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MALLABHA UHBEPCUA NPU CTOXACTUYHATA CAMYIALIUA

Ceemnosap bakbpoxues, KanuH Pyckoe

MurHo-eeonoxku yHusepcumem “Ca. Mear Puncku”, 1700 Cocpusi; rouskov@mgu.bg; zarcobak@mgu.bg

PE3IOME. CroxacTiyeckata CuMynauus e HOBO 1 aTpakTWBHO HanpasreHue B reoctatucTukata. [puioxeHa e yCnewwHo npu Cb3faBaHeTo Ha
peanncTUyH1 MOZENW Ha MPUPOAHW pe3epBoapy Ha HedT u ras. MpunaraHeTo Ha CUMyNaLMOHHA TeXHUKa MPW AaHHU Ha PyOHU Haxoaulia e
3aTpyAHeHo OT u3bopa Ha BEPOSTHOCTEH MOAEN Ha On1CaHWe Ha AaHHUTe, HaNpUMEP raycoB, NOrHOpMareH, YCToiums 1 ap. MNpaBunHuAT nsbop
Ha BEPOSITHOCTHUS MOZEN € rapaHLus 3a ageKkBaTHOTO CUMyNMpaHe Ha CTOXacTM4YHaTa KOMMOHEHTa Ha reocTatucTudeckus mogen. PesynTtatute
OT KOMMKOTBPHUTE EKCMIEPUMEHTM COYaT, Ye anTepHaTvBa Ha rayCoBOTO M MOTHOPMAMHOTO pasnpefeneHue e yCTOMYMBOTO pasnpedeneHne Ha
pannute. [Mpu u3non3saHe Ha YeTMpW WNM [BYnapamMeTpUYHOTO YCTOWYMBO pasnpedeneHve ce noctura MHoro fgobpa croxactudyHa
napameTpu3aumus Ha CryvaiiHata KOMMOHeHTa Ha mogena. B Tasu pabota ca npefcTaBeHn BapuaHT Ha TPUMEPHM reocTaTMCTUYECKN MOLENK
CbC CMMynaums Ha JleBu, KOSITO € peanu3aums Ha Cry4anHo reHepupaHe Ha faHHW Mo napaMeTpy Ha YCTOMYMBO pasnpeaeneHue.

SCALE INVERSION IN THE STOCHASTIC SIMULATION
Svetlozar Bakardjiev, Kalin Ruskov
University of Mining and Geoloy “St. Ivan Rilski”, 1700 Sofia; rouskov@mgu.bg; zarcobak@mgu.bg

ABSTRACT. Stochastic simulation is new and attractive tendency in geostatistics. Her successes applied in the build at realistic models for
naturally oil and gas reservoirs. Execution of the simulation techniques in ore deposits data is difficult at choice of probability model of data
description, for example Gaussian, Lognormal, Stable etc. The correctly choice of probability model is guaranty for accordingly simulation to
stochastic component in geostatisical model. The results of computers experiments indicate that alternative of Gaussian and lognormal distribution
is Stable distribution of data. Using four or two parametric stable distribution is accordance very good stochastic parameterization of the random
component of model. In these work present variants of three dimensional geostatistical models whit Levi simulation, this is realization of random
data up to parameters of Stable distribution. Keywords: geostatistics, 3-D simulation, stable distribution

MPOMeHNMBOCTTa. BbaMoxHa N e obLya 3aBUCMMOCT MeXay
ABaTa BUAA OLIEHKN?

BbBeaeHue

CroxacTuyHute MoZenun B reoCTaTUCTUKaTa ca NPOBOKUPaHU
OT pas3nukite unuM NpunuKATe B NPOMEHNNBOCTTA B
pasnuyHMTE Mawabu Ha w3cnedBaHe Ha HaxogMlaTa Ha
nonesHu wmskoraemu. OOMKHOBEHO M3creABaHWsTa  Ha
MPOMEHNMBOCTTa B Te3W 00eKkTM Cce orpaHuyaBa OT
MaLLI|36HI/ITe H/Ba Ha MUHEPanu3npaHuTe 30HU A0 3HaYNTENHO
no-ronemuTte,  MPOCTPAHCTBEHO 000COGEHN pyaHM Tena.
OcHoBHaTa 3agaya npu reoctaTucTUyeckata obpaboTka € Aa
yCTaHoBW ONM30CT WNM  pasnuuMe B MOBEOEHMETO Ha
MPOMEHNMBOCTTA B  pasnMyHu no  Mawabu  obekTu.
MMy6nukyBaHWTe MaTepuanu B MOCNEAHUTE OECET TOAMHU

Xbpet (Hurst, 1957) e ycTaHOBWN EKCMEPUMEHTANHO, Ye
3aBMCUMOCTTa MeXQy MakCUMarHusi pasmax Ha AaHHWTe OT
pafjeHa eKcriepuMeHTanHa u3Bagka Ha BPEMeBW ped W
CTAHAAPTHOTO OTKMOHEeHWe NO Cblyata uMMa MOCTOSHHA
cToHocT. To3n (hyHoameHTaneH pesyntat esonioupa C
npencraeata, Ye MpecMeTHaTW Mo BpPEMEBM pedoBe T. Hap.
KOHCTaHTM Ha XbpCT (H) MoraT aa nokaxar KopenauuoHHaTa
ObIKMHA Ha MPOLUEC, KOSATO, ako € ronsMa, e HapeyeHa
npouec ¢ eonama ObXuHa Ha 3asucumocm (Long Range

coyaT, Ye NOBEAEHMETO Ha NMPOMEHNMBOCTTA B PasUYHUTE
NpPOCTPaHCTBEHM Mawabu Ha u3cnedBaHe e cxogHo. B
MaTeMaTUKO-CTaTUCTUYECKW acnekT nogobHa cxomuMocT ce
peduHmpa Kato “dpakTaneH’ dopmanusbm WK GpakTanHa
cTaTucTuKa. 3a Aa ce yCTaHOBM (hpakTanHocTTa, Moxe fa ce
M3non3ea TPAAMUWMOHHO NoON3BaHaTa B reocTaTucTukaTa
Bapuorpama. CwrnacHo Benya Mangen6Gpor (Mandelbrot,
1982), koiTO BbBEXAA (PpaKkTanHaTa CTaTUCTUKA B HAy4HWUTE
n3cneaBaHus, paktanHata oleHka (0cobeHO Ypes HaumHa U
3a ronyyaBaHe — 4pe3 Bapuorpama UnM pasmMepHOCT Mo
Xaycaop®) uma nokaneH xapakrep. ECTecTBeH e BbMpochbT
KaKkbB € HauyMHbT 3a NoMyyaBaHe Ha rmobanHa oueHka Ha

Dependence — LRD) u, ako e manka — kpamka Ob/iXuHa Ha
3asucumocm (Short Range Dependence — SRD). [lnanasoHsT

Ha croitHocTn 3a H e (0.5+1.0) onpepnens usmerumsoct
C ronsiMa AbITKMHA HA 3aBMCMMOCT, @ MpW CTOMHOCTU Ha
H €(0.1+0.5) ce onpegens kpatka [bikuHa Ha

3aBMCUMOCT. Bpbakata Mexay dpaktantHara pasmepHoct D
nHce [aBa OT CbOTHOLLEHNETO:

D+H=n+1, (1)
kbgeto N - e 6asoBata Pa3MEpHOCT Ha M3CMeaBaHOTO
NPOCTPAHCTBO OT AaHHMU.



OueBMgHO €, Ye MOM3BaHMAT B reocTaTUCTUKATa
BapuOrpaMeH aHanu3 e MoAXoAsly WHCTPYMEHT, KakTo 3a
onpegensHe Ha (pakTanHata pasMepHOCT, Taka U Ha
koedmumeHTa Ha XbpcT. O6LmaT moaen e cnegHusT:

log~(d) = constant + alogd +error as d — 0

Tyk d e pascTosHMeTo Mexay npobute. OueBUaHO €, Ye o
MOXe [Aa Ce HaMmepu KaTo HaKMoH Ha npaBata B
log— log mawab. NMecHo e fa ce fokaxe, Ye HANMYMETO Ha

Brn30CT MeXay eKCNepUMEHTaNHO MOMyYeHNUTe CTOMHOCTY, MO
W34MCnIMTENHATA NpoLeaypa 3a nonyyaBaHe Ha Bapuorpamata

v nuHeitHuaT 3akoH B 10g— l0Qg mawa, cauaetencraysar 3a
Hannuue Ha “cppakTanHoCT” B M3CNeaBaHNs 0bexT.

Bb3 OCHOBa Ha KOHKPETHW MW3MEpPBaHUS Ha KOHTYpU B
HedpTorasoHocHus baceitH Lloydminster Sparky Oil Pool —
Anbeprta, KaHaga, Artepbepr (Agterberg, 1982), ycraHoBsBa,
ye TMpunaraHeTo Ha CTaHOAPTHWUTE  TEOCTaTUCTUYECKM
npoLeaypn He MoraT fa ce MpuoXaT Npy MHTepnonaums w
ekcTpanonauus Ha 0bekTi, KOUTO MMaT ABOMCTBEHA NPMPOAa,
XapaKkTepHa C €QHOBPEMEHHO CbLUECTBYBaHe Ha ronsama u
Maika [Ob/KMHA Ha NpOCTPaHCTBEHA 3aBMCUMOCT _UIu
NpoCTpaHCTBEHA kKopenaums. Toa 03HayaBa, Ye Tpsibea aa ce
cb3gage noaxoasLy CTOXacTU4eH WHTEponaTop
(exkcTpanonaTop), nonseaw, dpakTanHata  CTaTUCTWKA.
AHamu3bT Ha nybnukyBaHuTE MaTepuann no TasM Tema
nokasea, 4e Han-nogxogsdw, € xubpuaeH MoAen, KoWTo
CbyeTaBa CBOWCTBATA Ha “‘W3rnaxpaaHe” ctaHgapTHUS KpuruHr
C MaKCUMarHo CbXpaHeHWe Ha dpakTanHaTa (CToxacTudHa)
npupoda Ha mscneaBaHus obekT. EQHO pelenne moxe fga
6bae NpeacTaBeHo No CNeaHMs HaumH:

3a nHTepnonauumsa (orpaHuyeHa ekctpanonauus) MaTepoH,
(Matheron, 1971), DxbpHen u Hiobpekc (Journel, Huijbregts,
1978) nokassaT, 4ye Hai-gobpa NuHEHa W HenamecTeHa
OLEHKa € Bb3MOXHO Ja Ce MOomyyu Ype3 W3YMCIUTEnNHa

npoueaypa B nometo Z(X), OTHECEHO KbM M3MepeH
CTOHOCTM Z(Xi), MOXE [a Ce MpeAcTaBu BbB CliegHata
topma:

Z'()= Y AZ().

KbAETO Ternata ﬂ‘i Ce npecmdArtaT Taka, 4Ye da ce AOCTUrHe

crioMeHaTata Han-gobpa NWHEHa M HEeM3MECTEHa OLEHKa.

ToBa nopaxaa crieaHara cucTema ot ypaBHeHUs:
1

_ lljy(xi’xj)"',u:?’(xiax)
(i=1, 2,?._., n) - ‘A’

leij =1, «kvgeto Ae napametbpbT Ha
NarpaHx, aJ :71/ e nornyBapuorpamara, KosiTo Ce Onpefenst KaTo:

7(xx) =241 2(0)-Z(X, [}

Heka pa npeanonoxum, de Z(X;)e ApoGHo BpayHoso

[BuKeHne ¢ ekcrioHenTa H |, koATo e eanHCTBEHO M3BeCTHa B
nBata kpast Ha utepeana [0, L]. 3amectsaiku B “A’, ce
nonyyasa:

Ay(0,L)+ 1= y(0,X)
AyO,L) + u=y(L,x)
A+, =1

Mpu ycroswe, ye Z (0) = 0 ,oxkoHyatenHo nony4asame:

1
_L 2H
7(X, %)) —EO' | % —X; |, xato Toan nspas
MOXE IIECHO fa Ce peWwu Kato WHTepronauuoHHa -
excTparonauuonHa opmyna:

Z'(x)= Z(L){E[l—ll—f [+ T1=Z(LQE)

2)
Tyk &£ =x/L,a Q(&) e topceHara uHTEpnONaLMOHHO-
eKCTPanonaLyMoHHa (YHKLMS, KOSTO 3aBUCK EIVHCTBEHO OT

He3aBnCuMMaTta nNpoMeHnnBa Xi 1 CTOMHOCTTA Ha KOHCTaHTaTa

Ha XbpeT( H ).

Pe3ynTaTi oT KOMNIOTbPHN eKCNepPUMEHTH

3a mpoBepka Ha CbrMacyBaHOCTTa MeXy TEOPETUYHUS
MOfieNn C eKcrnepuMeHTanHo monydeHa ctoiHocT Ha H , ce
n3non3Baxa AaHHM OT [AETAlNHOTO M EKCroaTaLMoHHOTO
Mpoy4BaHe Ha MeSHW 1 MeHO-3NaTHU Haxoauia B Bbrrapus.
B MogepHata cTatucTWka € MPUETO CPABHEHUETO MEXZY
TEOPETUYHO M3BpaHus Mopen M MpUBbP3aHUTE KbM HEro
emMnupUYHN AaHHW Aa ce npeacTassat B 1. Hap. Q —Q nnot -

(cour. 1). Mo gaHHM OT HAKOM Haxoauwa Ha Byprackus pyneH
paiioH,  CbfmacyBaHOCTTa  MeXgy  TeopeTudHus U
eKCnepuMeHTanH1s MaTepuan e MHOro BUCOka. Toea nokasea,
ye pygHaTa MWHEpanu3auuMs B Te3W Haxoguwa uma
(bpaktanHa npupoda. ®pakranHoctta ce u3passBa B [Ba
Bb3MOXHW acnekTa. [TbpBMAT OT TAX € CBbp3aH C T. Hap.
edhekT Ha “camonofobue”, No3BonsiBaLl a ce TbPCh CXOACTBO
MeXOy pasnuyHUTe HUBA Ha M3yyaBaHe Ha MPOMEHNMBOCTTA.
Hannuneto Ha ‘“camonogobue” B u3yyaBaHuTe 06eKTH
pedvHMpa W HanuMuMeTo Ha  “MynTumawabHocT’  Ha
Bb3MOXHOCTUTE 33 MW3yyaBaHe Ha NpoOMeHnMBocTTa. B
MpaKTMYecKM acrekT, as3n Bb3MOXHOCT Ce CBexga Ao
MYNTUNAMUMPAHE Ha pesynTaTuTe OT W3y4yaBaHETO Ha
NPOMEHNMBOCTTA 0T [ApebHomallabHo KbM egpomallabHo
HWBO Ha U3y4aBaHe 1 0bpaTHO.

lMokasaHaTa Ha cur. 2 rpacuka e noryyeHa no noseye ot
26000 gaHHM 3a CbabpXaHKS Ha 3naTo B Haxoauwle Yenoneu.
TpumepHata Bapuorpama e mnonyyeHa upe3 CTaHZapTHa
npouenypa Ha naketa MathLab, ¢ nonssaHe Ha npeacTaBeHus
copmammabM B Tasu pabota — Bux copmyna (2) u
03HauYeHusiTa B CbNpOBOXJaLLMs hopmynaTta TekcT. 3a uenta,
ype3 CromeHaTusi Beuye (hopManu3bM Ha Bapuorpamata €
onpegensHa dpakTanHata pasMepHOCT Ha U3crefBaHus
0bexT, unsTo cTonHocT € D=2.34.
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®ur. 1. Ha nokazaHu no-rope rpacmku e AEMOHCTPUPAHO PasnuUeTo
mMexpay obukHoBeHus (ropHata curypa) v chpaktantma (gonHara curypa)
KPUTVHT

Multiscaling 3D Variogram
a=-4.338579 b=7.7421593 ¢=-8.037547 d=-2.7866985 e=11.913413
1=-2.9674357 ¢=1.7736461 h=-7.5565766 i=7.3971039 j=-1.4004565
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®ur. 2. 3D Bapuorpama NO AaHHM Ha MeAHO-3NAaTHOTO HaxopuLie
Yenoney. B ropHata yacT Ha rpacdukata ca fajeHM napameTpute Ha
anpokcumupalyata dyHkums. EnpomalyabHarta 3aBucMmocT ce onpegens
oT “rmapkara” yacT Ha dyHKumMsATa, a apeOHoMalwabHara ce AeduHupa B
[OnHaTa yYacT Ha rpadukata, KbAeTo NUHUMTE HA HMBO,CA Ce Crenw.
Pasnukute B MeTpu ca CHLOTBETHO OT HAKONMKO CTOTHU MeTpa
npocTpaHcTBeHa kopenauus 3a LRD u Hakonko meTpa 3a SRD

CboTBETHO 32  KkoedMuuMeHTa Ha  XbpCT  MMame

D+H=n+1—>H=3-234—H=0.66.

Tasn CTOMHOCT Ha KoeduuMeHTa Ha XbpcT onpeaens
npouec ¢ ronama AbmkuHa Ha 3asucumocT (Long Range
Dependence — Hirp). CblueBpemeHHo, OT rpadmkata ce
BUXOA, Ye Makap v crabo, e Hanuue 1 KpaTka AbIKMHA Ha
3aBucumocT (Short Range Dependence — Hsro). Cbaeitku no
rpacmkata, CToiHocTTa Ha Hsrp=0.27. CboTBETHATA CTOMHOCT
3a D=2.73. CrnefoBaTernHo, B HaXo4WLWeTo no u3creaBaHus
KOMMOHEHT ce HabniogaBaT aBe HMBa Ha Mawab Ha
NMPOMEHMMBOCTTA. [MbpBOTO  HMBO  uMa  ronama
MPOCTPAHCTBEHA Ab/KMHA HAa  3aBUCUMOCT, KOATO €
CbM3MepyMa C pa3MepuTe Ha Haxoguweto. Tosu BuA
NMPOMEHMMBOCT ONPEefeNs B NPaKTUYecku NnaH paBHOMepHa
CTEMEH Ha PYAOHOCHOCT, KOSTO MHOro cnabo Bapupa u e
MPaKTU4eCKM MOCTOSHHA 3a Lenus npomuwneH obem Ha
HaxoguLieTo. BTOpo HMBO € Ha NOpSAbK C NO-Maibk pa3mep
(Mawwab) Ha npocTpaHCcTBEHA ObmKWHA Ha 3aBucumMocT. Cbe
CUTYPHOCT TOBA HWBO Ha MPOMEHNMBOCT € CBbp3aHO C
(hOPMMPaAHETO Ha BEPTUKANHO U3TErMEH PYAEH CTbND, KOMTO €
B BNW30CT [0 LieHTpanHarta YacT Ha u3crneaBaHus obem.

Hanpasenute 3D reoctaTucTuyecku MOAenu NoTebpxaasat
Tasn xunotesa (Bx. bakbpoxues wu gp., 2004). [Opyro
NPUNOXeHWe Ha NpeacTaBeHus B Tasu pabota (popManu3bm e
Bb3MOXHOCTTa Aa Ce ONMPEdensaT NUHeNHUTe pa3vepu Ha
ocpeaHeHu npobu nnm komnosuti. C ToBa MOXe fa ce peLun 1
3ajavarta 3a TbpCeHe Ha OnTUManeH pasmep Ha KOMNO3NTHUTE.
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FEONOXKW NPEANOCTABKHW, NPUHLUNU U KPUTEPUU NMPU UAEHTUOULIMPAHETO
HA NEPCNEKTUBHWU FrEONNIOXKW CTPYKTYPU 3A MNOA3EMHO CbXPAHABAHE HA
BbIMEPOAEH AMOKCUA (CO2) B BBIITAPUA

Bacun banuxoe, E¢ppocuma 3aHesa-LJobpaHoea, MapuaHa [JoH4esa

MurHo-eeonoxku yHusepcumem “Cs. Mear Puncku”, 1700 Cogpusi; geoenergy@mgu.bg

PE3IOME. lNpobnembT 3a Nog3eMHOTO CbxpaHsiBaHe Ha BbrnepogeH avokenpa (CO2) e u3knuMTenHO akTyaneH. Toil e cBbp3aH ¢ rnobanHara
npomMaHa Ha Knumarta Ha nnaHeTarta B pe3yntaTr Ha HapacTBalluTe eMuciuM Ha NapHUKOBU rasose B amoccbepaTa B pe3ynTtat Ha 4oBellkata
AeiHocT. B Bvnrapus roguwHoTo konnyectBo Ha COz, koeTo ce oTaens B atmocdepata e ot nopsigbka Ha 55000 Gg (55 Mt), ¢ TeHaeHuns Ha
HapacTBaHe.

OT W3BECTHUTE B CBETOBHATA NPAKTUKA METOAM Hali-NEPCNEKTUBEH, BKIIOUUTENHO 1 3a YCrIoBUsSTa HA Bbnrapus e MeTogbT 3a CbxpaHsiBaHe Ha
CO2 BbB BOJOHOCHM CTPYKTypu. [Mpu mpeHTMdMUMpaHeTO UM ce cbbrnioaaBaT M3BECTHU M3UCKBaHWA Ha KOWTO Te TpsbBa [a OTroBapsT:
BraronpusTeH kanauuteT M MpOBOAMMOCT, XepPMETWYHOCT, MOBULIEHA MWHepanu3auus Ha BoauTe, ctabunHa reonoxka cpepa, CO2 e B
HaZKPUTUYHO CbCTOSIHWE W fp. /300pbT Ha NepCrekTUBHU CTPYKTYPU Ce OCHOBaBa Ha MOCOYEHUTE WU3MUCKBAHMUS, HA CbBPEMEHHUTE MPELCTaBH 3a
MexaH13Ma Ha npouecuTe (bM3NIHU, U3MKO-XUMUYHM W TEOXUMMYHM), CbITLTCTBALLM HarHeTsiBaHeTo Ha CO2 M NOBEAEHWETO MY BbB BPEMETO W
Ha npuraraHeTo Ha KOMMMEKC OT KAaYEeCTBEHM W KOMMYECTBEHW KPUTEPUANHU MOKa3aTenu: IMTOMNOXKN, NUTONOMO-ChM3NYHM, CTPYKTYPHO-TEKTOHCKY,
CEN3MOTEKTOHCKW, XMOPOreonoxKku, TepMoBapuyHu M MKoHoMUYecku. W3cnegoBaTenckute paboTu B WM3yyaBaHWUTE PETMOHWM CE MPOBEXZAT B
MorMYHa MOCNEefOoBATENHOCT, ChOBPA3HO MOCTABEHWTE LENW: PETMOHAmNHM (FeonokKM, reodusnyHU W XUAPOTEONOXKN); XapakTepuctuka Ha
pe3epBOapHUTE CUCTEMM; W3yyaBaHe Ha foKanmHUTE CTPYKTypu (M300p Ha MepCrekTMBHW MPWUPOAHW KanmaHW W MpOrHO3Ha OLeHKa Ha
noTeHuuanHuTe xpaHunuia Ha COz); CpaBHUTENHM aHann3n 1 OLIEHKN.

OKoHYaTerNHUTe OLEHKN 3a MPUrOHOCTTA Ha M3yyaBaHuTe 0BeKkTW 3a CbxpaHsBaHe Ha CO2 ce u3BbpwBaT Ha 6asata Ha LOMbIHUTENHM
crewmann3npaHm reoforonpoyyBaTeHn U U3cnenoBaTencki paboTu.

GEOLOGICAL PREREQUISITES, PRINCIPLES AND CRITERIA TO THE IDENTIFICATION OF PROSPECTIVE GEOLOGICAL
STRUCTURES FOR UNDERGROUND STORAGE OF CARBON DIOXIDE IN BULGARIA

Vassil Balinov, Efrosima Zaneva-Dobranova, Mariana Doncheva

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

ABSTRACT. The underground of carbon dioxide (CO2) storage is a topical issue. It is associated with the planet’s global climate change resulted
from the increasing greenhouse gas emissions in the atmosphere as a result of human activity. In Bulgaria the annual amount of CO> that is
emitted into the atmosphere is in the order of 55000 Gg (55 Mt), and is tending to increase.

The most prospective among the methods from the universally known practice, including the Bulgarian geological conditions, is the method of
underground storage in water-bearing structure. There are some requirements observed during the identification and they shall be met: favorable
capacity and permeability, leak-proofness, high salinity of the waters, stable geological environment, CO2 is in above-critical state, etc. The choice
of the prospective structures is based on the mentioned requirements, on the modern concepts of the process mechanism (physical,
physicochemical and geochemical) concomitant to the injection of CO2 and its behavior in the time domain and the application of qualitative and
quantitative criteria: lithological, physicolithological, tectonic/structural, seismotectonical, hydrogeological, thermobarical and economical. The
investigation work in the study areas are performed in a strict, logical sequence, in conformity with the set purpose: regional (geological,
geophysical and hydrogeological); characteristic of the reservoir systems; local structures study (choice of prospective natural traps and the
feasibility study of the potential CO2 storages); comparative analyses and evaluations.

The final assessment of technology appropriateness of the explored sites for CO storage shall be performed on the base of additional specialized geological
exploration and investigation works.

O61wm cBepeHus. AKTyanHocT Ha npoGnema BaxeH enemeHT oT T031 npobnem npeacTaensBar emucumuTe
oT BbrmepoaeH auokeng (CO2), kouTo Ce siBABAT OCHOBEH

MpoGremMbT 3a MpoMsHATA HAa KnUMara Ha nnaHetara, MNPOAYKT OT M3rapsHETO Ha W3KOMaeMmuTe ropuBa MIM TeXHU
MpeausBUKaHa OT HapacTBalMTe TEMMOBE Ha MOBULLABAHE MpON3BOAHN (BbIMMLLA, HedTonpoAyKTM 1 Ap.). PecypcuTe ot
CbObPXaHMETO Ha MapHMKOBM ra3oBe B aTMOC(bepaTa, Te3n none3Hn n3konaemn B CBETOBEH MaLLla6 Ca 3HAYUTEITHW,
BCMEACTBME Ha YoBeLlKaTa AeNHOCT, uMa rnobaneH XapakTep. nopaan KoeTo TAXHOTO M3MNOs3BaHe KaTto eHeprueH U3TOYHKK B
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frm3ka M CpegHOCpPOYHa MeperekTBa e HensbexHo u
BesanTepHaTMBHO. B He Mo-manka CTEMeH CbLIOTO Baxu U 3a
ycnoBusiTa Ha bbnrapus, kosTo pasnonara CbC 3HauMTENEH
€06CTBEH PECYPC OT BBIMNLLA, OCHOBHO MUMHUTHU.

FOOMILHOTO KONMWYECTBO Ha EMUCUUTE Ha MNapHUKOBMUTE
rasoBe, NPOAYKT OT AEMHOCTU B pasniyHM CTOMaHCKK cepy B
Bbnrapus 3a 2003 r., cbeTaensiza okono 70000 Gg (CO2 exs.),
aHa CO2 okono 55000 Gg (XpucTos u ap., 2007).

KapauHanHoTo peluaBaHe Ha npobrema 3a HamansiBaHe Ha
emucumte Ha CO2 B aTmocdepaTta ce CBexaa O TAXHOTO
TpaiiHO AenoHWpaHe B nogxoaswm cpean. OT M3BECTHUTE B
CBETOBHATa Hayka M NpakThuka meToau HaVI-I'IepCI'IeKTVIBHVITe
Ca CBbp3aHW C MOA3EMHOTO CbxpaHsBaHe Ha CO2 BbB
BOJOHOCHM TEO0JIOXKWN CTPYKTYpPU, KOUTO CbAbpXaT BOAM C
MOBMIWEHA  MWHepanu3auus.  TsxHata  peanusauust
npeanonara OCbLUECTBSBAHETO HA CHOXEH KOMMMEKC OT
reororonpoy4BaTesnHi 1 U3cnefoBaTtencki paboTu, kouto ce
npoeexaaTt B TP OCHOBHK eTana:

I eman - npedeapumeneH: wpeHTUMUMPaHE Ha
NEPCNEKTUBHM re0NoXKN 0BEKTU C NOTEHLMANHN Bb3MOXHOCTM
3a cbxpaHsiaHe Ha COz;

Il eman — npoyysamerneH: U3siCHSBAHE Ha Bb3MOXHOCTUTE
3a CcbxpaHsiBaHe Ha COz, npu cvbniogaBaHe Ha KOMMIEKC OT
KputepuanHu nokasatenn M U3NCKBaHWA 3a OXpaHa Ha
3eMHMTE Hegpa W onasBaHe Ha MOA3EMHUTE BOAM, BOOHWTE
BaceliHn n atMocdepata 0T 3aMbpCsiBaHe;

Il eman — npomuwneH: NOAroToBKa W HarHeTsBaHe Ha CO2,
KOHTPON W ynpaBrneHWe Ha npouecute B BNK3KO-, CpeaHO- U
AbArocpoyHa nepcrnexkT1sa.

MeToam 3a noa3eMHo cbxpaHsiBaHe Ha CO;

B cBeToBHaTa MpakTuka ca W3BECTHU CreSHUTE MEeTOaM 3a
NoA3eMHO cbxpaHsBaHe Ha COz:

- B HE(TEHU W rasoBW HaXoAuLla, YNATO ekcnnoaTauus e
NpUKIoYUna;

- B He(hTEeHN HaxoaumLLa, C Lien NoBuMLIaBaHe U3BNEKaeMOCT-
Ta Ha HedhTa v cneaBaLlo TpaHC(opMMpaHe Ha HaxoauLiaTa B
xpaHunuuia 3a COz;

- B MUHHW 13paboTku, kamepy B CONHM Tena u ap.;

- BbB BbITIMLLHM HaxoauLya, KOUTO He MpeaCTaBnsBaT UHTE-
pec 3a AOBGMB Ha BBbIMMWWA, C Len CTUMyNMpaHe W3Bne-
kaemocTTa Ha MeTaHa M Cregpawo cbxpaHseaHe Ha CO: B
Haxoguwara;

- BbB BOLJOHOCHU CTPYKTYpU.

C W3KMIYeHWe Ha MoCneaHus METOA 3a CbXpaHsiBaHe Ha
CO:2 ocTaHanute MeTogW B edHa WM Apyra CTeneH ce
npunarat B NpomMulLieHaTa npakTuka. B no-ronsma creneH
TOBa Ce OTHAcs [0 OHE3W OT TAX, KOMTO Ca CBbP3aHM ChC
CTUMYnMpaHe Ha HedToao6MBaA UMK U3BNMYAHETO HA MeTaHa
OT BbMULWHNTE nnacTose. I'Ipmnommmocwa Ha OCTaHanute
METOgM He e CBbp3aHa C 0cobeHu mpobnemu, TbA KaTo
NPUPOAHUTE YCNoBUA B 3HaYuUTeNHa CTeneH ca WU3BECTHU U
npegonpeneneHn (cbxpaHsisaHe Ha CO2 B HE(hTEHN W ra30BM
HaxoauLLa, YMSATO eKcnnoaTaLys € NPUKMIYMNa, B COMHM Tena
W ap.). TaxHaTa NpUrogHOCT 3a CbxpaHsiBaHe Ha CO2 e
pernameHTUpaHa OCHOBHO OT AbNBoYMHAaTA U KanauuTeTa um.
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MetogbT 3a cbxpaHsiBaHe Ha CO2 BbB BOLOHOCHM
CTPYKTYpW, HE3aBUCUMO OT HETOBMS PUCKOB Xapaktep, €
0coBeHO NMepcrnekTUBEH, Mopaau Bb3MOXHOCTTA 3a M300op Ha
00eKTn CbC 3HaunTeneH kanauuteT. To3u MeToq ce Hamupa B
HauyanHa basa Ha NpoMuWLLINeHa peanu3aums. BHumaHueTo Ha
CBETOBHATa HayKa M NpaKTuKa e aHraxupaHo 0COBEHO aKTUBHO
efBa B Hayanoto Ha 90Te rogvHW Ha MMHanMWA BeK, KOrato
HeobxogumocTTa OT [fenoHupaHe Ha emucumte Ha COo,
nory4YeHn B pe3ynTaT Ha 4oBellkaTa AeiHOCT, npupobuea
HEOTNIOXEH XxapakTep. VacnefoBaTenckute M NpakTMYeckuTe
LENHOCTM Ca HacoYeHU KbM pa3paboTBaHe Ha TEOPETUYHUTE U
MPUNOXHUTE acnekT Ha npobnemuTe, Kacaewy ynaesHETO,
MOAroTOBKaTa, TpaHCMopTa U cbxpaHsisaHeTo Ha CO2. Nopagm
U3KMIOYMTENHATA UM CNOXHOCT M 0cobeHo Ha npobnema 3a
cbxpaHsBaHeTo Ha CO2, ronsMa 4acT OT TsX BCe OlUe He ca
Hamepunu CBOETO AehMHUTMBHO peLleHue. Toea € 1 eaHa oT
OCHOBHWTE  MPWYMHW, TNOpPagM KOSTO B MPOMMLINEHA
peanu3auusi ce HammpaTt CaMo HSIKOSIKO MPOeKTa, a Apyrv ca B
nunoTHa hasa (0cHOBHO B cTpaHm oT 3anagHa Espona).

nepCI'IeKTVIBVI 3a NOA3eMHO CbXpPaHABaHe Ha CO2

B bbnrapus

Kato ce u3kmioumn MeTOda 3a CbXpaHABaHE Ha CO2 BbB
BOOOHOCHM nnacToBe, OCTaHanute MeTodn, MO pas3fnyHKn
NPUYMHK, HE NPEACTaBMsBaT CbLIECTBEH WHTEpec (Mambk
kanauuTeT, Henoaxogsiia AbnbouMHa, HEMoAXomsw, Twn Ha
NPOAYKTUBHUTE XOPU3OHTW Ha Hed)TeHVITe M ra3oBuTe 3anexu,
HapyLlleHa XepMETUYHOCT Ha NPOAYKTUBHUTE KanaHn ,qp.).

MepcnektuBuTe 3a CcbxpaHsBaHe Ha CO2 BbB BOLOHOCHM
CTPYKTYpW Ca CBbp3aHW OCHOBHO cbC CeBepHa Bbnrapus. B
pesyntaT Ha  MPOBEOEHWTE  3HAYMTeNnHM no  obem
reonoronpoy4sBaTeniHM 1 uacnegosatenckn paboTh, BbB
Bpb3Kka C W3ACHSIBaHe Ha HedTOra3oHoCHaTa NEPCMEKTUBHOCT
Ha pasnuuHK cTpaTUrpadbcku HUBa OT CEAMMEHTHUS paspes,
Ca YCTaHOBEHM U U3YYEHW pe3epBOapHM CUCTEMU C
pernoHanHo  passute. CbLO Taka Ha  pasuyHK
cTpaTurpadcky HMBa Ca PEerucTpupaHn Mo pasnuyHu MEeTOAM
(reoduanyHK, COHOAXKHW, reonoxko kaptupaHe) okono 300
Pa3HOTUMHW MOKaNHW CTPYKTYpU. 3@ U3SICHABaHe Ha TeXHWTE
NOTEHUMANHN Bb3MOXHOCTM 3a CbxpaHsBaHe Ha CO2 e
HeobXxoaMMO NPOBEXOAHETO Ha W3cnegoBaTencku pabotn ¢
Len uaeHTUdMLMpaHe W npeaBapuTenHa MpOrHO3Ha OLeHKa
Ha NepPCMeKTUBHU NPUPOLHN KanaHu.

leonoxkuTe ycrnosus 3a TeputopusaTa Ha OxHa Bbnrapus
ca TBbpAE PasnuuHu, B cpaBHeHue C Tesn B CeepHa
bunrapus. Tosa onpefens npunaraHeTo Ha cneuuduydHmn
MeToaM W NOAXOAM MNpW  M3CNEABaHMATA W OLEHKUTE.
OnpeneneH UHTepec NpeAcTaBnsBaT HANOXKEHUTE TEPLIMEPHU
AENnpecun, B KOWTO Ca PasnonoxeHu rpabeHoBuM CTPYKTYpM,
3aMb/IHEHN C TepuUMepHM CeouMEHTHM Hacrmarn. B Tax ce
CbObpXaT MpUPOAHM pe3epBoapu W  crneuuduyeH  Tvn
NpupodHM  KamaHu. Te ce HamupaT B pasnuyHa
XuncomeTpuyHa nosvuns  (6naronpusTtHa  wnM - Hebnaro-
NpusiTHa), OT rnegHa Touka Ha cbxpaHsBaHeto Ha CO2. B
HAKOW OT rpabeHoBUTE CTPYKTYpU WHTEPeC npeacTaBnssar u
MPVUPOLHM pe3epBoapy, PasnosioXeHn B Me3030MCkUsA paspes
Ha CUTHO YCIIOXHEHWS OT TEKTOHCKU HapYLIEHUs (hyHOaMeHT.



OCHOBHM M3UCKBAHMA KbM OOeKTUTE

noA3eMHO cbxpaHaBaHe Ha CO;

lMpurogHocTTa Ha npupogHWTE 0BEKTU 3a CbXpaHsiBaHe Ha
CO2, npuBbLP3aHN KbM BOJOHOCHM MIIAcToBe, Ce onpegens ot
peauua U3NCKBaHKS, KOUTo B 00600LLiEH BMA Ce CBEXAAT KbM
CNeAHOTO:

(1) NMpuBBLP3AHOCT KbM NOAXOZSALLM MPUPOLHN PE3EPBOAPHH
CUCTEMM, KOWTO MpuUTexaBaT ONaronpusTHU KayecTBEHW W
KONMYECTBEHM NOKasaTeny:

a) KOMEKTOpHUTE 3adpyrM ca M3rpadeHu OT MOAXOAsLM
TUNOBE CKanu (NMPUOPUTETHO TEPUTEHHW), KOUTO MpUTEXaBaT
GnaronpustHu  nokasatenu, obesnevaBalyn: [OCTaTbyeH
KanauuTUBEH NOTEHLMAN, 3a CbXpaHsiBaHe Ha NPeaBapuTENTHO
nnanupann konuyectea COg; pocTaTbyeH UATpaLWOHEH
noteHuman, obesneyasal, Heobxogumata npuematenHa
cnocobHoCT (MPOBOAMMOCT) Ha nnacta W peanuanpaHeTo Ha
nnaHupaHata BbB BPEMETO MpuematenHa CrnocobHOCT Ha
COHI@XMTE (AEHOHOLLHA, MECeYHa, ToANLIHa);

0) u3onupawmTe 3ampyrM ca M3rpageHu OT MOAXOASLM
TMNOBE CKanu (OCHOBHO FMWHECTW, €BaNOPUTHU W Ap.), KOUTO
nputexasaT 6naronpusiTHW KayecTBEHW W KONMYECTBEHM
nokasatery, obesneyaBal HaLEXOQHO eKpaHupaHe Ha
xpanunmweto Ha COz;

(2) MpuBBLP3AHOCT KbM MOAXOASLM TEONOXKM CTPYKTYpM,
kouto obe3neyaBaT TpalHO (3@ HEOTPAHUYEHO BpeEME)
CbXpaHsBaHe Ha uHxekTupaHute kommyectsa CO2, npu
cvbniogaBaHe Ha W3MCKBaHMATA 3a OXpaHa M Ona3BaHe Ha
3EMHUTE Heapa M OKoNHaTa Cpeaa;

(3) BOOMTE OT BOOOHOCHWTE CUCTEMW, KbM KOMTO Ca
npuBbp3aHu obekTMTe 3a CbxpaHsBaHe Ha COz, He
NpeacTaBnsABaT MHTEPEC 3a APy Lenw;

(4) cBbp3aHOCT CbC CTabunHa reonoxka cpefa, C HUCKa
Cen3MUYHa (HEOTEKTOHCKA) aKTMBHOCT, KOETO rapaHTupa
CbXPaHsIBaHETO Ha LieNocTTa Ha XpaHWILETO;

(5) oa ce HamupaT B OnpeAeneH 4bnNOoYMHEH AnanasoH, npu
koo CO2 e B HaOKpUTUYHK YCOBMS 1 BMECTBaLLaTa cpeda e
CbXpaHWna CBOWTE  KanauuTeTHW U (DUITPALMOHHM
nokasarernu;

(6) npuemnmBo pascTosiHue oT uTouHUuKTe Ha CO;

(7) vkoHoMMYeCKa LienecbobpasHocT.

3a

MexaHu3bM Ha cbxpaHsaBaHe Ha CO;

Tol npedcraBnsiBa CbBKYNHOCT OT  (OU3UYHK, PU3NKO-
XUMUYHM U TEOXMMUYHM  MPOLIECH, KOUTO  CbMbTCTBAT
HarHeTsiBaHeTO W noeefeHneto Ha CO2 BBB BpEMETO,
onpegenat dopmata Ha npuckeTeue Ha CO2 B nnacToeata
CMCTEMA UM YCNOBMSITA Ha CbXPaHsBaHETO My B KpaTko-,
CpeLHO- W LbArocpoyHa nepenexTmea.

MexaHu3bM Ha (U3NYHUTE U DUNKOXUMUYHWUTE NPOLIECH €
CBbp3aH C M3TNackBaHeTO (3aMecTBaHeTo) Ha yvacT oT
nnacTosata Boja oT HarHeTaBaHus CO2, KOiTo, B 3aBUCUMOCT
OT TepmobapuyHUTe YCNOBMS, CE Hamupa B rasoobpasHo,
TEYHO WNW HAZKPUTMYHO CbCTOSIHWE. Tean npouecu npoThyar
NPy pasnuyHn YCroBus:

a) B NoKamHu CTPYKTypW, ¢ npeobnafaBalio BepTUKamnHo
amkenme Ha CO2 (“pusuyeH MexaHU3bM 8 JIOKanHU
cmpykmypu”): 4pe3 u3TnackBaHe Ha 4acT OT BojaTa U3BbH
npegennte  Ha  NpuUpogHWMA  kanaH  (Mpn  OTKpMT
XMOPOOWMHAMWYEH DEXMM); Ype3 3aMecTBaHe Ha yacT oT
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BOZATa 33 CMETKa Ha enacTU4HUTE CBOWMCTBA Ha MrnactoBaTta
cucTema (Mpu 3aKpUT XUOPOANHAMUYEH PEXUM).

0) B OTKpUTM pe3epBOApHM CUCTEMM, KOMOWMHMpAHO
(BepTUKanHO M x0opu3oHTanHo) AswxeHue Ha CO:2 (“gpusuyeH
MexaHu3bM 8 OmBOpeHU pe3epgoapHu cucmemu”). Toaun
MexaHW3bM Ha CbxpaHsBaHe Ha CO:2 e wn3BecTeH Kato
“XxudpoduHamuyeH mexaHusbm” (Metz et al., 2005).

MexaHu3aMbT Ha FeOXMMUYHUTE MPOLECH € CBbp3aH C
pasnuyHuTe (OPMM Ha XUMWYHO B3aUMOZENCTBME Mexay
CO2, nnacrosata Boaa v BMecTBallaTa cpefa. B 3aBucumoct
OT MPUPOOHUTE YCMOBMS T€ MPOTMYAT C  pasnuyHa
WHTEH3MBHOCT M B pa3fNYHX BPEMEBM WHTEpBanu, C
obpasyBaHe Ha HOBM MPOAYKTA M NMPOMEHSLLA Ce reOXMMUYHA
obcraHoBka.

[EOXVMUYHUSAT MEXaHWN3BbM BKIMKOYBA CEAHNTE eNTEMEHTH Ha
XuMmn4HO B3aumopeiicTene (Metz et al., 2005; Chadwick et al.,
2007):

a) pasmeapsHe Ha CO2 8 nmacmosama e0da
(“pasmeopumenHo cbxpaHagaHe”). To uma AOMUHMpaLLa pons
BbB BPEMEBW WHTEPBAI A0 AECETKM U CTOTULM TOOUHM;

6) xumuyHo e3aumodelicmsue ¢ KapbOHaMHU MuUHepasnu.
(“ioHHo cbxpaHsisaHe”). To WMa [OMMHMpaLla pons BbB
BpEMeBY MHTEpPBan OT CTOTULM A0 XWUNSAMN TOAUHY;

8) xumu4Ho e3aumodelicmeue ¢ HekapbOHamHU MUHEpasu.
(“muHepanHo cbxpaHssaHe”). To mpoTMya B ObArOCpPOYEH
BpEMEeBY MHTepBan (OT XUISAM A0 MUIMOHM FOAMHN).

MocoyeHuTe HOPMM HA TEOXMMUYHMS MEXaHW3bM Ha
cbxpaHseaHe Ha CO2 umaT pasnuyHa CTeneH Ha u3sea, B
3aBMCUMOCT OT KOHKPETHWUTE npupogHu ycnosus. [lpu
OTBOPEHU 3a naTeparnHu ABWKEHUS! BOGOHOCHU CUCTEMM UMaT
MSICTO BCMYKM (DOPMU HA TEOXMMUYHWMS MexaHu3bM. [lpu
3aTBOPEHUTE (M30NMPaHK) NPUPOAHN KanaHu npeobnaaasallo
MSICTO MMa ,pa3TBOPUTENTHOTO CbXpaHsBaHe”.

Feonoxkn  npeanocTaBkM 332  NOA3EMHO
cbxpaHaBaHe Ha CO; BbB BOJOHOCHU NnacToBe.

KputepuanHu nokasatenu

Ha GasaTa Ha NOCOYEHUTE U3UCKBAHUA U Ha W3NOXEHUS B
CXeMaTW4YeH BWO MEXaHW3bM Ha MpOLEcUTe, CbbTCTBALLM
HarHeTsABaHeTO W CbXpaHsiBaHeTo Ha CO2, ca aeduHUpaHu
OCHOBHUTE  TEe0N1I0XKHK npeanocTaBkkn U Kputepun  3a
cbxpaHseaHe Ha CO2 BbB BOJOHOCHM nnactoBe. Te ca
060coBeHM B HAKOMKO TPYMM: FIMTOMOXKM, CTPYKTYPHO-
TEKTOHCKM, CEM3MOTEKTOHCKM, NUTONOro-pU3NYHM  (METPO-
hM3MYHM), XMOPOTEONOXKM U TEPMOBAPUYHM.

Nutonoxku npeanocTaBku. Ponsita Ha Te3n NpeanocTasky e
CBbp3aHa C MPUCLCTBMETO B CEOMMEHTHUSI paspe3 Ha
onpedeneHn  TUMOBe  MPOHMLAEMM  (KOMEKTOPHM) U
TPYAHOMPOHULaEMU (M30MMpaLLW) CKanW (CkamHu 3agpyru).
Mpn  nogxopslWw  MPOCTPAHCTBEHW  B3aMMOOTHOLUEHMS
nomexgy M u OnaronpusTHM kavectBa Te hopmmpart
MPUPOAHM pPEe3epBOapHM CUCTEMM, B KOMTO MoraT [a
ChblLiecTBYBaT NOTEHUManHN 06ekTH 3a cbxpaHsBaHe Ha COa.
KonektopHute u u3onupalmte 3agpyry Ce OLEHsBaT no
Pa3NNYHN Ka4YeCTBEHU W KOMMYECTBEHM MOKa3aTenu: CTPOEX,
NIMTONOXKN O0COBEHOCTM, MNOWHA M3AbPXaHOCT, aebenuHa,
HanykaHoCT, TUM Ha KONEKTOPUTE M IM3NYHUTE UM noKasaTenu



(BMECTUMOCTHW, (PUNTPALIMOHHM, (HU3MKO-MEXAHUYHU U Op.),
W30NMpaLyM ToKasaTenu Ha MoKpuBkaTa (HansraHe Ha

npobuBa,  AMY3MOHHA  MPOHMLLAEMOCT,  MOPOMETPUYHM
XapaKTepUCTUKW W Op.), TEKTOHCKA HapyleHOCT W Aap.
OCHOBHWUTE  KpUTepWarHW mokasaTenu 3a OUeHka Ha

KOMEKTOPHUTE W M3ONMpalLnTe 3adpyrn ca NPeAcTaBeHu B
Tabnmua 1 (Metz et al., 2005; Chadwick et al., 2007).

B cBeToBHaTa nuTepaTypa He ce TpeTupa BbMpoca 3a
NPUrogHOCTTa Ha HanykaHUTe TEPUreHHU KONEKTOpU KaTto
Bb3MOXHa Cpefa 3a cbxpaHaeaHe Ha CO2. Toa e 06acHUMO,
KaTo Ce UMaT NpeaBWa HUCKWTE KanauuTETHW Bb3MOXHOCTM Ha
NMYKHATUHHUTE CUCTEMM U  CMELMPUYHMS MEXAHM3bM Ha
npoLecuTe Ha W3TnackBaHe (3amMecTBaHe) Ha BogaTta OT
HarHeTsiBaHusa CO..

Mo cnoxeH e BLMPOCHT 3a NPUTOGHOCTTA Ha HanykaHuTe U
KaBepHO3HW kapOOHaTHM KomekTopn. ToBa e CBbp3aHO C
Bb3MOXHWTE XuMMYHM npouecn mexgy CO, Bogata U
kapboHaTHUTe MWHepanu. Tosn BBLNPOC € AWCKYCUOHEH,
nopagu KOETO Ha HacTOsILUMSA eTan B CBETOBHATA NMpaKTuka Te
He Ce pasrnexpaar KaTo NoaxoAsla cpefa 3a CbXpaHsiBaHe Ha
CO2. TpsbBa pa ce otbenexu obaye, 4Ye npu Apyru
frnaronpusTHM NpeanocTaBku, [OPM MNpU  CTOMHOCTM  Ha
NyKHaTMHHO-KaBEpHOBaTa BMECTUMOCT OT nopsigbka Ha 1%,
KapbOHaTHUTE KOMMMEKCH B rPaHMLMTE Ha NOKanHU obekT
Morat fia npuTexasaT 3HauMTemneH kanauuTer.

Tabnmua 1

OCHOBHU  KonuyecmgeHu KpumepuanHu nokasamenu npu
usbopa Ha nepcnekmusHU JIoKanHu cmpykmypu (npupodHu
KanaHu) 3a cbxpaHseaHe Ha CO;

Ne lNokasatenu, Bnaro- Hebnaro-
pasMepHOCTH NPUSTHN NPUSTHIA UK
npeanasnv1em
1 | Kanauutert no-ronsm no-ManbK oT
OT EMUTU- | eMUTUpaHWTE
paHuTe Konu4yecTsa
KonudyecTsa
2 | ObnbounHa o Bbpxa >800; <800;
Ha KorneKkTopHaTa <2500 >2500
3agpyra, m
3 | OebenuHa Ha >50 <20
KOneKkTopHaTa 3agpyra
(edbektnBHa), M
4 | TMopecTocT Ha >20 <10
KOMeKTOPHWTE ckanu, %
5 | MpoHuyaemocT Ha >300 <10
KOMEKTOPHWTE CKanu,
md
6 | Obwo cbabpxanme Ha | >100 <30
COMW B Nnactosata
BoAa, g/l
7 | Bb3moxHa HapyLLEHOCT | OTCLCTBME | MPUCHLCTBUE B
Ha MoKpuBKaTa XOpU3OHTan-
HW BapUaHTy
8 | [ebenuHa Ha >100 <20
noKpuBKaTa, m
9 | KanunspHo npoTuBo- Mno-ronsimMo | CbM3MepumMo
HansraHe (,HansraHe OT NPOrHO3- | WK No-Manko
Ha npobuea”) HOTO OT NPOrHO3-
HansraHe HOTO Hans-
Ha CO2 raHe Ha CO:
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CTPYKTYpPHO-TEKTOHCKM NMpPeAnocTaBku. TsaxHaTa pons e
CBbp3aHa C (POPMMPAHETO Ha pasnuyHM TWMOBE FOKaMHM
CTPYKTYpW (MPUPOAHM KanaHw), KouTo npu GnaronpustHO
CbyeTaHue Ha [fpyru aktopu, mMoraT fa npepcTaBnsisar
WHTEpec KkaTo nokanHu obekt 3a CbxpaHsBaHe Ha COo.
OcobeHo BaxeH € BBbMNPOCLT 3a XEPMETUYHOCTTA Ha
npupogHuTe kamaHu. Te TpsabBa Qga ymoBneTBopsBat
W3MCKBAHMSTA 3a NOCTOSIHHO npectoseaHe Ha CO2 B
NoTEHUMANHUTE  XpaHunuwa. TakaBa pons  MoraT [a
W3MbMHSBAT BCUYKM TUNOBE MPUPOLHW KamaHu: CTPYKTYPHW,
NIMTONOXKN OrpaHnyeHm (cTpaturpadocki) U KOMBUHUPaHU.

NoeHTuduumpaHeTo Ha nogxoaswy 3a  UenWTe  Ha
cbxpaHeHneTo Ha CO2 npupogHu KanaHW, € W3KMYUTENHO
cnoxHa 3agaya. OcobeHo TpyoHO € MpOrHO3MpaHeTo Ha
ponsiTa Ha TEKTOHCKMTE HapyleHus B [paHuLuuTE Ha
MPUPOLHMTE KamaHW, KaTo Bb3MOXHA MpoBOAsWa WK
nonupawa cpega. BaxHa e cblWo Taka pornsta  Ha
TEKTOHCKMTE HapYLUEHWs Ha MPUPOLHMTE Pe3epBoapu W3BBLH
rpaHuLMTe Ha NoKanHuTe CTPYKTYpu. Tasu ponsi e CBbp3aHa ¢
XVMAPOAMHAMUYHWS PEXUM Ha BOLOHOCHUTE CUCTEMU W
npousTUYalLMs OT TOBA MeXaHM3bM Ha hopMuUpaHe Ha
xpaHunuiara Ha CO2 B ycroBusiTa Ha OTKPUT WIN 3aKpUT B
XMAPOAMHAMMUYHO OTHOLIEHME PEXKUM.

Cen3mMOTeKTOHCKM NpeanocTaBKu. Te MaT HeNocpeacTBEHO
OTHOLUEHWE KaKTO KbM M300opa Ha NEepCreKkTUBHW CTPYKTYPH,
Taka M KbM MpobnemuTe Ha reonoxKus pUCK, CBbp3aHW C
Bb3MOXHOTO HapyllaBaHe Ha LienocTTa Ha W3rpageHuTe Beye
xpaHunuwa Ha COz B pe3ynTaT Ha HEOTEKTOHCKOTO pasBuTie
Ha TepUTOpUNTE, B KOUTO Ca Pa3NOSIOXKEHN NTOKarHNTE 00EKTH.

OcobeH WHTepec MpeAcTaBnsiBa  paiflOHMpaHeTo  Ha
TEPUTOPUMTE MO OCHOBHW XapaKTepPUCTUYHKM MoKa3aTenu:
cTeneH  Ha  3eMeTpbCHAa  aKTUBHOCT  (MarHuTya),
MECTOMOMNOXEHNE Ha ENULEHTPUTE HA  3EMEeTPeceHUaTa,
XMMOLIGHTPanHX  AbMGOYMHN, MEPUOAM HA  MOBULIEHA
aKTWBHOCT, BPb3KM C ONPEfeneHu CEeU3MUYHU  30HM,
MeXaHU3bM Ha MO-CUNHUTE 3eMETPEeceHWsl, Hali-BeposiTHaTa
1M YecToTa U NOBTOPSEMOCT U AIp.

[pyr BaxeH acnekT NpeAcTaBnsBa aHanMU3bT Ha pasnoMHaTa
Mpexa M WAEHTU(MUMPAHETO Ha TEKTOHCKUTE HapyLIEeHWs,
KOWTO MpUTEXaBaT XapaKTEpPUCTUKW Ha CbBPEMEHHW aKTUBHM
pa3fnoMW, C OLEHKA Ha Bb3MOXHOTO Bb3AEUCTBME BbPXY
TIOKASTHUTE CTPYKTYPY.

Nutonoro-pusnynm (netpochmsnynmn) npepgnocraBku. Te
KacasT OCHOBHWTE (DU3NYHW MOKA3aTENN Ha KONEKTOPHUTE W
M30nmMpaLLmTe 3aapyri, KOUTO ONPeAEensT TAXHaTa cnocobHoCT
[a W3MbNHABaT edeKTMBHO CBOETO npefHasHadeHue. 1o
OTHOLUEHME Ha  KOMEKTOPHWTE  3adpyrM TakuBa ca
BMECTUMOCTHUTE U (PUNTPAUMOHHWUTE nokasatenun. [lo
OTHOLLEHWE Ha W3onupalumTe 3aapyru (MOKPUBKM) OCHOBEH
KONMYeCTBEH MokasaTesN, KOWTO onpedens ekpaHupallara
CNocoBHOCT e “HansraHeTo Ha npobuea”. Tol € ekBMBaNeHTEH
Ha KanunspHOTO HansraHe B HaN-ronemuTe No pasmep MopHu
KaHanu Ha u3onMpallata MoKpuBKa, KOeTo Moxe Aa bbae
NPeodjonsHo OT  HanmsraHeTo Ha  HarHeTsBauus CO:
(NpeBuLLIaBALLOTO HansraHe). Tbii KATO ONPeSensiHETO Ha TO3M
nokasaten € TPydHO, W3OMMpalLMTE  KayecTBa  Ha
TPYAHOMPOHMLAEMUTE CKalM Ce OLEeHsIBaT W Mo  Apyru
nokasatenu (“gncpy3avoHHa NPOHWLAEMOCT”, MOPOMETPUYHM



rnokasaTesnu), KoUTo ce Kopenupat fobpe ¢ “HansraHeTo Ha
npobuea”.

Mpu npenBapuTENHUTE OLEHKM, KOraTo KONWUYecTBeHa
WHOpMaLmMs  OTCbCTBA, Ce  M3MON3BaT  KA4YeCTBEHU
nokasatenu (CTpoexa U JUTONOXKATE OCOBEHOCTM Ha
M3onMpaLYuTe cKanm).

BaxeH enemMeHT ot u3cneaBaHusTa Ha
TPYAHONPOHULIAEMUTE  MOKPUBKW  MpeacTaBnsBat  huU3nKo-
MEXaHW4YHUTEe  (SKOCTHM) nokasaTenu, kouto obycnassT
CKMOHHOCTTA Ha CkanuTe KbM HamykBaHe. B paiionu ¢
MOBWLIEHA  CEM3MMYHA  aKTMBHOCT  MpU  OMpegeneHu
obcTosTencTBa € Bb3MOXHO HapyllaBaHe Ha LenoctTa Ha
MOKpMBKaTa W KOMMNPOMETMPaHe Ha HelHaTa ekpaHupalla
pons.

OCHOBHMTE KOMNMYECTBEHM MOKA3aTeNM Ha KONEKTOPHWUTE U
M3onupaLLmMTe 3apyru ca aeduHUpaHu Kato Kputepuaniu u
TEXHUTE MUHUMAJTHW CTOMHOCTM Ca NokasaHu B Tabnumua 1.

Xupporeonoxku npeanocTaBku. TsxHata pons wma
pasnuyHu  acnekT. XUOPOXUMUYHMTE MoKasaTenu (Tun Ha
BOAWTE, CbCTaB, MWHEpanu3auws W [Op.) npegcraensear
Ba)XEH KpuTepuin npu n3bopa Ha nogxogaium obektu. Bogute B
noteHumanHute obektn 3a cbxpaHsBaHe Ha CO:2 Tpsbsa ga
npuTexaBaT Ka4yecTBa, KOMTO W TNpaBAT HErofHW 3a
u3nonasaxe 3a apyrv Luemu (6uToBm, NpoMULLINEHN, NEYEBHM 1
ap.). TakuBa Hail-4ecTo ca BWUCOKOMMHEpPann3vpaHuTE BOLM
(tabn. 1) (Metz et al., 2005; Chadwick et al., 2007). PonsTa Ha
TE3W NOKasaTenu Ce 3akni4yBa CblWO Taka BbB
Bb3MOXXHOCTUTE 3a MPOrHO3MPaHe Ha APEBHU W CbBPEMEHHM
npouec Ha OnpecHsBaHe Ha Bogute. [lpu onpegenexu
rEONOXKN YCroBMS, TOBA MOXE [a CE CMsATa kaTo MpK3HaK 3a
aKTMBEH [AMHaMWYEeH pEXMM Ha BOOWTE M MpW3HaK 3a
Bb3MOXHO U3TWYaHE Ha YacT OT HarHeTsBaHusa CO2 B mecTaTa
Ha pa3ToBapBaHe (ApeHupaHe) Ha cucTemara.

XuopoaMHaMUYHUTE YCMOBUS UMAT MPSKO OTHOLUEHUE KbM
MexaHu3Ma Ha dopmupaHe Ha xpanunuwata Ha COz. [Mpu
OTKPUT XMOPOAMHAMWYEH pEXMM, Korato mpoLecuTe Ha
3amecTBaHe Ha BogaTa ¢ CO2 ca CbnpoBOLEHM C N3HACsAHE Ha
BOAata OT npasHuHUTE, “KOEUUMEHTLT Ha 3anbrneaHe”
(‘koetbuLmMeHTLT Ha edekTUBHOCT") MOXe Aa focTturHe 0.4-0.6.
Mpy 3aKpUT XMOPOLAMHAMUYEH PEXMM, KOraTo npouecute Ha
3ameCTBaHe Ha yacT oT BogaTta B mpasHuHute ¢ CO2 ca 3a
CMEeTKa Ha enacTuyHMTE CBOWCTBA Ha nnacroBaTa CUCTEMa,
‘koeduumeHTbT  Ha  3ambrBaHe”  (“koeduuMEHT  Ha
eekTuBHoCT”) BeposTHO He npesuwasat 0.3 (Metz et al.,
2005; Chadwick et al., 2007).

TepmoOapnyHu  npepnocTaBkn. Te  pernmameHTMpar
ycnosusaTa, npu komto CO2 ce Hamupa B TEYHO Wnn
HaOKpUTWYHO CbCTOSHME. B HapkpuTuyHata obnact, B
3aBMCUMOCT OT HansAraHeTo M TeMmnepaTtypara, NITbTHOCTTa Ha
CO:2 ce uamenst ot 300 go 800 kg/ms3. Mpwm Te3n ycnosus Tow
Ce CTpeMu [a 3aeMe W3UrHaTUTe 4acTu Ha JoKarHuTe
CTpykTypu. BaxHa 0coBeHOCT, CBbp3aHa C HagKpUTUYHWTE
ycnoBus Ha cbllectByBaHe Ha CO2, e MOHWXEHOTO
npeBuILABALLO HansraHe, koeTo “akymynauusta’ Ha CO:
ynpaxHsBa BbpXy M30MMpallata MOKpWBKA, B CPaBHEHWE C
ToBa Ha CO2 B ra3oobpasHo cbCTosHWe. ToBa onpegens no-
MarnkuTe W3NCKBAHWS MO OTHOLUEHME Ha W3onMpaLyuTe
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kayecTBa Ha TPyAHOMPOHWLAeMaTa MOKPUBKA W MOHWXaBa
pucka oT Npobusy 1 U3TU4aHe Ha CO2 npe3 Hes.

MocoueHnTe 06CTOATENCTBA HamMpaT KOMWYECTBEH W3pa3
ypes  XUMCOMETPUYHOTO  MOMoXeHue  (MMHUManHata
ObnbouMHa) Ha HaW-M3OUrHaTUTE YacTW Ha  noKarnHuTe
CTPYKTYpW (noTeHumanHute xpanunuwa Ha CO2), npu Koeto
CO2 ce Hamupa B HapgKpuUTU4HW ycrnosus. B 3aBucumocT oT
TepmMobapuyHUTEe YCMIOBWSI HA KOHKPETHUTE MOTEHLMAnHM
obekTn, MrHUManHaTa gbnbounHa ce npuema 3a 800-850 m
(Metz et al., 2005; Chadwick et al., 2007).

JonHata rpaHuMua Ha  AbnOOuMHHMSA  obxBaT  Ha
nepcnexkTUBHUTE CTPYKTypu ce npuema 3a 2500 m. Tosa
OfPaHU4YeHWe Ce BbLBEXAA OCHOBHO MO TEXHOMOTMYHU W
TEXHWUKO-MKOHOMUYECKN NpuumHn. OCBEH TOBA, NpU MO-ronemm
AbNOOYMHM BMECTUMOCTHUTE U (DUNTPALMOHHUTE NoKa3aTenu
Ha ckanute ce BnowaeaT. [locoYeHUTe CTOAHOCTW Ha

ObnbouMHMTE  Ca  pernamMeHTMpaHn  Kato  KpuTepuanHu
nokasareru (Tabn. 1).
MocnepoBatenHocT Ha n3cnegBaHuATa.

XapakrepucTMYHU NoKasaTenu

W3cnenoBatenckuaT npouec npu MOEHTUULMPAHETO Ha
NepcnekTMBHU BOAOHOCHW CTPYKTYpU 3a cbxpaHsBaHe Ha CO:
npeanonara cvbniofaBaHeTo Ha onpefenexa
MoCrnefoBaTENHOCT Ha aHannauTe, 06OBLLEHUSATA W OLEHKUTE,
KOSITO MOXe Aa Ce NPeACTaBu B CNEHUS CXeMaTUYEH BUA!

(1) pervoHanHn reonoxkn 0060OWeEHUA:  NMTONOrO-
cTpaTurpadickit,  CTPYKTYPHO-TEKTOHCKM,  CEM3MOTEKTOHCKM,
XMIPOTEONOKKM.

(2) pernoHanHu pesepBoapHU 0600LLEHNA: XapaKTepucTuKa
Ha KONMEKTOPHUTE W U30NMpaLLUTe KOMMMEKCH, 3agpyri, Tena
(cTpaturpadpcka  NMpUBBLP3aAHOCT,  CTPOEX,  JIMTOMOTKA,
pebennHy, NpoCTPaHCTBEHO MOBEAEHWe, KOMEKTOPHU W
130MMpaLLm KavecTBa).

(3) n3cnepBaHus Ha NOKaNHUTE CTPYKTYPH:

a) OecpuHupaHe u npedeapumeneH u3bop Ha hepcnekmueHuU
JIOKa/IHU  CMPYKMypu U NPupodHU KanaHu: OTAEnsHe Ha
Oe3nepcnekTUBHU NOKaNHU CTPYKTYPU U NPUPOSHN KanaHu Mo
n3bpaHn  KpuTepuanHu  nokasatenu; AeduHUpaHe  Ha
Bb3MOXHO NEPCNEKTUBHW KanaHu, KOUTO OTroBapsiT Ha
OCHOBHW KpUTEPWarHu nokasartenu;

6) xapakmepucmuka Ha nepchekmusHume npupoOHU
KanaHu: TWN W TeOMeTpUsi; NoKasaTenn Ha KOMEKTOpHWUTe
3agpyryv; NokasaTenu Ha M30NMpaLLuTe NOKPUBKY;

8) XUOPO2EOMOKKU yC/IOBUS: OCHOBHU XMAPOXUMUYHM,

XMOPOAMHAMMYHM W XMOPOreOTEPMUYHW  MoKasaTenu  Ha
BOZIOHOCHUTE CUCTEMW W BOAWTE (CbCTaB, MUHepanu3auus,
mn, pH, NWe3oMeTpUYHO BOAHO  HMBO,  Hansrae,
Temnepatypa, (OUNTPaLMOHHI NoKa3aTenm u ap.
(4) nporHo3Ha xapakTepucTMka Ha MOTEHUWANHUTE
Xxpanunuwa Ha CO2. [lpegBapuTenHata oOueHka Ha
noTeHUManHuTe xpaHunuwa Ha CO2 BkMoYBa CcnegHUTe
MPOrHO3HM MokasaTtenu: AbnboynHa O AoMHaTa rpaHnua Ha
pasnpoctpaHeHne Ha CO2 B NOTEHUMANHWTE XPaHUIULLE;
reoMeTpUYHM NokasaTenu (pasmepu, nnowl, aebenuHa — obwa
n edektneHa, obem Ha mopute — 06W W edeKkTUBEH);
TepMobapuyHM nokasatenu (MnacToBO HansraHe, nnactosa
Temnepatypa, nibTHOCT Ha CO2, cTeneH Ha 3ambnBaHe Ha
npasHuHuTe ¢ CO2 (“koednumeHT Ha 3ambnBaHe”).



(5) w3bop Ha oOekTM 3a ObAewM AOMBLIHUTENHU
reonoronpoyy4BaTeniHu 1 u3cnefoBaTesicku paéoTu.

(6) wusrotBAHe Ha nporpama 3a ObAewy reonoro-
npoyy4BaTenHu N U3cnegoBaTencku padoTu.

3akntoyeHue

M3noxeHuTe NPUHLUMNKM M KPUTEPUM MMAT  CrieuucnyHmM
M3MEpPEHMS B 3aBUCUMOCT OT KOHKPETHUTE FeOmnOMXKM YCIOBYUS.
Te ca npunoxumu 3a ycnoBusTa Ha bBwnrapus npu
MOEHTUDULUMPAHETO HA MEPCMEKTUBHM JIOKANMHM CTPYKTYpU,
kaTo noTeHumanHn obekTtyn 3a chxpaHsaeaHe Ha COx.

15

Nurepatypa

Xpuctos, X., X. Bacunes, b. Hewes 1 gp. 2007. U3rotesiHe Ha
rOOMIUHA WHBEHTApM3aLWs Ha eMUCUMTE Ha MapHWUKOBM
rasoBe (oBe MHBeHTapusaumu, 3a 1989 r. u 2005 r.). -
Omyem no [ozosop ¢ MAOC npu MOCB.

Chadwick, A., R. Arts, C. Bernstone, F. May, P. Zweigel (Eds.).
2007. Best practice for the storage of CO: in saline
aquifers. Observations and guidelines from the SACS and
CO2. - STORE Projects.

Metz, B., O. Davidson, H. Coninek, L. Loos (Eds.) 2005.
Carbon Dioxide Capture and Storage. Cambridge
University Press, New York.

lpenopbyaHa 3a nybnukysaHe ot
Kateapa “leonorus v npoy4saHe Ha nonestn nskonaemu”, MO



rOANLWIHMK HA MMHHO-TEONTOXKMA YHUBEPCUTET “CB. MBAH PUIICKIA”, Tom 51, Cs. |, F'eonorus 1 reochnsmka, 2008
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 51, Part I, Geology and Geophysics, 2008

CBbCTAB, TEKCTYPHU U MUKPOCTPYKTYPHN OCOBEHOCTWU HA KWUINHU AXATU OT
PAWOHA HA MAIXXAPOBO, U3TOYHW POLOMNMA
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PE3IOME. M3crneasany ca MiHepanHus CbCTas, TEKCTYPHUTE W MUKPOCTPYKTYPHUTE OCOBEHOCTM Ha XWIHW axaTu 1 BMECTBALLMTE M CKanu OT
paitoHa Ha Magxaposo, 3tounn Pogonu. M3cnepsanute axaTi npuTexaBaT peguua aTpaKkTMBHW kayecTBa W MpeAcTaBnsiBaT MHTEPeC 3a
loBeNnMpHaTa npomuiuneHocT. CkanuTe uarpaxgally paiioHa Ha MagxapoBo ce OTHacAT KbM 3aapyrata Ha BTOpW CPE[HOKWCEN BYMKAHU3BbM —
NPeayMHO BYMKAHUTM (MaTUTW, LIOLIOHWTM, pAgko Basantu) u nupoknactuti. AxaTuTe ca foKanu3MpaHu Cped XUApOTEPManHo MPOMEHEHM
BYMNKaHUTU (peHonaTuTy). M3rpapeHu ca oT MHOTOKpaTHO W PUTMUYHO pedyBalLuTe ce 1BuLM ¢ aebennHa 1-2 mm ot SiO2 dhasn (kBapu, XanueaoH
W KBapLyH), CbNPOBOAEHN OT BKMtoYeHns BapuT, cchaneput 1 raneHut. PasoBuTe BKIIOYEHWS B axaTuTe Ca [JOKA3aHW C PEHTIEHOCTPYKTYPEH
aHarnus, kato 3a cpaBHeHue e u3nonssaHa PDF-kaptoTekata Ha ICDD. M3sicHeH e 06emMbT W CMUCBABLT Ha TepmuHa “axat’. M3scHewu ca
reHeTUYHUTE 0CODEHOCTM Ha axaTuTe OT paiioHa W e U3KkasaHo NpeamnoNoxXeHNe 3a Bpb3kaTta UM ¢ Apyrv nposienexus B stounute Pogonu.

COMPOSITION, TEXTURE AND MICROSTRUCTURAL FEATURES OF VEIN AGATES FROM MADJAROVO REGION,
EASTERN RHODOPES

Banush Banushev', Zdravko Tsintsov?, Mihail Sivilov?

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

2Central Laboratory of Mineralogy and Crystallography, “Acad. Ivan Kostov’, Bulgarian Academy of Sciences, 1113 Sofia;
ztsintsov@mail.bg

ABSTRACT. The mineral composition, texture and microstructure of vein agates and their host rocs from Madjarovo region, Eastern Rhodopes are
investigated. The agates have numerous attractive features and are of interest for the jewellery industry. The rocks of the Madjarovo region refer to
the formation of the Il middle acid volcanism — mainly volcanics (latites, shoshonites, rearly basalts) and pyroclastites. The agates are localized
among hydrothermally altered volcanics (phenolatites). They are built of numerous and rhythmically alternating bands with thickness 1-2 mm of
SiO2 phases (quartz, chalcedony and quartzine), accompanied by inclusions barite, sphalerite and galena. The phases inclusions in the agates are
proved by X-ray diffraction analysis as PDF-files of ICDD are used for comparison. The volume and sense of the term “agate” is clarified. The
genetic features of the agates are clarified and speculation regarding their connection with other occurrences in the Eastern Rhodopes is
suggested.

BbBepeHue CbAbPKaT BKIOYEHUS OT AEHOPUTOBUAHO Pa3BUTU CKENETHM
lMpeobragasawa 4YacT OT axaToBuTe MPOSIBIEHWS B Hali- raneHuToBI KpUcTany, popMUpaHm Npu CbBMECTEH PacTex ¢
U3TOYHaTa yYacT Ha  VBTOYHOPOZOMCKOTO — ManeoreHcKo xanuefoHa (AtaHacosa, boes, 2005). Cbluute aBTopu npu
MOHWXKEHWE Ce XapakTepuaupaT ¢ obunHa M MOBCEMECTHA SEM-u3cnefiBatus Ha YacT4HO pasTBOPEHM MOBBPXHOCTU Ha
nposiBa Ha aMeTUCTOBa MUHepanu3aLus. B paMOHa ce Hamupa XanuenoHa ycTaHoBABAT KOCU eNX0BMAHW pa3KIoHEeHUsA, KOUTO
nonumeTanHoTo MampkapoBcko pyaHo none ¢ nnowy okono 100 PeHTreHorpacckyt MAEHTU(ULMPAT KaTo MOraHuT.
kmz2, pygHuTe Tena Ha KoeTo NMpefcTaBNsBaT TUMMYHM KBapL-
cyndmaHu xunm (bpeckoscka, eprenyes, 1988). YctaHoBeHM MuHepanooGpadysatentute npouec B MadxaposckoTo
ca Hag 140 xwunu, ot Tax okono 30% ca C NPOMULLNEHO pyAHo nore ca MpoTeknu MHOrOCTaauiHO, kaTo KBaplLioBaTa
OpYLsiBaHE W ca CBbp3aHM C pasioMHUTE CTPYKTYPU B PyAHOTO MWHepanualus e mpuBbp3aHa KbM MeTus Kkeapl-GapuToB
none. cragui (Mnues, bpeckoscka, 1979). B npegenute Ha pyaHoTo
nore ce paskpuBaT 3HAYMTENHW 3anacu OT Ka4yeCTBEHU
MacnenpaHuaTa B rpaHuLuMTe Ha MampkapoBCKOTO pyAHO pasHoBugHocTM Ha  SiOz, noAxodswy 3a  loBenMpHata
nore nokaseat, u4e pal7|0HbT e 3abenexuTteneH ¢ NPOMULLINEHOCT, BKNOYBALLM NNAHUHCKA KpWUCTan, aMeTucrT,
pa3HooDpa3neTo OT pasHoBMAHOCTW Ha SiO2 U TeKCTypHM ameTHUCT-MOPUOH, Pa3NYHO OLBETEH XamLeAOH (BKMIOUUTENHO
B3aMMOOTHOLLEHNS Mexay Tsx (Bpeckoscka v gp., 1976). MNo- ¥ JAMCOHMT) 1 ICTIMC, MPUBBP3aHM KbM XUk ¢ AebennHa Ao
KbCHO,  MWHEpamOXKM  W3CMefBaHWs  [oKasgaT,  ue 30-40 cm. YecTo Te3n pa3HOBMOHOCTM NMOKA3BaT XapaKTepHu
XarnueJoHOBMTE arperaty B HSIKOW XMW Ha PyOHOTO none TEKCTYPHU  B3aUMOOTHOLLEHUS,  (hopMMpaitkn  axaTosut
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0bpasyBaHus C M3KITIOYNTENHO aTPaKTUBHW [EeKOpPaTUBHM
kavectsa. [Mpe3 80 roguHM Ha MUHANWA Bek € HanpaBeH OnuT
3a OLeHKa Ha Bb3MOXHOCTUTE 33 KOMMMEKCHO YCBOSIBAHE Ha
nonesH1TE 13KoNaemu B panoHa, kato € 06bpHaTO BHUMaHME
Ha ameTucToBaTa MUHEpanu3auus W NepenekTueuTe W B
toBenupHata npomuLLneHoct (Moxapescku, 1986). Axatute ca
OMMCaHu HaKPAaTKO C Ornes U3MOM3BaHETO UM KaTo CypoBMHA B
ToBa HanpaeneHwe. Cnopen [oxapesckn (1987), ot
reMONoXKa rregHa TOYKa, XWMHaTa aMeTMCTOBa MMHe-
panusaums 0T MamxapoBCKOTO pyaHO none crnefpa Aa ce
pasrnexga Kato pasHOBWOHOCT “MITbTHU KMAHW amMeTUCTOBU
macu’ Ha noarpyna “camoCTOSTENHO KBapLOBW arperatit u
kpuctanu”. Axatute ca OTAeNeHn B CaMoCTOsATeNHa noarpyna
“NpeauMHO XanueaoHOBY arperaTit — axaTu’.

Llenta Ha npegnaraHata pabota e Wu3SICHSIBAHe Ha
MWHEpanHUs CbCTaB, TEKCTYPHUTE W  MUKPOCTYKTYpHUTE
0CODEHOCTM Ha XUNMHWTE axaToBu 06pa3yBaHus OT paiioHa Ha
MazxapoBCKOTO pyAHO none, kakto obemMa W cmucbna Ha
TEpMMHA “axaT’, BbNPOC 0COOEHO aKTyaneH ¢ MafKapoBCKuTe
Xunhn obpasysanuns Ha SiOz. W3ka3aHo e npeanonoxexue 3a
reHesuca Ha axaTute W MoTeHUManHaTa WM Bpb3ka C
oborateHnte Ha Fe WOHW xuppoTEpManHu  pasTBOpU,
y4acTBanu akTMBHO BbB (popMMpaHe Ha reonoxkus obnuk Ha
pawoHa.

Marepuan u metoam

W3cnegsaHn ca cbCTaBa, TEKCTYPHUTE, MUKPOCTPYKTYPHUTE
ocobeHocTM W (Pa3oBWTE  BKIKOYEHMS Ha  axaToBuTe
obpasyBaHus OT paiioHa Ha MamkapoBCKOTO pyaHO nore,
KaKTO M BMECTBALUMTE CKamnu, B KOWUTO ca foKanuaupaHu.

WHcTpymeHTanHWTe  MeToaM  BKIIOYBAT  OMTMYECKa
MUKPOCKOMMS B MPOXOAsla M OTpaseHa  CBETNNHA,
PEHTTEHOCTPYKTYPHU — a@HanuaW, CkaHupawa enekTpoHHa
MWKPOCKOMUSI W PEHTIEHOCNEKTpanHu  MukpoaHanuau. C

MoMOLLTa Ha onThYeckaTa MUKpockonus (Mukpockonu Amplival
u Leitz Orthoplan-Pol) ca onpegeneHu cbcTaBa U
MUKPOCTPYKTYPHUTE ocobeHocTu Ha axarure.
PeHTreHOCTPYKTYpHUTE  M3CNEABaHMS Ca MNpOBEAEHW Ha
audpakromeTsp JPOH-3M (CoKa mbyeHue, 40 kV, 28 mA) 3a
nscnegeaHe (DasoBUTe BKMKOYEHMS B axaTuTe, kato 3a
cpaBHeHue e wuanon3saHa PDF-kapTotekata Ha ICDD. C
MOMOLLTA Ha CKaHupalla enekTpoOHHa MUKpOCcKonus ca
onpegeneHn MopgomnoXkuTE 0COBEHOCTM Ha BKMOYEHUsITa
(6apuT, cchanepur, raneHuT), a TEXHUAT XMMU3bM € U3SICHEH C
PEHTreHocnekTpaneH MukpoaHanua — anapart Philips SEM515,
obopyaBaH C  EeHepruiHO-AMCepCeH  PEHTTEHOCNEKTpaneH
mukpoaHammuaatop PV 9100. Mpu onMCaHWMETO Ha XMMHUTE
axaty 0T paiioHa Ha MagxapoBo e Bb3npueTa
HOMeHKnaTypaTa W CcbkpaTeHute o3Hauvenusi (Florke et al.,
1991). Tasn HomeHknaTypa e BbBegeHa B bunrapus (Tsintsov
et al.,, 2001) u ce m3nonsea npe3 MOCNEAHOTO AeceTuneTve
npu cneLuanuavpaHnTe u3crneaBaHus Ha axaTute.

leonoxka o6¢cTaHOBKA

M3cnegBaHmMaT panloH ce oOTHaca Kbm  Momuumnrpag-
ApOMHCKM  BYNKAHCKW  paloH  Ha  W3TouHopoponckarta
ByNKaHCka 0bnact. PaloHBbT e u3rpageH oT metamopduTy,
ManeoreHckM  BYNKAHWTM,  MWUPOKNACTUTH,  BYIKAHOrEHHO-
CeaMMEHTHW UM CeaMMeHTHM ckanu. Metamopdmtute ca
npeactaBeHn OT  BWOTMTOBW,  [ABycrniofeHW, amdubon-
6uotuToBM U amdmnbONOBM THACK, THANCOLUMCTK, LUMCTH,
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ameubonuTi, Mpamopu, KarnKoLUMCTH, KBAPLMTK, MyCKOBUTOBM
annuTougHM NenTuHUTW, OYAMHWMpaHM Tena W newu ot
meTamopco3unparm yntpabasnty (fopaHoB u ap., 1995).

Bynkanutute ca WMpoko pasnpocTpaHeHu. Te warpaxaar
LUMTOBMOHA BYNKaHCKa nocTpoilka — MamkapoBCku BymnKaH
(ViBaHoB, 1960), B KOSTO Ca BHEAPEHM MHTPY3MBHW Tena OT
MOHLIOHUTU W CUEHWUTW, Bb3NpueTn oT Maspyauner (1959)
kato anoguan OT No-ronsiM  WHTpy3uB. B paitoHa Ha
MamkapoBCkus BYNKaH C Hall-LUMPOKO pas3npoCTpaHeHue e
3agpyrata Ha BTOPWM CPEAHOKWCEN BYNKAHW3bM, KOATO ce
pasnonara BbpXy MaTepuannTe Ha MbpBY KUCEN ByNKaHU3bM
1 Bpek4oKOHrMomMepaTHaTa 3agpyra, paskpyealla ce B KXHUTE
yacTu Ha obnacTTa. BynkaHutuTe ca npeacTaBeHn OT MOLLHU
NaBoBM MOKPOBM W MOTOLUM OT NaTUTU U LUOLIOHWTM
CbMPOBOZEHN C MUPOKNACTUTU U BYNKAHOTEHHO-CEAUMEHTHM
ckanu. B ceBepHMTE YacTu Ha ByNKaHa ce pa3kpuBa enHUYEH
0a3anToB MOKPOB, @ B U3TOYHUTE U CEBEPOM3TOYHN YacTu ce
YCTaHOBSABAT KBapLIaTUTH, TPAXMTU 1 aHanorMyHu no cbCTaB
nupoknactuti (Mapuyes v ap., 1989). YcraHoBeHu ca 1 ronsamo
KOMWUYECTBO AaliKV C aHaNorMyeH Ha NaBoBWTE MOTOLW CbCTaB,
obocobeHn B [ailKOB TEH3MOHEH Komnnekc (FopaHoB W Ap.,
1995). B  neTpoXxWMMYeH  acnekT  BYNKaHWUTUTE  Ce
XapakTepuaupar ¢ HUCKO CbabpxaHue Ha TiOz, npeobnapaHve
Ha K20 Hag Naz20 (cvoTtHoweHmneTo K20/Na20 e mexay 1.17 u
1.84) n wowonutoBa cepuanHoct (Mapues u gp., 1989).
Bb3pacTTa Ha MarmeHuTe NpogykTh e onpegeneHa Ha 33.5-31
MrH. T. (Lilov et al., 1987).

Pe3yJ1TaTVI OT uscnenBaHuATa

BmecTBawm ckanu

KunHute axatu  OT paiioHa Ha Magxaposo ca
NoKanu3npaHn Cpef MHTEH3MBHO XWMAPOTEPMANHO MPOMEHEHM
BYNKaHWUTK ((eHONaTUTK) 1 NMPOKNACcTATK OTHACALUM CE KbM
3afpyrata Ha BTOpW cpefHokucen BynkaHusbM. Ckanute ca
TbMHO3€MeH, C MacuBHa TEKCTYpa, NopdupHa, MUKPONUTOBA,
Ha MecTa TpaxuToBa cTpykTypa. ®eHokpuctanute (10-15%) ca
OT nnarkoknasm u mauyHu MuHepanu. lnaruoknasute ca
NOMOMOP(HM, YaCTUYHO OO WHTEH3MBHO CEpULMTU3MPaHN,
YecTo [JeaHopTO3WpaHu [0 anbut. B No-WHTEH3MBHO
XWOPOTEPMANHO NPOMEHEHUTE CKanu nnaruoknasute ca
3amMecTeHn OT kBapy W xnoput. MadwuyHute MuHepanu ca
NPU3MaTMYHK, W3UANO 3aMECTEHW OT XIOpUT, Ksapy W
CepuuMT,  nepudepHo  onauuTUaupaHu.  AkLecopHuTe
MWHepanu ca npefctaBeHn oT GesuseteH po Gnepo-
kapeHukas anatut. OCHOBHaTa mMaca € u3rpageHa oT ronsmo
KOMWYECTBO ~ MNarMoknas’soBuM  MUKPONMWUTK,  4YECTO  CbC
cybnapanenHa OpWeHTMpOBKA, oOycnaBswyW  TpaxuToBa
CTpyKTypa ¥ KceHomopdpeH K-chengwnat, KOWTO Makap M
psagKo ce HabnwopaBa M kato cybnopdvpu ¢ pasmepu no
pawnrata oc 0.1-0.12 mm. MMupoknacTuTuTe Ca NPeacTaBeHn oT
KpUCTanoNUTOBUTPOKNACTUYH [0  KPUCTaroBUTPONMUTO-
KNacTuyHu Tycu, M3rpageHn OT BUTPOKIACTU, WHTEH3WUBHO
MPOMEHEHN B XMOPWT, CMEKTUTU W KBapL, NMTOKMactu OT
CpeOHM MO CbCTaB BYNKaHUTW UM KpUCTanmoknactu  OT
nnaruoknasu u K-coengwnatu.

AxaTBMeCTBALLMTE CKAanW  Hal-4eCTO Ca  WHTEH3UBHO
XMAPOTEPMaINHO MPOMEHEHN C HAMbHO 3anM4eH MbpBUYEH
MUHEpaneH CbCTaB U CTPYKTYpHU ocoBeHocTu. HepasHoMepHO
OKBapLIEHM, C OCHOBHAa Maca 3aMecTeHa OT MUKPO3bPHECT
KBapL, XMOPWUT, Mamnko TMUHECTU MUHepanun W cepuumt. B



HSKOW CryYan BMECTBALLMTE CKamM Ca U3rpafeHn oT BTOPUYeH
KBapL, CEpULMT 1 MUPUT M MO CbLUECTBO Ca MPeBbpHaTh B
KBapL-CepULIMTOBI METacoMaTUTH.

AveTcTOBaTa  MMHEpanu3auus €  Hal-aTpakTUBHO
npeacTaBeHa B YacT OT XWNUTE, PasKpuTh B HEMOCPEACTBEHA
6rm3ocT Ao rp. MagxapoBo, KbAETO OTAEMHU XWIU UK YacTyh
OT TAX Ca W3rpafeHn OT MITbTHWM amMeTUCTOBK Macu, YecTO B
koMBuHaLKs ¢ Apyrv pasHoBUAHOCTY Ha SiOz. B MuHepanoxkm
acnekt Te3n obpasyBaHua ca uacregsaHn ot [loxapescku
(1986), Koctos (1992), Kostov, Hafner (1992) n gpyru asTopu.
Hawwute pJaHHW nokassaT, Ye B HETONEMM KyXWHM ca
0bpa3yBaHM ameTUCTOBM  MOHOKpUCTanu, MpeauMHO  C
AbrronpuamatuydeH xabutyc, ¢ pasmepu o 30 cm 1 pasnnyHa
HacUTEHOCT Ha ouBeTABaHeTo. B nogobHu npasHuHu ce
CpeLlaT KBapLOBW Apy3u, B KOUTO KPUCTanuUTe ca W3rpageHu
OT pasfMyHW LBETOBM Pa3HOBMOHOCTM Ha KBapua (ameTwucr,
MOPWOH, OMylleH kBapy M ap.). B ocHoBaTta kpuctanute ca
NoApeaeHN BETPUMOBUAHO Taka, Ye TPaeKTopunTe Ha AbnruTe
MM OCM Ce mpecuyaT B XWUMOTETMYEH LIEHTBP, Pa3MoNoXeH
U3BBH ApyauTe. Camute KpucTanu ca nokputh ¢ gebenn kopu
ot Fe okcuan/xmppokcnam.

XapaKTepMcmxa Ha XUNHUTe axaTun

BuonetoBo ouBeTEHMTE pPa3HOBMOHOCTM Ha KBapua ca
noKanuaupaHn B XUMHW 00pasyBaHus, mog ¢opmata Ha
MaKpO- M MWKPOKPUCTANHW Pa3HOBWAHOCTM, W3rpaxmanku
aTpaKTMBHWTE “aMeTMcToBM” axaTu oT MamxapoBCKOTO pyaHO
none (cur. 1a-d). MMoBeyeTo XWnHWM axaTw, B CPe3oBe C
pebennHa go 1 cm ca nonynpospayHu, No-psAKO MPO3payH U
PSAOKO — Henpo3pauHW. JIMHeMHWTe napameTpu Ha Tesu
00pasyBaHus CUMHO BapupaT, KaKTO B rpaHULMTE Ha BCSKO

€0HO OT TAX, Taka 1 Mexay Tax. [ouTn BuHarK, rpaHulaTa um
C BMECTBAliMTE CKamM € MapkupaHa OT  pasnnyHu
MUKPOCTPYKTYPHWN Pa3HOBMAHOCTM XanuedoH. dopmata um e
BIOBATa W HEnpaBMMHAa W Hal-4ecTo CbBnaga C Ta3n Ha
KyXuHaTa, B KOSITO Ca OTNOXeHU. XanuedoHOBUTE CroeBe ca
BMONETOBYW, CWBM, PSOKO YepBEHWKaBW wunn crabo pososy.
[ebenvHata UM He HagXBbpNA 1 CM 1 B NOBEYETO Cryyan Te
Cbllo cnepgsat MopdonorusTa Ha KyxuHata, B KOSATO ca
OTNOXEHW. PSAKo Mexay xanueaoHa v BMecTBallaTta ckana
wMa 6apuToBI NpOXMNKA 1 oTaentm kpuctany (d[A] = 3.56;
3.43; 2.11), kouTo MMaT paBHa rpaHMUa CbC Ckanara u
konueBuoHM 00pasyBaHMs KbM XanuedoHa, KOeTo [aBa
OCHOBaHWe Ja Ce cuuTa, Ye Te ca 0bpasyBaHW Mo-paHo OT
Hero (cur. 1a, 2a).

LleneHacoyeHnTE  PEHTIEHOCTPYKTYPHU W3CNeABaHWs  Ha
XanuedoH He Aokasaxa HanmuMeTo Ha MOraHUTOB KOMMOHEHT B
Hero. ToBa MO BCsKa BEPOSTHOCT Ce Ab/KM HA HuUCKaTa My
KOHLEHTpauns B npobute — mnog rpaHuuaTra Ha uyBCTBM-
TENHOCTTa Ha 13nonasaHns MeTog (2-3 wt.%). YepBeHnkasoTo
oLBeTsiBaHe Ha XxanueaoHa W (POPMUPaHNUTE OT HEro Croese
Ce AbMKMA Ha pasnnyHaTa KOHLEHTpaLms 1 pasnpeaeneHne Ha
ApebHu (nog 5 pm) 3bpHa ot Fe okcugu/xugpokenan (cur.
2b). OcBeH Fe okcuam/xuapokenayn MHOMO YecTo B XanueaoHa
ce HabniogasaT BKMKYEHUS OT caneput U ranexur.
CtpaneputbT € MEOHOXBAT, MNpo3paveH, €OHOpPOAeH ¢

HenpasuIHW (OOPMU 1 HEPABHW KbM MaTpuLaTta kpaua (dur.
2c,d). MonupaHnte My NOBBLPXHOCTM YECTO Ca HapyLUeHU OT
Heronemu nykHaTuHN U pebHu KaBepHW.

®ur. 1. TekcTypHM 0COGEHOCTM Ha KMMHYM axaTh oT paiioHa Ha MamxapoBo, U3Tounu Pogonu

18



®ur. 2. CEM mukpodotorpacmm Ha ¢ha3oBM BKNKOYEHUS B XanuefoHOBa MaTpuua Ha XWMHW axaTu oT paiioHa Ha MapxapoBo, U3tounu Pogonu: a -
KonueBuaHM GaputoBM kpuctanu; b - Fe-okcuam/xuapokcmau noapeAeHN 3aKOHOMEPHO B ThHKM CJIO€BE, UNM He3aKOHOMEPHO pasnpegenenu; c-f
cyncuam: (raneHut — Gn) u ccpanepurt (Sp), kpucranute ot (e) ca B kaBepHa. [Tonmpasu noBbpxHocTH — a-d, f. EctecTBeHn noBbpxHocTh — . Mapkep: a,

c,d, f-100 um; b,e - 10 um

MwKpOCOHIOBMTE U3CreBaHNs NOKa3BaT, Ye CbCTaBbT My €
cTexuoMeTpuyeH ZnS v Bkntoysa camo npumec ot Fe o 0.82
at%. Tean paHHW 3aedHO C OMTUYECKATE MY XapakTepUCTWKM
[aBaT OCHOBaHME Aa ce npegnonara, Ye B Cryyas ce kacae 3a
HeroBata pas3HOBWAHOCT kneiodaH. laneHWTLT ce cpela
KaTo 3bpHa C HenpasurHa opMa, a B KyXuHU W kaTo fobpe
0hOpMEHN KyBWUYHW KpUCTanu, HEPaBHOMEPHO YABITKEHU MO
pasnuyHuTe ocu (ur. 2e). B nonupann cpesose, SCHO NnuM,
ye yacT OT nepudepusiTa Ha HAKOW 3bpHa e obrbpHaTta oT
BTOpa reHepauusi raneHut, kouto gobpe ce oTnuyaBa OT
MbpBUS KaKTO B OTpa3eHa CBETIMHA, Taka M B PEXWUM Ha
BTOPWYHA €eneKkTpoHHa emucus (dur. 2f). Pesyntatute ot
ONTMYECKUTE W3CMedBaHWA Ca MOTBbPAEHW C  PEHTTEHO-
cTpykTypeH aHarma (d[A]=3.42; 2.96; 2.09) u peHTreHo-
CrMeKTpaneH MUKpoaHanms.

XKununute axati OT paiioHa Ha MagxapoBo ca u3rpageHu
npegumHo ot SiO2 ha3u, CBHNPOBOZEHM OT Bapupaliu

19

konmyecta OapuT u cyndwuan. XapaktepHa ocobeHocT Ha
OMMCBAHMTE axaTW € MHOTOKPATHO M PUTMWUYHO pedyBaLyuTe
ce mBnum ¢ gebennHa 1-2 mm ot SiO2 chasn (kapu, xanuegoH
n kBapuuH) (dur. 3a). KeapubT e BbB BMA Ha MBMUM C
nebenuHa 1-2 mm, Han-yecto pasgenern ot CH-Hir u CH-Wir
(dur. 3b). Habntopasa ce kBapl, OKONO KOWTO € HapacHan
xanuenoH (CH-Wir u CH-HLg), kakTo M no-kbCHa reHepalus
kBapy (cpur. 3c-e). XanuemoHbT e OesuBeTeH, MO-psoko e
cBeTnoKageHukas, ouseTeH oT Fe xuagpokeuaw. MNpencraBeH e
OT MBMAUM OT pasnnyHu  MUKPOCTPYKTYPHM BMOOBE —
napabonnyHo-BNakHeCT, NapanenHo-BNakHeCT M MacyBEH.
KBapuWHbBT € BNAKHECT CbC ChLLUMTE ONTUYECKW CBOUCTBA KaTo
XanueaoHa, Ho 3a pasfnnka OT Hero NpuTEXaBa MoMNOXUTENTHO
yobikeHue. B HakoM cnyyam nokasea  xapaKTepHa
MVUKPOPUTMUYHOCT. BEPOATHO KBapLMHOBUTE WBUUM B HSIKOM
06pasuy CbabpKaT U3BECTHO KONMYECTBO MOraHUT. baputsT e
NPU3MaTMYHO YABITKEH O HAKOMKO CaHTMMeETpa. YecTo e nog



opmata Ha TBHKOMPU3MATU4YHM, B3aMMHOMpPecHyawy ce
kpuctann ¢ npeobnagasawym  pasmepu  0.15x2  mm,
pa3nonoXeHn cped XanuemoHoBK ceponuTy, napabonuyHo-
BNaKHeCT xanueaoH u ksapy, (cur. 3f). B nepudeprute vactu
Ha GapuToBuTE KpuUcTanu ce Habriopasat ThHkW (okorno 0.05
mm) MBMUW KBapUWH, KBapL, W XanuenoH. PenyBaHeTo Ha
PasnnNYHINTE MUKPOCTPYKTYPHM TMNOBE xanueaoH u SiO2 dasu
e o1 tuna: Q » CHis - Q — CHis — CHis + MOG? — CH-
Hir - Q — CH-Wir — Q — CHis — Q. B Hskon obpasum ce
HabntogaBa W xanuegoH CHuw, kaTo pefyBaHeTo Ha
pasnuyHute SiO2 ¢hasn B Te3un cnydvam e: CHis — Q — CHis
— CHis + MOG? — CH-Hir - Q — CH-Wir — CHu.

eHeTUYHM 0COBEHOCTH

[€He3NCbT Ha XMMHUTE axaTu OT panoHa Ha Mamxaposo,
cnepBa fa ce 0BBbpKE C MOCTMarMaTyHaTa XuapoTepmanHa
feiHocT B M3TouHuTte Pogonu. MocnegHaTta e HepaBHOMEPHO
NposiBeHa, NO-MHTEH3MBHO OKOMO BWUCOKO MPOHWLAEMUTE
npupasnomun 30HKU. OcobeHocTUTe Ha ameTUCTOBWTE axaTu
OT pailoHa Ha MagkapoBCKOTO pygHO none OTpassiear

MPOMEHUTE  BbB  (DMBMKOXUMWYHM  YCMOBMS  Ha
MUHeparnooGpasyBaHe W eBOMILMATA HA XMOpoTepManHuTe
pastBopn. OcBeH MpomsiHaTa Ha  PUBMKOXUMUYHUTE

napameTpy Ha KpUCTanM3aLMoHHaTa cpea npes pasnuyHuTe

®ur. 3. MukpodboTorpadmm Ha XunHM axaTh oT paitoHa Ha MamxapoBo, MU3TouHn Pogonu: a — MHOrOKpaTHO M PUTMUYHO peayBalyy ce UBULM OT KBapLy,
XanuefoH 1 KBapuMH + MoraHuT?; b — peayBalum ce MBMLM OT KBapL, U XanLeaoH; c-e — KBapLy, okono koiTo e HapacHan CH-Wir (c), CH-Hir (d) u no-kbcHa
reHepaums ksapl (e); f - TbHKoNpM3MaTUyHKU GapuUTOBU KpMCTanu cpea KBapL v XanueaoHoBu ceponutu. Mapkep: a-f — 0.52 mm; +N
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CTagu Ha MUHepanu3auusi, XwapoTepMmarHWTe pasTBopu B
pasnuyHUTE Yy4yacTbUM Ha pYyOHOTO Morme ca nokassanu
3HaunTenHu konebaHnst OTHOCHO KOHLIEHTPpaLMATA Ha METaIHM
IOHM 1 (PYTUTUBHOCT Ha capaTa u Kucnopoga. Tosa e [0Beno
[0 AvdepeHUMpaHo oTnaraHe Ha pyaHUTe MuHepani (okcuam
u cynduan) B XuUNnTe, Kato HAKOW OT TaX ca chopmupanu
noBseye OT efHa reHepauws. ObpasyBaHeTo Ha ameTucToBaTa
MWHEpanu3auns e  OCbLUECTBEHO  MPeauMHO  OT
HWUCKOTeMmnepaTypHn Fe-Cbabpkaliy pasTBOpW. XOPWU3OH-
TanHata reoXxMMUYHa 30HanHoOCT B MamxapoBCKOTO pyAHOTO
none coun ye, oborateHHuTe Ha Si, Au u Fe yyacTbum ca
paskpUTM HEemocpeacTBeHO N0  nepudepusta Ha  Ham-
BbTpELLHAaTa 30Ha U ce pasnonarat okono rp. Mamkaposo
(Bbpeckoscka, leprenyes, 1988). Tosa ca yuacTbuute OT
PyOHOTO MOMe C HaW-BUCOKA KOHLEHTpauus Ha Xumm C
amMeTUCTOBa MUHepanuaawys.

XapakTepbT Ha pasnpoCTpaHeHWe Ha ameTUCT B paiioHa
[aBa OCHOBaHWe Aa Ce npegnonara, 4e neTusT (KBapy-
BapuToB) MUHEpanu3aUMoHeH cTagui Ha MapxapoBckoTo
PyoHOTO nofe, C KOWTO € CBbp3aHa W3crnegsaHata
MWHEpanu3aLus, HO BeYe C MO-HUCKa KOHLeHTpauns Ha Fe
MOHW, BEPOATHO 3acara M NO-OTAANEYEHW yyacTbun B
N3touHnTe Pogonn. ToBa ca no-B1COKO MPOHULIAEMUTE 30HU U
rasoBuTE MPa3HWHW BbB BYNKaHWTUTE, pPa3NpPOCTPaHEHW B
panoHa Ha cenata [opHa Kyna, bapaum, MoTouHuua, CtyaeH
knageHey v gp., KbOeTo Cblio Ce YCTaHOBSBA aMeTWUCTOBa
MWHEpanu3aLus, HO 3HauMTenHo no-cnabo passuta (LiMHUOB,
Banywes, 2002).

3aknoyeHue

AwmeTucToBuTe 00pasyBaHus 0T MagapoBCKOTO pyaHO
nomne nputexasaT cBoebpasHa TEKCTYpHa 30HANMHOCT, KOSTO
AaBa OCHOBaHWe Aa ce 060cobsAT ABa pPasnnyHN MUHEparHK
arperata: XusiHu axamu i NTbMHU XUTHU aMemucmosu macu.
Kato xwunHu axaTu ce Bb3NpUeMaT pPUTMUYHO-30HAMHO
pepysawuTte ce cnoese ot SiO2 dasn, a ocTaHanara yact —
kaTo NIbTHA XUMHa ameTucToBa Maca. [paHuuata mexay
TE3W arperatM e ycroBHa W 3a TakaBa, aBTOpUTE Ha
HacTOsALOTO M3crefBaHe MpuemaT Kpask Ha  PUTMUYHO-
30HarHo pefyBalwnTe ce cnoese Ha pasnuyHute SiO2 dhasn
(kBapy, xanuemoH, keapuuH). AxaTuTe ca wW3rpageHu oT
MHOTOKpPaTHO U PUTMUYHO pedyBaluuTe ce uBuuM ¢ aebennHa
1-2 mm OT KBapL, XanuedoH M KBapLuuH, CbnpoBOAEHM OT
BapupalLy konnuecTBa 6apuT u BKMIOYEHWS OT cdaneput u
ranenut. OUBETSBaHETO UM Ce [ObMKM Ha pasnuyHaTta
KOHLEHTpauus u pasnpegeneHne Ha gpebHu (mog 5 um)
3bpHa oT Fe okcuan/xmapokeuon. Xunuute axatm ca
pesynTar Ha nocTMarMaTuyHaTa XxwapoTepMmanHa LewHOCT B
W3TouHuTe Pogonu, HepaBHOMEPHO NPOSIBEHA, NO-UHTEH3UBHO
OKOMO BUCOKO NPOHMLAEMUTE MPUPA3NIOMHI 30HM.

brnazodapHocmu. ABTOopUTE W3Ka3BaT BNarofapHOCT Ha MHX.
[l. ’Kenes 3a CbaeNCcTBMETO.

21

Nurepatypa

Artanacoea, P., W. boneB. 2005. CkeneteH raneHur,
€[HOBpPEMEHHO 00pasyBaH C  XanuefoH-MOraHUTOBM
ceponutn. — B: COOpHUK paswupeHu pesroMema om
fO6buneliHa mexdyHapodHa KoHbepeHyus “80 2oduHu
brneapcko zeonoeudecko Apyxecmso”, 17-18 Hoemspu
2005. C., 63-66.

Bbpeckoscka, B., 3. Mnues, b. Maspyaunes, . Banuapos, .
BenuHos, [1. Hoxapos. 1976. MapxapoBckoe pyaHoe
none. — l'eoxum., MuHeparn. u nempon., 5, 57-78.

bpeckoscka, B., B. leprenyes. 1988. MamxapoBcko pyaHO
none. — B: OnosHo-yuHkosume Haxoduwa e bbreapusi.
C., TexHuka, 114-127.

lopaHos, A. [l. Koxyxapos, /. BosiHos, E. Koxyxaposa. 1995.
ObsicHumenHa 3anucka KbM 2€0/l0XKa Kapma Ha
bwneapus, M 1:100000, Kapmru nucmose Kpymoszpad u
Canen C., KTMP, “T'eonorus u l'eocusmuka” All, 97 c.

MBaHoB, P. 1960. MarmatuambT B WM3TOYHOPOAONCKOTO
naneoreHcko noHwxeHwe. Yact |. Teonorusa. — Tp. 2eon.
bwneapus, Cep. l'eoxum. u non. uskon., 1, 311-387.

Wnues, 3., B. bpeckoscka. 1979. Owe BbpXy CTaguute Ha
MWHepanu3auns B MamkapoBCKoTO pygHo none. — [00.
CY, leon.-eeoep. ¢hak., 70, kH. 1, Meonoeus, 387-393.

Kocros, P. 1. 1992. Amemucm. C., CYB, 249 c.

Maspygunes, b. 1959. [OpHOOMUIOLEHCKN WHTPY3MWM OT
MamkapoBckust pyaeH paitoH. — [0d. CY, eon.-eeoep.
¢ak.., 52, kH. 1, leonoaus, 251-298.

Mapues, f1., 3. Wnues, C. Hokos. 1989. OnurougHoBbIN
BynkaH MamkapoBo. — B: Anbnutickuli  magmamusm
CpedHozopuu u BocmouHbix Podon u cesisaHHasi ¢ HUM
memannoeerus. ymegodumens akckypcuu E-2. C., 98-
105.

Moxapescku, N. 1986. FOBenupHble pasHOBMAHOCTU KpeMHe-
3emMa (ametucT, ameTUCT-MOPUOH W  aMeTUCTOBOBBIN
xanuemoH) mectopoxaeHus Magxaposo. — B: [Jocmu-
XeHusi boneapckoll 2eonoeuu, C., TexHuka, 264-268.

Moxapescku, M. 1987. OnuT 3a reMonoxka knacudukaums Ha
IOBENUPHWTE Pa3HOBWAHOCTM Ha CUIMLMEBMS ABYOKMC. —
rod. CY, IT®, 1, leonoeus, 81,91-108.

LUuHuos, 3., Bb. Banywes. 2002. Xapaktepuctuka Ha
ametucToBuTe axatu ot KpymoBrpaacko. — MurHO 0efno u
eeonoeus, 1, 23-27.

Florke, O. W., H. Graetsch, B. Martin, K. Rdller, R. Wirth. 1991.
Nomenclature of micro- and non-crystalline silica minerals,
based on structure and microstructure. — N. Jh. Mineral.
Abh., 163, 19-42.

Kostov, R. I, S. S. Hafner. 1992. Paramagnetic centers in
Madjarovo vein amethyst from Southern Bulgaria. -
Compt. rend. Acad. bulg. Sci., 45, 1, 29-31.

Lilov, P., Y. Yanev, P. Marchev. 1987. K/Ar dating of the
Eastern Rhodopes Paleogene magmatism. — Geologica
Balc., 17, 4, 49-58.

Tsintsov, Z. L., B. S. Banushev, R. |. Pazderov. 2001.
Mineralogical characteristic of Paleogene coral agates from
Eastern Rhodopes, Bulgaria. — N. Jb. Miner. Mh.,10, 464-
480.

lpenopwyaHa 3a nybnukysaHe oT
Karenpa “Munepanorus n netporpacms”, [M®



rOANLWIHMK HA MMHHO-TEONTOXKMA YHUBEPCUTET “CB. MBAH PUIICKIA”, Tom 51, Cs. |, F'eonorus 1 reochnsmka, 2008
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 51, Part I, Geology and Geophysics, 2008

®OPMU HA NMPUCBCTBUE HA SiO, B MPOAYKTUTE OT LIMHKOBA ®JNIOTALIUA
B OBOrATUTENHA ®ABPUKA “EPMA PEKA”, 3NIATOIPALl

Mapeaapuma Bacuneea, UpeHa puzoposa, UeaH Huwkoe

Munro-2eonoxku yHusepcumem “Ca. Mear Puncku”, Cogpus 1700; marvas@mgu.bg; irena_mt@abv.bg; iniskov@gmail.com

PE3IOME. lNpoBeaeHn ca 3bpHOMETPUYHU 1 XUMUYHW aHanu3n 1 MUHEPanoXK1 U3cneaBaHus Ha NPOAYKTM OT LMKbA Ha LiHKoBa dnoTauus.
V3BbplueHnTe M3cnenBaHus MokaseaT HanW4WeTo Ha ronsMo KONMWMYeCTBO CPacTbUM Ha KBapl CbC Cynduaw, B egpute pakumm Ha
KOHL|EHTPaTUTE 1 CPaBHWUTENHO HWUCKaTa eEeKTUBHOCT Ha W3MOM3BaHWA peareHT Aenpecop 3a kBapl. YCTaHOBEHO e, Ye KBapLbT MpuUCLCTBa
npeaumHo B ceobogHa dopma (>60-80%) BBB dhHUTE dpakuum Ha W3cneaBaHWUTe NPOAYKTH. HEeroBOTO KONMMYECTBEHO CbAbpXaHWe MOXe Aa
6bAe 3HaYMTeNHO HamaneHo, C U3NON3BAHETO Ha MOAXOASLM peareHT — Aenpecopy, € Ormnes nonyvaBaHeTo Ha KOHLEHTpaTh ¢ Heobxoaumute
nokasarenw.

FORMS OF SiO2: PRESENCE IN THE PRODUCTS OF ZINC FLOTATION IN THE “ERMA REKA” DRESSING PLANT,
ZLATOGRAD

Margarita Vassileva, Irena Grigorova, Ivan Nishkov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; marvas@mgu.bg; irena_mt@abv.bg; iniskov@gmail.com

ABSTRACT. Granulometric, chemical and mineralogical analyses of the products of zinc flotation has been performed. The presence of significant
amount of intergrowths of quartz with sulphides in the coarse fractions of the concentrates and relatively low efficiency of the reagent depressant
used has been demonstrated. It has been established that quartz is present mainly as free particles (>60-80%) in the fine fractions of the studied
products. Its content could be significantly reduced by using appropriate reagent depressant with the aim to obtain concentrates with desired
properties.

BbBeneHue CuMta Cce, Ye NO MWHEpaneH CbCTaB W TEOXUMMYHM

B ob6oratutenHata cabpuka ‘Epma peka’, Pomonu Eko ocobeHocTi, Haxopuwjata B EpMopeueHcKus ydacTbk ce
Mpopxektc OO, r. 3natorpag, ce npepaboTsar pyau oT OTNINYaBaT B W3BECTHA CTEMeH OT OCTaHanuTe Haxoguwa B
OMOBHO-LWMHKOBMTE  Haxoguwa B  LleHTpanHute  Poponu, Maparckoto pyaHo none (Kombkosckw, Mares, 1988;
Pa3MoNOXeH! B IOXHATA YacT Ha MagaHckoTo pyaHo more, Kolkovski, Dobrev, 2000). OcHoBHuTE pyAHU W HepyAHM
HapuyaHa OT Hsikou wacnegosatenu Epmopeune (Famxkesa, MWHepanu ca npe/cTaBeHin NpeauMHO OT CynduaN — ranexuT,
1978; Tapxesa, 1983; Kpwctesa, agxeBa, 1986; Makes, ccaneput, MAPUT,  XanKonuput U pyr4  MUHepanu, a
WrHatoscku, 1981). HEpyOHUTE — OT KBapLl, kapGoHaTU U MUPOKCEHOBM CKapHW (B

MeTacoMaTU4HUTE pyaHM Tena).
OroBHO-LMHKOBUTE  HAXoAWla ca fokanuaupaHu cpeq

MeTaMopduTUTe 0T ApheHckata eauHMua  (rpyna) ut Mpyu npepaboTBaHeTo Ha 0MoBHO-LMHKOBY pyAn B O® “Epma
MapaHckust anoxXToH — MUTMaTU3UpaHU THaWCK, aHaTeKTUTH, peka’ ce nony4asat creaHuTe NpOAYKTU: ONOBEH KOHLEHTPAT,
rHancu, amdmbonuTi, mpamopu u ap. (Kolkovski, Dobrev, UWMHKOB  KOHLEHTPAT, MUPUTEH KOHLIEHTPAT M OKOHYaTeneH
2000; Kombkosckn, [lobpes, 2007). OpyasiaHusTa ca oTnabK. ONOBHYMAT M LYMHKOBUST KOHLIEHTPAT Ce Manpaluar 3a
NpeLcTaBeHn OT ABa CTPYKTYPHO-MOPEONOXKKM TN — XWIHU, nocnefBallia npepabotka B MeTanyprudHuTE KOMGUHATH, a
NPUBbLP3AHN KbM PA3NiOMHU CTPYKTYPU M XVAPOTEPMAITHO- MUPUTHUSIT KOHLEHTPAT WM OTMafbkbT ce 0o0eauHsiBaT kaTo
METaCOMaTUYHM 3anexy C IeLoBMaHa WUnu HenpasuiHa OKOHYaTesleH TexHonornyeH OTnagwbk, KOMTO ce CKnagupa B
mopehonorust cpel MpamopuTe. PasrpaHuyenu ca cregHute oTnagbKoXpaHunuweTo. MouweHnTe cbabpxaHus Ha SiO2 B
MWHEpanH1 napareHesn: Ksapu-npuToBa, MOnMMeETanHa U LIMHKOBMSI KOHLIEHTPAT BIIOLIABAT KayecTBOTO My W Cb3gaBat
kBapL-kapOoHaTHa — B XWMHUTE PYAHM Tena; CKapHOBa, TEXHOMOMYHM NPOBrIEMM NPU METaNYPrUYHOTO U3BMMYAHE Ha
Kene3ookuCHa, TMonMMeTanHa W Keapu-kapboHaTHa - B UnHka. B HacTosiwaTa paboTa ce npuBexgnaT pesyntatute ot
MeTacomatuiHuTe pyaHn Tena (Tamkesa, 1978; lamxesa, NpOBeJGHUTE M3CNeABaHUs Ha NPOAYKTUTE B LMKbNA Ha
1983; Kpbcresa, Mamxesa, 1986). LMHKOBaTa (NoTaLWs, C Lien yCTaHOBABAHE W OTCTpaHsiBaHe

Ha MPWYMHWUTE 3a MOBMILEHWTE CbabpxaHus Ha SiO2 B
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UMHKOBMSI ~ KOHLEHTpAT, C Offied  MOMy4aBaHeTo
KOHLIEHTPaTH C HEOBXOAMMUTE Ka4eCTBEHM NOKa3aTerM.

Ha

Marepuan u meToamka

B O® “Epma peka” chnotaumsta Ha OfIOBHO-LIMHKOBUTE pyau
Ce OCblieCTBsBa MO  KONEKTUBHO-CENEKTWBHA  CXEMa,
CbCTaBeHa OT ABE OCHOBHW U [BE KOHTPONHW ¢pnoTtauuu, C
YeTMpU MPEYNCTHW Onepauuu 3a OMOBeH LUMKbA U [Be
OCHOBHW, [BE KOHTPOMHM (roTauuM 3a LMHKOB LMKBII.
PasgenutenHata ¢notauus BKMKYBA ABE KOHTPONHW, ABE
OCHOBHM W TpU NpeumncTHu onepauuu (BbnkaHos v ap., 2008).
lMpoBeaeH € MOHUTOPUHT Ha NPOAYKTUTE B LMKBLIA Ha LIMHKOBA
cbnoTaums, BKIOYBALY, NEPUOAMYHO OnpobBaHe, B3WMaHe Ha
cpegHa npoba, 3bpPHOMETPUYHM W XMMUYHM aHamuan u
MuHeparpad)Ckn  u3criefBaHns Ha  CpegHuTe  npobw.
MeprognyHoTO onpobBaHe € N3BbPLUBAHO B MPOABIKEHNE Ha
2 Meceua, kato ca onpobBaHM 5 6pos NpPOAYKTM — OMOBEH
CTepun,  KOMEKTMBEH  LIMHKOBO-MMPUTEH  KOHLEHTpaT,
TEXHOMOTMYEH LWMHKOB KOHLEHTPAT, MWUPUTEH KOHLEHTpaT M
OKOHuYaTeneH oTnagbK. 3bpHOMETPUYHUAT MOKbp aHanus e
13BbPLLEH ¢ pasmep Ha cutata 0.071 1 0.16 mm. OT cpeaHaTa
npoba Ha BCekw MpoaykT ca oTaensHu 3 knacu: - +0.16 mm,
-0.16+0.071 mm un -0.071 mm. W3BbplieHn ca XUMUYHW
u3cnenBaHusa 3a onpefdensHe cbabpxaHusTa Ha Zn, Pb, Fe,
SiO2 B TpuTe KnMacM Ha  W3yyaBaHWUTE  MPOZYKTW.
CbabpkanusaTa Ha Zn, Pb n Fe ca onpepensiHu ¢ nomowyta Ha
PEHTreHOMNYOPUCLEHTEH aHanu3 B XuMuyHaTa nabopatopus
Ha O® “Epwma peka”, 3natorpag, a Tean Ha SiOz - ¢ AES-ICP
aHamms, B UHWIT  ‘Teoxumuma” Ha  MuHHO-reonoxkus
yHuBepcuTeT “CB. MBaH Puncku”, Codus.

Waroteenn ca 18 6pos cnoeHn B enokcugHa cmona
nonupaHu npenapatu-6pUkeT Ha MaTepuan OT KONEeKTMBEH
UWMHKOBO-MMPUTEH  KOHLEHTPAT,  TEXHOMOrMYEH  LIMHKOB
KOHLIEHTPAT U MUPUTEH KOHLIEHTPAT, CbOTBETHO knacu +0.16
mm, -0.16+0.071 mm un -0.071 mm. T[lpoBegeHn ca
MWKPOCKOMNCKA M3CrefBaHns 3a OMpedensiHe MUHepanHus
CbCTaB W ¢opmute Ha mpucbeTBie Ha SiO2 B M3yyaBaHuTe
KOHLEHTpaTW. PyaHaTa MUKpOCKONWS € N3BbpLUEHa C NOMOLLTa
Ha nonspusaunoHHn Mukpockonu MONAM P-311 u NU-2.
Mopagu orpaHnyeHnst obem Ha HacToswaTta paboTa, B TekcTa
He Ca BKIMKYEHW OaHHWTE OT W3CMeABaHMATa Ha MUPUTHUS
KOHLIEHTpaT.

Pe3y11TaTI/I N AUCKycuA

3bPHOMETPUYHU N XUMUYHU aHANKU3K

OcpenHeHnTe pesyntaTit OT NPOBELEHUTE 3bPHOMETPUYHM 1
XMMWYHU — aHanuaW Ha  KOMEKTMBEH  LIMHKOBO-NMPMUTEH
KOHLEHTPAT W  TEXHOMOTMYEH LMHKOB  KOHLEHTpAT ca
npeactaBeHn B Tabrmua 1. [aHHuTe OT U3BbpLUEHUTE
XMMWYHU aHanuau nokaseaT, Ye MpUCHCTBALLMAT B pydaTta
KBapL MOYTM HaMbfHO NpeMWHaBa B OMOBHWA cTepun. B
oTnagbka OT OnoBHaTa (hnoTauus (ONMOBeH CTepun) ce
ycTaHoBsBa Hanmume Ha 56.09% SiO2. B konmekTuBHWS
LWMHKOBO-MMPUTEH  KOHLEHTpaT CbabpkaHueto Ha Si02 e
MHOrOKpPaTHO NO-HWUCKO U goctura o 7.4% (tabn. 1), koeto
nokasea, Ye MbpBUTe [BE ONepauuu B LWKbNA Ha LWHKOBaTa
chnotauust ca eheKTUBHM, N0 OTHOLLEHWNE OTCTPaHSBAHETO Ha
kBapLa. HemoctaTbyHO edheKTUBHY, C Orner OTCTPaHSBaHeTo
Ha KBapua, ca credBaluTe neT onepauun B LMKbna Ha
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UnHkoBaTa (riotaumst. CbabpxaHueto Ha SiO2 € BUCOKO B
LIMHKOBO-TIMPUTHUS M LMHKOBMS KOHLIEHTpaT, 0cobeHo B mno-
egpute knacu: +0.16 mm n -0.16+0.071 mm u pgocrtura
ctoitHocTn cbotBeTHO 10.5%, 6.89% n 8.86%, 5.73% (Tabn.
1). Moxe pa ce cuuTa, Y€ NPEYMCTHUTE oOmepaumu ca
edekTvBHu 3a uHute Ppakumm (-0.071 mm) Ha coblynTe
KOHLEHTpaTh, B KOUTO CbabpxaHueto Ha SiO2 HamansBea
3HaunTenHo Ao 5.79% n 2.08%.

Mukpockoncku uscnegsaHus
a) KonekmugeH YuHKO80-nUpPUMeH KOHYeHmpam
OCHOBHWTE pyOHW MWHEpanu B mpenapata, W3roTBeH OT
¢pakyusi +0.16 mm (06p. 9), ca npefcTaBeHn OT MUPUT (~45-
46%) v cchaneput (~40-41%). B He3HaUMTENHO KONNYECTBO Ce
cpewat ranenwut (~1%) u xankonuput (~1%). [nasHuaT
HepygeH MuHepan e kBapubT (~10%). B npenapata
NpUCHCTBAT W APYIM HEPYAHU MWUHEPanM — LiepyCuT, KamuuT,
MUPOKCEHOBM CKapHU?, XEMUMOP(UT? W LpyrM MuHepamm
(~1%). MuputsbT ce Habniogasa nog dopmata Ha cBobBoaHM
YacTMUM U cpacTbuy CbC cdhaneput u keapy. B Hakon ot
NUPUTOBUTE (PParMEHTUN Ce YCTaHOBABAT (OUHW BKMKOYEHUS OT
cchaneput, raneHuT, KBapL WK Apyri HEPYOHW MUHepau.
CcpaneputbT € nog dopmata Ha €BODOAHM yacTuun U
cpacTbLyM MpeauMHo C KBapy (cur. 1a), mo-pagko ¢ apyrw
HepyaHW MUHepanu u cyndmaun. XankonuputbT NpUCLCTBA
[MaBHO BbB BWA HA (DUHW U EMYNCMOHHM BKIIOYEHUS! B
caneput  (pur. 16). KeapubT ce Habnwopasa npe-
MMYLLECTBEHO NOA dhopmaTa Ha cpacTbum cbe cdaneput (60-
62%), cpacTbuy ¢ nupuT W raneHnt (~12%) n BbHB BUA Ha
cBobogHun vacTuum (25-26%). Keapu-cpaneputosute arperatu
Hal-4eCTO MMAT HenpasuiHa MOPGONorus 1 ronemmHa ot 120
£0 300-350 um. CpeLuat ce arperatit 1 ¢ Mo-rofieMn pasmepu
oT nopsigbka Ha 400-600 um, cbeTaBeHu OT KBapL-caneput-
NUPUT WK KBapU-ChanepuT-raneHuT-nuput. lo-psgko  ce
YCTAHOBSABAaT OTAENHM ChanepuToBN  MHAMBMAN, CUITHO
KopoaupaHn oT (MHO3bPHECTW KBapLIOBK arpreratit (¢our. 16).
HabniogasaH e eguHNYeH CPacTbK Ha KBapL, CbC chaneput 1
nupoTuH. CBOBGOAHMAT kBapL, oOpa3syBa brMoBaTh, YABIIKEHN
WK C HempaBWiHa MOPGONOrMs MHAMBUAW, C TONEMWHA A0
okorno 400 pm.

OcHoBHUMTE pyOHW MUHEpanu B npenapat ot ¢pakyus -0.16
+0.071 mm (06p. 10), ca npeactaeenn ot ccaneput (~50-
51%) n nuput (~39-40%). B HesHauuTenHO KONMMYECTBO Ce
cpewat xankonuput (<1%) u raneunt (<1%). MMaseH HepyaeH
MWHepan e kBapubT (~7%). B npenapata ce Habntopasat u
BPYIM  HEpyoHW MuHepanu — kapboHaTW, MUPOKCEHOBM
ckapHu?, xemumopdut? u ap. (~1%). CchaneputsT 06pasysa
BIIOBATH, YOBIKEHW WM C  HEMpaBuiHa  Mopdomnorus
CBOBOAHM YaCTMLM, CpacTbUy C KBapL, M MHOMO MO-psiako —
cpacTbUM C nupuT, ranexut, kapbonatn. Okono 9-10% ort
chanepuToBuTE YaCTULUM CbAbPXAT (PUHA U EMYIICUOHHM
BKITIOYEHUS OT XamnkonupuT. pWTBT Ce cpella NpeauMHo B
ceobogHa dopma. HabnwopaBaHu ca eguHWYHM 3bpHa OT
rafieHuT, KopoaupaH no nepudepusTa ot LepycuT. KeapubT e
[MaBHUAT HepyaeH MuHepan (~7%). Mpeobnapasalyara vact
oT kBapua (~70-72%) e mog dopmata Ha CpacTbuUM CbC
caneput 1 Mo-psgKO BbB BWA HA CPacTbLW C MUPUT U
ranennt (<2-3%). Okono 24-25% oT kBapua npuchbcTBa B
ceobogHa dopma. MuHepansT obpas3yBa OTAEMHM BrNOBATH
hparMeHTH, KCEHOMOPMHU WAN XWUNUOMOMOP(HM 3bpHa, C
ronemmHa Ham-yecto nog 200 pm (cur. 1B).



Tabnmua 1

3promempuqHu U XUMUYHU aHalu3u Ha KorieKmueeH YUHKO80-nUpUMeH KOHUeHmpam U mexHosioeu4yeH YUHKO8 KOHUeHmpam

KorekTvBeH LMHKOBO-NMPUTEH KOHLIEHTpaT
06p. Ne MpoaykT (mm) [obus (%) SiO2 (%) Zn (%) Pb (%) Fe (%)
9 +0.16 26.79 10.50 25.12 1.32 21.33
10 -0.16+0.071 31.97 6.89 28.39 0.79 21.09
11 -0.071 41.24 5.79 36.80 1.74 15.09
Beuyko 100 7.40 30.98 1.32 18.67
TeXHOMOrMYeH LMHKOB KOHLIEHTpaT
18 +0.16 24.02 8.86 43.39 143 9.57
19 -0.16+0.071 28.84 5.73 49.83 1.28 7.20
20 -0.071 4714 2.08 55.68 2.41 5.24
Bemuko 100 4.76 51.04 1.85 6.84

OCHOBHUMTE pyaHW MHepanu B npenapar ot ¢pakyus -0.071
mm (o6p. 11), ca ccaneput (~60%) u nuput (~30%). B
HEe3Ha4NTEeNHO KOMMYeCTBO npuchbCTBaT ranenut (~1%) wu
xankonuput (~1%). KBapubT € rmaBHUAT HepyaAeH MuHepan (5-
6%). YcTaHOBsIBa Ce HamWuMe Ha LEepycwT, Kamnuut wunu
BONOMUT, XeMUMOPEUT? 1 APYIM MUHEpPanK, B KONMYECTBO A0
1-2%. CcpanepuTbT € npencTaBeH MpeauMHO OT CBOBOAHM
4acTWLW, HSKOM OT KOMTO CbObpXKaT (PUHU W EMYNCUOHHM
BKIIOYEHMS OT xankonupuT. [o-psgKko ce cpewat arperatit Ha
MWHEpana c KBapLl, MWpWT, ranexuT u gpyrm dasu. Muputst
0bpasyBa brnoBati pparMeHTH, a Ha MecTa M UgUOMOpQHM
kpuctanu. B Hskon yactuum ce HabniogasaTt BKIOYEHUS OT
ctaneput wnu keapy. [aneHuTsT acouumMpa TACHO CbC
chaneput. OBpasyBa OBamnHM BKIMHOYEHUS B Chaneput umm e
passuT no nepudepusTa Ha cdanepuToBu UHAMBUZN.
KeapubT € rnaBHWAT HepydeH muHepan (5-6%). OcHoBHaTa
YacT OT KBapua € BbB BWA Ha CBODOAHM, CaMOCTOSATENHM
3bpHa (80-82%), a no-manka 4act npuckcTBa nog opmara
Ha cpacTbum cbe cdaneput (18-20%) (cwr. 1r). Keapuosute
3bpHa ca ¢mHK, ¢ npeobnagasawm pasmepu nog 30-50 um
(64%), ¢ ronemuHa Ha 3bpHaTa oOT nopsagbka Ha 50-70 pm
(okoro 34%) u ¢ ronemuHa okono u Hag 100 pm (2%). Keapu-
cthaneputoBuTe CcpacTbuUu cbcTaBnsear okono 18-20% ot
obwws ksapu. Mpeobnapasawmte um pasmepn ca go 50-70
um. HabntogasaHu ca 1 eanHUYHU KBapL-NUpUTOBK arperaTu.

6) TexHO/M02UY€EH YUHKO8 KOHUeHmpam

[MaBHUTe pyaHW MUHepanu B npenapat ot ¢gpakyus +0.16
mm (obp. 18), ca npencrasenn ot craneput (~70-77%) wn
nuput (>10-12%). B HesHaunTenHo KOmmM4ecTBO npuchbeTeat
ranenut (~1%) n xankonuput (~1%). KeapubT e rmaBHusT
HepyneH muHepan (~8%). YcTaHOBSBa Ce M Hamuuue Ha
LepycuT, KanuuT WM JOMOMMT, MMPOKCEHOBM CKapHU?,
XemMumoput? u apyru MuHepanu — go 1%. Cdpaneputsbt
0bpasyBa CBOOOAHM YacTULM W CPacTbLM, NPEaUMHO C KBapLy
(Gur. 14, €), no-pagko C APy HEpyAHU MWHepanu wnu
CyNnan — ranexuT, NupuT, Xankonuput (dur. 1x, 3). B vact
0T chanepuToBuUTe HparMeHTy ce HabntoaaBaT eMyncUOHHU 1
(PUHU BKMIOYEHUS OT XanKonupwT, ¢ ronemuHa go okorno 20
pm. MupuTbT ce Habniogasa npegumHo nog copmata Ha
cB06GOAHM YacTuum (cur. 1u), kaTo Ha MecTa ce cpeLlat u
cpacTbUM CbC Cdhaneput v kBapy. B Hsakom nupuToBM
WHAMBWAM ce HabnigaBaT 30HAIHO Pa3NOoMNOXeH BKIIOYEHMS
OT HepyaHW MUHepanu, BeposTHO MapKupalluM 30HM Ha
pacTex. [aneHWTLT acouuupa TACHO CbC cdaneput u
0BWKHOBEHO € paseuT no nepudepusTa Ha canepuToBu
WHouBMOM.  HabmogaBaHu  Ca  eOWHWYHM  TaneHuT-
chaneputoBn arperath. KeapubT € TNaBHUAT HepyAeH
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MuHepan (~8%). Okono 75-80% ot obwus kBapL, NpUcbCTBA
nog copmarta Ha cpacTbUM CbC cdaneput, no-psako C
ranenut u nuput (dur. 14, e, x, 3). Ksapu-cdaneputosute
arperatu ca ¢ ronemuHa go 350-400 pm, kato ce cpeLat u
€MHWYHM arperat C No-ronemu pasmepu, AOCTUrawm Ao
okono 750 um. Mo-cnabo 3acTbnenun ca KBapu-NMPUTOBUTE W
KBapL-raneHnToBn cpactbun, ¢ ronemuHa go 300-400 um.
Okono 20-25% ot obwus keapy e BbB BUE Ha CBOGOAHM
vactuum (dur. 1n). MunepansT 0bpasysa XMnnamomMopdHu 4o
KCEHOMOPHM MHANBUAN UMW BIIIOBATA (parMeHTH.

OcHoBHUMTE pyOHW MUHEpanu B npenapat ot ¢pakyus -0.16
+0.071 mm (06p. 19), ca npeacraeenn ot cchaneput (~80-
85%) wu nmuput (>5-6%). B HeE3HauMTENHO KOMMYECTBO
npucbeTsat xankonuput (1-1.5%) u ranenut (~1%). InasHuaT
HepyaeH MuHepan e keapu (>4-5%). YcTaHoBsBa ce Hanuume
Ha kapDOoHaTW, NMPOKCEHOBM CKAapHWU? W Jpyrn HepyaHu
MuHepanu — okono 1-2.5%. CdpaneputsbT € npeaumHo nog
copmata Ha CBODBOAHM YacTMUM, Ha Mecta C UHM W
EMYIICUOHHM BKIKOYeHMst OT xankonuput. Cpewar ce u
cpacTbly Ha MuHepana c kBapl (cur. 1i), no-psgko Cbe
cynuou — raneHnuT, xankonuput, nuput (cur. 1k). MuputsbT
npuchbCTBa MPeauMHO BbB BUME Ha CBOOOAHM YacTuun -
YObIKEHN, BIMOBATH, HenpasuHM1 chparmeHTy,
XMMUBMOMOPMHM 4O MAMOMOPKHU 3bpHa, ¢ npeobragasaiym
pasmepu o okono 150 pm (dwur. 11). MuHepansT e
€[JHOPOZEH MM C (OMHI BKIHOYEHUS OT cchaneput unu keapu,
OcHoBHaTa 4acT OT Xxankonuputa e npegcraBeHa oT QuHU K1
€MYNICVOHHM BKMoveHns B cdpaneput. Habniogasawn ca
€0MHWYHY XanKOMMPUTOBM UHOMBUAM C BKITIOYEHWS OT MUPUT M
CpacTbUM CbC CanepwuT, raneHut W keapy. [aneHuTsT
0bpasyBa eMHNYHM 3bPHA, B HAKOW Cry4an C TbHBK KaHT OT
uepycut. Hai-yecto e pa3suT N0 nepudepusiTa  Ha
ctaneputoBn wHameBuan (cur. 1k) wnm e BbB BUE Ha
BKMIOYEHNS B OCHOBHa Maca OT cdpaneput. KeapubT €
[MaBHUAT HepydeH MuHepan (>4-5%). MMpeobnapasaluata
yact oT obwwus keapy (go okono 60%) nmpucbcTBa Moa
thopmata Ha cpacTbLy Cbe chaneput (dur. 11). FonemuHata
Ha Keapu-ccaneputosute arperatv goctura o 200 pm, B
Haikou cryyam go okono 300 um. OBGMKHOBEHO B Teawn arperatu
chaneputbT € 3acTbleH B  NOAYMHEHO  KOMMYECTBO.
CeobogHuT kBapl, cbeTaensea okono 40% ot obwims keapu,
O6pasyBa brnoBaTh, YAbIKEHW, TPUBIBIHW UIN U30METPUYHY
tparmenTn ¢ ronemmuna o 100-150 um, Ha mecta Hag 200 pm

(our. 1k).

CchanepuTbT e OCHOBHWS pydeH MWHepan B npenapart ot
¢pakyus -0.071 mm (06p. 20) cbe cuabpxaHue ~90- 94%.



®ur. 1. Mukpockoncku choTorpacdum Ha npenapaté OT KONEKTUBEH LIMHKOBO-MMPUTEH KOHLEHTPAT M TEXHOMOTMYEH LIMHKOB KOHLIEHTpaT (oTpaseHa
CBeTNMHa, ycnopeaHu Hukonu — N II, pasmep Ha BuaHOTO none: a-B — 1.04 mm, r-n — 0.53 mm; sph - cchaneput; py — nuput; chp - xankonuput; ga —
raneHuT; qz — KBapL): a) CpacTbLU Ha KBapL CbC canepuT — B ropHaTa 1 B NsiBaTa YacT Ha kagbpa (0KONo TAX — parMeHTy oT chaneput U NMpUT, obp.
Ne9); 6) cchaneput, cunHo KopoampaH oT hUHO3BLPHECTH KBapLIOBM arperati — B nsiBaTa YacT Ha kagbpa (BASCHO — caneput ¢ (OMHU 1 eMyNICUOHHN
BKIIOYEHNUA OT XarnKONUPUT, MUPUT CLC 30HANTHO Pa3nonoXeHU BKIHOYEHNS OT KBapL M ApYr1 HepyAHU MUHepanu, o6p. Ne9); B) aBe cBo6OAHM 3bpHA OT
KBapL, — B ropHaTa NosioBUHa Ha kaAbpa (OKOMNo TAX — hparMeHTH U MAUOMOPHU MHANBUAU NUPUT U YacTULM oT cpaneput, o6p. Ne10); r) kceHoMmopdhHO
3bPHO OT KBapL — B LEHTPamnHaTa 4acT Ha kagbpa (OKONo Hero — dyparMeHTH OT ccpaneput U nuput, o6p. Ne11); A) cpacTbk Ha kBapL cbe cdaneput
(BnsiBo — chparmeHTH OT NupUT, 06p. N218); e) cchanepuT ¢ BKNKOYEHNS OT KBAapLIOBM arperati (BASCHO — (hparMeHT OT KBapLOBO 3bpHO, 06p. Ne18); x)
cchanepuT-raneHUToB arperat, KOpoAUpaH oT KBapl, (B AoNHaTa MONOBMHA Ha Kagbpa BNABO — CPACTbK Ha chanepuT ¢ XankonupuT, BASACHO — CPacTbK Ha
cchaneput ¢ kBapu, 06p. Ne18); 3) cpacTbk Ha KBapL CbC chaneput, raneHuT 1 XankonupuT — B FOPHUS JeceH brbi (BNSAABO — arperat OT Xankonuput 1
cchaneput ¢ eMynCMOHHM BKIIOYEHUS OT XaNnKoNUpPUT; KBapLIOB MHAWUBUA C BKIIOYEHUS OT canepuT — B JONHUA AeceH brbi, o6p. Ne18); u) ceoGoaHo
3bPHO OT KBapL — B LiEHTpanHaTa YacT Ha Kagbpa (B ropHusi NsiB brbll — (hparMeHTH OT cpanepuTt; B AONHUA NAB BIbN — NUPUT C KCEHOMOP(HM
BKIIOYEHNA OT KBapL U cyndmau; BAACHO — ccraneput ¢ hMHO3bPHECTH KBapLIOBM arperaTty, o6p. Ne18); i) cpacTbk Ha KBapLi C TPUBIbIHU OYepTaHUus
cbe caneput (BNABO — eAMHMYHA NUPUTOBA YacTULA W chparMeHTH OT ccpaneput, obp. Ne19); k) kceHoMopdHO KBapLOBO 3bPHO — BNSIBO U KBapLIOB
¢pparMeHT ¢ TPUBLIBIAHU OYepTaHUs — BASICHO (B FOPHUS AeCeH bIbJl — CPACThK Ha C(hanepuT ¢ XankonupuT; B AOMHaTa YacT Ha Kadbpa — CPacTbK Ha
cchaneput ¢ raneHut, 06p. Ne19); n) kceHomopdHM 3bpHa OT KBapL, (OKONO TAX — chparMeHTV OT chanepuT M eANHNYHA YacTULa NUPKT, 06p. Ne20)
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Tabnuua 2

CuObpxaHusi Ha c8obodeH Keapu, keapy nod hopmama Ha cpacmblu, cghanepum U nupum 8 KomekmuseH LUHKO8O-NUpumeH

KOHUEeHmMpam U mexHosioeU4eH YUHKO8 KOHUeHmpam

KonekTvBeH LMHKOBO-MMPUTEH KOHLEHTpaT
0O0p. Ne Mpogykt [obvs Keapu CsobogeH KapyB | CBobogeH kBapy;: | Cdanepur, Mupwmr,
mm % (obw), % | «kBapu, % cpacTbuy cpacTbuy % %
9 +0.16 26.79 10 25 75 1:3 40-41 45-46
10 0.16+0.071 31.97 7 25 75 1:3 50-51 39-40
11 -0.071 41.24 5-6 80-82 18-20 (4+4.5) :1 ~60 ~30
Bcuuko 100 7.2 48.1 51.9 1:0.93 - -
TEeXHOMOrMYeH LIMHKOB KOHLEHTpaT
18 +0.16 24.02 >8 20-25 75-80 1:(3+4) 70-77 >10-12
19 0.16+0.071 28.84 >4-5 40 60 1:15 80-85 >5-6
20 -0.071 47.14 2 60 40 1.5:1 90-94 >1-2
Bcuuko 100 4.2 452 54.2 1:0.84 - -
B HesHauuTenHo Konu4ecTBo ce yctaHossBaT muput (>1- U3Boau

2%), ranenut u xankonuput (go okono 1%). HepygHute
MWHEpanu ca nNpefcTaBeHn rMmaBHo oT kBapL (~2%), LepycuT,
nupokceHoBu ckapHn? wu  ap. (~1%). Cdpaneputst ce
Habnogasa NpeamMMHO nog gopmata Ha cBOBOAHM YacTuuw, ¢
rofieMMHa Ha 3bpHaTa OT HsAKomnko um Ao okono 70-80 um. B
enHa vact (Hag 5%) ot cdaneputoBuTe (hparMeHTM ce
YCTaHOBABAT ~ EMYNCMOHHM M (PMHM  XamKonupuTOBM
BKMtoyeHns, ¢ ronemuHa go  10-20 um. [uputsT ce
Habniogasa rmaBHO BbB BUA Ha cBOOOAHM YacTuum. Ha mecTa
ce cpewart cpactbuu nuput-cpaneput. Habriogaeann ca
€0MHMYHM CBOOOAHN 3bpHA OT raneHuT, B HAKOW Cryvaun C
TBHBK KaHT OT LIEPYCHT, KaKTO M OUHUYHIA CPACTbLM raneHuT-
cthaneput. KeapubT € [MaBHUST HEpyLeH MuUHepan.
MpenacraBeH e nog gopmata Ha cBobogHu Yactuum (>60%) 1
cpactbuu cbC caneput (~40%). CeobogHuaT  kBapuy
obpasyBa broBaTW, YObIKEHM WNM  C  HeMpaewiHa
mopdonors HAMBMAKM (cur. 1n), ¢ ronemMuHa Ha 3bpHaTa
nog 50 um (~ 49%), ¢ ronemuHa Ha 3bpHata 50-70 um (~49%)
u c pasmepu okono u Hag 100 pm (6%). Ksapu-
cthanepuToBUTE CpacTbUM ca ¢ npeobrnagasalia ronemuHa
50-70 um (69%), kaTo ce cpeLuar 1 arperati ¢ pasmepu Lo 50
uM (25%), 1 HE3HAYMTENHO KOMWUYECTBO arperaTn ¢ pasmepu
okono u Hag 100 pm (6%). B emmHnynm cdaneputosm
(parMeHT ce HabmiopaBaT  (DMHO3BPHECTM  KBAPLOBM
arperatu C MUKPOHHWU pasmepu. YCTaHOBEHW Ca W €OUHWYHM
TPOMHW cpacTbUW cdaneput-raneHuT-keapy, 1 cdaneput-
kBapu-HepyoeH MuHepan. OcBeH KBapl, B npenapata ca
HabnogaBaHu M Opyrv HepyoHW MUHepanmW, Hal-BeposTHO
kapOOHaTM 1 MUPOKCEHOBM CKapHU?, NPUCLCTBALM B
cBoboaHa hopma UnM BLB BUA Ha CPacTbUM CbC chaneput
WUnn KBapu,

Pesyntatute OT NpoBeAEHUTE MUKPOCKOMCKA W3CMeABaHust
Ha nonupaHu npenapaTu-6puKeTH, U3rOTBEHW OT MaTepuan ot
KONEKTUBEH LIMHKOBO-MIMPUTEH KOHLEHTPAT U TEXHOMOIMYEH
LIMHKOB KOHLEHTPAT ca CUCTEMATWU3MPaHU M NpeLCTaBeHN B
Tabnuua 2.
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[aHHWTe OT W3BbPLUEHUTE W3CMedBaHMS NOKasBaT, ue
OCHOBHaTa (hopmMa Ha MpUCLCTBME Ha KBapua B edpuTe
(hpaKLMM Ha LWHKOBO-NUPUTHUS U LIMHKOB KOHLIEHTPAT € BbB
BMA Ha CPacTbLy CbC CyNduan — CbOTBETHO okono 75% u 75-
80 go 60%. Mpwn duHute dpakymm (-0.071 mm) Ha cbwuTe
KOHLUeHTpaTW, ce HabniogaBa psA3ko  HapacTBaHe Ha
ceobogHns kBapy - cboTBeTHO A0 80-82% u 60% wu
HamansBaHe obLoTo cbabpkaHue Ha SiOz Hag 2 mbTh — OT 5-
6% 00 2%. OyeBMOHO B UMKbIA Ha LMHKOBaTa hrotauus,
NpoLecHT e edheKTUBEH 3a (UHUTE PPaKLMK, U HELOCTATLYHO
edekTMBEH 3a edpuTe (paKUMM Ha KOHLEHTpaTWUTe, B KOWTO
KBapLbT € B HeAOCTaTbYHA CTENEH PasKpuT.

Pesyntatute 0T npoBedeHUTE  W3CMELBAHUS  BbPXY
copmuTe Ha npucbeTBue Ha SiOz B MPOAYKTM OT LMHKOBATa
¢drotauus Ha pyam B OO “Epma peka’, 3natorpag,
CBWOETENCTBYBAT 33 HaNMUMETO Ha TOMSAMO  KOMMYeCTBO
cpacTbUM Ha KBapL CbC cyndwuav B eapute pakuum Ha
KOHLIEHTPATUTE, U CPABHUTENHO HUCKaTa e(eKTMBHOCT Ha
M3NON3BaHWA peareHT fenpecop 3a keapy. BwbB duHuTe
(hpaKLMKM Ha KOHLEHTPaTUTE, KBApLbT NPUCHCTBA NPEAUMHO B
csobogHa chopma. MonyyeHnTe AaHHW gaBaT Bb3MOXHOCT 3a
TbPCEHETO Ha €(EKTUBHW TEXHOMOTMYHM pelleHus 3a
pedyuMpaHe CbObPXAHWMETO Ha CUIMUMEB [uoKCUE, U
MPOW3BOACTBOTO HA Ka4eCTBEHM LIMHKOBM KOHLEHTpaT! ¢
HeobxoaMMKTe nokasaTtenu.
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MAJIEOTEOrPA®CKA PEKOHCTPYKLINA HA OONHOKAMYUUCKUA CEOAUMEHTEH
BACEWH (MOPCKATA YACT) NMPE3 CPEAHO-KbCHOEOLIEHCKATA U
OJIMrOLIEHCKATA EIMOXA

Xpucmo Jumumpoe
MunHo-2eonoxku yHusepcumem “Ca. Mear Puncku’, 1700 Cocpus; tezei@abv.bg

PE3IOME. InaBHaTa Len Ha M3crneABaHETO € Aa Ce Hanpasu maneoreorpadpcka PEKOHCTPYKUMS Ha [lJomHokaMuuickus cegmmeHTeH 6aceitH
(MopckaTa 4acT) npe3 CpefHO-KbCHOeOLeHeKkaTa W onmuroueHckata enoxa. [laneoreorpadickata PEKOHCTPYKUMS BKMKOYBA OnmpefensHe Ha
NPOCTPaHCTBEHNTE U BPEMEBUTE BPB3KM HA MracTa M AaBa Bb3MOXHOCT 3a WIKOCTPOBaHE Ha ApeBHUTEe 0OCTaHOBKM Ha ceaumeHTauws. Kato
OCHOBa 3a Maneoreorpadckata PeKOHCTPYKLMS MOXe Aa Ce M3MON3BaT OrpaHUYeHUTe C MOBBbPXHOCTU Ha HECLIMAcUsi CEAMMEHTHU CEKBEHLMM,
OTZeneHn npu cemsmocTpaturpadickust aHanua. [naBHUTE MOBBPXHOCTU CBbP3aHM CbC CEAMMEHTHUTE CEKBEHLWM NpeAcTaBnseaT uanyHata
cTpaTurpadcka pamka, OCUrypsiaLla XpoHocTpaTurpadickuTe AaHHU Npu KOHCTPYMPAHETO Ha kapTute. PekoHCTpykuuuTe ca BasupaHn Ha OaHHW
OT KapOTaXHWUTE pa3pesn Ha COHAAXW U censmmyHuTe paumecn. B To3u goknag npeacrassm cepusi OT naneoreorpadiCku kapTu nogbpaqu 3a
BpemMeBMsi WHTepBan obxBallall CpenHOEOLEHCKO-ONUIoLEHCko Bpeme. [laneoreorpadusita LUMPOKO € KOHTponMpana CeauMeHTauusTa u
Pa3npoOCTPaHEHNETO Ha HePTOMaNYMHWN WU Pe3epBOapHU CEAMMEHTU. THPCEHETO Ha HOBW METPOSHM 3amnexXu e CBbp3aHO C W3MON3BaHeTo Ha
cneyyanHu naneoreorpadycku kapTu.

PALEOGEOGRAPHIC RECONSTRUCTION OF THE KAMCHIA SEDIMENTARY BASIN (OFFSHORE PART) DURING THE
MIDDLE-LATE EOCENE AND OLIGOCENE EPOCH

Hristo Dimitrov

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

ABSTRACT. The general objective of this study is to make paleogeographic reconstructions of the Kamchia basin offshore during the Middle-Late
Eocene and Oligocene epoch. Paleogeographic reconstruction involves determining the spatial and temporal relationships of strata that can
represent diverse ancient environments of deposition. Unconformity-bounded depositional sequences determined from sequence stratigraphic
analysis can be used as a basis for paleogeographic reconstruction. Major surfaces associated with depositional sequences present a physical
stratigraphic framework that provides relative chronostratigraphic datums which may be used to construct paleogeographic maps. Paleogeographic
reconstructions are based on well-log data and seismic facies. In this paper | show a series of paleogeographic maps from selected time slices
spanning the Midle Eocene to the Oligocene time interval. Paleogeography in a broad way controls the deposition and distribution of source beds
and reservoirs. The search for new deposits of petroleum is aided by the use of special paleogeographic maps.

BbBepeHue CEKBEHTHa  rpaHuWLa,  TPaHCTPecMBHAa  MOBbLPXHOCT U
Maneoreorpadckata PEKOHCTPYKUMS BKMOYBA OnpeaensiHe MOBBLPXHOCT ~ HA  CEAMMEHTHO  rnajyBaHe/MakcumanHa
Ha NPOCTPaHCTBEHWTE 1 BpEMeBUTe BPb3KW Ha NnacTa v faea TpaHcrpecus.  [laneoreorpadpckute  Kaptt  mokassat
Bb3MOXHOCT 3a WMIOCTPaUMs Ha ApeBHUTE 0OCTAHOBKM Ha PETVIOHasHOTO  pa3npedeneHne Ha naneobCTaHoBKUTE ¢
cegumeHTauws. Maneoreorpadckarta kapTa CbbpXa OTAEMHM TUNOBETE CKarnu B pasfu4HA BPEMEBU XOPU3OHTW, BLTPE B
cTpaTurpad)Ckn MHTEPBanM, KOWTO YECTO MMaT pasfnyHu UMKNUTE Ha OTHOCUTENHOTO MOPCKO HUBO.
nuTocdbaumecn B obxsaTa Ha eAMH U Cbll BPEMEBU WHTEpBa.
KaTo ocHoBa 3a naneoreorpadckata PEKOHCTPYKLMSI MOXe Aa lMaBHaTa Lien Ha Wu3creaBaHeTo € [a Cce Hanpasy
Ce M3MOM3BaT OrpaHUYeHUTE C MOBLPXHOCTW Ha Hechrmacust raneoreorpadcka  PEKOHCTPYKUMs  Ha  [lonHOKaMuMiickvst
CeNMEHTHM CEKBEHLM, oTaEeneH! npu ceguMeHTeH OaceiiH (mopckata 4acT) npe3  cpegHo-
cemsmocTpaturpadockust  aHarma  (Berry, Mancini, 1995). KbCHOEOLleHCKaTa 1 OnMroLieHckata enoxa. B pesoH ¢
[MaBHUTE MOBBLPXHOCTM CBbP3aHW CbC  CEAMMEHTHUTE nocTaBeHUTe 3afain ca CbCTaBEHW W [AEMOHCTpUPaHU
CEKBEHLM NPEeLCTaBNsABAT (hMU3nyHaTa cTpaTurpadcka pamka, cenamodhaLanti v naneoreorpadickv kaptu 3a Bpemesis
ocurypsieaLla XpoHocTpaTurpadckuTe JlaHHK npu MHTEepBan 06XBaLLlaLLI CpeAHOEeOoL/eHCKO-0ITMIOLIEHCKOTO Bpeme.

KOHCTpyMpaHeTo Ha kapTuTe. [lOBbPXHOCTMTE  MMaLLy
XPOHOCTPATUrPadhCKO 3HAYeHWe BKIOYBAT TOPHA W AOSIHA
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leonoxka pamka

[onHokamuuitckuat ceaumeHTeH 6acelH ce npoctupa B
CeBepoustoyHa bbrnrapus W B CTPYKTYpeH nnaH e
pasnonoxeH Mexgy Mwsuiickata nnatdopma OT CeBep W
MatouHus bankaH ot tor (dwur. 1). TMo-ronamara yact ot
TepuTOopUsTa My e pasBuTa B 3anagHovepHoMmopckaTta
aksatopusi. OT M3TOK Ha 3anag GacelHbT ce paswmpssa u
yabnboyaBa. 3ambfiHEHEH € C  [JOMMHMPALLO TEepUreHHU
CEeAUMEHTHU C TepLMepHa Bb3pacT.

/" TATo TIPA

El COHIAKH
E CEH3MHYHH Ilpﬂdllb‘l“
@ TCKTOHCKH HapyUICHHA

0 10 20 km

PO Ha ChBpEMEHHHS e

®ur. 1. TektoHcka cxema Ha yact ot CU Bwnrapus (no Dachev et al.,
1988, ¢ moaudmkauum). Ha cxemara ca nokanusupaHv u3non3saHute 3a
LenuTe Ha U3cneABaHETO CEM3MUYHU Npocun U coHaaxm. C undpute B
Kpbryetata ca nokasaHu rpaHuumMTe Ha [lonHokamuuitckus GaceiH: 1 —
BeHenuH-TonbyxuHckn pasnom; 2 - bBnusHawku pasnom; 3 -
CraponsiaHMHCKU HaBnak

ﬂaHHM U MeToAduKa 3a u3crnegBaHeTo

CeusmocTpaTurpadCkUaT — aHanu3 U CbCTaBSHETO  Ha
cemsmocdbaumanHn M naneoreorpad)ckn  kapTM  Ha
[onHokamumiickuss GaceitH ce 6asvpaT Ha K3nonasaHuTe
[aHHU OT KapoTaxHWTe KpuBW Ha 5 mopcku (P-1 CamoTuHo-
mope, P-1 CamotuHo-ustok, LA-1, LA-2, LA-3), n pgga
cyxosemHn (P-62 Lkopnunosun u P-75 [onHa Kamuus)

coHgaxu. CoHpaxuTe ca KOpermMpaHu 1 OBbp3aHW C
HanMWyHUTE  CeM3MMYHM  paspesn (dwmr. 1-2). Ter ot
CEM3MWYHWUTE NPOMNM ca MpoKapaHu HanpeyHo (Mo

Hanpasnenue t0-C unu HOKO3-CCU), a Tpu ot Tax muHasaTt
HagmbxHO (no Hanpasnexue 3-U) Ha BaceiHa. 3a gaTupaHeTo
Ha CeOMMEHTHWUTE KOMMMEKCU € W3MOoN3BaHO Bb3pacTOBOTO
NPUBBLP3BAHE MO COHAAKHMTE AAHHM.

MeTtogukata  3a  u3cnegBaHeTo  M3UAnNO  npunara
KoHLenuusTa 3a ceauMeHTHUTe cekBeHuum (Sloss, 1963; Vail
et al, 1977, Van Wagoner, Posamentier, 1988), 3a
ceusmoctpaturpadpckus aHanus (Vail et al., 1977; Bally, 1987)
W TexHukaTa 3a MOCTPOSIBAHETO Ha ceusmodaumanin kapTu
(Ramsayer, 1979; Berry, Mancini, 1995; Snedden et. al.,
2008).

TexHukaTa Ha KapTUpaHeTO Ha CeusMuyHWTe aumecu e
paspaboTeHa oT Ramsayer (1979), koito € w3nonssan 2-[
WHTEPNPeTUpPaHM CenaMuyHuTe paspesn. B neTponHata
reonorus MeToabT ce e Hanoxwun nop noHstueto ,A-B-C”
nogxod.  Hai-BaxHWTe  acnektT  Ha  aHanu3a  ca
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KOH(MIypaLmoHHUTE MOAENM Ha BBTPELUHWUTE OTPaXeHus K
TUNOBETE Ha MPUKIIOYBAHE HA OTPAXKEHWATAa KbM ropHa W
ponHa rpaHuua. TasW wHGopmauus moxe pda Obge
TpaHcepupaHa OT CEM3MWUYHUTE paspe3n BbpXy KapTHa
OCHOBa, W3Mon3Banku cTaHgapTHus dopmat no cxemara A-
B/C, kbpeto A e TMUMbT Ha npunsraHe Ha CensMuUyHuTE
OTPaxeHUst KbM ropHaTa rpaHuua, B € TumbT Ha npunsraHe Ha
CEM3MUYHUTE OTPaXeHUs KbM [onHaTa rpaHuua, a C e
KOH(MrypaumsTa Ha BbTPELLHUTE OTPaXEHUS.

Maneoreorpac)cka peKOHCTPYKLMSA

3a uenuTe Ha HaCTOAWOTO W3cnenBaHe, OTAENeHUTe 3a
[onHokamuuitckust  GacerH  cemamocbaunanHm  eauHALm
(Teoprues v ap., 2004; Oumutpos, l'eoprues, 2005; OumuTpos,
2007) ca rpynMpaHM B paMKUTE Ha TPU PETMOHAmHM
0DCTaHOBKM Ha CemuMeHTauus — wend, wendgos pvd u
nporpaampaLy CKroH 1 6aceitHoB CKIOH 1 AbHO.

lendoBata 06CTaHOBKA Ha CeguMeHTaUMs CbAbpxa
LOMVHMPALLO BMCOKOEHEPIUIHY nocneaoBaTENHOCTH,
W3rpafeHn  OT  MOPCKM W HEMOPCKM  CEeOUMEHTW.
XapakTtepuaupa Ce OCHOBHO OT HWUCKO HaKMOHEHW [0
naparnenHu oTpaxeHusi, ¢ pa3suto 6asanHo 3ansraHe (onlap)
B NOCOKa Ha bpera u guctanHo 6asanHo npunsrade (downlap).

TunnyHo 3a  obctaHoBkMTe Ha  lwendoBus pbb U
nporpagupawyns CKMoH € fga cbabpxar aebenn Mopcku
CeQMMEHTM W [a npuTexasaT 3afoBonuTenHa OacelHosa
AbN6OYMHA, OCUrYpsSBAKM  3HAYUTENHO  AKOMOLALMOHHO
MPOCTPAHCTBO 33 CEMAMMEHTHOTO AEno3vpaHe B CIOXHM
CUIMOMZAMHA M KOCO-TaHreHUManHW  KOH(UrypaLmoHHM
Mogenu Ha otpaxeHusita. OBCTaHOBKMTE Ha ceayMeHTaums
Ha 6aceiHOBMS CKMOH W 6aceMHOBOTO [AbHO BKMKYBAT
pasHoobpasHn ObnbokoBogHM  chaumecn.  BbapacToBoTo
npuBbP3BaHe,  NUTONOTMsTa,  naneobatumeTpusita U
WHTEpnpeTauusaTa Ha OOCTAHOBKWTE Ca [JOMbIHEHW OT
[aHHUTE Ha HaNMWUYHUTE COHOAXHU Pa3pesu.

Maneoreorpadcka pekoHCTpyKUMss Ha OacerMHa npe3
KbCHO-CPEeAHOEOLIEHCKO BpeMe (AOnHaTa yacT Ha TpakTa
Ha HUCKO HMBO)

MocTpoeHata ceusmodaumanHa kapta (dwur. 3) nokassa

pa3BuTneTto Ha [ABa KOH(bVII’ypaLl'I/IOHHI/I modena Ha
BbTPELUHUTE CEU3MUYHU OTpPaXeHua — HUCKoaMnnnTyaHa,
NpeKbCHata A0 XaoTWdHa W NPOMEHNNBOAMNNNTYOHa

napanenHa. ACHO ce pasrpaHWyaBaT BbHLUHUTE (HOPMU Ha
KaHanHO 3ambfiBaHe M KOHyC. [laHHUTE OT COHAAXHMTE
KapoTaXHM Auarpam W Ceu3MMYHW npodmnu  fasat
OCHOBaHMe Aa Ce 3aKMioum, Ye HMBOTO Ha MOPCKMS baceiH e
6uno nog wendosua pvb. LendwvT e 6un npopsisaH ot
naneopeyHn [OMMHW, KOMTO MOCTEMEHHO NPEMWUHABAT B
KaHbOHM.

TepureHHnss  Matepuan ce e  TpaHcnopTupan  OT
MOANOXEHUTE Ha AEHyAAUMs M3gurHaTi Yactn Ha V3TouHus
bankaH v upes TypOUAUTHM M TPABMTALMOHHM MOTOLM CE e
HaTpynBan B NOAHOXWeTa Ha BaceltHoBus ckroH. CutyauusTa
Moxe fa ObAe BMAsSHA Ha npedcTaBeHaTa naneoreorpadcka
kapta (cur. 4). Taka oT4eTNMBO MoraT fa Ce OTAENAT [ABe
OCHOBHM 00CTaHOBKW Ha cepumeHTaums. B 3oHaTa Ha wenda
W CKMOHa ce otnarat (lyBMarHN U KaHbOHHU CEAVNMEHTH, a
BbpXy 0acerHOBOTO AbHO Ce pa3BWMBaT 3HAUUTENEH no
pasMepu KOHYCEeH KOMMMEKC.
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®ur. 2. CeusmocTtpaturpadcka uHTepnpetaums Ha CI-7866 (A) u CM BGK 92-71 (B) noka3Bawa oTaeneHata cpeAHO-TOPHOEOLEHCKO-ONIUIOLieHCKa

CeKBeHUMA B pa3pe3sa Ha [lonHokamuuiickus 6acenH

Maneoreorpacdicka peKOHCTPyKUUs Ha OacenMHa npe3
PaHHO-KbCHOOEOLIEHCKO BpeMe (FOpHaTa 4YacT Ha TpakTa
Ha HUCKO HMBO)

lMoctpoeHata ceusmodpaumanHa kapta (cur. 5) nokassa
pasBWTMETO Ha [ABa  KOH(WIypauMOHHM Mogena Ha
BbTPELLHATE CEM3MUYHU OTPEKEHWS — CPEBHO- U BUCOKO
aMNAMTYAHW, CWUIMOWMZHMW, napanenHu Ao cybnapanenHu w
BMCOKOAMMIUTYZHW,  HenpekbCHaTW,  napanenHun Ao
[VBEpreHTHU. Habntopaeat ce BLHLUHM (OPMW Ha MOKPOBH
n3gbmmkeHu newm. MomnyyeHata kapTuHa nokasea, Ye HUBOTO
Ha Mopckus HaceiiH e 3anovHano Aa ce noeuwasa. B wenda
Ce oTnarat TUMNYHU MIUTKOMOPCKM CEAUMEHTM.

TepureHHus MaTepuan NpoabIxaBsa Aa ce TpaHcnopTupa oT
M3gurHat yactu Ha W3tounHms bBankaH M 4pe3  HUCKO
€HepruitHn TypbuamTHU NOTOLM Ce € HaTpynBear, NOKpUBaKu
0acenHoBMTE M CKIOHOBUTE KOHycW. CuTyauusita Moxe aa
Obae BugsHA Ha npefcTaBeHaTa naneoreorpadcka kapta
(qowr. 6). OTYeTIMBO Ce OTAENST ABE OCHOBHM ODCTAHOBKM Ha
cefuMeHTauus. B 3oHaTa Ha lwenda ce otnaraT TUMKUYHM
NAMTKOMOPCKA 1 KpanbpexHu CEAMMEHTH, a B CKIIOHOBaTa
4acT IMUHECTU U TUHECTU TYpBuanTY.

30

Maneoreorpadhcka peKOHCTPYKUMA Ha OGacelHa B Kpasi Ha
KbCHOOEOLEHCKOTO ~ Bpeme  (ropHata  4YacT  Ha
TPAHrPECUBHUA CUCTEMEH TPAKT)

CbcTaBeHaTa censmodalLmanHa kapTa nokasea passuTUETO
Ha TPX KOH(UrypaLMoOHHW MoAena Ha BbTPeLUHN CeM3MUYHM
OTPaXKEHUS — HWUCKO- [0 CPegHOAMNAMTYAHW, napanenHu,
BMCOKOAMMMMTYOHW,  HenpeKkbCHAaTW,  napanenHun Ao
OVBEPTEHTHU W HUCKOAMNIUTYOHW, MPEKbCHATW, napanenHu
00 amBepreHTHW (dwmr. 7). OTnmuyaBaT ce MOKPOBHU U
MOKPOBHOOOMYALLM BbHLIHKM hopmK. Ha naneoreorpadickara
kapta (cpur. 8) ca nokasaHu TpuTe OCHOBHM OBCTaHOBKW Ha
cegumeHTauns. CedumeHTauusitTa ce e uM3BbplwBana B
YCIOBMS HA WHTEH3MBHA MOpPCKa TPaHCTpecus, KosTo JocTura
MaKCUMarHm CTOHOCTH.

Maneoreorpadhcka  pPeKOHCTPyKUuMst Ha ©OaceiiHa B
HayanoTo Ha ONMroLeHCcKaTa enoxa (ropHaTta 4acT Ha
TPaHrPeCUBHUA CUCTEMEH TPaKT)

CbcTaBeHata ceuamodaumanHa kapta (dwur. 9) nokassa
Pa3BUTMETO Ha TPW KOH(MIypaLMOHHM MOfENa Ha BbTPELUHM
CEM3MUYHWN OTPAXEHUS] — HUCKO- A0 CPEeSHOAMMIUTYAHM,
napanenHu, BUCOKOAMMNIUTYAYAHW, HENMPeKbCHaTW, napa-
NEerHN 00 OMBEPIeHTHa M CPEOHO- N HUCKOAMMIUTYOHA, KOCO-



TaHreHuManHa. HanpaBeHaTa wHTepnpeTauus npeacTass
pasBuTMe Ha TunmyHa npogenta (cur. 10). B Hauanoto Ha
ONWroLeHa € CbLUeCTBYBanO MOCTOSHHO MOPCKO  HMBO
KOHTpPONMpaLlo yTasiBaHETO Ha KnacTMyeH wmaTepuan B
LenToBa, NNUTKOMOpCKa M NO-ObnbokoBoAHa 0BGCTaHOBKA.
Habriogasat ce XbnMucTa, MOKPOBHA M MOKPOBHOOBNMYALLA
BbHLUHA (hopma.

o COHJIaKH

CCHU3MHYHH npmbmm

20 km

TEKTOHCKH HAPYIICHHS
HHCKOAMILTHTYJIHA, TPEKbCHATa JI0
Xa0THYHA KOH(UTypaLus
NPOMEHJIMBOAMILIHTY/IHA, NapaesHa
KOH(HUryparus

®ur. 3. CensmodhaumanHa kapTa, Nokassalla NJIOWHOTO pa3npepeneHue
Ha KOH(UIYpPLUOHHUTE MOAENM Ha CeU3MUYHUTE OTpaXeHUs 3a AoNHaTa
4acT Ha TpaKTa Ha HUCKO HUBO
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MMOCOKA Ha TPAHCIIOPT

E Ha TEPUICHHUA MaTepHall

u3onaxura (1o speme), ms

Maneoreorpadcka pekOHCTPYKUUA Ha GacenHa B cpepaTta
Ha ONWUroLeHCKaTa enoxa (ropHaTa YacT Ha CMCTEMHUS
TPaKT Ha BUCOKO HUBO)

CemsmothaumanHa KapTa MOKasea pPasBMTMETO Ha TpU
KOH(UIYpaLUMOHHM  MOZena Ha  BbTPELUHM  CeM3MUYHM
oTpaxeHus (dwur. 11). TeaxHata uHTepnpeTauws npu
CbCTaBAHETO Ha naneoreorpadckata kapta (dwr. 12), aasa
OCHOBaHWe [fa Ce OTAENAT CregHuTe Tpu 0OCTaHOBKM Ha
CEeAMMEHTaLNS — CeOMMEHTN Ha AENTOBUS (OPOHT, CEeAUMEHTU
Ha [enToBaTa PaBHWHA W CEAMMEHTU OT BbHLHMS Lwend
(nnuTkOMOpCKK M KpanbpexHn ceanmeHTn). OBCTaHOBKUTE Ha
Ced/MeHTaunst Ce KOHTPONMpaT OT  MpPOTMYAHETO Ha
otyeTnmBa perpucusi. CeaMMEHTHOTO 3bMbfiBaHE OTHOBO € B
nocoka 0-t03-CCI, a noTbBaHeTo Ha baceiHa e cnabo.

COHJaKH

_____ 20 km

CEeM3MHYHH npod)nnu

TEKTOHCKH HapyIICHHA

CpPE/JIHO- ¥ BUCOKOAMIUIMTY/IHA CUI'MOU/IHA, Napajie/iHa
1 cybnapasenHa KOHQHUryparHs

BHCOKOAMIUIMTY/IHA, HEMPEKbCHATA, rapajiejiHa 10
JIMBEPrenTHa KOHMUrypatus

®ur. 5. CenamochaumanHa kapTa, nokassalya niowHOTO pasnpeaeneHue
Ha Kou(burypuuouume Mofenu Ha CeM3MUYHUTE OTPaXeHUsa 3a ropHara
4acT Ha TpaKTa Ha HUCKO HUBO

”"7"T0>0PMA

®ur. 4. Maneoreorpachcka M u3onNaxuTHa kKapTa, MW306passBawa
pa3nuyHuTe OOCTaHOBKM, NuUTOdhauuec W AeGenuHa (no Bpeme) Ha
[ONHaTa YacT Ha TPaKTa Ha HUCKO HWUBO Npe3 KbCHO CPEeAHOEOLEHCKO
Bpeme

31

"""" 0 10 20 km
| —
@ TEKTOHCKH HapyIICHHA

E IJIMHECTH CEIMMEHTH Ha HUCKO- 110COKa Ha TPAHCTIOPT
02

HA TEPUIECHHHS MaTepuan
M301axuTa (110 Bpeme), ms

€HEPruiiHu TYpPOUANTHH 10TOUN
KpaiiOpeKHH U IIHTKOMOPCKH
CCIAAUMCHTH

®ur. 6. [Maneoreorpadicka W W30oNaxuTHa kapTa, W306passBalwa
pas3nuyHuTe obcTaHOBKW, nuTodaumecu U aebenuHa (no Bpeme) Ha
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®ur. 8. [Maneoreorpadicka M W3ONaxuTHa KapTa,

BpeMe

n3o6passBala
pa3nuyHuTe oOCTaHOBKM, nuTodhaumecn W peGenuHa (Mo Bpeme) Ha
ropHaTa YacT TPaHCTPECUBHUS CUCTEMEH TPaKT Npe3 KbCHOEOLEHCKO
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[DIU] CEIMMEHTH - P
®ur. 12. Maneoreorpadicka M M3omaxuTHa KapTa, W3obpassiBala

pa3nuyHUTe OOCTaHOBKM, NuTOdhauuecH W AeGenuHa (Mo Bpeme) Ha
ropHaTa YacT Ha TpaKkTa Ha BMCOKO HMBO NMpe3 CPeAHOONUrOLEeHCKO
Bpeme

3aknoyeHue

CbcraBeHUTe 3a 4acT OT paspesa Ha [onHOKaM4MiCKus
HaceiH cemamodauuanHy KapTk 1 NMOCTPOEHUTE Ha TsaXHaTa
OCHOBa Maneoreorpad)Cku kapTu, UMOCTPOBaT OBCTaHOBKMTE
Ha cpefaTa Ha CeauMMEHTauus npes cpegHOKbCHOeOLeHeKaTa
W onuroueHckata enoxa. HanpaeeHaTa naneoreorpagcka
PEKOHCTPYKLMS no3BosisBa pasrpaHu4aBaHeTo Ha
naneoluernda v naneocknoxa, onpeaensHeTo Ha bacelHosaTa
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nosvUusi, YCTAHOBSBAaHETO Ha MOPCKATE W HEMOPCKATE
obcTaHoBKM, naneobaTumeTpUyHaTa AbnboYMHa, eHeprusTa
Ha cpegata Ha  CegMMeHTauMss M mocokata  Ha
TpaHcnopTupaHus TepureHeH Matepuan. OT nonyyeHuTe
pesyntath Moxe fa ce 0600wu, 4e naneoreorpadusTa
LUIMPOKO € KOHTponMpana npoLecuTe Ha cepumeHTauusta u
pasnpoCTPaHEHMETO Ha HeTOMaluMHM W pesepBoapHU
cepumeHT B obxBaTa Ha DaceliHa. 3aToBa W TbPCEHETO Ha
HOBM METPONHW 3anexu Hanara HeobxogumocTTa  OT
CbCTaBAHETO n M3NoN3BaHeTo Ha cneunanHu
naneoreorpadckn KapTu.
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MPUCHCTBUE U PA3MPEOENEHUE HA NENENOOBPA3YBALLU ENEMEHTU BBB
BBbIMULWA OT 6OB0BAONCKUA BACEUH, BbITTAPUA

Wopdan KopmeHcku, AnekcaHObp 30paskos

MurHo-eeonoxku yHusepcumem “Cs. Mear Puncku”, 1700 Cocpusi; jordan_kortenski@abv.bg; alexzdravkov@abv.bg

PE3IOME. Onpobsahu ca BbrmuwHu nnactose ot Bobosgonckus 6aceitH. OnpegeneHo e CbObpXAHWETO Ha rMaBHUTE €NeMEHTU BbB
BbrivwHata nenen. Menenoobpasysawu enemeHtn ca Si, Al, Fe, Ca, S, Mg, Ti n K, Tbii kaTto TexHuTe KOHUeHTpauum Hagsuwasat 0,5%.
Konuyectsara Ha Na, Mn 1 ocobeHo Ha P ca mHoro mankw. Mpeobnagasaty opraHuyeH aduHuteT nposeasat Ca, S, Mn n Mg, pokato Si, Al, K, P
v Ti ca npuBbP3aHN NPELUMHO KbM HEOPTaHWMYHOTO BELLECTBO Ha BbmLiaTa. XKens3oTo 1 HaTPUAT ca CbC CMeceH admHnTeT. EnemenTuTe ca
rpynupanu B age acoupauuu: Si- Al-Ti-K u Ca-S-Mg-Mn, 0bycrioBeHu OT CXOAHWS apUHUTET Ha eNeMEHTUTE W CXOAHA MUHEpanHa W opraHnyHa
chopma Ha npuckeTeme. Upes anarpama Ha KUCENUHHOCTTa Ha cpefata e onpefernieHa CTOMHOCTTa Ha pH, kosTo cpenHo e npubnuautento 4.8.
/3uncneHusiT vHOekc Ha nogxpaHBaHe Ha TopdheHoTo 6nato (SI) onpemens npeobnagaBallo nopxpaHBaHe C TepUreHeH matepuan ot
NOBBLPXHOCTHW BOAM W NO-Criabo rpyHTOBO MofXpaHBaHe.

Kmtouosu dymu: kadbsiBu BbrnLLa, nenenoobpasyBalyy enemMeHTH, OpraHUYeH U HEopraHYeH acMHUTET, KUCENMHHOCT Ha cpeaaTta, MHOEKC Ha
noaxpaHeaHe, bobosaonHcku BaceitH

OCCURRENCE AND DISTRIBUTION OF MAJOR ELEMENTS IN COALS FROM BOBOV DOL BASIN, BULGARIA
Jordan Kortenski, Alexander Zdravkov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; jordan_kortenski@abv.bg; alexzdravkov@abv.bg

ABSTRACT. The coal seams in Bobov dol basin were samples and the concentration of the major elements in coal ash was determined. The
amounts of elements like Si, Al, Fe, Ca, S, Mg, Ti and K are exceeding 0.5%, whereas Na, Mn and P contents are very low. Predominantly organic
affinity is characteristic for Ca, S, Mn and Mg. In opposite, Si, Al, K, P and Ti are mainly connected to the inorganic matter in coal. Iron and Na were
having mixed affinity. All elements were grouped in two associations: Si-Al-K-Ti and Ca-S-Mg-Mn, based on their similar behavior and mode of
occurrence. The pH conditions during coal formation were determined using a diagram of acidity. The results indicate coal formation in acid
conditions, with average pH value of 4.8. The calculated supply index (SI) shows a clear predomination of the terrigenous input from flowing waters
over the groundwater supply.

Keywords: bituminous coal, major elements, organic and inorganic affinity, environmental acidity, supply index, Bobov Dol basin

BuBepeHue ap. (1978), MapkoBa wu KopteHcku (1999). MMogoBHw
Bobosnonckuar 6GaceiH e pasmnonoxeH B tOrosanagHa n3cnensaHua ca npoeseneHn 1 3a OTAeNHU NUTOTUNK (BI/ITpeH

Bbarapust v nonaga B [MepHULLKATA BLIMMILHA MPOBMHLMSA W KknapeH) Ha cblyute Bbrmuwa or Markova and Valceva

(MunueB, 1961). Bwb3pacTTa Ha BbMEHOCHWTE Hacrmarv € (1983).

onpegeneHa Kato KbCHOOMWIOLEHCKAa — PaHHOMUOLLEHCKa

(YepHsiBcka, 1970), a no-KbCHO, B pe3ynTaT Ha U3crnefBaHus Lenta Ha Hactoswjata pabota e fAa ce onpeden

Ha peouua aBTOpM  KaToO  CPeAHO-KbCHOONMMIOLEeHCKa CbAbPXaHWETO U pasnpeeneHneTo Ha ﬂeﬂeﬂ006p33YBaLlJ|VlT€

(3aropueB, Pycesa,1993). Mo cTeneH Ha Bbredukalms enemexTn B GoGoBponckute BbIMMWa, a Ype3 Tax M

BbrnmMwaTa ca bnecrawm kagsem — knac Oz (LWuwkos 1 ap., napameTpuTe Ha cpejiata B ApeBHOTO TopcheHo briato.

1982). letporpadbckn um3cnedBaHUs Ha BbrMwata ca
npaBeHn ot KoHcraHTuHoBa (1956; 1964), Mewesa (1971),
Bwnuesa (1990), 3apaskos 1 KopteHcku (2004), a Vassilev et KpaTtku 6enexku 3a reonorusta Ha

al. (1994) npusexpgat faHHM 3a neTporpadCkus CbCTaB B efHa BobBponckus 6acewH

paboTa NocBeTEHa Ha enemeHTUTe-npumecu B 6oboBaonckuTe B paifoHa Ha GaceiiHa ca yCTAaHOBEHM CKalil C pasnnyHa
Bbrvwa. OnuT 3a ONpefensHe Ha CKMOHHOCTTA  KbM Bb3pacT. [lokamBpuickute ckanu ca NpeacTaBeHW OT eauH
camo3anansaHe 4pes fjaHHuTe OT neTporpadickis aHanus e lHaticogo-muemamumosusi  komnrexkc (3aropyes, Pycesa,
npaseH B paboTute Ha lMewesa (1963) n Mapkos u ap. (1972). 1993), KOITO BKMIOYBA GUOTUTOBM W [BYCTIOAEGHM THaicK W
MpoTuyawmte B BoBGOBAONCKUTE BBIMMILA OKUCTIUTENHM MUTMaTUTM, MPOCMOEHM OT amuBONUT 1 NENTURUTY.
npouecu ca nscneaBaHu 06CTOMHO NO MbTH Ha MoJennMpaHeTo MopeneH e Ha 4 3agpym ¢ OGLLtaTa neﬁenMHa oT 2000-2500
um ot Mapkosa (1976), Pycyes u Mapxkosa (1975), Pycues u m. B palioHa Ha 6aceiiha C naneosoiicka Bb3pacT ca:
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Cmpymckama Quopumosa opmayusi (ckann ¢ rabpo-
QVOPWTOB [0 MMarorpaHuToB U TPaHUTOB CbCTaB) W
CkpuHckama ceuma  (BkMOYBA NET Nayku: TWLLAHOBCKM
KOHrmomepar; [onHa NACHYHNKOBA; aprunuToBa;
aneBponuTOBa; ropHa nscbuHukoBa) (3aropues, Pycesa,
1993). Meso3olickuTe Hacnaru B paiioHa ca nojeneHu Ha:
Padomupcka ceuma (TbHKOMMACTOBW, S4YECTM BapoOBULM C
TBMHOCHB L{BST, MPOCIIOEHM Ha MECTa C MEepreny u aprunuti ¢
NaguHcKa Bb3pacT); TppHCKa ceuma (KapH-HOPCKW BapoBuULM,
psagko cnabo LONoMWTHM); Hewkosecka ceuma (aneBpuUTOBM
Mepreni ¢ NpoCMonkM OT BapOBUTU NSCHYHMLM. Bb3pactta il e
kamepugxka) u  Kocmencka ceuma  (anTepHauust  oOT
MACHYHMLM,  TPaBENUTH,  KOHIOMEepaTW,  aneBponuTy,
aprunuT U Meprenu € KUMepuaka Bb3pacT) (3aropues,
Pycesa, 1993).

HeosoitckuaT paspes B Boboeaonckus GaceiiH 3anoysa c
pebenonnacToBute  MACBYHMLM,  KOUTO  MpeXoxaaTr B
TPABENNTU U KOHIIIOMEpaTW C EAMHWYHW NPOCTONKA  OT
aprunuTK, BBIMWLLA, BapoBUUM W Ty(PO3HM NACBYHMLM Ha
Jlozo0awkama csuma W NACBYHULMTE, aneBponuTUTE W
aprunuTuTe Ha Anesposiumogo-nscbyYHUKO8a 3a0pyaa, BbpXy
KOMTO 3ansraT BbIIEHOCHUTE Hacrnar ¢ ONMroLEeH-MUOLIEHCKa
Bb3pacT. Te ca nopenexn ot Kamenos (3aropues, Pycesa,
1993) Ha 5 3agpyru: KoHanomepamHo - nicbYHUKOBa 3adpyaa.
WarpageHa € OT MOMUreHHU KOHrromepaTh ¢ necbynvea o
rpaBuitHa Crovika, KOWTO Ce MpOCnosiBaT OT MONMMUKTOBM
MbCTPOLBETHM MACLYHULW, KaTo oblata it gebenuHa goctura
Ao 250 m. bumymonumHa 3adpyea. BkntouBa THHKOCMOMHM
aprunuT 1 Meprenn ¢ NPOCNoNKM OT MACYHMUM. Ha mecTa
MMaT MBWYECT CTPOoex, OOYCNoBEH OT HanuuMeTo Ha
OpraHu4Ho BellecTBo. Bbapactta M N0 AaHHM Ha YepHsBcka
(1970) e cpepHoonuroueHcka. [ebenuHata Ha 3agpyrata
Bapupa oT 0 go 50 m. [lbcmpa nodebenuwHa 3adpyea.
[ebenunata i Bapupa ot 350 go 500 m, a Bb3pacTTa e
onpegeneHa ot YepHsecka (1970) 3a cpegHO onuroLeHcka.
CenumeHTUTE, KOUTO S M3rpaxdaT ca MbCTpa anTepHauus ot
KOHrrioMepaT,  NACbYHMUM,  aneBpormTn.  BweneHnocHa
3a0pyea. [JonHaTa rpaHMua Ha 3agpyrata ce Mapkupa oOT
nosiBaTa Ha MbPBUTE BBITIMLWHNA YEPHUIKA W YEPHU TTIMHW.
3appyrata € npeActaBeHa OT NMACBHYHWLM, NECHYUNNBU TTIMHM,
TBHHKOCMOMHIM anesponuT, apruimTi U BBIMULLHW NNacToBe C
pebenuHa go 100 m. YcraHoBsBaT ce 7-8 BBIMMLLHM NacTa,
KouTO OT Aony Ha rope ca: lNogHagexnaa, Hagexnaa, [BonHus,
nogeneH Ha Momopasus 1 KoHctaHTuHoB, Mpebukan, IV, V u
VI. ebenuHata um Bapupa ot 1.2 go 3.8 m, a Ha nocnegHuTe
gga go 10-12 m. BbapacTTa Ha 3agpyrata e onpefereHa kato
KbCHOOMNUroLeHcka. 3adpy2a Ha MbHKOCAOUHUME apaunumu u
enuHecmu mepeenu. MarpageHa e oT ThbHKOCINOMHM apruninTy,
KOMTO B TOPHUTE HWBA CE MPOCMOSBAT OT TbHKM NECHUNNBU
npocnoiku. Cnopep YepHsiscka (1970) Tesn cegumeHTu ca
KbCHOOMNUIOLEHCKM MO Bb3pacT, KaTto ropHata MM yacT
BEPOSITHO € C [JONHOMMOLEHCKa Bb3pacT. [ebenuHata Ha
3agpyrata Ha Mecta pgoctura po 500-750 m (3aropues,
Pycesa, 1993). Bbpxy BbIMEHOCHUTE Hacnaru B toxHaTa Yact
Ha OaceiHa 3amsraT ckanute Ha [xepmaHckama ceuma
(MeoTCKM aneBpoNMTM C MPOCIOAKM W NELM OT MACHYHULA,
KOHrmomepaTu u rmuHn) n bapakogcka ceuma (KOHrmomeparu,
OpEKYOKOHrNOMepaTh M MNACBYHUUM C MOHTCKA Bb3pacT)
(MapuHoBa, 1993).  KsaTepHepHute obpasyBaHus ca
NpeacTaBeHn npeau BCMYKO OT MPOMyBWA W anyBui
(MapwHoBa, 1993).
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TeKTOHCKMSIT ~ CcTpoex Ha GacelHa € CBbp3aH C
KbCHOQNMUIACKUTE TEKTOHCKM ABMKeHNs. OCHOBHA e ponisiTa Ha
CC3-HOtON  pasnomu ot Crpymckata  (KpanwwmgHata)
cuctema. B pesyntaT Ha KbCHOQMMUICKUTE M HEOTEKTOHCKM
OBkeHus ce obpasysa bobosponckusT rpabeH, konto e
3amb/IHEH C pasrnefjaHuTe No-rope ManeoreHCkn CeaNMEHTH.
B pesynTaT Ha HEOTEKTOHCKUTE [BWKEHUS Te Ca HarbHaTh OT
CUHKMMHAMHM W @HTUKMWHAMHW TbHKM KaTo YeraHckata,
Bropononcka, babuncka, Cochuirckarta.

MaTepuan u MeToaMKa Ha uscnepBaHe

3a HyXOuTe Ha HaCTOALWOTO M3cneaBaHe ca OMpobBaHM
NPOMULLNEHNTE BBIULLHK nNnacToBe [1BoeH, Hagexaa u IV.
B3eTu ca 48 6pa3nosu nnactosu npobwm.

3a u3BbPLUIBAHE Ha HeobxoauMuTe W3CneaBaHus npobute
ca KBapTyBaHM W CbKpaTeHW A0 konmnyecTBo okono 1 rpam. B
nocneacTene npobute ca oneneneHu, kato 3a Lenta ca
nocTaBeHu B Mew, W HarpeTu mbpeoHayanHo o 500°C 3a
nepuog ot 30 min, cneg koeTo Temnepatypata B newTa e
yBenmyeHa o 815°C 3a 2 wvaca. [naBHUTE enemeHTH,
n3rpaxgally nenenta Ha BbIMMLLATa ca OnpegeneHu 4pes
CUnMKaTeH aHanu3, cbrnacHo ctanaapT BAC-ISO 11535-2002.
3a uenTta nmenenta e npuBegeHa B pa3TBOPEHO CbCTOsHIE
ype3 TpeTupaHe C a3oTHa KUCENWHa, cref KOeTo NonyyeHusT
pasteop (0.1-250 ml) e aHanu3upaH Ha cnekTpaneH
aHanusatop  ICP-VISTA-MPX  SIMULTANEOUS  CCD.
KonuyecTeeHOTO oOnpegensiHe Ha CbOTBETHUTE OKCUAM €
HanpaBeHO CbC CTaHAAPTHM BELLECTBA.

,D,aHHI/ITe OT aHanusuMTe ca noAnoXeHW Ha MHOromepHa
cratuctuyecka obpaboTka, B pesynTar Ha KOSTO € MosyyeHa
KopenauWoHHa  MaTpuua,  M3Mon3BaHa  KakTo  3a
CaMOCTOATENHA MHTEPNPETaLMS, Taka 1 3a BXOS KbM KITbCTep-
aHanusa.

Pesyntatu u o6cbxpaHe

Mpucbcmeue u pa3npedeneHue Ha nenenoobpasyea-
wume enemeHmu

CbabpKaHMeTO Ha OKcuauTe Ha nenenoobpasysalluTe
€NTEMEHTW B NENENTa Ha BbIMNLATA U BLITUWHWTE aprunnTy
e nokasaHo B Tabnuua 1. Mpasu BnevatneHne CPABHUTENHO
BMCOKaTa KoHUeHTpaumus Ha SiOz, Al203 u TiO2. ToBa e Gener
3a 3aCMIeHo NOCTBLMNIEHNE Ha TepUreHeH matepuan. FABHO B
TopceHOTO 6naTo Cce e OCbLUECTBABANO M IPYHTOBOTO
noaxpaHeaHe, TbA Kato B 606OBOOMCKMTE BbLIMMWA €
CPaBHUTENHO BUCOKO CbabpxaHuneto Ha Ca0, MgO, Fe203 un
SOs (Tabn. 1). OkempuTe Ha ocTaHanuTe nenenoobpasysally
€/TEMEHTY Ca CbC CPaABHUTENHO HUCKA KOHLIEHTpaLus. ToBa ce
otHacs ocobeHo 3a Na20 u P20s (tabn.1). CbabpxaHueto Ha
Na u P, BcblyHocT e nog 0.5% (tabn. 2), koeTo 6u Tpsbsano
[a onpepeny Tean enemeHTu kato npumecy (KOgosuy, 1978).

B Ttabmmya 2 e nokasaHO CbObpKaHMETO  Ha
nenenoobpasysalluTe enemMeHT BbB BbrMwiaTa W nenenta
Ha BbIMMLLATA U BBIIULLHATE aprunTy.

Cunuyuti. ENeMeHTbT U HEroBUST OKCUL € B MO-BUCOKO
CbAbpXaHUe B NenenTa Ha BbITMLHUTE TTIMHU, KOETO 3ae[HO



C BMCOKaTa MOMOXMTENHA CTOMHOCT Ha KoeduumeHTa Ha
kopenauusi ¢ nenenta (Tabn. 1-2) onpepenst npeobnagasaty
HeopraHuyeH admnuteT. lMonoxwtenHa kopenauust Ha Si C
nenenHoTo CbAbpXaHWe Cce yCTaHOBABA W B OPYrK BbrnuLla
(Beaton et al., 1991; Querol et al., 1996; Warwick et al., 1997;
Crowley et al., 1997; Spears, Zheng, 1999; Liu et al., 2001 un
ap.).

Tabnmua 1
CnObpxaHue Ha okcudume 8 nenenma Ha ebanuwa u
8b2/UWYHU apaunumu

Okeupyn | CpegHo cbabpkaHue (wt, %) B | KoedpmumeHT
nenenta Ha: Ha kopenaums
BbIMLA BBIINLLHM c nenenta
aprunuTu
SiO2 475 55.0 0.88
Fe20s 8.7 8.4 0.09
TiO2 0.95 1.0 0.29
Al203 25.0 29.0 0.59
MnO 0.2 0.1 -0.90
Ca0 74 2.0 -0.98
MgO 3.0 1.2 -0.63
Naz20 04 04 0.17
K20 15 2.0 0.61
P20s 0.06 0.07 0.25
SO;3 5.6 1.1 -0.96
Ad 33.16
Tabrnuuya 2
CrOBbpX)aHue Ha efleMeHmume b8 8ba/ula U 8bauHU
apaunumu
Ene- CpegHo Knapk | CpegHo | CpegH
MEHT CbbpXaHue B 338 | CbabpkaHu | 03a
nenenta (wt, %) Ha: | rmunmn' | e (wt, %) | ceeta?
BbrmMwWa | BurnwH | (wWt,%) BbB (wt, %)
" BbIIMLLA
aprunuTy
Si 22.18 25.69 26.9 7.34 2.8
Fe 6.09 5.88 4.72 2.02 1.0
Ti 0.57 0.60 0.46 0.19 0.05
Al 13.25 15.37 8.0 4.39 1.0
Mn 0.15 0.076 | 0.085 0.05 0.013
Ca 5.28 1.43 0.94 1.75 1.01
Mg 1.80 0.72 0.60 0.60 0.02
Na 0.30 0.30 0.96 0.10 0.02
K 1.24 1.66 2.66 0.41 0.01
P 0.03 0.013 0.07 0.01 0.0133
S 2.24 0.44 0.24 0.74 H.A.

1 - no Turikian and Wederpohl (1961); 2 — no Valkovic (1983); 3 - no FOpoBuy
1 p. (1985); H.4. — HAMa AaHHU

MpucbCcTBMETO Ha  enemeHTa €  0OycroBeHo  OT
MoCTbNNEHWe Ha TepuUreHeH Matepuan B TopdeHoTo Gnato.
MpeobrnagaBawja € MuHepanHata My opma, CBbp3aHa
NPEAMMHO C TMMHECTM MUHepanu, KBapL M Apyr TepUreHHu
cunukaTu. BucokuaT kopenauuoHeH KoepUUMEHT C nenenta
npegnonara OTCbCTBME UMM MWHWUMAMHO KOMWYECTBO Ha
opraHnyHa opma Ha Si. CbabpxaHUeTo My B nenenTa Ha
BbITMLLATA U MANKO NO-HWUCKO, @ BbB BBLITIMLLHUTE aprfinTi —
6nm3ko [0 Knapka 3a MMKHK, A0KATO KOHLEHTpauusiTa My BbB
BbITMLLATA € MO-BMCOKA OT OMpefeneHata cpegHa 3a cBeTa
(tabn. 2). ToBa nokas3Ba 3HA4MTENHO NOAXPaHBaHE Ha
TopcbeHOTO BnaTo ¢ TepureHeH martepuann.
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AnymuHul. KoHueHTpauusiTa Ha enemeHTa B nenenta Ha
BbIMLLATaA W BbIWLLHITE apriuTX € 3HAYNTENHO MO-BUCOKA
OT Knapka 3a IM1HW, @ Tasu BbB BbIMMLIATA — OT CPeaHuUTe
cToitHocTn, wuaumcrnenm ot Valkovic (1983) (tabn. 2).
CbabpxaHMeTo Ha OKCuaa My BbB BBITIMWHWATE apruninTi €
no-BUCOKO OT TOBa BbB BbIMMLWATA, KOETO 3aedHo ¢
MomnoXuTENHaTa kopenauus ¢ nenenHoTo CbabpkaHue (Tabn.
1), cBugeTencTBa 3a npeobrnagasalya MrHepanHa gopma Ha
NPUCHCTBME, CBbpP3aHa MPELUMHO C TFIMHECTUTE MUHEpan.
Peauua aBTopy CbLUO yCTAHOBABAT NOMNOXMTENHA Kopenaums
Ha Al ¢ nenenHoTo chabpxanue (Beaton et al., 1991; Querol et
al., 1996; Crowley et al., 1997; Spears, Zheng, 1999; Liu et
al., 2001). CroiiHocTTa Ha koedbuLMeHTa Ha Kopenauust C
nenenta obaye He € 0cO6EHO BUCOKA 1 BEPOSATHO YacT oT Al e
CBbP3aH C OPraHW4YHOTO BeLWecTBo noj dopmata Ha
KOMMIIEKCHYU €NEMEHTOOPraHUYHI ChbeANHEHMSI.

Tuman. TToCTbNEHNETO Ha eneMeHTa B TopdeHoTo 6nato e
CBbP3aHO 0OMKHOBEHO C TEpUreHHUs Matepwarn, kato Toi ce
siBfiBa OOWUKHOBEHO UMK B CbCTaBa Ha IMMHECTUTE MUHEpanu
WM KaTO aKUECOPHW MMHepanu (pyTwn, TUTAHOMarHeTwT).
CbabpkaHueTo Ha Okuca B Menenta Ha W3CnedBaHWTe
BbIMULWA 1 BBIMWWHA aprunut obaye € noyTM WAEHTUYHO
(Tabn. 1), koeTo 3aefHO C HUCKaTa CTOMHOCT Ha koeduLmeHTa
Ha kopenauus ¢ nenenTa (tabn. 1) npegnonara 3HauuTenHo
NpUCbCTBME Ha oOpraHnyHa opma. W Bbnpekn, ye 3a
HeopraHuyeH auHuTeT Ha Ti ce cbobLyaBa OT peanua aBTopu
(CmupHos, 1969; Beaton et al., 1991; Querol et al., 1997b,c,
2001b), wacnegpanmaTa Ha EckeHasn (1972) pokassart
opraHuyHa ¢opma Ha enemeHTa, KOSTO B HAKOM BbIMLWA €
npeobnapasalla. CbabpaHneTo Ha Ti € HagKnapkoBO KakTo
BbB BbIMMWATA, Taka M B MenefTa Ha BbrmMwWara u
BbIMNWHMTE aprunuTh (Tabn. 2), koeto ce obycnass oT
MOBMLIEHOTO MOCTBbMNEHWE Ha TepureHeH Matepuan B
TopcheHoTo Bnato.

Kens3o. Bbnpeku, Ye KOHUEHTpaUMATa Ha enemMeHTa e no-
HACKa OT Tasn B MHoro Bbrruwa (Hanp. Codwmickute —
KopTeHcku, 1986), BCce nak v B u3cnefBaHuTe TS HadBWLLaBa
cpefHuTe CcTonHOCTH, naumcnerm ot Valkovic (1983) (tabn. 2),
KOeTO e pesynTaT M OT MOHe B OTAENHM €Tanu rPYHTOBO
noaxpaHeaHe. B nenenta Ha BbrimwiaTa v BbIHIALHWTE TMIMHY
CbAbPXaHWETO Ha Fe e MO-BMCOKO OT KNapKOBUTE CTOMHOCTM
3a MuHute (Tabn. 2). CblueBpEMEHHO KONMYECTBOTO Ha
oKkcuaa B MenenTa Ha BbIMWLLHATA M BBIMULLHUTE CKamu €
MOEHTUYHO, a KOeUUMEHTHT Ha Kopenauus ¢ nenenta e nog
CTaTUCTUYECKN 3HAYMMATa CTOMHOCT, KOETO ONpeaens CMeceH
aduHMTET Ha enemeHta B Oobosgonckute BbIMUwa. 3a
cMeceH admHuTeT Ha Fe paHHm npusexpaT Beaton et al.
(1991), Querol et al. (1997¢), Ho peanua astopu (Ward et al.,
1999; Karayigit et al., 2000a; 2000b; Querol et al., 2001b)
CBbp3BaT MPWUCHCTBMETO Ha efleMeHTa W3uano ¢ nupwura.
BeposaTtHO YacT oT MuHepanHaTa opma Ha Fe e cBbp3aHa ¢
nuputa M BboOWe cbC cynduaute, HO € Bb3MOXHO U
NpPUCHLCTBMETO My B kapboHaTW u cyndati, 3a KakeuTo 3a
Bobeoonckute Bbruwa cbobuasar Vassilev et al. (1994).
OpraHnyHaTa hopma Ha enemeHTa 061KHOBEHO € BroreHHa 1
KaTO  KOMMIEKCHW  €NEMEHTOOPraHnyHu  CbeAMHEHUS
(BowTkesuy u ap., 1983).

Kanyuti. 3atoBa, Ye rpyHTOBOTO NOAXPaHBaHE OT TPUACKWUTE
BapoBMUM Ha Pagomupckata w TpbHCKaTa CBUTU He e Buno
0COOEHO aKTWBHO CBMAETENCTBA M He OCODEHO BWCOKOTO



cbabpkaHue Ha Ca. To HagBWwaBa, HO HE3HAYMTENHO,
cpepHuTe CToMHOCTM 3a Bbrnmwata no Valkovic (1983) u B
nenenta Ha BbIMMLIATA W BBITULWHWTE CKanW — Krnapka 3a
rmuHKM (Tabn. 2). ColyeBpeMeHHo konuyectoto Ha CaO BbB
BbIMMLWHaTa nenen e 3.7 MbTW NO-TONAMO OT TOBA B NenenTa
Ha BbrMWHUTE aprunutn (Tabn. 1). KoeduumeHTbT Ha
Kopernauus C nenenta € He CaMO OTpUUATENeH, HO M
uskntountenHo Bucok (-0,98) (tabn. 1) m ToBa onmpegens u
3HauuTenHo npeobnagaealy opraHuyeH aduHUTET  Ha
enemeHTa. 3a opraHuyeH aPuMHUTET Ha eneMeHTa npueexaat
paHim Crowley et al. (1997) u Liu et al. (2001). 3a
ankano3eMHUTE eneMEeHTU TUMMYHa COopOLMOHHA OpraHWvHa
topma ca xymatute u dyneatute (BonTkesuy u gp., 1983),
KaTo e Bb3MOXHa 1 6uoreHHa dopma. BepositHo yacT ot Ca e
CBBP3aH C kanuuta u gpyrute kapboHaTHU MUHEPanH, a U CbC
cyndatute, Thil KaTo KOEPUUMEHTLT Ha Kopenauus CbeC
cspaTa e MonoXuTENEH.

MaeHe3ul. KoHueHTpauusTa Ha enemeHTa B nenenTa Ha
BbIMMLATa W BBLINUWHWTE aprunuTW HadBWLLaBa Knapka 3a
FMUHK (Tabn. 2), HO JaHHWTe 3a CPEAHO 3a CBEeTa Ca HepeanHo
HUCKW 1 HecbrnocTaBumu ¢ Tean Ha Ca. KonnyecToTo Ha MgO
BbB BbMMLWHATA nenen e 2.5 mbTW MO-fofNsgmMo OT ToBa B
nenenTa Ha BbMMWHWTE aprunuti. Makap u oTpuuateneH,
koeUUNEHTBT Ha Kopenauws ¢ nenenta He € C 0cobeHo
BUCOKA CTOMHOCT W Makap OPraHWyHuAT aduHUTeT Ha
enemeHTa ga e npeobrnagasall, TO BEPOATHO € He MaITbK
[eNnbT Ha MWHeparnHata ¢opMa Ha npucbCTBME, CBbp3aHa
npeanmHo ¢ kapboHaTHuTe MuHepanu. OpraHuyeH aduHUTeT
Ha Mg B peauua Bbrnumwa yctaHosseaT Gluskotter et al.
(1977), Miller and Given (1978), Querol et al. (1996). MogobHo
Ha Ca, opraHuyHaTa ¢opma Ha Mg moxe aa 6bae GuoreHHa n
kaTo xymatu u coynsatu (BoitTkesud v ap., 1983).

MatrzaH. KonnyectBoTo Ha MnO BbB BbrMLLHATa nenen e 2
MbTU NO-BUCOKO OT TOBA B NEMENTa Ha BbMINLLHUTE aprunuTu
(tabn. 1), a kKOEUUMEHTBLT Ha Kopenaumst e CbC CTOMHOCT —
0.9 (tabn. 1) u ToBa Cce onpedens OT npeobnagaBalyst
opraHuyeH acpuHuTeT Ha Mn. KoHueHTpauusiTa Ha enemeHTa B
nenenta Ha BbIWLHUTE aprUNWTM € Manko Mo-Hucka OT
knapka 3a rnuHu (Tabn. 2), KoeTo ChLLO Ce AbMKM Ha BUCOKUST
OpraHuyeH atMHUTET Ha enemeHTa. 3a opraHnyeH ajuHuTeT
Ha Mn cbobwasat n Munues, EckeHasu (1961), Beaton et al.
(1991), Eskenazi (1996), Querol et al. (1997b,c), Crowley et al.
(1997) u pp. CpenHOTO CbAbpxaHWe Ha €nemMeHTa BbB
BbITMLLIATA M TAXHATa Menen e no-BMCOKO CLOTBETHO OT
knapka no t0gosuy n ap. (1985) u oT knapka 3a rmuHK (Tabn.
2). OprannyHata popma Ha Mn € KaTo KOMMMEKCHW eNeMEeHTO-
OpraHWyHu cbeauHenus (BowTkesuy u  ap., 1983), a
MWHepanHaTta e cBbpaaHa ¢ kapboHaTHUTe MUHEpPanM.

Hampud. TpnCbCTBMETO Ha enemeHTa BbB BbrMWATa €
CBbp3aHO C [PYHTOBO MoaxpaHBaHe. ToBa obycnass u
NOAKNApKOBOTO CbAbpxaHue Ha Na B menenta Ha Bbravwara
W BbIMMWHNTE ckanm (Tabn. 2). Tpsabea pa ce oTbenexu, Ye
BbB BbIMLLATA KOHLEHTPaLMsTa Ha eNeMeHTa e NMo-BrUCoKa OT
cpegHata 3a ceeta. [MpuynHa 3a MHOMO BUCOKM CbObpXaHus
Ha Na crnopeq Kessler et al. (1967), moxe na O6bae mopcka
TPaHCrPecusi 1 ToBa ChblLO 06SICHABA MANKOTO KONMYECTBO Ha
enemeHta B 6Gobosgonckute BbrMwa. CbabpxaHueTo Ha
Na2O B nenenta Ha BbIMMWaTa W BbITUILHATE MWHU €
€[HaKBO, @ KOE(ULMEHTBLT Ha Koperauus C menenta e CbeC
CTOMHOCT MO-HUCKA OT CTATUCTUYECKM 3aHauumaTa (tabn. 1) u
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TOBa Onpegens CMeceH admHUTET Ha enemeHTa. 3a CMeceH
acmHuTeT Ha Na cboblasat 1 Beaton et al. (1993), a Querol
et al. (2001a) ycraHoBsBaT oT 40 g0 98% opraHuyeH
ahMHMTET HA enemeHTa B pasnuyHu Bbrivwa. OpraHuyHata
opma Ha Hatpus moxe ga 6bae OuoreHHa u copbuuoHHa
(xymatu 1 dynsatu) (Bomtkesmnd 1 ap., 1983), a MuHepanHaTta
€ CBbp3aHa NpeanMHO C IUHECTUTE MUHepany.

Kanut. KonuyectBoTo Ha K20 BbB BbIMMLWHATA Nenen e no-
HACKO OT TOBa B Mementa Ha BbITMILHUTE apruinTM U
KOe(ULMEHTLT Ha Kopenauus ¢ nenenta e NonoXUTENEH CbC
cronHoct 0,61 (tabn. 1). Toa onpegens npeobnagaealy
HeopraHuyeH aduHuteT Ha K. MogobHu ca u gaHHUTE B
nutepatypata (Beaton et al., 1991; Warwick et al., 1997,
Crowley et al., 1997; Spears, Zheng, 1999; Liu et al., 2001),
kato Querol et al. (2001a) onpegenat eaga ot 8 go 16%
opraHuyeH aduHMTET Ha K B HAIKOM amepuKaHCKM Bbriuwia.
MwHepanHaTa hopMa Ha enemeHTa, KoaTo e npeobnagasalya,
€ CBbp3aHa MNpeguMHa C [NMHECTUTE MUHEpanu, A0KaTo
opraHnyHata Moxe pna Obae kakto OuoreHHa, Taka U
copbumoHHa kaTo xymatu v dyneati (Bontkesud u ap., 1983)
KoHueHTpauusita Ha K B nementa Ha Bbrvwara u
BbIMWLLHUTE aprunuTi € NOAKNapKkoBa, a BbB BbImMwaTta e
no-BuCoKa OT cpeaHaTa 3a caeTa no Valkovic (1983) (tabn. 2).
ToBa ce AbMKM Ha No-cnabo rpyHTOBO NOAXpaHBaHE.

®ocepop. CbabpKaHMETO HA eNemMeHTa e OKOMOKMapKOBO 3a
BbrnMaTa, a B Menenta Ha BbMMWATA U BBLIMULLHUTE
aprunuTi e Mo-HWUCKO OT Knapka 3a rmuHn (tabn. 1). Toa e
00yCrnoBeHO OT MOCOYEHOTO MO-TOpe BEPOSITHO MO0-Crabo
rpyHTOBO nopaxpaHeaHe. Konuuectsoto Ha P20s B nenenta ot
BbIMWLHUTE aprunuTM € Marnko No-ronsamMo OT TOBa BbB
BbrvWHaTa nenen (tabn. 1). KoednumeHTLT Ha Kopenauus ¢
nenenta e MOMOXUTENeH, HO OnM3bK [0 MUHMManHata
CTaTUCTUYECKN 3HaYMMa CTOMHOCT (Tabn. 1). ToBa onpegens
npeobnapasall, oOpraHWyeH aduHUTET, NPU  3HAYUTENHO
yyacTue Ha opraHudHa chopma Ha npucskerane. Warwick et al.
(1997), Crowley et al. (1997) cbLUo ycTaHOBABAT NONOXMTENHA
kopenawuus ¢ nenenHoTo cbabpxanue, a Querol et al. (1996) u
Dill, Wehner (1999) — Bpb3ka Ha eneMeHTa C pasnnyHu
MuHepanu. Mo gaHHu Ha Querol et al. (2000a), HeopraHUYHUAT
auHMTET Ha P B HAKOM amepukaHCKM BbrMWa e oT 65 go
85%. MuHepanHaTa ¢opma Ha efleMeHTa e CBbp3aHa M CbC
coOCTBEHM  MMHEpanu, KakBUTO Ce YCTAaHOBSBAT B
Bobosgonckute BbrMwa ot Vassilev et al. (1994), Taka u ¢
[MWHECTUTE MUHepanu. TunuyHa 3a P e BuoreHHa opraHnyHa
cdopma, a BMCOKaTa My  BaneHTHOCT  mpeanonara
copbumoHHaTa My dopma Aa e kato xenatu (BonTkeBud u ap.,
1983).

Cspa. KopenaumoHHUAT KoeUUMEHT Ha S € C MHOTO BUCOKa
oTpuLaTENHa CTOMHOCT W KONMWYECTBOTO Ha OKcuaa 1 e 5 MbTu
no-mMasko B nenenTa Ha BbITMLLHIATE apruinTi B CPaBHEHME C
BbIMMLWHaTa nenen (tabn. 1). Toea onpepnens npeobnagasaly
OpraHuYeH aMHUTET Ha eNeMEHTa, KaKbBTO € YCTaHOBEH 1 B
pepuua apyru Bbrmwa (Beaton et al., 1991; Querol et al.,
1996; 1997a; Crowley et al., 1997). lpu uscneaBaHe Ha
aduHuTeTa Ha S B HAKOW amepukaHcky Bbriuwa Querol et al.
(2001a) onpenenst, Ye ToM e Ha 65 Jo 98% opraHuyeH.
XapaKkTepHa oOpraHuyHa opMa Ha NPUCLCTBUE € KaKTo
BuoreHHaTa, Taka U COpBLMOHHATA M TO Halt-Beye KaTo XenaTtu
(BomTkeBuy 1 ap., 1983). MuHepanHaTta ¢opma Ha enemeHTa
€ CBbp3aHa NpeayMHO CbC CyNduam 1 B No-Marnka CTeneH Cbe



cyndhati. KoHUeHTpauusTa Ha S B M3CrieAiBaHUTe BbITMLA HE
e Bicoka — nof 1%, a B NenenTa UM 1 B Ta3n Ha BbITIULLHATE
aprunuTi € oT 2 [0 9 MbTU MO-BMCOKA OT KIlapka 3a MMMHU
(1abn. 2).

Acoyuayuu nenenobpa3sysauju ennemeHmu
C «knbctep aHamm3 ca  obocobeHn [OBe acoumauuu
nenenobpasysaLyy enemMeHTy.

Si-Al-Ti-K acouuauus. YuyacteaT enemeHTu ¢ npeobnagaeaty
HeopraHuyeH adwuHuTeT. ToBa obycnaes nonoxutenHara
Kopenaums ¢ NenenHoTo CbabpkaHue. Te uarpaxaar rnHec-
TMTE MUMHepanu, OOMKHOBEHO MOCTBLMBAWM C TEPUreHHWs
maTtepuan B 6natoTo, HO OCBEH TOBa MoraT Aa Ce cpeLiat u
KaTo Jpyr4 TEpWreHHW MUHEpanu — KBapl, pyTun,
TUTGHOMArHeTUT,  KOPYHA M aKUeCOpHM  CumuKaTyl.
OpraHnyHata bopMa Ha enemeHTUTE OT acouuauusaTa e B
He3HauMTENHO KONMYECTBO.

Ca-S-Mg-Mn  acoumaums. Tyk nonagat enemMeHTM ¢
npeobnagasaly opraHnyeH aduHWTET. TOBa, Kakto U
BuoreHHaTa chopma Ha MpuCLCTBNE 0BYCNaBsAT BKIIOYBAHETO
MM B efHa acoumauus. Bpbakata ce 3acunBa W OT cxopHa
MWHepanHa opMa 3a HSKOW OT enemeHTUTE — KapboHaTHa
(Ca, Mn n Mg) u cyndpatHa (S, Ca u Mg). CopbunoHHaTa
opraHnyHa ¢opma € pasHoobpasHa — xymatu u ¢pyneatv 3a
Ca n Mg, komnnekcHu cbeauHerus 3a Mn u xenatv 3a S.

M3BbH Tesn acoumauum ocTaBaT efleMEHTUTE CbC CMECeH
(Fe n Na) unu HesHaumTenHo npecbnagasaly HeopraHuyeH (P)
auHuTeT.

KucenunHocm Ha cpedama e mopgheHomo 61amo

KncenuHHocTTa Ha cpefata B ApeBHOTO TopdeHo 6nato e
OonpegeneHa Ypes XMMUYHNS CbCTaB Ha BbIMULHATA Nenen Ha
Auarpamata Ha kucenuHHoctTa no KopreHcku (1986). 3a
OCHOBa Ha MOCTPOSIBAHETO W Ca MpUETW CXBallaHuATa Ha
Wrax u gp. (1978), KOgosuy (1978) u ap., Ye ¢ nocTbnneHne
Ha MWHepanHu BelyecTBa (pecn. yBennyaBaHe Ha nenefiHoTo
CbbpXaHue Ha BbIMMLIATA) HamansBa KWCENMWHHOCTTa Ha
cpejata B ApeBHOTO 6rmato nmopagu  HamansBaHe Ha
KONMNYECTBOTO HA  XYMUHOBMTE  KUCEMWHM U TAXHOTO
HeyTparmaupare. Kato ce npuema Tasw Te3a Ha abuucata Ha
pvarpamata ce HaHacsi nenenHoTo cbabpkaHue. OT gpyra
ctpaHa cnopes Hectepos (1964), Kusunbwreitn (1973)
MOBULLEHOTO CbabpxaHue Ha SiO2 u AlO; BbB BbImMWHATA
nemen € nMpuW3HaK 3a Mo-kucenma cpeda, a Mo-ronemu
konnuectBa Fe203, CaO n MgO - 3a no-ankanHa cpega B
TopcheHoTo 6nato. Ha opamHataTa Ha guarpamara ce HaHacs
koeUUMEHT Ha KMCENMHHOCT Ha MWHepanHata 4acT Ha
orivwara (Kk), koATo ce onpefens kato ChegHoTo
CbOTHOLLIEHME:

Kk = SiO2+Al203+S03+P205/ CaO+MgO+Fe203+MnO+Na20
+K20
B uncnutens oceeH SiO2 un Alz0s ca BknoveHn SO3 u P20s,
TbI KaTo U Te31 ENEMEHTU Ca aHUOHOTEHHN 1 UMAT KNCENMUHHN
CBOWCTBA, KakTo KbM  3HameHaTens ce  npubass
CbObPKaHMETO Ha okcuguTe Ha ankanxuTte
nenenoobpasysawy enemeHt (Na n K) n Ha maHraHa. Ot
JuarpamaTa Ha KMCenuHHOCTTa ce Bkaa, Ye pH Bapupa B
LMPOKKM rpaHuLn — oT 3.5 go 6.0 (dur. 1) npes otgenHuTe
eTanM OT pa3euTMETO Ha TopdeHoTo 6nato. CpepgHata
CTOMHOCT € oKono 4.8.
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®ur. 1. [luarpama Ha KMCENWHHOCTTA Ha cpepara B APEBHOTOTOPdEHO
6naro (no KopTeHcku, 1986)

lModxpaHeaHe Ha dpeeHOMO mopgheHo 61amo

Cnopep KopteHckn u Cotupos (2003) 3a onpefensHeTo
Ha TWNa Ha NOAXpaHBaHE MOXe [a Ce W3N0oN3Ba XUMUYHUS
cbCcTaB Ha BbrmuwHata nenen. O6ukHoseHo Si, Al n Ti
nocTbnBat B TOpdeHoTo 6nato ¢ TepureHeH matepuwan. Ca,
Mg, Fe, S, Mn, Na, K n P ce npeHacar npeaumHo B
pa3TBOPEHO CbCTOSHWE OT rPyHTOBUTE BOAW. [MOBMLIEHOTO
CbdbpXaHie BbB BbBIMMIATA HA MbpBUTE 3 enemeHTa
O3HayaBa, Ye MOCTLIMIEHNETO Ha TEpPUreHeH Matepuan e
npeobnapasallo. ObpaTHOTO, BUCOKaTa KOHLEeHTpauus Ha Ca,
Mg, Fe, S, Mn, K, Na n P moxe fa ce usnonasa kato 6ener 3a
npeobnapaBallo TPYHTOBO NOAXPaHBAHE UMM Hanuume Ha
napanMyHn  ycnosus. ToBa [aBa Bb3MOXHOCT  4pe3
CbOTHOLUEHMETO Ha OKCWAUTE Ha ABETE Pynu enemMeHTU BbB
BbIMMLLHATa Nenen ga ce onpegenu UHOEKC Ha noaxpaHBaHe
Ha TopcheHoTo 6nato, kowto pga  Oboe egHa o
XapakTepucTUKkUTE My No Bpeme Ha TopdoreHesa. MHOekchbT
Ha MOAXpaHBAaHe MOXe [a Ce M3YMCIM uYpe3 crefHata
copmyna:

Sl = SiO2+Al0s+TiO2 /| CaO+MgO+Fe203+S0s+MnO+
Na20+K20 +P20s
3a 0OoboBponckute BBLIMMLLLA WM3YMCTIEHUAT WHAEKC Ha
nogxpaHeaHe S| e 2,77. Toi nonaga B OTAENneHus OT
KopteHcku, Cotpos (2003) netu Tun no noaxpaxsaHe. Toi ce
obocobsiBa B MHTepBana Ha Sl ot 1.2 8o 4 (cpur. 2).

3a To3n TUN e xapaKTepHo, Ye NpeobnagaBa noaxpaHBaHe ¢
TEpPUreHeH MaTepuan Ype3 NOBbPXHOCTHU BOAM, @ FPYHTOBOTO
nogxpaHeaHe e cnabo [0 HesHauutenHo. Cymata
Ca0+MgO+Fe203+S03+MnO+K.0+Na20+P205 ¢ ot 20 go



45% v e pe3ynTaT npeayuMHO OT FPYHTOBO NOAXPaHBAHE, KaTo
YacT OT Te3n enemeHTV MoraT Aa NocTbnBaT C TEPUreHHs
maTtepuan. BbamoxHo e B BperoBata uBMUa fa NpuchCTBaT U
kapboHaTHW Cckanu, a ako TakuMBa He Ce YCTaHOBSBaT, TO €
Bb3MOXHO TOpdpeHOTO 6nato pga e nognaraHo Ha
Bb3AENCTBNETO HA MOpCKa TpaHcrpecus. TopdeHoTo bnaTo e
TIMMHWYHO, BB3MOXHO W NapanuyHo-mMMHUYHO (KopTeHckm,
Cotupos, 2003). B cnyvas 3a bobosmonckusi 6aceiiH B
OperoBata uMBMUA NpUCLCTBAT KapboHATHWTE Hacnarn Ha
Papomupckata 1 TpbHCkaTa CBWTW W SBHO TPYHTOBOTO
noaxpaHeaHe Ce € OCbLUECTBABaNO OT 3anaj, KbAeTo ce
paskpueat Te. Kakto e n3BecTHO BacelHbT e IMMHUYEH, KOETO
ce 0bBbp3Ba C TMNa nogxpaHeaHe. Pe3ynTaTbT NOTBbPXKAABA
ka3aHOTO mno-rope 3a npeobnagasallo nogxpaHBaHe Ha
TOpeHOTO BraTo ¢ TepureHeH matepuann.
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®ur. 2. inarpama 3a onpepensiHe Ha MHAEKCAa Ha moaxpaHBaHe (Sl) Ha
TopcheHoTo Onato. ToykaTa Ha pAuarpamarta e cToMHocTTa Ha Sl 3a
uscnegBaHute Bbravwa. A=SiOx+Al0:+TiO2, %; B=CaO+MgO+Fe.03+
S03+K20+Na20+MnO+P:0s, %.

3aknioyeHune
Onpe,qeneHOTo CbAbpXaHWe Ha [NaBHUTE €ENEMEHTU BbB
BbrMuliHaTa nenen NnoKa3Bea, Yye nenenooGpaayBamM

enementn ca Si, Al, Fe, Ca, S, Mg, Ti u K, Tbit kaTo TexHuTe
koHueHTpauum  Hageuwasat  0.5%. C  Hagknapkosu
KOHLEHTpauuM B menenta Ha BbInMwWaTa U BbINUWHUTE
aprurmt ca Fe, Ti, Al, Mn, Ca, Mg u ocobeHo S.
Konuuecteata Ha Na, K n ocobeHo Ha P ca MHOro mManku, a Ha
Si e Ommu3ko po knapka. Bcuukum enemeHTM ca  CbeC
CbObpXaHus, NO-BUCOKM OT OMNPEAErneHuTe 3a BbIMMLLATA
CpeaHu B cBeTa. M3knioyeHne npasm P, YnsTo KOHLEHTpaums e
frmska po knapka. lpeobnagaealy opraHudeH aduHUTET
nposieaeat Ca, S, Mn u Mg, gokato Si, Al, K, P un Ti ca
NPMBLP3aHU NPEaUMHO KbM HEOPraHWMYHOTO BELIECTBO Ha
BbrnnwaTa. Kensasoto U HaTPUAT ca CbC CMECEH adMHUTET.
EnemeHTuTe ca rpynupanm B gge acounaumu: Si-Al-Ti-K n Ca-
S-Mg-Mn, 06ycrnoBeHu OT CX0gHWS aUHUTET Ha eneMeHTUTe
W CXOfHa MWHEpanHa M opraHuyHa opMa Ha MpUCHLCTBUE.
YcTaHOBEHUTE CpedHa CTOMHOCT Ha pH okono 4.8 1 MHAEKC Ha
noaxpaHeaHe Ha TopdeHoto 6rato (Sl) 2.77 onpegenst
npeobnafaBalio MoaxpaHBaHe C TEPUreHeH Matepuan oT
MOBBPXHOCTHM BOAM M MO-CMabo TrpyHTOBO MOAXpaHBaHe,
XapaKTepHUW 3a MEXAMHEH Tun bnarto.

brnaeodapHocmu. HacToswoTo m3cnegsaHe e (puUHaHCMpaHo
0T MuHucTepcTBOTO Ha 0Opa3oBaHWeTo W Haykata, PoHp
“HayuHu nscneasanns” no npoekt “BY 03/06”.
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NPUNATAHE HA MEXOYHAPOOHATA KINACU®UKALINA HA BBIMALLA B MNACTA U
MEXOYHAPOOHATA KOOU®UKALIMOHHA CUCTEMA 3A BbITIULLA OT BANKAHCKUA
BACEVH

WopdaH KopmeHcku!, AnexcaHdbp 3dpaskoe’, [Jumka MuHanosa?

TMuHHo-2eonoxku yHusepcumem “Ca. Uear Puncku”, 1700 Cocpusi; jordan_kortenski@abv.bg; alexzdravkov@abv.bg
2*Munnpoekm EAL]", Copusi

PE3IOME. Metn BbrmweH nnact ot bankaHckus 6aceitH e onpobeanm ¢ 10 nnactoBu npobu. BurnuwHuTte aHWwnmd-6pukeTn ca uscnensaqu B
oTpaseHa 6sna 1 (ryopucLEeHTHa CBETIMHA B MacreHa UMEPCUS U e U3MEpEH MokasaTen Ha OTPaXeHWe Ha XyMUHUTA. Ypes TeXHUYECKN aHanu3
ca onpeAeneHn 1 ocTaHanuTe KnacudukaLMoHHM napameTpu: obLa 1 aHanuTYHa Brara, NenenHo CbAbpkaxue, 40OVMB Ha NETNMBY BeLLECTBa,
obLa cspa ¥ TonnMHaTa Ha u3rapsiHe Ha BNaxHO W Ha Cyxo BesnenenHo ropueo. YCTaHOBEH € U uHLekca Ha cBoboaHOTO ByxBaHe Ha KOKCOBUS
ocTatbk. Criopeq; onpefeneHuTe nokasatenu, cbrnacHo MexayHapoaHaTta knacvdukaums Ha BbIMuwa B nniacta Bbrmviiara ot V nnact ca
MBUYECTW MPELNMHO XYMYCHW OT cpefieH paHr A — nepBuTyMMHO3HM CbC CpefHo kavecTBo. OnpeneneH e KogbT, cbrmacHo MexayHapogHata
koangukaumoHHa cuctema — 150 00 1 12 12 18 35.

Kmtoyosu dymu: yepHn Bbravwwa, mauepanu, MexayHapogHaTa knacudukauus Ha Bbrmvwa B nnacta, MexgyHapogHata KogudvkaLnoHHa
cuctema, bankaHckn baceitH

APPLYING THE INTERNATIONAL CLASSIFICATION OF IN-SEAM COALS AND THE INTERNATIONAL CODIFICATION
SYSTEM TO THE COALS FROM BALKAN BASIN

Jordan Kortenski', Alexander Zdravkov!, Dimka Pinalova?

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

2Minproekt Ltd., Sofia

ABSTRACT. The present study is based on 10 whole-coal samples from the V coal seam in Balkan basin. The samples were analyzed using
standard microscopy and technological techniques, including reflected white and fluorescent light studies, reflectance measurements, and
determination of the total and analystical moisture contents, ash yield, total sulphur contents, volatile matter, and the combustion temperature of the
coal. In addition, the index of coke swelling was determined. Based on the results from these investigations and according to the International
Classification of In-Seam Coals the coals from the Vi seam in Balkan basin can be classified as banded, predominantly humic, intermediate A —
perbituminous with intermideate quality. Furthermore, the code according to the International Codification System was determined to be 15 0 00 1
121218 35.

Keywords: bituminous coal, macerals, International Classification of In-Seam Coal, International Codification system, Balkan basin

BbuBepeHue rnokasaTen Ha OTPaXeHWeTO Ha BUTPUHMTA B MacreHa
MexgayHapogHaTa knacudvkaLumus Ha Bbrnmwiata B nnacTa e umepcus Hap 0.6%. Burnuwata cbc cpedeH paHr ce
paspaboteHa oT PafoTHa rpyna no BbLIMWA KbM 03HauaBar kaTo BUTYMUHO3HM (YepHy Bbrnmwa no BAC) ncac
EBponeMCKaTa VKOHOMMYECKa Komueus. Ll,enTa Ha OTpaxeHue Ha BUTPUHUTa OT 0.6% po 2.0%. Te ce nogensT Ha
knacudmMKkaLmMaTa e fa YHUDMLMpA XapakTepucTukata Ha yetupy knaca: D (napabutymmHosHn), C optobutymuHosHu), B
BbITLATA, KaTO CE M3ron3saT TpU OCHOBOMOMAraLLy (MeTabuTymuHo3HM) 1 A (nepbuTymuHo3Hu). Mo neTporpadcky
napamMetbpa. Te [AaBaT Bb3MOXHOCT 3@ €OHO3HAYHO CbCTaB BbIMMWATA Ce MOAENAT HA MBUYECTU (MPESVMHO
ONpefensHe Ha BbruLiaTa kaTo reofioxko obpasysaHue: XyMycHu) W HeuBudectit (Macuehu). o kavecTBo ca:
o DaHr (CTeneH Ha BbrmedukaLms); BMCOKOKa4eCTBeHU (C nenenHo cvabpxanue Ad go 10%); cue

cpenHo kadvectBo (Ad ot 10 Ao 20%); HuckokavecTBeHm (Ad ot

neTporpadcki CbCcTas (OpraHuyeH daumec);
* porpacp (op (palrec) 20 o 30%); ¢ MHoro Hucko kavecTso (Adot 30 go 50%).

L Ka4eCTBO (KOJ'IM‘-IeCTBO Ha npumecuTe, HeopraHn4eH

aLmec).
pauyec) 3a HyxOuTe Ha BbTpeLLHaTa U MeXAyHapoaHa TbproBus e

cb3fageHa MexgyHapogHa cucTemMa 3a Kogudukauus Ha
BbrIMLLATa, KOATO € npueTa oT EBponelickata MKOHOMMYECKa
komucusa nog erupata Ha OOH. Cuctemata 3a koaudukaums
[aBa Bb3MOXHOCT 3a U3bsreaHe Ha HeopasyMeHusTa Mexay

Cnopen MexayHapogHaTa knacudvkaumst Ha BbImuwlaTta B
nnacta 3a BbIMMWa CbC CPEdEeH W BUCOK paHr ce cuutar
TakvBa C BUCLUA TOMMMHA Ha U3rapsHe, OnpederneHa Ha cyxa
BesnenenHa wmaca, no-sucoka ot 24 MJ/kg u cpepeH
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NpOV3BOLANTENM, THPrOBUM W KOHCYMAaTopy 3a KayecTBeHaTa
XapakTepucTuka Ha BbIMMWATA, KOATO OTTOBapAT Ha
W3NCKBAHMSATA Ha KOHKpETHWTe oOmacTh Ha  TAXHOTO
“3non3eaHe kato onpeaens obLiM KpuTepumn 3a onpeaensiHe
Ha KayecTBOTO. Tean KpUTepum 3a BbIMULLA OT CPELEH U BUCOK
paHr ca BKMKYEHU B YeTUpUHAZEeceTUuMdpoB Kom, KOWTO
XapakTepuaupa BbriuwaTta kaTo NPOMMLLIIEHA CypOBMHA.

OcHoBHM NapameTpu 3a koaudukaums ca:

e  CpedeH nokasaTen Ha OTPaXeHWe Ha BUTPUHUTA —
XapakTepuaupa ce OT MbpBUTE [Be Lmdpy;

e  TpeTata Uudpa ce onpedens OT xapakTepucTukara
Ha pednekTorpamarTa;

e  XapaKTepuCTWKa Ha MaueparnHus CbCTaB —
CbObPKaHMETO HA MHEPTMHWTOBM W Ha  JWNTUHUTOBM
Mauepanu ce oTpassBa CbOTBETHO OT YETBbpTa M neTa
Uncppa;

e  uHOekc Ha cBobBogHOTO OyxBaHe Ha KOKCOBMS
OCTaThK — OMPEAENs CTOAHOCTTa Ha LecTaTa umdpa;

e  [06MB Ha NETNMBM BeLeCTBa Ha cyxa GeanenenHa
Maca — xapakTepuaupa ce oT ceama M ocma Ludpa OT Koaa;

e  MenenHo CbabpXaHWe Ha Cyxa Maca — onpegens
AeBeTa u aeceta Undpa;

e  CbAbpxaHMe Ha obwa cspa Ha cyxa maca -
XapakTepuaupa ce 0T npegnocneaHnTe ase Ludpu;

e  BUCLIATA TOMAWHA Ha wW3rapsHe, OnpedeneHa Ha
cyxa besnenenHa maca ce OTpassiBa OT MOCNEAHUTE ABE
umnchpu Ha koga.

Kpatka  reonoxka
BankaHckus 6acenH

BaceliHbT € yacT oT bankaHckata BbMMLWHA MPOBUHLMS
(Siskov, 1996). Toi 3aema yacT ot Ctapa nnaHuHa Mexay
LLmnyeHckua npoxogd 1 npoxoga BpaTHuk ¢ gbmkuHa okono 60
km. 3a Bb3pacTTa Ha BbINEHOCHUTE Hacnaru B bamnkaHckus
BaceitH uma ase xunotesun. Cnopea bonues u gp. (1975) ce
YCTaHOBSBAT ABE BLIMEHOCHN HNBA — AHOTO C LEHOMaHCKa, a
OpYyroto — C TypoHcka Bb3pacT. Cnopen KbHueB (1962),
Hukonos (1979), MeTpos (1983) BbrMeHOCHUTE Hacnaru ca ¢
LleHOMaHCcKa Bb3pacT. KameHoB u ap. (1964) npusexpar
LaHHM 3a naryHHa, Hukonos (1979) - 3a naryHHo-BapoBa
obcTaHoBka, a cnopen [letpo (1983) LeHOMaHCKUAT
FEOKOMNMEKC € MnapanuMHUYEH, KaTo e C [JBe Mayku -
NUMHWYHA W nmapanuyHa. [1offoxka W orpagHM Ckanm Ha
BaceitHa ca Hacnaru C pasnuyHa Bb3pacT: MeTamopduTi OT
Bepkosckata rpyma  (KehueB u  gp., 1995), ot
rOPHOManeo30MCckN  MOHLIOGMOPUTH,  amcpmbon-o1noTuToBm
rpaHoguoputy, ApebHO- [0 enpO3bpHECTW TPaHUTK  OT
TebpauwLKMa NAYTOH, KBapunopdupu M Ty C nepmcka
Bb3pacT, [OMHOTpWackn  ApeBHOKLCOBM  KOHTIOMepaTy,
€[PO3bPHECTN MACBYHWLM C MPOCHOVKA OT aneBponuTi K
aprunuti 0T MNeTpoxaHckaTa TepuUreHHa rpyna, CpeaHOTPUSCKM
BapoBuUM UM Jonomutn oT BocHekckata, Papgomupckara,
PycuHoBaenckata, Tebpauwkata u  [pecnascka CBUTH,
BONnacky KBapLOBHW NACHYHNLM O KBapuuTh oT KocTuHckaTta
ceuta (KbHueB u pgp., 1995), CpeaHOOPCKM aprunutn 1
nAcbYHMLM oT ®nnwwkarta 3agpyra. Y ropropcknte mAchYHULY,
rpaBennTy 1 KOHrnomepatyu ot KocTenckara ceuTa.

XapaKkTepucTMka  Ha

BbrneHocHuTe TOpkpedHW Bacnarv ca MOLeNeHn  Ha:
OcHosHa mepuzeHHa 3adpyea. 3andra C brNoOB AUCKOPAAHC
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BbpXy TpuMacku W 10pCkM ckanu. 3agpyrata e uarpageHa
[MaBHO OT KOHIMOMEPaTH, NSACbYHULYM, aneBponuTA W
aprunuTi C XxapakTepHa YepBEHNKABO UMW MbCTPO OLBETSBaHE
(KbHueB u gp., 1995). Camo nacbuyHMumMTE ca GenesHukasy.
[ebennHata 1 e MHoro npomeHnuea — ot 0 go 200m.
Bw3pacTTa Ha 3agpyrata e LeHomaHcka (KbHueB u ap., 1995).
BreneHocHa 3adpyea. Hocuten e Ha BbIMwata B
bankaHckus 6aceiH. MarpageHa e ot aprunuti (C TbMEH LBAT
nopagu HamuuMeTo Ha OpraHuYHO BELLECTBO) U MO-Manko
NACbYHMLM. 3azpyraTta BKMYBa 0ceM nnacta ¢ gebenuHa ot
caHtumetpn 4o 0.8-1.5 m (KvHueB v gp., 1995). NebenuHaTa
Ha 3agpyrata e ot 80 go 120 m. BbapacTTa il e LieHOMaHCka.
HadevenuuwHa mepeenHa 3adpyea. pefcTaBeHa € OT CUBM U
CMBOXBITTEHWKABM  NIMHECTO-aneBpUTOBM  Mepren ¢
pebenuHa go 50-80 m (KvHues u ap., 1995). Bvapactta i1 e
LeHomaHcka. Pycancka ceuma. WsrpageHa e rmaBHO OT
nacbyHMum Ha Mecta (Lewkuurpap, [ueuHa) ¢ manko
NpOCOKM OT aneBpUTOBO-TNMHECTW Meprenn (KbH4YeB 1 Aap.,
1995). [lebenuHata Ha cauTata e fo 200m, a Bb3pacTTa il e
ueHomaHcka (KbHueB u gp., 1995). Te ca nokputn oT
NEeCbYNBO-TMIMHECT MEprenu C TypoHCKa Bb3pacT Ha
MeprenHata 3agpyra M TYpPOHCKO-CEHOHCKM CEAUMEHTM OT
MscbyHo-OpekvoKkoHrmomepaTHata  3agpyra,  PapoBsckaTta
ceuta, ®nuwonogobHata 3agpyra u BaposukoBaTta 3agpyra
(KbHues 1 gp., 1995). ManeoreHckn ckanm oT M3TOYHNLWKATA
ceuta, Baposukosata, AnesponutoBata, [lsiCbyHMkoBaTa U
Onuwkara 3agpyra u 3agpyrata Ha gebenonnactosus nuw
(KbHues v gp., 1995).

BankaHckusT  GaceiiH nomaga B npegenuTe  Ha
/aToyHobankaHckaTa TEKTOHCKa 30Ha. Ts BKMKOYBA ABE rpynu
CKamHW  KOMMNEKCW — Mpean  TOPHOKpedeH (Lokbn) u
ropHokpegHonaneoreHcks (KbHuyeB u gp., 1995). Lokbnbt
BKMTtOYBa (hparMeHTV OT 3anagHobankaHckaTa TEKTOHCKA 30Ha,
ot lMpenbankaHa u oT KoTtneHckust LoKbr. [OpHOKpeaHo-
naneoreHckus CTPYKTYpeH €Tax Ce Xxapaktepusupa C
HEKONMKOKPATHM 3HAYUTENHW TEKTOHCKM [OBMKEHUS C Hayano
paHeH TYpoH. KbCHMAT TYpOH - PpaHHUAT CEHOH ce
XapakTepusmpaT CbC CUIHW HarbBaTeNHW [ABWKEHWS, B
pesynTaT Ha KouTO cTaBa OOpbBLUAHETO M MONsraHeTo Ha
LnnueHckata n Tebpauwkata aHtuknuHana (KbH4eB u ap.,
1995). TnaBHu CTpykTYypHu eauwHuum ca LvnyeHckata w
TebpAuLLKaTa aHTUKIUHANKW, JTyAOKaMYUACKUS CUHKMMHOPWIA,
Bytypcko-YymepuHckata, [nadkoeckata U [abposckata
CUHKNWHaNK u BopyLieHcko-PafoBekaTa aHTUKNMHANHA 30Ha
(KbHueB v gp., 1995). B pesyntat Ha TEKTOHCKATE OBMKEHMS
MaToyHobarkaHckaTa  TEKTOHCKAa  30Ha,  BKITOYBaLLa
TOPHOKPEOHWN 1 ManeoreHckn CeaMMEHTW 1 TAXHaTa topcka
NOANOXKA € HaBneyeHa Ha CeBep BbpXy 30HaTa Ha
MpenbankaHa. B paiioHa Ha OaceiiHa ce ycTaHoBsiBa U
HaBMWYaHe Ha  MeTamopuTUTE W rpaHuTUTE  OT
CpenHoropckus aHTUKIMHOpUIA BbpXy W3TouHobankaHckaTta
TEKTOHCKA 30Ha M MO-TOYHO BbPXYy CnmeHcko-LLUnnueHckus
anoxToH (CtaponnaHuHcku Haenak) (KbHyeB v ap., 1995).

MeToauka

Ot BbruwHWTe nnactoee B bankaHckus GaceiiH e
onpobeaH V nnact B 10 3abos. 3a wu3cnegsaHe Ha
neTporpadickus CbCTaB BbrMWaTa ca cMmrieHn go 1mm,
CMOeHU C enokcuaHa cmona 1 nonupaxu. Taka uspaboTtennTe
aHwnmd-OpukeT ca  M3CNegBaHM B OTpaseHa M
hryopuCLieHTHa CBET/IMHA B MacreHa UMepCUst Ha MUKPOCKON



NU-2, cHabgeH ¢ npuctaBka 3a (iyoprcLEHTHA MUKPOCKOMMS
n obektue 40x/0.65. MauepanHuaT aHanu3 e M3BbPLIEH NO
T.H. Two Scan metoa. /3non3saHo e aBToMaTNyHO HPOSYHO
yctponcteo tun Eltinor 4, 3a ga ce onpegenu NpoLEHTHOTO
CbbpXaHue Ha malepanute W MUHepanuTe, Kato BbB BCsKa
npoba ca cHemaHu otyetu OT MuHuMym 500 Toukn. Ha
mukpockon Leica DMRX ¢ mukpodotometsp MPV-SP, npu
ObKMHA Ha BbnHata A=546 nm, wmacreHa umepcus
(nd=1.515), obektnB 50x/0.85 n etanoH Gadolinium-Gallium-
Granat (R=0,899) cvrnacHo craHgapta e u3mepeHa
oTpaxaTtenHata cnocobHOCT Ha BUTPUHUTA (XymmuHuTa) B 100
TOYKM BbB BCEKM LUNNG.

3a onpepensHe Ha Bnarata BbIMUMWHUTE npobu ca
CMReHW [0 3 mm, a 3a ocTaHanute napameTpu OT
TexHuyeckus aHanua o 0.2 mm. 3a onpepensHe Ha MHAekca
Ha cBobogHOTO ByxBaHe eapuHaTa Ha cMunade e go 20 mm.
Bcuukn aHanman ca 3BbPLLEHN CNOpes NpUeTuTe cTaHaapTy
(ISO-331, 589, 1015, 1170, 1171, 1928).

Pe3y1'ITaTI/I N AUCKycuA

Mauyepanex cbcmas Ha ebenuwama

Mpu npoBefeHUTE  MUKPOCKOMCKW  W3CreABaHus e
YCTaHOBEHO, Ye npeobnapasar renuduLmMpaHnTe mauepany,
kaTo 06LLO0TO ChAbPXaHWE Ha ApyruTe 2 rpynu He HaaBMLIaBa
10%, npu npeobragaBaHe nO-4eCTO HA WHEPTUHUTOBMUTE
mauepanu (tabn. 1).

lpyna Bumpuxum. MauepanuTte oT Tasu rpyna ca ¢ Hait-
BMCOKO ChbpxaHue - oT 86.8 no 95.3% (cpeaHo 90.74%) Ha
opraHudHa maca (tabn. 1).

KonuyecToTo Ha TenMHWTA € HE3HaYWTENHO W Bapupa OT
0.3 go 1.3% (tabn. 1). MNpeactaBeH e oT cybmauepana
TenuHnt 2. Habniopgaea ce noa ¢opmara Ha umsuun. B
3anas3eHUTE Ha MeCTa NyMEHU Ha PacTUTENHUTE TbKaHW ca

Tabrnuua 1
Mempoepagpcku cbemas Ha evanuwama om V nnacm

OT/IOXEHW TTMHECTW MWHEpanu. YCTaHOBEHM ca Tpu OT
cybmaliepanute Ha KOMMHWUTA: TENOKOMNMHUT, AETPOKOMMHUT U
KOPMOKOMMHMT. KONM4YecTBOTO Ha NOCNEAHNS € HE3HAUNTEITHO,
kato camo B ase npobn (8 u 10) e 0.3% (rabn. 1).
CobaobpxaHneTo Ha TenokonuHuta Bapupa ot 21.0 go 31.3%
(tabn. 1). TenokonWHMTBLT Ce YCTaHOBABA KaTO MacKBHU
MBULW UM KaTO OTZENHM Nnewwm. B To3m cybmaliepan yecto ce
HabniogaBaT MUKPOMYKHATUHW, B KOMTO Ce OTnaraT MMMHECTH
MWHepanu wunu nupuT. Hail-ronsiMa € KONMW4YecTBOTO Ha
pecmokonuHuta — ot 50.9 po 63.7% (tabn. 1). Toaw
cybmaluepan u3rpaxga MacuMBHW WBUMLM, KOUTO BKMtouBaTt
OCTaHanuTe YCTaHOBEHM Malepanu. [JeCMOKONMHUTBLT €
nopecT U HanykaH. [NoHsikora ce Habniogasa npexog Mexay
LOECMOKONMHUT U BUTPOZETPUHUT.  CbObpkaHWeTO Ha
BUTPOAETpUHMTA Bapupa oT 3.4 ao 14.5%, Ho camo B ABe OT
npobute e Hag 10% (tabn. 1). BuTpogeTpuHuTLT acouumpa
NPELVYMHO C MMHEparHoOTO BeWecTBO W [pyr pacTuTeneH
BETPUTYC — MHEPTOLETPUHUT U NIUNTOAETPUHUT.

lpyna Ek3urum. JlunongHuTe Mauepanu ca C Hal-HUCKO
CbabpxaHue oT Tpute rpynu — ot 1.7 go 6.5%, cpeaHo 4.03%
(tabn. 1). Bbve Bbrumwara ot V nnact ce Habniogasat
eauHNYHM Tena ot gobpe 3anaseH mukpocnopuHut. Camo B
pBe oT npobute (Ne2 w 7) e onpedeneHo Mo-BMCOKO
CbabpxaHue Ha cnopuHut — pecnektneHo 0.4 un 0.3% (tabn.
1). EkccymaTMHUTBLT 3ambfiBa KNETbYHM OTBOPW HA TENMHMT,
HO no-4ecTo ce Habniopasa kato newwoobpasHn CTpynBaHMS
BbB BUTPOAETPUHUTA. YCTAHOBEH € BbB BCHUYKM NPobK kaTo
CbabpxaHueto My Bapupa oT 1.7 pgo 5.2% (tabn. 1).
NvnTOQETPUHNTLT Ce YCTaHOBSBA HEPABHOMEPHO Pa3nonoXeH
BbB BUTPOAETPUHUTA. KONW4ecTBOTO My € onpeaeneHo B Tpu
o1 npobute (Ne1, 3n 5) ne ot 0.3 go 1.3% (tabn. 1).

lpyna WHepmuHum. CbObpXKaHWeTo Ha Mauepanute oT
Taan rpyna goctura go 7.5%, kato camo B efHa npobute e
nog 1% (tabn. 1).

Vitr — rpyna Butpunur; Lipt — rpyna ExaunuT; Inert — rpyna MHepTuhmT; T2 — Tenunut 2; Sp — cnoputuT; Fs — dyauHnt; TC — TenokonuuuT; E — ekceypatuhu; SFs —
cemudpyauHuT; DC — necmokonuumT; Ld — nuntogeTpuhuT; Id — uneptogetputut; CC — kopnokonuhuT; VD — BUTpoaeTpuHuT; MM — MMHepanHo BeLlecTBo

MaepaneH cbCTas Ha opraHuyHa mMaca, %

Ne T2 TC cC DC VD Vitr Sp E Ld Lipt Fs SFs Id Inert MM
1 0.3 239 0.0 59.6 8.5 923 0.0 28 0.3 31 1.3 1.0 2.3 46 53

2 0.6 30.6 0.0 56.8 4.5 926 04 3.5 0.0 3.9 0.3 1.0 2.3 35 53

3 1.3 21.0 0.0 544 10.2 86.8 0.0 5.2 1.3 6.5 0.3 0.6 5.7 6.7 3.9

4 0.3 229 0.0 58.2 5.9 874 0.0 4.1 0.0 41 1.0 0.0 7.5 8.5 4.2

5 0.9 31.3 0.0 533 46 90.1 0.0 3.0 0.7 37 15 0.0 46 6.2 25
6 0.3 215 0.0 63.3 34 88.5 0.0 43 0.0 43 19 2.2 31 7.2 1.9

7 0.3 238 0.0 55.5 7.3 86.9 0.3 51 0.0 54 1.6 29 3.2 7.6 54

8 1.0 255 0.3 50.9 145 92.3 0.0 4.1 0.0 4.1 0.3 0.3 3.0 3.6 6.0

9 1.0 29.0 0.0 61.0 43 95.3 0.0 34 0.0 34 0.7 0.0 0.7 1.3 45
10 0.3 275 0.3 63.7 34 95.2 0.0 1.7 0.0 1.7 0.3 0.0 2.7 341 4.0

Cp 90.74 4.03+ 523t | 4.3%
eq +3.26 1.27 1.34 13

HO
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Makap 1 B HEronsMO KONM4YeCTBO, (OY3NHUTBT € YCTaHOBEH
BbB BCUYKW u3cneasaHu npobu. Coabpxavueto my e ot 0.3
po 1.9 (tabn. 1). HabriogasaH e kaTo paskbCaHW Newm ot
LerpagodysnHUT cpel OECMOKONWHWTA U BUTPOLETPUHMTA.
YCTaHOBSIBAT Ce U OTAEMHN NELUM OT NMPOMY3NHUAT, YECTO C
pasKbCaH/ CTEHW Ha KNeTbyHWUTE OTBOpU. B nymenuTe Ha
NUpo- W AerpagodyanHnTa ca OTAOXKEHW TNIMHECTV MUHepany,
pagko nuput. CeMudysMHWTBT MnpuckCcTBA B 4acT OT
nscnensanuTe npobu B cbabpxanne ot 0.3 fo 2.9% (tabn. 1).
YCTaHOBSIBAT Ce NeWy C pasnuyHa roneMuHa, Ham-yecto B
acouuauus ¢ BUTPUOETPUHWT.  HepTogeTpuHuTLT  Ce
Habnogaea kato eguHUYHM KbCYeTa B AECMOKOMMHUTA UIU
BuTpogeTpuHmta.  OOMKHOBEHO acouumpa C  MUPO- W
aerpagodysnHuTa. KonmyecTBoTo My € Han-ronsiMo OT BCUYKN
WHepTUHMTOBM MaLepanu — ot 0.7 go 7.5%, kato camo B egHa
ot npobure e nog 1% (tabn. 3.1).

OmpaxeHue Ha gumpuHuma

CpegHaTa CTOWHOCT Ha MokasaTens Ha OTpaxeHue Ha
BMTPWHUTA B MacneHa umepcust 3a Bbrnmwata ot V nnact
Bapupa ot 1.195 po 1.776% - cpegHo 1.566%. Tosa
ONpegens WacnegBaHuTe BbIMUILA KaTo NepOMTYMUHO3HM.
Camo B npoba 1 BbrnMwara morat ga ce ONpesensT Kato
MeTabUTYMUHO3HW, Thil KaTO BCUYKM 3amMepBaHus U cpegHaTa
croinHocT e nog 1.4% (cwr. 2a). B noseveto oT npobute
M3MepeHUs NokasaTeNl Ha OTPaXEHWE € OKOMO CPepHWs 3a
nnacta (cur. 26), Ho ce HabnogaeaT W CTOWHOCTU
HagBuWwaBawm cpegHata ¢ 6mnmso  0.2%  (cur.  28).
OBMKHOBEHO 3amMepBaHMsATa Ha Noka3aTens Ha OTpaXeHue ca
B TECEH WHTepBan W gecette npobu, KaTo pasnukata Mexay
MWHUMAIHUTE U MaKCUMANHWTE CTOMHOCTW € OT Mopsigbka Ha
0.12-0.15% (cbur. 2). PechnekTorpamute ca 6€3 npekbcBaHus

(qour. 2).

Xumuyecka xapakmepucmuka Ha ebenuwama om V
nmacm

OnpegeneHn ca camo nokasatenu, Heobxogumn 3a
KnacucuumMpaHeTo W KkoguduKaumMsiTa Ha  WM3CredBaHuTe
Bbrvwa. OblaTa Bnara BbB BbIMLWaATa OT V nnact Bapupa
ot 11.1 go 15.1%, cpegHo 12.80% (tabn. 2). AHanuTuyHaTa
BMara € 3HauuTenHo no-Hucka — cpegHo 0.87+0.09% u e
no4t noctosiHHa (tabn. 2). CbabpkaHueTo Ha obwa S e
Hucko (cpepHo 1.84%) u camo B Tpu npobu e manko Hag 2%
(Tabn. 2). B cpaBHWTENHO TECHW rpaHMLM Bapupa nenesiHoTo
CbabpXaHue B pa3nnyHuTe npobu — ot 6.5 1o 16.4% (tabn. 2)
CpegHata My cronHoct € 12.34%. CpepgHust pobuB Ha
neTnvBM BellecTBa 3a Bbramwata ot V nnact e 13.93+1.39
(tabn. 2). B otgenHuTe Mecta Ha onpobeaHe A0OWMBLT Ha
netrveu BewlectBa Bapupa o1 11.4 pgo 15.4% (1abn. 2).
OnpepeneH € uHOeKkc Ha cBoboaHOTO OyxBaHe Ha KOKCOBMS
oCTaTbK, KoiTo Bapupa oT 0 f0 2, a cpegHata My CTOMHOCT €
1.3+0.59 (tabn. 2). TonnuHata Ha uW3rapsHe Ha Cyxo
BeanenenHo ropueo e Mo4Tu efHaKBa B OTAENHMTE npobu (oT
35.09 no 35.55 MJ/kg), a cpenHata i CTOMHOCT € onpefeneHa
Ha 35.37 MJ/kg (Tabn. 2). TonnuHaTa Ha U3rapsiHe Ha BNaXHO
GeanenenHo ropueo e cb¢ croiHoctTM ot 30.31 mo 31.55
MJ/kg, a cpepHaTa ctonHocT e 30.84 MJ /kg (Tabn. 2).

KnacuguyupaHe Ha ewenuuwjama no MexdyHapodHama
Knacuchukayus Ha ebesiuwjama e njacma

Bwrnvwara V nnact cnopep, nokasaTens Ha oTpaxeHue Ha
ButpuHuTa (Hag 0.6%) v TonnmHaTa Ha u3rapsiHe Ha BraxHoO
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GesnenenHo ropueo (Hag 24 MJ/kg) ce ompegensT kato
TaKuBa CbC CPEAEH PaHT.
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®ur. 2. Pecpnektporpamm Ha nokasaTens Ha oTpaxeHuWe Ha BUTPUHUTA. a)
3a npoba 1; 6) 3a npo6a 10; B) 3a npoba 5
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Tabnmua 2
Pe3ynmamu om xumu4yecKusi aHanu3 Ha ebenuwama om V
nnacm

Mpo- [We,% | We, | Ve | | | A®, | S®, | Qf | Qm,
6a Ne % | % % | % | Mikg | MJ/kg
BI | 114 | 09 | 154 | 20 | 154 | 195 | 3549 | 3155
B2 | 129 | 08 | 148 | 10 | 138 | 213 | 3525 | 3070
B3 | 127 | 08 | 147 | 15 | 138 | 199 | 3552 | 3101
B4 | 132 | 08 | 140 | 10 | 117 | 177 | 3535 | 3068
B5 | 134 | 08 | 145 | 15 | 129 | 201 | 3532 | 3069
B6 | 122 | 08 | 137 | 15 | 111 | 178 | 3509 | 3081
B7 | 124 | 09 | 144 | 15 | 152 | 178 | 3529 | 3091
B8 | 112 | 09 | 149 | 20 | 164 | 204 | 3516 | 3122
BO | 151 | 09 | 114 | 00 | 65 | 146 | 3570 | 3031
B10 | 144 | 11 | 115 | 10 | 66 | 148 | 3555 | 3054
Cpen| 128 | 087 | 139 | 13 | 123 | 184 | 3537 | 3084
-HO * * * + * * * *
121 | 009 | 139 | 059 | 346 | 023 | 049 | 035

Wr, % — obwa Bnara; W?, % — aHanutuuHa Bnara; Véf, % — nobus Ha netnven
BewecTBa; | - uHpekc Ha cBoBogHoTo OyxBaHe; A%, % - nenenHo
CbAbpXaHue Ha cyxa mMaca; Sib, % - obLa cspa Ha cyxa maca; Qs%f, MJ/ kg —
TonnuHa Ha usrapsiHe Ha cyxo 6eanenHo ropuso; QsMAF, MJ/KG — TonnuHa Ha
u3rapsiHe Ha BNaxHo 6e3nenHo ropuso

Cnopen MexgyHapogHaTa knacucukaumus Ha Bbrivwara B
nnacra Te ca BbImuLa CbC CPeAeH paHr A — nepbuTyMUHO3HH,
Tb KaTo KOE(UUMEHTLT Ha OTpaxeHue Ha BUTPUHWTA €
1.5658%. OnpepneneHaTa cpefHa TOMnMHa Ha w3rapsHe Ha
BnaxHo 6e3nenenHo ropueo e 30.84 MJ/kg (Tabn. 2).

BTopata xapaktepucTuka € neTporpapcKkuaT  ChCTas.
Cnopeg Hero Bbrmuwara ot V nnact ce onpegensTt kaTo
MBMYECTU MPEAUMHO XyMYCHU, C NpUBMN3MTENHO paBHU
CbObpPXaHUs Ha NUNONAOHW U MHEPTUHUTOBW MaLepany 1 Hain-
ronsMo KonuyecTso Ha renudmumpann mavepanu — 90.74%
(tabn. 1). Tpetata xapakTepuCTka € KayeCTBOTO Ha
Bbrivwara. Burovwara ot V nnacr ca cbC CpefHo KayecTso,
T KaToO MenenHoTo UM CbabpxaHue e 12.34% (tabn. 2).
Bcuuku Tesn pesyntatu ce wmocTpupat ot ur. 1, KosTO
nokassa MexayHapogHaTa knacudukauns Ha BbriuwaTta B
nnacra u MAcTOTO Ha V nnacT B Hes.

Kodugpuyupane Ha ewenuwjama om V nmacm no
MexdyHapodHama cucmema Ha kodugbukay usi.
Cnopen cpegHUTE CTOMHOCTW HA OCHOBHUTE NapameTpu 3a
BbrnmwaTa ot V nnacT e onpeaeneH CnegHusT Koa;
150001121218 35
To3wn kog 03Ha4aBa, Ye:

® CPEJHUSIT MoKa3aTen Ha OTpaXeHue Ha BUTPUHMTA € OT
1.5 00 1.6%;

e pecbniekTorpamata e CbC CTaHgapTHOTO OTKIOHEHWE MOA
0.1 n 6e3 npekbcBaHNs (ur. 2);

® CbAbPXXaHNETO Ha MHEepTUHUTOBM Mauepanu € oT 0 o
10% v Ha nunTUHUTOBW MaLiepani ot 0 go 5% (tabn. 1);

® IHOEKCHT Ha cBOOOAHOTO ByxBaHe Ha kokca e oT 1 go
1.5 (tabn. 2);

o 10OMBBLT Ha NETNMBK BeLLecTBa Ha cyxa besnenenHa
maca e 12 go 14% (tabn. 2);

e MenenHoTo ChbpKaHue Ha cyxa maca € oT 12 go 13%
(Tabn. 2);

o CbAbpKaHNTO Ha obwa capa Ha cyxa Maca e B
nHtepaana ot 1.8 go 1.9% (tabn. 2);
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e B/CLUATA TOMAMHA Ha W3rapsiHe, OmpefeneHa Ha cyxa
BesnenenHa maca e ot 35 go 36 MJ/kg (tabn. 2).

3aknyeHue

Borimvwara ot V BbIAMLWEH NnacT ca KnacuduumpaHu no
MexnyHapogHata knacudvkauus Ha BbIMMWa B nnacra
(International Classification of in-Seam Coals, 1998). Cnopen
CpefHUTE CTOMHOCTM HA OCHOBHWUTE MapaMeTpn € N3BbPLIEHO
koguduuMpaHe  Ha  CbluMTe  BbIMMWA  CbIMAcHo
MexayHapogHaTa cuctema 33a Koanukaums Ha Bbrimwa ot
cpeneH v Bucok paHr (MexdyHapodHas cucmema..., 1988).

Bbrnumwata ca ueuyecmu npeduMHO XyMyCcHU om cpedeH
paHe A — nep6umymMuHO3HU CbC CPedHO Kayecmeo,
CbrIacHoO onpeaeneHnTe XapaKkTepucTUky:

o CpedHu  CTOMHOCTM Ha  nokasaTens  Ha
oTpaxeHue Ha xymuHuta — Hag 0.6% (ot 1.20 po 1.78%,
cpeaHo 1.566%) npw cpegHa TonnuHa Ha U3rapsiHe Ha BNaXHo
6eanenen+o ropuso 30.84 MJ/kg;

. netporpadcku cbetas — rp. Butpunut 90.74%,
rp. ExaunuTt 4.03%, rp. UHepTunut 5.23%;
. CpeaHo nenenHo coabpxanune 12.34%.

OnpepeneH e kog 15000 1 12 12 18 35, Bb3 OCHOBA Ha:

e  CpedeH MokasaTen Ha OTPaXEHWe Ha BUTPUHMTA
1.5658%;

e  XapaKkTepuCTWka Ha pedonektorpamata — CbC
CTaHgapTHoTO oTknoHeHne nog 0.1 u 6e3 npekbcBaHuATa Ha
pednekrorpamara;

e  CbAbpXaHWe Ha MHEPTUHUTOBK Mauepanu 5.23% u
Ha nunTUHUTOBK Mavlepanu 4.03%;

e WHAekc Ha cBoboaHOTO ByxBaHe Ha kokca 1.3;

e  fno6uB Ha neTnMBK BeLLECTBa Ha cyxa DeanenenHa
maca 13.93%;

° nenenHo cbabpxaHue Ha cyxa maca 12.34%;

e  CbAbpxaHue Ha obuia capa Ha cyxa Maca 1.84%;

e  BHUCLIA TOMMMHA Ha M3rapsHe, ornpefeneHa Ha cyxa
Besnenentxa maca 35.37 MJ/kg.
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FEONOXKN ®EHOMEHW B TPUACKUTE U NANIEOTEHCKUTE CKANW B IOrO3AMNMALAHA
BbJIFAPUA

Jumumubp C. CuHbo8CKU
Munto-2eonoxku yHusepcumem “Ca. Mear Puncku”, 1700 Cocpus; sinsky@mgu.bg

PE3IOME. Tpuackute ckanu B KioCTEHOWNCKO Ca pasBuTU B CunMUMKNnacTuyeH u kapboHaTteH chaumec. B ocHoBata cu Tpuackata cuctema e
cBbp3aHa ¢ MbpBogonckaTa CBMTa, KOSTO Ce OTHacs kbM [leTpoxaHckata TepureHHa rpyna. TS ce paskpuBa LUMPOKO B OKOMHOCTWTE Ha C.
MbpBogon, KbgeTo ce Hamupa HelHuaT cTpatoTun. pefcTaBeHa € OT KOHTWHEHTANHW anyBuanHW YepBEHOLBETHU KBapLIOBM NACHYHALM M
koHrnomepati. B paiioHa cesepHo oT c. Liuknoso cpea Genu u Bnegopo3oBM KBapLOBM MACHYHWLM Ha cBUTATa Ce HabniogaBaT MHTEPECHM
€PO3V1OHHN (hOPMU, KOMTO HanopobsBaT HOBELLKM W XMBOTUHCKM (urypu. Te ca C BUCOYMHA OT Hskomnko metpa go 20-30 m u ce u3sucssar
BHYLULMTENHO HaA 3eneHuTe ropcku Macueu. [laneoreHckuTe ckanmu ca pasBuTM B PasHOODpasHu TepureHHW aumecn W uMat LUMPOKO
pasnpocTpaHeHue B MusHeukns rpabeHos komnnekc u Magelwkus rpabeH. OcHosaTta Ha [NaneoreHa e cBbp3aHa ¢ KomaTuHekaTta cBuTa, KosTo e
uarpageHa ot cnabocopTUpaHu NOMMMUKTOBK YEPBEHOLBETHW GpEKYOKOHTNoMepaTh 1 koHrnomepatu. Mexay cenata Bykoso, Linknoso u ['onsm
BbpbOBHMK KOHTNOMEpATHUTE KbCOBE Ca OT Tpuacku kapboHaTu. Tyk Te U3BETPAT HEPABHOMEPHO U 06pa3yBaT NONOXWUTENHN penedHu opmu,
Halt-BneyaTnsBeala ot kouTo e cTbpyawara 10 meTposa ckana npu c. Monam BbpOosHuK. Hai-BneyaTnsBallmsaT ckaneH MacuB, u3rpageH ot
ckanu Ha KomaTuHckaTa CBMTa, Ce Hammpa B TUMoBaTa MECTHOCT 3anagHo oT CUMUTIIN, KbETO Ce Hamupa BHyLLIMTENHaTa ckana “KomatuHuua” ¢
BuUcoymHa Hag 100 m.

GEOLOGICAL PHENOMENA IN THE TRIASSIC AND PALEOGENE ROCKS IN SOUTH-WEST BULGARIA
Dimitar S. Sinnyovsky
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; sinsky@mgu.bg

ABSTRACT. The Triassic rocks in Kyustendil region are developed in siliciclastic and carbonate facies. The lowesrmost part of the Triassic is
represented by the Marvodol Formation which is referred to the Petrohan Terrigenous Group. It crops out widely in the surroundings of Marvodol
village, where the stratotype section is situated. The unit is composed of continental alluvial red colored quartz sandstones and conglomerates. In
white and light-rose sandstones in the area north of Cyclovo village are observed interesting erosional forms, resembling human and animal
figures. They are several to 20-30 m high and rise imposingly above the green forestry massive. The Paleogene rocks are developed in various
terrigenous facies widespread in the Pianets graben complex and the Padesh graben. The base of the Paleogene is connected with the
Komatinitsa Formation composed of poorly sorted polygenous red coloured breccia-conglomerates and conglomerates. Between the villages of
Vukovo, Cyclovo and Golyam Varbovnik the conglomerate clasts are Triassic carbonates. They weather irregularly and form positive relief forms,
most impressive of which is the rock near Golyam Varbovnik village standing 10 m above the ground. The most impressive rock massive composed
of rocks of the Komatinitsa Formation is situated in the type locality west of the town of Simitli, where the imposing rock “Komatinitsa” stands more
than 100 m above the ground.

BuBepeHue Crobckute  nupamugn, onpefeneHn Kato  (heHOMEeHM ¢
KpaMLuMnHaTa MOpCbOCprKTypHa 30Ha B }OrosananHa HaluMOHanHo 3Ha4eHue. KbMm TX ce oTHacs u M'prOD,OﬂCKMﬂT
BbArapusi MMa U3KIOYUTENHO CIOXKEH TeONOXKM CTpoex. Tyk  @HTUKNMHanoua, npeanoxeH ot 3aropyeB u Xpuctos (2003)
Ce paskpuBaT ckanW C Bb3pacT oOT |'|po-rep030;| Jilo) KaTo reosnioxku (beHOMeHCBMCOKa Hay4Ha CTOHOCT.
KBaTepHepa, a TEKTOHCKOTO pasBWTWe Ha paiioHa e
JOMNPUHECHO 3a 0bocobsBaHEeTO Ha peavua OpeBHU U Mo- Kato Y4aCTHUK B KapTUpoOBKaTa Ha Pel'ly6ﬂV|Ka B'bﬂrapl/lﬂ B M
MI1aan CTPYKTYPHW E€OMHMLM, Hamupaly ce B MHTEPEcHU 1:50000 npe3 nonesute ce3oHn Ha 2005 n 2006 r., aBTOpPBLT
B3aMMOOTHOLLEHUS] NOMEXZYy CH. Ha CbOHa Ha cnoXxHaTta MMalle BBb3MOXHOCT Oa Ce 3ano3Hae C TeOoJIoXKUTe
TEKTOHCKA  OBCTaHOBKA, Bb3pacTOBOTO ¥ haLuarnHo 3a0enexuTenHoCTM 1 NPUPOOHNUTE KPacoTK Ha TepUTOpUSITa Ha
pa3Hoo6pa3y|e Ha paskpuBaliMTe Ce ckanu npugasa KiocteHguncka u BﬂaroeBrpaﬂ,CKa obnact. B HacTodlwaTta
AOMbIHUTENEH KOMOPUT Ha reonoxkata 06CTaHoBKa. paboTa ca onucaHu NUTOCTpaTUrpathckuTe eANHULY, C KOUTO
ca CBbp3aHW MO-BrievaTrsBaluTe reonoXkM (eHoMeHH,
B 1031 paiioH ca onucaHn HSAKOMKO reomnoxku eHOMEHa, YCTaHOBEHW N0 BPEME Ha KapTUPOBKaTa W NMOCETEH NPE3 TO3M
EOVHUST OT KOUTO — MEmHULKUTE MUpaMUaW, 3aeOHO C noneBy ce30H B npoLeca Ha pabotara no Jorosop OXH 304/07
Berorpapuulukute ckanu 1 MoBUTUTE KaMbHU MOMbIBa ¢ ®oHp “HayuHn uscnepBaHus’. HanpaseHa e v KkpaTka
Tpoiikata Obarapcku eHoMeHu ¢ rnobarnHo 3HauveHue. He XapakTepucTika Ha Mopdororusita Ha reotonuTe, Kato ca

no-manko Bnevatnasawy ca 3eMeHcKuAT nponoMm wn
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OL|EHEHN Bb3MOXHOCTUATE 3a BKITHOYBAHETO UM B Perncrspa u
KafacTbpa Ha reonoxkute peHoMeHn Ha Bbrnrapus.

Xapaktepuctmka Ha  nutocTpaturpacckute

eAnHuUM n reotTonnTe, CBbP3aHN C TAX

l'eonoxk1Te (heHOMEHM, OnucaHn B HacToswaTta pabota,
Ca pasBUTW B TEPUTEHHU CEOWMEHTHW CKamW, OTHECEHW KbM
Mbpeogonckata cauta (JoneH Tpuac) n KomatuHckata cauta
(Eouen).

Mwpgodoncka ceuma. B paitoHa Ha c¢. Mbpsogon,
KiocteHouncka obnact, ce paskpuBaT CKanuTe  Ha
MbpBogornckata cBuTa, BbBeAeHa KkaTo  oduuManHa

nutoctpaturpadcka eauHmua ot 3aropues (1980). Mpeau
TOBA TS € ONUCBaHa KaTo “moneH Tpuac’ W “monHoTpuacka
TepureHHa 3agpyra’ (3aropyes 1 ap., 1979). OTHacs ce KbMm
MeTpoxaHckaTa TepureHHa rpyna (JoneH Tpuac).

TunoBuaT W paspes € no Konapckus MbT  MEexay
BopeHnyapcka maxana Ha c. [Mactyx u ¢. Mbpeogon. Ts nexu
HECbrMacHo  BbPXYy  MbCTPOLBETHU  KOHTUHEHTaNHM
MACBYHULYW,  aAneBponUTA,  apruiuTh,  Mepreim U
koHrmomepat Ha CkpwHckata csuta (FopeH [epm) unm
HanpaBo Bbpxy Ctpymckata guoputoBa dopmaums (QoneH
Maneoson). Harope B pa3pesa npexoxna B CUBO-DEXOBY
NACBYHULYN, anNeBPONUTH, aprunuTi, Meprenu 1 BapoBuLM Ha
Ceugonckata CBMTa WNM Ce MOKPMBA TPAHCIPECUBHO U
AMCKOPLAAHTHO OT NAneoreHcky CeauMeHTH.

CsutaTa ce CbCTOM OT PLXANBO-YEPBEHM, BIegopo3osu 1
Benn ONUrOMWKTOBM [0 MOHOMMKTOBM KOHIMOMepaTn ¢
KBapuOBMW WNM  KBApUWTHM KbCOBE, Kakto 1  Benu,
CBETIIOPO30BM [0 CBETNO3ENEHN KBapLOBW MACBYHULN W
YepBEHM MOMMUMMKTOBM MACBYHMLUM C XapakTepHa koca
cnoectoct. B ropuute uactM Ha paspesa csuTata
NpencTaBnsBa anTepHauus OT  KBApLOBM  MACHYHULM,
YepBeHu MOMMMUKTOBW NACHYHNLM W anesponuTh (3aropyes,
1980).

[peGHOKLCOBUTE  KOHITIOMEPaTW Ca po3oBM A0 Geru.
WarpageHn ca npemumMHO OT HECOPTUPaHW M 3armafeHu B
pasnuyHa CTeneH KBapLOBK KbCOBE, PasnpbCcHAaTW cpeq
CpedHo- [0 eApO3bpHECT YepBeH LMMeHT. KbcoseTe ca
[06pe 3a06reHu ¢ pasmep 1 10 3 cm OT KBapL, M KBapLUTH.

KsapuoBuTe NACHYHMLM Ca  HEpaBHOMEPHOSbPHECTH,
PO30BO-YEPBEHM [0 CBETIIOPO30BY C PEfKM BEnu Npocrnomku.
YecTo ce HabniofaBa XOpWU3OHTanHa M Koca CrOeCTOCT.
CbObpxaT NpeauMHO  KBapl, (henaiwinatit, MyCKOBUT M
€0MHUYHW LMPKOHOBM 3bpHA. LIMMEHTLT € OT NopoB Tun.

Anesponutute ca yepBeHokadsBM, NMBLTHW, (UHO- [0
ApebHO3bpHECTW, C napanenHa namuHauus. [puTtexasat
HepaBeH N1oM U ,6reLmBK’ NOBBbPXHOCTM OT NPUCLCTBMETO Ha
cniogern  MuHepanu.  CTpykTypata € aneBponuToBa.
LUumeHTsT e oT 6GasaneH O 3ambniBaw, nopute Tvn, B
CbCTaBa Ha KOWTO y4yacTBaT [MIMHECTU MUHepanu U
xugpocniogn. B cbctasa Ha anesponuTute npeobragasa

49

KBapubT. B NogyYMHEHO KONMYecTBO Ce cpewjat engwnart u
MYCKOBMT.

B Tean ckanu 4ecto ce cpewat MegHU NpOsBNEHUS,
NPeacTaBeHu OT  BTOPUYEH Mamaxut, NpUBLP3aH  KbM
3eMeHMKaBM NPOCNONKA 1 XankonupuT B KBAPLIOBM XMIH,
HanpeyHu Ha BYaMHMPaHW NPOCTONKM Cped NACLYHNLNTE.

B pamkute Ha MwbpBogonckata ceuta 3aropyes (1980)
otgens gea  uneHa:  bomHouykcku  u KaneHwwku.
BolHouykckmaT uneH obxsalla AOMHUTE HWBA Ha CBWTATa,
NMPEACTaBEHN OT KBAPLIOBW KOHIIOMEpaTH W NSCbYHULM C KOca
cnoectocT. KaneHWWKWAT uynmeH e pasnofioxeH OTrope W
npeacTaBnsBa peayBaHe Ha YePBEHU MOMUMUKTOBM NSACHYHMULM
W TAIMHECTU aneBponnUTM C TbHKW U [JoBpe 060cobeHm
npoCMnoikn 0T Benu ONUIOMWKTOBM KBAPLIOBU MSICHYHWLN.
[ebenuHata Ha ceuTata € Mexay 100 n 250 m, Ho Ha mecTa e
CWUIHO peayumpaHa — go 15-20 m.

[ebenuHata Ha MbpBogonckaTa ceuTa B TUMOBUS 11 paspe3
e okono 200 m. B Hes He ca oTkpuTW pocunHK ocTaHkm. Mo
CTpaTUrpadckoTo W MOMOXEeHWe T e OTHeceHa KbM [onHus
Tpwac (3aropuyes, Pycesa, 1993).

leonoxku  ¢peHomeHu 8  Mmwpsodonickama  ceuma.
[onHoTpuacknute oTnoxeHus Ha [leTpoxaHckaTa TepureHHa
rpyna cb3gaBaT npeanocTaBks 3a obpas3yBaHe Ha eqeKTHU
€pOo3nOHHN  hbopmu.  Hai-BnevatnsBaw cpeq TAX  ca
Benorpagunwkute ckanu. MbpBogonckata cBUTa He Mpasy
WM3KIIOYEHWE M HA MHOMO MecTa B Hest ce obpasyBaT CkanHu
nupamMuaun, OTNIMYaBalyM Ce C HEMOBTOPUMO U3ALLECTBO 1
kpacoTa.

B mecTHocTTa “Acapo”’, Hamupalla ce Ha 1 km ceBepHo OT C.
Lmnknoso 1 Ha 9 km 3-H03 o rp. [ynHuua, B NACbYHMLMTE Ha
MbpBogonckata ceuTa ca pa3suth Lobpe 0hOpMEHN CKarHW
nupaMuam, KOHTpacTMpawy Ha 3eneHns (POH Ha ropckuTe
macusu. MecTHocTTa npefcTasnsBa Lumpoka W kbca (1 km)
JOMnHa C OPUEHTUPOBKA 3anaf-W3ToK, OT KOATO M3BMpa OeceH
nputok Ha p. [hkepmaH. CeBEpHUAT CKMNOH e u3rpageH oT
CcpepHoTpUackm ckanum ot Mckbpckata kapboHaTHa rpyna - cusm
BapoBuLy Ha Morunckata cBuTa M JONOMUTK Ha BocHekckaTta
CBWTA, KOWUTO Ce MOKPUBAT HECBIMACHO OT MNaneoreHckuTe
KoHrmomepatn Ha KomatuHckata csuTa. KOXHMAT CKIOH €
U3rpafeH OT MHOro 34paBu MbCTPOLBETHU NACHLYHULM U
KoHrnomepatn Ha Mwbpsogonckata ceuta. [MOJHOXMETO Ha
JOnvHaTa € MoyTW 3apaBHEHO W NokpuTo ¢ Aebenm Hag 8 m
XOPWU3OHTAHO ~ CMOECTM  PbXAWBO-KadsBM  HECOPTUPaHM
KBaTEPHEPHM Hacnaru OT KbCOBE C YaKbIEH W rpaBieH pasmep
1 NecbynmBa OCHOBHA Maca.

lMnacToeeTe B MbpBogonckata cBuTa ca CybBepTMKanHu C
opueHtnpoBka S - 320/72. B ocHoBaTa Ha paspesa ce

paskpueaT  Genu  KBapLOBM  GpekyoKoHrnmomepats - OT
BOMHOUYKCKMS  YneH, KOWUTO Harope MpemuHaBaT —BbB
BMOMIETOBM,  PLXOMBO-YEpBEHM,  po3oBM M Benu

KBapUWUTU3MPaHW MNACLYHWLM W BUOMETOBU aneBponnuTh Ha
Kanenuwkus une.



BcnencTeue Ha eposusTa cped KBapLOBUTE MACHYHULM Ha
Kanenuwikus uneH ca 0bpasyBaHu xapaKkTepHU N3BETPUTENHM
(hOpMM — MACLYHMKOBK Mupamuam (cur. 1), odopmawm Ha
MecTa CTbpyaLuy CKanHu KonoHu (cpur. 2). FOXHUAT CKMOH Ha
ponvHata “Acapo” € MOKPWUT C LUMPOKOMMCTHA U MIMOMnMCTHa
ropa, KosTO npuaasa OCOBEHO npuBrekaTeneH BuA Ha
CTbpyawmTe ckanu. Te ca Age rpynu, otcTosAwwm Ha okorno 300
m edHa OT fpyra u ca oTbenssaHn Ha TonorpadyckuTe KapTu.
3anagHata rpyna € npeActaBeHa OT €pO3NOHHU hopMK,
00pa3yBaHu BbpXy CTPbMEH CKIOH C OTAENHW CTbpyally
konoHu. CkanuTte ca mbeTpouBeTHU — Benun, po3osu, bneno
3eneHn, pbxauBo-vepeeHu K BuoneTtou. Cpen Tax ce
oTKposiBa 6sna durypa, HanopobsBaia moHax (cur. 3). Ta e
C BMCOYMHA 3-4 m 1 Ce u3aura Hag LWMPOKONUCTHaTa ropa.

®ur. 1. MACLYHUKOBM NMpamMuan cpefi MBCTPUTE MACHYHALM Ha
Kanenuwkus yneH Ha MbpBoponckata cBuTa B MecTHocTTa “Acapo”,
ceBepHo oT c. LiuknoBo, KiocteHauncko (3anagHa rpyna)

®ur. 2. OTaenHu No3uTMBHM hopMU cpep 3anafHaTa rpyna gocrturart
BUCOYMHA 3-4 m W ce U3BMCABAT Haj FOPCKUS MacuB, KOMTO e OT
LWMPOKOMNUCTHU AbpBeTa

W3ToyHaTa rpyna e npeAcTaBeHa OT [BE OrPOMHU CKarlHy
KoMnoauLuu, HanogobsBaLL M KOHCKW cunyeTn. Besika oT Tax e
¢ onameTbp okono 50-60 m B ocHoBaTa U ce uagurat Ha 20-
30 m Hag UrnonucTHUS ropcku Macve (cour. 4).

Komamurcka cguma. Ckanute Ha KomaTuHckaTa cBuTa ca
onucaHu Hain-Hanpea ot benmycrakos (1948) kaTo nonureHHn
KOHrmoMepaT B OCHOBaTa Ha “MOLHA 3agpyra OT
KoHrromepaT 1 [ebenocnoitHn nsacbyHuyn” ¢ npuaboHcka
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®ur. 3. durypata Ha “MoHaxa” wu3BasHa cpep GenuTte KBapLoOBM
nAcbYHMUM Ha MbpBogonckata cBuTa ce OTKposiBa Ha 3-4 m Hap
ropckus MacuB B 3anapHata rpyna

®ur. 4. UstoyHaTa rpyna, npeAcTaBeHa OT ABE MMMO3aHTHU CKamnHu
¢hopmu, HanopoGsABaLLM KOHCKU cunyeTH, ce m3gura Ha 20-30 m Hapg
MINONMCTHUA FOPCKU MacuB

Bb3pacT. imeto “KomaTtuHcku koHrmomepatu” e BbBEeAEHO OT
Bonuer (1960). Ceutata € HaumeHyBaHa Ha 3abenexuTenHus
ckaneH macuB  “KomatmHmua” npu  c.  bpecrtoso,
Bnaroesrpagcka obnact. 3aropues u Monos (1968) s onuceat
kaTo netu xopu3oHT Ha CyxocTpernckaTta 3agpyra, HapeueH
“XOPW30HT Ha MOMMMUKTOBMTE  OpekvokoHrmomepatn”. B
MusHeukust rpabeHoB komnnekc Mockoscki u Llonos (1965)
onuceart TasnW eguHuua kato “llusHelka ONMCTOCTPOMHA
3agpyra’ M A NogensaT Ha Tpu nadkn. Mo-kbCcHO MockoBCKM
(1968) onucBa eguHMuaTa Kato  “OpekyYOKOHrIomepaTHa
3agpyra’, a TpUTE NaykM — KaTo XOPU3OHTW: “XOPU3OHT Ha
LUIMCTO3HUTE BpeKYn”, “XOPU3OHT Ha MONUreHHUst BPEeKYOKOH-
rnomepat” v “XOpU3OHT Ha BapOBMKOBMSI BpEKYOKOHIIoMepaT”.



MaHzes " 3acmpos (1971) oTHensT B
BpekJoKoHroMepaTHaTa 3agpyra ABe MbCTPU MECHUNMBO-
rMuHecT navku ¢ obwa aebenmHa 100-150m. PaHrbT Ha
ceuTata e nocoyeH ot 3aropueB u ap. (1989). 3aropues,
Pycesa (1993) otHacaT «kbM KomaTuHckaTa  cBUTa
KOHrrioMepaTUTe B OCHOBaTa Ha naneoreHa B [usHeukws
rpabeH. Baurenos (2004) cbwo M cuMTa 3a yacT OT
KomaTuHckata cBWTa M M OTHAaca KbM KOHTUHEHTanmHWTE
caumecn — anyBuanHu U NPONyBMANHW KOHycW. Kounov
(2003) Hapwua Tean ckanu “LloHeBcka cauta’ (“Tsonevtsi
Formation”).

Ceutata € uarpageHa OT criabocopTupaHu MONMMUKTOBH
YepBEHOLIBETHW BPEKYOKOHINMOMEPATM M KOHFIIOMepaTn ¢
KbCOBE  OT  Murmatuty, amdubonut,  meTabasuty,
3€MEHOWNCTHN CKamnu, [OWOPWUTW, TPAHOLMOPUTH, TPaHUTK,
KBapy, MepMckM W [OMHOTPUACKM YEpBEHM MACHYHULM,
aneBpoONUTU W aneBponenuTH, CpPegHOTPUACcK BapoBULM M
ponomuTun. KbcoseTe ca pvbati 4o nonysarnagexu ¢ pasmep
ot 2-3 po 30-40 cm, psgko go 80-100 cm. Cnornkarta e
necbYnMBO-rpaBuitHa ¢ Npeobnagasallo CUAMLMKNACTUYEH U
no-marnko kapboHaTteH matepuarn. Ts e cuBa 4O CMBOYEPBEHA
Ha MecTa CbC 3eMeH OTTeHbK. Ha pa3nunyHu HuBa ce cpelat
MACbYHWLM, aneBponuTM, aprvmnTM 1 BapoBuuu. B
KiocTeHauncko cauTtaTa e pa3npocTpaHeHa B OKOSTHOCTUTE Ha
cenata Crtpaganoso w CmonuyaHo, Mexay Maxanute
ToteBun u CemeHUM KOXHO OT C. Epemus, txHO OT C.
Bakceso 1 efHa mBuMUa mexzy cenata Bykoso, Liuknoso
['onam BbpboBHuK.

B T[MusHeukms rpabeHOB KoMMmnekc cBuTaTa MOKpMBA
TPaHCTPECMBHO MbCTPa MOAMOXKA OT PaHHOMANEeo30MCkN
ckanu - Oponowkarta csuta, CTpymckata AMOpuUTOBa
chopmaLms, nepMmcku U Tpuacku yepBeHouBeTn (CkpuHcka u
MbpBogoncka cButa) W Tpuacku kapboHatu (Moruncka,
BocHekcka, Pagomupcka u TpbHcka csuTa). B paioHa Ha
cenata lonsm BwbpboBHuk, Llknoso u BykoBo, Kbaeto
NoANoXKaTa e NpeAcTaBeHa OT TpUacky kapboHaTy, KbCoBUAT
CbCTaB € NpeaMMHO OT BapOBWLM W JOMOMUTH, @ CnoikaTa e
kapboHaTHa. [opHaTa rpaHuua Ha cBMTaTa NpeacTaBnsBa
nocTeneHeH npexog KbM NACbYHWUMTE Ha Jlorogalukarta
CBWTA, WM KbM MACBYHMLUMTE W aneBponenuTuTe Ha
HeBsecTuHckaTa cauTa.

®ur. 5. Bogopacnoeute BapoBuuM Ha OBHapCKMs BapOBWKOB penep
nokpueat KomatuHckara cButa u CTpymckara guoputoBa hopmanus no
neBus 6par Ha p. Ctpyma, C3 ot c. MbpBOgon
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B paitoHa Ha cenata Yetupum n MbpBogosn T4 ce nokpuea oT
BOZOPACIOBY BapoBuLY, kopenupaHu ot 3aropyeB u Pycesa
(1993) ¢ OsHapckust BapoBuKoB penep oT lNagewkus rpabeH.
Tean BapoBMUM He Ca naTepanHo W3ObpkaHu. Tyk Te
obpasysart newoobpasHo Tano ¢ gebenuHa 12 m, nsguraio ce
kaTo OTBECHa ckana Ha nesus 6par Ha p. Ctpyma (cur. 5).
JlaTepanHo  CbCTaBbT Ha  Opek4oKOHrMomepatute W
KOMMYECTBOTO Ha MACBYHMKOBUTE Mpocnonku B KomaTuHckaTa
CBUTA CE W3MEHAT Gbp30 M Ha MHOrO MecTa MpexoxpaT B
nACbYHMUMTE Ha Jlorogallkata CBWTa M AOpPW Hanpaso B
NACLYHULMTE W aneBponennTuTe Ha HeBecTuHckaTa CBUTA,
kaTo Hanmpumep npw pasknoHa 3a ¢. Mbpsogon (CuHboBCKM B
MwnosaHoB u ap., 2008).

Cnopeg, 3aropyes u ap. (1989) pebenuHata Ha cBuTata B
TMnoBaTa MecTHocT npu ckanata Komatuumya C3 ot c.
bpectoBo, bnaroesrpagcko e okono 800 m, HO B
KiocteHguncko He Hagsuwasa 100-150 m. B paskputueto
3anagHo OT Maxana ToTeBuw Ha c. Epemus, KbaeTo gonHata
rpaHMua He ce paskpuea, aebenuHata e Hag 100 m. B
paskpuTusiTa npu c. [lpymoxap cBMTaTa CbLUO He Ce paskpuea
MbIHO, @ pa3pesbT OT HUBOTO Ha p. EnewHuua go 6unoto e He
noseye oT 90 m. Tyk B Hal-ropHWTe HMBA Ha paspesa
npuckbeTBaT KadsiBOOLBETEHM naneonoysu. Bbapactta Ha
cBuTaTa € OnpeferneHa Kato KbCHOEOLEeHCka OT 3aropyeB M
Pycesa (1993).

leonoxku ¢eHomeHu e KomamuHckama ceuma. B
KiocTeHouncko cBMTaTa He e LUMPOKO pasnpocTpaHeHa W
€OWHCTBEHUTE MO-BreYaTnsBaly €po3nNoHHN  hopMu  Cce
Habniogaeat npu c¢. lonam BwbpbosHuk. Tyk T8 nokpuea
Tpuackute kapboHaTh 1 e urpageHa NPeauMHO OT BapOBUKOBM
W BONOMWTHM KbCOBE. B 3anagHus Kkpal Ha Cenoto cpeq
KOHrIoMepaTuUTe Ce U3aura eauHuyHa ckana c BucounHa 10 m
¥ oameTbp 0kono 5 m (cpur. 6).
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®ur. 6. B 3anagHusA kpau Ha c. Monsim Bbp6oBHuMk ce nsgura 10 metpoBa
ckana odopMeHa cpea KoHrnomepartuTe Ha KomaTuHckaTa cBuUTa



MHOrO MO-MMMO3aHTHW paskpuTUs ce Habnwpasar B
pailoHa 3anagHo oT CuMMMTNIW, B TWNOBaTa MECTHOCT Ha
ceutata. TyK CkanuTe Ha cBMTaTa ca nNpeobnapasalyo
MOMUIEHHM KOHTIOMEpPaTK C rpaBuitHa U NecbUnnea croiika.
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®ur. 7. CkanHuat macuB “KomaTtuHuua” npeacTtaBnsiBa MMMO3aHTEH
ckaneH BeHel, M3rpafeH OT KOHrromepaTute Ha KomaTuHckara cBuTa

®ur. 8. Ckana “KomaTMHMLA” e Hall-BUCOKaTa YacT OT CKaNlHus BeHel,
pasnonoxeH C3 ot c. BpecToBo, Bnaroesrpaacko

Te ca mbCTpn Ha UBAT C npeobnagaBaHe Ha BUOMNETOBUTE
pasHOBWAHOCTW. B pomHaTa 4acT ce cpelar BMONETOBM
NPOCNONKN OT NACHYHULM W rpaBennuTh. CBUTaTa NEXU C psiska
NIMTONOXKA rpaHuLa BbpXy MscbuyHMumMTe Ha CyxocTpernckata
cBUTa.

CrpaToTvnbT Ha cBuTata ce Hamupa Ha 1 km C3 ot c.
bpectoBo B ckanHuaT macue “KomatuHMU@”, Ha KOMTO €
kpbCcTeHa. KomaTWHCkuTe Ckanu NpeAcTaBnsBaT — U3KNH0-
UMTENHO BrevaTnsBaly ckaneH BeHel, oTOensi3aH Ha BCUYKM
Tonorpadicku kaptu (cpur. 7). BucounHata my e Hag 100 m, a
AbKMHaTa — Hapg 1 kunomeTbp. Haii-Bucokata uact oT
CKanHWs BeHel Hocu umeTo “ckana KomatuHuua” (cpur. 8),
YMETO UME Croped MECTHOTO HaceneHue MaBa OT KOMMTA,
KOMUTHWLA, KOETO OYEBWOHO € CBbP3aHO C HaLWOHANHO-
0cBOOOAMTENHOTO ABMXKEHME B kpasi Ha XIX-Tu u HayanoTo Ha
XX-Tu BeK.

P,

®ur. 9. MAacb4HMKOBM KOHKpeuun B Conaikus uneH Ha CyxocTpenckarta
CBUTa B pa3kpUTUATa CeBEPHO OT . BpecToBO

Tyk ce Hamupa u cTpaTtoTunbT Ha CyxocTpenckata CBuTa,
4uMTO YneHose ca onucaHn KO3 ot KomatuHekuTe cranm.

MscbyHMuMTe Ha Conalukus YneH NpeaocTaBsAT Bb3MOXHOCT
3a HabniogeHne MHTEPECHU CeaMMEHTHW TekcTypu (cur. 9) u
Cb3gaBat He NMo-Masko MHTepeceH naHawadr (ur. 10).

®ur. 10. NacbynmumTte Ha Conawkus uneH Ha CyxocTpenckata cBWTa
M3BETPAT B MeKM penecdHu (opmu, 06pasyBalyy MHTepeceH naHpwadgT



3akntoyeHue

Cnopen paspaboTeHaTa MeTOAMKAa 3a OLEHKa Ha
reonoxkute eHomenn (Cunbosckn u ap., 2002) onucaHuTe
3a0enexmTenHocTM MoraT ga ce HapeasT 40 edHW OT Hai-
MnonynsipHUTE CKaNiHW KoMMno3uumm B Bbnrapus, HesaBucMMO
Ye ca C pasnnyHa ecTeTnyecka CTOAHACT.

Ckanata B c. [onsm BbpboBHMK O4YEBWMAOHO € C MECTHO
3HaveHne. Ta He 6 morna Ja Brnese B Peructbpa w
kapactbpa Ha reonoxkute ceHomeHn. Purypute B
MbpBogornckata cauta obaye morat ga 6bgaT HOMUHMPaHM
3a BKMOYBaHe B Peructbpa, ako ce Hanpasu NO-CEPUO3HO
npoyyBaHe 3a Bpb3kaTa UM C MECTHWS CHONKIop, KynTypa u
ucTopus.

CkanHuat BeHel “KomaTuHuuya” onpegeneHo e o0ekT ¢
HaUWOHANHO 3HayeHue. AHOHUMHOCTTA Ha Teau ckamnu
BEPOSTHO Ce Ab/KM Ha reorpadpckoto MM MOMNOXeHWe B
nepucpepusita Ha tO3 Bonrapus, 6nuso go rpaHvuara ¢
6uwa HOrocnaeusi. Te 3agbmxuTenHo TpsibBa ga Obaar
OnMcCaHn cnopes U3NCKBaHUSTa M NPeasIoXeHM 3a BKIHOYBaHe
B Peructbpa M kagacTbpa Ha Treonoxkute (heHoMeHM.
KomaTtuHckuTe Ckanu uMat 1 HayyHa CTOMHOCT, KaTo ce uMa
npeaeug Ye ca B TMMoBaTa MeCTHOCT Ha KomatuHckata
ceuTa, CyxocTpenckata CBUTA M HEWHUTE YeTUpW uneHa —
Encku, Munbosckun, Conatuky n [JeboumLukm.

BnaeodapHocmu. Hactosiwata nybnukaumsi e pesyntat oT pabotata no
[orosop BY-OXH-304/07 ¢ ®oHp “HayuHu nscnegsanvs”.
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FEONOXKUTE ®EHOMEHU B CEBEPHATA YACT HA UICKbPCKWUA NMPOJIOM
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PE3IOME. B ceBepHata YacT Ha V/ickbpckusi Iponom npupoaata e 13Basna efjHu OT Hail-3abenexuTenHuTe reonoxknte oeHoMeHn Ha bunrapus.
Tyk go c. Mliotnbpop ce Hamupa MbpBaTa OULManHO 3alluTeHa reonoxka sabenexutenHoct — Putnute, kosTo cdurypupa nog No 2 B cTapus
perucTbp Ha nmpupopHuTe 3abenexutenHocTv B Bbnrapus. Putnute ca BepTMkanHW NnactoBe C anTcka Bb3pacT B HaW-ropHata 4act Ha
JlioTubpogckata cauta, usguraim ce Ha 20-30 m Hag HUBOTO Ha p. ckbp. 3aeaHo ¢ Yepenuiukute ckamu Te opopMAT eauH 3abenexureneH
ckaneH MacwuB, KOMTO MOXe Aa Ce CYuTa KaTo CeBepHa BpaTa Ha CblUMHCKaTa YacT Ha Aeduneto. [pyr reonoxkun eHomeH ¢ HauvoHamnHa
3HaummocT e Bpatuarta npu rp. Bpaua. Ta npeactaensea TACHO XAPENo CPed TUTOHCKUTE BapoBMUM Ha YepenuikaTa u [MoxeHckaTa cBuTa,
n3gbnbaHo ot BoauTe Ha p. Jlesa. Ha 10 km cesepHo oT Bpaua, npu c. [lunsye, ce Hammpa Manko U3BECTEH CKarneH MOCT HapeyeH “boxus mocT”.
Toi e obpasyBaH cpen anTckuTe BapoBuUM Ha JlioTubpoackata cBUTa M NpeLcTaBnsBa paskpUTa Ha NOBbPXHOCTTa newepa. OTBOPBT Ha TOBa
3abenexuTenHo kapcToBo TBOPeHWe e € BucoumHa 17 m. EOHM OT Hal-BneyaTnsBalluTe reonoxkn )eHOMEHW B TO3M pailoH ca passuTh B
MaCTpUXTCKUTE BapoBMLM Ha Me3afpeHckaTa cBuTa no AonuHaTa Ha p. PbyeHe, 3TOo4HO OT ¢. KameHo none v okonHocTuTe Ha c. Pecenel. Tosa
Ca HSKOMKO IpynK OT CKanH1 KyKMu, KOWTO MO HULLO He OTCTBLNBAT Ha u3BecTHUTe “HyaHu ckanu” B M3Tounus bankaH. [pyri reonoxkm dheHoMeHn
B panoHa ca ckanHoto cpyTuwe “CtpynaHnua’, ckanHuat nposoped, “MpobpTeHuka” u oTkputata netepa “MpoxogHa” npu c. Kapnykoso, KouTo
CbllLo ca odopMeHn cped MacTpuxTcki BapoBuum. OcBeH 0bekTUTE C ecTeThyecka CTOMHOCT, TYK Ce HammpaT M HSKOW TeoTOnM C HayyHa
CTOWHOCT, KaTo rpanuuata Kpega/Tepuuep npu c. MopaBuua, KnMMaTudHWTE LMKNM Ha MunaHkoBWY cped naneoLeHCKATe BapoBMLM Ha
MespapeHckata cauta no p. Kamenuuya npw rp. Mesgpa u MCTOPMYECKOTO PasKpUTME HAa KammaH-MacTPUXCKUTE MACHYHMLM U MHOLEPaMyCHM
BapoBHMLM Mpu €. Yenonek, KbaeTo BUEHCKUAT npodecop PpaHL Tyna onpefens MbpBuTe ropHOKpeaHU BkameHenocT B Bunrapus.

GEOLOGICAL PHENOMENA IN THE NORTHERN PART OF THE ISKAR GORGE

Dimitar Sinnyovsky, Venisslava Rangelovska, Martin Tolev, Georgy Nachev, Evgeni Tanev, Stephan Schahaliev,
Siana Tzvetanova, Polina Pomanova, Mitko Tzvetanov

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

ABSTRACT. In the northern part of the Iskar Gorge the nature created some of the most remarkable geological phenomena in Bulgaria. Near the
village of Lyutibrod is situated the first officially protected geological landmark — the Racks, included under No 2 in the former Register of the natural
landmarks in Bulgaria. The Racks are Aptian in age vertical beds of the uppermost part of the Lyutibrod Formation, rising 20-30 m above the lever
of Iskar River. Both the Racks and the Cherepish Rocks they form a remarkable rock massive which may be considered as the northern door of the
real part of Iskar defile. Another geological phenomenon of national significance is Vratsata near Vratsa. It is a narrow defile in the Tithonian
limestones of the Cherepish and Glozhene Formations incised by Leva River. 10 km orth of Vratsa near the village of Lilyache is situated nearly
unknown rock bridge called “The God’s Bridge”. It is formed into the aptian limestones of the Lyutibrod Formation and represents a cave cropping
on the surface. The opening of this remarkable karst formation is 17 m high. Some of the most impressive geological phenomena are developed in
the Maastrichtian limestones of the Mezdra Formation along Rachene River east of the village of Kameno pole and the surroundings of Reselets
Village. These are several groups of rock dolls comparable with the “Wonderful Rocks” in the East Balkan. Another geological phenomena in the
area are the rock fall “Strupanitsa” and the opened cave “Prohodna” near Karlukovo Village formed also into the Maastrichtian limestones. Here are
situated not only outcrops of aesthetic value but also geosites of scientific value, for instance the Cretaceous/Tertiary boundary near Moravitsa
Village, the climatic Milankovitch cycles in the Paleocene limestones of the Mezdra Formation along Kamenitsa River near Mezdra town, and the
historical outcrop of the Campanian-Maastrichtian sandstones and inoceramus limestones near Chelopek Village, where professor Franz Toula
from Vienna determined the first Upper Cretaceous fossils in Bulgaria.

BuBepeHue MckbpekmaT npornom e ¢ BuCOka HayyHa M obpasoBaTenHa

MCKbpCKMAT Nponom e [Obnook PEYEH KaHbOH, 06paayBaH oT CTOMHOCT N B UCTOPUKO-reONOXKO OTHOLLEHWE € CbMNoCTaBuM C
p. Mckbp, KOATO W3BMpa OT Hai-BMCOKATa MNaHWHa Ha theHomeHu OT TUna Ha Monemus kaHboH B CALL, nopaagu koeto
bankaunte — Puna v ce sruBa B p. flyHas. Ta npecuya e npepnoxeH 3a HauuoHaneH reonapk no [lpoekta Ha
3anagHara vacT Ha bankaHa u 0bpa3yBa MBOMUCEH KaHLOH C MuHMCTEPCTBOTO Ha OKONHaTa cpeda v BOAWTE 3a Cb3fjaBaHe
WHTEPeCeH naHawadT 1 3abenexuTenHn CkanHn paskpuTys. Ha Peructbp ¥ KapgacTbp Ha reonoxkute (heHOMeHn B
Tyk Ce paskpusaT pasnuuHM TUNOBE CKAMW, KOUTO HOCST Bbnrapust (2000-2003).

UH(opMaLms 3a LsnaTa aHepo3oiicka uctopus Ha 3emsTa.
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B cesepHata My yacT ce paskpuBaT MpeACTaBUTEMNHU
paspesu Ha  yproHckms  Tan  [lonHa Kpega,
ceBepHoeBponeickus (enunnatcopmen) Tun MopHa Kpepa,
rpanuumte tOpa/Kpega w Kpepa-Tepuuep, naneoreHcku,
HEOrEHCKW W KBaTEPHEPHW Hacnark. Tyk ce HamupaT egHn oT
MbpBUTE  3ALLMTEHW TEONOXKA 3abenexuTenHocT! kato
Putnute n BpaTtuata, KakTo M BnevatnsiBaly HesalwuTeHu
CKalHW pasKkpuUTUs C ecTeTuyecka, WCTOpUYecka M HayvHa
CTOMHOCT.

3a HyxauTe Ha NpakTU4eckoTo 0byyeHe Ha CTyLeHTUTE OT
l'eonoronpoyysatenHus akynteT Ha  MUHHO-reonoxkms
yHuBepcuteT “CB. MBaH Puncku” Be pa3paboTeH reonoxkm
g 3a nonesm npakTuki (CuHboBCKM M Ap., 2004), B KOINTO Cca
ONUCaHX  Hal-NPEACTABUTENHUTE TEONOXKA MapLipyT! B
panoHa Ha yyebHaTta 6a3a Ha yHuBepcuTeTa B C. JlioTnbpos,
BpayaHcko. B Hero ca onucaHM M HAKOM OT reONOXKUTE

3abenexuTenHoCTM Ha pailoHa, KouTO MpencTaBnsBat
WHTepeC 3a noneBo ofyyeHWe Mo OnasBaHe U
nonynspuanpaHe  Ha  reonoxkoto  Hacneacteo.  C

BbBEXAAHETO Ha AaucumnnuHata [eonoxku (eHoMeHu B
y4ebHUTE NNaHoBE Ha HSKOM TEONOXKM CheuuarnHoct B
leonoronpoyyBaTtentns akynteT 1 O0OHOBSBAHETO Ha
yyebHaTa 6asa B c. JloTnbpog, ce cb3aamoxa NpeanocTaBky
32 3ano3HaBaHe Ha CTYJEHTUTE C OpuruHanHata Owbarapcka
METOOMKa 3@  eKCrepTHa  OUeHKa Ha  TeonoXkuTe
3a0enexuTenHocTM UM CbC CTaHAapTHUTE npoueaypu 3a
pa3paboTBaHe Ha EKCMEPTHO AOCME Ha 3aLUMTEH FEONOXKM
tbeHoMeH B peanHa noneea 06CTaHOBKa.

CwrnacHo nnaH-nporpamara 3a M3nmbiHeHneTo Ha [lorosop
BY-OXH-304/07 ¢ ®ong “HayyHu wu3cnegpaHws’ Ha
MuHMCTEPCTBOTO Ha 00pa3oBaHMETO W Haykata W C
(bvHaHcoBaTa nogkpena Ha  HaydHo-u3cnepoBatenckus
cektop Ha MIY “Ce. MBaH Puncku” npes meced tonm 2008 r.
Be opraHu3mnpaHa CTygeHTCKka ekcneauLms 1 Nonesmn CeMmHap
Ha Tema “MCKbpcKMST  MpPoOMOM  —  pe3epeaT  Ha
reopasHoobpasveto Ha bBbnrapus:  nmpunoxenue  Ha
opuruHanHa Obnrapcka MeToAuka 3a OLEHKa Ha reonoXKu
tbeHomeHn”. Ha cemuHapa npoBeaeH B c. JlioTnbpoa
cTygeHTMTe 6sxa 3ano3HaT¥ C Hal-M3BECTHUTE MPUPOLHM
3abenexuTenHocT W 3Ha4eHWeTo MM 3@ COLMo-
MKOHOMMYECKOTO Pa3BUTHE Ha PEr1OHa Ypes3 reoTypusbM.

XapaKkTepucTuKa Ha reonoXKuTe

3abenexuTenHocTu

l'eonoxkute eHomenn B CeBepHaTa yacT Ha Vckbpckus
nporoM ca  Cpeg  MbpBATE  OMWUCAHM  MPUPOLHM
sabenexutenHocT y  Hac. Bpatuyata, Putnute u
Yepenuwikute ckanu owe npe3 1873 r. HamupaT MSCTO B
aKBapenuTe Ha YHrapCkus MbTELWeECTBEHNK W eTHorpad
®enukc KaHuu, KOMTO MOHACTOSILLEM Ce CbXpaHsBaT B
ApX1BHWS MHCTUTYT Ha BAH (cur. 1, 4, 7).

Pumnume (cpur. 1-2) ca eauH OT Hail-U3BECTHUTE reOmNOXKH
(DEHOMEHN Yy HaC, KOETO Ce Ob/KM Ha HemosTopuMata UM
KpacoTa, AOCTBbMHOCT M Bb3MOXHOCT 3@ HENOCPEeACTBEHO
HabntoaeHne OT MbTyBawWMTe NO HanpaenenueTo Codwms —
CeBepHa bbrrapus B egHa OT Hail-UHTEPECHUTE YacTW Ha
Wckbpekua nponom (AnToHoB, 20048). Te durypupat nog Ne
2 B [IbpXaBHUS PErucTbp Ha NpUpOAHUTE 3abenexuTenHocTym
1 ca sawwmTeHu owe npe3 1938 r. Pa3nonoxeHu ca HanpeyHo
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Ha TEYEeHWETO Ha NeBus Bpsr Ha p. Vickbp, HENOCPEACTBEHO A0
c. Jlotnbpop. WMarpagenn ca ot ckanute Ha Jliotnbpoackara
CBUTA, YMMTO BepTWKanHu nnactoee odopmsit CA Geapo Ha
3ropurpapckata  aHTUKNMHana.  Hai-3gpaBute  maukw,

CbCTABEHW OT BapOBULY, NECHYNMBIA BAPOBULM UI BapOBUTH
MACBYHULM, Ca 3anas3eHn kato cTbpyaym Ha 20-30 m Hap
HWBOTO Ha p. Wckbp CKamHW CTEHW, Npe3 KOMTO MMHaBa
xenesonbTHaTa nuHns Codoms-Mesgpa.

s et Pon TR .
®ur. 1. Aksapen Ha Putnute ot ®enukc Kanuy — 1873 r.

&l ﬂ” ;

| OEIFETR] G~ RO SOl ;
dur. ¢urypupar nog Ne 2 B [IbpxkaBHUA perucTbp Ha
npupoAHuTe 3a6enexuTenHocTM cbe 3anoBea ot 1938 r.

®ur. 3. U3rnep ot ceBep Ha “CeveHarta ckana” — npocekata B AONHUTE
YPrOHCKM BapoBULIM H0XHO OT . JlloTubpoa, BpayaHcko



WHTepecHMaT naHawadT Cce [onmbhea OT PyWHWUTE Ha
ApeBHaTa pumckata kpenocT KopuTeHrpag, ocTaHku OT
PaHHOXPUCTUSHCKA ©Oas3nnnka ¥ CPeJHOBEKOBHA LibpKBa,
Hamupawm ce HenocpeacteeHo o Putnute. OT toxHaTa
cTpaHa Ha Putnute ce Hamupa mctopuueckusT Pawos gor,
KbaeTo 3aruBat nocnegHuTe BoteBu YeTHULM cned pasrpoMa
Ha yeTata npe3 1876 r. Bcaka roguHa Ha BoTeBnTe NpasHuLm
ToBa CbOMTME ce OTDenssea OT CTOTUUM MOKIOHHWLM.
Putnute Hammpat mMacTo W B pa3kasa Ha WeaH Basos “baba
Wnuiua”, kosTo MMHaBa pekata Ha ToBa MACTO 3a Aa Cnacu
eanH ot botesute ueTHuun. HOxHO ot c. Jlotmbpon e
3anaseH pPWUMCKUST MbT, KOWTO Mpecuya BepTHKamHa
BapoBMKOBa CTeHa ¢ BucoumHa 10-15 m, obpasyeaHa oOT
“‘nonHuTe yproHcku Baposuuu” (Bonues, 1932) u nssecTHa
cpen MEeCTHOTO HaceneHue kato “‘ceveHata ckana’. OTTyk ce
paskpua BheyaTnsBalla rnegka koM - Putnute  u

Yepenuwkute ckanu.

d D Nt e o i LW
®ur. 5. BpaTuata npefctaBnsiBa TACHO XAapeno Ha p. JleBa usgbn6aHo
cped BapoBuuuTe Ha noxeHckata u Yepenuwkata csuta K03 ot rp.
Bpaua (poto AHToHOB, 20046)

Bpamuama (covr. 4-5) ce Hammpa HenocpeacTeeHo Ha 03
oT rp. Bpaua. Ta npefcraensBa TACHO Xapesno Ha p. Jleea ¢
ObIKUHA okono 1.8 km, 3aBbpLLBALLO NPU KXKHWS Kpal Ha p.
Bpaua. ObsiBeH e 3a npupogHa 3abenexutenHoct npes 1964
roguHa. Mo-kbcHO € 06sBEH 3a UCTOpUYECKO MSCTO, a npes
1989 r. e BkmtoyeH B MpupoaeH napk “BpavaHckn bankaH” v
turypupa nog Ne 46 B [JbpxaBHNS perncTbp Ha NpUpogHUTe
3abenexutenHoctn (AHToHOB, 20040).
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[JonuHata Ha p. JleBa € CbC CTPBMHM CKIIOHOBE M MMa
XapakTtep Ha Xapeso, KoeTo npecuya BpayaHckaTa nnaHuHa. B
Hal-TSiCHaTa €1 4YacT TO € M3abnbaHo cped BapoBULMTE Ha
[moxeHckata W YepenuwkaTta cBWUTA, KOUTO OGOPMAT
usnpaseHoto Gegpo Ha  3ropurpagckata  aHTUKNWHana.
CTpbMHUMTE ckanu ce u3guraTt Ha BucounHa go 600 m Hag
peyHOTO KopuTo. Te ca HabpasgeHu OT Cyxu KapCTOBW yreun 1
OCESHM CbC 3a0CTPEHM KYNN 1 CKanHmu 3b0epu.

MopenvpaHeTo Ha BpaTuata e pesyntar OT BepTuKanHaTa
peyHa epo3ns 1 okapcTsiBaHe. Tean NPoLEecK ca KOHTPONMpaHu
OT NNacToBUTE MOBBPXHWHM W KaTeTHaTa MykHaTWHHA Mpexa
BbB BapoBuuuTe Ha [MnoxeHckata cButa (AHTOHOB, 20040).
Bpatuata € eauH OT Han-nonynspHUTE reonoxXK eHOMEHN B
CeseposanagHa bbnrapus M CMMBON Ha  €OQHOMMEHHWS
obnacteH rp. Bpaua. TS e [OKyMeHTMpaHa 3a NpbB MbT MOA
opmata Ha aksapen ot ®enukc Kauuy npes 1871 roguua.
Mopagn 6nmusoctta cu [0 rpaga v nelwepata JlegeHuka,
XMBOMKUCHATA TECHWHA € MpUBMEKaTeneH TypUCTUYECKN 0BeKT
3a Hawu u uyxaectpaHHn nocetutenn. OueHeHa e Kato
reomnoxXK1 PEHOMEH C HaLWMOHAMHON 3HaYeHwue.

boxume mocmoge (cpur. 6) npu c. Nlunsye ca camo Ha 10 km
ceBepHo OT Bpaua. Te ca 3awmteHn npe3 1964 r. u
npeacTaBnsaBaT ecTecTBeHa kapctoBa ¢opma, obpasyBaHa B
anTckuTe Baposuuy Ha JlioTnbpoackata ceuta. Hamupar ce Ha
260 m HagMopCKa BMCOYMHA W Ca Pa3nonoOXeHu B neconapk
“MoHopa” no Jlunsdka peka.

el AT wWidh
®ur. 6. BbHweH u3rneg Ha M3TOYHMs oTBOp Ha “Boxurte moctoBe”
obpa3syBaHM B rOpHUTE YProHCK1 BapoBULM Npu c. Jlunsve, BpayaHcko

‘boxuTe  MOCTOBE”  Ca  BESIMYECTBEHO  MPUPOLHO
obpa3syBaHue, BneyaTnsaBallo CbC CBOWTE pa3mepw, W3rneg u
U3sLecTBO. Te ca OnMcaHW 3a NpPbB MbT KAaTO NPUPOAEH
tpeHomen ot [lonos (1970) u no-kbcHO oT TowkoB K
Buxoguesckn (1971), Muues u gp. (1980), Unues (1987a),
CuHboBcku 1 ap. (20046). Makap ye ca aBa, Te ca W3BECTHM
cped MeCTHOTO HaceneHue kato “boxus MocT”.

leHesucbT um e onucad ot Wrnues (1987a). Hepaney B
MWHaNoTo Te ca NpeAcTaBnsBany NAuTKa nelyepa npes KosTo
e Tekna Jlunaykata peka kato nog3emHa peka. [lo-KbCHO
BnarofapeHre Ha NOBbPXHOCTHATA epo3ns U pa3TBapsHETO Ha
BapoBULMTE OT TevyalluTe BOAW, MOKPUBLT W3TLHABA U Ce
cpytBa. Taka OT nelepata B YProHCKATE BapoBULM Ce
3anas3BaT CaMO fABaTa €CTECTBEHM MOCTA M OLE HAKOIMKO
XMBOMMCHN 00pasyBaHWs MO TeYyeHWeTo Ha Jlunadka peka.
OueHeHn ca KkaTo reonoXkM (DEHOMEH C  HaLMOHANHO



3HaueHue. B XMBOMMCHMS KaHbOH HA pekaTa MoraT fa ce
BUAST pasnnyHu KapcToBM 06pa3yBaHus — NeLepu, BbpTomy,
MOHOPM, KapW, KApCTOBW U3BOPM, EPO3VMOHHI KOTII U CKamHM
KO3UPKM.

Yepenuwkume ckanu (dur. 7-8) ca egHa oT Hail-
BreyaTnsBawumTe 3abenexutenHocT Ha VIckbpckus nponom.
OnucaHn ca kato reonoxkn deHomeH OT CMHbOBCKM U
Bbnues (2004), HO 3a NpbLB MbT CE OLEHABAT EKCNEPTHO B
HacTosilwata pabota. Te Ce M3gurat BUCOKO Haj TECHMS
KapCTOB kaHbOH, OhOpPMEH OT Bpsi3BaHeTo Ha p. Vckbp cpen
Yepenuwkute Baposuun. Marpaxaat 10 KMIOMETPOB CKaneH
BeHel, mexay rapa Yepenuw n rpag Bpaua, KoiTo B panoHa
ceBepHo OT c. [llotubpon ce Hapuuya “Bexpata’. Tosa e
HEOOCTbMHA BepTMKanNHa CTeHa, KOATO MpeacTaBnsiBa
MopchonoXKM u3pa3 Ha KoctaneBckus Bb3ces 4 CbBnaga CbC
CeBepoM3TOYHaTa rpaHuua Ha npupogeH napk BpavaHckn
BankaH. [leHuBenauuaTta Mexay HUBOTO Ha p. Vckbp u Hai-
BMCOKaTa KoTa Ha bunoto - [iagoTowosarta Moruna e 6mm3o
900 m. XKgpenoto Ha p. Vickbp npu Yepenuw npeacraensea
“ceBepHata BpaTa” Ha Vckbpckus MpoOfoM KbM HeroBaTta
CTaponnaHuHeKa Yacr.

UepenuwuknTe ckanu ca W3rpafeHn oT YMCTU OpraHoreHHM
BapoBULM,  KOWTO  Ca  OTHACSHW  KbM  PasnuyHu
nutocTpaturpadckn eguHmumn. AHToHos (2004a) u3nonssa
Hal-CTapoTo BanuaHo ume — Yepenuwikv BaposuLm (boHyes,
1910), pecnekTeHO Yepenuiuka cBuTa, C KOeTo ce n3bsArsar
peguua  HepgopasyMeHUs — OKOMO  MSICTOTO UM B
nuTocTpaTurpadckata cxema Ha ropHOPCKO-A0NHOKPEHMS
nHtepsan. Ctpaturpadockust 0bxsaT Ha eguHNLaTa B paiioHa
ce cuita 3a TutoH-bapem. Hai-Hanpen Tes3u ckanu ca
BOKYMEHTMPaHM nof copmata Ha LiBeTeH akapen oT Pennke
Kanuy (cpur. 6), koiTo MuHaBa npe3 c. Jlotnbpog v onucea
OCTaHkuTe  OT  pumckus  kacten  KopwuteHrpag w
CpesHOBEKOBHAaTa XpUCTUSHCKA LibpKBa npu Putnute.

HannuneTto Ha pexkBMEHMM, KAKTO M OTMeYaTbLu OT Apyra
kpeaHa mupa Neithea Drouet, HamepeHW 4o X.n. TyHena npu
rapa Yepenuw nokasea, 4e no-ronsmMata 4Yact OT Te3u
BapOBWLM B paioHa ca AOMNHOkpeaHu. bapemcka Bb3pacT €
[oKasaHa C opamuHuepn B MeprenHuTe newm cpeg
BapOBULMTE, KOUTO 0baye Ce cuMTaT 3a TEKTOHCKM (AHTOHOB
n ap., 1990). Ha cBexa NOBBLPXHOCT BapOBULMTE Ca CBETIO
BexoBy Ha LBAT, a Ha M3BETPANa NoBLPXHOCT ca 6enu. Cpeq
TAX MMa OTBOPW Ha Marku newepyu, Hapeyenu “LUnwmaHosu
Jynku”. B no-rongmaTa cu 4acT Te ca MacuBHU, HO BUCOKO MO
3anagHus CKMOH Hag rapa Yepenuw nuyat crnoese, CTPbMHO
notbBalm Ha CW. B crapata kapuepa no U3TOYHUS CKMOH
PAJKO Ce CpeLLaT BepTUKANHW YepynyecTy nnacToBe.

Ha pecHus 6psr Ha p. Wckbp ce Hamupa Yepenuwikust
maHactup “Ycnenue boropognyHo”, ocHoBaH npe3 XIV Bek.
Cnopep npepaHusTa ToraBa BoickuTe Ha Lap MeaH LUnwmaH
MManu Texka OuTka C OTOMaHCKUTEe HalEeCTBEHWUM B
OKOMHOCTUTE Ha MaHacTupa. Yepenn Ha ybutn BOMHM ca
CbXPaHEHN B KOCTHULATA Ha MaHacTupa, OTKbAETO BEPOSITHO
10Ba U HaNMEHOBAHNETO My.
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®ur. 8. Yepenuwkute ckanu ¢ “lnwmarHosute gynkn”

Mo Bpeme Ha HacTosillata reonoXka eKkcneauums
Uepenuwknte ckanu Osxa NOAMOXEHN HAa eKCMePTHA OLEHKA
CbrnacHo paspaboTteHata HayuHa Metoauka (CUMHBOBCKM W Ap.,
2002). OT nombnHEHUTE eKCMepTHU KapTu 3a OueHKa ce
nony4ymnxa noYTU MAEHTUYHU pes3ynTaTn u L'|epeI'II/ILIJKl/ITe cKkanu
Osxa OLEHEHN EOMHOAYLIHO KaTO reOnOXKUAT (DEHOMEH C
HaLMOHaHO 3HayeHue.

CkanHume Kyknu no nopeyneto Ha p. PvueHe (cur. 9-10)
mexgy cenata KameHo none, BpauvaHcko u  Peceneu,
lreBeHcko u No nopeyueTo Ha p. Wckbp, ca HenoBTOpUM
aHcambbn oT Hag 10 rpynu ckanmHM nuMpamugn - Cpeq
MacTpUXTCKUTe BapoBUUW Ha MesgpeHckata M OTYacTM Ha
Kanblwkata csuta (CuHboBckM 1 gp., 2004B). Te ca
CTbNOOBMAHM W NMpaMUZanHW  epo3vOHHKM  0bpasyBaHus,
copmupawy rpynu no gaBata bpsra Ha pekute Uckbp U
PaueHe. Yact oT TsX ca CbC CTaTyT Ha 3alluTEHW 0DeKTU OT
HayarnoTo Ha cefempeceTTe roawHu. Toa ca “Uyknute” B
3emMnueTo Ha ¢. bpecte, “Kyknute”, “Kynenute” n “Ckannute
Kyknu” B okonHocTuTe Ha ¢. Peceneu. OcBeH TsX Mo foNMHaTa
Ha p. PbyeHe, n3touHo 0T . KameHo norne, ce Hamupat egHu
OT Hal-KpacuBMTE CKanHu NMpaMuan, KOMTO ca NPEAnoXKeH! 3a
3awmta npe3 2004 r. no npoekta Ha MWHMCTEPCTBOTO Ha
OKOMHaTa Cpega M BOAWTE 3a Cb3[aBaHETO Ha Peructobp u
KafacTbp Ha reonoxkute heHomeHu B bunrapus. Te BkroysaTt
“Kacanckute 4yknn” 1 “KpbCKeOBCKUTE YyKn'.



®ur. 9. Usrnen Ha edaHa OT rpynuTe CKanHU KyKNMW MO AONMHAaTa Ha p.
PbueHe n3toyHo ot c. KameHo none, BpauaHcko

“Yyknute” (pur. 10) no gonuHata Ha p. PbueHe ca
ONMCBaHM MHorokpatHo oT Mrnues (19876, 1989, 1992a,0).
Cpen mopdponoxkute dopmn Ha “Kyknute” unn “Yyknute” ce
Habntogasa ronsmMo pasHoobpasue, HO OBWKHOBEHO Te ca
OBarHW UMM KOHycoobpasHu, CTbNOOBWAHM EPO3VOHHM
obpasoBaHus. BucounHata vM Bapupa OT HAKOMKO MeTpa 4o
HAKOMKO [feceTkn MeTpa. [ebenvnHata npw ocHoBaTa Ha
OTHENHUTE CKanHW KOMOHU e OT nopsgbka Ha 5-10 m. Pagko,
HO MHOrO €()eKTHO, B OTAENHW MUpamuan, B pesynTat Ha
OKapcTsBaHe MO APEBHW 3anWBHU MOBBPXHOCTU NapanerHu
Ha HannacTaBaHeTo, ce hopmmpaT AbMOOKM XOPU3OHTAmHM
KaBepHM, NPEMUHABALLM NPe3 CKarHUTe KOMOHW WU NpugaBaLLy
[OMbIHUTENEH KONOPUT Ha NpamuguTe.

ObpasyBaHeTo Ha CkanHWTe nMupamuan no nopeyneTo Ha
pekute Wckbp M PbueHe e pesyntar oT crneuuduyHaTa
HamnyKkaHOCT Ha FOpPHOKPEOHWUTE CKAnMW B paiioHa, NMUTONOXKM
npegonpegeneHara  NoOAaTiMBOCT — Ha  CKanute  KbM
oKkapCTsBaHe W [AENCTBMETO Ha aTtMocepHWTe BoOaM Mo
CKNOHOBETe Ha pekute. Jluncata Ha  pacTuTenHoct
BOMbIHUTENHO BNaronpuaTCTBa TAXHOTO pa3suThe. Hskom ot
rpynute  Osixa OLEHEHM KaTo reOnoXkN (PEHOMEHU C
HaLMOHarHO 3HayeHue, a ApyrM — C MECTHO 3HayeHue. Kato
LANO CKarHWTE KyKMM B KaHbOHa Ha p. PbuyeHe ca ¢
HaLMOHarHO 3Ha4eHue.

leonoxkusm ¢eHomeH "Kamapama" (ur. 11) ce Hammpa
no AonWHaTa Ha p. PbyeHe, HEMOCPeACTBEHO A0 Hail-
kpacuBata rpyna ot ““Yyknute” B 3emnuwieTo Ha c. bpecte,
[neBeHcko. Ta npeacraensea kynonoobpasHa,
HEOTEKTOHCKa, OnoKOBO-€pO3NOHHA  Mopdonoxka hopma
cper, BapoBuuuTte Ha MesgpeHckata cauta. OnucaHa e oT
Wnues (19876), a wHTepnpeTauusTa Ha HauMHa Ha
obpasyBaHe e HanpaBeHa OT CuHboBCKM M ap. (2004B). B
CEeBEpHUS Kpall Ha OrpoMHaTa ckarnHa ‘kamapa’ uma Manbk
nponom, nopgobeH Ha To3u B MecTHocTTa “Kaneto”. Tom e
oDOpasyBaH N0 BEPTUKANHW MyKHATUHW W EOWHUAT OT
OroKOBETE € HAKMOHEH W MOAMPSH HA CbCEefHMS OT CEBEP.
O6pasyBaHeTo Ha “Kamapata” 1 npouenbT B Hes ca 3aragka,
KOSITO MOXe Aa Obae 06siCHeHa eAMHCTBEHO C KBAaTEPHEPHUTE
u3BeTpuTeNnHN npoueck. OTroBOPBLT ce Kpue B obLwMpHaTa u
3apaBHeHa peyHa Tepaca Ha p. PbuyeHe TO4HO npeq
Kamapata. OueBngHo Tasn Tepaca He Ou ce obpasysana B
WHave Obp30 TevalaTa peka, ako HEMHOTO TEYEHWe He e
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Ouno 3abaBeHO OT HskakBa nmperpaga. BeposTHo npepm T4 €
npoTWyana npe3 TecHus KaHbOH B “Kamapata’. Korato

OTPOMHUST BMOK Ce € HaKMOHUN Ha CeBep TOW e Mpenpeyusn
peyHaTa JonuHa W ce e obpasyBarno Manko esepo. Pekata e
3anoyHana ga ce ottmya 3aobukansiku “Kamapata” ot tor,
KbOEeTo e cerawHoTo i pycno. C TeyeHne Ha BpeMeTo TS e
u3gbnbana HOBOTO CU XOPENo 1M e3epoTo Ce e OTTEKNO.
Hagony no TeYeHMeTo XMBOMUCHWAT KaHbOH Ha p. PbueHe
npeanara oLLe UHTEPECHN KapCTOBM (hOpMM.

®ur. 10. “Yyknute” no gonmHata Ha p. PbyeHe B 3eMnuMILETO Ha C.
Bpecte, lneBeHcko He OTCTBNBAT B €CTETUYECKO OTHOLIEHWE Ha
“YypaHute ckanu” B U3TOUHMA GankaH

Qur. 1. “Kamaara" ce Hamupa HenocpeactBeHo Ao “Yyknute” M
npeAcTaBs nmopeaMua OT KBAaTePHEPHM CBLOWTMS, OCTaBUNM cneau B
CbBpPeMeHHUTe Hacnaru Ha p. Pbuete

leonoxkusm ¢eHomeH "Kanemo" (dur. 12) e 3awuteH npes
1961 r. KaTO “TEKTOHCKM rpabeH” U ce Hammpa No JonuHaTa Ha
p. YunuHrMpe B XMBOMMCHATA MECTHOCT Ha neconapk “Kaneto”
po c. Peceneu, lMneseHcko. AHTOHOB (B CMHBOBCKM W fp.,
2004B) ro xapaKkTepusuMpa KaTto CpyTWWE OT OrPOMHM
BapOBMKOBY ONIOKOBE, OTLENEHU MO MYKHATUHU U 3ambliBaLLy
kaHbOH Cpel BapoBuuMTe Ha MesgpeHckata cBuTa C
AbnbounHa okono 60 m, wupuHa go 100 m u gbmxkuHa 600 m.
ToBa e pagKo cpeLlaH reonioXkN heHOMEH, KONTO BrevaTnsisa
C OrPOMHMTE CU pasMepy W Haii-Be4ye CbC CBOSI TEHE3WC.
O6ocobsiBaHeTo Ha rpabeHonogobHaTta Mopdhonorus e
CTaHaro upes okapcTsiBaHe Ha BapoBuUuTe Ha MesgpeHckaTa
CBWTA MO MyKHAaTMHWUTE W OCOPMSHE Ha Manko KapCTOBO
xapeno ¢ wupmHa 20-30 m. Creg ToBa € 3anovHano
oTLenBaHe Ha OrpoMHKUTE BROKOBE OT CTEHMTE, KOWTO NagaT B
nnuTkKata [ONvHa NOL  pasnuyeH brbn U 0OpMAT



BrevyatnsBala  rmegka  OT  [UrAGHTCKW  KameHHU
napanenenunegn ¢ BucoumHa 10-20 m. Tosu npouec
npogbikaBa W [HEC, MOpagM KOETO LUMPOYMHATa Ha

“kaHboHa” gocTura Ha mecta o 100 m.

AR # RNy EBR S il ‘;A.%'s.-.é,' - ';f:g‘
®ur. 12. CkanHuAT kaHboH “Kaneto” B efHOMMEHHMS neconmapk no
AonuHata Ha p. Ynnuerupe, toxHo OT c. Peceneu, [neBeHcko,

o6pasyBaH cpes MacTpUXTCKUTe BapoBuLM Ha MesapeHckaTa cBuTa

leonoxkusm ¢peHomeH "CmpynaHuya" (cur. 13) e
obpasyBaH  cpef ~ MacTpUXTCKUTe  BapoBMUM  Ha
“MesgpeHckaTa” 1 “KannblukaTta cBuTa’ 1 € pasmnosoxXeH Ha 2
km C ot c. KapnykoBo, no gecHus bpsar Ha p. Vckbp, Ao
ckaneH oteec ¢ BucouuHa 60-70 m. Tow npeactasnssa
OTPOMHO CpYTULLE OT ckanHu 6nokoBe, NpeayMHO C KybruiHa u
napanenenunegHa dopma, ¢ pasmepu go 1520 m.
O6pa3syBaHETO Ha CPYTULLETO Ce AbSTKM Ha MOLKONaBaHeTo
Ha OTBECHWTE CKanW Ha mporioma Ha p. Mckbp mpu MHOro
OCTbp nfB 3aBoi. Hait-BeposTHO MbpBOHAYanHo ce e
obpasyBana Abniboka HWWa, a BMOCNEACTBME HamyKaHWTe
MaCuBHM BapoBWLM Ca Ce CPYTUIK, NPOMEHSIAKN TEYEHMETO
Ha pekara. o cTeneHTa Ha M3BETPSIHE Ha YaCT OT CTEHWUTE Ha
friokoBeTe 1 0TBeCa Ha (POHa Ha OKOMHWTE CKamnu, KaKTo M
HMBOTO Ha peyHaTa Tepaca MOXe [da Ce Npeamnonoxu
XOMNOLIEHCKa Bb3pacT Ha cpyTuieTo (BaHrenoB B CHHLOBCKM
v ap., 2004B).

Ckanrusim mocm “Tipoxo0Ha” (cour. 14) pasnonoxeH 6nm3o
po CTpynaHuua, npeacTaBnsisa egHa OTkpuTa newlepa, KosTo
MpUBMMYa BHUMAHWETO Ha MOCETUTENUTE C OFPOMHUTE CU
OTBOPW Ha MOBBPXHOCTTA. TH € 3aWwuTeHa B paMKkuTe Ha
KapnykoBckus kapcToB komnnekc. Hamupa ce Ha 300 m C o
c. Kapnykoso mexay LwoceTo 3a JlykosuT 1 p. Uckbp. Obwara
JObMmkuHa Ha mMocTa e okono 100 m a BucounHata — 15-16 m.
ObpasyBaHa B MaCTPUXTCKMTE BapoBMUM Ha KaimblukaTta
cauta. Pelwasalya pons 3a hopMupaHeTo UMaT MoA3eMHUTE
BOAM, NPOTUYANK B rE0NOXKO MUHAMO Mo Nocoka Ha p. Mckbp.
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MMo-KbCHO Ta3n ApeHaxHa cucTeMa BeposiTHO € buma vacT ot
TeyawwmTe Boau Ha p. Uckbp u “TpoxogHa” 3a U3BECTHO BpeMe
e 6una nctuHekn ckaneH moct. Cera peYHOTO NErMO € Mo-HUCKO
OT OTBOpa Ha nellepata, a CamaTta MellepHa cuctema e
npeceyeHa OT epO3NOHHIA CPe3 1 OTZABHA € CyXa.

®ur. 13. CkanHoto cpytvwe “CTpynaHuua” cpes MacTpUXTCKuUTe
BapoBuuyM Ha KaiinblukaTa cBuTa no aecHus 6psr Ha p. Mckbp ceBepHO
ot c. KapnykoBo, [neBeHcko

MMewepaTa € C MHTEPECEH UHTEPMOP, B KOMTO M3MbkBa 3-4 M
BUCOK 3bbep, nperpaxgal, npoxoga. bnaropgapeHue Ha

CKalHWTE Mpo3opuM MO TaBaHa BbTPEWHocTTa e Aobpe
ocseteHa. CeBepHuaT oTBOp Ha ‘lpoxogHa” e Mo CTPbMHUS
JeceH Bpar Ha p. Vickbp, a KXKHUAT 13nn3a B Manka LOSMHa.

¥R AR BRNE
®ur. 14. CkanHuAat moct “lpoxoaHa” ce Hamupa Ha 300 m ceBepHO OT C.
KapnykoBo, [neBeHcko M npeacTaBnsiBa OTKpUTa neluepa cpea
MacTpUXTCKUTe BapoBuLM Ha KalinblukaTa cBuTa

leonoxkute  (PeHOMEHW C  HayyHa  CTOMHOCT ca
nokanuaupaHu no pfonuHata Ha p. Kamenuua KO3 ot rp.
Mesgpa, KosTO € MpeAnoXeHa 3a 3allMTeH reoTon no NpoekTa
3a CbCTaBsHe Ha Peructop W KagacTbp Ha reonoXkuTe
tbeHomenn B Bwbnrapus. Tyk 6nmso go c¢. Mopasuua ce
paskpuBa  rpaHuuata  Kpega/Tepuuep, [fokasaHa  no
Ouoctpaturpadpckn M reoxummyeH mbT B paboTuTe Ha
Cunboseku (1998; 2004). Ha nstok kbMm rp. Me3sgpa B pamkute
Ha egHa pobpe paskpuTa BapoBWKOBA MOCHELOBATENHOCT,
OTHecCeHa YCnoBHO KbM MesgpeHckaTta cBuTa, ce Habnogasar
YHUKamNHU 3a kapboHaTHUTE TEPEHW CEKBEHTHOCTpaTUrpadCkm
W LUMKNOCTPaTMrpaddCku SBMEHUS: BpsidaHa [O0MNMHa, CUCTEMHM
TPaKTOBE Ha HWUCKO W BUCOKO MOPCKO HUBO, KMUMATUYHW LMKAM
ma MunaHkoBuY, CbOMTHIAHK cnoese U T.H. Te ca NpeaMeT Ha



y4ebHW reonoXKA NPaKTUKA W
[eceTkn CTyaeHTU (cur. 15).

€XerogHo ce noceulasat OT

®ur. 15. CtbnanoBupHuAT pened cpen BapoBuuMTe Ha MesgpeHckaTta
CBWTa e 3arnevatan eycraTuyHuTe koneb6aHns Ha MOPCKOTO HUBO npe3
MNaneoueHa BcneacTBUe Ha KNUMATMYHUTE LUMKNK Ha MunaHkoBuY

3aknoyeHue

CeBepHaTa vacT Ha Vckbpckust mponom octaBa C ronsm
noTeHUMan 3a W3CnegosaTencka 1 momynspusaTopcka
paboTa. B paioHa Ha c. Yenonek ce pa3kpuBa rpaHUuHUST
nHTepBan mexay FOpckata n KpegHata cuctema, a paspessT
Ha KaMnaH-MacTpUXTCKUTE OTMOXEHUS B HOXHUA Kpal Ha
CenoTo e C 1CTOpUYecka CTONHOCT 3a Gbarapckarta reonorus.
Ot Hero Franz Toula (1878) onpegens nmbpeuTe KpeaHu
thocunu B Bbnrapus. OT cbLoTO CTpaTMrpadicko HUBO Npw C.
[bpmaHuW ca onpedeneHn MHOXECTBO (hOCUNN OT MbpBuUTE

Obnrapcku umscneposatenn 3natapcku  (1910), Bonues
(1932), bBoHyeB u KameHos, 1932; 1934). EpuH
3abenexuteneH reonoxks eHomeH — [nakanHuwkus
Bb3CeHO-HaBnayeH CHOM  (M3BeCTeH B  no-cTapaTta

nutepatypa kato “CTtaponnaHuHcka YenHa ueuua’) gocera He
€ npegnaraH 3a 3awura. Toi npeacTaBnsiBa UMOpUKALMOHHA
cuctema, KoATO  pasrpaHuyaBa  [lpepbankaHckata w
3anapHobankaHckata 30Ha W BKIIOYBA peauua anoXTOHHM
NNacTWHU, CbCTABEHW OT CKanu C Nepmcka, Tpuacka, topcka,
KpeaHa v naneoLieHcKa Bb3pacT. XapakTepuaupaHeTo My Lie
6bae npeamet Ha Obaelata paboTa no NpoekTa.

B pailoHa exerogHo ce npoBexaaT npaKkTUKUTE Mo
ManeoHTONOMMst U CTpaTurpadmsi, reonoXko KapTupaHe u
noneea reonormss CbC  CTyOEHTUTE OT  TEONOXKNTE
cneuumanHoct Ha MI'Y “Ce. MBaH Puncku’, a Hanuuuneto Ha
pobpa 0asa e npeanocTaBka 3a  MPOBEXOAHETO Ha
MEXOYHapOAHU CUMMO3NYMW HA TeomnoXka W €eKonoruyHa
TEMaTHKa C y4acTUeTO Ha CTYAEHTU N MITaay YUYEHN.

lMpoBexaaHeTo Ha CTygeHTCckaTa ekcregwuus, nocBeTeHa
Ha reonoxkute (DEHOMEHW B CeBepHaTa 4acT Ha Mckbpckus
npornoM, MOCTUrHa NMpeaBapuTENHO nocTaBeHnte Uemu. Mo
BpemMe Ha CeMUHapHUTE U TEPEHHW 3aHUMaHNA CTYAEeHTUTe ce
3ano3Haxa ¢ 4acT OT 0DEKTUTE Ha HaLWMOHANHOTO reomnoXKO
HaCnMeaCcTBO U C METOAMKATA 3a OLeHKa Ha ecTeTudeckara u
Hay4yHa CTOMHOCT Ha reonoxkute eHoMeHW. Te monyuuxa
npogecroHarnHu no3HaHus B 06nacTTa Ha reokoHcepBauusTa
KaTo HoBa anTepHaTMBHa UNOCOUA Ha YTUAMTaPHUS
MOAXOA4 B reornorvsita ¥ Momyynxa Bb3MOXHOCT camu Aa
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B3emart y4yactue B CTaHOapTHUTE [ENHOCTU MO Ona3BaHeTo Ha
reoNI0XKOTO HacneacTeso 3a 61>neu.w|Te NnoKkoneHu4.
y"IaCTHMU,MTe B eKcneauuuAata Ce BKIO4YMXa aKTUBHO B
npeonnceBaHeTo U JOKYMEHTUPAHETO Ha reOrIoXKuTe CbeHOMeHVI
¢ HoBa HD-TexHuKa 3a 3acHemaHe u npennoxmnxa MHOro HoOBU
voen 3a Aopaspa60TBaHe Ha MeToauKata 3a OLEeHKa.
Hesasucumo ot KpaTkua I'IpeCTOVI Ha TepeHa, Te YyCeTuxa
BaXHOCTTa Ha paspa60TBaHeTo Ha TeonoXKkuTe (*)eHOMeHVI
KaTo TYPUCTUYECKU o6ekTn 3a counasnHo-MKOHOMMYECKOTO W
KyNTYPHO-UCTOPUYECKO Pa3BUTHE HA PErMOHa.

Pabotarta no npoekTa e NpoAbIKM C pa3paboTBaHETO Ha
HOBW BMAEO MaTepuanu 3a reornioXKoTO HacneacTso 3a Myses
no Meonorvs 1 naneoHTonorus u obeaneyasaHeTo Ha LieHTbpa
no oOnaseaHe Ha TreONOXKOTO HAacneacTBO KoM  kaTedpa
“leonorus n naneoHTonorus” ¢ matepuanu 3a obyyeHueTo no
avcumnnuHaTa “Feonoxku eHoMeHn”.

bnazodapHocmu. Hactoswarta ekcneauums belle oCbLecTBeHa B pamkuTe Ha
[orosop BY-OXH-304/07 ¢ ®oHg “HayyHu nscneasanus” n no npoekt Ha HAC
Ha MuHHo-reonoxkus yHusepcuteT “Cs. ViBan Puncku”.
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PONATA HA A bNIBOYUHHATA XUNEPMEHE3A 3A ®OPMUPAHE HA KOMIMJIEKCHU
MWUHEPANN3ALIUA

Mapzapuma Tokmak4uesa

Munro-2eonoxku yHusepcumem “Cg. Mear Puncku”, 1700 Cogpusi; tokmakchievi@abv.bg

PE3IOME. 3onnTe Ha AbnboYmMHHa XMnepreHesa ce passuBaT Ha ronsama AbnboynHa, npy NOBULLEHO 3HAYEHWE Ha TemnepaTypaTa, HanaraHeTo u
pH. MwHepanoobpasyBaHeTo NpoTM4a MOA BAMSHME Ha MOA3EMHW BOAM C BUCOKA XWMMUYECKA aKTMBHOCT. M3yyaBaHeTo Ha 30HWTE Ha
AbnboynHHaTa XunepreHesa 4OMbBa HallaTa npefcTaBa 3a opmupaHe Ha Haxoguwata. 3a MegHuTe Haxoguwa ot lNaxartopcko-ETpononckus
PyOeH paioH e xapakTepHa akTMBHaTa JOpyAHa, MexaypyaHa 1 CneapyaHa TekToHuka. B gbnboumHa ce dopmupat 30HM Ha pasnomsBaHe ¢
pa3nunyHa MOLLHOCT, KOETO e NpeanocTaBka 3a hopmMmUpaHe Ha 30HW Ha AbNOoYMHHA XunepreHesa. B Tax cpebpoTo, 3natoTo, nanaaus, nnaTuHaTa
W Apyru bnaropoaHn MeTanu OTYETNINBO Ce KOHLEHTPUPAT B ENUreHETUYHN KOMMNEKCHN MHepanuaaumn. CbabpxaHusTa Ha 3naTto gocTurat Ao
40 g/t, cpebpo Hap 52 glt, BUCOKM ca ChAbpXaHUsATa Ha Tenyp, bucmyT, nnatuHa, nanagui v ap. B MuHepanHata napareHesa yyacTtsar MAHepanu
Ha BnaropogHu MeTanu, camoOpoAHO 3naTo, camopofeH Tenyp 1 ap. Te ca obpasyBaHu OT CUCTEMM, KOUTO ca oboraTeHn Ha Tenyp, 3naTo W
cpebpo npu cy6conMEoHOCHM npoLecy Npu Temnepatypu no-Hucky ot 210°C, a BEpOSTHO W Mo-HUCKa. 3naToTo W ApyruTe GnaropogHu MeTanu ce
yTasBaT Npu pA3KO CnafjaHe Ha HanAraHeTo, HamansBaHe Ha COMEHOCTTa Ha pa3TBOPUTE M Ha TAXHaTa TemnepaTtypa. ToBa akTuBM3upa
KpucTanuaaumsTa, KosTo NpoTida Npn HENOCTOSHHU OKUCTIMTENHO-PEAYKLMOHHM yCnoBus. B cunHo pasnomenuTe 30HM 1 6nn30 A0 NOBBPXHOCTTA
MWHepanoobpasyBaHETO NPOTUYa MOA BNWSHWETO Ha OoraTh Ha kucnopog Boau. CuuTa ce, Ye TOBa € €OWH OT aKTUBHWTE CTMMynaTopu 3a
OTnaraHe Ha 3nato v 6naropofHu MeTanu npu pasnaja Ha TEXHWUTE KOMMNeKcHU cbeauHeHns. Heobxoanmo e fa ce Hanpasu NpeoLieHka Ha
opyasiBaHusiTa OT rnefHa Touka Ha AbnboynHHaTa XxunepreHesa. ToBa MOXe Aa [oBefe [0 Bb30OHOBSIBaHE HA ThPCELLUTE W NPOyYBaTTENHUTE
[EHOCTY B NMOTEHLMarnHW paitoHu 3a paskpuBaHe Ha HOBU KOMMMEKCHI MUHEPAIHU CYpPOBMHN.

THE ROLE OF DEEP HYPERGENESIS FOR FORMING COMPLEX MINERALIZATIONS
Margarita Tokmakchieva
University of Mining and Geology “St. Ivan Rilski” 1700 Sofia; tokmakchievi@abv.bg

ABSTRACT. The zones of deep hypergenesis develop at great depth, higher temperature, pressure and pH. Metal formation is carried out under
the influence of underground waters with high chemical activity. Studying the zones of deep hypergenesis brings to enriching our knowledge of
deposits formation. Active pre-ore, inter-ore and post-ore tectonics is typical for copper deposits of ore region of Panagurishte and Etropole.
Faulting zones of different capacity are being formed in depth which is a prerequisite for deep hipergenesis zone formation. In them silver, gold,
palladium, platinum and other noble metals are clearly concentrated in epigenetic complex mineralization. Gold content reaches 40 g/, silver
content is over 52 g/t and tellurium, bismuth, platinum, palladium etc. contents are high as well. Noble metal minerals, native gold, native tellurium
etc. take place in the mineral paragenesis. They are formed of systems concentrated with tellurium, gold and silver under subsolid bringing
processes under temperatures lower than 210¢:°C and probably lower. Gold and other noble metals precipitate at sharp pressure decrease,
solution salt decrease and their temperature. That activates crystallization which takes place under changing oxidizing and reduction conditions.
Mineralization is carried out under the influence of high oxygen containing waters in highly faulted zones and close to the surface. It is accepted that
this is one of the active stimulators for gold and noble metals deposition when their complex compounds break down. It is necessary to re-estimate
the mineralization from deep hypergenesis point of view. That could bring to renew the exploration activities in potential regions for revealing new
complex mineral raw materials.

BbBeaeHue Bugose. [lo cera Hal-4ecTo Ha Te3u MpPOLEecH ce NpoTUBO-
TepMuHbT “xvinepreresa” e npearnoxet ot A. E. ®epcma rnocTaBsixa €HAOTEHHUTE XMMOTeHHW MUHepanoobpasyBaTenHu
npe3 1922 roguHa, Kato B HEro BKMKYBA MpOLECUTE, KOUTO npoLjeci, KOUTo NpOTU4aT B ALNGOKUTE Y4aCTbLM Ha 3eMHaTa
BOOAT [0 o0OpasyBaHe Ha KOpUTE Ha  W3BETpSHE, kopa npy MHOTO BUCOKO HanAraHe n remneparypa.
CEOMMEHTHUTE W APYTY eK30reHHU obpa3yBaHus. Ex3oreHHuTe
npouecu ca MHOrO pasHoobpasHu, KOeTo Ce AbMKM Ha [lo61BBT Ha MUHEparHW CYPOBUHN U AbNGOKOTO COHAMPaHE
aKTMBHaTa MUIpauuMs W KOHLEHTPaUWs Ha  XUMUYHUTE npes nocnegHuTe [ECeTUneTUsl HW MPefcTaBsT OrpoMeH
enemMeHTM B 30HaTa Ha xwunepreHesa MuHepanoobpasysa- hakTornoruyeH matepuan, KOUTo [0 ronsiMa CTeneH NpomeHu
TEMHUTE MpOLECH MpOTMYaT MPU HUCKA U OTHOCUTENHO HaluMTe MOHSATMS 3a CTPOrOTO pasfensiHe B 3eMHaTa Kopa Ha
HEBUCOKM HansraHe U Teymnepatypa.ToBa € npuduHaTa 3a 30HW Ha EHOOTEHHUTE UM €K30TeHHM NposiBneHus. Te
obpasyBaHe Ha MHOTO pa3HOODPa3HM HOBM MWHEPanHM MOMbIHAXa HALIETO MO3HAHWE 3a Pa3BUTUETO Ha 30HU Ha
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XunepreHesa Ha ronsama AbnbounHa. [lpes nocnegHuTe
TOOVHW BCe MOBEYE Ce cpewat HayyHu nybnukaumm 3a
pasBUTHE Ha 30HW Ha XWNepreHesa Ha ronsMa AbndounHa npu
MOBWLLEHO 3HAYEHWE Ha TemnepaTypaTta, HansraHeTo u pH.
Cnopen YepHukos (2001) muHepanoobpasyBaHeTo npoTUya
noa BNUSIHWETO Ha NOA3EMHM BOAW C MOBWULLIEHO ChAobpXaHWe
Ha XIop, HaTpWUit U Kanuui B YCrioBUATa Ha Bb3CTAHOBUTEMHM
1 NO-PSIKO OKMCIIUTENHM YCroBus. 3a Tean 30HM Ce M3Mon3Ba
TEPMMHA 30HM Ha AbnOoYMHHA xunepreHesa. [loasemHuTe
BOJM B TAIX MMaT MHOTO BUCOKa XMMMUYECKa aKTUBHOCT.

MwHepanoobpa3yBaHeTo B  30HMTE Ha  AbNOOYMHHA
XunepreHesa ce MpOTMBOMOCTABA Ha MPUMOBBPXHOCTHUTE
€K30reHHM MNpoLeck, Mnopagu pasnuuHUTE PU3NKO-XMMUYHM
YCNOBMS 1 MMa CBOW TMNOMOPHN 0COBEHOCTM, KOUTO MoraT
[a CnyxaT KaTo KpuTepud 3a OnpegensHe Ha Tuna
MuHepanoobpasyeaTeneH npouec. 30HWTE Ha AbNOOYMHHA
XunepreHesa ce pasnuyaBaT OT 30HWTE Ha KaTareHesa npu
cefMMeHTOreHHUTe npouecu. bunnbu n gp. (1991) onucear
pasHoobpasHN KOMMMEKCHW OpyAsSBaHWUA C TUraHTCKM 3anacu
Ha ypaH, BaHaaui, nonuMeTanHu ¢ bnaropogHn meTamm u ap.,
KouTO ca 06pa3syBaHu Npyu AbABOYNHHI XMEPTrEHHW NPOLECH.

Cnopen YepHukos (2001) 3a pa3BuTveTo Ha AbNOOYMHUTE
30HM Ha XUnepreHesa CbLLECTBEHa pons UrpasT BMECTBALLNTE
ckamW, TEKTOHMKaTa W xapaktepa Ha  €HOOreHHOTO
MuHepanoobpasyeaHe. Tpsabea ga ce OTYMTa M FeOMnOKKOTO
BpeMe Ha pa3BWTMe Ha W3y4yaBaHUTe y4acTbUM OT 3eMHaTa
kopa, npes koeTo ce  copMmupaT  CbBpEMEHUTE
MPUNOBBPXHOCTHW 30HW Ha OKUCMEHWE, 30HW Ha BTOPUYHO
cyndumaHo HaboraTaBaHe W OPEBHW 30HM Ha XunepreHesa. B
yyacTbLWTe Ha HanaraHe Ha Teau npoLecn ce dopmupart Hain-
BoratuTe Ha BriaropogHu v Apyrv MeTanu pyau.

B cBeToBHaTa nuTepaTypa 30HM Ha  AbNOOYMHHA
XunepreHesa ca onucaHn 3a Kpusompoxkus GaceiiH. Cnopeg
BensBues n ap. (1972) 3oHata Ha gbNOOYMHHA XunepreHesa
Ce pasnofiara nog MIOWHO pasBuTaTa Kopa Ha WM3BETPSIHE.
MuHepano-obpa3yBaHeTo  npoTM4a B ankanHa U
cnaboankanHa cpega npv MOBWLWLEHA Temnepatypa W
YBENNYEHO CbAbPXKaHWe Ha XIOop 1 HaTpWUi, NPy Hanu4ire unm
cnabo oTcbCTBME Ha CBOOOAEH pa3TBOPUM KWUCIOPOA B
MOA3EMHMTE BOAM 1M OTCHCTBME HA OPraHWYHO BELLECTBO.
MuHepanoobpa3syBaHeTo npu AbnboynHHATa XxunepreHesa ce
XapakTepuaupa ¢ acouumaLun oT TUMOMOPEHU MUHEPANK UK C
MuHepanu ¢ TunomopdHu ceoictea. Cnopeg YepHukos (2001)
B 30HM C BMCOKO XMOPOCTATMYHO HansraHe W Hanuume Ha
BOAOMPOHWL@EMN CTPYKTYPU METEOPHUTE BOAM MoraT Aa
UMpkoynupat B AbnOo4MHa Ha HSKOMKO XUNsigu MeTpa oT
NOBLPXHACTTA, KbAETO MWUHEpanu3auusTa B TsX JOCTUra Ao
50 g/l. MpuumHaTa 3a MHUNTPaLMsSTa Ha METEOpHUTE BOAM
Ha TakaBa ronsMa ObnboYMHa € CBbp3aHa C reornoxkara
MCTOpUS Ha Pa3BUTUE Ha 3eMHaTa Kopa.

Mpu  ObnOOYMHHM  YCMOBMS  peauya  MUHepanu
B3aMMOAENCTBAT C METEOPHWUTE BOAM, MPW KOETO HaCTbNBa
W3BMMYaHe W MpeoTraraHe Ha ronsMo KOMWUYECTBO XWUMUYHU
enemeHT 1 obpasyBaHe Ha HOB KOMMNEKC OT TUMOMOPHU
MuHepanu. Mauabute Ha MuHepanoobpasyBaHeTo 3aBUCAT OT
npouecuTe Ha W3BMWYAHe W MpeoTnaraHe Ha €enemeHTuTe.
XapakTepHo € (hOpMUPAHETO HA KOMMMEKCHU OpYOsBaHWS,
GoraTn Ha 6naropogHu Metanu. [lpouecbT npoTMya B
NPOSBIKUTENHO FeonOXKO BpeMe. MwHepanoro-

63

reoXMMiYHaTa 30HANHOCT € CXOAHA Ha OmnucaHuTe B
nuTepatypaTa npouecu Ha MuHepano- v pyaoobpasysaHe B
30HM Ha AbNBOYNHA XMNEepreHesa.

Y Hac Hama nybnukauum unu 06obLymtenHu paboTu, B KOUTO
[a ce pasrnexaaTr MUHepanoxk1Te 0CoBeHOCTW Ha 30HWUTE Ha
AbNbOYNHHA XMnepreHe3a M MHOTO 4ecTO Teau mpouecu ce
CMECBAaT  C  HWCKOTEMMEPATYpHO  XMApOTepMarnHuTe.
M3yyaBaHeTo Ha 30HMTE HA [ObNOOYMHHA XunepreHesa
ponbnea TpaguuWOHHATa npeactaBa 3a opMmupaHe Ha
HaxoauLiara.

PonAta Ha pAbnboyMHHaTa XxunepreHesa 3a
¢hopmupaHe Ha KOMNNEKCHU MUHepanusauum c
GnaropogHu MeTanu B CbCTaBa Ha MegHuUTe
Haxoguwa ot lMaHartopcko-ETpononckua pyaeH
pavoH

MbPBOTO OCHOBHO MONOXEHME € FeONIOKKUAT CTPOEX Ha
jpaioHa 1 HEroBOTO TEKTOHCKO pa3BUTUE

MaHartopcko-ETpononckus  paiioH (dur. 1) e wvact ot
CpepHoropckaTa  CTPYKTYpPHO-METanoreHHa 30Ha,  KOSITO
cnopes bBonueB (1955) e moOwnHa mnagoanmnuiicka
MOCTPOMKa, pasrnonioXeHa Ha XeTeporeHHa OCHOBa. ToBa €
oKkasano BNMsHWE Ha MobunmusauusTa Ha ObNBOYMHHKTE
yyacTbLM Ha 3eMHaTa kopa, Ha fopHaTa MaHTUs U Ha 4acT oT
6asanToBusi CNow.

| yﬁ)‘b
N
x

2 : s MASAPDKUK
®ur. 1. Yacr ot Meonoxka kapma Ha bbneapus, 1:500000, Yewutes n
ap., 1989: KsartepHep: 1 — anyBuanHu obpasyBaHus; 2 — nponyBUanHu
obpa3yBaHus; 3 — anyBuanHo-nponyBuanHu obpasyBaxus; Heoren: 4 —
TepureHHn ceaumenTH; Kpepa: MopHa kpepa: 5 — MHTPY3UBHW MarmeHu
ckanu; 6 — cyGuHTPY3MBHM rpaHoaMopuTOoBM nopdmputy; 7 — donmiukm
3agpyrv; 8 - BYNKaHOreHH-ceAMMeEHTHa 3Aappyra; Kapbow: 9 -
CraponnaHuHcku rpaHoauoput; 10 - “HKOxHOOBNrapcku” rpaHuTy;
OppoBuk-: 11 - aprunutu; [okambpuit-OppoBuk: 12 — metamopdo-
3upanm aprunutu; Jokambpuit: 13 — rHaiicu; 14 — pasceg u otceq

Mo MHeHueTo Ha borgaHos (1987) npes ropHOKpeaHUs
TEKTOHO-MarMaTuyeH LWKbI1 MEAHUTE OpyAsBaHMS B paiioHa
ce ¢hopMMpaT B YCMOBUSI HA WHTEH3UBHYU GNOKOBK ABWXEHUSI,



CbNPOBOAEHN C HarbBaTeNHW W paspuBHU Aedopmauun. Te
Ca MPOAYKTU Ha BYNMKAHOrEHHWUS U VHTPY3UBHO-CYOBYKaHCKM
MarmMaTtuabm.

MMo-paHHUTE u3cneaBaHUs Ha aBTopa NOTBbPXKAABAT, Ye 3a
cKanuTe OT annuiCcKUs KOMMMEKC e XapakTepHa reoxuMuyHa
cneundvkauma (TokmakumeBa, 1994), kosTo NOTBbPXIABA
napareHeTWYHaTa Bpb3ka Ha MEOHOMUPUTHUTE Haxo4uLia
Enwmua, Pagka, KpaceH, Yenoney u apyru ¢ ropHOKpeaHuTe
BYNKaHWTKW, Ha CYOBYNKaHCKUTE CKanmu ¢ MeAHO-nopdupHUTE
Haxoauwa — Llap AceH, Acapen 1 apymu, W Ha UHTPY3UBHUTE
kncenum [0 cpegHobas3WyHW ckanu € MeaHO-MonubaeHOBo-
nopcupHuTe  opyaseauus — Enauute u MegeT. Megnute
HaxoauLia B paiioHa ca 0Gpa3yBaHW Npu pasnuyHK reonoxKM
YCINOBMSl, KOETO CE € OTPa3uro Ha TAXHaTa HEOBWUKHOBEHHO
BMCOKA MPOAYKTMBHOCT Ha OnaropogHu W peakn enemeHTy.
lMocnegHuTe Ca NPUBHECEHW OT BUCOKOTEMMEPATYPHM hnynan
C MaHTUEH MPOU3X0[, KOETO Ce MOTBbPXAaBa OT M30TOMHUAT
CbCTaB Ha cApaTta W Ha Opyrv eTEMEHTH.

3a MeaHuTe HaxoauLla OT paiioHa e XapaKTepHa akTuBHaTa

AOPYAHa, MeXAypyaHa U crieapynHa TekToHuka. Mopaam ToBa
B AbN6oumHa ce hopmMmMpaT 30HM Ha pasnomMsiBaHe C PasnuyHa
MOLLHOCT. BmecTBawata ckana € CUIHO — TEKTOHCKM
obpaboteHa. C gbnbokuTe COHAAXM TakuBa 30HM Ce
npocneaseat 4o 800 m oT 3emHaTa MOBBPXHOCT. Hskou ot
TEKTOHCKUTE MyKHAaTWHU Ca 3ambfiHEHW OT [MMHA W CTpuTa
MWHEpanHa Maca M ekpaHupat. [pyri TEKTOHCKM 30HM ca
cBobogHM M B TAX UMpkynupa Boga. [paHuuute Ha
PasHOPOAHM CKarHW Mach ca CbLLUO TEKTOHCKWA HaTPOLLEHW U
NOLaTAMBM KbM MH(MNTPALMS HA BOAU.

Btopoto OCHOBHO nonoxeHue € ¢OpMUPaHETO npH
AbnboYMHHATA XMnepreHe3a Ha TUMOMOP(HU MUHEpanHu
acouMauMm W Ha KOMMMIEKCHM MWHepanu3auum ¢
onaropogHu meTanu

B nurepatypata ce cpewar MHoro nybnukauuM 3a
CblUeCTBEHAaTa MUrpauus Ha 3naTtoto W Ha peauua peaku
eneMeHT B KucnopogHa oOCTaHoBKa W MpU ENUrEHeTUYHN
npoLiecK, Npu KOeTo ce hopMMpaT KOMMMEKCHU OpyasBaHUs.
Cnopeg Bunnbux n gp. (2001) acoumaumsata Ha bnaropogHuTe
MeTanu cbC Cyndotenypuan, GUCMyT 1 gp. CBUAETENCTBYBa
3a (hOpMMpPaHETO Ha pyauTe B pe3ynTaT Ha CbyeTaBaHe Ha
AbNBOYNHHM M NPUNOBBLPXHOCTHW NMPOLLECH, KOUTO Ca [OBENM
[0 KOHUeHTpauun Ha meTanu. CpebpoTo, 3natoTo, nanagus,
nnatMHata W [Op. OTYETIIMBO CE  KOHLEHTpupaTt B
eMUreHeTUYHN OpYAsiBaHMs, OPMMpaHN Npu MpolecuTe Ha
AbnbounHHa xunepreHesa. EnureHeTuyHaTa akymynauws Ha
BnaropogHuTe metanu cnopeq LUmapuosuy u gp. (1992) e
XapakTepPHO NpW  WHUNTNPALMOHHOTO  pynoobpasysaHe,
MUrpupankin B kucrmopogHa obctaHoBka nog opmarta Ha
KOMMMEKCHN  CbeduWHeHus W oTnaraiikm  ce  npu
Bb3CTAHOBMTENHW YCMOBWS B GapiepHu 30HK Nog dopmaTa Ha
CamMopOAHU eneMeHTW. [MocnenoBaTenHoCTTa Ha OTNaraHeTo
MM npu noHwxkeHo Eh B 6nuska go HeyTpanHata cpepa e
nanagun-cpebpo-ceneH-3narto + peHuit.

3natoTo 1 6raropogHMTE MEeTanM B CbCTaBa Ha MeOHUTE
HaxofMla OT paroHa ce OTnaraT npes rnaBHUTE CTagui Ha
XWOpPOTEPMANHOTO MuHepanoobpasysaHe (Petrunov et al.,
1992, Strashimirov, et al., 2003., Tarkian et al., 2003). TexHute
MWHEpanu ce YCTaHoBABa B CbCTaBa Ha [MaBHUTE PYAHU
MWHepanu. B nuputa ¥ xankonuputa CbObpKaHMETO Ha

64

anato e ot 0.4 po 3 g/t (Haxopmwa Enwwua, Pagka, KpaceH);
oT 1 go 5 g/t (Haxogmwe Yenoneuy), oT cnegm po 1 git
(Haxoawmwa Llap AceH, Acapen, MegeT) v ot cneau ao 9 g/t 3a
Haxoguwe Enauute. B GopHuTa CbabpxaHusTa Ha 3nato
Bapupat oT 1 go 50 g/t 32 MeAHO-NMPUTHUS TUN HaxoauLwia u
oT cneam go 20 g/t 3a Haxoauwe Enauute. B rnasHuTe pyaHu
MWHEPanNM OT Hax. Yenomey TEHaHTUT W eHapruT
CbabpxaHueTo Ha 3nato e oT 5 go 20 g/t. UscnepgaHusiTa
BbpXYy TemnepaTtypata Ha XOMOreHu3aLus Ha ra3oBOTeYHUTE
BKMIOYEHUS NOTBBPXAABAT €BONOLMATA Ha ryuauTe, KOUTo
B Hayanoto Ha pypoobpasyBaHe ca C BMCOKa COneBa
KOHLIEHTpauns W ankanHocT. [1pu BuCOKa TemnepaTypa Hag
400°C OT BWCOKOCONEBWTE pPa3TBOPWU  Haped C pyaHUTe
MUHEpPanM Cce OTnara “HeBMaMMO 3nato’ C pasmepu [0
HAIKOINKO MUMKPOHA T.€. “CyOMUKPOCKONMYHO”. Tasm MuHepanHa
asa 3nato ce obpasysa  cpen nputa 1
xankonuputa.OCHOBHaTa Maca 31iaTo B CbCTaBa Ha MeaHuUTe
HaxogulWa B padoHa ce oOTnara cpej cynduaute kato
YNTPaMUKPOCKOMMYHO 0 MUKPOCKOMMUYHO. PaHHaTa
reHepauusi 3nato € B CbCTaBa Ha MWpMTa, a NO-KbCHaTa
(MMKpoCkOMMYHA) B CbCTaBa Ha Xxankomupura. 3nmatoTo e
CUHTEHETUYHO C BMECTBalMTE o cynduan. 3a Haxogwiie
“Uenoney” ce  ycTaHoBABA, 4Ye  3axeaTbT  Ha
(DMHHOOMCMEPCHOTO  3MaTO  Ce  OCblUecTBABA UM Mpw
paskpucTanu3auus Ha 3naToCbObpXally CNOXHW MO CbCTaB
renn, npeaWmHo cynduam Ha kenss3oto. [o-paHHuTe
n3cnedBaHus nokasaxa, 4e 3MaTOHOCHWAT MMpUT OT TOBa
Haxogule € C XapaKTepHu METaKONMOMAHW CTPYKTYpU Ha
arperatute (Tokmakchieva, 2001).

Mo Bpeme Ha MexaypyaHaTa TEKTOHMKa MWHepanuTte ca
MOAMOXEHN Ha KaTakrnasa v npekpuctanusauus. VIHTeH3uBHO
TEKTOHCKM 0OpaboTeHWTe pyaoOBMECTBaLM CKAanW Cb3AaBaT
BrnaronpusTHN YCMOBWA 3a MPOHWKBAHE Ha NOCneABaluTe
pa3TBOPU U TAXHOTO CMeCBaHE C XNafHW METEOpHU BOAM.
Onyngute ca ¢ HUCKa comneHocT u Temnepatypa ot 150 go
210°C. Mog Bb3AENCTBUETO HA HUCKOTEMNEPATYPHU pasTBOPU
HacTbMBa MWrpaLus Ha 3natoTo MO MUKPOMyKHaTWHU. To ce
KOHLIEHTPMPa B 30HM Ha AMCIIOKALMS B XKW, KOUTO pascuyat
Xankonuputa v Apyrute MegHu cynduam u ca 3amecTeHn ot
BopHuT (cpur. 2).

KomnnekcHute MUHepanusauuu OT 30HMTE Ha AbNBGOYMHHA
XvnepreHesa B CbCTaBa Ha BCUYKM MESHM HaxoauLLa B panoHa
ce xapakTtepuaupaT c 6oraT MWHepaneH CbCTaB UM BUCOKM
CbObPXaHUs Ha 3naTo u bnaropogHu meTamm (Tokmakchieva,
Pazderov, 1995).

Tean MuHepanu3auuW Ce ycTaHoBsBAT noj chopmarta Ha
SOKA B CWIHO TEKTOHCKM pasnomeHu 30HW. OnucaHneTo Ha
MWHepanHus UM CbCTaB € HanpaBeHo B peauua nybnukauumn
(8. TokmakumneBa, 1999). ViacnegsaHute MuHepanu3auum ca
fiokanHo passuT B ONN30CT A0 30HW Ha pasnomsBaHe,
npocneaexn B bn0oku coHpaxu 4o 850 m oT cbBpemeHHaTa
MOBbPXHOCT. 3@ Teau yyacTbUM €  XapaKTepHa
NpOAbMKUTENHA  KaTaknasa Ha  CKanHus  MacuB U
aKTMBM3WpaHe B Kpas Ha XupgpoTepManHata [erHOCT Ha
eOMHWYHM  pasnomn. B MuHepamHus CbCTaB MpUCHCTBA
BOPHUTBLT, KOMTO 3aMeCTBa XankonupuTa.

OTnoxeHoTO Npu AbNBOYMHHATA XWNepreHesa npu no-Hucka
TeMmneparypa 3naTto € ¢ no-ronemu pasmepu 4o “suanmo” B
MUKpockona. To e pas3nofioXeHo B MeXOy3bpHOBUTE



MPOCTPaHCTBA Ha CYN(UAHNTE MUHEpanu WM B 30HM Ha
AVCIOKALWSA Ha MUHEpanu — TEHaHTUT, kBapL, W nupuT. B no-
Marku Konnyectea e KeapLia. BOpHUTBT e Boaelms MuHepan
W € KOHLEHTPUpaH B OTAENHW rHe3da M KOMNaKTHW Mac.
3amecrBa xankonuputa u nuputa (cur. 3-4).

B KOMMMeKCHUTE MUHepanu3auuuTe OT 30HUTE Ha
AbnbOuYMHHA XMMEPreHe3a CE YCTAHOBSIBA  TEHAEHUMS Ha
yeapsiBaHe Ha anatuHkute. dopmaTa Ha MUHEPANHOTO 3naTo
e HenpaBunHa A0 3aobneHa. B KbCHWUTE KOMNNEKCHUTE
MUHEpanu3aLm1 ce cpeLya 3nato B AEHAPUTU U OKTAeLpUYHM
KpucTanu.

B paHHuTe No-BUCOKOTEMMNEPATYPHIU MUHEPATHW NapareHe3au
3NaToTo € pasnornoXeHo B CYyNguMAHUTE MUHepanu, no
NykHaTMHW B Xanmkoruputa W nuputa, a B  Mo-
HWUCKOTEMMNEPATYPHUTE € AMUCIOLMPaHO Ha rpaHuLaTa 6opHuT/
xankonmput (dur. 2 u 4); GopHuT/xecuT; GopHWT/kanues
cbenpwnar;  Xxankonuput/mMarHeTuT;  cchanepuT/xankonupur.
Pa3swepute Ha 3natoto ca ot 5 o 10 mukpoHa B CbCTaBa Ha
nuputa, oT 5 o 30 MMKPOHa B CbCTaBa Ha XanmkomupuTa u
apymte megHu cyngugm u ot 10 pgo 300 MukpoHa
pa3snoNoXeHO Ha rpaHuuaTa Ha cyndugHute MuHepanu.B
KOMMIIEKCHUTE MMHEpanu3auuu OT 30HUTE Ha ObnOOoYMHHA
XxunepreHesa ce HabnogaBaT Xurku OT 3naTo, KOWTO cekar
cyndugHATE  MUHEpanM U Cca  3aMecTeHu OoT  GOpHWT.
[ebenunata um e go 1 mm, a gbmkuHata go 10 mm.

- o e g T L
®ur. 2. AHwnMd OT KOMNMEKCHa MWHepanusauusi oT
JaonbounHHa xunepreHesa oT Haxoguwe “Papka”. Xunka ot 3nato
(ApKOXBNTO), 3aMeCTeHO OT GOPHUT (NUNaBo) W HepyheH MuHepan;
BMAUMOTO Nore B MMKpockona e 1.4 mm

30HaTa

B TakvBa KOMNMEKCHW MUHepanM3auui CbObpkaHusTa Ha
snato pocturat go 40 g/t, cpebpo Hag 52 g/t, Bucoku ca
CbAbpXaHUsTa Ha Tenyp, BucmyT, nnatua, nanaguii n ap. B
MWHepanHaTa napareHesa y4acTBaT XecuT, HaruaruT, antaur,
TETpaaumuT, camopodeH Tenyp. Te ca o6pasyBaHu OT
cucTemu, kouto ca oborateHn Ha Tenyp, 3nato 1 cpebpo npu
cy6CONMAOHOCHM MNpouec NMpu TemnepaTypyu NO-HUCKM OT
210°C, a BepOSITHO 1 MO-HUCKA. KOHLEHTpauusiTa Ha 3naTo € B
3aBMCUMOCT OT CTEMEHTa Ha CMOXHOCT B CbCTaBa Ha
CyndumaHuTe arperatu, € KouTo TO acouumpa. Croxsute
nonMMWHepanHu arperatu ca no-6orath Ha 3nato B
CPaBHEHWE C NPOCTHTE.
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®ur. 3. Haxopuwe “Enaumte”: KOMNnekcHa MUHepanu3auus OT 30HUTE
Ha AbN6oYMHHA XunepreHesa

y Lt ot L
®ur. 4. AHunug ot cblms obpasel ot dur. 3: Haxoguwe “Enauyute” —
GOpHUT (CMBO), XanKOMWUPUT (TBbMHO XBNTO), 3naTo (APKO XBNTO);
BMAUMOTO Morie B MUKpockona e 1.4 mm

N3BoabT e, Ye B paHHWTE CTaguu Ha pynoobpasysaHe
311aT0T0  eAHOBPEMEHHO KpUCTanuaupa CbC CyndupHUTe
MuHepanu. [Mpednornara ce, Ye OCBEH CUHTEHETMYHOTO Ha
CynduaHUTE MUHEpanM 3naTo, 4YacT OT Hero Moxe fa ce
o6pasyBa 1 OT OCTaTbyHK Pa3TBOPU. B nocreacTsue 3natoto
MOXe [a KpUCTanuaMpa OTAENHO OT APYruTe MUHEpanu unu
[a ce copmuMpa KaTo nocnefgal] pasnag Ha TBbpAu
pastBopu. TyK € Manko BeposiTHa eAHOBpeMeHHaTa
KpucTanusauus Ha 3naToTo cbe cynduaunte. Tyk Murpaunsta
Ha 3NaTOHOCHWTE Pa3TBOPU Ce OCbLIECTBABA MPEaMMHO MO
MyKHATWHW, Ha rpaHmMLiaTa Ha MUHepanH1Te 3bpHa U MO3agyHM
Grokose, a CbLUO M MO AMCTIOKALUMM U CTPYKTYPHU KaHamu.
OTNOXEHOTO Mpes Mo-paHHWTE CTagMW Ha  MuHepario-
obpa3yBaHe (PMHHOLMCNEPCHO 3MATO  CE  MHOTOKpaTHO
nperpynupsa, nopagn KoeTo FlOKanHO Bb3HWKBAT BUCOKM
KOHLEHTpaLWM OT 31aTo M Ce OTrnaraT YedpeHu yYacTuum
caMopogHo 3nato. Teau SBMEHMS MpoTMYaT M Npu
npekpucTanu3aumaTa Ha cynduaHuTe MUHEpPanu no Bpeme Ha
MeX[ypyaHaTa TEKTOHWKA M MpU MOCNeBALLOTO NOCTLNBaHE
Ha HOBW MPWUTOLM OT METEOPHW BOAM. Taka BCUYKM edpw
obpasyaHns OT ‘“BuguMO” 3mato ce obpasyBa npu
AbnbounHHaTa XunepreHesa. Mpu TAX 3NaToTo ce yTassa npu
PA3KO CMafaHe Ha HanaraHeto, HamansiBaHe Ha CONEHOCTTa
Ha pa3TBOPUTE U Ha TAXHaTa TemnepaTypa. ToBa aKTWBM3Wpa



KpucTanusauusita, KOSTO  MpOTMYa NP HEMOCTOSHHM
OKUCTIUTENHO-PEAYKUMOHHN  YCIIOBUS, OCOBEHO B CUITHO
pasfioMeHUTE 30HM U OnM30 [0 MOBbPXHOCTTA, KbAETo
MWHepanoobpasyBaHeTo NMpoTUYa Nog BRUSHWETO Ha GoraTu
Ha kucropog Bajo3Hu Boaw. CuuTa ce, Ye TOBa € eauH OT
aKTMBHWUTE CTUMYNaTOpU 3a OTNaraHe Ha 3naTo 1 GnaropogHu
MeTanu Mpu pasnafa Ha TEeXHUTE KOMMMEKCHU CbeaNHEHNS.

TpeToTO OCHOBHO MOMNOXeHUe € TUMOMOP(UIMBT U
XapakTepHW MMWHEpanoXkn OCOGEeHOCTM Ha  HAKOM
MUHepanu

B komnnekcHuTE MMHepanu3aummn oT 30HUTe Ha AbNboYMHHA
XunepreHesa MuHepanute Ha OnaropogHuTe MeTanu ce
Habntogasat noa hopmata Ha BKIIOYEHWS Cpeq Xankonupura
u no-psgko cpen OopHuTa. 3natoto ce pasnonara B
MeX[y3bpHOBUTE MPOCTPAHCTBA Ha CYNgMAHUTE MUHEpanu
unn nog hopmata Ha NpoXWUIKK. XapakTepHO B cryyas €, Ye
cpebpoTo, MeATa M KMBaKbT Ce pasnpedensat TBbpae
HepaBHOMEPHO Cpef 3naToTo, KaTo OT LiEHTbPa Ha 3NaTuHKUTE
KbM TSIXHaTa nepudiepusi Hamansea CbAbpPXKaHWETO Ha XMBaK
u cpebpo u HapacTBa ToBa Ha MeAaTa (TokmakumeBa, 1994).
HskoM OT BKMIOYEHMSITA MMaT CUNHO yAbrkeHa copma.
W3cnegBanmsTa Ha CbObpXaHWETO B pasinyHATE UM
y4acTbly rOBOPSAT 3a HEMOCTOSIHEH CbCTAB Ha XUMWUYHWTE
€NeMEHTY B TAX.

lMoBMWEHOTO KONMWYECTBO Ha Tenypa M Mo-HWCKaTa

aKTMBHOCT Ha csipaTa € xapakTepeH bener 3a cpega C mo-
BMCOK OKWCTIUTENEH MOTEHUMAN, KOETO MOTBbpXAaBa Olle
€OWH MbT, Ye B 30HWTE Ha AbnbOYMHHATA XunepreHesa
MWHepano-obpa3yBaHeTo npoTWYa MO4 Bb3LEWCTBME HA
XnagHM  (MeTeopHu) BOAM. 3HauuTEnHa pons  urpae
OTKpUTOCTTA Ha cucTemata B OnM30CT [0 aKTWUBM3WPaHM
pasnomu. lNpouecnTe Ha CaMOOYMCTBaHE W MpeoTnaraHe ca
0CODEHHO MHTEH3WUBHW CPed BUCOKOCYNMUAOHUTE KOMMAKTHM
pyOW, KOMTO CbAbpXaT MO-BUCOKO KOMMYECTBO —PepKu
enemeHTu 1 bnaropogHn metanu (LioHes, 1986).

B napareHesa ¢ KOMMMEKCHUTE MUHEPanU3aLn OT 30HUTE
Ha ObnOOYMHHA XunepreHesa ce HabniopasaT arperatu oOT
kanues cengwnar, egporiocnect OWOTUT M KBapu,
XapaKTepHO e ¥ OTNaraHeTo Ha 3HauMTenHU KonuyecTea OT
FMIMHECTM MUHEpary, KOUTO 3aMeCTBaT cepuLmTa.

YeTBBHPTOTO OCHOBHO MOMOXEHUe € CbOTHOLIEHMETO Ha
30HMTE Ha W3BEHpAHe W 30HUTE Ha AbLNOOYUHHA
XunepreHesa

30HUTE Ha 3BETPSHE WMMAT MIIOWHO pa3BuTHE B AbNOOYMHA
po 60-250 m. MuHepanoobpasyBaHeTo B TsX MNpoTMYa B
NPEeSennTe Ha 30HW Ha aepauust UNK B FTOPHUTE Y4YacTbLM Ha
30HM Ha aKkTMBeH BOZOOMEH, KbETO UMpKynauusTa Ha
NoA3eMHUTE BOOM ChAbpXaT CBOOOAEH pasTBOPUM KUCIIOPOZ,
W Opyru ra3oBe ¢ aTMocepeH npousxod. B abnbounHa Te3u
BOAM OKuUCnsBaT cynduaute U apyru MuHepanu. Muoro ot
XMMUYHWUTE €NEMEHTU NpPeEMUHABAT B pa3TBopuMa hopma 1 B
Apyra BaneHTHocT. CBOOOAHWAT KWCMOpOL MOCTEMEHHO Ce
13pa3xofBa W BOOWTE MMAT Bb3CTaHOBUTENEH xapakTep. Mpu
Bb3CTAHOBMTEITHW YCMOBWS ce POPMMUPAT 30HUTE HA BTOPUYHO
cynduaHo HaboraTsBaHe. Taka B 06LimM YepTu ce dopmupart
NPUNOBLPXHOCTHUTE 30HM Ha xunepreHesa. Kopata Ha
U3BETPSHE € CBbP3BALLOTO 3BEHO MEXOYy EHOOreHHUTE
MWUHEpPanM3aLum n paskpuTusaTa Ha 3eMHaTa NOBbPXHOCT.

66

3a 30HaTa Ha u3BETPsHE Ha MeAHO-MonMbaeHoBO-
nopupHute Haxogmwa Enauute (ETpononcko) u Mepet
TMMOMOPGHUTE MUHEpaAnW ca XemaTuT, XeMaTonWT, rbOTHT,

NEnuAOKPOKMT, MamnaxuT, XamnkouuT, KOBENWH, MKbpreuT,
monubauT,  Xpusokona,  cdepocuaeput,  MUHepanHata
pasHOBWMAHOCT ‘"cnekynaput'. TunomopdHUTe  MUHepanu
XeMaTUT, MWHepanHaTa CMec  "MIUMOHMT',  KAOfMHMUT,
XWOPOCTIOAKN,  XanyasuT, TEHOPWUT,  KyMpWT,  XankaHTWT,
XanKkouuT, KOBEMWH, [MKbPNEUT, MarxemuT, MUHepanHata

pa3HOBWAHOCT "CekynapuT", MapTuT, 3nato, Meg, 6poLaHTwT,
TEHapANT, aHTNEPUT Ca XapakTepHu 3a MeaHO-MopPupHUTE
Haxoamwwa u pygonposisnenns Acapen, Llap AceH, lNetenoso
n BnaikoB Bpbx (lMomoeo pepe). 3a xenesocyndmaHa
reHeTUYHa rpyna C npefcTaBuTenHu Haxoguwa Enwmua,
Pagka, KpaceH n Yenoney ca xapakTepHW TUNOMOpPEHUTE
MWHepanu XemaTuT, MUHepanHata CMec "NUMOHMT', rwnc,
XanuemnoH, aHUINT, Ap03uT, 3naTo, CApa, XanoTPUXUT, CTUNLK,
XankouuT v koBenuH (Tokmakunesa, 1994).

3oHuTe Ha AbNNGOYMHHA XMnepreHesa ce pasnonarat nog
30HMTE Ha u3BeTpsiHe. B AbnbounHa BogoobmeHbT e 3abaBeH.
XapakTepHu ca npouecuTe Ha xuapatauus u pasTBapsHe Ha
MuHepanute,  copbuusita M 0BMeHWTe  peakumu,
npeoTnaraHeTo Ha BelecTBoTo. B 30HM C  BUCOKa
MPOHMLLAEMOCT aKTMBHOCTTA Ha BoAoOMeHa e BuCOKa U €
Bb3MOXHO Aa MpOTekaT NpoLecu Ha IbnBOYNHHO OKUCTEHME.
OU3NKO-XUMUYHNTE  YCTOBMS Ha MuHepanoobpasyBaHe ce
OTNMYaBaT OT MpUNOBLPXHOCTHUTE. [lopagu ToBa  ce
(opMupaT MUHEpanHu acouuauuu, KouTo Ce OTnM4aBaT Ot
MoCOYeHUTE NO-rope B 30HUTe Ha u3BeTpsiHe. Kato
TMMOMOPGHM MMHEpann MoxeM f[a u3BefeM OopHuTa,
[MWHECTUTE MMHepanu, a B CbCTaBa Ha KOMMNEKCHUTE

MUHepanusaluun MHOXeCTBO MWHEpanHu d)aSI/I Ha
6J'Ial'0p0,£lHVITe MeTalnnn C HeNnoCTOAHEH CbCTaB.
3aknioyeHue

Mpouecute Ha AbNOOYMHHA  XMnNepreHesa urpast

CbLUECTBEHa PONs MpYU MUHEparno- W pynoobpasyBaHeTo W
(hOPMMPaAHETO HA KOMMMEKCHU MUHepanu3aumn, Goratu Ha
OnaropogHu  meTanu.  [bnGOuMHHUTE  XUNEpreHHW
MMHepanu3aLmu 3aemaT 3aKOHOMEPHO MSCTO B npoduna Ha
MMHeparoro-reoXMM1YHaTa 30HaNHOCT Ha Haxoauliarta. Te ca
onpefenswm 3a dopMupaHeTo WM. Pesyntatute OT Teau
ncrieaBaHnst cnoco0CTBaT 3a TbpCEHe Ha OpyasiBaHus U
OLIeHKaTa Ha TEXHUS KOMMTIEKCEH XapaKTep.

3a paskpuBaHe Ha 30HMTE Ha AbLNOOYMHHA XUNepreHesa e
HeobXxoaMMO M3MOM3BaHETO Ha rnobanHu, pervoHanHn 1
JTI0KalnHun q)aKTopI/I, a CblIO N HA KOMMNMNEKCHU TEOXUMUYHKU U
MWHEpPanoXkn MeToan. M3yyaaHeTo Ha [gbnbounHHaTa
XunepreHesa A0MbrBa MNO3HAHWETO HW 338  MuHepano-
obpasyBaHeTo. B Halwata nutepaTtypa ce cpewat peauua
(akT 3a  HUCKOTEMNepaTypHU npouecu, npu KouTo ce
oTnarat KbCHW MUHepanHu acouualmn ¢ BUCOKM CbAbpXaHuA
Ha 3nato. Heobxo4uMo e [a ce HanpaBu NpeoLieHka Ha Tesu
OpYLsiBaHMs OT rnefHa ToYka Ha SbnOoYMHHATA XuUnepreHesa.
ToBa Moxe Aa aosefe [0 Bb30OHOBSBAHE HA TbPCELLMTE M
Npoy4BaTeNnHUTE [EMHOCTW B MOTEHUMANHW paiioHn 3a
paskpuBaHe Ha HOBW KOMMIEKCHU MUHEparHN CYpOBMHN.
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LLEHOMAHBT B U3TOYHUA BANKAH: ®ALIMECU U NANEOIEOr PADUA
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PE3IOME. B ueHomaHckus eTax B obrmacTTa ca pasrpaHiyeHn [Ba CeANMEHTHU reokommnnekca: 1 — napanuMHUYeH MSCBbYHUKOBO-aprunuTeH
FEOKOMMNIEKC W 2 — TPAHCTPECUBEH MACHYHNKOBO-BAPOBUKOB rEOKOMMIEKC. BTOPUAT e cbecTaBeH OT Tpu nayku: 1 — MeprenHo-BapoBuKoBa, 2 —
KBApLMTOBMAHW MACBHYHMUM W 3 — BapoBukoBa. CegumeHTauusTa e npoTekna B WHdpanuTopanHa, enuHeputudHa( 30Ha Ha MAWTYMHM) W
WH(paHepuTUYHa 30Ha. B ennHepuTYHaTa 30HaTa ca CeaMMEHTUPaHW NPeaMMHO NACHLM/KBapPLOBW/ 11 BAPOBUTU TUHW C OPOUTONMHM W PYAUCTH.
Tean ceanMMeHTV NpemMuHany npes eTana Ha AuareHe3aTta ce NpeBpbLaT B NOAXOASLL KONEKTOp 3a BbIMEBOLOPOAHM akyMynaLmmn OT nexatyure
noa Tax Bbrmwa. CynepnosvUMOHHOTO MONOXEHWE Ha ABaTa reokoMnneKkca € NUTOnoXka MpeanocTaBka 3a TbpCEHe Ha HedT M ra3 B
NACBbYHMKOBATa W BapOBMKOBATa Nayka Ha TPAHCIPECWBHWS reokomnnekc. Kmoyosu Aymu: naneoreorpadms, LEHOMAHCKM reOKOMMNeKCH,
WH(bpanuTopasnHa, enyHepuTYHa, MHPPaHEPUTIYHA 30Ha

THE CENOMANIAN AGE IN THE EAST BALKAN: FACIESIS AND A PALEOGEOGRAPHY

Peter I. Petrov!, Mitko Paskalev?

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

2Institute of Geology “Acad. Str. Dimitrov”, Bulgarian Academy of Sciences, 1113 Sofia; mitkopas@yahoo.com

ABSTRACT. In the Cenomanian age in the Area are divided two sedimentary geocomplexes: 1 — paralimnic sandstone-shale and 2 — transgressive
sandstone-limestone geocomplex. The latter is partitioned on three packets: 1 — marl-limestones; 2 — quartzitic sandstones and 3 — limestones. The
sedimentation is flow in the littoral shallow marine (infralittoralic), epineritic (zone of mud-banks) and infraneritic zone. In the epineritic zone are
sedimentary mainly sandstones(quartzitic) and limestones with rudists, orbitolines, broyozoas, etc. It is suitable snare for hydrocarbon accumulation
from lying under him marsh sediments. This is precondition for search for oil and gas in sandstones and limestones packet of the transgressive
sandstone-limestone geocomplex. Key words: paleogeography, Cenomanian geokomplexes, infralitoralic, epineritic, infraneretic zone

BbBepeHue dauymecn Ha napaiMMHU4YHUA NACBYHUKOBO-

APrunnTeH reokomMnJiekc
B napanuMHUYHUAT NACHYHUKOBO-aPTUNIUTEH TEOKOMIIIEKC

MpeameT Ha  u3cneasaHe B paspabotkata  ca WMa [Be Mayku: KOHIMOMepaTHO-NSICbYHUKOBO-aprunnTHa |
KOHTUHEHTanH1UTe N NNUTKOMOPCKUTE LLEHOMaHCKN CEQUMEHTHU aneBpOMTHO-aprunnTHa. B HEro ca /.'le(bMHMpaHM
B M3TouHus banka. Llenta e Aa ce Aape oLeHka Ha TsxHaTa [enysuaneH, anysuaneH, esepeH, 6nateH M MAMTKOMOPCKY
He(hTOra3oHoCHa MEepCMEKTMBHOCT. LleHomaHckuTe ckanu B thaumecn. B KoOHrmomepaTHO-NACHYHMKOBO-aprunmMTHa navka
obnactTa ca 13cneaBaH1 CUCTEMHO MO FEOKOMMIEKCH KaTo ca ca pasrpaHuueHi [enysanHu (BanyHHa Gpekua), anysuanHm
onpenenexy hawyanHuTe 0bCTaHoBKY Ha 0bpasyBaHeTo UM e (YaKbMHU W BANyHHW KOHrMOMepaTy, rpaBuiuTy, NSCYHULM U
N3ACHEHEHO  Pa3npPOCTPaHEHWETo UM BbB  BPEMETO U aprunuTm), esepHu 1 GnaTHu ceUMEHTH ckann. BuraviwHute
NPOCTPaHCTBOTO. NnactoBe WMaT CPaBHWUTENHO Manka paebenuHa, MO-HUCKM

KayecTBeHW moKasaTenu UM ca HeusgbpkaHu naTeparHo.

TpaHCTPECUBHUAT  MSICbYHUKOBO-BAPOBUKOB  FEOKOMMNEKC CkamuTe ca  TPYAHOMPOHMLAEMM HO  HedTo-  WMmv

(Haqu, Axes, 1980; Haues, CyﬂTaHOB, 1991) OGGHMHﬂBa rasoreHepupaty (EOKOBMﬂp.,ZOOZ).
“HagBbrivHa MeprenHa 3agpyra’ u “pycancka csuta’ no

KbHueB (1964) M “nAcbyHMKoBa” M “MeprenHa’ cBuTa o AneBpONUTHO-aprnnTHaTa nayka BKMiouBa ckanute Hag IV
KbHue (1966). Toi e B cynepno3nLMoHHO NoNoXeHMe Crnpsmo BBIIMLLEH NnacT, B ueuyata M. “KanosH” — M. “Bwrnen”, kakto
napanuMHUYHUAT NACHYHUKOBO-aPrmfinTeH reokomnnekc. W Uenus paspes Ha BbIIEHOCHWS XOPU3OHT OT M. “BbrnenH” Jifo)
Cnopen Mackanes (1983) koHceau-meHTauuoHHaTa 6nokosa c. MeapeH. DaLanHUsT aHanms Ha ckanuTe oT BTopaTa nauka
TEeKTOHMKa € [uKTyBana nocnegoBaTenHoCcTTa Ha cbbuTHsTa. [aBa OCHOBaHWE [a Ce OTAENST MNUTKOMOPCKM, e3epeH W

BnateH dhaumec. Ckanute ca TpPyBHOMPOHWLAEMW HO CbLLO
HedTo- unn rasoreHepupaiy (bokos u ap., 2002).
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daunecn Ha TPaHCrpeCMBHUAT NACBHYHUKOBO-

BAapOBUKOB reokoMmniiekc

TpaHCrpecUBHUAT NACHYHUKOBO-BAPOBIKOB FEOKOMIIIEKC € B
CYNepno3NLMOHHO  MONOXEHUE  CTPSMO  MapaniMHUYHUAT
NACbYHUKOBO-aprunuTeH reokomnnekc (Metpos, 1981). Ton e
nogeneH Ha Tpu naykn: 1 — MeprenHo-sapoBuKoBa, 2 —
KBapUMTOBMOHM MACBYHALUM M 3 — BapoBMKOBa. B TAX uma
kpanbpesxeH MIUTKOMOPCKM (wHdbpanuTopaneH),
ENUHEPUTUYEH (30HA Ha MNAUTYMHKM) W MHAPAHEPUTUYEH
taumec (Metpos, 2007). ENMHEPUTUYHMAT haLmec OT 30HaTa
Ha NAMTYNHUTE € M3rPageH [MaBHO OT  NACHYHULM
(kBapUMTOBMAHM) M BapOBULMW (XEMOTEHHW, OPOUTOMMHHW K
pyauCTHM). TOM e NoOXOoZsLl KOMeKTop 3a BbIMEBOAOPOSHM
akymyrauum oT nexalyuTte nog Hero 6natHu ceauMeHTw.

WUHdpanutopaneH dauuec

lMpeactaBeH e OT KOHrMoMepaTW, NACHYHWLM, BapoBUTH
NACLYHWLM, aneBpOMnUTH, BapOBWTM aneBpONNTM, TNMHECTO-
BapoBUTW aneBpoMnUTH, MACLYNMBIA BapOBULW, aneBpPUTHU
BapoBuLy, BapoBuLyW, opbuTonuHHW Baposuuu. PayHaTa e
npeaumHo  OeHTOHHA, nnuTKOMOpcka. [lacbuHMuMTE  MMaT
XOpW3OHTanHa, psgKko koca crnoectoct. Kocata cnoectocT e
ApebHa, ABYNOCOYHO HAKITOHEHa, NapanernHa, C CH1 rpaHnLm.
HaknowbT Ha kocute croeBe e 10-20°. Toan Tun Koca
CMOECTOCT € XapaKTepeH 3a KpanbpexHuTe MIUTKOMOPCKM
nacbumM. KymynaTuBHUTE KpUBW HA NACHUMUTE , NOCTPOEHW MO
metoda Ha Visher (1969) kopecnoHampat ¢ Tesn xapakTepHu
3a MCaMUTHW CEOMMEHTHMW, OTIIOXEHWN B KpaiibpexHaTta 30Ha.
PaanpocTpaHeH e B nepudepHUTE CEBEPHU M KOXKHI MIIOLLM Ha
obnacrra.

EnuHepuTnueH daumec B 30HaTa Ha NMTYMHUTE

Mpn muHute “Kayynka” w "[eswHa” rnaBHM ckanu ca
KBapUMTOBMOHUTE NACBYHMLM, @ Ha W3TOK — BaPOBUTH
aneBpUTHU NACBYHULIM U BapOBUTU anesponnTy. flokanHo uva
new U Heu3ObpxaHu NnactoBe OT  XEMOTeHHW U
OpOUTONMHHM BapOBULM, M BapOBULM C PYAMCTM, Bproson u
Apyra 6eHToHHa chayHa, KoUTO ca onpederneHu ot Mamykumes
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(1996) kato komnnekcHu Buoxepmun. Bruoxepmute Mamykumes
(1996) obepuHsiBa B puchoB komnnekc. KeapuutoBupHuTE
NACBYHALM MMAT TPaHYMOMETPUYHN KOEULIMEHTU , KOUTO
nokasgat , 4ye Te ca OTnoxeHn B nautumHu (Metpos, 1981).
MacvuHuynTe oT paspe3 “3aumuyeB0” umaT KymynaTWBHU
kpuBu C nonynauus Ha cantaums o 50%, ¢ pobpa
COPTWpOBKA M monynauust Ha cbeneHsus o 10%, ¢ nowa
COPTUpOBKa, KOETO € bener 3a cegWMeHTauus B 30HaTa Ha
NAMTYMHUTE. CKanuTe ca NPOHULAEMM 1 Bb3MOXEH KOMEKTOP.
B enuHepuTWuHMS NNWUTKOMOPCKM (paLMec OT 30HaTa Ha
MNAMTYMHATE Ce OYepTaBaT [Ba BWAA KOMEKTOPU: MMTONMOXKKK
(nAcbyHMUM) 1 pudboreHHn (Buoxepmu). XapakTepeH e 3a
LieHTpanHaTa 4acT Ha obnactTa KaTo Hai-LUMpOKO MIOWHO
pasnpocTpaHeHue UMa npes KbCHUs LieHoMaH (IeTpos, 2007).

WUHdpaHepuTnueH daumec

Toawn chaumec e pasnpocTpaHeH e B 3anagHaTa W u3ToyHata
yacT Ha obnactta. CbCTaBeH € OT  MAMTKOMOPCKM,
CPaBHUTENHO AbNOOKOBOAHW TEHETWYHM TUMOBE  CKamnu:
meprenun, BapOBUTO — [NWHECTU aneBponuTK, [NUHECTU
anesponnTM W aneeBpuTHW  Meprenn, pPAnoko - rMUHECTH
BapoBuuUM. B 3anagHata nnowy ca orpageHu OT MnUTKOBOAHM
CeNMEHTH, a B M3TOYHaTa — obpasyBaT efHa NpexoaHa 30Ha,
oTAenAla NAUTYMHUTE OT AbAOGOKOTO LEHOMAHCKO MOpe,
KOETO € HayanoTo Ha (PRKULLKNS TPOT.

Maneoreorpachckn 06cTaHOBKM

B Hayanoto Ha UeHomaHa B obrnactTa B KOHTUHEHTanHuTe
akymynaTMBHW ydyacTbUu ca obpasyBaHu anyBuanHute
cepumeHT [Metpos, 1984/, a onpegeneHuTe MOCOKM Ha
PEYHOTO TEYeHWEe CBWAETENCTBYBaT 3a CbLUECTBYBaHe Ha
e[Ha ronsMa peyHa JONMMHA W BMMBALLW CE B HESl MPUTOLM.
lMeHenneHusaupaHeTto Ha pereda ce nposBsBa B
nocneaoBaTeNnHa CMsiHa Ha anyBuanHuTe ¢ e3epHu dauuecy u
Bb3HMKBAHE Ha KpalpeuHu e3epHo-brmaTHu pasHuHW. B
HAYanoTo Ha KbCHWUS LIEHOMaH Ype3 WHrpecus LLeHOMAaHCKOTO
MOpe 3anuBa YacT OT e3epHo-OnatHaTa paBHuHa (cpur. 3).

o— - —
Fomvna

o AnToc

@1 Ee m3

Q
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Pur.l, Naneorroecka CHMLD HO OBAACTTA B HAUAADTO HO KBCHIA UeHOoMaH

1= TPOHMLO HO POBHWHHO CYWd] £— €3€PHO—BAATHAO PABHWHAO; 3 —MHbpanMTopanHa

30HA

4-HPPOHEPHTUUHD BGHCHS - EMKHEPMTHMUHO ZI0HCQ S*FDOHMU,O HQJ KWMHIrPecikd HO MOPETO)

7 - naneoperka;8 — Mocoka HAO MNANeOTRAHCNOPTA}Y - MOCOKA HA NaneoTedeHMs
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B sanagHata 1 ceepHaTta YacT Ha paBHMHaTa ca pasBuTy
caMmo e3epHu 1 6ratHu dauuanHn 06cTaHoBKW. B 30HaTa Ha
WHIpecusl e Hanuue MHOTOKpaTHO pefyBaHe Ha €3epHa,
fnatHa 1 nnuTkoMopcka o6CTaHoBKa. B ceBeponsToyHaTa
yacT Ha obnacTra cefuMeHTauusitTa € npoTekna B
NAMTKOMOpPCKa MHApanuTOpanHa 30Ha, 3a KOeTo Noackassar
W KyMynaTUBHUTE KPUBM Ha MACLLMTE, NOCTPOEHM NO MeTOAA
Ha Visher (1969), kopecnoHaumpalLm C Te3n xapakTepHW 3a
NCaMMTHN CELMMEHTHM, OTIIOXEHN B KpaitbpeskHaTa 30Ha.

lMpes KbCHWA LEHOMaH, cred HAKOMKokpatHu (go 5)
WHrpecun, MOPETO TPaHCTPEeCWBHO HaxnyBa B Ldnata
obnact. ObocobsiBaT ce Tpy CeaUMEHTALMOHHN 0BCTAaHOBKY:;
1 - uHdppanuTopanHa B ceBepHaTa 1 torosanagHata yact; 2
- eNWHepUTWYHA (NAMTYMHA — B LieHTpanHaTta nmnowy

24 32 km

Prr.2 MNaAasoreaeckd CMLO HI OBAQCTTO MPES

1- IMPOHMLO C© HWMCKO CHWO) 22— WMHPPOAWMTOPOAHD 2OHO)

ABrOBUAHO U3BUTA NMHEIHO YObIKEHA Ha CEeBepOonaTOK); 3 —
WHApaHEPUTUYHA — Ha W3TOK UM 3anag OT NNMUTYMHATa

(dur.2).

XapaKkTepHu 32 M3TOYHUTE MNiowM, ca fewm w
HeusObpXaHW nnacToBe OT OPOMTONMMHHM BapoBULUM K
BapoBuUM C pyauctu, Bpnoson (dur. 3) n gpyra GeHToHHA
tbayHa, onpegenenu ot lMamykuneB (1996) kato nokamnHw
KoMmnnekcHu 6uoxepmn, oBeauHeHW B puOB KOMMIEKC.
KBapuuTOBMAHUTE  NACBYHWALM  MMAT  rPaHynoOMETPUYHU
koeULUMEHTH, KOMTO MOKa3eaT, Ye Te Ca OTNOXKEeHU B
nautamHn - (Metpos, 1981). MsacbuyHMuMTe OT paspes

“3aMmMuyeB0” ce XxapakTepuaupaT C KyMynaTMBHW KPUBM
NOACKa3Bally 3a CeaMMeHTauus B 30HaTa Ha MAUTYMHUTE
(Metpos, 2007).

HKECHKA WLeHOMOH

3 = HMH®POHEPMTMUHO 30Hd

4 — EnrMHEPHMTHUHO S0HQ) 5 - naneoPerd) &= nocoka Ha naAsoTRAHCNOPTA)

7= M0COKd HI A0AS0TESUEHMA

®ur. 3. ®ocunu Bryozoa OT uUeHOMaHCKMTE
BapoBULM npu 3aumyeBo (npoba 3-28, x63)
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M3Boam

B Havanoto Ha LeHomaHa B obnacTTa CbllecTByBa efHa
ronsMa peyHa [OMMHA W BNMBALW Ce B Hes NPUTOLW.
MocnepoBaTenHata CMsSHa Ha anyBuanHWTE C  e3epHu
thaumecn Boan A0 Bb3HWKBAHE Ha KpalpeyHW e3epHo-OnaTHu
PaBHUHW. B HayanoTo Ha KbCHWUS LieHOMaH 4pe3 MHrpecus
LIEHOMaHCKOTO MOpe 3anMBa YacT OT e3epHo-bnatHata
paBHuMHa. Ha wn3Tok € wumano uHdpaHepuTMYHA U
eNUHEepUTUYHA 30Ha Ha NAWTYMHWTE, CREL KOATO naTepanHo
cneapa AbnbokoBogHa HepuTudHa obcTaHoBKa.llpes KbCHUS
LlEHOMaH, Ccnep HAKOMKOKpaTHM (40 5) MHrpecun, mopeto
TpaHCTPECMBHO Haxnyea B usanata obnact. Obocobssat ce
TpU CeauMeHTaUMoHHU o6cTaHoBKkM: 1 — WHGpanuTopanHa B
CeBepHaTa U lorosanagHata 4acT; 2 — €enuHepuTMYHa
(NnnTYMHA B LiEHTPanHaTa NnoLy AbroBUAHO M3BWTA, NIMHENHO
yObIDKEHA HA CEBEPON3TOK); 3 — MHADpPAHEPUTUYHA — Ha U3TOK
¥ 3anag oT nnuTyuHaTa. bnatHuTe cegMmeHTH ca HedpTo- nnu
rasoreHepupawy. BbB BTOpPUAT reokomnnekc uma npeg-
nocTaBka 3a TbpCeHe Ha He(T W ra3 B NACBHYHMKOBATA M
BapoBMKOBaTa nayka. Ckannte MM ca OT ENUHEPUTUYHMS
NAUTKOMOPCKM haumec OT 30HaTa Ha nnuTyMHuTE. Te ca
Bb3MOXHW  HEDTOTa30HOCHW  KOMEKTOPW:  JIUTONOXKM
(nsicbYHMLM) M pudboreHHK (Groxepmu).

Cratusta € nogroteeHa Bb3 OCHOBA Ha W3CMeABaHWS W3BbPLIEHM C
¢hvHaHcoBaTa nogkpena Ha MuHUCTEPCTBOTO Ha 06pa3oBaHMETO U HaykaTa,
®oHg “Hayynu uacnegsanmus’”.
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CYCLICITY AND HIGH-RESOLUTION (HIRES) STRATIGRAPHY OF THE CHUGOVITZA
FORMATION FROM THE AREA OF CHELOPECH VILLAGE, SOFIA DISTRICT

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

ABSTRACT. On the base of specialized lithological and lithofacial investigations of three drills that cross the rocks of Chugovitza Formation
(Campanian-Maastrichtian) just NW of Chelopech Village, Sofia district, is developed high-resolution (HIRES) stratigraphic subdivision of the unit in
the studied area. The unit is presented by cyclic alternation of mainly thin-bedded poorly sorted polymictic sandstones, limy siltstones and
claystones, marls and hyporocks. Thin beds of sandy limestone, tuffaceous sandstones are also established. The rocks have abundant structural
features. Generally the structure of the cycles is characterized by lower, mainly psammitic, middle — alternation of sandstone and mixed rocks
(hyporocks, hyposiltstone and sandy marls), and upper part, where dominate fine grained materials that, from their hand, could be covered again by
sandstone. The proportion between these three parts varies significantly. There are cycles in which the middle and upper part completely absent,
as well as those in which they dominate. Often the last ones are with more significant thickness. More of the cycles are asymmetric, often cut off,
but are established symmetrical as well. Together with the cyclicity analysis in the unit it was possible to be identified and traced various marked
and correlative levels as: levels with development of relatively thick cycles; levels with development of packages of amalgamated cycles; levels with
more intensive development of erosion processes, intrabasinal re-deposition, subaeral exponation etc.; levels with features of rapid sedimentation;
levels with features of active hydrodynamic setting development; levels enriched by bio- and plant detritus; and levels that contain or are enriched
by fresh volcanic products.

LIMKNUYHOCT U BUCOKOPA3LENMUTENHA (HIRES) CTPATUTPA®UA HA YYTOBULLKATA CBUTA B PAMOHA HA C.
YENOMEY, CO®UACKO

leopeu AlidaHnuticku

Murxo-eeonoxku yHusepcumem “Cs. MeaH Puncku’, 1700 Copusi; ajdansky@mgu.bg

PE3IOME. Ha ocHoBaTa Ha creLuanuavpaHi TMTONOXKK U nuTodaumanii U3cneaBaHust Ha TpY COHAAXA, NpecuyalLy ckanute Ha YyroBuikata
cBuTa (kamnaH-macTpuxt) HenocpeactBeHo C3 ot c¢. Yenoneu, Codwmiicko, € paspaboTeHa BucokopasgenutenHa (HIRES) crpaturpadcka
nogsnba Ha eguHULATa B U3y4YeHWsi paiioH. EauHMuaTa e npeactaBeHa oT LMKNMYHA anTepHauust Ha NpeauMHO ThHKOMMNACTOBU PasHO3bPHECTH
NOMMMUKTOBM NACBHYHWLKM, BAPOBUTW aneBponuUTW, BapOBUTW aprnuTi, Menrenn U Xunockanwu. YcraHoBsiBaT ce OLlEe TbHKK I'IpOCJ'IOVIKI/I oT
NeCchYNMBI BapoBULM, TY(O3HM NSCHYHULM U Ap. Ckanute ca Gorati Ha TeKCTypHW 6enean. Han-o6Luo CTPOeXbT Ha LUKAUTE Ce XapaKkTepuupa ¢
00nHa npeaumMHO NcamnToBa, CpedHa — anTepHauua Ha NACbYHMLUN U CMECEHU CKanu (XI/II'IOI'IFIC'bHHVILlI/I, XnnoanesponnTu 1 NECLKNUBK Meprenm),
W TOpPHA 4acT, B KOATO npeobnafaBaT (PUMHO3LPHECTW MaTepuanu, KOMTO OT CBOSI CTpaHa MOraT fa Ce MOKPUBAT OTHOBO OT MSACHYHMLM.
CbOTHOLLEHMETO MEXTY Te3W TPW YacTy Bapupa 3Ha4MMO. YCTaHOBSIBAT Ce KaKTO LWKIW B KOUTO CPEAHOTO M TOPHOTO HWUBO HaMbIIHO OTCHCTBAT,
Taka M TakueBa B KOUTO Te AOMWUHMPAT. YecTo nocnegHuUTe ca € no-3Havynma ne6er|V|Ha. lNo-ronsimaTa 4act ot LUMKNuTEe Ca aCMMETPUYHK, YECTO
OTCEYEHM, HO Ce YCTaHOBSIBAT M CUMETPUYHM TakuBa. Hapen C aHanM3bT Ha LMKNMYHOCTTA B eauHuuaTa Oe Bb3MOXHO MOEeHTUDULMPaHETO
npocnegdsaHeTo Ha peauula Mapkupawin unn KopenauuMoHHW HMBa Kato: HMBA Ha pasBUTUE Ha OTHOCWUTENHO ,qe6env| LUUKNK; naketu ot
amanramupaHe Ha LKnu; H1Ba ¢ no-mallabHo nposiBrieHune Ha eposvoHHW NPOLEeCcH, BbTPELIHOBAceiHOBO NpeoTaraHe, cybaeparHa ekcroHaums
W T.H.; HUBA C benesn Ha no-61;paa CeAMMeHTaLua; HUBa Ha aKTUBHa XUapoduHamuKa; HUBa oboraTteHu Ha Guo- u pacTuTeneH AeTpuT; U HMBa
CbAbPXKALLM M 06OraTeHN Ha CBEXM BYNKAHCKI MaTepuan.

Introduction associations Zhelev et al. (1999f) accepted that main part of
The Chugovitza Formation is introduced as formal the unit is with the Maastrichtian age. The lowermost levels of
lithostratigraphical unit by Moev and Antonov (1976). The the Formation that outcrops to the west of the studied area
name comes from the Chugovitza countryside, NW of belong to the Campanian stage. The same authors accept that
Chelopech village, Sofia district that also is recommended as ~ the Campanian/Maastrichtian boundary is inside the first
holostratotype area but the section is not described. In (lowermost) sandstone stratigraphical marking level in the unit.
previous studies the unit is described as “third horizon of the . . .
Senonian (Nikolaev, 1947) and “fourth horizon of Maastrihtian” During the period of 2006-2007 year Balkan Mineral and
(Vrablyansky et al., 1961). Mining (BMM) EAD, with which permission is published this
study, realized large scale prospecting drilling program in the
On the base of published and new obtained data, mainly ~area of Chelopech syncline, NW of Chelopech village, that
abundant fossil foraminifera and limy nanno-plankton include the type area of the unit. This gave good opportunity to
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be collected and analyzed new data about the lithology and the
structure of the Chugovitza Formation in its holostratotype
area.

The aim of this study is to present the lithological data
obtained from the specialized lithofacial study of the
Chugovitza Formation in three drillings in the eastern part of
Chelopech syncline, NW of Chelopech village, Sofia district,
and to be demonstrated the possibility to be applied high-
resolution (HIRES) approach for subdivision of such
sedimentary sequence.

Material and methods

The paper is based on the results of the specialized lithofa-
cial studies of core material from three drillings, situated in the
northern limb of the Chelopech syncline (Fig. 1). The core ma-
terial is storied in the core-depository of BMM EAD in Chavdar
village, Sofia district. The calculation of the true thickness of
the units is based on the structural data given by BMM EAD as
well as on National Geofund materials (Zhelev et al., 1999).
During the macroscope study of the core materials were rec-
ognized, studied and described lithological and lithofacial types
under application of standard abbreviation code that corre-
spond to the content, texture and structure of the protolith. The
vertical scale of the lithological column in the text description
corresponds to the drilling data (depth from the surface) but no
to the real thickness of the units.

The description of the mixed clastic-carbonate rocks is based
on the classification scheme proposed by Sultanov (1980). The
field grain-size characteristic of the clastic and the carbonate
rocks is based the developed by Friedman and Sanders (after
Miall, 1990, Table 2.1) standard scale.

Fig. 1. Schematic geological map of the studied area position of the
studied and sampled during this investigation drillings (on the base of
data given by BMM EAD and after Zhelev et al., 1999). Abbreviations: 2 K3t
- sandstone suite; Chelopech Formation: che/v Kx"st — volcanogenic
package; chelvs Kxst - volcano-sedimentary package; mi Kaster —
Mirkovo Formation; chu K™ — Chugovitza Formation

Lithological characteristic

The rocks of the Chugovitza Formation are established in
three of the studied drillings — PTDD-004, 013 and 014. The
thickness of the unit varies from about 25 m (drilling PTDD-04)
to over 128 m (interval 0-155 m) in drilling PTDD-14.

According to Moev and Antonov (1976) the Formation is
presented by flysch-like (cyclic) alternation of thin bedded poor
sorted polymictic sandstone, limy siltstone and limy claystones.
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Some thin beds of sandy limestone, tuffs and tuffaceous
sandstone are established also. The average thickness of the
cycles is from 45 to 70 cm.

In the studied sections of the unit the lowermost levels are
dominated by sandstones. In the rest part of the Formation is
observed cyclic flysch-like alternation of sandstone, clayey and
silty sandstone, marls and mixed rocks as hyposiltstone,
hyposandstone and hypolimestone. The sandstones are
polymictic. The texture is medium to fine- and very fine
grained. Coarse- and very coarse grained varieties are
observed relatively rare, mainly in the lower part of the unit.
They are built up by mineral fragments and lithoclasts with very
varied size — from fine grained psammitic to gravel. Most often
they are built up by clastic and pyroclastic component. The
clastic component dominates and is presented by quartz,
plagioclase, K-feldspar, muscovite, epidote and lithites. Their
summary amount most often is over 55-60%. The quartz and
plagioclases dominate. The mica (mainly muscovite) and the K-
feldspar are in subordinate amount. The lithoclasts are
presented mainly by quartzites, phyllites and gneisses. Rarer
are observed some rock fragment by siltstone, granite etc.

The pyroclastic component is presented by plagioclases,
biotite and lithoclasts. The biotite is fresh, reddish-brown,
feature that indicate for its volcanic origin (Fig. 2a). The
pyroclastic plagioclases, in contrast to the clastic ones, are
fresher and with more rectangle-like form. The lithoclasts are
angular to semi-rounded and built up by medium as chemistry
porphyric and aphyric volcanites (Fig. 2b), and of the ground
mass microlithic and hyalopelitic texture. Average generalized
amount of the pyroclasts is in the range 10-15%. The cement
of the sandstones is clayey-limy or completely calcitic, most
often basal or contact-pore type.

The sandstones demonstrate significant variety of structural
features. Generally dominate the massive, parallel laminated
and flaser structure. The lamination is fine to crude, often
heterolithic (most often manifested by the mica and the
intraclasts). In the base of the flysch-like cycles, mainly in the
lower part of the unit, is established normal grading according
to the grain size (the texture), which lower part is built up by
very coarse to coarse grained sandstone, in some cases
enriched with gravel and/or psephitic fragments, and the upper
part is presented by medium- to fine grained sandstones. Very
often the sandstones are weakly to medium affected by
horizontal and vertical bioturbations. The cross-bedding is
established only in several beds, and is presented by small
scale (current ripples) and mesoscale (low-angel) one. Other
typical feature of the sandstones is the wide development of
the convolute lamination, which is established as in the lower
part of the cycles as well as in their middle and upper parts.
Some features of syn-sedimentary slumps are observed as
well.

The other lithological varieties are presented by clayey
siltstones, hyposiltstones, silty and limy claystones, silty marls
as well as very thin solitary beds and lenses of
hypolimestones. The structures are massive, fine nodular, fine
parallel laminated to lenticular one. In them the bioturbations
are more often horizontal and more abundant and could be
seen in several levels in one bed indicating that the bed is
formed in several stages.



The lower boundary of the Formation represents gradual
lithological transition (interval with thickness between 4.5 and
7.7 m) towards mainly reddish limestone of the Mirkovo
Formation. In its upper part this transition is presented by
alternation of mainly reddish in different degree limy
sandstones and mixed rocks, while in its lower part is observed
iregular alternation of reddish sandstones and clayey

limestones, mixed rocks and limited amount of sandstones.
Lithologically these rocks are significantly different from those
of the proposed by Moev and Antonov (1976) Voden Member
of Chugovitza Formation that is built up by fine laminated, grey
claystones and marls with different amount of psammite-silty
component. That is why this interval has to be accepted as the
transition between the Chugovitza and Mirkovo Formation.
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Fig. 2. Micro- and macrophotographs of characteristic lithologies and structures for the Chugovitza Formation: a — deformed fresh biotite (Il N, PTDD-013,
88.40 m); b - lithit from volcanic rock in sandstone with pyroclastics (+ N, PTDD-013, 88.40 m); ¢ — heterolithic, crude parallel lamination from the base of
the cycle, affected by vertical bioturbations. In it lower part (left end of the photo) are developed small scale bioturbations and load casts, (PTDD-013, 91
m, base - left end of the photo); d — vertical bioturbation, that start from the lower part of sandstone bed from the base of cycle and is developed
downwards in the hyporocks from the uppermost part of the previous cycle, (PTDD-013, 13 m, base - left end of the photo); e - very crude heterolithic
(according to carbonized plant detritus and biotite) parallel lamination in 115 cm thick, dominated by sandstone cycle. In their lower (left part of the photo)
part - framboidal pyrite inside level enriched by organic (PTDD-014, 116 m, base - left end of the photo); f - convolute lamination in sandstone from the
middle part of cycle (PTDD-014, 53 m, base - right end of the photo). Abbreviations: Bt - biotite; Lit - lithit
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Cyclicity

Generally the structure of the cycles is characterized by
lower, mainly psammitic, middle — alternation of sandstone and
mixed rocks (hyporocks, hyposiltstone and sandy marls), and
upper part, where dominate fine grained materials that could
be covered again by sandstone (Fig. 3). The proportion
between these three parts varies significantly. There are cycles
in which the middle and upper part completely absent, as well
as those in which they dominate. Often the last ones are with
more significant thickness. More of cycles are asymmetric,
often cut off, but are established symmetrical as well.
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Fig. 3. Schematic model of the structure of idealized cycle typical for the
studied sections of Chugovitsa Formation: extraformational rock
fragments (1-2): 1 - terrigenous; 2 - volcanic; 3 - enrichment with
muscovite (terrigenous); 4 - carbonized plant detritus; intraformational
rock fragments (5-6): 5 — terrigenous; 6 — bioclasts; 7 - erosional surface;
8 - load casts; 9 - cracks; 10 — tepee structure; 11 - parallel lamination;
cross-bedding (12-14): 12 - mesoscale trough and low-angel; 13 -
mesoscale planar; 14 - small scale (current and climbing ripples); 15 -
flaser structure; 16 — lenticular structure; 17 — nodular structure; 18 -
bioturbations; 19 — syn-sedimentary deformations

Most often the base of the cycle represent flat surface. Rarer
it is low amplitude erosional one. It is quite possible, because
of the limitation that comes from the size of the studied core
material when the bounding cycle surfaces were studied, the
quota of the erosional bases of the cycles to be significantly
larger. Often the base is connected with development of load
cast (Fig. 2c). In some cases the base of the cycles is enriched
by intra- and extraformational fragments. Other typical feature
of this part of the cycles is the development of vertical
bioturbations that start most often from the sandstone beds in
their lower part and cross down the base surface continuing in
the fine materials from the cycle bellow. In some cases they
are filled with partially oxidized materials (Fig. 2d). The
frequency (density) of this type bioturbation varies. It is
important to be mentioned that in most cases they start from
some part inside the sandy interval. Some bioturbation with
significant amplitude (over 25 c¢m) are found in different levels
inside this part of the cycles.

The sandstones from the lower part of the cycles are
massive to parallel laminated and is observed some alternation
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of these two structure as well. Often the lamination is crude,
heterolithic (Fig. 2e). Cross bedding is observed rarer. It is
presented mainly by low angle and small scale (ripple marks),
the last one typical for the uppermost parts of this interval.
Different in scale syn-sedimentary deformations are
established also. The thickness of the sandstone part of the
cycles vary from 7-12 to over 100 c¢m, average 30-35 cm. The
sandstone/mixed rocks alternation in the middle part of the
cycles most often leads to development of various forms of
flaser structure. As a rule the sandstone in this level are
medium to fine grained, rare very fine grained. Various as form
and density vertical and horizontal bioturbation are observed
as well. In some cycles in this interval is observed clear
developed convolute lamination (Fig. 2f). The transition
between this part of the cycle into the lower one is gradual.

The upper part of the cycles is characterized by the
domination of the fine grained (siltstone and claystone) and
mixed rocks. Here the sandstones are rare. Most often they
are developed as solitary lenses or participate in lenticular
bedding. This part of the cycles is most intensively bioturbated
with the domination of the horizontal ones. The total thickness
of the middle and upper part of the cycles vary from 5-10 to
over 135 c¢m, average 25-40 cm.

High-resolution stratigraphy

The great variety of structure and texture features in the
rocks of the Chugovitza Formation, as well as the presence of
some specific lithologies in it gives good opportunity for
development of more detail (including the high-resolution ones
- HIRES) stratigraphical scheme. Despite that the unit was
established only in three of the studied drillings, it was possible
to be identified and traced many stratigraphically correlative
levels as follows: levels with development of relatively thick
cycles; levels with packages of amalgamate cycles; levels that
contain fresh volcanic products; levels with features of rapid
sedimentation; levels with more intensive development of
erosional processes, intrabasinal re-deposition, subaeral
exposition etc.

Macroscopically most contrast presented are the levels with
development and preservation of thicker cycles, as well as
those with cycle amalgamation. As whole the cycle thickness in
the Chugovitza Formation vary in wide range — from 15-25 cm
to over 1.7-1.8 m (drilling PTDD-013 — 42th and 78th meter, as
well as drilling PTDD-014 -13-th and 66-th meter) at average
value 45-70 cm. The study of the lithofacial peculiarities of the
cyclicity in the drillings PTDD-013 and PTDD-014 reveal
similarity (according to the content, structure and position in
the unit profile) of eleven, situated one over another relatively
thick cycles (with thickness over 1.20 m). In most of the cases
these are solitary cycles. In the lower part of the Formation are
established some series of such cycles also. For example fifth
level contain two cycles, the first and fourth levels - three
cycles, and the third level is built up by four cycles.

The use of above described levels for stratigraphical
correlation has to take very careful in account the specificity of
the sediment accumulation in the concrete outcrop or drilling.
For example there are indications that some local factors, as
the volume of the accommodation space and/or the
terrigenous supply, influencing the structure and the summary
thickness of the cycles. This imposes the stratigraphic value of
these levels to be estimated through their tracing in the other



drills and/or in the outcrops. This problem could be solved easy
through tracing of the levels with thick cycles accompanied
with those of other stratigraphic correlative (marker) levels as
those with enrichment with fresh volcanic materials,
enrichment with plant debris, those with features of rapid
sedimentation, erosional levels etc.

The amalgamation of cycles and, as a result of this, the
forming of packages dominated by deposits, typical for the
lower part of the cycles (as sandstones) is the other,
macroscopically clear pronounced form of correlative (marker)
levels. Such levels were established at the base of the
Formation. In drillings PTDD-013 and PTDD-014 they form
interval with thickness 22.5-23.4 m, in which are observed
three or more traceable packages that are built up mainly by
sandstones. The thickness of these packages varies from 6.9
to over 11.8 m. The intervals between these packages have
more pronounced cyclic structure in which take parts fine
grained materials as well. In drilling PTDD-004 this interval is
more uniform and is built up almost completely by sandstones,
among which are established solitary thin beds of allochemical,
sandy, red-colored nodular limestone. The core diameter not
allows correct estimation of the origin of these intercalation and
it is completely possible these to be some intraformational
fragments (?). Since the level with limestone is only 8 m above
the upper boundary of the transitional interval with the Mirkovo
Formation, it is possible also this limestone to be in situ and to
presents, actually, the beginning of this transition between the
two units. Limestone (but as fine grained, fine parallel
laminated and massive calcarenite) built up significant part
(over 2.5 m) of the third uppermost sandstone package in
drilling PTDD-013. They are intercalated by sandy limestone
and limy sandstone, enriched with pyroclastic material. As
according to the position in the profile, as well as according to
their content and structure, these rocks are not analog to the
limestone of the Mirkovo Formation.

Because of multiple fine-grained hyporock, marl and siltstone
intercalation, upwards the sandstone packages in drillings
PTDD-013 and PTDD-014 stay more and more inhomo-
geneous. The correlation of these packages between the
drillings gives the impression of development of accretional
body that growth towards south-southwest, with source area to
the north. In fact in drilling PTDD-004, the northernmost of the
three ones, are established most as number and clear
developed erosional surfaces, the rocks are coarser, including
the appearance of breccia-conglomerate. Contrariwise, in the
most southern drilling this interval contain most as number and
thickness  finegrained intercalations. Again here are
established carbonized plant debris and framboidal pyrite. The
amalgamated sandstone level from the base of the Chugovitza
Formation probably correspond to the lowermost (the first from
the three in the unit) sandstone marker level established by
Zhelev et al. (1999f). The same authors accept that these
marker levels are well traceable mostly in the northern part of
the Chelopech syncline.

Till the moment accepted model for the genesis of these
packages is connected with the amalgamation of multiple
cycles (indication for which is the great number of erosional
surfaces developed in them), as a result of which it was
preserved only their lower sandstone part. In the lowermost
parts among the sandstones there are large, relatively well
rounded volcanic rock fragments as well. The discussed above
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peculiarities, however, give the reason to be take in mind the
possibility this sandstone level to be formed in shallow marine
or coastal settings, most probably as prograding structure.

As support of similar interpretation could be mentioned the
fact that the upper boundary of this interval most probably is
not isochronous one. Indication of similar idea are its cross
relationship with the lowerer from the two situated one over
another about 5.5 m levels with re-deposited (oxidized)
volcanic rock fragments from the lower part of the Formation,
established respectively on 105 m in drilling PTDD-013 and
117 min drilling PTDD-014. Also in this interval are established
desiccation cracks that, no doubt, are evidence for subaeral
exposure.

In drilling PTDD-014 are established two levels with
thickness from 1.7 to 4.1 m that are dominated by mixed and
fine-grained rocks, which built up respectively 80-83 and 92-97
m of the core of the drilling. Similar level was established also
in drilling PTDD-013, but it is situated obviously straigraphicaly
‘higher” than the described above four. Other appropriate
correlation (marker) levels are those in which enrichment of
volcanic material has been found. Five such levels have been
established: first (PTDD-013 — 105 m, and PTDD-014- 117 m),
second (PTDD-013 — 99 m, and PTDD-014 — 112 m), third
(PTDD-013 — 88 m, and PTDD-014 — 99 m); fourth (PTDD-013
- 43 m, and PTDD-014 - 55 m) and fifth — respectively PTDD-
013 -14.5m, and PTDD-014 — 27 m. In the first two levels are
presented mainly oxidized volcanic rock fragments, and in the
upper two — pyroclastic, including fresh dark-brown biotite.
Fresh pyroclastic biotite was established also in the second
level. Because of the very limited number of the drillings in
which they were established, the origin (volcanogenic or
epiclastic one) of these levels was not clarified enough.
Despite this we accept them as enough reliable
chronostratigraphical marker level.

Four levels with features for relatively rapid sedimentation
have been suggested. Among the most easy recognizable
typomorphic features of these levels is the wide development
of load cast structure. They are situated as follows: first
(PTDD-013 — 92 m, and PTDD-014 - 105 m), second (PTDD-
013 - 79 m, and PTDD-014 - 92 m), third (FTDD-013 — 66 m,
and PTDD-014 — 79 m) and fourth — respectively PTDD-013 —
56 m, and PTDD-014 - 68.5 m.

Despite that the erosion is among the typical features of the
described above cyclicity it was recognized nine different levels
with more intensive development of erosional processes and
intrabasinal re-deposition outside the volume (over) the pack-
age of the amalgamed sandstones from the base of the For-
mation. They are situated as follows: first (PTDD-013 — 102-
104 m, and PTDD-014- 115 m), second (PTDD-013 - 88,5 m,
and PTDD-014 — 100 m), third (PTDD-013 - 75 m, and PTDD-
014 — 86 m), fourth (PTDD-013 - 45,5 m, and PTDD-014 - 58
m), fith (PFTDD-013 — 39 m, and PTDD-014 — 52 m), sixth
(PTDD-013 — 34 m, and PTDD-014 — 47 m), seventh (PTDD-
013 -9,5m, and PTDD-014 — 23 m), eight (PTDD-013 — 7 m,
and PTDD-014 — 18,5 m) and ninth - respectively PTDD-013 -
4,5 m, and PTDD-014 - 16,5 m. The manner of manifestation
of these levels is not completely equal. Except the presence of
erosional surfaces in drillings, they are connected also with
simultaneously with them development of: (i) intraformational
lag deposits and mesoscale cross bedding (for example in the
second level); (i) primary oxidation of the sediments, con-



firmed also with the character of the infill of the bioturbations —
for example in third level, there is the jointly development of the
both features; (iii) tepee structures and intraformational lag
deposits (for example in seventh level).

Among the easy recognizable correlative markers are also
the three levels with features of active hydrodynamic setting of
sedimentation, revealed as development of meso- and small
scale cross-bedding: first (PTDD-013 - 63 m, and PTDD-014-
75 m), second (PTDD-013 - 38 m, and PTDD-014 — 50 m) and
third - respectively PTDD-013 — 3 m, and PTDD-014 — 15 m.
Because of the discussional character of the genesis of the
cyclicity in the Formation, the stratigraphical importance (value)
of this marker levels is relatively low.

It was established also two intervals with significant appear-
ance of bioclasts, mainly as lag deposits: first (PTDD-013 — 89-
93 m, and PTDD-014 - 96-112 m), second (PTDD-013 — 64-76
m, and PTDD-014 - 74-87 m). These levels might be interpret-
ed also as those of increased bioproductivity. In this group
should be included also two other groups of levels in which are
established increased amount of carbonized plant debris: first
(PTDD-013 - 96 m, and PTDD-014 — 106 m), in which were
established some features connected with primary oxidation of
the sediments (connected, probably, with subaeral exposition),
and second (PTDD-013 — 92 m, and PTDD-014 — 105 m)
which, contrariwise of the first, has the features of reductional
sedimentary setting (development of framboidal pyrite). The
second level coincides with the first level with features of rela-
tively rapid sedimentation.

Discussion and conclusions

No doubt the diversity as origin and as features and the
significant number of the established and traced correlative
(marker) levels in the section of the Chugovitza Formation
allows it more detail and precise subdivision and
intraformational correlation. Some of these levels are
combined in specific manner that forms easy and well
recognizable succession of levels that make their stratigra-
phical application very convenient. From the other hand, the
presented study is still in its initial stage and the proposed
approach need to be applied in wider area that will test more
correctly the stratigraphic value of the proposed above types of
marker levels. The obtained data allows to be given also a new
meaning of the probable flysch (turbidite) genesis of the
cyclicity in the rocks of Chugovitza Formation.

First of all it is connected with the establishment of features
of multy-act formation of the lower part of the cycles. These
are: 1 - the great number of multistory, imposed one over
another levels of bioturbation in one and the same solitary
cycle; 2 — the development of several and not connected each
other stages of syn-sedimentary deformations (convolutions) in
the profile of one and the same cycle as well. Other specific
feature is connected with the lower boundary of the cycles that
very often is cross-cut by vertical bioturbations, which start
from inside of and contain (are filled with) materials from the
lower part of the cycles, which usually is massive or uneven
laminated sandstones, structure accepted as features of
“ephemeral” sedimentation. Often, exactly inside these
“ephemeral”’ deposits, also are observed several, clearly
separated one from another levels (therefore stages also) of
bioturbation that, factually, reject the possibility these to be
flysch type sediments. Quite often the bioturbation that starts
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from the lower parts of some cycle and continue in the upper
part of the below situated one to be filled with oxidized
materials (Fig. 2d).

The possible non-flysch character of the genesis of the
materials of the Chugovitza Formation is indicated also by the
existence of well preserved fragments and lag deposits of
carbonized plant debris, with which associate the development
of framboidal pyrite. In some cases on the base of the cycles
together with the plant debris was found intraformational clasts
that shows features of syn-sedimentary oxidation of the
materials that could be interpreted as result of subaeral
exposure of these materials during their precipitation.

Other specific feature of the cycles is the forms of erosion
and re-deposition inside of the small cycles. Very often in the
upper half of the cycles, where it could be found as sharp
erosional surface, as well as lag deposits of intraformational
clasts which lithology are analogical with those of this part of
the cycle. The forming of this type of intraformational clasts
needs some lithification of the sediments before their short
transport and re-deposition.

In regional view the rocks of the Mirkovo Formation, that lie
below those of Chugovitza Formation, indisputable, mark stage
during which it was formed wide shallow marine sedimentary
environment that could be traced continuously in wide area.
The transition between these two units is gradual, and in the
rocks of the Chugovitza Formation it was not found features of
re-sedimentation of materials from the Mirkovo Formation.
These facts rather not support the idea that the genesis of the
rocks of the Chugovitza Formation is connected with the flysch
generation that needs trough forming, which no doubt had to
led to some re-deposition of the materials of the Mirkovo
formation in the profile of the Chugovitza Formation.
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ABSTRACT. The study presented the results from the specialized lithological and lithofacial investigations of four drills that crossed the Mirkovo
Formation north-west of Chelopech Village, Sofia district. The Mirkovo Formation (Santonian-Campanian) is build up mainly by red limestone with
rare intercalations of polymictic matrix- and grain-supported breccia and breccia-conglomerates. The limestones are mainly allochemic and micritic,
medium to fine grained. Together with the allochemic and bioclastic component in them, most often forming detachable levels, it is presented
classtic and pyroclastic ones, the last one represented by llitho- and vitroclasts, plagioclases and biotite. With similar levels are connected load-cast
structure with various amplitude and frequency, flint concretion development and changes of the color of the rocks — from saturated red to reside to
light-green and whitish. The obtained results permit to be specified the character and the peculiarities of the lower and upper boundary of the unit.
Also stratigraphic subdivision of the unit is developed.

HOBW AAHHW 3A CTPOEXXA HA MUPKOCKATA CBWUTA B PAWOHA HA C. YEJIOMNEY, CO®UACKO
leopau AiidaHnulicku!, baHyw Banywes?, MhopdaH eHyes?, Bena ®pb2oea?, Spocnae [JuHyes?
TMurHo-2eomoxku yHusepcumem “Cs. Mear Puncku’, 1700 Cogpusi; ajdansky@mgu.bg

2“Bonkaq Murepan eHd MatiHune” EAL], Yeroney, Cogpuiicka obr.

PE3IOME. W3cnensaHeTo npefcTaBs pe3yntatute OT CMELMann3vupaHn NUTONoXKM 1 nutodaumnaniu n3cneaBanns Ha 4 coHgaxa npecuyalim
Mwpkosckata cauta C3 ot c. Yenoney, Cocpuiicko. MupkoBckaTa cBUTa (CAHTOH-KaMnaH) e U3rpafieHa NpeaMMHO OT YePBEHW BapOBULM C PeaKy
MpOCNON OT MONMMMUKTOBW HACUTEHM W HeHacuTEHM Bpekun 1 bpakyo-koHrnomepaTtyu. BapoBuuymTe ca npeaumMHo anoxemHu N MAKPUTHW, CPEOHO- 1
ApebHo3bpHeCTW. Hapen ¢ anoxemHaTta 1 B1oKknacTuyHaTa KOMMOHEHTa B TsX, hopMupanku Han-4yecto 060cobeHn HUBa, MPUCHCTBA KNACTUYHA U
NUPOKIacTUYHa Takasa, NocnefHaTa npeacTaBeHa OT NIATO- W BUTPOKNACTK, nnaruoknasu 1 6uotut. C nogobHN HYBa ca CBbP3aHu TEKTCTYpM Ha
HaTexaBaHe 1 NPOHUKBaHE C PasnuyHa amniuTyaa U rbCToTa, pa3BuTHE Ha KPEMBYHW KOHKPELMM M MPOMSHA Ha LiBETa Ha CKanuTe — OT HACUTEHO
yepBeH KbM pe3ugaB W 6enesHukas. MMonyyeHuTe pesyntaTi NO3BONSBAT YTOUHSIBAHE HA XapakTepa M 0cOBEHOCTUTE Ha JonHaTta W ropHara
rpaHnua Ha eguHnuarta. PaspaboTena e u ctpaturpadcka noasnba Ha eguHuuara.

Introduction analyzed new data about the lithology and the structure of the
With its lithology the red limestone of the Mirkovo Formation Mirkovo Formation in Western Bulgaria.
(Santonian-Campanian) is among the convenient and often . . . .
used lithostratigraphical and lithofacial marker levels in Upper The aim of this study is to present the results obtained from
Cretaceous succession in western and central Bu|garia. the SpeCialized lithofacial Study of the Mirkovo Formation in
Despite of this some aspects of its characteristics are not well four drillings and several outcrops in the eastern part of
studied yet. Chelopech syncline, structure that is build up mainly by Upper
Cretaceous  (Turonian-Maastrichtian) ~ sedimentary  and
The unit is introduced as “Mupkosckasi cauta’ by Moev and ~ Volcano-sedimentary rocks, and is situated just NW of
Antonov (1976). In the previous investigation in the area the Chelopech village, Sofia district.

rocks of the Formation are described as “second horizon of the
Senonian” (Nikolaev, 1947), “third horizon of the Mastrichtian”

(Vrablianski et al., 1961), “clayey-limestone suite” (Moev et al., Material and methods
1975f) and Mirkovo Formation (Moev and Antonov, 1978; The paper is based on the results of the specialized lithofa-
Yolkichev, 1993c; Cheshitev et al., 1995; Zhelev et al., 1999f). cial studies of core material from four drillings, situated in the
northern limb and the eastern centrycline of the Chelopech
The prospecting drilling program of Balkan Mineral and syncline (Fig. 1). The core material is storied in the core-
Mining (BMM) EAD in the area of Chelopech syncline, with depository of BMM EAD in Chavdar village, Sofia district. The
which special permission this study is published, realized in the calculation of the true thickness of the units is based on the
period of 2006-2007 year and includes part of the type area of structural data given by BMM EAD as well as on National
the unit as well, gives good opportunity to be collected and Geofund materials (Zhelev et al., 1999f). During the macro-
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scope study of the core materials were recognized, studied
and described lithologica and lithofacial types under application
of standard abbreviation code that correspond to the content,
texture and structure of the protolith. Aiming the facilitate using
the core column graphs, the vertical scale of the lithological
column in the graphs as well as in the text correspond to the
drilling data (depth from the surface) but no to the real thick-
ness of the units. The field grain-size characteristic of the clas-
tic and the carbonate rocks is based the developed by Fried-
man and Sanders (after Miall, 1990, Table 2.1) standard scale.
The description of the mixed clastic-carbonate rocks is based
on the classification scheme proposed by Sultanov (1980). The
field color description of the rocks in the section is based on
the Rock-Color Chart (1991).
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Fig. 1. Schematic geological map of the studied area position of the
studied and sampled during this investigation drillings (on the base of
data given by BMM EAD and after Zhelev et al., 1999). Abbreviations: 2 K»!
- sandstone suite; Chelopech Formation: che/v Kx"st — volcanogenic
package; chelvs Kxnst — volcano-sedimentary package; che/ms Kaenst —
mica-sandstone package; mi Kxt<® — Mirkovo Formation; chu Kxeem —
Chugovitsa Formation

Lithological characteristic

The Mirkovo Formation is built up by variegated, mainly red
limestone intercalated by beds of polymictic breccia-
conglomerate. The unit was established in all four drillings. Its
thickness varies: in drilling PTDD-004 — about 16 m (interval
32-85 m); in drilling PTDD-013 - 21 m (interval 132-156 m); in
driling PTDD-014 - about 58 (?) m (corresponding with
interval 150-217 m); and in drilling PTDD-019 — 18 m (interval
9-41 m).

The main lithological varieties, that give the face of the
Formation, are the limestone. Significant part of it is colored in
different tones of the red, but reseda to whitish in color is also
observed. In the sequence dominate the micritic and
allochemical medium- and fine grained limestone. Biomorphic
and bioclastic varieties are also established. About the 60-70%
of the volume of the biomorphic limestone is built up by fossils
— mainly foraminifera (in some places up to 95%) and in less
degree fragments of mollusk, crinoids, ostracodas etc. The
structure of the bioclastic limestone also is dominated by
ostracorda and foraminifera fragments. Characteristic feature
for biomorphic, as well as bioclastic component, is the
development of hematitization. Not so rare the shells
completely are filled by hematite colored calcite.

Besides with allochemical and bioclastic component, in the
limestones are established also clastic and pyroclastic ones.
The clastic component is presented mainly by quartz,
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muscovite and lithites. The lithites are presented by volcanic
and carbonate rock fragments. The volcanic rock fragments
are angular to well rounded, medium as chemical content,
fresh to altered in different degree. On some fragments are
visible thin limonite and/or hematite crusts. Plagioclase, biotite,
amphibole and glauconite are also established. The pyroclastic
component is presented by litho-, crystallo- and vitroclasts,
plagioclase (Fig. 2e) and biotite (Fig. 2f), the last one mainly
dark brown. While the pyroclastic plagioclase often is
sericitised, the biotite, even very rare, is mainly fresh. In some
place the pyroclastic component, mainly with psammitic size,
forms detachable bodies — beds and lenses that alternate with
the limestones. In other cases the limestone is enriched by
mainly fresh andesite fragments with size from 2-3 to 60-80 cm
(Fig. 2b) that could from matrix supported breccia and breccia-
conglomerates. While in driling PTDD-014 similar coarse
grained bodies are observed mainly in the lower part of the
Formation, in drillings PTDD-004 and PTDD-019 they are
established in whole volume of the unit.

The characteristic feature of the lowermost of the Formation
is the abundances of Inoceramus detritus. This is accompa-
nying with increased amount of pyro- and epiclastic psammite
and psephitic component in the limestone that leads to forming
of mixed rocks, as well as to more nodular structure. Some
Inoceramus fragments enrichment, but not in the same degree,
is established in different levels inside the unit volume. Mainly
the matrix is micritic and fine grained irregularly grained calcite.

Between the 10th and 12th m over the unit base is
established flint, most often as nodules, and rarer as irregular
in from bodies (Fig. 3). Its color vary from medium red (5R 5/4)
to light greenish-grey (5G8/1), but are observed nodules in
which the color is changing from to core to their periphery (Fig.
2c).

The main part of the volume of the unit is presented by thin
to medium bedded limestone. Predominates medium-, fine- to
very fine nodular, fine laminated and rarer massive structure.
Beside, even rarer, are observed also cross-bedded and flaser
structure (Fig. 3). In some places the irregular distribution of
the bioclastic and clastic component leads to forming of spotty
structure. On different levels in the rocks of the unit are
recognized surfaces of local erosion.

In several levels, enriched by pyroclastic (rarer epiclastic)
component, load cast structures with different amplitude and
saturation are observed (Fig. 2d, 3). As a rule around of these
structures some change of the color of the rocks is observed —
usually from saturated red to rezida-colored and beige.

Even only in isolated cases, in the rocks of the Mirkovo
Formation could be observed bioturbation, mainly vertical ones
and with small (about several c¢m) amplitude. It was
established also syn-sedimentary deformations, probably
slumping folds, which, probably, are result of gravitation-
slumping event with local affect. On the base of data
connected with the availability of foraminifera fossil fauna in the
rocks of the Mirkovo Formation (Moev, Antonov, 1978) and
fossil limy nanno-plankton (Zhelev et al., 1999) is accepted that
chronostratigraphical range of the unit is part of Santonian and
Campanian stage of Upper Cretaceous series.
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Fig. 2. Macro- and microphotographs of characteristic lithologies and structures for the Mirkovo Formation: a — andesite fragment (upper part of the
photo) with 3-4 mm thick hematite crust. The other clasts are volcanic clasts are relatively fresh. The matrix contains fragments of Fe-oxide crusts with
zonal structure as well, (PTDD-004, 84 m, base - left end of the photo); b - progradational large scale cross-bedding on the base of the unit (lower half of
the picture) that is enriched by volcanic fragments and Inoceramus detritus, (western slope of Vozdol); ¢ — zonal colored flint nodules, one of them
partially includes volcanic epiclatst, covered by rezida-colored. In the right part of the photo limestone bed enriched with pyroclastic materials, (PTDD-
014, 202 m, base - left end of the photo); d — micritic limestone with thin tuffose bed that has graded bedding and load casts on the bottom. Around the
lower contact of the pyroclastic bed and the load cast structure some “discoloring” of the dark-reddish limestone is observed, (PTDD-014, 185 m, base -
left end of the photo); e - very fresh pyroclastic plagioclase among calcitic matrix, (+ N, PTDD-004, 55 m); (f) - fresh pyroclastic biotite among calcitic
matrix, (Il N, PTDD-004, 55 m). Abbreviations: Bt - biotite; Ca - calcite; Pl - plagioclase
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Fig. 3. Lithofacial and stratigraphical columns of the Mirkovo Formation: 1 - breccia-conglomerate; 2 — sandstone; 3 - siltstone; 4 - claystone; 5 — marl;
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Discussion and conclusions

Among the problems with the distinguishing and the
correlation of the Mirkovo Formation in the studied area is the
identification of its boundaries.

The obtained log and the surface data reveals the accretion
character of the sedimentary architecture of the psephitic-
dominated coarse to very coarse grained epiclastites from the
uppermost parts of the volcano-sedimentary package of the
Chelopech Formation (Fig. 2b) as well as lowermost part of the
Mirkovo Formation. Also the last one is characterized by
strongly enrichment with Inoceramus debris that form 2.5 m
thick package.

The lower boundary of the Mirkovo Formation is described
usually as sharp lithological, in some places with data for
erosion and with features of prolongate subaeral exposure —
uneven, oxidised and carbonatised residual crust. Such crusts
divide the polymictic medium to very coarse grained breccia-
conglomerate from the upper part of the Chelopech formation
from the Inoceramus and clastic enriched base of the Mirkovo
Formation. On the other hand, features connected with
development of oxidation crust, result of prolongate subaeral
exposure, however, are observed in some levels inside the
situated stratigraphicaly bellow the Mirkovo Formation volcano-
sedimentary package of the Chelopech Formation as well.
Beside this, again there, could be observed some reworked
and re-sedimented product of such processes. Because of this,
their use as marker of the lower boundary of the Mirkovo
Formation has to be done very carefully and taking in account
all peculiarities of the section.

The realized field studies reveal the existence of lateral
replacement of epiclastites from the uppermost part of the
Chelopech Formation by the limestones of the Mirkovo
Formation as well, where could be seen some features of
progradation, accretion (Fig. 2b) and syn-sedimentary
deformation.

Other specific feature of the lower boundary of the Mirkovo
Formation is connected with the fact that the uppermost levels
of the volcano-sedimentary package of the Chelopech
Formation are built up by sandstone and matrix- to grain-
supported breccia-conglomerates, mainly with blue-purple
color. In the sedimentology of the clastic rocks similar colors
are connected with sedimentary profiles that have been
affected by prolongated intensive oxidation or paleosol forming
processes.

In the studied area the upper boundary of the Mirkovo
Formation, those with the terrigenous rocks of the Chugovitza
Formation, is gradual transition interval in which the definitive
features of the one of the units gradually replace those of the
other one. In all studied drillings there are mainly very fine to
fine-grained terrigenous and mixed rocks, in most cases
colored in red or variegated tones. Other its specificity of this
interval, established during this study, is the presence of fresh
volcanogenic biotite in it.

In this part of the section of the Upper Cretaceous, Moev and
Antonov (1978) nominated, and Zhelev et al. (1999f) mapped
about a 140 m thick package of predominantly fine laminated,
grey claystones and marls that contain varying amount of
psammite-silty component, that they named the Voden

82

Member of the Chugovitza Formation. According to them this
unit occupies lowermost part of the Formation. Generally, part
of the characteristic of the described above fransitional interval
(the presence of fine grained clastic rocks) correspond with the
properties of the Voden Member, but, from the other hand,
they contrast to its color and the appearance of psammitic
materials. This, as well as its small thickness, not allows its
nomination as specific, independent unit that could be steady
recognized and traced in the field.

Despite the seemingly monotonous lithology (red colored
limestone) the rocks of the Mirkovo Formation gives good
opportunity for more detail inner subdivision. Mainly this is the
composition of the rocks. On this base the unit could be
divided into three intervals (packages). The lower and upper
one of them are characterized by stabile and significant
attendance of allochemical component in the limestone, while
in the middle one predominates mainly micritic limestone (Fig.
3). The thickness of these intervals vary. The thickness of the
upper allochemical limestones package is in the range from 3.9
to 20.8 m, those of the middle micritic limestone package —
from 4.5 t015.6 m; and those of the lower allochemical
limestones package - respectively from 9.5 to 14.7 m.

More detail study of the core material allows in some extend
the clarification of the stratigraphic position of the flint
concretion in the profile of the Mirkovo Formation as well. The
collected data reveal that they appear in levels where it was
established some enrichment of pyroclastic component (Fig.
3). Because of this they are developed in several levels, but
one of them — those that is situated about 10-12 m above the
base of the unit, is mostly pronounced (Fig. 2c). Similar
connection could be interpretated as diagenetic expression of
the increased amount of SiOz in the rocks that is indirect result
of the enrichment with pyroclastic.

Other manifestations of the levels that contain fresh volcanic
materials are the appearance of greenish and the pile coloring
of the limestone. This connection could be observed also in
several parts of the unit as forming solitary, isolated, very thin
intervals, as well as forming intervals with thickness over 15 m,
in which, because of its very frequent development, this
greenish coloring is part of the general face of the rocks (Fig.
2c, d).

Other peculiarity of the Mirkovo Formation is the presence of
solitary rock fragment or breccia-conglomerate bodies that are
build up by gravelites to coarse grained pebbly and cobble,
containing some small blocks, that are dominated by volcanic
materials. In two of the drilings — PTDD-004 and 014, they
give the face of the lowermost part of the Formation (Fig. 3). In
the other two drillings their amount is significant less, but in
drilling PTDD-019, they dominate also in the uppermost parts
of the unit. In the outcrops along the western slope of Vozdol
valley, situated almost nearly of this drilling, however, the
breccias-conglomerate are present as in the uppermost as well
as in the lowermost part of the Formation (Fig. 2b). From one
hand this area is strongly tectonized, that's why it may exist
some fold or fault generated repetition of the profile of the unit.
From the other hand, however, this fact could be interpreted as
very fast (short) changeability — laterally and vertically, of these
breccia-conglomerates, supposition, completely supported by
the data from drilling PTDD-013.



Appearance the volcanic fragments in different form are
observed in the rest part of the unit profile also, as well as in
the transitional interval to the Chugovitza Formation.

The origin of these breccia-conglomerate bodies is strongly
discussional. The main part of the participated in them volcanic
rock fragments is fresh. They are included into micrite
limestone matix in which there are not visible any evidence of
syn-sedimentary deformations, result of horizontal transport,
that's why, in most of the cases the rock fragments ,float’
among this matrix. Thus described features suppose eruptive
(syn-volcano) transport of these materials. In support of similar
thesis is the appearance of fresh pyroclastic material on many
levels of the unit, fact that was already discussed according to
the possible origin of the greenish colors of the rocks. The
absence of the impact structure in the limestone, from the
other hand, directs the connection of the origin of these coarse
bodies with the processes that have leaded to forming of
epiclastites.

The solving of similar problem is possible only through
broader field investigations. Also realization of similar
investigations  could assist the clarification of the
chronostratigraphical range of the activity of the volcanism in
the area.

References

Miall, A. D. 1990. Principles of Sedimentary Basin Analysis. 2
Ed., Springer-Verlag, New York, 668 p.

Moev, M., M. Antonov. 1976. About the stratigraphy of the
Senonian rocks in Central Srednogorie area. — Compt.
Rend. Acad. Bulg. Sci., 29, 10, 1515-1517 (in Bulgarian).

83

Moev, M., M. Antonov. 1978. Stratigraphy of the Upper
Cretaceous in the eastern part of the Stargel-Chelopech
band. — Ann. Univ. Min. Geol., 23, Part 1, 7-30 (in
Bulgarian).

Nikolaev, G. 1947. Contribution to the geology of the southern
slopes of Stara Planina Mountain between Botevgrad and
Zlatitza pass. - Bulg. Geol. Soc. Rev., 15, 1-17 (in
Bulgarian).

Rock-Color Chart. 1991. 7th Print., Geol. Soc. Amer., Boulder,
Co.

Sultanov, A. 1980. New classification diagram of clay-
carbonate rocks based on carbonate-clay-clast component
system. — Compt. Rend. Acad. Bulg. Sci., 33, 8, 1103-1106
(in Russian).

Vrabliansky, B., K. Budurov, Tz. Tzankov. 1961. Contribution to
the stratigraphy of the Upper Cretaceous between Sofia
plain and town of Panagiurishte. — Ann. Gen. Geol. Man.,
11, 117-132 (in Bulgarian).

Yolkichev, N. 1993. Chelopech Formation. — In: Glosary of the
Formal Lithostratigraphical Units in Bulgaria (1882-1992)
(Ed. Y. Tenchov). Bulgarian Academy of Sciences, Sofia,
397 p. (in Bulgarian)

Zhelev, V., M. Antonov, D. Synniovsky. 1999. Final report
about the revisional geological mapping in scale M 1:25000
and lithogeochemical sampling in project area Chelopech
during the period 1998-1999 year. — National Geofund,
MWE, Sofia, 139 p. (in Bulgarian)

Recommended for publication by Department of “Geology and Paleontology”,
Faculty of Geology and Prospecting



rOANLIHMK HA MUHHO-TEONIOXKMA YHUBEPCUTET “CB. UBAH PUIICKIA”, Tom 51, Cs. |, F'eonorusa u reodpuamka, 2008
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 51, Part I, Geology and Geophysics, 2008

CONTRIBUTIONS TO STUDY OF THE MAGNESIAN MINERALS IN IUTI-TISOVITA-
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ABSTRACT. The lutj-Tisovita-Plavisevita ophiolitic complex is composed of three major parts: gabbroid of luti and gabbroid of Plavisevita,
separated by ultrabasic massive of Tisovita, and is belonging to the major unit named Danubian autochthon of the Romanian Southern Carpathians
= Bulgarian Prebalkans and Stara Planina. In a broader scale the lutj-Tisovita-Plavisevita ophiolitic complex belongs to the Tethyan-Eurasian
Metallogenic Belt. He represents extension, at north from Danube, of the alignment of Paleozoic inferior basic-ultrabasic rocks from Serbia. The
Tisovita-Plavisevita sector is remarkable by associations of the magnesian minerals disposed of type cross-filler and/or mass-filler in appreciable
reserves. On the basis of mineralogical-petrographical investigations (optical microscopy study, diffraction RX, thermal analyses) an attempt has
been made to reveal of this associations of magnesian minerals forming in the rocks from this ophiolitic complex.

MPUHOC KbM U3YYABAHETO HA MATHE3UANHU MUHEPAIIA OT O®UOJNTUTOBUA KOMMNINEKC UYTU-TULLIOBUTA
NMNABULLEBUTA HA NNAHUHWUTE ANTMAX (KOXXHU KAPMNATU - PYMBHUA)

l'eopze BpaHouy, Muxatli Kuokupden, OkmasuaH 'eopzecky, Qymumpy ®pyH3ecky

Petroleum-Gas University of Ploiesti, Geology Department, 100680 Ploiegti, Romania; gbranoiu@yahoo.com;
mihai_c@bigstring.com; galoctavian@yahoo.com; dfrunzescu@yahoo.com

PE3IOME. OdmonutoBusat komnnekc Wytu-TuwosuTa-MNnasuiuesnta e CbCTaBeH OT TPU OCHOBHM yacTu: rabpowau oT Wytn u rabpougn ot
naBuwweBuTa, oTAENEHU OT ynTpabasnynusa Macue Ha TuioBKTa. TOM Ce OTHACs KbM €AHa ronsiMa CTPYKTypa HapeyeHa [lyHaBCku aBTOXTOH Ha
pymbHckuTe KOxHM Kapnatu (= 6bnrapekvs lNpegbankad u Ctapa nnanuHa). B no-wmpok acnekt ocuonutoBusT komnneke Wytu-Tuwosuta-
MnaBuwesuTa npuHaanexu Ha Tetuc-EBpasuiickus meTanoreHeH nosic. Toil NpefcTaBnsBa pastaraHe, Ha ceep oT [lyHaB, Ha nopeauua OT
naneo3omncku 6asnynn oo yntpabasnyHu ckanu ot Copbus. CektopsbT TuwosuTa-lNnasuwesuTa e 3abenexuteneH ¢ acoymauus oT MarHe3uasnHm
MWHEpanu 13non3BaHu Kato CypoBuHa 3a GunTpu. Ha 6asata Ha MuHepanoro-neTporpadickuTe NpoyyBaHns (OMTUYEH MUKPOCKOM, PEHTreHOBa
Audpakuns, TEPMUYEH aHamws) Ce MpaBy OMWUT fa Ce MpencTaBaT acoupauuuTe OT MarHesvanHu MuHepanu o0pasyBaHu B CkanuTe Ha
0hMONUTOBMS KOMMTEKC.

Introduction

The presents paper a complex mineralogical-petrographical
investigation performed on some rock samplex from the
transitional unit of the Tisovita ultramafic massive. These rock
samples are considered representative and they have been
taken from the left versant of the Danube River, more
precisely, from the slope of the Orsova-Moldova Noua road
(DN57). This road follows the river, through the zone of the
transition unit of the Tisovita serpentinite massif. The rocks of
this transitional unit outcrops over a distance of approximately
3km (from the bridge over Tisovita valley to the luti valley)
being followed by the luti gabbros unit. In the studied outcrops
formed through the bank-sloping of the road, there are
serpentinites and dunites partially serpentinized, crossed by
joints which are filled white magnesian minerals (Fig. 1). The Fig. 1. Outcrop in serpentinites and dunites partially serpentinized

host rock has a fine granular texture and a greenish-black or crossed with joints filled with white magnesian minerals (slope of the
reddish-brown colour Orsova-Moldova Noua road = DN57, near the bridge over Tigovita valley)
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The luti-Tisovita-Plavisevita (ITP) ophiolitic complex from
South Banat (south-west Romania) belongs to the Balkan-
Carpathian ophiolite (BCO) belt and in a broader scale to the
Tethyan-Eurasian Metallogenic Belt (Jankovic, 1977). BCO
extends over 250 km from north-west to south-east and
includes, besides ITP ophiolitic massive, several major
ophiolitic massive: Zaglavac and Deli Jovan (north-east
Serbia), and Tcherni Vrach (north-west Bulgaria). The ophiolite
sequence of these massive are considered as fault-block
remnants of the single Late Precambrian-Earliest Cambrian
(563+5Ma) ophiolite thrust sheet formed in a mid-ocean ridge
setting and possibly representing a crustal fragment of large
oceanic basin. It is assumed, that BCO is a part of extended
South European palaeo-oceanic suture continued on southeast
in Pontides and further in Arabian-Nubian Shield and
representing a trace of proto-Tethys closed in early Paleozoic
in relation with Cadomian orogeny (Haydoutov, Yanev, 1997;
Savov et al., 2001; Zakariadze et al., 2008).

Geological and structural evidence indicates that both ITP
and Deli Jovan ophiolitic complexes were parts of the same
massive, located in the basement of an Upper Danubian Unit
and dismembered by Oligocene dextral translations along the
Cerna-Timok Fault. Because it is uncertain if the continuation
of the Danubian and Getic-Supragetic Unit is developed in the
western Stara Planina from the Bulgarian Balkans (Berza,
2000), it is not yet proven that all four occurrences belong to
the same ophiolitic massive, as previously suggested
(Haydoutov, 1989; Haydoutov, Yanev, 1997; Savov et al.,
2001; Seghedi et al., 2005). If the metamorphic basement in
the Stara PlaninaJ represents the continuation of the Danubian

units from the South Carpathians (e.g. Sandulescu, 1984;
Krautner, 1996; Krautner, Krstic, 2003), then the Zaglavac and
Tcherni Vrah occurrences belong to the same ophiolitic
massive as ITP and Deli Jovan. Alternatively, they might
represent ophiolitic successions located within the Getic-
Supragetic Unit complex from the Balkans (Seghedi et al.,
2005). In the Tcherny Vrach massive cumulate, sheeted dykes
and pillow lava units were recognized (Haydoutov, 1989;
Haydoutov, Yanev, 1997) and the U-Pb zircon age of the
Tcherny Vrach gabbro is 56315 Ma (von Quadt et al., 1997).
All geochronological data (Zakariadze et al., 2006) carried out
for gabbros from Deli Jovan massive showed narrow Lower
Devonian interval, the U-Pb zircon age of the Deli Jovan
gabbro being 405+2.6 Ma.

The ITP ophiolitic (mafic-ultramafic) complex represents a
plutonic sequence, well preserved in the Upper Danubian
basement (Fig. 2), tectonically sandwiched and partly
dismembered in a pre-Late Carboniferous Unit complex
(Maruntiu, 1984; Maruntiu et al., 1997; Seghedi et al., 2005).
The ITP ophiolitic complex includes two main units which show
the ophiolite igneous stratigraphy: a lower unit with upper
mantle lithologies and an upper association of plutonic
cumulates. Plutonic and effusive rocks in the eastern,
Plavisevita shear zone, are interpreted as the upper part of the
ophiolite sequence (Maruntiu et al, 1997). The mantle
peridotite unit, forming the lower part of the ophiolite igneous
stratigraphy, consists mainly of harzburgite with tectonite
structure and subordinate dunite, hosting small podiform
chromitites.
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Fig. 2. Location of the luti-Tigovita-Plavisevita (ITP) ophiolitic complex and distribution of the Danubian basement rocks in the Danubian Window

(simplified after Berza et al., 1994, from Seghedi et al., 2005)
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The cumulate sequence includes an ultramafic unit
(dominated by layered dunites, which show lens-shaped
bodies of plagioclase-bearing dunite, troctolite, olivine gabbro
and gabbro), a transitional zone (consists of alternating
cumulates, mafic = troctolite, olivine gabbro, gabbro, and
ultramafic = dunite, plagioclase  dunite,  webhrlite,
clinopyroxenite) and a layered mafic unit (include gabbro,
olivine gabbro and troctolite, forming a rhythmic layered
sequence which is cross-cut by isotropic olivine gabbro). The
entire cumulate pile is characterized by rhythmical layering,
marked by alternation of isomodal, modally graded and grain-
size graded layers. The adcumulus texture is most widespread,
with mesocumulus texture shown only by some mafic
cumulates (Maruntju et al., 1997).

The mylonitic gabbro in the eastern shear zone (Plavisevita
zone) represents a highly tectonized mixture of various
lithologies (Bercia and Bercia, 1975; Maruntiu, 1984). This
mylonite zone is characterized by association of cumulate and
isotrope gabbro, cross-cut by high level intrusives (dykes of
dolerite and porphyritic basalt with preserved chilled margins,
along with dykes of plagiogranite). The association suggests
remnants of the upper part of the plutonic complex (Seghedi et
al., 2005).

From structurally point of view in the ultrabasic massive of
Tisovita have been distinguished two types of serpentines:
cellular serpentines (chrysotilic) corresponding to compact
serpentines present in Tisovita-Baia Noua zone, and lamellar
serpentines  (antigoritic) that correspond to serpentines
varieties forming predominantly formed of antigorite in
association with chlorites, carbonates and chromite, localized
especially in narrow zone between Tisovita and Ciucaru Mare.
Serpentinites are crossed, especially in the south part, by
numerous veins of gabbros and plagioclasites, rarely by veins
of trachite and lenses of the plagioclasic gneisses (Bercia and
Bercia, 1962).

According to mineralogical composition and ultrabasic rocks
(host-rocks) from which serpentinites have resulted, we can
distinguish (Bercia, Bercia, 1962): 1 — dunitic-type serpentines,
partially or totally serpentinized; 2 — harzburgitic serpentines; 3
— wehrlitic serpentines (at border with luti gabbros).

Mineralogical-petrographical investigations

The joint-host rock system

The joint mineral content is heterogeneous. Macroscopically
a friable, easily soluble white matrix can be observed, and it
contains dark coloured fragments with a contrasting
composition. These fragments have submillimetric to
centimetric sizes.

The microscopic study made on thin sections revealed that
this matrix is predominantly composed of a colourless mineral,
with fibrous habit, negative relief and moderate to strong
birefringence in longitudinal sections (second or third order
birefringence colors). These fibrous crystals have maximum 50
um thickness and lengths ranging from 0.1 mm to 0.5 mm.
They form small groups with radial orientation (Fig. 3).
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Besides the fibrous and colourless mineral the matrix contain
rare crystals of carbonate (magnesite) (Fig. 4) and in some
regions iron hydroxide which imprints locally a reddish brown
colour.

Also microscopically it has been found that the dark coloured
fragments are serpentinite fragments. These rock fragments
have also a heterogeneous structure: small eyes of serpentine
are bordered with thin walls of iron hidroxide (Fig. 5). Smalll
crystals of unaltered magnetite resulted by the desagregation
of the mentioned serpentinites can also as fragments be found.

Macroscopically in the host-rocks for these joints, we can
observe zonings at a centimetric scale given by the alternation
of some lenticular and tabular domains with different colors:
light green next to the joints which passes with distance to
black and brown. The microscopic study has also allowed the
determination of the mineralogical composition for each of
these zones.

The light green domains near the joints are composed of
colourless magnesian chlorite and magnesite (Fig. 6). The
black and brown domains are dunitic domains in which the
olivine partially altered to serpentine group minerals. There are
present two members of serpentine group: a serpentine with
relatively low Fe content and an iron serpentine (greenalite)
which is found only near the olivine relicts (Fig. 7). In these
dunitic domains the magnetite is also present and it remained
unaltered. Where the iron from the serpentine group minerals
is in bivalent form the color of the dunitic domains is black and
where the iron from the serpentine group minerals is in trivalent
form the color is reddish brown (Fig. 8).

X-ray diffraction analyses

X-ray diffraction analyses on a sample from joints filling
formed in ultrabasic massive from Tisovita were performed
using an HZG 4/A diffractometer with following parameters:
CuKa radiation, Ni filter, I=1,54A, 25kV/15mA, measuring
speed 1°%min. On diffractogram (Fig. 9) of analyzed sample
were identified peaks that may be attributed serpentine,
greenalite, minnesotaite and nesquehonite.

The serpentine was identified by diffractogram by its
characteristic reflections of the higher intensities (006),
(0.0.12), (204) and (2.0.24), in a lower quantity. Greenalite was
evidenced by the peak of higher intensity from 2.57A followed
by a series of peaks of lower intensities from 7.12A, 2.198A
and 1.55A. In a significant proportion comparatively with
greenalite, minnesotaite was identified by characteristic
reflections of the higher intensities (002) from 9.62A and (006)
from 3.18A.

Inedited is the presence in a big quantity of nesquehonite
identified by the peak of maximum intensity (110) from 6.56A,
followed by the peaks of lower and lower intensities (200),
(121), (220), (041), (310), (241), (400), etc.

Thermal analyses

Thermal analyses that consist in thermodifferential analyses
(DTA) and thermogravimetric analyses (TG) were performed
using an DERIVATOGRAF MOM type apparatus, on the same
sample taken from joints filling in ultrabasic massive from
Tisovita, in an oven of 1000°C having a heating rate of
10°C/min.



Fig. 3. The fibrous habit of the nesquehonite (Nsq) crystals and the radiar ~ Fig. 4. Rare magnesite (Mgs) crystals and iron hydroxide in the joints
structure of the aggregate (NI| 250x) filled prevalent with nesquehonite (NI 40x)

§( wis‘d‘.:ﬂ e
Fig. 5. Serpentine (Srp) relics in the matrix prevalently composed of Fig. 6. The domains composed of colorless magnesian chlorite (Chl)
nesquehonite (NIl 40x) and magnesite (NI 40x)

Fig. 7. The structure of the dunitic domains in which olivine relics are  Fig. 8. Detail on the olivine relics surrounded by greenalite. Here the
surrounded by minerals of the serpentine group. The greenalite (Gre) is iron is in the trivalent form (N11 100x)

located exclusively near the olivine (Ol) relics. Here the iron from the

serpentine group mineral is in the bivalent form (N1 40x)
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Fig. 9. Diffractogram of the sample from joints filling developed in ultrabasic massive from Tisovita

Weight loss marked on the thermogravimetric curve (TG)
correspond to enthalpy variations registered on DTA curve by
endothermic and exothermic effects (Fig. 10) which
characterize a sample of nesquehonite (MgCO3-3H:20),
contamined with calcite, clinochlore and serpentine.

An endothermic effect from 300°C and 390°C, pointed, with
double shape and maximum development at 300°C, is marked
by two steps of weight loss on the TG curve (Fig. 10) and
corresponds to elimination of the crystallized water from
nesquehonite. The exothermic effect from 460°C corresponds
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to structural reorganization and elimination of a molecule of
CO2 from nesquehonite structure. Endothermic effect from
500°C, pointed by third step of weight loss with steep slope on
the TG curve was attributed to dehydroxylation and losing of a
molecule of CO2 from magnesian carbonate. The endothermic
effects from 625°C and 700°C correspond to decomposition of
MgCOs and CaCOs by elimination CO2 from nesquehonite and
calcite structures. Exothermic effect pointed at 780°C indicates
the presence of chlorite (clinochlore) and serpentine having
endothermic effects from 640°C and 700°C masqued by
elimination of CO..




Fig. 10. Thermal derivatogram of the sample from joints
filling developed in ultrabasic massive from Tigovita

Results and interpretation

The optical features, crystal habit and the mode of
aggregation of the fibrous mineral which prevails in the joints
are concordant with the results obtained from the interpretation
of the X-ray diffractogram and the interpretation of the thermal
curves in DTA analysis. It can be concluded that this fibrous
mineral is nesquehonite.

The chlorite-magnesite domains in the host rock are
interpreted as the result of the interaction between the dunite
and some COz-bearing hydrothermal fluids. In a later lower
temperature-stage, these fluids are also responsible for the
deposition of the nesquehonite in the joints. The olivine
alteration to serpentine group minerals in the dunitic domains
has taken place in two stages. The first stage has involved the
formation of the low-Fe serpentine and the second the
formation of the greenalite at lower temperatures (<300°C).

In the studied samples it has been proved: i) the presence of
some minerals from the serpentine group having various iron
contents which range up to the greenalite type; ii) the presence
of some minerals of talc group also with variable iron contents
ranging up to the minnesotaite. The minerals mentioned above
are formed on the fayalite component from the olivine. The
SiO2 and CO2-rich hydrothermal solution took both magnesium
ions and iron ions and made possible reaction of the following
types:
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4 olivine+2C02+4H20 — serpentine + 2 magnesite

3 olivine+4H20+Si02 — greenalite

greenalite+3C0O2 — minnesotaite+3 magnesite+3H20
magnesite + 3H20 — nesquehonite

—~ e~ o~ —
BN -
= = — =

Conclusions

The mineralogical-petrographical study (optical microscopy,
XRD, thermal analyses) of the samples from transitional zone
of luti-Tisovita-Plavisevita ophiolitic complex reveals the
presence of the association of secondary minerals
predominantly magnesian minerals (serpentine + minnesotaite
+ greenalite + nesquehonite). From this association the
serpentine minerals are formed by metasomatic processes on
the initial dunitic rock. The nesquehonite is formed in the latest
genetic stage through direct deposition from the solution.

The fracturing in an extensional regime has resulted in the
formation of a complex system of joints filled through
hydrothermal deposition with carbonate + serpentine + talc or
carbonate + serpentine + chlorite + talc.

From this association of magnesian minerals developed in
fissures that affected ophiolitic massive from Tisovita can be
noticed the presence in high quantity of nesquehonite, rare
mineral, that so far is not cited in serpentinites from Romania.



References

Bercia, ., E. Bercia. 1962. Contributii la studiul serpentinitelor
din Banatul de Sud. — Anuarul Comitetului Geologic, XXXII,
425-467.

Bercia, I., E. Bercia. 1975. Formatiunile cristaline din sectorul
romanesc al Dunarii (Banat, Carpatii Meridionali). -
Anuarul Institutului de Geologie si Geofizica, XLIII, 5-63.

Berza, T., . Balintoni, V. lancu, A. Seghedi, H. P. Hann. 1994.
South Carpathians, ALCAPA Il Field Guidebook. — Rom. J.
Tectonics & Regional Geology, 75, 2, 37-49.

Berza, T. 2000. The Getic-Srednogorie-Balkan-Severin-
Danubian-Moesian terranes relationship: A major clue for
the understanding of the Alpine belt of SE Europe. -
PANCARDI 2000 Abstracts, Vijesti, 32, 3, 23-24.

Codarcea, A., G. Raileanu, L. Pavelescu, N. Gherasi, S.
Nastaseanu, I. Bercia, D. Mercus. 1961. Privire generala
asupra structurii geologice a Carpafilor Meridionali dintre
Dunére si Olt. Ghidul excursiilor. C — Carpatii Meridionali.
Congresul al V-lea al Asociafiei Geologice Carpato-
balcanice, 4-19 Septembrie 1961, Bucuresti.

Haydoutov, I. 1989. Precambrian ophiolites, Cambrian Island
arc and Variscan suture in the South Carpathian-Balkan
region. — Geology, 17, 905-908.

Haydoutov, I, S. Yanev. 1997. The Protomoesian
microcontinents of the Balkan Peninsula - a peri-
Gondwanaland piece. — Tectonophysics, 272, 303-313.

Index to the Powder Diffraction File. 1966. American Society
for Testing Minerals, Philadelphia.

Jankovic, S. 1997. The Carpatho-Balkanides and adjacent
area: a sector of the Tethyan-Eurasian metallogenetic belt.
— Mineralium Deposita, 32, 5, 426-433.

Krautner, H. G. 1996. Alpine and pre-Alpine terranes in the
Romanian South Carpathians and equivalents south of the
Danube. — In: Abstracts Volume Terranes of Serbia,
Beograd-Brezovica, 1-8.

Krautner, H. G., B. Krstic. 2002. Alpine and pre-alpine
structural units within the Southern Carpathians and the
Eastern Balkanides. - Proc. XViith Congress of
Carpathian-Balkan Geological Association, Bratislava, 53
(Special Issue).

Krautner, H. G., B. Krstic. 2003. Geological Map of the
Carpatho-Balkanides between Mehadia, Oravita, Ni§ and
Sofia. Geoinstitut, Belgrade.

90

Maruntiu, M., A. Seghedi. 1983. New data concerning the
metamorphic rocks and metamorphic processes in the
Eastern Aimaj Mountains. — Revue Roumaine de Géologie,
Géophysique, Géographie, série Géologie, 27, 29-37.

Maruntiu, M. 1984. Structura interna si petrologia complexului
ofiolitic Tisovita-luti (Muntii Almaj). — Studii i cercetdri de
geologie, geofizica, geografie, Seria Geologie, 29, 44-54.

Maruntiu, M., R. P. Menot, C. Tapardel. 1997. Cryptic variation
and geochemistry of cumulate pile from Tigsovita-luti
ophiolite: preliminary approach of magma chamber
evolution and tectonic setting. — In: Geology of the Djerdap
Area (Eds. A. Grubic, T. Berza). Intern. Symposium
“Geology in the Danube Gorges. Geologija Djerdapa”, 295-
299.

Savov, I, J. Ryan, |. Haydoutov, J. Schiff. 2001. Late
Precambrian Balkan-Carpathian ophiolite — a slice of the
Pan-African ocean crust? Geochemical and tectonic
insights from the Tcherni Vrach and Deli Jovan massifs,
Bulgaria and Serbia. — J. Volcanology and Geothermal
Research, 110, 299-318.

Sandulescu, M. 1984. Geotectonica Roméniei. Ed. Tehnica,
Bucuresti, 334 p.

Seghedi, A., T. Berza, V. lancu, M. Maruntju, Gh. Oaie. 2005.
Neoproterozoic terranes in the Moesian basement and in
the alpine Danubian nappes of the South Carpathians. —
Geologica Belgica, 8, 4, 4-19.

Stoiciu, F., V. Badilita. 2006. Contributions to the mineralogical
study of the serpentinites of Ogradena-Svinita, Mehedinti
county. — Anuarul Institutului Geologic al Roméaniei, 74
(special issue), 224.

Von Quadt, A., I. Peytcheva, I. Haydoutov. 1997. U-Pb zircon
dating of the Tcherny Vrach metagabbro, the West Balkan,
Bulgaria. — Compt. Rend. Acad. Bulg. Sci, 51, 1-2, 81-84.

Zakariadze, G. S., A. Popevic, |. Haydoutov, T. Bayanova, S.
Karpenko, S. Korikovsky, F. Mitrofanov, S. Karamata, S.
Sergeev. 2006. The age, composition and origin of
paleooceanic gabbros of Deli Jovan massive (NE Serbia).
— Proc. XVIlith Congress of Carpathian-Balkan Geological
Association (Special Issue), Belgrade, 697-698.

Recommended for publication by Department of “Geology and Prospecting of
Mineral Deposits”, Faculty of Geology and Prospecting



rOANLIHMK HA MUHHO-TEONIOXKMA YHUBEPCUTET “CB. UBAH PUIICKIA”, Tom 51, Cs. |, F'eonorusa u reodpuamka, 2008
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 51, Part I, Geology and Geophysics, 2008

SUPRASTRUCTURE OF THE METAMORPHIC TERRAINS IN SOUTH BULGARIA

Ivan Dimtrov
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ABSTRACT. In Rhodope, Strandja and Sakar regions are exposed metamorphic rocks of different age and deformation history. Traditionally until
the beginning of the eighties, these rocks were interpreted as a polymetamorphic and polydeformation terrain with Precambrian age. In the
beginning of the eighties a progressively metamorphic model of Alpine development was proposed. During the nineties this model was
synchronized with the modern concept of the metamorphic core complexes. The analysis of the literature indicates that in the environment of the
Bulgarian academic practices the concept of the metamorphic core complex does not lead to valuable scientific ideas. For this reason,
reexamination of the structure of the metamorphic rocks is proposed in this and in the next paper applying yet another philosophical concept, that is
the concept for the supra- and infrastructure of the metamorphic terrains. Under suprastructure (superstructure in some works) a structural level in
the crusts is understood in which upright folds and sub-vertical foliations predominate. Under infrastructure lower structural level is understood in
which the folds are recumbent and the metamorphic foliation is shallowly dipping around domes. In Bulgaria the suprastructure has Alpine age.

CYNPACTPYKTYPA HA METAMOP®HWUTE TEPEHW OT IOrOM3TO4YHA BBIITAPUA
WUean Jumumpoe

Munto-2eonoxku yHusepcumem “Ca. Mear Puncku”, 1700 Cocpus; idim68@abv.bg

PE3IOME. B Pogonute, Ctpanmka u Cakap ce paskpusaT MeTamopdHW Ckanu ¢ pasnuyHa Bb3pacT 1 JedopMaLioHHa eBomouus. TpaguumMoHHO 4O HaYanoTo Ha
ocempaeceTTe roAvHM Tean ckanu Bsxa pasrnexaaHm kato nonumeTamopdeH 1 nonuaedopmaLMoHeH TepeH ¢ fokambpuiicka Bb3pacT. B HavanoTo Ha ocemaeceTTe
Oe npeanoxeH NporpecvBHO MeTaMopdheH Mofen Ha annuiicko pa3suTie. Mpes feBeTaeceTTe HOBUAT Moaen 6e npepaboTeH U CMHXPOHM3MPaH C MoAepHaTa
KOHLIeNUMS 3a MeTamMopdHUTE SAPEHN KOMMNeKcH. AHanM3bT Ha nuTepaTypaTa nokassa, Ye B YCroBusTa Ha Gbirapckata akageMuyHa npakTuka KoHUenuusTa 3a
MeTaMop(HUTE SAPEHU KOMMIEKCM He BOAW A0 PasBUTUE Ha KayeCTBEHW HayyHu upeu, 3aToBa B TasW M nocnefpaliata s nybnukauus ce npegnara
npepasrnexpaHe Ha CTpoexa Ha MeTamopduTUTe B paMmkuTe Ha Apyra cunocodcka KOHLENUMs, a UMEHHO KOHLENuusTa 3a cynpa v MHApacTpykTypata Ha
meTamopdHuTe TepeHu. [oa cynpacTpycTpykTypa (CynepcTpykTypa B Hsikou paboTu) ce pasbupa ropeH CTpYKTYpeH eTax, B KOWTO Npeobnafasat 13npaBeHu MbHku
1 cyb-BepTukanHa conmaums. Moa nHdpacTpykTypa ce pa3dbupa JONEH CTPYKTYpeH eTax, KbAeTo MbHKWUTE ca nexaluyn, a MetamopdHaTta donvauns noTsea nog
MarbK brbi 1 chopmupa KynonoobpasHu noaysarus. B bbnrapus cynpactpyktypata e ¢ annuiicka Bb3pacT.

Introduction the complexes are polygenetic — all contain evidence of

Until the early eighties of the last century the Rhodope Mesozoic metamorphism and deformation which is related to
massif and the high-grade metamorphic rocks of the Strandja Cordilleran orogenic development in a setting of plate
zone (SZ) has been described using the philosophical convergence. All the complexes have also been overprinted by
framework of Eskola (1948) who introduced the concept of the an episode of crustal extension during the Cenozoic. In
mantled gneiss dome. This philosophy was thoroughly Arizona most complexes are monogenetic-exclusively the
reflected in the geological map of Bulgaria in scale 1:100000, result of Cenozoic extension. Episodes of regional extension
which was published in the beginning of the nineties. Later the during the Mesozoic have not been clearly resolved, and
concept of the metamorphic core complex (e.g. Coney, 1980) potentially are further complexities of the polygenetic core
was introduced as it replaced the mantled dome philosophy. complexes’”.

In fact everywhere in the world the old massifs previously It can be added that recent high precision geochronology
examined as mantled domes were later reexamined as reported in numerous papers confirmed not only Mesozoic but
metamorphic core complexes. In most of the cases, the newly also Paleozoic and Precambrian metamorphism and
defined metamorphic core complexes are taught to have poly- deformation for many of the core complexes. The geometry
metamorphic history, like their predecessors the mantled and mechanics of the core complex formation is also
domes, but in some cases the core complexes are believed to problematic. With respect to the extensional stage, it can be
be monogenic edifices. The problem of interpretation, opposing mentioned that nowhere in the world the amplitude of
poly-metamorphic against progressive metamorphic history of displacement along low angle normal (detachment) faults have
the core complexes, can be illustrated by the following citation been scientifically proven. The nature of the thrusts during the
of Armstrong (1982) who wrote: “Most confusion concerning compression stage is even murkier.
core complexes arises because of differences in age of
structures and multiplicity of deformation events. These The Balkan (Bulgarian) model of core complex was
differences are of two major types: From Canada to California suggested for Osogovo-Lisets (Kounov et al., 2004), Rhodope
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(e.g. Bonev et al., 2006), and Strandja-Sakar (Ivanov et al.,
2001) tectonostratigraphic domains (Fig. 1). Specific features
of the Bulgarian style core complex is that it does not have
polymetamorphic and polydeformational history like the
Cordilleran core complexes and like all massifs in Europe,
which have Caledonian and Variscan relict structures but it is
interpreted as a single-stage, compression-extension alpine
buildup in spite of the isotopic and stratigraphic evidence for
older ages of the protholite, which in the case of Rhodope are
reported to be Proterozoic (Kozoukharov, Timofeev, 1979).
Such oversimplification results in mixing of old, say Hercinian
or Caledonian structures with Alpine structures. Even if the
idea for the metamorphic core complex correctly describes the
latest extensional structures, formed during exhumation of an
old massif, in the Bulgarian context this concept is severely
compromised, because it ignores the polymetamorphic history.
The evidence of polymetamorphic and polydeformation history
of the high-grade metamorphic rocks, and part of the low-grade
metamorphic rocks in Bulgaria are overwhelming.
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Fig. 1. Orientation map of the study area showing the regions of
Rhodope, Sakar and Strandja, for which the supra - infrastructure
relationships are discussed in this paper

In search of a philosophical framework capable of
accommodating  numerous  evidence  of  multiple
metamorphism, multiple intrusive activity and complex fold
interference we are better to reinterpret the metamorphic rocks
in terms of yet another tectonic concept. It must be suitable for
explanation of polymetamorphic and polydeformational history,
and should not allow room for oversimplification.

A replacement of the monogenic metamorphic core complex
is easily available. It has common features with the polygenetic
metamorphic core complex and with the mantled domes of
Escola. Because, it is not so easy to digest in the “paper
generator” it is not overused and corrupted yet. In this paper,
which is split in two part, respectively part (I) Suprastructure
and part (Il) Infrastructure, the supra-infrastructure concept
(e.g. Wegmann, 1935; Haller, 1956; De Sitter, Zwart, 1960;
Haller, 1971; Higgins, 1976; Murphy, 1986; Carreras, Capella,
1994; Culshaw et al., 2006) is delineated and reshaped in the
context of the South Bulgarian metamorphic rocks. In the
second paper (Infrastructure), comments are made from the
point of view of the geometric structural geology and basic
overprinting relationships in order to justify the need for a
change in the research strategy.

Definitions for suprastructure and infrastructure
The literature review, suggests that the suprastructure —
infrastructure concept has two very significant advantages with

92

respect to the concept of the metamorphic core complex. The
first advantage is that it is very flexible and can accommodate
with ease polymetamorphic and polydeformational history. The
second advantage is that by definition it requires detailed
studies of the fold interference pattern and the recumbent folds
in particular, which will compel the researchers to turn more
attentions to the geometric structural geological and
stratigraphic relationships instead of ignoring them as many
prefer to do it now. Finally, this concept allows transition to
other models, such as the channel-flow model (e.g. Williams et
al., 2006), which is gaining repute at present, so it can allow
“academic productivity and scientific longevity” of the workers
who embrace it.

A suprastructure is usually defined as a higher structural
level with greenschist-grade metamorphism, upright folds and
vertical foliations, and an ‘infrastructure’, as a deeper
structural level with amphibolite-grade metamorphism,
recumbent folds and dome-shaped, gently dipping foliations
(Zwart, 1979; Murphy, 1986).

The change from infrastructure to suprastructure is
commonly attributed to rheological differences resulting from
different grades of metamorphism (De Sitter and Zwart, 1960).
Another view is that the transition from suprastructure to
infrastructure involvs progressive increase of shear strain and
consequent rotation, extension and reactivation, so the angle
between the steep and shallowly dipping foliations,
progressively decreases with depth until, eventually, only one
schistosity is observed (Aerden, 1994). The foliation in the
infrastructure is generally considered to be younger and to
have formed during subsequent crustal extension; however,
new data show that the gently dipping foliation in the
infrastructure is commonly rotated and extended instead of
being an younger one (Aerden, 1994). For the specific case
with the high-grade metamorphic rocks in south Bulgaria
Aerden’s finding is of particular value, because evidences
exists of large unconformities and multiple metamorphism,
which separate alpine form pre-alpine basemen rocks in such
a way that the foliation in the pre-alpine infrastructure can not
be interpreted as younger than the foliation in the alpine
suprastructure.

Different options exist for interpreting the recumbent and the
upright folds in the infrastructure and suprastructure. The
author prefer the model according to which most folds in the
crust are formed originally as an upright folds, which are later
transformed to recumbent folds by tilting and lateral shear due
to doming of the underlying basement (e.g. Echtler, 1990).
Some researchers would insist that recumbent folds can be
formed directly by simple shear related to nappe emplacement
in spite of the strong opposition to this model (e.g. Ez, 2000),
however it is unlikely that most of the recumbent folds in the
old massifs and especially in Rhodope and SZ are formed this
way. The formation of recumbent folding requires lateral
accommodation of space. If nappe-related simple shear is
involved we have to allow it to happen by exhuming the massif
high enough to allow space for lateral collapse of the rock
above the doming segment. The above consideration leaves
as with the conclusion that the recumbent folds and the upright
folds in the old massifs are most likely of different age, and so
are the associated with them shallowly dipping and sub-vertical
foliations of the infrastructure and suprastructure. In the case
of Rhodope existence of foliations of different ages can be
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Fig. 2. Lower hemisphere equal area projections of metamorphic foliation and bedding from Sakar and east Strandja. (a) Bedding planes measured over
area of approximately 4000 km2 in SZ. (b) Enveloping surface to a folded (F:s) dyke, quarry near village Drianovo. The axial surface of the steeply plunging
fold is striking close to north south. (c) Simultaneously folded bedding and greenshist metamorphic foliation, south of village Crumovo, SZ. Both foliation
and bedding participate in a recumbent fold (Fss), which was later refolded by upright folds (Fzs) with east-west striking axial surface. Hinges of second

order (Fzs) are shown on the same projection

proven with thin sections of fold hinges, and with variety of
macroscopic overprinting relationships. In general in Rhodope
and in SZ the entire high-grade sequence was folded by
recumbent folds, which were later refolded by at least two
generations of upright folds (Fig. 2-3).

Description of the suprastructure

Fold generations in the suprastructure

The geological structure of the metamorphic rocks in South
Bulgaria is dominated by the interference of three regional
alpine fold generations expressed in a similar way in the
Sakar-Strandza Zone and in Rhodope (Figs. 2 and 3). The two
younger generations (Fzs, Fss in the SZ, and Far, Far in
Rhodope) form the suprastructure but the older fold generation
(F1s, in SZ and Fir, in Rhodope) contains the relics of a
reworked (transposed) basement, which may have played the
role of infrastructure for even older, variscan and pre-variscan
deformations.

F3s and Far folds

Fss in SZ are sporadically developed. The strike of the axial
planes is predominantly north-south and the fold hinges are
steeply plunging because of fold interference. The Fss folds
were superimposed on older folds with east-west striking axial
planes. In SZ Fss folded upper cretaceous dykes. Folds with
north-south striking axial planes were also described in the
eastern Balkan as they were interpreted as Paleocen in age
(Paskalev, 2005).
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In Rhodope the Far have mostly north-south striking axial
planes (lvanov, 1961) but wider variations to northwest and
northeast are present. These folds are visible on the structural
maps (Kozoukharov, 1965), where trajectories of the
metamorphic foliation are shown. The age of Fsr is most likely
the same as that of Fss.

F2s and Fr folds

This is the dominant fold geometry in Rhodope, SZ and the
Balkan. F2s's axial planes are striking east-west or southeast-
northwest. The fold hinges are horizontal or shallowly plunging.
The scale of folding is hundreds of meters or kilometers. The
initiation of the folding is protracted in the time. In West
Bulgaria they are generally considered to be Austrian (middle
cretaceous) (e.g. Antonov, 1978), however in East Bulgaria
upper cretaceous volcanic strata are folded by Fas. Recent
review suggests that in Central and East Bulgaria some of
these folds are discordantly covered by priabonian, while
others are pre-maastrichtian in age (Nachev, Nachev, 2001). It
is likely that the east-west trending folds were developed
during the entire alpine orogenesis, however in different
pulses. In general these folds are roughly synchronous to the
formation and erosional destruction of the upper cretaceous
volcanic ark in Bulgaria. In the SZ, locally penetrative axial
planar cleavage S:is related to these folds (Fig. 3b).

F1s and Fir folds

Interpretations about folds and thrusts of upper Jurassic-
lower Cretaceous age are common in the Bulgarian literature
(e.g. Savov, 1962; Cankov, 1983). These alpine structures are



recumbent and form the alpine infrastructure. The existence of
such structures has justified the hypothesis for the nappe
edifices of the Rhodope and SZ (e.g. Burg, et al.,1990; Goceyv,
1991; Burg et al., 1996;). So far, however clear distinguishing
between nappes and recumbent folds are not made, so it is
vary likely, that the flat lying structures are in fact recumbent
folds that repeat the same sequence, rather than nappes or
thrusts with large displacement that juxtapose different rock
sheets. In reality the time of initiation and the stratigraphic
control of these structures are not clear. It can only be said that
they are superimposed on Triassic and Jurassic rocks but are
injected and disrupted by the upper cretaceous magmas (e.g.
Ivanov, 2000).

In the pre-upper cretaceous rocks of SZ are developed two
metamorphic foliations. The older foliation So-1 is penetrative
and of greenschist to lower amphybolite facies grade.
Commonly it is close to parallel with the lithological layering
and nearly always is folded together with the layering in
recumbent F1s folds (Maliakov, 1976).

Because the folds are recumbent and the lithological layering
is transposed in their limbs both are folded together by later
upright folds (Fss, Far, F2s, Far) and participate in complex

P - paleozoic and precambrian rocks S, -lithological layering

PG - paleozoic granites

1_lmnsposed metamorphic foliation
(schistosity, gneissosity)
S2- late sub-vertical cleavage

PTU - permo - triassic unconformity
LCU - lower cretaceous unconformity

structures, such as antiformal synclines of synformal anticlines
(Fig. 3a,b). Because of which their geometry is difficult to study
and understand. Sub-vertical fracture or crenulation cleavage
is usually related to the upright folds. Only small number of F1s
and Fir folds is directly observable on the field (e.g. the
Marvodol synformal anticline in Southwest Bulgaria) but their
widespread presence is indicated by structural analysis, when
cleavage bedding relationships are studied or structural
diagrams of cleavage and bedding in which both cleavage and
bedding participate in the girdles of later folds (Fig. 2c).

In high-grade rocks such as the rocks in Rhodope Fir folds
are distinguished from older pre-alpine recumbent folds
because in their hinges the pre-alpine high-grade metamorphic
foliations are folded or week axial planar foliation related to
regressive metamorphic alteration (diaphtoresis) transects the
hinge area. The low-grade metamorphic foliation in Rhodope is
analogous to the So-1 in the SZ. Nearly everywhere, except in
the fold hinges this foliation is parallel to older high-grade
foliations (lvanov, 1961). The fact, that the low-grade foliation
is transposed to shallow dips and is parallel to the older
schistosity suggest that the limbs of all folds older than Fir are
also transposed are now dipping at shallow angles forming
recumbent folds of microscopic to kilometer scale.

= 4

Fig. 3. Schematic block diagrams of the main stratigraphic and structural geological relationships in south Bulgaria. (a) Block diagram showing two
unconformities and two upright fold systems (Fzs, Fss, Far, Far) overprinting a recumbent fold system (Fs, Fir). The photograph to right shows meta-
conglomerate from the permo-triassic unconformity in Sakar. The meta-conglomerate comprises deformed blocks of Paleozoic granite included in
metamorphosed matrix, locality “Chernite kamany”, south of Topolovgrad. (b) Block diagram of refolded recumbent folds in Rhodope and SZ. In the
recumbent folds lithological layering (So) and metamorphic foliation (S1) participate. The upright folds have sub-vertical axial planar crenulation cleavage

(S2) shown on the photograph to right



Fold interference

Together the folds with north-south and east-west striking
axial planes form dome and basin interference pattern. The
domes are slightly elongated in east-west direction and their
limbs are dipping between 20-45¢. The upper age boundary of
the dome formation in the Rhodopes is given by the age of the
unmetamorphosed but folded breccia-conglomerates of the
Central and East Rhodopes (Goranov, Atanasov, 1991;
Boyanov, Goranov, 2001). The breccia-conglomerates are
covered by sub-horizontal strata of priabon-oligocen age. The
geometrical superposition of fold generations Far, F2s, Fir and
Fis results in such an interference, that the beds from the
inverted limbs of the recumbent folds outcrop in the cores of
the domes.

Geodinamic setting during the suprastructure
formation

In present day coordinates, the lithotectonic boundaries in
Bulgaria are striking mainly east west-and to a lesser extend
northwest-southeast (100-120SE). The boundaries of the
modern continental basins, the major faults and the boards of
the large intrusions also have this strike, which coincides with
the axial plane orientation of the main alpine folds from the
suprastructure (Fzs and For). It can be argued that the
sediments up to the Upper Jurassic time have been deposited
in basins, which were also elongated in this direction (e.g.
Nachev, Nachev, 2001). During folding lateral shortening
perpendicular to this direction and shear parallel to it
happened. It is difficult to argue to what extend transpression
and to what extend simple shear are responsible for the
deformation but it is known that both can produce the same
final result. It is also clear that the shear on a regional scale
was channeled predominantly east-west. In this sense the
dominant deformation mechanism responsible for the
suprastructure formation is most likely wrenching. The folds
formed during multiple shear episodes of wrenching are “cross-
folds” in the sense of O'Driscoll (1964). This mechanism can
explain their orientation, the interference pattern between the
upright folds as well as the “an echelon” (e.g. Antonov, 1978)
arrangement.

Conclusions

The brief review of the supra-infrastructure relationships in
Bulgaria indicate that the folds and foliations of the supra and
infrastructure were formed at different times. The folds of the
suprastructure have been superimposed on the infrastructure,
and refolded its foliation. The supra-infrastructure division is
not strict but relies on general trends in the tectonic
development. It is known that recumbent structures have been
formed in upper cretaceous time and even in the paleogen but
in general for infrastructure here are understood recumbent
structures, which were refolded by the upper cretaceous and
later upright folds. These structures affected triassic and lower-
middle jurassic rocks, so obviously they predate the main
alpine deformation. Recumbent structures however are present
in the Paleozoic and Precambrian, where they form pre-alpine
infrastructure. The separation of the alpine from the pre-alpine
infrastructure is one of the main problems of the Bulgarian
geology. One of the strongest time criteria still not used in the
Bulgarian geology is separation of metamorphic rocks with
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one, two or more foliations. Particularly useful is this criteria in
the SZ, where low grade metamorphic rocks with one cleavage
and with two cleavage can be observed. The other main
problem is the age of the folding events of the suprastructure.
All evidence indicates that there were not single-phase, time-
constrained folding events. The upright folds have been formed
at different times, when different alpine basins have been
closed.
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INFRASTRUCTURE OF THE METAMORPHIC ROCKS IN SOUTH BULGARIA -
DISCUSSION

Ivan Dimitrov
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ABSTRACT. The infrastructure of the metamorphic rocks in South Bulgaria comprises strata involved in recumbent folding. It appears very difficult
to distinguish alpine recumbent folds from pre-alpine recumbent folds. Apparently the recumbent folds have been refolded at different time,
however because of lack of reliable structural geological investigations the fold generations are not systematized. In addition to the folding problem,
very conspicuously a problem with the interpretation of the lineations and other minor structures exist. In Bulgaria the lineation is used as a powerful
criterion for solving problems of time and space, such as separation of lithotectonic units (e.g. Ardinska and Asenishka units in the Rhodopes). In
reality studying of the stretching lineation is not new and universal method. In Bulgaria stretching lineations, parallel to the axes of the folds, is
measured as a rule. However, only in very isolated case, when the folds are true sheath folds formed by extreme shear, the stretching lineation is
really parallel to the axes of the folds. In most cases, the stretching lineation is perpendicular to the axes of the folds. It is not sure at all that most of
the folds in the Rhodopes are sheath folds. Even if lineation parallel to the axes of the folds is measured, it is not parallel to the direction of tectonic
transport. The direction of tectonic transport usually corresponds to the direction of regional shortening, which is perpendicular to the fold axes. Lots
of evidences are available that the lineation in the Rhodopes is of many different types and that old reworked lineations are frequently encountered.

WHOPACTPAKTYPA HA METAMOP®HUTE CKANW OT HOXXHA BBIIFTAPUA - OUCKYCUA
WUean fJumumpos
MunHo-2eonoxku yHusepcumem “Cs. UeaH Puncku”, 1700 Cocpus; idim68@abv.bg

PE3IOME. VHdpacTpykTypaTta Ha meTamopdHuTe ckanm ot KOxHa Bbnrapus ce dhopmupa oT ckanute, 3acerHatit oT nexalyy rbHku. Okassa ce
MHOTO TPYAHO Aa ObaaT pasrpaHuyeHn anmuincky NEXally MbHKW OT JOanmuincky nexaly reHku. O4eBMAHO NeXaluuTe MbHKW Ca NpeHarbHaTv B
pasnuyHO Bpeme, HO NOpagM NWNCa Ha HadeXOHW CTPYKTYPHO-TEONMOXKW M3CNeBaHus MbHKOBUTE reHepauum He ca cuctematusvpaqu. B
JOMbIIHEHWE Ha npobrema ¢ rbHKUTe CbBCeM 04ebMItHO ce Hanara npobnema ¢ HTepnpeTaumsTa Ha IMHENHOCTTa W Apyrv ApebHu CTPYKTYpU.
JivHeiHocTTa B Bbnrapus ce u3nonaea kaTo MOrbLY KPUTEPWA, Ype3 KOMTO Ce peluaBaT BbMpoCU 3a MPOCTPAHCTBO 1 BPEME, KaTo Hampumep
OTAENSHETO Ha NUTOTEKTOHCKW eanHMLM (ApanHeka u AceHuwka eguHuum B PogonuTe u Ap.). B aeiicTBUTENHOCT U3y4aBaHETO Ha NIMHENHOCTTA Ha
pasTsiraHe M300LLO He € HOBa M yHWBEpCcanHa MeToAuKa. Y Hac kaTo MpaBunio Ce Mepu NMHENHOCT Ha pasTaraHep naparnenHa Ha ocuTe Ha
rbHkuTe. Obadve camo B MHOMO M30NMpaHUTE Cryyau, KOraTo e NPOsBEH eAuH CreunaneH TUn MbHKW Ha CPS3BaHe — HOXMYHW MbHKKM, (DOPMUpaHN
npu eKCTPEMAnHo Cpsi3BaHe, NIMHENHOCTTa HaUCTUHA MoxXe Aa Gbae napanenHa Ha ocute M. B noBeyeTo cnyyan TS € nepneHamkynspHa Ha
ocuTe Ha rbHKUTe. /30610 He e CUrypHo, Ye NOBEYeTO OT MbHKWUTE B POAONMTE Ca MbHKW HA CPSi3BaHE, a OLLe NO-Marko HOXUYHK MbHKM. [axe u
Ja Ce M3MepW NMHEHOCT napanernHa Ha OCUTe Ha MbHKUTE, TOBA HE O3Ha4YaBa, Ye TS € mapanernHa Ha nocokaTta Ha TEKTOHCKM TPaHCmopT.
HanpoTus, nocokata Ha TEKTOHCKM TPAHMOPT MOYTW BUHArX CbOTBETCTBA HA MOCOKATa HA PErMOHarnHO CBMBAHE, KOATO € NeprneHauKynspHa Ha
ocuTe Ha rbHkuTe. OT [pyTa cTpaHa, HamvLe ca MHOrO [JoKa3aTencTBa, Ye NMHeHocTTa B PogonnTe e OT Hail-pasnuyHu TUMOBE 1 Ye Ce cpeluart
CTapy 1 NpeHarbHaTh NMHEHOCTY.

Infrastructure description For the creation of its geological map of the central Rhodope
The text below is focused predominantly on the infrastructure D. Kozoukharov (e.g. Kozoukharov, 1965; Kozoukharov, 1968,
of the Rhodopes with minor reference to the infrastructure of unpublished Ph.D. theses; Kozoukharov, 1984) assumed that
the Strandja-Sakar Zone (SZ) in South-East Bulgaria. The there is not large recumbent folds and significant thrust
main assumptions and models used for academic description displacements, which would interfere with the stratigraphic
of Rhodope are examined critically with the aim of provoking superposition. This allowed him to elaborate on a
discussion on some unresolved or ignored problems. lithostratigraphic scheme, which was later used in one or
another way by all authors. The proponents of the nappe
Folds or thrusts? tectonics in Rhodope (e.g. Ivanov et al., 1984; Ivanov et al,
It is very significant if the flat-lying structures in transposed 1985) also assumed that normal superposition is preserved in
terrain such as the Rhodope or Strandja-Sakar zone (SZ) are the nappes.
recumbent folds, thrusts or nappes (Fig. 1a). If they are
recumbent folds, then the younging directions are inverted, If recumbent folds dominate, the source rocks can be
while in the nappe sheets the beds may be facing normally. considered locally derived, because the same strata repeat in
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the sequence. If large nappes are present, large tectonic
transport may have taken place, such as one involving
transportation from hundreds of kilometers, as it was
suggested for the Rhodopes (e.g. Burg et al., 1990, Burg et al.,
1996a, 1996b; Dimov et al., 2000). However, in this case the
rock strata in the tectonostratigraphic units proposed in the
nappe model for the Rhodopes would be alien to each other,
because rocks from different source areas are involved. So
far, the existence of significant recumbent folds in Rhodope
has been rejected or ignored by all main researchers. The
reasons for that are pretty obvious. If such folds exist, the
superposition is not normal and lithostratigraphy can be made
only by very detailed correlations and structural analysis in
which possible repetition of strata is accounted. If recumbent
folds exist, then the thrust models assuming large
displacement and the tectonostratigraphic subdivision based
on it will not be correct. The simple compression—extension
sequence of deformation events (the metamorphic core
complex) also would not be correct in many of its assumptions.
However, there is one small problem! In detailed study
alternation of “S” and “Z” geometry of small folds (Fig. 1b) will
be encountered and mesoscopic refolded recumbent folds will
be observed. A researcher will find numerous folds with
shallowly dipping axial planes (Fig. 1c-d), and suspicious
repetitions of lithology uphill. Similar to the Rhodope is the
situation in the SZ, where recumbent folds are also present.
The shallowly dipping structures in the SZ are usually
interpreted as thrusts, however cleavage bedding relationship
for inverted fold limbs are most frequent. In some rare cases,
large recumbent folds are proven in the SZ by detailed
structural studies combined with drilling that uncovered
inverted stratigraphy (e.g. Maliakov, 1976).

Are the thrusts in Rhodope sinmetamorphic?

It is commonly stated that the thrusts in the Rhodopes are
synmetamorphic (e.g. Dimov, 1994; Burg et al., 1996a). The
natural questions to ask are: Is there only one regional
metamorphism, and only one generation of thrusts, and if not

tectonic model for the Rhodopes, which dominates at present
(e.g. Burg et al., 1996b; Dimov et al., 2000; Bonev et al., 2006)
is based on the assumption, that the thrusts are
synmetamorphic to an alpine metamorphism. Basic field
observations suggest that this idea is oversimplification (e.g.
Zagortchev, 1994; Dimitrov, 2001). It is easy to spot, that the
structure is too complex (Fig. 2a,b) in order to be formed only
in one orogenic cycle, and in many ways the Rhodopes are
similar to the other old massifs in Europe, which have pre-
alpine Variscan and Caledonian imprints. Why should the
Rhodopes be different? Secondly, numerous exposures show
overprinting relationships of postmetamorphic thrusting (Fig.
2b). On Fig. 2 the aplites are cutting early high-grade
metamorphic foliation. That suggests, that thrusting may be
synchronous to the aplite injection, but not to the high-grade
metamorphic foliation, which was folded and sheared prior to
the aplites. At best, the thrusts are synchronous to lower grade
“diaphthoresis”, which is superimposed on most of the high-
grade rocks in the Rhodopes and is described in numerous
texts. On the other hand, some transposed folds, have hinges,
that are overprinted by high-grade foliations. In all cases,
alpine and pre-alpine structures have to be recognized.

Structural geological controversies of the

Rhodopian infrastructure

On of the most frequently encountered statements about the
Rhodopes is that stretching lineation is abundant, and
“stretching lineation is parallel to the axes of the folds and to
the direction of tectonic transport”. Consequently, based on
this assumption, the Central Rhodope is divided into major
tectonostratigraphic units (e.g. Ardinska unit and Asenishka
unit), which differ in direction of tectonic transport, found by the
orientation of the stretching lineation (e.g. Dimov, 1994; Dimov
et al., 2000). However, the assumption, that tectonic transport
is parallel to the axes of folds, is very controversial from
structural geological point of view and will be addressed in the
text below.

to which metamorphism the thrusts are synmetamorphic? »The
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Fig. 1. (a) Conceptual difference between a recumbent fold and a thrust (nappe) . In the recumbent fold the younging is inverted, while in the nappe pile

repetition of sheets with normal stratigraphy may occur; (b) Change in the minor fold vergence uphill; (c) Large recumbent fold comprising schists in the
core and marbles in the limbs observed in the eastern slope of the Chepelarska river, south of Asenvgrad. The observation section is oriented
approximately north-south; (d) Recumbent fold closure (high-grade foliation is folded in the hinge; the fold’s axial surface participates in gentle Far-Far

dome; the exposure is located south of Rojen)



Pseudo-structures in Rhodope
Pseudo-sheath folds

Extreme shear gradients are suggested for the Rhodopes
(e.g. Burg et al. 1990; Burg et al., 1996a,b; Dimov, 1994;
Gerdjicov, 2004), which were unraveled by kinematics
analysis. However, true sheath folds in the sense of Cobbold
and Quinquis (1980) are rarely encountered in the Rhodopes.
They are vaguely mentioned in the texts of the papers (e.g.
Burg et al., 1996a) and not shown on photographs or subjected
to orientation or shape analysis. The personal observations of
the author show, that most of the candidates for sheath folds
are in fact flattened or conical interference forms produced by
superposition of upright folds on recumbent folds. Such
interference forms of course can not be used for kinematics
analysis. Since proper descriptions of sheath folds in the
regional literature are missing, it is impossible to confirm or
reject the suspicion that sheath folds are rare or not present at
all. The “pseudo-sheath” folds are observed mainly in vertical
cross sections. They are varieties of “basin and dome” or "egg-
carton” interference pattern. The key for formation of this
interference pattern is the existence of transposed folds with
shallowly dipping axial surfaces, which were refolded in later
deformation events.

Pseudo-detachment surfaces

Indeed there are shear surfaces separating the marbles of the
variegated upper complex from the granite-gneisses of the
lower complex (here lower and upper are used in the sense of
(Kozoukharov, 1984). These shear surfaces were located on
the sheets of the geological map of Bulgaria in scale 1:100000
and on previous reports and publications as thrusts, normal
faults or “nadseds” (reverse faults). In reality, it is natural to
expect shear on the contact between marbles and granitic
gneisses. It is also natural to expect shear in the limbs of
flexural slip folds, where strata of different lithology are folded.
Indeed, the post-metamorphic upright folds of the
suprastructure, that refolded the transposed strata, are flexural
slip folds. The slip in the limbs of these folds is marked by
slickenside striation. Locally, this slip may evolve into brittle-
ductile shear zones of limited displacement. At present, some
shears are shallowly dipping and qualify for detachment faults
but others are steeply dipping. Even for the shallowly dipping
shear surfaces it is not sure at all, that they have been
originally formed as shallowly dipping (detachment) surfaces. It
is likely, that they have been tilted to shallow dips after their
initiation; because some shear surfaces are folded by later
upright folds, and comply with the fold curvature. It is possible
that these shears accommodated some extension, as the core
complex model require, but the magnitude of extension, the
original dip and the time, when they were first initiated is
complete mystery.

Significance of the boudinage

In the texts discussed here (e.g. Dimov, 1992; Dimov, 199%4;
Burg et al.,, 1990, 1996a,b; Dimov et al., 2000) the boundins
are considered equivalent to the stretching lineation, and
parallel to the boudin axes is inferred the direction of tectonic
transport. The author of this text measured the axes of boudins
in the Vacha valley in the Central Rhodopes and found that
they are really parallel to the axes of the folds. It is how it
should be. However, there is a problem, because the direction
of tectonic transport is not parallel to the axes of the boudins
but at high angle to it. That is, if in the Central Rhodopes in the
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valley of the Vacha River, the fold axes are approximately
north-south and the boudin axes are approximately north-south
trending, then the tectonic transport can not be north-south as
stated. In the same area, the tectonic transport directly
observed from structures such as that shown on Fig. 2a is in
fact close to west-east.

Hinges of prealpine folds
(variscan, caledonian, cadomian)

Hinges of alpine folds

P: %upright folds

2 L various generations
F,r recumbent fold Fpat =

of recumbent folds

H1 § “nappe”

H2 \ surfaces

folded aplite

Fig. 2. (a) Conceptual block-diagram showing the geometrical
relationships between various fold generations in the Rhodope massif.
The block diagram was compiled from reinterpretation of unpublished
geological map of the Central Rhodopes in scale 1:25000, assembled by
D. Kozoukharov, stereographic projections and digital photographs of
exposures. (b) Shallowly dipping shear surfaces injected by aplitic veins
(black) that separate thrust sheets. The structure indicates dextral shear
to east-northeast (80ENE). The axes of the recumbent folds (Fir) are
striking north, that is perpendicular to the observation surface. In the Fir
folds, high-grade metamorphic foliation is folded, which is locally cut by
the aplites. Some of the aplitic veins are also shear-folded in the same
dextral sense. The shear surfaces and the recumbent folds are folded in
turn by gentle domes formed by the interference of the Far and Far. The
outcrop is parallel to the axial plane of Far that is why the aplitic veins
appear sub-horizontal in the section. Artificial outcrop in the locality
Cankov kamak redrawn from a digital photograph



If it is from west to east the north-south oriented axes of
boudins make complete sense. Otherwise, we are in gross
inconsistency with the basics of structural geology, where the
significance of the boudins is clearly exposed (for reference
Wilson, 1985, Fig. 64).

Refolded early lineation

Refolding of early lineation is very common, and it can
modify the lineation orientation making it unusable for
kinematics analysis, unless very complex unfolding procedures
are applied. It is shown on Fig. 3a how two different stretching
lineations (Lh,Li) can be formed out of one primary lineation,
that was folded around recumbent fold axes. Since recumbent
folds are common in Rhodope and different generations of
folds are present, refolding of lineations would be a rule, rather
than exception. The orientation of the stretching lineation will
depend on the reorientation pattern imposed by the folding.
However, attempts to unfold lineation or evidence that fold
geometry is accounted in the lineation studies in Rhodope are
not present.

Pseudo-mineral (stretching) lineation

This lineation is formed by intersection of thin metamorphic
layering such as gneissosity or shistosity and the outcrop
surface (Fig. 3b). In essence, it is intersection lineation not
stretching lineation. It can be sub-parallel to the axes of the
transposed recumbent folds of the infrastructure, most of which
are of unknown age, or it can be related to the open, upright,
alpine folds of the suprastructure. In the second case, its
orientation varies according to the geometry of the
suprastructure folds. The observations of the author are that in
localities, where existence of mineral stretching lineation is
suggested (e.g. Dimov, 1994; Dimov et al., 2000) in fact
intersection lineation is present. It might be, that intersection
lineation is mistaken for stretching lineation. Of course, the
intersection lineation can not be used for kinematics analysis in
the way the stretching lineation is used. It is noteworthy, that
the proponents of the nappe concept do not distinguish
intersection lineation in Rhodope. The author of this text did
not find reference for such lineation. Is it possible that it is
completely absent in Rhodope?

Detachments relative to folds

The core complex model needs to accommodate two
generations of upright folds. There is little or no comment so
far on the role of the suprastructure’s upright folding. When it
happened? It must have happened during the extensional
stage of the core complex formation. But how folding happens
in extensional deformation? The general impression of the
author is that some of the shear surfaces are in fact folded by
the upright folds of the suprastructure. It is stated that the
extension was of Oligocene-Miocene age (e.g. Bonev et al,,
2006). However, paleonthological dating and stratigraphic
correlations of the unmetamorphosed molasse sediments
deposited on top of the high-grade rocks suggest, that at least
part of the high-grade metamorphic sequence was at daylight
surface as early as Maastrichtian-Paleocen (Goranov,
Atanasov, 1991). That makes pretty slow exhumation. If the
daylighting happened in the Maastrichtian, and upright cross-
folding at shallow depths, which results in doming, happened
prior to the Oligocene, then how important is the Oligocene
extension?

100

o
%,
a0
(NS
N
N,

(A)
tectonic Q
transport

Fig. 3. (a) Sequence of sketches illustrating refolding of a lineation by a
recumbent fold. Starting from a flat surface the lineation is folded around
the hinge of a recumbent fold, so in the upper limb it acquires position
(Lh), and in the inverted limb the position of the same lineation is (Li).
Underneath are shown Lh and LI projected on a horizontal map plane,
where they appear as two different orientations. If the recumbent fold is
large and there is significant distance in vertical direction between the
normal and inverted limb of the fold the two lineation directions may be
interpreted as different lineations formed in different tectonostratigraphic
units (e.g. Asenishka and Ardinska units). (b) Intersection lineation
formed by intersection of thin gneissosity and the outcrop surface. The
lineation is marked by elongated mineral sections but do not represent
mineral growth parallel to the extensional direction of the strain ellipsoid

Conceptually wrong statements
Is stretching lineation parallel to the shear direction?

By definition the stretching lineation is not formed parallel to
the shear direction but at 45° to the shear zone boundaries
(e.g. Escher and Watterson, 1974; Means, 1987). If shear zone
boundaries are sub-horizontal, looking in plan the lineation
may be really parallel to the shear direction. If the shear zone
boundaries are not horizontal or the rock domain is tilted by
later folding the axes of the strain ellipsoids projected on a
horizontal map plane would differ at any angle between 0° and
450 to the shear direction. So, even if true stretching lineation is
striking north-south in the Central Rhodope, the tectonic
transport may not be in the same direction.

What is direction of tectonic transport?

In many works about the Central Rhodope (e.g. Burg et al.
1990; Dimov, 1994; Burg et al. 1996a,b; Dimov et al., 2000
etch.) consistent north-south to northwest-southeast oriented
mineral stretching lineation is mentioned, and “southwestward
displacements of tens to hundreds of kilometres” (Burg et al.
1996a) is inferred parallel to the stretching lineation. The
lineation is “formed by aligned micas and amphiboles,



elongated quartz and feldspar grains and occurs in all rocks
types parallel to the fold hinges” (Burge et al., 1996a,b). The
direction of this lineation is assumed to be parallel to the
principal axes of the strain ellipsoid.

Apart from the uncertainty, if the lineation described is really
stretching lineation as stated, another problem arises, because
in the world’s experience the tectonic transport is not
considered always parallel to the stretching lineation.
Especially informative on the subject is the text of Cloos (1946)
who wrote “Secondary flow perpendicular to the fold axes or
in the direction of tectonic transport has been described by 54
authors (table 1, column 3). Stretching parallel to the fold
axes or perpendicular to the direction of the tectonic transport
was described by 60 authors. Secondary flow is known since
the works of Sedgwick”. It is apparent that Cloos makes clear
distinction between the stretching direction and the direction of
tectonic transport, and that the tectonic transport according to
Cloos is perpendicular to the fold axes not parallel to them.

%L

Pebbles,
boulders

(b)

Fig. 4. Lineation marked by strongly deformed pebbles and cobles of the
metamorphosed Chernogorovo Formation, which was folded by the
Topolovgrad Syncline. (a) Statistical maximum of long axes of pebbles
plunging to northeast is shown, found from 180 pebbles, cobles and
boulders. (b) Sketch of the pebble orientation relative to the axes of the
Topolovgrad syncline. The lineation is close to perpendicular to the axes
of the syncline. This lineation is true stretching lineation and it is parallel
to the tectonic transport but is perpendicular to the fold hinge
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Direction of tectonic transport parallel to the fold hinges.
Is it possible?

It is common to have lineation parallel to the fold axes. Many
researchers, including the author of this text, studied deformed
pebbles oriented parallel to the axes of the folds, even in
completely unmetamorphosed sediments. But in no way this
lineation is parallel to significant tectonic transport. The true
large-scale displacement is perpendicular to the fold axes,
unless all folds are sheath folds, but event the proponent of the
nappe model (and the core complex model) stated that sheath
fold are “occasionally observed” (Burg et al., 1996a).

The first attempt (Gerdjicov, 2004) to justify the existence of
stretching lineation, which is parallel to the fold axes and
parallel to the tectonic transport was made much after this
relationships were first suggested and used in modeling (e.g.
Burg et al., 1990; Dimov, 1992; Dimov, 1994; Burg 1996a,b).
Gerdjicov (2004) attempted to show, that such relationships
are indeed present and significant, but offered inconsistent
reasoning. First, he needed to show that all folds discussed are
sheath folds or folds formed in extreme sub-horizontal shear.
Proving of such statement for the Rhodopes and SZ is
impossible, even if some rare minor folds may approach this
condition. Second, he apparently mistakenly took intersection
lineation for stretching lineation. In the case of Sakar, which he
discussed at length, he failed to spot real stretching lineation,
which is in fact perpendicular to the fold axes (Fig. 4). Finally,
his reasoning was developed for a geological setting, in which
he believed the deformation sequence was very simple, the
metamorphism was only alpine in age and the granitic plutons
in southeast Bulgaria are Cretaceous or at most Late Jurassic
in age. In his later works (since 2005) he radically changed his
ideas and admitted that the granites are variscan, the
metamorphism older and the deformation more complex.

Conclusion

The supra-infrastructure concept requires clarification of the
geometrical relationships between the fold generations. It can
be done only if overprinting relationships are examined in
details. For this reason this concept can help in the
understanding of the local geology better than other models. If
the criticism on the use of stretching lineation exposed in this
paper is correct, then the structural geological basis for the
separation of the Ardinska and Asenishka units in the Rhodope
Massif are not correct.
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STRONTIUM ISOTOPE STUDIES OF THE LATE ALPINE EXTENSIONAL MAGMATISM IN
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ABSTRACT. Significant differences in the character of distribution of the initial strontium ratios (87Sr/8Sr)i between the medium acid and the acid
magmatic groups (subgroups) of the late extensional magmatism are not observed. This fact may be discussed as indication for a common origin of
the initial magmas from the different regions of distribution of this magmatism and of the peripheral magmatic chambers, respectively. The relatively
low values of the initial strontium ratios (87Sr/8Sr)i for this magmatism is an indication for mantle origin. The higher values of this ratio in the initial
phases of magmatism are probably a result of more pronounced pollution of the initial magma with crustal material. The latest phases of the
magmatism, however, are weakly enriched or barren of crustal material and thus their initial strontium ratios e close to 0.704, which correlates with
the values of this ratio for the contemporary mantle.

CTPOHLUMEBW U30TOMNHU U3CNEABAHUA HA KbCHOANMUACKNA EKCTEH3UOHEH MAFMATU3BM B U3TOYHUTE
pPoaonu

Bnadumup eopzues?, Memsp MunoeaHoe?, [lagen MoHyeg!

"Teonozauyecku uHemumym, BAH, 1113 Copus; viadogeo@geology.bas.bg
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PE3IOME. He ce HabntoaaBaT ChLLUECTBEHM pasnuyns B XxapakTepa Ha pasnpeaerneHine Ha HauanHuTe CTPOHLMEBN OTHOLWeEHMs (87Sr/88Sr)i mexay
CPELHOKMCENNUTE 1 KUCENUTe MarMeHm rpynu (cybrpyni) oT KbCHOEKCTEH3MOHHWS MarMaTu3bM. To3u hakT MoXe Aa ce ThikyBa KaTo ykasaHue 3a
€[MHEH NMPOW3XOA HA poJOHAYanHUTe MarMu OT PasnUYHWUTE apeany Ha pasnpefeneHne Ha TO3W MarMaTu3bM, PECNEKTUBHO Ha NepudepHuTe
MarMeHn kamepu. CpaBHUTENHO HWUCKUTE CTOMHOCTW Ha HavamHuTe CTPOHUMEBW OTHOLWeHMs (87Sr/86Sr)i Ha To3M MarMaTW3bM ca ykasaHue 3a
MaHTWIAHWS My npon3xod. MMo-BUCOKUTE CTOMHOCTM Ha TOBA OTHOLLEHME B HayanHute hasu Ha marmaTuama BEeposiTHO ca pesynTaTr Ha no-
3HAUMTENHO 3aMbPCABAHE Ha U3XOAHUTE MarMu ¢ kopoB cybcTpakT. MocneaHute dasn Ha marmatuama obade ca cnabo oboraTeHm, unu NoYTH He
ca oboraTeHu C KOPOB MaTepuan M HauanHute CTPOHUMEeBM OTHOLeHus (87Sr/88Sr)i 3a Tax ca Gnmsku fo 0.704, KOETO € CbU3MEPUMO ChbC
CTOWHOCTUTE Ha TOBA OTHOLLEHWE B CbBPEMEHHATA MaHTUS.

Geological structure Paleogene section followed upward by the products of abundant

Traditionally, two major structural units are recognized in
the Rodope Massif — pre-Paleogene metamorphic basement
and a Paleogene volcano-sedimentary complex. The
metamorphic basement crops out in the uplifted domes
whereas the volcanogenic complex fills the superimposed
depressions between them.

The Late Alpine extensional processes produced several
metamorphic core complexes (domes) — Madan-Davidkovo,
Byala reka, and Kesibir (Fig. 1). They comprise a migmatite
metamorphic complex in the cores and a ‘variegated” one
along their periphery (review in Georgiev, 2006). The
Harmanli block was not affected by extension and at that
time and was a passive structure. The superimposed
depressions (Georgiev, 2005) developed between the
individual domes of the core complexes and along their
periphery. Terrigenous sediments and reefal limestones
(Paleocene-Eocene) were deposited at the base of the

medium acid and acid volcanic structures (Eocene-Oligocene).

The extensional processes were accompanied by intensive
magmatism of two types (Georgiev, 2004; 2005). The initial
stage of extension is marked by the emplacement of granitoid
intrusions in the upper brittle crust of the domes (lvanov, 2000).
Ages of 69-68 Ma have been determined for Chuchuliga and
Rosino granites (Marchev et al., 2006) and of 53-52 Ma for
Pripek granite (Ovcharova, 2005).

The magmatism of the late extensional stage is concentrated
in  Momchilgrad, Zlatoustovo and Northeastern Rhodope
depressions. They merge in Kurdjali region and together form
the East Rhodope Paleogene depression. Numerous medium
acid volcanic structures are localized there, which are built of
basaltic andesites and andesites to latites. Only acid volcanic
products are found in Zlatoustovo depression (Kurdjali region)
and Borovitsa caldera. The final phases of magmatism are
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Fig. 1. Geological map of the Eastern Rhodopes

represented by acid and medium acid to basic subvolcanic In- Momchilgrad depression: Dambala magmatic group,
bodies and dykes. subdivided into Putocharka medium acid subgroup (Kalabak
andesite, Rabovo latite-andesite, and Zvezdel basaltic andesite
The products of the Paleogene magmatic activity in the complexes), Zdravets acid subgroup (Svety llia trachyrhyodacite,
Eastern Rhodopes have been subdivided into magmatic Momchilgrad tracgydacite, and Raven rhyolite komlexes) and
groups and complexes (Georgiev, Milovanov, 2003a; 2005; Pcheloyad dyke complex.
20064, b, ¢, d). The magmatic groups crop out in separate
areas and result from the evolution of different peripheral In Northeastern Rhodope depression: Sarnitsa medium acid
magmatic chambers of medium acid to acid composition. The group (with complexes separated with respect to order of
following  groups, subgroups and complexes are formation as follows: Kolets basalt-latite, Voinovo shoshonite-
distinguished. latite, Nikolovo latite, Bezvoden latite and Dragoinovo latite
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ones) and Cham Dere acid group (with Borovitsa rhyolite,
Panichkovo trachyrhyolite and Tri Mogili dyke complexes).

In Zlatoustovo depression: Madjarovo latite complex and
Zlatoustovo acid group (Mezek rhyolite and Cherna Mogila
trachyrhyodacite complexes).

In Kurdjali region develop rhyolite extrusions and explosive
centers of acid volcanism assigned to Kurdjali acid group
(Beli plast rhyodacite, Perperek trachyrhyolite, Stomanovo
rhyolite and Ustren rhyolite complexes).

The last stages of magmatism are represented by acid and
medium acid to basic subvolcanic bodies and dykes, as well
as by acid minor intrusions localized in dyke swarms
predominantly of WNW direction. They are intruded both in
the depression and in its metamorphic framework. These
latest phases in Byala Reka and Kesibir core complexes are
united in Byala Reka magmatic group (Planinets rhyolite and
Krumovgrad basaltic complexes).

K-Ar ages of the late extensional magnetism vary in the
range of 40-28 Ma (Lilov et al., 1987; Yanev, Pecskay, 1997;
Georgiev et al., 2003, Milovanov et al., 2005). 40Ar/3°Ar
datings are sporadic and possibly do not characterize the
entire age interval of the magmatism. The published data are
in the interval 33-31.5 Ma (Marchev, Singer, 1999; 2002) and
mark the maximum of magmatic intensity.

Material and methods

Strontium isotope studies were performed during the
geological mapping of the Eastern Rhodopes (scale 1:25000)
conducted in the period 1993-1999. The method of laboratory
investigations is described in Milovanov et al. (2003).
Literature data for the Madjarovo latite and Krumovgrad
basaltic complexes (Marchev, Rogers, 1998; Marchev et al.,
1998; Marchev, Downes, 2002) have been also used (see
Table 1).

The available data from the strontium isotope studies are
rather irregularly distributed. For some magmatic groups,
which unite 5-6 magmatic complexes (phases) with probable
common magmatic chamber, only 2-3 analyses are available
(Sarnitsa and Cham Dere groups). For other magmatic
complexes (Krumovgrad, Madjarovo) there are 9-14
analyses. These complexes have a higher “weight” in the
constructed diagrams. In order to avoid this inconsistency,
apart from using all analyses, similar diagrams are presented
for the mean values of the parameters for the respective
magmatic groups and complexes.

Results

Data for the magmatism from the early extensional stage in
the studied region are available only for Chuchuliga granite
where the strontium ratios (87Sr/86Sr)i vary in the interval
0.706-0.708 (Table 1, Fig. 2).

The magmatic rocks from the late extensional stage show a
wide range of values for the initial strontium ratios — from 0.700
to 0.710. The maximum frequency of these values is in the range
0.703-0.709, which corresponds to the interval of the mean
values for the respective magmatic groups and complexes.

A distinct tendency is observed in the trend of (87Sr/86Sr)i
values, which decrease with decreasing content of Sr. This
tendency is even more pronounced for 8Sr. At the same time
there is an increase of the 87Rb/8Sr ratio with decrease of the
(87Sr/%6Sr)i values (Fig. 2A, B, C).

The trend of distribution of (87Sr/86Sr)i in the magmatic rocks
from the late stage of extension is sub-horizontal with respect to
SiO2 (Fig. 2D). This shows absence of direct relationships
between (87Sr/86Sr)i and the content of SiO2. In addition, the
most basic and most acid varieties are characterized by low
values of (87Sr/®Sr)i, whereas the medium acid varieties display
highest values. The trend of distribution of (87Sr/#Sr)i in the
magmatic rocks of the late stage of extension (about 0.706) has
lower values than that of Chuchuliga granite (about 0.707).

The initial strontium ratios (87Sr/88Sr)i for the magmatism of the
late extensional stage are directly proportional to the age (Fig.
2E). The younger phases are characterized by lower (87Sr/86Sr)i
values. This tendency is typical both for this magmatism as a
whole as well as for the individual depressions. In this sense the
earlier medium acid Sarnitsa magmatic group from the
Northeastern Rhodope depression shows mean (8 Sr/8Sr)i
values of 0.7085 while for the later acid Cham dere magmatic
group this value is 0.7047. The situation is similar in the
Momchilgrad depression. The earlier medium acid Putocharska
subgroup of Dambala group has mean values of 0.7061 and for
the later acid Zdravets subgroup this value is 0.7043. The lower
end of the distribution trend of (87Sr/8Sr)i is about 0.704.

Discussion

The relatively low initial strontium ratios (87Sr/%6Sr)i allow to
suppose that the magmatism from the second part of the
extensional stage is of predominantly mantle origin. Many
researchers speak for mantle origin of the initial magmas. There
are also different views about the mechanism of intrusion and
enrichment with crustal material.

Mavrudchiev (1992) assumed mantle source of the initial
magmas with generation of magma sources at three levels - root
(57-35 km), intermediate (29-20 km) and peripheral (12-1 km).
The magmas enter the peripheral chambers strongly
differentiated and as partial magmas. The separation of these
melts proceeds in intermediate magmatic chambers.

Marchev et al. (1998; 2004b) propose astenospheric source for
the basaltic magmatism in the Eastern Rhodopes, accompanied
by insignificant crustal pollution of the initial magma. These
authors consider that the Paleogene metamorphic and magmatic
evolution in the Rhodopes is well explained with convectional
uplifting of the lithosphere and mantle diapirism.
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Table 1.
87Sr/86Sr composition for magmatic rocks in the Eastern Rhodopes

sample No | Rock | Localiti [ Si0; [ #Sr/%Sr | Roppm | Srppm [ ®Sr [ #7Rb/#Sr | time Ma | (¥7Sr/%Sr)i
CHAM DERE GROUP, Gradishte trachyrhyodacite complex

1007 [ RD dm [ v. Bryastovo [ 7132] 0,70783 ] | | 2904 2910813]  285] 0,706652
CHAMDERE GROUP, Panichkovo trachurhyolite complex

501 [Rdm [ 1. Velichka | 77791 070719 239,00] 9000] 6,31] 11453249 | 262 ] 0702928
SARNITSA GROUP, Bezvoden latite complez

9010a [shs | v. Dajdovnitsa | 5648] 0,70789 ] 119,00 680,00 | 0431000 ] 335] 0,707685
SARNITSA GROUP, Voynovo shoshonite-latite complex

J [AbIf. [ v. Jenda [ 5150] 0,70836 | | | 6425[ 0383813] 375] 0708156
SARNITSA GROUP, Kolets basalt-andesite complex

510 MI v. Karamantsy 58,93 | 0,71032 | 143,00 | 874,00| 8568| 0,480859 370| 0,710067
504 HKA v. Kolets 57,05 | 0,70798 88,00 | 970,00 82,05]| 0,309202 43,0 | 0,707791
KARDZHALY GROUP, Ustra rhyolite complex

3213 [Rdm | v. Vodenicharsko | 7992] 072878 29800] 1300] 142] 62676056 | 315] 0,700739
KARDZHALY GROUP, Perperek trachyrhyolite complex

275 Rdm v. Silen 76,86 | 0,72109 | 253,00 16,00 1,58 | 44,712696 330 | 0,700133
1005 Rb v. Miladinovo 0,71353 6,31 13,627140 300| 0,707724
6056 Rt v. Chiflik 71,99 | 0,70834 | 19500 | 145,00| 13,81| 4,262853 316 | 0,706427
KARDZHALY GROUP, Bely Plast rhyodacite complex

85 HKD b v. Minzuhar 64,80 | 0,70842 | 138,00 | 84500| 7835| 0413019 355| 0,708212
1001 RD v. Sestrinsko 68,10 | 0,70846 | 223,00 | 280,00 | 2145| 2,964103 38,0 | 0,706860
394 RD b v. Popovets 68,40 | 0,70729 | 148,00 | 903,00 | 82,76 | 0,459038 37,0 0,707049
DAMBALA GROUP, ZDRAVETS SUBGROUP, Momchilgrad trachydacite complex

122 [TDt [ t. Momchilgrad | 63,70 ] 0,70640 | | | 4487] 1167150]  310[ 0,705886
DAMBALA GROUP, ZDRAVETS SUBGROUP, Svety llya trachyrhyodacite complex

20 [ TRDIA. | v. Chomakovo | 67,00] 0,70490 | | [ 11,95] 5,000000 | 31,0] 0,702699
DAMBALA GROUP, PUTOCHARKA SUBGROUP, Zvezdel basaltic-andesite complex

3 HKA L. v. Sushevo 58,61 | 0,70530 85,00 | 469,00 | 4727 0,489105 29,3 | 0,705096
1 HKBA Lf. v. Bagryanja 5542 | 0,70476 7700 | 451,00 5292| 0,531633 315| 0,704522
179 BAIf. v. Star Chal 59,20 | 0,70911 171,00 | 483,00 | 4246 | 0,956901 330 0,708661
Madjarovo latite complex

95mj Lb v. D. Cherkovishte 62,84 | 0,70663 | 269,00 | 418,00 | 39,16 | 1,741062 340| 0,705789
268Bi-MR LIf. Madjarovo volc. 65,80 | 0,75017 | 642,90 20,20 92,192200 323 | 0,707875
268Sn-MR L If. Madjarovo volc. 65,80 | 0,70848 | 310,30 | 725,50 1,237400 323 | 0,707912
268Cp-MR LIf. Madjarovo volc. 65,80 | 0,70799 8,90 32,50 0,793600 323 | 0,707626
268PI-MR LIf. Madjarovo volc. 65,80 | 0,70793 79,70 | 112440 0,205000 323| 0,707836
202Bi-MR QL If. Madjarovo volc. 59,60 | 0,71422 | 290,60 67,10 12,529300 316 | 0,708597
202WR-MR QL If. Madjarovo volc. 59,60 | 0,70926 | 194,60 | 407,80 1,381100 316 0,708640
202PI-MR QL Lf. Madjarovo volc. 59,60 | 0,70861 12,50 | 1276,50 0,028400 316| 0,708597
1-MD LI Madjarovo volc. 0,70925 | 194,60 | 407,80 1,380900 320 | 0,708626
2-MD Mx Lf. Madjarovo volc. 0,70839 | 123,10 | 831,90 0,428200 320| 0,708195
3-MD LIf. Madjarovo volc. 0,70930 | 277,00 | 373,00 2,148900 320 | 0,708321
4-MD Mx Lf. Madjarovo volc. 0,70877 | 197,80 | 479,30 1,194100 320 | 0,708222
5-MD LIf. Madjarovo volc. 0,70884 | 300,80 | 366,50 2,374900 320| 0,707760
6-MD QL Lf. Madjarovo volc. 0,70793 79,80 | 112440 0,205300 320 | 0,707836
7-MD MI Madjarovo volc. 0,70941] 274,90 | 347,00

Krumovgrad basalt complex

Bz23-1-MV 44,70 | 0,70365 60,90 | 530,00 276 | 0,703542
[EG1-MV 46,44 | 0,70345 59,00 | 637,00 276 | 0,703345
Bz24-2-MV 46,33 | 0,70356 55,00 | 773,00 264 | 0,703480
IIEG1-MV 46,74 | 0,70349 75,00 | 801,00 264 | 0,703382
Bz26-1MV 45,50 | 0,70370 62,00 | 774,00 27,3 | 0,703606
GJ17-MV 46,75 | 0,70333 66,00 | 839,00 27,3 | 0,703234
Bz25-1MV 46,94 | 0,70379 73,60 | 778,00 26,1 | 0,703703
STR10-MV 48,03 | 0,70333 72,00 | 934,00 26,1 | 0,703240
Bz25-2-MV 46,94 | 0,70327 944 | 701,00 26,1 | 0,703254
Chuchuliga Pluton

1 Grl v. Brusevtsy 72,80 | 0,70800 19,98 64,89 0,307840 68,0 | 0,707703
2 Grl v. Brusevtsy 73,45 | 0,70680 19,20 58,19 0,330000 68,0 | 0,706481
5 Grl v. Brusevtsy 73,65 | 0,70625 24,71 52,08 0,475600 68,0 | 0,705791
7 skarn v. Brusevtsy 56,90 | 0,70700 16,42 45,96 0,357270 68,0 0,706655
3 Grl v. Chernichino 7540 | 0,70784 13,08 59,76 0,218880 68,0 | 0,707629
6 pegmatite v. Chernichino 0,70861 26,44 37,77 0,699970 68,0 | 0,707934

Sample number n-MR is data from Marchev, Rogers (1998), n-MD — Marchev et al. (2002), n-MV — Marchev et al. (1998). BA —
basaltic andesite; RD — rhyodacite; R — rhyolite; HKBA — high-K basaltic andesite; HKA — high-K andesite; HKD - high-K dacite; Ab —
absarokite; Sh — shoshonite; L — latite; M — monzonite; TD — trachydacite; TRD — trachyrhyodacite; QL — quartzlatite; Mx — mixed
lava; Gr - granite; dm — dome; b — body; | - intrusion; L.f. - lava flow; t - tuff; s — sill
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Yanev et al. (1998) accepted mantle source of the primary
magma, which was heterogeneously enriched with
components of the subducting lithosphere in the process of
delamination.

The magmatism from the second extensional stage
(localized mainly in the East Rhodope Paleogene depression
and partly in the peripheral domes) is a product of several
separate magmatic chambers. They are a result of uniform late
post-extensional tectonomagmatic environment but have
relatively independent evolution. The magmatism is of mantle
origin but the separate magma chambers show specific
composition and were possibly enriched to a different extent
with crustal substrate. These chambers have similar but not
identical and not synchronous evolution (Georgiev, 2004,
2005; Georgiev, Milovanov, 2005).

In the process of exhumation of the core complexes, a
process of thinning of the lower plastic layer and of the crust as
a whole took place between the separate domes and along the
periphery of the Rhodope Massif. In these areas the upper
mantle was uplifted and mantle substance penetrated in the
crust (Georgiev, 2004; 2005). A differentiation was realized in
the intermediate magmatic chambers and the peripheral
magmatic chambers are of medium acid to acid composition.
The magma of the peripheral magmatic chambers with
medium acid composition underwent additional evolution and
differentiation and the volcanism of some of them also evolved
from medium acid to acid. The products of this magmatism —
those predominantly in volcanic facies, are localized mainly in
the framework of the East Rhodope depression. Separate
monzonitoid intrusions as well as rhyolite and basic
subvolcanic bodies and dykes were intruded also in the
neighboring domes (sub-volcanic to hypoabysall facies).
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ORPHIC LITHICA AS A SOURCE OF LATE ANTIQUITY MINERALOGICAL KNOWLEDGE

Ruslan I. Kostov
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ABSTRACT. The Orphic Lithica of Pseudo-Orpheus is dated most probably from the IV ¢. AD and is considered as an example of the Late
Antiquity lapidary treatises describing the magical and therapeutic properties of about 30 ‘stones’ (minerals, varieties, aggregates and rocks).
Based on an English translation from 1865, a contemporary from mineralogical point of view interpretation of their possible identification has been
listed and discussed.

OP®UYECKATA INTUKA KATO N3BOP HA KbCHOAHTUYHOTO MUHEPANOIrMYHO 3HAHUE
PycnaH U. Kocmos
MurHo-eeonoxku yHusepcumem “Ca. Mear Puncku”, 1700 Cogpusi; rikostov@yahoo.com

PE3IOME. Opguyeckama flumuka Ha Mceno-Opdeit ce aatupa Hain-BeposiTHO oT IV Bek U ce pa3smexaa KaTo npuMep Ha KbCHOAHTUYHMTE
nanuaapcku TpakTaTy, ONUCBALLW MaruyHUTe 1 TepaneBTUYHUTE CBONCTBA Ha okomno 30 “kambka” (MUHEpanu, pasHOBUAHOCTY, arperaTi u ckanm).
BasnpaHa Ha aHrnuiickus npeeog oT 1865 r., € HanpaBeHa U AUCKyTUPaHa MHTEpMpeTaLmMs OT CbBPEMEHHA MUHEPANOrMyHa TOYka Ha TaxXHaTa
UoeHTUdMKaLms.

Probably the latest published English translation of the so French (Les lapidaires grecs, 1985; reviewed by Vian, 1986;
called Orphic Lithica is to be found in the first edition of the Scarborough, 1990), modern Greek (Giannakes, 1982; see
classical work of C. W. King from 1865 “Natural History, Hopkinson, 1984; Concordantia..., 2005) and Russian
Ancient and Modern of Precious Stones and Gems and of (Semenov, Popov, 1997).

Precious Metals” (London, Bell and Daldy, Cambridge,

Deighton, Bell and Co., 442 p.). In this treatise on gemmology, As representatives of ancient sources on “stones”
the translation has been added as an application “Orpheus on (“minerals”) in the broad sense on the word after Theophrastus
Gems” (King, 1865, 375-396), with a list of the described in the (371-287 BC) with his work “On Stones” can be listed: Sotacus
poem ‘stones’ and notes on its possible authorship. In the next (V century or the beginning of Ill century BC, probably of
editions of the work of C. W. King this application has been Persian origin), Zoroaster (middle of the Ill century BC) with
omitted. It has been declared that the text is strongly spoiled “On precious stones”, Damigeron (probably before the |
and in it have not been included the remarks by Gesner and century) with “Book on stones” (revised in the V century), Pliny
Tyrwhit (for a commentary on the different aspects of the text the Elder (23-79 AD) with the encyclopedia “Natural History”
compare Giangrande, 1989; 1992; Rebbufat, 1995; Livrea, (the last 37 book of this work is related exclusively to precious
1998; 1999). In the present work attention has been paid on and decorative stones), Xenocrates of Ephesus (I century) with
the probable or possible better identification of the different “Lithognomon” and Dionysius Periegetes (end of the | —
‘stones’ from a contemporary point of view and knowledge on beginning of the Il century) with “Description of the World".
historical development of the ancient mineralogy. The names Data on minerals or metals can be found also in the work of
of the minerals have been compared with those from the early Agatharchides of Cnidus (181-146 BC), in “Historical Library”
XIX century Greek edition (Orphica, 1805; the numbers of of Diodorus of Agirion (I century BC), in De Rerum Natura
quotations are for paragraphs in the poem as they do not (“On the Nature of the Universe”) by Lucretius Carus (99-55
correspond to such in other translations). BC), in the “Geography” and “On Mining Facilities” by Strabo

(c. 63 BC — 20 AD), in “Natural History Questions” by Seneca
This work, which is attributed to the Alexandrine tradition, is (4 BC - 65 AD), in the fifth volume of De Materia medica by

known in several late Medieval Greek and Latin editions, as Pedanius Dioscorides (I century), in the Lithica of Socrates and
well as translations in other languages in the XIX century. Dyonisius (I-Ill century) and in De mirabilibus mundi (Il
From the end of the XIX century is the most cited edition of century; during the Middle ages rewritten under the title

Orphic Lithica edited by E. Abel with the corresponding “Polyhistor”) by Solinus (c. Moore, 1859; Adams, 1938; Les
epitomes (Orphei Lithica, 1881; Orpheos Lithika Kerigmata, lapidaires grecs, 1985; Kostov, 2003). In the fundamental for
1881; de Mely, 1898, 160-173; Orphei Lithica, 1971; Lithica, antiquity work of Pliny the Elder have been mentioned several
2005). During the XX century the poem has been translated in other authors, cited in the paragraphs about minerals among
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them: Sotacus (Persia), Sudines and Zenothemis, Nicander,
Democrites, Zoroaster, Callistratus, Metrodorus (Persia),
Zachalias of Babylon, Archeleus, Yakh and Vokh, King Juba
and Asarub (King, 1865, 3-4).

As related to the late Antiquity period and linked also to the
Orphic tradition is the treatise “Cyranides” (book I; I or llI-IV
century) ascribed to Harpocration and Cyran, as well as to the
mythical Hermes Trismegistrus, and “On Rivers and
Mountains” (first quarter of the Ill century) by Pseudo-Plutarch
(de Mély, 1898; Evans, 1922; Adams, 1938). In this epoch has
to find its place the poem Lithica (IV century) related to the
mythical Orpheus.

In the Biblical tradition, the interpretation of gemstones in
early Christian treatises can be found in the pioneer work of
Epiphanius of Salamis (Cyprus; IV century), “Book on the 12
stones on the breastplate of Aaron” (on the symbolism of the
twelve precious stones in different sources throughout the
centuries see Kostov, 1994). The late antiquity lapidaries finish
with the work of the discussed Damigeron, known in Latin, in
which 50 minerals have been described with some of their
properties and instructions for their use in glyptic art with
corresponding image of symbol (Orphei Lithica, 1881; 1971,
161-195; Les lapidaires grecs, 1985).

The poem Orphic Lithica has been attributed to a Greek from
the Asiatic territory from the second half of the IV century
(Tyrwhit, cited by King, 1865; Concordantia..., 2005) or from
the Il century (Les lapidaires grecs, 1985; for the Kerygmata
respectively II-XIV century). Most of the researchers of the text,
for example Tyrwhit, based on the content, stylistic and
composition peculiarities of the text suggest that the author has
lived in the period between the time of emperor Constantius
(306-337) and that of the emperor Valetis (c. 375-378).
According other researchers (Hermann; Ruhnken - cited by
Talfourd et al., 1851; Moore, 1859) the authorship has to be
attributed to the epoch of emperor Dometianus (81-96 AD) and
it has been accepted, that the Lithica is earlier in age than the
Orphic Hymns. King (1865) thing that the poem is earlier than
Il century BC in age, because he finds some similarities in the
work of Pliny the Elder “Natural History” (book XXXVII), related
to the magical properties of stones, described by the magi.
According this argument, it can be accepted also in a reverse
manner — in the Orphic Lithica have been included some
examples or quotations from the work of Pliny the Elder. The
Orphic Lithica has been also attributed to Onomacrites (530-
480 BC) (Talfould, 1851, 11), and after Krause (in Pyrgoteles,
6) the work has to be dated from the V century BC. It has been
even suggested that the poem has been used as an example
for Theriaca of Nicander (King, 1865, 4). Probably for the first
time the poem is linked to Orpheus in the XIlI century by loan
Tzetzes in Byzantium (de Mély, 1898, xiv). It is better the
author of the poem to be named as Pseudo-Orpheus.

In Antiquity, related to ancient mythological systems, are
known different legends about unusual and magic stones, with
their cosmogony attribution and astrosymbolism, with
theogonic transformations and therapeutic influences (for the
mythology-gemmology link see Kostov, 1993a; 1993b). In the
Orphic Lithica in 774 Greek hexameters (in the edition of Abel
from 1881; in the 1805 edition 768 hexameters) are described
some properties together with curative powers and magic
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characteristics of the following about 30 mineral substances
(including minerals, rocks and bioobjects) or their synonyms
and varieties (with sign e; the agate is described in two places,
and obviously the galactites must not to be used as a synonym
of He adamanta) — in antiquity because of the week scientific
knowledge most species have been described only as some
kind of “stones” (Table 1). The possible interpretation of the
,stone” in given in a decreasing order of significance (for a
more precise mineralogical nomenclature one can compare
names and properties in textbooks of gemmology; see Kostov,
2003).

The story tells how the author Orpheus (in the case Pseudo-
Orpheus) meets the sorcerer Theodamus (later by the Troy
personage Helenus) on his way to the altar of the God of Sun
(Helios), who teaches him the magic properties of stones. Most
of the magic marnuecku stones are devoted to Apollo-Helios,
and not to Hermes, who is to be mentioned in the beginning of
the poem. The cult to the Sun (Helios — Apollo) among the
Thracians is recorded also by Sophocles in Tereus: “O, Helios
— name, dear to the Thracian horsemen! O, glorious flame”
(Harrison, 1991, 462).

In the poem are mentioned mainly as metaphors some of the
most important metals and alloys known in antiquity: gold
(golden scepter; golden bed; gold in the sense of jewel and
power), silver (shining as silver), iron (iron souls; iron attracted
by magnet), copper and bronze. Among the non-metallic
mineral deposits as important is the white “gold” — salt
(companion of food).

Crystal (170). The most probable interpretation of crystal is
rock crystal, transparent non-coloured quartz. In the poem is
mentioned the usage of crystal objects (formed as lenses or
spheres) for igniting of fire (compare Pliny the Elder, 1991, HN,
XXXVII, 9-10; Moore, 1859, 189-190; Kunz, 1913, 163; for the
role of quartz and its varieties in humans culture during the
centuries see Kostov, 1998).

There is an ancient legend that the transparent quartz is ice,
which can not be melted again by the Sun, related to the
etymology of “crystal” (in Greek — ice). In the lliad of
Homer we learn how in a cold night the shields of the solders
have been covered by ice. The rock crystal and amethyst are
mentioned in the first mineralogical Greek treatise of
Theophrastus (Kostov, 2008).

There are evidences for quartz lenses in Ancient Egypt even
in the Predynastic Period — IV mill. BC, and for concave
lenses — from the time of the Minoan culture, II mill. BC
(Temple, 2000; quartz crystal lenses have been found in
Nimrod, Troy, Ephesus and Knossos; it has been suggested
that the telescope has been known in the ancient world).
According to the Pythagorean ideas, the ‘Crystal Sun’ can be
accepted as a universe energy which is transformed by the
star (as a lens) and reaching the Earth as light and heat.

Adamant (180). Adamant usually is translated as diamond,
but even at the time of Pliny the Elder there is a doubt that the
hardest mineral was known in the Mediterranean region as a
result of trade contacts with India. It is accepted that that is
some sort of hard mineral or rock, probably corundum or
emery. Adamant has been also used as synonym of the
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Lethoean stone (180). But in the next text it is attributed to a
softer white or yellowish stone — galactites (milky stone) (180).

Galactites is mentioned in the works of Dioscorides and Pliny
the Elder, because of the sweet juice one can obtain from it,

Table 1

and related in certain case to another stone melites (c. Pliny
the Elder, 1991, HN, XXXVII, 15, 59; Moore, 1859, 137-138).
As\ an alternative opinion for interpretation of that stone is
some kind of zeolite mineral (Mottana, 2005).

‘Stones’ in Orphic Lithica and their possible interpretation (in italics — ancient names with unclear origin; e — variety; synonym)

‘Stone’ (mineral, rock or Interpretation Paragraph
biomineral object)

Crystal Rock crystal; quartz 170
Adamant Hard mineral — possibly corundum, but not diamond 180

e Lethoean stone Hard mineral — possibly corundum 180
Galactites [Milkstone] Galactites 180
Petraces [Agate] Agate — colourful 230

o Tree-stone (tree-agate) Agate — moss (dendrite) 230
Staghorn Staghorn 240
True stone Bezoar from the brain of a deer 240
Barbarian stone Stone from Syria (agate?) 250
Jasper Green jasper; serpentinite; nephrite 260; 600
Lychnis Crystal; amber; red mineral 270
Peridot [Topazios] Glass-like mineral; chrysolite 280
Opal Opal 280
Opsian Soft and inflammable material 280
Tears of pine Amber 280
Mica-like stone [Talc] Talc; mica; chlorite 280
Chrysolite [Chrysotrix] Quartz with inclusions of ‘golden’ rutile (sagenite; Venus hair; 290

arrows of Cupid); sunstone; chrysolite

Loadstone Magnetite 300
Serpentine; Ophite Serpentinite (“snake stone”, exites) 330; 340; 350; 450
e Viper's 340
Ostrites Serpentinite; agate; see orites 340
Siderites Meteorite; exites; draconites 350; 410
e Vocal stone Meteorite 350
Orites See siderites; mountain stone 450

Jet Jet; coal; bituminous schist 470
Scorpion’s stone Similar in form or colour stone 480; 490
Coral Red (noble) coral 500
Agate Agate 600; 630
e L eontoseras Agate (“eye™-agate) 610
Emerald Green mineral or rock; malachite; green beryl (emerald) 600
Sardian Carnelian or sarder (red to brown chalcedony) 600
Bloodstone Hematite; heliotrope 640-650
Liparean stone Lipareon; obsidian (volcanic glass) 680
Nebrites Amethyst; agate; nephrite; serpentinite; green jasper 740
Prase Prase (green jasper); chrysoprase 750
Chalazias Hard mineral; rounded pebbles of quartz composition 750

Petraces (230). The petraces (from Greek — “stone”) has
been translated as a variety of agate with different colour of the
chalcedony layers. In the poem is mentioned also a special
kind, called free-agate, known to mineralogist as moss or
dendrite agate.

Staghorn (240). Horns, as well as bone and tooth material of
vertebrata animals have been used for different purpose from
prehistorically times — including as biogemmological materials.

True stone (240). The name bezoar is usually used for some
stones founded in intestines of animals and this stone has
thought to have imaginable magical curative properties (usually
found in goats — bezoar goat; in the poem — from the brain of a
deer).
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Barbarian stone (250). It has been mentioned that the stone
is to be found at the Syrian seashore. In the region of ancient
Syria are known deposits of agates.

Jasper (260; 600). In most of the ancient sources the jasper
is described as a stone with a green colour, but among green
minerals and rocks are known about ten wide spread species
or varieties (c. Pliny the Elder, 1991, HN, XXXVII, 37). Besides
true green jasper, another interpretation can include
serpentinite and nephrite. In some case, the jasper is
supposed to be a synonym of adamant (c. Moore, 1859, 194).
The magical powers of the green jasper for attracting rain to
the fields from the Orphic Lithica can be found as well in the
work of Damigeron (Kunz, 1913, 90). The jasper and similar in
appearance jasperoid or jasper-like rock are mainly quartz-



bearing rocks with different mineral inclusions of a

metasomatic origin.

Lychnis (270). The name of the stone is for the Greek name
of lamp (lychnos - lamp, torch). But Pliny the Elder mentions
four of its varieties, with properties related to amber (Pliny the
Elder, 1991, HN, XXXVII, 29). In most cases the lychnis is
linked to red or transparent minerals — known in the antiquity
as anthrax a#mpakc (in Latin - carbuncle) (compare for stones
that give light King, 1865, 145; Kunz, 1913, 163). Such red
minerals can be garnets, ruby, spinel, pink tourmaline and
zircon. In the poem the lychnis is related also to the crystal, i.e.
rock crystal or quartz.

Topazios (280). In the English translation the peridot has
been introduced, duplicating the chrysolite (olivine), mentioned
further in the text (in the original Greek text the proper name is
chrysotrix). Most historians of mineralogy translate chrysolite
(see also Pliny the Elder; Pliny the Elder, 1991, HN, XXXVII,
42) as topaz, and the ancient topazios — as chrysolite. In the
poem the stone is described as of a “glassy” nature, which can
correspond to the contemporary meaning of the mineral.

Opal (280). In the work of Pliny the Elder there is a number
of descriptions of opals, including the name paederos (Pliny
the Elder, 1991, HN, XXXVII, 21-22; Moore, 1859, 203). It can
hardly be judged weather the opal from the poem corresponds
to the contemporary meaning of the mineral.

Opsian (280). In the interpretation of Orphic Lithica the stone
opsian is a soft and burning substance, which has to be mixed
with amber and other substances in order to provoke the
oracle powers (King, 1965, 253). In some cases it has been
thought to be a black stone, probably the contemporary
obsidian (Blumenbach, 1823).

Tears of pine (280). This poetic metaphor corresponds to
amber, known in Ancient Greece as electron (c. Pliny the
Elder, 1991, HN, XXXVII, 11-12). There are a lot of legends
about amber in the Greek mythology (c. Kunz, 1913, 55;
Kostov, 19936).

Mica-like (flaky) stone (280). The interpretation of this stone
has to be related to some sort of mica-like mineral (mica,
chlorite etc.). In the English translation the name talc has been
used.

Chrysotrix (290). This name has been used as in the original
(Orphica, 1805, 391; Moore, 1859, 189-190) instead of the
chrysolite in the English translation. Chrysotrix can be
translated as “golden hair” or that is the contemporary sagenite
quartz (with inclusions of rutile needle-like crystals; “Venus
hair”, “arrows of Cupid”).

Magnitis (magnetic stone; magnetite) (300). In the Orphic
Lithica the properties of magnitis are related to the attraction of
love by gods and people (c. King, 1865, 225; Kunz, 1913, 94).
In the encyclopedia of Pliny the Elder the magnitis is
interpreted as well as several other stones - siderites,
Heraclean stone, stone from Magnesia and hematite (Pliny the
Elder, 1991, HN, XXXV, 25).
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Ophite (330; 340; 350; 450). The ophite is a synonym of
serpentinite (viper's stone, “snake stone”; about the folklore
compare Halliday, 1921) or some variety of marble. An
alternative interpretation discusses the possibility that the
stone has been a fossil, imitating in shape the spirals of snake
(ammonite) (Duffin, 2005, 60).

Ostrites (340). The description of the stone follows that of the
serpentine, both with identical therapeutic powers. According
to Kunz the ostrites may be also some sort of agate (Kunz,
1915, 224-225). The fact that the stone is hard, black and
round suggests a mineral aggregate for example a concretion.
It may have been mistaken with the stone ophites, as Pliny the
Elder interprets it as a crab’s cover (Pliny the Elder, 1991, HN,
XXXVII, 65).

Siderites (350; 410). In Orphic Lithica the oracle properties of
the stone are described for the first time, and that is why it has
been names the Vocal stone (350). In the text with siderites is
cited also the ophites stone (King, 1865, 280-281; Kunz, 1913,
178). Its description as composed of iron gives the opportunity
for an idea that the stone can be a piece of an iron meteorite
(D'Orazio, 2007, 222). According to Pliny the Elder siderites
and orites are one and the same stone (Pliny the Elder, 1991,
HN, XXXVII, 65, 67), and ophites is a synonym of serpentine or
sort of marble (King, 1865, 280-281). The siderites as an
antidote against snake bites has been related also to the
stones exites and draconites, bearing a sexual symbolism
(McMahon, 1998). The contemporary nomenclature mineral
siderite is an iron carbonate.

Orites (“mountain stone”) (450). According Pliny the Elder
siderites and orites are synonymous (Pliny the Elder, 1991,
HN, XXXVII, 65). The orites has been thought as a magical
stone, preventing from fires. Its form gives an alternative view
to it as a meteorite (D'Orazio, 2007, 222).

Jet (470). In the work of Pliny the Elder this stone has been
described owing its name to a river and town in Lycia (Pliny the
Elder, 1991, HN, XXXVI, 34). In the gemmological literature jet
is a solid, black in colour and used for cutting brown coal. In
antiquity under the same name besides coal or bitumen-
bearing schist one can find other stones — for example the so
called Thracian stone (for its interpretation and analogy with
the stone spinos in antiquity see Kostov, 2007).

Scorpion stone (480; 490). According Pliny the Elder the
scorpion stone, named by him scorpitis, bears its name
because of the resemblance of its form with the scorpion, or
because of with the identical colouration with that animal (Pliny
the Elder, 1991, HN, XXXVII, 72).

Coral (500). The coral as an object of biomineralogy is
related to the family Corrallidae. Theophrastus describes it as
a precious stone (Kostov, 2008). In the work of Pliny the Elder
the coral is listed among the gifts of the sea (Pliny the Elder,
1991, HN, XXXII, 11), but the stone coralius — among the gem
stones (Pliny the Elder, 1991, HN, XXXVII, 56). Most prized as
a gemological material is the precious red coral (Coralium
nobile; Coralium rubium) — it has been described in the Orphic
Lithica.



Agate (600; 630). The agate is a concentric-zonal (geode) or
parallel-layered mineral aggregate composed mainly by
chalcedony with quartzine, quartz and opal. The magical
powers of the agate (see also Pliny the Elder, 1991, HN,
XXXVII, 54; Moore, 1859, 217) are cited in a lot of Medieval
lapidary treatises, probably copied from the Orphic poem (c.
Kunz, 1913, 51). The leontoceras (610) is a spotty agate,
probably the so called “eye” agate, represented by concentric
layers of chalcedony with different colour. In the work of Pliny
the Elder one can find a stone stone with similar name —
leontios, also in close similarity with the patterns on the lion’s
skin (Pliny the Elder, 1991, HN, XXXVII, 73).

Emerald (600). In the modern mineralogical nomenclature
the emerald is a transparent green variety of the mineral beryl.
In the ancient natural history literature this name corresponds
to different green coloured minerals or rocks (usually malachite
or serpentinite). Pliny the Elder lists in his work the different
sorts and deposits of emeralds (Pliny the Elder, 1991, HN,
XXXVII, 16-18). In the poem this could be also a green agate
variety.

Sardian (600). The sard (sardian) in the Orphic Lithica and in
the work of Pliny the Elder corresponds both to carnelian (red
or orange to yellow chalcedony) and sard (brown chalcedony)
(Pliny the Elder, 1991, HN, XXXVII, 31). This type of
chalcedony has been wide spread in antiquity as a material for
glyptic art, mainly for finger rings.

Bloodstone (640-650). In the poem we learn about the
friendship between Hector and Dolon, related also to an also to
an amulet hematite. In the antique sources the bloodstone
(from Greek haima - blood) is considered to be the iron-
bearing mineral hematite (c. Pliny the Elder, 1991, HN, XXXVII,
60). The theogonic role in the origin of hematitea has been
mentioned as drops of blood of the god Uranus, who has been
injured by the god Kronos-Saturn. (King, 1865, 208; Kunz,
1915, 137-138). As a blood-stone can be accepted also the
heliotrope — darkgreen jasper with small red spots due to iron-
bearing phases (c. one possible interpretation of heliotrope is
also the Thracian stone; Kostov, 2007).

Lipareon (680). Pliny the Elder describes the stone liparea,
with etymology of a “greasy stone” (Pliny the Elder, 1991, HN,
XXXVII, 62). It is similar in influence as to the one described in
the Orphic Lithica, but in this case its smoke can chase away
animals. lts identification as a stone from Lipari, i.e. obsidian
(volcanic glass, known mainly from the Lipari Island, Italy and
the Melos Island, Greece) is less reliable (obsian according to
Pliny the Elder; c. Pliny the Elder, 1991, HN, XXXVII, 64).

Nebrites (740). In the Orphic Lithica the stone is described in
relation to the god of wine — Dionysius. This directs the
attention towards the amethyst — the purple or violet quartz,
known since the time of Theophrastus (for the legends and
symbolism of amethyst compare Kostov 1992). Stone with a
similar name nebris (named after the spotty skin of the deer for
wear on the body) is also known in ancient sources (Pliny the
Elder, 1991, HN, XXXVII, 64). The etymology of this stone is
suitable for some kind of colourful or spotty agate. Other
interpretations include some green coloured mineral or rock.
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Prase (750). In the work of Pliny the Elder the prase
corresponds to its contemporary meaning (Pliny the Elder,
1991, HN, XXXVII, 34) — palegreen to leek-green coloured
chalcedony or jasper. One of its varieties (green with red
inclusions as blood drops) is sure the heliotrope, which is to be
described also as Thracian stone (for its interpretation in the
ancient literature compare Moore, 1859, 215; Kostov, 2007).
Similar to prase in colour is also the chrysoprase (green
chalcedony). In the Medieval ages lapidaries similar properties
as for the prase in the Orphic poem, as an antidote for poison
is believed to have the green jasper (King, 1865, 290).

Chalazias (750). According to Pliny the Elder the chalazias
looks like hailstone (Greek — chalaza), but is very hard (Pliny
the Elder, 1991, HN, XXXVI, 43; XXXVII, 73). A possible
interpretation of the stone is small quartz pebbles or pieces.
Another alternative explanation is the diamond (Mottana,
2005).

As to the sequence of order of the stones in the Lithica of
Pseudo-Orpheus one can find a tendency for colour symbolism
white(transparent) — green(yellow)+black — red(brown). These
colours correspond in some way to the triad of colours from the
basic orphic teaching (Fol, 2004, 182), the Great Goddess-
Mother being in the center. The lack of description of blue
coloured stones seems an enigma (such have been well
known in the ancient world).

From the ancient literature it is well known that Orpheus
enchants the nature and animals with his music. In the
“Metamorphoses” of Ovid among the object of nature are
mentioned also the stones (Ovid, 1981, 219-220).

There is great number of publications on the mythical
Orpheus and his life, as well as of the Thracian orphic
traditions (compare Mead, 1896; Guthrie, 1935; Fol, 1986;
1995; 2004; Bogdanov, 1991; Harrison, 1991; Fol, A., V. Fol,
2005; Fol, V. 2008 and the cited there literature). The so-called
Orphic hymns are also related to the late Antiquity literature —
dated also from the IV century (c. Orpheus, 1989; Fol, 1995).

In the earliest mineralogical treatise of antiquity, the work of
Theophrastus “On Stones”, there is no mythological or magical
interpretations of the described “stones” and “earths”, which
have been listed mainly with their properties and practical
applications (Caley, Richards, 1956; Theophrastus, 2005;
Kostov, 2008). In his work are described the following “stones”,
which are mentioned also in the Orphic poem (1/3 in number):
crystal, adamant, jasper, electron (amber), coral, agate,
emerald, sard, hematite (bloodstone) and prase. In the
encyclopedia of Pliny the Elder “Natural History’ magical
properties of some “stones” are being cited, in order to display
their curative powers, but in most of the cases without
comment.

The Lithica of Pseudo-Orpheus in the beginning of the XXI
century represents a distant echo of ancient times with data on
precious and magic stones in their therapeutic interpretation —
one direction of representation of science which will prevail in
the next centuries of the Medieval period in European and
Asian lapidaries and natural history treatises both.
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MIDWAY-TYPE BENTHIC FORAMINIFERA FROM THE PALEOCENE OF THE COASTAL
PART OF EAST STARA PLANINA (EASTERN BULGARIA). FAMILY BAGGINIDAE
CUSHMAN, 1927 TO FAMILY ORIDORSALIDAE LOEBLICH AND TAPPAN, 1964
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ABSTRACT. The present article is the second one from a series of three parts concemning the taxonomy of the so called Midway-type benthic
foraminifera from the Paleocene of the Coastal Part of East Stara Planina. Taxonomical descriptions of 14 species are introduced in the article.
They belong to 9 genera (Valvulineria — 1 species, Cibicides — 2 species, Pullenia — 1 species, Allomorphina — 2 species, Chilostomelloides — 1
species, Quadrimorphina — 2 species, Alabamina — 1 species, Osangularia — 1 species, Oridorsalis — 3 species), 4 subfamilies, 8 families, 4
superfamilies and 1 suborder. 12 species are first described in Bulgaria. The Loeblich & Tappan’s (1988) classification is applied in the article.
Key words: taxonomy, Midway-type benthic foraminifera, Paleocene, East Stara Planina

BEHTOCHU ®OPAMUHU®EPU TUM “MIDWAY” OT NANEOLIEHCKATA CEPUA B MPUMOPCKATA YACT HA U3TOYHA
CTAPA MNAHUHA (MU3TOYHA BBIITAPUS). CEMEWCTBO BAGGINIDAE CUSHMAN, 1927 O CEMEMCTBO
ORIDORSALIDAE LOEBLICH AND TAPPAN, 1964

Bopuc Bnnyes

Murro-2eonoxku yHusepcumem “Ca. Mear Puncku”, 1700 Cocpusi; b_valchev@mgu.bg

PE3IOME. Hacrosiata cratst e BTOpa OT nopeguLaTta, NocBeTeHa Ha TakcOHomusiTa Ha GeHTocHuTe chopammuudepn TMn “Midway” ot
lManeoueHckata cepust B npumopckata 4acT Ha MatouHa Crtapa nnanuHa. [MpefcTaBeHu ca TakCOHOMWYHM onucavws Ha 14 Bupa. Te
npuHagnexat Ha 9 popa (Valvulineria — 1 Bug, Cibicides — 2 Bupa, Pullenia — 1 sug, Allomorphina — 2 Bupa, Chilostomelloides — 1 Bug,
Quadrimorphina - 2 Bupa, Alabamina - 1 Buga, Osangularia — 1 Bug, Oridorsalis — 3 Buga), 4 noacemeiicTea, 8 cemeicTsa, 4 HapcemelicTea 1 1
noapaspea. 12 Buaa ce onucear 3a Mbpeu NbT B Bbarapus. Manonasaxa e cuctematukata Ha Loeblich & Tappan (1988).

Kntouosu dymu: TakcoHommsi, 6eHTOCHN dhopamuundepn Tun “Midway”, ManeoueHcka cepusi, Matouna Ctapa nnaxuHa

Introduction Subfamily BAGGININAE Cushman, 1927

The present article is the second one from a series of three Genus Valvulineria Cuchman, 1926

parts concerning the taxonomy of the so called Midway-type

benthic foraminifera from the Paleocene of the Coastal Part of Type species. Valvulineria californica Cuchman, 1926
East Stara Planina (Eastern Bulgaria). Taxonomical (original designation).

descriptions of 14 species are introduced in the article. They Distribution. Paleocene — Holocene; cosmopolitan.

belong to 9 genera 4 subfamilies, 8 families (BAGGINIDAE o o
Cushman, 1927 to ORIDORSALIDAE Loeblich and Tappan, Valvulineria alpina Hillebrandt, 1962
1964), 4 superfamilies and 1 suborder. 12 species are first Plate |, Figures 1, 2

described in Bulgaria.
1962. Valvulineria alpina n. sp.; Hillebrandt, S. 104, Taf. 8, Fig. 7, 8.

1974. Valvulineria alpina Hillebrandt; Szczechura, Pozaryska, p. 62,
pl. 11, figs. 3-5.

Nomenclature. Holotype (Slg. Munchen Prot. 1336a) is from
the Lower Paleocene of Austrian Alps. It was figured by
Hillebrandt (1962, Taf. 8, Fig. 8).

Material. Byala Formation (24 specimens).

Description. Test is with oval outline, trochospiral,
moderately biconvex. Spiral side is evolute; 2-2.5 whorls are
visible. Umbilical side is involute, comprising 5-6 triangular
chambers gradually increasing in size. Sutures are depressed,
Suborder ROTALIINA Delage and Herouard, 1896 straight, and tangential on the spiral side; slightly curved

Superfamily DISCORBACEA Ehrenberg, 1838 backwards and radial on the umbilical side. Periphery is
Family BAGGINIDAE Cushman, 1927

The map with the location of the studied borehole and
outcrop sections was published by Valchev (2003). The
biostratigraphical framework was discussed in the same article.

The Loeblich & Tappan’s (1988) classification is applied in
the article.

Taxonomical descriptions
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rounded. Umbilicus is narrow, filled with secondary deposits.
Surface is smooth. Aperture is arch-shaped, interiomarginal,
umbilical-extraumbilical.

Distribution. The species is known from the Paleocene of the
Austrian Alps, and Polish Carpathians.

Occurrence. C-12 (287.90 m — P1c Zone), C-25 (P1b Zone),
sections Byala 1 (NP3-5 Zones), Byala 2b (NP3 Zone), Byala
2c (NP1-2 Zones), Byala River and Koundilaki Cheshme
Valleys (Paleocene).

Superfamily PLANORBULINACEA Schwager, 1877
Family CIBICIDIDAE Cushman, 1927

Subfamily CIBICIDINAE Cushman, 1927

Genus Cibicides de Montfort, 1808

Type species. Cibicides refulgens de Montfort, 1808 (original
designation).
Distribution. Paleocene — Holocene; cosmopolitan.

Cibicides megaloperforatus Said and Kenawy, 1956
Plate |, Figures 3, 4

1962. Cibicides megaloperforatus Said & Kenawy; Hillebrandt, S. 114,
Taf. 10, Fig. 5, 6.

Nomenclature. | have no data about the holotype.

Material. Byala Formation (14 specimens).

Description. Test is small-sized, trochospiral, with slightly
convex umbilical side and slightly concave spiral one. 2 whorls
are visible on the spiral side; umbilical side comprises 5-6
chambers. Sutures on both sides are radial, depressed, curved
backwards. Umbilicus is narrow, depressed. Periphery is
rounded. Surface is covered with large pores. Aperture is
basal, extraumbilical.

Distribution. The species is known from the Paleocene of the
Alps and Egypt.

Occurrence. C-12 (167.00-169.70 m — Lower Paleocene,
268.50 m - P1c Zone), C-21 (22.00, 38.50 m - P1b Zone), C-
24 (56.90 m - P1c Zone).

Cibicides simplex Brotzen, 1948
Plate |, Figures 5, 6

1948. Cibicides simplex n. sp.; Brotzen, p. 83, pl. 13, figs. 4, 5.

1960. Cibicides simplex Brotzen; Olson, p. 53, pl. 12, figs. 7-9.

1962. Cibicides simplex Brotzen; Hillebrandt, S. 115, Taf. 10, Fig. 11.

1965. Cibicides simplex Brotzen; Pozaryska, p. 135, pl. 26, fig. 2.

1969. Anomalina simplex (Brotzen); Krayeva, Zernetskij, p. 88, pl. 32,
fig. 3.

Nomenclature. The holotype (S. G. U. No. 2671) is from the
Paleocene of Sweden (Klagscham greensand). It was figured
by Brotzen (1948, pl. 13, fig. 4).

Material. Byala Formation (23 specimens), Emine Formation
(3 specimens).

Description. Test is trochospiral, with flush spiral and
moderately inflated umbilical side. 2 whorls are visible on the
spiral side. The umbilical side comprises 5-6 inflated triangular
chambers. Sutures are radial, depressed, curved backwards.
Umbilicus is narrow, depressed. The wall is finely perforated.
Aperture is arch-shaped, extraumbilical.

Remarks. The species differs from the previous one by the
slightly inflated triangular chambers.

Distribution. It is known from the Cretaceous of Poland, the
Paleocene of Sweden, Poland, New Jersey, the Alps, Paris
basin, Crimea, Tunisia.
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Occurrence. Byala Formation. C-11 (191.60 m - P1b Zone),
C-12 (169.70 m — Lower Paleocene), C-29 (476.30 m - P4
Zone), sections Byala 1 (NP3-4 Zones), Byala 2¢ (NP1-2
Zones); Emine Formation. Samples from the geological
mapping (Paleocene).

Superfamily NONIONACEA Schultze, 1854
Family NONIONIDAE Schultze, 1854
Subfamily PULLENIINAE Schwager, 1877
Genus Pullenia Parker and Jones, 1862

Type species. Nonionina bulloides d’Orbigny, 1846 (original
designation by monotypy).
Distribution. Late Cretaceous — Holocene; cosmopolitan.

Pullenia quinqueloba (Reuss, 1851)
Plate I, Figure 7

1851. N. (Nonionina) quinqueloba m.; Reuss, S. 71, Taf. 5, Fig. 31.

1959. Pullenia quinqueloba (Reuss); Stancheva, p. 334, pl. 4, Fig. 5.

1969. Pullenia quinqueloba (Reuss); Krayeva, Zernetskij, p. 101, pl.
42, fig. 3.

1973. Pullgnia quinqueloba (Reuss); Douglas, p. 638, pl. 9, figs. 4, 5.

1992. Pullenia quinqueloba (Reuss); Darakchieva, Juranov, p. 65, pl.
2,figs. 1, 4.

Nomenclature. Holotype is the specimen figured by Reuss
(1851, Taf. 5, Fig. 31). The species was first described from
the Oligocene (septarien clays) of Germany (Hermsdorf
surroundings).

Material. Byala Formation (23 specimens), Emine Formation
(1 specimen).

Remarks. In Bulgaria the species was described from the
Eocene of Pleven District (Stancheva, 1959). It was also
established in the Eocene of Bourgas District (Darakchieva,
Juranov, 1992). It differs from P. jarvisi Cushman by the
presence of 5 chambers in the last whorl.

Distribution. It is known from the Senonian of Saratov and
Volgograd Districts, Turkmenia, the Paleocene of Denmark,
North Caucasus, Turkmenia, Tunisia, the Netherlands, the
Upper Paleocene of England, the Eocene of Ukraine, Donets
basin, Carpathians, Belgium, the Netherlands, England,
Turkmenia, the Oligocene of Germany, Belgium, the
Netherlands, Trinidad, Turkmenia, the Upper Miocene of
Dominican Republic, the Miocene of Vienna basin, Bavaria, the
Miocene and Pliocene of the Netherlands. It was also
established during the deep-sea drilling in the Atlantic (Eocene
— Oligocene, Upper Miocene, Pleistocene), Bay of Biscay
(Upper Eocene - Oligocene), Norwegian Sea (Lower Eocene).
Nowadays it lives in calm waters and great depths.

Occurrence. Byala Formation. C-11 (191.60 m - P1c Zone),
C-12 (214.90 m - P1c Zone), C-24 (40.00 m — P2 Zone, 107.90
m - P1c Zone), C-25 (26.40-40.40 m - P1b Zone), C-28 (16.00
m - P2 Zone), C-29 (399.20 m — P4 Zone, 433.50-476.30 m -
P4 Zone), C-30 (83.90-86.30 m - P4 Zone, 99.50 m - P5
Zone), sections Byala 1 (NP4-5 Zones), Byala 2b (NP3 Zone),
Byala 2c (NP1 Zone). Emine Formation. A sample from the
geological mapping (Paleocene).

Superfamily CHILLOSTOMELLACEA Brady, 1881
Family CHILOSTOMELLIDAE Brady, 1881
Subfamily CHILOSTOMELLINAE Brady, 1881
Genus Allomorphina Reuss, 1849



Type species. Allomorphina trigona
(subsequent designation by monotypy).
Distribution. Campanian — Holocene; cosmopolitan.

Reuss, 1850

Allomorphina conica Cushman and Todd, 1949
Plate |, Figure 8

1949. Allomorphina conica Cushman and Todd, n. sp.; Cushman and
Todd, p. 62, pl. 11, fig. 8.

1962. Allomorphina conica Cushman and Todd; Hillebrandt, S. 90,
Taf. 6, Fig. 21.

Nomenclature. The holotype (Cushman Coll. No. 15458) is
from the Paleocene of Trinidad (Lizard Springs formation).

Material. Byala Formation (11 specimens).

Description. Test is trochospiral. 3 whorls are visible on the
spiral side; the first two build a cone. Their chambers are very
small-sized, compared to these from the last whorl. Here they
are 3, gradually increasing in size. Sutures are tangential,
curved backwards, depressed. On the umbilical side they are
radial, almost straight, depressed. Umbilicus is broad. Surface
is smooth. Aperture is elongated, basal, umbilical.

Distribution. The species is known from the Upper
Cretaceous and Paleocene of Central America, California, the
Paleocene of the Austrian Alps.

Occurrence. C-12 (287.90 m - P1c Zone, 303.40 m - P1b
Zone), C-25 (40.40 m - P1b Zone), sections Byala 2b (NP3
Zone), Byala 2c (NP2 Zone), Byala River and Koundilaki
Cheshme Valleys (Paleocene).

Allomorphina paleocenica Cushman, 1948
Plate |, Figures 12, 13

1948. Allomorphina paleocenica Cushman, n. sp.; Cushman, p. 45, pl.
8, fig. 10.

1962. Allgmorphina paleocenica Cushman; Hillebrandt, S. 91, Taf. 6,
Fig. 23.

Nomenclature. The holotype (Cushman Coll. No. 56 885) is
from the Paleocene of Texas.

Material. Byala Formation (4 specimens), Emine Formation (3
specimens).

Description. Test is trochospiral, elliptical to triangular in
outline. Last whorl comprises 3 moderately inflated chambers
sharply increasing in size. Sutures are depressed, almost
straight, tangential on the spiral side and radial on the umbilical
one. Periphery is rounded. Surface is smooth. Aperture is
elongated, umbilical, covered partly with lip.

Distribution. The species is known from the Paleocene of
Texas, Austrian Alps, Central America, the Eocene of
California.

Occurrence. Byala Formation. C-29 (399.20 m - P4 Zone),
C-30 (83.90 m - P4 Zone); Emine Formation. Section Kochan
(P1c Zone).

Genus Chillostomelloides Cushman, 1926

Type species. Lagena (Obliquina) oviformis Sherborn and
Chapman, 1886 (original designation).
Distribution. Paleocene — Miocene; cosmopolitan.

Chilostomelloides sp.
Plate I, Figure 9

Material. Byala Formation (1 specimen), Emine Formation
(56 specimens).
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Description. Test is oval to elliptical in outline, planispiral,
involute. Only 2 chambers are visible. They differ strongly from
each other by their sizes. Sutures are straight, oblique, slightly
depressed. Surface is smooth. Aperture is oval, with thick lip.

Occurrence. Byala Formation. C-30 (83.90 m - P4 Zone);
Emine Formation. Sections Kochan (P1c Zone), Banya-North
(P1c Zone), Emona (NP1 Zone).

Family QUADRIMORPHINIDAE Saidova, 1981
Genus Quadrimorphina Finlay, 1939

Type species. Valvulina allomorphinoides Reuss, 1860
(original designation).
Distribution. Coniacian — Holocene; cosmopolitan.

Quadrimorphina allomorphinoides (Reuss, 1860)
Plate I, Figures 10, 11

1860. V. (Valvulina) allomorphinoides m.; Reuss, S. 79, Taf. 11, Fig.
6.

1926. Discorbis allomorphinoides (Reuss); Cushman, p. 606, pl. 20,
figs. 18, 19; pl. 21, fig. 5.

1952. Valvulineria allomorphinoides Reuss; Tzaneva, p. 497, pl. 1, fig.
2.

1962. Allomorphina allomorphinoides (Reuss); Hillebrandt, S. 89, Taf.
6, Fig. 24.

1969. Gyr%morphina allomorphinoides Reuss; Krayeva, Zemetskij, p.
167, pl. 76, fig. 8.

1975. Quadrimorphina allomorphinoides (Reuss); Berggren, Aubert,

l. 3, fig. 1.

1988.pQuad?imorphina allomorphinoides (Reuss); Loeblich, Tappan,
pl. 705, figs. 6-9.

1999. Quadrimorphina allomorphinoides (Reuss); Darakchieva, p.77.

Nomenclature. Holotype is the specimen figured by Reuss
(1860, Taf. 11, Fig. 6). The species was first described from
the Upper Cretaceous of Westphalia (Germany).

Material. Byala Formation (260 specimens),
Formation (2 specimens).

Remarks. In Bulgaria the species was described from the
Paleogene of Varna District as V. allomorphinoides (Tzaneva,
1952). It was also established in the Middle and Upper
Paleocene, and the Lower Eocene of South Bulgaria
(Darakchieva, 1999).

Distribution. 1t is known from the Upper Cretaceous of
Western Europe, North America, Dnepr-Donets basin, the
Paleocene of Ukraine, Emba District, Georgia, North America,
Austrian Alps, Australia, Tunisia. It was also established during
the deep-sea drilling in the Atlantic (Santonian-Maastrichtian)
and Norwegian Sea (Lower Eocene).

Occurrence. Byala Formation. C-11 (191.60 m - P1c Zone),
C-12 (169.70 m - Lower Paleocene, 205.00-214.90 m - P1c
Zone, 219.20-243.00 m - P1b Zone, 268.50-289.20 m - P1c
Zone, 303.40 m - P1b Zone), C-21 (22.00-38.50 m - P1b
Zone), C-23, (74.00 m - P3 Zone, 271.20 m - P1b Zone), C-25
(26.40-45.00 m - P1b Zone), 15.00-16.00 m - P2 Zone, 513.00
m - P3 Zone), C-29 (365.00 m - P3 Zone, 399.20-420.60 m -
P4 Zone, 433.50-440.30, 476.30 m - P5 Zone), C-30 (83.90-
86.30 m - P4 Zone, 99.50-107.90 m - P5 Zone), sections Byala
1 (NP3-5 Zones), Byala 2b (NP1-2 Zones), Byala 2¢c (NP1-2
Zones), Byala River and Koundilaki Cheshme Valleys
(Paleocene); Emine Formation. Samples from the geological
mapping (Paleocene).

Emine

Quadrimorphina cretacea (Reuss, 1851)
Plate I, Figures 14, 15



1949. Allomorphina cretacea (Reuss); Cushman, Todd, p. 61, pl. 11,
figs. 3, 4.

1962. g\llomorphina cretacea (Reuss); Hillebrandt, S. 90, Taf. 6, Fig.
25.

Nomenclature. | have no data about the holotype. The
species was first described from the Cretaceous of Galicia.

Material. Byala Formation (2 specimens).

Description. Test is trochospiral, oval in outline. Last whorl
consists of 3 moderately inflated chambers gradually
increasing in size. Periphery is rounded. Aperture is arch-
shaped, umbilical, covered with triangular lip.

Remarks. The species differs from Q. allomorphinoides
(Reuss) by the lower number of chambers in the last whorl.

Distribution. It is known from the Upper Cretaceous of
central Europe and North America, the Paleocene of Central
Europe.

Occurrence. C-30 (99.50 m - P5 Zone).

Family ALABAMINIDAE Hofker, 1951
Genus Alabamina Toulmin, 1941

Type species. Alabamina wilcoxensis Toulmin, 1941
(original designation).
Distribution. Santonian — Holocene; cosmopolitan.

Alabamina midwayensis Brotzen, 1948
Plate II, Figures 3, 4

1948. Alabamina midwayensis nov. nom.; Brotzen, p. 99 pl. 16, figs.
1, 2, text-figs. 25, 26.

1965. Alabamina midwayensis Brotzen; Pozaryska, p. 114, pl. 21, fig.
3.

1976. Alabamina midwayensis Brotzen; Aubert, Berggren, p. 428, pl.
8, fig.3.

Nomenclature. The holotype (S. G. U. No. 2598) is from the
Paleocene of Sweden. It was figured by Brotzen (1948, pl. 16,
fig. 1).

Material. Byala Formation (138 specimens), Emine Formation
(2 specimens).

Description. Test is trochospiral, asymmetrically biconvex.
2.5-3 whorls are observable on the spiral side. Here sutures
are tangential and curved backwards. 5-6 triangular chambers
sharply increasing in size Sutures are radial, slightly curved
backwards, depressed. Periphery is tapered and lobated.
Umbilicus is comparatively narrow, slightly depressed.
Aperture is basal, extending from umbilicus to periphery.

Distribution. The species is known from the Maastrichtian
and Paleocene of Poland, Tunisia, the Paleocene of Sweden,
Denmark, Egypt, East Kamchatka. It was also established
during the deep-sea drilling in the North Atlantic (Lower
Paleocene).

Occurrence. Byala Formation. C-11 (191.30-192.40, 247.50
m - P1c Zone), C-12 (167.00-169.70 m - Lower Paleocene,
204.00 m - P1c Zone, 264.50 m - Lower Paleocene, 268.50-
289.20 m - P1c Zone, 304.40 m - P1b Zone), C-21 (22.00-
38.50 m - P1b Zone), C-23 (74.00 m - P3 Zone, 271.20 m -
P1b Zone), 40.00 m - P2 Zone, 107.70 m - P1c Zone), C-25
(26.40-40.40 m - P1b Zone), C-28 (15.00-16.00 m - P2 Zone),
C-30 (83.90 m - P4 Zone, 99.50 m - P5 Zone). Emine
Formation. Section Emona (NP1 Zone).

Family OSANGULARIIDAE Loeblich and Tappan, 1964
Genus Osangularia Brotzen, 1940
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Type species. Osangularia lens Brotzen, 1940 (original
designation).
Distribution. Cretaceous — Holocene; cosmopolitan.

Osangularia plummerae Brotzen, 1940
Plate II, Figures 1, 2

1962. Osangularia plummerae Brotzen; Hillebrandt, S. 110, Taf. 9,
Fig. 15.

1976. gsangularia plummerae Brotzen; Aubert, Berggren, p. 429, pl.
8, fig. 5.

Nomenclature. | have no data about the holotype.

Material. Byala Formation (25 specimens).

Description. Test is trochospiral, biconvex, with more inflated
umbilical side. 7-8 ftriangular chambers with gradually
increasing sizes are visible on the last whorl. Sutures are
slightly depressed, slightly curved backwards in the periphery.
Periphery bears thin and narrow keel. Aperture is basal,
extended to the periphery.

Distribution. The species is known from the Paleocene of
North America, the Alps, Australia, Tunisia, Egypt, East
Kamchatka and the deep-sea holes in the Norwegian Sea
(Lower Eocene).

Occurrence. C-12 (167.00-169.70 m — Lower Paleocene), C-
29 (476.30 m - P5 Zone), C-30 (83.90 m - P4 Zone), sections
Byala 1 (NP1 Zone), Byala 2b (NP2 Zone), Byala 2c (NP2
Zone).

Family ORIDORSALIDAE Loeblich and Tappan, 1964
Genus Oridorsalis Andersen, 1961

Type species. Oridorsalis westi Andersen, 1961 (original
designation).

Distribution. Oligocene — Holocene; North America, Europe,
Caribbeans, Japan.

Remarks. The numerous finds of representatives of the
genus in the Upper Cretaceous and Lower Paleogene emend
the stratigraphical range given by Loeblich, Tappan (1988).

Oridorsalis lotus (Schwager, 1883)
Plate II, Figures 5, 6

1883. Pulvinulina lotus Schwag.; Schwager, S. 132, Taf. 28, Fig. 9.

1937. Eponides lotus (Schwager); Glaessner, S. 379, Taf. 3, Fig. 26.

1951. Eponides lotus (Schwager) Cushman and Ponton; Cushman, p.
52, pl. 14, fig. 21.

1962. Eponides lotus (Schwager); Hillebrandt, S. 105, Taf. 8, Fig. 15,
16.

1993. Oridorsalis lotus (Schwager); Hauser, Griinig, pl. 8, figs. 1-3.

Nomenclature. Holotype is the specimen figured by
Schwager (1883, Taf. 28, Fig. 9). The species was first
described from the Eocene of Libya (El-Guss-Abu-Said).

Material. Byala Formation (288 specimens),
Formation (4 specimens).

Description. Test is trochospiral, biconvex. Spiral side is
more inflated, evolute, comprising 2.5-3 whorls, as the
chambers are clear in the last one only. Here sutures are
oblique, slightly depressed, straight. 6-7 broad triangular
chambers are observable on the umbilical side. Here sutures
are radial, curved backwards, slightly depressed. Umbilicus is
narrow, flush. Periphery is tapered. Surface is smooth.
Aperture is arch-shaped, basal, extraumbilical.

Emine



Remarks. The species differs from O. umbonatus (Reuss)
by the larger number of chambers and the curved sutures in
the last whorl.

Distribution. It is known from the Upper Cretaceous of Egypt,
the Paleocene of Austrian Alps, Caucasus, Trinidad, Central
America, Alabama, Egypt, Tunisia, the Eocene of Libya. It was
also established during the deep-sea drilling in the South
Atlantic (Lower Eocene).

Occurrence. Byala Formation. C-11 (191.60-191.80 m - P1c
Zone), C-12 (167.00 m - Lower Paleocene, 204.00 m - P1c
Zone, 264.50 m - Lower Paleocene, 268.50-289.20 m - P1c
Zone, 296.10 m - P1b Zone), C-21 (7.50 m - P1c Zone, 38.50
m - P1b Zone), C-24 (40.00 m - P2 Zone), C-25 (22.50 m - P1b
Zone, 355.00 m - P2 Zone), C-28 (15.00-16.00 m - P2 Zone),
C-29 (365.90 m - P3 Zone, 383.20420.60 m - P4 Zone, 476.30
m - P5 Zone), C-30 (83.90 m - P4 Zone), sections Byala 1
(NP3-5 Zones), Byala 2b (NP1-3 Zones), Byala 2¢ (NP1-2
Zones), Byala River and Koundilaki Cheshme Valleys
(Paleocene); Emine Formation. Samples from the geological
mapping (Paleocene).

Oridorsalis megastomus (Grzibowski, 1896)
Plate II, Figures 9-11

1928. Gyroidina beisseli, n. sp.; White, p. 201, pl. 39, fig. 7.

1937. Eponides megastoma (Grzibowski); Glaessner, S. 377, Taf. 3,
Fig. 25.

1962. E%Jonides megastoma (Grzibowski); Hillebrandt, S. 105, Taf. 8,
Fig. 13, 14.

1974. lgponides megastomus (Rzehak, 1838) emend. (Grzibowski,
1896); Szczechura, Pozaryska, p. 83, pl. 16, figs. 5-7.

1976. Eponides megastoma (Grzibowski); Aubert, Berggren, p. 426,
.7, fig. 3.

1981.pGyroigina megastoma (Grzibowski); Liszka, Liszkowa, p. 196,
1. 6, fig. 4.

1983.9‘Pulvir§7]ulina megastoma Rzk”; Geroch, Verdenius, pl. 11, fig. 9.

1993. Oridorsalis megastomus (Grzibowski); Hauser, Griinig, pl. 7,
figs. 5-11.

Nomenclature. | have no data about the holotype. Geroch,
Verdenius (1983) refigured the original Grzybowski’s image. |
compare to it. The species was first described from the
Campanian of the Polish Carpathians (red clays from Vadovice
area).

Material. Byala Formation (over 500 specimens), Emine
Formation (101 specimens).

Description. Test is conical in shape, trochospiral, with
convex umbilical and almost flush spiral side. The last one
consists of 2.5-3 whorls. Umbilical side comprises 5-6
triangular chambers gradually increasing in size. Sutures are
depressed, curved backwards, tangential. Umbilicus is narrow,
flush to slightly depressed. Periphery is angled, surface is
smooth. Aperture is low arch-shaped, interiomarginal,
extending from umbilicus to periphery.

Distribution. The species is known from the Upper
Cretaceous, Paleocene and Eocene of the Tethys region.

Occurrence. Byala Formation. C-11 (191.60-247.50 m - P1c
Zone), C-12 (167.00 m - Lower Paleocene, 194.00-214.90 m -
P1c Zone, 219.00 m - P1b Zone, 268.50-289.20 m - P1c Zone,
296.10 m - P1b Zone), C-21 (22.00-38.50 m - P1b Zone), C-23
(74.00 m - P3 Zone, 215.00-271.20 m - P1b Zone), C-24
(40.00 m - P2 Zone, 56.90 m - P1c Zone, 74.25 m - P1b Zone,
107.70 m - P1c Zone), C-25 (22.50-40.40 m - P1b Zone,
355.00 m - P2 Zone), C-28 (15.00-16.00 m - P2 Zone), C-29
(361.10-364.90 m - P3 Zone, 368.20-420.60 m - P4 Zone,
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433.50-476.30 m - P5 Zone), C-30 (83.90-91.90 m - P4 Zone,
99.50-107.90 m - P5 Zone), sections Byala 1 (NP3-5 Zones),
Byala 2b (NP1-3 Zones), Byala 2¢ (NP1-2 Zones), Byala River
and Koundilaki Cheshme Valleys (Paleocene); Emine
Formation. Sections Kochan (P1c Zone), Emona (NP1 Zone)
and Banya South-West (Lower Paleocene); samples from the
geological mapping (Paleocene).

Oridorsalis whitei (Hillebrandt, 1962)
Plate II, Figures 7, 8

1962. Eponides whitei, n. sp.; Hillebrandt, S. 106, Taf. 8, Fig. 11.

Nomenclature. The holotype (Slg. Munchen Prot. 1341) is
from the Lower Paleocene of the Austrian Alps.

Material. Byala Formation (58 specimens).

Description. Test is trochospiral, biconvex. Spiral side is
more convex, evolute, comprising 2.5-3 whorls. Here sutures
are oblique, flush to slightly depressed. 9-10 triangular
chambers are visible on umbilical side. They are divided by
radial, straight, flush to slightly depressed. Umbilicus is round,
flush, comprising up to 1/3 of test diameter, glassy. Periphery
is tapered. Surface is smooth. Aperture is arch-shaped, basal,
extraumbilical.

Remarks. The species differs from O. lotus (Schwager) by
the larger number of chambers in the last whorl as well as the
broader umbilicus.

Distribution. It is known from the Paleocene of the Alps.

Occurrence. C-12 (243.00 m - P1b Zone, 264.50 m - Lower
Paleocene, 268.50-289.20 m - P1c Zone), C-21 (22.00-38.50
m - P1b Zone), C-25 (26.40-40.40 m - P1b Zone), C-28 (16.00
m - P2 Zone), C-29 (364.40 m - P3 Zone, 420.60 m - P4 Zone,
476.30 m - P5 Zone), sections Byala 1 (NP3-5 Zones), Byala
2b (NP1,2 Zones), Byala 2c (NP1-2 Zones), Byala River Valley
(Paleocene).
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1, 2. Valvulineria alpina Hillebrandt, 1962. Byala Formation, Byala River Valley, Paleocene; 1 — umbilical view, Sample bP-6;
SEMx63; 2 — spiral view, Sample KY-1; SEMx63.

3, 4. Cibicides megaloperforatus Said&Kenawy, 1956. Byala Formation, Borehole C-12, 169.70 m, Lower Paleocene, Sample C-
12-61; 3 — umbilical view, 4 - spiral view; SEMx93.

5, 6. Cibicides simplex Brotzen, 1948. Byala Formation, Section Byala 1, Lower Paleocene, NP5 Zone, Sample B1-11; 5 — spiral
view, 6 — umbilical view; SEMx93.

7. Pullenia quinqueloba (Reuss, 1851). Byala Formation, Borehole C-30, 86.30 m, Upper Paleocene, P4 Zone, Sample C-30-8;
SEMx65.5.

8. Allomorphina conica Cushman & Todd, 1949. Byala Formation, Koundilaki Cheshme Valley, Paleocene, Sample K4-1,
umbilical view; SEMx65.5.

9. Chilostomelloides sp. Byala Formation, Borehole C-30, 83.90 m, Upper Paleocene, P4 Zone, Sample C-30-6; apertural view;
SEMx65.5.

10, 11. Quadrimorphina allomorphinoides (Reuss, 1860). Byala Formation, Koundilaki Cheshme Valley, Paleocene, Sample KY-
1; 10 - spiral view, 11 — umbilical view; SEMx110.

12, 13. Allomorphina paleocenica Cushman, 1948. Byala Formation, Borehole C-29, 399.20 m, Upper Paleocene, P4 Zone,
Sample C-29-8; 12 — spiral view, 13 — umbilical view; SEMx81.5.

14, 15. Quadrimorphina cretacea (Reuss, 1851). Byala Formation, Borehole C-30, 99.50 m, Upper Paleocene, P5 Zone, Sample
C-30-14; 14 - spiral view, 25 — umbilical view; SEMx81.5.

PLATEII

1, 2. Osangularia plummerae Brotzen, 1940. Byala Formation, Borehole C-30, 83.90 m, Upper Paleocene, P4 Zone, Sample C-
30-6; 1 - umbilical view, 2 — spiral view; SEMx85.

3, 4. Alabamina midwayensis Brotzen, 1948. Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, Sample B-2b-14;
3 — umbilical view, 4 - spiral view; SEMx50.5.

5, 6. Oridorsalis lotus (Schwager, 1883). Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, Sample B2b-13; 5 -
umbilical view, 6 — spiral view; SEMx97.

7, 8. Oridorsalis whitei (Hillebrandt, 1962). Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, Sample 52b-13; 7 -
umbilical view, 8 — spiral view; SEMx53.

9-11. Oridorsalis megastomus (Grzybowski, 1896). Byala Formation; 9, 11 - Borehole C-30, 107.90 m, Upper Paleocene, P5
Zone, Sample C-30-19; 9 — umbilical view, 11 — spiral view; SEMx75; 10 — Byala River Valley, Paleocene, apertural view, Sample
BP-6; SEMx110.
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MIDWAY-TYPE BENTHIC FORAMINIFERA FROM THE PALEOCENE OF THE COASTAL
PART OF EAST STARA PLANINA (EASTERN BULGARIA). FAMILY HETEROLEPIDAE
GONZALES-DONOSO, 1969 TO FAMILY ROTALIIDAE EHRENBERG, 1839

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

ABSTRACT. The present article is the third one (last) from the series concerning the taxonomy of the so-called Midway-type benthic foraminifera.
Taxonomical descriptions of 8 species are introduced in the article. The species belong to 5 genera (Anomalinoides — 4 species, Heterolepa — 2
species, Gyroidinoides — 1 species, Karreria — 1 species, Rotalia — 1 species), 4 families, 6 superfamilies and 1 suborder. 4 species are first
described in Bulgaria, 1 species is first described from the Paleocene, and 4 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 benthic foraminifera, Paleocene, East Stara Planina

BEHTOCHU ®OPAMUHU®EPU TUM “MIDWAY” OT NANEOLIEHCKATA CEPUA B MPUMOPCKATA YACT HA U3TOYHA
CTAPA MNTAHUHA (M3TOYHA BBIITAPUS). CEMEWCTBO HETEROLEPIDAE GONZALES-DONOSO, 1969 10 CEMEACTBO
ROTALIIDAE EHRENBERG, 1839

Bbopuc Bbnyes

Murro-eeonoxku yHusepcumem “Ca. Mear Puncku”, 1700 Cocpusi; b_valchev@mgu.bg

PE3IOME. Hacrosiuarta cratus e TpeTa (nocneaHa) ot nopeauuata, NoCBETeHa Ha TakcoHOMMsTa Ha BeHTocHuTe hopamuHucbepu Tun “Midway”.
lMpeacTaBeHn ca TakCOHOMWYHM ONMCaHWs Ha 8 Bupa npuHagnexawu Ha 5 poga (Anomalinoides — 4 species, Heterolepa — 2 species,
Gyroidinoides — 1 species, Karreria — 1 species, Rotalia — 1 species), 4 cemeiicTBa, 6 HagcemelicTa 1 1 nogpaspes. 4 Buaa ce OnucBaT 3a napem
nbT B Bbarapus, 1 BuA € ycTaHoBEH 3a MbpBY MbT B [1aneoLeHckn ckanu, a 4 ca yCTaHOBEHM 3a MbpBM MbT B CkanuTe Ha ManeoueHckata cepus B
Bwnrapus. ManonssaHa e cuctematukata Ha Loeblich & Tappan (1988). Kmouosu dymu: TakcoHommsi, 6eHTOCHN dhopammunmdpepu Tun “Midway”,
lNaneoueHcka cepus, M3touHa Ctapa nnaHuHa

Introduction Type species. Anomalina plummerae Brotzen, 1942 =
The present article is the third one (last) from the series ~ Anomalina pinguis P. H. Jennings, 1936 (original designation).

concerning the taxonomy of the so-called Midway-type benthic Distribution. Albian - Holocene; cosmopolitan.

foraminifera. Taxonomical descriptions of 8 species are

introduced in the article. The species belong to 5 genera, 4 ~ Anomalinoides acutus (Plummer, 1926)

families (HETEROLEPIDAE Gonzales-Donoso, 1969 to Plate I, Figures 1, 2
ROTALIIDAE Ehrenberg, 1839), 6 superfamilies and 1 . . .
suborder. 4 species are first described in Bulgaria, 1 speciesis ~ 1947. Anomalina acuta Plummer, Subbotina, p. 133, pl. 4, figs. 23-25.

first described from the Paleocene, and 4 species is first 1947. Cibicides acutus sp. nov., Samojlova, p. 97, figs. 40-42. ,
described from the Paleocene of Bulgaria. 1954. Anomalina (Pseudovalvulineria) acuta var. acuta Plummer;

Vassilenko, p. 113, pl. 16, figs. 3, 4.
The map with the location of the studied borehole and ~ 1959. Anomalina acuta Plummer, Stancheva, p. 341, pl. 4, fig. 2.
outcrop sections was published by Valchev (2003). The 1961. Anomalina acuta var. acuta Plummer; Dikova, p. 210, pl. 12,

. . . . . : figs. 12, 13, pl. 13, fig. 4.
biostratigraphical framework was discussed in the same article. 1969. Anomalina acuta acuta Plummer; Krajeva, Zemetskij, p. 85, pl.

The Loeblich & Tappan’s (1988) classification is applied in 34, fig. 1.
. 1974. Anomalina acuta Plummer; Szczechura, Pozaryska, p. 103, pl.
the article. )
26, figs, 1-3, 6, 7.
. . 1976. Anomalinoides acuta (Plummer); Aubert, Berggren, p. 429, pl.
Taxonomical descriptions 9, fig. 1.
1993. Anomalinoides acutus (Plummer); Darakchieva, Juranov, p. 70,
Suborder ROTALIINA Delage and Herouard, 1896 pl. 3, figs. 1, 2.
Superfamily CHILLOSTOMELLACEA Brady, 1881 Nomenclature. | have no data about the holotype.
Family HETEROLEPIDAE Gonzales-Donoso, 1969 Material. Byala Formation (about 400 specimens).

Genus Anomalinoides Brotzen, 1942
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Remarks. In Bulgaria the species was described from the
Eocene of Pleven District (Stancheva, 1959), and the Upper
Cretaceous of NE Bulgaria (Dikova, 1961). It was also
established in the Eocene of Bourgas District (Darakchieva,
Juranov, 1993).

Distribution. It is known from the Upper Cretaceous and the
Paleocene of Texas, the Paleocene of Trinidad, Arkansas, the
Netherlands, Sweden, Tunisia, Caucasus, Middle Asia, the
Lower Eocene of England, the Eocene of Ukraine, Byelorussia,
Caucasus, Ural, North Turkmen, Germany, Belgium. It was
also found during the deep-sea drilling in Norwegian Sea
(Lower Eocene) and the Atlantic (Eocene).

Occurrence. C-11 (191.60-192.40 m - P1c Zone), C-12
(167.00 m - Lower Paleocene, 204.00 m - P1c Zone, 219.00 m
- P1b Zone, 268.50 m - P1c¢ Zone), C-21 (22.00-38.50 m - P1b
Zone), C-23 (139.50 m - P1b Zone), C-24 (23.00 m - P3 Zone,
40.00 m - P2 Zone, 107.70 m - P1c Zone), C-25 (22.50-40.40
m - P1b Zone, 355.00 m - P2 Zone), C-28 (15.00-16.00 m - P2
Zone, 56.90 m - P1c Zone), C-29 (361.10-365.90 m - P3 Zone,
383.20-420.60 m - P4 Zone, 433.50-476.30 m - P5 Zone), C-
30 (83.90-86.30 m - P4 Zone, 99.50-107.90 m - P5 Zone),
section Byala 2b (NP3 Zone).

Anomalinoides danicus (Brotzen, 1942)
Plate |, Figures 3, 4

1948. Anomalinoides danica (Brotzen); Brotzen, p. 87, pl. 14, fig. 1,
text-fig. 22.

1954. Anomalina (Anomalina) danica (Brotzen); Vassilenko, p. 67, pl.
4, fig. 3.

1961. Angmalina danica Brotzen; Dikova, p. 316, pl. 2, fig. 3.

1962. Gavelinella rubiginosa (Cushman); Hillebrandt, S. 102, Taf. 8,
fig. 1.

1965. /?\nomalina danica Brotzen; Pozaryska, p. 128, pl. 24, figs. 1-3.

1976. Gavelinella danica (Brotzen); Aubert, Berggren, p. 433, pl.11,
fig. 5.

1983. %avelinella danica (Brotzen); Tjalsma, Lohman, p. 13, pl. 5,
fig.7.

Nomenclature. | have no data about the holotype.

Material. Byala Formation (217 specimens),
Formation (2 specimens).

Remarks. In Bulgaria the species was described from the
Paleogene of Varna District (Dikova, 1961).

Distribution. It is known from the Upper Cretaceous of
Germany, the Maastrichtian of Tunisia, Ukraine, the
Netherlands, the Paleocene of North Europe, Poland, Ukraine,
North Caucasus, Crimea, Tunisia, deep-sea holes in the
Atlantic (Paleocene — Lower Eocene), and Norwegian Sea
(Lower Eocene).

Occurrence. Byala Formation. C-11 (191.60-192.40 m - P1c
Zone), C-12 (167.00 m - Lower Paleocene, 204.00 m - P1c
Zone), C-23 (128.00 m - P3 Zone, 271.20 m - P1b Zone), C-24
(23.00 m - P3 Zone, 40.00 m - P2 Zone, 107.70 m - P1c Zone),
C-25 (22.50-40.40 m - P1b Zone, 355.00 m - P2 Zone), C-28
(15.00-16.00 m - P2 Zone), C-29 (361.10-365.00 m - P3 Zone,
383.20-420.60 m - P4 Zone, 433.50-476.30 m - P5 Zone), C-
30 (83.90-91.90 m - P4 Zone, 99.50-107.90 m - P5 Zone).
Emine Formation. Section Kochan (P1c Zone), and a sample
from the geological mapping (Paleocene).

Emine

Anomalinoides praeacutus (Vassilenko, 1950)
Plate |, Figures 5, 6

1950. Anomalina praeacuta n. sp.; Vassilenko, p. 208, pl. 5, figs. 2, 3.
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1954.  Anomalina  (Pseudovalvulineria)

Vassilenko, p. 11, pl. 16, figs. 1, 2.

1951. Anomalina acuta Plummer; Cushman, p. 62, pl. 18, figs. 5, 6.

1962. Anomalinoides praeacuta (Vassilenko); Hillebrandt, S. 112, Taf.
9, Fig. 8.

1976. Angmalinoides praeacuta (Vassilenko); Aubert, Berggren, p.
430, pl. 9, fig. 2.

Nomenclature. Holotype (VNIGRI Coll. Ne 2247) is from the
Paleocene of Romnen region (Dnepr-Donets basin, Ukraine). It
was figured by Vassilenko (1950, pl. 5, fig. 2).

Material. Byala Formation (190 specimens),
Formation (1 specimen).

Description. Test is trochospiral, symmetrically biconvex. 2-
2.5 whorls are visible on the spiral side. Umbilical side reveals
10-11 triangular chambers with gradually increasing sizes.
Sutures are radial, slightly elevated, curved backwards.
Umbilicus is small, slightly depressed. Periphery is broadly
rounded. Aperture is medial.

Remarks. This species differs from A. acutus (Plummer) by
clearly distinctive whorls on the spiral side and the rounded
periphery.

Distribution. 1t is known from the Maastrichtian and Lower
Paleocene of the Russian Plateau, Caucasus, Western
Siberia, Polish Carpathians, the Paleocene of Ukraine,
Carpathians, Sweden, Arkansas, Alabama, Austrian Alps,
Tunisia, East Kamchatka, the Eocene of Arkansas and
Alabama, deep-sea holes in the Atlantic (Paleocene — Lower
Eocene).

Occurrence. Byala Formation. C-12 (167.00-169.70 m -
Lower Paleocene, 203.00-204.00 m - P1c Zone, 264.50 m -
Lower Paleocene), C-21 (7.50 m - P1c Zone, 22.00 m - P1b
Zone), C-23 (74.00-123.00 m - P3 Zone, 139.50-215.00 m -
P1b Zone), C-24 (40.00 m - P2 Zone, 107.70 m - P1c Zone),
C-25 (22.50-45.00 m - P1b Zone, 355.00 m - P2 Zone), C-28
(15.00-16.00 m - P2 Zone), C-29 (361.10-365.00 m - P3 Zone,
383.20-420.60 m - P4 Zone, 433.50-476.30 m - P5 Zone), C-
30 (83.90-86.30 m - P4 Zone, 99.50-107.90 m - P5 Zone).
Emine Formation. Section Kochan (P1c Zone).

praeacuta  Vassilenko;

Emine

Anomalinoides welleri (Plummer, 1927)
Plate I, Figure 7

1951. Anomalina welleri (Plummer); Cushman, p. 63, 1. 18, fig.12.

1954. Anomalina (Anomalina) welleri (Plummer); Vassilenko, p. 62, pl.
3, figs. 6, 7.

1975. Anomalinoides welleri (Plummer); Berggren, Aubert, p. 151, pl.
5, fig. 3, pl. 13, fig. 7, pl. 18, fig. 6, pl.19,fig.1.

1976. Anomalinoides welleri (Plummer); Aubert, Berggren, p. 430, pl.
9, fig. 5.

Nomenclature. | have no data about the holotype.

Material. Byala Formation (22 specimens).

Description. Test is trochospiral, biconvex, moderately
flattened. Spiral side is evolute and it reveals 2-2.5 whorls, as
the chambers are distinct in the last one only. 10-12 triangular
chambers with gradually increasing sizes are visible on the
umbilical side. Sutures are radial, slightly depressed, curved
backwards. Umbilicus is narrow, deep, usually filled with
secondary deposits. Periphery is broadly rounded. Wall is
finely perforated. Aperture is slit-like, extended from periphery
to umbilicus.

Distribution. The species is known from the Maastrichtian
and Paleocene of the Tethys region. It was also established in
the deep-sea holes in the North Atlantic (Paleocene).



Occurrence. C-11 (191.60-247.50 m - P1c Zone), C-21
(38.50 m - P1b Zone), C-28 (15.00 m - P2 Zone), C-30 (83.90
m - P4 Zone), sections Byala 1 (NP4-5 Zones), Byala 2b (NP1
Zone), Byala 2c (NP1 Zone).

Genus Heterolepa Franzenau, 1894

Type species. Heterolepa simplex Franzenau, 1894
Rotalina dutemolei d’Orbigny, 1846 (subsequent designation
by Loeblich and Tappan, 1962).

Distribution. Maastrichtian - Holocene; cosmopolitan.

Heterolepa grimsdalei (Nuttal, 1930)
Plate |, Figures 9, 10

1930. Cibicides grimsdalei Nuttal, n. sp.; Nuttal, p. 291, pl. 25, figs. 7,
8, 11.

1973. Cibicidoides grimsdalei (Nuttal); Douglas, p. 650, pl. 15, figs. 1-
6.

1975. Heteropepa grimsdalei (Nuttal); Braga et al., p. 98, T. 2, fig. 18.

Nomenclature. | have no data about the holotype. The
species was first described from the Eocene of Mexico.

Material. Byala Formation (397 specimens),
Formation (3 specimens).

Description. Test is trochospiral, with almost flat spiral side
and dome-like umbilical one. 2 whorls with oblique, depressed
and curved backwards sutures are visible on the spiral side.
Umbilical side reveals 9-10 triangular chambers. Here sutures
are flush or slightly depressed, curved backwards. Umbilicus is
flush. Periphery is narrowly rounded. Aperture is
interiomarginal. Spiral side is covered with large pores and
pistules.

Distribution. The species is known from the Eocene of
Mexico, Apennines, the deep-sea drilling in the Atlantic
(Eocene-Lower Oligocene), and the Pacific (Eocene — Lower
Miocene).

Occurrence. Byala Formation. C-11 (192.40 m - P1c Zone),
C-12 (194.00214.90 m - P1c Zone, 219.20 m - P1b Zone,
264.50 m - Lower Paleocene, 268.50-289.20 m - P1c Zone,
296.10 m - P1b Zone), C-21 (22.00-38.50 m - P1b Zone), C-23
(139.50-271.20 m - P1b Zone), C-24 (23.00 m - P3 Zone,
40.00 m - P2 Zone, 107.70 m - P1c Zone), C-25 (22.50-45.00
m - P1b Zone, 355.00, 454.60 m - P2 Zone), C-28 (15.00-
16.00 m - P2 Zone, 512.00-513.00 m - P3 Zone), C-29
(364.40-365.00 m - P3 Zone, 399.20 m - P4 Zone, 440.30-
476.30 m - P5 Zone), C-30 (86.30 m - P4 Zone). Emine
Formation. Section Banya-Southwest (Lower Paleocene).

Emine

Heterolepa perlucida (Nuttal, 1932)
Plate |, Figures 11, 12

1947. Cibicides perlucidus Nuttal; Subbotina, p. 137, pl. 7, figs. 22-25.
1950. Cibicides (Gemelides) perlucidus Nuttal; Vassilenko, p. 191, pl.
24, figs. 2,4, 5.
1959. Cibicides perlucidus Nuttal; Stancheva, p. 342, pl. 5, fig. 2.
1961. Cibicides perlucidus Nuttal; Dikova, p. 322, pl. 5, fig. 1.
1973. Cibicidoides perlucidus (Nuttal); Douglas, p. 650, pl. 15, figs. 7-
9.
1993. Heterolepa perlucida (Nuttal); Darakchieva, Juranov, p. 70, pl. 2
, figs. 10, 11.
Nomenclature. | have no data about the holotype.
Material. Byala Formation (over than 400 specimens).
Remarks. In Bulgaria the species was described from the
Eocene of Pleven District (Stancheva, 1959), and the
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Paleogene of the NE part of the country (Dikova, 1961), as in
both cases it was referred to genus Cibicides de Montfort. It
was also established in the Eocene of Bourgas District
(Darakchieva, Juranov, 1992). It differs from H. grimsdalei
(Nuttal) by its smaller pore’s diameter on the spiral side.

Distribution. This species is known from the Paleocene of
Caucasus, Crimea, the Upper Paleocene and Eocene of
Turkmenia, the Eocene of North Caucasus, Crimea, the Upper
Eocene of Poland, the Oligocene of Mexico, France.

Occurrence. C-11 (191.60-192.40 m - P1c Zone), C-12
(167.00-169.70 m - Lower Paleocene, 204.00 m - P1c Zone,
264.50 - Lower Paleocene), C-21 (22.00-38.50 m - P1b Zone),
C-23 (74.00 m - P3 Zone, 139.50-271.20 m - P1b Zone), C-24
(23.00 m - P3 Zone, 40.00 m - P2 Zone), C-25 (22.50-45.00 m
- P1b Zone, 355.00, 454.60 m - P2 Zone), C-28 (15.00-16.00
m - P2 Zone, 512.00-513.00 m - P3 Zone), C-29 (361.10-
365.00 m - P3 Zone, 383.20-420.60 m - P4 Zone, 433.50-
476.30 m - P5 Zone), C-30 (83.90-91.90 m - P4 Zone, 99.50-
107.90 m - P5 Zone).

Family GAVELINELLIDAE Hofker, 1956
Subfamily GYROIDINIDAE Saidova, 1981
Genus Gyroidinoides Brotzen, 1942
Type species. Rotalia nitida Reuss, 1844
designation).
Distribution. Cenomanian - Holocene; cosmopolitan.

(original

Gyroidinoides octocameratus (Cushman and Hanna, 1927)
Plate I, Figure 8

1937. Gyroidina soldanii d'Orbigny var. octocamerata Cushman et G.
D. Hanna; Glaessner, S. 379, Taf. 3, Fig. 27.

1948. Gyroidinoides soldanii (d'Orbigny) var. octocamerata (Cushman
& Hanna); Brotzen, p. 76, pl. 2, fig. 3.

1953. Gyroidina octocamerata (Cushman and Hanna); Mjatljuk, p. 60,
pl. 4, figs. 7, 8.

1962. Gyroidinoides soldanii octocameratus (Cushman and Hanna);

Hillebrandt, S. 108, Taf. 9, Fig. 6.

Gyroidinoides  octocameratus  (Cushman
Darakchieva, Juranov, p. 72, pl. 3, figs. 10, 11.

Nomenclature. | compare to the refigured by Mjatljuk (1953,
pl. 4, fig. 7) holotype. The species was first described from the
Eocene of California.

Material. Byala Formation (44 specimens).

Remarks. In Bulgaria the species was described from the
Upper Eocene of Bourgas District (Darakchieva, Juranov,
1992).

Distribution. 1t is known from the Maastrichtian and
Paleocene of Poland, the Paleocene of Sweden, Slovakia, the
Alps, Caucasus, Australia, East Kamchatka, the Upper
Paleocene of France, the Eocene of California, Caucasus,
North Italy, Belgium, the deep-sea holes in the Atlantic
(Campanian - Maastrichtian), bay of Biscay (Upper Eocene -
Lower Oligocene).

Occurrence. C-12 (204.00 m - P1c Zone), C-21 (38.50 m -
P1b Zone), C-25 (22.50-26.40 m - P1b Zone), C-29 (364.40 m
- P3 Zone, 44.30-476.30 m - P5 Zone), C-30 (83.90 m - P4
Zone, 99.50 m - P5 Zone), sections Byala 1 (NP5 Zone), Byala
2b (NP1-3 Zones), Byala 2c (NP1-2 Zones), Byala River and
Koundilaki Cheshme Valleys (Paleocene).

1993. and Hanna);

Family KARRERIIDAE Saidova, 1981
Genus Karreria Rzehak, 1891



Type species. Karreria fallax Rzehak, 1891
designation).
Distribution. Albian - Holocene; cosmopolitan.

(original

Karreria fallax Rzehak, 1891
Plate |, Figures 13, 14

1895. Karreria fallax m.; Rzehak, S. 226, Tab. 7, Fig. 7, 8.

1928. Karreria fallax Rzehak; White, p. 229, pl. 41, fig. 2.

1948. Karreria fallax Rzehak; Brotzen, p. 113, pl. 18, fig. 3, text-figs.
34-37.

1954, Karreria fallax Rzehak; Vassilenko, p. 201, pl. 36, figs. 3, 4.

1974. Karreria fallax Rzehak; Szczechura, Pozaryska, p. 114, pl. 18,
figs. 1-5.

1976. }%arreria fallax Rzehak; Aubert, Berggren, pl. 12, fig. 5.

1988. Karreria fallax Rzehak; Loeblich, Tappan, pl. 724, figs. 1-4.

Nomenclature. 1 have no data about the holotype. The
species was first described from the Lower Paleogene of the
Carpathians.

Material. Byala Formation (70 specimens).

Description. Test is free, heteromorphous. Initial portion is
trochospiral, the late one is uniserial. Spiral side is flush or
slightly concave, the umbilical one is convex. 5-6 inflated
chambers with gradually increasing sizes are visible in the last
whorl. Sutures are distinct, deep, and radial almost straight.
Periphery varies from broadly rounded to slightly tapered.
Surface is smooth. Aperture is terminal, oval.

Distribution. The stratigraphical range of the species is
Upper Cretaceous — Eocene; cosmopolitan.

Occurrence. C-11 (191.60 m - P1b Zone), C-12 (204.00 m -
P1b Zone, 289.20 m - P1c Zone, 296.10 m - P1b Zone), C-21
(29.50-38.50 m - P1b Zone), C-28 (16.00 m - P2 Zone), C-29
(420.60 m - P4 Zone, 440.30-476.30 m - P5 Zone), C-30
(83.90 m - P4 Zone, 107.90 m - P5 Zone), sections Byala 1
(NP3 Zone), Byala 2b (NP1-3 Zones), Byala 2¢c (NP1-2 Zones),
Byala River and Koundilaki Cheshme Valleys (Paleocene)

Superfamily ROTALIACEA Ehrenberg, 1839
Family ROTALIIDAE Ehrenberg, 1839
Subfamily ROTALIINAE Ehrenberg, 1839
Genus Rotalia Lamarck, 1804

Type species. Rotalites trochidiformis Lamarck, 1804
(subsequent designation by Childrean, 1823);
Distribution. Coniacian — Eocene; cosmopolitan.

Rotalia hermi Hillebrandt, 1962
Plate |, Figures 15-17

1962. Rotalia hermi n. sp.; Hillebrandt, S. 116, Taf. 10, Fig. 13, 14;
Taf. 15, Fig. 16, 17; Texttab. 10.

Nomenclature. Holotype (Slg. Minchen Prot. 1363a (P
2140)) is from the Lower Paleocene (Graue Mergel in der
Fazies der Nierentaler Schichten) of the Austrian Alps.

Material. Byala Formation (199 specimens).

Description. Test is trochospiral, biconvex. Spiral side is
more convex and it shows 2-2.5 whorls. Here sutures are flush
or slightly elevated. 11-12 triangular chambers are visible on
the umbilical side. Sutures are radial, deep, slightly curved
backwards. Umbilicus is comparatively broad (1/4 to 1/5 of test
diameter), flush or slightly concave. In the last case it is filled
with secondary deposits. Periphery bears narrow and thick
keel. Surface is covered with pores. Aperture is basal,
extraumbilical, simple.
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Distribution. The species is known from the Paleocene of the
Austrian Alps.

Occurrence. C-11 (191.60-192.40 m - P1c Zone), C-12
(219.20 m - P1b Zone), C-21 (29.50-37.00 m - P1b Zone), C-
24 (40.00 m - P2 Zone, 56.90 m - P1c Zone, 74.25 m - P1b
Zone), C-25 (40.40 m - P1b Zone, 355.00, 454.00 m - P2
Zone), C-28 (15.00 m - P2 Zone), C-29 (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).
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PLATE |

1, 2. Anomalinoides acutus (Plummer, 1926). Byala Formation, Borehole C-30, Upper Paleocene, 83.90 m, P4 Zone, Sample C-
30-6; 1 — umbilical view, 2 — spiral view; SEMx101.

3, 4. Anomalinoides danicus (Brotzen, 1948). Byala Formation, Byala River Valley, Paleocene, Sample BP-7; 3 - spiral view, 4 -
umbilical view; SEMx50.5.

5, 6. Anomalinoides praeacutus (Vassilenko, 1950). Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, Sample b-
2b-13; 5 - spiral view, 6 — umbilical view; SEMx63.

7. Anomalinoides welleri (Plummer, 1927). Byala Formation, Section Byala 1, Lower Paleocene, NP5 Zone, Sample B1-10;
umbilical view; SEMx60.

8. Gyroidinoides octocameratus (Cushman&Hanna, 1927). Byala Formation, Byala River Valley, Paleocene, Sample BP-6;
umbilical view; SEMx60.

9, 10. Heterolepa grimsdalei Nuttal, 1930. Byala Formation, Section Byala 1, Lower Paleocene, NP5 Zone, Sample b1-9; 9 — spiral
view, 10 — umbilical view; SEMx50.5.

11, 12. Heterolepa perlucida (Nuttal, 1932). Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, Sample B2b-15; 11 -
spiral view, 12 — umbilical view; SEMx85.

13, 14. Karreria fallax Rzehak, 1891. Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, Sample b2b-15; 13 - spiral
view, 14 — umbilical view; SEMx40.8.

15-17. Rotalia hermi Hillebrandt, 1962. Byala Formation, Byala River Valley, Paleocene, Sample BP-6; 15 — spiral view, 17 —
umbilical view; SEMx75; 16 — apertural view; SEMx110.
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U3MEPEHW U MOAEJNTUPAHN OTPAXATEJNIHM CMEKTPU HA TPAHUTU

JeHuuya bopucosa, Unko Unuee
Llenmpan+a nabopamopusi no cibHYego-3eMHu eb3deticmus, BAH, 1113 Cogpusi; dborisova@stil.bas.bg; iiliev@stil.bas.bg

PE3IOME. C nomowiTa Ha koHcTpympaHata B LIJIC3B-5AH anapatypa SPS-1 ca u3mepeHn B nabopaTopHu yCroBUs OTpaxaTeNHUTE CNEKTpU Ha
neTporpadpcku 0bpasun rpaHuTW, B3ETM OT pa3ninyHW panonn Ha Bbnrapus (LeHTpanHo CpegHoropwe, Mupud n tOronstouna Bbnrapus).
ColLeBpeMEHHO CbC CblyaTa anapatypa Ca MpoBeeHW M M3MEPBaHWA Ha OTpaxaTenHuTe CMeKTpU KakTo Ha OCHOBHWTE Ckanoobpasysaliy
MWHEpanu Kato MOHOMWHepanHK obpasuy OT KBapL, kanues engwnaTt u MyCKOBMT, Taka 1 KaTo MUHEpanu y4acTBally B CbCTaBa Ha CkanuTe.
PabotHuat auanasoH Ha SPS-1 e BbB BugMmaTta u 6nmskata MHGpavepBeHa YacT OT enekTpoMarHuTHWUA cnektsp o 550 nm go 1100 nm.
CpaBHeHu ca nonyyYeHuTe U MOLenupaHuTe, Bb3 OCHOBA Ha TeOpusTa 3a CMECeHUTe KnacoBe 00eKTM, oTpaxaTenHu CnekTpy Ha u3yyaBaHuTe
rpaHnTy. MonyyeHnTe KopenaLymoHHUTE 3aBUCMMOCTM NOKa3BaT, Ye Tasn MeToauka Moxe Aa 6bae NpunoxeHa 1 3a Apyr CkanHu pasHOBUAHOCTY,
npeacTaBeHu Ha TeputopusTa Ha Bbnrapus.

MEASURED AND MODELED GRANITE REFLECTANCE SPECTRA
Denitsa Borisova, llko lliev
Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, 1113 Sofia; dborisova@stil.bas.bg; iiliev@stil.bas.bg

ABSTRACT. Laboratory spectroscopy measurements of petrographic granite samples from different regions of Bulgaria (Central Srednogorie,
Pirin, and South-East Bulgaria) are carried out using designed and constructed in STIL-BAS spectrometric system SPS-1. The system works in
visible and near-infrared (VNIR) range of electromagnetic spectrum between 550 nm and 1100 nm. Parallel laboratory measurements of the rock-
forming minerals as monominerals (quartz, feldspar, and muscovite) and as a part of the granite samples are performed. Reflectance spectra of the
granites are modeled using the theory of mixed classes. Measured and modeled spectra are compared. Established high correlation between
measured and modeled reflectance spectra of the studied granites confirms that this methodology could be extended for other rock types presented
in the territory of Bulgaria.

BbBeneHue lpaHUTUTE Ca CBETNOCMBMW, CUBM, CUBOXBITTEHWUKABM [0
[MCTaHUMOHHMTE M3CMEABaHWS Ha Ckanu WM MWUHepamu ca po3osu. CTpyKkTypaTa UM € efpo-, CPeaHo-, ApeGHO3bPHECTa,
aKkTyanHu B HacTosWMS MOMEHT BbB Bpb3ka C peauua PaBHOMEPHO3bPHECTa UM HepaBHOMEPHO3bPHECTa (opdut-
eBponeiicku nporpamu, ocHosHo GMES (Global Monitoring of pouaHa), rpaHuToBa, a TEKCTypaTa — MacvBHa. [naBHuTe
Environment and Security). 3a LenTa Ha HacTtosiwarta pabota ckanoobpa3yBallu MUHepany ca Keap, Kucen nnaruokrnas u
ca NpoBefeHN CNeKTPOMETPUYHM M3MEPBAHMSI Ha FPaHUTLA W K-Na cenpwnat. BropoctenexHute muHepanu ca Guotur,
TEXHUTE CKanoobpasyBally MUHepanu B [jBa BapuaHTa — kaTo amubon 1 3HAYMTEIIHO MO-PAAKO — MYCKOBUT U rpaar, a
MWHEpanM B camuTe CkanHu obpasus M KaTto OTZAenHu aKUECOPHWTE — LIMPKOH, anaHuT, TUTAHWT, pYTW:, anatut u
kpucTanu. Beuuku 06pasuy ca oT TeputopusiTa Ha Bbnrapus — TypmanuH. LiBetHuar wHgexkc Ha rpaxutute e okono 10.
LieHtpanHo CpenHoropue, MupuH 1 tOrouatouna Bbnrapus. Coabpxarneto Ha SiOz e mexay 68 n 73%, a Ha ankaniuTe
Kucenue ckanv ca LWMPOKO pasnpocTpaHeHm B 3eMHaTa Kopa, okengu NazO+KoO - 4.8-10%. OcHoBHuTE pa3HOBMAHOCTM
KaTo MNyTOHMYHUTE WM  MpefcTaBuTenn npeobnagasat rpaHuTi ca 61oTuToB, amduGON-GMOTUTOB U ABYCTIIOAEH.
MHOTOKpPATHO ~ Haj  BYmMKaHckute.  [paHuToMpute  ca
CbLUECTBEHA YaCT OT KOHTUHEHTanHaTa 3eMHa Kopa KbAeTo lpaHoauoputuTe  ca  CUBO3ENEHW,  efpo-,  CPEAHo-,
yyacTBaT B W3rpaxhaHETO Ha OrPOMHU CIOXHO YCTPOEHM ApebHO3bPHECTH, PaBHOMEPHO- U HEpaBHOMEPHO3bPHECTH
GaTonuT B OporeHHuTe nosich. Criopes MopanHata QAP (nopdmpouanm). CTpykTypata uM € rpaHuToBa, MO-PSAKO
Knacm¢m|(a|_||y|;| Ha MCIH (Me)K'quapoﬂeH Cblo3 MO MOHLOHMTOBA, a TeKkCcTypata — MacuBHa. [maBHuTE
[EOMOTMYECKM  Haykv) Bb3 OCHOBA Ha  pasnnuHuTE ckanoobpasysalyu MuHepamu ca nnaroknasu, keapl, K-Na
CbOTHOWEHNS Ha K-chenpwnatm w nnarvoknasute cpeq tenawnar, amgubon 1 6UOTUT, a aKLECOPHUTE — TUTAHMWT,
Kucenute MNYTOHUYHN cKkanu ce pasrpaHuyaBat anaTtut, UMPKOH, anaHuT M MarHeTuT. LlBeTHMFlT MHOEKC e
ankanHogenawnaTos [PaHUT, TPaHUT, TPaHOAMOPUT I okono 20. Cbabpxanueto Ha SiOz2 e mexay 64 u 68%, a Ha
TOHaNWT. ankannute okeuan Na20+K:0 - 3-10%. Cropen cbabp-

XaHMEeTO Ha LIBETHW MWUHEpanu rpaHoguopuTUTE ce NomensT
Ha amcubonosu, Guotut-amcubonosm, asrut-ameubonoBK.
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[paHUTUTE W TPAHOAMOPUTUTE Y4acTBaT B M3rpaxaaHeTo Ha
mMarMeHn Tena (lokoBe, 6aTonuTh, MIyTOHK) C pasmepn OT
HSIKOMKO JeCETKN [0 HSKOMKO XWUNsiaW KBaapaTHU KuioMeTpa.

CpaBHeHM Ca NonyyeHnTe M MOAENMPaHNTE, Bb3 OCHOBA Ha
TeopusiTa 3a CMEeCEHUTe krnacoBe OOeKTW, OTpaxaTenHu
CMEKTPM Ha M3yvaBaHuTE rpaHuTy. MonyyeHnTe KopenawuyuoHHm
3aBMCUMOCTM MOKa3BaT, Ye Tas3W MeToauka Moxe Aa Obge
NpuUroxeHa 1 3a ApYru CkarHy pasHOBULHOCTM, NPELCTABEHN
Ha TepuTopusiTa Ha Bbnrapus.

MaTepManM n metogu

O6ekTV Ha NPOBeAEHNUTE eKCrIEPUMEHTANHM M3CHEABaHNUA Ca
ckanHw obpasum oT rpynata kucenute ckanu. Cblyo Taka ca
W3crnedBaHW  [MaBHUTE  CkanoobpasyBalwy — MUHepanw,
uarpaxgaw rpaHutute. Te ca W3MEpPeHU KaTo OTAemnHM
00pasuu OT Kanues (henalunat, KBapL, 1 MyCKOBMT, @ CbLLO U
KaTo MMHepanu yyacTBallM B CbCTaBa Ha W3CneaBaHuTe
ckanu. 3a mpoBedeHUTe eKCnepUMEHTaNHU W3MepBaHus e
n3nonaBaHa CnexkTpomeTpuyHa cuctema SPS-1 ¢ paboteH
ananaszoH 550-1100 nm, koHctpywpaHa B LUJIC3B-BAH
(Wnnes, 2000a; 20006). Ha dur. 1a n 16 ca npeacraseHu
OTpaaTenHuTe CMeKTpUM Ha OTAENHM MUHepanM UM Ha
MWUHEpanu u3rpaxaally ckanHute obpasum.

Kato egHa oT Hait-ynoTpebsBaHuTe  KOMMYECTBEHM
XapakTepuUCTUKN Ha OTpaxaTenHuTe CBOWCTBA Ha obekTa
CNEKTParnHNAT KOeUUMEHT Ha OTpaXeHWe r € OCHOBEH Tun
CMeKTParHNW AaHHW, KOMTO Ce M3Mon3eaT Mpy MOLENMpaHeTo
Ha CchnekTpamHM cmecu. Wa3nonssaikv geduHuumMsTa 33
CneKTparnHnsg KoeUUWEHT Ha OTpaxeHWe M Kato ce 3Hae
CBOWCTBOTO aAUTWUBHOCT Ha OTpa3eHaTa paguaums (Fapenuk,
1989; Mishev, 1991) e B cuna cnegHuaT wu3pa3 3a
perucTpupaHara 3a AageHa ObmkuHa Ha BbiHaTa Ai ApKoCT:

m
pi
=1

j=

L (4) =2 p,L (4) "

j=1

KbeTO pj € OTHOCUTENHaTa NoLL, 3aemMaHa oT 00ekTa;
Lj(Aj) e ApKocTTa Ha cblyns obekT; i=1...n; j=1...m,

ce nonyyasa:
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®ur. 1. OTpaxaTenHW CReKTpU Ha u3cneABaHWUTe Ckanoobpasysalum

MUHepanu Ha rpaHutute: kanues cenpwnar (KFsp), kBapy (Q), myckoBut
(Mu): a - oTmenHM MuHepanu; 6 - MuHepanu W3rpaxpall CcKanmHuUTe

ob6pasum
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pr(A)=Yp1(4)

j=1

r(4) (2)

- plrl (ﬂ

)+p2r2(/1_)+...+

MNK 332 KOHKPETHa ObJKMHA Ha BblHATa:
r (A1) =Y pr(A)

(3)

KbaeTo Iy (1) ca pesynimaHmH1ume oTpaxaTernHn CriekTpn Ha

r(A

CMeCceHUd knac, '( )—OTpa)KeHI/IeTO OT BCEKN KOMMOHEHT B
cnekTpanHara CcMec, i _ omHocumenHomo 0511080
yyacmue  (npoueHmHo CcbObPXaHUe, KoeguuyueHm Ha

NPOEeKMUBHO NOKPUMUE) Ha BCEK KOMMOHEHT.

3a onpepensHe Ha pesynTaHTHaTa (CymapHaTa) CnekTpanHa
oTpaxaTernHa XxapakTepuctika Ha cmecenus knac Rs[rs(/4i)]
€ HeobxogWmo fJa ce pewu CUCTeMa NIMHEHW anrebpuyHu
YPaBHEHWS 3a BCAKa ObIKWHA Ha BbrHata Ai (i=1,...,n). Mo
TakbB Ha4MH UM3MepBaHaTa pesynTaHTHa OTpaxarernHa
XapakTepucTka 3aBUCU OT [JSAMOBOTO y4acTME Ha BCEKM
OTAEneH Knac, T.e. 0T 3aeMaHaTta OT BCEKW OT KOMNOHeHmume
(yucmume knacose, 6a308ume K/1acoee) OTHOCUTENHA MNIOLY
B pamkuTe Ha nukcena (cwur. 26). ToraBa oTpaxaTenHute

CeKTpM Ha CMeCeHMs Knac rpawur I (A) sa papewa

ObJTKMHa Ha BbJ1HaTa A ce onpeaenart ot n3pasa:

)=p r Wepr W B r W r (1) @)

=D r
stp Fp o Bio My Mu Anf - Amf

KaTo
stp + pQ + pBio + pMu + pAmf 1 (5)
KbdeTo p e Koe(bVILU/IeHT'bT, 0TroBapsLl Ha MPOLEHTHOTO

CbabpXaHue (AsN0BOTO yyacTie) Ha CbOTBETHUTE MUHEparni:
Fsp — denpwwnatu, Q - keapu, Bio — 6uoTuTt, Mu — MycKoBMT 1
Amf — amdubon. Kato uano y4actTMeTo Ha LBeTHWUTE
MWHepanu e MHoro Manko (5-10%), nopagu KkoeTo B
NOCNeABaLLMTE M3YUCTIEHNS MPU MOAENMPAHETO TE3W YNIEHOBE
Ha ypaBHeHue (4), pecnekTuBHO B (5) ce npeHebpersart.

Pe3yn'raTM N AUCKycuA

Ha wur. 2a ca npeactaBeHu M3MEpeHUTE CheKkTpanHu
OTpaXaTemnHy XapakTepUCTUKA Ha W3CMEeABaHUTE rPaHUTK C
SPS-1. Ha cwur. 26 ca nokasaHu MogenupaHute ChekTpw,
KOMTO Ca Mony4yeHn kaTo ca unonssaHu copmynu (4) u (5) n
ce Npunoxu Teopusita 3a cmecenute knacose (Mishev, 1991).
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®ur. 2. OTpaxaTenHu CNeKTPU Ha rPaHUTK: a — U3MepeHu; 6 — MogenupaHu
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MMpn nomnyyeHuTe MogenupaHu CrekTpu ce Habnogasa
pasnpbCKkBaHe Ha rpadmkiTe, KOeTo 61 MOro Aa ce Obmku
OCHOBHO Ha npeHeOpersaHe Ha 4YacT OT anpuopHaTa
uHopmaLms. ToBa fokasea, Ye Npu U3NON3BaHETO Ha AaHHU
OT AMCTaHLMOHHU N3CneaBaHus, NPOBELEHN HA BCUYKW HUBA —
nabopaTopHu, Noneeu, OT NETALWM HOCUTENM B aTMocdepaTta
M OT CMTbTHULM CbLIECTBEHO 3HAYEHWE MMa LOMbSIHUTENHATA
nHopmaums. CbagaBaHeTo Ha 6asa AaHHW We gosege Ao
no-Kka4yeCTBEHa MHTEprpeTauus Ha CNeKTpanHuTe AaHHu OT
pasnuyHM  OBEKTW 3a pasnuuHW LEenu, B YaCTHOCT Ha
MOHWTOPUHIa Ha OKONHaTa cpeaa.
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®ur. 3. CTOMHOCTM Ha M3MepeHWTe W MoAenupaHuTe OTpaXaTesiHu
CMEKTPY 3a AbITKMHA Ha BbNHaTa 0.76 pm

3a no-pOCTOBEPHO MPEACTaBSHE HA CPABHEHWETO Mexay
M3MepeHUTe 1 MoaenupaHuTe CnekTparniu AaHHN e HanpaBeH
aHanu3. NogbpaHa e gbmkuHa Ha BbrHata 0.76 pm, 3a KOATo
Ha ur. 3 ca npeacTaBeHW [JaHHWTE B [BYMEPHOTO
MPOCTPaHCTBO “HabrniogaBaHU-MogenupaHu” AaHHu.
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3aknouyeHune
I'IpoaequMTe na6opaTopHM CNEKTPOMETPUYHU U3MEPBaAHUA
Ha PaHUTH, TEXHUTE rnaBHU n BTOPOCTENEHHN

ckanooGpasyBally MUHEpanu umat 3a Len Aa Cryxat kaTo
nognomaraly v noTBbPXAaBaLY MaTepuan npyu aHanuaupaxe u
[ewndpupaHe Ha UMPOBM W30BpaxeHUsi, MOMyYeHn Mpu
aepo- M KOCMUYECKN 3acHeMaHus M npeoGpasyBaHeTo Ha
MUKCENnUTE OT W30BpaxeHeTo B NUTONOXKA EauHULM Bb3
OCHOBA Ha TEXHUTE CMEKTPaINHI XapaKTePUCTUKN.

Mony4yeHUTe KOpenauyoHHM 3aBMCMOCTM MOKa3BaT, Ye Tasu
MeToAMKa Moxe Aa Obge MpUnoXeHa M 3a ApyrA CKanHu
PasHOBWAHOCTM, NPEACTaBEHN Ha TepuTopusTa Ha Bbnrapus,
KOeTO e NpeABMIEHO fja Ce Hanpasu B NpeAcTosiyy paboty.

bnazodapHocmu. ABTopuTe M3ka3eaT bnarogapHOCT Ha Aol
p-p b. banywes (MunHo-reonoxkn yHuBepcuteT “CB. MBaH
Punckn”) 3a npegoctaBeHn o6pasuuM M KOHCymTauww.
Hactoswara pabota e nognomorHata ¢uHaHcoso ot HCHU-
MOH no gorosopu WHW-12/05, H3-1410/04 n MYH3-1502/05.
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MOAEN 3A NPOrHO3WPAHE HA NMOTPEBNEHUETO HA NMPUPOMEH A3

Mapmun M. bosidxues

Munto-2eonoxku yHusepcumem “Cg. Mear Puncku”, 1700 Cocpusi; martinb@mgu.bg

PE3IOME. B HacTosiLaTa cTatus ce pasrnexaa aktyaneH npobnem, CBbp3aH C npakTikaTa npy NporHosvpaxe notpebneHneTo Ha NpupoaeH ras B
61TOBMS 1 OBLLECTBEHO aAMUHICTPATUBEH CEKTOP Ha Ba3aTa Ha NPOrHO3HM AaHHM 3@ METEOPONOrMYHMTE YCoBKS. Ha ocHOBaTa Ha 13non3BaHu
AaHHu 3a nepwoga 2004-2008 e npeAcTaBeH MatemMaTYeckn MOAEN, Ypes KOWTO € onpeaeneHa (yHKUMS onucsalua notpebneHneTo Ha ras B

3aBUCUMOCT OT CPEAHO AHEBHUTE TeMnepaTypu.

MODEL FOR FORECAST OF NATURAL GAS CONSUMPTION

Martin M. Boiajiev

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

BbBepeHue

MporHoaupaHeTo Ha NoTpebneHNETO Ha NPUPOSHMS ras e oT
3HaYeHMe 3a rasonpeHOCHWUTe, ra3opasnpesennuTenHuTe
KOMNaHUM 1 BaXHO 3a [JbpXaBHUTE areHUWu CBbP3aHu C
perynupaHeTo Ha cektopa npupoaeH ra3. OcobeH uHTEpec
npeacTaensisa KpaTKOCPOYHOTO nporHoavpaxe Ha
ra3ocHabpsiBaHeTO C NpUPOLEH ra3 3a nepuoam ot 1 4o 5 gHw.
To3u TN NporHo3upaHe e oT 0CODEHO 3HaYeHWe B cnyyail, Ye
HaxoguLlaTa Ha MpUPOAEH ra3 ca Ha ronemMu pascTosiHus OT
OCHOBHWTE LIEHTPOBE Ha KOHCymauusi. ToBa 0GCTOSITENCTRO,
cb3gaBa HEOOXOAMMOCT OT pa3BMBAHETO HAa HAAEXKOHM
MOZEnM 3a MPOrHo3upaHe Ha KOHCYyMauusiTa HAKOMKO AHMW
npegBapuTenHo W 00OCHOBaBa WMHBECTULMMTE B NOKamHu
razoxpaHunuiwa. [logobHu mogenu ce w3nonmssat  oOT
ra3opasnpefenuTenHnTe KOMNaHWM 3a onpegensHe Ha
MeceyHUTe CMeTkM Ha notpebutenute, koraTo ToBa €
HeoOxogumo. Tbil  kaTo pexumbT Ha pabotata Ha
ra3opasnpefenuTenHNTe € HecTauuMoHapeH. 3a  TAXHOTO
HOpPMAasHO (PYHKLMOHMPEHE W YNpaBneHne € OT CbLUECTBEHO
3HaYeHMe KPaTKOCPOYHOTO MPOrHO3WpaHe Ha MoTpebneHneTo
Ha NpUPOAEH ras.

HaCTOﬂLLlI/IFIT Moden € npunoxuMm 3a n0Tpe6neHmeTo B
OMTOBMS U CTOMAHCKM CeKTopn, 4umeto CHabpsiBaHe C
npupoaeH ras e 06B'bp3aH0 Yype3 OAbArocpoyHu OoroBopn u e
npeaHasHa4yeHo 3a oTonnsaBaHe Ha noMeLleHna n crpadu.

OcHOBHM 3aKOHOMEpPHOCTHU B n0Tpe6ne|-meTo Ha
npUpoAEH ras

Hait-BaxHuTe (hakTopu, KOMTO OKa3BaT BMWSHWE BbPXY
KOHCyMaLusiTa Ha NpUpoZeH ra3 B OWUTOBWS M CTOMAHCKM
CEKTOp Ca TemnepaTtypata UM AeHST OT ceamuuata (paboteH
unu noumseH). Opyru chaktopu, kouto Guxa MOrnmM Aa okaxar
BMMSIHWE Ca: BATbLPLT HEroeata Mocokata M CKOPOCT,
BNaXHoCcTTa M T.HaT. [opagu nwncata Ha HapexgHa
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MH(bOpMaU,VIﬂ Nno OTHOWEHWETO nNpPOorHo3nTe 3a
napameTpu, Te He Ca BKIHYEeHU B HACTOALLMA moaen.

Tem

CobliecTByBaT HSKOMKO MOAXo4a 3a MpeaBkgaHe Ha
[HEBHOTO noTpebneHne Ha npupopeH ra3 6GasvpaHn Ha
pasnuyHu MeToau. TpaguUMOHHO Ce W3non3Ba BpbakaTta
Mexay AHeBHaTa Temnepatypa M KOHCymauusTa Ha ras. Ha
Ta3n OCHOBAa Ca Pa3BUTW MPOTHO3W Ype3 M3MOn3BaHe Ha
peepecuoHeH aHanus w MskycmeeHa HespoHHa Mpexa
(MHM).

npeﬂCTaBeHMﬂT MoJen 3a KpaTKOCPOYHO MPOrHosunpaHe ce
6a3v|pa Ha AaHHW 3a AHEeBHaTa W Mece4yHaTa KOHCymMauusa Ha
NPUPOAEH ras. MeTogbT no3sonsBea Aa ce nony4yu OHeBHOTO
pasnpegeneHne Ha KOHCymauudaTa Ha fasata Ha MeceyHoTo
n0Tpe6neHv|e Ha KnueHTa. B TO3M cnyqa|7| otnaga
HeobXoaMMOCTTa OT CleAeHe Ha AHEBHOTO n0Tpe6neH|/|e npu
BCEKW KITMEHT.

3a onpefensHe Ha KOPEKTHW 3aBMCMMOCTM, OT KOWTO [a
MOXe Ja Ce nporHosupa Obgewoto noTpebneHue Ha
NPUPOAEH ra3 ca aHanuaupaHu AaHHUTE 3a KOHCYyMauusTa Ha
NPUPOAEH ra3 no rpynu notpebutenu: BUTOB M CTOMAHCKK 3a
rpag B tOxHa bwvnrapus. OnpeaeneHa e cpegHata roguilHa
KOHCymauusi Ha noTpebuTenn no CekTopu 3a u3creaBaHus
nepuog 2004-2007 r. YcTaHoBeHa € 3aBMCUMOCT MU
KoeUUMEHT Ha TOOWMWHO BapupaHe (M3MEHeHWe B
TeHgeHuunTe). Gurypa 1 (a, 6) untoctpupa Tasm cuTyaums 3a
pgBata Tuma  notpebutenn OUTOBM 1M CTOMAHCKM.
lMoBeneHMETO UM Ce 13passiBa CbC CHESHNS NMHEEH M3pas:

i) (i) i
Qusr(t) - Qusr_O'(1+ fu(sz

(t=1)), (1)
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®ur. 1. CpegHo roguwHo notpebneHve 3a notpeGutenu: 6utoB (a) u
cronaHcku (0)

KbeTo, Q(i) () ©  CPeAHOroAWWHOTO MoTpebrieHne B

usr

cektopa, (OWMTOB WNM THProBCKM) 3a Bpeme t; Q" -

usr_0

CpeAHOroAnWIHOTO NoTpebneHue 3a HavanHus nepuog to;

fu(s'r) - KoedMUMEHT onpedenLy roAMWHOTO BapupaHe Ha
0]
QUSI'(t).

W3meHeHne Ha  cpefHOOHEBHOTO — noTpebrneHue  3a

KOHCYMaTOp No rogunHu € 0Tpa3eHo B Ta6n|/|u,a 1.

Tabrmua 1
[LluHamuka 8 usmMeHeHUemo Ha KOHCymamopume 8 epada
2004 2005 2006 2007
Bur, 2,28 2,64 2,77 2,46
OAC 93,95 88,93 88,77 72,53

M3meHeHneTo Ha Bpost Ha KOHCyMaTopuTe e WU3pa3eHo Ha
turypa 2. lNonyyeHaTa 3aBMCUMOCT CbLUO € fUHEeAHa BbB
BpeMeTo.

OyHKUMaTa, KOSTO  OnMCBa
npeacTaseHa ypes opmyna 2.

TOBa pasnpefeneHne e

N°®= N, @0+ f(Ni)-At), )
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Bpoit koHCcymaTopm

2500 A
0 » e ]
2003 2004 2005 2006 2007 2008

—o— outr —8— OAC

®ur. 2. TeHAeHUMM B N3MeHeHMe Ha 6pos Ha noTpe6utenute
KbaeTo:

NC®® Bpon notpebutenn ot Tmn (i) 3a TbpceHaTa rogmnHa,

03HaveHa c t,

N~ notpebutenw ot Tun (i) 3a 6asosata roguHara to,
0

AT (= t-to) 6poit rogunm mexay t v to.

f(') e (haKTopbT, ONMCBaly HapacTBaHeTo Ha Opos Ha
N

I'IOTpe6I/ITeI'IVI OT CbOTBETHUA TUN (I) 3a u3cnenBaHnAa pernoH.

i Q) i 0
Napametpute N n ,kakrou O u Y ca
P P N 0 f N Qusr70 usr
NONYYeHM N0 METOAA Ha Hail-MankuTe KsaapaTh .
Ot wuspasute (1) u (2) ce nonyyaBa TrOAMLLHOTO
NOTPeBNEHMeTO 3@  KOHKPETHWS  PervoH no  TMnose

notpeburenu, T.e.:

0]
0

a+ £ an.a+ f‘N”.At) ~

user

Q0-Q)
=0" 0] 0)
Qa””UaLO. (1+[ f user+ f N ]'At)’

. i — (OB 0]

KbOETO: 0 = ,

QannuaLO' Qusr70 0

Tesu napameTpu XapakTepuaupat 0000LieHoTO
n0Tpe6neHv|e Ha npupodeH ra3 3a [JafaeH permoH n 3a
onpeaeneH cermMeHT ot notpebutenn. OOWOTO cpeaHo

n3MeHeHWe Ha noTpeGreHneTo 3a pervoHa ce nU3passisa uYpes
u3pasa:

Q:;nual(t) - Q(()iiannuall (4)

L+ f;” At)

0] () ()
KbOeTo: f = f + f : (5)
Q user N
MonyyeHns 13pa3s MoXe Aa Ce M3Mon3ea 3a onpedensiHe Ha
noTpebneHneTo Ha NPUPOAEH ra3 Mo CEKTOPYW 3a NPEeACTOsLM

nepuoau. OyakBaHoTO NOTPebneHne Ha NpupoaeH ras 3a 2008



r. 3@ u3creaBaHus rpag € okono 9 MunuoHa kybudecku MeTpa
3a OMTOB 1 CTOMAHCKM CEKTOP.

Mogen 3a KpaTKOCPOYHO NPOrHO3MpaHe

MogembT 33 KpaTKOCPOYHO  MPOrHO3MpaHe  Ha
notpebneHneTo Ha NPUPOAEH ra3 B CTONAHCKM N GUTOB CEKTOp
Ce OCHOBaBa Ha CbluecTByBaljaTa 3aBMCMMOCT Mexay
BHEBHOTO noTpebrieHne 1 TemnepaTtypata Ha OKomnHaTa
cpega. 3a ycTaHOBsIBaHE Ha TakaBa Bpb3ka Ce W3Nonaea
noHsTUeTo oTonnmTeneH aeH-rpagyc (HDD). To npeacraensisa
CyMa OT pa3nukaTta Mexay cpegHaTta yacosa Temnepatypa Ti
u TemnepatypaTa B3eTa 3a 6asza Trf . Ta3u Temnepatypa B
Bunrapus  3a knumatuyHa 3oHa 8, KbAETO € Pas’nonoxeH
uacnedBaHus rpag € npueta 3a 19°C [Hapepbata 3a
EHEprUiHMTE  XapakTepuctukn  Ha  obektute], a
n3uncruTenHata BbHWHA Temnepatypa e -14°C.  [lo-
cneywan+o HDD ce aechuHnpa Kato:

HDD = Z(Tref _T i) (7)

Kbpeto cymata e u3BefeHa 3a BCWYKM YacoBe Ha [eHs, 3a
kouto 77 >T - M3yncnsasaneTo Ha HDD wn3nckea HanuyHa
rei 1

WHOpMaLmMs 3a TemnepaTtypaTa 3a BCEKM Yac OT AeHs. Tasu
WHOPMALMs € Ha pasnonoxeHne nocmgakmym v e TPyLHO
fAa Cce NpeaBuau NpeLBapuTenHo.

Ha Gasata Ha  MeTEeOpONOTMYHM  U3CredBaHMs,
CbMOCTaBANKA [AaHHU 32 CbLOTBETHUTE TemnepaTypu 3a
NPeaxoaHW TOAMHW e yCTaHOBEHO, Ye napameTbpbT HDD e
CBbp3aH CbC cpefHo [AHeBHaTa Temnepatypa (Tep). ToBa
HabnooeHne o3Havaea, ye mMoxe da ce 3amecth HDD cbe
cpegHata Temnepatypa  (Tep), k0oATO MOxe nda 6bge
npeaBuaeHa C ronsiMa JOCTOBEPHOCT HAKOMKO AHM Hanpes,

B npeactaBeHnss Mogen € BbBELEHO M MOHATMETO
edektuBHa Temnepatypa (Tep), koeTo ce 0Oasupa Ha
HabntofeHneTo, Ye notpebuTenuTe pearMpat no eAuH W Cbly
HaYMH He CaMO Ha KOHKPETHW TemnepaTypu, HO U Ha
onpefeneHn TemnepaTypHW cueHapuu. ToBa CTaHOBMLE Ce
noTBbPkAaBa M OT aHanW3a Ha fJaHHWTE 3a noTpebneHueTo,
KaKTO Ha TMPUPOAEH ras, Taka W Ha [pyra eHeprus 3a
otonneHve. [pu egHa UM cblla [AHEBHa TemnepaTtypa
KOHCYMaLusiTa € MHOMO MO-ToNisiMa B 3UMEH [eH, OTKONKOTO B
NeTeH unu nporneTeH AeH. Ta3n WHepuus ce Jokassa W OT
takta, Ye noTpebUTenuTE He BKMIOYBAT OTOMEHWETO CH,
[OKaTo  TemnepaTypute He Ce 3agbpxaT  HUCKM B
NpoAbIKEHNE HA  HAKOMKO  AHM. [0 CbluMst  HaumH,
noTpebuUTenUTe He W3KNKYBAT OTOMMEHMETO CW  AOKaTo
MOBWLLIABAHETO Ha TemnepaTypure He Ce 3anasv B
NPOLbIKEHNE HA HSKOTIKO [HW.

To3n edekT OT MHepUMsi B KOHCymauusiTa e OTpaseH B
MoZena C BbBEXAAHETO Ha ,edekTiBHa Temnepatypa’, Tes,
KOSITO € NPeACTaBeHa, kaTo NUHEHa 3aBUCUMOCT OT cpeaHaTa
Temnepatypa (Tep) 32 pasrnexgaHust AeH U OBUKEHWETO Ha
cpegHata cyma Ha Temnepatypute (T_n), 3a n NpeaxomHu
AHu. OOMKHOBEHO N Bapupa B 3aBMCMMOCT OT HannyHWUTe
JaHHW mexay 3 n 5.
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<T_n>=%.§<T>i , ®

i=—1

Camata edekTiBHa TemnepaTypa MOXe [a ce AeduHupa ¢
n3pasa:

Ty =WT,, +L-wW)T,, _n). 9)

€

KbaeTto w e TexecT v HeitHaTa cToiHocT e mexay 11 0.

Mo TO3W HauMH aBTOMATUYHO Ce BKMYBA edektTa OT
WHepLMsiTa, XapakTepeH 3a KOHCymauusiTa Ha ras. BbamoxHo
€ 13NON3BaikM TO3M MapameTbp, JAa Ce CBbpxe
notpe6rieHneTo Q‘” C ehekTMBHaTA Temnepatypa Tefr 4Ype3

creaHata (hyHKUmS:

(i) i _
Q (T )= Q:,) @+ fi').tanh(%)) o)

B To3u cnyqait Beudku napameTpu To, AT, £ 1 Qo 3aBucAT
c

OT KOHKPETHWSI PErvoH, 0DEKT Ha NporHoavpaHe M OT TWna

notpeburen.

ViHbnekcHaTa TouKka Ha KpuBaTa ce onpegens OT KOopanuHaTH

(TO,Q“)). Q<'>e notpebnenneto npu Ter = To U € CBBbP3aHO
0 0

CbC CpeaHOoroanLLIHOTO AHEBHO n0Tpe6neHme.

MpoyusanusTa nokassar, ve napametpute To, AT, f ' He ce
C

NPOMEHST BbB BPeMeTO. Te B HsikakBa CTENeH ca XapaKTepHu
3a XUTENUTE Ha ONpefieneH PervoH.

3a nacnefaHns Ha 3aBUCHUMOCTTa MEXAy NoTPeBneHneTo u
TeMnepatypara e npeacTaseHa durypa 3.

OO0111a IHEBHA KOHCY MaLUsl CIIP IMO TeMIIep aty para
Q
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®ur. 3. 3aBucumocT Temnepatypa/notpebneHue Ha ras

KoHkpeTHaTa (byHKUMOHANHA 3aBMCMMOCT 3a W3CreaBaHms
rpag € nomyyeHa ¢ nomowrTa Ha naket ‘Matematuka’ u
CbAENCTBMETO Ha Konerute OT kaTegpa ‘UHcopmatuka” npu
MTY. TaHreHcxunepbonuuHata yHKUMS onucBa Han-gobpe
Ta3n Bpb3ka. PyHKUWMOHANHA 3aBMCMMOCT 3a MPOrHO3upaHe
notpebrneHneTo B BUTOBUS CEKTOP M3rNEXaa Mo TO3M HauH:

Q" =Q,. 1+O,8.tgh% . med



Kbgeto: T e cpegHaTa Temnepatypa 3a 4eHOHOLWMETo

AT - cpegHOMeceyHa pasnuka Mexay MakcumanHata U

MWHUManHaTa Temneparypa npes aumHuTe Meceuy; (7 °C)

Qo;To - WHGNeKkCHW TOYKM OT (PyHKUMATA onucBaLla

3aBUCUMOCTTa Mexay TemnepaTypata u notpebneHueTo Ha

ra3 B 6utoB cektop ( Qo= 5.56; To=7.5)

Tgh — cbyHKUMS TaHreHC xunepbonuyeH

OnpegensiHe Ha AHEBHOTO NOTPeONeHMe B CTOMAHCKMS CEKTOP

MOXe [1a Ce U3BBPLLM Npu criefHaTa nocnefoBaTenHocT:

1. OnpenensHe Ha CpeaHOAHEBHOTO NoTpebneHue 3a eauH
notpeburen:

QH =Q,. 1+0,6.tgh¥ . m¥d

Q" - cpegHoOHEBHa KOHCYMaLys Ha NoTpebuTen B cekTopa,
Qo; To — KOOpPAMHATW Ha WH(NEKCHUTE TOYKM OT (DyHKUMSATa
OnuCBalla  3aBMCMMOCTTA  Mexgy Temneparypata U
KOHCyMaLusiTa Ha ra3 B ctonaHckus cektop, (Qo=140; To=7.5)
2. OnpegensiHe Ha AHEBHOTO noTpebneHue 3a cekTopa:
Q=N.Q"/1000, xunsgn meTpa Ky6u4Hu 3a AEHOHOLME

N — 6poli noTpebuTEnM B CTONAHCKNS CEKTOp

Ha dwmrypa 4 e npenctaBeHa 3aBUCUMOCTTa  Mexay
Temneparypata v noTpebneHneTo Ha ras B CTOMAHCKUS CEKTOP
W NONy4YeHWs JoBepuTeNneH wHTepsan. WM npu gsata Buaa
noTpebuTeny KoeUUMEHTBT Ha Kopenauus e Hap 94%, koeTo
roBOpW 3a MHOro Ao0po omucaHue Ha (yHKUMATA 4pes
u3bpaHus mogern.

OO0mecTBeHa JHEBHA KOHCY MaIMsl CIIP SIMO TEMIIEp aTy para
Q

60,000 ,
50000 ,
40000 ,
30 000 —
20 000 ,

10000 |-
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10 15
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®ur. 4. 3aBUcMMOCT Mexay TemnepaTypa W noTpebneHve Ha npupoaeH
ras

0606weHne

lMpencTaBeHUsT METOA 3a NPOrHo3vpaHe Ha NoTpebneHneTo
Ha NpUPOAHWA a3 B KpaTKOCPOYeH NnaH Moxe ga 6bae
MPUNOXEH 3a NPOTHO3MPaHETO Ha NoTpebneHneTo B GUTOBUS 1
cTonaHcku cektop. OCBEH TOBA e MPUNOXKMM 3a MPOrHo3upaHe
Ha MaKCMManmHOTO NOTPebreHNeTo B CPeaHO CPOYEH MiaH.
Tasn WHcopmauus e Heobxoguma 3a ajanTupaHe Ha
WHpacTpykTypata Ha TpaHCMOPTMpaHe Ha rasa W 3a
NPecMsTaHe Ha ONTUMASHWAT Pe3epBeH kanauuteT. MeToabT
Moxe Aa Obae pasmexgaH kato npubnvkeHne OT Mbpea
cTeneH, Ha Gasata Ha KOeTo MoraT fa ce MpaBsT Mo CrOXHM
aHanu3M 3a YCbBBLPLIEHCTBAHE Ha MpeuWsHOCTTa My, KaTto
Hanpumep HamarnsBaHe Ha OTKNOHEHWETO Ha [JaHHuTE,
cnasBaiki napaMmeTpuTe Ha Moaena.
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Ha durypa 5 e npeacTtaBeHa CbnocTaBka MEXOy peasHu w
NPOTHO3HM AaHHM 3a um3cnefBaHust nepuop. [lonyyeHoTo
CpeaHo KBagpaTuiHO oTknoHeHue e 0,22 %.

V3MepeHa H 1Ip e[icKa3aHa JJHEBHA KOHCY MaLlHst
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Jen

®ur. 5. MporHo3Hn u peanHu faHHK 3a nepuoaa oktomepu 2007 - mai
2008 .

MogenbT MOXe Aa paskpue M CbOTHOLIEHUS Mexay
[HEBHOTO W MECEYHOTO pasnpefeneHne Ha KOHCymauusTa.
ToBa no3BonsBa U34MCnsiBaHe Ha NMKOBETE Ha NOTpebneHue B
CPEAHO CPOYEH NNaH 1 onpegensHe Ha akTopa HaToBapBaHe
Ha wMpexata. TasM Bb3MOXHOCT € U  WKOHOMWUYECKM
npuBnekaTtenHa, nopagn dakta, Ye He WM3nCKBa pasxoan 3a
[OMbMHUTENHN EXeOHEBHW N3MepBaHusl. ABTOPCKASI KONEKTUB
npeaBwkga pasBMBAHETO HAa MOAEna B Ta3n MOCOKa.
KopekTHocTTa Ha Moaena unu HeobGXoaMMOCTTa OT HEroBoToO
nogobpeHye e ce U3SICHU Crep Kpasi Ha MPOTrHO3HUS NEePUOA.

ABTOPBT U3ka3Ba briarogapHocT Ha dvpma “Osepeas MHk” AL, v kaTegpa
‘UHdpopmatuka” npn MY 3a oka3aHOTO CbAEMCTBUE U TEXHUYECKa NoAKpena
npu paspaboTeaHeTo Ha Mofena W MpoBEXAAHeTO Ha u3cneaBaHusTa U
aHanuauTe.
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ENEKTPOTOMOIPA®CKU U3CNEABAHUA 3A OLIEHKA CbCTOAHUETO HA
PEKYNTUBUPAHU XBOCTOXPAHUITULLIA

Cmecpan Jumoscku, AnekcaHdbp Ljsemkos
Munro-2eonoxku yHusepcumem “Cg. Mear Puncku”, 1700 Cogpusi; dimovski@mgu.bg, atzvetkov@mgu.bg

PE3IOME. B penuua cnyyaun ce Hanara nornyyaBaHeTo Ha NPeACTaBa 3a ChCTOSHWETO Ha PeKynTUBMPaHW XBOCTOXpaHUIMLYA. 3a LienTa yCrneLHo
MoraT fAa Ce W3NOon3BaT enekTpU4HW reouanyHn metoau. [lpunoxeHu ca enekTpotomorpadickn W3CMeABaHWA 3a M3ACHABaHe Ha
reoenekTpuyHaTa xapakTepucTuka Ha NpuUnoBBPXHOCTHUS pa3pes B 06xBaTa Ha PeKynTUBMPaHOTO XBOCTOXpaHuUnuLLe “YcTpem-3” ¢ Len oLeHka Ha
Bb3MOXHOCTTa 32 HaarpaxgaHe Ha OCHOBHATa CTeHa Ha XxBocToxpaHunuiie “Yctpem-2001". MonyyeHute pesyntat OT W3MepBaHusTa no 7
npoy4yBaTenHu npoduna MHoro fobpe AndepeHUMpaT CbCTOSHWETO Ha MPUNOBBLPXHOCTHWS TEOENEKTPUYEH CTPOEX Ha PEeKynTUBMPaHOTO
xBocToxpanunuie. OTAeNST Ce TpU CPEay C PasnuyHM eNeKTPUYHM CbNpoTUBNEHNs. MbpBaTa enekTpoCLNPOTUBUTENHA cpeaa Ce WaeHTudNLmMpa
C MaTepuanuTe, KOWTO 3ambfBaT XBOCTOXPAHWMWLLETO, BTOpaTa — C HEeroBata OCHOBA W TpeTaTa C HEMPOMEHEHUTE KOPEeHHU ckanmn. Bbpxy
CbCTaBEHWUTE re0ENEKTPUYHM Paspesn 1 KapTi He ca NONYYeHN aHOManuM OT HEeAHOPOAHOCTM B MPUNOBBPXHOCTHUS pa3pe3 Ha PeKynTMBMPaHOTO
XBOCTOXpaHUINLLE, KOUTO Buxa HapyLLMnW HeroBaTa 3apaBuHa.

ELECTRICAL TOMOGRAPHY SURVEYING FOR STUDYING THE CONDITION OF RECULTIVATED TAILINGS PONDS
Stefan Dimovski, Alexander Tsvetkov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; dimovski@mgu.bg, atzvetkov@mgu.bg

ABSTRACT. In many cases is necessary to acquire information for the present condition of recultivated tailings ponds. Electrical geophysical
techniques can be successfully applied for this purpose. Electrical tomography surveying is performed for studying the geoelectrical characteristics
of the near-surface section in the area of recultivated tailings pond “Ustrem-3". Estimated are the possibilities for increasing the height of the main
wall of tailings pond “Ustrem-2001". The results obtained along the seven surveyed lines differentiate very well the near-surface geoelectrical
section of the recultivated tailings pond. Three zones characterized by different values of electrical resistivity are well-distinguished. The first zone
maps the spread of tailing materials, the second — the extent of the pond foundation, and the third — the unaltered bedrocks. On the composed
geoelectrical sections and maps are observed no anomalies caused by non-uniformities in the near-surface section in the area of recultivated
tailings pond.

BbBepeHue

XBOCTOXpaHUNMLLATa Ca MOCMENHOTO 3BEHO OT Bepurata leoduandHute  u3cnedpaHus B obxsata  Ha
PyAHMUM — npepaBoTBaTenHn 3asoan. B peavua cnyyam ce XBOCTOXpaHunMWe  “YcTpem-3" ca  nposepeu c - uen
Harara nony4yaBaHeTO Ha MPeAcTaBa 3a CbCTOSHMETO Ha n3y4asaHe Ha MNPUNOBBPXHOCTHUSA paspes B pauoHa Ha
PEKYNTUBMPaHN XBOCTOXpaHUnMwa. 3a Lyenta ycnewHo morat onalukata Ha XBOCTOXpaHWMMLYETO. [loneBuTe reotmanyHm
Ja Ce M3non3BaT  eneKTPUYHM reO(*)Vl:'WlLlHVl MeToau. n3mMepBaHuAa O6XBaLL[aT y4acCTbK C pa3mepu OKono 115x50 m B
Eq)eKTVIBHOCTTa Ha Te3au MeTogM Ce WmCTpupa OT HenocpeacTBeHa 6nmsoct 00 CTblKaTa Ha Bb3AyWHUA OTKOC
pesynTaTuTe, nomny4eHxm oT eneKTpOTOMOFpa(bCKMTe Ha OCHOBHaTa CTeHa Ha XBOCTOXpaHunullie HYCTpeM-ZOO']”.
“3crneaBaHusl Ha CbCTOSIHUETO Ha XBOCTOXpaHUnuLLe “YCTpem- OcHoBHWTE  33jiauu Ha reodusudHuTe NpoydBaHus ce
3", ﬂonyquMTe €NEeKTPOCLNPOTUBMTENHN — paspesn  OT n3pasaBat B CnedHOTO. M3ACHABAHE Ha TreoenekTpuyHaTa
u3mMepBaHusTa no 7 npoy4BaTenHm npocbyma MHOTO ﬂ06pe XapakTepucTuka Ha NpUnoBbPXHOCTHNA pa3pe3B06XBaHaTaTa
ondepeHumMpaT  CbCTOSHMETO  Ha  MPUMOBBPXHOCTHUS nnow, Heobxopuma 3a oOugHka HA Bb3MOXHOCTTA 3a
recenekTpuyeH CTpoex B obXBaTa Ha XBOCTOXPaHWUNULLETO. HadrpaxaaHe Ha OCHOBHATA CT€HA Ha XBOCTO-XpaHUIuLie
Otgensat ce Tpu Cpeau C  pasnnyHM  eneKTPUYHU “Yctpem-2001"; nokanuampaHe Ha eBEHTYanHW MpasHuHU B
CbNpOTUBNEHUS. MTbpBaTa enekTpoCLNPOTMBUTENHA Cpeaa ce XBOCT@ OT M3crefpaHata mnrow Ha XBOCTOXpaHUNWLLE
uOeHTMMUMpPA  C  MaTepuanuTe,  KOWTO  3ambiBar “Yctpem-3”, Ha obnboYnHM 40 OKOMo 15 m OT NOBLPXHOCTTA C
XBOCTOXPAHUMLLETO, BTOpATa — C HerosaTa 0CHOBA M TpeTaTa OTHOCUTENHO TO-TONIEMU pasmepy, KouTo Buxa 3acTpaiumim
C HenpoOMEHEHWUTE KOPEHHW ckanu. Bbpxy CbCTaBeHWTe CUrypHOCTTa Ha GbAELLOTO ChOPBXEHHE.
EOEKTPUYHM pa3pesn W KapTu He ca MOMy4YeHn aHomamnuw,
KOUTO [1a TMOKAa3BaT HanMuMe Ha KyXMHW B XBOCTa MU Mpunoxed e  MeTogbT  Ha  fBymepHoTro  (2D)
NPEANOCTaBKY 3a 3aMbPCABAHE Ha OKONHaTa cpefa. enekTponpoy4BaHe — enexTpotomorpacus. smepeanusTa ca
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NpoBefeHN Mo cedem npoduna ¢ HanpaBreHWe HrousToK —
ceBeposanag ¢ obwa abmknHa 805 m, KaTo BCMYKMTE Ca C
edHa M cblwa AbmkuHa — 115 m. Mo Bcekn eawH oOT

[encrteallo
XBOCTOXPaHWUIULLE
“Yerpem-20017

0

e — —

10

npodunnute e  MOMyYeH  TEOeneKkTpuyeH  paspes.
Pa3snonoxeHneTo Ha npodunuTe B paitoHa Ha u3cnegsaHe €
npeacTaBeHo Ha . 1.

C

PekynTuesupaHo
XBOCTOXpaHUnuLle
“Yerpem-3”

20 30 40m

®ur. 1. PasnonoxeHne Ha reoenekTpM4HUTE NPounm B panioHa Ha Bb3AYLIHNA OTKOC Ha XBOCTOXpaHunuuie “Yctpem-2001”

Mpu npoBeaeHUTe enekTpoTOMOrpadck M3cneaBaHWs B
paiioHa Ha XBOCTOXpaHunuwe “Yctpem-3” uamepBaHusTa ca
npoBefeHn No 3 enexkTpogHa cxema nosnoc-gunon (Jumoscku
u ap., 2007; Oumoscku u ap., 2008). Vianon3saxu gse kocw OT
12 xwuneH kaben ¢ pasCToOsHWE MEXOy enexkTpogute 5 m
(0610 24 enekTpoAa Ha pa3cTaHoBKa) MO NPOUNNTE, BCEKM
€[MH OT KOWUTO € ¢ gbmkuHa 115 m. VabpaHoto pascTosHue
Mexgy [aunormte e cbobpaseHo C  MOCTUIAHETO  Ha
BOCTaTbyYHa ObNOOYMHHOCT Ha U3crneaBaHusTa, KOSTO JOCTHra
Hag 40 m B cpegata Ha npodunuTe, Kato € OCUrypeHo
HaAEXOHO W3CNeABaHe Ha HEeAHOPOAHOCTUTE Ha AbNbOYNHA
noHe 15 m 3a nouTH UsAnata gbmkWHA Ha npodmnute, 6e3
okono 5-10 m oT aBarta kpas Ha BCekn npodunn.

Pernctpaunsita e u3BbplieHa C NoMoWTa Ha anapaTtypa
Terrameter SAS 1000, npon3BOACTBO Ha LBeAckaTa upma
ABEM. Tsa pabotn c usxogHo Hanpexenue 400 V u
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makcumaneH uaxogeH Tok 1000 mA. Cbctom ce oOT
npeaasaten, NPUEMHIK U MUKpOMNpoLiecop, 0beanHeHn B eHO
TAno. MpUHUMMBLT Ha M3MepBaHe BKMKOYBA HaTpynBaHe Ha
CUrHana C MocnegoBaTeNHM  W3MEPBaHUS UM aHANoroBo
unTpupaHe, Kato pesynTatuTe Ce W3BEXOAT Ha aucnred.
ToBa no3BorsiBa 1a Ce KOHTPONMpa NPoLEechT Ha U3MepBaHe U1
Aa ce moatuckat no m3bop 2, 4 U 8 MbTU CTATUCTUYECKM
pasnpefenexu WyMoBe B npueMHaTa Bepura. 1o T031 HaumH
ce MnocTura Mo-BUCOKa TOYHOCT Ha M3MEPBaHUSTA, KOATO €
ocobeHo Heobxomyma npw paboTa ¢ no-cnabum curHasmm.

[aHHuTE OT noneBuTe M3MEpBaHUS Ca WHTEPNPETUPAHW C
komnioTbpHa nporpama RES2DINV (Griffiths, Barker, 1993;
Loke, 2001), KOATO onpedens pasnpedeneHneTo Ha
LEACTBUTENHUTE  CbMPOTUBMEHUS B MOAMNOBBHPXHOCTHOTO
npocTpaHCcTBO. Kato BXOAHM AaHHW B Mporpamata e BbBeaeHa
WH(OpMaLMS 32 KOOPAWHATUTE Ha enekTpoaute M 3a



CTOAHOCTUTE Ha MPUBMOHOTO CHMPOTUBEHWE BbB BCSKA TOYKA
OT NceBmOpa3pe3a, MOMyYeHU Cnef  NpeaBapuUTErHoO
MpensYncnsiBaHe Ha M3MepeHUTe C nonesaTa anapatypa
CbMNPOTUBNEHUA. I'IporpamaTa nogensa noAnOBBbPXHOCTHOTO
NPOCTPAHCTBO Ha onpegeneH 6poi 6rnokose 1 No mMeToga Ha
Han-mankuTe KBagpaTti onpenensa CbnpoTUBNEHNETO Ha BCEKU

Brok Taka, 4Ye M3YMCMEHOTO MPMBWUAHO CHNPOTUBIIEHME OT
Modena Aa CbBrmaja Bb3MOXHO Han-gobpe C M3MepeHoTo
enekTpuyHo none. Kato kpaeH pesyntar ot obpaboTkaTa Ha
MbPBUYHWUTE AaHHU NocpeacTBoMm nporpamata RES2DINV ce
nonyyasat o 3 BepTukanHu kaptu — A, b u B (¢ur. 2).

Site 'Ustrem 3' - Line 1
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Measured Apparent Resistivity Pseudogection
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Calculated Apparent Resistivity Pseudosection

Depth  Iteration 4 RMS error = 2.0 %
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Inverse Model Resistivity Section
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Resistivity in Q.m

Unit electrode spacing 2.50 m.

®ur. 2. UnocTpaums Ha pesynTtaTtute, NoNMy4YeHu B pe3ynTtaT oT o6paboTkaTa Ha NbpBUYHUTE AaHHW no npocun 1 nocpeacTBoM nporpamata RES2DINV :
(A) - nceBmopa3spes Ha U3MepeHUTe B NOMNEBU YCNOBUS NPUBUOHU cbnpoTuBnenus; (B) - nceBgopaspes Ha U3uMCneHUTe Ype3 Moaena NPUBUOHU
CcbNpoTUBNeHus; (B) - paspes Ha M3uMcneHTe NOCPeACTBOM MOAeNa UCTUHCKN CLNPOTUBIEHNS

MbpBata kapTa (A) npeactaBnsBa nceBaopaspes Ha
W3MepeHUTE B MONEBM YCMOBUSI MPUBMOHW CbNPOTUBNEHUS,
BTOpata kapta (Bb) e nceBgopaspes Ha W34WCTEHUTE Ype3
MoZena npuBMAHU CbNPOTUBNEHUS, @ TpeTaTa kapTa (B) gasa
paspesa Ha M34MCneHUTe MOCPeacTBOM Mogena MCTUHCKN
CbNpoTUBNEHMS. [I0CTOBEPHOCTTa Ha MOAENHOTO PeLLeHne ce
UMICTpUpa Ype3 CpaBHeHNe Ha ncesaopaspesnte (A u b) u ce
ONpegens KONMYECTBEHO MOCPEACTBOM M3YuCrieHaTa  OT
nporpamaTta  CpedHO-KBagpaTWYHaTa  rpeLuka RMS.
CpaBHSIBAHETO Ha MOMyYeHUTE NCEBOOPA3pe3n nokassa egHa
pobpa CbMOCTaBUMOCT MEXOY W3MEPEHUTE U M3YUCTIEHUTE
NPMBUAHN CHNPOTUBMEHUS, KOETO rapaHTupa HaaexmHocTTa
Ha WHTepnpeTauusTa.

PesyntaTtu oT usmepBaHusaTa. AHanu3s u
MHTepnpeTauuna

AHarusbT Ha MOMyuyeHWTe pesynTath 0T  enekTpo-
ToMorpadusata no cedemte npoduna (Bux Purypa 3)
no3BonsBa fa Ce HaNpaBsT CIeAHUTE MO-BaXHW U3BOAM:
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1. EneKTpMYHOTO CBMPOTUBNEHME HA CPEauTe, KOWUTO
uarpaxaar  M3crnegBaHus MPUNOBLPXHOCTEH —pa3pes,
Bapupa B OTHOCWTENHO LUMPOKW rpaHuum — oT okono 10
Qm go okono 150 Om v noseve.

Hait-0606LLeH0 M3cneaBaHMAT reoenekTpuieH paspes ce
npegcrass oT U pa3HOBWAHOCTU (Tpm
€NeKTPOCHNPOTUBUTENHN CPEaM):

« [lbpBaTta enektpochbnpoTuBuTenHa cpefa (3oHa 1)
00xBallia ropHaTa 4YacT Ha paspesa W ce NpuBbp3Ba
kbM obema Ha OTnoXeHuss XBOCT. KaTto usano Tasu
cpefa Ce XapakTepusupa C HWUCKM CTOMHOCTU Ha
€MNEKTPUYHO CBbNPOTUBEHME — B AManasoHa Ha 7.5-
15 Om, Tbil KaTo OBOLHEHWSAT XBOCT MpUTEXaBa
MHOro pofpe M3paseHa MOHHA EneKTPOMPOBOAHOCT.
lonemu BapuaLum B U3MEHEHUETO Ha €NEKTPUYHOTO
CbMPOTUBIIEHME Ce HabnogaBaT B Hai-ropHa 4acT Ha
Tasn cpega. ToBa Ce Ab/KM HA pasnukTe B
CTEMEHTa Ha HelHaTa BOZOHAcUTeHocT. 3a cyxuTe
yyacTbLm (noa3oHa 1a) €reKTPUYHOTO
CBMNPOTUBMEHWE MMA OTHOCUTEITHO BUCOKU CTOMHOCTU
B Anana3soHa Ha 50-150 Qm.



« Broparta enektpocbnpotmBuTenHa cpega (3oHa 2) ce
XapakTepuauMpa CbC CTOMHOCTM Ha  ENeKTPUYHO
CbNPOTUBNEHWe B AnanasoHa ot 20 o 50 Qm. Tasu
30Ha CE MPMBbP3Ba KbM CKANUTE, BLPXY KOUTO €
W3rpafieHo XBOCTOXPAHUNMULLETO. 10 reonoXK1 AaHHN
T€ NPeACTaBNsBaT U3BETPENN, OTHACTM rPyCUPaHm Ha
NACbK TPaHUTOrHaliCM C anfuToBM W  KBapLOBW
MPOXMUITKM.

« TpeTaTa enexkTpocbNpOTUBUTENHA cpeda (3oHa 3) ce
XapaKkTepuampa ¢ OTHOCUTENHO BUCOKW CTOWHOCTW Ha
enekTpuyHo cbnpotmeneHne — Hag 100 Qm. T4 ce
NpMBbHP3Ba KbM CBEXATa YacT Ha rpaHUTOrHamcuTe u
odopmsa  Hail-gobpe u3paseHaTa reoenekTpuyHa
rpaHuLa B M3yyeHaTa C HaCTOALMTE M3cnedBaHus
4acT Ha pa3pesa B M3crneaBaHus pancH.

o Pesyntatute  OoT  enekTpoToMorpadmsTa Mo
oTaenHuTe I'IpO(*)I/IJ'II/I moraT fAa ce aHanuMsupat B
CbOTBETCTBME C HanmpaBeHuTe 06oOwWeHns 3a
cneuudukata  Ha - rEOENEKTPUYHMA  paspe3 W
fetuHupanuTe  6asoBM  npeanocTaBkM 3
AncbepeHLMpaHe Ha paspesa.

MonyyeHute pe3yntatM OT NPOBEAEHWUTE  eNeKTpo-
TOMOrpadhcku npoyyBaHmsa no npocun 1 ca npeacraBeHu Ha
cur. 3a.

Mpodun 1 e npokapaH B HemocpeacTBeHa OnM30CT [0
CTeHaTa Ha xBocToxpaHunuwe “Ycrpem-2001" n cboTBETHO A0
MSICTOTO Ha NpefBMAEHOTO HaarpaxgaHe Ha cTeHata. [lo
BpEMe Ha M3MepBaHWsiTa rofsMa 4acT OT CEeBepoM3TodHaTa
MomfoBMHA Ha TO3M M MOMTM BCUYKM OCTaHamu npodounn (B
nHtepaana ot 70-80 o 115 m) GeLwe cuNHO OBOAHEHA, KOETO
OYEeBMOHO Ce OTpa3u BbPXY pasnpedeneHueTo  Ha
€NEKTPUYHOTO  CBMPOTUBMEHNE B  HaW-MPUNOBBPXHOCTHATA
yacT OT pa3spesa. Ha BCUYKM CbCTaBEHM pa3speau rpaHuuuTe
Ha KOMEHTUpaHWTe MO-rope Cpean C PasfNyHO ENEKTPUYHO
CbMPOTUBIEHME Ca NPOKApaHW C MyHKTUPHW NUHWAW, KaTo camo
npegnonaraemMata [OfiHa rpaHMUa Ha XBOCTOXPAHUMULLE
“YcTpem-3” e MapkupaHa ¢ NibTHa YepHa NnHKS.

B cbotBeTCTBME C NoMyYeHuTE gaHHu, no npocun 1 AbHOTO
Ha XBOCTa € cpedHo Ha kota 158 m, koeTo oOTroBaps Ha
pebenuHata okono 7-8 m. Bwkga ce, ye wmatepuanure,
U3rpaxaally XBOCTOXPAHUIMLLETO, CE OTAENAT C Hal-HUCKUTE
€NEKTPUYHN CHNPOTUBMEHUS B LENMUs paspes M nomagar B
obxeata 7.5-15 Qm. UsknioueHne npaeu Haii-torosanagHata
yact ot npocguna (mbpaute 30 m). OTkposBaliata ce Tyk
cpefa C Mo-BUCOKO CLMPOTMBIEHWE HW [aBa OCHOBaHWe fAa
OTZENUM B XBOCTOXPAHWIMULLETO MOACNOSA 1a, KOWTO cyuTame
3a MHOro no-cyx. o npocoun 1 oM e ¢ gebennHa He noseye
oT2m.

C Hait-ronsma pebenuHa (okono 30 m) no To3n npodmn ce
oToens  BTopata  cpeda, KoSTO  pasrnexgaMe  kato
NoAcTMrnalia MaTepuanuTe Ha XBOCTOXpaHWIMWETO. T
3aBbplWBA C KOHTpacTHa rpaHMya Ha kota 127.5 m
pbnbounHa. Mo npoduna He ce 3abensssar npusHaun 3a
HanuuMe Ha NpasHUHW C OTHOCWTENHO MO-TONeMU pasmepu B
XBOCTOXpaHunmiye “Yctpem-3". To3n 13Bog € e4HO3HaYEH 3a
cyxaTa 4acT Ha XBOCTa B HrousToyHaTa 4act oT npoduna, HO
aKo npasHWHUTE Ca M3LANO 3ambiHEHN C BOAA OTAENSHETO UM
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MOXe [a Ce OKaxe CUITHO 3aTpyAHeHO nopagn nunca Ha
A0CTaTb4HO pasnunyne no enekTpmyHo CbNpPOoTUBIIEHME.

EnektpoTtomorpadpckuat paspes no npodun 2, otaaneyeH
Ha 5.5 m o1 npocun 1, e npeacTaseH Ha ur. 30.

Paspesute no mbpBuUTe ABa npodmna ca J0CTa CXOOHM,
nopagn KOETO OCHOBHWTE M3BOAM MPWU OMUCAHWETO Ha
paspesuTe MO TAX Ca aHanoruyHu. EauHcTBEHOTO no-
CbLUECTBEHO pa3nuyue €, Ye Ha npodun 2 cyxaTa yacT Ha
XBOCTa Ce OTAENns MHOro Mo-kOHTpacTHO M obxsalla Beve
okorno 40 m oT toron3ToyHaTa YacT Ha npoduna. B kpas Ha
reoenekTpuyHus paspe3 no npodun 2 ce Habnwogasa
cuTyaums, kosato B Morna ga ce ThbiKyBa KaTo 3aTbBaHe Ha
cpepa 1, HO cnopef Hac TOBa Ce AbMXW Ha Kpaesu edekT,
kouto ca HabriogasaHu u B Apyrn ycnosus. Coliata
ocobeHocT ce HabenssBa M B CeBepo3anagHus kpal Ha
npodoun 1, HO TyK 3aKPUBSBAHETO HA U3ONMHUMTE € Mo-crabo
13paseHo.

Pesyntatute OT enekTpoTomorpadpckuTe MPOYYBaHWS Mo
npocunu 3 1 4 ca nokasaHu Ha cur. 38 1 3r. Pa3cTosiHMETO
mexay npodun 2 v npocpun 3 e 6.5 m, a mexay npocun 3 un
npogun 4 e 8 m.

Ha Tesn npodmnm LbHOTO Ha XBOCTOXPAHMIWLLETO MO
reouanyHu [aHHW € Manmko no-Abnboko B CpaBHEHWE C
MbpBUTe ABa npoduna, kato Ha npodun 4 To JocTura cpegHo
po kota 155-157 m, koeTo oTroBapst Ha aebenmHa Ha xBocTa
okono 10 m. MocTeneHHo HapacTBa AebenvnHaTa Ha cyxata My
4acT, KOSITO B Ha4yanoto Ha npodun 4 goctura go 3-3,5 m.
0Ob6e3B0aHABaHETO Ha Hali-ropHaTa YacT oT pa3pesa obxsalla
BCe MO-TONEMW YacTu OT ABaTta npoduna, kato Ha npodun 4
TO BKMt0YBa 65 m OT Ha4anoTo Ha npoduna.

Mo Tesn gBa npoduna ce Habnwogasa cnabo uguraHe Ha
KOHTpacTHaTa rpaHuua, Genexelia rOPHULLETO Ha CBEXUTE
rpanutorHaincn ¢ okono 1-1.5 m. U Tyk He Moxem gda
npegnonaramMe Hanuyme Ha no-ronemu KyxmHu cpeg Xeocra.

Pesyntatute 3a npocunute 5, 6 u 7 ca npeacTaBeHn Ha
cur. 38, 3e n 3x. Tpute npodpuna ca npokapann npes 10 m.
Mo Tesan Tpu npodmna Bce MNO-ACHO Ce npocnegssar
Habens3aHuTe TEHOEHUMM B MPOCTPAHCTBEHOTO MOMOXKEHME
Ha oOTOeneHuTe TpW CpeaM C  PasfUyHM  enekTpUYHU
CbnpoTuereHus. [lpogbimkaBa NnaBHOTO YBenW4yaBaHe Ha
AbnbounHata Ha ABHOTO Ha XBOCTOXPAHUIWULLETO, KaTto Mo
npocun 5 T0 e cpegHo Ha koTa 155 m, Ha npodun 6 — Ha KoTa
152.5 m v Ha npocun 7 — Ha kota 149 m. o TO3M HaumMH Ha
pascTosHue okoro 50 m OT OCHOBHaTa CTeHa Ha
xBocToxpaHunuwe — “Yctpem 20017,  pebenuHata  Ha
xBocToxpaHunuile “Yctpem-3” ce yBenuyasa € okofio 9 m
cnpamo npocun 1, 3agageH B HenocpeacTBeHa 6nmsocT Ao
Hes.

TpsibBa ga ce otbenexu, Ye B Hal-ceBepo3anagHaTta yact
Ha npochunn 6 n 7 ce Habnogasa HamansBaHe MOLLHOCTTa Ha
xgocTa. [lpogbmxaBa yBenWyaBaHETO Ha pas3MepuTe Ha
0be3BoaHEHaTa YacT Ha XBOCTa KaKTO N0 XOpU3OHTana, Taka u
no Beptukana. B Hayanoto Ha npodun 7 T cTaBa aebena
okono 6 m u obxeawa Hag 80 m ot npoduna. Kakto u Ha
ocTaHanuTe npocdunn aebenvHata Ha Cron 1a NoCTEneHHo
M3NMUTHABa Ha ceBeposanag. W Ha Te3n paspesn ce



HabntogaBa cnabo uaguraHe Ha rpaHMUaTa Ha CBEXuTe
KOPEHHW ckanu, kato Ha npocmn 7 T8 € Ha okorno 30 m oT
MOBBPXHOCTTA.

MHorobponHute  KOMOWMHaLUMM  OT  WU3MEpBaHWUs  Mexay
pasmnonoXeHuTe N0 BCEKM Npochun 24 enexktpoaa no3sonseat
Aa Ce M3YMCNIAT CTOHOCTUTE Ha NPUBMAHUTE CbMPOTUBMEHNS
(prp), m3mepeHn ¢ Hakom 1D cxemu Ha  enexkTpuyHo
npochunmpaHe 1 eNeKTPUYHO COHAMPaHe.

Mopxopgswa  3a uscneaBaHe Ha BEPTUKAmNHM
HeeJHOPOOHOCTU € TPUENEeKTpoaHaTa CXeMa Ha enekTpUYHO
npocunupare. Mo Tasm npuumHa Osxa  M3BBPLUEHU
CbOTBETHUTE MPEN3YNCIIEHNS 3@ fa Ce NOCTPOSAT KapT Ha
MPUBMOHOTO EMEKTPUYHO CBMPOTUBIEHNE C TPW PasnnyHy
nonyobMXMHM Ha 3axpaHBawata nuHus — AO=27.5 m,
AO=37.5 m n AO=47.5 m ¢ egHa 4 Cblla AbIKMHA Ha
npuemHata fmHus MN=5 m. Te gaBaT Bb3MOXHOCT Aa ce
npocrneay W3MEHEHWETO Ha TO3W NapameTbp B NiaH Ha Tpu
pasnuyHu ObnOOYMHM KOMTO MO 06wWM CbobpaxeHus ce
oueHsiBaT NpubnuanTenHo Ha okono 7-8 m 3a nbpearta, 9-10
m 3a BTopata 1 12-13 m 3a Tpetata cxema.

3a pasnuka OT enekTpoToMorpadickute paspesu, no
pasnpeaerneHneTo Ha NpMBMUAHOTO CbMPOTUBIIEHUE B KApTUTE
MoraT f[a Ce HanpaBsT M3BOAM 3a NPOMEHUTE Ha TO3M
napamMeTbp B XOpM3OHTANHA MOCOKA [0 MOCOYEHUTE
AbnbounHn, 6e3 ga ce pasunta Ha TOYHWM KONMYECTBEHM
[aHHU.

Ha cur. 4 ca nokasaHuM KapTu Ha pasnpefeneHue Ha
NPMBUOHOTO CHMPOTUBMEHME 3a pasnMyHa [ObMKMHA Ha
3axpaHBallaTa nuHus.

XapaktepHa 0CODGEHOCT Ha CbCTaBeHUTe KapTn e
CpPaBHUTENHO  Markata  MnpoMsHa  Ha  NPUBMAHOTO
CbNpOTUBNEHME B nnowTa, obxsaHaTa C reOEneKTPUYHM
“3MepBaHns. B KOHKPETHWSA criydyait ToBa CTaea B [1anasoHa
oT 15 0o 36 Om u 3a Aa ce OTTOBOPWM HA METOAMYHMTE
W3WCKBAHUS Ca MPOKApPaHW CaMO HSKOMKO W3OMMHWW, KOUTO
[aBaT CPaBHWUTENHO CXeMaTWyHa NpeAcTaBa 3a U3MeHeHusTa
B XOPM3OHTANHO  HanpaBneHue  Ha  eneKTpUdHuTE
CbNPOTUBNEHUA. Buxpa ce, 4ye HaW-OBOAHeHaTa yYacT Ha
XBOCTOXPaHUIMULLETO B NMPUMOBLPXHOCTHATA YacT OT pa3spesa
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oOxBalla Hail ceBepo3anagHaTta YacT Ha npodgunute — ot 95
po 115 m. Mo npocunn 6 n 7 OBOAHSIBAaHETO € Mo-cnabo
n3paseHo. B nocoka KbM CeBepouaTok ce Habnoaasa nnaBHO
noBuLLieHne Ha NPUBNOHOTO CbNPOTUBIEHNE, KOETO CE AbIKN
Ha HabenszaHaTa no paspesuTe TEHAEHUMS 3a yBenuyaBaHe
J:l'b]'lﬁOHI/IHaTa Ha CyxaTta 4acCT OT XBOCTa.

TpsbBa ga 06bpHEM BHUMaHWE Ha NokKarnHaTa aHomanusi Ha
MOHWKEHO CbNpOTMBNEHME No npodun 6, 3awoTo e
perucTpupatHa B 6n13ocT 40 YCTaHOBEHOTO Ha 70-us MeTbp OT
Ha4YanoTo Ha npoduna nponagaHe ¢ AMamMeTbP OKOMO 2 M Ha
AabnbounHa okono 40 cm. AHomanusiTa ce ogopms camo o
eOHa CTOWHOCT, KOETO mnopaxda CbMHEHWE 3a HeliHaTa
LOCTOBEPHOCT.

B cboTBETCTBUME C TEopuATa, NPU TpUEnekTpogHaTa cxema
BEPTUKANHUTE WM CTPBMHO HAKMOHEHW HEeAHOPOAHOCTU Ce
o1hensa3Bar ¢ MakCUMyM M MUHUMYM, @ MSCTOTO Ha obekTa e
Mexay fABaTa ekcTpemyma. B cryyas e peructpupaH camo
MMHUMYM Ha MPUBMOHOTO CLMPOTUBMEHNE, NOPAAM KOETO He
MOXe [la Ce TBbPAM YBEPEHO, Y€ € PerMcTpUpaHo nponajaHe
B XBOCTA.

OT Tesu kapTuTe Ha NPUBMAHOTO CcbnpoTuBneHne ¢ AO=37.5
m un ¢ AO=47.5 m ce BMXOa, Ye HA Manko MO-ronemu
AbNO0UMHM pasMepuTe Ha CUITHO OBOZHEHATa YacT Ha XBOCTa
6bp30 HamansBaT U MO-CbLUECTBEHO HACWLLAHe Ha XBOCTa C
BOJa Ce perucTpupa camo B Haii-ceBeposanagHaTa 4acT Ha
npodounn 1+5 (cneg 100-9 MeTbp Ha Te3n npodunu).

lMpaBu BnevatneHune, Ye pasnckBaHaTa no-rope aHomarnus
Ha NMPUBMOHOTO CbNPOTUBMEHWE B BAN30CT 4O NPONapaHeTo
no npocun 6 ce Habniogasa M Ha Te3W KapTu, KaTo
WHTEH3UTETBT Ha MUHMMymMa oTcrnabea, a pasmepute My
HapacTBaT W oOxBallaT Bevye M NETM U Aaxe YETBbPTU
npocun. ToBa AaBa OCHOBaHMWE [a Ce CMsTa, Ye No-BePosiTHO
CTaBa Ayma 3a BMMSHWE Ha NOKaNieH y4acTbK C OTHOCUTENHO
MO-CUITHO OBOAHSBaHE, YUSATO AbNOOYMHa gocTura noHe 12-13
m. MecTononoxeHMeTo My MOXeE fa Ce OLEeHW NpubAM3NTENHO
Mo OTAENEHUTE MAHUMYMU Ha Prp BbPXY KAPTUTE, CbCTABEHM C
AO=37,5m u AO=47,5 m (cpur. 4B 1 4r).
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®ur. 3. Cxemu Ha pasnpefeneHne Ha enekTPUYHOTO CbNPOTUBNEHUE BbB BePTUKANHNUTE paBHUHM Ha npodmn 1 (a), npodmn 2 (6), npochun 3 (), npodomn
4 (r), npocpun 5 (@), npocbun 6 (e) u npochun 7 (x); pa3nonoxeHneTo Ha npodunuTe e nokasaHo Ha wr. 1
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20m

40m

®ur. 4. Cxemu Ha pa3npegeneHue Ha NPMBMAHOTO CbNPOTMBNEHUe 3a TpUenekTpoaHa cxema npu AO =17,5m, MN =5m (a), AO =27,5m, MN =5m (6),
AO=37,5m,MN =5m (B) uAO =47,5m, MN = 5 m (r); pasnonoxeHneTo Ha npodunuTe € nokasaHo Ha cur. 1

3aknoyeHue

3a pelwaBaHe Ha MOCTaBEHUTE 3ajayn 3a W3yyaBaHe Ha
NPUNOBBPXHOCTUHUA CTPOEX Ha XBOCTOXpaHWnuLie “YcTpem
2001” Bele n3bpaH METOABLT HA enekTpuyHaTa Tomorpadus.
ToBa e CbBpeEMEHEH MEeTOf, KOWTO Hanocnegbk Hamupa Bce
Mo-LUMPOKO MPUIIOXXEHWE B MpakTMkaTa 3a KapTupaHe Ha
paspe3s, Kakto W 3a MpeuusHa OLeHka Ha KOHKpeTHaTa
xugporeonoxka obcTaHoBka. Bbpxy cbCTaBsiHUTE paspean no
ENEKTPUYHO  CbMPOTMBMEHWE  ACHO  Ce  pasnnyasar
NPOCTPAHCTBEHMTE HEEOHOPOLHOCTM B M3yyaBaHaTa cpeda —
30HM C pasnuyHa BOAOHACWUTEHOCT, MPa3sHUHW, 3aMbPCEHM
30HW BbB  BOJOHOCHWTE  CTPYKTYpW, MPOCTPAHCTBEHM
XETEPOreHHOCTM Ha reornoxkara cpega.

3a pa ce ocurypn Heobxogumata e(peKTMBHOCT Ha
enekTpoToMOorpadickuTe  M3CnedBaHus  ce  u3rnonasar
cneynanHy nporpaMn 3a W34UCNsSBaHe Ha LENCTBUTENHWUTE
CbMPOTUBMEHMS B NOAMNOBBPXHOCTHOTO MPOCTPaHCTBO. B
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KOHKDETHWS Cryyal € W3rons3BaHa KOMMIOTbpPHa nporpama
RES2DINV, kosTo faea MHOro Ao0pu pesyntatih npw
00paboTka M WHTEpnpeTauuss Ha [daHHWUTE OT MoneBuTe
M3MEepPBaHMs.

MHorobponHuTe  M3MepBaHus NO  mpodunute  OaBat
Bb3MOXHOCT 4pe3 MOOXOOAWO NpeusyucnsBaHe fAa ce
nonyyar pesyntatM OT W3MepBaHWS C PasnUyHU CXEMU Ha
eNeKTPUYHO mpodunupaHe M coHgupaHe. B cnyuas Tasu
Bb3MOXHOCT € M3MOMN3BaHa 3a 4a Ce W3YUCTAT YeTUpn KapTu
Ha MPWBMOHOTO CbMPOTMBMEHWE NpWU npodunmpaHe ¢
TPMEeNeKTpogHa CxemMa C pasnuyHa  ObnOOYMHHOCT B
avanasoHa ot 2-5 ao 12-13 m.

WacnegpanusTa obxeawaT yyacTok ¢ pasmepn 115x50 m.
MakcumanHa AbnbounMHHOCT € MoCTUTHaTa BbPXy YacT OT Hero
¢ pasamepu 100x50 m. Mamepern ca 7 npoduna, pasnonoxeHu
YCTIOPEJHO Ha OCHOBHATa CTEHA Ha XBOCTOXPaHUNMLLE
“Yctpem 2001”. CpepaTa Ha npodunute e cbobpaseHa Aa



nonagHe Hait-0mmako o nue3omeTpuyeH congax 2. Mbpaute
Tpu npocduna ca CrbCTEHU C Orneq No-4eTalHO U3yyaBaHe
Ha MpOCTPaHCTBOTO B OM30CT [O OCHOBHaTa CTeHa, a
nocnegHuTe Tpu npoduna ca npes 10 m.

AHanuabT Ha nomnyyeHuTe pesynTatu no cefemre npoduna
nokasea, 4Ye B M3CreaBaHus MPUNOBLPXHOCTEH paspe3 ce
OTAENSAT TPU CPeau C PasinyHM CreLMUYHN eneKTPUYHN
CbPOTUBMEHMA.

[MbpBaTa enekTpockLNpOTMBUTENHA Cpeda (30Ha 1) obxBalya
Half-ropHaTa 4acT Ha pa3pesa 1 0TpassiBa cropef Hac edekta

OT  MaTepuanuTe Ha  XBOCTOXpaHWnMweto. Ts  ce
XapakTepuampa C HUCKM CTOMHOCTM Ha  EneKTPUYHO
CbMpOTUBNEHNE — HACUTEHM C BOAA Tean MaTepuanu

nputexasaTr [obpe M3paseHa WOHHA €neKTPOMpPOBOAHOCT.
TexHuTe CbNPOTUBMEHUS B pa3pesnTe Haii-4ecTo monagat B
ananasoHa ot 7.5 po 15 Om. B cbOTBETCTBME CbC
CbCTaBEHWTE pa3pes3n JONHaTa rpaHuua Ha 3oHa 1, KOSTO
CNOpeq Hac CbBMafa C AOMHMWLLETO Ha XBOCTA, MOCTENEHHO
3aTbBa — OT kota 158 Ha npodun 1 (HemocpeacTBeHO A0
nognopHata cTeHa) Ao kota 149 Ha npochun 7, pas3nonoxeH Ha
50 m Ha ceBepou3Tok OT npodmn 1.

B ropHata vact Ha cpega 1 ce HabnwogasaT ronemm
BapuaLuy B U3MEHEHWNETO Ha ENEKTPUYHOTO ChNPOTUBIIEHNE.
ToBa ce AbMKM Ha pasnuMkuTe B CTENeHTa Ha HeWHata
BOAOHACMTEHOCT. B CyxuTe yyacTbuu, KOUTO OTAEnsMe Kato
nogsoHa 1a, EneKkTPUYHOTO CLMPOTUBIIEHME PAKO  Ce
pasnuyaBa M [JOCTUra OTHOCUTENHO BWCOKM CTOMHOCTW B
gvanasoHa 50-150 Om. dakTnuecku fonHaTta rpaHvua Ha
noasoHa 1a nokassa MOMOXEHWETO Ha BOAHOTO Orfedarno B
u3crneaBaHus yyacTbk. [paBu BnevyatneHue, Ye no BpeMe Ha
“3MepBaHWSTa BOAHOTO Orneganc e MHoro 6nm3o o 3emHata
MOBLPXHOCT, a B Onu3kMTe [0 OCHOBHAaTa CTEHa Ha
xBocToxpaHunuwe “Yctpem 2001" npocunu  npakTuyeckm
M3NM3a Ha MOBBLPXHOCTTA. Toan (hakT Ou cregsano fa ce
OT4YeTE MPW NPOEKTMPAHETO Ha 3annaHyBaHOTO HaArpaxgaHe
Ha cTeHaTta. CyxaTa 4aCT Ha XBOCTa € pasmnonoxeHa B
foroM3ToyHaTa 4YacT Ha npoyyBaHata nnow. HelHoTo
NONOXeHWe NeCHO MOXe fa ce NPOCneam B Hal-ropHUTE YacTu
Ha CbCTaBeHUTE paspesn, Tbil KaTo Ce OTKPOsIBA CHO MO
CbMpoTMBNEHNE. TA 3aema BCE NO-TONIEMU 4YaCTW BBPXY
OTHaneyeHnTe oT cTeHaTa Npodunm, KbeTo 3aKOHOMEPHO Ce
yBenuyaBa M HemHata aebenvHa, JOCTWralkm MakcumanHa
CTOWHOCT OKOMO 6 M B LOroM3To4HaTa YacT Ha npodmn 7.

Kakto ce Bmxga OT MPUNOXKEHUTE KapTW Ha NPUBWUOHOTO
€NeKTPUYHO CbNPOTMBNEHME C pa3fnnyHa ﬁl‘bﬂﬁOHMHHOCT, Ha
no-ronemn AbNGOYNHM pasMepuTe Ha CUITHO OBOAHEHaTa YacT
Obp3o HamansBeaT 1 Ha npakTuka camo B ananasoHa ot 100 oo
115 m Ha npodpunn 1+4 morat fga ce o4aksaT Mo-CepuosHi
OBOJHSIBaHWA Ha XBOCTa Ha ObnOOYMHM OT mopsiabka Ha
AeceT Ha MeTpa.

Bropata enektpocbnpoTuBuTENHa Ccpepa (3oHa 2) ce
XapaKkTepusMpa  CbC  CTOAHOCTM  Ha  EneKTPUYHO
cbnpoTusneHne B ananasoHa ot 20 go 50 Qm. Tasu 30Ha ce
NpUBbP3Ba KbM CKanuTe, NOACTMMALLM XBOCTOXPAHWMLLETO.
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Mo reonoxkn gaHHW Te MpeLCcTaBnsBaT M3BETPEnM, oT4acTy
rPycUpaHu Ha MACHK rPaHUTOrHaicK C annuToBK M KBapLOBY
NPOXWIKK. Te3n ckanu He ce OTKPOsIBaT MHOMO KOHTPACTHO No
CbMPOTUBNEHWE OT MaTepuanuTe Ha XBOCTa, HO pasnukara
BCe NaKk € [ocTaTbyHa 3a fa npocneauM Tasu cpefa no
BCWYKM npocpunu. HeitHaTta gbnbounHa B 6rin3ocT 4o cteHaTa
e okono 30 m, HO C OTAaneyaBaHeTO OT Hes HamansBa 4o
okono 15 m Ha npocoun 7. Te3n NpoMeHn ce gbnxaT Ha
obpaTHuTE TEHOEHUMM B MOBEOEHMETO Ha [aebenuHaTta Ha
XBOCTOXPaHUIMLLETO UM rpaHuLaTta Ha KOpPEHHWTE ckanu B
CEBEpPOM3TOYHA NOCOKa.

TpeTata enekTpocbNpoTMBMTENHA cpeda (3oHa 3) ce
XapaKkTepusmMpa C OTHOCMTEMHO BWCOKW CTOWHOCTW Ha
eneKTpUYHO CbnpoTuBneHne — Hag 100 Qm. T4 ce npuebp3sa
KbM CBEXaTa YacT Ha rpaHuTOrHancuTe W NpeacTaBnsBa Haii-
pobpe u3paseHaTa reoenekTpuyHa rpaHuLa B M3yyeHaTa C
HacTosMTEe M3crnefBaHWss yvacT Ha paspesa. Cnopen
nomny4YeHuTe [aHHM TS TMOCTEMEHHO Ce uW3gura B
CEeBEpOM3TOYHa Nocoka oT KoTa 128.5 Ha npodun 1 go kota
135 Ha npocpun 7.

BbpXy BCUYKM CCTABEHM Pa3pe3n U KapTu He ca Momy4eHu
aHoManuu, KOWTO [ja NOKa3BaT HaNWyMe Ha KyXWHU B XBOCTa C
OTHOCWTENHO MOo-ronemn pasvepu. ToBa MOxXe Aa Ce TBbpau
€[HO3HAYHO B rpaHNLMTE Ha NOACMOS 1a MO BCMYKM Npochuny.
B cunHO OBOSHEHWTE YyYacTbLUM Ha XBOCTOXpaHUNMLLE
“Yctpem-3” reomsmMyHATe [LaHHW He [aBaT KaTeropuyeH
OTroBOP Ha BbMpOCA 3a TAXHOTO HanuumMe, Nopaay O4YakBaHUTe
Mankn pasnuku B CbMPOTUBAIEHWATA Ha  EBEHTyanHu
3ambiHEHM C BOAA KyXMHM M CWUMHO OBOLHEHaTa 4acT Ha
xgocTa. [lo-curypHu moxem Aa 6bgem ako ce nposegar
reouanyHM M3CnenBaHns B Apyra KnumatuiHa obCcTaHoBKa,
Mpy KOSTO OBOAHABAHETO HA MatepuanuTe Ha XBOCTa He €
TONKOBA NOBCEMECTHO.
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PONATA HA NOA3EMHUTE BOAWU B PASBUTUETO HA IYPAHKYJALLKOTO E3EPO

Maesen lNMeHyes, KoHcmanmun Cnacos, Kanuxa LLlonosa
MurHo-eeonoxku yHueepcumem “Ce. MgaH Puncku”, 1700 Cogpusi; kshopova@abv.bg

PE3IOME. [ypaHkynaliko e3epo € 3awuTeH npupopeH 0DekT, pa3nonoxeH B CeBepHaTa 4acT Ha Gbirapckoto YepHOMOPCKO kpanbpexue.
CblyecTByBaHeTO CU BlaxHaTa 30Ha ObITKM OCHOBHO Ha NMOAXPAHBAHETO OT NOA3EMHUTE BOAM, KOUTO dhopmupart okorno 88% ot npuxogHaTta Yact
Ha BoaHus 1 6anaHc. OuepTtaHa e BogocbopHata obnact Ha e3epo [lypaHkynak. HanpaBeHa e xapakTepucTika Ha OTAENHWUTE NOA3EMHM Tena,
NOAXpaHBaLLM M /MNu JpeHnpalLLy BnaxHaTa 3oHa. HanpaBeH e 0630p Ha ChLLeCcTBYBaLLaTa reofoxkka 1 XMApPOreonoxka MHhopmaLms 3a panoHa,
KaTo e npocnefeHa AMHamuKaTa Ha XnaporeonoxXkuTe ycrnosua npes nocnegHnTe Yetupun oeceTunetTuda B CneactemMe Ha HacTbnunn eCTeCTBEHN U
aHTPOMOrEHHN NMPOMEHMU. CbcTaBeHa e CbBpeMeHHa Xnaporeonoxka KapTa, U3dcHABalla XuapoanMHaMukaTa Ha noasemMHUTe Boau B pa|7|0Ha Ha
€3epoTo.

THE ROLE OF THE GROUND WATERS FOR THE DURANKULAK LAKE DEVELOPMENT
Pavel Penchev, Konstantin Spasov, Kalina Shopova
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; kshopova@abv.bg

ABSTRACT. The Durankulak Lake is a protected natural site, located in the Northern part of the Bulgarian Black Sea coastline. The reason for
existence of the wetland is mainly due to ground waters, which constitute 88% of the inflow rate to its water balance. The water catchment area of
Durankulak Lake is outlined. A characteristic is made to the single underground objects, nourishing and/ or draining the wetland. An overview is
made to the available geologic and hydrologic information for the area, and the dynamics of the geological conditions during the last four decades is
analyzed as a result of the natural and anthropogenic changes occurred. A hydrogeologic map is set up in order to make clear the hydrodynamics
of the ground waters in the lake area.

IMocsewjasa ce Ha dou. . HaHqes [o 1971 r. cbluecTByBa eCTECTBEHA BPb3KA UMK U3KYCTBEHO
MPOKOMNaH kaHan npes NAcbyHaTa Koca Mexgy YepHo mope
[ypankynawko e3epo. Mpe3 1999 r. e oTCTpaHeHa yacT OT
pura “OprnoBo Gnato — r" 1 Bpb3kata C MOPETO €
Bb3CTaHOBEHA.

BuBepeHue
[ypaHkyralko e3epo Ce Hamupa B CeBEepoM3TOYHaTa yacT
Ha 6bArapckoTo YePHOMOPCKO KpaiBpexme, B U3TOYHATa YacT
Ha OronstouHa [obpymxa, B 3emnuwara Ha cenata
[ypaxkynak n BaknuHo (dpur. 1-2). To e 0TAENEeHO OT MOPETO [lypaHkynalwko €3ep0 Ce MOAXPaHBA WKTIUUTENHO C
upes nAcbuHa koca ¢ wwpura 100-200 m. Mexay toxHaTa u NOA3EMHY BOAW, [PEHUpALLY C8 B HEroBaTa Koro3anajHa Yacr.
ceBepHara, HapeyeHa Oprnoso 6nato yact Ha [lypatkynaiuko Ouanko-reorpadckuTe U TeONOXKUTE YCNOBUS B palioHa Ha
e3ep0  CbLUECTBYBA 3EMHOHAcMNHa aura.  [MpeKTHUAT e3ep0 [lypaHkyniak He ca GrarompsiTH 3a hopMMpaHe Ha
BOFI0OOMEH Mex[ly /iBeTe 4acTu Ce OCblecTBABa caMo Ypes MOBBLPXHOCTEH OTTOK. Xuporpadckata Mpexa e npeacTaBeHa
MPpOpsA3aHA B aUraTa kaxar. OT YCNOBHO HApeYeHu PeKM, KOUTO Ca MO-TOYHO CyXOAOMUS.
lMo- ronemu ot Tax ca p. BaknuHcka, pekuTte MuHaBallym npes
cenata buno-CmuH, 3axapn CrosHoBo-Ctaesum u IpaHnyap-
[ypaHkynak. Te ca camo C BpemeHeH OTTOK.

TekTOHMKa

PasrnexgaHata Teputopuss € 4acT oT  Mwuawitckata
nnatcpopma. CamoTo chopmupaHe Ha BnaxHaTa 30Ha B 6nm3ku
[0 JHEWHMS MMaH YcroBus CTaBa Npe3 XOJoUeHa, Korato
chef nocrnegHust NeaHUKOB Nepuog cTaBa PA3Ko MoBMULLIABaHE
Ha BoJHOTO HWBO B YepHo mope ¢ okono 100 m u koraTto ce
Bb3CTaHOBsBA Bpb3kaTa My cbC CpeansemHo mope u CBeToB-
HWS! OKeaH.

dur. 1. nypaunaun(om e3epo
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HypaHkynalukata TEKTOHCKa CTpyKTYpa, KosTO
NPeLcTaBnsaBa aHTUKIMHAMHO W3OWUraHe MO TOPHULLETO Ha
BanaHxuHa, [000(OPMEHO OT OfMIOLEHCKUS KOMMIEKC C
nocoka CWU-IOW, e ycnoxHeHa oT cybnapanenHn u
cybmepuamanyu pasnomn. Tas3u CTPyKTypa BEPOSITHO OKa3ga
ronsMa pons 3a pasnuyHUTE XMAPOTEONOXKM YCrOBUS Ha
BnaxHa [ypaHkynawko esepo oT komnnekca Llabna-Esepel
Pa3nosoXEH Ha Ior.

leonoxkn cTpoex

leonoxka uzyyeHocm

[TbpBUTE CBELEHMS 33 TEONOXKUS CTPOEX B W3CMEeABaHMS
pafioH ce CBbp3BaT C MMeHaTa Ha A. Boué (1828) u L. de
Launay (1906). MMo-kbcHO 1 Obnrapcku reonosu npaesT
npoyusaHus — 3natapcku (1927), . BoHueB (1943), E.
Bonues, Yewwutes u Kaparionesa (1956), CtosHoB (1952;
1960) u [ManHanoToB (1960). [MpoyyBaHusita Ha CTOSHOB
(1952), ®ununos (1969) n gpyrv asTopu ca obobuieHn oT
®ununos v ap. B [eonoxka kapma Ha bbreapus M 1:100000
kapThu nmuctoee [eHepan Toweso wu  MaHranus.
ChblUeCTBEHO 3HAYeHWEe 3a W3sCHSIBAHE XWUAporeornorusita Ha
tOromstouHa [obpyaxa wmat npoyysaHusTa Ha Bacunes
(1943) wn bBosgxkue (1950; 1951). WacnegsaHus BbpXy
XMOPOreonoXKMTE YCroBNs B parioHa Ha Labna-bnartHuua ce
nposexgat oT AHToHOB M Mapkoscku (1951). [bnroroguiuHu
XVLPOTEONOXKM M3CnefBaHus B CeBepoM3TOuHa Bbnrapus
nposexga EsctatueB (1957; 1962; 1966) 3a Hyxaute Ha
HanosiBaHeTo. B 1031 paitoH pabotn u OQumutpos ( 1953). 3a
Lenute Ha BoJOCHabasBaHETO B paiioHa paboTtaT banes
(1973; 1981; 1984), IpbHuyapos (1963), Papywes (1967),
Llones (1967) n gpyru uscnegosatenu.

Ot 1955 1. 3ano4BaT U XMAPOreoNnoXKUTE W3CNeaBaHUs Ha
[aHueB B ceBepon3TouHa bbnrapus kato npogbimkaeaT [0
1996 r. Toi npoyysa nOL3EMHUTE BOAM B CapMaTCKus
BOJOHOCEH XOpun30HT (MapalukeBosa, [laHues, 1967; [aHues,
1968; Hanues, 1977; [anues, Llonosa, 1996) u BanaHx-

TOPHOKPCKMSAT ~ BOOOHOCEH XOPW3OHT B CEBEPOM3TOYHA
Bvrrapua  (Janues, 1966). WM3BbpluBa XuLpOreonoxku
W3cnedBaHMs  BbB  Bpb3ka CbC  CbCTABAHETO  Ha

xugporeonoxkm kapv B M 1:25000 Ha TeputopusiTa Ha
tOroustouHa [obpymka u BapHeHckoTto nnato ([aHues, 1974).
3aepHo ¢ AHToHoB npe3 1980 r. nsgaeat [lodsemHume 8odu 6
buneapusi. Mpes 1997 r1. e u3BbpleHo 00600LWEHNe Ha
HanuyHata  Xxugporeonoxka MHgopmauna B “Cesepo-
ObNrapckoto CBOLOBO W3JMraHe W HETOBUTE  CKITOHOBE
(BapHeHcku 6GaceitH)’ ot paboteH konektuB Ha ‘Teonorus,
npoekTupaHe n npoyyusaHe” EOO/, BapHa (HecToposa, 1994).

[eonoz20-numonoxku cmpoex

C Han-ronsiMo nNpakTM4ecko 3HaveHue 3a e3epo [ypaHkynak
ca CeAMMEHTUTE Ha MMOLieHa U KBaTepHepa. B MuoLeHckus
kapboHaTeH Kommnekc ce hopmupaTr NOL3EMHWUTE BOAW,
noaxpaHeawy e3epoTo.  MuoLEHCKMTe  OTNOXeHMs  ca
NpeacTaBeHn OT capmaTckute BapoBuuM Ha Opbpckata K
KapByHckata cBuTW. OpbpckaTa CBWTa B pasrnexpaHara
TEpUTOpUS € npepacTaBeHa OT Oexoeo A0 noutn 6enu
BapOBULM, OONMWUTHU, LETPUTYCHU W MO-PSOKO FMUHECTU U
necbunueu. B ocHoBaTa ca NpOCNOeHM OT rMuHK 1 apebHo Ao
(PMHO3bPHECTM MNSACBYHMUM C [MMHECTA cholka. Te ca
kaBepHO3Hu, ¢ aebennHa ot 40 4o 119 m.
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Bbpxy BapoBuuute Ha Opbpckata cBWTa  3ansraT
ceguMeHTTe Ha KapByHckata cBuTa. 3ansraHeTo e
HOpMAaIHO, HO TPaHCIPECUBHO Cried pasMMB W KOHTaKTa ce
MapkMpa OT TbHbK YEPBEHO OLBETEH [TIMHECT NnacT.
KapByHckaTa CBWTa Ce XxapakTepuaupa no-4ecto ¢ cuBobenu
[0 KPEMABM Ha LBAT 30paBM M3BETPENM M KABEPHO3HW Ha
MOBLPXHOCTTA  OPFaAHOTEHHW  YEPYMYecT BapoBMUM C
nebenuHa ot 20-50 m.

Mexgay nBeTte cBUTU HOpManHo 61 Tpsbeano ga ce Hammpat
ceanMeHTUTe Ha Tomonckata cBUTa — Meprenu, uHu
MACBYHMLM U FNMHECTU BapoBuuu. Mo BpemMeTo Ha oTnaraHe
Ha ceauMeHTMTEe Ha Tomonckata cButa OT [ypaHkynak u
npunexaiwuute My 4acTi capMaTckoTo MOpE Ce € OTTErnuIo U
Cca Ce pasBMBanMM VHTEH3MBHW KapCTOBM Npouecu u
OeHyJaumus, KOATO e pedyuupana [0 M3BeCTHa CTeneH
BapoBuuMTe Ha Opbpckata cButa. ObLaTa MOLHOCT Ha
kapboHaTHWA okapcTeH komnnekc e ot 60-70 go 170-180 m,
kaTo fgebennHaTa HapacTBa OT 3anag Ha U3TOK.

KeaTepHepHuTe 06pasyBaHus B pasrmexgaHata nnow ce
OTHacaT KbM [neicToueHckata W XoroueHckata Cepus.
EonnyHo-anyBuanHute obpasyBanns Ha [lneictoueHckata
cepusi ca NpeAcTaBeHn OT YepPBEHM MECHYUNMBM MMMHN, KOUTO
ca OTNOXEHU BbpXy HEOreHCKUTe CeauMeHTU. [MuHuTe ca
BapOBMTO-aneBpoNNTOBK,  MITbTHM,  BE3CTPYKTYpHW, C
XapakTepeH uepBeHukaB A0 6OexoBokadss UBAT (“Teppa
poca’). Te ce sBSBAT KaTo MOCTOSHHA MOAIOKKA HA NbOCA.
[MuHMTe ca BOJOYNOPHM M cnomaraT 3a QopmupaHe Ha
BOAOHACUTEHA 30Ha B NMbOCOBUTE OTMOXEHMS (paioHa Ha C.
Kpaneu).

EonuyHute obpasysaHus Ha [lneiicToueHckata cepus ca
NPeACTaBEHN OT LUMPOKO Pa3npOCTPaHEHNs B pasrnexaaHata
Teputopus Nboc. To 3aeMa OCHOBHO BOZOAENHUTE Macusu 1
nokpuea no-ctapute ckanu. [lebenuHata My e pasHoobpasHa
n Bapupa ot 0 go 20-25 m. Ta e manka go 0.00 m B
nepucepHNTe 4YacT Ha BoAOAEenHUTe Macueu. JlboChbT
OTCBCTBA HA MHOTO MECTA MO CKITOHOBETE Ha PEYHUTE JOMUHM.
AKTUBHaTa NOPUCTOCT Nopagyn ApebHO3bPHECTUS My CTPOEX €
Manka — o 5-6%, a oT Tyk W unTpaLmMoHH1TE My CBOICTBA
ca mankv — 0.5 0o 1.5-2.5 m/neH.

EsepHo-Onathute  obpasdyaHmst  Ha  XOmnougHcKa-
nneicToyeHckaTa Cepus Cca  OTNOXEHM BbpXy CUMHO
AeHyaupanuTe ckanu B [lypaHkynatwkoTto e3epo. [peactaBexu
ca OT CMBW [0 TbMHOCWBK ONaTHW TMMHN U OpebHO3bPHECTU
nacbuun. [MnHUTE ce cpellaT B ObHHUTE 4acTW Ha e3epoTo W
PeYHMTE JONMHK. Te maT 0coBEHO MSICTO B CbLECTBYBAHETO
Ha e3epoTo, Thbil KaTo B TAX ce (hopMMpa HeroeaTa valuka.
[ebenuHarta um B €3epoTo goctura go 15-18 m. Te ca Goratw
Ha OpraHUYeH-pacTUTENEH W XMBOTMHCKW OCTaHKU. [MnHM
TakaBa XapaKTepucTuka ce Hacnareat B ofcera Ha e3epoTo u
B HacTosiie Bpeme. KaTo npocnoiku B TsIX ce cpewat
FFIMHECTW NACHLM, TUHW 1 TOpd.

KoHTWHeHTanHuTe anyBuanHu 06pa3syBaHus Ha
XonoueHckaTa cepusi ca OTNOXKEHU NO pycriata W 3anuBHUTE
Tepacu Ha pekuTe U no-roriemute fonose. MpefcTaBeHy ca ot
YaKbW, NSCHUM, MUHA W NPEOTNOXEH Nboc. [lebenuHaTa um
He Hagpuwaga 2-5 m. CbBpeMeHHUTE MOPCKM 0OpasyBaHus
Ha XonoueHckata Cepusi Ca C  OFPaHMYEHO  MMOLLHO
pasnpocTpaHeHnue. MpeacTaBeHn ca OT NPeauMHO uHU A0



€ApO3bpHECTU NACLUM. [1AcbUMTE OOPMSAT CPaBHUTENHO
TACHA KpaihbpexHa wBMLA, KOSATO MEXZy MOpeTo U
[ypaHKynalkoTo e3epo € Mo-Wupoka M BbpXy Hesd ca
00pa3syBaHM BUCOKM JHOHU.

XM.qporeonox(KM ycnoBus

BLAGK sEA

®ur. 2. [lypaHkynawkoTo e3epo — reorpadcka nokanusauus

OT npakTM4eckM WHTepec lue Ce pasrnegar  camo
NOA3EMHMTE BOAM B CapMaTCKUTe CEAMMEHTM, Thil KaTo Te ca
[MaBHWS MPUXOAEH €nemMeHT OT BogHWs OanmaHc  Ha
[ypaHkynawiko e3epo. B capmatckute OTNOXEHUS — B
cepumeHTuTe Ha Opbpckata M KapByHckata cBWTW, ca
(hopMMpaHM  MyKHATWHHO-KApPCTOBM A0 KApCTOBM MO TN
HEHanopHW Mo XapakTep MOA3EMHW BOAMW, kouTo oOpasysat
00l BOJOHOCEH XOPW3OHT. [OCNegHMsT MMa MOBCEMECTHO
pasnpocTtpaHeHue B CeBepounatoyHa Bbnrapus.

Pa3vmBHMA KOHTaKT Mexay BaposuuuTe Ha Opbpckarta
KapByHckaTa CBMTA BIMsie Ha BOAHO-CONEBUSI PEXUM Ha
NOA3EMHUTE BOAM. THHKAS YEepBEHOOLIBETEH TMMHECT nnact
“Ma porsTa Ha Bogoynop. Tosn (hakT e OT BaHO NPaKTUYECKO
3HayeHWe 3a pasrnonaraHe Ha BOJOAOOMBHUTE CbOPBKEHMS,
ocobeHo B kpanbpexHaTta uBuua. Te TpsbBa ga ce 3anoxar
BbB BapoBULMTE Ha oOTropesansrawiata KapsyHckaTa cBuTa,
3a fa ce u3berHe 3aconsBaHe Ha fobuUTMTe KoNM4ecTea Boaa
B CMEACTBME Ha WHTPY3WS Ha MOPCKM BOAW BbB BapoBULMTE
Ha otgonysansrawara Ogbpcka ceuTa.

[ebenuHata Ha HaCUTEHWTe C BOAA CapMaTCKi CEAUMEHTU €
pasnnyHa. B 3anagHaTa vacT Ha BogocOopHaTa obnact Ha
€3epoTo T € OT nopsabka Ha 35-50 m U nocteneHHo
HapacTBa B M3TO4Ha nocoka. B 6rmmsoct go YepHo mope u
paioHa Ha e3epoTo AebenvHata Ha BOLOHOCHWSI XOPW3OHT
poctvra go 120-150 m. HapactBaHeTo Ha aebenuHaTa Ha
BOAOHOCTHMSI XOPU3OHT Ha M3TOK € CBbP3aHO U C HapacTBaHe
nebenuHata Ha BapOBWKOBKSI KOMMMEKC B Ta3W Nocoka W C
MOCTENEHHOTO CHWXABaHE Ha TOPHWLLETO My [0 MOPCKOTO
H1BO. IMOCOYEHOTO € NMpUYMHA 3a HaCMLLaHe ¢ Boga MoYTH Ha
usinata febenvHa Ha BapoBULMTE.

HuBOTO Ha nof3eMHMTE BOAM MO LUsnata nnow, Ha
pasnpOCTPaHEHWETO M CE YCTAaHOBSBA B CaMMTE BapOBULM U
€ Ha gbnbounHa 50-60 m go 10-12 m u Ha no-mManko MeTpa B
pafoHa Ha €3epoTo M YepHOMOPCKOTO  kpanbpeskue.
X1ncoMeTpuyHO HMBOTO MOCTEMEHHO cnaga — oT okono 180 m
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B 3anajHaTa 4acT Ha BogocbopHata obnact go noutn 0.00 m
Mnpm e3epoTo 1 MOPETO. 'eHepanHaTa Nocoka Ha [BMXEHNe Ha
MoA3eMHUTE BOAM € Ha W3TOK, MPU CPeAeH XvapaBlnyeH
rpagneHt 0.003-0.002 po nog 0.001. duntpaumoHHaTa
XapaKTepUCTHKa Ha BOLOHOCTHUSI XOPU3OHT € U3KMIYUTENHO
pasHoobpasHa- koedmuMeHTa Ha unTpauus Bapupa oT 2-3
po 180-200 m/geH, KoeTo xapakTepusupa CeaMeHTUTE KaTo
CPEeAHO A0 CUITHO BOAOOOMHM.

MoaxpaHBaHETO Ha CapMaTCKWsi BOLOHOCEH XOPU3OHT Ce
OCbLUECTBABA OCHOBHO OT WHQUNTPaLMs Ha BanexHun u
YaCTMYHO OT BPEMEHHO hopMMpanit ce MOBbPXHOCTHK BOAM.
[lebenuHaTta Ha ckanuTe OT 30HaTa Ha aepauus U NMTONOXKNS
MM CbCTaB MMaT 3HauyeHue 3a no-6bp3o mnu no-zabaBeHo
AoCTUraHe Ha WHUMTpUpanuTe ce BOAW 4O MOA3EMHUTE.
[ebenata 30Ha Ha aepauus urpae perynupawia pons u
NOA3EMHUTE BOAM MONyYaBaT OTHOCUTENHO PaBHOMEPHO
nogxpaHeaHe BbB BpemeTo. bnaronpusitHa pons  3a
nocnegHoto  urpast  [obpute  Bogonormblialla W
BOAOOTAABAlla CMOCOBHOCT Ha ckanuTe OT 30HaTa Ha
aepauusi- MOYBEH CrOW, NbOC U BapoBUUM. 3aEAHO C FOpPHOTO
MomnoXWTENHa pPONst B MOAXPaHBAHETO WMa 1 PaBHUHHMS
pened, KOWTO Cb3gaBa YCMOBWS 3a MO-MPOABLIKUTENHO
3agbpXaHe Ha BanexHuTe BOAW Ha MOBbPXHOCTTA U mo-
NPOLBMKATENHO BPEME 33 UH(DUNTPALMSTa UM.

lMooxpaHBaHETO Ha MOA3EMHUTE BOAM OT CapMaTCkus
BOOOHOCEH XOPU3OHT € OnpedeneHo Mo  AaHHM  OT
ABLITOrOAMILIHM HabNoAeHUs BbPXY HMBOTO Ha MOA3EMHUTE
BOOM B KNafeHel OT OnopHaTa XMOpOreonoxka Mpexa Ha
HUMX pasnonoxeH B ¢. boxaHoso ([anues, LLonosa, 1996).
MauncneHoto nogxpaHeaHe Ha nepuoga 1960-1993 .
nokasea, 4e TO e B frpaHuuata 16-120 mm/rog wunm
cpeaHoMHororoguwHo 1o e 58.4 mm. MoaynbsT Ha noA3emMHus
notok e ot 0.51 go 3.55 I/s/kkm2 unu cpegHUAT MHOTOTOAMLLEH
e 1.86 l/s/km2.

MonyyeHnTe OaHHW NpWBEdEHW 3a Ldnata TepuTopust Ha
noasemHata BogocbopHa obrnact Ha esepo [ypaHkynak (542
km2) nokasBaT, Ye CPEAHOMHOrOro4MILHOTO MOAXpaHBaHe €
31,79.106 m3 urm 1008 I/s. MogsemHata Boga OT CapMaTCkus
BOAOHOCEH XOPW3OHT Ce ApeHupa No eCTECTBEH MbT OT YepHo
Mope W oT [lypaHKynalikoTO e3epo 4 MO M3KyCTBEH MbT OT
BOLOAOOWBHUTE CHOPBXEHWUS- COHAAXM, LIAXTOBM KNageHLUM 1
ApeHaxu. BogoB3eMHNTE CbOPBKEHUS B NO-ronsmara cu 4act
ca B OKOMOE3EpHOTO MPOCTPaHCTBO. YepreHaTta Boga ce
13Mon3ga 3a NUTEeNHO-OMTOBO BOAOCHADAsBaHe 1 HanosiBaHe.

Pa3xogbT Ha UNTPALMOHHMS MOTOK CE M34McnsBa Mo

XWAPOAMHAMUYHWA METOZ MO 3aKoHa Ha flapeu:
Q=k.H.B.I, kbaeTo

Q - pasxog Ha NoA3EMHUs NOTOK, M3/aeH;
K - koedvumeHTa Ha unTpaums, m/aeH;
H - MoLLHOCTTa Ha BOLOHOCHUS XOPU3OHT, M;
B - wupuHa Ha (poHTa Ha NOA3EMHUS BOJOHOCEH XOPU3OHT
m;
| - HanopeH rpasueHT.

[annute 3a B u | ce B3emaT OT XugpoaMHaMuyHa KapTa
(Gour. 3-4), a koeduLMeHTa Ha UNTPaLMs K — OT HanpaBeHu
ONUTHO-COUNTPALMOHHM U3CNeBaHUs B paioHa.
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Cxema C XMaAPOM3OXUICH Ha NOTOKA ApeHupaiy
ce B [lypaHkynawko ezepo kbm 25.08.1994 r.

®ur. 3. XuapoanHammyHa kapTa

o Mpanuvap
4,
o 40 %os YEPHO
> MOPE
OSaxapM CT0AHOBO
& & Hypankynak
25 |5
PO OypaHKynawko
esepo

KapTa ¢ XMAPOM3OXMNCH Ha NOTOKA,
Aperepauw ce g [ypaHKynawko esepo
KM 7.08.2006 1

®ur. 4. XuapoanMHammyHa kapTa

XugpoanHamuyHata kapTa (cur. 3-4) ce CbCTaBs Bb3
OCHOBA Ha MW3MepBaHUS Ha BOAHUTE HMBA B KNageHuu,
pasnonoxeHn B nogsemHata BogocbopHa obnact  Ha
[ypaHKynalkoto e3epo B onpeaeneHo Bpeme (dur. 2).
Pa3xogbT Ha noA3emMHUS NOTOK, (DOPMUPAH B capmaTckuTe
BapoBuuW, BbB BogocOopHaTa obnact Ha [ypaHkynaluko
€3€ep0, onpeaeneH no xmapoanHammyHus metog npes 10.1996
r. e 1.077 m¥/s (QaHues, Lonosa, 1996). [lecet roguun no-
KbCHO pa3xof4bT Ha UNTPaLmMoHHUs noTok e 1.708 m3/s (cowr.
3-4).

3a onpegensiHe Ha KONMWMYeCTBOTO NOA3EMHA BOAA, KOATO
noaxpaHea [lypaHkynaliko e3epo cnedsa oblums pasxog oOT
BOJOHOCHUSI XOPM30HT fa Ce pasgen Ha TOo3W, KOMTO ce
[pEeH/pa KbM €3epOTO W Ha TO3M, KOUTO Ce [PeHupa KbM
mopeTo. pn onpeaensHeTo Ha CbCTaBHUTE YacTyW ce Jonycka
M3BECTHA HETOYHOCT. [locnegHata ce CbCTOM B TOBa, Ye
paspensHeTo Ha obwarta pebenmHa H Ha BOJOHOCHMS
XOPU3OHT Ha He3., KOATO Yy4acTBa Npu NoaxpaHBaHeTO Ha
€3epOoTO0 U Ha HM, KOSITO yyacTBa B NOAXPAHBAHETO HA MOPETO
€ YCMOBHO. Pa3gensHeTo Ha nocouveHuTe AgbnbounHM ce
“3BbpLUBa Ha Dasata Ha ABWKEHWETO Ha NOA3EMHUTE BOAM B
CMOWUCTM BOLOHOCHM XOPW30HTW. 3a cnyyast ¢ [ypaHkynaiiko
€3epo Ce Npuema, Ye YacTTa OT BOLOHOCHWSI XOPU3OHT, KOSITO
nogxpaHBa e3epoTo, BKIKOYBA YACT OT CapMaTCKus BOGOHOCEH
XOPU3OHT 1 AebenuHaTta Ha rmuHKuTe nog esepoto — T.e. 19-20
m. ToraBa onpegeneHoTo KONMWYECTBOTO MOA3EMEH OTTOK,
KOeTo NoaxpaHBa €3epoTo e CnegHoTo: npe3 oktomapu 1996 r.
- 0.293 m¥s unn 9.24 mnH.m3¥rog; npe3 asryct 2006 r. —
0.463 m3/s unn 14.60 mnH.md3/rog.
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Pesyntatite OT M3uMCTEHWUsITA NOKA3BaT, Ye KONMYECTBOTO
nof3emMHa Bofa, KosTo ce ApeHupa B ypaHkynaliko e3epo oT
CapMaTCKusi BOJOHOCEH XOPWU3OHT MPpW ECTECTBEHU YCNOBUS
(6e3 BogonobuB) € 3HAUMTENHO WM NPeACTaBnsiBa OCHOBHATa
npuxoaHa 4act OT BOAHUA 6anaHc Ha BnaxHaTa 30Ha.
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XAPAKTEPUCTUKA HA TPABUTALIMOHHOTO MONE HA NAHATHOPCKKA PYAEH
PAWOH U 3AKOHOMEPHOCTW B PA3NPEAENEHUETO HA PYOHUTE HAXOOWULLA

Padu Paduyes, CmechaH [Jumoscku
Munxo-2eonoxku yHusepcumem “Cs. MeaH Puncku®, 1700 Cocpus; radirad@mgu.bg, dimovski@mgu.bg

PE3IOME. OcCHOBHWTE eneMeHTW Ha rpaBWUTaLMOHHOTO Monme 3a TeputopusTa Ha [laHariopcku pygdeH parioH Ce CBbp3BaT C OMpeaeneHu
3aKOHOMEPHOCTW B pasnpedeneHneTo Ha pyaHuTe Haxopuwa. PygHuTe Haxogwia v pyAonposiBEHWs, KaKTO W WHTEH3WBHAaTa pasnomHa
TEKTOHMKA, Ce pasrnonarar No rpagveHTHNS Kro3anafeH NpexoA Ha rpaBuUTaLMOHEH MUHUMYM, KapTUpaH BbPXY pervoHanHata KOMMOHeHTa Ha
noneto. AHanM3bT Ha OCTaTbYHWUTE MOMETa W Ha BapuaLWOHHUTE aHOManuM [aBa OCHOBaHWe Aa ce 060cobaT ABa AbNOOYMHHM MHTEpBana
CMpsSIMO MPOSIBNEHNETO Ha OpyAsiBaHMsATa — 33 SbNOOUMHHNSA UHTepBan Ao okono 8 km u 3a gbnbouMHHNA MHTepBan 4o okono 3 km. 3a nbpaus
AbNOOYMHEH MHTEPBAN 30HM Ha MO3WTWBHW aHOManuW ce NpUBBLP3BAT KbM MacMBHO-CynduaHuTe Haxoauwa (Yenoney, KpaceH n Enwuya), a
30HM Ha HeraTMBHM — KbM MeaHo-nopupHu Haxopuwa (Enauute, Meger, Acapen u Liap AceH). Bbpxy cxemute Ha nokanHute noneta, KOUTO
0Tpa3sBaT AbAOOYMHHUS MHTEPBAN LO OKOMO 3 KM BCUYKM PYAHN HAXOANLLA Ce NPUBBP3BAT KbM NO3UTUBHW NOKANHK aHOManuu.

CHARACTERISTICS OF THE GRAVITATIONAL FIELD IN THE PANAGYURISHTE ORE REGION AND REGULARITIES IN THE
DISTRIBUTION OF ORE DEPOSITS

Radi Radichev, Stefan Dimovski

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

ABSTRACT. The main elements of the gravitational field on the territory of Panagyurishte Ore Region are connected to specific regularities in the
ore deposits spreading. The ore deposits and ore shows, as well as the intensive fault tectonics are situated along the southwestern transition of
the gravity minimum mapped on the scheme of the regional component of the gravitational field. The analysis of the residual fields and the variation
anomalies gives reasons to distinguish two depth intervals in the mineralization distribution — one depth interval down to about 8 km and one depth
interval down to about 3 km. For the first depth interval zones of positive anomalies are connected to massive sulphide deposits (Chelopech,
Krassen and Elshitsa) and zones of negative anomalies are linked to porphyry copper deposits (Elatsite, Medet, Assarel and Tsar Assen). On the
schemes of the local fields reflecting the depth interval down to about 3 km all ore deposits are associated to positive local anomalies.

BbuBepeHue [aunToBUTE BYNMKAHCKM CKanu, a MegHonopmpHute — C

xunoabucarnHute WHTPY3MBW UM LIEHTPOBETE Ha BYINKaHO-
MaHartopckusT pydeH paiioH e pasnonoxeH B LleHTpanHa MAYTOHUYHA AEMHOCT.

CpepnHa ropa okono rpag MaHartopuiye, kato 06xBaLla v HxHM

nokpanHuHu Ha Ctapa nnaHuHa. Toi npeacTaBnsBa enemeHT PasnpeaeneHneTo Ha rpaBUTALMOHHOTO 1 reOMarHMTHOTO

OT  ropHokpegHus  AnyceHu-BaHat-Tumok-CpegHoropeku none oTpa3fiBa creuupukata Ha reonoxkus CTpoex Ha

MarmatuyeH M MetanoreHeH nosic (Momoe u gp., 2003). MaHariopckust  pydeH  pavioH. — CneumaneH — uHTepec

OtHacs ce kbM CpedHoropckata CTPYKTYpHO-MeTaroreHHa NPencTaensABar PyAOHOCHUTE MPOSBNEHNS BBPXY OCHOBHM

30Ha C KbCHa MnaﬂoannmﬂCKa Bb3pacT. 30HaTa ce onpeaens €NIeMeHTU Ha pPernoHanHuTe W noKanHWUTE KOMMOHEHTU Ha

KaToO NMMHMAMEHTHO-TEOCUHKIMHAMHA CTPYKTYpa, PasnosioxeHa rpaBUTaLNOHHOTO Mnone. 3a 0THOCUTENHOTO oTaensgHe Ha Te3un

BbPXY XETEporeHHa OCHoBa. Ha ceBep paloHbT focTura Ao KOMMOHEHT ~ Ca  U3BbPLEHN  NpobrieMHO  HacoueHu

rpan Etponone Ha bBankaHckata 3oHa. B Hero ca npeobpasysaHus.

CbCPELOTOYEHN FONEMN MPOMMLLNIEHM Haxoauwa OT MeAHO-

NUpUTHaTa U MeaHonopdupHaTa dopMaLmst Ha rOPHOKPEOHNS OcHoBeH  WHTepeC — NpeAcTaBnsBar  aHanuTU4HUTE

MarMaT3bM.  PasnonoxeHWeTo  Ha  Haxoguwarta  ce NPOABIIKEHNA Ha NONETO B TOPHOTO MOMYNPOCTPAHCTBO Ha

KOHTpOnMpa oT obLa MarMo 1 pygoKOHTpOnMpalLa CTpykTypa n3bpaHu BMCOYMHM (M3UMCTISIBAHE HA pervoHanHata u

[ Cy6M8pV|,£|,V|0HanHa nocoka. I'IpOCTpaHCTBeHO OCTaTb4HaTa C'bCTaBﬂLLU/I) W BapuauuoHHWUTE aHoManuu,

MeHOMMPUTHUTE Haxoaula ce MPWUBLbP3BAT KbM aHAe3uT- M3YMCTIEHI C ONPEAEINIEHN PAANYCH (TTOKasHa KOMMOHEHTA).
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®ur. 1. Cxema Ha aHaNUTUYHOTO NPOALIKEHUE HA FPABUTALMOHHOTO Nofe B FOPHOTO MONYNPOCTPAHCTBO Ha BucounHa H=10 km u pasnonoxeHuero Ha
OCHOBHMTE PYAHU HaXx0AMLLa U PYAONPOSIBNEeHNs; BbB Bpe3ka ca NokasaHu pasnomuTe B paiioHa (Monos u gp., 2003)
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3aKOHOMEepPHOCTM B pa3npeaeneHneTo Ha
opyAABaHuATa BLPXY peroHanHara

KOMMOHEeHTa Ha rpaBUTaUMOHHOTO none
Pasnpenenexne Ha pervoHanHoTO rpaBUTALMOHHO none oT
AHaNUTUYHOTO NPOLBITKEHME B FOPHOTO MONYNPOCTPAHCTBO Ha
BucoumnHa 10 km ce npeacTaes Ha dur. 1. Cxemarta oTpassea
OCHOBHWTE €MEMEHTM Ha BCUYKI PEMVIOHAITHN MofeTa.

PasnpeneneHneTto Ha peruoHanHata KOMMOHEHTa Ha
rpaBMTALMOHHOTO Mofe KapTupa 3anagHaTta YacT Ha obLimpHa
HeraTMeHa aHomanus. Mawabute u Buaa Ha aHoManusTa 3a
uacneaBaHus gbnbounHeH uatepsan (nog 8-10 km) nokasear,
ye T ce obycnaBs OT MOHOMWTHA XOMOFEHHa MIbTHOCTHA
cpega, KoaTo ce uaeHTdmumpa ¢ 6aTonut ¢ JbnbokK KopeHu,
u3rpageH OT rpaHUTOMAMN C OTHOCUTENHO MOHWKEHA MITbTHOCT.
lMaHartopcku pyaeH paioH 3aema 3anagHaTa nepudepus Ha
oOlwwupHaTa HeraTMBHa aHOManmsl.

PyoHute  Haxoguwa W pyoonposiBNEHUs, KakTo W
WHTEH3WBHATa pPa3noOMHa TEKTOHMKa, Ce pasnonmarat Mo
rPagMeHTHUs toro3anafeH Mpexod Ha  rPaBUTALMOHHMS
MUHUMYM. VHTEpnonupaHo Mectata Ha OpyasBaHuATa M
WHTEH3WBHOTO MPOSIBMIEHWE HAa Pa3noMHaTa  TEKTOHMKA,
0hopMAT 30HA, OCTA Ha KOATO € Abra, pasnonoxeHa no
(bparMeHT OT pervoHanHWs rpaBuTaLMOHeH npexod. Tosa
[aBa OCHOBaHMe fa Ce CMATa, Ye BHeApPsBaHeTO Ha
OPHOKPEAHWS MarMaTus3bM Ce pa3BuMBa MO KOHTaKTa Ha
MOHOMMTHUSA rpaHuTOnaeH 6aTonuT, KbaeTo CbluecTByBaT
BrnaronpusTHX ycnoBus 3a opMUpaHe Ha MarmMonpoBOAALLM
kaHanm.

OmncaHo ¢ Tpaneu, MECTOMOMOXEHMETO Ha  pyado-
NpOSIBNIEHNSTA U NHTEH3WBHATA Pa3fioOMHa TEKTOHMKA € 30Ha C
opueHTaums bnuska 0o MepuauoHanHata (nog brbi OKOMo
160°), kosTO ce KomeHTMpa oT Llsetkos, Wocudos u
O6peteHos (LieTkoB 1 gp., 1978).

3aKOHOMEpHOCTH B pa3npeneneHneTo Ha
OpyafiBaHUATA BbPXY JIOKanHaTa KOMMOHEHTa

Ha rpaBUTalMOHHOTO none

PasnpeneneHneTo Ha MITbTHOCTHATE HEEOHOPOLHOCTU B
reoNOXKW paspes C akLeHTMpaHe BbpXY pasnuyHi 4bnboumHm
po okono 10 KM e U3cneABaHO Bb3 OCHOBA HAa: OCTaTbYHUTE
noneta OT  aHaNUTUYHO  MPOOBSIKEHME B TOPHOTO
nonynpocTpaHCcTBO Ha BuUcounHa oT 1 go 10 km cbe cTbnka 1
KM M apuUTMETUYHO ycpeaHsBaHe ¢ paauyc 3, 5, 10 u 15 km,
KaKTO 1 BapWUaLMOHHIUTE aHOManum, u34nucnenn ¢ paguyc 1, 3,
5 1 10 km 3a BCMYKM KapTW M30MWHUATE WMAT CMOXHA
MO3aeyHa KOHAMrypauusi. 3aKOHOMEPHO MpW NpeMuHaBaHe
KbM N0 Manku AbnboynHu eTainusauusta HapacTea.

AHanu3bT Ha OCTaTbYyHWTE MONieTa WM Ha BapuaLMOHHWUTE
aHoOManuu aaBa OCHOBaHWe a ce 0060co0sAT ABa AbIO0YUHHM
WHTEpBana CnpsiMo MPOSIBNEHMETO Ha OpyAsBaHMsTa — 3a
AbNOOYMHHUS MHTepBan A0 okono 8 km u 3a ObnboYNHHMS
WHTEpBan 40 okosno 3 km.

OCHOBHUMTE efTleMEHTU Ha BCUYKW MOneTa, KOWTO OTpasseat
BAIMSIHAETO Ha MITbTHOCTHUTE HEegHOPOAHOCTM A0 okoso 8 km
ca enHakeu. Posa-guarpamute Ha pasnpeneneHueTo Ha
U30NMHUATE OTpa3sBaT AOMUHMpaLLa nocoka FOU-C3.
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CbBMECTHMAT aHanmnW3 Ha CXxemuTe, MpyM OTYMTaHe Ha
PasKpUTUATA Ha OCHOBHUTE CKanHU KOMMMEKCH, KakToO U
(usmnko-neTporpadpckata  AucepeHUmaLns Ha  reosnoXKKus
paspe3 MokaseaT, Y& B AbNOOYMHHMS MHTEpPBaN A0 OKOMO 8
km OCHOBHO OTpaXeHWe Hamupa CrOXHOTO B3aWMOZENCTBME
Mexay pasnpefeneHMeTo Ha MEeTaMopHMS KOMMIEKC C
MOBWLLEHA NITbTHOCT U Naneo3onckATe rPaHNTOUAN W CkanuTe
OT  TOPHOKPBOHMS  BYMNKAHCKO-MHTPY3WBEH  KOMMMEKC C
OTHOCUTENHO MOHWkeHa nmbTHOCT (Radichev, Dimovski,
2004).

0b06LieH0 ¢ nosuTMBEH (hoH ce oTAens edekTbT OoT
rHailcute, a ¢ oTpuuateneH (hoH BMMSHWETO Ha
Naneo3oncK1TE rpaHNToNaN.

MMpu npemuHaBaHe KbM NO-AETaNrNeH aHanu3 ce KoHcTaTupa
po0po 30HMpaHe CMpsSIMO MECTOMOJIOXEHWNETO Ha OCHOBHWUTE
MacUBHO-CYNUOHN 1 MEAHO-NOPUPHU OpyAsBaHus (cur. 2).

30HM Ha NO3UTMBHM aHOManuK Ce NPMBBLP3BAT KbM MaCUBHO-
cyndmpHute Haxoguwa (Yenoneu, KpaceH, Enwwua), a 30Hu
Ha HeraTMBHM - KbM HeHO-NOpMpHM Haxoguwa (Enauute,
Megert, Acapen, Llap AceH). HambnHo npuemnuo e npw
reonoro-reodmanyHaTa MHTEpnpeTauus ga ce u3xoxga oT
CneaHnUTe NpeanocTaBky:
o Npu gudepeHumalmsTa Ha MarmaTa, OT KOSTO Ce oTAensT
XWOpOTEpManHW pasTBOpM, 3a YCMOBMSITA HA  MacWBHO-
cyndmpHuTe opyasBaHus npeobnapaBar gepuBatM C Mo-
BasnyeH cbcTaB (TOPHOKPEAHWUTE BYIKAHUTK Ce OTHACAT KbM
BasanT-aHgesuToBaTa hopmaLus);
o Npy MeaHoNopvpHUTE OpYAsBaHUS AOMUHMPAT AepuBaTH
C NO-KMCEN CbCTaB (NapamuiCKNTE HEOMHTPY3WM Ce OTHACAT
KbM MOHLIOHUT-rpaHUTOBaTa opmaums).

Tosa obcToATencTBo BraronpuaTcTBa 3a NPOSBNEHUETO Ha
[BaTta Tuna OpyAsBaHWS C pasnuyeH BWL aHoManuu B
pasrnexgaHus Mawab v gbnbounHeH WHTepsan. Bwbpxy
cxemata He HamupaT efHO3HauHW MpOsIBNIEHWE MaCWBHO-
CynugHoTO  pyaHo Haxoamwe Pagka M nopgupHOTO
HaxoauLe Braikos BpbX.

Mpu dopMupaHeTo Ha aHoManuuTe 3a BCAKO KOHKPETHO
PYAHO More ChLLECTBEHA € ponsiTa Ha Pa3foMHaTa TEKTOHMKa
W obxBaTa Ha BTOPUYHMTE MPOLECH, CbMPOBOXAALM
pymoobpasysaHeto.  Taka  Hanpumep,  Yenonekarta
rnosuTMBHa aHoManuss MHoro fAoGpe ce KOpenupa Cbe
3apbankaHckaTta pasfioMHa 30Ha.

CregBa pa ce otbenexu, Ye  NpOCTPAHCTBEHOTO
obeguHenme B obocobeHu TepuTOpUM Ha  [ABOVKWTE
NO3NTWBHA-HEraTUBHa aHOManwus 3a Haxoguwarta Yeronev -
Enauute e B cbimacve C M3KkasBaHWTE CTaHOBWLLA 3a
MarMeHo OrHuWe OT KOeTO Ce pasBuBa ABOMKA MACMBHO-
cyndugHo 1 MegHo-nopdupHo opyaseaHe — (Hedenquist,
Lowenstern, 1994).

HeenHO3HAYHOTO MpPOSIBNIEHME HA  MACUBHO-CYNMAHOTO
pyoHo Haxoguwe Pagka v nopupHOTO Haxoauiie Bnaikos
BpbX 3@ pasrnexpaHnTe ObnbOuYMHW CbLLO BEPOSITHO €
CBbP3aHO CbC 3HAUMTENHUS (HOHOB eeKT OT OTHOCUTENHO
BrmM3ko pa3nonoXeHUTE Haxogulia OT CbOTBETHATa ABOWKA,
HO C 06PaTHO NITbTHOCTHO Bb3AENCTBME.
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®ur 2. Cxema Ha BapuaUunoOHHUTE aHOMauu ¢ paauyc Ha ocpegHsaBaHe R=10 km u 30HUpaHe Ha pa3nonoxeHWeTo Ha OCHOBHUTE PYAHU HaxoauLua u
pyAaonposBrieHUA; BB Bpe3Ka € NoKa3aHa po3a-AnarpaMmarta Ha NPpoCTpaHCTBeHaTa OpueHTaLlusa Ha U30JIMHUUTE
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Bbpxy cxemuTe Ha NOKanHUTE MoneTa, KOMTO OTpasseat
AbnOOYMHHMS WHTepBanm [0 Okono 3 km  JOMMHMpaLLO
BNMsHWE OKa3Ba AndbepeHumMaumsTa no NiTbTHOCT Ha Cpeau C
OTHOCUTENHO MO-Mankyu Manku obemu u cnegoBaTesiHO ce

3aCUrBa BIWSIHMETO KAaKTO HA KOHLEHTpaUWsiTa Ha MO-TEXKM
PYAHW MUWHepanu B o6xBaTa Ha OTAENHUTE Haxoguwia, Taka
CbO W BIMSHMETO Ha  BTOPWUHUTE  XMUMEPIeHHU W
XMOPUTEPMANTHO-METACOMATIUYHN NPOLIECH.
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‘ MacuBHO-CynpuIHN HAXOAUIIIA

I'panuny Ha [TaHarropcku pyneH paiioH

30HH Ha ITO3UTUBHU AHOMAJINU, IPUBBP3aHU KbM MaCI/IBHOC}/J'I(bI/IIlHI/I HaxoaguIimna

30HHU HA HETaTUBHU, IPUBHP3aHU KbM HEIHO-TTOPGUPHUA HAXOIUIIA

®ur. 3. Cxema Ha aHaNUTUYHOTO npogbiikeHne Ha rpaBUTaLMOHHOTO Norsie B 4ONMHOTO NONYNPOCTPAHCTBO Ha abno6ounHa H=3 kmu pa3nonoxeHWeTo Ha

OCHOBHWUTE PyAHU Haxoaulia ¥ pyaonposBneHus

153



Kaptata Ha aHanMTUYHOTO MNpOObLIDKEHWE Ha TrpaBu-
TALUWOHHOTO MOMe B  [OMHOTO  MOMYMPOCTPaHCTBO  Ha
AabnbounHa 3 km ce wntoctpupa Ha ¢ur. 3. AHomanuuTe ca
3Ha4YMMO NnoKanunanpaHu.

Mpn petaineH aHanu3 ce KaHcTaTWpa MpUBbLP3BaHEe Ha
BCUYKM PYAHM HAXOAMLIA KbM MO3MTMBHM NOKaNHU aHOManuu.
B 1031 gbnN6OYMHEH MHTEpBAN AndbepeHLMpaHo ce nposiBsBaT
cpaBHuTENHO Aobpe n Haxoauwarta Paaka v Bnaitkos BpbX.

3aknoyeHue

AHanu3bT 1 MHTEpNpEeTaLMSTa Ha rPaBUTALMOHHOTO None 3a
lMaHartopcku pyaeH paioH faBa OCHOBaHWE [a Ce HanpassT
CNefHUTe OCHOBHU U3BOAM.

HabniogaBaHoTo rpaBWUTaLUMOHHO Mone 3a TepuTopusTa
Ha [laHariopckn  pygeH  paloH  MMa  CMOXHa
KOH(Mrypaums, KosTO OTpassiBa CWIHO M3pa3eHaTa
XeTEpOreHHOCT Ha reonoXK1s CTPOEX MO MITbTHOCT. 3a
OTHOCUTENHO pa3fensiHe Ha CbCTABHUTE KOMMOHEHTM Ha
nomneTo CrpsMO PasnofioXEHNETO Ha CMyTUTENNTE B
MPOCTPAHCTBOTO €  MPWNOXEeHa  MeToauka  Ha
W34MCrsiBaHe Ha nomeTata Ha pasnuyHu HUBa ChpsSIMO
3eMHaTa NoBbpXHOCT.

PernoHanHaTa KOMNOHEHTa Ha rpaBMTaLMOHHOTO none 3a
pbnbounHu nog 8-10 km egHO3HaYHO kapTupa 3anagHata
yacT Ha MHoro Aobpe odopmeHa OBLWIMpPHa HeraTWBHA
aHomanus. Mawabute v Buga Ha aHomanusTa 3a
n3cnenBaHus ObnboYNHEH WHTepBan Nokaseat, Ye TH ce
obycnass OT MOHONWTHA XOMOreHHa MITbTHOCTHA cpeaa,
KOSTO Ce wugeHTMduuMpa C rpaHuTougeH 6Gatonut ¢
pbnboku Kopenw. [laHariopcksn pydeH paiioH 3aema
3anagHata nepudepus Ha Tasn oblwwMpHa HeraTWBHA
aHomanus.

Pyouute Haxoguwia ¥ pydonposBIIEHWS, KaKTO U
WHTEH3MBHATa pPasfoMHa TEKTOHMKA Ce MPUBBP3BAT KbM
rpagveHTHUTe MPexoau Ha rPaBUTALMOHHUSA MUHUMYM.
ToBa JaBa OCHOBaHWe [a Ce CMsATa, Ye MO KOHTaKTa Ha
NNbTHUTE TrpaHUTOMAAM C BMecCTBalluTe CKanu ce
0()opMs  30Ha CbC CPaBHUTENHO Mo-rofiiMa  npo-
HML@EMOCT W MO KaHanu B Ta3u 30Ha Ce W3BbPLLBA
MPOHMKBAHETO Ha Marma, C nocnessana peanusaums Ha
XugpoTepmanHu pygoobpasoBaTenHn npoleck Ha ro-
BWUCOKW HKBa.

B obnbounHHMs wuHTepBan go 5-8 km Ha oHa Ha
NosuTMBHUS eeKT OT MeTaMopdHUS KOMMIEKC C
OTHOCUTENHO MOBMULLEHA MIBTHOCT M HEraTUBHUS (POH OT
Maneo3onckATe rPaHUTOMAN C OTHOCUTENTHO MOHWXEHa
NITBTHOCT Ce KOHCTaTMpa [o0pe u3paseHa 3aKkoHOMEp-
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HOCT B MPOSIBNEHNETO Ha PyHUTE MOMEeTa, KbM KOWUTO Ce
MpUBBLP3BaT PYOHM Haxogwwia OT onpegeneH Tum. 30Hu
Ha MO3NTWBHW aAHOMamMW KapTupaT MacvBHO-Cyndwna-
HATE, a 30HW Ha HeraTWBHW aHOManuu MeaHo-
nopdupHnte. ToBa AaBa OCHOBaHWE da Ce Hamnpasu
u3soga 3a [pgobpo obocobsieaHe Ha  MITbTHOCTHM
CMyTUTENM B [ObNOOYMHHMS WHTepBan 5-7 km: npu
pgudepeHUMaumaTa Ha Marmata 3a ycroBusiTa Ha
MacuBHO-CyNuaHUTe  opyassaHus  npeobnapasar
JepuBaTtu ¢ no-6asnueH cueras (6asantu, Tpaxobasanty
[0 aHAe3UTW; Npu  MenHO-NOpUPHUTE  OpyAsBaHUS
JOMUHMpaT [epuBaTM C MO-KUCEN CbCTaB M KBapL-
AVOPUTM [0 FpaHuTy.

Bbpxy cxemata Ha aHanUTU4HOTO NPOABIKEHUE Ha
rPaBUTaLMOHHOTO MoNe B [OMHOTO NOMYNpOCTPaHCTBO,
KOETO 0TpassiBa MITbTHOCTHUTE HEEAHOPOAHOCTU A0
OKOMo 3 KM aHoManuuTe Ca  3HauuTenHo  mo-
nokanusupaHu. ToBa OTpassiBa CMOXHMS  NCEBLO-
MITbTHOCTEH CTPOEX, BbPXY KONTO CbLUECTBEHO BMMUSHUE
OKa3BaT BTOPUYHUTE NPOLECU W MPUNOBBPXHOCTHATA
pa3nomMHa Mpexa. He3aBuCMMO OT CrioxHaTa KapTuHa,
LETainHUAT aHanu3 nokasea, Ye PyAHWUTE Haxoguwa ce
pasnonarat B 06xBata Ha MO3UTUBHM aHOMaNUM WU Ha
rpafyeHTHU NPexXoay.
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KOMBUHUPAHO XUMWUYHO N BUONOIrNYHO NPEPABOTBAHE HA
3NATOCBHABPXALL CYNOUAEH KOHLIEHTPAT

Upera Cnacosa, CmosiH pydee
Munro-2eonoxku yHusepcumem “Cs. MeaH Puncku” 1700 Cogpus; spasova@mgu.bg

PE3IOME. 3natochabpxall cynduaeH KOHLeHTpaT be OK1CrneH nocpeacTBoM CMeceHa KynTypa Ha auupounHi XeMonuToTopotHn 6aktepum,
3a Aia paskpuAT 3naToTo 1 cpebpoTo, konTo 6sixa chrHO BNpbCHaTH B CyndmaHaTa matpuua. OKMCNEHUST KOHLEHTPAT 6e 13nyxeH cnep ToBa Ypes
pa3TBOPH, ChAbPKALLM aMUHOKUCENMHM OT MUKPOOEH NpoW3Xod M TMocyndar kato 3nato-komnnekcupaluym areHtn. Hag 90% ot 3natoTo u Hag
70% oT cpebpoTo Bsixa N3BNEYEHN OT OKUCIIEHUS KOHLIEHTPAT, Npu KOMTO CTEMEHTa Ha okucneHue Ha cynduaute 6e okono 50%. PastBopeHnTe
6naropogHu Metanu Bsixa yTaeHu OT NPOAYKLWMOHHUTE Pa3TBOPY CrEeA U3NYrBaHETO NOCPEACTBOM LIMMEHTALMS C eneMeHTapeH LMHK (Zn°).

A COMBINED CHEMICAL AND BIOLOGICAL PROCESSING OF GOLD-BEARING SULPHIDE CONCENTRATE
Spasova Irena, Groudev Stoyan
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; spasova@mgu.bg

ABSTRACT. A gold-bearing sulphide concentrate was oxidized by means of a mixed culture of acidophilic chemolithotrophic bacteria to liberate the
gold and silver finely disseminated within the sulphide matrix. The pretreated concentrate was then leached by means of solutions containing amino
acids of microbial origin and thiosulphate as gold-complexing agents. Over 90% of the gold and over 70% of the silver were extracted from a
pretreated concentrate in which the degree of sulphide oxidation was as high as about 50%. The dissolved precious metals were precipitated from
the pregnant solutions after leaching by means of cementation with metallic zinc.

BuBepeHue YCTaHOBEHO € OlUE, Y€ M3MON3BAHETO Ha HSKOW MUKPOBHU
baktepuanHoTO OKkucneHMe e edukaceH MeToh 3a DenTbYHM  XupponMsaTM  kato  USTOWHMUM  Ha  3nato-
paskpuBaHe Ha 3natoto, (DMHO BMPBLCHATO B CyNMAHN KOMMeKcMpaLLy aMMHOKUCENMHN € MHOro yaauHo (Groudev et
MMHepanu, KaTo Mo TO3W HauMH TO Ce MpaBi OCTLMHO 3a al., 1996; Spasova, Groudev, 2003). B Tasu cratus ca
nanyreaHe ¢ nogxogawm pearentn (Van Aswegen et al., 1991, nokasax fiaHH OT u3cneasaHe BbPXY ABYCTaANeH npolec,
Brierley, 1995). To3n meTog uma peauua npenmyLiecTsa npes BKMOYBaLl, NpegBapuTenHo  6aktepuanHo OkuCneHne Ha
anTepHaTWBHUTE MPOLECU 3a NpeaBapUTENHO OKUCIUTENHO 3natoch/bpKall  CyndUAeH KOHLEHTpAT ¥ crefjsallo
Bb3AENCTBME, KAaTO MbpXeHe, W3MnyrBaHe Nog HansraHe B n3nyrsaHe Ha OKUCNEHWs TBBDA OCTATbK 4PE3 pasTBopw,
aBTOKNaBu n uarnyrsaHe ype3  as3oTHa KUCEenuHa. CbAbpXKalliM ropenocoyYeHnTe 3n1aTo-KoMnnekcupatl areHTu.

bakTepnanHoToO OKUCNEHMe MOXe [a Ce MPUNoXK BbpXY
KOHLIEHTpaTW B peakTopu ¢ pa3bbpKkBaHe W aepupaHe, Kakto 1 Martepuanu n metoau

BbPXY PYaM B CreLMarnHo KOHCTpyupaHu xangu. Mpomuinexu [aHHM OTHOCHO XWMMYHMSA CbCTaB Ha 3NaTOChAbpKaLns
onepauuu OT Te3W [Ba TUMa Ca OCbLLECTBEHU B peauua (brOTaLMOHEH KOHLEHTPAT ca mnocodeHn B Tabnuua 1.
ctpaHu (Brierley, 2007). B Tean onepauuu u3nyrsaHeTo Ha MupuTbT 6€ rMaBHWAT pyoeH MWHepan B KOHUeHTpaTa u 6e
3naToTo U NpefBapuTENiHO OKUCIIEHUTE MUHEPANHW CYPOBUHN €LMHCTBEHMAT 3MaTo-CbabpXal, cyndug. [aneHuTsT 66
Ce OCbLUECTBABA 4pe3 LWaHuMpaHe, KOETO MOHACTOSALLEM [MaBHWS MWHEparn, CAbpxaly cpebpo B KOHLeHTpaTa, kato
NpPeacTaBnsBa  Hal-WWPOKO — W3MON3BaHWAT — MeToq  3a OCTaHanaTa 4acT OT cpebpoTo Ce Cbabpkalle B mupuTa.
W3BMMYAHEe Ha 3MaTo (PUHO BMPBLCHATO B OKUCHU pPyaM. [laHHM oTHOCHO (ha3oBMs CbCTaB Ha BnaropogHUTe MeTanu ca
LinaHuoute obaye ca CUMHO TOKCUYHU W MOraT Aa MpUYMHAT nocoveHu B Tabnuua 2.
CbLLECTBEHN ekonornyHn npobnemn. OcBeH ToBa, UMaHUanTe
Ca CKbMW peareHTW, KOETO B HAKOM Chyyau npasu TAXHOTO Pa3mepbT Ha YacTuunTe Ha koHueHTpata 6e nog 0.08 mm,
W13non3BaHe MKOHOMUYECKN HEM3TOLHO. kato GraropogHuTe MeTaru Ce CbAbpkaxa rfaBHO B Mo-
cuHuTe YacTuum, ¢ pasmepn nog 0.037 mm. KoHueHTpaTsT be
YCTaHOBEHO €, Ye 3NaToTo Ce U3BNUYa e(IUKacHO OT OKWUCHM NnpoOMAT C aueToH 3@  OTCTpPaHsiBaHe  OCTaTbYHUTE
pyou M MOCPeAcTBOM  cnabo  ankarHW  pasTBopw, KOHLIEHTpaLWK Ha (rioTALMOHHW peareHTu, KoWTo moraT Aa
CbCbObpXKalKM THOCYNdAaT M aMUHOKUCENMHW KaTo 3naTo- MOATMCHAT CUIHO BakTepuanHaTa akTUBHOCT.

komnnekcupawy areHtn  (Groudev, Groudeva, 1993).
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Tabnmua 1
XumuyeH cbcmas Ha KOHUEHmpama, U3NOi3eaH 6 moea
u3cnedgare

KomnoHeHT Cvaobpxatue, %
Obwa cspa 4.84
CyndmpaHa capa 3.99
Kensso 6.20
Men 143
LinHK 0.12
Onoso 5.90
3nato 14.21 g/Mg
Cpebpo 893.23 g/Mg

Tabnumua 2

®a308 cocmag Ha 61a20podHUMe Memanu 8 KOHUeHmpama

3nato Cpebpo
dasn B % OT 06LLOTO ChbabPXaHNe
Ha CbOTBETHUS MeTan

CsobogeH meTtan 11.3 -
Metan  kancynupaH B
KENE3HU OKMCK (13BNEKAEM 35.2 37.0
ypes LuaHupaHe)
Metan mHO BrpbCHAT B 50.3 59.4
cyndpmam
Metan mHO BrpbCHAT B 3.2 3.6
cUnInKaTm
0B6wo cbabpxKaHue 100.0 100.0
MpensapuTenHOTO BakTepumanHo oKucneHne Ha

KOHLEeHTpaTa Be NpOBEAEHO KaKTO MpW MEPUOANYHO, Taka 1
Mpy HEMpeKbCHaTO KynTueMpaHe. [leprognyHOTO OKMUCreHne
Be npoBedeHO B CTbKMNEHM LMAMHOPUYHM PeakTopu ¢
oTOOAHMUKM, ¢ paboTeH obem no 2 |, ¢ pa3bbpkBaHe W
aepupaHe C Bb3OyX C MOBMWIEHO CbabpkaHue Ha COq.
PaspegeH BogeH pas3tBop Ha csapHa kucermHa (¢ pH 1.7),
cbabpxaly (NH4)2S0s n KH2POs B KOHUEHTpaLWUK COTBETHO
0.25 n 0.10 g/l, e mu3non3saH KaTo M3nyrsaly pasTBOP M
XpaHuTenHa cpega 3a Oaktepumte. Tosu pastBop 6e
WHOKyNMpaH CbC CMECEHa KynTypa Ha  auupodunHu
XeMONUTOTPOHM OBakTepum B norapuTMuyHata asa Ha
pactex. Kyntypata cbobpkalle MesounHATE BMAOBE
Acidithiobacillus ferrooxidans, As. thiooxidans v Leptospirillum
ferrooxidans w ©e npegBapuTENHO afanTMpaHa  KbM
KOHLEHTpaTa MOCPEACTBOM NOCNeoBaTeNHu nacaxu B
CYCMeH3UW ¢ HapacTBalya MIbTHOCT Ha nynna. OkucneHueTo
6e npoBeaeHo Npu NITbTHOCTM Ha nynna ot 15-40%, ckopocTy
Ha pa3bbpkeaHe o1 180 go 320 o6/min , npu 35°C, 3a nepuoau
C NPOOBIMKUTENHOCT 80 14 OHW.

HenpekbcHaToTO OKMCneHWe Ge MpoBeAEHO B MHCTanauus,
CbCbTOSILLA Ce OT MET NOCrefoBaTenHO CBbP3aHM peakTopu
OT ropenocoyeHus Twn. KoHueHTpaT W um3nyreaiy pasTBop
MOCTbMBaxa B KEMaHOTO CLOTHOLIEHWE B MbpBUS PeakTop,
KOWTO npenvBale B credsawus u T.H. Pa3pegeH BogeH
pasTBOp Ha cspHa kucennHa (¢ pH 1.7), cbobpxalla
ropenocoYeHuTe XpaHuTenHu Belwectsa u 108 bakrepuu/ml 6e
W3Non3BaH KaTo W3nyreal, pasTeop. TemnepaTtypaTta npu
kynTuBupaHeto 6e 35°C. TpeTupaHaTa MUHEparHa CycreHsus
ce cbOupalwe exemoHeBHO crnef MpemMuHaBaHe —npes
nocneaHus peaktop. lMPoAYKLMOHHUTE Pa3TBOPW M TBBPAUTE
OCTaTbLM CNed OKUCNIEHNETO ce pa3fensixa Ype3 unTpysaHe
npe3 OMpederneHn WHTEpBanu M ce aHanuaupaxa, 3a fa ce
OMpefenu HacTbMBaHeTO Ha CTAabWMHO CbCTOSHWE Ha

156

cuctemata. Pa3sutneto Ha GakTepuanHOTO OKMCreHWe ce
KOHTpOMMpaLLe Ypes aHann3 Ha pa3TBopa 3a CbAbPXaHWE Ha
tepo n epu MoHu, cyndpati, pH, Eh u uucneHocT Ha
KENA300KUCNABALLMTE XEMONUTOTPOCHN BakTepuu.

Tebpaute octatbuu cnen GakTepuanHOTO OKUCTEHWE ce
npomuBaxa C BOAa, HeyTpanuaupaxa Ce C aMOHsSK M ce
M3nyreaxa C pasnuyHM PasBopu 3a pasTBapsiHe Ha 3naToTo U
cpebpoto. CbCTaBuTe Ha TE3W PasTBOPU Ca MOCOYEHM MO-
pony:

Pastop Ne 1: mMukpobeH 6entbueH xuaponuaat — ot 1.0 go
10.0 g/l, XxummyeH okucrUTeNn Ha 3naToTo U CpPebpoTo
(KMnOz2, NaNO2 mnu H202) — ot 1.0 go 20.0 g/, pH o1 9 -
11 (c NaOH);

Pasteop Ne 2: mukpobeH 6entbueH xugponuaat — ot 1.0 go
10.0 g/l, pH ot 9 - 11 (c NaOH);

Pastop Ne 3: mMukpobeH GentbueH xuaponuaat — ot 1.0 go
10.0 gfl, TmocyndpatHu KoHM (mobaBeHM Ype3 amOHMEB
tnocyncpat) — ot 10 go 50 g/, Cu?* (gobaBeHu uype3s
CuS045H20) - o1 0.25 go 2.0 g/l, cyncbathu ioHn — ot 1.0
00 5.0 g/, pH ot 9 — 11 (4pe3 aMoHsK);

PastBop Ne 4: c ropenocoyeHust cbcTas, HO 6e3 MMKkpobeH
BenTbyeH xugponusar;

Pa3tBop Ne 5: NaCN — o1 2.0 go 10.0 g/l, pH o1 9 - 11 (NaOH).

BenTbyHuaT xugponusat npeacraengasaille cmec Ot
BenTbYHH xnagponusatu, nony4eHn ot oTnagbyHa Buomaca ot
TN pasnnyHn BhOa MWKpPOOpPraHn3mu. Otgennute
Xngponmnsat CbAbpXxaxa pasnnyHK 3naTo-KoMnnekcupaiim
aMUHOKUCENWHM 1 6sixa CMEeceHu B noaxogdawn CbOTHOLIEHKA.

W3nyreaHeTo Ha GnaropogHWTE MeTanM MoCpecTBOM
rOpenocoYeHnTe M3nyreally pasTeopu Oe npoBedeHo B
peaktopu ¢ no 2 | paboteH obem, pasnuyHa MABLTHOCT Ha
nynna — ot 15 po 40%, temnepatypa — o1 20 go 50°C u
ckopocT Ha pasbbpkeaHe — o1 200 go 600 obopota/min.
MpoaykuMoHHUTe  pasTBOPWU  cried  W3nyreaHeTo  Gsixa
nNpepaboTBaHK Ypes LMMEHTALMS C eNeMEHTapPEH LUMHK (Zn°),
NpOBEX[aHa B LMMEHTATOP C NOABWXKHO NETO.

OnpepensHeTo  Ha  pasTBOpEHUTE  MeTanm  Npw
npeaBapuUTEnHOTO BakTepuUanHo OKUCIIEHWE Ha KOHLIEHTpaTa 1
Mpy M3MnyreaHeTo Ha OnaropogHWTe MeTamu OT OKWCTEHUS
KOHUEHTpaT ©0e W3BbpEHO Ype3 CMEKTPOMETPUS  Ha
WHAYUMpaHO CBbp3aHa MrnasMa M aTtoMHO ancopbumoHHa
cnexktpomeTpusi. OnpeensHeTo Ha ChbPKaHUETO Ha 3naTo u
cpebpo B TBbpAMUTE NPobK G M3BBPLIEHO Ype3 KynenyBaHe.
KoHLEHTpauumMTe Ha amuHOKMCENMHW Osixa onpegenexu
MOCPELCTBOM aMWHO aHanuaatop. TuocyndaTHuTe OHM ce
onpegensixa THTPUMETPUYHO C AoA.

W3onupaHeTo, BUOOBOTO OmpedensHe W KONMYECTBEHOTO
OTYNTaHe Ha MuWKpoopraHusmute Oe npoBedeHO u4pes3
MeToauTe, onucaHu B nocodeHata nutepatypa (Karavaiko et
al., 1988; Mpynes, 1990).

Pesyntatu u o6cbxpaaHe

W3BnuyaHeto Ha 6naropogHu MeTanu OT M3XOOHWS, He
MOAMOXEH Ha OKMCINEHNE KOHLIEHTPpaT He Be ednkacHo nopaau
(vHaTa BNPbCHATOCT Ha roneMM YacTu OT Te3W MeTanu B
cyndugHUTe  MUHepanu Ha  KoHUeHTpata (Tabn. 2).



[lobaBAHETO Ha XWUMWYHM OKMCTIMTENM KbM  MMKPOOHMS
BenTbyeH xuaponusat, AeCTBaLL KaTo KOMMAEKCUpaLL areHT
3a TeaM MeTanu, MOBWWM 3HAYUTENHO CTEMeHTa Ha
usBnmyaHeTo UM (Tabnuua 3). OnTUManHUTE KOHLEHTpaLmm
Ha Tean okucnutenu bsxa B rpaHuumTe ot okono 5 — 10 gll.
Tean koHUeHTpauun Osixa [ocCTaTbyHM [a Ce noaabpxa
CpaBHUTENHO BUCOK pepokc noTeHuman (Eh) Ha nanyrsawure
pasteopi (Hag 400 mV) 3a CpaBHWTENHO KpaTbK nepuop
(okono 50-60 h). B onutn ¢ no-ronsiMa NpPOABLMKUTENHOCT
(Hap 60 yaca) 6e HeobxoaUMO KOMMYECTBOTO HA CbOTBETHMS
okucnuTen ga 6vae fobaBsaHO KbM W3NyrBalms pasTBop He
€[JHOKPaTHO B HAYaroToO Ha EeKCMepUMEHTa, a Ha mopuuu no
BpeMe Ha npoTMYaHeTo My. To3n HaunH Ha [JobassiHe
no3BoNsBalle NOALbPKAHETO HA CPaBHUTENHO MOCTOSIHEH
Pedokc MoTeHUMan Ha cucTemata W CHUXaBaHe B M3BECTHA
CTeneH pasxoguTe Ha okucnutenute. Bwbnpeku TOBa,
pa3sxoauTe Ha Te3u peareHTW Mo Bpeme Ha u3nyreaHeTo Osixa
MHOTO BWCOKM (B rpanuumute otT okomo 0.4-0.75 g/g
KOHLEHTpaT), KOETO npaBelle TakoBa npepaboTBaHe
WKOHOMMYECKM HenpuemnuBo. Tean ronemu pasxogu ce
AbIKaxa Ha B3aMMOAENCTBMETO HA W3MOM3BaHUTE XMMMUYHM
OKWCTIUTENM HE CaMo C BraropogHuTe MeTamW, HO W CbC
CyndumamnTe B KOHLEHTPATa ¥ aMUHOKUCENUHUTE, ChabPXalLy
Cce B MMKpOOHMS 6enTbYeH Xugponmaar.

Tabnumua 3
WsnyegaHe Ha 3mamo u cpebpo om  KOHUeHmpama
nocpedcmeoM pasnuyHuU U3yeealyu pasmeopu

W3xopeH Mpeggaputen-
ManyreaLy pa3Teop KOHL|eHTpaT HO OKWCIEeH
KOHLieHTpaT
W3ennyaHe Ha meTanu, %
Au | Ag | Au | Ag
No1
C MukpobeH 6enTbYeH XMaponM3aT + XMMUYEH OKUCIIMTEN
KMnO4 424 | 314 | 901 | 734
NaNO: 350 | 271 | 842 | 686
H20, 314 | 240 | 83.7 | 639
Ne2 camo ¢ MukpobeH
OenTbyeH xmaponuaat 12.2 8.2 18.1 12.5
Ne3 ¢ MukpobeH
GenTbyeH xugponusat
+ Tnocyndar 471 1 370 | 918 | 770
Ne4 knacuyecko
u3nyreaHe ¢ Tuocyndar
459 | 341 | 901 | 74.3
Ne5 ¢ NaCN 470 | 372 | 914 | 752

[podwmkumenHocm Ha usnyeeaHemo 7 OHu; nped8apumesnHo
OKUCIIeHUS! KOHUeHmpam cedbpxawe 2.2% cynchudHa capa

WanyreaHeTo nocpecTBOM Tuocyndat (M3nyreall pasTteop
Ne4) 6e no-ecorkacHo OT TOBa NOCPEACTBOM FOPEMNOCOYEHUTE
cuctemn (Tabn. 3). [lobaBsHeTo Ha 6enTbyeH xwuapommaar
KbM CUCTEMATa 3a KIacuYecko W3nyrBaHe C Tuocyndar
MOBWLLM NTEKO W3BIMMYEHETO HA 3naToTo W CPebpoTO, MOHMKM
pasxoja Ha TuocyndaT M noBuwWM CTabUMHOCTTa Ha
pasTBOPUMUTE KOMMNEKCW Ha CromMeHaTuTe  GnaropopHu
MeTanu. PesynTatute MOnyyeHW MO TO3W HAuMH, T.e.
nocpeacTeoM m3nyrealwy, pasteop Ne3, 6sxa npakTUyecku
CbLUWTE KaTo Te3u, MOMYYEHN Ype3 LiMaHMpaHe.

MpeaBapuUTenHoTo  GakTepuanHo  OKUCINEHME Ha  KOH-
LeHTpaTa be ehukacHo, KakTo Mpu NEPUOANYHO, Taka U Mpu
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HEeNpeKbCHaTO  KynTuBMpaHe. Han-BMCOKMTE CKOPOCTM Ha
OKWCTieHWe Ha cynduauTe Bsxa MomyyeHu Mpu MITbTHOCT Ha
nynna okono  20%. [lepuogWyHOTO  OKWUCTIEHWE  Cce
XapakTepuaupalle ¢ nar gasa ¢ NpogbMKUTENHOCT okono 18—
20 h. MakcumanHaTa CKOPOCT Ha pasTBapsiHe Ha Xensi3oTo
MpM OKUCMEHMETO Ha 3MaTOChAbPXKALLMS NUPUT B KOHLEHTpaTa
6e 91 mg/l.h, nocturHata npu nocoveHaTa ONTUMAnHa
NITTHOCT Ha nynna. 1o To3u HauwH, okono 45-50% ot nupuTa
Bsixa pa3TBopeHy 3a 75-80 h. YcTaHoBM ce, Ye TakaBa CTeneH
Ha OKuCneHue Ha nuputa Be JocTaTbyHa fa paskpue noyTu
LIANOTO KOMMYECTBO Ha 3naToTo, KancynupaHo B cynduaHata
MaTpuya W ga MOBWWM KPaHOTO My W3BIMYaHe npu
nocneneanoTo uanyreaHe ao crtonHoctn Hag 90% (Tabn. 3).
ToBa BeposITHO Ce Abnxelwe Ha (hakta, 4e B MNOBEYETO
obpasuy NMpuMT 3naTTo € NoKanU3upaHo rmaBHo B AetheKTHUTE
MecTa Ha cyndmaHaTa KpucTanHa pelleTka, a Te3u Mecra ce
atakyBaT Han-Hanpeg oT xemonuToTpodHuTe BakTepum (Lazer
etal., 1986).

MakcumanHata CKOPOCT Ha pasTBapsiHe Ha enssaro,
nocTUrHaTa npu HeNpeKLCHATOTO KynTuBMpaHe, Be no-Bucoka
(107 mg/l.h), nopagn no-gobpoTo pa3dbpkeaHe M aepauus Ha
MWHepanHaTa cycneHsus. [pu  ycnoBusi Ha  cTabunHo
CbCTOSHUE B CUCTEMATA, KOHTAKTHOTO BPEMe 3a NOCTUraHe Ha
cblyaTa CTeneH Ha okucrneHne Ha nuputa 6e okono 46-50 h.
Camo cnepy ot 3naTo 1 cpebpo ce pasTapsixa no Bpeme Ha
ropenocoYeHOTO NpeaBapuTenHo BakTepuanHo ok1crneHne Ha
KOHLieHTpaTa.

M3BnnyaHeTo Ha GnaropogHuTe MeTanu OT NpeaBapuTENIHO
OKWCMEHWS KOHLEHTPaT 6 MHOro No-eIMKacHo B CPaBHEHNE C
TOBa OT OPWUMMHArHWA KOHLEHTPAT, He MOAMNOXeH Ha Takosa
oKucneHue. M3BnnyaHeTo 3aBucelle OT  CTEMeHTa Ha
NpeLBapuUTeNHOTO  OKWCTIEHWe, HO MpaBOnpOnopLMOHanHa
3aBMCUMOCT MeXzy Teau napameTpu He 6e otbensizaHa (Tabn.
4).

Tabnumua 4

BnusiHue Ha cmeneHma Ha npedgapumeiHomo 6akmepuanHo
OKUCTIEHUE Ha KOHUEeHmpama 6bpXxy U3enudaHemo Ha 31amo
U cpebpo npu nocrnedosamenHomo U3y2eaHe

Manyrealiy pa3Teopu
CoobpxaHue | CreneH Ha Ne1 Ne3
Ha OKUCIEHNETO | MuKpobeH MUKPOGEH
cynpuaHa Ha OenTbyeH OenTbyeH
capa, % cyndmauTe, | XMOponu3aT | xuoponuaar

% + KMnOq4 THocyndgat

M3ennyaHe Ha meTanu, %

Au | Ag | Au | Ag
3.99 0 29.2 | 125 | 334 | 16.7
3.25 18.55 50.5 | 40.1 | 56.7 | 49.1
2.93 26.57 64.8 | 57.0 | 70.7 | 641
2.21 44.61 90.1 734|918 | 77.0
1.98 50.38 918 | 774 | 92.0 | 70.0
1.44 63.91 923 | 781|925 | 795
1.04 73.94 925|783 ] 925|799

MpodwxumenHocm Ha usnyeeaHemo 48 h

CkopocTuTe Ha pasTBapsiHe Ha 3natoto W cpeGpoto,
MonyyeHn NOCPEACTBOM W3Nyrealy pasTeop, ChAbpXally
THocyndat u GenTbyYeH XMAPONM3AT KaTO KOMMMeKcupaLm
areHTn 3a Tean metanu, 6axa No-BUCOKM OT TeaW, MonyyeHu
ypes LUuaHMpaHe, Makap Ye CTENeHuTe Ha  KpalHoTO



W3BNWYaHe Ha Te3n MeTanM Ypes aBata MeTtoga bsixa cxogHu
(gur. 1). OnTUManHuTE KOHLEHTPaUMM Ha Tuocyndat u
fentbyeH xuaponusat B M3NyrBawus pasTteop  Osixa
cwoteTHO 10-15 1 3-5 g/l. OntumanHoTo pH 6e okono 9.5-
10.0, a TemnepatypHuaT koeduumeHT Qo B 0bnactta ot 15—
450°C 6e okono 1.7.

CreneHTa Ha w3BmMyaHe Ha 6GnaropogHuTe MeTamu OT
NPOAYKLUMOHHUTE Pa3TBOPK YPE3 LIMMEHTALMS C enemMeHTapeH
LMHK (Zn°) 6e no-Bucoka o1 95%. Pa3xoaute Ha peareHTu npu
M3NyrBaHeTo 1 LMMeHTauusTa Bb3num3axa Ha 14.5 kg amoHues
Tnocyndar, 1.2 kg 6entbueH xugponusat v 0.15 kg UnHK Ha
TOH KOHLIEHTpAT.
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®ur. 1. U3nyreaHe Ha GnaropogHu MeTanu OT NpeABapUTENHO OKMCIEH
(hnoTaLmMoHeH KOHLeHTpaT:

- 6enTbyeH xmpponusar + Tuocyndar: (1) anato (3) cpebpo;

- uuaHupane: (2) 3naro (4) cpebpo

MpogyKTbT MOMyyeH upe3 UuMeHTauusTa, 6e CcMeceH
3naTHO-cpebepbH KOHLEHTPAT, ChAbPXKaLY Ole U Mef U LWHK
KaTo LieHHW KOMMOHEHTU. M3nyreaHeTo Ha KOHLEHTpaTa ypes3
capHa kucenuHa npu 75-80°C B NpUCHCTBME HA KUCMOPOA
BOAELLE [0 CENEeKTUBHOTO pa3TBapsHE Ha MEATa M LHKa.
Te3n UBeTHM mMeTanu MmoraT cpef ToBa fa 6baaT nssneveHu
OT NMPOAYKLMOHHIUS pa3TBOp Ype3 pasnnyHu METOAM.

CbabpkaHusTa Ha 3naTo 1 cpebpo B TBbPAUS OCTaTbK CNej
OTCTpaHsIBaHETO Ha LBETHUTE MeTanu 6sxa MO-BUCOKM
cbotBeTHO 0T 1 kg/Mg n 10 kg/Mg. To3m kpaeH KOHUeHTpar
Moxe pa 6bge npepaboTeH 4pe3  KOHBEHLWOHanHaTa
npoleaypa 3a nonyyaBaHe Ha YMCTL 3naTo 1 cpebpo.
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bnazodapHocm. YacT oT TOBa M3cnegBaHe Oe MoakpeneHo
(puHaHCOBO OT HaumHanHusg oHg "HayuHu uscrnegsaHus”
uypes npoekta CENBIOHEALTH.
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ECTECTBEHA 3ALLMTEHOCT OT MOBBPXHOCTHU 3AMBPCUTEINU HA
MANEOrEHCKUA KAPCTOB BOLJOHOCEH XOPU30HT B PAVOHA HA I'P. YAPTAH,
YYACTDBK “BANATA BOOA”. YACT 1. XMUAPOAUHAMUYHU N MUTPALIMOHHU
ycnosua 3A ABUWXEHUE HA 3SAMbPCUTENUTE

Hukonati T. CmosiHoe
MunHo-2eonoxku yHusepcumem “Cg. Uear Puncku”, 1700 Cogpusi; nts@mgu.bg

PE3KOME. [ManeoreHckusaT kapcToB BOAOHOCEH XOPW3OHT Ha tor OT YvpnaH e npunpunokpuUT OT KBaTEPHEPHW U HEOTEHCKU CeaMMEHTU (TMWHM,
NECHYNMBY TIMHK, NMACHLUM W Yakbnu). B nokpuBalLms TepLMepeH KOMMNEKC Ce OTAENAT HSKOMKO XWAPOTeOoNoXKA eAUHWLM C PasfuyeH paHr u
CMOXHM NPOCTPAHCTBEHWUTE rPaHWLM. XUOPOLMHAMUYHUTE M MUrPALMOHHUTE YCMOBWS 33 ABWXKEHWE Ha 3aMbpCUTEen B Te3W MaTepuanu ca
OnpefeneHn Bb3 OCHOBA Ha Cepusi OT MoneBn UNTPALMOHHM TECTOBE 1 NabopaToOpHM MHAMKATOPHW ONUTU B KOMOHW. [laHHWTE OT onuTuTe ca
WHTEPNpEeTUpaHu ¢ paspaboTeHnTe OT aBTopa kKoMnioTbpHM Nporpamn EXPRESS u LTT1DPI.

NATURAL PROTECTION FROM SURFACE POLLUTANTS TO THE PALEOGENE KARST AQUIFER IN THE REGION OF
CHIRPAN, AREA “BIALATA VODA”. PART 1. HYDRODYNAMIC AND MIGRATION CONDITIONS FOR MOVEMENT OF
POLLUTANTS

Nikolay T. Stoyanov

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

ABSTRACT. The Paleogene karst aquifer to the south of Chirpan is covered by Quaternary and Neogene sediments (clays, sandy clays, sands,
and gravel). Several hydrogeological units having different ranks and complex spreading boundaries are well-distinguished in the covering Tertiery
complex. The hydrodynamic and migration conditions for movement of pollutants in these materials are estimated on the base of series of field
filtration tests and laboratory indicators experiments in columns. The interpretation of test results is performed applying the developed by the author
computer programs EXPRESS u LTT1DPI.

BbBeaeHue CO3, obave, € BLIMOKHO EMHCTBEHO MPWU YCMOBME, ue

3a u3sACHsABaHe Ha XMOPOreonoXKATe YCrOBKS U 33 OLEHKa BOJOHOCHMAT ~ XOPU3OHT, B KOWTO ~ ca  W3rpapeHi
Ha pecypcuTe Ha NOA3EMHUTE BOAM B palioHa Ha tor oT BOOAOOMBHUTE  CbOPBXEHMS, MpeacTasnssa  3aluTeH
UnpnaH B yuacTbk “Bsnara Boaa’ no pasnuyHO BPeme u Ot noasemeH BoaeH obekt (HapeaGa Ne3/16.10.2000 r. Ha
pa3MnuyHy OpraHM3aLy ca NPOBEXAAHM ronsiM Gpoil FeonoKKM MOCB, M3 u MPPB).

W XMOPOreonoXKM M3cnesBaHus. AHanu3bT Ha cbbpaHata Ao
MOMEHTa MH(OpMaLMs NOKa3Ba, Ye MarneoreHCKMAT KapcToB

HadMopCcKa eucoYuHa, m

BOJOHOCEH XOPW3OHT € MHOr0 NepCreKkTUBEH W3TOYHWK 3a 100125 10 475 200 228
pobus Ha nopsemHu Bogu. Hapep ¢ Toea, obadve, ocBeH 25
obLuaTa KoHCTaTaLuWs 3a OTCLCTBUE Ha BnaronpusTHY ycrosus o]
3a HEroBOTO 3aMbpCsiBaHe, NUNCBAT AOCTATbYHO YbeauTenHu 160
JaHHM 33 3alWMTeHoCTTa My  CMpsMO  MOBBPXHOCTHM ‘f;

3ambpcuUTenu.

Tosu Bbnpoc cTaBa 0coBEHO aKkTyaneH cred npuemaHe Ha
OKOHYaTENeH  BapuWaHT 33  MPOEKTHOTO  Tpace Ha
asTomaructpana “Mapuua”. Cnopeg npoekta mMarucTpanHusT
MbT Mpecuya ronaMa Yact OT TepuTopusiTa Ha CaHWUTapHo-
oxpanutennute 30HM (CO3) Ha nomneHn craHuymm BIIC
“banata Boaa” 1 BINC “bsnata Boga — 13Bop”, 0be3nevasally
NUTEAHOTO BOfJOCHabAsBaHe Ha rp. YvpnaH W OKOMHMTE
Cenuila OT ManeoreHckMs KapcToB XOPU3OHT (cpur. 1).
WarpaxpaHeTo Ha nOgoBHM CLOPBHXEHWS B rpaHULMTE Ha ®ur. 1. Mectononoxenue Ha oGekta
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Bcuuko TOBa MOTMBMpPA MNPOBEXAAHETO HA €OHO MHOTO
[ETalNHO XMAPOreoNIOXKO M3CNeaBaHe, YMATO OCHOBHA Lien e
[a Ce HarpaBu TOYHa OLEHKa Ha eCcTeCTBeHaTa 3alUTeHOCT
Ha ManeoreHckusl KapcTOB XOPU3OHT B yyacTbka MeXIy
npoekTHoTo Tpace Ha AM “Mapuua” n BIIC “bsnata Boga”.
[Mpy HEMHOTO N3MbITHEHME Ca PELLEHM 1BE OCHOBHM 3a4aum:
onpegeneHn ca UNTPALUMOHHUTE W MUIPALMOHHUTE
XapPaKTepUCTKW  HA  CEAWMEHTWTe,  M3rpaxaaliu
MPUNOBBPXHOCTHATA YaCT Ha reomnoXK1s paspes;
paspaboTeH e matemaTuyecku 2D mogen Ha ycnosusTa
3a [BWKEHWE Ha MOCTbMBALUM OT 3eMHaTa NOBLPXHOCT
3ambpcuTenu (Mo npumepa Ha XnopuaHUTE 0HK).

NuTonoxka XxapaKkTepucTMKa M reoMeTpusi Ha

XWUAPOreonoXKUTe eANHNLIU

B nocnegHute 50-60 roguHu nog3emHuTE BOAM B paroHa Ha
n3crneaBanusa o0ekT ca Bunm npegMeT Ha MHOO MpOoyYBaHus
0T pas3nuyHu BeLOMCTBa, opraHusaumm u dpupmm (BMIM-HAC
— Codmsa, KHUMMBKC “BogokaHannpoekt” — knoH Ctapa
3aropa; “BogokaHannpoekt” Al [nosaws,
“BopokaHarmuxeHepuHr” Al — Codms n ap.). OcHoBHaTa
3ajaya Ha Tean MpoyyBaHMs Ca MUTENHO-OMTOBOTO W
NPOMMLLIEHOTO BogocHabasaBaHe Ha rp. YvpnaH n okonHuTe
cenvwa. [lpe3s T03W nepuog ca  W3rpageHM  MHOro
NPOYYBaTENHM COHOAXM W KNageHUW, KakTo M BOLOB3EMHU
CbOPBXKEHNS (KanTaxu, LIaxTOBW WM COHLAXHU KnageHuu),
MoBeYETO OT KOWTO Ca NWKBWOMPAHW WnM Bevye He ca B
ekcnnoataums. M3sbpLueHn ca ronsm 6poi BogoyepnaTenHu
TECTOBE U aHanu3n Ha BogHM npobu.

AHanusbT M uMHTepnpeTaupsTa Ha cbbpaHata apxwBHa
MHOpPMaLMs W pesynTaTuTe OT NPOBEAEHUTE B pamKuTe Ha
TOBA MpOyyBaHe nonesu W nabopaTopHu u3cnegBaHus
no3BONM Aa Ce onpegensT reoMeTpusiTa, NpOCTPAHCTBEHUTE
rpaHuLy, XMAPOANHAMUYHNTE " MUrPaLMOHHUTE
XapaKTepUCTUKW Ha OCHOBHWUTE XWAPOreONOXKA eduHWLM,
KaKTO M Ha HUCKO PaHroBWUTE XMAPOreOoNoXKN €ANHULN B Hal-
ropHaTa yact oT pa3spesa (0o gbnbounHa 20 m) B yyacTbka
mexgy Tpaceto Ha AM “Mapuua” u 0CHOBHOTO BOROLOOMBHO
cbopbxeHue Ha BIC “banata Boga” (CK-1) — Bx. ur. 1.

B reonoxkns CTpoex Ha M3cnefBaHusi paiioH ydyacTeat
Pa3NUYH N0 reHE3NC U Bb3PacT TEPLIMEPHM CEAUMEHTH:
KBaTEPHEPHM arnyBWanHu Hacnarv (Yakb, NSChbK, FMUHECT
NsICbK, NECBYNMBA MMuHa, BriaTHa rMuHa 1 ruHa);
HEOTeHCKM TTIMHECT KOMMMEKC (FMWHA, NeCbYnMBa IMuHa,
YakbnecTa rMuHa U IMUHECT NSACHK);
naneoreHcK\ BapoBMK.

KBaTepHepHUTE Hacnaru uarpaxaar Tepacata Ha p.Mapuua.
Obuwata um gebenuHa He Hagxebpns 20-25 m. lMog Tax B
AbnboynHa crneaea HEOreHCKMST FMMHECT komnneke. HeroeaTa
pebenvHa Bapupa B AmanasoHa 60-65 m. [laneoreHckute
BapOBWLM MMAT 3HAYMTENHO MOBBPXHOCTHO Pa3npoOCTPaHeHUe
B CeBEpHUTE YacTW Ha panWoHa. Tyk Te ca YacTUYHO
NPUMOKPUTW OT KBaTEPHEpHa AenyBuanHa rmuHa ¢ gebenvHa
0.5-1.5 m. B toxHa nocoka BapoBULMTE NOTLBAT AbOOKO Mo
HeoreH-KBaTepHepPHaTa NoKpuBKa. B ropHaTta yacT Ha paspesa
BapOBMLMTE Ca 3ApaBW 0 cnabo Hanykauu, a B AbnboumHa
MOA KOTa 25 — CUIHO HamnyKaHW 1 OKapCTEHW.
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OT xugporeonoxka rnegHa TOouKa B TEPUMEPHMS
CEeO/MEHTEH KOMMMekc ca opMMpaHn TpU  OCHOBHU
XMAPOreonoXKN eguumum (cour. 2):

1. KBaTtepHepeH BOLOHOCEH XOPU3OHT
2. HeoreHckn BOQOYNOPEH rMUHECT KOMMNEKC
3. [laneoreHckun kKapcToB BOAOHOCEH XOPU3OHT
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nnacr (t FNWHA, NPaxoBa FMNHa U ruHa)

| 42| - cunHo npoHuuaeM HeBOROHOCEH NNACT (Newy OT Pa3HOILPHECT eALP NACHK N IIUHECT NACHK)
_ - MHOTO cnabo NpoHMUaeM HEBOAOHOCEH NnacT (GnaTHa rnuxa)
[T14

- cunHo nNacr (CpeAeH 1 eAbLP Pa3HOILPHECT NACHK)

HEOIEHCKW BOAOYMOPEH MWHECT KOMMNNEKC
MANEOrEHCKU KAPCTOB BOJIOHOCEH XOPU30OHT

31 - nbpBa (ropHa) cnabo
73-72* - BTOpa (A0NHA) CUNHO BOAOHOCHA 30Ha (BapOBMK, CUNTHO HanNyKaH U OKapcTeH)

rnuHecT (rnuHa, ruHa, FNMHA W FMWAHECT NACHK)

cna6o

30Ha

- NME30METPHYHO BOAHO HUBO

®ur. 2. Xuaporeonoxku npocdun

B kBaTepHepHWst BOLOHOCEH XOPW3OHT CE OTLENAT YeTvpy
HWCKO PaHrOBU EOMHMLIA;

1-1. MMpoHuLaemM HeBOAOHOCEH nnacT (necbynuBa [MKHa,
NpaxoBa [MWHa U IMuHa)

1-2. CUnHO NpOHWLAEM HEBOAOHOCEH nnacT (newm ot
Pa3HO3bPHECT ebp NACHK U FMNHECT MACHK)

1-3. MHoro cnabo npoHuyaem nnact (6natHa rnuHa)

1-4. CunHo npoHWL@eM BOAOHOCEH MNacT (CPpedeH W eabp

Pa3HO3bPHECT MACHK)

lManeoreHCKWAT KapCTOB BOJOHOCEH XOPW3OHT BKITHOYBA B
HWUCKO PaHroBM €AMHULN:
3-1. bpBa (ropHa) cnabo BogOHOCHa 30Ha (BapoBMK, cnabo
HarykaH)
3-2. Bropa (monHa) CUnHO BOLOHOCHA 30Ha (BapoBMK, CUIMHO
HanyKkaH 1 OKapCTeH)

leomeTpusata M rpaHuuuTe  Ha  AeuHUpaHuTe
XWOPOTeonoXKA eAMHULM Ca WMKOCTPUPAHKW CbC CbCTaBEHWS
npodun B yyacTbka Mexay Tpaceto Ha AM “Mapuua” u BMNC
“banata Boga” (BX. cur. 1 u 2), a 0bobLWeHn AaHHW 3a
NUTOMNOXKKNTE ~ XapaKTepUCTUKM Ha Te3W eauHuuM ca
npeactaeeHn B Tabnmua 1.



Tabnmua 1
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xT = =0 [ [ 2P
= =8 © e 5 e
x O x
O o o % < = =S © o ©
g ST =g g
> < o > < X
necbunea
- poHuyaem
z [MWHa, MpaxoBa | HEBOAOHOC
3 nnacm
s [VHa W [MnHa
o
neww ot
= CunHo "
3 pasHO3bPHECT
S npoHuyaem HEBOZOHOC
o] eLbp NACHK 1
5 nnacm
= TTMHECT NACHK
o
@ Mroeo cnabo
L npoHuyaem BrnatHa rnuHa BOAOYMOp
?E; nnacm
o CunHo CpeneH n eab
5 Pen ABD | o cHosen
a npoHuyaem pasHO3bPHECT
BOZIOHOC
nnacm MACHK
rMuHa,
S necbunvea
32 S rTnHa, BOZOYMO
5 = = yaKbrecra ynop
D o O
T > rnvHa u
TTIMHECT NSACHK
2 [Tbpea (2opHa)
5 § cnabo BapoBWK, cnabo cnab
§ 35 | eodorocHa HanykaH BOZOHOC
s X 30Ha
o I
g Bmopa
2 5 BapOBUK, CUIHO
S T | (GonHa) cunmHo OCHOBEH
® 95 HanyKaH u
5 3 8000HOCHa BOZIOHOC
C & OKapCTeH
30Ha
®dunTpaunoHHM CBOUCTBA
3a wu3AcHsBaHe Ha (PUNTpALMOHHWTE CBOWCTBA Ha

reonoxkara OCHOBa B y4aCTbKa MeXay MarucTparnHoTo Tpace
n BINC “Bbsinata Boga” ca wu3nmbnHeHn 9 nonesu onuta
(excnpecHu BofoHanueaHus) B 4 conpaxa (C-1, C-2, C-3 u C-
4) — Bx. cur. 2.

Onutnte ca wW3MbiHEHWM NpW pa3nuyHa gbnbousHa Ha
COHOMpaHe, pecn. nMpu pasnuyHa pPaskpUTOCT Ha COHAAXHWS
CTBON M pasfMyHa BUCOYMHA Ha BOOHMS CTbNO, Kato e
n3non3BaHa crnegHata TEXHOMOrMYHa cxema. B coHpaxHus
OTBOp Ce HanuBa ObP30 M3BECTHO KONMWYECTBO BOAA, Kato
COHA@XBT Ce 3ambfiBa A0 onpedeneHo HuBo. Cnep ToBa ce
npocrneasiBa CnagaHeTo Ha HMBOTO, T.e. BMCOYMHATa Ha
BOLHMS CTbNO BbB BCEKM MOMEHT { OT Ha4anoTo Ha onuTa.

[aHHuTe OT BOAOHanMBaHMSTa B CyX COHAaX ca
WHTEPNpETUPaHN Mo mMeToaa Ha EpHCT, kato ca HaHeceHn B
koopauHaTHa cuctema Ig (h + 0.5r0) — t, Kba€eTO ro € pagnycbT
Ha COHOaxHWs cTon. 3a obrekyaBaHe Ha WM3uMUCrEHMATA €
uanonagsaHa nporpama EXPRESS, ¢ k0sTo e Bb3MOXHO Aa ce
WHTEPNPETMPAT AaHHW OT EKCMPecHW onuTW B Wypdose 1
coHgaxu (Mermbbos, CtosHoB, 2005). HelHuaT anroputbm B
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€0uH OT MoaynuTe u3nonaea meTtoda Ha EpHct. [anHute ot
€KCMpeCcHWTe BOLOHANWBAHWS B COHOAXW C BOAHO HMBO Ca
00paboTeHun cbe cblyaTa Nporpama B KOOPAWHATHA cucTeMa
lg s - t. Lle nosicHum, ye s € pasnukaTa Mexay BUCOUMHATA Ha
BOOHMS CTbNO B COHOaxa npeau onuTa W M3MepeHaTa
BICOYMHA Ha BOAHWS CTbNO h BLB BCEKW MOMEHT f.

[NonyyeHuTe rpadnyHK 3aBUCMMOCTY Ca AadeHn Ha ur. 3-
11 kaTo ¢ pombyeTa ca HaHECEHW OMUTHIUTE AaHHK, a C NITbTHM
NWHUM — anpokcumupallaTa npasa. /3umcneHuTe CTONHOCTM
3a k ca 06061eHm B Tabnuua 2.

Tabnumua 2
[aHHu 3a ycrnosusma 3a nposexodaHe Ha ecnpecHume onumu.
Pesynmamu

< | Vanurean [BHcren | Koed. Ha
S | wntepsan | CBH,m BOAOHa- | chunTpaums
S | or-go-,m nvBaxe, m k, m/d
o
C-1 0.0-5.1 CyX CTBON 0.00 0.25
6.1-7.7 | cyxctBon 6.10 0.10
0.0-5.1 CyX CTBON 0.00 0.06
C-2 | 4.7-10.0 | cyxcreon 4.70 0.008
17.0-19.3 12.40 17.00 0.015
c.3 3.7-5.0 | cyxcTBon 0.00 1.00
4493 CyX CTBON 4.40 0.02
C-4 0.0-4.0 CyX CTBON 0.00 0.15
0.0-5.0 4.35 0.00 0.06
KoedpuumeHtute Ha  dunTpaums Kk 3a  Bcaka  OT

[ETEPMUHUPAHUTE XWEPOTEONOXKM eANUHULM, CA OnpeseneHi
crefl BHMMATENeH aHanuM3 Ha  HanuyHaTa  apxuBHa
WH(hOpMaLMs W Ha pesynTatuTe OT WHTepnpeTauMsTa Ha
MpoBeieHNTe eKCpecH BodoHanmBaHus. Le otGenexum, ye
MPY HanM4Me Ha HSKOIKO OMUTHO ONpPefeneHn CTOMHOCTM Ha k
B rPaHULMTE HA efHA XWOPOreonoxka eauHuua, ¢ orned Ha
W3BECTEH MHXEHEPeH 3anac 3a CPeaHWs KOemUUWEHT Ha
(unTpauns Ha CbOTBeTHaTa eauHULa e MpueTa no-BiUcokaTa

cToiHocT. Taka onpefeneHuTe CTOMHOCTM 3a Kk ca
npeacTaeexy B Tabnumua 3.
Tabnumua 3
CpedHu cmoliHocmu Ha KoeghuyueHma Ha hunmpayus K
OcHosHa Xugporeonoxka KoeduumeHt
XWOPOreonoXka | eauHMLa OT MO-HUCBK | Ha dunTpauus
eauHuLa paHr k, m/d
[poHuyaem nnacm 0.25
CurnHo npoHuyaem 100
KsaTepHepeH nnacm '
BOAOHOCEH MHozo crabo 0.02
XOPU3OHT npoHuyaem nnacm
CusHo npoHuyaem 300
nnacm
HeoreHcku
BOZOYNOPEH
rmMuHecT 0.005
KoMnnekc
lManeoreHcku Mupsa (2opHa) cnabo 0.25
KapcToB 8000HOCHa 30Ha '
BOJOHOCEH Bmopa (0onHa) cunHo 15.0
XOPU3OHT 8000HOCHa 30Ha '
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®ur. 11. Pesyntatv oT MHTEpnpeTauunTa Ha AaHHuTe ot onut Ne9

MurpauuoHHM xapaKkTepUCTUKU

3a onpepensHe Ha HAKOW MO-BaXHW  MUTPALMOHHM
XapakTepuUCTUKM Ha reornoxkata OCHoBa B paiioHa Ha BIIC
“banata Boga’ ca npoBeaeHu 6 nabopaTopHU WHAMKATOPHM
onuTa B KONOHM. [ogpobHOCTH, OTHOCHO CxemaTta U TexHuKaTa
3@ U3MbJTHEHWE Ha Te3n OMKUTW, MOraT fa Ce HaMepsIT B roMsMm
Bpon nutepatypHu wmstouHuun (Bepurun, 1977; bnbbos,
MeHues, 1986; CtosHoB, 2006; 1 Ap.).

Mpn u3cregBaHnaTa Kato MHAMKATOPW Ca  U3MON3BaHu
XnopugHn 1oHn. M3bopbT MM e MOTMBMpaH W OT TOBa, ue
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nopagn CBOSiTa KOHCEPBATUBHOCT XITOPUAHWUTE WIOHU Ca efHu
OT Han-NOABWXHUTE 3aMbpCUTENM W MapkupaT (hpoHTa Ha
3aMbpCcsBaHe Ha NoA3eMHUTE BOAM.

3a mogenupaHe Ha unTpaUMoHHaTa cpeaa ca M3nonaeaHu
3eMHM npobu, KOWTO Ca NPEACTABUTENHW 3a OCHOBHUTE
NUTONMOXKA ~ Pa3HOBMOHOCTM B TEOMNOXKMA  paspe3 7o
AbnbounHa 20 m. [1Be OT Tsix Ca B3ETW OT NMPOHULL@EMIS nnacT
(fMWHa), KOMTO € YCTAHOBEH B MPUMOBBLPXHOCTHATA 4acT Ha
paspesa, efHa OT nexawus MO HEero  MHOro
cnabonpoHuuaem nnact (bnatHa rnuHa), ABe — OT CUIHO
NPOHWLGEMNS HEBOZOHOCEH MnacT (MACbK W NECHYNINBY
[MWHW) WU egHa — OT CWMHO MPOHML@EeMUs BOAOHOCEH nnacT
(nscbk) ( BX. Tabnuua 4).

Tabnuua 4
[anHu 3a ycrnosusma 3a nposexoaHe Ha UHOUKamopHUMe
onumu 8 KosloHu

KonoHa Ne KonoHa 1 KonoHa 2 KonoHa 3
Jlutonoxka [paxoBa Mecvunuea lMpaxoBa
pasHOBMAHOCT IGE] rMHa rMHa
Xugporeonoxka MpoHuyaem Cuntio lMpoHuLaem
NpoHMLIaeM
eavHuLa nnact et nnact
Hemiuka Ha 0.09 0.09 0.09
npobata x, m ) ' '
Paguyc Ha 0.008 0.008 0.008
KornoHara r, m
Cropocr Ha 0.240 0.272 0.232
cunTpaums v, m/d
Bropra KokueHTpa- | 4 g5 15,505 15.755
uns Ha Cl- co, g/l ) ' '
®oHOBa KOHLIEHTpa-
uns Ha Cl- cs, gl 0.00 0.00 0.00
Tabnuua 4
(npodvixerue)
Konoxa Ne Konoxa 4 KonoHna 5 KonoHa 6
Jlutonoxka ni%zi igiﬂi“ lMpaxoBa
pasHOBUAHOCT ' ' rMnHa
3arnuHeH 3arnuHeH
MHoro
CunHo CwunHo
Xuaporeonoxka cnabo
MPOHNLAEM | MPOHULaeM
eanHuLa nacT nacT NpoHMLIaeM
nnact
Hemiuka Ha 009 0.09 0.09
npobata x, m ) ) )
Paguyc Ha 0.008 0008 0.008
KonoHaTta r, m
Cropocr Ha 0.328 0.320 0.246
cunTpaums v, m/d
BrogKa KoHUEHTPa- | g 5 13.595 15,705
uns Ha Cl- co, g/l ) ' '
®oHOBA KOHLiEHTpa- 0.00 0.00 0.00
uns Ha Cl- ¢s, gll ) ' '

IMpu nogroToBkaTa Ha M3XORHUTE UHAMKATOPHK Pa3TBOPY 3a
BCEKM OMWT € M3MOn3BaHa [ecTWnupaHa BOAa, B KOATO €
pa3TBOpPeHO onpeaeneHo konuuectso Hatpues xrnopug (NaCl).
BxogHuTe KoHUeHTpauum co Ha xnopugHute ioHn (CI) ca
nocodyeHu B Tabnuua 4. B cbiarta Tabnuua ca npecTaBeHn 1
[aHHM 33 TEOMETPUYHUTE XapaKTepUCTWKM Ha BrpafeHuTe
3eMHM mpobu, 3a CKOpoCTTa Ha unTpaums v 1 3a oHoBaTa
KOHLeHTpauns cs. B xoda Ha BCeku ONMT npes pasnuyHu
WHTEpBaNM Ca B3eMaHW BOAHW Npobu M € onpegensHa
KoHUeHTpauusTa Ha Cl- B Tax.
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3a onpepensHe Ha MWrPaLMOHHUTE XapaKTEPUCTUKM Ha
unTpauMoHHaTa cpeda MOMyYyeHWTe  eKCrEepUMEHTamNHM
3aBMCUMOCTH, OMMCBALLM M3MEHEHUETO Ha KOHLEHTpaLMsTa Ha
Cl- BbB BpemeTo c(f), ca MHTEPNPETMpaHW C KOMMIOTbPHA
nporpama LTT1DPI (CtosHos, 2003).

EkcnepumeHTanHnTe gaHHu ca MncTpupanmi ¢ pombyeTta Ha
rpacuyHUTE 3aBMCUMOCTH, NPeACTaBeHn Ha durypu 12-17. Ha
CbluMTe rpacvkm C NALTHA NWHUM Ca NPEeLACTaBeHu U
nonyyeHuTe €  KommoTbpHata  nporpama  LTT1DPI
MAEHTUMKALMOHHM (anpokcumupallm) kpusn. OnpeaeneHuTe
CTOMHOCTM Ha Ns U Ha i Ca AapeHn B Tabnmua 5.

OBexr: AM "Mapmua", y4yacTek "Bamara sBoma"

LTTIDPI Model

Komona It 1
MpoBa: rnuHa,
Nag.w 4199

UnmukarTop: Cl™

npaxoBa

KOHUeHTpaLps ¢, g/l
I
- o

200 400 &00 800 1000 1200 1400

BpeMe t, min

®ur. 12. duntpaumHHaoHHa konoHa 1. Ungukartop CI-.

OBexr: AM "Mapmua", y4yacTek "Bamara sBoma"

LTTIDPI Model

Komona W 2
MpoBa: rnuHa,
Nac.w 4200

UnmrkaTop: Cl™

MecEUIMBEa

KOHUeHTpaups ¢, g/l
I
- o

100 200 300 400 500 €00 700 800 900 1000

BpeMe t, min

®ur. 13. duntpaumHHaoHHa KonoHa 2. Uugukatop CI-.

O6exr: AM "Mapuua", ydacrek "Bamara sBogpa"
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LTT1DPI Model

Konona I 3
MpoBa: raMHa,
JaG.W 4201

HMummuxkaTop: Cl~

npaxosa

KoHUeHTpaumsa ¢, g/l
=
> o

1000 1200 1400

Bpeme t, min

®ur. 14. duntpaumHHaoHHa konoHa 3. Uugukatop CI-.

O6exr: AM "Mapmua", ydyacrsk "Bsnara eogpa'

@

LTT1DPI Model

Konowa W 4
Npocba: nacHK,
Na6.w 4202

WamkaTop: Cl17

cpenex

KOHUeHTpaumst ¢, g/l

o 100 200 300 400 500

Bpeme t, min

®ur. 15. duntpaumHHaoHHa konoHa 4. UHamkatop CI-.



KoHUeHTpaims c, g/l

OBexr: AM "Mapuua",

VYACTEK

BpemMe t, min

"BanaTa eBoga'

LTT1DPI Model
Konoua B 5

Npofa:
Nac.Ne 4203

HuamixaTop: Cl~

®ur. 16. duntpauuHHaoHHa Konoxa 5. Ungukatop Cl-.

KOHUeHTpaiums c, g/l

O6exr: AM "Mapuua',

Y4acTeK

oo 600 800

BpeMe t, min

LTTIDPI Model

KoncHa W &
NpobGa:
JaG. W 4204

HumikaTop: Cl™

"BsinaTa Boga'

riMHa,

1000 1200

®ur. 17. duntpauuHHaoHHa KonoHa 6. Ungukatop CI-.

Tabnumua 5
Pesynmamu om uHmepnpemayusma Ha 0aHHUme om
UHOUKaMOopHUMe onumu 8 KOJI0HU

THACEK, SOEP

npaxosa

1400

%
@ | Jlutonoxka | Xuoporeonoxka
S ns, - oL, m
C | pasHOBMOHOCT eanHLa
2
Moaxosa lMpoHuLaem
1 P HesogoHoced | 091 | 0.078
rMuHa
nnact
CwunHo
lMecbunuBa MpOHULaeM
2 rmuHa HEBOOOHOCEH 0.64 0.007
nnact
MpoHuLaem
3 Mpaxosa HEBOJOHOCEH 0.97 0.007
rmuHa
nnact
CunHo
Eobp nscok, MpOHULaeM
4 3arnuHeH HEBOJOHOCEH 0.36 0.002
nnact
CwunHo
CpefeH nacek, MpOHULaeM
5 3arnuHeH BOJOHOCEH 0.32 0.002
nnact
Mbaxosa MHoro cna6o
6 P MPOHMLaeM 1.33 0.008
rmuHa
nnact

Bb3 ocHoBa Ha npeacTaBeHuTe B Tabnuua 5 pesynTati ot
WAEHTU(MKALMOHHUTE TPOLIELYpU MoraT Aa Ce HampaesT

cregHuTe
XapaKTepuUCTUKM

No-BaXHU
Ha

13Boau

noTeHLManHaTa

cpena

OTHOCHO  MUTPaLMOHHMTE

3a
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pasnpoCTpaHeHWe Ha 3aMbpCUTENUTE B reonoxkaTta OCHOBA B
yyacTtbka Ha BIC “banara Boga”.

e [lpaxoBuTe  [MMHKM,  W3rpaxpallM  NpOHUL@eMMs!
HEBOAOHOCEH nnacT, MpuTexasaT ronsma crnocobHocT aa
3agbpxar BellectBo. CopbuyoHHaTa MOPEecTOCT Ns Ha Tesu
ceguveHT e B auanasoHa 0.91-0.97, T1.e. 79 e MHOro no-
BMCOKa OT obLuaTa MM NopecTocT. 3aToBa MOXKE [a Ce 04aKBa,
ye MOCTBLAMIMTE B TSIX 3aMbPCUTENM LUE CE ABMXKAT MHOrO
6aBHo.

[ecbunmBuUTE MMMHW W TNIMHECTUTE MACHUM HA CUITHO
NPOHMLI@EMNST HEBOAOHOCEH MNACT MMAT CPaBHUTENHO HUCKa
copbumonHa nopectocT (ns Bapupa B rpanuuute ot 0.36 go
0.64). ToBa npegnonara, 4e WMaT W TBbPAE OrpaHUYeHa
CMocoBHOCT fAa Bb3NpenaTcTBaT pasnpoCTPaHeHWeTo Ha
3amMbpecuTenm.

MacbunTe, M3rpaxaallm CUMHO NPOHWULAEMUSI BOAOHOCEH
MnacT, Ce XapakTepuaupaT C HesHauuTenHa cnocobHocT aa
3agbpxar Bellectso. CopbumoHHaTa um nopectoct (ns=0.32)
€ Cbu3Mepuma ¢ TsxHaTa obwa mopectocT. CneaoBaTenHo
nocTbnBaLWmTE B TAX OBbP30 NOABWXKHM 3aMbpCUTENN (Hamp.
Cl) wwe ce gBwkat cbC CKOPOCTTA Ha NOA3EMHUTE BOAM.
lMpaxosute  (6natHn) mMnMHM  OT  MHOrO  cnabo
NpoHMLaeMnst nnact umaT TBbpAe BUCOKA COPOLMOHHA
nopectoct (ns=1.33). lonsma 3agbpxalla cnocobHOCT Ha
Te3N CEAUMEHTU B CbYETAHWE C HUCKUTE UM (PUNTPALMOHHM

XapakTepucTWKM MM MpaBM CUrypHa nperpaga  cpeLly
NOCTBNBALLMTE OT NOBBHPXHOCTTA 3aMbPCUTENM.
e [lonyyeHute npWU  EKCMEPUMEHTUTE  CTOMHOCTM  Ha

HaanbXHaTa AMCNePCUBHOCT ¢ 3a BCUYKK M3CnedBaHn I'IpO6I/I
Ca W3KMKYUTENHO  HMCKN OT MOpsgbKa Ha  HSAKOMKO
Mmunumetpa. ToBa e CBbp3aHO C Mankus Mawab Ha
nabopatopHuTe TecToBe. ETO 3alwio, npu maTemaTn4eckoTo
MOZenupaHe Ha ycnoBsuaATa 3a ABWXKEHWEe Ha 3aMbpcuTenuTe e
MpenopbunTenHO 3a 1 Aa Ce M3Non3BaTr NoCOoYeHUTe B
cneuuanuanpaHara nurtepartypa CTOMHOCTM 3@ CbOTBETHUTE
NIUTONOXKM PA3HOBMIHOCTY.
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PE3IOME. PaspaboTeH e fiBymepeH (2D) MaTemMaTuyecku MOAen Ha yCroBusiTa 3a ABWKEHME Ha MOCTbNBALLM OT NOBLPXHOCTTa GbP30 MOABIKHM
3aMbPCUTENM (MO NpUMepPa Ha XMopuaHUTE ioHK). MofensT e CheTaBeH MOCPeACTBOM KOMMIOTbPHA Mporpama 3a CUMyNMpaHe Ha cpeda ¢
npoMeHnMea BogoHacuTeHocT VS2DTI. TMpurnoxeHaTa W3YMCTIMTENHA CXeMa OTYMTA KOHBEKTMBHMSI MPEHOC Ha BeLecTBo, CopOumsTa,
XUAPOAMHAMUYHATA [MCnepcus, MOMeKynsipHata Audyaus U cMecBaHeto. C Mofena e HanpaBeHa MporHosa 3a obxBaTa Ha Bb3MOXHOTO
3aMbpCsBaHe Ha NOANOBbPXHOCTHOTO MPOCTPAHCTBO U e OLieHeHa eCTEeCTBeHaTa 3alLUTEHOCT Ha NANeoreHCkMs KAPCTOB BOAOHOCEH XOPU3OHT.

NATURAL PROTECTION FROM SURFACE POLLUTANTS TO THE PALEOGENE KARST AQUIFER IN THE REGION OF
CHIRPAN, AREA “BIALATA VODA”. PART 2. MATHEMATICAL MODEL FOR PROGNOSTICATING POLLUTANTS MASS
TRANSPORT IN THE ZONE OF AERATION AND IN THE SATURATED ZONE

Nikolay T. Stoyanov

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

ABSTRACT. A 2-D mathematical model is developed reflecting the conditions for mass transport of infiltrating from the surface highly mobile
pollutants (on the example of chloride ions). The model is elaborated using the computer program for simulating variably saturated media VS2DTI.
The applied calculation scheme takes into account convective mass transport, sorption, hydrodynamic dispersion, molecular diffusion, and mixing.
The model is used for prognosticating the subsurface spread of a possible pollution and for estimating the natural protection to the Paleogene karst

aquifer.

MeTOAM‘IeH noaxon

naBHa Lien Ha MaTemMaTUYeCcKn MOLENHW U3CNEABaHNS € aa
Ce MPOrHo3Mpa EeBEHTYanHOTO 3aMbpCsiBaHe Ha MOL3EMHUTE
BOAM B MaNeoreHCKUsl KapCTOB BOAOHOCEH XOPU3OHT Mpu
peanuanpaHe Ha efHa TeXKa aBapusl B y4acTbka Mexay
TpaceTo Ha AM “Mapuua’ M OCHOBHOTO BOAOAOOGMBHO
cbopbxeHne Ha BIC “banata Boga” (CK-1). Ha tasm 6asa e
Bb3MOXHO [a CE HanpasW 1 eHa MHOTO TOYHA W KaTeropuyHa
KONMMYECTBEHA OLEHKA Ha 3alMTEHOCTTA Ha BOAOHOCHMS
XOPW30HT B TO3W y4aCTbK.

PaspaboTeHute C MaTemaTWyeckus MOAEN  CLeHapuw
pasrnexmgart xunotesata, Cropes KOSTO eKONOrMyHaTa aBapus
HacTbnBa B pes3ynTaT Ha npeobpbliaHe Ha LMCTepHa,
NpeBo3Balla TEYHU XUMUYECKA MPOAYKTA (KMCEMMHK, OCHOBU
UMW  COMHM  pa3TBoOpM), TBBLPAM (NEcHO  pa3TBoOpUMMU)
XMMUYECKN NPOOYKTU WM TeYHU ropuBa (HedpTonpoayKTH).
Mpegnonara ce, Yye M3TEKUTE OT LMCTEPHATA TEYHU EMUCUM
we npeausBukaT obpasyBaHETO Ha Mamnku ‘“esepua”’ U
MOBLPXHOCTHO 3aMbPCSIBAHE Ha MAOW, OT HSKOMKO CTOTMLM
KBaZpaTHU METPa CEBEPHO (UNM KXXHO) HA MarnCTparHus mbT.
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HesaBucumo oT 6bpanHaTta Npu NUKBUAMPAHE Ha BUOUMUTE
nocrieauun OT aBapusTa, B HeBOAOHAcWTeHaTa 4acT OT
NOAMOBLPXHOCTHOTO MPOCTPAHCTBO (B T.HAp. 30Ha Ha
aepauus) e ce WMHGUNTPUPa OMnpenenieHo  KOnMMYecTBo
3ambpeutenu. Tosa “3annoBo” NOCTLNUIO KOMUYECTBO Creasa
[a ce pasrnexgaT KaTto HenpekbcHaT (B NpoLblXeHue Ha
HAKONKO ~ [EHOHOLMSA)  MOBLPXHOCTEH  U3TOMHUK  Ha
3aMbpcsiBaHe Ha NoA3eMHUTe BOAM.

B nHdpunTpupanata ce B Abn60YNHA BUCOKO KOHLEHTPMpaHa
“XMMUYecka cyna’ € Bb3MOXHO [a NpUCLCTBAT PasnuyHu no
TUN  3aMBPCUTENW:  KOHBEHLMOHAMHW, NPUOPUTETHU  UNN
HekoHBeHLUmoHanHW (CtosHos, 2003). KbM KOHBEHLMOHANHUTE
3aMbpCUTENM Ce OTHACAT T. Hap. rmaeHu komnoHeHTH (Na, K,
Cl, NHs4, Ca, Mg, SO4, NO3, Fe, Mn 1 gp.) n MukpobmonornyHm
KOMMOHEHTW B MOA3EMHNTE BOAM. [PUOPUTETHN 3aMbpCUTENH
ca Texkute metarm (Pb, Cd, Hg, Ni, Cu, Zn, Ag u gp.),
HedTONpPOAYKTUTE, (heHoMbT, BUHUNXIOPUADT,
TpuxnopetensT (TCE), Ttetpaxmopetenst (PCE) u gp. B
rpynata Ha HEeKOHBEHLWMOHANMHUTE 3aMbpcuTENy nonapat
BCWYKM OPraHWYHM CbedWHEHWs, 3a KOWTO HsAMa TO4Ha


mailto:nts@mgu.bg
mailto:nts@mgu.bg

WHOPMaLMS 32 TEeXHUTE  XapaKTEPUCTUKM, Bb3MOXHU
TpaHctopMauu M €BEHTyanHO  Bb3AEUCTBUE  BBPXY
YOBELLKOTO 37paBe W OKoMHaTa cpefa.

Mpu cneupanuanpaHnTe U3cneaBaHUsl OCHOBHOTO BHUMaHWE
€ HacOoYeHo KbM MOBEOEHMETO Ha KOHBEHLMOHANHUTE
sambpeutenu. Mopagu  TsxHatTa  OTHOCUTENHO — BMCOKA
MOOWMNHOCT Te Ce M3MOM3BaT KaTo BaxHW MokasaTenn 3a
CTEMeHTa Ha 3amMbpcsiBaHE 1 3a OLEHKa Ha YCroBusTa 3a
MUrpaUMs  Ha  MPUOPUTETHUTE W HEKOHBEHLOHAMHUTE
sambpcutenu. EcTecTBeHO € f[a ce OvakBa, Ye B
yCTaHOBEHaTa 3aMbpCEHa C KOHBEHLMOHAIHN 3aMbpCUTENM
30Ha MPUCHCTBAT W OMPEAENieHM KOMMYECTBA OpPraHUYHM
CbEAMHEHNS C HEW3BECTEH CbCTaB W HESICEH 3a OKONHaTa
cpega puck. ETo 3awo, npu peluaBaHeTo Ha MpaKTUYECKM
3ajauM e [O0CTaTbyHO [a Ce OnpedensT pasMepute Ha

3aMbPCEHUTE  CbC CWMHO  MOABWXHM  KOHBEHLIMOHAMHM
3aMbPCUTENM 30HM.
B KOHKpeTHus cnyyain € yMeCcTHO fJa npocneaum

MOBEAEHNETO Ha XIMOPUOHWTE 1OHM, KOWTO Mopagu CBOsiTa
KOHCEPBATMBHOCT Ca W3KMKOYATENHO NOABMKHM U Ouxa
Mapkupanu  MakcuMarnHuTe  pa3Mepu  Ha  Bb3MOXHOTO
3aMbpcsiBaHe Ha MOAMNOBLPXHOCTHOTO MPOCTPAHCTBO. Taka
LETEPMUHMPAHNTE TPaHULM e ovepTasT (C ronsm 3anac)
npegsenHuTe  pamku, [0 KOUTO € Bb3MOXHO Ja  Ce
WHUNTPUPAT MOCTBAUNNTE OT NMOBBPXHOCTTA 3aMbPCUTENMN.
Te We oyepTasT U MakcuManHata rpaHuua, [o kosTo 6uxa
LOCTUTHamNM Hail-NoABKHUTE HEDTONPOAYKTH.

Tosa moTMBMpa C pa3paboTeHns MaTeMaTMyeckn Mogen aa
Ce CUMynupaT YCMoBWsSTa 3a pa3npocTpaHeHWe Ha CUMHO
NOABWXHUTE 3aMbPCUTENN MO NPUMEPA HA XIOPUZHUTE AOHM.
Ha Tasu 6asa e HanmpaBeHa M MporHo3a 3a pasBUTMETO W
Bb3MOXHWA 00XBaT Ha MpoUecUTe Ha 3aMbpcsiBaHe B
NOAMOBbPXHOCTHOTO MPOCTPaHCTBO 3a nepuog 0T 300 roguHu
Cnef aBapusiTa, KaTo CbLUEBPEMEHHO Ca  OLEHEHM
camonpeyuncTBallaTa cnocobHOCT Ha reonoxkara cpega M
€CTECTBEHATA 3aLLMTEHOCT Ha NaneoreHCKNs XOPU30HT.

3a KOMMNO3MpaHEeTo Ha MaTemMaTMYeCckus MOLeN € U3nonasaH
nporpamHus nakeT VS2DTI (Variably Saturated 2D Interface).
Ton e paspaboTeH oT Meonoxkata cnyx6a Ha CALL (Lappala
et al., 1987; Healy, 1990; Hsieh et al., 2000; u gp.) C Tasu
nporpama morat Aa ce paspabortsaT 2D MaTematudecku
MOZ€N Ha yCroBuMsTa 3a ABWKEHWE HA 3aMbPCUTENN B cpeda C
NpOMeHNMBa BOAOHACUTEHOCT. [lporpamata BKMOYBa TpU
ocHoBHK mogyna: VS2DTI (cumynupa unTpaLmoHHUs NOTOK
1 npeHoca Ha BellecTtso); VS2HI (cumynupa dpunTpaLmoHHus
NoTOK W TONNUHHKA npeHoc) u VS2DPOST - 3a Busyanusauus
Ha pesynTaTuTe OT NPeOXOfHUTe [BE NPOrpamu.

MporpamuuaT naket VS2DTI usnonsea 4McrioB mogen no
KpalHUTE pa3nuky 3a pellaBaHe Ha ypaBHeHWeTo Ha Richards,
onpefensilo yHKUMSATa Ha NOTOKA WM HA KOHBEKTUBHO-
OMCNEPCUOHHOTO  YpaBHEHWe, OMUCBALLO MPEHOCHT  Ha
BewwectBo (Philip, 1958; Bear, 1979; u gp.). Havanhute
XWOPaBIMYHM  YCMOBUSI Ce  crmeynduumpaTr CbC  CTaTUueH
paBHOBECEH Npocun, CbC 3adafeH BCMyKBaLL NOTeHLmMan unm
CbC 3aflafieHa BRaroHacuteHocT. [paHuyHUTE ycnosus
BKIIOYBAT 33aBaHETO Ha BCMyKBALLMA NOTEHLMAN Ui obLums
Hanop,  pasxoda,  MHWUNTPAUMOHHOTO  MOAXpaBaHe,
eBanopaunsTa, TpaHCIMpaumsTa U TPaHUYHM ENEMEHTU C
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Bb3MOXHO NpoTuyaHe. [pouecuTe 3a OnuCBaHe Ha MpeHoca
Ha BELLECTBO BKITOYBAT KOHBEKTMBHMS MPEHOC, AUCTIEpCUATa,
obpatmo enuMuHMpaHe (agcopbuwst M 1oHeH oOMeH) K
HeobpaTumo enumunnpane (Bear, 1979; u ap.).

KoHuenTyaneH mogen

MatemaTuyeckmaTt mogen Ha ycnosuaTa 3a
pasnpocTpaHeH1e Ha 3aMbpCUTENIUTE M 3a NPOrHO3MpaHe Ha
TAXHOTO noBeAdeHne B MOANOBBPXHOCTHOTO MPOCTPaHCTBO €
pa3pa60TeH npwn cnegHuTe npeanocTaBku

OOekT Ha pasrnexgaHe e ropHaTta 4acT Ha paspesa no
XWNOPOreonoXkus Npodhun B yyacTbka Mexay Tpaceto Ha AM
“Mapuua” v BINC “bsinata Boga”. B obxBaTa Ha mopenHata
obrnact nomagat BCWYKM HWUCKO PaHroBM XWAPOTEONOXKNTE
eonHnum po kota 80 (cpur. 1). Mpu KomnosumpaHeTo Ha
mMaTeMaTM4eckuTE MOZENN Te3n eanHULM ca AeTePMUHUPaHM
KaTo MOLENHM 30Hu (BX. Tabrmua 1).
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[[1-47]- nponuuaem HeBogoHOCEH NnacT (MogenHa 3oHa 1)

[[422]- cunHo npoHMuaem HeBOAOHOCEH NNAcT (MoAenHa 3oHa 2)

[N - mHoro cnabo npoHMuaeM NnacT (MoAenHa 3oHa 3)

[[14 |- cunHo NnpoHKMLaeM BOJOHOCEH NNacT (MoAenHa 3oHa 4)

=]

- HEOTEHCKM FMMMHECT KoMNneKc (MogenHa 3oHa 5)

[[347]- nbpea cnabo BogoHoCHa 30Ha (MoAenHa 30Ha 6)

®ur. 1. Xuaporeonoxku eauHNLM B o6XBaTa Ha MoAenHata obnacT
MogenHu 30Hu.

Tabrmuya 1
Xudpo2eonoxku eQUHUYU U MOOENHU 30HU
ol
=
e
OcHoBHa Xugporeonoxka ) <)
XWAPOreonoXka | eauHMLa OT MO-HUCHK % ©
efuHuLa paHr = @
3
=
MpoHuyaem nnacm 1-1 1
CunHo npoHuyaem 1-2 9
KeaTepHepeH nhnacm
BOAOHOCEH MHozo cnabo 13 3
XOPU3OHT npoHuyaem nnacm
CurnHo npoHuyaem 14 4
nnacm
HeoreHcku
2-1 5
KOMMNeKe
lManeoreHcku
KapCToB Mbpsa (20pHa)
cnabo 8000HOCHa 31 6
BOJOHOCEH
30Ha
XOPU3OHT




[MpOCTPAHCTBEHOTO  MONOXEHWe W PUATPaUMOHHUTE
XapakTEPUCTUKA Ha XWOPOTEONOXKATE eduHULM, pecr. Ha
MOZEemnHUTe 30HM ca AeWHUPaHW MO JaHHU OT COHAAXHOTO
npoyyBaHe, OT OMUTHO-PUNTPALMOHHUTE TECTOBE W MO
nutepatypHu  AaHHu.  CTOMHOCTUTE  HA  BEMUYMHUTE,
XapakTepusupalyn 3agbpkaliata cnocobHOCT Ha cpepata
(copbunoHHaTa nOpecTocT ns, pecn. KoeULMEHTBLT Ha
pasnpegenedne Kp) ca onpedeneHn Bb3 OCHOBAa Ha
npoBefeHUTe NabopaTopHU WHAWKATOPHW onuTu. EanMHCTBEHO
copbLMOHHaTa MOpecTocT Ns Ha [MWHWTE OT HEOreHCKWs
[MIMHECT KOMMMEKC M Ha CEOAMMEHTUTe OT mbpBaTta cnabo
BOJOHOCHa 30HA OT ManeoreHCKMs XOPU3OHT ca B3eTU MO
nMTEPaTYpHU AaHHW. 3a gncnepcuBHOCTTa W KoeduLUMEHTa Ha
OMy3nsa Ha  u3rpaxgaliute  XMOPOreonoXKUTE  eauHWLM
CeAMMEHT ca 3ajafeHu CTOMHOCTM, CcbobpaseHn ¢
UMTWpPaHUTE B CreuuanuaupaHaTta nutepatypa [AaHHM 3a
nogobeH Tvn cpepa (Harpaz, 1965; Papadopulos, Larson,
1978; Garabedian et al., 1988; Gelhar et al., 1992; u gp.). Te
ca MoIy4eHu B YCrOBUSITA HA MHOTOYMCIIEHN MONEBN (in situ)
ONWTM M ca [ocTa NO-MepodaBHW OT MOMyYeHUTe B
nabopatopHu ycnosusi. [pu TpacepHUTE OMUTU B KOMOHW B
pesyntar Ha MawabHus edekT ce monyyaBaT OOMKHOBEHO
HepearnHo HUCKU CTOHOCTM 3a AucnepcusTa.

OcpepgHenunte hunTpaLmnoHHM " MUrPaLMOHHN
XapaKTepuUCTUKM 3a BCAKA MOAENHA 30Ha (XMApOreonoxka
eauHnLa) ca nocoyeHn B Tabnumua 2. HMBOTO Ha nogaemMHuTe
BOAM € OMpedeneHo Mo AEHHW OT Mpeku M3MEepBaHus B
NpOoyYBaTENHUTE COHLAXM W BOLOAOOMBHUTE KNageHuM.

Tabrnuua 2
QuAMPAaYUOHHU U MUBPAYUOHHU Xapakmepucmuku Ha
ModesniHuUme 30HU

(O]
® z —
= |— o g 3
o5 |B | & (B8 |25
] ,9 GI:J § 8 8 8 =
S| @ 32 & o &2 @ )
o D 1 ke c ., ® 2 = © I
@ Qo <:|U: o © = ]l a & s E T e
e 5 tE124 9 &4 52
53 (88 §¥| & | 28| g | &5
3| o = 5 =) 3 X 3
=| O = S b3 = = 8
e g |T | =
e
11037 |165| 025 | 094 | 057 | 3.0 | 3x10+4
2 | 0.36 | 1.61 1.00 | 050 | 0.28 | 2.0 | 2x10+4
31049 (130 002 |133| 102 | 3.5 | 6x104
4 1031]155 ] 300 |0.32]| 0.02 1.5 | 1x10+4
5 1042|165 | 0.005 | 1.00 | 0.61 5.0 | 5x104
6 | 007|215 | 025 | 040 | 0.15 | 10.0 | 4x104
PaboTHa xunoTe3a

Cnopep npueTata paboTHa xunoTe3a B yyacTbka Ha BIIC
“bsnata Boga” e HacTbNWUMa eKONorMyHa aBapus B pesynrtar
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Ha npeobpblyaHe Ha KaMWOH-LMCTEpHa, MpeBo3Baly 8 ToHa
KOHUeHTpuMpaHa conHa kucenmHa (HCI). Watekmata ot
LUuCTepHaTa KWUCenuHa € 3acerHana niow OT OKOMO eauH
[ekap, kato e obpasysana manku “esepua’.

Tl kaTo cbabpxaHneto Ha HCl B koHUETpupaHaTa comnHa
kucenuHa e 37% npuemame, Ye KOHLEHTpaUmsTa Ha XIopnuaHu
ionn (CF) B mHMNTpUpawmTe ce B MOANOBLPXHOCTHOTO
NpoCTpaHCcTBO emucum e cp = 350 g/l.

Mpegnonara ce, Ye IUKBMOMPAHETO Ha BUAMMUTE Ha
3eMHaTa NOBBbPXHOCT MOCMEeAMLM OT aBapusita U YacTUYHOTO
PEKyNTUBMpaHe Ha 3acerHaTusi NOYBEH CIOA € Bb3MOXHO Aa
ce Hanpasun B 10 gHeeeH cpok. ETO 3awo, B MogenHute
u3cnedBaHus ce npuema, Ye B rpaHWLMTE Ha 3acerHarata
nnow, (¢ npubnuautenHu pasmepu 35x35 m) CbluecTByBa
MOBBPXHOCTEH MOWEH W3TOMHMK Ha 3aMbpcsiBaHe Ha
MOA3EMHMTE BOAM C HEMPEKLCHATO AENCTBNE B NPOLbIKEHNE
Ha 10 geHoHoLWwS.

MpedBna ~ OTHOCMTENHO  BMCOKWTE  (DUNTPALWMOHHN
XapaKTepUCTUKA Ha NUTONOXKUTE Pa3HOBWAHOCTM B Hail-
ropHaTa 4acT Ha paspesa MOxe fda ce npeanonara, ue
CKOpOCTTa Ha MHUNTpauus wWe e Bucoka. Bb3 ocHoBa Ha
NpeaBapuTenHo MPOUrpaHUTE BApUaHTHU pPeLeHus CbC
3ajaBaHe Ha pa3nuyHM  CTOMHOCTW Ha CKOpPOCTTa Ha
WHUITPaLMS Ha CUITHO 3aMbpCceHn TeuHn emmcun Wp (npw
paBHM APYrM YCOBMS) Ce YCTAHOBM, Ye MaTemaTiyeckute
mogenw ca yctoirumeu npu Wp He no Bucoka ot 1.0x10-3 m/d.

CobluieBpeMEHO, B pervoHaneH nnaH OT NOBBPXHOCTTA
noctbneat u okorno 10% ot Banexurte. Mpu cpegHa roguwHa
Cyma Ha Banexa 3a ctaHuusa YupnaH 598 mm, 3a ckopocTTa
Ha MHUNTpaUWS Ha BanexHUTe BOAW € npueTa CTOWHOCTTA
W=1.65x104 m/d. CbabpxaHUETO Ha XMOPUOHN NOHW B TE3N
BOAM € HULWOXHO Manko (c=0 mg/l).

Mpegy aBapusiTa U Cneq NUKBUAMPaAHE Ha MOBLPXHOCTHOTO
3aMbpcsiBaHe Ce MpueMa, Ye B 3acerHatata Mnow, e ce
MHGUNTpUpaT YnucTn Bogn cbe ckopocT W=1.65x10+4 m/d u
koHueHTpauwms ¢=0 mgl/l.

Mpu Te3M HayarHW W TPaHMYHW YCrIOBWS MporHo3aTa 3a
pPasnpoCTpaHeHWeTo Ha  MOABWKHUTE  3aMbpcUTENN e
HanpaBeHa B pa3nyHu MOMEHTM OT BpeMe 3a nepuog oT 300
roguHu. MoryyeHnTe MPOrHO3HW PELUEHWsi NO3BONsBAT Aa Ce
OLIEHM KOMMYECTBEHO M CaMOmMpeyncTBalyaTa CTocoBHOCT Ha
reonioxkata OCHOBAa W CTEMeHTAa Ha 3aluTEHOCT Ha
ManeoreHckMs KapcToB BOAOHOCEH XOPU3OHT.

Komnosupal-le Ha MaTeMaTu4ecKkua moaen

Mpn KOMMO3MpaHETO Ha MaTemaTuyeckus Mopen ca
n3non3saHn kommoTbpHata nporpamMa VS2DTI u ocHosHuTE
MNONOXEHWS, NPeLCTaBeHN B KOHLENTYanHWs Mogen.

MatematnyeckusT wmogen € pgaBymepeH. C  Hero e
CUMYNIMPaHO MOBELEHNETO Ha ObpauTe 3ambpcutenu (Mo
npuMepa Ha XMOpWAHUTE WOHW) B  NOAMOBBPXHOCTHOTO
NPOCTPAHCTBO MO CXemara, npeAcTaBeHa Ha durypa 1.
XuZpOreonoxKATe eauHULM Ca CUMYNMPaHu C LUECT MOAESHN
30HM, BCSKAa OT KOUTO € 3ajajeHa C  reoMeTpus,
OUNTPALMOHHM ¥ MUTPALMOHHI XapaKTEPUCTUKA, OTTOBAPAILLM
Ha peanHuTe obekTu (BX. Tabn. 2).



Bpb3kata  mexay
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CbAbPKAHMETO KoedmumeHTa

BnaronposogHocT K e mopenupaHa ¢ nomowra Ha
yHKuMMTE npepnoxenn ot van Genuchten. B cnyyas 3a
napametpute RMC, a »# B ca u3non3eaHu nocoveHute B
creuuanuanpaHata nutepartypa CTOMHOCTM 3a nogobeH Tvn
reonoxka cpega. Peakuunte mexgy TeuHatTa v TBbpaata
thasa ce mogenumpa no NuHerHaTa u3oTepma Ha Henry.

lpaHuuyaTa mexmgy HeBogoHacWTeHaTa WM BOAOHACcMTEHaTa
30Ha (HWBOTO Ha NOA3eMHUTE BOAM) B paspesa e 3afjajeHa
CbobpasHO pesynTaTUTe OT HanpaBeHWTE B paMKWUTE Ha TOBa
MPOYYBaHMS W3MepBaHWS B MpOYYBATENHUTE COHOAXM U
BOA0A0OMBHUTE KnapeHun. Ha cur. 1 n 2 19 e nsobpaseHa ¢
NyHKTUpaHa NuHKS.

B mogena Bpemeto 3a cumynauus e pasgeneHo Ha 301
cTpec nepvoga. Mupeuat ctpec nepuog e 10 geHoHowwms, a
Bceku oT octaHanute 300 — ¢ NPOABMKMTENHOCT 1 rogmHa.

Mpes mbpBKS CTPEC nepuog ce Npuema, Ye B 3acerHaHara ot
aBapusATa Mnnow, OT MOBBPXHOCTTA MOCTBLMBAT 3aMbPCEHM
TEYHN EMUCUN CbC CKOPOCT Ha WHunTpaums Wp=1.0x10-3
m/d. BxogHaTta KOHUEHTpaLus Ha XnopuaHuTe noHu e cp=350
g/l. W3BbH 30HaTa Ha aBapusTa PAHUYHOTO YCIOBME €
W=1.65x10-4 m/d n c=0 g/I.

B cneppawmte ctpec nepuogu (o1 2 go 301) nocTbnBaHETo
Ha 3aMbpCUTENM € MPeycTaHOBEHO M MO LsnaTta rpaHuua e
3apafeHo rpaHnyHo yenoesme W=1.65x104 m/d n ¢=0 g/, T.e.
0T NOBBPXHOCTTA Ce MH(UNTPapaT Camo YACTU BOAM.

C Taka KOMMO3MpaHWs Moaen ca paspaboTeHn ABa
cueHapust (cwr. 2):
|-8M cLeHapuit: 3acerHataTa oT aBapusiTa MnoLy e Ha tor
OT MarucTpanara;
[l-pn cueHapwit: 3acerHaTata TEpUTOpUSt € Ha CeBep OT
MarucTpanarta.

3acerHara or | - BM cueHapuin
aBapuATa
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II] - nHhunTpauuna Ha sambpcenu Bogu ( Wp = 0.001 m/d; c = 350 g/l)

®ur. 2. FpaHuuM Ha MoaeNHUTE 30HU. FPaHNYHK YCNOBMA NPU PasnnyHK
cLieHapum 3a pa3BUTME Ha eKoNIorUYHaTa aBapus
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Mpw guckpeTu3aunsTa Ha mogenHaTa obnacT e n3nonasaxa
OPTOroHarnHa Mpexa ¢ pasmepu Ha knetkute 0.5 x 5.0 m (cour.
3).
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®ur. 3. MogenHa mpexa. MpaHuUM Ha MOAeNHUTe 30HU

MporHo3Hu pelerus. U3soam

C paspaboTteHnte C maTemaTuyeckusi Mogen CLeHapun e
HanpaBeHa MNpOrHO3a 3a BbL3MOXHOTO 3aMbpCABaHE Ha
NOAMNOBLPXHOCTHOTO MPOCTPAHCTBO M Ha NOA3EMHUTE BOAM B
pes3ynTaT Ha TeXKa eKonoriyHa aBapus Mo Tpaceto Ha AM
“Mapuua” B y4acTbka Ha BIMC “bsinata Boga”. MNMonyyeHnTe 3a
BCEKM CTPeC NepWop pelleHns faBat MHoro fobpa npeacrasa
3a pa3BUTMETO Ha HeraTuBHUTE npouecu 3a nepuod ot 300
rOANHU.

O6xBaTbT W WHTEH3MBHOCTTa Ha 3aMbpCsSBaHETO MpU
peanuaupaHe Ha I-a unm Ha ll-a cLeHapuid ca UNCTpUpaHn ¢
14 BepTWKanHW KapTh N0 CbAbPXKAHWE HA XNMOPUAHW MOHW,
npegctaBeHn Ha ur. 4 u 5. Team kapTv nokaseat
MPOTHO3MPaHUTE C MaTeMaTW4Yeckns MOAEN MpOMeHu B
KOHLEHTPALMOHHOTO MOfle B PasfNYHN  N3YNUCTINTENHM
momeHTH, cbotBeTHO 1, 10, 25, 50, 100, 200 n 300 roguHm
Ccnep eBeHTyarnHaTta aBapus.

CpaBHUTENHWUAT aHanu3 Ha npegcTaBeHus Ha dur. 4 u 5
KapTeH maTepuan [jaBa OCHOBaHWE [a Ce HanpaBW CreHus
KOMEHTap OTHOCHO BbL3MOXHWTE pasMepn W AMHaMuKa Ha
npouecuTe Ha 3ambpcsiBaHe Ha 3eMHaTa OCHOBA UM Ha
noA3emMHuTE BOAM B yuacTbka Ha BIC “banata soga’.

(1) Tpe3 nbpBUTE AeceTuHa OHU criefd aBapusTa, B nepuoga
[0 W34NCTBAHETO HA 3eMHaTa MOBBLPXHOCT M YACTUYHOTO
PEKyNTUBMpaHe Ha 3acerHaTtisi MOYBEH CHOW, YacT oOT
M3TEKNUTE XMMUYECKN 3aMbPCUTENN LU CE MHUNTPUpaT
B OgbnbounHa. CkopocTTa Ha uHunTpaums we e
3HauMTeNHa, NpeaBWE ronsmaTta KOHCEPBATMBHOCT Ha
XNOPUAHMTE 1I0HM 1 TBBPAE BHCOKaTa NPOMYCKNNBOCT Ha
[MUHUTE B MPUMNOBLPXHOCTHATA YacT OT TeonoXKMS
paspes.

MocnefgalloTo passuTie Ha MUrpaLMOHHWTE MpoLecH
Mo Bcekn OT pa3paboTeHuTe ClLEHapuM NpoTWya
NpubnuauTenHo No egHa M cblia cxema. Bce nak,
HeeHOPOAHOCTTA Ha reonoXkata OCHOBAa OT [BeTe
CTPaHM Ha  MaruUCTPanmHOTO  Tpace,  PEeCneKTUBHO
Pa3nuyHaTa reoMeTpUst U MPOCTPAHCTBEHO MONOXEHME Ha
HUCKO PaHrOBUTE XMIPOreONoXKM eOuHWLM B paspesa
npedonpedensT W pasniMYHn  ycrnoBus  3a
pasnpocTpaHeHue Ha 3aMbpCcUTeNnTe.

Mo,qu'IHI/ITe I'IpOFHO3HVI pemeva Nokaseat cnegHuTe
ocobeHocTH:
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®ur. 4. PasnpocTpaHeHue Ha 3aMbpcuTenuTe npu ycnosusATa Ha |-n1
cLieHapui

(a) I-Bn cueHapun

e [lpe3 mbpBaTa rogWHa cnea asapusiTa MOABUXKHUTE
3aMbpcuTenu We AocturHat go gbnbounHa 1.5-2.0 m. Tyk
KOHLIEHTpaUMsITa Ha XMOPUAHUTE MOHU Lie € BUCOKA — OKOMO
900-1000 mg/l.
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®ur. 5. PasnpoctpaHeHue Ha 3ambpcutenute npu ycnosusta Ha Il-a
cLeHapui

e Cnem okomo 5 roguHW 3amMbpcsBaHeTo e 06XBaHe
usnata AebenuHa Ha MpoOHML@EMMUS NMAacT OT MeChbynueu
FMWHW, KaTo MOCTENEHHO LU 3aroYHe Aa HaBnu3a W B MHOrO
cnabo  npoHMuaemns  nnacT  OT  GnaTHM  MMHW.
ChblUeBpeMeHHO, ABUKEHNETO B XOPWU3OHTAmHA NMOCOKa (Ha tor)
e e HesHauutenHo. C paswmpsiBaHe obxsata Ha
3aMbpCEHATa 30Ha CbAbPKAHMETO Ha 3aMbpcUTENuTE Lie



HamarnsBa 1 B Kpas Ha MOCOYeHUs nepuop we 6bage okorno
700-800 mgll.

B wmHoro cnabo npoHuuaemute OnaTtHM  [MHW
OBWKEHWETO Ha 3aMbpCUTENUTE LLe Ce peanuavpa rmaBHO Mo
andy3anoHeH nbT. 3a nepuog 60-70 roguHN XNOPUOHUTE MOHM
Wwe focturHat A0 AbnboumHa 20 m ¥ we 3anoyHaT gda
npemMuHaBaT B MPUMOBbPXHOCTHATa YacT Ha ropHata cnabo
BOAOHOCHA 30Ha Ha nNaneoreHckus KapboHaTeH MacuB.
TsaxHaTa KOHUEeHTpaLms Le 6bae HesHauuTenHa — 5-10 mgl/l.
Cnep okono 90-100 roguHW POHTLT Ha 3aMbpCeHUTE
BOAM LLe HanpeaHe [0 AbnbounHa 28-30 m n 3ambpcutenuTe
3acerHaT CUIHO  MPOHMLAEMUS BOLOHOCEH MnacT B
KBaTEPHEPHUS XOPU3OHT.

B cnepgawmte 200-300 roguHM XNOPUOHMTE MOHM Lue
NpoObKaT, Makap U U3knuMTeNnHO 6aBHO, Aa NMpemuHaBaTt
OT MHOro cnabo mpoHuuaemust mnact OT 6naTHW rvHW B
CWUMHO NpOHML@eMMst BOAOHOCEH nnactT. B  kBaTtepHepa
3aMbpCUTENUTE LLE Ce ABWKAT C NOA3EMHUS NOTOK — OT CEBEp
Ha tor (kbm p. Mapuua). Cneaa fa otbenexum, obaue, ye
KOHLEHTpaUusTa Ha XMOPWAHM WOHM B  KBAaTEPHEPHMS
BOZOHOCEH NNacT LU € CbBceM HeaHaumTenHa — nog 10 mgll.
B kpas Ha nporHosHusi nepuog (300 roguHn) OCHOBHOTO
3amMbpcsBaHe e Ce 3agbpku [MaBHO B rpaHWUMTE Ha
fnaTHUTe IMWHU, KaTO CbObPXKAHWETO Ha XNOPUOHM WNOHU B
Han-3aMbPCEHNs y4acTbK HsMa da npesuiwasa 30-50 mgll.
ToBa Ce ObITKM Ha MHOMO HMCKaTa MPOHWLAEMOCT W BUCOKA
copbupatLa cnocobHOCT Ha Te3N CEAUMEHTH.

[MpOHMKBAHETO Ha 3aMbpCEHWUTE BOAM B AbnbounHa e
Ce orpaHnyaBa oT 406pe N3abpxKaHNUs KOMMEKC OT HEOTEHCKM
MM, ToBa CBMAETENCTBA, Y€ ManeoreHCKUST BOLOHOCEH
XOPU3OHT B paiioHa Ha BIC “bsanata Boga” € nobpe 3awuteH
M HE CblUECTBYBA HMKAKBA OMACHOCT MOCTbMBaWMTE OT
MOBBbPXHOCTTA 3aMbpCUTENW da [OCTUTHAT A0 OCHOBHOTO
BOA0A0OMBHO CbopbXeHue — TpbOeH knapeHel, CK-1.

(6) ll-pn cuenapui
o [lpe3 mbpBaTta roguHa creq aBapusiTa XNopugHUTE NOHU
Wwe obxBaHaT NPWUNOBBbPXHOCTHATA 4acT OT paspesa Ao
AbnbounHa 2-3 m, kaTo KoHUeHTpaumsiTa um we e 1000 mg/l.
3a 5 roguHK 3aMbPCUTENUTE LLe NPeMUHAT NPOHULAeMMs
nnacT OT MEeCbYIMBM MMUHW U e 3anoyHaT Aa Haenu3aTt B
ropHaTa cnabo BOJOHOCHa 30Ha Ha NaneoreHckust kapboHaTeH
Macws.

Cneg okono 20-25 roguHu 3aMbpCcABaHETO e AOCTUTHE
[0 HMBOTO Ha MOA3EMHUTE BOAMW, KAaTO XMOPUAHUTE WNOHU Lue
3anoyHaT Aa Ce ABWXAT Ha tor — Mo MOCOKa Ha MOA3EMHUS
notok. 3a 50 roamH1 3aMbpCeEHNTE BOAK LLe Ce NpUABMKAT Ha
okono 100 m OT MarucTpanHoTO Tpace M MOCTEMEHHO Le
MPEMMHAT B CUIMHO MNPOHULAEMUs BOAOHOCEH NNacT Ha
KBaTEPHEPHUSI BOJOHOCEH XOPM30HT. TyK pasnpocTpaHEeHMETO
UM B ObnbOYMHA e ce orpaHnyaBa OT Jobpe M3gbpxaHus
NPaKTU4eCKM BOZOHEMPONYCKNMB  KOMMIEKC OT  HEOreHCKM
MUHK.  Bbp30MoaBMKHUTE 3aMbpCUTENM e Cce ABWxar
NPeMMyLLECTBEHO Ha tor — kKbM p. Mapuua, kaTo creg okomno
100 roguHK e 3acerHaT 3Ha4YMTENHA YacT OT KBATEPHEPHUS
CWIHO NPOHMLAEM NNacT B rpaHuLuTe Ha MofenHaTta obnact.
Cnepnpa fa 00bpHeM cneumanHo BHUMaHNe Ha akTa, ye
MW MpU TO3M CLEHapuit CTEMEeHTa Ha 3amMbpcsiBaHe Ha
noA3eMHUTE BOAM B Taka OYEpTaHWTE MakCUMamnHW rpaHuLm
Ha 3acerHatara 4acT OT MOAMOBBPXHOCTHOTO MPOCTPAHCTBO
e e W3KMounTenHo Hucka. OuakBaHaTa KOHLEHTpauus Ha
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XMOPWOHM MOHW B NarneoreHckata cnabo BOAOHOCHA 30Ha 1 B
KBaTepPHEPHUS! BOLOHOCEH MIAcCT Lue e CbBCEM He3HauuTemnHa
(He no-Bucoka ot 5-6 mgl/l).

[TpOrHO3HMTE peLleHns nokassaT, Ye crnef €auH no-
Abnbr nepuog (o1 okono 250 roguHn) 3amMbpceHaTa 30Ha B
MOANOBBbPXHOCTHOTO MPOCTPAHCTBO Lie 3amoyHe jda  ce
M34nCTBA OT TMOABWXKHW U OTHOCUTENTHO KOHCEPBATUBHM
3ambpcuTenu. B pesynTaT Ha paspexgaHe C npecHuTe
NOA3eMHU BOAM CbABbPXKAHWUETO Ha XNOpPUAHU NOHK We 6bae B
paMKuTE Ha eCTECTBEHUS IOH.

OueBnaHo €, Ye Mpu pasBUTMETO M Ha ll-8 cLeHapwit He
CblUeCTBYBa pearHa OMNacHOCT 3aMbpCABAHETO fda 3acerHe
ManeoreHCKMAT BOJOHOCEH XOPU3OHT.

B 3aknioyeHne Moxe fa ce Hanmpaeu CreaHWS MHOMO BaXEH
M3BOA: MaNeoreHCKMST KapCTOB BOAOHOCEH XOPU3OHT B panoHa
Ha BIC “bsinata Boga” e MHoro fobpe 3awuTeH noasemeH
BOAeH 00exT.
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U3MNON3BAHE HA PA3NTIUYHN KOMMNOHEHTW HA NMONETO HA CBPBXABIITUTE
PAOUOBBIJIHN CbBMECTHO C MNOCTOAHHOTOKOBO ENEKTPOMNPO®UITUPAHE 3A
U3YYABAHE HA PA3JIOMHU CTPYKTYPWU B HAKOWU 3NATHU U NONTUMETAIHU
HAXOOMULLA HA BBJIFTAPUA

AnekcaHdbp Ljsemkos
Munto-2eonoxku yHusepcumem “Cg. Mear Puncku”, 1700 Cogpusi; atzvetkov@mgu.bg

PE3IOME. Pa3rnepaHn ca Bb3MOXHOCTUTE 3a KapTUpaHe Ha pasfoMHU CTPYKTYpu B Haxoguwara PosuHo ot Watounn Poponw, ToBexpa ot
3anagHus bankaH u pygonposineHve bainoso B 3anagHoto CpeaHoropue ¢ M3Non3BaHe Ha pasnuyHM KOMMOHEHTM Ha nonetata Ha AaneyHu
CBPbXABMTOBBIHOBI paaMoCTaHLuM. 3a LenTa ca aHanuaupaHu pesynTati OT MpoBefeHuTe OnuTHU paboTu C M3MepBaHe Ha crefHuTe
KOMMNOHEHTU Ha PagMONOneTo: aMnNAMTYAMTE Ha XOpW3OHTanHata Hy u BepTukanHata H; KOMMOHEHTM Ha MarHWUTHOTO none, abcontTHaTta
CTOVMHOCT Ha OTHOLLEHUeTo Ha Hz kbM Hy 1 dhasoBaTa pasnuka mexay TsX, MPUBUOHOTO eNeKTPUYHO CbMPOTUBIEHNE Ha cpefaTa prp, ONPeLensHo
Mo OTHOLIEHMETO Ha €JHOBPEMEHHO W3MEpPBaHW XOPU3OHTANHW ENEKTPUYHU U MarHUTHWM KOMMOHEHTW Ha CBPBXABATOBBIHOBOTO paauonone.
VHTepnpeTaumusaTa Ha OaHHUTE OT PaAMOBBLITHOBMS METOL € M3BbpLUEHA C M3NON3BaHe Ha Pe3ynTaTi OT TPMENEKTPOOHO MOCTOSIHHOTOKOBO
enektponpocunupane. B ycnosusta Ha u3bpanute 3naTHu 1 MONMMMETANHW HAXO4MLa ca U3y4aBaHW aHOManuuTe, MPEAM3BUKAHN OT Pa3rioMHM
CTPYKTYPU C Pa3NMYHM re0enekTPUYHM 1 reOMETPUYHU MapamMeTpy 1 TAXHaTa kKopenauus B nnaH.

FAULT STRUCTURE RESEARCH USING DIFFERENT VERY LOW FREQUENCY RADIO COMPONENTS AND DIRECT
CURRENT PROFILING IN SOME BULGARIAN GOLD AND BASE METAL DEPOSITS

Alexander Tsvetkov

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

ABSTRACT. Review of opportunities for mapping fault structures using different very low frequency (VLF) radio field amplitude and phase
components in the following locations: Rozino (Eastern Rhodopes), Govejda (West Balkan) and Bailovo (West Srednogorie). Analysis of results of
completed experimental studies measuring the following radio field components: the amplitude of magnetic horizontal Hy and vertical H
components, modulus of ratio Hz/Hy, phase difference between H. and Hy and apparent resistivity pa for the underlying terrain, estimated by
simultaneous measurement of VLF horizontal electric Ex and magnetic Hy components. The VLF data were interpreted using the results of triple-
electrode direct current electrical profiling. In selected gold and base metal deposits are researched the anomalies caused by fault structures with
different geoelectric and geometric parameters and their correlation.

BuBepeHue [BaTa €enekTpUYHM MeToda 3a U3yyaBaHe Ha pasnoMHUTE
3a n3yyaBaHe Bb3MOXHOCTUTE Ha METOAA Ha CBPbXABIMNTE CTPYKTYpu, CBbp3aHW C npoueca Ha pypoobpasysaHeTo B
BbnHu (Very Low Frequency electromagnetic method — VLF), Pa3NU4HN receNneKTPU4H YCNoBUS.

ca NpoBeOeHN W3CMedBaHMS B  PasiuMuHM  3naTHA U
nonMMeTanHM Haxoguwa B bBbnrapua. B HacToswara Haxoguwe “Po3uHo”

paspaboTka Ce MPEACTaBAT pesynTatv, MOMy4YeHn B B yuactbka Ha 3emnuiieTo Ha c. PosuHo npe3 1974 1. ca
Haxoguwarta PosuHo — WM3t. Pogonu, MoBexaa — 3anageH NPOBEAEHN AeTalnHu reodu3nNyHN M3CneaBaHus no Mpexa
BankaH (LiBeTkoB 1 ap., 1975) u pygonposeneHue bannoso — 100x25 m ¢ u3MepBaHe Ha NPUBWAHO CBLMPOTUNEHWE WU
3anapHo CpegHoropue. W3mepBaHu ca pasnuyHu amninTygHm npeaussukaHa nonspusaums cee cxema Ki npn AO=BO=75
1 (pas3oBM KOMMOHEHTW Ha PagMOBBLITHOBOTO MOSE C HAKOMKO m, MN=25 m 3aenHo ¢ marHuTomeTpus. Tyk B Gegpata Ha
BWAa anapaTtypu, K0oeTo AaBa Bb3MOXHOCT [a CE CbMoCTaBu benopeukaTa CuHKNMHaNa, pasnonoxeHa HeNOCPEACTBEHO Ha
TAXHaTa €PEKTUBHOCT MPU U3y4YaBaHE Ha TEKTOHCKUS CTPOEX for OT U3rpafieHoTO OT NPOTEPO30MCKN CKanu C MbCTbP CbCTaB
Ha 0bXBaHaTUTE pPaloHMu. PosuHcko nogyBaHe, ca YCTAHOBEHW HSKOMKO Pa3noMHN 30HU
c nebenvHa 3-10 m. B pesynrtat 0T npoBeaeHUTe reonanyHm

PagnoBbAHOBUAT METOL € npunaraH CbBMECTHO C n3crneaBaHus ca HabenssaHu HAKONKO OCY Ha MPOBOAVMMOCT W
TPUENEKTPOAHO NMOCTOSHHOTOKOBO MpochunMpaHe no cxemarta nonsipuayemocT ¢ asumyT okono 270-280°. OT kapTaTta Ha prp
Ha T.H. kombBuHupaHo enektponpodunupare (KIM). Toea (ur. 1) ce BMKOa, Y& TO3M MNapameTbp Ce W3MEHS B
Nno3BOJIABa Aa Ce HarpaBu CbroCTaBAHE Bb3MOXHOCTUTE Ha AuanasoHa oT CToThHa Ao Hag 1500 Qm. OTKpOFIBaT ce age
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30HM C MOHKEHO enekTpuiHo cbnpotusneHune (200-300 Qm)
¢ HanpasneHue npubnusnutenHo 3C3-UOW, B rpaHuumTe Ha
KOMTO Ce OTAENsT T.H. 0Cu Ha npoBoaumocT. EgHata nonaga B
YCTaHOBEHA C KaHaBW CTPBMHO HaKMOHEHA pasfoMHa 30Ha C
nposiBW Ha WMnperHauus n OpekynpaHe Ha rHamcuTe K
Hanuume Ha cyntuaHa MuHepanusaums B 4bndodmnHa.

e B S W

®ur.1. Kapta Ha npuBUAHOTO CBLMPOTUBNEHWE MO AAHHW OT KOMOWHM-
paHo enekTponpodunmpaxe B Haxoauile ,,Po3uHo”

Mo-KbCHO B CbWMA Y4aCTbK Ca W3BLPLUEHN OMUTHO
METOAMYHU M3CMeaBaHus N0 METOAA Ha CBPBXABANMTE BbIHU.
B CbOTBETCTBME C HamnpaBfEHWETO Ha YCTaHOBEHWTE
Pa3noMHW 30HM, CBbP3aHW C NONUMETANHa MUHEpPanu3aLms, e
u3bpaHa pagnocTaHuuMs, pasnonioxeHa B rpagyeto Rugby,
Benukobputanus, kosTo wm3nbuBa Ha uyectota 16 kHz.
ManonseaH e npuemunk MCAB-1, paspaboteH B MI'Y, Codous.
(NoseHcku, Lietkos, 1971). VamepBaHu ca xopu3oHTanHaTa
Hy u BeptukanHata H; KOMMNOHEHTM HA MarHWTHOTO none u
brbfla HAa HaKMNOHA Ha MbMHUA My BEKTOP, NO KOMTO e
OnpepensiH 3HakbT Ha Hz npu pascTosHne mexay Toukute 12.5
m. TlonyyeHute paHHM ca 06paboTeHU [OMbAHUTENHO C

uNTbp, W3MON3BaLy CceneM NOCMeAoBaTenHW TOYKM MO
npocduna (Karous, Hjelt, 1983), «koiiTo npeobpa3sysa
aHoMarMMTe  Ha  W3MepBaHaTa  KOMMOHEHTa  Ha

PagMOBLIHOBOTO NONME B MAaKCUMYMM  WAM  MUHWUMYMW.
MoJpexnaHeTo Ha TOYKMTE NpU  AUGEPEHLMPaHETO  Ce
noabupa B CbOTBETCTBME C NOCOKATa Ha MbPBUYHOTO Mone. Mo
TO3W HaYWH NONOXUTENHMTE aAHOMAmMW Ha unTbpa ce
CBbp3BaT C A0Ope NpoBOAALM 0DEKTW OT TUNA Ha PasfioMHM
30HW, PYGHW Tena v apyru. Pesyntatiute OT W3YMCNEHMETO CE
npuBLP3BaT KbM CpegHaTa Touka W Ce O3Ha4aBaT KaTo
F(HzHy). Ha cwur. 2 ca npencraBeHu pesyntatute oOT
M3MepBaHWATa BbB BUA Ha kapTa (MnaHLIeT) Ha rpadukuTe Ha
OTHOWWEHMETO Hz/Hy M Ha nONOXWUTENHWTE CTOMHOCTW Ha
tunTbp-onepatopa F.
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@ur. 2. Kapta Ha rpadmkute Ha NPUBUOHOTO ENEKTPUYHO

CbNpOTUBNEHUE pa NO KOMOMHMpaHO npodunupare (KM) u
¢untup-onepartopa F(H./Hy) no meTona Ha cBpBLXABLAMUTE BLIHM
(VLF) B Haxopuuwe “Po3uHo”: 1 — KpUBM Ha NpPUBMAHOTO
cbnpotusnenue no KM; 2 - kpusu Ha F(H./Hy); 3 - “npeceykn Ha
nposoaumoct” no KI; Ocu Ha npoBogumocTt no KI: 4 — ysepeHo
npocnenexu; 5 - npegnonaraemMu

Buxga ce, ye ocute Ha mposogumocT no KI nonagat B
pobpe wn3pasenn makcumymn Ha F(Hz/Hy). Ha npeacraBeHus
reonoro-reopnsnyeH paspes no npocpun 20 (cur. 3) Moxe aa



ce Buagu pOobpaTta Kopermauus Mexgy pesynTtatm OT Tpu
enektpuyHn metoga — KI no enekTpuuyHo CbnpoTUBAEHWE U
nonsipuayemoct u VLF. ToBa ce Buxga B yvacTbuuTe,
nonagawu Ha 200, 550-600 1 800-900 m (cpur. 3), B kouTO Ca
(ukcupaHn aHomanuu OT fMHENHO wu3TerneHn aobpe
MPOBOASALN CTPYKTYPMU.

MpencTaBeHnTe pe3ynTaTi Nnokaseat, Ye B YCMOBUSATA Hax.
ENeKTPUYHMU
PasfoMHM

“PO3MHO"  MPUNOXEHUTE  AETaNIHM
YCMELHO  KapTMpaT  HUCKOOMHM
BWUCOKOOMHUTE METAMOPUTH.

MeToau

30HM  cpef

H,/H,,%
F(H,/H,),%
3

240

v

v
[al2 B4 4 [Z5

®ur. 3. PesyntaTu OT CBPBbXABLNATOBBLIHOBO (a) M KOMOGMHMpaHO
npocdmnupase no €NeKTPUYHO  CLMPOTMBNEHMe pa (6) u
nonspusyemocT na (B) no npocun 20 B Hax. Po3nHO ¢ reonoxku
pa3spe3 no bnusHakoB, Bacunes (1979): 1 — aHomanHa oc Ha 00eKT ¢
HUCKO CBLNPOTUBNEHME; 2 — aHOManHa oC Ha OGeKT C BMCOKa
nonspusyemocT; 3 - OGWOTMTOBM M MYCKOBMTOBM THaiich; 4 -
amdubonuUToBM rHaicu n amcudonutu; 5 — pasnom

TakuBa CTpYKTypU Ca NEpCrneKkTMBHM 3a Hanuyive Ha
MoNMMETANHO CyNdUAHO OpyasBaHe No TAXHOTO NPOTEXEHME.
Ha npaktuka BcuYKKM HabensisaHW 30HW Ha MPOBOAMMOCT C
metoga KM ce oT0enssBaT C XapakTepHW aHOManmuM Ha
MarHuTHUTE KOMMOHEHTW Ha noneTto B MeToga VLF, kato
MaKkcuMymuTe Ha unTbp onepatopa F (Hz/Hy) cneast ocure,
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CBbP3BALLM T.H. MPECEYKM HA NPOBOAMMOCT OT KOMOMHWUPAHOTO
npocunmpare. Kato Hai-gobpe wu3paseHn aHomanuu Ha
MarHUTHATE KOMMOHEHTW Ha PaguMomnoNeTo ce OTKpOosBaT ABe
aHomanHu 30HM — A1 n Ag ¢ Grusko OO ceBepo3anagHo
HanpaBreHWe, KOMTO Ce NpocreasBaT Mo BCUYKM M3MEPEHM
npodunn M NPeAcTaBnsiBaT  M3sBa HA  MOHWKEHOTO
€NEKTPUYHO CbMPOTMBNEHWe B 0OXBaTa Ha npegmnonaraemu
pasnoMHM 30HW. Mo Hskou [0Bpe u3paseHn aHomanuu e
HanpaBeH OMUT 3a NpPUBNM3MTENHO onpegensHe gbnboynHaTa
[0 TOpHaTa rpaHuLa Ha aHoManHWsi 0BeKT Mo PascTOSHMETO
Mexay ekcTpemMymuTe Ha oTHoLeHneTo Hz/Hy. Mo npodun 20
3a 30Ha A17q e 13 m, no npocpun 21-17 m, a no npocpun 22-25
m.

Haxoauuwe “lNoBexaa”

B rpaHuumte Ha 3natopygHoTO Haxoauwe “ToBexaa” ca
NpoBEXAaHW W3CnefBaHUs Ha NPUBMOHO CbNPOTUBMEHWE U
npeowssMkaHa nonmspusaums  cbc  cxema Ha KM wu
MarHUTOMETpUS. lpencTaBeHuTe  pesyntath  ca  OT
reocouanyHu nacneasanms no 9 npodmna ¢ nocoka C-CU u
pbikmHa 400 m B yyacTbk “AkauuuTe”’, pasnonioXeH B
HenocpeacTaeHa BrmaocT fo c. losexaa (dwr. 4). Te ca ¢ no-
[EeTalneH xapakTep W ca U3BbPLUEHW CbC 3afaya kapTupaHe
Ha pPa3fnoMHM 30HW 1 NPOBEPKA Ha OTKPUTUTE KBapL-CynduaHu
3M1aTOHOCHM JKWMW 1 Y4acTbLy Ha UHTEH3UBHU XMAPOTEPMAITHM
npomeHn. [pocunnute ca npe3 25 m, a cTbhkata Ha
namepeaHe — 10 m. KombuHupaHoTO npodunmpaHe e
U3MbIHEHOo cbe cxema AO= BO=25 m, MN=10 m.

Hait-lwnpoko pasnpocTpaHeHue TyK UMaT LWMCTU U OUnTK
ot anabas-punutongHata opmaums. B yyacTbka ¢ nomowyta
Ha KaHaBM Ca Pa3KPUTK HSKOMKO KBapu-CyndmaHn Xunn u
pyoHu 3oHu ¢ obwo HanpasneHue C3-tOW. TekToHckuTe
NYKHaTWUHK, B KOUTO CE HAMMPAT XunuTe, ca Aobpe n3gbpxaHu
Ha 3HauMTenHa LbMKWHA, JOKATO PYAHUTE XUIW, U3rpageHn
OT KBapL, C BKIIOYEHWS Ha ranexuT, cdhanepuT, M1puT 1 ap., ce
NpocrneasBaT Ha Ob/KMHA OT HAKONMKO METpa A0 HAKOMKO
CTOTMUM MeTpa. B 3aBMCMMOCT OT KOMMYECTBOTO Ha
cyndmaunTe v KBapLa CbnPoTUBNEHNETO UM ce MeHu oT 50-60
po 100-150 Om, kato ce HabniogaBa HepaBHOMEPHOCT B
HEroBOTO pasnpedeneHne no [ObMkMHATa Ha Tenata.
BmecTBawuTe ckanu ce xapakrtepusupaT C OTHOCUTENHO
BMCOKY crieumdnynm conpoTuenenns ot 1500 go 3000 Qm. C
MOMOLLTa Ha kaHaBM B y4acTbka e MpoCrefeHa LUMpOoKa 30Ha,
n3TerneHa B CeBepo3anagHO HanpaerneHue, Mo KoATo ca
YCTAHOBEHN  KBApLUCYNUAHM KUK W WHTEH3WBHM
XVMOpOTEPManHM MPOMEHM OT TUMa Ha  MUpUTU3aums,
XNOpUTU3aLMS, cepuunTu3aums u kapboHutusaums (cur. 4).

Mo Bcuukm npocunu e npunoxeH MetogbT VLF ¢
M3non3BaHe Ha paguocTaHuusiTa ¢ yvectota 16 kHz,
NOAXOAALLA 33 MU3yyaBaHe Ha CTPYKTYpU CbC CeBepo3anagHa
nocoka. WamepsaHo e ¢ npuemHuk AOPA-1 (IloseHcky,
LisetkoB, 1973), KOWTO MO3BOMSIBA  OTYMTAHETO  Ha
amnnutygata A W pasata ¢ Ha OTHOLIEHMETO Ha
BepTMKanHaTa KbM XOpPU30HTanHaTa MarHUTHU KOMMOHEHTU Ha
paguoctaHuuaTa. Anapatypata pabotM Ha - puKCuUpaHu
pabOTHM 4yecToTM W npvema B [ABa OTAENHW  KaHana
MarHWTHUTE KOMMOHEHTU Ha pajuononeTo C nomowiTa Ha
HerodBMXHO  3aKpeneHn  B3aUMHO  NEpneHAMKYNSpHO
OpWeHTUpaHN EePUTHU aHTEHU.
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®ur. 4. Cxema Ha reodmsnyHute npodunum ¢ enemMeHTu ot
MHTepnpeTauuUsTa Ha pe3ynTatute oT METOAUTE Ha CBPBLXAbNIMTE
BbnHu (VLF) n kom6uHupaHoto npocunupare (KM) u reonoxku
OaHHU OT NpoKapaHUTe KaHaBM B y4acTbK “Akauuute” OT Hax.
loBexpa: 1 — 30Ha Ha noHuxkeHo cbnpoTusneHue no KI; 2 — oc Ha
NpPOBOAUMOCT B rpaHULMTe HAa OTAeneHaTa 30Ha; 3 — npoBoAsWa
30Ha, OTAeNeHa Mo MakCcUManHWTe CTOWHOCTM Ha napametbpa F,
u34mncneH no amnnutypara A Ha otHoweHueto (H./Hy); 4 — reonoxkm

. kaHaBu; 5 paskpuTMs Ha KBapu-cyndmpHu kunu; 6 -
XMAPOTEPMAITHO NPOMEHEHM CKanu

MpunoxeHuTe reoduanyHn MeTogW yBEPEeHO npocreassar
LuMpOKaTa 30Ha C XMApOTepManHu nNpoMeHu. Ta ce oTaens ¢
MWHUMYM Ha Prp. CbC CTOMHOCTM OT nopsigbka Ha 300 Qm, npm
¢on 800-900 Om. AHomanHaTta 30Ha € C WwiupuHa okorno 150
m 1 ce npocneassa B uHTepeana mexgy 350-470 m Ha
npodpmn 11.5 n 100-250 m Ha Hai-u3TouHMs npocoun 15.5.
MpubnnautenHo B cpefata i ce oTbens3eart fobpe n3paseHu
aHomanuu, Hapwyann B metoga KM “npecevkn Ha
NpOBOAMMOCT’, KOUTO Ce ChegsT NOo BCUYKA M3MepeHu
npocmnu. He ce 3abensssa fobpe n3paseHa 3aKOHOMEPHOCT
Ha MpMBbP3BaHE Ha Te3n aHOManmMM C KOHKPETHW KBapl-
CYNWAHN PYAHW KuUIn 1 Tena.

[paHULMTe Ha LUMPOKATa 30HA C HWUCKO CbMPOTUBMEHME MO
paHHn ot KIM ce dmkempaT ACHO Ha KpUBWTE Ha amnnuTydarta
Ha OTHOLIEHWETO Ha MAarHWUTHUTE KOMMOHEHTU C MMHUMYM
OTKbM tOXHaTa CTpaHa Ha npodunute M Makcumym OT
CeBepHaTa UM CTpaHa U C PEe3ku W XapakTEepHW MPOMEHW Ha
basata (¢, BKI. CMsIHA Ha 3Haka. AHOManusaTa Ha MarHUTHUTe
KOMMOHEHTN € C OTHOCUTESIHO NO-TONIEMU Pa3sMepU B HOXHA
nocoKka, KOeTO BEPOSITHO Ce AbIHKM Ha CPaBHUTEMHO Mo-
ronamMaTta gbnboynHa Ha u3cneasaHe ¢ Mmetoma VLF B
CpaBHEHME C eNEKTPUYHOTO NPOGUNMPaHE, U3BBPLLEHO C Kbca
3axpaHBalLla NHus.

174

% %
112
40 + .
18 m 05 o
1 O(PUuiI L
201, P 100
0 0/\\ T T T T /\1—/ O
AOF, 10 .20 30 40
- ~Touka Na ~ 7"~
6,8 - o 100
.
10::4 [po¢un 14 100
0o —~ VA~V g
A OF, 10 20Tquka N80 40
%o, % o
30:712
2078
107
%10 20 30 - 40
A - F, Touka Ne 100
Mpodun 12 [

@ur. 5. Kapta Ha rpadmkute Ha MarHUTHMUTE KOMMOHEHTU Ha
CBPBXALJITOBBLIHOBOTO paAMonosie B y4acTbK “Akauunte” — Hax.
“FoBexpa”: 1, 2 — amnnutyaa A 1 ¢asa @ Ha OTHOLIEHNETO Ha
BepTuKanHata H. KbMm XopusoHTanHata Hy KOMMOHeHTV Ha
marHuTHoTo none; 3 — dmnTbp-onepatop F Ha amnnutypata A,
u34ucneH no chopmynara Ha Karous and Hjelt

Hapepn c Te3u ABe KOMMOHEHTH, Ha cur. 5 ca NpeacTaBeHu 1
rpaukute Ha unTbp-onepatopa F(HzHy), u3umcneH no
[aHHM 3a amnnutypata A. 10 HEerosute MakCUMymu MHOTO
pobpe ce Kopenupa LMPOKA 30HA C BUCOKM CTOMHOCTM Ha
napametbpa F. OueBugHO Tyk ce HabniogaBa BWCOKA
KOHLIEHTpauus Ha WHAyuMpaHUTe TOKOBE B NpoBoAsLiaTa
cpepga, obycnoBeHa  OT  YCTAHOBEHWUTE  WHTEH3WBHU
XngpotepmanHu npomeHn. Camo B OTAENHM yyacTbuy TS
cbBragja C YCTaHOBEHU KBapL-CynduaHWM opyasBaHus.
Jluncata Ha epgHO3HAYHa Bpb3ka Ha aHOManuuTe Ha
pagnononeTo C pyaHUTE KUK Ce ObMXW Ha HeeJHOPOAHOCTTa
Ha enekTpUyHaTa MPOBOAMMOCT MO TAXHOTO NPOTEXEHMUE,
BCEACTBUE W3BETPUTENHW W Apyrn npouecn. o cblwata
npuynHa Te He ce 0TOMBAT e4HO3HAYHO U BbPXY rpadukuTe Ha
CbNpoTUBNEHNETO OT MeToga KIT.



[poBedeHnTe  reoM3NYHM  U3CNedBaHMs B y4acTbk
“AkaumiTe” Ha  3natopygHoTo  Haxoguwe  “ToBexaa”
noseonsBaT Aa Ce wu3crnegBa TaxHaTa eMEKTMBHOCT npu
“3y4aBaHe Ha TEKTOHCKW 30HU C ronsMa LWnpuHa oT nopsigbka
Ha 150 m C WHTEH3MBHWM NPOMEHW, BOAELM OO KOHTPACTHO
HamarsBaHe Ha CneundMYHOTO CbMPOTUBAEHNE Ha cpegaTa.
AHanM3bT Ha MpUBEAEHWTE pesynTatM OT CbBMECTHOTO
npunaraHe Ha eauH NOCTOSHHOTOKOB CbNPOTUBUTENEH W €AMH
eneKkTpOMarHuTeH MeToA nokassa, Ye Te Mo3BOnsBaT fa ce
OTKpWBAT €[HO3HAYHO M [a Ce OKOHTYpBaT NpubnMuTenHo
rpaHuLMTe Ha TakvBa CTPYKTypw. o-KoHTpacTHM B cnyyas ca
aHomanuute ot Metoga KT, gokato pagnoBbIHOBUST METOS €
no-epukaceH npu M3yuyaBaHe Ha JMHEWHW NPOBOAHMLM C
OTHOCUTENHO NO-Manku HanpeyHu pasmepwu. Mopaam nunca Ha
KOHTPaCTHa pasnuka B €NeKTPUYHOTO CbNPOTUBIEHWE, B
MHOTO Cry4au KBapl- CyndMOHUTE XUIM He Cce M3ABSBAT
aobpe.

Yyactuk “baitnoso”

leoduanyHMTe  W3CnedBaHMs  ca  MpoBELEeHN B
HenocpeacTeeHa bnusocT go c. bainoso. B Tasw vact ot
3anagHoto CpepHoropne ce paskpuBaT OCHOBHO BYMKAHCKM
npogykTM C aHAEe3nTOB CbCTaB OT Yenonelkata cButa U
0THaCTU NACbYHMLM C KpeaHa Bb3pacT (Kaukos, Mnves, 1993).
B yyacTbka Mexay cenata lonama Pakosuua u baiinoso ca
yCTaHOBEHN pparMeHT OT T.H. Bbpacka mopdocTpykTypa
(Xenes u ap., 2003), opopmeHa NOA BANSHWE Ha 4BE NOCOKM
Ha nuHeameHTupaHe — TebpauLkarta n bepkosckata. BropaTa
e C HanpaeneHne C3-IOW, kaTo OpueHTMpOBKaTa Ha
reomsnyHUTe npodounu n n3nonagaHata
CBPBXABMrOBLIHOBA paguocTaHuus ¢ yectota 16 kHz ca
noabpaHn C OrMed M3y4yaBaHETO Ha HEVHWUTE MpOsiBU B
“3crneaBaHus y4acTbk.

Ha dwur. 6 ca npeactaBeHu pesyntatu no metoga VLF B
yyacTbk 0T 5 npodpuna npes 200 m ¢ HanpaBreHWe cesep-tor.
Crtbnkata Ha wu3mepBaHe e 125 m. Ma3nonssaHa e
anaparypara LuBefcko npou3soacTeo EM-16R, kosTo usmepsa
peanHata Re(HzHy) u umarnHeprata Im(Hz/Hy) komMnoHeHTH
Ha OTHOLIEHWETO Ha BepTMKanHaTa KbM XOpW3OHTanHaTa
CbCTaBsll@ Ha MarHWTHOTO none. T no3BonsBa fAa ce
ONpeSens 1 NPUBMAHOTO CLNPOTUBIEHNE HA CPedaTa pa Ypes
W3MepBaHe Ha enekTPUYHWS WMMNegaHC no [Be B3aUMHO
nepneHaMKyNSPHU KOMMOHEHTW Ha NoneTo — Ex 1 Hy.

lMpeacTaBeHa e U kapTa Ha pasnpeseneHueTo Ha unTbp-
onepatopa F (cur. 7). Ha Hes gobpe ce oTkposiBa 30Ha C
BMCOKM CTOMHOCTU Ha TO3U NapameTsbp ¢ Hanpasnexue 3-U oo
3C3-UCW, koato ce cnegn [fobpe u Ha rpadwmkute Ha
MarHWTHUTE KOMMOHEHTW MO BCWYKW MPOCHUNM, MOKa3aHW Ha
cur. 6. Moxe fa ce cuuTa, Ye paaMoBBLITHOBITE aHOMaNNK ca
Npenu3BMKaHM OT TEKTOHCKA CTPYKTypa CbC CblyaTa Nocoka.
TpsibBa aa oTOENEXMM, Ye B HEMHUTE rPaHUL NO MOBEYETO OT
npounmTe Ha MakCUMymUTe Ha pearHata KOMMOHeHTa
OTFOBapAT ~ MMHMMYMW  Ha  WMarMHepHata  MarHuTHa
KOMMOHEHTA, KOETO € XapaKTepHO 3a BUCOKA NPOBOAMMOCT Ha
obekta. Crpyktypata ce Oenexu M C aHOManuMu Ha
MarHuTHOTO none AT, M3MEPEHO MO ChbluaTa Mpexa.
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Qur. 6. lpadmkm Ha KOMMOHEHTUTE HA MarHUTHOTO Mone W

NONIOXUTENTHUTE CTOMHOCTHM Ha M34uUCneHus no dopmynata Ha Karous
and Hjelt cdmunTbp-onepartop F no gaHHMTe 3a peanHata KOMNOHeTa B
yyacTbk “BaitnoBo, 3anagHo CpepHoropue: 1 - Re(HJHy); 2 —
Im(H-/Hy); 3 — F(ReH/Hy); 4 — kopenaunoHHa oc Ha npoBopAsLY 00eKT no
AaHHU OT MeTOAA Ha CBPBXABINTUTE BbJIHU

EQHOBpEeMeHHO ¢ MarHUTHUTE KOMMOHEHTW Ha paguononeTo,
B pyponposiereHne ‘bainnoso” ¢ anapatypata EM-16R Ha
yectoTa 16 kHz ca n3BbpLUIEHN 1 U3MepBaHWSA Ha NPUBUAHOTO
CbMPOTUBIIEHWE Ha cpefaTa, npes KosITO Ce pasnpocTpaHsaBaT
CBPBXAbArMTE pagunoBbiHW. EnekTpuuHaTa komnoHeHTa Ex e
OTYMTaHa C MOMOLLTA Ha ENEKTPUYEH AUNON C ObMmxuHa 5 m.
Kakto ce Bwxga OT ¢ur. 8 oTAeneHaTa 30Ha Ce cneaw c
NMHENHO ~ M3TErNEHW  MUHUMYMU  Ha  NPUBUAHOTO
CbMPOTUBIIEHME.

Kakto metogbT VLF, Taka 1 koMGUHMpPaHOTO npodunmpaHe
Morart fja 6baaT U3non3eaHn MHOTO YCMELHO 3a KapTUpaHe Ha
Pa3noMHW HApYLUEHWS!, CBbP3aHU CbC 3MaTHU U MOMMMETaNHU
MWHEpanu3auum, BCneacTene oopMsHETO B TexHus obxsat
Ha Cpeau C TMOHWKEHO ENEKTPUYHO CbNpoTuBMEeHWe. [lpun
HanWuMe Ha 30HW Ha TEKTOHCKA MPOMSHA CbC 3HAuMTENHa
WwupmrHa (0T nopsigbka Ha 150 m 1 noBeye) paguoBBLIHOBUAT
MeToZ (huKcupa C XapaKTEPHW aHOManuu [BeTe UM rpaHuLy,
HO [aHHMTE OT eneKTPUYHOTO MnpodunmpaHe ca no-
MOAXOAALLM 32 U3y4aBaHe Ha TO3W TUM reONOXKN CTPYKTYPU.
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®ur. 7. Kapta Ha cdmnTbp-onepatopa F, uauucnen no gopmynara Ha

Karous and Hjelt no gaHHM oT peanHaTa KOMMOHEHTA Ha OTHOLIEHUETO

Ha BepTUKanHata KbM XOpPM3OHTaNHaTa MarHMTHa CbCTaBsilla Ha
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®ur. 8. Kapra Ha npuBMAHOTO  eNEeKTPUYHO
CbNPOTUBIEHME B y4yacTbk “BaitnoBo” no paHHu ot
M3MepBaHUsA No MeToAa Ha CBPBbXAbNrMTE BbiHM (VLF)
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CpaBHsiBaHETO Ha 13npobBaHMTE KOMNOHEHTH B MeToga VLF
nokasea, Ye Hal-rofieMM Bb3MOXHOCTM  MPeAocTaBsT
pearHaTa M WMar/HepHaTa CbCTaBSILLM HA OTHOLUEHWETO Ha
MarHWTHUTE KOMMNOHeHTU H/Hy, kakto u camarta H kosTo
TEOPETUYECKM € YUCTO aHOMamnHa. BbB BCMYKM Cryyam
e(heKTMBHOCTTa Ha  WHTEpnpeTauusTa HapacTBa  npu
npeobpa3yBaHe Ha [daHHUTE C NoMolTa Ha T.H. UATHP-
onepaTopu.

OT npefcTaBeHuTe NpUMEPK Ce BKAA, Ye pesynTatute OT
[BaTa NpUoXeHN METOAA Ca aHANOMMYHM U Tbii KaTo METOABLT
VLF e mMHoro no-6bp3 1 eBTUH, TOI CriefBa fa ce npeanoynTa
Mpu n3yyaBaHe Ha eNeMEHTM Ha pasnoMHaTa TEKTOHMKA.

3aknioyeHune
Pe3yJ'ITaTI/ITe oT npose,quwTe n3cnegBaHua Oasat
BBb3MOXXHOCT da ce Hal'lpaBﬂT cnegHUTe No-BaXXHU U3BOAMW.

INutepatypa

bnusHakos, 1., P. Bacunes. 1979. [Joknad 3a pesynmamume
Om  2e0/10KKOMO  KapmupaHe, — 2e0(hUsUYHUME U
numoxumugHume uscredganus 8 M 1:5000, usgbpuweHu
npe3 1975 e. e patioHa Ha pydonp. “Po3uHo”. Hau.
reocoHg, 1-949.

Kenes, B., Jl. Hukoa, [. Kpymn, ®. Mutposa. 2003.
XapakTepuctuka Ha bbpackata kpbroBa MOpOCTPyKTypa
(Bvarapus). — [od. MY “Ce. Mean Puncku’, 46, cs. |,
leon. eeogpus., 83-88.

Kaukos, H., K. Wnues. 1993. ObscHumenHa 3anucka KbM
2eornoxkama kapma Ha bwneapus 6 M 1:100000 (k..
Wxmuman). C., KTMP, 'eonorua u reocusmnka-Afl, 63 c.

Nosencku, W., A. Lipetkos. 1971. TpueMHMK 3a CBPBXABAM
Bb/IHW, NMpeAHas3HayeH 3a reouanyHn uacrensaqns. —
Paduo menesusus enekmpoHuka, 4, 103-105.

NoseHcku, W., A. LieTkos. 1973. Anapatypa 3a aMnauTygHo-
(ha3oBM N3MEPBAHNSA Ha paauMoNoNeTo, NpeaHasHaveHa 3a
reocmanyHu  macnegsanus. — C6. Ooknadu “20 20d.
BMrr’, 4, 40-46.

LigeTkos, A., E. Xpuctos, B. Heges, B. fHes, [. Jonyes.
1975. EchekmugHocm u pas3denumenHu 8b3MOXHOCMU Ha
mMemoda paduoKun Ha cepbXx0bJ/i2U 8LJHU 8 yCr08usma Ha
Hax. [osexda u MamoyHopodonckomo noHuxeHue. PoHa
' BAH, 66 c.

Karous, M., E. H. Hjelt. 1983. Linear filtering of VLF dip-angle
measurements. — Geophysical Prospecting, 31, 782-794.

MpenopbyaHa 3a nybnukysaHe ot
Kateapa “MpunoxHa reocpuanka”, Me



rOANLIHMK HA MUHHO-TEONIOXKMA YHUBEPCUTET “CB. UBAH PUIICKIA”, Tom 51, Cs. |, F'eonorusa u reodpuamka, 2008
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 51, Part I, Geology and Geophysics, 2008

XWOPOMEOJNIOXKM YCNOBUA B PAUOHA HA E3EPO CPEEBPHA

Kanuna lllonoea
MurHo-eeonoxku yHueepcumem “Ce. MgaH Puncku”, 1700 Cocpusi; kshopova@abv.bg

PE3IOME. Esepoto CpebbpHa € 3aluTeH npupogeH 0BekT OT HaLMOHanHO W MeXayHapoaHo 3HadveHue. PasnonoxeHo e B Aigemupckata
HM3WHa, B HemocpencTeeHa 6nm3ocT ¢ peka [yHas. /3BbplueH e 0630p Ha CbLLECTBYBALUMTE FEOMOXKMA U XMOPOreonoXKkM NPOyYBaHNs B paitoHa
Ha e3epo CpebbpHa. HanpaBeHa e xapakTepucTuka Ha OTAENHUTE NOA3EMHU Tena, NOAXPaHBALLM WUnK ApeHupaLyy BnaxHaTa 30Ha. CbecTaBeHm
Ca Xupporeonoxka kapTa Ha ropHULLETO Ha bapem-anTckusi BOGOHOCEH XOPWU3OHT W CbBPEMEHEH KOHLIENTyaneH matematudecku mogen. Ypes
MoZena 3a MbpBy MbT Ce NpaBy ONUT 3a M3AICHABAHE Ha XMAPOAMHAMMKaTa Ha MOA3EMHMTE BOAW B paiioHa Ha e3epo CpebbpHa.

HYDROGEOLOGICAL CONDITIONS IN THE AREA OF SREBARNA LAKE
Kalina Shopova
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; kshopova@abv.bg

ABSTRACT. The Srebarna Lake is a protected natural site of national and international significance. It is located in Aldemir plain, right next to the
Danube River. An overview is made to the available geological and hydrological information for the area. A characteristic is made to the single
underground objects, recharging and/or discharging the wetland. A hydrogeological map of the top of Baremian-Aptian aquifer and a recent
conceptual mathematical model are drawn. Through this model for the first time it has an attempt to attain more information on the hydrodynamics
of the underground waters in the Srebarna Lake area been made.

BuBepeHue Oununos (1995) B eonoxka kapma Ha bbeapus M1:100000

Esepo CpebbpHa (cur. 1) ce Hamupa B torosanagHata yact — kapTHI nucToBe TyTpakat v Cunmctpa.
Ha Agemupckata HW3MHa, B HEMOCpeacTBeHa Omu3ocT Ao
peka [fyHaB npu km 391-393. Ot 1949 r. esepoto €
MOAMOXEHO Ha 3HAYUTENHO aHTPOMOrEHHO BbL3LENCTBUE.
JlukempmpaHa e ectectBeHaTa Bpb3ka Ha CpebbpHa ¢ peka
[OyHaB - «kaHana [paraiika. [lo-kbCHO, B crneacTeue
WM3rpakgaHeTo Ha peamua XUOPOTEXHUYECKM CbOPBKEHUS BbB
BogocOopHaTta obnact Ha €3epoTo, B TOBa YMCMO Ha
MHOXECTBO COHO@XM W KNageHuM e MPOMEHEH OTToka Ha
pekuTe, 3aycTBaliM BbLB BraXHaTa 30Ha W NpUTOKa Ha
nog3emMHuTe BoaW. Bpb3kaTa Ha BnaxHaTa 30Ha ¢ peka [lyHas
e BbacTaHoBeHa npe3 1978 r. B ceBeposanagHata 4acT Ha
pesepBaTa, HO He BCAKa rofgwWHa BNW3aT AYHABCKM BOAW B
esepoto. [lpe3 nepuoga 1990-1993 r. BOAHOTO HMBO B
esepoto poctura kputuunute 0.40-1.00 m. Kato cnewHa
MsipKa 3a Bb3CTAHOBSIBAHE Ha BnaxHaTta 30Ha npe3 1994 r. B
CEBepoM3TOYHaTa YacT Ha pesepeara, B 6nm3ocT 40 MSCTOTO
Ha eCTeCTBeHMs kaHan [paraiika e w3rpajeH KaHan,
CBbp3BaLL €3epoTo C peka [yHaB.

leonorus u xupporeonorus our. 1.E
M3yyeHoCT Ha paloHa

MbpBuTE CBEAEHUS 3a reonoxk1a cTpoex Ha [obpymxa ce HeoreHckuTe cepMeRTI ca MpoyyeHn MHOro MoapobHo ot
cBbp3BaT C MMeHara Ha A. Boué (1828), F. Toula (1890) m L.~ Cranuesa (1966), CroitkoB u Bpeckoecku (1966), MMoros
de Launay (1906). Mo-kbCHO paiioHBLT € W3cnemBaH OT (1986) n Koommxuesa (1981; 1989). Mo npobremute Ha
3natapckn (1927), T. Bowues (1938, 1942), Koen, E. BoHues, kBaTepHepa ca nybnukyBaHu matepuanu ot fApaxos (1961),
Yewntes u Kaparionesa (1956), Koctaguros (1962) u gp. ~ ®wnuno v Mukosa (1967; 1977; 1983), Eanorues (2000) u
Pesyntatute oT reonoxkute kapTupoBku ca 00606weHn oT Apyrv uscnefosaten.
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[TbpBUTE XMAPOreonoXkW u3cneaBaHns B Anaemupckata
HW3MHa Cca MPOBEAEHN BbB BPb3ka C BOJOCHabOsBaHETO Ha
[obpyaxa v 3a u3rpaxaaHeTo Ha HamouTenHa cucTema U ca
CBbp3aHM C WMeHaTa Ha bosmxues (1948; 1964), Kagwes
(1951), AntoHoB (1953) n Mapkosckm (1953). [Mo-kbCHO
MaLlabHW XUOpOreonoxkM M3CnefBaHus ca NpOBEAEHU OT
NpOEKTaHTCKNTE OpraHn3auun EHepronpoekT, BopgokaHan-
npoekT M BoanpoekT BbB Bpb3ka C aAHAMIMPAHETO Ha
Ainemupckata HuauHa (Motos, 1961), narpaxaaHeto Ha XTK
“Cunuctpa-Kenbpaw” (Mapkos u gp., 1989; Croes u gp.,
1977; TMetkos, 1977 wm pgp.), 3a paswMpsBaHETO Ha
OTBOLHWTENHO-HaMoMTENHA cuCTemMa B AigeMupekata HU3MHa
(TpbHYapoB u ap., 1970), KakTo K 3a GUTOBO M MPOMMLLIIEHO
BogocHabassaHe (VMoTos, 1968; Numonanos, 1966; Monosa,
1988 u gp). OCHOBHM apXWBHU M3TOYHULM 3a MOA3EMHUTE
BOAM B paloHa Ca OKNaauTe BbB BPb3Kka CbC ChCTABAHETO Ha
xuaporeonoxkn kaptu B M1:250000 (AHTOHOB 1 ap., 1968;
Hanues n gp., 1972).

Mpe3 neproga 1990-1999 r. ce npeBexgaT XUaPOreonoXKu
uscreaBaHus B paioHa Ha e3epo CpebbpHa BbB Bpb3ka C
HEroBOTO Bb3CTaHOBABAaHE 1 OMasBaHe KaTo 3aluTeHa
Teputopus (Lonoea, 1992; CnacoB u gp., 1993). AHanus,
WHTEpNpeTaums 1 000bLeHNe Ha Hanu4HaTa XMLPOreonoxKa
MHOPMALMS, C PecypcHa OLEHKa Ha MOL3eMHWUTE BOAM OT
Bapem-anTckus BOOOHOCEH XOpu3oHT B CeBeposanagHuTe
cknoHoBe Ha CeBepoObnrapckoto CBOLOBO MW3AMraHe W
AnekcaHapuiickaTa genpecus € n3pbplieHo npes 1994-1998 .
OT KonekTuB Ha BognpoekT. B paiioHa Ha e3epo CpebbpHa ca
W3rpageHn MOHMTOPUHIOBM NyKTOBE 3a HabniopeHue Ha
nof3eMHWTE BOAM OT anyBuanHus U Hapem-anTckust
BOAOHOCEH xopu3oHTK (Banes, 1994).

Feonoxku cTpoex

B pasrnexpgaHus paiioH ce pasnpocTpaHeHu CEAMMEHTU Ha
kpeaata, HeoreHa u kBaTepHepa. PyceHckata cauta (rsKih) e
C LUMPOKO pa3npoCTpaHeHWe B MpOyyBaHaTa TEPUTOPUS.
MpencTaBeHa e OT pasHoobpasHu BapoBuuW. B paiioHa Ha
pesepBat CpebbpHa TOBA ca MPEAMMHO MOPLENaHOBUAHM
BapOBULIM, HANYKaHW 1 OKAPCTEHN C PHXAMBM NETHA Ha MecTa,
npocrnoeHn OT Osna rnuHa, kpeda, rMMHA C  YaKbiW.
MoLwHocTTa UM B paiioHa Ha e3epo CpebbpHa € okono 300 m.
CeonmeHTnte Ha PyceHckata cBUT@ ca paskputM Ha
MOBBLPXHOCTTA B OXHATa 4acT Ha pesepBaTta - MECTHOCT
KaHapudkata. Paskputusi ce HabnioaaeaT v no CKNoHoBeTe Ha
TPUTE CYXORONWs, 3aycTBallM BbB BraxHaTta 30Ha. B obcera
Ha e3epOoTo BapoBULMTE OT PyceHckaTa CBUTa ca NOANPSHM OT
anbcku meprenu.

OT HanpaBeHWTe COHAAXW OKONO GMOCepHUSIT pesepBear ce
yCTaHOBSBa, 4Ye BapoBUUWTe Ha PyceHckata cBuTa ce
paskpuBaT Ha AgbnbounHa 5-8.5 m go 0 m  OT 3emHaTa
MOBLPXHOCT B OXHATa YacT Ha u3credBaHus paiioH. B
ceBepo3anagHaTa 4acT Ha BflaxHaTa 30Ha, B OCHOBaTa Ha
Bb3BULWEHNETO KapabypyH KpemHWTe BapoBULM Ca paskpuTy
Ha ObnbounHa 20 m OT 3emMHaTa MOBLPXHOCT. Ha u3TOK, Ha
XOpU30HTaNHO pasctosHue 350 m Te npemuHaBaT B Meprenu.
B ceBepousToyHaTa 4acT Ha pesepsarta, torosanagHo ot C.
Alipemup BapoBuUMTE Ha PyceHckaTa CBMTa Ca paskputu B
COHOax, Ha obnbuunHa 55 m nog anbceku meprenu.
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B no-ronsama yacT oT AigemmpckaTa HWU3WHa, BKIIOYNTENHO
pycroto Ha p. flyHaB go kbm Cunmuctpa [OKBaTEpPHEPHMS
paspe3 e NpeAcTaBeH OT [IMHECTM Meprenu, KOWTO B
AbnbounHa CTaBaT NECHUNIMBM M OT FMAYKOHUTHU NSCHYHMLM.
B paitoHa Ha CunucTpa antepHauusTa OT NechbunuBy Meprenu
W TMaYKOHUTHW NACBYHULM ¢ anbcka Bb3pacT e onpeaeneHa ot
EenorneB (2006) kato [naykOHUTHO-MeprenHa necbunuBa
3agpyra. Kato HeodmumanHa nutoctpaturpadicka emuHuLa
Ta3n 3afpyra Ce BbBeXAa 3a MbpeM MbT OT OuUnMNoB M
Yewwmtes (1992). [lebenvnHata Ha MeprenHuTe CEaUMEHTH €
20-180 m, kaTo Ham-ronsMa Ta e B KpambpexHaTta ueuua
cpewty CpebbpHeHcko 6naTo. MeprenHa BogoHenponycknmea
MOAMNOXKa € YCTaHoBEHa MO COHAaXeH MbT Ha 20 m oT
3eMHaTa MOBbPXHOCT B CeBepHaTa vacT Ha e3epo CpebbpHa.
Bbpxy Hesa nexwu u pycnoto Ha peka [yHaB. Ha tor, B aepe
KbnHexa, 3aycTBallo B e€3epOTO, TakuBa Meprenu nuncear.
PasnpocTtpaHeHneTo Ha anbckute Mepreny He € JOCTaTbyHo
po0pe yCTaHOBEHO B rpaHWLMTE Ha BraxHaTa 30Ha, nopagu
CTPOrvSl M CTaTYT Ha 3alyuTa.

HeoreHckuTe OTNOXEHWSt B pasrnexgaHaTta Teputopus ca
npeactaBeHn ot Tpu cauTh: Cbprioscka ceuta (sNiP) — cusm
[0 CBETNoOKagsiBM Ha LBAT BapOBUTM, TbHKOCHOAHM, B
OTAENHW MHTEPBANN MECHYNMBM TMMHK; Alljemupcka CBUTA
(aN2d) — Benu, cuBu, XbNTU B0 PHXAMBK, PuHKM, ApebHO o
CPEeHO3bPHECTM MSACHLUM, KOCO HACMOEHM C MPOCHONKKM OT
CuBO3eneHn necbunueu rmuHu; CpebbpHnika cauta (SrN2") —
CMBM, NECbYNIMBM, BApPOBMTY [NWHM, NPEMUHABALN B
CMBOCUHKaBM A0 GENesHWUKaBM TMMHECTU BapOBUUM, MIbLTHU,
3[paBy, YeCTO LYNNecTy.

CrpatotumbT Ha CbprnioBckaTa CBUTa € B Aona, HammpaLy ce
B CEBEPOW3TOYHATA YacT Ha ceno CutoBo. HeoreHckuTe MnHM
nexat BbpXy nopLenaHoBUaHUTe BapoBuLM Ha CpebbpHuLLKa
ceuta. MnuHnTe ca ¢ gebenuHa fo 1 m., CUHKaBW JO CUBM,
cnabo necvunuemM, 6e3CTpykTypHW. [lecbunmBM [MUHM Ha
CoprnosckaTa CBMTa Ce paskpuBaT M Ha 2 km HOXHO OT C.
CpebbpHa. Paskputn ca Ha abnbounHa 34 m B marpapeHns
COHAax Jo c. BetpeH Ha bpera Ha p. [lyHas.

Macbuute Ha AigemupckaTta CBUTa Ce XapakTepusupaT C
Koca, 0T4acTu napanesiHa CroucToCT, ykasaHue 3a oTnaraHe B
NAUTKM W HECMOKOMHM Bogu. [lacbuuTe ca npeaumHoO
KBapuUMBM C TAIMHECTM MWHepanu. B ropHute MM yacTtu
HabniogaBame KOHKpeLMoHHM obpa3syBaHus.Te ca ¢ gebennHa
2-8 m. fAceH npodun Ha cegnMeHTUTE Ha Aaka ce Habnwogasa
3anagHo ot CunucTtpa, o woceTo 3a ¢. Mpodecop Nwmpkoso.
PaskpuBat  ce  KbITEHWKABO-pbXaMBM, ApebHO [0
cpeaHosbpHecTn nacbun. Mpu ¢ Cmuney MOWHOCTTa Ha
nacbLUWTe cTUra 4o 6.5 m.

Baposuunte Ha CpebbpHulka CBUTA Ca 34pasw, MOKpUBaT
no-BUCOKWTE 4aCTW Ha u3credBaHWs paloH. Te ca €
pebenuHata 40-50 m. B paioHa Ha e3epo CpebbpHa B
3anafHuUTE W U3TOYHMTE CKMNOHOBE HA Bb3BULLEHWATA
Komxabanp u KapabypyH BapoBuuMTE Ce pasKpuBaT BbpXY
nacbLUMTe Ha Ademmupckarta ceuta. B ropHute yactu Te ca no-
[MMHECTH, JOKATO MPEMUHAT BbB BAPOBUTU MUHU C MOLLHOCT
4 m. CeanMeHTUTE Ha NeBaHTa Ce pPa3kpuBaT Mo CKMNOHOBeTe
Ha pekute CpebbpHeHcka, Bapbykcka, KbnHexa u npu c.
Cmunel. Ha u3tok, B panoHa Ha c. Aingemup u Cunuctpa
BapoBMLMTE Ca C Marka MOLIHOCT W npeobrniagasat NOHTCKUTE
FIIHN.



KBaTepHepbT € nMpeAcTaBeH OT  €ONNEeNCTOLEHCKM,
MNENCTOLEHCKN W XOMOLEHCKN  CeANMEHTH €0ITNYHN
obpasyBaHus, anyBuanHu  OTNOXEHWS,  e3epHO-6naTHu
Hacnaru. [nemcToueH-eonnyHo anyBsuanHu obpasyBaHus ca
NPeACTaBEHN OT YEepPBEHWKABW MECHYNMBM [MWHKM, KOWUTO Ca
npexog  Mexgy  rpyboknacTMyHUTE  eOonnercTOLEHCKM
MaTepuanu u nbocoBUst Kommnekc. B parioHa Ha pesepBaTa
CpebbpHa ca paskpuTi B COHOaxHUTe 13paboTkm B Kanyweso
Aepe ¥ B torosanagHata YacT Ha pesepsarta.

MnencroueH-eonnyHuTe  0bBpasoBaHMa  cniegeaT  Hag
yepBeHuUTe IMMHW C NMocTeneHeH npexoA. lNpeacTasexn ca ot
TUMMYEH MbOC- BEeXOBO-KbATEHNKAB, (DUHOIbPHECT, MeK,
nopbo3eH, Crnabo cnoeHa rNMHECTO-aneBpoNuTOBa CcKana.
JTboCOBM OTNOXEHWUSI MOKPUBAT MOKPaMHWHUTE Ha pesepBat
CpebbpHa.

lnencToueH-anyBnanHuTe 00pa3oBaHMst Cca MpUBBHP3aHN
KbM Tepacata Ha p. [lyHaB u p. PyceHcku Jlom. Pasnonarart ce
TPaHCIPECMBHO BbPXy PasMUTUTE W OKapCTEHU BapOBWLMW Ha
PyceHckata cButa. peacTtaBeHu ca OT pasHOKbCOBU, Aobpe
W3rMageHn YakbmW, MPUMMCEHW C NAcbK. [lokputn ca B
MOBEYETO CRyyan OT NbOCOBWS komnnekc. [ebenuHata um e
10 m.

B ceBepHus yyacTek Ha e3epo CpebbpHa nmnceat
obuvaiHMTe 3a KpaigyHaBCKATE HW3WMHM YaKbiM W MACHUM
(To3n chakT € CBbp3aH C pa3nnyHUs TEHE3UC Ha €3epoTo).
AryBranHu OTINIOXEHUS Ca PasKpuTU B COHAXHW 3paboTky B
Tepacarta Ha p. [lyHaB ceBepHo 0T c. Aiigemup. lNpeacraseHu
ca nocrnefoBaTeNHo OT MITbTHA FNMHA, (WH MnaBaly MACHK,
YaKbM  C  MECburMB  3ambiHMTEN W BanyHu. B
ceBepo3anagHata 4acT Ha pesepBaTa, BapoBUUMTE Ha
PycyHckaTa CBWHA M3rpaxpaaT MOAnoxXkara Ha anyBuanHuTe
oTnoxeHus. B paioHa Ha c. Aigemup anysuanHute
OTNOXEHMS Ca C MeprenHa noanoxka.

Mpe3 xoroueHa ce obpasyBaT aryBUaiHW OTIOXEHMS Ha
BMCOKATa M HUCKATa Tepaca Ha peKkuTe, KOMTO He ce
OTNMYaBaT oT Teau, PopMUpaHM Npe3 nneicToLeHa. 3anarat
BbPXY BapoBULMTE Ha PyceHckaTa cBUTa W OTAOMY-Harope ca
MPefCTaBeHn OT YaKbiM, CPEAHOIBPHECTU MACHLM, MIbTHM
CMBY MMHM, TbMHO OLBETEHM NECHYNMBY MMHKU. MolHocTTa
Ha 3anuBHaTa Tepaca Ha p. lyHaB goctura 20 m, kaTo neT ot
TAX Ca Naja Ta YakbiuTe U NACbLUTE.

MMpe3 xonoueHa ce obpasysaT [efyBuanH1, NposyBUasnHm
KOOMyBMamNHM M CMECEHM TUMOBE KBATEPHEPHU OTNOXEHMS,
(hOpMMpaHETO Ha KOWUTO € 3anayHano oLye npes nnecToleHa.
EsepHo-OnaTHM Hacnaru nokpuBaT MOBCEMECTHO LHHOTO Ha
e3epo CpebbpHa. MpeactaBeHu ca OT CuBO-KadhsiBU yTaiky,
cnaboynnbTHeHn, 6oraTM  Ha  OpraHUYHM  BellecTBa.
[ebenuHaTta Ha TO31 ropeH cnom e mexay 2.5 n 3.5 m, kosiTo e
npubnuUaMTENHO edHaKkeBa 3a Mo-TonsiMa YacT OT e3epoTo.
CaMo B CEBEpOM3TOYHMS Kpail Ce YCTaHOBSIBA €AHO FOKanHo
U3TbHSABaHE Ha 6naThus cnoit (8o 1.2 m), kbaeTo ce odopmst
topma, HanopobsBaLLa CTapoTo PyCno Ha ECTECTBEHNS KaHan
[paraiika. E3epo-6natHute yTaiikm B paloHa Ha pesepsar
CpebbpHa ca CbBPeMEHHM yTaiki, 06pa3yBaHM OCHOBHO Mpe3
nocnesHns nepuos, cref aHaurupaHeTo Ha p. [yHas, korato
Ce e HapyLwmn BofHWS 6anaHc Ha BnaxHaTa 30Ha.
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Xnaporeonoxku ycnosus
[eonoxkute ycnosusa B pa17|0Ha Ha obekTa npeponpenenar
HannM4MeTo Ha cnegHusA XUapPOreonoXku paspes:

Bapem-anTckn BO4OHOCEH XOPU3OHT

MomsemMHuTe BOAM Ca ce (hopMMpany B HEPABHOMEPHO
okapCTeHuTe BapoBuUM Ha PyceHckata csuta. Baposukosus
komnnekc Ha 6apem-anTta e NOKPUT C KBaTEPHEPHN OTIIOXKEHMS
NbOC W anyBWanHW OTNOXEHMUs, MNIMOLEHCKN [MUHK,
HEOreHCKM NACHbUM 1 BapoBMUM. B paiioHa Ha e3epo CpebbpHa
BOAOHOCEH XOPW3OHT € PasKpUT Ha NOBbPXHOCTTA- MECTHOCT
KaHapuukata unm e noKpuT OT HEOreHCKM WMWK KBaTEPHEPHU
FTIMHK, KOWTO Ha MeCTa W3TLHABAT U Ce Cb3aaBaT YCnoBus 3a
APEHUpaHe Ha KapCTOBM BOAW B €3epoTo (ur. 2)

NG 2420 3,60

- pommeR

I

| FOpHULLE Ha BOJOHOCHMA X-HT

— " rnuHK Ha CbpnoBcKaTa cBuTa

————— -[ | ropHVLe Ha BOAOHOCHHA X-HT
T KBaTepHepHwW rmuHu

== roPHWLIE Ha BOAOHOCHMA X-HT

anBckn meprenu

AbNG., M BogHO HUBO, M
KOTa TepeH, M

®ur. 2. Xupporeonoxka kapTa Ha ropHMWeTo Ha Gapem-anTc-kus
BOOHOCEH XOPU3OHT B paiioHa Ha e3epo CpebbpHa

-CNe

Mognoxkata Ha Gapem-anTa e NPeAMMHO OT XOTPMBCKM
CELNMEHTH Meprenu, [MMHECTU BapOBWLM, BapoOBULM,
NECHYNMBY BapOBMLM, NO-pAAKO NsicbyHMUM. OT tor Ha cesep
MeprenuTe HamanseaT M Ce 3amecTBaT OT BapoBULM K
rMuHeCTW BapoBuuM. Ha cesep oT nunusaTa Mucaneu-Mobut
kambk-KnumeHT — ceaumeHTuTe Ha  PyceHckata  cBuTa
obpasyBaT 00l BOLOHOCEH XOPW3OHT C BanaHXWUHCKNTE
BapoBuuy Ha KacnuyaHckata cauta (AHToHOB, [laHyes, 1980).
MowHocTTa Ha kapBoHaTHWS KOMMMeKC, KoWTo € cbe cnab
HakMoH Ha CeBep M ceBepo3anag, B CeBepHaTa 4acT Ha
BOLOHOCHMS XOPU3OHT, KbAeTo e u e3epo CpebbpHa e okomno
300 m.

B paitoHa Ha 6uocdepeH pesepsat CpebbpHa CblyecTByBaT

yCroBMS 33 MNpsAKO nogxpaHBaHe Ha bapem-antckus
BOLOHOCEH XOPW3OHT OT Banexu, B Yy4acTbuuTe Ha
paskpuBaHe Ha BapoBUUMTE Ha PyceHckata cBWTa Ha
NOBBPXHOCTTA, B lOXHATa 4YaCT Ha TEPUTOPUATE, KaKTO U OT
NOBBLPXHOCTHW BOAWM, MpW  (POPMUPAHETO Ha OTTOK B
3ayCTBALLMTE CE B €3EPOTO CYXOa0musl.

B otaenHun yyactbum — okono Cunuctpa Hanpumep, bapewm-
anTCKus BOJOHOCEH XOPW3OHT € B XWUOPaBMWNYHA Bpb3ka C p.
[yHaB. Tam npes anyBuanHuUTe OTNOXEHUS NPU BUCOKW BOSHM
CTOEXM pekata nogxpaHBa bapem-anTckus BOBOHOCEH
XOPW3OHT.

KapcroBute nogsemMHu Bogu ce Apenupart B p. [lyHas u B
e3epo CpebObpHa. [Mpu paskputMaTa Ha BapoOBMUMTE Ha
MOBBLPXHOCTTA B OXKHATa 4acT Ha pesepsata MOA3EMHUTE
Boau oT Bbapem-anTckusi BOLOHOCEH XOPU3OHT Ce ApeHupaTt



noA dopmata Ha M3BOPU M BPEMEHHU NOTOLM. OUHAMUYHNSAT
pasxof Ha bapem-anTckusi BOLOHOCEH XOpu3oHT e 1125 /s
(banes, 1994).

dunTpaumoHHUTe napameTpu Ha bapem-anTckus BOGOHOCEH
XOPWU3OHT Ca OrnpedeneHu B ABa ONMWUTHM y4vacTbka OKOMO
pesepaaT CpebbpHa. MTbpBUSAT XMAPOYYaCTbK € Pa3noNoXeH B
loHaTa yact Ha c. CpebbpHa — Ha WrpuweTo, a BTOpUs no
Kanyweso pepe, 3ayctawo B esepoto. OnpeaeneHute
(OUNTPALMOHHM MapamMeTpyu MoKaseBaT 3a MbPBUST Y4acTbK
BogonposogumocT T=61-78 m2/d, nuesonpenasaHe a=1.2-6.1
x104 m?d, BopootgaBaHe p=0.001-0.005. 3a BTOpUAT
XMOPOYy4YacTbK onpegeneHnTe (UNTpaunoHHN napameTpu ca
BogonpoBogumocT  T=551-683 m2/d, nue3onpenaBaHe
a=2.97x104 m?/d, BogooTaasaHe p =0.022.

lMogsemHaTta Boga Ha bapem-anTckus BOGOHOCEH XOPWU3OHT
€ NpeauMHoO XuapokapboHaTHO-kanLMeBo-MarHeavesa no Tu.
Mpes aBryct 2005 r. ca HanpaBeHW 3amMepBaHWs Ha BOAHUTE
HMBAa Ha nof3emMHWTE BOAM OT bapem-anTckns BOJOHOCEH
XOPW3OHT B pailoHa Ha e3epo CpebbpHa. M3suepTaHa e
xuapoanHamuyHa mpexa (cpur. 3). OnpeaeneH e rpagueTa Ha
MOL3EeMHUsl MOTOK Ha 6apem-anTCkus BOJOHOCEH XOPU3OHT B
panoHa Ha e3epo CpebbpHa —0.012-0.0129.

®ur. 3. XuapoguHamMnyHa kapTa Ha noA3eMHUTe BOAW Ha 6apem-anTckus
BOAOHOCEH XOPU3OHT Ha e3epoTo CpebbpHa

MnuoueHckn BOAOHOCEH KOMMSIEKC

dopmupaH € OT NACbUMTE W [NIMHECTUTE BapOBULUM Ha
Aiigemmpckata 1 CpebbpHukaTa CBUTU, C AONEH BOAOYNOP
rmuHuTe Ha CbprnoBckata cBuTa. [MMOLEHCKUTE CEaUMEHTM
ca yCTaHOBEeHW B uBMUA, wwupoka okono 20 kM nokpan p.
[yHaB, ot Pyce pgo Cunuctpa. HOxHaTa MM rpaHuMuya Ha
pasnpocTpaHeHWe MUHaBa Mo nuHUATa YepseHa Boja-
Benuua-fobpotuua-Ctpauummp.  HeoreHckute  ceauMeHTU
3anaraT Bbpxy BogogenHute wmacusn (Hdanues, 1972).
PaskpuBaT ce B NIUTONOXKMS pa3pe3 oT abconmoTHa koTa 24 [o
89-92 m (Esnorve n gp., 2006). Ha BogogenHute Guna
MMMOLEHCKNS XOPU3OHT € MOKPUT C Nboc 1 0bpasyBa C HEero
00Ly BOOOHOCEH XOPW30HT. Mo TWN BOAWUTE B MACHUUTE W

NbOCOBWSI  KOMMMEKC Ca MOPOBM W MyKHATUHHW  BbB
Baposuuute. [lo xapaktep BOAOHOCHMSI XOPU3OHT €
BesHanopeH.

lMnMoLeHCKM BOLOHOCEH KOMMMIEKC Ce MoAxpaHea OT
aTMoCchepHM Banexu u ce ApeHupa B p. [lyHaB W B peyHuTe
ponosete (Yelwma o urpuieto B ¢. CpebbpHa Q=0.5-2 I/s,

vewma B c. CutoBo, C. BeTpeH) M OT [ONHOKpenHWTE
BapoBMLM MPU  HEWU3ObpkaH BOZOYNOP OT [MWHUTE Ha
Cupnosckata ceuta. Okono e3epo CpebbpHa ca ycTaHOBEHM
Mo [I0NOBETe M3BOPW, APEHMpaLLM NIMOLIEHCKa BoAa — Yellma
TopopaHka, Yeluma B CEnoTo v ap.

KoethuumeHTa Ha untpauus B nacbuute Ha AigemupckaTa
ceuta e 1.5-3.5 m/d. BogootaaeaHeto e 10-12%. MowyHocTTa
Ha BOOOHOCHMS XOPW3OHT € Manmka — oT 5 go 25 m.
OuUNTpaLMOHHNTE CBOMCTBA HA [NEHECTUTE BapoOBMLM Ha
CpebbpHuLKkaTa CBUTA HE Ca ronemu.

EcrecTBeHMTE pecypc Ha  NMOLEHCKMS  BOAOHOCEH
xopu3oHT ca 175-250 I/s. PernameHTupaHo Bogonotpebnexve
OT Hero ce ocbluecTesaBa oT BuK-Cunuctpa ypes MNC-Betpeh-
knageHeL, CpebbpHa ¢ febut 6-7 I/s. B MuHanoto noasemHute
Boau o1 MBX ca Gunu 0CHOBEH U3TOYHUK 3@ NUTEIHO BUTOBO U
Apyro BopocHabpsiBaHe. Cera ca 3ameHeHW C no-gobpe
3alUMTEHN OT 3ambpcsiBaHe noA3emMHM Bogu oT bapewm-
anTCKMst BOAOHOCEH XOPW3OHT U TOPHOKPCKUS-BanaHXUHCKN
XOPUM30HT. MoN3BaHETO Ha MMWMOLIEHCKM BOAM MPOABLITKAaBA M
cera 3a pasnuyHu Hyxau. Bogute ca xupopokapboHaTHO-
MarHeaueBO-KanuMeBN C NOBULLEHO CbAbpXaHWe Ha HaTpui.
BoaoHOCHMSI XOpM3OHT € crnabo3aLnTeH 0T 3aMbpCsiBaHe.

KBaTepHepeH BOQOHOCEH XOPU3OHT
Cropeq TMNa Ha Hacnarute CbliecTBYBaT [Ba OCHOBHM
KBaTepHEPHM BOLOHOCHU XOpU3OHTa:

Mod3emHu 800U 8 SIbOCOBUME OMITOKEHUS

NbocoBmsaT komnnekc nokpusa nout 80% ot TeputopusTa
Ha bapem-antckus BOJOHOCEH XOpM3OHT. MowHocTTa My
poctura go 40 m. OcHoBata My e [MWHA, KOATO He e
CbBbpLUEH BOLOYMOP ¥ MO3BOMsABA MH(MNTpaLMs Ha Boga B
pbnbounHa. JlbocbT uma MHoro [fobpa normbliaTenHa
cnocobHocT, obycrnoBeHa OT ronsMata My MOPUCTOCT,
pocturawa  52%.  [IpebHOsbpHecTMsST My  CTpoex
npegonpeaens Hucka UnTpaumnoHHa cnocobHocT — 4o 2 m/s.
B nboCOBMAT KOMNAEKC ca akymynupaHu Oe3HanopHu no
XapakTep W MOpOBW MO TUM Nog3eMHU Bogyw. lMogxpaHBaHETO
My € OT aTMOC(EPHM Banexu, a APEHNPaHeTo B OCHOBATa Ha
LOMOBETE U B AOMNYNEXALLMTE BOAOHOCHU XOPU3OHTH.

BodoHoceH xopu3oHm e mepacama Ha p. [yHae
MpenctaBnsiBa [BYCNOEH BOAOHOCEH XOPU3OHT, C NO-
BOAOMPOMNYCKMBA [OSHA YacCT OT CPEedHU W edpy Yakbu U
Pa3HO3bPHECTU MACHUM, MPEXOXKAALM Harope B [MWHM U
nacbum. Obwata pebenvHa Ha Xopu3oHTa JocTura o 29 m, a
Ha fonHata My 4acT — go 14 m. BogonpoBogumoctta Ha
yakbnute e ot 250-1250 mZ/neH, a BogooTaaBaHeTo 23%
(Banes, 1994). ®opmupaHuTe B HEro BoaAu ca NonyHanopHu u
HeHanopHu. lMog3eMHNTe BOAW B anyBUanHWUTE OTIIOKEHWS B
pasrnexaaHus panoH ca OCKbAHU. [AMHaMWUYHUAT UM 3anac €
okono 860 I/s. B ywyactbka mexay esepo CpebbpHa 1 p. [lyHas
AOMHMSI YaKbNeCT XOPWU3OHT e MpeACcTaBeH OT BapOBUTM
nomnysaobneHn KbCOBE C MNECHYNMBO-TMMHECT 3aMbHUTEN,
NPeACTaBNsBaLLM anyBuUanHW MporyBUANHKN OTNIOXEHUS Ha
BOAM UABALLM B MMHANOTO NO AONMHUTE HA PEKUTE 3ayCTBaLLM
BbB BroXHaTta 3oHa. MowHOCTTa Ha Tean Yakbnu € 1-4 m.
[OpPHMAT BOOOHOCEH XOPWU3OHT B TO3M PanOH € NPeaTaBeH OT
BnatHu rmuHK ¢ mowHocT 6-20 m. B kpainbpexHara ueuua B
TO3M Yy4yacTbK Haj OnaTHUTE [MMHM Cce  YCTaHoBsBaT



MaroMOLUHA [AYHABCKW MACbUM U YaKbiW, NPUNOKPUTA C
anyeuanHu rnuHu (JaHues, 1972).

Bb3 ocHoBa Ha npoBeaeHuTe npoyusaHus npes 1992 r. B
HuocctepHns pesepsat CpebbpHa, Npy HUCKM BOAHM HWBA Ha
peka [lyHaB € CbCTaBeHaTa XWOPOAMHAMMYHA KapTa Ha
noA3eMHusi NOTOK B TepacaTa Ha peka [lyHaB, B yyacTbka Ha
pesepBaTa. PUNTPALIOHHNS MOTOK € HAaco4YeH KbM peka [lyHas,
Mo CTapoTo KOpUTO Ha kaHan [paraika. Ipu HUCKU AyHABCKM
CTOEXMW pasnukata B HamopHWUTE FPaAMEHT B U3CregBaHus
paitoH ca manku — 0.01. Mog3emHaTa BOoga Ha BOLOHOCEH
XOpU3OHT B Tepacata Ha p. [lyHaB_e no Tvn xuapokapboHaTHo-
kanuuesa, XuopokapbOHaTHO-KamnumeBo-MarHeaunesa, ¢ obwa
MuHepanu3auus 0.326-1.9 g/l.

3aknoyeHue

MpuTokbT Ha noa3emHuTe BOAM KbM e3epo CpebbpHa
0bycnass CbLUeCTBYBAHETO Ha BriaxHaTa 30Ha 0COBeHO npes
nocnegHute 50 roguHu. lMpu nuKBMOMpaHe Ha Bpb3kaTa Ha
e3epoTo ¢ p. [yHas (1949); npu nunca Ha JocTaTbyeH NPUTOK
Ha MOBbPXHOCTHW BOAM OT CyXOOnusATa, 3aycTeawy B
pesepBaTa; npu u3napenme Hag 1000 mm/rog, KkoeTo
3HAUMTENHO HaABMLUIABA KOMMYECTBOTO HA MagHANUTE Banexu
(500 mm/rop) Te ca OCHOBHAT NPUXOLEH ENEMEHT BbB BOAHMS
BanaHc Ha e3epo CpebbpHa. be3 TAxHMA mpuTOK €3epoTo
Beye Ou TpsiOBano 4a e NpecbxHano.
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SPECTROMETRIC MEASUREMENTS OF TERRESTRIAL AND LUNAR BASALTS

Denitsa Borisova, Rumiana Kancheva
Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, 1113 Sofia; dborisova@stil.bas.bg; rumik@abv.bg

ABSTRACT. Reflectance spectroscopy is a rapidly growing science that could be used to derive significant information about mineralogy.
Absorption bands in telescopic spectral reflectance of the moon and other solar system objects are potential for obtaining mineralogical and
chemical information. Real land and solar bodies’ covers are mixtures of materials and the theory of mixed spectral classes is an efficient method to
study various rocks and minerals. Laboratory spectral measurements of basalt samples have been performed in the visible, near infrared and
thermal infrared bands with multi-channel radiometers. Basalts are mixed classes of their rock-forming minerals and the data obtained have been
used to illustrate the application of spectral mixture analysis for mineralogical and chemical differentiation.

CNEKTPOMETPUPAHE HA 3EMHU U NNYHHWU BA3ANTU
Henuya Bopucoea, PymaHa KbHyesa
Llenmpan+a nabopamops no cibHYeso-3eMHU 8b3delicmeus, bAH, 1113 Cogpus; dborisova@stil.bas.bg; rumik@abv.bg

PE3IOME. CnekTpoMeTpupaHeTo Hamupa NMpuroxeHne BbB BCe noBeye o6MacT Ha HaykaTa M MpakTukaTa M YCrielHo ce M3nonssa 3a
rnonyyaBaHe Ha BaxHa MH(OpMaLMs B MuHepanoruaTa. MonyyeHuTe AaHHW B PesynTaT Ha CrieKTPOMETpUpaHeTo Ha JlyHaTa 1 gpyru oGekTH B
CnbHYeBaTa cicTeMa CbabpXaT NoTeHUManHa uHGopMaLms 3a XMMUYHUS U MUAHEpanHUs UM CbCTaB. PeanHute MOBBPXHOCTU NpeAcTaBnssar
cMecK OT MaTepuany. TeopusiTa 3a CMECEHTe KracoBe e eauH edkaceH METoZ 3a U3ydyaBaHe Ha ckan 1 MuHepanu. B HacTosiwarta pabota ca
MpoBeaeHN NabopaTopHU CMEKTPOMETPUYHM M3MepBaHWs Ha GasanTit BbB BUAUMMUS, ONU3KMS MHKPaYepBeH M TOMMMHHWS WH(payepBeH
[1anasoHn C MHOTOKaHamnHu paavoMeTpu. basantute ce pasrnexnar Kato CMECEHM KIacoBe OT OCHOBHUTE UM CKanooGpasyBally MUHEpanu.
MonyyeHnTe AaHHN UMICTPUPAT EAHO NPUMOXEHNE Ha aHANM3a Ha CNEKTParHM CMECH 3a OLEHKa Ha MAHEpPanHUA ChCTaB.

Since the earliest days of spectroscopic remote sensing Figure 1 presents reflectance spectra of lunar and terrestrial
(Spiridonov et al., 1983) of the lunar surface electronic basalts. For both type curves (Fig. 1a) it is seen typical of the
transition bands exhibited by lunar soils and rocks in the visible iron minimum to about 1 um. The iron absorption at 1.0 um is
and near-infrared regions of the spectrum are used to reduced in depth according to it content and it is deeper for
determine mineralogical composition (Adams, 1974). The lunar samples because of more iron content compared to
interpretation of reflectance spectra of unknown materials terrestrial ones. This advantage spectral data analysis is
requires an understanding of how the reflectance of different necessary for further rock and mineral detection.
components combines into a single curve. An efficient method
for spectrometric data processing is the mixed classes’ theory Another spectral range is thermal one (8-12 pm) which is
(Mishev, 1986). The real land cover is a mixture of materials at very interesting for mineral and rock investigations. But it is too
just about any scale we view it. Rocks are mixture of their rock- hard to stabilize radiometer systems in measuring. In STIL-
forming minerals. A special case for remote sensing is iron- BAS in collaboration with IE-BAS the IR-1 (infrared radiometer)
containing  rock-forming  minerals  because they are is constructed (Ferdinandov, Tsanev, 1993). The obtained
widespread. results as spectral curves are presented in Fig. 1b.

Description of measured basalt samples: 1 - terrestrial Plot of NIR=0.8 um versus Red=0.62 um reflectance are
samples are light grey porphyritic rock with green olivine presented in Figure 2. It is clearly seen that terrestrial and
phenocrysts; a dark grey slightly vesicular rock consisting of  |unar basalts fall on a well-defined rock line. This dependence
black and light green phenocrysts; vesicular sample with small is successfully applied for establishing rock baseline (Elvidge,
phenocrysts; 2 — lunar samples are mare regolith. In the Lyon, 1985).
present investigations laboratory spectral measurements of
basalt samples are performed in the visible and near infrared Figure 3a shows relationship between the iron content as
bands with multi-channel radiometer SPS-1, designed and FeO and reflectance ratio 0.8 um/1.0 um. Lunar and terrestrial
assembled in STIL-BAS (Vnues, 2000; Mishev, lliev, 1992). basalts are almost the same in mineral composition but with

different iron content in samples. It can be clearly seen two
clusters forming by lunar and terrestrial basalts. This relation
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based on content of widespread iron in rock-forming minerals In Fig. 4 the terrestrial and lunar basalts are presented in the

could be used for detection of various iron-containing minerals 2-D space of different spectral reflectance ratios. The ratios are

and rocks. chosen in relation to the sensitive to iron content range 0.8-1.0
um (see Fig.1a).

251
The present study is closely related to many international
programs for the investigation of Moon, Mars and other planets
of the Earth system.
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Detailed spectral data analysis including the theory of mixed
classes and other methods (continuum removal) to isolate
reflection and absorption features could certainly improve the
success of distinguishing rocks and minerals.
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ECOTOXICOLOGICAL CHARACTERISTIC OF A SOIL POLLUTED BY HEAVY METALS
AND URANIUM BEFORE AND AFTER ITS BIOREMEDIATION
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ABSTRACT. A sample of an alkaline soil heavily polluted with radionuclides (uranium and radium) and heavy metals (mainly copper, zinc, lead)
was subjected to bioremediation under large-scale laboratory conditions. The treatment was connected with creation of conditions enhancing the
solubilization of pollutants located in the soil horizon A to the soil solution. The leaching was dependent on the activity of the indigenous microflora
and to chemical processes connected with solubilization of pollutants and formation of stable complexes with some organic compounds, chloride
and hydrocarbonate ions. These processes were considerably enhanced by adding hay to the horizon A and irrigating the soil with water solutions
containing the above-mentioned ions and some nutrients. The dissolved pollutants in the soil solutions were in concentrations highly toxic towards
Daphnia magna. After 1.6-year treatment period, the total concentration and the bioavailable forms of above-mentioned pollutants in horizon A were
considerably decreased which altered their toxicity towards tested species - oats (Avena sativa) and earthworms (Lumbricus terrestris).

EKOTOKCUYHA XAPAKTEPUCTUKA HA NOYBA 3AMBPCEHA C TEXXKWU METAIA U YPAH MPEQWN U CNEQ TPETUPAHE
MnameH eopaues’, CmosiH pydes?

" MuHHo-2eonoxku yHugepcumem "Cs. Mear Puncku”, 1700 Cocbusi; ps_georgiev@mgu.bg

2 MunHo-2eonoxku yHugepcumem "Ce. MeaH Puncku", 1700 Cocpusi; groudev@mgu.bg

PE3IOME. lMpoba oT ankanHa noysa, TEXKO 3aMbpCeHa C PaAVOHYKNeWam (ypaH 1 paguit) n TeXkM MeTanu (rmaBHO Mef, LWMHK 1 0noBo) belue
MOANOXEHa Ha TpeTupaHe B ronam mawab. TpeTupaHeTo Gelle CBBP3aHO CbC Cb3faBaHe Ha YCMOBWS, NO3BOMABALLM Pa3TBAPSHETO Ha
3aMbPCUTENUTE OT MOYBEH XOPU3OHT A B MO4YBEHMS Pa3TBOP. V3BNMuyaHeTo belle 3aBMCMMO OT aKTWBHOCTTA Ha MecTHaTa Mukpodiopa v ot
XMMWYHU NPOLIECU CBBP3aHU C pa3TBapsHETO Ha 3aMbpcuTenuTe M obpasyBaHe Ha CTabWHW KOMMNEKCM C HAKOW OPraHWYHU CheauHeHus,
xnopuaHn 1 GukapboHaTtHn ioHu. MpouecuTe Bsxa 3HAUUTENHO YCKOPEHU Ype3 NpnbaBsHETO Ha CEHO KbM XOPM3OHT A 1 0pocsBaHe Ha noyeata ¢
pa3TBOP, CbAbPXKALL FOPECOMEHATUTE NOHW U HAKOW MakpoenemeHTW. Pa3TBOpeHnTe 3aMbpCuTenk B NOYBEHUS Pa3Teop Osxa B KOHLEHTpaLmuu
CWIHO TOKCMYHM KbM Daphnia magna. Cnep 1.6 roauHu nepuoa Ha TpeTupaHe, obliata KoHLEHTpauus u 6rnoyceoumnte hopmMm Ha YCTaHOBEHNTE
3aMbpCUTENN B XOPWU3OHT A Gelle HamaneHa 3HauuTenHo, KOeTO MPOMEHU TOKCUYHOCTTa Ha npobata KbM TecTupaHuTe BUOoOBe — oBeC (Avena
sativa) n [bxOoBeH yepsen (Avena sativa).

Introduction than their non-contaminated counterparts. The soil fertility is
decreased both as a result of the poorer species variety and/or
Some agricultural lands located in the Vromos Bay area, lower activity. These lead to slower rates of the main
near the Black Sea coast, Southeastern Bulgaria have been processes in the biogeochemical cycles of nitrogen, carbon
contaminated with radioactive elements (uranium and radium) and phosphorous. As a result, the total content of these
and heavy metals (Coppery zinc, |ead) as a result of copper elements in the soil is tremendOU3|y decreased or they are
mining and mineral processing applying for decades in the presented in non-available forms mainly (Alloway, 1995).
area. The main path for soil contamination was transportation
of mineral particles from the drought surface of flotation tailing A'lot of treatment methods could be used for soil remediation
and their deposition on the surface of the soils situated to the in dependence on the pollutant type, its concentration,
prevalent wind direction. As a result of regular ploughing these structure and properties of the soil horizon, available funds.
fine particles enriched in heavy metals and radionuclides were Among the tested methods the most promising are in situ
almost equally distributed in the most fertile soil zone — topsoil. treatment methods. Their application is not connected with
This resulted in increased bioavailability which enhanced excavation of the soil horizons, their transportation or using of
accumulation of the pollutants in the plant biomass and the special set-ups in the treatment process. Because of this and
appearance of a toxic effect. The toxicity of each pollutant relying on the natural biogeochemical processes, their
towards soil organisms depends on the species sensitivity, soil application in real-scale conditions is possible.

pH, the organic content, soils’ exchange capacity, etc.
However, the species diversity in contaminated soils is lower
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Materials and methods

Soil characteristic and treatment

The soil sample used in the experiments belonged to the
cinnamon soil type. The soil profile was consisted from the
sharply distinguished soil horizons — horizon A (0-30 cm),
horizon B (31-70 c¢m), horizon C (71-90 cm), a clay horizon
(91-110 cm). The pH (H20) of horizon A was 7.82, the humus
content was 3.80 %, and cation exchange capacity (CEC) was
42 meq/ 100 g soil, respectively. The filtration coefficient of the
soil profile (0-90 cm) was 5.8 cm/s.

The soil sample was treated in zero suction type lysimeter in
which a permanent water layer was maintained on it bottom to
prevent the penetration of oxygen from the air through the
outflow point for the drainage solutions. The soil treatment was
carried out in a lysimeter which was charged with 70 kg of soil
keeping the natural soil genesis. A sand layer was located
beneath the soil profile. Plant biomass (as a finely cut hay) was
added to and mixed with the horizon A to a final content of 4%.
The hay consisted of 36% cellulose, 24% hemicellulose, 18%
lignin and 6.1% ash. During the treatment the soil was irrigated
with solutions containing 0.10 g/l NH4Cl, 0.02 g/l K2HPO4 and
0.05 N NaHCOs during the treatment. The irrigation rate was
50 I/t soil per week. Each week the pregnant effluents from the
lysimeter were replaced by fresh solutions with the relevant
initial composition. The leaching was carried out at
temperatures varying in the range of about 15-23° C for a
period of 18 months.

A nutrient solution containing equimolar concentration of
acetic and lactic acid (total organic carbon of 200-220 mg/l),
preliminary neutralized to pH 6.1-6.3, was injected weekly at a
depth 75 cm during the soil treatment.

Chemical analyses

The transportation of the dissolved pollutants from a horizon
to a horizon was monitored regularly by means of drainage
solution sampling. The collected solutions were characterized
by measurement of pH, Eh, alkalinity, dissolved organic carbon
(APHA, 1995). The concentrations of heavy metals and
uranium were determined after the preliminary digestion of
dissolved organic compounds by means of 705 UV Digester
(Metrohm). The heavy metals were analyzed by means of ICP
spectrophotometry. Uranium concentration was measured
photometrically using the Arsenazo Ill reagent (Savvin, 1961).

The isolation, identification and enumeration of soil
microorganisms were carried out by methods described
previously (Groudeva et al., 1993).

Speciation of the dissolved forms of the pollutants during the
soil treatment was determined by means of Figura and
McDuffie's method (1980).

The distribution of pollutants among the main mobility
fractions were determined by means of a sequential extraction
procedure (Tessier et al., 1979) and bioavailability test
(Lindsay, Norvell, 1978).
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The carbonate content was determined by measuring the
volume of hydrochloric acid consumed in the neutralization
process. The net neutralization potential was determined by a
static acid-base accounting test (Sobek et al., 1978). Elemental
analysis of the soil sample was performed by digestion and
measurement of the ion concentration in solution by atomic
absorption spectrometry and induced plasma spectrometry.
The specific activity of Ra-226 was measured by means of a
gamma-spectrometer (ORTEC-USA).

Ecotoxicity analyses

The toxicity of the soil solutions, which have drained from
horizon A during the treatment, was tested towards Daphnia
magna. This test was performed with fresh soil solution taken
not later than 4 hours after the sampling. The toxicity was
determined by placing 10 individuals (aged less than 24 hours)
in solutions containing different proportions of the tested
solution and basic salt solution used for their cultivation (EPA,
2002). In the blank samples individuals were placed in basic
salt solution only. Each variant were tested by means of three
repetitions. The test was carried out at temperatures 18-20° C
and photoperiod of 16 hours. The total duration of the test was
48 hours. The mortality of the tested variants was monitored at
24 and 48 hour.

The experimentally data from all repetitions of each toxicant
concentration were statistically assessed by means of
determination of average values and standard deviation. The
main  ecotoxicity = parameters-No  Observed  Effect
Concentration (NOEC), the Lowest Observed Effect
Concentration (LOEC), LCso and LC10 were determined by
processing of experimental data by means of Shapiro Wilk's
testand the Probit method, respectively (EPA, 2002).

The toxicity of the upper soil layer to oats (Avena sativa) was
in accordance to well-known methods (OECD, 1984). The test
was carried in pots which were filled with mixtures produced by
the mixing of the sample and composted biomass in different
proportions. Each pot was planted with 10 seeds. The blank
samples consisted of composted biomass. Each variant was
tested by means of three repetitions. The test was carried out
in a greenhouse at temperatures 16-22° C, photoperiod of 16
hours and the humidity was maintained by means of distilled
water. The duration of the test was 30 days and during this
period the rate of growth, signs of chlorosis,and mortality were
measured. At the end of test, the lengths of root and stem, as
well as mortality were determined.

The toxicity of upper soil layer to earthworm (Lumbricus
terrestris) was carried out with worms produced from
synchronized population preliminary cultivated for 1 year at
temperature 18-20 °C, at relative humidity of 65-70 % and
darkness. They were fed by means of dried maple leaves
added to and mixed with brown forest soil. The toxicity of the
soil sample was determined by range-finding and definitive
tests (EPA, 1996).



Table 1

Data about the total content of heavy metals and radionuclides

in soil horizon A before and after the treatment

Pollutant Before After Permissible
treatment treatment levels for soil
with pH>7.0
Pb, mg/kg 272 149.7 80
Zn, mg/kg 241 166.2 370
Cu, mg/kg 649 551 280
Ni, mg/kg 71 65.7 -
Co, mg/kg 98 88 -
U, mg/kg 345 11.6 10
Ra-226, Bg/kg 400 250 65

Table 2

Data about the main soil properties of the soil horizon A before
and after the treatment

Index Before After
treatment treatment

pH (in H20) 7.82 10.47

Carbonate content, % 8.42 4.85

Content  of  sulphidic 3.36 2.63

sulphur, g/kg

Net neutralization +136.8 + 66.6

potential, kg CaCQOalt

Humus content, % 3.80 3.0

Table 3
Data about the microorganisms in the drainage solutions

produced from soil horizon A (0-30 cm) during soil treatment

Microorganisms Before During
treatment treatment

Aerobic heterotrophic 103 - 104 104 - 105

bacteria

Fungi 108 - 104 108 - 104

S203%-oxidizing 108 - 105 105- 108

chemolithotrophs (at pH 7)

Nitrifying bacteria 101 - 102 102 - 104

Fe?*- oxidizing bacteria (at 104-10° 101 - 102

pHT)

Cellulose-degrading 10" - 102 102 - 103

bacteria

Anaerobic  heterotrophic 10%-10° 104 - 105

bacteria

Denitrifying bacteria 108 - 104 108 - 104

Fe3*-reducing bacteria 108 -104 104 - 105

Sulfate-reducing bacteria 102-104 104 - 105

The ecotest was carried out in 1.0 | plastic boxes which were
filled with the tested sample and brown forest soil in different
proportions. The blank sample consisted of brown forest soil
only. Ten worms with similar length (5.5-6 cm) were added to
each variant. Each variant were tested by means of three
repetitions. The relative humidity during the test was
maintained by means of distilled water. The total duration of
the test was 30 days. At the end worm survival and marks of
their activity was determined.

The experimentally data from all repetitions of each toxicant
concentration to the relevant species were statistically
assessed by means of determination of average values and
standard deviation. The main ecotoxicity parameters-No
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Observed Effect Concentration (NOEC), the Lowest Observed
Effect Concentration (LOEC), LCso and LC100 were determined
by processing of experimental data by means of Shapiro Wilk's
testand the Probit method, respectively (EPA, 1994).

Results and Discussion

The content of copper, zinc and lead in the horizon A of the
treated soil was 3.4, 2.3 and 3.4 times above the relevant
permissible levels, respectively. In accordance to uranium and
radium-226 their concentrations were 3.4 and 6.2 times higher
than the accepted standards (Table 1). The initial research
revealed that these pollutants were presented mainly as
carbonate, reducible and oxidisable fractions in the
contaminated soil. The carbonate and reducible fractions
presented ions sorbed on or entrapped in the surface of the
carbonate and ferric and manganese hydroxide minerals,
respectively. The pollutant's availability from the both fractions
to plants in a short term period is determined by the process of
complexolysis by means of secretion of organic compounds
(mainly organic acids) and forming of stable organo-metallic
complexes. The oxidisable fraction presented sulfide minerals
of the heavy metals and tetravalent minerals of uranium. A
common feature of these minerals is needed of molecular
oxygen for their oxidation. The rates of these processes limited
their availability and toxicity to organisms in a long term period.
The quite low content of exchangeable fraction of the
pollutants was due to alkaline pH which determined the
negative surface charge of the soil sorbent. This resulted in
active sorption of all cations presented in soil solutions. As a
result of aging process, the sorbed cations were capsulated in
the crystal lattice of the secondary minerals presented in the
soils. The content of the inert fraction of the heavy metals was
in the range 31-39%. It presented finely disseminated sulfide
minerals among the minerals of aluminum and silicon.

The main approach applied during the soil treatment was
enhanced solubilization of soil pollutants from upper horizons
and their transportation into soil depth by means of the
drainage soil solutions. A classical method applied in
hydrometallurgy, for recovery of uranium from raw materials as
well as in remediation of uranium contaminated soils and
sediments with positive neutralization potential and high
content of carbonate minerals, is alkaline leaching (Suzuku,
Suko, 2006). For this reason, the concentration of
hydrocarbonate ions was maintained constant during the soil
treatment. However, at alkaline pH the surface charge of the
soil sorbent was increased because of almost completely
deprotonation of its reactive groups. As a result of this, the
mobility of all pollutants (including heavy metals) presented as
cations in soil solutions will be steadily decreased because of
their attraction and sorption on the sorbent surface. For this
reason, cut hay enriched in easily degradable biopolymers
(cellulose and hemicellulose mainly) was added to and mixed
with soil from upper soil horizon. These polymers were
degraded by means of chemical and biological mechanisms
and the soil solution was enriched with sugar acids which
formed stable organo-metallic complexes with the heavy
metals. For example, It is well known that at alkaline pH
cellulose and hemicellulose produced sugar acids as a result
of chemical hydrolysis and peeling off reactions (Fisher, Bipp,
2002). This process had to some extent a protective role



towards soil humus compounds (Table 4) because of it easily
dissolution at alkaline pH. The sugar acids and dissolved
humic acids formed stable complexes with heavy metals as a
result of the preliminary process of deprotonation of their
hydroxilic or phenolic groups. These processes enhanced the
formation of bidentate chelate complexes which were more
stable and mobile through the soil profile (Sauve et al., 2000).
By this way, it was possible to decrease the sorption of heavy
metals and to improve their leachability considerably (Table 4).

Table 4

Data about the properties and content of pollutants in the
drainage solutions produced from soil horizon A during the soil
freatment

Index Before During
treatment treatment
pH 7.51-7.73 8.82 - 9.66
Eh, mV (+85)-(+110) (+41)- (+72)
Alkalinity, mmol/l 9.5-14.0 24.0-30.5
Dissolved  organic 18.6-25.4 927 - 148.4
carbon, mg/l
Pb, mg/l <0.01 0.10 - 3.66
Zn, mg/l 0.07-0.12 067-35
Cu, mg/l <0.01 0.29-3.17
Ni, mg/l <0.01 0.04-0.37
Fe, mg/l 0.1-0.22 0.52 - 7.81
Mn, mg/l 0.3-0.5 0.08-5.2
SO+, mgl/l 145-210 2140 — 2420
Co, mgll 0.03-0.05 0.11-0.61
U, mgll 0.08-0.22 0.24 -1.18
Ca, mg/l 42-56 360 — 650
Table 5

Data about the toxicity! of the drainage soil solutions towards
Daphnia magna

Index Before During the
treatment treatment
NOEC 4.0 0.25
LOEC 5.0 0.5
LCso 20.0 3.0
LCr1o0 27.5 45
Toxicity units 5.0 33.3

Expressed as volume of solution during the test at which the relevant
characteristic was determined

The soil irrigation with solution enriched in ammonia and
phosphate ions allowed the maintenance of higher microbial
activity. The microbial population of some groups’
microorganisms even increased in comparison with the non-
treated soil. For example, microbial cells of nitrifying and
S203%—oxidizing chemolithotrophs (at pH 7) was increased
because of the presence of suitable electron donors
assimilated by them (Table 1). The S2032-oxidizing
chemolithotrophs related to the species Thiobacillus thioparus,
T. denitrificans oxidized the polysulfide forms of sulfur
produced as a result of chemical oxidation of sulphide sulfur
and by this way the passivation layer on the mineral surface
was removed. Higher concentration of hay maintained during
the treatment allowed to proliferate all group interdependent
aerobic and anaerobic heterotrophic microorganisms (Table 3).
The intensity of these processes was strongly dependent on
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the permanent supply of organic acids from the added
biomass. For this reason, finely cut hay was added to and
mixed within the soil horizon A monthly to maintain it
concentration at about 3-4% during the treatment.

Because of the same charge, the formed organo-metallic
complexes were repulsed from the negative soil surface to the
soil solution (Voegelin et al., 2003).

As a result, a relatively constant concentration of dissolved
heavy metals (3.4-6.8 mg/l) in the drainage solutions of horizon
A was measured and the migration of these pollutants through
the soil profile was considerably enhanced. The permanent
supply of bicarbonate ions enhanced the chemical oxidation of
tetravalent uranium to the hexavalent state by the molecular
oxygen. The uranyl ion formed stable and easily dissolved
uranyl-carbonate complexes as well as uranyl-humate
complexes. Their sorption to the soil surface was also
negligible because of their negative charge which determined
the higher concentration of uranium in the drainage solutions.

The concentrations of the dissolved pollutants, the alkaline
pH and some higher molecular organic acids produced from
the lignin leaching determined the determined value of LCso
and LCio0. In comparison to the value of non-treated soil the
toxicity was of the drainage solutions was increased (Table 5).
However, the higher alkalinity, hardness and presence of
dissolved organic carbon to some extent detoxify the dissolved
pollutants towards Dapnhia magna by means of decreasing of
their biosorption (De Schamphelaere, Janssen, 2004). For
example, all ecotoxicological parameters were determined at
higher concentrations of copper and lead than the values
determined when the same pollutants were presented as free
ions.

At a depth of horizon C (~75 cm) were injected solutions
enriched in lactic and acetic acids (preliminary neutralized to
pH 6.4-6.7) by piezometer. These organic compounds were
used as electron donors by sulfate-reducing bacteria and iron
reducing bacteria for their growth. By this way, the non-ferrous
metals and uranium which have been dissolved from above
lying soil horizons were precipitated as relevant sulphide
minerals and uraninite or entrapped in the crystal lattice of
magnetite.

As a result of the soil treatment for a period of 18 months the
total content of lead, zinc, copper and uranium were decreased
by 55.3, 31.0, 15.1 and 66.3%, respectively (Table 3). The
concentration of Ra-226 was decreased by 37.5% to the range
of 250 Ba/kg soil. In comparison to the relevant permissible
levels, the residual concentrations of lead and copper were 1.9
and 2.0 times higher. The residual concentration of uranium
was on the brink of the relevant permissible level of 10 mg/kg.
The residual activity of radium-226 was still 3.8 times higher
than the accepted norm. The content of the exchangeable
fraction of lead and copper were increased in comparison with
the soil sample before treatment due to the additional sorbent
surface that were formed as result of chemical hydrolyses of
the added hay. As a result of this, the exchange capacity of the
soil sample was increased as a whole (Tiemann et al., 1999).
On the other hand, the content of carbonate fraction of the
above-mentioned elements were considerably decreased
which determined their lower bioavailability to the soil



inhabitants. However, the toxicity of the treated soil towards
the tested plant (mainly oats) was even increased (Table 7).
This response was a result of a high alkaline pH of the soil at
the end of treatment which arouse some difficulties with the
mineral uptake and transport of some nutrients from soil
solution into plant tissues. For example, it is well known the
strong negative effect of the alkaline pH on the availability of
iron into soil. This lead to extra accumulation of organic acids
into the plant biomass, insufficient production of

Table 6
Data about the pollutants™ fractions and mobility in soil horizon
A before and after treatment

- Mobility Before After

3 fraction treatment treatment

= malkg % makg | %

Pb | Exchangeable 0.3 0.1 2.5 1.7
Carbonate 1.7 0.7 14.3 9.6
Reducible 27.6 10.1 59.5 39.7
Oxidisable 156.3 57.5 47.7 31.9
Inert 86.1 31.6 25.7 171

Total content 272 100 149.7 100

Bioavailable  fraction 28.7 10.5 225 15.0

determined by DTPA

test

Cu | Exchangeable 1.0 0.2 6.4 1.1
Carbonate 65.6 10.1 34.0 6.1
Reducible 16.0 2.5 13.6 2.5
Oxidisable 312.0 48.0 259 46.8
Inert 2544 39.2 240 43.5

Total content 649.0 100 551 100

Bioavailable fraction 22.7 35 14.5 2.6

determined by DTPA

test

U Exchangeable 1.7 4.9 0.2 1.7
Carbonate 13.8 40.0 0.6 52
Reducible 7.9 22.9 4.0 345
Oxidisable 4.7 13.6 1.9 16.4
Inert 6.4 18.6 49 42.2

Total content 34.5 100 100 11.6

Bioavailable fraction 17.8 51.6 1.3 11.2

determined by DTPA

test

Table 7

Data about the toxicity! of soil horizon A to different test
organisms before and after treatment

Test organism Before After
treatment treatment
Oats (Avena sativa)
NOEC 35 30
LOEC 40 40
LCas 55 50
Earthworms (Lumbricus terrestris)
NOEC 25 50
LOEC 30 60
LCso 55 70
Toxicity unit 1.8 1.4
Efficiency of treatment, % - 22.2

1 Expressed as the weight sample at which the relevant characteristic was
determined
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chlorophyll, and disturbed pH balance of the plant tissue (Yang
et al., 1994; McBride, 2001). The visible sign of these
processes is chlorosis which was observed during the test with
oats. The earthworms valued the toxicity of the treated soil at
1.4 units which meant 22 % reduction in comparison with the
toxicity of the non-treated soil. However, the chronic toxicity of
the treated soil was still higher because of negative effect of
alkaline pH on the earthworms’ activity.

These results showed the need to include the additional
stage in the soil treatment. At this stage, the soil pH must
decrease to about neutral point by means of an introduction of
sources of hydrogen ions or by stimulation of suitable proton-
generating process.

Conclusions

The results obtained during this study, revealed that by
means of moulching of horizon A with hay, an efficient
bioremediation of soil contaminated with heavy metals and
uranium could be achieved. This was a result of
interdependent chemical and biological processes leading to
dissolution of pollutants and formation of stable complexes with
organic and inorganic compounds with net negative charge.
However, the higher concentration of dissolved pollutants they
were presented as highly mobile complexes which were
biosorbed at a lower extent. For this reason, during the soil
treatment in a real scale an efficient control on the drainage
solutions have to be carried out. Despite of the residual content
of copper and lead in the treated soil, in comparison to the
relevant permissible levels, these non-ferrous metals were
presented mainly as non-available forms to the soil biota at the
end of soil treatment. As a result of this, the toxicity of the
treated soil sample was a considerably lesser towards tested
typical soil inhabitants.
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NIMTODALINAITHA U PESEPBOAPHU XAPAKTEPUCTUKWU HA MPOAYKTUBHUA
TPUACKW KAPBOHATEH KOMNIEKC MEXOY PEKUTE UCKBP U OCBM B
FOXXKHOMU3WUUCKATA NEPUNNATO®OPMEHA OBJTACT
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PE3IOME. B LeHTpanHuTe noneTa Ha KOxHoMu3MitckaTa nnaTdopma MMa MHOXECTBO BbIMEBOAOPOAHN NPOSIBIEHNS U HAKOMKO NPOMMLLEHN
aKyMynaLuu B TpUacku OTNOXEHWS!, KaTo Mpe3 NOCNefHUTE HAKOMKO AeceTUneTus ca Gunn oBekT Ha NeTporHa ekcnnoatauns UMEeHHoO nopaau
Tas) NpU4MHA. XETEPOreHHNST XapaKTep Ha NPOAYKTUBHUS Tpuacku kapboHaTeH KOMMNEKC B M3cneaBaHaTa Mol € NpiyMHa 3a HanuumeTo Ha
[ETalnHo U no-3abnboYeHo WacreiBaHe Ha 30HANHOCTTa B Pa3NpOCTpaHeHWe Ha Pe3epBoapuTe U TbpCeHe Ha Hskaksa 3akoHOMEPHOCT
onpegenswa pasnpefeneHneto um. Mpu geTainusaumsTa Ha obWMs MoAen Mo JaHHU OT COHLaXW Ce YCTAHOBSIBA, Y€ XOPU3OHTanHUTE U
BEPTUKANHUTE CbOTHOLIEHWS Ha TUNOBETE CEOMMEHTM Ca M3KIIUUTENHO CMOXHW. W3cneaaHeto ce (okycupa BbpXy nuTodaumanHute
XapaKTepUCTUKW 1 NOCTEBONIOLIMOHHUTE NPOLIECH, JOBENW A0 NoA0BpsiBaHe Ha KONEKTOPHUTE NapaMeTpy Ha CPeLHOTPUACKUTE (hopMaLm.

LITHOFACIES AND RESERVIOR FEATURES IN THE TRIASSIC COMPLEX BETWEEN THE RIVERS ISKAR AND OSAM IN
THE SOUTH MOESIAN PLATFORM MARGIN

Miglena Toncheva', Gergana Palakarcheva?

1Student from the University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, trainee in “Overgas Inc.”, 1407 Sofia;
miglena_toncheva@abv.bg

2Junior expert in “Overgas Inc.”, 1407 Sofia

ABSTRACT. The South Moesian Platform Central Margin has been the petroleum exploration target for the last decades. The long lasting interest is a result of
several economic oil and gas discoveries and numerous hydrocarbon shows in Triassic sediments. The heterogeneous character of the efficient carbon Triassic
complex in the explored area is the reason for more detailed and extensive research for the regionality of the reservoirs and searching for some low determing their
situation. Taking closer look at the common model according to the drilling data is determined that horizontal and vertical ratio of the types sediments are extremely
complicated. The purpose of the current report is to focuse on the lithofacies characteristics and postevolutionary processes that had leaded to the improvement of
the reservoirs properties of the Middle Triassic formations.

BbBegeHue* Onpefensly (haktop 3a  KOMEKTOPCKUTE CBOWCTBA  Ha

LlentpanHute noneTta Ha HOxHOMM3MiickaTa nnaTdopma MPOAYKTUBHUTE  Hacnarh v TAXHOTO - pasnpoCTpaHeHne e
npe3 NocrnesHUTe HAKOMKO AeceTUneTus ca 0BekT Ha TbpceHe esoniouuaTa Ha baceiia. KoMnnekcHis aHanus Ha panHuTe
W pOyUBAHE Ha HeiTEeHN W ra30BU HAXOOMLLA. 3ACHNEHNAT OT TIATONOXKITE, NaBOPaTOPHUTE U COHAAKHO Te0tM3NIHUTE
NHTEPEC CE [bIDKM HA HAKOMKO MKOHOMMYECKN HEqTEeHN W u3CnenBsaHna 1 u3BbPLUEHaTa KOpenauus Ha npokapaHuTe
ra30BU OTKPUTUS 11 MHOTOBPOVHY BLIIEBOSOPOAHN MPOSIBN B COHO@XHM [aHHN MO3BONABA OTHOCUTESIHOTO W3yyaBaHe Ha
Tpuackus kapboHaTeH komnnexc. JIToNoxXKoTo pasHooGpasue PE3EpBOApHUTE  XapaKTEPUCTUKW U MPOCTPAHCTBEHOTO
W dopmupanata ce npes KbceH Tpvac eKsvcTeHauoHHa pasnpocTpaHeHne Ha W3CTIeBaHNA KOMNMekc. HactoawmsT
HODMANHO pasfioMHa Mo3aika Ha XOpCTOBe U rpabeHu [0KNaa pasrmexfa XeTeporeHHoCTTa B PasnpocTpaHeHUeTo
ONpeNiens  XeTEpOreHHUs XapakTep Ha  pesepsoapwTe. Ha Tpuackute kapboHaTHU (hOPMALMK, TEXHUTE KONEKTOPHM

XapakTepUCTUKK, NOBNNAHM OT NOCTEBONOLNOHHM NpoLiecn 1 B
YaCTHOCT Ha aHW3KKA pe3epBoap.

* [Npe3 natoto Ha 2008 r. N0 MHMUKMaTMBA, OpraHM3aLus 1 rHaHCoBa
noakpena Ha “OBepra3 WHK" ce NpoBeae NATHO CTAXAHTCKO YUUNnLLEe,
yyacTMe B KOETO B3exa CTYAEHTM OT [eomnoronpoyyaTenHus
thakynTeT Ha MuHHO-reonoxkus yHnepcutet “Ce. MBaH Puncku” ot
pasnuyHM creuuanHocTu. Pesyntatute OT mpakTuyeckata LEeMHOCT
Ha CTyOeHTUTe MpeACTaBMsiBaT MPUHOC B LANOCTHOTO UM 0by4eHne
Mo CbOTBETHWTE HaNPaBIieHWs B reonoronpoyyYBaTenHoTo Aeno 1 ca
0Tpa3eHu B crieaBaLLmTe cTatum.
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leonoxka xapakrepucTuka

HOxHOMM3MiACKaTa nepunnatdopmeHa obrnact, KoATo Ha
M3TOK W 3amag u3nu3a OT pasrmexaaHus payioH, € Han-
Abnboko noTbHanmata TepuTopust OT Obhrapckata yacT Ha
Mwuawiickata nnatdopma. Tst e fobpe usyyeHa ctpaturpadgcka
eOVHMLA W OTOENHUTE eneMEHTW OT HelHWA CTpoex W
CBOWCTBA Ha pesepBoapHaTa CUCTeMa Ca pasrnefjaHn B
peanua nybnukauum u ¢oHgosu Matepuanu (AtaHacos, A., M.
Bokos, B. banuHos, P. BeHeBa, E. [lewes, X. Yembepcku, A.
BanuapoBa v fAp.). HelHaTta tokHa rpaHuua e rpaHuuata ¢
MpenbankaHckaTa TEKTOHCKa 30Ha. Ha cesep pasrnexpgaHarta
nnowy, ce dukeupa o Kpyluosuiuko-lopckocnMBOBCKUS pas-
nom. Pa3BuTnETO Ha TOBA MOHOKMMHAMHO NOTHBAHE 3anoysa B
Hauyanoto Ha KOpata u goctura AHelHUTe MOPGONOrUYHM
XapakTepUCTUKA KbM Kpasi Ha KbcHolopckaTa M HayanoTo Ha
[onHokpegHaTa enoxa. Me3so3olickaTa ceguMeHTHa nocrnego-
BATEMHOCT B pasrnexgaHata nnoLy 3ansra HeCbrmacHo BbpXy
pasnomeHaTa naneos3oicka OCHOBA UM € nokputa ¢
naneoreHckn 1 HeoreHckw ytamkn. Cpep Tax u Tpuackus
CEOMMEHTEH KOMMMEKC CbCTosAL, Ce OT AblBGOKOMOPCKA,
MAMTKOMOPCKA U KOHTMHEHTANHW ceaumeHT ¢ oba
pebenuHa Hag 2- 2.5 km (Laboscku v gp., 2002).

NutodhaumnanHa xapakrepucTuka

WcTopuata Ha uUeHTpanHata uact Ha HOxHOMM3nickaTa
nepunnaTopma KakTo 1 yCroBusiTa Ha CeauMeHTaumus npes
Tpunaca ca PeKOHCTpyMpaHW Ha OCHOBAaTa Ha aHanusa Ha
HanM4yHW TeOMOXKM, reoU3NYHN W COHAAXHM AaHHW. Bb3
OCHOBA Ha KOMMMEKCHWS aHanu3 Ha [aHHuTe (MoneBu W
NIUTOMOXKM, NTAabOPaTOPHN 1 COHOAKHO-TEO(M3NYHM MU3Cned-
BaHWs) WM W3BbPLUIEHATA KOpEnauus Mexay npokapaHuTe
COHO@XW Ce OTAEeNST pasnuyHW Tena, XapakTepuavpallm ce ¢
NIUTOMOXKA M (hn3n4ecka He eHOPOAHOCT, KOSITO Ce 13pa3siBa
B M3MEHeHMeTO Ha AebenvHuTE, NUTOMOXKAS CTPOEX,
(PM3NYHMTE CBOWCTBA M MWUKPOHEEJHOPOAHOCT OTHAcAWa ce
[0 BbTPELUHUS (CTPYKTYPHO-TEKCTYPEH) U MUHEpaneH CbCTaBs
Ha OTOEMHWUTE NUTOTUNOBE WM W3MEHYMBOCTTA Ha TEXHUTE
(PM3NYHM N KONEKTOPHM CBOMCTBA.

Tpuwackute  kapboHaT  ce  xapakTepusupaTr  C
MaKpOHeeOHOPOLEeH CTpoex. [naBHWTE W BTOPOCTEMEHHM
NUTOTUNOBE U TEXHUTE Pa3HOBMOHOCTM Ca B  CIOXHM
MPOCTPaHCTBEHM B3AUMOOTHOLLEHUS. [MaBHWAT AUTOTMN ca
[ONOMUTUTE, BTOPOCTENEHHW Ca BapoBuuuTe. Baposuuute ce
XapaKTepusupar C BUCOKA CTEeneH Ha YMTbTHSABaHe, HWUCKM
CTOMHOCTM Ha nopuctocT M cnabo HanykeaHe. Mo cBosT
reHesuc Cce OTHacAT KbM  WWNeidoBuTE  OTNOXEHUS,
o0pasyBaHM B yMepeHo AbfIDOKOBOAEH W [ObnOOKOBOAEH
wend. lMpoayKTMBHWTE AONOMMTK Ca BTOPUYEH MPOAYKT OT
eMUreHeTUYHO WNK OMarMHeTUYHO 3aMecTBaHe Ha Bogopac-
MOBW BapOBULW, YAMTO MbPBUYHW CTPYKTYPHU U TEKCTYPHM
0CcoBeHOCTN Ca HambrHO 3anuyeHu. JonomutusauwsTa ce e
pasBuna JOCTa MHTEH3WBHO M moBcemecTHo. CrefcTue Ha
npouecu Ha pa3TBapsHe M 3amMecTBaHe B Te3W Ckanu €
Bb3HWKHANa MeXOyKpucTanuHHa nopectocT. [puchCTBUETO
Ha 3a00neHmn KbCyeTa OT BOLOPACIOBM BapOBULM M KOpanu B
COHL@XM FOBOPW 3@ HanM4YMeTO B TO3M PalioH Ha BbTPELLHO-
bopmaLmoHeH pasmuB. W3BbpluBall, Cce B CPaBHWUTENHO
NAMTKOMOPCKM y4acTbK Ha Mopckus BaceiH unm 30Ha Ha
BBJIHUTE 1 NPUBOs (YeneH wend).

B Havanoto Ha CpenHoTpuackarta erioxa W3criefsaHata
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niow| ce 3anuea OT BOAWTE HA MAMTKO ENUKOHTUHEHTANHO
MOpe KaTo pe3ynTaT OT NPOABIKUTENHO TEKTOHCKO CrisiraHe U
aKTMBHa TpaHcrpecus. 3oHaTa Ha kapboHaTHa CeaMMeHTauus
ce paslwwupsBa (opmupa Ce LIMPOK, NAUTBK MOPCKK Lend.
batumetpusta Ha GacelHa M mocokaTta Ha TpaHcrpecusiTa
OBWKHOBEHO  KOHTpONMpAaT —naTepanHata 30HaMHOCT  Ha
Hacnarnte. Kbm kpas Ha CpegHoTpuackata enoxa obwara
naneoreorpadcka 06CTaHOBKA M YCMOBMATA Ha CEAMMEHTHO
HaTpynBaHe CbLLUECTBEHO Ce npomeHaTt. bacenHa ce
yabnboyaBa W KOMWYECTBOTO Ha FMWHECTUS MaTepuan ce
ysenuyasa. B kpas Ha KapH-Hop u B Hauyanoto Ha Pert
Bb3HWKBA PErpecus, nopagn KOeTo 4acT OT npoyysaHaTta
niow, u3nu3aT Hag BojaTta W BaceiHa Ce paskbcBa Ha
MHOXECTBO OCTpoBM. [Mpn nogyepTaH NpeBec Ha MO3UTHBHM
TEKTOHCKM [BWXeHUs HoBoobpasyBaHaTa cylla ce nognara Ha
aKkTMBHa JeHypauus. [loCTENeHHOTO U3NMUTHSBaHe Ha
faceiHa [foBexga A0 YCTAHOBABAHE Ha OTAEMHM Marnku
BaceliHn 1 HenmokpuBaHe Ha CpegHOTpUAacKuTe OTNOXEHUS (B
ceBepo3anagHaTa yacT Ha pasrnexgaHata nnowy). [lonHata
yacT Ha AHM3a e u3rpageHa npearMHO OT MIUTKOMOPCKM
BapoBuKOB haumec. JlaguHckuTe Hacnary nokassaT OT YacTu
N3NNnTHAABaHe Ha Mopckusa 6aceitH. PerpecuBHMs xapakTep Ha
eBontoynsaTa Ha baceitHa no Bpeme Ha KbcHoTpuackata enoxa
[aBa 0TneyaTbK Ha CeaMMEHTALMOHHMS npouec. Hskorko
nuTohaumanHn Komnnekca morat ga ce 3abenexart Ha oHa
Ha cedMMeHTHa NPoMsHa, 6bP3n BEPTUKANHN 1 XOPU3OHTAMH
nameHenus. [pu petannusaumsta Ha obwus Mogen Ha
CeaMMEHTaUWs No AaHHM OT COHAaXM Ce YCTaHOBsBa, ue
XOPW3OHTaNHMTE U BEPTUKANHUTE CbOTHOLIEHWUS Ha TUMOBETE
CeAMMEHTU Ca MO-CIIOXHM.

PesepBoapHa xapakrepucTuka

AHU3KNTe CKanu ca [oKa3aHW BbIMeBOLOPOAHM pe3epBoapm
B LleHTpanHute noneta Ha OxHOMW3uMiickaTa nnatdopma
MMaT MHOXECTBO MPOSIBNEHUSA U HAKOMKO MPOMULLNEHN

akymynauuu. TXHOTO pasHooGpasne UM XeTeporeHHoCT
OTMMYaBaT Tesu pesepsoapu OT  ApyrM  Me3030MCKM
OTNoXeHna. B u3cnegsaHaTa  nnow,  pe3epBoapHuTe

XapaKTEPUCTUKN Ha CPESHOTPUACKMS KOMMIEKC Ca MPOYYEeHN
Ha OCHOBaTa Ha COHAAXHW [aHHW W OT NO-NPEeaMLLHM
uscneaganus. CpedHOTpUackute BapoBMUM W LOMOMMTM ca
Han-pobpute pesepBoapu B CeBepHa bBbnrapus. B
u3cnedBaHaTta nnow, Te ca MPegcTaBeHu OT MyKHATUHEH,
MOPOBO-MYKHATUHEH,  KaBEPHO3HO-MOPOBO-MYKHATUHEH — TUM.
Otkputata nOpecTocT Bapupa B LUMPOK AManasoH — OT
HEe3HaYMTENHM CTOMHOCTM A0 15-16%. CpegHaTa nopucTocT B
pasrnexpaaHara nroLy € U3KIMIYUTENHO HUCKa OT Nopsiabka Ha
3-4%. TlpoHMLaeMOCTTa Ha aHU3KUTE CEOMMEHTW CbLUo Cce
OTYMTa B LUMPOKW TPaHULM OT €AUHUM A0 LeCeTku, CTOTMLM
md. [laHHuTe OT u3CneaBaHMs nokas3eaT, Ye [ONOMUTUTE
KOUTO Ce BABAaT KOMEKTOpW ca MOPEeCTH, HarnykaHu u
HEpaBHOMEPHO  kaBepHO3HW. [lopute ca  npeaumHO
MEXOYKPUCTanWHHKM, MOMyYeHW B pesynTaT OT MpOoLecuTe Ha
KpuCTanusauus v gonomutuaaums. Te OOWKHOBEHO ca
CBbP3aHu C (HVHW MEXOYKPUCTaNWHHA KaHanu. TBbpAe YecTo
Ha ¢oHa Ha nopuTe OT MpeKpucTanu3auus ce nosiBsBear

YCNIOXHEHWS  OT  NO-KbCHW  Pa3TBOPUTENHM  MPOLLECH.
OuepTahuata uM npugo6MBaT HenmpaeunHa dopma U
pasmepute UM ce yBenuuaeat.  [onomuTtute  ce

xapaktepuaupat ¢ oTkputa nopectoct 0.8-16% 1 edekTneHa
ot 0.2-14%. [lopuctoctta € BTOPWUYEH MNPOAYKT OT
MeTacoMaTuyHa 40NoMUTU3aLmMs Ha BaposuuuTte. OTBOpPEHUTE



TEKTOHCKM MyKHAaTUHW WUIPasT CbLUECTBEHA pons  mpw
(hopMMpPaHETO Ha KOMEKTOPHUTE CBOWCTBA Ha fonomutute. C
Hal-0obpy OUNTPaLMOHHM CBOMCTBA Ca OTHOBO JONMOMUTHUTE
Tena. AGcontoTHaTa rasonpoHWLAeMOCT Ha [JONoMUTUTE e
npegumto B rpaHuynte 0.2-0.6 md gocturanku fo 723.3 md B
‘brneHckoTo Haxoamile. Bucokute CTOMHOCT Ha NPOHMLAeMOCT
Ce OBbITKM KaKTO Ha HanmWM4neTo Ha MUKPOMYKHATUHHM (hopmu,
Taka W Ha MexQy3bpHECTM KaHanu. Hamuumeto Ha
MUKPOMYKHATUHHM (POPMM CbLLO LONPUHACS 33 3HAYUTEMHOTO
noBuWaBaHe Ha  (PUNTPALMOHHUTE  BB3MOXHOCTM  Ha
L0nomuTUTE.

[lonomnTnsauusta npe3 eTana Ha paHHA [uareHesa
nopobpsiBa pesepeoapHUTe napameTpu. MHTepBanute TOYHO
nog Tpuacko-FOpckoTO Hecbrnacue ca CblLo MbpBOHAYamNHa
uen, 3apagn gbnbokata eposus. Tbit kaTo pesepeoapute
Hamupawn ce no-6nM30 [0 €pO3MOHHATA  MOBBLPXHOCT
MoBMLIABAT MOPUCTOCTTA M MPOHMLAEMOCTTa Ha cKamute
(Teoprues, AtaHacos, 1993 r.).

XeTeporeHHUsT XapakTep Ha TprUacku kapboHaTeH KOMMNEKC
B M3cneaBaHaTta nnowy obycnass HanuuueTo Ha SeTansHo u
no-3agbnboyYeHO  w3cregBaHe  Ha  30HANMHOCTTa  Ha
pesepBoapuTe W TbPCEHE Ha HsKaKBa 3aKOHOMEPHOCT B
pasnpoCTPaHEHNETO UM, KOETO 00yCnaBs U penHTepnpeTaLms
Ha NOCTEBOMIOLMOHHITE NpoLiecH JoBenu Ao nofobpseaHe Ha
KOMEKTOPHWUTE CBOWCTBA Ha CPEAHOTPUACKATE OTNOXKEHMS.

3akntoyeHue

MHoro6ponH1Te BBLIMEBOLOPOAHN MPOSIBM M YCTAHOBEHWUTE
npoMuwneHn Haxoguwa B OxHOMM3WICKaTa nepunnart-
topmHa obnact mexay pekute Wckbp 1 OcbM ca NpuBbP3aHM
kbM kapboHaTHM ckanu Ha CpefeHust Tpuac.
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MakcumanHuTe CTOAHOCTM Ha BMECTUMOCT ce 0bycnaBsiT ot
€MUreHETUYHM N AUareHeTYHU MPOLIECH.

PesepBoapu ¢ no-gobpn KONEKTOpHWM CBOWCTBA Ca pas3BUTK
CaMO B NTOKaNHK 30HM NPETbPNENi TakuBa NOCTEBOMIOLMOHHM
npoueck . KbM BUCOKO NEpPCMEKTUBHM NIOLUM HA LieHTparnHara
yacT Ha KOXHOMM3MickaTa nepunnatdopma ce npuyncnsieat
paoHUTE C pPa3BWTMETO HA TOPHOTPUACKM  YTaWku
JTyKOBUTCKOTO ~ CMHKIMHANMHO — MOHWXEHWe. Tam  KbaeTo
FOPHOTPUACKMTE CEAMMEHTW He Ca pasMWUTK pe3epBoapHUTE
CMUCTEMM NOKa3BaT No-4OOPM KOMOKTOPHW XapaKTEPUCTUKKM, a
30HWTE, B KOWTO CeOMMEHTHaTa MoCnefoBaTenHocT €
npekbCcHaTa,  XapakTepuctTukuTe  ca  HebnarompusiTHu
(n3ToYHaTa YacT Ha pasrnexgaHara nnoLw).
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OCHOBHW NPEANOCTABKU 3A HE®@TOMA3OHOCHA NEPCNEKTUBHOCT HA
TbPHOBCKOTO NMOHWXEHWUE
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PE3IOME. Ha TeputopusTa Ha THPHOBCKOTO MOHWXKEHME ca YCTaHOBEHU MHOXECTBO BOLOPA3TBOPEHM U MO-Marko cB0BOAHM ra3oBe, KaKTo W
Hannume Ha NeTHa W Kanku oT HedT. B npegennte Ha NOHWKEHNETO CbllieCTByBaT peanua npeku N KOCBEHN NpusHaumn 3a HedhTOra3oHOCHOCTTa My.
B ToBa OTHOLIEHWE ronemMM Bb3MOXHOCTM MpegnaraT Tpuackute, AOMHO-CPEOHOIOPCKATE M [OMHOKPEAHWUTE OTNOXEHUs. BbrnesogopogHuTe
NPOABNEHNA Ca NPUBBP3AHN MMaBHO KbM MbHKOBUTE CTPYKTYPU OT NpeXoAHaTta MBULa Ha I'Ipeu6anKaHa WK TE3W OT Hal-CeBEepHUTE OTAENN Ha
C'bLLlI/IHCKVIFI I'Ipen6anKaH. Tean nposBu u aKymynauum ca (bakTopy, KOMTO Haco4yBaT MHTEpEca Ha M3CnefoBaTenuTe KbM TbPHOBCKOTO
NOHWXeHue.

BASIC PRECONDITIOUS FOR OIL ANA GAS PERSPECTIVETY IN THE TARNOVO DEPRESION
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TStudent of University of Mining and Geology “St. Ivan Rilski’, 1700 Sofia, in “Overgas Inc.”, 1407 Sofia; gerganatoteva@abv.bg
2Junior expert in “Overgas Inc.”, 1407 Sofia

ABSTRACT. On the area of the Tarnovo’s depression were founded a lot of wather- soluble and a less of free gas, also it have availability of spots
and drops of oil. Within the confines of depression exists a variety of indications for oil and gas prespectivity. Large possibilities in this respect
propose the Triassic, Lower-middle Jurassic and Lower Cretaceus. Hydrocarbon activities are connected mainly to the fold structure of transitivity
strip of Balkanides or the northest sections of a Veritable Balkanides. These occurrences of accumulations are factors, that drive the interests of
explorers to the Tarnovo's depression.

BbuBepeHue Ot nutocTpaTurpadpcka rmegHa Toyka B Npedenute Ha

Ha TepuTopusTa  Ha T'prOBCKOTO NOHWXEHMEe ca NOHWXEHUETO Ce Pa3KpMBaT Ha MOBBbPXHOCTTA, OTNOXEHUATa
YCTaHOBEHW MHOXECTBO BOAOPa3TBOPEHW, aKyMynupaHu, Ha Heorea, naneorexa u kpeaa. C nomoLya Ha npokapaxute
cBob0ogHM ra3oBe M Hanmuuue Ha MeTHa W Kamku oT HedT. COHfj@XM Ce paskpuBaT 1 no-Ctapy OTIoKeHus Ha laneosoi,
BOaopasTBOpeHNTE ra3oBe Ca MPUBbLP3aHM OCHOBHO KbM Tpuac, tOpa, [onqa Kpepa. Tesau coHpaxw ycTaHoesiBar
TpUacku W LOMHO-CPERHOIOPCKM CKanW, [0KaTO HedTeHuTe MHOXECTBO BbINEeBOAOPOAHN aKymynaulun C He3Ha4uTeneH
NposiBK Ca CBbP3aHN CbC CEANMEHTM C AONHOKPeaHa Bb3pacT. noTeHuuarn. AHanuaute W U3BOAMTE MO OTHOLIEHWE Ha
Tean nposiBn U akymynauum ca tbakTopu, KOMTO Hacousar CEeN3MUYHUTE W3CNneLBaHud, COHAaXHUTE W naﬁopaTopHMTe
MHTEpeca Ha uacnegoBaTtenuTe KbM TbPHOBCKOTO MOHWXKEHME. AaHHW NoKa3eaT, Y& BbrNeBoJopoanTe Ca CbCPEAOTOHEHN B

ceanvenTute Ha CpepeH Tpwac, [onHa-CpegHa HOpa wu
HonHa Kpega.

OOwwm cBepeHUsA 3a panoHa
B CTPYKTYPHO-TEKTOHCKO ~ OTHOLIEHME  THPHOBCKOTO Nutonoro-ctpaturpadicku npeanocTaBkm

MOHWXEHWe 3aeMa LieHTpanHata yacT oT HOxHoMmuauickaTa B uacnessaHus paiioH CbluecTByBaT peauua npeku v
ﬂeleﬂﬂaT(bOTMeHa obnacr. KOCBEHW nNpu3Hauu 3a HeCpTOFa30HOCHOCTTa My. B ToBa
HanpaBneHue ronemu Bb3MOXHOCTM mnpegnara TpUackusiT
Ha CeBep MOHWKEHNETO Ce OrpaHuMyaBa oOT PeceHcko- Kap60HaTeH KOMMIEKC, KOWTO NPUCbCTBA B TEPUTOpPUATa Ha
MenoBUHCKUS pasfioMm, Ha U3TOK MTuyeBckus pasnoMm o LUANOTO NOHWXeHWe C U3KMK4YeHWe Ha CEeBepOouU3TOYHUTE MY
oTaenst oT TbproBuLieHcKkaTa CeanioBMHA, Ha tor TbpPHOBCKO- yacTu. B coHpaxa npu c. PeceH B [ONMHOTpUackute ckanu
3naTapulLkusi pasnoM ro ChuneHsiea ¢ lpeabankaa, a Ha (HT. 1743- 1780 m.), e yCTAHOBEH MPUTOK OT NNacTosa BoAa ¢
3anag MOHWXEHWETO npexoxaa B JloBelwkata MOHOKNMHana. pastBopeH ra3 — MeTaH. CbluuTe TakvBa nposBM ca
THPHOBCKOTO MOHUKEHME Ce OTAEMNs MO TPUACKW Hacmaru ot oT6enasaHn B CPEAHOTPUACKM CeauMeHTU (MHT. 4783-4916 m)
JloBeLLKo-TbPHOBCKATa MOHOKIMHANA. B CeBnueBcka noL.
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[onHo-cpeHOOpCKMTE  CEOUMEHTW UMMaT  LUMPOKO pas-
npocTpaHeHne B THPHOBCKOTO MOHWXeHWE. [lepcnekTuBHuTE
TEPUTOPWM 3aeMa NO-rofisiMaTa YacT OT M3TOYHWS U Mo-Marka
YacT OT XHUA OAn Ha T'prOBCKOTO MOHMXEeHne.

[onHotopckute  CEAUMEHTM, KOMTO Ca  MpeLCTaBeHM
NPEOYMHO OT MACBYHULYM, MMAT JOBPM KONMEKTOPCKM CBOWCTBA.
Te CbWwo npeacTaBnsBaT WHTEPEC MpWU  TbpCeHe Ha
Bbrnesogopoau. lNpu onpobBaHeTo UM B COHAAX Kpait rpag
CeBnneBo € nonyyeH NpUTOK OT ra3 v BoAa.

[lonHo-CcpeHOOPCKUTE CEAMMEHTU Ce XapaKkTepuaupar C
MaKpOeAHOPOZHOCT, KOSTO Ce W3passiBa Ype3 MpUCLCTBUETO
Ha TPyOHOMPOHMLAEMW aprunnutu (Mewyy, nNpocrovkn ¢
pasnuyHa aebenuHa) cpes NpoHULAEMUTE NACHYHULM.

[onHo-cpeHoopCKUTE OTNOXeEHUS, Ha basaTa Ha OTKpUTUTE
He(pTEHN 1 ra3oBM 3anexu B LiEHTpanHa CeBepHa W CeBepo-
3anagHa bbnrapus ce obocobsBaT KaTo CcamocTosiTeNeH
obekT. B npepenute Ha TbPHOBCKOTO MOHWXEHWE febenuHTa
M B NOCOKa CeBEP-CeBEPOU3TOK OT KOKHOMU3NICKUS pasnom
psi3ko HamansBa. B Tsix Te ca ¢ JOBpyM KONEKTOpCKM CBOWCTBA,
a HanWM4neTo Ha ekpaHupawy (TPYSHOMPOHWULAEMK) ckanm e
NpeanocTaBka 3a 3acUneH WHTEPEC MO OTHOLIEHWE Ha
HedpTorasoHocHaTa nepcnekTueHocT. Kato npumep B TOBa
OTHOLLEHWE MOXe [a CMyXu, 30HaTa Ha CbUNeHeHne Ha
tOxHOMM3MiIACKaTa  nepunnaTtopmeHa obnact ¢ [pea-
OankaHa, KboeTo e npokapaH coHgax P-1 Kunudapeso.
MonyyeHnst NPOMULLNIEH MPUTOK OT CyX BbINEBOLOPOAEH ras
(wHT. 3672-3852 m), MOTBbPXOABA HanpaBeHUTE MO rope
CbXOeHus.

B ropHotopcko-BanaHXWHCKS KOMMMEKC B kapboHaTHO-
aneBpONUTOBUTE WM MACBUIMBM  aANEBPUTOBM  CKamM,
CbLUeCTBYBaT YCMOBMS 3a aKyMynupaHe Ha BbIEBOLOPOAU.
Mpy n3nuUTaHMa Ha CoHZaxu, npoeedeHn B CeBnueBcka W
FoCTMRMLLKA MOWM, Ca YCTAHOBEHW HATPYMBaHWA Ha ras, a B
TbpHOBCKa MAOLL, B W3BaZEHU SAKM OT BanaHxuHa B (MHT.
2197-2700 m), ca KOHCTaTUPaHU Kanku 1 NeTHa oT HedT.

TeKTOHCKU nNpeanocTaBKu

Mo paHHM OT dhoHAOBa nuTepaTypa B NpedenuTe Ha
NOHWXEHNETO Ca YCTaHOBEHM MHOXECTBO ITOKasiHU NO3UTUBHU
cTpykTypy (Bokos, [loHueBa, 1983).

B Tpuackute Hacnmarm ca YCTaHOBEHW W CbLieCTByBaT
pearHu ycrnoeus 3a (popMUpaHe Ha pe3epBoapi OT MacuBEH
TUn. W3rpaxpawumte rn kapboHaTHW Ckanu ce XapakTepuaupar
C HeeJHoOpPOAHM hnanyecku CBOMCTBA, KOETO ce obycnaes oT
MHOXECTBO re0JIOXK/ NPU4nHN.

BbrneeofopogHNTe MpOSIBNEHMS Ca MPUBBLP3AHM [NABHO
KbM TbHKOBWUTE CTPYKTYpU OT TMpexogHata WBMUa Ha
MpenbankaHa wnM Te3n OT Hal-CEBEpHWUTE OTAENM Ha
CouwwHckus MpenbankaH. MpuBegeHUTe faHHM NOKA3ear, ye B
panoHa, NepCrekTMBHM 3a HeT 1 ras, MoraT Aa ObaaT BCUUKM
copmauum OT Tpuaca [o anTta BkuMTENHO. Heobxogmmo
YCrOBME 3a TOBa Ca LUMPOKOTO PasnpoCTpaHeHue Ha
KONMEKTOPCKUTE M eKpaHupaLynTe ckamnm, CbYeTaHW C Hanmume
Ha GnaronpuATHW CTPYKTYPU, XWOPOTEOMNOXKKM U FEOXUMUYHM
yCroBusl.
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KaTo Hai-nepcnekTMBHM MOraT Aa ce npuemat OTIOXKeHNsTa
Ha CpepneH Tpuac, fonHa-Cpegta HOpa v [lonHa Kpega.

BbrnesoaopoaHu nposiBu U akymynauum

lMpupogHuTE rasoBe B [OMHO-CPEAHOTPUACKM CEaUMEHTU,
NpOsIBEHM B pailoHa Ha TbPHOBCKOTO MOHWXEHME Ca MMaBHO
BogopasTBopeHn. Mo gaHHn ot coHpaxute (P-1 PeceH, P-2
PeceH n P-2 113BOpOBO) KONMWYECTBOTO Ha  MeTaHa ce
npomeHst B wwmpoku rpaHuum ot 30 go 80%. B wvact ot
uacneasaHuTe npobu ce Habnoaasa NOBMLLEHO ChAbpXaHUE
Ha a30T (10 20-45%) u BwbrnepogeH awokeug (oo 33.21%)
(tabn. 1).

Tabnmua 1
Cncmas Ha 2a3a 8 doniHo-cpedHompuacku cedumeHmu

CoHpax CHy No COy
P-1 PeceH 77.22 21.40 0.23
P-10 PeceH 53.92 44.28 0.75
P-2 U3BopoBo 33.21 32.80 33.21

[a3oBeTe B [OMHO-CPEQHOPCKATE CEAUMEHTU Ca CbC
CPaBHWUTEMHO BMCOKO MPOLIEHTHO CbbpkaHue Ha MeTaH (P-1
Kosapesey n P-1 Kunudapeso). BwvrnepogHus aByokuc ce
koHcTaTMpa B coHpgaxute P-1 PeceH, P-1 Yanaeso, P-3
[McapeBo M e C MOBWLWEHO CbabpkaHwe. [lokato konm-
4eCTBOTO Ha a30Ta Bapupa B pasnunyHu npoueHTH (4-70 %).

CeobogeH ras ce nposesBa B P-1 Kunucapeeo Ha
AabndoumHa 3672 m, cbe cbabpxkaHue Ha 4o 88.20% meTaH.
[aHHK 3a cbcTaBa Ha rasa ca npegcraBeHn B Tabnuua 2.

Tabnuua 2.

Cncmas Ha 2a3a 8 00fIHO-CPEOHOIOPCKU cedumeHmu
CoHpax CHy COy Ny
P-1 PeceH 48.52 45.61 4.09
P-1 Yanaeso 1.90 27.04 66.10
P-3 Mucpeso 72.20 4.45 17.30
P-1 Kosapesel 83.60 1.70 9.70
P-1 Kunucpapeso 88.20 1.21 10.27

B congaxute P-7 B. TvpHoBO M P-12 B. TbpHOBO, OCBEH
rasonposiBieHNst Ca YCTAHOBEHM W HedTeHu nposBu B
BOrHoKkpeaHuTe ceanmeHT. CbObpxaHWeTo Ha MeTaH e
HUCKO W ce npomeHs oT 1 go 28% (tabn. 3).

HedTeHnte nposiBM ca  YCTAHOBEHM B OTNOXEHUS C
BaraHxuHcka Bb3pacT. B congaxute (P-7 B. TopHoBo 1 P-12
B. TbpHOBO) HedhTa € Nnek, TeYeH € XbnToKagsB LUBAT, cpeLa
ce 1 kasB [0 TbMHOKahsiB C NOMNyTEYHA KOHCUCTEHLS.



Tabnumua 3
Cncmas Ha 2a3a 8 00/THOKPeOHU cedumeHmu

Coxpax CHy COy Ny Ho, Ar
P-7 B.TbpHOBO 0.75 0.41 0.80 98.04
P-12 B. TbpHoBo | 28.00 1.11 62.21 0.09

3aKnoyeHune

Hal'lpaBeHVIﬂ aHann3 Ha 4act OT npeanocTaBkuUTe 3a
HedhTOrasoHoCHa MEPCMEKTMBHOCT Ha TbPHOBCKOTO MOHM-
XeHne nokasea, 4e OCHOBHUTE CTpaTVII'pa(bCKVI €anHnLN,
KOMTO npencraengaBaTt WHTEPEC 3a paMOHa ca CpefHo-
Tpuackute, [ONHO-CPEeaHOOPCKUTE n [ONHOKpeaHuTe
CEeIUMEHTW.
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BbrneBofopofHMTE MPOSIBU M aKyMynaumu ca npuBbp3aHy
[MaBHO KbM MbHKOBM CTPYKTYpW OT MpexogHata WBUUA Ha
MpenbankaHa unm OT Han-ceBepHUTE OTAENN Ha ChLUMHCKMS
MpenbankaH. 3anagHaTta yact ot WMatounus lMpepbankaH e
OTHOCMTENHO Cnabo W3yyeHa, KOETO € MpeanocTaBka 3a
HacouyBaHe Ha TbPCEWO Npoy4YBaTENHUTE [EeNHOCTU B
aHarnoru4Hu cTpaTurpadCcki KOMMEKCH.

INuTepatypa

leonoxku npednocmaeku 3a Heghmoza3oHoCHoCMMa Ha
CesepousmoyHa buneapusi (bokos, M., Xp. Yembepckn).
C., TexHuka.

MpenopbyaHa 3a nybnukysaHe ot
Pepaku1oHeH cbeeT
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AUTUTANEH BEKTOPHO-CEU3MWUYEH CEH30P U BE3XXUWYHATA CUCTEMA FIREFLY
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PE3IOME. Makap, Ye unesta 3a MHOr0-KOMMOHEHTHaTa Cenamuka 3ansira OT MHOTO FOfMHM, CPEACTBaTa 1 KauecTBOTO orpaHuyaBat ynotpebata i
B CTaHOAPTHUTE u3cnesBaHus. HoBUTE NOCTWXEHWS B TEXHOMOTUMTE KAaTo HamansBaHe Ha pa3mepa Ha CeH3opa W CUIMLMEBUTE akceneTomMeTpu
ca AOCTbMHK OT MOBEYE OT [ECET FoAMHM, HO Camo OT CKOPO TEXHOMOrMsiTa No3BOMsABa TE3W MUHMATIOPHI aKCENepOMETPH fa Ce NPoU3BeXaaT ¢
MPOWU3BOAMTENHOCT Ha CMYLLEHMsITA CbBMECTUMW C HyXHWTe 3a ceusmukata. Input/Output Inc ycBosiBaT Taan TEXHOMOMWS B Cb3faBaHe Ha
YHUKaneH MUKpO-MEXaHWYeH AUruTaneH akcenepomeTbp pa3paboTeH rMaBHO 3a CEM3MUYHO W3crefoBaTenckata UHAYCTpus. HOBUST BEKTOPHO-
CEV3MUYEH AMUrUTaneH CeH3op MpefoCTaBs MHOTO MPESUMCTBA B CPaBHEHWE C aHanoroBusi reodoH. MpuHuMnuTe Ha pabota M cnekTpanHata
XapaKTepucTka Ha BEKTOpHaTa Ceu3aMuka M CpaBHABAHETO Ha fAaHHW oT obukHoseHute 1C u 3C reodonmn we Obge pasrnegaHa. Hosata
TEXHONOTYS! 3aeAHO ChC 3anucBallaTa anapaTtypa Cbllo nomarat ja ce nogobpsaT pasxoaute Ha MHOMO-KOMMOHEHTHA UHAOPMALMS U3NOMN3Banky
BEKTOPHO-CEN3MUYHa anapatypa.

VECTORSEIS DIGITAL SENSOR AND CABELESS FIREFLY SYSTEM

Volodya Hlebnikov, Dimiter Merachev?

TStudent from the University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, trainee in “Overgas Inc”, 1407 Sofia;
onimusha@mail.bg

2Junior expert in “Overgas Inc”, 1407 Sofia

ABSTRACT. While the concept of multi-component seismic has been around for many years, cost and quality concerns have limited its use in
conventional exploration. Recent technology advances, such as reduction in sensor size and Silicon accelerometers have been available for over a
decade, yet only recently has technology allowed these miniature accelerometers to be manufactured with noise performance compatible with
seismic requirements, Input/Output Inc have adopted this technology in the design of a unique micro-machined digital accelerometer specifically
targeted at the seismic acquisition industry. The new VectorSeis digital sensor provides several advantages over analogue geophones. The
working principals and spectral characteristics of VectorSeis and data comparisons with conventional 1C and 3C geophones will be presented. This
new technology and associated recording equipment are also helping to improve the cost structure of multi-component data recording using
VectorSeis equipment.

BuBepeHue n3obpassBaHe 1 korato Tesu cuctemu Oumm KOMOUHMPaHM ¢
B HacTOSILLMAT MaTepuan ce MpeacTaBst HOBA TEXHOMOMS C Tpu-kOMNOHeHTeH(3C) AuruTaneH CeH3op MbpBOTO MbIHO-

MOMOLLTa Ha KOSITO CeWU3MUYHO-MPOYYBATENHUS MPOLIEC MOXE BBJIHOBO NpOy4BaHE CTaBa PeanHocT.

ApacTMYHO fa ce ynecHu. KaTo Hskou OT OCHOBHUTE pecypcy

HeoOXo4MMM 3a NPOBEXAAHETO My Ce HamansBaT, a VMEHHO: [TbnHaTa-BbIHOBA MAEs BCIYHOCT e MHOro npocTa. LienTa

(buHaHcoBa yYacT; HeoOXoaMMO BpeMe 3a W3credBaHe M e fia Ce 3anuwe oOTpa3eHaTa CeM3MUYHa WH(opmauus ¢

paboTHaTa pbKa. MPEUM3HOCT W B W3BECTEH CMUCBA OTPaXEHMsSTa Ha

OBVKEHWETO Ha YacTuuuTe nog nosbpxHocTTa. C apyrv gymu

NpuLoBMBaAHETO, MHCTPYMEHTUTE U OMEpaLyIOHHNTE METOAN [a
Upesita fbAaT KOMKOTO Ce MOXE MO-SICHM, JOKAaTO B CbLOTO Bpeve
MMame BAPHO 3anmncBaHe Ha Lenua CensmmnyeH curHan, Kouto
3eMsiTa MOXe da ocurypu. Ako Tasu uen Obge nocturHara,
TOraBa W3CNeABaHETO, aHaNM3MpaHeTo M WHTepnpeTauusTa
HAvMa [fa Obgart orpaHMyeHn OT  nmpupobuBaHeTo  Ha
nHopmaumsi. OcHOBHATa Lien Ha MbriHaTa-BbIHOBA Cemamuka
e Ja ce cbbepat W MHTEpNpeTMpaT OTPaXeHUs C Mo-BMCOKA
pesonoumMs  uypes no-6bp3 M ynobeH HauMH  KaTo
CbLLEBPEMEHHO MMaMe BMCOKO KaveCTBO Ha MHGopmaumsiTa.

B Hai-npoctata cu copMa NOHATUETO 3@ MbiHa-
BbIIHOBA(MHOTOKOMMOHEHTHA) CeM3MWKa Ce TMosiBsBa B
WHOYCTpUSITa OT HSKONKO geceTwunetus. B nocnegnute
HAKOMKO TOAMHM CeM3MMYHaTa 3anucBalla TexHuka U
MEeTOaMTe 3a M3CnedBaHe Ce pasBMBaT JOCTATbYHO, 3a [Ja
MOXe TO3M BMA Ceu3muka [ga Obge  OCHLLECTBUM.
3ano3HaBaHETO C MHOTOKaHamnHuTE cuctemu B kpas Ha 1990 .
NnosBOMUM  CUTYPEH  acnekT  Ha  MbIHOTO-BBLIHOBO
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3a nmocTuraHeTo Ha SiCHO npupgobuBaHe reodmsmumMTe Ce
HyxgasT ot moaepeH xapayep (hardware) n gobpa ctparerus
Mo BPeMe Ha M3crefBaHeTo.

[urntaneH cenammyeH ceH3op

CeH3opbT MMa [ABe MPUHUMMHM KOMMOHEHTM — MUKPO-
MexaHU4eH CUNUUMEB akcenepoMeTbp C Manka MWHEepTHa
Maca, OkayeH Ha Manki MPYXWHW U M3paboTeHO No Nopbyka
YCTPOICTBO KOHTPOMEH YMM C Pa3HOPOLEH CurHan
ASIC(®ur.1).

B34

®ur. 1. BeKTOpHO-CEM3MMYEH CEH30p

OT ceH30pbT M3NM3a aupekTeH 24 bit curHan, ¢ nomowyTa Ha
konto ce u3bsarea Hyxgata or A/D npeobpasoBatenn B
3anuceawarta cuctema. CeH3opbT [aBa Bb3MOXHOCT 3a
paboTa ¢ MHOTO HMCKM YECTOTM U [0 TakMBa OT Nopsiabka Ha
500 Hz, koeTo gonpuHacs 3a perucTpauusita Ha OTHOCUTENHO
NAMTKO 3ansraljm XOopu3oHTU. B ocHoBaTa Ha BekTOpHaTa
censmuka 3ansra 3C npugobuBaHe Ha MHGOpPMALWS, KaTo TS
ce 3anmucea Ha VRSR (VectorSeis Remote Seismic Recorder)
nnatcopma. PaspaboTBaHeTo Ha CeH3opa 3anoysa B paHHaTa
1986 r. ¢ mbpBM MoneBu TECT Ha npoToTuna npe3 1998r.
nocneaBaH C MHTEH3MBHM NTabopaTopHu TecToBe. 3HaunTeneH
Hanpegbk OMBa MOCTWrHAT NpU Mpe3anucBaHETO Ha Pan
Canadian, Blackfoot ypes 3C3D u3cneasaHe npe3 1999 r.
paspaboTteHo ot Veritas DGC.

Mpupobusaxe

3a craHgapTHUTE P-BbNHOBM M3CMeABaHWs Ce W3non3sart
CTaHAapTHU reodoHu, KOUTO Ce M3non3ear ot noeeye oT 70
roguHn. Te ca OTHOCWTENHO €BTWHM, 34paBW W HAZEXOHW,
Mo3BONSABALLM MbBKaBW MoZenu Ha pasnpegenenue. OT apyra
CTpaHa, HaTypanHus pe3oHaHc (Hanpumep 10 Hz) orpaHuyasa
3anucealyaTa curHanHa A0CTOBEPHOCT NPM NMO-HUCKM YECTOTU.
Feocponute Tpsbea Aa 6bpar Aobpe HWBenMpaHu, AokaTo
OfepauuoHHUTE  MpeguMmcTBa  MPU  3anUCBaHeToO  Ha
MHOTOKOMMOHEHTHaTa MH(opMauus ca 3Haummu. Te nauckeat
no-Marko CBbp3BaHe W No-Marnko kabenu, 3a ToBa TErnoTo Ha
EKMNUpoOBKaTa Ce Hamarnsea [pPacTU4YHO, CMefoBaTENHO W
LieHaTa Ha u3cneaBaHeTo Hamanssa nopagu ¢akra, ye ¢ no-
Marko TexHuka ce Gopasu no-6bp3o. CeHsopuTe, CbLUO Taka
He TpsibBa Aa ObaaT HUBENMPAHM.

CnocobHocTTa Ha ceH3opa Aa paboT Ha BCsKakea
OpWeHTaUMs  yBenuyaBa  CKOPOCTTA HA  CEM3MUYHOTO
npoyysane (dur. 2). 3anuceawata cuctema VRSR wu3nonssa
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TPaHCKPUMUMOHEH MPOLEC, KOWTO pasgenst  pasnuyHuTe
KOMMOHEHTW Ha WHAMBULYaIHU YacTy, KOETO CbLO Hamansea
BPEMETO 3a M3cneapaHe. Hakpas ce nomyvaBaT MO-TOYHU
AaHHK, C KOUTO MOXe da ce paboTh mo-necHo. 3anuceaHeTo
Ha WH(opMaLus C BMCOKO KavyeCTBO MpW TEPEHM C TpyAeH
pened ¢ Obp3u MOBWLIABAHWS HA XBIIMOBETE € CEPUO3HO
npeausBuKaTeNcTBO nped  wacnegosatenurte. EauH ot
panoHuTe, KbAETO TPYAEeH TepeH W Bnusku 40 NMOBBLPXHOCTTA
yCnoBus npeousBukeaT ceuamukata € B toxeH \Wyoming.
TepeHbT Bapupa OT PaBHU y4acTbUyM 4O AbNOOKM KaHBOHM W
CTPbMHM XbnMoBe. bBnuskute [0 MOBBLPXHOCTTA YCHOBMS
OOMKHOBEHHO OuBaT C TpygHa Teonorusi, epo3vOHHO-
YCTOMYMBM NNACTOBE CMECEHW C HECMOEHW NSCHUHALUM M
ApebHucT yakbn. Tasu obcTaHoBKa Cb3gaBa HEOBWUKHOBEHO
Npeau3BMKaATENCTBO NPeL CEM3MUYHOTO U3CNEABaHE.

®ur. 2. OpueHTaumm Ha ceH3opa

EanH or obwo npuetute cbBpemeHHn 3D meToam 3a
perucTpupaHe Ha cemamnyHa uHdopmaums e, ye oTpaseHarta
€Heprus npuctura nog hopmata Ha NOBLPXHOCTHA BbITHA BbB
BepTUKanHa nocoka. Korato BbrHata Ce pasnpocTpaHsiBa
Npe3 CNoXHU TepeHu, 6Nn3kK 4O MOBBLPXHOCTTA NNAcToBe CbC
CNoXHa reonornst P-BbnHMTE ce pasnpbcBaT M MoraT Aa
BOCTUTHAT O MOBBPXHOCTTA MOYTW MOA BCAKAKbLB brbi. 3C
BUruTaneH CeH3op(BEKTOPHa CeusMmka) 3anucBa ABIKEHMETO
Ha noysaTa B TPU M3MEPEHWs, KOeTO Cromara oTpaseHara
€Heprus fa MpUCTUTHE  BepTUKanHO.  TpaguuMOHHWTE
€[MHUYHYU aHaNoroBM reoOHN YCnsBaT fa YNOBSAT CaMo efHO
HanpaBreHWe Ha OBKEHNETO, A0KATO C MHOTOKOMMOHEHTHUTE
CEH30pU MOXEM [a 3anuiem mbiiHaTa-BbIHOBa eHeprus (Pur.
3) W pga yCTaHOBMM bIbiTbT MOA KOWTO TS MPUCTUra, Kakto M
HeliHaTa amnnnTyga.

®ur. 3. Ha dmrypata e npeacraBeH TpU-KOMMNOHEHTEH €AUHUYEH CEH30P
cbeTosw ce oT Tpu maeHT4HU MEMS(micro-electro-mechanical system)
aKcenepoMeTPUYHM YMNa 3a BUCOKO YECTOTHO 3an1cBaHe



B cnoxHu Tepenn ToBa MOXe Aa Obge OT romsma noraa.
MoneBuaT ekun MOXe fa NOKpUe CTPBbMHW TEpeHW, kaTto
CeHsopuTe MoraT Aa ObgaT pasnonoxeHu Mo nocoka Ha
HaknoHa. JurntanHuTe ceH3opn ce CrpaBsT ¢ To3W npobnem
Bes 3aryba Ha obxBaTa Ci AOKATO aHarnoroBuTe reotioHn He
morat. Ha geceT rpagyca HakioH aHanorosute reodoHu ryost
okono 50% v noBeye OT TAXHaTa NPOU3BOAMTENHOCT.

Ha cnepgawara durypa (dur. 4.) e HanpaBeHO CpaBHeHWe
MeXQy NoNMyyeHuTe AaHHUTE OT 6 Pa3nonoXeHW BepTUKanHU
reopoHa M eAMHMYEH BEKTOPHO-CEM3MMYEH CeH3op. JlecHo
MoXe Aa ce 3abenexu, ye KayeCTBOTO Ha AaHHUTE Ha ®ur.
4(6) e no-Bucoko. MNpodunute ca ot US Gulf Coast.

—_——
S = single VectorSeis *
P ‘.7

g >
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®ur. 4(6). CemsmuyeH npocdun nomnyyeH 4pe3 eAUHUYEH BEKTOPHO-
Ceu3MnYeH CeH3op

Be3xuyHa cenamuka

EnvH oT pa3paboTeHuTe NMPUEMHULN Ha MbAHOTO-BBLITHOBO
npugobveaHe e nnatdopmata FireFly (6eaxuyHa cuctema).
Copueto Ha FireFly e B FSU (Field Station Unit), koeTo ce
CbCTOM OT 3axpaHBaLya batepusi, pnauw (flash) namet, Mukpo-
npouecop, kakto n ot GPS (Global Positioning System) ¢
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MHOXECTBO ~ KOMYHWKAUMOHHM  MPOTOKOMW  BKITIOYMTENHO
Bluetooth n VHF. Kbca 3axpaHBalya xuyka CBbp3Ba BCsKa
FireFly kyTus C BEKTOPHO-CEM3MWYEH MPUEMHMK. YpeobT €
pa3spaboTeH 1 TectsaH oT Input/Output Inc (1/0).

Toan HoB TvN TexHonorus 6uea n3npobeaxa B LigHTpanHata
tokHa YacT Ha Wyoming oT komnanusTa British Petroleum
(BP). Cropea MHOro y4yeHn ToBa MOXe 6M He e Hai-
NOAXOAALLOTO MSACTO 33 TECTBAHE Ha TEXHOMOrMsATa, 0cobeHo
npes MpasoBuTaTa 3uma Kb4eTo TemnepaTypuTe nagat 4o nog
-29°C, HO BbMpekM TOBa NONEBMTE M3CneaBaHus Oweart
npoBedeHW. TaMm Ce Hamupa MMraHTCKOTO ra3oBO HaxoauLie
Wamsutter, kbaeto BP nnaHupat ga snoxat $2.2 munuapaa.
Haxoguweto ce Hamupa B paloH C  M3KITIOYUTENHO
NCTOPUYECKO 3HA4YeHWe, 3a TOBa TO3W METOABT € MoAXoasLy
T KaTO He Bpeau Ha OKornHata cpega.

Lenta Ha w3cnegBaHeTo € fa ce AOBMAT KayecTBeH
CEM3MWYHWN OaHHW 33 MO-Manko Bpeme, MO-MambK pUCK OT
HapaHsBaHe Ha MOMEBWS eKUn W MO-Manko yBpeXgaHe Ha
nousata. Cnopeg I/O TexecTtTa Ha kabenute u cBbp3oYHATaA
anaparypa Ha egHO CeM3MUYHO M3crefBaHe MOXe NecHo Aa
npesuwm 25 ToHa. TernoTo, KOETO AMPEKTHO AoMmpuHacs 3a
pa3xoguTe npu TpaHCnopTUpaHe 1 Mobunu3MpaHe Ha NoneBsus
ekun moxe fa Obge okono 20% OT pasxoguTe 3a €fHO
,TUMYHO” CeM3MUYHO n3cnedBaHe B ceBepHa Amepuka. Mpu
cb3paBaHeTo Ha FireFly npesta Ha komnaHusta e buna pa
npemaxHe okosno 80% OT TErNoTO Ha CTaHAAPTHUTE CUCTEMM.

JFireFly npemaxea kabenute. Mpemaxsa npecuvaliute ce
Bpb3KkM. [pemaxBa HKOM OT KOMMOHEHTUTE Ha TepeHa Kato
aHanorosus npeobpasyeaten. Cblyo Taka npemaxsa U HKOU
OT KOMMOHEHTUTE KOHTPONMpaLLW 3axpaHBaHETO Ha kabenHaTa
cuctema” ToBa cnogens Marty Williams rnaBeH
BuuenpesuaeHT Ha I/O 3a npoekta FireFly (New Technology
Magazine, 2007).

Be3xuyHa cuctema. lMo3Hat KaTo NONEBU CTaLMOHAPEH ypes
nnu FSU e noctaeeH B NnacTMacoBa XbiiTa KyTus ¢ pasmepy
KOMKOTO Marka Kytusi 3a 06sig. MNponsseaenu ca okono 10000
ypega (2007), kaTto Bceku eauH e obopyaBaH C KOMMOTbP C
onepaumoHHa cuctema Linux u napameTpn 6nmuskm 4o Tesn Ha
nanton, Ho 6e3 knaeuaTtypa u ekpaH. CbLLO Taka “Ma 1 Kbca
3axpaHBalja KW4yka CcBbp3Bawa kytusta  FireFly cbe
3anuCBaLLMS  BEKTOPHO-CEM3MUYEH  CeH30p.  CensmnynuaT
CUTHan M3MepeH OT BEKTOPHO-CEU3MWYHMSA MpueMHuK GuBa
3anucaH Ha cnaw nameT, Hamupalla ce B Kytusata FireFly
(Mpumep 3a naw nameT: ToBa ca Marku no pasmep KapTy,
unaTO nameT mMoxe Aa Obge m3tputa. ChblwmTe KapTh ce
WU3non3BaT U NPW QUIUTarHTE KaMepu).

Kato u3kniouum Tasu manka 3axpaHBalja Xudka Mexgy
FireFly kyTwsita u BEKTOPHO-CEU3MUYHMA CEH3Oop, LanaTa
ocTaHana cuctema e 6e3xuyHa (ToBa € pasnukata Mexay
FireFly n Taka HapeyeHnTe TenemMeTpuyHO BasupaHm cucTemu,
KOUTO MMaT CaMO HsfKoM paguo 6asvpaHu Bpb3KM W
OTZaneyeHn KOMMOHEHTU 3@ KOHTPOM, HO CUITHO 3aBUCELLW OT
CBBP304HY kabenu).

Mpu mbpeuaT nonesu onut Ha FireFly, BP u3ssnuya tpu-
KOMMOHEHTHN CEeM3MWYHW [aHHM OT nnow, ¢ 28 KBagpaTHu
MWUNK B paiioHa Ha HaxopuweTo Wamsutter. 3C ceH3opu kaTo



BEKTOPHO-CEU3MWYHMS  MONy4aBaT — AaHHUTE 0T  efHO
BEPTUKANHO W [ABE XOPU3OHTaNHW M3MEpPeHWs, KaTto Taka
WNIOCTPUPAT NO-TOYHA KapTWUHA Ha BBTPELLHOCTTA Ha 3eMATa,
OTKOMKOTO OBMKHOBEHOTO TPUM3MEPHO Npugobusane (3D).

BP cnogens, Ye BbNpeky, Ye 3a NpbB MbT U3NPoOBaT Takaea
CnoxHa cuctema, kato FireFly Bcuyko € MuHano mHoro gobpe.
He, ye He ca cpewanu npobnemu, HO Te BGunKM O4vaKBaHM
“Maliku NpeaBua, Ye cuctemarta ce M3Monaea 3a NPLB MbT U
6unu necHo otctpaHeHu. Mo Bpeme Ha u3cneaBaHeTo busar
3anucann okono 7200 TOYKM KaTO HSIM@ HaHECeHM LEeTH Ha
oKonHarta cpega.

lMoHsiKOra nMopagu OrpaHuYeHUst MOPOLEHN BbB BpPb3Ka C
OKOMHaTa cpefa, CUrypHoCTTa 1 apyri nogobHu, reogmsnumre
CbCTaBSALWM NraHa 3a NPOBEXOAHETO Ha W3crnefBaHe C
ekunuposka 6asupaHa Ha kabemu ca npuHyaeHuTe pda
HanpaBsT KOMMPOMMCY 3a CMeTKa Ha Ka4eCTBOTO Ha AaHHUTE.
I/O ce HapsBaT Cc nomowTa Ha Oe3xuyHaTa cucTema [a
no3sonu  npugobuBaHe Ha  BBb3MOXHO  Han-gobpata
NPOCTPaHCTBEHA W BEPTUKANHA PE30oLMS.

Mpn nNpoBEXOAHETO HA CEM3MWYHM W3CMEABaHUs B
Wamsutter kabennte buxa Cb3ganu noTeHUManeH puck 3a
onepawLymoHHNs ekun 1 3apaau Toea BP wwe 6baat npuHygexm
Aa HanpaBAT KOMMPOMWCKM, KOMTO LUE HamansT KayecTBoTo,
KaKToO Ha BepTWKanHaTa, Taka M Ha NpOCTpaHCTBEHaTa
PE30NIOLMA. VI3KNIOUNTENHO TPYOHWAT TEPEH, KOWUTO € OCesiH
CbC CKANMUCTW XbIIMOBE U CTPBbMHM fepeTa, 6 3aTpyaHun
BCeKM  B1 61no MHOro puckoBaHo aa ce paboTu, JoKaTo, ako
ce u3nonaea OeaxuyHa cuctema FireFly pucksT € 3HauMTENHO
no-Marbk.

bnarogapeHue Ha FireFly ycnewHo ce Hamanssa pucka ot
HapaHsiBaHUS Ha nornesus ekvn. AnapaTypaTa e no-neka u 3a
noaroTesAHETO 3a paboTa C Hesl Ce W3MCKBAT MMHWMAnHU
YCWNKUS, KOETO CIOMara Ha ekuna Aa ce ABIKM MO-CMOKOMHO.
HambnHo noarotBeHa u obopyaBaHa paHuua, C KOSTO ce
npeHacs FireFly texw okono 25-27 kunorpama, kato Bcska
paHuuya cvabpka 6 FireFly ypena, saxpaHBawm batepum u
BEKTOPHO-CEN3MUYHN NPUEMHULN.

Mo Bpeme Ha noneeata paboTa Ha BP, paHuuute ca 6unm
CryCHaTW C XeNUKONTep Ha onpeaeneHu uHTepaanu no LsanoTo
Tpace. Crieq KOETO ekvn Tpbrea No MapLupyTa 1 Tpsibeano aa
u3Konae Aynka, B KOSTO 4a Pasnosioxn BEKTOPHO-CEN3MUYHMS
npuUeMHWK, da noctaesaT cuctemaTta FireFly Ha 3emsaTa u ga ce
npuaBwkaT 4O cheapallata Touka M NOBTOPAT npoleaypata.
Taka HanbnHO obopyaBaHaTa paHuua rybu ot TernoTo cu npu
BCsKa efHa Touka. B MOMeHTa Ha nonaraHe Ha nocnegHata
Agovika ot FireFly 1 BeKTOpHO-CEU3MUYeH NPUEMHUK Apyra
3apefeHa paHuLa e B FOTOBHOCT Ha 3eMsiTa kaTo npasHaTa
paHMLa ce OcTaBa Ha 3emdTa W Ce B3uma JpyraTa
(obopyaBaHa), npoBepsiBaT ce koopauHatute ype3 GPS n ce
npogbmkasa. [okato npu TpaguUMOHHUTE W3CreaBaHus
npeau fa ce NpoBeAe CEM3MMYHOTO MPOYy4YBaHe Ce u3npalla
eKun, KonTo Tpsbea fa 0bxoam 1 Mapkupa TepeHa ¢ nomoLLTa
Ha Konyeta W (pnaryeta, KOETO OKasBa BMWSHWE Ha
HeobxoaMMoTo BpeMe 3a paboTa.

Monesu wmetogu. ETo kak FireFly HauctuHa paboTu.
Feodusnum n3bupat MECTOMONOXKEHWETO HA U3TOYHMLMTE

200

(B3pMBHM) W MPUEMHUUMTE, Crnef KOeTO M BKapeaT B
HaBWraLUMOHHO/MO3WLMOHHA ~ CUCTeMa,  KOSTO  Mmocre
HanpaBsnsBa NoneBus ekun Kbae Aa pasnonara Bcekn FireFly
ypea. Bcuuku ypeam ce pasnonarat Ha TepeHa ¢ NoMoLLTa Ha
GPS, uMeto OTKNOHEHWE e OT nopsiagbka Ha 1-2 meTpa.
Mo3nUMOHMpaHeTO Ha M3TOYHMLMTE HA CEM3MUYHM BbIHU
CTaBa Mo CbLUMS HAYVH.

Crnen npoBeXAaHETO Ha CEeM3MMYHOTO W3CnefBaHe B
Wamsutter HKoM OT MankuTe XbATW KyTuM ca Bunm nokputw
OT OKONO MeTbp W nomoBuHa cHar. Cred kato ypeaute U
paHuLuTE ce cbbepat Te BuBaT COpTUpaHU U HAapeAeHN eaHa
[0 Apyra, KaTo Taka Ce ynecHsiBa CBansHeTO Ha 3anucaHarta
OT TAX MHGOpMaLus, 3apexgaHeTo Ha batepuute U ako e
HeoOXo4MMO Ce MHCTanMpaT HOBOBBLBEAEHWS MO COGTyeLP
(software) kaTo Bcu4ko TOBa CTaBa AOKaToO ypeaute ca B
camuTe paHuum (dur. 5).

i

®ur. 5. Ha dmrypata ca nokasaHu paHuuuTe, CbAbpkaWM cucTemata
FireFly n BekTopHO-CEM3MUYHMTE NPUEMHULIM

BeaxuyHata Bpb3kaTa  MeXOy  BEKTOPHO-CEU3MUYHMS
npuemHuk n FireFly e ¢ nomowita Ha Bluetooth — Hait-yecto
n3non3saHata CuUCTemMa 3a NMpefaBaHe Ha AaHHM Ha Kbeu
pa3CTosHMA(KaTO Be3KUYHN KnaBuaTypu, 6e3XMYHM CryLwanku
n ap.). Bluetooth yctpoitcTaTa pabotsaT 6e30Tka3Ho No Bpeme
Ha usanoto wacnegsaHe. Cuctemata GPS paBa TOYHOTO
MecTononoxeHue Ha FireFly oTHocHO xopuaoHTanHute X n Y
KoopaMHaTK, a BepTukanHata koopauHata Z 6usa nsmepeHa c
nomowra Ha cuctema LIDAR pabotewa Ha npuHumna Ha
pagapuTe, HO M3non3sa MHdpayepBeH nasep BMECTO pagmo
BbfHUW. FireFly e npoektupan ga 6bge moctaBsH oOT ABama
OylLM, OOKaTo npu OOWMKHOBEHUTE CEM3MMYHM MpOy4YBaHWS
CTaHAAPTHO Ce 13Non3Bat YeTupy.

3axpaHBawute 6Gatepun Ha FireFly ca nuTueBo-MOHHM
(lithium-ion), cblimuTe GaTepumn ce M3non3eat Npu nanTonuTe.
Te ca Ounn npoekTUpaHn aa ObAAT B rOTOBHOCT 3a paboTa 3a
nepuog ot okono 30 gHu. Ho nopagm ronemute 3aKbCHEHWS
MOpoAeHn OT HebnarompusTHY METeOpONOTMYHM  YCIOBUS
reopmsnunTe ca npegnonaranu, ye 6atepuute We Tpsidea aa
Obpar npesapedeHW, HO Ce Okasano, 4Ye Te He ca Cce
n34yepnann BbNPeKM, Ye HSKOM MPUEMHWLM Ca MPecTosy
noBeye OT [Ba MeCeLa Ha TepeHa.



3a cbkaneHue He MOXe Aa Ce KaXe KOnko Bpeme 6uBa
CnecTeHo Ha BP u3non3eaiiku BEKTOPHO-CEU3MUYHI METOAM,
Tbi KaTO CEN3MWUYHOTO M3CneaBaHe BCe OLlE e B MPOoLEC Ha
pabota (2007 r.), KakTo U He mMoxe fa Obae CpPaBHEHO C
NpoBeXAaHe Ha CTAHOAPTHO CEM3MMYHO MpOy4YBaHe, 3alloTo
He e SICHO TO KOMKO BpeMe LU OTHEME.

3aknioyeHue

Bbnpeku, ye TexHomMorMsATa e HoBa 1 BCE OLLUE NOANEXM Ha
pasfMYHU TECTOBE CMsSiTaM, Ye €[HO NOoAoBHO CensMMYHO
ucnegBaHe B panoHa Ha bbarapus 6u 6uno pobpa
WHBECTULUSA.
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YECTUT IOBUNEN!

NPABLA MNELWEBA-CAYKOBA HABBPLUKX 80 TOAUHU
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MpaBoa Hukonosa [lMewesa-CavkoBa e pogeHa Ha 06.02.
1928 r. B Cocousi. TMpes 1952 r. 3apbpLuBa MonutexHuyeckus
MHCTUTYT B HoBOYepkack, cneuuanHocT [eomoeusi U
npoyyeaHe Ha @b2UWHU Haxoduwia W NOCTbMBa KaTo
acucTeHT B MWHHO-TEOMOXKWA WHCTUTYT Ha ToraBallHaTa
OvpxasHata nonutexHuka. OT 1953 r. MUHHO-reOnoXKNAT
WHCTUTYT € OTAeNeH Kato CamOCTOSTENHO BUCLLE Y4MINLLE 1
Mpaspa MMewesa e npeHasHayeHa B Hero. OcBeH no
OCHOBHaTa Cu AaucuunnuHa [leonoeus u nemponozus Ha
gbeuwjama, MbpBOHAYanHO T BOAM  3aHATMS MO
auecunnnunute lempoepagpusi, PyOHU nonesHu uskonaemu,
Memodu 3a mbpceHe U npoydgaHe Ha NOMe3HU U3KOnaeMu.
lMpe3 1956 r. e noBuLEHa B CTapLUM acUCTEHT, a oT 1966 T. e
rnaBeH acucteHT. OT 1956 . O MEHCMOHMPAHETO CU Mpes
1983 r. lNpaepa MelweBa BOAW NEKLWM, YNPaXHEHUS U KypCOB
npoekT no [eonoeus U nemponoeus Ha evenuwama 3a
CTy[eHTUTEe OT CcneumanHocT [eonoeus U npoyysaHe Ha
nonesHume usKonaemu, ynpaxHeHusi no [1ose3Hu uskonaemu
3a cneynanHocTute Xudpoeeonoaus U UHXEHepHa 2e002usl,
TexHuka u mexHonoeus Ha CcoHOupaHemo, [eogusuyHu
memodu Ha npoyyeaHe, Pa3pabomka Ha nonesHume
uskonaemu, ObocamsgaHe Ha nonesHUme U3Konaemu W
Mapxwatidepcmeo.

Kato eguH ot mbpBKTe NpenopasaTtenu B kategpa leonoeus
U npoyyeaHe Ha nonesHume u3konaemu, Mpasga MMelesa
ocHosaBa nabopatopuute no PyOHU NOe3HU u3Kkonaemu v no
Memponoeus Ha evenuwama. OcoBeHO ronsM e NpUHOCHT 1
3a BTOpaTa, B KOATO TS MOCTaBs Ha4anoTo Ha HabupaHe Ha
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obpasuy M Ha MUKDPOCKOMCKW Mpenapat OT BbIIMLWA,
BuTymMONUTK 1 BMECTBALLM CKanu, KOUTO W Jocera ca OCHOBEH
¢oHp Ha nabopatopusta. [lo otternaHeto 1 npes 1983 r. B
wrudotekata Ha nabopatopusita ca cwbpanu Hag 6000
aHwnwuda v Hap 500 goHwnmuda OT BCUYKKM Bbrrapcku
HaxopuLia u 6aceiHn. [onsama YacT OT TsX W NMOHACTOALLEM Ce
n3non3eat 3a obyyeHne Ha cTypeHTute. [papa [ewesa
BMHArKM € cbymsBana Aa 6boe He CaMO YHWBEPCUTETCKM
npenogasarten, Ho 1 6necTsLy negaror U TOBa € B OCHOBAaTa Ha
aBTOPUTETA, KOWTO BUHArK e umana cpep ctygeHtute. Moseve
oT 200 BBb3NUTaHWLW OT creynanHocT [eonoeust U npoy4eaHe
Ha NOMe3HU u3Konaemu Ca W3rOTBUMW W 3aLMTWUNM CBOWTE
QMNNoMHM paboTn noj HeWHO pPBbKOBOACTBO. YcnsaBa [fda
MOArOTBM M CBOW 3aMeCTHWK B KaTegpaTta, KOWTO C HeWHa
MOMOLL, NPaBHM MbPBWTE CU KPaYKKM KaTo NPenogaBaTen 1 yyeH.

HayyHaTa pa6oTa Ha MpaBgaa lNewweBa e Haco4eHa M3LANo B
obracTTta Ha neTponorusiTa U reoxummsaTa Ha Bbruwara. Ot
ocobeHo 3HayeHue ca pabotute 1 No neTporpadckus cbCTas
Ha KadsBWTE BbIMWWA W Hali-Beye Tesn oT Bobosponckus
BaceitH, no neTporpacmsiTa U reoxumMusiTa Ha CBOTEHCKUTE
aHTpauuTM, N0 M3CNedBaHe Ha BHe3anHWTe rasoBu
n3XBbPNSHUA B BankaHckus GaceiH u gp. [edHocTtta i no
HayyHO-u3crnegoBaTenckata TemaTka CblLO € CBbp3aHa ¢
“3y4aBaHe Ha OpraHMYHOTO BELLECTBO Ha Bbruwata. fonsama
yacT OT HayyHaTa paboTa Ha lMpasaa lNeweBa e Hepas3aenHo
CBbp3aHa C npenogasaTenckata W € MOCBeTeHa Ha
MOAroTOBKAa W M3gaBaHe Ha y4yebHW nomarana. [lo To3u
MOMEHT B bBbnrapus ca HanucaHu [Be PbKOBOACTBA MO
BbITMLLHA METPOMNorMs U TA € aBTOp Ha €QHOTO OT THX —
Prkogodcmeo 3a  ynpaxHeHus no nempoepapus Ha
gbenuwama (1966 r.). ABTop e 1 Ha BTOpUS U3JadeH Yy Hac
y4ebHuKk no [eonoeust u nemponoeus Ha ebenuwama. MNpaega
MMelweBa yyacTBa ¥ B HaMWCBAHETO Ha y4ebHMLM MO MONe3Hn
nskonaemu: MecmopoxOeHus Ha nofmesHUme  uskonaemu
(1961 r.) B cvaBTopcTBO C p. HukonaeB n MuHepanozus,
nempoepacpusi U nonesHu uskonaemu - yacm Il (1981 r.) B
cbaBTopcTBO ¢ P. Pawwkos, B. Benues v 'p. Hukonaes.

Usnocthnar npuHoc Ha [MpaBga [leweBa KaTo Y4eH,
npenogaeaTen v eayH OT OCHOBaTENUTE Ha kateapa [eonoaus
U npoydygaHe Ha nonesHu uskonaemu Oyanm ObNOOKO
yBaxeHue. [lpenogaeatenute U CRyXWTenute OT kaTeapa
IMMA  »  uenuat akagemuyeH cbcTaB Ha  [eonoro-
npoyyBaTeneH hakynTeT OT CbpLe U C NOXeNaHus 3a Kpenko
3npase it yecTuTaT 80-roguniuHus tobunen.

Katepnpa leonno2usi u npoyyeaHe Ha nosie3HU u3konaemu
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