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CTOXACTUYHA CUMYNALIMA NPU HAKOW FTEOCTATUCTUYECKW MOLENN HA
PYOHU HAXOOMULLIA

Ceemnosap bakbpoxuee, Kanun Pyckoe

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

PE3IOME. CroxacTuyeckata CUMyralsi € HOBO M aTpaKTMUBHO HanpaBrieHue B reocTaTuctvkata. MpunoxeHa e YCMewHo Mpu Cb3AaBaHeTo Ha peanicTYHi
MOLENW Ha MPUPOAHW PesepBoapu Ha HedT u ra3. MpunaraHeTo Ha CUMyraumMOHHa TeXHWKa MPW AaHHM Ha PYAHW Haxoaula e 3aTpyaHeHo OT uaGopa Ha
BEPOATHOCTEH MOEN Ha OnuUcaH1e Ha AaHHWUTE, HampuMep raycos, NOrHopMareH, ycToinume 1 ap. MpaBunHUAT U3Gop Ha BEPOSITHOCTHUA MOAEN e rapaHuus 3a
a[eKBaTHOTO CUMYNUPaHE Ha CTOXACTYHATA KOMMOHEHTA Ha re0CTaTUCTUYECKUA MOen.

PesynTatite OT KOMMIOTbPHUTE EKCMEPUMEHTU COYAT, Ye anTepHaTMBa Ha rayCoBOTO M NOTHOPMAIHOTO pasnpeseneHve € YCTOMYMBOTO pasnpedeneHue Ha
AaHnuTe. Mpyu 13nonasaHe Ha YeTUPY UK ABYNapaMeTPUYHOTO YCTOMYMBO pasnpeseneHie ce NocTira MHoro 4oGpa CToxacTYHa napaMeTpu3aLna Ha CrydaiHaTa
KOMMOHeHTa Ha Mogena. B Taau pafoTa ca npeacTaBeHn BapuaHTW Ha TPUMEPHM reocTaTMCTUYECKU MOLENN CbC CUMymauusl Ha JIeBu, KOSTO e peanusauus Ha
Cry4aiHo reHepupaHe Ha faHHW Mo napameTpu Ha YCTOMYMBO pasnpegeneHme.

STOCHASTICS SIMULATION AT SOME GEOSTATISTICAL MODELS IN ORE DEPOSITS
Svetlozar Bakardjiev, Kalin Rouskov
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; zarcobak@mgu.bg; rouskov@mgu.bg

ABSTRACT. Stochastic simulation is new and attractive tendency in geostatistics. It has been successfully applied in the creating of 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

BbBegeHue B nocnegHuTe geceT roguHu reoctaTucTudeckata Teopus u
MpakTuka ce pasBuBa B NOCOKA Ha CTOXacTUYHaTa CUMYyMnaLWst
CroxactnyeckaTa CUMyraLUMs € HOBO U  aTpaKTMBHO (Chlles and al., 1999, Goovaerts, 1997, Lantuejoul, 2002)
HanpaBneHue B reoctatucTukata. MpunoxeHa e ycnewHo npu MpuivHata 3a TOBA Ca HapacTBallMTe W3UCKBaHMS 3a
Cb3[ABaHETO Ha peanucTUYHU MOAENM Ha MPUPOLHN reonioxka M MKOHOMKYecKa peanncTtuYHOCT Ha Cb3aaBaHUTE C
pesepBeoapi Ha He(bT N ras. npmnaraHeTo Ha CUMynaLyOHHa NOMOLLITa Ha reoctaTucTukata U'qu:)pOBl/l CTOXaCTU4YHK mogenn
TeXHMKa MPU [AHHN Ha PYOHU HAaXOOWLA € 3aTpyAHEHO OT (Goovaerts, 1997; Lantuejoul, 2002).
n3bopa Ha BEPOSITHOCTEH MOAEN Ha OMMCaHWE Ha [aHHuTE,
Hanpumep raycoB, NOrHOPMareH, yCTonumB 1 ap. MpaBunHuaT [TbpBUTE ~ CTOXACTUYHN ~CUMyMaLMM Cca  CBbP3aHW C
1300p Ha BEpOSITHOCTHWUS MOZEN € rapaHU/s 3a ageKBaTHOTO MOIENMPaHETO Ha rasoBo-HedTEHN Pe3epBoapy, MpoyyeHu Ha
CUMyNMpaHe  Ha  CTOXacTMYHaTa  KOMMOHeHTa  Ha TepuTopusita Ha Wara Tekcac (CALL). B bwnrapus vact ot
re0CTaTUCTIYECKIS MOLEN. pesynTatute 6sixa MokasaHW Ha CemuHap, OpraHu3MpaH no
nuHnaTa Ha American Association of Petroleum Geologist —
Pe3ynTaTTe OT KOMMIOTbPHUTE ekcriepuMenTn couat, ye  AAPG. TuniyeH pesynTat, [eMOHCTpUpaH Ha cemiHapa e
anTepHaTMBa Ha raycoBOTO M NOTHOPMANHOTO pasnpeaeneHxme nokasaH Ha BapuorpamMeH MOLEn B XOpU3OHTanHa nocoka
€ YCTOMYMBOTO pasnpeseneHne Ha ganHuTe. Npu n3nonasaqe (MbpBaTa oT rope Ha oMy Bapuorpama) v BepTukasnHa nocoka
Ha  YeTpM MMM [BynapameTpuuHoTo  ycToiumso  (TPacbukaTa Haii-oTaony) ca nokasaHi Ha (cur. 1).
pasnpefeneHne ce MnocTura MHoro pgobpa cToxacTuyHa
napameTpu3auunst Ha CryqaiHaTa KOMMOHeHTa Ha mogena. B B ropHata uacT Ha rpagmkata € nokasaH CXemaTudHo
Tasn paboTa ca NpeacTaBeHM BapuaHTM Ha TPUMEPHM u3cneasaHuUAT oBekT, xapakTepuaupaly ce C “NuHeHoCT” B
reocTaTUCTUYECKN MOAENU CbC CUMynauus Ha Jlesu, KosTo e HanpaBneHue  u3Tok-3anaf. OueBMgHO e, 4Ye  Ha
peanu3aLMs Ha Cly4ailHoO reHepupaHe Ha MAaHHM Mo PeanuCTU4HOCTTa Ha Mojena BbB BepTUkania nocoka L
napameTpy Ha YCTOMYMBO pasripedeneHye. npeyat” uarnaxgalmTe CBOACTBA Ha BapyorpamMHust MoZer.
3a f[a ce HamamuM M3rnaxgalloto AeiicTue, ce npeAnara
CNeaHoTo:
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®ur. 1. TUnM4HO NoBeAeHNe Ha BapMorpamMH1 Mofenu B 3aBUCUMOCT OT
mopchonoruaTa Ny npeanonaraeMoTo pasBuTie Ha pyAHuTe Tena

®ur. 2. Cxema Ha Tbpcelums anropuTbM

A — npunara Cce HOB anropuTbM 3a OTCABAaHE Ha
HabnogeHusTa, kaTo TbpcewwmaT enuncoug (cur. 2) cneasa
anroputbMbT — Snesim (single normal equation simulation),
KOWTO € OnuCaH AeTalrHo B creuuranusupaHata nuteparypa
(Chiles and al., 1999; Goovaerts, 1997; Journel, 2002); B —
n3bupa ce NOAXOAsALY CTPYKTYPEH, FeOXMMUYEH, (hOpMaLMOHEH
WM KOMOVHWPAH TEONOXKM MOZEN, 3a KOWTO C onpejeneHa
BEPOSITHOCT CE CMAATA, Y€ KOHTPONMpa HanMYMeTo Ha MomnesHo
uskonaemo. [eomeTpusaTa Ha Mogena u npefcraBswata ce
uMcpoBa AuckpeTM3aums ce Hapuyat “meku” (soft) gaHHu; C —
u3bupa Ce afexkBaTeH Ha KONMUYECTBEHUTE, HapuyaHn ole
‘rebpan”  (hard)  gaHHM,  BapuorpameH  Mogen W
CbMbTCTBALLATA [0 KOpEnauuMoHHa CTPYKTYpa, Kato B
npuBedeHaTa no-rope Mo NIATEpaTypHU AaHHW Tabnuua ca
[a[leHn C HapacTBalla W3non3BaeMocT TPUTE Hali-NonaBaHu
BapyorpamH1 MOZEnM.

Correlation
Structure P (?,’d) r-C r-v
_ 3-lo (ﬁ)
Exponential exp( ¢d) % 9 o?
2
Gaussian eXp(_¢d
Cauchy 1+jﬁdz %

Moaudmkaums Ha meToamMKaTta

basupallata ce Ha pasnukata Mexay ABe TOYKM CTaTUCTUKa
Ha BapuorpamaTa e MHoro crnaba, 3a fa OT4eTe reonoXkuTe
0CODEHOCTW, Hanmpumep, Ha MPOXUIKOBO-BMPBLCHAT TN
Haxogulla, BMECTEHW Haxodulia B NUHENHN LLIOKBEPKN,
CUCTeMn OT Xunn, nnactose u Opyru, B KOUTO B onpeaeneHn
NOCOKM pyaHWUTE OT 6e3pyaHuTe yvacTbly HAMa Heu3OexHO
fja ce ‘crmBat’ B MOAEna W fAa NopaxaaT HEXenaHoto
narnaxgaHe. 3a ga ce usberHe ToBa, Npu CUMynauyusTa ce
npunara creuudMyHa maTemaTuyecka npouedypa 3a
WHTEerpupaHe  Mexay  reonoxkute  (soft  data) m
reoctatnyecknte (hard data) paHHu. B cnyvas meTogbT
Snesim ce pasLumpsiBa ¢ BEPOSTHOCTHATA CXeMa, NpeanoxeHa
ot Journel (2002), kbaeto 3a BCska UTepauust ce npecmsiTa
CTOWHOCTTa HAa W B U3BEAEHATA OT HETO 3aBMCHUMOCT:

@
X _(£<c
b [ aj
Pe3ynTaTti oT KOMNIOTbLPHN eKCNepUMEHTH

Mpu HawwWTe YnuCneHN ekcnepumeHTy npu w < 1 3a Bcska
TOMKa OT MPOCTPaHCTBEHaTa Mpexa 3a cumynauns ce
HamarnsBa BAMSHWETO Ha reoCTaTUCTUYECKUTE AaHHW BbPXY
KpaiiHaTa peanusauus, peCcrekTUBHO Ce HamarsiBa ponsaTa Ha
YNCTO reonoxkata MHdopmauws. EctectBeHo npu w > 1
MPOMOPLMOHANHO Ce YBenuyaBa ponsTa Ha KonuyecTBeHaTa
reocTaTucTuiecka WHopmaums. Ha dur. 3 ca npeacraBeHu
OBYMEPHW BapuaHTM Ha pearmsaumv (B NfaH) Ha eguH
XOPU3OHT OT PyOHO HaxoguLle, B KOETO MMa YCTaHOBEHA Kro-
3anag, CeBepoM3TOYHA BEPreHTHOCT Ha  PYAOBMECTBALLY

CTPYKTYpW.

®ur. 3. KoMnioTbpHM eKcnepuMeHTH ¢ Bapuauuu Ha napamMeTbpa w



B ngBata 4acT Ha puUCYHKMTE € npefcTaBeHo
npeobrnagaealloTo BMWSHWE Ha reocTaTUCTUYECKUTE AaHHM, a
B AsiCHaTa 4acT e npeAcTaBeHo NpeobnaaasalloTo AeicTBue
Ha reonoXkute AaHHW. CumynauumMTe ca NpaBeHW Npu egHu
CbLUM KOMMYECTBEHW [AaHHU W BEPOATHOCTHA MaTpuua Ha
“MeKuUTe” fiaHHU, HO NPU PasfyHL CTOMHOCTM Ha W < 1 1 npu
w > 1, KOETO KakTo Ce BWXKAQ OT PUCYHKWUTE, BnMse
CbLUECTBEHO BbPXY “PeanuCTUYHOCTTA” Ha M30BPaKEHMETO.

MpenopbyaHa 3a nybnukysaHe ot
Katenpa “T'eonorus u npoyysaHe Ha nonesxu ukonaemu”, Mo

Nutepatypa
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CYNOUOHA MUHEPANU3ALINA B METABA3UTU OT PAUOHA HA C. BENULA,
LLEHTPAJTHO CPEQHOIOPUE

Bbanyw BaHywee?, 3dpasko LjuHyoe?

! MurHo-2eonoxku yHugepcumem "Ce. Mear Puncku”, Cogpus 1700; banushev@mgu.bg
2 | lemparnHa nabopamopus no MuHeparnoausi U kpucmarnoeapagpus “Akad. Mear Kocmos”, BAH, Cogpusi 1113; ztsintsov@mail.bg

PE3IOME. MscnepaBaHa e cynduaHa MuHepanuaauyus, NpefcTaBeHa oT NUPUT, XanKonupuT, MOHOCYNdMAHU TBbPAW pa3TBoOpW (mMSs) u ugauT (?), ycTaHoBeHa B
LieHTpanHuTe YacTit Ha MeTabaanToBO (OpTOaMPUOEONMTOBO) TAMO Ha okono 2 km toxHO oT ¢. benuua, LieHTpanHo CpeaHoropre. OpToamdubonuTuTe ca ¢ MaciBHa
TeKCTypa, uarpafeHn ot amcpubon, nnarnoknas, Manko Keapl, €nuaoT, LIOM3NT, + rpaHart, anaTuT, TUTaHWUT U UNMEHWT. Hai-LumMpoko pa3npocTpaHeHus MuHepan,
Aagall obnvka Ha cyndmaHaTta MUHepanu3auus e nupuTa, NpeacTaBeH OT eAMHUYHN 3bpHa ¢ KybuuyeH xabuTyc 1 HenpaBunHK arperaTu, ¢ paamepy oT 5 um fo 25
mm. YecTo cbabpxa ApebHu BkntoueHus (0T 3-4 o 50 pum) ot xankonupuT ¢ HenpasunHa opma. B 0TAenHM yyacTbLy Ha MeTaba3nToBOTO TANO NMPUTA YACTUYHO
€ OKuCreH W TpaHc(opMupaH [0 rbOTUT, B KOWTO Ce HabnioaasaT eanHNyHU Haxodkun oT mss W ugauTt ¢ pasmepn go 10 um. CynduaHata MuHepanusaumus e
pasnpefieneHa MHOTO HepaBHOMEPHO B Pa3NNYHUTE YacTH Ha TAMOTO, @ KONMYECTBOTO M CMIPSIMO HEPYAHUTE MUHepany e B rpaluuuTe ot 1 Ao 8-10 %.

SULFIDE MINERALIZATION IN METABASITES NEAR BELITSA VILLAGE, CENTRAL SREDNOGORIE
Banush Banushev', Zdravko Tsintsov?

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

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

ABSTRACT. Sulfide mineralization including pyrite, chalcopyrite, monosulfide solid solutions (mss) and idaite (?), found in metabasites (orthoamphibolites) at 2 km
southeast from Belitsa village, Central Srednogorie has been studied. The orthoamphibolites have massive structure built of amphibole, plagioclase, some quartz,
epidote, zoisite, = garnet, apatite, titanite and ilmenite. The most spread mineral, which gives the outlook of the sulfide mineralization is pyrite, represented by single
grains with cubic habit and irregular aggregates and dimensions from 5 um to 25 mm. It often contains small inclusions (from 3-4 to 50 um) from irregular
chalcopyrite. In different parts of the metabasite body the pyrite is partly oxidated and transformed to goethite, in which single findings from mss and idaite with
dimension to 10 um have been observed. The sulfide mineralization is distributed very irregularly in the different parts of the body and its quantity in relation to the
non ore minerals is in the range from 1 to 8-10 %.

BbBeaeHue Feonoxka obcTaHOBKa

CeBepHarta vacT Ha WxTtumaHcka CpefHa ropa, painoHa Ha MacnenBaHusT paloH € u3rpageH OT BUCOKOMETaMOP(HM
cenata benuvua, MyxoBo v lNonbpeHe ce xapaktepuaupa CbeC ckanu npuHagnexawm kbm  [lpapogonckata  Haarpyna
CUIHO pasyneHeH perned, CTPBMHM CKaToBe Ha ObnOOKo (ekmtouBawa BotypuyeHckata M ApaeHckata  rpynu) U
BPA3aHUTE  OOMMHM M LUMPOKO  Pa3BUTM  ManoMOLLHM naneosonckn rpaHutougn  (Kaukos, Wnwnes, 1993). B
eryBWarnHo-genyBuanHu OTnoxeHus. Ha peguua mecta B LlentpanHoto CpegHoropue ckannte Ha boTypyeHckaTa rpyna
obracTTa Bce OLe nuyaT creay oT ApeBHa pyaapcka AefHOCT ca oTaeneHm kato KonpuslueHcka rpyna (Dabovski, 1988).
- T. H. “pynn”. W3paboTkute ca CpaBHUTENHO Mankn u ca
NpMBBP3aHM KbM OBOraTeEHW Ha 3MaTo MeTacomaTu3vpaHu MeTamopchuTiTe Ca NpeacTaBeHu OT pasHoobpa3Hu rHamcu
ckarnu. [eonoxkaTa 13y4eHOCT Ha paioHa ce Dasnpa OCHOBHO (6uoTuToBM, amdmbon-6moTuToBM, OBYCTOEHN),
Ha [aHHWTE OT reoroxkara kapTupoBka. [OMbIHUTENHO ca MWrMaTu3upaHu THaicu C  HEeM3ObpXaHu npocnov  OT
npoBedeHn Tbpcewy pabot 3a MeTanHu  CypOBWHMU, amubonuT,  THaMCOWMCTM W aniMTOMOHW  THaWcK.
perncTpupani pygonposirieHns u aHomanuu Ha Cu, Pb, Zn n XapaktepHa ocobeHocT 3a botypuyeHckata rpyna e
4p. W3BbpLueHn ca 1 Npoy4YBaHMs Ha 3anacute M OLeHka Ha MPUCHCTBMETO Ha MELLOBMAHM Tena oT MeTamopdo3npaqu
KayecTBOTO Ha HsKOW HEMeTarHW MONE3HW M3KoMaemu OT GasnyHm n yntpabasndnm ckarm (Koxyxapos u gp., 1980).
Bapcka (1972), boxuHoB u Xensskosa-laHaitotoBa (1979), HOxHoBBITapckuTE rpaHuTONaM (rpaHogMopUTH "
XKensskosa-MaHaiotoBa 1 boxuHo (1989), Angpeesud kBapuamopntn Ha MonbpeHckus MyTOH) ca BMECTEHU Cpeq
(1989), kouTO JaBaT M KpaTku CBEAEHWS 3a NeTponorusiTa Ha ckanute Ha [papogonckata Hagrpyna W Ce paskpueat B
paioHa. OnucBaHoTo MeTaba3nToBO TANO He e Buno obekT Ha M3TOYHaTa YacT Ha panoHa.

cneuvanuavpaHn W3CnedBaHWs M € Bb3NPUEMaHO Kato
yntpabasutoBo (XKensskosa-laHaiotoBa © gp., 1998,
HenyBnuKyBaH AaHHK).
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MaTepMan n MeToau Ha uscneaBaHe

W3cnensanu ca meTabasnti 1 cBbp3aHarta ¢ Tax cynduaHa
MWHepanu3aums OT W3KYCTBEHM W ECTECTBEHW PasKpUTUs,
pasnonoxeHn Ha okono 2 km roustouHo ot c. benuua,
LlentpanHo CpegHoropue. AHanuTuyHaTa MeToauka BKMOYBa
ONTUYECKa MUKPOCKONUS B NPOXOASALLA CBETIMHA C MUKPOCKON
Amplival, pygHa MuKpockonus ¢ OnTUYecku Mukpockon Leitz
Orthoplan-Pol u ckanupaly enektpoHeH Mukpockon Philips
SEM-515, MWKPOCOHOOBW aHanuau (aHanmuTUiHa npucTaBka
EDAX PV 9100 (ycnosus: U=20-25 kV, 1=0.5 nA; ouameTsp Ha
nbya 5 um; Bpeme 3a HabupaHe Ha cnektbpa 50-60 s; NnMHUK
u ctaHgap™m FeKo u SKo — mapkasut, CuKow — kynpur),
PEHTIEHOCTPYKTYPHU u3cneasanus (anapat JPOH-1; ycnosus:
CuKa 35 kV, 24 mA) n xummnunm aHanusm (ICP-AES).

MeTporpadhcka xapaktepucTmka

W3cnegsaHoTo meTabasutoBo (opToamgmbonnuToBo) Ao €
cpen BUCOKOMETaMOpHM ckamu — GUOTUTOBM, [BYCMIOAEHM
nnaruorHancn u amdgmbonutn Ha boTypyeHckata rpyna. B
M3TOYHATa YacT Ha TANOTO rHaicuTe ca cbe cnabo mspaseHa
LIMCTO3HA TeKCTypa, XxomeobnactHa, rpaHobnactHa fo
nenugorpaHobnacTHa, Ha Mecta bnacroannutoBa CTPyKTypa.
W3rpageHn ca OCHOBHO OT PaBHOMEPHO3bPHECT arperar OT
nnarioknas v keapy ¢ npeobragasaluy pasmepu Ha 3bpHata
0.2-0.7 mm 1 noguYMHEHO KONMMYECTBO GUOTUT, rpaHaT, enuaoT,
anatut u umpkoH. Mnarnoknasute (35-45%) ca uanobnactHu,
CEepULMTM3MPaHN, Ha MECTa B LEHTPaHWUTE YacTh 3aMeCTEHM
OT €enuaoT, CbC 3annyeH Wnu HesiCeH namenapeH CTPOex.
Keapubt (30-40%) e KceHobnacteH, WM3OMETPUYEH WAW C
HenpasunHa (opMa B €QMHWYHW UM TPYNMPaHM MO HSKOIKO
KpucTanu ¢ BbIHOBMOHO W MO3a€YHO NOTbMHEHWE. buoTuTLT
€ TnpegcTaBeH OT yOb/KEHW, CbC crnabo u3paseHa
cybnapanenHa OPWMEHTMPOBKA, LSAMOCTHO  XNOPUTM3NPaHN
nocnum ¢ oTAaeneHu npu npomsiHata Fe-Ti muHepanu. B
3anagHUTe YacTh Ha TAMNOoTO rHamcuTe ca ¢ xeTepobnacTHa,
nenugorpaHobnactHa — CTpykTypa, nopdmpobnactHa  no
nnarnoknas. Mexgy nnarnoknasosute nopdupobnactn ce
pasnonara ApebHOKPUCTaNEH arperat oT KceHobnacTeH KBapLy
(obocobeH B newoBugHM Tena  cybnapanenHu  Ha
LUMCTO3HOCTTA), Mnaruoknas, buoTtut, MyckosuT, Manko K-
chengwnar, LousnT 1 umpkoH. Criogute (NpeacTaBeHn OT
LSAOCTHO  XMOPUTW3MPaHM BMOTUT 1M MYyCKOBMT) ca CbC
cybnapanenHa OpueHTMpoBka 1 “0BTWYaT” mnarnoknasosuTe
nopcupobnactu. B Te3n yactu ce ycTaHoBsSBaT MpoLEecH Ha
avadTopesa, CBbp3aHM C obpasyBaHe Ha MYCKOBWT MO
Buotuta.

Cpeq rHaicuTe ce ycTaHOBSABAT Mpocnou oT amdmbonuTy.
Te ca ¢ nBKYeCTa TEKCTypa, rpaHobnacTHa u novkunobnacTHa
CTpykTypa. B cbctaBa wm ydyacTBaT nnarvoknas (Y4ecto ¢
MHOrO4MCIIEHM BKITIOYEHUS OT amcubon u kBapL), ammborn, B
no-Manka CTEeneH XnopuTuaMpaH OMOTUT, KBapl, rpaHar,
€MnuEoT, PyTUN, anaTUT U PyAEH MUHeparn.

MeTtaba3nToBoTo (0pTOaMGMOONMTOBO) TANO € C HesicHa
MopconorMs M PeskM KOHTaKTU ChpsIMO BMECTBALUMTE O
BMCOKOMETaMOpPHM ckanu. AMcrbonUTUTE ca C MacuBHa, a B
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nepucepHUTe YacTu Ha TAMOTO C HEAACHO M3paseHa UBMYeCTa
TekcTypa. WarpageHu ca ot amdmbon, nnarvoknas, Manko
kBapL,, OWOTWT, enNMEOT, LIOW3WUT, XMOPWT, + rpaHar, anatut,
TUTAGHUT W unMeHuT.  AmdubombT e gpebHO3bpHECT,
TbHKONPU3MATUYeH, CbC cybnapanenHa OpUMEHTUPOBKA,
YacTW4HO xmopuTuaupad (Pur. 1a). [putexasa cuneH
NneoxpomsbM no cxemara Z > Y > X, CUHbO3ENeH No Z, 3eneH
no Y wn ceetnosened no X. [narvoknasute ca
CEPULMTUNPaHA, a HAKOM Ca WHTEH3MBHO [0 LSANOCTHO
3aMeCTeHW OT enuaoT U LOM3UT U Kakto amdmbonure ca
cybnapanenHo opweHTMpaHu. KeapubT € npeactaBeH OT
pedKks 3bpHA C BBLIHOBMOHO W MO33EYHO NOTbMHEHME.
EnnOoTbT W LOWSMTBT Ca MUKPO3LPHECTM, MoKanuaupaHu B
OTZENHU MBULM, MO-pAdKo ca nog opmarta Ha eAuHWUYHM
3bpHa. B rpaHatchabpxalmte amgudonuTi kceHobnacTHuTE
Nnar1oknasoBu 3bpHa Ca npopacTHamu ¢ amdubon, Koeto
onpenens guabnactHata cTpyktypa (®ur. 1b). C HanpeaBaHe
Ha  CTeneHTa Ha  MeTamopu3bM  uUrnectute U
TBHKONPU3MaTUYHU aMmpmbonM npexoxnar B no-e4pu M no-
pobpe  0dOpMEHM  KpuCTanmW, — YeCTO  ChabpXally
NOMKUNOONAcTHX  BKIKOYEHUS OT Mnarvoknas W - pygHu
MuHepanu (dur. 1c). [lnarvoknasute ca rpynupaHu no
HAKOMKO B WM3OMETPWYHW arperat, Kato B3aWMHOTO MM
pasnonoxeHne ¢ amgumbonute onpefens bnactorabposata
CTpyKTYpa. WnMeHuTsT € C npaBunHM  KpucTtamnorpadckm
(hOpMM C ThHKa NTEBKOKCEHOBA MBULA B NepUcepHUTe YacTu.
BUOTUTLT € HambfHO XrnopuTuaupaH ¢ otaenedn Fe-Ti
MWHEpanu no LiennUTENHUTE NOBbPXHUHU.

Tabnuua 1
XumuyeH cocmae (Wt. %) Ha memabasumu
(opmoamepubonumu) om palioHa Ha c. benuya*

Okcngn | 1547 15-48 16-49 16-50
SiOz 53.78 52.05 46.36 46.05
TiO2 1.11 2.22 2.89 3.01
Al203 14.09 13.25 14.91 14.97
Fe20st 11.53 14.03 15.06 15.12
MnO 0.18 0.20 0.24 0.25
MgO 6.71 6.39 7.06 7.20
Ca0 5.88 4.85 7.58 7.1
Na20 4.25 4.13 2.23 2.22
K20 0.05 0.17 0.15 0.37
P20s 0.21 0.15 0.39 0.45
3M 1.61 1.83 2.16 1.83
Cyma 99.40 99.27 99.02 99.18

*XuMUYHUTE aHanmuan ca uasbplueHun B LIHWI “Teoxumus™ npu MY “Ce. WeaH
Punckwn”

B  nepudepHute  3amagHM  4acTM  Ha  TANOTO
opToamunbonUTUTE HOCAT CReau OT MHTEH3MBHA TEKTOHCKA
0bpaboTka 1 ce pegyBaT C HeHapyLeHn unn cnabo 3acerHaty
OT TeKTOHckuTe mpouecu 3oHu (Pur. 1d). Ckanute ca
W3rpafeHn OT CTPUT W CMIISIH MUKPO3bPHECT arperat (Ha
MecTa pasnosioxeH B CybnapanenHo OpyeHTUpaHu UBMLM) OT
€NWAOT, XIOPUT, KBapL, W PyaHU MUHEpamu ¢ NopdMpoKnIacTy
OT nnaruoknas, amdmbon u keapuy. Habniogasat ce u
NELOBMAHN Y4acTbLW OT MMKPO3bPHECT enuboT M LIOW3WT,



®ur. 1. Mukpodotorpadum Ha metabasutu (opToamcmbonuTi) OT paiioHa Ha c. Benuua: a — TbHKonpu3maTMyeH amduéon cbe cnabo m3paseHa
cybnapanenHa opueHTMpOBKa; b — rpaHaTcbAbPKal amubonuT ¢ kceHobnacten nnaruokna3 (Pl) npopactHan ¢ amduon (Amp); ¢ — amdpmbonut; d -

TEeKTOHU3MpaH amubonut. durypm a-d Il N, mapkep 0.50 mm

(buHOMpaLecT U 3bpHECTU PYAHU MUHEpanu (MNIMEHWT),
OKOMO KOWUTO € pasBUT NEeBKOKCEH. HesacerHatute ot
TEKTOHCKMTE MPOLIECU Y4aCTbLM Ca WM3rpaf€Hu OCHOBHO OT
xomeobnacteH arperat oT amdubon u nnaruoknas. B Tax
PYOHUTE MWHEpany Ca HepaBHOMEPHO pasnpefeneHu, a B
CTPUTMTE 30HM Ca B OTAENHM MBULA.

B 3anagHute rpaHMyHM yacTn mexgy MeTabasutute u
HaWcuTe Ce YCTaHOBSBAT TEKTOHW3MPaHW CKanu C HesicHa
WKCTO3Ha TekcTypa. WarpageHsn ca oT  KBapuosu U
MarvokasoBn NOPGMPOKNIacTK, MEXOY KOWTO ce pasnonara
MUKPO3bPHECT arperat oT cblute MuHepanu. Ckanute ca
HEpPaBHOMEPHO TEKTOHW3WUpaHU — HATPOLIEHW W CMIIEHN B
pasnuyHa CTeneH, C ficHa CybnapanenHa OpuEHTWPOBKA Ha
WBULMTE, @ U3rpadaLLmMTe MM MUHEpPanM ca cnabo yobimKeHM
no LUMCTO3HOCTTA. B pesyntar Ha guHamomeTtamopdusma u
NOKa/HOTO MOBWLLIABaHE Ha TemnepaTypata e obpasyBaHa
HOBa MWHepanHa acouuauus OT enuaoT, LOM3WUT, XMOpUT U
anbut, KoATO Ha MecTa € [OOMMHMpalla. XapakTepHa
0CcOBEHOCT € yBennyaBallata Ce CTEMeH Ha Karaknasa W
MUINOHWUTM3aUMsT MO MOCOKAa Ha opToamdubONUTOBOTO TANO,
kaTo Hail-61130 [0 HEro ckanuTe ca NPEeBbPHATU B MUMOHUTH.

B netpoxumuyeH acnekT uacregpaHuTe MeTtabasuTn ce
XapaKTepuaupaT C BUCOKM Cbbpxanus Ha TiO2 (1.11-3.01%),
ObITKALO Ce Ha aKUecopHuTe WIMeHuT M Tutanut. SiO:2
Bapupa mexgy 46.05 n 53.78%, Fe203t — 11.53-15.12%, a
Al20; e Hai-cnabo msmeHunB — mexay 13.25 n 14.97%.
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CbabpaHUeTo Ha ankanuu e CpaBHUTENHO HUCKO, kaTo Na20
npesuwiaBa MHorokpaTtHo K20. Habniogasa ce TeHaeHuus 3a
yBENu4YaBaHe Ha cbabpxaHusTa Ha Na:0 u HamansisaHe Ha
Ca0 n Fe20; ¢ ysenuyasare Ha SiOz (tabn. 1).

MuHepanorus Ha cyndpugute

CyndmpHata MuHepanusaumus B n3crnegpaHute metabasury
€ npeacTaBeHa OT MUPWT, XarKOMWPWT, MOHOCYNUaHM
TBbPAM Pa3TBOpU Ha kensasoto (mss) u wmpamt (7).
PasnpocTpaHeHa e TBbpae HEpaBHOMEPHO B pasfnyHWTeE
4acTu Ha ckanaTa, kaTo MakpOCKOMCKM, CbObpXaHWETO W Ce
onpegens B rpaHuuute ot 1.0 go okono 8-10 %. Han-wwupoko
pasnpocTpaHeHus MUHepan, AaBal obnvka Ha cyndwaHaTa
MWHEpanu3auus e nuputa, KoUTo cbeTaensaa okomno 94-95 %
oT obwoto ©n konmmyectBo. OctaHanute cyndman ca
MPEACTaBEHN OCHOBHO OT XamnKOMWPWUT, MHOTO PELKW HaxoaKu
0T MSS W eAUHNYHA Haxogka OT naauT. [MpUTBLT e BKITHOYEH B
cunvkaTHa Matpuua nog dopmata Ha OTAENHW 3bpHa Wiu
arperaTi C HenpaBuriHa UMK KpucTanHa gopma v pasmep Ao
25 cm. XankonuputbT e HabnogaBaH [MaBHO KaTo
BKITIOYEHMNS B MAPUTA U MHOTO PAAKO B rboTUTa. MgauTsT (?) e
YCTAHOBEH CaMO B rbOTUT, JOKATO MSS ca HabnogaBaHn KakTo
B rbOTWT, Pa3BuT OKOMO MUPMT, Taka 1 B CUNMKaTHa MaTpuua.
W3cneagBaHoTo opydsBaHe Ce XapakTepusnpa OCHOBHO C
XMNUAMOMOPCHO3BPHECTA, MO-PAZKO C UAMOMOPGHO3bPHECTA
CTpyKkTypa. TeKkcTypaTa IMaBHO € BMpbCIEYHa, a B OTAENHN
y4acTbLW MacvBHa.



12am211 kV 402E3 1084-24 SE

®ur. 2. MukpodoTorpadum Ha cynduam B MeTabasuTtu ot ¢. Bennua: a — mukpopened)H 0coGeHOCTU Ha HAaTPOLLEH NMPUT; 6, B — NUpUT | ¢ BKNtoYeHns ot
Xankonvpur; r, g — nupwut ll; e - mss B cunukatHa mMaTpuua; X — ngaumt (?) B rooTuToBa MaTpuua. EctecTBeHa NOBBPXHOCT — a; NONMpaHn NOBbLPXHOCTU —
6-%. PLM - 6-p; SEM - a, e, . Mapkep: 10 um - x; 0.125 mm -6, B; 0.25 mm - g; 0.50 mm -r; 0.10 mm-a, e
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Mupumbm ce HabniopgaBa BbB BCWYKM  4acTW  Ha
W13CNeaBaHOTO TAMOTO M € NPEeACTaBEH OT OTAEMNHN KpUCTanm ¢
kybuyeH xabuTyc unu OT HanykaHW arperatu ¢ HenpaBurHa
thopma 1 pasmep o 2.5 cm. B noBeyeTo cnyyaum 3bpHata My
Ca pasnpbCHaTW HepaBHOMEpHO B ckanata, 06ocobsBamku
BNPbCIEYHa TEKCTypa Ha opyasBaHeTo. OTAENHM yyacTbLy OT
MeTabasnToBOTO TAMO CE XapaKTepusupar C YnibTHABaHe W
ellenoHHa nogpesba Ha nMpWTHaTa  MuHepanu3auus B
pesynTat Ha koeTo ce dopMmupa MacuBHa TekcTypa. [pu
HaTpollaBaHe Ha cKanaTta MUPUTLT CPaBHUTEMHO NeECHO ce
oTaens nog opmarta Ha eguHNYHK KyouuHu kpuctanu (Our.
2a) ¢ rnagku CTeHU Unu Ha Heronemu arperatu (4o 3-5 mm),
4eCTO M3rpageHu OT oTZAenHU KyBudHn kpuctanu. Monupanute
MOBBPXHOCTM Ha YacT OT 3bpHaTa ca paBHU, NiTbTHU (Pur. 26,
B), egHopooHW 6e3 ONMTMYEcKM BMOMMA 30HAIHOCT, [OKATo
OCTaHanuTe ca CUrHO Hanykauu (dur. 2r, g), ¢ MHOXECTBO
ApebHM KaBepHW 1 cnabu HioaHeK B LiBeTa — OT 61efoXbNT 40
HaCMTEHOXBNT. 3bpHaTa WMaT SICHM W PE3KW TpaHuLM ChbC
CUnMKaTHaTa KOMMOHEHTA Ha BMeECTBallaTa ckama Wnm ¢
rboTUTa, POPMMpPaH KaTo ek3oreHHa “obameka’ (¢ aebenmHa ot
0.03 go 1.5-1.8 mm) okono TAX. B HanykaHuTe NUPUTHW
arperat iCHO nuum, Ye rbotuta e obpasyBaH B €K30TEHHM
ycrnoBeus npu hasoBata TpaHcdopmaLms Ha cynduaa. B Tesun
criyyam rbOTMTa TOYHO KOMMPA KOHTYpUTE HA NUPUTHUTE
3bpHaTa, Oes ga ce Bnvsie OT opmaTta M nocokata Ha
pasBUTME HA NMYKHATUHWTE B TSX, KaTO NOCNEAHUTE HaR-4eCcTo
0CTaBaT He3anbiHeHW. B oTOenHM yyacTbuy Ha TANOTO He Ce
Habniogasa rbOTWT, OOKATO B APYrd MMa MUPUTHWA 3bpHa,
U3LSN0 3aMecTeHn oT Hero. Heobxoaumo e aa ce otbenexu,
ye OKUCIUTENIHUTE MPOLECM HAMAT LUMPOKO pasBuTME B
ucneasaHute obpasyM M Kato  UANoO  cyndmaHata
MUHepanu3aums e CpaBHWTENHO ceexa. Mopdonoxkute u
MUKpopenedHuTe 0COBEHOCTN Ha NUpWUTa AaBaT OCHOBaHME
Ja ce otaenar 2 reHepauuw. lMbpeaTta e npencraBeHa oOT
€OVHUYHM  KPUCTanW UNM  CPaBHUTENHO ApebHu  cnabo
HanykaHu arperatm 4ecto “obrpageHn” OT rbOTUT, [OKaToO
BTOpaTa W3rpaxga egpu CUMHO  HamykaHu — 6rokose.
XankonuputoBWTE  BKMIOYEHWS  npeobrnagasawo  ca
CbCPEJoTOMEeHN B MbpBaTa reHepauus NUpWT, AOKaTO BbB
BTOpaTa ce HabnogaeaT cpaBHUTENHO psako. CbCTaBbT Ha
nuputa (Tabn. 2) B rpaHAUMTE Ha YyBCTBUTENHOCTTA Ha
W3nonseaHata anapatypa € MNOCTOSIHEH M BKIOYBA Camo
KOHCTUTYLUMOHHO ~ pPErnamMeHTUpaHuTe  enemMeHTn,  Kato
MONYYEHNTE CTEXMOMETPUYHN OTHOLIEHMS MeXZy TaxX 3a
OTHENHMTE 3bpHa Ca efHaKBM C TEOPETUYHO M3YMCIIEHNTE 3a
MWHepana.

Xankonupumbm e BKITOYEH OCHOBHO B nupuTa (dur. 26, B)
W MHOTO PsifiKO B rboTUTa. KOmn4ecTBOTO My € 3HaUMTENHO no-
Manko OT TOBAa Ha nupuTa M He npesuwasa 5 % oT
cynduaHaTa MrHepanmaauus.

HabntojaBa Ce OCHOBHO B y4acTbUMTE C BMPbCEYHO
opyOsBaHe, [oOKaTo B TE3W C MacuWBHa  MUpUTHA
MWHepanu3auus ce cpelya MHoro psigko. Mpeobnagasawo e
NPeACTaBeH OT arperaT C OBarHa, U3OMETpUYHA opma U
pasmepu 1o 50 um. Psigko ce Habniogaeat 3bpHa € yAobMmKeHa
mopdonorust 1 ronemuHa ot 10 go 120 um. B otpaseHa
CBET/IMHA € CBETNOXBLAT, cnabo aHu3oTponeH. CbCTaBbT My,
B [PaHWUMTE Ha YYBCTBUTENHOCTTA Ha aHanuTUyHaTa
meToguka Bkmtouea camo Cu, Fe un S. KommyecTBoTo um B
pasnUyHUTE YacCTW Ha OTAENHUTE 3bpHa € NOCTOSHHO, HO Ce
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konebae B M3BECTHM TPaHWLM MEXZY PasnUYHUTE 3bpHa.
CTexvoMeTpuYHMTE OTHOLLEHWS HA M3CMEABAHWS XanKonupuT
4ecTo OTpassiBaT MeTaneH geduumt. OtHoweHmneto Cu:Fe (at.
%) ce konebae B rpaHnumTe ot 0.94:1.04 go 0.97:1.00.

Tabnuua 2
MpedcmasumenHu MUKpocoHAosU aHanusu (wt. %)
Ha cyngpudu 8 memabasumu om ¢. benuya

N | Cu | Fe | S | Cyma
nypuT
1 53.05 | 46.46 | 99.51
2 53.32 | 46.67 | 99.99
3 53.69 | 47.15 | 100.84
4 53.78 | 46.43 | 100.11
5 53.81 | 46.03 | 99.84
xankonmput
6 3254 | 3161 | 3544 | 99.59
7 3346 | 3156 | 35.37 | 100.39
8 3354 | 31.05 | 34.75 | 99.34
9 34.02 | 3209 | 34.28 | 100.89
10 | 3404 | 3071 | 36.02 | 100.77
MUPOTUH
1] | 36.28 [ 63.89 [ 100.17
npaut (?)
12 [ 5064 | 1215 ] 36.23 | 99.02
dopMynHK KoeULMEHTH
nput
1 1.00 2.00
2 1.00 2.00
3 0.99 2.01
4 1.00 2.00
5 1.01 1.99
Xxankonmput
6 0.94 1.04 2.02
7 0.96 1.03 2.01
8 0.97 1.03 2.00
9 0.97 1.05 1.97
10 0.97 1.00 2.03
MUPOTUH
| | 1.00 [ 1.00 |
ngaut (?)
[ 276 | 124 | 4.00 |

Mss vmvat HenpaBunHa, crnabo ygbimkeHa dopma U
pasmepn o 150 pm (dur. 2e). Habniogasat ce kaTo
€OVHUYHM 3bpHA C XOMOTEHHW MOBBPXHOCTU W HEpaBHM
KpauLya B rbOTMUTOBA UMK cUnMKaTHa Matpuua. CbCTaBbT UM €
MPOCT W BKIMoYBa camo Fe n S ¢ MHOro marku Konu4ecTBeHM
BapuaLuy Mexay TSX B OTAENHUTE 3bpHa.

Udaumbm (?) e HabniogaBaH KaTo €OMHUYHO 3bBPHO,
YaCTMYHO 3ambiiBallo kaBepHa B rbOTUT (Pur. 2x), passuT
OKONIO NMPUTOB arperaT. B otpaseHa cBeTnuHa e 6nenopo3oB
Cc efga 3abenexuma aHU3OTponus. ViMa HenpaBumiHa, Moyt
n3omMeTpuyHa dopMa C HepaBHa MOBBLPXHOCT W HasbOeHU
kpauwa u pasmepn Ao 10 um. CbCTaBbT Ha 3bPHOTO B
pasNWYHUTE YacTW MOKasBa M3BECTHM Bapuauuu B
KOMMYECTBOTO  HA  KOMMOSULMOHHUTE  EMEMEHTH,  KaTo
CTEXMOMETPUYHUTE OTHOLLEHMSI Mexay TsX ce konebast B
W3BECTHM rpaHMUM W ca O6nuskn [0 Te3W Ha umpauta.
CobLuyecTByBa BEPOSITHOCT M3BECTHA YaCT OT TE3W BapuaLumn aa



Ce ObIKaT Ha HEKOPEKTHM aHanuan nopaan Mankute pasmepu
1 HepaBHaTa NOBbPXHOCT Ha M3CrneaBaHoTo 3bpHO. McTopusTa
Ha u3crneaBaHe Ha WaauTa € CroXHa, CBbp3aHa C MHOXECTBO
QVUCKYCAW, M3MOM3BaHETO Ha BPEMEHHW Ha3BaHWS KaTo
“opaHXBbopHUT” 1 “aHomaneH OOPHWT’ 3a HECTEXMOMETPUYHM
BopHWUTOBM CbCTaBW. [10-KbCHO Ca PErucCTpUpaHu HSIKOMKO
HOBW MUWHepana (cped TAX M upauT) C Bnn3kM CbCTaBu U
CTEXMOMETPUYHN OTHOLeHUS (CnpasoyHuk-onpedenumers...,
1988; Koctos, MuHuyeBa-CrebaHosa, 1984; Hatert, 2003).

[Ouckycua

W3cnepsaHata cyndugHa MUHepanu3awms B
MeTabasnToBOTO TANO OT paoHa Ha c. benuua, LleHTpanHo
CpepHoropue € npefcTaBeHa OT MUPMT, Xamnkonuput, mss
ugaut (?). MuHepanHuaT 1 CbCTaB AaBa OCHOBaHWE fa ce
NPeanonoxu reHeTMdHa Bpb3ka C  OpyAsBaHusTa B
Hamupalms ce B CbCefcTo [laHartopckus pyaeH paiioH,
reonoxkara nosuums Ha KOWTO Ce onpedens OT apeana Ha
pasnpoCTPaHEHWE HA  TOPHOKPEOHMS — MarMatusbM  C
XapaKkTepHaTa My MeTarnoreHHa cnewuanuaaums. BbamoxHo e
yacT OT NupUTHaTa MUHepanu3auus ga e opmupaHa no
BpeMe Ha MeTamopdm3va Ha  TAnoto.  Boratoto
MHoroobpasve OT pygHM MWHEpanu B Haxoguwata u
PYLONPOSIBNIEHNUATA OT paiioHa ce AOMUHMPA OT cynduanTe u
cpogHuTe cbeauHeHus (Tokmakumesa, 2004), cpeg kowTto B
noBeyeTo Cnyyau npeobnagasar nupuTa 1M Xankonupura.
eHe3ncHT Ha onucaHata cynduaHa MyUHepanusauus cneasa
Aa b6be pasrnexgaH B KOHTEKCTA Ha reonoxkuTe npowecy,
Josenu [0 hOPMUPAHETO HA €AWH OT HaM-BaXHUTE pPyaHM
paloHW y Hac, npegonpedeneHn OT  CbnpoBOXAALMTE
mMarMatuamMa MWHepanu3aLmMoHHU MpoLecH U mocnegsanute
CynepreHHn npomeHn. Kato npogykT Ha NoCneaHUTe NMPOMEHM
ce pasrnexga camo wmpauta (?), koTto e obpasyBaH B
pesynTar Ha (pasoBata TpaHcdopmauus B peda OOpHUT —
“aHomaneH 6opHut” — ugaut (Hatert, 2003).

brazodapHocmu. AsTopute n3kasgat 6narogapHocT Ha a-p C.
MpuctaBoa (MIY) 3a KpUTWYHMA MPOYNT Ha CTaTMsATa U
KOHCTPYKTMBHATA AMCKYCUS BbPXY HES.
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I'IEPCI'IEKTI/IBHVIVHE(DTOFA3OMAI7I'-II/IHI/I CKAIW OT 3ANAOHATA-LUEHTPANIHA YACT
HA FOXKHOMU3UUCKATA NMEPUNNAT®OPMEHA OBJTACT

Hukona bomywapos

Cocgputicku yHusepcumem "Ce. Knumerm Oxpudcku", Cocpus 1504

PE3IOME. Mutposcka ceuta (T2) LEMOHCTpMpa CpeaHu Bb3MOXHOCTM 3a reHepalyst Ha ras, a 4obbp A0 MHOro [o6bp noTeHUMan 3a HedT M ra3 nputexasaT
oTnoxenusita Ha Bykoposcku uneH Ha OsupoBcka csuta (J1) u CredbaHeukn uneH Ha ETpononcka cuta (J2) B m3scnedBaHus paiioH. HanuuHata reomoro-
reoXMMM4YHa MH(OpMaLMs No3eonv Aa Ce MOAENUpaT W xapakTepusupaT ocobeHOCTUTe Ha rmaBHaTa 30Ha Ha HedToobpasysaHe (I'3H) u rmaBHaTa 30Ha Ha
rasoobpasysaHe (I'3[), kakTo M BpeMeTO Ha peanu3auus Ha BbIMEBOJOPOAHUS MOTEHUMan OT NEepPCreKTUBHUTE MaluuHu ckanu. MpUNoXeHWeTo Ha pasnuyHu
CLieHapun 3a TOMMWHHMS MOTOK MOKa3Ba OCHOBHO pasniyus BbB BPEMETO Ha BbrneBogopopHaTa peanusauus. [lo-paHHaTa reHepauws Ha rasoobpasHu
BbIMEBOAOPOAN OT CefnMeHTUTe Ha MUTpOBCKa CBIUTa Ce Npeaonpeaens oT NOTbBAHETO Ha Tpuaca B pa3pesa, TUNa Ha OPraHMYHOTO BELLECTBO W TepMUYHATA UM
3psnocT. HedbTorasomatynHnTe 1 3psNoCTHU XapaKTepPUCTMKW Ha OTNOXeHusTa oT BykopoBcku n CTedhaHelkn YneHoBe OT CBOS CTpaHa OMMUCBAT MO-roNemMust
BbITIEBOAOPOAEH NOTEHLMAN Ha AONHO-CPEAHOIOPCKUTE CKami 1 Bb3MOXHOCTTa 3a reHepaLyst KakTo Ha TeYHM Taka W Ha ra3aoobpasHy BbrIeBOAOPOAM.

PERSPECTIVE SOURCE ROCKS IN THE WESTERN-CENTRAL PART OF SOUTH MOESIAN PLATFORM MARGIN
Nicola Botusharov
Sofia University “St. Kliment Ohridski”, Sofia 1504

ABSTRACT. Mitrovo Fm. (T2) demonstrates fair gas potential, but Bukorovo member of Ozirovo Fm. (J1) and Stefanetz member of Etropole Fm. (J2) show good to
very good oil and gas potential in the studied area. Available data allow modelling and characterization the features of oil and gas windows as well as the time of
hydrocarbon generation from perspective source rocks. The variety of the petroleum realization is due to application of different heat flow scenarios. The early gas
generation from Mitrovo Fm. is the result of burial depth, kerogen type and thermal maturity of sediments. The quantity, quality and maturity peculiarities of Bukorovo
and Stefanetz members determine higher hydrocarbon potential of Lower-Middle Jurassic rocks and possibility for both oil and gas generation.

BbBeaeHue (botues w pp., 1957) C pasnMyHM  HaMMeHOBaHWA -
npeannaHuHcko noHwkeHne (Mosues, Banyxoscku, 1961),

Mpes nocrepHure 30 TOMMHM Ha  MMHanMS  Bek nepunnarchopmMeHa  MoHoknuHana  (Fapeuxun,  1968),

lOxHOMM3MICKaTa nepunnaTdopMeHa oBnacT cTaga eauH ot MepUKPaTOHHO NoHWxeHke (ATaacos, 1973) v ToprosulKo-

paiionute B CeBepHa Bbrrapust ¢ Hail-MHTEH3UBHU HEdTEHN n}opOBg””Z'Cfg , acn;nanoa O(Kag”:Kg'G c peci” . 1276)5
npoyuBaHysi. B HellHaTa LigHTpanHa 1 3anagHa Yacru, Kakto u RHOMVBWICKATA MEpUNNATAIOpMeHA 06nacT ce paarnexy

KaTo TakaBa Mo tPCKO-GOMHOKpeaHUTe oTnoxeHus (MoHaxos
B MPUNEXaLLMTE 30HM Ha CEBEp Ca OTKPUTM HSAKOMKO 3arexa C
NMPOMULLTIEHO 3HAYEeHWe U MHOXEeCTBO BbrNeBoJopOAHM u Bp., 1981). T € no-gunboko noTeHana u HakroHewa Ha tor
P AOPOA nepudepHa 30Ha OT Obnrapckata 4act Ha Mwusuitckata
nposiBu (Pur. 1). Haxoguwata ca BMECTEHM OCHOBHO B

nnatdopma. HOxHOMM3MiACKaTa nepunnatgopmeHa obnact
CpeaHOTPMAacKM W [ONMHOKPCKM CKanu, a BbMeBOLOPOAHMST AMa  CTOKMA CTDYKTYpHA XapaKTepucTuka, B  KOSTO

MoTeHUMan Ha CeOMMEHTHWS pa3pe3 [Obiro BpeMe ce npeoBnagasa MOHOKIMHANHOTO HOKHO NOThBAHE.
CBbp3Balle CaMO C Tpuackute OTNOXeHus. [leTalnHusaT ®opMupaHeTo # 3amoyBa OT HAyanoto Ha lopata, Kato
aHanu3 Ha NUTONOrO-KapOTaXHUTE AaHHW W pes3ynTaTute oT CbBPEMEHHUsS! Cv MOpAHONOXKM OBIMK Npuao6uBa B kpasi Ha
HaCTOALLOTO U NPEAXOAHN TeOXUMUYHIM U3CneaBaHna Ha anka KbCHOKOpCKATA M Ha4anoTo Ha paHHOKpegHaTa  ernoxa.
oT MHOXeCTBO COHAaXu B tOxHoMM3MIICKaTa leoguMHaMuyHaTa eBomoLMs Ha obnactta e OensisaHa CbLo
nepunnaropmeHa obnact, obaye, noOkasa MO-BUCOKO Taka OT PUCHTOBM LIMKNK Npe3 KbCeH MepM — paHeH Tpuac,
MPUCBLCTBNE HA OPTaHUYHO BELLECTBO B AOMNHO-CPEAHOPCKUTE KbCEH Tpuac, paHHa topa M KbCHa kpepda, KouTo ca bunm
OTIIOXEHWUS B CPABHEHME C TE3U OT TPUACKWTE CEAUMEHTW. MHOTOKPaTHO MPEKbCBAHW M MOCredBaHn OT KOMMPECUOHHU

cvbutus (Georgiev et al., 2001). 3HaummuTe TEKTOHCKM

cbOMTMS W oTnaraHeTo Ha no-aebenu, pasHoobpasHu B
leonoxka o6cTaHOBKaA NUTOMOXKO OTHOLLEHME CEOUMEHTM Ca Ce OCHLLECTBUAMM
[MaBHO Mpe3  TpUacko,  PaHHO-CPEOHOWPCKO,  TUTOH-
BaraHXMHCKO W B MO-Manka CTeneH KbCHOKPEeAHO-TEPLMEPHO
Bpeme. CeaUMEHTHUST MbIHEX C8 CbCTOM OT ME3030MCKM
ckanu ¢ febenuHa 0brkHoBeHO [0 4-6 km (ur. 2, 3), nexatym

tOxxHOMM3MIICKaTa nepunnarcopmeHa obnact
NpeacTaBnsBa KkHa OkpaHuHa Ha MuauiickaTta nnatgopma,
mexay bankaHugHWs HaBrmadeH PPOHT U HXKHWS NaTdopMeH
pbb (Pur. 1). Tasm obnact e obocobeHa kaTo npexogHa 3oHa
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HECbrMacHo BbpxXy cnabo orbHaTa Naneosolicka OCHOBA.
MoKpUTM Ca OT NaneoreHCKU, HEOTEHCKM W KBATEPHEPHM
OTTIOXEHS, a NoKanHo caMo C kBaTepHep. KOxHarta rpaHuua
Ha obnactTa e BCbWHOCT rpaHuuata ¢ lMpepGankaHa. Ha
W3TOK OT p. Mckbp T4 ce cneam no BpecTHuLLKko-Tpecnasckara
(hnekcypa, KOATO MpeACTaBnsABa MOBbLPXHOCTHA W3sBa Ha
yenHus Hasnak B bankaHckus oporeH. CeBepHaTa it rpaHuLa B
TOPHOKOPCKO-NONHOKPEAHMS  CTPYKTYPEH  KOMMMeKC e
MOHOKIMHANEH CKIIOH, @ B AOMHO-CPEHOIPCKUS CEANMEHTEH

Ha curypa 1 ce oueptaBa paiioHbLT Ha W3crnefBaHe, KOUTo
ce npocTMpa B  3anagHaTa-UeHTpanHa  yacT  Ha
FOxxHOMM3MIACKaTa nepunnaropmeHa obnacr,
Xapaktepusupala ce C NO-MbfleH CEeAUMEHTEH paspes.
lMpokapBaHETO Ha CeBEpHa U t0XHA rpaHULM € HanpaBeHo no
TEKTOHCKM 6enesu, kato CbBMagaT C rpaHUUMTE Ha KoKHaTa
OkpaiHuHa Ha Mwsuiickata nnatcopma. Ha 3anag v u3Tok no
reorpacdcku Oenesu rpaHuuM Ce sBSBaT CbOTBETHO PEKUTE
Vckbp n Ocbm.

KOMMNJIEKC Ha WU3TOK W Tpuackma KOMMMEKC Ha 3anag e
TEKTOHCKa 1 Ce Mapkupa ot FOxHOMU3UIACKIS pasnom.

2
OPAXOBO Y

Toproosbruukiy
Heghmen 3anedxc
QRN
P l0nH00b 61K Heghmen 3anexc
- \
P-4 f——

IOxHOMIBHITCKH s
Musmiicka 1oraTgopma
L i —1 dop
| BpecTHHITKO- IOHOMIsHHICKA.
IIpecnascka drekcypa TreprtaTop. odmact
Cogux = oo I 6

TyueHHITIKH pasioM
e P-1 M3yueHn coHIa)u
A P-2 MozemipaHu COHIAXHI

[~ ~]PailoH Ha H3cleBaHe

Cnadu 1 OOHIIHHU Ta30BH
i A craGu He pTeHH TPOsSBU

®ur. 1. 06o6weHa TeKTOHCKa kapta Ha LleHtpanHa CeBepHa Bbnrapua ¢ pa3nonoxeHuMeTo Ha OCHOBHWUTE 3anexu, BbLIMEBOAOPOAHUTE NPOSABU W

Hann4yHUTe COHAaXHU AaHHU

j{¢]

IOKHOMHU3HIICKA TMEPHIIATOOPMEHA OBJACT mlemee M 311 CK A NIATO®OPMA

P-1 TPECTEHHK

JIbadounna (km)

®ur. 2. PernonaneH reonoxku npocmn no nuhua I-ll, cbcTaBeH Ha OCHOBaTa Ha WHTEPNPeTUPaHU CEU3MUYHW pa3pesn (3a MeCTOMOMNOXEeHWETO Ha

npocuna Bux ®wur. 1.
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Bba3za gaHHu 1 3non3BaHa MeToAmMKa

N3bopbT Ha paiioH Ha u3cregBaHe Ce OCHOBaBa Ha
HanuMyHaTa COHOaXHa WHMOPMaUMs W Ha MbrHOTaTa Ha
cenMMeHTHUS paspes. 3anagHo ot p. OcbM 7o p. Uckep B
obxBata Ha HOxHomuauiickaTa nepunnatopmeHa obnacT ca
npokapaHu MHOXECTBO AbNOOKM COHAAXM, KaTo ronsima 4act
OT TSX NpecuyaT Me3o3onckuTe cepuit (dur. 3). B gombiHeHne
AaHHWUTE OT npunexaliute Ha ceBep 30HW Ha TyYeHWULLKOTO
crbnano u MneseHckus GOk No3BonsiBaT fa ce Nonyyu no-
JeTailnHa nuTocTpaturpadcka kapTuHa 3a npexoga Ha
MwauitckaTa nnatopmara KbM HeliHaTa txHa OKpaiHuHa.

Maa

| Jluronorus
Cmp | b= —

Maiiunnn
CKAJIH

Jlebennna

(m)

EpaTema, cucrema, cepusi
H eTam

San s
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Brm
Hau
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I'th 1 |
Kim [ I

Oxf
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Aal
Toa —
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R
Nor | Ly 0->1350

Crn | 1 | A
T
0 ->1100

T'opua kpeaa

1

0-294

Kpena

Jlonna kpena

1300 - 3597

ME3030H

<200 - 390

['opHa ropa

Cpeana opa

I0pa

<30-907

0-419

JlonHa ropa

T'open Tpuac

CpeneH tpuac | Ans 1 |

Tpuac

Jlonewn Tpuac

E Konraomeparn n
OPEKYOKOHITIOMEPATH

ApruinTs

E Meprem

0-1059

E TTschuHMIH Anesponutu
E Baposu. E [nurecTn
AOCJIOMHTH BApOBHLH
I]]I[[[] Eposus |:I VIHTEpBaIH C NOBHIIEHO
cbabpikanne Ha OB
dur. 3. O6oGoweHa nuTocTpaTUrpadhcka cxemMa Ha Me3030MCKM

CeAMMEHTM  OT  LeHTpanHata  4acT Ha  HOxHomu3wiickaTa
nepunnatgopmeHa o6nacT ¢ No3uuMATa Ha HedhTorazoMaYMHUTE CKanu

B paspesa

OueHkata Ha HedhTorasoreHepupawmuTe CrnocobHOCTN Ha

OTNOXEHMSTAa  OT  3anagHaTa-LeHTpanHa  4vacT  Ha
HOxxHOMM3NIACKaTa nepunnardopmeHa obnacrt n
npunexawyTe rpaHNYHW  TEPUTOpPUN Ce OCHOBaBa Ha

KOMMIEKCHW aHanuan. BKMIOYeHu ca NUTONOXKA U KapoTakHM
uHTepnpeTaymm Ha 20 COHOQKHM paspesa, Kakto U
NPOBEAEHUTE  CbBPEMEHHM T[EOXMMUYHM  MeToaukn. B
HacTodwara pabota ca B3eTM MOR  BHWUMaHWe
HedpTorasoreHepupallata W 3psAnocTHAa XapakTepucTuka Ha
Hag 50 Tpuackm o6pasum OT M3CredBaHWs — PaioH.
leOxMMWYHATa OLEHKa Ce OCHOBaBa Ha MpOBEAEHWTe
aHanuan: nupormtieH metog  (Rock-Eval), aHanus Ha
opraHuyHoTo BewectBo (Leco-TOC), ras-xpomatorpadms —
mac-cnektpomeTpust (GC-MS) 1 3amepBaHe Ha OTpaxarenHa
cnocoBHocT Ha BuTpuHuTa (%R0). O600LEHN 1 aHanM3vpaHK
ca CbWO Taka pesynTatute OT npegxogHu pabotn 3a
OCTaHanaTa 4acT Ha ceguMeHTHus paspe3 (KanwHko, peg.,
1976; Benes, LWuwkos, 1979; Kosayesa, 1983; Vuchev et al.,

19

1994; l'eoprvies, [laboscku, 1997; Georgiev, 2000; Georgiev,
Dabovski, 2000).

[eonoxkATe, reoPU3NYHUTE U TFEOXUMUYHUTE [aHHW ca
MoZenupaHu 4pe3 cneuuanuavpad codrtyep (PDI-1D™ Ha
IES, Julich) B NeoBeHckus yHuBepcuTeT, ABcTpusi. OcHoBHaTa
uen 6e Bb3CTaHOBABaHe Ha reo4MHAMUYHUTE YCOBWS B
W3cneaBaHus paioH U CPaBHUTENHA OLEeHKa Ha reHepauusTta
OT MEPCNeKTUBHUTE MaWyMHM CKkanu npu npurnaraHe Ha
pasnuyHU CLeHapuu Ha TOMAUHHWA NOTOK. CbNOCTaBAHETO Ha
KpuBMTe Ha 6aceiHOBO MOTbBaHe OT MoAOpaHM COHAAXKHM
pa3pesu C No3uLMsATa Ha rnaBHaTa 30Ha Ha HedpToobpasyBaHe
(T3H) n rnaeHaTa 30Ha Ha rasoobpasysaHe (F3I) nossonu aa
ce npocrean BbrNeBogopoaHaTa peanusaums BbB BPEMETO.

MepcnekTMBHM HehTOra3oManymHM cKanm

[Maneo3oicknTe ckanu He ca JOCTUrHATW OT COHAAXWUTe B
3anagHara-LeHTpanHa yacTt Ha FOxHOMM3MIACKaTa
nepunnartopmeHa obnact. OT HeosoMckus paspes ca
YCTAHOBEHWN CPaBHWUTENHO TbHKW NaneoreHCKU OTNOXEeHUA B
coHpaxu P-1 Oparana, P-1 bernex, P-3 brnex n P-3 Pakura.
[ManeoreHckn M HeoreHcku WHTEpBann ca nNpemMnHatn U B
npurnexailara Ha cesep 30Ha Ha TYYeHWIKOTO cTbnano. B
Ta3n BPb3Ka, OCHOBHM ODEKTM Ha HACTOWETO u3crensaHe
npeacTaBnsBaT  TpWackusi,  OOMHO-CPEOHOPCKMS W
FOPHOIOPCKO-BaNaHXMHCKUS  CEAUMEHTHM  KOMMNEKCW  OT
Me3030/CKIS pa3pes, KOUTO Ce OTIMYaBaT CbC 3HauuTenHa
nebenuna (dur. 2, 3).

TeKTOHCKMTE CBOWUTUA Mpe3 Me30305 ca Npefonpeaenunu
[0 ronsiMa CTeneH pasHoobpasMeTo Ha Ckanute OTMOXEHW B
loXHaTa noTbHama 4act Ha Musuitckata nnardopma.
Mepuogute Ha 3acuneHo MOTbBaHE Ca NOAXOAsWM 3a
HaTpynBaHe Ha T[MMHECTM ceaumeHTW. [locT-pudToBOTO
pa3BuTHEe M OBP30TO PasnpOCTPaHEHWE Ha MOPCKUTE BOAM
npe3 cpefHust Tpuac u ocobeHo npes paHHa-cpegHa topa B
paifoHa Ha W3cneaBaHe AOBEXAAT 4O OTNiaraHe Ha CPesHu [0
MHOrO [0bpu HedTorasomMamdmHn ckanmu. Te ca  Ounm
aKkyMynupaHu B MOPCKM MIMUTKOBOAHM [0 CPaBHUTENHO
abnbokosogHu ycrnosus (T2 n J1-2).

WacnepnBaHusiTa Ha B3eTUTe SAKOBM 0BpasUy OT COHaaxuTe
B 3amagHaTa-leHTpanHa 4act Ha  HOxHOMu3uiickaTta
nepunnaTgopmeHa 06nacT ycTaHoBUXa, Ye TPUackUST paspes
BMecTBa OefHu OO0 cpedHu HedTorasomaitumHn ckanu. Cpefn
TSX [ONHOTPUACKUTE KOHTUHEHTAIIHWU U NPEXOAHN CeNMEHTH
CE XapaKTepuaupaT ¢ MUHUMANHO NPUCHCTBME Ha OpraHN4Ho
BewecTBo (OB). Te ca npencTaBeHn OCHOBHO OT TEPUrEHHN U
TEpPUreHHO-kapboHaTHW PasHOBMAHOCTY Ha YepBeHoLBeTHaTa
nscbyHMkoBa 3aapyra, CTexepoBcka W AmnekcaHmpoBcka
ceuth. OB e HaTpynaHo B HE3HAYMTENHM KONMWUYeCTBa B
aprunuTUTE W IMUHECTUTE aneBpONUTU OT TOPHMTE YacTu Ha
CrexepoBcka W AnekcaHapoBcka CBuTU. M3acrnenpaHu ca
[MABHO $iAKOBKM 0Opasuy OT Mpunexaliata Ha CeBep 30Ha
(conpaxw P-1 AnekcaHzposo u P-2 OgbpHe), Tbit kaTo Ha tor
oT KOXHOMU3MIACKUS pa3noM U 3anaaHo oT p. OcbM paspesnTe
He gocturaTt gonHus Tpuac. CpegHute cToiHocT Ha TOC
(06110 KOMMYECTBO OpraHuyeH BLINEPOA) XapakTepuaupar



TE3W WHTepBanu kato 6egHu maiumn ckanm (<0,5 Tern.%).
Hait-yecto cpeluaHnte 3HaveHuss Ha TOC BapupaT B TeCHU
rpanmun  (0,15-0,20 Tern.%). MMo-romsama  yacT  oOT
JOMHOTPMACKUTE CKanu Ca  OKUCIEHW Olue Npyu  CBOETO
oTnaraHe u camo Marka 4acT OT NMpexoaHus KbM aHu3a (T2)
WHTepBan e Ouna 3anaseHa no BpemMe Ha AuareHesata. Toea
ce € 0Tpa3uno Ha kayectsoTo Ha OB, koeTo ce xapakTepusupa
C NPUCHCTBUE Ha XYMYCHO U okucneHo OB - keporeH [l n IV
Tun. Te3n cemumeHT ca Abnboko norpebaHu B toxHaTa
noTbHana 4acT Ha nnardopmara. TepMuyHaTa MM 3psamnocT
pacTe oT cTaaua Ha kbcHa 3psanocT (0,9-1,3%Ro) B 30HaTa Ha
tOxHOMUM3MIACKNSA pasnom Ao npespsan cragui (>1,3%Ro) no
nocoka Ha bankaHckus HaBnaveH poHT.

CpepHvsT Tpuac € npefctaBeH OT npeobnapgasallo
NINTKOMOPCKM  KapObOHaTHM M TNMHECTO  kapBoHaTHM
cegumeHTn Ha [onpeHcka (T2 Ans) u no-ronsimata yact ot
Mutposcka cauti (T2 Lad-Crn). JoipeHcka cButa ce sBsiBa
OCHOBHMSIT KONEKTOP 3a BbINEeBOJOPOAM Ha TeputopusiTa Ha
usna CesepHa bvnrapus. Ho, 0T rnegHa Touka Ha Konmyectso
M KayectBO Ha npucbeTBawoto OB  uHTepBansT €
cpaBHuTenHo GepneH. CpepHute cToiHocT Ha TOC ot
BaposuuuTe 1 gonomutute He Hapxsbpnat 0,30 tern.%. B
ocHoBaTa Ha aHu3a (T2) npeobnagaBa xymycHoto OB
npeacrtaseHo oT keporeH IIl Tun. ToBa ce Abmku Ha BCe OLle
3aCUNEHOTO MOCTBMIEHNE HA KOHTUHEHTANHW Matepuanu ot
nogxpaHBaliuTe cyww. Harope B paspesa ce ysennyasa
MPMUCLCTBMETO Ha cMeceHo M canponenoso OB nopagu
yabnboyaBaHe Ha obCTaHOBKaTa Ha ceauMeHTooTnaraHe. B
Tasn Bpb3ka, HedTorasomaninHu ckanm (dur. 3) cbe cpegHo
cbabpxaHue Ha TOC ce ycTaHoBuxa B nagnHa Ha Mutposcka
cBuTa. Te3n CPepgHOTpUacK/ OTMOXEHWS Ce CbCTOAT OT
BapOBULM, aprunuTi, TAWHECTW aneBponuTM W Meprenu.
MwuTpoBCka CBITa € pa3BnUTa OCHOBHO B M3CNeBaHNs paiioH, a
HenocpeacTBeHO Ha M3TOK OT nnHusTa [neseH — Jlosey B
LeHTpanHara yact Ha HOxHomusnickata nepunnatdopMeHa
obnact Ta nunceat nopagn eposusi. HeiHata gebenuHa e
CpaBHUTENHO Marnka W Bapupa, kaTo Ha MecTa Ce yBenu4yaBa
po 100-120 m. CpegHoto TOC cbabpkaHue B cBUTaTa €
okono 0,70 tern.%, kato 3a meprenute T0 € 0,82 Tern.%, a B
aprUNNTUTE, TMMHECTUTE BApPOBULIM W IMIMHECTUTE aneBpONnnTy
e 0,95 tern.%. lNpeobnagasawumat keporeH e /Il v Il Tun,
kakTo nokaseat pesyntatute oT Rock-Eval n GC-MS aHanmau.
brvomapkepHuTe NpoMAM  Ha  HOpManHUTE  ankaHu W
MWKPOCKONCKMTE ~ HabriogeHnss Ha  MauepanHuTe  rpynu
MoTBbPXaBaT NIMTKOMOpCKUAT npousxog Ha OB cbe 3acuneH
MPMBHOC Ha MaTepuanu oT ugurHature cywiu. KauectBoTo Ha
OB, cpepHoto konmuyectBO Ha TOC wu pebenuHata Ha
MwTpoBcka CBWTa OMpegenaT Mankus, OCHOBHO rasoB
noteHyman. Ha tor ot FOxHommauiickus pasnom (dur. 1, 2),
nopagu Bucokata cu  TepmuyHa  3panoct  (>1,3%Ro)
CPeSHOTPUACKNTE MalyMHU CKanmW ca TreHepupanu  CBOS
OrpaHuyeH noTeHumarn.

FopHoTpuackute  kapboHatHu  (PycuHoBgencka v
lpecnaBcka CBWTM) U TepuUreHHo-kapboHatHu (Muawiicka
rpyna) CeAMMEHTU Ce XapaKTepuaupaT C HUCKO CbAbpKaHue
Ha OB. CroitHoctute Ha TOC 3a u3cneaBaHWTe SOKOBU
0bpasum Bapupat ot 0,07 go 0,36 Tern.%, kato no-BUCOKUTE
3HaYEHNs! Ca OTHYETEHM B IMUHECTUTE BAPOBWLM 1 BApOBUTUTE
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aprunutu ot lMucaposckn uyneH Ha [lpecnaecka cBuTa.
Canponenosoto OB B Te3n uHTepBanu ce NpeAcTaBs OCHOBHO
oT keporeH Il Tun. Ha npexopa kbM cpeaHus Tpuac, obave, ce
yBenu4yasa npuchCTBMETO Ha cmeceHus II/Il Tun keporeH.
lMopagu npousxogbT Ha ckanute Ha Mwuasuiicka rpyna,
XapakTepuaupaluu ce ¢ NPeoTIoXeHU OTIIOMKW W MaTepuani
OT no-cTapu Tpuacku ckanu, OB B TaX [AeMOHCTpupa
WN3KIIOYNTENHO pasHoobpasne (kepore I, /I w Il Twn).
TepmuyHaTa 3pArnocT Ha TrOpHOTPUACKUTE CEAUMEHTU Ce
n3MeHs ot cragus Ha kbcHa 3panoct (0,9-1,3%Ro) Ha
npexoga oT Musuiickata nnatcopma KbM HelHata HoxHa
okpanHuHa po npespan cragui (>1,3%Ro) Ha tor KoM
MpenbankaHckuTe CTPYKTYPH.

[pyr peTalnHo M3yYeH W WHTEpeCeH OT reHepaLMoHHa
rmegHa TOYKa MHTepBan e TO3W Ha [onHa-cpegHa topa (Pur.
3). Toit ce xapakTepusupa C pasHooDOpasHa nuTONMMUS
(TepureHHmn, kapboHaTHM W CMECEHU TepuUreHHo-kapboHaTHM
Ckanu) M NPUCLCTBME HA TEYHM W rasoobpasHu
BbIMEBOAOPOAM B pa3pe3nTe OT W3CMEABaHWS  paiioH
(bernexka,  [eseTawka M Kpywosuwka  nrnowpm).
CovobpxaHueto Ha OB W TepMmuyHaTa 3psanocT Ha [LOSHO-
CPEeAHOKPCKUTE  CEAMMEHTU NPENONpenensT BUCOKMS UM
HedbTorasoB noteHuywan. Hewo noBeye, CbBPEMEHHUTE
F€eOXMMUYHU W TeHEeTUYHW u3cnegBaHna U 6V|omapKepH|/|
kopenauuin cebp3axa Hedtute or CesepHa Bwbnrapus c
[OMHO-CpeaHotopcknTe ManyuHu ckanm (Georgiev, 2000).

boratute Ha OB cegWMeHTM OT [OONHO-CPEOHOKPCKMS
paspes ca NpeacTaBeHu OT IMUHECTUTE BapOBULM, MeprennTe
n aprunutute Ha bykopoBckn uneH Ha OsupoBcka CBUTA U
4uCTUTE [0 aneBpuToBW aprunuTi Ha CtedaHeLku uneH Ha
Etpononcka cauta (®ur. 3). Bucokute ctomHoctn Ha TOC (go
n Hap 2,0 Tern.%) B TE3W wWHTepBamM OT pa3pesa Ha
HOxHOMM3MIACKaTa  nmepunnardopMeHa obnact, Kakto u
3HauuTenHata CymapHa gebenvHa Ha JOMHO-CPEeAHOPCKUATE
cepuit B paioHa Ha u3cnegsaHe (Ha mecta Hag 500-600 m)
OnpegensT TexHns obbp 40 MHOTO Ao6bp BbrIEBOLOPOAEH
reHepaumoHeH noteHyuan. CpepHute ctoiHocTh Ha TOC 3a
aprunuTuTe,  aneBpuTOBWTE  apruIMTM M TTIMHECTUTE
anesponutu Bapupar ot 0,85 go 1,40 tern.%, a meprenuTe u
[MIMHECTUTE BapOBMUM Ca CbC cToMHOCTM Ha TOC B pamkute
Ha 0,49-0,61 Tern.% (Kosauesa, 1983). Pesyntatute ot
CbBPEMEHHUTE  TEOXMMMYHM  aHanW3M  xapaktepuaupar
rmuHecTuTe wHTepeann Ha Oauposcka u Etpononcka ceutu
kaTo Hai-gobpuTe HedprorasomaiumHu ckanm B CeBepHa
Burrapus (Georgiev, 2000). TumbT keporeH (Npeobnapasallo
[l w IVIl), kakTO M cTeneHTa Ha npeobpasyBaHOCT Ha
OpraHMYHOTO BELLECTBO NPeaonpeaensT cnocobHocTTa M fa
reHepupar  MPOMMILIIEHM  KONMYECTBA  BbIIEBOLOPOAM.
BbamoxHOCTUTE 3a aKTWBHA reHepauusi ce CBbp3BaT CbC
30HMTE, KbAETO MalyMHWTEe cKanu nomagaTr B HeTeHus
npo3opeL. ToBa Ca TEPUTOPUNTE HEMOCPEOCTBEHO HA tor OT
FOXHOMM3MIACKMST  pasnoM U Mpunexawute Ha  cesep
TyyeHnwko crbnano u lNneseHckn uagurHat 6rok. Ha tor B
Hai-noTbHanata 4actT Ha Mwusuitckata nnatgopma nog
CTPYKTYpUTe Ha ANMWACKMS HaBMak nopagu BMCOKaTta
TEPMWYHA 3PSANOCT HA  [JOSHO-CPEAHOIOPCKUTE  CEOMMEHTH
FEHEpaLMOHHWAT MM MOTeHUManm € BeposiTHO  Beye
peanuanpaH.



HVICKyCVIﬂ 3a peanusauudaTa Ha
BbrnesoaopoaHusa noteHuuan

MpUnoxeHn ca Tpu cLieHapus Ha TONMMHHKS NoToK (dur. 4) ¢
Uen HamupaHe Ha Hai#-0oGpO CLOTBETCTBME  MeXay
W3MEPEHUTe 1 MpPOrpamMHO  U3YNUCTIEHUTE  3PEmnOoCTHM
napameTpy 3a [1Ba KIOYOBY COHOaxa OT U3CneaBaHus PalioH.
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®ur. 4. OCHOBHM CLieHapuK Ha TONNIMHHUA NOTOK NPUNOXEHM 33 COHAAXMN
P-1 Bernex n P-14 KpywoBuua npu MoaenupaHeto Ha TepMMUuHaTa
MCTOPUA U BLIMEBOAOPOAHATA reHepaLus B U3cneABaHUs paioH

C nomowa Ha pasnuyHuTe TOMMAWHHM CLUEHapun e
mogenupaHo nonoxeHneto Ha M3H w 3l 3a coHpaxu P-1
Bernex n P-14 Kpywosuua. CbnocTaBsaHETO Ha KPUBMTE Ha
TEKTOHCKOTO MNOTbBAHE C W3OMMHWATE Ha OTpaxatenHata
cnocobHocT Ha ButpuHuta (%R0) onpegens BpemeTo Ha
BbINIEBOAOPOAHA reHepauus OT NEePCreKTUBHUTE  MalduHM
ckamm (dur. 5, 6 n 7). CueHapuuTe ca M3NON3BaHU Mpu
npoLeca Ha MofenupaHe Ha COHO@KHO-TEOU3NYHUTE JaHHM,
KaTo MpW BCEKW €OMH OT TAX € MOCTUrHaTo A0Bpo nokpuTHe
Mexay U3MEepeHNTE 1 KarnKynmpaHu CTOMHOCTM Ha %Ro.

CueHapum 1 1 2 ca npunoxeHu 3a coHgax P-1 bernex (dur.
5 1 6). MMbpBMAT OT TAX € KOHCTAHTEH, MpU KOMTO HAMa
NPOMsHa B CTOWHOCTUTE Ha TOMAWHHWS NOTOK Mpe3 Abnrata
reonoxka uctopust Ha KOxHomusninckata nepunnatopmeHa
obract. BTopuaT € no-CroxeH, Tbi Kato PEKOHCTpympa
pasHOObPa3HOTO M MHOTOMMKO TeOAMHAMUYHO pasBuTHE Ha
lOXHaTa MoTbHana 4act Ha Mwusuickata nnatdopma. Tosu
CUEHapuii e 1 Mo-peanucTUYeH MOHEXe mpurara 3aByLLEHN
CTOMHOCTW Ha TOMWHHWS MOTOK 32 eTanuTe Ha PUATUHT Npes
Tpuaca u topata. MogenHute CTOMHOCTM OT nopsigbka Ha 80-
85 mW/m2 BbBedeHM 3a KbCHMS TpMac, paHHaTa M cpegHa
lopa OTTOBapAT Ha BPEMETO Ha NO-3HAYMUTENHA EKCTEH3NS W
W3TbHSIBAHE Ha 3eMHaTa kopa npe3 Me3030s.

MwuTpoBcka cBuTa 3anoysa ga Haemmaa B '3H (0,6-1,3 % Ro)
B HAYaroTo Ha paHHaTa Kpeda M W3nu3a OT Hero B kpas Ha
anTa W Havyanoto Ha anba (®ur. 5). TumsT Ha OB, kakTo U He
ronsmata pgebemvHa Ha cBMTaTa npeanonarar rasoea
reHepauusi B HEMPOMWLLINEHW KOMWYecTBa. Haii-Bucoka
TEPMUYHA 3PANOCT CEAMMEHTUTE JOCTWraT B Kpasi Ha anta,
Korato e Hal-rorsiIMoTO MOTbBaHe B 3anagHaTa-LeHTpanHa
yacT Ha HOxHoMu3wiAckaTa nepunnatopmeHa obnact. B
KpaliHa CMeTKa Mo-3Ha4YnTenHa peannsaums Ha razoearta ¢asa
Ce OCbLLeCTBsABA Cnef anTa, korato ceuTaTa Haemmsa B I3l ¢
usnata cv febenvHa.
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®ur. 5. Mogen Ha 6aceHOBOTO NOTbBaHe U pasnpeAeNieHUETO Ha 30HUTE
Ha TEPMUYHA 3PANOCT CbOOPa3HO NPMNOXKEHNUS KOHCTAHTEH CLiEHapUi 3a
coHpax P-1 Bernex
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®ur. 6. Mogen Ha 6aceiiHOBOTO NOTLBaHe M pa3npeaeneHneTo Ha 30HUTe
Ha TePMUYHA 3PANOCT CLOOPA3HO MPUIIOKEHUS CMOXEH CLEHapui 3a
coHpax P-1 Bernex

MogenupaHa e owe BbIMEBOAOPOAHATA reHepaums OT
CtedhaHelks uneH, Tb KaTo ce OTNMYaBa C NO-TonsiMa
pebenvHa ot Bykoposcku unen B P-1 Bermex (®wr. 5).
CredhaHelkn uneH HaBnusa B [3H B cpemata Ha paHHaTa
Kpeda Kato peanuaupa LenusT cu HeddTeH noTeHuman ao
Ha4yanoto Ha ceHoHa (K2), korato e Havanoto Ha [3l.
leHepauusiTa Ha ra3 OT OCTaTb4HWS BbLIMEBOAOPOAEH
NOTEHLMan NpoagbITkaBa 1 npes Heo30s.



M3non3BaHeTO Ha MPOMEHNMB TOMAMHEH NOTOK (Pur. 6)
NPOMEHs pasnpefeneHneTo Ha w3onuHuMTe Ha % Ro B
Hayanoto Ha [3H. ToBa He BnKMsie Ha reHepauusiTa OT
MwuTpoBcka cBUTa, KOSTO peanuavpa rasoBusT cu NOTeHuman
OTHOBO crieq anta. OT gpyra cTpaHa reHepauynsaTa Ha HedoT oT
CredbaHeLku YneH Lie noapaHu B CPaBHEHWE C KOHCTaHTHWS
mogen Ge3 ToBa fa Ce OTpasu Ha MocnedBanarta rasosa
peanusauus.

Ha dur. 7 e npeactaBeH MofenbT Ha reoguHamuyHata
uctopus Ha conpax P-14 Kpywosuua. MpunoxeH e camo eauH
KOHCTaHTEH CLEeHapuit, Tbil KaTo MECTOMOMOXEHUETO Ha
CoHOaxa (M3BbH rnaBHua pudptoB OaceiH) npegnonara
He3HauMTeNHa eKCTEeH3Ns Npe3 Meso3os.
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®ur. 7. Mogen Ha 6aceHOBOTO NOTLBaHe U pa3npeAeneHNeTo Ha 30HUTe
Ha TePMMYHA 3pANOCT CbOGPA3HO NPUNOXKEHNA KOHCTaHTEH CLieHapuii 3a
coHpax P-14 Kpywosuua

MogenupaHn ca 1 TpuTe WHTepBana C MO-BMCOKO
cbabpxaHne Ha OB (Mutpoecka ceuTa, BykopoBcku W
CredbaHeuku uneHose). B Kpywosuwkata 3oHa (Pur. 1) u
TpUTE WHTEpBana C MaluuMHM ckann ce Hamupat B [3H,
nopagy NO M3OUrHATOTO MM MONOXeHWe B paspesa M no-
HWCKaTa TEPMMYHA 3pANOCT crpsamMo obnactra Ha tor. TpuTte
MOZenupaHn  nMTocTpatMrpadCkn  €OMHWLM  BrM3ar
nocneposatenHo B [3H B kpas Ha BanaHxuHa, Kpas Ha
Gapema u HauyanoTo Ha anTta. EauHcTBEHO MunTpoBCKa cBUTA
JOCTMra O CTagus Ha KbCHa 3pAnocT B cpegata Ha anba
(>0,9 % Ro). 3HauuTenHa peanusaums Ha HedT, obaye, Moxe
Ja Ce oOYyaKkBa eduHCTBEHO OT [ONTHO-CPEeJHOKPCKUTE
CEVMEHTH, KbAEeTo CymapHata uMm gebenvHa e  mo-
3HauuTenNHa.

MpenopbyaHa 3a nybnukysaHe ot
Kategpa “l'eonorus u npoyysaHe Ha nornesxu uskonaemu”, Mo
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MUHEPAJIOXKW OCOBEHOCTW HA Zn-Mn LUMWHEN (XETEPOJIUT) OT
Au-NMONMMMETANHOTO HAXOAWULLE MAIXKAPOBO, U3TOYHM POAOINN

Mapzapuma Bacuneea,’ Unust Bepaunoe?, Cepeeli Jobpes!, bopuc Konbkoscku?

"MuHHo-2eonoxku yHugepcumem “Ca. Mear Puncku’, Cogpus 1700; marvas@mgu.bg; sergey@mgu.bg
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PE3IOME. XeteponuTbT € Zn-Mn okcua c TeTparoHanHo AedopMupaHa LWNWUHENoB TUM CTPYKTYpa U XMMWYEH CbCTaB, CbOTBETCTBALY Ha cpopmynata ZnMn2Os.
MwHepanbT e TBbpAe pAAKo cpeluaH. Mpu ucneaBaHe Ha 06pasuy OT okMcneHn pyan oT HaxoauLie MamxapoBo, y4acTbk [aTpoHkas, pyAHa xuna 5, xeTeponuT e
yCTaHOBEH B acouuauus ¢ KBapl, XankogaHuT, KOPOHaZMT, MUponysuT, reoTut U Apyru Fe u Mn okcugm w xuppokcupm. 3a wusyyaBaHe Ha mopdonorusTa,
CTPYKTYpHUTE OCOBEHOCTM M XUMU3Ma Ha MWHepana ca NpOBEAEHW MUKPOCKOMCKM M3CMefBaHWs B OTpaseHa CBETNWHA, PEHTTEHOCTPYKTYPHM, KOMUYECTBEHM
PEHTreHOCNEeKTPanHK aHanuau, HhpayepBeHa U pamaHoBa CNekTpockonus 1 ap. B okucnutenHaTa 3oHa Ha HaxoauLe MagxapoBo XeTeponuTLT TACHO acoLumnpa ¢
XankodaHuT 1 uma cynepreHeH npousxod. KaTto mstouHuk Ha Zn 3a obpasyBaHeTo Ha ABeTe Zn-CbAbpXaln MUHepanHu asu e Nocnyxun chaneputbT oT
MbPBUYHUTE NOMUMETANHN PYAKN B HAXOAMULLETO.

MINERALOGICAL FEATURES OF Zn-Mn SPINEL (HETAEROLITE) FROM THE Au-BASE-METAL MADJAROVO DEPOSIT,
EASTERN RHODOPES

Margarita Vassileva!, llia Vergilov2, Sergey Dobrev?, Boris Kolkovski?

"University of Mining and Geology “St. Ivan Rilski’, Sofia 1700; marvas@mgu.bg; sergey@mgu.bg

2Sofia University “St. Kliment Ohridski”, Sofia 1164

ABSTRACT. Hetaerolite is a Zn-Mn oxide with a tetragonal distorted spinel structure and composition corresponding to the formula ZnMn204. The mineral is quite
rare. Hetaerolite was identified in samples from the oxidizing zone of quartz-sulphide veins from Madjarovo deposit, Patronkaya section, ore vein N 5, in association
with quartz, chalcophanite, coronadite, pyrolusite, goethite and other Mn and Fe oxides and hydroxides. The morphology, structural features and chemical
composition of hetaerolite was studied by reflected light microscopy, X-ray powder diffraction analyses, quantitative electron microprobe analyses, infrared and
Raman spectroscopy and other. Hetaerolite associates closely with chalcophanite and it has secondary origin in the oxidizing zone of Madjarovo deposit. The source
of Zn for both minerals is ZnS from the primary sulphide mineralization in the deposit.

BbBeaeHue (Frondel, Heinrich, 1942), kakTo 1 B HAKOMNKO ApYrv HaxoauLa
B CALl (Bevins et al., 1987). B EBpona Haxogkute Ha
MWHepana ca CpaBHUTENHO HeMHorobpoinHu: PogHa, PymbHus
(Udubasa et al., 1973); MopecHer, Benrus (Fransolet, Melon,
1975); WctbpH Knudy, KopHyen, Benukobputanus (Bevins et
al., 1987) n Mon Wwmew, Wsenuapus (Meisser, Perseil, 1993).

LUnuHenosute okcnan A2*Mn3+204 MAT BaXHW CbBPEMEHHU
TEXHUYECKN MPUIOXKEHUS KAaTO eNeKTPOaN, KaTOaM, CEH30pM W
ap. [lpes nocnegHWTe HAKOMKO TrOAWHM Ce M3BbpLUBAT
W3CNeABaHNs MNpeayMHO Ha CUHTETWYHM TETparoHamnHu
MaHraHoBu wwnuHenn A2Mn320s (A = Zn, Mg, Mn) 3a
onpedensHe BaneHTHOTO CbCTOSHWE Ha  KaTMOHWUTE W
pasnpegeneHneTo UM B PasMYHM  CTPYKTYPHM  NO3vLMM,
u3yyaBaHe Ha (ha3oBuUTe TpaHCdopmauum, BUOPALMOHHUTE
cnektpu n gpyru (Asbrink et al., 1999; Malavasi et al., 2002).
[aHHuUTe 3a M3cneaBaHWs Ha TEXHWUTE MPUPOOHM aHarnosu ca
TBbPAE OrpaHNyeHMm.

B cTpaHaTta HM xeTeponuT € OMarHoCTMUMpaH B OMOBHO-
LUnHKoBMTE Haxopuwa Keum kas (gaHHm Ha H. 3ugapoB - no
Koctos u gp., 1964) n Bvpba (Konbkosckw, 1966), MagaHcko
pyaHo none, LieHtpanun Pogonu. MNpuckeTtere Ha xeteponut
fe ycTaHoBEHO M B  AU-MONMMETANHOTO  HaxogwLie
MamxapoBo, Watounm Pogonu (Vassileva et al., 2004; Dobrev
et al., 2004). MuHepansT € guarHocTuumpaH B obpasum ot
30HaTa Ha OKUCMEHWe Ha KBapL-CyNWaHM Xumv (y4acTbk
lMaTpoHkas, pygHa xuna 5), B TCHa acoumauus ¢ keapu,
XankohaHUT, KOPOHAZANT, MbOTUT, MUPOITY3UT WU APYTY JKENe3H!
1 MaHraHOBM OKCUAN U XMAPOKCUAN.

ObekT Ha u3cneapaHe B HactoswaTta pabota e Zn-Mn
WNMHeNoB okcua — xeteporut (ZnMn20s4) OT Haxoauwie
MaaxapoBo, C Len u3yyaBaHe Ha HEroBuUTE MOPKONOXKKM U
CTPYKTYPHU OCOOEHOCTU, XUMUYEH CLCTAB M CMIEKTPOCKOMCKN

XapaKTEePUCTUKN.
Au-nonumeTtanHoTo Haxoaulle Ma,q»(aposo € pa3nonoxe-Ho

no ponuHata Ha peka Apga B W3tounute Pogonn u e
NMPUBBLP3aHO KbM LIEHTpAHaTa YacT Ha ONUroLEeHCKa BYFKaHo-
NNyTOHWYHA CTPYKTYpa. BMecTBalmTe ckanu ca npeacTaBeHu

XEeTeponuTLT Ce CuMTa 3a MHOTO psiAbK MUHeparn. 3a npbB
mbT e oTkpuT B CTepnuHr Xun, Hio Dxbpcy, a no-kbCcHoO e
ycTaHoBeH 1 BbB OpaHknuH, Hio Ixbpeu v Neasun, Konopazo
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OT BYNKaHWTK, CpefHOBasnyHM U C NOBUILEHA amKamnHocT, ¢
npeobnagasaHe Ha natutute. OpyasaBaHETo € XUMHO, enuTep-
MarHo, H1CKOCYndUaeH TN W € NoKanuaupaHo no paguarntm
pasnomu. 1o MMHepaneH CbCTaB XUNuTe ca KBapLOBH, KBapL-
0apnToBN M KBapL-KaNLMTOBM C PasfNYHO CbAbpKaHWE Ha
cyncman. CyndmanTe ca NpeacTaBeHu [MaBHO OT TaneHuT,
cchaneput, XankonupwuT, MUPKT, CbTLTCTBAHM OT MOAYUHEHO
konmyecTBo cyndoconu Ha Se, Bi, Pb, Ag, camopogHo 3nato u
cpebpo (Breskovska, Tarkian, 1993) MuHepanoobpasy-
BaTeNHUAT MPOLEeC e MHorocTagneH. Pasnuunute n3cnepo-
BaTeNu Ha HaxoauLLeTO pasrpaHnyaBaT pasnuyaBaliy ce no
CbCTaB M OpoA CTaguM Ha XuMoreHHaTa MuHepanuaaums
(PapoHoea, 1960; AtaHacos, 1962; Konbkoscku, 1971 — no
Bpeckoscka u ap., 1976; Konbkoscku 1 ap., 1974; bpeckoscka,
leprenyes, 1988; Breskovska, Tarkian, 1993). B 3oHaTa Ha
OKMCreHMe ca ycTaHoBeHu Hag 50 Ha ©Gpoit cynepreHHw
MUHEpanHW hasu, NPencTaBeHU OT KenesHu U MaHraHoBM
oKcuam 1 xuppokeuaw, docgati, kapboHatu, cyndaru 1 ap.

50 um

Marepuan u meToauka

lMpoBedeHn ca  M3CnMedBaHMs 33  U3yyaBaHe Ha
MOPCONOXKUTE U CTPYKTYPHU OCODEHOCTU U XMMUYHIS CbCTaB
Ha MuHepana. 3a uW3y4YaBaHe Ha  CMEKTPOCKOMCKATE
XapaKTepUCTUKN € W3BbPLLEHA paMaHoBa M MH(payepseHa
CMEKTPOCKONMS, KaTo 3a MpbB MbT € PerucTpupaH pamaHoB
CMEKTbP Ha XETEePOmnUT. PEeHTreHOCTPYKTYPHUTE M3cnesBaHus
ca HanpaBeHu ¢ nomoLyTa Ha anapat TUR - M-60 (kamepa ¢ d
= 57.3 mm) n gudppakromesp “OPOH-1" (CuKo nbueHue, Ni
¢untep) B MIY “Ce. WMBaH Puncku”. KonwnyectseHute
PEHTTEHOCNEK-TPAlNHN  MUKPOAHanu3n ca MnpoBedeHn Ha
CKaHupaly enekTpoHeH Mukpockon JEOL JSM 35 CF ¢
peHTreHoB MukpoaHanusatop Tracor Northern TN-2000 BbB
cdupma “Espotect-kontpon’, All, Codus. WanonssaHu ca

®ur. 1. Mopdonoxku ocobeHocTM Ha XxeTeponut oT Haxopuwe Mamxaposo. OtpaseHa cBetnuHa, N Il. A) Xeteponut (cuB, ¢ BucoK pened) -
XMNMauoMopdHN MHOMBNAM M 3bPHECTM arperaT B OCHOBHA Maca OT Xankod)aHuT u kBapy (TbMHocuB); B) XunuguomopdheH xeteponut (cuB, ¢ BUCOK
penedh) cpen xankodanut; C) XeTeponut, kopoaupaH OT KBapL (TbMHOCKMB) B OCHOBHa Maca oT xankodanut; D) XeTeponut - 3bpHecTu arperatu,
KopoanpaHm oT mHN xankodaHutoBu npoxunku; E) 1Be Mopchonoxku pa3HOBUAHOCTM XETEPONUT — PaANANHOTbYECTN arperatm U MacMBEH XeTeponuT
(B monHaTa 4acT Ha kagbpa); F) Xeteponut ¢ BnakHecT cTpoex; G) HapacTBaHe Ha yabmkeHun, npu3mMaTuyHu xankodgaxutosu nngusmam (npepesu Il octa
C) BbpXy noAnoxka ot xeTeponut (cuB, ¢ Bucok pened); H) OtnaraHe Ha no-kbceH kOpoHaauT (65n) BbpXy xeTeponut (cuB); 1) Kopo3sus Ha xeTeponut

(cuB) OT NMpONY3UTOBM paAnanHoOMbLYECTH arperati



cnepHuTe eTanoHu: 3a Mn, Fe, Zn - yuctu metanm, 3a Mg, Ca,
Si - gnoncug, 3a K - 6rotuT, 3a Al - kopyHg; 3a Pb — onoseH
Tenypug. VHdpayepeeHn CnekTpM Ha  XeTeporMT  ca
perucTpupaHn ¢ WHppavepseH cnektpodotoMetbp Perkin
Elmer FTYR PE-1600 B pguanasona 400 - 1600 cm-.
PamaHoBaTa cnekTpockonus € npoBefeHa C pamMaHoB
cnektpometsp Spectrum ONE ISA HORIBA Ha dupmarta
Jobin Yvon — Spex ¢ Bb3byxaaHe 0T yABOeHaTa 4YecToTa Ha
Nd-YAG nasep (5322 nm) c¢ wmowHoct 38 mW.
CnekTpoMeTbpbT € 06opyaBaH ¢ Mukpockon Olympus BX 40.
CnekTpute ca 3acHeTW npu CTalHa Temnepatypa OT
MOBbPXHOCTTA Ha MMHEpana B aHwmudu, npu o0eKTMB Ha
mukpockona X100. CurHamsT e peructpupaH cbc CCD-
mMaTpuua C nonynpoBOAHWKOBO OXMaxpgaHe M e obpaboTteaH
nocregsawo ¢ dupmeH  codptyep.  PamaHoBata
CMEKTPOCKONUSI € W3BbpLieHa B WMHCTWUTYTa no reonorus B
yHuBepcuTeTa B T. [lbobeH, ABCTpUs.

Pe3ynTam N AUCKyCus

®opmu Ha cpelyaHe

XeTeponuTbT € YycTaHoBeH B 00pasuM OT 30HaTa Ha
OKUCIEHMNE Ha KBapL-CynuMaHM Xunu, B y4acTbk laTpoHkas,
pyoHa xuna 5. Obpasyute vMart Lynnect, Nopect CTPoex U
Ca CbCTaBeHM [MaBHO OT KBapLy, rbOTUT, TbMHU Ha LBAT
MBMYECTN U NeLwoBuaHW arperatii OT MaHraHoBW OKCUOW WU
XWOPOKCHAM. XeTeponurbT obpasyBa MacmBHM,
pagManHoOMbYeCTM UMM BrIAKHECTU arperat C YepeH Ao
yepHokadhsiB LBAT, C nonymetaneH 6isCbk M TbMHOKadsiBa
yepTa. Xapakrepsaupa ce ¢ Bucoka TBbpaocT (6 no Mooc). B
OTpa3seHa CBETNWHA NOJ MUKPOCKON MUHEPAITBT € CUB, C BUCOK
pened, OTYETNIMBO aHN30TponeH. [oka3sa YepBEHW BLTPELLHN
pednekcu.  OTAEnHUTE  CaMOCTOSATENHM  XETEPONUTOBM
WHOMBWOM MMaT W30METpuyHa, 3aobreHa wnu briosata
thopma, NpaBObIbIHK, KBAaZPaTHU WM POMOMYHM OYepTaHMs
(Pur. 1 A, B, C). Paamepute um gocturat o okono 250 pm.
MuHepanbT ce cpelya 1 nog opmata Ha 3bpHECTH, NepecTy,
pagnanHoTbyecT, UrnecTu 4o BrnakHectn arperatu (dur. 1D,
E, F). Ha mecTa no kpauvwara Ha urnectute arperatu ce

HabnogaeaT  pasBUTW  KPUCTamnHM  CTEHW.  XeTeponuTbT
acouuMpa MpeaWMHO € KBapl, TbOTUT,  XamnkodaHuT,
KOpPOHAZAWT,  MWUPOMYy3WT,  MOMyaMOpdHWM  HEEAHOPOAHM
MaHraHoBW  XWAPOKCMAM, 4YeCTO C  MyKHaTMHM  Ha

AexuapaTtaums. B HAKOM OT W3crieaBaHuTe MUKPOCKOMCKM
npenapaTv B acoLuuMpalynsi ¢ MHepana rboTUT, MPUCLCTBAT

PENMKTM  OT MbPBUYHM  CYNdMAM, TPEOUMHO  MUPHT.
MpoBeaeHuTe HabnOAEHUS NOKa3BaT, Ye B MOBEYETO Cryyau B
30HaTa Ha  OKUCINEHWe  XeTeponuTbT  Cce  OTnara

HEMocpeACcTBEHO cnef rboTUTa. MuHepambT npefcTaBnsiea
no-paHHo 0bpa3syBaHie B CPaBHEHWE CbC CLMBTCTBALLMTE IO
MaHraHoBW OKCUAM U XUIPOKCUAN — XankoaHWT, KOPOHaauT,
nuponyaut (Pur. 1 G, H, I) n e 3acTbneH B CPaBHUTENHO
OrpaHM4eHo komnyectBo. [peobnajaBallata TeHOeHUMs B
nocreaoBaTenHocTTa Ha OTnaraHe Ha asuTe e cnepHara:
MbOTUT — XETEPONUT — KOPOHAZAUT — XankogaHuT —
nupomnyaunT xankocanut. T cBMAETENCTByBa 3a
MuHepanoobpasyBaHe Npu MPOMEHNMBA  PUIMKOXMMUYHM
YCrIOBWSI B 30HaTa Ha OKMCNEHWe, C MbpBOHAYarHo
yBENM4aBaHe CTEMEHTa Ha aepauus U NocneaBallo M3BECTHO
OrpaHW4eHme B AOCTBNA Ha KIUCPOPOL.

—
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XumuyeH cbeTaB

[JaHHn 32 xummuaMa Ha XeTeponura OT  Haxoauuie
MampxapoBo ca npeactaBeHu B Tabn. 1. CbcraBbT Ha
aHanusupaHata ¢asa € MHOro Bnn3bk 40 TO3W Ha XeTeponuTa
oT WctbpH Knud, KopHyen, BenukobputaHus (Bevins et al.,
1987) u ot knmacuyeckoto Haxoguwwe B CtepnmHr Xun, Hio
Dxwpen, CALL (Frondel and Heinrich, 1942). B cpaBHeHue ¢
TEOpeTUYHUS chbeTas Ha MuHepana (Mn20s — 65.98 %, ZnO —
34.02 %), XMMM3MBT Ha XeTeponuta OT HaxoduLie
MamkapoBo  nokasBa  HeronaMm  gecuuut  Ha  Zn2
KOMMEHCUPaH BEPOSITHO OT MPUCLCTBMETO HA  M3BECTHO
KOMMYecTBO CTPYKTYpeH npumec o1 Mn2* (Frondel, Heinrich,
1942; [aHa, 1951; Frenzel, 1980; Bosi et al., 2002). Mankute
OTKMOHEHMS B CTEXWOMETPUSATA Ca XapaKTEPHW 3a NpUpoaHNTE

obpasyBaHnss Ha MuHepana U ca otbenssBaHn B
nutepatypata. [letainHn uscnegsaHus Ha  pasu ot
xaycMmanut-xeteporutoeata  cepusd  (MnzMn23*Os -

Znz*Mn3+Qq), ca nposegeHu ot Bosi et al. (2002). Coluute
aBTOpM YCTAHOBSBAT, Y& M3OMOP(HUTE 3aMECTBaHWS B TE3M
(a3 Cce OCbLUECTBABAT [NABHO MeEXOy ABYBaNEHTHUTE
KaTMOHW Mn2*«Zn2*, KaTo Npu TOBa CbAbPXKaHUETO Ha Mn3*
0CTaBa noyTi noctosiHHo. C yBenn4yaBaHe Ha CbObpXaHMEeTo
Ha Zn B CepusiTa XayCMaHUT-XETEPONUT  3aKOHOMEPHO
HamansBaT ~ CTOAHOCTUTE Ha  NapamMeTbpa Co Ha
eneMeHTapHara Knetka u oTHoLeHueTo ¢/a (Bosi et al., 2002).
Cnopen nuTepaTypHUTE W3TOYHMLUM, OCBEH Hamnuune Ha
CTPYKTYPEH NpuMec oT Mn2*, B HAKOM NPUPOLHN XETEPONUTH €
Bb3MOXHO MPUCLCTBMETO Ha WM3OMOPKHM mpumecn oT Ph2
(Udubasa et al., 1973; Tanida et al., 1983) n Cu2+ (Meisser,
Perseil, 1993).

Tabnuua 1
MpedcmagumenHu peHmaeHOCheKmpanHu MUKpOaHanusu Ha
xemepoaum om Haxoduwe Madxaposo

Obpasey (Tern. %)
Oxeunagn 1 5 3 4 5
Mn20s | 64.21 | 67.20 | 66.99 | 67.89 | 68.37
MnO 1.86 - - - -
Zn0 3246 | 32.60 | 31.99 | 31.77 | 31.07
Fe20s 0.24 0.17 0.57 0.05 -
Ca0 - - 0.01 - 0.12
MgO 0.49 - - - -
SiO2 0.18 - 0.44 0.21 0.41
TiO, - - - - -
K20 - - - 0.07 | 0.02
CuO - - - - -
H20 0.19 - - - -
P2 99.63 | 99.97 | 100.00 | 99.99 | 99.99
KaTnoHu dopMynH1 KOeULMEHTH
Mns3+ 1.97 2.03 2.02 205 | 2.06
Mn2+ 0.06 - - - -
Fes 0.01 0.01 0.02 - -
Zn2 0.97 0.95 0.94 0.93 | 0.91
Cu2+ - - - - -
P2 3.01 2.99 2.98 298 | 297

1. Xeteporut, Ctepnunr Xun, Hio Dxbpen, CALL (Frondel and
Heinrich, 1942); 2. Xeteporwut, WctbpH Knud, Kopuyen,
Benukobputanusa (Bevins et al., 1987); 3, 4, 5. Xeteponur,
Haxoguwe MamxapoBo, M3TouHn Pogonu



PeHTreHOCTPYKTYpPHM U CNEKTPOCKONCKM 0COOEHOCTH
XeTeponuTbT NpeacTaBnsaBa LIMHKOB aHanor Ha xaycMaHuTa
(Mn2*Mn3204) ® Cce xapakTepusupa C LUNMHENOB TWN
cTpyktypa A2B%:0s kbpeto Zn2* 3aema A nosuuus B
TeTpaegpuyHa koopauHauus, a Mn3* - B nosuums B
OKTaegpuyHa KOOpAMHALWS ChpsMO  KUCTOPOAHUTE aToMM
(Frenzel, 1980; Asbrink et al., 1999; Bosi et al., 2002; Malavasi
et al., 2002). CrtpyktypaTa Ha MuWHepana € TeTparoHamnHo
pedopmupana (c/a > 1), BcredcTsue Ha T.H. fAH-Tenepos
eqeKT, Ob/iKall Ce Ha MpUCLCTBMETO Ha KaTuoHuTe Mn3* B
oktaegpute MnOs. 3cneasanusaTa Ha cuHTeTYeH ZnMn204 €
TEOPETUYEH CbCTaB, M3BbplueHn oT Asbrink et al. (1999)
nokaseat, Ye AH-TeneposaTa fedopmauns Ha OKTaempuTe
MnOs e siCHO M3pa3eHa WM Te Ca OTYETNINBO YABIKEHU B
Hanpasnexue ycnopegHo Ha [001]. se oT pascTosHuaTa Mn-
O (2.264 A), B okTaeapuTe ca no-ronemm, B CpaBHeHne C
octaHanuTe 4 pasctosHua Mn-O (1.925 A), pasnonoxenu B
XOpU3OHTanHaTa paBHWHA Ha KpuctanorpadckuTe ocu a, b (a
= b). Cnopeg Bosi et al. (2002) B LwnuHenuTe ¢ xayCMaH1TOB
TUN CTPYKTYpa OCBEH [MaBHaTa CTPYKTypHa Iedopmauus,
cBbp3aHa ¢ AH-Teneposus edekt Ha Mn3* | BusHUE oka3sat
CblO M BMOBT U KOMMYECTBOTO HA KaTWOHWTE, 3aemaluy
TeTpaegpuyHa  nosvums.  M3omMopHOTO  3amecTBaHe
VZn2*<VMn2* Bogu #O npomsiHa B obema Ha TeTpaegpuTe
ZnO4 1 cnocobCTBa ChLLO 3a AebopmaLmsTa Ha CTpyKTypaTa.

Pesyntatute OT NpPOBELEHUTE PEeHM2eHOCMmPYKMypHU
duchpakmomempuyHU U ¢ ¢homoepaghcka pezucmpayus
aHa/nu3u NoOKa3BaT, Ye MNpaxOBUTE PEHTTEHOBM [AaHHW Ha
XeTeponuta OT Haxoguiwe MamkapoBo CbOTBETCTBAT Ha
etanoHhmte  (JCPDS  24-1133).  llapametpute  Ha
eriemMeHTapHara Krnetka Ha MuHeparna ca CnefHuTe: ao = 5.72
A; co=9.24 A. Ha cur. 2 e npepcTaseHa audpakTorpama Ha
XeTeponuT  OT  Haxoguweto. B peructpupaHata
AudpaktorpamMa npUCLCTBAT M HAKOMKO LOMbIHUTENHKW, NO-
cnabo WHTEH3MBHW pednekcH, CBbp3aHW C HaIM4YMETO Ha
MPUMECHN KOMMOHEHTH OT XankogaHuT 1 KBapL,.

lpoBeneHuTe u3cneaBaHusTa BbPXY thasosuTe
npeBpbLaHMsa Ha Zn-Mn okcuan nokaseaTt, Ye XETEponuT ce
obpasyBa npu HarpsiBaHeTo Ha xankodanut. Cnopeg Post

1.520

1.430

-
©
o
—

1.564
1.684
7 7931 797

(2004) npw HarpsiBaHe Ha xankogaHuta go Temnepatypa 175-
200°C ce u3BbpLIBa OTAENsAHE Ha MEXOycnoesata Boga OT
MWHepana u obpasyeaHe Ha 6e3sogeH ZnMn3Oz. [pu
Temneparypa okono 500°C ce ocbluecTBsiBAa peaykuusi Ha
Mn# no Mn3* 1 3anousa ¢hasoBust npexop B xeteponur. MMpu
Temnepatypa okono 700°C npexogbT B Zn-Mn  wnuHen
(Zno.75Mno.25)Mn204 € HaMmbIHO 3aBbLPLUEH.

PEHTTreHOCTPYKTYPHUSAT aHanu3, NPOBEAEH Ha HarpsT fo
900°C xankochaHWT, acoLumpall ¢ XeTeponuTa B HaXOAMLLETO,
noTBbpXaaBaT 0bBpasyBaHETO Ha TeTparoHanHa, LNUHEeNoB
TMN hasa c napameTpu Ha enemeHTapHaTa KneTtka ao = 5.72
A; co = 9.28 A. ToBWLIEHNTE CTOMHOCTI HA NapameTbpa Co
BEPOSITHO Ca CBbP3aHW C HECTEXMOMETPUYHWUSI CbCTaB U
npuchbcTBMeTo Ha Mn2+ B HarpsiTaTa (asa.

Cnopeg Malavasi et al, (2002) pamaHoeama
cnekmpockonusi e TBbpAe NOAXOAALY, METOA 3a M3yyaBaHe
Ha CTPYKTypHUTE OcobeHocTH, u3omopduaMa W chasosuTe
NPeBpbliaHNst Ha LUNWHENOoBMTE OKCWaW. 3a npbB MbT
pamaHoB CrekTbp Ha cuHTeTUdeH ZnMn204 e peructpupaH ot
cnomeHatute no-rope astopu (Malavasi et al., 2002). Mpw
npoesefeHnTe HacToAawn u3cneaBaHna 3a MNpPpbB MbT €
W3BbpLUEHA pamaHoBa  CMEKTPOCKOMMS  Ha  MpUpOLeH
XETEPONUT, KaTO CrIeKTpUTe Ca 3acHETW npu  CTailHa
Temnepartypa, B aHwWnmdu nog Mukpockon. MpeactaButeneH
pamMaHOB CMEKTbP Ha XeTeponuT OT Haxoguwe Mamkaposo e
nokasaH Ha dwurypa 3, a pamaHOBMTE XapaKTEPUCTUKKM Ha
MUHepana — B Tabnuua 2. B peructpupanns pamaHoB CrekTbp
NPUCHbCTBAT BCUYKM OCHOBHM MWKOBE, XapaKTepHW 3a
TETparoHanHUTE MaHraHoBW LUNWHENoBM okeuan. o obims
CU BMA U OTHOCUTENHWA WHTEH3UTET Ha OTAENHWTE MBULM,
CNEKTbPBLT CbOTBETCTBA Ha MybnuKyBaHWs B nuTepaTypata
pamMaHoB CrekTbp Ha cuHTeTMYeH ZnMn20s (Malavasi et al.,
2002). B cpaBHeHWe CbC CnekTbpa Ha CMHTETUYHaTa dhasa, B
TO3M Ha XeTeponuTa OT Haxoauuie MagxapoBo ce Habntoaasa
OTMECTBaHe Ha YEeCTOTUTE KbM MO-BMCOKWNTE CTOWMHOCTM,

BEPOSTHO ~ MOpagM  HECTEXMOMETPUYHMS  CbCTaB  Ha
aHanuanpaHata ¢asa M NpUCLCTBMETO Ha  Mn2,
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®ur. 2. [indpakrorpama Ha xeTeponut ot Haxoamwe MagxapoBo. ch — pedpnekc Ha xankodaHuT; gz — pedpnekc Ha kBapy



Tabnuya 2
Pamarosu yecmomu (cm-') u omHocumeneH uHmeH3umem Ha
usuyume Ha xemeponum om Haxoduwje Madxaposo

PamaHoBM yectoTn (cm-)
OsHayeHus no
Xeteponut *CuHtetyen | Malavasi et al.
H-Le Mamxaposo ZnMn204 (2002)

309.3-p 300.2 memua 5

329.1-¢ 3205 neuua 4

3735-p

388.1-c¢ 381.9 nemua 3

487.0-cn 475.5 neuua 2

514.8 - cn

574.0 - cp ~ 580

594.5-p

636.7 - cp ~630

684.2-c¢ 677.6 neuua 1

(c — cunHa nBMUa, cp — cpeaHa, cn — cnaba, p — pamo)
* no Malavasi et al. (2002)

OTH. HTEH3UTET

100 200 300 400 500 600

PamaHoBO oTMecTBaHe (cm’)

700 800

®ur. 3. PamaHOB cneKTbp Ha XeTeponuT oT Haxoauwe MaaxapoBo

B uH¢bpayepseHust cnekmbp Ha XETEPONUTA OT HAXOAMLLE
MagxapoBo ce HabmoaaBaT ABe MHOTO MHTEH3WBHM MBULM Ha
norTbLiaHe ¢ Makcumymm npu 534 n 627 cm-! n gBe no-cnabo
u3paseHn abcopOUMOHHM mBMUM npu okomno 422 n 405 cm-1,
XapaKTepHW Copes NUTepaTypHUTE M3TOYHULM 3@ MUHEparna
(Kulig, 1972, 1973; Udubasa et al., 1973). B peructpupanus
CNEKTbP CE YCTAHOBSBAT W HAKOMKO LOMbAHUTENHM, NO-cnabo
W3pa3eHu WBULM, CBbP3aHW C HaNMYMETO Ha MPUMECHM
KOMMOHEHTU OT XankodaHUT W KBaply B aHamuavpaHus
MWHepar.

B okucnutenHata 30Ha Ha Haxoguwe Mamxaposo
XeTeponuTLT Ce Cpella B TSCHA acoumauus ¢ KBapl, rboTuT,
XankoaHUT, KOPOHAZWT, NUpOny3uT M gpyrn Mn okcuam
xuapokempu.  HabniopasaHata — nocneagoBaTeNnHOCT B
OTNaraHeTo Ha MUHEpPanUTe: rbOTUT — XETEPONTUT — KOpOHa-
OUT — xarnkogaHut — NUpPony3nUT — XankoaHuT, oTpassea
MbpPBOHAYaNHOTO HapacTBaHe Ha CTeMeHTa Ha aepauus B
30HaTa Ha CynepreHesa, C MOCMEABALL0  W3BECTHO
OrpaHuyeHre B OCTbMA Ha kucnopod. Kato M3TouHMK Ha Zn
3a OTMaraHeT0 Ha XeTeponura M CbMbTCTBAWMSA O
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XaﬂKO(i)aHMT € nocnyxun ZnS ot NbPBUYHUTE NONUMETANHU
pyau B Haxo4uLeTo.
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OTHOCHO MEONIOXKWUTE N TEOMOP®OJIOXKUTE NMPEANOCTABKU 3A
CBNAYULLATA OT 3AMAAHATA YACT HA MECTEHCKWUA TPABEH B
rOLEAENYEBCKUA PAUOH (HOrO3AMAQHA BBIITAPUA)

Munopad Bayes

MurHo-eeonoxku yHusepcumem “Cs. Mear Puncku”, Cogpusi 1700

PE3IOME. CsnauuLya — ronemu 1 Manku, ca passuti B pa3HoobpasHin ckanu B 3anagHata 4acT Ha MecteHckus rpabeH. [Mpuebp3aHi ca KbM CIOXHUTE CKIOHOBE Ha
nnaHnHCKu peyHn gonunmu. Cped Npotepo3oickuTe(?) rHaiicy, ammbonuTV M Mpamopy Te ca NPeAUMHO BIOKOBY 1 CIOXHM CTBNANOBUAHN C 3HAYUTEMHN Pa3Mepy.
B rpanutute (Ko, Pg) ca npencrasetm npeauMHo Makv canadvwia-cpymwa. Cpes KbCHOEOLEH-PaHOOMMIOLIHCKUTE PUOJALMTY Ca pa3BuTy Brokosu v canadmila-

cpyTvwa. Cpep Takvea Mo Bb3pacT U CPABUHENHO A06Pe LMMEHTUPaHY KOHTTIOMEPaTH, MSCYHIULIM W NECHUNMBI APIUNATL, Ca PA3BUTU roNieMi, CNoxHM 6rokobu 1
6roKOBO-LMPKYCOBUAHM CBRAYMLLA. HeoreHckUTe 1 KBaTEPHEPHM CaBo LMMEHTUPAHN KOHTTOMEpaTH, MSChYHULM W NECHUNMBI FMMHK, Ca 0BXBaHATV OT Marku,
MPEaMMHO LIMPKYCOBMAHM CBRaumiLa. TakbB TUM CBNAYMLLA Ca XapaKTepHY U 3a y4acTbLyTe C TEKTOHCKA HApYLUEHOCT Ha ckanuTe. CBRavmiaTa ca CbCPesoToYeHu
TMaBHO B y4yacTaLuTe OKONMO TEKTOHCKUTE TpaHULM, paspensly mbpBOPEAHUTE, U3AWralluTe ce MraHuHckM GriokoBe u craBo uapurawute ce GnokoBe oT
MecTeHcKkusi naneoreH-HeoreHek rpabeH.

ABOUT THE GEOLOGICAL AND GEOMORPHOLOGICAL PREMISES FOR THE LANDSLIDES OF THE WESTERN PART OF
THE MESTA GRABEN IN GOTSE DELCHEV REGION (SOUTH-WESTERN BULGARIA)

Milorad Vatsev

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

ABSTRACT. The big and little landslides are presented in heterogeneity rocks of western part of the Mesta graben. They are connected with complicated slop of the
mountain river valleys. The landslides in the Proterozoic(?) gneiss, amphibolite and marble are mainly block and complicated terrace-like, having considerable size. In
the granite (K, Pg) they are little, landslide-landslips. In the Lateeocene-earlyoligocene dacite are developed block and landslide-landslips. In the analogical in age

conglomerate, sandstone and sandy mudstone, are presented circus-like, block and complicated terrace-like landslides, having considerable and big size. The
Neogene and Quarter conglomerate, sandstone, sand and cay are base of develop main of the circus-like landslides. The landslides in tectonic deformed rocks, are
little, circus-like. The landslides are concentrated main in areas around tectonic boundary between first order uplift mountain blocks and little uplift blocks of
theTertiary Mesta graben.

BuBepeHue 1:100 000, a Tyk HAMa BB3MOXHOCT [a Ce pasrnexgar
obctonHo (B Koxyxapo, MapuHoBa, 1994; Kaukos,
B HacTosiwaTta cTatus ce pasrnexgaTr ChbBpeMEHHWTe Mapuoa, 1992; u ap.). B usTouHaTa yact Ha lMpuHCKus
CBMavMLla B €OHa MBMLA, pasnonioXeHa 3anagHo OT KOpUTOTO briok, pecnekTuBHO B CpedHata M fonHata 4acT Ha
Ha p. MecTa u OGXBaLLlaLLla cpegHaTa M JonHata 4acTt ot CKITOHOBETE Ha nVIpVIH nnaHvHa, ca paskputu MeTaMOp(*)HVITe
ckroHoBeTe Ha LleHtpanen u tOxeH [MvpwH. MBuuata e ckann ot Poponckara Hagrpyna. Cblyute nokassar obiya u
pasrnonoxeHa Mexay C. OGI/IRVIM norp. roue [lenyes u CﬂeLWleW'IHa ,U,eq)OpMleaHOCT, KaTo LIMCTO3HOCTTA O6L|.tO e
cbCefHaTa 3anagHa yacT Ha loledenyeBckata KOTHOBUHA. HaknoHeHa (20-809) npeaumHo Ha WCW. Te wuarpaxdaH
Llen'ra Ha paGOTaTa € [a Ce W3ACHAT TreonioxXKUTe U MaHTUATa Ha KbCHOKpeAHUTE W NaneoreHCKUTe rpaHnuTHU
reoMopdonoxkATe  NPeanocTaBkM 38 PasBUTUETO  Ha nnyToHu ot LieHTpaneH 1 KOxeH MupuH. MpaHuTuTe ca LWnpoKo
cBrauMwata M Cce NocouM  TaAXHaTa  ChneuudnyHoCT, pasKpUTM BbB BUCOKWTE YacCTM Ha MiaHWHaTa W uarpaxgar
MPMBBP3aHOCT 1 NpefonpeaeneHocT.  MsnonssaHa e sapara Ha nopysaHusita ot [lvpuHckust Gnok wmm xopct-
MopdonoxkaTa Knacuukaumus Ha CenavmLiaTa, npeasioxeHa aHTUKIMHOPWA.
ot EmensHoBa (1963). PaboTata € npogbikeHue Ha
M3CTIeNBaHUATa Ha aBTOPa B TO3M acnekT (Bavies, 1972). MecTeHckusT rpabet e opuenTupat B CC3-tOKOM nocoka v
€ W3MbIHEH CbC CPEAHOEOLIEH-PAHHOONMUIOLEHCKN Cean-
Pa3rnexaaHnsT paiioH UMa CIOXEH TeonoXKu CTPOex W MeHTHM nocrieposaTenHocTu (Baues, 1978a, 1991; Baues u
obxsalla n3touHata 4acT Ha MvpuHckus Brok 1 3anagHaTa - Ap., 2003; 1 Ap.) 1 KbCHOEOLIEH-PaHHOONMUIOLIEHCKN, CeANMEH-
Ha MecTeHckus rpabeH (Pur. 1). Te ca pasrpaHuyeHn oOT THU,  BYNKAHOrEHHO-CEAUMEHTHU W BYyNKaHCKU Ckann CbC
M3TouHONMpUHCKaTa pasnoMHa 30Ha. [laHHuTe 3a reonoxkus cymapHa AebenuHa fo 1500-2000 m (Baues, 19786, 1991;

CTPOEX Ha Tean efUHNLM, Ca U3NOXEHW B peauua nybnukavmm
1 OHOOBM MaTEpUanu 1 ca 0Tpa3eHu Ha reonoxkara kapta M
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QO Cuiu

Toue Mernen
L le.tie

®ur. 1. Feonoxka cxema U KapTa Ha pa3npoCTPaHeHUeTO Ha CBNaYuLiaTa
B 3anagHata 4Yact Ha MecTeHckus rpabeH, ceBepHo oT rp. [oue [lenye..
Feonoxkute aaHHK ca no Meonoxkara kapta M 1:100 000 u gonbnHeHus
no mMaTepuanu Ha aBTopa

YcnoBHU 0603HaueHNs: 1 — XOMOLEHCKW anyBuarnHu Yakbiu W Nscbuy; 2 —
MEOT-NNUOLIEHCKM CMabo CrOeHW KOHrMOMepaTi, MSACHYHULM, MECHUNMBM
TNWHK, OMATOMUTH; 3 — KbCHOEOLIEH-ONMIOLIEHCKN [aunTi, TpaxuaauuTty,
puojaumMTM W TexHute TydW; 4 — paHHOONMIOLIEHCKW pefyBauu ce
KOHrMoMepaTit, MACBYHUALM, Typu W Tydut; 5 — KbCHOEOLEHCKM
KOHrMOMepaTi, MACHYHALM M MECHYNMBM aprunuTh; 6 — KbCHOKPEOHU M
naneoreHckV rpaHuTK; 7 — NPOTEPO30/CKN rHanck, amdnbonuTi u Mpamopy;

8 — pasnomu; 9 — reonoxka rpaHuua; 10 — cBNaYMLLA — CNIOXHU N €AUHUYHM
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Baues, Hegsinkoea, 1983; n gp.). l'oueaenyeBCKMsT HEOTEHCKM
rpabeH e pa3BuUT B HETOBATA HOXHA YaCT M € YAbIIKEH B MOCOKaA
3C3-/HOW. Toi e n3mbiHeH CbC CpPeaHOMMOLIEH-MTMOLEHCKM
CEQUMEHTHW ckanu, umawm pebenmHa go 900 m (Baues,
1980, 1999; Baues, MetkoBa, 1996; u gp.). HeoreHckute
CEAMMEHTM fexaT HeCbINacHo BbpXy MeTamopduTute U
rpaHUTUTe B W3TOYHATA M HXHATa yvacT Ha rpabeHa, a B
3anagHata — BbpXy TOPHOEOLEHCKM U AOSHOOMMIOLEHCKN
CEAMMEHTHM 1 BYNIKAHCKM CKanu.

CBnauuwa u TAXHaTa reosioxka 1
reomMopchonoxKka NnpuBBLP3aHOCT

CBnaunwa ca yCTaHOBEHW BbLB CKanuUTe OT MOCOYEHUTE
reonoro-reHeTUYHN CKanH1 KOMNnekeu oT MupuHCkus 6ok u
MecteHckust rpabeH. Peunute porvhHm umat V-obpaseH
HanpeyeH npocun. Koputoto 1M ce paslwimpsHa Ha MecTa B
ponHaTa 4acT M TaMm Ca NPeACTaBEeHW CbBPEMEHHU
KBaTepHepHU oTnoxeHus. Pekute, nputoum Ha p. Mecra, ca
TUMWYHN MNAHUHCKN PEKW, UMAT HE3pSAN C NPOMEHINB HaKMOH,
HapmbxeH npodmn. CKMOHOBETE HA PEYHWUTE JOMWHM, ca C
MPOMEHNMB HAKNOH — CTPBMHM, Moneratit, CTbnanoBUaHU U
cnoxHu. OTHOCWUTENHO MO noneraTw, ca Te3u yyacTbuy OT
CKITOHOBETE, KbOETO KPUCTanW3aLpOHHaTa LUNCTO3HOCT Ha
rHamcuTe U MpPamopuTE WK CNOECTOCTTa Ha narneoreHckuTe
CeANMeHTH, ca cnabo HaKMOHEHW, a HaKMoHa Ha CKIMoHa
CbLLECTBEHO He Ce pasnuyaBa OT TAX. YacT oT nomeratute
CKITOHOBE Ca OCTaHKM OT CKMOHOBETE Ha Mo-CTapu, BeposTHa
KbCHOMMOLIEH-MIMOLIEHCKN, OTHOCUTENHO MO-3pANN  PeYHM
ponuHW. KopeHHUTE ckanu Ha TakuBa MecTa, Ca CPaBHUTENHO
MO-M3BETPSANMN M NOKPUTM OT NOYBEH CIION.

Pa3nnyHUAT HaKMOH Ha CKMOHOBETE Ha PEYHUTE AONMUHU U
Ha TEXHWS Hag/TbXeH npoun, NPOMEHNMBUST HAKMOH U
MpOCTaHCTBEHaTa OPWEHTMPOBKA Ha CnoectocTTa UM Ha
KpucTanu3awmoHHaTa LUMCTO3HOCT, HeeHopoaUAT
neTporpadckist CbCTaB Ha CKanuTe OT PasfMYHMTE reomnoro-
FEHETUYHM KOMMIEKCH, TsIXHAaTa NPOMeEHNMBa 3gpaBuHa U
HapYLUEHOCT OT TEKTOHCKW NMPOLIECH U U3BETPSIHETO, W TXTaTa
BMAXHOCT, Ca OCHOBHUTe OGnaronpusTHM npegnocTaBka 3a
CBITAYMLLHMTE NPOLIECH B M3CHEABAHMUS PaVOH.

Cenayuwa e MemamopghHume ckanu. MetamopdHuTe
ckanu B pasrnexnaHus paioH, Ca  NpeacTaBeHu  OT
pasHooOpa3HW  rHaiick,  rHaicowwmcT,  amdubonuty,
kankowumcti n Mpamopu. CrauuLia B METaMOPGHUTE Ckanw,
ca MpOsIBEHM Ha peauua MecTa B CKITOHOBETE Ha pekuTe
Obupumcka, Petuxe, Tycya v op.

Mankiu 6rokoBu 1 GrOKOBO-LMPKYCOBMAHM CBRAuMLLa, ca
Pa3BUTU B OTHOCUTENHO CTPBMHMUTE CKIOHOBE Ha peyHuTe
[ONMHIA 1 NPY €PO3MOHHM U CKanHO NpeaonpeaeneHy cTbnana
OT no-3apaeu ckanu. Te ca Pa3BuUTU MPEaUMHO TaMm KbAeTo
LIMCTO3HOCTTa € HaKMOHEHA KbM PeYHUTH koputa. CkamHute
Bnokose npu puba Ha cTbnanata ¥ No CTPbMHUTE CKITOHOBE,
ca octaBanu 6e3 3HauTenHa nogropa. o cunata Ha
TEXeCTTa Te Ca Ce OTKbCBanM MO NYKHATUHW  W/Mnu
MOBBPXHAHWA Ha LUMCTO3HOCT W CBAMYANM MPEAUMHO Mo
nocnegHute. CBnuuaHeTo € GraronpusaTcTBaHo U OT
HanmMuMeTO Ha ThbHKA CMOEBE OT KamnKOLMCTW, HEYMUCTU
MpamopW W CRIOAEHM LIKCTW, U OT OBNaXHsBaHUSTA.
CkbCBaHMSITa B TrOpHaTa YacT Ha CBMauMLLHMTE Tena ca



CBbP3aHU NMPEAMMHO C MYKHATWHU C pasrninyHa MpoHMLaeMocT
11 OPUEHTMPOBKA, 1 C U3BETPSANOCTTA Ha ckanuTe. Mopaau ToBa
CBMAYMLLHATE OTCTBMM Ca HEMPaBWIHW, HEU3ObpXaHW, a B
nepucepHUTE YacTh U LMPKYCOBIUAHO M3BUTK. CBnaumwHaTa
MOBbPXHUHA B LIGHTPaNHa YacT e Nnocka 1 cbBnaga ¢ 6nmsko
PAa3MONOXeHN NOBbPXHUHN HA KPUCTANM3aLMOHHA LWMCTOSHOCT
WA TPaHNLATa MeXay MpaMopy 1 THalcH.,

CenaunMwata ca npOsSBEHW MO-YECTO B  YAbIKEHUTE
y4acTbly OT CKMOHOBETE HA PEYHUTE [ONMHM W B YemHWUTe
4acTu Ha BOZOAEenHWUTe Ouna Ha mankute peku nputoum. Mo
CBOSI XapaKTep TOBa ca NpeguMHO Manku (2o 10m) u cpegHw
(20-50 m) 6nokoBn M GMOKOBO-LMPKYCOBMAHM CBRauuwa —
npuMepHo, okono mbta ¢. Mecta - c. Obugum, npu
OTKNMOHEHMETO Ha MbT4 3a ¢. KpemeH, oxHO oT ¢. Mycomuwa un
apyrage. PasBut ca W no-ronemu GrOKOBM CTbMANOBUAHM
cBrauvwa. B Tax u B nepucdepHUTe MM YacTu ca NpeacaBeHu
W Manku BnoKoBO-LMPKYCOBMAHM CBRaunwa. Taka Te ca
npugobunu  BUL HA CMOXHA CBlAYWa@ C  YacTU4YHO
npenokpuBawy ce Tena — txHO ot ¢. Obuaum. MogobHu
CBrlauMla ca pasBUTW B y4acTbuUuTe, KbAETO ckanuTe ca
HapyweHn — B 6nM3oCT ¢ pasnomMu U penegbT € no-
pasuneHeH.

Hskon cBnaudwHM Tena ca W3LUANO WAM NOYTM M3usna
M3TEKNW UMK epoamnpaHmn 1 ce Habniogaea B efHa unu gpyra
CTENeH 3anaseHa CBnayuHaTa noBbpxHuHa. MNoHskora yactu
OT CBMIAYMLLHOTO TAMO Ca 3anaseHu KaTo rneT4eponogobHm
HaTpyneaHWst oT  GNOKOBO-NCeUTHN BpeKyn C FMMHECTO-
aneBpuTOBA OCHOBHA Maca Mo CKIOHA Mo CamoTo CBRavunLLe.
TakMBa €3MKOBMAHM UMM MO-LUMPOKM CBRAYMLLHM  Tena,
nperpaxparkn  peyHoTo  KOpuTO, Ca  npefonpeaensnu
NogMMBAHE Ha CPELLYNONOXHWS PEYEH CKIOH C hopmupaHe
Ha CTpbMeH OTCTbN. ToBa e cromarano 3a pasBUTUeTO Ha
CPELLYMONOXHO CBMaYnLye, S-OBUOHO OMbBAHE HA PEYHOTO
KOPUTO U (hOpMMpaHe Ha CTbMano B HaAMbXKHWS peyeH
npocun. Tyk we otbenexwume, Ye TakuBa [BOVKM OT
CPELLYMOMOXHU, HO YaCTWYHO OTMECTEHM CBRaunwa, ce
HabntogaBaT no-4ecto cpen  HeoreHckute cnabo CnoeHu
MACBYHULM W NECHUIIUBY TTIMHM B TACHWATE JONUHW HA MankuTe
peku. ToBa ca NpearMHO, Masku LIMPKYCOBUAHM CBlaYnLLa.

MaBHWTE MPEANOCTaBKM 3a CBRayMaTa B METaMOpHUTY
ckanu ca: (1) 3HaunTenHaTa Ha MecTa ek30reHHa WU TEKTOHCKa
HapYLLEHOCT Ha METaMOPGHUTE CKanW, HaMsANsBaLM TsXHaTa
30paBuHa; (2) GnaronpusiTHU Jo cybnapanenHn CbOTHOLLEHNS
MEeXOy  HakMoHa  Ha  CKIMOHAa W HakoHa  Ha
KpuCTanu3auuoHHaTa  LWKCTO3HOCT, — cmocobeTawy  3a
CBMMYAHETO; (3) MPOMEHNMBUAT HAKIMOH U pa3yNeHeHoCTTa Ha
CKNOHOBETE HA PEYHWUTE [ONMMHW B OTAENHUTE y4acTbun B
pesyntaT OT E€PO3VOHHMTE MpoLecn U AudepeHumpaHuTe
TEKTOHCKM [ABWXEHWS HA OTAENHWTE CTPYKTYPHO-TEKTOHCKM
fnokoBe npe3 HeoreHa W KBaTepHepa; (4) u3xoguwa Ha
TPYHTOBM BOOM W MEPUOLMYHN, YECTO  MHTEH3VNBHM
OBMaXHSIBAHUS OT BaslEXW 1 CHETOTOMNEHE.

Cenayuwa e 2paHumume. TPaHUTM W TPOHOAMOPUTUA ca
paskpuTM cnabo B paMKUTE Ha pasrmexaaHata  nnow,.
OCHOBHO TOBa Ca 4acTW OT M3TOYHUTE nepucepun Ha
LieHTpanHonupuHekus 1 KOXHOMMPUHCKMS Uk TeLoBCKM
nnyToH. OBLIo B rpaHUTMTE, CBRAYMLLATa ca cnaGo pasBuTy.
Mo-ckopo TOBa Ca CBMAYMLA-CPYTWLIA, NPOSBEHU NpK
OCKbCBAHETO Ha TPaHWUTHW ONOKOBE M CKanHW NMupamuam,
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CTbpyallM B CKMOHOBETE M THAXHOTO HATpOLIaBaHe Mpu
NafjaHeTo W CBMMYaHETO MO cknoHa. CeraynwHata
MOBBPXHWHA, KOSATO MO CbLECTBO B Npeobnaaasallara yacT e
MOBbPXHMHA HA CKbCBAHE B ropHaTa 4acT CbBnaga C
NyKHaTMHW, @ B JONHaTa YacT e HenpaBurHa, HepaBHa [0
HesiCHO  cpepuyHa.  [NMTKM, MOBBPXHOCTHW  CBRAYMLLA,
MOHSIKOTa, CE YCTAHOBSIBAT BbPXY TEKTOHCKW HApYLUEHW W no-
W3BETPSNN rPaHNTV — NPUMEpPHO B [1bnGokus [0N, KKHO OT rp.
loue [enuyes, B MecTHocTTa [lonosu nuBagn v B ropHUTE
yacTh Ha p. Tydua W HeilHUTe npuTouM, 3anagHo OT ¢
bpesnuua. Tyk TpsbBa pJa ce nocoud, 4e no-gobpe
CBrauMlaTa ca pasBuTM B MecTaTa, KbAeTo [paHuTuTe,
PECMEKTUBHO METaMOPUTUTE M ByIKaHUTWE, Ca TEKTOHCKM
HapyLLEHN 1 MOPONOXKN M3AUTHATY.

Cenauuiata NPOSIBEHN B NANEOreHCKUTE WM HEOTEHCKUTE
CEAMMEHTM  CKamnu, MOKPMBALLM  PAHUTWTE,  YaCTUYHO
0bXBaLLaAT W TEKTOHCKM HApYLIEHUTE, MPOMEHEHN U U3BUTPSANA
rpaHuTK. TakuBa LMpKyCOBWAHM CBRauuwa C WMpMHa [0
NbpBUTE OECETKM MeTpW, ca npeactaBeHn 3 u C3 ot c.
BbpesHuua. briokoBu cBnaunwa OT Mpamopu U THalcu CbC
CBNMYAHE MO MPOMEHEHM, U3BETPSNM W TEKTOHCU HapyLUEHM
MaTepuanu OT KOHTaKTa C rpaHUTHWUS MNYTOH, CE YCTaHOBSBAT
pagko — K03 o1 ¢. lobpotuHo, npu ¢. lenyeso u no p. Tydua,
3l03 o c. bpesHuua u c. KopHuua.

Cenavyuwa e nameozeHckume ceQuMeHMuU U eynKaHuUmu.
KbCHOEOLEH-PAHHOONUIOLEHCKUTE  CEANMEHTHU CKanu  ca
pasKpUTK rMaBHO B JOMIHATA YaCT Ha CKOHOBETE Ha JonuHaTa
Ha p. Mecta n Ha HeWHute nputoun. B ocHoeata ca
MPELCTABEHN BanyHHM UM Pa3HOKbCOBM  ApKO3HM W
MONUIMUTOKNACTUYHI  KOHIMOMepaTy, OpeK4OKOHroMepaTn W
€[po3bpHeCTM nAcbuHuuM ¢ pebenmHa go 900 m ot
lpaguHuwkata ceuta (Baues, 1978a). Cneapat pegysalute
Ce KOHrmomepatM W egpo- A0 ApebHO3bPHECTM apKO3HM
NACBYHNLM, TAIMHECTW MACBYHULM U aneBponuTi, W cnabo
YITbTHEHW,  MECBUNMBM  aprunMTM U BapoBMUM  OT
locnoguHekaTta cauta ¢ obwa gebenuHa 50-90 m. Mo reHesnc
TOBa Ca anyBuarHu W NponyBUanHU OTAOKEHWS, KOUTO MMaT
NPOMEHNMB CbCTaB M CTPOEX No nrow, u B pa3spe3 (Baues,
1978a, 1991). 3a ckanute oT MecTeHckata CEAUMEHTHO-
BYNKaHOreHHa rpyna, MMaly KbCHOEOLEH-PaHOOMMIoLEeHCKa
Bb3pacT (Baues, 19786; Baues, Hepsnkosa, 1984) e
XapaKTEPHO, 4Ye CEAUMEHTHWTE CKanmW, MpesacaBeHn Ot
pedyBalln Ce KOHIIOMepaTu U MACHYHULM, U ChbObpKaliu
CMoeBe M NaykM OT puogaumuToBu Tycu M Tydutn, ca
MPeLcTaBeHN B OCHOBATa M CpefHaTta 4vacT Ha rpynata.
MocnegoBaTenHocTTa OT JONHaTa YacT e paskputa B paioHa
npu c.c. FocnogmHuy, KopHuua v Bpesnuua, a BTopute — OT
KyneHckaTta cBuTa, 1XHO OT ¢. bykoo n CU ot ¢. bpesHuua.
ByrkaHckuTe ckanu ca npefacTaBeHu OT AauuTH, TpaxugaunTy,
prnoaaLmMTh U TexHUTE Tycm ¢ febenvnHa Ha OTAENHUTE Tena u
nocneposatenHoctn ot 50 fo 300 m (Baues, 19780, Baues,
Hepnsnkosa, 1984; u ap.).

Cenaudwa ca  MpOSIBEHM  MO-XapakTepHO  cpeq
KOHrnomMmepaTtute, NACLYHULNUTM U NeCbunuBuTE aprnuT no
CKMOHOBETE, YaCTMYHO WMN 3HAYMTENIHO pa3uneHeHn ot
CTpaHu4HmM nputoum 1 gorose. Mo Tean mecta no-gebenute
nnacToBe M Nadyku OT MO-3[PABO CMOEHW KOHTMoMepatn u
MACbYHMUM, OCTaHanu 6es mogropa, ca Ce OTKbCBaANM U
CBMMYanM MO  TMOBbPXHMHM  Ha  HacrossaHe.  Tyk
CbNPOTUBNEHMETO € Hal-Manko, 3all0TO UMa ThbHKM CIoeBe OT



TTIMHECTU MACBYHMLM U NECHYUNINBO-aNeBpUTOBK aruimTi unm
M3BETPSIIM M MPOMEHEHN TycuTn, 1 Tydu. CBraumwara ca
MaBHO  LMPKYCOBMAHW WnM  KOMOWHMpaHM ©GnokoBn K
LMpKycoBuaHW. CBNAYULLHMTE OTCTBNM Ca CTPBMHMW, HEPABHU
W JOMbAHUTENHO 06pyweHn. CBRnaunHATE MNOBBPXHWUHW B
FOPHOTO YacCT Ca LMPKYCOBMOHM, a B LiEHTpanHata yacT ca
PaBHW, MIIOCKM HA MecTa CTbNanoBMAHU WU HEMPABWITHK, KaTo
CbBMagaT C MOBbPXHWHW HA HACMOsiBAHe MMM U Mpecuyar.
CBnuyaHuaTa ca ctaHanu Kbm KOPUTOTO Ha pekata unu Kbm
TOBA Ha HEMHUTE NpUTOLM, CbOOPA3BO MPOCTPAHCTBEHOTO
nonoxeHue Ha cnoecroctra. Cenauvwiara ca passutM no
€OVHWYHO, W30NMPaHU WAM ca TPYNoBO Pa3NONOKEHN M
NPMBBP3aHN KbM ONPEAENEHN Nadky U yyacTbuy. Bue BTOpUS
cnyanl, TOBa Ca CNOXHW cCBnayuwia CbC CTbNanoBuaeH
CTPOEX. Te ca pa3BUTK B Naykn, M3rpaHeHn npeanmHo OT
NACBYHULM N NECbYNMBK aprunnTu, peaysalln ce C Taknea ot
KOHrmomepaT M MACbYHMUM. PasmepbT Ha CBnavMwarta e
NPOMEHNNB U 0BWUKHOBEHO € B paMKUTE Ha MbpBUTE AECETKM
METPW, a CMOXHUTE CBRayYWLLa JOCTUraT A0 MbpBUTE CTOTMLM
METpU.

Cernaumiya cpef KbCHOEOLIEHCKUTE M PaHHOMMIOLEHCKUTE
CeauMMeHTU ca paseuTi npu cenata Mecta, locnoguHum,
KopHuua u bBpesHnuya. Cpen paHHONMUIOLEHCKUTE KOHTO-
MepaTti, NSCBYHWLM, TYGOnACbYHMLM, TyPUTM W nenenHu
Ty OT cpegHata yacT Ha MecTeHckata CEAMMEHTHO-
BYNIKAHOTE€HHA rpyna, LMPKyCOBUOHU W TakMBa KOMOMHMPaHM ¢
OrokoB TMN CBRauMLia, ca NpeacTaBeHU B [ONHATa 4acT Ha
3anagHus CKMOH Ha AonmMHaTa Ha p. MecTta B yyacTbka Mexay
c. bykoBo 1 Manuankos gon.

B toxHMS cknoH Ha To3w pgon, pasnonoxeH HOKO3 ot c.
BykoBo, ca nposiBeHu Manku 6OroKOBM CBRAuMWa CbC
cnegHute ocobeHocTn. Tyk nnacTtoBeTe ca Mo-CTPbMHO (25-
400) HaknoHeHn Ha C n cnoecTocTTa e noyTh napanenHa Ha
MOBBLPXHOCTTA Ha CKroHa. MocneHuaT e cnabo pasyneHeH ot
0BpasW M Manku, TACHM gonose. [lpn TOBa MOMOXeHue,
OTAENHU NakeT OT MACBYHULM, KOHTMoMepaTtn, Ty U
TycuTn ¢ febennHa 4o MbpBUTE AECETKM MEeTpU, MABAaT KaTo
nnockn Tena, nogobHW Ha wmpoku rbpbuuyn. Takuea Tena,
O(OpMALYM  U3MBKHANK penedHn  opMU MO CKNOHA U
ocTaHanu 6e3 nognopa, ca Ce YaCTW4YHO OTKbCBAMW,
oTnenBsanu 1 xmb3ranu 6aBHO NO MOBbPXHUHA Ha HacnosiBaHe
kaTo OnokoBu cBnaumwa. OBaye, NpemecTBaHETO e Ha
Hakornko MeTpa (ot 3 go 10 m) u ckanuTe He ca 3HAYUTENHO
HaTpoweHu u pa3sgpobenun. [lOMHUTE, OTHOCUTENHO MIOLLHO
Mo-rofieMUTE CroeBe OT NACBYHWLM, JOCTUralku ABHOTO Miu
OTCPELUHUS CKMOH Ha [ona, ca CpeljHanu onopa M ca
AHTUKIMHANHO  OMbHAaTM M YaCTUYHO  HapyweHu  OT
MUKpOBBb3ceau. ChlunTe NNacToBe, Korato ca Gunm YacTuiHo
YBUCHANM Haj KOPWUTOTO Ca OrbHATW Haaony, OTKbCHATK U no-
3HAYNTENHO HapyLLEHH.

B cnyvaute, korato crioeBeTe ca CTPbMHO HAKMOHEHW K
Cpsi3aHM NOYTW NEPNEHAMKYMNSPHO Ha CMOECTOCTTA, @ CKMOHBLT
€ CTPbMeEH M cnabo pasyneHeH, CBnavviiaTta ca npeaumHo
masku (5-15 m) umpkycoBuaHu. Te ca NpUBBbP3aHM rMaBHO KbM
NACHYHUKOBO-TMMHECTUTE NakeTu. TakbB TUM CBRaynlia uma
t0XHO OT C. bykoBo.

Cenauvwata B ManeoreHckuTe, OTHOCUTENHO Ao6pe
LMMEHTUPaHN CEMMEHTHM CKanu, UMaT peauua cneunduynm
0coGeHOCTM: pa3BUTK ca MPeaMMHO LMPKYCOBIAHM, GIIOKOBH 1
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CMOXHW CBMAYNLia, Kato NOCNEegHWUTE WMaT CTbhanoBuaeH
CTPOeX; BCAKO OT MHOMBMOyarHWTe CBMayvlia WMa CBOM
cneynduum ocobeHocTM M YepTn Ha pasBuTWe, CBbP3aHM C
NPOCTPAHCTBEHOTO MONOXEHWME U CbCTaBa Ha NNacTOBETE;
pasrnexaaHuTe CBrnayulia umat fobpe u3paseHu CBnaynLl-
HWTE OTKOCW, CTbMana, MOHWXEHUS W LpYruTe enemeHTn Ha
CBIAYMLLHMTE Tena; pasMepuTe Ha CBnauuvwiara gocturat go
MbPBUTE CTOTULUM MUTPU, a gbnbounHata um e ot 10 go 80 m;
- CBMauuwiaTa ca NpuBbP3aHW MPEAUMHO KbM EepPO3MOHHUTE
cTbhana OT CpegHata W ropHa 4acT Ha CKIOHOBETE Ha
PEYHUTE AOMMHU U KbM CTPBMHUTU HEYCTONUMBK CKMOHOBE.
CBrnaynwHMTe SBNEHMS MOKa3BaT, 4Ye paBHOBECMETO B
CKITOHOBETE Ha PEYHUTE JOMUHK, € HECTabUIHO U HapyLieHOo
Ha MeCTa MnM B MO-3HAYATAHW nrowy. CblleBpeMeHHO Te
Mapkupat 1 HeobX0AMMOCTTa OT NO-NPOABIIKNTENHO BpEME 3a
W3BETPSHE, HapyllaBaHe, OBMaXHsBaHe W MOArOTOBKA Ha
CKanuTe 3a CBRMYaHe.

CBnaunwara ca oOTHOCUTENHO cnabo npeAcTaBeHu B
MecTaTa, Kb4eTo Ca pa3kpuTi progauuTi u TexHute Tydu. B
TE3W OTHOCWTENHO 34paBW Ckanu, Ca pasBuTM CBRaYnLa-
cpyTuLia 1 BNoKoBM CBNAYMLLa, MPUBBP3aHN KbM M3MbKHANM 1
CTPBMHUTU CKIOHOBE. BrokoBu cBnauuwa ca passuti no-
XapaKTepHO Cped puogauuTM U Tyu NpU KOHTaKTa MM C
NOANOXKaTa OT MNACBYHULM W MECHYUNMBYU  APTUNUTU UMK
rHaicu.  EposusiTa  Ha  CEOMMEHTHWTM  ckaiM €
npeponpegensna OPMUPAHETO Ha CTPBMHM U W3MbKHANM
BMCOKM CKanHW OTCTbNW OT 3apaBuTe BynkaHuTw. [pu ToBa
MNONOXEHWEe HAKMOHEHUTE CroeBe OT CeAMMEHTHU CKanu,
MMalLM no-manka 34paBuWHa W TAXHATa BAXHOCT, ca bumm
BraronpusiTH1 3a CKbCBAHETO U CBAMYAHETO HA YECTO ronem
puogauutoBn 6nokose. OTKbCBAHETO Ha nocnegHuTe €
OnaronpusTCTBAHO M OT HamMykaHOCTTa Ha puofauuTuTe.
OkbcHaTuTe 6MOKOBE Ca Ce paspyLuaBany npu CBIUYAHETO Mo
CKIOHa W CBMAYMLHWTE Tena ca NpeAcTaBeHu OT BrokoBo-
ncecutHu ctpyneanus. MogobeH Tun 6nokoBM cenaumwia u
CBAYMLLa-CPYTULLA, ca NMPeaCTaBeHn B yyacbka, 3anagHo ot
ckanHata nupamuga KyneHa u B paiioHa Mexay c. [onoguHum
u c. bpesnuua. Pasmepute Ha TakuBa OTKbCHATW U CBIIEYEHU
tnokoe ca npeaumHo ot 20 go 50 m. CnoxHu Gnokosm
cernaumwa ¢ pasmepu go 200-300 m, ca pa3suTy npu 3aBost Ha
p. Mecra npun c. lonoamHun. Tyk pekata e pasmusana
KbCHOEOLIEH-PaHHOONOMOLIEHCKUTE KOHrmomepaTuTe n
NACBYHMLMTE, W € Noamuna OTrope nexaluuTe BYNKaHWUTW.
Toau hakT W HaKMOHBT Ha MnacToBeTe, ca cnocobcBanu 3a
OTKbCBAHETO W CBMMYaHETO Ha OrokoBe KbM pekata W Ha
M3TOK KbM HeWHaTa Tepaca, tXHO OT crapus mocT. [lo-
MankuTe cBrmauiwa ca 6nokoBo-umpkycosugHu. C Takuea
pasMepy € W CROXHOTO BMOKOBOTO CBNAYMLLE NPY 3aBOSI Ha p.
Mecta npu yctneto Ha p. KpemeHcka. Tyk HapyLleHusT
CcBraynLLeH 6nok ce NpeMecTBa Ha CEBEP M 4eCTO Hapyliaea
mbTH. HeroaTa 3anagHa rpaHuLa e CTpbMHa A0 BepTukanHa
pasnoMHa NOBbPXHMHA W CTpUTa 30Ha No Hes. Mo cbliaTa ce
OTTUYaT rPyHTOBM BOAM. CBIMMYAHMAT Ha CbCTaBAABALLNTE TO
OrokoBe ca CBbp3aHM C TEKTOHCKAaTa HamykaHoCT Ha
BYNKaHCKWUTE CKanu, TAXHaTa MBWYECTOCT, HepaBHOMEpHa
XvapoTepManHa npoMsiHa M W3BETPSANOCT, W U3XoMa Ha
rpyHToBM Bogu. [ebenvHata Ha obxsaHaTuTe OT CBna-
YuLLHMTE NpoLiecy puodauuTosm brokose e o1 20 4o 50 m.

OTKbCHATUTE PUOJALIMTOBM CKAnHU GrOKOBE B HAKOM
cnyyan, ca ce npemectnu cnabo. Tosa e cTasano koraTo
HAKMOHBT HA CEAUMEHTUTE MOA BYNKAHUTATE € MambK W



penedbT He € pasuneHeH. B pesynTar Ha epo3usdTa Te ca
0G)OpMEHN KaTO CkanHu MMpamugn 1 Cbpyawy Orokose.
TakaBa e ckanHata nupamuga Tymbata B fonHaTa 4acT Ha p.
Kamenuua, pasnonoxeHa npu 3aBos Ha pekata, O3 ot
ckanute MomuHa kyna. Mpummupu 3a Takmea cnabo CBREYMHU
progaumTosu bnokose uma CC3 ot c. KopHuua.

B ekcTpyauBHuTE, MBMYECTM puogaumtn npu MomuHa
Knucypa, CBnavmLLa-cpyTuLLa ca NpeacTaBeHu B AonHaTa yact
Ha CKNOHOBETE Ha JonuHata Ha p. Mecta u p. KameHnuua, v no
BogofenHute 6una Ha BTopata. OcobeHoTo 3a TaX e, ue
CKbCBaHMATA M CBMWYaHMATA Ha OMOKOBETE ca MpOTUYMIM
NPEAMMHO MO MNOCKM MOBbPXHUHM, MpedonpeneneHn ofT
MBMYecTocTTa W nykaTuHu. [lo cBOs XxapakTep ToBa ca
€KCTPY3WBHW PUOJALMTI C NPOSIBA Ha CKbCBAHMS W XITb3raHus!
Mo MOBbPHWHM, CbBMAJALM Ha MecTa C MBWYECTOCTTA.
MocneaHaTta e ¢ NPOMEHMMBO MPOCTPAHCTBEHO NONOXEHME U e
HaknoHeHa npeobnaaasallo kbM MoMuHa Kyna, a nnockuTe
CKarlH1 OTKOCK W CTPBbMHUTE OTCTBMM Haf TsX, Ca C BUCOYMHA
ot 10 go 50 m. Pa3mepsT Ha bnkosuTe cBnaumwa e ot 10 go
60 m. OtkbcHaTUTE U CBNEYeHU OMOKOBE Ca OTHOCUTENHO
cnabo HapyLLeHu 1 ca BnaronpusTHI 3a 40OMB Ha CTPOUTENHM
mMaTepuanu — KaMbHU M HaTPOLUEH YaKbi, HO KapuepuTe ca
M30CTaBEHM.

Cenaunwata B  KbCHOEOLIEH-PAHHOONMIOLEHCKATE  ByI-
KaHCKW CKanu, ca CBMavuLLa-cpyTviua 1 GrokoBM CBRAYMLLA.
MocnegHuTe ca MPWBBLP3aHM MPEAMMHO KbM rpaHuUata ¢
OTAONY NeXalluTe CeaMMEHTHU CKanu UNK nadku oT Tydu

TYuTM.

[naBHWTe NpeanocTaBki U ycnoeust 3a 0b6pasyBaHETO Ha
CBrayuLaTa B ManeoreHckUTe CeaUMEHTU U BYNKaHNTK ca: (1)
nuTonoro-neTporpadckuTe M reHeTUdHW 0coDeHOCT Ha
ckanute; (2) ek3oreHHaTa UM TEKTOHCKA HamykaHoCT, W
M3MEHEHEHWUSITA HA MWHEpanuHWS CbCTaB Ha ckanute; (3)
M3MEHEHNE Ha HaMPEeXEHUETO B Pe3ynTaT OT pPasnuyHUTE
PEXUMW Ha OTHLENHUTE CTPYKTYPHO-TEKTOHCKM OrokoBe u
eauHLy; (4) HeycTOMYMBOCTTA Ha CKMOHOBETe BCreacTBue
TEXHUSI HEeOHOPOAEH TeonOXKN CTPOEXK W MO-MHTUH3WUBHOTO
BPsI3BaHE Ha CbBPEMEHHUTE peky; (5) M3XoauLLa Ha rpyHTOBK
BOAM M WHTEH3MBHW OBMAXHSBAHUS OT CE30HHO MPOSIBEHM
Banexu, BoAeWM 40 3HAUNTENHO HamansBaHe 3apaBKHaTa Ha
CKanuTe UM BPb3KMTE UM MO MOBLPXHUHM HA HacnosiBaHe K
TIMTONOXKM TPAHWLM, MYKHATUHU U TEKTOHCKM HapyLLEHWS.

Cenayuuja 6 HeO2eHCKUMe U  KeamepHepHume
cedumeHmu.  HeoreHckuTe — CEOWMEHTHW  ckanu  OT
FouenenyeBckust rpabeH, ca npefcTaBeHM B OCHOBaTa OT
cnabo CMOeHN KOHIMOMEpPaTH, NACLYHULM, MACHUM, FUHECTU
MACLYHWULM, anyBuanHu W MPONYBUANHM MO TEHEe3UC OT
Baneeuwkara csuta ¢ gebennHa 50-100 m (Baues, 1980). C
aHanorMyeH CbCTaB M TEHE3UC Ca W CeauMeHTUTe OT
Hespokonckata (100-450 m) u CpenHeHckata ceuta (50-100
m), pa3nonoxeHu B ropHata yact oT paspesa (Baues, 1980;
Baues, MetkoBa, 1999). Cegumentute 0T bangesckara cauta
(Baues, 1980), pasnonoxeHa B CpeAHaTa YacT Ha pa3spesa, ca
€3epHu ¥ OnaTHW OTNOXEHWS — TIMHECTU MNACBYHWLM,
TMIMHECTU aneBpONUTA, NECLYNMBM [MIMHU, AWNATOMUTU U
nuriuTHY Bbrvwa - paebermna 100-250 m. Te wmar
CMeunmUYHO pasBuUTME B MOCNEAOBATENHO Pa3NONOXeHUTe
CBUTW C MEOT-MMMOLIEHCKa Bb3pacT. HeoreHckuTte CeguMeHTm
nexaT HEeCbIMacHO BbpXy MOCOYEHNTE MO-TOPE  CKarHu
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komnnexkcu. MoKpUTM Ca C PasMuB OT XONMOLEHCKM, anyBuanHu
OTIIOXKEHMS, Pa3BUTI OKONO KOPUTOTO Ha p. MecTa.

Cenaynwara B cnabo CNOEHUTE HEOTEHCKWN CeauMeHTH, ca
XapakTepHO MNPOSIBEHM W Ca NPEAUMHO LIMPKYCOBMOHW C
pasmepu [0 MbpBUTE LeceTkn MeTpu. [TpuBbp3aHn ca KbM
CKITOHOBETE Ha peyHuTe JONMMHM 1 0Bpa3sun. Kakto be nocodeHo
no-rope, CBnavuLLa ca pasBnUTM Ha MecTa W B iBaTa CKMOHa Ha
TACHUTU PEYHW JONMHU. B HsKOM cnyyan B CBMAYULLHOTO
MOHWXKEHNe ce 0POPMAT BPEMEHHU e3epa — BOJoema npu C.
ITexHuLa 1 enu3ognyHO hopmupalLy ce Manku esepa npu c.
BaHuuaH (cTapoTo ceno). 1o yabMmKEHNTE 1 BUCOKW CKIOHOBE
Ha peyHMTE [OMWHM, CBRlauMWaTa ca CroXHW 6nokoBo-
LMPKYCOBUAHM CBbC CTbMNANOBWAHO PA3NONMOXEHN Manku
LMPKYCOBMAHM TakMBa M C NPOSIBM HA MOAHOBSIBAHE U
ycnoxHsisaHe — npumepHo, K03 ot rp. Moue Aenyes. CnoxHu u
MPOMEHNMBM Ca CBRayuwata B MepudepHUT YacTu Ha
BaceitHa npu rpanuMLaTa ¢ 0TAONY NexalluuTe 34paBu ckanm oT
NoAnoxXKkaTa — NMPYMEpPHO B y4acbka Mexay cenata JibxkHuua,
Kopnuua u bpestuya, n npu cenata bavunyan, Mocomuia un
[lobpoTHO. BaBHM NOBBLPXHOCTHM CBANYAHMS Ca MPOSBEHN
TaM, KbAETO HEOTEHCKMTE CKamM Ca CWUSTHO MOBBPXHOCTHO
OBMaXHEHW, a CKIoHOBEeTE ca cnabo HaknoHeHu. Ha mecTa Te
npepacteaT B Marnku, MANTKA LMPKYCOBUAHM CBRauuMwa W
kanHu esuuu. TakbB TWN CBRauMwa Mma B NMBaguTe npu
cenata banuyan, MTexHuua, boposo n Mocomma.

CBnaunwarta B KBaTEPHEPHUTE CEAMMEHTU Ca CBbP3aHU C
OTCTBMNTE HA PEYHWUTE Tepach W HAHOCHUTE  KOHYCH.
Cenaunwa B peyHuTe TEpacu Ca YCTaHOBEHW B MbpBaTa
Haa3anveHa Tepaca Ha p. Mecra npu ¢. [lonHo Boposo v c.
Mecra, a cbluo Taka 1 Ha p. boposcka npu c. Boposo, no p.
Tydoua, ceBepHo oT C. baHuyaH 1 npu c. bpesHuua, kakto u
u3touHo ot rp. loue [enye. CeBnauva B NpeceyeHu
HaHOCHW KOHycu, ce HabriogaBaTt mpu cenata [ocnoguHum,
baHnyaH, Mocomuwa, BpesHuua u Agpyrage. Tosa ca
npeaumHo manku go 10-20 m uMpkycoBuaHM cBaunwa. Ha
MecTa CBfayMlHaTa MOBBPXHMHA € NOBbpXHMHA Ha
3aBbpTaHe, T.€. UNNMHOPWUYHA — Npu C. BaHuyaH, ceBepHo OT
c. JonHo boposo, B pgonHata uact Ha boposckata u
louepenyesckata peka ¥ Ha Opyru mecta. Tosn Tun
CBauMLia ca paseUTW B NPABOMMHENAHW OTCTBNN A0 PEYHM
koputa, pasmepute um ca nog 10 m, a gonbounHata e Ao
MbPBUTE HAKOMKO METpa.

Cenavuwa 8 mekMOHCKU HapyweHu ckanu. Cenauumwiara B
TEKTOHCKM HapyLUEHWTE CKanu, Ca XapaKTepHO pa3BUTH,
He3aBMCMMO OT xapakTepa Ha CkanuTe npu pasnomute. Te ca
MPUBBLP3aHN TNABHO KbM TEKTOHCKUTE DpeKYM, CTPUTUTE 30HN
W CUNHO HapyLLEHWTE — HamykaHu, ckann o Tax. B Takuea
MaTepuanu ca pas3BuTU NMPELYMHO LMPKYCOBWUAHM, YABITKEHU
no HapyweHusita cBnaumwa. [logobHu cBmaynwa ce
YCTaHOBABAT Ha peauua Mecta MO MPOTEXEHWETO Ha
pasnomMute OT M3TOYHOMMPMHCKATA PasfioMHA 30Ha MeXLy
cenata Obugum — [lobpoTtuHo u MouenenyeBckata pasnoMHa
30Ha Mmexgy c. JobpoTuHo u c. Hoso Jlsickn. B yyacTbuute
KbLETO TEKTOHCKMTE 30HM Ca B HAKMOHEH CKMOH, TO
CBlauMwata Ca LUMPKYCOBMOHM M Ca  Pa3nofioXEHN
CTbNaNOBMOHO €AHO Hap apyro — npumepHo tOW ot c.
Mocomuwa, B MecTHocTTa bennama 3anagHo ot c. bpesnuua,
B p. KpemeHcka, toxHO oT c. KpemeH u pgpyrage.
LivpkycoBugHm W BMOKOBO-LMPKYCOBMOHW CBRauuwa ca
(hopMMpaHM M B OTCBNMTUTE Ha pasceduTe, Korato Te ca



MOPOMOXKA UM €PO3NOHHO  OTKPUTU.  BrnokoBo-LMpKy-
COBWAHM CBMauMLLa, C XITb3raHe MO Pa3foMHO aKTUBM3MpaHa
rpaHuLaTa Mexay nakeTu OT THaWcu U Mmpamopu, ce
Haﬁﬂ}OﬂaBaT B CTPBbMHWUTE CKITOHOBE Ha Mallku, HENOCTOAHHU
peku W [onoBe, txHO OT ¢. Mocomuwla u ceBepHo OT C.
[enyeso.

Kato cBnaunwyHa 30Ha MOXe da Ce pasrexaa y4acTbKbT,
pasnonoxeH HenocpeacteeHo CU ot c¢. [obpoTtuHo. Tyk B
3HAUMTENHO TEKTOHCKW HapyLleHW rHancu, amdubonutu un
KankowmcT, a CblWO W puogauuTi, ca npeacTaBeHun
MHOXECTBO LIMPKYCOBWAHM W Maskv CTbNanoBUaHN CBRavmLa.
To3n y4yacTbK € pa3nonoXeH B MSCTOTO Ha CbyeTaBaHe Ha
pasnoMMTE OT NOCOYEHWUTE 1BE PA3NIOMHM 30HM.

OcHoBHY npeanocTaBkn 3a pa3BUTUETA Ha CBNAYULLHK
npolec B pasnomHuTe 30HM ca: (1) cunHO HamaneHata
30paBWHA Ha CKanuTe MpU TEKTOHCKUTE HapylieHus -—
pa3nomu; (2) HamaneHa 3apaBuHa Ha ckanuTe 1 B peynTat ot
W3BETPSHETO W XugpoTepmanHu npouecu Ha wmecta; (3)
HEOTEeKTOHCKa W Ceu3MM4YHa aKTUBHOCT Ha paﬁOHa M Ha
TEKTOHCKMTE  HApyLIeHWs, CbAbPXal MOBbPXHUHM Ha
XITb3raHe C pasnuya OpPWEHTUPOBKA; (4) oBRaxHsBaHe OT
MOBBPXHOCTHM U NOL3EMHM BOAN.

06006LwWeHns n ussoau

[laHHWTE OT W3yyaBaHeTO Ha pasrnexgaHuTe CBraYnLa
Ha TakuBa OT CbcefieH panoH (Baues, 1972), TexHus aHanus v
obobLuaBaHe, N03BONABAT Aa Ce HANPaBAT ClEOHNTE U3BOAM:

1. Cenaumiia ce MpOsIBEHU B pasrfnexaaHus panoH BbB
BCUYKUTE TEONOro-reHeTUYHN CKamHW KOMMMeKCU: MeTamop-
UTK, rPAHNTOMON, NaNEoreHCKN BYMKAHUTU U CEOUMEHTU C
naneoreHcka, HeOreHcka W KeaTepHepHa Bb3pacT U cped
TEKTOHCU HapYyLLEHW CKanu.

2. ®opmata, pasMepbT W CMOXHOCTTa Ha CBraduwara
3aBUCAT OT XapaKkTepa Ha ckanuTe, B KOUTO Ca pa3BUTU —
Manku LMPKYCOBUOHM B cnabo LWMEHTUPaHWUTE HEOreHCKU
CeaMMEHTU, KOMBUHUPaHU BrIOKOBO-LMPKYCOBUAHM 1 CRIOXKHM
CTbMNanoBMAHN B NaneoreHckUTe CeauMEHTU UMaLLM NpoMeH-
NMBa 3ApaBuHa, NpeguMHO OrnokoBW B MeTamopguTUTE M
CBNAYMLLA-CPYTULLA B PAHUTL U PUOSALIUTH.

3. OcHoBHUTE NpeanocTaBku U GnaronpusTHUTE dakTopy 3a
00Opa3yBaHeTO Ha CBRauMwarta B HaNMYHUTM  CKasnHu
KOMMIIEKCW Ca CXOLHM, KaTo B €HN CMyyan OCHOBHO 3HayeHue
“MaT NMTONOrO-NETPOrpodckNTe 0COBEHOCTU HA CEAMMEHT-
HATE M MeTamopHUTE CKanu, a B [pYyri TEKTOHCKaTa M
€k30reHHaTa HamnykaHoCT U CTENeHTa Ha W3BETPSHETO, U
npomsiHaTa Ha BYNKaHWUTW, TPaHUTA 1 METaMOPGNTY.

4. Eposudta B peyHMTEe [ONWHM Ha (hOHA Ha HOBU W
CbBpEMEHHU audepeHUMpaHu BMOKOBM [JBIKEHUS, KOSTO
cbobpa3HO reonoXkus CcTpoex, e obycnoBuna Tuna,
CMOXHOCTTa W YCTONYMBOCTTA HA CbBPEMEHHUTE CKMOHOBE Ha
PEYHUTE JOMUHN.

lMpenopbyaHa 3a nybnukysaHe OT
Kateppa “T'eonorusi n naneoHtonorus”, Mo
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5. Cermaumwara obxBalaT M €pO3MOHHO pa3urieHeHHUTE
NAXO-NNEACTOLIEHCKA CEeAMMEHTM M MO Bb3pacT ca Hau-
BEPOSITHO KbCHOMMENCTOLIEH-XOMOLIEHCKN 1 Ca CBbp3aHu, U C
WHTEH3MBHOTO BpsI3BaHE Ha peyHaTa Mpexa U C W3AUraHeTo
Ha CbCeOHUTE MMaHWHU.

6. [nowHoTO pasnonoxeHne Ha cBRauvwaTta [fasa
OCHOBaHWE [a Ce MOCOYM, Ye 3HauMTenHa yact OT TAX ca
CBbp3aHM W ONK3KO Pa3nonoXeHW C PasNOMHUTE TEKTOHCKM
30HW, pasrpaHMyaBallyM  OTHOCUTENHO  u3guraute  ce
nnaHuHCKM BnokoBe W cnabo wusgurawmte ce TakuBa OT
MecTeHckus naneoreH-HeoreHcku rpabeH.

7. TInaHWHCKMAT  XxapakTep Ha palOHa, HerosaTa
HEOTEKTOHCKaTa M CeuaMiUyHa aKTMBHOCT, KakTo W Tasu Ha
Pogonckata eguHWua, OTCBHCTBMETO Ha 3penu HaLbXHU
npounn Ha pekuTe, HaMMUMETO Ha aKTWBHM CBRauMLa [0
HaceneHu MecTa 1 MbTWLa, NpeaonpesenaT HeobxoaumocTTa
OT TAXHOTO M3yyaBaHe, HabnogasaHe u B GbaelLe.
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NETPOXUMUYHN OCOBEHOCTU HA NANEOrEHCKNA KbCHOEKCTEH3WOHEH
MAITMATU3BM B 3JIATOYCTOBCKATA AENPECUA, BENNOPEYKUA U KECUBUPCKUA
KYNonn (M3ToO4YHU POLONNMN)

Bnadumup eopaues?, lNlemsp MunosaHoe?

Teonozuvecku uHecmumym, BAH, Cogpus 1113; vladogeo@geology.bas.bg
2['eonozus u eeopusuka A

PE3IOME. B 3natoycToBckata aenpecus ce 3acebssar 3naToycToBcka kucena marmaTiiHa rpyna u MamkapoBcku naTuToB komnnekc. B 3natoycrosckaTa rpyna ce
otaensT Mesekcku puonuToB M YepHomorumncku TpaxupuogauuToB komnnekcu. B Benopeukust u Kecubupckus kynonm ce 3acebsisa benopeuka koHTpacTHa
MarmaTuyHa rpyna c MnanuHeukm puonutos u Kpymosrpaacku 6asantos komnnekcu. Ha guarpamata K20/SiO2 o6pasumte ot MampkapoBckusi Komnnekc nonagat
rnaeHo B noneto Ha SHO u yacTnyHo Ha HKTR cepun. O6pasumte ot Mesekckust puonmToB 1 YepHOMOrumncki TpaxvupyoaaLmToB Komnnekey (3natoyctoBcka rpyna)
ce pasnonarar B nonetata Ha HKCA n SHO cepum. lannute oT lNnaHnHeukns puonutoB komnnekc ce pasnonarat B nonetata Ha HKCA, SHO u HKTR cpum.
Ckanute ot KpymoBrpaackust 6a3antoB KOMMIEKC Ce OTHACAT KbM MenaHoKpaTHUTe kanuesn Tpaxubasantu. Ha guarpamata (Na20+K20)/SiO2 ckanute oT BCuyku
KOMMMeKeu ce pasnonaraT B norietata Ha ankanHuTe pasHoBMOHOCTM. CbLUECTBEHOTO pasnuuve B XMMM3Ma Ha MaxapoBCKMSi KOMMMEKC B CPaBHEHWE C
[ambanckata marmatuyHa rpyna B Momuunrpaackata genpecust (nskntoumtenHo ot HKCA cepusi) e oLe eaHO OCHOBaHWe 3a TAXHOTO CaMOCTOSTENHO NOAENsIHe.

PETROCHEMICAL FEATURES OF THE PALEOGENE LATE EXTENSIONAL MAGMATISM IN ZLATOUSTOVO DEPRESSION
BYALA REKA AND KESIBIR DOMES(EASTERN RHODOPES)

Vladimir Georgiev', Peter Milovanov?

'Geological Institute, Bulgarian Academy of Sciences, Sofia 1113; vladogeo@geology.bas.bg

2Geology and Geophysics Ltd.

ABSTRACT. The magmatic rocks in Zlatoustovo depression are subdivided into Zlatoustovo acid magmatic group (consisting of Lozen rhyolite and Chema mogila
trachyrhyodacite complexes) and Madzharovo latite complex. The Byala reka and Kesibir domes host the Byala reka contrasting magmatic group, subdivided into
Planinets rhyolite and Krumovgrad basalt complexes. On the K20/SiO diagram, the samples from Madzharovo complex plot mainly in the field of the SHO and partly
the HKTR series. The samples from Lozen rhyolite and Chemna mogila trachyrhyodacite complex (Zlatoustovo group) plot in the HKCA and SHO fields, and those of
Planinets rhyolite complex - in the field of the HKCA, SHO and HKTR series. The rocks of Krumovgrad basalt complex are melanocratic K-trachybasalts. On the
(Na20+K20)/SiO2 diagram the samples from all complexes plot in the field of alkaline rocks. The essential petrochemical difference between Madzharovo complex and
Dambala magmatic group (only HKCA series) is a further evidence supporting their independent subdivision.

YBoa eonoxku cTpoex

Mpn HOBOTO reonoxko kapTupaHe Ha W3TouHn Pogonu ce Benopeukusat n Kecubupckuar kynonmm ce dopmupat B
nomnyynxa HOBW [aHHM KaKTO 3a pa3npoCTpaHeHUeTo Ha nepuoga kpas Ha KbCHaTa Kpega — €OLUeH B pesynTar Ha
MarMeHuTe cKkanu, Taka U 33 TeXHUTe NEepTOXUMWUYHU ekcTeHans Ha Pogonckus macve (lvanov, 2000; Haydutov
ocobeHocTn. B Hactosiwata pabota ce pasrnexgar no- 2002; boHes, 2002). B cbluma nepuog B ropHata Kpexka
NoapobHO [aHHWTe 3a [MaBHUTE ENEMEHTU Ha MarMeHuTe ‘nbeTpa’ Kopa Ha KynonuTte ce BHeapsiBaT rPaHWUTOMOHU
ckanu B 3naToyctoBckaTta [Jenpecus, bernopeukus u WHTPY3WM (paHHOEKCTEH3MOHeH MarmeH eTan, Georgiev 2005).
Kecubupckus kynonu. CunukaTHUTE aHanmau ca HanpaBeHu B Mexgy kynonute M Xapmannwickus 6nmok, B nepuoga
Espotect All. B HacToswaTa paborta ca obpabotenu 50 bp. naneoueH-onMroueH, ce  ¢opmmpa  3naToyctoBckaTa
CUNUKATHWU aHanu3au, obXBallali BCUYKM PasHOBMOHOCTM Ha punokauus  (Georgiev, 2002). Ta e uacT oT W3TouHO-
KbCHOEKCTEH3WOHHUTE NaneoreHckUTe MarMeHW ckanu B pOJOMNCKOTO — narneoreHcko  noHwxeHue (MeaHos,  1960;
uacnegBanus panoH (tabn. 1). Yetwupn aHanm3a 3a Georgiev, 2005) u e apeHa Ha WHTEH3MBEH BYIKaHU3bLM
Kpymosrpaackus 6a3antoB komnmekc ca no gaHHu Ha Marchev (MpuaboH — xaT, KbCHOEKCTEH3MOHEH MarmeH eTarn, Georgiev
etal. (1997). 2005). CybByrnkaHCku Tenma W [Jalikn Ce BHeOpsiBaT M B

Benopeukus u Kecubupckus kynomm (our. 1).
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®ur. 1. Teonoxka kapTa Ha pasrnexgaHus pauoH

3ﬂaT0yCTOBCKaTa aucnokauna n e U3KNIYUTENHO C Kucen

O6ekT Ha u3crnefBaHe B HacTosiLaTa paboTa e MarMaTama
OT KbCHOEKCTEH3MOHHMS eTan. PasrnexaaHnte MarMeHn rpynm
1 KOMNeKken ca BbeeaeHn ot Georgiev u Milovanov (2005).

cbeTaB. Marpaxga foseHckust BynkaH (AxeB u gp., 1975) u

Tyk ce otgens

1995).

(Anes
3naToycToBCKa Kucena mMarmeHa rpyna ¢ Mesekcku pvonuTos

MHOBCKaTa  Kargepa
11 YepHOMOTUIICKM TPaXvPHOAAaLIMTOB KOMMIEKCH.

Le

B 3ﬂaT0yCTOBCKaTa fenpecusa ce 3acebsiBat aBa apeana Ha

CbC

e

EonHust
cbepepoToveH e B KO3 vact Ha

penpecusita M uarpaxga Mamxkaposckus BynkaH (/BaHoB,

1960) n HaKkonko no

BynKaHM3Ma.

Ha

pa3npocTpaHeHue
CPeAHOKNUCEN CbCTaB,

B bBenopeukms u Kecubupckus kynomm ce 3acebssa
benopeukata marmeHa rpyna (KoHTpacTHa 6asanT-¢hen3nToso

puonutoBa chopmauus, MeaHos, 1983). B Hes ce otpensar

KK,

Marnku caTennTHU BYJIKAHCKN NOCTPO

6azanToB

KpymoBrpagcku

n

puonutoBs

lMnaHuHeLku
KOMMeKcu.

TyK ce otaena Maﬂ)KBDOBCKM NaTUTOB KOMMMNEKC. ﬂ,pyFI/IFIT

apean € nokanuaupaH OKOMO 3anagHata nepudepus Ha

36



Tabnuua 1
CunukamHu aHanu3u om uscnedeaHus patioH

No | SiO» |TiO; | Al20s |Fe:03| FeO [MnO | CaO |MgO | K20 [NaO2 [P20s| CO | S | HoO- | LOI [H0+] 3

MADJAROVO LATITE COMPLEX

3381 | 56.80 {0.09 | 16.80 | 2.58 | 4.28 | 0.83 | 6.95 | 3.90 [3.08 | 2.70 | 0.47 | 0.04 | 0.18 | 0.63 | 0.89 | 1.67 | 101.89

4767 | 55.00 | 0.85 | 16.67 | 3.90 | 2.26 | 0.06 | 6.14 |4.42 {397 | 2.86 |0.40 | 0.34 | 0.01 ] 2.09 | 0.97 | 0.77 | 100.71

4949 | 61.37 | 0.09 | 15.90 | 3.11 [ 1.98 | 0.71 | 4.12 | 2.07 | 3.68 | 3.31 0.10 [0.01| 1.47 1.90 | 99.82
1364 | 60.80 | 0.10 | 15.81 | 3.33 | 2.80 | 0.75 | 448 | 0.72 | 3.87 | 2.81 0.10 | 0.01] 043 [1.72 | 2.00 | 99.73
2770 | 61.20 | 0.08 | 15.48 | 3.62 | 212 | 0.75 | 3.77 | 240 [4.20 | 245 | 0.34 | 0.13 | 0.01 | 1.58 2.00 | 100.13
2621 | 61.73 | 0.04 | 15.90 | 3.93 | 1.04 | 0.70 | 3.66 | 1.96 [4.22 | 3.31 | 0.39 | 0.04 | 0.09 | 1.29 1.94 | 100.24
2793 | 61.06 | 0.05 | 15.95 | 463 | 1.04 [ 0.74 | 3.96 | 1.86 | 4.42 | 3.44 0.01 10.01] 1.03 | 1.43 | 0.83 | 100.46
1038 | 58.64 | 0.12 | 16.16 | 2.32 | 2.84 | 0.61 | 3.50 | 1.95 | 4.88 | 3.06 | 0.59 | 1.20 | 0.09 | 1.40 2.50 | 99.86
1333 | 61.46 [ 0.11]16.23 | 2.90 | 1.25 | 0.69 | 2.47 | 2.06 | 5.33 | 2.94 0.17 10.01] 1.70 1.65 | 98.97
1318 | 58.78 | 0.48 | 16.18 | 2.84 | 3.27 | 0.83 | 2.88 | 2.57 | 5.67 | 3.31 0.21 |0.01] 0.66 1.87 | 99.56
1281 | 60.20 | 0.19 | 15.60 | 2.35 | 3.20 | 0.65 | 2.90 | 2.65 | 6.25 | 2.70 | 0.43 | 0.04 [0.09 | 0.92 247 | 100.64
1283 | 61.55 | 0.29 | 14.40 | 2.02 | 3.70 | 0.68 | 2.87 |2.93 |6.28 | 1.79 | 0.37 | 0.04 [0.09 | 0.86 244 | 100.31
1280 | 63.00 | 0.20 | 15.43 | 2.30 | 2.26 | 0.65 | 1.87 | 2.10 | 6.25 | 2.94 | 0.34 | 0.04 [ 0.01 | 0.90 1.80 | 100.09
1261 | 64.68 | 0.01 | 16.45 | 2.41 | 0.82 | 0.67 | 3.60 | 1.55 | 4.20 | 3.81 | 0.51 | 0.04 |0.01 | 0.61 0.88 | 100.25
2113 | 63.49 | 0.62 | 14.64 | 2.87 | 1.90 | 0.08 | 2.79 | 2.24 |4.15 | 2.81 0.01 ]0.01] 0.82 2.56 | 98.99
5900 | 64.70 | 0.12 | 14.70 | 2.67 | 2.01 [ 0.68 | 1.87 | 1.69 | 5.86 | 3.18 0.10 | 0.01 | 0.44 1.54 | 99.57
4968 | 61.30 | 0.09 | 14.50 | 2.66 | 2.56 | 0.66 | 3.85 | 2.94 [5.00 | 2.70 | 0.36 | 0.04 | 0.09 | 0.70 2.00 | 99.45
7034 | 69.30 | 0.05 | 14.20 | 1.72 | 1.18 [ 0.39 | 1.54 | 0.87 | 6.06 | 2.94 0.10 |0.01] 0.28 1.32 | 99.96
1347 | 67.92 | 013 | 14.74 | 1.98 | 0.54 | 0.39 | 1.46 | 0.94 | 6.25 | 3.31 0.10 |0.01| 0.57 | 1.27 | 1.32 | 100.93
2222 | 66.34 | 0.06 | 15.00 | 1.86 | 0.70 | 0.36 | 2.30 | 0.95 | 4.50 | 3.44 0.10 0.47 3.84 | 99.92
3001 | 60.32 | 0.74 | 17.60 | 2.16 | 1.83 | 0.07 | 4.80 | 1.69 |3.73 | 3.27 | 0.25 1.42 1.90 | 99.78
95 | 62.84 |0.74 [ 16.95 | 2.54 | 0.68 | 0.02 | 5.83 | 0.65 | 4.75 | 3.55 | 0.26 0.56 | 0.58 | 0.65 | 100.60
ZLATOUST MAGMATIC GROUP

Cherna Mogila trachyrhyodacite complex

4220 | 66.43 | 0.30 | 15.49 | 1.30 | 0.97 | 0.07 | 2.50 [ 1.01 |4.68 | 2.70 |0.16 | 0.58 | 0.01 | 1.31 | 0.00 | 2.13 | 99.64

3041 | 69.02 {0.31 | 15.05 | 1.55 | 1.47 | 0.05 | 2.36 | 0.60 | 4.74 | 3.52 | 0.13 | 0.13 | 0.03 | 0.28 | 0.76 | 0.88 | 100.88

4008 | 72.01 | 0.21 | 1410 | 1.14 | 0.93 | 0.05 | 2.10 | 0.41 |4.23 | 3.38 | 0.09 | 0.22 | 0.01 | 0.29 | 0.58 | 0.45 | 100.20

4119 | 71.34 | 0.18 | 13.72 | 1.45 | 0.32 | 0.03 | 0.84 | 0.47 | 6.67 | 1.70 | 0.06 | 0.22 | 0.02 | 0.98 1.68 | 99.68

4109 | 71.29 | 0.25 | 13.72 | 1.37 | 0.54 | 0.04 | 0.84 | 0.68 | 5.88 | 1.90 | 0.06 | 0.13 | 0.02 | 1.04 1.90 | 99.66

4203 | 74.20 | 0.24 | 13.14 | 1.17 | 0.61 | 0.03 | 2.16 | 044 | 4.14 | 3.10 | 0.13 | 0.47 |0.02 | 0.14 | 0.43 | 0.06 | 100.48

6078 | 56.76 | 0.47 | 16.20 | 2.30 | 2.60 | 0.16 | 5.93 | 1.90 | 3.01 | 2.76 | 0.16 | 4.14 0.56 3.06 | 100.01

4212 | 65.91 1 0.33 | 15.76 | 0.93 | 2.00 | 0.12 | 1.40 |2.90 |3.30 | 2.80 | 0.20 | 0.54 0.45 3.90 | 100.54

Mezek rhyolite complex

3104 | 74.80 | 0.13 ] 12.20 | 0.21 | 0.21 | 0.01 | 0.62 | 0.50 | 3.53 | 2.81 0.01 |0.01] 0.52 | 1.40 | 1.42 | 98.38

2189* | 76.96 | 0.1111.24 | 1.01 [ 0.25 | 0.01 | 0.48 | 0.66 |4.96 | 0.82 | 0.01 | 0.44 | 0.04 | 0.80 1.96 | 99.75

4305 | 71.45 | 0.01 | 12.80 | 0.90 | 0.39 | 0.20 | 1.63 | 0.54 | 3.23 | 2.28 | 0.03 | 0.10 |0.10 | 2.45 | 1.85 [ 1.89 | 99.85

3129 | 75.70 {0.02 | 13.10 | 0.27 | 0.43 | 0.08 | 0.90 | 0.43 | 4.88 | 2.48 0.04 10.10 | 0.50 | 0.76 | 0.80 | 100.49

564 | 80.00 | 0.01 | 10.10 | 0.79 | 0.24 | 0.12 | 0.40 | 0.29 | 4.65 | 2.61 0.10 ]0.01] 0.27 | 0.50 | 0.52 | 100.61

4421 | 7744 |0.02 | 11.62 | 0.77 | 024 | 0.13 | 0.62 | 0.29 | 4.57 | 2.94 0.10 [0.01| 0.60 | 0.47 | 0.49 | 100.31

6123 | 74.79 10.20 | 12.86 | 0.93 | 0.65 | 0.06 | 1.10 | 0.40 [4.20 | 3.10 | 0.04 | 0.02 | 0.01 | 0.56 | 0.65 | 0.67 | 100.24

BYALA REKA MAGMATIC GROUP

Planinets rhyolite complex

2726 | 73.10 | 0.06 | 14.92 | 0.45 | 0.40 | 0.03 | 1.42 | 0.15|4.02 | 448 | 0.01 | 0.02 | 0.01 | 0.15 | 0.56 | 0.56 | 100.34

2727 | 7290 | 0.13 [ 13.49 | 0.35 | 0.68 | 0.05 | 0.89 | 0.34 [543 | 2.78 | 0.01 | 0.02 | 0.01 | 1.04 | 1.46 | 1.47 | 101.05

2724 | 72.54 10.16 | 13.52 | 0.89 | 0.83 | 0.03 | 0.93 | 0.35 |5.38 | 2.90 | 0.01 | 0.02 | 0.01 | 0.86 | 1.50 | 1.58 | 101.51

2125 | 73.00 | 0.12 | 13.28 | 0.99 | 0.25 | 0.02 | 0.96 | 0.45 |5.56 | 3.08 | 0.02 | 0.17 | 0.01 | 0.94 | 0.72 | 0.58 | 100.15

4115 | 73.30 | 0.15]13.20 | 1.01 | 0.50 | 0.08 | 1.10 | 0.65 |5.15| 3.16 | 0.02 | 0.09 | 0.01 | 0.51 | 0.91 | 0.89 | 100.73

256 | 74.41 10111245 0.35 | 0.25 | 0.01 | 042 | 0.25 | 8.01 ] 1.34 | 0.02 | 0.09 | 0.05 | 0.92 | 1.07 | 1.11 | 100.86

269 | 72.30 [0.16 | 13.09 | 0.83 | 0.14 [ 0.03 | 2.16 | 0.44 |6.70 | 1.92 | 0.02 | 0.18 | 0.01 | 1.30 | 0.85 | 0.68 | 100.81

4200 | 69.75 | 0.11 | 12.95 | 0.50 | 0.60 | 0.09 | 1.40 | 0.25 | 2.60 | 4.51 | 0.02 | 0.22 1.57 5.08 | 99.65
Krumovgrad basalt complex

2126 | 48.00 [ 0.86 | 11.90 | 4.05 | 4.14 | 0.18 | 10.00 | 8.70 | 3.78 | 2.16 |0.74 | 1.20 | 0.04 | 1.13 2.84 | 99.72

1M | 46.44 | 2.01 | 16.48 9.24 | 015 10.10 | 7.61 | 2.30 | 2.11 | 0.57 3.13 100.14

2M | 46.74 | 2.02 | 16.68 8.72 1015|935 | 7.38 |2.34 | 3.75 | 0.69 2.08 99.90

3M | 48.03 | 2.20 | 18.04 8421020 | 839 [ 451324 | 361 |0.88 2.54 100.06

4AM | 46.75 | 2.23 | 16.86 8751018 | 849 596 (294|391 |0.75 291 99.73

37



25 10
|
20 | m 8 |
\
15 6 | S
j@)
1.0 |F 4] - —
[ L.
e *
05 2 ° h_‘. R
SO, @, o t—%ﬁ >
0.0 0 e LK 3 T
45 50 45 50 55 60 65 70 75 80
20 1.0
o o
18|< m 08| = L
° ¥
g e
1|0 * e g © 06 | go¥e®
\ ~~ * o TT——
14| L Sy 0.4 | oo
O oL, 0
12 - & 0.2 a2t . N
. Sio — : ¢
10 S|02 1 0.0 B Y ." % ‘E_ﬂ go— N
45 50 55 60 65 70 75 80 45 50 55 60 65 70 75 80
12 10
10| mm g ™
B L |
g | Hm
6 3 [] ® ° _O.
. “’\““-., b 4 g | [ ] °
1 — @ e a® *
* »
2. '.".‘a?-;gj R 2] R L
o Si0, fﬂ@"?&f . S0, o o i..#_ {
45 50 55 60 65 70 75 80 45 50 55 60 65 70 75 80
5 1.0
4 A 0.8 "
i, FY Y \"Q N ="'
. o
- 6 TV (=} 9
2 O- ° PG 04 {2 ° ’f‘.ﬁl N
1]g" O o 02 | p— * .
sio, sio, ~ * Lo *
0 : : ‘ 0.0 , ‘ ‘ o 8Emet |
45 50 55 60 65 70 75 80 45 50 55 80 85 70 75 80
7 . .
o o Madjarovo latite complex
6 QN o ¢
5 ] 3 «+ Cherna Mogila trachyrhyodacite complex
4
*
3 L] o0 & Mezek rhyolite complex
/ e
° o
2l m o ple e @< o ¢ g Planinets rhyolite complex
- L e ¢ B w0
! = sio,*® ° /0
2 [m B
0 ’ ‘ ; ‘ m Krumovgrad basalt complex
45 50 55 60 65 70 75 80

®ur. 2. XakepoBu guarpamu Ha rnaBHUTE eneMeHTH

Pesynratu

maBHM enemeTy

B pasnpegenenueto Ha TiO2, FeOt, MgO, CaO u P20s ce
Habntogasat cxofHu 3akoHomepHocTu (dur. 2). Te ce oTgensT
rnaeHo B 6aszantoBuTe ckanu oT KpyMOBrpaackust KOMMNeKe u
B 3HauMTENHa CTeneH B CPEOHOKUCENUTe ckamu  OT
MapxxapoBckus 1 YepHoMOnuMmcKkUs Komnnekcu. TpeHgoseTe
Ha pasnpeaeneHneTo UM NpaesT ps3ka Yynka B uHTepeana 48-
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55% SiO2 1 no-cnabo nspaseHa B UHTepBana okono 70% SiOz.
Al203 ce oThens BbB BCWYKM CKanW C W3BECTNA CMsHA B
HaknoHa Ha TpeHaa okono 70-75% SiO.. Ckanute oT
MagxapoBCKISi KOMMNEKC CE XapaKTepWU3MpaT C HAKONMKOKPaTHO
MO-BUCOKM CbabpkaHust Ha MnO M Mo-HUCKM ChAbPKaHUS Ha
FeOt n P,0s B cpaBHeHue ¢ octaHanuTe komnneken. Na20 ce
OTAenst BbB BCUYKW Ckanu B nopsigbka 2-4%, kato uma no-
rofisiM pa3max camo B pUOnMTOBUTE ckann oT Mesekckus

nﬂaHMHeuKMﬂ KOMMIIEKCH.
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®ur. 3. inarpama K20/SiO: (no Peccerillo, Taylor, 1976; Dabovski et al., 1991)
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®ur. 4. inarpama (Na.0+K:0)/SiO: (no Le Bas et al., 1986)
OtHowenmneto K2O/Na2O Bapupa npu noBeyeTo Ckanu Tpaxugauuti (wowoHntoBa cepws), Tpaxutu, HK kBapu-

Mexay 1 1 2, Ho Npu Hskou 06pasLyM OT KUCENUTe KOMMMEKCH
[0CTUra 0 0kono 6.

K20/Si0;

Ha puarpamarta K20/SiO2 pasrnexpaHute ckanu nonagat B
nonetata  Ha  Bucokokanueso(HK)-kanumeBoankanHara,
wotwoHutoBata U HK-npexogHata (cybankanHa) cepum (dur.
3). EpuHnunm obpasyn nonagat B moneTata  Ha
kanuuesoasnkanHara " XvnepkanueBo-cybankanHata
(6wrraputosa) cepum (no Dabovski et al., 1991). Ckanute ot
MazxapoBCkus NAaTUTOB KOMMIEKC Ce XapakTepusupar ¢
LUMPOK pa3max B CbabpxaHueTo Ha SiO2 (o1 56,00 go 69,30%)
1 CbC CPABHUTENHO MaITbK [uMana3oH B u3MeHeHueTo Ha K20
(3,08-6,28%). Te ce onmpemensT KaTo LIOLOHWATM, NaTUTW,
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Tpaxutu, HK tpaxupuogauntu (HK-kanuuesoankanHa cepus),
KaTo AOMWHMpAT NaTuTuTe.

MameHenneTo Ha SiO2 B obpasuute 0T 3naToycToBckaTta
rpyna Bapupa ot 65,91 go 80,00% (B eamHuuyeH obpasey
56,76%), a cbabpxanneto Ha K20 e B rpaHuuute 3,01-6,67%
(HK-kanuueBoankanHata 1 LIOLIOHATOBATA CEPUMN, EAMHUYEH
obpasel, B kanuesoankanHata cepus). Ckanute ot Mesekckus
komnnekc ce onpegensat kato HK puonutu, HK puogaumtn un
Tpaxupuormtn (K20 3,23-4,96%; SiO2  71,45-80,00%).
Ckanute 0T YepHOMOrWCKUS KOMMIEKC CE XapaKTepuaupar C
no-ronsimo pasHoobpasue. B Tax cbabpxaHueto Ha SiO2
Bapupa ot 65,91 go 74,20% (eguHuueH obpasey 56,76%), a
Ha K20 3,01-6,67%. Te ce onpepmensT kato HK pauntu, HK



puogauntn, HK pronntu, Tpaxugauuti 1 TpaxupuogauuTy, a
e[1HNYeH obpaseL, 0T MHTPY3MBHOTO TS0 — kaTo HK gnopuT.

Ckanute oT [InaHWHeLKUs PUOMUTOB  KOMMAEKC Ce
XapaKkTepusupat C Mamnku W3MEHEHUS B CbAbPXaHWETO Ha
SiO2  (69,75-74,41%), HO CbC CUNHO U3MEHEHWe B
cbabpxaHueto Ha KoO (2,60-8,00%). Pasnomarat ce B
nonetata Ha KanuuesoankanHta, HK-kanuueBoankanHara,
wowoHoToBaTa u HK-npexogHata (cybankanHa) cepuu. Te ce
onpegenar kato puogauut, HK puogaumtn, HK puonutw,
Tpaxupuogaumty, Tpaxupuonuti, HK tpaxupuogauuts u HK
Tpaxupuonutn. CobabpxaHueto Ha SiO2 B ckanute OT
KpymoBrpaackus 6a3anToB KOMMMeKC Bapupa B rpaHWLuTe
46,44-48,03%, a Ha K20 - 2,30-3,78%. Te ce onpenensT kaTo
MeNnaHOKpaTHW Kanuesu TpaxmbasanTi, KaTo HSKOM aHanmau
nonagat Ha rpaHuuara ¢ abcapokutu u HK Tpaxubasantu.

(Na20+K20)/Si02

Ckanute oT MamxapOBCKusS KOMMIEKC CE XapakTepuaupar C
Bucokn ctomHocTn Ha Na20+K:0 (5,77-9,56%) u Ha
puarpamata (Na20+K20)/SiO2 nomagat B nonetata Ha
ankanHuTe pasHOBWAHOCTM — 6a3anToBy TpXvaHZesuTu,
TpaxuaHgeautn, Tpaxutn (dur. 4). Ckarmte ot 3natoycTos-
ckata rpyna ce xapakTepuaupaT C MO HUCKM CTOAHOCTM Ha
Na20+K20. Tean ot Mesekckust KOMMNEKC Ce ONpeaensT kaTo
puonuti. B Tax cbabpxaHueto Ha Na:0+K20 He Hagsuwwasa
7,51%. Coabpxanneto Ha Na:0+K:0 B ckanute oT
YepHomorunckust komnnekc He npesuwasa 8,37% u Te ce
OnpegenaT kato auoputh U puonntu.  Ckanute  oOT
Benopeukara rpyna ce xapakTepusupar C BUCOKM CbbpKaHMs
Ha Na:0+K20. Ckanute oT lMnaHWHELKUS KOMMEKC CbLUO ce
onpenensT kato puonutu. Mpn Tsx obaye Cbabp)aHUETO Ha
Na20+K20  (7,11-9,35%) e no-BUCOKO  OTKOMKOTO  Mpw
Mesekckusi komnnekc. AHanuaute oT KpymoBrpaackata rpyna
nonagar rnaBHO B NOMETO Ha Tedputa U CaMo Ha eaUHUYH
obpasuy — B nonetata Ha Tpaxubasantute u 6asanture. Kato
LSNo ckanuTe oT 3naToycToBCKaTa rpyna ce xapaktepusupar
C mMo-Hucka ofwa ankanHocT B CpaBHEHME C Te3n Ha
MagxapoBckusi komnnekc u benopeykara rpyna.

3aknioyeHune

Ckanute OT W3CMedBaHMs paloH Ce OTHacAT  KbM
wotwoHutoBata, HK -npexogHata (cybankanHa), no-psako KeM
HK-kanuuesoankanHata cepus no Knacudukauusta Ha
Peccerillo, Taylor (1976) u Dabovski et al. (1991), koeto
noTepbxaaBsa usBoauTe Ha Harkovska et al. (1989), MsaHoBa
2002 n pgp. Ckanute ot MamkapoBckus kommnekc, obaue,
3HAYNTENHO Ce OTNMYaBaT OT CPEOHOKMCENWUTE CKanu Ha
[Jambanckata rpyna ot Momunnrpaackata genpecus (HK-
kanuuesoankanHa cepusi Georgiev, Milovanov, 2003, 2004),
KOETO e oOlle €eJHO OCHOBaHMEe 3a OTAEeNsHeTO UM KaTo
CamOCTOSITENEH KOMMITEKC.

Ha pguarpamarta (Na:0+K20)/SiO2 (Le Bas et al., 1986)
ckanute OT M3crnefBaHWs paWoH nonagat nNpeauMHO B
norneTata Ha ankanHute pasHOBMOHOCTW. [10 OTHOLLEHWETO
KoO/Na2O 1e nomagat B MOMETO Ha  KanueeBute ¥
BUOCKOKanueBuTe cepum B cmmucbna Ha Middlemost et al.
(1973).Cranute oT MapkapoBCKIst KOMMIIEKC CE OTNNYaBaT OT
ApYrvTE U3cneBaHn KOMMMEKCH C NO-BUCOKM ChAbPXKaHWs Ha
MnO u no-Hucku cvabpxaHus Ha FeOt u P20s.
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HABJTAYHATA TEKTOHUKA B CTPAHIXXAHCKATA 30HA B CBET/IMHATA HA HOBU
AAHHU OT OEPBEHTCKUTE Bb3BULLEHKA

SHko epoxukos, JaHaun Memodues
Cocputicku yHusepcumem ,Ce. Knumerm Oxpudcku”, Copusi 1504; janko@gea.uni-sofia.bg; daniel_metodiev@abv.bg

PE3IOME. [lepBeHTCKUTE Bb3BULLEHUS Ca efHa OT Haii-cnabo npoyyenuTe yactu oT CTpaHakaHckaTa 3oHa B bbnrapus. MpoBefeHnTe feTainHu nscneasaqus B
paioHa Ha cemata lonsm [epBeHT n Bbnya nonsiHa HacouBaT KbM npepasrnexpaHe Ha nybnukyBaHWTE MOLEnM 3a HaBrayeH CTpoex. B paspesa Ha
[OLEeHOMaHcKaTa NOANoXKa MOXE Aa Ce pasrpaHuyar e MbpBOpa3speaHn €ANHULN — aBTOXTOH U anoXTOH. ABTOXTOHBT € U3rpafieH OT XEPLMHCKM MeTaMopuTy 1
rpaHNUTOMAN, KOUTO CE NOKPUBAT OT TPUACKM METAceANMEHTW. ANOXTOHBT BKITKOUBA KaKTO (hunnTHaTa 3aapyra C paHHONaneo3oiicka Bb3pacT, Taka 1 3ansrawute nog
Hest kapboHaTHO-TepUreHHU MeTaceauMeHTU. Tean MeTaceaMMeHTU opopMST KapTupyeMa eauHuLa (kapboHaTHO-TepUreHHa 3aapyra), KOTO € U3rpafieHa OCHOBHO
0T MpamopHaTa 3agpyra Ha flaboscku u ap. (1994). B obema Ha Tasu eguHMLA BKMKOYBAME U LUMPOKO 3acCTbMEHUTE AONOMMTH, KOWTO Ce pasrmexgar Kato
aBTOXTOHHM oT [laboBcku u Ap. (1994). U3yyaBanuTe ckanu ca 3acerHaTt OT HUCKOCTENEHeH 3eneHolmncteH meTamopdmsbm (T<300-350) ¢ paHHoanmuiicka
Bb3pacT. Kakto MeTaceauMeHTUTe Ha aBTOXTOHA, Taka W CKanuTe Ha anoxToHa ca 3acerHaTit 0T MHTEH3MBHN CUHMETaMOpHM AedopMaLy, a PENUKTY OT MbPBUYHIA
CTPYKTPYpU He ce ycTaHoBsiBaT. Jluncata Ha nokanuavpaHe Ha NnacTU4HU W Kpexkn Aedopmauuy No KOHTaKTUTE Ha AedMHUpaHUTE eAMHMUM, yKa3sa 3a
[omeTamopgHa Unv CMHMETaMOp(Ha Bb3pacT Ha HaBMMYaHWATA B U3CneaBaHUs cerMeHT oT CTpaHmkaHckaTa 30Ha. AHamm3a Ha CUHMeTaMopdHUTE CTPYKTYpH
noka3ea AOMWHMPaHe Ha HacodeHn kb W, WNW obemnm cpsisBanms.

THRUST TECTONICS IN THE STRANDJA ZONE: NEW DATA FROM THE DERVENT HEIGHTS, SE BULGARIA
lanko Gerdjikov, Danail Metodiev
Sofia University “St. Kliment Ohridski”, Sofia 1504; janko@gea.uni-sofia.bg, daniel_metodiev@abv.bg

ABSTRACT. Dervent Heights are one of the least studied parts of the Strandja zone in Bulgaria. Our detailed field studies in the area of the villages of Goliam
Dervent and Valcha Poliana show the need of revision of the earlier models for nappe tectonics in this part of the Alpine orogenic belt. Two major units could be
distinguished in the pre-Cenomanian basement — autochthon and allochthon. The autochthon is built by Variscan high-grade metamorphic rocks and not
penetrativelly deformed granitoids. They are covered by low-grade Triassic metasediments. The allochthone consist of phyllite formation with early Paleozoic age, as
well as the underlying carbonate and detrital metasediments. These metasediments form a mappable unit here designated as a carbonate-terrigeneous formation.
Field data allow to reconsider the position of the abundant dolomites. It was suggested that they are forming the autochthon, but the field relations are consistent with
interpreting them as a part of the carbonate-terigeneous formation. All studied rocks record very low-grade Early Alpine metamorphism (T<300-3500). The
metasediments of the autochthon as well these of the allochthon display evidence for strong synmetamorphic deformations and because of that primary structures are
not preserved. The timing of the emplacement of the allochthon is poorly constrained, but judging from the lack of localization of ductile as well as of brittle
deformation along the major contacts it could be suggested that the emplacement was pre- to synmetamorphic.

YBoa cTpaTurpadickn U NaneoHTONoXkW AaHHu (YaTanos, Mukosa,
1961; Yatanos, CtedpaHos, 1966; Zacharieva-Kovacheva et
lOronsTouHaTa okpaitHuHa Ha Bbnrapus e usrpageHa ot al., 1964; Boncheva, Chatalov, 1998 1 Ap.), @ CTPYKTypHU
CTpaH[KaHcKaTa 30Ha, KOSITO NMpeCTaBnsiBa [4o0-LeHOMaHCK [iaHHn ce Hamupat camo B mogenute Ha loues (1985) u
OpOreH, 3aneyatan WHTEH3VBHM PaHHOAMMMICKN MNacTAYHM [laGoscku v Ap. (1993, 1994). Hacroswara pabota oTpassisa
necopMalM 1 MeTamopduabM. B nocnegHute  roguhu pesyntaTuTe OT pervoHanHu npounHN HabMoaeHus, KakTo 1
CTPOEXa Ha 30HaTa Ce ThIKyBa kaTo HaBnayeH (Moues, 1985; OT AeTalnHoTo M3cnensae (kapTupake B M 1:25 000) Ha
Dabovski et al., 1991; [laGoscku 1 ap., 1994), HO AeTalmHK KMtO4oB yuacTbk OT okono 20 km?2 B OKOMHOCTUTE Ha C. Fonam
CTPYKTYPHW AaHHW ca nybnukyBaHW Camo 3a W3TOYHMTE YacTu [lepseHT (®ur. 1).
(Dabovski, Savov, 1988). Ot apyra cTpaHa, W3y4aBaHeTo Ha
CMHMeTamopHUTe dedopmauun B 3anagHuTe 4actu Ha MpoBeaeHUTe  M3cnedBaHust  HamaraT —MpeoleHka  Ha
30Hara (MBaHoB u ap., 2001; Gerdjikov, 2005) nokasa Hyxaara [OCETalHMTE Bb3rneam 3a 06xBata Ha anoXTOHHUTE eauHULM
OT NpeoLieHKa Ha NPeanoXeHUTe, No-paHo TEKTOHCKW MOAENN. B [lepBeHTCKMTE  Bb3BULIEHWS, 33  WMHTEH3UTETa  Ha
[lepBeHTCkMTE Bb3BULIEHWS NPEACTaBNsBaT €AuH OT Hai- CMHMETamMoppHUTe  flechopmal 1 3a  XxapakTepa  Ha
cnabo nosHaTuTe cermeHTW Ha CTpaHmxaHckaTa 3oHa. 3a rPaHNLNTE MEXOY TEKTOHCKMTE EANHNLIN.

TO3M palioH ca nybnukyBaHM peauua MpOTMBOPEYMBY
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®ur. 1. Feonoxka kapTa Ha u3cneaBaHus panoH: 1 - Mo3uuusa Ha paspesa
oT ¢our. 2

JIUTOTEKTOHCKM eAnHULM

[o-ropHokpenHaTa noanoxka B [lepBEHTCKNTE Bb3BULIEHUS
€ W3rpajeHa OCHOBHO OT TepureHn W  KapboHaTHM
meTtacegumeHTu. MybrvkyBaHn ca gaHHW KakTo 3a Tpuackarta
(Yartanos, Mwvkoea, 1961; Yatanos, CtedaHos, 1966), Taka u
3a paHHonmaneosomckata Bb3pacT (Zacharieva-Kovacheva et
al., 1964; Boncheva, Chatalov, 1998) Ha Te3n HUCKOCTENEHHN
MEeTamopuTL.

CynepriosuumsiTa Ha Marneo3oickyn Bbpxy TpHUacku ckanmm e
TbIKyBaHO KaTo pesynTar OT CWH- WNM MOCTMETaMOpdhHO

HaBnnyaHe (FoueB, 1985; [aboBckm w gp., 1994).
MpoBegeHnTe  M3cneaBaHWs no3BonsBaT  YaCTUYHO
peBM3MpaHe Ha Mo-paHHMTE Maen 3a obxBata Ha

ABTOXTOHHUTE U ANOXTOHHUTE CKallHX KOMMNIIEKCU.
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ABTOXTOH

MenHULKKY TUN Kucenun MeTapuonuTun
E===] Mpawopu (FonsmoGykoscka cauta ?)

=X Mpamopu, MeTanscbyHuLm (Omapyescka cauta ?)
MscbyHMLm, kKoHrnomepartu (Mutoscka ceuTa ?)

E_g paHuTonaun

XepuuHcku meTamopuTi

ABTOXTOH

ABTOXTOHBT € M3rpajeH OT BMCOKOCTEMEHHW MeTamopduTh,
BHEPEHUTe B TAX [PaHWTM U MOKpMBKaTa WM  OT
paHHOME3030MCK/ MeTaceauMeHTH. Baaupaiiku ce Ha JaHHUTE
Ha Okay et al. (2001), moxe fa ce npueme KbCHOXepLMHCKa
Bb3pacT  3a BMCOKOCTEMEHHMS (yHOoamMeHT  Ha
CrpaHpxaHckaTa 30Ha W Mepmcka Bb3pacT 3a BHEAPEHUTE B
TAX rpaHuToMgn. Tesu MeTamopduTM Cce cpelyat KaTto
n3onupanu OnoKoBe BCped pasKpUTMsTa Ha rpaHUTOMaUTE B
NpUrpaHUYHUS y4acTbK Ha u3cneasaHarta nnoty. CpaBHUTENHO
nobpe ca paskpuTW rpaHUTOMZNTE, KOWTO M3rpaxgaTr ronsm
MNAYTOHWYEH KOMMMEKC, PasKpuBaLY ce Ha bbrrapcka u Typeka
Teputopus. [paHuTOoMguTe ca Han-yecto OMOTUTOBM W
PaBHOMEPHO3bPHECTU, HO Ce CpeLlaT YecTo U NEBKOKPaTHW,
No-CUTHO3BPHECTW Pa3HOBMAHOCTU. He ce ycTaHoBsBAT creau
OT  HanoXeHW  BUCOKOTEMMEpaTypHM  Aecopmauum.
Annuickute fecopmMaumu B Te3W rpaHnNTX ca fiokanuampasu B
LUMPOKW A0 HSIKOMKO MeTpa 30HW C ANGY3HN KOHTAKTW, B KOUTO
Te Ca NPeBbPHATU B HUCKOCTENEHHW NMPOTOMMUIOHUTH.



[10-Me3030MCKNAT  KPUCTaNWHEH KOMMMEKC Ce MoKpuBa
TPAHCrPECMBHO OT TpMacku MeTaceduMeHTW, a Ha MecTa ce
npecuya OT NEBKOKPATHM xunoabucanHu tena — MenHuLKu
komnnekc (Jaboscku u ap., 1994). Tpuackute MeTaceanMeHTH
OT aBTOXTOHA Ce pasKpuBaT W3TOYHO OT C. JIeCOBO U KOXHO OT
c. Bbnuya nonsHa. Pa3kputocTTa B TO3M y4aCTbK € MHOro
cnaba u TpygHo Moxe Aa ce fobue NOCTOBEpHa NpeacTaBa 3a
XapakTepa Ha pa3spe3aa 1 0COBEHOCTUTE Ha CHHMETaMOPGHNTE
pecdopmaun. MoTBbPkIABa Ce MPUCHCTBUETO Ha TEPUrEHHN
cegumeHTn — [laneokacTpeHcka csuta oT Cakapckus Tvn
Tpuac no Jabosckn u ap. (1994), B HaM-tOXHWTE NOKAnNUTETH,
KOWUTO M3rpaxpaT Han-gonHUTE HuBa. Bbpxy Tsx 3ansra
LOOMMHMpAH OT MpaMmopu paspes, KOWTO BKMIOYBA NakeTu
MeTansicbyHuyn. Tasau 4acT OT paspesa e KopenupaHa C
YcTpemckata cauta ot Cakapckus Tvun Tpuac (Jaboscku u gp.,
1994), BbNpPEKN OTCLCTBMETO HA TUMMYHMTE 3a Ta3W CBUTA
meTanenuTi. Hai-ropHute HUBa ca U3rpageHn 0T MOHOTOHHU
KanuuTHM ¥ JOMOMMTHM Mpamopu. Ha TO3u etan Ha
u3crefBaHe He MOXe KaTeropuyHo Aa Ce pelm Bbmpoca 3a
NPUHAANEXHOCTTa Ha Teau ckanu kbM Cakapckust TMn Tpuac.
OTCbCTBMETO Ha XapakTepHuTe 3a YcTpemckata cBuTa
MeTanenuTy, nokassa CbLIECTBYBAHETO HA BaXHU pasnuums
Mexgy Tpuackus paspes OT aBTOXTOHA B [lepBeHTCkuTE
Bb3BUILEHMS M aHanorMyHata  MocnegoBaTenHocT — OT
Tononosrpagcko.

Or gpyra cTpaHa, nuncata Ha BuoTUT B M3yyaBaHWTE CKamM
n Oeneante 3a HUCKOCTEMEHHW 3EMEHOLUIMCTHU NPOMEHM
(kpMcTanuaauus Ha XnopuT W NMpekpucTanu3aums Ha keapua)
ca Mo-CbBMECTUMU C KopenupaHe cbc Cy6bankaHugHus Tvn
Tpuac (Yatanos, 1990). CnabaTa paskpuToCT B U3crneaBaHus
paioH, KaKTO W MOYTW aHanoruyHuTe paspesn Ha Cakapckus v
Cy66ankaHughus tvn tpuac (MeaHos u gp., 2001) we ca
MpUYMHa TO3W BBMPOC [a OCTaHe OTBOPEH 3a Pa3nuyHu
WHTEpNpeTaLmm.

AnoxToH

CkanHuTe KOMMMEKCH C anoXTOHHa No3uuusa B pa3pesa Ha [o-
LeHomaHckaTa noanoxka B HOroustouna bBbnrapus ca
n3secTHn kato 3abepHoscku Haenak (Yatamos, 1990) wnm
kaTo Benekcka eguHuua (Dabovski et al., 2002). 3a pasnuka
OT N3TOYHNTE YacTh Ha CTpaHmxaHckaTa 30Ha, Tyk obxBaTa Ha
anoXTOHHUTE (hparMeHTH He e Jobpe npeLuanpan.

[abosckn n ap. (1993, 1994) naHcupaT mMogen 3a cTpoexa
Ha anoxToHa, KOWTO € aHanorMyeH Ha NPeanoXeHus 3a
tOroustouHa CrtpaHgxa (Dabovski, Savov, 1988). Cnopeg
Hero anoxtoHa € (opMUpaH OT [Be HaBMaYHW MouM,
M3rpafeHn OT KOHTPACTHO pasnuyHu eguHuuy: (1) gonHata ce
kopenupa C kapboHaTHWS pa3pe3 oT CTpaHmkaHckus Tvn
Tpuac (Yatanos, 1990) n e HOMUHWpaHa kaToO MpamopHa
3agpyra; (2) ropHata e uarpafieHa, OCHOBHO OT (UMWUTK C
JornHonaneosoiicka Bb3pacT W € HOMUHUPaHa KaTto (hunmuTHa
3agpyra.

Bbanpmema ce, Ye noasiokkaTta Ha alloXTOHHUTE NNacTUHU B
paifoHa Ha c. Fonsm [lepBeHT € npefcTaBeHa OT KOHTPACTHO
pasnUYHM MOCresoBaTeNHOCTY — AOANMMIACKAS (DyHAAMEHT U
NOKpMBKaTa OT TpUaCKn MeTace/J,I/IMeHTI/I-CaKapCKVI ™n, "
ponomutHuTe Mpamopu oT CybbankaHugHus Twn  Tpuac
(Yaranos, 1990; [laboscku 1 gp., 1994).
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[eTtannuute nscneaeaHus B panoHa Ha c. lonsm [lepseHT
Hanoxuxa pesusMpaHe Ha Te3n uaen. MpamopHaTta 3agpyra
Ha [abosckun u ap. (1994) ce okasa efgHa MbCTpa cKanHa
acouuaums, B KOSTO He BUHAMM kapboHaTHUTe MeTaceaMeHTH
ca oMuHMpalLyM. Ha cbluecTBeHa NpeoLeHKa € NoanoxeHa u
nosuynsiTa Ha AONOMUTHIUTE MPaMopK, c4nTaHu oT [Jaboecku
n ap. (1994) 3a enemeHT OT aBTOXTOHA.

Peanua thakTi HM HacouBaT Aa pasrnexaame AONOMUTHUTE
MpaMOopu KaTo YacT OT AonHaTa nogeauHuua Ha Benekckata
eouHnLa:

(1) [onomuTHW MpamopW, aHamorMyHW Ha Tean OoT
Cyb6ankaHugHns Tun, ce yCTaHOBSIBaT Ha peguua MecTa B
pa3spes3a Ha MpamopHaTa 3agpyra (our. 1).

(2) B ronsam Gpoit nokanuTeTw Te3W AOMOMUTHU Mpamopw
3ansrat KOH(OPMHO W CbIMaCHO BbpXy MeTaceauMeHTH OT
MpamopHaTa 3aapyra. [ogobHn oTHOWeHUs ca HabnoaaBaHy
Ha ceBep 1 CeBepo-M3TOK OT C. Fonsm [lepeHT (dur. 2).
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®ur. 2. JIUTONoXKKU pasHOBUAHOCTH M TEXHW B3aMMOOTHOLEHUA B oGema
Ha KapboHaTHo-TepureHHata 3appyra. CesepousToyHo oT c. lonsm
Nepsent (M. Cenuweto): 1 - p[ONOMMUTHM Mpamopw, 2 - CUBH
MUIOHWUTN3MPaHN MpaMopH, 3 — MeTaaneBponnTH

(3) Muncata Ha Genesu 3a nokanuavpaHe Ha 3HauMMK
NNacTUYHU UNu  Kpexkn fedopMalunm no KOHTaKTUTe Ha
HWBaTa, U3rpafeHu OT LONOMUTHU MPaMOpU.

Tean gaHH HU AaBaT OCHOBaHME Aa cyMTaMe, Ye B apeana
Ha [lepBeHTCKUTE Bb3BUILEHUS anoOXTOHHaTa Bernekcka
eouHMLla e Wu3rpajeHa oT fABe nojeauHuuy — [OrHa,
npeactaBeHa  OT  kapboHaTHO-TepureHHata  3agpyra
(DedwHupaHa Tyk 3a MbpBM MbT) U rOpHA, W3rpageHa oT
cunuTHaTta 3agpyra.

Kap6oHamHo-mepuzeHHa 3adpyaa

B obema Ha Ta3u 3apyra ce BKIOYBa MpamopHaTa 3aapyra
Ha [Jaboscku u gp. (1994), kakTo U [ONOMUTHWUTE MpaMopw,
Bb3NPUETM OT CbLUWS KOMEKTUB 3a eNlEMEHT OT aBTOXTOHA Ha
CrpaHmxaHckata 3oHa. BaxHo e pga ce otbenexu, ye
3agpyrata  BKMOMBA  TONEMM  MaKETM  TEPUIEHHM
MeTaceaMMEHTH, HKOW OT KOUTO Ce OTAENST KaTo KapTupyemm
Tena (our. 1).

Hai-LumpokopasnpocTpaHeHi ca A0NOMUTHUTE Mpamopu. Te
Ca CMBM UMK XbITEHUKABM, MaCUBHW U CUTHO3bPHECTU. Te ca
eOMHCTBaHaTa NWTOMOXKA pPaA3HOBUAHOCT BbB Benekckata
eAMHMLA, KOATO He rokassa Genesu 3a HanoXeHu NnacTyHK
Aedopmaumi. Toan (akT e necHo 0BACHUM C BUCOKaTa AKOCT
Ha [JONOMUTMTE, AOPU W B YCNOBUATA Ha CpPefHOCTEneHeH
MeTamopdnabM. [oNOMUTHUTE Mpamopu OGOpMSAT Tronemu
Tena, HO TPyAHO MoraT Aa Ce W3MON3BaT Kato MapKupaLyy
XOPU3OHTH, MOPaau nuncata Ha donuaLms B TAX 1 HescHaTa
CIIOMCTOCT.



B obxeata Ha 3agpyrata sicHo ce 06ocobsiBaT gBa Tuna
KanuuTHN MPamopu:

1) MbpBusT TN ca Benu, CUIHONPEKPUCTaNU3Npani, KoNTo
Han-4ecTo Ca MacuBHM M He nokassaT 6enesn 3a MHTEH3NBHU
nnacTuiHu gecopmauyi. 2) BTopuat tun kanuuTHU Mpamopu
ca CMBM [0 TbMHOCWBM, CWUTHO3BPHECTU M 4YecTo ca
MuUnoHuTMaMpann. OnucaHn ca oT CaBoB M Yatanos (B
[aboscku n gp., 1994) kato ,NpekpucTanuavpani B pasnuyHa
cTeneH BapoBuun”. CneumndukuTe Ha CTpyKTypaTa Ha Tesu
MpaMopu ca MpuuMHa [a He Ce OLeHsBa NeCHO TsaxHaTa
WHTEH3MBHa AedopmupaHocT. lnactniHute gecopmauum B
TAX ca [JoBenu [0 ¢hopMupaHeTo Ha TunnmyHm L m L-S
TEKTOHUTW, KOMTO B CpE30BETEe MEPneHAMKYNSpHN Ha
NWHEHOCTTa Noka3BaT U30TPONEH CTpoex. Ha peanua mecta
B TAX u30buncteat Oenn, eOpO3bPHECTM  KanUMTHU
cerperauuu, OpWEHTUpaHW napanenHo Ha donuaumsTa.
MunoHUTU3MpaHUTE Mpamopu OOPMSAT  Hal-u3gbpxaHuTe
HMBa B pa3spe3a Ha kapboHaTHO-TepureHHaTa 3agpyra, HO
BBMpEKW TOBa TPYLHO Ce MPOCneasBar Ha noseye ot 1.5 km.

KankowwmcTHuTe HuBa ca 4ecTi, ocobeHo B CbCEACTBO C
nakeTuTe TepureHHu MetacegumenTu. [locneguute ca
3aCTbMeHn HepaBHOMEpHO B paspesa. OT TAX JOMMHMpaT
MeTaaneBponuTM — 3eNeHo-CMBU  CKanu ¢ ounmuTonaeH
u3rnes, HO npuTEXasally Mo-eApO3bPHECT CTPOEX U
CbabpXalym Keapy v dengwnatv. TUNWYHWM MeTanenuTu ce
cpewat psgko, Te ca uarpagenu noyt 100% oOT npopacnu
Bana cnioga v xnoput. TepureHHWTe MeTaceauWMeHTH ca
TUMUYHY METaMOPMHN CKanu, YMATO CTPYKTYpa € HambIHO
NPOMEHeHa OT KpucTanusaumsTa Ha xnoput u bsana cnioga,
KOUTO roKaseaT BWCOKA CTeMeH Ha npegnoyuTarenHa
OpWEeHTMpOBKAa W 0OMOpMAT (ponuauusTa U MuHepanHara
NUHEeNRHoCT. [TbpBIMYHA CIIOUCTOCT Ce [oNaBs CaMo B OTAENHN
HWBA MeTaaneBponUTH, KbAETO Ce oopMa OT pedyBaHe Ha
CNOeBe C PasfMYHO KONMWYECTBO KBapy W denAwnar. Hai-
YyecTo (ponuauusTa U CrOWCTOCTTAa CbBMAJAT, a npu

HaNM4METO Ha ANCKOPAAHC Toil He HaaBuiwasa 10°.

KoHTakTuTe Ha KapboHaTHO-TepuUreHHaTa 3agpyra ca TpyaHH
3a npocneasBaHe, nopagu cnabarta paskpuTocT U No3BoNsBaT
pasnuyHK WHTepnpeTaLuu. Bbnpeku, JleTalnHoTO
npocrefsBaHe [ONMHWAT KOHTAKT Ha 3agpyrata He 0Oe
HabntogaBaH aupekTHo. Cbaeiku no Mopdonoxku Geneaw,
MOXe fja Ce MPeamnonoxu, Ye B yyacTbka Mexay AbpkaBHaTa
rpaHila M MepuguaHa Ha Bp. Mamkaposa moruna Toi ce
Mapkupa OT PasNOMHO HapyLleHWe C BEPOSTEH pasceneH
xapakTep. B cbceactBo ¢ Hero chonmauusita B ckanuTe Ha
3afpyrata 3aTbBa KbM tor. AHanorMyHa e U OpUeHTMpOBKaTa
Ha (onuauusTa B yyacTbUMTE KbAETO [paHUTOMauTe OT
aBTOXTOHA Ca HaluMcTeHW. BaxHo e ga ce otbenexu, uye
noKanuaupaHe Ha WHTEH3WBHM NNacTU4HW dedopMauum B
CbCEACTBO C KOHTAKTa He ce HabniopaBa KakTo B rpaHUTUTe,
Taka W B ckanute oT kapOoHaTHO-TepureHHaTa 3agpyra. Ha
3amag oT mepuauMaHa Ha Bp. MamkxapoBa Moruna KOHTakTa
Mexgy 3agpyrata 1 TpUackute MeTaceamMMEHTU OT anoxToHa e
MOKPUT Ha LUMPOKW NIOWM OT KBATEPHEPHW Yakbiu. [OpHUAT
KOHTaKT Ha 3agpyrata ce Habniogasa B kapuepata M Mo
CKMOHa Hag Hes, B 3anagHus kpai Ha c. [onsm [epseHT, a
CbLLO Taka W No CTapoTo LoCe, ceBepo3anagHo ot cenoto (E
23044'448" N 41°59'26"). W B gBaTa nokanuteta Ce OCTaBs
BrieYaTneHne 3a HOpMarneH NUTONOXKA NPEXod Mexay ABeTe
3agpyrs, Kato Harope B paspe3a KONMYECTBOTO Ha
kapboHaTHWTE MeTaceaMMEHTU MOCTENEHHO Hamansea U
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3anoyBa [JOMWHMPaHE Ha MOHOTOHHM dpumuToman. Tesm
HabnMoAeHNs Cca HambfIHO CXOOHM C KOHCTaTauuuTe Ha
Dabovski 1 Savov (1988), kacaelum xapakTepa Ha rpaHuLuTE
Ha anoxToHHuTe nnactuHu B tOromstouHa CrpaHmxa, HO
KOHTpacTMpaT CbC 3aknoyeHneTo Ha CasoB n Yatanos (B
Jabosckn w pgp., 1994) 3a TEKTOHCKM KOHTaKTU Ha
obocobeHata 0T TiX MpamopHa 3afpyra.

Bw3pactTa Ha kapboHaTHO-TepuUreHHaTa 3agpyra He e gobpe
ussicHeHa. [TbpBOHaYanHuTE [aHHM CcBUAETencTBaT 3a
Tpuacka Bb3pacT (Yatanos, Mukosa, 1961; Yartanos,
CrebaHoB, 1966), Ho AaHHuTe Ha Boncheva u Chatalov
(1998), KakTo M nMNcaTa Ha psi3ka UK TEKTOHCKA rpaHmuLa Cbe
ckanuTe Ha unuTHaTa 3agpyra MOXe [a ce pasrnexaar kaTo
WHAWKaTOPYW 3a paHHONaneo3oickaTa Bb3pacT Ha kapboHaTHo-
TepureHHata 3agpyra.

dunumna 3adpyea

B u3cneaBaHus paioH TS € u3rpageHa OCHOBHO OT unnTH
(MeTanenuT) M UANTM3NPAHM anNEBPONUTM C  PEaKN
MPOCIOMKM OT KamnkowuCcTM W Mpamopu. TyK paspesa Ha
3agpyrata e MOHOTOHEH W CHO Ce OTAens oT kapboHaTHO-
TepureHHata 3agpyra. Bcwukum ckamn  ca WHTEH3WMBHO
npekpuctanuavpanm M ce Habniogasa HCHO M3pa3eHa
npegnoynTaTenHa OPUEHTMPOBKA Ha  Ckanoobpasysalyure
MWHEpanu. PernvkTOBW CEOWMEHTHM CTPYKTYpU He ce

HabniogaBat. Ha peanua mecTa ce yCTaHOBSIBA HEMPOHWKBALL,
KnMBaX, KOMTO acoLumpa C OrbBaHWsiTa Ha donuaumsTa (dur.
3).

®ur. 3. MykHaTuHeH knuBax (S: — BepTWKamneH), pa3BUT MO OCOBUTE
PaBHUHM Ha M3NpaBeHW IbHKW, Aecopmupawy conuaumsata (S1) B
MeTaaneBpoNMTH; LieHTbpa Ha ¢. Bbnya MonsiHa

MpenBapuTenHM [aHHM covaT 3a Obp3o HamansBsaHe
CTeneHTa Ha MeTaMopdHUTE W3MEHEHWS BbB (HUNUTHaTa
3agpyra KbM ceBep. Taka Hanpumep, B paioHa Ha C. [onsamo
LUapKOBO aHanorM4yHn no Bb3PACT MeTaceaUMEeHTU Nnokaseat
Benesun 3a aHxU3oHamHW M3MeHeHus (BX. Cblio Lakova et al.,
1992).

CuHmeTamopdhHU CTPYKTYpH

CuHMeTaMopMHUTE CTPYKTYpU Ca pasBUTU HEPABHOMEPHO B
u3yyaBaHaTa nnow. BapupalluaT UHTEH3UTET Ha nposiea Ha
MPOHWKBALLMTE CTPYKTYpK € 0OYCMOBEH OT OT HUCKaTa CTENEH
Ha annuICKNa MeTamopu3bM, KOMTO HE € YCMan Aa 3anuyu
MbPBUYHUTE  PEONOXKA  pasnuku  Mexay  CKamnHute
pasHOBWAHOCTMW.



B aBTOXTOHa Te Ca HaW-ACHO MpPOsSIBEHW B Tpuackute
MeTaceduMeHTI, KOWUTO 3ansiraT MOHOKIMHArHO KbM CEBep.
Ha peauvua mecTa B TAX Ce [ONaBs Noferato 3aTbBalla KbM
ENE muHepanHa nuHeiHocT.

MpoHuKkBawwM onuaums W MMHENHOCT Ca TUMWYHM 3a
CKanuTe OT anoXTOHa, C W3KMKYEHWe Ha HuBaTa MacMBHM
Genn  wmpamopn u  gonomutn.  OpueHTMpOBKaTa  Ha
bonmauusaTa nokassa 3HAYNTENHW Bapuauun, NOPOL4EHU OT
WHTEH3MBHa HarbHatocT ¢ ocu  90-115°. MuHepanHarta
NWHEHOCT W Ta3u Ha pastaraHe ca  npubnuauTenHo
napanenHu Ha rbHKoBUTE ock. POpMUPaHETO Ha pervoHanHo
BOMUHMpaLyuTe donnaumus u nuHenHocT (S, L1) B Tean ckamm
€  CWHXPOHHO  Ha  HWCKOCTENEHEH  3ENEHOLUMCTEH
MeTaMopu3bM, KOETO Ce MHAMKMpa oT bnactesata Ha 6sana
CMoAa, XMOpUT U nnacTuyHata gedopMalmus Ha TEepUreHHM
KBapuoB/M 3bpHa. KuHeMaTuyHu uHOMKaTOpM (POTMPaHW
bparMeHTV OT KanuuTHU Cerperauum, acCUMETPUYHM MbHKM Ha
BnaveHe) Osixa YCTAHOBEHW CaMO B HMBATa OT MMIIOHWTHM
Mpamopu. ObemHuTe CpsA3BaHus, CbMNPOBOXAANM
HWCKOCTEMEHHMS ~ MeTamopgn3bM  ca  CbC  3anag-
ceBepo3anagHa BepreHTHOCT. BeposTHO KbM Kpas Ha
MeTamoppHaTa eBofoUMs  ce  dopmupaT M LUMPOKO
pasnpoCTpaHeHUTe B CKANUTE Ha anoXTOHA N3NPaBEHM MbHKM C
ocu 90-1200(F2).

3aknioyeHune

B 06wm nuHumM, pesyntatute HW NOTBbPXKAABAT HABMAYHUS
Mogen 3a cTpoexa Ha [lepseHTckuTe Bb3BULWEHUS (Dabovski
et al., 1991; faboscku u ap., 1994). OT gpyra cTpaHa uma
OCHOBaHMs TO31 Moaen fa 6bae peBusnpaH:

(1) OBembT Ha paHHOANMUWCKUTE ANOXTOHHW eauHULN e
paswupeH. Pasrnexganute kato vact ot Cy66ankaHugHus
TMN TpUac SOMOMUTA He OpOPMSAT TEKTOHCKM Mpo3opuy, a ca
yacT OT paspesa Ha HoBogedwHupaHata kapboHaTHO-
TEpUreHHa 3agpyra.

(2) He ce ycrtaHoBsiBa nokanuaupaHe Ha NMacTU4HW WNN
Kpexkn gedopMauMm MO KOHTAKTWTE HA  anOXTOHHWUTE
nnacTuHu. Juncata Ha peskn KOHTaKTW Mexay kapboHaTHo-
TepUreHHata v unuTHaTa 3agpyru Moxe Aa ce Tbrkysa ouno
KaTo MHAMKALMS 33 NPUHAANEXHOCTTa Ha Te3n €AMHULM KbM
€0WH pPaHHOMAneo3oWCKW paspe3 WnM kato pesynTtat oT
NpoLecH Ha CUHMETaMOP(HO HaBMMYaHe.

(3) CuHmeTamopHUTE CTPYKTYpU B W3CMEABaHMS y4acTbk
MoKa3BaT YCTOWYMBW OPUEHTUPOBKM W KMHEMATWKa, KOUTO ca
CbBMECTUMMW B TAXHOTO (DOPMMpaHe B kOpOBOMaLLabHa 30Ha
Ha Cpsi3BaHe C TPaHCTPEeCUOHEH XxapakTep.

(4) AHamorMyHo Ha KMHEMaTWKaTa yCTaHOBEHa 3a
Cakapckata egunuua (MeaHoB u gp., 2001; Gerdjikov, 2005), n
3a Tasm vact orT CTpaHmxaHckaTa 30Ha Ca XapakTepHu
CeBepo3anafHo BEPreHTH! 0BeMHM Cpsi3BaHus.

(5) MpepnoxeHaTa WHTEprpeTaLMsi 3a CTpoexa Ha TO3u
cermeHT 0T CTpaHmkaHckata 30Ha ce 6asvMpa Ha
Bb3NPUEMAHETO Ha Hail-NpocTus Mofen 3a 0bsicHsiBaHe Ha
HabnogaBaHuTE  B3aMMOOTHOLUEHUS! MEXLY FMTONOXKMATE
Tena. AnTepHaTUBEH BapuaHT GW M3NCKBaN CbLECTBYBAHETO
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Ha CrOXHa, BWCOKOCTWIIHA  HarbHAToOCT, Mnocrnensana
hopMMpaHeTo Ha HaBnavHaTta nocTporka. [laHHn 3a nogobeH
TUN CTPYKTYPW HSIM@, HO HE3aBMCUMO OT TOBA 3a No-JobpoTo
pasbupaHe Ha CTpoexa Ca HyXHW HOBW cTpaTurpadcku,
CTPYKTYPHM W re0hu3nYHN U3creaBaHus.
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JINTO®ALMANEH AHANU3 HA CEOUMEHTHUTE CEKBEHLIUA B
AONMHOKAMYUUCKNA BACEWUH (AKBATOPUAITHA 30HA)
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PE3IOME. maBHaTa Lien Ha HactoswweTo u3cnefsaHe Gele AewndpupaHeTo Ha nuTodaumantaTa apXutekTypa B aksatopuanHara 4act Ha [JonHokaMumnickns
ceavMeHTeH DaceliH ¢ npunaraHeTo Ha cemamocTpaTurpadickin U cenamodbaLmaneH aHanua. Manonasaxme no-CbBpeMeHHI Cen3MUHN AaHHK (1992), KakTo 1 BCUYKM
HaNM4YHW COHAAXHM (rMaBHO KapoTaxHK) AaHHM. OBMKHOBEHO CeuamnkaTa AaBa PErMoHanHMs KOHTPON Ha reomMeTpusiTa Ha CeAMMEHTHUTE CEKBEHLMM 1 3aefHO CbC
COHA@XHUTE [jaHHM YCTAHOBSBA NUTONOIMATA Ha Tasn reomeTpusi. [JONHOKaMYniACKMS CeduMeHTeH GaceiiH € 3ambiiHEH OCHOBHO OT EOLIEHCKW, OMMFOLEHCKU M
HEOreHCKM OTNoXeHus ¢ oblwa aebenua go Hag 5 000 M. baceitHbT ce pa3BuBa BbpXy HXHaTa OkpaiiHuHa Ha Muauiickata nnatcopma 1 norpebaHara BbHLUHA
yacT Ha bankaHckus oporeH (®ur. 1). EBoniounsta Ha GaceitHa e KOHTponMpaHa OT CeBep — CeBEPOW3TOMHATa NMporpafaunst Ha MbHKOBO-HABMaYHWS MOSC Ha
MatouHns BankaH 1 otBapsHeTo Ha 3anagHo-YepHomopckis 6aceitH. B TepureHHUTE CEKBEHLM M TEXHUTE CUCTEMHW TPaKTOBE Ca OTAeNeHn 5 nutodalmecy,
BKITHOYBALLYM (ryBUANHM, ECTyapHM, MTNTKOMOPCKN U AbNOOKOBOAHN CEAMMEHTHN CUCTEMU.

LITHOFACIES ANALYSIS OF THE KAMCHIA BASIN (OFFSHORE ZONE) SEDIMENTARY SEQUENCES
Hristo Dimitrov?, Georgi Georgiev?

"MuHHo-2e0noxku yHusepcumem “Ca. UeaH Puncku”, Cogpus 1700; dimitrov@mgu.bg

2Cogputicku yHugepcumem “Ce. Knumenm Oxpudcku”, Cogpus 1504, ggeor@gea.uni-sofia.bg

ABSTRACT. The primary goal of this study was the decipher of the Kamchia sedimentary basin (offshore zone) lithofacies architecture with seismostratigraphic and
seismofacies analyses. The study is based on relatively modern reflection-seismic data (1992), as well on all available drill data (mainly log characteristics).
Usuallythe reflection-seismic data provide the regional control on the geometries of sequences and wells are used to determine the lithology of these geometries.
Kamchia sedimentary basin filled mainly by thick up to 5000 m clay-clastic Eocene — Oligocene and Neogene deposits. The northern basin slope is superimposed on
the Southern Moesian Platform margin, but the southern one - on the buried thrust-folded external Balkan zone (Fig. 1). The basin evolution is controlled by the N-NE
propagation of the Balkan thrust-folded front and the Western Black Sea basin opening. 5 lithofacies are recognized in high-frequency clastic sequences and their
systems tracts, and includes the sediments of fluvial to estuarine, coastal, shallow marine and deep-marine depositional systems.

BbBeaeHue COHAaXHa MH(OPMaLKs 3a TEPLIMEPHUS CEAMMEHTEH pa3spes u
AbnbounHHMa reonoxku ctpoex B [IKb. OcHoBHaTa Len Ha
[lonHokamumickuaT ceaumenTen 6aceitH (OKB), pasnonoxeH NpoBeAeHOTO M3cneABaHe € CeusmMo- 1 nuTo-hataneH
mexay Matounns BankaH u Musnitckata nnatcopma B Hait- aHanu3 Ha [IKb (akBaTopuamHa 4act) U KOHCTpyupaHe Ha
W3TOYHUTE YacTu OT bwnrapus (dur. 1), BuHarm gocera e 6un CensmM1yeH nuTocpaLuaneH Modern.
0bekT Ha ronsM WHTEPeC 3a HedTEeHUTe MpOy4BaHus.
MopckuTe  reonoxks, reouanMyHM U reoMopdonoxKu leonoxka pamka

n3cneaBaHus B Obnrapckus cektop oT YepHo Mope 3anousat
npe3 1960 r., koraTo CbBETCKUST CreLmanmavpaH reouanyeH
kopab “Akagemuk Bragummup O6pyueB” npaBu nbpeaTa
ekcneguups. Okono 80 cneumanuaupaHn W KOMMAEKCHN
“3cneaBaHus Ha ObNOOYMHHWS TEONOXKA CTPOEX, Hal Beve
BbB Bpb3ka C W3y4yaBaHeTO Ha  HedpTorasoHocHaTa
NepcnekTMBHOCT, Ca MpoBedeHu B Obhrapckusi cektop OT
YepHo mope npes nepuoga 1960-2001 r. Mbpsute YeTupm
MOPCKM COHZaxa ca npokapaHu npes 1984-1986 r, oT 14X ABa
(P-1 CamoTuHo n3tok 1 P-1 CamoTMHO MOpe) ca COHaMpaHu B
mopckata 4vacT Ha [KB. lMo-kbCHO aHrnuiickata KoMmaHus
British Gas Ha 6a3aTta Ha No-CbBPEMEHHW MOPCKW CEU3MUYHM
npoyysanms npe3 1992 r npokapBa owe Tpu Abnboku
Tbpcelm HedpteHn coHgaxa B OKB npes 1993-1995 r.
MonyyeHa e 3HaunTenHa no obem u CTOMHOCTHA CEN3MMYHA W

[onHoKaMUMACKUST Crnea-unupcku cegumeHTeH GaceiiH B
M3touHa Bwrrapus, passusan ce B MPOCTPAHCTBOTO Mexay
Mwauiickata nnatdopma n M3touHo-bankaHckus oporeH (Pur.
1), ce pastBaps Ha Wu3TOK B 3anagHo-YepHomopckaTa
aksaTtopusi. CamMo OTHOCUTENHO Marika noLy 0T HeroBata Hai-
3anagHa nepudepust € pasmnonoxeHa Ha cylara — 06xBaTbT
My ce npocregssa Ha pasctosiHue okorno 30 km 3anagHo ot
mopcku 6psar npu wupmHa 18-20 km. Cy6-mepuanoHanHusaT
[OpHOUMMNMILKA TECEH XOPCT OrpaHuMyaBa pa3BUTUETO Ha
OKE Ha 3anag. Mopckata uacT oT GaceitHa 6bp3o ce
paswupsia ¥ ygbnboyaBa B M3TOYHA NOCOKA M MNABHO
npexoxga KbM LieHTpanHuTe 30HM Ha 3anagHo-YepHomopckus
cepumeHTeH GacelH. KOXHOTO orpaHuyeHue Ha baceilHa ce
Mapkupa CbC CEpUs OT CeBEP - CEBEPOU3TOYHO OPUEHTUPaHU
Bb3CEAHO-HABMNAYHM pasnoMu B YenHaTa yacT Ha bankaHckus
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annuiickn  oporeH. OT ceeep [KB ce orpaHnyaBa ¢
BrnaHalKkuST pasnom, KOMTO o4epTaBa M3AUTHATUS KXeH pbb
Ha Mwuawiickata nnatdopma. Obwata pfebennHa Ha
ceauMeHTHUs komnnekc uanbneaw, KB Hagxebpns 5 km
(Georgiev, 1996) 1 BknOYBa CEAMMEHTHM NOCNELOBATENHOCTY
CbC eoLeHcka (E2-3), onuroieHcka u HeoreHcka BbapacT (dur.
2).

143°N

-
142.5°N

®ur. 1. TekToHcKa cxema Ha YacT oT CU Bbnrapus (no Georgiev, 2004 ¢
mogudmkaummn).  MokasaHo  e:  TeKTOHCKaTa  no3uuMs  Ha
MonHokamumiickusi 6aceitH U Bpb3KaTa My CbC 3anagHo-YepHOMOPCKUA
OaceliH; MpexaTta OT WHTEpNpeTUpaHUTe CeM3MMYHM npodunu u
u3bpaHuTe ABa 3a AEMOHCTPaUMA; coHAaxuTe B [lonHOKaM4MiAcKus
GaceitH

TekToHCKkaTa npupoga, MopdornorusTa M BPeEMETO Ha
3anaraHe Ha [KBb ca 6uwnu pguckytupaHu oOT peduua
u3crefoBartenu, UMeHoBanu ro Hai-yecto [onHo-Kamuuiicko
noHwkenne - [KM. OKB e pasmexgaH kato  pbOHO
noHwxeHve (ApaHos, 1960; Atanacos, 1973; Kanutko, 1976;
Tyronecos u ap., 1985; Dachev et al., 1988; bokos u gp.,1987;
Maenosa u Konesa, 1995), npegnnauHcko (AtaHacos, 1961,
Bokos, 1989; Georgiev and Marinov, 1994; leoprueB u
[aboscku, 1997) n kpaeBo noHwxkeruwe (Javes, 1977); naguHa
(BoHues, 1986) u 3anageH pbkaB Ha 3anagHo-YepHomopckus
BaceinH (Georgiev, 2004).

Mo-CbBpemMeHHaTa UHTEPNPETALMS Ha MO-HOBUTE COHLAXHU
M CEM3MMYHM [aHHW [aBa OCHOBaHWe [a CMsTaMme, Ye
passuteto Ha [OKB ce KoHTponupa KOMOMHMpaHO OT
eBornoumsATa Ha /13To4Ho-bankaHcks rbHKOBO-HaBMAYEH Mosic
npe3 paHHUsS cpedeH eoueH W OTBapsHeTo Ha 3anagHo-
YepHomopckust GaceiiH, 3anoyHano npes anT-anbckus Bek
(Georgiev, 2004; leoprue u ap., 2004). eomeTpusta Ha
faceiiHa e nokasaTenHa, 4e TOW He MpuTEXaBa TUMNYHWTE
4epTu Ha hopnang baceitH (our. 3).

Cnopen knacuveckuss mogen Ha Dickinson (1974), B
HanpeyeH paspe3 copnaHa OaceitHute uMaT KIMHOBMOHO
odopMeHa reomeTpus W gbnbounMHata MM MOCTEMEHHO
HamarsBa B MOCOKA OT MMAHMHCKWS MOSC KbM Mpunexalms
KpaToH. Bbrpeku ToBa, HAKom oT xapakTepuctukute Ha Kb ca
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JoCTaTbyHO yOeauTenHu 3a aeduHupeHeTo Ha OaceliHa
MMEHHO KaTo (hopnaHmoB — MECTOMONIOXEHUETO My Mpen
OPOreHeH (PPOHT UM y4acTUEeTO Ha KOMMPECHa TEKTOHWKa BbB
(OpPMUPAHETO My, [AOMMHMPALLO TEPUreHEH MbAHEX W
CeBepHO npemMmecTBaHe Ha CEAMMEHTHUA OEenoueHTbp BbHB
BpemeTo. PopmupaHeTo Ha 6GaceHa ce KOHTponupa OT
WHTEH3MBHATa M3siBa Ha Mnupckata oporeHesa npe3 paHHus
CpeneH eoLEH, KosTo 0hopMst CbBpeMeHHaTa Mopdonorus Ha
Bankanuaute.

[OKB ce pa3BuBa Bbpxy toxHaTa OkpaiHuHa Ha MuauiickaTa
nnatcoopma w [pepbankaHa, KaTo YenHO MO-MOHVKEHO
cTbnano Ha oporeHa. B cTpykTypHaTa reomorus, bacenHute
CBbP3aHW C KOMMPECUOHHA TEKTOHWKA ca TUMM3MPaHU KaTto
“foredeep” n kato ‘“piggy-back” cegumeHTHu 6aceiHu, B
3aBucuMoCT 0T Mectononoxerneto um (Allen and Allen,
1990). MbpBMAT TMN BKMIOYBA BaceiiHnTe, YUMTO AENOLEHTBLP
ce obpasyBa npef aKTMBHATa HaBMaJHa cucTema, 4oKaTo Mpu
BTOPWS TUM [enoLeHTbpbT CE pa3siWBa BbPXy TuroBaTta U
n3gurHatata YacT Ha HanpedBalyWTe HaBMaYHW NNAaCTUHA Ha
oporeHa. Croped Tasu reHETWYHa XapakTepucTuka Ha
oporeHHute ceaumeHTHu BaceitHn (Allen and Allen. 1990)
MOXE [ja Ce NMPeAnosoXM, Ye KXXHaTa YacT OT MoANoxXKaTa Ha
OKB npencraensea  TunuyeH  “piggy-back”  cegumeHTeH
BaceH, obpasyBaH no Bpeme Ha ABCTpuICKaTa oporeHesa B
cpegata  Ha Kkpegata W 3anbiHEH C  TOPHOKPERHW,
naneoLeHCKM 1 AONHO-CPEAHOEOLEHCKM OTROXeHUs (Pur. 3).

CTPATUIPAOUA

Ceura,uneH. JIUTONOXKO OMNMUCAHUE

(3appyra)

NUTONOrUA| AEBENMHA

(M)

EekcuHorpagcka 0-110m

BapoBsuTyH rNuHK, NPOCNOMKM ANaTOMUTW.
ceuTa

HEOIEH |Cucremal
muou.-ke. | Cepus

lanartcka CBUT: 0-100m Mpeobnanaeart NACLYHULM, MUHN.

Bxknioysa B chCTasa CU rUHK,
meprenu, Tydu, MaHraHosm pyau,
anesponMTH 1 NPOCTIONKKA OT MACHYHALM.

Pycnapcka 0-900m

csuTa

onuroueH

[LeduHutneHuTe Benesu Ha cautata:
CBeTNU Meprenu, cpea KouTo uma
NACBYHULUW, NECHYNUBK Meprenu, Ha
MecCTa v newu o1 KoOHrmomMmuepartn.
Waobunue ot hopamunudepun n
HaHONNaHKTOH, G1Baneun 1 racTponoan.

ABpeHcka

cBuTa 0 - 1400 m

CpefeH-ropeH eoueH

XapakTepuaupa ce C peaysaHe Ha
KOHrnomeparu u GpeKNOKOHI’ﬂoMepaTM,
KOWUTO Ce NPOoCNoABaT OT NO-TbHKKU Navyku
CMIHO NECHYNIUBA MEepresiv U CPeaHO- 10
©[1PO3LPHECTH NACHYHULIL.

O63opcka

cauTa -150 m

A
cpeaeH_eoueH

Xapaktepuaupa ce CbC CpeaHo- A0
€apo3bpHecTn nebenonnacTosu
AACLYHALW, B pelyBaHe C TbHKOMNNacTosn
ApebBO3LPHECTUNACHYHULN,
aneBponUTW, MEpreni U KOHrnomepaTu.

eoueH
|

[esoiHnwka

csura -700m

AoneH

Csutara e uarpageHa ot
Meprenu 1 BapoBMUM.

BeneHcka
ceuta o

-800m

=]

naneoueH

Our. 2. O6obleHa cTpaTurpadicka W NUTONOXKA XapaKTepUCTUKA Ha
TepuuepHusi paspe3 B [IONHOKaMUUIACKUA ceAUMeHTeH BaceiH



404 CeAMMeHTeH pa3pes Ha ceAMMEHTEeH pa3pe3 Ha TUNU4eH [ 4.
[:I [onHokamuuninckus 6acenH m copauin 6aceiiH (norpedaH Mpenbankax =
Q1 2km

®ur. 3. HanpeyeH reonoxku paspes (no nuuusTa Ha CM-12, cour.1), noka3ssauy reomeTpusita Ha 6aceitHa

A =

w o Samotino more E

w _, Samotino more E

®ur. 4. lutodpaumnanta uHTepnpetaums Ha ceanmeHTHUsA paspe3 B [IKB, nokasaHa no HanpeyeH (A) u HapgnbxeH (B) cenamuyeH npodmn. Otaenenu ca:
¢haumec Ha pnyBuanHuTe, ecTyapHUTe M KpanbpexHU NAcbYHUUM — 1; chaumec Ha AbLNOGOKOBOAHUTE KOHYCOBU NACHYHULM — 2; (haLuec Ha TypouauTUTE —
3; chaumec Ha chaHOBUTE FMMHECTM aneBponuTH — 4; hauuec Ha ALNOOKOBOAHUTE FMMHECTN CKanu — 5

49



[laHHM U MeToAMKa 3a U3CneaBaHeTO

B npoBeneHoTO wu3cnedBaHe Ca W3MON3BaHWM OaHHW OT
npokapaHuTte 5 AbNOOKM CoHaaxa B MopckaTa yacT Ha KB un
Mo-CbBPEMEHHU CenaMnyHmM peaynTtatu (1992 r.), BbpXy KOUTO
npoBefoxme nogpobeH ceusmocTpaturpadicku  aHanua U
uHTepnpeTaums. Tasn nacregoBatencka MeToamMka 13LAano ce
6a3upa Ha KoHLUenuuaTa 3a ceuMeHTHUTE cekBeHumm (Sloss,
1963; Vail et al., 1977; Van Wagoner, Posamentier, 1988) u 3a
cemsmocTpaTurpadickust aHanus (Vail et al., 1977; Bally, 1987).

MpensaputenHo noabpannTte 3a aHanua 18 nNo-kavecTBeHu 1
CbBPEMEHHW Ceu3MuyHu npodmunm (o1 1992 r.), ca
pas3monoXeHN B paBHOMEPHA CEM3MUYHA Mpexa NoKpuBalla
OCHOBHO  MO-NNNTKOBOAHATa  akBaTopWanHa 30Ha  OT
JonHokamuniickus 6aceinH — po usobara 1000 m (dur. 1). [ea
OT NpodunnUTe ca C OpWUeHTauus 3anag — M3TOK, ABa CbC
ceBepo3anaf — KrousTok, a octaHanute 14 ca HanpeyHu Ha
faceiHa C oOpueHTauuMs CEBEpOM3TOK — torosamad. [lpu
WHTEpNpEeTaLmMsATa Ha CEN3MUYHMTE NPOMIM Ca U3NON3BaHN 1
MoMyYeHUTE XapaKTepUCTUKKM 3a MpokapaHuTe 5 coHpaxa B
[OKB (CamotuHo Mope, CamoTuHo m3Tok, LA-1, LA-2, LA-3),
kakto M 3a coHgax [amata 1. OcHoBHaTa uen npw
ceusmocTpaTurpadiCkus  aHanu3 e  MnonyyYaBaHeTo  Ha
0DeKTMBEH, peaneH MoAen Ha CeauMEHTHUS BaceitH, HeroBoTo
TEKTOHCKO Pa3BUTWE, CEAMMEHTHO 3ambriBaHe M 0OCTaHOBKM
Ha ceguMeHTaLms.

CeunsmocTpaturpaccku u nutochauuanHu
pe3yntatu

B ceaumeHTHNS pa3spes Ha [lonHokamuninckust 6aceiH SiCHO
Ce pasrpaHuyaBaT [Be CeKBEHLMU — CPEAHOTOPHOEOLEH KA
HeoreHcka (TeoprueB w gp., 2004). Pa3spessT um e
BOMUHMpaWo TepureHeH (dur. 2). B cekseHumiiTe ca
NPOCMENEHN CUCTEMHW TPaKTOBe, OTAENEHW C XapaKTEpHM
3aNMBHN NOBBbPXHUHK. 3a M3sAcCHsSBaHe Ha nuTodaunanHata
apxuTekTypa Ha BaceiiHa Gele n3BbpLLEH censmodhalnaneH
u nutodpaumaneH aHanms. lMpu aHanu3a 1 WHTepnpetaumsTa
Ha ceusmuyHuTe daumecn ca obocobeHn 5 cneumduyHmn
ceuamodaLanHu nonerta, pasnuyasally ce no reoMeTpusiTa
Ha OTpaxeHusTa. TAXHOTO MPOCTPAHCTBEHO Pa3npoCTpaHeHue
M B3aWMOOTHOLUEHWS,  OdyepTaBaT  nuTohaumanHata
apxutektypa Ha 6GacentHa. O6ocobeHuTe cenamodhalnantm
norneTa ce AEMOHCTpUpaT C [Ba paspesa — eOuH HanpeuyeH
CMN-12 n egnH HagnbxeH CI1-71, MuHaBaLLy Npe3 COHAaxXUTe
LA-1 n CamotuHo mope (dur. 1 u our. 4). CeauMeHTHUSAT
nbnHex Ha Kb e peructpupaH Ha Cl1-12 B uHTepsan ot 0,0-
2,2 sec. n Ha CrI1-71 B untepean 0.0-3.6 sec.

dayuec Ha bnaysuanHume, ecmyapHU U KpalbpexHu
nscbYHUYU (1) — CEU3MUYHMAT 3aNKC Ce OTNMYaBa OT TO3W Ha
oCTaHanuTe chauuecu C napanemnHu, HeusgbpxaHu, HWUCKO
amMnauTyaHU oTpaxeHus (dur. 4 n 5). Toam tmn daumec e
CBbp3aH C KpanbpexHW W  MIANTKOMOPCKA  TEPUreHHM
cegumeHTn. CemsmodbaumanHoto none ce obocobsisa B
loKHaTa YacT Ha baceliHa, kaTo B CeBEpHa NOCOKa NaTepanHo
ce 3auensa c aumeca Ha Typbugutute U (haumeca Ha
(baHOBUTE TMMHECTU aneBponuTh. PaumanHoTo none e ¢
AbIkuHa okono 8.2 km, a gebenuHarta my goctura go 1700 m.
JoMUHMpaT NACBYHMUMTE, @ B MOAYMHEHO KONMYeCTBO Ca
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KOHTTIOMepaTuTe, rpaBenuTuTe, anespoNUTUTE U MMUHECTUTE
ckanu. HsiMa mpokapaH COHgax B ToBa ronie, HO cropes
nosuumaTa My B paspesa Ha GaceiHa M naTepanHuTe W
BEPTUKanH1 B3aMMOOTHOLLEHUA, CceauMeHTuTe Morat fa
Gbaar  ofpegeneHu  kato  CPEeAHOrOPHOEOLIEHCKM U
ONUrOLEeHCKH.

dayuec Ha 0b160K080OHUME KOHYCOBU NACLYHUUU (2) -
Toit ce obocobsiBa fACHO MO cneuuduyHaTa CenaMnyHa
XapaKkTepucTuka 1 reometpuuHa copma (dur. 4 u 6). Mo
npocun Cr1-12 ce oyepTaBa B OCHOBaTa Ha GaceiiHoBKS
paspe3 KOHYCOBMAHO NMWTONOXKO TAMO C AbMKMHA Okono 5.5
km 1 aebenuHa go 280-300 m.

3anuc

®ur. 6. ®parmenT ot CI-12, noka3Baw, xapakTepHus 3a nutodaumeca
Cen3MUYeH 3anuc

6acenHOB CKMOH Hanpey4Hu paspesu

| BbTpeweH daH I

] cpepeH can n

Ill cpeadeH daH c nobose I’

v v

BbHLWeEH daH

6aceHOBO AbLHO
[ nacwuHm akymynauum

20 km [ rvnu, anesputn

®ur. 7. Cxema Ha upeanusupanm avosu cuctemm (no Walker and Mutti,
1973, ¢ moaundmkaumm)

CensMUYHMAT 3anuC Ce XapakTepusupa C naTteparnHa
M3MEHYMBOCT Ha aMMIMTYAM U HEnpeKbCHATOCT  Ha
CEeM3MUYHUTE TPaHMLM Ha Kbcu pascTosHus. [onyyaBa ce
KNWHOBMIHO OuvepTaHa BbHLIUHA KOHGUrypauus, oTpasssalla
pasBuTHe Ha Bps3aHa AONMHA, NPeMWHaBaLa B KaHLOH. ToW
Npopsi3Ba KOHTUHEHTANHUS CKMIOH UM B MOAHOXWETO ce
pasBuBaT kKaHanmM ¢ 1oGOBM M (paHOBM  KOMMIIEKCH,
CBMOETENCTBAWUM 32 MACWMBEH TPAHCMOPT Ha TepureHeH
maTepuan. B upeanusvpaHus mogen Ha caHoBa cucTema
(Pur. 7) moraT fa ce BMOSAT OCHOBHMTE TWMOBE NobBose W
tbaHose (Walker, Mutti, 1973). B To3n ¢haumec pgocera CbLUoO
HsIMa COHAAX, HO cropeq nokanusauusTa My Ton e 6e3cnopHo
CbC CPEeOHO-EOLEHCKa Bb3pacT. YBEpPEeHOCT 3a TOBa HW [aBa
HeroaTa no3uuust B paspesa Ha OaceliHa, KOSITO Mokassa



pasnpoCTPaHEHWETO My  HEMOCPEACTBEHO Hag — [OOfHa
CEKBEHTHa rpaHWUa, MapkvpaHa OT u3sBata Ha Mnupckarta
HarbBaTenHa (hasa (Feoprues u ap., 2004). B toxHa nocoka
haunanHoTo none nateparHo ce 3amecta ¢ (hauueca Ha
TypbuouTuTe, @ B CeBepHa C (pauneca Ha AbNOOKOBOAHWTE
MNHN.

dayuec Ha mypbudumume (3) — passuT € B [Be
ceusmodaLmanHu noneta, KOUTO OTYeTNMBO ce obocobsBar
natepanHo W BepTukanHo. Ceu3muyHaTta kapTMHa MoKa3ga
anTepHauus Ha cybnapanenHu, CpaBHUTENHO HENPEeKbCHATM
BMCOKO W HICKO amMnIUTyaHu oTpaxenus (dur. 4 n 8).

®ur.8. @PparMeHT OT HanpeyHus ceu3MuyeH npodpun, nokassaly
KOH(pMrypauusTa Ha CeU3MUYHMSA 3anmc

BbB BLHLHUTE CM 30HM TO3M (haLMec WMa KMMHOBMAHA
KoHcurypaums. Pasmepute Ha fBeTe baumanHu noneta ca
3HaYMTENHM M TOBA MOKA3Ba LUMPOKOTO pasBuTHE Ha TO3u
tauvec B BaceiHoBMs MbnHex. EAHOTO haumanHo none e
pasBMTO B LiEHTpanHata 4yacT Ha 6aceiHa (B CknoHoBaTta U
faceiHOBMSA EnuLEHTBLP), MpocTMpa ce Ha okono 5.8 km
AbIKMHa, a gebennHata my e go 1400 m. OT tor natepanHo
ce 3amectBa C (pauueca Ha dnyBWanHuTe, ecTyapHu W
KpanbpexHW NACbYHMLM, @ Ha CeBep Ce CMeHsi ¢ daumeca Ha
AbnOOKOBOOHUTE [MMHECTM cKamu. ToBa Ca  TEPUTEHHM
CEAVMEHTU, OTNOXEHN OT TYypOMAMTHM NOTOLM BBB BbHLUHATA
wendoBa M TOpHaTa CKIOHOBA 30HA, TPaHCMOPTUpaHu
MOHSIKOra OT XITb3raHus 1 CBMMYaHNS W He Ha NoCneaHO MSCTO
npu katactpodpanHu cbbutus.  M3BapgeHnte  Agkm  OT
coHgaxute CamoTHO Mope u CaMOTWHO M3TOK MoKa3Bar
TbHKO HENpaBWMHO pefyBaHe Ha NSCBHYHWULM, aneBpONUTH,
TTMHW 1 MEPTenn, AaTupanu no opamMmnHudepH Kato cpegHo-
1 ropHoeoLieHckn (xypaHos, 1991). BTopoTo none e passuto
nofo0HO Ha MbPBOTO B LigHTpanHata YacT Ha baceilHa, Ho ce
Hamupa B [pyr Bb3pacTOB MHTEPBAN U MUMa AbIKMHA OKOMO 5
km, a gebenuHata e fo 400 m. OnuroueHckata Bb3pacT €
JokasaHa C MuKpodhayHa, OmpedeneHa B COHAaxHaTa sigka
(OxypaHos, 1991).

dayuec Ha ¢haHosume enuHecmu anesponumu (4) -
obocobsiBa Ce eMHCTBEHO B OCHOBATa Ha ONMMOLIEHCKWS
paspes nog opmata Ha BanoobpasHo TAno ¢ AbMKMHA OKOMO
18 km u pebenunHa go 150 m. CenammnyHa kapTUHa € XaoTu4Ha
C pedyBaHe Ha BUCOKO M HWUCKO aMMWTYOHU CEU3MUYHM
OTPaXEHMs1, KOUTO MMAT BbIHOOOpa3Ha KoHUrypaums, He ca
W3obpXKaHW B naTepanHa nocoka W ce Habmiopgasart
NPEeKbCBaHMS B CEU3MUYHMTE rpaHnum (Pur. 4 n 9).

®ur. 9. ®parmeHT ot CM-12, noka3eawy xapakTepHus 3a nutodauueca
CeM3MMYeH 3anuc

To3n TMN CemamMMyeH 3anmnC € XapaKTepeH 3a CBRavnLLHu
KNacTUYHM OTNIOXEHWs, AebpuTW, AEnTOBM W NNAcTUYHO
pecopmupann  cegumeHTu.  OTuuMTalikm  nosuumsTa  Ha
pasnpocTpaHeHue Ha dauueca B 6aceiHa (MMTka U CKIOHOBa
30Ha) ro CBbp3BaMe C [JentoBa CedMMeHTa CucTema.
BeposTHO B OCHOBaTa Ha ONUrOLEHCKWS paspe3 ca ce
OTNOXUIM (haHOBUTE CEAMMEHTW Ha AenTata Ha narneopeka.
Cnopep knacudukaumusta Ha gentute (Fisher et al., 1969),
OCHOBaBalla ce Ha ocobeHocTUTE BbTpe B [enTosara
paBHWHA W B 3aBUCUMOCT OT EHeprumHaTta WM aKTUBHOCT,
MOXeM [ja MpuemeM, Ye OTAEeneHuAT almnec e npoaykT ot
pasBUTUETO Ha hnyBManHo JomuHupalla genta (eur. 10). Ha
for chaumanHoTo norne naTtepanHo rpaHnyn ¢ dryBranHuTe,
€CTyapHU 1 KpanbpexHW NACbYHULM.

Toan paumec pocera He € COHOMpaH, HO HeroeaTa
ONUroLeHcka Bb3pacT Ce Mpeanonara No MukpodayHa B
paspesu Ha cywwara (IxypaHos, 1991).

pasnpeaeJauTe IHH
KaHaJIH

A€JITOBA paBHHHA

(pouT Ha JeaTaTa

npojenTa

®ur. 10. Cxema Ha peyHo AomuHupala aenta (no Fisher et al., 1969, ¢
moAavdumkaumm)

dayuec Ha Ob16okoso0HUMe 2iuHecmu ckanu (5) — ToBa
chaunanHo none Ce OTNIMYaBa C MapanenHu, HenpeKbCHaTy
HWUCKO aMnanTyaHW oTpaxeHus (dur. 4 n 11).

®ur. 11. ®parmeHT OT HanpeyHus ceusmuyeH npocun, noKa3Ball
KOH(pMrypaumsTa Ha Cen3MUYHMA 3anuc

OvmkuHata My e 3HaumtenHa — Hag 30 km, a gebenuHara
po Hag 3000 m. daumecbT e npeacTaBeH OT FMMHECTUTE
OTNIOXEHMsl, PasBUTW B [0MNHATa YacT Ha 6aCeMHOBMUS CKMOH U
6aceiiHoBoTO [ObHO. [0  CbLIECTBO TO3M OTHOCUTENHO
abnookosogeH  (haumec  u3rpaxaga  OenoueHTbpa Ha
ceanMeHTHMS BaceiH. Moxe OT4YeTnMBO Aa ce 3abenexw
MUrpaLms Ha AENOLeHTBbPa OT Hor Ha CEBEP, KOETO € CBbP3aHo
CbC CEBEPHOTO HanpefBaHe Ha V/3TouHOGAnKaHCKMS OpOreH,
KONTO € M OCHOBHA MOAXpaHBalla 30HA 3a TEPUreHHOTO
3anbrBaHe Ha baceitHa. Toan dauuec 1 Tasn vacT oT bacentHa
BCE OLie He Ca COHAMpaHW, HO CrOpesd CEeM3MUYHWTE AaHHU



HAMa CbMHEHWe, 4Ye TOBa Ca CpedHO-TOPHOEOLEHCKN W
ONTUTOL|EHCKM MHTEepBanu.

3aknioyeHune

PasnosHatute 1 xapaktepusupaHuTe neT OCHOBHM (haumeca
B cobcTBeHo-CceanmeHTHMs nbnHex Ha [OKB nokassar
pasHoobpasHa ¥  Obp30-NpOMEHsla Ce  CeAMMEHTHa
obcTaHoBKa B HErOBOTO pasBuTME — OT KpanbpexHa Ao
pbnbokoBogHa. OcHOBaHME 3a TAXHOTO OTZensHe ca
XapakTepHUTE OCOBEHOCTU Ha CEU3MWUYHWTE OTPaXEHWS W
koH(urypaumu. Becekn daumec e cBbp3aH CbC cneuuduyHa
ceguMMeHTHa 0OCTaHOBKa M e pesynTar OT pa3BUTMETO Ha
KOHKpETHa CeauMMeHTHa cuctema. Pauuecute ca JOMUHUPALLO
TEPUrEHHN W TSXHOTO PA3NpOCTPaHEHME € CBbP3aHO C
€BOMIOLMATA Ha MaKkap W He TUNUYEH CeauMeHTeH BaceitH oT
opnaHgoB TN nped ¢poHTa Ha barnkaHckus OporeH.
W3scHsBaHeTo Ha cpaunanHata apxutektypa B KB uma
roNsAMO 3HayeHWe 3a HedTO-Ta3oHOCHWS aHanu3 — fAaea
Bb3MOXHOCT 32 KOHKPETHO O4YepTaBaHe Ha 30HWTE Ha
pasBuTME Ha KOMEKTOpW, MOKPWBKA W  BBINEBOJOPOAO-
reHepupaLLy KOMMAEKCH.
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NIATONOXKW NPEANOCTABKKU 3A TbPCEHE HA NMPUPOAHN PESEPBOAPU B
TEPUNEPHUA PA3SPE3 HA IOTOU3TOYHA BBITAPUA

Mapuana [JoHyesa, Bacun banuHoe, E¢ppocuma 3aHesa-fJobpaHoea

Munxo-2eonoxku yHusepcumem “Cs. MeaH Puncku”, Cogpus 1700; geoenergy@ mgu.bg

PE3IOME. /3y4yaBaHeTo Ha TepuMepH1TE CEAMMEHTU B KOrOM3TOYHATa YacT Ha Bbnrapusi e 0T 3HaueHWe 3a NPOrHo3upaHe Ha TAXHOTO MPUCHCTBUE B MpUMeXaLLms
wend. ToBa ce AbmkM Ha (hakTa, Ye HAKOM OT OTAENEHNTE TEKTOHCKM €ANHULM B TO3M palioH NPOLbITKaBaT W B akBaTopusiTa. Takuea ca MaTouHobankaHckata 30Ha
u byprackata genpecus, HanoxeHa Bbpxy CpegHoropckaTa 3oHa. TeHOeHUMnTE B pasnpoCTPaHEHWETO HA TEPUMEPHUTE CEAUMEHTU ce HabensseaTt no AaHHW OT
reonoXKOTO kKapTupaHe (0BSACHUTENHN 3anucku KbM reonoxkata kapta B M1:100000), kakTo 1 HE3HAUMTENHUAT 0BEM COHAAXHM N3CNeaBaHNs. TEXHUST NUTONOXKMN
CbCTaB € CneunduyeH 3a OTAENHUTE TEKTOHCKM eauHuLM. MaTouHobankaHckaTa 30Ha Npea narneoreHa e uarpageHa NpeanmMHo OT IIMLLKA U KNacTUYHN CEAUMEHTY.
B Byprackata fenpecuist npe3 T031 Nepyof OCHOBHUTE NUTOMOXKW TUMOBE Ca MACBYHULATE W MEPrennTe, KakTo U BbIMMLLATA B OCHOBATa Ha paspesa. B HeltHus
CTPOeX y4yacTBaT M HEOTEHCKM Hacraru, MpeacTaBeHn OT kapboHaTHW M MMMHECTM ceauMeHTU. JIMTonoxkuTe 0COBEHOCTM Ha nuToCTpaTUrpadpCkuTe eauHILM
npegnonarat npUCbCTBUETO Ha NpeobnagaBallo NpPOHULAEMM M TPYAHOMPOHULAEMI CKAMTHW 3adpyru. V/3yyaBaHeTo Ha TeXHUTE B3aWMOOTHOLLEHWS e MO3BOMM
TbPCEHETO Ha NPUPOAHN Pe3epBoapy B TEPLMNEPHIS pa3pes Ha torouaTouHus wend Ha bvnrapus.

LITHOLOGICAL PRECONDITIONS FOR PROSPECTING OF NATURAL RESERVOIRS IN THE TERTIARY SECTION OF
SOUTHEAST BULGARIA

Mariana Doncheva, Vassil Balinov, Efrossima Zaneva-Dobranova

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

ABSTRACT. The studying of the Tertiary sediments in the eastem part of the South Bulgaria is of a great importance for prognosis of their presence in the adjacent
shelf. It is due to the fact that some of the separated tectonic units in this region continue in the offshore as well. Such are the East Balkan zone and the Burgas
depression, imposed on the Srednogorie zone. The tendencies in the distribution of Tertiary sedimentary rocks are marked out using geological mapping data
(explanatory notes to the geological map of the scale of 1:100 000) and insignificant well data. The lithological composition of these rocks is specific for separate
tectonic units. Mainly flycsh and clastic sediments build up the East Balkan zone during the Paleogene. In the Burgas depression during the same period the main
lithologic types are sandstones and marls as well as the coal in the base of the section. Neogene rocks, represented by carbonate and clay sediments take part in its
composition. The lithologic features of the lithostratigraphic units suppose presence of prevailing permeable and hard-permeable rock formations. Examining of their
relationships allows prospecting of natural reservoirs in the Tertiary section of the Southeastern Bulgarian Shelf.

BuBepeHue XKensaskoso u Kevpknapenm B M 1:100 000), kakto u Ha

He3HauuTenHus obem coHgaxHu gaHHu (P-1 Momopwe, P-1

VayyaBaHeTo Ha pasnpocTpaHeHvero u nuTonoxkate  COMHUK, P-1 PymHuk, a cblio Taka v namuTkuTe coHpaxy ot
0CcOBEHOCTM Ha TepuMepHUTe CeauMeHT B KroMsTouHaTa paiioHa Ha byprackisi BbrrvLLeH GaceitH).

yacT Ha bbnrapus e oT 3HayeHWe 3a MpOrHO3MpaHe Ha
TSXHOTO MPUCLCTBME B Mpunexalims wend. Tosa ce Obixu
Ha hakTa, Ye OTAENEHUTE TEKTOHCKM eauHUUM B TO3W panoH JIuTonoxkun ocobeHocTH Ha TepuuepHute

npogbikaBaT WM B akeaTopusita.  TakuBa  ca ceaUMEHTH

W3touHobBankaHckaTa 30Ha, M3TouHocpegHoropckata 3oHa W

Hanoxexata BbpXy Hes Bypracka ndenpecus (dur. 1). OcHoBHUTE OTIINYMTENHU Genesu Mexay
Mpeanonara ce, 4Ye cneuucuyHUTE 3a BCAka TEKTOHCKA MatouHobankaHckata 1 M3TouHocpenHoropckata 3oHa ce
€AMHMLa TEPLUMEPHN CEAMMEHTU MOraT Aa Ce NPOCNEAAT U B CBbP3BaT CbC CneuudmkaTa Ha IUTONOXKUTE UM 0COBEHOCTU
UJeﬂq)a. OcBeH TOBa, INUTOMOXKMAT CbCTAB MOACKA3Ba (K—queB, 1995 un ﬂp) [iBeTe 30HM HAmAT CTPOro ornpegeneHa
Nnocokata Ha TPaHCMNOPT, Bb3pacTTa u q)aLU/IaJ'IHVIH MmN Ha rpaHWLa noMexay cu. Huto eguH ot Kynmcoo6pa3Ho
CKanuTte, KOUTO Ca W3TOMHWUW Ha KnacTudeH matepuan. pasronoXeHUTe pasnomMu Mexay TsX He ce pasrnexaa kato
tOXHMAT Wend e cnabo u3ydeH B TO3M acnekT, Tbil kato rpaHuLa mMexgy ABeTe TEKTOHCKM eauHnumn. CxogHu B TAX ca
NUNCBaT COHAAXHW AaHHW U MH(opMauusTa ce nonyyasa HarbBaTeNHUTE 1 HaBMaYHUTE NpoLecH, MPOTEKNM npes
FNaBHO OT CEM3MUYHUTE NPOUNN. SHAYUTENHO NO-ronsMa no aBcTpuiickata wMnu napamuiickata casa. pe3 unupckus
obem e uHdopmaLusTa 3a cywara. Ts ce 6a3upa OCHOBHO Ha eTan npes/cies niTeca Ce  OCBLECTBSBA  [MaBHOTO
AaHHWUTe OT reonoXKOTO KapTupaHe (06HCHV|TeJ'IHVI 3anncku CprKTyp006pasyBaHe. lMopaan ToBa MHOMO aBTOPW HaMupar,
KbM KapTHM nuctoBe [onHu “Yucpnuk; Avtoc; Byprac; Ye OCHOBHWUTE Pasnuk B Pa3rNEXAaHUTE 30HM Ce U3pas3sBaT B

Momopue; Llapeso, Hoc Cunuctap, Manko TbpHOBO M Pe308Bo;
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®ur. 1. TekToHcKa cxema Ha HOromstouHa Bbnrapus: 1 - rpaHuua MeXay TeKTOHCKUTe eauHULK; 2 - Bb3cep, HaBnak; 3 — npeanonoraemMa Nocoka Ha

TPAHCNOPT Ha KNnacTU4eH matepuan

ronamoTo Yy4yactihe Ha BYNKaHOreHHuUTe 06pa3yBaHVIF| B
ropHaTa Kpena Ha CpenHoropCKaTa 30Ha W pa3BUTUETO Ha
qI)J'II/IUJKVI naneoreHckn ceaMMeHTM B M3TouHobankaHckaTa
30Ha.

B M3moynobankaHckama 30Ha (Prmwkus BankaH)
(NUWKATE  ManeoreHckW  CeAMMEHTW  MMaT  LUMPOKO
pasnpocTtpaHerue (KbHues, 1995, 1995a). KoHkopaaHTHO Hag
CeVNMEHTUTe Ha ropHaTa Kpega WnW TPaHCTPECUBHO BbpXY
MeprenHata 3agpyra (naneoveH) n EmMuHckata crviuka cauta
(kamnaH-goneH  maneoueH) nexaTt  CegMMEHTUTE  Ha
KosnumHckata cButa (ropeH naneoueH), Ha bpekvoeata
3agpyra (BeposiTeH nmaneoueH) wnu Tesu oT 3agpyrata Ha
pebenonnacToBust hnvw (NaneoLeH-cpeseH eoleH) (Pur. 2).
C eoueHcka Bb3pacT ca nuwkute (3agpyra Ha
pebenonnactosus nmw u lebewwka) u KoHrmomepartHuTe
(KonrnomepatHo-meprenHa u OBG3opcka) 3agpyrn M CBUTH.
OnuroLeHckM ckanu He ca YCTaHOBEHM, HO ce Mnpeanonara
TAXHOTO NPUCHCTBYE B Lenda. OTCbCTBAT AaHHU 33 Hannune
Ha MUOLIEHCKM CEANMEHTM.

KnacTuyHute  CegMMEHTM MpUCHCTBAT — HaBCSKbOE B
paspeauTe. B ocHOBaTa OT CEBEpHMTE palioHM Ha 30HaTa ce
Hamupa bpekyogsama 3adpyea (BEpOSTEH  NaneoLeH).
Bpekunte ca eppokbcoBM A0 Onokou. MarpageHu ca
W3KMIOYNTENHO  OT  CEAMMEHTHW  CKanu, Cpeg  KouTo
npeobrnapgaBat Te3W C KOpPCKa M TOPHOKPeAHa Bb3pacT.
MarmeHn M MeTaMOphHM KbCOBE OTCHLCTBAT, MOPaaW KOETO
MOXe [a Ce MPearnoroxu, 4Ye TPaHCMOPTLT Ha KMacTUYHMS
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maTepuan e 6un ot 3anag w ceeeposanag. [ebenuHata Ha
3agpyrata goctura 130 m. PasnonoxeHara Ha tor Ko3uyuHcka
cguma (rOpeH naneoueH) MNEXW TPaHCTPECUBHO, C fCHA
pasMMBHa rpaHuLa, BbPXYy PasnuyHKM YacTh Ha EmuHckata
ceuta. OCHOBHWAT pedvHuTMBEH Oener Ha cBuTata €
HanMMuMeTo Ha NNacToBe OT 3bPHECTW BapOBULM C KPEMBYHU
KOHKpeLMM M Ha nnactoBe OT OpEKYOKOHTNoMepaTu cpeq
anTepHauumsTa OT NACHYHWULMW, MEPTENY U BApOBUTY aprumnuTy.
[ebennHata um e okono 200-300 m. Hapg 19X cnepga
3adpyeama Ha 0ebenonnacmosus hiuw ¢ npeobnagasaHe B
paspesa Ha MNACBbYHWKOBMSA R (OONMEH-CPEdEeH eoLeH).
MACbYHMUMTE Cca NONMMMUKTOBM. M3rpageHu ca oT kBapu,
cdenawnar, Cnoga U Kbcyeta OT CEAUMEHTHW, MarmMeHu M
MeTaMopHu ckanu. B paioHa Ha ConHuk (ceBepHaTa YacT Ha
30HaTa) CeguUMEHTWUTE Ce MpOCrosBaT OT KOHrMomepatn ¢
KbCOBE OT CEAMMEHTHW CKanu (BapoBULW, MEprenu, KpeMbK),
KBapL, BYMKAHCKM W WHTPY3MBHM Ckanu. KbcoBeTe oOT
BapoBMLM Ca W3KMIOYMTENHO OT EMUKOHTUHEHTAIHWS TUN
ropHa Kpega v OT naneoueHa ot obnactra Ha lNpenbankaxa.
Croikata € OT pa3HO3bPHECT apkosonomobeH crogeH
MACBYHMK UMM € NECHYNMBO-TIIMHECTA, BapOBUTO-TIIMHECTA.
Cpen nvwkuTe CeanMeHTU Ce YCTaHOBABA U €AHA Navka oT
ONACTOCTPOMHN  00pa3yBaHWst OT  TOPHOKPEOHM — CKanw,
npegcTaBuTenn Ha BaposukoBata 3agpyra (kammaH) U
BeneHckata cButa (mactpuxT). Obwata pebermHa Ha
3agpyrata € ot 300 go 1500 m. Ta nexu HoOpMarHo BbpXy
cegumMeHTuTe Ha KosnumHckata cauta u bpekyosaTa 3agpyra.
lopHaTa ¥ rpaHnua cbe ceaumeHTuTe Ha lebelukaTa ceuta e
koHkopfaHTHa. [ebewkama ceuma (fOpeH eoueH) e



n3rpageHa OT anTepHauust Ha [MWHECTM Meprenn (8o
BapOBWTM MMUHK) U NSCBYHULM (MM aneBponuTh). [opHaTa i
rpaHuUia UM B3aUMOOTHOLUEHWMSITA € KOHIIIOMepaTHo-
MeprenHata 3agpyra ca HesicHu. [lebenuHata Ha cButata ce
nameHst ot 300 po 600 m. KoHernomepamHo-mepaenHama
3a0pyea (ropeH eoLeH) ce MOKPUBA OT KOHKIOMEpaTuTe Ha
O63opckata  cButa. MarpageHa e OT  MecbynMBo-
aneBpONUTOBM MEPrenin 4O BapoBUTW MMWMHU C NELLOBULHM
NPOCMONKM (0O  HAKOMKO ~ MeTpa) OT  rpaeemut  (C
KOHrMoMepaTH! KbCOBE), TPybO3bPHECTU MNSACBYHWALM [0
koHrnomepatun u 6pekyokoHrnomepatv. B cbctaBa Ha
rpyboTepuUreHHUTe CKkanu yyacTeaT KbCOBE OT BapoBULM 4
Meprenu ot EmuHckata cBuTa, MCbyHMUM oT 3agpyrata Ha
pebenonnacToBus pnunwL, BynKaHCKU ckanu (aH4e3wuTu u ap.),
rPaHOLMOPUTI W [MOPUTH, BapOBULM, CbAbpXaliM ronemu

thopammHudepu, fankoBm ckamu u ap. KbCoBeTe OT BYIIKAHCKM
W WHTPY3WBHU ckanu ca fJobpe 3aobneHu, gokato Tesu ot
CeOMMEHTHN ckaru ca nony3aobneHn u pbbectn, koeto ce
ObIku Ha 6nuskus cHoc. [lebenvHata Ha 3agpyrata e 200-300
m. O63opckama cguma (fOpeH €oLeH) e wu3rpageHa OT
KOHrroMepaTit C KbCOBE OT BYMKAHCKM 1 MHTPY3UBHU CKanm OT
CpegHoropckata ByrnkaHOTEHHa 30Ha, TpaHMTOMaW W Opyry,
BEPOSITHO MO-CTapy OT ropHaTa Kpeda ckanu, KakTo U KbCoBe
OT CEeAMMEHTHW ckamu OT EMuHckaTa dnuwka csuta U
nacbyHuumM ot aebenonnactosust cnmw. [ebenuHata Ha
cBuUTaTa B paskputusTa e okono 150 m, JokaTo B COHOaxXM OT
akeaTopusiTa ce Mpeanonara, Ye e 3HauMTenHo no-ronsma (P-
1 CamoTHHO Mope).

B M3moyHocpedHozopckama  30Ha  (Byprackus
CUHKITMHOPMI) 33 NOANOXKA Ha NaneoLeHCKMTe Hacnarm
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®ur. 2. lutocTpaturpadicka noasadna Ha TepuuepHuTe ceaumeHTy B KOronstouna Bbnrapus (no JaHHM OT reonoXKOTO KapTUpaHe)

CnyxaT TrOpPHOKpEOHWTE HacnarM, B KOMTO yyacTsar
CEAMMEHTHW W BYNKaHCKM Ckanu, 0060cobeHM B 4eTupu
nuTocTpaturpadockn  rpynu: - Bobpuwmnoscka,  [pymoscka,
MuuypuHcka u Bypracka (Metposa u ap., 1994, 1994a). B
CeBepHaTa 4acT npuchbCTBa EMuHckama ehruwka ceuma,
UNSTO Bb3pacT (KamnaH-g#oMneH naneoueH ?) e OUCKYCHMOHHA.
Ta e w3rpageHa OT BapoBMUW, KOWUTO Ce MNpocrnosisat oOT
aneBponuTK (NSiCbYHMLM) M Meprenu. [lebennHata Ha cauTaTta
e TpyoHoonpegenuma, Ho BeposTHO e okono 1000 m.
CeoumMeHTUTe  Ha  enluHecmo-mepueeHHama  3adpyea
(naneoueH) ¢ mocTeneHeH mpexod MOKpMBAT Hacnarute Ha
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EmuHckaTa ceuTa. 'paHuuarta ¢ otropenexaldara Kosnuuxcka
CBUTA € TpaHcrpecuBHa. 3agpyrata e npeactaBeHa oOT
anTepHauus Ha rMUHECTU MEPTeN, aneBposINTI 1 MACBYHULA.
[ebennHata i ce uamens ot 800 no 1000 m. HeoreHckute
CEOMMEHTM Ca HernogeneHu B paspeauTe. Pas3sutn ca B
e3epeH (haumec. PaspesbT 3anoysa ¢ GpekyoKoHrnomepaTu 1
YaKb/iM. Harope y4actBaT MSACBYHWLMW, NSCBUM, TNMHU U
Baposuuu. Obwarta um aebenuHa goctura 100 m.

Bypsackama Oenpecusi e W3MbfHEHa OT CPeAHo-
rOPHONANEOreHCk M MUOLEHCKM Ckanu, 060cobeHn B LwecT



ceuTU. B ocHoBaTa ce Hamupa PasHeukama ceuma (cpefeH-
ropeH eoueH). CneuudmyeH obnuk Ha paspesa npuaaeat
[MWHUTE, CPEL KOWTO MMa MHOTO HEeW3AbpXaHW nnactoBe
MACBYHMLM € KOCa  CMOECTOCT,  KOHrmomepatu U
BpekyokoHrnomepartu. [pyboknacTnyHnTe CeanMeHTH
npeobnagaBat B OCHOBaTa Ha paspesa M ca u3rpageHu ot
KBapL, FOPHOKPEOHW BYFKAHCKM M CEOUMEHTHU KbcoBe, 6e3
coptupoBka. Croikata um e rpybonecbynvea, NMHECTo-
necbynu1Ba M No-psLKko BapoBUTa. XapaKTepHW 3a cBuUTaTa ca
OUTYMUHO3HWUTE LWKMCTM W BbIMMWATA, KOWUTO hopmupart
Hen3abpXaHW NPOCMONKA U NELLM W ce pedyBaT C YNITbTHEHM
rnuHn. JebennHata Ha Hacnarute e ot 30 go 160 m. Hap
ceutata nexu KoHenomepamHama 3adpyea (rOpeH eoLeH-
[OneH onuroueH). B HelHus CbCTaB JOMUHMPAT KBapLOBUTE
KOHrIomepaTu C necbuynuea cnonka. [lpucbeTBar oule
OpebHOKbCOBM,  CPEOHOKBCOBM M BanMyHHW  MOMUMEHHM
KOHrIoMepaTH, YaKbJin, KBAapLOBU NACYHULM 1 MACHLM, YECTO
C Koca CMOECTOCT, NECLYNMBM W BAPOBUTM TMIMHU W TIIMHECTH
BapoBuuun. [ebennHata Ha 3agpyrata e ot 50 go 170 m.
NlaTepanHo 3agpyrata npexoxga B e4HOBb3pacToBaTta
Myrpucka csuta. Myepuckama ceuma (rOpeH €OLeH-OOneH
ONWrOLEH) € m3rpageHa OT Meprenu, Cped KoUTO KaTto
Heu3ObpXaHu MIacToBe W Mewu Ce cpeljat BapoBULM U
koHrnomepatu. lebenuHarta i goctura 310 m.

B HeoreHckaTa cuctema ca OTaeneHu Tpu cButu — Fanarcka,
EskcuHorpagcka u Opbpeka (dur. 2). Mamamckama ceuma
(YoKpak) e w3rpageHa OT pa3HO3bPHECTU MACHYHULM U
NACBLM, [MIMHWA W OpraHOTeHHW 1 NechbynueuM Baposuum. [Mo-
PSAKO KaTo Neww ydvacteaT koHrnomepatu. [eGenuHata 1
poctura 70 m. EgkcuHoepadckama cguma (kaparaH-capmar) e
npeacTaBeHa OT IMUHECTU U BAPOBUTU NMSCHYHULM, NECHYNNBM
W BapoBWTW rMWHU. B nnactopepa ydacTsat cnabo croexu
MONMreHHW  KoHrmomepaTw. [nuHuTe ca HaboraTeHu Ha
OBbIMEH pacTuTeneH AETPUTYC W WUMa BbINENpOSBREHMS.
[ebenuHata Ha csutata e go 60 m. Odwpckama ceuma
(capmart) BKITt0YBa XapaKkTEpPHUTE 3a HESt OONIUTHO-AETPUTYCHM
BapoBuuu. [lebenuHata it goctura 110 m.

PasnonoxeHaTa Ha tor CmpaHOXaHcKa 30Ha e uarpageHa
[MaBHO OT [AOrOpHOKpeaHu ckamu (Yatamos u gp., 1995,
Metposa u ap., 1995). KbCHOKpeOHUTE TEKTOHCKM CbOUTHSA ca
3acerHanuM ¥ Ta3u 3oHa. [OpHOKpeoHWTE CeauMEHTH, B
pes3ynTaT Ha HaBnayHWTe MpoLecH, ca NPefCcTaBEHU OT Beye
crnoMeHaTuTe B V13TouHOCpeHoropckata 30Ha
nuTocTpaTUrpadicku  rpynu, UM3rpageHn OT  BYNKaHCKM W
CEeOMMEHTHN cKanu. PaskpuBawmTe Ce Ha MOBbPXHOCTTA
Maneo3onck, TPUACKW, HOPCKM W TOPHOKPEOHWN CEeLNMEHTH
ABITO Bpeme ca bunm M3TOYHMK Ha knactudeH matepuan. Ot
pa3spyllaBaHETO Ha OPCKUTE KENS30ChObPKALM CKanm
nnaxHara mBnUa okono byprackusi 3anvB e TbMHO OLBETEHA.

MpoHMUaemMn 1 Tpy4HONPOHULIAEMU CKANHM
3agpyru

B wusyyaBaHWs paioH  yCMOBHO ca  JeduHMpaHu
npeobnafasaLlo NpoHULAeMM W TPYLHOMPOHULAEMM 3aapyTH,
KOUTO  CbObp¥aT B PA3NMYHM  CbOTHOLUEHUSI W
B3aMMOOTHOLUEHNS]  MPOHWLAEMW  (KOMEKTOpHM)  unu
npeobnapasallo TPYAHOMPOHMLAEMM (M30MMpaLLM) Ckanu, a
Cbllo Taka U crnabonpoHuLaemn 3agpyrn (C MEXOUHHM
cBoicTBa). B M3TouHobankaHckaTa v M3TouHocpegHoropckara
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30Ha TOBa pa3urieHeHWe € HanpaBeHO 3a ManeoreHcKus
paspe3, a B byprackata pgenpecus € pasredaH Lenus
HEeO030WCKM pa3pes. M3nonseaHM ca W [aHHM OT MOneBu W
NabopaTopHM UM3CNEABAHWS, CUCTEMATU3MPaHM B OTAENHM
nybnukauum (banuHos v ap., 1986; Bokos u ap., 1998, 2001,
2002; BeHesa u gp., 1979, 1981).

B UsmoyHobankaHckama 30Ha ca OTAENEHWN HSKOMKO
3agpyrn.  [opHOKpedHo-naneoyeHckama  (CaHMOH-KamnaH-
naneoyeHcka)  npeobnadasawo  npoHuyaema  3adpyea
BKMIOYBA Hacnarute Ha EmuHckata dpnuwka ceuta. B Hes
TEPUreHHNTE cKanu (MACLYHULM 1 aneBpONIUTY) U BapOBULTE
NPeAcTaBnsBaT  KONEKTOpU  OT  MOPOBO-NYKHATUHEH U
nykHaTuHeH Tun. Te umaT npeobnagaBalio y4vacTue BbLB
dnuwkms paspes. OT T ca NOMyYeHn NpUTOLM OT NnacToea
BOJA M Ca  PEerucTpupaHu  ra3oBM  MPOSIBNEHUS.
TpyaHONPOHMLAEMM Ca CbAbPXaLLMTE Ce B pa3pesa NnacToBe
1 MPOCIOAKM OT Meprenm.

ManeoueHcko-eoyeHckama  cnabonpoHuyaema  3adpyea
obxsawa Hacnarute Ha KosuumHckata csuta, bpekdyoBata
3agpyra, 3agpyrata Ha aebenonnactosus pnmww u ebelkata
ceuta. OTOENSHETO Ha Tasn 3afpyra e TBbpAe YCIOBHO.
OcHoBaHue 3a TOBa € NOCMyXua NoBULIEHaTa IMUHECTOCT Ha
TEPUreHHUTe W kapboHaTHWUTE Ckanu B pa3pesa, a CbLUo Taka
MOBULLEHOTO CbAbPKAHWE Ha aneBpuUTOBM MPUMECH B
[MWHECTUTE W TNNHECTO-TEPUreHHUTE ckanu. [lopagu ToBa
HacnaruTe Ha 3afpyrata He MoraT efHO3Ha4HO fa Owbpart
npuobLLeHn KbM  KaTeropusTa Ha MPOHWLAEMWTE  UIW
TPYAHOMPOHWLAEMUTE CKanw, nopagn KoeTo ca AeduHUpaHu
kaTo crnabonpoHuLaemM, 3aemally MEXOMHHO MSICTO Mexay
KOMEKTOPHWUTE W N30MNMpaLLMTE CKaru.

EoueHckama npeobnadasauwjo mpydHonpoHuyaema 3adpyea
obxBalla HacnaruTe Ha KoHrnomepatHo-mMeprenHarta 3agpyra.
TpyAHONPOHWLGEMN Ca TEPUrEHHO-TMMHECTUTE Meprenn 1
BaposuTUTe rMmuHu. Cpen TAX HepaBHOMEPHO, nog copmata

Ha newoBuMAHM Tena, npUCLCTBAT KONMEKTOPHU  CKanu
(rpaBenuTy, NSCHYHULM W KOHFOMEPaTH).

EoueHckama  npeobrnadasaw0  npoHuyaema  3adpyea
obxsalla Hacnarute Ha O63opckata cBUTa.

pyboTepureHHNTe Cckamnu, KOMTO W3rpaxaaT HEeMHUs paspes,
BEPOSTHO NpuTexaBaT [obpy  KOMEKTOpHW  nokasaTenu.
Bucokata cTeneH Ha HamykaHOCT Ha EOLEHCKUTE CKanu,
fiBABalla Ce CMeACTBME OT aKTUBHM HaBMa4yHW mpouecu, €
GnaronpusTeH caktop, 3a (opmupaHe Ha KOMeKTopu OT
MOPOBO-NYKHATUHEH W MyKHATWHEH Tun. [lpu  TAXHOTO
n3nuTaHue, 3aegHo ¢ KoHrnomepaTtHo-MeprenHata 3agpyra, €
nomny4eH NpUTOK OT ras.

B M3moyHocpedHo20pckama 30Ha B OCHOBaTa Ha pa3pesa
nokanHo npucbCTBa [laneoyeHckama crabonpoHuyaema
3adpyea, npefcTaBeHa oT [MUHECTO-TepureHHaTa dopmaums.
TS, KakTo W eoueHckuTe 3agpyru B bByprackata penpecus,
nexat Bbpxy CrnabonpoHULaemMuTe Hacnarv Ha CEQUMMEHTHO-
BYNTKAHOTEHHUS1 KOMMNIEKC Ha TOPHOKPEAHUS (YHAAMEHT U
n3rpaxgat eguHHa crabonpoHuuaema 3agpyra. B tasu 3oHa
MPUCBLCTBAT W HEMOAENEHN HEOTEHCKM Hacraru. Te ce oTHacsT
kbM HeozeHckama cnabonpoHuyaema 3adpyea, KOATO €
uarpageHa OT  CEOMMEHTHM  Hacnarm C  NOHWKEHU
neTpon3nYHM NokasaTenm.



B bypeackama denpecuss nNaneoreHckUsT paspes B
OCHOBaTa CW e npefctaBeH oT CpedHo-20pHOeEOUEHCKama
npeobnadasawo  mpydHonpoHuyaema  3adpyea,  KOSITO
obxBalla rmuHecTUTe Hacnaru Ha PasHeukata u Myrpuckata
ceuta. OcBEH TOBA CEAMMEHTUTE Ha ABETE CBUTU, CbOTBETHO
[MUHUTE, BBIMALWHWTE WKCTW M BbINMWaTta Ha PaBHeukaTa
CBWTa, KaKTO 1 FMKHMTE M MeprenuTe Ha MyrpuckaTta ceuTta ca
OTHECEHM KbM rasoreHepupawmte. Ckanute-konektopu ca
NPEeLCTaBeHN OT NACBYHMLMTE 1 BapoBMUMTE Ha PaBHeukaTa
ceuta. OCHOBHO MeprenuTe Ha MyrpuckaTta cauTa rv usonupar
oTrope.

EoueHcko-mMuouyeHckama  npeobrnadagawio  npoHuyaema
3a0pyea 0OxBalla ropHata 4acT Ha narneoreHckus paspes W
BKMIOYBA  Hacrmarute Ha  KoHrmomepartHata — 3agpyra,
lanatckata, EBkcuHoBrpagckata u  Opbpckata  cBuTa.
MpoHuLaemuTe ckamm (NSCbLM, NACYHULY, BAPOBULY), KOUTO
narpaxgaTt OCHOBHaTa YacT OT pa3pe3a, Ce XapakTepuaupar ¢
MOBWLLEHN BMECTUMOCTHU W (DUNTPALMOHHN MoKasaTenu.
Cpep TaX UMa nacToBe OT TPYAHOMPOHULAEMM TIHY.

Mo yepHoMopckus Bpsr, txHO OT byprac u rmasHO mexay
Mpumopcko M AXTOMOn, ca YCTaHOBEHM MHOrOGPONMHM
HedpTEHN 1 ra3oBM NPOSIBX Ha MOBBPXHOCTTA. [a30BM NPOsIBK
“Ma B TOPHOEOL|EHCKUTE MECHYNMBX NNacTOBE B COHOAXMTE
Jlbka, KameHap u lMpumopcko. a3-meTaH e yCTaHOBEH M B
NAUTKATE XUOPOTEONOXKA COHOAXM MO AONMHUTE Ha pekuTe
t0KHO OT Byprac (8o p. Beneka, BKITIOUNTENHO).

3aknioyeHune
MpoBeaeHoTo  o6obljaBaHe Ha  WHGopmauusTa  3a
TEpUMEPHUTE  CeAUMEHTM OT npubpexHata YacT Ha

FOrounaTouHa E'b]'lrapl/lﬂ Nno3BoNABa Aa Ce HanpaeAT CcrneaHuTe
NO-BaXHW 3aKno4eHUA:

1. B WMaTouyHobankaHckaTa 30Ha TEpLMEpHUST paspe3 Ha
cywata e npefcraBeH camo OT eOLIEHCKM CeAUMEHTU, [oKaTo
B Mpunexaiiata aksaTopus NPUCLCTBAT W Hacnarute Ha
onuroueHa. B byprackarta fenpecus pa3pesbT € uarpageH ot
CPEAHO-TOPHOMAMNEOoreH K U HEOTEHCKI Hacnarw.

2. 3HauMTENHOTO CbAbpXaHWe Ha KNnacTU4HW CeaAMMEHTU B

paspesnTe, KaKTO W TEXHUTE NUTOMOXKM OCOBEHOCTH,
npeacTasnssar GnaronpuatHa npeanocTaska 3a
MPUCLCTBMETO  HA  pe3epBoapHM  ckanmn.  EolieHcko-

MUOLIEHCKUTE BapoBuUM B Byprackata genpecust Cblio ce
OLIEHSIBAT KaTo CKanu ¢ 0GPy pe3epBoapHi Bb3MOXHOCTH.

3. OCHOBHUTE MOAXPaHBALLW NPOBUHLIAM Ca PA3NONOXEHN B
ceBeposanafgHaTa, 3anagHata W lOXHATa  YacT  Ha
pasrmexpaHata Teputopua. B ceseposanagHaTta  4acr,
obnacTTa Ha MpenbankaHa, M3TOYHUK Ha KNacTUYeH matepuarn
Ca  OpCKM,  EMMKOHTUHEHTANEH TUM  TOPHOKPEOHW W
naneoLieHcKM1 ceaumeHTn. B sanagHata yact, CpeaHoropckata
30Ha, M3TOYHUK Ca TOPHOKPEOHUTE BYMKaHCKM U CONULLIKK
Hacnaru. B toxHaTa yacT, CTpaHmKaHckaTa 30Ha, U3TOYHUK Ha
KnacTUYeH MaTtepuan ca naneo30CKM, TPWUacKW, KOPCKN U
TOPHOKPEAHU CENMEHTU.

4, OTgeneHuTe B TepUMEPHUst pa3pe3  KOMEKTOPHW,
TPYAHOMPOHMLIAEMU W FeHepyUpaLLW CKamH1 3aapyru ca B no-
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BraronpusTHM B3anMOOTHOWEHWS B bByprackata penpecus.
lMpegnomara ce, 4e Te ca ¢ mo-ronava pgebenvHa B
akeaTopusiTa, KOETO e MONoXuTENeH (hakTop 3a u3rpaxaaHe
Ha npupoaHU pesepsoapu ¢ no-ronsm obem. B npubpexHata
yact Ha tOrousToyHa Bbnrapus ca ycTaHOBEHU MHOrOG6pONHM
HedbTeHM 1 ra3oBm NPOsiBM.

5. Pesyntatute OT u3cnedBaHusTa ca npeanocTaBka 3a
TbPCEHETO Ha MPUPOAHU PE3epBOapn B TepLMEpHUs pa3pes
Ha npunexawus YepHomopcku wend Ha HOroustouHa
Bbnrapus BbB Bpb3ka C OLEHKAaTa Ha HedpTorasoHocHaTa
NepCneKTUBHOCT.
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PE3IOME. Burimwpust nnact B MupuHckus GaceitH e onpobsaH B ABa paspesa no usanata My gebenvHa w ca et owe 10 nnactosu npobu. BuramwHute
aHwWnnd-dpukeTn ca uacnedsaHn B oTpaseHa b6ana u cnyopucLEHTHa CBETNMHA B MacneHa MMEepCUs N € U3MEpEeH nokasaTen Ha OTPaxXeHWe Ha XyMUHWTA.
lMokasaTensT Ha oTpaxeHne Ha xymmunuta (cpeaHo 0,455%) onpedens BbrimwaTa kato kadssyu GrecTawy. YCTaHOBEHO e, Ye Malepanute oT rpyna XyMUHUT
npeobnapasar (o1 81,8 1o 91,4% Ha opraHnyHa Maca) M ca NpeAcTaBEHM OT TEKCTUHWT, YNIMUHWT, aTPUHUT, AEHCUHWT, TENMHUT W KOPMONXYMUHUT. JiunongHute
mavepanu (CnopnuHNT, KYyTUHWT, PE3NHUT, anrvHuT, CyGepuHUT, dryopuHUT, eKCCyAaTUHUT U NUNTORETPUHMT) ca B konuyecTso oOT 8,3 Ao 18,2%. Hait-Hucko e
CbAbpkaHeTo Ha roseHnsmpanm mauepanm (ot 0,3 go 1,0%), kato ca npeacTaBeHn MPEOUMHO OT (PYHTMHUT U MO-Marnko (Py3NHUT U WHEPTOAETPUHWT.
MwHepanHuTe npumecy, OnMpeaeneHn MUKPOCKOMCKW, Ca CaMO FMMHECTV MUHEpann u mvpuT B manko komnyectso — ot 0,3 go 11,9%. B otaentn npobu ce
Habniofasa 1 MapkaauT. Bernuiiata ca uarpageHn npeauMHO OT OCTaHKW Ha BUCLUA LUMPOKOMMCTHA PacTUTENHOCT, NPU 3HAYNTENHO y4acTue M Ha BOJOPACTOBM
ocTaHku. TopdheHoTo 6naTo e 61no cunHo 06BoaHEHO M cpefaTa e 6una crabookucnuTenHa.

PETROLOGY OF THE SUB-BITUMINOUS COAL FROM THE PIRIN BASIN, BULGARIA
Jordan Kortenski, Alexander Zdravkov
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; jordan_kortenski@hotmail.com; alex_zdravkov@abv.bg

ABSTRACT. The coal seam from the Pirin Basin has been sampled in two sections. In addition ten bulk samples have been also collected. Microscopical
investigations using reflected and fluorescent light and reflectance measurements were processed. Based on the reflectance values (avg. 0.45%) the coal was
defined as sub-bituminous C-B. Huminite group macerals (textinite, ulminite, attrinite, densinite, gelinite and corpohuminite) are dominant, composing 81.8 to 91.4 vol.
% (mmf) of the coal. Liptinite macerals are represented by sporinite, cutinite, resinite, alginite, suberinite, fluorinite, exsudatinite and liptodetrinite in amount from 8.3 to
18.2 vol.% (mmf). The macerals from Inertinite group in Pirin coal are presented in amounts below 1vol.%. The later are represented mainly by funginite. Rarely
fusinite and inertodetrintie can be observed. The mineral matter is composed predominantly of clay minerals. Low amounts of pyrite (0.3 to 11.9 vol.%) and marcasite
were also establised. The coal is mainly composed by remains from angiosperm vegetation. However, the significant amounts of algae indicate that the coal was
deposited in an environment, characterized by high water level and weakly oxic conditions.

BbBeaeHue rHanmcoWucTy, MUrmMaTuTn  amubonuTi, NenTUHUTU, U
MpaMOopK, KakTo W WHTPY3UBHW W BYMKAHCKW CKamnu (rpaHnTy,

MupmHcknaT GaceitH ce Hamupa B tOrosanagHa Bbnrapus. thpaHognopuTH, KBaPLIMOHLIOHNTH, (heHoaHaesunTH,
Ton nonaga B rpaHMuute Ha [lepHuwkata BbIMULLHA eHojaumMTM) € KpegHa M nareoreHcka  Bb3pacT.
NPOBUHUMSA, B KOSATO BBINEHOCTHOCTTA € CBbp3aHa C BwrneHocHuTe Hacnaru ca nogenexu Ha: floeodawka cguma.
ManeoreHckata BbrneobpasyBatenHa asa. lMeTporpadicku W3rpageHa e OT NACHYHULM W TIIMHECTU NACBYHULW, cpef
u3cneaBaHus Ha BbrmuMwata or [MupuHckus OacedH ca KOUTO ce BKknMHBaT Aebenu nnacToBe OT ONUFOMMKTOBY
npaBeHu oT KoHcTaHTuHOBa (1964, 1972) n ot Bbnyesa w Bpekun n Bpek4OKOHrmomepaTn (C rHancoBU M MUTMaTUTOBM
AnekcaHgpoB (1981). OnucaHue Ha egvH npodun Ha kbcoBe). [lebennHata Ha cButata Hapxebpns 700-800 m.
BbITMWHMS nnactT B 6aceHa nmo AaHHM Ha Bbnuesa e Bb3pacTTa 7 € onpeaeneHa kato KbCHO-eoLeHcka. Kavoscka
npunoxeHo W oT EckeHasn wu YyOpues (1984) npu ceuma. WarpageHa e OT NACBbYHMUMW, NPOCNOEHW B JonHaTa
reoxXMMUYHaTa XapakTepucTuka Ha NUPUHCKUTE BbINLLE. 4acT OT KOHrmoMepaTii, a B ropHaTa 4acT OT aneBponuTH.
[ebenunata it e okono 370 m. Bwb3pacTTa Ha cBuTaTta e

Llenta Ha Hactosiwara pabota e pa aktyanuaupart cpeneH onuroueH (MapuHoea, 3aropues, 1993). Mopewuwka
neTporpadckuTe W3CMeaBaHus, kato upes (pnyopucLieHTHa cguma. Jlexu Hap KavoBckata CBMTa 1 3anoyBa C NECHYNMBY
MUKPOCKOMUS  Ce  JOMbAHAT [JaHHWTE 33  NWUNOMAHUTE BbIMALWHM  aprunmnTM W BpexaHCKus  BbIMUWEH nnact.
mauepanu. OceeH TOBa Mpu MpoBedeHo onpobeaHe B 12 YCTaHOBEH € eAuH OCHOBEH BbITMLIEH MnacT ¢ gebenuHa ot
npoguna Ha BbIMMLLHUS NNacT Aa ce YCTaHOBU U3MEHEHMETO 0,5 o 34 m, kaTo ce OTKpMBAT [0 3 NNacTa-CbTHULM C Manka
Ha MaLepanHus CbCTaB MO MO U MO pa3pes. pebennHa W orpaHMYeHo MIOWHO pasnpocTpaHeHue. Bbpxy

BBITMLLHUS NNACT 3ansrat 6utymonutn ¢ gebenvHa go 29 m.
Hag Tsx crneasaT aneBponuTW, aprunuTi, MSCbYHWLM.
leonoxku ocobeHocTH O6ujata aebenuHa e okono 100 m (MapuHosa 1 3aropues,
1993). MMokpuBa ce cbrmacHo OT PakuTHWWKaTa cBUTA.

3a nognoxka Ha  BBIMIEHOCHWUTE  KbCHOMANEOreHCKM Bb3pacTta Ha CBATATa Ce OMPEOENs Ha CPE[EH-KbCEH

CeAMMEHTM  CRyaT  [OKamMOpWACKW  THaWcu,  LWKCTH,
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onvroueH (YepHsicka, 1970).  PakumHuwka  ceuma.
WarpageHa € rmaBHO OT MSACBYHMUM, Cpeg  KouTo ce
npocrosBaT  KOHIIOMEpaTM M MEeCbYNMBO-MINHECTH
anesponutu. [lebennHata it e okono 400 m. Bb3pacrtra it e
cpeneH-kbceH onuroueH (MapuHosa, 3aropues, 1993).
Tlyneecka ceuma. W3arpageHa € OT BUTYMONUTM, NACBYHWLM,
aneBpoONUTU, NECHUNMBM aprumuTM W KadsBu BbMMWa K
npeacTaensBa BTOPO OMTYMWHO3HO W BBINIEHOCHO HMBO.
Bb3pactta 1 e kbCHoeoueHcka, a aebenuHata 100-150 m
(Baues, 1984). KsatepHepHute 06pasyBaHus ca npeacTaBeHu
OT MpOMyBMamNHW W anyBWanHu CeAUMEHTH, MOCNeAHUTe
MMaLLM 3HAYNTEMNHO pa3BuTME MO AornuMHuTe Ha p. Ctpyma u
oCTaHanuTe peks B panoHa. Te ca w3rpageHu OT
OpebHOKbCOBM  MOMMreHHM  yakbnu,  ApebHo- 7o
rpy603bPHECTM NACHLM W FAMHECTU nacbuUu. [lebenuHaTa um B
ponuHata Ha p. Ctpyma poctura go 15-20 m (MapuHoga,
3aropues, 1993). BwbrneHocHute cegumeHTH Ha [MMPUHCKMS
BbrMweH OaceitH 3ambnBar rpabeHoBa  CTpykTypa -
BpexaHckus rpabeH. Toit e opueHTupaH B CC3-HOKOM nocoka.
ObpasyBaH e B pesynTaT Ha OnOKOBM ABWXEHWS, KOWUTO Ca
TBbPAE WHTEH3WUBHW Npe3 CPeaHUs onuroueH. B pesyntat Ha
TE3W OBUKEHUS B pamkuTe Ha CTPYMCKMS pasfioMeH CHOM ce
obpa3yBa bpexaHckus rpabeH.

Matepuan u meToamka

Bbravwnnat nnact e onpobsaH B ABa paspesa no usanara
My AebenuHa n ca B3etn owe 10 nnactosu npobu. O6Lms
Opoit Ha wacnegBaHuTe npobn e 31. 3a wacnegBaHe Ha
neTporpackist CbCTaB BbMMLIATA Ca cMieHu Ao 1 mm,
CMOEHN C enokcuaHa cMona v nonupanu. Taka nspaboTeHuTe
aHwnud-bpukeTn ca wu3cnegBaHn B oTpaseHa Oana u
briyopucLieHTHa CBETNINHA B MacreHa UMepeus Ha MUKPOCKON
NU-2, cHabpeH ¢ npucTaska 3a (hyopuCLEHTHa MAKPOCKOMMUSL.
MauepanHusaT aHanua e u3BbpLUeH no T.H. “two-scan” meToq
(Taylor et al., 1998), cbobpasHo usuckaHusTa Ha ISO-7404-3.
W3nonasaHo e aBTomaTnyHo GposiyHo ycTtpoicTeo Tun Eltinor
4, 3a pa Ce OnMpedeny MpOLEHTHOTO CbAbpkKaHue Ha
Mauepanute M MWHepanuTe, Kato BbB BCAka npoba ca
CHEMaHu oT4eTn 0T MuHuMym 600 Toukn. Ha mukpockon Leica
DMRX ¢ mukpocdpotomeTsp MPV-SP, npu abmkuHa Ha
BbfiHaTa 546 nm, macneHa umepcus (nd=1.515), obekTus
50x/0.85 n etanoH Gadolinium-Gallium-Garnet (R=0,899)
cbrnacHo  craHgapta  (ISO-7404-5) e  wn3mepeHa
oTpaxaTtenHata cnocobHOCT Ha BUTPUHUTA (XymmHuTa) B 100
TOYKM BbB BCEKN LNUE.

PesyntaTtu u guckycus

BbB Bbrmwara ot [upuHckus GaceilH e uM3MepeH
nokasaten Ha otpaxenueto ot 0,35 pgo 0,63%. CpepHata
oTpaxaTtenHa crnocobHoCT B OTAenHuTe npobu Bapupa OT
0,419 o 0,52 (cpegHo 0,455%). Teaun cTOMHOCTU OnpeaensT
BbIIMLLATA KaTo TakuMBa C HUCHK paHr. YacT oT 3amepBaHusTa
Ha OTpaXeHWeTo ce AoBbnmMxKaBaT Jo rpaHNYHaTa CTOMHOCT Ha
BbINLA CbC CpeaeH paHr — 0,6%, kaTo U3BeCTeH MUHIManeH
npoLeHT (80 5%) OT TX 4OPY Ca C NO-BUCOKM CTOMHOCTM.

B mupuHcknte BbrmMwa npeobnagasaT renuduumMpaHuTe
Mauepanu, a NpUCLCTBUETO Ha MHEPTWHWTOBM Malepann e
He3HauMTENHO.

60

lpyna XymuHum. Maueparmte OT Ta3u rpyna ca CbC
cbabpxanue ot 81,8 0o 91,4% Ha opraHuyHa maca (tabn. 1).

TEKCTUHUTDBT € YCTAHOBEH CaMO B MOMOBWHATA OT LUnndUTe,
kato KkonmyectBoto My e Ao 1% (tabn. 1). 3a Hero ca
XapaKkTepHW newoobpasHu Tena, Ham-BeposiTHO OCTaHKW OT
KOPEHW Ha BUCLIW pacTeHus. YecTo KneTbyHUTE OTBOPU Ca
3aMbIHEHN C  KOPMOXYMMHWUT  (cbnobacomunt) (dur.  1a).
CbabpxaHWeTo Ha MauepanHus TUn ey-yrMUHNT € NO-BMCOKO
OT TOBa Ha  TeKCTOynNMMHWTA.  Komu4yecTBOTO  Ha
TEKCTOYNMUHUTA Ce NPOMEHS B MO-TECEH MHTepBan — ot 0,6
po 12,4% v yact ot npobute € MHOro Marko, JOKaTo TOBa Ha
ey-ynmuuuTa Bapupa ot 10,1 go 44,7% (tabn. 1). U aBata
MalepanHu TMna Ha ynvuHuTa ce Habnogaeat nog dopmara
Ha W3ObpXKaHW MBMUM C pasnuyHa aebenuHa (Pur. 1b) nnm
kaTo newy cpen xymogetpuHuta (dur. 1e). Knetbunute um
OTBOPW MHOrO PSAAKO Ca 3ambiiHEHW C pesuHnT. Mauepanute
OT Moarpyna XyMOLETPUHWT Ca C Han-BUCOKO CbAbpKaHue, B
yacTt oT npobuTe HagBMLWABALLO CyMapHOTO KOMWMYECTBO Ha
BCWYKM OCTaHanu Mauepanu (1abn. 1). KommyectBoto UM
Bapupa ot 35,6 go 69,5 % (tabn. 1). ATpuHUTBLT acouumpa
NPeavUMHO C MUMHEepanHoTo Bewectso (Pur. 1c, d) u ¢
LETPUTYC OT NUMOUAHN U UHEPTUHUTOBM Malepanu B OTAENHM
npocnoiikn. CbaobpKaHWETO Ha JEHCUHUT PsA3ko npeobrnagasa
0coBeHO B MPOCONMKK C MO-Manko MHepasnHo BeLecTso (Pur.
1a, f, g). FeNUHUTBT He Ce yCTaHOBSABA €AMHCTBEHO B TPW OT
nscnegeaHuTe Npobu, Kato B OCTaHaNMUTE CbObPXaHUETO My
Bapupa ot 0,3 pgo 11,3% (tabn. 1). [lpeobnapasaly
MalepaneH TN € NOPUIEeNMHMTLT, 3ambrBall KNeTbYHU
OTBOPW B TEKCTMHUT U TekcToynMuHuT  (Our.  1d).
KonnyecteoTo Ha KOPNOXyMWHUTA Bapupa B LUMPOKW PaHMLK
- ot 1,3 po 13,7% (tabn. 1). Habniopasann ca u gsata my
MauepanHu Tuna - cnobaduHut u ncesgodnobaduHnT.
®nobacMHMTLT € OTNOXEH MPEANMHO B KNETBYHUTE OTBOPM
Ha TEKCTUHUT (Our. 1c, d) U TEKCTOYNIMUHUT.

Ipyna flunmuxum. CbabpKaHWETO Ha NUMOMAHW Malepanu
KaTo LSAN0 He € MHOro BMCOKO W Bapupa oT 5,0 o 18,2% kato
npeobnagasaTr NUNTOLETPUHUTBLT, ANMMHUTBT W Ha MecTa
CNOPUHUTLT (Tabn. 1). CbabpKaHWETO Ha CMOPUHWT Bapypa OT
0,3 po 5,1% (tabn. 1). Habniogasa ce camo MUKPOCMOPUHUT,
kouto € pobpe 3anaseH. CnopwHWTLT Ce cpewa kato
eanHuaHn Tena (Pur. 2a) n no-psgko obpasysa CTpynBaHMs OT
MOCMOVHO PasnonoxXeHn Mukpocnopu. Yecto acouumpa ¢
anruuut (dur. 1a) Konuyectsoto Ha kyTunuta e ot 0,3 g0
4,7% kato B 4acT oT npobute He ce yctaHossBa (Tabn. 1).
KyTWHUTBT € 4ecTo paskbcaH, HO MoHsKora ce Habnogasa
pobpe 3anaseH (Our. 2b). Acoummpa C Hal-4ecTo C ey-
YIMUHWT, KOWUTO U3rpaxaa JIMCTHU TbkaHW. CbabpxaHneTo Ha
PE3VNHUT e He3HauNTENHO. YCTaHOBSBa Ce B AUHUYHU Npobu ¢
konmuyecto ot 0,3 po 1% (1abn. 1). Pe3nHuTbT 3ambnea
KNneTbyHM OTBOPU Ha ynmuHKT (dur. 2d). Psako ce cpela u
BETPUTEH PE3VHWT, pa3npbCcHaT Cped OCHOBHaTa Mmaca (®wr.
1¢). ANMMHUTBT € eauH OT fMaBHUTE NIUMOMGHM Maueparv B
nupuHckuTe Bbrnwa. Konuyectsoto my poctura o 4,6%
(tabn. 1). Habniogaea ce kato eQuHWYHM Manku Tena (Owr.
1a, f; 2a, b, f) unu cTpynBaHMsa. ANMMHUTLT YecTo acouuupa
CbC CnopuHuT (dur. 2a), KyTuHuT (Pur. 2b) unu dryopuHWUT.
CbabpxaHneTo Ha (PryopuHUT € MUHWMarHO. YCTaHOBEH e
caMo B 4acT oT npobuTe, kato konuyectsoTo My e ot 0,3 go
2% (tabn. 1). Obpasysa newoobpasHn CTpynBaHus B
AeHcUHMTa (dur. 2¢). EKcCynaTMHUTBT He Ce YCTaHOBSBA BbB
Bcwukm npobu. CbabpxaHneto my sapupa ot 0,3 go 1,8%
(Tabn. 1). Habntogaea ce NpearMHO B KIETbYHUTE OTBOPH Ha



®ur. 1. Mauepanu n MuHepanu BbB Bbrnuuiata ot [upuHckus 6aceiiH (oTpaseHa CBETNMHA, MacneHa uMepcus): a — TeKCTuhuT (T), kopnoxymuumTt (Ch),
anrmhut (A); b - Tekcto-ynmunut (TU), eynmuuut (EU); ¢ — aTpunuT (At), MuHepantu npumecu (MM) kopnoxymunnt (Ch), aetputeH pesunmt (Rd); d -
kopnoxymMuHuT (Ch) u nopurenuuut (G), 3anbnBawy KNeTbYHM OTBOPU B TEKCTO-YNIMUHUT, aTpuHUT (At), uHepToaeTpuhut (Id); e — dysunmT (Fs), ey-
ynmunut (EU); f - nHepTopeTpunmt (Id), anrmnut (A), dyHrmnut (F), dopambonpaned nupur (Py); g — uidmnTtpaumoreH nuput (Pyi), mapkasut (Mz); h -
¢pambonpanen nupwur (Py’)

61



"081001TIOR OHUBASHAN — NI “LMHWIHA® ~ 4 LHNd10T0L0OHN — P| ‘LUHUEADUNDD — SLG LMHMEAD — S4 :LMKMLASH), d) — Uau| LLMHMALSTOLUNL ~ P ‘LMHULBYAOONS — 3 ‘mnndourd - |4
"MHUILE — Y (MHMdRQAD ~ GG LuHuead ~ Y LMHALAY — nD) ‘ukndoud — dG ivHmiLm)f *di — 1dIT SAMHMALOTOWAX — PH ‘LUHALIR] — &) ‘LUHVWAXOLIAON — Y2 ‘LUHUNLIA-AS — T ‘LMHUKUA-0LONBL — ML ‘LHHALONSL — | [LMHMIWAY "dJ — twnH

25'S 150 20'eh vb'/8 OHTad)
£0 90 00 90 00 9t 0S L0 00 00 Or 00 00 0y 88 S6r 22 29 002 L €0 0Hd
L9 00 00 00 00 2% ¥9 0 00 00 9t 00 ¥0 & 88 9 €1 97 3Ise 8L €0 61d
'8 0't 00 0o €0 e 6t 8L 00 L0 e 00 0 e 668 LSS OF L+ V8L 16 €0 8d
611 00 00 00 00 28 €L '+ 00 ¥0 0v 00 ¥0 I's 848 66 €0 92 08 00 0 Lid
8'9 €0 00 €0 00 8¢ Ly €0 00 00 v 00 €0 I'v 8% g8 01 & 90z v 00 9.d
£'9 00 00 00 00 ter €9 0F 00 00 0¢ 00 00 0t 648 S9%G 00 €+ ¥z 98 00 Sid
1'9 Z0 00 Lo o0 89 Lt 00 00 00 0% 00 00 0F 906 S8y L0 09 2 LL €0 tid
L'L 0t 00 0%t 00 Mk 2S00 00 00 e 00 00 8T 648 L09 00 02 ¥ 6L 00 €ld
82 €0 00 €0 00 €9 €¢ 00 00 00 €2 00 L0 02 #16 569 00 g8 8% g0 00 2id
gt 00 00 00 00 42 6 €0 00 00 82 €0 00 82 648 29 90 6 OL 6+ 00 Hd
A £l €1'g £5'06 gdu Be OHI'ad)
L0 £'l 00 €1 00 ¥2z Lt 00 00 00 L+ 00 € L0 €16 ¥I5 LT €8 €% €2 €0 651
gor  Ze 00 LT 00 06 LS 00 00 O0F €0 00 0 €+ g£98 68 0 €9 Lve Lt 00 265}
L's 0t 00 01 00 €% €¢ 00 00 00 00 00 0¢ 02 206 Lvs 0¢ L€ 08 €L 00 161
0's £ 00 €0 00 9 0y 00 00 O0F Lo 00 0 €0 0% L2 Ov 06 'S Lt 00 0651
L'0 0z 00 02 00 ZZ 0¥ 00 00 00 00 00 LI 02 €06 0w €¢ L9 €¥e It €0 6851
L'9 £0 00 €0 00 €2 /4 00 00 00 00 €1 0% L+ re6 Sov €2 €8 g8 Lt €l 8851
0l 0t 00 O 00 92 €y 00 00 00 00 00 00 €¢ #I6 €8 Lv L1 0 L2 0 L85}
L'0 L€ 00 ¢ 00 0% €5 €0 00 00 L0 00 v 0T €¢8 L9 € LS 62 L0 01 9851
L'0 2'0 00 20 o0 €2 v 00 00 €0 00 €0 L+ €0 02 95y 027 09 L% 0¥ L1 G851
L'0 00 00 00 o0 0z 0t 00 00 00 00 00 €+ L2z 0¢ €55 Lz O L€ 02 €0 851
BE't 5670 §.'6 6'88 vdu BE OHIfd)
L'0 00 00 00 00 90t 05 00 00 €0 LI 00 €2 €+ 68 69 0S Lt 0ve L0 00 2851
£'e 20 00 Lo 00 0% 02T 00 00 €0 00 0F 0+ L0 €¥6 9% €z €L Lt LV L1 181
£2 L0 00 2o o0 €2 05 00 00 00 00 00 0+ €1 02 LSy €c 0L 0¥ 0+ 00 0851
£'e 9l g0 01 €0 Gor €5 00 00 €1 €0 01 € €1 628 08 €t L% 9% Lt 00 961

gz 0 00 0T 00 90+ 0% 00 00 L+ €0 €0 €2z 0° s € LL L9 Loz €T L1 £L51
£'e 9'l go 0o+ €0 S0 €5 00 00 €+ €0 0L €L €1 628 08 g£¢ 98 €5t L1 01 2LS1
L2 0't 00 Lo €0 g2z 09 00 00 L+ Lo €0 €+ €2 /9% €15 0y 08 06 01 €€ LLS1
0's L 00 v 00 ¥6 L¥ 00 00 L0 Lo 00 0F €2 6% L2 € e 8 02 01 6951
£8 00 00 00 00 #8 L¥ 00 00 00 00 00 02 1 946 €es 05 06 €12 €2 L0 £961
0t 00 00 00 00 06 08 00 00 02 0 00 €¢ 01 6% 605 LS €y €12 0t €0 191
0't 0l 00 0+ 00 ZZ €2 00 L0 €0 00 00 L2 L1 €46 €9 €2 v €W IS 02 551
WN  JH3NI sd 4 Pl UdiT P13 6 14 IV H N0 dS WNH  PH 3 4 N3l 1 egody|

[% ‘eoew eHhnHEIdO BH] 881090 HaLredahep

HNBJBQ BNY¥OHNAN] | WO BWEMNL298 BH SBWI9D HaLedaneyy

| ehvurge)

62



®ur. 2. NlunonaHn Mauepanu BbB Bbriuwara ot MupuHckus GaceitH (pnyopucLieHTHa CBETNMHA, MacneHa MMepcus): a — MUKPOCNOPUHUT (Sp), anruHuT
(A); b = kyTHUT (Cu), anrunuT (A), ekccyaaTuHuT (E) B KneTb4YHUTE OTBOPU HA TEKCTO-YNMUHUT, IMNTOAeTPUHUT (Ld); ¢ — donyopunuT (Fl); d - pesunuT (R)
B KNeTbYHUTE OTBOPU Ha TEKCOYNIMUHUT; € — eKCCyAaTUHUT (E) B KNeTbYHW OTBOPM Ha TEKCTOYNMUHMT; f— ekccyaaTMHUT (E) B kamepuTe Ha pyHIMHUT
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TEKCTOYNIMUHUT U Ha pyHMMHNT (Pur. 2e, f). Cybepununt e
YCTaHOBEH CaMO B eAHa OT u3cregsaHute npobu, kato ce
Habnogasa nog hopmata Ha u3gbpkaHa ueuLa, acouumMpalla
C ey-ynMuHuT. JluntopeTpuHutsT (dur. 2b) ce ycraHossBa
HEepaBHOMEPHO Pa3nONOXeH B aTpuUHUTA W JeHCUHUTA. Ton e
Halt-4ecTo CpeLLaHns NUNouaeH Malepan U Konn4ecTBoTo My
Bapupa ot 2 go 8% (tabn. 1). Acouuupa ¢ ocTaHanuTe
NIMMOMAHW MaLepani, Hain-4ecTo C anrHUT 1 CIOPUHMUT.

[pyna WHepmuHum. TpUCLCTBMETO Ha MalepanuTe OT Tasu
rpyna e CUMBOMWYHO, Thil KAaTO CbAbPXAHMETO UM € HUCKO —
ot 0,3 po 3,7% (tabn. 1). OYHMHUTLT NPUCLCTBA KaTo
€OVHMYHM Tena, Kato B 4acT OT W3credBaHuTe npobu
cbabpxaHueto My e ot 0,3 go 3,7% (tabn. 1). YcraHossiBat
Ce TbKaHM Ha rbbu (MuLenu, nnekTenxmum) (dur. 2¢) n egHo- n
MHOrokamepHu cnopu Ha rsbu no ICCP (2001) (®ur. 1c).
YecTo Tenata ca nuputusmpann (dur. 1f), a B kamepute e
OTNOXeH ekccygatuiuT (Pur. 2f). WHepTopeTpuHUTLT Ce
HabnogaBsa kato eauHNYHK Kbeveta (dur. 1d, f) B geHcuHuTa,
KaTo camo B OTZemnHW npobu M To NpeauMHo Mo paspesa Ha
nnacta konuyecteoto My € 0,3% (tabn. 1). ®yaunut (dur. 1e)
€ ycTaHoBeH B 2 mpobu no paspe3 A Ha nnacta, B KOWTO
cbabpxaHueto My e 0,3% (tabn. 1). Habniogasanu ca
€[MHUYHM NELLY C ManKu pasMepu.

MunepanHu npumecu. TIpeAcTaBeHu ca MNPeaMMHO  OT
tpambounganeH (ur. 1f, h) n esxegpaneH (dur. 1b) nnpnt 1
[MUHECT MuHepanu (®ur. 1c). MMo-psgko ce Habniopasa
WHUNTpaLMoHeH nupuT (dur. 1g), 3ambnBall, NykHaTUHW BbB
opraHnyHata maca. B uact ot npobute ce Habniogasar u
QEHOPUTOBMOHM  MapkasutoBn  arperatn  (dur.  1g)
KonuyecteoTo MM BbB BbIMMWATa HE € TOonsaMoO W €
pasnpefeneHo MoyTH paBHOMEPHO MO paspesa U No nnoLTa
Ha nnacta.

PasnpegenexreTo Ha MauepanuTe no paspesa Ha nnacra
B gBaTa onpobsaHn npodunia e noyT paBHOMEPHO. [1pasu
BMNEYAT/IEHNE MOBULLIEHOTO CbAbPKAHME HA anrMHUT B
JOrHaTa YacT Ha nnacTa v B ggata npocduna (1abn. 1), koeto
SIBHO € pe3ynTaT OT MOCTENEHHOTO 3abrnaTsiBaHe Ha BOLAHWS
BacenH. TopdeHoto Gnato um Guno cunHo 0OBOAHEHO B
CNEACTBME Ha KOETO TEPMUYHaTa AECTPYKLUMS Ha MaTepuana e
funa MWHMManHa, 3a KOETO CBWAETENCTBA  HUCKOTO
CbbpXaHue Ha MHEPTUHUTOBK MaLiepany. CbabpXaHMETo Ha
OTAENHUTE MaLepanHn rpyni € NoYTU PaBHOMEPHO MO NoLy B
onpobBaHMs y4acTbk, kato camo B efHa Todka (np. 7),
KOMMYECTBOTO Ha NUMOUOHWTE MaLepani (FaBHO CIOPUHUT U
NMNTOAETPUHUT) € NO-BMCOKO 3@ CMETKa Ha renuduumupaqute
Mauepanu (tabn. 1).

3aknioyeHune

B nmupuHckuTe BbruMwa npeobrnagaeat renuduLmpaHi
Mauepanu, Kato KOnMu4eCTBOTO WM Bapupa B TECHU rpaHMLu

lMpenoptyaHa 3a nybnukysaHe ot
Kateppa “l'eonorus u npoyysaHe Ha nonesxu uskonaemu”, Mo
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KaKTO MO pa3pesa, Taka ¥ Mo MrowTa Ha BbIIMUWHNWS NnacrT.
CbObpKaHWeTo Ha NUMOMAHM Mauepann KaTo Usfo He e
MHOro BMCOKO. B gonHaTa yacT Ha nnacta CbbpKaHWeTo Ha
anrMHUT € MOBWLLEHOTO U B ABaTa Npoduna KOeTO SIBHO €
pesynTat OT NOCTENEHHOTO 3abnaTtsBaHe Ha BOAHWS BaceiiH.
MeTporpadckute 0cOGEHOCTU Ha M3CNeABaHMTE BbIMMLA M
Mo-CneumanHo nuncarta Ha UMMpErHPaH CbC CMOMK TbKaHU
ykasBaT 3a npeobrnafaHne Ha LWMPOKONIUCTHA PacTUTENHOCT B
naneobnatoto. ToBa 3akntoYeHWe ce MOoTBbXAaBa W OT
naneo0OTaHWYHUTE  W3CMEdBaHWMS Ha  Teau  Bbrauwa
(Manamapes, 1963). TopdeHoto 6nato uM 6uUno cunHo
00BOAHEHO, B CNEACTBME HA KOETO TepMudyHaTa AECTpyKuus
Ha MmaTepuana e 6una MuHumanHa. OOcTtaHoBKkaTa Ha
CeAMMEHTaLWS Mo Bpeme Ha TopdoreHesaTa e Guna cnokonHa
1 B TOpheHoTO BnaTo e NocTbNBano He-roisiMo KONMYECTBO
TepUreHeH mMaTepuarn.

Nutepatypa

Baues, M. 1984. JlutocTpaturpadms Ha naneoreHckute
ceanmeHT ot bpexaHckus rpabeH. — B: [lpobremu Ha
2eonoeusma Ha toeo3anadHa boneapus. C. TexHuka, 36-
42.

Bvnueea, C., 1. Anekcangpo. 1981. [leTponornyHa
XapakTepucTuka Ha Bbrimwarta ot lNupnHckus 6aceiiH. —
[0d. CY, o, 71,1, 289-302.

EckeHasu, I'p., 3. Yybpues. 1984. EnemeHTbI-npuMecH B yrnsx
mecTopoxaenus [MupuH. — Cn. bwre. 2eon. 3-60, 1, 56-72.

KoHcTtaHTMHOBa, B. 1964. MNeTporoHeTMYeCKa XapakTepucTuka
Ha CTapoTepLuepHUTe BbINLWHKM baceitiu B KOrosanagHa
Bwnrapus. — M3e. HUTN, 1, 317-328.

KoHcTaHTWHOBa, B. 1972. MpunoxeHue Ha gudepeHunanHo-
TEPMUYHUS aHamu3 nNpu  onpefensHe CTeneHTa Ha
OBbIMIIBAHE M Ha meTporpadckus CbCTaB Ha KadsiBuTe
Bbrnmwa y Hac. — o0. . ynp. eeonoaus, 16, 338-350.

MapuHoBa, P. 1993. ObsicHumenHa 3anucka KbM 2e0/10XKkama
kapma Ha bvreapus. M 1:100000, KapmeHn nucm
bnazoeszpad, C., 68 c.

MapuHoBa, P., W. 3aropueB. 1993. leonoxka kapma Ha
Bvreapus M 1:100000. Kapmex nucm  Pasnoe.
ObscHumenHa 3anucka. C., 62 c.

Manamapes, Em. 1963. ®ocunHata dropa Ha [upuHCKus
BbIMEHOCEH Tepumep. — M3g. 6om. uHem. BAH, 11, 69-
101.

YepHsiecka, C. 1970. CnopononeHoBM 30HA B  HSIKOW
CTapOTEPLMEPHN BBINIEHOCHM CEAUMeHTU B Bbnrapus. —
U3ss. I, Cep. Cmpam. u numon., 19, 79-100.

ICCP. 2001. The new inertinite classification (ICCP System
1994). - Fuel, 80, 459-471.

Taylor, G. H., M. Teichmdiller, A. Davis, C. F. K. Diessel, K.
Littke, P. Robert. 1998. Organic Petrology. Gebriider
Borntraeger, Berlin-Stuttgart, 704 p.



rOANLIHMK HA MUHHO-TEONIOXKMA YHUBEPCUTET “CB. UBAH PUIICKIA”, Tom 48, Cs. |, l'eonorus 1 reocnsmka, 2005
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 48, Part I, Geology and Geophysics, 2005

NPOCTPAHCTBEHW 3AKOHOMEPHOCTW B PA3MPEAENEHUETO HA
CbAbPXAHUATA HA ME[, 3N1ATO U CPEBPO B 3WAAPOBCKOTO PYAHO MNONE -
YYACTBLUW IOPTA U KAHAPATA

Kanun Pyckoe, Ceemno3ap bakbpdxues

Munto-eeonoxku yHusepcumem “Ca. Mean Puncku”, Cogpus 1700; rouskov@mgu.bg; zarcobak@mgu.bg

PE3IOME. 31aapoBckoTo pyaHO none e pasnonoxeHo Ha okono 15-20 km toxHO oT rp. Byprac. PalioHbT e uarpafeH npeayMHO OT CEHOHCKW BYNKHOTEHHM,
CEQNUMEHTHN U UHTPY3MBHW CKanu. PesynTaT OT NoCTMarMatyHn XuapotepmanHy/ npouecu ca Xunute CbC 3naTo-MedHu U 3naTo-nonuMeTanHn pyau. PyuHaTa
MUHepanu3aLms e passuTa B [jBa y4acTbka — KaHapata B LeHTpanHaTa yacT (Cu-Au-Bi) u Opta (Pb-Zn-Cu-Au) B ceBep-ceBepo3agaHaTa YacT Ha pyaHOTO nore,
KaTo pyaHY UMM MO NPOTEXEHWE Ha pa3nomuTe. 31MAaPOBCKOTO PyAHO Nore NPELCTABISBA XUNEH TUN HAXOAWLLE C NonveTanHa MuHepanu3aums. lMpeactasety ca
pesynTaTute 0T reoctatucTuyeckata obpabotka Ha Npobu OT NpeaBapUTENHOTO U AETANNHO NpoyyBaHe Ha Haxogwiie 3upaposo. [aHHuTe ca obpaboTeHm ypes
TpUMepeH BapuorpameH aHanu3a Ha 6asata Ha eKCroHeHLManeH Moaen, KONTo € U3nonaeaH 3a onpeAensiHe Ha NPOCTPAHCTBEHaTa NPOMEHNMBOCT HA ChbpXaHWUsTa
Ha Au, Ag 1 Cu. C uen no-npeuusHoTo U3BexnaHe Ha BapyorpaMHUTE MOZENM Ca M3NOMN3BaHi aBTOMATU3MPaHM NpoLeaypu, No MeTofa Ha Hail-MankvTe KsagpaTu,
3a anpokcUMauusi Ha eKkcriepuMeHTanHuTe BapyorpaMHW CTOMHOCTW. OLEHEHO € MPOCTPaHCTBEHOTO pasnpeferneHne Ha Tean enemeHTW. [TbpBuuHUTE AaHHM
NpeacTaBnsaBaT CbabpXaHWsTa Ha TPUTE PasrnexaaHu eneMeHTa B rpynosn npobu OT BCeKM COHAax. 3a HyxaWTe Ha Modena e CbCTaBeH LndpoB Moden Ha
penecba, KOWTO € W3MOM3BaH KaTo OorpaHuM4uTenHa NoBbPXHOCT 3a U3KNOYBaHE Ha OTHECEeHUTE OT eposnAaTa YacTu. Toi NPOCTPAHCTBEHUTE XapakTepUCTUKK NO
OTAENHUTE TUNOBE BMECTBALLM CKanu He Ca aHanM3npaHu, CbCTaBEHUTE TPUMEPHM MOLENW UMAT NpubnuauTeneH u 06o6LLaBaly xapakTep.

THE SPATIAL CHARACTERISTICS IN DISTRIBUTIONS OF THE Cu, Au AND Ag CONTENTS FROM THE ZIDAROVO ORE
FIELD - YURTA AND KANARATA SECTORS

Kalin Ruskov?, Svetlozar Bakardjiev?

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; e-mail: rouskov@mgu.bg; zarcobak@mgu.bg

ABSTRACT. The Zidarovo ore field is located 15-20 km south from Bourgas. Senonian volcanic, sedimentary and intrusive rocks are developed in this region.
Results of the post magmatic hydrothermal process are veins with gold-copper and gold-polymetallic ores. The ore mineralization is developed in two sectors —
Kanarata is in the central part (Cu-Au-Bi) and Yurta (Pb-Zn-Cu-Au) is in the N-NW part of the ore field as veins along the faults. The Zidarovo ore field represents a
vein type deposit with multistage mineralization. Results from geostatistical processing of samples from the preliminary and detail exploration of Zidarovo deposit are
discussed. The primary data represent element contents in composite samples from each drill. The data are processed by three dimensional variogram analyses
based on exponential model used for determination of spatial variability of the data. For more precise determination of variogram models were used automatic
routines of Least Squares method applied for approximation of experimental variogram values. The spatial distributions of the elements Au, Ag and Cu are evaluate.
Digital terrain model is constructed for the modeling purposes and it is used as boundary to exclude eroded part. Because the spatial characteristics of rock types are
not separately analyzed these models are proximal and generalized.

BuBepeHue 3naTto-MefHW ¥ 3nato-nonumeTtanHu pyan. MopdonorusTa Ha
PYAHWTE Tena e JocTa CrioXHa, Thil kaTo OCBEH MO OCHOBHUTE
OcHoBHaTa 3afja4a Ha TOBa M3crnefBaHe € onpeaensHeTo Ha pasnomM1  MPOMULLNEHO OpyAsiBaHETO € pasBuUTO U Ha
MPOCTPAHCTBEHNTE 3aKOHOMEPHOCTU B Pa3NpeaeneHneTo Ha 3Ha4YMTENHO  pascTosHue No  onepasaliTe  PasnoMHu
ChAbPKaHMATa Ha Mef, 3naTo 1 cpebpo B yuacTsiy KOpTa u HapyweHus. HanuineTo Ha MHOroGpoitHi anodusu npuaasa
Kanapata ot 3ugapoBckoTo pyoHo none. 3a w3sBata Ha Ha pyAHWUTe Tena Xapaktep Ha CrioxHa no mopcornorus
TbpCEHUTE OCOOEHOCTM B pa3npefeNieHeTo Ha pyaHuTe opyneHa 3ota. B pyaHoto none ca o6ocobeHn Ase Haxoamuia
€NeMEHTM Ca U3NON3BaHW CbBPEMEHHW CTATUCTUYECKU U - KaHapata B HenocpeAcTseHa 6nu3ocT A0 WMHTpy3uBa U
re0CTaTUCTUYECKU MPOLIEAYPY. tOpTa, KoeTo 3aeMa ceBepo3anagHaTa YacT Ha pyaHOTo nore.
[lBeTe Haxogulia umaT pasnnyeH MuHepaneH CbCTaB — B
31aapOBCKOTO PY/IHO NONE € PA3NOMNOKEHO Ha OKoMo 25 KM. Kanapara npeobnagasa MeaHo-GMCMYTOB Tvn OpyasBaHe,
toKHO OT rp. Byprac, B 3emnuwata Ha cenarta 3ugaposo, fokato 3a Haxomuuwe tOpTa ca  XapakTepHu MefHo-
N3Bop, [Aumueso n KpywweHel,. O6pasysaHeTo My ce o6ycnasst MONMMETanHN MUHepani acouauun cbe 3nato (floros
OT pasBATMETO Ha 3WAapoBckata  BYNKAHO-NAYTOHUYHA Ap., 1993).
CTPYKTYpa OT LIEHTParieH TuM, KOSITO 3a NMPbB MbT € CroMeHaTa
or I. CranuweBa-Bacunesa u 1. Bacumes (1972), Moros (1980) otpens Tpu etanu B pa3BUTMETO Ha
BnocrneacTeme nogpobHo onucaHa ot Pawkos u gp. (1978), rOPHOKpesHaTa MarMeHa AeiHOCT. edy3uBeH, CyBBYNKaHCKM-
Monos (1981) u o aop. Pe3ynTaT OT nocTMarMaTuUdHuUTe [1anKoB W XV||'|036V|03ﬂeH'V|Hpr3V|BeH, KaTo OTAeNeHnTe eTanun
XWApPOTEPManHi MpoLeck e (hOpMUPaHETO Ha XUMuTe CbC oTroBapsT Ha onucaHute ot Pawkos u pgp. (1978)
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TpaxuaHgesuto-Tpaxmbasantos, 6asanT-Tpaxubasantos K
rabpo-cuenutoB etann. o BpemMe Ha OTAEneHUTE €Tanu
nocnefoBaTtenHo ce obpasyBaT 3uAapoBCKUST — BYIKaH,
31aapoBCKUST AalikoB NPbCTEHOBUAEH KOMMNEKS, kaTto Monos
(1980) ro obosHayaBa KaTo puUHIOBa  CTpyKTypa MU
31OapOBCKUAT MHTPY3NB, KOUTO CE NPEeACTaBsT KaTo OTAENHM
€NeMeHTH OT KOMMekcHaTa 31aapoBcka BYNKaHO-MyTOHNYHA

CTPYKTYypa.

PaltoHbT € narpageH npeauMHO OT CEHOHCKN BYTIKAHOTEHHM,
CEAMMEHTH 1 MHTPY3NBHW ckann (dur. 1). BynkaHckute ckanm
Ha 3upapoeckata nNaneoByrKaHCKa CTPykTypa obpasysar
komnnekc ¢ gebenuHa pocturawa 2000-2500 m, kowto e
NpeacTaBeH OT pedyBally Ce NaBOBM MOTOLM M MOKPOBM C
nupoknactuuHm matepuanu (Monos, 1981). NlaBosute ckanu
npeobnagasar B LiEHTpanHUTe YacTu Ha panoHa B 6rm3ocT o
npeanonaraemMoTo MLpro Ha Bynkaxa, AokaTo B nepudepusTa
npeobnapaBally ca NUPOKNAcTUYHUTE ckanu. PalikoB v ap.
(1978) otaenaT gBa eTana BbB (YOPMUPAHETO Ha BYMKAHCKMS
Komnnekc  —  aHgesuT-DasanToB M TpaxvaHLesut-
TpaxnbasantoB. BynkaHckuTe ckanmu Ca NpeacTaBeHu Ot
Tpaxuba3anty, neskoTpaxwbal3anTy, TpaxuaHaesnTn, NatuTu u
TpaxuTu, kato npeobnagasar no-6asnyHUTE PasHOBMAHOCTU.
Ha ceBep ckanute OT pa3spe3a Ha 3uOapoBCKMS ByNKaH Ce
3auenBaT CbC ckanute Ha Bwbpnubpexkus, pokato Ha
CEBEepON3TOK W U3TOK C Tesn oT PoceHckus BynkaH (ITonos w
ap., 1993). CybBynkaHCkusAT JankoB komnnekc e obpasysa
Ccneq NpUKIOYBaAHETO Ha edhy3nBHaTa AEMHOCT M 6enexu HoB
eTan Ha passutue. Toil e NpeacTaBeH 0T MHOrOOPOIHN Aanku
C [pocta pasHoobpaseH cCbCTaB, obpasyBaHu cneq
MPUKMIOYBAHETO Ha aKTMBHATa [EeWHOCT Ha 3umapoBckus
BYNKaH W Npean BHEOPSBAHETO Ha 3MAApOBCKWS MHTPY3MB.
Mo-cbcTaB pankute ca 6nnskn JoO edy3nBHUTE Ckanmn 1 ca
NpeLCTaBeHn OT TpaxnbasanTy 4O KBapLOBM TpaxMaHAE3NTW.
MapuHos u  Baitpaktapos (1981) onucaT neBUMUTOBM
0aszaHuTW, neBUMTOBM  TedputM OO0  hoHOTEDPUTH,
Tpaxwubasantu, MenaTpaxuaHaesnTu " KBapLoBM
TpaxuaHgesnutu.  3ugapoBCKWAT  WHTPY3WB  MpeLcTaBnsBa
YABIIKEHO B CeBep-3anagHa nocoka TAno W B paskpurata cu
yacT uma pasmepu 1,2x5 km. VHTpysauBa uma paskputus B
LEHTparnH1Te 4acTu Ha pyAHOTO none W € CbCTaBeH OoT
€CEKCUTM,  MOHLOHMTM,  MOHLOAMOPUTM M asKamHM
kBapucbabpkawm cuenutn (MapuHos, 1980). Hait-ronsmo
pasnpoCTpaHeHe MMaT MOHLIOHUTUTE U MOHLIOAMOPUTUTE.
MecTononoxeHueTo W copmata Ha WHTpy3auBa Mapkupat
MOMNOXEHWETO HA  MarMornpoBOASLUMS  pas3noM,  KOWTO
KOHTpONMpa pasBUTMETO Ha  3upgapoBckata  ByMKaHo-
nnyToHW4Ha cTpykTypa (Monos, 1981).

Mo-gony B TekcTa Ca ONUCaHW OTAENHUTe eTann B
npunoxeHata MeToauMka Ha u3cnedpaHe. 3a u3sBa Ha
NPOCTPaHCTBEHNTE 3aKOHOMEPHOCTU B pa3npedeneHneTo Ha
pyoHUTE eneMeHTH e 13non3saHa OCHOBHO
reocTaTucTMyeckata nmpolegypa Ha BapuorpamMHWs aHanws,
[0KaTO NPUNOXEHUTE METOAN HA eJHOMEPHUSI CTaTUCTUYECKN
aHanu3 ca npedHasHauyeHu 3a npeaBapuTenHata obpaboTka
unu  “ono3HaBaHeTO” Ha  daHHuTe. B cTaHgapTHus
CTaTUCTMYECKM aHaNM3 Ha JaHHUTE € TbPCEH BEPOSITHOCTHMS
MOZEST 3a ONuCaHMe Ha JaHHWUTE NPK MbPBOHAYaNHa xunoTesa
3a JorHopmaneH 3akoH. MeToguTe Ha  egHOMEPHWS
CTaTUCTMYECKM aHann3 ca MPUNOXEeHW npeay CbLUMHCKaTa
reocTatucTuyecka obpabotka Ha [JaHHUTE W chyxaTt 3a
OnMCaHWe Ha pasnpeeneHNeTo Ha pasrexaaHUTe eNemMeHTH.
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3a HyXauTe Ha LANOCTHaTa MHTEprpeTauus Ha AaHHWTe ca
ONpefeneHn  KOperauvoHHUTE  3aBUCMMOCTM  MeXay
OTHENHUTE  [BOAKM  XMMUYHW  €NeMEeHTH, KOUTO ca
MpeAcTaBeH BbB BWA HA KOpenaLMoHHW MmaTpuuu. Bceku
€OMH OT TMPWUNOXEHUTE aHanmuM3M uMMa  Xapaktep Ha
CaMOCTOSITENHO  W3CrieABaHe, KOeTo OBCNyxBa pasnuyHu
reoNiokKM 3a4aun.
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®ur. 1. Teonoxka kapTa 3ugapoBckoTo pyaHo none (no PawkoB u Ap.,
1978)

[laHHW n3non3BaHu NPy aHanu3uTe U
npeaBaputenHa obpaboTka

W3nonaBaHu ca COHO@XHW AaHHW OT MPeABAPUTENHOTO W
LETaNMHOTO NPOyYBaHe Ha Haxoauwe 3unapoBo. 3a yvacTbk
KaHapata ca usnonasaHu o6uwo 20222 CekUMOHHW Npobu ot
250 Op. HaKMOHEeHM COHOAXW, KOMTO ca pasnonoxeHu B 59
npoyyBaTenHu NuHuM, npu asumytn 30-245° 1 HakrnoHW B
rpanuynte 90-75°. TpoyyBaTenHUTE NUHWM ca MpokapaHu
npubnuautenHo npe3 50 m. 3a yuactbk KOpTa OposTt Ha
W3MON3BaHNTE 3a aHanu3uTe CeKUMOHHM npobu e 3457. bposar
Ha M3nonaBaHUTe COHAaxu e 94, KaTo ca OpUeHTMpaHu no
npoy4BaTenHu nuHun B npubnuantenHa mpexa 50x50 u ca
MpoKapaHW HakmoHeHO nog brbn 75°. Cblyo Taka, 3a
XapakTepuaupaHe pasnpefeneHneTo Ha CbAbpkKaHusTa B
pyaHa 3oHa 50 Ha yyacTbk KOpTa, ca 13nonseaHn gaHHUTE OT
€KCNNOaTaLUMOHHOTO M MpoyyBaHe. bposT Ha Tean AaHHW e
957. CoHgaxuTe ca onpobBaHM NO CEKLWMOHHWS MeTofd, a B
MWHHWUTE paboTu npobuTe ca B3emMaHu OT 3abouTe, CTEHUTE U
TaBaHuTe. B ranepuute 3aboute ca onpobsaHu npu cpeneH
WHTepBan 2,5 m.
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®ur. 2. [lurutaned mogen Ha penedpa Ha yyacTbuu: a — lOpra; 6 -
Kanapata, ¢ 03Ha4eHO MECTOMOMNOXKEHNETO Ha M3MON3BAHNTE COHAAKM

Ot TabnuuuTe cbe cTaTucTYeck1Te napameTpu (Tabn. 1) Ha
pasrnexnaHuTe enemMeHTH e BULHO, Ye Te Ce xapakTepuaupat
C MHOrO [Jobpe W3paseHu MOMNOXKUTENHO-aCHMETPUYHN
pasnpegenexns, Tbil Kato ronsmarta yar OT JaHHuTe ca C
HWCKM CbObPXaHUS U CamMo Marka YacT OT TAX MMa M3MEPEHH
MO-BACOKM  CbObpXKaHWUA  HAa  CbOTBETHUS  ENEMEHT
(cToHOCTUTE 33 MeATa ca B MEpHU eauHuun %, a 3a 3naToTo
1 cpebpoTo B ppm). Tasu chopma Ha pasnpepeneHne e 4ecto
CpelaHa npu reonoXKoTO W3CMeABaHe Ha MOBedeHUeTo Ha
JajeH  eneMeHT.  ACMMETPUYHOTO  pasnpefeneHue
XapakTepuavpa Hanum4neTo Ha MPWUBHOC UM U3HOC Ha AafeHns
enemeHt (Monos, 2002). HanuuMeto Ha nornoxutenHa
acuMeTpus B KpuBaTa Ha pasnpegeneHve Mmoxe ga 6bge
WHTEPNPETUPAHO KaToO MPUBHOC Ha BELLECTBO OT HANOXEH
pynoobpasyBaTeneH npoLec, T.e. acCUMETpUsATa Moxe aa bbae
obsicHeHa ¢ HanmuuMeto Ha ronsm  Opol  HOpMarnHu
CbObPXaHus, KOUTO Ca XapaKTEepH 3a CbOTBETHMS BU CKarna,
1 Bb30ECTBMETO Ha JOMbIHUTENEH FEeHETUYEH NPOLIEC AOBEN
[0 MOBULLEHME HA CbAbPXKAHUSTA B HSKOM OT y4acTbuuTe
(Monoe, 2002). Ha curypa 3 ca gageHu xuctorpamute Ha
ernemMeHTuTe 3a pyaHa 3oHa 50 Ha HaxoamLe HOpTa.
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Cb3gageH e u undpoB Mopen Ha peneda, Ha KOMTO €
MOKa3aHo MECTOMONOXEHNETO Ha M3MON3BaHUTE COHOAXM
(Pur. 2). Toit MOXe fJa Ce NOnM3Ba OT reoCTaTUCTUYECKMS
MOZen KaTo OrpaHWyuTenHa MOBBbPXHOCT 3a M3KMIOYBAHE Ha
OTHECEHWTe 0T  epo3usTa Yactu. [lopagn  HuckuTe
CbObpXaHW ~ Ha  EeneMeHTMTe M HejocTaTbyHata
YYBCTBUTENHOCT Ha W3MON3BaHWS  EMMCWOHHO-CMEKTpaneH
aHanua, B YacT OT NpobuTe He e yCTaHOBEHO MPUCBCTBMETO Ha
HAKOM enemeHTW. B Tean cnyyam, Ha Te3m npobu ca
MPUCBOEHN CTOHOCTM PaBHU Ha MOMOBWHATA OT AOMHMSA npar
Ha YyBCTBMTENIHOCT Ha aHanu3a 3a fafeHus enemeHT. [pyr
Bb3MOXEH NOAXOA e fa ObAaT NpuChaeHM CTONHOCT Hyna (T.€.
HAMa CbObpXaHWe Ha [JajeHns enemeHT). Mexgy pnsarta
BapMaHTa Ha 3aMeCTBaHe Ha MpakThka He ce nonyvasat
CbLUECTBEHM pasnuuus, Tbil KaTto W B [BaTa cnyyas
NPUMNUCBAHUTE CTOMHOCTM Ca HUCKM — OT obnactta Ha
MWHUMyMa Ha pasnpederneHve 3a [JafeHns  eNleMeHT.
CraTucTnyeckuTe napameTpu ca NPecMeTHaTU MOOTAEMHO 3a
[BaTa pasrnexaaHn yyacTbka W 3a pygHaTa 30Ha OT y4acTbK
tOpra.

KopenauuoHHU 3aBUCMMOCTHM MeXAay
eneMeHTuTe

TbA KaTo NMpecMsTaHeTo Ha koeduuueHTa Ha Kopenauus
npeacTaBnsea M eOuH BUG CTaHAAPTU3WpaHe Ha AaHHUTe, TO
TO3W MoKasaTen He Ce Bhusie OT Bb3MOXHUTE pa3nnyus B
MEepHUTEe eouHMUM WM MawabHocTTa Ha  CpaBHSIBAHUTE
npomeHnusn. B Ttabrmum 2, 3 u 4 ca npeactasenu
KopenavuuoHH1Te maTpuum, XapakTepuaupaLm
B3aWMOBPB3KUTE MEXAY BCUYKNA BbH3MOXHU OTAEMHW LBOWKMA
OT XMMUYHW ENEMEHTI N0 13crneaBaHnUTe NNOLM (BKMIOYEHN ca
W enemMeHTUTe OroBO U LMHK). Hain-BUCOKM ca CTOMHOCTUTE Ha
koehuLMeHTa Ha Kopenauus Mexay OfloBOTO U LIMHKA, KakTo 1
Mexay cpebpoTo n MeaTa, KaTo CTOMHOCTUTE Ha koeduLmeHTa
Ha Kopenauws Mexay Tesw [BOWKM eneMeHTH ca No-BUCOKM 3a
yyactbk KaHapata. Yuyactbk KOpTa ce xapaktepusupa ¢ no-
BMCOKW CTOMHOCTM Ha kopenauusita Mexay 3naToTo u meara u
snatoto M cpebpoto. B Tabrmya 5 e nokasaHa
KopenauuoHHaTa MaTpuua Ha enemeHTUTe 3a pyaHa 3oHa 50
Ha Haxoguwe HOprta (Hail-BMCOKa e KopenauwsTa Mexay
3natoto u cpebpoto — 0,622).

®ur. 3. Xuctorpamu no cbabpkaHuATa Ha MeA, 3naTo 1 cpebpo 3a pyaHa 3oHa 50 Ha Haxoauwe HOpTa



Tabnmua 1

Cmamucmuyecku napamempu Ha 0aHHUMe om npedgapumenHomo u demadlinHo npoyyeaHe 3a yyacmblume KaHapama u fOpma,
KaKkmo U om ekcnioamayuoHHOmMo npoy4eaHe Ha yyacmbk KOpma

Bpoli Murumym Makcumym | MeduaHa CpedHo Cmandapmno | Jucnepcus Acumempusi Excuyec
0aHHU apummemu4yHo OMK/IOHEeHUe
y4dacmbk KaHapama-tOpma
Cu| 23552 0.00005 14.340 |  0.00005 0.081 0.467 0.218 14.264 | 278.161
Ag| 23550 0.5 190.000 0.5 0.790 3.491 12,187 31.504 | 1337.35
Au| 23535 0.001 20.800) 0.001 0.023 0.264 0.070 44870 | 2697.32
Yy4acTbK KaHapaTa
Cu| 20176| 0.00005 14.340 | 0.00005 0.084 0.502 0.252 13.223 | 240.164
Ag| 20175 05 190.000 05 0.809 3.7228 13.85 30.166 | 1205.20
Au| 20175 0.001 12.400 0.001 0.018 0.201 0.070 40403 | 2147.85
y4yacmbk FOpma
Cu| 3446| 0.00005 7.830| 0.00005 0.008 0.142 0.020 49.487 | 2693.72
Ag| 3445 05 43.000 05 0.676 1.463 2.143 14.400 | 291.677
Au 3420 0.001 20.800 0.001 0.056 0.492 0.242 31.625| 1193.44
Yyacmbk KOpma — PyOHa 30Ha 50
Cu 932| 0.00005 22.000 0.100 0.194 0.766 0.587 24614 | 688.53
Ag 900 0.005| 185.000 2.7 5.836 10.152 103.06 4.83 36.11
Au 884 0.001| 129.200 3.000 6.317 10.419 108.550 4719| 34.296
Tabnumua 5
Tabrnuua 2 Kopenayus mexdy enemeHsmume — ydacmbk 50 (yyacmbk
Kopenayus mexdy cvdbpxaHusma Ha enemeHmume — Opma)
yyacmuk KaHapama Cu Au Ag
Pb Zn Cu Ag Au (
P 1.000 y 100
Zn 0.863| 1.000 A
Cy 0073 0045 1.000 y 011 1,000
Ag 0172| 0.092| 0416| 1.000 A
ad 0021 0010| 04123 0062| 1.000 d 0% 0622 1.000
Tabnumua 3
Kopenauyus mexdy cbdbpxaHusma Ha enemeHmume —
ydacmbk FOpma BapuorpameH aHanus
Pb Zn Cu Ag Au
H 1.000 Llenta Ha BapuorpamHus aHanu3 € u3fBaTa Ha
b 3aKOHOMEPHOCTUTE B MPOCTPAHCTBEHATA MPOMEHIMBOCT Ha
Z 05111 1.000 n3yyaBaHus reonoxku nokasaten (Matheron, 1967; Rendu,
n - ' 1981). Mo geduHnuns, CTORHOCTTa Ha Bapuorpamara 2y(h) ce
q 0035 00011 1.000 Onpesens OT 3aBUCUMOCTTA Ha CPEAHMUTE PasnuKi Mexny
u CTOWMHOCTUTE Ha NpobuTE CMPSIMO Pa3CToOsHWATA MeXay TSX.
A A
g 0571 0.560) 0.360) 1.000 Ouenkata ¥ (h) Ha nonysapuorpamara y(h) e:
A 0.193| 0.044| 0.058| 0.199| 1.000
y n(h)
X(z.)—x(z, +h
Tabnuua 4 2 (h)z[ (2)-x(z + )T

Kopenauyus mexdy cvdbpxaHusma Ha enemMeHmume —

yyacmuk KaHapama-KOpma

Pb Zn Cu Ag Au
:
1 1.000
z
4 0728 1000
ﬁ 0066 0.031| 1.000
g 0199| 0.143| 0465 1.000
ﬁ 0054| 0029 0093 0076| 1.000
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kbaeto X(z;,) —X(z; +h) ca n(h

CTOHOCTUTE (CbbpXaHUsTa Ha NomneseH KOMMOHEHT), KOUTO
ca W3MepeHM B Npobu Hamupawy ce Ha pascTosHue h
rMoMexay cil B lafieHO HanpaBneHye.

) Ha Gpoil pasnukn mexay

Monyyenute cToinHOCTM 3a y(h) ce HaHacAT Ha X-y auarpama,
KbeTO MO OCTa X Ce HaHacs pascTosHMeTo h, a CcToiHoCTUTE
Ha rama ce HaHacsT Ha ocTa y. 3a LenuTe Ha BapuorpamHus
aHanu3 e u3nonasaHa nporpamara UNCERT (Wingle et al.,
1997), a anpokcumauusita Ha TEOpeTUYHWUTE MOoJenu e
W3BbPLUEHA KaKTO aBTOMAaTM3WpaHO MO MeToda Ha Hau-
MarkuTe KBagpaTW, Taka M PbYHO 33 HSKOM OT M3bpaHuTe



HanpasrneHus. BaxHa 0co06EHOCT Ha BapuorpamMHNs aHanus e,
e 4pes Hero ce OTuMTaT KaTo CPEAHO W ECTECTBEHN CBOMCTBA
Ha u3cneaBaHus 00EKT KaTo aHU30TPONWS, XapaKTep W CTeneH
Ha 3aBWCUMOCT Mexay CbCeaHuTe npobu kato (YHKUMS Ha
pasCTOsHMSATA MeXay TsX, HUBO Ha obLata MpOMEHMMBOCT,
NPEeKbCHATOCT M ApP., KOUTO Ca XapaKTepHW 3a WU3credBaHus
obekt. Cnen kaTo ce NpecMeTHAT  CPeaHUTE pasfvku B
pasnnyHK HanpasrneHus, NpeAcTaBeHH oT
eKCrepuUMEHTanHuTe Bapuorpamu, e Heobxoanmo ga Obae
n3bpaH noaxoasly, TeopeTWYeH Moaen, KouTo Aa 6bae
aflekBaTeH Ha CbLLUECTBYBallaTa npupogHaTa CTPYKTypa Ha
MPOMEHINMBOCTTA B U3MON3BaHUTE AaHHN.

3a HyxauTe Ha BapuOrpamMHUs aHanW3 Ha AaHHuTe OT
ysactbum  KaHapata wu  KOpta ca  npecmeTHaTu
eKCnepuMEHTanHUTe Bapuorpamm B XOPU3OHTArHO U B YETUPK
BEpPTUKanHW HanpaeneHus ¢ asumytn 0°, 450, 900 n 135,
MpecmeTHaTh ca 0bLWo 16 ekcnepuMeHTanHM Bapuorpamu 3a
BCEKM OT pasrnexaaHuTe eNieMeHTW, YeTWpU Bapuorpamu C
asumyTn 00, 450, 90° n 135° B XOPM3OHTANHO HanpaBneHue,
KaKTO M MO 4eTupu Bapuorpamu nog Haknonu 0°, 450, 900 n
1350 3a BCAKO OT BEPTUKANHUTE HanpaeneHus. Bapuorpamute
ca NpecMsTaHu 4Ypes3 TPUMEPHO TbPCEHE Ha CbCedHM npobw,
Npu CregHUTE YCNIOBMS: pascTosHNUA Mexay npobute ot 20 o
400 m npe3 ctbnka 20 m, XOpM3OHTAMHA W BEpTUKanHa 1emLa
Ha TbpceHe 100 m, XOpM3OHTaneH W BepTMKaneH bIMoB
TONEpaHC Ha TbpceHe 22.5°. 3a anpokcumaumus Ha
eKcrepyMeHTanHuTE BapuorpamMu e usbpaH eKCroHeHUmaneH
Mogen. EkcnoHeHumanHusT mopen ce xapakTepuaupa upes
pea napametbpa C u a, kpgeto C e acumnToTata Ha
eKCMOHeHUmManHaTa kpusa 1 Moxe Aa 6bae paBeH Ha npara,

[0KaTo a € PasCTOSHWETO Ha KOETO TaHreHTaTa OT HayamnoTo
Ha KOOpAMHaTHaTa cucTema JocTura cToiHocT C:

y(h)y=C(l—e™?).

HaknoHa Ha TaHreHTata B Ha4yanoTo Ha KoOpAMHaTHaTa
cuctema e C/a. Ha ¢wmrypu 4 n 5 ca papeHn obobuiennte
Bapuorpami no cbabpxaHusta Ha Au, Cu, u Ag, Kakto 1
napameTpuTe Ha eKCMOHEeHUManH1s MOAen 3a BCEeKM OT THX.
YCTaHOBEHO € HamnuuMeTo Ha reOMEeTPUYHa aHU30TPOnus,
AbiXalla Ce Ha crioxHarta Mopdomnors Ha OopyasiBaHETo,
KaKTO 1 30HanmHa aHu3oTponus. BapuorpamHute mogenu no
CbabpXaHusTa B y4yacTbk HOpTa nokassar no-HepaBHOMEPHO
M3MEHeHMe 0T Te3n 3a y4acTbk KaHaparta.

3a pa ce aHanuaupa aHU30TPONUSATa B MMaH Ca NOCTPOEHN
no 18 sapuorpamu npe3 cTbnka 20° 3a BCEKM OT U3CrneaBaHUTE
enemeHTn (half-angle solution), kouto xapakTepusupar
NpOCTPaHCTBEHATa MPOMEHNMBOCT Ha Te3W enemMeHTu B
pasrnexgaHute panoHn. Ha dwurypa 6 e [ageHa
BapuorpamMHaTa CTPyKTypa B XOPW3OHTanHO HamnpaBsrneHue 3a
CbabpXaHusTa Ha cpebpo 3a yyacTbk Kanapata, ussegeHa ot
Te3n 18 Bapuorpamu, npeacTaBeHa BbB BUA Ha BapuorpamHa
noBbpxHocT. OT BapuorpamHaTa MoBbPXHOCT CE BXAa, Ye
Han-NnaBHMW ca U3MeHeHusITa B CbabpxanusTa B O3-CU u tO-
/1 HanpaBneHve. 3a 3naToTo Hali-NnaBHW ca M3MeHeHNsTa B 3-
MW wn C3-tON HanpasneHne (®ur. 7). Bapuorpamnata
MOBBLPXHOCT 3@ CbbPXaHUATa Ha MeATa e nopobHa Ha Tasu
Ha cpebpoto (dur. 8). BapuorpamHuTe  CTPYKTYpM,
XapakTepuaupawy npoCTPaHCTBEHATa MPOMEHNMBOCT  Ha
CbObpXaHusiTa B yyacTbk KOpTa, nokaseaT  CxogHU
ocobeHocTH.
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Edbekt Ha Brntouenusita — Nugget (Co): 0.18; Mpar —
Sill (c): 0.15; PaHr — Range (a): 160; Bpoit cTbnku
(Number of lags):20; brnos TonepaHc (Angular
tolerance): 90; TonepaHc Ha 3ansraHe (Dip
tolerance):  90; MakcumanHa — XOpu3OHTanHa
wipoynHa (Maximum horizontal bandwidth): 100

tolerance): 90; TonepaHc

EdbekT Ha BKntouenusiTa - Nugget (Co): 0.017; Mpar -
Sill (c): 0.04; Panr - Range (a): 280; bpoit cTbku
(Number of lags): 20; brnos TonepaHc (Angular

tolerance):  90;  MakcumanHa  Xopu3oHTanHa
wmpoynHa (Maximum horizontal bandwidth): 100
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Edbekt Ha BrnoyeHusita — Nugget (Co): 10; lMpar —
Sill (c): 11; PaHr — Range (a): 200; Bpoi cTbmku
(Number of lags): 20; brros TonepaHc (Angular
tolerance): 90; TonepaHc Ha 3ansraHe (Dip
tolerance):  90;  MakcumanHa ~ Xxopw3oHTanHa
wipoynHa (Maximum horizontal bandwidth): 100

Ha 3ansraHe (Dip

®ur. 4. 0606LeHN Baprorpamu no cbbpkaHusTa Ha enemenTute Cu, Au, n Ag

= y4acTbK KaHapaTa. M3non3BaH e ekCnoHeHUuaneH mogen.

Bpoit cTbnku (Number of lags): 20; brnos TonepaHc  crunku (Number of lags):

variofit variofit variofit
018 e Parametm ‘Model Pavameters. — * [Cogend 7.00 | [odet Parameters —
VT Sassezs et T Gs Eapenil o e PETT T Bpement
" 1o 100}t piv s Fouinon 1 g.oof| e i5 o
.
010 * . 5.00 :
. .
|- - . -~ 400 *
.
- 0.50 . . 3.00 0 g .
0.05 = . b, . .
. 0 . . 200f R
/ .t 1.00
0.00 : = 0.00 0.00
0.00 100.00 200.00 300.00 400.00 0.00 100.00 200.00 300.00 400.00 0.00 100.00 200.00 300.00 400.00
a)Cu 6) Au B) Ag

Edpekt Ha Brmiouenmata — Nugget (Co): 0.0015; Edpext Ha BkmtoueHmsta — Nugget (Co): 0.089; Mpar EdbexT Ha BKnioveHnata — Nugget (Co): 1.5; Mpar —
Mpar - Sill (c): 0.0636; Paur — Range (a): 114.7; - Sill (c): 0.484; Panr — Range (a): 151.7; Bpoit Sill (c): 1.76; Par — Range (a): 110.7; Bpoit cTbrku

20; brnos TonepaHc (Number of lags): 20; brroe Tonepac (Angular

(Angular tolerance): 90; TonepaHc Ha 3anaraHe (Dip  (Angular tolerance): 90; TonepaHc Ha sansraHe (Dip tolerance): 90; TonepaHwc Ha 3anaraHe (Dip
tolerance): 90, MakcumanHa — xopusoHTanHa tolerance):  90;  MakcumanHa  xopusoHTanHa tolerance).  90;  MakcumanHa - xopu3oHTanHa
Wwipo4vHa (Maximum horizontal bandwidth): 100 wwpouuna (Maximum horizontal bandwidth): 100 Wwmpo4ua (Maximum horizontal bandwidth): 100

®ur. 5. 0606LeHN Bapuorpamu no cbabpkaHuATa Ha enemeHTute Cu, Au, n Ag
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- y4acTbk IOpTa. M3non3BaH e ekcnoHeHuuaneH mogen
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®ur. 6. BapnorpamHa cTpyKkTypa B XOPU30OHTAmNHO Hanpasnexue,
u3BegeHa no 18 Bapuorpamm 3a CbabLPXKaHUATa Ha cPedPo
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®ur. 7. BapuorpamHa CTpyKTypa B XOPM30OHTamNHO HanpasneHue,
u3BefieHa no 18 Bapuorpamu 3a CbAbpPXaHUATa Ha 3naTo
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®ur. 8. BapuorpamHa CTpyKTypa B XOPU30OHTamNHO HanpasrneHue,
u3BeaeHa no 18 Bapuorpamu 3a cabPKaHUATa Ha Med,

3aknioyeHune

HanpaBeHnte  CcTaTUCTMYeCKM M TEOCTATUCTUYECKM
U3CrneaBaHusl, M3BBLPLIEHN MO AaHHM OT MPOYYBaHETO Ha
31OapoBCKOTO PYyAHO Mnone, 1M3passBaT MpOCTPAHCTBEHUTE
3aKOHOMEPHOCTW B Pa3npefdeNieHNeTo Ha CbabpkaHusTa Ha
enementute Cu, Au 1 Ag B yyactsumute Kavapara u tOpTa.

BapuorpamHuTe Mofenv rnokassar CPaBHUTENHO
HepaBHOMEPHO N3MEHeHNe B NPOCTPaHCTBEHOTO
pasnipedeneHe Ha  CbobpxaHusTa.  HabniogasaHata

aHM30TPONKMA UMa CrIoXHa Mopdonorusl, BEPOATHO Abikalla
Ce Ha CNOXHWSA TEONOXKKM CTPOEX W PasniyHUTE NOCOKW Ha
TEKTOHCKUTe HapyLieHusl. Habniofaea ce KakTo reoMeTpuyHa,
Taka M 30HanHa aHu3oTponus. OT aHanu3a BapuorpamHuUTE
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MOBBPXHOCTW Ha CbAbpXKaHNATa B y4acTbk KaHapaTa moxe fa
Ce Kaxe, Ye M3MEHeHusiTa B CTOMHOCTUTE Ha MeaTa U
cpebpoto ca Hait-nnasHu B C3-HOW n 3-W HanpasneHue, a 3a
anatoto npeaumHo B 3-U Hanpasnenwe, gokato B C-tO
HanpaBneHue ce HabriogaBaT Han-roneMu CTOWHOCTM Ha
NPOMEHMMBOCTTA Ha CbAbpXXaHWsTa. MacnenBaHu ca 1 LaHHU
OT eKCnnoaTauyoHHOTO MpoyYBaHe Ha pyaHa 3oHa 50 Ha
yyacTek tOpTa, KbOETO Ca  YCTAHOBEHM  3aBMLLEHM
CbabpxaHus Ha 3nato ot kota +30 go kota -300, fokaTo Ha
no-ronsMa  AbnbounHa  CbabpkaHMETO My  chaga.
CbluecTByBa TEHOEHUMS 33 HaMaNsBaHe CbAbpPXaHWEeTO Ha
3naToTo OT LEHTParHWTe y4yacTbUM Ha pyaHata 30Ha KbM
cnaHroeete 1. [lpOCTPaHCTBEHWTE XapaKTEPUCTUKM MO
OTAemNHUTe TWUNOBE BMECTBAWM CKanW HE Ca aHanuaupaHu,
nopagn KoeTo HanpaBeHUTE MOAENM UMAT NpUBNU3MTENEH U
obobLasall xapakrep

Nutepatypa

3axapues, Xp., A. [pamatukos, H. [lonesa. 1992. [Joknad 3a
U3sbpUWEHUMe  2e0/1020-NpoyYsamenHu  pabomu  Ha
MeOHO-3/1amHuU U NUPUMHo-3namHu pyou 8 3udaposckomo
pydHo none, ydacmbk KOpma, 3a nepuoda 1981-1992 2. ¢
usqucnssaHe Ha 3anacu kbm 30.12.1992 e. MunucTepcTBo
Ma OKonHaTa cpega u Bogute, HauuoHaneH eodong, |-
1192.

3axapueB, Xp., Cr. CrosHoea. 1997. [oknad 3a
U3sbpUWEHUMe  2e0/1020-NpoyYsamenHu  pabomu  Ha
medHo-3namHu  pyOu 8 ysacmbk KaHapama om

3udaposckomo pyOHO nome ¢ U34yuceHUe Ha 3anacu Kbm
30.12.1996 2. MwHucTEpCTBO Ma OKOMHaTa cpeda W
BoauTe, HaumoHaneH reogoxs, 1-1288.

MapwuHog, T. 1980. AnkanHuTe UHTPY3UBHUW Ckanu B paioHa Ha
c. 3ugaposo, bypracko. — Cn. b/, 41, 2, 112-119.

MapuHos, T., WB. banpaktapos. 1981. [leTponoxka
XapaKTepucTuka Ha CyOBYMKAHCKUTE AAiKOBM CKamu OT
3naapoBckus LeHTpaneH MarmeH komnnekc. — Cn. Br/,
42,1, 56-66.

Monos, M. 1981. Ctpyktypa Ha 3uZapoBCKOTO PYAHO Mone.
Cn. Brf], 42, 1, 45-55.

Monos, M., B. Kosayes, Ctp. Ctpawwnmupos, B. Xenes, P.
ApHaynosa, b. banywes, M. Ctaspes, P. Pagnues. 1993.
leonoeusi u MemanozeHusi Ha bypeackusi pyOeH palioH.
C.,Mry.93c.

Pawkos, P., WB. Bawpaktapos, . Monos, T. MapuHos, J1.
Hagptanu, M. AntoHos, LI. Axtumosa. 1978. Etamu B
Pa3sBUTUETO Ha CEHOHCKMS MarmaTuabMm B 31gapoOBCKOTO
pyaHo none. — 25e. BMI'A, 95-104.

CraHuwesa-Bacunesa, ., 1. Bacunes. 1972. Bwbpxy
MPMCLCTBMETO  HA  TOPHOKPEAHA  MasneoBymKaHCKa
MoCTPOMKa B paioHa Ha Cenio 3ugapoBo U HENHOTO PyAHO
3HaueHue. — Pydodobus, 3, 9-12.

Matheron, G. 1967. Traite de Geostatistique Applique.
Technic, Paris.

Popov, K. 2002. Geochemical associations in Radka ore
district. — Ann. Univ. Min. Geol., 45, 1, 57-63.

Rendu, J.-M. 1981. An Introduction to Geostatistical Methods
of Mineral Evaluation. South African Institute of Mining and
Metallurgy, Printpack Ltd.

Wingle, W., E. Poeter, S. McKenna. 1997. UNCERT User’s
Guide. Colorado School of Mines.

MpenopbyaHa 3a nybnukysaHe ot
Kategpa “Teonorus v npoyysaHe Ha nonesHu uskonaemu”, Mo



rOANLIHMK HA MUHHO-TEONIOXKMA YHUBEPCUTET “CB. UBAH PUIICKIA”, Tom 48, Cs. |, l'eonorus 1 reocnsmka, 2005
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 48, Part I, Geology and Geophysics, 2005

MWUHEPANOXKW OCOBEHOCTW HA 3J1ATO OT PEYHUTE OTIIOXEHUA B
NAHATHOPCKO

Mapzapuma Tokmak4yuesa

Munro-2eonoxku yHusepcumem “Ca. Mear Puncku”, Cogpus 1700; tokmakchievi@ mgu.bg

PE3IOME. W3cneaBaHu ca Mopdonoxkute 0cobeHOCTM Ha 3MaToTo OT peqHUTe OTNoXeHus B MaHariopeko ot p. flyaa fAHa v p. TononHuua, HeroBust CbCTas
ctpoex. [Mo-ronsmata yact oT 3naTuHkuTe ca gobpe 3arnageHn 1 nonysarnageHn. Mpu XvnepreHHU ycrioBusi 3naToTo e MPETbPSAN0 M3MEHEHUS B CbCTaBa M
cTpoexa cu. Habniopasa ce TenpeHums Ha "obraropopssaHe” Ha 3naTtoTo. PasHoobpasHuTe pasmepu, pasHOPOAHWAT CbCTaB W MOPCONOTMS W HEEAHOPOAEH
CTPOEX MOKa3BaT, Ye 3naToTo MMa PasnuyHN U3TOYHULM — FMaBHO OT MELHUTE OPYAsSBaHUS B pailoHa W TEXHUTE 30HW Ha OKMCTEHWE, OT KBapL-CyndWUaHN XUnK 1 oT
crapyu pascunu. lNo-ronsmara yact ot 3natoTo e ¢ pasmepu o1 0,1 5o 0,5 mm. PeuHute oTnoxenus B NaHariopcko ca 06ekT Ha NpomuBaHe Ha 3naTo OT Abnboka
ApeBHOCT. B winuxute MHOro Yecto nonaga 0bpaboTeHo B BikyTepuitHi NPON3BEAEHNS 3MATO, KOETO € ChC ChLUKS CbCTaB.

MINERALOGICAL PECULIARITIES OF GOLD FROM THE RIVER DEPOSITS IN THE PANAGYURISHTE REGION
Margarita Tokmakchieva
University of Mining and Geology “St. Ivan Rilskl”, Sofia 1700; tokmakchievi@ mgqu.bg

ABSTRACT. The morphological peculiarities of gold from the river deposits in Panagjurishte region — r. Luda Yana and r. Topolnitza were studied, as well as its
composition and structure. Most of the gold pieces are either well smoothed or almost smoothed. In hyper-genic conditions the gold has undergone changes in its
composition and structure. A tendency of gold refinement is being observed. The various sizes, the different composition and morphology and the heterogeneous
structure show that the gold has various sources — mainly from the copper ores in the region, from quartz sulfide veins and from old wanes. Most of the gold is of size
from 0.1 to 0.5 mm. The river deposits in the Panagyurishte region have been an object of gold production since ancient times. Gold processed in jewelry products,
which is of the same composition is very often found in the concentrate.

BbBeaeHue npes NpomneTTa U Npe3 NeTHUTE Meceuy npecbxeat. Pekute
TEKBLT CbC CpeaHa ckopocT 1 m/sec U Ha MecTa UMaT LIMPOKO
OBekT Ha M3crienBaHe ca MUHEpanoXKkuTe 0CoBeHOCTU Ha okono 50 m pa3nsTo ABHO, kaTo NeBust BPAr e YECTO XbAMUCT
3naTo OT peyvHuTe OTNoXeHus B [laHariopcko. ToBa Aaea v CTpbMeH. TepacuTe, kouTo 0bpasysa ce pasnonarar rnasHo
Bb3MOXHOCT f[a Ce& U3ACHAT  HEroBUTE  W3TOUHULIN. no AecHus um Gpar. Mpu ToneHe Ha CHera u nph cunHu
KomnnekcHOTO u3yyaBaHe W CbNOCTABAHE Ha [aHHM OT AbXKOOBE pEKUTE MPUMXKOAAT CTUXMUHO, KaTO NpUYMHABAT
MUHEpanoXK1 M3CTIeaBaHMs C Tean B nuTepaTypaTta uma benctaus. Mpu HopmanHo nonoxerune AeGUTHT um e 4-10
BaXHO TEOPETMYHO 1 MPaKTU4YECKo 3HaueHe.PascunHoTo m3/sec, a npe3 NeTHUTe MeceLy cnada Ao 2 m¥/sec.
anato ce e Aobueano B paiioHa owe OT Abnboka LPEBHOCT.
3agaunTe, KOUTO CU NOCTaBsAMe Ca: U3yvaBaHe MopdonorusTa TepeHbT Ha [laHariopcko e W3rpajeH MpefuMHO  OT
W CTENeHTa Ha MexaHuyHa 06paboTka Ha 3naToTo, HEroBus FOPHOKPEAH BYNKaHCKN 1 MHTPY3MBHY ckanu. B aBe Lmpokn
XMMU3BM 1 CTPOEX W W3BEXAAHE Ha OCHOBHUTE MYy MBULUW Ce paskpueaT MeTaMOpd)HVl CKann, a B ceBepHarta 4act
MUHEPanoXK 0COBEHOCTH, KaTo KpUTEpUM 3a MpoLecuTe Ha — “toxHoGbArapcku” rpaHuTi. OT CEAMMEHTHUTE Ckanu Haii-
OTfaraHe Ha pascunuTe 1 Bpb3kaTa C KOPEHHUTE U3TOYHMLIM. WAPOKO ~ Ca  NPEACTABeHN  CEHOHCKUTE  CeAUMEHTH,

naneoreHoBM KoHrnomepatn W CbBPEMEHHN OTNOXEHUS.
CoBpemeHHata Opekya C NMMOHWTHA cCnodka ce cpelua

Feonoxka XapaKTepUCTUKa U U3Y4eHOCT Ha M3KNIOYNTENHO OKONO NPOMUAUTHUTE 30HW, MO KOETO Ce
paI7IOHa onpenend u Bpb3kata Mexay UM.

Mo ponuHute Ha p. Jlyga fAHa v p. TononHuua U TeXHWUTe
npuToumM ca 0BpasyBaHW PEeYHM W TEPacoBWUAHM OTIIOXEHWS,
KOMTO Cca NpeacTaBeHn 0T pasHoobpasHu Mo roneMmnHa ckarnHu
KbCOBE, NACBK W [NMHECTM MaTepuanu. Yakbnectust
matepuan e ¢ pasvepn 10-15 cm. KbcoseTte ca yecto gobpe
OrMajeHn C enuncoBugHa M osanHa dopma. MatepuansT e
TBbpAE pasHoobpa3eH: aHae3uTu, JauuTy, MEprenn, rpaHnTy

PaitoHbT 1oHO OT rp. [NaHariopuile e cnabo XbrmucT u ¢
neko 3aobneHn opmu. MakcuManHWTe  OTHOCUTENHU
npesuiueHmns ca ot 80 go 100 m. Hag OrneganoTo Ha pekuTe.
Tol ce npecuya OT MHOXECTBO AOMOBE C AbNOOKO BpsidaHM
CTpbMHN Operose. [lpe3 nepuoauTe C Banexu no TaX ce
cTnyat ByiHW NoToLM, KOUTO ce BNMBaT B pekute Jlyga AHa u
TononHuua. [ebutst Ha notoumte e ot 0,58 u 3,2 m¥min
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1 rHaicn.ColumsT MaTepuar, HO Mo-ymimbTHEH ce Habnoaasa
B peyHuTe Tepacu. Ha oTaenHu mecTa, kaTto Hampumep B
paifoHa Ha Hax. Papka ce HabniogaeaT v cTapu peyHmn Tepacu
B KOUTO € OTNOXEH CbLUMAT MaTepuan ¢ MOLLHOCT 4o 5 m.

B paiioHa reonoxku uscnegsaHus ca nposexaaHu ot .
Bonues, I. 3natapcku, Kp. eoprves, Hemckusi reomor E.
JleBueH, MB. Koctos, L. umutpos, A. Ywes, Kp. AHrenkos, b.
borganos  (1987) w gp.  MuHepanoro-reoxuMmyHuTE
0COBEHOCTM Ha MedHUTE Haxoguwa ca wusyseHn ot M.
Tokmakumesa (1994), B. Benues, C. Ctpawmmupos (1981), T
Tepanes (1968), T. PagoHoea (1962), [. LloHeB (1986), B.
KoBanewkep u pp. (1976), P. [leTtpyHoB u Aap. (1992).
Mopdhonoxkute 0c06EHOCTU U CbCTaBa Ha Pa3CUMHOTO 3naTo
OT panoHa onucea P. borgaHosa (1972; 1975).

B npogbnxeHue Ha 70 rogvHW B paioHa ce OCbLUECTBSIBA
npoyyBaHe 1 4OBWB HA MELHW PYAM W HAKOW HEPYAHW NONe3H

nskonaemum U cTpoutenHu  matepuann.  ObekT  Ha
ekcnnoatauus  ca nerMaTuToBWTE XM  CPeq
“tokHobbArapckute”  rpaHutn.  Cpea  nocregHute  ca

YCTaHOBEHW KBapLi-CYNMUAHU KUK C HUCKO CbAbpXaHWe Ha
3nato, 6e3 npakTuyecko 3HaueHve. MegHuTe opyasBaHus B
paiioHa ca OT Me[HO-NUPUTEH, MELHONOPPUPEH W XUNEH TUN
W Ca BWCOKO 3MaTOHOCHW. B 30HaTa UM Ha OKMCrEHWEe ce
(hopMMpaT  KENEe3HOOKUCHU MUHEpanu3auuu, CbObpXally
3nato. Mog dopmata Ha NMPOCINONKN U SAKN Ha rpaHMLaTa Ha
Meprenu C aHgesuTn ce HabniogaBaT  MaHraHoBM
pyoooOTnaraHus, B KOMTO He e YCTAHOBEHO  3rato.
3naTocbAbpalUTe pa3cunM B paiioHa Cca BKIHOYEHW B
CbBpeMeHHWs anyBun Ha p. Jlyaa fAHa wu TononHuua.
[ebenuHata um Bapupa ot 1 go 17 m. Te npeacrasnssat
rpybo HacrnoeHue Ha rIWHW, MSCbUM U CKanmHU OTMOMKM U
NPUNOKPUBAT KOPEHHWUTE CKanu. B pedHuTe OTNOXEHMs
3naTtoto  Ce  KOHUEHTpUpa TBbpAe HEpaBHOMEPHO B
3MaTOHOCHW CTPYW C LUMPWHA OT HSKOMKO caHTumeTpa ao 1-2
m. HaxopguLle Ha pa3cunHo 3naTo e NpoyyeHo B TepacaTta Ha
p. TononHuua npu c. Kanyreposo. B peyHuTe 0TNOXeHNs Ha p.
Nyna AHa npeobnagasat KbCOBE OT AAUMTM, aHOe3UTH, Tydu
W Meprens, a B TeaW OT p. TOMOMHMLA — TPaHUTH,
rpaHoaMopuTi U nermatuTi. KbcoeTe ca gobpe 3aobnexu u
ornagexu u umat pasmepu 15-20 cm B gnameTbp.

MaTepMan U MeToAuKa Ha npoBeaeHUTe
n3cneaBaHus

3a npoBexdaHe Ha MWHepanoXkWTe Wu3cneaBaHus ca
noabpaHu LUNMXoBK MPobu OT PEYHNTE OTNOXEHUS HA PEKUTE
Nypa Ana n TononHuua. WnuxsT e npomusaH npu c. baks,
mexgy cenata [onuHuu w Jlescku u npu c. Kanyreposo.
Wacnensann ca 56 wnuxa. OT Tax ca 3apgeneqn 1350 6post
3natuHkM. B cbCTaBa Ha 3naTocbabpkawus Lnux ce
HabntogaBaTt CrnegHUTe MUHEPanu-CTbTHALM Ha PpasCUMHOTO
3naTo; TWTaHUT, ENuZoT, rpaHat, amgubon, NMMOHUTU3NPaH
NUPUT, XEMaTUT, BUOTUT, MMPOKCEH, XMOPUT, ManaxuT, asypuT,
pyTWN, anaTuT, MMPUT, CKarH1 OTNOMKU. B eauHu4HM npobm ot
wrmxa Ha p. flyna Axa ce Habriogasat xankonupuT, TEHaHTUT
W TeTpaeapuT, MOnubAeHNT, camopogHa med. V3yyaBaHeTo
Ha MUHepanoxk1Te 0COBEHOCTM Ha 3MaToTo € OCBLIECTBEHO
no nnaHa W MeToaukata, wuanonseaHn oT KpbcTeB B
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pucepTtaumonns My Tpya “TunomopcusbM Ha 31matoto OT
anysuanHuTe pascuni B KocTeHOUNCKUst NnMoLeHCku rpaben”
(1985), B KOMTO TOM npwnmara onuTa nybnukyBaH OT
CBETOBHOM3BECTHM  M3CnepgoBaTenu 3a  W3yyaBaHe Ha
rpaHynoMeTpusTa, Moponoruara, XxumMmuama u CTpoexa Ha
pa3CcMnHOTO 3naTo. B HacToswWwuMTe M3cneasaHus e 13nonasaqa
pasHoobpasHa MmeToauka. Mopdonorusita Ha 3natoto e
n3yyaBaHa nog  OVHOKyNspeH — CTEPEOMMKPOCKOM  Mpu
yeenuyeHne ot 10 go 100 nbTn. CTpoexsT Ha 3nartoTo e
n3cnegBaH C MOMOLWLA Ha PEHTIEHOCTPYKTYPHWUS aHanus u
HabniogeHus B OTpa3eHa CBETNWHA, XUMU3MBT € W3Y4YeH C
nomoLja Ha MWKPOCOHAOBW aHanmuau. [paHynomeTpusita Ha
3natoto € u3yyeHa Hai-obwo 6e3 ga ca npoBedeHw
creuuanHn uscneasaHus.

Pesyntatu

Mopcponoeusi u cmeneH Ha mexaHuyHa obpabomka Ha
31amomo

3yyaBaHeTo Ha Te3n [1Ba BaXHU MUHEPANOXKM OCOBEHOCTH
Ha 3naToTo Ce CbCTOW B pa3rpaHnyaBaHe Ha MOpONOrNyHUTE
My TWUMOBE W XapaKTepucTika Ha MexaHuyHaTa My obpaboTka.
Mo nuTepaTypHN AaHHM CTENEHTa Ha MexaHuyHaTa obpaboTka
Ha 3naToTo Ce BMWsie OT criefHWUTe (DaKTOpW: XapaKTepbT Ha
BMeCTBaLUMTE MbPBUYHOTO 3M1ATO MUHEpanu, AaneyuHara Ha
fpeHoca OT KOPEHHUTE U3TOYHULM, MbpBUYHATA MOPEONOTUst
Ha 3MaToTo, XWAPOMOXKUS PEXUM Ha BOAHMS NPUTOK U
XapakTepa Ha MNpeHacsHUs KnactuyeH Matepuan. [lpu
MeXaHW4HUTe Bb3AEACTBMS HA 3NATUHKMTE MO BpEME Ha
TEXHUSI MIPEHOC CE YCUNMBA KOPO3WsATa Ha MOBLPXHOCTTA WM,
nosiBsIBaT Ce NOBLPXHOCTHU W3MeHeHust u ap. BuayanHute
W3CneBaHWs Ha 3natoTo OT PEYHWUTE OTNOXEHUS B
MaHartopcko HW f[age Bb3MOXHOCT fa 0 pasgenuM  Ha
HSIKOMKO MOPCHOMOXKM TUNA:

1 — CbBbpleEHHO 3aobneHo. 3naTuHKMTE ca C OBarHa
copma (Pur. 1), febenonnacTMHKOBK, KaNKOBUAHM W MO-PSLKO
AEHAPUTOBMAHW. [IpW  HAKOW MNACTUHKOBWMAHW  3MATWHKM
rmagkuTe Kpauwa ca noasutu (Pur. 2) OT LOMbAHUTENHM
pecopmaumn B pascunute. Cnopea Metposckas (1973) Tosm
TUN 3MaTO € NonagHano Hai-paHo B Pa3CUMUTE U BEPOSTHO e
NPEOTINOXEHO OT MEXANHEH KonekTop. To Ce xapakTepusupa ¢
Hail-BUCOKA CTeneH Ha MexaHuyHa obpabotka. 3nmatoto e
SPKOXBITTO, KOETO NMOKa3Ba Ye e C BIUCOKa NpoBHOCT;

2 — cpepHo3arnageHn 3naTuHKA CbC 3aKPBIEHN KOHTYPU W
Bb/IHOBWAHA rpanaBa NOBbpXHOCT. ®opmata um €
OyukoBuaHa, rebecta (Pur. 3), kankoBuaHa, AEHLPUTOBMAHA,
a CblLO TaKa Ce cpeLLaT ThHKW 1 Aebenu NNacTuHKW 1 0BanHm
nocnu.  LIBeTbT Ha 3naTMHKUTE € HaCUTEHOXBLAT, HO B
CpaBHWHe C MbpBKS TN e No-6nea, KoeTo nokasea No-Huckata
M NpoBHOCT. YecTo MbTU B “AMUYKMTE” M MO NOBBHPXHOCTTA Ha
3naTUHKMTE UMa xemaTuT (dur. 4) unu NUMOHNUT;

3 — 3matmHkM c pbbecTn ouepTaHus. dopmata um e
NNacTuHkoBuaHa (dur. 5), peHoputoBMaHa wnu BydkoBmaHa.
LiBeTbT e 6negoXbAT B CpaBHEHWE C MbpBUTE [ABa TUMa. Tesn
0coBEHOCTM MOKa3BaT, 4Ye TOBa € HUCKOMPODHO enyBWanHo
3naro.



®ur. 1. 3narto ¢ oBanHa ¢opma ot p. llyaa Axa; wupuHa 3 mm, AbmkUHA ®ur. 4. MonysarnageHo 3naTo ¢ “AMUYKK” 3aMbAHEHU C XeMaTuT OT p.
3,5mm Nypa AAxa; wmpuHa 4 mm, gbmkvHa 7 mm

®ur. 2. MnacTMHKOBMAHO 3MaTo ¢ MoOABMTM Kpauwa, p. Jlypa fHa; ®ur. 5. 3nato ¢ pbbecTn oyeptanHua ot p. Nlyaa fAHa; wupuHa 4 mm,
wuprHa 1 mm, gbmkuHa 1,5 mm AbJXMHA 5 mm

®ur. 3. MonysarnapeHo 3nato ¢ “amuykn” ot p TononHuua; wupuHa 3 ®ur. 6. 3nato ot peynute otnoxenus B MaHariopcko; BugHO none 1,2
mm, AbxuHa 1,5 mm mm
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®ur. 7. 3nato ¢ aBTOENWUTaKCM4YHU OOpa3yBaHMs M C AEHAPUTOBUAHM
U3pacTbuy; WMpMHa 5 mm, AbmkuHa 12 mm

dur. 8. 3nato B oTpaseHa cBeTnuHa; 0,53 mm BuaHoO none; obektus x10,
okynsp x20

®ur. 9. 06eua or p. Jlyaa fAHa npu c. bans; wupuHa 10 mm, AbmkuHA 15
mm

B u3neaBaHuTe wnuxosu npobu ot MaHaropcko Ham-4ecTo
CpelaHo € CpeagHO3arnageHoTo 37aTo CbC  3aKpPbIIEHM
koHTypu. CbBBPLUIEHHO 3a0bNeHNTe 3naTuHKK ce cpeLaT Ha
BTOPO MSCTO M HaW-psigko Tean ¢ pbbecTu oyepTaHus.
Pa3mepute Ha 3naTuHkuTe ca pasnuunn (dur. 6). Hain-yecto
(Hap 90% ot 06LLoTO KoNKUYEeCTBO) ca Tean ¢ pasmepu ot 0,1
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£0 0,5 mm. OBMKHOBEHHO Te31 3NaThHKK Ca NNacTUHKOBUAHM,
pobpe [0 CpedHO 3arnmafeHun, HAKOM C OrbHaTH kpauwa. B
nuTepaTtypata ToBa ce 00sicHsiBa, Ye no-cnabata obpaboTka
Ha MO-MankuTe 3naTuMHKM Ce ObMXW Ha TOBa, 4e Te Ce
NpOMbKBAT NO-AbNOOKO B pascuna u ca no-gobpe 3aliuTeHu
cpen nacsuute. Egpute no pasmepu 3natuHku ca ot 1 go 5
mm. Te npegcTaenseat oT 2 Ao 5 % ot obwara maca Ha
nscnegsanute npobu (Pur. 6). Mo-kpynHUTE 3naTuHKK ocTaBaTt
OTKPUTM 33 MEXaHUYHO Bb3AEWCTBME HA BOAHUS MOTOK U
nopagu Tasu npuuMHa ca MHOro Jobpe 3aobneHw, HsKou [0
CbBbpLIEHO 3arnageHn. [obpe w nonyobpaboteHute B
pasnuyHa CTEMeH 3arfafeHn 3MaTuHKWM CbCTaBnsiBaT Haut-
mHoro (Hag 90%) ot obwata maca. Te ca u C Hai-BuUCOKa
npobHoct. OT 2 po 5% ot obwara maca Ha 3natoTo ca
HeobpaboTeHute, pbOECTH, C HENPaBUIHU PE3KU KOHTYpU
3naTWHKK, KOUTO MOHSKOra Ca NpopacHanmi C KBapL, Win Cbe
cyndmgn. Te ca C no-Hucka npobHOCT. 3matoTo CbeC
3Ha4nTENHa NpoMsiHa NO NUTEPATYPHU AaHHW € C Hal-ObITbr
npecton B pascunnuTe, MPOLBIKUTENEH TPaHCMOPT U
npeoTnaraHe B MeXauHHW konektopu. HeoBpaboTenute w
pbOECTU 3NaTUHKM NOCTBMBAT Cera OT KOPEHHM M3TOYHULM UK
Ckopo ca 0cBODOZEHM OT BKMIOYBALLMTE M MUHEpanHu
arperatu, 4pes kouTto ca Ounn npeHacsHu. Hait-yecto Te ce
CpeLyaT B peyHuUTe OTNoXeHus Ha p. Jlyaa fAHa no TeyeHneTo
M 0o 3semnuweTo Ha c. Jlescku. [lo noBbpxHOCTTa Ha
3NaTUHKNTE U B AMWYKUTE Ca OTNOXEHW xematut (dur. 4),
FIMMOHMT U XENe3HN XMAPOKCWAM, KOETO € nokasaTen 3a ToBa,
ye 3M1aToTO € CBbP3aHO C KOPEHHU CyndMaHM Haxoguwia.
3naToto OT peyHUTe OTNOXEHWst Ha p. TomonHuua e no-
Pa3HOPOLHO MO CTEMeH Ha MexaHuyHa obpaboTka. Ha egHo u
CbLO MSACTO Ce OTnaraT 3MaTMHKW C Pa3nuyHu pasmepu 1
opMa M C pasnnyeH xapakTep Ha MOBBLPXHOCTTA UM U
npopacTeaHe C ApyrM MUHepanu, kaTto ksapy, cynduam v ap.
PasnuyHata no copma, pasmMepu M CTEMEH Ha MexaHW4Ha
obpaboTka 3maTto e nokasaTen 3a PasfuYHU  KOPEHHU
U3TOYHMUW. BusyanHute HabniopgeHus M M3MepBaHMs B
MWMMMETPU Ha pasMepuTe Ha 3naToTo, Mnokasaxa, ue
ApeBHOTO 3MaTo e Mo-CUIHO CMNecHaTo B CPaBHEHWE C MO-
enpoto (dur. 6). BeposTHo 3naToTo ce TpaHcnopTMpa B PyAHM
WK CKAaNHW KbCOBE, KbAETO € BKIYEHO MbpBUYHO. [lpy
MEXaHW4YHOTO Bb3geicTane (yoapw, Bubpauum n gp.) 3natoTo
ce ocsoboxgaBa OT MuHepanHute arperatn. BeposTHo
arpervpaHeTo Ha oTaenHuTe 3natuHkn (Pur. 7) urpae BaxHa
ponst 3a HErOBOTO yeapsiBaHe.

BusyanHute u3cnegBaHus Ha Wnnxute B OGUHOKYNSPHWS
CTEPEOMMKPOCKON NOKa3axa, Ye OCHOBHOTO KOMMYECTBO 3M1aTo
€ MNNacTWHKOBWAOHO C [AMCKOBMAHA [0 MNOCKOYAbIKEHa
¢opma. Camo okono 10% ot 3natoto B npobute e CbeC
cepuuHa dopma (dur. 1). MocneaHata e xapakTepHa e 3a
no-efjpuUTe 3MaTMHKW T.. CbLUECTBYBA Mpsika 3aBMCUMOCT
MeXgy 3maToTO M CTeneHTa Ha Heroeata crnecHatocT. [lo-
efpuTe 3naTHKA ca no-cunHo obpaboteHu. B GuHokynspHns
cTepeomukpockon ce  Habniogasa, Ye  Hai-yecTuTe
NOBBPXHOCTHW edhopMaLun Ha 3naToTo ca "amuukute" (dur.
3, 4). Habniogaea ce u cTbnanoBugeH pened, Kowto ce
ObIKM HA HAKONKOKPATHOTO OTnaraHe W npeoTnaraHe Ha
3naToTo u obpasyBaHe Ha aBTOEMUTAKCUYHW 0DpasyBaHusi OT
anatHu mukpoyactuum (dur. 7). lMo-psgko ce Habniopasart
OEHOpUTOBMAHM  u3pacTbum  (dur.  7) Ha  3naTHuTe
noebpxHocTW. Cnopen  [letpoBckas (1973) ToBa e
TUMOMOPCHHa YepTa 3a 3naTo, KOeTo e 0bpa3yBaHO Ha Marku
AbnooumHn.  “AmuukuTe”  ca  xapakTepHn 3a  gobpe



3arnageHuTe 3natuHkn. Te umat (Pur. 4, 5) npaBunHu w
3aTBopeHun opmu. [loBeyeTo OT TAX ca Heabnboku u
npeguMHo n3omeTpuynn. Criopeq ropecriomMeHaTst aBTop Te
MoraT Aa ca pes3yntar OT yaapu, KOeTO e XapaKTepHo 3a
pascunu, PopMMpaH B NMaHUHCKK painoHu. [oBbpXHOCTTa Ha
pvbectute 3natuHkm (dur. 5) e rnagka Bes  "AMuyku'.
W3cnegBanusaTa noTBbpKLABAT, Y€ 3NaTOTO OT pEYHUTE
OTNoXeHns B MaHariopcko e NpPeTbPMAno peauua N3MEHeHMs.
To e B pasnnyHa CTeneH 3arnageHo Mnm uMa “amuyki’, Koeto
€ XapaKTepHO 3a eK30reHHM ycnosus. PasnuyHaTa cTeneH Ha
obpaboTeHocT Ha 3naToTo ce 0bsicHsBa C pasHoobpasHWTe
W3TOYHULM Ha 3naTo W xapakTepa Ha TpaHcnopTa my. [lo-
pobpata 3arnageHoct (Pur. 1) n noeuweHa npobHOCT e
nokasaTten 3a npeoTnaraHe Ha 3naToto OT  MeXAWUHHM
KonekTopu (CTapu pascunu).

Xumu3bM u cmpoex Ha 31amomo

PeHTreHOCTpYKTYpHUTE U3CneBaHUs Ha 3naTo oT durypm 1,
3, 51 9 nokassar: dA/l/ = 2,61/3/; 2,34/10/; 2,2751/; 2,03/8/;
1,593/2/; 1,439/9/; 1,361/3/; 1,227/10/; 1,1176/7/ 1,036/2/;
1,020/3/; 1,010/1/; 0,9348/10/; 0,9218/1/; 0,91/10, koeTo
CbOTBETCTBA Ha peHTreHorpamara Ha 3nato (JCPDS).

WacnegsaHnaTa ¢ MUKPOCOHLOBM aHanuan nokaseat, ue
MOBEYETO OT 3MAaTUHWKTE Ca C HEeOHOPOdEeH CTPOeX M C
pasnnMyHO pasnpefeneHue Ha enemeHTuTe B Tax (tabn. 1).
Psanko npumecuTe ca pasnpefeneHn 30HamHO B 3aBUCUMOCT
OT MbPBUYHMS CbCTAB Ha 3NaTOTO W CTENEHTa Ha XUMepreHHa
kopoaus. OT LeHTbpa KbM nepudpepusita Ha 3naTuHKATE ce
YCTaHOBSBa HamansiBaHe Ha CbAbpXKaHWETO Ha cpebpo T.e.
“‘obnaropogsBaHe” Ha 3naTtoto. B wnuxute npucbeTBar
3NaTWHKW CpacHamM CbC Cyndman unu c Kkeapu. TexHusT
CbCTaB e pa3nuyeH (Tabn. 1). 3a no-BucokonpobHo e 3maToTo,
KOeTo e B cpacTbuy cbc cynduam (t1abn. 1) e n3mepena
MukpoTBbpaoCT oT 47,65 pgo 60,60 kg/mm2. 3a no-
HWCKOMPOOHOTO 3MaTo cpacHano ¢ ksapy (tabn. 1) e
u3MepeHa MWKpOTBbPAOCT OT 62,9 pgo 69,6 kg/mm2.
YcTaHoBSIBA Ce  3aBMCMMOCT  Mexgy npobHocTTa Ha
3NaTUHKITE W TAXHATa MUKPOTBBPAOCT.

MUKpOCOHAOBUTE aHamM3W ca MpoBedeHM OT CT.H.C. B.
Bernsos (Mocksa, Pycus). B wnuxu ot p. Jlyaa fAxa npm c.
BaHs ce HabntoaaBaT 3naTVHKK, B YUUTO CbCTAB Ce YCTaHOBH
cnegHoto cbabpxanue: 1. Cd=58,7% u Au=39,0%; 2.
Cd=59,3% n Au=38,5% 3.Cd=59% wn Au=38,5%. BeposTHo
ToBa € yctoiumBa ¢pasa AusCds, KOSTO CbOTBETCTBA Ha
onncaHoto ot Pobepte (IMetpoBckas, 1973) CUHTETMYHO
CbeauHeHne. B npupogHM YCroBWS TakoBa CbefuHEHWe ce
YCTaHOBSIBa 3a MbpBYU MbT.

MUWKPOCOHAO0B aHanu3 Ha 31aTo, cpacHano cbe cynduamn ot
p. llyna fHa nokassa crnegHus cbeTas:  Au=98,50%;
Cu=0,74%; Fe=0,70% (ananuaupan Xp. Ctanues, EBpotecT,
Cocpusi). Cnopep MeTposckas (1973) ToBa 3naTo € CBBbP3aHo €
KOpPEHHM HaxoauLa oT no-ronsma AbnbounHa, hopmmpanm B
ycrnoBust Ha 0aBHO OXMaxgaHe Ha PYOOHOCHWTE pa3TBOPW.
Crope Cblws aBTop 3naToTto (hopMMpaHO Ha Marka
AbNnbounHa e HUCkonpobHO. 3naToTo OT 30HUTE Ha OKUCNEHWE
Ha MefHUTE opyasBaHWs B paroHa uma cbetas: Au=80,40% u
Ag=19,60% T.e. T0 e HuckonpobHo. C nogobeH cueTas e yacT
0T 3nartoTo B p. [lyaa Axa (1abn. 1).
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Tabnmua 1
XuMuyeH cbcmag Ha 371amo 0m peyHuUme OMIOXeHus

MsicTO Ha LWwnmnxa 3nato % Cpebpo % Cyma %
1. p. llyga Axa
a) 3nato CbC cynduam
LleHTbp 74,3 24.9 99,2
O6BwBKa 99,1 0,8 99,9
©) 3naro ¢ kBapy
LEHTBP 97,8 2,0 99,8
cpepa 97,7 1,9 99,6
obBuBKa 98,2 1,6 99,8
2. p. TononHuua
a) 3naTo CbC cynduam
LleHTbp 89,9 10,2 100,1
Cpena 96,8 24 99,2
O6BvBKa 97.1 25 99,6
©) anato ¢ kBapy 91,8 8,0 99,8

B oTpaseHa cBeTnMHa 3naToTo € C HEegHOPOZEH CTPOEX
(Pur. 8). B nepucbepHuTe ydyacTbuWM Ha 3naTUHKATE Ce
Habniogasat BMCOKONPOBHM MeTHa 1 MpoXunkW, obpasysanu
npu audysusta Ha cpebpoTo. TexHWAT CbCTaB € MOCOYEH B
Tabnmua 1 - obeuBka. CrnenoBaTenHo  HacTbMBa
“obnaropoasiBaHe” Ha 311aTOTO KbM M0-BUCOKOMPOBHO.

Peunute otnoxenus B [lawartopcko ca Ounn obekT Ha
NnpoMMBaHe Ha 3mato ouwe oT Abnboka ApeBHOCT. B
NOTBbPXAEHNE Ha TOBA Ce ABABAT OCTaHKuUTE 0T 0bpaboTeHo
anato (®ur. 9). Herosuar cueras e: Au=81,40%; Ag=17,11%;
Cu=0,79%; Fe = 0,70%. XUMUYHUAT My CbCTaB OTroBaps Ha
3naToto B pevyHuTe oTnoxeHus ot p. Jlyna Aua.
PEHTreHOCTPYKTYPHWAT aHann3 nokasa MAEHTUYHOCT MEeXIy
1Ax. CnegoBaTenHo 3a u3paboTBaHETO Ha 3naThu GuxyTa B
APEBHOCTTa € M3NON3BaHO Pa3cunHoTO 3nato, 6e3 gobassHe
Ha CTPaHMYHN NPUMECH.

3aknioyeHue

MuHepanoxkute 0COOEHOCTM Ha 3MaToTo OT  PeYHMTE
OTNOXeHWst B [laHarlopcko nokaseaT, uYe W3TOYHMUM Ha
Pa3CUMHOTO 3MaTo Ca MPeaMMHO MefHUTe Haxogula B
paifoHa M TexHUTe 30HM Ha OKWUCMEeHWe, KBapu-CynduaHuTe
KU M CTapW pascuni, KOWTO NpEeSCTaBnsiBaT MEXAWUHHM
kornekTopu. 3naTuHkuTe B npeobrapaBallata ¢y yacT ca ¢
manku pasmepu ot 0,1 go 0,5 mm. Mopdonorusta Ha 3naToTo
CE W3MeHs Mpu TpaHCMOPTMPaHeTO My OT KOPEHHOTO
Haxoguwe Ao pascuna. OT 3HayeHne e xapaktepa Ha
BMeCTBaLLMTE r0 B arperatite MUHepanu, pascToOSHUETO Ha
NpUABWXKBaHE, MbpBUYHATA MYy MOPONOrUs, XUOPONOXKKAS
PEXAM Ha BOAHUTE MOTOLM, XapakTepa Ha MpeHacsiHus oT
Hero  knmacTuyeH  matepuan  (Metposckas,  1973).
Mpeobnagasalyara YacT OT 3naTuHkuTe ca Aobpe 3arnageHu
W nonysarnageHu, KOeTo CbOTBETCTBA Ha Marmkute My
pasMepu 1 € [0Ka3aTencTBO 3a Pa3HOObpasHus U3TOUYHUK Ha
3nato. PbbecToTo 3naTo nocTbnBa OT KOPEHHM Haxoamwa, a
pobpe  3a00Me€HOTO  —  OT  MEXAWHHM  KONEKTOpW.
MMpOABMKNTENHUAT NPECTOM Ha YacT OT 3M1aTOTO B XUNEPreHHM
yCrioBMS BOOM [0 MOsiBaTa Ha pasnuyHu  AedopmaLyu.
OBpasyBaHeTO Ha “AMUYKM™ € pesynTaT OT YAPSHE U TPUEHE C
OCTPM CKanHM KbCOBE 11 MOPaaN NPEeKUs KOHTAKT C NOAMOoXKaTa
Ha pasHopoAHM ckanu. pu XunepreHHn ycnosus 3naToTo e



NPETLPMANO Pa3NMyHN U3MEHEHWS Ha HEroBWs CbCTaB U
CTpoex. Hai-Hanpeg TesW W3MeHeHus npoThyaTt  npu
W3BETPUTENHWTE MPOLIECH, @ cref TOBa NpK NMpecTosBaHETO
My B pascunute. B peyHnTe OTNOXEHNA Ca OTNOXEHU
3NaTWHKW C Pa3HOPOLEH CbCTaB, pa3HoobpasHu pasmepw,
MopconorMs U HeegHOPOAEH CTpoex. Toea AaBa OCHOBaHWE
Ja Cce Mpeamnoroxu, Ye KOPEHHWUTE M3TOYHWUM Ha 3naTo B
MaHariopcko Ca pasnuyHu. 3HauuTenHa 4acT OT 31aToTo
NoCTbNBa OT MEXANHHU KONEKTOPW.

C nporHosHa oLgHKa Ha NMoLLM 32 ThPCEHE Ha PasCUMHK 1
KOPEHHY 3MaToChAbpXally HaxoauLa B paiioHa He MOXeM Aa
Ce aHraxupame, Tbil KaTO HACTOSLWTE M3CNeaBaHUs He ce
npoBexaaT napanenHo C LWNMXoBO onpoGBaHe Ha peyHaTta
Mpexa.
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FLUVIAL CYCLICITY FROM THE SEDIMENTS OF THE LOZENETC FORMATION

George Ajdanlijsky’, Jordan Genchev?, Nikolay Bitunski?

T University of Mining and Geology, “St. Ivan Rilski”, Sofia 1700; ajdansky@mgu.bg
2 Chelopech Mining Ltd, Chelopech 2087
3 Dionisomarbel-Bulgaria, Sofia 1000

ABSTRACT. The aim of the current study is on the base of detailed lithofacial and architectural-element investigation of one section of the Lozenetc Formation from

the area of town of Sofia to be demonstrated the fluvial style that has controlled the accumulation of this Formation in the central-southern part of the Sofia Basin.
Four elementary fluvial cycles were distinguished and characterized. Any one of them is building up by channel, near-channel (levee) and inter-channel (crevasse-
splay and aggradational overbank fines) deposits. The channel deposits (element CH) are characterized by planar cross-bedded sands (lithofacies Sp) that
demonstrate evidence for lateral accretion. The thickness of element CH is from 1.2 m to over 3.4 m. The levee deposits (element LV) are building up by irregular
alternation of lithofacies Fl, Sr, Sh and SI. The morphology of this element varies — from solitary ribbon-like beds, to compound bodies of intercalated wedges and
lenses. The crevasse-splay deposits (element CS) are developed in two forms — proximal and distal, and form as solitary, as well as stacked units. The overbank
aggradational deposits (element OF) are dominated by three lithofacieses — Fsc, Fm and FI, and form mainly sheet-like bodies with thickness from 45 cm to over 2 m.
Other specific feature of this element is the development of calcretes horizons (lithofacies P) in it.

The thickness of the elementary fluvial cycles increases from 3.15 m in the lower part of the outcrop to over 5.45 m in its upper part. The described sedimentary
architecture defines the fluvial settings under which the studied succession was generated as anastomosing one.

Keywords: Neogene, Sofia Basin, anastomosing fluvial style, fluvial cyclicity

ANYBUAITHA LUMKNMUYHOCT B CEQUMEHTUTE HA NNO3EHELIKATA CBUTA
leopeu AlidaHnuticku?, ﬂopdaH lenyes?, Hukonatli bBumyHcku?
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PE3IOME. Llen Ha HacTosILOTO U3cneaBaHe e Ha 6a3aTta Ha AeTannHu nuTodhaumantu 1 apxMTEKTYpPHO-eNEMEHTH N3CneBaHNs B eauH paspes Ha [loseHelkaTta
CBUTa OT paiioHa Ha rpag Codusi fa ce AEMOHCTPUPA anyBuUanHus CTUN KOHTponMpan opMUPaHETO Ha OTOXEHUSITA Ha Tasu CBUTA B LiEHTparnHaTa-txHa YacT Ha

Codmitckus baceitH.

YCTaHOBEHN W XapaKTepuaupaHu ca YeTUpyu eneMeHTapHU anyBuanHu Lukbna. Beekw eanH oT Tsx ce ce CbCTOW OT PYCrOBYW, MPUPYCNOBY W 3an1BHOTEPACOBM
(noTOKOBM ¥ arpafauUMOHHO hopMMpaHM) OTNOXeHusi. 3a pycrioBuTe OTNOXeHUs (enemeHT CH) ca xapakTepHu MnockonapanenHi KOCOCMOECTU MSChbLu
(nuTodaumec Sp) kouto femoHcTpupaT benesn Ha natepanHa akpeuns. flebenuHata Ha To3n enemeHT e ot 1.2 m Ao Haa 3.4 m. lNpupycnosuTte OTNOXEHUS
(enemeHT LV) ca u3rpageHn oT He3akOHOMEPHO pedyBaHe Ha nutodbauuecy Fl, Sr, Sh u Sl. Mopdonorusita Ha 0T3u enemeHT e NPOMEHNMBA — OT eAWHUYHU
neHTonofobHM Tena, [0 CbCTaBHU Tena U3rpageHn OT MHOXECTBO KNMHOBE U neluu. /3BbHpYCnoBuUTe NOTOKOBM OTROXEHUS (enemeHT CS) ca pa3suTv nog aBe
hopMu — NpoKCUMANHa U iNCTarnHa, v € NPeacTaBeH KakTo OT eAMHUYHM Tena, Taka W OT NakeTyu OT Tena. 3an1BHOTEPACOBUTE arpafaLMOHHN OTIIOKEHUS (ENeMEHT
OF) ca pomuHupanyn ot Tpu nutodhaumeca — Fsc, Fm u Fl, n dopmupat npeanmHo nnactonogobHu Tena ¢ aebenuHa ot 45 ¢cm o Hag 2 m. Jpyra cneuuduyHa
JepTa Ha TO31 ENEMEHT € Pa3BUTUETO Ha KarKpeTHW XOpWU3oHTK (NuTodavmec P) B Hero.

[lebennHata Ha enemeHTapHUTe anyBuanHu LMKNKM Hapactsa oT 3.15 m B fonHaTa YacT Ha paskpuTUeTo [0 Haa 5.45 m B ropHaTta My vact. Taka onucaHata
CefIMEHTHa apxuTekTypa onpedens ciysuanHaTta obcTaHoBKa, B YCNIOBMSTa Ha KOSTO € reHepupaHa U3yyeHata nocnesoBaTernHoCT, kKaTo aHacToMaThyHa.
Kntouosu dymu: HeoreH, Cocpuiickn baceiiH, aHacTOMMUpaLY, anyBuaseH CTun, anyBranHa LMKINYHoOCT

Introduction and clays, Dacian to Romanian in age, which contains layers

of lignite in its lower part, nominated as Novihan Member. The
According to Kamenov and Kojumdgieva (1983) the last three Formations form the Sofia Group.

Neogene of the Sofia Basin is subdivided into four

lithostratigraphical units. The lowermost of them - the On the base of new data about the western parts of the basin

Verigated terrigenous Formation, is probably Meotian in age. Angelova and Yaneva (1998) introduced new

This unit is covered by the Gniljane Formation (Pontian inf.), lithostratigraphic unit — Bogiovci Member of Lozenetc

presented by alternation of sands, silts and clays with lignite Formation, which is characterized by silty and sandy micrite

beds in its uppermost partsy Separated as Balas Member. The limestones that alternate with Sandy Clays, muds, Clayey sands

Gniljane Formation is overlaid by the Novi-Iskar Formation, and cobbly sands.

which is dominated by lacustrine banded clays (Pontian to

Dacian in age). The uppermost lithostratigraphical unit — the Already at the time of the development of the described

Lozenetc Formation, is presented by alternation of sands, silts above lithostratigraphical scheme of the subdivision of the
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Neogene in the Sofia Basin, the origin of two of the units —
Gniljane and Lozenetc Formation, is connected mainly with the
fluvial settings (Kamenov, Kojumdgieva, 1983). This idea
is developed further by Yaneva (2001) proposing more detail
model for the fluvial sedimentation in the basin during the
Pliocene.

Despite the relatively high degree of the lithological
investigation of the Neogene fluvial sediments in Sofia Basin
(Ajdanlijsky, Pazderov, 1994; Yaneva, 1997, 2001), the
detail lithofacial researches on concrete sections are still rare.
Among the main reasons for this is the rarity of the large
outcrops of these sediments, because of their low degree
lithification. Especially this is concerned to the sediments of the
Lozenetc Formation, which, despite that occupy significant
area of the basin, form large outcrops very rear.

The aim of the current study is on the base of detailed
lithofacial and architectural-element investigation of one
section of Lozenetc Formation from the area of town of Sofia to
be demonstrated the fluvial style that has controlled the
accumulation of this Formation in the central-southern part of
the Sofia Basin. The studied section is situated in the
foundations of the new building of the Geology-Geographical
Faculty of the Sofia University in Lozenetc residential district
(stratotype area of the Lozenetc Formation) inside which there
were four 15 m high and 40-50 m long almost vertical escarps
of the upper part of the Lozenetc Formation that give the
opportunity for detail lithofacial and sedimentary architecture
investigation.

The lithofacial and architectural-element description of the
section is based on the nomenclature proposed by Miall
(1977, 1978, 1985 and 1996), adapted to the specificities of
the studied sediments. The color description of the sediments
is based on the Rock-Color Chart of the GSA (1991). The
calcretes description is according to the Netterberg (1980)
and Goudie (1983) nomenclatures.

Section description

Three completely developed and preserved elementary
fluvial cycles (EFC) are presented in the studied section (Fig.
1). The upper part of another one is outcropped in the bottom
of the section. The lower part of the elementary fluvial cycles is
build up by channel complex and the upper one — by levee,
crevasse-splay and overbank fine deposits.

In the outcrop can be observed the channel complex
(element CH) of three of the elementary fluvial cycles. As a
rule the bottom of this element is represent by relatively flat
erosional surface covered by coarse to medium grained
massive to horizontal laminated sands (lithofacieses Sm and
Sh) which upwards gradually pass into medium grained, well to
pore sorted, medium to large scale planar cross-bedded sands
(lithofacies Sp). The thickness of the sets varies from one over
three meters. In two of the studied channel complexes the
lamination of lithofacies Sp is heterolithic. The lamina thickness
varies from 0.2 cm to over 2 cm. In one of the sets accretional
surface was established. The color of the sands is pale
yellowish to grayish (7-10YR7-8/5) and in the heterolithic sets
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pale brown to dark yellowish brown colors (5-10YR5-4/2) are
observed.

In the uppermost parts of all three outcropped channel
complexes thin beds (about 2 to 4 cm) of fine to medium
grained massive to crudely bedded gravels (lithofacies Gm)
with flat, slightly to well pronounced erosional bottom are
developed. They are covered by thin beds of coarse to medium
grained sands of lithofacies Sm and low-angle cross-bedded
(lithofacies Sl) or current ripples (lithofacies Sr). In two cases
the in lithofacies Sm thin dark red (5R3/6) Fe oxide crusts are
developed. Macrofauna fossil remnants (chops and bones form
small rodents) are found in lithofacies Sm also.

The thickness of element CH is from 1.2 m to over 3.4 m.
The measurements of the paleocurrent indicators revealed
domination of toward north and east orientated fluvial
sedimentary paleotransport.

The near-channel setting is presented by levee deposits
(element LV) which are building up by irregular alternation of
fine laminated silty sands, sandy and muddy silts and
hyposediments (lithofacies FI), and pore to very pure sorted
sands from lithofacieses Sr, Sh and SI. The flaser and
lenticular bedding are common. The morphology of this
element varies — from solitary ribbon-like beds, to compound
bodies of intercalated wedges and lenses. The total thickness
of element LV is in the range of 0.6-0.7 m.

In the inter-channel (overbank) deposits crevasse-splay
sands and aggradational formed fines are presented. The most
common for the crevasse-splay (element CS) deposits are
lithofacies associations as Sm-Sr, Sm-Sh or Sh-Sr ones, but
lithofacieses S| and Fl are also presented. The sands are
usually pore sorted, medium to fine grained. In some beds
solitary fossil bone fragments are established. The lower
boundary of the element represent from flat lithological contact
to erosional surface. Load casts are also established. Other
typical for this element structures are the lenticular bedding
and water escape ones. Synsedimentary deformations, which
almost completely erase the lamination of the beds, are also
established. The ripples — current, wavy and even climbing
ones, are among the typical features of this element also. The
wavy ripples are more characteristic for the upper parts of the
element. Like in the upper parts of the element CH on the top
of one crevasse-splay bed from the middle part of the outcrop
thin dark reddish Fe oxide crust is established.

Usually element CS is presented by solitary units with
thickness is in the range from 15 cm to over 65 cm. Stacked
units, where the total thickness can reach over 1.2 m, are also
presented. The character of the outcrop allows differentiating
proximal and distal type of this element. The proximal one is
characterized by the significant attendance of lithofacies Sm,
while in distal ones this lithofacies is presented more restricted
at the expenses of lithofacieses Sr, Sh and Sl.

The overbank aggradational deposits (element OF) are
dominated by three lithofacieses — laminated to massive silts
and mud (lithofacies Fsc), massive silts and hyposediments
with desiccations cracks (lithofacies Fm) and lithofacies FI.
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Fig. 1. Position, lithological column and lithofacial and architectural-element log of the studied section. Abbreviations - see the text
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The color of the sediments if mainly in the grayish green
gamma (5-10G4/2) but in some beds the yellowish brown (5-
10YR4/2-4) colors are also presented. The grayish colored
fines often contain coaled remnants of fossil plants. The
morphology of the element is predominantly sheet-like. The
thickness varies form 45 cm to over 2 m.

Among the specific features of element OF is the
development of nodular calcretes (lithofacies P). They are
presented in two elementary fluvial cycles as solitary small
powder concretions as well as 80 cm thick horizon with
increasing upwards density and size of concretions, which in
lower parts are 1.5-2 ¢cm in diameter powder calcretes while
near the top of the horizon they are presented by larger (3-5
cm in diameter) honeycomb calcrete.

The thickness of the elementary fluvial cycles increases from
3.15 m in the lower part of the outcrop to over 5.45 m in its
upper part.

Discussion

The described above sedimentary architecture define the
fluvial settings, under which this succession was generated,
most probably as anastomosing one. The development and
preservation of the inter-channel overbank fines (element OF)
which contain calcretes from one side, and the large scale
development of the crevasse-splays (element CS) from the
other side, are among the most prominent characteristics of
the profiles, generated after operation of anastomosing rivers.
Other specific feature of this fluvial style is the increasing quota
of the lateral accretion development of the intrachannel bars
and point bars, signs of which were established during this
study also. The inter-channel sediments (aggradational fines
and crevasse-splay deposits) clearly separate the channel
complexes, which fact also support the hypothesis of the
domination of the anastomosing fluvial setting during the
generation of this part of the Lozenetc Formation in the studied
area.

This data expand the paleoenvironmental model for the
formation of the Lozenetc Formation proposed by Yaneva
(2001). According to this author, during the Dacian to
Romanian time the basin is dominated by fluvial depositional
setting which have demonstrated clear lateral zonality,
connected with the domination of the braided fluvial style near
to the edges of the basin, while toward its central parts the
influence of the meandering style of sedimentation increases
till stay dominant. The character of the described above
sedimentary architecture of the studied section sets it in
transitional position in comparison of these two zones.

Other contribution of the present work to the existed

understanding of the paleoenvironmental setting during the

Recommended for publication by Department of
Geology and Paleontology, Faculty of Geology and Prospecting
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accumulation of the Lozenetc Formation is the data connected
with the climatic condition during that time. The instructive in
this direction are the red-colored Fe oxide crusts and the
calcretes horizons established in the section. Yaneva (2001)
describe development of four Fe hydroxide crusts in the
sediments of the Gniljane Formation from the northern part of
the basin, which are interpreted as evidence for multiple
breaks of the sedimentation went in the conditions of hot and
dry climate. The establishment of similar features in the section
of the Lozenetc Formation from the southern part of basin,
together with the development of carbonate paleosol profiles is
no doubt other proof for the availability of semiarid climatic
conditions during the Pleistocene time in the area of Sofia
Basin.
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ABSTRACT. This paper presents the diagnosis and the interpretation of the evaporitic facies from the Southern side of Carpathians Foredeep, in the Badenian

deposits at Valea Rea (Istrita Hill, Buzau County, Romania).

CEAMMEHTONOXKW AHAN3 HA CYN®ATHUTE EBANOPUTHU NIATO®ALIMECKU B CONTHATA EPEKYA BB BAJEA PEA,
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PE3IOME. B pabotata ce npeactaBsi OnmucaHWe W WHTEpnpeTauus Ha eBanopuTHUTE chauuecu OT toxHaTta cTpaHa Ha [MpegHute Kapnatu cpen 6ageHckute

HaxoguLia npu Banea Pea (Uctputa Xun, okpbr bysay, PymbHus).

In Valea Rea anticline core from Istrita Hill, Buzau district, the
low molasse outcrops (Fig. 1), which is represented in more
formations: Burdigalian age Doftana Formation ($tefanescu
and Marunteanu, 1980), Langhian age Cdmpinita Formation
(made up of marl and globigerina tuffs = Slanic tuff)
(Sandulescu et al., 1995) and Langhian age Cosmina Breccia
= high evaporitic formation (Sandulescu et al., 1995).

On Valea Rea, Cosmina Breccia (salt breccia) appears in the
presence of saline springs and efflorescences and it is made
up of grey-blacky clay matrix, sometimes bituminous,
sometimes siltic, micaceous with clastorudite levels vaguely
layered. Breccia clastes have a fine ruditic granofacies and
they are represented by lithic pebbles (marl and grey-greenish
clay), grey fine micaceous calcareous sandstones, gypses and
gipsiferous  sandstones, black shales and globigerina
tufaceous marls. Scaterred, there are also fine green schistes
clastorudites. At the bottom and at different levels (as lenticular
or wavy beds lithons) there are sulphatic evaporites as
gipsiferous marls, alabastrin clastic gypsum laminites. The salt
is strongly impure and the ,salt piles” are in fact zones with a
higher salty concentration.

The sulphatic evaporites in Valea Rea basin appear in the
clay matrix of the salt breccia (Cosmina Breccia) in the form of
5-6 blocks of 3-6 m size and more submetrical blocks which
contain distinct sulphatic facies, which are unique for the
Romanian evaporitic realm, but similar as component parts of
sulphatic sequences which are described in Northern
Carpathian Foredeep in Southern Poland, Eastern Galitia,
Podolia, Bucovina (see Fig. 2).
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The sulphatic evaporitic sequence in Valea Rea is made of
different litofacies (Fig. 1) that can be seen in different blocks
which are kept in a succession by referring to a typical
megasequence of the Badenian sulphatic deposits which is
compiled by occurences in the Northen Carpathian Foredeep
(Fig. 2). With some uncertainty which refers to the corelation of
internal facies with external facies and to some peculiarity of
an excessive development of breccias, the sequence in Valea
Rea corresponds to the low part of the megasequence which is
typical for Southern Poland. We may also add that Piatra
Verde (Teisani-Slanic) sequence corresponds the high part of
the same megasequence. More litofacies appear in the
succession (Fig. 1) as following (dolomitic siltolutitic shales =
ISL-D, disturbed facies in clastorudite silfolutit = dLS-g,
gypsified cianobacteria laminites = ci-g, sabre-like selenite
gypsum = sa-g, sabre-like selenite gypsum in the nucleation
cones arrangement = sa-cn-g, grass-like selenite gypsum = gr-
9, glassy selenite gypsum in gigantic twins = gl-g, alabastrin
nodular mosaic gypsum = n-m-g, (alabastrin) nodular mosaic
gypsum miming precussor glassy selenite twins = r-m-g (gl-g),
skeletal gypsum clastorudite debris flow = DF-g, skeletal
gypsum = sk-g, are defined and interpreted in Figure 3.

Valea Rea litofacies (Fig. 4 and 5 = successions of facies
and typical parasequences) compound parasequences ABC,
ABC ... type within following settings: A — shallow water
(selenite in gigantic twins, skeletal gypsum debris, skeletal
gypsum domal packages); B — shallower subtidal (sabre-like
selenite, bended selenite (the bends are made of carbonatic
lamine and grass-like clastoruditic selenitic gypsum ); C —
intertidal-subtidal (laminitic criptalgal gypsum, sabre-like
nucleation cones gypsum in a context of cianobacteria mats).
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From a paleogeographic point of view, the evaporitic basin
from Valachian Subcarpathians is an integral part of the
Foredeep Badenian basin of the Carpathians (sensus largo),
which is bordered by barriers and which have a zonal facies
distribution (Fig. 6 and 7). At the moment of marl and
globicerina tuffs deposition, which mark a high sea level and
the communication between Tethys and Paratethys, the
Northern border of the basin is marked by Paleogene flisch
ritmites ridges, and the Southern border is marked by a cliff of
the Moesian Platform in Gura Sutii-Finta-Tinosu line. The
general background is of epeiric platform, a bit affected by the
tide, with ridges, islands and a large development of the
shallow and lagunar sea realm. The accumulation of
piroclastites and sea deposits, as globigerina marls and then a
correspondent of Baranow beds - from the Northern
Carpathian Foredeep uniformed the morphostructural relief of
Sub-Miocen basement. Siliciclastites and Lithothamnium
limestones of Baranow beds from the Northern Carpathian
Foredeep existed in this Southern sector too, as can be seen
in the reworks in Rachitasu-type sandstones (e.g. Vispesti — in
Istrita Hill).

At the beginning of the Badenian evaporitic sedimentation,
the early stiric phase folding, on the background of a highstand
degree, determines a change of the tectonic balance with an
internal uplift and water transgression over foreland. On the
Moesic and East-European platforms extended areas appear;
they are favorable to the generation of contemporary sulphates
with the accumulation in foredeep. From one spot to another,
on the inner border, to the emergent sides of the Carpathians,
halite is accumulated in several more subsidence basins.
Regionally, are formed a system of interconnected salinas.
They are extended, of shallower water, and they are separated
by island barriers or accumulative banks. The floor surface has
slight inclinations towards the centre. On the external border
we can see more or less carbonatic ramps. The sulphate
deposits were deposited in front and under the carbonatic
shelfs, which are partially covered by Lithothamnium reefs. The
sulphatic deposits facies variation reflects the ramp
morphology, to such an extent that we may distinguish different
paleogeographic zones that are batimetrically distributed (Fig.
6):

1 — the subtidal zone includes low energy lagunar (salinas)
environments and high energy banks which may be exposed to
the ebb. Some salinas may communicate with the open sea by
a zone of external shelf. The low energy flats may be frontally
deliniated by bioclastic or sulphatic sand beaches (during
storms, the sand may be brought by the wind through creeks,
salt pans or from the adiacent seafloor);

2 — the intertidal zone is a high energy area where microbian
algal mats are developed, which are periodically disturbed and
which may be by subtidal creeks or periodically saline or
salmastre ponds. The hypersaline pools may contain
unispecific, periodically numerous populations. The creeks
have metric depths and are very large (sizing in tens of metres)
and they contain a lag of semilitified intraclastes, which are
eroded and transported from the neighbouring flats. They may
also contain levee or point-bar gipsarenit facies and all of them
may laterally migrate considerably.

3 — the supertidal zone contains the sabkha area with algal
mats more frequently disturbed (mud-creek, intraclastes, chips)
in which nodular sulphates may precipitate and that may be
cemented with  aragonite,  high-magnesium calcite,
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microcrystalline dolomite, gypsum (lamina, pavements broken
in intraclastes). The sabkha area is larger in the external side
of the Badenian evaporitic basin.

The evolution of the sulphatic sedimentation (Fig. 5 and 6) is
based on the interpretation of the litofacies, which are
remarkably lateral continuity, fact which allows the correlation
of different profiles and their integration into a typical
succession which is described in Northern Carpathians
Foredeep (Fig. 2). The megasequence from Valea Rea (Istrita
Hill) corresponds to the low part of this succession, and the
one from Piatra Verde (Slanic) corresponds to the high part of
the above mentioned section.

Valea Rea sedimentation started in partially isolated salinas,
with nucleation centers on floor (clay or biolaminitic floor) of the
glassy selenite gypsum, while in local pans, adiacent pools
ellipsoidal gypsum nodules were developed in the same
cianobacteria mats. The batimetry corresponds the shallow
sea area and it is supposed to be under 10 metres, and the
brine body was big, stable and with a long residence of salinity.
The growth of glassy selenite twins is made in successive
decimetric generations, whose continuity is interrupted
(disturbance, crystallization, stoppage, dissolution, erosion,
biolaminite intercalated) by halocline fluctuations produced by
storms with fresh water influx. In the case of batimetry falls,
more frequently (by means of sedimentology than eustatism or
tectonic uplift) the vulnerability to climatic conditions increases,
the salinity residence is reduced, the basin energy increases,
the crystals become indistinct upward, with curved composition
plans (Fig. 9).

The variation of sedimentation conditions, in the subtidal-
intertidal range, determines the alternation of thin lithones
(0,10-0,20 m) of dolomitic gypsified biolaminites, disturbed
facies gipsarenites, accumulations of selenite intraclasts in the
biolaminitic nodular gypsum lag. Coming back to the initial
shallow sea batimetry of salinas starts with a debritic slope
accumulation of reworked clastorudites which come from a
previous shallow water setting, periodically salty (as mouse
creek skeletal selenitic intraclasts or incipient nucleation
cones). Floor crystallization of the skeletal gypsum starts at the
concentration through evaporation of the brine body in the
case of sensibly reduced batimetry and in the context of high
basin energy. Crystals are rolled and they grow interwoven,
pushing the organic-lutitic algal mats film to the exterior. For
the same batimetry (several metres), but for low basin energy,
the sabre-like selenite floor under air/water interface
crystallization takes place. In this area too, the picnoclinas
fluctuations (caused by fresh water) determine the appearance
of impurity plans or biolaminite plans or dissolution/corosion
plans, which separate decimetric or metric successive sabre-
like selenite generations. The batimetric fall through basin
filling determines the development of variable conditions under
subtidal/intertidal settings. Thus biolaminite lithones, nodular
gypsum that mimes ghost glassy gypsum twins, sabre-like
gypsum nucleation cones appear. At short time after the
deposition of nucleation cones, the tectonic instability changes
the slopes causing gravitational slump and debris flows. As a
result of these gravitational flows metric blocks with nucleation
cones appear. The emphasis of the process will engage the
whole selenite megasequence and even its carbonatic sea
floor, marked by algal reefs in gravity flows. We must add that



the anticline structure Valea Rea can be included in an
external alignment of diapiric faults in the foredeep from
southern side of Eastern Carpathians, with platform basement.
So, Valea Rea selenite megasequence, very similar to the
development in Southern Poland results from interconnected
lagunas and salinas system of shallow batimetry to the stage
of intertidal flat that appears in basinward foreland side. Then,
through lowstand local mechanisms, caused by tectonic
balances (uplift on shelf or subsidence toward the basin
center) of slopes, the sulphatic megasequence is engaged in
the form of blocks in the slope deposits wedge of foredeep
basin (Fig. 7 and 8).

So, Valea Rea parasequences follow the evolution from a
deep brine body, stable, with a long residence to the low
batimetry body through sediment filling, with a climatic
vulnerability. This sediment is characterized by thin lithones of
variable composition, at top being represented by intertidal
facies biolaminite. The batimetric fall with a lowstand effect
which was the next stage, determines the destruction of the
megasequence top and even the destruction of the whole
succession of algal carbonatic basement.

Recommended for publication by Department of
Geology and Paleontology, Faculty of Geology and Prospecting
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Description lithofacies

Arenito-siltolutitic matrix with clasts (1-4
mm) alabastrin gypsum, lithic pebbles
Gypsified cianobacteria laminite

Glassy gypsum gigantic (submetric) twins in
successive generations, which are separated
by dissolution/erosion contacts

Nodular mosaic gypsum in arrangement
miming ghost twins.

Skeletal gypsum = selenite crystals (20/1
cm) underrounded at edges, assemblied, in
compact, vague fluidal, lentiliform (dom)
arrangement.

Clastoruditic “Breccia” (2-5 cm) of black
selenite with a skeletal habitus or rosette
twined in grain-supported arrangement.
Matrix of fine clastites and criptalgal
laminitic material

Prismatic crystal twins of about 20 cm,
isolated or divergently associated by 2-3s; at
over 30 cm the simultaneous growth in both

Tength and widih generates a curved habitus
at top = sabre-like. They are associated in
pairs split upward; successive generations

Fig. 1. Synthetic and detailed stratigraphic columns, mg}@es 0| t"écigg]o.g af 8?’%?&%*‘3?]??57 erosion
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contacts.
Radial sabre-like gypsum arrangement as
nucleation cone (10-40 cm)
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Description

Litofacies interpretation

VALEA REA

S S dLS-g

b
DL e
po o %)

Avrenito-siltolutitic matrix with
clasts (1-4 mm) alabastrin gypsum,
lithic pebbles

Deposit of underwater/aeolian rework of algal
mats (with sulphatic crust) in salinas, in the
last filling stages with low batimetry and
climatic vulnerability of salinity residence.

Gypsified cianobacteria laminite

Coastal plain setting which lies under flooding
surface, affected by salinic fluctuations.

Glassy gypsum gigantic
(submetric) twins in successive
generations, which are separated
by dissolution/erosion contacts

Floor basin precipitation with a reduced
batimetry (<10 m), but a large brine body with
long salinity residence. The halocline
fluctuation determines growth perturbations or
even dissolution and siliciclastic deposition.

'| Nodular mosaic gypsum in

arrangement miming ghost twins.

Initial deposition of glassy selenite gypsum
from large brine bodies that after being buried
suffer a process of anhidritization through a
chlorides hydroscopic effect (suprajacent,
afterwards dissolved). Through rehidratation
nodular habitus alabastrin gypsum appears.

| Skeletal gypsum = selenite crystals

(20/1 cm) underrounded at edges,
assemblied, in compact, vague
fluidal, lentiliform (dom)
arrangement.

1. Salinas floor precipitation, close to
water/air interface; stable brines; high salinity;
reduced batimetry; high energy. 2. Reworks:
clastorudite of broken rounded selenite by the
process of dissolution/erosion from previous
environments

Clastoruditic “Breccia” (2-5 cm) of
black selenite with a skeletal
habitus or rosette twined in grain-
supported arrangement. Matrix of
fine clastites and criptalgal
laminitic material

Debris-flow rework with a high batimetry
setting (salinas slope) of the initial material,
deposited at a low batimetry. The rosette
forms can be incipient nucleation cones which
are developed within algal laminites, wept and
deposited as lowstand fan (tectonic-eustatic
cause)

Prismatic crystal twins of about 20
cm, isolated or divergently
associated by 2-3s; at over 30 cm
the simultaneous growth in both
length and width generates a
curved habitus at top = sabre-like.
They are associated in pairs split
upward; successive generations are
separated by dissolution/erosion
contacts.

Sea floor precipitation under air/water
interface from concentrated brines of
batimetry that is low in comparison to the one
of glassy gypsum (several metres). The
halocline fluctuation determines dissolution at
the top of one generation. At reduced
batimetry by lake sediment filling climatic
vulnerability of brine residence increases, and
the crystallization is blurred. The high energy
determines the top curving.

Radial sabre-like gypsum
arrangement as nucleation cone
(10-40 cm)

Growth settings of inconstant reduced
batimetry and of fluctuant salinity: at
refreshening —algal laminate, at concentration
— nucleation cones. Resedimentation by
slump/debris flow determines the piling of
different oriented cones.

Fig. 3. Description and interpreting of sulphatic lithofacies from Valea Rea
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GEMMOLOGICAL SIGNIFICANCE OF THE PREHISTORIC BALKAN “NEPHRITE
CULTURE” (CASES FROM BULGARIA)

Ruslan I. Kostov

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

ABSTRACT. According to recent mineralogical determinations of prehistoric (Neolithic and Eneolithic) artefacts from Bulgarian museums a lot of nephrite objects
have been identified (mainly represented by small axes and chisels, ritual scepter and zoomorphic amulets as well as some decorations). Their distribution on the
territory of Bulgaria has been traced, together with data on some neighboring countries on the Balkans and in other European regions. A description has been made
of the colour varieties, microscopic features and the possible methods of working of some of the nephrite artefacts. The lack of up to now known nephrite occurrences
on the Balkans puts the question about the origin of nephrite and the more detailed study of places with ultrabasic rocks. Because of the large number of nephrite
objects found, which have been aged since the Early Neolithic, as well as of their significance in the history of human civilization, a Balkan “nephrite culture” has been
introduced, which is considered earlier in time (VII-VI mill. BC) in respect to the well known Neolithic “nephrite cultures” in China (Hemudu, Hongshan, Liangzhu,
Longshan) and the Russian Federation (Kitoi, Glaskovo).

FEMOJIOrMYHO 3HAYEHWE HA MPAUCTOPUYECKATA BANKAHCKA “HE®PUTOBA KYNTYPA” (NMPUMEPU OT
BBLITAPUA)

PycnaH U. Kocmos

MunHo-2eonoxku yHusepcumem “Ca. Mear Puncku”, Cogpus 1700; rikostov@mail.mgu.bg

PE3IOME. Bb3 ocHOBa Ha NpoOBELEeHM MUHEPANOTUYHI OMUCAHUS Ha MPaUCTOPUYECKU (HEONUTHU M XankonuTHW) apTedakt OT 6bhrapckv My3en € yCTaHOBEHO
Hanuume Ha ronsm 6poit napenus, n3paboTenn OT HedpuT (MPEAMMHO NPeACTaBeHN OT Manki TECMM W AneTa, PUTYanHn NPeaMeTi Kato CKUNTBP U 300MOPEHM
amyreT, a CbLLO 1 yKpalueHus). [pocneaeHo e TAXHOTO pasnpocTpaHeHne Ha TeputopusTa Ha bbnrapus, kato ca fafieHn AaHHN 1 3@ HAKOW CbCeAHM CTpaHW Ha
BankanuTe, kakTo 1 B Apyru eBponeiicku pernonn. Onuncanm ca LBETOBUTE pa3HOBUAHOCH, MUKPOCKOMCKITE XapaKTEPUCTUKMA U Bb3MOXHUTE HauMHu Ha obpaboTka Ha
Hskom OT HedpuToBMTE apTedakTy. Jluncata Ha gocera M3BECTHWN HedPUTOBM NposiBNEHUS Ha bankaHuTe noctass BbMpOCa 3a Mpon3xoaa Ha HedpuTa v 3a no-
AETaNnHoTO M3yyaBaHe Ha panoHnTe Cbe ynTpabaauyty ckanu. Mopaay ronemus 6poli Hamepern HeppUTOBM 3AENNS, AaTUPaHU OLLE OT PaHHMS HEOMMT, KaKTo W
nopagu TAXHOTO 3HAYeHWe B WCTOPUATA Ha YOBELLKAaTa LMBMNM3ALMSA, Ce Mpeanata BbBEXAaHETO Ha MOHATMETO barkaHcka ‘Hegbpumosa Kynmypa’, KOATO
n3npesapea Hasaf BbB Bpemeto (VII-VIxun. np.Xp.) usBectHute HeonuTHM “Hedputosu kynTypu” B Kutait (Xemyay, XoHrwa, NaHnky, JloHrwaH) n Pyckata
®epepaums (Kutoit, [naskoso).

Introduction metasomatic processes in ultrabasic (serpentinites) host rocks.
The main genetic types deposits of this gemmological material
Recent observations, redeterminations and publications are related to the contacts of gabbroids or methamorphic rocks
main|y on prehistoric rock and mineral artefacts from Bu|garian with ultrabasic rocks or to their contacts with dolomitic marbles
museums have revealed a lot of nephrite samples which have (Suturin, Zamaletdinov, 1984; Harlow, Sorensen, 2001;
been mislabeled or unidentified from a mineralogical point of Kostov, 2003).
view (Kostov, 2004a; 2004b; 2005; Kostov, Bakamska, 2004;
Kostov, Genadieva, 2004; Kostov et al., 2003). Nephrite and jadeite (NaAlSi2Os, another usually similar in
colour pale greenish mineral, but a member of the group of
According to archaeological data the nephrite objects are pyroxenes) are frequently mistaken in general archaeological
spread throughout the Neolithic and Eneolithic period (~7000- or historical articles, as the unified term ‘jade’ has been
4000 BC in Bulgaria). Some of them are masterpieces of art introduced a long time ago up till modern times, when no
and as stage of perfection, thus pointing to the Balkans as a precise mineralogical determination has been used (the word
cradle of prehistoric gemmology. comes from the Spanish ‘piedra de ijada’ — stone of the loin, a

name given to the green decorative mineral brought back to
Nephrite oCaz(Fe,Mg)sSisO22(OH)2 is a Fe-Mg-bearing Ca- Europe from Central and South America by the 16th century

silicate mineral with a double-chain structure, which is Spanish conquistadors). Jadeite has hardness on the Moss
classified in the group of amphiboles (clino-amphibole). It is a scale 7-6.5, and nephrite — 6-5.5 (for an early historical review
massive variety with a composition in the tremolite- on both minerals see Fischer, 1881; Bauer, 1914).
ferroactinolite series. It is known mainly with a pale green or

dark green colour, but can also be coloured in white, yellowish, Nephrite as a gem material has been treasured and revered
red-brownish or even black. Its genesis is attributed main|y to for its colour and durablllty in different societies thrOUghOUt the
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centuries and especially in Asia it became an integral part of
China’s history and society (Laufer, 1989). Today, nephrite as
raw material for the gem industry is mined primarily in
northeast China (deposits in the Kunlun Mountain, Xinjiang
Uygur Autonomous Region), the Russian Federation (Eastern
Sayan Mountains, Eastern Siberia, Buryatiya), Taiwan,
Australia, New Zealand, the U.S.A. (Alaska, California and
Wyoming) and Canada (British Columbia).

Nephrite artefacts

Small axes and chisels with a fine polish represent the
dominant quantity of nephrite artefacts. About 30 such
artefacts are known from the districts of Pernik (Kostov,
Bakamska, 2004) and Kyustendil (Kostov, Genadieva, 2004)
as well as from some other sites in Southern Bulgaria, for
example from Kurdjali (see Kostov, 2004a; 2005). Among the
artefacts frequently can be found ritual zoomorphic (frog-like)
figurines or amulets (Todorova, Vajsov, 1993; 2001), one of
them well preserved with a 4-fold rotational symmetry from the
Early Neolithic site at Kurdjali (Peikov, 1986; Kostov, 2004a;
2004b; 2005). Early Neolithic frog figurines, also carved from
some sort of green mineral or rock (‘greenstone’), have been
reported from Nea Nikomedeia in Northern Greece (Rodden,
1964) and Anza in Macedonia (see Kostov, 2004b; 2005). A
unique and finely polished scepter, 36.4 cm long, found at the
Early Neolithic site at Galabnic near Sofia is supposed to be of
the same material (Kostov, Bakamska, 2004). Most of the
nephrite artefacts are located in southwest Bulgaria — they
have been found mainly in archaeological sites along the
Struma valley.

A fine 12.1x0.7 cm size nephrite ‘hair pin" with three holes
without analogue has been found among the artefacts from the
Middle Eneolithic Varna Il necropolis (The First Civilization...,
1982; Kostov et al., 2003; Kostov, 2004a; 2005) together with
some of the earliest golden beads and painted pottery.
Nephrite-bearing or nephrite-like artefacts from some of the
discussed and other sites must have also to be taken into
consideration because of their similar greenish colour
resemblance.

The nephrite carver's art has developed continuously from
Neolithic times. Technically, the surfaces of the objects were
gradually worn away and shaped through the patient
application of some sort of hard abrasive medium (most
probably fine quartz sand has served the purpose). Nephrite-
working tools, which acted only as agents for carrying the
abrasive medium, were necessarily simple. They included
cords as well as implements in wood and/or bone. A fine stone
holder (made of dark ultramafic rock) probably used in the
drilling process is known from the Middle Eneolithic necropolis
Varna Il (Kostov et al., 2003). All main methods of cutting
gems have been known since the Early Neolithic — sawing
(usually for beads), grinding (giving the object a rough shape
on stone plates with abrasive material) and polishing (the
polishing agents are under discussion). In certain cases (for
amulets and other prestigious objects) carving and engraving
hava been applied. Later on, during the Late Eneolithic, some
complex faceted chalcedony (carnelian and agate) beads
(usually with 2x16=32 facets) have been described from the
Varna and Durankulak necropoli (Kostov et al., 2004).
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Mineralogy of the nephrite

The nephrite artefacts from different archaeological sites
seem to be from at least two different deposits (regions). They
are mainly two types of nephrite structure and colour variety —
monochromic (pale yellow-green; dark green; pale gray-green)
and green spotted with black inclusions (oxide ore mineral).
Among the spotted nephrite samples are the 4-fold symmetry
zoomorphic amulet from the Early Neolithic site Kurdjali (not
properly identified in earlier works as jasper; Peikov, 1986) and
the nephrite pin from the Middle Eneolithic necropolis Varna Il
(not properly identified in earlier works as green marble; The
First Civilization..., 1982).

Two samples (pale green and dark green nephrite) from
fragments of small axes from the Neolithic site at Galabnic
have been studied under the microscope (Fig. 1 and 2). They
have been identified previously by X-ray analysis (Kostov,
Bakamska, 2004).

Fig. 1. Long fibers of nephrite under crossed polars; size of photo - 1
mm width (sample of pale green nephrite from the Early Neolithic site
Galabnic)

Fig. 2. Short fibers of nephrite under crossed polars (black spots -
opaque ore mineral); size of photo - 1 mm width (sample of dark green
nephrite from the Early Neolithic site Galabnic)

The pale yellow-green sample displays non-orientated long
fibers of tremolite-ferroactinolite, and relict amphibole crystals
can be observed together with some ore mineral of the
chrome-spinelid family. The dark green variety of nephrite is
composed of non-orientated short fibers of tremolite-



ferroactinolite and also of minor inclusions of the opaque
chrome-spinelid mineral. In plane polarized light in both cases
the fibers are colourless and not greenish, thus the tremolite
part and nature of the series has to be taken into account.

Colour in nephrite has been related by optical absorption and
Méssbauer spectroscopy to one or more of the following main
cases: crystal field spectra of Fe?* and Cr3*, charge transfer
Fe?*-Fe3+ or O2—Fe3* (Platonov et al., 1975). Darker samples in
general are considered with a higher total iron content, but in
some cases even cream or white unweathered nephrite
samples can contain high iron concentrations (Wilkins et al.,
2003).

In search for nephrite deposits

The nephrite occurrences in prehistoric times on the Balkans
raise a lot of questions. No nephrite deposits are known cited
in publications in this region despite of the favorable geological
setting with a lot of ultrabasic exposures (Montenegro, Serbia,
Albania, Macedonia, Southern Bulgaria and Northern Greece).
Nephrite has been probably observed only microscopically in
some Eastrhodopian ultrabasic outcrops (Kozhukharova,
1990). The well known European nephrite deposits in Poland
(Traube, 1885; 1887), Switzerland (Dietrich, de Quervain,
1968; Stalder et al., 1993) and ltaly (Kalkowsky, 1906) have
been ‘discovered’ in the late XIX and early XX centuries, and
do not provide information or can not be related to trade routes
on the Balkans in prehistoric times. Another alternative is that
the nephrite deposit or deposits on the Balkans have been
exhausted or disappeared due to some geological
(earthquake; volcano; landslide) or other natural process (soil;
active vegetation).

Nephrite artefacts are known from prehistoric sites in
Bulgaria since the Early Neolithic and they ‘disappear’ after the
Eneolithic period. The use of this precious material can be
attributed to a population with its specific mythological system
in the discussed region. It is a surprise for gemmologists the
precision and symmetry of the objects as well as the perfection
in their final polishing.

On the Balkans nephrite artefacts have been reported from
several Neolithic to Early Eneolithic sites in Croatia, mainly
along the Adriatic coast and they have been properly
distinguished from the similar in colour jadeite artefacts (Petric,
1995; Buri¢, 2000), which are widely spread in prehistoric
Western Europe (see Campbell Smith, 1965; D'Amico et al.,
1995). Other nephrite artefacts are known in Greece (for
example from the Neolithic site Sesklo in Thessaly — on display
at the Athens National Museum; thanks to Mr. P. Zidarov for
his kind information), and probably in Montenegro, Albania and
Macedonia (see Kostov, 2005).

In the rest of Europe a few small prehistoric polished stone
axes with a nephrite composition have been reported rom
Poland (Foltyn et al., 2000; Gunia, 2000), Switzerland (Stalder
et al., 1993) the islands of Sardinia (Bertolino et al., 2002) and
Sicily (Leighton, 1989) and under question from a
mineralogical point of view in some other places - all related to
possible local or near-by resources (for discussion see
Geschwendt, 1977; Kostov, 2005).
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As the Early Neolithic on the Balkans is dated about the VII-
VI mill. BC, thus the observed nephrite objects as part of the
Balkan prehistoric area are considered as representatives of
one of the earliest ‘nephrite culture’, long time before the well
known famous ‘nephrite cultures’ (Hemudu; Hongshan;
Liangzhu; Longshan) in Neolithic China (Wen, Jing, 1992) or
the Neolithic cultures (Kitoi; Glaskovo) in the Angara-Baikal
region of the Russian Federation (Okladnikov, 1950; 1955;
Suturin, 1986). In this respect it is interesting to have a precise
age of the Neolithic Xinglongwa site in China, from where a
few nephrite objects have been reported as the ‘earliest refined
‘jade” (Jing, Wen, 1996; Yang, Liu, 1998).

Conclusion

A high number of nephrite prehistoric artefacts have been
found on the territory mainly of southwestern Bulgaria and
adjacent northern Greece. The question about the in situ
nephrite deposits in Europe and some possible clues for
finding such deposits from a geological point of view on the
Balkans has to be discussed. Suitable geological conditions for
nephrite formation are serpentinitized ultrabasic rocks and
ophiolithic belts, which are known in the geological setting of
different countries in the Western Balkans, including Bulgarian
territory. The observed nephrite artefacts are considered
among the earliest in history according to their variability,
perfection and style. The symbolism of the zoomorphic (frog-
like) figurines (amulets) has to be explained in terms of
prehistoric mythology and colour impact. The uniqueness of
the green gemmological material (or similar substitutes) has to
be studied with joint mineralogical and archaeological efforts.
The Balkan ‘nephrite culture’ in prehistoric Europe has to be
declared as one of the earliest in human civilization not only on
the continent, but worldwide.

Acknowledgements. The author wish to thank the colleagues
from the archaeological departments of the historical museums
in Sofia, Varna, Rousse, Kyustendil and Blagoevgrad for fruitful
discussions and Mrs. A. Bakamska from the Historical Museum
in Pernik for giving permission on the study of the nephrite
artefacts from the Early Neolithic site Galabnic. Dr. B.
Hoffmann from the Natural History Museum in Bern is
acknowledged for his kindness in giving information on the
Swiss nephrite deposit and artefacts.

References

Bauer, M. 1914. Nephrit und Jadeit. — In: Doelter, C. 1914.
Handbuch der Mineralchemie. Bd. Il, 1 Halfte, 649-704.
Bertorino, G., M. Franceschelli, M. Marchi, C. Luglié, S.
Columbu. 2002. Petrographic characterisation of polished
stone axes from Neolithic Sardinia, archaeological
implications. Ed. provvisoria, Dip. Sc. Terra, Cagliari, 13 p.;
Periodico di Mineral., 71, Spec. Vol. ‘Archaeometry and

Classical Heritage'.

Buri¢, M. 2000. Findings of nephrite and jade axes on the
territory of Croatia. — Krystalinikum, 26, 39-43.

Campbell Smith, W. 1965. The distribution of jade axes in
Europe, with a supplement to the catalogue of those from
the British Isles. — Proc. Prehistoric Society, New Series,
31,1, 25-33.



D'Amico, C., R. Campana, G. Felice, M. Ghedini. 1995.
Eclogites and jades as prehistoric implements in Europe: A
case of petrology applied to Cultural Heritage. — European
Journal of Mineralogy, 7, 1, 29-41.

Dietrich, V., F. de Quervain. 1968. Die Nephrit-Talklagerstétte
Scortaseo (Puschlav, Kanton Graubinden). — Beitr. zur
Geologie der Schweiz, Geotechn. Serie, Bern, 46, 48 S.

The First Civilization in Europe and the Oldest Gold in the
World — Varna, Bulgaria. 1982. Nippon Television Network
Cultural Society, 135 p.

Fischer, H. 1881. Uber die mineralogisch-archaologischen
Beziehungen zwischen Asien, Europa und America. — N.
Jb. Miner. Geol. Palaeont., Bd. II, 199-227.

Foltyn, E. M., E. Foltyn, L. Jochemczyz, L. Skoczylas. 2000.
Basalte und Nephrite im Neolithikum Mittel-Westpolens
und der oberschlesischen Region. — Krystalinikum, 26, 67-
81.

Geschwendt, F. 1977. Wie wurde der europaische Nephrit in
der Jungsteinzeit gewonnen und verarbeitet? — Préhist.
Zeitschrift, 52, 232-238.

Gunia, P. 2000. Nephrites from south-western Poland as a
potential raw material of the European Neolithic artefacts. —
Krystalinikum, 26, 167-171.

Harlow, G. E., S. S. Sorensen. 2001. Jade: Occurrence and
metasomatic origin. — The Australian Gemmologist, 21, 7-
10.

Jing, Z., G. Wen. 1996. Mineralogical inquiries into Chinese
Neolithic jade. — J. Chinese Jade, 1, 135-155.

Kalkowsky, E. 1906. Geologie des Nephrites im siidlichen
Ligurien. — Zeitschr. Deutsch. Geol. Ges., 58, 307.

Kostov, R. I. 2003. Precious Minerals: Testing, Distribution,
Cutting, History and Application (Gemmology). Sofia-
Moscow, Pensoft, X, 453 p. (in Bulgarian)

Kostov, R. I. 2004a. Gemmological characteristics of nephrite
prehistoric (Neolithic and Eneolithic) artefacts from the
territory of Bulgaria. — In: Minerogenesis-2004. Scientific
Session in Honour of the 90 Anniversary of Academician
Ivan Kostov. Abstracts. Sofia, University of Sofia, 22-23
January 2004, 42-43 (in Bulgarian).

Kostov, R. |. 2004b. Prehistoric zoomorphic nephrite amulets
from Bulgaria. — Universe, Science and Technology, 5, 28-
38 (in Bulgarian).

Kostov, R. I. 2005. Gemmological characteristics of the
nephrite prehistoric (Neolithic and Eneolithic) artefacts from
the territory of Bulgaria. — Ann. Sofia University, Fac. Geol.
Geogr., 97, Part 1, Geology, 55-75 (in Bulgarian with an
English abstract).

Kostov, R. I., A. Bakamska. 2004. Nephrite artefacts from the
Early Neolithic settlement Galabnic, district of Pernik. —
Geology and Mineral Resources, Sofia, 4, 38-43 (in
Bulgarian with an English abstract).

Kostov, R. I., V. Genadieva. 2004. Neprite-jade prehistoric
artefacts from the region of Kyustendil. — Mining and
Geology, Sofia, 10, 35-37 (in Bulgarian with an English
abstract).

Kostov, R. I, V. Pelevina, V. S. Slavchev. 2003. Mineralogical
and gemmological characteristics of the non-metallic
jewelry objects from the Middle Chalcolithic necropolis
Varna Il. - Geology and Mineral Resources, Sofia, 9, 23-26
(in Bulgarian with an English abstract).

Kostov, R. I, T. Dimov, O. Pelevina. 2004. Gemmological
characteristics of carnelian and agate beads from the
Chalcolithic necropolis at Durankulak and Varna. -

94

Geology and Mineral Resources, 11, 10, 15-24 (in
Bulgarian with an English abstract).

Kozhukharova, E. 1990. Metamorphogenic mineral resources
in the igneous-sedimentary suites of the Precambrian in
the Rhodope Massif. — In: Methods and Technologies for
Searching of Mineral Raw Materials. Sofia, Tehnika, 85-91.

Laufer, B. 1989 [1912]. Jade: Its History and Symbolism in
China. New York, Dover Publications Inc., 370 p.

Leighton, R. 1989. Ground stone tools from Serra Orlando
(Morgantina) and stone axe studies in Sicily and Southern
Italy. With contributions by J. E. Dixon and A. M. Duncan. -
Proc. Prehistoric Society, 55, 135-159.

Okladnikov, A. P. 1950. The Neolithic and Bronze Epoch of the
Fore-Baikal Region. Part | and Il. Moscow, Acad. Sci.
USSR, Materials and Studies on Archaeology in the USSR,
18, 412 p. (in Russian)

Okladnikov, A. P. 1955. The Neolithic and Bronze Epoch of the
Fore-Baikal Region. Part Ill. Moscow, Acad. Sci. USSR,
Materials and Studies on Archaeology in the USSR, 43,
373 p. (in Russian)

Peikov, A. 1986. Zwei interessante Kultgegenstande aus der
neolitischen Siedlung in Kardzali. — Studia Praehistorica, 8,
208-211.

Petri¢, N. 1995. Sjekire od Zadeita i nefrita u pretpovijesti
Hrvatske. — Histria archaeologica, Pula, 26, 5-27.

Platonov, A. N., V. N. Belichenko, L. V. Nikol'skaya, E. V.
Pol'shin. 1975. On the colour of nephrites. — Konstitutziya i
Svostv Mineralov, 9, 52-58 (in Russian).

Rodden, R. J. 1964. Early Neolithic frog figurines from Nea
Nikomedeia. — Antiquity, 38, 152, 294-295.

Stalder, H. A, P. Vollenweider, M. Hlgi. 1993. Edel- und
Schmucksteine aus der Schweiz. — Schweizer Strahler, 9-
10, 473-524.

Suturin, A. N. 1986. Nephrite — a stone of eternity. — Science
in the USSR, 1, 24-29 (in Russian).

Suturin, N. A., P. S. Zamaletdinov. 1984. Nephrites. Nauka,
Novosibirsk, 150 p. (in Russian)

Todorova, H., I. Vajsov. 1993. The Neolithic Epoch in Bulgaria.
Sofia, Nauka i Izkustvo, 288 p. (in Bulgarian)

Todorova, H., I. Vajsov. 2001. Der kupferzeitliche Schmuck
Bulgariens. Stuttgart, Fr. Steiner Verlag, 121 S.

Traube, H. 1885. Uber den Nephrit von Jordansmihl in
Schlesien. — N. Jb. Min., Geol. Paleont., 1, 239-240; 2, 91-
94; Beil.-Band 3, 412-427.

Traube, H. 1887. Uber einen neuen Fund von anstehendem
Nephrit bei Reichenstein in Schlesien. — N. Jb. Min., Geol.
Paleont., 2, 275-278.

Wen, G., Z. Jing. 1992. Chinese Neolithic jade: a preliminary
geoarchaeological study. — Geoarchaeology, 7, 3, 251-275.

Wilkins, C. J., W. Craighead Tennant, B. E. Willianson, C. A.
McCammon. 2003. Spectroscopic and related evidence on
the coloring and constitution of New Zealand jade. — Amer.
Mineral., 88, 8-9, 1336-1344.

Yang Hu, Liu Guoxiang. 1998. A preliminary discussion on
Xinglongwa jades. — In: East Asian Jade: Symbol of
Excellence (Ed. Tang, C. F.). Centre for Chinese
Archaeology and Art, 1, 128-139 (in Chinese with an
English abstract).

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



rOANLIHMK HA MUHHO-TEONIOXKMA YHUBEPCUTET “CB. UBAH PUIICKIA”, Tom 48, Cs. |, l'eonorus 1 reocnsmka, 2005
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 48, Part I, Geology and Geophysics, 2005
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ABSTRACT. During the Paleogene, as a result of extension, the Central Rhodope, Kesibir and Byala reka domes formed in the Eastem Rhodopes. The East
Rhodope depression, a domain of intensive intermediate and acid volcanism, is located between them and Harmanli block. Subvolcanic bodies and dikes occur in the
neighboring domes. The conclusions are based on all K-Ar data of the authors (84) and those from accessible literature sources (87) for the discussed magmatism.
The results for individual magmatic phases (complexes) are dispersed within an unrealistically large time interval — 7-8 Ma. However, their mean arithmetic values are
close to data from more precise (Rb-Sr, Ar-Ar) methods. The time span of the Paleogene late-extensional magmatism is 42.7-25.5 Ma or 39.9.-27.3 Ma as indicated
by the mean values for the individual phases. There is a tendency for migration of the magmatism from the intermediate magmatic groups from NW to SE: 39,9-32,3
Ma (Sarnitsa group); 36,8-29,7 Ma (Dambala group); 31,1 Ma (Madzharovo complex); 28,9-27,3 Ma (Byala reka group). The acid magmatic groups show a slightly
expressed reverse tendency: 30,8-29,1 Ma (Chamdere group); 34,5-31,1 Ma (Kardzhali group), 33,5-33,1 Ma (Zlatoustovo group).

K-Ar DATUPOBKM HA NANEOrEHCKUA KbCHOEKCTEH3MOHEH MATMATU3BM B U3TOYHU POOONU
I1. Munoeanos’, B. leopauee?, 1. MoH4ea?
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PE3IOME. pe3 naneoreHa, B pe3ynTar Ha ekcteHsus, B M3toynute Pogonu ce dopmupar LieHTpanHopogoncku, Kecubupeku n benopeyku kynonu. Mexay Tax v
XapmaHnuiickus 6ok ce paanonara /3po4HOpo[oNCKOTO NOHWKEHWe. To e apeHa Ha WHTEH3MBEH CPeaHOKMCen W Kucen ByNkaHM3bM. B okonHuTe kynomm ce
BHeapsBaT cybBynkaHcku Tena u gaiku. ObpaboTeHn ca Beudky Hawwv (84 6p) u gocTbnHM nuTepaTypHu (87 6p.) K-Ar faTvpoBky 3a pasrnexpaHus MarMaTuabm.
OtgentHuTe dhasu (KOMMNEKCH) Ha MarmaTmama ce xapakTepuaupart C HepeartHo rofisiM AuanasoH Ha nonyyeHuTe pesyntatv — o 7-8 Ma. CpeHoapuTMETUYHUTE UM
cToiHocTn obave ca 6nm3kv [0 MmomnyyeHuTe ¢ Mo-TouHN Metoam (Ar-Ar) AaHHW. Bb3pacToBus AManas3oH Ha ManeoreHCKUs KbCHOEKCTEH3VOHEH MarMaTus3bM ce
onpegens Ha 42,7-255 Ma, a no cpemHuTe CTOAHOCTM Ha oTaenHute cdasu 39,9-27,3 Ma. HabniogaBa ce TeHOeHUMS Ha MUrpauus Ha MarmaTtiama 3a
cpegHokucenute marmeHu rpynu ot C3 Ha tOU: 39,9-32,3 Ma (CbpHuLuka rpyna); 36,8-29,7 Ma (dambancka rpyna); 31,1 Ma (Mamxaposcku komnekc); 31,8-27,3 Ma
(Benopeuka rpyna). 3a kucenuTe MarmaTUYHU rpyMK CE YCTaHOBSBA Mo-crnabo uapaseHa obpatHa TeHpeHums: 30,8-29,1 Ma (YamaepeHcka rpyna); 34,5-31,1 Ma
(Kbpmxanuircka rpyna), 33,5-33,1 Ma (3natoycToscka rpyna).

Geology and together form the East Rhodope Paleogene depression
(lvanov, 1960; Georgiev, 2005). The products of the volcanic

During the period latest Late Cretaceous — Oligocene, the activity in these depressions are concentrated in individual
Rhodope massif was a domain of crustal extension. As a domains (Flg 1) with relatively independent evolution. Each
result, metamorphic core complexes (domes) formed. In the depression hosts groups of intermediate (to acid) volcanic
interval Late Cretaceous-Eocene the domes were intruded by edifices. The Sarnitsa magmatic group is located in the
granitoids (early extensional stage). During the interval Northeastern depression, the Dambala magmatic group - in
Paleocene-Oligocene, depressions originated between the Momchilgrad depression, the Madzharovo latite complex - in
individual domes. Mainly terrigenous sediments were Zlatoustovo depression. There are also zones of only acid
deposited at the base of the depressions. Upwards follow volcanism: Chamdere magmatic group in the Northeasten
numerous intermediate and acid volcanic edifices (Eocene- depression, Kardzhali group in the area of Kardzhal,
Oligocene, to the south in Greece also Miocene) — late Zlatoustovo acid group in the eastern parts of Zlatoustovo
extensional magmatism. The present paper deals only with the depression (Georgiev, Milovanov, 2005). The last phases of
late extensional magmatism. magmatic activity include acid and intermediate to basic dikes,

less commonly extrusions which form dike swarms of
In the Eastern Rhodopesl between the Central Rhodope’ dominantly WNW trend. They intrude both the fill of the

Byala Reka and Kessibir domes, formed the Momchilgrad depressions and their metamorphic framework - the
depression, between the Central Rhodope dome and Harmanli Pcheloyad complex occurs in Momchilgrad depression, the
block — the Northeastern Rhodope depression, and between Trimogili complex — in the Northeastern Rhodope depression,
Byala Reka dome and Harmanli block — the Zlatoustovo the Byala Reka complex - in the Byala Reka and Kessibir
depression. The three depressions join in the area of Kardzhali domes. It is suggested that the individual magmatic groups
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Fig. 1. Geological map of the Eastern Rhodopes

resulted from the evolution of different magma chambers. The
magmatic complexes (divided as components of the groups)
correspond in the most general case to separate phases in the
evolution of the magma chambers.

The Chamdere magmatic group includes (in upwards
succession) the Borovitsa rhyolite (Br), Panichkovo
trachyrhyolite (Pn), Murgen trachyrhyolite (Mr), Gradishte
trachyrhyodacite (Gr) and the Tri Mogili dyke (TM) complexes.

The Sarnitsa intermediate group comprises the Kolets basalt-
andesite  (Kt), Voinovo shoshonite-latite  (Vn), Bukovo
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shoshonite-latite (Bk), Nikolovo latite (Nk), Bezvoden latite (Bv)
and Dragoina latite (Dr) complexes. The Kardzhali acid group
is subdivided into Beli Plast rhyodacite (BP), Perperek
trachyrhyolite (Pr) and Ustra rhyolite (Us) complexes. The
Dambala intermediate group includes the Kalabak andesite
(K1), Rabovo latite-andesite (Rb), Zvezdel andesite-basalt (Zv)
complexes (Putocharka intermediate subgroup), Svety llya
trachyrhyodacite (SI), Momchilgrad trachydacite (Mm), Raven
rhyolite (Rv) complexes (Zdravers acid subgroup) and the
Pcheloyad dike (Pc) complex.



The Madzharovo latite (Md) complex is of independent
occurrence and may be discussed as a group. The Zlatoustovo
acid group covers Mezek rhyolite (Mz) and Cherna Mogila
trachyrhyodacite (CM) complexes. The Byala Reka magmatic
group is represented by the Planinets rhyolite (Pl), Krumovgrad
basalt (Kg) and Kalinovo-Kushla basalt (KK) complexes.
Kalinovo-Kushla basalt complex is included in our discussion
conventionally since we do not know this area but there are
published analyses (Lilov et al., 1997).

Analytical methods

During the geological mapping of the Eastern Rhodopes
almost all of the divided magmatic complexes (phases) have
been dated by the K-Ar method (84 analyzed samples). The
sampling location have been plotted on 1:25 000 maps
(Georgiev et al., 1995, 1996, 1997, 1999, unpublished reports,
National Geological Archive). Part of the results has been
published by Georgiev at al. (2003). All literature sources (91
datings), where the sampling locations can be sufficiently
accurately related to some of the magmatic complexes, have
been also used (Lilov et al., 1987; Marchev et al., 1997; Yanev,
Pecskay, 1997; Harkovska et al., 1998a, b; Lilov et al., 2000;
Ivanova et al., 2001).

Possibly most fresh rock samples were selected for analysis.
The samples were crushed, sieved and washed to bulk fraction
0,50-0,25 mm and 0,25-0,10 mm.

The K-Ar dating was done at the laboratory of “Absolute
Geochronology and Isotope analysis” at the Enterprise for
Laboratory Geological Investigations, Sofia (now Eurotest Ltd.)
using the method of the so-called isotopic dilution with 38Ar
tracer. The K content of the samples was determined by two
and three times repeated measurements in flame photometer
“Flapho-4” with a relative error of 2-4%. The content of the so-
called radiogenic “°Ar was fixed with a specially constructed
installation for extraction and purification of Ar and subsequent
isotopic analysis by means of a mass spectrometer MIA-1305
using a two-collector registration method of the Ar isotopes in a
semistatic vacuum regime. The parameters of the ionizing
source of the mass spectrometer are: current of emission — 1
MA; ionizing voltage — 50 V. The content of 40K, 40Ar and the
age of the sample were computed by means of the constants:
Ap=4,962.1010 year’; Ax=0,581.10-10 year!; 40K=1,167.104.K
(%).

The accuracy of the analysis was periodically controlled by
calibration of the flame photemeter, isotope analysis of
atmospheric argon and calibration of the tracer (with
interlaboratory standard sample “Asia 1/65"). The total
analytical error is estimated to be 4-5%, but during analysis of
samples with large correction for non-radiogenic atmospheric
40Ar (low content of radiogenic 4°Ar respectively) the error
considerably increases.
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Table 1
K-Ar data and ages of magmatic complexes.
No |Rock variety |Loca|ity | K%| rad40Ar| Ma
CHAMDERE MAGMATIC GROUP
Gradishte trachyrhyodacite complex average 29.1
210  [TRD dk Briastvo village 411 27.8
1592Y [TRD dm Gradishteto peak 4.34 5.162 304
Try mogily dyke complex average 29.9
39L QT (Kf) Chetroka village 10.71] 1.050] 25.5
41L  [Shdk [Tri Mogili village 3.88] 4.159 275
42L R dk [Tri Mogili village 4.07] 4.490] 28.0
40L  Sh dk Sini vrah reak 4.04] 4.690] 29.5
52L  Rdk Pakaderesi villadg 3.86] 4.890] 32.5
51L QT st Sakakaya 4.23] 5.454] 33.0
53L  [Db Sini vrah reak 441 5.770] 33.5
Panichkovo trachyrhyolite complex average 30.8
501 Rdm elichka river 3.79] 3.800] 26.2
12)Y [TRD dm Haskovo Min. Spr. Village 4.39] 4.964) 28.8
43L P Letnitsa peak 5.56] 6.340] 29.0
511Y [TRD dm Cheria Kamak peak 4.67] 5509 30.2
48L  [TRdm Letnitsa peak 540/ 6.680 31.5
46L TR dm Letnitsa peak 485 6.050] 32.0
47L TR dm Samitsa village 4.09 5.280] 33.0
44L TR dm Samitsa village 449 5.820| 33.0
45L  [TRdm Letnitsa peak 4.50] 5.930] 33.5
SARNITSA MAGMATIC GROUP
Dragoina latite complex average 32.3
210 QL dk Briastovo village 5.02 30.0
1668Y L Dolni Voden village 4.78] 5.808 31.0
57L QM| Mechkovets peak 4.52| 5.530] 31.5
58L [T Mechkovets peak 5.30] 6.530| 31.5
B24Y |UPL Mechkovets peak 5.30 31.5
1672Y QL G. Briastovo village 479 5.997] 31.9
1670Y UAL G. Briastovo village 4.88] 6.384] 334
59L  LIf. Briastovo village 3.90] 5.270] 34.5
60L L If. c. Munaweso 4.000 5.540] 35.0
Bezvoden latite complex average 33.0
50L QL dm Rakaderesi village 4.14] 4.876] 30.5
55L  LLIf. Bezdiven peak 2.55 3.250] 32.5
56L L b Weliazkivtsi village 3.24] 42100 33.0
49L QL dk Ciliaka peak 6.45 8.073| 33.0
54L LI Goliam Meden peak 3.06] 3.990| 33.5
1L ShlLf. Bezvodno village 2.44] 3400 355
Voinovo shoshonite-latite complex average 37.6
62L | dk Sivrikaia 3.70] 5.230] 36.0
63L  SHIA. Kadanka village 2.79] 4.073 37.0
DK1 AbLf. enda village 2.18 37.5
503  HKBAIL. oinovo village 2.66) 2.740] 384
502 HKALf. oinovo village 3.18] 4.530] 3941
Bukovo shoshonite-latite complex average 36.9
25  HKALf. Bukovo village 2.76] 2.940 36.7
36 LIf Bukovo village 3.35 4.750| 37.0
500 |Shlf. Samitsa village 2.87] 3270 37.0
Kolets basalt-andesite complex average 39.9
510 Ml Karamantsi village 2.75] 3.740[ 37.0
504 HKALf  [Kolets village 2.17| 2.920/42.7

Concentrations of Araq of the present authors and these reported
in Lilov et al. (1987); Harkovska et al. (1998b) are in nmm3/gx10-,
and the data in Harkovska et al. (1998a); Yanev, Pecskay (1997);
Mrchev et al. (1997); Lilov et al. (2000); Ivanova et al (2001) in
ccSTR/gx10°6.

Sample number xL is data Lilov et al. (1987); xxxxH - Harkovska et
al. (1998b); xZ - Harkovska et al. (1998a); xxxY - Yanev, Pecskay
(1997); xxxI - Ivanova et al (2001); xM - Mrchev et al. (1997); xxLP -
Lilov et al. (2000).
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Shortening: B- basalt; BA- basaltic andesite; Dr- diorite; A- andesite;
FD- phenodacite; RD- rhyodacite; R- rhyolite; P- perlite; 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; TR- trachyrhyolite; T- trachite; QL-
quartzlatite,QT-  quartztrachite; QM- quartz-monzonite;  UPL-
ultrapotassic latite; ATD- alkaline trachydacite; dk- dyke; dm- dome; b-

body; I- intrusion; I.f.- lava flow; t- tuff; st- stock.

Table 1
Continuation
No |Rock variety |Loca|ity | K%| rad40Ar1 Ma
KARDZHALI MAGMATIC GROUP

Ustra rhyolite complex average 31.1
9 R b Zli Vrah peak 3,54 4.280 31,0
10L  Pdm Schupena Planina peak 413 5.020 31,0
11L Rdm Mishevsko village 413 5.040 31,0
3213 Rb odenicharsko village 319 1,200 315

Perperek trachyrhyolite complex average 31.4
145 [TRdm Studen kladenetz 4,80 5.280 29,1
14L  JATD dm Hisar peak 510 6.100 30,0
1005 [Rdm Miladinovo village 4.06 4.000 30.0
8L P Silen village 4.700 5.830 31.5
6056 Rt Chiflik village 453 4.800] 31.6]
15L  |JATD dm Hisar peak 4,89 6.120] 32,0
16L  [TRD Sredna Arda 4,52 5.690 32,0
18L P Cholderen peak 6,45 8120 32,0
11 TR dm Svetoslav village 4,84 6.110 33,0
275 |Rdm Silen village 3.97] 5.080] 33.0

Beli Plast rhyodacite complex average 34,5
3003 [RD b Zimovina village 6.97] 7.360 30.0
7L P Patnikovo village 4.25 5.350 32.0
606 RDt Zvamche village 4.88 5250 32.0
33L  [TRdm Geren village 4,53 6.100] 34,0
1000 RDt Bashtino village 4.00 3.520] 35.0
85 HKD Minzuhar village 3.75 4520 355
586 [TRdm Liaskovets village 4.85 6.210 36.8
394 |RDb Popovets village 2,01 1.960 37.0
1001 |RDb Sestrinsko village 3.09 4.530 38.0

DAMBALA MAGMATIC GROUP

Pcheloyad dyke complex average 29.7
2L TR b Mishevsko village 4,01 4.160] 26,5
3L R dk Podkova village 4,16] 4.4200 27,0
4814 |RDb Stareishino village 3,86 4.360] 29,5
4 Rd dm (Bi)  [Kouvandzhic peak 7,16] 3.764] 31.2
4 FD dk apraluk peak 4,68 5835 31.8
6Z FD dk [Yapraluk peak 446 5.633 322

Momchilgrad trahydacite complex

122 HKALL Momehilgrad 249 2940 310

Sveti llia trachyrhyodacite complex average 30.6
2500 [TD Lf. Lisicite 4,81 5.370] 29,5
17L  [TRDIf. Sveti llia peak 3,200 3.900 31,0
20 TRD | f. Chomakovo village 494 58200 31,0
2372 [TRD If. Sv. llia peak 31.0

Zvezdel basaltic-andesite complex average 31.0
1111H HKBA Djulgera peak 200 3.871 27,7
3072H HKA If. Zvezdel village 200 3.978 284
3 HKA Lf. Sushevo village 1.80 1.120] 29.3
12L M Galenit village 2,500 1.1000 315
3652 [Drl Metlichka village 1,60) 315
1 BA Lf. Bagrianka village 2,45 2.960 315
13L AL Hubavelka village 291 3.812 33,0
179 BAILf Star chal village 3,070 4.1400 350

Kalabak andesite complex average 36.8
34L  BA Irantepe peak 1,25 1.750 35,0
35L A Irantepe peak 2,42 3.490] 36,5
166 AL Geren village 1,84 3.160 39,0




Table 1
Continuation

No |Rock variety |Loca|ity K%| rad40Ar| Ma
Madzharovo latite complex average 31.1
4760 QL dk Malko Popovo village 8.38 275
6708 QL dk Malko Popovo village 4.08 4.160] 27.5
62 QT Gaberovo village 452 4.730| 27.7]
4964 M Madzharovo tawn 4.39] 4.870] 28.5
2219 [TD Borislavtsi village 5.12] 5.700 29.0
1347 QT Gaberovo village 7401 8.4400 29.0
4859 QT dk Brusevtsi village 6.74] 9.890] 29.0
5315 QL Madzharovo tawn 412 4.450) 29.0
2441 | dk Madzharovo tawn 9.30| 10.500] 29.5
4974 A dk Madzharovo tawn 5.39 5.850] 29.5
2222 [TD Borislavtsi village 4.23 4.650) 29.5
5363 QT Gaberovo village 4.300 5.520] 30.0
4968 M Madzharovo tawn 4.10] 4.580] 30.5
2435 Mi Madzharovo tawn 6.43 7.660] 30.5
986 QL dk Madzharovo tawn 7.74 8.820] 30.5
2232 [TD Borislavtsi village 5.11] 6.150[ 30.8
20L QT Malko Popovo village 545 6.539 31.0
22L P Malko Popovo village 3.83] 4.590[ 31.0
727 LIf. Madzharovo tawn 5.07] 6.010 31.0
2420 M Madzharovo tawn 4.28 5.280] 31.5
2435a A dk Madzharovo tawn 3.38] 4.070] 31.5
31L  |Sh ISenoklas village 3.18] 3.950] 31.5
5362 L If. Malko Popovo village 4.38] 5.270] 31.5
1249 BAIf. IChernichino village 5.36] 6.370] 31.5
21L QT Hisara peak 485 6.140] 32.0
24L M Madzharovo tawn 4.30] 5.375 32.0
1333 L If. Madzharovo tawn 4.25 5.170] 32.0
32L L Malko Popovo village 346/ 4.350 32.0
26L | Baldja village 3.24] 4120 325
27L  |Sh Malko Popovo village 3.60 4.560[ 32.5
4767 Sh dk Malko Popovo village 3.27] 32.8
23L M Madzharovo tawn 4.40] 5.720) 33.0
28L L Malko Popovo village 4.65 6.050 33.0
986  LIf. Madzharovo tawn 4500 5.750] 33.0
30L | Shishtepe peak 3.23] 4177 33.0
250 L IChernichevo village 3.00] 3.950] 33.5
29L  Sh Senoklas village 3.02] 3.980 335
95 QL |.f. D. Cherkovishte village 4.35 5.710| 34.0
699 BALf Madzharovo tawn 219 45300 37.0
Results

The age range of the Paleogene late extensional magmatism
is 42,7-25,5 Ma and based on the average values for individual
phases — 39,9-27,3 Ma or around 12 Ma (Table 1, Figs 2 and
3). The peak of the magmatic activity is between 30-33 Ma.

The age of Chamdere magmatic group is 33,5-25,5 or 30,8-
29,1 Ma (average for individual complexes). The Sarnitsa
intermediate group has an age interval of 42,7-30,0 Ma or
39,9-32,3 Ma (average for individual complexes). The Kadzhali
acid group spans 38,0-29,1 Ma or 34,5-31,1 Ma (average
values).

The age of Dambala intermediate group (with acid final
phases) is 39,0-26,5 Ma or 36,8-29,7 Ma (average values).
The Madzharovo latite complex has a time span of 37,0-27,5
Ma or in average 31,1 Ma. The age interval of Zlatoustovo acid
group is 38,0-27,5 Ma or in average 33,5-33,1. The Byala
Reka magmatic group is datetd 35,0-26,1, or in average 31,8-
27,3.
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Table 1
Continuation
No | Rock variety | Locality | K% | rad*’Ar | Ma
ZLATOUSTOVO MAGMATIC GROUP
Cherna Mogila trachyrhyodacire complex average 33.1
4109 Rb Cerna mogila village 5.60 | 6.860 | 30.5
6157 Dri Cerna mogila village 4.11 | 4.370 | 32.2
4076 RD b Cerna mogila village 5.80 | 6.360 |32.5
4134 RDb Huksana river 5.70 | 5.980 | 328
4008 RD b Cerna mogila village 5.00 | 6.830 |33.2
6078 Di Lozen village 2.55 ] 3.390 | 345
37L | TRD (Kf) Cerna mogila village 9.40 [13.160 | 36.0
Mezek rhyolite complex average 33.5
6L R dk Sheinovets peak 4.00 | 4260 |27.5
4421 Rt Malko Gradishte village | 3.96 | 4.100 | 31.3
4182 R dm Malko Gradishte village | 6.20 | 7.380 | 31.5
19L Rdm Sv. Marina peak 4.52 | 5678 |32.0
4184 TRD Malko Gradishte village | 3.60 | 4.560 | 32.0
11566 Rb Lozen village 5.70 | 7.010 | 320
771 R dk (Bi) Malko Gradishte village | 6.56 | 8.261 |32.1
186l R dk Karatepe peak 3.81 | 4.840 [324
2541 R dk Karatepe peak 3.81 | 4.849 |325
1l Tdm Seinovets peak 455 ] 5.881 |329
169! R dm Goliama Chuka peak 3.75 | 4.882 |33.2
4305 TRD Cherno Bardo peak 418 | 3.800 | 34.0
751 R dk (Bi) Malko Gradishte village | 6.49 | 8.798 | 34.5
365! R dm Malko Gradishte village | 3.77 | 5.216 | 35.2
3220 Rt Tastepe peak 3.68 | 4400 |35.5
38L R Cerna Mogila village 4.28 | 6.150 | 36.5
891 Rdm Malko Gradishte village | 3.85 | 5.554 | 36.7
1156a Rb Lozen village 5.80 | 8.300 | 37.0
3104 Rdm Sv. Marina peak 3.70 | 5470 | 38.0
BYALA REKA MAGMATIC GROUP
Planinets rhyolite complex average 28.9
5L Rb Planinets village 4.30 | 4550 | 27.0
4114 Rb Cerna Mogila village 4.85 | 5.120 | 27.0
4L R dk Popsko village 8.54 1 9180 | 27.5
35 Rb Cema Mogila village 5.00 | 5.380 [28.0
269 Rb Lozen village 5.61 | 6.050 | 28.5
98 Rb Cema Mogila village 6.94 | 7.690 | 29.5
36L R dk Cema Mogila village 6.30 | 8.650 | 35.0
Krumovgrad basalt complex average 27.3
4M B dk Strajevets village 262 | 2.672 |26.1
3M B dk Parjenaka 1.97 [ 2.036 | 264
2M B dk Egrek village 2.01]2.153 [27.3
1652 Bb Planinets village 5.04 278
1M B dk Egrek village 224 12115 |279
1653 Bb Planinets village 2.590 | 28.0
Kapinovo-Kushla basalt complex average 31.8
17LP B dk Dolno Kapinovo village | 2.92 | 3.518 | 30.7
14LP B dk Djerovo village 217 | 2.640 [31.0
13LP B dk Gorski Izvor village 24112949 1312
12LP B dk Gorski lzvor village 1.64 | 2.066 |32.1
16LP B dk Dolno Kapinovo village | 2.78 | 3.582 | 32.8
15LP B dk Dolno Kapinovo village | 2.49 | 3.214 | 32.9
Discussion

The individual magmatic complexes are characterized by an
unrealistically large age interval — up to 7-8 Ma. Furthermore,
the age intervals of the magmatic complexes from one group
overlap in an interval of about 4-5 Ma, despite of the fact that
the spatial relationships between them are generally clear —
the later complexes intersect or cover the earlier ones. There
are no lateral transitions between them and an overlapping in
time is not possible. Such a large dispersion of age data is



characteristic both of results from our laboratory and the cited
literature data. The results of ATOMKI, Hungarian Academy of
Sciences (Marchev et al., 1997; Yanev, Pecskay, 1997;
Harkovska et al., 1998a; Lilov et al., 2000; lvanova et al., 2001)
show a lesser dispersion (2 to 4,3 Ma for one phase) but in this
case a small number of samples has been analyzed (Table 1).
The usual error of K-Ar dating is 4-5%. The analysis of our and
literature data shows that the error for this method is about
15%.

The average values obtained for the individual complexes
(phases), however, are close to those determined by the Ar-Ar
method (Table 2). These average values characterize well the
succession of formation of the individual complexes and do not
contradict the observed field relationships. They may be used
with a certain degree of confidence for characterization both of
the age interval of the magmatism as a whole and of the
individual groups.

Table 2
Ar-Ar ages (data: Marchev, Singer, 1999; Singer, Marchev,
2000; Moskovski et al., 2004)

Magmatic complex Age Ar-Ar (Ma)
Try mogily dyke complex 31.75-31.76,
Murga trachyrhyolite complex 31.86
Panichkovo trachyrhyolite complex 32.17
Borovitsa rhyolite complex 31.93-32.16
Dragoina latite complex 32.30-32-92
Bezvoden latite complex 32.82
Perperek trachyrhyolite complex 31.82-32.00
Beli Plast rhyodacite complex 32.28-32.44
Madzharovo latite compleks 32.06-32.72

The assignment of individual bodies, for which no clear
spatial relationships are available, to one or other phase on the
basis of single K-Ar data is incorrect and may lead to
unrealistic interpretations.

There is a tendency of migration of the late extensional
magmatism from the intermediate magmatic groups from NW
to SE (after the average values of the component complexes):
39,9-32,3 Ma (Sarnitsa group); 36,8-29,7 Ma (Dambala group);
31,1 Ma (Madzharovo complex); 31,8-27,3 Ma (Byala Reka
group). For the acid magmatic groups there is a less well-
expressed reverse tendency: 30,8-29,1 Ma (Chamdere group);
34,5-31,1 Ma (Karzgali group); 33,5-33,1 Ma (Zlatoustovo

group).
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LITHOSTRATIGRAPHY OF THE LATE CRETACEOUS ROCKS IN THE PANAGYURISHTE
ORE REGION
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ABSTRACT. The Late Cretaceous magmatism controls the evolution of the metallogenic processes in the Panagyurishte ore region. The Upper Cretaceous
sedimentary and volcanic rocks transgressively overlay the basement of different older rocks. Turonian terrigenous complex, Panagyurishte volcano-sedimentary
Group and Popintsi sedimentary Group are distinguished in the Upper Cretaceous section. The coal-bearing and sandstone suites are determined in the Turonian
terrigenous complex. The Panagyurishte volcano-sedimentary Group is divided on Chelopech, Vozdol, Petelovo, Vrankamik, Assarel, Ovchepoltsi, Elshitsa and
Pesovets Formations. The Popintsi sedimentary Group is compound by the known Mirkovo and Chugovitsa Formations. The paleontological data about the age of the
quoted lithostratigraphic units are shown, as well as the data for their absolute age.

NIUTOCTPATUrPA®UA HA KbCHOKPELHWUTE CKANW B NAHATOPCKUA PYAEH PANOH
Kamen lMonoe
Munto-2eonoxku yHusepcumem “Ca. Mear Puncku”, Cogpus 1700; kpopov@mgu.bg

PE3IOME. KbCHOKpeAHWST MarMaT3bM KOHTPONMpa eBOMoUnSTa Ha MeTanoreHHuTe npouecy B [1aHartopckus pyAeH paiioH. [OpHOKpeaHWTe CeauMEHTHU W
BYNKAHOTEHHU CKanu Ce pasnonaraT TPaHCTPECUBHO BbPXy (PYHAAMEHT OT Pa3fnyHW MO-CTapu Ckanu. B ropHokpeaHus paspes ce pasrpaHuyaBat TypoHCKM
TepureHeH komnnekc, MaHariopcka BynkaHOTEHHO-CEOMMEHTHa rpyna W [lonuHcka ceauMeHTOreHHa rpyna. B TypoHCKWSI TepureHeH KOMMNeKc ce OTAensT
BbITIEHOCHA W NACbYHWKOBA 3adpyra. [laHartopckata BynkaHOTEHHO-CEAMMEHTHa rpyna ce pasgenst Ha Yenonelwka, Bosgoncka, MMetenoscka, BpaHkamukcka,
Acapencka, Osuenoncka, Enwmwka v lMecoseuka cButv. MonMHCKaTa CEQMMEHTOrEHHa rpyna € CbCTaBeHa OT M3BECTHUTE MupkoBcka M YyroBuika CBUTW.
[ocoyeHm ca NaneoHTONOXKMTE JaHHW 3a Bb3paCcTTa Ha LUTUPaHUTE IMTOCTPATUrPadpCKi eAVNHULM, KaKTO W JaHHWTE 3a TXHaTa abComnoTHa Bb3pacT.

Introduction The Upper Cretaceous sedimentary and effusive rocks
overlay transgressively the basement of different Precambrian
The Panagyurishte ore region is part of the Apuseni-Banat- high metamorphic rocks and Late Paleozoic South Bulgarian
Timok-Srednogorie magmatic and metallogenic belt (Popov et~ (Srednogorie) plutons mainly (Fig. 1), and in the northem areas
al., 2002). It is located 55-95 km eastern from the city of Sofia. - of Middle Paleozoic Stara Planina granodiorite-granite
Central Srednogorie and Stara Planina (Balkan) Mountains, preserved in small areas.
between the towns of Pazardzhik and Etrople. The position of . S .
region is determined by the area of intensive Late Cretaceous The earlier geological investigation in the middie and second
magmatic activity and associated ore deposits (Popov and half of the 19 century do not give a clear data of the Upper
Popovy 1997, 2000) The porphyry copper and epitherma] Cretaceous rocks in the PanagyuriShte region. First of all
massive-sulphide ore deposit predominate. Small gold, gold- ~ Zlatarski (1893) mentioned the presence of the Upper
base-metal, barite, lead-zinc and manganese deposits and are Cretaceous sedimentary rocks in this territory. This author
found as well. determined the Campanian age of these rocks and he delimit
marl-limestone and flysch facieses (Zlatarski, 1910). Besides,
The main features in the geological structure of the Bonchev (1909) confirm the Cretaceous age of the young
Panagyurishte ore region, which control the meta”ogenic volcanic rocks. Later Pushkarov (1927) differentiated the littoral
processes in space and time, are determined by the character sedimentary rocks in the base of the Upper Cretaceous
of the complex of Upper Cretaceous magmatic and section, which he assign to the so called Gossau facies of the
sedimentary rocks and the associated tectonic structures (fig. Upper Senonian, and Kamenov (1936) (by lithological analogy)
1). That is why the subject of this paper is the lithostratigraphy supposed that they are Turonian. The Turonian age of these
of the Late Cretaceous effusive rocks. It is the necessary base ~ focks is defined on the base of paleontological data by
for the delimitation of the individual magmatic complexes with a Dimitrov (1936) for the area west of Mirkovo village, and by
view to their metallogenic significance. Nikolaev (1947) for the area around Chelopech village.
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Fig. 1. Geological map of the Panagyurishte ore region

More detail investigations in the western part of the region
are carried out by Landzev (1940), Mandev (1940), Boyadziev
(1940), and Bonchev (1940), which traced out the spatial
development of the Upper Cretaceous rocks and their
stratigraphic differentiation. Two lithological units (they call
them “horizons”) are usually distinguished in the Turonian
section by these authors. They subdivided the Senonian
section into three horizons: first - andesitic tuff, andesite, marls,

ppp Pesowvets effusive Formation

o2 Owchepoltsi effusive Formation
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and clayey limestone; second - red marls, and clayey
limestone; third — alternating sandy marl and sandy-carbonate
argillite, rare andesitic tuff (Fig. 2). This stratigraphic model
was adopted in the later studies of Nikolaev (1947) in the area
around the village of Chelopech, as well as by Dimitrov and
Kostov (1954), Hristov (1957, 1960) and Boyadzhiev (1965) in
the area southern from the town of Panagyurishte. This model
is the basis for the later elaborations of Vrublyanski et al.
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Fig. 2. Comparative scheme of the Upper Cretaceous stratigraphic division in the Panagyurishte region by different authors

(1961), Karagyuleva et al. (1974), Moev and Antonov (1978),
Dimitrova et al. (1984). Vrublyanski et al. (1961) separated the
first horizon into two horizons: first — grey marl an andesite;
second — andesite and tuff-marl complex, and suggest that the
age of the whole section is Maastrichtian. Karagyuleva et al.
(1974) divided the first horizon in two suites: sedimentary-
volcanogenic and tuffitic. More different stratigraphic model of
the Senonian rocks suggests Dimitrova et al. (1984). These
authors described the following suites in the Senonian section:
limestone-marl, tephroide, tuff, flysch, and conglomerate (Fig.
2). The first three suites interfinger lateraly and the last
(conglomerate) according others authors belongs to the
Paleogene. Chipchakova (1970) suggested a model of
rhythmical development of the magmatic activity, which is
interrupted by sedimentation periods. As a number of authors
mentioned (Bogdanov et al., 1974; Karagyuleva et al., 1974;
Dimitrov, 1983), this model is based on the incorrect
interpretation of the stratigraphic position of the known
sedimentary units and it is not confirmed by their real
relationship in the field.

On the basis of the data from mentioned publications, as
well as by the result of author's study on the composition,
spreading and relationships of the Upper Cretaceous
sedimentary and effusive rocks, here is suggested to
differentiate  the column on three clearly remarkable
lithostratigraphic groups, which was suggested by K. Popov
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(2001) (Fig. 1-3). The Turonian terrigenous complex builds the
lowest part of the section. The Lower Senonian Panagyurishte
volcano-sedimentary  Group covers it transgressively.
Numerous subvolcanic and hypabyssal intrusions and dikes
are associated with the second group. The Upper Senonian
Popintsi Group is developed the uppermost part of the section,
where flysch-type rocks predominate. The features of the
composition and structure of the individual groups mark the
changes of the character and conditions of the sedimentary
and volcanic processes.

Turonian terrigenous complex

The Turonian terrigenous complex builds the lower part of
the Upper Cretaceous profile. It marks the beginning of the
Late Cretaceous sedimentation cycle in the region after the
Austrian tectonic processes. It contains two suites: coal-
bearing and sandstone.

Coal-bearing suite

The Coal-bearing suite was named by Moev and Antonov
(1978). Earlier it was designated by Vrublyanski et al. (1961)
as “littoral-clastite unit” and by Karagyuleva et al. (1974) - as
“molassa suite”. It is not developed everywhere in the base of
the Turonian section.
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The Coal-bearing suite overlies the Pre-Cambrian, Early
Paleozoic and Triassic rocks transgressively and discordantly.
It contains polygenic breccia-conglomerate and conglomerate
disposed mainly in the base of the section and predominantly
polymictic sandstone. Aleurolite, argillite, sandy-coal-bearing
schist and thin coal intercalation are rare. Most of the authors
mentioned the presence of vegetation fossils pieces. Evidently,
these sediments are formed in continental-littoral environment
(Vrublyanski et al., 1961). Its thickness varies from 0 to 100-
200 m in different areas of the region.

By drill data, in small place in the Vozdol area (northern from
Chelopech village), an olistostrome packet with thikness of 300
to 350 m was formed in the base of the section (Popov et al.,
1983). This packet consists of olistoliths of Pre-Cambrian
metamorphite mainly, which are included in matrix of
conglomerate, gritstone and hetero-granular  sandstone.
Usually the olistoliths have a size of several meters, but blocks
up to 120 m in diameter are found too. The development of the
olistostrome packet is limited to the north by Mechita fault.
Besides, the sandstones of the higher level of the Turonian
section are developed in the both sides of this fault without
displacement. These interrelations mark the sin-sedimentary
dislocation along the fault with uplifting of the northern block.

Sandstone suite

The Sandstone suite is named by Karagyuleva et al. (1974),
which is adopted by the other authors (Moev and Antonov,
1978; Cheshitev et al., 1995; Katskov and lliev, 1993). It
gradationally overlay the Coal-bearing suite, as it lies
transgressively above older rocks in some areas (Karagyuleva
et al. 1974; Moev and Antonov, 1978; Dimitrova et al., 1984;
Katskov and lliev, 1993). It consists of submarine polymictic
arkose or mica sandstone, aleurolite, and less of argillic
sandstone, sandy limestone, marl, and calcareous-sandy
argillite. Its preserved thickness varies from 20-50 m up to 300
m in different areas.

The age of both coal-bearing and sandstone suites is
determined as Turonian by paleontological data. Vrublyanski et
al. (1961) provide most detailed descriptions of the fauna,
mainly from the Sandstone suite. These authors designated
the whole section to the Upper Turonian without sufficient
reasons. Karagyuleva et al. (1974) and Moev and Antonov
(1978) suggest that the lower suite is lower Turonian and
Dimitrova et al. (1984) suggest that it is Cenomanian. The
fossils found by these authors (in both suites) include Exogyra
columba var. major Jourd., Mammites reverlieranus Jord.;
Natica (Ampulina) bulbiformis Sow.; Natica subchercinica
Freuch.; Pecten decemcostatum Munster.; Cuculea chimensis
Gumbel; Inoceramus labiatus Schloth.; Inoceramus cf. andinus
Wichel., etc., which without doubt fix the age as Turonian. The
delimitation of the Lower and Upper Turonian and the
assignment of the Coal-bearing suite to the Cenomanian are
not reasonable for the time being.

Panagyurishte volcano-sedimentary group

The Panagyurishte  volcano-sedimentary ~ Group is
distinguished by K. Popov (2001). It is named to Panagyurishte
- a town located in the center of the area of its spreading. The
definitive features of this group are the wide spreading of the
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volcanic and associated volcano-sedimentary and sedimentary
rocks. The group is compound by Chelopech Formation of
Moev and Antonov (1978) and several effusive formations,
which are discussed below. This group is stratigraphic analog
of the first Senonian horizon by Landzev (1940), Mandev
(1940), Bojadziev (1940), Boncev (1940), Nikolaev (1947),
Dimitrov and Kostov (1954), Hristov (1957, 1960) and
Boyadzhiev (1965), or the first and second Maastrichtian
horizon by Vrublyanski et al. (1961), or sedimentary-
volcanogenic and tuffite suite by Karagyuleva et al. (1974), or
the Chelopech Formation by Moev and Antonov (1978) (fig. 2).
The Panagyurishte group transgressively overlies various
Turonian levels or even older rocks in some areas (Vrublyanski
et al., 1961; Karagyuleva et al., 1974; Moev and Antonov,
1978). Moreover, the Senonian effusive rocks cover Pre-
Cambrian metamorphic rocks in the southern part of the region
(Boyadzhiev and Chipchakova, 1963; Bogdanov et al., 1970).
At the same time, the post-volcanic rocks of the Popintsi Group
transgressively overlie the Panagyurishte Group.

The aspiration of the authors to make a general stratigraphy
of the volcanogenic rocks, which is valid of the whole territory
of the region, is common disadvantage of the stratigraphic
schemes mentioned above. These schemes do not recognize
the differences in the composition and spreading of the
volcanic rocks, which are formed as a result of the activity of
different volcanoes, and which have complicated interrelations
between each other and with the sedimentary rocks of the
same age. Besides, some of the authors presume that the
volcanic activity took place during the whole Senonian, which
is based on the presence of the tuffite rocks in the so called
third horizon. Dimitrov and Kostov (1954) and Karagyuleva et
al. (1974) emphasize that these rocks was formed as a result
of re-sedimentation of the volcanogenic material, which is
confirmed by author's observations also. The investigations
after 1980 in the separate parts of the region demonstrate the
petrological differences of the rocks, which are result of the
individual evolution of the particular volcano-intrusive
complexes (Popov, 1989; Ignatovski and Bayraktarov, 1996;
Popov and Popov, 1997, 2000; K. Popov, 2001). These
circumstances determine the very complicated structure of the
Panagyurishte volcano-sedimentary Group in vertical and
horizontal direction. The sedimentary and volcano-sedimentary
rocks predominate in the section from the westernmost part of
the region (western from Oborishte village and in the area of
Mirkovo village) where the effusive rocks are rare. Similar
section is observed to the east, in the area of Dyulevo and
Smilets villages, as well as southern of Ovchepoltsi village,
where the volcano-sedimentary rocks and pellite-psamitic tuff
predominate. Beside, this complex comprises of effusive rocks
predominantly eastern of Oborishte village, southern from
Panagyurishte town, in the areas of Buta, Popintsi, Svoboda,
and Elshitsa villages and Obchite Hulmove hills, as well as
northern form Chelopech village. This variability of composition
is a result of continued and in different time effusive activity of
numerous volcanoes, accompanied by sedimentary and re-
sedimentary processes (Popov and Popov, 1997, 2000). It is
very difficult to make a detailed and reliable correlation
between the sections in the separate areas because of the
different block displacement and the affiliation of the rocks to
individual volcanoes. The development of lava sheets and
agglomerate and block tuff around the volcanic centers is
typical in general. The so called tephroide flisch (Nachev and



Soultanov, 1991), which is composed mainly of tephroide
rocks, marl, clayey limestone and rarely other rocks, prevail in
horizontal and vertical direction, away from the volcanic
centers. Limestone, marl, calcareous sandstone and sandy
limestone are formed in the outermost areas as well as during
the decreasing or absence of effusive activity.

The data from the investigation in the last ten years, as well
as the publications and geological reports about the areas of
Chelopech (Moev and Antonov, 1978; Popov and Moutafchiev,
1980; Popov et al., 1983, 2000a, 2001), Assarel (Popov and
Petkov, 1994; Popov et al., 1996, 2000b), as well as Dimitrov
(1983) and Ignatovski and Bayraktarov (1996) give the
opportunity to suggest a new lithostratigraphic model of the
volcano-sedimentary rocks from the Panagyurishte Group,
which was published for the southern part of the region (K.
Popov, 2001a). The base criteria for the lithostratigraphic
subdivision are the petrographic features of the effusive rocks.
The petrographic distinctions of the rocks are determined by
the circumstance that they are formed as a result of activity of
individual volcanoes or complex of neighboring volcanoes with
identical rocks’ composition. The spreading of these specific
effusive rock associations can be traced very well, as it
coincides to a great extent with the areas of the individual or
complex volcanoes. Numerous effusive formations are
delimited on the basis of these features, which are
distinguished by its lithological composition, spatial and
stratigraphic position. The higher variability in the composition
and thickness, which is typical for the volcanic units, makes
difficult the characterization of these effusive formations. By
this reason, instead of the description of type section, the
individual effusive suites are validated by pointing of type area
of its spreading, which usually coincide with the central part of
respective volcanoes.

As a result of the performed analysis within the
Panagyurishte  volcano-sedimentary  Group, except the
Chelopech Formation of Moev and Antonov (1978), the
Vozdol, Petelovo, Vran Kamik, Assarel, Ovchepoltsi, Elshitsa
and Pesovets effusive Formations are distinguished (fig. 1, 3).
The Chelopech Formation combines the volcano-sedimentary
rocks, which are formed away from the volcanic centers, and
which interfinger with the rocks from the effusive formations.
The effusive formations are compound almost entirely by the
rocks of the particular volcanic cones. Their names are usually
the same as the name of the volcanoes which they form. As
the rule, the formations possess comparatively clear lower and
upper boundaries in the areas where they are outcropped.
Besides, their delimitation in horizontal direction is provisional
to a great extent, because of the lateral interfingering between
the rocks, which are products of different volcanoes. The
effusive formations associate with co-magmatic subvolcanic,
subvolcanic-hypabyssal and hypabyssal intrusives and dikes,
and together they form several uniform volcano-intrusive
(volcano-plutonic) complexes.

Chelopech Formation

The Chelopech Formation is developed mainly in the eastern
and western periphery of the Panagyurishte ore region. It was
determined by Moev and Antonov (1978) in the northern part of
the region, in the Chelopech village area. Karagyuleva et al.
(1974) described part of these rocks as tuffite suite southern
from Panagyurishte town. Earlier authors designated it as the
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first Senonian horizon (Landzev, 1940; Mandev, 1940;
Bojadziev 1940; Boncev, 1940; Nikolaev, 1947) or as the first
and second Maastrichtian horizon (Vrublyanski et al., 1960).
The name of Chelopech Formation is adopted for the whole
Panagyurishte region at present (Katskov and lliev, 1993). It
transgressively overlay Turonian or older rocks, but it overlies
with gradual transition the Turronian sandstone suite in the
northeastern part of the region, around the Mirkovo and Petrich
villages.

The Chelopech Formation is formed in the areas away from
the volcanic centers, where the combined deposition of
hemipelagic and terrigenous materials, volcanic pyroclastics as
well as reworked, resedimented tephra occurs. Typical
tephroide flysch, described by Nachev (1978), is formed in
some levels of the section, mainly in the marginal parts. The
volcano-sedimentary section intercalates in lateral direction
with the sections of the individual volcanoes, which form the
corresponding effusive formations. The boundaries between
them and the Chelopech Formation are not very clear.

The Chelopech Formation is stratigraphic equivalent of all
effusive formations, as in some sections it shows variations in
the composition, time, and source of constituent material. The
section of the Chelopech Formation is subdivided into three
packets in the area western from Chelopech village (Moev and
Antonov, 1978). The first packet from the lower part of the
section is presented by sandy and aleurolitic marl, rarely
aleurolitic and calcareous argillite. They are intercalated to the
east with tuff and tuffite, rarely with lava sheets. The second
packet predominantly consists of medium to coarse grained
polymictic sandstone, rarely fine-grained clayey sandstone.
They intercalate with polygenic breccia, tuffite, tuff and single
lava sheets. The lithoclasts in psamitic and psephitic rocks are
predominantly from Pre-Cambrian metamorphite, as clasts of
volcanic rocks occur as well. The quantity of the volcanic
products increases to the east, oncoming to the Chelopech
volcano. The third packet includes the uppermost part of the
section. It almost only consists of light grey polymictic
sandstone and rare layers of fine-grained clayey sandstone. In
the Vozdol area it intercalates with volcanoclastic rocks from
the Vozdol mono-volcano. The thickness of this packet is 30 to
40 m, as it reaches up to 230 m near Vozdol river valley. The
whole thickness of the Chelopech Formation varies from 300 m
in the northwestern areas to 700 m near the Chelopech
volcano. It should be mention that this rock sequence is not
valid for the whole territory of the Panagyurishte region, which
involves the necessity for description of additional reference
sections in other development areas of the Chelopech
Formation.

Vozdol effusive Formation

The Vozdol effusive Formation was determined by Moev and
Antonov (1978) as Vozdol member of the Chelopech
Formation. The rank of this lithostratigraphic unit is changed
from member to formation in this paper, because of its
isolation, big size and genetic features. This is done in
conformity with the accepted here lithostratigraphic model for
the rest of effusive formations from the Panagyurishte volcano-
sedimentary Group.

The Vozdol effusive Formation is developed in the area of
Chelopech village in the northernmost part of the



Panagyurishte ore region. It is presented by the effusive rocks,
which form the accumulative cone of the Chelopech
stratovolcano (Popov and Moutafchiev, 1980), and the satellite
Vozdol mono-volcano. The section of the formation is
preserved from the erosion in the central and western part of
the volcanic cone only. It is well outcropped along the Vozdol
river valley and along the northern slope of Frunkaya peak.
The deeper levels of the section are explored in depth by
numerous drills. The Vozdol Formation transgressively overlies
different level of the Turonian section or outcropped areas of
the earlier subvolcanic intrusives. It is covered by the
uppermost levels of the Chelopech Formation represented by
polymictic sandstone. The sedimentary rocks of the Mirkovo
Formation lie above them, as the boundary is transgressive in
the central part of the volcano. The formation is laterally
iterfingered with the Chelopech Formation to the west. The
thickness of the Vozdol Formation is up to 1200 m (by drill
data) in the central part of the volcanic cone and it gradually
decreases to 700-800 m to the periphery.

The volcanic rocks are andesite, latite to dacite, and
trachyandesite in composition (Stoykov et al., 2003). The
section of the Vozdol Formation is formed by block,
agglomerate and lapilli tuff, and rarely by lava flows and lava
breccia, which emphasizes the explosive character of the
volcanic activity (Popov et al., 2001). The psamitic and pellitic
tuffs are very rare. These rocks are formed predominantly
around the vent funnel, as their sequence is irregularly along
the section. The sizes of the pyroclastic pieces gradually
decrease to the west, and more often they alternate with the
volcano-sedimentary rocks from the Chelopech Formation. As
Moutafchiev (1967) noted, the pieces from earlier subvolcanic
light green quartz-bearing amphibole-biotitic andesite to latite,
rarely trachydacite (dacite-andesite by Moutafchiev) are often
observed in the rocks of the Vozdol Formation.

The volcanic neck and several lava sheets and tuff beds are
outcropped in the Vozdol river valley, northern from Chelopech
village. They intercalate with the polymictic sandstone from the
uppermost levels of the Chelopech Formation. These rocks are
amphibole-biotitic andesite, andesite-basalt and latite. They
are result of later eruption along lateral vent funnel and set up
the Vozdol subordinate volcano. The rocks of Vozdol volcano
are part of the Vozdol Formation and they are an integral part
of the Chelopech stratovolcano. It should be mentioned that
numerous ore pieces and pieces of hydrothermally alterated
rocks are included within the rocks of Vozdol volcano
(Moutafchiev and Chipchacova, 1969; Popov and Moutafchiev,
1980), which indicates that it is formed after the ore-forming
processes.

The Vozdol Formation (and the Chelopech volcano
respectively) spatially associates with numerous comagmatic
subvolcanic and subvolcanic-hypabyssal small intrusive bodies
and dikes. Part of them has been formed before and other —
after the effusive activity, which will be discussed below.

Petelovo effusive Formation

The Petelovo effusive Formation is outcropped southern and
southeastern from the town of Panagyurishte and it is traced to
the east and southeast to the villages of Dyulevo, Smilets and
Ovchepoltsias, as well as to the northwest from Banya village
(fig.1). The Petelovo effusive Formation is introduced for the
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first time in this paper. It is named on Petelovo peak, which is
located about 8 km southeastern from the town of
Panagyurishte. The earlier authors assigned the rocks from the
Petelovo Formation to the first Senonian horizon and
Karagyuleva et al. (1974) - to the Senonian volcano-
sedimentary suite. Later Ignatovski and Bayraktarov (1996)
described these rocks as Krasen-Petelovo complex and K.
Popov (2001) - as Krasen-Petelovo effusive suite.

The rocks from the Petelovo effusive Formation are product
of several spatially close, linearly aligned volcanoes (Petelovo,
Tangur, Smilets, etc.) which are laterally interfingered. The
definitive features of the Petelovo Formation are determined by
the development of effusive rocks, which are andesite to
basalt-andesite in composition. The lava rocks are mainly grey
to green-grey amphibole and amphibole-pyroxene andesite.
Dark-grey to black amphibole, pyroxene-amphibole or
pyroxene andesite-basalt are rare, and light-grey biotite-
amphibole quartz-bearing andesite is very rare. The section of
the formation is very variable. It mainly consists of lava sheets,
lava-breccia and rudiceous agglomerate tuff around the
volcanic centers. Furthermore, better sorted agglomerate,
lapilli, rarely psamitic to pellitic tuffs are observed in the
periphery of the volcanoes. Lapilli and psamitic-pellitic tuff
predominate in the outermost areas, as it is southern from the
Ovchepoltsi village. The thickness of the formation varies from
about 2000 m in the area of the Petelovo volcano to 500 m in
the most peripheral areas.

The slopes of the Petelovo and Tangur peaks, the section
along the road southern from the town of Panagyurishte to the
town of Pazardjik, as well as the section around the road
southern from Ovchepoltsi village should be indicated as a
type places for characterization of the Petelovo Formation.

The Petelovo effusive Formation set up the lower levels of
the section of the Panagyurishte Group in indicate area. Its
approximate stratigraphic analogues are the rocks of the
Vozdol Formation from the northern part of the region and the
Vrankamik Formation developed western from the Oborishte
village. It transgressively overlies different levels of the
Turonian section as well as the basement rocks in separate
areas, which is observed southern from Ovchepoltsi village,
western from Blatnitsa village and northwestern from Banya
village. The Petelovo Formation is covered by the rocks from
Ovchepoltsi Formation near the villages of Smilets, Svoboda,
and Ovchepoltsi, and northwestern from Banya village, by the
Pesovets Formation near the Krasen ore deposit, and by the
Mirkovo Formation in the rest parts between the town of
Panagyureshte and Dyulevo village.

The effusive rocks from the Petelovo Formation associate
with numerous subvolcanic bodies and dikes, which are
andesite to dacite in composition. Besides, the subvolcanic-
hypabyssal Petelovo intrusive and several smaller intrusives
and dikes are emplaced in them.

Vrankamik effusive Formation

The Vrankamik effusive Formation is developed western
from Oborishte village. It forms the debris cone of the
Vrankamik volcano, defined by Ignatovski and Bayraktarov
(1996). The formation is determined here for the first time. It is
named on the Vran Kamik peak, which is situated about 5 km



north-northwestern from the Oborishte village. In the past
these rocks are included in the first Senonian horizon
(Landzev, 1940; Boncev, 1940), in the Senonian sedimentary-
volcanic suite (Karagyuleva et al., 1974), and Ignatovski and
Bayraktarov (1996) described them as Vrankamik complex.

The definitive features of the Vrankamik Formation are
determined by the predominantly presence of gray to black
pyroxene, pyroxene-amphibole or amphibole andesite and
andesite-basalt. A lava flow of light gray dacite outcrops rarely.
The lava rocks form about 20% from the section. The
pyroclastic rocks prevail, and they are presented mainly by
agglomerate or lapilli-agglomerate tuff. The fine-grained
varieties are developed in the periphery of the volcanic cone
mainly. The block tuffs are well presented near to the vent
funnel. The thickness of the section is 1000 to 1200 m in the
central part of the volcano and 400 to 500 m in the periphery.

The type area for characterization of the formation includes
the slopes of the Vran Kamik peak. The formation overlies
Turonian and Triassic rocks. It is gradually replaced by the
volcano-sedimentary rocks of the Chelopech Formation to the
west. In the same direction it is covered by the rocks of the
Mirkovo Formation or by the uppermost parts of the Chelopech
Formation. The upper levels of the Vrankamik Formation
intercalate with the lower levels of the Assarel Formation and
they are covered by the upper levels of the Assarel Formation
to the north.

The volcanic neck is located in the area of Vran Kamik peak.
Besides, numerous subvolcanic intrusives and dikes,
predominantly dacitic in composition, associate with the
effusive rocks of the formation.

Assarel effusive Formation

The Assarel effusive Formation is developed northwestern
from the town of Panagyurishte and northern form Oborishte
village. It is set up by the effusive rocks, formed as a result of
the activity of the Assarel volcano, described by Popov and
Petkov (1994). The formation is determined as official unit here
at first. It is named on the Assarel River, which pass through
this area. In the past it was described as the first Senonian
horizon, the Senonian sedimentary-volcanic suite (Karagyuleva
et al., 1974), and as Razslatitsa complex by Ignatovski and
Bayraktarov (1996).

The definitive features of the Assarel Formation are
determined by the presence of amphibole-biotite or amphibole
andesite to latite, very rarely dacite. They are mesocrate, grey-
green, grey to deep grey. The entire section is set up by
irregularly alternated lava sheets and beds of block-
agglomerate to lapilli, very rarely psamitic tuffs. The quantity of
the lava and pyroclastic rocks is approximately equal, as the
lava sheets predominate around the neck, and the
pyroclastites are dominant to the west in the periphery of the
volcano. The thickness of the section is more than 1200 m in
the central part of the volcano.

The type area for characterization of the Assarel Formation
is the western slope of the former Razslatitsa peak, which is
destroyed by the Assarel open pit, towards to Panova river
valley.
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The formation overlies the Turonian rocks near Petrich
village to northwest and the Pre-Mesozoic basement rocks
near Razslatitsa peak. However, it overlies the Petelovo
Formation western from the town of Panagyurishte as well as
the Vrankamik Formation northern from Oborishte village. It is
most likely that in the latter areas its lower levels interfinger
with the uppermost levels of the sections of the Petelovo and
Vrankamik Formations respectively. The Assarel Formation
laterally interfingers with Chelopech Formation to the
northwest. There it is covered by the uppermost levels of the
Chelopech Formation or by Mirkovo Formation.

Volcanic neck facies with numerous apophyses are
developed in the area of Razslatitsa peak (now Assarel open
pit). They are analogous in composition as the effusive rocks,
but they are better crystallized and discordant to the bedding.
Numerous subvolcanic, subvolcanic-hypabyssal (Assarel and
Lisa Mogila) and hypabyssal (Medet) intrusives associate with
the effusive rocks.

Ovchepoltsi effusive Formation

The Ovchepoltsi effusive Formation is developed in the
southeastern part of the region, near the villages of
Ovchepoltsi, Svoboda and Smilets and southeastern from
Popintsi village. The effusive rocks northwestern from Banya
village are probably assigned to this formation as well (fig. 1). It
is set up by the effusive accumulative cones of the Svoboda
and Ovchihulm volcanoes.

The Ovchepoltsi effusive Formation is defined here at first. It
is named on the village of Ovchepoltsi, Pazardjik area. Earlier
it is described as Svoboda-Ovchihulm effusive suite (K. Popov,
2001), but in the older publication is included in the first
Senonian horizon. The rocks from Chobanitsa and Pesipole
volcanic complexes, described by Ignatovski and Bayraktarov
(1996), are combined in this formation.

The definitive features of the Ovchepoltsi effusive Formation
are determined by the prevalent presence of sub-alkaline
rocks, represented mainly by pyroxene-amphibole latite and
shoshonite, dark grey to black in color with brown nuance, as
well as rarely by light grey to beige-pink amphibole-biotite to
amphibole-biotite-pyroxene trachydacite. It is possible to
distinguish several members within the formation with more
detailed studies, according to the petrographic features of the
rocks and their affiliation to individual volcano.

The areas of the Ovchite Hulmove hills and the section near
the Ovchepoltsi village to the Blatnitsa village, as well as the
area around the Svoboda village are assumed as the type
areas for characterization of the Ovchepoltsi Formation. The
unit overlies the rocks from different levels of the Petelovo
Formation, which interrelations are observed southern from
Ovchepoltsi village, eastern from Svoboda village and western
from Banya village. The rocks from the Assarel volcano could
be regarded as the most probable stratigraphic analogue to it.
The formation laterally interfingers with the volcano-
sedimentary rocks from the Chelopech Formation to the east,
near the Smilets village. The Ovchepoltsi Formation is covered
by the rocks from the Elshitsa Formation near the village of
Tsar Asen, by the Pesovets Formation near the villages of
Svoboda and Popintsi, and directly by the Mirkovo Formation
northwestern from Banya village.



The Ovchepoltsi effusive Formation mainly consists of
agglomerate to lapilli tuff, which intercalates with lava sheets or
flows. Block tuffs are observed around the vent channel, along
the ridge of Ovchite Hulmove hill. Psamitic and pellitic tuffs are
rarely observed. They are well represented in the eastern
areas (eastern from Smilets village) where they alternate with
the rocks form the Chelopech Formation. The lava sheets and
flows are widespread in the area of the Ovchite Hulmove hill
and around the Svoboda village, where the respective volcanic
centers are located. The quantity of lava rocks gradually
decrease away from the volcanic centers. The lava sheets are
relatively well present western of the Buta village also, which
mark probable presence of a third volcano.

Shoshonite rocks are mainly developed in the base of the
section. Upwards latite rocks are mostly imposed and they are
most widespread in the area. Trachydacite rocks are presented
in the uppermost part of the section. They are described as
dacite and rhyodacite in older publication and geological
reports, and as latirhyolite by Dimitrov (1983). Trachydacite
rocks outcrop between the villages of Ovchepoltsi and
Blatnitsa, as well as to the west in the area northern of Tsar
Asen village. The necks of the mentioned volcanoes are
determined in the high parts of the Ovchite Hulmove hills and
western from the Svoboda village. The thickness of the
formation in the areas of Svoboda village and western from
Banya village is 1500 m at least. The thickness between the
Ovchite Hulmove hills and Blatnitsa village can not be well
estimated by reason of partial coverage by young sediments,
but it is more than 1000 m.

Numerous subvolcanic and subvolcanic-hypabyssal small
intrusions and dikes associate with the effusive rocks from the
described formation. They are located near volcanic centers
predominantly.

Elshitsa effusive Formation

The Elshitsa effusive Formation is developed in the
southernmost part of the Panagyurishte region. It is composed
by the effusive rocks from the Elshitsa volcano. At present they
are preserved in two strips: Radka and Elshitsa. The first strip
starts southern from Buta village, passes southern from
Popintsi village and reaches to Tsar Asen village. The second
strip is traced southern from the villages of Elshitsa and
Borimechkovo (fig. 1).

The Elshitsa effusive Formation is defined as official
lithostratigraphic unit here. It is named on the village of
Elshitsa. Before it is described as Elshitsa effusive suite (K.
Popov, 2001), as well as first Senonian horizon in the
mentioned older publications. The rocks of the Elshitsa and
Radka volcanic complexes by Ignatovski and Bayraktarov
(1996) are combined in the formation.

The definitive features of the Elshitsa Formation are
determined by the presence of grey-green amphibole-pyroxene
andesite and light grey-green biotite-amphibole dacite to
rhyolite, and associated pyroclastic rocks of the same
composition. It consists of two members: Tsar Asen and
Shiligarnika, which are introduced here as well. The Tsar Asen
member set up the lower part of the section, and it is
composed by andesite to andesite-basalts or quartz-andesite.
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The Shiligarnika member consists of dacitic to rhyolitic rocks,
and it set up the upper part of the section. They are
respectively named on the Tsar Asen village and on the place
of Shiligarnika, southeastern from the Elshitsa village. Up to
now they are described as andesitic and dacitic packets (K.
Popov, 2001) or facieses (Boyadzhiev and Chipchakova,
1963).

The high variability of the horizontal and vertical
development of the effusive rocks, as wall as their incomplete
outcropping do not permit to characterize a type section. The
places south-southeastern from Elshitsa village, near Radka
mine (southern from Popintsi village) and western from Tsar
Asen village can be pointed as type areas. Numerous
exploration drills were carried out in these areas, which give
good information.

The formation, and the Tsar Asen member respectively,
overlies the Pre-Mesozoic basement rocks southern from
Elshitsa village according to Boyadzhiev and Chipchakova
(1963) and Bogdanov et al. (1970) (by drill data). Besides, it
covers the upper levels of the Ovchepoltsi Formation near Tsar
Asen village, which is confirmed by drilling (K. Popov, 2003).
The rocks of Shiligarnika member (dacitic packet) are
preserved southern from Popintsi village (Radka stripe) and in
the northern parts of the Elshitsa stripe. The boundary between
the two members is comparatively sharp, according to field
observations and drill data, or there is a narrow alternation
zone of andesite and dacite rocks in some places.

The Tsar Asen and Shiligarnika members of the Elshitsa
Formation are set up by massive lava sheets or flows and lava
breccia which alternate irregularly with beds of agglomerate,
lapilli, rarely ash tuffs. Thin layers of marls and tuffite are
observed very rare. The individual sheets or beds are very
inconsistent in strike and dip. The lava rocks and coarse-
grained pyroclastites are gradually replaced by lapilli and
psamitic tuffs to the east and west (Bogdanov et al., 1970).
The biggest part of the section is outcropped in the area of
Radka mine on the surface and by drills. Here the thickness of
the Tsar Asen and Shiligarnika members is more than 950 m
and 850 m respectively.

The rocks of the Elshitsa Formation are overlaid by the
Pesovets effusive Formation western from Popintsi village.
Besides, it is covered by the sedimentary rocks of Mirkovo
Formation southern from the villages of Svoboda and Buta.

Numerous comagmatic intrusive bodies such as the
hypabyssal Elshitsa pluton, subvolcanic-hypabyssal Tsar
Asen, Vlaikov Vruh and Popovo Dere intrusives and
subvolcanic bodies and dikes associate with the effusive rocks
from the Elshitsa Formation. They were intruded within the
effusive rocks from the formation as well as in the basement
rocks. Besides, the subvolcanic intrusive bodies cut the rocks
from Ovchihulm volcano in the area of Ovchepoltsi village.

Pesovets effusive Formation

The Pesovets effusive Formation is developed southern from
the town of Panagyurishte, near the villages of Buta, Popintsi,
Svoboda and Smilets. It includes the rocks, which form the
accumulative cone of Pesovets volcano. This formation is
defined as official lithostratigraphic unit here. It is named on the



Pesovets peak, which is located about 8 km southeastern from
the town of Panagyurishte. Earlier it was described as
Pesovets effusive suite (K. Popov, 2001), as Pesovets
complex (Ignatovski and Bayraktarov 1996), and as first
Senonian horizon in the older publications.

The definitive features of the Pesovets Formation are
determined by the presence mainly of brown-black two-
pyroxene andesite-basalt and andesite, and very rarely to
dacite, as well as pyroclastites of the same composition. The
type area for the formation is the place around Pesovets peak,
where the section is most well preserved. Here the Formation
is set up predominantly by agglomerate to lapilli, rarely block,
and very rarely ash tuffs. Lava sheets and flows comprise 20 to
25% of the section. They are presented by massive to
amygdaloidal lava rocks or lava-breccia. The preserved
thickness of the section in this place is 250 m at least. The
volcanic neck outcrops along the western slope of Pesovets
peak, as the rocks are intensively hydrothermally alterated.
Away from the volcanic center, to the west and east, the
quantity of the lava sheets and agglomerate tuffs in the section
gradually decrease versus the quantity of the psamite-pellitic
tuffs and tuffites. The formation’s rocks interfinger with the
uppermost levels of the volcano-sedimentary Chelopech
Formation in the easternmost areas.

The Pesovets effusive Formation set up the uppermost
levels of the Panagyurishte Group. It overlies different levels
from the older volcanic rocks. It overlies the Petelovo
Formation northeastern of Buta village, the Elshitsa Formation
between the villages of Buta and Popintsi, and the Ovchepoltsi
Formation near the villages of Popintsi and Svoboda. The post-
volcanic sediments of the Mirkovo Formation cover the
Pesovets Formation. The lower boundary of the Formation
outcrops in the type area along the northern foot of Chervena
Mogila peak (SW of Pesovets peak), and the upper boundary
is observed northeastern from Pesovets peak.

At the contemporary erosion level the intrusives, associated
with the effusive rocks, are presented by several small
subvolcanic bodies western from Popintsi village and eastern
from Buta village.

It is necessary to emphasize, that the Campanian-
Maastrichtian post-volcanic sediments of the Popintsi Group
transgressively overlie the rocks of different effusive
formations, which have different stratigraphic position, as well
as the Chelopech Formation. Such interrelations are
determined between some of the effusive formations as well.
As it was mentioned, the Pesovets Formation overlies the
Petelovo, Ovchepoltsi and Elshitsa Formations in the different
areas. The Elshitsa Formation overlies the Ovchepoltsi
Formation to the north, and the Pre-Cambrian basement to the
south. These facts indicate for significant intra-Senonian
vertical block movements as in the time of volcanic activity, as
well as after its finishing, which are accompanied by
denudation of separate parts from the sections of the individual
volcanoes.

The age of the rocks from the Panagyurishte volcano-
sedimentary Group has been determined in earlier works as
Senonian (Landzev, 1940; Mandev, 1940; Bojadziev, 1940;
Boncev, 1940). Later Vrublyanski et al. (1961) assigned the
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whole section as Maastrichtian. Karagyuleva et al. (1974)
found micro fauna association near the villages of Dyulevo and
Banya, which indicates Coniasian-Santonian age. This is
confirmed by Moev and Antonov (1978) for the area near the
villages of Chelopech and Mirkovo, as well as by Dimitrova et
al. (1984). Zhelev et al. (1999f) present new data from their
study of nanno fossils. Based on these data it could be
concluded that in different parts of the section of the
Chelopech Formation the fossil macro fauna is represent by
Inoceramus inoconstans Woods.; Pecten fajasi Defr.,
Nowakites cf. carezi Gross., etc., micro fauna is presented by
Globotruncana  angusticarinata  Gondolfi; ~ Globotruncana
coronata  Bolli;  Globotruncana  marginata  (Reuss);
Globotruncana renzi Gondolfi; Globotruncana concavata
carinata  Pesagno; Globotruncana concavata Brotzen;
Vaccinites inaequicostatus (Munster), etc., as wel as nanno
fossils Micula decustata Vekshina; Lithastrinus floralis
Stradner, etc., (Vrublyanski et al.,1961, Karagyuleva et al.,
1974; Moev and Antonov, 1978; Dimitrova et al., 1984; Zhelev
et al., 1999f). This fauna, no doubt, determine the age of the
Chelopech Formation as Coniasian-Santonian. The age of the
effusive rocks is the same as of the Chelopech Formation, as
far as they are laterally interfingered by the Chelopech
Formation. This age is also confirmed by the fact that the
effusive rocks overlie the Turonian sandstone suite and they
are covered by the Mirkovo Formation of Santonian-
Campanian age. Therefore, according to the biostratigraphic
data, the Late Cretaceous magmatic activity in the
Panagyurishte ore region was accomplished in a short period
of time — about 5-6 Ma (88 - 83 Ma).

According to the K-Ar age dating of 23 samples Lilov and
Chipchakova (1999) determined the duration of the magmatic
events in the Panagyurishte ore region in the range from 91 to
65 Ma, as the non-sampled oldest rocks are assumed as older
than 91 Ma. The authors bind these data with the presence of
four stages in magmatic activity, based on the earlier model of
Chipchakova (1970). But, as it was mentioned, this model does
not take into account the real facts. Based on these data, the
authors accept the period of magmatic activity from
Cenomanian to Maastrichtian including, which contradicts to
the known relations observed in the field, as well as with the
age of paleontologically well dated sedimentary rocks. These
four stages of the magmatism, suggested by Chipchakova
(1970), do not account the circumstance that the effusive rocks
in the individual areas are clearly different by their petrologic
and petrochemical features and that they are products of
separate volcanoes.

The absolute age dating of the magmatic rocks mainly,
which was done in last time by different methods (table 1) can
be summarized as follows: by “0Ar/**Ar method the age of the
Elatsite intrusive is determined as 91.72+0.70 to 90.78+0.44
Ma, the age of Vozdol neck (north from Chelopech) is
89.95+0.45 Ma, the age of Medet intrusive is 90.40+0.90 to
85.70+0.35 Ma and the age of andesite from St. Nikola peak
(southern from Panagyurishte town) is 80.21+0.45 Ma (Hander
et al., 2002; Lips et al., 2004). According to 206Pb/238U zircon
dating, the age of the intrusive rocks in Elatsite is dated as
92.1+0.3 t0 91.84+0.31 Ma (Von Quadt et al., 2002), the age of
the Elshitsa granite is 86.62+0.02 Ma, the age of the Elshitsa
subvolcanic dacite is 86.11+0.23 Ma (Peycheva et al., 2003).
Besides, 206Pb/238U zircon age of the early subvolcanic



Table 1

Isotope age data of magmatic rocks and ore mineralization in the Panagyurishte Ore Region

Object Method Age, Ma Authors
Elatsite intrusive 40Ar/39Ar biotite 91.72+0.70 Hander et al., 2002
Elatsite intrusive 40Ar/3%Ar amphibole 90.78+0.44 Hander et al., 2002
Elatsite intrusive 40Ar/*%Ar amphibole 91.20+0.60 Lips et al., 2004
Elatsite intrusive 206Ph/2381) zircon 92.10+0.30 Von Quadt et al., 2002
Elatsite intrusive 206Ph/238() zircon 91.84+0.31 Von Quadt et al., 2002
Elatsite intrusive 87Sr/%6Sr, 87Rb/86Sr — Bi, feldspar 90.55+0.80 Von Quadt et al., 2002
Elatsite intrusive — alterated rocks “40Ar/39Ar white mica 79.40+0.70 Lips et al., 2004
Elatsite intrusive — alterated rocks 40Ar/39Ar white mica 79.90+0.70 Lips et al., 2004
Elatsite ore deposit — ore mineralization Re-Os molybdenite 93.10t0 92.30 Zimmermann et al. 2003
Early subvolcanic intrusive — Chelopech 206Pp/238 zircon 92.30+0.50 Stoykov et al., 2004
Lava flow rocks - Chelopech 206Pp/238 zircon 91.30+0.30 Stoykov et al., 2004
Vozdol neck 40Ar/39Ar biotite 89.95+0.45 Hander et al., 2002
Vozdol neck 206Ph/238 zircon 91.30+0.30 Stoykov et al., 2004
Alterated and ore mineralized rocks-Chelopech 206Ph/238Y zircon 91.47+0.15 Moritz et al., 2003
Medet intrusive 40Ar/39Ar amphibole 85.70+0.35 Hander et al., 2002
Medet intrusive 40Ar/39Ar biotite 90.40+0.90 Lips et al., 2004
Medet intrusive — alterated rocks 40Ar/39Ar white mica 79.50+0.80 Lips et al., 2004
Medet intrusive — alterated rocks 40Ar/39Ar white mica 79.00+0.80 Lips et al., 2004
Medet intrusive— alterated rocks 40Ar/39Ar white mica 79.40+0.60 Lips et al., 2004
Lava flow rocks - St. Nikola peak 40Ar/3%Ar amphibole 80.21+0.45 Hander et al., 2002
Elshitsa pluton - granite 206Ph/238Y zircon 86.62+0.02 Peycheva et al., 2003
Elshitsa subvolcanic dacite 206Ph/238 zircon 86.11+0.23 Peycheva et al., 2003
Vlaikov Vruh — hydrothermal rutile 206Ph/238Y zircon 85.66+0.15 Peycheva et al., 2003
Vlaikov Vruh — ore mineralization Re-Os molybdenite 82.00+0.60 Kouzmanov et al., 2001

intrusion northern from Chelopech village is 91.3+0.3 Ma, the
age of the lava flow rocks of the Chelopech volcano is
91.30+0.30 Ma, and the age of the Vozdol neck is 91.30+0.30
Ma (Stoykov et al., 2004). Isotope data for the age of
hydrothermal activity can be summarized as follow: by 40Ar/39Ar
method the age of the hydrothermally alterated rocks from the
Elatsite intrusive is 79.90+0.70 to 79.40+0.70 Ma, and the age
of the hydrothermally alterated rock from the Medet intrusive is
79.50+0.80 to 79.00+0.80 Ma (Lips et al., 2004), by the
206Ph/238 zircon method the age of the hydrothermally
alterated rock in the Chelopech mine is 91.47+0.15 Ma (Moritz
et al., 2003), and the age of the high-temperature hydrothermal
rutile in Vlaikov Vruh ore deposit is 85.65+0.15 Ma (Peycheva
et al., 2003). According to the Re-Os molybdenite dating the
age of the ore mineralization in Elatsite ore deposit is 93.10 to
92.30 Ma (Zimmermann et al. 2003), and in Vlaikov Vruh ore
deposit is 82.00+0.60 Ma (Kouzmanov et al., 2001). Obviously,
the isotope data suggest slightly older ages than the
paleontological dates.

The stratigraphic relations observed on the field allow the
forming of described effusive lithostratigraphic units and
associated intrusive bodies to be delimited on four stages,
which is mentioned by Popov and Popov (1997, 2000) and K.
Popov (2001). The Chelopech, Vozdol, Petelovo and
Vrankamik Formations are formed during the first stage. The
forming of Assarel and Ovchihulm Formations is assigned to
the second stage. The third stage is marked by the forming of
the Elshitsa Formation in the southern parts of the region. The
forming of the Pesovets Formation is referred to the fourth
stage. Moreover, the migration of magmatic activity from the
north to the south is clearly determined (Fig. 1). The last
circumstance is confirmed by the data about the absolute ages
of the rocks as well.
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The Panagyurishte volcano-sedimentary Group is developed
within the boundaries of the described Panagyurishte ore
region. Volcanogenic section gradually pinches out to the west,
near the Topolnitsa river valley in the area of Petrich village.
Obviously it is separated from the volcanogenic complex
developed in the West Srednogorie by considerable territory
without important effusive activity, where the sedimentary
processes predominate. The volcanic rocks are eroded to the
east, around the Blatnitsa village, and they are covered by
Neogene sediments southeastern from Ovchepoltsi village. It
should be accepted that the Panagyurishte Group pinch out to
the east as well, which is confirmed by the absence of
considerable manifestations of volcanic rocks in the Upper
Cretaceous section in the area of Stara Zagora town. The
volcanogenic complex pinches out to the north, as it was
mentioned, around the ridge of the Etropole area of Stara
Planina Mountain. The Panagyurishte Group is eroded or
covered by Neogene sediments to the south. It is not clear are
the Late Cretaceous intrusives in this area mark deep parts of
the volcano-intrusive complexes or they are individually
formed.

Popintsi sedimentary Group

The Popintsi sedimentary Group consists of Upper Senonian
rocks, formed after the end of effusive activity. In some areas it
transgressively covers different levels from the section of the
Panagyurishte volcano-sedimentary Group. It is most likely that
these relationships are result of the erosion of the indented
volcanic topography. The group includes the Mirkovo and
Chugovitsa Formations, defined by Moev and Antonov (1978)
(Fig. 2).



Mirkovo Formation

The Mirkovo Formation is widespread in the whole
Panagyurishte ore region as well as outside of its territory. It
overlies transgressively the rocks from Chelopech Formation
or the different effusive formations. It is covered by the rocks
from the Chugovitsa Formation everywhere.

According to Moev and Antonov (1978) and Karagyuleva et
al. (1974), the Mirkovo Formation is composed mainly of red to
variegated clayey limestone and thin intercalation of marl. The
limestone is average bedded, organic or cryptocrystalline, with
aleuropelite to fine-grained psamitic admixtures. Polymictic or
volcanomictic calcareous sandstone and polygene breccia
conglomerate with thickness up to 30 m are frequently
observed in the lower levels of the section. The pieces from
hydrothermally altered and mineralized volcanic rocks are
rarely found in the conglomerate. The thickness of the
formation ranges from 1 to 250 m in the different parts of the
region.

The following fossil fauna are found in the rocks of the
Mirkovo ~ Formation:  Globotruncana  coronata  Bolli,
Globotruncana elevata Brotzen, Globotruncana gagnebini
Tilev, Globotruncana marginata (Reuss), Globotruncana
rosseta (Carsey),Globotruncana rugosa (Marie), Sigalia
carpatica Salaj & Samuel, Pseudotextularia elegans (Rzehak),
etc. (Karagyuleva et al., 1974; Moev and Antonov, 1978;
Dimitrova et al., 1984). These fauna, no doubt, determine the
Santonian-Campanian age of the Mirkovo Formation, as the
quoted authors accept.

Chugovitsa Formation

The Chugovitsa Formation is widespread in the
Panagyurishte region and outside of its boundary as well. It is
preserved in the cores of the synclines at present (fig. 1). It
overlies the Mirkovo Formation with a rapid and smooth
transition. The uppermost levels of its section are not
preserved. The Paleogene sediments overlie it in restricted
areas.

The Chugovitsa Formation, according to data by Moev and
Antonov (1978) and Karagyuleva et al. (1974), mainly consist
of polymictic sandstone, calcareous sandstone, marl, clayey
limestone, sandy- calcareous aleurolite, calcareous argillite
and re-sedimented volcanic material, rarely by sandy
limestone, which are differently represented in the separate
areas. These rocks are developed as typical terrigenous-
carbonate flysch alternation, with thickness of the sedimentary
rhythms usually from 10 to 40 cm, rarely up to 2 m. The well
sustained sandstone beds are observed in some parts of the
section. The thickness of the formation reaches to 500-700 m
in the most preserved parts of the section.
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Moev and Antonov (1978) determined an individual Voden
member in the lower part of the Chugovitsa Formation, in the
northwestern parts of the region, northern from Mirkovo village.
It consists of calcareous argillite mainly and rarely clayey-
calcareous or sandy-clayey aleurolite. The member pinches
out to the east, as its thickness varies from 0 to 220 m.

The abundant fossil fauna is contained in the rocks of the
Chugovitsa Formation (Vrublyanski et al., 1960; Karagyuleva
et al., 1974; Moev and Antonov, 1978; Dimitrova et al., 1984;
Zhelev et al., 1999f). The following fossil macro fauna are
found: Inoceramus balticus Bohm., Inoceramus regularis
d'Orb., Inoceramus regularis d'Orb. var. baltica Behm.,
Pachydiscus gollevillensis (d'Orb.), Pachydiscus gollevillensis
neubergicus (Haeuer), etc. The micro fauna is presented by
Heterohelix globulosa (Ehrenberg), Rugoglobigerina rugosa
(Plummer), Globotruncana gagnebini Tilev, Globotruncana
rosseta (Carsey), Globotruncana stuartiformis (Dalbiez), and
other stratigraphicaly widespread species. The abundant
association of calcareous nannoplankton is found, such as
Aspidolithus parcus (Stradner) ssp. constrictus Hattner et al.,
Ceratolithoides aculens (Stradner)  Eiffellithus  exminus
(Stover), Micula murus (Martini), Lithraphidites quadratus
Bramlette & Martini, Markalius inversus Deflandre, etc. These
fauna determine Campanian-Maastrichtian age of the
Chugovitsa Formation in general. The presence of Micula
murus (Martini), Lithraphidites quadratus Bramlette & Martini
and Markalius inversus Deflandre in the uppermost levels of
the section defines its Upper Maastrichtian age. Besides, the
presence of Aspidolithus parcus (Stradner) constrictus Hattner
et al,, Ceratolithoides aculens (Stradner) Eiffellithus exminus
(Stover) in the Voden Member from the Chugovitsa Formation
determine the Upper Campanian age of the lower levels of the
section (Zhelev et al., 1999f).

Big part of the Panagyurishte region is covered by
Paleogene, Pliocene, and Quaternary sediments at present,
which transgressively overlie different levels of the Upper
Cretaceous section or the basement rocks (Fig. 1).

As the conclusion it should be underlined that the analysis of
the stratigraphy of volcanic and volcano-sedimentary rocks in
the studied region, combined in the Panagyurishte Group,
shows that their forming is result of the activity of distinctly
differentiated central type volcanoes or groups of linearly
located central volcanoes. This is marked by the differences in
the petrologic features of the rocks, which set up individual
volcanoes, as well as by their different position in space and
time. The rock’s composition indicates to the high explosive
coefficient of the volcanism. As a rule, the effusive rocks
associate with cross-cutting comagmatic intrusive bodies, with
which they form integrated volcano-intrusive complexes.
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PHYSICAL AND MECHANICAL PARAMETERS VARIATION, IN RELATION WITH DEPTH
AND ENE-WSW ORIENTATION OF EPICLASTICAL SEDIMENTS

Mircea Rebrisoreanu

University of Petrosani, Romania

ABSTRACT. The sedimentary rocks in wich the 21 coal seams from Valea Jiului are located were analyzed in the paper, on mining perimeters and physical and
mechanical parameters were assessed. The results obtained had emphasized a variation of these parameters, both with depth and direction, the values growing from N-
E to S-W. If on the vertical, the lithostatic pressure determines this growth, on the direction the main cause is represented by the tectonic factor wich, as suggested by the
triangle shape of the basin, acted with maximum magnitude on the south-western point.

BAPWALIUK BBbB ®UINYHUTE U MEXAHUYHUTE MAPAMETPU BB BPB3KA C ABJIBOYUHATA U UCKU-3103

OPUEHTALIMA HA ENNKNACTUYHW CEOUMEHTU
Mupua Pe6puwopeany
[TempywaHcku yHusepcumem, PymbHUsI

The Petrosani coal basin is located in the central area of
Meridional Carpathians, in the SW of Romania, between 45017
— 45022 northern latitude and 20013 - 20°33 eastern longitude.
The basin has the shape of a sharpened triangle, oriented
WSWI/ENE, with a length of about 50 kilometers between the
villages Rascoala, at east and Campu lui Neag at west. Its
maximum width reaches 9 kilometers in the area of the towns
Petrila — Livezeni, decreasing in the west side at Campu lui
Neag. The Petrosani basin is a post Laramic tectonical
depression, through an intense subsidence suggested by the
high thickness of epiclastical sediments chock and high number
of coal seams.

The sediments of the Petrosani basin (Fig. 1) are placed on
the two major tectonic units of the Meridional Carpathians: the
Danubian autochthonous and the Getic layer, being located in a
minimal resistence area, activated by the Cerna-Jiu faults
system.

The variation of physical and mechanical parameters

In order to define a rock massif and to foresee his behavior
from geotectonical point of view, an appropriate knowledge of
rock’'s geomechanical properties is required. To describe the
behavior of rocks from the N-E and S-W sides of Petrosani
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basin, Petrila and Lonea perimeters, respectively Lupeni and
Uricani, measurements were carried out at macroscopic and
microscopic level on a high number of rock samples recovered
from drill holes, in view of a complete characterization of rocks
from Petrila and Lonea perimeters and, respectively Lupeni and
Uricani.

The following parameters were determined:
structural properties of rocks: structural
coefficient; fissuration degree.
physical properties: specific weight; apparent specific
weight; porosity and pore’s number; humidity.
mechanical properties: mono and triaxial compression
resistance; traction resistance; cohesion; internal friction
angle.
elastical characteristics:
coefficient and constant.
rheological parameters of rocks.

. weakening

elasticity module; Poisson’s

While the rocks in the massif are affected by different types of
deformation, their resistance characteristics are usually lower
than those assessed in laboratory conditions. In the goal of
transposing the resistance properties determined by laboratory
test and establishing the massif's properties the structural
weakening coefficient was employed.
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Table 1
Rock Rock type Structural
denomination ‘é”::;g!g? Gl
Silicated sandstone 4.2
Quartz sandstone 1.56
Gresie Limestone sandstone 4.52
Graywacke 7.25
Schistous sandstone 5.16
Marl Coal marl 515
Compact marl 31.8
Compact clay 17.5
Clay Gritty clay 219
Bituminous clay 13.33
Montmorillonitic clay 14.75
Schist Shale 4.2
Compact schist 31.95
Conglomerate Conglomerate 17.9
Microconglomerate 15.3
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The assessment of geomechanical properties variation with
the mining depth was achieved by grouping the rock types and
depth ranges from 100 to 100 meters. These determinations
were carried out for Petrila and Lonea perimeters and
respectively, Lupeni and Uricani.

Analysing the variation pattern of geomechanical
characteristics for the rocks having the greatest weight in the
basin, namely: silica sandstones, clay sandstones, clays and
conglomerates, it was observed that in their great majority, these
possess an increasing trend from east to west, and also this
tendency is maintained for the depth’s increase.

The apparent specific weight's increase is comprised between
0.01 and 0.09 x 104 N/m? for 100 metres raise of depth. The
monoaxial compression breakage strength varies from 1.2 and
8.6 MPa of increase per 100 meters increase of depth, and the
tensile breakage strength increase varies from 0.1 to 1.67 MPa.
Rock cohesion values are increasing with values ranging from
0,17-1,26 MPa for a depth increase of 100 m.
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Fig. 2. Graphical dependencies between physical and mechanical rock properties and mining depths were drawn, in the purpose of assessing their variation

laws



Another factor inducing the variation of physical and
mechanical parameters of Petrosani basin sediments is the
stress who acted and generated a distension tectonical regime
superposed on a phase when the tectonical regime turned in
decompression, which is suggested by the northern plan of the
basin, which in certain areas seems, to be overtuned. The
variation of these physical and mechanical parameters is also
related to the fact that the Petrosani basin can be interpreted as
a pull-aport structure with N-E prograde (Rat Schabacher et al.,
1993), successively constituted along the concave fracture plane
of Cerna-Jiu fault system.

The variation way of geomechanical properties with the mining
depth is represented in tables 2.1, 2.2 and 2.3. The best
approximation of the related functions was done by linear
equations having the following shape:

Y=A+B.H W)
Where: Y is the causal property; H — the mining depth; A and B
— coefficients assessed for each rock tip, using the least square
root method.

So, the apparent specific weight has a deviation comprised
between 0 and 4.17.10* N/m3, the analiticaly determined
monoaxial compression breakage strength is affected by a
deviation of 0 to 64.4 N/m2?, the tensile breakage strength varies
with values comprised from 0.3 to 15.77 N/m2, cohesion
presents differences ranging from 0.1 and 0.828 N/m? and the

elasticity module has de variations comprised between 0 and
5.67 N/m2,

As concluding remarks, it can be stated that the rocks
composing the productive horizon of the Petrosani sedimentary
basin are presenting significant variations of physical and
mechanical characteristics with depth and direction. The
increase of the physical and mechanical parameters values with
depth is explained by the increase in lithostatic pressure value
which, in tumn, induces an increase of the sediments
compactisation degree. Parameters variation with the direction is
a consequence of higher intensities of tectonical forces at the
WSW extreme limit, representing the peak of the pointed triangle
which is the Petrosani basin.
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Table 2.1
Rock’s Property Property's | Measuring Depth Perimeter
denomination symbol unit Petrila Uricani Lonea Lupeni
Apparent 0-1 2.55 26 241 2.52
specific weight 1-2 2.64 2.62 243 261
x104 2-3 2.64 2.69 245 2.62
Ya N/m? 3-4 2.61 2.75 2.52 2.63
4-5 2.62 2.75 253 2.58
5-6 2.59 - - 2.61
6-7 2.62 - 2.58 -
Compression 0-1 19.7 19.5 17.6 315
breakage 1-2 344 255 32.7 42.8
strength 2-3 36.1 29 325 36.4
Ore MPa 3-4 34.2 30 33 40.1
4-5 35.7 30,9 30.5 50.5
5-6 46.5 - - 56.3
6-7 51.2 - 48.9 -
Greywacke Tensile 0-1 1.43 3.1 - 3.8
breakage 1-2 3.85 4.7 2.6 441
strength ot MPa 2-3 5.04 5.5 3 3.7
3-4 3.81 74 4.1 3
4-5 4.91 8 35 35
5-6 5.22 - - 78
6-7 6.11 - 4.8 -
0-1 26 3.7 4.5 3.8
1-2 6 4.2 5.2 6.8
Cohesion C MPa 2-3 6 6 7.5 8.8
3-4 6.3 7 8.1 9.1
4-5 6.12 75 79 8
5-6 6.5 - 8 78
6-7 7.1 - 8.3 -
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Tabl

Tabl

e2.2
Rock Property Property’s | Measuring Depth Perimeter
denomination symbol unit Petrila Uricani Lonea Lupeni

Apparent 0-1 257 273 247 2.58
specific weight 1-2 2.6 2.62 2.53 2.63

x104 2-3 2.58 272 2.53 26
Ya N/m? 3-4 2.62 27 2.55 2.72
4-5 26 2.73 2.52 2.55

5-6 2,61 - 25 -

6-7 2.62 - 2.56 -
Compression 0-1 20.8 17.9 3.6 25.6
breakage 1-2 19.2 23.9 121 39.7
strength 2-3 215 34.3 171 494
Orc MPa 3-4 20.8 30 19.1 541
4-5 23.7 37.9 18.8 58.2

5-6 31.2 - 24.3 -

6-7 34.3 - 26 -

Clay Tensile 0-1 249 5.8 1 3.1
breakage 1-2 3.62 6 1.9 8.2

strength ont MPa 2-3 - 7.3 212 6.5

3-4 3.37 75 3.0 8

4-5 3.37 11.8 3.25 8.2

5-6 3.75 - 3.14 -

6-7 5.35 - 3.67 -

0-1 3.05 5.6 3N 2.8

1-2 3.11 6 3.05 2.1

Cohesion C MPa 2-3 3.6 75 425 2.2

3-4 4.15 75 4.11 5.2

4-5 4.25 8 4 6.9

5-6 4.32 - 4 -

6-7 4.57 35
e2.3
Rock Property Property’s | Measuring Depth Perimeter
denomination symbol unit Petrila Uricani Lonea Lupeni

Apparent 0-1 247 2.63 2.52 2.42
specific weight 1-2 2.57 2.7 255 245
x104 2-3 2.56 2.7 2.20 251
va N/m? 3-4 26 269 259 256

4-5 2.59 255 243 -
5-6 2.61 - - 2.61

6-7 2.59 - 257 -

Compression 0-1 35.7 384 19 32
breakage 1-2 64.9 41 30 41.8
strength 2-3 16.3 41.2 32.6 50.2
Grc MPa 3-4 36 40 20 61.6

4-5 45.5 42 23.2 -

5-6 471 - - 65

6-7 51.5 - 49 -

Silicated Tensile 0-1 55 4.7 6 3
sandstone breakage 1-2 5.33 6.5 6.5 3.5
strength ont MPa 2-3 15 10.2 75 39

3-4 5.5 8.5 6.7 9.5

4-5 6.18 9 23 -

5-6 715 9 - 8.5

6-7 - - - -

0-1 75 10.5 5.2 3

1-2 8 10.8 7.1 3.2

Cohesion C MPa 2-3 75 11.2 8.9 29

3-4 8 11.9 9 8.5

4-5 79 12 8.5 -

5-6 8.2 - 9.2 8

6-7 8.5 9.5 -
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REBUILDING OF THE PALEO-CLIMATICAL CONDITIONS IN WHICH THE SEDIMENTARY
FILLING OF PETROSANI FIELD WAS FORMED AND ACCUMULATED

Mircea Rebrigsoreanu

University of Petrosani, Romania

ABSTRACT. The lithogenesis of the epiclastits, which composes the sedimentary filling of the Petrosani Field, had been developed under a permanent influence of
the geologic and climatic factors. The feature of the epiclastits, respectively their granulation, morphometry, color and the fossil flora that is conserved inside them
permitted to be rebuilt the paleo-climatic conditions in which they had been formed. So, during the five levels of Petrosani Field had been formed, for the first and the
third levels the climate was warm and arid, for the second and the fourth levels it was warm, temperate and wet, and for the fifth level it was temperate and wet. The
climatic factors had a decisive role in the litho genesis of the sediments from Petrosani Field, controlling their formation and accumulation during its whole geological

evolution.

NPECBH3AABAHE HA MANEOKIMMATUYHWUTE YCNOBUA, NPU KOUTO E BUNA ®OPMUPAHA U AKYMYNTUPAHA

CEOUMEHTALIMATA HA NETPYLLAHCKOTO MNONE
Mupua Pe6puwopeany
[MempywaHcku yHusepcumem, PymbHusi

Petrosani Field is situated in the central zone of the
Meridional Carpathians Mountains, in the SW part of Romania,
in Hunedoara County. It is delimited at North by the Retezat
and Sureanu Mountains, at East by the Parang Mountains and
the South by the Vulcan Mountains (Fig. 1).

The sedimentary filling of this field consists of six
lithostatigraphic units (Moisescu, 1984) grouped in five
formations (Popa, 1993). The source area, which purchased
this detrical material, is constituted of the Gethic crystalline and
the Danubian crystalline together with their sedimentary
covers. The superficial part of this area was controlled by the

dynamic of the meteorological factors, by the temperature
variations, the air humidity, the frost etc. The rocks
fragmentation and the appearance of the elastics rocks is the
consequence of the losing the rocks cohesion inside the
processes of thermoclasty and chrioclasty. During these
processes it is added the mechanical action made by the rivers
and the torrents from this field, these agents being controlled
by the relief. The form of the epiclastits deposits inside the
Petrosani Field expresses the field morphology, the transport
mechanism of the epiclastical material, the water flow, the field
subsidence and the sedimentation rate.

T Jauatemary levels km E==) Getic Crystalfine
[ Jevel 1 [Jsuperior Cretaceous [E=7] Danubian Crystalline
T Jievei2 [ Titon-Neocomian
[T ievel3 [==) Drifting fine
[evet4 () Geotogica limit

STARL

¢

2
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Fig. 1. The geological map of Petrosani basin
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Under the action of the climatic factors, especially of the
solar energy of the precipitation and atmosphere, in this field
there had been developed the special litho genetics processes
materialized in the formation of the sedimentary filling
composed by five levels.

The five levels are, as follows:

« the first level or "Basic Level" has a thickness of 100-600 m
having an average of 400 m. It consists of an alternation of
clays (44.29%), grit stones (34%), conglomerates (20.66%),
marls (0.51%), gresos lime (0.20%), red or green breccias
(0.20%). The participation of the fossil flora and fauna is totally
meaningless and the red color of the sediments and the
absence of the fossil flora indicate a warm and arid climate in
which there had been acted intense oxidation phenomena;

+ the second level or "Productive Level" has a thickness of
300-500 m. It consists of an alternation of grey grit stones
(34.4%), siltits (12.5%), black-grey clays (38%), black-grey
marls (6.5%), micro-conglomerates (5.9%), limes (5%) and 20
layers of pit coal (5.5%).

During the sedimentation process of the inferior and middle
part of this level, the climate was warm and wet, that is
confirmed by the flora and fauna consisting of plants of wet
and warm climate as follows: lauraceous (Laurus primigenia,
Paphnogene), myriaceous  (Myrica  lignitum,  Myrica
banksiaefolia), moraceous (Ficus) basing on which there had
been formed the coal reserves. The superior part of the level
had been constituted in a climate that alternated from warm
and arid to a temperate and wet one. The red deposits reflect
the warm and arid climate characterized by the oxidation
processes and the fossil flora with plants characterized by a
temperate and wet climate.

Metulaceous (Betula, Alnus), cosilaceous (Corplus Carpius
grandis), fagaceous (fagus), Quercus and also the argyles with
high mineralogical content of illif (48%), caolinit (42%) and
montmorillonit (5.6%). These argyle minerals are produced
after a primary mineral alteration of the rocks from the source
area in a temperate and wet climax. The presence of the
grosier epiclastits and the grit sands and the micro-
conglomerates indicate a regime based on the precipitations
and with a high relief that generated the transport agents
(torrents, rivers and rivulets), very strong, and capable of
transporting and to sort this detritical material.

+ the third level or "Middle Level" has a medium thickness of
575 m and with values between 100-800 m. Lithologically
speaking this level is formed of some red, green and yellow grit
sands (61.5 5%), of red-violet, brown-green argyles lentils and
green-white marls (2.34%) and green - white conglomerates
(4.54%). These epiclastits are poor in fossil flora and fauna
and they suggest that they had been sedimented in a warm
and temperate climate, which predominates in lacuster waters
that communicated with the sea field. The moments when the
climate had been temperate and warm are indicated by the
presence of coal and grosser epiclastits having a crossing
stratification. The modest participation of the intercalations of
calumin coming from a flora and fauna of temperate and warm
climate is another fact that confirms this climate.

+ the fourth level or "Clay level with coal intercalations" has a
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thickness of 400-600 m, being constituted from an alternation
of grit and sands being represented by clays (45.28%) and
marls (2.81 %), conglomerates (3.15%) and coal (0.86%). The
coal forms thin layers, discontinuous and lenticular ones. The
climate in which this level is formed is a warm and temperate
one and with many precipitations.

+ the fifth level or "Terminal level" is divided into two sub-
levels, as follows:

- the grezos sub-level with a marine fauna of the Corus layer
type with a thickness that ranges between 400m and 500m. It
is composed of smooth grits, grossier grits and yellow-grayed
sands in subordinate marls mode, leticular intercalations of
coal. These epiclastis have formed in a temperate climate rich
in rains.

- the sub-level with gravel and rock gravel has a thickness
between 120m and 800m. It is composed of weak concreted
gravels with a different degree of rolling and structuring, grits,
grezos marls of a gray-green color. The grossier texture of the
clasts and the gray-green color of these plead for a temperate
climate, very rich in rains which favorites by a mountain relief
of the source area, has generated energy transport agents
capable of carrying these grossier rudits.

Conclusions

The climate in Oligocen and inferior Miocen, the time interval
in which has formed the sediment of Petrosani Field has been
hot and arid for the first and third levels, hot temperate and
humid for the second and fourth levels and temperate and
humid for the fifth level and with very rich precipitations for the
fifth level with gravel and rock gravel.

The arguments that justify the recognition of these types of
climate are:

— for the hot and arid climate; the red color of the formations,
the absence or the modest participation of the fossils flora; the
existence of the oxidation and increased salinity of the water
due to an intense evaporation process;

— for the hot and humid climate; the characteristic fossils
flora, with lauraceea over miricaceea, the decreased salinity of
the sedimentary environment;

— for the temperate and hot climate; the presence of the
characteristic flora with betulacees, corilacees and fagocees;
the presence of secondary kaolinite minerals, montomorillonite
illite, etc., and the gray color of the epiclastics.

The epiclastics granulometry suggest the precipitation
regime. Thus, the grossier formations with rounded and sorted
clasts indicate energetic transportation agents that appear due
to rich precipitations and a mountain relief in the source aria.

The smooth lulitical fraction indicates a suspension transport
with decreased relief energetic and much modest precipitations
contribution. The torrential stratification suggests energetic
moments of transport with a reduced route and limited sorting.

Being known the actual cause which generates the
appearance of epiclastics with their structural varieties, the
chemical and color texture, we can reconstitute, through an
adequate interpretation, the past conditions when similar rocks.
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CAMPANIAN NANNOFOSSIL ZONES IN THE MEDITERRANEAN UPPER CRETACEOUS
IN SOFIA BALKAN BETWEEN BUHOVO, JELYAVA AND ELESHNITSA

Dimitar S. Sinnyovsky

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

ABSTRACT. Two lithostratigraphic units of the Mediterranean Upper Cretaceous - Mirkovo and Chugovitsa Formations crops out in the form of a narrow strip in the
north-east suburbs of Sofia, between Buhovo, Jelyawa and Eleshnitsa. The subject of the present work are reliable measurement of the thickness of the units and
biostratigraphic nannoplankton subdivision of the fossiliferous intervals. Mirkovo Formation is composed of 300 m thick motley limestones and marls. The uppermost
60 m of the unit are composed of marls belonging to the Voden Member of Mirkovo Formation. The upper part of the section is composed of the deposits of
Chugovitsa Formation represented by 300 m thick turbidite sequence. Four Campanian nannofossil zones are characterized, from lower to upper: Broinsonia parca
(lower Lower Campanian), Ceratolithoides aculeus (upper Lower Campanian), Uniplanarius gothicus (lower Upper Campanian) and Uniplanarius trifidus (Upper
Campanian). The uppermost one is recognized for the first time in this area and is represented by its lower part, and the others are present in the section by their
complete volumes with lower and upper boundaries. Nannofossil content of the Mirkovo Formation is rather poor. The lower 140 m of the unit belong to the
Coniacian and Santonian Stages and the following 140 m include Broinsonia parca nannofossil zone. The uppermost 20 m of the marls of the Voden Member and
120 m of the turbidite sequence of the overlying Chugovitsa Formation are referred to Ceratolithoides aculeus nannofossil zone. The rest of the turbidite sequence
in the section near Jelyava belongs to Uniplanarius gothicus nannofossil zone, and the topmost level of the turbidite sequence in the section near Eleshnitsa
indicate the presence of the next younger nannofossil zone Uniplanarius trifidus.

KAMMAHCKU HAHO®OCWNHW 30HU B MEQUTEPAHCKWA TUM FOPHA KPELJA B CO®UACKUA BANKAH MEXTY
BYXOBO, XENABA U ENELWWHULIA

Aumumsbp C. CuHboBCKU

MunHo-eeonoxku yHusepcumem “Ca. Mear Puncku”, Cocpusi 1700; sinsky@mgu.bg

PE3IOME. [18e nutoctpaTurpadcku eguimum ot Meauteparckus tun FopHa Kpeaa - Mupkoscka 1 YyrosuLuka cBuTa, ce paskpusaT nog opmata Ha TsicHa vBuLa
B CeBEpOM3TOYHMTE npearpaams Ha Codus, Mexay byxoeo, Xensisa 1 Enewwnnua. MpeameT Ha HacToswaTta paboTa ca AOCTOBEPHOTO U3MepBaHe Ha AebenuHute
Ha eAnH1LMTE W BrocTpaTurpadicka Noasnba no HaHOMMAHKTOH Ha POCUNOHOCHUTE WHTepBanu. MupkoBckaTa CBUTa € u3rpafieHa oT MbCTPY BapOBULM M Mepreni
¢ aebenvHa 300 m. Hait-ropHute 60 m OT eguHMLaTa ca U3rpageHun oT Meprenu, npuHaanexawy Ha BogeHckus uneH Ha MupkoBckata cBuTa. [OpHaTta YacT Ha
pa3pesa € u3rpageHa oT ceauMeHTUTe Ha YyroBuLukaTa cBUTa, NpefcTaBeHa oT TypbuanTHa nocneposatenHoct ¢ febenuHa Haa 300 m. XapaktepusnpaHi ca 4
KamnaHcKk1 HaHOOCUIHKM 30HM, 0TAONY-Harope: Broinsonia parca (goneH Jone Kamnan), Ceratolithoides aculeus (ropeH JoneH Kamnan), Uniplanarius gothicus
(aoneH MopeH Kamna) u Uniplanarius trifidus (TopeH Kamnan). MocnegHata e ycTaHoBeHa 3a NpbB MbT B TO3W PalioH U e NpeacTaBeHa camo OT Halt-JonHUTE CU
HMBa, @ OCTaHanuTe NPUCHCTBAT B pa3spesa C Lenns cin obem, ¢ AONHUTE W FOpHUTE ci rpanmuuyn. HaHodocunHOTO ChabpxaHnue Ha MupkoBckata cBuTa € gocTa
6eaHo. JonHute 140 m oT egnHuuaTa npuHaanexat Ha Konuackust n CaHToHCKkMs eTax, a cnegpaliute 140 m obxeawat HaHodocunHa 3oHa Broinsonia parca.
Hait-rophute 20 m oT meprenute Ha BogeHckus uned u 120 m oT Typbuautute Ha oTropenexallata YyroBuilka CBUTA CE OTHACAT KbM HaHodoCUHa 30Ha
Ceratolithoides aculeus. OctaHanata yact oT TypbuauTHaTa nocnefoBaTeNHOCT B paspesa npu YKensisa npuHagnexu Ha HaHodocunHa 3oHa Uniplanarius
gothicus, a Hai-BUCOKUTE 1 HUBA B pa3pe3a Npu Enewwnuua nHavkvpaT NpucbCTBUETO Ha CrieABallaTa no-mMnaga HaHodocunHa 3oHa Uniplanarius trifidus.

Introduction Jelyava provides new data about the thickness of the units
and the boundaries and volumes of the Campanian
Calcareous nannoplankton assemblages, recovered from the ~ nannofossil zones.

Mediterranean type Upper Cretaceous in the north-east
suburbs of Sofia, between Buhovo and Eleshnitsa are rather
poor. Indications of three Campanian nannofossil zones have Sections and units
been established in the studied area 12 years ago -

Broinsonia parca, Ceratolithoides aculeus and Uniplanarius The sections of the Mediterranean Upper Cretaceous near
gothicus (Quadrum gothicum after CuHboBcku, 1993). Eleshnitsa and Jelyava (Figs. 4, 5) are almost complete

Up to now the section near Jelyava has been investigated outcrops, including the basally disposed Turonian marls and
and dated by Dimitrova et al. (1981), QumutpoBa et al. (1984), the overlying glauconite sandstones, motley limestones, marls
Haues & Haues (1989, 2003). On the map of Bulgaria in scale and turbidites, referred to Senonian (Coniacian-Campanian).
1:100 000 the rocks are correlated with the formal Llankos (1965) first described Upper Cretaceous section near
lithostratigraphic units established by Moev & Antonov (1976) Jordankino (now Eleshnitsa) and dated all carbonate rocks
and Moes & AHToHOB (1978) in the Chelopech area. The overlying Turonian marls as Maastrichtian. Later Dimitrova et
present investigation of the sections near Eleshnitsa and al (1981) subdivided the limestones, marls and turbidites in
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the section Jelyava into Coniacian-Santonian (382 m) and
Campanian (560 m). JumutpoBa et al. (1984) subdivided the
section into Coniacian (113 m including the basal glauconite
sandstone unit), Santonian (200 m) and Campanian (170 m
carbonates and 250 m turbidites). Haues & Haues (1989,
2003) accepted this subdivision. None of these authors
reported the presence of large-scale slump structures,
resulting in significant augmentation of the thickness.

Fig. 1. The Santonian part of the Mirkovo Formation north of
Eleshnitsa village is composed of grey and motley limestones with
well expressed cyclicity - thick beds with obscure internal structure

In the base of the Senonian is situated 7 to 15 m thick
sandstone unit, represented by grey to grey-violet carbonate
glauconitic sandstone with inoceramid and rare echinoid
shells. Qumutposa et al. (1984) described this unit as the base
of their “limestone-marl formation”. It overlies the Turonian
marls by parallel unconformity. In Jelyava section it is
represented by medium to coarse-grained glauconite
sandstone with grey to grey-violet colour. This unit crops out
500 m NE of Buhovo on the left slope of Buhovchitsa River,
where it overlies transgressively red continental Permian
rocks. In the section north of Eleshnitsa this sandstone unit is
composed of fine-grained grey sandstone with thickness 7-8
m. The next unit is composed of grey and motley limestones
and marls. Qumutposa et al. (1984) described this portion of
the section as “limestone-marl formation” corresponding to the
“first”, “second” and “third horizon” of the Maastrichtian of
BpbbnsHcku et al. (1961). They correlated its upper half with
the Mirkovo Formation of Moev & Antonov (1976). YyHes
(1995) united the two units in the map of Bulgaria in scale
1:100 000. Here the stratigraphic interval between the basally
situated glauconite sandstones and the turbidite sequence of
Chugovitsa Formation is referred to Mirkovo Formation. It is
subdivided into several packets, differing in its lithology and
structure. Mirkovo Formation as a whole is represented
predominantly by motley, thick bedded to massive limestones
and marls (Fig. 1), and rare ash tephroidal rocks (Fig. 2). The
uppermost marl packet is correlated with the Voden Member
of Mirkovo Formation. The thickness of the unit is 300 m in
section Eleshnitsa. In section Jelyava it is not well exposed
and contains slump structures, so the thickness could not be
measured properly. The outcrops near Buhovo are located on
the hills just NE of Buhovo, north and south of Buhovchitsa
River.

The Voden Member is composed of grey and violet marls
(Fig. 3). It crops out only in the sections Jelyava and
Eleshnitsa with thickness about 60 m. North of Eleshnitsa its
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lower part is represented by motley marl, and the section near
Jelyava is composed entirely by grey marl. The top of the
section in both outcrops is composed of turbidite deposits
correlated with the Chugovitsa Formation of Moev & Antonov
(1976). In the base they are dominated by marl interbeds and
thick marl packets (Fig. 6). The thickness of this turbidite unit
is more than 300 m.

Nannofossil subdivision

The nannofossil content of Mirkovo Formation is rather
poor. Nevertheless the frequent sampling allowed to
recognize some of the nannofossil events in the base of the
unit and to establish the Santonian-Campanian boundary in
the upper part of the unit in sections Jelyava and Eleshnitsa.
The appearance of Micula decussata Vekshina, 1959 is
established in the sample situated 14 m above the base of the
sandstone unit in section Eleshnitsa. This level is world-wide
correlatable event in the middle of Coniacian. The appearance
of another stratigraphically important species Broinsonia parca
(Stradner, 1963) is established in the sample situated 140 m
above the base of the sandstone unit. It means that the lower
140 m of the section Eleshnitsa belong to Coniacian and
Santonian. The appearance of the next stratigraphically
important species for the Campanian Stage Ceratolithoides
aculeus (Stradner, 1961) is in the sample 20 m below the
boundary between Mirkovo and Chugovitsa Formations in
both Jelyava and Eleshnitsa sections.

Broinsonia parca Zone

Author: Verbeek (1976).

Definition: Interval from the first occurrence of Broinsonia
parca (Stradner, 1963) Bukry, 1969 to the first
occurrence of Ceratolithoides aculeus (Stradner, 1961)
Prins & Sissingh in Sissingh, 1977.

Age: Early Early Campanian.

Common taxa: Watznaueria barnesae (Black, 1959)
Perch-Nielsen, 1968, Eiffellithus eximius (Stover,
1966) Perch-Nielsen, 1968, Micula decussata
Vekshina, 1959, Arkhangelskiella ~ cymbiformis
Vekshina, 1959, Broinsonia parca (Stradner, 1963)
Bukry, 1969 ssp. parca, Broinsonia parca (Stradner,
1963) Bukry, 1969 ssp. constricta Hattner et al. 1980,
Bukryaster hayi (Bukry, 1969) Prins & Sissingh in
Sissingh, 1977, Lucianorhabdus cayeuxii Deflandre,
1959, Lucianorhabdus arcuatus Forchheimer, 1972,
Prediscosphaera microrhabdulina Perch-Nielsen, 1973,
etc.

Remarks: The appearance of the zonal marker is world-wide
correlatable event, established slightly above the Santonian-
Campanian boundary. In many earlier works it has been
accepted as a marker of this boundary. The lowermost
Campanian UC 13 zone of Burnett (1998) is defined as an
interval between the first occurrence of Arkhangelskiella
cymbiformis Vekshina, 1959 and Broinsonia parca
(Stradner, 1963) Bukry, 1969 ssp. parca. This zone is
not recognized in the sections, because of the poor
preservation of the material. Broinsonia parca (Stradner,
1963) Bukry, 1969 ssp. constricta Hattner et al. 1980,
appears nearly simultaneously with the zonal marker.
Boundaries: The lower boundary is established 140 m above
the base of the sandstone unit, and the upper one — at 280 m



(20 m below the transition between Mirkovo and Chugovitsa
Formations).
Thickness: 140 m.

lv.;‘ *

Fig. 2. Tephra layers in the middle of the Mirkovo Formation 190 m
above the base north of Eleshnitsa Village, Broinsonia parca Zone,
Lower Campanian

Ceratolithoides aculeus Zone

Author: Verbeek (1976).

Definition: Interval from the first occurrence of Ceratolithoides
aculeus (Stradner, 1961) Prins & Sissingh in
Sissingh, 1977 to the first occurrence of Uniplanarius
gothicus (Deflandre, 1959) Hattner & Wise, 1980.
Age: Late Early Campanian.

Common taxa: Watznaueria barnesae (Black, 1959)
Perch-Nielsen, 1968, Eiffellithus eximius (Stover,
1966) Perch-Nielsen, 1968, Micula decussata
Vekshina, 1959, Arkhangelskiella ~ cymbiformis
Vekshina, 1959, Broinsonia parca (Stradner, 1963)
Bukry, 1969 ssp. parca, Broinsonia parca (Stradner,
1963) Bukry, 1969 ssp. constricta Hattner et al. 1980,
Ceratolithoides aculeus (Stradner, 1961) Prins &
Sissingh in Sissingh, 1977, Lucianorhabdus cayeuxii
Deflandre, 1959, Lucianorhabdus arcuatus
Forchheimer, 1972, Prediscosphaera microrhabdulina
Perch-Nielsen, 1973, etc.

Boundaries: The lower boundary is established 280 m above
the basis of the sandstone unit (20 m below the boundary
between Mirkovo and Chugovitsa Formations). The upper
boundary is 110 m above the boundary between the two
formations. Sinnyovsky (1993) reported 250 m thickness of
the zone in section Jelyava, but the present investigation
shows that the thickness is less than 150 m.

Thickness: 140 m.

Uniplanarius gothicus Zone

Author: Martini (1976).

Definition: Interval from the first occurrence of Uniplanarius
gothicus (Deflandre, 1959) Hattner & Wise 1980 to
the first occurrence of Uniplanarius trifidus (Stradner,
1963) Hattner & Wise 1980.

Age: Early Late Campanian.

Common taxa: Watznaueria barnesae (Black, 1959)
Perch-Nielsen, 1968, Eiffellthus eximius (Stover,
1966) Perch-Nielsen, 1968, Micula decussata
Vekshina, 1959, Arkhangelskiella ~ cymbiformis
Vekshina, 1959, Broinsonia parca (Stradner, 1963)
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Bukry, 1969 ssp. parca, Broinsonia parca (Stradner,
1963) Bukry, 1969 ssp. constricta Hattner et al. 1980,
Ceratolithoides aculeus (Stradner, 1961) Prins &
Sissingh in Sissingh, 1977, Uniplanarius gothicus
(Deflandre, 1959) Hattner & Wise 1980,
Lucianorhabdus cayeuxii Deflandre, 1959,
Lucianorhabdus ~ arcuatus ~ Forchheimer, 1972,
Prediscosphaera microrhabdulina Perch-Nielsen, 1973,
etc.

Remarks: Martini (1976) defined this zone in the Pacific as a
middle Campanian interval. Verbeek (1977) gave it a very
restricted range confirmed by Stradner (1984) in site 530 in
the Angola Basin, Atlantic Ocean. Late Campanian age of the
zone was reported by many authors. First indication in
Bulgaria was reported by CunboBcku & Xenes (1992) in the
transition between Draganovo and Emine Formations near
Tunkovo Village in East Srednogorie. CuHboBckn (1993)

defined its boundaries in several sections from West
Srednogorie.
Boundaries: The lower boundary was described by

Cunboscku (1993) in the studied section Jelyava. The upper
boundary was described by the same author in the sections
near the villages Izvor and Nedyalkovo, Pernik District. The
upper part of the zone is established at Cape Emine where it
includes more than 100 m of the section of Emine Formation
(Sinnyovsky, 2004). For the first time it is described in its full
volume in a single section north of Eleshnitsa Village in this
work.

Thickness: more than 100 m.

S AT \

Fig. 3. The marls of the Voden Member in the upper part of Mirkovo
Formation 240-300 m above the base of the section Eleshnitsa,
Broinsonia parca—Ceratolithoides aculeus Zones, Lower Campanian

Uniplanarius trifidus Zone

Authors: Bukry & Bramlette (1970).

Definition: Interval of the total range of Uniplanarius trifidus
(Stradner) Hattner & Wise.

Age: Late Late Campanian.
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Fig. 5. Section Jelyava. The section is described along Jelyava River.
The outcrops of the Mirkovo Formation are incomplete and uppermost
levels of Chugovitsa Formation are in the river bed in the centre of the
village. 1 - marl; 2 - sandstone; 3 - limestone; 4 — marl; 5 - turbidite

Fig. 4. Section Eleshnitsa. Mirkovo Formation is described north of the
village, along the road to Vitinya; Chugovitsa Formation is described on
the east slope of Eleshnitsa River in the weekend house estate. 1 — marl;
2 - sandstone; 3 - limestone; 4 — marl; 5 — tephra layers; 6 - turbidite
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Common taxa: Watznaueria barnesae (Black, 1959)
Perch-Nielsen, 1968, Uniplanarius trifidus (Stradner)
Hattner & Wise, Eiffellithus eximius (Stover, 1966)
Perch-Nielsen, 1968, Micula decussata Vekshina,
1959, Arkhangelskiella cymbiformis Vekshina, 1959,
Broinsonia parca (Stradner, 1963) Bukry, 1969 ssp.
parca, Broinsonia parca (Stradner, 1963) Bukry, 1969
ssp. constricta Hattner et al. 1980, Ceratolithoides aculeus
(Stradner, 1961) Prins & Sissingh in Sissingh,
1977, Uniplanarius gothicus (Deflandre, 1959) Hattner
& Wise 1980, Lucianorhabdus cayeuxii Deflandre, 1959,
Lucianorhabdus ~ arcuatus ~ Forchheimer, 1972,
Prediscosphaera microrhabdulina Perch-Nielsen, 1973,
Reinhardtites levis Prins & Sissingh in Sissingh,
1977, etc.

Remarks: Originally the stratigraphic range of the zone was
Upper  Campanian lowermost Maastrichtian.  After
emendation of the Campanian-Maastrichtian boundary by
Rawson et al. (1996), the whole stratigraphic range of the
zone remained in the frame of the Upper Campanian, and the
disappearance of both Uniplanarius trifidus (Stradner)
Hattner & Wise and Eiffellithus eximius (Stover, 1966)
Perch-Nielsen, 1968 could be used for definition of the
Campanian-Maastrichtian boundary, although the latter
disappears a bit earlier. The zonal marker is established in
isolated outcrops west and east of Eleshnitsa village in scarce
outcrops of the uppermost levels of Chugovitsa Formation.
Distribution: Up to now, indications of the zone have been
established in many Bulgarian sections of both Epicontinental
and Mediterranean type Upper Cretaceous. The zone is
established for the first time in this area.

Thickness: The zone includes at least 50 m of the section
near Eleshnitsa village.

i S

e .

Fig. 6. The lower part of the turbidite sequence of the Chugovitsa
Formation 320 m above the base of the section north of Eleshnitsa
Village, Ceratolithoides aculeus Zone, Lower Campanian

Conclusion

The outcrops between Buhovo and Eleshnitsa provide a
complete section and a good possibility for dating the
Senonian sediments of the so called “Buhovo-Negushevo
strip”. Zonation of the Coniacian-Santonian stratigraphic
interval is not possible because of the poor nannofossil
content. The appearance of Micula decussata Vekshina
dates the middle of Coniacian 14 m above the base of the
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Senonian deposits. Santonian nannofossil markers are not
recognized. The base of the Campanian is considered to be
slightly below the appearance of Broinsonia parca (Stradner,
1963) Bukry, 1969, marking the lower boundary of
Broinsonia parca Zone at 140 m above the base. Into this zone
a packet of tephra layers and breccia, containing particles of
Palaeozoic rocks. This proves lasting volcanic activity through
the Campanian Stage. The stratigraphic volume of
Ceratolithoides aculeus Zone is defined more precisely by
defining the upper boundary on the basis of first appearance of
short-rayed forms of Uniplanarius gothicus (Deflandre,
1959) Hattner & Wise 1980. Thus the thickness of the
zone is calculated on 140 m.

Uniplanarius gothicus Zone is defined by the presence of the
marker species in an interval about 100-150 of the section. For
the first time in the area is recognised the uppermost
Campanian zone - Uniplanarius trifidus, which confirms the
absence of Maastrichtian rocks in these outcrops of the
Mediterranean Upper Cretaceous.
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UPPER TITHONIAN - BERRIASIAN CALCAREOUS NANNOFOSSIL ZONATION OF THE
TURBIDITE DEPOSITS OF KOSTEL FORMATION NEAR BERENDE VILLAGE, PERNIK
DISTRICT

Dimitar S. Sinnyovsky

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

ABSTRACT. Bobovo Member of the Kostel Formation crops out near Berende Village, Pernik District. The sampled section is more than 400 thick. During the
present study relatively well preserved Upper Tithonian-Berriasian nannofossil assemblages are recovered, represented by coccoliths and nannoconids. The
boundary Jurassic-Cretaceous interval is subdivided into zones and subzones, according to previous investigations in the West Atlantic, Italy, France, Spain and
Bulgaria. The lowest 50 m of the section belong to Hexalithus noelae Subzone (Upper Tithonian) of the Microstaurus chiastius nannofossil Zone (Upper Tithonian -
Lower Berriasian). The next interval between 50 and 76 m including the Jurassic-Cretaceous boundary belongs to Umbria granulosa granulosa Subzone (Upper
Tithonian) and Rotelapillus laffittei Subzone (uppermost Tithonian — lowermost Berriasian) of the same nannofossil zone. The lowermost Cretaceous Subzone
Nannoconus steinmannii minor (lower Lower Berriasian), characterized by the presence of small representatives of Nannoconus camptneri Bronnimann and
Nannoconus steinmannii Kamptner known as “minor” subspecies, is established between 76 and 115 m. The large forms appear 115 m above the base and
mark the bottom of Nannoconus steinmannii steinmannii nannofossil Zone (upper Lower Berriasian) with thickness 100 m. The rest of the section belongs to
Cretarhabdus angustiforatus nannofossil Zone (Upper Berriasian) more than 200 m thick.

30HAIMHA nNoaAnsA HA TOPHOTUTOHCKO-BEPUACKUTE TYPBUOUTHU OTNOXEHMA HA KOCTEJICKATA CBUTA
MPU C. BEPEHAE, NEPHULLKA OBNACT

Aumumsbp C. CuHboBCKU

MunHo-2eonoxku yHusepcumem “Cs. MeaH Puncku”, Cogpusi1700; sinsky@mgu.bg

PE3IOME. BoboBckusiT uneH Ha Kocrtenckata csuta ce paskpusa npu c. bepeHpe, Mepruwka obnact. OnpobeanusT pa3spes e ¢ gebenuHa Hag 400 m. Mpu
HacToAWOTO M3creaBaHe 6sixa yCTaHOBEHW OTHOCUTENHO [oOpe 3anaseHn rOpHOTUTOHCKO-Depuackv HaHO(OCUMHN acoumauuu, NpeacTaBeHn OT KOKOMUTU W
HaHoKoHycK. paHnyHMAT mHTepean mexay HOpata n Kpepata e nopeneH Ha 30HM CbIMAacHO MpeallecTBally ucneasaqns B 3anagHus AtnaHtuk. Wranus,
®paHuws, Vicnanus n Bbnrapus. Hait-gonHute 50 m ot pa3spesa npuHapnexat Ha nogsoHa Hexalithus noelae (FopeH TuToH) oT HaHodocunHa 3oHa Microstaurus
chiastius (FopeH Tuton — [oneH Bepuac). Cnegpawmst uHtepsan mMexay 50 u 76 m, skniousaly rpanuuata Opa-Kpega npuHapnexu Ha nogsoHa Umbria
granulosa granulosa (Fopen Tuton) 1 noasoHa Rotelapillus laffittei (Hait-ropeH TutoH — Hait-foneH bepuac) ot cbllata HaHodocunHa 30Ha. Hai-gonHata kpeaHa
noa3oHa Nannoconus steinmannii minor (zoneH [oneHn Bepuac), xapaktepuanpalya ce ¢ NPUCHCTBUETO Ha Manku npeactasutenn Ha Nannoconus camptneri
Bronnimann u Nannoconus steinmannii Kamptner u3BecTHu kato noABuAoBe ‘minor’, e ycraHoeeHa Mexay 76 n 115 m . lonemute dopmu ce nosiBaBaT Ha
115 m Hag ocHoBaTa W MapkvpaT [orHaTa rpaHuua Ha HaHodocunHa 3oHa Nannoconus steinmannii steinmannii (ropeH JoneH Bepuac) ¢ gebenmHa 100 m.
OcTaHanara 4acT oT pa3pesa NpuHagnexm Ha HaHodocunHa 3oHa Cretarhabdus angustiforatus (Fopen bepuac) ¢ nebenuna Hag 200 m.

Introduction Watznaueria Reinhardt, 1964 . However the bloom of new
taxa across this boundary interval is really remarkable. Most
During the recent 15 years many publications devoted to of the common Cretaceous taxa appear in the Tithonian and
the problems of the stratigraphic boundaries between Berriasian.
Phanerozoic systems and series have appeared. Calcareous
nannofossils are among the most useful groups for The first characteristics of the calcareous nannoplankton
determination of these boundaries from Jurassic to recent. occurrence across the Jurassic-Cretaceous boundary in
One of the most comprehensive works concering the Bulgaria was made by Croiikoa (1995) in Ginci, Glozhene
problems of the nannofossil distribution in the Jurassic- and Salash Formations in the West Balkan near Burlya and
Cretaceous boundary interval is that of Bralower et al. (1989). Komshtitsa Villages, Sofia District. She recognized three
They stated that the Jurassic-Cretaceous boundary interval is successive nannofloral associations: Conusphaera mexicana
a crucial time in nannofossil evolution, when a rapid increase (Upper Tithonian), Nannoconus camptneri minor (Lower
of the nannofossil diversity and abundance started. In fact the Berriasian) and  Cretarhabdus  angustiforatus  (Upper
abundance of the nannofossil assemb|age3 depends upon BerriaSian). These associations were correlated with the
their living conditions. For example in the Bajocian sediments ammonite zonation after Bralower et al. (1989) and
of Bov Formation in Belogradchik region (NW Bulgaria) very ~ calpionellid zonation of Lakova (1993). Lakova et al. (1997,
abundant but low diversity nannofossil associations occur, 1999) established an integrated zonation of the Tithonian-
represented almost entirely by species of the genus Valanginian interval in the sections near Barlya and Gorno

Belotinci Villages based on calpionellids, nannofossils and
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calcareous dinocysts. They recognised many bioevents and
established a chronostratigraphic  subdivision of the
investigated stratigraphic interval. Stoykova subdivided the
Tithonian-Berriasian interval into three zones: Conusphaera
mexicana (Tithonian), Microstaurus chiastius (Upper Tithonian
— Lower Berriasian) and Nannoconus steinmannii steinmannii
(Upper Berriasian — Lower Valanginian).

In the present investigation a more detailed nannofossil
subdivision of the Tithonian-Berriasian interval is proposed,
based on reliable nannofossil assemblages in the turbidite
sequence of the Kostel Formation near Berende Village,
Pernik District. The section is not permanently exposed but
provides a series of outcrops along Berende River between
Berende and Svetlya Villages in an undisturbed sequence
with relatively permanent dip and strike.

Previous investigations

The Tithonian flysch deposits in Kraishte (SW Bulgaria)
were described by Nachev (1969a,b) as “coarse flysch”,
“sandstone flysch” and “normal flysch’. Haue & Hukonos
(1968) described 1000-2000 m thick “postflysch” Berriasian
deposits near Berende Village. These deposits were referred
to the Kostel Formation (Hukonos & CanyHos, 1970) by
CanyHoB et al. (1985), CanyHoB & YymaueHko (1986) and
3aropues (1993). CanyHos et al. (1985) introduced three new
members of the Kostel Formation in Kraishte area: Antovo,
Gorochevo and Bobovo Members. The Bobovo Member is
composed of alternating sandstones, conglomerates,
gravelites, shales and marls. The studied section was
described by CanyHoB et al. (1985) as a supplementary
section for the upper part of the Bobovo Member of Kostel
Formation with thickness 600 m. In their original description
the authors described three packets from upper to lower:
packet 3 (Berriasian, middle part) - 300 m sandstones,
conglomerates and ‘“conglomerate shales”; packet 2
(Berriasian, lower part — upper Upper Tithonian) — 150 m grey
sandstones, gravelites and conglomerates with graded
bedding, alternating with grey marls and “conglomerate
shales”; packet 3 (lower Upper Tithonian — upper Lower
Tithonian) — 150 m medium to thin-bedded grey sandstones
with graded bedding alternating with thin packets of
calcareous shales and marls.

Present results

This work is a part of the paleontological investigation of
samples, collected by the mapping team in SW Bulgaria,
performing the task of the Ministry of Environment and Water
for mapping of Bulgaria in scale 1:50 000. Section sampled
and measured is more than 400 m thick (Fig. 1). It is situated
along Berende River between ‘lower hamlet” of Berende
Village and half distance to Svetlya Village. The lower 315 m
are described south of the road. It is practically impossible to
compare this section with the section of CanyHos et al. (1985)
because no lithologic marker levels were pointed in the
previous description and the packets are not recognisable. In
the present study a prominent terrigenous sandstone-
gravelite-conglomerate packet is established between 52 and
65 m from the base of the section. Another sandstone level is
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between 39 and 42 m, and a 1 m thick gravelite bed 130 m
above the base. As a whole this lower portion of the section,
probably corresponding to the packet 3 of CanyHoB et al.
(1985), is characterized by predominance of sandstones.
However the present results show that only the lowermost
about 60-70 m of the section belong to the Upper Tithonian
without nannofossil evidence for Middle or Lower Tithonian
deposits.

The nannofossil content in most of the samples is rather
poor however some samples contain relatively abundant and
well preserved nannofossil assemblages. The nannofossil
diversity is low, including some persistently represented
species as Watznaueria barnesae (Black in Black &
Barnes, 1959) Perch-Nielsen, 1968, Watznaueria
britannica  (Stradner, 1963) Reinhardt, 1964,
Watznaueria fossacincta (Black, 1971) Bown in Bown
& Cooper, 1989, Cyclagelosphaecra margereli Noél,
1965, Cyclagelosphaera deflandrei (Manivit, 19686)
Roth, 1973 and Nannoconus sp. discs (sensu Crux, 1989).
The last taxon is represented by rare large forms and
abundant medium and small sized forms. In the Cretaceous
part of the section the common taxa increase with several
nannoconid species Nannoconus steinmannii (Kamptner,
1931) ssp. minor Deres & Achéritéguy, 1980,
Nannoconus  steinmannii  Kamptner, 1931, ssp.
steinmannii, Nannoconus kamptneri Bronnimann, 1955
ssp. minor Bralower in Bralower et al., 1989,
Nannoconus  kamptneri  Brénnimann, 1955  ssp.
kamptneri, Nannoconus globulus Bronnimann, 1955 ssp.
minor Bralower in Bralower et al., 1989and
Nannoconus globulus Bronnimann, 1955 ssp. globulus.
Nannoconus  kamptneri  Brénnimann, 1955  ssp.
kamptneri, is especially abundant in Nannoconus steinmannii
steinmannii and Retecapsa angustiforata nannofossil Zones.

The stratigraphically important taxa are rather rare. Most
important species are figured on Plate 1 and 2. Many of the
nannofossil species appearing in the Jurassic-Cretaceous
boundary interval have not been found. On the basis of the
determined nannofossils three nannofossil zones have been
recognised: Microstaurus chiastius Zone, Nannoconus
steinmannii steinmannii Zone and Retecapsa angustiforata
Zone, the first one beeng subdivided into subzones.

Microstaurus chiastius Zone (NJK)

Authors: Bralower et al. (1989).

Definition: Interval from the first occurrence of Microstaurus
chiastius (Worsley, 1971) Grin in Grin & Allemann,
1975 to the first occurrence of Nannoconus steinmannii
Kamptner, 1931, ssp. steinmannii.

Age: Upper Tithonian - Early Berriasian.

Remarks: Bralower et al. (1989) subdivided this zone into four
subzones: Hexalithus noelae (NJK-A), Umbria granulosa
granulosa (NJK-B), Rotelapillus laffittei (NJK-C) and
Nannoconus steinmannii minor (NJK-D). The upper part of
Hexalithus noelae Subzone is established in the samples from
the lowermost 50 m of the section. Its upper boundary is
established in the sample 50 m above the base after the first
appearance of Umbria granulosa Bralower & Thierstein
in Bralower et al., 1989, ssp. granulosa. The next
interval between 50 and 76 m belongs to both Umbria
granulosa granulosa and Rotelapillus laffittei Subzones,



although the base of the latter is not established because the
marker species is not found. Its upper boundary is put after
the first appearance of the small representatives of
Nannoconus steinmannii  Kamptner and Nannoconus
kamptneri Bronnimann known as ‘minor’ subspecies. The
interval between 76 and 115 m belongs to the uppermost
subzone of Microstaurus chiastius Zone - Nannoconus
steinmannii minor Subzone (NJK-D).

Hexalithus noelae Subzone (NJK-A)

Authors: Bralower et al. (1989).

Definition: Interval from the first occurrence of Microstaurus
chiastius (Worsley, 1971) Grin in Griin & Allemann,
1975 to the first occurrence of Umbria granulosa
(Bralower & Thierstein in Bralower et al., 1989,
ssp. granulosa.

Age: Upper Tithonian.

Characteristic taxa: Nannoconus discs (sensu Crux, 1989),
Nannoconus quadratus Deres & Achéritéguy, 1980,
Conusphaera mexicana Trejo, 1969 ssp. mexicana,
Conusphaera mexicana Trejo, 1969 ssp. minor Bralower
in Bralower et al., 1989, Zeugrhabdotus erectus
(Deflandre in Deflandre & Fert, 1954) Reinhardt,
1965, Zeugrhabdotus embergeri (Noél, 1958) Perch-
Nielsen, 1984. Umbria granulosa Bralower &
Thierstein in Bralower et al., 1989, ssp. minor,
Polycostella senaria  Thierstein, 1971, Polycostella
beckmannii Thierstein, 1971, Microstaurus chiastius
(Worsley, 1971) Grin inGriin & Allemann, 1975.
Remarks.  Nannoconus  compressus Bralower &
Thierstein in Bralower et al., 1989 is very rare in the
lowest samples of the section. Obviously it disappears in this
subzone. Nannoconus globulus Bronnimann, 1955 ssp.
minor Bralower in Bralower et al., 1989 appears 45 m
above the base of the section.

Boundaries: The lower boundary is not exposed. The upper
boundary is established 50 m above the base of the section.
Thickness: 50 m.

Umbria granulosa granulosa Subzone (NJK-C)

+ Rotelapillus laffittei Subzone (NGK-D)

Authors: Bralower et al. (1989).

Age: uppermost Tithonian — lowermost Berriasian
Characteristic taxa: Nannoconus discs (sensu Crux, 1989),
Nannoconus quadratus Deres & Achéritéguy, 1980,
Nannoconus globulus Bronnimann, 1955 ssp. minor
Bralower in Bralower et al., 1989, Conusphaera
mexicana Trejo, 1969 ssp. mexicana, Zeugrhabdotus
erectus (Deflandre in Deflandre & Fert, 1954)
Reinhardt, 1965, Zeugrhabdotus embergeri (Noél,
1958) Perch-Nielsen, 1984. Umbria granulosa
Bralower & Thierstein in Bralower et al., 1989,
ssp. minor, Umbria granulosa Bralower & Thierstein in
Bralower et al., 1989, ssp. granulosa, Polycostella
senaria Thierstein, 1971, Rotelapillus laffittei (Noél,
1957) Noél, 1973, Genus et species indet. (Pl. 2, figs. 26-
30).

Remarks. The interval between sample 50 and 76 m above
the base includes 13 m thick terrigenous sandstone-gravelite-
conglomerate packet between 52 and 65 m, barren of
nannofossils. The first specimen of the subzonal marker of
Umbria granulosa granulosa Subzone - Umbria granulosa
Bralower & Thierstein in Bralower et al., 1989,
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ssp. granulosa is found 50 m above the base in sample Be
263 but it is very rare. It is rare also in the next two samples
Be 250 and Be 247 above the terrigenous packet. The
subzonal marker of the younger Rotelapillus laffittei Subzone
Rotelapillus laffittei (Noél, 1957) Noél, 1973 is found in
the sample 65 m above the base of the section. Thus the
boundary between Umbria granulosa granulosa Subzone and
Rotelapillus laffittei Subzone falls into the terrigenous packet
between 52 and 65 m above the base. For that reason these
two zones are united. Another characteristic feature of this
interval is the presence of Umbria granulosa Bralower &
Thierstein in Bralower et al., 1989, ssp. minor.
Regularly encountered in the sample Be 263 below the
terrigenous packet are Polycostella senaria Thierstein,
1971 and Polycostella beckmannii Thierstein, 1971.
These species are not present in the samples Be 250 and Be
247, so they obviously disappear in the terrigenous packet.
Unknown Genus et species indet. (Pl. 2, figs. 26-30) is
common in these samples. It is characteristic only for these
samples. The first occurrence of Cruciellipsis cuvillieri
(Manivit, 1966) Thierstein, 1971, which is very rarely
encountered is in the sample Be 250. The Jurassic-
Cretaceous boundary as defined by Bralower et al. (1989)
falls into the Rotelapillus laffittei Subzone, so it is supposed to
be into the interval between samples Be 250 and Be 239.
Boundaries: The lower boundary of this interval is 50 m above
the base and the upper one is 76 m above the base.
Thickness: 26 m.

Nannoconus steinmannii minor Subzone (NJK-D)

Authors: Bralower et al. (1989).

Definition: Interval from the first occurrence of Nannoconus
steinmannii (Kamptner, 1931) ssp. minor Deres &
Achéritéguy, 1980 to the first occurrence of Nannoconus
steinmannii (Kamptner, 1931) ssp. steinmannii.

Age: Earliest Berriasian.

Characteristic taxa: Nannoconus steinmannii Kamptner,
1931 ssp. minor, Deres & Achéritéguy, 1980,
Nannoconus kamptneri Brénnimann, 1955 ssp. minor
Bralower in Bralower et al., 1989, Conusphaera
mexicana Trejo, 1969 ssp. mexicana, Umbria granulosa
Bralower & Thierstein in Bralower et al., 1989,
ssp. granulosa, Zeugrhabdotus erectus (Deflandre in
Deflandre & Fert, 1954) Reinhardt, 1965,
Zeugrhabdotus embergeri (Noél, 1958) Perch-Nielsen,
1984, Nannoconus discs (sensu Crux, 1989), Cruciellipsis
cuvillieri (Manivit, 1966) Thierstein, 1971.

Remarks: Nannoconus kamptneri Brénnimann, 1955 ssp.
minor Bralower in Bralower et al., 1989 appears in
the bottom of the zone simultaneously with the marker
subspecies. This subspecies is common and could be also
used for determination of the lower boundary of the subzone.
Boundaries: The lower boundary is 76 m above the base and
the upper one - 115 m above the base of the section.
Thickness: 39 m.

Nannoconus steinmannii steinmannii Zone (NK-1)
Authors: Bralower et al. (1989).

Definition: Interval from the first occurrence of Nannoconus
steinmannii Kamptner, 1931 ssp. steinmannii to the first
occurrence of Retecapsa angustiforata Black, 1971.

Age: Early Berriasian.
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Fig. 1. Section of the Bobovo Member of Kostel Formation near
Berende Village: 1 - conglomerates; 2 - gravelites; 3 - sandstones; 4 -
thin rhythmic turbidite deposits: sandy marls, carbonate shales
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Characteristic taxa: Nannoconus steinmannii Kamptner,
1931  ssp.  steinmannii,  Nannoconus  steinmannii
Kamptner, 1931 ssp. minor, Deres & Achéritéguy,
1980, Nannoconus kamptneri Bronnimann, 1955 ssp.
kamptneri, Nannoconus kamptneri Brédnnimann, 1955
ssp. minor Bralower in Bralower et al., 1989,
Nannoconus globulus Brénnimann, 1955 ssp. globulus,
Nannoconus discs (sensu Crux, 1989), Nannoconus wintereri
Bralower & Thierstein in Bralower et al., 1989,
Assipetra infracretacea (Thierstein, 1973) Roth, 1973,
Conusphaera mexicana Trejo, 1969 ssp. mexicana,
Umbria granulosa Bralower & Thierstein in Bralower
et al., 1989, ssp. minor, Umbria granulosa Bralower &
Thierstein in Bralower et al., 1989, ssp. granulosa,
Zeugrhabdotus erectus (Deflandre in Deflandre &

Fert, 1954) Reinhardt, 1965, Zeugrhabdotus
embergeri (Noél, 1958) Perch-Nielsen, 1984,
Cruciellipsis cuvillieri ~ (Manivit, 1966) Thierstein,
1971.

Remarks: In the base of the zone is the first occurrence of
Assipetra infracretacea (Thierstein, 1973) Roth, 1973,
together with the marker species. This species is very rare. 15
m above the bottom of the zone appears Nannoconus
wintereri Bralower & Thierstein in Bralower et al.,
1989 which is also very rare. At the same level appear small
representatives of Micrantholithus obtusus Stradner, 1963
considered here as subspecies minor.

Boundaries: The lower boundary is established 115 m above
the base, and the upper one — 215 m above the base of the
section.

Thickness: 100 m.

The rest of the section up to the sandstone beds north of the
houses is referred to Retecapsa angustiforata Zone.

Retecapsa angustiforata Zone (NK-2)

Authors: Bralower et al. (1989).

Definition: Interval from the first occurrence of Retecapsa
angustiforata Black, 1971 to the first occurrence of
Calcicatathina oblongata (Worsley, 1971) Thierstein,
1971.

Age: Late Berriasian.

Characteristic taxa: Nannoconus steinmannii Kamptner,
1931  ssp.  steinmannii,  Nannoconus  steinmannii
Kamptner, 1931 ssp. minor, Deres & Achéritéguy,
1980, Nannoconus kamptneri Brénnimann, 1955 ssp.
kamptneri, Nannoconus kamptneri Brénnimann, 1955
ssp. minor Bralower in Bralower et al., 1989,
Nannoconus globulus Brédnnimann, 1955 ssp. globulus,
1989, Assipetra infracretacea (Thierstein, 1973) Roth,
1973, Conusphaera mexicana Trejo, 1969 ssp.
mexicana,  Zeugrhabdotus erectus (Deflandre in
Deflandre & Fert, 1954) Reinhardt, 1965,
Zeugrhabdotus embergeri (Noél, 1958) Perch-Nielsen,
1984, Nannoconus discs (sensu Crux, 1989), Cruciellipsis
cuvillieri (Manivit, 1966) Thierstein, 1971, Umbria
granulosa Bralower & Thierstein in Bralower et al.,
1989, ssp. granulosa (partly).

Remarks: 320 m above the base of the section in the frame of
this zone disappears Umbria granulosa Bralower &
Thierstein in Bralower et al., 1989, ssp. granulosa.
Boundaries: The lower boundary is established 215 m above
the base of the section, and the upper one is not established.
Thickness: More than 200 m.



Discussion

The nannofossil assemblages contain some of the marker
species characteristic for the investigated stratigraphic
interval. Establishment of the zonal boundaries is made on the
basis of appearance levels of the zonal markers, although
most of the characteristic species have not been found. Some
of them are rarely encountered. One of the reliable marker
species Nannoconus compressus Bralower & Thierstein
in Bralower et al. 1989 is extremely rare in the lowest
samples of the section and disappears in Hexalithus noelae
Subzone. Nannoconus wintereri Bralower & Thierstein
in Bralower et al. 1989 is also very rare encountered in
the sample 130 m above the base of the section. Umbria
granulosa Bralower & Thierstein in Bralower et al.,
1989, ssp. minor, is very rare in the lower 60-70 m of the
section. Umbria granulosa Bralower & Thierstein in
Bralower et al., 1989, ssp. granulosa first appearing in
sample Be 260 m is also very rare. In this sample these two
species occur together. One of the most characteristic
nannofossils  for the  Tithonian Stage  Faviconus
multicolumnatus Bralower in Bralower et al., 1989 is
very rare encountered in the lowermost three samples.
Rhagodiscus asper (Stradner, 1963) Reinhardt, 1967
and Diadorhombus rectus Worsley, 1971 have not been
found. Cruciellipsis cuvillieri (Manivit, 1966) Thierstein,
1971 has been found sporadically in several samples.

Conclusion

On the basis of the recognized nannofossil zones and
subzones the stratigraphic range of the section is restricted in
the frame of uppermost Tithonian - Upper Berriasian. No
nannofossil evidence for the presence of Middle or Lower
Tithonian rocks has been obtained. The lowermost 50 m of
the section belonging to the upper part of Hexalithus noelae
Subzone and the lower part of the interval Umbria granulosa
granulosa — Rotelapillus laffittei Subzones are referred to the
Upper Tithonian. The Jurassic-Cretaceous boundary falls
above the sandstone packet between 50 and 76 m, barren of
nannofossils. The rest of the section up to the sandstone
levels north of Berende Village belong to the Berriasian Stage.
It includes the uppermost nannofossil subzone Nannoconus
steinmannii minor of the Microstaurus chiastius Zone,
Nannoconus steinmannii steinmannii Zone and Retecapsa
angustiforata Zone. The turbidite deposits of the Kostel
Formation contain well preserved nannoflora which is a
reliable biostratigraphic tool for subdivision of the Jurassic-
Cretaceous boundary interval. The present results provide an
appropriate correlation of this important stratigraphic interval
with the other investigated sections in West Bulgaria.

Recommended for publication by Department of
Geology and Paleontology, Faculty of Geology and Prospecting
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PLATE 1

1 - Cyclagelosphaera deflandrei (Manivit, 1966) Roth, 1973, Be 1, XPL; 2, 3 - Nannoconus compressus Bralower
& Thierstein, 1989, Be 283, 2-TL, 3 - XPL; 4-6 — Nannoconus discs (sensu Crux, 1989), 4 — side view, Be 307, 5, 6
— top view, Be 283, XPL; 7 — Nannoconus quadratus Brénnimann, 1955 XPL, be 285, XPL; 8 — Faviconus
multicolumnatus Bralower in Bralower et al., 1989, 9, 10 — Nannoconus kamptneri Brénnimann, 1955 ssp.
minor Bralower in Bralower et al., 1989, Be-235, XPL; 11, 12 — Nannoconus steinmannii Kamptner, 1931 ssp.
minor, Deres & Achéritéguy, 1980, Be 235, XPL; 13, 14 — Nannoconus kamptneri Bronnimann, 1955 ssp.
kamptneri, 13 — Be 20, 14 — Be 1, XPL; 15, 16 — Nannoconus steinmannii Kamptner, 1931 ssp. steinmannii, Be 200,
XPL; 17 —Nannoconus globulus Bronnimann, 1955 ssp. minor Bralower in Bralower et al., 1989, Be 291, XPL;
18 — Nannoconus bermudezii Bronnimann, 1955, Be 235, XPL; 19, 20 — Nannoconus sp. 1, Be 283, 7 -TL, 8 - XPL,;
21-24 - Nannoconus sp. 2, Be 270, 21, 23 - TL, 22, 24 - XPL.

Magpnification: X 3390
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PLATE 2

1 — Umbria granulosa Bralower & Thierstein in Bralower et al., 1989, ssp. minor, Be 260, XPL; 2 - Umbria
granulosa Bralower & Thierstein in Bralower et al., 1989, ssp. granulosa, Be 263, XPL; 3 — Conusphaera
mexicana Trejo, 1969 ssp. mexicana, Be 296, XPN; 4 — Conusphaera mexicana Trejo, 1969 ssp. minor Bralower
in Bralower et al., 1989, Be 296, XPN; § — Cruciellipsis cuvillieri (Manivit, 1966) Thierstein, 1971, Be 20,
XPL; 6-8 — Polycostella beckmannii Thierstein, 1971, Be 283, XPL; 9 - Polycostella sp. 1, Be 283, XPL; 10 -
Polycostella sp. 2, Be 283, XPL; 11-13 — Polycostella senaria Thierstein, 1971, Be 283, XPL; 14,15 — Micrantholithus
obtusus Stradner, 1963, Be 20, XPL; 16-18 — Assipetra infracretacea (Thierstein, 1973) Roth, 1973; Be 190,
XPL; 19 - Retecapsa angustiforata Black, 1973, Be 20, XPL; 20 — Micrantholithus obtusus Stradner, 1963, ssp
minor, new subspecies, Be 20, XPL; 21-23 — Tetralithus sp., 21, 22 - Be 1, 23 — Be 20, XPL; 24 — Microstaurus chiastius
(Worsley, 1971) Grin in Grin & Allemann, 1975; 25 — Microstaurus quadratus Black, 1971, Be 307, XPL; 26-
30 - Genus et species indet., Be 263, XPL, 26-29 top view, 30 — side view

Magnification: X 3390
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PETROLOGY, GEOCHEMISTRY, SR AND ND ISOTOPE CHARACTERISTICS AND
MINERAL CHEMISTRY OF THE DYKES IN THE ZLATITSA PASS, SREDNOGORIE
MAGMATIC ZONE

Stanislav Stoykov?, Robert Motitz2, Deni Fontignie?
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2University of Geneva, Geneva 1205

ABSTRACT. The investigated dykes are located eastern of the Chelopech volcanic complex situated in the Central Srednogorie magmatic zone which host one of the
largest Cu-Au deposits in Europe. These rocks are porphyritic with plagioclase and amphibole phenocrysts, and quartz and biotite are rare. These dykes have
andesitic, latitic, dacitic and trachydacitic compositions. The trace element distribution is typical for an active continental margin.

NETPONOrnUA, FTEOXUMKUSA, SR U ND U3OTOMHA XAPAKTEPUCTUKA U XUMUYEH CBCTAB HA TMABHUTE
CKANOOBA3YBALLY MUHEPANW HA AUKUTE OT 3NATULLKWA NPOXO[, CPEQHOrOPCKA MArMEHA 30HA
Cranucnae CroiikoB', Po6ept Mopuu?, leHn ®oHTUHME?

"MuHHo-2eonoxku yHusepcumem “Cs. Mear Puncku”, Cogpusi 1700; sstoykov@mgu.bg

2)KeHescku yHusepcumem, XKeHesa 1205

PE3IOME. V3cneaBaHuTe JaiikoBu Ckan Ca pa3nofioXeHN U3TOYHO OT MPOAYKTUTE Ha Yenonelukus BymkaH, pasnonoxeH B LieHTpanHocpeaHoropckaTa MarMeHa
30Ha. B Hes ce HamupaT efHu oT Hait-ronemute Cu-Au Haxopmia B Epona. Teau AaiikoBu ckany ca NopchvpHN Mo nnarvokrnaa v amcuon, B no-Mankyt konuyecTsa
ce Habniogaear 6uotuT 1 kBapy. Te ca C aHOe3UTOB, NAaTUTOB, AALMTOB M TPAXMAAUMTOB CbCTaB. PasnpeeneHneTo Ha enemMeHTUTe creau B Tax e nogoGHo, Ha
T0Ba HABMIOAABAHO B aKTUBHUTE KOHTUHEHTASHY OKPAIHUHI.

Introduction Cretaceous succession in the region starts with conglomerates
and coarse-grain sandstones intercalated with coal-bearing

The investigated dykes outcropped eastern of the Chelopech interbeds (coal-bearing formation, Moev and Antonov, 1978)
volcanic complex products. They are located in the Central covered by polymictic, argilleous and arcose sandstones to
Srednogorie Vo|can0-p|ut0nic area, which forms part of the siltstones (Sandstone formation). CO”eCtively, these units have
Srednogorie tectonic zone (Dabovski etal, 1991) The aim of a thickness of less than 500 m. Pollen data SUggeStS that both
our investigation is to reconstruct the geological evolution of ~ formations are Turonian (Stoykov and Pavlishina, 2003). The
the Late Cretaceous dyke complex. An important part of the sedimentary rocks are cut by volcanic bodies and overlain by
present study is to trace the magmatic source, and reconstruct sedimentary and volcanic rocks of the Chelopech Formation
the magmatic processes. We have combined field (MoeV and AntonOV, 1978) It Comprises the prOdUCtS of the
observations with representative whole rock and mineral Chelopech volcanic complex, epiclastics, as well as the Vozdol
geochemical analyses. Isotope Sm-Nd and Rb-Sr whole rock sandstones (Fig. 1). The latter are recently paleontologically
analyses provide an additional information about the magma dated as Turonian in age (Stoykov and Pavlishina, 2003).
sources and their evolution. These formations have been eroded and transgressively

covered by sedimentary rocks of the Upper Senonian-

Campanian Mirkovo Formation (reddish limestones and marls),
Geology of the region which is in turn overlain by flysch of the Chugovo Formation

(Campanian-Maetrichtian in age, Moev and Antonov, 1978)
(Fig. 1). Several dykes are exposed to the east compared to
the Chelopech volcanic complex. They strike predominately in
an east-west direction and intrude into the Pre-upper
Cretaceous metamorphic basement. They do not show
crosscutting relationship to the Chelopech volcanic complex.
The largest dyke is more than 7 km in length. These dykes
have andesitic, latitic, dacitic and trachydacitic compositions.
Based on their structures, host rocks, crosscutting
relationships and alterations the Stoykov et al. (2002, 2003,

The basement of the magmatic rocks consists of high-grade
metamorphic  rocks  (two-mica migmatites  with  thin
intercalations of amphibolites, amphibole-biotite and biotite
gneisses), and low metamorphic phyllites and diabases of the
Berkovitsa group (Early Paleozoic island-arc volcanic complex,
Haydoutov, 2001). These units are in tectonic contact with
each other, and to the North of Chelopech the phyllites of the
Berkovitsa group are intruded by the Variscan granitoids
(Kamenov et al., 2002) of the Vejen pluton. The Late
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Fig. 1. Geological map of the Northern most part of the Panagyurishte
region (after Stoykov et al., 2002) with addition

2004) divided the products of the Chelopech volcanic complex
into 3 units: (I) dome-like volcanic bodies, (Il) lava and
agglomerate flows and (lll) the Vozdol volcanic breccias and
volcanites. The first unit is composed of dome-like volcanic
bodies, which extruded through the unconsolidated Turonian
sediments (the sandstone and coal-bearing formation) and
through the metamorphic basement (Fig. 1). The largest
volcanic body (Murgana) is approximately 2 x 1 km in size. It
shows higher stage of phenocryst crystallization than other
units. Brecciated fragments of the dome-like volcanic bodies
have been observed as xenoliths in the third unit of the
Chelopech volcanic complex - the Vozdol volcanic breccia.
The dome-like bodies mainly have an andesitic and
trachydacitic composition. They are highly porphyritic
(phenocrysts >40 vol. %). The phenocrysts consist of
plagioclase, zoned amphibole, minor biotite, titanite and rare
corroded quartz crystals, whereas the microlites consist of
plagioclase and amphibole only. The accessory minerals are
apatite, zircon, and Ti-magnetite. The second unit is
represented by lava flows, which grade upwards into
agglomerate flows (with fragments up to approximately 30 cm
in size). Borehole data shows that the total thickness of these
volcanic products is generally less than 1200 m, but exceeds
more than 2000 m in the region of the Chelopech mine (“within
their extrusive center”, Popov et al., 2002). The composition of
the lava flows varies from latitic-trachydacitic to dacitic.
Subsidiary andesites are also present. These volcanic rocks
consist of the same phenocrysts, microlites and accessory
minerals as the first unit, with the exception of the corroded
quartz crystals. The lava flows contain fine-grained, fully
crystallized enclaves of basaltic andesites to shoshonites. The
enclaves consist of the same minerals as the main mass of
unit 2 (plagioclase, amphibole and minor biotite), but comprise
phenocrysts of different (more basic) chemistry. A fine-grained
quartz zone marks the margins of the enclaves. These features
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are typical for magma mingling and mixing processes and are
mostly exhibited in the lava flows compared to the other
volcanic units (Stoykov et al., 2002).

The third unit is represented by volcanic breccias and
volcanites that formed the so called Vozdol monovolcano of
Popov et al. (2000, 2002). The volcanic breccias contain
fragments within their lava matrix that vary in size between 20
and 80 cm. Brecciated fragments from the andesites of the first
unit can be observed in outcrops in the Vozdol river valley. The
matrix of the volcanic body in the eastern part hosts small
lenses and layers of sedimentary material (sandstones to
gravelites), which abundance increases towards the margins of
the body. The Vozdol volcanic breccias additionally intercalate
and are covered by the Vozdol sandstones (Fig. 1), the latter
palaeontologically dated as Turonian in age (Stoykov and
Pavlishina, 2003). These features may suggest that the
extrusion of the third wunit volcanites occurred
contemporaneous Wwith sedimentation processes in the
Turonian. In the breccias we can observe strongly
hydrothermally altered volcanic xenoliths with an obliterated
primary texture, so that we are not able to recognize, which
type was the initial volcanic rock. Additionally there are missing
detailed studies on the alteration type in these xenoliths; the
latter are crucial, as it is not clarified, if the high sulfidation type
alteration (leading to the deposition of the gold) was genetically
linked with the widespread hydrothermal alteration along the
Petrovden fault Fig. 1, Popov et al., 2000, Jelev et al., 2003),
hence it is not clear, if the observed xenoliths are related to the
economic mineralisation, or not. The composition of the Vozdol
volcanites varies from basaltic andesites and andesites to
latites). They show similar petrographic characteristics to the
older units although their phenocrysts (plagioclase, amphibole,
minor biotite, and titanite) are less abundant. The groundmass
is composed of microlites of the same nature as minerals of
the second unit. K-feldspar is present as microlites only in the



Vozdol andesitic rocks. A biotite 40Ar/39Ar age yields a Turonian
age of 89.95+0.90 Ma (Velichkova et al., 2001; Handler et al.,
2004).

The magma of the volcanic complex initially erupted more
acid volcanic rocks. The earlier products (dome-like bodies and
lava to agglomerate flows) contain 61- 64 wt% SiO2 whereas
the more basic Vozdol breccias and volcanites contained 55.5-
58.0 wt% SiO2.

The cover of the Chelopech volcanic complex is composed
of the Vozdol sandstones (in the east), muddy limestones of
the Mirkovo Formation (in the center) and sedimentary rocks of
the sandstone and coal-bearing formation (in the west, Fig. 1).

Regional tectonic evolution

The Alpine evolution of the Bulgarian tectonic zones is
intimately linked to the tectonic evolution and closure of the
Tethys (Dabovski et al., 1991). Boccaletti et al. (1974), Berza
et al. (1998) and Neubauer (2002) suggest post-collisional
detachment of the subducted slab as the trigger for the Late
Cretaceous calc-alkaline magmatism and associated ore
deposit formation in the Srednogorie zone. In contrast, based
on the observation that subduction ceased in the early
Cretaceous (Barremian), Popov (2002) has interpreted the
Banat-Timok-Srednogorie zone as a rift. This appears to be in
apparent conflict with the subduction-related scenario, but the
arguments raised by Popov (2002) could be reconciled with the
scenario of Boccaletti et al. (1974), Berza et al. (1998) and
Neubauer (2002), if one considers the time lag between
cessation of subduction and post-collisional slab break-off.
More recently, based on regional lithogeochemical and
radiometric age data from magmatic rocks, Kamenov et al.
(2003) propose a roll-back scenario to explain the geodynamic
setting of the Panagyurishte district. However, both slab
detachment and roll-back scenarios are disputed by Lips
(2002), who argues that conditions for such geodynamic
settings were unfavourable in the Late Cretaceous due to the
relatively low density and limited length of the young subducted
slab, and he favours typical subductionrelated calc-alkaline
magmatism and associated ore formation processes. Despite
the fragmentary tectonic data, the southern Panagyurishte ore
district appears to be essentially characterised by strikeslip
tectonics along the dextral Iskar-Yavoritsa shear zone (Ivanov
et al., 2001) that is a geological setting with a pronounced
differential regional stress.

Analytical techniques

Major and trace elements

Major and trace elements were analyzed by X-ray
fluorescence (XRF) at the University of Lausanne, Switzerland.
The rare earth elements (REE) were analyzed by ICP-atomic
emission spectrometry following the procedure of Voldet
(1993). A petrological study has also been performed. Mineral
analyses on samples of the different units were carried out at
the University of Lausanne on a CAMEBAX SX-50 electron
microprobe.
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Petrography

The investigated dykes are classified as andesites, latites to
dacites and trachydacites (Fig. 2). The SiO, content of these

rocks varies from 60.07 to - 62.60 wt% (Table 1).

Table 1
Major element composition of the representative samples
Oxides wt. % | 42Dy | 49kD | 105GD | 108Ts | 122GD
SiO. 60.07 | 60.85 | 62.90 | 61.91 | 62.60
TiO2 0.47 | 0.49 0.48 0.48 0.46
Al203 16.46| 17.25 | 17.73 | 17.36 | 17.24
Fe20s3 4.04 | 453 4.40 4.45 4.24
MnO 0.20 | 0.21 0.14 0.14 0.15
MgO 1.61 | 2.02 1.48 1.26 1.22
Ca0 534 | 4.34 3.30 3.09 4.35
Na20 3.69 | 4.25 5.41 3.78 4,07
K20 3.20 | 2.67 2.83 5.04 2.89
P20s 0.20 | 0.17 0.20 0.22 0.19
LOI 3.71 | 3.00 1.12 2.21 2.82
Total 98.99| 99.78 | 99.99 | 99.94 | 100.23
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Fig. 2. TAS diagram after Le Maitre (1989) for representative dyke
samples from the studied region (B—basalt; BA—basaltic andesite; A—
andesite; D—dacite; SH—shoshonite; L—latite; TD—trachydacite)
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The phenocrysts (> 40 volume %) consist of plagioclase,
zoned amphibole, minor bioctite, and titanite; whereas the
microlites consist of plagioclase and amphibole only. The
accessory minerals are apatite, zircon, and Ti-magnetite. They
contain rare fine-grained, fully crystallized inclusions consisting
of the same minerals (plagioclase, amphibole and minor
biotite) which comprise phenocrysts of different chemistry. The
margins of the inclusions are marked by fine-grained quartz
zone which is interpreted as evidence of magma mingling.

Mineral chemistry

The composition of plagioclase phenocrysts (Table 2) of the
investigated dykes varies from Ang,,;,; (core) to
Ang; ,.414(rim). The rims are variable in composition and
substantially overlap the field of the phenocryst cores (Fig. 2).
The amphiboles (Fig. 4, Table 2) display Mg # between 0.48
and 0.57. The contents of Si p.f. u. range between 6.40 and
6.48 and they plot on the limit of the magnesiohastingsite, and
hastingsite field of Leake et al. (1997).

1
R - 1 i i 3+, 109
edenite Mg-hastingsite (Al"'<Fe™)
pargasite (AV>Fe®) 108
107
106
& mg# os
104
. 103
ferro-pargasite (al"'<re™) 0
. 1 1 VI 3+ 101
ferro-edenite Sip. f. u. hasingsite (AI">Fe™
75 73 71 69 67 65 63 61 59 57 55

Fig.4. Classification of amphibole phenocrysts (after Leake et al., 1997)

Table 2
The plagioclase composition of the representative dyke
samples

Sample Plp4l | Pl/p5 Plip6 Plip3i | Plipdc

SiO2 58.30 | 58.82 | 58.59 | 58.16 | 58.06

TiO2 0.05 n. d. n. d. n. d. 0.21

Al20s 25.78 | 25.77 | 26.00 | 26.53 27117

FeOrt 0.27 n.d. 0.07 0.1 0.24

MnO n.d. n. d. n.d. 0.21 0.12
Ca0 8.49 8.54 8.65 8.08 8.86
Na20 6.48 6.90 6.35 6.04 5.06
K20 0.56 0.60 0.56 0.91 0.60
BaO n.d. n.d. n.d. n.d. n.d.
Summe | 99.93 | 100.63 | 100.22 | 100.04 | 100.32
Or 3.2 3.3 3.2 54 3.8
Ab 56.1 57.4 55.2 54.4 48.9

An 40.7 39.3 41.6 40.2 47.3

Bulk rock trace elements composition

The MORB normalized patterns for the investigated dykes
(Table 3, Fig. 5) indicate enrichment of LILE and in lesser
degree of some HFSE (Ce, Zr, P and Hf) with a strong
negative Nb anomaly and a depletion of the Fe-Mg elements.
All these features are typical for subduction-related magmatic
sequences due to the melting of sedimentary material of the
subducted slab. In comparison to the volcanic rocks of an
Andean-type active continental margin, the investigated
magmatic rocks show small K,O, Ba and Hf enrichments and

depletions of Nb, TiO,, Zr and P,O;.
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Fig. 5. Spider discrimination plot for the investigated dykes

These rocks have fractionated LREE and relatively flat HREE
patterns (Fig. 6), as typically found in subduction related
volcanic rocks. The LREE enrichment ranges from 33 to 80
times chondritic, whereas La,/Yb, ratios vary from 10 to 13.
Middle and heavy REE show relatively flat patterns, generally
within 5-30 times that of chondritic ones. An Eu anomaly is not
observed, which suggests that there was no plagioclase
fractionation involved in genesis of the studied andesitic rocks.
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Fig. 6. Rock/chondrite diagram for the investigated dyke rocks



Table 3
Trace element composition of the representative volcanic
samples

Elements

(in ppm) 42Dy 49kD 105GD | 108Ts | 122GD
Nb 9 12 8 9 8
Zr 123 206 107 141 135
Y 22 27 22 26 22
Sr 641 794 1414 | 730 736
U <2< n.a. <2< 4 3
Rb 102 86 87 113 99
Th 4 n.a. 3 7 7
Pb 13 n.a. 15 16 21
Ga 19 18 18 18 18
Zn 49 81 45 53 52
Cu 7 n.a. 4 8 5
Ni 2 n.a. 2 2 3
Co 7 n.a. 39 23 25
Cr 13 n.a. 9 8 9
V 89 90 92 84 79
Ce 51 n.a. 41 54 43
Nd 25 n.a. 20 32 22
Ba 726 780 612 793 771
La 39 n.a. 26 32 27
S 11 n.a. <3< <3< <3<
Hf 6 n.a. 7 8 6
Sc 10 n.a. 7 5 7
As 7 n.a. 7 4 4
La 25.20 n.a. 28.30 | na. n.a.
Ce 53.30 n.a. 58.30 | na. n.a.
Pr 6.40 n.a. 6.00 n.a. n.a.
Nd 24.80 n.a. 26.20 | na. n.a.
Sm 4.90 n.a. 5.10 n.a. n.a.
Eu 1.23 n.a. 1.26 n.a. n.a.
Gd 3.60 n.a. 3.30 n.a. n.a.
Dy 3.20 n.a. 3.10 n.a. n.a.
Ho 0.67 n.a. 0.69 n.a. n.a.
Er 1.80 n.a. 1.80 n.a. n.a.
Tm 0.26 n.a. 0.28 n.a. n.a.
Yb 1.60 n.a. 1.70 n.a. n.a.
Lu 0.25 n.a. 0.25 n.a. n.a.

Sr and Nd isotopes

Rb-Sr and Sm-Nd whole rock isotope analyses

The isotopic composition of Sr and Nd and the determination
of Rb, Sr, Sm and Nd contents were performed at the
University of Geneva. The initial Sr ratios for the investigates
dyke complex range between 0.7055 and 0.7060 (after 90 Ma
correction). The Sr isotope ratios of the magmatic rocks from
the Chelopech volcano display a small range between 0.7049
and 0.7054 after a 90 Ma correction (Stoykov et at., 2002).

Generally 87Sr/86Sr ratios fall within the field previously defined
by Kouzmanov et al. (2001) values from 0.7046 to 0.7061
(after 80 Ma correction) for the volcanic (andesites and
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dacites) and plutonic (granodiorites and granites) rocks from
the southern part of the Central Srednogorie volcano-intrusive
area. The Nd isotope ratio for the investigated dykes varies
from 0.512449 to 0.512450 (after 90 Ma correction). The
calculated € 90(Nd) values are between -2.27 and -3.55.
These data are similar to Sr and Nd isotope composition of the
Chelopech volcanites and the Elatsite subvolcanic rocks
(Stoykov et al., 2004). They suggest a mixed mantle-crust
source of the Turonian magmatism in the Chelopech region.
However using the variations of the initial Sr and Nd ratios vs.
SiO2 the evolution of the magma may be largely due to
mingling/mixing processes, without isotope homogenisation in
the whole volume of the magma chamber, and not to a simple
differentiation of one parental magma, combined or not with
assimilation of upper crustal rocks (Stoykov et al., 2004).

Conclusions

The investigated dykes are classified as andesites, latites to
dacites and trachydacites. Their phenocrysts (> 40 volume %)
consist of plagioclase, zoned amphibole, minor biotite, and
titanite; whereas the microlites consist of plagioclase and
amphibole only.

The MORB normalized patterns for the investigated dykes
indicate enrichment of LILE and in lesser degree of some
HFSE (Ce, Zr, P and Hf) with a strong negative Nb anomaly
and a depletion of the Fe-Mg elements. All these features are
typical for active continental margin. These rocks have
fractionated LREE and relatively flat HREE patterns, as
typically found in subduction related volcanic rocks. The LREE
enrichment ranges from 33 to 80 times chondritic, whereas
La,/Yb, ratios vary from 10 to 13. Middle and heavy REE show

relatively flat patterns, generally within 5-30 times that of
chondritic ones. An Eu anomaly is not observed, which
suggests that there was no plagioclase fractionation involved in
genesis of the studied andesitic rocks.

The initial Sr ratios for the investigates dyke complex range
between 0.70550 and 0.70601 (after 90 Ma correction) and the
Nd isotope ratio varies from 0.512449 to 0.512450.

The combined petrologic, isotope-geochemical and
geochronological investigations of the dyke complex in the
Zlatitsa pass suggest similar composition compared to the
Chelopech volcanites and the Elatsite subvolcanic rocks

The petrological and geochemical features give additional
evidence for a possible uniform magma chamber of the
volcanic rocks in the Chelopech and Elatsite deposits (Stoykov
et al., 2004) and the investigated dyke complex in the Zlatitsa
pass with a complex evolution in Turonian times, when a
combination of processes of magmatic differentiation,
assimilation, mingling and mixing took place. These magmatic
products reveal similar Sr and Nd characteristics (Stoykov et
al., 2002, von Quadt et al., 2002), where the tendency of an
increase of initial Sr and Nd isotope ratios related to minor
assimilation of host rocks within parts of the magmatic
chamber. The amphibole chemistry of the magmatic units of
both deposits and the investigated dyke complex shows some
similar characteristics — Mg# between 0.48 and 0.67 and Si per
formula unit content between 6.40 and 6.55, but mark



differences comparing to the other deposits of the
Panagyurishte ore region (Stoykov et al., 2002, Kamenov et
al., 2003).
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SILVER-BEARING MINERALS FROM THE ORE BODY “NORTH” IN SEDEFCHE
EPITHERMAL Au-Ag DEPOSIT (EASTERN RHODOPES)
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ABSTRACT. The paper discusses the features of the ore mineralisation of the ore body “North” of Au-Ag epithermal deposit Sedefche, Zvezdel-Pcheloiad ore field,
Eastern Rhodopes. Special attention is drowning to the form of Ag presence and its behaviour during the experimental tests for mineral processing of ores.
Pyrargyrite and miargyrite are found as the main Ag-bearing minerals in ores, andorite and acantite are rarely observed, and preliminary data are obtained for
plagionite (?) presence. Arsenian pyrite containing Ag as a trace element (0.15 wt. %) is established as well. Phase analyses of ore probe (75 kg) is performed and
distribution of Ag during the hydrometallurgical processing and its extracting through flotation process has been done.

CPEBEPOCBOBLPXALLU MUHEPANKW OT CEBEPHO PYOHO TANO HA Ag-Au ENUTEPMANTHO HAXOOULLEE CEAE®YE
(M3TOYHU POOONMK)
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T MurHo-2eonoxku yHugepcumem “Ce. Mean Puncku”, Cogpus 1700;

sbs@mgu.bg; sergey@mgu.bg
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PE3IOME. Pa3srnefaHu ca ocofeHHOCTUTE Ha pyaHaTa MuHepanmsauus B CeBepHO pyaoHO Tsno Ha 3naTHo-cpeGbpHOTO enuTepManHo Haxopuwe Cepedue,
3sespen-Muenospacko pyaHo none B MatouHute Pogomu, kato € o6bpHaTo 0COBEHHO BHUMEHWE Ha dopMaTa Ha MPUCHCTBUE M MOBEAEHUETO Ha HOCUTENUTE Ha
cpebpo no Bpeme Ha eKkcriepuMeHTaHN TeCcToBe 3a 060raTMMOCT Ha pyaaTa. KaTo rnaBHu camocTosiTenHn dasn Hocutenm Ha cpebpo ca ycTaHoBEHN MUHepanuTe
NUPaPIUPUT, MUAPTVPKT, KAKTO M MO-PSAKO CPELLALLUTE Ce aHAOPUT U akaHTUT. MonyyeHu ca npeaBapuTenHN JaHHW 3a HaNMYMEeTo Ha NNarvoHuT (?). YcTaHoBEHO e
NpUCHLCTBIME Ha apceHChabpPXaLL nupuT (As Ao 7 Tern.%) ¢ npumeck ot cpebpo (go 0.15 Tern.%). HanpaseH e a3oB aHanua Ha npoba (75 kr) oT pyaata u e
yCTaHOBEHO (ha3oBOTO pasnpedeneHue Ha cpebpoTo B nmpouecuTe Ha XxuapometanypriudHa o6paboTka, KakTo M W3BMEkaemocTa My Mo Bpeme Ha hroTauus B
MONYYEHNS KOHLEHTPAT.

Introduction Geological setting
Silver is one of the two main elements in the Sedefche Sedefche is a typical representative of the epithermal low
epithermal Au-Ag deposit and investigations about its form of sulphidation Au-Ag deposits, which the last years are
presence and behaviour during the mineral processing is very intensively explored at the Eastern Rhodopes (Dimitrov et al.,
important for the economics of the deposit. 1996). The deposit is located in the SE part of the Pb-Zn
Zvezdel-Pcheloiad ore field about 3 km east from the main
The recent StUdy is focused on the ore bOdy “North” — one of p0|ymeta||ic ore bodies and very close to the north-
the three parts of the deposit, which is the most promising for northwestern parts of the Sedefche village. The geological
future exploitation. Mineralogical studies are combined with setting of the area of the deposit is determined by presence of
pilot experimental tests of the ore to trace the future mineral two structural complexes - a basement, set up by
processing operations for better extracting gold and silver from metamorphic rocks and tertiary complex, including
the economic mineralisation. sedimentary, volcanogenic-sedimentary, volcanic and intrusive

rocks lying discordantly over and crosscutting the basement.
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Fig. 1. Geological map of the Sedefche deposit (ore body “North”)

The deposit includes two ore bodies — “North” and “South”
and ore occurrence “Ralitza dere”. The first ore body is located
several hundred meters north form the village of Sedefche and
it is developed as elongated in N-NE direction strip (400 x 60
m) in intensively hydrothermallly altered (intensively quartziti-
sed up to monoquartzites, sericitised, argilised and pyritised)
pyroclastites and andesites. The basement includes marble,
amphibolite, alternating chlorite, chlorite-amphibole and quartz-
mica schists and calc-schist (Fig. 1). Paleogene rocks include
carboniceous-sedimentary-tuffaceous series of Upper Eocene
age (organogenic limestones and intermediate tuff, tuffites and
tuff-breccias). Oligocene tension dyke complex is presented by
gabbro-monzonite, andesite-basalt bodies and rhyolite bodies
and dykes covered by Quaternary eluvial-deluvial sediments.

The ore body “South” is located west from the village
Sedefche and it is elongated in N-S direction. The mineralisa-
tion here is developed in the silica cap over limestones and
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clay-sandy sediments. Ore occurrence “Ralitza dere” is found
in the metamorphic basement (intensively quartzitised
marbles) 300 m to the north from the “North” ore body.

Material and methods

Materials for the recent study are collected during the
sampling of the pilot open pit developed at the central part of
the ore body “North” close to the ancient mining works.
Polished sections are prepared from 30 samples for ore
mineralogy and fluid inclusion studies. One probe of 75 kg for
experimental laboratory mineral processing of ore provides
products, from which cemented briquettes were produced to
determine the behaviour of ore minerals during the processes
of beneficiation.



Technological experimental tests for beneficiation of the ore
include laboratory flotation and hydrometalurgical treatment.
Additional processing of technological products are realised by
extracting a “heavy fraction” from the flotation concentrate
using bromoform (CHBrs) and jigging the waste product to
increase the quantity of ore minerals in it.

Analytical works include phase analysis, quantitative ICP-
AAS analyses, quantitative and qualitative microprobe
analyses, all of them realised in the laboratories of “Eurotest-
Control” Plc., Sofia.

Mineral composition of the ore mineralisation

Mineral composition of the deposit as a part of the Zvezdel-
Pcheloiad ore field is discussed by Atanasov and Breskovska
(1964), Breskovska et al. (1990) and Mladenova (1989). The
first two papers cover mainly the features of sulphosalts found
in the ore field while the last one includes detailed study of
mineral composition and ore forming processes in it. Additional
data for mineral composition of the deposit and the problem of
gold presence and distribution in ore are provided by
Mladenova (1998). According the last mentioned publication 17
ore minerals and mineral species are found in composition of
pyrrhotite-arsenopyrite (pyrrhotite, arsenopyrite 1), sulphide
(pyrite 1, marcasite |, sphalerite, galena, chalcopyrite,
tetrahedrite and freibergite), sulphosalt (ramdorite, fizelyite,

owyheeite, freieslebenite, diaforite, myargirite, pyrargirite,
arsenopyrite Il, pyrite Il and marcasite Il) and stibnite (stibnite
and native As) parageneses.

The recent study of the ore body “North” establishes as the
main minerals for this part of the deposit pyrite, arsenopyrite,
marcasite and stibnite and rarely found sphalerite, chalco-
pyrite, galena and scorodite (?). Ag-bearing minerals include
pyrargirite, myargirite, andorite, acanthite and plagionite (?).

Pyrite is one of the most frequently found minerals in the
samples. It is observed as irregular shaped aggregates usually
intensively affected my marcasitisation (Fig. 2, Plate 1), as fine
veinlets setup by semi-euhedral and xenomorphic grains also
in association with marcasite (Fig. 2, Plate 2), or as a very fine
(20 - 50 pm) dissemination of globular grains (Fig 2, Plates 3
and 4). During the observations in reflected light microscope it
is found pyrite aggregates with anomalous optical properties
manifesting lower reflectivity, light-grey to yellow colour and
slight anisotropy (Fig. 2, Plate 5). Further quantitative
microprobe analyses established that this variety is
characterised with high (up to 6 — 7 wt. %) content of As (Table
1). According the classification of Chvileva et. all. (1988) this
type of pyrite could be nominated as arsenian pyrite as the
increasing of As over 3 wt. % caused increasing of the
parameter ao of the unit cell up to 5.453 A. This variety of
pyrite is typical for the relatively low temperature mineral
associations as it is in this case. Ag and Cu are also found in
chemical composition of arsenian pyrite (Table 1).

Table 1. Chemical composition of minerals from the ore body “North”, Sedefche deposit by microprobe analyses

Analysis | , . Elements [wt. %]

No | Mineral S | Ag | Sb | Fe | Cu| As | Zn | Po | Te | W
1 pyrargyrite 17.21 | 58.17 | 23.03 | 0.31 0.14 0.28 0.0 0.0 0.73 99.87
2 pyrargyrite 1747 | 58.52 | 23.62 0.88 100.49
3 pyrargyrite 17.40 | 58.28 | 23.67 0.57 99.92
4 miargyrite 3437 | 2096 | 43.29 | 0.24 0.69 0.23 0.0 0.0 0.0 99.78
5 miargyrite 2117 | 34.34 | 42.54 1.02 0.64 99.71
6 andorite 23.86 | 10.08 | 43.66 0.0 0.98 0.0 0.0 21.31 0.0 99.88
7 acanthite 12.19 | 87.40 99.59
8 acanthite 13.24 | 86.51 99.75
9 | plagionite (?) 2345 | 192 | 28.89 115 37.79 99.46
10 arsenian pyrite 4959 | 0.15 0.0 4287 | 0.71 6.82 0.0 0.0 0.0 100.14
11 arsenian pyrite 50.91 4498 | 0.71 3.07 99.67
12 arsenian pyrite 52.00 46.67 | 046 | 0.93 100.06

Anz;llgsm Mineral Formula:
1 pyrargyrite (Ag2.94 Cuo.01 Fe0.03)2.98(Sb1.03AS0.02)1.05(S2.93T€0.03)2.96
2 pyrargyrite (Ag291CU0.08)2.99 Sb1.04 S2.97
3 pyrargyrite (Ag2.93CU0.05)2.98 Sb1.05 S2.95
4 miargyrite (Ago.95CU0.03F€0.01)0.99 (Sb1.06AS0.01)1.07 S1.94
S miargyrite (Ago.o4 Cuo.05)0.99(Sb1.03AS0.03)1.0651.95
6 andorite (Ago.78CU0.13)0.91Pbo.8sSb3.01S6 23
7 acanthite A92A04SO.97
8 acanthite Ag1.9881.02

9 plagionite (?)

(Pb4.63Ag0.95CU0.44)6.02(Sbs.72AS0.62)6.34517.62

10 arsenian pyrite
1 arsenian pyrite
12 arsenian pyrite

(Fe0.95CU0.01AG0.001)0.96 (S1.92AS0.11)2.03
(Feo.99CU0.01)1.00(S1.95AS0.05)2.00
(Fe1.01Cuo.01)1.02(S1.96AS0.01)1.97
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Marcasite is also well-presented mineral associating with
pyrite and very often with arsenopyrite (Fig. 2, Plate 2),
replacing intensively pyrite. Elongated veinlets with colloform
texture (Fig. 2, Plate 3) are also very typical for this mineral.
Marcasite usually takes the core parts of the aggregates and
veinlets where it is observed (Fig. 2, Plate 1). Mladenova
(1998) suggests that a part of marcasite was formed over
pyrrhotite, which marks the initial stage of the ore-forming
process, but in the samples from ore body “North” it is not often
observed. It could be expected that probably on Fig. 2, Plate 5
the central part of the sulphide aggregate was formed by platy
pyrrhotite aggregate later replaced by marcasite, but such
relations are not often found.

Arsenopyrite  forms well-shaped euhedral rhombic or
elongated crystals and aggregates as single nests, or in
association with other sulphide minerals. In this case it is
usually developed as crown-like aggregates of euhedral
crystals rimming pyrite-marcasite aggregates (Fig. 2, Plate 1),
or around single sphalerite grains (Fig. 2, Plate 6). Qualitative
microprobe analyses do not established any trace elements in
it within the frame of detection of the device.

Stibnite is observed as needle-like elongated crystals or
xenomorphic aggregates in association with marcasite and
arsenopyrite (Fig. 2, Plate 2). It rarely intergrowths with Ag-Sb
sulphosalts (Fig. 2, Plate 7), or with Pb-Sh-Ag sulphosalts
cutting them (Fig. 2, Plate 8), which confirmed its later forming.
Quantitative microprobe analyses established some deficit of
sulphur at the expense of Cu (0.26 wt. %) and Fe (0.11 wt. %)
but the calculated formula is very close to the theoretical one
for this mineral.

Sphalerite has a minor distribution in the ore mineralisation
usually as very fine (20 — 80 pm) irregular or slightly rounded
grains. Some of the larger grains contain chalcopyrite
emulsion.

Galena has also a very rare distribution in the ore minerali-
sation. It is observed as single quadrangle grains in quartz.

Chalcopyrite presents as fine emulsion in sphalerite or forms
single grains of micron size.

A secondary mineral formed at the expense of arsenopyrite
during the supergene alteration is observed as irregular or
elongated aggregates around quartz. Its reflectivity is low, the

colour is light to darker grey similar to Fe-hydroxides (Fig. 2,
Plate 9). Qualitative microprobe analyses established high
content of Fe and As, but the quantitative analysis was not
correct and it could be concluded that the mineral is probably
hydroxide of Fe and As, the most possible — scorodite (?).

Ag-bearing minerals found in the ore body “North” of the
deposit include pyrargyrite, miargyrite, andorite, acanthite and
plagionite (?).

Pyrargyrite is the most often found among Ag-bearing
minerals in the ore body. It is observed as fine slightly rounded,
triangle or irregular shaped grains near the contacts of
marcasitised pyrite (Fig. 2, Plate 10). The size of the grains is
usually about or less then 100 um. It demonstrates typical for
this mineral optical properties such as light grey colour,
sphalerite-like reflection, distinct anisotropy and specific red
internal  reflections.  Quantitative microprobe analyses
established as trace elements in it Te, Cu and As in minor
quantities (Table 1), which is normal for this mineral.

Miargyrite closely associates with pyrargyrite, but it is rarely
observed. It has also grey colour, but a little bit lighter then
pyrargyrite. The differentiation between both minerals is done
on the basis of quantitative microprobe analyses (Table 1).
Minor quantity of Fe and As present in miargyrite as trace
elements. In several cases this mineral is observed as fine
intergrowths with stibnite (Fig. 2, Plate 7). Both minerals are
also very similar by their optical properties, but miargyrite has
specific  beige-brownish-grey ~ shade,  while  stibnite
demonstrates variations of grey colour due to the different
orientation of single grains. Miargyrite is also observed as
intergrowth with a mineral with slightly light grey colour (Fig. 2,
Plate 7). In the optical microscope this difference is very
difficult to be mentioned, but it is clearly visible during
observations in backscattered electrons in Scanning electron
microscope (Fig. 2, Plate 12). The analyses of the second
phase established much complicated composition including
elements like Pb, Sb and S as main elements and minor
quantities of Ag and Cu. Several attempts to calculate the
possible formula of the mineral are performed. The results
established formula (Table 1) much closer to the theoretical
composition of plagionite (calculated as PbsShsSy7). It is known

Table 2. Distribution of Au, Ag and As in ore and different flotation products

Product Production Content Extraction
[%] Aufght] | Aglaft] | As[%] | Au[%] | Ag (%) | As (%)
Concentrate (15t and 2" main flotation) 9.9 11.7 430 149 | 4462 | 61.03 | 16.32
Concentrate (control flotation) 4.4 54 92 1.02 9.15 5.80 4.97
Waste 85.7 1.4 27 0.83 | 46.23 | 3317 | 78.71
Ore 100.0 2.6 69.8 0.90 | 100.0 | 100.0 | 100.0
Table 3. Distribution of Ag in different products from hydrometallurgical test
Class —0.08 mm
Phase Content Content Distribution Distribution
g/t for 85% g/t for 95% % for 85% % for 95%
free - - - -
cyanidable 47 46 67.14 65.71
in oxide envelope 13 5 18.57 7.14
in sulphides 9 18 12.86 25.71
in insoluble residium 1 1 1.43 1.44
in the initial probe 70 70 100.0 100.0
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Fig. 2. Microphotographs (Reflected light, parallel Nicols, if not especially noticed)

Plate 1. Zonal aggregate including elongated arsenopyrite crystals in the periphery, pyrite in the between (white) and marcasite (greyish), replacing pyrite in the core;
Plate 2. Irregular aggregate of fine intergrowths between stibnite (grey), marcasite (light grey) and arsenopyrite (white), crosscut by later formed veinlet of pyrite and
marcasite (white to whitish); Plate 3. Elongated colloform textured veinlets of pyrite and marcasite(greyish and white) among quartz (dark grey). At the right - fine
globular grains of pyrite; Plate 4. Fine inclusions of globular pyrite in quartz (dark grey); Plate 5. Aggregate of platy marcasite crystal (white in the centre) and
arsenian pyrite (whitish) crosscut and corroded by later formed quartz (dark grey). It is possible marcasite to replace early formed pyrrhotite; Plate 6. Crown-like
texture of euhedral arsenopyrite crystals (white) imming sphalerite grain (light grey). At the left — an aggregate of marcasite, pyrite and arsenopyrite; Plate 7. Slightly
rounded aggregate of miargyrite (light grey) and stibnite (whitish) among quartz (dark grey). Two single grains of miargyrite present at the bottom and fine euhedral
arsenopyrite crystals (white) are observed in the centre and at the right; Plate 8. Aggregate of andorite (grey) and stibnite (white) grown up over slightly rounded
quartz crystals. — SEM, Backscattered electron image, COMPO regime. Marker — 10 pym; Plate 9. Scorodite (?) particles (grey) in association with quartz (dark grey,
with high relief) among resin in the waste product from flotation; Plate 10. Slightly elongated and rounded grain of pyrargyrite (grey) on the contact with marcasite-
pyrite aggregate (white and whitish) among quartz; Plate 11. Elongated grain of acanthite (grey), associating with pyrite (white) and marcasite (whitish) particles;
Plate 12. Intergrowth between miargyrite (grey) and plagionite (?) in quartz (dark grey). — SEM, Backscattered electron image, COMPO regime; Marker — 10 um.

that the diagnostic of the minerals from the group of properties leads to the fact that in some cases minerals is
sulphantimonides is much complicated and it has been an impossible to be exactly determined. Anyway, in this case
object of discussion in mineralogy for a long time. The very presence of plagionite is also expected on the base that this

close parameters in chemical composition and optical
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mineral is usually common for deposits with low content of
galena, such as recent one studied.

Andorite is found in intergrowth with stibnite as irregular
shaped aggregate developed over slightly rounded quartz
crystals. In reflected light the there is no difference between
both minerals, but in observation through SEM in
backscattered electrons this difference is distinct (Fig. 2, Plate
8). Quantitative microprobe analyses of andorite established
chemical composition similar to andorite IV from the Oruro
deposit (Bolivia) described by Chvileva et al. (1988). The other
variety mentioned by the same authors as andorite VI contains
more silver in its composition. Microprobe analyses established
as well copper as trace element which is typical for both
varieties.

Acanthite is found as fine slightly elongated grains in the
concentrate from the experimental flotation of the ore in
association with pyrite and intergrowth between fine needle-
like arsenopyrite in quartz (Fig. 2, Plate 11). The size of the
acanthite grains along the long axis is about 100 ym. The
colour is light grey, anisotropy of the mineral is not distinct due
to the poor polishing of the mineral in the cemented briquette.
The final diagnostic of the mineral is performed by quantitative
microprobe analysis (Table 1) and calculated formula is very
similar to the theoretical for this mineral. No trace elements are
found in it.

The quantitative chemical analyses of the products from
experimental tests for ore flotation established that extracting
of silver in concentrates is higher compared with gold (Table
2), which could be explained with greater part of silver
including in silver's own minerals. The most of this amount is
related to mineral phases that are successfully liberated during
the ore crushing and milling. Phase analyses performed on
products from hydrometallurgical test for class -0.08 mm
established that for 95 % of ore milled to this size about 25.71
% of silver is related to sulphide form and only 1.44 % is in the
insoluble residium (Table 3). Over 65 % presents in a form that
could be successfully extracted through cyanidisation. Another
7.14 % are related to the oxide envelope of the mineral grains,
probably pyrite altered into Fe-oxides.

Discussion and conclusions

The recent study of silver distribution in the mineralisation of
ore body “North”, Sedefche deposit and the products of the
experimental mineral processing tests could be discussed as
following.

Silver bearing minerals here are presented mainly by
pyrargyrite, miargyrite, andorite, acanthite and as trace
element silver presents in plagionite (?) and very rarely in
arsenian pyrite. Some of the previously reported silver minerals
in the deposit were not found now due to the relatively limited
number of samples studied. Two of the minerals (andorite and
acanthite) are reported for the first time for this deposit.

Recommended for publication by Department of
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The largest part of the silver minerals could be successfully
liberated during the process of ore crushing and milling as they
are observed without any intergrowth with quartz or main
sulphide minerals in the concentrate obtained.

Two varieties of pyrite are found one of them could be
nominated as arsenian pyrite carrying As between 3 and 7 wt.
%. Both of them are successfully beneficiated and the content
of intergrowths of pyrite with other minerals in the concentrate
obtained is very low.

Pieces of quartz with inclusions of globular pyrite that could
not be liberated due to their minor size are observed in the
tailings.

The main carrier of As in the mineralisation is arsenopyrite
and probably in the oxidising zone Fe arsenates such as
scorodite. The content of As in waste from the flotation
experiment is relatively high, which could be explained with the
large amount of very fine arsenopyrite crystals in quartz.

The microprobe analyses of pyrite and arsenopyrite do not
register gold in both minerals within the frame of the device
detection limit. Gold is reported as trace element in them by
Mladenova (1998), discussing the problem of “invisible” gold in
this deposit. Additional study for this problem is necessary not
only for the gold distribution which is the main element for the
deposit but also for the possibility of presence of silver together
with gold as electrum in fine-dispersed colloidal particles with
size below 1 um. This will support the proper treatment and
extraction of the largest quantity of both elements from the ore.
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NEW PHOSPHORITE DEPOSITS IN NAQIB ETAIQ AREA (SOUTHEASTERN JORDAN)
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ABSTRACT. The study area situated to the southeast of Esh-Shidiya mines in the southeastern part of Jordan close to the Saudi Arabia borders. The phosphorites of
Nagib Etaiq area (Campanian-Maastrichtian in age), crops out along the southeastern extension of Ras En Nagab-Batn Al Ghul escarpment, are up to 26 m thick and
unconformably overlies the Upper Cretaceous-Batn Al Ghul Group. The phosphorites at this locality are composed of predominantly phosphatic sand, sandstone,
phosphate, interbedded with thin limestone beds, coquinal limestone, coquina, marl, phosphatic chert and chert. The phosphate sequence in the study area shows
lateral variations in lithology, thickness and distribution of the phosphate beds. Generally, phosphates at these localities form approximately 50% of the section and
occur as beds, up to 1.7 m thick. Field observations indicate the presence of fragmented bones, reptile carapaces, Thalassinoides, gastropods, bivalves. Chemical
analyses indicate that P2Os content of the phosphate beds increased upward in the section and varies from 8.0 to 26.42%, whereas through SEM on selected
phosphate areas the P2Os is up to 42.13%. The results of X-ray diffraction analyses indicate that the main phosphatic mineral is carbonate fluorapatite (francolite).
Preliminary petrographic studies indicate the presence of phosphate pellets, bone fragments, intraclasts, fish teeth, and quartz grains cemented by calcite and
dolomite. The phosphorites in the study area were probably deposited in marine environment, upper shoreface, very close to the shore lines of the continent.

HOBW ®OCHOPUTOBU HAXOOULLIA B OBJTACTTA HAKUB ETAUK (OrOU3TOYHA UOPOAHUA)
Xaned TapasHex
Al-Hussein Bin Talal University, Faculty of Mining and Environmental Engineering, Ma’an — Jordan; khtarawneh1@yahoo.com

PE3IOME. V3yuyaBaHnsT pailoH e nokanuavpaH KrousTouHo oT munute Ew-llngws B toromstouna Moppanms, 6nuso mo rpaHmuata cee Cayautcka Apabus.
®ocoputute 0T 0bnactta Hakunb Etank (c kamnaH-MaacTpuxTcka Bb3pacT) ce paskpuBarT B OrON3TOYHOTO yabimkeHe Ha oTkoca Pac EH Haka6-bath An l'yn, kato
€a C MOLLHOCT 26 m U 3ansralyy CbrmacHo BbpXy ropHokpeaHata rpyna batH An ['yn. ®ocdoputute B TO3M paiioH ca NpeacTaBeHm rMaBHO OT (ocdaTeH MAchK,
NSCbYHMK, hocaTHU NeLm BbB BApOBUKOBW THa3ga, KOXMHameH BapoBUK, Meprenu, docaTeH KpeMbk U kpembk. PocaTHata nocnefoBaTeENHOCT B paspesa
noka3Ba NnaTepanHa Bapuauus B nutonorus, ebenuHa v pasnpegenenne Ha doccatHuTe rHeaga. O6ukHoBeHo hocdaTuTe B Te3n Haxoauwa 3aemart go 50% ot
paspesa U ce siBsiBaT BbB BUA HA rHe3aa ¢ MOXHocT Ao 1.7 m. MonesuTte HabnioaeHUs NokassaT MHAMKALMM 3a NPUCLCTBME Ha parMeHTUpaHu KOCTH, YacTu oT
PenTunnK, TanacuHouau, racTponoan 1 6uBanBuM. XUMWYHMAT aHanu3 nokasea, Ye CbAbpxaHueto Ha P20s BbB pocdaThuTe rHesma ce yBenu4yaea Harope B
paspesa v Bapupa ot 8.0 1o 26.42%, kato upe3 CEM B n3bpanu mecra ¢ poccaty ce ycraHossBa P20s go 42.13%. Pesyntatute OT peHTreHOCTPYKTYPHUS aHanua
nokasgart, Ye rmaBHUST ocdaTeH MuHepan e dnyopanatut (chpaHkonuT). MpessapuTenHu neTporpadicku U3cnensaHns MHAMKMPAT NPUCLCTBUETO Ha hocdaTHM
naneTu, KOCTEHW parMeHTH, 361 OT pUbM 1 KBAPLIOBM 3bpHA CMOEHN OT KanuuT 1 onomMuT. ®ocopuTUTe OT U3yYaBaHWsi PaioH ca BEPOSITHO OTMOXEHWU B MOPCKa
obcTaHoBKa, B ropHaTa 4acT B HenocpeacTBeHa 6rm3ocT Ha KOHTUHeHTanHaTa bperosa MMHKS.

Introduction This is the first detailed study of the phosphorite deposits of

the areas of Nagib Etaiq in southeastern Jordan (Fig. 1). The

Phosphorite deposits in Jordan form an important part of the aim of this research is to study the geology, mineralogy,

Upper Cretaceous-Eocene Tethyn Phosphorite Belt stretching chemistry and the genesis of this newly discovered
from Morocco to Turkey, Syria, Irag, Saudi Arabia and phosphate.

Palestine (Klemme, 1958, Sheldon, 1964, Notholt et al,
1989). The Jordanian phosphorites were deposited in the
transitional zone between a stable shelf in the south and the Geological setting
Tethys Sea in the north Jordan due to the upwelling currents

Bender (1974). Economic phosphorite deposits are present in The phosphorites in the study area crop out in the south part
the areas of Rusiefa, Qatrana, Al Abyad, Al Hasa and Esh- of Jordan along the southeastern extension of Ras En Nagab
Shidiya. Economic phosphorite deposits were discovered also escarpment (Jibal Kabid and Abu Mil areas), and situated to
by Mikbel and Abed (1985) in northwest Jordan. Details for the southeast of Esh Shidiya mines; close to the Saudi Arabia
the Jordanian phosphorite deposits are found in Reeves and border (Fig. 1).

Saadi (1971), Khalid (1980), Khalid and Abed (1982), Abed

and Khalid (1985), Al-Agha (1985), Abed and Al-Agha (1989), The phosphorite deposits of Naqib Etaiq area are up to 26m

Abed and Fakhouri (1990, 1996), Abed et al (1992), Tarawneh thick (Fig. 2) and rests unconformably on the Upper
(1997) and Tarawneh and Moumani, 2005). Most of these Cretaceous-Batn Al Ghul Group and the Lower part of Belga
works discussed many subjects of geology, mineralogy, Group (undifferentiated). The phosphorite section is found in
chemistry and genesis of these deposits. the phosphorite member of Bender (1974), the topmost of

Amman Formation of Masri (1963), early Maastrichtian in age
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(Burdon, 1959; Hamam, 1977; Abed and Ashour, 1987; Glenn
and Arthur, 1990). It is adopted by the National Geological
Mapping Project/ NRA to Al Hisa Phosphorite Formation
(AHP) (Campanian-Maastrichtian).

The Phosphorite sequence in the study area shows lateral
and vertical variations in lithology, thickness, distribution of
phosphorite beds (up to 1.7m thick), in addition to the variation
of P20s content. Generally, phosphates form approximately
50% of the sequence. Field observations indicate the
presence of bone fragments, reptile carapaces, and different
types of fish teeth (pycnodont and mosausurus tooth; probably
of crocodile) intensively occur in the friable phosphatic sand of
the lower part of the sequence. The phosphorites occur as
several levels increasing upward and intercalated between
multiple event within coarse grained quartz sand, sandstone,
limestone, coquinal limestone, chert, phosphatic chert, marl
and chalky limestone. The coarse-grained quartz or granular
sandy phosphate occurs in the basal and in the middle parts
of the sequence. Generally, the contacts between phosphatic
beds and the lithologies between them are usually
gradational.
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Fig. 1. Location map

Petrography

Representative samples from the study area were thin
sectioned. In general, the Jordanian phosphates made up of
four types of phosphatic particles as follows: pellets,
intraclasts, skeletal fragments and coated grains (Abed and
Al-Agha, 1989; Khalid and Abed, 1982; Abed and Fakhouri,
1996).The composition of the study phosphate is similar to the
other Jordanian phosphates, with small differences of the
amount of the phosphatic particles.

As a rule grains constitute most of the phosphatic part of the
study phosphorites. The matrix is being usually silicic and
locally calcitic. Clay and phosphatic matrix also occur. The
main diagenitic replacements of the Nagib Etaiq phosphate
particles are silicification and partly calcitization. Silicification
of phosphate particles has previously been reported by
Kolodny (1969) from the northern Negev phosphorite.
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Fig. 2. Graphic log of the phosphorite section

Among the phosphatic grains, pellets are the most common
and characteristic component, particularly in the high-grade
phosphorites. These pellets are structureless, rounded to
subrounded with smooth boundaries (0.060-0.5 mm in
diameter grains). Their X-ray pattern is always that of
francolite (Soudry and Nathan, 1980). In the Jordanian
phosphorites these particles might be fecal in origin (Abed and
Fakhouri, 1996). Intraclasts are common in the study
phosphorites. They have irregular form (up to 1cm in
diameter) and have an internal structure. Some of these
intraclasts are  composed of translucent, slightly
microcrystalline apatite. Intraclasts may include other particles
as pellets or fragmented bioclasts and quartz, therefore these
intraclasts are good indicators for reworking (Khalid, 1980).
Skeletal fragments include bones and teeth of various size
(1 mm - 2 cm in diameter. They made an important
component of the phosphatic grains and concentrated in the
lowermost part of the sandy phosphatic beds and in the friable
sand at the basal part of the sequence. Petrographically, they
composed of microcrystalline apatite with prismatic shards
and sharp edges, and many of them show a relict organic
structure. Some of the skeletal fragments are replaced by
microquartz, indicated silicification of these fragments. Coated



grains and aggregates are present. They are generally larger
than 0.25 mm. They are made of cryptocrystalline apatite at
the center and crystalline apatite as a rim around them.

Detrital quartz is abundant in the studied samples. The
grains are rounded, subrounded to subangular with various
sizes. It occurs as siliceous matrix, usually very fine-grained
quartz or coarser grains with irregular shape.

Mineralogy and chemistry results

Phosphate rocks are mostly composed of varieties of
apatite. They include fluorapatite, carbonate flourapatite
(francolite),  carbonate  hydroxylapatite  (dahlite) and
chlourapatite. X-ray diffraction indicate that the apatite mineral
is francolite.

Representative phoshporite samples were analysed and the
results are shown in Table 1. In general the studied
phosphorites relative to the Upper Cretaceous phosphorite
horizons in central and northern parts of Jordan are richer in
SiO2 and poorer in CaO, while the P20s has a wide range.
Relationship between the study phosphate and the closer Esh
Shidiya Mine have been done with aim to see the similarity
and differences in chemical composition between these
localities. Graphic illustrations between P20s from one side
with other chemical components are shown in Fig 3. The
average content of SiO2 is 29.91%, whereas in the Esh-
Shidiya phosphate it is 18.72% (Khalid, 1980). In the studied
samples the SiOz is mainly present as detrital quartz and clay
minerals or occur as silica in the form of chalcedony. Silicon
can partly replace phosphorous in the apatite lattice (Cathcart
and Gulbrandsen, 1973).

The CaO content ranges between 12.74-41.76%, whereas
in Esh-Shidiya phosphate is between 27.87-50.63% (Khalid,
1980). Chemical analyses and microscopic investigations
indicate that the major part of the carbonates is made of
sparitic to microsparitic calcite, whereas dolomite is only
present in a few samples in the dolomitic sandy phosphate
bed.

The P20s content ranges from 8.0 to 26.42%, whereas in
Esh Shidiya mine it ranges between 5.83-33.96% (Khalid,
1980). This wide range of P20s in the studied samples is
mainly due to the admixture of non-phosphatic minerals such
as quartz, calcite and dolomite. In the apatite lattice POs-
group may be partly replaced by OH-group (McConnell,
1965). Phosphorous may be partly replaced by the following
elements As, V, Si, S, C and Cr (Cathcart and Gulbrandsen,
1973), whereas calcium can be partly replaced by Na, Sr, Ba,
Cd, Rb, Re, Th and U (McConnell, 1973).

The positive correlation is clear between P20s and F, which
indicate that the major phosphate mineral is francolite. The
relationships between P20s with CaO, CO2 and SiO2 are
randomly orientated.

The MgO content in the studied samples ranges between
0.13 to 2.34, whereas in Esh-Shidiya phosphates is around
0.66% (Khalid, 1980). The MgO is associated with dolomite,
apatite, calcite and clay minerals. Mg can replace Ca in
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apatite and calcite lattice, but in the studied samples there is a
negative correlation between P20s and MgO due to the low
content of MgO in the studied samples.

The CO:2 content ranges between 1.28-18.29%, whereas in
Esh-Shidiya Mine is about 7.29%. McConnell (1973)
considered that the COs ions partly substitute PO4 ions. In the
studied samples, CO2 is mainly present in the carbonate and
phosphate facies. However, because the type of apatite is
francolite it should be part of CO: incorporated in the apatite
lattice. This point indicated because the petrographic study
shows a little amount of organic matter present in some fecal
pellets and in the groundmass. The SOs content ranges
between 0.10-1.87%, whereas in Esh-Shidiya phosphates is
around 1.06% (Khalid, 1980). The (POa) group in the apatite
can be also replaced by SO (Stowasser, 1975). In the studied
samples sulphur may occur in the apatite structure as a
normal constituent of phosphate lattice or as gypsum which
was detected by X-ray diffraction in this study.

The fluor content ranges between 0.85-2.34%, whereas in
Esh-Shidiya Mine is around 3.06% (Khalid, 1980). Flour is
present in the apatite lattice and it occurs free or associated
with (OH) and O-ions (McConnel, 1973). In the studied
samples the F correlates positively with P20s. The chlorine
content in the studied samples varies from 0.04 to 1.31%,
whereas in Esh Shidiya phosphates the Cl is around 0.061%
(Khalid, 1980). In the phosphates, chlorine may be present in
the apatite lattice where it may replace F or OH group (Blatt,
et al., 1972). There is no clear relationship between CI and
P20s in the discussed samples, therefore most of the ClI
should be associated with clay minerals, or partly incorporated
in the apatite structure replacing F.

Scanning Electron Microscope (SEM), Back Scattered
Image (BSE) and Secondary Electron Image (SEI) was used
to identify the phosphate minerals and to get more details
about chemical composition of the studied phosphate. For this
purpose phosphate areas in thin sections were analyzed. The
results of chemical composition of major and minor elements
are shown in Table 2. The results of SEM indicate that the
groundmass of the studied phosphates consist of
microcrystalline apatite that form the structure of pellets, fish
teeth, bone fragments and other unidentified phosphate
fragments. The apatite occur as dark envelops surrounding
light cores of these fragments. The results of SEM analyses in
different phosphate areas (cement, core and rim of pellets,
fish teeth and bone fragments) indicate that the P20s content
varies from 39.25 to 42.13 %, whereas the fluor ranges
between 3.28 and 4.21%. The content of other oxides
associating the apatite is shown in Table 2.

SEM analyses confirm that the phosphate facies is mostly
made up of P, Ca, F, Cl, Si and Na, that are involved in the
apatite lattice. Replacement of P by Si, Ca by Na and F by ClI
is more common in similar phosphates (Cheny et al., 1979).
Graphical illustrations showed the relationships between P20s
versus Ca0, COz and F (Fig. 3). Results of SEM indicate also
that there is some kind of positive relationship between P20s
with other oxides associating the apatite lattice. F/P205 value
ranges from 0.04 to 0.10, while CaO/P205 value ranges from
1.23 to 1.38. Such values are similar to the values of
composition of francolite (Cheney et al., 1979).



Table 1

Chemical analysis of the phosphate samples from the studied area

No
MgO | AO3 | SiO2 | P20s Ca0 Fe20; CO2 SOs F Cl | F/P20s | Tofal
1
076 | 0.05 | 33.23 | 23.56 27.18 0.33 13.56 0.1 085 |0.08| 0.036 | 99.72
2
045 | 0.01 59.03 | 13.51 18.24 0.23 6.5 0.13 125 1 0.09 | 0.092 | 99.53
3
032 | 007 | 69.94 | 852 12.74 0.44 5.32 0.36 132 1065 ] 0.5 99.83
4
126 | 0.02 8.07 | 2469 | 4322 0.19 19.26 0.72 1.02 [ 0.04 | 0.04 98.5
5
14.7 | 0.05 6.98 | 8.00 49.55 0 18.23 1.31 1.21 04 0.15 | 100.58
6
1.86 | 0.21 2314 | 20.82 | 46.88 0.88 2.35 0.97 112 1089 | 0.05 99.27
7
058 | 097 | 2423 | 2415 | 4294 0.89 3.21 0.48 168 082 | 0.06 100.1
8
0.7 0.01 394 |16.58 | 34.56 0.33 5.25 1.28 1.01 1.3 0.06 | 100.52
9
2.34 0 33.85 | 15.71 36.31 0.26 7.75 1.87 087 |0.04| 0.05 99.05
10
061 | 0.07 | 3325 | 18.92 36.65 0.89 4.54 2.23 2.34 0.7 0.12 | 100.35
1
0.9 0.11 18.66 | 24.09 45.3 0.5 6.23 0.95 211 | 1.31 0.08 | 100.26
12
0.13 0 29.08 | 20.35 | 39.88 0.26 6.89 0.83 1.7 0.87 | 0.08 | 100.07
13
1.89 0 155 | 2642 | 4567 0.71 5.23 1.12 2.1 1.01 0.07 99.75
Table 2
Chemical composition of the various types of phosphate samples in percent using SEM
Sample
No Ca0 P205 SiO2 Na20 F Total F/P20s Ca0/P20s
1 51.1 41.67 1.32 0.88 4.21 99.18 0.10 1.22
2 48.5 4213 1.9 1.04 3.56 97.13 0.08 1.15
3 49.39 4142 35 0.89 3.28 98.48 0.07 1.19
4 52.3 40.2 2 1.18 3.36 99.04 0.08 1.30
5 51.12 41.3 1.1 1.8 3.54 98.86 0.08 1.23
6 54.2 39.25 15 1.21 3.26 99.42 0.08 1.38
7 50.7 411 2.1 1.1 3.62 98.62 0.08 1.23
8 49.8 39.8 2.25 1.9 3.91 97.66 0.09 1.25
9 51.95 40.01 1.95 1.65 3.56 99.12 0.08 1.29
10 48.54 37.77 1.23 0.98 2.56 91.8 0.06 1.28
11 49.23 36.98 2.23 1.23 2.98 91.08 0.08 1.33
12 50.23 38.47 2.24 1.33 1.58 93.85 0.04 1.30
13 49.33 39.55 1.89 0.88 1.98 93.63 0.05 1.24
14 47.89 37.88 1.11 0.94 2.11 89.93 0.05 1.26
15 49.87 40.22 2.12 1.25 3.25 96.71 0.08 1.23
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Fig. 3. Graphical representation of the XRF and SEM analysis between
P20s versus other chemical components

Genesis

The rate of deposition, sedimentary structures, composition
and thickness of the phosphorite deposits in the study area are
closely controlled by the local palaeostructural relief.

The study phosphate is of grainstone type. Such type of
phosphate in ancient strata are commonly viewed largely as a
reworked product of synsedimentary phosphatized mud
generated in low-energy and organic rich marine environments
(Cook, 1970, Rigges, 1979, Glenn and Arthur, 1990). The
processing of washing and transport would concentrate the
phosphorite particles "Pellets” generated later as phosphorite
beds within tectonic troughs in near shore setting (Soudry,
1992). Therefore, such phosphates could be formed not due to
single factor, but due to series of successive processes
providing a final concentration of phosphorus (Baturin and
Bezrkovis, 1979). These processes include winnowing of light
and fine non-phosphatic fractions and residual concentration of
coarser material, including phosphorite grains (Soudry and
Nathan, 1980). The granular phosphorites of both southeastern
Jordan and Negev (Soudry and Lewy, 1988) are essentially
grainstones, which are extremely porous and are situated
near-surface in an arid area. The environment of deposition
and early diagenetic processes are apparently reflected in the
fabrics and grain composition in such phosphate. The
bioturbation features commonly associated with the granular
phosphorite, and the high energy of character of these rocks,
point to deposition in arid environments with good mixing of
waters that have chemical composition typical to sea-water
(Nathan et al., 1990). It can be assumed that the presence of
fauna in addition to the higher amounts of siliciclastics in this
sequence indicate that the phosphorites in the study area were
probably deposited in marine environment; upper shoreface,
very close to the shore lines of the continent.

Conclusions and recommendation

1. The phosphorite horizons in the study area differ from
phosphorite horizons in northern and central Jordan by
their high content of silica.

2. The P20s content has a wide range (8.0-26.42%) and
increasing upward in the measured section, whereas
through SEM analyses it is up to 42.13%.

3. Petrographically, the study phosphate characterized by
uniform composition consist of microcrystalline apatite



that form pellets, bones, fish teeth and unidentified
phosphate fragments.

4. X-ray diffraction shows that the major phosphate mineral is
francolite (carbonatefluorapatite).

5. Further detailed studies on the phosphorites of Nagib Etiaq
and around areas are highly recommended in order to
establish a regional correlation of lithology, petrography,
mineralogy and geochemistry with other phosphate
horizons in central and southeastern Jordan, particularly
with Esh-Shidiya phosphate.

6. Drilling a few boreholes in this area to show the real
thickness/distribution and lateral changes of the
phosphate horizons and their relationships with Esh-
Shidiya phosphates are highly recommended.
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CHEMICAL CHARACTERIZATION OF GARNET AND P-T CONDITIONS OF
METAMORPHISM OF THE TRIASSIC ROCKS OCCURRING TO THE SOUTH OF
ORESHNIK, SOUTH-EAST BULGARIA

Nikoleta Tzankova

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

ABSTRACT. This study provides data about the chemical composition of garnet and associated minerals from the quartz-mica schists occurring to the south of the
village Oreschnik, Sakar Mountain, and coustrains the P-T conditions of metamorphism. The chemical composition of the following minerals have been studied by
electron microprobe: garnet, biotite, staurolite, white mica, chlorite, plagioclase. The metamorphic grade is of lower amphibolite facies. The P-T estimate for a
staurolite - garnet - white mica - biotite - chlorite - plagioclase schistis T=616°C, o (T) =21 and P = 7,8 kbar, o (P) =1.3.

Key words: garnet, amphibolite facies, metamorphism, Sakar Mountain

XUMUYHA XAPAKTEPUCTUKA HA TPAHAT W P-T yCnoBua HA METAMOP®U3MA HA TPUACKUTE CKANW,
PA3KPUBALLIN CE KOXXHO OT OPELLUHUK, OTOU3TOYHA BBITTAPUA

Hukonema LjaHkoea

MurHo-2eonoxku yHusepcumem “Cs. UeaH Puncku”; Cogpusi 1700

PE3IOME. Hactosiata pabota vma 3a Len Aa npesoctaBy AaHHM 3@ XUMUYHUS CbCTaB Ha rpaHaTa M MUHEpanuTe OT HeroBaTta acouvalums B KBapL, — CIOAEHM
LuMcTH, paskpuBaluy ce Ha tor ot ceno OpeluHuk, Cakap nnaHuHa u 3a P-T ycnoBusita Ha MeTamopduama. XUMUYHUSIT CbCTaB Ha CriesHUTe MuHepani Belue
“3cnesBaH C NOMOLLTA Ha ENEKTPOHHO-MUKPOCOHAOBW aHanuau: rpaHat, GuoTuT, CTaBpONMT, MyCKOBUT, XNOPUT, Nnaruoknas. PervoHanHusT Metamopegusbm € ot
HuCKa cTeneH Ha amcmbonuTosms davpec. M3umcnernte P-T ycnosus 3a CTaBpONWT — rpaHaT — MyCKOBUT — BUOTUT — XNOPUT — MNar1oknas — ChabpXalyuTe WncTu
caT=616C, o (T)=21uP =728 kbar, o (P) =1.3.

Kntoyosn gymm: rpaHat, amcmbonuTos daupec, meTamopcnsbm, Cakap nnaHnHa

Introduction built up of metaconglomerates, metasandstones and mica-
schists. The Ustrem Formation is represented by: a) quartz-

Mineral and chemical data for the garnet and staurolite mica schists containing porphyroblasts of biotite, garnet and
bearing mineral parageneses in the quartz-mica schists staurolite; b) garnet-amphibole, epidote-zoisite and quartz-
occurring to the south of the village Oreshnik in the eastern amphobole schists; c) calc-schists; d) white, grey and striped
slopes of the Sakar Mountain has been provided, as well as marbles. The Srem Formation is built up of calcic and
determination of the P-T conditions of metamorphism. These dolomitic marbles. The rocks of the Ustrem Formation are
rocks are part of the Ustrem Formation, which has been situated on the rocks of the Paleokastro Formation and are
introduced by Catalov (1985) with the type area being in the covered by the marbles of the Srem Formation. The
Topolovgrad region. They are upper Lower Triassic in age. The Paleokastro Formation is related to the lower parts of the
metamorphic type of the Triassic in the studied region was first Lower Triassic, the Ustrem Formation includes the Upper part
recognized in 1965 (Bojanov et all. 1965) from the southern of the Lower Triassic and the Srem Formation belongs to the
S|0pes of the Sakar Mountain and later from the Maritza zone Middle Triassic. The Paleokastro Formation is of a continental
in 1968 (Kozhoukharov et all., 1968). (alluvial) origin. The other two formations are supposed to be

of marine genesis (Catalov, 1985; Kozhukharov, 1996).

Geology
Petrography
The lithostratigraphic dismemberment of the metamorphic . . . ]
Triassic integrates the rocks from the eastern slopes of the The studied garnets occur in quartz-mica schists to the south
Sakar Mountain in the so called Topo|0vgrad Supergroupy of the Vi“age Oreshnik in the direction towards the so called
which is subdivided into three formations — Paleokastro, ~'Black Stones" region (Fig. 1). Macroscopically the rocks are
Ustrem and Srem Formation. The Paleokastro Formation is fine-grained and of dark grey colour. They are

granolepidoblastic and porphyroblastic containing biotite and
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garnet (up to 0.1-0.2 cm in size) and hughe staurolite 12 x 3 x
1,8 cm in size (Kostov et al., 1964). The garnets are raspberry-
red coloured with week purple hue. They are euhedral and a
common form appears to be {110}. Crystals with small
additional {211}  faces, which  display  rounded
rhombododecahedral edges were also observed.

The staurolite crystals are dark brown coloured. They are
prismatic in habit and show pseudohexagonal basal sections.
Twins are common. The mineral assemblage additionaly
includes white mica, chlorite, oligoclase and quartz. Chlorite is
observed as tabular crystals and commonly shows twinning.
Accessory minerals are tourmaline, ilmenite and as inclusions
in biotite — calcite and a radioactive mineral forming
pleochroitic haloes.

q s

=

[Ens
= 4
=3

i

v

2Zhati Chaal Formation

Ustrern Farmatian

}

el

Fig. 1. Scheme of garnet outcropes in the metamorphic schists occuring
to the south of village Oreshnik, South — East Bulgaria; x — garnet

In thin sections these garnets are pale rose-coloured,
euhedral, fresh and mostly free of inclusions except of a few
quartz inclusions. Biotite includes small flakes of white mica.
Staurolite has abundant inclusions of quartz, garnet, biotite and
ilmenite. Staurolite is not found as inclusion in garnet, but
garnet is frequently observed as inclusion in staurolite.

Mineral composition
The chemical compositions of the minerals were studied by

electron  microprobe analyses (ARL-SEMQ S30, 4
spectrometers, EDS Link, 20 KV, 20 nA, standart kaersutite;
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University of Leoben, Austria). The garnets are almandine
rich. They contain up to 77 -78 mol. % of the almandine
endmember, up to 15 mol. % of pyrope endmember and minor
other elements (Table 1, Fig. 2). All studied garnets show
growth zoning. This is documented by an increase in FeO and
MgO from core to rim and enrichment MnO and CaO in the
cores. The explanation for the high Mn-content at the garnet
cores is that garnet strongly fractionate Mn relative to other
minerals, resulting in bell-shaped Mn profiles, which are
caused by depletion of Mn in the rock through concentration of
Mn in the first garnet nuclei to form. Successive layers of
garnet overgrowing the core would then have a depleted
reservoir of manganese to draw upon, and would therefore
become progressively less manganiferous (Tracy, 1985).

FeO

MgO Ca0

Fig. 2. The relative proportions of endmember molecules for garnets in
the quartz-mica schists, Oreshnik

All studied garnets are one-phase and continuously zoned.
That is there are no breaks or gaps in the zoning trends and
there are no reversals (see Fig. 3). The garnet profile is made
by spot analysis at intervals of 2 microns.

Chemical compositions of the minerals of the garnet-bearing
paragenesis is shown in Table 2. The plagioclase is oligoclase
with endmembers: Ab = 83,316%, An = 16,513% and Or =
0,205%. Electron microprobe analyses of rims and cores of
biotite and staurolite show chemical zoning of these minerals
with respect to iron. Biotite and garnet rims are enriched in
FeO though Xwg of garnet shows an increase towards the rims.
An inverse correlation exists between the values of the same
oxide at the rim and the core in the staurolite.

Thermobarometry

The P-T conditions of metamorphism for quartz-mica schists
occurring to the south of the village Oreshnik, Sakar Mountain,
are made using two different methods: conventional
geothermobarometry using GTB Program Thermobarometry
(GTB, 2001) and average pressure and temperature
calculations based on an internally consistent thermodynamic
data using Thermocalc 3.1 (Thermocalc, 2001). Activities were
calculated with the program aX.2000 (Mineral..., 2000).
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Table 3

Thermocalc P-T results from quartz-mica schists to the south of the village Oreshnik, Sakar Mountain. Abbreviations of
endmembers according to Kretz (1983). Cel Celadonite; East Eastonite; Clin Clinochlore; Daph Daphnite; Ames Amessite; Mst
Mg-staurolite; Fst Fe-staurolite, NR — number of independent reactions, e.e.m. — eliminated end members, o - standart deviation
(activities were calculated with the program aX.2000)

9-1rim 9-1 core 9-5-1rim  9-5-1core  9-5-2rim  9-5-2 core 9-6 rim 9-6 core
activities
garnet
Prp 0.002900  0.001130 0.00530 0.00310 0.00310 0.00310 0.00550 0.00178
Grs 0.000260  0.000400 0.00109 0.00130 0.00051 0.00130 0.00128 0.00160
Alm 0.400000  0.330000 0.34000 0.32000 0.36000 0.32000 0.34000 0.29000
white mica
Ms 0.60000 0.60000 0.60000 0.60000 0.60000 0.60000 0.60000 0.60000
Pg 0.70000 0.70000 0.70000 0.70000 0.70000 0.70000 0.70000 0.70000
Cel 0.02500 0.02500 0.02500 0.02500 0.02500 0.02500 0.02500 0.02500
biotite
Phl 0.04600 0.05800 0.07000 0.07000 0.06700 0.07500 0.06700 0.06700
Ann 0.01800 0.01900 0.02200 0.01900 0.02400 0.02000 0.01900 0.01900
East 0.07900 0.07700 0.07200 0.06900 0.05900 0.07100 0.06500 0.06500
chlorite
Clin 0.05000 0.05900 0.05600 0.05900 0.05600 0.05900 0.05600 0.05900
Daph 0.00360 0.00380 0.00340 0.00380 0.00340 0.00380 0.00340 0.00380
Ames — — 0.07800 0.08100 0.07800 0.08100 0.07800 —
plagioclase
An 0.35000 0.35000 0.35000 0.35000 0.35000 0.35000 0.35000 0.35000
Ab 0.79000 0.79000 0.79000 0.79000 0.79000 0.79000 0.79000 0.79000
staurolite
Mst 0.00290 0.00190 0.00290 0.00190 0.00290 0.00190 0.00290 0.00190
Fst 0.35000 0.39000 0.35000 0.39000 0.35000 0.39000 0.35000 0.39000
other Qtz,H.0 Qtz,H.0 Qtz,H.0 Qtz,H.0 Qtz,H.0 Qtz,H0 Qtz,H0 Qtz,H.0
Results
ToC 626 612 616 608 608 609 616 628
o(T) 21 23 21 23 22 23 22 24
P kbar 74 741 7.8 7.7 71 7.7 8.0 7.9
o(P) 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Corr. 0.542 0.555 0.484 0.496 0.507 0.496 0.479 0.671
Fit 1.27 1.38 1.46 1.55 1.50 1.54 1.49 1.50
NR 9 9 10 10 10 10 10 9
e.e.m. ames ames — — — — — ames
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Fig. 3. Garnet profile. Distance 1 DIV = 2 microns

The garnet-biotite geothermometry of core-core analyses give
lower temperature than rim-rim analyses of the same garnet
grain (see Fig. 4). The lines 1 and 3 indicate the temperature
of the garnet core - biotite core Fe-Mg exchange reaction

P kbar

%0 S0 a0 70 800 900
T°C
Fig. 4. Garnet-biotite Fe-Mg exchange callibration by Perchuk &

Lavrenteva (1984); 1-3 garnet core - biotite core, 5-6 garnet rim - biotite
rim

(calibration of Perchuk & Lavrenteva - 1984). It is about 450-
4700 C. The lines 5 and 6 show the temperature of the garnet
rim - biotite rim Fe-Mg exchange which is about 500-540° C.
Hence the cores seemed to have formed at lower
temperatures than the rims. This can be explained with garnet
growth during prograde metamorphic reactions, when
metamorphic temperatures increased. The Thermocalc P-T
results from quartz-mica schists to the south of the village
Oreshnik, Sakar Mountain are shown at Table 3. The average
temperature is calculated 615° C, o (T) = 22,375 and the
average pressure — 7,6 kbars, ¢ (P) = 1,29. This P-T
conditions determined lower amphibolite facies (Bucher, Frey,
2002). The garnet-biotite geothermometers show lower

Recommended for publication by Department of
Mineralogy and Petrology, Faculty of Geology and Prospecting
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temperature than geothermometers, which include staurolite.
Be based on the quantity of the minerals and interrelations
between them and on the temperatures of the
geothermometers involving biotite and garnet, and biotite,
garnet and staurolite can be made supposition that the order of
the appearance of the minerals in the rock in terms of
increasing of the temperature is: chlorite — biotite and garnet
— staurolite.

Conclusions

The garnets are almandine rich and common form appears
to be {110}. All studied gamets are one-phase and
continuously zoned. The order of the appearance of the
minerals in the rock in therms of increasing temperature is:
chlorite — biotite and garmnet — staurolite. The metamorphic
grade of the studied rocks is of a low amphibolite facies.
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PALEOCENE POLYMORPHINIDS AND GLANDULINIDS (ORDER FORAMINIFERIDA)
FROM THE COASTAL PART OF EAST STARA PLANINA (EAST BULGARIA)

Boris Valchev
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ABSTRACT. The rich and diverse Paleocene benthic foraminiferal assemblages from the coastal part of East Stara Planina (over 230 species — Valchev, 2003a)
include some species of polymorphinids and glandulinids. As a whole this group is rarely described in the micropaleontological literature, that's why this article is
dedicated to its taxonomy. Taxonomical descriptions of 8 species small benthic foraminifera are introduced in the article. The species belong to 5 genera (Globulina —
1 species, Guttulina — 4 species, Pyrulinoides — 1 species, Ramulina — 1 species, Glandulina - 1 species), 3 subfamilies and 2 families. 6 of the species are first
described in Bulgaria, while the other 2 species were first found in Bulgarian Paleocene.

The Loeblich & Tappan’s (1988) classification is applied in the article.

Key words: small benthic foraminifera, taxonomy, Paleocene, East Stara Planina

MANEOLUEHCKWU NONMMMOP®UHUAN U TNAHOYNUHUOU (PA3PEL FORAMINIFERIDA) OT MPUMOPCKATA YACT HA
M3TOYHA CTAPA NMIAHWHA (U3TOYHA BBITAPUA)

Bbopuc Bbnyes

MurHo-eeonoxku yHusepcumem “Cs. Mear Puncku”, Kamedpa “Teonoeus u naneoHmonoeus”, Cogbusi 1700; b_valchev@mgu.bg

PE3IOME. BoraTute 1 pa3HoobpasHu naneoLeHcku GeHToCHM (hopamrHrdiepHu acoLmaumuy oT npumopckaTa YacT Ha MatouHa Ctapa nnaHuHa (noseye ot 230 Buaa
- Valchev, 2003a) cbabpkaT HAKOMKO Buga NONMMOPGUHMAN W rManAynuHWau. Kato Luano Tasm rpyna e psgko OnucBaHa B MUKpONAneoHTomNoXkaTa nutepatypa,
nopaan KoeTo HacTosLaTa CTaTus e NocBeTeHa Ha HeliHaTa TakcoHoMMS. [peacTaBeHm ca TakKCOHOMWYHM onucanus Ha 8 Buaa manku GeHTocHN hopammnumndepy
npuHagnexawyy Ha 4 poga (Globulina — 1 Bug, Guttulina — 4 Bupa, Pyrulinoides — 1 Bua, Ramulina — 1 Bug, Glandulina — 1 Bug), 3 nogcemelicTea u 2 cemeiicTea. 6
OT BWAOBETE Ce ONMUCBAT 3a MbpBM MbT B Bbnrapus, a ABa BMAA ce YCTaHOBABAT 3a NbpBM MbT B ManeoLieHckata cepus Ha Gbnrapcka Teputopus.

3anon3BaHa e knacudmkaumsTa Ha Loeblich & Tappan (1988).

KntouoBw gymu: manku 6eHTOCHW dhopamuundepn, TakcoHomus, MNaneoeHcka cepus, MaTouna Ctapa nnanuHa

Introduction Bulgaria. The species belong to 5 genera, 3 subfamilies and 2
families. 6 of the species are first described in Bulgaria, while

The rich and diverse Paleocene benthic foraminiferal the other 2 species were first found in Bulgarian Paleocene.

assemblages from the coastal part of East Stara Planina (over The Loeblich&Tappan’s (1988) classification is applied in the

230 species — Valchev, 2003a) include some species of article.

polymorphinids and glandulinids. As a whole this group is

rarely described in the micropaleontological literature, that's Suborder LAGENINA Delage and Herouard, 1896

why this article is dedicated to its taxonomy. Superfamily NODOSARIACEA Ehrehberg, 1838

Family POLYMORPHINIDAE d’Orbigny, 1839
A sketch with the location of the studied sections and Subfamily POLYMORPHININAE d'Orbigny, 1839
outcrops was published by Valchev (2003b). The Genus Globulina d'Orbigny, 1839
biostratigraphical framework of the Paleocene in the coastal

part of East Stara Planina was discussed in the same article. Type species. Polymorphina (les Globulines) gibba d'Orbigny,
The microphotographs were made in the Central Laboratory of 1826 (subsequently designated by Cushman, 1927).
Mineralogy and Crystalography of the Bulgarian Academy of Distribution. Callovian-Holocene; cosmopolitan.

Sciences by scanning electron microscope “Philips SEM-515"

(Uop = 25 kV). Globulina gibba d'Orbigny, 1826

Plate I, Figure 1

1846. Globulina gibba d'Orbigny; d'Orbigny, p. 227, tab. 13, fig.

Taxonomical descriptions 13 14.
) . . . 1934. Globulina gibba d'Orbigny; Cushman, Dusenbery, p. 59,
The present article aims to introduce taxonomical pl. 8, fig. 4.

descriptions of 8 species small benthic foraminifera from the
Paleocene of the Coastal Part of East Stara Planina, East
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1969. Globulina gibba d'Orbigny; Kpaesa, 3epHeukui, ¢. 67,
Tabn. 23, dur. 4.

1970. Globulina gibba d’Orbigny; Le Calvez, p. 84, tab. 17, fig.
3, 4.

1985. Globulina gibba d’'Orbigny; Papp, Schmidt, p. 79, pl. 71,
figs. 9-12.

1992. Globulina gibba d'Orbigny; Darakchieva, Juranov, p. 16,
pl. 3, fig. 4.

Nomenclature. | have no data about the holotype.

Material. Byala Formation (6 specimens).

Remarks. The species was described from the Eocene in
Bourgas District (Darakchieva, Juranov, 1992).

Distribution. It is known from the Senonian of Germany, the
Paleocene of Alabama, the Netherlands, Sweden, Ukraine,
Caucasus, Australia, the upper Paleocene of England, the
Eocene of Belgium, the Lower and Middle Eocene of France,
the Upper Eocene of Ukraine, Caucasus, England, the
Oligocene of Germany, Hungary, the Miocene of the Vienna
Basin, the Lower Miocene of Dominican Republic, the Middle
Miocene of the central Paratethys.

Occurrence. C-12 (167.00-169.70 m — Lower Paleocene,
296.10 m - P1b Zone), C-21 (37.00 m - P1b Zone), C-24
(74.25 m - P1b Zone), Section Byala 2b (NP1 Zone).

Genus Guttulina d'Orbigny, 1839

Type species. Polymorphina (les Guttulines) communis
d’'Orbigny, 1826 (subsequently designated by Gallowey and
Wissler, 1927).

Distribution. Middle Jurassic - Holocene; cosmopolitan.

Guttulina communis d'Orbigny, 1826
Plate |, Figure 2

1846. Guttulina communis d'Orbigny; d'Orbigny, p. 224, tab.
13, fig. 6-8.

1928. P. (Polymorphina) communis d'Orbigny; Franke, S. 118,
Taf. 11, Fig. 4, 5.

1928. Polymorphina (Guttulina) communis d'Orbigny; White, p.
213, pl. 29, fig. 15.

1951. Guttulina problema d'Orbigny; Cushman, p. 32, pl. 9,
figs. 15-18.

1962. Guttulina communis d’Orbigny; Hillebrandt, S. 63, Tabl.
4, Fig. 23.

1985. Guttulina communis d'Orbigny; Papp, Schmidt, p. 78, pl.
70, figs. 2-12.

1988. Guttulina communis d’Orbigny; Loeblich, Tappan, pl.
458, figs. 1-4.

Nomenclature. | have no data about the holotype.

Material. Byala Formation (32 specimens).

Description. The test is trochospiral with 4 chambers on
both sides. They increase sharply in size. The sutures are
depressed, slightly curved. The surface is smooth. The
aperture is terminal, radiate.

Distribution. The species is known from the Upper
Cretaceous and Paleocene of North Germany, Austrian Alps,
the Paleocene of Denmark, Sweden, Central America, North
Caucasus, the Paleocene and Eocene of Paris Basin, the
Miocene of Vienna Basin.

Occurrence. C-12 (167.00 m - goneH nanoueH, 296.10 m -
P1b Zone), C-21 (7.50 m - P1c Zone), C-24 (23.00 m P3
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Zone), C-29 (365.00 m - P3 Zone, 399.20-420.60 m - P4
Zone, 440.30-476.30 m — P5 Zone), Sections Byala 2b (NP1
Zone), Byala 2¢ (NP1-2 Zones), Byala River and Koundilaki
Cheshme Valleys (Paleocene).

Guttulina ipatovcevi Vassilenko, 1950
Plate I, Figure 3

1950. Guttulina ipatovcevi n. sp.; Bacunenko, ¢. 199, Tabn. 2,
ur. 2.

Nomenclature. The holotype (VNIGRI Coll. No. 2241) is from
the Paleocene of Ukraine (the second horizon of the Montian in
Dnepr-Donetsk lowering).

Material. Byala Formation
Formation (2 specimens).

Description. The test is strongly inflated, asymmetrical,
trochospiral. The initial portion is broad, the later one is narrow.
The apertural end is tapered. Six chambers are visible from
both sides, as the last two ones embrace the previous and the
first whorl is almost invisible. The sutures are curved, slightly
depressed. The surface is smooth, shining. The aperture is
terminal, radiate.

Remarks. The species resembles morphologically (sutures
shape, chamber arrangement) G. communis d’Orbigny, but it
differs by the asymmetrical test.

Distribution. 1t is known from the Paleocene of Ukraine and
Caucasus.

Occurrence. Byala Formation: C-12 (167.00 m — Lower
Paleocene, 204.00 m - P1c Zone, 296.10-303.40 m - P1b
Zone), C-21 (22.00 m - P1b Zone), C-25 (22.50 m - P1b Zone),
C-28 (15.00 m - P2 Zone), C-29 (361.00 m - P3 Zone, 399.20
m - P4 Zone), Sections Byala 1 (NP3 Zone), Byala 2b (NP3
Zone), Byala River Valley (Paleocene).; Emine Formation:
samples from the geological mapping (Paleocene).

(31 specimens), Emine

Guttulina irregularis (d'Orbigny, 1846)
Plate I, Figure 4

1846. Globulina irregularis d'Orbigny; d’Orbigny, p. 266, tab.
13, fig. 9-10.

1969. Guttulina irregularis (d'Orbigny); Kpaesa, 3epHeLkui, c.
66, Tabn. 24, cur. 3, 4.

1970. Guttulina irregularis (d’Orbigny); Le Calvez, p. 92, pl. 20,
fig. 3.

1985. Guttulina communis (d’Orbigny); Papp, Schmidt, p. 79,
pl. 71, figs. 1-4.

1992. Guttulina irregularis (d'Orbigny); Darakchieva, Juranov,
p. 17, pl. 3, fig. 1.

1996. Guttulina irregularis (d’Orbigny); Ujetz, p. 113, pl. 4, figs.
18,19.

Nomenclature. A holotype was not designated. The species
was first described from the Badenian of the Vienna Basin.

Material. Byala Formation (39 specimens).

Remarks. The species was described from the Eocene in
Bourgas District (Darakchieva, Juranov, 1992).

Distribution. 1t is known from the Paleocene of the
Netherlands, the middle Eocene of France, the Upper Eocene
of Ukraine, England, USA, the Oligocene of Germany, the
Miocene of Austria.

Occurrence. C-12 (204.00 m- P1c Zone), C-21 (22.00 m -
P1b Zone), C-24 (40.00 m - P2 Zone), C-29 (420.60 m - P4



Zone, 433.20-476.30 m - P5 Zone), C-30 (99.50 m - P5 Zone),
Sections Byala 1 (NP5 Zone), Byala 2b (NP1-2 Zone), Byala
2c (NP2 Zone), Byala River and Koundilaki Cheshme Valleys
(Paleocene).

Guttulina lidiae Vassilenko, 1950
Plate I, Figure 5

1950. Guttulina lidiae sp. n.; BacuneHko, c. 201, Tabn. 4, dwr.
1.

Nomenclature. The holotype (VNIGRI Coll. No. 2242) is from
the second horizon of the Montian near Hmelovo Village,
Romnen Region (Dnepr-Donetsk lowering, Ukraine).

Material. Byala Formation (2 specimens).

Description. The test is rhomboid in outline, slightly tapered
at both ends. Fife inflated chambers are visible on both sides.
The last two chambers comprise 2/3 to 3/4 of the test length.
The sutures are flush in the initial portion, later become slightly
depressed. The surface is smooth. The aperture is terminal,
radiate.

Distribution. The species is known from the Paleocene of
Ukraine.

Occurrence. Sections Byala 2b (NP3 Zone), Byala 2c (NP1
Zone).

Genus Pyrulinoides Marie, 1941

Type species. Pyrulina acuminata d’'Orbigny, 1840 (original
designation).
Distribution. Rhaetian — Early Oligocene; cosmopolitan.

Pyrulinoides cylindroides (Roemer, 1838)
Plate |, Figure 6

1945. Pyrulina cf. cylindroides (Roemer); Cushman, Stainforth,
p. 34, pl. 4, fig. 34, pl. 5, fig. 3.
1962. Pyrulina cylindroides (Roemer); Hillebrandt, S. 65, Taf.

4, Fig. 30.

1983.  Pyrulinoides  cylindroides ~ (Roemer);  Basov,
Krasheninnikov, pl. 763, pl. 7, fig. 1.

Nomenclature. | have no data about the holotype.
Material. Byala Formation (42 specimens), Emine

Formation (3 specimens).

Description. The test is elongated, fusiform, tapered at both
ends, biserial. The chambers are with sharply increasing size
as the last two ones comprise up to 4/5 of the test length. The
sutures are oblique, flush. The surface is smooth. The aperture
is terminal, radiate.

Distribution. Cretaceous — recent; cosmopolitan.

Occurrence. Byala Formation: C-11 (191.60 m - P1c Zone),
C-23 (271.20 m - P1b Zone), C-24 (40.00 m - P2 Zone), C-25
(40.40 m - P1b Zone), C-28 (15.00 m - P2 Zone), C-29
(361.10-364.40 m - P3 Zone), C-30 (83.90-86.30 m - P4 Zone),
Sections Byala 1 (NP4-5 Zone), Byala 2b (NP1-3 Zone), Byala
2c (NP1-2 Zone), Byala River and Koundilaki Cheshme Valleys
(Paleocene); Emine Formation: samples from the geological
mapping (Paleocene).

Subfamily RAMULININAE Brady, 1884
Genus Ramulina T. R. Jones, 1875
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Type species. Ramilina laevis T. R. Jones, in J. Wright, 1875
(original designation).
Distribution. Jurassic - Holocene; cosmopolitan.

Ramulina globulifera Brady, 1879
Plate I, Figure 7

1928. Ramilina globulifera Brady; White, p. 214, pl. 29, fig. 2.

1947. Ramilina globulifera H. B. Brady; Cyb66otuHa, c. 89,
Tabn. 3, dwr. 8, 9.

1953. Ramilina globulifera H. B. Brady; Hagn, S. 82, Taf. 6,
Fig. 11.

1962. Ramilina globulifera Brady; Hillebrandt, S. 68, Taf. 4,
Fig. 35.

Nomenclature. | have no data about the holotype.

Material. Byala Formation (65 specimens),
Formation (1 specimen).

Description. The test is composed of globular chambers
joined by straight or curved stolon-like necks with various
length and thickness. The surface is covered with fine spines
or nodes. The aperture is a round opening at the end of the
tube.

Remarks. Single chambers with two necks only were
found.

Distribution. The species is known from the Upper
Cretaceous of Germany, Austrian Alps, Turkmenia, the
Paleocene of Mexico, Trinidad, North Caucasus, Germany,
Austria, Azerbajdjan, Turkmenia, the Eocene of Ukraine, the
Middle Miocene of Dominican Republic, recent sea deposits. It
was also established in deep sea holes in North-west Atlantic
(Eocene).

Occurrence. Byala Formation: C-11 (191.60-192.40 m -
P1c Zone), C-12 (203.00-204.00 m - P1c Zone, 296.10 m -
P1b Zone), C-23 (74.00-128.00 m - P3 Zone, 215.00 m -
Lower Paleocene), C-24 (40.00 m - P2 Zone), C-25 (26.40 m -
P1b Zone, 355.00 m - P2 Zone), C-28 (15.00 m - P2 Zone), C-
29 (420.60 m - P4 Zone, 433.50-476.30 m - P5 Zone), C-30
(99.50-107.90 m - P5 Zone), Sections Byala 1 (NP3-5 Zone),
Byala 2b (NP1-3 Zone), Byala 2c (NP1-2 Zone), Byala River
and Koundilaki Cheshme Valleys (Paleocene); Emine
Formation: Section Banya-Southwest (Lower Paleocene).

Emine

CewmeictBo GLANDULINIDAE Reuss, 1860
Mopncemeitcteo GLANDULININAE Reuss, 1860
Pog Glandulina d'Orbigny, 1839

Type species. Nodosaria (les Glandulines) /aevigata d’Orbigny,
1826 (subsequently designated by Cushman, 1927).
Distribution. Paleocene - Holocene; cosmopolitan.

Glandulina laevigata d'Orbigny, 1826
Plate I, Figure 8

1846. Glandulina laevigata d’Orbigny; d’Orbigny, p. 29, tab. 1,
fig. 4, 5.

1951. Glandulina laevigata (d’Orbigny); Cnacos, c. 112, Tabn.
2, ¢wvr. 3.

1969. Glandulina laevigata d’'Orbigny; Kpaesa, 3epHeLkui, c.
68, Tabn. 24, cur. 6.

1985. Glandulina ovula d'Orbigny; Papp, Schmidt, p. 21, pl. 2,
figs. 1-6.



1988. Glandulina laevigata (d’Orbigny); Loeblich, Tappan, pl.
468, figs. 1-4.

1992. Glandulina laevigata (d'Orbigny); Darakchieva, Juranov,
p. 18, pl. 3, fig. 3.

Nomenclature. | have no data about the holotype.

Material. Byala Formation (30 specimens).

Remarks. The species was described from the Badenian
near Staropatitsa Village, Vidin District (Cnacos, 1951). It was
also established in the Eocene of Bourgas District
(Darakchieva, Juranov, 1992).

Distribution. 1t is known from the Upper Cretaceous of
Poland, the Upper Paleocene of England, the Eocene and
Oligocene of Belgium, the Upper Eocene of Ukraine,
Caucasus, England, Poland, the Oligocene of Turkmenia, the
Miocene of Vienna Basin. It was also established in deep sea
holes in Southeast Atlantic (Upper Eocene).

Occurrence. C-11 (191.60 m - P1c Zone), C-24 (107.70 m
- P1c Zone), C-25 (40.40 m - P1b Zone), C-28 (15.00 m - P2
Zone), C-29 (361.10-364.40 m - P3 Zone, 383.20-399.20 m -
P4 Zone, 433.50-440.30 m - P5 Zone), Sections Byala 1 (NP3-
5 Zone), Byala 2b (NP1-3 Zone), Byala River Valley
(Paleocene).
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PLATE |

1. Globulina gibba d'Orbigny, 1826. Byala Formation, Section Byala 2c, Lower Paleocene, NP2 Zone, sample b2c-4; SEMx55. 2.
Guttulina communis (d'Orbigny, 1826). Byala Formation, Byala River Valley, Paleocene, sample EP-4; SEMx50. 3. Guttulina
ipatovcevi Vassilenlo, 1950. Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, sample b2b-10; SEMx50. 4.
Guttulina lidiae Vassilenko, 1950. Byala Formation, Section Byala 2c, Lower Paleocene, NP2 Zone, sample B2c-4; SEMx68.5. 5.
Guttulina irregularis (d'Orbigny, 1846). Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, sample b2b-14; SEMx55.
6. Pyrulinoides cylindroides (Roemer, 1838). Byala Formation, Byala River Valley, Paleocene, sample BP-6; SEMx50. 7.
Ramulina globulifera Brady, 1879. Byala Formation, Byala River Valley, Paleocene, sample BP-7; SEMx68.5. 8. Glandulina
laevigata (d'Orbigny, 1826). Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, sample B-2b-16; SEMx65.5.
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BUONOrM4YHO NPEYUCTBAHE HA BOAU SAMBPCEHU C MAHIAH

Anamonuti Lj. Aneenoe, CmosiH H. pydee

Munxo-2eonoxku yHusepcumem "Cs. MeaH Puncku”, Cogpus 1700

PE3IOME. Otnagbynm Bogu ¢ pH B avanasoHa 3.0-6.5, cbabpxatuym 20 mg/l maHraH ca TpeTvpaHu B nabopaTopHu YCNoBUsi NOCPEACTBOM CKaneH (unTbp npu
Pa3nMYHO KOHTAKTHO BpeMe (0T 24 Ao 96 yaca). Obema Ha pUnTLPa € 3aMbHEH C HAaTPOLLEH YaKbN 1 BapOBMK, BbPXY MOBBPXHOCTTA HA KOUTO € passuT cTabuneH
Brodunm oT MMKpoBOAOpacnM. HannumeTo Ha anrv 1 BapoBUK BbB (MNTbpa MoBulaBa pH Ha BOAUTE M rO MOAABPXKA OKOMO HeyTpanHus MyHKT. OcBeH, ye
KOHCymmMpaT pa3TBopeHus BbB Bofata COz, anrvTe CbLO Taka ca 1 M3TOYHUK Ha pasninyHu pa3TBOPUMM OPraHNyHI CbEANHEHNS, AOCTaBALN NOAXOAALLM U3TOYHULN
Ha BBITIEPOA M EHEPrus Ha XeTepoTPOHUTE MUKPOOPraHN3mMn BbB (unTbpa. Tasn MUKpOdiopa BKIoYBa HAKOW BakTepumn CnocobHu @ OKUCNSBAT MaHraHa ot
BTOpa [0 YETBbPTA BANEHTHOCT Ypes MpOAyLMpPaHe Ha BOAOPOAEH MPEKUC W eH3uMa KaTanasa. YeTupuBaneHTHUst MaHraH nocne ce yrasea kato MnO..
KoHueHTpaLusTa Ha MaHraH Ha u3xopa Ha ckanHus unTbp Oe NoHWkeHa NoA NpeaenHo AoMyCTUMMTE KOHLIEHTPALMW 3@ BOAW M3NOM3BaHM 3a CENcKoCTonaHCKM
nivnu nHaycTprankn Hyxam (T.e. nog 0,8 mgll).

BIOREMEDIATION OF WATERS POLLUTED BY MANGANESE
Anatoli T.Angelov, Stoyan N. Groudev
University of Mining and Geology "St.lvan Rilski", Sofia 1700

ABSTRACT. Waters with pH in the range of about 3,0-6,5 and containing 20 mg/l manganese were treated under laboratory conditions by means of a rock filter at
different residence times (from 24 to 96 hours). The filter was filled with pieces of gravel and limestone which supported a luxuriant growth of algae biofilms. The
presence of both limestone and algae increased the pH of the waters and maintained it around the neutral point. Apart from this action connected with the
consumption of CO: dissolved in the water, the algae were sources of different organic compounds, which provided the heterotrophic microflora in the filter with
suitable sources of carbon and energy. This microflora involved some bacteria able to oxidize the bivalent manganese to the tetravalent state by producing peroxide
compounds and the enzyme catalase. The Mn* then precipitated as MnO.. The concentration of manganese in the filter effluents was decreased below the
permeable level for water intended for use in the agriculture and/or industry, i.e. below 0,8 mg/l.

BbBeneHue OT BPEOHOTO My [elCTBME MUKPOOPraHW3MuTe CUHTE3MpaTt
€H3WMa KaTanasa, KOWTO pasrpaxaa MorekynaTta Ha npekuca.
B eouH OT Bb3MOXHUTE BapuUaHTU MUKPOOPraHU3MUTE Camm
OCBLLECTBABAT TO3WN MEXaHU3bM, a npu apyru ce Habnoaasa
cMM61o3a MexXzy OpraHu3Mu, KOMTO He MOraT [ia CbLUEeCTByBaT
nootaenHo (eannus cekpetupa H202, a Apyrus — katanasa).

MaHraHbT e eauMH OT  ENeMEHTUTE C  LUMPOKO
pasnpocTpaHeHue B Mpupodata. [IByBaneHTHUAT MaHraH e
pobpe pa3TBOpUM BbB BOAHM PasTBOPU MpU HUCKO pH.
YeTupnBaneHTHUAT MaHraH e cuneH okucnuten Ha Fe?t, U4 n
e cnabo pasteopum. B npupogata muponysutsT (MnO2)
NpefacTaBnsBa OCHOBHaTa Maca OT MaHraHa, Mn2* ce
okucnsiea 4o Mn#* kaTo orpomHa YacT OT TpaHcdopmaLuuTe
ca 61OMOrMYHM W Ce U3BBLPLUBAT OT Pa3NUYHU XETEPOTPOCHM
MWKPOOPraHU3mu.

KpaiHata hasa Ha eiHa nacvBHa ccTEMa 3a TPETUpaHe Ha
PYZOHWYHM BOAM MOxe fa Obae ckaneH dunTbp. Tasn cuctema
Ce CbCTOM OT aepobHM Kamepn , 3ambiHEHW C HATPOLUEHA
WHEPTHa Maca (rpaHuT, YaKbi UMW BapoBUK) 3a OCUrypsiBaHe
Ha ronsMa MOBBPXHOCT , BbPXYy KOATO ce passuear
npukpenenn sogopacnu. Ckanuute uNTpu ycnewHo morat
fa ce 13nonasar 3a TpeTupaHe Ha BOAM CbbPXally BUCOKM
KOHLEeHTpauum Ha Mn2*, Bogopacnute CMHTE3MpaT mbpBUYHa
OpraHuka, KOHCYMMpalKn  HeopraHWdeH Bbriepog  OT
pa3stBopeHust COz, KOoeTo Boau [0 nosulwaBaHe Ha pH Ha
cuctemata [0 HeyTpanHus MyHKT - onTuManHoto pH 3a
pasBUTME HA MaHraH OKUCNABALLMTE  MUKPOOPraHU3Mu.
MaHraHbT, okucneH go Mn#+ napa kato ytaika ot MnO2 u Hait-
€(heKTUBHO Ce OuNCTBa OT TPETMPaHUTe BOAM MMEHHO 4pes3
npurnaraHeTo Ha Tean CUCTEMM.

OKMCIIEHMETO Ha MaHraH W Xens30 NOCPELCTBOM PasrinyHu
BugoBe OakTepuu ce AbMixM Ha edekta Ha MeTabonuTHO
ocobogermss H202  OT  OKMCMEHMETO HA  OpraHW4HM
cbeanHeHusi. OKMCNEHMETO Ha MaHraH Mo TO3W MEXaHW3bM ce
fBBa  OCHOBEH MbT 33  OKACNEHWETO My  OT
MUKpOOpraHuammuTe. ToBa Ca KOHCYMEHTW, XeTepoTpodiu,
KOUTO He MoraT [a M3non3eaT €eHeprisita, OTAeneHa npu
OKWCTIEHMETO Ha [BYBANEHTHOTO Xensi30 M MaHraH, a
W13MON3BaT OpraHuka KaTo W3TOYHUK Ha BbIepon WU eHeprus.
Te oKuCTSIBAT KENSA30TO W MaHraHa 4pe3  MpekuceH
MexaHW3bM, T.€. KaTo Ce pasBUBAT 3a CMeTKa Ha opraHukaTa u
npogyuupart BogopogeH npekuc (H202). 3a ga ce npegnassr
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Marepuanu n metoau

NabopaTtopHaTta uHcTanauus, dur. 1 BknOYBa CKamneH
(UNTbP B ABA BapWaHTa - C MbITHEXK OT YaKbIl W C MbIIHEXK OT
BapOBUK, Cb 32 BXOAsLY pa3TBOP, NepucTanTUyHa nomna u
KONEKTOPEH Cb.

CKanHusT uUnTbp € KOHCTPYMpaH B 4BE MAEHTUYHU CEKLMM
3aMb/IHEHW CbOTBETHO C YaKb/1 1 BAapOBUK C paboTeH obem oT
7 dm3 3a BCcekn OT BapUaHTUTe M MIOLY HA BOAHOTO Ornesano
0.37 m2, Kamepute A, B n C Ha cuntbpa ca 3ambiHeHU ¢
apebeH Yakbn npu cpefeH anameTbp Ha vactuuyute - 20-40
mm, pecnektueHo kamepute A, B’ u C' ¢wuntbpa ca
3aMbIHEHN C HATPOLLEH BapOBMK, NPEABApPUTENHO MPECAT U
CBeJeH 40 ChbluaTa 3bpHoMeTpus. peaBapuUTenHo oT Yyakbna
(pecn. BapoBMKa) Ca OTCTPaHEHW YacTULMTe C AMaMeTbp no-
mamsk ot 10 mm u no-ronsim o1 60 mm.

KamepuTte ca pa3nonoxeHu kackagHo, Taka Ye BoguTe npes
unTbpa Aa npotMyaTt camoTeyHo. B kpas Ha duntbpa e
npeaeuoeH 6ydepeH obem ot 1.0 dm3 umaw, ponsTa Ha
YCPEOHWUTEN 3a U3XOAALLMTE BOAW U Ha yTauTenHa kamepa. Ot
Hero  CamMOTEYHO  TpeTMpaHuUTe BOAM NOCTbMNBAT B
KonekTopeHus pesepsoap (5).

Mocpeacteom nepuctantuyHata nomna-2 twn " ISMATECH"
Ce NMofaBa BXOAALWMS pa3TBOP NpW NNaBHO perynupaHe Ha
pebuta ot 1 - 10 dm3¥24h. 3a edukacHo npoTuyaHe Ha
npoueca Ha hOTOCUHTE3A MO AbMKMHA HA CKanHUS UnTLP ca
nocTaBeHM  [Ba  W3KYCTBEHW  CBETMIMHHW  U3TOYHWKA
(MymMuHecLeHTHM namnu) ¢ MowHocT 2 x 36 W. 3a uamepBaHe
WHTEH3WBHOCTTa Ha OCBETEHOCT B TPUTE Kamepu Ha CKanHusl
UnTHP € 13Non3BaH nopTaTmeeH nykcomep tun "Pocet - lux -
LTM", otumtaw, ocseTeHocTTa B auanasoHa 100-25000 Ix.

VIHTEH3WBHOCTTa  HAa  OCBETEHOCT  W3MEpeHa  BbpXy
MOBLPXHOCTTA Ha CKanHWg (UNTbP 3a TpUTe KackagHo
pasnonoxeHn kamepu 6Gewe cvotBeTHo — 8000, 3700 and
2300 Lx. OcsetsiBaHeTo NOCPeaCTBOM [BaTa W3KYCTBEHM
CBETIMHHM U3TOYHMKa Be peanuaupaHo no cxema 15h ceeTno :
9h TbMHO. [MTbpBOHAYANHO CKANHWAT PUNTBLP Belle 3ambiHeH
C noyseH pasteop 6OoraT Ha TWNMYHaTa 3a MoOYBKTE
MWKpOdhiopa, AOMbAHUTENHO 060raTeH ¢ M3TouHNumM Ha N 1 P.
Cnep ToBa ckanHuaT unTbp BeLlie MHOKYNMPaH ¢ noaxoasiia
MWUKpOpnopa, M30MMpaHa OT  €eCTeCTBEHO Mouypuwe. B
npogbmkeHne Ha 40 geHoHowwms, npu gebut 5 dmd/24 h,
MOYBEHWAT  pa3TBOP Ce  peuupkynmpa  NOCPeACTBOM
nepucTanTuyHata nomna (2), npn exegHeBHO npubaBsHe Ha
BOAA B CuUCTeMaTa 3a KOMMNeHcupaHe sarybute oT nsnapetue,
Bbam3awy Ha 0.6 dm324h (3a Bcska cekuus)) M cpegHa
craiHa temneparypa 21°C. B kpas Ha 40 gHeBHUS nepuwoj B
ckanimg  untep ce opmupa  cTabunHa  MUKpobHa
nomyrnauusl rmaBHO MobunuaupaHa Bbpxy MOBLPXHOCTTA Ha
CcKarnHusi (BapoBWKOB) MaTepuan.

Bsixa koHTponupanm TO, pH, Eh, pO2, u TDS (obwo
CbbpXaHWe Ha pa3TBOPEHU COMK) CbOTBETHO NOCPELCTBOM
MOTEHLMOMETPUYHN METOAN - U3MEPBaHU C NMOPTATUBHU Ypeau
tmn "Hanna" HI 3021, HI 9032 n HI 7035. Mo oTHoweHue
XUMUYHATE aHanmW3u Cca HanpaBeHW W MbIHW  KaTUOHHM
aHanuan Ha ISP, «kato pesyntatute oT Mn ot
CNEKTPOPOTOMETPUYHMS aHanu3 6sixa CPaBHEHW C [aHHWTE
nony4eHu npu ISP aHann3a. OCHOBHUTE (hX3MONOMMYHN Tpynn
MWKDPOOPTaHW3MM  Ca  XapakTepuaupaHW  KONMYECTBEHO
MOCPEACTBOM  CTAHAAPTHM  MUKPOBWOMOTMYHM  METOAM,
BKrloyBaLLy: MeTop Ha npegenHuTe paspexgaHus u Metog Ha
Kox, 1 aupekteH metog — npebposiBaHe B kamepa Ha bropkep.
lMpn BCMYKM MPOBEJEHM aHamnuan ca HanpaBeHW LOCTaTbYeH
Opoit NoBTOPEHMS.
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dur. 1. labopaTopHa MHCTanauus 3a TpeTUpaHe Ha ApeHaXHN pyAHUYHN BOAW ChAbPXKaLM MaHraH.
1 - 3axpaHBauy pe3epBoap, 2 - MepucranTuyHa nomna, 3 - U3KyCTBEH CBETNIMHEH U3TOYHMK, 4 - CkaneH puntbp
(cekuumte - A,B 1 C 3anbnHeHu ¢ Yakba, cekuum - A',B' n C' 3anbnHeHu ¢ BapoBuK), 5 - KonektopeH pesepBoap



BapMaHTa C MbAHEX OT Yakbi npu pH Ha 3axpaHBaLmst
pastBop 3,4-3,8. KoHTaktHO Bpeme oT 48 h ce okasa
ONTUMAIHO 3a BapuaHTa C MbAHEX OT BapoBMK Npu pH Ha
OcHoBHaTa Len Ha uacriefsaHeto Ge fda ce CpasHAT saxpaHsawys pasteop 64-66. OT gpyra cipaHa ce
Pa3NUYHI BUIOBE MbIIHEXEH MaTepuan — Cryxell 3a akTUBHa HaGMiomasa NOATbPKAHE HA CTOMHOCTA Ha pH  okomo
MOBBPXHOCT, BbPXY KOSITO Ce MPUKPEnBsaT MUKPOOPraHM3M1Te B HEYTPANHUS MYHKT B 0GEMA HA CKATIHUA (DIUNTLP MPe3 LANoTo
CKanHMg  UATLD MO OTHOWeHWE — AuHamuKaTa  Ha Bpeme 0T paboTa Ha MHCTanauusTa, KoeTo e npeanocTaBska 3a
oTcTpaHsBaHe Ha Mn. OT gpyra cTpaHa e noctaBeHa 3ajavara eheKTUBHOTO OTCTpaHsiBaHE Ha MaHraHa. Hanmumeto Ha
fa ce wvscriensa BnMAHWETO Ha pasnudHoto pH  Ha BAPOBYUK B CKanHWa (UNTbP 4aBa Bb3MOXHOCT 3a TpeTuUpaHe

nocTbNBalLWTe BOAW B iBaTa BapUaHTa Ha CKanHus unTbp C Ha BOAM 3aMbPCeHM ¢ Mn 1 ¢ NO-HUCKN CTORHOCTM Ha pH (dur.
Orfef YCTaHOBSBAHE HA EBEHTYAMHOTO MACTO Ha CankuTe 3

CbVIJ'ITpVI B €Ha TeXHONnorn4yHa cxema Ha nacuMBHa cucTema 3a

Pesyntatu n o6cbxpaaHe

TpeTMpaHe Ha PyLHWUYHW BOAM 3aMbPCEHM C MaHraH. CbrnacHo PeaynTaTiTe OT AUHAMUKATa Ha pasTBOPEH obLy opraHyeH
TEXHONOorMyHaTa cxema Ha nabopatopHaTa WHcTanaums (dur. BbIMIEPOA CE YCTAHOBSIBAT MOCTOSHHM BUCOKM CTOMHOCTY
1) ca aHanusupaHu nNpobu 3a XMMUYEH U MUKPOOMOMOruyeH (Tabn. 1) noaxo4slum 3a pasBUTMETO Ha pPa3NUYHW BUAOBE
aHanu3 ot TpuTe kamepy Ha ckantus untbp A(A), B(B) 1 xetepoTpochHM MMKpoopraHMsmMM yuyacTBalM Ypes npeKuceH
C(C"), ot BopsiumTe 1 axoasiumTe pasteopu D(D') n E(E'). MEXaHM3bM B OKMCTIEHMETO Ha Mn. [lo  oTHOLeHWe

AvHamukaTa Ha napameTtbpa Eh ce HabniopaBa HapacTBaHe
3a peanusMpaHe Ha Te3u 3adauM ca MNPUrOTBEHM [Ba Ha cToiHocTTa ¢ okono 200 mV npu npemuHaBaHe Ha

WOEHTUYHW  3axpaHBallM pasTBopa MO OTHOLEHWe Ha TpeTupaHus  pa3TBop nocrefoBatenHo npesd obema Ha
3aMbPCUTENUTE — KOHLEHTpaUus Ha Mn2* 20 mg/dm? (rog CKanHWsi unTbp NPy BCUYKM KOHTAKTHU BpEMeHa.

topmata Ha MnSOsH20), kato Ha MbPBMAT € HanpaBeHa

kopekums Ha pH 0 3.5 (BapuaHT 1), a Ha BTOPUS KOpEKLMS Ha KoHueHTpauusTa Ha pasteopeH kucropos pO: (rabn. 1) B
pH oo 6.5 (BapwaHT 2). VI gBaTa pa3rtBopa npeacraensBat obema Ha unTbpa ce NoAAbPXa Haf U OKOMO paBHoBecHaTa
APEHaXHW BOAM OT aHaepobHa kamepa 3a TpeTupaHe Ha KOHLEHTpaLunsa Ha pa3TBOPEHUS KMCMOPOA B TakbB TUM BOAY
KNCenM  pYOHUYHM  BOAM. nOCpeﬂCTBOM pasnuyHus ,U,36|/|T, KaTo CTOMHOCTUTE B pasnnu4yHuTEe TOYKW Bapupart ot 2.2 0o 5.5
OCMrypsBaH OT MepucTanTiyHata nomna, B cxemata e  MgO2/l

MOCTUrHATO KOHTakTHO Bpeme oT 24 o 96 vaca. 3a

yCTaHOBSIBAHE Ha OMNTUMANHOTO KOHTAKTHO BpeMe Mo flaHHuTe OT XUMUYHWS aHanu3 Ha BOAUTE TPeTUpaHu B
OTHOLIEHME [MHamMuKkaTa Ha OTcTpaHsBaHe Ha Mn ca fiBara BapuaHTa Ha ckanHus unTbp ca npeacTaseHu B Tabn.
HarnpaBeHW Cepust OT eKCMIEPUMEHTY 3a [BaTa BUAA MbIIHEXEH 1. Tlpn BapuaHTa Ha ckaneH unTLP ¢ BapOBMKOB MbIIHEX Ce
MaTtepuan v 3a JBaTa BapuaHTa Ha 3axpaHBalLums pa3TBop npu nocTura ehekTUBHO O4MCTBaHE Ha ChAbPXKALLMS C PasTBOPEH
pa60'|'a Ha na6opaT0pHaTa WHCTanauws 3a nepuog oT 60 Mn2+ [0 MOMeHTa, B KONTO ankanusupaiara CrnocoBHoCT Ha
AeHoHowwms. Ha dur. 2 ca nokasaHu ycpeaHeHuTe BapoBMKa Ce u34epnn W ce Onokvpa akTMBHaTa My
CTOAHOCTUTE Ha KOHUEHTpauusTa Ha Mn Ha u3xoga Ha MoBbPXHOCT. [lpu Apyris BapuaHT Ha ckaneH unTbp C
naﬁopaTopHaTa WHCTanaLMs Npu PasnuyHO KOHTAKTHO Bpeme YaKbJ1IECT NMbIHEX Cce Ha6ﬂ}0ﬂaBa M3BECTHO OYMUCTBAHE Ha
33 pasnuYHMTE BapuMaHTW Ha eKcnepuMeHTa. YCTaHoBsBa ce Mn?2* B Ha4anoTo Ha excriepuMeHTa, AibMKaLLO Ce BEPOSITHO Ha

e(hrKkacHo OTCTpaHsBaHe Ha Mn npu KOHTAKTHO BPeMe OKOIO U1 copbupaHe BbpXy Guomacara B ckanHua unTbp, Ho cneq
Hag 72 h [o CTOMHOCTM NOL NPeAerHo LonycTumuTe BTOpaTa ceamuua npakTu4eckn He Moxe [a ce rosopn 3a
KOHLEHTPaUMM 3a BCUYKM BapuaHTM C U3KMIOYEHWe Ha npeyncTBaTeneH edexT.

Mn, mgl/l

AR
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96h

B BapuaHT 2-4aKbnecT MbiHex [ BapuaHT 2-BapoBUKOB MbIHEX !
P P P : KoHTaktHO Bpeme, h

@ BapuaHT 1-yakbnecT mbfHex O BapuaHT 1-BapOBMKOB MbIHEX :

®ur. 2. luHamuka B KOHLEHTpaumsTa Ha Mn Ha u3xoaa Ha nabopatopHara uHcTanaums (touku E, E') npn pasnuyHo KOHTaKTHO Bpeme
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[aHHute oT MukpobuonornyHusa aHanus (tabn. 2) nogkpenst
TE3U OT XUMUYHMA — OT THAX CTaBa §CHO, Ye peguua
(DU3NOMOTUYHM  TPYMM  MWKPOOPraHuamm ca  no-cnabo
NpeacTaBeHn B MukpobHaTa monynauus Ha ckanHus ountsp
(Tabn. 2) — kaTo HanpuMep NMpuW BapuaHTa C YaKbIIECT MbITHEX
u pH Ha 3axpaHBawwms pa3TtBop Okono 3,5, KbaeTo uMma
3HauMTENEH Cnag Ha MaHraH okucnssawute 6aktepun. Bbs
BCWYKM OCTaHarM BapuaHT ce HabniopaBa pasBuTME Ha
crabunHa  MuKpodmopa, BKMKYBalW@ B CbCTaBa  Cu

Tabnuua 1.

MWKPOOPraHU3MW  OT  PasfuuHn  (PU3NOMOTUYHW  FPYMN.
Habriogasa ce 1 npsika 3aBMCUMOCT MEXAY MHTEH3UBHOCTTA
Ha OCBETEHOCT M Bruomacarta 0T MUKPOBOAOPACM B CKanHUST
unTbp, KbAETO KOMMYECTBOTO HA BOAOPACIM € MO-BUCOKO B
kamepute ¢ no-gobpa ocBeTeHocT. HabniogaBaT ce KakTo
NPUKPeneHn edHo- U MHOTOKNETBYHM BOZOpACiM, Taka M
cB06OAHM TakMBa. YCTAHOBM Ce W nogyepTaHa 3aBUCMMOCT Mo
OTHOLLIEHME BIUSIHUETO Ha TemnepaTypaTta BbpXy pa3BUTUETO
Ha MuKpodpriopaTa B CkanHust PUATHP.

[JuHamuka Ha ocHOgHUME napamempu NPuU 8apOBUKO8 U YaKb/IeCM NBIIHEX Ha CKanHus ounmbp npu dsama eapuaHma Ha

3axpaHeall pa3meop U KOHMakmHo epeme 72 h

NapameTsp Npepm TpeTnpaxe Cnep TpeTupaHe
3axpaHBaLy pa3TBop Yakbnect nbiHex BapoBuKoB NbiHeX

BapwanT 1 | Bapuant 2 | Bapnant 1 | Bapuant 2 | Bapuant 1 | Bapuant 2
pH 3.40-3.80 | 6.40-6.60 | 3.6-4.4 6.9-7.4 59-64 7.0-7.7
Eh, mV -85—(-40) |-105-(-85)| 80-176 | 20.5-78.2 | 60-140 9.0-65.9
TDS, g/l 1.12-1.66 | 1.01-1.59 | 1.06-1.55| 0.76-1.10 | 1.35-1.95 | 0.95-1.85
Mn, mg/| 19.5-204 | 19.1-20.2 | 3.5-15.8 0.2-0.9 06-12 | 01-07
Fe, mg/l 5.5-21.5 0.5-2.0 4.1-20.1 0.1-0.3 05-35 0.1-04
S04, mgll 354-456 | 210-300 | 320-460 | 310-450 | 305-410 | 270-400
PaarBopeH opraHnyeH sbrnepog, mg/l | 198-214.6 | 197-213.5 | 185-198 | 120-139 | 145-175 | 102-134
KucenuxHoct, mmol/l 14.5-17.6 - 79-10.5 - 3.9-5.1 -
AnkanHoct, mmol/l - 19-22 - 2.9-41 - 3.8-5.2
P04, mgll 74-96 85-102 | 455-26.2 | 0.5-2.2 16.5-8.2 1.5-4.2
NOs, mgll 36-60 45-56 20.9-36 3.9-8.0 15.9-21 4.9-10
NH4, mg/l 65-95 55-89 12-20.0 1.5-2.0 5.6-9.7 5.6-10.7
K ,mg/l 162-260 | 145-210 | 105-148 | 105-148 | 137-201 | 137-201
Na, mg/l 155-184 | 132-145 | 123-140 | 115-155 | 133-156 | 135- 160
Ca, mgll 57-90 62-105 | 42.8-55.7 | 42.8-55.7 61-91 61-91
Mg, mg/l 32-50 46-70 33.5-45 33.5-45 42-54 42-54
Al, mg/l 0.6-1.1 0.5-1.0 0.5-1.7 0.5-1.7 0.4-15 0.4-15
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Mn, mg/l
7.6

74 1

72 1

6.8 T

6.6 T

6.4 1

6.2 1

BapuaHT 2 (pH = 6,4-6,6 Ha 3axpaHBalLus pa3TBop)

pH Mn, mg/l

—x—4

D

BapuaHnT 1 (pH = 3,4-3,8 Ha 3axpaHBalLus pa3Teop)

1 - pH Ha pa3TBOpa Npu MbAHEXEH MaTepWan oT Yakbi; 2 - pH Ha pa3TBopa NPy MbIHEXEH MaTepuan OT BapoBUK;
3 - KoHueHTpauws Ha Mn npu nbnHexeH matepuan ot Yakbi; 4 - KoHueHTpauums Ha Mn npu mbAHexeH maTepuan oT BapoBKK

®ur. 3. InHamuka Ha pH u KoHueHTpauuaTa Ha Mn npu BapuaHTh 1 1 2 B pa3nuyHMTe TOYKU Ha nabopaTopHaTa MHCTanauus N KOHTaKTHO

Bpeme 0T 72 h

M3Boam

1. [OuHamukaTta Ha oTcTpaHsBaHe Ha Mn B nabopatopHa
WHCTanaumWsl Ha ckaneH GuNTbp € W3cnedBaHa, Npu [ga
BapuaHTa Ha NblHEXeH maTtepuan B Hero — Yakbil U BapOBUK.
YCTaHOBEHO € e(huKacHO npeuncTBaHe Ha Bogute ot Mn npu
[OCTUraHe u3nckBaHusTa 3a Bogu ot lll-kateropus u 3a ggata
BapuaHTa Ha nabopaTopHaTa WHcTanauus.

2. YctaHoBsiBa ce ONTUMArHO KOHTaKTHO BpeMe 3a paboTa Ha
nabopaTopHaTta WHCTanauuWs BbB BapWaHTa C YaKbhecT
MbIIHEX OT 72 vaca (npu pH Ha 3axpaHBallus pasteop 6,4 —
6,6) n 48 yaca npu BapuaHTa C BapOBUKOB MbITHEX, NPU KOETO
Ce yoBNETBOPSBAT U3UCKBaHMSTA 3a Bogu OT lll-kaTeropus.

3. BrnusHreTo BbPXy NMpoLieca Ha OTCTpaHsiBaHe Ha LieNneBus
3aMbpPCUTEN NPU PasNnYeH TUN MbIHEX B CKanHUs UNTbP e
TECTMpaHO B NabopaTopHa WHCTanauusi Ha ckaned uUnTbp.
He ce ycraHoBsBa Ce CblUeCTBEHa pasnuka B CTEMEHTA Ha
npeyncTBaHe npu BapwaHTa ¢ Baposuk (go 98.0 %) B

Tabrmua 2. Cbcmae Ha Mukpoghiopama 8 ckanHus hunmup

cpaBHeHue ¢ To3M ¢ vakbn (go 97.3 %) nmpn pH Ha
3axpaHBaLLys pa3TBOP OKOMO HEYTPANHUS MyHKT.

4, Tlo OTHOWEHME BNMSHMETO Ha HavanHoto pH Ha
3axpaHBallMs pas3TBOp Npu ABaTa BuOa MbIHEX U e
yCTaHOBEHA Bb3MOXHOCTTa 3a €(DEKTUBHO TPETUPaHe Ha BOAM
3ambpceHn ¢ Mn B kucenata ¥ HeyTpanHaTta obnacT upes
ckaneH unTbp C MbAHEX OT BapoBWK. [TbrHEXa OT Yakbn
AaBa gobpu pes3ynTaTu camo B HeyTpanHata obnacT, 4okaTo
NP MbiHEX OT BApoOBMK € MOCTUrHAaTO  eduKacHo
OTCTpaHsiBaHe Ha LieneBus 3aMbpcuTeN U B kucenara obnacr.

5. borata Mukpodriopa npu pasnuyHUTE BapuaHTM Ha
untbpa, B TOBa Yncno — Mn-okucnsasaim, Fe-okucnssatum,
anm v Opyr1 MUKpoOpraHu3Mn e npeanoctaska 3a edmkacHa
oTCTpaHsBaHe Ha Mn MOCpPeACTBOM MPEKUCEH MEXaHW3BM.

BapwuaHT 1 BapwuaHT 2
(®u3nonornyna rpyna MUKpoOpraHu3mm Yakbnect BapoBuKoB Yakbnect BapoBuKoB
MbIHEX MbIHeX MbITHEX MbITHEX
1.00wy 6poit aepobu xeTepoTpocu 106-7 105-7 103-5 104-5
2. 06wy 6poit aHaepobu xeTepoTpodu 106-7 104-6 102-3 103-4
3.LlenynosopasrpaxgaLiu 6akrepum 103-5 1035 101-2 102-3
4. Fe?*- okucnseawm 6akrepum , pH 7.0 107-8 105-6 101-3 104-5
5.Mn2* - okucnsBaLLy 6akTepun 10346 104-6 102-4 103-5
6. EnHokneTbYHM anru 104-5 104-5 102-3 103-4
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U3CNEANBAHE BUCKO3UTETA HA BOAOHE®TEHW EMYJICUN OT HAXOULLA
TIONIEHOBO U OONHU NYKOBUT

J1. Fepos, J1. leopaues, P. Kynee

Munto-2eonoxku yHusepcumem “Ca. Mear Puncku”, Cogpus 1700; IOGIN@intech.bg; lucho_sdng1@yahoo.com

PE3IOME. W3cneaBaHu ca peonoruyHuTe CBOICTBA Ha BOAOHE(TEHM eMyricun oT Haxoguia TioneHoBo v [onHu JykoBuT. AHanuaupaHo e M3MEHEHNETOo Ha
BMCKO3UTETA NPY PasnuyHo ChAbPXaHue Ha Boja. Pesyntatute Morat ja ce U3non3sat npu NpoeKkTMpaHe CbOPbXEHUsTa 3a AeeMyncaLms.

STUDY OF WATER-CRUDE-OIL EMULSION FROM TULENOVO AND DOLNI LUKOVIT FIELDS
L. Gerov, L. Georgiev, R. Kulev
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; IOGIN@intech.bg; lucho_sdng1@yahoo.com

ABSTRACT. Rheology properties of water-crude-oil emulsion from Tulenovo and Dolni Lukovit fields were studied. The change of rheology properties of the emulsion
with different content of water was analyzed. Results are used for design of deemulsion process.

YBop W3MEHEHWETO Ha HamnpexeHWeTo Ha Ccpsi3BaHe He e
MpONopLIMOHANHO Ha rpafMeHTa Ha CKopoCTTa.

TtoneHoBCckoTO 1 [IONHONYKOBUTCKOTO HE(TEHW HaxoAMLLa
Ce HamupaT B TaKka HapeyeHWs KpaeH cTaguln Ha
paspaboTtka. To3u CTaguin ce xapaktepusupa OBMKHOBEHO
CbC 3HayuTennHa OBOAHEHOCT Ha ,U,O6V|BaHaTa npoayKums. Tunosu 3aBucuMocTn Ha HioToHOBM 1 HeHloToHOBM dhnyna
OBopgHeHocTTa Ha gobuBaHaTa NpogykuMs B CbYeTaHue C
MHOXECTBO (pakTopu BOAM KbM 0BpasyBaHe Ha CTabunHu
BOAOHE(TEHN €MyFCUM B MOMMEHO- KOMMPECOPHUTE TPbOM
Ha COHAaxuTe, LWnenduTe n CbbupaTenHuTe NyHKTOBe.

Ha ¢wmrypa 1 ca nokasaHM TUMWYHM 3aBMCMMOCTW Ha
noeefeHneTo Ha HioTOHOBW 1 HeHIOTOHOBY hnyuau.

30

BuHramos

25 nnacTuieH hryna

20

McesgonnacTuyeH cnyua
15

HIOTOHOB (ryW

Opa3mepsiBaHETO Ha  CbOPbLXEHWsiTa, W3MOM3BaHW 3a
TPaHCMOPTUpaHe Ha BOAOHE(TEHUTE emyrncuM W Ha
CbOPbXeEHUsITa, y4acTBaly B TEXHONOMYHMTE OnepaLum 3a
AeeMyncaumMsi Ha emyncuute Ce CBeXOa OCHOBHO KbM
onpefensHe Ha pasxoga Ha eHeprus. OT CcBOs CTpaHa
OCHOBHWSI pa3sxof, Ha eHeprusi € CBbP3aH C NpeofonsiBaHe
Ha XWOPaBMMYHUTE CHLNPOTMBNEHWS MpWU [ABMXEHWE Ha our. 1
emyncuuTe. XuapaeBnniHUTE U3YUCIIEHMS Ha [BUKEHUETO Ha
BOLOHE(DTEHNTE EMYNICUN Ca CBBLP3aHM C ONPeAensHETo Ha
TAXHOTO PEomnoriyHo noseaeHne. MatemaTyeckaTa Bpbaka
MeXOy rpafueHTa Ha CKOPOCTTAa M HampexeHueTo Ha
Cpsi3BaHe e PeoriorMyHI1sl MOLLeN Ha TOBa NOBEAEHME.
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HanpexeHue Ha cpsAA3BaHe, P:

o

rpaaMeHT Ha ckopocTTa , s

3aBucuMMocTTa Ha HanpexeHUTo Ha CpA3BaHe OT rpagueHTa
Ha CKOpPOCTTa He onpedend HanbnHO NOBeAEeHNETO Ha
pasrnedaHute CUCTEMU. W3negBaHuaTa Ha NOBELEHMETO Ha
BO,CI,OHe(bTeHVI €MYyNCuK nokasea, 4e ako B Te4EeHNe Ha BPEMETO
Ce HapyLwn paBHOBECMETO B CTPYKTypaTa € Bb3MOXHO Oda Ce

B TeopudaTa ca M3BECTHU MHOro peoniorM4yHn mopenu Ha ronyHaT XUCTEPUINCHN 3aBIUCUMOCTA.

Cpﬂyl/lﬂMTe. Ha17|-o6mo d)nym,qme CE AENAT Ha /IBE OCHOBHY HaﬂpaBeHMﬂT aHanu3 Ha nuTepatypHute OaHHM  3a

rpynu: NOBEEHNETO Ha BOAOHE(TEH EMYTICH MOKA3Ba CIE[HOTO:
HioTOHOBM chriyuam — hyWan NpH KOMTO BIUCKOSUTETBT He 1. Tuna Ha BOOOHE(ITEHUTE EMYNCUMM Ce Oonpeaens ot

MHOXeCTBO (hakTopu: (hU3NKO—XUMUYHI CBOWMCTBA Ha HedTa M
nnacToeata BOAa; HanMuMe Ha MeXaHW4HU npumecH, ras,

HeHtoToHOBM hnyuan — dnyuam npu KOMTO BUCKO3UTETA CbOTHOLIEHWE Ha (pasuTe, PeXUM Ha [BWKEHUE U Apym
3aBMCH OT rpajVMeHTa Ha CKOPOCTTa T.e. (hryuan Mpu KOUTo (Hukonos, 1993; PomateHko, 1991).

3aBUCW OT rpadneHTa Ha CKOpoCTTa.
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2. B noutn BCcuukM nybnukauuM ce moguepTaBa, Ye He e
Bb3MOXHA TUMW3aLUMs Ha CBOWCTBAaTa Ha emyncunte u
npunaraHuTe METOAM 3a TAXHOTO paspylwasaHe OT
oTgenHuTe Haxoauwa (Angpuacos, 1983; UdyTtuHa, 1986).

3. UuTvpaHute KopenaluoHHM 3aBMCUMOCTW, OT KOUTO
mMoraT fa Ce OnpedensaT Hail-BaXHUTe PEeOorornyHm
napameTpu Ce OTHACAT 3a KOHKPETHW HE(TEHN HaxoauLLa U
HAMaT  yHuBepcaneH  xapaktep  (Caxapos,  1982;
Ambpam3oHa, 1972).

4. 3a onTUMMU3MpaHE Ha AeeMynCaLMOHHITE TEXHOMNOUK €
HeobxoanMMo NpoBexaaHe Ha KOMNMEKCHW M3CNeaBaHNs BbB
BCEKM KOHKPETEH Criyyail.

5. KaTto npaBuno BogoHepTeHMTE emyncumn, 0cobeHo B
30HaTa Ha HUCKM TemnepaTypu ce NposiBABaT KaTo
HEHIOTOHOBU pnyuau.

OnpepensiHe peonorMyHMTe CBOMCTBA Ha
BOAOHe()TEHN eMYIICUM OT HaXxoAMLA
TroneHoBO 1 [10fIHN NYKOBUT

1. MeToauka Ha uscneaBaHe

3a onpegensiHe Ha pPeoONorMyHUTE CBOMCTBA Ha Npobu Ha
BOZOHehTeHN emyncun oT TioneHoso W [onHu JlykosuT €
usnonasaH BuckoaumeTbp TN RN. TlpuHUMABLT  Ha
“3MepBaHe Ha BUCKO3MTETA C BUCKO3MMeTbpa TN RN ce
6asupa Ha npotnyaHeto no npuHumna Ha Cupn-Kioet. Mo
BpEME Ha W3MEpBaHETO emyncusTa Ce Hamupa B
NPbCTEHOBMAHOTO  MPOCTPAHCTBO ~ MEXZy BbPTAL Ce
UMNMHOBP W KOaKcUaneH KbM HEro HEMOABWXKEH LMMUHABP.
/3mepeHaTa CTOMHOCT Ce 0TYMTa MPEKTHO KaTo N3MepBaHe
Ha BBbPTAL, MOMEHT. BuCKO3MMETBPBT WMMa  LWecT
KOMBWHALMM OT BBPTALM U HEMOABWKHW LMMUHAPK, KOETO
no3BONsiBa M3MEpBaHe Ha Bucko3WTeTa B rpanuumute 10
mPa.s - 250000 mPa.s. [pelkuTe Ha BUCKO3MMETBPA Ca

manku u ca -* 3% ot abcomoTHaTa CTOMHOCT. [UHaMUYHKS
BUCKO3UTET CE M3YNCIIABA KaKTO Criesal:

u=kaN (1)

KbOeTo: MU e AMHAMUYHUAT BUCKO3UTET, MPa.s; K - KOHCTaHTa,
mPa.s /skt;

N - bakTOopBT 32 YecTOTaTa Ha BbpTEHE, %

O - (haKToOpbT 3@ OTKINOHEHWE Ha ckanaTa, skt

HanpexeHneto Ha cpsi3BaHe Ce onpedenst No cnegHata
topmyna:

T=z0 2)

KbAETO: T € HanpexXeHneTo Ha cps3BaHe, Pa; z - KoHCTaHTaTa

Ha UMnuHabLpa, Pa, a - hakTop 3a OTKNOHEHMe Ha ckanarta, ski.

OcHoBHata Lien Ha NpoBeaeHNs KOMNNEKC 0T M3CNeABaHUs e
“3y4aBaHe BINSHWETO Ha TemnepaTypata BbpXxy PEONornyHOTO
noBedeHne Ha BopoHedTeHUTe emyncun B AuanasoHa 0°C -
20°C. To3u gnanasoH Ha TemMnepaTypHO U3MEHEHWE e CBbP3aH
C M3BBPLUBAHETO Ha ONpeseneH TEXHONOMMYHN onepaLiv npu
cbOupaHeTo, TpaHcnopTa W npeaBapuTenHata obpaboTtka Ha
pobveannte BopoHedpTeHn emyncuu. [pedn 3anoyBaHe Ha
CbLUMHCKMTE  W3CMedBaHMs  Ca  HanmpaBeHW  TeCTOBW
W3CnedBaHNA Ha YUCT HedT OT Haxoguwe TIONEeHoBO W
koHTponHa npoba Ha BogoHedpTEHa eMyncus B TpU TOYKM Ha
nacneasanus uutepsan (0°C, 10°C n 20°C). LenTta Ha Tesm
€KCMepyMEHTI 3a NOBTapSAEMOCT Ha MoNyvyaBaHuTe pesynTaty
€ YyCTaHoBfBaHe Ha Heobxogumus 6poi OT onuTM npw
NpOBEXAaHEeTO Ha CbLUMHCKUTE W3cneasaHus. B Ttabn. 1 ca
pafeHn nokasaHusiTa Npu NpOBEXAAHETO Ha EKCTIEPUMEHT C
TioneHoBcku HedT npu Temnepartypa 10°C.

Tabnmua 1
pagneHT
g1
HanpexeHue Ha cpssBaHe, Pa
85,6 115,3 | 1155 | 1154 | 1152 115,1 115,4 115,6 115,4 115,2 115,3
Ne a 1 2 3 4 5 6 7 8 9 10
3amepa

ObpaboTkata Ha faHHuTe OT Tabmuya 1 nokasea, ue
MOrpeLLHOCTTa, C KOSITO € OnpedeneHo HanpexeHueTo Ha
Cpsi3BaHe nNpW MbpBUTE TPW ONMTA B CPABHEHWE C
pesyntatute ot 10 onuta e 0,05 %. Cnep nposexaaHe Ha
nogobHu wn3cnefBaHus M B ApyrUTe TECTOBM Toukn Oe
MpMeTo, Ye 3a MOlyyaBaHe Ha KOPEKTHU pes3ynTatu ca
[OCTaTbYyHM TpU oOnuTa OT BCska npoba 3a Becsika
u3cneaBaHa Temneparypa.

Mpw TecToBMTE M3CNeaBaHMs Be YCTaHOBEHO, Ye B 30HaTa
Ha Hai-Huckute Temnepatypu 0°C+1,5°C nocturaHeTo Ha
pobpa NoBTapsEMOCT Ha eKCMepUMEHTanHUTe pesyntati e
MoOYTU HEBB3MOXHO. TOBA BEPOSITHO € CBBP3aHO C YaCTUYHO
paspyllaBaHe Ha emyncusiTa B mpoueca Ha uacrefsane,
0COBEHO NPy HIUCKa MUHEpanU3aLms Ha NNacToBUTe BOAMW.

2. EkcnepvumeHTanHu uscneasaHus

2.1. [lodzomoeka Ha npobume

EkcnepuMeHTarnHuTe uMacreBaHus ca M3BbPLUEHU CbC
crepHuTe Npobu oT ecTecTBeHO 06pa3yBaHW BOLEHE(TEHN
eMyrcum;

Haxoguile ToNeHoBO: NpobK ChC ChabpXaHUe Ha Boaa
0%,12% 1 49%.

Haxoguiie [onHu JlykoBUT: Npobu chC ChabpkKaHue Ha
Bofa 2%, 13% v 54%.

[MpencTaBNTENHUAT XxapakTep Ha B3eTUTe npobu e
MOCTUIHAT NOCNEAHUS HAYWH:

C npobooTOOpHUK OT pe3epBoapuTe 3a CbXpaHsiBaHe Ha
emyncus ca B3eTu npobu, Bcsika oT kosTo e ¢ obem ot 2000
cm3 BofioHehTeHa emyncust. Cnef TemnepupaHe Ha npobute
npu Temnepatypa 20°C n 0TCTOsIBaHE B TEYEHME Ha 5 AHM €
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oTpeneHa csobopHata Boga. OT Bcska B3eTa npoba ca
oTaeneHn 500 cm3, ¢ KOMTO ca HanpaBeHW cepust OMUTK MO
meToga Ha [mHa-CTapk 3a onpefensiHe Ha CbObpKaHWETO
Ha Boga. C octaHanata yacT OT BofoHedTeHaTa emyrncus
Ca NpaBeHW 13cneaBaHWa Npu pasnuyHu TemnepaTypu.

3. Pesyntatu

3.1. Pesaynmamu om peonozuyHu uscnedeaHust Ha
eodoHeghmeHu emyncuu om Haxoduwe Tro1eHo.o.

Ha dwmrypn 2-4 ca nokasaHW 3aBUCUMOCTUTE Mexay
HaNpeXeHWeTO Ha Cpsi3BaHe U rpagMeHTa Ha CKopocTTa 3a
uscriegBaHuTe npobu Ha uucT HedpT U BOJOHEdTEHU

emyncum  OT  Haxoguwe TIONEHOBO  MpW  pa3nuyHa
TEMMepaTypa.
Peorpama Ha TIoneHOBCKU HedT Npu pasnuyHu
TemnepaTtypu
10 2,648
y=2,464 o
g 100 ;1351%795"3 }
y=2,
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Peorpama Ha 12 % TioneHoBcka BogoHedTeHa eMyncus
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Peorpama Ha 49 % TioneHoBcka BogoHedTeHa eMyncus
npu pasnuyHn TemnepaTtypu

<
3
3

y = 21,6102

®
3
3

R =0,9997

y = 19,5697
R =0,9975
= 8,1155¢%
R’ = 0,9992
=84728)
R’ = 0,9975

-
3
3

3
3

o 9
3
3

IS
3
3

y = 6,005¢77°
R’ =0,9942

W
8
3

N
S
3

=
5]
3

HanpexeHue Ha cpsA3BaHe, Pa

rpagveHT Ha CKopocTTa, SV1

dur. 4

175

Ha durypn 5-7 ca nokasaHW 3aBMCUMOCTTa Mexay
OVHaMWYHUS BUCKO3UTET W rpafueHTa Ha CKopocTTa npw
pasnuyHu TemnepaTypu Ha W3crnegBaHuTe BOJOHEdTEHM
emMyncuu.

WU3meHeHMe Ha BUCKO3UTeTa Ha TIONEeHOBCKM Hed Tnpu
pasnuyHU TeMnepatypmn

2600
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dur. 5
WU3meHeHue Ha BUcko3uTeTa Ha 12% BopaoHedTeHA
emMyncus Npu  pa3nuyHn TemnepaTtypu
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Ha courypu 8-10 e nokasaHO M3MEHEHMETO Ha BUCKO3UTETA
Ha w3cnefsaHuTe riyuau OT rpagueHTa Ha CKopocTTa B
[BOVHO NIorapUTMUYHa KOOpPAMHATHA cUCTeMa.

Ha curypa 11 e nokasaHo M3MEHEHMETO Ha BUCKO3WTETA
Ha u3crnegBaHuTe BOLOHE(TEHN eMynCN B 3aBUCUMOCT OT
CbbPXaHUETO Ha BOAaA.
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W3meHeHue Ha BUCcKo3uTeTa Ha 49 % BopAoHedTeHa
eMyricusi Npy  pa3nuy4yHKn Temnepatypu
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W3meHeHue Ha BUCKO3MTETa Ha BOADHe(bTEHa emMyncusa ot
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OT aHamM3a Ha NonyyeHuTe pesynTaTati M U3BeAeHUTe
KopenaLMoHHM 3aBUCUMOCTY NPON3TUYAT CReaHUTE U3BOAM:
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1. U3cneaBaHusT YncT HedT OT Haxoauile THeHoBO npu
Temnepatypu B guanasoHa 0-15 °C e ¢ moBedeHue Ha
MCeBAONNAcTMYEH HEHIOTOHOB (hryud. C BUCOKa CTENEH Ha
Kopenauus ToBa MOBEOEHWe Ce OnueBa CbC 3akOHa Ha
Ocsarnga av Bare.

2. Mpu Temnepatypa 20 °C YMCTUSAT THONEHOBCKN HEPT uma
noBegeHne Ha AunataHTeH Gnyug C  MHOEKC Ha
koHcucTeHTHoCT 0,4772 Pa.s™ u cTeneHeH nokasaten 1,13 .

3. C yBennuaBaHe Ha rpaguWeHTa Ha CKOpocTTa
BMCKO3UTETLT HA W3CMEABAHUS YUCT TIONEHOBCKM HedT
HamansBa. B kooopauHatHa cuctema Log(u)-Log(dV/dR)
M3MEHEHMETO Ha BMCKO3WUTETA OT rpadieHTa Ha CKOpoCTTa €
nuHeitHo  (dur.  8), KOoeTo  CbWO  MOTBbPXOABa
NCeBAONNacTMYHUS XapakTep Ha NOBEAEHME.

4. VscneaBaHuTe BOLOHEdTEHM eMyncun ca ¢ NoBeseHue
Ha MCEBOONMACTUYHW HEHKTOHOBM (hyuau B Lenus
u3cnegBaH TemnepatypeH AvanasoH. C HapacTBaHETO Ha
OBOZHEHOCTTA MCEBOONMACTUYHUS XapaKTep Ha MOBeAeHue
ce 3acunea. C yBenuyaBaHe Ha rpagueHTa Ha ckopocTTa
BMCKO3WTETLT HAa M3CredBaHWTe eMmyncun  Hamansea
3HaumTenHo. B kooopauHatHa -cuctema Log(u)-Log(dV/dR)
M3MEHEHMETO Ha BUCKO3WUTETA Ha BOLOHE(TEHUTE eMymncum
OT rpafiMeHTa Ha CKOPOCTTA € CBLLO JIMHEIHO, C 3HAYMTENHO
Mo- U3ABEH BIbM Ha HAKIOHA B CPABHEHME C YNCTUS HEQT.

5. Mpwn Huckn Temnepatypu (0-5 °C) u HUCKKM rpagneHTy Ha
ckopoctta (8.28 s') um3cnegeaHata emyncusi ¢ BORHO
cvabpxanne 49 % e ¢ makcumaneH BuckoauteT 12000-
14000 mPa.s, npeBulLaBaLl 3HAYMTENHO TO3U HA YMCTUS
HedT.

6. Mpwn Huckn Temnepatypm (0-5 °C) n BUCOKM rpagmneHTH
Ha ckopocTTa (82.8 s) m3cneaBaHata emyncus C BOLHO
cbabpxaHue 49 % e ¢ NpoMeHsILL, Ce CTPYKTYPEH xapakTep,
KOETO 3aTpyaHsIBa U3MEPBAHNATA.

7. TMpw eayH v Cbly rpageHT Ha CKOpOCTTa ce Habngasa
3HAYMTENHO HapacTBaHe Ha BMCKO3WTETA Ha EMYNCUUTE C
HapacTBaHETO Ha CbAbPXaHWETO Ha Boda (dur. 11).

3.2. Pesynmamu om peono2uyHume u3ciedeaHus Ha
eodoHebmeHu emyncuu om Haxoduue fonHu Jlykogum

W3cnegeahns Ha 2% BogoHedpTeHa emyncus  ca
Hanpasenn npu Temnepatypu 0,5°C, 5C wu 10 °C.
Pesyntatte OT uW3MepBaHWATa Ha HaMpexeHWeTo Ha
Cpsi3BaHe Npu Te3n TeMNEPATYpu U PasnuyHM rpagueHTy Ha
CKOpOCTTa ca nokasaHu Ha durypa 12. Ha durypu 13 n 14 e
MOKa3aHO W3MEHEHMETO Ha BWCKO3WTETA B 3aBMCMMOCT OT
rpagueHTa Ha CKopoCTTa Mpu U3CNeaBaHUTe TemnepaTtypy.

Peorpama Ha A y a 2% BopoHed
PaznuyHU TeM nepaTypn
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U3meHeHue Ha BUCKo3uTeTa Ha [lonHu JlykoButcka 2%
BOAOHe(dTeHa eMyNCUA NPU  Pa3NU4YHU TeMnepaTypu

BUCKO3UTET, mPa.s
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Pesyntatute OT W3MepBaHWsiTa Ha HANMPEXEHMETO Ha
cps3BaHe Ha BopoHedpTeHa emyncus ¢ 13% Boga npu
pasnuyHu TemnepaTypu W TPagMeHTM Ha CKOpOCTTa ca
nokasaHu Ha dumrypa 15. Ha dwmrypu 16 n 17 e nokasaHo
M3MEHEHMETO Ha BUCKO3UTETa NPU Pa3nuyHu1 Temnepatypu 1
rPagMeHTH Ha CkopocTTa.

Peorpama Ha aonHonykoBuTcka 13% BoaoHedTeHa
emyrncusa npuv pasnuyHu TemnepaTtypu
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U3meHeHue Ha Bucko3uTteTa Ha flonHu JlykoBurtcka 13%
BoAoOHed)TEeHa My NCUA NPU  pPa3nNnyYyHU TemnepaTtypu
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W3meHeHune Ha BUcko3uTeTa Ha [lonHu JlykoButcka 13%
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Pesyntatute OT w3MepBaHusiTa Ha HaNMPEXEHWETO Ha
cpA3BaHe Ha BogoHedTeHa emyncus ¢ 54% Boga npu
pasnuyHu TemnepaTypu W TPagMeHTU Ha CKOpOCTTa ca
nokasaHu Ha durypa 18. AameHeHreTo Ha BUCKO3UTETA NpU
pasnuyHu TemnepaTypu UM T[PagMeHTM Ha CkopocTTa e
nokasaHo Ha curypm 19 1 20.

Peorpama Ha ponHonykoButcka 54% BoaoHedTeHa
emMyricua npu pasnnyHun Temnepartypu
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W3meHeHue Ha BUCKo3uTeTa Ha [lonHu JlykoButcka 54%
BoAoOHedTeHa eMyncus Npy  pasnuyHu TemnepaTypu
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U3meHeHue Ha Bucko3uTteTa Ha [lonHu JlykoButcka 54%
BoAoOHed)TeHa eMYIICUA NPU  pPa3nNMyYyHU TemnepaTypu
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Ot aHanusa Ha nonyyveHuTe pesyntatati M U3BEAEHMUTE
KopenaLWOoHHM 3aBUCUMOCTH Ha u3cneaBaHuTe
BOLOHETEHN eMyncim OT Haxoauwe [lonHu JlykouT morat
[a Ce HanpaBsT CrieHNUTE U3BOAM:

1. MiacnepBaHnTe BOJOHE(TEHN EMYNCUM OT Haxoawile
[.JlykoBUT ce xapakTepusupaT CbC CMOXEH XapakTep Ha
PeonoryHo NoBEAEHNE B 3aBUCUMOCT OT CbAbPXKAHWNETO Ha
BOJa W Temnepatypara.

2. Mpn Hucko cbabpxaHue Ha Boga 2-13 % M HuckK
TEMMepaTypu BOAOHE(MTEHUTE eMyNICUM ca C NOBEAEHUe Ha
ncesgonnactuynu  dnyuan.  C  yBenuyasaHe  Ha
Temnepatypata 4o 15-20 °C nceBoonnacTUyHUS XapakTep
HamarsiBa v NoBeJeHUeTo Ha emyncuuTe ce npubninkasa ao
TOBA Ha HIOTOHOBM (hryuaun. To3n xapaktep Ha nosefeHve
ce Bxaa gobpe ot cpurypu 12-17.

lMpenopbyaHa 3a nybnukysaHe OT
Kateapa “CoHaupaHe 1 4obus Ha HedT 1 ras”, Mo
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3.Mpn Huckm Temnepatypn (0-5 ©°C) wu3cnegpaHata
EMyrncus C BOOHO CbObpxaHue 54 % uma peonornyHo
noeegeHne Ha HiwoToHoB chnyma. C  yBennyaBaHe Ha
Temnepartypata nosefeHWeTo npupobuBa xapaktep Ha
ncesgonnactuyeH dnyua, cneagaiy mogena Ha Ocsang aum
Bane.

4. B n3cnenBaHust ouanasoH Ha Temnepatypu 0-20 °C u
CbbpXaHue Ha Boda 2-54 % wacnegBaHuTe eMyncum ca C
BuUCko3uTeET B rpaHuuute 40-9 mPa.ss. ColecTysa
TEHOEHUMS 32 HaMansiBaHe Ha BMCKO3WTETA C yBenuyaBaHe
Ha CbIbPXaHWeTO Ha BOAaA.

3aknioyeHune

B pesyntar Ha HanpaBeHUTE W3CnefBaHUs W NOMyYeHM
pesyntaTM € M3ACHEHO PpEONIOMMYHOTO MOBedeHne Ha
BOAOHE(TEHNTE EMyNCUM OT Haxoauwa ToneHoBo 1 [lonHu
NykoBuT. TMonmyyeHn ca KOpenaumoHHU 3aBWUCHMOCTM Ha
M3MEHEHMETO Ha BUCKO3UTETA MPU PasnuyHW TeMnepaTtypy u
CbObpXaHWe Ha BOZa KOMTO C BOCTaTbyHA 3a MpakTukara
TOYHOCT MOraT [a Ce M3Mnon3eaT Mpu NpOeKTUPaHeTo Ha
npouecuTe Ha [Jeemyncauus B Haxoguiia ToneHoBO U
[onxw fykosuT.
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noaxoa u U3HUCNUTENHA CXEMA 3A ONPEAENAHE KOHOULUMUATA HA
rPABAMETPUYHUTE U MATHUTHUTE KAPTU

CmedpaH [Jumoecku

Munxo-2eonoxku yHusepcumem “Cs. Mear Puncku”, Cogpus 1700; dimovski@mgu.bg

PE3IOME. CbcTaBeH e anroputsbM W e paspaboTeHa KOMNIOTbPHA CUCTEMa 3a OLieHKka MITbTHOCTTa Ha pa3npefeneHneTo (KOHAMLMATA) Ha 3MepBaTenH TOYKN B
npaBObIbNeH NNaHLweT (kapTeH nuct). CucTemata e paspaboTeHa 3a pasHOBapWaHTHA OLeHKa Ha KOHAULMATA Ha M3MepBaTenHUTe TOYKU B KapTHUTE NUCTOBE Ha
MarHuTHata kapta Ha benrapus B mawab 1:100 000. T Moxe Aa ce 13non3ea 3a OLeHKa Ha KOHANLMATA Ha rPaBUMETPUYHUTE U MarHUTHU KapTy B 3aBUCKMOCT OT
nocTaBeHaTa LienieBa 3aaya 3a Mpexa CbC 3afaieH brbfl Ha OpUEHTPaHe Ha MPOtUINTE CrIPAMO NPaBOBLIBIHNA NAAHLIET W NPU 3ajafeHa eneMeHTapHa noL,
3a KOATO Ce yA0BNeTBOPABAT METOANYECKUTE M3NCKBAHMS. [TPUNOXEHUST NOAXOA W NPOrpamMHUTE MOAYNW MO3BONABAT KOMMIOTbPHATA CUCTEMA Aa Ce M3nonasa 3a
OLieHKa KOHAMLMATA Ha paKTUYECKNs MaTepuan 3a BCUYKW reotn3inyHI U ApYru KapTi.

ALGORITHM AND COMPUTER SYSTEM FOR ESTIMATING DATA DENSITY OF GRAVITY AND MAGNETIC MAPS

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

ABSTRACT. An algorithm is proposed and a computer system is elaborated for estimating data density of the observation stations located in a rectangular map
sheet. The initial objective of the study was to evaluate data density (map resolution) of the map sheets of the magnetic map 1:100 000 of Bulgaria. The developed
computer system can be used for estimating data density of gravity and magnetic maps according to the particular task — for a set of lines striking in a given direction
towards the initial rectangular map sheet, and for a specific elementary area. The applied approach and the developed program modules make possible the
application of the proposed system for evaluating data density of observation stations of different types of maps (geophysical, geological, etc.).

BbBeaeHue B HsKkoM cnyyau ce W3BbpWBA CHAMKA MO OTAEMHM
npocunK, pasnonoXeHn Ha pasCTosHUE, KOETO HE NO3BOMNSBA
LlenesaTa HaCOYEHOCT Ha rpaBUTALMOHHUTE U MarHUTHUTE Aa ce MnocTpon [O0CTOBEpHA KapTa Ha W3onuHwuTe, a ce
u3cnenBaHua onpefens W3NUCKBaHWATa KbM METoMKaTa Ha npeactaBs Ccamo pasnpeaeneHneTo Ha noneto no Tesu
CHUMKUTE. EMH OT OCHOBHUTE BBLMPOCM HAa MeToaMKaTa e npocounu. Takasa NpodunHa CHUMKA Ce MnaHupa camo 3a
pa3mnonoXeHNeTo Ha NPodUIUTE W TOYKUTE HA W3MepBaHe, npeaBapuTenHa OUeHka Ha eeKTUBHOCTTa Ha MeToAa Wnu
KOETO Onpenens KoHAUUMATA (MbCToTaTa) Ha CHUMKaTa. Npy AeTainn3aLys o OTAeNHM Npodunm - n3MepBaHus ¢ no-
ronsMa rbCToTa W NO-BUCOKA TOYHOCT 3a LENUTE Ha

Pa3nonoxeHneTo Ha NpodunuTe N TOUKUTE Ha U3MepBaHe konnyecTeeHara uHTeprnpeTaums.

3aBMCM OT Xxapaktepa Ha CHumkata. Ts moxe aa 6bge
nnoLyHa unu npodunna. Mpu paBHoMepHaTa NnoLHa CHAMKa KoHamums Ha usamepBaTenHaTta Mpexa
n3mepBaTenHaTa mpexa e 6nu3ka go kagpartHata. Td gasa

Hal-NbIiHA XapaKTepucTuka Ha M3y4yaBaHOTO Mone 3a OueHkaTa 3a onTUMarnHa rLcToTa Ha U3MepBaTernHa Mpexa
onpegeneH malab v gaBa Bb3MOXHOCT Aa Ce MOCTpoM KapTa € €H OT Hail-CNoXHUTe W B M3BECTHA CTENeH BCe OLie
Ha MONeTo C edHakea W paBHOMEepHa koHauuus. [pu AMCKYCUOHHW BBMPOCK Ha METOAMKATa Ha rPaBUTaLMOHHUTE U
TbPCELLO-NPOyYBATENHM CHUMKM, aKO € W3BECTHO, ue MarHuTHUTE  u3cnedBaHus.  HatpynaHute  mpakTU4ecku
TbPCEHWUTE CTPYKTYpW Ca WU3TErNeHu B onpegeneHa nocoka, pesyntati OT [PaBUTALMOHHUTE W MarHUTHA CHUMKU B
OBMKHOBEHO ~ MpoeKTMpaHaTa  MMolHA  CHUMKA € pasnuYHU reornoXKM YCroBUs MO3BONSABAT Aa ce AeduHupar
HepaBHOMepHa. HanpeyHo Ha u3BecTHaTa nocoka, B KOSTO ca HSKOM OCHOBHW MOMOXeHWs 3a u3bop Ha rbCToTaTa Ha
W3TEINEHN TbPCEeHUTe WnM  MPOyYBaHW CTPYKTYpW, ce u3MepBaTeNHaTa Mpexa M Aa ce onpegensT pauuoHanHu
MpoeKTMpa Mpexa OT Npodmnm ¢ pascTosiHue Mexay Tax L u CbOTHOLLEHS! MEXY TOYHOCTTa Ha CHUMKaTa U rbeToTaTa Ha
TOMKM MO npodunuTe cbC CTbika | OTHOWeEHMETO Ha MpexaTta npu rpaBuUTaLMoHHUTE CHUMKK (Oumutpos, 1976;
Pa3CTOSHUETO Mexay ToukuTE Ha HabmiogeHne | n [pasupassedka, 1981). WaucksaHusita KbM rbCTOTaTa Ha
pa3cTosiHUeTo Mexay npodunute L He Tpsbea aa 6bae no- u3MepBaTeNnHaTa Mpexa W TOYHOCTTa NpU  PpasinyHu
manko ot 1:10 (/L > 1/10). rPaBMMETPUYHM CHUMKW Ca cucTemaTuanpanu B Tabnuua 1.
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Tabnuua 1. CucmemamuaupaHu OaHHU 3a U3UCK8aHUSIMa KbM 2bcmomama Ha uaMepeamesniHama Mpexa u moyHocmma npu
Pa3IUYHU 20a8UMEMPUYHU CHUMKU

bCTOTa Ha Mpexara bcTOTa Ha
| v, | o e | et | ~ron sosoce | g’
pasnorara egHa CHUMKa —
"pacpuka mGal pewka) MGal “3mepBaTenHa Toyka pascTosHue
MGal k2 MeXay TOouKuTe,
m
[pebHomalLabHa rpaBMMETPUYHA CHUMKA
1:2 500 000 10 po +0,5 no +4,0 150-400 5000-10 000
1:1.000 000 10 po+05 po +4,0 150-140 5000-10 000
1:1 000 000 5 no + (0,3-0,4) [o +2,0 25-10 2 500-5 000
CpepHomalabHa n egpomallabHa rpaBUMETPUYHA CHUMKA
1. PaBHWHHM panoHu
1:500 000 5 £o + (0,3-0,5) [o +2,0 25-10 2 500-5 000
1:200 000 2 £o + (0,3-0,4) po +1,0 10-4 1 000-2 000
1:100 000 2 po +0,3 po +1,0 10-4 1.000-2 000
1:100 000 1 £o(+0,3-0,2) po +0,5 4-1 500-1 000
1:50 000 0,50 £o +0,15 £o +0,35 1-0,5 200-500
1:50 000 0,25 no +0,08 no +0,20 0,25-0,08 50-250
1:25 000 0,25 po +0,07 £o +0,20 0,08-0,03 50-250
1:25 000 0,20 po +0,06 po +0,15 0,06-0.02 20-100
1:10 000 0,20 £o +0,05 £o +0,15 0,05-0,01 20-100
1:10 000 0,10 po +0,04 po +0,07 0,04-0,008 10-50
1:5000 0,10 no +(0,04-0,03) po +0,07 0,03-0,006 10-50
1:5 000 0,05 no +0,02 no +0,03 0,02-0,005 5-25
2. TINaHUHCKN paioHm
1:500 000 5 po+05 0o +3,0 25-10 2 500-5 000
1:200 000 2 go + (0,5-0,4) po +1,5 10-4 1.000-2 000
1:100 000 2 po +0,4 po +1,5 10-4 1.000-2 000
1:100 000 1 £0(+0,3-0,25) go +0,7 4-1 500-1 000
1:50 000 1 1o +0,25 go +0,7 1-0,5 200-500
1:50 000 0,50 po +0,08 po +0,35 0,25-0,08 50-250
1:25 000 0,25 £o +0,06 £o +0,20 0,06-0,02 20-100
1:10 000 0,20 po +0,06 po +0,15 0,05-0,01 20-100
1:5000 0,10 Ao +(0,06-0,05) po +0,07 0,03-0,006 10-50
1:2000 0,10 go +0,05 po +0,06 0,01-0,004 5-25
1:1 000 0,10 £o +0,04 po +0,05 0,005-0,001 5-25
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CuctematmsmpaHute faHHu B Tabnuua 1 wntoctpupar
YHUBEpcanuaupann uauckesanus. Cneasa ga ce nocodar
obaye M HAKOM METOAWYHW MOCTAHOBKMA, YTBBHPAEHU MpM
NPOEKTMPAHETO Ha rpaBMMETPUYHATE CHUMKW. [bCTOTaTa Ha
u3MepBaTenHata Mpexa Tpsbea aa 6bae goctaTbuHa, 3a Aa
ce  otbenexar  pgocToBepHO  ocobeHocTuTe Ha
[PaBUTALMOHHOTO NOSie, KOWTO OTpassiBaT BMMSHWETO Ha
TbpceHnTe 0bekTn. Tean obekTn Tpsbsa aa ce perucTpupar ¢
He Mo-Manko OT TpW nocregoBaTenHu Touku. Npu Thpcelwyo-
NpoyYBaTeNHUTE CHUMKKM CTbMKaTa (Pa3CTOSHWETO MeXay
u3MepBaTenHuTe TOukM) | no npodmnuTe, pasnonoxeHu
HanpeyHo Ha MPOCTUPAHWETO Ha W3yvaBaHUTe OOEKTH,
TpabBa ga Obge MMHMMYM 2-3 MbTW  MO-MAmKo OT
pbnbounHata o cmytutenute. [lpn  HanaraHeTo Ha
BOMbIHATENHN W3MCKBAHMS 33 LENMNTE Ha KOMM4YecTBeHaTta

cnegsa da ocurypu U3MEHeHMe Ha cunata Ha TexecTra
Mexay [OBe CbCedHM TOYKW, KOATO He npesulliaBa
TPpUKpaTHaTa TOYHOCT Ha n3mMepBaHuATa.

V/anckBaHMsTa KbM MbCTOTATa HA M3MepBaTeNHaTa Mpexa
npu  MarHuTonpoyysatenHute pabotn ce  onpedens
chopmarnHo ot ycnosHus Mawab (dumutpos n Ctaspes, 1986;
MarHuTopassegka, 1990) - Tabnuua 2.

3a ronemn TepuTOpuM, KaKbBTO € CHy4asiT Hampumep C
NPeACTaBAHETO Ha rpaBUTaLMOHHATA U MarHuTHaTa kapTa Ha
Bounrapus 8 M 1:100 000, rpaBuTALMOHHUTE W MArHUTHUTE
N3MEepBaHWs B OTAEINHNTE y4acTblLy Ca C pa3nnyHa rbeToTa v
TOYHOCT. TOBa Hanara u31CcKBaHWsITa 3a yAOBNETBOPSBaHe Ha
HeoOxoauMmaTa KOHOWLMS @ Ce OLEHsBaT KOHKPETHO W B

WHTEpNpeTaumMs, rbCToTaTa Ha W3MepBaTenHata Mpexa CbOTBETCTBME C MOCTABEHUTE 3a4aqu.
Tabnuua 2
['scmoma Ha uamepeamenHama Mpexa Npu MazHUMHUMe CHUMKU
PascTtosHue mexay npodunute, m PascTosiHve Mexay
Mawyab Kateropus Bup Ha cHumkaTa “3MepBaTENHUTE TOYKN
Ha Ha 3a HasemMHaTa CHUMKa, m
CHUMKaTa Mawaba AepomarHutHa HasemHa
1:2 500 000 [pebeH 25000 - -
1:2.000 000 » 20000 - -
1:1.000 000 » 10 000 - -
1:500 000 CpeneH 5000 - -
1:200 000 » 2000 2000 200-400
1:500 000 » 1000 1000 100-200
1:50 000 Enbp 500 500 50-100
1:25 000 » 250 250 20-50
1:10 000 » 100 100 10-40
1:5 000 » 50 5-20
1:2 000 » 20 5-10
1:1 000 » 10 2-5
AnropuTbM U KOMMIOTHPHA Nporpama 3a
OLeHKa KOHANLMATA Ha rPaBUTaLMOHHHU Y \ rocoka Ha
MarHUTHU KapTu 0 npodwma
Pa3paboTeHUST anroputbM € OpUEeHTMPaH KbM OLieHKa
KOHOMUMSTA Ha WM3MepBaTeNHW TOYKM B  MPABObIbIIEH 0<0<m
nnaHwer (kapteH nuct). Konpuumsta ce onpenens 3a obuyms O ™ \
Cnyvail Ha Mpexa CbC 3aJafleH brbn O Ha opueHTMpare Ha 1 e X
npodunuTe CNpAMO NPaBObILIHWSA NMNaHWeT M 3agageda b e N
eneMeHTapHa Mnol, 3a KOATO Ce  YAOBNeTBOpsiBar
METOAMYECKUTE M3NCKBAHWS 3@ KOHKpeTHaTa 3agaya (dur. 1).

AKO  W3CMedBaHMAT — MPaBObLIbAEH  MMaHWeT € B
koopauHaTHata cuctema XOY npodmnute morat ga 6baar
OPWEHTVPaHW NOA brbA 6, konTo e B 0bxsata o1 0 4o .
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®ur. 1. UniocTpupaHe opueHTMpaHeTo Ha nNpodmnuTe Ha 3apapeHarta
Mpexa cnpsiMo KOOpAMHaTHaTa cUCTEMa Ha U3CNeABaHNSA NNaHILeT.



AKO pascTosHMEeTO Mexgy npodurmte e L, a Mmexay
TOYKWTE Ha M3MepBaHe Mo npodunuTe € |, enemeHTapHaTa
nnow, we 6bae L x |. MNpeagcraBsHeTo Ha Ta3u enemeHTapHa
now, npu 0 < 6 < w/2 ce wunocTpupa Ha ur. 2, a npu
n/2 < 0 < 7 - Ha ¢pur. 3. 3a BCska enemMeHTapHa nrowy creasa
[a Ce Onpedenu npuCLCTBMETO MMM OTCHCTBUETO Ha
u3MepBaTenHa Touka. 3a ABaTa Bb3MOXHM AManasoHa Ha
BB O Ce npunara KOHKPETEH NOAX0g, KaTo v B ABaTa cnyyas
ce u3cneggar camo “Uenu’ eneMeHTapHu nnowM, T.e.
HeMbHUTE efleMEHTapHX oM N0 nepudepnsta  Ha
nnaHweTa He Ce U3cneaBaT 3a KOHAMLKA.

MogxogbT 3a  onpegensHe Ha  KoHOWUMATA  Ha
enemMeHTapHUTE MoK Ce UMCTpUpa Ha ¢ur. 4 u ur. 5.

Bb3 ocHoBa Ha npuetute 0603HaueHns, n3non3yBaHute

pa3cToAaHuA 3a onpegenaHe KoopauHatute Ha
enemMeHTapHuTe NnoLwK ca KakTo crneisa.

32 0<0<n/2(dur. 2 n dur. 4):

Xt=L/cos0; Y=L/sin®
AXL=L.cosO; AY.= L.sin0
AXi =1.sin0; AYi=1.cos 0

3a /2 <6 < (ur. 3 udwr. 5):
XL =L/cos (180-0) ; Yi= L/sin (180-0)

AXL=L.cos (180-0) ; AY(= L. sin (180-0)
AXi = 1.sin (180-0) ; AYi= 1. cos (180-0)
Y :
AY |
FAXL
AY,/
Y, AX,
L
D A A A
XL X

®ur. 2. MpeacTaBsHe Ha eneMeHTapHaTa NNIoLW Ha Mpexara

npn 0<0< 2

XL ¥ YL - pa3cTosiHUA Mexay NpeceyHnTe TOYKM Ha NpodunuTe
CbOTBETHO ¢ ocTa X 1 ocTa Y Ha U3cnefBaHUA NaHLET;

AXL 1 AYL - pa3cTosHUS MexXay NPoeKUMMTe CbOTBETHO Ha ocTa X U Ha
ocra Y Ha ABa nocnefoBaTenHu npocuna;

AXi 1 AY)| - pascTosiHUS MeXay NpoeKuunUTe CLOTBETHO Ha ocTa X U Ha
ocTa Y Ha ABe nocrnefoBaTenHN U3MepBaTenHN TOYKKU
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AXL

AYL

®ur. 3. MpeacTaBsAHe Ha enemMeHTapHaTa nrowy Ha Mpexara

npu n/2<0<n

XL M YL - pascTosiHus Mexay npeceyH1Te TOYKM Ha npodunute
CBHOTBETHO ¢ ocTa X 1 ocTa Y Ha M3cnefBaHUA NiaHLWeT;

AXL n AYL - pa3cTosiHUSI MeXay NPoeKLMMTe CbOTBETHO Ha ocTa X M Ha
ocTa Y Ha ABa nocnegoBaTenHu npoguna;

AXi u AY)| - pa3cTosiHUs MeXAY NPOEKLUMTE CLOTBETHO Ha ocTa X U Ha
ocTa Y Ha ABe nocnefoBaTeNHN U3MepBaTEeNHN TOYKM

Mrnowy | ,/
/

YL
0

XL

’ !

.~ Ba3os /| Tpanvu Ha
’.' npodun 'I nnowira

@ur. 4. UniocTpupaHe Ha rpaHuLMTe Ha NNOWTA, 3@ KOATO Ce onpeaens
KOHAULMATA Ha N3MepBaTesHNTe TOUKKM B U3CNieaBaHaTa Teputopus npu
0<0<m2

AHamM3bT Ha KOHAMUMSATA 3a M3CneaBaHus MAaHWET npu
0 <0 <72 (pur. 2 n dur. 4) 3ano4Ba OT CEKTOP C HAYanHM
koopauHatn X4 =0 un Y4 =Y.

lMocnenoBaTenHo Ce uacneaBaT eneMeHTapHUTe MnoLm
(npaBobrbRHMLYM) | = 1, 2, 3,...., CbOTBETHO C BbPXOBE B
rnocneaoBaTeNnHoCT Mo YaCOBHUKOBATA CTpenka:

XP=xW +ax,
XP=x®+ax,
XP=x@+ax,

XW=x®-Ax,

Y P =y® 1Ay,
Y@=y ®pay,
YO =y @Ay

Yy =y @ _ay,

(1)



Onpepens ce 6poar P Ha n3mepBaTenHUTE TOYKM BbB
BCAKa enemeHTapHa nnowl. Ton moxe ga 6bge P > 0 -
KoHaWUmsTa ce yaosneTsopsisa uim P = 0 — KoHauUusTa He
Ce YAOoBNETBOPSIBa.

AHanu3bT  npogbmkaBa 4O nocregHata  ‘mbaHa’
eremMeHTapHa Mol 3a KOHKPeTHUst CeKTop, T.e. AoKaTo ce
YAOBETBOPSBA YCIOBMETO:

(x @ <xm™) anD (Y @ <y™)=TRUE ()

Crnen MpUKNiOYBaHe C TO3M CEKTOpP C& MpemMiHaBa KbM
cnepBalLmsi, ¢ HavyanHu koopauHatn XiM=0; Y4 =2Y, n
TO3M MpoLeC NpoAbikaBa AokaTo Ce  YAOBNETBOPsiBa
ycnosmeTo nYy < Ymex,

,0

+ basos
2 npodun
/ poc

/
// Tpanuuy Ha
, nowra

®ur. 5. UntocTpupaHe Ha rpaHMLMTE Ha NNOLLTA, 3a KOATO Ce onpeaens
KOHAUUMATA Ha U3MepBaTesIHUTe TOYKU B U3cneaBaHaTa TepuTopua npu
m2<0<x

AHanusbT ¢ npexoagu no abeumcata Ha nnaHweta X (dur. 2
1 cour. 4) 3anoyBa OT CEKTOP C HavanHu koopamHath Xq() = X,
n Y+ = 0. MocnepgoBaTenHo ce u3cneaBat enemeHTapHuTe
nnowy | 1, 2, 3,.., CbOTBETHO C BbPXOBE B
nocneAoBaTENHOCT MO YaCOBHMKOBATA CTPerkKa:

XO=x® +ax,
X@=x®_ax,
X®=x®rax,
X®=x®&1ax,

YO =y ® 1Ay,
Y@=y @Ay
Y& =y @Ay,
YO =y ® Ay,

AHanusbT  npogbmkasa 4o nocnegHata  “‘mbnHa’
efleMeHTapHa Mol 3a KOHKPETHUS CeKTop, T.e. A0KaTo ce
YAOBNETBOPSBA YCIIOBUETO:

(x @<x™) aND (Y @ <y™)=TRUE @)

Crief mpuKIioYBaHe C TO3M CEKTOP Ce MPEeMMHaBa KbM
cnefBalLmsi, ¢ HayanHu koopauHatn X1 = 2Xi; Y4 =0 un
TO3W Mpolec Mpogb/kaBa [okaTo Ce  YAOBMETBOpsiBa
YCNOBMETO mMXL < Xmax,
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AnropuTbMbT 3a OLEHKa Ha KOHAMLMATA Npu ©t/2 < O < 7t
(cour. 3 v cpur. 5) e paspaboTeH npu aHanornyeH NOAXo4 kato
aHanu3bT 3arno4Ba OT CEKTOP C HayarHu koopauHath X4 =0
n Yqh = Ymax — Y, TlocnegoBaTtenHo ce u3cneasar
enemeHTapHuTe naowm j = 1, 2, 3,...., CbOTBETHO C BbPXOBE B
nocrneoBaTeNHOCT N0 YaCOBHMKOBATA CTpenka:

XP=x® +ax,
"
@ _y O
X@=xWiax,
XP=x@+ax,
@ _y O
XW=x®_ax,

Yy P=y® —ay,
Y@=y ® Ay,
YO =y @ _ay,
Y=y @Ay,

AHanu3bT  npogbmkaBa 4O nocnegHata  “‘mbhHa’
ereMeHTapHa oLy 3a KOHKPETHUS CeKTop, T.e. AOKaTo ce
YAOBETBOPSIBA YCIIOBMETO:

(x(f)sxmaX)AND (v (j“)zo)=TRUE (6)

Cnepn TOoBa Ce MpeMMHaBa KbM CriefBaliysi CEKTop, C
HayanHu koopguHat Xq() =0 ; Y4() = Ymax - 2Y, 1 To3u
npoLec NpoabkaBa [OKaTo Ce yLOBMEeTBOPSBA YCOBMETO
nYe < Ymax,

AHanormyHo, aHanu3bT ¢ npexogn no abcuucata Ha
nnaHwerta (cur. 3 n cur. 5) 3anoysa OT CEKTOP C HaYanHu
koopauHat X1 = XL u Y4() = Ymax_ [locneposatenHo ce
u3cnegsar enemeHTapHuTe nnowwm i =1, 2, 3,...., CbOTBETHO C
BbPXOBE B MOCMEA0BATENHOCT MO YaCOBHMKOBATA CTPenka:

XO=x® +ax,
X@=-x®iax,
X®=x@_ax,
X®=-x®_ax,

Y i(l) =Y i(l—)1_AY|
Y@=y ®_ay,
Y® =y @ Ay,
Y@=y ® LAy,

(7)

AHamusbT  npogbmkasa O nocnegHata  ‘mbnHa’
erieMeHTapHa oLy 3a KOHKPETHUS CeKkTop, T.e. A0KaTo ce
YAO0BETBOPSIBA YCIIOBUETO:

(Xi(z)gxm‘)AND (Y §3>zo)=TRUE 8)

Crnep npukni4YBaHe C TO3W CEKTOP CE MpeMWHaBa KbM
cneaBaLys, ¢ HavanHu koopanHati X = 2X, ; Yq(1) = Ymax
M TO3W NpoUec NpofbikaBa [OKAaTO Ce YAOBNETBOPSsiBa
YCMoBMETO mXL < Xmax,

Cnepnga ga ce otbenexu, Ye Ha4anoTo Ha KOOpAMHATHATa
cuctema 3a nnaHwera kato X=0 n Y=0 ce npuema ycroBHO
33 ONMCcaHWe Ha Bb3NpUeTUs Noaxof Npu pa3paboTBaHETO Ha
anroputbMa. B nporpamata Hayanoto Ha KoopauHaTHaTa
CUCTEeMa CbOTBETCTBYBA Ha X = Xmin y Y = Ymin,

Briok cxemata Ha CbCTaBeHaTa nporpama 3a OLeHKa Ha
KOHOUUMATA HA T[PaBMTALMOHHUTE W MarHUTHW KapTu €
nokasaHa Ha cwur. 6.



BxoaHv aaHHu:

M3MepBaTeJ'IHI/1 N Toukm ¢ KoopaMHaT CbOTBETHO:

Xw,Yw, W:1,2,

M3bpaHa koHguums: 1 Touka Ha S km?

‘brn Ha opueHTUpaHe Ha npodunuTe: 6
PascTosHue mexay npocunute: L
PasctosHue mexay Toukute no npogunute: |

MOOYN A :

0<0<n/2 \l/ MOOYNIB: m/2<0<m

v

AHanu3bT 3anoyBsa oT ;
noj: XP=0; Y®=Y
nol: XP=Xx_; Y®=0

\’

AHanu3bT 3anoysa oT :
noj: XM =0; Y®=y™ _v
mol: XP=X_; Y®=ym™

OBocobsBat ce “MbiHU" enemeHTapH1 NOoLM
j=1,2,3,...,cvmacHo (1) n (2);
i=1,2,3,..,cornacHo (3) u (4)

OBocobsiBaT ce “MbiHU" enemMeHTapHM NOLLM
j=1,2,3, ..., cormacHo (5) n (6);
i=1,2,3,..,cornacHo (7) un (8)

v

Onpepenst
ce bpoaT P Ha ToukuTe 3a
BCEKM MnaHLeT

P=0

Konguupsra ce
YAOBNETBOPSBA

KOHﬂVILl'I/IFITa He ce
ynoBneTesopABa

M3xogHu gaHHu:
CXema Ha KoHauumsTa

Onpepens
ce bpoat P Ha ToukuTe 3a
BCEKU NnaHLweT

P=0

Konguuusrta ce

KoHguuusTa He ce
YAO0BNeTBOPSIBA

YO0BIIETBOPABA

J

M3xogHu gaHHu:
CXeMma Ha KoHguumsTa

®ur. 6. 0606wweHa 6ok cxema Ha CbCTaBeHaTa KOMMITBHPHA Nporpama 3a oueHKa Ha KOHaUUuMATa Ha rpaBUTaLMOHHUTE U MarHMTHU KapTu

3aknioyeHune

CncTaBeH e anroputbM M e paspaboTeHa KOMMIOTbpHA
cuctemMa 3a OUeHKa MITbTHOCTTa Ha  pasnpeneneHue
(koHOMUMSATA) HA W3MepBaTENHM TOYKM B MPaBOBIbIEH
nnaHwet (kapteH nmct). Cuctemara e paspaboTeHa 3a
pasHOBapuaHTHa OLEHKa Ha KOHAMUMATA Ha M3MepBa-
TEINHUTE TOYKM B KApTHWUTE NUCTOBE HA MarHWTHaTa kapTa
Ha Bbnrapus B mawab 1:100 000. Tst moxe ga ce M3nonssa
3a OLIEHKa Ha KOHAMLMSATA Ha IPaBUMETPUYHUTE U MarHUTHN
kapTu B 3aBMCUMOCT OT NOCTaBEHaTa LieneBsa 3ajaya:

- 3aMpexa CbC 3afafeH brbil O Ha OpuUeHTUpaHe Ha

npodmnmuTe CNPSIMO NPaBOBIMbIHUS NIAHLLET;

- Npu 3adageHa efieMeHTapHa Mnow, 3a KOoSTo ce

YOOBETBOPSIBAT METOLMNYECKNATE U3NCKBAHUA.

MPUNOXEHUST — MOOX0Z M MPOrpaMHUTE  MOZYNM
no3BofsBaT KOMMKTbPHATA cUCTEMA Aa CE M3nonssa 3a
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OLieHKa KOHAMLMATA Ha (DaKTUYECKWS MaTepuan 3a BCUUKM
reohM3nNyHY 1 IPYI KapTy.
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PE3IOME. B foknapa ca n3cneasaHi Bb3MOXHOCTUATE 33 WU3MON3BaHe Ha HOBY CepTUdULMPaHN MaTepuani 3a ra3onpoBOAHM UHCTanaumn. Pasrneaanm ca v Hosy
TEXHOMNOIMYHN MpOLiedypy MO3BOMSBALLYM MO-LUMPOKO MpWnaraHe Ha MeAHW Tpbbyu 3a rasoeu WHcTanauwu. pedcTaBeHn ca HOBM 3a ycnosusTa Ha Bbnrapus
Bb3MOXHOCTW 3a rasocHabasBaHe Ha OMTOBM NOTPeOUTENM Ype3 U3nonssaHe Ha KommpecvpaH npupoaeH ras. OleHeHa e edheKTMBHOCTTA OT W3Mon3BaHnUTe Ha
HOBWUTE MaTepuani  TEXHOMOruM.
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BbBeaeHue e u3non3eaHe Ha  OyTWNKoBM  rasoBM  MHCTanauwm
nosgonsiBally  rasocHabasBaHe Ha  noTpebutenu
lMpakTMkata npu  CbBPEMEHHOTO  CTPOWUTENCTBO  Ha OTAaneveHu ot raso-pasnpeafenntenHara Mpexa.

rasopasnpegennuTeniHy  Mpexu U rasoBuM WHCTanauum ce
Xapaktepusmpa C W3Non3BaHe Ha BWUCOKWM TEXHONOMUMK U MgrpamaHe Ha ra3oBu MHCTanauuu ot MeaHu

CbBPEMEHHI MaTepuary. TPB6U
TexHuYeckuTe HOpMW M MpaBuna 3a rasocHabgssaHe B

Bbnrapust ca egHM OT Hail-CTporuTe Mo OTHOLEHWe Ha WarpaxoaHeTo Ha rasonpoBOAHW WHCTanauun 3a NpuUpoaeH

u3nonaBaHUTe MaTepuani 1 TexHonorun. Camo 4o npeau Ase ras ¢ MefHM TpbOW € OTHaBHA W3BECTHO W MpuUnaraiio ce ¢

TOAMHM B ra3oBUTE WHCTaNaLMK ce JonycKalle U3nomn3BaHeTo ycriex oT JeceTkM roanHn. Pasnukara e rmasHO B MeToauTe Ha

€0MHCTBEHO Ha CTOMaHeHW TPbGW OT HUCKO BLIMEPOAHN UMK CbeauHABaHe Ha MedHUTE rasonpoBoau. B cTpaHu kaTo

HUCKONErMpaHn CTOMaHu 1 TO Camo Ype3 3aBapsiBaHe. AHrMS M XomaHous  3a WarpaxaaHe Ha rasonpoBOAHM

WHCTanauun B Crpaau MeaHuTe Tpbou MoraT Aa GbaaT CroeHu
C TBbPA WNW MeK MpWMoi, CBbp3aHM uYpe3 pe3boBM
CbEeAVHEHNS UNW YPE3 KOMMPECUOHHU (DUTUHTY.

Mpe3 2004 roguHa ¢ y4acTMETO Ha aBTOPUTE Ha cTaTusATa be
paspaboTeHa  HopmatMBHa  ypemgba  (Hapegba  6),
Mo3BONsiBalla W3Mon3eaHeTo Ha Oe3lWweBHU MepHu Tpbow,

CBBP3BAHETO, HA KOUTO MOXE fa Ce OCbLyecTBsiBa 4pes B Bvnrapus kakto u B M'epmanns n ®paHups CBbp3BaHETo
cnosBaHe ¢ nogxogsww npunon. OcBeH TOBa HoBaTa Ha MegHuTe TpbbM Ce W3BbPLIBA YPe3 Ta3oKUCIOPOAHO
HopmatuBHa basa fonycHa 3a uarpaxpnaqeto Ha CMW pa ce CrosiBaHe, HO 3a4bMKXUTENHO ¢ TBbpAX npunou (T1>450 C).

13nonaeat W TpbOW OT ApYrv MaTepuanu cneuuduLupaHi 3a

MPUPOZIEH ras. ToBa YCMOXHABA TEXHOMOMMYHMA MPOLEC W W3non3BaHaTa

3aBapb4Ha TeXHWKa, HO HE3aBMCUMO OT TOBa HE Ce OTpassBa

Te3n NpoMeHu ce OTpasvxa W3KIKYUTENHO BrnaronpusiTHO HebnaronpusaTHO BbpXy PasWMpsBALLOTO CE W3ronaBaHe Ha
BbPXy TEXHOMOrWYHOCTTAa MpWU  W3rpaxaaHe Ha rasosu MegHWTe TPbOM 3a rasonpoBOAHM WHCTanmaumu. ToBa e
WHCTamauymm rmaBHO B OutoBMA UM 0bLyeCTBEHO- €CTECTBEHO KaToO Ce MMa B NpefBua NpeauMcTBaTta UM npeg
aOMUHUCTPATUBHUS CEKTOP. CTOMaHeHuTe TpboU.

B HacToAMa foKnad HaluMTe u3cnefBaHus ca B CriefHuTe 3a rasonpoBOAHWTE MHCTanmauuu ce M3rnonssar camo
HanpaBneHus: Ge3weBHM TpBOW U UTUHIM NPOM3BELEHM OT paskuceneHa ¢
®  I3MON3BaHE Ha MEXaHWYHU CbedMHEHMUs 3a W3rpaxaaHe cocop men (Cu + Ag >99.90 %; 0.015<P<0.040 %)

Ha ra30BW WHCTanauum oT MeSHU TPBOK; cbrnacHo EN 1057. beswesHuTe TpbOM No TO3K CTaHZapT ca
e  U3MNON3BaHe Ha HOBM HEMEeTanHu Martepuanu 3a MeKM, NonyTBLPAN 1 TBbpay Tabn. 1.

uarpaxgaqe Ha razoeu uHctanauum (PVC, PE-HD, PEX);
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Tabnumua 1

BbHweH fAkocTHa | YAbnxe-
Tpvba | anametsbp, | onbH, MPa Hue, %

mm
Meka 6<d<54 220 40
Mony- 6<d<54 250 30
TBbpAA 6<d<159 20
Tebpaa 6<d<267 290 3
Mpn cnosBaHeTO Ha MegHW Tra3onpoBOAM  WMHTEpeC

npeacTaBnsiBa ONTUMU3MPAHETO HA KanUMsIpHOTO CrosiBaHe ¢
TBbPAM Npunon. B ToBa oTHOWeHWe Osixa w3cnedBaHu W
BHEAPEHN anapaTypu 3a raso-KUCNOPOAHO CrosiBaHe, KOUTO
u3nonaeart 3a ropum raa nponaH-6ytau u 18bpan Cu-P npunou
C OTHOCUTENIHO HUCKO CbAbpxaHue Ha cpebpo (5-7 % Ag).
Mpy M3NON3BaHETO Ha Tasu TEXHOMorWs Ce Mony4yasa
KaueCTBEHO CBBbP3BAHE Ha KanuMspHO CMOEHNUTE MeaHM Tpbou
1 doutunHrn (Casos u ap.).

OcBeH M3non3BaHe Ha MO-TEXHOMOTMYHW FOPUMM ra3oBe W
MpunoM Npu U3rPaXaaHeTo Ha MeLHM rasonpoBoAM npe3
rnocneaHUTE roAMHM Ce Cb3faaoxa HOPMaTUBHI Bb3MOXHOCTY
1 33 M3or3BaHe Ha MeXaHUYHU CbeaUHEHWs 3a Tpbbu [o 42
MM 1 Ha KOMMPECHOHHW UTUHTY .

WacregsaHn Bsixa KOMMPECWMOHHW (DUTMHT 338  MEeHW
rasonposogn 3a npupogeH ra3 (G-Gas) ¢ SC—contur (SC=
safety connection) ¢ guametpu 12-54 mm. MNpu Te31 BPBL3KK Ce
W13MoN3BaT M CieLastm ryMeHm YNTbTHEHUS OT akpum-HUTPUI
ByTtagueHos kayyyk (HNBR).

I'Ipose,quMTe M3NUTBaHNA Ha HAKOCT W NABTHOCT NOA
HandaraHe HaMbJIHO yoosneTsopABat HOpMaTnBHUTE
M3NCKBaHWA 3a ra3oBu MHCTanayuu.

3a 7031 HauMH Ha W3rpaxaaHe Hail-NoaXoAsLLM ca TBbpaNUTE
MeaHW Tpbbu. MpunaraHeTo Ha Te3n TEXHOMOMMW e 0BneKYeHo
W OT HanuuMeTo Ha Mnas3ap Ha pasfUYHN  KOHCTPYKLMM
MHCTPYMEHTH, BCUYKM rapaHTuMpaLm Ka4eCcTBEHU
KOMMPECUOHHM ChEANHEHNS.

OcHoBHMTE nNpeauMMcTBa Ha MeTanHute TpbOHM npec
cuctemm ¢ “SC-contur® CbnocTaBeHM CbC CMOSIBAHETO Ha
MeJHuTe Tpbou ca:

MHOTO  MO-NECHOTO i
TEXHOMOTUYHOCT;
HamansiBaHe Ha BPEMETO Ha MOHTaX W CbOTBETHO Ha
MOHTaXHUTE pasxoau.

. ycBOABaHE U no-,qo6pa

la3oBM MHCTanaummu OT HemeTanHu TpbLOM (PVC,
PE-HD, PEX)

[pyroTo OCHOBHO HampaBfieHWe Ce OTHACs [MaBHO [0
paslupsiBaHe Ha M3MON3BaHETO Ha TpbbM OT nnacTmaca:
nnactudmumpad nonusuHunxnopug PVC, nonuetuneH -
Bucoka nbTHOCT PE-HD 1 ompexxeH nonnetuneH PEX BmecTo
MeZHW TpbOU 3a U3rpaxaaHe Ha CrpafiHy ra3oBum WHCTanawum.
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TpbbONpoBOgHUTE CUCTEMU W3MBIHABAT TakWBa BaXHM
(OYHKLUWM KaTO MPEHOC M pasnpedeneHve Ha NpUpodeH ras,
TOMMWMHHA €Heprusi, Tomnma Boda. [lasapHuaT pgan Ha
nnactmacosute Tpbbute B EBpona ce ovaksa fa octaHe Hapg
70% BBB BCe MO-KOHKYPEHTHATa Cpeda W npes credsalynte
pecetuneTus. AHanu3bT Ha TbproBusta C Tpbbu M
TpbOONPOBOAHM CHUCTEMM MOKA3Ba, Ye YCrexbT 3aBuCK OT
HSIKOJTKO BaXHM MokasaTenn. Bucokure TexHU4ecku kayecTsa v
KOHKYpPEHTHaTa LieHa Hanpumep ca OT Te3n XapaKTepuUCTUKK,
KOMTO MOCTaBAT NPOAYKTUTE CPef Halt-NpoaaBaHunTe.

MasapHusT ycnex Ha PVC Tpbbute e uHaMkaTop 3a ToBa, Ye
TO3W MaTepuan 3af0BosIsiBa peanLa noTpebutenckm nHTepecu
N0 YUCTO KOHKYPEHTEH Ha4uH. 3a Aa NpoAbnXM ycnelwHarta
Toprosus 1 B Obgele, Heobxoguma e obobujasawia u
MYNTUKPUTEPUNHA rNeaHa ToYKa Ha LUANOCTHUA XU3HEH LKL
Ha TpbOONPOBOAHUTE CUCTEMM.

B nybnukauusaTa e guckyTMpaH €eKomormyHust npodun Ha
TpbOONPOBOAHMTE CUCTEMM, MOKA3aHW ca pes3ynTatute ot
YHUKarHo 3acera u3cneapaHe Ha yctoiumsocTTa Ha PVC u PE
TpbOONPOBOAHM CUCTEMM U CA  OLEHEHU EKOMOTUYHUTE
nocneauun OT TAXHOTO npunoxeHve (Papges, bosmkwes,
2004).

Ha curypa 1 ca nokasaHu pesyntatute OT M3CNeABaHNS 3a
MaTepuanu 3a TpbOW, 3NoN3BaHu B ra3onpeHocHaTa Mpexa
no TexHu exonokasatenu (APME 98).

CO2 exkBuBaneHT npu nponssoacTso u CMP Ha
rasonpoBoAu, Kr
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0 1
PE-HD PVC (1998)

CTOoMaHa

0 ctpouTencTBo Ha TpLGONpoBOA
O tpaHcnopT
0 npousBoacTBO Ha rpaHynu/cTomMaHa

8 pacoHHM YacTn
O npouseoAcTBO Ha NnacTmaca

®ur. 1.

Mo oTHOWEHWe Ha moka3aTens “noTeHyuan Ha rnobanHoTo
3atonnsHe”, PVC cuctemata e cpaBHUMa C NONMETMNEHOBATA,
KaTo 1 ABETe CbBCEM SICHO NMPEBb3X0XaT CTOMaHaTa.

AHanuaupamku ekonokasatenute Ha TpbOoOnNpoBOAHMTE
cucTeEMU, cnedga Aa ce nogyepTae, Ye “npou3BOACTBOTO Ha
MaTtepuanute” € ¢ Hal-ronsM OTHOCUTENEH Asn U B TpuTe
aHanuaupaHu BapuaHta. OCBEH TOBa, KaTo TeHAEHLWs
“3crneaBaHeTO MOKa3Ba, Ye C HApacTBAHETO Ha JuaMeTbpa Ha
TpbOUTE ekonormyHnTe nokasatenu Ha nonumepHute (PVC u
MONMETUNEH) MaTepuanu Hapacta C Mo-6bpan TEMMOBE B
CpaBHEHME CbC CTOMAHEHMTE.



OT ocobeH WHTepec npy M3rPaXOaHETO Ha rasoBu
WHCTanmaunm e TeXHONorusiTa Ha CBbp3BaHe Ha Tpbbu ot PE-
HD 1 PEX 4pe3 KOMNPeCHOHHN (PUTUHI.

TexHonorusta e nogobHa Ha CBbLP3BAHETO HA MEQHUTE
Tpbbu. PaspaboteHn ca UM ce npeanaraT  MeTanHu
KOMMPECUOHHN (DUTUHI 3a MPUPOAEH ras 3a CBbp3BaHe Ha
Tpbom 0T PE o1 20 1o 63 mm npu 13non3eaHe Ha NOAXOAALLM
WHCTpyMeHTW. CBbp3aHUTE MO TO3W HAYUH  MEXaHWYHU
CbeanHeHus n3abpkat Ha HansraHe ao 0.4 MPa.

OCHOBHOTO NMPEAUMCTBO Ha Ta3u TEXHOMOMMS € No-ronamara
Gbp3nHa 1 N0-eBTUHITE U ONEPaTUBHU MHCTPYMEHTH, KOETO Ce
0oTpassaBa 6J'IaFOI'IpVIF|THO BbpXy  MOHTaXHWUTE  pa3xoau
CpaBHEHM C pa3xoauTe 3a 3aBapsiBaHe.

o ce oTHaca A0 BbL3MOXHOCTUTE 3a W3MON3BAHETO Ha
TpbOM OT ompexeH nonuetuneH PEX 3a  crpagHu
ra3onpoBOAHW MHCTAnauMuM OCBEH CBbP3BAHETO MM 4pes
KOMMPECUOHHI OUTUHMM MOXE Aa CE M3MOoN3Ba U TEXHOMOrus
OCHOBaBalla Ce Ha creunduyHuTe CBOWCTBA Ha TO3M
MaTtepuan, Hamepwun Beye MPUNOXEHWe 3a W3rpaxhaHe Ha
BOZONPOBOAHM 1 OTOMMAUTENHM MHCTanaLum.

PaspaboTtenn ca HoBO nokoneHue Tpvbu or PEX ot
¢upmata Uponor WIRSBO AB LWseuus, a nmeHHo WIRSBO-
eval PEX, kouTo ca ¢ gonbnHutenHa audysmoHHa Gapuepa
(0.075-0.125 mm).

Tpbbute OT TO3M MaTepuan, KOUTO ca CepTdMLMpaHn 3a
ra3 ca XbnTW Ha LBAT M Ce Npouseexgar ce C pasmepu:
16x2,2; 20x2.8; 25x3.5; n 32x 4.4 mm.

3a uarpaxpaHeTo Ha CI'M ¢ Tesn TpbOu 3a BCEKM eanH OT
MOCOYEHNUTEe AMaMeTpn ca cepTudmumMpanmn n obcagHu Tpbou
(4epHm, rocopupaHm) ¢ onpeseneHn pasmepu.

Mpu wnarpaxgaseto Ha CIMW ce n3nonssat TpaguuMoHHaTa
cucTEMA C TPOVHWLM U KOMEKTOpHAaTa CUCTEMa, KaTo BCska OT
TSIX MMa CBOMTE NPeaMMCTBa.

3a cBbp3BaHeTo Ha TpbOWTE MoraT ga ce u3nonssat
MeTarHu unu cneuuanHu nonucyndoHosu ¢utuHrn (PSU)
(Amoco-USA).

MpumepHn cxemn Ha rasoBu uHcTanaumm ot PEX ca
nokasaHa Ha curypa 2.

dur. 2.
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Kbgeto Ha nosuums 1 e 03HaveH KONekTopbT C TEPMOKIIanaH,
2 ca KpaHoBe C npeanasHu knanauxu, 3 ca Tpvbute ot PEX, Ha
nosunuws 4 ca o3HaveHn Gbp3nTe Bpb3KM C ra3oBuUTe ypeaw.

B nocoyeHata cxema Ha durypa 2 e MOHTMpaH TepMUYeH
npegnasvten MpekbCBall, 3axpaHBaHeTO C  ra3  npu
Temnepatypa Hag 90 rpagyca, a Ha u3xoaa npeawn cepuyHns
KpaH Ca MOHTMpaHM OTCekaTenu, 3afeicTBaly ce npw
M3TUYaHe Ha ra3 OT ra3onpoBoOAHaTa NNHMS.

OcBeH TOBa 3a 3axpaHBaHETO Ha OTAEMNHWUTE KOHCymMaTopy
Ca MOHTMPaAHM CTEHHM KOMeKTopu 3a Obp3n Bpb3KM C
WHTETpUpaHn oTcekatenu. Ta3u CUCTEMA Ha W3rpaxhaHe He
CaMO € Halt-BUCOKO TEXHOMOMMYHO HUBO, HO € W U3KITIOYUTENHO
obesonaceHa v HaMbAHO MOXe Aa LOMbIIHU ChLLECTBYBALLUTE
TexHonoruu 3a usrpaxaae Ha CI' ¢ Tpubu go 32 mm.

Ot rnegHa Touka Ha 6bAELWOTo passuThe, HeobxogumocTTa
OT WHTErpupaHe Ha  TeXHUYECKUTE,  MKOHOMUYECKUTE,
COUManHUTE M EKONOMMYHWTE acmekTh Ha KOHuenuusita Ha
YCTOMYMBOTO paseuUTWe NpugobusaTt BCe NO-ronsma BaxHOCT.
M3nonseaHeTo Ha nnactMacu B MPOM3BOLCTBOTO Ha Tpbou
BEYe OTroBaps Ha W3MCKBAHMATA Ha MOAena Ha yCTON4MBOTO
pa3BuTWE 1 NpUTEXaBa NoTeHLMan (MKOHOMUYHOCT, TPANHOCT,
npepaboTka, peuuknupare) 3a 6baewo passutie. B cmucena
Ha YCTOMYMBOTO pa3BUTME WKOHOMMYECKaTa e(eKTUBHOCT,
KOMOMHMpaHa C TEeXHUMYECKM W EKOMOTUYHM  KayecTsa,
npeactaBnsBaT Aobpa Bb3MOXHOCT 33 KOMMAHUWTE U
oOwecTtBoTo Kato Uusno. Tpvbu or PEX ycnewHo ce
M3MON3BaT 3a ra3oBM WHCTanauun OT FOAWHU B CTPaHM, Kato
XonaHgus.

ByTMnKOBM ra3oBu MHCTanauuun

ByTunkoBuTE MHCTaNaLWKM 3a NPUPOAEH ras ca NPOMULLNEHH
WNK CTPafiHM a3oBM MHCTanaLum, Npu KOUTO 3axpaHBaHETO C
KOMNpecupaH NPUPOLEH ras ce W3BbPLUBA OT [BE W NMOBeve
ByTunkw.
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MpeacTaBeHata Ha durypa 3 MHCTanauus e oT TO3n TUM W
no3BonsBa NoTPebuTENs Aa M3Non3ea BUCOKO TEXHONOMYHO 1
€KOMOTMYHO TOPMBO KaTo MPUpOLHWMA ras3, be3 aa e CBbp3aH C
rasopasnpefenutenHata Mpexa. OCHOBHWTE Bb3MM B
cuctemara ca batepusita OT BYyTUNMKM 3a CbXpaHsBaHe Ha
NpMpoaHUS ra3 M  peayuMpalloTo  3BEHO, MOHWXaBaLLo
HansraHeTo 40 JOMYCTUMOTO 3a ra3oBaTa MHCTanauus.

MkoHOMMYeckaTa  €(PEKTMBHOCT ~OT  M3MOMN3BaHETO Ha
pasnuyHK ropuea e npeacTaseHa BbB ¢urypa 4. [OVERGAS]

LieHn Ha ropuea 3a KpaeH I'IOTpeGVITeJ'I

rasson
Mmasyt

nponaH-6yraH

eneKTpuUyecka eHeprus 0

TONNMHHA eHeprus

npupopeH ras-6C

e e e e e

0 0,020,040,060,08 0,1 0,120,140,16 0,18

nesa/kWh

Pur. 4.

lMpenopbyaHa 3a nybnukysaHe OT
Kateppa “CoHaupaHe 1 gobvs Ha HedT u ras”, ITo
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C pasrnegaHuTe B [oKnaga HOBUM TEXHOMOTUYHW CUCTEMM W
mMaTepuanu W C [okasaHata um npurogHoct 3a CIU ce
HagsiBame [a AOMPWHECeM 3a paslwupsiBaHe W pasBuTUE Ha
BapuMaHTUTE 3a uW3rpaxgaHe Ha ras3oBM WHCTanauum B
Bwnrapus 1 3a nopobpsBaHe Ha ekcnnoatauuoHHaTa UM
6e30nacHoCT.

Nutepartypa
Hapegba 6. “TexHuyecku npaBuna M HOpMaTMBM 3a

MpOeKTMPaHe Ha 0GEKTU 1 ChbOPbXEHUs 3a MPUPOLEH ras’,
[B, 6p. 107/7.12.2004 .

Pages, 0., M. Bosgxues. 2004. Hosu TexHonorum B
netponHus OusHec M npowseogctBoTo Ha PVC
TprbONpoBOaK. BapHa 2004, MexayHapoaHa

koHdepeHuus “Tpobnemmn Ha HedhTa 1 rasa’.

Casos, W., M. Bosmxues, I'. Xaitrapo. TexHonorus 3a
M3rpaxgaHe Ha rasonpoBOAHM MHCTanmauuu 3a NpupogeH
ras.

APME 98. |. Bounstead, Polyvinyl Chloride. — In Eco-profiles of
the European Polymer Industry.

www.government.bg. Mpasutenctso Ha penybnvka bunrapus:
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KOE®ULMEHT HA NONAPU3YEMOCT HA OCHOBHW BUAOBE CKAJIU OT YHACTBbK
LIAP ACEH - NAHATHOPCKW PYOEH PAWUOH

P. Paduyee, C. Jumoscku

Munro-2eonoxku yHusepcumem “Cs. MeaH Puncku”, Cogpus 1700; radirad@mgu.bg; dimovski@mgu.bg

PE3IOME. 3a yuactbka Ha Liap AceH — lMaHariopcku pyaeH paioH reonoxkusT paspes A0 NPEMUHATUTE OT NOBEYETO COHAAXM AbNBOUMHY € U3rpageH OT aHae3uTH,
aHAe3nToBN TycW M aHOe3nToBa NaBobpekya. B reonoxkus CTpoex y4acTsaT CbLyo AALMTY, FPAHOAVOPUTOBM MOPEUPUTY 1 B MO-Marka CTENEH rpaHuTU 1 rHaiicu
AHanmaupar ce AaHHW 3a koeduLMeHTa Ha MOMNspU3yemMocCT, NONyYeHN OT M3MepBaHusTa B kateapa “TpunoxHa reodmanka” v apyru opraHnsaumu. BrumanueTo e
HaCOYeHO rMaBHO kKbM 0BpaboTkaTa Ha AaHHUTE OT U3MEepPBaHMsATa Ha Npobu OT sakaTa Ha 8 coHgaxa (C -28,C-30,C-36,C-48,C-256,C-261,C-262 nC-
265). MacneaBaHusTa BKIKOYBAT CTATUCTUYECKM aHANM3 Ha CTOMHOCTHOTO pasnpefeneHne Ha koeuumMeHTa Ha NoNsipu3yemMocT 3a pasfuyHUTE BUOOBE ckanu. 3a
YeTVpM OT COHAaxMTe npobuTe ca pasnpedeneHn Npe3 paBHWU MHTEPBANM W 3a TsX Ca MOCTPOEHU Auarpamu Ha pasnpedeneHneTo Ha Mnomnspu3yeMocTTa BbB
yHkums oT gbnbounHaTta H Ha CoHpaxa. YCTaHOBEHO e, Ye MOBMLIEHUTE CTOMHOCTM Ha KOe(MLMEHTA Ha Monsipu3yeMocT ce obyCcnaBsiT OT MPUCLCTBMETO Ha
MWHEpanu C enekToHHa eNeKTPONPOBOAHOCT.

INDUCED POLARIZATION PROPERTIES OF THE MAIN ROCK TYPES IN THE TSAR ASSEN AREA - PANAGYURISHTE ORE
REGION
R. Radichev, S. Dimovski - University of Mining and Geology “St. Ivan Rilski”, Sofia 1700

ABSTRACT. The geological section in the Tsar Assen area — Panagyurishte ore region down to the depth reached by most of the boreholes is built of andesites,
andesite tuffs, and andesite volcanic breccia. In the geological structure are also participating dacites, granodiorite-porphyrites, and in a smaller extent granites and
gneisses. Data from induced polarization (IP) measurements performed by the Department of Applied Geophysics, University of Mining and Geology, Sofia and other
organizations are summarized. Principal attention is paid towards the processing of data from laboratory measurements on rock samples of drill core from eight
boreholes (C - 28, C - 30, C - 36, C - 48, C - 256, C - 261, C - 262 and C - 265). Statistical analysis is applied for estimating the IP per cent values distribution of the
main rock types. The drill cores from four of the boreholes are split into sample packs for equidistant intervals and are used for creating charts revealing the density
distribution as a function of the borehole depth. It is observed that the high IP per cent values are caused by the presence of minerals having electronic conduction.

BbBepgeHue Obp30 HapacTBa U MPU HE3HAYUTENHU ChObPXaHWS Ha Teau
MWHEpanM, KOUTO B MOBEYETO CryYaum He ca OTpaseHu B
TeONOXKUST pa3pes 10 NPeMUHATUTE OT NOBEYETO COHAAXM neTporpacckata xapakTepucTuka Ha npotute. Mpu ouetka
ﬂ'bﬂ60LWIHV| B yuyaCTbka Ha uap AceH e uarpageH Ha CTaTUCTMYecKaTa XapaKTepuUCThKa Ha pa3npeneneHneTo
AOMWHMPALLO OT aHOesuTH, aHae3UTOBM TY(U W aHOesuToBa Ha mapameTbpa aHOMamnHWTe CTOAHOCTW Ca W3KIMIOYEHU OT
naBobpekya. B reonoxkus cTpoex yyacTBaT CbLIO AaLnTK, obuwms Bpoit N Ha mpobute. CucTematusipatu AaHHU Ha
rpPaHOAMOPUTOBM NOPCMPUTY 1 B NO-Manka CTENEH rpaHuTL 1 Koe(MUMEHTa Ha MOMSPU3YeMOCT 3a OCHOBHUTE BUOBE
rHaiicu. AHanM3MpaT ce AaHHN 3a MITbTHOCTTA, NOMyYeHn oT ckanm B yuactbk “Liap Acew”, Lientpano Cpeaoropue —
u3MepBaHuaTa B kateapa ‘TlpunoxHa reodmsuka” n gpyru Gpoit Ha mpobuTe, BKMioueHUTe B U3BaAKaTa  3a
opraHu3aLmm. OCHOBHOTO BHUMAHMETO € HaCoYeHO KbM CTaTUCTUYeCKN aHanus, Aunana3oH Ha W3MeHeHue, cpefHa
obpaboTkaTa Ha [aHHMTE OT W3MepBaHWsTa Ha npobu oT CTOMHOCT, CTaHAAPTHO OTKINOHEHME, aCMETpUst 11 eKCLeC ca
fAKaTa Ha 8 coHaaxa (C -28,C-30,C-36,C-48,C - 256, NpeAacTaBeHn B vTa6J'|V|Lta 1. [laHHute ot TaﬁnmuaTa ce
C-261,C-262 u C-265). JOMbIIBAT W eTalNM3NpaT 0T NOCTPOEHUTE XMCTOrPaMM.

[voputuTe ce xapakTepuaupaT C pasnpefeneHue Ha
Monsipu3yeMocT Ha OCHOBHWTE BUAOBE CKani koeuLpeHTa Ha MONApU3yeMoCT B TeCHM rpaHnum (1,22-
3,36%) u cpegHa CTOMHOCT Ha mnapameTbpa  2,39%.
Xuctorpamata (®ur. 1) nobpe oTpassBa OTpuLATENHUTE

AHanu3bLT Ha MONyYeHUTe CTOMHOCTW 3a KoedULMEHTa Ha ;
CTOMHOCTU Ha acCUMETPUSTA U eKcLieca.

nonApmM3yeMmocT 3a u3cnensaHuTe OCHOBHM BWUOOBE CKann
NOKa3Ba, Y& BCUYKK Ce rpynupart rnaBHO B MHTEPBana 1-5%,

KaTo MoYTM BUHArM ce HabniogaBaT aHOManHU 3aBULLEHM MpeacraButened  Gpoit  Mpobu  OT  rPaHOAMOPUTOBM
CTOIHOCTM, KOUTO Ca CBBLP3aHM [MaBHO C MPUCHLCTBUETO Ha nopguputn (N=26) ca uscnenBaHu 3a coHpax C-28.
MUHEpanu C enekTpoHHa npoBogumocT. CriefBa fa ce XuctorpamuTte 3a mbnHaTa cbekynHocT (N=26) u 3a npobute
oTbenexu, 4Ye KOEWUUMEHTLT Ha MOMSPU3YEMOCT MHOMO CbC CTOMHOCTM Ha mapameTbpa 77>56% ca npefcTaBeHn Ha
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curypa 2. Te pobpe UMOCTpUpaT BIUSIHUETO HA OTAENHWTE TE3M aHOMarHM CTOMHOCTW Ce OTpassiBa BbpXy BCUYKM
npobu, KOMTO CbAbpKaT MWHEPAnNM C  EMneKTPOHHA CTAaTUCTWYECKW  mapameTpu  (Hampumep  CTaHLAPTHOTO
npoBOAMMOCT U ce 0060cobsBaT C aHOMasHO  BMCOKM OTKIOHEHME S HapacTBa OKOMO 3 MbTH).

CTOMHOCTU. BkniouBaHeTo B aHanuavpaHaTa CbBKYMHOCT U Ha

Tabnmua 1

Cucmemamusupanu daHHU 3a KoeghuyueHma Ha nossapu3yemMocm m Ha OCHosHUme eudose ckanu 8 palioHa Ha obexkm 'Llap
AceH", LlempanHo CpedHozopue — bpoli Ha npobume, 8kmo4eHU 8 u3gadkama 3a cmamucmuyvecku aHanus (N), 06w 6pol Ha
npobume (Nx), duana3oH Ha usmeHeHue (m ™n - y max), cpedHa cmolHocm (1)), cmaH0apmHO OMKIIoHeHue (S), acumempus (A) u
excyec (E).

Bua PaskpuTys Bpoit Ha 1in - yymax CpepHa e E/ m
Ha nnm npobure, CTOMHOCT ST e s o
ckanara N° Ha coHpaxa N (Ns) % ~ g Ss | g %
n% |SO6 3 |u
Lvoput % (CoHpaxw n
paskpuTys) 19 1,22 - 3,36 2,39 0,62 042 | -0,7
I'paHoamopuTOB
nopchmpuT C-28 20 (26) 1,22 - 4,62 2,65 0,94 0,39 | -0,24
C-28 41 (46) 0,72-4,27 1,99 0,78 3,2 2.1
C-261 19 0,26 -4,93 1,47 1,08 3,45 4,51
AHpesut C-262 24 (25) 0,48 -3,43 1,18 0,7 3,36 3,35
C-265 47 0,55-2,68 1,33 0,58 1,92 | -0,49
) 163 (170) 0,26 - 4,88 1,4 0,85 0,26 4,88
AnpesnToBa ¥ (coHpaxm 1
naBoGpekya paskpuTHs) 44 (48) 0,39-42 1,62 0,82 2,3 1,16
AHpaesunToB Ty ¥ (coHpaxm 1
paskpuTHs) 20 (22) 0,53-4,89 2,32 1,29 1,12 | -0,57
Haupt T ( coHpaxm 1
paskpuTHsi) 137 (140) 0,47-45 2,06 0,92 2,28 0,64
[panuT % (coHgaxu 1
paskpuTHsi) 103 (106) 0,26 - 3,89 2,11 0,66 -0,48 | 0,92
lHanc % ( coHpaxu n
pasKpUTHS) 57 (58) 1,23-3,63 2,19 0,3 15 0,14
Ioput Xuctorpamute Ha pasnpeneneHneTo Ha koeduLmeHTa Ha
nonspu3yemocT Ha aHAe3nTUTe 3a OTAENHU COHOAXM U 3a
30 F ' ' ' ' E MbNHATa CbBKYMHOCT Ce WMMoCTpupaT Ha durypa 3. Ha
2% F E BCWUYKM XMCTOrpamMm OCHOBHOTO rpynupaHe € B MHTEepBana
: ] 0,5-3 %.
o 20 F E
= r :
s 15 ¢ E Mpu BKMIOYBaHE B aHanu3a M Ha npobute C aHoManHo
g 10 F 3 BMCOKM CTOMHOCTH, kouTo gocturat o 17,3%, 3akoHOMepHO
2 3 ] cpefgHaTa  CTOMHOCT, CTaHOApTHOTO  OTKMOHEHWe W
5 ; ] nonoXxuTenHata acumeTpust HapacTeaTr. Hanpumep 3a
b e e b S e e ] MbfiHaTa CbBKYNHOCT oT 170 mpobu Te3n craTucTUyeckw
1.1 1.6 2.1 2.6 3.1 3.6 napameTpy CbNOCTaBMMO Ca KaKTO crejga
) 0/ -
n, %o n S A
®ur. 1. Xuctorpama Ha pasnpefeneHueTo Ha koedMUMeHTa Ha
nonsApm3yemMocT 1 3a AUOPUTUTE; GPOAT Ha NpobGuUTe M OCHOBHUTE N (n<5%)= 163 14 0.85 0.26
:;'g:::ﬂ'::ecxu napameTpu Ha pasnpegesieHUeTo ca MoKasaHUM B NZ - 170 1,81 2’25 24’5
OTHocuTenHo 29 165 928

HapacTBaHe, %
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C-28, rpaHoamopuToB nopchupuT
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®ur. 2. XucTorpamm Ha pasnpeaeneHneTo Ha KoeduuMeHTa Ha NONAPM3YeMOCT 1) 3a rPaHOAUOPUTOBMTE NOPUPUTH:

a - nbnHa cbekynHocT (Nz =26, 1 =3,88%, s =2,95%); 6 -npobu cn <5% (N=20, 1 =2,65%, s =0,94%).
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®ur. 3. Xuctorpamu Ha pasnpeaeneH1eTo Ha koeduumeHTa Ha NonApU3yemMocT 1 3a aHae3nuTuTe oT coHpaxute C - 28, C - 261, C-262un C -
265 1 3a MbHaTa CbBKYMHOCT; GPOAT Ha NPO6GUTE M OCHOBHUTE CTAaTUCTUYECKM NapaMeTpy Ha pa3npeAeneHUeTo ca nokasaHu B Tabnuua 1
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[auntn ca paskpuTu [MaBHO B [Ba OT M3CrefBaHuUTe
coHpaxu — C-30 n C-36.

XuctorpamuTe Ha pasnpefeneHueTo Ha koeduuueHTa Ha
nomnsipu3yemMocT 3a [auuTuTe, TPaHWUTUTE U rHaicuTe 3a
npo6u OT COHAAXM 1 Pa3KpUTUS CE UNKOCTPUPAT Ha urypu 4,
5u6.

JOauutn
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®ur. 4. Xuctorpama Ha pasnpegeneHueTo Ha koeduumeHTa Ha
nonsipusyeMocT 1 3a gauutute
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®ur. 5. Xuctorpama Ha pasnpegeneHueTo Ha koedpuuueHTa Ha
nonsipusyeMocT 1 3a rpaHuTuTe

Hancu
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®ur. 6. Xuctorpama Ha pasnpepeneHMeTo Ha KoedmumeHta Ha
nonspu3yemMocT m 3a rHancute

W 3a Tpute BMZa CKanu XucTorpamuTe OTpassBar
pasnpedeneHne No HOpMarHWs 3akoH CbC cnabo uapaseHa
acuMeTpus M NonoxuteneH ekcuec. W 3a  TpuTe
neTporpadhckm BUOa CpeaHUTe CTOMHOCTK Ha KoeduumeHTa
Ha MonsApu3yemocT ca okorno 2 %.

Pa3npepneneHue Ha koedmumeHTa Ha
nonsApu3yeMocT B reosiIOXKKUs paspes Ha
u3cnepBaHn COHAAXM

3a ueTupu OT wn3cnemBaHUTE COHaxu npobute ca
pasnpeaeneH npes paeHu uHtepsanm (C-28, C-30, C-36 u C-
265). 3a Te3M COHAaXM Ca MOCTPOEHM Auarpamu Ha
pasnpeLeneHneTo Ha MITbTHOCTTA, MarHuTHaTa
Bb3NPUEMYMBOCT M KOE(ULMEHTA HA MONSPU3YEMOCT BbB
thyHKUMS oT AbnboumHaTa H Ha coHpaxa.

[varpamata Ha pasnpefeneHne Ha koeduumeHTa Ha
nonspu3yemocT 3a reonoxkus paspe3 Ha coHgax C-28 e
nokasaHa Ha curypa 7.
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®ur. 7. Pasnpenenenue Ha koedmumeHTa Ha nonsipusyemocTt 1 (B %)
B coHpax No 28



CoHOaxXbT e wm3rpageH OT aHAe3WT W rpaHO4MOpUTOB
nopcmpuT. 3a aHaeanTa KoeULUMEHTBT Ha NONSPU3YeMOCT €
okono 1-3 %, kato npobute, onpegeneHn  mpw
neTporpadckata XapakTepucTUka KaTo OKBapLeH aHoesuT
MMaT aHanorMYHo pasnpegeneHue Ha KoeduuMeHTa Ha
nonsipusyemocT ToBa Ce KOHCTaTMpa OT CTATUCTUYECKMst
aHanu3 UM CbOTBETHO [BETE rPpynM (aHAE3NT W OKBapLeH
aHaesnT) ce mpeacTasaT B obLa CbBKYNHOCT (Tabn. 1, dur.
3). lpaHoaMOpuTOBUAT NOPUPUT Ce XapakTepusmpa CbC
CPaBHUTENHO MO-BUCOK KOE(UUMEHT Ha MOMsSpU3yeMOocCT,
KOWTO AOMMHMpALLO e B rpaHuunte Ha 2-5 %. Tosa ce
KOHCTaTMpa W OT CTaTUCTUYECKUTE XapakTepUCTUKM Ha
pasnpefeneHneTo Ha NnapameTbpa npu 4BaTa Buaa ckanu. 3a
Lienus CoHax 1 rmasHo 3a uHTepsana 240-290 m ce otgensr
y4acTbly C aHOMAsTHO BUCOKW CTOMHOCTM Ha KoedhuLMeHTa Ha
nonsipu3yemocT, KOUTO AOCTUraT 3a OTAenHU npobu 8o 15% u
noeeye. ToBa € CBbP3aHO C HANMYMETO HA MWHEpPaNM C
€NeKTPOHHA MPOBOAMMOCT, KOMTO He Ca OTpa3eHu Mmpu
neTporpadckaTa xapakTepucTuka Ha obpasuuTe.

[varpamata Ha pasnpegeneHvMe Ha KoeduuueHTa Ha
nonspu3yemMocT 3a reonoxkus paspe3 Ha coHgax C-30 e
nokasaHa Ha ¢urypa 8. MacneasaHusaT npe3 5 m gbnbounHeH
uHTepBan 55-180 m e uarpageH oT 4auuT U aHAEe3nToB Tyd
KoethuuneHTsT Ha nonspusyemMocT 1 3a BaTa neTporpagick
Buga e 1-3 %. Camo 3a gbnboumHa 160 m e u3amepeHa
aHOMarHoO BMCOKA CTOMHOCT.

12

n, %

Nauur AnpesnTos Ty

®ur. 8. PasnpepeneHune Ha koedhmuMeHTa Ha nonsapu3yemocT
N (B %) B coHpax No 30, obekt “Liap Acen” — MaHarropckm
PYAeH paioH

Pasnpegenexne Ha KoeuuueHTa Ha nonspusyeMmocT 3a
reonoxkus paspes Ha coHpax C-36 e nokasaHo Ha urypa 9.
W3acnenganusaT npe3 5 m gbnbounHeH untepean (90-420 m) e
uarpageH  wm3uano ot  paumt.  KoedpuuMeHTbT  Ha
nonsipu3yemocT 3a CoHAaxa e B rpanuumuTe Ha 0,5-4,5 % u He
Ce KOHCTaTMpa MPWUCBCTBMETO HA aHOMAnHO  BUCOKM
CTOMHOCTU. PasnpeneneHneTo B LENMs COHOaX OTpasssa
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CTATUCTUYECKUTE  XapaKTEPUCTMKM 3@  uM3creaBaHata
CBBKYMHOCT OT Npobu (CoHgaxw u paskputist) — Tabnmua 1,

turypa 4.
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®ur. 9. PaznpepeneHue Ha koeduLMeHTa Ha NONAU3YeMoCT
1 (8B %) B coHpax No 36, obekr “Llap Acen”, — MaHariopcku
pyAeH paioH

[Ouarpamata Ha pasnpegeneHue Ha KoeduUueHTa Ha
nonspu3yemMocT 3a reonoxkus paspes Ha coHgax C-265 e
nokasaHa Ha cwurypa 10. WscnegaHust npes 5 m
abnbounHeH wHtepean 20-700 m e u3rpageH OT aHOesuTw.
Jo nobnbounHa 400 m OOMMHMPAT HWUCKM CTOMHOCTM Ha
koeuLpeHTa, KoUTOo ca rnasHo B gnanasoHa 0,5-1 %.



CpaBHUTENHO €AHO3HAYHO ce oTAens uHTepeansbT (400-470
m), xapakTepuaupaH OT neTporpadickaTta xapakTepucTika Ha
o0pa3sun kaTo aHmesuT ¢ BrpbCreuu OT nuput. Tol  ce
OTZens Ha guarpamata ¢ OTHOCUTENHO MOBMLUEHW CTOMHOCTM
Ha koeduumeHTa Ha nonspuayemoct — okono 4-5%. W nop
TO3W MHTEpBan CTOMHOCTUTE Ha  koeduumMeHTa  Ha
nonspu3yemMocT OCTaBaT CPaBHUTENIHO MO-BWUCOKM CMpSMO
cpegHaTta cToiHocT 3a coHgaxa — 1,33% (tabn. 1). Toan
wHTepBan obycnaBs M [gobpe  M3paseHaTa  BbPXY
xuctorpamata (dur. 3) gdcHa acumeTpus Ha pasnpege-
neHveTo.
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®ur. 10. Pa3npeneneHne Ha koeduLMeHTa Ha nonApU3yeMocT -
(8 %) B coHpax No 265, obekr “Llap AceH” — MMaHarropckm
PYAEH panoH
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3aknoueHue

CBBKYMHUAT aHanM3 Ha CTaTUCTMYECKOTO pasnpefeneHue Ha
koeuumMeHTa Ha MONSPU3YEMOCT 3a PasnuyHUTE BUOOBE
CKann U CbCTaBeHWTE rpacuyHM WNCTpaLuM No3Bonsea Aa
C€ HanpaBsT Hskon 0606LLeHMs.

o  KoedhmumeHTLT Ha NOMAPU3YEMOCT 33 OCHOBHUTE
BWOOBE CKanw, M3rpaxpaxu reonoxkis paspe3 Ha y4acTbK
LUap AceH lMaHartopckm pyaeH paioH  (auopuTy,
rPaHOAMOPUTOBM NOPCUPUTM, aHOE3UTH, JaLNUTW, TPAHUTK Y
rHaWcK), Cce W3MEHs B OTHOCUTEMHO Manku rpaHuum.
CpepHaTta ¢hoHOBa CTOMHOCT Ha mapameTbpa € 1,0-2,5%: ¢
OTHOCWTENTHO Hai-BUCOKM CTOWHOCTM MoraT [a ce OTAEensT

rpaHogmopuToBuTe nopduputn (1 =2,65%) n AnoputuTe
(T_]=2,39%); HaW-HUCKM CTOMHOCTM Ca XapakTepHu 3a

anpgeantute (M =1,4%); m™exgy Tesn [fBe rpymm C
OTHOCUTENHO CPeAHN HOHOBM CTOMHOCTM Ha KoehnLmMeHTa Ha

nonsipusyemoct ce pasnonarat gauutute (1 =2,06%),

rpaHuTuTe (1_] =2,11%) v rHaiicuTe ( r_] =2,19%).

e 3a  UMPOKO  pasnpocTpaHeHuTe  neTporpadcku
mMogudvKauuM  (pasHOBMOHOCTW)  Ha  aHgesura  ce
yCTaHOBSIBAT OMpefeneHn 3aKOHOMEPHOCTU: OKBapLABAHETO
He ce 0TpassBa BbpXy KoeduLMeHTa Ha MOMspU3yemocT;

aHae3nToBuTe nasoGpeKqM MMaT OTHOCUTESTHO NO-BUCOK
koeduumeHT  Ha  nonmspusyemoct (M =1,62%);, 3a
aHOesuToBuTe Ty(PM KOEUUMEHTBT Ha MONAPU3yeMocT

HapactBa (M =2,32) no TO3M
UaeHTULMpaT ¢ guopuTuTe.

" napametbp Te ce

e [lpucbCTBMETO B CKanuTe Ha MWHepanu C enekTpOHHa
NPOBOAWMOCT [OMpUHAcH 3a aHOManHo HapacTBaHe Ha
koehuUmeHTa Ha nonspusyemocT. B noBeyeTo crnyyaum
MPUCBCTBMETO HAa TE3U MMHEpPaNM He € 0TbenssaHo npu
neTporpadckata xapakTepuctika Ha oOpasuute, KOeTo e
MHAMKALMS 32 MHOTO Manku CbAbpXaHus.

o [lonyyeHuTe  CTATUCTUYECKN  XapakTepuUCTUKM  Ha
pasnpefeneHneTo Ha KoeduUMEHTa Ha Monspu3yemMocT 3a
OCHOBHWTE BMAOBE CKanu, uarpaxgjawiy yyactbk Liap AceH -
lMaHariopcku pyaeH panoH, e npeanocTaBska 3a OLeHKa Ha
Bb3MOXHOCTUTE 33 M3MOMN3BaHe Ha TO3W MapaMeTbp npu
reosoro-reopu3nyHOTO KapTupaHe, TbPCEHETO "
NpOYYBAHETO Ha PYAHW NONE3HU U3KOMaeMm.
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MATEMATUYECKW MOJEINN 3A NPOrHO3UPAHE HA 3AMBPCABAHETO HA
MOO3EMHWUTE BOAW B PAUOHA HA ATPOBMOXUM, CTAPA 3AIOPA

YACT 1. MOAEN HA XWAPOAWHAMWYHUTE YCNOBWUA 3A ABMKEHWUE HA
3AMBPCUTENUTE B KBATEPHEP-HEOIEHCKWA BOOOHOCEH XOPU3OHT

Hukonaii T. CmosiHos, Yaedap [1. Mopoe

Munro-2eonoxku yHusepcumem “Ca. MeaH Puncku®, Cogpus 1700; nts@mgu.bg; cg@mgu.bg

PE3IOME. MarpapeHata B nocnegHute 50 rogmHu MHOycTpuanHa 30Ha Ha u3tok ot rp.Ctapa 3aropa € eauH OT Han-ronemuTe 3aMbpcuTeny Ha OKonHaTa cpesa B
pervoHaneH nnaH. 3a NporHosupaHe Ha 3aMbpCsBAHETO HA MOA3EMHUTE BOAW € CbCTABEH TPUMEPEH MaTeMaTuyecku MOZEN Ha YCroBWsiTa 3a [BWXKEHWE Ha
3aMbpCUTENUTE B OCHOBHATa XWAPOreomnoxka eAnHULa B palioHa — KBaTEPHEP-HEOTeHCKUS BOJOHOCEH XOpW30HT. Mpu paspaboTBaHeTo Ha Mogena e u3nonaeaH
[ETEPMUHUCTMYEH NOAXOA 3a CUMYNMpaHe Ha (UNTpaLMOHHaTa HeeJHOPOAHOCT Ha NpUpoaHUs 00ekT. KanbpupaHeTo Ha CbCTaBEHUs MOZEN € HanpaBeHO CrpsAMO
M3MEpeHUTe Hanopu B rofisiv 6poil MOHUTOPUHIOBY MyHKTOBE. 33 MUHUMU3VpaHE pa3nnkaTa Mexay U3YUCIEHUTe 1 U3MEPEHUTE HaMopy ca BapupaHn CTONHOCTUTE
Ha koedmuMeHTa Ha UITPaLMs B MOAENHUTE NNactoBe (MNW B OTAEMHW TEXHU YaCTM), Ha CKOPOCTTA Ha WHC(MMTPALMOHHO MOAXpaHBaHE OT Banexute U Ha
CKOpOCTTa Ha MH(UNTpaLMs HA BOAM MOA ABHOTO HA MOBBbPXHOCTHWUTE BOZOEMW. [1OCPELCTBOM CpaBHUTENEH aHanu3 Ha MONyYeHUTE BapWaHTHW peLleHus e
onpeneneH 1 OCHOBHUAT XUAPOAMHAMUYEH MOZEN Ha KBaTEPHEP-HEOreHCKNS: BOBOHOCEH XOPW3OHT, KOMTO Hal-TOYHO CUMYNMPa PeasnH1Te XUaporenoxKku yCroBus.

MATHEMATICAL MODELS FOR PROGNOSTICATING GROUNDWATER POLLUTION IN THE REGION OF AGROBIOCHIM,
STARA ZAGORA. PART 1. MODEL OF THE HYDRODYNAMIC CONDITIONS FOR MIGRATION OF POLLUTANTS IN THE
NEOGENE-QUATERNARY AQUIFER COMPLEX

Nikolay T. Stoyanov, Chavdar P. Gyurov

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

ABSTRACT. The industrial zone, developed in the last 50 years to the east of Stara Zagora, is, in a regional plan, one of the biggest sources of pollutants to the
environment. A 3-D mathematical model is developed for prognosticating groundwater pollution in this area. It reproduces the groundwater flux structure under the
specific conditions of the main hydrogeological unit in the region — the Neogene-Quaternary aquifer complex. The model is based on the deterministic approach in
order to simulate the filtration heterogeneity of the natural feature with a maximum reliability. The calibration of the developed model is performed in respect to the
measured hydraulic heads in a big number of observation points. Different values for the hydraulic conductivity of the model layers (or of specific zones of these
layers), for the rate of precipitation recharge, and for the infiltration rate of waters from the bottom of surface reservoirs are tried in order to minimize the discrepancy
between calculated and measured hydraulic heads. The basic flow model of the Neogene-Quaternary aquifer complex is determined after a comparative analysis of
the obtained solution variants. The selected model simulates in the most precise way the real hydrogeological conditions.

BuBepeHue HeoOMMUOBaHMTE KaHamu, KaTo BOAAT [0 3HAYNTEMHM
NpOMeHM B CbCTaBa M KayecTBaTa Ha MAWTKO 3ansraliute
WarpageHata B nocnegHute 50 roaMHM MHOyCTpUanHa 3oHa nof3emHn Bofu. [locpeacTBOM YKCMEHO MOAenupaHe Ha
Ha u3tok oT rp. Crapa 3aropa B pervoHaneH nna ycnosusita 3a pasnpoCTpaHeHe Ha 3ambpcutenure B
npeacTaBnsiBa €4uMH MHOMO ronsaM 3aMbpcuTen Ha BCUYKM NOANOBBPXHOCTHOTO MPOCTPAHCTBO € W3roTBEHa €[Ha no-
€NeMEHTW Ha OKornHaTa cpefa, B T.4. M Ha OCHOBHaTa npeuusHa nporHos3a 3a pasBUTWETO Ha npouecuTe Ha
XWMOPOreosnoxka eauHuLa B paMOHa — KBaTEPHEP-HEOreHCKMS 3aMbpcABaHe, obxBaHanu KBaTtepHep-HeoreHCckna BOAOHOCEH
BOLOHOCEH  XOpWU3OHT. Pesyntatute 0T  NpoBefeHMTE XOp30HT. MozennpaHeTo BkIiouBa paspaboTBaHeTo Ha eanH
cneynanuaMpaHn  NpoyyBaHMs M MOHUTOPUHIOBUTE OCHOBEH XMAPOAWMHAMWU4EH Mofen U [Ba  MUrpalnoHHK
HabntoaeHns JaBaT OCHOBaHWe Aa ce npueme, Ye OCHOBHMST mogena. XuapoanHamuiHUAT MOfien NpeacTaBnsaBa TpUMepHa
W3TOYHMK Ha 3aMbpcsiBaHe Ha MOA3EMHUTE BOAM € MaTemaruyecka cumynauus Ha CTpyKTypata Ha NoA3eMHuMs
cryponenenHoto esepo (CIE), B KkoeTo ce HaTpynea noToK, koATO AeTepmMuHIpa NPOCTPAHCTBEHOTO
nenenuHata ot TEL, “Crapa 3aropa” u ce 3ayctear pasnpenenexHne Ha XapaBnu4HNTE rpagneHTn, CKopocTuTe 1
NPOM3BOACTBEHUTE BOAW OT KaHanu3auuWoHHaTa Mpexa Ha BOAHWUTE KONMYECTBA B rpaHULUTE Ha MOeNHaTa obnact. Toil
npoMuLLIeHaTa 30Ha. Tesn BOAW CbAbpXaT MHOMO LUMPOK € K3non3eaH Kato OCHOBa MNpu CbCTAaBAHETO Ha [JBaTta
CMNEKTbP OT KOHBEHUMOHANHU M TOKCUYHM 3aMbpcuTen — MUrpaLMOHHU MOAENa, C KOUTO CE€ NPOrHosnpa noBEAEHNETO
CbeAVHeHMs Ha asoTa, cyncatd, docdati, XIOPUAN, Ha HecopbupyemuTe 1 CUITHO copbUpyemMuUTe 3aMbPCUTENN.
kanponakram, He(bTOﬂpO,U,yKTVl, TEXKM MeTanu u ap. Hemanka n'praTa 4acT Ha CTaTudATa € MNOoCBeTeHa Ha BbMNpocuTe
YacT OT TAX Ce WHMRTPMpaT noa AbHoTO Ha CIME u CBbP3aHM  C  KOMMO3MpAHETO U  KanubpupaHeto  Ha
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XUOPOAMHAMUYHMS MOAEN, KaTo Ca MpeacTaBeHu OCHOBHMTE
MOMEHTW CbbpXallM ce B KOHLENTyanHus MOAen U no-
BaXHWUTE pe3ynTaT OT HarpaBeHWs BojeH OanaHc. BubB
BTOpaTa YaCT ca pa3rnefaHu aBaTa MUrpaLMOHHK Mogena u
MOTYYEHNTE C TSIX MPOrHO3HU PELLEHMS.

KoHuenTyaneH mogen

W3cnenBaHusT paiioH e pasnonoxeH Ha uatok ot rp. Ctapa
3aropa Ha nnowy okorno 35 km?2. Toit 3aema TepuTopusiTa Mexay
kB. 3opa ot 3anag u KonmeHcka peka oT u3tok. CeBepHaTa
rpaHMua ce Mapkvpa ot mbTa Crapa 3aropa-Byprac, a Ha
lokHaTa — OT IWHMSTA MWHaBawa npe3 c. Moruna u c.
MpecnaseH (cur. 1).
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®ur. 1. XuapoarHamnyHa KapTa kKbM MeceLl okTomBpu 2004 r.

[Mpu CbCTaBAHETO Ha KOHLENTYyanH1s MOZEN ca U3nomn3BaHu
pesyntatute OT MPOBEAEHUTE Npe3 MOCNEeLHUTE  HSKOMKO
[ECETUNETUS  MHXEHEPHO-TEONOXKA U XWOPOTEONOKKM
NpOoy4BaHMsl, CbabpXali ce BbB (OHAOBUTE MaTepuanu ot
apxuBa Ha ronam Opoit  dupmu EHepronpoexr,
BopokaHannpoekt — Crtapa 3aropa, MM - Ambon, “Anapa
2000” 00 u gp. (CumeoHos, 1961; LesHos, 1969; Masnos,
1975; WeaHos, 1986; 3gpaskoB u Ypymos, 1997; XpucTos,
1982, 2000; Awrenos, 2004 u gp.). OcHoBHaTa 4acT oOT
BXOZHWTE 32 MOofena faHHu e 0600LLeHre Ha pesynTaTuTe ot
HanpaBeHOTO npe3 eceHta Ha 2004 rogwHa [feTannHo
XMOPOreonoXko npoyysaHe. 1o Bpeme Ha ToBa NpoyyBaHe e
M3MEPEHO HMBOTO Ha MOA3EMHUTE BOAM B CHLLECTBYBALLMTE
TPBOHN W LIAXTOBM KNaAEHUM, BOGHUTE CTOEXW M CKOPOCTTa
Ha TEYEHMETO B MOBBPXHOCTHUTE BOLOEMW (PeKu, KaHasmw,
CME nnp.).

OcHoBHa BOZJOHOCHa CTPYKTypa B paioHa Ha Arpobuoxum e
KBaTEPHEeP-HEOTEHCKUAT BOAOHOCEH XOpU30HT. PaspesbT e
NPeacTaBeH OT MMUHW, NECHUNIMBY TMUHK, TIIMHECTU NSCHLUN,
MACHLUM 1 Yakbiu. 3a LONeH BOAOYNOP CMYXW LOHeOoreHckaTa
CKarHa noasoxka, KosTo MMa CroxHa Mopchononist U CUIHO
npeceyeH pened. B paitoHa Ha CIE pebenuHata Ha
BOAOHOCHMSI XOPM30HT Bapupa B A0CTa LIMPOKM rpaHuLn — oT
3.5 po 40.0 m, kaTo Ha KbCW pa3cTOsHUA Ce Habnogasat
PeskM Mpexognm B XWNCOMETPUYHMTE HMBa. B LeHTpanHute
YyacTW Ha W3CneABaHaTa TEPUTOpPUS W B OKHA MOCOKa
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pebenuHata e ot 30 4o 45 m, a Ha U3TOK, kKbM KoneHcka peka
XOPU3OHTBT OTHOBO MW3TbHABA M faebenvHata My He
Haaxebpns 20-25 m.

B rpaHMuMTE Ha KBATEPHEP-HEOTEHCKUA XOPU3OHT ce
OTAENAT [1BE XUAPOreonoXKM eAMHILIM OT MO-HUCHK PaHr:
e [OpeH, cnabonpoH1LaeM BOAOHOCEH NnacT;
e [0NEeH, OCHOBEH BOIOHOCEH NMnacT.

Bceku nnact uma TBbpAE CnoXHa NpocTpaHcTBeHa opma,
npegonpegeneHa oT reoMeTpusiTa Ha ecTecTBeHus pened Ha
TepeHa, Ha rpaH1yYHaTa NOBLPXHOCT MEXAY ABaTa nnacta v Ha
MOBbPXHWMHATA Mapkupalla [ONHWS BOAOYNOp (ckanHaTa
noanoxka). FOpHUAT NNacT € NpefcTaBeH MaBHO OT FIMHM,
NEeCLYNMBM FMUHW U NO-PSAKO OT 3arnuHEHN NacbUuW. HeroaTa
pebenuHa Bapupa B rpaHuumte ot 4 go 10 m. JonHuat nnact
€ u3rpageH OT MECbUNMBM MWHU, MPOCMOEHN OT 3arfMHEHM
NACbLUM, NACbUM W ApebHn vakbmu. Herosata gebenuHa ce
M3MeHs B OCTa NO-LUIMPOK MHTEpBan — 0T 5 4o 35 m.

TOPHMAT NNacT ce xapakTepuanpa C HUCKM OUNTPALMOHHN
ceoiicTBa. KoedmumeHTbT Ha duntpaumst k B Hero e 0.5 m/d.
[lonHWAT NnacT, B KOWTO Ca YCTaHOBEHW YETUPU 30HM C PSA3KO
pasnuyaBalln ce (PUNTPALMOHHW CBOWCTBA, MMA MHOMO Mo-
BMCOKA MpoHMUaemocT. B pasnuunmte 30HM k Bapupa B
avanasoHa 1.4-34.0 m/d. MocoyeHnTe CTOMHOCTM Ca MOMy4eHN
Mo JaHHW OT PUNTPALMOHHM TECTOBE, MPOBEAEHN B COHAAXM C
pbnbounHa go 20 m. 3a cbxaneHue, He pasnonarame ¢ AaHHu
3a k Ha no-gbnbokMTe YacTu Ha AOMHUS BOLOHOCEH nnact
(noa kota 135). ETo 3aLo, € yMeCTHO npu KOMMO3MPaHETO Ha
MOZena Taau XMaporeonoxka eauHLA Aa ce NpeacTasm ¢ Aga
MOZENHW nracTa, rpaHuuata Mexgy KOWTO Ce Mapkupa ¢
paBHWHA Ha koTa 135 m. o To3W HauWH, Npu KanbpuUpaHeTo
Ha XMOPOAMHAMUYHWS MOAEN LUE Ce YTOYHSAT CTOMHOCTUTE Ha
k 3a BCUYKM MOAENHM NacToOBe U 30HW B [OMNHUS BOBOHOCEH
nnact. Tesn CTOMHOCTM Ce npuemaT 3a MepodaBHW U ce
W3M0N3BaT NPY OKOHYATENHOTO PELLEHNE.

BopoHocHuAT xopu3oHT e BesHanopeH, 4o cnabo HanopeH.
CTaTnyHMTE HMBA Ca yCTaHOBEHM Ha AbnbounHa ot 0.1 m go
13.5 m nog TepeHa. bnu3ko pasnonoxeHnTe 4O NOBLPXHOCTTA
HWBa Ca MO-XapakTepHW 3a 3amagHaTa NofioBWHA Ha panoHa,
KbETO Ma MHOTO A0BpY ECTECTBEHU YCIOBUS 3@ Bb3HUKBAHE
Ha 3abnatsBaHus. B ceBepou3TOyHaTa 4YacT Ha paiioHa
HnBaTa ca Ha noeeye oT 10 m nog moBbPXHOCTTa. B TO3M
yyacTbk Mexgy noasemHuTe Bogu M KameHcka peka Hama
npsika xuapaBnuyHaTa Bpb3ka U pekata “Bucu”. Ta nogxpaHea
BOAOHOCHMSI XOPW3OHT MO MHEUNTPALMOHEH MbT.

eHepanHata nocoka Ha MO43EMHUS MOTOK € OT CeBep-
ceBepo3anag Ha Or-lrou3ToK, KaTto CPEOHWST  HamopeH
rpagueHT B panioHa Ha obekta e okono 0.0033. B ocHoBHM
NMHWK TOW cnefjBa nocokata Ha KomneHcka peka 1 kaHanute, HO
Ce KOHTponupa OT MO-HUCKOTO HMBO B p.begeuka. Ha
Teputopusita Ha ClE n B HenocpencTBeHa 6rm3ocT OKono Hero
€CTeCTBeHaTa CTPyKTypa Ha MoTOKa YaCTM4YHO Ce HapyLasa oT
LOMBIHATENHOTO  MHAUNTPALMOHHO MOAXpaHBaHe C  BOAM,
MOCTBMBALLYW OT 4BHOTO Ha €3epoTo (dur. 1).

MoaxpaHBaHETO Ha MOL3eMHMTE BOAM MOCTbNBA  OT
Pa3NUYHA  USTOUHULWM: PEYHO roaxpaHBaHe (FMasHO OT
KoneHcka peka) W MofaxpaHBaHe OT KaHanuTe; €CTecTBeH
rnoaseMeH NOTOK MO CeBepHaTa rpaHuua; MHUNTpauus Ha



Banexu; WHGuNTpauus Ha Boau OT AbHOTO Ha CIE. [lo
eKCTiepTHa OLEHKa, NpW  CbLUECTBYBALIMTE  KIMMATUYHM
ycnosust, okonmo 5-10 % oT nagHanuTe Banexu ce
WHGunTpupaT B agbnbounHa. Kato ce wma npegsug, ue
cpegHaTa roguilHa cyma Ha Banexute npu ctaHuus Crtapa
3aropa e 628 mm, moxe ga ce npueme, Ye CKOpOCTTa Ha
uHdpuntpaums W e B rpanuuynte 0.86x104 + 1.72x104 m/d.
CkopocTTa Ha uHdbunTpaums nog gbHoto Ha CIME Wp e
onpeaeneHa no metoaa, npeanoxeH B (CtosHos, 2003). Mpu
cpenHa gebenvHa Ha cnabonpoHuLaemMmus ytagyeH cnom 4 m,
koeduumeHT Ha unTpaums Ha ytankute 0.001 m/d, BucounHa
Ha BogHus CcTbnb6 B e3epoto 0.5 m M BUCOUMHA Ha
KanumsipHOTO MOKayBaHe B rOPHUS BOGOHOCEH nnacT 2.5 m, 3a
Wp ce nonyyaBa ctoitHoctTa 0.0175 m/d.

OCHOBHOTO ApeHMpaHe Ha BOAOHOCHWSI XOPU3OHT Ce
peanuaupa nog3emMHO B HOroM3TOUHa NOCOKA, U3BBH rpaHuLuTe
Ha paiioHa — KbM [MaBHaTa ApeHaxHa aptepus p.CIolTnmniKa.
[pyra no-manka 4act OT BOAuUTe Ce APEeHWpaT OT ApeHaxHUs
kaHan okono CIE, kakTo 1 0T apyrvTe ABa kaHana (1 v 2) u ot
[BeTe peku. TpeTa 4acT OT MOA3EMHUTE BOAM Hamycka
BOAOHOCHATa CTPyKTypa B pes3yntar Ha pabotata Ha
knageHuute B C. KanutuHOBO (CbC CymapeH Aebut okomo
10 I/s) n Ha wm3rpageHus Ha okono 2 km Ha wW3TOK OT
c.MpaBocnaseH waxTos knageHel, WK-46 (c aebut 38.4 I/s).

MaBHUAT U3TOYHWK Ha 3aMbPCABAHE Ha NOA3EMHMTE BOAMW B
paioHa e CIE. E3epHute BOAM CbObpKaT B MHOTO BUCOKM
KOHLiEHTPaLMM CbeAMHEHWS Ha as3oTa (aMOHWA, HUTPUTH,
HWTpaTW), cyndatk, xnopuawW, Kanponaktam, ocdatu,
HedTONPOAYKTH, TEXKN MeTann v ap. B pesynTat Ha pa3nnyHu
uanko-xummniHKn  npoueck, noctenunute B CIE BOAM Ce
MPeyYncTBaT YacTW4HO, Cried KOETO Ce OTTMYaT Ha tor oT
€3epoTO MO OTKPWUT, HeobnuuoBaH kaHan — kaHan 1. Toaw
kaHan ce 3aycTBa B KaHana, uaBal OT nrolwaakara Ha
Arpobyoxum — kaHan 2, KOUTO € CbLyO OTKPUT N HEOBNMLIOBAH.
WoBawwte no KkaHan 2 oTnagbyHM BoAgM ca no-cnabo
3aMbPCEHM OT Te3an B kaHan 1. Ha kbco pa3cTosHue creg
TOYKaTa Ha BMMBaHe ABaTa kaHana ce Brvear B p. begeuka
(dur. 1). CunHO 3aMbpCEHUTE €3epHM W KaHanmHW Bogu ce
WHUNTPUPAT B MOANOBBPXHOCTHOTO MPOCTPAHCTBO. Te
cbabpxar “KoKTern” OT  KOHBEHLMOHAmNHW U TOKCUYHM
3amMbpcuTenu, BCEKM OT KOUTO MpuTEXaBa pasnuyHa
MUrpaumoHHa cnocobHocT. OCHOBEH MeXaHu3bM 3a TAXHOTO
pa3npocTpaHeHWe B KBaTepHEp-HEOTEHCKMSI XOPWU3OHT e
KOHBEKTMBHUAT MPEHOC, KaTo OnpedeneHo 3HayeHwe umart u
npouecute Ha copbuws, monekynsapHa Andysus, MexaHuyHa
pucnepcus 1 cmecsaHe. [lpu ToBa Hecopbupyemute w
cnabocopbupyemute 3ambpeutenm (Cl, SO42, NOs-, dheHon
Ap.) He B3aumogencTBaT C uATpaUMOHHaTa cpepa M ce
ABWKAT CbC CKOPOCT paBHa Ha [elcTBUTENHaTa CKOPOCT Ha
NOA3EMHMS MOTOK, a copbupyemute 3ambpcutenu (NH4*,
HPOys, HedhTONpOaYKTH, TEXKM METanM 1 ap.) ce 3agbpkar ot
TBbpAATa asa 1 MurpupaT gocTta no-6asHo.

KOMHO3MpaHe Ha XuapoanHaMu4iHuUA Mmoaen

XvopooMHaMUYHMAT — Mofen  NpefcTaBnsBa  TPUMepHa
CUMyMaLms Ha CTPYKTypaTa Ha MOA3eMHUsi NOTOK, NPU KOSITO
Ca OTYETEHW BCUYKM BbHLUHW Bb3LENCTBUS BbPXY KBAaTEPHEP-
HEOTEHCKMSI ~ BOBOHOCEH  XOPU3OHT,  BKIIOYUTENHO U
XULPABMMYHU YCIOBUS 3a NPOHUKBAHE Ha 3aMbPCUTENUTE NOA

gbHoto CIE » HeobnuuoBaHuTe kaHanu. [lpu HEroBoTo
paspaboTBaHe Ca MON3BaHW MOCTAHOBKUTE, W3MOXEHN B
KOHUEeNTyanHns  Mogen W KOMMITbpHaTa  nporpama
MODFLOW. T[porpamaTta € cCbBMecTHa paspabotka u €
craHgapTuaupana ot U.S. Geological Survey n Environmental
Protection Agency, USA. W3nonssaHust maTemaTnyecku
anapaT n ocobeHocTuTe npu pabotata ¢ mporpamarta ca
nogpobHO onMcaHM B  cheywanuaMpaHata nuTepatypa
(McDonald and Harbaugh, 1988; Andersen, 1993; Harbaugh et
al., 2000 u gp.).

3a npecb3aaBaHe Ha CNOXHWTE NPOCTPAHCTBEHU (DOpPMU Ha
XWNOPOreonoXkuTe eanHuum npu 3D OucKpeTMsaumsaTa Ha
mogenHaTta obnact e u3non3saHa paBHOMEPHa OPTOroOHanHa
Mpexa ¢ 133 pega, 166 kononn 1 3 mogenHu nnacta (owur. 2).
Pasvepute Ha mopenHute kneTkn ca 50x50 m, a obuwarta
naow, Ha mogena e 36 km2. Bcuukn kneTku B MogenHata
00nacT 1 no HelHUTE rpaHULUM ca AedMHMPaHM KaTo aKTUBHM.
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®ur. 2. MogenHa mpexa. MpaHuuM Ha MofenHUTe NnacTose

PenedbT 1 XMNCOMETPUYHUTE HMBA Ha OrpPaHUYMTENHUTE
MOBLPXHUHM (T.HAp. OMHUWA W TOpHWLA) HA MOAENHWUTE
nnacTose ca cbobpaseHn ¢ MoponornyHUTE 0COBEHOCTU Ha
TepeHa W NpOCTPaHCTBEHUTE (DOPMU Ha XWUAPOreonoxkuTe
eouHAumM (dur. 2). 3emHaTa NOBBLPXHOCT € 3afjafeHa KaTo
FOpHULLEe Ha MbpBMs MogeneH nnacT. Cnepa ToBa ca 3agafeHu
MOBBbPXHWUHUTE Ha JONHWLIATA Ha BCEKU OT TpUTE MOAEMHM
nnacra.

Mpn KOMMO3MPaHETO Ha MOAEna Ha BCEKM OT MOAErHH
NNactoBe ca MPUCBOEHW CPELHWN CTOMHOCTM 3a KoeduLmeHTa
Ha unTpaums K, kKato e NpueTo LUIMPOKO NPaKTUKyBaHOTO B
MaTeMaTM4eckoTo MOAenupaHe CboTHOWeEHNe kx=ky=10k;
(tabn. 1). e npunomHum, Ye 3agageHuTe 3a k CTOMHOCTM ca
npubnuanTenHu, a [AencTBUTENHUTE LWe ce nonyyat npu
kanubpupaHeTo Ha Mogena.

Tabrmuya 1
QurimpayuoHHU Xapakmepucmuku Ha ModesTHume niiacmose

K k
MogeneH | BopoHoceH OeGpient :f;dwmpaumn ’
nnact nnact . K kz
1 ropeH 0.50 0.50 0.05
2 AoneH 10.0 10.0 1.0
3 AoneH 10.0 10.0 1.0

KaTo HavanHu Hanopu B Moaena ca 3afgaaeHu CTOMHOCTUTE
3a Hanopute BbB BCAKA MOAENHA KINeTka, M3YUCIIEHU 4pes3



WHTEpNoOnauns Ha XWAPOAMHaMW4HaTa KapTa KbM Mecel
oktomepu 2004 roguHa (dur. 1).

KonuuecteeHute napameTpy Ha BCUYKM BBHILHW 33
mogenHata obnacTt Bb3AeicTBIS, ONpeaenswy pasmepuTe Ha
NPUXOOHWUTE W Pa3XOOHUTE eNeMEeHTW Ha BoaHus BanaHc, ca
3aafeHn C BbBEXOAHE Ha CMeAHUTE TPaHWYHM YCMOBWS:
fPaHuU CbC 3aJafeHO HUMBO; pasxod MO CeBepHata U
IOroM3TOYHaTa rpaHuLa; MHUNTPALMOHHO NoaxpaHBaHe (OT
Banexute u ot ClE); rpaHuum cbe 3apganeH aebur.

[lBeTe peku W kaHanuTe ca CUMYyNMPaHW KaTo rPaHULN CbC
3afaneHo HWBO. B mogenuTe Te ca BKIIOYEHM KaTo TPUMEPHM
obekTn. 3agafeHuTe HMBa B KNMETKWTE OT MbpBAS MOLEMNeH
nnact, ¢ KOWTO Ca CUMYNMPaHU MOBLPXHOCTHUTE TEYeHWs, ca
MOMyYeHn Ypes WHTEpnonauns MEexay M3MEpeHuTe KOTW Ha
BOOHWUTE CTOEeXW. [poBOAMMOCTTA MO rpaHuuaTa C W3BecTeH
3anac e 3afjafeHa npu npeanocTaekarta, Ye pekuTe 1 kaHanuTe
He ca konmatupanu. B mogena ce npuema, Ye k Ha TexHuTe
pycna e paBeH Ha k Ha KOHTaKTyBaLLMs C TAX MOAENeH nnac (B
cnyyas nnacr 1).

PervoHanHusIT noToK € MOZEenupaH 4pe3 CuMynupaHe Ha
pa3xofl N0 CEBepHaTa U HrousToyHaTa rpaHuua. BueegeHo e
rpaHnyHo ycnosue ot Il pog, kato e u3non3eaHa cxemara
GHB (General Head Boundary). BbB BCMYKM MOAEemnHw
nnacToBe e NpueTo, Ye HanopbT No rpaHuuata (hb) e paBeH Ha
3afafeHus HavaneH Hanop. [MpoBogumocTTa Mo rpaHuLuTe
(Cb) e nsuncneHa crobpasHo aebenuHata u koeduumeHTa Ha
unTpauMs Ha MOZenHUs nnacT, B KOSTO nonmaga
CbOTBETHaTa MOAENHA KreTKa.

VHdMNTpaLmoHHOTO NogxpaHBaHe OT BanexuTe e 3agajeHo
kaTo noctosHHa BenmnumHa (W = 1.72x10#4 m/d) BbB BCUYKM
KNeTKu OT MbpBMSi MOAENEH NNacT M3BbH KoHTypuTe Ha CIE.
WHdpmnTpaums Ha sogu nog gvHoto CIE e cumynupaHa kato
B KNEeTKMTE Momajally B rpaHWLMTE Ha e3epoTo € 3agajeHa
ckopocT Ha uHcbunTtpaums Wp = 0.0175 m/d. 3agageHute
cronHoctn 3a W, Wp u k ca npubnusutenHu. TouHuTe
CTOIHOCTM Ce nonyyasat creq kanubpnpaHeTo Ha Mogena.

KaTo rpaHuum cbe 3agapeH aebut B Mogena ca BKIOYEHM
knageHumte B ¢. KanutuHoBo cbe cymapeH aebut 10 I/s n Ha
knageHel, LLUK-46 ¢ nebut 38.4 I/s.

B Taka komMnosupaHus XugpoaMHaMuYeH MoLen ca BbBEeLEHM
17 HabnwopaTenHn TOYKM CbC 3aAafeHW B TAX KOTU Ha
M3MEPEHMS MO BPEME Ha XMAPOreorioXkata KapTUpOBKa
X1LpaBnuyeH Hamop (Bx. Tabn. 2).

3a fa ce ycTaHoOBM JOCTOBEPHOCTTA HA KOMMO3UpaHUs Mozen,
B 3ajageHuTe HabrniogaTenHu MyHKTOBE Ce Crieaw pasnukata
Aobs MEXTY U3YMCTIEHUTE C MOLena U u3MepeHuTe (peanHuTe)
CTOWMHOCTM Ha Harmopa. lMpu ToBa 3a ynobCTBO NpeaBapuTENHO
Ce 3afaBa [AOMycTMMATta rpewka Aer MEXOY M3YMCneHuTe W
M3MepeHnTe HMBa.

LLle nosicH1M, Ye Ha NpeacTaBeHnTe NO-A0NY XMAPOAMHAMUYHM
KapTh BbB BCEKU Ha6monaTeneH NYHKT CbOTHOLLEHWUETO Mexay
M34UCTIEHNTE Pa3NMKM Aobs W 3afafeHata [OonycTuMa rpeLuka
Aer Ce npefcTaBs rpacMyHO CbC CTbNBYE C onpepdeneHa
ObIKMHA U UBAT. [bMmkuHaTta Ha CTbnbYeTo yka3sa pasnukara
MeXOy W3YMCIIEHMTEe C MOAEena M W3MepeHuTe (peamnHuTe)

198

CTOMHOCTM Ha Hamopa, a HeroBOTO MOfoXKeHWe (Mog wnu Hag
HabnogaTenHata  Touka)  WMIOCTpUpa  MOJSIOXEHWETO  Ha
M34UCNEHNS C MOAENA HaMop, CPSIMO u3MepeHus. benuat ugaT
Ha CTbNOYeTO CbOTBETCTBA HA CMy4ast Acbs < Aer, CUBNST — Aer <
Aobs < 2Aer, @ YEPHUAT — Acbs > 2Aer.

Tabnuua 2
Komu Ha Hanopa 8 HabrivodamenHume moyku
KnageHel Ne Kota, m KnageHel, Ne Kota, m
LLIK-48 158.25 C-2 157.50
LLIK-64 165.45 C-3 155.20
LLK-74 157.50 C-4 151.68
LLK-75 157.00 C-6 158.89
LLK-76 157.00 TK-50 156.70
LLUK-79 150.50 TK-57 163.02
LLIK-82 151.00 TK60 156.00
LLIK-88 154.05 TK-65 162.90
C-1 160.24

Ha dwrypa 3 e npeactaBeHa nomydyeHaTa ¢ KOMMO3WpaHUs

MbpBOHa4aneH XuapoAuMHaMmuyeH Moden  CTPyKTypa Ha
NoA3eMHNA MOTOK. I'IonyquMTe B MOBEYETO HabnoaaTtenHu
TOYKM  HECbOTBETCTBMA  MeXOy M34MCNneHuTte C  TO3n

NMbpBOHa4YaneH mogen n n3MepeHuTe CTOMHOCTU Ha Hanopa e
CBMOETeNncTBO 3a  He ﬂ06p0 CbOTBETCTBME  MEXaYy
moaenvpaHara u JencTBuTENHaTa nne3omeTpus.

TpaHMua HA ArpoGuoxum, I¢I
MOe/THATA = ® TK-57
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®ur. 3. XuapoavHamuyeH (MbpBoHayaneH) Moaen

KannbpupaHe Ha xugpoauHaMuyHusa mogen

KanubpupaHeTto Ha Mogena uma 3a Uen Aa ce NoCTUrHe
MaKCMMasIHOTO My fobnkaBaHe 4O peanHaTa Xuaporeornoxka
obcraHoBka. KanubpaumoHHata npouegypa BKMOYBA TakaBa
MpOMsHa Ha eduH WKW MOBeYe OT  U3MON3BaHUTe  Mpu
KOMMO3MPaHETO Ha MOZena BXOAHW MapaMeTpy, KOSTO Lie
[OBEAE [0 HamansBaHe Ha pasnuuusTa Mexmy nonesure
[aHHW M MOLENHOTO peleHne. 3a peliaBaHETO Ha Teau
ONTUMM3ALMOHHN  33dauM  ca  pa3paboTeHn M Hamupar
NpUrnoxeHne ronsm Opol KOMMKOTbPHW nporpamu — PEST,
UCODE, MODINV w gp. (Andersen, 1993). OcHoBHUST Moaen
Ha KBaTepPHEp-HEOrEHCKNS! XOPU3OHT € KarmbpumpaH ¢ nomoLuTa



Ha nporpama PEST, kodTO faBa Hail-npeuusHuTe OnTumm3a-
LIMOHHW PeLLEHMS.

3a MuHMMM3MpaHe pa3nukaTa  Mexay W3YUCIEHUTE W
W3MEPEHMTE  Hamopu Ca BapupaHW  CTOMHOCTUTE  Ha
koeduLmeHTa Ha unTpauus k B MogenHuTe nnactose (Unu B
OTAENHM TEeXHU YacTW), Ha CKOPOCTTA Ha MH(MMTPALMOHHO
nogxpatBaHe ot Banexute W 1 Ha CKOpOCTTa Ha MHMITpauus
Ha Bogn noa abHoTO Ha CIME Wp. Mo Tasn obwa cxema ca
npourpaHu ronaMm Gpon BapuaHTM NpU KOMOMHMPaHETO Ha
pasnuyHM CXeMU Ha 3afjaBaHe Ha HayarHW CTOMHOCTW Ha K BbB
BTOPUSI MOZENEH MNacT C PasnuyHU MHTEPMONAaLMOHHN METOAMN.
Mpu BCEKM BapuaHT HavarHWTE CTOAHOCTW W rpaHWLMTe Ha
BapupaHe 3a k B MbpBust U B TPETUS MOZENEH NnacT, Kakto 1
Tean 3a W n Wp ce 3anassat egHu u cblum. Tean gaHHM ca
npeacTaBeHu B Tabn.3.

Tabnumua 3
HayanHu cmolHocmu u epaHuyu Ha eapupaHe Ha k 8
modenHu nnacmose 1 u 3, Ha W u Ha Wp

n HauvanHa IpaHuLm Ha
apameTbp .

CTOMHOCT BapupaHe
k B mopeneH nnact 1, m/d 0.5 0.2-1.0
k B mopeneH nnact 3, m/d 10.0 1.0-25.0
W, m/d 0.00017 0.0001-0.00035
Wp, m/d 0.001 0.0005-0.01

MoBeYeTo OT MpOMrpaHUTe BapwaHTU AaBaT 6nM3ku, HO He
MHOTO TOYHM pe3ynTaTy. TyK Lue NpescTaBsame TpuTe Haii-go0pu
BapMaHTHW pelleHns. [pu TAX Ca M3NON3BaHW CregHuTe
KOMOMHaLMM MeXay CXemaTta Ha HavanHuTe CTOMHOCTM Ha K B
MNacT 2 1 U3NoN3BaHNs MHTEPNONALMOHEH METO,

BapuaHT 1

B mopeneH nnact 2 ca oTheneHu YeTMpu MOLENHU 30HU, B
KOWTO Ca 3afafieHN PasfNyHU CTOMHOCTU 3a KoeduuMeHTa Ha
cunTpaums k. MpaHuUMTe Ha Te3W 30HW ca NpeLCcTaBeHW Ha
churypa 4, a faHHUTE 3a HavarHWUTe CTOMHOCTM U rpaHuLMTE Ha
BapupaHe BbB BCSKA 30HA Ca MOCOYEHN B Tabn. 4.

Kaaencka peka
cqg @ MIK-74
HIK-48

’.‘. WIK-76
'.ﬂ\'--*" WIK-75
.
TK-60

30HA 1

LIK-82
L

IIK-88 .IIIK--ll-

®imk-79

l rouny

C-3 e - COHNAK
IIK-46 ® - [AXTOB KJaaeHel
TK-74 ® - TppOeH KiazneHer

(o] 1200 2400 m

®ur. 4. TpaHNLM Ha 30HUTE C pa3nnyeH KoeduUMeHT Ha chunTpauus B
MoZerneH nnacT 2, 3aaaAeHn npyu BapuaHT 1
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Tabnumua 4
HayvanHu cmolHocmu u 2paHuyu Ha eapupaHe Ha k e 30HuUme,
OdemepMuHUpaHU 8 ModesieH nnacm 2

KoedpmumeHT Ha countpaumst k, m/d
3oHa -
HauanHa cToiHocT [paHMLK Ha BapupaHe
1 21.0 15.0-30.0
2 78 5.0-15.0
3 45 2.0-10.0
4 0.9 0.5-10.0
BapwuaHT 2

KoepuumeHTsT Ha unTpauus BbB BTOPUS MOZENEH NnacT €
3afjafeH B cneumduumpaHm Touku. Kato Takuea ca M3non3saHm
5 knageHeua, B KOUTO TOYHO Ca OMpeSeneHn CTOMHOCTUTE Ha k
(Tabn. 5). HTepnonauusTa e HanpaBeHa no Metoga Kriging.

Tabnuua 5
CmoliHocmu Ha k 8 cneyugbuyupaHume moyku
KnageHey Ne | C-1 C-2 C-3 C4 C-6
k, m/d 4.8 4.5 1.4 7.8 21.0
BapuaHr 3

[Tpyn TO31 BapuaHT KOEULMEHTLT Ha (MnTpaLMs BbB BTOpUS
MOZereH NNacT € 3aAafeH Mo ChLUMA HAYWH, KaKTO BbB BapuaHT
2. WHTepronauusata B TO3W Chyyal € HanpaBeHa no metoga
Inverse Distance Weighted (IDW). lMonyyeHuTe Tpu BapnaHTH
pelleHnst 3a CTpyKTypata Ha (DUITPaUMOHHWA MOTOK ca
npeacTaBeHn Ha urypn 5,6 n 7.

CpaBHWTENMHMAT aHanu3 Mokasea, Ye KanubpupaHuaT npu
ycnosusTa Ha BapuaHm 3 matemaTtiuyecks MOAEn CTou Hait-
Brn3ko Jo peanHUTe Xmaporeonoxku ycnosus. Mpu Hero camo
3 or 17-te HabriogaTenHn nyHKTa He yOoBNeTBOPSBAT
YCNOBMETO Acbs < Aer. [onyyeHoTo [OBpO CLOTBETCTBUE
Mexgy aktuyeckata M MOAEnHaTa nWe3oMeTpust BbB
BOLOHOCHATa CTPYKTypa e CBMOETENCTBO 3@ YCTOAYNBOCTTA U
pocTaTbyHaTa HafexXdHoCT Ha To3u Mmopen. Toea pAasa
OCHOBaHWs Aa ro npuemem 3a OCHOBEH Mofden Ha KBaTepHep-
HEOreHCKWS BOJOHOCEH XOPU3OHT.

rpaHHua Ha
Moae/iHaTa

C-3 ® - COHOAK
LIK-46 ® - IaXTOB KJaAeHew
TK-74 ® - TpBOeH KiaaeHen

45407 - XHAPOU30XHIIca

O 1200 2400 m

®ur. 5. KanubpupaH moaen npu ycnoBusTa Ha BapuaHTt 1.
XuapoanHamuyHa kapTa



rpaHHuLA Ha
Moae/IHaTa
obaacr

C-3 ® - COHnaK
LIK-46 ® - IaXTOB KJageHel
TK-74 ® - TpOeH KnageHer

45407 - XHApOH30XHIIca

o 1200 2400 m

®ur. 6. KannbpmpaHn moaen npy ycnoBusATa Ha BapuaHT 2.
XvgpoanHamuyHa kapTa

rpaHHuLA Ha
Moae/IHaTa
obaacr

C-3 ® - COHnaK
LIK-46 ® - IaXTOB KJageHel
TK-74 ® - TphOeH KnageHer

45407 - XHApOH30XHIICa

o 1200 2400 m

®ur. 7. KannbpmpaH moaen npy ycnoBusTa Ha BapuaHT 3.
XnapoauHamuyHa kapTa

BopeH 6anaHc

lMocpeacTBOM OCHOBHUSI MaTeMaTUYECKU MOZEN € HanpaBeHa
KONMYeCTBEHA OL|EHKa Ha MPUXOAHUTE W Pa3XodHUTE enemMeHTM
Ha BOAHMS 0OamaHC Ha KBaTepHEP-HEOreHCKWst BOAOHOCEH
XOPW30HT. Pe3ynTaTuTe OT Ta3u oLeHka ca 06o6LieHn B Tabn. 6.
Te no3BonsBaT Aa Ce HaNPaBAT CrEOHUTE MO-BAXHM U3BOAM W
3aKI0YEHNS:
OCHOBHOTO noaxpaHBaHe Ha MOA3EMHMTE BoaM e OT
pekuTe 1 kaHanute (Hag 40%) u oT BoaWUTe, NOCTLNBALLM
Mo ceBepHaTa rpaHula Ha MogenHata obnact (Hag 35%).
lMoaxpaHBaHETO OT WMHUNTPALMS Ha Banexure e Aocra
no-orpaHuyeH — okoro 15%.
Mo abHoTo Ha CIE noctbnBat exeaHeBHO okono 750 m3
BOAM, KOMTO Ca C BWCOKM KOHLEHTPAUUW Ha a30THM
CbeauHeHUs], HedhTONPOAYKTM, TEXKM METanmM W LUMPOK
CMEKTBbP OT pasnMyHM 3amMbpcuTenu. ToBa MOTBbPXAABA
npeanonoxenneto, 4e CIMNE npeacraBnssa  MHOMO
CepKo3eH U3TOYHUK HA 3aMbpCsiBaHe Ha NOA3eMHIUTe BOAU.
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e [log3eMHusIT MOTOK Ce ApeHupa OCHOBHO (Hap 55%) mo
IOrOM3TOYHaTa rpaHuLa Ha Mogena, B NOCOKA KbM

rmaBHaTa JpeHaxHa apTepusi B paiioHa — p. CrolTnuiika.

Tabnuua 6
BodeH banaHc Ha K8amepHep-He02EHCKUS 8000HOCEH
XOPU30HM

MPUXOOHW ENEMEHTY, PA3XOLHN EJIEMEHTY,

Qin, I/s Qeut, Ifs

lNoaxpaHBaHe oT [ebut Ha

UHUNTPaLMS Ha 40.5 BOZOZ0OMBHUTE 48.4

BaneXHW BOaN KnageHup

lNoaxpaHBaHe oT [MoTok KbM

WHMATPaLms Ha 87 JPEHaXHUS 12.9

BOAM N0, SBHOTO kaHan okono

Ha ClNE CNEe

MoasemeH nNoTok MoasemeH

no ceBepHaT MoTOK N

r[?aCH?/mZp(oaT ) 891 w?oasT:qHaTa 1377

CKanH1s MacuB) rpaHuua

MNooxpaHBaHe ot HUpaHe OT

p:ﬁ/l Eaka:;nilo 1030 ﬂgfm MpkaaHeaJ(')m 46.0
Obuwo | 2413 Obuwo | 245.0

banaxcosa epewka 1.51 % (difference)

LLle NpuMnOMHKUM, Ye OCHOBHWAT MOAEN € KanubpupaH crpsmo

BOOHMTE HMBA, W3MepeHu npe3 eceHta. CnepgosaTenHo
CbCTaBeHnaT BodeH 6GanmaHc ce oOTHacs 3a nepuoja Ha
MaroBoaue.

Pa3paboTeHnsT OCHOBEH XWApOAMHAMMYEH MOAen Ha
KBaTEpPHEP-HEOTEHCKUS ~ BOAOHOCEH ~ XOPU3OHT  TOYHO
LETEPMUHMPA  MPOCTPAHCTBEHOTO  Pa3npedeneHneTo  Ha
rPagVeHTUTE U CKOPOCTUTE Ha MOA3EMHUTE BOAW B palioHa Ha
Arpo6uoxum. Tolt e npueT 3a OCHOBA MpW CbCTABSHETO Ha
MUrPaLMOHHIUTE MOZENN.

Nutepatypa

CrosHoB, H. 2003. OueHka U npoeHo3upaHe Ha
3ambpcsisaHemo Ha nod3emHume eodu om dena 3a
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Andersen, P. F. 1993. A manual of instructional problems for
the MODFLOW model. Center for Subsurface Modeling
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MATEMATUYECKWU MOJENN 3A NPOrHO3UPAHE HA 3AMBPCABAHETO HA
MOO3EMHWUTE BOAU B PAUOHA HA ATPOBMOXMM, CTAPA 3AIOPA

YACT 2. MUTPALLMOHHU MOAENW 3A NPOrHO3UPAHE HA 3AMBPCABAHETO HA
KBATEPHEP-HEOIEHCKWUA BOOOHOCEH XOPU30HT

Hukonaii T. CmosiHos, Yaedap [1. Mopoe

Munro-2eonoxku yHusepcumem “Ca. Mear Puncku’, 1700 Cocpus, nts@mgu.bg, cg@mgu.bg

PE3IOME. 3a nporHoanpaHe Ha npoLecuTe Ha 3aMbpcsiBaHe Ha NOA3EMHUTe BOAW B panioHa Ha Arpobuoxum, Ctapa 3aropa ca paspaboTeru Ba MUrpaLioHHK
mopena. PelueHnaTa ca BaavpaHu Ha Mofy4eHOTO CbC CbCTaBEHUS XUAPOANHAMUYEH MOLEN MPOCTPAHCTBEHO pasnpeneneHne Ha rpagueHTuTe U CKopocTUTe B
OCHOBHaTa XM[pOreonoxka efMHULa B palioHa - KBaTEpPHEP-HEOreHCKNS BOJOHOCEH XOPU3OHT. MaTemaTuyecknte Moaenu pasrnexaat [Ba rpaHuyHu crydas.
[TbpBUAT MOAEN CUMynMpa NOBELEHNETO HA HecopbupyemmuTe 3aMbpcuTeny (MO MPUMEPa Ha XMOPUAHUTE WOHM), KOUTO Ce pasnpoCTpaHsABaT NPaKTUYECKN CbC
CKOPOCTTa Ha (MNTPaLMOHHNS NOTOK. BTOpUST Moaen onvncea ABIKEHNETO Ha copbupyemnTe 3aMbpcuTENM (MO NpUMeEPa Ha aMOHWEBUTE 1IOHN), KOUTO Ce ABUXaT
no-6aBHO W MapKMpaT 30HWTE Ha Hali-CUMHO W MpaKTUYeckn HeobpaTMMO 3aMbpcsiBaHE Ha MOA3EMHUTE BOAM. [PUNOXEHUTE W3YMCAIMTENHN CXeMM OTYMTaT
KOHBEKTMBHMS MPEHOC Ha BeLLeCTBO, COpOLMsTa, XMAPOAMCNEPCHS 1 CMECBAHETO.

MATHEMATICAL MODELS FOR PROGNOSTICATING GROUNDWATER POLLUTION IN THE REGION OF AGROBIOCHIM,
STARA ZAGORA. PART 2. MASS TRANSPORT MODELS FOR PROGNOSTICATING GROUNDWATER POLLUTION IN THE
NEOGENE-QUATERNARY AQUIFER COMPLEX

Nikolay T. Stoyanov, Chavdar P. Gyurov

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

ABSTRACT. Two mass transport models are developed in order to prognosticate the processes of groundwater pollution in the region of Agrobiochim, Stara
Zagora. The solutions are based on the spatial distribution of gradients and velocities, obtained by the developed principal flow model of the main hydrogeological
unit in the region — the Neogene-Quaternary aquifer complex. The mathematical models reflect two boundary conditions. The first model simulates the behaviour of
nonsorptive highly mobile pollutants (for example chloride ions), which, in practice, migrate with the flux velocity. The second model describes the movement of the
sorptive pollutants (for example ammonium ions), which migrate slower and mark the zones of total and permanent groundwater pollution. The applied calculation
schemes take into account not only advection as the main mechanism of pollutants spread, but also the influence of the processes of sorption, hydrodynamic
dispersion and mixing.

MeToaMKa U MHCTPYMEHTU Ha MaTeMaTU4YECKOTO Xi — pascTosHye Mo CcvoTBeTHaTa koopauHatHa oc, [L]; Dy -
moAaenupaHe TEH30p Ha xugpogucnepcws, [L2T]); ui — pencTBUTENHa

CKOPOCT Ha noasemHnTe Bogy, [LT-']; gs — pasxop Ha eguHuua
obem, oTpassiBaly NpWUTOKA WNW OTTOKA KbM/OT MOZEenHaTta
obnact, [T']; Cs — KOHUEHTpauusi Ha 3ambpcuTenuTe B
MOCTbMBALLMTE MMM B Hanyckalute MopenHaTta obnact
BOoOHW konnyecTBa, [MLB]; no — akTuBHa nOpPecTocT Ha
cpepata [-]; pp — 0bemMHa NAbLTHOCT Ha cpefata, [ML3]; A —
koeuUMEHT Ha HeobpaTumo enumuHupaHe, [T-]; Rf -
3abaBsiLy, hakTop, KOWTO Ce OMpeAens oT U3pasa

Mpn CBIUMHCKOTO MOAENMpaHe Ha Murpauusita Ha
3ambpcuTenuTe B paiioHa Ha Arpobuoxum, Ctapa 3aropa ca
u3nonseaHn  paspaboteHmsatT B YactT 1 OCHOBEH
XMOPOOMHAMWYEH — MOZEN  Ha  KBaTepHep-HEOreHCKMs
BOJOHOCEH XOPW3OHT 1 nporpamHusT npogykt MT3DMS.
Mporpamata pelaBa YacTHOTO AMEPEHLMANHO YpaBHEHNE,
ONMCBALLO TPUMEPHWS MPEHOC (TPAHCMOPT) Ha BELIECTBO B
nopecta cpefa (Javandel et al., 1984; Grove and Stollenwerk,

1984 v op.): Py 3C

R =1+ . =< (2)
R, &L :a(DU ac}_a(vic)+ G ¢, —x(mpc] (1)
oo\ Coxy ) ox No No Mexngy 3abasaumsa daktop Ri,  koeduumeHta Ha
pasnpegeneHne Kg¢ M 4ecTO M3MOM3BaHUS NapameTbp
KbJeTo: C — KOHLEHTpaLUmsa Ha 3aMbpCUTENnTe B NoA3eMHUTE copGLyoHHa MOPeCTOCT Ns ChLUECTBYBA NpsikaTa Bpb3ka
Boan, [ML3]; C— KOHUEHTpauus Ha 3aMbpCUTENUTE,
copbupaHy oT dunTpaLmoHHaTa cpeda, [MM-1]; t — epeme, [T]; Ns = NoR¢ = o + po Ky 3)
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3abasawmaT daktop Rf u copbumoHHaTa nmopecTocT ns ca
OE3OUMEHCUOHHM  BEMUYMHM, @  KoeuUMEeHTBT  Ha
pasnpegenexne Kq uma pasmepHoct [L3M-1)]

TeH30pbT Ha xuapoaucnepcus e yHUMs Ha napameTpuTe:
koeuuMeHT Ha MonekynspHa gudysms — Dm  [L2T];
Hag/TbXXHa AMCNEPCUBHOCT — ow [L]; HanpeyHa (Xopu3oHTanHa
1 BepTUKanHa) AMCnepCcuBHOCT — aiTH 1 autv [L].

e noscHum, 4Ye MbPBUAT YNEH OT AAcHAaTa CTpaHa Ha
ypaBHeHne (1) oTpassBa npouecuTe Ha Xuapoaucnepcus
(MonekynsipHa Andy3ns M MexaHWyHa aucnepcust), BTOpUAT
UneH OnuCBA KOHBEKTMBHMS MPEHOC Ha 3aMbpecuTenuTe,
TPETUST uneH npeAcTaBs Macata Ha  pasTBOpeHuTe
KOMMOHEHT BbB BMM3alLMTE M HamyckalluTe BOAOHOCHATa
CTPYKTYpa BOAHW KOMMYECTBA, a YETBBPTUAT UneH — macata
Ha HeoBpaTMMO ENUMUHUPAHOTO BELLECTRO.

KomniotbpHata nporpama MT3DMS e  cbBmecTHa
pa3spaboTka 1 e cTaHgaptuampara ot U.S. Geological Survey
u Environmental Protection Agency, USA. [ogpoGHa
WH(OPMALMA  OTHOCHO W3MON3BaHMA B anroputbma Ha
nporpamMata MaTeMaTM4ecku anapat U METOAMYECKM
YKa3aHus 3a HEMHOTO NpunaraHe ca gageHu B ronsm 6poi
nuTepatypHn uatouHmum (Zheng and Bennett, 1995; Zheng
and Wang, 1998 v gp.).

KomnosupaHe Ha MUrpaLlMOHHMTE Mogenu

MurpauuoHHTE  MOAENM  NpeAcTaBnsiBaT  TPUMEpHa
CUMyfaLms Ha yCroBMSITa 3a ABUKEHNETO Ha 3aMbpCUTENNTE
B KBaTEPHEP-HEOreHCKMs BOAOHOCEH XOPU3OHT B paiioHa Ha
Arpobuoxum, Ctapa 3aropa. Te ca pa3paboTteHu ¢ nporpama
MT3DMS npw usnonseaHata B XuWAPOAMHAMMYHUS MOZEn
NMPOCTPaHCTBEHATA [ANCKPETU3aLMS.

PewweHneto Ha murpauMoHHaTta 3ajada e 6asupaHo Ha
MOMy4YeHOTO C  OCHOBHWSI  XWAPOOMHaMUYeH  Mogen
MPOCTPaHCTBEHO pasnpefeneHne Ha rpagueHTuTe, Ha
CKOPOCTUTE M Ha BOAHWTE KONMWYeCTBA B rpaHWUMTE Ha
mopenHata obnact. [lpunoxeHata usuucnMTenHa cxema
OTYMTa KOHBEKTMBHWSI MPEHOC Ha BelecTBo, 0BpaTMMOTOo
enumuHupare  (copbuwsTa), monekynspHata  audysus,
MexaHWu4HaTa aucnepeus 1 CMecBaHeTo.

CobCTaBeHn Ca ABa MWrpauUMOHHM Mogena, C KOuTO ca
obxBaHaTV crnegHUTe rpaHuyHK CryYam:
Murpaums Ha Hecopbupyemu 3ambpcuTeni (no npuMepa
Ha XITOPUAHUTE NOHM), KOUTO Ce ABMXKAT Ha NPaKTUKa CbC
CKOPOCTTa Ha (PUNTPALMOHHNS NOTOK;
Murpaums Ha copbupyemn sambpeutenu (no npumepa Ha
aMOHWEBUTE WOHM), KOUTO Ce 3agbpxKaT YacTUYHO B
nnacra u murpupar no-6asHo.

OcHoBHuTte 3ambpcutenu Ha nopsemuute Bogm (CIE,
kaHan 1 1 kaHan 2) ca CWUMyNMpaHW Kato MOCTOSHHU
M3TOYHWLM Ha 3amMbpcsBaHe. 3afafeHnTe B TSX CbabpKaHNS
Ha XNOPWUOHMTE W HA aMOHMEBUTE MOHW, KAKTO U HavyanHuTe
(bOHOBMTE) KOHLEHTPALUUW B MOLENHMTE MNAcToBe W MO
rpaHuuMTe Ha MopenHaTta obrnact ca npueTu Bb3 OCHOBA
pesynTatute OT MOHUTOPWHIOBUTE HAOMO4EHUS BBbPXY
XMMUYHUS CbCTaB Ha MOBBPXHOCTHUTE U MOA3EMHUTE BOAW B
paiioHa Ha Arpobuoxum 3a nepuopa 1993-97 (3gpaBkoB K
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Ypymos, 1997). W3nonssaHu ca u HenybnukyBaHW OaHHW OT
HanpaBeHWTE XMOPOXUMUYHM ONpobBaHWS 1 OMpedeneHus B
pamkuTe Ha npoBefdeHOTO npe3 eceHTa Ha 2004 roguHa
XWaporeonoxko npoyysaHe. Cneasa fa otbenexum Bce nak,
Ye NOpagu IMnca Ha [OCTaTbyHO MOAPOGHM [aHHM 3a
CbObPXaHUETO Ha XMOPWUAHUTE W Ha aMOHWEBUTE WOHW B
OCHOBHWUTE 3aMbpCuTENM W B MOA3EMHMTE BOAM, WMa
W3BECTHA  YCMOBHOCT B  3adadeHus B MogenuTe
KOHLEHTPALMOHEH TOBap Ha CUMYNMPaHUTE M3TOYHUUM Ha
3aMbpCsiBaHe, a CblLO W B MPUETUTE B MOLENHUTE NNacToBe
Ha4arnHmM KOHLEHTPaLMM Ha Te3N KOMNOHEHT!.

3a cbxaneHue, B paitoHa Ha obekta Bce owe He ca
npaBeHW crneunanHu u3cneasaHus (MHAMKATOPHW OMWTM) 3a
YCTAGHOBABAHE HA MUIPALMOHHUTE  XapaKTEPUCTUKW Ha
BOAOHOCHMTE nnactoBe. ETO 3awo, 3a 3agbpxalara
CnocobHOCT Ha (uUNTpauuoHHaTa Cpeda, Moxe fa ce Cbau
€[VMHCTBEHO MO pe3ynTaTuTe OT MUrpaLWOHHN U3cresBaHus,
NpoBEdEHN B aHanormyHu ycrnosus. B mogenute ca
M3MON3BaHN OCPEJHEHM CTOMHOCTM 3a  aKTMBHaTa MU
copbuMoHHaTa NopecTocT, ANCNEPCUBHOCTTA U KoeduLMeHTa
Ha andysus, NONYYEHN OT UHAMKATOPHW OMUTM C XITOPULHN U
aMOHMEBM WOHW B [TIMHECTO-NECHUNIMBM W MECHYNMBO-
YaKbNecTn ceguMeHTH. [JaHHuTe ca B3eTu OT nybnukauunTte
Ha pasnuyHu astopu (Papadopulos and Larson, 1978;
Naymik and Barcelona, 1981; Gelhar and Axness, 1983;
Adams and Gelhar, 1992; Gelhar et al., 1992; o608 1 ap.,
1999; u gp.). T KaTo KBaTEpPHEP-HEOTEHCKUSAT paspe3 e
TBbpAe 6nu3bk ¢ Tosn B paroHa Ha LATBO [noeams, ca
M3MON3BaHN W HAKOM OT PEe3ynTatute OT MUrpPaLMOHHUTE
nonesu M nabopaTopHM eKCMEepPUMEHTW, NPEeACTaBeHN B
(CrosHoB, 2003).

3apageHuTe B ABaTa MUTPaLMOHHW MOZena CTOMHOCTU Ha
napameTpuTe, XapakTepuavpaLy npouecuTe Ha
XMAPOAMCTIEPCUSt B TOPHMSI M [ONMHMS BOLOHOCEH nnact
(koedpnuMEHT Ha andy3ns U SUCMEPCUBHOCT) Ca NOCOYEHM B
1abn. 1. Tbi KaTo B NUTEPATYpPHUTE U3TOYHMLM Ce LmMTUpaT
MaBHO [aHHM 3a HaAfbXHaTa  AucnepcuBHoCT (o),
CTOMHOCTUTE Ha HanpeyHaTa (XOpM3OHTarnHa W BepTUKanHa)
OMCNEPCUBHOCT (aiTH M aiTv) Ca OMpedeneHn OT LUMPOKO
MpunaraHoTo Mpu  pellaBaHETO Ha MogobHu  3ajauu
cboTHoweHue o = 10 oti = 100 arv.

Tabrnuua 1
CpedHu cmoliHocmu Ha KoeghuyueHma Ha MofeKysapHa
Ouehysus u Ha HalnbxHama ducnepcugHocm

MogeneH | Bogowocen | o°®: Ha HannbxHa
; . ondyans | AUCNepCUBHOCT
nnacrt nnact
Dm, m%d oL, m
1 TopeH 3x10+ 125
2 [onex 1x10+4 0.95
3 NoneH 1x10+4 095
Mogen 1

Mogen 1 cumynupa noBefeHWeTO Ha npuTexasalute
ronsmMa MOABWXHOCT 3aMbpCUTENM N0  npumepa  Ha
xnopugHute oxm (dur. 1-6).

3ajafeHuTe B MOMENHATE MacToBe CTOMHOCTM Ha
obemHaTa MITbTHOCT pb WM HA aKTWBHATa MOPecTocT No ca



npeactaBeHn B Tabn. 2. Tbil KaTO XJOPUAHUTE WOHM ca
npakTuyeckm  Hecopbupyemn (He  B3aumMogencTear ¢
unTpaumMoHHaTa cpefa), B M3MOn3BaHaTa M3YUCIMTENHA
cxema ce npuema, ye 3abassiyns daktop Rre paBeH Ha 1.

Tabnuua 2
CpedHu cmoliHocmu Ha obemHama NTbLMHOCM U Ha
akmueHama nopecmocm

MogeneH | BomoHoceH Obewmra AxTveHa
n A MBTHOCT nopecTocT
nnact nnact
pb, CM3/g no, -
1 ropeH 17 0.05
2 Aonet 19 0.15
3 [ioneH 19 015

HavanHaTa (coHoBaTa) KOHLEHTpaLMs B TPUTE MOLENHM
nnacta € 35 mg/l. CblaTta CTOAHOCT € MpMCBOEHa U 3a
BOOWTE B [JBETE PEKW, KaKTO W Ha MOL3EMHUS MOTOK Mo
ceBepHaTa W  lorou3ToyHaTa rpaHuua Ha - Mogena.
KoHueHTpauusTa Ha XnopugHUTe WOHM BbBB  BOAWTE,
MOCTBbNBALLM B MOAMOBLPXHOCTHOTO npocTpaHcTBo ot CrIE,
OT KaHan 1 1 OT kaHan 2 e 3ajajeHa kato NOCTOsHHA
BenuunHa. CtolHocTuTe ca cbotBeTHo: CIME — 500 mgll,
kaHan 1 — 300 mg/l n kaHan 2 — 80 mg/l.

Mogen 2

Mogen 2 onucBa ABWXeHWeTO Ha cnabonogsuxHUTE
aMOHWEBM MOHM, MMALLM MHOTO BUCOKO ChbabpkaHue B CIE u
kaHanute (dur. 7-12).

[Mpu CbCTaBAHETO HA MOZEna BbB BCEKM MOZENEH NnacT 3a
obemHaTa MIBTHOCT pp Ca 3a4afeHn nocoyeHuTe B Tabn. 2
CTOWHOCTM, KaKTO M fapeHnTe B Tabn. 3 cpeaHu CTOMHOCTM Ha
copbLyoHHaTa MopecTocT Ns, pecn. Ha koeduuueHTa Ha
pasnpegenexie K.

Tabnumua 3
CpedHu cmoliHocmu Ha copbyuoHHama nopecmocm u Ha
koeghuyueHma Ha pasnpedeneHue

MogeneH | BogooceH CopbuwoHHa | Koed. Ha pas-
nopectoct npegenexue
nnact nnact
Ns, - Ka, cm3/g
1 ropeH 1.50 0.853
2 [0NeH 0.85 0.368
3 [0neH 0.85 0.368

HavanHaTa KOHLEHTpaLus Ha aMOHWEBUTE MOHW, 3adajeHa
B MOAenHaTa 0bnact, no HeliHuTe rpaHuLN 1 B ABETE PEKM, €
0.0 mg/l. CumynupaHuTe MOCTOSHHM  W3TOYHWLM  Ha
3aMbpCsBaHe Ca BKIIOYEHU B MOAENa, Kato CbAbpKaHMETO
Ha aMOHWEBW MOHW B MOCTbMBALMTE OT TEXHUTE TPaHWLM
BOAHM konuyectea € cboTBeTHO: CIE — 250 mg/l, kaHan 1 -
180 mg/l v kaHan 2 — 40 mg/l.

Pe3y11TaTVI OT MoaenHuTe uscneaBaHusa

C wmurpauMoHHMTE MofenM Moxe [a Ce Hanpasu
CPaBHUTENHO TOYHA MPOTHO3a OTHOCHO PasBUTMETO Ha
npoLecuTe Ha 3aMbpcABaHe Ha MOA3EMHUTE BOAM Mpw
YCIOBME, Ye XMAPOreonoxKaTa U exonoryHaTa 06CTaHoBKa B
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paiioHa Ha Arpobuoxum ce 3anasu HempomeHeHa. MogenHuTe
pelleHnss  AaBaT  TPUMEPHOTO  pasnpegeneHne  Ha
KOHLEHTpaLUUMTE Ha XIOPWZHUTE M aMOHWEBWUTE 1OHM B
KBaTEPHEP-HEOTEHCKMS BOLOHOCEH XOPU3OHT BbB  BCEKM
MOMEHT oT Bpeme 3a nepuog ot 100 roguHm.

3a untcTpaums Ha NPOCTPAHCTBEHNUTE pa3Mepu U CTeneHTa
Ha 3amMbpcsiBaHe Ha NOL3EMHWTE BOAM 332 MPOrHO3HM
momeHT 50 u 100 roguHu crneg Hayanoto  Ha
MaTemaTtuyeckata CuMynauus ca NpeacTaBeHW  YeTupw
MAOWHN U 0CEM BEPTUKANHW KapT Ha W3OKOHLEHTpauuuTe.
lMnowHuTe KapTu gaeaT MHGOPMALMS 3a 3aMbPCSBAHETO B
JOMHMS  BOZOHOCEH XOPW3OHT (ModeneH nmact 2), a
BEpTUKanHUTE  KapTu 32 HacTbnunuTe MpOMeHW B
KOHLIEHTPaLMOHHOTO none no Aea npoduna B MbhHMS paspes
Ha BOLOHOCHMSI XOPM3OHT. [TbpBUSAT Npodun e pasnonoxeH
Mo HanpaBMEHMETO Ha NOL3EMHMS NOTOK (Mo konoHa C-51), a
BTOPUSIT — HANPEYHO Ha noToka (Mo peg R-81).
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®ur. 1. Mogen 1. PasnpocTpaHeHue Ha XJIOPUAHUTE NOHU B JONHUA
BOAOHOCEH nnact cnea 50 roauHw.
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®ur. 2. Mogen 1. PasnpocTpaHeHue Ha XJIOPUGHUTE NOHU B KBaTePHep-
HeOreHCKMs Xopu3oHT cnep 50 rogutm (npodpmn no konoHa C-51).
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®ur. 3. Mogen 1. PasnpocTpaHeHue Ha XNOPUAHUTE NOHU B KBaTepHep-
HeOreHCKMs Xopu3oHT cnep 50 roguHm (npodmn no peg R-81).
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®ur. 5. Mogen 1. PasnpocTpaHeHue Ha XIOPUAHUTE MOHU B KBaTepHep-
HeoreHckus xopu3oHT cneg 100 rogunm (npochun no konoxa C-51).
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®ur. 6. Mogen 1. PasnpocTpaHeHue Ha XJIOPMAHUTE MOHU B KBaTePHep-
HeoreHckusi xopu3oHT cneg 100 roaunm (npodpun no pea R-81).

O6cbxpaHe Ha pe3ynTaTute OT MOAeNHUTE
uscneaBaHus

Bb3 ocHoBa Ha pesynTaTuTe OT NPeACTaBeHUTE MOAEMNHM
PELUEHNs e HanpaBuM CregHus KOMeHTap OTHOCHO
Bb3MOXHMS 00XBAT M CTENEH Ha 3aMbpCsiBaHE Ha KBaTepHep-
HEOreHCKIsi BOAOHOCEH XOPU3OHT B paitoHa Ha ArpoBroxum.

XugpaenuyHata Bpb3ka Ha CIME v kaHanuTe ¢ nog3emMHuTe
BOAM € NpuyMHa 3a BesnpensTCTBEHO W TBbPAE MHTEH3WUBHO
HaBMM3aHe Ha 3aMbpCeHu (MPOMMLINEHM) BOOW BbB
BOAOHOCHMTE nnactoBe. Cbabpxawute ce B Te3n Boau
pasN4HKM N0 BMA M KOMMYECTBO 3aMbpPCUTENU NOCTENEHHO
mMurpupat B ObnbounHa. [pouecbT Ce KOHTponupa ot
KOHLIEHTPALMOHHUTE, PECT. OT MITbTHOCTHUTE PasnuKu Mexay
BEYe 3aMbpCEHWUTE MOA3EMHM BOAW B rOpHaTa 4acT Ha
paspesa U He3aMbPCEHNUTE BOAM HA MO-HUCKN XUMCOMETPUYHM
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®ur. 7. Mogen 2. PasnpocTpaHeHue Ha aMOHMEBUTE MOHU B AONHUSA
BOAOHOCEH nnacT cnep 50 roanHm.

190
180+
170
160
150+
140
130

120
110

or cesep
e

CINE

BO/IHO HHBO

KaHaji 2

ropen
BOJIOHOCEH

KoTa, m

CKAJTHA NOLT0AKKA
T

T T T T
0 1000 2000 3000 4000 5000

XOPH30HTAJHO PA3CTOSIHHE, M

®ur. 8. Mogen 2. PasnpocTpaHeHue Ha aMOHMEBUTE NOHU B KBaTepHep-
HeoreHCKMs Xopu3oHT cneg 50 rogutm (npodomn no konoHa C-51).
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®ur. 9. Mogen 2. PasnpocTpaHeHne Ha aMOHUEBUTE NOHM B KBaTepHep-
HeoreHCKMs Xopu3oHT cnep 50 rognum (npodmn no pen R-81).

HuBa. [ocTuraiku [0 OOMHMA BOAOYNOP Ha KBaTepHep-
HEOreHCKWUs BOLOHOCEH XOPU3OHT, 3aMbpcuTenuTe 3anoysar
[ia Ce [ABWXAT NateparHo kaTto cneapat perneda Ha ckanHata
nognoxka. Taka Te, Makap u 6aBHO, HanpedBaT Ha WM3TOK-
IOrOM3TOK M 3acsraT BCe MNO-TONEMWU MPOCTPAHCTBA B Haut-
AbnbokuTe YacTM Ha BOJOHOCHaTa CTpykTypa. Bce nak,
(PPOHTBLT Ha 3ambpcsBaHe Ce NpuaBMKBa Han-6bp30 Ha
IOroM3TOK, CriefiBankn nocokaTa Ha NoA3eMHUS NOTOK.

Mo onucaHata wmwurpaumoHHa cxema 3a 100 rogwHw
3aMbpcsBaHeTo 00XBalla 3HauYMTeNHa YacT OT BOLOHOCHATa
ctpyktypa (okono 10 km2). Hail-cumHO 3amMbpceHu ca
nog3emHuTe Boau B panoHa Ha ClE n B egHa TAcHa vBuMUa
okono kaHan 1. ToBa OT efjHa cTpaHa ce 0DsicHsBa C focTa
MO-BMCOKUS1  KOHLIEHTPALMOHEH TOBap Ha MOCTbMBALLMTE
3ambpcuTenu, a OT Apyra — C HUCKUTE CKOpOCTM Ha
cunTpauus B fLONMHNS BOJOHOCEH miacT. OKono kaHanm 2 1 Ha
M3TOK OT HEero 3ambpceHaTa 30Ha 3aemMa efHa obLwwWpHa



TEPUTOPUS, HO TYK KOHLEHTpauuuTe ca ¢ 1-2 nopsigbka no-
HUCKM.
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®ur. 10. Mogen 2. PasnpocTpaHeHne Ha aMOHUEBUTE MOHY B JONHMSA
BoAoHoceH nnact cnea 100 roanHu.

190
180~
170
160
150
140
130
120
110

or

cesep
<« >

CIE

BOJHO HHUBO

KaHan 2

ropen
BOJIOHOCEH

KoTa, m

A01eH
BOJIOHOCEH
niacr

CKa/THA NMOATOKKA

2000 3000

T T
0 1000 4000 5000

XOPH30HTAJHO PA3CTOSIHHE, M

®ur. 11. Mogen 2. PasnpocTpaHeHue Ha aMOHMEBUTE WOHM B KBaTEPHEP-
HeoreHckus xopu3oHT cnep 100 roaunm (npochun no konoxa C-51).

180

3anas = H3TOK
< 3 —>

170+ BO/JIHO HUBO

160 __TOpeH BOJOHOCEH IiacT

150+

KOTa, m

(0J1€H BOAOHOCEH ILIacT
140 A Bl

130+
120+
110

CKAJIHA MO/UT0KKA

2 . r
4000 5000 6000

T
3000

T T
0 1000 2000 7000

XOPH30HTAJHO Pa3CcTOSAHHE, M

®ur. 12. Mopen 2. PasnpocTpaHeHne Ha aMOHMEBUTE WOHM B KBaTEPHEP-
HeoreHckusi xopu3oHT cnieg 100 rogunm (npodmn no pen R-81).

LLle otbenexum, Yye B Tean Hai-0BLIO OYEPTAHM paMKM Ha
3aMbpCABAHETO  Ha  MOA3EMHUTE  BOAM  PasnuyHWTE
3aMbPCUTENM  OEMOHCTPUPAT CbLIECTBEHM pasnnyns B
CBOETO NOBEAEHME.

HecopOupyemnte  XnopugHn WOHM Ca  M3KITHUMTEITHO
MOABWKHY, MOpPaam KoeTo onpegenexute ¢ Mogen 1 rpaHuum
Ha 3aMbpCeHUTE MOA3EMHWN BOAM Ca TBbPAE AMHAMUYHW 1
obxBalar nnowM ¢ no-ronemu  pasmepu.  TAXHOTO
npuchbcTBue, obaye, He KpUe peanHu OmacHoOCTM 3a
BOJOHOCHMSI XOPM30HT. B pesyntat Ha CMeCBaHETO Ha
3aMbpCEHUTE BOAM C HE3aMbpCEHM MMacToBM  BOAM
KOHLIEHTPaLMUTE Ha XJTOPMAM OCTaBaT B NPUEMITMBW IPaHULIML
- nog 50-100 mg/l. EanHcTBEHO B HenocpeacTBeHa Onmaoct
po CIE v kaHan 1 ce 3ana3BaT MO-BUCOKW KOHLEHTpaLun —
okono 250-500 mg/l. B cnyvas onacHocTTa ce Kpue B
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noTEHLManHaTa Bb3MOXHOCT, 4Ye Hapea C XIOPUAHNUTE MOHU B
oyepTaHute ¢ Mogen 1 rpaHuuM npucbCTBaT M Apyru
Hecopbupyemn 1 cnabocopbupyemn  3aMbpcuUTENN
HUTpaTK, cyndati, GeHon, HAKOW BUOOBE HEPTONPOLYKTU M
Aap.

Copbupyemute 3ambpcutenu (B Cryyas — amOHMEBUTE
JIOHM) aKTMBHO B3aMMOLENCTBAT C (puATpaLMOHHaTa cpefa,
KOeTo npefonpedens M OrpaHuyeHaTa UM  MUrpaLuoHHa
cnocobHocT. HanpaseHute ¢ Mogen 2 u3umcneHums nokassar,
ye Te Ce pasnpocTpaHsBaT NogoOHO Ha XNOPUAHUTE NOHM, HO
C Mo-Marka CKOpOCT. Bwbnpeku mMankute pasmepu Ha
3aMbpceHaTa C aMOHWEBM MOHW 30HA M [OCTa MO-HUCKUTE
KOHLIEHTpaLMK, B Cnyyas 3aMbpCSBAHETO € PeasHo, Thii KaTo
NOCOYEHUTE B CTaHAApPTa 3a NUTENHU BOAM AOMNYCTUMU HOPMH
ca MHOro no-Hucku. MMpu ToBa NOA3EMHWUTE BOAM B Ta3n 30Ha
BEPOSITHO Ca 3aMbPCEHN W C LIENWS CMEKTbP OT copbupyemu
3ambpcutenu, waeawm ot CME wn kaHanute (pocdhatw,
OpraHWYHN CbeOVHEHWS], TEXKN MeTanu 1 ap.).

3akntoyeHue
Paspabotenute  maTemaTnuecks  Mogenu  gasat
cpaBHuTENHO [fobpa npeActaBa  3a  ycnosusiTa  3a

pasnpocTpaHeHe Ha 3aMbpCcUTENNTE W 32 BbH3MOXHOTO
pa3BUTWE Ha HeraTWBHWTE MPOLECH B KBATEPHEpP-HEOreHCKMs
Xopu3oHT 3a nepuog ot 100 roguHu. 3a cbxaneHue, obave,
HanpaBeHaTa MporHo3a ¥Ma W3BECTHa HECUrypHOCT nopagu
OTCbCTBMETO Ha  [JOCTAaTbY4HO  KOHKPETHA M MbiHa
MHEOPMALMS 33 KOHLEHTPALMOHHNSA TOBap Ha NOCTbNBALMTE
ot CIE u kaHanuTe 3aMbpCcuTENM, 3a TOUHWUTE NapameTpn Ha
KOHLEHTPALMOHHOTO none (KbM HacTOALWS MOMEHT) U 3a
3agbpxallara cnocobHOCT (MUTPaLMOHHUTE XapaKTepUCTUKN)
Ha BogoHocHuTe nnactoBe. C ormed Ha ToBa, B Obaelle e
HeoDxoguMO [fa Ce W3MbiHW onpedeneH ofem oT
cneuManuanpaHy  M3credBaHWs, BKMOYBAWM  MogpobHO
XMOPOXMMWYHO OnpobBaHe Ha OCHOBHUTE M3TOYHMLM Ha
3amMbpcsBaHe, Ha NOBbPXHOCTHUTE BOAOEMM (DKM 1 kaHanm)
W Ha BOOOHOCHWTE nNacToBe; Cepus OT MOMEBM W
nabopaTopHM  WHAWKATOPHW  OMMTK;  W3CMedBaHWs  3a
U3ACHSIBaHE Ha XMAOpaBNMYHATa BPb3ka MEXOy W3TOYHMLMTE
Ha 3aMbpcsBaHe W MOA3EMHUTE BOAM; OpraHu3upaHe u
eKcnnoaTaums Ha nokanHa Mpexa 3a CUCTEMHU HabrogeHus
BbpXy HMBaTa M CbCTaBa Ha NOL3EMHUTE U MOBbPXHOCTHUTE
Bogn w ap. JombnHutenHo cbOpaHata wHgopmauus Lie
rMo3BOMM Aa@ Ce BHecaT BaXHW YTOuYHeHus B pa3paboTenute
MaTemaTMyeckn MOZenu, a [AaHHuTe 0T  PEXUMHUTE
HabniogeHus We AafaT Bb3MOXHOCT 3a BepuduumpaHe u
BTOPWUYHO KannbpupaHe Ha Tesn MOAenu, KOeTo ecTeCTBEHO
Lie MOBMLLM 3HAYMTENHO TAXHATA YCTOMYMBOCT M TOYHOCTTA
Ha NPOrHO3HUTE PELLEHNS.
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FTEO®PU3NYHA XAPAKTEPUCTUKA HA HAKOU BYNIKAHCKU CTPYKTYPU B
LIEHTPANIHATA YACT HA MOMYUNTPAACKOTO NOHUXEHUE

A. ljeemkoe

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

PE3IOME. B ueHTpanHaTa Yact Ha MomunnrpaackaTa fenpecus no reousnyHn AaHH1 ca OTAENEHN W N3CNeABaHN HAKOMKO KpBbroBY MarMeHu CTPYKTYpH, KOUTO Ce
XapaKTepuanpaTt CbC CUIHO MPOMEHMMBO MarHUTHO MOME W MHOXECTBO NMOKarHM rpaBUTALMOHHM W MarHuTHW aHomanum. KpymoBrpaackata BynkaHCcka Kpbrosa
CTPYKTypa ce Benexu C rpaBUTaLMOHEH MUHUMYM M CMEUMdUYHO MarHUTHO none. [0 rpaBUTALMOHHM W MarHUTHU AaHHW Ca W3cnefBaHN aHAe3nToBN K
Tpax1aHAe3nToBI Tena B LiEHTbPa U U3TOYHATa YacT Ha CTPYKTypaTa, KOHLEHTPMPaHM OKOMO PENUKTM Ha BYNKaHCKW LieHTpoBe npy BbpxoseTe Kanabak, VpaHTene,
Epreptene, TenemxutopeH, , KioutokxucapTene u gp. HaHoBuwwKaTa KpbroBa CTPYKTypa Ce XapakTepusupa C rpaBUTALMOHEH MUHWUMYM W XapaKTEpHWU KPbroBu
nokanHu aHomanuu. PasnpegeneHneTo Ha rpaBUTALMOHHOTO M MarHUTHOTO MOfe MOKas3ea, Ye TS MMa CMOXEH CTPOEX W B HES Ce OTAens BbTpeLlHa, BEPOSTHO
kangepHa CTpykTypa — HaHosuLka Aenpecusi. Ha ocHoBaTa Ha CbcTaBeHUTe 2D MarHuTHM W NBTHOCTHU MOZENM Ca OnpefeneHn napameTpuTte Ha 6asantosy 1
aHpe3anTobasanTosy Tena ¢ 06paTHO HACOYEH BEKTOP Ha ECTeCTBEeHaTa 0CTaTb4YHa HAMarHUTEHOCT.

GEOPHYSICAL CHARACTERISTICS OF SOME VOLCANIC STRUCTURES IN THE CENTRAL PART OF MOMTCHILGRAD
DEPRESSION

A. Tsvetkov

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

ABSTRACT. In the central part of Momtchilgrad depression, East Rhodopes, a few circular magmatic structures have been established by a strongly differentiated
magnetic field and a great number of gravity and magnetic ring anomalies. The Kroumovgrad circular volcanic structure is related to a gravity minimum and a specific
magnetic field. Several volcanic structures, composed of andesites and trachyandesites, are investigated according to geopysical data. They are concentrated around
the central part and the eastemn periphery near the heights Kalabak, Irantepe, Ernertepe, Tepedgijuren, Kjutchjukhisartepe etc. The Nanovitza circular complex
structure is characterized by a gravity minimum and typical isometric local anomalies. Gravity and magnetic data reveal the presence of an internal probably caldera
structure - Nanovitza depression. The calculated 2D magnetic and gravity models show the parameters of a large isometric basaltic and andesite basaltic bodies with
a remanent magnetization vector opposite to the normal induced magnetization.

BuBepeHue NPOBEAEHN W AETAWNHU reohnU3nyHN U3CredBaHns — rMaBHO
ENEKTPUYHU 11 MarHUTHU.

B LieHTpanHata 4acTt Ha MOMHVIJ'IFpaLICKOTO NOHMXEeHUe oT

WsTounute Pogonu ca OTAEneHM peauua  ByNKaHCKM 3a uenute Ha HactoswoTo u3cnedsare Gsixa CbOpaHm
LEHTPOBE, KOWTO WM3CIE0BaTeNuTe CBLP3BAT C MPOSIBA Ha 3HaumTeneH Opoi obpasuu 3a (UMdHUTE CBOACTBA Ha
NaneoreHck! KONM3NOHEH MarmatiabM (MBaHos, 1960; SHes, ckarmte (Capos u gp., 1995), kouto Gsxa aHanusupaHu u
BaxHesa, 1980; Harkovska et al., 1989). Mpe3 nepuoga 1993- 06o6LyeHn CbBMECTHO C WH(opMaLusTa oT Basata AaHHu,
2002 r. B Watounnte Pogonu Ge npoBeaeHa HOBa reonoxka CbXpaHsBaHa B Hauwoantus reopoHa  (LLymkos, Mapues,
kapTupoBka B M 1:25000 1 reomopdhonoxka kapTuposka B M 1996). ManonssaHata MeToAMka Ha WMHTEpMpeTauus Ha
1:50000, CbMPOBOLEHN C aHanu3 W WHTEpnpeTauus Ha reO(bI/I3W4HVITe JaHHW Ce OCHOBaBa Ha KOMMNEKCEH aHann3 Ha
HanuyHata reodmsnyHa UHGopmauns. Tean u3cneaBaHus Hanu4Hata reodusnyHa MHAOPMAaLS C WMPOKO U3NonaBaHe
no3BonmMxa Aa Ce NonyyaT HAKOM HOBW [aHHU 3a BYNKaHCKUTE Ha KONM4YeCTBEHU M3YUCNEHMA NO rPaBUMETPUYHU U MArHUTHU
CTPYKTYpY B NOCOYEHMS paﬁ()H_ OaHHN. CbCTaBeHUTe NMbTHOCTHU U MarHUTHU moaenu ce

fasaMpaT Ha TreonoXkWTe [aHHM W B CbLOTBETCTBUE C
MHOTO3HA4YHOCTTa Ha  obpaTHUTE  reoUanNyHN  3agauu
FeO(busqua N3Y4EHOCT M MeToAMKa Ha NpeacTaBnsBaT  Bb3MOXHO  Hal-bnmn3bk  BapuaHT Ao
CbBPEMEHHWUTE MpefcTaBuM 3a CTPOeXa Ha BYNKAHOTEHHO-
MHTepnpeTaums P bea a crp Y
CEAMMEHTHWS KOMMMEKC, KOWTO YOOBMETBOpsiBA pasnpepe-
NEHVeTO Ha reouanyHUTE MorneTa M CbOTBETCTBA B
MakcumanHa cTeneH Ha 0606LLeHnTe NeTPOPUINYHIA OaHHN.
pervoHanHu reogusuyHm  wnscnegsanus B M 1:50000 - VaUICTIeHMSTa Ca M3BBPUEHN MO MeTona Ha noaGopa c

rPaB/METPU|HI, 3EPOMArHUTHIN 1 38pOraMacnekTpoMeTpuLHu, WaNoN3BaHe Ha nporpamHyTe npoaykTt SIMAG-21 (CTaspes i
a B Hai-tKHaTa My 4YacT MNpeMuHaBa AbiOOUNHHNSAT 1p., 1988) v SIGRAV-23 (Craspes u ap., 1991).
ceusmmyeH npocwun 18 no nuHuaTa [loncko-Kpymosrpag-

3Besgen-ApanHo (Benes, 1996). B Hskou ydactbum ca

PaoHbT e o6xBaHaT OT CpaBHWUTENHO ronam obem
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®U3nyHm napamMmeTpu Ha BYJNIKAHCKUTe CKanu

3a uenute Ha HacTOSLOTO M3cneaBaHe 6sxa 0606LiEHN Y
aHanuaMpaHu  HanuyHuTE  AaHHM 33 MIbTHOCTTA G,
MarHuTHaTa Bb3NPUEMYMBOCT K M €CTeCTBEHaTa OcCTaTbyHa
HaMarHUTeHocT Jn Ha BYyNKaHCKMTE CKanW B paioHa,
MpuBeaeHuTe B Tabn. 1 AaHHM MOKas3BaT, Ye BYMKAHCKUTE
CKanum Ce XapakTepusupaT C  MPOMEHIMBM  (PU3NYHM
napameTpu. Kucenute BynkaHUTA — PUONATH, PUONUTOBM NTaBU
M Typun ca OTHOCUTENHO MO-NekM W cnabo MarHUTHW.
CpenHokucenute M 6asnyHK BYNKaHWUTM Ce OTIMYaBaT ¢ no-
BACOKM  CTOMHOCTM  Ha  NMbTHOCTTA,  MarHuTHaTa
Bb3MPUEMYNBOCT 1 €CTECTBEHATA OCTaTbyHA HaMarHUTEHOCT,
a npu CbOTBETHUTE UM TydM, NaBu M naBobpekun Tesm
napameTpu Ca MO-HUCKM, OCOBEHO MO OTHOLEHME Ha
MarHuTHUTE CBOMCTBA.

Tabnumua 1
MmsTHOGT MarHuTHa OcTtatbuHa
Bb3NpuUemd. | HamarHuTeHoCcT
Ne |[TnTonoxka pasHoBUAHOCT i . ]
- | gims| 5P 1068/7"“ -1 10 Alm
1 PuonuTi 38 |231]38| 167 [35| 921
2 PrvionnToy Tycu 77 1205|77 | 168 [49| 192
3 Anpesuti 148|254 |148| 2317 [117| 3902
4 | Xnpp.npomeH. aHfiesnTi | 61 | 251 | 60 | 786 |48| 1307
S |AxpeanTosu nasu M Tydv | 257 | 230 |255| 687 [224] 696
6 TpaxuaHpeanu 45 | 23945 | 216 [33| 49
7| AugeautoBasantu | 119 | 2,60 |119| 2339 [118] 2928
8 basanu 25 |262]25 | 1339 25| 4244

3a wu3cnedBaHe Ha MarHUTHUTE NapamMeTpu Ha  HSKOU
BYNIKAHCKM CKanW, Cb3fdaBalyl WHTEH3WBHW OTpULATEmNHU
MarHuTHW aHomanum, 6sixa cbbpaHu OT TepeHa OpUEeHTUPaHU
0bpasumM ¢ Len onpedensHe Ha nocokata Ha BekTopa Ha
ocTaTbyHata WM  HamarHuTeHocT.  Pesyntatute ot
NPOBELEHUTE U3MepBaHUs ca nokasaHu B Tabn. Ne 2.
lMonyyeHuTE AaHHM MOKa3BaT, Ye HAKOM Tena, M3rpageHu ot
aHpgesutobasant w  6asanTu, Ce XxapakTepuaupaTr C
W3KMIYATENHO  BMCOKM  CTOMHOCTM M obpaTHa  Ha
CbBPEMEHHOTO MarHWUTHO NONe HACOYEHOCT Ha BEKTopa Ha
€CTeCTBEHaTa 0CTaTb4yHa HaMarHUTEHOCT .

Tabnumua 2
No Jiutonoxka 6 MarH. Bb3np|Oct. HamarH.| WHknm-
- pa3HOBUAHOCT P 10%4m, SI | 10° A/m | Hauus
AHpeautobasanTy
1 M3TOYHO OT 4 1566 26920 -54°
c. H. bossenveso
AHpeautobasanTy
2 npu Maxana 3 1388 8908 -15°
["apBaHLy
3 BasanTv sanagHo ot 8 1220 6384 340
¢. [xaHka
4 ﬂaTrI/ITVI npu Max. 4 476 1827 410
apBaHLy

OBobuieHute cBefeHus 3a (PU3MYHMTE napameTpyu Ha
CKanuTe B M3cneaBaHus paoH nokassar, Ye HabngaBaHoTo
MbCTPO U CUITHO AMKEPEHLMPAHO MArHUTHO none ce 06sicHsBa
OCHOBHO C pasnuuusita B CTOAHOCTUTE Ha MarHuTHaTa
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Bb3NPUEMYNBOCT WU Ha WHTEH3MBHOCTTA W MOCOKaTa Ha
BEKTOpa Ha ecCcTeCTBeHata ocCTaTb4YHa HaMarHUTEHOCT Ha
pa3nnyHnTe BNOOBE BYITKAHUTW. CWrnHO MarHuTHM CBOICTBA
OCBEH TdAX B paVIOHa uMmat Camo CepneHTUHU3UpaHuTe
yJ'ITp8683I/ITVI. Kucenute BYNKaHWUTU Ca C OTHOCUTENHO MO-Nekn
1 CPaBHUTENHO no-cnabomMarHUTHW U MoraT Aa ce OTAensaT ¢
JIOKalTHU MUHUMYMW Ha rpaBUTaLMOHHOTO none.

AHanu3s n uHTepnpeTauusa Ha reouanYHUTe
noneta

AHanu3bT Ha reousnuyHWTe norneTta nokasea, ue
LeHTpanHata 4YacT Ha Momumnrpagckoto MOHWKEHWe ce
XapakTepuaupa CbC CUIHO AUEPEHLMPAHO MAarHUTHO None
Hanuuve Ha [obpe M3pa3eHW MOKarHW rpaBUTALMOHHU U
MarHWTHM aHoManuu ¢ kpbroea copma. MogobHu no dopma
eNeMEHT/ Ce OTKPOSBAT W Ha KOCMUYECKUTE U BUCOYMHHM
aepocoTocHMMKN. ToBa N03BONISBA MO rE0IN3NYHM AaHHM Aa
Ce OTAensT HAKONKO KpbroBW CTPpyKTypu — KpymoBrpagcka,
3sesnen-NMuenosacka, (Mocndos, 1991) n HaHosuwka (Pur.
1). Hait-BeposiTHO cTaBa gyma 3a NpoCTpaHCTBEHO 060cobeHH
LieHTPOBE Ha MOBULLEHA MarMeHa, TEKTOHCKa, XuapoTepmanHa
W MeTaroreHHa akTuBHOCT. KakTo ce BMXga OT MpuroxeHaTa
CXema, B rpaHuumMTe Ha HaHoBuwKaTa CTpyKTypa ce oThensT
OBbrOBUOHW PaAs3foMW, MO KOWTO Ca HapedeHu BYIKaHCKM

ueHtpose (M. bBosHoB, HenybnukyBaHu gaHHu). Ha
aeporamacnektpoMeTpuyHnte kaptm 8 M 1:50000 Te ce
CregsaT € MOBWWEHM CbObPXaHWA Ha  pagvoaKTVBHM

€NTeMEHTH, KaTo OCODEHO KOHTPACTHM Ca aHoManuuTe Ha
ypaH, Topuit 1 Kanui no T.H. CBETUMIUICKK MarMeH LieHTbp
okono Bp. Cs. Mrnus.

Ha ¢urypa 2 ca nokasaHu B MO-geTalneH nnaH HSKou
eremMeHTH OT cTpoexa Ha Kpymosrpagckata u HaHosuikaTa
KPBroBW BYMKAHCKU CTPYKTYpU. [TbpBaTa OT TX ce oTaAens ¢
rPaBUTALMOHEH MWHUMYM U CMeLMUYHO MarHuTHO none B
yyactbk Mexay rp. Kpymosrpag ot tor u ¢. Cnagkogym ot
ceBep. MarpageHa € OT CpPedHOKMCEenW TpaxvaHdesuTu u
aHOesuTn u TexHuTe nasobpekyu, Tycu u Tydobpekum. Mpu
reonoxkara 1 reoMopconoxkara KapTMpOBKX B rpaHULMTE Ha
CTpYKTypaTa ca OTLEeNEeHW PENVKTW OT HSKOMKO BYNKAHCKM
ueHTbpa npu  BbpxoseTe  Kanabak,  Brookxucap,
TenemxuopeH, EpHeptene, [xensoBo, paHTene.

Ha durypa 3 ca nokasaHW B AeTaireH nnaH nokarnHute
rPaBUTALMOHHM M MarHUTHW aHomanuu, obycrioBEHW OT Te3w
CTPYyKTypu. WHTepnpeTaumsita Ha reomsnyHUTe  gaHHM
nokasga, Ye Te Ca M3rpafeHN OCHOBHO OT aHAE3UTOBM U
TpaxmaHge3nToBn Tena. B cbOTBETCTBME C METPOPUINYHNTE
[aHHW aHOEe3WTUTE Ca CUIHO MarHuTHW ckanu. Tbi Kato
BEKTOPBT Ha €CTEeCTBEHaTa MM OCTaTbyHa HaMArHUTEHOCT €
HacOYeH MO MOCOKA Ha CbBPEMEHHOTO MarHWTHO MoJfie Ha
3eMsiTa, Te Ce OTAENAT C MHTEH3WBHU JIOKanHU MarHWUTHM
Makcumymu. llocnegHuTe ce CbNpOBOXAAT CbC CPABMTENTHO
no-cnabo M3paseHn rpaBUTALMOHHN MUHUMYMU. JlokanHuTe
AHOManUM Ha TrPaBWUTALMOHHOTO NOfie Ca MPean3BUKaHM
BEPOSTHO OT pasynibTHABaHe Ha CKanuTe B rpaHuuuTe Ha
BYINKaHckuTe LeHTpoBe. [pocTpaHcTBeHaTa NpUBBbP3aHOCT Ha
NOKarHUTe MUHUMYMU Ha AQ KbM BYIKaHCKUTE CTPYKTYpU Ce
BWXOA SCHO Ha npuBedeHata Ha dwmrypa 3 cxema, npu
CbCTaBSIHETO HA KOSATO € MOM3BaHa kapTa Ha IOKanHOTO
rpaBMTaLMOHHO NOMe, NonyveHa Ypes yCpenHsBaHe ¢ paguyc
3 km (Capos u gp., 1995).



KomnnekcHoTo pasrmexgaHe Ha  rpaBUTaLMOHHMTE W
MarHuTHU aHoManuW nokasea, Ye BYMKAHCKUTE CTPYKTYpu ca
KOHLIEHTPUPaH Ha ABE MeCTa — OKOMO LieHTbpa Ha Kpbrosata
cTpykTypa npu Bp. Kanabak v no HeitHata nepudpepus. C T.H.
WpaHTeneHckn cTpaToBynkaH Moxe 6M ca  CBbp3aHu
PasnoNoXeHWUTE Ha toro3anag 1 CEeBEPOU3TOK OT HEro fokanHu
MarHuTHU Makcumymn (dur. 3). Tpsabea aa ce otbenexw, ye
reousnyHUTEe JaHHW He MO3BONSBAT Aa Ce MOCTaBu pA3Ka
rpaHnua mexgy Kanabawkus v MpaHTeneHckus BynKaHCKu
LieHTpoBE.

MpeactaBa 3a ¢hopmaTta Ha aHOE3MTOBWTE Tena [asa
CbCTaBEHMSAT MarHUTEH MoZen 3a efHO OT TAX, HamMMpaLLo ce
HenocpeacTBeHo Ao rp. Kpymosrpag (Pur. 4). Tanoto e noutn
XOpU3OHTanNHo ¢ aebenvHa okono 1 km, neko HaKMOHEHO Ha
ceBep. AHOManusTa € yCrnoxHeHa OT HanMuMeTo B ropHaTa My
YacT Ha TbHKa NnacTHa OT No-cnabo MarHUTHU aHae3UTOBM
naBobpekyn. EdekTBHATA HaMarHMTEHOCT Ha ABETE Tena u
nocokata Ha BeKTOpa ca OnpedeneHn B CbOTBETCTBME C
JaHHMTe 3a (DM3MYHWUTE CBOWCTBA Ha ckanuTe B panoHa. KaTo

ce B3emaT MpeaBWE UM CbCTABEHUTE MITbTHOCTHU MOLENH,
MOXe Aa ce cuuTa, Ye aebenuHaTa Ha aHOesuTOBUTE Tena B
rpaHmumTe Ha KpymoBrpaackata KkpbroBa CTpyKTypa e OT
nopsgbka Ha 1-1,5 km.

leohn3nyHMTE OaHHM JaBaT OCHOBaHWE Aa ce TBbpay, Ye
KpymoBrpaackata KpbroBa CTPYKTypa He € XOMoreHHa. B
3anajgHata it yacT ce OTZens CEerMEHT C No-cnabo MHTEH3NBHO
MarHWTHO norne, CBbP3aHO C MO-KUCEeN mMarMaTuabM. TyK U no
neTpoM3NYHN [aHHW BYNKaHUTUTE ca no-nekn u cnabo
marHuTHM.  OcoBeHo  KOHTpacTHa e  pasnukata B
pasnpefeneHuaTa Ha CbAbpXaHWsTa Ha papguoaKTUBHU
€NTEMEHTW MO aeporamacnekTpoOMeTpuiHu JaHHu. [paHuuata
Mexay ABeTe YacTu C PasnuuHn reodusnyHn napameTpu ce
fenexu no pasnom CbC CeBep-CEBEPON3TOMHA MNOCOKa,
TpacupaH rnaBHO NO OCOGEHOCTM B MarHWTHOTO Mofie no
nuanaTa Kpymosrpag — MopsiHum (®ur. 1). Cbe cblata
nocoka Ha 3anaf OT Hero ce OTAENs MBMUA C BMCOKM
CbAbPXaHWUS Ha Kanui, TOPUIA U YpaH.
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®ur. 1. PernoHanHa no3uumsa Ha KPpbroBuTe CTPYKTYPU B LIeHTPanHaTa 4acT Ha Momwnrpancxa‘ra genpecua no reodmsuquu AaHHU:

1 - rpaBUTaLMOHHN TPaANEHTH, CBBP3aHU C TEKTOHCKM HapYLUEHUA C NO-PerMoHaneH xapakTep; 2 - TEKTOHCKM HapyLeHWs Mo rpaBUMETPUYHM (a) 1
MarHuTHu (6) AaHHU; 3 - CTPYKTYPU NO AaHHM OT KOCMOGOTOCHUMKM: a) NIMHEIHH; 6) KpBLroBu; 4 - peroHanHN rpaBUTaLMOHHN aHOManum, CBbp3aHu ¢
HeeaHOPOAHOCTM B MeTaMOP(HUA KOMMIEKC: a) MakcMMymu; 6) MUHUMYMM; 5 - rpaHMUA Ha MarMeHa CTPYKTypa CbC cneuuduyHa u3siBa B
reocdhusnyHUTe noneta; 6 - rpaHMLM Ha KPBLIOBU CTPYKTYPM: @) NO rpaBUTaLMOHHM AaHHK; 6) N0 MarHUTHW AaHHK; 7 - BepoATHM KpBroBK pa3nomm ¢
Kucen BynkaHu3bM (no U. BosHOB — Heny6nukyBaHW AaHHK); 8 - yyacTbLM C NOBULEHN CbabpkaHusA Ha U, Th u K no aeporamacnekTpuyHu gaHHu,
CBbP3aHU C KUCENW BYNKaHUTY; 9 - rpaBUTaLIMOHHU MUHUMYMHU (a) M y4acTbLy C NOBULIEHN CbAbPXaHuA Ha K (0), cCBbp3aHu ¢ hen3ntoBn puonuty;
10 - MIHTEH3UBHU MarHUTHU MaKCUMYMM, CBBP3aHU C Tena OT CepPneHTUHU3UpaHM ynTpabasuTu; 11 - pernoHaneH cemsmmyeH npodun Ueaiinosrpapg -
ApavHo (YacT 18); 12 - npocdunHa nuHus 'l 3a MogenmpaHe Ha rpaBUTaLMOHHOTO none
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] 7 ca

{proBH ByKkack TPXKTan , OTAeNeHM fio rpanmeprqHM
W MarH - prMOBrpa,qcxa
fanob LKA, Hp. aHoamuxa .qenpe
ermMeHTH oT Kp'brosme CTDYKTYpH, usrpa.q M NPeaMMHO OT:
a puonuTn g 1¥| aHaesuTyn
TpaxuaHoesnTu; B aH,qeszo asan Gasa
OKanHi MafuTHH  MaKCHMyMU 7 rpaBuTauuonHu
MHHWM CBbP3aHU ~ OCHO HO C aHpenTM M
(] Jpaxva .qe
R OKankK % BUTAaLMOHHU _ MaKCHMyMM % W MarHHTHA
=1 MUHUM & CBbP3aHM C Tena oT aHae3uTobasa
(&) Tokan i Manum, CB'bp3 Hu_ ¢ Tema oT asanTM a)
) [PaBHTaLMOHHY MaKchM MarHUTHA MUHM
(3|7 TpaBuTaLMoHHM MakcK U MarHuTHM Ma cMMXMM AGL
CBbp3aHU BEPOATHO C HOKUCENN  BYNKaHCKM
MHTPY3NBHU Tena.

®ur. 2. EneMeHTH OT BLTPELLHNSA CTPOEXK Ha prMOBI’paACKaTa 1 HaHoBuwKaTa BYJTKaHCKU Kp'broBU CTPYKTYpU No reohM3nYHN JaHHU

Q|

O Ma" ‘4 ®

®ur. 3. Cxema Ha reoM3MyHUTE aHOManuu, CBbLP3aHU C BYNKAHCKM
LieHTpoBe B KpymoBrpaackaTa kpbroBa CTpykTypa:

1 - rpanvua Ha KpymoBrpaackaTa KpbroBa CTpyKTypa Mo reotpusnyHu
AaHHU; 2 — JOKaNHW MarHUTHW aHOManuu: a) MONoXUTenHu, 6)
oTpuuaTenHu; 3 - KOHTYP Ha IOKanHU T[PaBMTaLMOHHW aHOManu,
nony4yeHn uYpe3 apuTMETUYHO ycpepHsBaHe ¢ paguyc R = 3 km; 4 -
TEKTOHCKM HapyWeHUsl NO MarHUTHU AaHHW; 5 — PenMKTN OT ByNKaHCKU
NOCTPOWKHU: @) CbC CPeAHOKMCEN CHCTAB, 6) C kKucen cbeTaB
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our. 4. MarHuTeH Mojen Ha Tena OT CPeAHOKUCENU BYNKaHUTW B
yyacTbK, ceBepon3TouHo ot Kpymosrpaa:

6

1 - cpepHokucenu Tycobpekyn; 2 — aHAe3UTH; 3 — aHAE3UTOBU
naBobpekyu; 4 — HabnoaaBaHo MarHUTHO none AT; 5 — MarHUTHO none
Ha Mopena; 6 — ronemuHa J M Bbrbn Ha HaknoHa ¢ Ha edekTMBHaTa
oCTaTb4yHa HaMarHMTEHOCT Ha CKanuTe OoT MoAena



B Hait-ceBepHaTa uYacT Ha KpymoBsrpafckata Kpbroea
cTpyktypa npu c. Cragkogym C WHTEH3WBHA MarHuTHa
aHomarMsi ce OTAens CpaBHWUTENHO FONAMO MO pasmepu
aHoesnToBO TANO. JluncaTta Ha rpaBUTaLMOHHA aHOManus He
no3eonsiBa TO a Ce CBbP3Ba C ByMKAHCKK LieHTbp. Ha 3anag
0T Hero npu c. MopsiHUM CbLUO B ceBepHaTa nepudepus Ha
KpbroBarta CTpyKTypa C NMOKaiHM OTpULaTeNHN rpaBnUTaLMOHH
aHoManuM M MOBMILEHU CbObpkaHua Ha kanud 40 ce
MapkupaT puonuToBK Tena. Mo reoMopOonoXKA AaHHU TYK ca
Habensi3aHu LIEHTPOBE Ha KUCEN BynKkaHu3bM. /3TerneHocTTa
Ha reouanyHUTE aHOManuu NOTBLPXAABA U3TErNSHETO Ha
CTPYKTYpWTe B 3anag-cesepo3anagHa nocoka.

Bropata pasrnexpaHa KpbroBa BynkaHcka CTpyKTypa —

HaHoBuLLIKaTa e pasnonoxeHa HenocpeAcTBEHO Ha 3anaf ot
KpymosrpaackaTa. T8 ce OTnMYaBa CbC CIOXEH BbTPELUEH

Ag

cTpoex. B ueHTbpa 1 ce oTkposiBa obocobeHa KaTo
CamoCToSTENHA  BbTPEWHa KpbroBa CTPYKTypa, KOSITO
Hapuyame HaHoBuwka aenpecus (kangepa). Ta ce Benexu ¢
fokaneH MWHUMYM Ha Ag W crnabo WHTEH3NBHO Hegude-
PEHLMPaHO MarHUTHO Mone, CbBMajalM OT4aCTW C KPbroBa
MopPOCTPYKTypa, OTAeneHa Ha kocmodpoTocHumMky (Mosyes
ap., 1988). WasrpageHa e OT Kucemu MMPOKNACTUYHM
MaTepuanu ¢ MHOro Hucka nibTHOCT (cpegHo 2.00 g/cmd) u
cnabu marHuTHM CBOWMCTBA. Tean ckamu ca MpeceyeHn OT
COHOAXW C ObMKWHA OT nopsigbka Ha 100 m, kouTo He
pocTuraT oo gonHata um rpaHuua. CbCTaBeHWs MITbTHOCTEH
mMogen  nokasea, Ye  BeposTHata  fgebennHa  Ha
nupoknacTyHuTe Matepuanu e okono 400 m. Te nokpusart
Croii OT CEeAYMEHTU M CPEOHOKUCENN BYNKaHUTH, YUSTO AOMHA
rpaHuua e Ha okono 2-2,5 km oT 3eMHaTta MoBbPXHOCT.

lMbTHOCTHMAT Mofen nokasea, Ye HaHoBwLKaTa aenpecus e
BEPOSITHO KanaepHa CTpyKTypa.

Kucenn Tydu, TyGOKOHITOMEPATH,
nr 0-
CpeHOKIICENH JIaBH 1 JaB n
A Gpexuir, 6a3anTh 10 GasANTH
ARJIE3MTORH 5 TPAXHAHIEIHIOBH p
Napobpe KU peKTH

Mecvxmmsy  TydH, Mepremy,
OpraHOTCHHH BAPOBHIDA,
TloxpoB}1 11 NOTOLD! OT TPAXHAHIEIUTO-

AMIEIVTOBH 1 TPaXHaHI3uToBH Tydo-

Kawynxa

CpenHoxncenu Tydu u Tydobperan,
AHZEINTH H TPAXHAHAEINTH,

MepresiopapoBITTa 3aIpyra

BbIIeHOCHO-IACKY HIKOBA 3apyTa Tuaticit, wnetis, amnGomiTi, MpaMopH Metamepdosipatsl rpasiTn

301 Ha TUIACTHYHO HaBMI4aHe Paznosm
Kpusy Ha Ag! ) watnopasana,
6) ¥mancreHa 3a Mozena none AT

Kolmryp Ha TAIO OT ITBTHOCTIB LA MOAC
ChC CP/IRATE MY FUILTHOCT (g/em®)

Kpiea Ha HaG/ORaBSHOTO MBFHHTHO

®ur. 5. eonoro-reocmanyer paspes no npochun ' no nunusTa PaBeH — 3natonuct — Barpunum (reonoxkw paspes no Capos u gp., 1995)

[pyru enemeHTH, 00yCnaBsLLM COXHWUS BbTPELLEH CTPOEX
Ha HaHoBWlIKaTa KpbroBa CTPYKTypa, Ca OTAENEHUTE B
M3TOMHATa 1 NONMOBMHA []Ba CErMeHTa C HempasunHa dopma 1
pasnnyeH CbCTaB Ha W3rpaaaLLuMTe v ByNKaHCKM ckanu. lo-
3anagHuaT € C npeobrnagaBallo CPegHOKMCEN CbCTaB —
TpaxuaHgesutobasantu, aHgesntobasantu u Apyrm OT T. H.
3Besgenckn komnnekc (Capos u gp., 1995), cpen kouto ca
OTAENEHN 1 NO-KCEMNU BYNKAHUTM (HanpuMep Ha W3TOK OT C.
HaHoBuua). B rpaBuTaLMOHHOTO Mnone ce xapakTepusupa ¢
MakCUMyM. B U3TOYHWAT CEermMeHT, KOMTO CblWo € ¢
HenpasunHa (opma, u3rpaxgjalure ro ckanu OT T.H.
CBETUMIMIACKN KOMMIEKC — PUONUATH, KUCEnn Tydn 1 apyru
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0bycnaBsT rpaBUTALMOHEH MAHUMYM U Y4ACTbLM C MOBULIEHM
HaadOoHOBK ChabpKaHus Ha kanuid 40. B rpaHuumMTe Ha TO3M
yyacTbk npu BbpxoseTe KyTkas u Ambaptene ca OTAeneHu
[Ba BYIKAHCKM LieHTbpa C KCENT pUONIUTOB CbCTaB, KOUTO Ce
cukeupaTt ¢ rpaBuTALMOHHN MUHUMYMW U PagMOr€OXUMUYHM
aHoManuu.

XapakTepHa 0COGEHOCT B reouanyHaTa XapakTepucTuka
Ha pasrmexnaHWs paiioH B LieHTpanHaTa 4acT Ha
MOMYMNTPaACKOTO MOHWXKEHUE € HAMUYMETO Ha WHTEH3UBHM
OTPULATENHM MarHWUTHW aHoManuu. Te nonagar B y4acTbly ¢
PasKpUTMS Ha NO-6a3n4HN BYNMKaHCKM CKanM — aHOesuTo-



6asantu (npu ¢. Heodmt Bo3senneso, toromstouHo ot ¢. Koc,
npu Wpaknn Teme B 3anagHata nepudepus  Ha
KpymoBrpapackata cTpykTypa) u 6asantu (no TeYeHMeTo Ha p.
KpymoBuua Ha 3anag ot c. [xaHka). MonyyeHute gaHHn ot
opueHTMpaHn obpasuyn nokasaxa (tabn. 2), ye Te ce
XapaKkTepuaupaT C MHOTO BMCOKM CTOMHOCTM Ha MarHuWTHaTa
Bb3NPUEMYNBOCT M OCODEHO Ha BeKTOpa Ha ecTecTBeHaTa
ocTaTbyHa HamarHuteHoct (26920.10- A/m  3a TAnmoTo OT
aHgesntobasanTtu Ha 3anag oT c. Heodut Bossenveso u
6384.10-3 A/m 3a 6a3anTute 3anagHo ot ¢. [xaHka). Mpu ToBa
BEKTOPBT Jn € HAaco4YeH 0bpaTHO Ha CbBPEMEHHOTO MarHWUTHO
nore Ha 3emMsiTa, KOeTo Hal-BepOSITHO CE ObITKN HA MHBEPCUS
Ha MarHWTHUTE MOMICK MPEe3 CPedHUs W [OMEH OMMIOLEH,
KoraTo Criopes reonoxkuTe gaHHu Te ca obpasysanu (Capos u
ap., 1995). 3a usyyaBaHe Ha aHAe3nTo6a3anToBOTO TANO Ha
n3ToK oT €. Heodmt Bo3BenneBo ca CbCTaBeHW ABYMEPHM
MOZenu — NIbTHOCTEH M MarHuTeH. WHTepnpeTaumsta Ha
rpaBUTaLMOHHOTO MofE € U3BbpLUEeHa No npocun I'l, npokapaH
npe3 cenata PaseH, H. bossenueso, 3natonuct, Kadynka un
Barpunun. Ha nnbTHOCTHUS mogen (®ur. 5) aHomanHwsT
00eKT npeacTaBnsiBa CPaBHUTENHO roONsMO NO pasmMepy TANMO ¢
NTLTHOCT cpefHo 2,63 g/cm3 n MakcuManHa 4bnbounHa okomno
2 km. Cropeg KomMyecTBeHaTa WHTepnpeTauusi Ha
marHuTHoTo none (Capos 1 ap., 1995), ToBa € M3OMETPUYHO,
pasKpuBaLLO Ce Ha MOBBPXHOCTTA TANO C AuameTsbp okono 1,7
km u gpnboumnta 1,2-1,5 km Ha gonHata My rpaHuua.

lMpuBeneHNTe faHHW NOKa3BaT, Ye BYIIKAHCKITE CTPYKTYpU B
LeHTpanHata 4acT Ha Momumnrpagckoto MOHWXEHWe ce
XapaKkTtepusupaT CbC creynduiHa M KOHTpacTHa u3sBa B
reou3nyHUTE MoneTa, Koeto nosgonssa fAa ce nomnyyar
peawua HOBW aHHU 3a BbTPELHWA UM cTpoex. [poseaeHara
WHTEpNpeTauus noka3sa, Ye TOBA Ca CIOXHO MOCTPOEHU
HEXOMOTEHHU  CTPYKTYpW. CbCTaBEHUTE  MIMBTHOCTHU U
MarHuTHU Mogenu, CbobpaseHn N CbC CEU3MUYHWUTE AaHHMU,
[aBat npefcrasa 3a MopdonorysTa, a B HAKOM cnyyan v 3a
BpemMeTo Ha obpa3yBaHe Ha OTAErneHWTe BYyMKaHCKW Tena.
MpoBeneHUTe NOCTPOEHNS ca CboOPa3eHM C HOBUTE re0NOXKM
[aHHW 3a paioHa U AOMbIIBAT W PasLLMPABAT NO3HAHMATA HU
3a TO3W yyacTbK oT MaTouHuTe Pogonu.

lMpenopbyaHa 3a nybnukysaHe OT
Kategpa “Mpunoxna reocmanka”, Mo
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GRANITE AND RELEVANT SOILS SPECTRAL REFLECTANCE
AND COLOR FEATURES

Denitsa Borisova, llko lliev

Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Sofia 1113; dborisova@stil.bas.bg; ilko@stil.acad.bg

ABSTRACT. Monitoring in risk areas (mines, landslides, etc.) is associated with rock appearance detection. The actual usefulness of the remote sensing methods,
applied for this purpose, depends on their accuracy and reliability. Colorimetrical analysis provides means for rock and soil evaluation. The objective of this paper is to
study the granite, corresponding soils and their mixture in relation to color features. Experimental data was used to model reflectance and color characteristics of
granite and respective soils mixtures. The results provide further confirmation of the potential of spectral mixtures analysis for risk areas monitoring.

CNEKTPAITHA XAPAKTEPUCTWUKW HA TPAHUTU N CLOTBETHUTE MNOYBM BbB BPB3KA C LIBETOBUTE UM
OCOBEHOCTH

JeHuua bopucoea, Unko Unuee
Lienmpan+a nabopamopusi no cibHYego-3eMHu eb3deticmeust, BAH, Cogpus 1113; dborisova@stil.bas.bg; ilko@stil.acad.bg

PE3IOME. MOHMTOPWHIBT Ha PUCKOBM palioHu (MMHM, CBMAYMLLa) Ce CBbP3Ba C HAOMIOAEHWETO Ha U3HACSHE Ha MNOAOPOAHWUS MOYBEH CMON W PasKPUBAHETO Ha
ckanHata Moamnoxka. /3nonssaHeTo Ha AWCTaHLMOHHM MeTOau 3a Taan Lien ce obycnass OT TsAXHaTa TOYHOCT W HapeXaHocT. LiBeToBuaT aHanus e egHa ot
Bb3MOXHOCTUTE 3a OLiEHsBaHe Ha pasKpUTUATa Ha CKanu W pasnpoCTpaHeHMeTo Ha noyBeHaTa nokpueka. Lienta Ha HacToswarta pabota e Aa pasrneda rpaHUTUTe,
CbOTBETCTBALLMTE MOYBM W TEXHUTE CMECU BbB Bpb3ka C LBETOBUTE MM ocobeHocTw. EkcnepumeHnTanhute AaHHM 6sxa M3nonseaHW 3a MogenvpaHe Ha
CneKTpanH1Te CMEecu W LBETOBUTE XapakTepucTuku. Momnyyenute obellasaly pesynTaTi MOTBbPXAABAT MOTEHUMANa Ha aHanu3a Ha CreKTpanHu CMecu mpu
MOHUTOPUPAHETO Ha PUCKOBI PANOHM.

Introduction spectrometers with channel width less than 1 nm (Petkov et al.,
2005; lliev, 2000). The illumination source was a halogen lamp

Risk areas monitoring by remote sensing is closely with power P=2000 W. Barium sulphate was used as a

connected to vegetation, soil and rock amount estimation. The reference standard.

actual usefulness of the applied methods depends on their .

accuracy and reliability. A basic problem in data processing The spectral reflectance curves of granite, brown and red

and interpretation is spectral mixture decomposition and land soils are given in Fig.1a illustrating the large range of soil

cover classification. The objective of this paper is to study the reflectance signatures.

granite, corresponding soils and their mixture in relation to

color features. Laboratory and in-situ measurements of the The variety of soil and rock fraction cover was modelled from

spectral reflectance the granite and soil samples were bare soil and rock reflectance using the additive theory

performed in the visible and near infrared ranges of the  (Mishev, 1991):

electromagnetic spectrum by means of precise multi-channel

spectrometers with channel width less than 1 nm. Experimental z p,r(A)

data was used to model reflectance and color characteristics of Is (/1) =i (1)
mixtures of the granite samples and their respective soils.

where 'z (4) are the resulting spectral reflectance signatures

Materials and methods r. (1)

of the mixed class, - the reflectance of the components

Ground-based in-situ  and  laboratory  reflectance (classes) composing the mixture, P components’ relative
measurements of the granites (10 samples) and relevant soils amounts (fraction cover).

(brown and red) were performed in the 04-0.8 range of the
electromagnetic  spectrum using precise multi-channel
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Fig. 1a. Reflectance spectra of granite, brown and red soils

The spectral reflectance curves of modelled rock-soil
mixtures are shown in Fig.1b where the impact of the soil type:
red (dashed line) and brown soil (solid line) is seen.
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Fig. 1b. Reflectance spectra of rock-soil mixtures with different fraction
cover (0.2,, 0.4, 0.6, 0.8) of granite

From each spectral reflectance signature the colorimetric
characteristics ~ (tristimulus ~ values  X)Y,Z, chromaticity
coefficients x,y,z and dominant wavelength As) of the
measured objects and modelled mixtures were computed in
the spectral range 450-750 nm according to the CIE 1964
methods and Des light source (Agoston, 1979).

In the wide-spread case of soil and green vegetation, for

Z Pi :l.

instance, considering that

=01+ (1_ oY )rs ()

(3)

In correspondence with the additive theory (the same being
true for Y, Z and W=X+Y+Z) (Mishev, 1992; Kancheva, 2003):
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st = z DGS[pV(rv - rs)+ rs])_(A/fi
A

st = pv(Xv - Xs)+ Xs

_ pv(xv B Xs)+ Xs
" pv(Wv _Ws)+Ws

X
(6)

As seen from (6), the chromaticity coefficients defining the
position of soil-vegetation mixtures on the color diagram
depend on the relative amounts of the pure classes.

The presented example of “soil-vegetation system” is applied
for rock-soil mixture in this paper.

Results and discussion

There are only three important groups of colors from natural
objects (Mishev, 1986). Rocks, soils and dry vegetation are
within the region of yellow to red-orange (575-590 nm). The
color coordinates (x,y) of the granite samples, brown and red
soils falled into this region. In Fig. 2 is clearly seen the wider
band of bare soils location. The wider Aqs range of the soil
cluster within the color locus and the narrower one of light-
colored granites suppose bigger errors in assessment of rock
fraction cover if the soil type are not taken into account.
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Fig. 2. Dominant wavelengths A4 of two soil types and granites

In Fig.3 the position on the color locus of two-component
mixtures of granite, red and brown soils are presented. The
position of chromaticity coefficients of modelled mixtures fall on
line connecting pure granites and relevant soils.

(6
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Conclusions

The advantage in using color features is that the visible
spectral range is closely related to physical and biophysical
parameters of the objects and that the whole reflectance curve
is used normalized on the spectral distribution of the incident
radiation. Besides, Ad allows the comparison of slightly
differing color stimuli. As a whole the obtained results are an
encouraging confirmation of the potential of mixture analysis

Recommended for publication by Department of
Applied Geophysics, Faculty of Geology and Prospecting
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for risk areas monitoring. Future work is intended in precising
the dependences of Ad on rock and soil fraction cover by
larger experimental data sets as well as their verifying and
effective accuracy testing using low-height airborne spectral
data.
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CLEANUP OF ACID MINE DRAINAGE BY MEANS OF A PILOT-SCALE PASSIVE SYSTEM
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ABSTRACT. Acid mine drainage with a pH in the range of about 2.5-4 and containing radionuclides (mainly uranium and radium), heavy metals (copper, zinc,
cadmium, lead, nickel, cobalt, iron, manganese), arsenic and sulphates as main pollutants were treated by means of a pilot-scale passive system consisting of an
alkalizing limestone drain, a permeable reactive barrier for microbial sulphate reduction and biosorption, and a natural wetland, connected in a series. An efficient
removal of the pollutants was achieved by this system, even during the cold winter months at temperatures close to 0 °C. Iron was removed mainly as hydroxides in
the alkalizing drain and as sulphide in the permeable barrier. Uranium, non-ferrous metals and arsenic were removed mainly in the barrier as a result of the activity of
the indigenous sulphate-reducing bacteria. Manganese was removed mainly as MnO: after the prior bacterial oxidation of the Mn2* ions to the tetravalent state.
Portions of all these pollutants were removed and by sorption on the dead plant biomass present in the barrier.

MPEYUCTBAHE HA KWCENW PYOHWUYHW BOOU NOCPEOQCTBOM NMUNOTHA NACUBHA CUCTEMA

CmosH pydes?, MnameH Meopaues’, UpeHa Cnacoea’, MapuHa Hukonoea’, AHamonu Aneenos’, Jlydo Junc?
Kamedpa no UHxeHepHa 2eoekonoeusi, MY, Cogpus 1700

2TexHonoauu 3a okonHama cpeda, BUTO, Mon, Beneusi

PE3IOME. Kucenn pyaHuyrm Bogu ¢ pH B obnactta okono 2.5-4 1 cbabpxalyy pagnoHyKnuan (TaBHO YpaH 1 pagui), TEXKM MeTamu (Meg, LMHK, KagMui, Huken,
kobanT, xens3o, MaHraH), apceH u cyndarty KkaTo rmaeHu 3aMmbpeuTeni, Bsxa TpeTUpaH NOCPeACTBOM NAackBHA CUCTEMA, ChCTOSLLA Ce OT ankanuavpall, BapoBUKOB
ApeHax, Nponycknuea peakTneHa 6apuepa 3a MMkpoBHa AucUMUNaTBHA cyndaTpeaykums 1 61ocopbums, 1 ecTeCTBEHO MOYYpHLLE, CBbP3aHN NOCMeA0BaTENHO.
MocpepcTeom Ta3n cuctema be NOCTUTHATO edhnkacHO OTCTpaHsBaHe Ha 3aMbpcuTenuTe, AOpU Npes CTyAEHUTE 3MMHU MeceLm, npu Temnepatypu 6nuaku ao 0 °C.
YKens3oto Be OTCTPaHEHO IMaBHO KaTo XUAPOOKWCK B ankanuavpallyus ApeHax 1 kato cyndwmpg B nponycknueata 6apvepa. YpaHbT, LBETHUTE MeTanm U apceHa
6sixa oTCTpaHeH rmasHoO B BapuepaTa B pesynTaT Ha akTWBHOCTTa Ha obuTaBalyuTe 8 cyndart pesyuvpalyy 6akrepun. MaHraHa 6e otcTpaHeH rnasHo kato MnO:
cned npeaBapuTenHoTo GakTepuanHo okucneHne Ha Mn2* oHM A0 YeTMpuBaneHTHaTa cpopma. Yact OT BCMUKM Tean 3ambpcuTeny Bsixa OTCTPaHEHW M Ype3
cop6uus BbpXy MbpTBaTa pactutenHa duomaca B 6apueparta.

Introduction treatment of such waters by means of a passive system

consisting of an alkalizing limestone drain, an anoxic barrier for

The acid mine drainage waters generated in the uranium microbial dissimilatory sulphates reduction and biosorption and

deposit Curilo, Western Bulgaria, are a heavy environmental a natural wetland, connected in a series, are presented in this
problem, especially after the end of the mining operations paper.

fifteen years ago. The fractured ore body and the several
dumps consisting of mining wastes are, especially after rainfall,
the main sources of these waters. The waters have a low pH Materials and methods
(usually in the range of 2.5-4.0) and contain heavy metals,

radionuclides, arsenic and sulphates in concentrations usually The passive system was constructed in a ravine collecting a
much higher than the relevant permissible levels for waters portion of the acid drainage waters generated in the deposit.
intended for use in agriculture and/or industry. The The alkalizing limestone drain was a pond with a volume of
solubilization of these pollutants from the residual ore in the about 2.5 m3 (1.0 m long, 1.7 m wide and 1.5 m deep). The
deposit is connected mainly with the oxidative activity of the pond was constructed by using acid-resistant concrete and
indigenous acidophilic chemolithotrophic bacteria (Groudev et was filled with a mixture of crushed limestone and gravel (in a
al., 2003). ratio of about 1:2 as dry weight) with a particle size less than
12 mm. The surface of this mixture was covered by a

Different methods to cleanup the above-mentioned polluted permeable textile cover intended to retain the solid particles,
waters were tested under laboratory and pilot-scale conditions. consisting mainly of iron and aluminum hydroxides, suspended
Most of these methods were connected with the application of in the drain effluents. Another cover of the same material was
various passive systems such as alkalizing drains, natural and located in the drain, at a depth of 10 cm from the surface, to
constructed wetlands, permeable reactive barriers and rock separate the top limestone-gravel layer in which some oxygen
filters, used separately or in different combinations (Groudev et was present, from deeply located mass of these materials. This

al., 2002, 2003a, 2003b, 2003c, 2004). Some data about second cover retained the iron hydroxides generated in the
217



upper layer and prevented their seepage into the deeply
located material. The permeable barrier had a volume of about
20.4 m3 (8.0 m long, 1.7 m wide, and 1.5 m deep) and was
filled by a mixture of biodegradable solid organic substrates
(cow manure, plant compost, straw), crushed limestone an
zeolite saturated with ammonium phosphate. The barrier was
inhabited by a microbial community consisting mainly of
sulphates-reducing  bacteria and other  metabolically
interdependent microorganisms (Table 1). The natural wetland
covered an area of about 80 m2 and was characterized by an
abundant water and emergent vegetation and a diverse
microflora. Typha latifolia and Typha angustifolia were the
main plant species in the wetland but species related to the
genera Juncus, Eleocharis, Phragmites, Potamogeton, Carex
and Poa as well as different algae were also present. The
passive system was put into operation in the beginning of July
2004. Until now (May 2005), the water flow rate through the
passive system was maintained in the range of about 1-10
m3/24 h, with a tendency for a gradual increase.

Table 1
Microorganisms in the acid mine drainage and in effluents from
the permeable reactive barrier

et al., 1988; Widdel and Hansen, 1991; Widdel and Bak, 1991;
Groudeva and Tzeneva, 2001).

Results and discussions

An efficient cleanup of the acid mine drainage was achieved
by the passive treatment system. The essential removal of
pollutants was performed in the alkalizing drain and in the
permeable reactive barrier (Table 2), at total residence times in
the range of about 300 to 30 hours. In the alkalizing drain the
pH of the waters was increased to values around the neutral
point and as a result of this most of the iron (present as Fe3*
ions) was precipitated as ferric hydroxides. Portions of the non-
ferric metals and aluminium (usually from 20 to 50 %) were
also removed in the drain as a result of hydrolysis and
subsequent precipitation as the relevant hydroxides. A portion
of arsenic was also removed, mainly by means of sorption on
the iron hydroxides.

Table 2
Composition of the acid mine drainage and of the effluents
from the permeable reactive barrier

Microorganisms In the In the
acid barrier
mine effluents

drainage
Cells/ml
Fe2*-oxidizing chemolithotrophs 104-10" 0-102

(atpH2)

Aerobic heterotrophs (at pH 2) 101-104¢  0-10"
S203%-oxidizing chemolithotrophs 0-10%  102-103
(atpH7)
Aerobic heterotrophs (at pH 7) 0-102  10'-104
Anaerobic heterotrophs (at pH 7) 0-101 104 -107
Sulphate-reducing bacteria 0-10"  104-107
Cellulose-degrading microorganisms ND 108 - 106
Bacteria fermenting sugars with ND 104 -107
gas production
Ammonifying bacteria ND 102-10%
Denitrifying bacteria ND 102-10%
Fe¥*-reducing bacteria ND 108 - 106
Methane-producing bacteria ND 101 -10°

Permissible
levels for
waters
intended for
use in
agriculture
and industry

Barrier
effluents

Parameters Acid mine
drainage

Note: ND = not detected

The quality of the waters was monitored at different sampling
points located at the inlet and the outlet of the above-
mentioned three units of the treatment system, as well as at
different sites in the permeable barrier. Elemental analysis was
done by atomic adsorption spectrophotometry and induced
coupled plasma spectrophotometry. The radioactivity of the
samples was measured, using the solid residues remaining
after their evaporation, by means of a low background gamma-
spectrophotometers ORTEC (HpGe - detector with a high
distinguishing ability). The specific activity of 226Ra was
measured using 10 | ionization chamber.

Mineralogical analysis was carried out by X-ray diffraction
techniques. The mobility of the pollutants was determined by
the sequential extraction procedure (Tessier et al., 1979). The
isolation, identification and enumeration of microorganisms
were carried out by methods described elsewhere (Karavaiko

Temperature, °C  (+1.2)-(+24.0) (+1.2)-(+25.9)

pH 242-415 6.22-7.74 6-9
Eh, mV (+350)-(+597)  (-140)-(-280) -
Dissolved Oz, mg/l  1.7-5.9 02-04 2
TDS, mg/l 930-2972  545-1827 1500
Solids, mg/l 41-159 32-104 100
DOC, mgll 05-21 59 - 152 20
S04Z, mg/l 532-2057  275-1225 400
U, mgll 0.10-2.51 <0.05 0.6
Ra, B/l 0.05-0.50 <0.03 0.15
Cu, mgl/l 0.79-8.24 <0.20 0.5
Zn, mgll 0.59-14.90 <0.20 10
Cd, mg/l <0.01-0.10 <0.004 0.02
Pb, mgll 0.08-0.55 <0.02 0.2
Ni, mg/l 0.23-145 <0.03-0.10 0.5
Co, mgll 0.15-1.04 <0.03-0.10 0.5
Fe, mg/l 41-640 0.7-9.1 5
Mn, mgl/l 3.2-27.1 0.7-438 0.8
As, mg/l 0.05-0.32 <0.01 0.2
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The removal of the residual concentrations of pollutants in
the permeable barrier was connected with different biological,
chemical and physico-chemical process but the microbial
dissimilatory sulphates reduction and the sorption of pollutants
by the dead solid plant biomass played the main role. The
anaerobic sulphate-reducing bacteria were a quite numerous
and diverse population in the barrier. The dominant and the
most active strains were related of the genera Desulfovibrio
(mainly D. desulfuricans) and Desulfobulbus (mainly D.
elongatus) but representatives of the genera Desulfococcus,
Desulfobacter and Desulfosarcina were also well present. As a
result of their activity the pH of the waters was stabilized



around the neutral point due to the generation of
hydrocarbonate ions during the microbial sulphate reduction.
The residual concentrations of non-ferrous metals, iron and
arsenic were precipitated mainly as the relevant insoluble
sulphides. Uranium was precipitated mainly as uraninite (UOz2)
as a result of the prior reduction of the hexavalent uranium to
the tetravalent form. However, portions of these pollutants as
well as most of the radium were removed by sorption on the
dead plant biomass (Table 3). Only small amounts of the
pollutants were precipitates as the relevant hydroxides or
carbonates. Apart from the chemical and mineralogical
analyses of the sediments in the barrier, the above findings
were established also by the data from the subsequent
extraction procedure (Table 4).

Table 3
Content of pollutants in the dead solid plant biomass in the
permeable reactive barrier

Pollutants Content, mg/kg dry biomass
Uranium 10-73
Radium 5-35
Copper 32-170
Zinc 14-71
Cadmium 2-21
Lead 9-55
Nickel 10-68
Cobalt 10-59
Manganese 37-172
Arsenic 4-24
Table 4

Distribution of pollutants in sediments from the permeable
reactive barrier into different mobility fractions (as % from the
total content of the respective pollutant)

Pollutants Portions of pollutants in different mobility fractions, %

Exchangeable Carbonate Oxidizable Reducible

U 7-44 3-12 62 - 88 2-6
Ra 71-88 3-1 2-7 4-14
Cu 8-35 4-16 60 - 82 4-8
Mn 6-25 5-15 2-6 64 - 88
Fe 7-18 5-16 65 - 86 2-10

The effluents from the barrier were enriched in dissolved
organic compounds and usually still contained manganese in
concentrations higher than the relevant permissible levels
(Table 2). These effluents were treated in the natural wetland
where the MnZ* ions were oxidized to Mn* by some
heterotrophic bacteria producing peroxide compounds and the
enzyme catalase, which degraded the excess to peroxides to
molecular oxygen and water. The Mn** ions precipitated as
MnO2. The dissolved organic compounds were degraded by
the different heterotrophs inhabiting the wetland.

The water cleanup markedly depended on the temperature
but was efficient even during the cold winter months at ambient
temperatures close to 0°C (Table 5), although at longer
residence times. During these cold months, when the growth
and activity of the microbial community in the permeable
barrier were considerably inhabited, the role played by the
solid dead plant biomass as a sorbent of pollutants was
essential.
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Table 5

Removal of pollutants from the acid mine drainage by means
of the passive treatment system during different climatic
seasons

Pollutants Pollutants removed, g/24 h
During the During the cold winter
warmer months months (at 0-5 °C)

Uranium 242-17.2 0.35-2.27
Copper 9.74-80.2 1.52-7.20
Zinc 6.44-110.4 1.40-9.72
Cadmium 0.14-1.20 0.03-0.19
Lead 1.24 -5.05 0.28-1.34
Nickel 2.71-11.35 0.60-2.84
Cobalt 1.80-7.81 0.41-2.08
Manganese 23.5-19%4 473-25.9
Arsenic 0.95-2.71 0.27-1.04
Iron 594 - 5230 88.4-712

The data from this study reveal that a passive system
consisting of properly selected different units can be efficiently
applied under real field conditions to treat acid drainage
waters.
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MODELING AND VERIFICATION IN VEGETATION SPECTRAL STUDIES
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ABSTRACT. Remote sensing technologies are recognized as an efficient tool for getting information about land covers and have a wide range of investigation and
application fields. In agriculture, remotely sensed data are used for plant growth monitoring, precision agriculture running and yield prediction. The interpretation of
airbome and satellite data require explicit apriory information about crop spectral behaviour under different conditions. Besides, the necessity to use various
geoinformation technologies incorporating remote sensing and in-situ observations, ancillary data and etc., imposes data integration and sharing between different
data sources. The paper is devoted to ground-level spectrometric studies as an integral part of remotely sensed data analysis.

MOLOENUPAHE U BEPUOUKALIUA NPU CNEKTPANHUTE U3CNEOBAHUA HA PACTUTENHOCT
Pymsina KbHyeea, Xpucmo Hukonos, [leHuya bopucosa

Llermpan+a nabopamopusi no c/ibHYe80-3eMHU eb3deticmeusi, BAH, Coghus 1113;

rumik@abv.bg; hristo@stil.bas.bg; dborisova@stil.bas.bg

PE3IOME. Pasnunynute Mogenu 3a OueHKa Ha BEreTaUMOHHOTO pasBUTUE HA 3eMEAENCKUTE KyNMTypuTe Ce HyXgasT OT AeTainHa WH(opMmauns OTHOCHO
CbCTOSHNETO Ha pacTeHnsTa, NOYBEHNTE XapaKTEPUCTIKA, MECTHUTE yeroBus u np.. KaTto yacT oT reonHdopmaumorHata cuctema (TMC), AucTaHuMoHHMTe MeToau
€a OCHOBEH MHCTPYMEHT, C YNATO NOMOLL Ce MONy4aBaT AaHHN OT roNeMu NOLLM OTHOCHO NapameTpy Ha pacTUTenHaTa NokpuBka, 3nonasaqu B nogobH moaenm.
OcoBeHHO LieHHW 3a OLieHKa Ha CbCTOSHWETO Ha MOCEBUTE M YCNOBMATA HA pasBuUTME Ca MPOCTPAHCTBEHO-BPEMEBM acrekTi Ha nonyyasaHaTa uHgopmaums. B
pabotata ca npeAcTaBeH| OCHOBIUTE Ha BbNPOCA, AUCKYTMPa Ce He0bXOAMMOCTTa 1 anrOPUTMUTE 3@ CbBMECTHOTO M3NON3BaHE HA HA3EMHW W AUCTAHLMOHHN AaHHN
3a LienuTe Ha pacTuTenHUS MOHUTOPWHT.

Introduction of data integration is not new it has become recently a leading
concept in data application.

Aerospace information gathered by different sensors has

become a genuine necessity in various scientific studies and This paper is devoted to the performance of ground-based
application fields. Vegetation is among the priorities of remote studies as an element of remote sensing. Ground-based
sensing investigations. They are related to vegetation studies are an integral part of remote sensing technologies.
biodiversity and state monitoring, stress detection and etc. as  They play an important role in the geoinformational system
well as too many world significant problems such as bemg .the most cost effgctlve and technically appropriate way
environmental changes, anthropogenic impact on ecosystems, of aiding the |nterpr§tat|on of remotely sensed data..Ground
desertification processes. In agriculture remote sensing is a measurements provide a reference source for testing and
tool that is used to retrieve information about plant validation of data processing algorithms and for verification of
development and growth conditions implementing the obtained results (Kancheva, 2003; Kancheva, 2004; Kancheva and Borisova,
data for crop agrodiagnostics and yield prediction (Kancheva et 2005).
al., 1992; KovHuesa, 1995; KvHueBa u [eoprues, 2000;
Kancheva et al., 2003). Especially advantageous in vegetation ground studies is the
ability to vary and control experiment conditions getting a
The development of efficient algorithms for multispectral and precise picture of plant spectral response to different factors
multitemporal data analysis is still one of the most essential (soil background, growth conditions, stress impacts, etc.) as
issues of remote sensing. The importance of this issue is well as to track in detail temporal aspects of plant spectral
related to the ever-increasing quantity of data provided by properties during the ontogenetic process. Here we present an
numerous sensors and Earth observation missions. Another ~ approach for vegetation ground-level modeling and verification
reason is the strong stress that is being put recently on the of spectrally retrieved data. The goal is to show and explain the
operational use of acquired data. Here immediately arises the main steps and procedures of the algorithm as applied to crop
question about the reliability of data interpretation. An answer ~ Mmonitoring, state assessment and prediction using remotely
to this question is the use of various geoinformation sensed multispectral and multitemporal data.

technologies incorporating remote sensing and in-situ
measurements, data sharing and integration. Though the idea
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Algorithm description

The diagram in Fig. 1 illustrates an approach for vegetation
ground data modelling and verification of model outputs in a
task formulated as “Crop state assessment and prediction”.
The algorithm is designed for examining the statistical
relationships within and between biophysical and spectral data
sets and for verification of plant parameters retrieved from
spectral measurements. Although the diagram presents in fact
the general idea of a ground-based informational system and

the concept of ground data implementation, some details are
determined by the particular task. Each rectangle frame
(named block or subsystem) has information content and
includes a group of procedures. Connections between blocks
show the direction of the needed informational fluids delivered
to a subsystem.
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Fig.1. Algorithm for vegetation ground-level modelling and verification

The algorithm contains four main stages:

field data collection,

ground-level data modelling,

retrieval of plant bioparameters as model outputs
and verification of estimations,
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solution of the task.

On the first stage investigation of the relationships between
plant spectral and biophysical features is carried out with
consideration of plant and soil type, plant ontogenesis and



growth conditions (anthropogenic factors — fertilization, etc.).
This stage involves: e phenological observations giving
information about plant growth stage at the moment of data
acquisition, e collection of biometrical data, i.e. plant
agronomic variables such as canopy cover, above-ground
biomass, leaf area index, etc. for developing of regression
models, e data from laboratory analyses (plant pigment
concentration, water content, soil properties, etc.), e
performance of ground-based radiometric measurements and
data transformation into variables used as inputs in spectral
models, i.e. vegetation indices - spectral band ratios,
normalized differences, etc.

On the second stage data statistical processing is carried out
including correlation and regression analysis for establishment
of empirical relationships between: e plant biometrical and
spectral features, e plant spectral features and yield used in
yield predictions, e different plant bioparameters describing
crop ‘“internal” relations and used for verification of
bioparameters retrieved from spectral data, e plant growth
variables and vyield used in yield predictions, e bioparameter
values at different phenological stages for investigating
ontogenetic dependences during plant growth, e plant spectral
properties, biometrical variables and anthropogenic factors
used for assessment of external impacts on plant growth and
spectral features.

On the third stage crop growth variables are estimated from
remotely sensed multispectral and multitemporal data using
the developed ground-level models. Apriory information about
crop species, phenological development, soil type and etc. is
taken into account here. Data radiometric correction for
atmospheric effects is not mentioned assuming low-altitude
aircraft transacts but such correction could be in principle
included. An important step on this stage is the verification of
the results from crop parameters spectral estimations. The
procedure is the following. Ground-based modelling includes
three groups of models:

- empirical relationships between plant spectral
features, biometrical variables and yield. They are applied for
remotely sensed data processing and interpretation using
remotely sensed spectral data as model input;

- empirical dependences between phytoparameters
and between phytoparameters and yield. These dependences
reveal internal physiological relationships during plant
development and yield forming. They are used for estimation of
plant variables and subsequent comparing and verification of
spectrally estimated crop parameters;

- phenological  relationships  reflecting  the
dependences between the values of a bioparameter at
different plant growth stages. These relationships are used for
phenological predictions of plant variables and comparison
with their spectrally retrieved values.

In such a way two-fold verification of spectral estimates and
predictions can be performed coupled with time-dependent
relationships.

On the fourth stage results from data interpretation are
obtained, i.e. quantitative assessment of crop state is given by
comparison of the retrieved plant variables to certain criteria
from agrostatistical data about plant growth parameters and
yield (means, maximums, etc.) depending on cultivars, soil
properties, agrotechniques, local conditions. The evaluation
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results could be presented in various forms, for instance as a
difference, ratio or percentage of the chosen criterion, or could
have qualitative expression according to user’s classification
(e.g. excellent, good, poor, etc.).Verification of crop state
evaluation is possible on the basis of different models and a
set of bioparameters. Predictions of plant development and
yield are made from spectral, physiological and time-
dependent models accounting for plant temporal dynamics.
Predictions rest on the dependence of the final situation on the
evaluated at a certain moment crop state and future updates.
As far as periodical state assessment is supposed to be
performed this will account for any accidental stress influences
that can not be known beforehand (such as pests and natural
disasters).

Conclusions

The implementation of airborne and satellite data require
explicit apriory information of land cover spectral behaviour
under different conditions. In this context ground-level
spectrometric studies are an inevitable condition for remotely
sensed data analysis and interpretation. The reliability of
remote  sensing technologies in crop quantitative
agrodiagnostics is essential for plant growth monitoring and
timely response to stress situations. The described algorithm
for ground-based modeling and verification benefits not only to
better predictions but to the creation of an information-based,
decision-making system designed to improve precision
agricultural management. Valuable aspects of the algorithm
are: simple modeling approach for linking spectral
measurements with plant growth features and yield using
detailed ground-truth data; verification of spectral predictions
with estimates from biophysical relationships; phenological
differentiation of the spectral models for higher precision and
reliability; considering plant type, growth stage and soil
properties for more accurate predictions. This algorithm for
crop state and yield assessment possesses operational and
decision-making usefulness and is quite suitable to airborne
performance over relatively small areas with specific local
conditions.
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ABSTRACT. Results from a remote sensing study on the spectral reflectance of intermediate igneous rocks in the visible and near infrared spectral ranges of the
electromagnetic spectrum are presented. The spectral data were obtained in laboratory by means of the multichannel spectrometer of high spectral and spatial
resolution which was developed by scientists from STIL — BAS. Spectrometric measurements were carried out on characteristic intrusive and volcanic representatives
of intermediate rocks that were generated in different depth facieses. Specimens of diorite and andesite, monzonite and latite, and syenite and trachyte were put side
by side. To discriminate the rock specimens by spectral features a method based on statistical techniques such as Student's t-criterion, cluster analysis and
discriminant analysis was developed and applied to their spectral reflectance characteristics. There were found statistically significant differences between the
averaged spectral reflectance characteristics of the classification groups of intermediate basic rocks as well as between the spectral reflectance characteristics
belonging to a classification group. By spectral features there were discriminated at a statistically significant level of confidence the main rock-forming minerals. The
investigations were aimed as well to help in revealing the influence of texture peculiarity and variations of the chemical and mineral composition of rock specimens on
their spectral features.

CNEKTPANHU ANCTAHLUMOHHU U3CNEOBAHUA HA UHTPY3UBHU U BYNIKAHCKU MATMEHU CKANK

. Kpexoea ’, C. [Ipucmaeoea 2, T. SHes !

"LJeHmpanHa nabopamopusi no cibH4Ye80-3eMHU 8b3delicmeus (LSIC3B), BAH, Cogpus 1113; krezhova@stil.bas.bg
2 MunHo-eeonoxku yHusepcumem "Cs. MeaH Puncku”; Cocpus 1700; stprist@mgu.bg

PE3IOME. MpoBefieHn ca excnepuMeHTI 3a AUCTaHLMOHHO U3CNeiBaHe Ha OTpaxaTenHaTa cnocoBHOCT Ha MarMeHy ckanu, popMUpPaH B Pa3nuUHI SbABGOUMHHN
haumecy. MoaGpaHu ca 06pasLy Ha XapakTepHN UHTPY3UBHU W BYMKAHCKW NPeSCTaBUTENM HA CPeAHOBA3MIHY MarMeHI Ckanu:c HopMarnHa 1 MoBuLLEHa ankanHoCT:
AVOPHT - aHAE3NT; MOHLIOHUT — NATUT M CUEHUT - TpaxuT. CrekTpasHuTe JaHHW Ca Mofy4eHin B NaBopaTopHU YCrOBIUS C MHOTOKAHANEH CTIEKTPOMETBP C BUCOKU
CrieKTTpanHa 1 MpoCTPaHCTBEHA PA3menATeNnHW CrocoGHOCTM BbB BuaMMaTa W Gnuskata wHpadepseHa 06NMacT Ha eNeKTPOMArHUTHUA CnekTbp. 3a
pasrpaHUyaBaHe Ha ckarHuTe NofKNIACcoBE MO CMEKTpaHU MpuaHaLy e NpunoxeHa paspaboTeHa oT Hac MeToauKa. Bbpxy AaHHUTe 3a oTpaxaTenHata cnocoGHOCT
Ha CKanuTe (CneKTpanHu oTpaxaTenHy XapakTepuCTUKM) ca MPUMOXEHU CTAaTUCTUYECKU MeToay (t-kputepuit Ha CTIOLBHT, KITbCTEPEH aHanu3, AUCKPUMUHAHTEH
aHanu3 v [ip.) 3a yCTaHOBAABaHE Ha CTATUCTUYECKaTa JOCTOBEPHOCT Ha PasiukmTe Ha OCPEAHEHUTE CMIEKTPAMHI OTPAXATESHU XapaKTePUCTUKIA B U3BPaHI AbIKIHU
Ha BbHUTE, PABHOMEPHO PasnpederneHu B U3CTeABaHUs CTIeKTpasieH AvarnasoH. VacneasaHusATa ca HACOYeHM U KbM YCTaHOBSIBaHE Ha 3aBMCMMOCTUTE Ha
CMIeKTpasHUTE MPU3HALYM OT TEKCTYPHUTE OCOBEHOCTW U BapuaLMuTE B XUMUYHUS W MUHEpaneH CbCTaB Ha WM3criefBaHUTe obpasuy, KakTo 1 3a W3non3saHe Ha
CMIeKTpasnH1Te NPpU3HaLY 3a pasrpaHuiaBaHuTo UM.

Introduction Successful interpretation of such remote spectral analyses is
relying on spectral reflectance studies in laboratory. Spectral
The modern methods of remote sensing of Earth find an reflectance is a consequence of the chemical composition and
increasing field of applications for protection and rational use of ~ Structure of the studied material which often become modified
earth resources and monitoring of environment (Clark, 1999; by environment, as well as the physical conditions. In the
Rowan et al., 2003; Wu et al., 2004). They afford large scale visible and NIR regions the gathered information is a
research and continuous incoming of regional and global consequence of variations of the reflectance due to electronic
information for the ongoing processes on the Earth. By remote and vibrational processes.
sensing data it could be determined the localization, character, . _ .
variability and changeability of natural formations and natural The collection and analysis of reflectance spectra of different
resources as well as of anthropogenic objects (Avery and rock units is finalized with creation of a spectral library. lts
Berlin, 1992; Salisbury and D'Aria, 1994; Kruze, 1995; Clark et purpose is to feed a system for analysis of remote sensing
al., 1999; Berger et al., 2003) data to perform image calibration and to provide means for a

reliable geologic interpretation (Salvi et al., 1997). Most often
Lithologic recognition and mapping is one of the primary the spectral library is composed from reflectance data obtained

tasks of oriented to geology remote sensing. Remote in laboratory on mineral samples which yield very sound
spectrometric measurements in the visible and near infrared grounds for the application of both deterministic and statistic
(NIR) regions are an important method for mineralogical techniques of image analyses.

analyses of Earth surface (Kuung-Kuk Kang et al., 2001).
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In our recent studies we presented spectral reflectance
characteristics (SRC) of particular representatives of igneous,
sediment and regional metamorphic rocks of different genesis,
chemical and mineral composition (Krezhova et al., 2003a;
Krezhova and Pristavova, 2003). Studies were conducted as
well on the influence of structure-texture peculiarities of some
rock specimens on their SRCs (Krezhova et al., 2003b;
Krezhova et al, .2004) by applying statistical and deterministic
methods for analysis.

The objective of this work is to present the efficiency of
spectral remote sensing and the applied method based on
statistical techniques for discrimination of rock types and their
mineralogical diversity by spectral features.

Materials and methods

The object of investigation in the present work is intermediate
igneous rocks with normal and raised alkalinity. Intrusive and
volcanic representatives of this group of rocks were studied,
namely diorite - andesite, monzonite - latite, and syenite -
trachyte. The rocks possess a close chemical and mineral
composition with differences expressed primarily in the
percentage of main rock-forming mineral constituents owing to
raised content of alkali (Naz0, K20) in the group of monzonite
and syenite. By structural characteristics there is a distinct
discrimination  of the intrusive from the volcanic
representatives. The intrusive rocks diorite, monzonite and
syenite are fully crystalline rocks of massive texture whereas
their volcanic analogues are not completely crystallized and
are built from a porphyry generation and a ground mass of
volcanic glass.

Petrographic characteristic of the rock specimens under
investigation

Diorite - very deep grey in color, fine-grained with massive
to spotted in places structure. Very fine light greenish epidotic
veinlets crosscut the sample. Texture - hypidiomorphic. Mineral
composition - medium plagioclase (labradore - andesine),
rhombic pyroxene, amphibole, biotite, quartz (single grains);
accessories - sphene, apatite and zircon.

Andesite - dark green porphyry rock with massive structure.
Texture - porphyritic on plagioclase and amphibole; ground
mass - pilotaxitic. Mineral composition - porphyritic generation
of plagioclase (labradore - andesine), rhombic pyroxene,
amphibole and cryptocrystalline mass with microlites of
plagioclase.

Monzonite - deep grey in color, medium to coarse grained
rock with massive texture. Texture - hypidiomorphic,
monzonitic. Mineral composition - medium plagioclase
(andesine), K feldspar, amphibole, biotite, rhombic pyroxene,
and quartz as single grains; accessories - sphene, apatite and
zircon.

Latite - deep reddish in color, slight porous with porphyry
character. Texture - porphyry on plagioclase (mainly) and
amphibole, in the ground mass - trachytic. Mineral composition
- porphyritic generation of plagioclase (andesine), rhombic
pyroxene, amphibole and cryptocrystalline mass with microlites
of plagioclase.
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Syenite - grey, grey-pinkish in color, medium grained rock
with massive structure. Texture - hypidiomorphic, poikilitic.
Mineral composition - medium plagioclase (andesine), K
feldspar, amphibole, biotite, quartz as single grains;
accessories - apatite, sphene, and zircon.

Trachyte - deep grey in color with large in size whitish
porphyry of K feldspar. Mineral composition - porphyritic
generation of K feldspar (sanidine), single crystals of
plagioclase  (andesine), biotite and amphibole, and
cryptocrystalline mass with microlites of K feldspar.

Data acquisition

Spectral data for the radiation reflected from the rock
samples were obtained using a multichannel spectrometer of
high spectral and spatial resolutions in the visible and NIR
ranges of the electromagnetic spectrum. The spectrometer
was developed by scientists and specialists from the Solar
Terrestrial Influences Laboratory for carrying out spectral
remote sensing investigations of natural formations, the
atmosphere of Earth, and the World Ocean from the orbital
space station “MIR” (Mishev et al., 1989; Mishev et al., 1990;
Mishev et al., 1999; Krezhova, 2002; Krezhova, 2003). In the
last years the multichannel spectrometer was used in research
on natural objects (rocks, sands, vegetation, grunts) aimed to
complement and to enrich the existing database of spectral
characteristics for main classes of objects and to study the
influence of different factors (natural and anthropogenic) on the
reflective power of the objects (Yanev et al. 2000; Krezhova et
al., 2004). The conditions for carrying out the spectrometric
measurements were also analyzed with the intention to
improve the techniques for measuring reflectance specific to
the classes of objects under investigation and to help in better
performance of future spectrometric systems.

The spectral measurements were performed in laboratory
with the spectrometer operating in the mode of 128 spectral
channels at a halfwidth of 2.6 nm each and spatial resolution of
2 mm2 in the spectral range 480810 nm. The rock samples
are placed on a movable platform at a distance of 2.5 m from
the spectrometer. The surface examined of each specimen is
set perpendicular to the optical axis of the spectrometer. The
time of registration of one spectrum is 25 ms at a spectrometry
rate of 40 spectra per second. As a source of light three
halogen lamps are used of 250 W of power each and the
diffuse light scattering standard is a white screen covered with
a layer of barium sulfate.

For each sample under investigation there were recorded
data (spectra) for the reflected by on average 30 measured
areas located in succession along a horizontal line. For each
area there were collected on average 50 spectra. These data
were accompanied with data for the dark current and the
reflected by the standard screen radiation (100 spectra on
average). For determination of the spectral reflectance
coefficients at each channel which form the spectral
reflectance characteristics the recorded data undergo a
preliminary treatment. It involves averaging over the spectra of
each pixel, taking into account of the dark current and referring
the data to the reflected by the white screen radiation.



Methods
To assess the statistically significance of differences

between the spectral reflectance characteristics of the rock

specimens we applied the method developed in our previous

work (Krezhova et al., 2005) which is based on statistical

techniques. The algorithm implemented here for data analysis

involves the following steps:

a) Use of a priori mineralogical information about the
specimens examined;

b) Analysis of the SRC course in dependence on
wavelength;

c) Formation of a SRC data set at selected wavelengths for
further analysis;

d)  t-criterion of Student;

e) Cluster analysis (CA);

f)  Discriminant analysis (DA).

Steps in points a) and b) provide the possibility to select a set
of wavelengths and to execute point c). The selected SRC data
set is further used for performing of CA and obtaining at first
approximation of a set of clusters of the pixels examined of
each one of the specimens or the pixels belonging to one
specimen (depending on mineral composition). The belongin of
the pixels of the specimens to different clusters is used to
design the grouping variables necessary to perform DA.
Initially DA is performed only at a particular wavelength. In
case that the number of incorrectly classified pixels is
unacceptably large the DA is performed at combinations of two
or more wavelengths. Finally, the DA assigns posterior
probabilities to each of the pixels and determines the
classification accuracy. Incorrectly classified pixels may be
used for further updating.

Results and discussion

The average SRCs of the rock specimens examined are
presented in Fig. 1. Two basic groups of spectral
characteristics are distinctly differentiated. Among the curves

of the first group fall the SRCs of rocks with normal
alkalescency, diorite - andesite, and to the other group belong
the SRCs of rocks with the raised alkalescency, monzonite -
latite and syenite - trachyte. The differences between the
average values of spectral reflectance coefficients of the rocks
from the two groups at five wavelengths, which were selected
to be distributed evenly in the working spectral range (550.2
nm, 599.6 nm, 649 nm 701 nm and 750.4 nm) are statistically
significant at a level of confidence p<0.05 on the basis of the t-
criterion of Student.

The intermediate rocks of normal alkalinity represented by
diorite and andesite display the lowest reflective power. Their
average spectral reflectance characteristics (curves 5 and 6 in
Fig. 1) exhibit a similar course. The spectral reflectance
coefficients of the average SRC of diorite are lower due to its
darker color. For both specimens, no subclasses are
discriminated by spectral features. This is reasoned by the
fine-grained consistency of diorite and the fine porphyritic
character of andesite. The grain size of the rock-forming
minerals is lower than the spatial resolution of the multichannel
spectrometer due to which their color characteristics merge.

For the group of intermediate rocks of raised alkalinity the
pairs of monzonite - latite and syenite -trachyte, the average
SRCs closely corresponded with their  petrographic
peculiarities. The intrusive rocks monzonite and syenite exhibit
a similar course of the SRCs, curves 3 and 1 in Fig. 1,
respectively, with the average SRC of syenite being of higher
intensity of reflected radiation over the whole spectral range.
This is due to the higher content of K feldspar (pale pinkish).
The average SRC of the volcanic rock trachyte (curve 4 in
Fig. 1) have a similar course with that of its intrusive analogue
syenite and a lower reflective power because of the more
satiated grey color of the ground mass. The course of the
average SRC of latite (curve 2 in Fig. 1) differs from that one of
the intrusive analogue - monzonite because the ground mass
is strongly modified. The latter contains minerals and iron
hydroxides bringing its color deep red-brown.
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Among the SRCs of the examined areas of the specimen of
monzonite there were discriminated two subclasses that
correspond to macroscopically observed salic minerals
(feldspars - light grey, subclass 1) and femic minerals (mainly
amphibole - dark green, subclass 2). Fig. 2 shows the
corresponding average spectral characteristics. In the SRCs of
syenite there were separated three subclasses corresponding
to the femic minerals (dark green, subclass 3), plagioclases
(light grey, subclass 2) and K feldspar (pale pink, subclass 1).
The average SRCs of the subclasses are displayed in Fig. 3.
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Among the SRCs of the volcanic representatives of rocks,
the group of latite and trachyte, in each one of the specimens
there were clearly differentiated two subclasses that differ by
both the SRC course and intensity, and correspond to the
porphyric feldspar generation (subclasses 1) and the ground
mass (subclasses 2). Fia. 4 and Fig. 5 show the average SRCs
of the two subclasses in 2 and trachyte, respectively.
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Table 1

Number of incorrectly classified pixels after performance of discriminant analysis of the SRCs of the rock specimens examined

Wavelength, nm Specimen Specimen Specimen Specimen
syenite monzonite trachyte atite
3 clusters (32 2 clusters (31 2 clusters (28 2 clusters(29
pixels) pixels) pixels) pixels)
550.2 4 1 3 3
599.6 6 0 0 1
649.0 6 1 0 0
750.4 6 2 0 3
All wavelengths 2 0 0 0

Making use of points a) and b) we have chosen four
wavelengths at which the Student's t-criterion and CA were
performed (Statistica package, 1995). As the SRC course was
monotonous in the visible spectral range, the first three
wavelengths were chosen to be equidistantly disposed (550.2,
599.6 nm, and 649.0 nm).The fourth wavelength was chosen
to be approximately in the mid of the NIR range (750.4 nm)
because most of SRCs within this range were almost parallel.
The t-criterion indicated that at these wavelengths the average
SRC of the specimens of different types differed statistically
significant at p<0.05. The a priori information concerning the
mineralogical diversity of the specimens examined and the
results based on the SRCs have suggested the number of
clusters which should be used as input for CA (usually 2
clusters). It turned out that only in the case of the syenite
specimen more than 2 clusters (namely 3 clusters) were
expected. DA was performed and the results are set out in
Table 1. As it is seen if DA is performed at only one particular
wavelength the best results are obtained at 599.6 nm and
649.0 nm.

Making use of all four wavelengths under consideration (a
four dimensional space for classification) only for the specimen
of syenite there remained two incorrectly classified pixels. In all
other cases no incorrectly classified pixels were observed.
Moreover posterior probabilities higher than 90% were
assigned as a rule to the correctly classified pixels.

DA revealed that classification with less than two clusters
and more than three clusters worsened the accuracy of DA
classification, i. e. SRC of the specimens under consideration
and the algorithm applied not only confirmed the expected
mineralogical diversity but assigned posterior probabilities to
the classification results. In addition the proper wavelengths for
performing the classification were marked. Anyway, the last
result should be checked over a larger amount of specimens in
order to fill in a SRC database for assessment of the
mineralogical diversity of different specimens in combination
with the traditional mineralogical methods.

Conclusions

It was demonstrated that spectral remote sensing of natural
objects by applying high resolution multichannel spectrometry
and statistical techniques provides the reliable recognition of
representatives of intermediate igneous rocks of normal and
raised alkalinity by spectral features.
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In addition, the SRCs of rock specimens and the statistical
methods herein used provide the possibility the mineral
diversity of different specimens to be assessed and classified
at a satisfactory statistical significance. The results obtained
may be used to design a database and to continuously
improve it by adding to it results from new specimens.
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DETECTION OF OPEN PIT MINES AND DUMP AREAS BASED ON LAND COVER
THERMAL MAPPING

Hristo Nikolov, Denitsa Borisova, Miroslav Danov
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ABSTRACT. Ferrous and non-ferrous open pit mining and waste dumped are result of a human activity and are the largest pollutants for certain regions in Bulgaria.
Since in the most of the open pits the mined substance is stone we suggest the remote investigations in such area to be carried out in the thermal range (8-12 um) of
electromagnetic spectrum. The data used during our study consists of laboratory measurements and airborne data. After data processing and interpretation, areas
into which reclamation activities have been made, could be easily determined. These results support the assessment of the human impact on the ecological status in
contaminated by mining actions regions. Obtaining more reliable results is expected by the recently launched instruments with higher spatial resolution (less than 20
m).

WBEHTUOUKALIUA HA OTKPUTU PYOAHULM N HACUMULLA B3 OCHOBA HA TEPMANHO KAPTUPAHE HA 3EMHATA
NOBBLPXHOCT

Xpucmo Hukonos, [JeHuya bopucoea, Mupocnae [JaHoe

Llermpan+a flabopamopusi no CribHyeso-3emHu Bu3delicmeusi, BAH, Cogusi 1113; hristo@stil.bas.bg; dborisova@stil.bas.bg;
mdanov7@yahoo.com

PE3IOME. YXenesHuTe 1 He-XenesHu OTKPUTU PYAHWLM W CTPYNBaHWS Ha OTMapbLy ca pesynTtaT OT YoBelkata AEMHOCT M Ca OCHOBHUTE 3aMbpcuTeny 3a
onpegeneHy paitoru B bbarapus. Toit kaTo B NOBEYETO OTKPUTM PyOHULM A0BMBAHUAT MaTepuan € ckana, Hue npeanaramMe AUCTaHLMOHHUTE U3CneaBaHus B Te3n
paiioHn fja ce U3BbPLUBAT B TOMMMHHWS MHGpaYepBEH AnanasoH (8-12 um) Ha enexTpoMarHUTHUS cnekTsp. Mpy HalwMTe n3cneaBaHus ca U3non3saHy nabopaTopH
M3MEPBaHUs U CTbTHUKOBW AaHHW. Crnep TsxHaTa 06paboTka 1 MHTEpPNpETaLMsl, 30HUTE B KOUTO € U3BBPLLBAHA eKCToaTaLMoHHa JeiiHOCT MoraT necHo aa 6baat
onpefeneHy. Pesyntatute 0T T€3W NPOYYBaHNs [OMbIBAT OLEHKATa HA YOBELLKATE Bb3AEACTBUS BbPXY EKONOMNYHIS CTATYC Ha 3aMbPCEHUTE OT MUHHM pa3paboTku
paitohn. HoBoBbBEEHaTa anapaTypa, ¢ No-BUCOKa pa3aenuTenHa cnocobHocCT (no-manko ot 20 m), Ce o4akBa Aa AOBEAE A0 NO-HAAEKHM pesynTaT.

Introduction different proportions of components. In order to solve the
mixed pixel problem, scientists have developed different
Spectral mixture analysis has as one of the basic objective models to unmix the pixels into different proportions of the
the definition of subpixel (subclass) proportions of spectral endmembers (Mishev, 1991; Ichoku, 1996). Spectral mixture
endmembers (classes) which are related to mappable surface analysis (SMA) is one of the most often used methods for
constituents. Spectral mixture analysis decomposes the mixed handiing the spectral mixture problem. It assumes that the
pixel determining the fractions of each spectral endmember spectrum measured by a sensor is a linear combination of the
which combine to produce the mixed pixel's spectral signature. spectra of all components within the pixel.
The spectral signature of the pixel is a combination (linear or . _ o
non-linear) of the spectral signatures of the component In this paper a study on mineral and rock emissivity was
surfaces. Assuming linear mixing, (the spatial fractions = the ~ conducted. Evaluated was the possibility for using recently
spectral fractions) we consider these fractions to be the area  designed thermal infrared prototype (NSFB Contract MUNZ-
fractions. 1201) for measuring minerals and rock samples from open pit
mines and dumps. The data used during our study consists of:
Pixels containing mixed spectral information about the e Thermal infrared spectra derived from an image of the
objects under study are commonly found in remotely sensed region of interest.
data. This is due to the limitations of the spatial resolution of e  Field samples measured in laboratory.
the airborne instruments (such as Landsat, SPOT, etc.) and
the heterogeneity of features on the ground. The mixture Remotely sensed data obtained in year 2000 for a region
spectra are often generated when the pixel covers more than near an opencast mine in Bulgaria are compared with
one land cover class. This mixed classes often results in poor laboratory multispectral measurements of rock and mineral
classification accuracy when conventional algorithms such as samples performed in the thermal infrared band with multi-
the maximum likelihood classifier (MLC) are used. It is possible channel radiometers.

to obtain better results if the mixed pixels are decomposed into
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Sample field data were collected to describe the thermal
spectral characteristics of the classes of interest in terms of
land cover subclasses. The method of specifying
hemispherical emissivity has been applied to manage and
interpret the obtained data. Our results confirmed that
successful  methodology for remotely sensed data
interpretation has been worked out.

Study area

Kremikovtzi opencast is situated near the capital of Bulgaria,
Sofia. The earliest ankerite generation preceded the formation
of primary Mn-siderite ore in the deposit. Its occurrence in the
Kremikovtsi opencast workings may be established most often
by indirect criteria based on the areal distribution of yellow to
yellowish-brown low-Mn limonites. (Vasileva et al., 2002) The
ores in Kremikovtzi deposit have polymetallic sulphide
mineralization.

Three kinds of iron ore occur in the deposit (report
N0274/1984, STIL-BAS):

- goethite (Fe203.nH20) ore which is spread throughout
the whole area of the deposit; it comprises 2/3 of all types
of iron ore in the deposit;
- hematite ore is about 11% of the whole Fe-ore; it is
composed mainly of the mineral hematite (Fe203) — with
an average quantity of 60%j;
- siderite (FeCOs) ore is preserved in the deepest
parts of the deposit, which are unaffected by processes
of oxidation;
- barite bodies are found within the goethite or the
siderite ore or right above the iron ore stocks; the content
of BaSOq in the barite bodies varies from 18% to almost
monomineral accumulation.

Materials and methods

The results in this paper are based on spectral data coming
from three different sources, described as laboratory, field and
airborne.

Laboratory measurements of the hemispherical emissivity of
samples of goethite, hematite, siderite, barite and dolomite (5
mineral and rock samples ) are carried out by means of the
“box” method (Sobrino, Caselles, 1993). The emissivity is
measured in spectral band 8-12 um with an infrared radiometer
IR-1, whose normalized spectral apparatus function g(A) is
presented in Fig. 1 (Final Report, 1992). The hemispherical
reflectance (R) of the samples is determined from the obtained
data using Kirchhoff's Law (R=1E), where E is emissivity.

Field data were collected in Kremikovtzi opencast and dump.
Chemical analysis of the collected mineral samples was made
to acquire the iron content. Spectral data were obtained with
field instrument TOMS working in visible range of EMS.
(Petkov et al., 2005)

Airborne data used in the developed models are taken from
Landsat Thematic Mapper (TM) instrument acquired in June
2000. For the visual interpretation this digital image was
displayed as single band images. Band TM6 (Fig. 2) was used
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Fig. 1. Spectral dependence of the normalized apparatus function
g(A) of the radiometer IR-1

for comparing the data from IR-1 and field data. Dataset was
formed comprising the whole image (large area) shown on Fig.
2. From this dataset only the data from the open pit and dump
was extracted based on topographic map and additional field
information. An illustrative example of high resolution remote
sensing technique is presented in Fig. 3.

L
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Fig 2. Greyscale image of TM6 (high gain) of region of interest

TR
'.*,;* f L] .
\;; :

Fig. 3. Quick Bird image of study area

Results and discussion

Data for the studied minerals obtained under laboratory
conditions with IR-1 (Fig. 4) exhibit coincidence with similar
data from other sources (TES, 2005). These promising results
guarantee that the data from IR-1 are reliable and could be
used in mineral composition investigation.
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Fig. 4. Hemispherical emissivity measured by IR-1 in thermal infrared
band 8-12 um

Data for the studied rock samples obtained under laboratory
conditions with IR-1 (Fig. 5) exhibit high values for bare
limestone. Vegetation present in the slag dump which
correlates with low emissivity values. These promising results
guarantee that the data from IR-1 are reliable and could be
used in rock composition investigation.
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Fig. 5. Emissivity of limestone measured by IR-1 and calculated by
Kirchhoff’s law from TM6 (emiss - large area; emiss_rect — slag dump)
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Conclusions
In this paper a practical approach to establish
correspondence between laboratory, field and airborne

measurements for ore minerals and rocks has been discussed.
In our future work we shall consider more detailed models
including more minerals.
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RESEARCH CONCERNING THE LOCAL LOSS OF STABILITY UNDER EXTERNAL
PRESSURE AND TENSION OF OIL INDUSTRY TUBULARS
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ABSTRACT. Two of the most important loads which can decisively affect the resistance capacity of casing, tubing and submarine pipelines are the external pressure
(causing the collapse phenomenon) and the tension, especially in high pressure wells and when installing deep water sea lines.

This paper presents the research activities based on the investigation of the external pressure (collapse) phenomenon, including the effect of the axial tension, for
perfectly circular tubes in order to define the design methodologies and criteria for assessing the resistance capacity of oil industry tubulars.

For this purpose, the tests have been performed on small scale pipe specimens, based on the similitude law, and the results have been compared with the calculation
formulae usually applied to assess the pipe resistance capacity to collapse with tension.
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Introduction

An important load which can decisively affect the
resistance capacity of oil industry tubulars is the external
hydrostatic pressure. Under the effect of such pressure, often
combined with tensile and/or bending loads, the local
buckling (loss of stability) phenomenon can occur leading to
the ovalisation followed by flattening of tubulars. Such
phenomenon is of crucial importance for casing and tubing
(mostly in high pressure wells), and for submarine pipelines
during the installation phase (when the pipeline is empty),
especially in deep waters.

The present tendency of oil industry to move towards the
exploitation of deeper and deeper oil wells and the
installation of deep water submarine pipelines (the present
world record water depth for such sealines is 2150 meters)
led to increased requirements regarding the collapse
resistance capacity of pipes for casing, tubing and sealines.
In such context, the research activities described in this
paper aimed to investigate the local buckling phenomenon
for perfectly circular tubes under the combined effect of
external pressure and axial tension by performing some tests
on small scale models, based on the similitude law. In the
past, the authors have performed a series of experimental
results to investigate the collapse phenomenon under
external pressure only, including the effect of the pipe initial
ovality (Dumitrescu, 1998; Zisopol, 2000; Dumitrescu and
Zisopol, 2004; Zisopol and Dumitrescu, 2004).

In the future, the research will be continued by investigating
the most important factors affecting the pipe local buckling

phenomenon (geometrical imperfections of pipes for oil industry
tubulars, mainly the initial pipe ovality; pipe material anisotropy,
level of residual stress, etc.) and also the effect of bending loads
on such phenomenon.

Review of previous results regarding local
buckling of perfectly circular tubes

Along the years, various researchers proposed a series of
calculation formulas, based on theoretical models and/or test
results, to evaluate the critical external pressure at collapse, p,
for perfectly circular (nominally round) pipes and to asses the
influence of the axial tension, N, on such value.

The main problem emerging from these studies was that the
local buckling mechanism differs essentially with the value of the
ratio between the pipe outside diameter, D, and the pipe wall
thickness, t. For great values of such ratio (D/t > 35), collapse
(local buckling under external pressure only) occurs by means of
an elastic flattening, before the pipe material reaches its yield
strength. For small values of the Dit ratio (under 15...20), typical
for instance for deep waters submarine pipelines, collapse will
take place in the plastic field.

Finally, for D/t = 20...35, the pipe failure mechanism is much
more complex — an elastic-plastic collapse will take place.

In case of elastic failure of a perfectly circular tube, the critical
value of the external pressure (the so-called elastic collapse
pressure) is given by the following equation (Langner, 1990):
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Pc = PE = 2 T 3’

1-v (D/t)

where E is Young's elastic modulus of the tube material, and
vis Poisson’s coefficient.

For tubes with thicker walls, for which a plastic collapse will
occur, the critical external pressure value is dependant on
the pipe material characteristics. Such value can be
assessed either as the external pressure value for which the
maximum circumferential stress reaches the yield strength or
as the pressure value for which the entire transverse section
of the tube plasticizes. If considering the thin-wall tubes
theory, which assumes a constant value of the
circumferential stress - on - across the tube wall thickness,
both variants above lead to the same value of the critical
pressure (the so-called plastic collapse pressure):

pc=pr=20: /D, (2)

where o is the minimum specified yield strength (SMYS) of
the pipe material.

In the transition zone between elastic and plastic collapse,
characterised by comparable values of pressures pe and pr
(for Dit = 15...35), a gradual passage is actually taking place
from the elastic failure mechanism to the plastic one. As a
consequence, the simplest calculation method for the critical
pressure in such case is to assess the value of pc as the
minimum between the values of pe and pr. However, such
assessment leads to collapse pressure values greater than
the ones obtained as test results. Due to this reason,
different calculation relationships have been proposed for a
perfect circular tube, presented by Langner (1990) and
Dumitrescu (1998). After investigating these relationships
and comparing them with our experimental results
(Dumitrescu, 1998; Zisopol and Dumitrescu, 2004), we have
reached the conclusion that the best results are obtained
using the following Shell relationship, proposed in 1975:

Pe = Pe Pr (Pe? + pe2) 2. (3)

Equation (4) above has been developed for the case of a
perfect circular tube (no geometrical imperfections, material
anisotropy, etc. have been considered). That is not the case
in practice, as a pipe is always affected by such
imperfections and especially by ovalisation. The equations
developed to include the effect of initial ovality of a tube on
the critical collapse pressure values have been investigated
in our previous work (Dumitrescu, 1998; Zisopol, 2000;
Dumitrescu and Zisopol, 2004).

Our conclusion has been that the relationship proposed in
1981 by de Winter, imposed by the most recent
internationally recognized Code dedicated to submarine
pipelines (DnV, 2000; BSI, 1993), much used worldwide,
leads to the best results:

(Pe - Pe) (p? - PF?) = pe Pe Pr - &DIt, (4)

where & is the initial ovality of the pipe with a minimum
recommended value of 0.5%.

In this paper, both equation (3) and (4) — with 6= 0.5% - have
been used to asses the value of pe.

If, in addition to the external pressure, a tensile load is applied
to the pipe, its resistance to local buckling decreases
significantly.

Such reduction is governed by the ratio between the axial
tensile stress, o1, and oe. This ratio is actually equal to the ratio
between the axial tension, N, applied to the pipe and the axial
force corresponding to yielding of the entire pipe section, given
by the following equation:

Ne=n(D-1t)t ct. (5)

Various researchers tried to account for the axial tension
influence on the critical collapse pressure, pc. The most
recommended and used method (especially for submarine
pipelines) is based on the von Mises combined stress theory and
consists of adjusting the predicted collapse pressure value for
axial tension (Dumitrescu, 1998). According to this method, the
yield strength value, o, is adjusted by multiplying it with the
following correction coefficient:

¢ o, 4\ o

2
u :_%.i+ 1_3(0Lj , (6)

where the a1/ o ratio can be replaced with N/NE.

The adjusted value of o will be used to calculate the plastic
collapse pressure using equation (2), and then the critical
collapse pressure, using equations (3) or (4). This last value can
be compared with the one calculated in the absence of the axial
tension.

Another method to account for the axial tension effect is to use
an interaction formula including the ratio between the critical
pressure when the axial load is present, pc, and the critical
collapse pressure in the absence of the axial load, pc% and the
NINF ratio. After investigating several such formulas, Zisopol
(2000) reached the conclusions that the best results are obtained
for casing and tubing if using the following equation (developed
initially for coiled tubing):

s e
pc N F

As it can be easily observed, in all equations presented above
the critical pressure value, pc, depends only on the D/t ratio, and
therefore the similitude law can be applied to study the pipe
collapse phenomenon. As a consequence, tests can be
performed on small diameter pipe specimens who can be
considered small scale models of large diameter pipes.

Based on the statement above, a pipe local buckling testing
facility (under external pressure and axial tension) has been
designed and constructed. An image of the testing facility is
shown in figure 2, while its scheme is included in figure 3.

The pressure chamber is shown in figure 1.
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Fig. 1. Pressure chamber of the testing facility

The testing device can develop a maximum hydrostatic
pressure of 1000 bar and a maximum axial tension of
100 kN, while the outside diameter of the pipe specimens
can be 60 mm or, in case the lids (see fig. 3) are changed,
32 mm. The minimum required length of the pipe specimens
is 500 mm.

Fig. 2. Local buckling testing facility
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Fig. 3. Local buckling testing facility scheme

Experimental results regarding local buckling The tests have been performed using 24 steel specimens,
of perfectly circular pipes which were taken from 6 seamless pipes (4 specimens from
each pipe). The main characteristics of these pipes are shown in
The tests performed aimed at studying the local buckling Table 1. The yield strength and the ultimate tensile strength
phenomenon under external pressure and axial tension for values of the specimens’ materials have been verified in each
tubes that can be considered perfectly circular (characterised case by performing tensile tests on pipe samples, according to

by very low values of geometrical imperfections). API methodology (AP, 1980).
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Table 1
Specimens Characteristics

Yield Ultimate
No. Dit Material Strength | Tensile
Ratio [MPa] Strength
[MPa]
1 28
E235
2 19.33 329 451
3 124 EN10297/1
4 27.6
10MoCr10
5 19.06 482 552
5 1224 STAS 3478

The pipe specimens have been machined both outside and
inside in order to obtain very small values (under 0.1 %) of
the initial pipe ovality. Moreover, the pipe eccentricity values,
measured by cutting the specimens after testing, have been
found to be sufficiently low (under 0.2 %) in order not to have
any practical influence on the critical collapse pressure
obtained during testing. Based on the above, it has been
concluded that the 18 pipe specimens used for testing can
be considered as perfectly circular tubes.

For each pipe tested, one specimen has been used to
determine the critical collapse pressure in the absence of the
axial force (N=0), while the other 3 have been firstly
tensioned to an axial tension corresponding respectively to
40%, 70%, and 100% of N, given by equation (5).

The experimental values of pc (obtained for N=0) have
been compared with the results obtained using equations (3)
or (4), combined with equations (1) and (2). A good
agreement has been observed between experimental and
theoretical results.

The experimental values of pc in the presence of an axial
tension have been compared with the results obtained using
equation (7) or equation (6), combined with equation (2) and
with equation (3) or (4). The three variants of theoretical
results have been plotted as a dependence  pc/pc? = f (NINF).

The curves obtained, together with the test results are
synthesised in figures 4-9 for each pipe used to obtain the
investigated specimens. Figures 10 and 11 show some of the
test specimens after testing, while figures 12 and 13 show
some of the test specimens sectioned in the collapsed zone.

If comparing experimental test results with calculated
values, a good agreement has been observed, with the
exception of the tests for which N=Nr, due to the random
factors affecting the pipe local buckling behaviour which
cannot be included in the theoretical models.

The three calculation methods used to asses the critical
collapse pressure in the presence of an axial tension have
given very close results with the exception of pipes with D/t
ratios close to 30. In these cases, the calculation methods
based on equation (6), developed especially for the
submarine pipelines, are recommended as such D/t ratios
are typical for these pipelines.

The post-collapse configuration of a perfectly circular tube, i.e.
with negligible geometrical imperfections, have been also
analysed during the tests program.

Fig. 4. Results for E235 steel, D/t=28

Fig. 5. Results for E235 steel, D/t=19.33

Fig. 6. Results for E235 steel, D/t=12.4
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Fig. 7. Results for 10MoCr10 steel, D/t=27.6

|
N

Fig. 10. Collapsed test specimens made of E235 steel

Fig. 8. Results for 10MoCr10 steel, D/t=19.06

Fig. 9. Results for 10MoCr10 steel, D/t=12.24

Fig. 13. Sectioned test specimens made of 10MoCr10 steel
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If considering the pipe transverse section, two typical
configurations have been identified, as follows (see figs. 12
and 13):

- an ovalised pipe configuration, with the pipe ovality
increasing with the DIt ratio value, finally reaching an “8”-
shape; such configuration corresponds to the theoretical one,
especially in the case of plastic collapse;

- a total flattening of the pipe specimen, characteristic for an
elastic collapse.

Conclusions

The tests performed, even if using a relatively small
number of pipe specimens (24), allowed for an evaluation of
the calculation methods proposed by various researchers in
order to characterise the local buckling phenomenon under
external pressure and axial tension for the case of perfectly
circular tubes (characterised by small values, well below the
allowed ones, of their geometrical imperfections).

If comparing the calculation methods considered to asses
the influence of the axial tension on the critical collapse
pressure for pipes without geometrical imperfections with the
test results, it can be concluded that these three methods
can be used in the same measure to evaluate such influence.
The only exception has been observed for pipelines with D/t
ratios close to 30, for which the calculation methods based
on equation (6), developed especially for the submarine
pipelines, are recommended.
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ABSTRACT. This paper presents the results of the experimental research regarding the hot-rolled pipes behavior to cyclic bending with internal pressure. There were
presented the methodology and the results of the 12 hot-rolled pipes material testing on compound loadings (specimens from E 235 and 10MoCr10 materials, which

are used in the oil tubular construction).
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YHugepcumem 3a nempon u 2a3, Mnoew; 100680, PymbHus

Introduction

In this paper, there are presented the results of the
experimental tests concerning the behavior on bending with
internal pressure cyclic loadings of the real dimensions hot-
rolled pipes, which are used in the construction of oil tubular
material.

The tests issues performed on an original stand, conducted
to the determination of the total number of cycles until the
fatigue fracture of the pipes (NTCR).

The laboratory analysis performed on the fractured pipe
specimens’ permitted to establish the dynamics of the fatigue
fracture process (Ulmanu, 1992).

Experimental researches concerning the hot-
rolled pipes resistance on bending with
internal pressure cyclic loadings

The stand (Zisopol, 2000) from figure 1 general view of the
stand and figure 2 the functional-constructive scheme of the
stand was utilized for the experimental researches
concerning the bending with internal pressure cyclic loadings
of the hot-rolled pipes.

In order to realize the bending form, the hot-rolled pipe (A)
is reeled over the bending form with the diameter Dac = 2438
mm (B) and then is straightened in contact with the straight
form (C).

The hydraulic linear engine (D) generates the force which is

necessary for pipe bending in both directions (towards B,
respectively to C), through the profiled rollers (E).

The experimental tests methodology supposes the following

phases:
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»> the 1200 mm length specimen, which is tested, is
introduced on the superior part of the stand, through
the rollers (E) and is fixed rigid in the clamp device (G);

» the superior end of the specimen is closed by the
upper adapter (F). The inferior end of the specimen
has a lower adapter (H), where is connected the
hydraulic connection (1), in order to charge with under
pressure work liquid;

» the specimen is filled with oil through the hydraulic
connection (I) and the existent air is eliminated through
the inferior valve (J);

» the specimen is loaded with the adequate hydraulic
medium and it is actuated the hydraulic linear engine,
which will deform the pipe, to the right, through the
rollers (E);

» the check piece (L) detects the position of the pipe on
the bending form (B) and reverse the motion sense (to
the left). The sample is straightened on the straight
form (C) until hits the other check piece (L) and the
motion sense of the hydraulic engine (D) is inverted;

» the number of cycles made by the sample is counted;

» the test is stopped when it observes the meaningful
reduction of the pipe internal pressure;

» the hydraulic medium is eliminated from the inside of
pipe, the system is stopped and it is separated the
sample from the stand.



The stand was utilized for determining the total number of
cycles until the fracture (NTCR) of 12 hot-rolled pipe
specimens (with the external diameter D = 32 mm and the
wall thickness t = 3 mm) - 6 samples manufactured from E
235 (EN10297/1) steel and 6 samples manufactured from
10MoCr10 (STAS 3478) steel.

The mechanical characteristics and the chemical
composition (Ulmanu, Zisopol, Trifan 2004-2005) of the hot-
rolled pipes materials are presented in table 1, respectively
table 2.

The admitted criterion for removal of the hot-rolled pipes
was the fracture of them (distinguished through the reduction
of the pressure to the oil indicator M2 of the installation — see
Fig. 2).

The obtained results concerning the total number of cycles
until the fracture of the hot-rolled pipes (NTCR) are
centralized in table 3.

Table 1
The mechanical characteristics of the hot-rolled pipes materials
Type of steel Yield Ultimate Tensile Elongation
Strength Strength
[MPa] [MPa] [%]
E 235
EN10297/1 329 451 39.0
10MoCr10
STAS 3478 320 662 26.4
Table 2
The chemical composition of the hot-rolls pipes materials
Type C‘Mn‘P’S’Si‘AI
of steel [%]
E 235
EN10297/1 0117 | 0544 0.007 | 0.006 | 0.262 |0.020
10MoCr10
STAS 3478 0.130 | 0610 0.009 | 0.006 | 0.230 |0.025

E A L B

D

Fig. 1. The general view of the stand: A - hot-rolled pipe; B - bending form; C - straight form; D - hydraulic linear engine; E - profiled rollers; F — upper
adapter; G - clamp device; H - lower adapter; |- hydraulic connection; J - inferior valve; K - superior valve; L — check piece; M - electric motor
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Fig. 2. The functional-constructive scheme of the stand: L1, L2 - check pieces; C1, C2 - contact makers; Ds1, Ds2 - throttles; MHL - hydraulic linear
engine; MEA - electric asynchronous motor; E - electromagnet; PHDV (P) - hydrostatics pump with variable flow rate; FA — admission filter; M1, M2 - oil
indicators; SLP (Dn13) - pressure limiter valve; Rz (T) - oil tank; V1, V2 - coupling cocks (needle valves); IG - general switch; BP - starting up button

|® E 235 (EN 10297/1) W 10MoCr10 (STAS 3478) |

1000
900
800
700
600 & ° =
500 » E
400

300

200

100

NTCR (cycles)

0 10 20 30 40
Internal pressure (MPa).

Fig. 3. The influence of the internal pressure on the total number of cycles (NTCR) for the two hot-rolled pipes (E235 and 10MoCr10)

243



Table 3

Total number of cycles until the fracture of the hot-rolled pipes (NTCR) constrained to cyclic bending with internal pressure

. Diameter
Diameter Wall of the Internal
No.| Material of pipe, | thickness, . pressure, | NTCR
bending form,
D t pi
Dac

- - [mm] [mm] [mm] [MPa] [cycles]
1. 0.0 609
2. 7.0 593
3. E 235 13.5 477
4. | EN10297/1 20.5 412
5. 275 269
6. 32 3 2438 34.5 208
7. 0.0 760
8. 7.0 41
9. 10MoCr10 13.5 589
10. | STAS 3478 20.5 514
11. 27.5 339
12, 34.5 259

Conclusions

In this paper, there were presented the methodology and
the results of the 12 hot-rolled pipes material testing on
compound loadings of bending with internal pressure (6
specimens of E 235 material and 6 specimens of 10MoCr10
material, which are used in the oil tubular construction).

From these experimental researches, there were
concluded the following:

= between internal work pressure and the life time of
the hot-rolled pipes, constrained to bending with
internal pressure, there is an inverse proportional
connection (see fig. 3);

= when there are using work pressures under
20.5 MPa, it appears numerous fractures on the
specimen surfaces as against the using of the
internal pressures over 20.5 MPa, when there were
recorded some fractures, but more dangerous;

= for situations when there were utilized internal work
pressures under 20.5 MPa, there were recorded
meaningful growth of the specimens diameters
(15...20 %);

= the crazes were transverse initiated, from inside to
outside of pipes, from the specimens’ surface,
which come into the contact with the bending form
(B) of the test stand (see fig. 1). When the section
which contains the craze cover the distance
between the bending form (B) towards the straight
form (C) and the pipe becomes rectilinear, the
craze tends to close, but the fluid from inside
(being incompressible) perform an hydraulic chock,
which will determine the craze propagation;

Recommended for publication by Department of
Drilling and Oil and Gas Production, Faculty of Geology and
Prospecting

= for the same value of the internal pressure (pi) and the
same bending moment, the total number of cycles until
the fracture of the 10MoCr10 (STAS 3478) pipes is,
appreciatively, 25 % bigger than the total number of
cycles until the fracture of the E 235 (EN 10297/1)

pipes.
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