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KAITMBPUPAHE HA TEOCTATUCTUYECKM MOJENX HA PYAHU HAXOOWLLA YPE3
“CROSS-VALIDATION” TEXHUKA

Ceemno3ap bakbpdxues

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

PE3KOME. KpuruHr anropuTbMbT MUHUMKU3WPA NPECMETHATUTE HECXOACTBA (Pa3nuku)No NpeaBapuTENHO OnpefeneH Mogen Ha koBapuauws. Hail-yecto 3a Tasu
Lien ce 13non3ssa nuHelHa perpecust. OCHOBHO W Hail-CUMHO Ka4ecTBO Ha METofa € Bb3MOXHOCTTa Mofena Aa ce kanubpupa no usxoaHuTe AaHHU. MpaBuUnHUAT
1360p Ha BEpPOSITHOCTHUS MOAEN e rapaHuys 3a afeKBaTHOTO CUMYMMPaHE Ha CTOXacTYHaTa KOMMOHEHTa Ha reocTaTucTYeckus Mogen. B cratusta ce npegnara,
kanubpupaHeTo Ha Mogena Ce M3BbpLUBA Ype3 HENMMHENHA perpecusi, KosiTo MUHMMU3MPA MPEcMeTHaTUTe HECXOACTBA (PA3NUKM) MeXOy M3XOLHUTE aHHW U
NporHo3nTe B TEXHUTE koopauHaT (MeToabT Cross-Validation). PesynTaTsbT e oueHkaTa Ha ABaTa napameTbpa Ha xapakTepucTuiHata yHKLMs Ha “YCTOMYMBOTO”
pasnpegeneHne. MeToabT e ycneluHo anpobupaH No AaHHW Ha pyaHM Haxoauiia. Hanmuue e nopobpsiBaHe Ha reocTaTMCTUYECKUTE MOAENM MO OTHOLLEHWE TpuTE
a[UTUBHW KOMMOHEHTM KaTo BapuaLyMnTe Ha LWyma, Ha OLeHsBaHaTa NPOMeHN1Ba 1 KBaapaThiyHaTa OLeHka Ha HeNHOTO OTMeCTBaHe.

CALIBRATE OF GEOSTATISTICS ORE DEPOSIT MODELS THROUGH CROSS VALIDATION TECHNICS
Svetlozar Bakardjiev
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; zarcobak@mgu.bg

ABSTRACT. Kriging algorithm minimizes estimations of a dissimilarity (difference) on are preliminary set covariance model. More frequently for this purpose uses
linear regress. The basic and strongest quality of this method is opportunities of model calibrate through the input data. The good choice model of probability is a
guarantee for adequate of stochastic component of a geostatistical model. In work it is offered, calibrations of model it was made through linear regresses which
minimizes the appreciated dissimilarities between the input data and prognosis in their coordinate (Cross-Validation Method). The result is estimation of two
parameters of characteristics function of Stable distribution. The method is successes examination up to ore deposits data. It is available improvement of
Geostatistical model concerning three additive parts, noise variance, and estimation variance, and squared estimation bias.

yNpaBneHne Ha w3Bagkata B npoueca Ha obpaboTkata Ha
AaHHuTe,

BbBepeHue

KanubpupaHeto Ha reoctaTucTMyeckute Mogemnu e
CBbP3aHO CbC CriefHaTa CTaTucTMdecka 3apjada. Heka ca
M3BECTHN CbIbpKaHWATa B 13BeCTeH Bpoit npobn. O6ekTsT ce

pasbusa Ha N enHaken no cdpopma Grokose V;, Bcekn ot

B cnyuait, ye uHhopmaumsaTa 3a nscnensaHus ot Hac 0bekT
€ Marko ToraBa HEroBMTE NPOCTPAHCTBEHM CBOWCTBA MOraT fa
Ce MoJenupar ¢ U3BeCTHa [03a HeonpeaeneHocT, KoATo uasa
OT HepgocTaTbyHaTa WHGopMauus, C KoeTo OposaT Ha
Bb3MOXHWUTE BapuaHTV Ha MHTepnpeTauust € MHOro ronsam. B
TO3M CNyYail € Hal-NOTMYHO U3XOAHUTE AaHHM 4a ce pasgnensr
CnyyaMHo Ha [Be e€fdHaKkBM CbBKyNHOCTW. EpHaTta ot
CbBKYMHOCTUTE CE M3MOM3yBa 3a MoMy4YaBaHeTo Ha
WHTEPECHUTE 3a M3CrnedBaHeTo CBOWCTBA, a Apyrata — 3a
npoBepka Ha M3MeCcTeHOCTTa Ha oueHkaTa. Esomoumsta Ha
Ta3u uges e 4oBena 4o Bbhpoca: 3allo Aa ce Aenv u3Baakarta
Camo BeJHDBX, 3all0 Aa Ce A&y HanomnoBMHa, He MOXe N no-

KoiTo uma obem V . 3a Bceku 6ok e HamepeHa oOLieHKa Ha
cpearute coabpxanns  Z°(V.). HeoGxopumo e pa ce
onpegenu 3a paped 6nok V;, umaw oueka Z°(V,),
pasnpedeneHneTo Ha yectoture Ha cbabpxadusta Z(V)

BbTpe B obema V,. OcBeH ToBa € XenaTenHo fa ce 3HasT
CTOMHOCTUTE B NO-Marku yyacTbLUM, KbOeTO CTOMHOCTUTE He

MpeBuLLaBaT JonyCcTUMUTE MUHUMAIHK cTonHocTh. CpeaHata
CTOVHOCT B MO-Manku y4acTbly, MOXE JAa NpeBuLLaBa
HsiKaKBa rpaHuM4Ha ctomHocT. Crieaga, Ye pasmepbT Ha broka
He BNMsie CbLLECTBEHO BbpXy CTaHAapTHaTa CTaTuCTYecKa
OUeHKa, [gokato npu wmetoga KpuruHr’ TOM € Hal-
CblLECTBEHATa 4acT Ha oueHkaTa. [pu Manko Ha Gpoil
HabnIogeHns, XxapakTepHu MPeaUMHO Npu  cTagws  Ha
NpeaBapUTENHOTO NpoyyYBaHe, KpuruHr oueHkuTe 06UKHOBEHO
Ce OTMeCTBaT OT MCTWHCKOTO CpedHo. B Tosn cryyait
npouegypata MOXe fa Ce pasrnexga KaTo HauvH 3a

Manku 4acCTtu 3a y4acTByBat B eKcrnepumMeHTa n TH?

Korato 6posiT Ha [fJaHHUTe HE MOXe fa Ce yBennyasa,
3afavata 3a nogobpsiBAaHETO Ha reocTaTcTMyeckara OLeHKa
ce cBexma [0 noaobpsiBaHETO Ha  OueHKkata, 4pes
MakCUManHoOTO 1 npubnmkaBaHe KbM U3XOOHUTE AaHHM.
EcTtecTBeHo, TOBa CbBrada C wgesTa Ha ,uTBaHETO” Ha
PErpecuoHHMTE MOAenW, C Tasu pasnika, uYe npu
reocTaTUCTUYECKUTE MOZENN ,NNCBA” aHAaNUTUYHWA Moaden —
aHanuTYHa YHKLMS UK AndepeHLManto ypaBHEHWE, KOETO
OOMKHOBEHO Ce pellaBa Ype3 MeTOAUTE Ha KpalHuUTe
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€MeMeHTH, KpalHUTe Pasnuki UMK rpaHuyHNUTE enemenTu!. B
Tasn Bpb3ka, KanubpuWpaHeTo Ha Te3n MOAENM e CUIHO W
ycnewHo passuto B obnactTa xwaporeonorusta, Karo
TEOPETUYHUTE W MpaKTUYECKUTE acnekT Ha kanubpupaHeTo
Ha X1OPOreonoXKUTe reoCTaTUCTUYECK MOLENM Ca PasBuTy 1
npencTaBeHu Hait-gobpe ot Xun, Kynu u Motmsk (Hill, Cooley
and Pollock, 1998), B CboTBETHWS TpyA. 3a CbxaneHwe,
npeanaraHnaT opManu3bM M KOHKpeTHaTa KOMMITbpHa
peanusauus B nporpamHute mogynu UCODE n MODFLOWP
ca npurogeHn u anpobupaHn 3a paboTa eanHCTBEHO C
XMLPOreOonoXKM AaHHU.

rpaHVILIVI Ha Bb3MOXHaTa rpeLuka

OT nosuumsita Ha reoctaTucTMyeckus opmanusbM e
HeoDXoOMMO € [a Ce NPecMEeTHAT CPEefHUTE pasnukn B
pasnuyHm HanpaBneHus, npeLcTaBeHn ot
€KCriepUMEHTaNHUTe Bapyorpamm 1 4a ce noadepe noaxoasy
TEOPETUYEH MOJen, KOMTO afeKkBaTHO fa onucea NpupoaHaTa
CTPYKTYpa Ha NPOMEHNUBOCTTA B M3NON3BaHUTE AaHHW. B 103
KOHTEKCT, MbpBaTa CTbMKa B reoCTaTUCTUYECKUS aHanu3 e
nocTposiBaHe Ha eKcrnepumeHTanHa Bapuorpama. Kakto e
W3BECTHO, TA MpeAcTaBnsBa  [BYMEpHa  3aBUCUMOCT
(aBymepHa  X-Y  TouykoBa  [guarpama)  u3passBalla
pascTosHneTo (h) Mexmy CbBKYMHOCT OT MPOCTPAHCTBEHO
OpWEHTUPaHU NPOMEHNNBU (0BUKHOBEHO XapakTepuaupaLy
CBOWCTBATA Ha HAKaKbB MPOCTPAHCTBEH 0BEKT) rpynupaHn no
OBOWKM (BCAKA C BCSKa), OT CPEOHO apUTMETMYHOTO OT
KBafpara Ha pasnuk1Te B TEXHUTE CTOMHOCTH (7 ).

My (h) =%i(fn —f,)

i=1

C opyrv oymu npy noCTposiBaHETO Ha Bapuorpama no octa X
ce HaHacsa pasctosHmeto (h) Mexay [AageHa [4Boiika
CTOMHOCTW, 3a KOSITO Ce NpecMsTa ( ¥ ), HaHacsLwo ce no octa

Y. MMony4yeHuTe TOYKM Ce CBbP3BAT MOMEXAY CW C HayyneHa
TNIMHUS, HapeyeHa BapuorpacHa Kpuea.

Hait-4ecTo npu BapuorpaMHUTE aHanuan ce M3nonsear T.H.

“nonysapuorpama’
n

inZ(fli -

2y =
i=1

nonoBuHaTa OT CTOMHOCTTa Ha (), Taka 4e HaHeceHuTe

CTOMHOCTM CTaBaT EKBMBANEHTHW Ha cTaTucTMYeckaTa
Jucnepcusl, unu - norapuTMidYHaTa - nomnyeapuorpama  —
€KBMBarNeHT Ha MofyBapuorpamMata C  forapuTMyBaHm
cronHoctu no Y.

n3nonsga ce

f,, )2 , Te

lMoopobHOCTH OTHOCHO MaTEMaTW4ECKUs anapaT Ha MeToda
Moxe fa ce HamepsaT B Deutsch and Journel, 1992, |saaks and
Srivastava, 1989, Journel and Huijbregts, 1978 wn pgp.
CobluecTBeHa 4acT OT reocTaTUCTUKaTa MHTEpnpeTupa u
pa3BuBa NpobnemuTe, CBbP3aHM C NPOCTPAHCTBEHUS aHanu3
Ha MbPBUYHUTE AaHHN.

1 Vanckea ce HaNMuMeTo Ha thyHAAMEHTamHO peLleHue

MpocTpaHcTBeH aHanu3

Cornacto  XX. MatepoH (Matheron, 1963; 1971)
NPOCTpaHCTBEHaTa NPOMEHNMBA He MOXe Aa ce feduHupa
CTPOro MaTemMaTW4ECKW, ThIl KaTo € MPEXodHO 3BEHO Mexay
OUCKPETHWU U HENPEeKbCHATUTE CRyyailHu BennuuHW. T8 ce
W3MeHs B NPOCTPAHCTBOTO OT €4HO MECTOMONOXEHWE [0
CneaBalloTo Mo “HENPeKbCHAT' HauMH U MO TasW MpudmMHa
Onn3ko pasnonoXeHuTe TOYKM MMaT BUCOKA CTEMeH Ha
NPOCTPaHCTBEHa kopenauws, [oKaTo TOYKM, KOUTO ca
3HAYMTENHO OTAANEYeHN ca CTaTUCTUYECKU HesasucMW. B
TO3W acreKT, BapUorpaMHUST aHanu3 € CbLUECTBEeHa YacT oT
reocTaTMCTMYeCKOTO MofenupaHe. Herosata Len e w3sBsata
Ha 3aKOHOMEpPHOCTUTE B MPOCTPaHCTBEHATA NPOMEHNNBOCT Ha
nsyyaBaHus reonoxku nokasaten (Matheron, 1971; Rendu,
1981) u ap. Mo AeduHULMS, CTOMHOCTTa Ha Bapuorpamara 2y
(h) 3a papeHo pasctosiHue h B pynHoTo Tano Q e ovakBaHaTa
KBagpaTUYHa pasnuka Mexay CTOMHOCTUTEe Ha npobute Ha
pascTosHue h:

2y (h) = E{[x(2) - x(z + I}

®yHkumaTa y(h) e nonysapuorpama:

0 =%E{[x(z)—x(z+h)]2}

Ouetkata ¥(h) Ha nonysapworpamara y(h) e
n(h)

= o (h)Z[X(Z) X(z; +h)I.

kbaeto X(z;) —X(z; +h) ca n(h) Ha Gpowt pasnuku mexay

CTOAHOCTUTE (CbbPXaHWATA Ha MONE3eH KOMMOHEHT), KOUTO
ca uM3MepeHn B npobu Hamupalwym ce Ha pascrosHue h
NOMEXAY CY B AalEHO HanpaBneHue.

lMonyyeHuTe cTomHocTm 3a y(h) ce HaHacsT Ha X-y anarpama,
KbAETO N0 OCTa X Ce HaHacs PasCToOSHUETO h, a CTOAHOCTUTE
Ha rama ce HaHacsiT Ha ocTa y. CnefoBaTeniHo, OCHOBHOTO
NpeauMCTBO Ha BapuoOrpamHus aHanua e, Yye ypes Hero ce
OTYMTaT KaTO CPEeAHO PasNiyHK MPUPOLHM CBOWCTBA, KaTo
AHW30TPOMNKS, XapakTep M CTENeH Ha 3aBUCUMOCT Mexay
CbCeHUTE NPOBM NPU Pa3nNYHK PA3CTOSHUS MEXIY TAX, HUBO
Ha obllaTa NPOMEHNMBOCT, NPEeKbCHATOCT M Ap., KOMTO ca
XapaKTepHW 3a 13cregBaHnst 00exT.

CBepeHus 3a metopa “Cross Validation”

Tepmunute “kpbcTocaHo cpaBHeHwe” (Cross-validation) u
BytcTpan (bootstrapping) ca ngeonornyecku 6nmskn Metogm
3a OLeHKa Ha obLaTa rpeluka Ha reoCTaTMCTMYECcKUs Mogen,
OCHOBaBalla Ce Ha MPEOLEHKA Ha CryyalHu W3Bagku OT
obwara cbBkynHocT oT gaHHu - (Weiss and Kulikowski 1991;
Efron and Tibshirani 1993, White 1994). MeTogbT ce ocHoBaBa
Ha CTaTUCTWKK, monyyeHmn oT K Ha 6poit n3Bagku OT u3xogHaTta
CBBKYMHOCT OT AaHHU, KOWTO CbbpkaT efHaKbB Opoi JaHHM.
B 3aBucumOCT OT nonyyeHaTta rpeLuka Ha KpuruHra, 3BagknTe
ce Kknacuduumpat Ha “gobpu’ u “nowu’, Kato ce TbPCAT
MPUYMHATE 33 Pa3nMKUTE B CymapHata rpewka. Kpuruur
napamMeTpute Cce  Kopurupar  (anpokcumupar) — cnpsiMo
pesyntatute oT fobpute n3sagkm. Cmata ce, Ye METOObBT €
no-eheKTMBEH MpW Marnko Ha Opoil W3XOAHM LaHHM — BMX
Goutte (1997). B Tasu Bpbaka CToyH (Stone, 1977) npegnara
npu Mo-TONeMW W3BagkM [a Ce OLEHsBa TEHEeparHoTo



OTMECTBaHe Ha KPWIMHI OLieHKaTa, BMECTO [a Ce OLieHsiBa
oblata rpellka no CryyaiiHu W3BafKW, KOSTO OYEBUAHO Lie
HapacTBa MponopuuMoHanHo Ha Opos Ha [JaHHUTEe OT
CbBKyNHOCTTa. Heka Zj,Z;, NpeacrasaT [ge CyyaitHo

130paHM MONMOBMHM Ha M3XOLHATA CbBKYMHOCT OT AaHHW. Ako
CbBKYMHOCTTA OT [aHHM € reocTaTuCTUYECKU €eaHOPOAHa,
T0Zj~Zj,T.e.06naKkbT OT AaHHM TpsibBa fa € C MUHUMAHY

OTKINOHEHMS! OT NHeNHaTa perpecust. Besiko OTKMOHeHMe wnu
nMnca  Ha  kopenauus  ceugeTenctea, 4Ye 6poaT Ha
npoyysaTenHuTe 13paboTkX e HeoocTaTbyeH 3a KOPEKTHOTO
npunaraHe Ha KpUrkHra. B noBeyeTo OT criyyaute e No-BaxHo
rpewkara, ¢ KOATO Ce CbrnacsiBame fa Gbae no-Hucka ot
Tasu, KOATO HU NIUMUTUPAT KOHAULMKTE.

3a cbxaneHue, MOBEYETO OT KPUIMHT MeToguTe crnabo
OTYATaT BMMSHWETO Ha KOMMYEeCTBOTO OT AaHHU BbPXY
CymapHara rpeLuka. Ypes Metogute Ha criyyaitHuTe U3Bagku e
Bb3MOXHO [a Ce Mpeanoxar MHOXecTBO 06paboTku, BMECTO
e[Ha, T.. BMEeCTO €Ha Aia Ce nomnyyat MHOXECTBO oLeHku. 1o
TAX € Bb3MOXHO [a Ce CTPOST AOBEPUTENHU MHTEPBANM W a
Ce Cneay 3a acMMNTOTNYECKOTO NOBEEHNE Ha OLEHKUTE, T.€.
KbM KakBa CTOMHOCT KIMOHAT CbLumTe. 10 TO3M HauMH MOXe Aa
ce nogobpu 1 OLEHM KaYecTBO Ha OLEHKaTa.

MeToabT “mKobHO HOXYe” (Jackknife method)

Woesta Ha MeTofa ce cBexaa A0 W3KMKYBAHe Ha efHo
HabniogeHue, obpaboTka Ha Lanara octaHana uHgopMaums 1
npefckassaHe Ha pesyntata B W3KNKOYEHaTa  Touka
(HabntogeHne). Mo TO3M HauMH € Bb3MOXHO Aa Obaar
MOIyYeHN Pasnuku (OTMECTBaHMSA) 3a BCWYKM HabMogeHus.
EnvH mbT Te gaBaT MHOpMaLMs 3a aucnepeusTa, BTOpU MbT
MOXE [a Ce NOCTPOM KOpEenauwoHHa nauarpama Mexay
OL|EHKUTE W Hakpas — Aa ce MOCTPOM KapTa Ha pasnukuTe, T.e.
Ja Ce nnaHMpa MACTOTO Ha HoBute u3pabotkn. B
KOHBEHLMOHanHaTa CTaTUCTMKa, TO3W MeTOZ OLLE € NOo3HaT U
nog UMeTo “MeTog Ha mkobHOTO Hoxue (Jack Knife)” Tbin kaTo
e ynobeH fa 3aMeHW BCWYKM OCTaHanM TEXHWKM, KaKTO
[KOBHOTO HOXYE € MPW3BAHO [a 3aMEHW BCWYKM OCTaHanu
WHCTPYMEHTU. HaumHWTe 3a non3BaHETo Ha MeToda ca
OnuMcaHuW B crneuuanHata nutepatypa. Mo-HaTaTbK Lie BuauM,
ye chopManM3MbT € OCHOBOMoONaraLl Npu KanubpupaHeTo Ha
reocTaTucTuyeckus mogen sux Mcakc u ap., 1989 (Isaaks and
Srivastava, 1989).

[Mpyn TbpCEHETO Ha EPEKTUBHOCT AOMBITHUTESTHO MOXE Aa ce
M3Nom3Ba M T. Hap. METOA Ha WHTepnonauus C Terna Ha
CTOMHOCTUTE 0OpaTHO MPONOPLIMOHAaNHa Ha OTAaneyeHoCcTTa —
IDW, Inverse Distance Weighted Interpolation”. MeTtogbT e
M3BECTEH OLe W kaTo meTog Ha Lenapg — Bk no-nogpobHo
onucaHve B (Goovaerts, 1997). To e eguH OT Hail-4ecTo
WM3MOMN3BaHUTE WHTEPMONALMOHHN MeToOM Mopagu HeroeaTta
npocToTa M edekTUBHOCT, cnabo 3aBucely OT 6pos Ha
usxogHute AaHHn. OcHOBaBa Ce Ha [JOMyCKaHeTo, Ye mpu
onpefensiHe 3Ha4eHWETO Ha BCsKa TOYKa OT “paBHOMepHaTa”
Mpexa, CTOMHOCTUTE Ha no-6nn3kuTe Toukn Tpsbea ga Gbaat
B3EMaHW C NO-TONIAMA TEXECT OT N0-0THaNe4YeHNTE, KOETO € Mo
CbLIECTBO UM OCHOBOMONArawjata ce uges Ha MeToga
«KpuruHr». B cooTBeTCTBME C METOAA, CTOMHOCTTa Ha BCsKa
TOYKQ OT HOBaTa Mpexa Ha MpOTHO3HM, B 0Bwws cnyyail
MHTEPNOMNaLUMOHHM CTOMHOCTH, ce onpeaens Ha 6a3a Ha “N” Ha

Opoit Hai-bnmn3kyM TOUKM, KaTO CTOMHOCTTA Ha BCSKa edHa,
W3rnonaBaHa npu MHTepnonauusTa Touka, yyacrea ¢ obpatHo-
MPONOPLMOHANHO TErNO B 3aBUCMMOCT OT OTAANeYeHocTTa i
CNpsMO TbpceHaTa. B cpaBHeHWe € uucTata WMHTepnonauus
TO3M METOS [aBa Bb3MOXHOCT 3a MOMyyaBaHe Ha Mno-
3arnafeHn MOBbPXHUHM W 3@ YaCTUYHO OTCTPaHsiBaHe Ha
HeraTMBHUS OTNEYATBLK Ha FPELUHM UMK aHOMATTHU TOYKM.

MeTO,EIbT nMa crnejBa cnegHua (*)OpMaﬂl/l(i'bM:
n
F(x,y) =Y w.f,
i-1

kbgeto N e 6posT Ha W3NON3BaHUTE TOYKM  OT
“HepaBHOMepHaTa’ (HadanHara) mpexa, f, e dyHkuuaTa,
onpegensia pasnpefeneHneTo Ha crorHocTute (prescribed
function  values) (cToiHoCcTWUTE  Ha  JaHHuTE  OT
‘HepaBHOMepHaTa’ Mpexa), a W; e noaxogawo uabpana
(yHKLMSATa Ha OTAANEYeHOCTTa, NPUIOXEHa 3a BCsAka TOUKa
OT HepaBHOMepHaTa Mpexa. Knacuuyeckata dopma Ha Tasu
(yHKLMS MOXeE [ja Ce 13pasu Ypes YpaBHEHUETO:
-p

woo M

1 = n
-p
2N
j=1
P e npou3BONHO NONOXMTENHO PeanHo Y1Cno, onpeaensiio

CTEMeHHUs  napameTbp  (TOBA  YACMO  onpegens B
[ENCTBUTENHOCT CTENEHTA Ha 3arnaxaaHe Ha NOBbPXHWHATA).
B koHKpeTHUTE criyyan p = 2.

, KbJEeTO:

h, e pascTosHmeTo OT BCsIKa TOUKA OT HepaBHOMeEpHaTa Ao
BCAKa M34MCNABaLLA Ce TOYKA OT paBHOMEpHaTa Mpexa.

wa b =J(x=x)2+(y—y,)? . renero (X, y)ca
KOODAMHATUTE Ha  MHTEPNOMMpaHWTe  (MONyYeHMTe Mo
paBHOMepHaTa mpexa) Toukn, a (X;,Y;) ca koopavHatuTe

Ha W3MNON3BaHWTe TOYKM OT HayanHaTta (HepaBHOMEpHaTa)
Mpexa.

OYHKUMSTA HA BNWSHUETO MMM T. Hap. "TernoBHa dyHKUMS”
Bapupa OT efMHMLA [0 CTOMHOCT, KNOHSALLA KbM Hyna npu
MOBMLIABAHE HA PA3CTOSHWETO Mexay npecMsTalata ce
TOMKAa M Ta3W OT HepaBHOMEpHaTa Mpexa. TernoeHata
(yHKUMS € HopManuaupaHa, Taka Ye cymarta OT Ternata e
paBHa Ha eguHULaA.

Knacuueckata coopma Ha (PyHKUMATa UMa BUAa:
2
R-h
Rh,

W, = ——————, KbfieTo:

i
= Rh;
h, e pa3crosHueTo OT MHTEpNIONMpaLYaTa Ce Touka A0 TouKa

| OT HepaBHOMEpHaTa Mpexa;

R e pascrosHmeto oT uHTEpnonMpawata ce Todka
(y4acTBalla B U34MCNIEHNATA) [0 Hait-0TAaneyeHara Touka oT
HepaBHOMepHaTa Mpexa;



N e 6poAT Ha TOYKMUTE OT HepaBHOMEpPHaTa Mpexa,
y4acTBaLLy B U34MCTIEHNATA.

TernoBHata ¢yHKkUMA € dyHKuMa Ha  “EBKNKMAOBOTO”
pascTosiHWe (Hapuya ce olle EBknuaosa Hopma) e paguanHo
CUMETPUYHA Ha BCAKA efHa OT HayarHute TOYkM OT
HepaBHOMepHaTa Mpexa. Kato pesynraT nonyyeHata
MOBBPXHOCT € MOBMMSHA OT BCUYKW M3MNOM3BAHWUTE TOYKM OT
HepaBHOMepHaTa Mpexa W cream TeHAEHUMUTE Ha M3MEHEHME
Ha nocnefHarta, kato npuTbnsABa edekTa Ha aHoManHuTe
yyactblUM. 3a TpuUMepHW onpedeneHns copmynata e
abconoTHO MOEHTMYHA Ha M3nonsBaHata B [BYMEPHOTO
MPOCTPaHCTBO W UMa BUaa:

h, :\/(X_Xi)2+(y_Yi)2+(Z_Zi)2

KannbpoBka Ha mogena

Kakto ce cnomeHa BbB BbBEAEHMETO, KanubpoBkaTa
NpeaCcTaBnsiBa BaxHa 4YacT OT MOAENHOTO pelueHne. TS Lenu
ypes nMpoOMsiHA Ha XapaKTEPUCTUKUTE Ha  MOAXOHALLO
nogbpaHu, NpeayMHO EKCTPEMHM CTOWHOCTM Ha rpaHUYHWTE
YCNOBUS Ha reornoxkata Cpeaa WM Ha W3MepeHuTe B
KOHKPETHM TOYKM B MacuBa CTOMHOCTM Ha W3CneaBaHWTe
KOMMOHEHTW, Aa Ce TbpCW MOAENHO peLeHne, KOoeTo
MaKCUMarnHo TOYHO [a MHTEPNpeTMpa peanHaTta reornoxka
obcTaHoBka.

Kato wu3xogHu napameTpu, NO KOMTO Ce W3BbpLUBA
kanubpoBkaTa Hal-4ecTo Crnyxar uamepeHu (onpobeaHm)
CTOMHOCTM Ha CbObPXaHMATA Ha MONE3HW W  BpeaHH
KOMMOHEHTU B onpeaeneHn Touku. OBMKHOBEHO Ha KOpeKLms
Cce noanaraT XapakTepuCTUKW Ha cpefata, KbAeTo e Hanuue
no-rofisiMa rbCToTa Ha reonoXKoTO onpobBaHe.

3a kanubpupaHe e NOAXoAslWo Aa ce W3Mon3eaT W Hai-
Orm3kuTe TOYKM C Hanu4Ha MHopMauwms. 3a kanubpupaHeTo
Ha reocTaTUCTMYECKUTE MOLENM Ha PYOHM Haxoguwa ce
npegnara cnegHust hopmManeH Noaxoa — anropuTbMm:

Mpegnarame, kanubpupaHeTo Ha Mofena fa ce W3BbpLLBa
Mo CNEeAHNS HauWH:

Twbpeu ce MUHUMYMa Ha yHKUpSTa:

F :iNZl(Zi _7Z*i)

KbAeTo Z; e WCTUHCKaTa (M3MepeHaTa) CTOMHOCT Ha i-TOTO
HabntoaeHue;
Zi* € MNporHosHata CTOMHOCT B KOOPAMHATMTE Ha i-TOTO
HabntoaeHue;

a

— min

oL e CTerneHeH nokasaren, O<a<? :

y € MawabeH nokasaten, 4pes KOWTO Ce Tbpcy
HaMaraBaHe Ha ciCTeMaTUYHaTa rPeLLKa.
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Pe3yﬂTaTbT oT KaﬂMGpMpaHeTO € HaMWpaHEeTo Ha TakuBa

CTOHOCTM Ha ¢ W, TIPU KOUTO F—min
KpuruHr koecouumeHTHTe (W) Ce npecMsiTaT no 1spasa:

3 o

4
[t ]k |

W=

J
KbAETO H HI" e eknmupoBoTO pa3CTosHMe MEeXAY TOYKaTta Ha

[t [k

nporHosa W i-ToTo HabniogeHue, kato |

MpoeKLu1Te Ha H JH B TPMMEPHOTO NPOCTPAHCTEO.

*
ToraBa Z; ce nomnyyaBa 4pe3 ypaBHeHueTo Ha Kpuruxra

*
Z = ZWi Z; , KaTo ce Cnassa ycnosueTo Y W; = 1.

lMapameTpute & 1 ¥ UMaT CbOTBETCTBMETO HA NapameTpuTe
Ha xapakTepucTuyHata (yHKUWS Ha CUMETPUYHO YCTONUMBO
pasnpenenenve, Buwx Jlesn (Levy, P. 1925). CwrnacHo
Teopemata Ha XuHumd (Khinchin. A. 1938) napametbpbsT o
MOXe Aa npueMa CTOMHOCTM B uHTepeana 0-2, kato npu
CTOVMHOCT paBHa Ha 2, AucnepeusTa Ha JaHHUTe “Ma KpaiHa
aucnepeus. Mpu o>2 gucnepcusita Ha u3Bagkata craea
GeskpatHa ¥ OT ,HOpManHO® pasnpefenieHMeTo Craea

Scronumeo”.  [pn  o=1  pasnpemeneHneTto  craea
pasnpeaeneHneTo Ha Kowwu”, KbaeTo M cpeagHaTta CTOMHOCT €

BeskpaitHocT. MapameTbpbT ¥ MMa CMUCBITBT Ha MalyabeH
MHOXMTEN, KOUTO MOXE [a CMyXM U 3a KOCBEHa OLEHKA Ha
cucTemaTnyHara rpeLuka Ha kanmbpupaHeTo.

Anpobaums

M3non3saHu okono 2300 OaHHM OT eKChIoaTaLMOHHOTO
npoyyBaHe Ha ednH Beye OTPabOTEH y4acTbK Ha Haxoguilie
"Yenoney’. Ha dwmrypa 1 n 2 ca npeacrtaBeHn nomnyyeHuTe
rpacdkv Mo MeTofa Ha KpbCTocaHaTa nposepka. Ha dur. 1 ce
BWKOQ CE, Ye Ca Hamuue MHOro Ha Opoil eKCTpeMHu
CTOAHOCTM, KOUTO CURHO dedopmupar  nocokata Ha
TEHOEHUMsITa 3a CbOTBETCTBME Ha AaHHuTE. To3n pesynTat
nokasea, Ye reocTaTUCTUYECKUS MOAEN Ce Hyxaae oT
KopekuMu M\unu nnaHupaHe Ha HOBO onpobBaHe. Tbi kaTo
MOCMEAHOTO € HEBBb3MOXHO, CE MOCTPOM KapTa Ha pasnukuTe
MEXOY WCTMHCKUTE CTOMHOCTW M CbOTBETHUTE  OLIEHKW.
KoetuumeHTMTe Ha NWHEWHMS MoAen WMaT CbOTBETHO
cronHoctn 0.3822 3a HaknoHa Ha TpeHd nuHusTa un 13.007 3a
OTMECTBaHeTo No opanHaTHaTa oc. CbOTBETCTBMETO € MHOMO
nowwo, cronHoctTa 0.3822 e MHOro oTane4eHa oT CTOMHOCTTa
eauHuUa Ha Jmpeana’, a crtonHoctta 13.007 e gpamaTtuyHo
oTgarneyeHa OT CTOMHOCTTa Hyna Ha ,uaeana’. BebluHOCT,
Tasn CTOMHOCT CbBMafa CbC CTOWHOCTTA Ha CUCTeMaTuyHaTa
rpeLuka Ha mogena.



Cross Validation - 0 3g22x + 13.007

R?=0.799
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®ur. 1. B3aumoBpb3ka Mexay peanHuTe CbAbPXKaHUA Ha Med B npobute
(Cu) 1 TeXHUTE KPUTUHT OLIEHKM

CnepoBaTenHo, KanubpupaHeTo e 3Ha4uTenHo nogobpuno
obwarta reoctaTucTMyecka OLeHKa, KOeTo nuuM U oT
CpaBHEHWETO MeXy CTOAHOCTUTE Ha R2 npn HekannbpupaHus
1 Kanubpupanus Mmogen.

y =0.8776x + 2.736

Calibration R? = 0.046

Estimation data
N
o
o

200 300 400

Original data

®ur. 2. B3aumoBpb3Ka Mexay peanHuTe CbAbPKAaHUA Ha Med B NpoGuTe
(Cu) n TexHUTe KpaWrMHT OLIEHKW, KOpUrMpaHu cnep kanubpupaHeTo Ha
mopena

Cnep kanubpupaHeTo Ha Mogena — Bk cur. 2, ce BUXaa,
ye croiHoctTa 0.8776 Ha HaknmoHa e 3HayuTenHo Gnuska [o
eOuHMLaTa, a CToMHoCTTa 2.736 e 3HaunuTenHo no 6:am3o 4o
HynesaTta CTonHocT, oTkonkoto 13.007 B He kanubpupaHus
moger.

MpenopbyaHa 3a nybnukysaHe ot
Karegpa “I'eonorus 1 npoyysaHe Ha noneaHu uskonaemu’, MO
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MeTogukata Ha kanubpupaHe e anpobupaHa ycnewHo npu
macueu o 3000 HabmtopeHws. Kanubpupaneto npu no-
roremMu Macuem e Ce 3aTpyaHsiBa M3YUCIUTENHO, nopagu
OFPOMHUSI 06EM OT CMETKM U OT CbLUECTBEHOTO Hanuyue Ha
€KCTPEMHU CTOMHOCTMW — yparaHHu npobu”.
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CTOXACTWYEH MOAEI HA BANEX-OTTOK (RAINFALL-RUNOFF) 3A MYKHATUHHU
BOAOU3TOYHULIN

Ceemnosap bakbpdxues’, Onus Kuposa?
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PE3IOME. XvuapaBnn4yHOTO NOBEAEHNE Ha BOAHWUTE PECYPCU B CRIOXKHM XMZPOTEONOXKA (hopMaLuu, XapakTepuaupaLuy ce CbC CroXHa uanyecka 1 reoMmeTpuiHa
XeTEepOreHHOCT BbB BCUYKM B3MOXHI HUBA 1 MaLLabu, € Bb3MOXHO Aa 6bae MoAen paHo Ype3 NoaXoAsLLO N30paHo OTHOLLEHWE MeXaY BXOAALLM (Pw) v naxopswim
(Qu) BoaHM pebuTi. Matematyecku Te moraT Aa 6bAAT NPEACTABEHM KAaTo CMyyYalH1, CaMO-KOpenupaLLy ce W Kpoc-KopenupaLm ce (He)CTalmoHapHM NpoLecu BbB
BpemeTo (). 3a Bceku nepwod OT Bpeme 3a BXOASLLA MH(OPMALMS MOXe [a Ce M3Non3Ba AMCKPETHOTO W3MepBaHe Ha TOTanHWS Banex, a 3a u3xoaslwa
MHopmaLmst - nebutuTe Ha oTToKa. PaspaboTeHMsT cToxacTuyeH Mogen e peanuanpaH KOMMIOTLPHO, KaTo pe3ynTaTuTe ca NPeACTaBeHu 0T efHa cTpaHa kaTto Q-Q
amarpamy, nokassalyy 6nm3ocTTa Mexgy MoAena W ekcnepuMeHTanHuTe JaHHM W auarpama Ha YCTOMYMBOCTTA Ha AETEPMUHMCTUYHWS MPOLEC, W HENMHENHO
CBbP3aHNs C HEero CToxacTuyeH npouec. Pesyntatute OT koMmioTbpHaTa 06paboTka Ha KOHKPETEH eMNMPUYEH MaTepuan nokaseat, Ye Bbpxy Auarpamarta(Py) -
(Qu), cnpsimo ToukaTa Ha paBHoBecue SE () = (Stable Equilibrium) ), ce odopms camunus ot TpaekTopun Ha 3asucumoctta mMexay (Pw) v (Qqu), kouTo B
3aBMCMMOCT OT Bb3[ENCTBMETO HA CTOXACTMYHATa KOMMOHEeHTa ca B OnM30CT unM ce OTAaneyaBaT ChpsAMO AETEPMUHUCTUYHUTE TPAEKTOPWM, Tpacupally
cTabunHoCT Ha npoLieca Banex-oTToK.

STOCHASTIC MODEL OF RAINFALL-RUNOFF FOR FISSURED AQUIFERS
Svetlozar Bakardjiev!, Julia Kirova?

"University of Mining and Geology, Sofia 1700; zarcobak@mgu.bg

2BAS - National Institute of Meteorology and Hydrology, Sofia 1784; jkirova@abv.bg

ABSTRACT. Hydraulic behavior of water resource in complexity hydro geological formation, which one characterize with complexity physical and geometry
heterogeneity in all possibility scales, possibly modeling with selected relationship between RAINFALL-RUNOFF discharge. Mathematically these models present as
random self-correlated and cross correlated stationary process in the time. For a time period for input information be able to discrete measurement of total rainfall and
for output information — the output flow debit. The elaboration stochastic model has computer realization, like results presents on one side in Q-Q — diagrams which
one showed the closeness between present model and experimental data and nonlinearity stochastic process. The results of computer simulation in concrete
empirical material showed that on diagram (P) - (Qq) relation to SE () = g (Stable Equilibrium) supposed dependency between (Pyy) u (Qq), which one is closed
or far off toward deterministic trajectories, which tracing stability of rainfall-runoff process.

BbBeaeHue [MybnukyBaHUTE 4O MOMEHTA PELIEHWS He CreaBaT TOYHO
peLleHusTa Ha andpepeHuMantnTe ypaBHeHus, a dnyktynpar
oKOno TsX. Hawwte n3cnenBaHWst Ha MOBEAEHWETO Ha Tesu
CMCTEMM MOKa3Ba, Ye OTYMTAHETO Ha ChNyKTyauuuTe € yaayHo
[a ce peanuavpa upes Moaxoaswo w3bpaHo ynpasnsiBaLlo
ypaBHeHWe. PelleHneTo Ha BEpOSTHOCTHUTE YpaBHEHUS €
OrM3ko 0O HauMHa Ha pELLEHMETO Ha YPaBHEHMETO Ha
YenmeH-KonmoropoB. C 7034 BapuaHT Ha peLleHue ce
OMpeaensT KakTo LUMPOKO MalabHuTe OETEePMUHUCTUYHM
N3MEHEHMs, Taka U IyKTyauMoHHaTa 4acT, KOATO He ce
pasrnexga camo  kato  ‘ciyyalHa  dobagka”  KbM
[ETEPMUHUCTUYHOTO ypaBHeHue. Cropeq npoBedeHu OT Hac
KOMMIOTBPHU EKCMEPUMEHTM Ce MOKa3Ba KaTeropuyHo, Ye npu
nogobHO OnpocTsiBaHe He MOXe Aa Ce ovakBa OnM30CT Ha
PELLEHMETO C EKCNEPUMEHTANHINTE AaHHMW.

C ocHosononarawara ce pabora Ha Jlabo n gp. (Labat,
Ababou, Mangin, 1999) 3a ycnelwHo peanuaupaH Mogen Ha
Bontep (Volterra expansion) B kKapcToBW TepeHu ce BbBELOXa
HETPAAULMOHHM HACOKM Ha CTOXacTMYHOTO MOAENMpaHe B
XMpporeonormsTa. XuapaenuyHOTO NMOBEAEHWE Ha BOAHMTE
pecypcM B CNOXHM  XMOPOTEONOXKM  hopmaLmu,
XapaKTepuaupaLLym ce CbC CNoXHa manyecka u reoMeTpuyHa
XETEPOrEHHOCT BbB BCUYKM Bb3MOXHM HWBA WM Mallabu, e
Bb3MOXHO Ja Gbde mMomenupaHo ypes noaxoasawo u3bpaHo
OTHOLUEHME MEXOY BXOAAWM W W3XOAALM BOAHM AebUTH
(Tpowaros, 1992). Marematnyeckn Te Mmorat ga Obaar
NPEeLCTaBEHN KaTO Cry4aiHK, camo-Kopenupalum ce 1 Kpoc-
KopernvpalLy ce (He)CTauuMoHapHM mpoLecy BbB BpemeTo (f).
3a Bceku nepuop OT Bpeme 3a BXoasila MHGopMaLus Moxe
Aa ce 13nonasa AMCKPETHOTO M3MepBaHe Ha TOTanHus Banex,
a 3a u3xopAlla uHbopMaums - [ebutuTe Ha oTToka. [Mpu MpocT MaTemaTMyecku MoAen Ha paBHOBECHETO
OKoHuYaTenHus 6anaHc Tpsbea Aa ce oTyMTa W KakBa YacT OT
NafiHanus Banex ce OTTHYa KaTO NOBLPXHOCTEH OTTOK. Heka fa npuemem, Ye HaTpynBaHETO BbB BPEMETO Ha BOLHM

KOrM4yecTBa, KOMTO ca pesyntaT OT  PerucTpupanuTe
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KONMYecTBa Banexu MMa crnefHaTa CKOpPOCT: ai,
KbdeTo i - Ca NOCTbNMNM BOOHM KONMWYECTBa Banexw, 3a
BpemeTo ( t ) e KOe(UUMEHT HA WHTEH3WBHOCT Ha
Banexmre.

Heka oa npeqnonoxum, Ye Banexu MouT NUNCBaT U e

Hanuue W3TOYBaHe Ha akyMynupaHu BOQHW KOMMYECTBa, T. €.
dz
dt
Bpemeto (f), @ » € KoedMUMEHT Ha HamarnssaHe Ha
aKkyMynupaHuTe BOAHW KOnWyecTa. 3a Aa ce u3cneasa
QVHamuKaTa Ha B3auMMOZENCTBME MeXZy MNOCTbhBalLuTe U

W3BNMYaLUMTE Ce BOAHWM KOMM4ecTa TpAOBa ropHuTe [ge
ypaBHeHMS [1a ce 06eauHsT, T.e.

Ol
= fe
dt
KONu4ecTBO 3a eguHuLa speme ( t ). CkopocTTa Ha U3MeHeHne
Ha M3TOYBAHUTE BOAHW KOMMYECTBA MOXE fa CE NpeacTasm C

aHanorM4yHo ypaBHeHue:

0z ]
— =wIi
dt

Ha aKkymynuMpaHe Ha BOAHM KOnM4yecTBa B pesynTaT oOT
Banexwre 3a speme ( 1).

= —YZ, Kb[ETO Z Ca U3TOYEHNTE BOAHU KONUYECTBa, 3a

=al— fiz, kbaeto W3TOYEHOTO  BOAHO

— 7, kbAeTo @ e JocTUrHaTata CKopocT

OueBuAHO €, Ye OTHOLLEHWETO Mexay T. Hap. ,Bxog-u3xoa’
(Input-output) BOgHM AEOUTM LWe UMaA LWKNWMYEH XapaKTep.
Korato Banexute ca MHOrO, TO LU Ce yBenuuu 1 ebuTsT Ha
BOAOM3TOYHMKA. OBpaTHO, HamMansiBaHeTO Ha Banexure, Lie
JoBede [0 HamansBaHe Ha [ebuta Ha BOAOM3TOMHMKA.
Pasbupa ce, TOBa Ha CTaBa MOMEHTANHO, @ C M3BECTHO
3aKbCHEHMWE, KOETO ce u3passiea C konebaHusTa Ha obemute
Ha Banexute W BOAOM3TOYMHMKA. CriegoBaTenHo, Tesw
YPaBHEHMs MOraT [ja Ce pasrnexgaTt B TbPCEHETO Ha ToYkaTa
Ha paBHOBECHE, T. €.

a_a_,
dt dt

Cnep kaTo nNpom3BoaHMTE ca paBHM Ha 0, TO nonyyaBame;

o
Z;ZZ—
o p
3a Aa W3KMKYUM npoMeHnuBata t, Nno rope onucaHute
ypaBHeHUA ce OGeﬂVIHFIBaT W Oenat, kato B pesynrtar ce

nony4yasa CnegHOTO paBeHCTBO:

07 iwi-y7 oz z(wi—y)

ol ai-piz’ ai  i(a-pBz)
Cnep cTaHgapTHU npeobpasyBaHns ce nonyyasa:

a—-pf10r 1-iw
ﬁ - + R = 0 .

z o i

EAHO nomxoasiLo pellerme ce 4aBa OT CrieAHOTO PaBEHCTBO:
iz

— =S, KbAETO S-KOHCTAHTa, OT KOSTO 3aBUCH

ea)i eﬁz
0TAaneyaBaHeTo Ha TPAEKTOPUSTA HA  PELIEHWETO CnpsMOo
ToukaTa Ha pasHosecue — ( SE ).

TunnyHmM pelueHns ca npeacTaBeHn Ha dour. 1. Buxaa ce, ye
PeLLeHNsTa 3aBUCAT MHOTO CUITHO OT CTOMHOCTTa Ha S .
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p SE - T0WNE HA [EEHOEE (e
7
w
®ur. 1. TpaekTopuM Ha 3aBUCMMOCTTa Mexay Banex - OTTOK B

3aBUCUMOCT OT CTOMHOCTUTE Ha S — 0603HaYeHU ca TPaeKTopuuTe Npu
cToMHoCTM Ha s = 0.04, 0.08 1 0.12

CnepoBaTtenHo, eMNMPUYHOTO ONpeseneHne Ha S e TBbpae
BaXHO, TbW KaTO Ta3n KOHCTaHTa OTpa3sdBa HsAKaKbB
OTHOCUTENHO MOCTOsHEH 06eM Ha MOA3EMHUTE BOAM, KOWATO
€CTEeCTBEHO Ce kornebae B 3aBMCUMOCT OT MPUTOKA M OTTOKA,
HO ce nmpepgnornara, Ye BbB BPEMETO Te3un konebaHns umart
eproguyeH  xapaktep. M3BecTHO e, 4e  CBOWCTBOTO
€progMyHOCT € Hanuue, Korato CpefHoTO W aucnepcusTa Ha
OTAENHUTE peanu3auun (U3MEepBaHUs) ca CbOTBETHM Ha
napameTpute Ha pasnpegeneHueTo  Kato  CpegHo U
anenepens, T. €.

Z=u,(t) o7 =D, (t), keaeto t e spevero,

YCTaHOBSIBAHETO (HEYCTAHOBSIBAHETO) Ha EProgMYHOCT B
W3CnenBaHeTO Ha MpoLeca ealex-ommok e No3BossBa
(nnn  0BpaTHOTO) Aa Ce NpPeMWHEe OT EXEAHEBHO KbM
CEeAMWYHO WM KbM MECEYHO 3aMepBaHe obemuTe Ha
BaNeXuTe N CbOTBETHUS OTTOK. 3@ TOYHOTO OnpefensHe Ha S
e HeobXxomuMMO fa ce NpPecMeTHe PEecypcbT Ha MoA3eMHa
BOAOHOCHA cucTemMa, Tbi KaTo T € cBoeobpaseH bydep,
fanaHcupall paBHOBECWETO B CUCTEMATa Gaslek-Ommok.
CmsTta ce, ye TOBA HaM-KOPEKTHO Lie CE M3BLPLIM uYpe3
MeTOAUTE Ha reocTatucTukata. B T03M KOHTEKCT, 3bopbT Ha
afekBaTeH Ha AaHHWTE reocTaTUCTUYECKM MOLEN e 4acT OT
obwoTo MogenHo pelwenne. [obpe anpobupaHo BbPXY
peanHn XMAPOreoNioXKA [aHHW reoCcTaTUCTUYECKO PeLLeHne
paea [letpo (Metpos, 2004) no pgaHHM 3a Codmickus
GaceiH. MogenbT ce Gasupa HesIBHO BbpXy xunortesaTa 3a
EProANyYHOCT, KOETO e MO3BONKMO Ha W3CnefoBaTens fa ce
06eanHSAT HsKOW HabMIOAEHNs, KOUTO MMaT CTpaTuduumpaH
xapaktep. B MuHHaTa reoctatucTuka nogobeH  Tvn
obeouHsBaHe Ha CbCedHW HabniogeHns B egHa npobe ce
Hapuya koMnosuT. B Tasu Bpb3ka, MbpBOHAYAmHO, ycunusTa
TpsibBa ga ce CbCpenoTodaT BbPXY MOAXOAAWMs u3bop Ha
BEPOSITHOCTHWS MOAEN 3@ ONCaHWE Ha AaHHMTE.

N360p Ha BepoOATHOCTEH MoAen 3a OnucaHue Ha
AaHHUTe

M3bopbT Ha BEPOSTHOCTEH MOAEN 3a OMuUCaHMe Ha
NPUPOLHUTE [aHHW € MHOTO CrioxHa 3apava. Mpean noseata
Ha reoctatuctukata obpaboTkata Ha NpOCTPaHCTBEHWTE
AaHHM criedBalle peLenTuUTe Ha TpaguUMOHHaTa CTaTUCTUKa,
CBbP3aHM C MonaBaHeTo B 0OWO reonoxkata npakTuka Ha



CTaTUCTMYECKM pasnpefeneHns kato HopManHo, rama,
norHOpManHo W fp. YpauHwaTr usbop Ha HAKoe OT Teaw
pasnpefeneHns, B KOHTEKCTA Ha NMPUEMNMBO 3a NpakTuKaTa
afleKBaTHO OMMCaHWe Ha NpUPOAHWS 0BekT, Ce Bb3npuema oT
W3CnegoBaTenckiTe ekunu kato u3bop Ha BEPOSTHOCTEH
MOZen 3a OnuWcaHe Ha pJaHHute. B xupporeonoxkarta
npakTMka Cca W3BECTHM W3MEpeHU CTOMHOCTUTE  Ha
NPOHMLIaEMOCTTa, KOUTO NpeAcTaBeHn ype3 koeduumeHTa Kq
BapupaT B uHTepeana ot 107 po 10-'2. EctecTseHo,
NorapuTMyBaHeTO Ha TakbB POA JaHHW MOTUCKA MaKCUMasHO
pucnepeusita. He cnyvaiiHo, 6awure Ha reoctatuctukata [.
Kpure (Krige, 1961) n X. MatepoH (Matheron, 1963; 1971)
ONpedenaT 3a LeHTpanHa ponsita Ha JOrHOPManHoTo
pasnpegeneHue npW  reocTaTUCTUYECKO OMMCaHMe  Ha
MoBEYeTO reonoxk1 aaHHu. Cneg 1973 r. eauH OT yyeHuuuTe
Ha MatepoH — [lasug, (David, 1977), Bb3 OCHOBa Ha HaTpynaH
ONMT, MNpenopbYBaT NOrHOPManHus 3akoH 3a 0asoB B
reoctatuctukata. C ToBa ce npaBu ONUT 3a BbBEXAAHETO Ha
3abIKUTENHOTO NOrapuTMyBaHe Ha BCWYKM [aHHW, KOWTO
CbbpXKaT EeKCTPEeMHU CToiHocTU. [MapanenHo c ToBa ce
BbBEX[a M NOHATUETO 1 popManu3ma Ha T.Hap. NorHopmarneH
Kpuruar.  CamoTO HasBaHue oOnpedens W3MCKBAaHETO —
pasnpeneneHNeTo Ha daHHMTe  (HapacTBaHusATa) Ja
CbOoTBETCTBYBa Ha JlorHopmanHus 3akoH. Obaye B nocnegHo
Bpeme ce HaTpyneat hakTi, Ye NOorHopmarHata xunoTesa He
ce NOTBbPXaaBa, 0COOEHO NPU JaHHW C BUCOKM CTOMHOCTU Ha
aucnepeusta

Mpe3 1960 r. beHya Mangen6por (Mandelbrot, 1960)
NnokKasea, 4e NnoBe4yeTo OT NPUPOAHUTE OAaHHW HEe MNOoKpuBat
TectoBeTe Ha Komnmoropos - CMMpHOB 3a CbrnacyBaHoOCT C
norHopmarnHarta xunotesa. ANTEpHaTUBHOTO MPELIOKEHME €,
ye JaHHUTE Ca pasnpeaeneHi no T.Hap. YCToAumMB 3aKkoH. Tosm
Knac pasnpegeneHus ca BCbLIHOCT eHO Wnpoko obobuieHne
Ha HopmanHus 3akoH. [lokasaHa ot Jleeu (Levi, 1925) u
XuHumH  (Khinchin, A, 1938) Teopema rnacu, ue
nokasaTenaT v, KOWTO CTOM B CTeMeHTa Ha U Hag
EKCrIOHEHTaTa Ha XapaKTepUCTUYHATA (OYHKUMS U KOWTO Npw
HOPMamHOTO pasnpefeneHue € paBeH Ha 2, a Npu o < 2
pedmHupa 6GeskpaiiHa gucnepcus. Kakto ce  cnomeHa,
MpaKkTUKaTa He MOXe Aa OCUIYPU HambSIHO TO3M hakKT, Tbi
kaTo ToBa npeanonara GeskpaiHa YyBCTBUTENHOCT M TOYHOCT
Ha U3mMepBaHusTa.

CBepneHus 3a yCTOWYMBUTE pa3npepenenms

Kakto ce cnomeHa, yctomunBuTe pasnpefeneHus ca
TeopeTuyHo obocHoBaHu ot [lon Jlesn (Levi, 1925) n
06o6weHusTa, msbplueHn ot XuHumd (Khinchin, 1938). o
nybrvkaumsta Ha  MaHgenbpor  (Mandelbrot,  1960)
YCTOMYMBUATE  pasnpedeneHns He Ca  MMam  LIMPOKO
MPaKTUYECKO MPUIOKEHNE, Thbil KaTo, C HAKOMKO M3KITIOYEHUS,
HAMaT SBHM W3pa3u 3a MITbTHOCTTA WM (DyHKUMATA Ha
pasnpepeneHne. EpHo obobweHne Ha TeopusiTa  Ha
ycToiumBuTe pasnpedenedns ce pasa npes 1983 r. ot
30mn0TOpPLOB.

B Tas# MoHorpadms ce fgaeaT pasnMYHKM NOAX0AM U
PeLleHNs 3a OMKUcaHWe Ha peanHu 0BekTW U npouecu upes
ycTonumBuTE pasnpegeneHus. B Han-o0Ly, B,
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XapaKkTepucTuyHaTa (hyHKLUMS OT CyyailHaTa BenuunHa X ce
JedunHupa Kato:

g(u) = E(e”) = f”e‘“‘f(x)dx
ToBa e BCBUIHOCT KOMMMEKcHaTa TpaHedopmaunsa Ha dypue
f(x). 3a MOMEHTUTE Ha pasnpefieneHneTo Ce W3rnon3sa
mpasa: p =E(X)=i'g”(0). 3a

pasnpefiereHuss e BaxHO [Ja Ce MnpecMeTHaT
napameTpuTe «v M~y Ha XapakTepucTuiHaTa yHKLNS:

ycTONuMBUTE
noHe

. (23

NOETI

MapameTbpbT v Moxe fa Bapupa ot 0 go 2. Mpn o =1 ce
CMATa, Ye e Hanuue pasnpedeneHnero Ha Koww, koeto ce
XapaKkTepuaupa ¢ TOBa, Y& MaTemaTU4eckoTo O4aKBaHe i U

AucnepeusTa o ca paBHU Ha GeskpaitHoCT.

ObsicHeHmeTo 3a beskpaiHOCTTa Ha MaTemMaTM4ecKoTo
ovakeaHe p € cnefHoto: Heka pasnonarame N— Ha Opoii

CpeaHu X NOMyyYeHW OT N— Ha Opoit u3Bagku OT fafeHa
leHepanHa CbBKYMHOCT OT [faHHu. [lpu  HOPMarHoTo

pasnpedeneHne nonyyeHuTe n—Ha Opoi cpegHM X ca
CXOAMMM KbM MaTeMaTU4eCKOTO OYakBaHe [t .

Mpw pa3npeaeneHneTo Ha Kowwm nmbTHOCTTa MMa dopmara:
f(x) =C/A+x).

W3BagbyHuTe cpegHu x €A pasnpedeneHs Cblo no
pasnpedeneHne Ha Koww, T.e. umaT cbwo GeskpanHa
aucnepeus.

O6ww0 B3eTO MMa OBLLIMPHA NUTepaTypa, B KOSTO CE NOKa3Ba,
Ye TOBA BaXW M 3a MPUPOLHMTE CUCTEMM OT AaHHM. [Mpw
nosiBaTa Ha EKCTPEMHW CTOMHOCTM, T.€. C YTEXHsBaHe Ha
onalukara Ha pasnpeneneHueTo, napameTbpbT « Hamanssa
MpOMOPLMOHaNHO CBOSITA CTOMHOCT. [lapameTbpbT v €

MaLLabeH, HO He B MbiHUS CMUCHIT Ha TOBa MoHsTVe. MoBeye
CBEEHNS 3a YCTOWuMBWTE pasnpedeneHuss morat ga ce
HaMepAT B LMTMpaHaTa nuTepatypa.

Pesyntatu n o6cbxpaaHe

lMpegnaraHus oT Hac nogxog 6Gewe anpobupaH BbpXy
pearHn AaHHW 3a BanexHWTe KOMWYEeCTBa, MOAXPaHBaLLM
KapcToBMAT pe3epBoap ,AceHoBrpag” — Bux. Tabn. 1.
3amepBaHusaTa obxBawart wHTepBana ot 1959-2003 r. npw
€[JHOMECEYHO OTYMTaHE Ha Konm4yecTBaTa Banexu. Kapctosus
pesepBoap ,ACEHOBrpaa’, ce CMsTa 3a eTarloHeH, Thil KaTo €
HambHO APEHMPaH OT CBOUTE U3BOPH, BIK TpoluaHos (1992).

Tabnuua 1

YEARJAN [FEB [MAR [APR [MAY |JUN [JUL |AUG [SEP |OCT [NOV |DEC

1959 8 5.6 [24.2 |58.4 67.6 (203 |34.1 |74.1 [57.8 |39.3 |52.1 21.9

1960 (34.4 [29.3 [29.2 |83.7 |77.5 130.6|70.9 {14 [92.6 [7.3 [65.9 [115.5

1961 142.8 |7.8 [29.1 |16.8 |114.9(131.1|71 |34.2 |16.8 |31.8 |106.4(60.8

1962 (30.2 [62.9 45.6 |44.3 [26.6 (25.9 |79.1 |17.8 (39.9 |78.1 50.3 (86.8

1963 (88 |70.2 |43.8 |69.4 |156.1{55.8 |68.7 [3  [13.3 [58.7 [77.7 [39.1




1964 [10.6 [15.8 [34.5 (322 [89.8 60.1 [22.6 [39.4 [93.8 [26.2 [24.7 [35.8 1961 (888 [718 [710 [526 [539 [660 613 [576 [565 [391 [418 458
1965 [37.3 25.9 [71.3 [30.1 646 (0.8 [57 [225 |0  [19.6 [206 [22.1 1962 (407 [477 [546 [753 629 [526 (408 |- (388 [420 [518 [385
1966 [54.5 9.9 [61.5 65 [70.2 [114.540.8 [39.9 [17 [209 [132.3132.9 1963 (648 (927 [875 (927 [1049 [1349 |97 [555 (464 (416 [350 [529
1967 [22.9 9.2 [61.8 [50 [63.9 [80.5 [58.8 [4.2 [30.4 [19.6 416 [29 1964 [453 [371 521 | [522 |- [689 [516 [316 [245 [276 [303
1968 [48.4 (324 [36.4 29 |45 [23.9 [26.8 [32.7 |65.3 [34.9 [102.8/44.4 1965 (368 [372 {421 [524 [553 [851 (480 [300 [242 [233 [246 [202
1969 [103.4/58.2 60.3 [152 25 |71 [355[23 |82 [0 [3.6 [1247 1966 (143 [167 [199 [235 [464 [524 [512 [449 (313 [203 [257 |463
1970 [23.5 [43.4 [71.8 [24.7 636 [26.8 [28 [21 |47 [55.6 [21.7 [186 1967 (704 (603 [593 [734 (735 [509 655 [405 (376 [276 [239 [189
1971 |56.2 [51.4 65 [46.8 [715 [84.2 [149.27.8 [135.7/49.9 [38.5 [33.3 1968 151 (175 [171 [251 [230 [228 |17 222 [177 |166 [171 [266
1972 [17.8 14 [17.8 [77.3 (269 [30.4 [13.8 [56.5 [63.9 [135.59.4 (9.1 299 447 [535 (786 691 (360 (363 [155 |161 [136 [124 [130
1973 [32.7 [40.4 [54.7 (822 [27.5 [37.1 [86.7 [30.8 [70.5 [11.9 [24.9 [13.4 1969 | | [750 682 [504 |- 310 [170 [135 [134 [115 [113
1974 [32.5 22.4 [51.7 [33.7 [65.7 [104.8149.3 [37.9 [3.6 [10.6 [83.1 [88.1 L oo O les |
1975 [50.8 [26.7 [33.9 [86.7 [66.4 [58.8 [42 [125.9/9.8 |69 [40.1 [207 141 [214 [341 485 [547 |408 (346 [307 [294 [274 183 |
1976 [14.2 32.3 7.8 [49.6 69.7 [49.3 [108.9[36.9 [12 [106.7[51.2 [11.8 1970 [155 [233 [332 [585 [503 [391 338 | [200 |
1977 (47.2 (38.4 6.3 |5.2 |73.1 |67.5 |72 0.3 |64.9 1.6 |19.8 |65.6 224 (420 1372 [529 (454 [383 | N
1978 (25.7 [34.4 [38.3 |84.5 |86.3 [57.6 (33.5 [44.1 |150.3/65.5 18 (44.1 131 (212 [238 [222 [704 [267 |599 |428 [268 [279 289 [188
1979 22 |83.7 2.9 [52.8 [182.460.8 [17.5 [54.7 4.1 [91.4 [96.8 [38.7 T o b2r | Wrae lso |es2 age 416 [272 1336 1192 170
1980 [57.9 |29 [20.6 |74.2 |96.7 [46.1 (32.4 |65 |0  |28.2 (38.9 (835 153 [159 (177 [237 (388 [277 263 [244 [266 [180 278 [302
1981 (89.1 35.1 [13.4 |21.4 |46 |47.4 |131.8 |40 |3.3 |0.6 |74.9 |27 1972 |- - - - - 200 (262 [249 [249 |277 1261 |-
1982 [33.1 (39.8 [46.2 [88.1 [42.4 [29.9 [66.9 [36.1 [24.1 [47.1 [28.7 [75.7 175 [208 |24 31 - P15 ||
1983 |15.5 6.1 [20.7 |13.6 |17.3 |143.6{139 (45.5 |49.7 |14.5 [17.9 [63.7 167 201 [254 1493 1921 1634 346 [267 [184 [134 |141 |152
1984 (48.5 [36.4 |123.5(57.6 |15.7 (35.3 (36.5 [129.5[3.8 |4  [22.7 [47.2 1973 169 208 645 |645 305 1206 232 [130 |148 |161
1985 |25.4 |13.9 [24.7 |33.9 |32.8 [33.7 [13.9 |54.5 |17.7 |8.1 [91.2 3.3 153 [126 129 1200 1182 1259 193 [193 [167 [147 234 |162
1986 |68 1041044 |58 463 [58 [302 13 [15.8 [34.6 [18.2 [237 194 e T36 179 lo2 loze o5 |57 L 1174 hao 7o hia3
1987 [45.7 [28.1 |57.7 |136.6/33.5 [19.1 (73.4 [14.1 |7.9 |40.9 [58.6 (22.6 384 [251 [271 [314 1422 1810 [533 453 442 (376 [351 [313
1988 (5.4 [33.6 [61.8 [9.6 [45.5 |70.9 (0.4 [1.5 |14.7 |18.5 [95.2 (70 1975 1335 [247 282 1328 1725 614 | | 363 [368 [282
1989 (06 6.5 [91.7 5.9 [84.7 [77.5 [47.2 [34.8 [234 48 [31.6 43.9 L L leo | a3 pr2
1990 )2 0.9 28 337 |64 40 |21.7 37 |50 |20 |14.6 |126.7 1976 [270 (275 [341 [307 [530 |453 |448 |499 |423 [283 [362 491
19911325 0 @427 |51 |63.9 119 [80.5 |55.8 |17.3 |43 |45.9 |14.8 1977 493 [465 551 [457 [351 [473 (320 |405 [295 [308 [165 [176
1992 9.5 [17.6 321 [107.7]35.7 |76.8 |46.7 26 |31 |24.8 |36 |51.3 1978 |165 [193 [176 [389 [286 (372 [273 432 [524 [512 524 [527
1993 123 LD LD LD LD LD |LD LD |12 |42 [633 |18.2 1979 429 |436 {461 [519 [571 [585 [760 560 [439 [718 387 |500
1994 [95 |328 |27.3 |36 |14.3 |43 [20.1 86 6.2 854 |51.8 |58.3 1980 504 [537 [585 [755 [832 |74 918 |971 476 452 [414 [223
1995 LD [17.2 [79.5 [124 34.2 |58 1646 LD LD |LD |S0.9 829 1981 (323 [303 |523 [554 [667 (526 (601 (550 [556 [315 [138 [117
1996 (216 73.3 291|116 515 LD |LD LD LD |175 |67.3 601 1982 [122 [137 [274 241 [331 (391 337 (343 [300 [339 [325 [333
1997 [55 48.1 [86.1 [39.5 [46.2 [22.9 675 [179.1(14.1 [61.7 [25.1 [106.7 1983 1263 318 B13 276 kso 1525 51 k291 210 boos 16 R4
1998 [80.1 [77.5 [35.3 [8.3 [121.6[40.3 [37.5 (0.4 [80.6 [60.5 [100.2]27 1984 1238 1267 272 153 ez 157 laas lazs ho7 lzi5 izt L
1999133 645 57 6.9 |77.8 |87.3 966 [67.6 [20.2 31.2 1435 612 1985 (215 (236 [174 248 [190 [169 [196 |92 [110 [132 [182 [125
2000 |39 [14.8 105 577 j221 [225 16 |23 34730 [16.5 |7 1986 [185 [165 (344 262 [238 |67 [242 [239 [222 [192 [206 [246
2001 61 [328 [p2.7 856 129249.1 239 174 %68 36 |94 |69 1987 [240 (235 |90 (345 [326 (326 491 [285 [347 [203 [203 |93
2002 10 [0 [137.4455 |43.3 [26.8 [177.9323 [10.3 471 421 [66.2 1988 [286 (280 [180 [254 [266 [204 [183 [195 [227 [205 [219 [245
2003 [505 |38 [0 [824 1287122 52 23 217 [148 |95 W01 ogg |13 [o16 |42 [195 200 [210 [o10 |05 [o15 [239 [230 fo23

1990 [237 [211 [216 [251 [130 [250 [250 [248 [250 [200 [210 [170
[laHH1Te 3a OTTOKA Ca B3ET OT KanTMpaH kapcToB U3BOp C.
Myngasa Ne 721534/66 — Bk Tabnuua 2. 3amepBaHusiTa Ha 1991 1129 ¢ 392 435 p P2 M9 @12 {400
[ebuta Ha KapcTOBWS M3BOp CbBMagar Mo BpemMe CbC 1992 381 |- [140 | 201 - 235 |- 210 |157 115
3aMepBaHMsTa  Ha  KOMWYECTBOTO  Banexu.  Tasu 1993 [189 [172 [206 [167 (333 [411 [218 [138 [158 [204 [201 [148
CbrOCTABUMOCT BB BPEMETO NOSBONM Ja Cé npourpae 1994 125 [136 [120 [198 [215 [272 [252 [204 |182 [263 [216 [206
MOOENLT Ha  PaBHOBECMETO BbPXy PeanHo U3MepeHut s A A A R
EMMAPUYHI [laHHN.

1996 150 [180 [172 [300 [432 |440 364 [231 |182 [156 (309 [168
Tabnuua 2 1997 [200 [305 [200 [650 [422 [495 (346 300 [214 [203 [185 |

ol v v e e b bx I b bk 1998 [274 [280 499 [558 (625 (676 [380 [328 (365 [237 [221 [317

1959 |290 |- [249 [235 (347 (337|402 450 (325 303 [418 (392 L o N N o G N S
= 551 1363 1505 o1 615 571 1647 oo laso 1472 loso 2000 [180 [190 220 [232 [220 [197 [190 [180 [175 [160 [175 [180

2001 [162 [170 218 145 [315 [320 (360 [255 [250 [235 [210 [210




2002 (180 (195 325 (390 300 (270 (315 |282 |250 |300 (330

2003 |440 360 (330 [290 |280 (360 |320 |310 (255 (245

w
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®ur. 2. MogenHo pelweHuWe No AaHHUTe oT Tabnuua 1 m 2. C ToukmM ca
noKasaHW eMNUPUYHUTE CTOWHOCTW, a C JIMHMUM HA HUBO Ca MOKa3aHW
H o

Iz

ea)i eﬁz

TPaeKTopunTe Ha CbOTBETHUTE pPellueHus

M3BegeHuaT ctoxacTyeH Mogen (Buwx ur. 2) e
peanuaupaH KOMMIOTbPHO, KaTo pe3ynTaTuTe ca NpeacTaBeHu
OT efHa cTpaHa kato Q-Q anarpamu (Bux cour. 3) nokassaLum
Brm3ocTTa Mexgy mogena M eKCnepuMeHTanHUTe AaHHW W
puarpama Ha yCTOA4NBOCTTa Ha AETEPMUHUCTUYHIS NPOLIEC, U
HEeNUHENHO CBbP3aHNS C HEro CTOXacTUYeH NPOLIEC.

(==

i e il il i

Tracrwd ool Cwmrd lsa

®ur. 3. CLOTBETCBME MEXAY EMNUPYHUTE AAHHW U MOAENN NPeACTaBeHu
ype3 Q-Q Plot

Pesyntatute oT koMnioTbpHaTa 06paboTka Ha eMIMpUYHIS
maTtepuan ot Tabnuua 1 v 2 nokaseart, Ye BbpXy Auarpamara
Ha BanaHca, cnpsiMo ToukaTa Ha paBHoBecue SE, ce odopms
hamunus OT 3aTBOPEHM TPAEKTOPUM Ha 3aBUCUMOCTTa MEXIY

a
OTHOLLEHMATa — ¢ l. Ot rpadvkaTta ce BXOa Ce, Y€ B
@

3aBMCUMOCT  OT Bb3AENCTBMETO  Ha CTOXaCTu4yHaTa
KOMMOHEHTa, AeTePMUHUCTUYHUTE TPaEeKTopun ca B ornmsocTt
mnn  ce  oTpanevasatr  crnpAMo  AETEPMUHUCTUYHUTE

TpaekTopun. Mo TO3M HauwH, OT edHa CTpaHa Moxe Aa ce

MpenopbyaHa 3a nybnukysaHe ot
Kategpa “T'eonorus u npoyysaHe Ha nonesHu uskonaemu”, Mo
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NporHo3npa BbB BPEMETO BOAHUA banaHc B XWUAOPOreonoxku
BaceitH, a ot apyra CtpaHa MOXe fda Ce npeackaxe OOKOMKo
cnyqathMTe Bapuauun, nOOTAENHO N MexXOdy OTHOLWEeHuATa
1 /4

J— n ,
p 0}
[NETEPMUHUCTUYHUTE peLueHns,

AWHaMKKaTa Ha BOgHUA 6anch.

BNNAAT  BbPXY yCTOVNVIBOCTTa Ha

XapaKkTepuanpaLLy

B saknioueHne TpsabBa aa ce otbenexu, ye NOnyyeHuTe

pesyntaty UMaT npeaBapuTeNeH Xxapaktep, Tbi  KaTo
M3BEAEHUTE TpaeKkTopuu Ha MOAENHOTO pelleHne Ha
i7 z¢

ea)i eﬁ'z =

PaBEHCTBOTO S, wmorat fa umar u Jpyru
TPAEKTOpUMW, KOUTO He Ce MPELCTaBAT OT 3aTBOPEHN KPUBM.
Ta3u TeHaeHUus ce 3abensi3Ba B Kpauwlata Ha rpacgukata,
npegcraBeHa Ha cwur. 2. OOWKHOBEHO, TOBA ,aHOMarHO
noeegeHne” ce obsiCHABa C HapylaBaHe Ha CbOTBETCTBUE
MEXOy EeMNUPUMYHUTE [aHHW Te3W Ha Mopgena, KouTo
nponuyaBaT B [OnHaTa 4acT Ha rpadukata — Q-Q Plot,
npeactaBeHa Ha cur. 3. B To3M acnekt, n3bopbT Ha
BEPOSTHOCTHWS MOLEN Ha OMuCaHWe Ha [aHHWUTE € He Mo-
Marko BaXeH OT MOCTPOSIBaHETO Ha MOLENHOTO PELLEHNE.
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OCOBEHOCTU HA HE®TOU3BNUYAHETO NMPU HAXOAWULLA C BOOOHAINOPHU
PEXWMW, NPUBBP3AHU KbM HANMYKAHW KONEKTOPU

Bacun banuHoe, E¢ppocuma 3aHesa-LJobpaHoea, MapusiHa [JoHyeea

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

PE3IOME. CbBpeMeHHIUTE NOAXOAM 3a OLieHKa Ha HepTOOTAABaHETO Ha NnacTa Ce OCHOBABAT Ha (hU3MYHATa ChLUHOCT HA MeXaHWU3Ma 1 KMHeTUKaTa Ha npoLecuTe,
CbIbTCTBALLM pa3paboTBaHETO Ha BLIMEBOAOPOAHUTE aKyMynauuu. TSXHOTO NporHoavpaHe npeanonara AETaifHO No3HaBaHe Ha cneuuduyHuTe 0coBeHocTH
KOHKPETHUTE MoKasaTeny Ha pe3epBOapHUTE CUCTEMM, KaKTO W Ha PONsTa U 3HAYMMOCTTa Ha MHOrooBpasHuTe (akTopu, BbPXY Xapaktepa Ha Teau npouecu. 3a
yCroBusiTa Ha HepTeHUTe Haxofulia, NpUBbP3aHW KbM HamykaHU KOMEeKTopu Teau (hakTopu Ce CBEXAAT OCHOBHO [O0: MOAEna Ha BMECTBALLOTO NMPOCTPAHCTBO;
(hnyuooHacUTEHOCTTa Ha PasMUYHWTE TUMOBE MPa3HMHW W TsXHAaTa B3aUMOCHOBLLAEMOCT, MOBEAEHWETO Ha MnacToBaTa EHeprus; ouaksaHuTe asosu
npeBpblUaHNs Ha BbIMEBOAOPOAHATA CUCTEMA, XeTeporeHHaTa MONeKynHa npupoAa Ha ckanHaTta MoBbpxXHOCT W Ap. Ompedensiwa pornst uMa MopenbT Ha
BMeCTBALLNS 06EM, CbrNacHO KOMTO NPOLYKTUBHUSIT XOPU3OHT Chbpka [iBE OTHOCUTENHO aBTOHOMHM U CbLUEBPEMEHHO B3aMMOAENCTBALLM NOMEXY CH CUCTEMM —
nykHaTUHHa 1 MaTpuyHa. Te ce xapaKTepuaupaT ¢ NPUHLMIHO pa3niyeH MexaHN3bM Ha U3BMUYaHe Ha Hedta.

B HacTosiwara paboTa ce pasrnexgar camo YacT OT Teai npoBnemu, CBbP3aHM C MexaHuamMa Ha HedhTOM3BMMYAHETO MPU HAXOAWLLA C BOAOHAMOPEH PEXUM,
NpUBbP3aHI KbM HanykaHW KOMEKTOPY W C pa3ninyHa CTENEH Ha CbXpaHsiBaHe Ha NnactoBaTa eHeprus.

CHARACTERISTICS OF THE OIL-RECOVERY FROM DEPOSITS WITH WATER-PRESSURE REGIME, BOUNDED TO
FRACTURED RESERVOIRS

Vasial Balinov, Efrosima Zaneva-Dobranova, Mariana Doncheva

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

ABSTRACT. The contemporary approaches for appraisal of the oil-recovery are based on the mechanism and the kinetics of the processes, attending the exploitation
of the hydrocarbon accumulations. The prognosis of the character of these processes supposes detail knowledge of the specific characteristics and the concrete
reservoir systems’ parameters and of the role and the significance of variable factors. For the conditions of the oil deposits, bounded to the fractured reservoirs, these
factors reduce mainly to: the model of the capacity space; the fluid-saturation of the different types of hollows of their interaction; the behaviour of the layer energy; the
expected phase transformation of the hydrocarbon system, the heterogeneous molecule nature of the rock surface, etc. Of a great importance is the capacity volume,
according to which the productive horizon contains two relatively independent and in the same time interacting systems — fractured and matrix ones. They are
characterised on principle by different mechanism of oil-recovery.

In the present work only a part of these problems are examined. They are connected to the oil-recovery mechanism in deposits with water-pressure regime, bounded
to fracture reservoirs and with different degree of the layer energy preservation.

BbBeaeHue W Ha Jpyru wscnedBaHus Ha astopute (BanuHos, 2002;
bannHoB, 3aHeBa-[JobpaHosa, 2002).

MpobnemMbT 3a W3BMNEKAEMOCTTAa Ha BbrMEBOAOPOAHUTE
Pecypcu OT 3eMHUTE Hedpa MMa BaXHO TEOPETUYHO M

MPaKkTM4ecko 3HaveHue. TOA WMa  Pa3NAYHM  acneKTu: O6wwa cxema Ha hnynaou3BnMYaHeTo

FEONOKKM,  (DM3NYHM,  CDMBUKO-XUMUYHK,  TEXHOSOTMMHM.

[leTalnHOTO NM03HaBaHe Ha KOHKPETHUTE MPUPOLHM YCIOBIA U [leTallnHOTO M3yyaBaHe Ha MexaHu3Ma W KvHeTuKara Ha
paktopute, obycnaswyM  XapakTepa Ha - mpouecuTe, npowecure, CbTbTCTBALLM M3BIIYEHETO Ha
MPeacTaBnsBa BaxHa MPeANocTaBka 3a MPABANHOTO MM BbINIEBOAOPOAHATE  (ONYUAN, NPU  PasnYHM  MPUPOAHN
TbiIKyBaHe W MporHosupaHe. ToBa Cb3gaBa ONpeseneHu ycroBus,  npeanoniara  AeduHMpaHeTo  Ha  Mo-o6ua,
Bb3MOKHOCTA 3a KOHTPON W yNpaBneHue Ha OTAEnHM NPUHUMNHA CXeMa Ha (hnyuaou3BAMYaHETO, 3a YCIIoBUATa Ha
eneMeHTM OT Tesu npoueck, C Uen noBMWABaHe Ha HanykaHUTe eCTECTBEHW CPEAM KbM KOUTO Ca NMpUBbP3aHy
M3BIEKAEMOCTTA Ha BbIMEeBOLOPOAHNTE PECYPCH. BbINIEBOAOPOAHMTE akyMymnaLym.

B HacToswara pabota ce pasrnexpar camo 4acT of CbrnacHo CbBPEMeHHUTE MPEACTaBW, MyKHATUHHATA U
nocoyeHuTe npobnemu. Te KacasT (U3M4HUTE U (UBMKO- MaTpudHaTa CMCTEMM, MPEACTABNABALYA OCHOBHM €NeMeHTH
XMMUYHUTE acnekTV Ha HeqTOU3BAMYAHETO NPU HAXOAMLA C Ha MOJena Ha HarykaHuTe NpOAYKTMBHM Nnactoge, ce
BOAOHANOPHYN PEXMMM, NPUBBP3aHN KbM HanyKaHn MPUPOaHIA XapaKTepuaupaT C MPUHUMMHO  PasnyHiA  YCTIOBUS  Ha
KonekTopu. YacT oT nocodeHuTe npobremu ca 6unu npeameT M3BNIMYaHe Ha BLINIEBOAOPOAHMTE HRyWaM:
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e VM3BMWYAHETO Ha (hNyuauTe OT BUCOKOMPOBOASLLATA
nykHaTUHHA CUCTEMA Ce OCbLLECTBABA B pesynTar
Ha nnacToBaTa E€HeprUs UM peanusupaHuTe
rpagveHTH Ha HansraHeTo;

e  UM3BMMYEHETO HA BLITIEBOAOPOAHUTE hRyuau OT
cnabonpoHulaemMata  MaTpuyHa - cucTema  ce
W3BbpBA MOA AEUCTBMETO HA  JpyrM  CUmM
(KaMUnApHW,  enacTU4YHM,  KanUNAPHO-eNacTUYHM,
BbTPELHONNAcToBY  [enpecun U [p.), YMsTO
npupofa e TBbpAe pasnnyHa.

CneuuduyHmTe 0COGEHOCTU Ha MPUPOAHUTE YCMOBUS 3a
KOHKDETHUTE pe3epBoapHi CUCTEMU U BbITIEBOAOPOAHM
akymynauw, ofycnaBsT 3HauuTeNHO MHorooGpasne Ha
OTHENMHN €eNeMeHTM OT MexaHu3Ma Ha W3BMMYaHeTo Ha
BbITIEBOAIOPOAHUTE (hNyUam OT fBeTe cucTemi. [osHaBaHeTo
Ha TE3W YCMOBMUS W Ha BMMSHUETO UM BbpXy MexaHW3Ma Ha
npouecuTe MpefocTaBs Bb3MOXHOCTM 33 MPOrHO3upaHe,
KOHTPON W YNPaBNEHWE Ha HAKOW ENEMEHTH OT Te3n NpoLecH
3a NOBMWABaHE W3BNEKAEMOCTTA Ha BbINEBOAOPOAHUTE

pecypey.

OcobeHocTH Ha HehTOM3BNUYAHETO NpU
BOJOHANOPHM peXxuMu (M3TNackBaHe Ha HedhTa €
BoAa)

AKTMBHO-BOZOHANOPEH PEXUM

E,ELI/IHCTBeHI/IFI M3TOYHKK Ha nnactoBa eHeprus npu TO3n
PeXUM € XMOPOOWHAMWYHWS Hanop Ha NnacTtoBuTe BOAM.
lMoBeAEHMETO Ha OCHOBHWUTE MOKa3aTenu Ha paspaboTkarta Ha
3anexuTe, KOUTO OnpegenaT XapakTtepa Ha npouecute,
CbMbTCTBALM  HE(ITOM3BNMYAHETO € KakTo cnegga: 1)
3anaseaHe Ha nnacrtoBata eHeprusi (MOCTOSIHHO MNacTOBO
HansraHe) npes Lenus nepuog Ha paspaboTBaHeTo; 2)
HEMPOMEHALLO Ce HanmsraHe Ha HaculaHe Ha HedT C ras,
KOETO € MO-HUCKO OT MNacToBOTO HansaraHe (OTCbCTBAT
YCrnoBusS 3a OTAENSHETO Ha cBobogeH ras); 3) nocTosHeH
€KCnroTaLUMoHeH ra3oB (akTop, KOWTO € paBeH Ha NMNacToBWS;
4. OTHOCWTENHO MOCTOSIHCTBO Ha (HM3NYHUTE CBOMCTBA Ha
HedTa; 5. HEpaBHOMEPHO [OBWKEHME Ha BOAOHE(TEHWS
KOHTaKT.

B cvoteetctBME C obljata cxema Ha HedTOM3BNMYAHE,
OBVWKEHMETO Ha HedbTa KbM EKCMOTaUMOHHUTE COHOAXK, B
pesynTaT Ha peanuaupaHuTe rpagneHT Ha HansraHeto, ce
OCbLUECTBABA MO MyKHATUHHATa CUCTEMA, OO MaKCUMasHO
W3BMMYaHe Ha Hedta OT Hed  (koedWUMEHTBT Ha
HedpToM3BNMYaHe Hait-4ecTo npesuwasa 90%). Ha onpegeneH
eTan oT pa3paboTBaHETO Ha 3anexuTe HacTbnBa MpOLEC Ha
OBOAHSIBaHe Ha NpoJyKuMsTa Ha COHAAXMTE, KOMTO NpoTMya C
HapacTBalLym TemnoBe. Bucokata cTeneH Ha 13BnekaemocT Ha
HepTa OT MyKkHaTMHHaTa cuctemMa e obycroBeH OT
BraronpusiTHUTEe YCMOBWSI HA APEHUpaHe Ha MpOLYKTUBHUTE
XOPU3OHTYM,  BMCOKMSI  (DUNTPALMOHEH  MOTEeHuMan Ha
MyKHaTUHWTE W Heronsmata pons Ha  HebnarompusTH
thakTopu (Hmckm CTOMHOCTM Ha KanunspHoToO
NpOTUBOHansraHe, OTCbCTBME Ha ra3 B CBODOAHO CLCTOSHME,
3anasBaHe Ha OTHOCUTENHO BWCOKM (ha3oBM MPOHWLLAEMOCTH
Mo OTHOLLEHME Ha HedTa u ap.).
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lMokasaTenWTe Ha MykHaTMHHaTa CUCTeMa  OkassaTt

onpedeneHo BNWSHWE BbPXy XapakTepa Ha mnpolecute W
CTENEHTTa Ha M3BNEKaeMOCT Ha HedTa OT Hes. PasnnyHata
Pa3MepHOCT W MPOCTPaHCTBEHUTE B3aUMOOTHOLLEHUS MeXIy
NyKHaTUHWTE  mpegnonaraT  pasfMYHu  CKOpPOCTW  Ha
n3TnackeaHe OT TsAX, KOETO Cb3daBa YCMoBMS 33
HEPaBHOMEPHO MPWABWXBaHe Ha BOLOHE(TEHWNS KOHTAKT.
OnpeneneHa HeraTWBHa pons MMaT KanunsipHWUTE NpoLecH,
KOUTO  JOMbIHWTENHO  3abaBAT  W3TNAcKBaHETO B
MWKPOMyKHaTUHUTE. He3aBnCUMO OT Te3W HeraTBHM GhakTopw,
W3BnekaemocTTa Ha HedTa OT MykHAaTMHHAaTa cuUCTeMa €
Bucoka (Hag 90%).

N3BnmndaHeTo Ha HedTa OT criabGonpoHuULaemMaTa MaTpiyHa
CUCTEMa, KOSTO Hall-yecTo CbbpXa OCHOBHATa 4acT OT
pecypcuTe, e cnabo edekTMBeH NPOLEC, KOITO MpoTiYa crej
HaYamnoTo Ha OBOAHABAHETO Ha NYKHATMHHATA CUCTeMa.

OcHoBHaTa, a Hall-4ecTO efuHCTBEHa ABWxXewa cuna e
CamONPOU3BOITHOTO KanWMSpHO MPOHWKBAHE Ha MniacToBaTta
BOAA, KOSTO Ce CbAbpXa B OBOLHEHUTE MyKHAaTUHW. To3u
NPOLIEC Ce KOHTPONMpa OT MONeKyNHaTa Npupoga Ha ckanHata
NOBLPXHOCT, HETOHACUTEHOCTTA U pa3MepuTe Ha MOpHUTE
KaHanu Ha maTpuyHaTa cuctema. Te onpegensT nocokara u
WHTEH3WTETa Ha KanunapHute cunu. fopu W npu  Hai-
BraronpusaTHU YCRoBMS, KOEMULMEHTLT Ha M3BNEKAEMOCT Ha
HedbTeHuTe pecypey psako npesuwasa 10%.Mpu onpegeneqn
YCnoBusl, Crnej W3BIMYAHETO Ha HedTa OT NyKHaTWHHATA
CUCTEMA, € Bb3MOXHO JOMb/HUTENHO U3BNNYaHE Ha HedpTa OT
MaTpuyHaTta CuCTema, B pesynTaT Ha peanusupaHe Ha
BbTPELLHONNACTOBN Aenpecun npu popeupaH pexum  Ha
[06MB Ha TEYHOCT OT COHAaXuUTe. TUNMYEH NpeacTaBuTEN Ha
pasrnexgaHus  TWN  BbIMIEBOAOPOAHM  akymynauum e
TtonNeHOBCKOTO ra3o-HehTEHO HaxoauLLe.

EnactuyHo-BogOHANOPEH pexum

OCHOBEH M3TOYHWK HA MPUPOAHA EHeprus ca enacTuyHuTe
CBOWCTBA Ha nracToeata cuctema. B 3aBnCMOCT OT HelHuTe
Mawabu, TeMNoBeTe Ha HamarsBaHe Ha NnacToBaTa eHeprus
ca pasnuMyHM BbB BpemeTo. Ha onpegeneH eTtan oOT
pa3paboTBaHETO Ha Haxoguwara, KbM oOWWS eHeprueH
GanaHc ce pobaBs eHeprusiTa Ha pPa3TBOPEHUs ra3 W
€BEHTyanHO Ha  HoBOd)OpMMpaHaTa  rasoBa  Lanka.
MoBeaeHMETO Ha OCHOBHUTE MoKasaTenu Ha paspaboTtkarta Ha
HaxoguwaTta e KakTo cregga: 1) Hamanamalla ¢ pasnuyHu
TEMMOBE MMacToBa EHEPrUst (HamansiBaHe Ha MIacToBOTO
HansraHe); 2) Ha4anHoTO HamnsAraHe Ha HacuLaHe € Mo-HUCKO
OT N1acToBOTO; 3) MbPBOHAYAIHO NMOCTOSHEH EKCMIOTaLMOHEH
rasoB paktop (paBeH Ha NnacToBusl), a Cned JOCTUraHe Ha
HanAraHeTo Ha HaculaHe — HapacTBaHe Ha HeroeaTta
CTOWHOCT; 4) u3mMeHeHne Ha M3N4HUTE CBOMCTBA Ha HedTa
npu MNpemMWHaBaHe Ha pasTBOpeHMs ras B CBOOOAHO
CbCTOSHYE, 5) thazosm TpaHchopmauum Ha
BbIIIEBOAOPOAHATA CUCTEMA Cref AOCTUTaHe Ha HayarHoTo
HandraHe Ha HacuulaHe; 6. HEpaBHOMEPHO [ABWXEHWE Ha
BOJOHE(hTEHUS KOHTAKT.

OT rneaHa ToYka Ha MexaHu3Ma Ha HedTOM3BMINYAHETO MpK
Pa3paboTBaHETO Ha BbITIEBOAOPOAHNTE aKyMmyrauuu OT TO3u
MR, MoraT Aa ObaT OTAeNeHW aga nepuoga: 1. Nepuod Ha
HamarsiBaHe Ha NracTOBOTO HansraHe [0 HansraHe Ha
HacullaHe, 2. Nepuod Ha NpOoAb/KaBallo HamansiBaHe Ha



NNacTtoBOTO HansraHe MOf HA4yanHoOTO HamsraHe Ha
HacuLLaHe.
Mpes mMbBMA Mepuol Ce OCbLIECTBABA MPOLEC Ha

BHe[psABaHe Ha NogHeTeHUTe BOAM W U3TNAackBaHe Ha HedTa
OT MyKHaTMHHaTa cuctema. EekTBHOCTTa Ha TO3M MpoLec
3aBuMCK OT Mallabute Ha nnactoBaTa eHepris (PeCneKTUBHO
OT WHTe3uTeTa Ha HEeWHOTO M3ToWaBaHe). M3tnacksaHeTo
npoTUYa C HeedHakBa CKOPOCT B PasnMyHUTE MO pasmep M
NPOCTPAHCTBEHO MOMOXEHWe MYKHATUHK, KOeTo Cb3dasa
YCNOBUA 33 WU3NPEBapBALLO ABWXEHWE B 30HUTE C MOBULLEHN
(unTpaLmMoHHM CcBOWNCTBa (MakponykHaTuHuTe). [o-Huckute
CKOPOCTW Ha  M3TrackBaHe B  MMKPOMyKHaTUHWTE, B
OnpeferneHa CTeneH ca B PesynTar W OT oTpuuatenHara pons
Ha KanunapHuTe npouecu. Han-4yecto kanunspHWTe cunu ca
NPOTMBOMOCOYHM HA BBHLUHATE [ABWXEWM CWUnK, Nopagu
npeobnagasawiata  xugpogobHOCT  Ha  CTEHUTE  Ha
MUKpONyKHaTUHUTE. Ha onpedeneH etan HacTbneaT NpoLecu
Ha YaCTMYHO OBOJHSBAHE, KOUTO Ce pa3BWBaT C HapacTBalLu
TEMMOBE.

[MPOABLINKUTENHOCTTA HA MbPBUS MEPUOA U CTENEHTTa Ha
ApeHupaHe (0BOOHSABAHE Ha MykHaTMHHATa CUCTeMa) 3aBUCAT
OT TEMNOBETe Ha W3TOLlABaHe Ha MnacToBata eHeprus
(BpemMeTO 3a [OCTMraHe Ha Ha4arHOTO HanAraHe Ha
HacvlwaHe) 1 abconTHaTa CTOMHOCT Ha HansraHeTo Ha
HacvwwaHe. lMpu 6NaronpuaTHO CbyeTaHne Ha Te3un hakTopu €
Bb3MOXHO MbIIHO [pEHUpaHe Ha MnyKHaTWHHaTa cucTema
(n3BnMYaHe Ha OCHOBHWTE HE(OTEHM pecypcu OT Hes — Hapg

90%) npegn HacTbnBaHe Ha  BTOpUS  nepuog  Ha
pa3paboTBaHeTO Ha HaxoamLaTa.
MpUHLMIHO, XapakTepbT  Ha npouecute Ha

HehTOM3BNMYAHETO OT MyKHATMHHATA cUCTeMa Mpe3 MbpBus
nepuod, € aHarorMyeH Ha TO3W MpU Haxoguwa C aKTUBHO-
BOJOHAMOPEH PEXUM.

Bropuat nepuog 3anayea ¢ HayanoTo Ha AerasauusTa Ha
nnacToBus HedT (chopmupaHe Ha aucnepcHa cuctema). Mpu
HaNMMYMETO Ha edeKTUBEH Hamop Ha nogHedTeHuTe BOAM,
eHepruaTa Ha OTAENALMS Ce ras He CTUMYNMpa, a no-CKopo
Bb3NPENATCTBA NPOLECUTE Ha W3TNAackBaHe Ha BCe Olle
Hem3BfeYeHMs  HedT  OT  MyKHaTMHHaTa  cucTema.
[TbpBOHAYanHo oTAenswara ce B AWCKPETHO CbCTOSHWE
rasoBa basa (nog ¢opmata Ha Masnku Mexypuyeta) ce ABMKM
cB0BOAHO B MyKHaTWHMTE, 3aedHO C HedTeHaTa (pasa, mog
BNMSIHME Ha HedbTa Ha nopHedTeHuTe Boau. MHoro 6bp30
obaye rasoBuTe MexypueTa yBenuuyasaT cBos obem. [pu
KOHTaKTa UM CbC CTEHUTE Ha MyKHaTWHUTE Ce NposiBABaT
MHOrOYMCIIEHN  KanunapHu edekt. Te  Bb3npensTcTaar
OBVWKEHWETO Ha HedTa, A0 MbIHOTO My MpeycTaHOBSBaHE B
MUKpONyKHaTUHUTE. MpK NO-HATaTBWHOTO YBENMYaBaHe Ha
obema Ha rasoBata (pasa, T4 CTaBa MOABWKHA, HO HamarsBa
psi3ko hasoBaTa NPOHMLLAEMOCT MO OTHOLIEHME Ha HedpTeHaTa
thasa. lNpu onpegenenn ycnosus (cnaboedekTMBeH Hanop Ha
nractoBuTe BOAM W opMupaHe Ha TpudasHa cuctema —
HepT-ras-Boja) € Bb3MOXHO MPEYCTaHOBABaHE  Ha
OBVKEHWETO 1 Camo3arrnyllaBaHe Ha CoHaaxwuTe. Toea BOAM

Mpenopbyana 3a nybnukysaHe ot
Kategpa “T'eonorus u npoyysaHe Ha nonesHu uskonaemu”, Mo
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[0 HamansiBaHe CTEreHTTa Ha W3BNeKaeMocT Ha HedTa OT
He[lpeHMpaHuTe Npes MbPBUSA Nepuod NyKHaTUHU. TunUyeH B
TOBa OTHOWEHWe npumep e CenaHOBCKOTO —HedTeHo
HaxoauLLe.

MexaHu3MbT Ha M3BMM4YaHe Ha Hepta OT MaTpuyHaTa
cuctema uMa pegvua oblyM YepTW M CbLUEBPEMEHHO Ce
XapakTepuaupa C HsSKOM OCODEHOCTM B CpaBHEHWE C
pasrnexpaHus npy  aKTWBHO-BOAOHANMOpeH pexum. U Tyk
OCHOBHa pONs MMaT KanunspHUTe npolecy, eeKTMBHOCTTA
Ha KOMTO Ce onpegens oT MofeKynHaTa npupoga Ha Tebpaata
MOBBPXHOCT, HE(hTOHACUTEHOCTTA , CTPYKTypata Ha NopHuUTe
kaHanu u ap. OnpedeneHo BnusHWE OKa3Ba OTAENAWMNs ce
cBobogeH ras, Npu JOCTUraHe Ha ycrnoBusTa Ha ferasaums Ha
HepTa B MaTpuyHaTa cuctema. OT efHa cTpaHa rasoBuTe
MexypyeTa, yBenuyaeamku cBos  obem, cnocoberBar
W3TNACKBAHETO Ha YacT OT HedhTa KbM MyKHATMHHAT cucTeMa.
CobLueBpeMeHHo, pasBuBaLLOTO ce KanunsipHo
NPOTUBOAENCTBME Bb3NPENATCTBA MPOHUKBAHETO Ha BoAa B
matpuuara.

lMonoXuTenHo BnUsiHWE BbPXY HEeTOra3omsBnM4aHeTo
OKa3BaT HAKOW CNELMUMUYHIA OBVWKELN CUMKU, XapaKTEPHU 3a
yCrioBMSITa Ha M3TOLL@BaHe Ha nnactoBata eHeprus —

gbmpewHonnacmogume  denpecuu M efacmuyHUme
ceolicmea Ha MaTpUyHaTa cuctema.
BbTpewHonnactosute  Aenpecuu  ca  pesynTat  OT

pasnuyHMTE TEMMNOBE Ha CMajaHe Ha NnacToBOTO HansraHe B
nNyKHaTUHHaTa W MaTpuyHaTa cuctema. Mopaau ToBa Mexay
[BeTe cuctemu ce opmupa HapacTBalla BbB BpeMeTo
Jenpecust, KOeTo Cb3aaea YCnoBMs 3a “U3TMYaHe” Ha YacT oT
HedpTa KbM MyKHATUHUTE, MPeaM Ha4anoTo Ha ferasauusita

My.

B ycnoBusiTa Ha HeHamansiBallo MNacToOBO HansraHe ce
NposiBsiBaT €nacTUYHUTE CBOWCTBA HA MaTpuyHaTa CUCTEMa,
KOETO € MpeAnocTaBka 3a M3BMMYaHE Ha [OMbHUTENHM
konuyecTa HedT, EKBMBANEHTHM Ha eNnacTuyHus pecypc. M B
JBaTta Cnyyas ferasauusita Ha Hedpta okassa OTpULATENHO
BMUsiHME BbPXY MOLABWKHOCTTA Ha HedTa B yCnoeusiTa Ha
TpuhasHa hnynaHa cucTema W NposiBSBALLM Ce KanumsipHi
edektn. B xoma Ha paspaboTBaHETO Ha Haxoguwarta ot
pa3rnexaaHns TUM NOCOYEHUTE JBVWKELM CUMM CE NpOsiBSBAT
€0HOBPEMEHHO, C Pa3nMYeH M MPOMEHIIMB MHTEH3UTET, HO
KaTo KpaeH pesynTaT CTeneHTTa Ha W3BMEKaeMocT OT
MaTpuyHaTa cuctema e Hucka v egea nv npesiwasa 10%.
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MAHIAHUT U NUPONTY3NTOBW NCEBAOMOP®O3W MO MAHIAHUAT OT HAXOULLE
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PE3IOME. Hanuune Ha MaHraHuT e YCTaHOBEHO B Hail-HUCKMTE HUBA HA OKMCTUTENHATA 30Ha B HaxoauLie KpeMuKkoBLM, B NPEXOLHUTE HUBA MEXAY NUMOHUTUTE 1
MbPBUYHUTE MaHraHCUAEepUTOBM pyan. MaHraHuTsT acoummpa ¢ Fe n Mn okcuam n XWAPOKCUAM (TbOTUT, BTOPUYEH XEMATUT, NENUOOKPOKUT, POMAHELLMT, M HeparHi
a3 OT U30CTPYKTYpHaTa CEpUsi KpUNTOMENAH-XONaHANT-KOPOHAZWT, HCYTUT), 6apuT 1 Ap. MuHepambT ce 06pasyBa Npu U3BECTEH HE[OCTUN HA KUCTIOPOA, ChabpXa
MaHraH nog copmara Ha Mn3*, B OKMCTUTENHM YCNOBMS € HecTabuneH M ce 3amecTsa OT MMponyauT. Ha MecTa B MUMOHWTUTE Ca YCTaHOBEHM MMUPOMY3UTOBM
ncesnoMopdo3n Mo MaHraHuT, NpeAcTaBeHU OT arperath OT MPU3MATUYHK, YABLIKEHU MO OCTa C KpuUcTanu ¢ pombuuyeH oBnuKk, ¢ XapakTepHa LypuxoBka v
mukponykHaturu |1 (010). 3a u3yyaBaHe Ha MOPGONOKKUTE U CTPYKTYPHW OCOBEHOCTH, XMMM3Ma, TEPMUYHOTO NOBELEHWE U CMIEKTPOCKONCKUTE XapakTepucTuki Ha
MaHraHuTa M nupomnys3nToBUTE NCEBAOMOPGO3N MO MaHraHuT, ca npoBeaeHu CEM, MMKpOCKOMCKW M3CrefBaHus B OTpa3eHa CBETNMHA, PEHTTEHOCTPYKTYPHM W
KONM4EeCTBEHU XUMUYHI aHannau, OTA — aHanuau, MYC v gp. KomeHTUpaHy ca pasnuyHuTe hopMM Ha CPeLLaHe Ha NUPoMy3uTa — MbPBUYEH W BTOPUYEH, U (MHATA
CTPYKTYPHA HEEJHOPOAHOCT Ha BTOPUYHUS NUPONY3NT, 06pa3yBaH NPU OKUCIEHNETO Ha MaHaHWT.

MANGANITE AND PYROLUSITE PSEUDOMORPHS AFTER MANGANITE CRYSTALS FROM KREMIKOVTSI DEPOSIT
Margarita Vassileva, Kalin Ruskov

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

marvas@mgu.bg; rouskov@mgu.bg

ABSTRACT. Manganite is detected in the transition zone between the limonites and the primary Mn-siderite ores from the deeper levels of the oxidizing zone of the
Kremikovtsi deposit. The mineral associates with Fe and Mn oxides and hydroxides (goethite, secondary hematite, lepidocrocite, romanechite, isostructural minerals
cryptomelane-hollandite-coronadite, nsutite), barite, and others. The manganite is formed in some deficite of oxygen and contains Mn3. It is unstable in the oxidizing
zone and it is often replaced by pyrolusite. Pyrolusite pseudomorphs after manganite are observed at places within the limonite ores. The aggregates are set up of
prismatic crystals with orthorhombic habit elongated along the ¢ axis and characteristic streaks and fine microcracks parallel to (010). The morphology, structural
features, chemical composition, thermal behaviour and IRS-characteristic of manganite and pyrolusite pseudomorphs after manganite crystals are studied by
standard procedures, including SEM, reflected light microscopy, XRD, quantitative chemical analyses, DTA, IRS and other analyses. In the present study are
discussed the various forms of pyrolusite - primary and secondary, as well as the fine structural inhomogenity of the secondary pyrolusite, which is formed as an
oxidation product of manganite.

cpelyaHe Ha nuMpomysuta M (huHaTa  CTPYKTypHa
BnBeaeHue HEEJHOPOAHOCT HA  BTOPUYHWMS  MWpONy3uT, 0OpasyBaly
ncesaoMopdo3un No MaHraHuT.

Hannuve Ha maHraHut, obpasyBaH B HavanHus CTagui ot
opMmpaHe Ha 30HaTa Ha CynepreHesa B HaxogwLie
KpemukoBuy, 6€ yCTaHOBEHO B IMMOHUTUTE OT XOpU3OHT 460
B eKCTyioaTauyoHHaTa kapuepa Ha pygHWKa, B Han-HUCKWUTE
HWBa Ha OKMCNUTENHaTa 30Ha, Ha rpaHuuaTa ¢ MbpBUYHWTE
MaHraHcuaepuToBN pyau. Ha mecta cpeg nMMOHMTUTE ca
HabniogaBaHn arperat OT MPU3MATUYHW  MUPOMY3UTOBM
KpucTanu, NpeLcTaBnsABally NCEBAOMOPGIO3M NO MaHraHuT.
OBekT Ha u3cneaBaHns B HacToslaTa pabota ca MaHraHUTLT
W MUPONY3UTOBMTE MCEBAOMOPGIO3M MO  MaHraHuT  OT
HaxoAMLLETO, C Lien JeTalinHa MUHeparnoxXka xapakTepuctuka TepMMHATE “TIOTIMAHWT" WM “Tvporyaut’ (Pampop, 1962:

Ha ABeTE (pasn, W3ACHABAHE Ha  NapareHeTuyHuTe MuHepanbl, CripaBodHyk, 1965 u ap.). Hsikou aBTOpM KaTo
B3aMMOOTHOLUEHUS M yCNOBMATa Ha 0OpasyBaHETO WM. Potter and Rossman (1979), Rask and Buseck (1986),
M3BbpLueHn ca VI3CJ'Ie£|,BaHIéIFI 3a U3yyaBaHe Ha MOPHONOXKUTE Amouric et al., (1991) 0BpblLAT CreLanHo BHUMaHUe Ha
TpeapLn W ClopovOTOwTS separepicnicr v PTS (ODWA 13 GRELI 12 ThpoTyaTE: MpaiteH —
PeBpbLY K P pakTep OT/IOXEH Ype3 Npsika KpucTanuaaums OT pa3TBOpyW 1 BTOPUYEH
MAHEparnuTe. KOMeHTUpaHW ca pasnuiHuTe (hopMM Ha — 00pasyBaH Ypes 3amMecTBaHe Ha [pyri MaHraHoBY OKCUAN W

Hesasucumo ot obcrostenctsoto, Ye nuponysutsT (B -
MnO2) npeacTaBnsiBa HaW-LUMPOKO PasnpoOCTPAHEHUST U
OCHOBEH PYAEH MUHEpan Ha MaHraHa C BaXHW MPOMULLNEHM
NPUNOXEHUs, NUTEPaTYpPHUTE OaHHW 33 CbLLECTBYBAHETO B
MPUPOLOHN YCMOBUS HA [Ba FEHETUYHM TWNa MUPOMY3UT W 3a
Pa3NWYHUTE UM XapakTepuUCTMKW, OO ronsMa cTeneH ca
HEMbIHU U (MK) NPOTUBOPEYMBM. B no-ctapute nutepaTypHu
W3TOYHWLM B MWUHANOTO Ca ONWUCBAHM ABE PA3HOBWMAHOCTW Ha
MWHepana, kaTo B 3aBMCMMOCT OT xabuTyca Ha WHOMBMOUTE
(TeTparoHaneH wnu nCeBOOpOMOMYEH) Ca  M3MOM3BaHM
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XMOPOKCWAM, [NABHO Ha MaHraHut. BTOpUYHMAT nuponyaut
(nceBmoMopho3u MO MaHraHWT) ce OTnM4YaBa OT MbPBUYHUS
CbC CUMETPUA MO-HUCKA OT TEeTparoHanHaTta, aHoMarHu
ONTW4YHW  CBOWCTBA, MHOTO HUCKA TBbPAOCT,  BMCOKM
afcopbUMOHHM  CBOWMCTBA M XMMMYeCKa  aKTMBHOCT.
Bb3aMOXHUTE NpUYMHM 33 pasnuuusaTa B MOPGONOXKNTE
0COBEHOCTM,  XMMM3Ma, CTPYKTypHaTa noApegeHocT u
(b13N4HUTe CBOWCTBA Ha [BaTa reHeTUYHM TUNa NUPONy3uT ca
pasrnexaaHn OT CpaBHWUTENHO Martbk Opoit uacnegoBaTenu
(Yamada et al., 1986; Rask and Buseck, 1986; Amouric et al.,
1991).

OkumcnuTenHata 3oHa 3aeMa Hag 2/3 ot obema Ha Haxoguie
KpemukoBumM 1 e dopmMupaHa B pesynTaT Ha CynepreHHoTo
W3MEeHeHVe NpeaMMHO Ha MbpBUYEH MaHraHCWAEPUT, U B NO-
Manka cTeneH — Ha (epomonoMUT-aHKEpUT U cynduam
(AtaHacos, 1977; Kanypkos, 1988). ObpasysaHa € B Tpu
nocrnefoBaTeNHN CTaaus Ha cynepreHesa — NpeanMoLEeHCK
(okucnuTeneH), NIUOLIEHCKN (PemyKLMoHEH) 7
NOCTNMOLEHCKN (OKucnuTeneH). JIMMOHUTUTE Ca CbCTaBEHM
rnasHo oT Fe n Mn okeuam u XumpoKkeuam — rbOTUT, BTOPUYEH
XeMaTuT,  NEenUOOKPOKWAT,  POMaHeLIUT,  MUHepanu  oT
W30CTPYKTYpHATa Cepust KPUNTOMENaH-XONaHaMT-KOPOHaauT,
NUPONY3uT, TOZOPOKAT, N B NO-OTPAHUYEHO KONMYECTBO OT —
MaHraHuT, HCYTWUT, XankogaHuT, paHcuenT 1 ap. (3anpsHoBsa 1
CredpaHoB, 1964; [ackanoea n PapoHoBa, 1970; KaHypkos,
1988; Bacunesa ,1984, 1985, 1986; Bacunesa u
CmonbsHuHoBa, 1989, 1996; AtaHacos u ap., 1990). Kato
CbMbTCTBALM (hasn B MUMOHUTUTE MPUCLCTBAT CyMepreHHu
kapboHatn, cyndat, Ccyndman W Op., OTNOXEHW B
CyBpEnYKLUMOHHM YCMOBWS, Crief, NMOKPUBAHETO Ha OKUCTEHUTe
Pyau OT BOAWTE Ha niuoLeHcko e3epo. ObpasyBaHeTo Ha Fe n
Mn okcuam M Xwapokcuan Ce W3BbpLUBA NPEaUMHO Mpes3
MbPBUS OKACTIUTENEH CTagui, U B MO-Manka CTeneH — npes
MOCMedHUs, KOWTO  3anoyBa  creg  OTTErsHETO  Ha
MAWOLEHCKOTO €3ep0 W NpoAbMmkaea Mpu  CbBPEMEHHM
YCNoBUS U HEC.

Marepuan u meToauka

MpoBeaeHn ca [O€TalnHM M3CMEABAHWS Ha  MaHraHwT,
MApONy3UTOBM  NCEBOOMOP(O3M MO MaHraHuT U
cbmbTcTBaWmMTE M Mn 1 Fe okecuan 1 Xxvapokemam OT Hail-
HACKMTE HMWBA Ha OKUCTIUTENHATa 30Ha Ha Haxoguwe
KpemukoBuy, rnaBHO OT Xopu3oHT 460 B ekcnnoarauyoHHaTa
kapuepa Ha pyoHuka. 3a u3yyaBaHe Ha MOPOMNOXKMTE,
CTPYKTYpHUTE 0CODEHOCTH, XMMU3Ma, TEPMUYHOTO MOBESEHNE
W CMEKTPOCKOMCKUTE XapakTEPUCTWKM Ha MWHepanure ca
U3BbPLLEHN HAOMOAEHNS B CKaHWUpaLL, ENEKTPOHEH MUKPOCKON
1 B OTpa3eHa CBET/MHA NOL MUKPOCKOM, PEHTTEHOCTPYKTYPHM
aHanu3u, KOMWYECTBEHW XUMWYHM U MONYKONNYECTBEHN
EMUCMOHHN cnekTpanHu aHanuau, OTA — aHammsn n MYC.
Mopdonorusita  Ha  MaHraHMta M NUPONY3UTOBUTE
nceBaoMOpdO3M MO MaHraHWT, € 13yyaBaHa nog GUHOKYNspeH
CTEPEOMMKPOCKON M C MOMOLUTA Ha CKaHMPaLL, EeneKTPOHEH
mukpockon JEOL JSM-35-CF BbB dmpma “EBpoTect -
koHTpon”, Al MwuKpockonckuTe u3cnedBaHWsi B OTpaseHa
CBETNWHa ca nposefeHn ¢ mukpockonu Amplival-pol-U n NU-2
Ha upmata Karl-Zeiss, Jena. PeHTrEHOCTPYKTYypHUTE
aHanu3u Ha NpMPOZEH MaHraHuT, MMPONY3NUT U HarpeTu ¢asm
ca u3BbpLueHu ¢ anapat TUR-M-60 (kamepa ¢ d = 57,3 mm) u
audpaktomersp [POH-1(CuKa mbyenme, Ni dumnmsp), B
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nabopatopusTta no as3oBM METOAWN W PEHTIEHOCTPYKTYpPEH
aHanua npu MIY’Cs. MBaH Puncku”. B cbliata nabopatopus
ca 3aCHeTW TepMorpamuTe W MH(PaYepBeHUTE CNeKTpU Ha
MuHepanute. JTA-KpUBUTE HA MaHraHUT ca perucTpupaHn Ha
anapatypa “Derivatograph” npu cnegnute ycnosus: DTA —
1/10, DTG - 1/10, G = 1500 mg, TG = 500 mg, ckopocT Ha
HarpsiBaHe 9°/min. W/HcbpayepBeHata crekTpockonus e
OCbLLECTBEHa C MOMOLWTa Ha [BYMbYeB WHpayepseH
cnektpocdotometbp Specord 75 IR Ha cpupmata Karl Zeiss.
Crektpute ca 3acHeTu B auanasoHa 400-3800 cm-, kato ca
u3nonasaqu npusmm cboTBeTHO oT KBr (400-700 cm-), NaCl
(700-700 cm-) wn LiF (2000-3800 cm). [lpenapatute ca
NOArOTBEHM MO CTaHAApTHaTa MeTOAMKa Ypes npecoBaHe noj
BakyyM Ha CTPWUTOTO Ha Mpax aHanu3nMpaHo MOHOMUHEpPanHo
BellecTBO B Tabrnetka ¢ KBr. KonuyecTBeHUTe XUMWYHM K
MNOMYKONMYECTBEHN EMUCUMOHHW  CMEKTPanHW  aHanu3n Ha
MaHraHuT, MUPOINy3UTOBM MCEBAOMOPO3N MO MaHraHUT 1
npuapyxaeawute M MuHepanHu asu, Ca W3BbPLIEHN B
LHWN "Teoxumus” kem MY "Cs. WBaH Puncku”. XuMuaHuat
CbCTaB Ha MUHepanuTe e onpedensH ¢ usnonasaxeto Ha ICP-
AAS aHanu3 u Knacu4eckn XMMU4HI METOAN.

PesynTaTu 1 OUCKyCus

®opmu Ha cpelaHe Ha MaHraHuTa

3a HaxodKu Ha MaHraHWT B HaXoAMLLETO ce CbobLuaBa oLle
ot 3anpsHoBa u CrtechaHoB (1964), koutO npuemart, ue
MWHEpPanbT  NPeAcTaBnsBa  CbBPEMEHHO — 06pasyBaHue,
W3BETPUTENEH NPOAYKT MO CynepreHeH PoAOXpo3uT K
[O0nycKaT MPUCHCTBMETO M HA PaHEH MaHraHuT, OTHOXEH B
HayanHus craguii  OT  (POPMMpAHETO Ha 30HaTa Ha
CynepreHesa, 3a CMeTKa Ha OKUCMEHWETO Ha MbpBUYEH
MaHraHcuaepur.

Hanuune Ha paHeH MaHraHuT 6e YCTaHOBEHO B Ha-HUCKUTE
HWBA Ha OKWUCMUTENHATA 30Ha, B NIMMOHUTIATE OT XOpPU3OHT 460
B eKCnrnoatauuoHHaTa kapuepa Ha pyaHuk  Kpemukosup.
NyMOHMTUTE MMAaT TbMEH OO YepeH LBAT, LWynnecrta W
KaBepHO3Ha TekcTypa ¥ ca obpasyBaHM B pesynTaT Ha
OKWCINEHWNETO M MPSIKOTO 3aMecTBaHe “in situ” Ha MbpBUYEH
MaHraHcugeput. CbcTaBeHu ca npeaumHo ot Fe n Mn okenam
W XMOPOKCMAK (MITbTEH M BNAKHECT rbOTUT, BTOPUYEH XEMATHT,
NENWOOKPOKUT, POMaHELLUT, MMHEpanu OT W30CTPYKTypHaTa
CEpWs KpUMTOMENaH-XoNaHAUT-KOPOHAAMT, HCyTuT). B Tax ce
HabniogasaT Xunu, NPOXAMKW, THE3Aa M WMMperHauun ot
Gaput, @ Ha MeCTa — MPOXUIKW W OBanHM no chopma
obpasyBaHus OT WrMT. MaHraHUTbT € OTNOXeH upes
3aMeCTBaHE WNW 4Ype3 3ambfiBaHe Ha KyXMHW U MYKHATUHM.
MuHepambT 06nMLOBa CTEHUTE Ha LMK, KyXMHIA M NPa3HWHK
B NMMOHUTUTE Mnn oBpasyBa B TAX OTAENHW MPOXWIKA 1
Y4acTbLM C HenpasunHa Mopdonorus, ¢ ronemuHa o 4-5 cm.
Ha wmecTta BKMOYEHUS U MPOXUIKM OT MaHraHut ce
ycTaHoBsiBaT B 0OapwTa, NpUCLCTBALY CPen JIMMOHUTUTE.
lMpoxurkuTe YeCTO MoKa3BaT 30HaneH CTpoex. CUMETPUYHO
OT ABETE UM CTPaHW B NOCOKA OT KOHTAKTa C IMMOHUTUTE (MK
Gaputa) KbM LEHTpanmHaTa 4acT, ce HabnwogasaT TbHKM
POMaHELIMTOBM  CMOEBE,  BbPXy  KOMTO  HapacTsar
rpyO03bPHECTW MaHraHUTOBW arperaTy, a B LeHTpanHaTa yact
B HSIKOM Crly4Yan OCTaBa He3amb/IHEHa, JIMHENHO M3TerneHa
KyxuHa. MaHraHuTbT ce HabnopaBa M KaTto KOMMOHEHT Ha
KonomopdHM 06pa3syBaHws, B KOUTO anTepHUpa CbC CHOEeBe OT
(DMHOBIAKHECT POMaHELLINT.



®ur. 1. MukpocpoTorpadum Ha MaHraHuT ot Haxoauuie KpemukoBuu B CEM (a - h) u B oTpaseHa cBetnuHa nog mukpockon, N Il (i — I): a) Npuamatuunn
MaHraHMTOBM UHAUBUAM C SICHO M3pa3eHa WwpuxoBka Il Ha ¢ ocTa ; b, ¢, d) MnoyecTn MaHraHMTOBM KpucTanu; e, f, g) CTbnbyecTn, NPLTECTU MaHraHUTOBM
uHpuenam; h) Urnectu maHraHuToBw arperatu. Mapkepu — a) — 10 ym; b, c, d, f, g, h) — 100 pm; e) — 1000 pm. i) MpuU3mMaTMYHU MAaHraHUTOBM MHAUBMAM B
acounaums ¢ ¢uHoBnakHecT pomaHewwuT; j) Jliocnectn maHraHutoBW arperatu; k) HapactBaHe Ha MaHraHMTOBM arperatm BbpXy ¢puHOBMaKHecT
pOMaHeLWuT ¢ BKNoYeHUs oT HEyTuT; 1) HapacTBaHe Ha MaHraHUT BbPXY KaHT OT HCYTUT, OTNOXEH BbpXy GapuT.

C ronsmo pasHoobpasue B Mopdonorusita  ce
XapaKTepuaupa OTNIOXEHWAT B MPA3HUHW, WYNIN U KyXWUHU B
NIMMOHUTUTE MaHraHuT. YecTo B €fHM W Cblum obpasum ot
NIUMOHUTUTE, MaHraHUTLT ce Habniogasa nog gopmara Ha
arperatm oT npuamatiHm no [001] mHaMBMAW, TbHKO A0
pebenonnovectn kpuctarm (dur. 1 a, b, ¢, d), npbrecy,
CTbNBYECTN MHOMBMAOW, CpacTbuy v arperath (dwr. 1 e, f, g),
rpybopaananHombYecTy, UIMecTu A0 BRakHECTH obpasyBaHus
(dur. 1 h). Mpu n3yyaBaHe mopdonormaTa Ha MUHepana C
nomowyta Ha CEM, Bbpxy npusmaTuyHUTE YAbIKEHU MO OCTa
C MaHraHWUTOBM WHAMBMOM Ce YCTAHOBSBA SICHO W3paseHa
LLPWXOBKa, NapanenHa Ha yobmkeHneTo um (cur. 1 a).

MaHraHUTbT 1MMa CTOMAHEHOCMB LUBAT M MOMyMeTaneH
Brsacek. LiBeTbT Ha uepTata M npaxa Ha MuHepana e
TbMHOKadhsiBOYepBeH. B OTpaseHa CBETNMHA NOg MUKPOCKON
MaHraHUTbT € CWB, C OTYETNINBO [ABYOTPAXKEHME, CUITHO
aHn30TponeH. Moka3Ba YepBeHOKasIBM BLTPELLHN pedhriekcy.
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Obpasysa  arperaT¥  OT  MPWU3MATUYHW,  JIOCMECTHU,
PapManHobYECTH, UIMECTW 4O BNAKHECTH UHAMBKAW (dur. 1,
j). TonemuHaTa Ha OTAENHMTE MHAMBMAM HA MeCTa JocTura Ao
Hagp 1 cm. B w3cnegeanuTe MMKpOCKOMCKM nmpenapatu
MWHEpanbT acouumMpa C TbOTUT, NENUOOKPOKWT, BTOPUYEH
XeMaTuT, POMaHELLUT,  KPUMTOMENaH-XOMaHaWT,  HCYTWT,
Gaput. B Hakou npenapatu ce HabniogaBa HapacTBaHe Ha
MaHraHUT BbPXY TbHKU KAHTOBE OT HCYTWT, OTNOKEHW BbPXY
OKWCMEH CuaepuT wnm 6apuT, a Ha MecTa MaHraHuTbT
BKIIOYBA [EHAPUTOBMOHW HCYTWTOBWM arperatu (cur. 1 1).
[leHOpuTOBMAHUTE HCYTUTOBM arperatm YecTo CryxaT KaTo
LEHTbP, BbPXY KOWTO Ce pasBuBaT TUMWYHU CEHEPONUTOBK
kopu OT BrakHecT pomaHewwnt (ur. 1 k). OBukHOBEHO
MaHraHUTBLT TACHO acouuvpa C POMAHeLLUT W NpeacTaBnssa
Mo-KbCHO 0bpasyBaHWe, HO CE YCTaHOBABAT M KOMOMOP(HM
arperatm C pUTMWYHO, HEKONKOKpPaTHO pedyBaHe Ha [Apata
MWHepana. B MaHraHuToBWTE arperatu Ha MecTa ce
HabntogaBa CynepreHeH MUpUT, OTNOXKEH B MEXOY3bpHOBUTE



NMPOCTpaHCTBa Ha OTAENHUTE MNPU3MaTUYHN W UrMecTn
MHOMBMAW, NO  MUKPOMYKHATUHW WKW Ha  rpaHU4HaTa
NOBBPXHOCT, Ha KOHTAKTa MeXAy CnoeBe OT POMaHeLuT u
MaHraHur. CynepreHeH NnUpuT ce Habnopasa CbLUO B nopu n
npasHMHM B acouunpalina ¢ MUHepana nNnbTeH [bOTUT.
an/ICBCTBI/IeTO Ha NOo-KbCEH, CynepreHeH, niMoLeHCKM NpuT B
n3cneaBaHuTe MUHeparHu O6pa3yBaHVIFI, [aBa OCHOBaHue
Bb3pactta UM [da Obae onpegeneHa €AHO3Ha4YHO KaTto
npegnnunoLeHcka.

XuMunyeH cbeTaB

[aHHMTE OT NpPOBEAEHNTE XMMUYHUM U3CTIeBaHNs NOKa3gar,
Ye CbCTaBbLT Ha MaHraHuta OT Haxoguie KpemukoBuu e
Orm3bk 0O TeopeTwuHus. B aHanuaupaHus MuHepan ce
YCTaHOBSIBA NPUCLCTBME Ha CriegHuTe KOMMoHeHTH: Mn203 —
88,29 tern. %; H20 - 10,83 Tern. %; Si02-0,39 tern. %; Ca0o,
MgO, Naz0, K20, P20s, SO3 — < 0,10 Tern.%; Al20s, Fe20s,
TiO2 — < 0,05 tern. %. Hanuuveto Ha SiO2 BeposATHO e
CBbP3aHO C MEXaHW4eH NpUMeC (MUKPOBKIOYEHMS!) OT KBapL.
TpuBaneHTHOTO CbCTOSIHME HA MaHraHa B u3crefBaHaTa ¢asa

Tabnuua 1

npefonpefens orpaHuyeHata Bb3MOXHOCT 3a CTPYKTYPHU
NPUMECH B MUHepara, OT KOUTO € [OMyCTUMO y4acTUeTo Ha
Fe3*. MaHraHuTbT Ce XxapakTepusupa C Neko MOBULLIEHN
cbabpkaHus Ha Ag (0,003 - 0,01 gft), Zn (0,1%), Cu (0,05 —
0,07%), Pb (0,02%), Fe (0,03 — 0,07%) 1 CpaBHATENHO HUCKM
KOHLEHTPaLMM Ha [pyrM NpUMECHU enemeHTw (Tabn. 1).
Cobluute  enemeHTU-NpUMECH Ca  XapakTepHn W 3a
NUPONy3UTOBUTE NCEBOOMOP(O3N MO MaHraHWT, AoKaTo B
acouumpalyMst € MaHraHuTa pOMaHewMT Ce YCTaHOoBsBa
Hanuume Ha Ag (go 0.1 g/t), Pb (go 0,7%) u Cu (go 0,1%).
lMpoBefeHUTe  eHepruiHoO-gucnepcHn  aHanuan, TEM u
eNeKTPOHHa  MUKpOAMMpaKLmMs MokasBaT, Ye MOBULLEHUTE
KOHLIEHTPaLM Ha OrloBOTO B POMAHELLMTa, B HAKOW Cryyau
Hag 8 Tern.%, ce oBycnaBsaT OT (PMHOAMCNEPCHN BKITOYEHNS!
OT KOpoHaguT-xonaHaut (Bacunesa u CmonbsHuHOBa, 1989).
[JaHHn 32 cbObpxaHWdTa Ha eneMeHTUTe-npuMecu B
MaHraHuT, MUpONy3uUTOBM NCEBAOMOP(O3N NO MaHraHUT U
acouumpaly C MaHraHuTa pOMaHewWwwWT ca NpefcTaBeHu B
Tabn.1.

HonyKonuqecmeeHu eMUCUOHHU cheKmpaliHu aHanu3u Ha MaHeaHum,

nuposy3umosu ncegadomopho3u N0 MaHzaHUM u pomaHewum om Haxoduuwje Kpemukosyu

O6p.Ne Coabpxanue (%)
EnemeHTm 6 21 12-a 13 7 7-a 20 21-a
Pb 0.02 0.02 0.02 0.07 0.3 0.03 0.015 0.7
Cu 0.07 0.05 0.05 0.07 0.07 0.05 0.02 0.1
Zn 0.1 0.1 0.1 0.2 0.003 0.005 - 0.03
Ag (g/t) 0.01 0.003 0.01 0.01 0.03 0.07 0.01 0.10
Ti 0.0003 0.0003 0.0005 0.0003 0.001 0.0007 0.0003 0.001
Ni - - - 0.0001 - - - -
Mo - - - 0.0001 0.0005 0.0003 0.0001
Be - - 0.0002 0.0001 - - - -
Fe 0.03 0.07 0.07 0.07 0.05 0.05 0.05 0.05
Ca 0.03 0.02 0.03 0.05 >0.1 >0.1 >0.1 0.1
Mg >0.003 >0.003 >0.003 >0.003 >0.003 >0.003 >0.003 | >0.003
Ba 0.01 0.1 0.1 0.1 >1.0 >1.0 >1.0 >1.0
Si 0.03-0.1 | 0.03-0.1 | 0.03-0.1 | 0.03-0.1 | 0.03-0.1 | 0.03-0.1 | 0.03-0.1 | 0.03-0.1
6, 21. maHranur; 12-a, 13. nuponysur; 7, 7-a, 20, 21-a. pomaHeLumT
o
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®ur. 2. ncdbpakrorpamu Ha MaHraHuT (a) u HarpaT go 3000 C maHranuT (b) ot Haxoauwe KpemukoBum; py — cnab pedonekc Ha cynepreHeH nupuT
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PeHTreHorpaq)CKa XapaKTepucTuka, TepMU4HO noBeaeHune
N CNEeKTPOCKONCKU 0Cc06eHOCTH Ha MaHraHMTa

PesynTatute OT W3BbLPLUEHUTE PEHM2EHOCMPYKMYPHU
aHa/u3u noKa3eaT, Ye MpaxoBWTE PEHTTEHOBM AaHHM Ha
W3CMeaBaHWs MaHraHUT OT HaXOAWLLETO, CbOTBETCTBAT Ha
etanoHHute (PDF  41-1379). 3a wusydyaBaHe (pasoBuTe
TpaHcopMaLM Ha MUHepana ca peructpupann aebaerpamu
W OudpakTorpamu Ha HarpsT [0 pasnuuyHu Temnepatypu
MaHranuT. [udppaktorpamu Ha npupogeH u Harpat go 3000C
MaHraHuT oT Haxoauiue KpeMukoBLM ca NpeacTaBeHn Ha cur.
2a,B.

ATA - kpueama Ha MaHraHuT OT Haxoguwe KpemukoBup
(dur. 3) e aHanornuHa Ha nybruMKyBaHUTE OT HAKOW aBTOPM
TepMmorpamMu Ha MuHepana (Dasgupta, 1965; MuHeparsi.
CnpaBoyHuk, 1967; WeaHosa u gp., 1974; Frenzel, 1980).
XapakTepusupa Ce C HanWyMeTo Ha WHTEH3MBEH, OCTbP
eHpoechekT npu 350°C u aea eHpoedbexta npu 560°C 1 900°C.
MbpBUAT eHpoedekT CbOTBETCTBA Ha JexugpaTauusTa Ha
MaHraHuta u o0pasyBaHETO Ha MMPOMY3uT, a CcnepsaluTe
eHgoedektn  npu  560°C u  900°C ca cBbp3aHu C
TpaHcopmaumsatTa Ha nuponysuta CboTBeTHO B Mn203
(6ukcbunt) 1 Mn3Os4 (xaycmanut) (Dasgupta,1965; Frenzel,
1980).

560°C
900°C

350°C

®ur. 3. ATA-kpnBa Ha MaHraHUT oT Haxoauwe Kpemukosuu

NvTepaTypHuTe AaHHW 32 TEPMWYHOTO NOBEOEHWE Ha
MaHraHuTa He ca eHO3Ha4Hu. B TepmorpamuTe Ha MUHepana
Ce YCTaHOBSIBAT  pa3nuunsd, W3pas3eHn MpegumMHo B
OTCbCTBMETO MMM Temneparypata Ha Mnposiea Ha BTOpUS
eHOoedhekT, CbOTBETCTBALY Ha (hbasoBara TpaHcdopmauus
MnO2 — Mn20s. Cuuta ce, Ye BbpXy TemnepaTtypaTta Ha
(pa3oBuTE MPEBPBLUAHMS MPU HArpsiBAHETO Ha MUHEpana,
OKaseaT BMMSHWE peguua (akTopW, KaTo pasmep W
MOPEOrorust Ha MUHEPaNHUTE WHAMBWAM, YyBCTBUTENHOCT Ha
“3nor3saHata anapaTtypa, YCroBus Ha U3BbPLUBAHUS aHanms
— KONMYECTBO M3CreaBaHo BELLECTBO, CKOPOCT Ha HarpsiBaHe
ap. (Dasgupta, 1965; Mwunepanbl, CnpasouHuk, 1967;
WBaHoBa u pgp., 1974; Frenzel, 1980). Bapwauwvte B
Temnepartypata Ha eHpoedektute B OTA — kpusute Ha
pasnuyHMTE  MOP(ONOMKKA  Pa3HOBMOHOCTM  MaHraHuT
(eppokpucTaneH, 3bpHECT, WIMECT, BMAKHECT, MNpaLecTy
arperatv) Morat aa 6baar 0byCrnoBeHM OT pasnuyHUs pasmep
Ha OTHENHMTE MUWKPOKpUCTamW, Tbi-kaTO C HamansiBaHe
pasmepa Ha MaHraHUTOBMTE 4YacTWLW CWIHO HapacTBa
OTHOCWTENHATa MOBbPXHOCT W XMUMUYECKaTa aKTMBHOCT Ha
(pasaTa, KOeTO Bnuse BbPXy Temnepatypara Ha (asoBuTe
npexogu. Cnopeg Rask and Buseck (1986) TpaHcdopmaumsTa
MnO2 — Mn203 npu HarpsBaHeTO Ha MaHraHuta ce
OCbLLECTBSABa NOCPeaCTBOM MexanHHa dasa MnsOs , kosATO
3anoyBa ga ce obpasysa npu Temnepatypa Hag 300°C nog
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(hopmata Ha MUKponpopacTeaHus B NuponysuTa. Tasu dasa e
AnarHoctuumpada ¢ HRTEM u enekTpoHHa Mukpoaudpakums,
HO He e YycTaHoBfBaHa B  npupogHu  oBpasup.
EkcnepuMeHTanHuTe — uacriegsaHus,  NpOBEAEHW  BbpXY
OTZENHN MOHOKPWUCTanW Mokas3saT, Ye Mpu HarpsiBaHETo Ha
MaHraHuta TpaHcopMauusaTa B NUPONY3UT Ce W3BbLPLUBA
TONOTAKCUYHO, KaTO Ce CbXpaHsiBa OpueHTauusiTa Ha
KpucTtanorpadckute ocu Ha u3xopgHus MuHepan (Dasgupta,
1965; Champness, 1971, Kohler et al., 1997). Cnopeg Kohler
et al. (1997) nupony3uTbT, NONYYeH B Pe3ynTar Ha HarpsisaHe
Ha MaHranut fgo Temnepatypa 300°C e  CTpPyKTypHO
Henoppe/eH, NCeBAoTETparoHaneH, CbC CrefHUTE napameTpu
Ha ernemeHTapHaTa knetka (A): ao = 4,409; bo = 4,421; ¢, =
2,871. MopobHu ca pesynTaTuTe U OT NPOBEAEHUTE HACTOALLM
n3cneaBaHus Bbpxy (hasoBUTE NMPEBPbLUAHUS Ha MUHepana.
Peructpupanute nebaerpamu u audpaktorpamu (dur. 28) Ha
HarpsT go Temnepatypa 300°C MaHraHuT OT Haxoguiie
KpemukoBUM, nOKa3BaT YWWPEHW, AudysHU pedriekcn U
noTBbpKaaBaT 00pa3yBaHETO Ha CTPYKTYPHO HemoppendeH
nuponyaut. lpu nsyyasaHe ¢ TEM Ha TakbB nWpomysuT,
obpasyBaH 3a CMETKAa Ha HarpsT MaHraHWT, KakTo M Ha
NPUPOZHM NUPONY3UTOBW NCEBLOMOPAO3N MO  MaHraHwT,
Champness (1971) HabntogaBa HanMWUMETO Ha LLUPUXOBKA W
MHOrOBpOMHA, TIMHEMHO YOLIDKEHW naMenapHn nopu ¢
ronemuHa okono 85 A, napanenHu Ha (010). Mo-kbCHO C
nomowTa Ha  enekTpOHHa  MWKPOCKOMWS  C  BUCOKA
paspelumtenHa cnocobHoct (HRTEM) npucbcTBueTo Ha
LUPUXOBKA, MaMmenapHu npopacTBaHWs, YObIDKEHW nopw,
NPasHWHU 1 MUKPOMYKHATUHU YCMOpPEedHU Ha ocTa C B
MUPOMY3UTOBK NCEBAOMOPXO3N MO MAHFAHUT € YCTaHOBEHO W
oT apyrv wacnegosatenu (Yamada et al., 1986; Rask and
Buseck, 1986; Amouric et al., 1991). C T€311 MUKPOCTPYKTYPHM
0COBEHOCTU BEPOATHO Ca CBbP3aHW W HAKOM aHOMarHu
XapaKTepUCTVKN Ha BTOPUYHUS NUPOMY3WT.

| ] |
15 10 5 4

Y 102cm-1

20

®ur. 4. U4C Ha maHraHuT oT Haxoauiue Kpemukosum



WHppayepeeHume cnekmpu Ha MaHraHuTa OT HaXofuiie
KpemukoBum (cpur. 4) ca MmHoro Onmuskm [o €TanoHHWTE
CMEKTPM HA MaHraHWT OT Knacu4eckoTo Haxogwiie Mndeng,
Xapu, Tepmanns (Muxepansl, CnpaBodnuk, 1967; Agiorgitis,
1969; Frenzel, 1980) u ot Kanaxapu, t0. Adpuka (Kohler et
al., 1997). B peructpupaHute cnektpu ce Habniogaeat 3
WHTEH3WBHM MBMLM Ha NOTITbLLUAHe B HUCKOYEeCTOTHaTa obnacr,
C MaKCcUMymMu CbOTBETHO npy 447, 496 1 595 cm-1, aBe CUnHM
meuum npu 1083 1 1149 cm-' n no-cnabo n3paseHa msmLa npu
1115 cm-! B cpepHoyecToTHaTa obnact. Tean abcopOLUMOHHN
MBMUM Ca MHOTO XapakTepHW 3a MuHepana (MwuHepanbl,
CnpaBounnk, 1967; Agiorgitis, 1969; Frenzel, 1980). B
CpaBHEHWEe C MH(PAYEPBEHUS CMEKTbpP HA  MaHraHuT,
nybrmkysaH ot Kohler et al. (1997), B cnektpute Ha
u3cneaBaHata MuHepanHa asa AMarHOCTUYHUTE WMBMLM ca
W3SIBEHM NPK ManKo NO-HUCKM YeCTOTM, BEPOSITHO nopaay no-
HWCKaTa YyBCTBMTENIHOCT W TOYHOCT Ha W3ronaeaHata
anaparypa.

Mupony3uToBM nceBAOMOPCHO3N NO MAHrAHUT

MaHraHuTBT Cbabpxa MaHraH nog copmata Ha Mn3* n e
0bpa3yBaH Npu M3BECTEH HELOCTUI HA KUCTOPOZ B HAYanHus
CTagMn OT (POPMMpAHETO Ha 30HaTa Ha CcynepreHesa B
Haxoguie KpemukoBuW. B oKUCIIMTENHW YCNOBUS MUHEPaNbT
€ HecTabureH 1 ce 3amMecTBa OT NUPONY3uT. B NUMOHUTUTE OT
HaxooWWeTo Ha MeCTa Ce  cpellat  MUpOny3nUTOBM
nceBgoMopdo3n Mo MaHraHuT, Han-4ecTo MPEACTaBeHu OT
arperaTit OT NpU3MaTWUYHK, YABITKEHU MO OCTA C NUPONY3UTOBY
kpuctanu ¢ pombudyeH xabutyc (dur. 5 a, b, ¢, d). Mpu
u3yyaBaHe Ha mopdororusta um ¢ nomowita Ha CEM, Bbpxy
NUpONy3UTOBUTE MHOMBMOM Ce HabniogaBa SICHO M3paseHa
LLPWXOBKA, a NP NO-TONEMU YBEINMYEHNS U MUKPOMYKHATUHY,
ycnopeaHu Ha (010) (cpur. 5 e, f, g, h). MykHaTUHW Ha cBMBaHE
Il (010) ce HabmtogaeaT B NMPONY3UTOBWTE arperat U npu
uacregBaHe Ha  MUKPOCKOMCKM mpenapat B OTpa3eHa
ceetrmHa (ur. 5 i). Cnopen peauua u3crnegosaTenu
(Champness, 1971; Frenzel, 1980; Yamada et al., 1986; Rask
and Buseck, 1986; Amouric et al., 1991) Tean MukponykHaTUHN
Ca MHOTO XapaKTepHu W C AMarHOCTMYHO 3HayeHne 3a
MWUPOITy3UTOBUTE NCEBAOMOPEO3N MO MAHTaHMT.

B nutepatypHuTe M3TOMHMLM Ce 0TOeNs3Ba, Ye NpexoabT Ha
maHraHuta (y—-MnOOH) B nuponyant (B-MnOz) ce n3sbpLUBa
TOMOTAKCMYHO, KaTo Ce 3anasBa OpWeHTauuaTa Ha
KpucTanorpadckute ocu, NapameTpuTe ao M Co MPaKTUYECKN
He Ce MPOMEHSAT, [OKaTO MO HanmpaBreHWe Ha ocTa 8 ce
nsebpwea cemeaHe ¢ 15-16% (Strunz, 1943 — no Frenzel,
1980; Rask and Buseck, 1986; Kohler et al., 1997).
XapakTepHuTe 3a MUPONY3UTOBUTE MCEBOOMOPO3N MO
MaHraHut mukponykHatihm I (010) morat ga 6wgar pesyntar
OT CBMBAHETO M0 0CTa 8 Ha MaHraHuTa npw npexoga Mn3*O0H
— Mn#O2 unu e Bb3MOXHO [a NMPEACTaBnsiBaT PEnMKTOBa,
yHacregeHa OT  3aMecTBaHWs  MuHepan  CbBbplueHa
LLenuTENHOCT. HannumeTo Ha namenapHn nopy 1 NpasHuHW C
pasMepu 0 HSKOMKO CTOTUH NM, KaKTO M Ha MUKPOMYKHATUHM
¢ WwupoumrHa 200-300 A, pasnonoxexn napanenHo Ha ocTa ¢ e
HabmogaeaHo ¢ nomowTa Ha TEM wu HRTEM B
NWpOIy3UTOBUTE NCEBAOMOPGO3M Mo MaHraHut (Champness,
1971; Yamada et al., 1986; Rask and Buseck, 1986; Amouric
et al., 1991). Cnopen Yamada et al. (1986) MukponpasHuHuTe
1 mopuTe CbCTaBnsBaT okomno 12% ot obema Ha BTOpUYHUTE
MWUpOIy3UTOBM KpucTanu. ToBa 06CTOATENCTBO BOAM A0 CUITHO
HapacTBaHe Ha OTHOCUTENHATA NOBLPXHOCT, aACOpOLUMOHHNTE
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CBOWCTBA M XUMWUYecKaTa aKTUBHOCT Ha MuHepana u cneaea
[a Ce 0T41Ta, KaTto ce umat npensnn BaXHUTE NPOMULLNEHU
NPUNOXeHua Ha NPony3nTa He CaMO B YepHaTa MeTanyprug,
npon3eBoACTBOTO Ha Oon ap., a Cbl0 W U3NON3BaHETO MY
KaTo KaTanmn3aTop.

lMpoBedeHuTe npe3 nocnegHWTe ABaiCETMHA  FOAMHM
feTanunHu uscnegsaHus ¢ nomowta Ha HRTEM nokassart
HanmuuMeTo Ha (MHa  CTPYKTypHA HEEeJHOPOAHOCT B
NuUpony3uToBUTe ncesaomMopdo3n no MaHraHut (Yamada et
al., 1986; Rask and Buseck, 1986; Amouric et al., 1991). B 1sx
CE YCTAHOBABAT [OMEHU C (DUHW, JIMHENHO OPUEHTUPAHM
MUKpONpopacTeaHna oT apyra Mn-okcuaHa dhasa, 4mMidTo
CbCTaB € AucKycuoHeH. Cnopes pasnuuHUTe aBTOpW, Tasw
asa e npeacraeeHa ot pamcgenut (Yamada et al., 1986),
MnsOs (Rask and Buseck, 1986), y-Mn203 unu y-Mn3O4
(Amouric et al., 1991). Cnopeg Rask and Buseck (1986)
TpaHcdopMauusTa Ha MaHraHuTa B MUPOINy3uT B 30HMTE Ha
cynepreHesa Moxe Aa 6bae u3paseHa CbC CrneaHaTa peakums:
4Mn3*0O0H + Oz = 4Mn**02 + 2H20. CbLynTe aBTOpU CYUTAT,
Yye OCBeH 00pa3yBaHe Ha BTOpWYEH MNUPOMY3UT, MpM
pasnaraHeTo Ha MaHraHuTa Ce W3BbpLUBa OTNaraHe M Ha
tasata MnsOs, cbrmacHo peakuusta: 20Mn¥*OOH + O =
4AMn2+:Mn4+30s + 10H20. [onycka ce enHOBPEMEHHOTO
npotnyaHe Ha [ABeTe peakuuu, Kato KONM4eCTBOTO Ha
HoBoobpa3ysaHata hasa MnsOs € B npsika 3aBUCUMOCT OT
nokanHuTe Bapuauun BbB (PYTUTUBHOCTTA Ha KUCMOPOAA, HO
ce BNusie 1 OT Apyru hakTopy, KaTo pasmep Ha MUHEpanHuTe
3bpHa 1 ap. Jokonkoto ¢hasata MnsOg e guarHocTuumpaHa
camo npu HRTEM w3cnegsanus, nocoveHuUTe no-rope asTopy
CUMTaT, Ye HEMHOTO CbLUECTBYBaHe B MPUPOLHM YCHOBUS Ce
HyxOae OT noTBbpxaeHue. [Mpu u3yyaBaHe HA MaHraHuT-
nuponyautoeu arperatn ¢ HRTEM, Amouric et al. (1991)
YCTaHOBSBAT BbB BTOPUYHUS  MUPONY3UT  OPUEHTUPAHM,
namenapHu npopacteaHus 0T y-Mn203 unm y-Mn3O4. Toit-kato
thasata y-Mn20s e nonmyyaBaHa camO MO €KCMepUMeHTareH
nbT npn HarpseaHe Ha MnOOH BbB Bakyym, nocoyeHwTe
aBTOpM Mpegnonarat, Ye BbB BTOPUYHUS MUPONY3UT € Mo-
BEPOSTHO MPUCLCTBMETO Ha MUKponpopacTaHus ot y-MnsOq
(xaycMaHuT). XayCMaHUTBT npeaxoxga obpasyBaHeTo Ha
MaHraHUT M Ce OTnara B 30HUTE Ha CynepreHesa, Kato
MEeXAWHHA ¢hasa npu OKUCMEHMETO Ha Mn-Cbabpxalim
kapboHaTu.

CmpykmypHu  uscnedeaHus  Ha  nuposay3umosu
ncesdomopgpo3u  no  maHeaHum.  BbnpockT  3a
CbLLECTBYBAHETO B NPUPOAHM YCOBUS HA ABA FEHETUYHM TUNa
MWPOIy3uT, NPeACTaBMNABALUM ChLUEBPEMEHHO U 1Ba Pa3NNYHM
cTpyktypHn Tna R-MnO2 e guckyTwpan B nuTepaTyparta.
Hskon aBTOpWM pasrpaHuyaBaTt e (hOpMU Ha CpeljaHe Ha
NWPOIy3uTa; MbPBUYEH — OTIIOXKEH Ype3 npsika KpucTanuaauus
OT pasTBOpM U BTOpUYEH — 0Bpa3yBaH Ype3 3amecTBaHe Ha
OPYr MaHraHOBM OKCWAM M XWAPOKCUAW, NPEaUMHO Ha
maHraHut (Potter and Rossman, 1979; Rask and Buseck,
1986; Amouric et al., 1991). TTbpBUYHMAT MUPOMNY3MT
npuTexXaBa TeTparoHanHa, PYTWNOB  TUM  CTPYKTYpa,
NpOCTpaHCTBEHa rpyna Pd2/mnm, xapakTepuaupa ce C BIUCOKa
TBbPAOCT, CbU3MEpMMa C Tasm Ha keapua (4o 6,5-7 no Mooc)
W UMa TBbPAE OrpaHNYEHO pasnpocTpaHeHue. OnucBaH e oT
Strunz (1943) ¢ HaMMeHOBaHWETO “MONMMaHNT’ KaTo OTHENeH,
camocTosiTeneH MuHepaneH Bug (no Rask and Buseck, 1986).



®ur. 5. Mukpodotorpacpum Ha nuponysutoBu nceegomopchosu no maHrahmt B CEM (a - h) n B oTpaseHa cBetnmHa nog mukpockon, N 11 (i) : a, b, c, d)
arperatv OT NPU3MaTU4HM, YABMKEHU NO OCTa C NMPONY3UTOBM UHANUBUAW; €, f, g) NPU3MATUYHN NUPONY3UTOBM KPUCTANU C SICHO M3pa3eHa LPUXOBKa,
napanenHa Ha (010); h) MukponykHaTMHM U WpuxoBKa, Napanentu Ha (010) B nupony3uToB Kpuctan; Mapkepu — a, b) - 1mm; c, d, e) - 100 ym ; f, g, h) - 10
pm; i) arperaTit OT NUPONY3UTOBN MHAVBMAK C NYKHAaTUHU Ha CBMBaHe, Napanentu Ha (010)

MHOrO  MO-LUMPOKO ~ Pa3npOCTPaHEHME WMa  BTOPUYHWSAT
nuponysut, obpasyBaly NCEBAOMOPO3M N0  MaHraHwT.
MwHepanbT nokassa CUMETPUS MO-HUCKA OT TeTparoHanHaTa,
QHOMaJTHW OMTWUYHK CBOWCTBA, MHOMO HMCKA TBBPAOCT (4o 1,5),
MOBULLEHN aACOPBLMOHHM CBOWMCTBA W XUMUYECKA aKTUBHOCT M
4eCTo e xugpaTupaH. Bb3 oOcHOBa Ha YLIMPEHMETO W
pasLenBaHeTo Ha HAKOWM NMHWM B npaxoBuTe gebaerpamm Ha
BTopudeH nuponyaut De Wolf (1959) u Potter and Rossman
(1979)  ponyckaT  CblUeCTBYyBaHETO  Ha  pombuyHa
mogudvKaumMs Ha MuHepana. [leTalnHute  CTPYKTYPHM
uscneasanusa npoeefeHn ot Yoshino et al. (1992), Kikuchi et
al. (1994) BbpXy MOHOKpWUCTANEH BTOPUYEH MUPONY3UT OT
Mmunn, Mapakew (Mapoko), nokaseat, Ye Ton € poMOuyeH, ¢
MapKasuToB TUM CTPYKTypa (MpocTpaHcTBeHa rpyna Pnnm). B
u3cregBaHns MUPONY3UT Ce YCTaHOBSBA CblyaTa CTPYKTYpHa
pecopmaums Ha oktaegpute MnOs, kakTO xapakTepHata 3a
MaHraHuta fAH-TenepoBa  gecdopMauus, CBbp3aHa C
HanuuneTo B OKkTaegpute Ha Mn3*. CvrmacHo nybnmkyBaHus
ot Kikuchi et al. (1994) xunoteTmyeH mogen Ha pombuyeH
NUPONY3NUT, MUHEPaITLT € XuapaTtupaH, ocseH Mn# cbabpxa u
Mn3+, ledpopmaumsTa Ha CTpyKTypaTa 0 PoMOMYHA Ce Tbimku
Ha NPUCHCTBMETO B MHTEPCTULMNTE Mexay okTaeapute MnOs
Ha npotoHn H*, obpasysawm Wown OH-. B wuacnegsanus
nuponyaut ce cbabpka 8o 1-2% H2:0 u HeroBuaT cbCTaB
Moxe ga 6bae npeactaseH ¢ popmynata Mn41x Mn3+HxOo.
Cropepn CTpykTypHust Mogen, paspaboteH oT Balachandran et
al. (2003), B cuHTeTMYHUTE W npupogHu Mn  aumokcuaw,
BKIKOYUTENTHO B MUPONY3UTUTE C HECTEXMOMETPUYEH CbCTaB,
Ce CbabpkaT BakaHuwm OT Mn KaTUOHM, KOMMEHCMPaHU OT
BHeapsiBaHeTO Ha H* noa doopmarta Ha iioHn OH-,
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AHanu3bT Ha NUTEPATypHUTE AaHHW, KAKTO M Ha Te3n OT
npoBeaeHUTe WM3CreBaHMs Mokasea, 4Ye 3a pasnuka oT
nbpauyHua nuponysut (B-MnO2), xapakTepusupall ce CbeC
CTEXMOMETPUYEH CbCTaB U NOLPEAEHA CTPYKTYPa, BTOPUIHMAT
Ce OTnMyaBa C HECTEXMOMETPUYEH CbCTaB, YECTO €
XnapaTtupaH 1 UMa HenoapeaeHa cTpyktypa. B nebaerpamute
W AUcPaKTOrpaMuTE Ha MMPOMY3UTa OT HAXOAMLLETO Ce
YCTaHOBSBA YWMWPEHME W paslenBaHe Ha HSKOM OT
pechnekcuTe, CBUAETENCTBALLO 3a CTPYKTYpHA HEMOAPEAEHOCT

(dowr. 6).

3aknioyeHue

MpUCLCTBMETO Ha MaHraHuT B Haxoguwe KpemukoBuun e
XapakTepHO 3a Hal-HUCKWUTE HMBA Ha OKMCIWTENHaTa 30Ha, 3a
MPEXOOHNTE HMBA MEXOY MbPBUYHWUTE MaHraHCUOEepUTOBM
pyan v numonutute. MuHeparbT e obpa3yBaH B HauamHus
CTaguin OT (DOPMUPAHETO Ha 30HATa Ha cynepreHesa, B
pe3ynTaT Ha OKWCMEHWETO Ha MaHraHCUgepuT M ce cpella B
acounaumsa ¢ Fe u Mn okcuan M XUOPOKCMAW — TbOTUT,
BTOPWUYEH XEMATUT, NEMUOOKPOKUT, POMaHELNT, MUHEpani oT
M30CTPYKTYpHaTa Cepust KPUMTOMENaH-XONMaHAUT-KOPOHaZWT,
HCyTuT 1 ap. OTnara ce Ype3 3aMecTBaHe Mnu no CTeHUTe Ha
KyX/HW, NPasHUHW W NMYKHATWHU B NMUMOHMTUTE. Ha mecTa B
MaHraHUTOBWTE MPOXWUIKM, 0Bpa3yBaHW 4ype3 3ambriBaHe Ha
nykHaTWHW, ce HabnogaBa NOCNefoBaTENHOTO OTMaraHe Ha
HCYTUT — POMaHELIMT —MaHraHnT, CBMAETENCTBYBALIO 3a
fokanHu Bapvauum B CbCTaBa Ha MuHepanoobpasysalute
pasTBOpU, NP HaMansBaLla akTUBHOCT Ha KUCTopoga.
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®ur. 6. AudpakTorpama Ha BTOpUYEH NUPONY3UT (nceBAOMOP03a MO MaHraHUT) OT Haxoauile KpemukoBum

HcyTMTbT €  CpaBHUTENHO  pPsAgbK  MWHEpan, HO e
AMarHoCTULMpaH M NpU NPEQULLHN U3CeaBaHus, B NO-KbCHU
reHepauuu, Kato  KOMMOHEHT  HA  KOMOMOP(HM K
CTanakTUTOBWAHM  KPWUMTOMENaHOBM W KPUMTOMENaH-
XOMaHANTOBW arperaTil, OTNOXEHN B KyXMHW B JIMMOHUTUTE
(Bacunesa, 1985). Hanuumeto Ha MecTa B MaHraHUTOBWTE
arperaTi Ha BKIIOYEHWS OT CynepreHeH, MAMOLEHCKU MUpUT,
JaBa OCHOBaHWe Bb3pacTTa WM fJa Obae onpepeneHa
€[HO3HAYHO  KaTo  npeannuoueHcka.  CbBpeMeHHM
00pasyBaHusi OT MO-KbCEH MaHraHWUT, U3BETPUTENEH NPOAYKT
Nno CynepreHeH poJOXPO3uT, NMPEACTABEHWN B HE3HAYUTENHM
KONMYeCTBa, Ca YCTaHOBSBAHU B MMHAmOTO OT 3anpsiHoBa W
Credaros (1964).

MaHraHnTbT ce obpasyBa npu W3BECTEH HEAOCTUr Ha
KACMOPOA, B OKACTIUTENHATa 30Ha € HectabuneH u ce
3amecTBa OT nuponysuT. MponysntoBuTe NCEBAOMOPEO3N NO
MaHraHWT ca MPEeLCTABEHU OT MPU3MATUYHW, YABIKEHU MO
0CTa C KpUCTanu C NCeBaopoMOUYEH XabuTyc, C XapaKTepHu
MUKPOCTPYKTYPHM OCODEHOCTM — HanuuMe Ha LLUpWUXOBKa W
MWUKPOMYKHATUHK, NapanenHn Ha yabIkeHneTo um. 3a
pasnuka OT MbpBuYHMS nuponyauT (B-MnO2), koiTo MMa
CTEXMOMETPUYEH CbCTAB M MOLAPEAEHA CTPYKTYPa, BTOPUYHUST
NUPONY3UT Ce OTNNYaBa C PUHa CTPYKTYPHA HEEAHOPOAHOCT.
Cnopeg Yamada et al. (1986) HanuuneTo Ha MUKPONYKHATUHM,
MWKPOMPa3HMHL 1 Nopy, CbCTaBnsBaLy okono 12% ot obema
Ha BTOPWYHWTE MWPONY3UTOBUTE KPWUCTamW, MPenonpenens

MHOrO  HMCKAaTa WM  TBbPAOCT, KakTO W BMCOKWTE

ancopbLMMOHHM CBOICTBA W XMMUYECKA aKTUBHOCT.
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MAPULLKATA PA3/IOMHA CUCTEMA — OTCE[IHA 30HA MO CEBEPHUA PBbb HA
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PE3IOME. MapuLKusT pa3nom e efHa OT Hal-4ecTo KOMEHTUPaHWUTE U LUTMPaHU TEKTOHCKM 30HM B M3TOYHATA YacT Ha bankaHckus nonyocTpos. HesaBucumo ot
TOBa iehUHUPAHETO U TPAcUPaHETO Ha pasNoMHaTa 30Ha, KakTo U BbNpoCHTe OTHOCHO Bb3PacTTa Ha acoLuMpalLmMTe CTPYKTYPU U kuHeMaTukaTa Ha aedopmanumute
ca ¢ npobnemeH xapaktep. Mapuiukata pasnomHa cuctema ce fedMHMpa KaTo 30Ha, Nokanuaupana 4acT 0T OTCeAHaTa KOMMOHEHTa, CBbP3aHa C KOBEPreHUMUsTa
mexay Adpuka v EBpasus. 3a Hesi ca xapakTepHu 0TceaHN AedhopmaLiyu, NPOSIBEHY B MHTEPBaNa KbCHa topa-Mu1OLeH. PaHHuTe TpaHcnaumum B cuctemata (J3-Kz) ca
aKOMOZMPaHN OT CUHXPOHHW Ha 3eMeHOLMCTEH MeTamMopdu3bM Cpsi3BaHWs. 3a pervOHanHWUTe 30HM Ha Cpsi3BaHe C TakaBa Bb3PacT € XapakTepHO CUH- A0
MOCTTEKTOHCKOTO BHeLpsiBaHe Ha rpaHuTouaHK Tena. Mpes kKbcHaTa kpeaa obxsaTa Ha OTceaHaTa cUCTeMaA e Hal-ronsM, kato Bkikoysa CpesHOropueTo W Yactu ot
Bankanugute. TepuuepHaTa eBomiouMst € no-cnabo nosHata, HO OTHOBO HaNMWYHWUTE AaHHM yKa3BaT 3a [SICHO-OTCEAHM TpaHcnmauwu. HsiMa wHaukauwv 3a
CbBpPEMEHHa aKTUBHOCT Ha OTCEAHaTa cUCTeMa, a CBbp3BaHaTa ¢ MapuiukaTa 30Ha Ceu3MUYHa aKTUBHOCT e MOPOAeHa OT AOMMHMpALLMTE MPOLecH Ha KOpoBa
€KCTEH3NsI B KXHa Bbnrapus.

THE MARITSA FAULT SYSTEM — A STRIKE-SLIP ZONE ALONG THE NORTHERN MARGIN OF THE RHODOPES
lanko Gerdjikov, Neven Georgiev
Sofia University “St. Kliment Ohridski”, Sofia 1504; e-mail: janko@gea.uni-sofia.bg

ABSTRACT. The Maritsa fault is one of the most often commented and cited tectonic zones in the eastern part of the Balkan Peninsula. Yet, there is an obvious lack
of modern data about the trace of the fault zone, the age as well as the kinematics of the shearing events. The paper is describing the Maritsa fault zone in the light of
the new structural data as well as in the context of the oblique convergence between Africa and Eurasia. We are defining the Maritsa fault zone as a dextral strike-slip
zone along the northern margin of the Rhodopes being active in the period late Jurassic-Miocene. The early Alpine dextral movements were synchronous to
greenschist facies metamorphism in the Sakar-Strandja zone and in Srednogorie zone. Syn- to latesynkinematic granitoids have been emplaced into these strike-slip
shear belts. The Upper Cretaceous dextral fault zones controlled sedimentation and magma emplacement in a large part of the Srednogorie zone. The Tertiary
evolution of the Maritsa zone is poorly known, but existing regional data also suggest dextral shearing. The seizmicity, regarded as an evidence for the activity of the
Maritsa fault zone is related to the dominating south Bulgaria extensional tectonics. There are no indications for current activity of the strike-slip fault system.

YBop TaMm B lOXHUTE CKroHoBe Ha Cakap (bosHoB u gp., 1965).
MocTeneHHo ce Hanara 1 U3MNON3BaHETO Ha MPOCTPAHCTBEHO-
BoHues (1946) noctynupa CblyecTByBaHETO Ha 3Ha4MMO reOMETPUYHN KPUTEPUN 33 ONpefensiHe MPUHAANEXHOCTTa
Pa3noMHO HapyLIeHUe B LiEHTpanHuTe Yactu Ha bankaHckus kbM MapuwwkaTa cuctema. KbM Hest ce MpU4uCTsiBaT BCUYKM
MnonyocTpoB, KOETO CHATA 3a LWeBHa JWHUA, pasaenslia cyOeKBaToOpUANHA  Pa3fioMu, PasnofioKeHM B CbCEACTBO C
Pogonute v bankaHuauTte. AHanorMYHO 3HaYeHKe ce npuaasa npennonaraeMus Xof Ha MapuiukaTa 30Ha, HE3aBUCUMO OT
Ha AceHoBrpaackus pasnom (fpaxos, 1960; ctp. 31, 199). TAXHaTa KUHeMaTvika 1 Bpeme Ha nposiaa.
Teau ugev Gbp3o cTaBaT nonynspHU U B peauLia nocneaBsaLy
nyGnvKkaLn ce uanarar KOHKPETH AaHHN 11 Weu 3a pasnnyHin Kunematukata Ha pedpopmaumute B Mapuiikara 3oHa ce
4yacTW OT Ta3n pasfoMHa c1CTeMa, M3BECTHA kaTo MapuLwiku obcbxaa 3a MbpBM MbT OT BosiHOB (BOﬂHOB n MOCVIqDOB,
wes, Mapuwkv [bnOOYMHEH pasnom unu - Mapuika 1983), KOWTO M3naraT peavLa MOTUBM 3a OTCEAHNS XapakTep
fMHeamenTHa cuctema. KoM kpas Ha 60-Te ropunn Ha Ha TpaHchauuuTe no pasnomute oT Mapuwkata 30Ha.
MUHanusA BEK Ceé [oCTWra A0 KOHLENTyaneH Mofen, Kouto B MopmoGHa koHLenuus ce 3awuTaBa v ot ViBaHos (1989, 1998).
ronsiMa CTereH He e KopurpaH Ao Haln aHu. B pesiommpan EnBa Hackopo Te3au uaeM Hamepuxa NOTBbpXAEHWE B
BUL OCHOBHWTE My NOCTAHOBKW Ce CBEXAAT A0 Pa3feniHeTo pesynTaT Ha AeTaifHu CTPYKTYpHW uacrneasaHus (MBaHoB 1
Ha 30HaTa Ha OBa OCHOBHW CerMeHTa — 3anageH U U3TOYEeH ap., 2001; reopmeg, 2003) AHanu3bT Ha NbpBOpa3psiaHNTE
(Bosimkwvies w ap., 1971). 3anagHuar ce cneay no cesepHus Pa3MOMHM 30HW, CYMTaHW 3a yacT OT MapuwKaTa cucTema
pvb Ha Poponute u Puna u B Wxtumancka CpegHa ropa. (BoHues, 1946; BosmkveB u ap., 1971) nokassa, ue Te
Bbanpuetin ca upeute Ha fipaHoB 3a MOAENSHETO Ha TO3M npuTEXaBaT OTCeAHa kWHemaTuka. ToBa Hanara peBu3vpaHe

Ce npocrneassa B obnactra Mexay Xackoso K XapmaHnM not
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B HacToswarta pabota ce npaBu ONMUT 33 CUHTE3 Ha
ChblLECTBYBalUMTE [aHHW 3a obXBaTa, BPEMETO Ha U3fBa U
KMHemaTWkaTa Ha fdedopmauumte B Mapuiikata 30Ha.
MpeanaraHuaT aHanu3 ce Gasvpa Ha BbanpueMaHe Ha
KMHeMaTuKaTa Ha AedhopMaLMiUTe 3a OCHOBEH KpUTEpUid mpu
peduHUpaHe MPUHAANEXHOCTTa Ha PasNOMHUTE 30HU KbM
MapwLikaTa cucTema.

OOxBaT Ha u3sBa Ha oTcegHWUTe Aechopmauuu B
TEKTOHCKUTE 30HM, Pa3NoNiOXXeHU Ha ceBep OT
Poponute

MnactuyHM oOTCeAHM CpsA3BaHMA C paHHOANMMUACKa WU
KpeaHa Bb3pact

[etopmaLm ¢ oTCedeH UK C TPAHCNPECUOHEH XapakTep ca
TMNUYHM 3a Cakapckata eguHuua ot CTpaHmkaHckata 30Ha
(MBaHOB 1 Ap., 2001; M'epmxukos, 2005; Gerdjikov and Ivanov,
2000). U3ToTonHW gaHHW 1 cTpaturpadicki penepu ykaseat 3a
paHHoanmuiicka Bb3pacT Ha AOMWHMPALLO ASCHO-OTCEAHUTE
Aedopmarmn. CuHMeTaMOpHUTE CTPYKTYPU B aroxTOHHATa
Benekcka egwHuua, a CbWo WM B HenocpeacTBeHata 1
MOANOoXKa, CbLLOo 3anevareat [SICHO-0TCEAHM,
TpaHcnpecuoHHn pgedopmaumn  (TepmxkukoB M MeToawes,
2005). AHanorM4HW 4aHu ca U3NOXeEHM 1 3a TYPCKUS CEKTOP OT
CtpaHmka (Natalin et al., 2005). CpsseaHusta ca ¢ ASACHO
OTCELEeH XapakTep 1 ca CbNpOBOAEHM OT Bapupaly Mo
WHTEH3UTET MeTamopu3bM — OT  3€MEHOWMWCTEH, B
Mapuwkata obnact, o amgmbonutos aumec B obnacrra
mexagy pekute Mapuua u TyHmka. YcTaHoBsiBa ce SicHa
MPOCTPaHCTBEHA W FEHETNYHA BPb3Ka MEXIY OTCEHUTE 30HM
W Tena OT CWH- A0 NOCT-KUHEMATUYHU NEBKOKPATHW rpaHuTy
(Gerdjikov, 2005).

[ACHO-0TCEAHM NNACTUYHM 30HW Ha CPSI3BaHE Ca TUMNYHK W
3a MxtumanckoTto CpegHoropue. 3a Mbpeu MbT Ca ONUcaHn ot
MBaHoB (1989) 3a yacT oT Uckbpcko-AsopuiukaTa 3oHa (UA3).
Bonev (1996) onucea oTCegHW 30HM, Pa3BUTM  BbB
BUCOKOCTENEHHUTe MeTamopdutn ceBepHo ot WMAS. [pu
npoBeAeHUTe npes NoCreaHUTe TOANHIN AETaNMHN CPYKTYPHM
u3cneaBaHus B paiioHa Ha Mxtumancka CpegHa ropa u YepHu
pug Belwe yCTaHOBEHO, Ye NOHe B WHTepBana anb-kamnaH
KnHemaTukaTa Ha aedopmauumte € buna ¢ npeobnagasalla
ASICHO-0TCeAHa komnoHeHTa (lvanov et al., 2002; Georgiev and
Lazarova, 2003; Georgiev et al., 2003; Velichkova et al., 2004).
Pons Ha mbpBOpaspedHa CTpyKTypa, OTAENswa TEpeHu C
pasnuyHa Bb3pacT M CTEMeH Ha MeTamopdu3bm B obractTa
urpae NA3. Hedopmayuute 7 HaNOXeHOTO
CTpyKTypoobpasysaHe B 3aBapeHus 0T UA3 u catenutHute it
Pa3noOMHU HapyLleHWs [O-TOPHOKpeAeH (yHOaMeHT ca ce
W3BbPLLMNM B paMKnTe Ha 3eneHowwncteH daunec (350-
400°C). Bapwaumm B cCTeneHTa Ha CbNPOBOXAALLMS
Cps3BaHusTa MeTamopu3bM Cca HabniogaBaHW B HSIKOM
MPOCTPAHCTBEHO M BPEMEBO CBbp3aHi C VA3 CUMHTEKTOHCKM
MAYTOHW. Te3n NOKanNUTETN Ca CBbP3aHN CbC CUHTEKTOHCKWS
XapakTep Ha MHTPy3WMTe W OTpasseaT npexoga oOT
BucokoTemnepatypHu  (600-500°C) kbM  cpegHo-  go
OTHOCUTENHO HuckoTemnepaTypHu (400-300°C) ycrnosus Ha
jecopmaumata.  PasBMTMETO  Ha  HanoXeHute B
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MeTamopdhHaTa pamka U B KpeOHWUTE rpaHuTonam donuaums 1
NMHEHOCT Cca CBbp3aHM C aedopmauunte B obxBaTa Ha
cuctemata Ha WA3. B npeobnagaBawiata uyact ot
pasKpUTMATA KUHEMATWKaTa Ha MNNacTUMHUTE 30HM Ha
Cpsi3BaHe e OTCefHa, C M3BECTEH Bb3cefeH (KOMMPECUOHEH)
KOMNOHEHT.  Peayntatute  OT  W3cnegBaHuaTa  Ha
aHM30TPONMATa Ha MarHWTHata BbanpuemumsocT (AMS) Ha
KpeaHWTe MNyTOHW B paioHa Ha WxTumaHcka CpepHa ropa
nokaseart, Ye B MO-TOfiIMa YacT OT MecTaTta Ha onpobBaHe
chopmata Ha MarHUTHWS enuncoup e cnnecHata (oblate),
KOETO MOTBbPXKAABA MAEATA 32 HANMYMETO Ha KOMMPECUOHEH
KOMMOHEHT B PETMOHAIHOTO MOSE Ha HaNPeXeHWe — PEXIM Ha
TpaHcnpecuss  (Jordanova  and  Georgiev,  2003).
HabntogaBaHute Ha TepeHa CTPYKTYpHW [OKasaTencrea 3a
npoLecu Ha cMecBaHe Ha Kucenn 1 6asnyHu Marmu, KakTo u
CMECEHWSIT KOPOBO-MAHTWUEH XapakTep Ha rpaHUToMauTe W
MaHTUIHWSAT XapakTep Ha rabpata (Peytcheva and von Quadt,
2003), noTBbpXaaBat [IbNBOKONPOHMKBALLMS,
kopoBomawabeH xapaktep Ha cuctemata Ha MAS.
[lsicHooTCeaHMTE 30HM Ha Cpsi3BaHe B paiioHa Ha MxTuMaHcka
CpegHa ropa 1 YepHu pua npefcTaBnsiBaT CPaBHUTENHO
[bIrO-ChLLECTBYBalla pa3foMHa cucTema feicTealia npes
KbCHaTa Kpega. Hai-cTapute nnactuyHm fedopmauum B
obxeata Ha A3 ca patupanu kato anb-yeHomaHcku (106 Ma
- Velichkova et al., 2004), a kpexkonnactuyHuTe gedopmaLim
B obxeata Ha UA3 3acsrat kamnaHckust Bbplumncku rpaHut
(82 Ma — Peytcheva et al., 2001).

OtceqHo gomuHupawm gedopmauumn B CpeaHoropckara
KbCHOKpeAHa cuctema

CxBawaHeto, 4e CpegHoropueto npeacTaBnsiBa  KbCHO-
KpegHa BYNKaHCKO-4broBa MMM OCTPOBHO-LbIoBa NOCTPOIKA,
chopmupaHa B pexuM Ha uucTa ekcteHaus (Boccaletti et al.,
1974; Nachev, 1978), B nocnegHuTe rogvHn e gopassuta B
MOZeN Ha pernoHanHo nposeseHa TpaHcnpecus (Velichkova et
al., 2004). Mposeaenute B nepuoaa 2000-2003 r. TepeHHM
CTPYKTYPHW W3CnedBaHWs B paioHa Ha [laHaropuie
yCTaHOBMXa, Y€ TOPHOKPEAHUTE CeOMMEHTHM BacenmHn w
BYFIKAGHUTW Ca MPOCTPAHCTBEHO CBbP3aHU C ASCHOOTCEOHM
pa3noMHM HapylweHusi. CamuTe TOPHOKPEAHU MOHKEHNS!
NpeacTaBnsiBaT OTCEAHU MMM CTPaHUYHO-apbNHATK Baceittu,
chopmupaHm B oTcegHa obcTaHoBKa. VipesTa 3a CpaBHUTENHO
ObITOXKMUBYLLA [SICHOOTCEAHA CUCTEMA Ce NOTBbpXaaBaT OT
dakTta, 4e CeOMMEHTUTE Ha ropHokpegHwuTe GaceilHn B
obnactTa ca gechopmupaHm B 06xBaTa Ha CbLUMTE Pa3NOMHM
HapyLUeHusi, KOWTO ca npegonpesenunn opMUpaHeTo Ha
MOHWKEHMUATA.

Hanarawmsr ce npes KbCHO-KPEOHO BpeMe ASCHO-0TCedeH
nedopMaLMoHeH pexXuMM € MOTBbPAEH OT u3crnegBaHus B
Crapa lNnaxvHa (Kenes u gp., 2003; MeaHoB 1 gp., 2004 —
HenybnukyBaH Aoknag 3a MeotexmuH). Cnopeg VBaHoB v ap.
(2004) n TleTpoB (2005) KbCHOKPEOHMST MarMaTusbM B
obnactta Ha ETpononcko, 3natuwko u [NpaBeLLKo, KakTo u
opydsBaHuATa B pailoHa Ha pygHuk  Enauute  w
pyoonposiBreHneto  okono [lpasewka JlbkaBuua ca
MPOCTPaHCTBEHO W BPEMEBO CBbp3aHM C AACHOOTCEAHU
Pa3nOMH HapyLLEHNS.
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®ur. 1. Cxema Ha yacT ot MapwukaTa oTcegHa cucTema. 3a OCHOBa e u3nonssaH gurutaneH pened ot NASA (SRTM). Cbkpawenusi: P3T - pa3nomHa 30Ha
Tepuanu; T3 — BeposiTeH X0 Ha TepLMepHUTE OTCeAHN 30HU B FopHa Tpakus n UatouHopogonckoTo noHuxeHue; CPEC — ceBepHo poaoncka
eKCTeH3UOHHa cucTema; M3 - nnacTuyHM oTcefHU 30HM B UxTuMaHckoTo CpegHoropue; M3C — NNacTUYHM OTCEAHN U TPAHCNPECUOHHM CPS3BaHUSA B

3anagHuTe 4acTu Ha CaKap-CTpaHAmchKa'ra 30Ha

OTceaHM 30HM C TepuMepHa Bb3pacT

TepumepHaTa eBonouns Ha Mapuwkara cuctema He e gobpe
M3yyeHa W 3acnyxaea no-geTaineH aHanu3.  Peguua
HOBOMPWMAOOWTM  (hakTW  HanmaraT  NPEOCMUCNISIHE  Ha
npegnonaraeMute 0bnmactu Ha TepuMepHa u3sBa  Ha
Mapuwkata cuctema (Bx. pasgen [uckycus). Okasga ce, ye
33 ronsMa 4acT OT MpOTeXeHWeTo Ha Mapwiukata 30Ha,
BKIIOYUTENHO U 3a TPacMpaHEeToO Ha CbBpEMEHHaTa CeBepHa
rpaHuua Ha Poponckata 3oHa, HsMa@ [OCTOBEPHW TEPEHHM
[aHHM 32 TepuuepHu oTceaHu aedopmauun. Taka Hanpumep
BosHoB u Mocudpos (1983) cBbp3aT hopmMpaHeTo Ha
naneoreH-HeoreHckute 6acenHn ot Codoms go MopHa Tpakus ¢
OSICHO-0TCeAHM aBuxeHns, a MeaHoB (1989) cuuta, ye Haii-
aKkTuBHUTE ABWKeHus no A3 ca ce M3BbPWUIKM B TEPLMEPHO
BpEME W oOueHsiBa TpaHcnauumte Ha 22-25 km. Obaue
KOHKPETHW [aHHW 3a PasnOMHUTE 30HM He ca u3noxeHu. C
HaMb/HO MHTEPNpPETaTUBEH XapaKkTep Ca W MpeasioKeHuTe
XMnoTe3n 3a xoga Ha Mapuwkata 30Ha Ha W3TOK OT
mepugmaHa Ha rp. CentemBpu. KOHTPACTHO pasnuyHu
Tb/IKyBaHWA ca u3noxeHn B pabotute Ha Bonues (1961),
Bosimkves u ap. (1971) n sanos (1998).

Bbnpeku nuncata Ha KOHKPETHI AaHHW, TEKTOHCKUSAT aHanms
Ha W3TOYHaTa YacT Ha bankaHckus nomyocTpoB ykassa 3a
Bb3MOXHa M35Ba Ha TEPLMEPHN ASCHO-0TCEAHM aechopmaLim
B rpaHnyHata obnact mexgy CpepHoropueto m Pogonute.
[JoBoguTe 3a efHa TakaBa MHTepnpeTauus morat ga ce
HaMepsT B peauua M3CneaBaHust U TEKTOHCKWM cuHTean: (1)
Mpn npoyyBaHeTo Ha TpakuiAckus OacemH € ycTaHoBeHa
pasnomHata 3oHa Tepuanu (Peringek, 1991; Turgut et al.,
1991), kosTo pgedopmupa ronsiMa 4YacT OT CEeAUMEHTHUS
paspe3 U ce 3aneyatsa OT NAMOLEH-KBAaTEPHEPHN CEAUMEHTU.
COHOa@XHU M CEM3MWYHM [aHHW couaT 3a [SCHO-OTCEOHMS,
TPAHCMPECUOHEH XapaKTep Ha [OBWXKEHMSATA MO 30HaTa npes
muoLieHa. TMC-6a3npanuaT aHanua Ha KapTu Ha Tpakuiickus
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GaceiH coum, 4ye NpOLbINKEHMETO HA 30HaTa Ha Obnrapcka
TepuTopmna Le Ce O4akBa No HXHUTE WU CeBepHuTe
CKnoHoBe Ha Bb3BuMweHusTa CB. MapuHa (Mbpemkek). (2)
dopMMpaHETO Ha CUIHO OrbHaTaTa OpOreHHa gbra (OpOKNH)
Ha HOxHuTe KapnaTti u B yyacTbka Ha CbuNEHsSIBAHETO UM C
bankaHmgute e Hemucnumo 6e3  3HAUMMKM  OTCedHU
TpaHcnaumn. Cnopen mogena Ha Flgenschuh and Schmid
(2005) Han-3HAUMMMTE [OSICHO-OTCEAHW TpaHcnaumm ca
ocbliecTBeHW npe3 muoueHa. (3) dopmupaHeTo M
fedopmaumsTa Ha peauua eoLEeHCKM 1 ONUroLeHckn bacenHn
B 3anagHa bvnrapus u natouHa Cbpbus ce cBbP3Ba C ASCHO-
OTCeAHM TPaHCTIPECUOHHM  ABWXKEHWS, MpOsIBEHM Mpes
muoueHa (KoctaguHos, 1983; Marovic et al., 2001; Zagorchev,
2001). Hanocrnegbk Ge ycTaHoBeHO, ye MepHWLWKMAT BaceiH
NpeacTaBnsiBa TUMNMYHO OTCEHO-KOHTPONMPAHO MOHMXKEHWE
(HaitgeHos, 2005). [acHO-0TCEOHUAT pasnoM MO CEeBEPHUS
pbb Ha GaceiHa cpsi3Ba KPEXKO OPHOKPEOHWUTE BYIKAHWUTW U
BYTNKAHOKNACTUTX 1 fedpOpMUpa eOLIEHCKUTE CEAUMEHTM.

/anoxeHnTe gaHHN MHOMKMPAT CbLUECTBYBAHETO Ha peanya
OSICHO-0TCEeJHM CUCTEMM, Pa3BMTU ceBepHO oT Pogonure. 3a
MOBEYETO OT TAX € XapaKTepHa u3sBaTta Ha MMOLIEHCKM
TPaHCNPECUOHHM AedhopMaLnn, KOUTO BOLAT 4O MHBEPCUS Ha
pasnomuTe, OrpaHM4aBaLLy EOLIEHCKM U MUOLLEHCKM BacenHi 1
[0 nokanHu HaenuyaHus. MogobeH mogen Moxe Aa 0b0sCHM
NOKanHUTE HaBMMYaHUS Ha TPaHUTU U METaMOP(UTU BbPXY
ONWrOLIEHCKA CEAMMeHTU Mo ceBepHus pbb Ha Punma B
yyacTbka Mexgy cenata Pagyun wn Cectpumo. Tean
HaBMM4aHus bsxa pasrnexaaHu ObAro BpeMe Kato yacT OT
pervoHaneH CesepHopogonckv Haenak (VBaHoB v ap., 1989),
HO B KOHTEKCTQ Ha HOBWTE W3OTOMHW W CTPYKTYPHU AAHHU
(TepoxukoB n Totue, 2006), Te ca M3pa3 Ha KpaTkOTpaiHa
Komnpecusi, nposiBeHa Ha (OHAa Ha  KbCHOEOLEHCKO-
KBaTepHEpHaTa EeKCTEH3Ns Mo ceBepHus pvb Ha Pogonute u
Puna. BeposiTHa npuyvHa 3a Tasu KOMMpecus ca AeCHM



TpaHCMpEeCHoHHM [fBwkenus (MBaHoB, 1998), cBbp3aHu C
TEPLMEPHOTO NpuaBKBaHe Ha PogonuTe KbM ceBepo3anag
(BosHoB 1 Mocudpos, 1983; MeaHos, 1989). Tosu mopen
npegnonara  CblECTBYBAHETO HAa  ONMUrOLEH-MUOLIEHCKM
oTCean B paiioHa Ha cesep oT Puna u Poponute, kouto 6m
CneABano Aa Cce pasrnexaar kato TepUMepHa rpaHuLa Mexay
CpegHoropueTo 1 PogonuTe. CbluecTBeH Npobrnem e, Ye Te3un
CTPYKTYpU BCE OLLE He Ca AOKYMEHTMPaHM.

[Ouckycus

Onwut 3a gedmHmpare Ha MapuwkaTta pasnomHa cuctema
Mpn peduHupaneTo Ha MapuwkaTa cuTema cnedsa ga ce
OTYMTaT U3NOXKEHUTE [aHHHM 3a LuMpokaTa nposiBa Ha
oTcegHW Aedopmaumm ceBepHo OT Pogonute, Kakto W
nbpBOHaYanHuTe geduHuumm Ha boHues (1946) u fApaHos
(1960). CvobpassiBame ce M C Hal-HOBUTE MoZenu 3a
€BOMIOLMATA HA KOPOBO-MalLabHuU OTCenHM cuctemm (Sengor
et al.,, 2004), cnopepn KOUTO OTCEAHUTE TpaHCnaLuM BOaaT 4o
AehopMUPaHeETO Ha 3HAYMTENHW ckanHu obemu (lwmpuHa B
nnaH Hag 100-200 km).

B wmpok cmucen Mapuwwka pasnomHa cuctema obxealya

BCUYKN CyﬁeKBaTOpVIaJ'IHI/I AACHO-0TCeAHU CpAsBaHue,
YCTAHOBEHW HENOCpeacTBeHo Ha cesep oT Poponute. Te
BKMOYBAT. paHHoaJ'II'II/IVICKVITe NNAaCTUYHN 30HK B

CTpaHmkaHcKkaTa 30Ha; KbCHO KpeaHWTe NMacTUYHU 30HM OT
MxTumaHckoTo CpepHoropue; passniomHuTe 30HMU,
KOHTPONMpALLM CeaMMeHTaLUusTa, 3aTBapsHETO Ha bacenHute
W mMarMatuaMa npe3 KbCHaTa Kpeda; TepuuMepHW pasnomHu
30HW, BOAELM OO0 TPaHCMaUMs Ha KOPOBW (HparMeHTi KbM
WU3TOK.

[Ba BaxHu NyHKTa OT Tasn WHTepnpeTauus 3acrnyxasar
komeHTap. (1) Mpuemame, Ye TEPUMEPHUTE ASICHO-OTCEOHM
30HW, Pa3NONOXEHN ceBepHO oT Poponute, ca JoBenn 4o
npeMecTBaHe Ha 3emekopHu 6rokoBe kbM W-HOW, npoTtueHO
Ha W3NOXEHWTe MHEHUs 3a CeBepo3anapHa TpaHcnauws Ha
“Poponckus macus” (BosHoB u Mocuchos, 1983; MeaHos,
1989). TpaHcnauusta Ha OTCEOHO-OrpaHMYeHn (parMeHTH
(escape tectonics) kbM M3TOK € MOrMYHa B KOHTEKCTA Ha
TepuuepHata  reoguHamuka Ha  bankanute,  kbgeTo
eovHCTBeHa cBobogHa  rpaHMUa Ha  cucTemata e
UepHomopckust BaceitH (cp. ¢ Moues, 1976). (2) HemsscHeHa
OCTaBa Bpb3kaTa Ha Mapuwkarta cuctema C OTCeaHWTe
cuctemu ot 3anagHa bbnrapus (BocHekcku pasnom, TpbHCKO-
Kowapesckn pasnom u pgp.). OBekt Ha cnegsawm
u3cregBaHns OcTaBaT W OTHOLLEHWATA MEXOy TpaHcnauuuTe
no TWMOKCKMA pasnoM W TEPUWEPHWUTE Cps3BaHWA Mo
MapwuLukaTa cuctema.

B TeceH cmucwn (no Bonues, 1946), Mapuwwkata cuctema
(wes) crnedBa Aa ce pasrnexga kato CeBepHa rpaHuua Ha
Pogonckata 3oHa. [obpe obocHoBaHa € paHHoanmuickara
rpaHnya — ToBa e WA3. He crom Taka BbMpoCLT €
TEPLUWEPHNTE, KPEeXKkM OTcedHM 30HM. Te He ca pobpe
npoy4yeHn kakto B Wxtumacka CpegHa ropa, Taka M B
/13TOMHOPOZONCKOTO MOHWXKEHWE. BaxHo e aa ce otbenexw,
Ye NpobrnemMbT CbC CeBepHaTa rpaHuua Ha Pogonckata 3oHa B
ronsMa CTEMeH MpousTMya OT HeaocTaTbyHO  Ao0bpe
npesuympaHata geduHnums Ha CpegHoropckara 3oHa.
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OTcefHuM CpsAi3BaHNA U MarMaTu3bm

B npogbmkeHne Ha AeCeTUNeTUs B reonoxkata nureparypa
ce Hamara upesTa  Ha  fApaHoB  (1960) 3a
“koHconuaupallaTa’/’cnosiBalla’ pons Ha MHTPY3uBUTE OT
VixtumaHckoto  CpegHoropue.  AHamnorvdiHu Bb3rnegu ce
naHcupat W 3a 3anagHute vact Ha CTpaHmkaHckata 30Ha
(BosiHoB 1 fp., 1965). MpoTMBHO Ha TOBa MHEHWE, AAHHUTE HU
WHOMKMPAT, uYe BHeApsBaHWATAa Ha rpaHuTOMaUTE ca
otcnabunn (magmatic softening) 3oHUTe Ha cpsi3BaHe U ca
cnocobCeTBany NokanuanpaHeTo Ha fedopMaLumTe B TAX.

CbliecTBYBA NN U3TOYHMAT CEerMeHT Ha MapuwkaTa
cucrema?

B peauua nybnukavumum (BosiHos v ap., 1965; Koxyxapos v ap.,
1968) 1 B cb3gaBaHeTo Ha recnoxkata kapta Ha burrapus B
M 1:100 000 ca 3anerHanu uaeute 3a CbliECTBYBaHE Ha
cybexsaTopuanHa pasnomHa cuctema (npuemaHa 3a U3TOUHO
npogbikeHne Ha Mapuwkus  gbnboumHeH pasnom) B
3anagHuTe yactu Ha Cakapckata eauHuua. C akTMBHOCTTa Ha
pasnomu oT Mapuwkara 30Ha ce cBbp3Ba U "OroKoBO-
pa3noMHus" CTPOeX Ha obnacTTa CeBEpHO OT XackoBO M
Xapmatnu (bosiHos v 'po3gaHos, 1989). Tean Bb3rneam He ce
NOTBbPAMXa KaKTO OT pervoHanHuTe npodunmupaqus (saHos
n gp., 2001; Gerdjikov and Ivanov, 2000), Taka u oT
KOHAMLMOHHOTO kapTupaHe B M 1:25 000 B 3anagHuTe YacTu
Ha Cakap (Capos v gp., 2000 — Heny6n. goknag MOCB). Yact
OT OTHacsHMTE KbM MapuiukaTta cuctema pasrnomm ce okasaxa
NNacTUYHW OTCEOHM CPA3BaHWS, Opyrv MpencTaBnseat
HEOTEKTOHCKM Pa3CefHN HapyLUeHWsl, @ CbLLECTBYBAHETO Ha
apyra yact e npobnemHo (MpuUM. MO OXXHUTE CKIMOHOBE Ha
Cakap). AcHo e, 4ye u3TOYHMS cermMeHT Ha Mapuwkara
CMCTEMA He CbLUeCTByBa, NMOHE BbB BMAA MY, MPELSIOKEH OT
bosmxues u ap. (1971) v bosiHos 1 po3gaHos (1989).

CbLiecTByBa NU KXKHUAT KNOH Ha Mapuwkara cucrema?
TpaguumoHHo, TepuuepHaTa esomouMs Ha Mapuwkata
cucTemMa Ce CBbp3Ba C PasBUTUETO Ha HKHWS KMOH Ha
“ObNOOYMHHIA pas3noMm”’, KOWTO ce Tpacupa No ceBepHus pbb
Ha Puna u Poponute. KomMnnuumpaHusT 1 M3MeHsL, ce C
BPEMETO XapaKTep Ha aedopmaumunTe B Tasn 06nacT e cunTaH
3a M3pa3 Ha TpaHcrnauumute B obxBata Ha ObNOOUMHHMS
pasnom (Bbnkosa n CnnpugoHos, 1979). Hackopo usnoxuxme
HOB MOAEN 3a CcTpoexa Ha Tasu obnact (Fepmknkos u FoTue,
2006), cnopen KOWTO — OOMMHMpalla  CTPyKTypa €
CesepHopoponckaTa ekcTeHanoHHa cuctema (CPEC). Ta e
NpeacTaBeHa KakTo OT MyacThiyHa 30Ha Ha Cpsi3BaHe, Taka U
OT NoreraTo pasceaHo HapyLieHue. TpaHcnayumTe no 30HUTe
Ha CPEC ca nopoaeHu OT M3HACsSHETO KbM NOBLPXHOCTTA Ha
eoLeHckuTe rpaHuTi 1 murmatuti (von Quadt and Peycheva,
2005), paskpuBal Ce B NEXaWOTO KPWUIO Ha 30HWTE.
Bucswoto kpuno Ha CPEC e cunHO pasfnoMeHO OT CHH- M
AHTUTETUYHM Pa3CedHM HapyLLEHWs, KOMTO Ca MpuynHa 3a
CbBpeMeHHUs1  BOKOBO-pas3nioMeH CTpoex Ha obnactra
(Bbnkoa 1 CnnpuaoHos, 1979) n KoHTponupaTt (popMUpaHeETo
Ha peguua onuroueH-kBaTepHepHu baceiHn. BaxHo e ga ce
otbenexu, ye no pubbT Ha Pogonute u Puna (o1 Kpnuum Ha
ceBepo3anaf) JmMnceaT [oKas3aTencrBa 3a CbLUECTBYBAHETO
Ha  cybekBaTopWanHu WM CEBEpO3anaf-toroM3To4HO
NPOCTUPALLM CE OTCEHM 30HM.

KBaTtepHepHa akTMBHOCT Ha MapuLKaTa 30Ha
Moyt eauHomywWwHO ce npuema, Ye ¢ Mapuiikata 3oHa e
CBbp3aHa 3HauuTesHa CeM3MMYHa aKTUBHOCT U 3aToBa TS Ce



pasrnexga kato efiHa OT BaKHWUTE aKTUBHU TEKTOHCKA 30HW B
Borrapus (Matova et al., 1996). ToBa Bb3npuemaHe, cneasa
ugeute wu3kasaHm ot BonueB (1946) u ce Gasupa Ha
NPOCTPAHCTBEHOTO ~ CbBMAfEHWE Ha  enuueHTpuTe ¢
npegnonaraemata crega Ha Mapuwkata 3oHa. BbaHuksa
BBLMNPOCHT, JaNu TE3N 3EMETPECEHNS HAUCTUHA Ca CBBP3aHM C
Mapuwkata otcegHa cuctema. OTpuuaTenHusT oTroBOp €
NOTMYEH B KOHTEKCTa Ha WHAMKaUMUTE 3a 3aTWxHamnata pons
Ha sicHuTe oTcsaanns B Tpakuiickus 6aceiH (Peringek, 1991;
Turgut et al., 1991), Ha pgaHHUTE 3a [LOMWHUpaHE Ha
EKCTEH3MOHHW JedhopMaLyn NpU  CEUMUYHUTE  CPSI3BAHUS
(Van Eck and Stoyanov, 1996; Kotzev et al., 2006) u Ha
CEeM3MOTEKTOHCKMS aHann3 (Shanov, 2000). Mo To3u HauwH,
Cen3MUYHOCTTa CBbp3BaHa ¢ MapuLukaTa cucTema e uapas Ha
CbBpPEMEHHATa EKCTEeH3Ws, JOMWHMpaLLa HKHWUTE YacTu Ha
Bankanure (Ibid).

Mapuiwkata oTcegHa cUCTeMa B KOHTEKCTa Ha
KoHBepreHuusita mexay Adpuka u EBpasus
KoHsepreHuusTa mexay Adpuka u EBpasus ce onpegens ot
OTBapsHETO Ha ATnaHTWyeckus okeaH. Wctopusata w
reoMeTpusiTa Ha KoHBepreHumsita (dur. 2) ca gobpe mayyeHu
(Le Pichon et al., 1988). Tean Bb3CTaHOBKM HEABYCMUCIEHO
nokasgaTr, 4e [0 LEHOMaHa [ABWXeHWsTa Mexay ABeTe
Meranmnoym ca OOMMHWPALLO OTCEeAHW, a OT LieHOMaHa o
npuaboHa KOHBEpreHunsTa Ce XapakTepusupa CbC 3HauMma
oTcegHa  KOMMOHeHTa.  HecbMHeHO  ocobeHocTuTe B
OTHOCUTENHUTE OBWKeHus mexay Adpuka wn EBpasus ca
MOBIUANM B ronsMa CTeneH pasnpeneneHneTo 1 xapaktepa Ha
aedopmaumute B bankaHckus cekTop Ha AnnUIACKUS: OPOTEH.

®ur. 2. OTHocuTenHU aBMxkeHnUs mexay Adpuka n EBpasus ot me3o3os
[0 Hawm AHU. JInHMMTe Noka3BaT OTHOCUTENHUTE NPEMEeCTBaHUA Ha
Toukm oT Adppuka cnpsimo EBpasms. Mo Le Pichon et al. (1988).

lMpennaraHoTo  TbNKyBaHe Ha Mapuwkata 3oHa €
cbobpa3seHo ¢ n3noxeHuTe no-rope aaHHn. Cnopep Hac, npes
anmnuNCKOTO pasBuTUE Ha barkaHckus CermeHT OT oporeHa
Mapuwkata cuctema € Ouna emHa OT 30HWTE, KOUTO ca
aKOMOAMpanu oTcegHaTa KOMMOHEHTa Ha KoHBepreHumsaTa. Mo
TO31 HauMH MapuLwkara cucTeMa MoXe Aa ce pasrnexaa kato
SICEH npuMep 3a pasensaHe (partitioning) Ha gedopmaumsTa
B Malljaba Ha oporeHa. 060co0sIBaHETO 1 NOKANMU3NPAHETO Ha
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pa3NMYHUTE MO  Xapaktep [Jedopmauum  (OTCEoHM W
KOMMPECMOHHN) B OOCTAHOBKM Ha KOCa KOHBEpreHuusi ca
[06pe [OKYMEHTMPaHW W TEOPETUYHO MOAENUpPaHW npoLecy
(Jones and Taner, 1995; Tavarnelli et al., 2004).

TpaHcnauumte no pasnoMHUTE 30HM Ha Mapuwkata
cuCTEMA Ca M3KMIOYMTENHO BaXHU 3@ ManeoreoanHamMuyHuTe
Bb3CTAHOBKW. KbM TO311 MOMEHT NUNCBAT KOHKPETHW AaHHW 3a
CKOPOCTUTE  Ha  OTCeAHWTe  npemecTBaHums. Ho u
Bb3MNPUEMAHETO Ha Hali-kOHCEPBATUBHM CTOMHOCTM (CPaBHEHO
c pobpe um3yyeHa cuctema kato CeBepHoaHaponckata -
Sengor et al., 2004) — npum. 0.5 cm/ro. u3nckBa 3HaUNUTENHN
MPOMEHN HA CbBPEMEHHaTa KOHQUrypauusi Ha TEKTOHCKUTe
30HM Ha bankaHute. [lopn W TakuMBa 3aHWXEHW CKOPOCTH,
MPUNOXeHU 3a MHTepBana Ha Me3030iickaTa aKTMBHOCT Ha
30HaTa, os3HayaBaT W-HOM HacoueHo npemecTBaHe Ha
CtpaHpxaHckata 3oHa OT nopsiabka Ha 300 km. TouHaTa
KONMMYeCTBEHA OLiEHKa Ha TpaHCrnauuuTe M3WUCKBa OLLE HOBM
WM30TOMHMW W CTPYKTYPHU AaHHW.

3aknioyeHune

HatpynaHute B nocnegHuTe AeceTUHA rOAMHU CTPYKTYPHU 1
M30TOMHK OaHHM NO3BONIABAT HOB MoOrned Bbpxy MapI/ILIJKaTa
pasnomHa cuctema. Toea cnomara 3a no-4obpoto pasbupaxe
Ha BpemMeTo Ha nposiBa, 00xBaTa, Xapaktepa u KuHematukarta
Ha Cpsi3BaHMATA, KAaKTO UM OTHOLUEHWSTA C Npouecute Ha
BHeApABaHe Ha TPaHUTOUOHU  TOMWIIKK. Cqmame, ye
MapwuLukaTa cucTema e urpana ponsta Ha 30Ha, akomoaupana
0TCeAHUTE TpaHcnauum B bankaHckus cerMeHT Ha Annuiickus
OpOTeH B WHTEpBanNa KbCHa topa-MuoLeH. BeposTHo
OBWXEHMSATA MO 30HaTa ca OUnW C Bapupall MHTEH3WTET B
pasNWyHUTE  €enoxu, C MakCUMymW MO BpemMe Ha
paHHoanmuiickata  oporeHesa (J-Ki), no Bpeme Ha
OTBapSIHETO W KOMMPUMMPAHETO Ha FOpHOKpeaHWUTe GacemHu,
a CbLL0 Taka ¥ KbM kpasi Ha onuroleHa. B Lumpok cmuckn, kbm
Mapuwkata cuctema MOXe f[a Ce OTHACAT — BCUMKM
cybeksaTopuanHm unu npoctupaiim ce C3-tOU otcegHn 30HM,
KOMTO Ca pasnofioxeHn Ha ceeep oT Pogonute. B TeceH
CMUCBHI cuCTeMaTa CrefBa Aa Ce pasrnexaa B KOHTEeKCTa Ha
copmynupoBkata Ha boHueB (1946) u ga ce npueme 3a
ceBepHa rpaHuya Ha Pogonckata 30Ha. [lBuxeHudTa no
CerMeHTUTe Ha Mapuwkata cuctemMa ca 3aTWxBann Mo
PasNMYHO BPEME W B HaWM [HU HAMA HEeLBYCMUCIEHM
WHOMKALMM 33 HENHA CbBPEMEHHA aKTUBHOCT.
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NPUNATAHE HA MEXXOYHAPOOHATA KNACU®UKALIUA HA BBIMALLA B NMITACTA U
MEXAOYHAPOOHATA KOOW®UKALIMOHHA CUCTEMA 3A BBITIULLATA OT
NEPHULLKATA NPOBUHLNA

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

T MuHHo-2e0noxku yHugepcumem “Ce. Wean Puncku”, Cogpus 1700
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PE3IOME. Bbravwnu nnactose ot [NepHuiwkata npouHums (Mephuwku, bobosaoncku un MupuHckn baceitH) ca onpobsadn ¢ mo 10 fo 12 nnactosu npobw.
BuravwHnte aHwnud-6pukeTin ca nscneaBalu B oTpaseHa 6sna v chnyopucLieHTHa CBETNMHA B MacreHa MMepeus 1 € W3MepeH nokasaTen Ha OTpaxeHue Ha
XyMUHUTa. Upes TexHYeCKM aHann3 ca onpeaerneHn i ocTaHanuTe KnacudmkaLyuoHH napameTpu: oblya 1 aHanuTuyHa Bnara, nenenHo ChAabpxaHne, obLa csapa 1
TONMMHATa Ha M3rapsHe Ha BNaxHo 1 Ha cyxo 6eanenenHo ropuso. Cnopes onpeneneHuTe nokasateny, CbrnacHo MexayHapoaHaTa knacudukaLms Ha BbIMNLLA B
nnacta Bbramwara ot MupuHckus 6aceiH, ot nnact B u D Ha Mepruwkus 6aceii v ot IV nnact Ha bobosaonckus 6aceitH ca MBUYECTV MPEAUMHO XyMYCHU OT
HUCBK paHr A — cy6BUTYMUHO3HM CbC CPEAHO KayecTBo, a Te3n OT BbITMLLHNSA Komnnekc Ha MepHuwwkus 6aceiH u nnactose [1BoeH n Hapexaa Ha Boboenonckus
6aceliH ca MBIYECTM MPEAMMHO XYMYCHU OT HUCBK paHr A — cy6OUTYMUHO3HM C HUCKO KayecTBO. 3a BCEkM OT U3CneABaHuTe BbIMULLHYM NAcToBe e onpefeneH Kop,
cbrnacHo MexayHapoaHaTa koaudukaLmoHHa cuctema.

Kmoyosu dymu: kacpsieu ewvenuwa, MexdyHapodHama knacupukayus Ha ewenuwa 8 nnacma, MexdyHapodHama kodugbukauuoHHa cucmema, [lepHulika
nposUHYUS

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

Jordan Kortenski', Alexander Zdravkov?, Dimka Pinalova?

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

2 Minproekt Ltd., Sofia

ABSTRACT. The present study is based on coal samples from the Pernik coal province (Pernik, Bobovdol and Pirin basins). Up to 12 whole-coal samples were taken
from the mined coal-beds in these basins. Standart microscopical and technological procedures were applied and the micropetrographic properties, huminite
reflectance, moisture, ash yield, total sulphur contents and the combustion temperature of the samples, were determined. According to the International Classification
of in-Seam Coals, the coal-bed in Pirin basin, as well as coal-beds “B” and “D” from Pernik basin and the “IV” coal-bed from Bobovdol basin are composed of mainly
humic, banded, medium-grade sub-bituminous-A coals. In contrast, the coals from the “Coal complex” (Pemik basin) and coal-beds “Dvoen” and “Nadezhda”
(Bobovdol basin) are mainly humic, banded, low-grade sub-bituminous-A. For each of the studied herein coal-beds a specific code was assigned, according to the
International Codification System.

Keywords: sub-bituminous coal, International Classification of In-Seam Coal, International Codification system, Pernik province

BbBeaeHue or 24 MJ/kg, HO cpegHaTa oTpaxaTenHa CrnocoGHOCT B
MacneHa umepcusi e no-sucoka ot 0,6%, Bbrivwara He morar
MexgayHapogHaTa knacudukaums Ha BbrnuwaTta B nnacra e fa Ce OTNpefensaT Kato TakMBa C HUCbK paHr. Crnoped
paspaboteHa or PaboTHa rpyna N0 BbIMMUE KbM MexayHapoaHaTa knacudukaums Ha Ha BbrmmwaTa B nnacra
Esponeiickata  MkOHOMMYecka  komuews. Llenta  Ha BBINLLATA C HUCBK paHr ce pasaenaT Ha kateropum C, B u A
KﬂaCVl(leKaU'VlﬂTa e Ja yHVI(bVIU,VIpa XapaKkTepucTikaTa Ha NI Ha OPTONUTHUTK, METaINUrHUTU MCYGGMTYMMHO3HV|.
BbINMLLATa, KaTo Ce M3Mon3BaT TpM OCHOBOMOMAraluy
napameTbpa. Te [aBaT Bb3MOXHOCT 33 €AHO3HAYHO 3a HyXOuTe Ha BbTPELUHATA M MeXayHapoaHa ThproBus e
onpefensiHe Ha BbIMMLLATA KaTo reornioxko obpasyBaHue: chafadeHa MexayHapomHa cucTema 3a KoudMKkauws Ha
e Panr (cTeneH Ha BbrmedukaLms); BBITMLLATA, KOSITO € npueTa oT EBponelickata MKOHOMIYECKa
e [letporpadhcky cbeTas (OpraHyeH daumec); komucks nog ernpata Ha OOH. CucTemata 3a KoauduKkaLms
e KayectBo (konMyecTBo Ha MpUMecHTe, HeopraHuyeH [aBa Bb3MOXHOCT 3a 130srBaHe Ha HeJopasyMeHusiTa Mexay
hauuec). NPOM3BOAMTENN, THPTOBLM U KOHCYMAaTOpW 3a KayecTBeHaTa
XapakTepucTika Ha BbIMMwarta, KOSTO OTrOBapsT Ha
Cnopea MexayHapoaHaTa knacudukauus Ha Bbrmuwiata B W3UCKBAHMATA HA  KOHKPETHUTE 00nactu Ha  TAXHOTO
nnacTta 3a BbINULLia C HACLK paHr ce cYMTaT TakiBa C BUCLLA “3Non3BaHe Kato onpegens o6|_1_|'y| KpuTepuu 3a onpegensHe
TOMNMHA Ha u3rapsHe, onpedeneHa Ha cyxa GesnenenHa Ha Ka4yecTBOTO. Te3n KpUTEPUM Ca BKIHOYEHW B OCEMLMEPOB
maca, no-Hucka ot 24 MJ/kg W cpeseH nokasaten Ha kop, KOWTO XapaKTepuavpa BbIMMWATAa KaTo MPOMMLLMEHa
oTpaxaTtenHaTta CnocobHOCT Ha BWUTPUHUTA B  MacreHa CYPOBIHA.

uMmepcua nof 0,6%. Ako TonnuHaTa Ha n3rapaHe € no-Hucka
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OcHoBHM NapameTpy 3a KogudukaLus ca:

e  Bucwa TonnuHa Ha w3rapsiHe, onpegeneHa Ha cyxa
BesnenenHa maca —Qdf, MJ/kg. Toea onpegens mbpBuTe ABeE
uncpu ot koga, kouto obosHayaBaT AOMHATa rpaHuLa Ha
avanasoH ot 0,98 MJ/kg;

e  OO6wwa Bnara, onpegeneHa no enaroemkoctta — Wer,
%. BTopute OBe uMdpu OT Koga CbOTBETCTBAT Ha AONHA
rpanuua Ha uetepsan ot 0,9% Bnara;

o  [lenenHo cvabpxaHue Ha cyxa mMaca (db) — Ad, %.
TpetuTe aBe LMdpK Ce ONpeaensT OT JofHaTa rpaHuua Ha
untepsan ot 0,9% nenen Ha cyxa maca;

o  CbabpxaHue Ha obLua capa Ha cyxa maca (db) - S,
%. ToBa onpegens YeTBbPTUTE ABE LMdpK, KOUTO OTrOBapsT
Ha gonHata rpanuua Ha untepsan ot 0,09% cbabpxaHue Ha
capa, ymHoxeHa no 10.

KpaTka reonoxka xapaktepuctuka Ha 6acenHuTte
ot lNepHuLKaTa NPOBUHLMA

MepHuwkn GaceiiH. Mognoxkata u OperoBata MBMUA Ha
OacelHa e u3rpajeHa OT Maneo30NcKM  KOHrmoMepaTy,
NACBYHULUN W aneBponuTi, [OONMHOTPUACKU KOHrnomepartu,
NACLYHULW 1 aneBponuTH, CPEAHO- U FOPHOTPUACKM aprunnTy,
BapoBuLUX M OONOMUTK, HOPCKN aneBposiuTih U aprunuTi,
FTOPHOKpeaHUTe  aHdesuTn Ha JlonuHckua NNyToH WU
FOPHOKPEAHU CUEHUTU W OuopuTi OT Butowwkus nnyToH. Bua
BbIMIEHOCHUTE MaNeOoreHCKM Hacnar ce OTHAensT ChneaHuTe
neT 3afpyru: KOHrnomeparHa-nACb4YHUKOBA, 6I/ITyMOJ'II/ITHa;
MbCTPa MOABBLITMLLHA; BBITIEHOCHA M HA THHKOCMOMHUTE
aprunuTy. KoHanomepamHo-nacbyHUKO8a 3adpyea.
W3rpageHa e OT MOMWreHHW KOHrmomepaTtu C necbuynuea [o
rpaBuitHa CMoMKa, KOMTO Ce MpOCrosBaT OT MOMMMMKTOBM
MbCTPOLIBETHN NACbYHMUM, KaTo obljaTa i gebenuHa goctura
po 250 m. bumymonumHa 3adpyza. BkntoyBa TbHKOCTONHM
aprunNTM 1 Meprenu ¢ MPOCHonku OT MACkYHMUM. Ha mecTa
MMaT WMBMYECT CTpoeX, OOYCMOBEH OT HanuuMeTo Ha
OpraHuyHO BeLlecTBO. BbapacTra i1 € cpegHOONMroLeHcka.
[ebenuHata Ha 3appyrata Bapupa or 0 go 50 m. [Tecmpa
nodevanuwHa 3adpyea. [lebenunata i Bapupa ot 350 go 500
m. Bb3pactta M ce npuema 3a CPEAHO ONMUroLEeHCKa.
CeouMeHTUTe, KOWUTO A WU3rpaxgaT ca MbCTpa anTepHauus ot
KOHrmomepaTy, NACbYHWLM, aneBponUTH C  XapakTepeH
CMBO3€EMNEHNKaB W YEpBEHOBMONETOB LUBAT. BbeneHocHa
3a0pyea. [onHata rpaHuua Ha 3agpyrara ce mapkupa ot
nosiBaTa Ha MbpBUTE BbLITIMLLHA YEPHWIKA 1 YEPHW TMWHK.
[ebenmHata 1 poctra 100 m. Ta e npeacraeeHa OT
MACLYHULYM, NECBUNMBM TTMHW, THHKOCHOWHW aneBponuTy,
apruMTM M BBITMWLHKM NnacToBe. B LeHTpanHaTta yacT Ha
GaceliHa, BLITMLLHMTE NiacToBe ca net ¢ obuwa aebenuHa ao
20 m. B ceBeposanagHara yacT Ha baceiiHa kbM [onsimo
ByusHo BbMMWHUTE nnacToBe ca CbbpaHu B egwH 06Ly
BbITMIWeEH komnnekc ¢ aebenuHa go 30 m. Bbapactra Ha
3afpyrata € onpefeneHa kato ropHoonmuroleHcka. 3adpyea
Ha MBHKOCOUHUME apeunumu U 2uHecmu Mepeenu.
WarpageHa e OT Meprenu, kato B rOPHUTE HUBA Ce NpocnosBaT
OT TbHKM MECbYUNMBM NPOCMOWMKA. Te3n CeauMeHTn ca
KbCHOONMIOLEHCKW MO Bb3pacT, Kato ropHata MM YacT
BEPOSITHO € C [JONHOMMWOLEHCKa Bb3pacT. [lebenvHarta Ha
3agpyrata Ha Mecta goctura o 500-750 m. BwrneHocHute
Hacrmarn ca MoKpUTW OT MAMOLEHCKM YaKbiu, aneBponuTh U
MACLYHULN.
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BbrneHochute  Hacnaru  3ambnBaT  egHa  rpabeHosa
ctpyktypa (MepHuwkn rpabeH), orpageHa Ha tor  OT
MepHuwkus pasnom, a Ha ceBep OT JlONMHCKMS Bb3cep.
LleHTpanHata 4acT Ha 0acefiHa npefcTaBnsBa LUMPOKA
CMHKNMHana C nocoka M3TOK-3anaf, KOATO wu3rpaxga no-
ronsiMa YacT oT NpofyKTMBHAaTa nnoLy Ha 6aceitHa (MepHuuka
CMHKNMHana). B 3anagHata cv yacT T4 e A4bnboka 1 CroKoiiHa.
Ha wn3Tok ce magura u pasgens Ha gge: [onsamoByunHeka u
Kankacka cuHknuHana. B 6aceiiHa ca yCTaHOBEHU TEKTOHCKM
HapyweHus. [Mpeobnagasat pasceguTe C  nponagHana
ceBepo3anagHa ctpaHa. AMnnutyga um e ot 2-15 go 100-150
m. Bvramwara ca 6nectaim kadssm.

BoGoBgonckn 6GacelH. 3a noanoxka W OrpagHM ckanm
CryxaT NPOTOPO30OMCKM THaiCcK, WMCTM U amdubonuTy,

naneosonckn  ouoputv, avabasu UM rpaHUTM, TpHacku
BAPOBULW, MACBYHULM W aprunuMTU U 1OPCKM  KBApLMTH,
MACBYHULM,  MeprenM W BapoBuuW.  [laneoreHckute

BbINEHOCHM Hacnarn ca MofjeNleHn Ha neT  3agpyrut.
KoHenomepamHo-nsicbyHukoga 3adpyea. WarpageHa e ot
MOMMIeHHN KOHTNOMepaTh C Neckun1ea 40 rpaBuiHa Croka,
KOUTO Ce  MpOCnosiBaT OT MNOMMMMKTOBM MbCTPOLIBETHU
NACbYHMLM, kaTo obwata 1 aebenmHa goctura fo 250 m.
bumymonumna 3adpyea. BkniouBa THHKOCMOMHM aprunuti u
Meprenu ¢ Npocronku oT NACkYHMLW. Ha MecTa umat neuyect
CTpoex, 0DYCrOBEH OT HanMYMETO Ha OpraHWUYHO BELLEeCTBO.
Bv3pactta e cpegHoonuroueHcka. [lebenuHata  Ha
3appyrata Bapupa o1 0 go 50 m. [lscmpa nodevenuwiHa
3adpyea. [lebenunara 1 Bapupa ot 350 go 500 m. Bv3pacTTa
i Cce onpepens Ha cpeaHo onuroueHcka. CeauMeHTUTE, KOUTO
S u3rpaxgar ca MbCTpa anTepHauus OT  KOHrmoMepart,
MACbYHWLW, aneBponuTW. BobeneHocHa 3adpyea. [lonHata
rpaHuLa Ha 3agpyrara ce mapkupa OT nosiBaTa Ha MbpBuUTe
BBITMLLHM [IMHW 1 YepHu rmnHun. [Jebenunata n goctura 100
m. Ta e npegcraBeHa OT MACHYHWLM, NECBYNMMBYA TIMHW,
TBHHKOCHOWHW aneBponnuTh, aprunuTii U BLITIMLLHKA NNacToBe.
YcTaHoBsiBaT ce 7-8 BbIMMLLHKM nnacTa ¢ gebenuHa ot 1,2 go
3,8 m, a Ha nocnepHute aBa Ao 10-12 m. Bbapactra Ha
3agpyrata e onpefeneHa kato KbCHoonuroueHcka. 3adpyea
Ha MBHKOCOUHUME apaunumu U 2iauHecmu  Mepaenu.
VarpageHa e OTTBHKOCMOMHM aprnnTi, KOUTO B FOPHUTE HIBA
Ce npocnosiBaT OT TbHKM MECbYNMBM NPOCIOVKNA. Tesm
CEOMMEHTU Cca KbCHOOMWIOLEHCKN NO Bb3pacT, KaTo ropHarta
M YacT BEPOSITHO € C AONHOMMOLIEHCKa Bb3pacT. [lebenvHaTa

Ha 3agpyrata Ha Mecta pgoctura pgo  500-750 m.
ManeoreHckuTe HacnarM ca MOKPUTM  OT  HEOFEHCKM
KOHrMomMepaTh U FNMHA W KBaTEPHEpHW crnabocnoeHu

KOHrmoMeparTy 1 NSCbLM.

TeKTOHCKMAT ~ CTpoex Ha OacelHa € CBbp3aH C
KbCHOANMUICKIUTE TEKTOHCKM ABMxeHUs. OCHOBHA € ponsTa Ha
CC3-tOKOW pasnomu ot Ctpymckata cuctema. B pesyntart Ha
KbCHOAMMUIACKUTE 1N HEOTEKTOHCKM [BMXKEHMA ce obpasysa
BoboeaonckusaT rpabeH, KOMTO e 3ambiHEH C pasrnefaHnTe
no-rope  naneoreHcku cegumeHtn. B pesynmrat  Ha
HEOTEKTOHCKUTE ABWKEHWS T€ Ca HarbHATU OT CUHKMWHAMHW 1
aHTUKNUHANHM  bHKM  kaTo  YeraHckaTa, Bropononcka,
babunHcka, CodmitckaTa. YCTaHOBEHM Ca pa3ceam v Bb3ceam 1
MHOXeCTBO CBMlaumLla. Burimwara ca 6nectsaim kadseu.

MupuHcku GaceiiH. Moanoxka u orpagHM ckanu Ha baceitHa
ca [okambBpuicku amubonuTh, rHacK, CrIoAeHN LUMCTU U
MpaMop M KPeOHM  [PaHUTW  C  MNpexod  KbM



NEBKOrPaHOAMOPUTM,  KBAPLMOHLIOHUTW M afaMenuTtn  oT
CeBeponmpuHckms n  besboxkus nnytoH. Otgensat ce
CNefHUTe CBWTWM B MareoreHCKMTe BBLITIEHOCHW Hacnaru:
Jlozo0awka cguma. WarpageHa e OT MACBYHMLM W TTIMHECTU
MACLYHULM, Cped KOUTO Ce BKNuHBAT Aebenu nnactoee OT
ONMUrOMUKTOBM Bpekym 1 OpPEeKYOKOHTNIOMepaTH (C rHalcoBM W
MUrMaTMTOBM KbCoBe). [lebenmHata Ha cBuTaTa goctura u
Hagxebpna 700-800 m. Bwapactta it e onpegeneHa kato
ropHoeoLieHcka. Kayoscka ceuma — W3rpajeHa  oT
KOHrmomepartu, a B ropHaTta 4Yact ot anesponutu. [lebenuHarta
i e okono 370 m. Bwapactta Ha cBUTaTa € Hail-BEPOSTHO
cpefeH onuroveH. Mopewutka ceuma. Jlexu Hag Kayosckata
CBWT@ M 3ano4yBa C MNECbYNMBA BBLITALWHWA aprunnuTh W
BpexaHckust BbIMMWEH nnacT. YCTaHOBEH € eduH OCHOBEH
BbrivweH nnact ¢ gebenmHa ot 0,5 go 34 m, kato ce
OTKpMBaT [0 3 nnacTa-CMbTHAUM C Manka pebenuHa w
OrpaHM4eHO MMOLLHO pasnpocTpaHeHue. Bbpxy BbMNLLHMS
nnact 3ansrat outymonutn ¢ gebenuHa o 29 m. Hag Tsx
CreaBaT  aneBpoNUTM,  aprnuTi, nscbyHuuM.  Obwata
pebervHa e okono 100 m. [lokpuea ce CbrmacHo OT
PakuTHUMLWKaTa cBUTa. Bb3pacTTa Ha cBuTaTa ce onpeaens Ha
CpefeH-TopeH onuroueH. PakumHuwka ceuma. WarpageHa e
TMaBHO OT MSCbYHWLM, Cpef KOWTO Cce  npocnosieat
KOHrmomepaTu M NECHbUNMBO-TIIMHECTM  ANeBPONUTU.
[ebenuHata e okono 400 m. Bwb3pacTtta ce onpegens kato
cpepeH-ropeH onuroueH. flyneecka ceuma. WarpageHa e ot
BUTYMONUTK, NSCHYHNULMW, aneBpoNNUTH, NECLYNUBI aprunnTU U
kadsBn BbrMwa. Bb3pactta M €  KbCHOEOLeEHcKa, a
pebernvHata 100-150 m. BurineHocHUTe Hacnaru ca nokpuTu ¢
HEOreHCKW 1 KBaTEPHEPH! Hacnaru.

BbrneHocHuTe cequmeHTu Ha MupuHckus BbrauweH 6acenH
3ambneat rpabeHoBa CTPyKTypa — bpexaHckus rpabeH. Toit e
opueHtupaH B CC3-tOKOM nocoka. ObpasysaH € B pesyntart
Ha ONOKOBM ABWKEHMS, KOWTO Ca TBbPAE MHTEH3WBHM Npes
CpedHus onuroueH. B pesynTaT Ha Te3u [ABMXEHUS MO
AbikuHaTa Ha CTpymckust pasnoMeH CHOM nponaja eawH
6ok u ce obpasysa bpexaHckus rpabeH.

MeTtoauka

Bbrnvwnute nnactose B u3cnedBaHuTe OaceHn ca
onpobeaHn B no 12 3abosi. Bsetn ca obwo 84 nnacroeu
npobwm.

3a m3cnenBaHe Ha neTporpadckus CbCTaB BbrMWaTa ca
CMNeHM 0 1mm, CMOeHu C enokcugHa CMoma W MonMpaHm.
Taka w3paboTeHuTe aHLWNMG-OpuKeT ca u3cnenBaHn B
OTpaseHa 1 pnyopuCLiEHTHa CBETNMHA B MacreHa NMepcus Ha
mukpockon NU-2, cHabaeH ¢ mpucTtaBka 3a (hryopucLEHTHA
mukpockonust u obektue 40x/0.65. MauepanHust aHanus e
M3BbPWEH NO T.H. Two Scan wMmetog. W3anonseaHo e
aBToMaTU4Ho HposiyHo ycTpoicTBo Tun Eltinor 4, 3a pga ce
OMpefeny MpPOLEHTHOTO CbAbpXaHME Ha Malepanute W
MWHEpanuTe, KaTo BbB BCAka Npoba ca CHEMaHu OT4eTn OT
muHuMym 500 Touku. Ha mwukpockon Leica DMRX c
mukpodotometbp MPV-SP, npu gbmkuHa Ha BbiHaTta A =
546nm, macneHa mmepcus (nd=1.515), obektus 50x/0.85 un
etanoH  Gadolinium-Gallium-Granat  (R=0,899) cwrnacHo
CTaHgapTa € W3MepeHa OTpaxaTenHara CrnocobHOCT Ha
BUTPUHMTA (XyMuHUTA) B 100 TOUKM BbB BCEKM LLAMD.
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Pe3yJ1TaTVI M OUCKYyCus

MepHuwwku 6acenH

Knacuguyupare Ha ewbenuwiama no MexdyHapoOHama
Knacughukayusi Ha 8baiuujama e niaacma. Brrovwara u ot
TpUTE W3CredBaHW nnacta Crioped TOMMWHaTa Ha W3rapsiHe
(tabn. 1, cur. 1) morat ga ce onpedensT kaTo BbrMwa oT
HUCBK paHr A (CyBOUTYMWHO3HM) C NPeXod KbM TakuBa CbC
cpeaeH paHr D (napabutymuHosHu). CpegHuTe CTOMHOCTM Ha
nokasaTens Ha OTpaXeHue Ha XyMUHMTa 3@ BbIMMLaTa M oT
TpuTe nnacTta ca nog 0,6% (tabn. 2), Taka Ye Te OKOHJaTENHO
morart aa 6bAat onpeaeneHu Kato BbINLLA OT HUCBK paHr A —
Cy66UTYMUHO3ZHM.

Bropata xapaktepucTuka, KoATO Ce onpegens —
neTporpadickmsT  CbCTaB, CbLLO NOKa3Ba CXOACTBO 3a
BbIMMLLATa OT TpWUTE nnacta. Te ca MBMYECTU NPEAUMHO
XYMYCHM, C BUCOKO CbAbpXaHWe Ha NUNOMAHW Mauepanu —
20,4% 3a nnact B, 19,1% 3a nnact D u 15,9% 3a BbramwHms
komnnekc (tabn. 2).

Tabnuua 1
Pesynmamu om xumudeckus aHanus Ha ebenuuwama
58C6I7IH, Wt", Wa’ Adb’ Stdb, Qsdaf’ Qsmaf’
nnact % % % % | MJ/kg | MJ/kg
MepHuk
B 14,1 1419 13,05 (2,39 |28,48 |24,45
D 155 [7,29 (15,08 [1,35 [28,94 |24,46
Borvwen (15,3 (4,98 (21,07 (2,12 (28,63 (24,30
KOMMIIEKC
Bo6os non
v 12,3 16,40 [11,20 [2,38 [28,50 |24,96
[OsoeH 139 |54 |2544 |2,55 |28,55 |24,57
Hagexga |14,5 |10,5 |23,10 |3,47 |28,79 |24,62
Mupun 13,8 (9,15 [14,77 |2,14 |28,63 |24,69

Wr, % - obwa Bnara; Wa, % - aHanutuuHa Bnara; A®, % -
nenenHo CbabpXaHue Ha cyxa Maca; Si®, % - oblla capa Ha
cyxa maca; Qs%f, MJ/ kg — TonnnHa Ha w3rapsHe Ha Cyxo
BesnenHo ropueo; QsMAF, MJ/kg — TonnuHa Ha uarapsHe Ha
BNaxxHO 6e3nenHo ropueo.

TpeTata xapakTepucTuka € KayecTBOTO Ha BbrmMwaTa.
Bbrnuwara ot nnact B 1 [] ca cbe cpeaHo kKayecTBo, Thbit Kato
MnenerHoTo MM cbabpkaHue e cboteeTHo 13,05 n 15,08%, a
TE31 OT BBITIMLLHWS KOMMIEKC Ca C HUCKO KAa4€eCTBoO.

Kato ce 06060LAT pe3ynTaTuTe NepHULLKUTE BbITWLLA Ce
OonpeaensT kato usuyecmu nPedUMHO XYMYCHU OM HUCBK
paHe A — cybbumymUHO3HU CbC CPEAHO Ka4ecmeo 3a nnact B
1 [1 M HACKO Ka4eCTBO 3a BbITIMLLHMS KOMMEKC.,

Tesn pesyntatu ce umocTpupanu ot ur. 1 3a nnacr B,
KoaTo nokasea MexgyHapogHata  knacudukaums  Ha
BbIIMLATa B NacTa U MACTOTO Ha NiacTa B Hes.
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KodugpuyupaHe Ha ewenuuwjama no MexdyHapoOHama
cucmema Ha kodugpukayusi. Cnoper, CpejHUTE CTOMHOCTY Ha
OCHOBHMTE MapameTpu 3a BbMMwata oT nnact B e
onpegeneH crnegHusT Kog:
28141323

To3n kop O3Ha4aBa, Ye CpegHaTa TOMIMHA Ha W3rapsHe,
onpegeneHa Ha cyxo 6esnenentHo ropueo e ot 28,0 go 28,9
MJ/kg, cpegHata obwa Bnara Ha Bbrmuvwara e ot 14,0 go
14,9%, cpenHOTO NenemnHo CbabpXaHue Ha Cyxo ropuBo — OT
13,0 po 13,9% 1 cpefHOTO CbabpkaHue Ha oblia csapa Ha
cyxo ropueo — o1 2,30 8o 2,39%. TouHWTe CTOMHOCTU Ha
nokasaTenure ca u3noxexu B Tabnuua 1.

3annact D e onpepeneH kog
28151513

Toit nokasea, Ye cpegHata TOMMMHA Ha  W3rapsiHe,
onpegeneHa Ha cyxo 6esnenentHo ropueo e ot 28,0 go 28,9
MJ/kg, cpegHata obwa Bnara Ha Bbrmwara e ot 15,0 oo
15,9%, cpenHOTO NenemnHo CbabpXaHue Ha Cyxo ropuBo — OT
15,0 po 15,9% 1 cpefgHOTO CbabpkaHue Ha oblia csapa Ha
cyxo ropueo — ot 1,30 go 1,39%. TouHWTe CTOMHOCTU Ha
nokasatenure 3a nnact D ca nokasaxu B Tabnuua 1.

Tabnuua 2
Pesynmamu om nempozpagbckus aHanu3 Ha ebanuwama
BaceiH, Mpyna Mpyna lpyna | OTpaxeHue
nnact XYMUHWUT, | IMNTUHWT, | UHEPTUHWT, Ha
% % % XyMUHUTa
fo, %
MepHuk
B 79,2 20,4 04 0,40
D 80,4 19,1 0,5 0,45
BbrnmweH 83,2 15,9 0,9 0,41
KOMMEKC
Bo6os
gon
Y 82,0 17,5 0,5 0,40
[BoeH 78,0 214 0,6 0,38
Hagexaa 76,0 23,6 04 0,35
87,0 12,6 0,4 0,46
MupuH

3a BBIMMLHNS KOMMEKC ONPEAENEeHNsT Kog €:
28152121

Crnopen TO3M KOA4 CpegHaTa TOMAWMHA Ha  M3rapsiHe,
onpegerneHa Ha cyxo 6esnenenHo ropuso e ot 28,0 go 28,9
MJ/kg, cpepHata obwa Bnara Ha Bbrmuwara e ot 15,0 go
15,9%, CPenHOTO NenemnHo CbabpXaHue Ha Cyxo ropuso — OT
21,0 po 21,9% v cpegHOTO CbabpkaHue Ha oblia capa Ha
cyxo ropuo — ot 2,10 go 2,19%. TouyHUTEe CTOMHOCTM Ha
rnokasaTenure ca nokasaxu B Tabnuua 1.

MupuHcku 6acemtH

Knacugpuyupave Ha ewenuwama no MexdyHapodHama
Knacugpukauusi Ha ewenuwama e nnacma. CpepgHata
TONMNMHA Ha M3rapsiHe Ha BraxHo GeanenenHo ropueo e 24,69
MJ/kg (tabn. 1). Berovwara ot MupuHckna GaceiiH cnopeq
Ta3n TOMMMHA Ha WsrapsiHe MoraT [a Ce OnpeaensaT Karo
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BbIMNLLA OT HUCBK paHr A (CyBOMTYMUHO3HM) C Npexod KbM
Taknea cbC cpedeH paHr D (napabutymuHosHwn). CpepHuTte
CTOWMHOCTYW Ha NoKa3aTens Ha OTPaXeHWe Ha XyMUHWUTa 3a Te3u
Bbrivwa e nog 0,6% (tabn. 2), Ho YacT OT onpegeneHusiTa B
Hikou npobu ycTaHoBsBaT  oTpaxeHne o  0,63%.
KonnyecTBOTO Ha Tesu 3amepu € MUMHWAMAnHO, Taka ue
MUPWHCKUTE BbIMUWa Morat fa Obaar onpegeneHn kato
BBIMNLLA OT HUCBK paHr A — CyBBUTYMUHO3HM.

Bropata  xapakTepuctuka  OT  knacudukauusta e
neTporpadckmsT CbcTaB. Bb3 OCHOBa Ha ChbPXaHWETO Ha
TpUTE rpyNK Mauepani (Tabn. 2) NMUPUHCKWTE BbIMWA Ce
OMNPeSensT kaTo MBMYECTU NPEAUMHO XyMYCHU CbObpKaHUeTO
Ha NUNOMHM MaLepany e No-HUCKO OT TOBa B OPaHOBCKUTE W
roLeAenyeBckuTe BbIMLa

Tpetata xapakTepuCTMKa € KayecTBOTO Ha BbIMMLLATA.
CpenHoTO MenemnHo CbbpXaHWe Ha MUPWUHCKATE BBbIMMLLA €
14,77% (tabn. 1).

Tesun XxapakTepuUCTUKM ONpeLensT Bbramwarta oT MNupuHckus
BaceliH kaTo usuyecmu nPedUMHO XyMyCHU OM HUCBK paHe A
— CybbUMYMUHO3HU CbC CPEOHO Kayecmeo.

Knacugpuyupane Ha ewbenuwama no MexdyHapodHama
cucmema Ha Kodugbukayus.. 3a NUPUHCKUTE BbIMMLA €
onpeneneH Koa:
281314 21

Ton nokasga, Ye cpeaHata TOMMMHA Ha M3rapsiHe,
onpegeneHa Ha cyxo 6esnenenHo ropueo e ot 28,0 go 28,9
MJ/kg, cpegHaTa oblwa Bnara Ha Bbrumwarta e ot 13,0 go
13,9%, CpeaHoOTO NenenHo CbabpXaHue Ha Cyxo ropuso — OT
14,0 po 14,9% w cpegHOTO ChabpkaHue Ha oblia capa Ha
cyxo ropueo — o1 2,10 go 2,19%. To4yHuTe CTOMHOCTM Ha
nokasaTtenute 3a nnacra ca nokasaxu B Tabmvua 1.

BoboBponcku 6aceitH.

Knacucgpuyupane Ha ewenuuwjama no MexdyHapodHama
Knacughukayus Ha e besiuwama e niacma. Brrovwara n ot
TpUTE W3CMEedBaHW NnacTta Crioped TOMMWHATa Ha W3rapsiHe
(Tabn. 1) morat ga ce onpeaensaT Kato BbIMMLA OT HUCHK paHr
A (cy66MTYMUHO3HM) C NPEXOA KbM TakuBa CbC CPeaeH paHr D
(napabutymmHosHyn). CpegHUTE CTOMHOCTM Ha nokasaTens Ha
OTPaXeHWe Ha XyMWHUTA 3@ BbIMMLATA W OT TpWUTE nnacTa ca
nog 0,6% (tabn. 2), Taka Ye Te OkOHYaTenHo morat Aa bbaar

OnpefeneHn KkaTo BbIMMWA OT HUCbK paHr A -
Cy66UTYMUHO3HM.
Bropata xapaktepucTuka, KosSTO Ce onpegens -

neTporpadickmMAT CbCTaB, CblUO MOKAa3Ba CXOACTBO 3a
BbIMMWATa OT TpuTe nnacta. Te ca MBWYECTU NpeanMHoO
XYMYCHM, C BUCOKO CbAbpXaHWE Ha NUNOMAHW Mauepann —
17,46% 3a IV nnact, 21,4% 3a nnact [1goeH u 23,6% 3a nnact
Hagexpa tabn. 2).

TpeTata xapaKkTepuUCTMKa € Ka4yecTBOTO Ha BbITMLaTA.
Bbrnuwara ot IV nnact ca cbC CpeaHo KavecTBo, Thit KaTo
nenenHoTo UM cbabpxaHue e 11,20% (tabn. 1), a Te3m ot
nnact [eoeH (25,54% nenenHoct) u Hagexga (23,10%
NenesiHoCT) Ca C HUCKO KAa4eCTBoO.



Beuukn  Tean peayntatv  onpedensT  BbrMwara ot
BoGosaonckus GaceiH kaTo ugudecmu npedUuMHO XyMycHU om
HUCBK paHe A — cy66UMyMUHO3HU CbC CpedHo kayecmso 3a |V
nnacT 1 HUCKo Kadecmeo 3a nnactose [lBoeH u Hagexaa.

Kodugpuyupane Ha ewenuwama no MexdyHapodHama
cucmema Ha kodugpukayusi. Cnopep cpegHuUTe CTOHOCTY Ha
OCHOBHMTE napameTpu 3a Bbrwvwara ot IV nnact e
onpegeneH cnegHusT Kog:
28121123

To3n kop O3Ha4aBa, Ye CpedHaTa TOMIMHA Ha W3rapsiHe,
onpegeneHa Ha cyxo 6esnenentHo ropueo e ot 28,0 go 28,9
MJ/kg, cpegHata obwa Bnara Ha Bbrmwara e ot 12,0 oo
12,9%, cpenHOTO NenemnHo CbabpXaHue Ha Cyxo ropuBo — OT
11,0 po 11,9% u cpefHOTO CbabpkaHue Ha oblia cspa Ha
cyxo ropueo — o1 2,30 go 2,39%. TouHWTe CTOMHOCTM Ha
nokasaTenure ca u3noxexu B Tabnuua 1.

3a nnact [18oeH e onpepeneH kog
28132525

Toit nokasea, Ye cpegHaTa TOMMMHA Ha M3rapsiHe,
onpegeneHa Ha cyxo 6esnenenHo ropuso e ot 28,0 go 28,9
MJ/kg, cpegHata obwa Bnara Ha Bbruwara e ot 13,0 go
13,9%, cpenHOTO NenenHo CbabpKaHue Ha Cyxo ropuBo — OT
25,0 go 25,9% u cpegHOTO ChabpxaHue Ha oblia cspa Ha
cyxo ropueo — o1 2,50 go 2,59%. TouHWTe CTOMHOCTU Ha
nokasatenure 3a nnact D ca nokasaxu B Tabnuua 1.

3a nnact Hapexxna onpegenexusT kog e:

281423 34
Cnopes TO3W KOA CpegHata TOMAMHA Ha  M3rapsHe,
onpegeneHa Ha cyxo 6esnenenHo ropuso e ot 28,0 go 28,9
MJ/kg, cpepHata obwwa Bnara Ha Bbruwarta € ot 14,0 go
14,9%, CPenHoOTO NenenHo CbabpXaHue Ha Cyxo ropuso — OT
23,0 0o 23,9% v cpegHOTO CbabpkaHue Ha obla cspa Ha
cyxo ropueo — ot 3,40 po 3,49%. TouHUTe CTOMHOCTM Ha

nokasaTenure ca nokasaHu B Tabnuua 1.

3aknioyeHune

Bbrnmwara ot BbrvwHuTe nnactoBe B [lepHullkaTa
MPOBMHUMA ca  Knacuduumpann no  MexagyHapogHata
knacudvkaums Ha Bbrmwa B nnacta  (International
Classification of in-Seam Coals, 1998). Cnopen cpegHuTe
CTOMHOCTW Ha OCHOBHWTE MapameTpy € W3BbpLUEHO
koguduumMpaHe  Ha  CbluTe  BBIMWA  CbIIACHO
MexayHapogHata kogudukaLmoHHa cucTeMa 3a Bbrmuwa oT
HUCBK paHr (Low-rank Coal Utilization. International codification
system, 2002).

Burnmwara ot [lepHuwkus GacelH ca ueuyecmu
nNPedUMHO XyMYCHU OM HUCLK paHe A — cy66umyMUHO3HU
cbC cpedHO Kayecmeo 3a nnactoBe B u D n ¢ Hucko
Kayecmeo 3a BbIMMWHWA kommnekc. Onpedenexn ca
KOZOBETE Ha BbITMLLATa KaKTO criefga: 3a nnact B — 28 14 13

MpenopbyaHa 3a nybnukysaHe ot
Kategpa “T'eonorus 1 npoyysaHe Ha nonesHu uskonaemu”, Mo
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23, 3annact D — 28 15 15 13 v 3a BbIMULLHMS KOMMNEKC — 28
1521 21.

Burimwara ot MupuHckm HaceitH ca ueuyecmu npeduMHO
XYMYCHU OM HUCbK paHe A - cy66umyMUHO3HU CbC
cpedHo kayecmeo. OnpepeneHusaT koa e 28 13 14 21.

Bovrnmwara ot nnact IV Ha Boboegonckus DaceitH ca
usuyecmu npeduUMHO XyMYyCHU OM HUCLK paH2 A -
cy66umyMuHO3HU cbC CpedHO Kayecmeo. 3a nnacra e
onpegeneH kog 28 1211 23.

. [nacm [lsoeH

Bwrnvwara ot nnactose [isoeH u Hagexaa ca ueuyecmu
npeduMHO XyMyCHU OmM HUCBK paHe A — cy66umymMuHo3HU
¢ Hucko ka4ecmeo. OnpeperneH e kog 3a nnact [isoeH 28 13
25 25 v 3a nnact Hapexna — 28 14 23 34.
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FEONOXKW CTPOEX HA HAXOAWULLETO HA 3EOINTUTU “MOCT”

Memwbp lMempoe?’, CmaHucnae Cmoiikos?, Munocnae Kayapoe?

"MuHHo-2eonoxku yHugepcumem “Cs. UeaH Puncku”, Cogpus 1700; sstoykov@mgu.bg
2MuHucmepcmeo Ha UKoHOMukama u eHepaemukama, Cogpus 1000

PE3IOME. B Bvnrapus uma 6 Haxopuwa Ha 3eonutn B CU Pogonu. 3eonuTHUTE HaxoAulia npuHagnexat KbM MbpBU ONMUTOLEHCKW Kucen BymnkaHuabMm ("benu
nnact’, ‘TopHa kpenoct”, “MocT’, “fonobpaaoso” n “fisckoeel”) n KbM BTOpUS Kucen BynkaHusbM ("benus 6aup”). [MaBHUTE 3€0NUTHU MIUHEPanK B Te3n HaxoauLya
ca knuHonTunonut u mopaeHnT (Tsckosey”). Haxoauwe “MocT” e uarpafieHo OT 3e0nMUTHI CKanu C rmaBeH MuHepan knuHonTunonuT. CkanuTte ca ¢ pesnaas Ao
PO30B LBAT M B MPefenuTe Ha HaXOLWULETO ca NpeAcTaBeHn OT KnuHonTunonut /80%/, MOHTMOPUNOHMT /5%/, caHnpuH /5% u Mamko KonuyecTBO KBapL,
KpucTobanuT, cenafoHnT 1 aHanuum. 3eonuTUTe ca NPeLCTaBEHM OT TPU XMMUYHN TUNa: HAaTPUEB, KanLves 1 kanues. HaxoauwLeTo He ce ekcnioaTupa.

GEOLOGY OF THE MOST ZEOLITES DEPOSIT

Peter Petrov’, Stanislav Stoykov', Miloslav Katsarov2
"University of Mining and Geology “St. Ivan Rilski’, Sofia 1700
2Ministry of Economy and Energy, Sofia 1000

ABSTRACT. There are 6 deposits of zeolites in the North-Eastern Rhodopes of Bulgaria. They are related to the first Ologocene volcanism (“Beli Plast’, “Gorna
Krepost”, “Most”, “Golobradovo” and “Ljaskovetz’) and to the second Oligocene acidic volcanism (“Belia Bair”) in that region. The main zeoliote minerals are
clinoptilolite and mordenite (“Ljaskovetz”). The deposit of Most is of the clinoptilolitic type. The rocks contain clinoptilolite (80%), montmorilonite (5%), sanidine (5%)
and small quantities of quartz, crystobalite, celadonite and analcime. There are three chemical types of zeolites in the deposit: sodium, calcium and potassium. The

deposit has not been yet exploited.

BbBepeHue

lMpupogHuTe 3e0nUT OOMKHOBEHHO MMAT edHa OT TpuTe
KPUCTasHU CTPYKTYPU: BEPVKHM, CIOECTW UMW U3OMETPUYHN.
Te umaT WWPOK CMNEKTbP Ha MPUIOKEHWS: WOHOOOMEH,
abcopbums u katanusa. Bbnpeku ToBa B MPOABIDKEHWE Ha
2500 r., a BCe oule HsKbAEe U cera 3e0nuTHUTE TydM ce
W3NON3eaT  Kato CTPOUTENeH MaTepuan. 3eonuTHUTE
MUHEpanu ca OnucaHu 3a MbpBW MbT npe3 1756 r. ot
weeackus reonor bapoH Akcen ®pepepuk KpoHctep.
Marnexpa napagokcanHoTo, Ye ca nosHat ot 250 roguHu,
HO Te ce ynoTpebsiBaT KaTo 3e0NUTHA CypOBWHA efBa npes
nocneaHute 50 roguHu.

TeOpeTyHO 1 BB3MOXHOCTTA MM Ha MPUIIOXEHWE e
TBbpAE LWupoka — wu3BecTHM ca 40 ecTectBeHn W ca
cb3gageHn noseyve ot 150 cuHTeTnyHn 3eonuta (Clifton,
1987; Flanigen, 1981). Bbnpeku, 4e ca WM3BECTHN MHOrO
TUNOBE €CTECTBEHM 3€0NUTW, CaMO TpW Ce u3nonasar
LUMPOKO 3@ NPOMULLNEHN LIeNK — KIMHONTUNONKT, Xabasut u
MopaeHuT. Manko komnaHun ekcnnoatupat v ununcuToBK
Haxoguwa (Hanson, 1995).

OT 3€0MUTHUTE MIUHEPanK B Bbnrapus ca pasnpocTpaHeHm
MUHEparnHW Pecypcu OT KIMHOMTUMONUTM U MOPAEHUTH.
KnMHONTUNONUTHITE CKanu peroHarnHo ca npuBbp3aHmn KbM
[Ba OIIArOLIEHCKM XOpu3oHTa ¢ [feleneHuHa Ha nnacta

noseye ot 100 m. MopgeHnTOBUTE CKanM WMMaT JOKanHO
pasnpoctpaHerme. KnuHontunonutHute 3eonutyn B Bbnrapus ce
ekcnnoatupar camo B Haxoguwe ‘benu nnact”. OT Tax ce
npoussexgat Tpu dpakuymm: 5,0-2,5 mm; 2,5-0,8 mm u nog 0,8
mm. [TbpBaTa dpakuma ce M3nonaea 3a: gecyndatnsaums Ha
rasose, noaobpsBaHe Ha MnodyBaTa; MOBUWABaHe Ha
edheKkTUBHOCTTa Ha TopoBeTe; BtopaTa e 3a mogobputen npu
dunTpaumusTa Ha Boga; npubaBka KbM (hypaxHuM CMecku 3a
nuneTa; 3a MNpemaxeaHe Ha HenmpusTHaTa MUpM3Ma BbB
chepmuTe; KakTo U nofobpsiBaHe Ha pacTexa Ha pacTeHusiTa u
gbpeeTtata; Tpetata dpakumss e 3@ MbiHUTEN B
NPOM3BOACTBOTO Ha canyHu; 3a npubaska B ypaxHM CMeCkM 3a
npaceTa, KpaBu W nureta.

B Bbnrapusa uma 6 Haxoguwa Ha 3eonnti B 3touHn Pogonu.
3e0nuTHUTE Haxoaulla NPUHAANEXaT KbM MbPBU ONUMOLEHCKN
kucen BynkaHusbM ("‘Bermm nnact’, “TopHa Kpenoct”, “Moct”,
‘T'onobpaposo” 1 “f1AckoBel’) M KbM BTOpUS KUCEN BYTKaHN3bM
("Benusa bamp”). 3eonutute oT Haxogmwwa “benu nnact”, “lopHa
Kpenoct”, “Moct”, “Tonobpaposo” u “benus bBaitp” ca ot
KMUHONMTUIONUTOB TUN a eauHcTBeHo ‘TlAckoeel’ € camo
MOPZAEHMTOBO. 3anacute OT KIMHONTUNONMKUTHY Ckanu ca 722000
MITH. T., @ MopgeHuTHUTe ca 114 mnH. T. (Anekcues, [xypoBa,
1975; Petrov, 1994; Petrov, 1997).

3eonutHuTe Haxogullia ca C ronemu 3anacu un 6ﬂaFOI'IpVIFITHV|
ycnosua 3a eKkcnnoarauus. Pa3H006pa3|/|eTo Ha 3e0nuUTHUTE
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TUNOBE B HaxoaullaTta u 6rnsocta UM e Aobpa Bb3MOXHOCT
3a pasiumpeHa ynotpeba.

MecTtononoxeHue

HaxoguwieTto ce Hamupa B 3emnuweTo Ha ceno Mocr.
MMocregHoTo B @AMUHUCTPATMBHO OTHOLUEHME C& YUCIIN KbM
Kbpmxanuiickata cenuiiHa cuctema u oTcTon Ha okono 16
KM CEBEPHO OT OKPBXHWSA LIEHTBP Ha rp. Kbpmkanu u Ha
OKOMO 23 KM HXHO OT rp. XackoBo. To e Ha 1 kM 3anagHo oT
e[HOMMEHHaTa rapa no XenesombTHaTa nuHuATa Pyce-
MopkoBa. M3ToyHaTa OKpailHUHA Ha CenuLLETo ce npeckya ¢
acantoBoTo lWoce Kbpmkanu-XackoBo, KOeTO € Haii-
KbCUAT MbT MEXaY ABaTa rpaga.

eonorus Ha HaxoAuLIeTO

Haxopuweto “Moct” e usrpageHo (bosHos u ap., 1995) ot
CKanuTe Ha BbINEHOCHO-NeckYnMBaTa 3agpyra, 3agpyra Ha
MbPBM CPEOHO KMCEN BYNKaHW3bM, W 3afpyra Ha Mbpsy
Kucen BynkaHW3bM. [locneaHaTta € noaeneHa Ha fse nayku:
1 — kucenm Ty, TyUTW, aNeBPONUTU U PUOBM BAPOBULIW;
2 — 3e0NUTU3MPaHK KUCEnM Tydu.

[MpoMULLNIEH MHTEPEC NPEeaCTaBNABaT CkanuTe Ha naykaTa
OT 3eonuTU3upaHn kucerm Typu. TS e CbCTBeHa OT
KMUHONTUONUTHK 3e0nuTi: OneposeneHyn, GnenoseneHn c
Benv neTHa 1 PO30BU-YEPBEHN C MOHTMOPUIIOHUT.

BrefosenexnTe 3€0nNMTM Ca  W3rpadeHW [MaBHO OT
CTBKIEHW OTMIOMKW, MO-Marnko OT KPUCTanoknactn W Hai-
Manko OT nuroknacTh. OCHOBHAa YacT OT CTbKIEHUTE
OTIOMKM Ca C NpuaMaTiiHa gopma, aopebHONCammTOoBN A0

anespuToBi Mo pasmepu. CTHKIOTO € KMCENO M M3OTPOMHO.
OKono CTbKIeHUTe OTMOMKM ce HabnioaaBaT ThHKW KaHTYeTa OT
@HM30TPOMHU TMMHECTM MPOAYKTM OT MOHTMOPMIIOHUTOBATa
rpyna. CbluuTe ca pa3BUTU W MO CTEHUTE HA MexypuyeTata OT
Nem30BUTE OTNOMKM. BbB BbTPELLHUTE NPa3HHK 3a CMEeTKa Ha
CTBKINOTO ce € obpasyBan knuHonTuomMT. Kpucranyerata my
Hall-4eCTo Ca  OpMEHTMPaHW KbM  BbTPELUHOCTUTE  Ha
npasHuHuTe.  Kpuctamoknactutute  (nnarvoknas, — kanves
denpwnart, 6uotut, amcuborn, MyckoBUT U [p.) ca ApebHu u
MWKPOCKOMMUYHM.

Po3oBouepBeHuTe KMMHOMTMONMUTOBY 3€0MUTU c
MOHTMOPWIOHT CbAbPXaT KbCYeTa OT BYKAHCKO CTBKIO,
KOMTO B MOBEYETO Cry4an ca NpomeHeHu. KnuHonTmonutsT e
0bpasyBaH 3a CMeTKa Ha BYIKAHCKOTO CTBLKIIO, KaTo pasBuT Mnn
B CaMuTE OT/IOMKU, UN B NpasHUHUTE Mexay Tax. [pefcTaseH
€ OT (WMHM YABIKEHW nNpuaMM unM nnodvkun. Ha wmecTa
KNWHONTUMONUTBLT € KPUNTOKpUCTanuHeH. Ha rpaHuuata mexgy
OTNIOMKMTE NOYTU HaBCAKbAE Ce Habniogasat LHYponogobHu
06pa3oBaHNs OT aHU3OTPOMHW MIMHECTY MUHepanu OT rpynaTa
Ha  MOHTMOPWNIOHMTA, KOMUTO Ca  KPEMABO-KbIITEHWKABO
ouBeTeHW.  Kpuctamoknactutute ca  NpeAcTaBeHu — OT
nnarvoknas, kanues enawnar, NMpoKceH, kBapy, GuoTut u ap.,
a NUTOKNACTUTE OT BYIKAHCKM CKamu.

MonesHoTo M3konaemo cbabpxa knuHonTunonut  /80%f,
MOHTMOPUNOHUT /5%/, caHuguH 5%/ » Manko Konn4ecTeo
kBapu, kpuctanobanut, cenagoHuT 1 aHanuum. MNpeacTaBeHo e
OT TPU XUMUYHM TUNa: HaTpueB, Kanuues, Kanues. To uma
katnoHeH obmeH 0,8-1,28 wmr eks. (PaiHoB n pgp., 1997).
CyposuHata 0T Haxoguwle “Moct” Mmoxe aa ce usnonsea 3a: 1 —
MWHEpPanHM MoYBM; 2 — MOMEKYNspHW CcuTa; 3 — rogHM 3a
WHAYCTpUanHn BoAHU unTpu. 4 — npemaxeaHe Ha HenpusTHaTa
Mupusma BbB (bepmute; 5 — nopobpsBaHe Ha MOYBEHUTE
TOPOBE; 6 — MbIHATEN B XapTusATa W KapToHa; 7 — oborarsiBaHe
Ha rasoBe M M3CyliaBaHe Ha Bb3gyxa W rasosete (BpbHKWH K
ap., 1982; Kirov, 1994; Petrov, 2000). HaxoguweTo He € B
ekcnnoarauus.

Benu nnaHE

FopHa kpenocT

Nackosew

4

ronofpagoeo

®ur. 1. Cxema Ha pa3nonoxeHne Ha 3e0NUTOBM Haxoguwa “benu nnact’

"k
’

Benusa 6anp”, “IopHa Kpenoct”, “Moct”, “FonobpagoBo” u “lisackoBey”

48



®ur. 2. Meonoxka kapTa Ha HaxoAuWLe Ha KINMHONTMAONUTHN 3€0MNUTU
“Moct” (no BpbHkuH, BosmkueB u KoHkuH, 1982, Henybn. paHHu;
BosiHoB u Ap., 1995) ¢ n3meHeHUs U ponbnHeHUs oT aBTopuTe 1 - 6/2
Pgs Mayka kucenu tydm, Tyduti, anesponut u pudosmn Baposuum; 2
- 6/1 PgsMayka 3eonuTusnpanu kucenu Tydu; 3 — 5/2 Pg2® PutmnyHa
nayka OT cpepHoKMcenn Tydu, Ty(UTH, NACHYHMLM, aneBpOMNMUTH,
Meprnu n opraHoreHHu BapoBuum; 4 — 3 Pgz? BbrneHocHo-necbynmBa
3appyra; 5 - pasnom

WUHTepnpeTauma Ha nony4yeHuTe pesynTaTu

CpenHus noneseH wHTepBan 3a Haxoguwe “‘Moct” e 106
m. CpepHuaT 1ioHoobMeHeH koedmumeHT e 120 (mr eks.), a
CpegHuat copbumoHeH koeduumeHT e 6,93 (%).
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®ur. 3. KopenaunoHHa avarpama mexay MOHOOOMEHEH KanmauuteTt M
COpOLMOHEH kKoepULMEHT HA KNUHONTUMONUTHU 3e0NUTU B HaxoAauile
“MOCTU

Mpenopbyana 3a nybnukysaHe ot
Kategpa “l'eonorus u npoyysaHe Ha nonesHu uskonaemu”’, MO

3aknioyeHue

Haxoguwe “Moct” e cCbCTaBeHO OT MTbTHU, CHOECTU
KNUHONTUIMONUTHA CKanu ¢ MakcumanHa gebenuHa 80 M. u
3anacu 260 000 xun. 7. Ckanute OOMKHOBEHO Ca C pe3uaaBM,
3€eNeHNKaBm, po3oBM neTHa. MuHepanHus CbCTaB "
NPUINOXHUTE CBOWCTBA Ha CypoBWHATa OT Haxoguiie “Moct” ca
npeanocTaeka 3a Bb3MOxHa ynotpeba 3a: 1 — MWHepanHu
MouBM; 2 — MOMEKYyNsipHU cuTa; 3 — WHOYCTPWUanHU BOAHM
dunTpu; 4 — npemaxeaHe Ha HeMpusTHaTa MUPU3Ma BbB
tdepmute; 5 — nogobpsieaHe Ha CTpyKTypaTa Ha noysara u
MbIIHO YCBOSIBaHe Ha TOpOBETE. 6 — MbNHUTEN 3a XapTus U
KapTOHW; 7 — oboraTsiBaHe Ha rasoBe U U3CyllaBaHe Ha Bb3ayxa
1 ra3oBeTe. HaxoamLEeTo He e eKkcnnoaTMpaHo O MOMEHTA.
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HAHO®OCUIHA BUOCTPATUIPA®UA HA TOPHOKPEAOHUTE CEAUMEHTU B
U3TOYHUA NPEABANKAH MEXY PEKUTE OOAENEH U APMEPA, FOXXHO OT CEJIATA
rPO30bOBO U TOPEH YA®JIUK, BAPHEHCKO

HJumumbp CuHboscku

MurHo-eeonoxku yHusepcumem “Ce. MeaH Punckui”, Cogpus 1700; sinsky@mgu.bg

PE3IOME. B toxHaTa yacT Ha /3tounus MpenbankaH MopHokpeaHaTta cepus ce paskpuea no nopeuneTo Ha pekute [logened 1 Apmepa B npefenuTe Ha MOBHUS
pa3sbaHuk “llepba”. Tyk enunnatchopmennaT Tvn TopHa Kpepa e npeactaeeH oT 4 nutocTpaturpadeki eanHuuyn — BeruaHcka cauta (CaHTOH), rmaykoHUTHO-
BapoBukoBa 3aapyra (lFopeH KamnaH), MeaapeHcka cauta (JoneH MactpuxT) u Kaitnbiuka ceuta (FopeH MactpuxT). Ha tor ce yctaHoBsiIBa naTepareH npexog Ha
TE3U eQMHULN KbM €[Ha aneBponuTOoBO-kapbOHaTHa kamnaH-naneoueHcka NoCnefoBaTenHoCT, cuuTaHa 3a npexodeH Tun lopHa Kpepa (AcnapyxoBcka u
[lopeneHcka cauTa). Ta ce npuema 3a natepaneH aHanor Ha meauTepaHckust Tun FopHa Kpepa (beneHcka v BeTpuncka ceuta). 3a npbB MbT B paiioHa ce [oka3Ba
NPUCHLCTBUETO HA CAHTOHCKM CKanu, YUATO rpaHnLa ¢ MacTPUXTCKUTE U NarneoLieHCKUTe eAuHULM e TeKTOHCKa. Bb3 0CHOBa Ha BapOBMT HAaHOMMAHKTOH € fjokasaHa
Bb3pacTTa U cTpaturpadckust 06xeaT Ha ocTaHanuTe ropHOKPeAHM eanHuLM. CkanuTe Ha rmaykoHUTHO-BapOBMKOBaTa 3a/ipyra Ca OTHECEHU KbM KbCHOKamMnaHckaTta
soHa Uniplanarius trifidus. B AcnapyxoBckata CBMTa Ca YCTaHOBEHM WHAMKaUMM Ha paHHoMmacTpuxtckata 3oHa Arkhangelskiella cymbiformis v Ha
kbcHomacTpuxTckute 30Hu Lithraphidites quadratus n Micula murus. Bb3 ocHoBa Ha HaHoocUnHUTe AaHHM gebenuHaTa Ha KpefHaTa YacT Ha MPEeXOAHWUS Tvn
CeaUMEHTH e oLjeHeHa Ha 140 m.

NANNOFOSSIL BIOSTRATIGRAPHY OF THE UPPER CRETACEQUS SEDIMENTS IN THE EAST FORE-BALKAN BETWEEN
DODELEN AND ARMERA RIVERS, SOUTH OF THE VILLAGES GROZGYOVO AND GOREN CHIFLIK, VARNA DISTRICT
Dimitar Sinnyovsky

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

ABSTRACT. The Upper Cretaceous Series in the southern part of the East Fore-Balkan crops out along the rivers Dodelen and Armera in the frame of the “Sherba”
preserve. In this area the epicontinental type Upper Cretaceous is represented by four lithostratigraphic units — Venchan Formation (Santonian), glauconite-limestone
unit (Upper Campanian), Mezdra Formation (Lower Maastrichtian) and Kaylaka Formation (Upper Maastrichtian). Lateral transition of these units into a silty-carbonate
Campanian-Paleocene sequence (transitional type Upper Cretaceous, Asparuhovo and Dodelen Formations) is observed to the south. It is considered to be a lateral
analogue of the Mediterranean Upper Cretaceous (Byala and Vetrila Formations). For the first time is proved the presence of Santonian rocks. They contact with the
Maastrichtian and Paleocene units by faults. The age and stratigraphic range of the other Upper Cretaceous units is proved by calcareous nannofossils. The rocks of
the glauconite-limestone unit are referred to the Late Campanian zone Uniplanarius trifidus. In the Asparuhovo Formation are established indications of the Early
Maastrichtian zone Arkhangelskiella cymbiformis and Late Maastrichtian zones Lithraphidites quadratus and Micula murus. The thickness of 140 m of the Cretaceous
part of the transitional type sediments is estimated on the basis of nannofossil data.

BbBepeHue XapaKTEPHUTE 3a ENMUKOHTUHEeHTaknHus Tun [opHa Kpepa
KpeMbyYHM BapoBuMLM Ha Me3aapeHckaTa CBUTa 1 OpraHOreHHUTe

PaitoHbT Mexay pekute [logeneH u Apmepa uma focTa BapoBuuM Ha Kainblukata cButa. Te Ca OTHECEHW KbM

WHTEPECEH TEONOKKM CTPOEX, YCTIOKHEH OT MHOKECTBO MbHKM ~ CEBEPHOEBPOMENCKAS TUM  CeHOH™ oT  ATaHacoB (19616).
W pasnoMu U W3KMHYUTENHO porata rama oOT CeaNMEHTHM ﬂaneoueHCKaTa 4yact e npegcraBeHa OT JIMTOTaMHUEBUTE
cKkanu, MopdeneHn Ha 22 J'IVITOCTpaTVIrpaQJCKVI eOuHMLM C BapoBuLUM Ha KOMapeBCKaTa CBUTa, Haf KOATO Ce paskpueat U
Bb3pacT oT tOpa [0 HeoreH. OBekT Ha HACTOSLLOTO yacT OT nsacbyHMuMTe Ha benocnaeckata ceuta. Obuwata
u3crenBaHe ca rOpPHOKPEOHUTE CKamu, OMMCaHU OT aBTopa febennHa Ha Teau ckanu, 3aeaHO C TPaHCTPECHBHIS (haLnec B
npu KapTMpOBKaTa Ha paﬂOHa B M 1:25000 (,D,)KypaHOB u ap., OCHOBaTa, OTAeNeH Kato rmaykoHUTHO-BapOBKKOBa 3aapyra, He
1996)1 rOpHOerﬂHaTa cepus B paMOHa Ha pesepBaTa Hagsuwaea 60-70 m. Ha ceBep Tes3n CKanu rpaHu4aTt no
llepGa w3rpaxaa [oOfHaTa yacT Ha edHa KapBoHaTHa pasnom CbC CaHTOHCKW BapOBULY C KpeMbk (BeHuaHcka ceuTa).

KamnaH-naneoleHcka  MOCMEAOBAaTENHOCT,  BKIKYBALLA
Ha tor ot pesepBarta Lllepba Te3n ckanu ce 3amecTBat OT

eaHa MOHOTOHHA Cepusi OT CMBM, arneBpUTOBW BapoBULM C

1 Mkyparos, C., M. AwToros, T. Banakos, B. Xenes, [. Cuboscku, V. Aebenuia o 240 m. Te ca natepaneH aHanor Ha
Yonees, [l. Banrenos. 1996. [loknap 3a reonoxko kaptupaHe B M 1:25 000 u nnaTopMeHuTe OTNIOXEHWS W MNpefcTaBnaBaT NpexoneH
reomopdponoxko kaptupade B M 1:50000 Ha yactn ot Kamumitcka Ctapa thaumec kbm MeauTepaHckus Tun FopHa Kpepa.

nnaHWHa M ceeepHuTe cknoHoBe Ha EmwuHcka Crtapa nnaduHa. Codws,

l'eopoHg MOCB.
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To3u npexodeH TN € LUMPOKO PasBUT Ha M3TOK OT
u3crnegeaHara noLy U € YyCTaHOBEH B MHOTO OT COHAAXMTE B
Kamunitickoto noHwkeHne. KbHueB (1995) oTHacs ponHata
kamnaH-MacTpUxTcka  4acT Ha Tasu  Cepusi  KbM
AcnapyxoBckaTa CBWTa, a ropHaTta naneoLeHcka YacT e
obocobeHa ot BanrenoB u CwuHboBcku (2006) kaTo
[oneneHcka cauta.

B Hactosiwata pabota ce nyGnukyeaT cBefeHusiTa 3a
Bb3pacTTa Ha ropHOKPeOHUTE NUTOCTPATUrpadCki eauHULM
Bb3 OCHOBA Ha pesynTatuTe OT  HAHO(OCUMHUTE
13CneaBaHns Mo AaHHK OT KapTUPOBKaTa Ha paiioHa.

Nutoctpaturpacus

Mexgy pekute [ogeneH wn Apmepa e pa3suTa efHa
kapboHaTHa nocnefoBaTENHOCT C  KammaH-naneoleHcka
Bb3paCT, KOATO € YCTaHOBEHa W B COHOaxute OT
[onHokaMuminckoTO NOHWxXeHWe. B kpegHata W YacT ca
oTgeneHu 5 nurocTpaturpadicku eauHnLmM: BenyaHcka ceuTa,
rMaykoHUTHO-BapoBUKOBa  3adpyra, MesgpeHcka  cBuTa,
KanmbLuka cBuTa 1 AcnapyxoBcka cBuTa. He BCUYKM Ckanu Ha
TO31 KapBoHaTeH KOMNMEKC MoraT fa ce uaeHTUduumMpar ¢
Te3n eguHuumn. o ponwHata Ha p. Apmepa (dur. 3)
BapoBULUMTE 3aemally cTpaTurpadpckus uHTepBan [opeH
KamnaH — MacTpuxt He OTrOBapaT Ha OeUHUTUBHUTE
Benesn Ha MesgpeHckata u KainblukaTta cBuTa, 3aToBa ca
OTHECEHU KbM TsX NOA BbNpoc.

Benyarcka ceuma. BueneHa e ot Wonkuuen (1988).
TUNOBWAT pa3pe3 Ce Hamupa Mo HXHMS CKIOH Ha MECTHOCTTa
Kaneto npu c. BeHuaH, BapHeHcko. M3arpageHa e oT nuwella
Kpena v KpeLonogobHW BapOBULYM C KPEMBYHM KOHKPELIMM.

B Musnitckata nnova BeHuaHckaTra CBWTA NEXU BbPXY
HobpuHponckata, Morunenckarta, unu Magapckarta cauTa, HO
Ha MeCTa MOKpMBA  TPAHCTPECMBHO  OONMHOKPEAHWUTE
oTnoxeHnss Ha Kamuwiickata u [OpHOOpsIXOBCKaTa CBMTA.
lopHaTa rpaHuua npefcTaBnsiea Gbp3 NUTONMOXKA NpEXon
KbM nsicbuHMumTe Ha LLlymeHckata cauta. B [NpepbankaHa
CEAVMEHTUTE 11 MPeMHaBaT flaTepanHo BbB BapoBMLMTE Ha
MypHeHckata ceuta. [lebenuHata i1 B MuauitckaTta nnova e
0T nopsigbka Ha 15-20 m, Ho B TwnoBata obnact goctura 115
m. B wuscnegaHata nnow, cBuTata € yCTaHoBEHa B
ceBepHata yacT Ha bolkuH gon, KbaeTo BKoYBa 12 m Meku
kpenonogobHU BapoBULM C KPEMBK M B CEBEpHaTa YacT Ha
pesepearta “llep6a” no p. JogeneH. Baposuunute cbabpxar
CaHTOHCKAa HaHodropa. PaskpuTMETO €  YHUKanHo, a
MPUCBLCTBUETO UM TYK € TBbpae HeobudaimHo. OueBnaHO Te
rpaHuyat ¢ No-MnaguTe ropHOKPEAHN E4MHULIA MO Pa3noMK.

[naykoHumHo-8aposukosa 3adpyea. Tasn eguHuLa €
BbBE/leHa OT aBTOpa NpW KapTUpOBKaTa Ha yact oT MaTouHns
MpepbankaH (DxypaHoB u ap., 1996). Ta obxsaLia ocHoBaTa
Ha TOpHOKpPEOHWTE OTNIOXEHWS B palioHa Ha pesepeata
LLlepba no pekute HopeneH u Apmepa. ObocobeHa e kaTto
oThenHa nuTocTpaturpadicka efuHuua Bb3 OCHOBA Ha
MOBULIEHOTO CbAbPXKaHME Ha [MAYKOHNT W TEPUreHHN
npumMecn B CpaBHEHME C ApyruTe kapBoHaTHW epuHNLM,
U3rpaxaaLLy ropHOKPEAHO-NaneoLeHCKIs pa3pes.
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B nmocerawhute paboTu Bbpxy reonorusta Ha paioHa Tesu
CKanu ca onMcBaHM Kato ocHoBa Ha MacTpuxTckusa eTax: “4-5
M CBETNM BapoBULM, 3bPHECTU U NECHYNIMBM, C MHOXECTBO
rnaykoHut” (ATaHacos, 19616), “OocHOBa Ha MaCTPUXTCKUS
eTax” (Monkuues, 1989), “NACLYHMKOBO-BAPOBIKOBA 3aapyra” U

Komapescka csuta (ManeoueHr):

NUTOTaMHUEBW BapoBMUM 1
BapoBUUM C AUCLOUMKINHA

Kannbweka ceuta - 40 m (MacTpuxT):

MacuBHM OpraHoreHHU BapoBULM C
Hemipneustes striatoradiatus (Leske)

rnayKoHWTHO-BapoBMKOBa 3aapyra - 5 m
(FopeH KamnaH): macvBHU OpraHoreHHu
Baposuuwm ¢ Uniplanarius trifidus (Stradner)

Kamuuiicka ceuta: Meprenu n NACkYHUUMN

®ur. 1. Paspe3 Ha ropHOKpeAHUTE CKann B MECTHOCTTa Anmarenecu,
103 ot KoTa MNonsimaTa fGBLNKa B NOBHUA pa3BbAHKK Lllepba
“‘NobpuHcka ceuta”  (KbHueB, 1995). WarpageHa e ot
[NayKoOHUTHW BapOBULM C BUCOKO CbObPXaHWE HA TEpUreHHU
KOMMOHEHTW — aneBpuT 1 ncamut. Te ca CUBM, HEACHOCNOECTU
[0 MacuBHW. [lonHata rpaHuMua e TpaHCrpecuBHa, nopaau
KOeTo B OCHOBaTa MMa ApebHOKbCOB OasaneH KoHrmomepar
uarpageH OT BapOBMKOBM KbCOBE M ApebHM hochopuToBm
KOHKpeLun ¢ pasmepu 2-3 go 5-6 mm. [lebenuHara Ha cnos e
oT 510 cm no p. Hopenex ao 30-40 cm no p. Apmepa.
Cnoikata € 00unHa, necbunMBO-kapboHaTHA, C  MHOrMO
[MaykoHUT. JIeXu C BrOB AMCKOPLAAHC BbPXY AONHOKPESHM
Meprenn, nACbYHMUM W BapoBuUM OT Kamuumickata u
TwuvyaHckaTa cBWTa. Harope KOMMYECTBOTO Ha TEpUreHus
mMaTepuan Hamansea. [lokpuea ce OT BapoBuUMTE Ha
MesgpeHckata, Kanmblkatra umv AcnapyxoBckata CBWTa, C
KOUTO eduHuMLaTa uMa u natepantu npexogu. febenuHata e
oT 0 go 10 m. Mopagn TPaHCTPECUBHMSA CU XapaKkTep Ta ce
n3meHst 6bp30 Ha Masku pa3cTosHusA. Hanpumep B CnipaBoYHNs
paspe3 3a kapTeH nucT bbpaapeso no p. [oaeneH gebenuHara
e 10 m, a B cbcepHus LLepbeHckm gon e camo 2 m,

B 6asanHus koHrmomepar M Manko Hag Hero ce cpear
pasnMYHO 3amaseHn BKAMEHENOCTU OT BuBansumm, ractponoau,
Opaxvonogn n exwHugu. OT Te3u ckamm AtaHacos (19616)
onpegens  Gyropleura  inaequirostrata  Woodw. n
Kossmaticeras galicianus Favre. [pobute 0T rnaykoHUTHUTE



BapoOBUUM CbObpkaT OoraTm HaHOOCWMHM  acouuaLmu,
BKMKOYBALLM ropHOKamnaHckuTe Buaose Uniplanarius gothicus
(Deflandre),  Uniplanarius  trifidus  (Stradner) wu
u3yesBallyus B kpas Ha KamnaHckus Bek Eiffellithus eximius

C

8-10 m
MesppeHcka ceuta ?
(Fopex Kamnaw):
6enu apyecTv BaposuLu
¢ Uniplanarius gothicus

Kamuuiicka csuta (K1):

Meprenu 1 NACLYHULM

rnayKOHUTHO-BapOBKKOBA
3agpyra (Fopex Kamnan):
rnayKoOHUTHW BapOBULW

(Stover), KOUTO WMHAMKMPAT KbCHOKAMMaHCKa Bb3pacT. B

paspesute C mo-ronsama AebenuHa Ha 3agpyrata ropHara i
4acT He Cbbpka Te3u HAaHOOCUNM U Ce OTHacs KbM [lonHus
MacTpuxr.

Komapescka csuta
(ManeoueH):
nNUTOTaMHUEBN
BapoBULM

Kannmswka ceuta ? (foped KamnaH - Mactpuxt -laneoueH?):
CUBM 3bpHECTU Baposuum ¢ Uniplanarius gothicus
u Ejfellithus eximius B ocHoBaTa

®ur. 2. Paspe3 Ha ropHOKpeAHUTE ckanu no AonuHaTa Ha p. ApMepa, HXXHO OT ropcku cTonaHcku asop “Apmepa” Ha 5 km F03 ot c. FopeH Yndpnuk

Mesdpercka ceuma. BbeeneHa e ot Vonkuyes (1986), Ho
cnepn ToBa MMETO € 00sIBEHO OT aBTopa 3a HeBanuaHo
(Monkuues, 1993), kaTo no-Mnag CUHOHUM Ha “Me3sapeHcku
naceyHuun”  (boHues wn  Kamenos, 1934). [peasua
npugobutara nonynsapHOCT ypes3 kapTute Ha Bbnrapus B M
1:500000 n 1:100000 TO e w3nOnN3BaHO OT aBTOpa Npw
kapTupoekata Ha panoHa B M 1:25000 (OxypaHos u gp.,
1996). Tesun cKanm Hamar NPOCTPaHCTBEHN
B3aMMOOTHOLLEHUS! C NarneoLeHCKUTE BapOBMULM ONMCaHN KaTo
“‘MesapeHcka cauta” npu “UygHuTe ckanu” oT Vonkudes
(1989) n KbHues (1995) (Bvx Banrenos, CuHboscku, 2000).

B kapTupaHms panoH ceuTaTa € NpeacTaBeHa 0T MUKPUTHM
BapOBULM C KDEMBYHW W BAPOBUTO-KPEMBYHM KOHKpELMW. Te
ca CuBM, CBETnocuBiM [0 OexoBM Ha LBAT, TbHKO A0
CpeaHONMacToBM M MacvBHU, 30paBu W NITbTHU. KOHKpeuumTe
Ca YepHu Jo kasieu ¢ pasmepu o 5-6 cm. CbabpaHueTo
WM e [OCTa HepaBHOMEepHO, a Ha MeCTa € MpeAcTaBeHa
MPOCTO OT sigvecy BapoBuuUM Be3 Kpembk. B Te3n Baposuum
AtaHacoB (19616) onpegens Syncyclonema jugleri v.
Hagen, Exogyra decussata Coq., Exogyra cf. auricularis
Coq., Pycnodonta vesicularis Lamarck.

[onHata rpaHuua e nocTeneHeH Npexoa OT rmaykoHUTHUTE
BapOBULY Ha rMayKOHUTHO-BApOBMKOBATa 3a4pyra, a ropHarta
— MOCTEMEHEH MPEXOL KbM OPraHOrEHHWUTE BapoBMLM Ha
Kaimblikata cBWTa, C KOMTO UMa W naTepanHu npexoau.
[ebenuHata 1 He Hapgxebpns 20 m.

Kaiimbuwka ceuma. BuBeneHa e ot Monkmues (1986), Ho
cnef ToBa WMMETO € 00sIBEHO OT aBTOpa 3a HEBanMAHO
(Monknyes, 1993), kaTo Mo-Mnaj CvHOHMM Ha Kaiimbluka
3agpyra (Oaves, 1967). MogobHo Ha MesgpeHckaTa cBuTa,
umeTo Ha KaitmbLukaTa cBiTa B cMiucbna Ha Monkinues (1986)
€ npugobuno nonynapHOCT Ype3 kapTute Ha Bvnrapus B M
1:500000 » 1:100000, nopagu KOeTo € 3anaseHo OT aBTopa
Ha HacTosillaTta CTaTusl Mpu KapTupoBkaTta Ha painoHa B M
1:25000 (OxypaHos u gp., 1996)!.

CeuTaTa e w3rpageHa OT TUNMYHWUTE 3a Hest Oerm [o
kpemaBu, 3apaBu,  AeGenonnacToBM [0  MAcMBHM,
€[IPO3bPHECTN OPraHOreHHN W NEeCkYNMBI BapoBULIM. MOpHaTa
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rpaHuLa e pasvMBHa W Ce MOKpMBA OT ManeoLeHCKuTe
nUTOTaMHWEBM BapoBuUM Ha KomapeBckaTa ceuTa. Bb3pactta
i1 € MacTpuxTCKka.

[ebennHata ce nameHs ot 4-5 go 15-20 m, a B cnpaBoYHms
paspe3 B MectHocTTa Anmartenecu e 40 m. B vscnegBaHute
paspe3un npu Anmatenecy, LLepbeHckn gon, BonkuH gon u p.
Apwmepa He ce 3abenssBa Hecbrnacue mexay Kainmblikata w
KomapeBckata cuta. BeposTHo rpaHuuata mexay Macrpuxta
u ManeoueHa, KOSITO He e yCTaHOBEHa B M3CNEABaHWS panoH
nopagW nwuncata Ha HaHOOCWIM W HEPABHOMEPHOTO
CbObpXaHie Ha AWCKOLMKNWHWM, monaga B ropHUTE HMBa Ha
KannblukaTa cauTa.

Mo ponuHata Ha p. Apmepa (cour. 2) v Borikun gon (cour. 3)
FOPHOKPEAHUTE Ckanmu TPYAHO MoraT Aa ce ugeHTuduumpar ¢
W3BECTHWUTE NUTOCTPaTUrpadICKM eauHuLM, C WU3KIIOYEHUE Ha
rnaykoHUTHO-BapoBWKkoBaTa 3agpyra. [lo-romsimata yact of
BapoBMLMTE OTHECEHN KbM Me3sapeH cka? 1 Kainblwka? cauta
ca natepaneH aHanor Ha Te3u eAuHWUM, YCTaHOBEHU B Mo-
3anagHute paskputua B Llepba, Ge3 pa oTtroBapsT Ha
pednHuTMBHMTE MM Oenean. 3atoBa  YCTAHOBEHWUTE  TyK
Bb3pacTu He buBa Aa ce npuemart Kato peBu3us Ha Bb3pactTa
Ha eguHMUMTE NO NPWHUMN. XapakTepHa O0COOEHOCT Ha
ONUCaHUTe B Ta3n CTaTWsA PasKpUTUS € HEeMPEeKbCHATUAT pa3pes
MeXZy OpraHoreHHuTe BapoBWUW Ha Kalmblukata cBuTa M
NMTOTaMHUEBMTE BapoBULM Ha KomapeBckaTa cauTa.

Acnapyxoscka ceuma. BveeaeHa e ot Vonknies (1989) n e
HauMeHyBaHa Ha c. AcnapyxoBo, BapHeHcko. TunosusT paspes
Ce Hamupa Ha 3anag OT W3crefBaHWs panoH no p.
PaskpayeHuua, t0xHo ot 53. LloHeBo. M3arpageHa e oT cueu [o
CBETNOCWBY, CPEJHOMMIAacToBM [0 MacuBHU  arneBpuTOBU
BapoOBMLM HA ONPEdENeHN HMBA C KPEMDBYHWM KOHKPELWW.
VMonknues (1989) 7 cuMTa 3a CAHTOH-PAHHOMACTPUXTCKA, HO MO
HaHO(OCWMHM JaHHU B AepeTaTta toXHO OT a3. LioHeBo mexay
UygHute ckarm u Koss peka T4 € [aTupaHa Kato
kbcHomacTpuxtcka (Banremos, Cunbosckw, 2000), a no
HopeneH n Apmepa obxBawa uUenus MacTpuxTcku eTax.
Mexgy ““yoHute ckanu’ n Koss peka ponHata rpaHvua e
TpaHCTpecBHa M MOKPWBA [JOMHOKaMMaHCKaTa BapoBWKOBA
3agpyra Ha Momkuues (1989), LeHOMaHckaTa 3agpyra Ha



rmuHecTuTe anesponuti (BaHrenos, CuHboBcku, 2000) mnu
HanpaBo Kamuuitckata csuta. lokpuBa ce OT naneoLeHcKu
BAapOBULM C KPEMBK C ps3ka NUTOMOXKA rpaHuLa, KosTo B
paspesute npu ““yaHute ckanu”, Paskpayeruua u Koss peka
cvBraga ¢ rpaHuyata Kpega-Tepuuep, ycTaHoBeHa Mo
HaHoropa. Mo Koss peka rpaHuuata e gokasaHa M no

Komapescka cuTa ([ManeoueH):
NUTOTaMHWEBM BapOBULM

Kaiinbluka ceuta ? (Mactpuxt -lManeoueH?):

reoXMMUYeH MbT 4Ype3 CbAbpkaHue Ha 5 ppb Ir B TbMHUS
rpaHuyeH cron ¢ gebervHa 4 cm mexay AcnapyxoBckaTa
CBUTA W KpeMbUHWUTE BapoBuUM Hag Hes (Sinnyovsky, 2001).
Mo p. PaskpayeHuua aebennHata Ha AcnapyxoBckaTa cuTa e
100 m, npu “Uyanute ckanu” — 20 m, a no Koss peka — 10 m.
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necb4YnnByu OpraHoreHH BapoBULU

MayKOHUTHO-BapoBUKOBa 3aapyra (lopeH Kamna -
[loneH MacTpuxT): rmayKoHUTHU BapOBULM C
Uniplanarius trifidus v Ejfellithus eximius B ocHoBaTta

®ur. 3. Paspe3 Ha ropHOKpefHO-NaneoLeHCkUTe ckanu B Kapuepata no BoiikuH gon, Ha 5 km toxHO oT c¢. Mpo3gboBo: 1 — BapoBMUM C
OMUCKOLMKNMHU; 2 — GpaxuonofeH nnact; 3 — BapoBMLM C OUCKOLMKIUHM; 4 — MUTOTaMHUEBM BapoBULUM; 5 — BapOBMUM C AMCKOUMKNUHYM; BD 1 —

MeCcTOnoJiIoXKeHue Ha np06a 3a HaHodhocunu

AcnapyxoBckata W [ogeneHckata ceuta (BaHrenos,
CuHbosckn, 2006) npegcTaBnsBaT npexofeH (auuec KbM
meoutepaHckus Tun  CeHon-ManeouyeH. Owe 3natapcku

(1907) cnomeHaBa, 4e Ha tor oT [logeneH
“cpegHoeBponenckus TN Ha  ropHMs  CeHoH  moyTw
He3aberns3aHo npemuHaBa B HOKHOEBPOMENCKM  WUNK

meguTtepaHcku Tvn”. AtaHacos (19616) oTHacs BaposuuuTe B
COHOaxuTe OT KamuuiCKOTO MOHWKEHWEe KbM T. Hap.
“npexofeH dausec Mexay ABata Tuma CEHOH', HO He
CrOMeHaBa 3a paskpuTMsITa MM MO FOPHOTO TEYeHMe Ha
pekute [openeH n Apmepa. Mpy kapTMpOBKaTa Ha paiioHa B
M 1:25 000 (OxypaHoB u gp. 1996) aBTOPBLT OTHECE Te3u
CKarvM KbM MpexogHust Tun 1 rm obeanHn BbB “BapoBKKOBA
3agpyra’® C  KamnaH-naneoueHcka  Bb3pacT.  KbHueB
(1993,1995) npuuncnn gonHata yacT KbM AcnapyxoBckaTa
cBMTa, @ ropHaTta — KbM “BapOBWTO-arneBpuTOBa 3agpyra’,
HapeyeHa no-kbcHo [lopgeneHcka ceuta  (BaHrenos,
CuHboecku, 2006).

B paioHa Ha [logeneH u Apmepa AcnapyxoBckaTa CBWTa
obxeawa Han-ropHata uact Ha lopHus KamnaH u uenus
MacTpuxt. Ta nokpuBa C NOCTENEHEH MPEXoA rnayKOHWUTHO-
BapoBMKOBaTa 3adpyra WM JEXU TPAHCTPECMBHO BBPXY
Kamumitckata  wmm  TuyaHckata ceuta.  [Npeacrasnsisa
naTepaneH aHanor Ha TUMMYHUTE 3a enuMNaTopMEHUs TUn
lopHa Kpeaa kpembyHW BapoBuuy Ha MesgpeHckaTa cauTta u
opraHoreHHuTe BapoBuum Ha Kainnblukata cauta. lNokpusa ce
OT  aneBpuTOBWTE  BapoBMUM W  amneBporuTMTEe  Ha
[oneneHckata cBuUTa, KOSTO OT CBOSI CTpaHa e natepareH
aHanor Ha KpembuHUTE BapoBWLUM, M3rpaxgawm “Yyguute
ckanu’. B u3cneapaHwsa paroH mexgy pekute [ogeneH w
Apmepa AcnapyxoBckaTta ceuTta e ¢ aebennHa go 140 m. B
Hea rpaHuuata mexay fonuws u TopHua MacTpuxT He e
npekapaHa TOYHO nopagu 0OefgHOTO CbAabpXaHWe Ha
HaHodnopa. TopHute 50 m ce XxapaktepusupaTl C
MPUCLCTBMETO HA  KbCHOMACTPUXTCKUTE  HAHOGOCWITHM
Bugoee  Nephrolithus  frequens Gorka, Lithraphidites
quadratus Bramlette & Martini u Micula murus
(Martini).
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BuocTtpaturpadcku pesyntatu

[ MayKoHWTHO-NSCbYHMKOBATA 3agpyra CbAbpxa
WHopMaTMBHA HaHONOpa, KOSTO MO3BOMsABa Ckanute 1 Aa
Bbaar oTHeceHM kbM HaHothocunHa 3oHa Uniplanarius trifidus ¢
Bb3pacT KbceH KamnaH. Ta e ycTaHoBeHa B pasnnyHu paspesu
no gonuHute Ha [ogeneH, bomkuH ponm wu Apmepa, u no
BMCOYMHWTE 3anagHo ot LLepba (cur. 1-3).

B paspesa Ha kapuepata B bomkuH gon (cwmr. 3) gonHata
rpaHvua Ha 3agpyrata He ce paskpusa. Tyk aebenuHata v e
Han-ronsma, Tbi Kato camo paskputata yact € 10 m. Ham-
[JonHata npoba e uskunTenHo borata u ce cbeTom oT Hag 20
HaHodocunHu Buga: Eifellithus eximius (Stover) Perch-
Nielsen, Eiffellithus turriseiffeli (Deflandre in Deflandre
& Fert) Reinhardt, Reinhardtifes levis Prins &
Sissingh, Broinsonia parca (Stradner) Bukry ssp.
constrica Hattner et al., Uniplanarius  gothicus
(Deflandre) Hattner & Wise, Uniplanarius trifidus
(Stradner) Hattner & Wise, Micula staurophora
(Gardet) Stradner, Ahmuelerella octoradiata Gorka,
Arkhangelskiella  cymbiformis  Vekshina,  Kamptnerius
magnificus Deflandre, Calcultes obscurus (Deflandre)
Prins &  Sissingh, Lucianorhabdus ~ arcuatus
Forchheimer, Lucianorhabdus cayeuxii Deflandre,
Lucianorhabdus maleformis Reinhardt, Cribrosphaerella
ehrenbergii (Arkhangelsky) Deflandre, Prediscosphaera
cretacea (Arkhangelsky) Gartner, Prediscosphaera
grandis Perch-Nielsen, Prediscosphaera microrhabdulina
Perch-Nielsen, Microrhabdulus decoratus Deflandre,
Orastrum  campanensis (Cepek) Wind & Wise,
Zeugrhabdotus  embergeri  (Noel)  Perch-Nielsen,
Zeugrhabdotus spiralis (Bramlette & Martini) Burnett,
Placozygus fibuliformis (Reinhardt) Hoffman un gp.

Mpucweteueto Ha Uniplanarius gothicus (Deflandre)
Hattner & Wise w Uniplanarius trifidus (Stradner)
Hattner & Wise e yka3aHue 3a KbCHOKaMNaHcka Bb3pacT Ha
n3cneaBaHUTE CEeOMMEHTW, a BTOPWST € WHLOEKCOB BUA 3a



TakcoH-akposoHa Uniplanarius  trifidus, kosito obxBaLya
ropHata 4act Ha [opHua KamnaHcku nogetax. B
acoumaumsaTa npucsctBa w Eifellithus eximius (Stover)
Perch-Nielsen, koiTo us4esBa B kpas Ha KamnaHckus Bek
3ae[1HO C MHAEKCOoBUS BUA Ha 30HaTa. [0 TAXHOTO U34ye3BaHe
Ce nocTaBs ycrneLwHo rpaHulaTta Kamnan-MacTpuxT cbrinacHo
HoBara 1 aednHuums no Burnett et al. (1992).

B paspesa no BOAKMH [ON 30HANHWAT BMA € YCTaHOBEH
camo B Hal-gonHuTe aBe npobu, KOeTo Mo3BonsBa Mexay
npobute BD-2 n BD-3 pa ce npekapa rpanuuata Kamnau-
Macrpuxt (cpur. 3). B cneaBalute npobu CbabpkaHNeTo Ha
HaHodhriopa NoOCTeNneHHO Hamansea [0 MbfiHa CTEPUNHOCT B
Hai-gonHata npoba BD-6 ot KainblukaTa ceuta. B npobute
BD-3 n BD-4 npucbctea HaHOGOCUNHUAT NoABKA, Broinsonia
parca (Stradner) Bukry ssp. constrica Hattner et al.,
KOMTO M34esBa B ocHoBaTa Ha Mactpuxtckus etax. MHoro
aBTOpM CbOOLLABAT 3a U34E3BAHETO MY MPEAN 30HANHUS BUL
Uniplanarius trifidus (Stradner) Hattner & Wise B Hait-
ropHaTa 4act Ha KamnaHckus etax, HO Ha TeputopusTa Ha
Bbnrapus ToBa CbOWUTME € YCTaHOBEHO MOBCEMECTHO cref
134e3BaHETO Ha 30HanHWs BWA, Hap rpanHuuata Kamnaw-
Mactpuxt (Sinnyovsky, 2004a,6).

3oHanuuat penep Uniplanarius trifidus (Stradner)
Hattner & Wise e ycTaHoBeH B OCHOBaTa Ha rnaykoHUTHO-
BapoBukoBaTa 3agpyra no p. [ogeneH u HemHuTe NpuToLu,
KaKToO 1 B MeCTHOCTTa Anmarenecy, B 3anagHaTta 4acT Ha
pesepeata LLiepba (cur. 1). B Te3un paspesn HaHoGocunHaTa
acoumauums e no-befHa, HO MPUCHLCTBMETO MY NOKa3Ba, Ye
OCHOBaTa Ha 3agpyraTa HaBCsKbAe B U3CMeABaHata nnowy e
cBbp3aHa ¢ [opHusa KamnaH.

Me3sgpeHckata ceuTa € GegHa Ha HaHodgopa, HO B Mo-
MeKMTe MpOCONKN Ce Cpella CpaBHUTENHO fobpe 3anaseHa
HaHodropa, KOSTO MO3BOSSIBA €AHO3HAYHO AaTWpaHe Ha
ckanute. B ocHoBaTa Ha cautata no p. [logeneH B ceBepHus
kpan Ha pesepeata Oe onpegeneHa pocta 6Gorata
HaHOOCUNHA acoumaLms, KOSTO Cbbpa WHOEKCOBUS BUD
Ha ropHoKamnaHckaTa TakcoH-akpo3oHa Uniplanarius trifidus -
Uniplanarius trifidus (Stradner) Hattner & Wise. B
acoumauusta npucbeteat owe W Uniplanarius gothicus
(Deflandre) Hattner & Wise wu Eifellithus eximius
(Stover) Perch-Nielsen, kouto u3yesBar B Kpasi Ha
KamnaHckms Bek. Cbluata acoumaumss npucbctea M B
SOYECTUTE  BAapOBMUM  HaL  TNAyKOHWTHO-BApOBMKOBATa
3agpyra B paspesa no p. Apmepa, KOMTO ca NaTeparneH
aHaror Ha Me3apeHckaTa cauTa.

Kainblukata cButa He e GnaronpusiTHa 3a 3anaseaHe Ha
HaHOOCUIN W B OpraHOreHHUTe BapoBWUM TakuBa He Bsxa
HamepeHu. B pesepeara Llepba 6e HamepeH eanH OTNMYHO
3aMmaseH  ek3emnnsap  OT  FOPHOMACTPUXTCKUS — €XMHWG
Hemipneustes striatoradiatus (Leske) ssp. elevatus
Smiser, onpegeneH ot Unuesa (2000). B gonHute HuBa Ha
CvBUTE BapoBMUM, KopenupaHu c Kainmblukata cBuTa B
paspesa no p. Apmepa, Oe ycTaHoBeHa HaHognopa ¢
ropHokamnaHckn  obnuk - Uniplanarius  gothicus
(Deflandre) Hattner & Wise wu Eifellithus eximius
(Stover) Perch-Nielsen.

ACﬂaF)YXOBCKaTa CBUTa nEeXn BbPXy [NaAYKOHUTHUTE
BapoBuUN Ha [NayKOHUTHO-BAPOBUKOBATa 3afgpyra Wiu
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HanpaBo Bbpxy Kamuuiickata M TuyaHckata cBuTa. B
mecTHocTTa “Ukn [opmeneH’, kbaeTo ce cbubupaT papaTa
npuToka Ha p. [logenex, Taau rpaH1La ce paskpyea no Lkapna
Ha ropckus mbT. Tyk OCHOBaTa Ha CBUTaTa CbAbpxa
XapaktepHute 3a [opHus KamnaH HaHOOCUNMHM BUAOBE
Uniplanarius  trifidus (Stradner) Hattner & Wise,
Uniplanarius gothicus (Deflandre) Hattner & Wise n
Eifellithus eximius (Stover) Perch-Nielsen, 3aegHo ¢
forata acoumaums ot apyru ceHoHckn opmu: Arkhangelskiella
cymbiformis Vekshina, Broinsonia parca (Stradner)
Bukry ssp. constrica Hattner et al., Reinhardlites levis
Prins & Sissingh, Prediscosphaera grandis Perch-
Nielsen, Prediscosphaera microrhabdulina Perch-Nielsen,
Orastrum campanensis (Cepek) Wind & Wise,
Zeugrhabdotus spiralis (Bramlette & Martini) Burnett,
Placozygus fibuliformis (Reinhardt) Hoffman,
Lucianorhabdus  cayeuxii Deflandre,  Lucianorhabdus
arcuatus Forchheimer, Calcultes obscurus (Deflandre)
Prins & Sissingh.

B cnepBaluuTe HAKOMKO METPa MbPBUTE TPU BiAA M34E3BAT,
nopagm KoeTo ckanute oT 7-8 o 55 m ce oTHacAT kbM [JonHus
MacTpuxt. 3a CbkaneHue BapoBMUMTE Ha Ta3u CBUTa
CbAbpXKaT MHOro 6efHM acoLmaLmuy, KOeTo NpaBi HEBb3MOXHA
30HanHata nopsnba. B ropHute 20 m or ceuTata ca
yCTaHOBEeHU  ropHomacTtpuxtckute  BugoBe  Nephrolithus
frequens Gorka, Micula murus Martini wn Lithraphidites
quadratus Bramlette & Martini. B Tasu yacT Ha pa3pesa He
NPUCLCTBAT roNsIMa YacT OT OMUCaHUTe B OCHOBaTa BUIOBE,
KOMTO W34e3BaT Ha pasnuyHKW HuBa Ha [onHus Mactpuxt -
Broinsonia parca (Stradner) Bukry ssp. constrica
Hattner et al., Reinhardtites levis Prins & Sissingh,
Lucianorhabdus arcuatus Forchheimer, Lucianorhabdus
cayeuxii Deflandre.

3aknioyeHue

Pesyntatute 0T HACTOALOTO HAHOGOCUIHO —M3CnenBaHe
MnokasBar, Ye JBaTa OCHOBHU kapboHaTHM chaumeca Ha [opHaTa
Kpena B paitoHa Ha noBHWs pa3ebaHuk Lepba mexay pekute
HopeneH n Apmepa — enunnatgopmenusT (MesgpeHcka u
Kainbluka cButa) M npexogHuaT (AcmapyxoBcka CBWTa) ca
€[HOBBL3PACTHW M NPUHAAMEXaT Ha cTpaTurpadickus UHTepBan
lfopeH KamnaH - Mactpuxt. Te ce noactunar of
TPaHCTPECVBHUTE OTNOXEHMA Ha [NlayKOHUTHO-BapOBMKOBaTa
3agpyra, C KOSTO 3anoyBa CedMMeHTauusTa B panoHa npes
KbcHus  KamnmaH. B u3TOuHWTE 4acTM  Ha  nnowra
FOPHOKPEAHUTE BapOBWLM HE OTroBapsAT Ha AeUHUTUBHUTE
Genesn Ha nosHaTMTE NUTOCTPaTUrpadiCki eanHuLM, Nopagm
KOETO Ca OTHECEHW KbM TAX YCMOBHO. YacT oT sdguvectute
BapoBMLM C KPEMBK, OTHeceHu KkbM MesgpeHckata cBuTa
MpuHagnexaT Ha KbCHOKaMMaHckaTa HaHOOoCMIHa 30Ha
Uniplanarius trifidus. JlaTepanHust aHanor Ha Tesn BapoBULW,
KaKTO W Ha OpraHOreHHWTE BapoBMLM Ha KalmblukaTta cBuTa no
JonuHata Ha p. ApMepa CbLIO MPUHAANEXaT Ha Ta3u 30Ha.
Nutonoxkarta rpaHuua mexay Kanmbluikata u Komapesckata
CBWTA MpeACTaBnsABa NOCTEMEHEH MNpexod. T8 BEPOSATHO
cbBrnaga W C XpoHocTpaTturpadckata rpaHuua  Mexay
MactpuxTa v lNaneoueHa, KOATO Ce Mapkupa OT nosiBata Ha
OVCKOUMKNWHA. B paspesute, KbOeTO NUNCBAT AUCKOLWMKIMHN
T4 Ce npekapsa YCMOBHO MO AONHWLLETO Ha NUTOTaMHWEBUTE
BapoBuLM Ha KomapeBckaTa CBuUTa, KOUTO Ce peayBar C TsX.
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HOBU JAHHU 3A CTPATUTPA®CKUA OBXBAT HA BENIEHCKATA CBUTA MNPU
I'P. BANA, BAPHEHCKO

HJumumbp CuHboscKu
MurHo-eeonoxku yHugepcumem “Cs. MeaH Puncku”, Cogpusi1700; sinsky@mgu.bg

PE3IOME. BeneHckara cBuTa e pa3BuTa B €fjyH AOCTa OrpaHnNyeH paioH Ha rpaHnuata mexay Mstounms MpepnbankaH v VisTouHobankaHckaTa CTPyKTypHa 30Ha. T8
Ce paskpuBa rmaBHO No YepHomopckoTo kpalibpexue okono rp. bana v e usrpageHa oT Baposuuu u meprenu. flocera T8 e 6una oBekT Ha MHOrobpoitHu
n3cneaBaHus rmasHo 3apaay rpatuuyata Kpepa-Tepumep v knuMaTuyHUTe Lk Ha MunaHkoBuy. [opaay CroxHUS TEKTOHCKM CTPOEX Ha pailoHa eanHuLaTa Hama
LiAnocTHa 3oHanHa noasan6a, Ho cTpaTurpadckusT i obxeat e onpeaeneH Ha lopeH Kamnan — [opeH ManeoveH no BapoBUT HaHOMNAHKTOH M chopamunmndepu. B
HacTosllaTa cTatua ce npunarat HaHOOCUNHK AoKa3aTencTaa 3a Mo-LWMPOK cTpaTurpadicky AuanasoH Ha beneHckata ceuTta. B eAWH cpaBHUTENHO LANOCTEH
pa3pe3 Ha kamnaHckaTa 4YacT Ha efuHuuaTa npu Benus Hoc ¢ obwa aebennHa 144 m ce paskpuBaT Halt-CTapuTe HMBA Ha CBMTATa, 33 YacT KOMTO Ce foka3Ba
paHHOKaMnaHcka Bb3pacT. [leTaiinHata HaHodocunHa Guoctpaturpadicka nopsnba nokassa MPUCHCTBMETO HAa ABETE PaHHOKAMMaHCKM HaHO(OCWMHM 30HM
Broinsonia parca constricta u Ceratolithoides aculeus ¢ gebenuHa obwo 32 m. [JonHata rpaHuua Ha JonHus KamnaH He ce paskpuBa, a ropHaTa € TeKTOHCKa.
Bcrnencteue Ha TEKTOHCKMTE HapyLUEHWst IUNcBa AonHaTa 30Ha Ha MopHus Kamnax — Uniplanarius gothicus, a ocTaHanata uacT ot paspesa ¢ febenvHa Hag 70 m
NpWHaAnexy Ha ropHata ropHokamnaxcka 3oHa Uniplanarius trifidus. Hoeute HaHodocunHM aaHHW npomeHsT npeactasuTe M 3a AebenuHaTta Ha cBuTaTa, KOSITO
BEPOSITHO HAAXBbPNS 3HAYUTENHO cunTaHuTe gocera 200-250 m.

NEW DATA ABOUT THE STRATIGRAPHIC RANGE OF THE BYALA FORMATION NEAR BYALA TOWN, VARNA DISTRICT
Dimitar Sinnyovsky
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; sinsky@mgu.bg

ABSTRACT. The Byala Formation is developed in a very restricted area near the boundary between the East Fore-Balkan and the East Balkan Zone. It crops out
mainly along the Black Sea coast near Byala Town and is composed of limestones and marls. So far this unit has been subject of numerous investigations connected
with the Cretaceous-Tertiary boundary and the climatic Milankovitch cycles. There is no complete zonal subdivision of the unit because of the complicated geological
structure of the area, but its stratigraphic range is defined as Upper Campanian — Upper Paleocene on the basis of calcareous nannoplankton and foraminifera. The
present investigation provides nannofossil evidence for wider stratigraphic range of the Byala Formation. In a comparatively complete section of the Campanian part
of the unit at the White Cape with total thickness 144 m crop out the oldest levels of this formation with proved Early Campanian age. The detailed biostratigraphic
nannofossil subdivision reveals the presence of the two Early Campanian nannofossil zones Broinsonia parca constricta and Ceratolithoides aculeus with total
thicknes 32 m. The lower boundary of the Lower Campanian is not exposed and the upper one is tectonic. Due to tectonic reasons the lower Upper Campanian
nannofossil zone Uniplanarius gothicus is missing. The seat of the section with thickness more than 70 m belongs to the upper Upper Campanian nannofossil zone
Uniplanarius trifidus. The new nannofossil data change also the concept about the thickness of the unit which is probably rather more than the considered so far
thickness of 200-250 m.

BbBeaeHue (1907). TopHOMacTpuxTckaTa WM AaHckara 4YacT Ha CBWTaTa ca

nogpobHO M3yuYeHM BbLB BPb3ka C YCTAHOBABAHETO Ha

acnenBanusT paitoH ce Hamupa Ha 6pera Ha YepHo Mope rpaHuyata Kpepa-Tepuvep npu rp. bsina. Bwnpeku ToBa

CEeBEpHO OT Mnaxa Ha rp. bsna B pamkuTe Ha 3awuTeHMs CTpaTurpadhckuaT obxeat, cuuTaH 3a fopeH KamnaH — MopeH

reoton ‘benute ckamu’. Toil e Ha rpaHuMuaTa Mexay lManeoueH, 3acera He € (HMKCMpaH TOYHO MO HWUTO efdHa
N3touHus Mpepbankad un M3TouHobankaHckaTa CTPYKTYpHa OpraHu3moBa rpyna.

30Ha W € C M3KIHYMTENHO CIIOKEH TeonoXku CTpoex. B
obxeaTa Ha sawuTeHata nnow| ‘benute ckanu” UMa MHOro
pasnomu OT Bb3CEEH, pas3cefeH 1 HaBnadeH Tvn (ur. 1, no MpeauiiHK n3cneaBaHuA
DxypaHoB w gp., 19941), kato B JapeHna mawab e

npeacTaBeHa eHa He3HaYuUTenHa vacT ot Tax. B paitoHa ce Ckanute ca onucaHM noa uMeTo “BeneHcku MUHECTM
paskpuBart ckanute Ha beneHckaTa cBuTa, KOUTO Ca OTHECEHM meprenu” o1 I, boHues (1926), a paHrbT Ha cBMTaTa € NOCOYEH
kbM meguTepaHckus Tun FopHa Kpepa ouwe ot 3nartapcku ot MxypaHos (1991). MbpBOTO ONMCaHWe Ha Te3n Ckanu AaBa

3natapckm (1907), kOMTO M Hapuya “GenusHsBM BapOBUTM
meprenu”. BonyeB (1926) manon3sa reorpadckisi TOMOHUM

1 Ixyparos, C. 1 ap. 1994. [loknan 3a pesynTaTuTe OT USMHLAHEHUETO Ha “‘beneHckn’ 3a ONMWCaHUTE OT Hero “CEeHOHCKM [IIMHECTU
reonoxka 3afava: “Teonoxko 1 reoMopdonoxKko kaptutpare B M 1:25000 Ha meprenn” B panoHa Ha bsana, kouto ce crnomeHaeaT M B
yact ot MatouHus bankaH mexay Hoc Emune n c. Ctapo OpsixoBo € mnoLy pa6OTVITe Ha oyes (1932)’ KoeH (1938) 1 BoTes (1953)’ KoWTO

330 k. km. C., leocpong MOCB. .
M OTHacAT KbM CEBEPHOEBPONENCKUA TWM. Ckanute ca
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XapaKkTepuaupaHu KaTo HXeH Tun ¢ dopamuHudepu ot
TpudboHoBa (1960a) M OTHECEHM KbM “CPeaM3eMHOMOPCKN
TUN ceHoH” oT ATtaHacoB (1961a,6), kKoiATO NpaBu aHanorus

MopobHa aHanorus npasu U KbHueB (1966), kolTo BknioyBa
4acT OT pasKpuTUsATa Ha cBWTara 3anagHo oT ¢. bbpapeso
KbM OTAeneHata OT Hero “BapoBuTa CBUTA (MacTpuxT)”.

MeXzy ckanute npw c. lFonuua v Tean npu bana. IxypaHoB (1984, 1989) pasmexpa egwHuuata Kato
“BapoBUKOBO-MeprenHa 3agpyra’.
I
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®ur. 1. Feonoxka kapTa Ha paioHa Ha rp. bana B M 1:25000 (no [xypaHoB u gp., 1994), Ha kosiTo e U306pa3eHo pasnpocTpaHeHueTo Ha beneHckara
CBMTa C ONPOCTEH BapMaHT Ha TEKTOHCKWUTE HapyLIEeHWs, NOAXOAsAL 3a M3non3BaHus mawab: 1 — [BoiHuka cButa (CpegeH EoueH) nacbyHuum,
KOHFNoMepaTu, aprunuTu, rnunn; 2 — BeneHcka cButa (ManeoueH): BapoBuun U meprenu; 3 — Benencka csuta (Kamnan-MacTpuxt): BapoBuuM U
meprenu; 4 — Bb3cea; 5 — rpaHuua Kpega-lNaneoreH; 6 — 3Hak 3a OpUeHTMPOBKA Ha NnNacToBeTe; 7 — Woce
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BeneHckata cBiUTa € M3rpageHa OT PUTMUYHW BapOBUKOBO-
MeprenHn anTepHaLum, KouTo ce pedyBaT C MO-MOHOTOHHM
MeprenHu uHTepBanu. Ha ceexa NoBbpXHOCT ckanuTe ca CUBM
[0 CBETNIOCMBM, @ Ha W3BETpsna — nout Genn. PutmudnnTe
WHTEPBANM ca U3rpafeHn oT BapOBUKOBO-MEPrENHU KynneTu,
BCEKM OT KOUTO e MpeacTaBeH OT BapOBMKOB MNacT U
MeprenHo Mexaynnactue. Hail-tunuyHu ca nepuogutute B
JaHckaTa 4acT Ha paspesa (Sinnyovsky, 2001), kakto u B
n3cneaBaHata TyK [JofHoKamnaHcka YacT oT CeuTaTa.

®ur. 2. Ha Benus Hoc ce pa3kpuBat Haln-cTapuTe yCTaHOBEHM Aocera
ckanu Ha beneHckaTa cBUTa — LMKNUYHK BapoBULM NPUHAANEXaILM Ha
[AONHOKaMnaHckaTa HaHodocunHa 3oHa Broinsonia parca

Preisinger (1994) cBbp3ea puUTMUTE C UMKIUTE Ha
Munaxkosuy, a Sinnyovsky (2001) onpegens ckanute kaTto
“nepuogmTtn’, obpasyBaHM BCMEACTBME HA BMCOKOYECTOTHM
KNAMaTUYHM LKW Ha Munankosuy (dour. 2,3). BapuauuuTe Ha
[BaTa rMaBHW KOMMOHEHTA Ha M3XOAHaTa yTamka - ‘rmuHa”
(TepureHHM YacTuM C  aneBponenuToB  pasmep) U
(pUHO3BPHECT KapboHaT (KOKOMMTOBM W (hOpaMUHNEEPHN
tbparmeHTn) 0bpa3yBa MoBTapslia ce NOCNeAOBaTENHOCT OT
3[paBu BapOBMKOBM MNACTOBE W HEYCTOAYMBI HA W3BETPSIHE
“meprenHu” mexgynnactua. Bv3 ocHoBa Ha cepus OT
nabopaTopHW aHanM3u Ha rOpHOMAcTPUXTCKATa U AaHckaTa
yacT Ha paspesa Aokasaxme, Ye CbabpxaHueTo Ha CaCOs B
MeprenHuTe Mexaynnactus Ha kynneTtute yecto e Hag 50 %,
KOETO MM xapakTepuaupa kato Baposuuyn (Sinnyovsky, 2001).
BbB BapOBWKOBWTE MNAcToBe KOMMYECTBOTO Ha kapboHaTa
poctura go 83 %, Ho obukHoBeHO Bapupa mexay 60 u 72 %.
MocTeneHHuTe  rpaHUuM  Mexgy — nnactoBeTe U
MeXaynnactusta NoTBbpXKLABaT KNMMaTUYHWS TEHE3NUC Ha
CMOeCTocTTa W MoKasBaT, 4Ye B Ta3l  PUTMMYHA
nocnegoBaTtenHocT nunceat Typbugutu. [dpyr 3abenexureneH
pesynTaTt OT CEeAMMEHTOMOXKUTE aHanu3u e nuncata Ha
CTpOro (pukcMpaH npar Ha KPUTMYHOTO  KapbOOHATHO
CbObpXKaHue (‘W3BeTpuTEnHa rpaHuua”), OT KOWTO 3aBiCH
MomneBoTO W3paxeHWe Ha ckanata - Meko MexmynnacTue
("mepren” mo monesaTa Kknacudukauus) NpU  MO-HUCKO
cbabpkaHue Ha CaCOs umv 3gpaB BapOBMKOB NnacT npu mo-
BUCOKO  CbabpxaHue Ha  CaCOs.  CpaBHsiBaiiku
BuoctpaturpadCkuTe 1M MarHUTOCTPaTUrpaddCKMTE 30HW C
abconTHaTa BpeMeBa ckana MOXe fa Ce M3uMciu, Ye
WHTepBan ot 28,5 m oT pa3pe3a CbOTBETCTBA NPUBNN3NTENHO
Ha 1 MunnoH roguhm (Sinnyovsky, 2001).

B paskputuaTta npu rp. bana e nokanusupaHa rpasuuara
Kpena/Tepumep, AokasaHa C BapoOBMTM HaHodocunu OT
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Stoykova, Ivanov (1992) 1 no reoxummyeH nbT OT Preisinger et
al. (1993a,6). PaskpuTusiTa no kpanbpexHara 4yacT Ha cauTaTta
CeBepHO OT mnaxa Ha rp. bana ca obseeHu 3a npupoaHa
3abenexutenHoct nog umeto “‘benute ckanu” (CUHLOBCKM,
2003). Te ca Ooratm Ha docunHa cnopa M dhayHa. Ha
Pa3NMYHM HMBA Ca HAMUPaHM aMOHWUTU, MHOLepaMycH,
eXVHMaK, hopamuHudepn, BapoBUTU HaHodocunu. [aHHu 3a
docunHM Haxogku ce cpelart B paboTuTe Ha 3natapcku
(1907), Touer (1932), Pollak (1933), KoeH (1938), botes
(1953), TpuchoHoea (1960 a,6), AtaHacoe (1961), KbHues
(1965), Juranov (1983), OxypaHos (1984, 1989), CuHércku
(1990), Stoykova, Ivanov (1992, 2002, 2004), Ivanov (1993),
Régl et al., 1994; Ivanov, Stoykova (1994; 1995), Preisinger et
al. (1993a,6), CroikoBa n gp. (2000), Sinnyovsky (2001),
Adatte et al. (2002).

Oo 1960 r. ckanuTe Ha cBWTaTa ca CuMTaHM 3a
FOPHOCEHOHCKM Bb3 OCHOBA HA HAMEPEHUTE aMOHUTH,
exuHuan u muan. TpudoHosa (1960a,0) Hait-Hanpen Lokassa
Cc ¢opamuHMepn MacTpuUXT-NaneoLeHcka Bb3pacT Ha
ckanute. Juranov (1983) u [xypaHos (1984) notebpxaaBa
Ta3n Bb3pacT kato nogens laneoueHa Ha JoneH, CpeneH
lopeH noO nnaHKTOHHWM  chopamuHuepn. Crneg  ToBa

cTpaturpadpckusiT 0bxsat e onpefeneH Ha lopeH Kamnad —
lopeH ManeoueH (Cunéacku, 1990).

®ur. 3. lonHokamnaHckuTe HUBa Ha BeneHckaTta cBMTa ca npeAcTaBeHn OT
nepuoauTH € OTNMYHO 0pOpPMEHM KynneTu OT No-3ApaBu W NacToBe U no-
HeYCTOMYMBYU MexaynnacTus

lMopagn CROXHWSA TEKTOHCKW CTPOEX B OKOIHOCTUTE Ha
bana rpaHuumMTe Ha cBuTaTa ca TekToHckW. [lebenuHata i He
MOXe [a Ce yCTaHOBM TOYHO, HO OCEra Ce npeanonaraile, ye
He HagBuwaea 150 m.
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®wur. 4. Ctpaturpadcko pasnpocTpaHeHve Ha 32 HaHo(ocunHM BuAa B paspe3a Ha BeneHckata ceuTa cesepHo oT Benus Hoc, onpo6saHe npes 4 m. Yectotata Ha cpelyaHe Ha BugoseTe: A -

u306unHo; C — yecto; O — perynsipHo; F — cnopaguyHo; R — pAaKo; 1 — LMKNNYHN BapoBULM; 2 — Pa3fioMu



PasnpoctpaHeHneto Ha bBeneHckata cButa e TBbpLe
orpaHuyeHo. Ha noBbpxHOCTTa TS Ce paskpusa Mno-LUIMPOKO B
OKONMHOCTUTE Ha rp. bana, BapHeHCKo U CbBCEM OrpaHUyYeHo
Ha 3anag ot ¢. bbpaapeBo. YcTaHOBEHa € U B COHOaxuTe OT
BeneHcka nnowy, C-11, C-12, C-21, C-23, C-24, C-25, C-26, C-
27, C-28, C-29, C-30 (OxypaHos, 1989), kakTo 1 B COHA@XUTE
OT akBaTopusiTa Ha YepHo mope P-1 CaMOTMHO-M3TOK 1 P-1
CamotuHo-mope  (MxypaHos, 1991). B nocnegHute ABa
COHAaXa [AaHHUTE 3a HaANMWYMETO HA KamnaH-narneoLeHCK
CKanum He Ce MOTBbpXAaBaT MO BApPOBMT HAHOMMAHKTOH
(CromkoBa, 1994), koeTo nocTaBa Nog  CbMHEHWe
NPMCLCTBUETO Ha cBMTaTa B TX. CBMTATa HE MPUCLCTBA U B
coHpaxute Ha British gas LA 1V/91-1 u LA 1V/91-3, kbaeTo
€OLIEHCKUTE OTMOXEHUS! NnexaT BbpXy LEHOMAHCKM Wn
LOMHOKPeaHN cKkanu.

Hactoawwm pesynratu

Mpu enoHO u3cnedBaHe Ha Hal-cTapute HWBa Ha
BeneHckara cauTa B paspesa npu benus Hoc, Ha okono 500
M CeBEPHO OT BXOAaA Ha LieHTpanHusa nnax, be ycTaHoBEHO
OTCbCTBMETO Ha HSAKOM XapakTepHn 3a [opHus KamnaH
HaHOOCUNHM BMAOBe. PaspesbT € M3rpageH OT LMKIUYHN
BapOBULM, XapaKTepHW 3a NOYTW Lenus ctpaturpadcku 0bem
Ha eguHuuarta. Liuknute ca ¢ ObMmkWHA HA BbiHaTa 6nuska
[0 Ta3n B TOPHOMACTPUXTCKUTE HWBA Ha CBMTATa — OKOMO 1
m. BapoBuunte ca no-3gpaBu OT Te3n B MO-TOPHUTE
cTpaturpad)cku HMBa M npakTudeckn ca 0e3 Meprentu
npocnoitkn (cpur. 2). Tasn yact oT paspesa € CpPaBHUTENHO
MbIHO NPeACTaBeHa W B pamkuTe Ha onpobBaHWs y4acTbk
MMa camo fJga pasnomMa 6e3 faHHM 338 3HAUMTErHO
pasmecTBaHe (cpur. 4).

Hai-gonHute HMBa OT pa3pesa CbObpXKaT KaMnaHCKMs
HaHodocuneH Bug Broinsonia parca (Stradner) Bukry ssp.
constricta Hattner et al., koiTo e wHOeKkcoB BWUA 3a
HaHogocuHa 3oHa Broinsonia parca (goneH JoneH Kamna).
Tasn 30Ha e pedmHMpaHa KaTto MHTepBan OT nosiBaTa Ha
MHekcoBuMs Bua Ao nossata Ha Ceratolithoides aculeus
(Stradner) 1 obxeawa fonHute 16 m ot onpobBaHus paspes.
Tbi kaTo AONHaTa rpaHuLa nonaaa B akBaTropusita Ha YepHo
MOpe, He MOXe Aa ce onpeaenn aebenuHaTta Ha 30HaTa w
€BEHTYarHOTO Hanuume Ha no-cTapu ckanu.

Ha 16 m ot ocHoBaTa Ha pa3pesa ce NnosiBsiea CreasalumsaT
30HaNeH penep, KOMTO € MHOEKCOB BUA 3a No-Mnapata
JonHokamnaHcka 3oHa Ceratolithoides aculeus. Ts obxBalla
OCTaHanaTta 4acT oT pa3pesa Ha [onHus KamnaH 4o mbpBus
pasnom ¢ gebenvHa 16 m. Taka HonHust KamnaH e ¢ obwa
pebervHa 32 m. WHTepeambsT Mexay OBaTa pasnoma U Hag
TAX MPUHAONEXM Ha TOpHOKaMMaHCKaTa TaKCOHaKPO30Ha
Uniplanarius trifidus. HaHodocunHata acouuaums e pocta
Borata n ocBeH TpaHanTHUTE 3a KamnaHa BugoBe B CbCTaBa
i BNM3aT XapakTepHuTe 3a Ta3n 3oHa Uniplanarius trifidus
(Stradner), Uniplanarius gothicus (Deflandre) n n3yessawyms B
kpas Ha Kamnauckusa Bek Eiffellithus eximius (Stover). Mo
TEKTOHCKM MPWYMHM NUNCBA NMO-CTapaTa ropHOKamMaHcKa 30Ha
Uniplanarius gothicus, aeduHupaHa Kato WHTepBanm Mexay
nosisata Ha Uniplanarius gothicus (Deflandre) n Uniplanarius
trifidus (Stradner).
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Tean gaHHW No3BONABAT Aa Ce pasllupu cTpaTurpadckus
obxBart Ha beneHckaTa ceuTa Ha Kamnan — l'opeH ManeoveH.

3aknioyeHue

Bbnpeku gobpata usydeHocT Ha BeneHckara ceuTa, 3acera
olle He e FACHO kora TOYHO € odopmeH 6HacelHsT n e
3a[1eiCTBaH TO3W NPUPOJEH rEHePaTop Ha LIMKITMYHM BapOBULIN.
OueBnaHo TOBA € CTaHano AoCTa MO-paHo, OTKOMKOTO Ce
npegnonaralle Jocera — OLle B HaYanoTo Ha KamnaHckus Bek
WM Jopu npegu ToBa. Hactoswoto wm3cnenBaHe Ha
HaHodbnopaTa oT beneHckara cBuTa € Olle efHa kpadka KbM
WN3ACHABAHETO Ha cTpaTurpadpckust 06XBaT Ha TasW yHWKanHa
3a bwnrapus nepuoanToBa cegumeHTaums. B ToBa OTHOWEHMe
KanauuTeTbT Ha pasKpUTUSATa NO Kpanbpexueto Beye e
n3yepnaH. 3a u3sAcCHABaHETO Ha cTpaTurpadckus obem u
B3aWMOOTHOLLEHNATA Ha beneHckata cBUTa C OCTaHanuTe
eOuHALM B paiioHa Tpsibea Aa ce TbpCAT HOBM paskpuUTMs Ha
3anag oT KpaibpexweTto, kato Hanpumep npu ¢. Bbpaapeso,
KbETO cnesBa C NOCTENEHEH NPEXoA Haf BapoBULMTE Ha
BeTpunckara caura.

A3byyeH ykasaTen Ha onpefeneHnTe HaHoOCUIHM BUAOBE:

Arkhangelskiella cymbiformis Vekshina

Braarudosphaera bigelowii (Gran & Braarud) Deflandre
Broinsonia parca (Stradner) Bukry ssp. parca

Broinsonia parca (Stradner) Bukry ssp. constricta Hattner et al.
Calculites obscurus (Deflandre) Prins & Sissingh
Calculites ovalis (Stradner) Prins & Sissingh
Ceratolithoides aculeus (Stradner) Prins & Sissingh
Cribrosphaerella ehrenbergii (Arkhangelsky) Deflandre
Eiffellithus eximius (Stover) Perch-Nielsen

Eiffellithus parallelus Perch-Nielsen

Eiffellithus turriseiffelli (Deflandre) Reinhardt
Kamptnerius magnificus Deflandre

Lucianorhabus arcuatus Forchheimer

Lucianorhabus cayeuxii Deflandre

Lucianorhabus maleformis Reinhardt

Microrhabdulus decoratus Deflandre

Microrhabdulinus tortus Stover

Micula staurophora (Gardet) Stradner

Micula swastica Stradner & Steinmetz

Parhabdolithus embergeri (Noél) Stradner
Prediscosphaera cretacea (Arkhangelsky) Gartner
Prediscosphaera microrhabdulina Perch-Nielsen
Prediscosphaera stoveri (Perch-Nielsen) Shafik & Stradner
Reinhardtites biperforatus (Gartner) Shafik

Reinhardtites levis Prins & Sissingh

Retecapsa crenulata (Bramlette & Martini) Griin
Tetralithus pyramidus Gardet

Petrarhabdus copulatus (Deflandre) Wind & Wise
Uniplanarius gothicus (Deflandre) Hattner & Wise
Uniplanarius trifidus (Stradner) Hattner & Wise
Watznaueria barnesae (Black) Perch-Nielsen
Zygodiscus bicrescenticus Stover

INutepartypa

AtaHacoB, A. 1961. leonorua Ha npumopckus Osn oT
MpeobankaHa u Kamumitckata gonuHa. — Tp. [eon.
bwneapus, cep. Cmpam. u mekm., 2, 99-157.

boHyeB, . 1926. Ckanute B CeBepHUTE OTAENM Ha
bankaHa wmexgy YepHo Mmope, Koten-[epBuHTCKUS
npoxoa, rpebeHa u pekute BpaHa 1 Monsama Kamums. — Cn.
BEAH, Kn. npup.-mam., 34, 16, 1-99.



bortesB, 5. 1953. Bernexku Bbpxy reornorusra Ha Hau-
n3ToyHata yact Ha Wstouna Crapa nnaHuHa. — M3s.
leon. uHem. Ha BAH, 2, 3-26.

BaHrenos, A., . CuHboBcku. 2000. HoBu gaHHM 3a
cTpaTurpadmsaTa Ha ropHOKpeaHO-NaNeoreHckUTe cramm
W PasBUTMETO Ha CeaMMEHTALMOHHUTE 0OCTaHOBKM B
yact ot Uatounns Mpepbankan. — Mod. CY, eon.-2eoep.
¢-m, 93, kH. 1, [eonoaus, 39-64.

loues, M. 1932. FeonornyHu HabnogeHns no YepHoMOpCKOTO
kpaibpexue Mexay ycTueTo Ha p. Kamuus u Hoc EmuHe.
- Cn. brne. 2eon. 0-80, 4, 3, 200-213.

Oxypanos, C. 1984. [lutocTpaturpadms  Ha
CEMMEHTUTE OT CEHOH-CPEAHOEOLIEHCKUS WHTepBan B
OKonHocTUTE Ha cenata bsana v Mopuua, BapHeHcko. -
[00. BMIY, 30, 2, 13-23.

Oxypanos, C. 1989. [laHH 3a reonoxkus CTpoex Ha
benexckata nnow, — WstouHa Ctapa nnaHuHa. — [00.
BMIv, 35, 7-18.

Oxypanos, C. 1991. Crpaturpacus Ha ropHokpegHata
Cepus M naneoreHckata CUCTeMa B paspesuTe Ha
MOpCkUTE CoHZaxu kpan ¢. CamotuHo. — Cn. bobre.
2eon. 0-80, 52, 3, 19-29.

Oxypanos, C. 1993. beneHcka BapoBukoBa csuTa. B:
TeHuos, A. (peq.) PeyHuk Ha 6brieapckume oguyuanHu
numocmpamuepagcku eduHuyu (1882-1992), C., Usg.
BAH, c. 32.

3natapcku, . 1907. CeHoHckmaT KkaT B M3TouHa
Bbnrapusi, ceBepHo oT bankaHa v nogpasaeneHneTo My
Ha goneH (Emscherien) v ropeH (Aturien) nogkat. — 0d.
CY, ®us.-mam. ¢pak, 2, 31-51.

KoeH, E. 1938. O6wm opveHTMpoBaYHM npodunmu npes
MatouHa Crapa nnaHWHa C oOrneg Ha neTponHata
reonorus. —Cn. bwre. 2eon. -0, 10, 1, 1-34.

KbHueB, WN. 1965. Obekt No 2: BepxHuit men beneHckon
aHTuknMHanu. — ymes. akck. A, VII Kowep. KBIA, C.,
115-116.

Cunésckn, 1. 1990. buoctpaturpadus BepxHero mena
naneoweHa Bonrapun no N3BECTKOBOMY
HaHHOMNaHkToHy. — B: Hukomos, T. T. (Peg.)
Mukpocpoccunuu e 6oneapckoli cmpamuepacpuu. C.,
Bonr. reon. o6y, 43-46.

CuHboBcku, [. 2003. [leT 3awuTeHn paskputus Ha
rpaHnyata Kpepa/Tepumep B Burrapus. — [0d. 50 a.
MY, 46, cs. 1, ['eon. u eeogpus., 177-183.

CronkoBa, K. 1994. HaHococunHa broctpaturpadus Ha
coHgaxute B YepHomopckus wend) npu  cenara
CamotuHo v Lkopnunosum. — Cn. bure. 2eon. 0-80, 55,
1; 69-82.

Crownkosa, K., M. MBaHoB, B. benuBaHoBa, P.
KoctoB, P. LaHkapcka, T. Wnuesa. 2000.
WHTerpupaHn  ctpaturpadockn,  CEOQMMEHTOMOXKA U

MWUHEPArOoro-TEOXMMUYHIN  M3CNeaBaHUs Ha rpaHuuaTta
Kpepna/Tepumep B Bbnrapus. — Cn. bure. 2eon. d-80, 61,
1-3; 61-75.

MpenopbyaHa 3a nybnukysaHe ot
Katenpa “T'eonorus 1 naneoxtonorus”, Mo

62

TpudoHosa, E. 1960a. 3a npuchbCTBMETO Ha NaneoLeH B
WaTouHa Bwnrapus. — [00. Ynp. eeon. npoyys., 10, 155-
162.

TpudoHosa, E. 19606. KxHOCEHOHCKM hopamMUHNGepHN
BMOOBE OT MacTpuxTa npu ¢. bana, BapHeHcko. — M3s.
leon. uHem. BAH, 8, 347-359.

Adatte, T., G. Keller, S. Burns, K. H. Stoykova, M. I. Ivanov, D.
Vangelov, U. Kramar, D. Stliben. 2002. Paleoenvironment
across the Cretaceous-Tertiary transition in eastern
Bulgaria. — Geol. Soc. of America, Special Paper 356, 231-
251,

Ivanov, M. 1993. Uppermost Maatsrichtian ammonites from
the uninterrupted Upper Cretaceous — Paleogene section
at Bjala (East Bulgaria). — Geologica Balc., 23, 4, p. 50.

Ivanov, M., K. Stoykova. 1994. Cretaceous/Tertiary
boundary in the area of Bjala, eastern Bulgaria -
biostratigraphical results. — Geologica Balc., 24, 6, 3-22.

Ivanov, M., K. Stoykova. 1995. The Cretaceous/Tertiary
boundary and the “mass extinction” problem as could be
seen in the sections around Bjala (East Bulgaria). - C. R.
de I'Acad. bulg. Sci., 48, 2, 77-79.

Juranov, S. 1983. Planktonic foraminiferal zonation of the
Paleocene and the Lower Eocene in part of East Balkan
mountains. — Geologica Balc., 13, 2, 59-73.

Pollak, A. 1933. Geologische Untersuchungen uber das
Endstruck Ostbalkans. — Abt. Math. Phys. KI. d. Sachs.
Acad. D. Wiss., 41, 7, 1-60.

Preisinger, A., S. Aslanian, K. Stoykova, F.
Grass, H. J. Maurititsch, R. Sholger. 1993a.
Cretaceous/Tertiary boundary sections on the coast of the
Black Sea near Bjala (Bulgaria). — Paleogeogr. Paleoclim.
Paleoecol., 104, 219-228.

Preisinger, A., S. Aslanian, K. Stoykova, F.
Grass, H. J. Maurititsch, R. Sholger. 19936.
Cretaceous/Tertiary boundary sections in the East Balkan
area, Bulgaria. — Geologica Balc., 23, 5, 3-13.

Régl, F., K. Von Salis, A. Preisinger, S. Aslanyan,
H. Summersberger. 1994. Stratigraphy across the
Cretaceous/Paleogene boundary near Bjala, Bulgaria. —
Act. Collog. Angers, 1994, 673-683.

Sinnyovsky, D. 2001. Periodites from the Cretaceous-
Tertiary boundary interval in several sections from East
Bulgaria. - C. R. Acad. bulg. Sci., 54, 4, 65-73

Stoykova, K. H., M. I. Ivanov. 1992. An uninterrupted
section across the Cretaceous/Tertiary boundary at the
town of Bjala, Black Sea Coast (Bulgaria). — C. R. Acad.
Bulg. Sci., 45,7, 61-64.

Stoykova, K., M. Ivanov. 2002. Events and sequence
stratigraphy of the Maastrichtian and Danian in Bulgaria. —
Geologica Balc., 32, 2-4, 55-61.

Stoykova, K., M. Ivanov. 2004. Calcareous
nannofossils and stratigraphy of the Cretaceous/Tertiary
transition in Bulgaria. — J. Nannoplankton Res., 26, 1, 47-
61.



FOOVLIHWK HA MMHHO-TEONOXKNA YHUBEPCUTET “CB. BAH PUNCKIA", Tom 49, Cs. |, Feonorus u reoduanka, 2006
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKT", Val. 49, Part I, Geology and Geophysics, 2006

TUNOMOP®HWU MUHEPANHWU ACOLUWALIUKA B 30HUTE HA U3BETPAHE HA MEOHUTE
OPYOABAHUA B BbJITAPUA

Mapzapuma Tokmak4uesa

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

PE3IOME. MuHepanHusiT CbCTaB Ha 30HUTE Ha W3BETPsIHE HA MeJHWTE Haxoaula B Bbhrapus e TBbpAe XapakTepeH. CblluecTBYBa Mpsika 3aBUCMMOCT MEXAy
MUHEPAMHUS CbCTaB Ha XMMOTEHHUTE W XMNEPTEHHN MUHepanu3auui. Teau 30HM ca 0BEeKT Ha AbMrOrOANLLIHM U3CNEeABaHUs U 32 A06UB Ha MUHEPANHN PECYpCH.
TUNOMOpcHUTE MUHEpanu B CbCTaBa Ha 30HUTE HA U3BETPSHE Ha MEAHWTE HaXOAWLIA ca XapaKTepHU 3a OnpepeneHuTe TUMOBe OpyAsiBaHWs. TunomopdHUTe
MUHEparHK acoupaLuy ca ykasaTen 3a Tuna Ha HaxoaMLLETO 1 MoraT Aa GbAaT U3Non3BaHu Npu TbPCEHETO 1 NPOYYBAHETO Ha HOBU MELHM OpYyasBaHUs. 30HUTE HA
W3BETPSIHE Ha MEeAHUTE Haxoguwa B Bbnrapus npeAcTaBnsBaT W3TOYHWK 3@ AO6MB Ha Mef, 3nato, cpebpo, KaomuH, MUIMEHTH, I0BEMMPHA MUHEPANU W Apyr
MUHEPATHU CYpOBUHMU.

TYPOMORPHIC MINERAL ASSEMBLAGES OF THE WEATHERING ZONES IN THE COPPER MINERALIZATIONS IN
BULGARIAN

Margarita Tokmakchieva

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

ABSTRACT. The mineral composition of the wethering zones in the copper mineralisations in Bulgerian has beenstudied. Direct relation between the composition of
the hypogenetic and hypergenetic mineralisations is identified. These zones are subject to development and production of a wide range of mineral resources. The
typomorphic minerals are tabulated for the types of mineralization by degree of significance. Mineral typomorphic lines are presented for the various types of deposits,
and the typomorphism may be successfully utilized for exploration for new mineralization. The tipomorphic mineral assemblages of the weathering zones in the
copper mineralization in Bulgaria suggests their development for production of copper, gold, kaolin, pigments and other mineral resources.

BbBepeHue XapaktepucTukata Ha NPUPOLHWUTE XWUMUYHW peakuun W
areHTu Ha M3BETpsIHE Ha cyndmaHUTe HaxoguLa ca 0bCTONHO
MuHEpanHUAT CbCTaB Ha 30HATE Ha M3BETpsHE Ha pa3rneaaHu B MoHorpagusTa "30Ha OKUCMEHHs CynbdUaHbIX
PasNN4HITE FEHETUYHM TUNOBE MEOHM Haxoawla e TBbpae mecTopoxpeHuit” Ha C. C. CMupHoB.
pasHoobpaseH. Toit ce hopMupa B LUMPOK Ananal3oH OT Bpeme
NP1 PasnuyHN HU3MKOXUMUYHW YCTIOBUS U B CbOTBETCTBUE C 30HUTE Ha M3BETPSHE HA MEAHWTE HaXxoAuLia ca WU3TOMHKK
XapaKTepa Ha XWnoreHHaTa MepHa MuHepanusauus. 3a 32 [obuB Ha  pasHoobpasHM  MUHepanHu - pecypcu.
OTAENHMTE FEeHETUYHN TUMOBE MeaHM HaxoauLa ce obpa3syear Vi3yyaBaHeTo Ha MWHEpanHus UM CbCTaB € OT TroMsmMo
TUNOMOPCHN XMNEPreHHW MUHEepanHu acoumauun. TSXHOTO 3HaueHue 3a 406MBAHETO UM U pa3paboTBaHe Ha noaxoasLuya
W3yyaBaHe M CUCTEMATM3MpaHe AaBa Bb3MOXHOCT Aa ce CXeMa 3a TdaxXHaTa TexXHOnornyHa npepa60TKa. MeTtoaukara Ha
ONPEnensaT HaAeXOHW KpUTepUM TMPU  TbPCEHETO 1 TAXHOTO u3cnedBaHe e TBbpae CﬂeLWl(pW-lHa WU e 4y[ecHo
MPOYYBAHETO Ha MUHEPAITHUTE HaXOMWLLA. paspaboTeHa B MoHorpadmsaTa "Onpenenutenb runepreHHbIX
MWHEPANOB OKUCINEHHbIX CyNbGMAHbIX PYA B OTPaXOHHOM
MuHepanorusita Ha 30HUTe Ha U3BETPsiHE € MHOro no-Gorata csete" Ba E. J1. Adbanacbesa v M. 1. UcaeHko.

OT TasM Ha NbpBUYHUTE  MEOHM  MUHEpanM3aLmM.
XvnepreHHute MuHepanum ca  okono  30% OT  BCWYKM

YCTAHOBEHU A0 AHEC MWHeparHW BUOOBE M Pa3HOBMOHOCTM MeTtoauka

(MuwnyeBa-CtecpaHoBa, P.  Koctos, 2000). Te ca

pa3npoCTpaHEH Ha camata 3eMHa MOBbPXHOCT M Ha MuHepanuTe OT 30HWTE Ha W3BETPSHE Ha MeaHWUTE
HeronsMa gbnbouysHa. ToBa M MpaBu NECHO AOCTBIHW 3a Haxoguwa obpa3yBaT MMHepanHM cmecu. Te ca CUIHO
n3cnegeaHe. ToBa ca OKCUAM, Xuppokeuay, kapGoHatu, oboraTeHM Ha pasnuyHu  npumecn. MHoro yecto ca
cyndatn U B NO-Manku KONMWYECTBA CUNWKATX, CaMOPOAHM XapaKTepHU NPa3HUHM Ha M3BMMYAHE U ThbHKW NpOpacTBaHWs
eNeMeHTW, apceHatw, monubaat UM Opyrn. 3a  BCEKU Mexgy OTAeNHUTE XWNepreTHHM MuHepanu. Yecto ce
FEHETMYEH TUM MEAHO HAXOAMLLE Ca XapaKTePHU OnpefeneHu HabniogasaT nceBaOMOPGIO3N BbPXY XWMOTEHHUTE CYNdNUaHN
TUNOMOPHN MUHEpW. MuHepanu. Arperatute ca npaxoobpasHu U kpexku. Tosa rv

npaBn MHOTO TPyAHW 3a M3cnepsaHe. MMoabopa Ha npobu w
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TAXHaTa oOpaboTka wu3nckBa npeuusHocT. Hanpaeata Ha
LWNMU YecTO MbTU € HEBL3MOXHO, Tbil KaTO XMNepreHHuTe
MUHepanu ce pasMuBaT W MPemuHaBaT B OTMagbka WnM ce
pa3TBapsiT.

lMopau TOBa eauH OT Ha-NOAXOAALMTE METOAM 38 TAXHOTO
nicregeaHe e HabniogaBaHeTo  noj  GMHOKyNsped
CTEPEOMMKPOCKON 33 BW3yanHO  onucaHue  (BUX
MPUIMOXEHNETO), eNEKTPOHHAaTa MUKPOCKOMUS B CYCMEH3u,
WHpayepBeHaTa MUKPOCKONUS 1 AuchepeHLnanHoTepMuyHIS
aHanu3. XUMWYHWAT aHanu3 Hai-4ecto ce M3BbplBa 3a
MWHepanHu cmeck. [Mpu BL3MOXHOCT ce npoBexga U
MWKPOCOHOOB aHanu3. EAWH OT Hai-HapexgHuTe MeToau C
BMCOKa paspelumTenHa cnocobHOCT e AudpakTOMETPUYHUAT
aHanu3. PasnuyHuTe BWOOBE aHanW3W 3agbIDKWTENHO Ce
npoBexgaT napanenHo 3a eAHu W cblum obpasuy, 3a aa ce
nocTurHe Han-gobpa WHTepnpeTauust Ha  pesynTaTute
[uarHocTukata Ha MUHepanuTe e HanpaBeHa Ha OCHoBaTa Ha
Hakonko Metofa (Tokmakunesa, 1994).

Pesyntatu

TunomopHUTE MWHEpPanM Ca W3BedeHU 3a OTAenHuTe
rEHETUYHW TUNOBE MEeJHW HaxoauLa y Hac. ToBa e HanpaBeHo
cnef 3aabrboyeHo U3yyaBaHe MUHEpPanHUS CbCTaB Ha 30HUTE
Ha u3BETpsHE. 3a HAKOM OT Haxoguwara ca mnonaeaHu
nybnukyBaHW [aHHW OT M3CNefBaHMsTa Ha [pyrn aBTOpU.
MocoyeHuUTe HaxoamLia ca Hal-TUNUYHUTE NpeacTaBUTENy OT
otgenHute reHetwynn rpynu (b, Borgawos, 1987). 3a
CbXarneHue MUHEPanHUAT CbCTaB Ha 30HUTE Ha U3BETPSHE Ha
HAKOW OT HaxoauLya, OT KOWTO ca A0BWBaHM MedHu pyau B
HayarnoTo Ha MWHANoTO CToneTve, He e Jobpe u3yyeH.Tosa
3aTPyAHU CUCTEMATU3MPAHETO Ha TUMOMOPMHUTE MUHEPaHU
acoumaLum 3a Tax.

TUMOMOP®HI M HEPAITHW ACOLIVALIV B 3OHWTE HA
W3BETPSHE MO MEHETUYHM TUNOBE MEAHM
HAXOWILLA

EHOOMEHHA FEHETUYHA CEPYS

CKAPHOBA FEHETVYHA MPYA

TunomopchHa MuHepanHa acouuaumsi B 30HUTE Ha

U3BETpsiHE:
XankoUMT, KOBENWH, GOpHUT, Manaxut, asypuT, KympuT,
XanKOTPUXWT, ~Med, TbOTAT,  XWAPOTbOTWT,  XarKaHTWT,

XpW30Koria, TEHOPUT, BpoLLaHTUT

TunomopdHn MuHepanu;
KynpuT, Manaxwr, XankoLuT, XaporboTuT, asypuT, Meq

XapakTepeH XvnepreHeH MUHepan 3a Ta3n reHeTUYHa

rpyna:
MaraxuT, a3ypuT, XUgpOrbOTHT, XankoLuT

Haxoauwa: [ponaga, [paguwe, MnageHoso, bwbpaueto
(Manko TwpHoBcko), Mpoxoposo (AmbBoncko)
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Manaxwur, Hax. BpbaueTo, Manko TbpHOBCKO

XVAPOTEPMAJTHA TEHETUYHA TPYMNA
MNYTOHOTEHEH KIAC

A) MEOHO-MOJIMBAEHOBO-TTOP®UPHIA
TunomopchbHa MMHepanHa acouuaumss B 30HUTE Ha

U3BeTpsiHE:
XemaTuT, XemMaTonnT, rbOTUT, MUHepanHara cMec "MUMOHUT",
NEnUOOKPOKUT,  XMAPOrbOTUT,  XUAPOXEMATUT,  XaryasuT,

KaONMUTWUT, XUAPOCTIKOAW, ManaxuT, asypuT, XankoLuT, KOBENMH,
DKbprnenT, 3nato, MommbauT, Xxpusokona, cdhepocumepur,
MWHepanHa pasHOBWAHOCT “cnekynaput”, GOPHMT, KynpwT,
LIMHKWT, TEHOPUT, KNayAETUT, XankounuT, TEeHapauT,

TunomopdHu MuHepanu:

XeMaTuT, XemaTonWT, TbOTUT, NENUOOKPOKWAT, Manaxwr,
XankouuT, KOBEMWH, [Kbpreut, MommbanT, Xpusokona,
chepocmaepuT, MMHepanHa pasHoBMAHOCT "cnekynaput”

XapakTepeH XxunepreHeH MWHepan 3a Ta3u reHeTUYHa
rpyna:

XEMaToMNUT, Manaxut, MonnubamT, Xpu3okona, chepocuaepur,
MWHepariHa pasHOBMAHOCT "cnekynaput”

Haxoguwa: Enauute (Etpononcko), Meget (MaHartopcko)

lOBenupeH manaxut, Hax. Enauute, ETpononcko

B) MEOHO-TIOP®UPHU

TunomopcpHn MUHepanHM acouuauum B 30HMTE Ha
U3BeTpsHE:

XemaTtuT, MUMOHWT, XUAPOTbOTWT, NENUOOKPOKWT, KaOMMHMT,
XVOPOCTIOAW, WIUT, XanyasuT, XanuedoH, OWKWT, TEHOpWT,
KynpuT, ManaxwT, asypwuT, CMaHrONNT, XankaHTWT, XankouwT,
KOBENWH, AUIEHWT, [Kbpneut, OOpHUT, MarxemuT, MapTwT,
3naTo, Med, OpOWaHTUT, TEHapAWT, aHTNEPUT, MUHEpanHa



pasHOBMAHOCT "ChekynapuT', MWHepanHa CMeC “TMMOHUT",
rbOTHT, XpK3okona

TunomopdHU MUHepanu:

XeMaTuT,  MUHepanHa  CMeC  "MUMOHMT",  KaOMWHMT,
XWOPOCTIOAKW,  XanyaswT, TEHOPWUT,  KYNPWT,  XanKaHTWT,
XankoUmMT, KOBEMNUH, [DKbprewuT, MarxeMut, MuHeparHa
Pa3HOBMAHOCT "CrieKynapuT", MapTuT, 3naTo, Mes, OpoLwaHTHT,
TEHapaAWT, aHTNepuT

XapakTepeH XunepreHeH MuHepan 3a Ta3M reHeTUYHa
rpyna:

KaONMHWUT, XaryasuT, TEHOPUT, XaNKaHTUT, MarxeMuT, MapTuT,
BpOLLAHTUT, TEHAPAWT, [KbPNENT

Haxoguwa: Acapen, Llap Acen, lMeTenoso, Bnaikos Bpbx
Monoso aepe (MaHartopcko)

Mepa, nenaputu ot Hax. Liap AceH, MaHaropcko

Kynpwur, Haxoguwe Llap AceH, Manariopcko

Kaonuuut, Hax. Acapen, MaoHariopcko

B) KWUIMHA
TunomopchbHa MMHepanHa acouuaumss B 30HWUTE Ha
U3BeTpsHeE:
KaONMHWT, ~ BMBMAHWUT, KEPYEHWUT, TbOTUT,  XUZPOTbOTMT,

XMIOPOXEMATUT, MapTUT, MOBEMWUT, WN3EMaHUT, Manaxur,
asypuT, KyNpuT, TEHOPUT, XPU3OKONa, MeA, XankaHTUT, 6OpHUT,
XanKkoLuT, KOBEMMH, Kanuut

TunomopdHu MuHepanu:

bOTUT, XWAPOrbOTUT,  XMOPOXEMATWUT, MapTWT,  a3ypuT,
ManaxuT, XankaHTWT, KYNpUT, XarKouuT, KOBEMWH, TEHOPWT,
Meq

XapakTepeH XxunepreHeH MuHepan 3a Tasu reHeTUYHA
rpyna:

rbOTUT,  XMOPOrbOTHT,
Maraxur, Kanuut

Xpu3okona, GOPHUT,  XarKaHTWT,

Haxoauwa: Bupru 6psar, PoceH, 3upaposo (bypracko)
Bakamxmk (FImborncko)

;s 1
bOTUT, XMAPOrbOTUT, a3ypUT, ManaxuT, XankaHTUT, KYNpuT, Xankoumr,
KOBenuH, Hax. Bpnu 6psr, Bypracko

BYNKAHOIEHEH KNAC

TunomopcpHa MUHepanHa acouuaumss B 30HUTE Ha
U3BeETpsHE:

ManaxuT,  asyput,  bOTUT,  XULPOrbOTWT,  KamywT,

XngpoxemaTut, aHrnesnt

TunomopdHM MUHepanu:
ManaxuT, asyput



XapaKTepeH XunepreHeH MuHepan 3a Ta3uW reHeTU4YHa

rpyna:
Marnaxut, asyput

Haxoguwa: l'ophu Nlom (Benorpaguniuko), ot FpamaTukoBeko
pyaHO none

Manaxur, a3ypuT, Hax. BeHeua, BpayaHcko

KENE3OCYNOUOHA TEHETUYHA TPYNA

TunomopcHa MuHepanHa acouuaumsi B 30HWUTE Ha
N3BeTpAHe:

XeMaTUT, MUHEpanHa CMec "MUMOHWT',  XWUOPOXeMaTuT,
NEenUAOKPOKUT, bOTUT, Xanyas3uT, KaONUHUT, TUncC, XanuenoH,
xugpocniogun,  Xankouut, KOBENWH, [[KbpPneuT, OUIeHWUT,
A3YpUT, FLOTUT, XMAPOTLOTHT, AHINE3NT, Hax. FopHY Jlom aHUIUT, SPO3NT, MENAHTEPUT, CTUMLM, XamnKaHTWT, Manaxur,
(Benorpapumiko) asypuT, 3naTo, capa, XanoTpuxmut

TunomopdpHu MuHepanu:
XeMaTUT, MWHeparHa CMec "MUMOHMT", TUNC, XanuenoH,

AMATMATOIEHEH KITAC

TunoMopdHa MMHepanHa acouMauss B 30HMTE Ha aHWUMAT, APO3NT, 3NaTO, CAPA, XanoTPUXUAT, CTUNLIK, XarKoLuT,
U3BeTpPsHE: xoBen

XankoauH, KOBENWH, OGOPHWT, Mamnaxut, asypuT, LepycuT, XapakTepeH XxunepreHeH MUHepan 3a Ta3W reHeTUYHa
aHrmesnT, K06anToB CMUTCOHUT, CMUTCOHUT, IKbPIENT rpyna:

MUMNC, aHWIWT, IPO3WT, 311aT0, CAPa, XaNnoTPUXMT, CTUNLM

TunomopdHU MUHepanu;
asypuT, Manaxut, BopHNT, KOBaNTOB CMUTCOHNT, [HKbPRENUT

XapakTepeH XunepreHeH MUHepan 3a Tasu reHeTUYHa

rpyna:
[hxbpnent, CMUTCOHUT, BOPHNT, XankouuT

Haxogumwa:  Cegmouucnenuuy,  Beneua,  Mappemed,
MnakanHuua (BpayaHcko)

BopHnuT, Hax. MnakanHuua, BpayaHcko

Csapa u ctunua, Hax. Enwnua, Maxartopcko
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XanoTpuxur, Hax. Yenoneuy, Codhmiicko

3aknioyeHune

MI/IHepaJ'IHVIFlT CbCTaB Ha 30HUTE Ha W3BETPAHE Ha

PasfMYHUTE TEHETWYHWM TWUMOBE MEOHW Haxoguwa e
pasHoobpaseH M TBbpae Oorar. [pu cbnocTaBka ¢
XMMOreHHaTa  MuHepanusauus  Cce  YCTaHOBsiBa,  Ye

cneumdukaTa Ha XWNepreHHUTe TUMOMOPMHM MUHEpPanHK
acoumaumu oTpassiBaT XapakTepa Ha MbpBUYHATa cynduaHa
MuHepanusauua. 3a BCEKM TeHeTUYeH Tun MeaHO opyAasiBaHe
ca onpefeneHn TUNomopdgHuTe MuHepanu. W3BeaeHuTe
XapaKTEPHW XWNEPreHHU MUHepanu ca JombrHuTeneH bener
3a NPOrHo3npaHe TUna Ha reHeTuyHaTa rpyna.

Tosu TpyL peructpupa ronsiMoTo MUHepanHo pasHoobpasie
no BWAoBe W PasHOBMAHOCTM Ha 30HUTE Ha W3BETPAHE Ha
mMeaHUTe Haxoguwa B bvnrapus. Toea ce obmkun Ha Boratus
MWHeparneH CbCTaB Ha XUMoreHHaTa MedHa MUHepanuaauus
OT pa3Hoobpa3seH reHeTuyeH TUn. MUHepanoXkuTe 1 Hay4Ho-
reoNoXKUTe M3CnedBaHUst He npeKkbcBaT, nopaan KoeTto
OYaKBaMe Cr1Cbka Ha MWHEpanHUTE Ha3BaHUs B 30HMTE Ha

[MpenopbyaHa 3a nybnukysaHe ot
Kateapa “MwuHepanorus u netporpacus’, Mo

67

W3BETPSHE Ha MedHUTe OpyasBaHWS Aa Ce [ombrBa U
oboratsBa.

B Bbnrapus uma MegHM HaxomuLia-npenctaBuTeny Ha
BCAKA reHeTUYHa rpyna. ToBa faBa Bb3aVOXHOCT U3BEaEHUTE
TUNOMOPCHHU MUHEPATHN acoLuaLmy B 30HUTE Ha U3BETPSHE
pa 6baaT M3non3BaHu KaTo HaJeXaeH KPUTEPUN 3@ ThpCEHE,
MporHo3upaHe W OTKPUBAHE Ha HOBM MEOHM Haxopua He
CaMo Y Hac, HO W B ipyri1 CTpaHu.

XunepreHHUTe MeaHU MWHEepanuM3auuMu ca W3TOYHUK 3a
[06MB Ha Mef, KaoNuH, BENUPHW MIUHEPanH, 3naTo, cpedpo,
MUTMEHTU W [PYrM MUHepanHW CypoBuHW. HanpaBeHaTa
cucTeMaTika Ha TUNOMOPCHHUTE MUHEparnHKW acouuauum B
30HUTE HA W3BETPsHE HA MedHUTe Haxogula [aea
Bb3MOXHOCT Jja Ce pa3paboTAT NoAXOAALLM CXeMU 3a Jo6MBa
M 1 TEXHOMOrMYHaTa UM 0BpaboTka.
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MWHEPAINOXKW OCOBEHOCTU U PA3MPEAENEHNE HA TPAHATOBUTE
MUHEPANIU3ALIUKA B PAUOHA HA CAKAP, IOTOU3TOYHA BBIITAPUA

Hukonema Lankoea’, One2 Bumoe?
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PE3IOME. Hactoswara pabota npefoctaes AaHHM 3a MoponorusTa, pasvepa 1 XMMUYHUST CbCTaB Ha rpaHaT OT MeTamopdHaTta pamka Ha Cakapekusi MITyTOH.
M3acnenganu ca obpa3auy oT paiioHuTe Ha cenata OprnoB Aon (critofeHn WwicTn), XnsaboBo (crtogeHn n xnoputosu Wwinctk), OpeluHuk (cntoaerm wuctu), MnasmHoBo
(cntoperm wuetn u amcubonuTy) n lepsuuka Moruna (criofeHn wuctu). PasmepbT Ha rpaHaToBuTe nopcupobnactv Bapupa ot 0,70 fo 50,10 mm. Mopdonorusta
um e npeactaeeHa ot {110} unn kombuHauum ¢ {211}, B kouto AomuHMpalya npocta copma e {110}. Vmat npeobnanasallo anmananHoB cbeTas (Alm 69,91-78,96
mol %) C Bapupallo CbAbpXaHWe Ha ocTaHanuTe kommnoHeHTM. OpeonuTe Ha pasceliBaHe Ha rpaHaTta ca uacrefBaHu no AaHHM oT HauywoHanHus eodoHa.
/13BbpLUEH € CTAaTUCTUYECKN aHanu3 Ha pasnpefeneHneTo Ha CbbpXaHWeTo Ha rpaHaTta, BEpPOSTHOCTTA My 3a OTKpUBaHe B MpobuTe W ca NOCOYEHU 3HauUMUTE
CTaTUCTUYECKN KopenaTu W akopenaTi. /3roTBeHu ca LWnMXOMUHEpanoXKki MPOTHO3HM KapTu 33 TbpCeHe Ha rpaHaToBuM MuUHepanusauuv 1 e napaboteH Gypue
Mofien Ha 3aKOHOMepHOCTUTE B pasnpefeneHneTo UM. YCTaHoBsiBa Ce, Ye rpaHaTa € CUIHO pa3cesiH B pervoHa, npu koeto 24 % OT rpaHaToBUTe NPOSIBNEHNs B
LUNMXOMUHEPANOXKATE Npobu ca NpUBbP3aHM KbM pamkata Ha Cakapckus NnyToH W MapkupaT sicHo u3paseHu meuum ¢ nocoka C3-HOU n CU-tO03. Usssenute
LUNMXOMUHEPANOXKIA aHOManuu Ha rpaHat ce pasnonarar B ueuUmMTa Xnsboso — Kapabaup 1 n3TouHo B pailoHa Ha gonuHata Ha p. SByaaepe.

MINERALOGICAL PECULIARITIES AND DISTRIBUTION OF GARNET MINERALIZATIONS IN THE REGION OF SAKAR,
SOUTHEAST BULGARIA

Nikoleta Tzankova’, Oleg Vitov?

"University of Mining and Geology “St. Ivan Rilski’, Sofia 1700; nikizankova@abv.bg

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

ABSTRACT. The present paper provides data about morphology, size and chemical composition of garnets from the frame of Sakar pluton. The places of sampling
are in the region of the villages Orlov Dol (mica schists), Hlyabovo (mica and chlorite schists), Oreschnik (mica schists), Planinovo (mica schists and amphibolites)
and Dervischka Mogila (mica schists). The size of the studied garnets range from 0,70 to 60 mm. Their morphology is represented by {110} or by combinations of
{110} with small {211} faces. All gamets are almandine rich (Alm 69,91-78,96 mol %) with varying amounts of the other end members. The aureols of garnet
distribution have been studied on the basis of data from National Geofund. Statistical study of quantitive distribution of gamets and the probability of its finding in the
probes has been presented and the significant statistical correlates and miscorrelates has been shown. The prognosticative maps are prepared in order to prospect
garnet mineralization. Furrier model of the regularities in gamet distribution has been worked out. Approximately 24 % of the garnet presence in heavy concentrate
probes is related to the metamorphic rim of the Sakar pluton and thus it marks clearly expressed stripes with NW-SE and NE-SW direction. The places with most
abundant quantities of garnet in heavy concentrate probes are present in the Hlyabovo — Karabair stripe and on the East in the region of the Yavuz Dere valley.

BbuBeaeHue Geoscience Foundation, 2006). Mpeamer Ha HacTosiwara
cTatus  ca npedBapwWTenHu W3CNedBaHMs Ha  rpaHat-
lpaHaTbT e MHTepeceH O00EKT 33  MUHeparnoxku CbObpXaLLuMTe CMIIOAEHM LWKUCTW 1 OPEONNTE UM Ha MEXaHWNYHO
u3cregBaHus, Tbil KaTo npeacTasnsea yaobeH TunomopdeH pasceiiBaHe Ha rpaHaT B paioHa Ha Cakap nnaHuHa.
MWHEpal — B CPaBHEHWE C [PYru LUMPOKO pPasnpoCTpaHeHu
MarHe3nanHo-Kene3ncT MUHepanu ce xapaktepusupa ¢ no- 3a uenTa e n3BbpLUEHA CpaBHUTENHA XapaKTepucTMka Ha
Manko pasHoobpasue B u3omopdHuUTe cu pegmu. [okasaH MWHEpPanoxkuTe O0COBEHOCTM Ha rpaHaTta OT pamkata Ha
MHOTO  [O0Obp  meTporeHeTMyeH  uHAukatop.  [lonesHo Cakapckust nnyToH (cpur. 1) n ca M3BeAEHN 3aKOHOMEPHOCTY B
M3KOMaemMo — €BTWHA W LEHHa CypoBMHa 3a abpasuBHaTta pasnpedeneHneTo Ha MuHepanusauumute my. Mscnegsann ca
npomuwneHocT. M3nonssa ce mop opmata Ha CBbp3aH M MopcomeTpusiTa, XabuTyCHUTE TUMOBE, XMMUYHWS CbCTaB M
ceobogeH abpasvB (3a HanpaBa Ha LKypka, abpasvBHu NMPOCTPAHCTBEHOTO pasnpeaeneHne Ha rpaHata. Onpeaenequ
AMCKOBE, MONMpNacTyv v ap.) [paHaThbT € eauHCTBEH abpasuws B ca MWHEpanH1TE acouun € rpaHaT no AaHHW OT neTporpadckm
mogepHata TexHonorns ‘watter jet cutting’ - pssaHe u npenapaty, W3KYCTBEH LWIMX W  apXvMBHW [aHHW OT
MonupaHe ¢ BOAHa CTPYs Ha MaTepuani C pasnuyHa TBbpaocT LUSTMXOMMHEPAMNOXKUTE KapTUPOBKN.

(OT KepamuKa W CTBKNO [0 NerMpaHa cToMaHa 1 eNeKTPOHHM
enemeHTy). EBpona uma MuHumaneH gobwe Ha rpaHat ot
Yexus, Hopserusi, Mtanus, Monwa. OCHOBHOTO KOMMYECTBO eonoxka o6cTaHoBKa
uanon3seaH abpasaue e BHoc ot CALLL, Asctpanusi 1 ap., KOeTo

npegonpenens  HeobxogumocTTa  OT  [OMbITHUTENHM Cakapckata eguHuua npuHagnexu kbm CTpaHixaHckata
MWHEPasoXKu NPOyYBaHMS Ha rPaHaTChIbPKaLLMTE PasCUMHN 30Ha Ha barkaHckus cermMeHT OT - Anno-Xvmananckus
1 KOPEHHN MuUHepanu3auun B bunrapus (mpoext Ha SE Europe oporeHeH mnosic (Yaranos, 1990) u Bru3a B cbcTaBa Ha
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CpegHoropckata MoOpdoCTpyKTypHa 30Ha (BoHues, 1971).
[MaBHO MarMeHo TANo B U3cneaBaHata obnact e CakapckusiT
rpaHUTEH NYTOH C AbmkuHa okono 40-44 km u wupuHa 15-20
km, ygbmkeH B cybekaTopuWarHo  HampaBmneHue.
MetamopdHara My MaHTUs (no Koxyxapos v ap., 1994, 1995)
e npeguMHo OT ckaru Ha [lpapogonckata cyneprpyna w
Tononoerpagckata rpyna (cur. 1). Ha ceBep v Ha 3anag ot
MNyTOHa MeTaMOpHUTE CKanu ca NPUMOKPUTYA OT TepLMEPHU
CEeUMEHTN. YCTaHOBEHO € MONMMETamMopcHO pasBuThE Ha
pokamOpuiickuTe CkanW  OT  pamkata CbC CMsHa Ha
NPOrPECUBHU W PErPecuBHU €Tann Ha MeTamopdusbM Mpes
pokambpuin n haHeposoi (Koxyxapos, Koxyxaposa, 1973,
1974; Koxyxapos, 1991). Meramopcutute OT pamkaTta Ha
Cakapckus nnyToH cnopeg Ckenaepos u ap. (1986) u VsaHos
u gp. (2001) ca epuHeH MeTamopdieH — KOMIMIIEKC.
PervoHanHuaT MmeTamopusbM B W3CMeABaHUs paioH (no
WBaHoB 1 ap., 2001) ce e NposiBAN €AHOKPATHO W € 3acerHan
LsnaTa ckarHa nocrnegoBaTernHoCT.

W3BecTHM rpaHaTOBM MUHEpanuU3aLuum oT paioHa
Ha Cakap

3a MbpBM MbT rpaHaToOBW MUHEpanM3auuM OT pPasfnyHM
4acTW Ha M3CnedBaHUs paroH ca onucaHu ot boHues (1923).
3a rpaHath oT paioHa Ha Tomonosrpag Hukonos (1936)
onpedens npeobnagasalio anMaHOMHOB CbCTaB C BMCOKO
cbabpxaHue Ha Ca0 n MgO okcuaun. PasmepsT um e go 40
mm, a MophonoruaTa UM € npeacraBeHa ot kKoMbuHaums ot
{110} n {211} (Kocros, 1950).

Gerdjikov (2004) paBa naHHw 3a pasmepa (0T 2 go 60 mm),
KOMMYEeCTBEHOTO  CbabpxaHne (8%) w  ycnosusTa Ha
opmupaHe Ha rpaHaToBW nopdupobnacTi, BKMOYEHU B
WWACTM W THalcK, MO MNPOTEXEHMe Ha CeBEepOM3TOYHAaTa
rpaHuLa Ha nnyToHa.

CeBepHo oT c. [lepsuwika Moruna ca M3cnedBaHu rpaHar-
CTaBpONUTOBM  WWMCTW. [NaBHM MuHepamiM B TAX  Ca
anmaHauHoB rpaHat go 10 mm B AuameTbp, CTaBPONMUT C
AbKMHa no octa ¢ Ao 30 mm, BUOTUT, MYCKOBUT M KBapL.
(KocToB, 1958). HenocpenctBeHo toxHO OT . [epsuilka
MOrMfia anMaHguHa € C pasmep Okofio 5 mm u cbluTe
ocobeHocTu kato To3u ot fAsysaepe (KoctoB u ap., 1964). B
KCEHONMUTW OT nepudpepHara torosanagHa 3oHa Ha CakapckusT
TPaGHMT € OnuCaH rpaHaT nog dopmata Ha EAUHWYHM
cBeTnokadhsBM KpucTanm ¢ paamep 4o 7 mm. XabutycbT My e
npeacraseH ot {110}, wusotponeH. Wma napameTbp Ha
enemeHTapHa knetka 11,66 A n wmexauHeH aHapaguT-
anmHaguHoB cbetaB: Adr 40,3 %, Alm 39,0 %, Sps 15,0 % u
Prp 5,7% (V1. MeaHoB, 1965). B wncTv 1 rHaicy Ha tor oT Bp.
[epBullka moruna e u3crnedBaH rpaHaT C  UanMoMopcHK
O4YEPTaHMA WM MHOrO BKITKOYEHMs, MPeaWMHO OT KBapu. 3a
nocnegHuTe ca HabmogasaHu 6enesn Ha  CUHTEKTOHCKO
HapacTBaHe — S-BWOHO YCyKBaHE Ha  BKITKOYEHMsITa
(KoxyxapoBa n Koxyxapos, 1973).

MaTtepuan u MeToau Ha uscnegBaHe

WscneasaHu ca MuHepanoxkute ocoBeHOCTM Ha rpaHaT ot
€CTECTBEHW PasKpuUTUA OT pailoHuTe Ha cenara Opnos Aon,
Xna6oso 1 [epsuiuka Morvna (BKMioYeHW B Mpefenute Ha
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Kbntuyanckata ceuta no Koxyxapos u ap., 1994; 1995) n ot
okonHoctuTe Ha c. OpelHuk u ¢. MnaHnHOBO (BKMOYEHU B
npegenute  Ha  YcTpemckata — csuTa).  [paHaToBuTe
MWHEpanu3aLum ca OonucaHu B CMEOHWA ped: panloH Ha C.
Opnos gon - Of-2, Of-4, OO-5 n Of-6 (cntogexw LumcTh);
paifoH Ha c. Xnaboso — XC-7 (xnoputoBu wmctn) u XA-8
(cmtopeHn wmncTm); paitoH Ha ¢. Opewruk — O-P9 (rpaHart-
CTaBPOMUTOBK CMIOAEHN LUMCTH); paloH Ha C. [naHuHOBO —
Mn-11a (amgubormtn) wu TMN-12  (rpaHaT-CTaBPONUTOBM

CMIOLEHN WWKCTK); paioH Ha c. [epsuwka moruna — [M-14
(cntopeHn wucTu) (dour. 1).

[ Tepunepn
wiarephep

-*:m, Caxapern
nyron

Toronosrpancka rpyna

Ea=8] Cpevicra
canma (T2)

g Yoenoa

crma (T1)

TNaneokacrpencka

emma (T7)

Tpapononcka Kaarpyna

T waic-rpaimi

m MeraymrpadasiTi
%Twcﬂnp(w
chima

A baTHuANCKa
BHTA

ﬂhlmuum
8220 1cpyma

®ur. 1. Teonoxka cxema Ha W3crefBaHWA PErMoH, chCTaBeHa Mo K.J.
Tononosrpag B M 1:100000 (KoxyxapoB v ap., 1994) u k.n. CBunexrpas B
M 1:100000 (KoxyxapoB u ap., 1995) u msicto Ha B3eTUTe Npobu

3a onpepensHe Ha BMeCTBalMTE [paHaTa CcKann U
MWHepanHaTa acoumaums B TX ca M3NonaBaHn MeToauTe Ha
ONTMYECKa MUKPOCKOMIS B MPOXOASLLA CBETAMHA C MUAKPOCKON
Amplival.

MopdomeTpuuHus  aHanu3 e nposegeH Bbpxy 300
MOHOKpMCTana (0T BCsko rpaHaToBa npoba no 30). amepsaHm
ca ocute a, b, ¢ cbe wybnep ¢ TouHocTt 0,1 mm. [aHHuTe ca
koampaHu B nporpama EXCELL — MS OFFICE. UsuncnenusTa
Ha MOPJOMETPUYHUTE KOEUUMEHTU € U3BLPLUEHO C
noMoLyTa Ha crneyuanHo uaroteeHa nporpama “GARNET”
(QBASIC, MS WINDOWS, PENTIUM-2) — moguduympaH
BapWaHT Ha nporpama 3a MOPGOMETPUYEH aHanmn3 Ha
ksapuoBn kbcoBe “QUARTZ" (FORTRAN-IV, MWUHCK-32,
Butos, 1978 - pgunnomHa pabota, MIY). lo-kbcHO Tasm
nporpama e mMoguduumpaHa 3a uscrneasaHe MopgoMeTpusTa
Ha anatuHku (mporpama “AURUM”, FORTRAN-V, N30T-310,
Kpbcte n Butos, 1983-84) v kato TakaBa e [JenoHupaHa B
IMA kato 6asosa nporpama (Vitov, 1992). Pesynrat o
obpaboTkata Ha [aHHM ca TabnuMuum C  W3YNUCIEHU
MOPMOMETPUYHM KOEDULIMEHTH, CTAaTUCTUYECKM NapameTpn Ha
koepuumeHTUTE, aOuarpama no Zingg, CPaBHEHWe Mexay
n3BagkuTe ¢ npunaraHe Ha T-kputepuid Ha Student (no [eswuc,
1977).



Bbpxy uact oT obpasuuTe e W3BLPLUEHO M3MepBaHe Ha
bruTe ¢ ponupateneH roHnometsp KARL ZEISS - IENA.
XabutycHuTe TUNOBe ca knacuguLmMpaHu No YCTaHoBEHUTE OT
Koctos (1950) kpuctanHu dopmm 3a rpaHarute oT Bbnrapus.
XAMUYHUST CbCTaB e W3CredBaH C MomowiTa Ha ATOMHO-
EMUCMOHEH CMeKTparneH aHanua3 C WHAYKTWBHO CBbp3aHa
nnasma (AES ICP) B nabopatopus “Teoxumus” — MI'Y, Cogons.

3a onpegensHe Ha OPEONNTE HA MEXaHWYHO pasceiBaHe Ha
rpaHata ca M3nonseaHu AaHHW oT HaumoHanHus eodoHa
(Butos, 1995; 2001) — reonoxku goknaau 1-376, 1V-94, 1V-242,
IV-263, 1V-264, IV-346, IV-376, IV-379, IV-388, B kKouTO
(hOHAOBM eaMHWLM rpaHaTa e oTbenssaH Kato rpynoso UMe.
[aHHuTE ca MHTEPNONMpPaHU 1 ekcTpanonupaHu ¢ AByMEpPHO
O®ypue wmogenupaHe (Oesuc, 1977). Pesyntatute ot
u3cregBaHusTa Ca aHanu3MpaHu Kato CpaBHEHWE Mexay
MOZen U [aHHW, aHanua Ha ocTaTbUuTe W OnpedensHe Ha
koetuumeHTa Ha 3aryba Ha wHcopmauws. Kopenaumsta
Mexay MWHepanuTe e uscnedsaHa ¢ npunaraHe Ha MoacoHos
TecT — mogen Ha beprynu (Butos, 1992). UscneasaHusTa ca
W3BBPLLEHN C MOMOLLTA Ha cneuuanHo cb3gageHa nporpama
3a 00paboTka Ha JaHHW OT LUNNXOMUHEPANOXKOTO onpobBaHe
“REGION” (QBASIC, MS WINDOWS, PENTIUM-2).

MuHepanoxku 0C00EHOCTHU Ha rpaHaTta

PalioH Ha ¢. Opros fon

O[-2 — paskpuTus Ha ABYCMIOOEHM LUMCTU Mexgy cenata
Opnoe gon u Mwbapeu, Ha okono 500 m 3anagHo OT Bp.
lbonTene. MwHepanHata acounauus Ha rpaHata e
npeacTaBeHa OT keapu, GWOTMT, MyckoBuT, onuroknas (An
13,08%, Ab 86,71%, Or 0,20%), UIMeHn TypManuH, LMPKOH,
anatut, pytun. [paHatoBuTe nopdmpobnact Han-4yecTo ce
pasnonarar B IMHUS Ha rpaHuLaTa Mexay MBULM, U3rpageHu
OT CMoga W oT keapl,. Mmat MannHOBOYEPBEH LIBAT CbC Criab
NWNaB OTTEHDBK, Hempo3payHu. PasmepsT M Bapupa ot 0,5 1o
3 mm (1abn. 1) kato nog 1 mm ca 56,7% OT u3cneapaHuTe
obpasuu. Habniopgasa ce nog ¢opmarta Ha fobpe OCTEHEHM
KpucTanu M no-psgko Kato 3bpHa C yTbreHn oyepTaHns. C
pombogonekaeapuyeH xabutyceH Ttun f ca 83,3% ot
kpuctanute. B ocTaHanute o06pasus ce Habniopasat
kombuHaumm ot {110} ¢ {211}, B KOUTO [OOMWHMpPA
pombogoaekaeabpa — xabutyceH Tvn e (cur. 2). MpaHata € ¢
npeobragasawo anmaHguHoB cbctas  (Alm  71,20%) w
CPaBHUTENIHO  €QHaKBO MPOLEHTHO  CbOTHOLLEHWE Ha
OCTaHanuTe KOMMOHeHTK (Tab. 3).

Tabnmua 1

MopgomempuyHu xapakmepucmuku Ha epaHamu om Of-2
(cbopmynume Ha KoegpuyueHmume u cmamucmuyeckume
napamempu Ha usgadkume ca dadeHu 8 mabnuuya 10)

nap| a b c |f|] K1 K2 K3 K4 KS K6 | K? K8 K9

¢
1)
14
-
-
-

.51 1.2 1.2 .

21 1 a1 .

.81 .7l .7 .

Y .
U|55.5|57.9(60.8 89|18.59 . 05.66
*§V| 9.1 9.7|10.4 2.58 . 3.23| 1.92| 1.48|25.73|24.52
P|10.1]|10.6]|11.1 3.52| 4.33 62| 3.39| 4.33| 2.66( 2.07|19.84|19.29
«| .7 1l .9 -.42 .68[-1.18| 1.01) -.36| -.42| .94 6?7 .56
*éx| .4 .4 .4 .45 .45 45| .45 .45 45| .45 .45 .45
8| -.5| -.2| -.4| |-1.51] -.97| -.14| .16|-1.41|-1.44| .25| -.88| -1.1
88 .91 .9 .9 .89 .89 .89 .89 .89 .89 .89 .89 .89
NN| 123| 134| 148| [14.88|22.53| 3.16|13.82|22.46| 8.47?| 5.12|72.55|46.52
K| 6.9] 6.9| 6.9 6.92| 6.92| 6.92| 6.92| 6.92| 6.92| 6.92| 6.92| 6.92
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OO0-4 - paskpuTMs Ha  MYCKOBWTOBM  LUMCTM B
ceBeposanagHns kpad Ha c. OpnoB [fon. MuHepanHata
acouuauus Ha rpaHata € npefactaBeHa OT KBapL, MYCKOBWT,
Ouotut, unmenut, optoknas (Or 100%) u anatut. [paHaToBuUTe
nopcmpobnacTu ca TbMHOPO30BM [0 YEepBEHW, MPO3payHu,
pasnpefeneHn paBHOMEPHO Cpej BMecTBallara ckana.
Pa3smepbT um Bapupa ot 1 4o 7 mm (1abn. 2), kato ot 1 o 3
mm ca 26,7% ot obpasuute. Mpn 70% OT uacnensaHuTe
rpaHaTi KpucTanHusaT xabutyc e kombuHauum ot {110} n {211},
B KOMTO [OMMHMpa pomboponekaegpuuHata dopma —
xabutyceH tun e. B 16,7 % oT kpucranute ce Habniogasa
xabutyceH TN ¢ — kombuHaumm ot {110} n {211}, npu kouto
[BeTe NpocTh hopmu ca passuTH pasHoMepHo. Camo B 13,3%
oT obpasuute € peructpupaH pombogopekaenpuyeH
xabutyceH Tun f. M3cnepBanuTe rpaHaTi ce xapaktepusupar ¢
anvaHauHoB cberas — Alm 78,57% 1 BUCOKO ChAbpkaHue Ha
CNecapTMHOB KOMMOHEHT (Sps 11,37%).

Tabnuua 2

MopgomempuyHu xapakmepucmuku Ha epaHamu om Of-4
(chopmynume Ha KoebuyueHmume U cmamucmuyeckume
hapamempu Ha u3eadkume ca OadeHu e mabnuya 10)

nap| a b c |[f] Ki Kz K3 K4 KS K6 | K? K8 X9
Xsr| 4.1 4| 3.9 .98( 1.03 98| 1.04 .96| .98 1 05 01
X .3 3| .3 0 0 [} [¢] [0} o] 0 61 0
¢| 1.5] 1.5 1.4 .02 0z 0z 0z| .03 01 01 63 01
30| 2| .2| .2 0 0 o 0 [} 0 0 0 0
U|37.2137.5(36.6 1.56| 1.9?| 1.95| 2.23| 2.69| 1.32| 1.14|61.03|60.49
+3U| 5.4 5.5 5.3 .2| .2s| .25| .29| .35| .17| .15(10.41(16.28
P| 6.8| 6.8] 6.7 29| .36 .36| .41| .49| .24 .21|11.14(11.04
[3 ] of -.1 -.3] .26| -.26| .39 -.2| -.19 31 .31 .27
*dx| .4 .4 4 .45| .45| .45| .45 .45| .45| .45 .45 .45
Bl -.1] -.1| -.1 -.83| -.29| -.55| .07| -.09| -.33| -.59| .64| -.03
3R] .31 9] .9 .89 .89| .89| .89 .89| .89 .89 .89 .89
NN|55.5(56.2|53.7 I § S 1] S L) .2 .23] .07| .05(49.01(46.37
K| 6.9] 6.9] 6.9 6.92]| 6.92| 6.92| 6.92| 6.92| 6.92| 6.92| 6.92| 6.92
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c e f
®ur. 2. XabuTycHu TMNOBe, YCTaHOBEHU B M3CNeABaHUTE rpaHaTh OT
MeTamopchHUTe ckanu B paitoHa Ha Cakap (no Kocros, 1950)

(O1-5) — pa3kpuTMs Ha MyCKOBMTOBM LUMCTU B JONMHATA Ha
p. KoHgysgepe, cesepHo oT c. Opnoe pgon. [paHaToBuTe
KpucTanu Ca TbMHOYEPBEHM, HENpO3payveHn, HamykaHu.
MuHepanHaTta UM acouuaums e MpeacTaBeHa OT MYCKOBWT,
kBapy, Guotut, onuroknas (An 23,42%, Ab 76,22%, Or 0,36
%), UIIMEHWT, TypMaruH, TUTaHWUT, anaTuT, PyTAM, e4NHUYHM
KpucTanu oT kuaHut. PasmepbT M Bapupa ot 2,60 go 30,15
mm. B Han-ronsiMo KOnNM4eCcTBO ca rpaHaTuTe ¢ pasmep oT 3
no 10 mm - 66,7%, cneasaHu oT Te3u ¢ pasmep Hag 10 mm B
anameTtbp — 26,6% u no-psagko ot 1 go 3 mm - 6,7%. C
pombogogekaeapuyeH xabutyceH Tn f ca 76,7% oT
kpuctarmre. B 23,3% ot obpasuute ca peructpupaqu
kombuHaumm ot {110} ¢ {211}, B KOUTO AOMMHMPpaLLa dopma e
{110} - xabutyceH TMN e. WmaT W3OMETPUYHO pa3BUT
KpucTaneH xabuTyC C Manku OTKIOHEHWS OT WhearnHata
topma (1abn. 4.). CbcrasbT MM e anMaHanHos (Alm 76,57%)
C BUCOKO CbbpxaHue Ha rpocynap (Grs 14,86%).



Tabnuua 3

Paswep, xabumyceH mun, MOMHU NPOUEHMU Ha KpalHume Y/ieHose Ha U30MOpHUME peduyu U KamuOHHO OMHOWEHUE Ha
uscrnedgaHume epaHamu (abpesuamypama Ha kpatHume uneHose e no Kretz, 1983)

Ne Bpoii rpaHatu (B %) C Bpoii rpaHatu (B %) C KpaitHu uneHose Ha nsomopcpHute | R#/R%
= npoba pasnuyeH pasmep (B mm) pasnuyeH xabutyceH peauuUm B MONHN %
S ™n
© nog | 13 | 3-10 | Hap c e f Alm Grs Prp Sps
1 10

s | 0B-2 56,7 43,3 16,7 833 71,20 10,48 8,00 10,32 1,761
e | 04 26,7 733 16,7 70,0 13,3 78,57 4,24 582 1137 1,734
g 045 6,7 66,7 266 23,3 76,7 76,57 14,86 5,01 3,56 1,759
E | 006 13,3 30 837 10,0 90,0 70,23 16,53 527 797 1,769
i XC-7 13,3 86,7 10,0 90,0 69,91 16,75 532 8,02 1,769

XA-8 433 56,7 16,7 53,3 30,0 71,60 860 1397 583 1,738

IM-14 %,7 33 33 56,7 40,0 78,96 5,29 829 746 1,727
[V
g | OP9 13,3 86,7 20,0 80,0 7335 983 10,37 644 1,745
é’ nji-11a 13,3 86,7 6,7 93,3 68,64 17,73 880 483 1,785
> | Nn-12 20,0 80,0 13,3 86,7 72,67 13,95 946 393 1,760

Tabnuua 4 4aCTUYHO ncesaoMopdo3upaH OT xnoput. PasmepbT My

Mopgpomempuyru xapakmepucmuku Ha epaHamu om OL-5
(cbopmynume Ha KoegpuyueHmume U cmamucmuyeckume
napamempu Ha usgadkume ca 0adeHu 8 mabnuya 10)

nap| a b c |f] K1 K2 X3 k4 KS K6 | K? K8 K9
Xsr| 9.7 9.5| 9.3 .99| 1.03 971 1.03| .96 .98 99| .04 01
*0X| 1.1 1 1 o .01 61 01 .01 0 0] .01 o]
¢| 5.9]1 5.7| 5.6 .02 03 63 04| .04 0z 0z| .04 01
80 8 .7 ? 0 0 ol o .01 2] 0| .01 0]
Ul 61]/60.2|60.7 2.09| 3.06| 2.96| 3.66( 4.06| 1.95| 1.54|08.47|05.79
+§U|10.4|10.2|10.3 .2? .4 .38 .4?| .53 .25 .2|25.64|24.58
Pl11.1) 11)11.1 .38 .56 .54 .6?| .74 .36 .28] 19.8|19.31
«| 1.9| 1.8] 1.8| (-2.?71| 2.44(-1.97| 1.88(-1.81|-2.21|-1.66| 1.96| 1.93
E219 .4 .4 4 .45 .45| .45| .45 .45 .45] .45 .45 .45
Bl 4.2 4| 3.8 8.03| 6.94| 3.14| 2.65 3| 5.66| 3.43| 3.56| 3.59
*3B .9 .9 9 .89 .89| .89| .89 .89 .89 .89 .89 .89
NN| 149(44.8|47.6 .17 .38 .35| .54| .66 .15 .1/70.6347.63
K| 6.9] 6.9]| 6.9 6.92] 6.92] 6.92]| 6.92| 6.92| 6.92| 6.92| 6.92| 6.92

Of0-6) — MyCKOBMTOBM LUMCTW, Pa3KPUTW B MSICTOTO Ha
BnvBaHe Ha p. Konaysgepe B p. Cokonuua, ceseposanagHo ot
c. OpnoB gon. MuHepanHaTa acouuauus Ha rpaHata e
npeacTaBeHa OT MyCKOBUT, kBapL, onuroknas (An 22,47%, Ab
76,65%, Or 0,88%), xnoput, pyoeH MuHepan, TUTaHWUT K
TypmanuH. ['paHaToBuTe nopupobnacti ca ¢ TbMHOYEPBEH
LBST, Henpo3spayeHu. MMpuBbP3aHN ca KbM 30HM, M3rpageHu
OCHOBHO OT CModa W He ce HabnwogasaT B newjoobpasHute
KBapLOBUTE Tena, BMECTEHN cpef croaaTa. [paHatute umat
pasmep ot 2,33 go 10,10 mm (tabn. 5). Ot ax 13,3% c
pasmep ot 1 go 3 mm, 3,0% - or 3 go 10 mm u B
npeobrnagaeatyo konn4ecTso 83,7 % ca kpuctanuTe ¢ pasmep
Hag 10 mm. B 90,0% ot obpasuute ce Habnogaea
pomboponekaeapnyeH xabutyceH tun f. KpuctanHarta gopma
Ha octaHanute 10,0% e kombuHaumm ot {110} ¢ {211}, kaTo
pgomuhmpaila e {110} — xabutyceH Tun e. imat anmMaHguHOB
cberaB (Alm 70,23%) ¢ BMCOKO CbObpaHue Ha rpocynapos
komnoHeHT (Grs 16,53%).

PalioH Ha c. Xns6oBo

(XC-7) — paskpuTUs Ha MarHeTUT W rpaHaTChAbpXaLy
XMOPUTOBM LINCTW B JOMWHATA Ha p. FABY3Aepe, U3TOYHO OT C.
Xns6oBo (MecTHocTTa CTeHarta). MuHepanHaTa acounaums Ha
rpaHaTa € npefcTaBeHa OT XIOpWUT, aKTUHOMMT, MarHeTwT,
kBapy, anbut (An 10,64%, Ab 89,26%, Or 0,10%), enngor,
anatur, pyTun. HenpoapadyeH, paBHOMEPHO pa3npeseneH BbB
BMeCTBaljata ckana. Mma TbMHOYepBEH [0 KahsB LBAT,

72

Bapupa ot 6,33 1o 50,10 mm (Tabn. 6).

Tabnuya 5

Mopcpomempuyru xapakmepucmuku Ha epaHamu om OL-6
(cbopmynume Ha KoegbuyueHmume u cmamucmuyecKkume
hapamempu Ha u3eadkume ca OadeHu 8 mabnuya 10)

nap| a b c |[f|] K1 K2 K3 K4 KS K6 | K? K8 K9
Xsr| 5.2 5.1] 4.9 .99] 1.03 95| 1.06( .94| .98 98| .06 02
*5X .3 .3 .3 ] .01 01 .01 .01 [} [} .01 ¢}
ol 1.8| 1.8 1.7 .02 03 04 .04 .04 02 02 .04 01
*80 .2 4 .2 0 0 0 .01 .01 0 [0} .01 [}
VU|34.8|34.3(35.1 2.3?| 2.83| 3.78| 3.92| 4.17| 1.89| 2.3|?73.23|?1.95
*8V S| 4.9| 5.1 .31 .37 .49| .51 .54 .24 .3[13.61(13.25
P| 6.4| 6.3] 6.4 .43 .52 .69 .2 .76 .34 .42|13.37|13.14
© .9 .8 7 1.1? .58 -.49 .86| -.?7?7| -.4?| -.61 .93 .85
*8x .4 4 4 .45 .45 .45 .45 .45 .45 .45 .45 .45
B| 1.1] 1.2 1 4.49 .44| -.65 .25 .14 .33 .35 .44 .3
*8R .9 .9 9 .89 .89 .89 .89 .89 .89 .89 .89 .89
NN|48.4|47.1]49.2 .22 .32 .57 .62 .69 .14 .21]14.53/07.04
K| 6.9] 6.9| 6.9 6.92] 6.92] 6.92] 6.92| 6.92| 6.92| 6.92| 6.92| 6.92
Tabnuua 6

MopgpomempuyHu xapakmepucmuku Ha epaHamu om XC-7
(cbopmynume Ha KoegbuyueHmume U cmamucmuyecKkume
napamempu Ha u3zeadkume ca 0adeHu 6 mabn 10)

nap| a b c |[f] K1 X2 K3 K4 K5 K6 | K? K8 K9
Xsr|23.3|22.7|19.9 971 1.1| .89] 1.16 .86 .94 .96 .17 .05
*8X| 1.9] 1.8| 1.6 .01 01| .02 .03 .02 .01 .01| .03 .01
0|10.2] 10 9 .03 .08 1 .15 A1 .05 .04 .15 .04
*é0| 1.3] 1.3] 1.2 0 01| .01 .02 .01 .01 01| .02 .01
U|43.8| 44|45.1 2.96| 7.4111.37]|12.78|13.16| 5.1?| 4.65(88.28|84.26
*8V] 6.?7] 6.7] 6.9 .38 .96 1.49| 1.68( 1.73 .67 .6(18.23(16.92
P 8 8| 8.2 .54| 1.35| 2.08| 2.33| 2.4 .94 .85(16.12(15.38
« .5 .51 .9 -.3 .15 -.38 44| -.19| -.12| -.49| .36 .24
E2.1'3 .4 4| .4 .45 .45| .45 .45 .45 .45 .45 .45 .45
B .6 .8| 1.3 -.58]|-1.61]|-1.49(-1.33|-1.55|-1.62|-1.51|-1.39|-1.52
*3B .9 91 .9 .89 .89 .89 .89 .89 .89 .89 .89 .89
NN|76.8|?7.6(81.4 .35( 2.19| 5.1?| 6.53| 6.92| 1.0? .87(11.722183.9?
K| 6.9] 6.9] 6.9 6.92] 6.92| 6.92]| 6.92| 6.92| 6.92| 6.92( 6.92| 6.92

Hag 10 mm ca 86,7% ot kpuctanute. OctaHanata 4act
Bapupa ot 3 go 10 mm. C pombogonekaegpuyeH xaburyceH
mn fca 90,0% ot nscneagsanute kpuctanm u camo B 10,0% ot
obpasuute ca ycTaHoBeHW kombuHauum c {211}, B KouTO
gomuHmpawa e {110}-xabutyceH TMn e. [paHata e ¢
anMaHguHoB cbeTa (Alm 69,91%) 1 ¢ BUCOKO ChabpxaHue Ha
rpocynapoB KOMNOHEHT (Grs 16,75%).

(XA-8) — paskpuTna Ha ABYCMIOAEHU WKUCTU OT JONMHATA Ha
p. FABy3aepe, M3TOYHO OT C. Xnsi6oso. MuHepanHa acoumauyst
Ha rpaHaTa; MycKoBMT, kBapLl, Buotut, onmroknasa (An 15,00%,



Ab 84,72%, Or 0,28%), WNMEHMT, UMPKOH W pyTuWn.
[paHaToBMTE KpUCTamnM ca C YepBeHOKagsB LBST, MPO3payHy,
HanykaHu. HepaBHOMepHO pasnpefdeneHu B cnparta unm
NPMBBLP3aHM KbM [paHuUuaTa Ha NeLWOBUAHWTE KBapLOBM
cTpyneaHus. PasmepbT uMm Bapupa ot 3,40 po 47,60 mm
(tabn. 7). Hag 10 mm B gnametbp ca 56,7 % oT kpuctanure.
OcraHanute 43,3% ca ot 3 go 10 mm. Mpu 53,3% or
obpasuute e onpepeneH xabutyceH TUn e, 30% oOT
kKpucTanute ca ¢ pombogogekaeapnieH xabutyceH Tin f v B
16,7% oT u3cnegsaHuTe rpaHatv gsete npoctu gopmu {110}
n {211} ca pa3BUTW CPaBHUTENHO PaBHOMEPHO — XabuTyceH
TN ¢. Wmat anmaHanHoB cbctaB (Alm 71,60%) ¢ Bucoko
CbAbpXaHue Ha nponoB kKoMMNoHeHT (Prp 13,97%).

Tabnuua 7

MopgomempuyHu xapakmepucmuku Ha epaHamu om XH-8
(chopmynume Ha KoegpuyueHmume U cmamucmu4eckume
napamempu Ha usgadkume ca dadeHu 8 mabn 10)

nap| a b c |[f] K1 K2 K3 K4 XS K6 | K? K8 X9
Xsr|13.4|13.2| 13 .98 1.02| .98| 1.02 97| .98 1 .03 .01
+5X| 1.7| 1.6 1.6 0 o] 0 0 0 o] 0 0 0
o 9.2 9 9 .01 .0z .e1| .01 .02 .01 01| .oz .01
30| 1.2] 1.2] 1.2 0 [} 0 0 0 [} 0 0 [c]
U|68.5|68.5|68.9 1.41| 1.55] 1.067| 1.33| 1.81| 1.02 87|57.92|57.53
23V)12.3]12.3|12.4 .18 .2 (14 .17 .23 .13 .11] 9.67] 9.57
P|12.5|12.5|12.6 .26 .28 19| .24 .33 .19| .16(16.57| 10.5
« 2l 21|21 -.9% 72| -.65| .55| -.45| -.66| .82 53 .51
5k 4] .4 4 .45 .45 .45 45 .45 .45 .45 .45 .45
B| 4.7 5| 4.9 .83 1z .19 .3 0| .0z2| 3.66 .09 .06
+38 91 .9 .9 .89 .89 .89 .89 .89 .89 .89 .89 .89
NN|87.6(87.5(|89.9 .08 1 .65 .07 .13 .04 .0334.18(32.37
K| 6.9]1 6.9| 6.9 6.92] 6.92] 6.92] 6.92] 6.92]| 6.92] 6.92| 6.92| 6.92

PaitoH Ha ¢. OpeLuHuk

(OP-9) — paskpuTus Ha rpaHaT-CTaBPOSIUTOBM ABYCMIOAEHN
KcTK, torosanagHo ot ¢. OpewwHuk. MuHepanHa acoumauus
Ha rpaHaTa: MyckoBuT, GUOTWT, KBapL, CTABPONMUT C ObMKMHA
Han-4ecTo [0 OKOSI0 7 mm no ocTa ¢, onuroknas (An 20,76%,
Ab 78,94%, Or 0,30%), xnopuT, TypManuH, Kanuut, UIMEHNT,
pagmoakTMBEH MUHepan.

Tabnuua 8

MopgomempuyHu xapakmepucmuku Ha 2paHamu om OP-9
(cbopmynume Ha KoegpuyueHmume U cmamucmuyecKume
napamempu Ha usgadkume ca dadeHu 8 mabn 10)

nap| a b c [f| Ki K2 K3 K4 XS K6 | K? X8 K3

3
12
144
-
-
-

1.2 .
.23 1 .0z .03 .01
1.26| .57 .09 .15 .67
.16 .07 .01 .02 .61

U|33.1)28.6|29 14.65 3.94 05.3252.34| 9.39|364.2(56.86
*3V| 4. 4 . 2.2 .51| 1.05|24.39| 8.41| 1.22]|02.36(370.2
S 3.03 72| 1.47(19.23| 9.56| 1.71|43.07|96.28

x| - - 5.2 -5| -1.3 5.19] 5.19|-4.68| -4.6|-4.95

.45 .45| .45 .45 .45
14.83(24.99(24.99
.89 .89 .89| .89 .89
43.66
6.92
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paHaTbT € C PO30BOMEPBEH LBAT, MPO3payeH, HeHanykaH.
Pa3anpeneneH e CpaBHUTENHO PaBHOMEPHO BbB BMECTBALLMTE
ckarm. PaamepsT my Bapupa ot 0,70 go 2,70 mm (1abn. 8.) u
camo 13,3% ot obpasuynte ca nog 1 mm. B 80,0 % or
rpaHaTuTe e ycTaHoBeH pombogofekaeapuyeH XabuTtyceH Tvn
fu B 20,0% — xabutyceH T1n €). KOMNOHEHTHUAT UM CbCTaB e
npeobragasawo anmaHgunHoB (Alm  73,35%) ¢ BuCOKO
CbabpxaHue Ha rpocynapos (9,83%) u nuponos (10,37%)
KOMMOHEHT.

PaitoH Ha c. [naHMHOBO

(NI1-11a) — paskputna Ha amubonuTy, KrozanagHo oT C.
[naHuMHOBO. MuHepanHata acouuaumst Ha rpaHata e
npeacrtaBeHa ot amdumbon, ksapy, butoBHuT (An 85,78%, Ab
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14,22%), WNMEHWUT, TWUTAHUT, LMPKOH, PyTUN, TypMarH,
kanuut. lpaHaTa € C TbMHOYEPBEH LBAT, HEMpo3paueH,
CPaBHWTENHO PABHOMEPHO pasnpedeneH BbB BMeCTBaLLaTa
ckana. Mima pasmep ot 2,33 go 4,50 mm (tabn. 9). Ot 1 go 3
mm ca 13,3% oT uscnegsaHute kpuctanu. B 93,3% ot
obpa3uuTe e ycTaHoBeH poMboaoaekaenpuyeH xabutyceH Tun
fu camo B 6,7% ce Habnogasat komBuHaumm ot {110} ¢ {211}
c [pomuumpawa {110} dopma - xabutyceH TuUN €.
XapakTepusupa ce ¢ anMaHguHoB cbeTas (68,64%) ¢ Bucoko
CbIbpXaHue Ha rpocynapos KOMNOHeHT (17,73%).

Tabnumua 9

MopgomempuyHu Xxapakmepucmuku Ha epaHamu om [1/1-11a
(chopmynume Ha KoebuyueHmume U cmamucmuyeckume
hapamempu Ha uzgadkume ca 0adeHu 6 mabn 10)

map| a b c |[f| Ki K2 K3 k4 KS K6 | X7 k8 X9

Xsr| 3.6 3.5 3.3 .99 1.04 .94 1.07| .93| .97 .98 .08 .02
3| .1 1 1 o 0 .01 .01| .61 0 0 .01 0
ol .5 .5 5 .0z .03 .04 .05| .04 .02 .03 .05 .0z
30| .1 1 -1 0 0 .01 .01| .01 0 0 .01 o
VU|13.6]14.1|15.2 1.83| 2.59| 4.61| 4.7| 4.58| 1.75| 2.61|65.92|62.51
*3VU| 1.8( 1.9 2 .24 .34 .6 .61 .S9| .23 .34(11.63(10.7?7
P| 2.5| 2.6| 2.8 .33 .47 .84| .86| .84| .32 .48(12.03(11.41
x| -.4| -.4| -.3 -.99 .6l -.8] 1.13| -.66| -.55| -.54 1 .74
*x| .4 4 4 45| .45 .45 .45 .45 .45 .45 45| .45
B 0 o -.2 -.1?| -.22| 1.18] 2.12| .49 -.19 .6| 1.52] .64
58| .9 9 .9 .89 .89 .89 .89| .89| .89 .89 .89 .89
NN| ?.4| 7.9| 9.2 A3 .27 .85 .88| .84| .12 .2?[1?73.8(56.29
K| 6.9] 6.9] 6.9 6.92| 6.92| 6.92( 6.92| 6.92| 6.92| 6.92| 6.92| 6.92

(MJ1-12) — paskpuUTUs Ha rpaHaT-CTaBpPONUTOBW ABYCIIOAEHM
nCcTH, torosanagHo o1  C.  [naHuHoBO. MuHepanHara
acouuauus Ha rpaHaTta e npefcraBeHa OT KBapl, GuotuT,
MYCKOBMT, cTaBponuT, aHaesuH (An 33,99%, Ab 65,48%, Or
0,52%), WAMeHMT, XNOpWUT, TypMamnuH, anatut, eOUHWUYHN
Kpuctanu OT KuaHuT. [paHaTbT € TbMHOYEPBEH Ha LBAT,
Henpo3payeH. PasmepbT My Bapupa ot 2,46 go 4,70 mm
(tabn. 10), kato oT 1 go 3 mm e auametbpa Ha 20% oT
nscnegsanute kpuctanu. B 86,7% ot uscnegsanute obpasum
€ yCTaHOBeH pombogopekaeapuyeH xabutyceH Tun f, a B
octaHanute 13,3% KpucTanHuaT xabwutyc e oT TMn e -
kombuHaumm ot {110} ¢ {211} ¢ gomuumpawa {110} cdopma.
KOMMOHEHTHWAT CbCTaB Ha rpaHaTta e anMaHamHoB (72,67%) ¢
BMCOKO CbbpPXaHue Ha rpocynapos koMnoHeHT (Grs 13,95%).

PaiioH Ha c. [lepBuiika moruna.

(OM-14) - paskpuTus Ha [JBYCMIOLEHW LUMCTM OT Bp.
[lepBuLuka moruna, XHO OT eAHOUMEHHOTO ceno. MuHepanHa
acounauus Ha rpaHata: GuoTuT, KBapL, MYCKOBWT, OMNMrOKNas
(onpegeneH MWKPOCKOMCKM), XMOPWT, WIMEHWT, TypMarnuH,
anaTtuT U LMpPKOH. BmecTBaluuTe CKanmu ca CUIHO HarbHaTu.
Tol e C BUHEHOYEPBEH LIBAT, MONYNpo3payeH, cnabo HamykaH.
MMo-ronsmarta yacT OT W3CredBaHWTE rpaHaToBK KpUCTanM ca
CUITHO yabImKeHW. [logpedeHn ca B MBWLM, YMATO MOCOKaA
cnedBa HarbBaHETO Ha BMeCTBaWWTe ckanu. PasmepbT Ha
rpaHaTa Bapupa ot 4,56 go 11,46 mm (tabn. 11), kato B
kateropusta ot 3 4o 10 mm nonaaar 96,7% ot uacneasaHuTe
kpuctanu. B 56,7% oT kpucTtanute e ycTaHOBeH XabuTyceH
TN e, mpeactaBeH oT kombuHaumm ot {110} ¢ {211} ¢
gomumpawa {110} dopma; B 40,0% ot obpasyute -
pombopoaekaeapuyeH xabutyceH tmn f u camo B 3,3% oT
kpuctarmte {110} u {211} ca pa3BuTM CPABHUTENHO
PaBHOMEPHO — XxabuTyceH Tun c. [paHaTa e C anmaHaMHOB
cbctaB (Alm 78,96%) wn ¢ npubnuanTenHO PaBHOCTONHO
MPOLEHTHO CbAbPXaHNE Ha OCTaHanWTe KpalHW YneHoBe OT
M30MOPHUTE peauum.




Tabnumya 10

MopgomempuyHu xapakmepucmuku Ha epaHamu om [1/1-12

Hop¢oMeTpuyHM M3CnegeaHWA Ha rpaHatd ot Cakap npoba W 12

1 a b c |f| K1 K2 K3 K4 K5 K6 | K? K8 K9
1| 2.5| 2.5| 2.4|f 1| 1.02| .96( 1.04| .96| .99| .98 .04 .01
Z| 2.6| 2.5| 2.3|F .96| 1.08 9z 1.11 .88 .95 .98 .13 .04
3| 2.7 2.5( 2.4|f| .93] 1.1 .96( 1.08| .89 .94| 1.02( .12 .04
4| 2.8| 2.7| 2.6|e .96| 1.6 .96| 1.06 .93 .96 1 .08 .02
5| 2.8| 2.8| 2.7|f 1] 1.02 .96| 1.04 .96 .99 .98 .04 .01
6| 3.1 3.1| 2.5(f 1] 1.11 81| 1.24 .81 .93 .9 .24 .07
71 3.1 3.1 3)r 1] 1.02 .97| 1.03 .97 .99 .98 .03 .01
8] 3.2| 3.1| 3.1|e 97| 1.03 1| 1.02 .97 .98( 1.02 .03 .01
91 3.2| 3.1 3.1|f .97 1.03 1| 1.02 .97 .98( 1.02 .03 .01
10 3.3| 3.2| 3.1|f .97] 1.05 97| 1.05 .94 .97 1 .06 .0z
11] 3.5( 3.3| 3.1|f .94] 1.09 94| 1.1 .89 .94 1 .13 .04
12] 3.4| 3.4| 3.4\ 1 1 1 1 1 1 1 Q 1]
13| 3.5| 3.5] 3.2|f 1| 1.064| .91f 1.09| .91 .97?| .96 .03 .03
14) 3.6 3.4) 3.3|e .94] 1.07 97| 1.06 .92 L95) 1.01 09 .03
15| 3.6| 3.5| 3.5|f| .99 1.02] .99| 1.02| .97 .99 1| .03| .01
16| 3.8| 3.7| 3.3|f| .97| 1.09] .89| 1.14| .87 .95| .96| .15| .05
17| 3.8| 3.6| 3.4|f .95] 1.09 .94 1.09 .89 .95 1 11 .04
18| 3.8| 3.7| 3.3|f| .96| 1.09] .92| 1.11| .88 .95| .98| .13| .04
19| 3.7| 3.7| 3.6|f .99] 1.02 .99| 1.02 97 .99 1 .03 .01
20| 3.8] 3.7| 3.5|f .97| 1.06 .95| 1.07 .92 .96 .99 .08 .03
21| 3.9| 3.8 3.7|f .97 1.04 97| 1.04 .95 .97 1 .05 .02
22| 3.9] 3.9| 3.6|f 1] 1.04 .9Z| 1.08 .92 .97 .96 .08 .03
23| 4.1] 4.1 4|1 .99] 1.02 .99| 1.02 .98 .99 1 .02 .01
24| 4.1| 4.1 4|1 1] 1.01 .98| 1.02 .98 .99 .99 .0Z .01
25| 4.3| 4.2 4|f .98| 1.05 .95| 1.06 .93 .97 .99 .07 .02
26| 4.4] 4.4| 4.2|e 1] 1.02 95| 1.05 .95 .98 .98 .05 .02
Z7| 4.6 4.4 4.3|f .97] 1.05 .97| 1.05 .93 .97 1 .07 .02
28 5| 4.8 4.3|f] .96 1.1 .9| 1.14| .86| .94| .9?| .16| .05
29| 5.7] 5.5| 5.1|f .96| 1.08 931 1.1 .89 .95 .98 A1 .04
30 9| 8.8| 8.3|f| .98| 1.05| .94| 1.e7 .92| .97?| .98| .e8| .03
CTATUCTHHECKHM XAPaKTEPHCTHKMA HA Maeagka N 12 no napawmepu
nap| a b c |[f] K1 K2 K3 K4 KS Kb | K? Ka K9
Xsr| 3.8| 3.7| 3.5 .98 1.05 .95) 1.07 .93 9?7 .99 .08 .03
20X 2 .2 .2 0 .01 .01 .01 .01 0 0 .01 0
| 1.2] 1.2] 1.1 .0z .03 .04 .05 .04 .02 .02 .05 .02
2o0 4 > | .1 0 0 .01 .01 .01 0 0 .01 0
vl 31 31{30.7 2.06| 2.89| 4.13| 4.52( 4.62| 1.95| Z2.28|64.21(60.76
20U 4.4| 4.4| 4.3 .27 .37 .93 .98 .6 29 291 11.2110.34
P| 5.7 5.7| 5.6 .38 .53 75 .82 .84 .36 «42111.72111.09
«| 2.8] 2.8| 2.7 -.44| .26/-1.59| 1.48( -.66| -.24[-1.63] .93 .71
*ha .4 .4 .4 45 45 .45 .45 .45 45 .45 .45 .45
B| 9.5] 9.6| 9.5 -.47|-1.16| 3.68| 3.17| .17|-1.12| 4.25| 1.19| .23
80 .9 .9 9 .89 .B9 .89 .89 .89 B9 .89 .89 .89
NN |38.5|38.5|37.7 .17 .33 .68 .82 .86 .15 .21|64.93|47.66
K| 6.9| 6.9| 6.9 6.92| 6.92| 6.92| 6.92| 6.92| 6.92| 6.92| 6.92| 6.92

A-gemuuna, B-mupuna, C-gefenuHa Ha rpaHaToERWs KpucTan

Ki=BsA-cnnecsatocT no Zingg,KZ=2A-(B+C)-yasarenoct no Wentwoth

K3=C/B-ymgunwenocT no Zingg, K4=(A+B)/(2C)-caeckatoct no Wentworth

K5=C/A-cnaecHacor no Savessi, K6=(BC-A"2)"(1/3)-ceepu-mocT no Krumbein,

K?=(f+C)/(ZB)-uaomeTpuunocT no Capkucsam, KB=B,C+A/B-Z - ¢opma no Baccoeeuu,

K9=(A-C)/ (A+B+CI-KOBPUUHEHT HA QOPMATA NO HEH3BECTEH ARTOP

N-6Gpoit avpHa, Xsr=ixisN, *8X=0/(N"(1,2)), o=S(xi-Xsr) 2N, *do=e/(2N"(1,2))

U=1000/Xsr, *3U=U(1+2((U/100)°2)"(1,2), P=U-(N"(1,2)),

«=E(xi-Xsr)"3/M0"3, *de=(6-N)"(1/2),

B=E(xi-Xsr)*4-Ne"4-3, +3B=2(6-N)"(1-2), NN(5:)=U"2,/(5"2), K=1+4In(N),2.3

%0y

Yaeamenoct (C<B) w cnneckatoct (B/R) no Zingy 3a npoda K 12

1

B

o .
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.

92
91 ‘
9 T T

9 81 % 9 M %5 % % .. 99 1
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®ur. 3. Mopdometpus Ha rpaHatu ot MN-12 no Zingg. U3omeTpuyHute
rpaHaTi ca B rOpHUs AeceH bIbM Ha Avarpamata. YAbIkeHUTe rpaHaty
ce pasnonarat no nuhuata c/b=1; cnnecHatute — no nuHusATa b/a=1;
pedhopmupaHuTe rpaHatM - no nuHMATa b2=a.c; ApedopmupaHo-
yABbKeHUTe U AedopMUpaHo-CNecHaTUTe ca B CbOTBETHUTE noneTa

Opeonu Ha MexaHU4YHO pa3ceiBaHe Ha rpaHar

PaitoHbT e onpobBaH ¢ 1662 npobu 1 npu nnowy 535 km2 ce
nonyyasa cpegHa nibTHOCT 3,1 npobu Ha kM2 — pobbp
nokasaTen 3a LNMXoMUHepanoxko kaptupane 8 M 1:25000.
Mpobnem 3a HacTOSALLOTO WM3CMEeABaHe Ha pasnpeseneHueTo
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Ha rpaHaToBKUTEe MUHEPANMU3aLMM NpecTaBnsaBa onpobBaHeTo
Camo Ha IMaBHWTE Peku B CeBepo3anagHaTa YacT Ha pervoHa
- B 191 npobu e ycTaHoBeH rpaHat. B ocTaHanata uact ot
TEPUTOPUATA, B TEKCTA HA reoNOXKUTE AOKNaAM € yKasaHo 3a
HanWyue Ha rpaHaTt B npobuTe, HO TOM He e OTpaseH B
LINMXOMUHEPANOXKITE KapTW. TO3n Npobrnem e pelueH 4pes
eKcTpanonaumst Ha fJaHHuTe ¢ AByMepHo Pypue MogenvpaHe
(Oesuc, 1977).

Tabnuua 11

MopgpomempuyHu xapakmepucmuku Ha epaHamu om [M-14
(chopmynume Ha KoebuyueHmume U cmamucmuyeckume
hapamempu Ha u3eadkume ca OadeHu e mabnuya 10)

nap| a b c |[f|] K1 K2 K3 K4 K5 K6 | K? K8 K9
Xsr| ?.8| 7.6| 7.3 97| 1.05 .96] 1.06 .94 .97 .99 .0? .02
+8X 3 3] 3 0| .o1| .01| .01| .01 6| .01 .01 0
o| 1.5] 1.5| 1.5 .02 .03 .05 .06 .05 .02 .03 .06 .02
280 z 2| .2 0 0| .01 .01 .01 o] o .01 0
v|19.2|19.2|20.1 2.34| 3.21| 5.17| 5.97| 5.24| 2.15| 3.03(91.09|81.41
*3VU| 2.6| 2.6 2.7 .3 .42 .67 .7 .68 .28 .39]19.18|16.03
P| 3.5 3.5| 3.7 .43] .S9| .94]| 1.09] .96| .39| .55|16.63|14.86
« 2 3 .2| |-1.37] 1.39|-2.58| 3.33|-2.26|-1.36|-1.13| 2.96| 2.43
28« 1 4 4 .45 .45 .45 .45 .45 .45 .45 .45 .45
B 2 2 2 .98| 2.58| 9.31|12.86| ?2.03| 2.53| 5.43|16.79| 7.89
*38 .9 9 .9 .89 .89 .89 .89 .89 .89 .89 .89 .89
NN[14.8|14.7|16.2 .22 41 1,071 1.43] 1.1 .19 .37|331.9|65.14
K| 6.9| 6.9] 6.9 6.92] 6.92] 6.92] 6.92| 6.92| 6.92| 6.92| 6.92| 6.92
Tabnuua 12

MuHepaneH cbcmag Ha WiUXoMuHepanoxkume npobu

sakar — ONMC Ha MUHEpANWTE

N{HMuHepan bpoi | [ N|Muxepan bpown || N|MuHepan bpoi
1|anatut 182 | 2|6apur 175 | 3|GucMyTuT 626
4|eYndeHUT 1|| 9|ranesut 19| 6|rpaHaT 191
?|3nato 146 || 8|uamenuT 909|| 9|kuanuT 352
10 |kopyng, 30| |11 |kceHoTrM 1| |12 |kynput 3
13 |Monnb aeHU T 1] |14 |MoHauut 400 | |15 (0noe0 9
16 |opTuT 39| |17 |nuporopduT 2|18 [naymbosiposut 3
19| pyTun 819 |20 |cTaeponut 71|21 [cpanepur 1
2Z| urannT 258 |23 | ruraHch gbpHan 191 |24 [ ropur 419
25 | xpommt 34|26 Juepycut 3|27 [umHadaput 8
28 |uMpKoH 189 |29 |weenut 928 | |30 |unuHen 108

Gpoi npobW 1662 G6pod MdHepaau 30

Kopenayus mexay wuHepaaute w< 001
6poii epb3ku 65

®ur. 4. Kopenauus mexay MMHepanuTe B WWNWXOMUHEPaNoXKU Te Npobu
OT U3cnefBaHus PervoH

MuHepanHuaT cbcTaB Ha npobute e npeacraBeH oT 30
MuHepana (Tabn. 12; dwr. 4), KOMTO Ca B CIOXHM
KOpenaumoHHn oTHoweHus (MoacoHoB TecT, a<0,001) u
rpynupaHu — NPU3HAK 3@ FEHETUYHO- W MPOCTPAHCTBEHO
06ycrnoBeHu MUHepanHu acouuauui. MuHepanute KCEHOTUM,
ananut-Ce,  mupomopcmt,  nnymb6oeposut,  cdanepwt,
unHabaput n ByndeHnt ca Ge3 kopenmat nopagu Markus
00eM Ha u3Bagkara.

Mogpenbata Ha MMHepanuTe NO 4ecToTa Ha CpeliaHe
(tabn. 13) nokasBa wu30bunme oOT weermt - 56% oOT



TEpUTOpUSTa € NEepCrekTUBHA 3@ TbPCEHE Ha LUEEMNUTOBM
opyLABaHuS.

Tabnmya 13
Cmamucmuka Ha MUHepanume 8 LWIIUXOMUHEepanoxkume
npobu om uscnedeaHusi peauoH

sakar — cCTaTUCTUKA Ha MUHEpAAUTE

N|Munepan bpon P *dP NN Nd  |uayuenocTt
1|ueeant 928 .5583 .0238| 37876 6 =
2 |unamenut 909 .5469 .0239| 38061 6 =
3|pytun 819 .4927 .024( 38391 ? =
4 |6ucmyTut 626 .3766 .0232| 36063 11 =
5| Toput 419 .2521 .0208| 28961 18 =
6 |MOHAUUT 400 .2406 .0205| 28070 19 =
? |kmanuTt 352 .2117 .0196| 25641 22 =
8| TUTaHuT 258 .1552 .0174| 20142 31 =
9|rpaHaTt 191 .1149 .0153| 15623 43 =
10 | TuTaHCBABPHAL, 191 .1149 .0153| 15623 43 -
11 |umpkoH 189 .1137 .0152| 15480 43 =
12 |anaTur 182 .1095 .015| 14978 45 =
13|Gapur 175 .1052 .0147| 14470 47 =
14|3naTto 146 .0878 .0136| 12307 57 =
15 |ununen 108 .0649 .0118| 9332 78 =
16 |opTut 39 .0234 .0072| 3519 223 =
17 | xpomuT 34 .0204 .0068| 3077 256 =
18 |kopyHa 30 .018 .0064| 2722 290 =
19| ranenut 19 .0114 .0051| 1735 460 =
20 |onoro 9 .0054 .0035 827 975 +
21 |uuHabaput 8 .0048 .0033 735 1098 +
22|cTaepoaut ? .0042 .0031 644| 1255 +
23 |kynput 3 .0018 .002 276 2932 +
24 |naymGosipoaut 3 .0018 .002 276| 2932 +
25 |uepycut 3 .0018 .002 276| 2932 +
26 |nupoMopouT 2 .0012 .0016 184| 4400 +
27 |eyndenuT 1 .0006 .0011 92| 8802 +
28 |kceHoTUM 4. .0006 .0011 92| 8802 +
29 |MoaubaeHuT 1 .0006 L0011 92| 8802 +
30 |coanepuT 1 .0006 .0011 92| 8802 +

6pon npo6u 1662 Gpon muHepaau 30

WnmenuT, pytun, GUCMYTUT, TOPUT U MOHALMT Ca C NOBeYE
0T 25 % ¥ npegonpenensT MUHepanoxkus obnuk Ha pervoHa.
KwanuT, TUTaHuT, rpaHart, UMpKoH, anatut u 6aput ce cpeiat
B noseye o1 10 % ot npobute. OcTaHanuTe MUHepanu ca ¢
BEPOATHOCT 3a OTkpuBaHe no-manko ot 10%.

CbObpKaHWEeTO Ha rpaHar B npobute Bapupa OT eauHUYHM
3Haun go ocHosHa Maca (Hag 90%). PasnpepeneHueTo e ¢
U3SIBEH MaKCUMYM OKOJO “€AMHWNYHM 3HALUM" M OKOMO “TBbpae
MHoro” (60%) — npu3Hak 3a Hanmuuue Ha pas3cesH rpaHat u
rpaHaTCbabpXaLLy Ckanu.

Pa3npepneneHneTo no YecTota Ha cpeLyaHe nokasea, ye B 99
0T 676 kBagpaTa e OTKPUT rpaHat. YecToTuTe Ha CpeLyaHe ca
¢ u3aBeH makcumym okono 30, 50, 75 u 100%. B cnyyas
XMCTOrpamata € nowo gedvHupaHa, nopaaun HeonpobeaHe Ha
NPUTOLUTE Ha rMABHTE PEKM.

Kopenatu Ha rpaHata B npobute (tabn. 14) ca MuHepanure:
anatuT, raneHuT, 3MaTto, KOpyHA, MOHaUWT, TUTAHCbAbPXKaLL
MWUHepars, TOPUT, XPOMUT, LIMPKOH, LUMKHEN. C W3KMYeHme Ha
raneHuTa M 3naToto (BEPOSITHO XMAPOTEpMarnHu NpogyKTy)
OCTaHanuTe MWHEpanu ca ckanoobpasyBal M akuecopw,
MoKa3Bally neTporpadickust CbCTaB Ha rpaHaTChAbpXKaLmTe
CKanu B panoHa.

Kopenauusita mexay MWHEpanuTe, KOMTO ca KopenaTu Ha
rpaHata (dwr. 5) e cnperHata (BCEku CpeLly BCekM) C
U3KITIOYEHNe Ha Bpb3KaTa TOpUT-WNKHeN u obocobsiBaHe Ha
ABe TPyNu: 3nato, anaTuT, LMPKOH, MOHALWT, TUTAHChObPXKALL
MWHEparn M BTOpa rpyna: raneHuT, anatut, TUTaHChAbPKaLL
MWHEpar, TOPWUT, LUMWHEN, KOPYHA, LMPKOH U XpomuT. Tesu
TPynn  NpedonpenensT 3HAYeHWeTO Ha rpaHata  Kato
WHAMKATOP 3@ ThpCeHe (BEPOSITHO OT BMECTBALLMTE CKanu) Ha
coBCTBEHO 3NaTHW W NONUMETANHI HaXoauLLa.

75

Tabnuua 14
Kopenamu Ha muHepana 2paHam 8 WIUXOMUHePanoXxkume
npobu om u3cnedeaHust peaLoH

sakar - kopenatH Ha MuHepana rpaHat n= 191/ 1662 x< .001

W |Hunepan n a La zPi
1|anatur 182 182 20.91576 1
Z|ranennt 19 13 2.183514 9999999
3|anato 146 54 16.77858 1
4 [kopyHa 30 21 3.447654 1
5 |MoHaum T 400 137 45.96871 1
6 | TuTaHCEALpRaN, 191 191 21.95006 1
7| ropur 419 151 48.15223 1
8 |xpomuT 34 34 3.907341 1
9 |umMpKoH 189 189 21.72022 1

10 (urmmen 108 39 12.41155 1

KOPEAAUMSA WERAY KOPEAATH HA HWUHEpana

rpaHat npu «< 001

®ur. 5. Bpb3km Mexpy KopenaTuTe Ha MuHepana
LWNMXOMUHEPaNoXKUTe NPobK OT U3cneABaHNsA PETVOH

rpaHat B

W3roteeHns ®ypue mogen e no AaHHu ot 99 kBagpata
(ceBepo3anagHus brbi Ha U3CNeaBaHNS paiioH). Ha dur. 6 ca
npeactaBeHu HopmanHute Bektopu (h1, h2) Ha Mopena
(xapmoHuku) u TexHute eHeprum (E %), kakto v aHanm3 Ha

oCTaTbUMTe OT pasnuknuTe Mexagy Moden W - [AaHHK
(xucTorpama).
T | TR ] L T L | S T T L L i | | i A | R | T LI T
HOPMANHU BEKTOPH Kopenorpama OTKAOHEHUS!
Tabauya Ha HaW-3HAYUMUTE XaPMOHWLW
N |hi|h2| ECz1| [N |hi|h2| EC21| [N [hi|h2| EC21)|N [hi|hZ2] EC/1||N |hi|h2| EL%]
1| 2| 2|10.98(| 2| 3| 2| 9.86(| 3| 4| 2| ?.46(| 4| 2| 3| 6.22|| 5| 4| 3| 5.86
6| 3| 3| 5.12|| ?| S| 2| 4.57?|| 8| 6| ?| 3.32|| 9| 6| 8| 3.25||10| 5| 3| 3.16
11| 6| 6| 3.12(|12|12| 3| 3.04||13]| S| 8| 3.03||14| S| 7| 2.99||15|13| 2| 2.93
16| 8| 9| 2.93| (17| 3| 6| 2.84||18| 4| 4| 2.7||19|14| 2| 2.67||20| 5| 6| 2.59
21| 3| 5| 2.52||22| 2| 4| 2.52||23| 8| 8| 2.49||24| 4| 6| 2.49||25|12| 2| 2.46
N= 99 R= .6040976 Tr= 7.465923 >3 «<0.001

KopekTue 5.277572
Ananu3 Ha octartbuyute: Rr= .8816615 Trr= 4.943303 >4.75 «<0.001

v= 97 ‘
®ur. 6. [iIBymepen ®ypne mMogen Ha pasnpeaeneHueTo Ha
4ecTOTUTE Ha CpeLiaHe Ha MUHepana rpaHar

MogenbT nokasea cunmHa 3HayuMa KOpenaTMBHa Bpb3ka
mexgy mogen u aavnm (R=0,60, T=7,46>3, a<0,001); 3aryba
Ha WHpopmauus 528 MbTM WM NPUEMNMBO  HOpMamnHO
pasnpefeneHne Ha OCTaTbLMTE OT pasnukata Mexgy Mogen 1
naHHn (R=0,88, T=4,94 > 4,75, a. < 0,001). Pasnpegenenueto
Ha XapMOHWKMTE NOKasBa craba CXOgMMOCT C MaKCUMyM
10,98% 3a xapmoHuka (2-2); 9,86 % 3a xapmoHuka (3-2) u
7,46% 3a xapMoHuka (4-2). OcTaHanuTe XxapMOHMKM CbIbpXar
M0-Masko oT 7% NONe3eH CurHar.



MbnHusa ®ypre mogen (cur. 7) nokasea HacuLaHe ¢ rpaHat
B palioHa Ha Oprno fon, XnsaboBo U CEBEPOM3TOYHO OT HEro
(MHTepnonaunoHHK pesynTati) W B uBUUMTe Tomonosrpag —
[epsuwka wmoruna, Xnsboso - [punyeBO M HOXHO
(ekcTpanonauus).

®ur. 8. Haii-cunHM xapMOHUKK B pa3npegeneHneTo Ha rpaHat

Hait-cunHaTa xapmoHuka (2-2) u kpathure i (3-3), (6-6), (4-
4) n pp. obxsalwa pasnpeneneHreTo Ha 24 % ot rpaHata B
Teputopusita (ur. 8). ToBa Ca NpemMMHO CEBEPOU3TOK-
torosanagHu WBWULMW Hal-cunHaTa, OT KOWTO MpeMuHaBa npes
Xnsiboeo, bvnrapcka nonsiHa, YepenoBo 1 ycnopeaHo Ha Hes
npes [epeuwka Moruna. Tasu cucTema CbBnaga C
torou3TOuHNS pb0 Ha naneoreHckata AEnpecusi, CeBEpHO OT
XnaboBo, a B paitoHa Ha [epsuika Moruna cbBnaga C
ronsMoTo amcpmOONUTOBO TAMO OT pamkaTa.

HanpeyHuTe Ha Taau cucTeMa UBULM Ca No-criabo M3sIBEHM 1
ca C NocoKa ceBepo3anag — orousTok, Chanaalla ¢ nocokata
Ha CceBepousTouHMs pbb Ha Cakapckus MNYyTOH K
cybnapanenHute Ha Hero MeTamopduTy, KakTo M ¢
lorosanagHus pb Ha naneoreHckara Aenpecus npu ¢. Opnos
for.

Pesyntatu

B pesynTaT OT XMMW4HWTE W3CMEeABaHWs Ce YCTaHOBM, ue
rpaHaTbT NPUHAANEXW KbM CuUCTeMaTa anMaHauH — rpocynap
— NMpon — cnecapTuH. Jluncata Ha aHapaguToB KOMMOHEHT
onpefens TBbPAOCT Ha MuHepana 7-7,5 mo Mooc, KosTo
0TroBaps Ha KpWUTEpWs 3a W3MNOM3BAHETO Ha rpaHata Kato
CypoBMHa B abpasuBHaTa NPOMWLLNEHOCT.

Bcuuky rpaHaTyi ca ¢ npeobnagasallo anMaHAaMHOB CbCTas,
HO Ce pasnuyaBaT CbLECTBEHO NOMEXAY Ci MO NPOLEHTHOTO
CbObpXaHWe Ha OCTaHanuTe KOMMOHEHTW. C Hal- BUCOKO
CbObpXaHue Ha anmvaHauH ca obpasuute ot paitoHute O-4 n
[M-14, Ha rpocynap — Of1-6 n XC-7, Ha nupon — XA-8, Ha
cnecaptui — Of-2 n O[-4. Habntopasanute obpasum ca
npekpacHa urniocTpauus 3a M3oMopdusbM Mexay T. Hap.
NUpancnuTM ¥ yrpaHautu (nocnegHuTe npeactaBeHn ot

rpocynap).

KpuctanHust xabutyc Ha rpaHata ot U3crieiBaHUTe paiioHm
€ NpeacTaBeH rnasHo o1 Tvn f 1 Tun e (dur. 2). XaburyceH Tun
¢, NpeacTaBnsBaLl koMOMHaLMs OT CPaBHUTENTHO PABHOMEPHO
pa3suth {110} n {211} ycTaHOBEH e camo B YacT OT rpaHaTuTe
oT paitonute Of-4, XA-8 u OM-14. Tpn 19X KaTUOHHOTO
OTHOLLIEHWE Ha ABYBaNEHTHUTE KbM TPUBANIEHTHUTE KaTUOHM €
Hail-HUCKO, a UMeHHo: 1,727 3a [IM-14, 1,734 3a O[1-4 n 1,738
3a XA-8 (tabn. 3). MNpu n3uncnsasaHe Ha CpeaHUTE pagunycu Ha
[BYBaNeHTHUTE W TPUBANEHTHUTE KaTUOHW Ha W3CredBaHuTe
rpaHaT Ha 0asata Ha e(EKTMBHUTE WOHHW paguycu Ha
Shanon & Prewitt (1969) n Shanon (1976) ce ycTaHoBw, ye
xabuTyceH TMN ¢ npu rpaHata ce obpasyBa MpW KaTMOHHO
oTHoweHwe noa 1,740 (dur. 9).
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IPOLEHTHO CbOTHOLLIGHHE Ha
TpaHaruTe ¢ XabuTyceH Tvn f, e,

17271734 173817451759 176 176117691769 1785

®ur. 9. 3aBMCMMOCT Ha KpUCTanHUsA XxabUTyC Ha rpaHaTa OT OTHOLIEHUETO
Ha [ABYBarNeHTHUTe KbB TPUBAmNEHTHUTE KaTUOHU



HabntogaBa ce W3BecTHa 3aBUCKUMOCT Mexay pasmepa U
XabUTyCHUS TUN — rpaHaTuTe C No-ronsim pasmep obpasysat
no-4yecTo Kpuctamu ¢ pombogopexaedpuyeH xabutyc. Hai-
ronemu OTKMOHEHMS OT MaeanHaTta M3OMETpuyHa opma ca
PEerucTpupaHn npu rpaHata OT paloHa Ha c. [lepsuluka
moruna — M-14.

B paskputusTa Ha CrioaeHu WKCTY OT LONUHUTE Ha PeknTe
Asysnepe (XA-8) u Konaysgepe (Of-5) ca HabniogaeaHn u
Hal-ronemMuTe No pasmep nopgmpobnact — CbOTBETHO A0
47,60 mm u go 30,15 mm.

MopcomeTpuyHMTe  M3CnegBaHus  nokasaxa, Ye B
puarpamuTe CnnecHaTocT — YAbMKeHocT no Zingg ce
obocobsBaT net Tuna rpaHath: yowbmkeHu kpuctanu (c/b=1);
cnnecHamu rpaHatu (b/a=1); decpopmupanu rpaHatu (b2=a.c);
OeghopmupaHo-ydbmKkeHU U deghopmupaHo-chiiecHamu.

M3umcneHunTe CTaTUCTUYECKN XapaKTepPUCTUKN Ha 3BaaKUTe
oT MOPOMETPUYHMTE n3crneaBaHms nokaseart
npeobnazaBallo HOpMarnHo pasnpegeneHne Ha CTOMHOCTUTE
Ha napameTpuTe (acUMeTpusiTa W ekleca ca no-manku ot 3),
HO MoKasaTenuTe Ha TOYHOCTTa ca OT nopsagbka Ha 10%,
KOETO € He3afoBONUTenHo. 3a [OCTUraHe Ha XenaHata 5
NpOLeHTHa rpaHWua e HeobXoaWMO AOMbIHUTENHO Aa [he
usmepsaT Hag 150 obpaseva. HesaBucuMo OT TOBa MOXeE Aa ce
npuMe, Ye pesynTaTute ca NPeACTaBUTENHW 33 U3UMCIIEHUTE
koeduumeHTn (Heobxoamumms Gpoit 3bpHa 3a TAX € No-MasTbK
ot 30).

YCTaHOBM Ce, Ye JAaHHUTE OT  LUMMXOMUHEPANOXKNTE
KapTWpaHus He MO3BONSBAT [WMPEKTHO [fa Cce npocneam
NPOCTPaHCTBEHOTO Pa3npOCTPAHEHNE Ha rpaHaTa B PErMoHa.
Hanpaeensat  ®ypue  mogen  nokasBa  MHOXECTBO
MWUHEPANOXKY aHOManu1 Ha MUHeparna rpaHart, Han-ronsma ot
KOWTO € B MBMUaTa Xnsaboso — Kapabamp 1 13To4HO B palioHa
Ha [JonuHaTa Ha p. fBysgepe. Hail-cunHata XapMOHMKa BbB
®ypue mogena (2-2) mapkupa reonoxku rpaHuLy Ha niyToHa
OT CEBEPOM3TOYHA CTpaHa M MepneHanKynspHA WBMLM, Hail-
CUMHMTE OT KOWTO MpemuHaBaT npe3 Xnsboso — Bbnrapcka
nonsiHa — YepenoBo W ycrnopeaHo Ha Hes npes [lepsuiuka
moruna - [naHuHoBo. Kopenatute Ha rpaHata B
LITMXOMUHEPANOXKTE Npobu ca MMHepanu OT BMeCTBaLLuTe
ckanu, 3nato W ranenut. OpeonuTe Ha  MEXaHWYHO
pasceiiBaHe Ha MWHepana [0 ronsMa CcTeneH cbBnagar C
W3BECTHUTE TpaHaTOBM MUHepanusauun. BaxeH pesynrar e
KOHCTATUPAHOTO HaculiaHe Ha TepuTopusita C  npobw,
CbabpxaLy weenut (noseye oT 56%).

Auckycus
[paHaTbT OT M3CMedBaHWUTE paloHM Ce  pasnuyaBa
CbLIECTBEHO NO pa3vmep, MopdonorMs U NPOLEHTHO

CbbpXaHWe Ha KpalHUTE UreHoBE Ha W3OMOpP(HUTE MY
peamum.

MoTBbpkOaBa Ce 3aBMCUMOCTTa MEXAY KaTUOHHOTO
OTHOLLIEHME B rpaHaTuTe W TEXHWUS XabUTYCEH TN, YCTaHOBEHa
ot KoctoB (1950), T.e. Mpn NO-HUCKO KAaTUOHHO OTHOLLEHWE Ce
Habntogasat no-ronsm Opoii rpaHati, YusTo Mopdonorus e
npeacTaBeHa ot kombuHauwmm ot {110} n {211},
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CTOMHOCTUTE Ha W3MepeHUTe ObIDKWHU N0 TpUTEe OCU Ha
CMMeTpUs OT YeTBbPTM nopspbk Ga (a,b,c) 1 m3umcnenute
MOPGOMETPUYHM  KOBIMUMEHTH, KaKTO UM WU3rOTBEHWUTE
Auarpamu no Zingg nokassaT OTKMOHEHUs! OT uaeanHata
n3omeTpuyHa hopma, KOeTo e NpU3HaK 3a MUHepaneH pacTex
B aHu3oTponHa cpepa (c/b=1; bl/a=1); gpedopmauns Ha
Kpuctanu ¢ maeanHa dopma (b2=ac) 1 crnyyam Ha pacTex,
CbNpoBOAEH C Aedopmaums Ha kpuctanute. pu NocTosHHN
napameTpu Ha cpepata, opmara Ha KpucTanute ce
nogumMHsiBa Ha 3akoHa Ha Pepmu — cumeTpusTa Ha opmara
Ha KpuUCTana € eaMHCTBO Ha BbTpellHaTa CuUMeTpus U
CMMeTpWsITa Ha oKorHaTa cpeda. B To3u cmuckn kpucranm ¢
pasnuuHu oTHoweHus ot c¢/b=1 u bla=1 ca npusHak 3a
Aecopmaums Ha kpuctanute. [IOKONKOTO B YacTHUS cryvan
b2=ac e oTpaxeHWe Ha paBeHCTBO Ha obemute Ha cdepa
(Vepepa=mth3/6) n obema Ha u3MepeHust TPUOCEH enuncoug
(Venuncons =7rabc/6), MoXe fa ce 0vakBa, Ye Te3u KpucTanu ca
Wmanu umpeanHa dopma Ccnef KOeTo ca  npeTbpnenv
nnactuyHa gedopmauns. 3a nnactuyHa aedopmauus Ha
rpaHaTa ca nokasaHu qaktu u ce auckytupa B Prior et all
(2000); Storey & Prior (2005).

N3Boau

OT npefcTaBeHUTe MUHEPANOXKKM [aHHW 3a rpaHaTuTe OT
pasnuyHUTE panoHu Ha wacregsaHe W daHHuTe oT Oypue
aHanu3a Ha  LIMXOMWHEPanoXKkoTo  onpobBaHe  Ha
Cakapckata obnacT Moxe [fa ce TBbpaW, Ye WHTepec 3a
abpasvBHaTa NPOMWLLNEHOCT MpeLCTaBnaBaT eanHCTBEHO
rpaHaTuTe OT JonuHaTa Ha p. fBy3adepe.

MoTBbpPAYN Ce 3aBUCUMOCTTa MEXY KaTUOHHOTO OTHOLLEHME B
rpaHaTuTe W TexHusi xabutyceH Tun, yctaHoBeHa oT KocTos
(1950). Tpu w3umcnsBaHe Ha cpegHWTe paguycyu Ha
[OBYBaNeHTHUTE W TPUBANEHTHUTE KATMOHM Ha W3CNeaBaHWUTE
rpaHatm Ha 06as3ata Ha eqeKTMBHMTE WOHHM paguycu Ha
Shanon & Prewitt (1969) u Shanon (1976) ce ycrtaHoBu, ye
XabuTyceH TN ¢, NpeacTaBeH OT CPaBHUTENHO PaBHOMEPHO
pasguthn {110} u {211} npu rpaHata ce obpasyBa npu
KaTUOHHO OTHoweHne nog 1,740. [MpucbcTBMETO Ha
TETParoHTPUOKTaeApMYHaTa npocTa opmMa € PerucTpupaHo
J10 KaTMOHHO oTHoLLEeHue 1,785.

M3cnegpaHuTe rpaHatM ca MOMMrEHHW — AedopMuUpaHm
PENUKTW OT pervoHanmHus MeTamopu3bM Ha Ckanute B
paioHa, AeopMupaHm B NpoLieca Ha 13pacTBaHe v Kpuctanu
“3pacTHamy B CTaLMOHAPEH PEXMM Ha aHW3OTPOMHO Mofe.

bnazodapHocmu. HactoswoTo mscnegsaHe Gelue Bb3MOXHO
Ja ce peanusvpa bnarogapeHne Ha npodecroHanHaTta W
BeskopncTHa nomoly Ha gou. a-p P. W. Koctos, cT.H.Cc. g-p H.
3upapos 1 H. FocnognHoB. ®UHAHCHMPAHETO Ha OMpobBaHETO
n obpaboTkata Ha npobuTe € U3BBLPLLIEHO NO NPOeKT Ha SE
Europe Geoscience Foundation.
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APXEOMETANYPIMYHU NPOYYBAHUA B PAMOHA HA C. BbJIYE MNOJE, XACKOBCKO

3dpasko LuHyoe', Xpucmo lMonoe?, banyw baHywee?

1 L{eHmparnHa nabopamopusi no MuHepanoaus U kpucmanoepagpus “Akad. MeaH Kocmog”, BAH, Cogpus 1113; ztsintsov@mail.bg
2 Apxeonoauyecku uHcmumym c my3ed, BAH, Cogpusi 1000; popovhristo@yahoo.co.uk
3 MunHo-2eonoxku yHusepcumem “Ce. MeaH Puncku”, Cogpus 1700; banushev@mgu.bg

PE3KOME. MMpe3 2005 r. ctapTupa nporpamMa 3a npoy4yBaHe Ha creaute OT APEBHO pyAapcTBO M MeTanypris B paiioHa Ha pupaa lopata ot Matounute Poponu.
OcHoBHYM npobnemm, KOWTO Lie ObAaT U3ACHABaHM B ABMTOCPOYEH NNaH ca Te3l OTHOCHO: i) XpoHOMorusTa Ha pyaapcTBOTO M MeTanyprisiTa B paiioHa (OCHOBHM
nepuoau 1 TexHuTe ocobeHocTy); i) BugoseTe meTtanyprus (LiBeTHa n/unu YepHa); iii) OcobeHOCTM Ha TeXHONOTMYHMS NpoLieC, KOUTo MoraT fa 6baaT perncTpupanm
3a pasnuyHuTe nepuoan. Mo BpeMe Ha MHTEPAUCLMNNMHAPHM apXeoMeTanypriyHn NpoyyYBaHus B palioHa Ha c. Bbnye none, XackoBcko Be ycTaHOBEHO, ye npe3
xenssHata enoxa (X-1 B. np. Xp.) B Tean 3emMn [peBHU pyAapu ca AobuBany xens3Ha pyaa kato Ha MSCTO ca U3BbpLUBANKM MeTanypruyHata it npepabotka. 3a ToBa
CBUAETENCTBA rofsMOTO KOMWYECTBO Lunaka, HamepeHa B HemocpeAcTBeHa 6nM30CT ¢ MeTanypriyHa newy v pascunute OT pervoHa. 3a Tasu uen ca bunu
13Mnon3BaHN PasCUMHN Xene30HOCHN KbCOBE, HaMUpaLLY Ce B roNsiMO KONMYECTBO B anyBuarnHuTe CEAMMEHTY OT pervoHa. PyaHuTe MuHepanmaaLumy B TAX OCHOBHO
ca npefcraBeHu 0T Fe okeuan/Xuapokeuam, BKIIOYBALLM MarHETUT, XeMaTUT, MarxeMuT, TbOTUT U MHOTO Marko Konu4ecTso cynduau. [bpeute ABa MyHepana umat
pa3MeHeHM AOMUHUPALL KONMYECTBEHM OTHOLLEHWS W ONPEAENsT BbHLIHWUS 06NMK 1 0CobeHOCTM Ha oTAenHUTe 0bpasyy.

ARCHAEOMETALLURGICAL INVESTIGATION IN THE REGION OF VULCHE POLE VILLAGE, HASKOVO DISTRICT
Zdravko Tsintsov!, Hristo Popov?, Banush Banushev?3

Central Laboratory of Mineralogy and Crystallography “Acad. Ivan Kostov”, BAS, Sofia 1113; ztsintsov@mail.bg
2Archaeological Institute with Museum, BAS, Sofia 1000; popovhristo@yahoo.co.uk

3University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; banushev@mgu.bg

ABSTRACT. During 2005 a program started for investigation of the traces of ancient ore processing and metallurgy in the region of Gorata ridge in Eastern
Rhodopes. Major problems to be clarified in a longer time period are those concerned with: i) Chronology of the ore mining and metallurgy in the region (main periods
and their specificity); ii) Types of metallurgy (ferrous and/or non-ferrous); iii) Features of the technological process, which can be registered for the different periods.
During interdisciplinary archaeometallurgical studies in the region of Vulche pole village, Haskovo district, it has been established that during the Iron epoch (X-I
century B. C.) in these places ancient miners have mined iron ore and have performed metallurgical processing on the same places. Witness for that is the great
amount of slag, found very close to a metallurgical furnace as well as in the placers in the region. For this purpose there were used placer iron-bearing pieces present
in great quantity in the alluvial sediments of the region. The ore mineralization in them is mainly represented by Fe oxides/hydroxides including magnetite, hematite,
maghemite, goethite and small amounts of sulfides. The first two minerals display reversed dominating quantitative relations and determine the outlook and the
features of the separate samples.

BbBegeHue NpoBeAeHU NHTEH3MBHM TepPEeHHM obxoxaaHus.
MMbpBOHAYaNHNUTE PE3ynTaTh nokasaxa, Ye B 3emnMLiaTa Ha
Mpolecute CBLP3aHM C PydodobUBa M MeTanyprusta Mo Hskon cena (Bbnye none, Manko [paduue, IloseH) ce
GbnrapckuTe 3eMu B [PEBHOCTTA BMHaru ca MpOBOKMpanu OTKpWBAT Cean oT APEeBHI PyAApCTBO U MeTanoaobms. Mpe3
MOBMILEH MHTEPEC Ha CTIeLManUCTUTe OT pasnuyHu obnacTy 2005 r. B pafioHa Ha c. Bbn4ye none 3anoyHaxa COHAaxXH
Ha HaykaTa Mopagu ronsiMOTO WM COLManHO 3HayeHwe 3a apXeonorm4eckn npoy4ysaHus, KOWTO B AbITOCPOHYEH rMriaH
BPEMETO, Mpe3 KOeTO Ca pasBuMBaHM W  U3KIKOUMTENHO MMaT 3a Uen fa U3ACHAT XapakTepucTuknutTe Ha obuTaBaHeTO 1
BWUCOKOTO HWBO Ha MPaKTUYECKW MO3HAHMS, NPUTEXAaBaHU OT MOMMHbKa B U3TOYHUTE YacTu Ha puaa [opaTa npes kbeHaTa
MECTHOTO HacerieHne OTHOCHO TbPCEHETO, MpOyYBaHeTo i bpoH3oBa, KensisHaTa M pumckata enoxu (xpoHornoruvecka
pa3paboTBaHETO Ha HaXOAWLLATA Ha MeTany W TeXHOMOTUNTe pamka XVI B. np. Xp. - VI B.). B kpbra ot npobniemu, kouTo ca
3a TAxHaTa npepaboTka. OrpaHUYeHUTe U3CNedBaHus B Tasu OCHOBEH OOeKT Ha M3CriefBaHusTa, [OMbIHUTENHO Osixa
Hacoka y HaC ca MpWYMHa 3a NUNcata Ha npernefHa ut hopMynMpaHm 1 Takvea kato: i) XpoHomorus Ha pyAapcTBoTo
[OCTOBEpHO CbbpaHa WHOpMaUMs 3a wcTopusTa Ha W meTanypruaTa B paiioHa, ii) Bunose metanyprusi (YepHa
pyfonobvBa M MeTanyprusTa no HaluTe 3eMu W npe3 nvnn uetHa), i) OcobeHocT Ha TEXHOMOTMYHUS MpPOLEC,
NOCMeHUTE HAKOMKO AECeTKU rofuHM Oenexu camo efuH KOUTO MoraT fa Objar KOHCTAaTMpaHu 3a  pa3nnyHu
HayaneH eTan Ha oboraTsiBaHe W CUCTeMaTW3MpaHe Ha UCTOpUYECKM — nepuopu.  3aedHo  CbC  COHAaxHWTE
Hay4HOTO HM Mo3HaHWe B Tasu obnact (Mapkos, 2003). C apxeororniecks  npoyuBaHiusi  Gewe  paspaboteHa U
Orneq NombfIBAHETO Ha Tas3u MHGOPMALMS U PETUCTPUPAHETO AbIITOCPOYHa Nporpama 3a npoy4BaHe Ha crejute Ot AAPEBHO
Ha Heno3HaTU OO0 MOMEHTa apXeonoruveckn o0ekTH, npes PyAapcTeo 1 MeTanyprvs.

2004 r. Ha TeputopuaTa Ha obuwmHa Jlobumely 6sxa
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Lianata nporpama, ctapTupana ¢ paskornkute npes asryct
2005 r. B M. Ky kasi B 3eMnMLLETO Ha ¢. Bbnye none Ha To3u
eTan ce uHaHcupa oT ApXeonoruyeckus UHCTUTYT C My3en —
BAH. brm3o go M. Kyw kas B pamkute Ha Cblus asn ot
N3TouHute Pogonu ce Hamupar enoHUMHM ODEeKTM KaTo
[WeitHoBel, KosaH kas, myxute kambHu, CBeTa MapuHa,
Edbpem u ap.

B pamkuTe Ha HacTOALIOTO apXxeoMeTanypriyHo NpoyyBaHe
Osixa NpoBeLEHN ThpCELLM reonoxkn pabotn ¢ onpobeaHe K
nabopaTopHO W3crnefdBaHe Ha pyaHUTE  MUHepanu3auuy,
KOPEHHUTE CKanu, XuapoTepManHo NPOMEHEHUTE 30HW B TAX U1
pascunute B M. M. Kyw kas, KoeaH kas, [Jaao BaHrensoBata
HuBa, Kapa Konbosus byHap, laitgata, Kytena v LadpaHa,
pasnonoxeHn B 3eMANLLETO Ha C. Bbnue none (Xackocko).
[MpoBEAEHOTO MHTEPAMUCUMNNMHAPHO U3CreaBaHe NO3BOMN da
Obaar perucTpupaH Crnegum OT aKTUBEH Xene3ogobus K
metanypris B M. M. Kapa Konbosus 6yHap, Manpata, Kytena u
LWadpaHa v fa ce nokanuaupa NOTEHLMANHO Hail-BeposTHaTa
CypOBMHa, 13Mon3BaHa 3a Tasu Len. OcBeH ToBa B NPOYyYeHUs
paitoH Gelle HamepeHO OBWMHO KOMMYECTBO OTMagHa Lunaka
OT [peBHa MeTanyprusi, pesynratte OT M3CNEABaHETO Ha
KOATO Ca NpeaMET Ha pasrnexgaHe B apyra cTyaus.

Llenta Ha npegnaraHata pabota e pfa npeactasu
npesBapuTeNHM  [aHHM 33 pascunHata  kenesopyaHa
MuHepanu3aums ot M. M. Kapa Konbosusi byHap, lainpata,
Kytena u LWadpaHa, pasrnexgaHa kaTo Hail-BeposiTHa
CYpOBMHa 3a MPOM3BOACTBOTO HA KENs30 Npe3 KbCHaTa
XENsi3Ha enoxa unm OT Nepuoaa Ha puMcKaTa aHTUYHOCT.

Apxeonoruyecku npeanocTaBku

OBekt Kyw kas, ¢ nnow, Hag 25 gka e pasnonoxeH Ha
Bb3BULLEHWE C (hOpMaTa Ha MPECceYeH KOHYC, BbpXY YMWTO
BMCOKM YaCTW Ce OTKposiBaT [Ba ronemu 0BenuckoBuaHM
CkanHu 6noka. bun e obutaBaH npe3 CPaBHUTENIHO ObAru
nepuogn OT BpeMe, Karo Hal-CUMeH WHTEH3WUTET Ha
obuTaBaHeTo MOXe Aa Obae yCTaHOBEH 3a KbcHaTa GpOH30Ba
(XVI = XIlI B. np. Xp.) n paHHaTa xensaHa enoxu (X-VI B. np.
Xp.). HeroBoto MHTEpPNpETMpaHe KaTo YKpeneHo Cenuiie, Ha
TO3M €Tan OT NPOoyYBaHMATA WU3rnexaa Han-npasaonofotHo
CbOTBETCTBA Ha TPYAHOLOCTBMHOTO MY MECTOMONOXEHNE.
lMpe3 n3MuHanus apxeonornyeckn ce3oH bsixa paskputu ase
XUnMwa oT KbCHaTa OpOH30Ba W paHHaTa XensisHa enoxa
e[Ha yKpenuTenHa creHa, obxeawawa Kyw kas ot 3anag. Ha
mecTa [febenuHata Ha MpOYYEHUTE KynTypHW NNacToBe
poctra 1.40 m, KOETO CBMAETENCTBA 3a NPOLLITKUTENHO
obutaBaHe. EgHa OT OCHOBHWTE LienM Mpu Mpoy4BaHETo Ha
Kyw kas 6Ge nposepka Ha HanpaseHute npe3 2004 T.
KOHCTaTaLyW 3a HanMuMeTo Ha Crieguw OT pyaapcka AEemHOCT,
BasnpaHn BbpXy HAMUPAHETO Ha: i) parMeHTU OT Xpomenw;
ii) BogochOMpaTenHu BaHU M3ceYEHW B 34paBM HEHApPYLUEHM
cKarv oT kopuTo Ha p. Cencka, ApeHupaLLa BOAUTE OT 1 OKONO
Bb3BULLEHWETO; iii) OPYASBaHWUA HA KOPEHHUTE CKanm 1 np.

B cesepHaTa nepucbepus Ha c. Bwvnye none, B M. [d40
BavrenboBata HuMBa ©6e npeanpueTa gpyra TepeHHa
WHTEPBEHUMS B y4acTbK C peructpupann npes 2004/2005 r.
cnegum oT  xenesogobus. [pegBapuTenHnTe  TEPEHHN
reomsnyHN  M3CMEABaAHMS C MOMOLLTA Ha  CheKTpaneH
MarHUTOMETBbP PEMMCTPUpaxa ABE SCHO M3pa3eHu aHoMamnuu.
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B pamkute Ha [Ba Manku apxeonoruyecku coHgaxa c
pasmepn 3.0x3.0 m 6sxa paskpuTh paspyLLeHUTe OCTaHKM OT
MeTanypruyHa newy, 1 KynyuHa otnagbyHa Lunaka, HaTpynaHa
npea Hesl. OcHoBaTa Ha newTa € ¢ pasmeput 0.80-0.90 m u
oBarnHa copma. BbB BUCOUMHA BEPOSITHO € Buna He No-Bucoka
oT 1 m, KaTo eAHaTta i cTeHa e Guna BkonaHa B CKIOHa W €
umana ¢opma Ha npeceyeH KoHyc. MewTa e u3non3saHa B
paMKuTe Haln-MHOro Ha 1 ce30H. lpu HEMHOTO NpoyyBaHe He
OsiXxa OTKPUTM CUTYPHWM XPOHOMOTMYECKM PEMepu, KOUTO [a
nossonaT  TOYHOTO ¥ patupaHe. C  orneg  Ha
HenocpeacTBeHaTta i 6M30CT [O OCHOBHW apXEOnornyecku
0bekTM B OKONMHOCTUTE (BWUNOTO Hag newTa, ¢ pascunn oT
XUInuLLa OT puMckaTta enoxa, NOACTbAUTE KbM M. M. Kyl kas u
CenuweTo) MOXe Aa ce NPeanonoxu, Ye newlTa e oT KbCcHaTa
xenssHa enoxa (V-1 B. np. Xp.) umv oT nepuoga Ha pumckarta
aHTuuHocT (I-IV B.). MpeuusnpaHeTo Ha TasW AaTUPOBKa MOXe
fga ObAe HanpaBeHO Npe3 criefpalyTe apXeoror4ecky
CE30HM.

B Kkpas Ha MUHanMs W Ha4YanoTo Ha HacTOSLUMS BeK Mpu
PEBW3WNOHHM rE0NOXKM paboTy B CbCeAeH Ha pasrnexaaHus ot
Hac yvacTbk ¢ nnow, Hag 30 km2 (B OKONMHOCTWUTE Ha C.
Kamuncku gon), reonosn nonagHaxa Ha MUHHU U3paboTki 1
Lnaka oT ApeBHU pypopobue n metanyprus. Onutute um ga
onpepensT 0obueaHWs MeTarn He 3aBbpLuKXa C KaTeropuyeH u
€[]HO3HAYeH OTTOBOP B Pe3ynTaT Ha KOeTo M B CbOTBETCTBUE
CbC CbBPEMEHHUTE METanoreHH CXBallaHusi 3a paiioHa Te
3aKrioumxa, Ye gpeBHUs MeTanogobus e 6un npeaHasHaueH
3a 3naro (Nakov et al., 2001).

MaTepuan M MeToau Ha u3cnenBaHe

W3cneaBaHu ca xenesopyaHu MUHepanuaauuu passuTv B
Pa3CuMHU KbCOBE, YCTAHOBEHM B anyBUasHU CEAUMEHTU OT M.
M. Kapa Konbosus GyHap, lanpata, Kytena u LWadpaHa u
ApeHupaldarta rv p. Kytena, pasnonoxenu B KxHaTa 4acT Ha
3emMnuLeTo Ha ¢. Bvnue none. MacnensanusaTa B npoxoasiia
1 OTpa3eHa CBET/INHA Ca U3BbPLUIEHN CbOTBETHO C MUKPOCKOMM
Amplival un Leitz Orthoplan-Pol.  PeHTreHoCTpyKTYpHUTE
nscneasanusa (XRD-aHannan) ca peanuavpaHn 4pes npaxos
andppakrometsp LPOH-3M npu cnassaHe Ha CrnegHus pexuMm:;
CoKa. mbuenme, 40 kV, 28 mA. YyBcTBUTENHOCT Ha MeToaa 3
wt. %. XUMUYHUTE aHanW3W ca W3BbPLUEHM NO MEeTofa Ha
aTOMHO EMWUCMOHHATA CMEKTPOCKONMS C MHAYKTUBHO CBbp3aHa
nnasma (AES ICP), ¢ anapar SPECTRO Analytical instruments
(Germany).

Feonoxku 6enexku

PaitoHbT Ha ¢. Bbnye none ce Hamupa B Hail-M3TOYHaTa
yacT Ha WsToyHute Pogonu M nonaga B rpaHWuuMTE Ha
Bpsroscko-Bunyenonckoto noHwkeHne (bosHos 1 ap., 1963),
3aMbfHEHO OT cKkanuTe Ha “3afpyrata Ha Bwbnuenonckata
monaca’. Te ca mpeacTaBeHu OT cnabo Ao Aobpe crnoeHu
CEOVMEHTHM CKanu  (KOHTIoMepaTy, MAChYHULW,  [IIWHK,
aneBponuTK), KUCenn Tyu, BBITMWHW LUMCTU W BBIIMLWA
(MuHueB n Eckenasu, 1965; Boyanov and Goranov, 2001).
Mpobnemute cBbP3aHK C Bb3pacTTa, NeTporpadickust CbCTas,
oOcTaHoBKaTa Ha (OpPMUPaHE U MPOCTPAHCTBEHO-BPEMEBUTE
CbOTHOLLEHMS Ha ckanuTe OT “Bbnyenonckata monaca’



Npogb/KaBaT ga ca auckycuoHHn (Harkovska et al., 2005).
Tean npobnemu ca u3BbH MNpegMeTa Ha HACTOALOTO
n3cneaBaHe, Nopagu KOETo HAMa Aa Ce cnupame noapobHo Ha
TAX. Heobxogumo e pa ce otbenexu obave, 4ye B
apXxeonoruyeckn acnektT OCBEH CypoBMHaTa npepaboTBaHa ot
OpeBHUTE pydapu, WHTepec NpeAcTaBnsBaT M BLIMMLWATA,
KaTo MOTEeHUManeH eHeprueH M3TOYHUK 3a MeTanypruyHu
Lenu. Te ca npeacTaBeHm OT YeTupu nnacta ¢ gebenutHa ot 1
[0 2.60 m 1 no cTeneH Ha BbrnedMKaLmMa ca Npexon Mexay
MeKUTE U TBbPAUTE KadsiBK, C KaropuyeH edekT 3a Ccyxo
ropueo 3670 kkal kg-' u umaT BUCOKO NENenHo CbAabpxaHue
(MuHyeB u Eckenasm, 1965). C Te3n nokasatenu Bbriuwata
OT pasnuYHUTE Yy4yacTbUM Ha nposiBneHne “Bbnye none”
NPeACTaBNABaT HWUCKO- [0 CPEefHOKAYeCTBEH M3TOYHUK Ha
TONAWHHA eHeprus. pe3 MUHanus Bek MECTHWU XMTenu ca
paspaboTBany OTAENHW BBITMWHM y4acTbUM 3a 6UTOBM
HYXOW, KaTo 3a LenTa Ha eauH OT TsX ca npokapanu MUHHa
uspabotka ¢ gbmkuHa okono 100 m. Hesaeucumo oT ToBa
obaye, MpOSIBNEHWETO KaToO LANO € KaTeropusupaHo KaTo
HenepCcneKkTUBHO M HAMA NPaKTUYECKO 3HadeHue (Koxyxapos 1
ap., 1995). XapaktepHa 0cobGeHOCT Ha Te3n Bbrnuwa €
HeoOW4aliHO BUCOKUTE CbabpkaHus Ha Ge, U u Sb B TsX,
kouto Hagxebpnsat Knapkosute croiHoctn ot 100 go 4000
nbtu (Vassilev et al., 1995). [lo MOMeHTa HAMa AaHHM, ue
BbMuwara ca Ounu obekT Ha NPOMWLLNEH MHTEpeC B
APEBHOCTTA, HO Ta3n Bb3MOXHOCT He TpsibBa Aa ce 13knoyBa
HambJHO.

Hawwte n3cneapaHns nokasear, Ye panoHbT Ha C. Bbnue
rnone OCHOBHO € M3rpajeH OT epO3bpHECTU MONMMIUKTOBM
MACBYHULM W TPaBUHM KOHrMomepaTtn. [1acbyHMLMTE ca
CBET/IOCWBY, CBETNIOXBLATM 00 OexoBM C  METHWCTO
XBbITEHWKABO [0 PbXOMBOKASBO oupeTsBaHe oT Fe-
Xuapokenamn. KnacTuYHUAT KOMMOHEHT € NpeauMHO OT KBapl,
B Nno-mMasnka cteneH ot K-cbengwnar, nnarnoknas u nututu ot
K1CenM Nno CbCTaB BYIKAHUTMW ((DEHOPMONUTM) U PEaKM KbCOBE
OT mMeTamopduTy (KBapuuTh 1 rHamch). LIMEHTBLT e rmnuHecT
OT NOPOB M KOHTAKTHO-MOPOB TuM. MakpocKoncku rpaBuiHUTE
KOHrnomepat ca BexoBW Unu XbITEHWUKABU C YEPBEHUKABO
oupeTsBaHe oT Fe-xugpokeuan. 3a pasnuka OT NACLYHULMUTE,
KNaCTUYHWAT KOMMOHEHT B KOHrMOMepaTuTe OCHOBHO BKIHOYBA
NUTUTK, B NO-Manka CTeneH ksapy 1 denawnaru. Jiututute ca
NpeAcTaBeHn OT HEPaBHOMEPHO pasnpeaeneHn pasHoobpasHu
CKalHM KbCOBE ~— MpPEOUMHO  BYMKaHWTW  (GhenauToBm,
CheponuToBN U MBMYECTU (DEHOPUONUTK) U METaMOpgUTM
(KBAPUMTL W THaWCK) C MATPUKC OT NO-apebHOKBLCOB MaTepuan
CbC CbLUMS XapaKTep W [MMHECT UuMeHT. B u3cneasaHuTe
CEQVMEHTHM  CKamy, MpeXoauWTe  Mexgy  pasnuyHuTe
Pa3HOBMOHOCTM Ca TPYOHO YCTaHOBMMW W Camo B OTAENHM
yyacTbum ce Habnoaasat cnabo u3paseHu TakuBa MeXay TsX
(0T engpo3bpHECTM MACBYHALM O TPaBENATU W FPaBUAHM
KOHrnmomepaT) umu cnegu OT XvapoTepmanHa gewHocT. B
MOCMeHUS Cryyal CKanuTe WHTEH3WBHO Ca OKBAapLEHW U
OUBETEHW B pO30BM, KadsBM WM YEPBEHWN TOHOBE,
00yCcnoBeHu 0T pa3nunyHaTa KOHLEeHTpauwms Ha Fe-xuapokenam.
LLUnmX0BO-MUHEPANOXKOTO M3crenBaHe Ha Te3uW CEOUMEHTU
nokasa, Ye Te ca MHoro 6egHu Ha Texka dpakums (<30 gim3),
@ MarHMTHUS KOMMOHEHT B TAX MPaKTUYECKn OTCbCTBA.
lpoBegeHOTO onpobBaHe He MOTBbPAW CTAHOBMLLETO Ha
MECTHW XMTENW, Ye B CPedaTa Ha MUHanus BeK pascunuTe,
(bopMMpaHn OT TEPUreHHWs maTepuan Ha Te3u ckanu ca
pa3paboTBaHi 3a fobuB Ha 3naTo. TakoBa U300LWO He Belue
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YCTaHOBEHO, a rMaBHUA MUHEPal B TEXKaTa d)paKLlI/IFI oTTAX €
anMaHauH.

Ha toroustok oT ¢. Bbnuye none, nog creHata Ha MeCTHWS
MWKpOsi30BMP ce HamupaT M. M. Kapa Konbosusi OyHap,
lapara, Kytena u LadpaHa kouto ce gpeHupat oT pekute
[eBenepeHcka n Kytena. YyacTbkbT € pasnonoxeH B HOU
yacT Ha bpsroscko-Bbnuyenonckata rpabeH-CHKNMHaNa 1 e
MNOKPUT OT KBaTEPHEPHU AeNyBUAIHO-anyBMarHu OTIOXEHUS.
CurHo e 3aTpeBeH W 3aneceH C HUCKa PacTUTENHOCT, KaTo
€OMHCTBEHUTE y4acTbUM [OCTBMHM 33 MNPSKO TEPEHHO
reornoxko HabnioaeHue ca HegbnbokuTe Aepeta oPopMEHH OT
cnabo passuTata peyHa Mpexa. B Te3u yyactbum paspesa e
n3rpageH OT cpegHo- A0 ApebHOKLCOBM, CpaBHUTENHO Jobpe
3a0611eHM BanyHW 1 rpaBuii, NPeACTaBeHN OCHOBHO OT KBapL, 1
BYNMKaHUTW (pUONWTK), B MO-Manka CTeneH OT  LUNCTH,
NACBYHULM 1 XeNne3oHOCHM KbcoBe. camuTHaTa dhpakuns B
pekute npeobnapasawo e apebHO- [0 CpesHO3bpHecTa ¢
MHOrO HUCKO CbAbp)XaHUe Ha FMUHECT KOMMOHEHT.

MeTtanoreHus

B meTanoreHHO OTHOLLUEHWE M3CNEABaHWS paiioH nonaga B
rpaHuuuTe Ha M3TOYHOpOAONCKaTa MeTanoreHHa 30Ha, KosiTo
Ce XxapakTepusupa OCHOBHO ¢ Pb-Zn cneunanusaums, a npes
nocnegHute roguHn  6e [OKasaHo, Ye UMa Cepuo3eH
MOTEHLMan v No OTHOLIEHWE Ha Au, KaTo OCBEH NONMMeTarHo-
3NatHW, B TpaHULUUTE Ha 3oHaTa Osaxa YCTaHOBEHN U
coBCTBEHO 3naTHW NposiBREHNs W Haxopuwa (bpeckoscka u
leprenyes, 1988.; Nakov et al., 2001). PaitoHbT okomo c.
Bbnue none B pagwyc okono 12-15 km ce otnnyasa ¢
pasBMTMETO Ha Tpu pyaHu noneta — JloseHcko (Pb-Zn),
Mamxaposcko (Pb-Zn-Au) n Kamungoncko (Au), BCAKO ¢ no
HAKOIKO pyaONpOosIBIEHMs Uy Haxoguwwa (cpur. 1). OceH Tsx
B [JornHata cepuss Ha Pogonckws komnnekc B 6nm3ocT go
n3creaBaHus paioH okono cenata Kamuncku gon, Xyxna u
Nambyx ca yCTaHOBEHW ¥ MPOSIBI Ha KENE30HOCHW KBapLMTH
(KoxyxapoB u gp., 1988). MwuHepanHuaT cCbCTaB Ha
nocnegHute e  CpaBHUTENHO  edHoobpaseH,  kaTo
ckanoobpasyBalluTe MWHEpanM B TAX Ca OOMMHWpaHW OT
KBapL, a pyaHWUTE ca NpeacTaBeHn OT MarHeTUT U XemMaTuT, Ha
MecTa C BKIHOYEHMSt OT MWPWUT, MUPOTMH W MO-PSALKO
xankonuput (KaHypkos, 1988). XematutbT gasa obwms obnnk
Ha opyaseaHeTo. ObpasyBa (PuHM MOCTK, FPYNUPaHM B UBULM
WA THesgda C  XWUNWUAMOMOPGHM WMWK  anoTPUMOMOPHM
nHamBmaun. CunHo e mywkeToBuaupaH. Crnopen Koxyxapos 1
ap. (1988) xenesoHocHuTe kBapuuTy oT U3TouHuTe Pogonn ca
OenHun Ha Xens3o U He NPeACTaBNsABaT NPaKTUYECKN MHTEPEC.
Cowute aBTOpM 3acTbhBaT Te3aTa, 4Ye KBapuuTuTE He
npuTeXaBaT MPOMMLLIIEH MOTEHUMAN W MO OTHOLIEHWE Ha
31aT0TO, Thil KAaTO CaMo OTAENHU NPobu NokaseaT MUHUMAITHK
CbObpXaHus Ha TO31 MeTar.

HawwwTe nacnegsaHns coyart, Ye pygHUTE MUHEpanu3aumm B
n3crneBaHUTE MECTHOCTW OT 3eMIULETO Ha c. Bbnye mone
OCHOBHO Ca npefcTaBeHn oT Fe okcugu/xuapokenam,
BKITIOYBALLM MAarHeTUT, XeMaTuT, MarxemuT, rbOTUT W [p.
OcobeHo BnevatnsBawa e  w3KNuuTenHo Ooratata
KENE30pyAHa MUWHEpanu3auusi YCTaHOBEHa B YacT OT
pasCUMHNTE KbCOBE, M3rpaxaally ceaumeHTuTe Ha M. M. Kapa
Konbosusi 6yHap, lanpata, Kytena v Wadpa+a u p. Kytena.
PygHuTe KbcoBe Ca C rofieMmHa ot 2-3 cm (BEPOSITHO UMa U



no-gpebHa ¢hpakums, HO 3a [JOKa3BaHEToO W ca Heobxoaumu
cneyyanmanpann uacnegeanus) o 25 cm. Mmar cunHo
3arnageHn puboBe W BbpxoBe M Aobpe  LnMdoBaH
MOBbPXHOCTY, MOMYYEHM MO BPEME Ha EK3O0reHHUs WM
TpaHcnopT. Teau Mopdonoxku ocobeHOCTM nokaseat, ue
HEe3aBUCUMO OT CPABHUTENHO rONEMUTE pasMepn Ha vacT oT
PyOHWUTE KbCOBE M BWUCOKOTO WM OTHOCUTENHO TErrno Te ca
NPeTbPNenu U3BECTEH MeXaHUYeH TpaHenopT. KonuyecteoTo
M B Hacrnarute Haii-rpybo ce oueHsia B rpaHuuute ot 30 o
150 kg/m3, a B HsKOM y4acTbLM BEPOSTHO € M MHOro mo-
BMCOKO. XUMUYHITE aHan13un Nokaseart, Ye B OTAENHM 0bpa3um

obuwoto cbobpkaHne Ha Fe poctura o 65%, a B
npeobnagaealla yact ot Tax 10 e Hag 40% (Tabn. 1). 3a
CpaBHEHWe, B CbBPEMEHHUTE COOCTBEHO 3KenesopyaHu
Haxoauuwa B bbnrapus To3u nokasaten e B rpaHuuute ot 30.4
no 43.5%, kato ropHaTta rpaHuua € npegenHa 1 TPYaHoO ce
peanusupa, Makap Ye B MUHanoTo Hskou 6orati Haxoguiua ca
pocturanm n go 50% Fe (Munes u gp., 1996). Cneumdudna
0coBeHOCT Ha Ta3n MUHepanu3aLus ce u3passiea B TOBa, Ye e
pa3BuTa B MeTanoreHHa 30Ha, pasrnexgaHa OT CbBpeMeHHa
rnefHa Touka 0CHOBHO € Pb-Zn v otyacTu Au cneumanusaums.
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®ur. 1. Meonoxka KapTa Ha paiioHa okono c. Bbnuye none ¢ pyAaHM noneta W OTAeNHW PYAONPOSIBNEHUS WNM HaxoAuwa B rpaHUUMTE Ha
U3TouHopoponckata MeTanoreHHa 3oHa. Pyauu noneta: | - Nosew; Il - Mapxapogo; Il - Kamuncku gon. PynonposBneHus unu Haxopuwa: 1 - Ceta
MapwuHa; 2 - LieHTpaneH yyacTbk; 3 — Coyk O6yHap; 4 — llambyx; 5 - f13oBupa (no Meonoxka kapTa Ha Bbnrapua M 1:500000, 1989 u Nakov et al., 2001)

B w3cnegsaHuTe yyacTbum OT paiioHa Ha c. Bbnye none ot
OCTaHaNUTe  MOTEHUMANHO  NEepCneKkTMBHM  MOME3HU
KOMMOHEHTH, KOUTO B1Xa MOrMW a NpeacTaBnsBaT MHTEPEC 3a
APEBHUTE pydapy, LOMbIHUTENHO BHUMAHWE 3acnyxasar Au,
Cu, Pb n Zn. Hain-Bucokute CbabpxaHusi Ha Te3n MeTanu B
u3cregBaHWTe OT Hac npobu (BKMKOYMTENHO W TakuBa OT
XMOPOTEpPManHUTE 30HM) focTuraT cboteeTHO (ppm): 0.03;
516; 531 n 362. CpaBHeHM C AaHHUTE 32 CbBPEMEHHUTE
Haxoguwa B bBbnrapus, pa3paboTBaHM  MKOHOMWYECKM
peHTabuNHO nokaseaT, Ye CbObPXaHMSTa Ha CbOTBETHUTE
MOMne3HN KOMMOHEHTU B MOCMEAHUTE MMaT 3HAYMTENHO Mo-
Bucoku ctomHoct (Munes u gp., 1996) ot Tean B HawwTe
npobu, KOeTo aBTOMATMYHO W3KMKOYBA TE3W METanu Kato
NPOMMLLIIEHO MHTEPECHU 3a [iPEBHIUTE PyAapy.

OueBuaHoO, OT rneaHa TOYKa Ha APEBHWS MeTanopobus 3a
pailoHa Ha C. Bbnye nonme Hai-ronaMm UMHTEpEC ca
NPEACTaBMABAMA  PA3CUMHUTE  XENE30HOCHUM  KbCOBE,
uarpaxgawy cegumentute B M. M. Kapa KonboBusi ByHap,
lanpata, Kyrena u Wadpasa u p. Kyrena. B nogkpena Ha
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TOBAa CTaHOBUWE € U hakTa, Ye npe3 pasrnexnaHns
NCTOPUYECKM NEPUOL, TaKbB FEHETHYEH TUN HaxoauLa ca bunm
Hal-gOCTbNHM M ypobHM 3a paspaboteaHe. OcBeH TOBa,
Pa3CUMHUTE KENE30HOCHW KbCOBE Makap WM C OTHOCUTENHO
ronsiMa TBbPAOCT Ca MHOTO KPEXKWM U CPABHUTENHO NIECHO Ce
nofaBaT Ha pa3TpolaBaHE W CMUNAHE Ha CbBCEM ApebHM
dpakumm. ToBa (M3NYECKO KAYeCTBO Ha CypoBWHaTa B
APEBHOCTTA € BUMO U3KMHYUTENHO BAXHO 1 € NO3BONSBANO Ha
TOraBallHUTe pyAapyu Aa OCbLUECTBAT NpeaMeTanypruiHata i
MOATOTOBKA CbC CPABHUTENHO NPOCTU OPbAMS Ha TpyAa.

BBHWHMAT 06K Ha pascunHUTe Xene30HOCHM KbCoBe (cur.
2 a-B) ce onpefens OT JOMMHMpaLLATa No3nums Ha €AuH OT
JBaTa OCHOBHW pyOHM MuHepana. LpeTbT uMm Bapupa B
CPaBHWTENHO TECHM TPaHMUM U Ce MPOMEHs OT YepBeH C
pasnuyHu HioaHcu (00pasum OOMWHMPAHM OT XemaruT) Ao
noytT yepeH (obpasuy AOMWHMPaHM OT MarHeTuT). Mwmat
MacuBeH W3rned, MHOTO BMCOKO OTHOCWTENHO TErMO W
pasnnyHa CTeneH Ha MarHUTHU CBOCTBA.



Tabnuya 1

[MpedcmasumesnHu XUMUYHU aHasu3u Ha pa3cunHu Xene30HOCHU Kbcoge om cedumeHmu 6 M. M. Kapa Konbosusi 6yHap, [atidama,

Kymena u LLlappaHa u p. Kymena

Ne Oxenam, wt. % EnemeHTn,
wt. % ppm
Al203| CaO | Fex0s | KO | MgO MnO | Na2O | P20s | SOs | SiO2 TiO2 | Fe | Cu Pb Zn

-1 059 1.02 | 6874 | 0.07 | 0.26 012 | 0.22 | 0.05 | 0.61 | 25.21 002 | 48 | 516 | 171 | 344
-2 062 | 149 | 9143 | 0.04 | 0.23 0.09 | 021 | 0.05 | 0.74 | 3.16 0.02 | 64 | 486 | 531 | 362
241 047 | 1.40 | 40.05 | 0.07 | 0.26 0.07 | 023 | 0.03 | 0.63 | 56.02 002 | 28 | 205 | 74 234
22 077 | 121 | 38.86 | 0.08 | 0.29 0.06 | 0.25 [<0.03 | 0.82 | 57.02 003 | 27 | 366 | 103 | 224

8 059 | 1.04 | 51.04 | 0.09 | 0.23 0.13 | 0.60 [0.05 0.78 | 44.49 002 | 36 | 300 | 169 | 263

9 064 | 1.05 | 9241 | 0.07 | 0.22 0.06 | 0.21 [<0.03 | 0.90 | 2.47 002 | 65 | 288 | 307 | 324

3abenexka: Fe=Fe?* + Fe3*

®ur. 2. Mopconoxku 0co6eHOCTM Ha PasCUMHW MarHeTUToBU (a, 6) U
MarHeTMT-XeMaTUTOBM (B) KbCOBe; CneauM OT [peBeH pascuneH
Kene3ofo6MB, 3anas3eHu B TrPaHULUMTE Ha APEBHUS PYAHUK (r, 7).
Matepuanute ca ot M. M. laipata u Kytena B 3emnuiieto Ha ¢. Bnnye
none; mapkep — 4 cm

MukpockonckuTe nscneasanus 1 gaHHute ot XRD-aHanuau
nokaseaT, Y€ KbCOBETE MMaT CpaBHWUTENHO efHoobpaseH
MWHEpaneH CbCTaB, KOWTO BKIOYBA OCHOBHO MarHeTuT W
XEMaTUT, NO-PSAAKO MAarXeMMT W TbOTUT 1 MHOTO PSLKO MUPUT U
MWPOTWH, @ OT HEpPYAHUTE — FMaBHO (MnM camo) KBapL, ¥ MHOMO
pAKO Manku konudectBa kanuut. OTOenHM KbCOBe ca
W3rpageHn M3UANo OT MarHeTWT M Marxemut, CbC uiu Bes
XemMaTuUT. XapakTepuaupaT Ce C MacuBHA TekcTypa W
MOMOMOPMHO3bPHECTA, XUNANOMOPHOIBPHECTA, a NO-PSAAKO
W KOPO3MOHHA CTPYKTypa. EAWHWYHMTE pyaHM 3bpHa ca
NMpeACTaBeHun OT Kpuctanu, Aebenn Nnoyk4, UK UK BnakHa,
Hal-4eCcTO MOBWNM3MPaHM B MO-ToneMn arperatu. Hanuynure
JaHHW 0O MOMEHTa MoKassaT, Ye MarHeTuTa W xemartuta ca
NPeacTaBeHn OT 2 reHepauuu, BEPOSTHO dopMupaHu B
MarMaTM4HW 1 XUgpoTepManHu ycnosust. [pu 3bpHata ot
MbpBaTa reHepauus ca pasBUTW MPOLECM HA OKUCEHWE,
Kopo3Wsi M 4acTuyHa nceBgomMopo3a Ha XematuT Mo
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marHeTuT. Bropara, no-cnabo pasnpocTpaHeHa reHepaums
PYLHU MUHEPANH Ca OTNOXEHU NO NYKHATUHW U KaBEPHM, YECTO
NPUMECEHN C eHOBPEMEHHO 00pa3yBaH C TAX KBapl. Tesw
€HOOreHHN pypoobpasyBaTenHn npolecu ca npoTeknn B
yCnoBust ¢ noeuweHa ¢yrutuBHOCT Ha O W MHOrO Hucka
KOHLEHTpaumst Ha S MOHM. [O-KbCHO, B EK30reHHU YCMoBUS
KbCOBETE Ca AE3MHTErPUPAHM 1 MEXAHUYHO TPAHCMOPTUPaHH B
pascuna, kaTo eAHOBPEMEHHO C TOBa e HacTbnuna ¢hasosa
TpaHcopmaums Ha 4acT OT MarHeTuta [0 Marxemut u
XeMaTuT, a Ha cynduante — 4O rbOTUT.

Ha 1031 eTan Ha Tbpcelm paboTu He € OTKPUTO KOPEHHOTO
NpOsIBNIeHWe, NOAXPAHWIO U3CNEABaHUTE CeaMMEHTU ¢ Borata
pyoHa MuHepanusauus. [locnegHata € ycTaHOBEHa B
CEAMMEHTM M3rpaxpally NouTU Lsnata Teputopus Ha M. M.
Kapa KonboBus 6yHap, lanpata, Kytena, UadpaHa u p.
Kytena, kouto wmat nnow, Hag 50 pgka. [onyckame, 4e
KOPEHHOTO MposiBEHNe e Buno B HenocpeacTBeHa 6mm3ocT ¢
MOCOYEHUTE MECTHOCTM, HO MO-KbCHUTE EK30TEHHU MPOLLECH,
thopmupanu BpsroBCKOTO MOHWKEHWE HAMBAHO Ca 3anUuMIN
CreguTe OT HEro MO 3emMHaTa MOBbPXHOCT. B rpaHuuuTe,
3aknioveHn mexay p. Kyrenma m CU kpai Ha nocouveHute
MECTHOCTW € 61N PasKpuUT U APEBHUS Xene3oaobnBeH pyaHUMK
KbAETO BCe OLLEe Nnvar cneaure oT MallabHu gobusHK paboty
— MHOroBPOMHM KynumMHK OT NpeobnagaBallo KBapLOBM BamyHM
W Yakbn, pa3nonoxeHn Ha nnow, Hag 10 gka (cur. 2 1, o). B
TE3N KyNUMHM He Ce YCTAHOBSBAT ENE30HOCHU KbCOBE,
[0KaTO B HEOTPaboTEHWTE yyacTbUW CbAbPKAHMETO UM e
ronsiMo. Tean 0COBEHOCTW covaT 3a pbyHa OTOOpKA Ha
Pa3CUMHUTE  KEMe3OHOCHM KbCOBE UM MpOAbILKUTErNHa
eKcnnoatayunst Ha pasnuyHUTE Y4acTbLyM OT APEBHUS PYAHWK,
HO He € W3BECTHO KakBa YacT OT Hero e oTpaboteHa. MHoro e
BEPOSITHO  pa3cumbT, oboraTeH Ha pygHU KbCoBe [a
nNpeansBuka MPOMMLLIIEH MHTEPEC M B HaliW [HM, HO 3a
W3SICHAABAHETO Ha TE3W BLMPOCM € HeoOXoauMo MpoBexaaHe
Ha MpoyyBaTenHM W OueHbYHM pabotu. Cnopen HsKow
cneynanuctn  (yctHo cbobulenme Ha g-p . KaHypkos)
W3CnedBaHUTE  PYAHW  KbCOBE  MMAaT  CKApHOB  WMNM
XMOPOTEPMArEH NPOTOreHesne, A0KaTO HALIETO CTaHOBULLE €,
Ye cped TAX MMa obpasuyM, MUHEPANHUST CbCTaB Ha KOUTO
JaBa OCHOBaHWE fAa Ce pasrnexpar KaTo KENEe30HOCHM
KBAPLMTW. VI3sICHSIBAHETO Ha BCUYKUTE TE3W BLNPOCK NPeaCcTou
Ja ce peLun npu BbaelumTe U3cneaBaHus.



M3Bogm

OT NpoBeAEHOTO MHTEPANCLMNIIMHAPHO apXeoMeTarypriyHo
n3cneaBaHe ce obBbp3axa [LaHHW OT ApeBeH pyaosobus w
MeTanyprus CbC CbBPEMEHHa TEONoXKa CUTyauus, Kato
nomnyyeHuTe pesynratv ca obHapexaaBally 3a TakbB TN
u3cregBaHus M [aBaT OCHOBaHME [a Ce HanpassT HAKOW
CbLLECTBEHU M3BOAY 3a KOHKPETHWS Cryyan:

1. MeTtanypruiHata AeMHOCT npes3 KbCcHaTa XenssHa
ernoxa unw oT nepuoga Ha pUuMckara aHTUYHOCT B paitoHa Ha C.
Bbnye none Hait-BeposTHO € MMarna 3a Len AobWB Ha Xensso;

2. OcHoBHaTa CypoBWHa, U3nonasaHa 3a Tasu LUen ca
Ounmu pascunHUTe KenesoHOCHW KbCOBe (CbAbpxaHue Ha Fe
Hap 40 %), pobueaHu OT ceanmeHTn B M. M. Kapa Konbosus
OyHap, laingata, Kytena u WadpaHa u p. KyTena, kbaeto Bce
OLLe Ca 3anaseHun Cneau OT APEBHUS PYOHNK;

3. Ha 7To3M eTan Ha wu3cneapaHe HAMa [OaHHM
(reonoxku) B NPOYYeHUs palioH Aa e AobuBaH Apyr MeTan;

4.  MHoro e BeposiTHO B ApeBHOCTTa NpeobrnagaBalyo
XeMaTUTOBUTE KENE30HOCHW KbCOBE [OMbMHUTENHO fda ca
Ounm n3nonasaHm 3a NPOU3BOACTBOTO HA MUTMEHTH;

5. LlenecbobpasHo € [fa ce MpoBedE CUCTEMHO
reofioXKO MpOyYBaHe Ha MECTHOCTUTE, oboraTeHu C pyoHu
KbCOBe, C Lien Aa ce NOTbPCU KOPEHHOTO NPOsBRIeHNe 1 ba ce
M3SICHW TAXHOTO MPOMMLLNIEHO 3HAYEHWe OT CbBPEMEHHa
rregHa Touka.

6. [lpu onpegensHe Ha [peBHMs MeTanogobuB He
TpsibBa Aa ce M3XOXaa camMo OT ChbBPEMEHHWUTE MeTanoreHHu
CXBaLLaHMs 3a PervoHa, a BHUMATENHO Ja Ce u3yyaT BCUYKK
PYOHW MUHepanusauun B Hero 1 0cobeHo Tesn B pascunuTe,
KaTo MONy4YeHUTe AaHHM Ce CbMOCTaBAT C pesyntatute OT
“3CneaBaHeTo Ha Lnakata.

KoHKkpeTHOTO mpoyyBaHe B Tasu yact Ha V3TouHuTe Pogonm
npeacton fa  ObAe  HanpaBeHO npes  crefpaluTe
apxeonoruyeckn  cesoHu. Hai-gobpu  nepcnektvBu  3a
npogbIkaBaHe Ha apxeoMeTanypruyHuTe uacnefBaHus ce
o4epTaBaT toXHO OT C. Bbnye none, B Nocoka KbM 3eMIULLETO
Ha c. Kamuncku gon.

brazodapHocmu. ABTOpUTE M3Ka3BaT CbpaeyHa bnarogapHocT
Ha a-p . Kanypkos v L. u T. lngepeswu 3a cbaencTemeTO.

MpenopbyaHa 3a nybnukysaHe ot
Katenpa “Munepanorus u netporpacust”, Mo
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FACIAL CHARACTERISTICS OF THE ROMAN FORMATION (APTIAN) - AN EXAMPLE OF
ONE SECTION NEAR MEZDRA, WESTERN FOREBALCAN

George Ajdanlijsky?, Alexander Zdravkov', Jordan Koertenski', Doris Reischenbacher?

TUniversity of Mining and Geology “St. Ivan Rilski”, Sofia 1700
2 Institut fiir Goewissenschaften, Montanuniversitét Leoben, Leoben A-8700, Austria

ABSTRACT. A detail lithofacial section of part of the Roman Formation (Aptian) western of Mezdra Railway Station was developed. Medium-grained sandstones with
planar, low-angle cross-bedded and massive structure dominated. Relatively thin beds and lenses of hiporocks, argillaceous and marls are also observed. Levels with
gypsum as well as solitary thin coal-seams are detected.

Sedimentary cycles with thickness from 1.7 to over 4 m are established in the section. The bottom of the cycles is marked by erosional and synsedimentary defor-
mation structure, intra- and extraclasts, predominantly vertical bioturbations and coursing of the rock’s texture. The middle parts of the cycles contain fine- to very fine-
grained rocks mainly with planar structure. The bioturbations, as far as are presented here, are predominantly horizontal. Towards the top of the cycles, together with
the relatively coursing of the rocks development of paleosol features is established, whereas and some level with gypsum are determined.

To the purpose of the facial interpretation specialized mineralogical, petrographical and geochemical studies of samples from the coal-seams are conducted.
Conclusions about the conditions and the processes of sedimentation during the forming of the rocks of the Roman Formation in this area are done, including the
main direction of sedimentary paleotransport, paleolandscape and paleoclimat characteristic.

®ALMUANHA OCOEEHOCTU HA POMAHCKATA CBUTA (ANT) HA MPUMEPA HA EIUH PA3PE3 KPAWU ME3[IPA, 3AMALEH
NPEOBANKAH 5

leopeu AiidaHnuiicku!, AnekcaHdbp 3dpaekoe’, Mopdan Kopmercku', Jopuc PeliweHb6axep?

" MuHHo-2eo0noxku yHusepcumem “Ce. Uear Puncku’, Cogpus 1700

2[eonoxku uHemumym, MureH yHusepcumem fleobeH, Jleober A-8700, Aecmpus

PE3IOME. PaspaboteH e aetaiined nutodaumaneH paspes Ha yact oT PomaHckata cBuTa (anT) 3amagHo OT rapa Mesgpa. [loMuHMpaT cpefHO3bpHECTUTE
NSCBYHNLM C XOPM3OHTaNHA, HUCKOBIbITHO-KOCOCNOECTa U MacuBHa TekcTypa. HabniogasaT ce oLl OTHOCUTENHO THHKW NNacToBe W NeLL OT XMMOCKanu, aprunuTi
1 Mepreni. YCTaHOBEHW Ca HUBA C TUNC, KAKTO N €AUHUYHM THHKW BBIMULLHW NNacToBe.

B pa3spesa ca ycTaHOBEHW W XxapaKTepuaupaHu ceauMeHTaUmMoHHu Luknn ¢ febenuHa ot 1.7 go Hag 4 m. Hayanoto Ha LMKnuUTE € MapkupaHo OT pa3HoobpasHu
€PO3NOHHY TEKCTYPU, MHTPA- M EKCTPaKIacTy, TEKCTYpU Ha CUHCEAMMEHTALMOHHA AedopMaLius, NPeaNMHO BepTUKanHu 6uoTypbauum u orpybsiBaHe Ha CTpykTypaTta
Ha ckanuTe. B cpegHaTa yacT Ha uuknuTe npeobnagasaT no-ApebHO U (OUHO3bPHECTU CKanM C MPEeAMMHO XOPU3OHTANHOCMOeCTa TekcTypa, a buoTypbauuute,
[OKONKOTO Ca MPOSIBEHM, Ca NPEAUMHO XOPU3OHTanHW. KbM rOpHULLETO Ha LMKNUTe, Hapen C OTHOCUTENHO orpybsiBaHe Ha CkanuTe, Ce YCTaHOBSBa pa3BuUTMe Ha
naneonenoreHHu 6eneau, a Ha MecTa 1 Ha H1Ba C ruc.

3a uenuTe Ha haupanHaTa UHTepnpeTaLus ca NpOBELEHN W CrieLaniu3vupaHn MUHEepanoxky, NeTporpadicku U reOXMMUYHI U3cneaBaHns Ha Npobu oT BbIMWHUTE
nnactose.

HanpaBeHu ca u3Boau 3a ycnoBusiTa M NMpoLECUTE Ha yTaliKoHaTpynBaHe npu pOpMUpaHETo Ha ckanute Ha PomaHckaTa cBuT@ B TO3W paiioH, B TOBa YMCNO
npeobnapasallaTta nocoka Ha CeAMMEHTEH NaneoTpaHCNopT, XapakTepa Ha naneonaxawadTa 1 Ha naneoknumara.

Introduction with short lithological transition the marls of the Sumer For-
mation (Upper Aptian) and are covered through disconformity
The Roman Formation (Nikolov, In: Ivanov and Nikolov (eds), by the sandstones of the Darmantzi glauconitic-sandy-
1983) is composed by sandstones, marls, siltstones and clay-  limestone Formation (Upper Campanian — Lower Maastrichti-
stones, altemating irregularly with Urgonian limestones. The ~ a@n). The thickness of the Roman Fm here is about 400 m.
age of these rocks is Lower Cretaceous - from Upper
Barremian to Aptian stage. At some levels the unit contains Except some very short reports (AinaHnuitckn, B:
thin coal seams. The thickness of the Roman Fm varies in CuHboBckm 1 Ap., 2004) and despite of its wide distribution in
large diapason — from several hundred meters to over thou- North Bulgaria the Roman Fm is still poorly studied in view of
sand meters. The area of distribution of this unit is the area of its lithofacial properties and inner stratigraphical architecture.
Iskar fall, in the Westem edge of the central Fore Balkan and in For this reason, detailed lithofacial and stratigraphic descrip-
some parts of the Eastern Fore Balkan. Most widely these tions of concrete section of the unit practically do not exist in
rocks are outcropped in Central-North Bulgaria, mainly be- the literature.

tween the towns of Vratza and Sevlievo.
This paper presents the first, more detailed lithological and

In the studied area the sandstones of the Roman Fm overlay high-resolution stratigraphic description of part of the Roman
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Fm in the area of the Iskar Gorge. Object of study is one sec-
tion of the unit situated on the road Botevgrad-Mezdra, about 2
km NE of Rebarkovo village, immediately east of Kteta hamlet
(Fig. 1). On the basis of detailed field and laboratory lithofacial
studies a model of the depositional style is proposed. After
specialized petrographical study of coal sample new data
about the specificity of the depositional environment during the
deposition of the sediments of the Roman Formation is ob-

tained.
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Fig. 1. Schematic map with position of the studied section

Material and methods

The object of the study is an about 65 m thick section from
the lower part of the upper half of the Roman Formation. The
lithofacial documentation of the studied succession is based on
the Miall (1996) lithofacial scheme which was adapted and
modified according its specificity. The lithological determina-
tions in the rock samples are according to the proposed by
CynraHos (1980) classification of clay-carbonate rocks. The
field color description of the rocks in the section is based on
the Rock-Color Chart (1991).

Special attention was paid to the coal sample, which was
investigated in order to provide some additional data against
the specificity of the depositional environment. A representa-
tive part of the sample was crushed to <250 ym and then
analyzed with Leco CS 300 instrument in order to establish the
Total Organic Carbon (TOC) and sulphur contents. Rock Eval
pyrolysis in duplicate, using a RockEval 2+ instrument was
performed. The amount of hydrocarbons, released from the
organic matter during gradual heating in a helium stream was
normalized to the TOC to calculate the Hydrogen Index (HI;
mgHC/gTOC). As a maturation parameter the temperature of
maximum hydrocarbon generation Tmax (°C) was established.
Ash and moisture content measurements followed standard
procedures (Deutsches Institut fiir Normung, 1978, 1980).

For microscopic investigations, the coal sample was crushed
to a maximum size of 1 mm, mounted with epoxy resin, ground
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and polished. Maceral analysis was performed by Single-scan
method (Taylor et al., 1998) with Leica MPV microscope,
equipped with reflected white and blue irradiation light. At least
300 points were counted, using automatic point counter “Prior
G”. Huminite reflectance was measured on eu-ulminite. At
least 50 points were measured, using Yitrium-Aluminum-
Garnet standard with reflectance 0.899%.

Results

Lithofacial characteristic

The studied log is dominated by medium grained, well to
poorly sorted, medium to thick bedded, limy to clayey sand-
stones (Fig. 2). In the lower part of the outcrop predominate
the low-angel cross-bedded and horizontal laminated struc-
tures (lithofacieses Sl and Sh), while to the top of the sequence
the planar and trough cross-bedded structures (lithofacieses
Sp and Str) are more typical (Fig. 3). The massive and small-
scale cross-bedded (mainly current ripple) sandstones are
rarer. Sinsedimentary deformations (mainly slumps) with vary-
ing scales, are detected in several levels. Horizontal and rarely
vertical bioturbation structures are observed mainly in the
lower part of the studied log.

Other typical feature of the sandstones is the presence of
extra- (mainly quartz) and intraformational clasts — mudclasts.
Pebbly in size, usually well to medium rounded, they do not
exceed several percentages in the sandstones and occupy the
lamina surfaces. Just in several levels they form thin lag de-
posits (lithofacies Gm), where imbrications structure can be
seen.

Sand

Clay Carbonate

Fig. 2. Lithological characteristics of the representative for the studied
outcrop rocks (according to the classification diagram of Sultanov, 1980)

The fine-grained rocks are presented mainly by sandy- and
clayey siltstones with massive (lithofacies Fm) and laminated
structure (lithofacies Fl), silty to pure claystones (lithofacies
Fsc) and sandy, silty to pure marls (lithofacies M). Usually they
form thinner than the sandstones packages where intercalation
is seen. On the top of such package, dominated by marls, thin
coal seam - lithofacies C, was detected (Fig. 3).
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Fig. 3. Lithofacial log of the studied section. Lithology: (1) gravel - a) extraformational and b) intraformational; (2-6) sandstone: 2) very coarse; 3) coarse;
4) medium; 5) fine; 6) very fine; (7) siltstone; (8) claystone; (9) marl; (10) coal seam; (11) limy; (12-13) gravel size: 12) intraformational clasts; 13) extra-
formational clasts; Structures: (14) synsedimentary deformation - a) slump and b) slide; (15) trough cross-bedding; (16) low-angle cross-bedding; (17)
planar cross-bedding; (18) small-scale cross-bedding - a) current and b) climbing ripples; (19) horizontal lamination; (20) bioturbation - a) horizontal and
b) vertical; Clasts arrangement: (21) matrix supported - along the a) horizontal and b) cross-bedding lamination; (22) grain supported - a) lenses and b)
imbrication; (23) boundaries - a) small scale erosional (scour structure) and b) main erosional surface with erosion amplitude; (24) cycle boundary;
Mineralogy: (25) terrigenous mica - a) along the lamination and b) chaotic; (26) - a) paleosol feature and b) evaporate gypsum; (27) lithofacieses - a)

transition and b) alternation; (28) paleotransport direction

Other specific characteristic of the studied succession is the
existence of the paleosol features and the development of
gypsum nodules and thin crusts. The palesol products are
presented mainly by small usually solitary, rare as clusters
(honeycomb), powder ferro-oxide concretion.

The systematic measurements of the structure that indicate
the direction of the paleotransport, mainly trough cross-
bedding, reveal oriented generally eastward sedimentary
transport system.

Sedimentary cyclicity

The obtained data permit the distinguishing of asymmetrical
and symmetrical sedimentary cycles. The bottom of the cycles
is marked by erosional surface, often covered by lithofacies
Sm, enriched by intra- and extraformational clasts. The sand-
stones are coarser and purely sorted. The amplitude of the
erosion reaches 60 cm, but usually is about 20-30 cm. When
the sandstones are laminated different in scale synsedimentary
deformation structure — mainly slumps, can be observed.

The middle parts of the cycles are predominantly composed
of fine- to very fine-grained rocks, mainly with planar structure.
The bioturbations, as far as they are presented here, are main-
ly horizontal. Towards the top of the cycles, together with the
relatively coarsing of the rocks, some development of imma-
ture paleosol features and uneven level with gypsum are de-
tected. Some sinsedimentary deformations are observed as
well. The bioturbation structures, where they are developed,
are mainly vertical.

The thickness of the sedimentary cycles vary in range from
1.7 to 4.3 m, with pronounced domination of the cycles with
thickness about 2.1-2.6 m.

Coal formation

The peat/coal deposition in alluvial valley/upper delta facies
is generally controlled by the quantity of the terrigenous miner-
al matter, carried by the rivers, and usually results in formation
of very high ash peats, due to the enormous mineral influx. A
modern example of such coal-bearing strata is the Mississippi
delta, which contains up to 5 m thick peat, interfingering with
levee and crevasse splay deposits (Fisk, 1960: in McCabe,
1987), with an average ash content of 72 wt. % (dry-free basis;
db). The development of the upper deltaic facies is related with
the formation of meandering or anastomozing alluvial valleys,
transporting the main part of the mineral matter. However,
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these active channels occupy only minor proportion of the
whole deltaic plain and enclose large flood plain areas be-
tween them. The later can occasionally be flooded, especially
in the wet seasons by overflow of the river banks. Within these
areas organic matter can accumulate, usually in lacrustine
environment, resulting in deposition of peat, containing large
quantities of alginite, allochtonous liptinite macerals and iner-
tinites (Diessel, 1992). It is possible in some cases a mire,
which was initially developed as well- or poorly drained low-
lying mire to be converted to a raised one (McCabe, 1987),
due to the enhanced peat growth, combined with slow rate of
basin subsidence. In such mires, as well as ones, located in
remote areas, away from the fluvial sediment source, the nutri-
ents supply diminishes and may even stop for an extended
period of time (Diessel, 1992). This results in changes of the
depositional environment, in which the organic matter accumu-
late, and establishment of oligotrophic conditions. These mires
are mainly rein-fed and are able to build upwards, due to the
ability to maintain their own water table (McCabe, 1987).
Raised mires form in climatically very different conditions —
from tropical to cold climates. However, distinction can be
made between the peat from tropical climates, which are main-
ly forested, and of temperate regions, which are not (McCabe,
1987). Although no direct data regarding the climate during the
Early Cretaceous in Bulgaria is supplied, the maceral composi-
tion of the coal indicates, that the climate was warm enough to
favour development of mixed forested plant community. In
addition, the petrographic composition of the studied coal
represents a way to indirectly establish the paleoclimate. An
analogous can be made with two late Oligocene coal deposits,
located in West Bulgaria, i.e. Pernik and Bobov Dol deposits,
which were developed in warm tempered climate (Palamarev
et al., 1998). The “Mezdra coal” contains variable amounts of a
specific type of resinite (Figs. 4a, b, d), characterized by medi-
um reflectance and very weak fluorescence (Taylor et al.,
1998), which is also typical for the Pernik (Zdravkov, un-
published data) and Bobov Dol (Zdravkov, Kortenski, 2004, in
press) deposits. During the bituminization process large
amounts of hydrocarbons are produced from this resinite (Tay-
lor et al., 1998), which later infill the cell lumens of tex-
tinite/texto-ulminite in the form of low reflecting and strong
fluorescing exsudatinite (Figs. 4a, b). The presence of this type
of resinite in these deposits suggests the growth of similar
plant communities and thus provides a way to indirectly estab-
lish the climatic conditions during peat formation in Mezdra
region.



Fig. 4. Representative photomicrographs of the studied coal sample: a) transition form textinite to texto-ulminite (TU) with cell lumens, filled by low re-
flecting exsudatinite (E), 500x, reflected light; b) same as a), 500x, fluorescent light; c) coprohuminite (Ch), filling the lumens of texto-ulminite, in associa-
tion with eu-ulminite (EU), diagenetic pyrite (Py) was formed in cracks in the eu-ulminite, 500x, reflected light; d) texto-ulminite (TU) with resinite (R) and
coprohuminite (Ch) in its lumens, in association with eu-ulminite (EU), 500x, reflected light; e) densinite groundmass (D) with inertodetrinite (Id), semi-
fusinite (SFs), funginite (F) and microspores (Sp), 500x, reflected light; f) same as e) — microsporinite (Sp) and liptodetrinite (Ld), 500x, fluorescent light; g)
association of pyrofusinite (Fs) and semifusinite (SFs), 500x, reflected light; h) densinite groundmass with pyrofusinite (Fs) and inertodetrinite (Id), 500x,

reflected light




The other liptinite macerals (mainly microsporinite and litode-
trinite, Figs. 4e, f) in the studied coal sample are determined
only in very small amounts.

Raised mires are usually characterized by more acidic condi-
tions, then in other peat forming environments (Diessel, 1992;
Taylor et al., 1998). This fact, as well as the restricted nutrients
supply, due to the almost complete lack of mineral influx (ash
content < 5 vol.%), reflects in decrease of the bacterial activity
and thus in better tissue preservation (Taylor et al., 1998).
Especially resistant were the tissues, which cell walls were
primarily impregnated by resinous or tannin-derived substanc-
es. As a consequence, up to 13% of texto-ulminite (Figs. 1a, b,
¢, d), sometimes in transition to textinite (Fig. 4a), were detect-
ed in the analyzed coal. During the coalification process the
major part of the resinite has been converted to exsudatinite,
whereas almost 4% of coprohuminite cell excretions (Figs. 4c,
d) were formed from the tannin-impregnated cell walls. The
other part of the woody tissues (around 20%), which were not
impregnated in the living plant, were easily converted to com-
pletely gelified eu-ulminite particles (Fig. 4c, d), closely associ-
ating with the texto-ulminite. In contrast to the woody plants,
the herbaceous vegetation, which is rich in cellulose (Stach et
al., 1982) usually degrade easily even in the absence of bacte-
ria, thus forming a major part of the humodetrinite. The estab-
lished mire conditions allow us to speculate that the high
amount of densinitic groundmass (42 vol.%; Figs. 4e, g, h) in
the studied coal sample indicates an enhanced contribution of
herbaceous vegetation to the peat formation, rather then a
severe humification of wood plants. In addition to the maceral
composition high amount (up to 18%) of inertinite macerals
was found in the coal. Their presence indicates low levels of
the water table (Diessel, 1992), resulting in establishment of
more oxidizing conditions and increasing the wildfire frequen-
cy. The Inertinite group is represented mainly by inertodetrinite
(Figs. 4e, h), while the contents of both pyrofusinite (Figs. 4g,
h) and semifusinite (Fig.4g) do not exceed 3.5 vol.%. Single
fungal remains (ICCP, 2001) can rarely be seen too.

As a consequence of the deposition in a raised mire the
studied coal is characterized by low ash content (<5%). How-
ever, the sulfur content is generally high (3.54 %). However,
sulphur-bearing minerals (mainly diagenetic pyrite) were de-
tected in very small amounts. This is most probably as a result
of the lack of Fe ions, which are commonly transported into the
mire adsorbed on clay minerals. The absence of mineral influx
thus restricts the quantity of the Fe. In addition, since there is
not enough energy for purely chemical reduction of sulphates
to sulfides, the iron sulfide in peat can only be formed due to
bacterial activity (Neavel, 1966), which as noted above is more
or less decreased in raised mires. Therefore, the main amount
of S probably occurs in organic complexes. According to the
values of the Huminite reflectance (Rr = 0.47) and the TOC
(71.6%, daf) the coal is on sub-bituminous stage of coalifica-
tion (Taylor et al., 1998). This corroborates well with the results
from the pyrolisis experiments, which indicate an immature
organic matter (Tmax = 423 °C) with low hydrocarbon potential
(HI'=105.3).

Conclussions

On the base of the obtained during the current study data we
can conclude that the formation of the sediments of the Roman
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Fm pass in terrestrial conditions with relatively insignificant
marine influence and source area, situated to the west of the
studied location. The described above lithofacies architecture
and cyclicity is characteristic for the delta-plain sedimentary
environments which sporadically have been covered by marine
waters. In such settings the channel distribution processes
dominates forming wide and relatively flat delta plain. The coal
formation indicates a local development of raised mires under
warm tempered climate.
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ABSTRACT. Sarnitsa Group unites the intermediate magmatic rocks of the late extensional Paleogene magmatism in the Northeastern Rhodope Depression. This
group includes the successively formed Kolets basalt-andesite, Voinovo shoshonite-latite, Bukovo shoshonite-latite, Nikolovo latite, Bezvoden latite and Dragoina
lartite complexes. Typical of these complexes is the similar content of the studied rare elements (Rb, Nb, Y, Zr, Sr). This supports the assumption that they originated
during the evolution of a common magma chamber. The rocks of Samitsa Group differ essentially from those of Putocharka Subgroup of Dambala Group by
considerably higher contents of Rb, Nb, Y and S. This suggests that they resulted during the evolution of two different magma chambers, located in depth within the
Northeastern Rhodope and Momchilgrad Depression, respectively. The tectonic discrimination diagrams (Nb-Y; Rb-Y+Nd; Rb-SiOz; Y-SiOz; Nb-SiO2; Rb/Zr-Si02)
yield controversial results. This is probably due to the fact that they do not take into consideration magmatic rocks in extensional areas, the Rhodope massif being a
typical example. The results obtained lead to the conclusion that the discrimination between different types of tectonic environment, based only on one type of
diagram, is unreliable and incorrect.

PA3MPEOENEHUE HA HAKOW PEOKW ENEMEHTWU B NANNEOTEHCKATA CbPHULLKA MAFMEHA I'PYNA B U3TOYHUTE
pogonu

Bnadumup eopaues?, llembp MunoeaHos?

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

2[‘eonoeus u eeogpusuka AL

PE3IOME. CobpHuwkata rpyna obeauHsiBa CpeaHOKUCENUTE MarMeHu Ckami Ha KbCHOEKCTEH3WOHHWSI mamneoreHcks marmaTusbm B CeBepouaToyHopogomnckata
penpecusi. TS BkioyBa nocnegosaTenHo opmupanute Koneukn 6asant-aHoesntos, BOMHOBCKM LIOLIOHMT-NATUTOB, BYKOBCKM LUOLIOHUT-NATUTOB, HWKOMOBCKM
natutos, be3sogeHcku natMtos v [lparoiiHOBCKM NaTMTOB KOMMMeEKcH. Te3an KOMMMEKCH ce XapakTepuaupaT ¢ O6nuskuTe CbAbpkaHWs Ha U3cnefBaHUTE pefku
enemeHTn (Rb, Nb, Y, Zr, Sr), koeTo noakpens NpeAnonoXeHWETo, Ye Te Ca pesynTaT Ha eBonouMsTa Ha egHa oblia marmeHa kamepa. Ckanute oT ChpHulkaTa
rpyna ce pasnuyaBaT CbLUECTBEHO OT Te3u Ha [TyTouapckata cybrpyna Ha [lambanckara rpyna CbC 3HauMTenHO no-BUCOKMTE e ChabpkaHus Rb, Nb, Y u Sr. Tean
[aHHN NOAKPENsT NPEAMONOKEHMEeTo, Ye Te ca pesynTaT OT eBOMuMsTa Ha ABE Pa3nuyHi MarMeHu Kamepw, pasmonoXeHn B AbnbouMHa CLOTBETHO Ha
CesepoustoyHopogonckata U Momuunrpagckata genpecun. Pesyntatute OT AMCKPUMMHALMOHHWTE AuMarpamMu 3a TUNA Ha TEKTOHCKaTa 06CTaHOBKa ca CUMHO
npotusoteumBu (Nb-Y; Rb-Y+Nd; Rb-SiOz; Y-SiOz; Nb-SiO2; Rb/Zr-SiO2). ToBa BeposTHO ce AbmkM Ha (hakTta, Ye Te He oTyuTaT obnacTute Ha eKCTeHaus, 3a
kaksaTo ce Bb3npuema PoponckusT macus. OT nonyyeHUTe pesyntaT MOXe Aa ce HanpaBu U3BOAA, Ye ONpeLensHeTo Ha TUNa Ha TEeKTOHcKkaTa oBCcTaHoBKa camo
Mo efyH TUN uarpama e HeHafeXaHO 1 HEKOPEKTHO.

Introduction The Sarnitsa Magmatic Group includes the successively
formed (from base to top) Kolets basalt-andesite, Voinovo
shoshonite-latite, Bukovo shoshonite-latite, Nikolovo latite,

The Northeastern Rhodope Depression is located between Bezvoden latite and Dragoina latite complexes (Fig. 1). The
the Central Rhodope dome (metamorphic core complex) and rocks of this group are spatially closely associated and are
Harmanli block (Georgiev, 2005). It originated during the supposed to have a common magma source (chamber).
Paleogene as the result of extensional processes in the
Rhodope Massif (Ivanov, 2000). The depression is the locus of According to K20 content, the rocks of Samitsa group are
intense magmatism, the products of which cover about 1 800 referred to the shoshonitic series. Only the trend of Kolets
km2 and locally exceed 1500 m in thickness. The earlier basalt-latite complex plots in the field of the high-potassium
phases of Sarnitsa Magmatic Group (Late Priabonian-Early ~ calc-alkaline series but close to the boundary with the
Rupelian) are intermediate in composition while the later shoshonitic one. According to K20+Naz0 content they belong
phases of Chamdere Magmatic Group (Rupelian) are acidic mainly to the alkaline (trachytic) varieties.

(Georgiev, Milovanov, 2005, 2006a, 2006b).
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Fig. 1. Map of magmatic complexes in the Northeastern Rhodope Depression

Results

There are no essential differences in the distribution of the
studied rare elements (Rb, Nb, Y, Zr, Sr) in the individual
magmatic complexes of Sarnitsa Group (Fig. 2). Rb, Nb, Y n Zr
in the earlier complexes (Kolets, Voinovo, Bukovo) show a
tendency to increase towards the later (Nikolovo, Dragoinovo)
complexes (Fig. 2). This tendency is best expressed with
respect to Y and correlates well with the increasing content of
K20 and K20+Naz0.

The rocks of Sarnitsa Group in the Northeastern Rhodope
Depression show considerably higher Rb, Nb, Y and Sr values
as compared to those of Putocharka Subgroup (likewise of
intermediate composition) of Dambala Group in Momchilgrad
depression (Georgiev, Milovanov, 2003). This difference is
best expressed for Sr whose values in Sarnitsa Group are
approximately two times higher that those in Putocharka
Subgroup (Fig. 3).

The results form tectonic discrimination are controversial
(Fig. 4). On the Rb-Y+Nb diagram, the plots cluster around the
boundary VAG-WPG and close to the boundary with the syn-
COLG field. On the Nb-Y diagram, the samples plot around the
boundary VAG+syn-COLG-WPG and close to the boundary
with ORG. On the Rb-SiO2 diagram, the plots fall entirely within
the VAG (WPQ) field. On the Y-SiO2 diagram the plots are
mainly in the WPG+ORG field but close to the boundary
VAG+COLG+ ORG whereas single samples plot in the field of
VAG+COLG+ORG. The relations on the Nb-SiO. diagram are
reverse. Most samples plot in the VAG+COLG+ORG field,
close to the boundary with WPG+ORG and some samples — in
the WPG+ORG field. On the Rb/Zr-SiO; diagram most plots
cluster in the field of post-COLG+VAG and only an insignificant
part — in the syn-COLG field.
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Fig. 2. Diagrams showing distribution of Rb, Nb, Y, Zr, Sr in rocks from Sarnitsa Group

Discussion

The rocks from the individual complexes of Sarnitsa Group
do not differ essentially by the content of the studied rare
elements (Rb, Nb, Y, Zr, Sr). This supports the assumption that
the magmatic complexes of Sarnitsa Group have a common
origin and resulted from separate phases, generated by a
single magma chamber (Georgiev, Milovanov, 2006a).

The rocks of Sarnitsa Group differ essentially from those of
Putocharka Subgroup of Dambala Group by considerably
higher content of Rb, Nb, Y and Sr. These data support the
assumption that they resulted during the evolution of two
different magma chambers, located in depth within the
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The results from tectonic discrimination, attempting to infer
the type of tectonic environment, are controversial and
mutually excluding. This is probably due to the fact that the
diagrams do not take into account extensional areas, the
Rhodope massif being a typical example (Ilvanov, 2000).
Yanev (1998), using only the Rb/SiO2 diagram and only acidic
rocks from the Eastern Rhodopes, defined them as syn-COLG.
The data of Georgiev, Milovanov (2001, 2003) and those from
the present study show that the intermediate rocks plot
definitely within the VAG (WPG) field of these diagrams. The
results obtained lead to the conclusion that the discrimination
between tectonic environments, based on one type of diagram
only, is unreliable and incorrect.
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Table 1
Representative analyses of Sarnitsa group
No | sio, | Rb [ Nb | Y| sr [ zr No | sio, | Ro INb| Y | sr | zr
Bukovo complex Voinovo complex
1007 | 54,84 | 122| 18| 42| 970|174 6342 | 60,00| 134| 6] 37| 806|153
269 | 56,55| 158 | 15| 39| 974|202 6334 | 58,25| 184 | 1751|1268 |183
6| 58,60 138 703 | 112 509 | 49,90| 86| 14|35 611|142
715| 57,81 | 149| 18| 44| 941|179 518 | 56,14 | 183 | 17| 35| 679|175
1023 | 58,00 142 756 | 114 520| 56,10 | 140| 16| 34| 720|170
1006 | 53,91 | 127| 15| 35| 866|170 503 | 61,78 | 130| 19| 35| 984|200
1010 | 56,38 | 114| 20| 43]1079|135 502 | 59,12 | 155| 21| 38| 768|190
1011 | 54,88 | 107| 1643|1012 | 148 530 | 59,05| 111 | 23| 351102 | 240
61| 59,85| 244| 17|40 813|181 512| 51,58 | 133 | 16| 32| 726|186
36| 58,10| 278| 17| 37| 814|153 Koletz complex
23| 57,02| 163 724|118 6110 | 4856| 46| 8|33| 957|172
519 | 56,44 | 189| 19| 39| 674|180 42| 48,30| 43| 8|35|1130|173
500 | 5596| 104| 19| 34| 777|194 510 | 58,93 | 143 | 20| 38| 874|200
505| 57,10| 167 | 19| 34| 775|213 527 | 57,50| 115| 16| 30| 700 | 147
213| 53,25| 154| 19| 36| 911183 504 | 57,05| 88| 19| 32| 970|195
51| 5840| 137| 15| 36| 952|166 506 | 60,40| 189 | 19| 40| 938|171
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Table 1. Continuation

No | Sio: | Rb [ Nb | Y | sr | zr
Dragoina complex
130 | 62,05| 215| 20| 41| 829245
11| 62,10 | 203 | 19|50 | 677|179
132 | 60,54 | 213 | 21| 41| 835249
66 | 60,20 | 230 874 | 139
12| 57,10 | 185| 20| 54| 989|199
1008 | 56,71 | 288 | 22| 38| 795|180
459 | 58,92 | 163 | 15| 36| 783 | 226
1000 | 56,90 | 163 | 18| 45| 848 | 194
1001 | 56,80 | 170 | 18| 44| 860 | 234
246 | 61,83 | 180 | 18| 40| 782 | 228
1529 | 59,47 | 192 | 19| 36| 504 | 213
13| 58,20| 170 872|120
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No | sio, | Rb [Nb| Y| sr | zr
Dragoina complex
111| 58,85| 181 | 19| 38| 912210
1445 | 57,63 | 167 | 16| 38| 960|182
1018 | 62,27 | 232 620 | 126
1044 | 60,49 | 258 596 | 156
1019 | 61,65| 205 691 | 116
508 | 57,00 | 161 | 25| 43| 1106 | 301
528 | 55,49 | 174 | 27| 331076 | 300
89| 58,92 | 184 | 20| 35| 582|191
82| 57,40 | 210 18| 37| 963|176
Nikolovo complex
8475 | 58,40 | 240 | 23|52 [1242|249
6753 | 57,14 | 133 | 13| 43[1056 | 210
6105 | 61,10 | 173 | 13| 45| 866|210
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PETROCHEMICAL FEATURES OF THE PALEOGENE SARNITSA MAGMATIC GROUP,
EASTERN RHODOPES
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ABSTRACT. Samitsa Group unites the intermediate magmatic rocks of the late extensional Paleogene magmatism in the Northeastern Rhodope Depression. It
includes the successively formed Kolets basalt-andesite, Voinovo shoshonite-latite, Bukovo shoshonite-latite, Nikolovo latite, Bezvoden latite and Dragoina latite
complexes. A distinct tendency toward increasing acidity and alkali content (K, K+Na) from earlier to later phases (complexes) is observed. Voinovo and Bukovo
complexes have similar composition and close trends in the distribution of main oxides. They probably represent one phase of an evolving magma chamber, but have
different spatial distribution and form Voinovo volcano and the base of Dragoina Volcano, respectively. Nikolovo, Bezvoden and Dragoina complexes have also close
composition and trends but different from those of Voinovo and Bukovo complexes with respect to the content of K20, K20+NazO, TiOz, Al20s. The former are
probably the result of a common later phase in the development of the magma chamber and form Nikolovo volcano and the late phases of Bezvoden and Dragoina
volcanoes, respectively. On the K20/SiO: diagram, most analyses from Sarnitsa Group plot in the field of the shoshonite series and only single ones - in the field of
the high potassium-calc-alkaline and high potassium subalkaline series. Only the trend of Kolets Complex lies in the field of the high potassium-calc-alkaline series.

NETPOXUMUYHN OCOBEHOCTWN HA NANEOFEHCKATA CbPHULLKA MATMEHA 'PYNA B U3TOYHUTE POOOMNA
Bnadumup eopeaues?, llembp MunoeaHos?

"Teonoeauqecku uHemumym, BAH, Cogbus 1113; vladogeo@geology.bas.bg

2[‘eonoeus u 2eogpusuka AL

PE3IOME. CobpHuwkaTa rpyna obeauHsiBa CpeAHOKUCENUTE MarMeHu ckamn Ha KbCHOEKCTEH3WOHHWS MmamneoreHckW marmaTunsbM B CeBepouaTouHOpopomnckaTa
penpecusi. TS BkioyBa nocnegosaTenHo opmupanute Koneukn 6asant-aHaesntos, BOMHOBCKM LIOLIOHMT-NATUTOB, BYKOBCKM LUOLIOHUT-NATUTOB, HUMKOMOBCKM
natuTos, be3BoaeHcku NaTMToB U [lparoitHOBCKK NaTMToB KoMnnekcu. Habniofasa ce oT4yeTnvBa TEHAEHUWS Ha NMOBULIABAHE Ha K1cenuHHocTa M ankanHocta (K;
K+Na) oT paHHUTe KbM KbCHUTE (ha3n (komnnekcy). BOAHOBCKMAT U ByKOBCKMAT KOMMMeKCH UmaT CXofeH CbCTaB W Gnu3kM TpeHOoOBe Ha pasnpefeneHue Ha
OCHOBHMTE OKkucK. Te BeposTHO ca efiHa (hasa B pa3suTMETO Ha obLia MarMeHa kamepa, HO MMaT Pa3nuyHi apeany Ha pasnpoCTPaHEHNE M U3rpaXaaT CbOTBETHO
BoitHoBCKMs BynkaH 1 ocHoBaTa Ha [lparoiiHoBckus BynkaH. HukonoBckusit, BessogeHckusiT 1 [IparoiHOBCKUSIT KOMMNEKCH ChLLO UMaT 6nn3bk CbCTaB U TPEHLOBE
Ha pasnpefeneHue, pasniuiHu oT Tean Ha BoitHoBCkus U BykoBckust komnnekcy no oTHowweHmne Ha K20, K2O+Naz0, TiO2, AkOs. Te BEpOSTHO CbLLUO Ca pesynTaT Ha
efHa obla no-kbcHa (basa B pa3BMTMETO HA MarMeHaTa kamepa M W3rpaxgaT CbOTBETHO HWKOMOBCKMS BynkaH M KbCHWTE HacTaBki Ha bessogeHckust
[paroitHoBckus BynkaHu. Ha guarpamata K2O/SiO2 ToukuTe Ha noBeyeTo aHanuan oT ChpHuLKaTa rpyna nonagat B MOMETO Ha LIOLWOHOTOBATa Cepusi U camo
€[MHUYHN B NONeTaTa Ha BUCOKOKan1eBo-KarnLeBoarnkanHaTa v B1cokokanueBocybankanHata cepus. EguHcTaeHo TpeHABT Ha KoneLkust komnmeke ce pasnonara B
no-ronsiMaTta cu YacT B MONETO Ha BUCOKOKANWEeBO-KanLueBoankanHata cepus.

Introduction volcanic structures. The Sarnitsa Group includes the

successively formed (from bottom to top) Kolets basalt-

During the Pleogene, as a result of extensional process in andesite, Voinovo shoshonite-latite, Bukovo shoshonite-latite,

the Rhodope massif (Ivanov, 2000), the Northeastern Rhodope Nikolovo latite, Bezvoden latite and Dragoina latite complexes

Depression developed between the Central Rhodope dome (Fig. 1). The rocks of this group are spatially closely associated

(metamorphic core complex) and Harmanly block (Georgiev, and are supposed to have a common magma source
2005). The base of the section comprises Paleocene-Eocene (chamber).

terrigenous sediments and reefal limestones. In the end of the
Priabonian and the Rupelian, the depression was the locus of

intense volcanism. The earlier phases (Late Priabonian - Early Results

Rupelian) are of intermediate composition, whereas the later

(Rupelian) are acidic. The intermediate phases are included in Latite varieties prevail in all complexes of Sarnitsa Group
Sarnitsa Magmatic Group and the acidic — in Chamdere (Table 1; Fig. 2, 3, 4). However, basalt varieties (48-52% SiOz)
Magmatic Group (Georgiev, Milovanov, 2005a; 2006a; 2006b). occur in the earliest Kolets and Voinovo complex. Shoshonite

varieties (52-57% SiO) are significant in the intermediate in

The present paper is focused on the intermediate rocks of age Voinovo and Bukovo complexes, whereas latite varieties

Sarnitsa  Group. They form Kolets, Yavorovo, Nikolovo, (57-63% SiO2) dominate in the latest Nikolovo, Bezvoden and
Bezvoden and Dragoinovo volcanoes as well as many smaller
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Fig. 1. Map of magmatic complexes in the Northeastern Rhodope Depression

Dragoina complexes. In this way, a well expressed trend to
increasing acidity from earlier to later phases is evident.

On the K20/SiO2 diagram, most rocks of Sarnitsa Group plot
in the field of the shoshonitic series and only some of them — i
the field of the high-potassium calc-alkaline and high-
potassium subalkaline series (Fig. 3). The distribution trends of
the analyses likewise fall within the field of the shoshonitic
series. Only the trend of Kolets basalt-latite complex lies in the
field of the high-potassium calc-alkaline series but close to the
boundary with the shoshonitic series. A distinct tendency to
increasing K content is observed from earlier toward later
phases (complexes). The K content is lowest in Kolets basalt-
latite complex. The next in time Voinovo and Bukovo
shoshonite-latite complexes are characterized by intermediate
K values. The latest Nikolovo, Bezvoden and Dragoina latite
complexes exibit the highest K content.

The rocks of Saritsa Group are characterized by higher
general alkalinity and on the (Na20+K20)/SiO2 diagram almost
all samples plot in the field of the trachytic varieties (Fig. 4).

The same distinct trend toward increasing general alkalinity
from earlier to later phases is evident.

Discussion

There is a general trend toward increasing acidity and
alkalinity (K20, Na:0+K:0) from earlier to later phases
(complexes).

Voinovo and Bukovo complexes are very close in age (36,2 -
36,9 Ma, Milovanov et al., 2005), composition and trends in the
distribution of main oxides (K20, K20+Naz0). They probably
represent one phase in the evolution of a common magma
chamber but have different spatial distribution and form
Voinovo volcano and the base of Dragoina volcano.

Nikolovo, Bezvoden and Dragoina complexes are also close
in age (33,1-32,2 Ma, Milovanov et al., 2005), composition and
trends but they differ from the Voinovo and Bukovo complexes
with respect to K20, K20+Na20, TiO2 and Al20s.
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They are probably also products of a later phase in the
evolution of the magma chamber and form Nikolovo volcano
and the later phases of Bezvoden and Dragoina volcano.

The rocks of Sarnitsa Group differ considerably from the
intermediate rocks of Dambala Group (Zdravets Subgroup),
which show lower K20 and Na:0+K:O values and belong
mainly to the high-potassium calc-alkaline series (Georgiev,
Milovanov, 2003; 2004). This is another reason to assign them
to different magmatic groups — probable products of the
evolution of different magma chambers. According to
petrochemical features, the rocks of Sarnitsa Group are closer
to those of Madzharovo complex (Feoprues, MunosaHos,
2004, 2005b). However, the considerable distance between
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the two magmatic areas do not allow to include Madzharovo
complex in Sarnitsa Group.
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Table 1.
Representative analyses of Samitsa group. Sample number xxM is data after Marchev (1985)

No | Si0, | TiO2 | AbOs | Fe:Os | FeO | MnO | Ca0 | MgO | K0 | NaO | P0s | cO | s | H0 | Lol | HO* | 5
DRAGOINA COMPLEX
130 | 62,05 | 0,63 | 14,88 544 | 0,08 | 496 | 217 | 4,85 | 3,84 | 0,27 082 | 000 | 9999
1872 | 58,77 | 048 | 1540 | 2,35 | 7,02 | 0,07 | 4,25 | 2,36 | 4,74 | 224 0,72 | 0,80 | 99,20
11| 62,10 | 0,59 | 1527 | 2,66 | 1,96 | 013 | 4,32 | 2,46 | 4,57 | 2,81 | 048 | 0,28 | 0,01 | 045 1,40 | 99,49
132 | 60,54 | 0,68 | 15,30 531 | 010 | 4,95 | 2,60 | 476 | 3,39 | 0,27 1,75 | 0,00 | 99,65
66 | 60,20 | 0,71 | 14,68 561 | 013 | 587 | 2,65 | 4,83 | 3,39 | 0,38 1,55 | 0,00 | 100,00
12| 57,10 | 0,81 | 1699 | 528 | 0,92 | 0,20 | 4,36 | 2,60 | 4,84 | 3,93 | 0,53 | 0,03 | 0,01 | 0,79 1,20 | 99,59
1008 | 56,71 | 0,70 | 14,84 | 529 | 1,54 | 0,12 | 6,15 | 3,67 | 567 | 245 | 0,79 | 0,18 | 0,01 | 045 1,20 | 99,77
459 | 58,92 | 061 | 1567 | 443 | 1,31 | 0,10 | 533 | 3,32 | 4,61 | 306 | 051 | 004 | 0,02 | 0,22 | 1,60 | 1,70 | 101,45
1000 | 56,90 | 0,65 | 15,50 | 324 | 241 | 0,1 | 556 | 333 | 420 | 3,06 | 0,61 | 1,23 | 0,01 | 0,20 2,70 | 99,71
1001 | 56,80 | 0,66 | 15,75 | 4,84 | 1,08 | 0,08 | 545 | 338 | 457 | 3,06 | 056 | 0,02 | 0,04 | 0,75 2,70 | 99,74
246 | 61,83 | 0,71 | 1535 518 | 0,09 | 482 | 265 | 460 | 317 | 0,26 085 | 000 | 9951
1529 | 59,47 | 0,70 | 15,82 577 | 009 | 447 | 2,74 | 470 | 3,33 | 0,26 2,14 | 0,00 | 99,49
82a | 57,40 | 0,76 | 16,00 | 2,92 | 320 | 015 | 6,70 | 4,00 | 3,80 | 2,80 0,00 | 97,73
13 | 58,20 | 0,83 | 17,60 670 | 0,11 | 590 | 2,00 | 340 | 3,33 | 0,50 1,36 | 0,00 | 99,93
111 | 58,85 | 0,66 | 16,72 | 2,81 | 2,73 | 010 | 561 | 3,06 | 429 | 2,94 | 0,02 0,55 1,47 | 99,81
1445 | 57,63 | 0,75 | 16,85 | 3,66 | 2,34 | 0,11 | 6,41 | 3,57 | 3,72 | 270 | 0,33 0,64 | 1,03 | 1,26 | 101,00
9240 | 57,65 | 0,74 | 16,38 | 3,05 | 275 | 011 | 583 | 324 | 476 | 344 | 048 1,76 | 1,40 | 0,00 | 101,59
4674 | 61,76 | 0,60 | 1585 | 2,78 | 2,78 | 0,06 | 527 | 1,57 | 410 | 3,10 | 0,60 090 | 042 | 000 | 99,79
1018 | 62,27 | 0,55 | 16,02 478 | 0,08 | 455 | 2,04 | 482 | 380 | 0,29 069 | 000 | 99,89
1044 | 60,49 | 0,51 | 14,95 514 | 011 | 4,56 | 2,45 | 554 | 2,56 | 044 290 | 000 | 99,65
1019 | 61,65 | 0,55 | 16,20 420 | 0,07 | 484 | 238 | 4,88 | 3,32 | 0,29 069 | 000 | 99,07
2070 | 60,66 | 0,56 | 1648 | 3,67 | 1,10 | 0,10 | 4,29 | 2,81 | 500 | 3,31 | 049 | 0,04 | 0,34 | 028 | 0,63 | 0,00 | 99,76
508 | 57,00 | 0,86 | 1511 | 361 | 334 | 011 | 341 | 470 | 504 | 2,81 | 0,75 | 0,50 | 0,02 | 0,80 2,06 | 100,12
528 | 5549 | 0,84 | 1565 | 4,02 | 3,05 | 015 | 535 | 3,83 | 465 | 261 | 0,88 | 0,38 | 0,01 | 0,77 210 | 99,78
517 | 62,63 | 074 | 16,35 | 4,92 | 0,68 | 0,06 | 443 | 1,30 | 3,87 | 2,81 | 0,54 | 0,43 | 0,02 | 0,60 | 0,82 | 0,80 | 100,70
89 | 5892 | 048 | 14,87 | 255|212 | 0,09 | 471 | 252 | 471 | 2,70 | 046 | 3,35 | 0,03 | 0,50 514 | 103,15
82 | 57,40 | 0,59 | 14,66 | 383 | 205 | 0,09 | 6,53 | 244 | 537 | 2,53 | 0,66 | 2,11 | 0,07 | 0,50 2,33 | 101,16
14 | 56,37 | 0,62 | 1505 | 092 | 419 | 012 | 573 | 240 | 523 | 2,70 | 0,53 | 2,99 | 0,01 | 044 1,80 | 99,10
21 | 59,80 | 0,56 | 15,38 | 350 | 1,50 | 0,12 | 3,93 | 212 | 3,87 | 3,69 | 047 | 1,89 | 0,01 | 0,83 2,60 | 100,27
BEZVODEN COMPLEX
214M | 55,91 | 0,84 | 1502 | 515 | 1,05 | 0,09 | 6,59 | 4,26 | 464 | 3,37 | 0,16 0,96 1,65 | 99,69
3M 57,26 | 0,77 | 1549 | 2,55 | 2,54 | 0,09 | 743 | 3,92 | 361 | 325 | 0,26 0,65 1,74 | 99,56
225M | 56,88 | 0,61 | 1555 | 3,23 | 322 | 012 | 6,29 | 331 | 361 | 3,38 | 061 0,92 1,81 | 99,54
188M | 59,48 | 0,68 | 1565 | 3,17 | 1,60 | 0,08 | 6,58 | 3,04 | 417 | 296 | 0,22 0,32 2,55 | 100,50
152M | 59,62 | 0,65 | 16,81 | 2,49 | 1,77 | 013 | 553 | 1,79 | 3555 | 2,83 | 0,28 | 2,00 0,32 2,55 | 100,32
193M | 59,00 | 0,73 | 1536 | 507 | 0,68 | 0,07 | 522 | 2,24 | 447 | 354 | 0,22 0,82 3,13 | 100,55
185M | 59,06 | 0,66 | 1576 | 2,89 | 2,26 | 0,09 | 6,08 | 3,68 | 3,77 | 375 | 0,14 0,23 1,18 | 99,55
225M | 59,82 | 0,76 | 1580 | 3,69 | 096 | 0,10 | 547 | 336 | 3,86 | 2,84 | 0,38 1,66 099 | 99,69
194M | 5942 | 0,85 | 14,75 | 4,90 | 055 | 0,07 | 513 | 2,26 | 4,64 | 324 | 0,24 1,46 3,12 | 100,63
™ 59,24 | 0,75 | 16,82 | 2,16 | 2,14 | 0,08 | 550 | 2,10 | 4,47 | 441 | 022 0,25 148 | 99,62
8M 60,34 | 0,71 | 16,97 | 1,72 [ 2,26 | 0,07 | 538 | 2,36 | 393 | 4,10 | 0,28 0,23 1,53 | 98,16
195aM | 60,34 | 0,69 | 1529 | 3,50 | 1,15 | 0,18 | 4,98 | 2,95 | 507 | 371 | 017 0,4 1,03 | 9947
200M | 60,36 | 0,81 | 1529 | 391 | 1,28 | 0,13 | 542 | 272 | 503 | 344 | 0,29 0,63 1,17 | 100,48
159M | 60,88 | 0,57 | 16,58 | 2,02 | 1,32 | 0,03 | 4,62 | 1,49 | 487 | 358 | 0,15 0,48 3,85 | 100,44
198M | 63,15 | 0,65 | 1502 | 2,48 | 1,64 | 0,42 | 509 | 2,70 | 4,10 | 2,79 | 0,36 0,60 0,68 | 99,38
NIKOLOVO COMPLEX
4851 | 57,24 | 0,74 | 16,92 | 3,36 | 3,36 | 0,07 | 4,72 | 2,01 | 518 | 359 | 0,79 1,24 | 0,63 | 0,00 | 99,85
8475 | 5840 | 0,72 | 16,21 | 4,93 | 1,64 | 0,08 | 570 | 2,26 | 509 | 294 | 057 | 0,04 | 0,04 | 0,66 | 0,62 | 0,85 | 100,75
6753 | 57,14 | 0,80 | 1743 | 4,90 | 1,13 | 0,06 | 6,00 | 242 | 3,96 | 3,31 | 0,55 | 0,08 1,00 1,03 | 99,81
6105 | 61,10 | 0,60 | 1596 | 520 | 0,63 | 0,05 | 410 | 1,94 | 4,57 | 4,05 | 057 | 043 0,63 | 0,50 | 0,25 | 100,58
Georgiev, V., P. Miovanov. 2005a. Late alpine magmatic Rhodopes). —Ann. Univ. Min. and Geol., 48, 1, 35-40 (in
groups and komplexes in the Eastern Rhodopes. — C. R. Bulgarian with English abstract).
Acad. bulg. Sci., 58, 1, 53-58. Georgiev, V., P. Milovanov. 2006a. Magmatic Lithostratigraphic
Georgiev, V., P. Milovanov. 2005b. Petrochemical features of units in the Eastern Rhodopes. — Minno delo | Geologiq
the Paleogene late extensional magmatism in Zlatoustovo Journal, 61, 2, 33-37 (in Bulgarian with English abstract).

depression, Byala Reka and Fesibir domes (Eastern
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Tabe. 1

Continuation
No | SO, | TiO2 | AlOs | Fe:Os | FeO | MnO | CaO | MgO | K:0 | Na:0 | P0s | co | s | HO | Lol | HO* | ¥
BUKOVO KOMPLEX
54 [ 5463 | 1,02 | 1452 | 7,95 017 [ 7,98 [ 311 [ 442 | 284 [ 047 2,67 | 000 [ 9978
1007 | 5484 | 082 | 1584 | 395 | 2,96 | 011 | 698 | 374 | 424 | 261 | 081 | 022 [ 0,01 [ 111 1,70 | 99,94
269 | 56555 | 098 | 17,28 | 339 | 320 | 012 | 614 | 318 | 241 [ 369 [ 037 036 200 | 99,67
6 | 5860 | 078 | 18,16 662 | 010 | 586 | 160 | 340 | 346 | 045 081 | 000 | 9984
715 | 57,81 | 081 | 1655 | 418 | 1.86 | 011 | 653 | 275 | 3,96 | 294 | 033 | 057 0,60 0,80 | 99,80
1023 | 58,00 | 0,84 | 1752 608 | 013 | 598 | 270 [ 354 | 395 | 030 0,68 | 0,00 | 99,72
1006 | 5391 | 0,84 | 1550 | 393 | 3,06 | 0,12 | 7,05 | 413 | 424 | 270 | 0,89 | 040 | 0,02 | 1,27 | 1,74 | 1,00 | 100,80
1010 | 56,38 | 0,82 | 16,79 | 460 | 2,30 | 011 | 678 | 330 | 363 | 270 | 042 [ 0,04 | 0,05 | 090 | 100 | 100 [ 10082
1011 | 54,88 | 090 | 1684 | 340 | 327 | 06 | 743 | 250 [ 363 | 245 | 061 | 189 | 0,04 | 050 1,00 | 99,50
6679 | 58,82 | 058 | 1586 | 271 | 271 | 008 | 625 | 251 | 325 | 321 | 038 111 | 121 | 0,00 | 98,68
4743 | 61,18 | 051 | 16,07 | 2,37 | 237 | 009 | 595 | 3,05 | 350 | 310 | 0,26 065 | 073 | 000 | 99,83
61 | 5085 | 050 | 1680 | 340 | 1,62 | 000 | 529 | 197 | 334 | 318 | 032 [ 013 [ 0,03 | 050 200 | 99,92
3 | 580 | 0,61 | 1658 | 326 | 2,96 | 047 | 6,17 | 263 | 387 | 306 | 053 | 0,60 | 0,10 | 0,32 180 | 100,76
23 | 57,02 | 082 | 1663 703 | 011 | 638 | 292 | 370 | 328 | 040 1,71 | 0,00 | 100,00
2083 | 60,30 | 0,90 | 16,54 633 | 019 | 546 | 143 | 360 | 415 | 028 072 | 000 99,90
168 | 57,39 | 0,00 | 1543 | 682 | 0,68 | 014 | 2,60 | 238 | 7,14 | 196 | 045 | 122 | 0,02 | 098 187 | 99,98
519 | 5644 | 0,90 | 14,92 | 584 | 1,33 | 011 | 684 | 4,00 | 415 | 228 | 079 | 025 | 0,02 | 0,90 110 | 99,96
517 | 6263 | 074 | 1635 | 492 | 068 | 006 | 443 | 130 | 387 | 2,81 | 054 | 013 | 0,02 | 060 080 | 9988
500 | 5596 | 0,82 | 16,35 | 480 | 1,90 | 0,06 | 7.21 | 2,39 | 342 | 228 | 045 | 1,81 | 0,01 | 049 176 | 99,71
505 | 57,10 | 0,80 | 16,25 | 590 | 093 | 012 | 453 | 271 [ 420 | 331 | 070 | 181 | 0,01 | 051 1,29 | 100,17
213 | 5325 | 1,11 | 14,10 | 543 | 214 | 014 | 655 | 428 | 457 | 228 | 1,20 | 204 | 0,01 | 0,80 081 | 99,61
51 | 5840 | 057 | 1630 | 359 | 226 | 011 | 564 | 240 | 378 | 318 | 046 | 1,25 | 0,01 | 0,94 220 | 101,09
VOINOVO COMPLE
6342 [ 60,00 | 088 [ 17,06 | 335 | 143 [ 009 | 670 [ 1,62 | 363 [ 2,94 [ 037 [ 0,39 1,33 1,05 | 100,54
6334 | 58,25 | 0,66 | 16,40 | 456 | 1,28 | 0,06 | 560 | 2,31 | 480 | 318 [ 050 | 0,34 | 0,08 | 118 1,12 | 100,41
509 | 49,90 | 0,89 | 10,87 | 517 | 284 | 014 | 1099 | 7,83 [ 326 | 228 | 1,58 | 1,00 [ 001 | 098 190 | 99,73
518 | 56,14 | 0,89 | 1516 | 572 | 148 | 010 | 7,00 | 393 [ 420 | 228 | 0,76 | 042 | 0,01 | 0,80 1,00 | 99,98
520 | 56,10 | 0,76 | 1589 | 320 | 276 | 015 | 555 | 398 | 457 | 221 | 051 | 004 | 001 | 1,22 288 | 9992
503 | 61,78 | 0,65 | 16,40 | 005 | 222 | 005 | 456 | 1,94 | 330 | 318 | 0,32 | 0,04 | 0,01 | 1,30 230 | 9810
502 | 5912 | 077 [ 1500 | 482 | 151 | 009 | 621 | 327 [ 424 | 281 [ 060 [ 0,04 | 001 | 065 068 | 083 | 10065
530 | 59,05 | 0,83 | 14,54 | 482 | 159 | 007 | 582 | 350 [ 351 | 253 | 091 [ 008 | 003 | 087 | 175 | 1.88 | 101,78
512 | 5158 | 078 | 16,35 | 432 | 300 | 012 | 579 | 330 [ 567 | 1,96 | 057 [ 222 | 001 | 154 2,70 | 100,00
143M | 5590 | 080 | 1550 | 4,23 | 207 | 012 | 715 | 386 | 372 | 344 | 054 1,05 143 | 99,81
200M | 60,06 | 073 | 16,50 | 3,66 | 0,99 | 0,00 | 415 | 2,32 | 421 | 325 | 028 118 220 | 9962
160M | 58,02 | 0,76 | 16,30 | 3,05 | 256 | 013 | 7,03 | 335 | 434 | 323 | 032 046 0,62 | 100,17
121M | 5429 | 090 | 1530 | 526 | 1,83 | 012 | 700 | 444 | 407 | 286 | 048 0,81 121 | 9947
121M | 5457 | 087 | 1504 | 451 | 263 | 010 | 7,88 | 435 | 4,35 | 263 | 044 0,80 135 | 99,52
KOLETZ COMPLEX
6110 | 48,56 | 0,88 | 1651 | 575 | 236 | 014 | 748 | 555 | 217 | 460 | 087 | 013 3,58 368 | 102,26
42 | 4830 | 0,87 | 1607 | 520 | 272 | 0413 | 7,58 | 4,93 | 137 | 574 | 0,80 | 0,04 4,62 4,85 | 103,22
510 | 58,93 | 0,72 | 1558 | 398 | 2,05 | 000 | 518 | 354 | 420 | 281 | 052 | 004 | 001 | 095 | 102 | 1,24 | 10086
507 | 5750 | 0,83 | 16,53 | 446 | 2,26 | 011 | 4,96 | 304 | 338 | 318 | 044 | 0,84 | 003 | 087 134 | 99,77
504 | 57,05 | 0,85 | 16,13 | 545 | 140 | 010 | 635 | 350 | 270 | 2,53 | 047 | 0,04 | 0,01 | 2,00 147 | 100,05
506 | 60,40 | 0,67 | 16,30 | 349 | 226 | 011 | 480 | 248 | 2,06 | 4,05 | 044 | 0,04 | 001 | 0,70 224 | 100,05

Georgiev, V., P. Milovanov. 2006b. Magmatic Lithostratigraphic

units in the Eastern Rhodopes. Il. The Sarnitsa group. —
Minno delo | Geologia Journal, 61, 5, 36-40 (in Bulgarian
with English abstract).
Dabovski, C., Harkovska, A., Kamenov, B., Mavrudchiev, B.,
Stanisheva-Vassileva, G., Yanev, Y. 1991. A geodinamik
model of the Alpine magmatism in Bulgaria. — Geol. Balc.

21,4, 3-15.

Ivanov, Z. 2000. Tectonic position, structure and tectonic
evolution of Rhodope massif. — Guide, ABCD-GEODE,
Bulgaria, 1-4.
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OIL AND GAS RESOURCE ASSESSMENT METHODOLOGIES: IMPLEMENTATION IN
NATIONAL BALANCE ESTIMATION AND COMPANY’S EXPLORATION POLICY

Jordan Jordanov’, Ivan Darakchiev?, Vasil Belogushev?

T University of Mining and Geology “St. Ivan Rilski”, Sofia 1700
2 Ministry of Economy and Energy, Sofia
3 Ministry of Environment and Waters, Sofia

ABSTRACT. Resource assessment methodology has been discussed in many papers during the last 10-15 years and has been described as key issues in national
balance estimation, as well as in national exploration and production policy making.
Geologic prospect and play assessment procedure involves two basic steps: play existence and delineation, in terms of number and size of prospects included; and
second - if the constructed model is riskier than certain level.
The bases of the process lie on the concept of hydrocarbon systems, in conjunction with play concept as developed by number of authors (Dow, Perrodon,
Demaison, Magoon). The main instrument to decide this problem is implementing the exploration probability analysis, which requires an evaluation of those geological
factors that are critical to the discovery of recoverable quantities of hydrocarbons in traced prospects. Following factors are defined as critical and must be evaluated
with respect to the resource assessment

. presence and quality of reservoir rocks;

. presence and quality of mature source rocks, as well as hydrocarbon expulsion, migration and charge processes;

. presence and trap mechanism;

. retention of hydrocarbons after accumulation;
Implementing a widely known probability techniques, many petroleum companies all over the work) registered remarkable growth to their proved reserves. These
results encourage authors to believe that this is the only way to reduce the geologic risk in Bulgarian exploration practice.

METOAWYEH noaxon NP OLIEHKA HA PECYPCUTE OT HE®T U F'A3; NPUNOXEHUE NPU U3rOTBAHE HA
HALMOHAITHWA BANAHC U NPOYYBATENHATA CTPATErAA HA KOMNAHUUTE

WNopdaH UopdaHoe!, UeaH Japakyuee?, Bacun benozywee?

" MuHHo-2e0noxku yHugepcumem ,Ce. MeaH Puncku”, Cocpusi 1700

2 MuHucmepcmso Ha UKOHOMUKama U eHepaemukama, Cogpust

3 Munucmepcmeo Ha okoriHama cpeda u godume, Copust

PE3IOME. MeToan4HMAT NOAXOA NPy OLEHKa Ha pecypcuTe oT HedhT U ra3 e 0bekT Ha obCbxaaHe B MHOXECTBO MyBnukaLuy, B KOUTO eHO3HAYHO Ce npuema kato
Knio4oB npobriem Npu M3rOTBSIHE Ha HaLWOHANHUTE eHepruiiHW bamaHck, KaKTo W MpW WarpaxaaHe Ha cTpaTerst 3a KOHLecuoHHa nonuTuka. OGekT e U Ha
obcbxaaHe 1 OT koMnaHuuTe 3a Thpcelyy paboTy 3a HedT 1 ras.
B HacTosiaTa paboTa e onvcaHa npoleaypa 3a OLEeHKa Ha pecypcute OT HedT W ras Ha NULEH3MOHHM GriokoBe, 30HM U OTAENHM NNOWM, KOSTO BKMIOYBA [BA
OCHOBHY eTana: oLeHka Ha BeposiTHOCTTa 00EKTLT Aa MMa XapakTepucTukaTa Ha HedpTorasoHocHa 30Ha (B cMUCbna Ha “petroleum play”) n JokonHO NpeacTaBeHus
Mofien 3a npecmsiTaHe Ha pecypcuTe e bk 4o peanHocTTa, C ornes NpecMsiTaHe Ha pucka.
OcHoBata 3a OLeHKaTa Nexu BbpXy NPUHLMNUTE Ha NETPOSHO CUCTEMHUS noaxog. [opaay 06CToATENCTBOTO, Ye B aHANUTUYHUS NPOLIEC Ce Onepupa C nokasaTeny,
KOWUTO Ce CbNPOBOXAAT C HEONPEAENEHOCT, Ts € U3BBPLUEHA B CbYeTaHWe C BEPOSTHOCTHIUSI aHanns, Ha OCHoBaTa Ha cumynauum ¢ MoHTe Kapno TexHuku. OBexT Ha
KOHKpETHa OLieHKa ca OHEe3M NoKa3aTeNy, KOUTO UMAT KIK4oBa ponst B 06pa3yBaHETo Ha HEOT U ra3 1 hOpPMUPaHETO Ha TEXHUTE HaxoauLLa:

. OLieHKa 3a NPUCBCTBMETO 1 ePEKTUBHOCTTA HA Pe3epBOapHM (aumecy;

. OLieHKa 3a NMPUCHCTBMETO U KA4ECTBOTO Ha reHepypalLy ckanu, KakTo U NPOTUYaHETO Ha MUTPALIMOHHM U aKyMynaLMOHHM NpoLecH;

. OLieHKa Ha YCroBMsiTa Ha KanaHupaHe Ha BbrMeBOJOPOAHUTE NPOAYKTY;

. OLieHKa Ha YCroBusiTa 3a TAXHOTO ChXPaHsBaHe.
OrucaHnsT MeToaMYeH NoAXo € NPUNOXEH BbPXY 30HaTa Ha pa3suTie Ha CeBepobbnrapckoTo U3aUraHe, KakTo U Ha NpemMepa Ha KOHKpeTHO Haxoguie — JonHu
nykosuT. Mony4yeHuTe pesynTaTu HW [AaBaT OCHOBaHME Aa CMsITaMe, Ye Bb3MOXHOCTUTE Ha METPONHO-CUCTEMHUSI NOAXOL MPEeAoCTaBsT Bb3MOXHOCT YacT OT
HensbexHMs reonoxku puck fa obae peayLmpaH.

Introduction techniques for prospect and play resource assessment, using
the petroleum system concept. The purpose is not to create a
Hydrocarbon potentials of Bulgarian Phanerozoic section completely new approach but to adapt existing techniques to
have been periodically assessed on the classical A, B, C, D the Bulgarian exploration practice using all available data.
approach (Georgiev, 1996; Bbues, 1998; etc.) and the results Resource assessment methodology has been discussed in
have been good accepted. Now this approach is often omitted many papers during the last 10-15 years and has been
because of its predominantly qualitative outcomes. This paper described as key issues in national resources estimation, as
presents an authors attempt to implement modern analytical well as in national exploration and production policy making
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(White, 1993; Rose, 1987; MacKay, 1996; Meneley et al.,
2003; Otis and Schneiderman, 1997 etc.). However,
experience has also shown that geologists perform resources
assessment in a very subjective manner, which should be
avoid as much as possible, giving the priority to procedures,
guarantee repeatable and reliable results.

Common Questions of companies and natural
policy makers

Following the common petroleum exploration practice, three
basic questions are to be answered:

What is the probability (chance) of at least one
conventional oil and gas field to present within the
assessing (licensed) area;

How mach oil and gas present within the play outline,
expressed as field-number and field size distribution
(probability volumetric curve)?

Haw much oil and gas present in individual prospect
(prospect probability volumetric curve).

There are number of papers discussing approaches (White &
Gehman, 1978; Kontoposuy et al., 1981, 1988; LUnunemaH,
1982 etc.) but currently the answers are being given depending
on analyses and evaluation of those geological factors that are
critical to oil and gas field formation and the exploration
techniques used for discovery of recoverable hydrocarbons in
traced prospects. This process is known as geological risk
assessment, acting as a base for further engineering planning.
The process is based mainly on the concepts of petroleum
systems and their plays (Magoon and Dow, 1994). In Bulgarian
practice this concept was highlighted by WopaaHos (1996),
l'eoprues n Jaboscku (1997), Georgiev (2002).

Petroleum system-play-prospect concept in
resource assessment

Definitions

In order to avoid some misunderstanding, following definitions
are accepted:

Petroleum system — includes all those geological elements and
processes that are essential for an il and gas deposit to exist
in nature (after Magoon, 1988). A petroleum system
encompasses a pod of active source rock and all genetically
related oil and gas accumulations.

Play and prospect

A play is a group of prospects (potential field sites and any
known related fields having common oil and gas sources,
migration relationships, reservoir formation, seals and trap
types (White, 1993 etc.).

A prospect is a potential trap that must be evaluated by
drilling to determine whether it contains commercial quantities
of petroleum. Once drilling is complete, the term "prospect” is
dropped; the site becomes either a dry hole or a producing
field. In Bulgarian, as well as in Russian papers “play” is close
(but not completely equal) to “oil and gas zone”
(HedbTorasoHocHa 30Ha) and prospect is almost equal to
“structure” (nepcnekT1BHa CTPYKTypa, kanaH, NoByLLKa).
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Risk and uncertainty in exploration

In recent years National Geological Institutions have
encouraged implementation of a petroleum system-play
concept approach for resources assessment, involving the
process of hydrocarbon origination and distribution. As we
mentioned above, a play includes number of prospects of
postulated distributions of hydrocarbon volumes. Their number
and size distribution are important not only to predict the
recoverable quantities but also for prospect economics.

As is well known, in exploration for oil and gas we are
dealing with a great scale of uncertainty and risk that appears
as inherent factors and requires a probabilistic treatment.
Uncertainty is common used to characterize the fact that any
outcome of a decision (process) is not precisely known, with
the degree, described by probability that it will occur.
Consequently, assessed probability refers to the adequacy of
the geological model that will give the existence of at least one
field, larger than a practical minimum size. This value ranges
from 0 to 1.0 and define the success “chance” of discovery. As
a rule this value is less than 1 and the rest part of probability
value determines the geologic risk, i.e. “chance” of failure or
not having a field, respectively discovery larger than a
specified practical minimum size:

1 - Probability = Risk

Therefore uncertainty and risk assessment concept permit
application of the traditional mathematical analyses, leading to
more objective estimation of the petroleum resources, as well
as more objective comparison between deferent plays and
prospects, occurring in deferent areas. Below will be described
approaches to resource assessment for prospect and plays
separately, implementing the mentioned above probabilistic
concept.

Prospect resource assessment procedure

The full process of prospect evaluation, based on petroleum
system-play concept, incorporates number of investigation,
focused on assessment of geological risk, estimation of
hydrocarbon volumes, engineering, economics and postdrill
review. In this work we discus only the part of it, encompasses
the hydrocarbons-in-place estimation. Common approach to
answer this topic requires the expectation curve to be
obtained, using the probability distributions of the responsible
factors, as well as geological risk assessment (Fig.1,2).
Combining volumetric calculations with chance of success
(‘risk factor”) there could be construct the final probabilities
curve (risked), giving the opportunity to extract the traditional
probabilistic values (Pr.-90%; Pr.-50%, Pr.-10 % or others
(Capen, 1996) for further prospect appraisal.

Volumetric estimation

The calculation of hydrocarbons-in-place can be applied to
undrilled prospects implementing the classical volumetric
equation, multiplying: (i) net pay volume; (i) average porosity;
(iii) average oil saturation; (iv) trap fill; (v) 1/formation volume
factor; (vi) conversion factor (Fig.2).

Procedure for gas-in-place is similar.
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Fig. 1. Play resources assessment procedure

[Petroleum Prospect as an Element of a Petroleum Play]
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Fig. 2. Prospect resources assessment procedure

In practice, the potential volume distribution of hydrocarbons
is made by multiplying the above parameters in a Monte Carlo
simulation, running many trials (see appendix at the end). Each
volume factor is entered into the simulation as a range of
values, reflecting its uncertainties. As a final result assessor
obtains the unrisked potential curve of hydrocarbon-in-place
distribution.

Risk assessment
Risk factors definition

There are two approaches to determine the main risk factors,
controlling the hydrocarbon occurrences: theoretical and
practical. The first approach evolves from petroleum system-
play concept, where four processes (generation, migration,
entrapment and preservation or retention) are assumed to
have taken basically position. These processes depend on
group of main factors, which should be characterized by

number of individual, independent parameters for personal
judgment (assigned a value) of:
v" Presence and quality of reservoirs (Probability of
reservoir — Pr);

v Presence and quality of source rocks (Probability of
source rock — Psr);

v Traps, seals and timing (sequence of time between
generation, migration and trap formation (Probability
of trap and seal — Pt&s);

v' Preservation (Probability of preservation — Ppr).

The second approach arises from company’s exploration
practice. Following the worldwide geologic experience as a
systematic basis for prospect appraisal and negative results
Rose (1987) and others have tried to answer the question:
Which geological factors are responsible for most dry holes?
Rose (1987) processing the data available, has concluded;
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The main cause is incorrect structural interpretations
- 43% of dry holes;

v"Incorrect reservoir prediction— 40% of dry holes;
v"Incorrect prediction of trapping conditions — 13%;
v Wrong prediction of hydrocarbon charge — only 3%.

Discussion over these results leads to the following outcome:
if the source rock exists, the chief cause for dry holes is
incorrect structure interpretations and reservoir prediction —
83%. The same is in power for Bulgarian exploration practice.
Considering geological risk factors, derived from the worldwide
experience, one could determine the same group of factors
which are responsible for negative results as listed above:
structural interpretation, i.e. trap existence; reservoir prediction
— presence of reservoir rocks; existence and quality of trapping
and source rock characteristics. In this paper we are using the
described above four main factors determining the geological
risk of hydrocarbon discovery.

Risking prospect procedure

The probability of discovery is a value that is calculated on
objective judgment of listed above group of main factor with
respect to the presence and effectiveness, depending on case
geological features. For examples the reservoir factors is
assigned the value for existence of proper facies and value for
effectiveness of porosity, permeability etc. It is clear that
absent of one or more of these factors will result in a “dry hole”.
In practice multiplying the group of main factors assessor
obtains the value of adequacy - assessed risk. Hence,
combined (weighted) probability (Ps) of occurrence (discovery,
or commercial accumulation) is equal to:

Ps = Pr* Psr * Pt&s * Ppr

It is absolutely necessary these factors to be independent
(correlation = zero). Otherwise another procedure should be
implemented for probability calculation, described in many
mathematical handbooks.

Risked expectation (potential) curve construction

The next step is risked potential curve construction, employing
the calculated risk (chance of prospect to exist). In practice the
unrisked curve should be discounted in order to reduce each
potential by combined risk value. In our example each potential
is reduced to 0.04.

Play resource assessment procedure

Given a licensed area that includes one or several postulated
(conceptual) or frontier plays. Then the question how much
hydrocarbons exist in-place in any conventional il or gas field
is answered implementing number of estimating techniques.
These techniques depend on geological knowledge level and
are described in many works (White and Gehnman, 1978;
Baker et al., 1984, White, 1993; USGS, 2000; Meneley et al.,
2003; Rostirolla et al., 2003; Shanley et al., 2004; Fugelli and
Olsen, 2005 etc.). Russian papers are also published
(Tpodpumyk, 1989 and others). The ideal procedure is to
aggregate all the individual prospect assessments. But very
often the lack of data dictates another type of performance.
Often the method of geochemical material balance is
implemented covering all the key genetic factors. Because of
difficulties to reconstruct all the elements of a system, it can
not replace the more empirical approaches to assessment.
Recently a straightforward way to assess undiscovered oil and
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gas resources is based on the estimation of the number and
size distributions of potential fields in a play, using the modern
Monte Carlo simulation. The procedure in its simplest form
states that:

Play Hydrocarbon volume (in bbl) =
Numbers of prospects * Success ratios (potential fields
from all the prospects) * Potential field size (in bbl)

The advantages of this approach are that it deals with
prospect-play relation, as elements of a petroleum system
(Fig.1). Additional requirement for accepted method, besides
field number and size distribution is the estimate of chance that
a play really exists (i.e. the chance of existence of at least one
field of minimum size within the play outline). The steps and
elements of the implemented procedure are shown in Fig.1, 2.
They include two branches: volumetric part and risking
evaluation. Implementing Monte Carlo simulation techniques, a
‘risked” potential curve of a play hydrocarbon volume is built.

Play fields-size and field- number distribution
Fields-size distribution

In practice there are three ways for building the field-size
distribution:
Using the geological analogy (look-alike approach)
going from known to new area;
The play already exist and plotting its representative
prospects one can assessed the expected volumetric
distribution;
Monte Carlo simulation of the prospects volumetric
factors to produce a distribution of possible field
sizes.
In play assessment example we used data from Bulgarian
exploration practice (historical reports) and Rumanian ones
(Popesku, 1995) a proper distribution is built.

The assessor should take into account that hydrocarbon
(HC) volume distribution curve must be constructed over
principals of economically minimum size. HC economic volume
is critical and determines the geological success (positive
outcome or discovery). There are different approaches to
determine the minimum prospect size. Otis and Scneidermann
(1997) propose to be one capable of testing a stabilized flow;
White (1993) - 50K to 50M bbl. In our consideration we choose
6M bbl, which is equal approximately to 0.9 million tone of ail,
keeping in mind increasing prices of crude oil currently. It
means that assigned values to the main parameters in whole
assessment procedure, one should dealing with degree of
adequacy according to the accepted minimum size - i.e. how
close is the porosity for example to those values that are
needed prospect to include at least 6M bbl.

Field-number distribution

The approach is similar to those techniques, described as
apt to field-size. In completely postulated plays (virgin frontiers)
it would be helpful to implement look-alike field density — for
example number of field per unit area and others. In our case
example we employ the distribution of the prospects in a play,
times the future success ratio.

Success ratios definition

Special attention should be addressed to success ratio
definition. It reflects an independent geologic risk among
prospects and should be assess separately from the play
chance attributes. It simply presents the number of prospects




in a play which is expected to become fields. Generally it
ranges from 0.3 to 0.9. Typically for a new play which is
presented by positive marginal factors the success ratio equals
0.25-0.3. It means that if we have 4 prospects - one of them is
expected to register discovery (be larger than the accepted
minimum size of 6M bbl).

Play chance assessment procedure

The play chance means - the chance of occurrence of at
least one field of minimum size. After Baker et al. (1984), White
(1993) and others it must be calculated incorporating risks
arising factors from regional geologic settings (regional play
chance or marginal probability - RPC), as well as those related
to the prospects if they are limited. These factors are
independent and refer to the conditional probability. Inherent
for a play factors are: reservoir facies, source rock, retention;
inherent for each prospect — porosity, trap, seal, migration.
Multiplying regional play chance (RPC) to play success ratio
(PSR) equals the value of average prospect chance (APC), i.e.
the chance of occurrence of at least one field of at least
minimum size (potential volume of 6M bbl) within the play
outline:

APC =RPC *PSR

Analyzing more then 80 basins White (1993) summarized
that operating with the average prospect chance one could
estimate the play resources, compatible with those, obtained
by summing individual prospect assessment.
As the success outcome within a play requires all the regional
factors to be adequate, play chance may easy to be
understood asking: What is the chance that reservoir rock
porosity is adequate to provide hydrocarbon saturation for of at
least one field of at least minimum size. Proceeding in proper
way with other common factors one could estimate the group
chance of adequacy (see appendix at the end). In general
sense, if the play chance is not zero and given unlimited
number of prospects, then at least one of them is expected to
cover requirements for success (discovery). Following White
(1993) in productive plays “play chance” is equal to 1.00. For
new areas it ranges from 0.3 -0.9, which means that lower
cutoff hesitate near 0.3.
In practice the average prospect chance value reflects play risk
estimate. For example if the unrisked mean of potential volume
is 500M bbl, and average prospect chance is 0.5, then “risked
mean” equals 250M bbl.

Conclusions

There is no methodology for resource assessment covering
only advantages. The described above technique based on
petroleum system-play concept is an attempt to reduce the risk
of failure exploring a new area operating with probabilistic
theory. Encouraged by the main petroleum companies as well
as by governments implementing this approach the authors
would like to be useful to those who are going to assess
prospects and plays.

In order to improve the reliability of the mentioned method,
efforts should be concentrated on key issues, and first of all on
the personal judgment of the inherent uncertainties, concerning
value assignment of those basic geologic factors, controlling
generation, migration, trapping and retention of the petroleum,
as well as the correct delineation of a play outline.
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Appendix
Example of prospect and play resource assessment

Summary Sheet: NORTH BULGARIAN UPLIFT POSRULATED PETRLEUM PLAY AS A PART
OF PALEOZOIC-CRATECEOUS PETROLEUM SYSTEM (After Popesku, 1995)

Total surface 7600 km? Simaria
Prospect numbers:
- structural type 17
- stratigraphy type | >10 (hypothetical) (j«—»,A% . o
Total - 27 - T T
Possible source Silurian black shale ot L oty migartan Uttt Postitana S
rock & — Petroleum Play |
Possible reservoir | Devonian carbonates & ;/ Prospects ‘@% @% l‘
rock Carboniferous clastic W { . ) |
Possible seals Lower Paleozoic muds T e O=> _ o \% ‘
Possible traps Structural .- .= TagoveRe — T~
Stratigraphic, related to '
the major — ‘ Black sea
unconformities: C/P; T et T
P/T; T/ - (‘;—_»‘_,.-_—' Balkanides ~\‘
Success ratiO 025 v ~“; .’f = (After Bokov et al..1987 historical report)
accepted
Number of prospects*success ratio*field size A. Reservoir
distribution, derived from Bulgarian exploration A1 Existence of reservoir facies 0.8
practice, multiplied in a Monte Carlo simulation A.2 Effectiveness 0.7 | 056
(1000 trials, triangular distribution) equals the A.3 Thickness 1.0
“Unrisked” potential curve of a play B. Trap and Seal
- hydrocarbon volume (in barrels o.e.) B.1 Clouse reliability 0.7 | 063
2 (see below graph of probability vs. c B.2 Effectiveness 0.9
S volume) 2 | C.Source rock
= < C.1 Existence 1.0
3 i = C.2 Maturity 1.0 | 0.68
o Observations 1000 > C.3 Migration 0.8
I=] =2 C.4 Time sequence 085
g | “Unrisked” Mean | 49.4M bbl o.e. g D. Retention
2 | “Risked” Mean | 49.4*.04=1976M | £ 065 | 065
> bbl o.e.
Minimum 4.04M bbl o.e. Marginal probability
0.56*0.63*0.68*0.65=0.16 0.16
5% 13Mbbl o.e. Success ratio — 0.25
95% 108.5M o.e. Average prospect chance - 0.04
0.25*.016 =0.04 or 1: 25
Cumulative Distribution
100%
80%
= 60%
E
g 40%
20%
0%
[0} 50000000 100000000 150000000 200000000
Volume
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Summary Sheet: NORTH BULGARIAN OIL FIELD IN THE CENTRAL PART OF THE MOESIN PLATFORM
EXPECTATION CALCULATIONS FOR HYDROCARBON IN-PLACE

Prospect Name - Alfa

Mean 4350779

Prospect area m2 Minimum 3922658
p ! 5% 4060731

95 % 4632378

Maximum 4773417

Mean 5.96

Minimum 2.85

Net Pay, m 5 55

95 % 7.83

Maximum 8.73

Mean 0.12

. Minimum 0.01

Average Porosity 5 5
95 % 0.19

Maximum 0.23

Mean 0.58

Aver tur t. n Minimum 0.15
Verage saturatio 5 055
95 % 0.85

Maximum 0.99

Mean 0.73

. Minimum 0.50

Trap Fill E5 555

95 % 0.85

Maximum 0.89

Mean 0.614

Minimum 0.606

Surface Hydrocarbon £ )
Volume Factor 95 % 0.621
Maximum 0.625

Mean 837971

Minimum 77803

Expected 'Hydrocarb(gn £ SETG6T
Volume in-place, m 95 % 1747838
Maximum 3379433

Postdrill Mean — ranges in 25 %
according to predrill mean

1:2.17 (GOOD CHANCE)

Risk calculation Probability of Reservoir capable of producing hydrocarbon in the minimum 0.75
trapping geometry '
of the PfOSpeCt Probability of adequacy of the data set (seismic, well and other source) outlining 0.80
Chance the trap
Probability of significant mature source rock, as well as favorable pathway for 0.85
migration and accumulation '
Probability of conservation (retention) 0.90
PROSPECT CHANCE = A*B*C*D = 0.46 OR 0.46

“Risked” mean = expected mean* prospect chance =
837971*0.46 = 385467

Recommended for publication by Department of
Geology and Prospecting of Mineral Deposits, Faculty of Geology and Prospecting
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SYSTEMATICS AND CRYSTAL GENESIS OF CARBONATE MINERALS
lvan KostoV, Ruslan I. Kostov

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

ABSTRACT. A dual crystal structural and paragenetic principle (Kostov, 1993; Kostov, Kostov, 1999) has been applied to a rational classification of the carbonate
minerals. Main divisions (associations) are based on geochemically allied metals in the composition of these minerals, and subdivisions (axial, planar,
pseudoisometric and isometric types) on their overall structural anisometricity. The latter provides both structural similarity and genetic information, as manner of
crystal growth in geological setting under different conditions of crystallization. The structural anisometricity may conveniently be presented by the c/a ratio of the
minerals with high symmetry and by the 2c/(a+b), 2b/(a+c) and 2al(b+c) ratios for the low symmetry minerals. The respective ratios are less, nearly equal, equal or
above 1.00. The unit cell or sub-cell and the corresponding structures are denoted as axial or A-type, pseudo-isometric or (I)-type, isometric or I-type and planar or P-
type, notations which correspond to chain-like, framework and sheet-like structures, respectively ino-, tecto- and phyllo-structures. The classification includes three
geochemical assemblages among the carbonate minerals — Al-Mg-Fe(Ni,Co,Mn), Na-Ca-Ba(K)-REE and Zn-Cu-Pb(U).

CUCTEMATUKA N KPUCTANOIEHE3UC HA KAPBOHATHUTE MUHEPAIU

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

PE3KOME. Bb3 ocHOBHA Ha ABOEH CTPYKTypeH W nmapareHeTudeH npuHumn (Kostov, 1993; Kostov, Kostov, 1999) e npeanoxeHa pauuoHanHa knacuukuums Ha
kapGoHaTHUTE MUHepanu. MnaBHUTE pa3nenu (acouuauum) ca GasvpaHn Ha reOXMMUYHO CBbP3aHW MeTanu B CbCTaBa Ha Te3W MUHepanW, a noppasfeneHusta
(akcwanHm, nnaHapHy, NCeBAOM3OMETPUYHM U U3OMETPUYHM TUNOBE) — Ha obLyaTta UM CTPYKTypHa aHu3oMeTpuyHOCT. MocnenHaTta faBa Waes eAHOBPEMEHHO 3a
CTPYKTYPHO nopofue 1 reHeTyHa MHAopMaLs, HaNPUMEp HAYWH Ha KpUCTaneH pacTex B reonoxka cpeaa ¢ pasnuyHi ycnosus Ha kpucTanuaauns. CTpykTypHata
aHu3oMeTpus Moxe Aa 6b/e npeacTaBeHa OT OCHOTO OTHOLLEHWE C/a Ha MUHEpanuTe C BUCOKa cumeTpus unu 2c/(a+b), 2bl(a+c) v 2al(b+c) Ha MuHepanuTe ¢ Hucka
cumeTtpus. MonyyeHnTe OTHOWEHMA Le 6bAAT Mo-Mankv, NoYTM paBHM, paBHM wnn no-ronemu oT 1.00. EnemeHTapHUTE KNeTkV Unn CYOKNEeTKM W CbOTBETHM
CTPYKTYpu ce 0603HayaBaT kaTo akcuanHu unu A-Tun, NCeBAOU3OMETPUYHN unm (1)-TUN, M3OMETPUYHM Mnn |-Tn 1 NnaHapHn unn P-tun. Tean o6osHayeHns
CbOTBETCTBAT HA BEPVIKH, CKENETHM 1 CNOeCTonofo0HM CTPYKTYPH, PECTIEKTUBHO MHO-, TEKTO- U (UNOCTPYKTYpU. B npennoxeHaTa knacudukaLms ca BKIOYEHN Tpu
reoXMMM4HM acoumauun cpef kapboHatHute muHepany — Al-Mg-Fe(Ni,Co,Mn), Na-Ca-Ba(K)-REE 1 Zn-Cu-Pb(U).

INTRODUCTION c¢/a ratio of the minerals with high symmetry and by the
2cl/(a+b), 2bl/(atc) and 2al(b+c) ratios for the low symmetry
Crystal chemical approach to the classification of carbonate minerals. The respective ratios are less, nearly equal, equal or
minerals has been applied in several specific to carbonates above 1.00, the unit cell or sub-cell and the corresponding
publications as well as in general mineralogical works (for structures denoted as axial or A-type, pseudo-isometric or (I)-
example, Povarennykh, 1972; White, 1974; Effenberger et al., type, isometric or I-type and planar or P-type, notations which
1981; Zemann, 1981; 1989; Carbonates..., 1983; Railsback, correspond to chain-like, framework and sheet-like structures,
1999). The basic criteria used for classification of minerals are respectively ino-, tecto- and phyllo-structures.
suitably summarized by Lima-de-Faria (1983), Strunz (1984)
and Godovikov (1997). The majority of carbonate minerals are The notations A, (I) and P offered are further enriched by
secondary  products, formed during weathering or adding as superscript the direction of structural anisometricity
sedimentation. Hence most of them occur as aggregates, for the low symmetry minerals — Ac, Ab and Az, (I)c, (I)e and (I),
crusts, earthy or pulverant masses, rarely in crystals. Calcite is and Pe, PP and P2, The A, (I) and P notations remain for the
one of the restricted polygenetic representatives. minerals with spindle symmetry. Use is made of the indices
(hki) of the crystal habit form and [uvw] symboals for elongation
A dual crystal structural and paragenetic principle, worked added as subscripts. Combinations of both indicate form and

out by the first of the authors (Kostov, 1960; 1965; 1968; 1977; elongation.
1993; Kostov, Kostov, 1999) has been applied to a rational

classification of the carbonate minerals. Main divisions Such type of systematic has been already applied to other
(associations) are based on geochemically allied metals in the mineral classes as well — oxide (Kostov, 1964), silicate
composition of these minerals, and subdivisions (axial, planar, (Kostov, 1975), sulphide (Kostov, Min¢eva-Stefanova, 1982),
pseudoisometric and isometric) on their overall structural phosphate and related (Kostov, 1986), sulphate (Kostov, 2000)
anisometricity. The latter provides both structural similarity and and borate (Kostov, Kostov, 2002) minerals (for review of all
genetic hint, viz. manner of crystal growth in geological setting classes of minerals see Kostov, 1993; Kostov, Kostov, 1999).

under different conditions of crystallization. The overall
structural anisometricity may conveniently be presented by the
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PROPOSED CLASSIFICATION OF CARBONATE
MINERALS

Within about 220 carbonate minerals, axial, pseudoisometric
and planar types are approximately equally represented.
Important from a crystallochemical point of view are the
triangular COs groups in the carbonates, which, commanded
by the size and peculiarities of the cations, may acquire
different orientation. The general tendency is these groups to
follow certain plane or axis of symmetry. Thus in the most
important groups of calcite and aragonite, the oblate COs
groups are in the planes perpendicular to the ¢ axis, in certain
rare earth carbonates, exemplified by bastnasite, they are
parallel to it. Within a plane these groups may be either equally
or differently orientated, as in calcite-aragonite and the
polymorphic minerals with composition BaCa(COs)z -
barytocalcite, paralstonite and Alstonite (Kostov, Kostov,
1999).

Barytocalcite BaCa(COs)z is monoclinic P21/m, a 8.09, b
523, c 654 A B 106005', Z=2, with perfect {210} cleavage,
habit forms {100}, {111}, {131} and {210}, hinting on an axial

AC type mineral. Paralstonite BaCa(COs) is trigonal P321, a
8.69, ¢ 6.15 A, Z=3, and alstonite BaCa(COs). - triclinic C 1 or
C1, occurring almost invariably as steep pseudohexagonal
bipyramidal crystals, due to repeated twinning on {110}. The
position of the COs groups in the three polymorphs differs in
accordance with the coordination of the Ca and Ba atoms.

In the uranyl carbonates, the COs; groups are closely
attached to the UO:2 group, forming thus rather stable
[UO2(CO3)3]* and other less stable structural units. The uranyl
coordination polyhedron is represented by obtuse hexagonal
bipyramid, the equatorial corners of which are occupied by
oxygen from the COs groups, the polar oxygens of the uranyl
linked to other cations. Rutherfordine (UO2)COs, which is
orthorhombic Pmmn, a 4.84, b 9.29 A, Z=2, is a good example
of uranyl carbonates, possessing a planar Pt type structure
(cleavage on {010} corresponding to layered arrangement of
the uranyl-carbonate groups), but occurring usually as fibrous
crystals along either [001] or [100] zone. The following
examples of different structural types among carbonate
minerals can be introduced (Kostov, Kostov, 1999, with
additions).

AXIAL TYPES

Nesquehonite MgCO3.3H20 is monoclinic-prismatic, P21/n, a

7.68,b5.39, ¢ 12.00 A, 8 90°45', Z=4; originally considered to
be orthorhombic. Judging from the unit cell parameters the
mineral is axial of the Ab types, which is in accordance with its
prismatic and acicular [010] crystals, as well as with its
apparent {101} perfect cleavage. Forms observed are along
the [010] zone. Originally it is found as stalactitic aggregates
and incrustations, formed through dehydration from lansfordite
MgCO3.5H20. The latter is also monoclinic-prismatic, P21/m, a

12.50, b 7.57, ¢ 7.35 A, B 101°49', its short prismatic crystals,
rather enriched in forms, possessing perfect {100} and {001}
cleavages. Thus, like nesquehonite, it is again an AP type
mineral. Such is also artinite Mg2COs3(OH)2.3H20, monoclinic-
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sphenoidal, C2, a 16.69, b 3.15, ¢ 6.21 A, 8 99045', 7=2, found
usually as fibrous aggregates. Typical Ab type is loseyite
(Mn,Zn)7(CO3)2(OH)10, monoclinic, A2/a, a 16.2, b 5.6, ¢ 15.0
A B 95024', with no observed cleavage, but with strongly
elongated [010] lath-like crystals. The general tendency of
habit variation of the three minerals is inferred to be A®gqg) —
Ab, —> Ab[010]’ with possible elongation of the first habit along

the [001] and [100] direction.

Nahcolite NaHCOs; is monoclinic-prismatic, P24/n, a 7.53, b

972, ¢354 A B 93°19', Z=4. The mineral is distinctly axial Ac
type, its prismatic to acicular [001] crystals modified usually by
{110}, {120} and {010}. Additional forms observed are {101}
and {111}, both corresponding to good cleavages. Artificially
obtained crystals of the mineral are also prismatic Ac(110) with
added forms {010} and {111}; increased supersaturation
increses the significance of the {010} form and the elongation
of the crystals along the [001] direction, single crystals
transformed into contact or penetration {101} twins and finally
into spherolites (Aslanyan et al., 1968).

Instructive Ac type is also fontanite Ca(UO2)3(C0O3)s.3H20,
orthorhombic, Pmnm, a 15.34, b 17.05, ¢ 6.93 A, exemplifying
uranyl carbonates with chain-like arrangement of their atoms
and COs groups. With its {110} perfect cleavage gaylussite

Na2Ca(C0s)2.5H20, is also added to the AC type minerals. It is
monoclinic-prismatic, C2/c, a 14.35, b 7.78, ¢ 11.21 A, 8

127051', Z=4, and its crystals, however, are pseudooctahedral
or elongated along [100].

Malachite Cu2CO3(OH)2 is monoclinic-prismatic, P2i/c, a

948, b 12.03, ¢ 3.21 A, B 98°42', Z=4. The structure of the
mineral is presented by the oblate COs groups placed parallel

to the {501} plane, the copper atoms sited in a distorted
octahedral coordination among oxygens and (OH) groups. Its
perfect {201} cleavage corresponds to the COs layers, but its
rare crystals are invariably fibrous or needle-like [001] with
observed forms {110}, {100}, {010}, {001} and {201} . Common

are twins on {100}. By its unit cell ratio 2c/(a+b) 0.30 malachite
is a distinct Ac mineral. Occurs predominantly as mamillary,
botryoidal and tuberose aggregates with radiate texture, the

symmetry of which is described with spheroidal,
hemispheroidal, conical and other similar forms.
ISOMETRIC AND PSEUDOISOMETRIC TYPES
Among the isometric  carbonates are tychite

NagMg2(C03)4(S04) and northupite NasMg(COs):Cl, both Fd3,
a 13.90 and 14.02 A, Z=8 and Z=16 respectively, and both
occurring as octahedral crystals, as well as zaratite
NisCO3(OH)s.4H20, a6.16 A, Z=2.

Calcite and aragonite CaCOs are polymorphs, R 3¢ and
Pmcn space groups respectively, cerussite PbCOs, together
with witherite BaCOs and strontianite SrCOs are isostructural
with aragonite. Isostructural with calcite are siderite FeCOs,
rhodochrosite MnCOs, magnesite MgCOs, spherocobaltite
CoCOQOs, smithsonite ZnCO3 and otavite CdCOs. Of lower



symmetry R 3, but again based on calcite structure are
dolomite  CaMg(COs)z, ankerite Ca(Fe,Mg,Mn)(CO3)2 and
kutnahorite (Ca,Mn,Mg,Fe)(COs)z, their morphologies fitting
that of calcite. Calcite, aragonite and their isostructural
minerals form an isodimorphous series in which richest in
forms are calcite and aragonite (Kostov, 1960).

Calcite CaCOs is ditrigonal-scalenohedral, R 3c, a 4.98, ¢
17.02 A, Z=6; a,, 6.37 A, a 4707 (the cleavage hombohedral
cell with 101055'), Z=2. The structure of calcite can be

presented by that of NaCl (halite) set up so that one of the four
threefold axes is vertical and the structure then compressed

along this threefold axis; the cube angle of 90° becomes

10155 By replacement of the sodium atoms in the so
distorted NaCl lattice by calcium, and the chlorine atoms by
triangular COs groups, the structure of calcite is thus obtained.
The flat CO3 group follow planes perpendicular to the threefold
axis. The true unit cell is evolved from such rhombohedral cell.
Calcite, as known, is a widespread mineral paragenetic with
different other minerals of origin ranging from magmatic,
pegmatitic, hydrothermal, metasomatic, sedimentary and
supergene (weathering) affiliations, thus providing hints for
their genesis as well.

The structure of the dolomite group minerals is similar to that
of calcite, but the distribution of the atoms along any threefold
axis is alternately Ca and Mg (respectively Fe or Mn), which
causes lowering of their symmetry. The perfect cleavage on

{1071} corresponds to the weak bonds existing between the
Ca atoms and COs groups arranged in a three-dimensional
chessboard manner. As predicted by the PBC theory {1011}

corresponds to F faces as are the {100} faces of NaCl
(Hartman, 1982).

In contradistinction to the other carbonates, isostructural with
calcite, for which up to about ten or fifteen crystal forms are
registered, calcite is extremely rich in forms and habits, the

forms exceeding 620. Apart from {0001}, {1010} and {1120},

5 dihexagonal prisms, 12 bipyramids, 28 positive and 56
negative rhombohedra, 128 positive and 96 negative
scalenohedra have been counted (Brock, 1993). The most

frequent and habit-modifying forms are {1070} } {0172},
{2131y, {0001}, {1011}, {0221}, {4041}, {1120}, {1012},
{0554}, {0332}, {3142}, {3584},{5491} and {3257} . The
crystal habit of calcite is extremely varied ranging from thin to
thick tabular, flat rhombohedral usually with {0112}, obtuse to
acute rhombohedral, cuboid, pseudooctahedral, scalenohedral
and prismatic. Twinning on {0001} and {0112} is very
common, on {1011} and {0221} rather rare. A structural

analysis of the most commonly encountered habits of calcite
extended Kalb's (1929) sequence with two other habits: {0001}

— {1011 — {2131} — {1010} + {0001} — {1010} +
{0112} = {0112} — {0221} (Kashkai, Aliev, 1970).

Calcite morphology is presented on specimens from
Fukuhara and Ashiomines, Japan, the first presented by calcite
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veins, cutting contact-metamorphic limestone, the second by
copper-lead-zinc ore veins and metasomatic deposits
(Sunagawa, 1953). In both places the crystal habits of calcite

run from tabular {0001} and flat rhombohedral {0112} to

pseudoisometric and finally to scalenohedral {2131} or acute

rhombohedral habits. The sequence in both sites is referred to
continuous drop of the temperature or successive change in
the pH of the solutions and selective adsorption of foreign ions
on faces are accepted as an accidental habit-modifying factor.

Two generations of calcite habits varying from steep
rhombohedral {4041} to pseudooctahedral {4041} + {0001}

and tabular {0001} (reverse Kalb's order) is observed in
cavities of mineralized Triassic dolomites in Bulgaria
(Naidenova, Kostov, 1963). Most of the calcite crystals
succeed acicular to fibrous aragonite, some of them perched
on the latter.

Calcite (Iceland spar) crystals of economic significance
displaying 25 different crystal forms and common twinning on

{0001}, {0112} and {0221} from Siberian deposits in Russia
have been subdivided into 4 main habit types: 1 — prismatic
(pseudo quartz habit) with {1120} , the scalenohedron {3584}
and the thombohedra {0221} and {1011} ; 2 — rhombohedral
with {0221} or {0332} and additional {3251}, {1232} and
{3141} forms; 3 — bipyramidal with {88163}, {2131} , {3251}
and {0001} forms; and 4 — scalenohedral with dominating
{3584} and {5380} or {1232} and {1120} forms
(Andrusenko, 1971). The change of habits is presumed to have

been triggered not by temperature, but by pressure and
chemistry of the solutions.

Aragonite is orthorhombic-bipyramidal, Pncm, a 4.95, b 7.96,
¢5.74 A, Z=4. The difference in the structures of aragonite and
calcite consists in the distribution of the calcium atoms: in
calcite arranged in approximate cubic close packing, in
aragonite — in hexagonal close packing. The CO; oblate
groups are parallel to (001) and sited between six calcium
atoms, but are so placed, that while in calcite the oxygen
touches two calcium atoms, in the case with aragonite each
oxygen touches three calcium atoms. Distinct {010} cleavage,
perpendicular to the longer b edge of the unit cell, hints on
certain planarity but the morphological symmetry of the mineral
is accepted as pseudoisometric (I)¢ type, taking into account
less distinct {110} and {011} cleavages. About 75 forms are
quoted for aragonite crystals, prominent being {110}, {010},
{011}, {012}, {021}, {031}, {041}, {051}, {111}, {112}, {121},
{122}, {132}, {991}, {091} and {101} (compare Heijnen, 1986).
Twinning on {110} is extremely common, by repetition leading
to pseudohexagonal composite crystals, both of the contact
and interpenetrant types. Thin polysynthetic lamellae are also
observed inducing striations on {001}. Rather rare untwined
crystals are usually short to long prismatic and acicular [001],
Le. (110 = (001 types, the pseudohexagonal twins
prismatic down to pseudoisometric or thick tabular composite
crystals.



Isostructural strontianite SrCO3 follows the morphology of
aragonite, but for it simple crystals seem to be more frequent
than twinned crystals, its habit more clearly ranging from thick
tabular (I)¢q1) and pseudoisometic (I)¢; to long prismatic and

spear-like (compare Franke et al., 1984). Usually they are
pseudohexagonal, but due to equal development of {110} and
{010} forms. Twins, trillings, fourlings and polysynthetic crystals
mimic those of aragonite. In contradistinction to aragonite
strontianite displays almost perfect {110} and less perfect {021}
cleavages. Witherite BaCOs, also isostructural with aragonite,
is found almost invariably as pseudohexagonal bipyramidal,
twinned on {110} crystals, the twinned habits varying from flat
to steeper bipyramidal (I)°(021) types and long prismatic (|)°(o10)

forms capped by pseudobipyramid — twinned {021} form.

Cerussite PbCOs is orthorhombic-bipyramidal, Pmcn, a 5.15,
b 847, ¢ 6.11 A Z=4. The mineral is isostructural with
aragonite, again of the (l)c type, with distinct {110} and {021}
cleavages. More than 50 forms are registered on cerussite
crystals most important being (observed rank): {010}, {110},
{111}, {021}, {001}, {012}, {100}, {011}, {130} and {102}. The
crystal habit of cerussite is strongly modified, both as simple
crystals and frequent {110} and less common {130} twins (see
Lazarenko, Matkovskii, 1960). Distinct {110} and {021}
cleavages with traceable cleavages on {010} and {012} add
weight on the pseudoisometricity of the mineral, like the case is
with all other minerals. While in the other aragonite type
minerals the tendency of variation seems to follow the [001]
direction, the crystal habits of cerussite tend to be tabular
{010}, tabular {001}, pseudoisometric, prismatic [001] and
prismatic [100] (compare Franke et al., 1981). Fine studies
carried out on cerussite crystals from Hungary demonstrate the
great variation of the crystal habits of this mineral (Tokody,
1926). Major forms observed on them are {010}, {110}, {021},
{012}, {130}, {100} and {111}, and up to 17 forms are quoted
on a single crystal, richest in forms being the tabular habits.

Bastnasite-(REE) (REE)COsF is ditrigonal-bipyramidal,
C 62c, a 7.16, ¢ 9.79 A, Z=6. Varieties are bastnasite-(Ce),
bastnasite-(La) and bastnasite-(Y). Its structure consists of
layers of REE and F atoms parallel to {0001} alternating with
sheets of COs groups, axially arranged along the ¢ axis. The
structure with its ¢/a ratio is formally planar, but a sub-cell with
halved ¢ parameter tumns it into a slightly axial type. Indistinct
{10 1 0} cleavage, however fits pseudoisometricity, and for
morphological purposes the mineral is accepted therefore as
an (1) type. The crystals of bastnasite-(REE) are mostly tabular

{0001} with observed additional forms {1010}, {1120},
{1013}, {1012}, {1011} and {1122}. The tendency of the

habit trend should run generally (|)(ooo1) = (I) =

(l)(mTO)'
with increase of crystallization rate, modifications of the habits
due also to admixed other cations and substitution of F for
H20. Change of the pH of the solutions should also be taken

into consideration.

Certain other REE carbonates are structurally and
paragenetically related to bastnasite-(REE). Such are parisite-
(Ce) Ca(Ce,La)2(COs)sF, rontgenite-(Ce) Caz(Ce,La)s(COs)sF3
and synchysite-(Ce) Ca(Ce,La)(COs) 2F, the three or them
based on the bastnasite-(REE) structure, but with a repeat ¢
parameter and space group — R3; for parisite-(Ce) a 7.18, ¢
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84.1 A, Z=18, for rontgenite-(Ce) a 7.13, ¢ 69.4 A, Z=9 and for
orthorhombic synchysite-(Ce) a 7.11, ¢ 54.7 A, Z=18. Parisite-
(Ce) possesses distinct to perfect parting on {0001}, due
probably to alteration products or enhanced planarity of its
structure. Its crystals (similar in habits for the other two
minerals), however, are prismatic or acute hexagonal

bipyramidal {1121}, modified by {0001}, {1120}, {1011},
{2021}, {5052}, {1123} and analogous foms.

Similar both in structure and habits is cordylite-(Ce)
Ba(Ce,La)2(COs)sF2, hexagonal, with a 4.35, ¢ 22.8 A and Z=2,
the crystals of which are short prismatic to equant,

combinations of {1010}, {4045}, {1011}, {2021}, {4041}

and {0001}. Its occasional sceptre development, long prismatic
topped by pseudoisometric hexagonal combinations of equally

developed {4045}, {2021} and {1010} forms, obviously as a

later generation, crystallizing under lower supersaturation,
adds weight to the habit trend given for bastnasite. Another
REE carbonate, closely related to the enumerated minerals, is
ancylite-(Ce)  SrCe(COs)2(OH).H20, which, however, is
orthorhombic, occurring usually as pseudooctahedral crystals,
combinations almost exclusively of {111} and {120} with no
cleavage, hence pseudoisometric ()¢ type.

Phosgenite Pb2COsCl2 is tetragonal-trapezohedral, P4212(?),
a 8.15, ¢ 8.87 A, Z=4. With its ¢/a ratio 1.09, the mineral is
typically of a pseudoisometric (I) type, it's pseudoisometricity
underlined also by {001} and {110} distinct cleavages. In the
structure of this mineral the Pb atoms are octahedral
coordinated by four O and two CI atoms, the COs groups
arranged almost parallel to the ¢ axis. The crystals of
phosgenite are usually thick tabular {001} or prismatic [001],
less frequently bipyramidal {111}, forms added in such habits
being {100}, {120}, {011}, {021} and {121}. The tendency of
habit variations should run (I}goqy — (I —> ()11

respectively (|)(111)-

Azurite Cus(COs)2(OH)2 is monoclinic-prismatic, P2i/c, a

4.96, b5.84, ¢ 10.29 A, B 92024', Z=2. The structure of azurite
is presented by Cu atoms in square coordinated by O and OH
anions, the triangular COs groups arranged approximately of
two types: Cu(1) sited at the corners and in the centre of the
(100) net of the unit cell, Cu(2) in pairs around the middle of
(001) and (010) nets. Both copper atoms are surrounded by
two oxygens and two hydroxyls. Each copper atom is
surrounded by two oxygens and two hydroxyls. Each OH group
is linked to three copper atoms, each oxygen of the COs group
linked with only one copper atom. Aimost perfect cleavage on
{011} and less perfect on {100} correspond to weak linkages in
the structure. The latter is pronouncedly pseudoisometric (a
sub-cell with halved ¢ parameter is taken into consideration,
the ratio 2c'(a+b)=0.95, underlining an (I)c type morphology).

The crystals of azurite are usually highly modified and
display great variety of habit. Known are about 200 forms,
most prominent being {110}, {001}, {010}, {100}, {102}, {111},

{013}, {011}, {701} and {102}. Rare twins are quoted on

{101}, {102} and {100}. Taking into account the structural
scheme of azurite the differentiation of the principal crystal



habits of this mineral as presented by Brasseur (1931) can be
accepted, but with added tabular habits. The trend of habit
variation is thus envisaged as (|)°(OO1)7 respectively (I)°(102)

- ()5 — (I)C(Om), respectively (|)°(O10) and (I)°(100)
(Kostov, Kostov, 1999). Increase of supersaturation, eventually
change of pH and influence of adatoms should follow such
proposed trend.

Donnayite-(Y) NaCaSrsY(COs)6.3H:0 is triclinic, P1, a 9.00,
b8.99, ¢ 6.79 A, a 102°46', B 116°17", y 59°59', Z=1, with no
clear cleavage, and is taken as an (I)° type carbonate. It occurs
as tabular, pseudoisometric and prismatic crystals.

PLANAR TYPES

Trona Nas(HCO3)(C03).2H20 is monoclinic-prismatic, C2/c, a

20.41, b 3.49, ¢ 10.31 A, B 106°20', Z=4. The mineral is with
perfect {100} cleavage, fitting the longest a edge of the unit
cell, hence with a planar P2 type morphology. Its crystals are
frequently elongated [010], hinting on certain axiality along the
b axis. Forms met are {100}, {001}, {101}, {304}, {111} and
{211}. Of the Pa type carbonate is also hydrozincite
Zns5(CO3)2(OH)2, monoclinic-prismatic, C2/m, a 13.45, b 6.31, ¢

536 A, 8 95°30', Z=2. The mineral is also with perfect {100}
cleavage, but occurs in nature usually as earthy, spheroidal,
stalactitic and other aggregates.

Lanthanite-(Ce) (La,Ce)2(COs)3.8H20 is orthorhombic-
bipyramidal, a 9.52, b 17.1, ¢ 9.02 A, Z=4. The mineral is with
perfect, almost micaceous {010} cleavage, and should be
taken as a representative of the Pb type morphology. lts
crystals are thin to thick tabular {010} as indicated by both
cleavage and the longest b edge of the unit cell. Aurichalcite
(Zn,Cu)5(CO3)2.(OH)e, also orthorhombic, is with perfect {010}
cleavage like lanthanite, hence of the same type, but occurring
mostly as lath-like crystals elongated [001] and flattened {010}.
For both, lanthanite and aurichalcite, a morphological trend of
the type P9y —> P% —> PPjgq) is assumed in accordance

with the other such planar type minerals.

Adamsite-(Y) NaY(COs)2.6Hz0 is triclinic P 1, a 6.26, b

13.05, ¢ 13.22 A, @ 91.17°, $ 103.70°, y 89.99°, Z=4, with a
layered structure and perfect {100} cleavage, representing a P¢
structural type. Hydrocerussite Pbs(COs)2(OH): is hexagonal, a
8.99, ¢ 23.8 A, with perfect {0001} cleavage and thin to thick
tabular, and steep bipyramidal crystals. Forms observed are

{0001}, {1012}, {1014}, {1011 and {2021}. As a

secondary product in lead ore deposits it occurs in association
with other secondary lead carbonates and sulphates,
sometime as rather large, well formed crystals. The mineral is
a good example of planar P type carbonates with a trend of
habit development: Pg991) —> P = P3g75) = Pyo70)-

Leadhillite Pb(COs3)2(SOs)(OH), transitional to the sulphates,
is monoclinic-prismatic, P21/a, a 9.09, b 11.57, ¢ 20.74 A,

90030‘, Z=8. Its crystals are markedly pseudohexagonal with
perfect {001] cleavage, representing P¢ type morphology.
About 45 forms are recognized on its crystals, the habits of
which  vary from thin to thick tabular {001},
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pseudorhombohedral {211} + {142}  combinations,

pseudohexagonal equant, rich in forms, and prismatic [001].
Reederite (Na,Mn,Fe)15Y2(CO3)o(SO3F)CI, is also a typical
planar P type mixed carbonate-sulphite mineral, also
hexagonal, P 6, a 8.77, ¢ 10.75 A, Z=1. The mineral is with
perfect {0001} cleavage in accordance with the c/a ratio 1.23,
less pronounced than that of hydrocerussite, the ¢/a ratio of
which is 2.72, hence more typical planar representative.

CLASSIFICATION

In the proposed classification a list of known carbonate-
bearing minerals, for which names have been approved by the
International Mineralogical Association's Commission on New
Minerals and Mineral Names have been included (formulae by
Mandarino, 1999; with additions). The carbonate-bearing
minerals that contain two or more other anions, such as
sulphate, borate, arsenate, arsenite, phosphate, or silicate,
have not been included.

1. Al-Mg-Fe(Ni,Co,Mn) assemblages

1.1. Axial (A-type) structures
Barringtonite MgCQ3.2H.0
Nesquehonite MgCO3.3H20
Langsfordite MgCQ3.5H20
Artinite Mg2(CO3)(OH)2.3H20
Chlorartinite Mg2(CO3)CI(OH).3(H20)
Loseyite (Mn,Zn)(CO3z)2(0OH)10
Hellyerite NiCO3.6H20
Kambaldaite NaNi4(COs)3(OH)3.3H20
Dawsonite NaAl(CO3)(OH).
Alumohydrocalcite CaAl2(COs3)2(OH)s.3H20
Paraalumohydrocalcite CaAl2(CO3)2(OH)4.6H20
Sergeevite Ca2Mg11(CO3)e(HCO3)(OH)s.6H20
Dresserite Ba2Als(CO3)4(OH)2.3H20
Hydrodresserite BaAl2(CO3)2(OH)s.3H20
Strontiodresserite SrAl2(COs)2(OH)s.3H20
Sahamalite-(Ce) (Mg,Fe)(Ce,La,Nd)2(CO3)4
Holdawayite Mng(CO3)2(OH)7(CI,0H)

1.2. Planar (P-type) structures
Scarbroite AlsCO3(OH)13.5H20
Hydroscarbroite Al14(COs)3(OH)s6.nH20
Pokrovskite Mg2(COs)(OH)2.0,5H20
Hydromagnesite Mgs(COs)a(OH)2.4H20
Manasseite MgsAl2(CO3)(OH)+6.4H20
Hydrotalcite MgsAl2(COs)(OH)16.4H20
Chlormanasseite MgsAl2(CO3)(OH)16Cl2.4H20
Barbertonite MgsCr2(COs)(OH)16.4H20
Stichtite MgsCr2(COs3)(OH)16.4H20
Sjogrenite MgsFe2(COs)(OH)16.4H20
Pyroaurite Mg1oFe2(CO3)(OH)+6.4H20
Coalingite MgeFe2(COs)(OH)16.4H20
Desautelsite MgsMn2(COs3)(OH)16.4H20
Indigerite Mg2Al2(CO3)4(OH)2.15H20
Brugnatellite MgsFe(COs)(OH)13.4H20
Chlormagaluminite (MgFe)sAl2(OH)12(Cl2,C03).2H20
Nullagingite Ni2(CO3)(OH)2
Otwayite (Ni,Mg)2CO3(OH)2.H20
Takovite NigAl2(CO3,0OH)(OH)+6.4H20



Eardleyite NigAl2(CO3)(OH)16.4H20
Reevesite NigFe2(COs)(OH)16.4H20
Widgiemoolthalite Nis(COs3)4(OH)2.4-5H20
Comblainite NisCo2(COs)(OH)16.4H20
Gaspeite (Ni,Mg,Fe)COs3

Quintinite-2H Mg4Al2(COs3)(OH)12.3H20
Quintinite-3T MgsAl2(COs)(OH)12.3H20
Caresite-3T FesAl2(CO3)(OH)12.3H20
Charmarite-2H Mn4Al2(CO3)(OH)12.3H20
Charmarite-3T MnsAl2(COs3)(OH)12.3H20

Wermlandite CazMgia(Al,Fe)s(COs)(OH)s2. 15H20

1.3. (Pseudo-)Isometric, (1) resp. I-type structures

Eitelite NazMg(COs)2
Northupite NasMg(COs3).Cl
Tychite NagMg(CO3)2Cl
Huntite CaMg(CO3)4

Tunisite NaCa2Al4(CO3)4(OH)sCl
Dashkovaite Mg(HCO3)2.2H20
Baylissite K2Mg(CQ3)2.4H20
Magnesite MgCOs

Siderite FeCOs

Rhodochrosite MnCO3
Spherocobaltite CoCOs3
Dolomite CaMg(CO3)2
Ankerite Ca(Fe,Mg,Mn)(COs)2
Kutnahorite CaMn(COQ3)2
Norsethite BaMg(COs)2
Zaratite Ni3(CO3)(OH)2.4H20

2. Na-Ca-Ba(K)-REE assemblages

2.1. Axial (A-type) structures
Kalicinite KHCO3
Teschemacherite NHsHCO3
Wegscheiderite Nas(CO3)(HCOs)s
Nahcolite NaHCO3
Gaylussite Na2Ca(COs)2.5H20
Trihydrocalcite CaC03.3H20
Pentahydrocalcite CaCQ3.5H20
Ikaite CaC03.6H20
Brenkite Caz(COs)F2
Barytocalcite BaCa(COs)2
Defernite CasCOs(OH,Cl)s.H20
Tuliokite NasBaTh(CO3)s.6H20
Petersenite-(Ce) Nas(Ce,La,Nd)2(COs)s
Shomiokite-(Y) NasY(COs)s.3H20
Lokkaite-(Y) CaY4(COs3)7.9H20
Kukharenkoite-(Ce) Ba2Ce(COs)sF

2.2. Planar (P-type) structures
Vaterite CaCOs
Nyereraite Na2Ca(COs):
Shortite Na2Caz(COs)s
Gregoryite (Naz,K2,Ca)COs
Rouvilleite NasCaz(COs)sF
Fairchildite K2Ca(COs)2
Bitschliite K2Ca(COs)2
Tengerite-(Y) Y2(CO3)3.2-3H20
Calkinsite-(Ce) (Ce,La)2(COs)3.4H20
Adamsite-(Y) NaY(C0O3)2.6H20
Lanthanite-(La) (La,Dy,Ce)2(CO3)3.8H20
Thermonatrite Na2(COs).H20
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Trona Nas(HCO3)(CO3).2H20

Natron NasC0O3.10H20

Kozoite-(Nd) Nd(CO3)(OH)
Galgenbergite-(Ce) Ca(Ce,Nd,La)2(CO3)s.H20
Kamphaugite-(Y) Ca(Y,REE)(COs3)2(OH).H20
Kimuraite-(Y) CaY2(CO3)4.6H20

Weloganite SrsNazZr(CO3z)s.3H20
Thomasclarkite-(Y) Na(Y,REE)(HCO3)(OH)s.4H20
Mckelveyite-(Y) BasNa(Ca,U)Y(COs)s.3H20
Gysinite-(Nd) Pb(Nd,La)(CO3)2(OH).H20
Sheldrickite NaCas(COs)2F3.H20

Rouvilleite Na3(Ca,Mn,Fe)2(COs)sF
Huanghoite-(Ce) BaCe(CO3)zF
Zhonghuacerite-(Ce) Ba2Ce(COs)sF
Lukechangite-(Ce) Na3Ce2(COs)sF

2.3. Pseudo-Isometric,(I)-type structures
Zabuyelite Li2CO3
Natrite Na2COs
Calcite CaCOs
Aragonite CaCOs
Strontianite SrCO3
Witherite BaCO3
Pirssonite CaNaz(C03)2.2H20
Monohydrocalcite CaCQ3.H20
Zemkorite (Na,K)2Ca(CO3)2
Alstonite BaCa(CO3)2
Paralstonite BaCa(CO3)2
Olekminskite Sr(Sr,Ca,Ba)(COs)2
Ewaldite Ba(Ca,Y,Na,K)(CO3)2
Benstonite BagCa7(COs)13
Carbocernaite (Ca,Na)(Sr,Ce,Ba)(CO3)2
Burbankite (Na,Ca)s(Sr,Ba,Ce)3(CO3)s
Calcioburbankite (Na,Ca)s(Sr,Ba,Ce)3(CO3)s
Khanneshite (Na,Ca)s(Ba,Sr,Ce,Ca)3(COs)s
Remondite-(Ce) Nas(Ce,La,Ca,Na,Sr)3(COs)s
Ancylite-(Ce) SrCe(CO3)2(OH).H20
Ancylite-(La) Sr(La,Ce)(C0O3)2(OH).H20
Calcio-ancylite-(Ce) (Ca,Sr)Ce3(C03)4(OH)3.H20
Calcio-ancylite-(Nd) Ca(Nd,Ce,Gd,Y)3(CO3)4(OH)3.H20
Bastnasite-(Ce) (Ce,La)(CO3)F
Bastnasite-(La) (La,Ce)(CO3)F
Bastnasite-(Y) (Y,Ce)(CO3)F
Hydroxylbastnasite-(Ce) (Ce,La)(COs)(OH,F)
Hydroxylbastnasite-(La) (La,Ce)(CO3)(OH,F)
Hydroxylbastnasite-(Nd) (Nd,Ce,La)(CO3)(OH,F)
Parisite-(Ce) Ca(Ce,La)2(CO3)sF
Parisite-(Nd) Ca(Nd,Ce,La)2(COs)sF
Rontgenite-(Ce) Caz(Ce,La)3(COs)sF3
Synchysite-(Ce) Ca(Ce,La)(COs)2F
Synchysite-(Nd) Ca(Nd,La)(COs)F
Synchysite-(Y) Ca(Y,Ce)(COs)2F
Cordylite-(Ce) NaBaCe2(COs)sF
Donnayite-(Y) NaCaSrsY(COs)s.3H20
Horvathite-(Y) NaYCO3F
Stenonite (Sr,Ba,Na)2AICO3Fs
Barentsite Na7AIH2(COs)4F4
Montroyalite SrsAls(CO3)3(OH.F)25.10-11H20

3. Zn-Cu-Pb(U) assemblages

3.1. Axial (A-type) structures
Malachite Cuz(CO3)(OH)2



Glaucosphaerite (Cu,Ni)2(CO3)(0OH).
Loseyite (Mn,Zn)7(COs3)2(0H)10

Sclarite (Zn,Mg,Mn)4Zn3(COs3)2(OH)10
Shannonite Pb20(CO3)

Schuilingite Pb3Cu2Cas(CO3)s(OH)s.6H20
Sharpite (UO2)(COs).H20

Bayleyite Mg2(UO2)(CO3)s.18H20
Swartzite CaMg(UOz2)(C03)3.12H20
Zellerite Ca(UO2)(CO3)2.5H20
Metazellerite Ca(UOz2)(C03)2.3H20
Urancalcarite Ca(UO2)sCO3(OH)s.3H20
Voglite Ca2Cu(U02)2(CO3).14H.0
Fontanite Ca(UO2)(C0Os3)+.3H20
Oswaldpeetersite (UO2)2(CO3)(OH)2.4H20
Astrocyanide-(Ce) Cuz(Ce,Nd,La)(UOz2)(CO3)s(OH)2.1,5H20
Szymanskiite Hg1oNig(COs)12(H30)s.3H20

3.2. Planar (P-type) structures
Hydrozincite Zns(COs)2(OH)s
Aurichalcite (Zn,Cu)s(COs3)2(OH)s
Claraite (Cu,Zn)3(COs3)(OH)4.4H20
Zaccagnaite ZnsAl2(CO3)(OH)12.3H20
Chalconatrite Na2Cu(COQ3)2.3H20
Cuproartinite (Cu,Mg)2(CO3)(OH)2.3H20
Glaukosphaerite (Cu,Ni)2(CO3)(OH)2
Kolwezite (Cu2+,C0)2(COs)(OH).
Mcquinnessite (Mg,Cu?+)2(CO3)(OH)2
Rosasite (Cu?*,Zn)2(CO3)(OH)2
Zincrosasite (Zn,Cu?*)2(CO3)(OH)2
Decrespingnyite-(Y) (Y,REE)sCu(C03)4Cl(OH)s.2H20
Rutherfordine (UO2)(CO3)
Blatonite (UO2)(C0Os).H20
Joliotite (UO2)(CQs).2H20
Cejkaite Nas(UO2)(COs)s
Liebigite Caz(UO2)(COs)3.10H20
Rabbittite CasMgs(UO2)2(CO3)s.18H20
Wyartite CasU(UO2)6(CO3)2(OH)s.4H20
Znucalite CaZn12(UO2)(COs)3(OH)22.4H20
Widenmannite Pb2(UO2)(COs)3
Hydrocerussite Pb3(CO3)2(OH)2
Plumbonacrite Pb1o(CO3)s0(OH)s
Petterdite PbCr2(COs)2(OH)s.H20
Dundasite PbAl2(CO3)2(OH)4.H20
Barstowite Pb4(CO3)Cle.H20
Bismutite Bi202(COs)
Kettnerite CaBi(CO3)OF
Beyerite CaBi2(CO3)202
Clearcreekite Hgs(COs)(OH).2H20
Peterbaylissite Hgs(COs)(OH).2H20
Astrocyanite-(Ce)
Cuz2(Ce,Nd,La)2(U02)(COs)s(OH)2.1,5H20
Shabaite-(Nd) Ca(Nd,Sm,Y)2(UO2)(COs)s(OH)2.6H20
Bijvoetite-(Y) (Y,Dy)2(U0O2)4(CO3)4(OH)s.11H20

3.3 Pseudo-isometric, (I)-type structures
Smithsonite ZnCO;3
Minrecordite CaZn(COs)2
Otavite CdCOs
Azurite Cus(COs)2(OH)2
Callaghanite CuzMgz(COs)(OH)s.2H20
Cerussite PbCOs
Phosgenite Pb(CO3)Cl2
Grimselite KsNa(UO2)(COs)3.H20
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Andersonite NaCa(UO2)(CO3)s.6H20
Albrechtschraufite CasMg(UO2)2(CO3)sF2.17H20

3.4. Amorphous
Georgeite Cu2C0O3(OH)2
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THE ORE BELT “OSOGOVO — BESNA KOBILA”
(ORE FORMATIONS, MORPHOGENETIC TYPES OF DEPOSITS AND PHYSICO-
CHEMICAL CONDITIONS OF FORMING)

Slavcho Mankov

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

ABSTRACT. The Ag-Pb-Zn ore belt “Osogovo — Besna Kobila” is located in the NE part of the Trans-European silver belt. This part presents a polygenours,
polychronos and polyformational linear metallogenic unit related to the Tertiary tectonic-magmatic processes. With the magmatites of those processes are
parageneticaly connected mainly silver-lead-zinc and fluorite deposits and numerous occurrences of W-Mo, Mo, fluorite, barite, pyrite-marcasite, realgar-siderite and
decorative calcit. All these deposits are united in 8 ore formations (skarn magnetite-chalcopyrite, quartz-scheelite-molybdenite, quartz-galena-sphalerite, quartz-
stibnite, quartz-fluorite, pyrite-marcasite, realgar-siderite and formations of decorative calcite), which are in the form of veins, linear stokwers, metasomatic bodies of
bend-like, lense-like nest-like as well as other irregular shaped bodies. The beginning of Tertiary ore-forming is related to the high temperature pneumatolithic bruins
(460-370 °C) developed into pneumatolithic-hydrothermal ones (370-330° for the W-Mo bearing fluids) and typical hydrothermal (370-280° C for the main Ag-Pb-Zn
mineralization) solutions of acid type (pH = 6.8) containing in g/l: KCI — 31.82, NaCl — 27.28, NH4CI — 0.97; MgCI2 - 1.73; CaCl2 - 5.83; CaF2 - 0.78 and CaSO4 —
10.75. The total concentration of Na- and K- chlorides is up to 59.10 g/I. The fluorite mineralisations are deposited from medieval to low temperature hydrothermal
solutions (210-120 °) and pyrite-marcasite and realgar-siderite mineralisations are deposited form typical low-temperature low mineralized bruins.

PYOHUAT NOAC “OCOroBO-6ECHA KOBUNA” (POPMALMOHHA NOQANBA, MOP®OrEHETUYHU TUMOBE HAXOOULLIA
N ®U3NKO-XUMUYHKN YCNOBUA HA OBPA3YBAHE)

Cnag4o MbHkos

MurHo-eeonoxku yHusepcumem “Cs. MeaH Puncku”, Cogpus 1700

PE3KOME. CpebbpHo-00BHO-LMHKOBUAT pyaeH nosic “OcoroBo- becHa kobuna” 3aema CeBepoM3TOYHMS CEKTOP Ha TpaHceBponenckus cpebbpHO-MeTanoreHeH
nosic. To3u CEKTOp NpefCTaBnsBa NONUreHHa, NONMXPOHHA U NONWGOpPMAaLIMOHHA NWHEHa MeTanoreHHa eauHNLA, TeHETUYHO CBbp3aHa C TEPLUEPHUTE TEKTOHO-
MarmeHu npouecu. C MarmatUTUTe Ha Te3W MpoLecw ca MapareHeTUYHO CBbp3aHW OCHOBHO CpebbpHO-ONOBHO-LIMHKOBM W (hIyOpMTOBW Haxoaulia, W peauua
nposienexust Ha W-Mo, Mo, conyoput, 6apuT, NMpUT-MapkasuT, peanrap-cCugepuT U fekopatueeH Tin kanuut. Bcuuku Te ca obeanHenu B 8 pyaHu dopmauum —
CKapHOBa MarHeTWUT-XankonupuToas, —KBapL-LueenuT-MonubaeHnToBa, KeapL-raneHuT-cchaneputoBa, —KBapL-aHTUMOHUTOBA, KBapL-cnyopuToBa, NUPUT-
MapKa3uToBa, peanrap-CULepuToBa U KamuuToBa (AEKOpaTUBEH TWM), KOWTO WABAT KaTO XXWMW, FIMHENHW LYOKBEPKW, METAacoMaTUyHW 3anexu C NnacToBuAHa,
newjoBMaHa, THe3NOBUAHA U C APYTY HenpaBunHu hopMuM, U KaTo MexayopmaLMoHHU THe3noBMAHM 3anexu. Hayanoto Ha TepuuepHOTO pynoobpasyBaHe e
CBbP3aHO C BMCOKOTEMMEPATYPHW MHEBMATONUTHM pasteopu — 460-370°C, cnepgsaHu OT nHeBMaTonuTHO-xuapoTepManHu - 370-330° C (3a Bondpam-
MonunbaeHoBUTE pyaonposBnenus), xuapotepManiu — pH = 6,8 n ¢ 370-280 °C (3a ocHoBHUTE CpebbPHO-ONOBHO-LMHKOBM OPYAsiBAHWUS) CbC CHEAHWUs CONeBu
cberas B g/l: KCI - 31.82, NaCl — 27.28, NH.CI - 0.97; MgCl, - 1.73; CaCl, — 5.83; CaF2 — 0.78 n CaS0Os — 10.75. (Cyma Ha Na-u K- xnopugm - 59.10 g/l).
dnyopuToBUTE MUHEPANUM3aLMK Ca OTNIOXKEHWU OT CPESHO- A0 HUCKOTEMNepaTypHu XuapoTepMantu pateopu (210 — 120 C°), a nMpuT-MapkaavToBUTE W peanrap-
CUIEPUTOBUTE — OT TUMMYHO HUCKOTEMNEPATYPHY, crlabo MUHepanuavpaHn pasTeopy.

Introduction 1978; Alexandrov, Mankov, Serafimovski, 1990), pyrite-
marcasite and realgar-siderite (Mankov, Andreeva, Bostandjiev,

The Ag-Pb-Zn ore belt Osogovo — Besna kobila’ (Mankov’ 1981, Mankov, Troneva, 1984, Mankov, 19842) have been
1968, 19842, 1988) represents the NE part of the Trans- established in this belt. All these studies enlarge significantly
European silver metallogenic belt (Fig.1) divided by Antonov the existing knowledge for the metallogeny of the ore belt and
(1968). The origin of the ore belt ‘Osogovo — Besna kobila' is ~ now it is discussed as polygenous, polychronous and
connected to the Alpine tectono-magmatic processes.  Polyformational metallogenic unite.

Numerous and different types mineral deposits are localised
along the Serbian-Macedonian-Bulgarian border, as well as in
the part of the Northern Greece are paragenetically related to ~ Geological setting
the products of these processes. The Ag-Pb-Zn and fluorite

deposits have dominating role among them. The ore belt ‘Osogovo — Besna kobila’ (Fig.1) takes part from
following tectono-magmatic blocks of the ancient Rhodopean
Numerous new mineralisations such as W-Mo type (Mankov massif: | — Kraischtenski block; Il - Vlachinsko — Osogovski

and Andreeva 1974, 1975) Be type (Mankov, 1978, 1986), Sb block; Il - Ograjdensko — Belasischki block (Fig.2).
type (Mankov, 1974; Mankov, 19842), Te-Bi type (Mankov,
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Fig. 1. Location of the Ag-Pb-Zn ore belt “Osogovo-Besna kobila” (O - B) in the Silver Trans-European the ore belt according to Antonov (1986) - western

part of the Mediterranean folded belt

Siver-bearing metalogenic provinces: 1 — Alpian; 2 — Herzinian (I - Atlas-Andalusian; Il - Dinaridian; Ill — Anatolian; IV — Alps-Carpathean; V — Central Europenean); 3
- Central massifs; 4 - geosynclinal lifting, 5 — areas involving Negene vulcanites, 6 — abyssal depressions in the Mediterranean sea, 7 — nowadays rift zones.
Deposits of siver-bearing ore formations: a) small and middle size, b)large: 8-plumbum-zinc-siver, 9 — copper-pyrite, 10 — copper-pyrite-basemetal, 11 — copper
containing schist; 12 — gold-silver, 13 — 5 element containing. Platforms: AFD — African, EEUP — East European, ARD — Arabian

The geological setting of these blocks involves Archaic
magmatic-gneiss and metabasite-diabase formations (the
Ograjdensko — Belasischki block), diabase-phyllitoide complex
and high crystalline rocks (Vlachinsko-Osogovski and
Kraischtenski blocks) (Bojadijiev, 1971; Mankov and Andreeva,
1974, 1975) cut by later Tertiary magmatites and Mio-Pliocene
sediments overlapped on them vulcanite developed mainly in
the SE part of the ore belt (the Strumitsa and Strumenischki
grabens). In 1992 Alexandrov prolonged the ore belt on SE of
Seres to Tasos Island — Greece and described it as ore-
bearing area.

Tertiary magmatites, which cut the three of the tectono-
magmatic blocks, form a chaplet-like bend. It starts from
Surdulitsa (Serbia) trough the rocks of the Vlachinsko-
Osogovski block of the both sides of the Bulgarian-Macedonian
border and it reaches the area north of the town of Seres
(Greece) in southern direction (Mankov and Andreeva, 1974,
Mankov, 1984,; Alexandrov, 1992). The implementation of the
Tertiary magmatites was controlled by faults of 295° - 310° to
360° directions. They formed morphlogically different bodies —
irregular ones, dykes, stocks and sills, which sizes are larger in
the horst lifted parts of Osogovo (Macedonia, Greece), Besna
kobila, Surdulitsa (Serbia) and Scharlia (Greece). They are
acid and middle-acid magmatites, differentiated in four
formations - dacite-andesitic, dellenite-porphyric, basalt-
andesite-basaltic and formation of the late subalkaline
volcanites. All the Tertiary magmatites from the different parts
of the ore belt are differentiated in petrochemical aspect trough
the normative method of R. Ivanov (1962) (Fig.3) (Mankov and
Andreeva, 1975).
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All the figurative points are located in the field of delenites.
Delenites from Lisets and Vlachina planina are characterised
by enrichment of K20 and those from the Osogovo and
Ograjden mountains are enriched with Na:0. By its ‘an-
content’ the values of magmatites in the first two of the blocks
are closer and differ from those in the Belasischko-Ograjden
block. The better differentiation of the Tertiary magmatites is
expressed on the orthogonal diagram Q:AF:Cl. Grouping of the
figurative points in the left part of the diagram characterises the
rocks as rich in SiOz of maximal values of dellenites and
dellenite-porphyries of the Belasischko-Ograjden block. The
magmatites are characterised by higher content of mafic
minerals (Cl) in the field AF:Cl and no significant differences
are established between the other blocks. From the other hand
the Tertiary magmatites of the Vlachinsko-Osogovski block is
characterised by the highest total average content of iron
(fm=58) ant those from the Kraischtenski block by the lowest
one (fm=50). The best differentiation of the magmatites is
expressed trough the parameter of the total alkalinity (AF)
which is 62 for the Kraischtenski block, 58 for the Vlachinsko-
Osogovski and 52 for the Belasischko-Ograjdenski block.The
magmatites from the Kojuch mountain in the SE part of the ore
belt ‘Osogovo — Besna kobila’ are located in the field of
delenites with increased Na and total alkalinity and increased
content of free quartz (Q). Ivanov and Zidarov (1968) refereed
them to the subalkaline volcanites on this base.

Delleneite-porphyry formation and the formation of later
subalkaline volcanites formed during the two magmatic stages
- Oligocene-Miocene and Pliocene have the most important
role for the main types of the ore mineralisations. They are
overlapped on the thick consolidated Pre-Cambrian and old



Paleozoic Earth core. This core determined the formation of so
called granitophilic ore formations connected to the acid
magmatism (Dimitrov, Kolkovski, Mankov, 1979). They differ
from the ore formations localised in the SW part of the Trans-
European silver belt determined by Antonov (1986).
Serafimovski (1990) describes this part as ‘ore zone Lecce-
Chalcidiki’. The Earth core is relatively thin in this area and it
has andesitic characteristics.
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Fig. 2. Metallogenic scheme of the ore belt ‘Osogovo-Besna kobila
(Mankov, 1968; Mankov and Andreeva, 1974, Mankov, 1984,; Alexandrov,
1992)

1 - Quaternary and Neogene; 2 — Pliocene subalkaline vulcanite; 3 — Miocene
granodiorite; 4 — Paleogene vulcanite; 5 — Paleogene sediment rocks; 6 -
Triassic; 7 — Paleosoic; 8 — Staraplanina granite; 9 — Vlachinsko-Osogovo low-
metamorphic rocks; 10 — Archean and proterosoic high-metamorphic rocks.
Deposits and ore occurrences: 112 the Kojuch decorative calcite deposit
(paramorphosis of calcite and aragonite); 11> — pyrite-marcasite ore
occurrences (1. Levunovska cariera. 2. Churichene. 3. Zlatarevo. 4. Zoichan.
5. Gega.); 11¢ - the Slavianka fluorite deposit; 12. stibnite deposit and ore
occurrences (1. Krastov dol. 2. Ravnio rid. 3. Ivanic); 13. main Pb-Zn deposits
and ore occurrences (1. Blagodat. 2. Dolno Tamlino. 3. Konev kamen. 4.
Popradlovitza. 5. Bojilovo lejiste. 6. Podvirovi. 7. Plaviloto. 8. Samar.
9.Lebnitza. 10.Ruen. 11. Mali Ruen. 12. Toranitza. 13. Sasa. 14. Pehchevo.
15. Kadiitza. 16. Goremski hanove. 17. Topolnitza. 18. Scharalia) 14 — W-Mo
deposits and ore occurrences (1. Matchkatitza. 2. Stari glog. 3. Leshtarska
mahala. 4. Delchevski dol. 5. Svlachishteto. 6. Saska karaula. 7. Siar.); 15 —
Skarn-magnetite ore occurrences (1. Golemi and Malki lisichi dupki. 2.
Svlachishteto); 16 - tectonic faults and thrusts; 17 - tectonic blocks (I -
Kraishtenski. Il - Vlachinsko-Osogovski. Il — Belasishko-Ograjdenski); 18 —
Rhodopa massive; 19 — boundaries of the ore belt.
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Fig. 3. or:ab:an diagram and +Q:AF:Cl diagram of Tertiary magmatites
from the Kraishtenski (I), Vlachinsko-Osogovski (ll) and Belasishko-
Ograjdenski (lll) tectono-magmatic blocks (Mankov and Andreeva, 1974,
1975; Andreeva, 1979)

(1 - dellenite from the Lisets mountain, 2 — dellenite-porphyry from Central
Osogovo, 3 - dellenite and dellenite-porphyry from the mountains of Ograjden
and Malashevska, 4 — dellenite and dellenite-porphyry from Vlachina mountain,
5 — subalkaline dellenite from Kojuch, Petrich district)

The forming of the dellenite-porphyry formation in Oligocene-
Miocene stage has been realised during the time of the two
magmatic impulses. Fine porphyry dellenite-porphyries are
related to the first impulse and the coarse-grained dellenite-
porphyries are connected to the second impulse. They are
largely manifested in the whole ore belt. Numerous skarn and
W-Mo ore occurrences and deposits (Surdulischi block, Central
Osogovo, Scharlia) are genetically and paragenetically related
to the first type of rocks.Ag-Pb-Zn deposits and the ore
occurrences are paragenetically related to the second type
(Dragov, 1965; Mankov, 1968, 1988).

The Pliocene magmatic stage is manifested in the Central
Osogovo in the form of meridianal oriented dykes from latite-
andesite porphyrites along the marginal parts of the volcanic
diatreme Chucarevtsi as well as magmatites from the Kojuch
volcano (on the crossing of Struma and Strumescnitsa
grabens) are related to this stage in the SE part of the ore belt.
Numerous ore occurrences and deposits of quartz-stibnite and
quartz-flourite as well as rather specific pyrite-marcasite and
realgar-siderite mineralisations in the southern part of the
Struma graben on Bulgarian territory are paragenetically
related to this type of magmatism.



Formation sysematics of the mineralisations

Tertiary mineralisations in the ore belt ‘Osogovo — Besna
kobila are typical polygenous, polychronous and
polyformational mineral products and are localised is several
ore fields. More important ore fields are Ruen (on Bulgarian
and Macedonian territory), Karamanishko (on Serbian and
Macedonian territory), Machatichko (on Serbian territory) and
Seres (on Greece territory). They are divided into two ore
complexes depending on the leading elements: Ag-Pb-Zn
(Oligocene-Miocene) and As-Sb-F (Pliocene). They could be
divided from formation point of view into 8 ore formations:
scarn-magnetite-chalcopyrite  (scarn  Fe-oxide), quartz
scheelite-molybdenite,  quartz-galena-sphalerite, ~ quartz-
stibnite, pyrite-marcasite, quartz-fluorite, realgar-siderite and
formation of decorative calcite. All of these ore formations
involves several mineralogical-geochemical types deposits and
ore occurrences which are characterised by specific mineral
compositions, trace elements, textural and structural features,
morphology of ore bodies, type of the host rocks and specific
role of metasomatic processes.

Scarn magnetite-chalcopyrite ore formation. It involves all
the Fe-scarn occurrences in the Central Osogovo, Blagodat
and Karamanitsa. The mineralisation is found as massive and
veined-banded aggregates of magnetite, chalcopyrite,
galenobismutite,  aikinite,  crupcaite,  cosalite,  other
undiagnosed medium members of aikinite-bismuthinite series,
tetradimite and native bismuth. They are overlapped on the
andradite-grosular scarns and massive epidosites developed
on marbles and green-schist rocks of the diabase-philitoidic
complex not far from the larger bodies from the fine-porphyry
dellenite-porphyries of the first impulse of the dellenite
porphyry formation. They are extremely largely distributed in
the SE part of the Ruen ore field (Fig.4 and Fig. 5).

Quartz-scheelite-molybdenite ore  formation. The
formation involves many W-Mo ore occurrences located in the
SE part of the Ruen ore field in Central Osogovo (Mankov,
Andreeva, 1974, Mankov, Andreeva, 1974, 1975, Alexandrov,
1992), several W and Mo ore occurrences in the Surdulischki
block from the most NW flank of the ore belt (Jankovich,
19955, Simic, 1995) and some small ore occurrences in
Ograjden block (Bulgaria) and in Sharlia (Greece). All these W-
Mo mineralisations are related to the most lifted blocks within
the frame of ore belt ‘Osogovo — Besna kobila’. They are
presented by a series of quartz-molybdenite, quartz-ferberite-
scheelite, quartz-ferberite and quartz-pyrite veins and
dissemination localised mainly in WN zones of faulting and
cataclasis among fine porphyry dellenites, developed most
significantly in the Central Osogovo. Mineralisations in them
are most intensive in the crossing point of the zones and one
large longitudinal zone of faulting which is ore-bearing and ore-
controlling one (Mankov, 1988). Similar of their characteristics
are mineralisations in the Surdulishki block — ore deposit
Matchkatitsa. Typical trace elements are Bi, Te, Cu, Sn, Pb, Zn
and specific zeolitisation — late heilandite mineralisation.
Typical metasomatites quartz—K feldspathization (Mankov and
Andreeva, 1973).
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Quartz-galena-sphalerite ore formation. It is presented by
21 deposits and 168 ore occurrences. Significant reserves of
three elements Ag-Pb-Zn are confirmed (Sasa deposit —
Macedonia), Ruen deposit with its two sections — Central and
Shapka; the Mali Ruen deposit - sections Central and Belite
sipei. The last three deposits are situated in the Ruen ore field
in Bulgaria. The deposits from this formation are typical Ag-Pb-
Zn ones by their mineral composition containing as well
increased contents of Cd, In, Sb, As, Bi, Te and Au. The last
studies established also increased contents of Be, which forms
its own mineral — helvine (Mankov, 1978, Mankov, 1986), Sn
which is very typical element for the main quartz-sulphide
paragenesis from (300 to 600 g/t) in the form of isomorphic
mixture in chalcopyrite and pyrrothite or as kesterite
(Cu2ZnSnS4) and one new (not well studied) Sn-Cu phase.
Deposits and ore occurrences from this formation are related
mainly to the large W-NW, NW longitudinal faulting zones and
zones of cataclasis affecting fine- and coarse—porphyries
dellenite-porphyrites as well as high- and low- crystalline rocks.
The most significant ore bodies in many cases are localised in
marble among quartz-graphite schist, among cataclased
isotropic dellenites and green schist by metasomatic processes
— it means that multicentral metasomatosis over silicified and
carbonate rocks is developed. Typical metasomatites around
ores are products of quartz-sericite metasomatic formation
(unpublished data by Andreeva).

Quartz-stibnite ore formation. It is presented by 4 vein
deposits and ore occurrences localised in the board parts of
the Precolnishki graben (NW part of the Ruen ore field),
Ravnio rid — S from Gueshevo and Krastov dol (Macedonia)
and N and S part of the Belasitza horst on Bulgarian and
Greece territory (Fig.2 and Fig.4). Therefore these are sections
of the ore belt ‘Osogovo — Besna kobila’ which have the lowest
erosion level and they occupied reasonable position on the
background of the total distribution of all deposits related
paragenetically to the fine-porphyry and coarse-porphyry
dellenite-porphyries. Increased contents of Hg, Ag, Au, Te, Pb
and Zn as well as quartz-argillite metasomatites are typical for
the occurrences of this formation.

Quartz-fluorite formation is presented by 4 occurrences in
the Ruen ore field found out by Dimitrov (1945), Mankov
(1974), Zagorchev and Ruseva (1982) and one quartz-fluorite
deposit (Slavjanka) that is situated within crystalline rocks and
Miocene sediments in Ograjden block near the western board
of the Struma graben (Todorov, 1984) and also by several ore
occurrences in the Maleshevska mountain (Krastiltzi and
Karpelevo) (Mihov et al., unpublished data). Typical trace
element for this formation is As and quartz-argillite type
metasomatites (Todorov, 1984). Two of ore occurrences in
Ruen ore field are related to the W-NW and meridian to the N-
NE fault zone in dellenites cutting the main Ag-Pb-Zn
mineralisation. The other two occurrences are related to the
marbelous limestone from the basement of the Eleshnitza
allochthon over the Osogovo autochthon (Zagorchev, Ruseva,
1982) on the crossing point of faulting zones W-NW direction
and meridian faults. This fact determines their nest-like shapes
which is different from the expected layered-like, that is why
the possibilities for founding out fluorite mineralisations of
economic importance in the Ruen ore field are limited.
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Fig. 4. Ore formations and mineral types deposits and ore occurrences in the Ruen ore field (Mankov, 1974; Mankov, 1988; Aleksandrov, 1992)

A. Skarn magnetite-chalcopyrite: a)andradite-magnetite epidote (1- Golemi lisischi dupki; 2 — Malki lisichi dupki, 3 — Zeleni dol, 4 — Svlachishteto, 5 — Lagera); b)
pyroxene-specularite epidote (6 — Zlatanski dol, 7 — llan dere); c) andradite-epidote-galena ( 8 — Petsovska mahala, 9 — Petrova niva). B. Quartz-scheelite-
molybdenite: a) quartz-albite-molybdenite scheelite (10 — Svlachishteto, 11 — Pchelina, 12 — Murni dol, 13 — Saska karaula); b)quartz-molybdenite (14 - Delchevski
dol, 15 — Chukarevtzi, 16 — Lisin dol, 17 — Saravska mahala), C.Quartz-galena-sphalerite: a)diopsite-jochansenite-bustamite (18 — Sasa); b) sphalerite-galena with low
distribution of gangue minerals (19 — Ruen, central part, 20 — Belite sipei, 21 — Jdrapanitza II, 22 — Prosechenik, 23 — Petrova reka, 24 — Ruen (Macedonia), 25 -
Bachilski potok); c) galena-sphalerite predominated by quartz and carbonates (26 — Lebniotza |, 27 — Lebniotza Il, 28 — Ravna niva, 29 — Sredno burdo); d)quartz-
rodonite-basemetal with silver minerals (30 — Ruen, Shapka section, 31 — Mali Ruen, 32 — Shapka II); €) johannsenite-rodonite with galena and sphalerite (33 — Nivite,
34 — Mali Ruen — zone 4 and 5, 35 - Belite sipei — metasomatic body). D. Quartz-stibnite: a) quartz-stibnite (36 — Ravnio rid) E. Quartz- fluorite: - a) fluorite (37 -

Tsurna reka, 39 — Chekanets, 40 — Zidintsi); b) barite-fluorite (38 — Ruen).

Pyrite-marcasite ore formation is established in the
southern part of the ore belt in the crossing point with the
Struma graben (Mankov, Andreeva, Bostanjiev, 1981). It is
presented by massive layered pyrite-marcasite aggregates
developed over the basal breccia-conglomerate of Neogene
sediments of the Struma graben (ore occurrences Levunovska
kariera) as well as by series of vein pyrite-marcasite ore
occurrences — Saichan, Zlatarevo, Churichene, Kozuch, which
are located along the northern edge of the Struma graben
among intensively altered high-crystalline rocks of the
Ograjden block. Typical elements for this formation are As, Ba
and F (Mankov, 1984) and quartz-argillite type metasomatites.
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Realgar-siderite ore formation is presented by layered
siderite body among the Neogen sedeiments in the area of
Damianitza village — southern part of Struma granben. The
body is cut by series of realgar veinlets (Mankov, Andreeva,
Bostanjiev, 1981). The formation of realgar is related to the
active hydrothermal reprocessing of the massive pyrite-
marcasite bodies from the lower part of Neogen section. As a
result significant quantities of As are isomorphicaly included in
pyrite lattice (Mankov, 1984; Mankov, Troneva, 1984). This way
the Neogen ore formations are located in two levels —
marcasite-pyrite formation occupies lower level and realgar-
siderite formation is developed in the upper level (Fig.10).



Fig. 5. Nest- and lens-like scarn-magnetite ore bodies from SE part of the Ruen ore field, Bulgaria (a - development of zonal scarns in xenolites of quartz-
chlorite schist in fine-porphyry dellenites. Lagera ore occurrence; b — development of granate-epidote skarns in gabrodiorite. Lisichin dol ore occurrence.
(Andreeva, 19771) 1 — epidosite, 2 — granate-epidote skarns with magnetite, 3 — andradite-grosular zone, 4 — zone of epidotised quartz-chlorite schist, 5 — zone of
intensive faulting and cataclasis with pyritisation (a) and without pyrite (b), 6 — fine-porphyry dellenite, 7 — gabrodiorite, 8 — quartz-chlorite schist, 9 — muscovite

gneiss, 10 — faults, 11 — trenches.

Formation of decorative calcite is typical for the
volcanites from the hill of Kozuch. It is presented by a large
but flat cone-like calcite body elongated in W-NW direction
(Petrov, 1963, Milanova, 1965, unpublished data). Calcite is
developed as paramorphosis of aragonite.

Morphogenetic types deposits and ore
occurrences

Mineral formation from the Tertiary post-magmatic fluids in
the ore belt ‘Osogovo — Besna kobila’ is in different zones of
free infiltration drainage or in relatively closed diffusion-
metasomatic system and rarely in the contractive fractures of
the apical parts of larger Tertiary magmatic bodies. The
different lithologic composition of the host rocks and the
orientation of some of their elements (such as foliation,
inclination) to the orientation of the ore-bearing solution
movement gives the additional reflection on the morpho-
genetical variations of ore deposits and occurrences and
their ore bodies. On the other hand the physico-chemical
nature of the ore-bearing solutions (T, P, C) reflects to the
velocity and intensity of mineral precipitation (chemical
destruction of some minerals and formation of other
minerals) and implements new features in morphogenetic
variations of ore deposits.
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The following morphogenetic ore types could be divided
distinctly on the basis of mentioned above (Mankov, 1974;
Mankov, 1988; Alexandrov, 1992): 1. Veins; 2. Linear
stockworks; 3. Metasomatic bodies of layer-like, lens-like and
other irregular shapes; 4. In-formation nest-like bodies. Two
ore more morphogenetic type ore bodies are often formed in
particular deposit.

The vein type involves several Pb-Zn deposits in the Ruen
ore field (Lebnitza |, Lebnitsa Il, Ravna niva — Bulgaria;
Sredno bardo, Ruen, Petrova reka, some of the bodies in the
Sasa deposit and Bachilski potok — Macedonia), some
deposits from the Karamanishko ore field (Podvirovi,
Karamanitza — Serbia; Samar, Kukishte, Turska straja,
Bagremi — Macedonia), Pb-Zn deposits in the Pehchevo ore
field (Pehchevo, Pehchevska reka, Racovets Kadiitza in
Macedonian and Bulgarian territory). This type involves also
fluorite deposit Slavianca, stibnite ore occrrences Ivanic and
Ravnio rid from the southern and central part of the Osogovo
block, stibnite deposit Krastov dol in Macedonia which is
located in the Karamanitsa ore field.

These mineralisations are located in different gneiss,
gneiss-graniteq granodiorite, green schist rocks and rarely in
dellenite and large, steep, longitudinal up to the NW and EW
fault structures (Fig.6). They are quartz and quartz-carbonate
veins that contain sulphides, dipping into W to SW (75-80°)
and distinct contacts with host rocks. They are traced on the



surface from 100-150 m (Ravna niva) up to 2000 m
(Lebnitza | and Lebnitza 1l) and up to 700 m in vertical
direction. In depth they have tendency to divide in a form of a
hand with open fingers pointing down (Lebnitza I). Anisotropy
characteristic of the host rocks determined one-way opening
of ore-bearing faults during the different moments of the
development of mineralisation process which is a reason for
forming typical ore veins of massive, breccia-like, banded,
druses, cockard and spoty structures in open fractures.

Typical vein bodies in the Podvirovi deposits
(Karamanishko ore field) are located along the faults on the
contact of low-crystalline rocks and coarse-porphyry dellenite
(Petrovic, 1981; Simic, 1995). Typical linear stockwork from
10 to 40 m wide are established in depth among the isotropic
dellenite porphyry bodies.

The second structural-morphological type deposits
and occurrences - linear stockworks and stockwork-vein
type deposits are related to the large zones of faulting and
cataclasis, mainly with W-NW direction — 295-305° dipping in
SW and W-NW (70-75°) and very rarely — to the N-NE fault
zones. This type unites deposits which belong to different ore
formations and mineralogical types (in Bulgaria — Ag-Pb-Zn
deposits Ruen, sections Central and Shapka; Mali Ruen,
sections Central and Belite sipei, Jdrapanitza Il; W-Mo ore
occurrences Svlachishteto, Chcarevtzi, Delchevski dol and
Manastirski dol; in Macedonia — Pb-Zn deposits Ruen,
Bachiloto and Plaviloto, W-Mo occurrences Saska Karaula
and Sarafska mahala; in Serbia - W-Mo deposits
Matchkatitza and Borovic and Pb- Zn deposit Karamanitza).
Some of these deposits have economical importance.
Mineralisations could be followed from 50 — 60 m up to 3000
m (Ruen, Belite sipei, Mali Ruen, Matchkalitza). The vertical
interval of mineralisation is over 750 m in some of them. Ore
bodies are characterised by very complicated shapes and
iregular distribution of minerals manifested by metasomatic,
multicentral eveloped quartz-sulphide-carbonate
iimpregnation and veilets, mainly among the isotropic fine
and coarse-porphyry dellenite (Fig. 7 and Fig. 8 a, b, h).

Different in their morphology and geological setting
metasomatic ore bodies and mineralised zones determined
as overlapped metasomatites were formed in different in their
composition host rocks. The whole development of these
metasomatites leads to the total reproduction of structural
and textural peculiarities of the replaced dellenite-porphyries.
The main part of the ore bodies in the Ruen deposit (Central
part), the main ore bodies in the Mali Ruen deposit, the most
of the ore bodies in the Belite sipei deposit (Bulgaria), The
Ruen, Bachilski potok and Plaviloto deposits (Macedonia),
the Karamanitza deposit and Mo deposits Machkatitza and
Bucovic (Serbia) (Jelencovic, 1995; Simic, 1995).

Metasomatic processes have been developed in direct
relation to the intensity of tectonic movements, chemical
composition and structure of the host rocks, temperature and
Sericitised, epidotised and rodoninitised K-feldspar and
plagioclase phenocrystals of fine porphyry-dellenite and vein
quartz-rodonite scarns as well as different magmatites are
favourable environment for development of sulphide
metamorphosis. Linear elongated zones with disseminated
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sulphide mineralisation (Mali Ruen, Belte sipei, Nivite,
Petrova reka and Bachilski potok — the Ruen ore field in
Bulgaria and Macedonia; some of the ore bodies from the
Podvirovi deposit, the Karamanishko ore field, Serbia) were
formed parallel and slantwise to the foliation in the green
schist rocks.

Fig. 6. Vein quartz-galena-sphalerite ore bodies — Shapka deposit (a),
Petrova reka (b).

Cross sections (1 — quartz-sulphyde ore bodies; 2 — dissemination quartz-
sphalerite mineralization in cataclase zones; 3 - fine porphyritic delenite; 4 —
sericite-chloride schists; 5 — amphibole-biotite gneisses concentration of
hydrothermal solutions (Mankov, 1974).
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Fig. 7. Cross sections of linear stockwork quartz-molybdenite (a) ore
field and quartz-scheelite- molybdenite (b) ore bodies related to zones
of faulting and cataclasis (a — Borovic deposit, the Machkatitza ore field
- Serbia ( Simic, 1995), b - Svlachishteto ore occurrence — Chucarevski
structural knot, SE part of the Ruen ore field)

1 — boundaries of zones of faulting and cataclasis, containing Mo and W-Mo
mineralisations: A — Borovishka zone, B — Eleshnitza, C — Chucarevska; 2 —
Mo ore bodies; 3 - quartz-scheelite-molybdenite and pyrite veinlets and
disseminations; 4 — dellenite-porphyry; 5 — granodiorite-porphyrite; 6 — faults;
7 - boreholes

The shape of the ore bodies in this zones is complicated
also by the ore-transporting role of the meridian fault
structures and existence of contraction fissures in the apical
parts of the large dellenite bodies (Dimitrov, Tsetlin, Donets,
1984). That is why the mineralisation often inclines in lower
parts of the ore-containing zones and its shape is like a
turned above broom (Mankov, 1978). Additional factor for the
complicated morphology of the ore bodies are also several
different hypsometric levels of decollement in the green
schist rocks related to the thrust movements and formation of
high-styled folds in part of the ore bodies in the Nivite and
Belite sipei deposits according to some authors (Zagorchev,
Ruseva, 1982; Vardev, 1984).
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The third morpho-genetic type mineralisation is largely
spread and it is most various one. Numerous scarn-
magnetite-chalcopyrite occurrences (Fig.5) and parts or
whole Pb-Zn deposits in the Ruen ore field, tha main part of
Pb-Zn ore bodies in Blagodat (Serbia), pyrite-marcasite and
realgar-siderite mineralisations from the Neogene sediments
in the southern part of the Struma belong to this type.

Hydrothermal-metasomatic Pb-Zn deposits in the Bulgarian
part of the Ruen ore field are massive nest-lens-like and
layered bodies set up by johannsenite-rodonite and quartz-
rodonite aggregates overlapped by rich sphalerite-galena
mineralisation or by massive sphalerite-galena aggregates
localised in small marble lenses, sericite-chlorite and epidote-
chlorite schist (Belite sipei, Nivite, Ruen) (Fig.8 c).

Mineralisations of this type in the Macedonian part of the
Ruen ore field, the Saska group deposits (Kozja reka and
Svinja reka, Petrova reka), Toranitza | and Toranitza Il and
Blagodat deposits in Serbia are especially significant ones.
The Pb-Zn mineralisation in the Sasa, Toranitza | and
Toranitza Il deposits forms a large layered lens and nest-like
bodies. They are located within the marble and chalcoschists
of the quartz-graphite schist and laying over and below them
green schist rocks in the contact of the Tertiary magmatites
(Bogoevski, 1967; Alexandrov et all, 1990; Alexandrov, 1992)
(Fig.9, a, b). The sizes of the ore bodies vary within a broad
range from 50-150 up to 1250 m long and from 0,50 m to 50
m thick.

Interesting case-like and slipper-like metasomatic bodies
with  galena-shpalerite  and  quartz-rododnite-sulphide
composition are developed in the apical parts of the large
dellenite porphyry bodies (Fig. 8 d, f, g).

The four morpho-genetic type mineralisations is
presented by fluorite occurrences Checanets and Sidintzi
(Zagorchev, Ruseva, 1982) and they are characterised by
very small sizes. Our studies established that the filling of the
open drainage structures without traces of metasomatic
phenomena in the host rocks of the Triassic limestone
localised under green schist rocks of the Eleshnitza thrust
played the main role for their formation. The Liska deposits,
that is localised within gneiss under the screen of Paleogene
sediments — Kraramanitsa ore fiel, belongs to this type
(Simich, oral expose).

Temperature conditions of mineral forming and
chemistry of ore-bearing fluids

The different types of mineralisations in the ore belt
‘Osogovo — Besna kobila’ have been formed within a large
temperature range. The hydrothermal brines changed their
acid-alkaline features and composition within the frame of the
whole mineral forming process. These peculiarities determine
type of the hydrothermal metasomatic alterations and
structural-texture features of ores.
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Fig. 8. Morpho-genetic types deposits and ore bodies in the Bulgarian part of Ruen ore field

a) linear stockwork set up by veinlet-disseminated type of quartz-sulphide mineralisation related to the complicated zone of faulting and cataclasis. The Ruen deposit,
central part - plan of level 1480 m; b) vein ore bodies of veinlet disseminated type of distribution of quartz-sulphide mineralisation controlled by a zone of faulting and
catacalsis. Cross section. The Ruen deposit, Central part; ¢) massive galena-sphslerite mineralization within sericite-chlorite schist on the contact fine porphyry
dellenite-porphyries. Nivite deposit.; d) Case-like and crescent development of massive quartz-rodonite and quartz-sulphide mineralisation in marble xenolites in fine
porphyry dellenite. Nivite deposit. ) hens-like formning of massive quartz-rodonite scarns with sulphide mineralization in SE bort of Mali Ruen volcanic vent under
screen of quartz-galena schist on the border between tuff-breccia and dellenite-porphyry. f) crescent and g) layered-like ore bodies of massive quartz-rodonite and
quartz-galena aggregates developed around marble lenses and layers among sericite-chlorite schist or in the contact with marble. Nivite deposit. tr. 20 and 22. h) ore
bodies of complicated distribution of mineral composition containing helvine mineralisation. The Mali Ruen deposit, central part (Mankov, 1986) (1 — tuff-breccia; 2 —
dellenite-porphyries; 3 — quartz-sericite-graphite schist; 4 — marbles; 5 — sericite-chlorite schist, 6 —sericite-chlorite, chlorite-epidote, quartz-sericite-graphite schist,
marbleous limestones; 7 — massive galend-sphalerite mineralization; 8 - quartz-rodonite scarns; 9- quartz-rodonite scarns with galend-sphalerite mineralization; 10 —
vein quartz-galena-sphalerite mineralisation; 11— vein quartz-pyrite mineralization with helvine; 12 -pyrite disseminated mineralisation; 13 — faults and directions of

movements

Skarn-magnetite-chachopyrite  and  quartz-scheelite-
molybdenite formation are formed in typical high temperature
conditions (460-370°C for the first formation and 370-330 °C
for the second one) as it could be concluded from the fluid
inclusion studies of transperant and semi-transperant
minerals. The initial stage of the mineral formation is related
with fluids of high oxygenal potential, low mobility of oxygen
and iron, which precipitated magnetite and hematite. Ca, Al
and partly Mg, K and Na are extracted from the host rocks
and they start active epidotisation and skarning (andradite-
grosular type). Later development of the ore-forming process
in skarn occurrences is oriented along the line high-low
sulphur potential. Due to this, the sequence of
mineralisations after formation of magnetite and hematite is
as following: iron sulphides — copper sulphides —bismuth
sulphosalts and sulphides —bismuth tellurides—native
bismuth.
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The precipitation of W-Mo and Mo mineralisation is in direct
relation with later increasing of acidity of brines (Mankov and
Andreeva, 1974, 1975, Andreeva, 19972) when it is realised
the mass formation of quartz and catching Ca**, liberated
during the alteration of plagioclase in the form of scheelite
under the impact of high temperature solutions of total
concentration of CO2 — 11,1 mol/g which is with 2,25 mol/g
over the upper limit of saturation of the hydrothermal fluids
with CO2.

Deposits from quartz-galena-sphalerite formation in the
Central part of Ruen ore field are formed within the
temperature range 370-280°C, and these from north-western
part — Lebnitsa | and Lebnitsa Il — within the temperature
range  310-240°C  (main  quartz-galena-  sphalerite
paragenesis) (Mankov, 1978). Typical feature of Pb-Zn
deposits from the Ruen ore field is the existence of two



parageneses of economical importance, the second of which
is with significant higher initial temperature compared to the
final temperature of the second one. Fluid inclusions in
quartz from the first paragenesis homogenise at 370-280°C,
at 143°C in calcite and at 120-170°C in barite. The salt
concentration (g/l) and composition of fluids is determined
trough analyses of the gas-liquid extraction from the inclusion
as follows: KCl - 31,88; NaCl — 27,22; NH4CI - 0,97; MgCl2 -
1,75; CaCl. - 5,83; CaFez — 0,75; CaSOs — 10,50 and
pH=6,88. Na and K chlorides predominate in this composition
as it could be concluded from their total concentration of
59,10 g/l (Mankov, 1988).
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Fig. 9. Metasomatic galena-sphalerite ore bodies over marble and
chalkschist involved in quartz-graphite schist and amphibole-biotite
gneiss in contact with dellenite: a) cross section trough Sasa deposit,
Svinia reka section ( Alexandrov, 1992); b) plan on level 1775 m,
Toranitza deposit (Serafimovski, Alexandrov 1995); c) nest-like quartz-
rodonite-galena-sphalerite mineralisation on xenolite of marble in the
apical part of dellenite stock. Ruen deposit, gal.17; 1-metasomatic ore
bodies; 2-andradite-grosular skarn; 3 - dellenite; 4 — marble; 5 -
sericite-chlorite schist; 6 — fault; 7 — mine works.
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Fig. 10. Ore-lithologic section (Struma graben, Damjanitsa section) 1 -
conglomerates, 2 — clay sandstones, 3 - aleurolites, 4- marcazite-pyrite
lens, 5 - syderite lens, 6- realgar veins, 7 - dollomite-calcite veins, 8 -
barite veins, 9 - quartz-sphalerite-galena veins, 10 - massive
marcazite-pyrite body, 11 - Pliocene vulcanite, 12 - Pre-Cambrian

amphibole-biotite gneisses.
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Temperatures of homogenisation of gaze-liquid inclusions
in quartz from the second economic quartz-carbonate-silver
paragenesis is determined within 290-260°C and those in
cellophane and calcite are respectively 170-140°C and 140-
130°C. Formation of this paragenesis is related to
implementation of hydrothermal fluids of higher temperature
connected to development of the magmatic chamber or
separation of fluids from its lower hypsometric levels.



Typical lower temperature hydrothermal products (270-
100°C) such as stibnite, barite-fluorite, fluorite, pyrite-
marcasite and realgar-siderite mineralization in the ore belt
are related to the Pliocene final ore-bearing process. Fluorite
mineralization are the highest temperature ones among
them. The formation of the main quartz-flucrite paragenesis
in the Slavianka deposit is within the range of 210-120°C as
it was determined by Todorov (1984) on the basis of
temperature of homogenisation in different coloured fluorite
from this deposit.

As a conclusion it should be mentioned that the ore belt
‘Osogovo — Besna kobila’ as a part of Trans-European silver
metallogenic belt has significant importance in discussion of
the metallogeny in the Central Europe and the countries from
the Balkan Peninsula. Unique metal concentration of Ag, Pb
and Zn are located in it as well as important W-Mo, fluorite,
pyrite-marcasite, stibnite and realgar-siderite occurrences are
located in it. Most interesting of them are sulphides and
carbonates of Mn, Ni arsenides, Cd carbonates, Be silicates,
As and Sb sulphosalts of Ag, telluride of Pb, Ag and Bi,
concentration of Sn, Bi sulphides and sulphosalts, As and Sh
sulphosalts of copper. All these contribute for the specific
features of this ore belt, which has no analogue among the
other metallogenic unites in the countries from the Balkan
peninsula and Central Europe.
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ABSTRACT. The Zidarovo ore field is situated 15-20 km south from the town of Bourgas. The region consists of Senonian volcanic, intrusive and sedimentary rocks.
The syn-/postmagmatic hydrothermal activity was responsible for the formation of polymetallic and gold-polymetallic ore veins in the volcanic rocks. The ore
mineralisation is developed in two sectors — Kanarata in the central part (close to the Zidarovo intrusive) and Yurta in the NNW part of the ore field. The composition
of the volcanic rocks of the Zidarovo ore field varies from basaltic to trachy-andesitic. The sub-volcanic dyke complex has basaltic and trachy-basaltic composition,
and the intrusive rocks are gabbroic to monzo-dioritic. The rock varieties belong to the high-K calc-alkaline magmatic series. Indicative bivariate diagrams as Nb vs. Y,
Rb vs. (Y+Nb), Rb vs. (Yb+Ta) and Zr/Al203 vs. TiO2/Al,0; define volcanic-arc tectonic environment of their formation. MORB normalized trace elements patterns of
the magmatic rocks (enrichment of large ion lithophile elements and low values for high field strength elements, the strong negative Ta and Nb anomaly and the
chondrite-normalized REE distribution of the basaltic rocks indicate subduction related magma affinity. Nd and Sr whole rock isotope data are in agreement with this
conclusion revealing mantle-crustal signatures with e-Nd (80 Ma) values generally between +2.1 and +3.0 and initial strontium ratios in the narrow range 0.704-0.705.
Compared with the data for the Central Srednogorie the magmatic rocks from the Zidarovo ore field are less crustal contaminated. The same trend is observed
comparing intrusive and volcanic varieties - the volcanic rocks reveal more primitive isotope composition, which is explained by the faster cooling of the volcanites,
probably prior to contamination with crustal materials in middle/upper crustal chambers.
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PE3IOME. 31aapoBckoTo pyAHO nore e pasnonoxeHo Ha okono 15-20 kM. tokHO oT rp. byprac. PaioHbT € uarpageH npeauMHO OT CEHOHCKM BYMKAHOTEHHM,
WHTPY3UBHM W CEAUMEHTHU ckanu. PeaynTaT 0T noctMarMaTiyHi XugpoTepManHi NpoLecH ca Xunute ¢ NoNUMETanHu 1 3NaTo-nonumMeTanHu pyav BbB ByrnkaHCKUTe
ckanu. PygHata MuHepanusauusi e passuTa B ABa yyacTbka — KaHapaTta B LeHTpanHaTa uacT (B 6nu3oct go 3upaposckust WHTpysuB) u HOpTa B ceBep-
ceBepo3afjaHaTta 4acT Ha pyaHOToTo none. CbCTaBbT Ha ByNKaHCKUTE Ckanu B 31MAapoBCKOTO pyAHO none Bapupa oT 6a3antu 4o TpaxuanaeauTi. Cy6BynkaHCKUST
[ailkoB koMnnekc uma 6a3antoB W Tpaxuba3anToB, a MHTPY3UBHWUTE CKamn - rabpoB [O MOHLO-OMOPUTOB CbCTaB. Ckanute MpUHAAnexaT OCHOBHO KbM BUCOKO
kanuesaTta KanuueBo-ankanHa marMatiuHa cepusi. MHoukatuehu guarpamu kato Nb vs. Y, Rb vs. (Y+Nb), Rb vs. (Yb+Ta) u Zr/AlOs vs. TiO2/Al20; onpegensit
OCTpOBHO-gbroBa o6cTaHoBKa Ha opmupaHe. MORB HopmanuaupaHute pasnpefeneHus Ha pepkuTte enemeHt B ckanute (oboratsBaHe Ha LILE u Hucku
croiHocTi 3a HFSE), nobpe uapaseHara HeratveHa Ta u Nb aHomanvsi 1 XOHAPUT-HOpManuaupanute pasnpegenenust P3E (oboratsisaHe Ha LREE) onpepenst
cybaykumoHHa obicTaHoBka Ha chopmupare. Nd W Sr M30TOMHN JaHHW NOAKPENST TO3W M3BOA KaTo MokasBaT MaHTWIHO-kopoBW xapaktepucTuku ¢ &-Nd (80 Ma)
CTOMHOCTW OCHOBHO Mexay +2.1 1 +3.0 1 HayarnHW CTPOHLMEBM OTHOLLEHWS NPEeAUMHO B TecHns uHTepsan 0.704-0.705. B cpaBHeHWe C AaHHUTE OT LieHTParnHoTo
CpepHoropue MarmMaTuyHuTe ckanu oT 3uAapOBCKOTO PyOHO MONe ca No-Manko KOPOBO KOHTaMUHWMpaHU. ChLUMAT TpeHd ce Habnioaasa npu cpaBHSBAHETO Ha
WHTPY3MBHUTE W BYFKAHCKW CKanmW — BYMKAHCKWTE CKanu MokassaT Mo-NMPUMUTUBHU M3OTOMHM CbCTaBM, KOETO ce obsicHsBa ¢ no-Gbp3ata kpucTanusauws Ha
BYTIKaHUTUTE, BEPOSITHO NPEAM KOHTAMUHUPAHETO UM C KOPOBW MaTepuany B CPEAHO/FOPHO KOPOBM MarMeHU kamepu.

Introduction 2002) or the “Apuseni — Banat — Timok - Srednogorie belt”
(ABTSB) (Popov et al., 2000, 2003). An abundant new data on

Europe’s world-class copper-porphyry and Au-epithermal the geodynamic control of various ore deposits, the
deposits are hosted by an elongated belt of intensive Late geochronology and geochemistry of the Late Cretaceous
Cretaceous magmatic activity, known as the “Carpathian- magmatism and the specific features of the related Cu-Au

Balkan Segment” of the “Tethyan Eurasian Metallogenic Belt’ ~ deposits in ABTSB have been added during the activity of the
(JANKOvIC, 1976 and 1977), the “Banatitic Magmatic and GEODE (GEodynamic and Ore Deposit Evolution) project
Metallogenic Belt” (e.g. BERZA et al, 1998, CloBANU ef al, ~ funded by the European Science Foundation. In the
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Srednogorie zone they were concentrated in the central part of
the zone - the Panagyurishte region (see summary of VON
QuADT et al., 2005 and references there), as it hosts the most
important economic deposits. Nevertheless the most extensive
magmatic activity is manifested in the Eastern Srednogorie
zone. The study of the latter helps to define the sources of the
magma and allows understanding the geodynamic evolution of
the region in Upper Cretaceous time.

In the present study we focus on the petrological and
isotope-geochemical characteristics of the Zidarovo ore field
(ZOF), as it hosts economic mineralization and provides good
opportunity for studying of the link between the geodynamic
settings, magmatism and ore formation. The aim of our
investigation is to reconstruct the geological evolution of the
Late Cretaceous magmatic complex, to identify the temporal
and genetic relationships between its magmatic products and
the mineralized zones of the ZOF and at least to define the
tectonic evolution of the Late Cretaceous magmatic rocks in
the area. We have combined field observations with
representative whole rock major and trace element analyses
and isotope Sm-Nd and Rb-Sr studies to define the magmatic
sources and reconstruct the processes that produced the
deposit.

Geological background and sampling

The Eastern Srednogorie zone is characterised by the most
significant presence of volcano-intrusive structures in the
Srednogorie zone. Intensive volcano-tectonic faulting, most
often of radial-concentric type provides a suitable condition for
precipitation of vein type ore bodies. This part of the
Srednogorie zone hosts several ore districts and numerous ore
deposits and occurrences. In the last 50 years they were the
base for copper production as well as gold, silver, molybdenum
and other elements as by-products.

The Bourgas ore region is located in the easternmost part of
the Srednogorie zone. The copper ore deposits in this region
are genetically related to the Late Cretaceous volcano-plutonic
magmatism. The ZOF is situated 15 — 20 km south from the
town of Bourgas in the area of Zidarovo, Izvor, Dimchevo and
Krushevec villages. Its formation is determined by the
development of the central Zidarovo volcano-plutonic structure.
The latter is initially mentioned by STANISHEVA-VASSILEVA AND
VAsSILEV (1972) and is later characterized by RASHKOV et al.
(1978) and Porov (1981). The syn-postmagmatic
hydrothermal activity was responsible for the formation of
polymetallic and gold-polymetallic ore veins in the volcanic
rocks. The ore mineralsation is developed in two sectors —
Kanarata is in the central part (close to the Zidarovo intrusive)
and Yurta is in the N-NW part of the ore field. These two
sectors have a different mineral composition — Cu-Bi ore types
predominate in Kanarata, whereas Cu-polymetallic mineral
assemblages with gold are typical for Yurta (PoPov et al.,
1993).

The region consists of Senonian volcanic, intrusive and
sedimentary rocks (Fig. 1). ANTONOV et al. (1979) and Popov
et al. (1980) subdivided them into an olistostrome unit and
Kasaldjishka, Novopanicherevska and Rosen formations.
According to Popov (1980) three stages of the Late
Cretaceous magmatic activity are distinguished: effusive, sub-
volcanic and intrusive. These stages completely cover the
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Fig. 1. Geological map of the Zidarovo ore field (after RASHKOV et. al.,
1978) with the location of some representative samples

Trachyan desitic lavas

description of the trachyandesitic-trachybasaltic, basaltic-
trachybasaltic and gabbro-syenitic stages of RASHkov et al.
(1978). During these consecutive stages the Zidarovo volcano,
Zidarovo dyke ring complex and Zidarovo intrusive formed, as
parts of the complex Zidarovo volcano-plutonic structure
(Popov, 1981). The volcanic rocks here are developed as a
2000-2500 m thick complex of intercalated lava flows and
pyroclastic materials (Popov, 1981). The lava flows have a
concentric orientation and dominate in the lower and
intermediate parts of the section. A neck and subvolcanic
bodies mark the position of the main magma channel. The
rocks of Zidarovo volcano could be correlated with the Vurly
briag volcanites to the north and the Rosen volcanites to NE
and E (Popov et al, 1983). The volcanogenic sequence
consists of trachy-andesites, trachybasalts, latites and
trachytes (Popov et al., 1983), and the composition of the
dykes is analogous to the volcanic rocks. The Zidarovo
intrusion penetrates the rocks of the effusive and dyke
complex. It is emplaced in the central part of the caldera
structure (Fig. 1) as an elongated to the north-west body
(MARINOV AND BAJRAKTAROV, 1981, Popov, 1981) and
according to MARINOV (1980) consists of monzonites,
monzodiorites, essexites, and alkaline quartz syenites.

Analytical techniques

The whole-rock major elements were analyzed by X-ray
fluorescence (XRF) in the University of Salzburg, Austria. The
trace and rare earth elements (REE) were analyzed by Laser
ablation-inductively coupled mass spectrometry (LA-ICPMS) in
the laboratories of the Institute of Isotope Geology and Mineral
Resources, ETH Zurich, Switzerland. Sm-Nd and Rb-Sr data
are measured with the isotope dilution technique.



Chemical composition of the rocks from
Zidarovo ore field

The composition of the volcanic rocks and the dykes in the
ZOF varies from basaltic to trachyandesitic and trachytic
(Table 1, Fig. 2). On the SiO2-K:0 diagram studied samples
are classified as high-K calc-alkaline rocks (Fig. 3). SiO2
content vary from 47.8 to 60 wt. % and show a positive
correlation with the alkali content (Fig. 3).
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Fig. 2. TAS diagram after LE MAITRE (1989) for representative samples
from the ZOF: volcanites (triangles), subvolcanic rocks (circles),
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Fig. 3. SiO2 vs. K20 diagram (LE MAITRE (1989) for representative samples
from the ZOF. Symbols as in Fig. 2

Table 1
Major element composition of the representative samples

Oxides 1013 1014b 113 114 115
wt. % volcanic | volcanic [subvolcanic| intrusive | intrusive
SiO2 60,07 51,11 50,49 59,01 50,98
Ti.O 0,43 0,56 0,75 0,55 0,68
Al203 16,88 11,30 14,44 14,63 17,73
Fe203 5,61 11,47 10,35 7,05 6,43
MnO 0,02 0,19 0,11 0,1 0,08
MgO 0,23 8,84 5,94 3,78 4,3
CaO 0,08 10,06 9,21 6,96 8,04
Na2O 0,29 2,76 2,51 2,78 5,32
K20 13,43 0,36 2,77 2,78 0,88
P20s 0,23 0,33 0,68 0,52 0,75
Lol 2,67 3,04 2,17 1,89 3,99
Total 99,94 100,02 99,42| 100,05 99,18
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Table 2
Trace element composition (in ppm) of the representative
samples

Elements 1013 1014b 113 114 115
Sc 9.6 42.3 37.0 33.0 255
\% 156.6 268.5 324.7 349.9 309.9
Cr 49.6 392.6 92.3 59.0 61.7
MnO 0.1 0.2 0.1 0.1 0.1
Co 2.4 42.8 35.4 30.3 17.1
Ni 19.5 87.4 24.8 20.0 15.5
Cu 577.8 36.1 90.4 286.3 4.6
Zn 1115 60.5 39.3 68.9 57.4
Ga n. d. n. d. 12.9 17.4 15.9
As 4.6 12.1 241.8 318.7 194.6
Rb 147.7 8.7 55.9 99.0 17.1
Sr 628.2 812.1 968.3 970.1 949.7
Y 11.4 14.3 18.5 21.5 21.7
Zr 74.2 37.5 48.2 54.7 73.7
Nb 3.6 1.5 2.1 2.4 3.0
Mo 1.5 0.6 0.6 1.3 0.7
Cs 1.1 0.2 2.0 4.4 1.6
Ba 1158.1 47.5 310.5 465.1 133.4
La 16.8 10.8 12.5 16.3 14.4
Ce 35.2 22.8 25.5 34.6 28.6
Pr 4.0 3.0 3.6 4.5 35
Nd 17.4 15.6 17.0 19.7 16.2
Sm 3.2 3.6 4.1 4.6 4.2
Eu 0.9 1.4 1.4 1.3 1.3
Gd 2.0 3.6 4.2 4.1 4.0
Th 0.3 0.5 0.6 0.6 0.6
Dy 21 3.0 3.4 3.8 3.7
Ho 0.4 0.5 0.7 0.8 0.7
Er 1.0 15 1.8 2.2 21
Tm 0.2 0.1 0.2 0.3 0.3
Yb 1.2 1.2 1.8 23 24
Lu 0.2 0.1 0.3 0.3 0.3
Hf 1.6 1.0 15 1.7 21
Ta 0.2 0.1 0.1 0.2 0.2
W 2.0 0.5 0.9 3.4 1.7
Pb 124.2 10.1 44.4 51.2 34.3
Th 5.2 1.8 3.0 8.3 8.3
U 4.9 0.6 1.2 2.8 3.7
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Fig. 4. MORB-normalized spider diagram (after PEARCE, 1983) for the
investigated basalts from the Zidarovo deposit compared with typical
basalt series related to subduction settings. High K calc-alkaline basalts
of the New Hibrides arc from KAMENOV, 2003
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Fig. 5. Chondrite normalized REE patterns of the basalts from Zidarovo
ore field compared with additional different basaltic rocks (values from
KAMENOV, 2003). Normalizing values after NAKAMURA, 1974

MORB normalized patterns for the magmatic rocks (Table 2,
Fig. 4) indicate an enrichment of large ion lithophile elements
(LILE) and low values for HFSE (high field strength elements —
Ce, P, Zr and Hf). The strong negative Ta and Nb anomaly
indicate subduction related magma affinity (Fig. 4). The
elements with lower ionic potential (K, Na, Rb, Ba and Sr)
show considerable variations. Ba values vary between 133 and
465 ppm, Rb is from 17 to 99 ppm and Sr from 892 to 1176
ppm in the Zidarovo intrusive rocks. In the dyke rocks these
values are respectively between 297 and 310, 56-65, and 477-
968, whereas for the volcanic rocks these intervals are 47-
1504, 8-194, and 103-1060.

The LREE enrichment ranges from 20 to 51 (Fig. 5), whereas
Lan/Ybn ratios vary from 4 to 8. Middle and heavy REEs show
relatively flat patterns, which are generally within 4-10 times
that of chondrite. The dyke rocks show lower values of LREE
compared with the intrusive rocks from the Zidarovo. The lack
of Eu anomaly suggests that there was no plagioclase
fractionation involved during the genesis of the volcanic rocks.

Comparing MORB-normalized trace element distribution of
basalts from ZOF with typical basalt series in subduction
settings a similarity with high-K and calc-alkaline basalts is
observed (Fig. 4). The chondrite normalized REE pattern of the
basalts from ZOF resembles this of calc-alkaline basalts (Fig.
5).

The Zr/Al203-TiO2/Al203 diagram for potassic volcanic rocks
from different tectonic settings (MULLER et al., 1992) is used to
discriminate within-plate rocks from oceanic arc rocks. The
studied volcanic rocks from the ZOF fall in the fields of
continental and postcallisional arcs (Fig. 6a). At the Ce/P20s-
Zr/TiOz discrimination diagram most of the samples falls in the
field of the poscollisional arcs (Fig. 6b).

For distinguishing of granites from known tectonic settings
the elements Rb, Y (and its analogue Yb) and Nb (and its
analogue Ta) were selected as the most efficient discriminates.
Discrimination diagrams of Pearce et al. (1984) are used,
which are primary supposed to classify granites into ocean-
ridge, volcanic-arc, within-plate and collisional types. A
bivariate plot of Nb and Y is subdivided into three fields (Fig.
6c) — oceanic-ridge granites (ORG), within-plate granites
(WPG) and volcanic-arc granites (VAG) together with syn-
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collisional granites (syn-COLG). A plot of Ta and Yb is similar
and allows the fields of syn-collisional and volcanic-arc
granites to be separated (Fig. 6d). The discrimination diagram
Rb vs. (Y+Nb) and Rb vs. (Yb+Ta) more efficiently separate
syn-COLG from VAG and also gives clear division between
WPG and ORG (Fig. 6e, f). Supra-subduction zone granites
can fall in the VAG field. They may be identified on an Nb-Y
diagram as they usually reveal lower Y content (Rollinson,
1993). On all diagrams the samples from Zidarovo magmatic
rocks belong to the field of VAG.

Sr-Nd isotope data

Sm-Nd and Rb-Sr isotopes are measured on samples from
ZOF which are characterized by detailed petrological studies.
Preliminary '43Nd/"*Nd data for the intrusive rocks give
evidence for mantle dominated magma source and the ¢-Hf
(corrected for 80 Ma) values range between 2.14 and 3.00.
Similar values of ¢-Nd in the gabbro and monzodiorite argue
for a common source for both rock varieties. Compared with
the data for the Central Srednogorie (VON QUADT et al., 2005)
the rocks of Eastern Srednogorie crystallize from more
primitive mantle magmas and are less contaminated with
continental crust materials. These conclusions are confirmed
by the Sr isotope data. The initial strontium ratio in the Late
Cretaceous rocks of ZOF lay in a narrow range of 0.704-0.705
and only two out of ten samples reveal (87Sr/8Sr) close to
0.706. The dykes and volcanics are less enriched in radiogenic
Sr, which emphasize the upper crust as most probable source
of contamination in the intrusive rocks. The volcanic rocks on
the other hand are less contaminated, as they are cooled
faster and probably prior to contamination with crustal
materials.

Conclusions

The magmatic rocks of Zidarovo ore field show wide
compositional variation with some differences between the
volcanic, subvolcanic and intrusive rocks. The major element
compositions of the volcanic rocks define them as basalts to
trachyandesites, the subvolcanic dyke complex has basaltic
and trachybasaltic composition, and the intrusives are gabbros
to diorites. All rock varieties belong to the calc-alkaline and
high-K calc-alkaline magmatic series. Despite some variations
in trace and REE-elements compositions Indicative bivariate
diagrams as Nb vs. Y, Rb vs. (Y+Nb), Rb vs. (Yb+Ta) and
Zr/AOs  vs.  TiO2/Al203  define  volcanic-arc  tectonic
environment of their formation. MORB normalized trace
elements patterns of the magmatic rocks (enrichment of large
ion lithophile elements and low values for high field strength
elements, the strong negative Ta and Nb anomaly indicate
subduction related magma affinity. Chondrite-normalised REE
patterns of the basaltic rocks confirm this conclusion. Nd and
Sr whole rock isotope data reveal mantle-crustal signatures
with &-Nd (80 Ma) values generally between +2.1 and +3.0 and
initial strontium ratios in the narrow range 0.704-0.705.
Compared with the data for the Central Srednogorie the
magmatic rocks from the Zidarovo ore field are less
contaminated with crustal material. The same trend is
observed comparing intrusive and volcanic varieties — the
volcanic rocks reveal more primitive isotope composition,
which is explained by the faster cooling of the volcanites,
probably prior to contamination with crustal materials in
middle/upper crustal chambers.
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KIT BOUNDARY IN THE TURBIDITE SEQUENCE OF THE EMINE FORMATION NEAR
KOZICHINO VILLAGE, BOURGAS DISTRICT (EASTERN BALKAN): FORAMINIFERAL
ASSEMBLAGES
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ABSTRACT. Totally 80 species (20 planktic and 60 benthic) were established in the foraminiferal assemblages from the K/T boundary interval near Kozichino Village.
Planktic foraminifers are divided into three groups: Cretaceous, survivors and Paleocene ones. Cretaceous forms occur with rare or single specimens and this fact
makes difficult the biostratigraphical characterization of the interval which is referred to the Abathompalus mayaroensis Zone. The K/T boundary was localized without
any difficulty, because of the very clear taxonomical change. The Paleocene part of the section is referred to Pa and P1a Zone. The PO Zone was not defined
because Parvulorugoglobigerina eugubina (Luterbacher & Premoli Silva) and Eoglobigerina fringa (Subbotina) appear in the lowermost Paleocene sample.

The investigated boundary interval is characterized by comparatively uniform benthic foraminiferal assemblages dominated by agglutinated taxa. Common species
in all samples are Bathysiphon discreta (Brady), Ammodiscus glabratus Cushman & Jarvis, Dendrophrya excelsa Grzybowski, Saccammina placenta (Grzybowski),
Spiroplectinella dentata (Alth). Hyaline forms are rare with exception of the uppermost Cretaceous and the lowermost Paleocene samples where they are dominating
component. Their main representative is Quadrimorphina allomorphinoides (Reuss). As a whole there are no any changes across the K/T transition in the benthic
assemblage taxonomical composition and structure.

Key words: foraminifera, K/T boundary, Emine Formation, Eastern Balkan

FPAHULATA KPEOA/TEPLUMEP B TYPBUOWTUTE HA EMUHCKATA CBWUTA NMPU C. KO3WYUHO, BYPIFACKA OBJIACT
(U3TOYHA CTAPA NMNAHUHA): ®OPAMUHUPEPHU ACOLIMALIUK

Bopuc Bbnyes

MurHo-eeonoxku yHusepcumem “Ce. Mean Puncku”, Cogpust 1700; b_valchev@mgu.bg

PE3IOME. 80 Buaa (20 nnaHkToHHM 1 60 GeHTocHw) 6sixa ycTaHoBeHM B U3cneABaHuUTe (opaMuHudiepHu acolynalmm ot rpaHnyHus uHtepean Kpepa/Tepuvep npu
c. KoanumHo. MnaHKTOHHUTE hopamuHucepu ca NOAENEHN Ha TPy rpyNn: KPeoHM, NMPexvBsBalmM M naneoueHcku. KpeaHute dopmm ce cpeljat npeaumHo Kato
PELKM WU EOVHUYHW eK3EMMNsSpU W TO3U pakT 3aTpyaHsBa BuocTpaTurpadpckoTo XapakTepusupaHe Ha TO3u WHTepBarn, KOWTo Moxe fa Obae OTHECEH KbM 30Ha
Abathompalus mayaroensis. 'paHuuarta K/T ce nokanuavpa 6e3 HikakBu 3aTpyaHEHWs!, NOPafN MHOMO icHaTa NPOMSsiHA B TAaKCOHOMUYHMS CbCTaB Ha acouualuuTe.
lManeoLeHckaTa YacT oT paspesa ce oTHacs kbM 30HuTe Pa u P1a. 3oHa PO He e aedmHupaHa, Thit kato BugoBeTe Parvulorugoglobigerina eugubina (Luterbacher &
Premoli Silva) n Eoglobigerina fringa (Subbotina) ce nosiBseart oLe B Hait-aonHaTa naneoLeHcka npoba.

B w3cneaBaHus rpaHudeH uHTEpBan ce HabniopaeaT cpaBHUTENHO egHooGpasHW GeHTOCHM chopaMUHMGEPHU acoumauuy, KOUTO C peaki W3KIKYeHUs ca
[OMUHMPaHW OT arnyTUHUpaHW copMW. XapaKkTepHu BMAOBE 3a BCMuku npobu ca Bathysiphon discreta (Brady), Ammodiscus glabratus Cushman & Jarvis,
Dendrophrya excelsa Grzybowski, Saccammina placenta (Grzybowski), Spiroplectinella dentata (Alth). XuanunHute GeHTocHn chopmu ca no-cnabo npepcraBeHy,
kaTo camo B NpoBuTe HEnocpesCTBEHO OKOMO TPaHWUYHWUS Croi Te AOMMHWPAT KOMUYMCTBEHO Haf armyTWHWpaHuTe. B Te3n npobu OCHOBHWAT enemeHT Ha
acouvauuute e Quadrimorphina allomorphinoides (Reuss). Kato usno He ce KoHcTaTMpa NMpOMsHa B TAKCOHOMMYHWS CbCTaB W CTPYKTypaTa Ha GeHToCHUTe
acoLuaLv Npu NPEMUHABAHETO Ha rPaHNYHHS CHON.

Kmtoyosu dymu: dopammnndepm, rpaHnua Kpega/Tepumep, EMuHcka cauTa, MaTouna Ctapa nnanuHa

Introduction As the majority of the publications have described the mass
extinction event at the K/T boundary from nerritic or
The Eastern Balkan is of great interest for the K/T boundary hemipelagic deposits (for example Gubbio, El Kef, Caravaca,
researchers, because the boundary clay layer in Bulgaria was ~ Agost, etc.) the present article aims to reveal the foraminiferal
first described from this part of the country — near Byala Town, ~ tumover across the Cretaceous/Paleocene boundary in a
Vamna District (Stoykova, Ivanov, 1992). Another nine outcrops ~ turbidite sequence.
were found later (Fig. 1): N of Emona Village (Sinnyovsky,
Stoykova, 1995), Kozichino Village and Aytos Pass The section near Kozichino Village is the first place where
(Sinnyovsky, Vangelov, 1997), Marash River south of Kotel the boundary layer in Bulgaria was established in turbidite
(CtoitkoBa et al., 2000), “Chudnite Skali", Kozya River, deposits (the second one is N of Cape Kochan, while in the
Razkrachenitsa  River ~ (BaHrenos, ~CwHboBckM, — 2000; section N of Emona Village the layer was not found). It was
Sinnyovsky, 2001), N of Cape Kochan (Sinnyovsky, 2004), and ~ first described by Sinnyovsky (2003) who localized
near Goritza Village (Stoykova et al., 2004). biostratigraphically the boundary by means of calcareous

nannofossils. The section is one of the five protected outcrops
of the K/T boundary in Bulgaria.

137


mailto:b_valchev@mgu.bg
mailto:b_valchev@mgu.bg

Ticha Dam

We
o
i w®
el
M

O Kotel

Kamchiya Dam

a
da Kamcw
Lu

&0 2

Kamchiya River

Tzonevo Dam

Black Sea

A4

O Aytos

Cape Emine
Nesebar

Fig. 1. Location of the K/T boundary outcrops in the Eastern Balkan: 1 - Geotope “Belite Skali”; 2 - N of Emona Village; 3 - Geotope “Kozichino”; 4 -
Aytos Pass; 5 — Marash River; 6 - “Chudnite Skali”; 7 - Razkrachenitsa River; 8 — Geotope “Kozya Reka”; 9 — N of Cape Kochan; 10- Goritza Village; scale

1:540000

The boundary interval is well exposed (Fig. 2) and it belongs
to the uppermost part of the Emine Flysh Formation (loues,
1932; bonues et al., 1957; IxypaHos, Mumnupes, 1989). The
section is located along the valley in the south outskirts of
Kozichino Village (Figs. 2, 3).

Fig. 2. Location of the KIT boundary in the turbidite sequence of the
Emine Flysh Formation near Kozichino Village (Photo by D. Sinnyovsky)

The interval from 7 m below to 10 m above the K/T boundary
layer was sampled (Fig. 4). All planktic and benthic specimens
from 63 um, 100 um, 200 pm and 310 pm residue were
investigated.

Results

Totally 80 species (20 planktic and 60 benthic) were
established in the foraminiferal assemblages from the
boundary interval.

Planktic foraminifera
Three groups of planktic species could be described:
Cretaceous, survivors, and Paleocene ones (Fig. 4).
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Cretaceous forms. Over 10 typical Cretaceous forms were
established in the samples bellow the boundary layer, but as
rare or single specimens. The most characteristic amongst
them is Planoglobulina acervulinoides (Egger), while species
like Heterohelix planata (Cushman), Abathomphalus
mayaroensis (Bolli), Globotruncanita stuartiformis (Dalbiez),
Globotruncana arca (Cushman), Pseudotextularia elegans
(Rzehak), Rugoglobigerina rugosa (Plummer), Planoglobulina
brazoensis Martin were found in single samples.

Survivors. Two groups of survivors could be described from
this section. The first one includes Heterohelix globulosa
(Ehrenberg) and Laeviheterohelix glabrans (Cushman), which
are typical Maastrichtian species. They were found in all
Paleocene samples near Kozichino. The second group
comprises species known from the micropaleontological
literature as typical examples for planktic forms continuing their
stratigraphical distribution across the K/T boundary in many
sections all over the world. The group is represented by
Guembelitria  cretacea  Cushman,  Muricohedbergella
holmdelensis (Olsson), and M. monmouthensis (Olsson).
Characteristic feature of these three taxa is that they were not
found in the samples bellow the boundary layer. G. cretacea
disappear at +3,5 m, M. holmdelensis — at +1,0 m, and M.
monmouthensis — at +2,0 m.

Paleocene forms. The taxonomical composition of the
planktic foraminiferal assemblages above the boundary layer is
marked by comparatively abundant occurrence of
Parvulorugoglobigerina  eugubina (Luterbacher & Premoli
Silva), and Eoglobigerina fringa (Subbotina) which appear in
the lowermost Paleocene sample. Characteristic elements are
also  Subbotina triloculinoides  (Plummer) which first
appearance was marked at a level of +0,80 m, Globoconusa
daubjergensis (Broennimann), first occurring at +2,5 m and
disappearing at + 4,0 m, and Parasubbotina pseudobulloides
(Plummer) first occurring at +4,0 m.

All Paleocene planktic forms were derived from the 100 um
and 63 um residue.
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Benthic foraminifera

The investigated boundary interval is characterized by
comparatively uniform foraminiferal assemblages dominated
by agglutinated taxa. Common species amongst them in all
samples are Bathysiphon discreta (Brady), Ammodiscus
glabratus  Cushman & Jarvis, Dendrophrya excelsa
Grzybowski, Saccammina  placenta (Grzybowski),
Spiroplectinella dentata (Alth) which are almost uniformly
distributed. Subsidiary elements to the assemblage structure
are species like Bathysiphon sp., Rhizammina indivisa Brady,
Ammodiscus cretaceous (Reuss), Trochamminoides dubius
(Grzybowski),  Paratrochamminoides irregularis ~ White,
Hyperammina dilatata Grzybowski, Repmanina charoides
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(Jones & Parker), Marssonella spp., which occur as rare or
single specimens.

As a whole the hyaline benthics are rare with exception of
the uppermost Cretaceous and the lowermost Paleocene

samples where they dominate quantitatively in the
assemblages. The most common amongst them is
Quadrimorphina  allomorphinoides ~ (Reuss).  Uniformly

distributed in all samples are Gyroidinoides girardanus (Reuss)
and Oridorsalis megastomus (Grzibowski), while forms like
Nodosaria limbata d'Orbigny, Lenticulina spp., Guttulina
irregularis (d’Orbigny), and Chilostomelloides sp. occur as
single specimens at different levels of the section.
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range of the planktic foraminifera and selected benthic taxa: 1 - sandstones; 2 — marls; 3 —- mudstones; 4 — KIT boundary layer; 5 - sample

As a whole there are no changes in the taxonomical
composition and assemblage structure across the K/T
boundary.

Discussion

The K/T boundary interval near Kozichino Village is
comparatively rich of planktic foraminifers which is not typical
for the turbidite sequences. It is interesting that the Cretaceous
assemblages are less abundant that the Paleocene ones. As it
was above mentioned Cretaceous forms occur with rare or
single specimens and this fact makes difficult biostratigraphical
characterization of the interval. The presence of the index
species allowed me to refer the lower 7 m of the section to the
Abathompalus mayaroensis Zone.
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Taxonomical composition of the planktic assemblages
allowed me to localize the K/T boundary without any difficulty,
because the change is very clear (not typical for turbidite
deposits). The first occurrence of Parvulorugoglobigerina
eugubina (Luterbacher & Premoli Silva) and Eoglobigerina
fringa (Subbotina) in the lowermost Paleocene sample did not
enabled me to define the PO Zone, which confirms the
presence of a short hiatus noted by Sinnyovsky (2003).

The clear presence of Parvulorugoglobigerina eugubina
(Luterbacher & Premoli Silva) in the fist six meters above the
KI/T boundary is a reason for defining of the upper boundary of
the Pa Zone. The uppermost 4 m of the studied section could



be referred to P1a Zone because of the occurrence of the
zonal marker Parasubbotina pseudobulloides (Plummer).

The absence of any taxonomical changes in the benthic
assemblages is a typical feature for the flysh deposits of the
Tethys region and their taxonomical composition allows
refering them to the so called Flysh-type benthic
assemblages.

Conclusions

The well exposed turbidite sequence of the Emine Flysh
Formation near Kozichino Village, Bourgas District was
investigated from planktic and benthic foraminiferal point of
view. The Cretaceous part of the studied section contains poor
planktic assemblages and that is why it is difficult to
characterize biostratigraphicaly this interval. The K/T boundary
was marked easily because of the clear planktic foraminiferal
change. 5 species could be considered as survivors. All of
them were derived from the 63 um and 100 pm residue.

Paleocene planktic assemblages are more abundant than
the Cretaceous ones which is not typical for the K/T transitions.
The taxonomical composition allowed me to define two zones -
Pa and P1a. The lowermost Paleocene PO Zone was not
defined, which confirms the presence of a short hiatus as a
possible reason.

Benthic foraminifera show the typical features for the Upper
Cretaceous-Paleogene flysh-type assemblages of the Tethys
region — uniform taxonomical composition and structure
without changes across the K/T boundary and strongly
dominated by agglutinated taxa.
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APPENDIX

List of planktic and benthic foraminiferal species found in
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Globotruncanita stuartiformis (Dalbiez, 1955)
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Muricohedbergella holmdelensis (Olsson, 1964)
M. monmouthensis (Olsson, 1960)
Planoglobulina acervulinoides (Egger, 1899)

P. brazoensis Martin, 1972

P. carseyae (Plummer, 1931)

Pseudotextularia elegans (Rzehak, 1891)
Racemiguembelina fructicosa (Egger, 1902)
Rugoglobigerina rugosa (Plummer, 1926)

Paleogene planktic foraminifera

Eoglobigerina fringa (Subbotina, 1950)
Globoconusa daubjergensis (Broennimann, 1953)
Parasubbotina pseudobulloides (Plummer, 1926)



Parvulorugoglobigerina eugubina (Luterbacher & Premoali Silva,
1964)
Subbotina triloculinoides (Plummer, 1926)

Cretaceous/Paleogene small benthic foraminifera
Ammodiscus cretaceus (Reuss, 1845)

A. glabratus Cushman and Jarvis, 1928
Ammosphaeroidina pseudopauciloculata (Mjatliuk, 1966)
Aragonia velascoensis (Cushman, 1925)
Arenobulimina dorbignyi (Reuss, 1845)
Bathysiphon discreta (Brady, 1881)

Bathysiphon sp.

Chilostomelloides sp.

Clavulinoides sp.

Cribrostomoides sp.

Cyclammina sp.

Dendrophrya excelsa Grzybowski, 1898

Dorothia cubensis Cushman and Bermudez, 1936
Ellipsoglandulina chilostoma (Rzehak, 1895)
Gavelinella beccariiformis (White, 1928)
Glomospira irreqularis (Grzybowski, 1898)
Guttulina irregularis (d'Orbigny, 1846)
Gyroidinoides girardanus (Reuss, 1851)
Haplophragmoides walteri (Grzybowski, 1898)
Hormosina ovulum ovulum (Grzybowski, 1896)
Hyperammina dilatata Grzybowski, 1896
Laevidentalina sp.

Lenticulina inornata (d'Orbigny, 1846)

L. velascoensis White, 1928

Lituotuba sp.

Marginulina sp.

Marssonella indentata (Cushman and Jarvis, 1928)
M. oxycona (Reuss, 1860)
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Nodosaria aspera Reuss, 1845

? N. hispida (Soldani, 1791)

N. limbata d'Orbigny, 1840

Nuttalides triimpyi (Nuttal, 1930)

Oridorsalis megastomus (Grzibowski, 1896)
O. umbonatus (Reuss, 1851)

Osangularia florealis (White, 1928)
Paratrochamminoides irregularis White, 1928
Psammosphaera sp.

Pseudonodosaria cylindracea (Reuss, 1845)
Pseudoclavulina globulifera ten Dam and Sigal, 1950
Pullenia jarvisi Cushman, 1936
Pygmaeoseistron hispidum (Reuss, 1858)

P. oxystomum Reuss, 1858

Pyramidulina velascoensis (Cushman, 1926)
Pyrulinoides cylindroides (Roemer, 1838)
Quadrimorphina allomorphinoides (Reuss, 1860)
Recurvoides sp.

Remesella varians (Glaessner, 1937)
Repmanina charoides (Jones and Parker, 1860)
Reussoolina apiculata (Reuss, 1851)
Rhizammina indivisa Brady, 1884
Saccammina placenta (Grzybowski, 1898)
Spiroplectinella dentata (Alth, 1850)
Subreophax scalaria (Grzybowski, 1896)
Textularia sp.

Trochammina deformis Grzybowski, 1898

T. quadriloba (Grzybowski, 1896)
Trochamminoides coronatus (Brady, 1879)
Trochamminoides dubius (Grzybowski, 1901)
Trochamminoides proteus (Karrer, 1866)
Vaginulinopsis earlandi (Plummer, 1926)
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PLANKTIC FORAMINIFERAL CHANGES ACROSS THE K/T BOUNDARY IN THE
CARPATHIAN TYPE UPPER CRETACEOUS AND PALEOCENE NEAR KLADORUB
VILLAGE, VIDIN DISTRICT (NW BULGARIA)
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ABSTRACT. Three groups of planktic foraminiferal species from the Cretaceous/Tertiary boundary interval of the Carpathian type Upper Cretaceous and Paleocene
near Kladorub Village could be divided: Cretaceous, survivors, and Paleocene ones. The uppermost 5 m of the Cretaceous section show considerable taxonomical
diversity and uniform assemblage composition and structure. The assemblages are dominated by Heterohelix spp., Pseudotextularia elegans, Globotruncana arca,
Globotruncanita stuartiformis, Planoglobulina spp. The stratigraphical range of this part of the section comprices the uppermost part of Abathomphalus mayaroensis
Zone. The survivors’ group is represented by Heterohelix spp., Muricohedbergella spp., and Guembelitria cretacea. The renewal of the planktic assemblages in the
beginning of the Paleocene starts with the abundant occurrence of Parvulorugoglobigerina eugubina, which dimensions are up to 125 um. Later eoglobigerinids,
represented mainly by Eoglobigerina fringa, E. eobulloides, E. edita, become dominating group. Subsidiary components of the assemblages are Parasubbotina
pseudobulloides and rarely Guembelitria cretacea, Chilloguembelina morsei, Woodringina claytonensis etc. The stratigraphical range of the lowermost 5 m of the
Paleocene section is from Parvularugoglobigerina eugubina Zone to the lower part of Parasubbotina pseudobulloides Zone. The lowermost Paleocene Guembelitria
cretacea Zone was not defined.
Key words: planktic foraminifera, K/T boundary, Carpathian type Upper Cretaceous and Paleocene, NW Bulgaria

NPOMEHW B NNAHKTOHHATA ®OPAMWUHU®EPHA ®AYHA HA TPAHULIATA KPEOA/TEPLMEP B KAPMATCKUA TUN
FOPHA KPEQA U NANEOLIEH NPU C. KNAQOPYBE, BUOUHCKO (C3 BbJITAPUSA)
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PE3IOME. MnaHkToHHUTE dhopamuHmdepu oT rpaHnyHus HTepean Kpegal/Tepumep B Kapnatckus Tun [opHa Kpega v ManeoueH npu c. Knagopy6 morat ga 6baat
NoAeneHn Ha Tpu rpynu BUZOBE: KpeaHU, NPexvBaBaLLM U naneoleHckn. Han-ropHute 5 m oT kKpeaHWs paspes ce XxapakTepuaupar CbC 3HAUMTENHO TaKCOHOMUYHO
pa3Hoobpasne M MOCTOSHEH TAKCOHOMUYEH CbCTaB M CTPYKTypa Ha chopamuHudepHuTe acoumauun. fomuHupaim ca Heterohelix spp., Pseudotextularia elegans,
Globotruncana arca, Globotruncanita stuartiformis, Planoglobulina spp. CTpaTurpacdhckusT 06XBaT Ha Taau YacT 0T pa3pesa nonaga uaLsno B Hall-ropHUTe HUBa Ha
30Ha Abathomphalus mayaroensis. [pynata Ha npexuBsBalu1Te BUAOBE BKNOYBA OCHOBHO Heterohelix spp., Muricohedbergella spp. n Guembelitria cretacea.
O6HoBsIBaHETO Ha acouuauuuTe OT NNaHKTOHHW dopamuHudepu OT Hayanoto Ha [laneoueHa B W3yyaBaHWs pa3pes3 3anoyBa C MacosaTa MnosiBa Ha
Parvulorugoglobigerina eugubina, unitTo pa3mepu He Hageuwaeat 125 um. Mo-kbCHO MacoBO Ce pa3BumBaT U Npeobriagasat eornoburepuHnamnTe, NPeAcTaBeHn Haii-
Beye OT Eoglobigerina fringa, E. eobulloides, E. edita. B acounaunsTa yvactsat owe Parasubbotina pseudobulloides v no-pagko Guembelitria cretacea,
Chilloguembelina morsei, Woodringina claytonensis v pp. Ctpaturpacckust obxsaT Ha nbpeuTe 5 MeTpa OT NaneoLEHCKUs pa3pe3 BKIIOYBA 30HA
Parvularugoglobigerina eugubina 1 gonHata yacT oT 3oHa Parasubbotina pseudobulloides. He e aedumHupana Hai-gonHata naneoueHcka 3oHa Guembelitria
cretacea.
Kntoyosu Aymu: nnaHKToHHW dhopamuHundepw, rpanmnua Kpeaa/Tepumep, Kapnatcku Tn Fopa Kpeaa v ManeoueH, C3 Bbnrapus

Introduction paleontological aspect the K/IT boundary interval in all studied
sections have been investigated mainly by means of

Since the advent of the impact theory (Alvarez et al., 1980) calcareous nannofossils (Stoykova, Ivanov, 1992; Preisinger et
the K/T boundary has been investigated worldwide in several al, 1993a, b; Ivanov, Stoykova, 1994, 1995; Sinnyovsky,
aspects — stratigraphical, paleontological, sedimentological, Sultanov, 1994; Sinnyovsky, Stoykova, 1995; Rogl et al., 1996;
mineralogical, geochemical, etc. Detailed study of this interval Croitkosa, VBaHoB, 1996; Sinnyovsky, Vangelov, 1997;
in Bulgaria started at the end of the 80s of the 20t century. CuHbosckm, 1999; Barrenos, Cuboscky, 2000; Sinnyovsky,
Continuous sequences in several facial types have been Petrov, 2000; Sinnyovsky, 2001; Sinnyovsky et al., 2002;
established (see Sinnyovsky et al., 2002; Sinnyovsky, 2003). Stoykova, Ivanov, 2002, 2004; Sinnyovsky, 2004a, b; Stoykova
Five of them (including the section near Kladorub Village) were et al., 2004). Macrofossils like ammonites and echinoids have
proposed for protected geosites (Sinnyovsky, 2003). Integrated been used in two sections - S of Moravitsa Village (ammonites
stratigraphical, ~ sedimentological and  mineralogical-  and echinoids - Ctoitkoa et al., 2000) and near Byala Town
geochemical study was made in 7 sections across the K/T (ammonites — Ivanov, 1993; Ivanov, Stoykova, 1994, VeaHos,

boundary in Bulgaria (Ctoitkosa et al., 2000). In 1995; Croitkosa, MBaros, 1996; echinoids — Wnuesa, 1998,
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llieva, 2000), while the planktic (Rogl et al., 1996; Adatte et al.,
2002; Stoykova et al., 2004) and benthic foraminifera (Bbnues,
2001) have been studied only in the sections near Byala Town.
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Fig. 1. Collumn section across the KI/T boundary in the Kladorub
Formation: 1 - bioclastic limestones; 2 - siltstones and marls; 3 - KIT
boundary dark clay layer; 4 - sample

The aim of this article is to elucidate the taxonomical
changes in the planktic foraminiferal assemblages across the
Ctretaceous/Paleocene  transiton in the fine-grained
terrigenous sequence of the Kladorub Formation (“Sinaya
Cretaceous” — bonues, 1923; “Carpathian type Cretaceous” —
L. LlaHkos, 1961, 1963; B. Llankos, 1968; “Kladorub Complex”
- Tzankov, 1972; “Kladorub Formation” — [leyeBa et al., 1990;
®unmnos et al., 1995).

We chose the section SE of Kladorub Village, Vidin District
for detailed study of planktic foraminiferal changes across the
KIT boundary because of the following reasons: 1) the
boundary interval is well exposed and can be easily sampled;
2) clarified lithology (Sinnyovsky et al., 2002); 3) detailed
biostratigraphical ~ subdivision based on calcareous
nannoplankton of the whole Upper Campanian — Paleocene
section (Sinnyovsky, 2004b). The geological map with the
location of the studied section was published by Sinnyovsky et
al. (2002).
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Material and methods

The studied samples were derived from the outcrop section
along the Tsiganskiya Dol from 5 m bellow up to 5 m above the
3-4 cm dark clay layer (Fig. 1). After crushing and treating by
Na2SO4 the samples were sieved through 310 pym, 200 pm,
125 pm, and 63 um. Planktic foraminiferal remains from all the
residues were investigated.

Planktic foraminiferal assemblages

Three groups of planktic foraminifers were established in the
K/T boundary interval near Kladorub village according to their
stratigraphical range: Cretaceous, survivors, and Paleocene
ones.

Cretaceous forms

The uppermost 5 m below the boundary clay layer are
characterized by high taxonomical diversity — over 30 species
(Fig. 2), and uniform taxonomical composition and structure.
The assemblages are composed of various heterohelicids,
globotruncanids, and rugoglobigerinids. The dominating taxa
include Heterohelix punctulata (Cushman), H. striata
(Ehrenberg), Planoglobulina  acervulinoides (Egger), P.
brazoensis Martin, Pseudotextularia elegans (Rzehak),
Globotruncana arca (Cushman), G. falsostuarti Sigal,
Globotruncanita  stuartiformis  (Dalbiez), ~Rugoglobigerina
rugosa (Plummer). Common species are Heterohelix globulosa
(Ehrenberg),  Laeviheterohelix ~ dentata  (Stenestad),
Racemiguembelina fructicosa (Egger), Globotruncana roseta
(Carsey),  Globotruncanita  stuarti  (de  Lapparent),
Abathomphalus  mayaroensis  (Boll). Rare or single
contributors  like  Heterohelix  rajagopalani  (Govindan),
Planoglobulina  carseyae  (Plummer),  Pseudotextularia
intermedia de Klasz, Pseudoguembelina palpebra Bronnimann
and Brown, Contusotruncana  contusa  (Cushman),
Globotruncana aegyptiaca Nakkady, Globotruncanita conica
(White), Globotruncanella citae (Boll), G. havanensis
(Voorwijk), G. petaloidea (Gandolfi), Rugoglobigerina
hexacamerata Bronnimann, R. macrocephalla Bronnimann
also occur. All of the above listed species disappear at a level
of +3 cm which corresponds to the upper limit of the K/T
boundary clay layer.

Survivors

A total 7 Cretaceous species may be considered as possible
survivors. The most characteristic amongst them are
Heterohelix navaroensis Loeblich, H. planata (Cushman),
Laeviheterohelix glabrans (Cushman), and L. pulchra
(Brotzen), which were found in the whole studied 10 m long
interval. They are comparatively abundant in the Cretaceous
part of the section, while above the boundary layer they
become rare or single. Another two Cretaceous forms -
Muricohedbergella ~ holmdelensis ~ (Olson) and M.
monmouthensis (Olson) could be referred to the group of
survivors. They are rare in the Cretaceous samples and rare or
single in the Paleocene. Their representatives disappear at a
level of +3.0 m.
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Fig. 2. Stratigraphic range of the planktic foraminiferal taxa from the K/T boundary interval in Tsiganskiya Dol near Kladorub Village

The last survivor in the section near Kladorub Village is the
triserial Guembelitria cretacea Cushman. It is absent in the
Cretaceous samples, but occur in the lowermost Paleocene
just after the main planktic foraminiferal extinction event.

Paleocene forms

The lowermost 5 m of the Paleocene section, are marked by
lower taxonomical diversity than the uppermost Cretaceous
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interval - about 17 typical Paleocene species (Fig. 2). In the
first Paleocene sample Parvulorugoglobigerina eugubina
(Luterbacher & Premoli Silva), Pv. sabina (Luterbacher &
Premoli  Silva), Chilloguembelina morsei  (Kline) and
Woodringina claytonensis Loeblich & Tappan occur, as
parvulorugoglobigerinids ~ dominate  strongly in  the
assemblages. Immediately above this level, mass occurrence
of eoglobigerinids was established. They are represented by




Eoglobigerina fringa (Subbotina), Eo. eobulloides (Morozova),
Eo. edita (Subbotina), Eo. simplicissima (Blow). Together with
these species, the first occurrence of Chilloguembelina
midwayensis (Cushman) was noted. The diversity of the
assemblages at the higher levels continues to increase with
the occurrence of Globanomalina archaeocompressa (Blow)
and Parasubbotina pseudobulloides (Plummer), as the
occurrence of the first taxon precedes the occurrence of the
second one. At the level of the first occurrence of
Parasubbotina pseudobulloides (Plummer) (+1,5 m) the sizes
of all planktic foraminifers are smaller than 125 ym. This crisis
in planktic foraminiferal sizes was observed up to the top of the
studied section (+5,0 m). At the base of the same interval,
changes in the assemblage composition were observed. On
one hand, parvulorugoglobigerinids disappear, and on the
other hand the hbiserial and triserial planktic foraminifers
become dominating component. In the larger size fractions
(>200 um) we found Upper Cretaceous taxa only, probably
reworked. In the upper part of the interval between +3,5 and
+5,0 m FAD of species such as, Parasubbotina varianta
(Subbotina), Globanomalina planocompressa (Shutskaya),
Eoglobigerina  spiralis ~ (Bolli), Praemurica inconstans
(Subbotina) and single  Globoconusa  daubjergensis
(Broennimann) was noted. At the top of the 5 m Paleocene
interval, FAD of Subbotina triloculinoides (Plummer) was
found.

Biostratigraphical notes

Three zones were defined in the 10 m Upper Cretaceous-
Paleocene studied section (Figs. 1, 2): Abathomphalus
mayaroensis,  Parvularugoglobigerina  eugubina  and
Parasubbotina pseudobulloides.

Abathomphalus mayaroensis Interval Zone

Definition. The interval from FAD of Abathomphalus
mayaroensis (Bolli) to the extinction of most of Cretaceous
taxa.

Remarks. The zone corresponds to the zone of the same
name of Premoli Silva, Verga (2004). In Tsiganskiya Dol
section we distinguished the upper part of the zone, as it
comprises the whole 5 m studied Cretaceous interval.

Parvularugoglobigerina eugubina Interval Zone

Definition. The interval from FAD of Parvulorugoglobigerina
eugubina (Luterbacher & Premoli Silva) to FAD of
Parasubbotina pseudobulloides (Plummer).

Remarks. The zone corresponds to the zone of the same
name in El Kef section (Arenillas, et al., 2000) and with P£
Zone of Blow (1979), but it differs from the P£ Zone of
Berggren et al. (1995). In Tsiganskiya Dol section, the zone
includes the interval from 0 to +1,5 m above the K/T boundary.

Parasubbotina pseudobulloides Interval Zone
Definition. The interval from FAD of Parasubbotina

pseudobulloides  (Plummer) to FAD of Globanomalina
compressa (Plummer).
Remarks. The zone corresponds to Parasubbotina

pseudobulloides Zone (Arenillas, et al., 2000, 2004),
Globigerina pseudobulloides Zone (Bolli, 1966) and P1a Zone
(Blow, 1979). In the studied 5 m Paleocene interval in
Tsiganskiya Dol section we found out the lower part of the
zone, covering the interval between +1,5 and +5,0 above the
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KIT boundary. This interval corresponds to Eoglobigerina
trivialis Subzone (Arenillas et al., 2004). It was distinguished
between two distinct events — FAD of Parasubbotina
pseudobulloides  (Plummer) and FAD of Subbotina
triloculinoides (Plummer).

Conclusions

The Cretaceous/Tertiary boundary interval in Tsiganskiya Dol
SE of Kladorub Village (Vidin District) was investigated from
planktic foraminiferal point of view. The well-exposed Upper
Cretaceous-Paleocene sequence contains well preserved
planktic foraminiferal assemblages which allowed us to
elucidate the taxonomical changes in this interval.

Rich and diverse Upper Cretaceous assemblages (over 30
species), showing uniform taxonomical composition and
structure, were established in the 5 m interval below the K/IT
boundary layer. About of 80% of them become extinct at the
K/T boundary. 7 taxa only could be considered as survivors.
We ignored the presence of Cretaceous specimens, larger
than 200 um, found in single samples above the boundary
layer. They were assumed to have been reworked and hence
were not listed as survivors on Fig. 2.

The Paleocene planktic foraminiferal assemblages in the
upper 5 m of the studied section are of relatively low diversity —
17 typical Paleocene species have been established. Only two
of them — Parvulorugoglobigerina eugubina (Luterbacher &
Premoli Silva) and Pv. sabina (Luterbacher & Premoli Silva)
disappear in the studied interval, while the other ones continue
their development in the upper levels of the section.

The Paleocene section in Tsiganskiya Dol started with
Parvulorugoglobigerina eugubina Zone. Guembelitria cretacea
Zone cannot be discerned here like in other deep sea sections
(Olsson, Liu, 1993). Unique in a certain sense is the change in
the size of the typical Paleocene foraminifers. Most frequently,
at the base of the Paleoceneg, the test sizes are below 125 y —
for example Byala section, Goritsa section, etc. (Adatte et al.,
2002; Stoykova et al., 2004). In Tsiganskiya Dol section the
crisis in test sizes was observed in the upper levels of
Parvulorugoglobigerina eugubina Zone and lower levels of
Parasubbotina pseudobulloides Zone.

The first appearance of Parasubbotina pseudobulloides
(Plummer) is an event which precedes the extinction of
Parvulorugoglobigerina  eugubina (Luterbacher & Premoli
Silva). The appearance of Parasubbotina pseudobulloides
(Plummer) is clearly discernible event and it can be used more
successfully as a datum level. Therefore, we define the first
Paleocene planktic foraminiferal zone as an interval zone
unlike the cases, when Pv. eugubina Zone was defined as
Total Range zone and its upper boundary is marked by the
index taxon extinction (Berggren et al., 1995). By finding the
FAD of Parasubbotina pseudobulloides (Plummer) and
Subbotina triloculinoides (Plummer) it is proved that this part of
the section belongs to the lower part of Parasubbotina
pseudobulloides Zone.
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YNPABJIEHUE HA NMPOEKTU B TA3OCHABAABAHETO

leopau Hukonoe, Mapzapuma HalideHosa

Osepeas Wuk. ALl, Cocpus 1407

PE3IOME. B cbBpemeHHUTe HalMOHarHU MKOHOMKM eHepreTvkaTa 0BycriaBs TEMMOBETE Ha pa3BUTHE Ha BCSka CTpaHa. PasBUTMETO Ha euHHa rasocHabauTenHa
cucTeMa OCUTypsiBa EHEpruiiHa CUTypHOCT U e(heKTUBHO M3NON3BaHe Ha eHepruisita. MMpOeKkTUTe, CBbp3aHM C rasocHabasBaHeTo 0bXBallaT BCUYKM HWBA - OT
pa3paboTkaTa Ha HaxoauLia, MPOEKTUPaHETO W W3rPaXAAHETO Ha MaruCTpasiHW rasonpoBOAN W PasnpeaenuTeNiHU MPEXU, Ta3oM3MepBaTeNHU W ra3operynmpaLyy
CTaHLWM 10 JOCTaBKaTa Ha MPUPOAEH ra3 Ha KpaiiHyu knueHTW. TOBa ca MPOEKTU, KOUTO KaTo YHWKarHW NPOLECH Ce CbCTOSIT OT ChbBKYMHOCT OT KOOPAMHUPAHU U
ynpaBnsiBaHn AeMHOCTM, NpeAnpUeMaHu 3a NOCTUraHe Ha Liesl, CbOTBETCTBALLA Ha KOHKPETHW U3UCKBAHWS U OTPaHUYEHUs B CPOKOBE, LieHW U pecypcu. Kato npoekTu
C BMCOKA CTOMHOCT Ha eaHa Unu MHOXECTBO OT MPOMEHTNUBUTE CW — BUCOK PUCK, NPOABITKUTENHOCT, C rONAMO reorpadicko U TepuTOpuanHo nokpuTue, ¢ BUCOKa
LieHa, peanuaupyemy CbC CNOXHA OpraHM3aLMOHHA CTPYKTypa Ca COXHW MPOEKTM, 33 KOUTO CE TbPCAT MbBKABW WHOBALMOHHU /MHOBATWUBHM/ TEXHOMOMK 3a
ynpaereHve. YNpaBneHueTo Ha Tean MH(PACTPYKTYPHM, HEPSOKO MeXaYHapOoaHW 1 rnobanHu NpoeKkTV BKIYBA NNaHUPaHeTo, MPOCNeasBaHETO U KOHTPOITLT Ha
BCUYKW acrekTy, 3a fja Ce MOCTUrHaT LienuTe Ha MpoeKTa B pamKuTe Ha OnpedeneHoTo Bpeme, OIOKET, kauyecTBO M U3MbNHeHWe. PasrnegaHn ca tyHKumuTe
(NnaHupaHe, KOHTPON, aHann3, MOHUTOPYMHT, OLEHKa M T.H.) U MOACUCTEMUTE (ynpaBreHne Ha KayecTBOTO, BPEMETO, OLieHKa Ha PUCKOBETE M T.H.) MO OCHOBHUTE

(*)a3I/| Ha NPOEKTHUTE LIMKNK - OT MHULMUPAHETO U aHanu3a Ha MHBECTULMOHHUTE Bb3MOXHOCTU 0 peannsauuaTa Ha NpoekTnuTe B ra3ocHabasBaHeTo.

PROJECT MANAGEMENT IN GAS SUPPLY
Georgy Nikolov, Margarita Naydenova
OVERGAS Ink. AD, Sofia 1407

ABSTRACT. In the national economies nowadays the energy sector determines the growth rate of each country. The development of an integrated gas supply
system provides for energy security and efficient use of energy.

Gas supply related projects incorporate all levels - from gas fields development, designing and construction of mains and gas distribution networks, gas metering and
regulating stations to gas supply to end users. These are projects which, being unique processes, consist of a combination of coordinated and managed activities,
undertaken to achieve a goal matching specific requirements and limitations in terms of deadlines, prices and resources. As projects with high value of one or a
number of their variables - high risk, duration, high extent of geographic and territorial coverage, high costs, feasibility through complex organizational structure, they
are complex projects demanding innovative management technologies.

The management of these infrastructure, quite often international and global, projects involves planning, monitoring and control of all aspects so that the project goals
are achieved within the set time, budget, quality and implementation framework

The report deals with the functions (planning, control, analysis, monitoring, assessment etc.) and subsystems (quality control, time, risk assessment, etc) in terms of
the basic phases of the project cycles — from inception and analysis of investment possibilities to implementation of gas supply projects.

B cbBpeMeHHMTE HaLMOHamNHM WKOHOMMKW €EHepreTukaTa lasocHabauTenHarta cuctema (FC) BknOUBa M3TOUHWLMTE
obycraes TeMnoBeTE Ha pasBUTME HA BCsSKa CTpaHa. Ha npupogeH ras3 (ra3oBWTe, ra30KOHAEH3ATHUTE, ra3o-
BescnopHo TOBa TBbpAEHME BaXM M 3a HedTO-Ta30BUS HedbTeHMTe Haxoauwa), NPEHOCHUTE cucTEMM (MarucTpanHm
CEKTOp, KaTo oOnpedensw, 3a eHepreTukata. Bopelwmte rasonpoBOAM, TaHKEPEH TPAHCMOPT Ha BTEYHEH, CrbCTeH
CBETOBHM TEHAEHUMM 3a MOBWLLABAHe pOnsiTa Ha rasa Karo MPUPOLEH ras), ra3oxpaHUnuLLa, pasnpeaenuTenHn cucTemm 1
OCHOBEH  E€HEproHOCUTEN, OMpedenaT  3HAYeHWeTo  OT notpeburenute (cpur. 1).

WHTEH3MBHOTO pasBUTWE Ha rasocHabasBaHeTo M B CTpaHaTa
HWU.

Fobue
(Mupauina npepadoTia)
Tpancnopt
(nperoc)

N
GTL R
\  rasTewwoet
N -

lazocHabpsABaHeTO e ’CbBKYMHOCT OT [EeWHOCTUTE Mo
[00VB, NMPEHOC, CbXpaHeHue, pasnpeneneHne n JocTaBka Ha
MpMpogdeH ras, C Len OCUrypsBaHE Ha HyxauTe Ha ==
notpebutenute. O6eKTUTE 1 CbOPBLXEHUSITA 33 W3BbPLLBaHE

\
Ha Te3n OEHOCTY Ha TEPUTOPUSTA Ha BCAKA CTPaHa, kKoWTo ca
CBbp3aHW NOMeEXZy CW, YHKUMOHMpAT B  eduHHa -
rasocHabgurenHa cuctema ¢ obw, pexum Ha pabota.” _—
EavHHaTa rasocHabauTenHa cuctema e YacT OT eHepriiHaTa

cuUCTeMa Ha cTpaHata. PasBWUTWETO i ocurypsisa eHepruiHa

CUTYPHOCT U ed)eKTI/IBHO M3noJsi3BaHe Ha eHeprudTa.

Mo rasonposonu

®ur. 1. Cxema Ha rasocHabguTenHa cuctema
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Kato crioxHa #epapxiyHa cucTema, rasocHabautenHata
ciCTEeMa BKIMYBA MHOXECTBO MOACMCTEMM, MOCOYEHW Mo-
rope, BCAKa OT KOMTO MOXe ia Ce pasrnexaa oTaenHo: Ao6us,
CbXpaHsaBaHe, NPeHoc, pasnpeaeneHie, cHabaasaHe.

MpoekTute, cBBLP3aHW € rasocHabpsBaHeTo ob6xBaLyaT
BCWYKM HUBA - OT pa3paboTkata Ha HaxoauLla, NpOeKTUPaHeTo
W VW3rpaXhaHETO Ha  MarucTparnHW  rasonpoBogu U
pasnpefenuTenHu MPEXM, rasousmepBaTentm n
rasoperynupaLyy cTaHuuv [o AoCTaBkaTa Ha NpUpOLeH ras Ha
KpaitHu KnueHTW. ToBa Ca MPOEKTW, KOWTO Kato ,YHWUKamHM
npouecu ce CbCTOAT OT CbBKYMHOCT OT KOOPAMHMPaHWU W
ynpaBnsiBaHy AENHOCTM, NPEANpUEMaHM 3a NOCTUraHe Ha Len,
CbOTBETCTBALLA Ha KOHKPETHW M3WCKBAHUSI U OTPaHUYeHUs B
cpokose, Lenu 1 pecypen” (BAC-EN-ISO 9000).

XapakTepucTukUTE Ha Teau MpOeKTW BKMtouBaT: 06XBaT,
pasmep, puCK, Bpeme, LieHa, KayecTBO, OpraHu3auus,
TEXHOMOMMYHO HWBO, €CTeCTBO Ha paboTa, CNOXHOCT Ha
npoekta u ap. lNpoMeHnuBuTe, OT KOUTO 3aBMCU Yycrexa Ha
€0WH OTHeneH NpoekT - 00XBar, LieHa, BpeMe W KavecTBo, ca
CBbP3aHW B T. Hap. "MPUHUMN Ha YeTUpubIbiHUKa”. Cnopeq
Hal-HOBWUTE TEOPUM 3a YNPaBNEHWE Ha NPOEKTUTE, YCNEXbT Ha
npoekTa 3aBMCM OT MOBeye (DakTopu, OT MO-TOMAMO
MHOXECTBO MPOMEHnMBK, B T.M. reorpadpcku obxgar,
MKOHOMWYECKW CEKTOP, NPOeKTHa cpeda W ap., C OTYMTaHe Ha
TEXHWUTE B3aMOBPB3KM.

Cne,q Bb3HMUKBaHE Ha naeata 3a NpoekT, TA Ce OLeHABa KaTo
npuemnvBa edBa Cred  W3rOTBAHETO HA  KOMMIEKCEH
(TEXHWYECKW,  MKOHOMWYECKM,  THPrOBCKM,  EKONOMUYEH,
couparneH, OpraHu3auuOHeH) MPOEKTEH aHanus, LenTa Ha
KOUTO € OnpefensHe Ha pesynTaTuTe OT peanu3auusTa Ha
npoekta.  OcHoBeH  MOMeHT B  pabotata  npes
npeauHBECTUUMOHHATA (HavanHata) dhasa Ha npoekta €
paspaboTkata Ha TexHWKO-MkoHOMMYecka obocHoka (THO),
Mo YMMTO pesynTaTi ce Npuema MHBECTULMOHHO peLleHne U
npeLBapuTENHO Cbrracue 3a OCbLUECTBABaHe Ha NpoekTa. Ha
TO3M eTan ce pa3paboTsa u BK3HecnNaH — OCHOBEH JOKYMEHT,
no3BoMsBaLY fja e OLeHN 1 060CHOBe NpoekTa.

Bcekn npoekt, B T.M. M MpOeKTUTe, CBbp3aHN C
rasocHabasBaHETO Ce XxapakTepusupar C T.Hap. XM3HeH
LMKBI, KOWTO € CbBKYMHOCT OT (pa3nTe Ha NpoekTa W Cryxu
3a JeuHMpaHe Ha HayanmoTo W Kpas Ha MpoekTa.
PasgensHeTo Ha npoekta Ha (hasu ocurypsisa no-gobbp
KOHTPOI M NO3BOMsABA A0 ronaMa CTeneH fa ce yHuduumpar u
aBTOMATU3NPaT CXOOHWTE [EMHOCTM B WHA4Ye YHUKamHu
npoekTn. Beaka hasa 3aBbpliBa € OTYMTaHE Ha pesynTara
(otaeneH npogykt oT paboTtaTa, KOATO € NpOBEPSEM).
[MpoOBbIMKMTENHOCTTA M BAaXHOCTTa Ha BCsAka (pasa MOxe Aa
Bapupa B pa3nnyH1Te NPOEKTH, HO MO CbLUECTBO Ce pasgensT
Ha:

o (hbasa Ha MHMLWUMPaHE, B T.Y. NPOyYBaHe;
e (bas3a Ha NPOEKTMPaHE 1 OLEHKa;

o  (buHaHCOBO 0g0bpeEHME;

e (hasa Ha U3MbIHEHWE,

o TPUKITIOYBAHE.
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B3emaHe Ha pelweHune

Mperosopu

EkcnepTusa

KoHTpon Bbpxy
N3NBLIHEHMEeTO

PaboTHo npoekTupaHe

OueHKa 1 aHanu3 Ha
pe3ynrarute

Pa3spa6oTBaHe Ha ugesTal
KOHUENUUsATa Ha NpoekTa

®ur. 2. Cxema Ha npoekTeH uukbn (no Waren C. Baum “Project Cycle”,
u3paHve Ha CBeToBHaTa GaHka, 1993 r.)

ra3OCH86AMTeHHMTe CUCTEMW, KaKTO W NPOEKTUTE, CBBP3aHU
C T4X Ce XapaKkTepusunpar C:

e [JMHAaMW4Ha pa3HOpPOAHa OKONHa W nasapHa cpena;

o HEOMPedeneHocT W HUCKa TOYHOCT Ha  W3XoaHata
WHopmaLms;

e 3HAYUTENHW NO Pa3Mep UHBECTULMY;

e CMOXHOCT;

e HamMuMe Ha (PYHKUMOHArNHO WHTErpUpaHu 3agauu ¢
MHOBALMOHHU eNneMeHTH;

o HeobxogMMoCT OT Kagpu C BUCOKAa KBanudukauus B
pa3nuyHn obnacth — MapKeTUHr, NpOyYBaHe, MaHUpaHe,
NpoeKTUpaHe, CTPOMTENCTBO, (PUHAHCUpAHe, ynpaBneHue u
ap.; 5

o [bPXKaBHO PErynupaHe Ha 4acT OT [LEeWHOCTUTE: MPEHOC,
CbXpaHeHe, pasnpeseneHne 1 4ocTaBka Ha NPUPOAEH ras;

o HeobxogMMocT OT Obp3a peakuuss MpuU W3MEHeHWe Ha
nasapa;

 HeobXoAMMOCT OT KOOPAMHALMS B JENCTBUSTA HA NOBEYE OT
efHa OpraHu13aLus B MpoLieca Ha peanusaums Ha NPOEKTUTE;

XapakTepucTUKUTE  Ha  ra3ocHabauTenHute  cuCTEMM
nNpesonpefensT — npunaraHeTo Ha  MeTogonorusta  Ha
YnpaBneHueTo Ha MPOEKTU ,MeTogonors  3a

OpraHuaupaHe, NnnaHupaHe, PbKOBOAEHE, KOOPAMHWpaHe Ha
YOBELLKN W MaTepuarHW pecypcu B NPOAbIKEHME Ha
KU3HEHMS LIMKBIT HA NPOEKTa (HapuyaH OLLe NPOEKTEH LMKBA),
HacoyeHa KbM €C(eKTUBHO [OCTUraHE Ha HeroBuTe Lienu
nocpeacTBOM M3NON3BAHETO Ha CUCTeMA OT CbBPEMEHHU
MeToaW, TexHUKa W TEXHOMOTMW 3a  ynpaBNeHue 3a
noryyaBaHe Ha ONpedeneHn B MPOeKTa pesyntaTt OTHOCHO
cbCTaBa M obema Ha paboTuTe, CTOMHOCTTA, BPEMETO M
kavectBoTo” (Masyp 1 ap., 2004).

MpunoxeHMeTO Ha MeTogonoruATa 3a YnpaBneHWeTo Ha
npoekTh Be3ycroBHO € LienecbobpasHo 3a NPOEKTH, CBbP3aHu
C KOMYHUKALMOHHUTE, EHEepruiHUTE, CTPOUTENHUTE U LpYyru
TEXHOMOMMM, KOWTO CEe XapakTepusupaTl C [WHamuka B
passuTheto. MeToaute Ha YnpaBneHWETO Ha NPOEKTM
no3sonsiBaT eqeKTMBHO [a Ce YynpaBnsiBaT BPEMEBUTE,
KOMMYECTBEHUTE U Ka4yeCTBEHWUTE MmapameTpu Ha ObaewmTe
YHUKaMHU NpOLYKTW UIW YCAYrW, KOWTO We 6baaT cb3gaaeHu.



YnpaBneHeTo  Ha  MpOEKTM €  CbBKYMHOCT  OT
B3aIMOCBbP3aHM MNpoLeck, a BCEKM Npouec e cepust oT
JencTeus, Kouto BOAAT [0 pesynTar. [lpouecute ce
M3BbLPLUBAT OT XOpa W nornagat B €4Ha OT ABETe OCHOBHM
KaTeropuu:

o MpPOLIECU Ha YNpPaBMNEHUETO, CBLP3AHW C ONUCaHWE W
opraHu3uMpaHe Ha pabotata no npoekta; [pouecute Ha
yrpaBfeHue Ha MPOEeKTUTE Ca CBbp3aHu MNOMEXdy CU M
npoOTUYaT C pasfiiHa WHTEH3MBHOCT NPe3 BCWUYKM CTaauW Ha
MpoeKTa Mo Ha4WH, NOCOYeEH Ha ¢ur.3
(www.projectmanagement.ru).

o MpPOLIECH, OPUEHTUPAHU KbM NPOAYKTa, CBbP3aHU CbC
cneumdukaums 1 Cb3gaBaHe Ha MPOEKTHUS MPOSYKT Wnu
ycnyra. Te3u npouecu OnpedensiT JKU3HEHUS LWKbI Ha
NPOEKTa 1 3aBUCST OT 0BNACTUTE Ha NPUIOXKEHME.

Hig1a
poygca

3aspueate

Hnyppare

Hagano

kPan
®ur. 3. Cxema Ha thasuTe B npoLiecuTe Ha YnpaBneHue Ha NPoOeKTU.

B npoekTuTe, CBbP3aHM C rasocHabasBaHETO, NpoLecuTe Ha
YNPaBMeHMeTO M NPOLECHTE, OPUEHTMPaHW KbM MpoaykTa ce
Hacriareat v cv B3auUMOgelicTBaT.

®yHKUUMTE nNpW  yNpaBneHWETO Ha NPOeKTa, Kato
WHTEPAKTWBHA rpyna OT YNpaBMEHCKM 3aLbIKeHNsl, npunaraxm
BbB BCUYKW (ha3m OT LWKbNa Ha NPOEKTa, OT BCUYKM Y4aCTHULM
B MPOeKTa, 3a NocTuraHe Ha uenute Ha npoekta (Developa
Consult, Project Management), ca:

o YnpaBneHue Ha WHTerpuTeTa Ha MNpoeKTa — Onucea
npouecute, HeobXxomuMu 3a rapaHTMpaHe Ha NpaBWUIHOTO
KOOPAMHWpaHE Ha pa3nnyHUTE eNneMeHTU Ha npoekTa. CbeTou
ce 0T pa3paboTBaHe Ha NNaH Ha NPOEKTa, U3MbIHEHUETO MYy
LANOCTEH KOHTPON Ha MpoMsiHaTa My (3a rasonpoBOLHMTE
TOBa € CbLUHOCTTA Ha PIMS);

o YnpaBneHne Ha obxBata Ha NpoekTa onucea
npouecuTe, HeobxoaumMM Aa Ce rapaHTMpa BKMOYBaHE Ha
BCWYKM BWOOBE [EMHOCTM, KOSTO CE M3WCKBa, 33 Aa ce
MPUKMIOYM  yCrewHo npoekta. CbCcTOM Ce OT WHULMMpaHE,
nnaHupaHe Ha obxeaTa, geduHMpaHe Ha o0bxBaTa, NpoBepka
Ha 0bxBaTa 1 KOHTPON Ha NpoMsiHaTa Ha 06xBara;

« YnpaBreHue Ha BpeMeTO UM NPOALIKUTENHOCTTa Ha
npoekTa — OnK1CBa NpoLEecuTe, HeoBXoavMM 3a rapaHTUpaHe
Ha HABPEMEHHOTO W3MbHeHWe Ha npoekTta. CbcToM ce oT
onpefensHe Ha AeMHOCTWTe, TAXHaTa NOCNeA0BaATENHOCT W
KOHTPON Ha rpaciuka 3a U3MbIHEHNETO UM;

o YnpaBneHue Ha pa3xogute MO MpPoeKTa —  ONKUCBA
npouecute, HeobXoaUmMu fja ce rapaHTipa U3MbAHEHUETO Ha
NpoeKTa B pamMKuTe Ha yTBbpaeHus Giomxer. CbeTom ce oT
NnaHupaHe Ha pecypeuTe, OLEHKa, BHomKETUpPaHe U KOHTPON
Ha pa3xoauTe;

« YnpaBneHMe Ha KayeCTBOTO Ha MpoeKTa —  ONMCBa
npouecuTe, HeoGXoaMMM Aa Ce rapaHTvpa yooBNeTBOpsiBaHe
Ha HyXOuTe, 3apagu KoWTo e npueT npoekta. CbeTou ce ot
nnaHupaHe, rapaHTUpaHe 1 KOHTPOM Ha KAYecTBOTO;
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o YnpaBneHue Ha 4OBeWKWUTe pecypcu MO Mnpoekta -
onucea npolLecute, HeobGXooUMM fOa ce MOCTUHe Haii-
MbMHOLEHHO WM3MOMN3BaHe Ha XopaTa, BKIOYEHW B MPOEKTa.
CbCTOM Ce OT OpraHu3aUMOHHO MnaHupaHe, HabupaHe Ha
nepcoHar 1 pasBuTHe Ha ekvna;

« YnpaBneHue Ha VIHd)OpMaUMﬂTa M KOMYHUKauuute no
npoeKTa — onucea npouecute, Heobxogumu 3a rapaHTupaHe

Ha HaBPEMEHHOTO W TOYHO reHepupaHe, CbbMpaHe,
pPa3npocTpaHeHWe, CbXpaHeHWe U JoKanuaupaHe Ha
WHopmauusTa no npoekta. CbCTOM Ce OT NnaHupaHe Ha
KOMyHWKaLUMTe,  pasnpefereHne Ha  MHGopMauuaTa,
OTYMTaHe  Ha  M3MBIHEHWETO W 3AMWHWCTPATMBHO
MPUKIIOYBaHE;

. VnpaBneHMe Ha AO0CTaBAHETO Ha CTOKM WU ycnyru -
onucea npouecute, HeO6XO,ElVIMI/I 3a [0CTaBsAHe Ha CTOKM W
ycnyrn OT BbHLUHM OpraHu3aunyn 3a HyXgute Ha NpoekTa.
Cnerom ce ot nnaHnpaHe Ha LOCTaBKUTE Ha CTOKW W yCnyru,
nnaHnupaHe W opraHu3auna Ha Tbproee 3a onpenenaHe Ha
[0CTaByuLUKn, agMUHUCTPUPaHe M NPUKNKYBaHE Ha [0roBopu
3a A0CTaBKa Ha CTOKW U ycnyru (I/13KJ'I}O‘~II/1TeJ'IHa BaXXHOCT Mma

TOYHOCTTa Ha  chneuudvKauuutTe Ha  maTepuanu W
obopyasaHe);
« YnpaBneHue Ha pecypcute - OMKUCBA MpOLECUTE,

HeobXxoauMK 3a rapaHTMpaHe Ha pecypcuTe W 3anacute oT
T4X, HeOGXOﬂVIMI/I 3a U3NbIHEHNe Ha NpoekTa.

 YnpaBneHue Ha pucka no npoekKTa - ON1cBa NpoLecuTe,
CBbP3aHN C UOEHTUULMPAHE, aHanu3MpaHe W TpeTMpaHe Ha
puckoBeTe B npoekta. CbCTOM ce OT ugeHTUdMLMpaHe U
ONpegdensiHe Ha pasmepa Ha pucka, MiaHupaHe Ha OercTBus
3a npegoTBpaTABaHe M HEyTpanu3MpaHe Ha  pucka,
pa3paboTBaHe Ha AENCTBIA 3a TPETMPAHE Ha pucka N KOHTPON
(Hanpumep, puUCKbLT OT 3aMbpCsiBaHE Ha OKOMHata cpefa €
npeausBukan  yBenu4yaBaHe  Ha  MHBECTMUMMTE  3a
TpaHcansickuHckust Hedptonposog ¢ ~1 mrpa. $).

OnucBaHeTo Ha hyHKUMUTE (MfaHMpaHe, KOHTPOI, aHamnms,
MOHWUTOPWHT, OLEHKa W T.H.) U nogcucTemMuTe (ynpaBneHne Ha
Ka4yecTBOTO, BPEMETO, OLieHKA Ha PUCKOBETE M T.H.) MO
OCHOBHUTE (Pa3n Ha MPOEKTHUTE LWKMKM (OT WHULMMPAHETO W
aHanM3a  Ha  WHBECTMUMOHHUTE  Bb3MOXHOCTM [0
peanusauusTa) ca npegnocTaska M rapaHuMs 3a YCnewHoTo
ynpaBlieHne Ha NpoekTUTe B ra3ocHabasBaHeTo, BKMIOYBALLO
W YCNELLHOTO MM NMPUKIKOYBaHE.

3a ynpaBrneHMETO Ha MPOEKTUTE OT OTPOMHO 3HAYEHME €
W3MON3BaHOTO  MPOrpamMHO  ocurypsiaHe.  M3bopbT  Ha
nporpaMHM  MpOQYKTM  Mpegnornara  CbMOCTaBsHE  Ha
(OYHKLMOHAMHUTE Bb3MOXHOCTU C (DyHKLMUTE, W3MbIHABAHM
OT ynpaBnsBalLuTe NPOEKTUTE W TexHus ekun. 3a ga Obae
B3€TO pelleHne 3a n300p Ha MpOrpaMHO OCUrypsiBaHe €
HeoOXogMM  CpaBHWTENEH  aHanu3, He camo Mo
(OYHKUMOHANHNTE Bb3MOXHOCTH, HO W MO CbOTHOLLEHWE
LeHa/kayectBo. CbluecTByBaT pasfMyHM  MOXogW  Npu
knacvdukaums Ha NPOrpamMHOTO OCUTypsiBaHe 3a ynpaeneHue
Ha MpOeKTW, B T.M. MO CTOMHOCT M MO KOMWYECTBO Ha
NOAABbPXKAHUTE PYHKLMM Ha MPOGECMOHANHO M pabOoTHO HMBO.
Hait-pasnpocTpaHeHuTe Ha nasapa nporpamHu NpoaykTh 3a
ynpaBreHne Ha NpoekTUTe ca:

« Microsoft Project 2000, ¢ npoussoguten Microsoft
Corporation;



« Spider Project, ¢ npouseoguten Spider Technologies Group;
« Time Line 6.5., ¢ npoussoguten Time Line Solution
Corporation;

« Open Plan (Open Plan Professional, Open Plan Desktop
Open Plan Enterprise), ¢ npoussoguten WST Corporation;

« Primavera Project Planner 3.0, ¢ npoussoauten Primavera
Systems Inc.;

« Artemis Views, ¢ npoussoguten Artemis International u gp.

Cb3naBaHeTO M M3MOn3BaHeTo  Ha VHTErpupaHuTe
ynpaBneHCKn CUCTeMn W TexXHONOornu, OCHOBaBallM Ce Ha
CbBPEMEHHNTE NporpamHin CpeacTea ocurypaBa e(*)eKTVIBHOTO
ynpaeneHne Ha NPoeKTUTe.

3a fa ce rapaHTMpa YCnewwHoTO YnpaBneHne Ha NPOeKTUTE B
rasocHabpsBaHeTo e Heobxogumo Te [ga  Obpat
KaTeropuaupaHn NpaBuIiHO, KOETO LUE OCUIYpU Bb3MOXHOCT,
KaKTO 3a MpWnaraHeTo Ha LUMPOKO M3MOM3BaHW UM AoKasanu
eheKTMBHOCTTa CM npakTudeckn nogxoan, 6asvpaHu Ha
CbBPEMEHHUTE TEOPUN W Hait-gobpuTe CBETOBHM MPaKTUKK 3a
ynpaBrneHue Ha NPOEKTY, Taka M NpUnaraHeTo Ha cneyundunyeH
W HETPagMUMOHEH MOAXOA MNpU  YNPaBNEHWUETO  UM.
KnacudbmumpaHeTo Ha NpoeKTUTE MO CnegHUTe NpuaHauu:
mawabu (pasmepu) Ha npoekTa, CPOKOBE 3a peanusauus,
N3NUCKBAHNA KbM Ka4yeCTBOTO Ha W3MbJIHEHWETO, WU3UCKBAHUA
33 OrpaHMYeHne Ha pecypeuTe B CbBKYMHOCTTA Ha MPOEKTa,
CNOXHOCT Ha npoekTa, KOHCTPYKTMBHOTO U3MbIIHEHWE,
y4aCTHULMTE B NPOEKTa, MACTOTO M YCIIOBMSITA 3@ peann3aums
Ha MNpoekTa W N0 nNpuYnHaTa 3a Bb3HUKBAHETO MY,
000CHOBaBAT T. Hap. CreLyManHn NPoeKTH, KbM KOUTO cragat v
npoekTuTe 3a rasocHabaseaHe. B Tax eguH oT M3bpoeHuTe
(bakTopy urpae [LOMMHMpalla pons M u3nUckBa 0COGEHO
BHUMaHWe, a BIWSIHWETO Ha OCTaHanuTe chakTopu Cce
HeyTpanuaupa C NOMOLUTA Ha CTaH4ApTHM npouedypw 3a
KOHTpO.

B saBucumocT OT knacudmkauusita Ha BMOOBETE MPOEKTU
(Masyp, W., B. LWanupo, H.Onbaeporte, 2004), npoektute B
rasocHabasBaHeTo ca :

- N0 mawwab — mMeranpoexT;

- 10 CINOXHOCT — KOMMMEKCHO CIIOXHM;

- 10 CPOK Ha peanu3aLnst — AbAroCPOYHM;

- 10 U3NCKBaHMA KbM KaQ4eCTBOTO — De3aedhekTHM;

- MO MW3MCKBAHMS 3a OrpaHWYEHMe Ha  pecypeuTe
MYyNTUNPOEKTY;

- 10 XapaKTep Ha NpoekTa / MACTO M YCIIOBUS 3a peanu3aums
— HauMOHanHW (ObpXaBHM, TEPUTOPUANHK, MECTHW) WK
MEXAYHapOaHM (CbBMECTHM);

- M0 rnaBHa NpUYMHa 3a Bb3HWUKBAHETO UM — OTKPUBALLM HOBM
Bb3MOXHOCTH;

- MO y4aCTHWUMTe B MPOEKTa WM MeToauTe UM Ha pabota —
OpraHu13aLyOHHO-CIIOXHY ;

- 10 06EKT Ha MHBECTULMOHHATA AEAHOCT- MHBECTULIMOHHM.

Pa3paboTBaHeTO M pa3sBMTMETO Ha ra3ocHabaUTENnHWTE
CUCTEMM Ca CMOXHM MPOEKTW, 3a KOMTO MPU HANMMYUETO Ha
TEXHUYECKUTE, — OpraHU3aUMOHHM 1 PEeCypCHM  3afauu,
PELUEHMETO WM Mpeanonara M3nor3BaHeTo Ha HeTPUBUASTHM
MOAXOLM WNW MOBWLUEHM Pa3Xxoau, Hamp. W3nonseBaHe Ha
HETPaAULMOHHN TEXHOMOMM Ha CTPOUTENCTBOTO, 3HAUMTENEH
Opoii Ha yyaCTHMUM B MNpoekTa, CNOXHA CXemMa Ha
(hMHaHcKpaHe u ap.
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I'IpoeKTMTe B ra3ocHabasBaHeTo, BKMIOYUTENHO W Te3u,
KOWUTO Ce peanu3npar B CTpaHata HXM — OT pa3pa60TKaTa Ha
Haxoaulla, M3rpaxgaHeTo Ha NPeHOCHW U pasnpenenuTenHu
MpeXK, A0 OO0CTaBKaTa Ha NPUPOLAEH ras Ha KpaIZHI/I KIMUEHTU
Ce Xapaktepuaupat € peauta OTNUYUTENHU YepTu, KOUTO TU
onpeaenatr n Kato CroxHn MH(bpaCprKTypHVI MEeranpoekTu, a
MMEHHO:

« NPOABMKATENHA peanuaaums — Hag 5 roguHu;

e BWCOKa CTOMHOCT — Hag 1 MIH. NeBa — CTOTULM MUNWOHMK;

« KanuTanoemKocT — NoTpebHOCTTa OT (DMHAHCOBW CpeLCTBa
33 TakuBa NMPOEKTW, MO MPaBuWIo, W3MCKBAT HETPaLMULIMOHHN
(aKUMOHEPHK, CMeceHu M T.H.) ¢opMu Ha (UHaHCUpaHe,
0BMKHOBEHO YpE3 KOHCOPLIMYMMU;

« TpynoemkocT (Hag 100 xun. yoBekoyaca 3a NPOEKTUpaHe
1 MITH. YoBeKOYaca 3a CTPOUTENCTBO);

« HeobXoaMMOCT OT y4acTue Ha NOBEYE OT efHa CTPaHa;

« OTAANEYEHOCT Ha paloHUTE 3a peanusauus, CnegoBaTernHo
JOMbMHUTENHM Pa3Xoau 3a MHPPaCTPYKTYpa;

e BMMSIHME HA cOUManHata W WKOHOMMYecKaTa cpefa B
CTpaHarta Karo Lsno.

3atoBa nNpOEKTUTE B eHepreTMkata M B YacCTHOCT, B
HedpTorazoBata NPOMMWLLNIEHOCT Ca TUMMYHW MpUMEpU 3a
CMOXHW,  WHBECTMUMOHHW,  HEPSAKO  MEXAyHapomoHw
MEranpoeKTI. XapakTepHu NpUMepU 3a OTPacneBn EHEPruiHmn
MEranpoekT ca MpoekTuTe B rasocHabaseaHeTo. EAHM oT
Hal-ronemuTe MawabHu (KPYMHM) MPOEKTW, CBbP3aHU C
Pa3sBMTMETO Ha EAMHHI ra30TPAHCMOPTHM CUCTEMY Ca:

« [poekra ,CvH notok mexay Pycus n Typums no 4bHOTO Ha
YepHo mope;

« TpaHcKacnuickus ra3ompoBOf 3@ EKCMOPT Ha Kacmuicku
npupoaeH ras 3a Typuus u EBpona npes AsepbaimkaH — ¢
yyacTme Ha MexayHapogHu kopnopauun (Shell n PSG
International) n [pysuss, AsepbangxaH, TypKMEHWUCTaH K
Typuwus (oueHsisa ce Ha 2,5 mnpa. USD.);

« [poekrta ,HABYKO” - ot WpaHn po 3anagHa EBpona c
yyactmeto Ha Typums, bBbrrapus, PymbHus, YHrapus,
ABCTpUs, C NpoOrHo3HM kanauutet - 30 mnpg. md/rog. u
uneectuummn ~ 4,6 mnpg. USD;

« CeBepHO-eBpoONenckn  rasonpoBog
'epmaHus no AbHOTO Ha banTuiicko Mope;
« BreunsiBaHe v TpaHcnopT Ha ra3 ot LLlokmaHOBCKOTO ra3oBo
Haxoguule (Pycus);

« [asonposog Tomck-TeknH n ap.

mexgy Pycua u

®akTbT 32 CbLUECTBYBAaHETO Ha rnobanHu  npoekTy,
BKIOUMTENHO M B obnactTa Ha rasocHabasiBaHeTo Hanara
HyXgaTa OT Cb3daBaHETO Ha EAMHHW  MEeXZyHapogHU
cTaHgapTu 3a ynpaeneHue Ha npoektute. OTpaxeHneTo Ha
rnobanusaunsTa BbPXy YNPaBMNEHWETO Ha MPOEKTU ce
pasrnexga B [Ba OCHOBHW acnekTa: rnobanusauus Ha
npodecnsita PbKOBOAUTEN Ha MpOeKTa W peanusauust Ha
MHOXeCTBOTO rnobanHu npoekt W HeobxogumocT  OT
yHUULMPaHe Ha METOAWUTE 3a YNPaBNEHNETO UM. B momeHTa
CbLUECTBYBAT MHOXECTBO KBanudwvKkaumm M CTaHgapTu, C
pasnuyeH 00XBaT, CbbpXKaHWe W NpeaHasHayeHne, B T.4Y. Ha
MexayHapogHata — opraHuM3auus no  CTaH@apTw3auus,
MexayHapogHaTta acouuauns no ynpasfeHne Ha MpOeKTH,
Acousaumata no  ynpaBneHMe  Ha  MpOEKTM  Ha
Benukobputanus, CtaHgaptute Ha WHcTuTyTa 3a codtyep,
CraHgapt PRINCE 3a ynpaBneHMe Ha MpOEKTH B



KOHTpOnMpaHa cpefa W ap. 3a ynpaBneHue Ha NPOEKTUTE ca
ycraHoBeHu 6a3oBu craHgapTu: PMBOK Guide, 1ISO 10006,
BS 6079, DIN 69900, APM BOK, ICB, Prince 2 u T.H.
Pa3BUTMETO Ha MEXAYHALMOHAMHUTE KOHLEMLMM, OTHACSLLM
Ce [0 YNpaBneHWeTo Ha rnobanHuTe npoekTu Tpsbea Aa
ocurypu  edpektuBHa Gasa  3a  peanusupaHeTo  Ha
MeXOyHapoaHU WHULMATUBM Ha Ou3Heca W npaBuTENCTBaTa.
3a 0CbLLECTBSABAHE HA TPAHCTPaHUYHUTE MHULMATUBM TpsibBa
[a Ce YCTAHOBAT MpaKTWUKM 3@ YNpaBneHWe Ha MpoeKkTW Ha
HaLMOHaIHO, PErUOHANHO, MEXIyHapOLHO U rnobanHo HUBO.

B HauanoTto Ha 21 Bek, B CTpaHMTE C pa3BuTa NasapHa
WKOHOMWKA YNpaBMeHWeTO Ha MPOEKTUTe € MpecTaHano [a
Obae camo cpeacTBo 3a ynpaBrneHre Ha nocnesoBarenHocTTa
M TemMna Ha M3MbIHeHMe Ha pabotata, C Len HemHOTo
CBOEBPEMEHHO 3aBbpluBaHe. OnUTLT Ha pa3BUTUTE CTpaHy
(Tepmanus, Pycus, Anonus, Kutain, CALL v ap.) ceuaeTencTsa
3a TOBa, Ye cucTeMarta 3a ynpaBrneHue Ha NPOeKTH € MOLLHO
CpeacTBoO 3a M3X0La OT KPWUSMCHW CUTyauuu W e MeTOA 3a
pellaBaHe Ha MaLabHu Hay4HW, NPOU3BOLACTBEHM W COLMArHM
npobnemn. To e CPEACTBO 3a ynpaBreHue B U3MEHSILLM Ce
YCMOBMS W B pasBuBaliM Ce CWUCTEMU, B YCMOBMS Ha
HecTabunHOCT M HEONpedeneHocT, B YCroBus Ha cnabo
KOHTPOINMPYEM PBCT Ha LieHuTe U aeduuuT Ha pecypeute,
0TKa3 Ha [bpXaBaTa OT HEMOCPELCTBEHOTO PbKOBOACTBO Ha
NPOW3BOACTBEHO-CTONAHCKATE JEMHOCTM HA NPEANPUATUATA, B
YCMOBMS Ha MOSIBA HA YaCTHWM WHBECTUTOPHW, HecTabunHa
JaHbyHa cucTema u ap.

Bbp3o MpoMeHAWMAT ce CBAT, B KOWTO XMBEeM OKa3Ba
WU3KIIOYNTENHO BNUSHWE BbPXY Pa3BUTWUETO HA NPaKTUKUTE MO
ynpasneHne Ha npoektw. Otpacnute OT Haykata u
WKOHOMUYEeCKUTE 0BrnacTi, CBbP3aHW C YNPaBMEHWETO Ha
nNpoeKTK ce rnobanuanupar u uHTerpupar.

lMpoekTute B rasocHabasBaHETO, KaTo MPOEKTU C BMCOKA
CTOMHOCT Ha €[Ha WM MHOXECTBO OT MPOMEHNMBUTE CU —
BMCOK PWCK, MPOLBIVKUTENHOCT, C TONsMO reorpadcko K
TEPUTOPUANHO MOKPUTME, C BUCOKA LieHa, peanuanpyemn cbe

CrOXHa  OpraHM3aUMOHHa  CTPYKTypa  ca  CIOXHM,
WHGPACTPYKTYPHY, HEPSAAKO MEXOyHapoaHW U rrobanHu
MpoeKkTW.  YMpaBneHWeTO Ha Te3u NPOeKTM  BKIOYBaA

MpenopbyaHa 3a nybnukysaHe ot
Katenpa “CoHavpaHe 1 obus Ha HedT n ras’, Mo
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NNaHUpaHeTo, npocneaaABaHeTo W KOHTPOITbT Ha BCUYKKU
acCnekTn, 3a fia ce NOCTUrHaT LennTe Ha NpoeKkTa B pamMKnTe Ha
onpeneneHoTo Bpeme, OIOMKET, KAa4YecTBO M W3MbIHEHNE, 3a
KOMTO Ce TbpPCAT [IbBKaBM WHOBALWMOHHW TEXHOMNOrnMn 3a
ynpasneHune.

ToBa Hanara u NpakTMYECKK Beye NMOBEYETO YHUBEPCUTETU
BKNIOYBAT B CBOMTE Y4eOHM nporpamu AUCLMNNMHY, CBbP3aHu
C ynpaBreHue Ha NPOeKTUTe, MOArOTBAT CE W Ce 3allMTaBaT
MHOXeCTBO AucepTauum ¢ paspaboTku 3a  KOHKPETHM
MPUNOXEHMS, B T.4. U CBbP3aHN C YNPABNEHWETO Ha NPOEKTY B
rasocHabsBaHeTo.

lNutepatypa

BC EN ISO 9000, Cuctemu 3a ynpaBnieHue Ha KayecTBOTO,
OcHoBHM npuHUMAK 1 peyHuk (1ISO 9000:2000).

3abpoauH, t0. H., B. JI. Konukos, A. M. CapyxaHos. 2004.
YnpaeneHue HeghmezazocmpoumenbHbIMU  npoekmamu.
CospemeHHble KOHUenyuu, aghghekmugHbie Memolb! U
MexdyHapoOHb It onbim. M., dkoHoMuKa, 406 c.

VIHTEpHET CTpaHuuM Ha  upMK, MPOM3BOAUTEIKN
NporpamMHmM NPOAYKTH 3a yNpaBneHne Ha NPOEKTY:
http:// www.microsoft.com/ project;
http:// www.tssolution.com;
http:// www.wst.com; http:// www.primavera.msk.ru;

Masyp, W. W., B. [. Wanupo, H. I. Onbgeporte. 2004.
Ynpaene+ue npoekmamu. M., Omera -J1, 664 c.

MexayHapogHa opraHusauust 3a ynpaBfieHWe Ha npoekTuTe
(IPMA - International Project Management Association):
http://www.ipma.co.uk.

HauwoHanHa cTpaTterust 3a WHTErpUpaHo pasBuTWE Ha
WHpacTpykTypata Ha  Penybrwvka  bwbarapus  u
onepaTuBeH MfaH 3a M3nbiHeHwe 3a nepuopa 2006 —
2015.

Avraham S., Jonathan F., S. Globerson. Project management:
engineering, technology and implementation.

Develope Consult, Project Management — Get ready for
successful. http:// www.projectmanagement.ru

Ha
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CTAHOAPTU3ALIUATA U NUBEPATTU3ALIUATA B TASOCHABAABAHETO

leopau Hukonoe', CmaiikoTodopos’

'0sepeas Muk. ALl, Cocpus 1407

"MuHHo-2eonoxku yHugepcumem “Cs. Mear Puncku”, Cogpus 1700

PE3IOME. PasrnepmaHn ca HOBOCTUTE BbB BbBEfEHUTE B CTpaHaTa CTaHAapT 3a pasnpeferneHve W Maron3BaHe Ha NpUpoAeH ra3. AHanmuaupaHu ca
xapMmoHuavpaHuTte Esponeiticku u SO cTaHgapTM B obnactta Ha rasocHabpsBaHeTo. [lpocnieneHa € B3aWMHaTa Bpb3ka Mexay nvbepanusauusta Ha
rasocHabasiBaHeTo M MpouaTuyallata oT ToBa HeobxoguMocT, 0cBoGOXAaBaHETO Ha Masapa Aa GbAe CbMPOBOLEHO U3NPEBapBALLO ChC CHOTBETHU LEiCTBUS,
rapaHTUpaLLy cUrypHocTTa, 6e30nacHoCcTTa Ha ra3ocHab/isBaHETO U ONa3BaHeTo Ha OKoMHaTa cpefaa.

TMpennoXeHn ca MexaHn3My, JONPUHACALLM 3a pa3BUBaHe B NasapHM YCIOBUS Ha HafleXaHa 1 epeKTMBHA CUCTEMa Ha ra3ocHabasBaHe.

STANDARTIZATION AND LIBERALIZATION OF GAS SUPPLY

Georgy Nikolov?, Stoiko Todorov!
'OVERGAS Ink. AD, Sofia 1407
"University of Mining and Geology “St. Ivan Rilski’, Sofia 1700

ABSTRACT. The report deals with the novelties in the natural gas distribution and standards, introduced in the country. Analysis is made of the harmonized European
and ISO standards in the gas supply sphere. A study is made of the interrelation of gas supply liberalization and the ensuing necessity for the liberalization of the
market to be preemptively accompanied by adequate measures guaranteeing gas supply security and safety as well as environmental preservation.

Mechanisms are offered to promote a reliable and effective gas supply system in market conditions.

BbBepeHue

Bwvnrapckus uHCTUTYT 3a crangapTuiauus (BUAC) npomenm
cTatyTa CM OT opraH Ha [IbpxaBHaTa aaMWHUCTpaLns B
00LLeCcTBEHO-NpaBHa OpraHn3aums. ToBa CTaHa C BNM3aHETO B
cuna ot 5 man 2006rog. Ha HoBusi 3aKOH 3a HaLWoHanHaTa
cTaHaapTmsaums. C Tasu npomsiHa, BCWMKM CTPaHM MMaLuy
WHTEPEC OT JeHOCTTa NO CTaHAAPTM3aLMs MoraT Aa y4acTeat
B YNpaBMeHMeTO U TexHuYeckata paboTa Ha opraHusauusTa.
Pabotata Ha BEMC e opraHusupaHa aHanorM4yHoO Ha Tasu Ha
CEN n ISO, upe3 TexHu4eckn KOMUTETU W PabOTHU rpynu.
CraHpapTusaumusTa, kaTo [JedHOCT, HOCWM M3roda 3a LsmoTo
00LLEeCTBO, 3all0TO TS BOAM A0 NoaobpsiBaHe Ha KaYecTBOTO
Ha npeanaraHuTe  NpPOAYKTM M ychyrv,  MOBMLIABA
BesonacHocTTa, Nomara 3a Ona3BaHETO Ha OKornHaTa Cpeaa,
yBenu4yaBa KOHKypeHLMsTa Ha nasapa, pa3BuBa WKOHOMMKATA,
AaBa Bb3MOXHOCT 3a MPaKTUYECKO MPUMOXEHWE Ha HOBUTE
e(heKTUBHW TeXHOMOrMM, ycTaHoBsBa 0bLia TepMUHONOrMS 3a
CbOTBETHUTE MPOLYKTU W YCIIYTHL.

Yyacthuuute B pabotHuTe komuteTn Ha BUC ca Bucoko
kBanuduUMpaHn cneusanucTu B CboTBeTHaTta obnact. Te
MPEACTaBAT LWMPOKa 4YacT OT O0OLEeCTBEHOCTTa-4acTHU W
ObPXaBHU UPMN 1 OpraHN3aLuK, YIPEXOEHMS, PErynaTopHu
OpraHu, MpOM3BOAUTENW Ha MaTepuanu W obopyaBaHe,
YHUBEPCUTETH, Hay4YHO-M3CrefoBaTeNcky LieHTpoBe 1 ap. Mpw
Cb3[aBaHETO M BbBEXOAHETO HA HOBWUTE CTAHAAPTM Te3w
CMEUMannCT MOM3BaT WHXEHEPHW aHamMaW, HayydHn W
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eKCNepuMeHTanHn AaHHW KU pe3yntatu, Kakto U CBOA Gorart
NPaKTU4YEeCKM OnunT.

Ha 26 toHu 2003 roguHa Gewe npueta [upekTuBa Ha
EBponeiickus MapnameHT u Ha Cbeeta 2003/55. [inpekTuata
ycTaHoBsiBa 00K npaBuna 3a NpeHoca, pasnpeseneHueTo,
[0CTaBKkaTa 1 CbXpaHEHWETO Ha NPUPOAEH ra3. T npeacTass
npasunaTa 3a opraHu3auusTa 1 yHKLUOHUPAHETO Ha CeKTop
npupogeH ras, [JocTbna [0 Nasapa, Kputepunte ”
npoueaypute, KOMTO Ca MNPUIOXMMM 32 [aBaHETO Ha
paspelleHus 3a MPeHoC, pasnpederneHve, [ocTtaBka U
CbXpaHEHWe Ha MpUpOdeH ra3 U eKcnjoarauusta Ha
cuctemnte. BbBegenute craHgapth B obnactTa  Ha
rasocHabpsBaHeTo ca gobpa ocHoBa 3a NnubepanuavpaHe Ha
rasoBusi nasap, CbIMacHO [EeNCTBalMTe W3UCKBAaHUS Ha
[npektueata. Te npeacTasaT eauHHUS EBponencku kputepun
3a MPOM3BOACTBO, HE30MacHOCT, KaYecTBO M CbOTBETCTBME Ha
NPOAYKTATE W yCryruTe.

OCHOBHM CTaHAAPTH 3a pasnpeaeneHue u
W3NON3BaHe Ha NPUPOAEH ras

B nocnepHuTe Hskomnko roguHu 6s1xa BbBEAEHU peauLa HOBY
CTaHoapTM B obrnactTa Ha  rasocHabasBaHETO  OT
TexHnyeckute  komutetn  (TK60) "TasocHabgsisaHe w
rasonotpebnenve”, (TK 8) " MasoBu ypeau, rasosu GYTUMKK 1



apmartypa 3a rasoBu ypeau. brutosy ypeau Ha TBbPLO M TEYHO
ropueo” , (TK 30) “3aBapsizaHe Ha MaTepuanute” n ap.

B obnacTTa Ha rasocHabasiBaHeTo OCHOBHA e ponsTa Ha TK
60. [enHocTTa Ha KOMUTETA BKMHOYBA BbBEXJaHE Ha
CTaHaapT B obnactta Ha:  pgobuea,  npeHoca,
pasnpeaeneHneTo 1 M3Non3BaHeTo Ha NPMPOAHMS ras.

BbBegeHuTe  HOBW  cTaHgap™® B cdepata  Ha
rasocHabasiBaHeTO ca MbBKaBO W HEOOXOAMMO CPEACTBO 3a
ycnewHo  (yHKUMOHWMpaHe  Ha  rasocHabauTenHuTe
NpeanpusTUs, [OeiHocTTa Ha (upMuTe M Nvuata  3a
MpoeKTUpaHe W CTPOWTENCTBO, OpraHWTe UM nuuata 3a
0pobpeHne, KOHTPON UM MpuemMaHe Ha ra3ocHabauTenHu
Mpexu. C Tesn CTaHmapTW WHTepecuTe Ha noTpeGuTenute,
[OCTaBYMLMTE Ha YCryrM M Ha OOLLECTBOTO kaTo LsArno ca
3aLUMTEHM B MAKCUMAasIHa CTEMEH.

B cbOTBeTCTBME C MPEACTOSALLOTO NPUCHEAMHSIBaHE Ha
PBbnrapus kbM EBponelickus cbios, € Heobxoaumo ycnyrata
no rasocHabasiBaHe Aa ObAae npegnaraHa Ha noTpebutenure ¢
Ka4yeCTBO CbOTBETCTBALLO HA W3MCKBAHWSATA U JOCTUXKEHUsATA
Ha eBponeickus M MexayHapodeH nasap. EgHo oT Haw-
e(*)eKTI/IBHI/ITe CpeAcTea B M3NbJIHEHNE Ha TOBa U3WNCKBaHE €
BbBEXOaHETO W CMa3BaHETO Ha W3NUCKBAaHWATaA Ha HOBUTE
XapmoHu3upanu Esponeiicku n ISO ctaHaapTv B obnactTa Ha
rasocHabasBaHeTo. Tesn CTaHgaptM TpsbBa fga Obgar

Bb3NPUETU  LUMPOKO W OCb3HaT, KaTo  06LIEeCTBEHO
Heobxoanmu.
YacT OT no-BaxHWTE  XapMOHM3MpaHn  EBponencku

CTaHaapTu B 0bnactTa Ha rasocHabasBaHeTo ca:
e BIC EN 1594 Cuctemnm 3a [ocTaBsHE Ha

ra3.TpubonpoBogn 3a  MakcumanHo — paboTHO

HansraHe Hag 16 bar. ®yHKUMOHAMHM U3WCKBAHWS.

Tosun cTaHgapT onucea obLmTe (yHKLUMOHAMHM M3NCKBAHNS
3a [JOCTaBsHe Ha ras no CTOMaHeHW TPbOONPOBOAHM CUCTEMM
W MOKPMBA [OManas3oH 3a MakcUManHo paboTHO HamsraHe
(MOP) no-Bucoko ot 16 bar. Tom ce npunara 3a TAXHOTO
NpOoeKTMpaHe, CTPOUTENCTBO, EKCTNoaTauus U CBbp3aHuTe C
TOBa acnekT 3a 6e30onacHOCT, OKOMHa cpefa U 0BLYeCTBEHO
3Mpase, 3a fja ocurypsisa 6e30macHo 1 CUrypHO AOCTaBAHE Ha
ras.

CTaHOapTeT € npunoxum 3a HoBM TpbbonpoBogn C
MakcumanHo pabotHo HanaraHe (MOP) Hag 16 bar 3a
npeHacsiHe Ha NpupopeH ras B cwoteetcTaue ¢ ISO 13686 npw
CUCTEMM 3a AOCTABAHE Ha ra3 Ha cyluaTta, KbaeTo:

- enemeHTUTe Ha TpbOOMpoBOAMTE Ca HanpaBeHu
OT HerervpaHa Wnu HUCKO-NernpaHa BbrnepoaHa

CTOMaHa;

- enemeHTUTe Ha TpbOOMpOBOAMTE Ca CBbP3aHH
ypes 3aBapki, raHUM UM MeXaHW4HM
CbeanHUTENY;

- TpbbONPOBOALT HE Ce Hamupa B pamkuUTe Ha
TbProBCKA MMM MPOMULLTIEHM MOMELLEHUS, KaTo
HepasfenHa 4acT OT MPOMWLLIIEH MpOLeC B Te3u
MOMELLEHNS,, C W3KMIYeHNe Ha Tpbbonposoau U
ChOPBXEHNS, 3aXpaHBalLW Te3U NMOMELLEHUS!;

- npoeKkTHaTa TEMNepaTypa Ha cucTeMara e Mexmy—
40 °C 1 +120 °C BKHOYUTEHO.
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e BAC EN 12732 Cucrtemum 3a [oOCTaBsSHE Ha
ra3.CTomMaHeHu 3aBapeHu ra3onpoBoay.

(DyHKLIMOHaI'IHM M3NCKBaHNA.

Tosn cTaHOapT CbAbpkKa WM3UCKBAHMS 3@ M3rOTBAHETO M
W3NWUTBAHETO Ha 3aBapeHM CbedauWHeHUs 3a WHCTanauum M
MOZM(UKALMM Ha CYX03eMHM CTOMaHeHu Tpbbonpoeoan u
TpbOONPOBOAHM MPEXM M3MNOMN3BaHM B CCTEMM 3a JOCTaBsHE
Ha ras, BKMIOUYMTENHO 0BCIyXBaLLM TPHOONPOBOAM, 32 BCUMKM
[ManasoHu HansraHe, 3a MPEHOC Ha NpPWUpOgdeH ras, B
cboTBeTcTBue ¢ ISO 13686.

BAC EN 10208-1:2000 CromaHeHn Tpbbu 3a
TpbOONpoOBOAM 3a NPEHOC Ha ropumu  pnymau.
TexHunyeckm ycnosus Ha goctaeka. Yact 1: Tpbbu ot
knac Ha kayectso A.

To3u eBponelick1 faBa TEXHUYECKUTE YCOBWS Ha LOCTaBka
Ha 3aBapeHu 1 6e3LueBHU TPbOW OT HenervpaHa cTomaHa. Toi
BKITIOYBA MO-LUMPOKA M3NCKBAHWS 3@ KAYeCTBO W U3NWUTBAHE B
cpaBHeHne ¢ Tean B EN 10208-2 u ce npunara 3a Tpbbwm,
KouTOo OOWMKHOBEHO Ce W3ron3BaT 3a TPaHCMopTUpaHe Ha
ropumu nynau.

e bBAC EN 10208-2: 2000 CrtomaHeHn Tpubu 3a
TpbbONPOBOAM 3@ MPEHOC Ha ropuMK  Iyuap.
TexHuuecku ycrosus Ha gocTaska. Yact 2: Tpsbu ot
Knac Ha kayectso B

To3u cTaHaapT AaBa TEXHUYECKUTE YCIOBUS HA AOCTaBKa Ha
Ge3LeBHM 1 3aBapeHn TpbOM OT HenerupaHa v nerupana (6es
HepbXgaema) cTomaHa. ToW BKMHYBA MO-BUCOKM M3UCKBAHWS
3a KayecTBO M n3nuTBaHe B cpaBHeHWe ¢ Teau B EN 10208
yacT 1. Te3n [JOMbIHWTENHM M3UCKBAHWS Ca Hampumep 3a
NIacTMYHOCT M OespaspywnTeneH KOHTpon, obuyaiHu 3a
MPEHOCHM TpBOONPOBOAN.

B[1C EN 10208-2 ce npunara 3a Tpbou, KOUTO Ce M3non3ear
3a TPaHCMopTUpaHe Ha ropuMn chnynam.

e bBAC EN 287-1:2000 Wanut 3a opobpsiaHe Ha

3aBapunun. 3aBapsiBaHe upe3 crtonsBaHe. Yact 1
CromaHm.
To3u cTaHAapT onpeaens OCHOBHWUTE M3WCKBaHWS, 06XxBaTuTe
Ha opoOpsiBaHe, YCMOBUSTA 3@ NMPOBEXOAHE Ha M3NUTUTE,
n3uckBaHusTa 3a opobpseaHe M cepTudMUMpaHe Ha
3aBapyMLM 33 3aBapsiBaHe Ha CTOMaHM Ype3 CTonsBaHe.

B[C EN 288-1:2000 Creuudnumpare 1 npusHaBaHe
Ha 3aBapb4HM NPOLLEAYPY 3a METamHN MaTepuani —
Yact 1. O6wm npaBuna 3a 3aBapsiBaHe 4pes
cTonsiBaHe

Tosu craHpapT onpedens obwwte npaBuna  3a
cneyndmumpaHeTo 1 0gobpeHNETO Ha 3aBapbYHK NpoLeasypH
3a MeTanHuW matepuanu. PasrnegaHute cneyudmkauuu Ha
3aBapbyHNTE NPOLEAYPU Ce U3NOoN3BaT B MPOM3BOACTBOTO OT
KOMNETEHTHW  3aBapynuyW,  CEPTUPUMLMPAHM  CbIACHO
CbOoTBeTHaTa yacT Ha EN 287.

e B[IC EN 288-2:2000 Cneuudmumpare 1 ogobperue
Ha 3aBapbyYHM NPOLEaYpY 3a METanHU mMaTepnanm —



Yact 2: Cneumndmkaums Ha 3aBapbyHa npoleaypa
3a eneKTPOALIroBO 3aBapsiBaHe.

Toan cTaHaapT onpefenst U3NUCKBaHUATA 3a CbbpXKaHUETO
Ha cneuudukaLMM Ha 3aBapbyHW NpoLedypu (3aBapbyHu
WHCTPYKLMM) 3a MPOLECH Ha EneKkTPOAbroBO 3aBapsiBaHe.
Cneuundmkaumsata Ha 3aBapbyHata npoueaypa (WPS) onucea
nogpobHo kak TpsbBa Aa Ce M3MbIHM AafeHa 3aBapbyHa
onepauust W BKMKYBa Lsnata Moaxoasila WHdopmaums 3a
paboTata no 3aBapsiBaHETO.

BIC EN 288-3:2000 Cneumduympare 1 ogobpeHie
Ha 3aBapbYHW NpoLieaypU 3a MeTanHu Matepuanu —
YacT 3: MsnuTBaHe Ha 3aBapbyHM Npoledypy 3a
€NeKTPOLBIoBO 3aBapsiBaHe Ha CTOMaHM.

Tosu craHmapT Onpedens HauuHuTe, M0 KOUTO eaHa
cneuvduKaLms Ha 3aBapbyHa Mpoledypa ce ofobpsiBa ypes
WU3NUTBAHWS Ha 3aBapbYHAaTa NPOLIeaypa.

CraHpapta onpefens ycrosusTa 3a MpoBexpaHe Ha
W3NUTBAHUSATA Ha 3aBapbyHaTa nmpouedypa M rpaHuuuTe Ha
BanMOHOCT Ha npueTa 3aBapbyHa npouedypa 3a BCUYKM
npakTU4ecku 3aBapbyHM  dedHocTM B obxBata Ha
napametpure.

To3n CTaHOapT Baxu 33 ENEeKTPO4broBO 3aBapsiBaHe Ha
cTOMaHu, 00XBalyallo crefHuTe NpoLecu Ha 3aBapsiBaHe
cbrnacHo EN 24063:

- 111 PbyHO enekTpogbroBOo 3aBapsiBaHe ¢ 0BMasaHu
enekTpoau;

- 114 Enektpogbroso 3aBapsisaHe ¢ TpbOEH enekTpogeH Ten
6e3 3almTeH ras;

- 121 MopchnocoBo 3aBapsiBaHe C ENEKTPOAEH TeN;

- 122 MopchnocoBo 3aBapsiBaHe C NEHTOB eNEKTPOA;

- 131 EneKTpogbroBo 3aBapsiBaHe C TOMsW, Ce MeTaneH
€reKkTpoaeH Ten B MHepTeH ras (MUI-3aBapsisaHe);

- 135 EneKTpogbroBo 3aBapsiBaHe C TOMsW, Ce MeTaneH
€reKkTpoaeH Ten B akTuBeH ras (MAI-3aBapsiBaHe);

- 136 Enektpogbroeo 3aBapsiBaHe ¢ TpbOEH €nekTpoaeH Ten B
aKTWBEH ras;

- 141 EnekTpoabroo 3aBapsiBaHe C BONpamoB eNnekTpos B
UHepTeH ras (BWI-3aeapsBaHe);

- 15 [nasmeHo 3aBapsiBaHe;

- [pyru 3aBapbyHK NPOLIECK MO CbIMacyBaHe.

BAC EN 12007-1:2000 Cuctemmn 3a gocTaBsiHe Ha
ras. TpbbompoBogM 3a MakcumanHo paboTHO
HanaraHe fo 16 bar sknoyutenHo. Yact 1: OcHOBHM
(hYHKLMOHAITHW NPEenopbKU.

To3u cTaHgapT onucea 06wWKTe (PYHKLMOHAIHN NMPENOpbK
3a TpubonpoBoaM 4O ToukaTa Ha JOCTaBka M CbLo Taka 3a
MoA3emMHWTE Cekumm Ha TpbbonpoBoga cred Toukata Ha
JOCTaBKa 3a MakcumarnHo paboTHa HanAraHe [0 U
BKMKOUNTENHO 16 bar 3a rasoobpasHu ropyea B CbOTBETCTBUE
¢ Tabrmua 1 Ha EN 437:1993. CraHpapTa ce oTHaca 3a
TAXHOTO ~ MPOEKTWpaHe,  CTPOMTENCTBO,  MyckaHe B
eKkcrioatauus,  CMpaHe  OT  ekcnnoatauus,  pabora,
TEXHUYECKO 0OCTy*BaHe, 0OHOBSIBaHE, paswWwMpsBaHe 1 Spyry
CBbP3aHu paboTu.

BAC EN 12007-2:2000 Cuctemmn 3a [ocTaBsiHe Ha
ra3. TpbbompoBogn 3a MakcumamHO paboTHO
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HandraHe no 16 bar BkniouutenHo. Yact 2:
Cneundmynm  (DyHKUMOHANMHM  MPEnopbkM — 3a
nonvetuneH (MOP go 10 bar BkntounTenHo).

To3an cTaHpapT onucea cneuuduuHnTE  YHKLMOHAMHM
npenopbku 3a norveTuneHosn (PE) Tpbbonposogn B
JOMbIIHEHNe KbM 06LLmuTe (hyHKLMOHANHM npenopbku Ha BAC
EN 12007-1:2000 3a:

a) makcumanHo paboTtHo HansraHe (MOP) o u
BKIloynTenHo 10 bar;
0) pabotHa Temnepatypa mexay -20°C n +40°C.

BAC EN 12007-3:2000 Cucremun 3a goctaBsHe Ha

ras. TpbbonpoBogu 3a MakcumanHo paboTHO
HansraHe o 16 bar BkntountenHo. Yact 3:
CreunduyHm  yHKUMOHANHM  MPenopbkuM — 3a

cromaHa (MOP go 10 bar BkntounTtenHo).

To3an cTaHpapT onucea cneuuduiHnTE  DYHKLMOHANHM
npenopbku 3a CcTomaHeHn Tpbbonposogu (MOP go 10 bar
BKMIOYMTENHO) B AOMbIHEHME KbM 0OWMTE (DYHKLMOHAMHM
npenopbku Ha BAC EN 12007-1: 2000.

Tol BKkMOYBA M3UCKBAHWA 3@ MPOEKTUPaHe CTPOMTENCTBO,
WHCMEKTMpPaHe Ha NOKPUTWETO, M3NUTBAHE MOA HansraHe.
[lapeHn ca MHOPMATUBHM MPUNOXEHUS 3a: CbXPaHABaHE,
MaHWNynupaHe M TPaHCMOpPTUPaHe; NPOBWCBaHE Ha TpBbOU U
n3uncnsiBaHe Ha gebennHarta Ha cTeHaTa.

BAC EN 12007-4:2000 Cuctemu 3a [JoCTaBsiHe Ha

ras. TpvbonmpoBogn 3a MakcumanHo paboTHO
HandaraHe no 16 bar BkniouutenHo. Yact 4:
CneundmyHn  GhyHKUMOHANHM  Mpenopbku  3a

PeHOBaLs (CaHupaHe).

Tosn craHpapT onucea cneuudmyHuTe  PYHKLMOHAMHM
Npenopbku 3a 06HOBSBAHE HA CbLUECTBYBALLM CUCTEMM TPHOM
B CUCTEMM 3a [JOCTaBKA Ha ra3 W BKIKOUBA HSKOM M3UCKBaHWS!
3a Mmatepuanu, pasnuyHu OT NNacTMacoBWTE, MOKPUTM OT
CEN/TC 155 "MnactmacoBn TpbbM W KaHanHM cuctemu’.
CTaHpapTbT € npefHasHayeH 3a npunaraHe BbB Bpb3ka C
BAC EN 12007-1: 2000. HacroswmsT cTaHaapT BKIOYBa
BbMPOCK  OTHOCHO:  MpOeKkTMpaHe  (0OWM  MOnoXeHus,
MOBMLIABAHE HA HanaraHeTo, M3BOp Ha TEXHOMorUs Ha
00OHOBsIBaHe, KOHCYNTaUWM C TPETW CTpaHu), CTPOUTENCTBO
(o6lm NMoMnoXeHMs, OEMOHTaX /MOBTOPHO CBbp3BaHE Ha
CeKUMM Ha cucTemMaTa 3a [JoCTaBka Ha ra3, MW3KOMHU
paboTn/Oe3TpaHLwenHn TEXHOMOruK), nonaraHe, W3NUTBaHe
nof HansraHe, NPeXBbprsiHE Ha obcnyXBalya NUHUS, nyckaHe
W CriMpaHe OT eKcrrnoaTauus, CUCTEMa Ha AOKYMEHTUpaHe.
MpunoxeHn ca: cxema Ha TexHonoruute 3a OOHOBSIBAHE,
NPeanMMCTBa N HEAOCTaTbLM Ha TEXHONOrMUTe 3a 0OHOBABAHE,
0OHOBSIBaHe C HempekbcHaTa WnM MNpekbcHaTa Tpboha,
obnuuoBaHe ¢ Tpbba HenoaewkHa crnobka, obnuuoBaHe ¢
BTBbpAMNA ce Ha MsICTO Tpbba, 0BHOBSIBaHE C B3pKBSIBaHE
WNW pasuenBaHe Ha CblUeCcTByBalla Tpbba, 0bHOBsBaHe ypes
W3ObpnBaHe WNM M3TNAacKBaHe Ha CblUeCTByBalla Tpbba,
PEMOHT Ha CbeANHEHNS 1 0BNMLIOBaHE CbC CMona.

BC EN 12327:2000 Cuctemu 3a [OCTaBsHE Ha ras.

W3nutBaHe noa HansraHe W mpouedypn 3a
BbBeXgaHe B ekcrnoaTauus.OyHKLUMOHANHM
WN3MCKBaHNS.



To3u cTaHgapT onucea obLMTe MPUHLMNK 32 U3NUTBAHE Nog,
HansraHe W BbBeXAaHe B eKkcnnoarauuMsl Ha CUCTEMM 3a
[OCTaBsIHE Ha ras, Taka kakto ca obxsaHaTv oT EBponeickute
(DYHKUMOHANHN cTaHaapT Ha TexHudeckn komuteTr CEN/TC
234, oceeH TpwbonpoBogu 3a crpagu cnopen EN 1775.
CneuunduumpannTe npouesypy ca NpuioKUMA 3a U3NUTBAHE
Ha SIKOCT, U3NUTBAHE Ha NITbTHOCT 1 KOMOMHWMPAHO U3NUTBaHE.

CraHgapTa pasrnexga: ManuteaHe nog HansraHe (00w
NOMOXEHUs:, Knacudukaums Ha MeToauTe 3a M3NUTBaHe,
XWMOPOCTaTUYHO ~ U3NWUTBAHE,  MHEBMATUYHO  W3NUTBaHE,
perucTpupaHe Ha  yTeYKW, NpPOTOKONM OT  W3NUTBaHE),
BbBexgaHe B ekcnnoarauus (00Wwm nonoxeHus/nnaHupaxe,
nyckaHe B eKCnnoatauus, ChnupaHe OT ekcrnnoataums).
MpunoxeHn ca uHcopmatueHO: Kputepumn 3a npogyxsaHe u
Cnucbk Ha ctaHpapTu Ha TC 234,

e B[IC EN 12186:2000 Cuctemu 3a gocTaBsHe Ha ras.
[a3operynatopHu  CTaHUMW 3a nogaBaHe U
pasnpeaeneHune. GyHKUMOHAMHW U3UCKBAHKS.

To3n CTaHAapT CbAbpxa CbOTBETHUTE  (DYHKLMOHAMHM
M3WUCKBAHMS 3a ra3operynaTopHuUTe CTaHLmMK, KOUMTo chopmmupar
4acT OT ras3oTpaHCcnopTHaTa UnK pasnpepenurenHa cuctema.
To e npunoxum 3a NPOEKTUPAHETO, MaTepuanure,
u3rpaxgaHero, U3NUTBAHETO, ekcnnoaraumsTa "
TEXHUYECKOTO 0OCNyXBaHe Ha ras3operynaTtopHuTe CTaHLuN.

CTaHLU/II/ITe, 3a KOUTO TO3W CTaHOapT € B Ccuna umar
MaKCUMarHo BXOOHO pabOoTHO HansraHe He HaABWLIABALLO
100 bar. 3a no-BMCOKO MaKCMManHO BXOQHO paboTHO
HansraHe TO3W CTaHOApPT MOXe fJa Ce W3nonsea, KaTto
PBLKOBOLCTBO.

e BMIC EN 12279:2000 asocHabautenHu cuctemu -
WHcTamaumm 3a  perynMpaHe Ha rasa Ha
oBcnyxBaLLm NMHUK - PYHKLMOHAMHM N3UCKBAHWS.

Tosn EBponeiicku CTaHAApT CbAbpXa Hal-BaxHUTE
(DYHKLMOHAIHW U3MCKBAHWS Ha WHCTanauumTe 3a perynupaxe
Ha HansraHeTo, CbCTaBsLLM YacT OT 0OCnyXBaLUTE NINHUN B
rasocHabgurenHute cuctemu. Tod €  MpUNoXuM  3a
npoekTMpaHe,  Marepuanu,  M3rpaxgaHe, — M3NUTBaHe,
eKcnnoaTauus U TeXHUYecko 0BCryXBaHe Ha WHCTanauuu 3a
perynuMpaHe Ha HansraHeTo, KOWTO CbCTaBAT 4acT OT
obcnyXBaLLmTE NMHWM 3a CHAOASBAHETO HA KUMMULLHM, BUCOKM
crpaay ¢ obLLecTBEH AOCTbI, ThProBCKM W Crpagm 3a CMECEHO
non3BaHe W 3a KOUTO ropHaTa rpaHula Ha MaKCUManHOTO
paboTHO HamsraHe € paBHa Ha Unu no-marnka ot 16 6apa, a
MPOEeKTHUSt 4ebUT € paBeH Ha unu no-masmbk ot 200 Nm3/h,

B craHgapta ce cbabpkKar  OCHOBHUTE  CUCTEMHM
M3NCKBaHWA 3a UHCTanauuu 3a perynnpaHe Ha HanaraHeTo.

3a MHCTanaumm 3a perynvupaHe Ha HansraHeto, ChCTaBsLLM
yact oT obcryXBawy fNMHUM C NPOEKTeH AebuT no-ronsm ot
200 Nm3/h, unu 3a paboTHO HansraHe ¢ MakcUMariHa ropHa
rpaHuua no-ronsma ot 16 6apa, ce npunara BAC EN 12186:
2000.
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e B/C EN 1555-1:2005 MnacTtmacosyu TpbOONPOBOAHH
cucTemu 3a rasocHabpssaHe. [MonueteneH (PE).
YacT 1: OB nonoxeHus.

CraHgapTbT onpefens obLyTe acnekTy Ha NoNMeTUIEHOBH
(PE)  TpvbompoBogHM  cuctemm B obnactta  Ha
rasocHabpsiBaHeTo. TOM onpefens CblO NapameTpute Ha
METOAMTE Ha U3NUTBaHe, NOCOYEH! B HACTOSILLYS CTAHAAPT.

CbBmecTHo ¢ apyrute vactu Ha BIC EN 1555 crangaptsT
ce npunara 3a Tpbou o1 nonuetunero (PE), cBbp3BaLLy YacTy
W BEHTUMM W TEXHUTE CbEeOMHEHUS W CbeAMHEHWSTa UM C
efeMeHTI OT Apyr MaTepuan, npeasuaeHn 3a U3nonasaHe npu
CnefHnUTe YCnoBus:

- Makc. paboTHO HansraHe, MOP, pmo 10 bar
BKIIOYUTENHO ;
- pabotHa Temnepatypa ot 20 °C, kaTo HOpMmanHa
Temneparypa.

e B[C EN 1555-2:2005 MNnactmacos TpbO0NpoBoaHM
cucTemu 3a rasocHabpseaHe. MonveteneH (PE).
Yacr 2: Tpwbu.

CraHgapTbT onpedens M3UCKBaHWSTa KbM  Tpubu OT
nonuetunex (PE) 3a TpubonpoBoaHu cuctemu B obnactra Ha
rasocHabpasBaHeTo. Toi onpeaens CblWoO napameTpute Ha
MeTOoAMTE Ha U3NUTBaHe, NMOCOYEeHN B HaCToALlMUA CTaHAapT.
TpbbuTe ca npeasuaeHu 3a M3NON3BaHe, CbrACHO YCoBUsTa
Ha BAC EN 1555-1: 2005

e B[IC EN 1555-3:2005 Mnactmacosu TpbOONPOBOAHM
cuctemn 3a rasocHabpssaHe. [lonmeteneH (PE).
YacT 3: Cebp3Bally yacTu.

CTaHpapTbT onpefens xapakTepucTUKUTE Ha CBbp3BaLLy
yacTu 3a 3aBapsiBaHe, u3pabotenu ot nonvetuneH (PE), kakto
W Ha CBbP3BALM YacTM 3a MeXaHWYHO CBbp3BaHe OT
nonuetuned (PE) unu gpyrn matepuanu 3a TpbbonpoBOAHM
cucTeMn 3a  rasocHabasBaHe. Tom onpedens  CbLo
napameTpuTe Ha METOAUTE Ha U3NUTBAHE, KOUTO Ca MOCOYEHN
B TO3X CTaHgapT. CBbp3BalMTe YacTu ca npeaBuaeHn 3a
u3nonseaHe cbrnacHo ycnosusTta Ha BAC EN 1555-1; 2005

Toau cTaHaapT ce npunara 3a cregHUTe BUGOBE CBbP3BALLM

YacTu;

- CBbp3BaLYy YacTu ¢ Mycu 3a eNeKTpo3aBapsiBaHe;

- CBbp3BaLLM YaCTV CbC Ceafa 3a ENeKTpo3aBapsiBaHe;

- CBbp3BalWy YacTM C [Magku kpauwa (3@ 4YemnHo
3aBapsiBaHe C HarpaT  enemMeHT M Mydu  3a
eNeKTpo3aBapsiBaHe);

- CBbp3BaLL/ YaCTX 32 MEXAHUYHO CBbP3BaHE.

e B[C EN 1555-4:2005 Mnactmacosu TpbOONPOBOAHM
cuctemn 3a rasocHabpssaHe. [lonvetenex (PE).
Yacr 4: BeHtunu.

CraHpapTbT onpegens M3WUCKBaHWSTa 3a BEHTWAM OT
nonvetuneH (PE) 3a TpbbonpoBogHM cuctemu  3a
rasocHabasBaHe, kakTo W napameTpure Ha MeToguTe Ha
n3nuTeaHe. BeHTunMTe ca npedBMaeHW 3a  M3NOn3BaHe
cbrnacHo ycnosusTa Ha BC EN 1555-1: 2005.



Tosu cTaHaapT ce npunara u 3a BeHTUNM 6e3 onpegeneHa
nocoka Ha MOTOKA, YMWTO TNagbk kpail unn Myda 3a
ereKTpo3aBapsiBaHe Ca NpeaHasHayeHu 3a 3aBapsiBaHe C
Tpbbu ot PE, cvoteetctBawm Ha BOAC EN 1555-2 6e3
CBbp3BallM YacTW WNM CbC CBbp3BalM Yactm oT PE,
cvoteeTcBalyy Ha BAC EN 1555-3.

Tasn vact Ha BJC EN 1555 ce npunara 3a BeHTMNM C
HOMUMHaneH auametsbp DN < 225 mwm.

BAC EN 1555-4:2005 Mnactmacosu Tp60NpoBOAHH
cuctemu 3a rasocHabpssaHe. [MonueteneH (PE).
Yact 5: [lpurogHocT 3a  u3nonseaHe Mo
npegHasHaveHue Ha cuctemara.

Tasn yact Ha BIC EN 1555 onpegens usuckeaHusaTa 3a

MPUrogHOCT 33 M3NON3BaHe MO  MNpegHasHayeHWe Ha
nonuetuneHosu (PE) TpbbonpoBoaHu cuctemm B obnactTa Ha
rasocHabgsBaHeto. Ta  onpegens  AeduHMUMMTE  3a
€reKkTpo3aBapsiBaHe, YenHo 3aBapsiBaHe U MeXaHW4HO
CBbp3BaHe.

Tosu cTaHaapT onpeaens MeToda 3a NOAroToBka Ha NpobHK
Tena, Npu cbbnaaBaHe Ha NPEMOPLKUTE 3a MOHTAX AafeHM
8 BC EN 12007-2:2000 1 u3nutBaHmusTa, KOUTO TpsibBa Aa ce
M3BBPLUAT C TE3W KOMNIEKTU 3a OLEHsIBaHE NPUrOAHOCTTa UM
3a uM3nonseaHe Mo npegHasHayeHMe B cuUcTemMata npw
HOPMarHM 1 EKCTPEMHM YCIOBUS.

MpeactaBeHuTe NO-TOPE  HOBW  CTaHAapTM  OTpassisar
AOCTUIHATOTO  HMBO Ha  HaykaTa, TexHomoruute W
NPOM3BOACTBEHMST ONUT B rasocHabasBaHeTo. Cb3gaaeHuTte
CTaHgapTuTe ca ¢ aobpa TeXHMYecka OCHOBA, HE3aBUCUMM,
WHAYCTPWAMNHO NPUNOXKUMI U OCHOBAHW HA KOHCEHCYC MeXay
BCWYKM y4acTHMUM. [lpunaraHeTo Ha TeaW cTaHgapTu e
NPeanocTaBka 3a BUCOKO KAvecTBO W e(eKTUBHOCT Ha
JleiHoCTUTE Nno rasocHabasiBaHe.

OcHoBHaTa uUen e nopobpsiBaHe U rapaHTUpaHe Ha
WHTerputeTa(UenocTta) Ha TpbOONPOBOAHMTE CUCTEMW B
UHTepec Ha obLuecTBeHaTa 6e30nacHoCT.

Nnbepanusauus, 6e3onacHOCT 1 onas3BaHe Ha
OKOMnHaTa cpega

Nvbepanu3aumsaTa Ha ra3oBus nasap 03Ha4yaBa npeanaraHe
Ha KOHKYPEHTHO CrocobHa ycnyra no NpeHoc, pasnpegeneHue,
[OCTaBKaTa W CbXpaHEHNETO Ha MPUPOLEH ra3 Ha nasapa. LLe
Ce MOSIBAT MHOXECTBO HOBM “Wrpaun’ Ha nubepanusupaHus
rasoB Masap, KOMTO Lie XenmasT fa npeanarat vacT ot
ycnyrute. ToBa Baxw ¢ 0cobeHo ronsima cuna 3a JenHocTuTe
pasnpeaeneHne 1 gocTaBka Ha npupopdeH ras B T.u. u LNG.
ToBa We [foBege OO BKMOYBAHE B AEUCTBME HA BCUYKM
MEXaHu3MK, BOAEWM [0 MOBULIABAHE HA Ka4yecTBOTO Ha
ycnyrata M HamansBaHe Ha HeiHaTa ueHa. Pasbupa ce,
CMOMeHaTUTe KOMMaHUM Lie MoraT Aa HaBns3aT Ha nasapa ¢
npeanaraHe Ha YCMyrute Ha Mo-HUCKM LeHu. Ho KkakBo
rapaHTVpa, Ye HUBOTO Ha kayecTBO M 6e3omacHocT e 6bae B
CbOTBETCTBUE C HYXANTE Ha 00LIECTBOTO?

Heobxogumo e ga ce nocTurHe ToueH banaHc MexXay BUCOKO
Ka4eCTBO Ha ycnyrute B CEKTop npupodeH ras w“
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CbOTBETCTBALLNUTE UM PA3YMHU N KOHKYPEHTHWN LIEHOBU HUBA.
TyK € OrpoMHata pond Ha CTaHaapTu3aunaTa, KoATo
YCTaHOBABA TEXHUYECKUTE KpUTEPUU 3a Be3sonacHo, CUTYpHO
HagaexaHo (byHKLI'MOHMpaHe Ha CUCTEMMUTE.

OT  KasaHOTO  creqga, Ye wuma  HeobXxogumocCT,
ocBoOOX/JaBaHeTO Ha nNasapa fJa Obae CbNpOBOAEHO
M3NpeBapBallo CbC CbLOTBETHW [EWCTBUS, rapaHTMpaLuu
CUrypHOCTTa, OesonacHoCTTa Ha rasocHabpsBaHeTo K
Onas3BaHeTo Ha OKOnHaTa cpeaa.

B MomeHTa wuma xapmonusupanu Esponeiickn u SO
cTaHgapTM B obnactTa Ha rasocHabasBaHeTo, kouTo ca
JOCTaTbYHM 33  rapaHTUpaHeTo Ha  Heobxogumata
DesonacHOCT Ha Yycnyrute noO MPeHoC, pasnpeaeneHue,
[0CTaBKa W CbXpaHeHWe Ha MPUPOLEH ras 1 exkcnnoarauusita
Ha cucTemute. Bbnpeku npenopbuMTEnHUS XapakTep Ha
CTaH4APTUTE OT U3KMIOYMTENHO 3HAYEHNE € U3NCKBaHMSATA Ha
TE3n cTaHaapTv fa Obaat cnassaHu OT BCUYKM Y4YaCTHULM B
npoueca. Tean M3NCKBaHMS Ca MUHUMAMNHO HeobxoaumuTe u
3aToBa MpWUMaraHeTo Ha  MO-CTPUKTHU  U3UCKBaHUS  3a
Be3onacHocT Ha cuctemmTe TpsbBa fja ce Hacbpyasa.

EgHa OT 3apauute Ha CUCTEMHWUTE OmepaTtopu, NOCOYEHU B
uneH 8 ot [lupekTuBaTa NOCTaHOBARA, Ye “[IbpxaBUTE-UNEHKN
MOraT Aa M3WUCKBaT OT OMepaTopuTe Ha NPEHOCHW CUCTEMM Aa
ce cbobpassBaT C MUHUMarHKU CTaHAAPTL 3a NOAAPBXKATa W
PasBMTMETO Ha MPeHocHaTa  CUCTEMA,  BKIOYUTENHO
KanauuTeTM 3a Cb3haBaHe Ha B3aUMHM BPb3KW.” CbLiOTO
M3WCKBaHE 3a CMa3BaHETO Ha MWUHUMarHW CTaHgapTh Tpsibea
[ia BaXu 1 3a ONepaTopuTe Ha pasnpesenuTenHu CUCTEMN.

Heobxogumo e fa ce cb3gage nogxogAawa cucrema 3a
npoBepka, OT CbOTBETHWTE  PErynaTtopHn  Bnactn W
KOMMNETEHTHN NWLA, Ha AEACTBUTENHUTE Bb3MOXHOCTM Ha
KOMNaHWMTE [AEACTBAlM B MOMEHTA, KaKTO W Ha Tesu
Kenaewy f[a npegnarat YCnyrM B CEKTOPUTE MPEHOC U
pasnpeaeneHne Ha npupogeH ra3 B T.4. u LNG. lNpasunata
TpabBa f[a Cca  OpUEHTWpaHM KbM  rapaHTMpaHe Ha
GesonacHocTTa M pga ca OOEKTMBHM, NpO3payHu M He-
AVCKPUMUHALMOHHM.

MpeanpuatusTa 3a NpUPOAEH a3 ca 3afbiKeHn [Ja
ocurypsieat  GesonacHa, 0OesaBapuiiHa M edeKTMBHA
eKkcnnoatauMss  Ha  rasocHabguTtenHute cuctemu. Toea
npegnonara Te [fa npuTexasaT Heobxogumute 3a LenTa
pecypcu; OpraH13aLMoHHN, (hYHKLMOHaHN u
agMUHWCTPATUBHU. Te3n pecypc € Moaxodswo fJa ce

obeguHaT B edwHHa  JOKymeHTMpaHa cuctema UYC-
WHTErpUpaHa yrpaBreHcka CUCTeMa 3@  rapaHTupaHe
CUTYpHOCTTa W e(DEKTMBHOCTTa Ha rasocHabauTenHute
cucTemu.

CnomeHaTaTa WHTerpupaHa ynpaBrneHcka cuctema e
creundmyHa 3a BCAKA KOMMaHWs B 3aBUCMMOCT  OT
npegnaraHara ycnyra. OCHOBHWTE MPWHUMNM Ha cucTemata
TpsibBa ga 6baart:

MPUIoXeHe Ha BMCOKOTEXHONOMAYHW CTaHaapTU B
NpeaBapuTenHOTO — NPOYYBaHe,  NMPOEKTUPAHETO,
CTPOWTENCTBOTO, NOAApbXKATa M eKkcrnoaTauusita
Ha ra3ocHabaAuTENHUTe CUCTEMM;

NpoBexaaHe Ha NpeaBapuUTenHu AefcTBIS, KOUTO [a
rapaHTMpaT MOAMbPXAHETO Ha MPUrOJHOCTTa Ha



cucremuTe B CbOTBETCTBME C TAXHOTO
npegHasHa4eHue;

e onpegenaHe  ponnute U OTTOBOPHOCTUTE  Ha
nepcoHana;,

00y4yeHue Ha nepcoHana;

pa3paboTBaHe Ha NpaBwna 3a JeiicTBIe B aBapuitHa
00CTaHoBKa;

pascrefBaHe Ha aBapuu.

C nomoLyTa Ha cucTeMaTa KoMnaHUMTe Lie JEMOHCTPUPAT:
npef KOMNETEHTHUTE BNacTW, Ye ca MPUNOKEHU
HeoOXoAMMUTE UM [OCTaTb4yHM  YMpaBnEHCKU W
OpraHW3aLMOHHM  MepompusiTWs, 3a fda  ce
NpefoTBpaTAT W KOHTPONMpaTt BB3MOXHM
WHUMOEHTU B T.4. 11 OrpaHM4yaBaHe Ha Bb3AelcTeie
M BbPXY XOpaTa 1 OkomHaTa Cpeaa;

TeXHWyeckata  Ges3omacHoCT,  HapeXgHocT U
WHTETpUTET Ha LsnaTa rasocHabauTenHa cUCTEMa,
nocTUrHaTM  4Ype3  MpPOEeKTUpaHe, CTPOUTENCTEO,
noaapbXka, eKCcrnoatauust W MHCMeKUMW No Haw-
BUCOKUTE MPUETU  TEXHWYECKN W3UCKBAHWS U
CTaHgapTy.

KomnaHuute pabotelyn Ha nubepanusupaHus rasos nasap
TpsibBa HeNpeKbCHATO 4a NOAAbPKAT M pa3BMBaT BUCOKO HUBO
Ha TEXHWYECKM 3HAHMS Ha CBOS MEpCoHan, Aa CneasTt
CbOTBETCTBMETO Ha NpOLEcKTe B KOMMNAHUSITA C U3NUCKBAHMSATA
Ha JelcTBalmTe Hapedbw, xapMoHu3upaHuTe EBponericku v
ISO craHgapT, MeXOyHapogHO Mpu3HaTUTE KogjoBe U
npakTvkm B 06nmacTTa, KakTo M pasBUTMETO Ha HOBUTE
TEXHOMOrMM 3a MPOEKTUPaHe, CTPOMTENCTBO, MOALPBXKA W
eKcnnoaTauus Ha rasocHabautentu cuctemu. MNpegnpustusata
3a npupoaeH ras Tpsbea fga pas3paboTAT MexaHusmu - 3a

MpenopbyaHa 3a nybnukysaHe ot
Katenpa “CoHaupare 1 obus Ha HedbT u ras’, [P
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npeanpuemMaHe Ha HesabaBHWM  KOpUrMpallM [encTeus 3a
NoAAbPXXaHe Ha WHTErpupaHata ynpasrneHcka cuctema (MYC)
B CbOTBETCTBME CbC CbBPEMEHHUTE U3UCKBAHMS.

N3Bogu

[Ovpektusata Ha Esponeiickus MapnameHT u Ha CbBeTa
2003/55 ycTaHOBsBa SICHW NpaBuna 3a Cb3daBaHe Ha pearHa
KOHKYPEHUMS 1 e(eKTUBHO (DYHKLUMOHMpaHe Ha rasoBws
nasap. PerynatopHute BnactM TpsbBa [fa  HanpassT
Bb3MOXHO MPaKTMYECKOTO MpunaraHe Ha [upekTuBata, Kato
Ce rapaHTupa B Hait-ronsima cteneH 6esonacHocTTa.

BbBexnaHeTo Ha efHakBM kpuTepun 3a 6e30MacHoCTTa KbM
BCUYKY MpennpusTUs 3a NPUPOLEH ras, Lie [oBeae O BUCOKO
HMBO Ha MPO3PAYHOCT U KOHKYPEHUWs Ha nubepanusupaHus
nasap. ToBa O3Ha4aBa €[OHAKBM M3WUCKBAHUS KbM BCUYKH,
pobpa basa 3a CpaBHUMOCT Ha npeanaraHuTe KOHKYPEHTHM
LieHW, HEBb3MOXXHOCT OT MOsIBA Ha CryyailHu “urpaun’ 1 karto
peaynTat nubepanu3vpaH rasoB nasap C rasocHabauTenHa
cucTema (yHKUMoHMpaLya 6e3onacHo, CUrypHO 1 HABEXAHO.

Nuteparypa

[upektusa Ha EBponetickusa MapnameHT 1 Ha Cbeeta 2003/55
- 0T 26 toHn 2003 rogmHa.

European technical specification CEN/TC 234 “Gas supply
system-frame of reference regarding Pipeline Integrity
Management System (PIMS)".
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MATEMATUYECKK MOAEN HA Bb3MOXHOTO 3AMBPCABAHE HA
NnoAnOBBLPXHOCTHOTO NMPOCTPAHCTBO MNP BPEMEHHO JEMOHUPAHE HA
BUTOBU OTNAQBLNU B PYOAHUK “4YKYPOBO”

Hukonati CmosiHos
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PE3IOME. PaspaboTeH e ABymMepeH MaTemaTU4ecku MOAEN Ha YCroBusiTa 3a [BKEHME Ha 3aMbpcuTeni B MOAMOBLPXHOCTHOTO MPOCTPAHCTBO B paiioHa Ha
BbTPELIHOTO Hacunulle Ha pyaHuk “Yykyposo”. ocpeacTeoM Modena e oLeHeHa ecTecTBeHaTa 3aluuTa, KOATO [jaBa reonoxkara OCHOBA Ha MpeAroxeHara
nnoLazka 3a BpeMeHHo enoH1pare Ha 61ToBn oTnaabLy. MporHosaTta 3a pa3vepuTe 1 CTENEHTa Ha Bb3MOXHOTO 3aMbpCsiIBaHE € HanpaBeHa Npu YCroBue, Ye Ha
nnoliafkata He ca W3rpageHu CTaHaapTHUTE 3a noaobHW 06eKT NPOTUBOMUNTPALMOHEH 3alUMTEH eKpaH, ApeHaxHa cUCTeMa 3a ynaBsHe Ha MocTbnunuTe B
AbnboynHa “cMeTUILHKW” BOAM M cucTeMa OT KaHanu 3a OTBEXAaHe Ha MOBbpXHOCTHWTEe Boau. PaboTtHaTta xwunoTesa npegnonara OLe, Ye NOMOXEHUTE BbPXY
3eMHaTa NoBbPXHOCT ‘Danu” ¢ GMTOBM OTNaAbLM Ca C HapylleHa W30Mauus W M3TM4aluTe OT TAX TEYHU EMUCUM HEMPeKbCHaToO Le ce WHUNTpUpaT B
HEBO/JOHACUTEHaTa YacT Ha HAaCUMNLLETO (B 30HaTa Ha aepauys).

A MATHEMATICAL MODEL OF THE POSSIBLE POLLUTION IN THE SUBSURFACE AREA CAUSED BY TEMPORARY
DEPOSITION OF WASTE MATERIALS IN MINE “CHUKUROVO”

Nikolay Stoyanov

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

ABSTRACT. A 2-D mathematical model is developed revealing the conditions determining the movement of pollutants in the subsurface area of mine “Chukurovo”.
The model is used for evaluating the natural protection provided by the geological basis of the site proposed for temporary deposition of waste materials. The spread
and the level of the possible pollution are prognosticated on the assumption that the site is not equipped with the standard for such type of regulated facilities
amenities that comprise insulating protective shield, drain system for catching infiltrated leachate and system of open channels for collecting surface water. The work
hypothesis suggests also that there is a breach in the cover of the waste bales stored on the surface and that volumes of leachate infiltrate continuously into the
unsaturated zone.

BbBeaeHue MaTemMaTuyeckn MOAeN 3a MpOrHo3upaHe Ha Bb3MOXHOTO
3aMbpcsiBaHe Ha MOAMOBbPXHOCTHOTO MPOCTPAHCTBO MpH
CoumanHata npaktuka B MOCNEAHWTE TOAMHU ybeauTesnHo BPEMEHHO [enoHMpaHe Ha GUTOBM OTMagbuy B paiioHa Ha
nokasBa, Ye NpobnembT ¢ GUTOBUTE OTNaabLM Ha rp.Codust e BBTPELUHOTO HacUnuile Ha pyAHUK “Hykyposo™. 3non3sataqa
U3KMIOUMTENHO TEXbK UM 338 CbXaneHue fMNCBaT SICHM paboTHa xunoTesa mpegnonara, Ye Ha nnoljaakara He ca
WHAMKaLWK, Ye Moxe B 6nnsko Gbaellue Aa HaMepy HsIKaKBO U3rpajieHn  CTaHpapTHUTE 3@ nomobHu  obekTu
3a[10BONIUTENHO pelleHre. EQHa oT npuunHuTe 3a ch3aanata MPOTUBOCUNTPALMOHEH 3aLUUTEH €KPaH, ApeHaxHa cucTema
ce CUTyaLys, € NPOBOKMPaHaTa NCX03a OT HeapryMeHTUpaHm 3a ynaBsiHe Ha NOCTbNUINTE B AbMGO4MHA “CMETULLHU" BOAN U
U3Ka3BHUS Ha eKO3aLMTHULM U HecnelnanucTy. TaxHaTa Tesa CMCTEMA OT KaHamnu 3a OTBEXAAHE Ha NMOBBbPXHOCTHUTE BOAW.
OOWMKHOBEHO Ce CBEXOa [0 akciMomaTta: “He3aBUCUMO OT B mogena e npueto ouje, Ye nonoxeHuTe Bbpxy 3emHaTa
XapaKTEPUCTUKUTE M eCTECTBEHATa 3alLUTEHOCT Ha reomnoxKa MOBBLPXHOCT “Danu”™ ¢ GuUTOBM OTNadbLM ca C HapyleHa
OCHOBa Ha AajeHa nnowjadka, W3rpaxaaHeTo Ha [eno 3a n3onauna un n3tuyaiymTe ot TaX Te4HU eMUCMn HenpekbCHaTo
oTnagbum Ou OOBEno A0 TpaiiHO 3aMbpcsiBaHe Ha OKOMHaTa e ce WHGpUNTpUpaT B HEBOJOHACUTEHaTa 4acT  Ha
cpepa, B TOBA YMCMO Ha MOBLPXHOCTHUTE M MOA3EMHUTE BOAM HacunuLleTo.

B paiioHa Ha obekTa’.

B [E/CTBATENHOCT, MHOMO OT HEMOTMBMPAHO OTXBbPIIEH!TE OOLwa xapakTepucTUKa Ha n3cneaBaHus 06eKkT
C neka pbka NnOWAaKA B  XWOPOTEOreonoKKA acneKT

npuTexaeaT HeobxogumuTe KayecTBa fga ObgaT W3non3saHm WacnepBaHusat 0bekT ce Hamupa Ha okono 30 km Ha
kaTo Aena 3a otnagbuu. W ToBa ybeautenHo ce pokasea C toro3anag ot rp. Codmst (cour. 1). B 06wy nnax Ton nonaga B
MoMoLITa Ha MaTemMaTWYecku MOZENM Ha ycrosusiTa 3a lMpexogHaTa MIaHMHCKO-KOTNOBMHHA obnacT, Ha rpaHuuarta
OBWKEHWe Ha  3aMbpcuTeny B NOAMOBLPXHOCTHOTO Mexgy JloseHcka nnmaHuHa u Mxtumancka CpegHa ropa.
MPOCTPAHCTBO 3a BCEKM KOHKpeTeH oDekT. B mogkpena Ha PenedbT € HUCKONMAHWHCKN C LEHYAALMOHHM 3apaBHEHOCTH
U3Ka3aHOTO TBbPLEHWe cTatuaTa npefcrass  [BYMEPEH ¢ BucoumHa ot 400 go 1200 m. CpegHata Temneparypa Ha
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Bb3gyxa npe3 roguHata e 80C, a cpegHata cyma Ha
nagHanuTe Banexu — okono 630 mm.

lopha Manuna
Enuu Menuu

p. flecroscka
Manvapeso

® NNOWARKA

Fabpa

3. Uckpp

®ur. 1. MecTononoxeHue Ha uscneaBaHus 06eKT

OBekTbT NONaga BbB BogocHopa Ha p. abpa, kosTo M3BKpa
Ha 3.5 km o1 43. Mckbp. Ta npemuHaBa npes egqHOMMEHHOTO
Ceno, Ccnen KoeTo TEYE HA CEBEPOM3TOK M Ce BMMBA B
p. JlecHoBcka. BopopenHata nuHMA Mmexgy BofocOGopHWTE
obnactn Ha p. Mabpa 1 s30BMpa € CbBCEM SCHO M3pa3eHa W
Hamb/IHO M3KNOYBa ABWXEHWEe Ha MNOBbPXHOCTHWM BOAM OT
obexTa KbM 513, Uckbp.

Mo-KOHKPETHO, OTpeAeHaTa 3a BPEMEHHO AEno Nrolaaka
33emMa OrpaHuyeHa TepUTopust OT BbTPELLHOTO HAaCUNULLE Ha
PYAHWUK “HyKypoBo”. XapaKTepHUTE 3a TO3W PaioH XMOPOMOXKM
YCMOBMS Ca MpeaMMHO  (DYHKUMSt  HA  WHTEH3WBHaTa
aHTponoreHHa genHoct. CTuyalymte BOAM Ce No ckaToBeTe Ha
OrpaxpaluuTe pyaHUKa Bb3BULLEHWS, NAAHANUTE Ha Herosata
TEPUTOPUS  BaNeXu W pyaHUYHUTE BOAM Ce  Cbbupat
nocpeacTeoOM — CMeuManHo — M3rpajeHa  cuctema  OT
XMLPOTEXHUYECKM CbOPBXEHWs. Tesn BogM Ce oTBexaaT B
peTeH3noHeH GacelH (BogocOOpHO e3epo), opmupaH Ha
ABHOTO Ha KoTnoBaHa (cour. 2). E3epoto e cbC 3HaumTeneH
006em 1 e HambIHO M3onMpaHo oT p. Mabpa u 3. Uckbp.

, naowaodka 3a

Nk 8pemeHHO dernoHupaHe.
e e ' pemeH3UOHeH 6aceliH
:\ P e — e 8‘06_0_669_8}'0‘33 -
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®ur. 2. 06w n3rneq Ha NnowaaKaTa 3a BPEMEHHO AeNnoHMpaHe Ha
OTNaAbLM B paiioHa Ha BLTPELLHOTO HacunuLye Ha pyaHuk “Yykyposo”

B reonoxkus CTpoex B pailoHa Ha BbTPELHOTO Hacunuile

y4yactea TBbpAe LUMPOK  CMEeKTbp OT  JIUTONOXKK
Pa3HOBMOHOCTN — TNIMHK, NEeCbYnMBW TNUHK, NPaxoBo-
NecbYnMBnU  TNIWHK, TJNIMHECTN  NACBYHWULUKW,  NACBYHWULM,

BbITMWHNA MPOCTONKM W ap. Te ce xapakrepusupar C
WU3KMIOYMTENHO HUCKA MPOHWULAEMOCT M U3rpafeHnTe OT TAX
XMOPOrEONOXKN EAMHNLM OBMKHOBEHO Ce Knacuduumpar Kato
MpaKTUYECKU “BOAOYNOPU”, HEBOZOHOCHN CTPYKTYpPW Unn cnabo

BOAOHOCHM Tena, YAUTO BOAHM pPecCypCn Ca HE3HaAYUTENHU U
HAMAT CTOMaHCKO 3Ha4YeHue.

Pesyntatute oT feTannHute npoyyBaHus AaBaT OCHOBaHWe
B CEeAMEHTWUTe, M3rpaxially reonoxkara OCHOBa Ha
nnowiagkata, fJa Ce OTAenaT TpU  HUCKO  PaHroBu
XMOPOTEONOXKA eauHuLM. B pamkute Ha HacumuweTo ce
pasrpaHnyaBaT eduH MPOHULAEM MnacT B ropHata 4acT Ha
paspesa (0o obnbounHa 10-15 m) u eouH cnabo npoHuLaem
nnactT B MO-YNMbTHEHWTE B  [gbnbounHa Mmatepuan.
KoednumeHTbT Ha ounTpauus B Te3n ABa Nnacta e HUCHK - OT
10" go 102 m/d. CegumeHTUTE OT NOANOXKATA, NPEACTaBEHN
OT anTepHUpaLLy NACBYHWALM, TAIMHECTU NACBYHULN, FIMHUA U1
BbITMWHA  NpOCMOMKK, ca ¢ 1-2 nopsgbka  MO-HUCKM
(OUNTPaLMOHHM XapakTEPUCTMKWN. B xmoporeonoxku acnekt
chopmupaHarta oT Tsx cnabo NpoHuLaeMa 30Ha npeacTaBnsiBa
BOZoHacuTeHa cnabonpoBofslla cpefa, KosiTo Moxe Aa ce
pasrnexga v kato npakTuyecku “sogoynop’”.

EcrectBOTO Ha [JeTepMuHMpaHuTe B paiioHa  Ha
pasrnexpaHus 0beKT XWAPOreonoXkW e4UHULM NPeanocTasst
CbBCE€M OrpaHM4eHOTO NPUCLCTBUE Ha NOA3EMHU BOAW. Tesn
BOAM Ce (hopmupaT [MaBHO B TANOTO Ha HacunuwieTo (B
npoHuUaemus 1 cnabonpoHuyaemmus nnact). mart ce3oHeH
Xapaktep M TBbpAe auHaMuyeH pexum. [pes ObKOOBHW
nepuoan 1 nNpu TONEeHEeTO Ha CHerosetTe 4acTt OT OTTUvalluTe
Cé B YallaTa Ha OTKPUTUA PYOHWK NOBBLPXHOCTHW BOAU Ce
WHUNTPUpaT B HacunaHute Matepuanu 1 opmupat
OesHanopeH nog3eMeH MOTOK, HAcOMeH MO Nocoka Ha
OCHOBHMSI OTBOAHWTEN — BOAOCOOPHOTO e3epo. [lopaaw
HUCKMS KOoeMLMEHT Ha dunTpaums Ha cpedaTa B 30HaTa Ha
aepauus npeMuHaBa CamO efHa MHOrO Marka 4act oT
NOBBLPXHOCTHUTE BOAM (okono 3-6%). [pyrata yacT ce oTTuya
nog dopmata Ha MOBBLPXHOCTHW MOTOLW, CREABAAKM HaKMOHa
Ha TepeHa. OCBEH OT WHGMNTPALMS Ha Bafexu M CKaToBM
BOAM, NMOA3EMHMTE BOAM Ce MOAXpaHBaT M OT HeobnuuoBaH
cvbupaTteneH KaHarn, KOMTO Mapkupa KOHTypa Ha BMCOKaTa
l0KHa rpaHnLa Ha OTKPUTUS PYOHUK W CbBKpa NOBbPXHOCTHUS
OTTOK, MABALL, OT tor. Marko BeposTHO e nog3eMH1Te Boau Aa
ce noaxpaHBeat 0T npemuHaBsaLlo Ha okono 300-400 m Ha tor
OT TO3W KaHan KopurMpaHo pycno Ha p. [abpa, Tbit kaTo
pekata Teye BbpXy CEAMMEHTU C MHOMO HWCKa NPOHMLIAEMOCT
(KBaTEpHEPHW AENyBUAMNHW TAIMHW 1 HEOTEHCKW CELYMEHTH).

Mpn Te3n ycnoBsus B rogulleH paspe3 NpUCHCTBMETO W
noBeJeHNeTO Ha MOA3EMHMTE BOAM B  HACUMWLLETO e
W3KIMIOYMTENHO AMHaMUYHO. TO € CBbp3aHO OCHOBHO C
NPOOBIKUTENHOCTTA W MHTEH3MBHOCTTa Ha NagHanuTe
BarnexXw W TOMEHEeTO Ha CHeroeTe. Mpy NO-NPOBITKMTENHN
ObXKOOBE W B MEpUOLA Ha CHEroToneHe B Hacuna ce (hopmupa
BO[IOHACWTEHA 30HA, KaTO HWBOTO Ha aKyMynupaHuTE B Hesl
NOA3EMHM Boam Cce konebae B LUMPOKM rpaHuum. 1o Bpeme Ha
MOCMERHOTO NpoyyBaHe (Mpe3 MeceuuTe AeKeMBPU-SHyapy
2005-2006 r.) TO € peructpupaHo Ha 5-10 m oT NoBbPXHOCTTA.
EovHcTBEHO npu €3epoTo TO € Ha AbnboumHa 1-2 m.
CTykTypata Ha (OpMMpaHMs B TAMOTO HAa HACWMMULIETO
BPEMEHEH NOA3EMEH MOTOK Ce KOHTpOnMpa OT BOJOCOOPHOTO
e3epo. [eHepanHata mocoka Ha 0Oe3HanopHus NOTOK €
Haco4eHa Ha ceBepouaToK. CpeaHUAT XULpPaBINYEH rPaaUEHT
€ CpaBHUTENHO BMCOK — Bapupa B pAgmanazoHa 0.01-0.05.
lMpeaBug HuckUTe (PUITPALMOHHM CBOWCTBA Ha HacunaHuTte
MaTtepuanu, ckopocTute Ha untpaums (no Darcy) ca Hickm —
okono 3x10° m/d. Bce nmak, He bGuBa Aa ce npomycka M



CblleCTByBaHeTO B ropHata crnaboynibTHeHa 4acT Ha
HaCMMULLETO (B MPOHMLAEMWs Nnact) Ha OrpaHW4eHu no
pa3mepy 30HW C NO-BMCOKA NPOHMLAeMOoCT. TyK Ha AbnboumHa
po 10 m B pesynTar Ha epO3VOHHM 1 CY(O3MOHHM NPOLIECH B
OTAENHM YacTM 0T  NOAMOBBLPXHOCTHOTO — MPOCTPAHCTBO
cpefara ca C Mo-BuCOKa OT CpefHara 3a nnacra akTuBHa
nopectocT. 10 Te3n No-NPOHULIAEMM 30HW Ce ApeHupa W YacT
OT Beye popMMUpaHns B Hacuna noa3eMeH noTok, KOMTO Ha no-
HACKM KOTM W3NW3a nop copMata Ha pascesHu unu
CbCPEJOTOMEHU W3BOPU. Tesn ecTeCTBEHW u3xogula Kato
fBMNEHWe Cca  W3KMOYMTENHO  KpaTKoTpailHu W umat
HesHaunTenHn nebut. Bnpouem, gopu B ycrnosusTa Ha
NMbIHOBOAME OOWMAT pa3xod Ha MOA3EMHWs MOTOK € He Mo-
ronsm ot 1-3 I/s. B 3acywnueu nepuogm, npn OTCbCTBME HA
noaxpaHBaHe, akyMmynupaHuTe B TANOTO Ha HACWMULIETO
NoA3eMHU BOAM MOCTENEHHO Ce ApeHupar Ha cesep-
CEBEPOM3TOK M TO 0CTaBa CyXo.

HeoreHckute cegumeHTH (cnabo npoHuuaemata 30Ha),
BbPXY KOWUTO € W3rpafieHo HacunuwieTo, npeacTaBnsasa eauH
MHOro fobpe m3gbpxaH B pervoHaneH nnaH “sogoynop”. Te
Ca BOJOHACUTEHU M eCTECTBEHO NPUTEXABAT HAKakBa Makap U
MHOMO HUCKa MNPOHMLAEMOCT, KoATo obaye e npeyka 3a
npoTUYaHe Ha ryuou, pecn. Ha Nog3eMHU BOAW WAW Ha
MOCTBLNBALUM OT MOBLPXHOCTTA Pa3TBOPU (Hamp. “CMETULLHW
BOAM). EAMHCTBEHO Ha ronmemy AbnOOYMHM B HEOreHckuTe
CEOVMEHTU Ca YCTaHOBEHW MHOFO Crabo BOJOHOCHU 30HM,
NPUBBP3aHM TNABHO KbM BBITIMLLHMTE NNACcTOBE U MPOCIONKA
WM KbM OTAENHW NiactoBe OT cnabocrnoeHn MACHYHULM.
AKymMynupaHuTe B TE3W 30HM NMOA3EMHU BOAM Ca B CbBCEM
HEe3HaYNTENHW KONMYecTBa U Ca MPaKTUYECKU HambiHO
M30MMPaHN eAHN OT pyru.

MaTtemaTtnyeckn moaenHu uscneaBaHus

NaBHa Lien Ha MaTeMaTYecKkUTe MOAENHN u3cneaBaHus e
Ja ce NporHoaupa Bb3MOXHOTO 3aMbPCABaHE Ha reonoxkaTa
OCHOBa Ha nnowaaka “YykypoBo — BbTPELHO Hacunuwe” npu
APacTM4HO  HecmasBaHe Ha HOPMAaTMBHO  YTBbpAeHaTa
TEXHOMOMS 32 BPEMEHHO eNOHMpaHe Ha BKUToBM OTNaLbUM.

MaTemaTnyeckusaT ~ MOAEN  pasrnexga  eKkcTpemHara
XMNoTes3a, CrMoped KOATO BbPXY reONokkaTa OCHOBA Ha
nrowaakata He e W3rpageH MpPOTMBOMUITTPALMOHEH EKpaH,
HAMa [peHaxHa cucTema 3a yrnaBsiHe Ha “CMETULHWTE” BOaM,
KaKTO M KaHanmW 3a OTBEX4aHe Ha MOBLPXHOCTHUTE BOAN.
Mpegnonara ce ouwe, 4Ye “GanupaHuTe” OTMagbUM ca C
HapylleHa M3onauust W W3TMYaLLMTE OT TAX TEYHU EMMCUM
Be3npensTcTBEHO Ce MHGUNTPUPAT B HEBOJOHACUTEHATa YacT
Ha HacuNULLETO (B T. Hap. 30Ha Ha aepauus).

lMocpeacTBOM CbCTaBEHWS MOLEN Ce CUMYNMUpaT YCroBusTa
3a pasnpoCTPaHeHUe Ha CUMHO MOABWKHUTE 3aMbpCUTEN MO
npuMepa Ha XropugHuTe WMOHW. HanpaeeHaTa nmporHosa 3a
Pa3BMTMETO 1 Bb3MOXHMS 0OXBaT Ha npouecute Ha
3aMbpcsiBaHe B NOAMNOBbPXHOCTHOTO MPOCTPAHCTBO B paiioHa
Ha obekTta obxBalla nepuog ot 100 roauHn. Ha ocHoBaTa Ha
MOLENHUTE pELUEHNs Ca OLEHEHM M CamMOnpeyvncTBaLnTe
€nocobHOCTYM Ha reonoXKaTa 0CHOBa Ha nrowlaakara.
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MeToauka un MHCTPYMEHTU 3a MaTemaTu4eCcKo moaenupaHe
Ha MUrpaunoHHUTE NpoLecu B 30HaTa Ha aepauua

3a mMogenupaHe Ha ycnoBusiTa 3a [JBWKEHWE Ha
3aMbpcuTENM B 30HAaTa Ha aepauus € U3NON3BaHa
paspaboteHata oT [eonoxkata cnyxba Ha CALL (USGS)
komnioTbpHa nporpama VS2DTI. [lporpamaTta u3non3sa
YMCMNOBM NPOLIESYPN MO KpaiHU Pasnuku 3a M3YMCrsABaHe Ha
(yHKLMATa Ha NOTOKA MOTOKA MO KNAcU4eckoTo ypaBHeHWe Ha
Richards, kaTo Bpb3kaTta Mexay BCMykBaluus noteHuywan ‘¥,
CbAbPXaHWETO Ha Brnara B NoyBaTa o W KoeduuueHTa Ha

BNaronpoBoAHOCT K ce mogenupa NocpeacTBoM (yHKLMUTE
npegnoxeHn ot van Genuchten (1980), Brooks and Corey
(1964), Haverkamp et al (1977) wm upe3 TabnuuHu
CTOAHOCTW.  HayanHute  XuapaBnuuyHW  ycroBus  ce
cneumduumMpaT CbC CTaTWYeH paBHOBECEH NpPOdMI, CbC
3ajafjeH  BCMyKBal, MOTEHUMAn WNM CbC  3ajapeHa
BNAaroHacUTeHoCT. [paHWyHUTE YCROBMS Ce CUMYNUpaT Ypes
3afjaBaHe Mo rpaHuLMTE Ha MogenHata obnacT Ha CTOMHOCTY
(Mnu Ha (PyHKUMS) Ha BCMYKBALLMS NOTEHLMan unu Ha obLims
Hanop, Ha pa3xofa, Ha MHGUNTPALMOHHOTO NoAxpaBaHe M
NOCPeaCTBOM TPaHWYHN ENEMEHTU C Bb3MOXHO MPOTUYaHE.
MpeHOCHT Ha BELLECTBO Ce On1CBa Ypes YMCIIOBO pelLlaBaHe B
KpaiHu pasnmukW Ha KOHBEKTUBHO-LVCMEPCHOHHOTO YPaBHEHME,
3anucaHo BbB Buaa (Bear, 1979):

MZV-95h~VC—V-9\_/C+SS (1)
kbaeto: © e obemHata BrnaroHacuteHoct, [-]; ¢ e
KOHLEHTpauusTa Ha CboTBEeTHUS 3ambpeuten, [ML3]; t e
Bpemeto, [T]; V e [audepeHUManHuaT — onepatop
o0 0 0 =

—+—+—,[L"]; Dn e TeH30pbT Ha XapoanHaMUyHaTa
oX oy oz

ancnepens, [L2T-1]; v e BEKTOPBT Ha CKOPOCTTa Ha ABWXEHME
Ha TeyHocTTa, [LT-; SS oTunTa Hair-06LL0 NOCTLNBAHETO UMK
HanycKkaHeTo Ha BELLECTBO B UMW OT TeyHaTa dasa, [ML3T-].

MogpobHa  WHQopMaUMs  OTHOCHO — W3NON3BaHMs B
anroputbMa  Ha  KOMMOTbpHata  nporpama  VS2DTI
MaTeMaT14YeCkn anapat U MeTOLMYECKN yKasaHWs 3a HENHOTO
npunaraHe ca fageHu B ronsm Bpoit NUTepaTypHU N3TOUHULM
(Lappala et al., 1987; Healy, 1990; CrosHos, 2005 1 gp.).

KoHuentyanen mogen

MaTemaTiyeckusT Moaen 3a NPOrHO3MpaHe Ha NoBeaeHNeTo
Ha 3aMbpcUTeNuUTe B 30HaTa Ha aepaums e paspaboTeH npu
CrefIH1Te NPeanocTaBKMy.

OO0ekT Ha pasrnexaaHe e reofioxkata OCHOBA Ha mnoLlaaka
“UYykypoBo — BbTpeLLHO Hacunuwwe” no npodun II-Il (ur. 2).
MpounbT € OpUeHTUPaH Mo HanpaBeHe Kr-CeBepon3Tok. B
HEroBWsl paspe3 Ca OTAENEHW TPU HUCKO  PaHroBu
XVOPOTEONOXKA ~ €OMHMLM:  MpoHWUaeM nnact, cnabo
NpoHWUaem nnact u cnabo npoHuuaema 30Ha. TaxHaTa
reomMeTpus ¥ (PUITPaLMOHHUTE WM  XapakTEPWUCTWKM ca
ONpEeeneHn no [aHHM OT COHO@KHOTO MpoyyBaHe U OT
onuTHO-mnTpaynoHHuTe Tectose (CtonHes u ap., 2006).
TpuTe XnOpPOreonoXkv eQMHNLM CE NPUEMAT KaTo €QHOPOAHN
Mo OTHOWeEHWE Ha (UNTPaLMOHHUTE MapameTpu, Tbil KaTo
CTOHOCTMTE UM B rpaHULMTE Ha BCsKa eAMHMLA BapupaT B
MHOTO TECHM AManasoHu. HesaBWCUMO OT MOMyyeHuTe OT



aBTopa B nabopaToOpHM YCnOBMSI BWCOKW CTOMHOCTW 33
copbLMOHHUTE CBOIICTBA Ha M3crneasaHuTe npobu, B Mogena
(c MHOro romsiM MHXEHepeH 3anac) ce npuema, Ye cpeparta
BbOOLLE He 3adbpka CUIHO MOABMXHUTE 3aMbPCUTENN U Te
cBoOOLHO MMrpupaT B NOANOBBPXHOCTHOTO MPOCTPAHCTBO.
ChblleBpeMeHHO, 3a [OMCMEPCHBHOCTTA Ha M3rpaxgalure
OCHOBaTa Ha nnowagkata CeauMMeHTM ca  W3NOon3BaHu
CTOMHOCTH, CboOpaseHn C LUTUpaHUTe B creuuanuaupaHara
nuTepatypa AaHHW 3a nogobeH Tvn cpepa (Garabedian et all,
1988; Gelhar et all, 1992 u gp.). B Tabn. 1 ca npescraBeHu
3ajafeHMTe B Mofgena  CPedHW  CTOAHOCTM  Ha
(OUNTPALMOHHUTE W MUIPALMOHHWTE MapameTpu Ha TpuTe
XMIPOTeONOXKM eauHULM — obLla NopecTocT N, NIbTHOCT Ha
ckeneTa pd, koeuuneHT Ha dunTpaums k, 3abassLy daktop
Rr, HagmbxHa [OWCMEPCMBHOCT oL M KOE(UUMEHT Ha
MonekynspHa audyaus Du.

Tabnuua 1
QunmpayuoHHU U Mu2payUoHHU napamempu Ha OCHOBHUME
XUGPO2E0NOXKU eOUHULU

XWOPOIrEONOXKA EANHULIA
MNAPAMETBP ﬂpOquaeM Cnabo Cnabo npo-
NpoHuLaem Huluaema
nnacr
nnacrt 30Ha
n, - 0.36 0.39 0.33
pd, g/lcm? 1.62 1.63 1.83
k, m/d 0.15 0.01 0.002
Ry, - 1 1 1
oL, m 3.5 1.0 0.75
Dw, m?/d 2x104 4x104 5x10+4

Cnopeg npuetata paboTHa xunoTesa, Ha TepUTOpMSTa Ha
nnoljagkata npu OTCbCTBME HA NPOTMBOMITPALMOHEH
eKpaH, Ha ApeHaxxHa CUCTeMA U Ha KaHanu 3a oTBeXaaHe Ha
MOBbPXHOCTHUTE BOAM, B NpogbiikeHue Ha 10 roguHu ot
JenoHupaHuTe oTnagbuu M3tTMyaT “cMeTtuiwHu’ Bogu. OT
BCUYKW CbObpXalLMTE Ce B Te3n BOAM PasNyHK MO BUA U
KOHLIEHTpaLMs 3aMbpCUTENM € YMECTHO [a Ce Mpocneau
MOBEJEHMETO Ha XMOPWUAHMTE WOHW, KOUTO Mopagu CBOsTa
KOHCEPBATMBHOCT Ca W3KMIOYATENHO NOABWXHW U Hali-TOYHO
MapKkupaT [paHUUMTE Ha Bb3MOXHOTO 3aMbpcsiBaHe B
MOANOBbPXHOCTHOTO NPOCTPAHCTBO.

B pervoHaneH nnaH OT MOBbPXHOCTTa B AbnboyMHa
MocTbNBAT OKOMO 5-6% OT nagHanuUTe Banexw, T.e. CKOPOCTTa
Ha wHuntpaums e W = 1x104 m/d. CbabpxaHueTo Ha
XOPUAHN WOHW B MHUATPUpaLLMTE Ce BanexHW Boau e
HE3HAYMTEITHO M 3a TAX MOXe Aa ce npueme, ye cc ~ 0 mg/l.
CoblyeBpeMeHHO, Ce mnpuema (C MHOro ronsm 3amnac), 4e
MocTbNBaLMTE B NPOABbIKEHe Ha 10 roguHu oT TeputopusTa
Ha nnowlagkaTa “cMeTULHU” Boaw ce uHgunTpupat ¢ 10 mbTy
no-ronsma ckopoct oT Banexhute — Wp = 1x10-3 m/d. Mpw
TOBA KOHL|EHTpaLusITa Ha XMOPWAHM MOHM B TE3M BOAW € MHOIO
ronsma — cci = 1000 mg/l. B mogena e npueto olle, Ye cneq
nbpeute 10 rOOWHM W3TUYAHETO Ha TEYHW emucun OT
[ENOHMpaHMTE OTnagblUy € JMKBMAMPAHO, TEpPeHbT €
MOYNCTEH U OT LAnaTa MOBbPXHOCT MOCTHNBAT E€4MHCTBEHO
umctn Bogm (cai = 0 mgll) cbe ckopoct W = 1x104 m/d.

164

Mpy Te3M HayamHu W TPaHWUYHW YCMOBWS MPOrHO3aTa 3a
pasnpoOCTPaHEHWETO HA  MOABWXKHUTE  3aMbpcuTENM €
HanpaBeHa B pa3fiyHU MOMEHTM OT BpeMe 3a nepuog ot 100
roguHu. omnyyeHnTe NPOrHO3HU PeLLeHUst MO3BONSABAT Aa Ce
OLleHN KONMWMYECTBEHO W camomnpeyncTaalyaTta cnocobHoCT Ha
reornoxkara ocHOBa.

KOMI'I03VIpaHe Ha MaTemaTnyeckua mopen

Mpu  KOMMO3MpaHeTO Ha Mogena ca  M3noN3BaHu
komnioTbpHa nporpama VS2DTI M OCHOBHUTE MONMOXeEHMs,
NPeAcTaBeHu B KOHLLENTYanHus Moaen.

MatemaTtuueckusiT Mogen e apymepeH. C Hero ce cumynupa
noBefeHMeTo Ha 6bpauTe 3ambpcuTen (MO npuMepa Ha
XNOPUAHUTE WOHM) B MOANOBBLPXHOCTHOTO MPOCTPAHCTBO B
paspe3a no npocun -1l (cour. 3). OToeneHnTe Tpu HUCKO
PaHroBW XUAPOTEONOXKM EAMHWLM ca CUMYNMpaHu ¢ Tpu
MOOEnHM 30HW. Bcska mogenHa 3oHa e 3ajageHa C
reoMeTpusi, PUITPALMOHHN 1 MUrPALMOHHA XapaKTepPUCTUKN,
OTroBapsLLmM Ha peanHute obekTu (tabn. 1). Mpu pelasaHeTo
Ha dunTpauuWoHHaTa 3afjava e npueta yHKUMOHanHaTa
3aBucumocT Ha van Genuchten, kaTo 3a napametpute RMC, o
W B ca M3NONM3BaHM NOCOYEHWTE B CreyuanusvpaHata
nuTepatypa CTOAHOCTW 3a nofgobeH TWM reonoxka cpega
(Healy, 1990; Lappala et al, 1987; u gp.). I'paHnuata mexay
HEBOJOHacUTEHaTa M BOAOHAcUTEHaTa 30Ha B paspesa e
3afafeHa, CbobpasHO CpeaHOrOAMLLHUTE BOAHM HUBA B
TANOTO Ha HACUMMLLETO M KOTaTa Ha BOOHOTO HWBO B €3epOTO.
Ha dour. 3 Tasu rpaHuya e n3obpaseHa ¢ nyHKTUpaHa NuHUS.
Mpu puckpeTM3aumsiTa Ha MofenHatra obnacTt € u3nonasaHa
OPTOroHarnHa Mpexa ¢ pasmepy Ha knetkure 1.0x2.5 m.
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Bpemeto 3a cumynaums e pasgeneHo Ha 100 cTpec
nepuvoga. Bceku nepuog e ¢ gbikumHa 1 rogwHa. [pes
nbpeute 10 CTpec nepuoga ce npuema, 4Ye OT NMOBLPXHOCTTA
MOCTBLNBAT 3aMbPCEHN BOAM CbC CKOPOCT Ha MHGMATpauus
Wp = 1x103 m/d. BxogHaTa KOHUEHTpaUuMs Ha XnopuaHuTe
noHn e ca = 1000 mg/l (dur. 3). B cnepsawmte cTpec
nepuogm (ot 11 go 100) NoCTLNBAHETO Ha 3aMbpcuUTENM €
MPEYCTaHOBEHO W MO LUsAnata rpaHnla e 3afafeHo rpaHuyHo
ycnosue W = 1x104 m/d v cci = 0 mg/l, T.e. OT NOBLPXHOCTTA
C€ MHAUNTPapaT camo YUCTW BaNeXHMW BOAMW.



P93yJ1TaTIr1 OT MaTemMaTn4eCcKkoTo mogenupaHe

C paspaboTeHuss maTemaT4eckn MOAEN B kpas Ha BCEKM
CTpeCc Nepuoa e HanpaBeHa MNporHo3a 3a pasMepute W
CTeNeHTa Ha  3ambpcsiBaHe B NOANOBLPXHOCTHOTO
NPOCTPaHCTBO Ha nnowagka “Yykyposo BLTPELLHO
Hacunuwe”. 3a WnCTpauus Ha NOMyyeHUTe pes3ynTatu Ha
ur. 4 ca npeactaBeHM YeTMpU BepTUKANHWM KapTW Mo
CbbpKaHWe Ha XNopuaHu ioHn. Te gaeat fobpa npeacTasa
3a HaCTbNUIUTE MPOMEHW B KOHLEHTPALMOHHOTO none B
u3umcnnTenHn momentn 1, 3, 5 1 10 roguHm, T.e. B ycnosuaTa
Ha HenpeKbCHATO MOCTBbMNBAHE HA 3aMbpCUTENW OT 3eMHaTa
NOBBPXHOCT. Ha ¢our. 5 ca npeacraseHn apyrit YETUPK KapTu —
3a momeHTyn 25, 50, 75 1 100 roguHu, T.€. cnes envMuHupaHe
Ha OCHOBHMS W3TOYHWK Ha 3aMbpcsBaHe. Te3n kapTu
UNIOCTPUPAT Bb3MOXHOTO MOCMEeABallo pasnpocTpaHeHue Ha
3aMbpcuUTennTe, MpW YCroBWEe Ye OT MOBbPXHOCTTa Ce
WHGUATPapaT eanHCTBEHO YNUCTU BaNeXHW BOAM.

OOcbxaaHe Ha pe3ynTaTuTe OT MOAENHUTE
nscneaBaHus

CpaBHUTENHUAT aHanu3 Ha NPeaCcTaBeHus Ha qur. 4 u ur.
5 KapTeH maTepuan 4aBa OCHOBaHWE Aa Ce HanpaBu cregHus
KOMEHTap OTHOCHO €BEHTyanHuTe pasMepu 1 auHamukata Ha
npouyecuTe Ha 3aMbpcsBaHE Ha reonoxkara OCHOBa Ha
nnowaaka “dykypoBo — BbTPELLHO HacunuLe”.

Mpy HenpekbCHATO W3TMYAHE Ha “CMETULLHM® BOAM MO
ysnata nnow, Ha ObAewoTo Aeno 3aMbpcUTENUTE e Ce
WHUNTPUpAT B AbNOOYMHA, KAaTO TAXHATA KOHLEHTpaLms e
pacte. Toan NPOLEC LLe NPOTIYA MHOTO MHTEH3WUBHO B FOPHUTE
HEYNITbTHEHW YaCTUN Ha HAaCUNMLLETO, KbAETO NPOHULAEMOCTTa
Ha cpefata e OTHOCWTENHO NO-BUCOKA. B mbpBMTE HSAKOMKO
rOAVHU OBWXEHUETO LLe € NpeayuMHO BepTuKanHo (cur. 4). 3a
2-3 roguHn 6bP30 NOABWMKHMTE 3aMbPCUTENN e HanpegHaT
Ao obnboynHa 17-18 m, kaTo NOCTEMEHHO Lie 3anovHaTt da
HaBNX3aT W B NO-YNITbTHEHATA ([OMHA) YaCT Ha HACUMULLETO.
3amMbpCABAHETO LUE € MO-MHTEH3WBHO B MPUMOBLPXHOCTHATA
yacT (g0 AabnbounHa 7-8 m), KbAETO KOHLUEHTpauusiTa Ha
XnopuaHuTe noHu Lwe 6bae Hag 500 mgl/l.

Mpes cnegsawmte 10 rogwHu, B ycroBusTa Ha
NPOObJIKABALLO HaBMMU3aHe Ha “CBEX’ CMETULLEH WHGWITpaT,
3aMbpCeHaTa 30Ha Lie JoCTUrHe Ao abnbounHa 25 m. [Mpu
TOBa, Creg TpeTaTa [oaMHa Haii-3aMbpCeHUTE BOAW LUe
3anoyHaT [a Ce [BuKaT W naTepanHo (B CEBEpoM3TOYHa
nocoka), crieBalkv nocokaTa Ha noA3eMHus MoToK W peneda
Ha rpaHMYHaTa MOBbPXHWHA MEXOY HeynibTHeHaTa yacT Ha
HaCUMUWETO 1 Jexawute  OTAOMY  MO-YNITbTHEHWUTE
matepuany (cpur. 4). PPoHTLT Ha 3aMbPCABAHE LLE HanpeaHe
cbC 120-130 m Ha ceBepoWsTOK OT rpaHuuaTa Ha AenoTo.
Mpe3 TO3W nepuog Han-3aMbpCeHa e € ropHaTta 4acT Ha
Hacunuweto (oo AbnbounHa 17-18 m). Tyk ce ovakea
CbAbpXaHUsATa Ha XMOpWUaHW MOHM fa ca okono 1 Hag 500
mg/l. B no-gbnbokuUTe YacTu Ha HACUMMLLETO KOHLEHTpaLunTe
LLie Ca HUCKM — Hait-4ecTo B ananasoHa 100-200 mg/l.

Cnen JIMKBMOUPaHE Ha MOBBbPXHOCTHUA WU3TOYHUK Ha
3aMbpcCABaHe, 3aMbpCeHaTa Be4e 30Ha LWe NpoAabIIXN Aa ce
paswnpaBa 1 0a Hanpedsa B AbnboYMHa 1 Ha CEBEPOUITOK,
HO KOHUEHTpauuATa Ha NOABMXHUTE 3aMbPCUTENN B HEA LLE
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3anoyHe psasko ga Hamansea (cur. 5). Okono 1-2 roguHM no-
KbCHO YacT OT 3aMbpCEHUTE MOA3EMHU BOAM Lie 3anoyHe Aa
Ce [peHnpa Ha no-Hucka KoTa (B neTata Ha Hacvna no Lenus
(DPOHT Ha NOA3EMHUS MOTOK C LWMpoymMHa okono 500 m) nop
(opmata Ha pascesH WK CbCPeOTOYEHM M3BOPYETA ChC
cymapeH pebwt, HeHagsuwasaw, 0.1 I/s. Tesn Bogu C
KOHLIEHTpaLuM Ha xropuaHu oHn 30-40 mg/l we ce otTuyar
NOBBLPXHOCTHO KbM €3epoTo. ChLUeBpPEMEHHO, cref, okono 60-
65 rogMHN OT Ha4arnoTo Ha CUMynaLmMATa 3aMbPCEHUTE BOAW B
TANOTO Ha HaCWMWULLETO Lie 3amovyHaT Aa Ce [peHupat U
MOA3EMHO B €3epOTO, HO W B TAX CbAbPXKaHWETO HA CUMHO
noaBWXHYM 3amMbpcuTen Lwe 6bae gocta Hucko — nog 50 mgll.
3ambpceHnTe BOAM [MaBHO MO  AMGY3NOHEH MbT e
MPOHMKHAT MO BepTWKana W B HEOTEHCKUTE CEOMMEHTM — Ha
AbnbounHa 6-7 m, HO KOHLEHTPALMUTE Ha 3aMbpPCUTENUTE B
TSX LWe ca CbLo HesHauuTenHm (nog 30 mg/l).

B pesyntaT Ha npoTWyalwmTe npouecu Ha Audyaus,
Jucnepcus 1 cMeceaHe (paspexaaHe) Ha 3aMbpceHnuTe Boau
C VH(unTpupalmTe Ce BaneXHM BOAW B Kpas Ha
cumynauuoHHus nepuod (cneg 100 roguHn) 3ambpceHata
30Ha e ce u3mecTu Ha okorno 100-150 m oT ceBepon3TOHHUS
kpait Ha nnowaakata (cur. 5). Mpu TOBa KOHUEHTpaumsaTa Ha
XJIOPUAHM 11oHM Le Bbae He no-Bucoka ot 25-30 mg/l. B eauH
NO-ObITbI MEPUOA TE3U KOHLEHTPpaLuM Lie Npoabmxar Aa
HamarsBar, KaTo NOCTeneHo Lue 4obnMKaT ecTecTBeHNs (OH.
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HanpaeeHnte Ha 0asata Ha matemaTuyeckus MoAen
MPOrHO3W [aBaT OCHOBAHWE Aa Ce NMPeArnonioxu, ye 3a no-
AbITbI NEPUOL, Fe0noXKaTa OCHOBA MOCTENEHO LUE C8 U3YUCTY
OT MOABWXHM U OTHOCUTENHO KOHCEPBATWUBHW 3aMbpCUTENM.
Moxe fa ce ovaksa, obaye, Ye Manka 4acT OT HaCWMULLETO
Lie ocTaHe unn we 6bae BMOCNEACTBME 3aMbpCeHa C A0CTa
LUMPOK CMEKTbP OT No-criabo NOABMXHW KOHBEHLMOHAMHU W
NPUOPUTETHIN 3aMbPCUTENN (OPraHNYHN CbEOMHEHMS, TEXKN
MeTanm u gp.).

Crnegea fga ce otbenexu Bce mak, Ye ako ce cnassaTt
W3WCKBAHWATA Ha 3aKOHOBUTE M HOPMATWUBHWTE [OKYMEHTU,
pernameHTupaly UM3rpaxagaHeTto U - ekcrinoaTtauusta  Ha
Jenata 3a OTnagblM, CUMYNUPAHUST C MaTeMaTUyecKus
MOZen CLEHapWi LLe e HEBb3MOXHO [a Ce peanuaupa.

3aknioueHune

Pesyntatute OT MOAENHUTE WM3CNesBaHWs MokaseaT, Ye u
Mpu ApacTUYHO HeCnasBaHe Ha TEXHOMOruATa 3a AenoHnpaHe
3aMbpCSABAHETO Ha 3eMHaTa OCHOBA B paiioHa Ha Molaaka
“UyKypoBO — BBTPELIHO HacunuLLe” Lie e ObAroTpanHo, HO C
TBbPAE OrpaHnyeHmn pasmepu. To Lie 0bXBaHe camo YacTu oT
HacWMULETo, KaTo Le 3acerHe MHOTO0 Manka 4acT OT
HEOreHCKUTe  cegumeHTM (0o gbnboumHa 7-8  m).
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“CMeTuLLHUTE” BOAM, KOWUTO BMXa ce ApeHupani noaseMHo B
PETEH3NOHHWA OacelH (e3epoTo) Ca HE3HAYUTENHW KaTo
KOMMU4ECTBA M CbBCEM CIIabo 3aMbPCeHM.

CnepoBaTenHo, reonoxkara ocHoBa € CrocobHa ecTeCTBEHO
[a OrpaH14M pasnpoCTPAHEHWETO Ha 3aMbPCUTENN U BCUYKN
W3Ka3aHW onaceHus 3a [OCTUraHe Ha HsKakBM 3aMbPCEHM
BOAM OT nnowagkata Ao 83. "Mckbp” ca HecbecToATeNHU. B
XWOPOreonoXKI acnekT TepeHbT € NOLAXOAAL 33 u3rpaxaaHe
Ha [eno 3a BPEMEHHO JenoHpaHe Ha OTnagbLy.
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FEO®U3NYEH MOJEN HA OOUONUTOBA NNACTUHA, PA3MONIOXEHA B PANOHA
HA CEJIATA ABPEH, rONAMO U MANKO KAMEHAHE, U3TOYHK POOMNNA

AnekcaHdbp Ljeemkos
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PE3IOME. M3BecTHo e, ye B V3Tounute Pogonm Gele f[okasaHO Hanmuune Ha OUONMTOB TWM Ckamn — OpToaMubOnUTH, CepneHTUHU3NpaHu ynTpabasutu,
MeTarabpa u Ap. Te ce oTnnyaBaT pA3Ko MO MITBTHOCTHU U MarHWUTHW CBOINCTBa OT BMECTBaLUMTE v ckann. Ha tor ot Kpymorpaa ce HabntogaeaTt ABE KOHTPACTHM
reoU3nyHM aHoManuu, U3Ternexn B CEBep-tokHa nocoka. B yyacTbka Mexay Monsmo KameHsiHe 1 ABpeH e perncTpupaH UHTEH3MBEH MarHUTEH MakCUMyM, KONTO
Ce CBbp3Ba C edpekTa OT CUITHO MarHUTHU CEPNEHTUHN3MpaHK ynTpabaauTi. HenocpeacTBeHo Ha 3anaj OT Hero rpaBuTaLMOHEH MakcuMyM n no-criabo n3paseHa
MarHuTHa aHoManus ce Npeav3BMKeaT oT MeTarabpa, KOUTO MO reonoXKM JaHHM Ca CKanu OT OKeaHCKW TUM 3eMHa kopa. AHOManuuTe NpoAbkaBaT Ha 1or U3BbH
Teputopusita Ha Bbnrapus u cnopep rpbLKM M3cnefoBaTenu ca npean3sukann ot yntpabaauyHn ckanu ot T.H. AMcubon-cepneHTUHUTOBA eauHUMLA B ropHaTa YacT
Ha MeTamopcdHus hyHAaMeHT. CbCTaBeHUTE NITbTHOCTHM W MarHUTHA MOZAENM Noka3eaT, Ye reou3nyHUTe aHOManuM ca NpeausBuKaHu OT [Be [omMpallyn ce
NAUTKA NnacTuHoobpasHu Tena oT CepneHTMHUTM W MeTarabpa ¢ aebenuHa ot nopsiabka Ha 1,5-2 km. B cboTBETCTBUE C reoM3NMYHOTO MOLENMPaHe TEXHUTE
pasMepu ca 3HauWUTeNHO MO-roNemMK OT PasKpUTUATA MM Ha 3eMHaTa MOBBPXHOCT. MMonyyeHUTe pesynTaT NOTBLPXKAABAT NO-HOBUTE CXBALYAHUSA, CNOPER KOUTO
ohnonnUTOBUTE TeNa B U3CeBaHNA PalioH NpeacTaBnABaT YacTyu OT ronamMa cHMeTaMmopdHa NNacTiHa, HaBneveHa BbpXy MeTamopdosupaHit rpaHuTy.

A GEOPHYSICAL MODEL OF THE OPHIOLITIC SLAB LOCATED AROUND THE VILLAGES AVREN, GOLYAMO AND MALKO
KAMENYANE, EASTERN RHODOPE

Alexander Tsvetkov

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

ABSTRACT. The presence of ophiolitic rocks in the Eastern Rhodope region — orthoamphibolites, serpentinized ultramafic rocks, metagabbros etc., was determined.
Their density and magnetic quantities differ significantly from the surrounding rocks. In the area south of Krumovgrad were observed two geophysical anomalies that
extend in north-south direction. The east one represents intensive magnetic maximum between Golyamo Kamenyane and Avren and can be caused by the effect of
strongly magnetic serpentinite ultramafic rocks. Close to the west was marked the gravity maximum and the non expressive magnetic high related to metagabbros.
According to the geological data they are rocks of oceanic type Earth crust. The anomalies continue on south beyond the territory of Bulgaria and according to Greek
researchers, are result of ultramafic rocks by the so called Amphibolite-Serpentinite Unit in the upper part of the metamorphic basement. The created density and
magnetic models show that the geophysical anomalies are result of two touching shallow slab type bodies of serpentinite and metagabbros with a thickness of about
1.5-2 km. According to the geophysical modeling, their sizes are considerably larger compared to their outcrops. The obtained results corroborate the recent concept
that the examined ophiolitic bodies in the research region represent parts of big syn-metamorphic slab that has been thrusting over the metamorphosed granites.

BbBeaeHue Kbpmxanu, c. Yopbamkuidcko 1 ap. ce CBbP3BaT C Hannimne Ha
nnacTuHoobpasHu Tena oT opToaM@ubOnMTM U Apyrn ckanu
M3BecTHO €, Ye Ha pasnuyHKM Mecta B M3TouHuTe Poponu OT CbLUys TMN C roniMa 0BemHa NITbTHOCT.

Bsixa ycTaHoBeHW Tena oT opToamdnbonuTy, CepneHTUHN3M-
paHu yntpabasuti, meTtarabpa, eKnoruTM M Ap., KOWTO ce
pasrmexaar kato OMUONMUTOB TWM CKanW, dparMeHTn of ®u3nyHM napameTpu Ha ocpuonuTute
OKeaHCKM TUN 3eMHa kopa. MHTepnpeTauusTa Ha Cb3faBaHuTe

OT TAX WHTEH3NBHW rpaBUTALMOHHN U MAarHUTHM aHomanmu B 3a n3y4yaBaHe Ha (hM3NYHMTE NapaMeTpu Ha 0OMONUTOBUTE
HSIKOM y4acTBLi, kaTo Hanpumep B paitoHa Ha cenata PosuHo, CKanu ca M3MoM3BaHu AaHHUTe OT NaBopaTopHi M3MepBaHMs
benm pon, KoHposo (Nikova et al., 1995) nokassa, ye Tesn Ha ronsam Gpoi ckanHu oBpasLyt OT NOBBLPXHOCTHU PAsKPUTUS
ckanu  popmupar B OrM30CT [0 3eMHATA  MOBbLPXHOCT W COHO@XW, KOMTO ca CbOMpaHW Npe3 pasnuyHu TOAMHW,
ﬂJ'IaCTVIHOOGpa3HVI Tena CbC 3HAYUTENTHW XOPU3OHTasHU FMABHO NpU MPOBEXOAHETO Ha JeTainHu 1 CpeﬂHOMaLLlaGHVI
pasmepu W MmakcumanHa pneGenuea Hag 1000 m. B reouaniHM  u3cnensaHns. [ombnHuTenHo onpobeaHe e
CbOTBETCTBUE C reon3n4HUTE JaHHU Hail-BepOSiTHO Te He ca M3BBPLLEHO M NPU HOBOTO rEONOXKO KapTupaHe Ha MaTouHnTe
C anoXTOHeH npouaxod. onemu Tena OT CeprneHTUHU3MPaHK Pogonn. LUsnata wuHdopmauus e  aHanusuMpaHa B
yJ'ITpa633VITV| Os1xa YCTaHOBEHW Ha 3eMHaTa NOBbPXHOCT UK B reOCle3V|L|HV|Te pasgenu Ha [Joknagute OT reonoxkarta
COHA2XV 1 Ha MHOro Apyrv mecta B Popjonckust macvs — npu KapTupoBka. [o-BaxHUTE OCOBEHOCTM Ha neTpodMaMyHaTa
cenara lonamo KametsHe, [lo6pomupa, Akouuia, Cpeacko u XapaKTepucTka Ha OMUONUTOBATE CKAnW B U3yyaBaHus
Ap. VIHTEH3VBHUTE rPaBUTALMOHHI aHOMaNNM CbC 3HAYUTENTHO paiioH (LiseTkoB B: CapoB v ap., 1995) ce w3passigaT B
MIOWHO pa3npocTpaHeHMe B paloHa Ha VBainosrpag, CNeAHOTO:
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Amcpubonumume Ce OTAENAT KaTo AbAMW [0 HAKOMKO
KWMOMETPa JELLOBUAHM UNM MIacTOBWAHM Tena, KOWTO ca B
NPOCTPaHCTBEHA Bpb3ka C yNTpabasWyHW MIacTUHU Wnu
“30nmMpaxm ney. Fonsima YacT oT TsX ca ¢ opTonpomaxog. Mo
AaHHn ot 110 6p. obpasum OT ydyacTbuuTe Ha cenata lon.
KameHsiHe, ABpeH, toxHO oT Yopbamkuidcko cpeaHaTta UM
NITLTHOCT € 2.86 g/cm3. XuapoTepmanHata npomsHa BOU 4o
HamansBaHe Ha To31 napameTsp ¢ 0,1-0,2 g/cm3. Ha npakTuka
Ca HEMarHWTHW, HO B OTAENHW Cryyan, nopagy MOBMLLEHO
CbbpKaHUe Ha MarHeTWT, MarHuTHaTa UM Bb3NPUEMYUBOCT
poctura  pgo  2000.4m.104Sl.  CepneHmuHusupaHume
ynmpabasumu npefcTasnaBat parMeHTu oT AeopMupaHy,
paskbcaHn W OyauHMpaHW nnactuHn u Brnokose. 3a TaAX ca
XapaKTEPHW MHTEH3MBHM MeTamopHM npeobpas3oBaHns ¢
BOMWHMPALLO pasBuTHeE Ha CEPNeHTUHM3aLuMsITa.
Mpeobnanasat xapubypruTi, CPaBHUTENHO YECTO Ce cpelat
OYHUTY,  NO-PSLKO nupokceHuTn. B pesyntat Ha
3HAUMTENHUTE  TEKTOHCKW Bb3AENCTBMS Ca  HamyKaHwm,
MWUMOHUTU3NpaHK 1 Gpekumpann. Mo paHHM oT 48 Op. obpasuy
OT pasKpuBaLLy Ce UMK NPeceYeHn CbC COHAAXM MMM MUHHN
n3pabotku Tena npu cenata lonamo KameHsiHe, ABpeH, Erpek,
lonsm [leBucun ce xapakTepuaupat ¢ MHOTO BUCOKA MarHUTHa
BbanpuemunsocT — Hag 2000.47.108SI u cpaBHUTENHO HKCKa
cpeaHa niTbTHOCT — 2.52 g/cm3. BUCOKMTE MarHUTHM CBOMCTBA
ce [AbkaT Ha (pepoMarHUTHUTE MUHEpanu MarHeTuT,
MarxeMuT, MWPOTWH W Ap., KOMTO Ce OTAensT npu
CeprneHTUHM3auuaTa. Yact ot  wuscnegsanute  obpasum,
onpeaernexu kato yntpabasuti, 04EBUAHO He Ca 3acerHaTy ot
npoLecuTe Ha CeprneHTUHU3auus. Te ce XxapakTepusupart Cbe
3HauMTeNHa NITbTHOCT (cpeaHo 2,90 g/cm3) u ca npakTUYecku
HemarHuTHW. BkniouBaHeTo MM B Tasw rpyna obycrnass mno-
CNOXHO  BMMOJAnHO  pasnpedeneHve Ha  MarHuTHaTa
Bb3MPUEMYMBOCT U BMCOKM CTOMHOCTM Ha CTaH4APTHOTO
OTKIOHEHMWE 3a TO3W napameTwbp. [ paHam-crdeHume wucmu
CEBEPHO OT C. YepHuyeBo ce oTnnyasat ¢ GumoganHocT B
pasnpegeneHneTo Ha MTbTHOCTTa, YUATO CPedHa CTOMHOCT €
2,71 glcm3, HO ce oThens rpyna oT NO-TEXKM CKanu CbC Gep. =
2.85 g/cm3. Bewukn macnegsaHu obpasum ca HeMarHuTHM.
MemamopcposupaHume eabpa ca u3yyaBaHu C OrpaHuyeH
Gpoit npobu (6 6p.) Te ca ¢ nmbTHOCT 2,80-2,85 g/cm3 u

MarHutHa BB3NPUEMYMBOCT  OT  nopsigbka  Ha  500-
600.47.10Sl.
MpuBedeHUTE [aHHM MoKas3BaT, Ye ronsMa 4acT OoT

oMONUTOBMTE  CKamM  OT  tokHaTa  nepudepust  Ha
3TOYHOPOZONCKOTO MOHWXKEHWE Ce XapaKTepuaupaT C pssko
pasnuyaBal ce OT OCTaHanuTe CKanu CTOMHOCTW Ha
MIBTHOCTTA WM MarHWTHaTa Bb3npuemumsocT. [lo  Tesu
napamMeTpu Te Ce OTKposiBaT OCOOEHO KOHTPACTHO OT
ABTOXTOHHO NeXaluuTe Nof TAX MeTamopdo3upaHi rpaHuTH,
KOMTO Ca MpaKTMYECKM HEeMarHuTHW, a MITbTHOCTHaTa WM
pasnuka e ot nopsgbka 0,20-0,30 g/cm3. Otgensar ce u oT
OCTaHanuTe MeTamopdHU CKanu B paioHa - OMOTUTOBM W
[OBYCMIOLEHM THaiicy, Mpamopy, napaamdmbonuti u gp. Tosa
€ TMpuyMHaTa, nopagu KoATo OodMonuToBMTE Tema ce
perncTpupat C MHTEH3VBHM aHOManuu BbpXY KapTuTe Ha
MbHKUA BekTop AT OT aepomarHuTHu cHumku 8 M 1:50000 u
1:25:000 u Ha KapTaTa Ha rpaBuTaLMOHHOTO none Ag B M

1:50000. C  wmarHuTHM  makcumymm  ce  Benexart
CeprneHTUHW3MpaHuTe  ynTpabasutn, a ronemute Tena,
narpageHn ot - optoamdubonuTh, Texku yntpabasuty

(HanpuUmep OyHWTY), EKMOrUTH, LMCTU C rpaHaT W ApYri Mpu
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Kamunckn pon, MMenesyH, Kopmkanw, YopBamxmiicko,
XapmaHnu u [pyru Mecta npeau3BUKBaT rPaBUTALMOHHN
Makcumymu. MopobHa kapTuHa B reousnyHUTe MoneTa ce
yCTaHOBSBA U B rpbLikaTa YacT Ha POAONCKUS MacuB, KbEeTo
Cca OTAEMNEHN 3HAYUTETHW NO pa3Mepu Tena oT ynTpabasuTu u
opToamubonuTk, KOUTO Ce pasrexaar kaTo 0duonuToB
komnnekc (Dimadis, Zachos, 1989) unu kato ogmonuUTH OT T.H.
Amcubon-cepneHTUHUTOBA efuHMLa B ropHaTa 4acT Ha
MeTamopcdHus  dyHaameHt (Maltezou and Loukoyannakis,
1993).

leonoro-reohusnyHa xapakTepmcTmka Ha
paioHa

XapakTepeH MNpUMEpP 3a HanuuMe Ha 3HaYMTENHU no
pasmepu ouonuToBKM Tena ce Habnogaea B paioHa Ha
cenata AspeH, lonsmo 1 Manko KameHsiHe B toxHUst 6opg Ha
/13TOMHOPOZONCKOTO  MareoreHcko MoHwkeHue. Kakto ce
BWXAA OT reonoxkarta kapta (Capos u ap., 1995), Ha okono 10
km toxHO oT KpymoBrpag ce paskpua nnactHa oOT
CEPNeHTUHM3MPaHU ynTpabasuti ¢ npeobnagasaly, AyHWTOB
cbeTas (cur. 1). Ta e ¢ paskputa nnoL okorno 1,5 kB. kM 1 e
3a00uKoNeHa OT HAKOMKO NO-Manku Tena. 1o reonoxkm gaHHu
TOBa € YacT OT ynTpaba3nToBa MBMLA C LIMPUHA OKOMO 5 km.
Bbpxy aepomarHuTHata Kapta Ha AT no AaHHM OT
aeporeonsnyHm uamepsaqus 8 M 1:50000 (dpur. 2A, B) T4 ce
Genexu ¢ MHTEH3WBHA NOMOXWTENHA MarHUTHA aHoOManus ¢
MakcumanHa croiHoct Hag 800 nT.
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®ur. 1. Feonoxka kapTa Ha uscnegBanus yyactuk (Capos u ap., 1995)

1 - KkBaTepHep; 2 — NaneoreHcKW cegumeHtu; 3 — amdubonutu; 4 -
6uoTMToBU U ampnUBON-GMOTUTOBM FHAWCH; 5 — MPaMOPU U KamnKOLINCTH;
6 — cepneHTUHM3UPaHK ynTgaﬁasmw; 7 — meTarabpa; 8 - wucTy ¢ rpaHar;
9 - nnarnometarpanutu; 10 — paBHOMepHO3bLPHECTU MeTarpaHuTu; 11 -
nenTUTOMOHM rHaicu; 12 pascean M pascep-oTceau;
CMHMeTamopdheH HaBnak

Bbnpekn Ye B KpairpaHuyHaTa MBMLA He Ca NPOBEAEHM
reomanyHN 13crneaBaHns, N0 BUOA Ha MarHWTHOTO mone oT
[BETe CTpaHu Ha rpaHnuarta (dur. 26) moxe fa ce Cbau, Ye T
BEPOSTHO MPOAbIKaBa C OWe MO-rofieMu pasvepn W Ha
TepuTopusiTa Ha Mbpuus.
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®ur. 2. Pa3snpepenexue Ha
mariutHoto none AT no
[aHHM OT aeporeouanyHm
u3mep-BaHus: A) B yyacTbka
Ha c. FonAamo KamensiHe ¢
pa3nonoxeHueTo Ha
u3bpaHuTe YeTMpu npochuna
3a JABYMEPHO MofenupaHe;
B) B npunexawure
Teputopun Ha Bwbnrapus u
Mbpums

A W) AT, T

Ha 3anag ot nuHusaTa Monsmo KameHsiHe - ABPEH Bbpxy
reonoxkata kapta ca OTAeneHn metamopdosvpanu rabpa,
CYMTaHM Npedan HOBOTO KapTUpaHe 3a MUrMaTuavpaHm
amubonuTn 1 GUOTUTOBM THaCK. TEXHUTE METPOXUMUYHM
0CcoBEeHOCTM MO3BONABAT da Ce npueme, Ye MmaT MarmeH
npou3xog M NPeacTaBnsBaT AudepeHUnaT Ha OKeaHCKu Tun
6asnyHa marma (Capos 1 gp., 1995).

B ocHoBata um ce HabniogaBaTr newm OT EKIOruTu
(Koxyxapos, 1987). benexaT ce C OTHOCUTENHO Cnabo
MOBMLLEHO MarHWTHO none (cur. 2), KOeTo MOCTEeNeHHo ce
pasLMpsiBa Ha Hr-toronsTok. B rpaHuumMTe Ha aHomanusTa ce
oTaenaTr nokanHu makcumymmn (150-200 nT), cBbp3aHn C
paskpuTUS Ha MeTarabpa Ha 3eMHaTa NoBbPXHOCT.

7 8 9 10 11 12 13 14 15 Ag, mGal

®ur. 3. Kapta Ha rpaBUTauuOHHOTO none Ag B U3cCneABaHWA Y4acTbK C
pa3nonoxeHMeTo Ha npoduna, No KOWTO € CbCTaBeH [ABYMEpeH
NNbLTHOCTEH MoAen
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Ha cur. 3 e npeacTtaBeHa U kapTaTa Ha rpaBUTALMOHHOTO
none no AaHHu ot uacneasaHus B M 1:50000 ¢ kopekuus 3a
pened. Bbpxy Hes ce HabntogaBa OGLIMPEH MakcUMyM,
0byCnoBEH OT CbBMECTHUTE eheKTU Ha TEXKUTE MeTarabpa u
opT0amubOnUTH, KOUTO TPYAHO MOraT Aa Ce pasrpaHnyar.

PesynTaTut OT reo(hM3M4HOTO MoAenupaHe

C orneg nomnyyaBaHe Ha [AOMbAHUTENHW [AaHHW 3a
Mopdpororusita Ha O(UONUTOBUTE Tena ca  MPUNOXKEHU
KOMMYECTBEHW METOAM 33 MHTepnpeTauns Ha reodusnyHnTe
JaHHW. KaTo kpaeH pesyntaT OT W3BbLPLUEHUTE WU3CNEABaHMS
Ca CbCTaBEHW HAKOIKO ABYMEPHW MarHUTHU U MITbTHOCTHM
MOJEnu Ha u3yyaBaHuTE Tenma no MeToda Ha hopmanHus
nogbop. WauucnsiBaHeTo Ha noneto Ha mogenute e
U3BBPLLEHO ¢ nomoLlTa Ha nporpamute SIMAG-21 n SIGRAV-
23, paspaborenm ot M. CraspeB u gp. (1988, 1991).
Bbanpuetuar nogxog npu MOAENMPaHETo Ce OCHOBaBa Ha
Bb3MOXHO  Hail-A€TalNHO  M3yyaBaHe Ha  (DU3NYHUTE
napamMeTpu Ha CKanuTe W NPUBIUYAHE HA HaMWyHWTE
anpuopHU  TeOMnOXKA  [aHHM  MpWU  CbCTaBAHETO  Ha
MbpBOHAYaNH1TE MOLENH!.

MarHuTHOTO  MoJenupaHe € W3BbPLIEHO N0  YeTUpM
npocuna, npecuyalln HanpeyHo W3TerneHuTe B CeBep-
CEBEpOM3TOYHA NMOCOKa XapakTepHW MarHUTHU aHoManuu (cur.
2A). CbcTaBsHETO Ha MOAENM No cuctema ot npodunu Aasa
Bb3MOXHOCT 33 NonyyaBaHe Ha obemHa npeAcTaBa 3a
ocobeHocTMTE B MOpdonorusta Ha uacnegsaHute 06ekTy.
PesynTtatute oT mopenvupaHeTo ca npeactaBeHn Ha dwur. 4.
Mogenute npeacraBnseat kombuHaLms OT 4Be Aonupam ce
Tena W3TOYHO, CWUMHO MarHWTHO, OTroBapsAlO Ha
CEepneHTUHM3MpaHW ynTpabasutn u 3anagHo, C no-crabw
MarHuTHW CBOWCTBA, CBbp3aHO ¢ MeTarabpa. [onemuHuTe Ha
BEKTOPUTE Ha edheKTUBHATA HamarHuTeHocT J (cboteeTHo 200
nT u 80 nT) ca nogbpaHn Ha OCHOBaTa Ha [faHHMTE 3a
MarHuTHaTa Bb3NPUEMYMBOCT Ha TenaTta, a HakMoHUTe UM ca
13bpaHn B CbOTBETCTBUE C HAKMOHA Ha HOPMaNHOTO MarHUTHO
none B u3crnegsaHns panoH. CbCTaBeHUTe MarHUTHU Mogenu
[aBaT OCHOBaHWe da ce npueme, Ye oMONUTOBUTE Tena ca ¢
nnacTuHoobpasHa ¢opMa UM MOYTU XOPU3OHTamNHa ropHa
rpaHuula, kato vacTu OT TAX Ce pas3kpueaT Ha 3emMHaTa
MOBBbPXHOCT.

TAnoTO OT  CepneHTMHU3WpaHW ynTpabasntm e Cbe
3HAYMTENHO MO-TONIEMM Pa3MepPN CMPSMO PasKpUTUATA My Ha
MOBBLPXHOCTTA, KaTo HepaskpuTaTa 4acT ce pa3BuBa B M3TOYHA
W K0Ha Nocoka. TANOTO e W3TErNEHo B CEBEP-toKHA NOCOKa M
e C wupnHa 4,5 km B toxkHaTa 4acT Ha nnowra u 3 km Ha
cesep oT ¢. Manko KamensiHe. [lebenuHata my e okono 1,5-2
km. HaknoHeHo e Ha tor 1 Ha u3ToK. Hait gbnboko 3ansra B
loKHaTa YacT Ha uacneasaHarta nno. Tyk no npodowmn 1 (cour.
4A) cpegHaTa obnboYnMHa Ha ropHaTa My rpaHuua e Hag 600
M OT 3eMHaTa MOBbPXHOCT. [lombrHWTENHa npefcTaBa 3a
cdopmata M pasmepuTe Ha CEprneHTUHWUTOBOTO TANO Aasar
CbCTaBEHUTE MO [aHHUTE OT YeTupuTe npocuna ase Apyru
HeroBu u3obpaxeHus. Ha cour. 45 e nokasaHo Monmy4eHoTo ¢
yyactneto Ha C. [umoscku u Y. TpoB  TPUMEPHO
n3obpaxeHue ¢ norneg oT toro3anag v oTaony, a Ha cur. 4B e
npeacTaBeHa cxema Ha gbnO0YMHWTE Ha ropHaTa M AornHarta
My rpaHuLa B NnaH.



ATaT AT T A

®ur. 4. MaruuTHu mMopenu Ha ohMONUTOBUTE Tena B panoHa, txHO oT Kpymosrpag; A - AByMepHM Moaenu no u3dpaHute NpodvnHW nuHuM; B -
TPUMEpPHO U306paxeHne Ha CePNEHTUHMTOBOTO TANO — NMOrfeA oT torosanap; B — cxema Ha AbNGOYMHUTE HA CEPNEHTUHUTOBOTO TAMNO (rOpHa rpaHuLa — ¢
NbTHA NUHWUSA, JOMNHA rpaHuua — ¢ NyHKTUP); 1 — mariuTHO none AT: a) HabnogaBaHo, 6) M34MCneHo 3a MoAena; MoJeNyu Ha MarHUTO-aKTMBHM Tena ¢
[aHHM 32 ronemMmnHaTa J 1 HaknoHa ( Ha BEKTOpa Ha eCTeCTBEeHa 0CTaTb4yHa HaMarHMTEHOCT: 2 — CePNEeHTUHNTH; 3 — MeTarabpa
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Cnopep nomny4eHuTe OT MarHUTHOTO MOAENMPaHE pe3ynTaTy
nacTuHaTa, warpageHa oT MeTamopdosnpaHo rabpo, e ¢
okono 1 km no-manka LMpuMHa U cxopHa gebenvHa cnpsiMo
yntpabasnyHoTo TANo. MaTouHaTta 1 3anagHata M rpaHuum ca
NpuONU3NTENHO YCMOPEOHN Ha TAMNOTO OT CEPMEHTUHMUTK.
Kato ce Cbau N0 MarHUTHOTO Mone, TANOTO NpoAbIkasa Ha
for-orosanag  OT  M3cnefBaHata  nnow,  criedBanku
YCTaHOBEHWUTE pPa3kpUTUS Ha Tean ckanu. o npodwun 1
JorHata rpaHuya Ha nnactMHata oT MeTtarabpo pocTura
abnbounHa Hag 3 km. ToBa e Hai-ronsimata gbnbodnHa Ha
0hMONUTOBMTE CKanu B paiioHa, yCTaHoBEHa MO reotmnsnyHu
JaHHU.
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®ur. 5. Teonoro-reogusnyed paspes no npocun Jumeu-fonsmo
KameHsHe-YepHooku:

A — KpuMBM Ha HabnwAaBaHOTO W M3YUCNEHOTO TIPABUTALMOHHO M
MarHuTHoO none; B — nnbTHOCTEH U marHuTeH mopen; B — reonoxku
paspes  (CapoB u pAp., 1995) 1 - Opek4yokoHrmomepatu; 2
opToamdnbonuTi; 3 — MpamMopu M KankowucTh; 4 — cepneHTUHN3UPaHKU
yntpabasutn; 5 meTarabpa; 6 wmcTM ¢ rpadat; 7
nnaruomeTarpaHuTH; 8 — paBHOMEPHO3bPHECTN MeTarpaHuTh; 9 — 30Ha
Ha cuHmeTamopdHO HaBnuyaHe; 10 — NOBbPXHUHA Ha niocnyBaHe; 11 —
KOHTYp Ha TANO OT NNbLTHOCTHWUS MoAen CbC CpeAHaTta My MIbTHOCT
(g/ecm3); 12 — KOHTYp Ha MarHUTOAKTUBHO TANO OT MarHUTHUS MoAen C
[aHHM 32 ronemuHaTa J W HaKknoHa ¢ Ha BeKTOpa Ha ecTecTBeHaTa
ocTaTbYyHa HaMarHMTeHocT

Mo egwH npodun, npemuHasal, npe3 cenarta Jlumey -
lonamo KameHsHe — YepHOOKM € CbCTaBeH W MITbTHOCTEH
mogen (cwmr. 5). Yact ot Hero cbBnaga ¢ npodmn 4 ot
MarHWTHOTO MogenupaHe. [pu CbCTaBAHETO My CblO €
3aroxeHa ugesaTa 3a HanuuMe Ha oguonMTOBa MNacTHHa,
paskpuTus Ha Te3u ckanu. Mo npocun 1 gonHata rpaHuua Ha
nnacTuHata oT Metarabpo goctura gbnbounHa Hag 3 km.
Toea € Hait-ronsiMata gbnbounHa Ha 0hMONUTOBMTE CKamnu B
panoHa, yCTaHoBEHa No reodusnyHK AaHHU. Ha eauH v cbly
paspe3 ca NPEeACTaBeHM W MarHUTHUAT W NITbTHOCTHUAT
MOZen, KOeTO No3BONsBa fa Ce CbMOCTaBAT pesyntatute OT
gBata Buaga MogenupaHe. LLUMpOKMAT  rpaBMTaLMOHEH
MakCUMyM e OTMECTEH Ha 3anaj OT MarHUTHWS eKCTPEMYM.
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Toi € 0DyCnoBeH OT HaNMYMETO Ha MITbTHWU CKanW — Mpeau
BCWYKO MeTarabpa, cped KouTo ce HabnogaeaT M Mo-Masku
Tena oT opToam@ubonuTM, a BEPOSTHO W HEMPOMEHEHN
yntpabasutn.  BkmioyeHuss  oT  opToamdmbormt  ca
PETUCTPUPaHN U Cped CeprieHTUHW3MpaHuTe ynTpabasutn u
ToBa 0bycnaBs CpaBHUTENHO BUcOkaTa 0600LUeHa NTbTHOCT
(2,75 glcm3) Ha KOHTypa OT MITbTHOCTHMS MOZEN Ha U3TOK OT
lonamo KameHsHe. [Mo-gony B paspes3a, Ha OCHOBaTa Ha
CEeM3MUYHN faHHW (Benes, 1994) e gonycHaTo Hanuume Ha no-
AbnOOKO NexaLuyy NITbTHU CKanu.

['e0ohu3anyHUTE MOAENM Ce [OMbriBaT C reornoXku paspes
(cour. 5B) no nuHusTa Ha npodmna, cberaseH oT C. Capos B
CbOTBETCTBUE U C reochuanyHuTe aaHHK (Capos u gp., 1995).
Pa3pesbT faBa Bb3MOXHOCT [a Ce BWAM HaBMWYAHETO Ha
ocpmonuToBMTE Tena BbpXy NO-CTapuTe MeTamopdo3npaHu
rpaHuTM. [lo TreonoXKW [aHHM ropHata rpaHuua Ha
yntpabasutute ¢ amgubonuTUTe M MpamopuTe Cblo e
TEKTOHCKA.

N3Bogu

B 3akntoueHne Moxe Aa ce kaxe, Ye reonsuyHuTE AaHHu
no3sonsiBaT fJa Ce MNoMyyaT BaxHM CBEAeHWs 3a
MopdororusTa Ha 0PUONUTOBUTE TeNa, PasKpUBaLLYM Ce Ha Hor
ot Kpymosrpag. 3a npbB MbT TyK Ce YCTaHOBSIBA TAMO C
OTHOCUTEMNHO rOfemMi pa3mMepy, W3rpageHo OCHOBHO OT
MeTamopdo3npany rabpa ¢ BUCOKa NTTHOCT (OT Nopsigbka Ha
2,80-2,85 glcm3). CbrnacHo CbCTaBEHUTE  TeOPM3NYHM
Mogenu, To ce pasnonara okoro cenarta Manko KamersiHe 1
Marbk [leBucun, HENoCpeACTBEHO Ha 3anag OT paskpuBaLLuTe
CE Ha 3eMHara MOBbPXHOCT CepreHTUHU3MpPaHU ynTpabasutu
npu ¢. Fonsamo KameHsiHe. Mo TO3W HauMH MOXe Aa Cce roBopu
3a HanuuMe Ha HeegHOpogHa MO CbCTaB  OCMONMTOBA
nnacTuHa B yyacTbka mexgy cenata Jflumeu, Kokowap,
Kanangxveo n bnaryH, KosTo BKMOYBa fonuMpaluy ce Tena ot
CepneHTUHM3MpaHn ynTpabasnti n metamopdoaupanm rabpa,
C BKJTHOYEHWS B OTAENHW yyacTbUy Ha optoamdmubonuTu. Mo
reomanyHn JaHHu B M30paHWa y4acTbK nnacTuHata uma
pasMepu B eKBaTOPUArHO HanpaeneHue ot 5 4o 9 km B nnaH un
oT 1,5 g0 2, 5 km B paspes. YacT OT Hes ce paskpuBa Ha
3EeMHaTa MOBbPXHOCT, a W3BbH PpasKpUTUATA ropHaTta i
rpaHMya poctura pgonbounHa po okono 0,5 km. B
CbOTBETCTBME C XapakTepa Ha MarHuTHOTO none (cur. 2A, b)
Hanuume Ha HepasKpuBaLLy ce 0hMoNUTOBM CKanw creasa aa
Ce 0YaKea ¥ Ha tor, B yyacTbka Ha cenata [onam n Manbk
[esucun n ABpeH, BKN. U B rpbuKaTta 4acT Ha M3ToyHuTe
Poponn. Cnopen pesyntatute OT M3CrnefBaHWs Ha TpbLKA
cneuuanucTn, B paitoHa Ha Esohi — Kimi ce odopms apyro
FOMAIMO MO Pa3MePX CUITHO MarHUTHO TAMO OT CEPMEHTUHNTY C
nopobHu pasmepw n opma (Maltezou, Loukoyannakis, 1993).

PesynTatute OT NpoBefeHaTa KOMMNEKCHA MHTeprpeTaums
Ha MarHUTHW W TPaBUMETPUYHM AaHHM B paiioHa KKHO OT
KpymoBrpag nokaseat, 4e paskpuBaluTe ce Tena oT
yntpabasutn,  optoamgubonut, metarabpa 1 Aap.
NpeaCcTaBnsiBaT paskpuBally Ce UMK MAWTKA Tena, KOWTO B
CbOTBETCTBUE C AAHHUTE OT HOBAaTa reorioxka KapTMpoBKa Ha
Watounnte Pogonn B M 1:25000 (Capos u gp., 1994; 1995) ce
pasrnexaat KaTo MnacTUHW, HaBMEYeHW CUHMETaMOPEHO



BbpXy MeTaMOpCbO3VIpaHVI TPaHUTH. HasnayHaTta NOBBbPXHOCT
ce 6enexu ¢ MHTEH3NBEH rpaB1UTaLMOHEH TPaduEHT.

HatpynaHute Hanocnegbk akTu AaBaT OCHOBaHWE Ha
penuua asTopn oT bunrapus, Mpums u Typuus ga npuemar,
Ye B pe3ynTar OT KONM3Ws Mexay [BE KOHTUHEHTaNHU Miouu
npe3 KbcHaTa kpeaa B MatouHute Pogonn ca ce obayumpanu
MeTaoMoNnnUTOBM (DParMEHTU OT OKEAHCKM TWM 3eMHa Kopa —
opToamudonuT, CEPNEHTNHU3NPAHM yntpabasutu,
metarabpa, eknoruti u gp. (lvanov, 1985; 1988; /saHos v ap.,
1990; Koxyxaposa, 1984; Burg et al., 1990; Capos v gp.,
1994; 1995; Dimadis, Zahos, 1989; Maltezou, Loukoyannakis,
1993; Gorur et al., cited in Robertson and Dixon, 1984 n gp.).
Cnopeg X. VBaHoB 1 gp. (1991) uenuatr Pogoncku macus
NpeLCcTaBnsiBa HaBnayHa MoCTpoMka OT CUHMETaMOpdHM K
noctmetamopcHi Haenauu. OcobeHOCTUTe Ha reonoXKMs
CTPOEX B y4yacTbLMTe, 3acerHatm OT XOPWU3OHTarHUTE
OBWKEHUS, HEe Ca M3SICHEHW OKOH4YaTenHo. BbB Bpb3ka ¢ TOBa
BCAka HOBa MHGopMaLus 3a cTpoexa M Mmopdonorusta Ha
OTAEmNHN OhMONUTOBM Tena 1 komnnekcy B M3tounute Pogonu
JONpUHacs 3a MO-MbMHOTO M3crnefBaHe Ha reonoxkara
€BOIHOLMS M METANOreHHaTa NepCneKTMBHOCT Ha TO3W PETUOH.
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ABSTRACT. Many remote technologies, units (satellites, aircrafts, etc.) and monitoring devices of different types are in everyday use for the observations,
registrations and warning systems about the different natural hazards. Several classifications based on the philosophy “before”, "during” and “after” the disaster
occurrence have been created. The simple parameters such as effectiveness, reliability, different types of the technical equipment have been considered. Most
popular remote techniques and units are included in these classifications giving the end users a possibility to use them for the comparative analysis between the
different technologies and remote methods used. The generalization about the different types of the natural hazards is performed based on the principles of the
generation mechanisms, physical properties and negative consequences they could create.

It's clear that for some natural hazards the remote techniques are high effective, for others not so, for the rest — not at all. The different effectiveness of the
registrations, monitoring and warning systems depends strongly on the technologies and sensors used. The main parameters according the classifications are the
frequency bands, sensitivity, resolution, physical principles and methods used, etc.

Our purpose was to create the comparative tables easy for use, especially about the not wade range of the professionals with different orientation. They could be
useful for the civil defense authorities, risk managers, land use planners and other similar specialists in their everyday risk management practice, in case of
emergency situations, etc.

KNACU®UKALINA HA TEXHUYECKWUTE CPEACTBA U TEXHONOI A N3NON3BAHWU 3A U3YYABAHE HA NMPUPOOHUTE
OMACHOCTHU

AHmoanema ®paHyoea’, Fapo MapdupocsiH!

MHemumym 3a kocmudecku uscnedsaHusi, bAH; afrantzova@abv.bg; mardirossian@space.bas.bg

2['eopusuyer ucmumym, bAH, boyko.ranguelov@geophys.bas.bg

PE3IOME. B HacTosiaTa pa3paboTka 3a pasrnefaHy pasnuyHuTe QUCTaHLMOHHNTE METOAM U CPEACTBa 3a U3yyaBaHe 1 U3cneaBaHe Ha NpPUPOAHYW ONacHoCTY.
Knacudumkauus e 6asupaHa Ha npuHUMNMTE Ha ‘npeau”, “no Bpeme Ha” u ‘cneq’ GeacTeeHOTO siBneHue. B3eTu ca nog BHMMaHWe napameTpy Kkato eqeKTUBHOCT,
NPUMOXMMOCT, rnoBanHoCT, eKCPECHOCT Ha MHGOPMaLMSITa U T.H. BkrioyeHn ca Hal-nonynsipHUTe CpeacTea (CaTenuT CbC CbOTBETHUTE MHCTPYMEHTU Ha Boppaa)
3a MCTaHLVWOHHO W3crneaBaHe Ha 3emsiTa.

HanpaBeHusiT aHanu3 nokasea, Ye MpUIOXMMOCTTa W e(HEKTUBHOCTTA Ha AMCTAHLMOHHWTO CPEACTBA W JaHHWUTE OT TAX 3aBMCW OT MHOXECTBO napameTpn —
cnekTpaneH AuanasoH, (pabotHa 4YectoTa), NPOCTPAHCTBEHA pa3denuTenHa CrNOCOHOCT, EKCMEPCHOCT MpW nomyyaBaHe, obpaboTBaHe W [OCTaBSHE Ha AaHHUTE,
Bb3MOXHOCTM 32 eHOBPEMEHHO U3MOM3BaHEeTa Ha AaHHW OT pa3nuyHyW anapaTypu, noroca Ha 063op, opbutaneH nepuog v T.H.

lMpu n3bopa n aHanu3a Ha NpUpofHUTE onacHocTh (6eaCTBUsl) ca B3eTW NMOA BHUMAHWE OCHOBHUTE WM (DU3NYECKU XapaKTEPUCTUKM, MEXaHM3bM W HauuH Ha
Bb3HMKBaHE W KaKTO 1 TEXHWsI paspyLuMTeneH noTeHuuan.

flcHo e, Ye 3a W3cneaBaHeTO, W3y4aBaHETO M MPOrHO3MPHETO Ha HAKOW MPUPOLHM ONACHOCTM AMUCTAHLMOHHUTE METOAM W CPeAcTBa Cca MPUMOXMMU U BUCOKO
e(heKTMBHY, [JOKATO 3a APy Ca NPaKTUHECKW HEMPUIOXUMU U/NA HEEDEKTUBHM.

HanpaBeHuTe cpaBHWTENeHM Tabmuuu u rpaduku ca NECHW 3a WU3NOM3BaHe M MpefHasHayeHn MpeduMHO 3a LIMPOK Kpbr OT noTpebuTenn ¢ pasnuyHa
creuvanu3aums u opueHtaums. MNpeanoxenuTe knacucmkaLmuy aasat Ha nonsysaTenute (YnpasreHCKW Kagpy U NNaHupalLLy opraHi) Bb3MOXHOCTM 33 CPaBHUTENEH
aHanu3 1 oLeHKa Mexgy pasnuyHuTe METOAM W CPELCTBA W TAXHOTO NPUNOKEHUE NPY PasNUYHUTE BUAOBE NPUPOAHYW ONacHoCTU 1 BeacTaus.

Introduction The potential of the remote sensing for the monitoring of the
Earth environment, risk application and their key role in risk

Despite enormous progress in the science and technology, ~ Management process are well known and largely used. Most of
most of the natural hazards and disasters are still the remote sensing data are used in general by few people —
unpredictable events and continuously brings people’s life mostly specialists of the observation and monitoring systems
loses and cause huge damages all around the world. (Mishev, 1987).

During the last years, the space technologies (especially Our objective is to made classification of the remote sensing
earth observing satellites) get wider application in research of ~ technologies and units used about natural hazards, according
natural hazards/disasters (Mardirossian, 2000). For example —  their usefulness and applicability in the different phases of the
the prediction of the most of the meteorological hazards is risk and disaster management (process) and to crate
unthinkable without the use of the meteorological satellites. comparative tables easy for use, especially about the wide

range of the non-professionals and non- specialists with
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different practical applications. Most of the space units have
combined applications — to follow up not only the natural, but
as well as the man-made accidents, pollution, other
catastrophes. In this study we limited our task and focused
only on the natural hazards

Classification and analysis of the remote
sensing technologies about natural hazards and
risk management

For our purposes two tables and two charts have been
created. The first table is not presented, because of the large
size. It includes most of the earth observing satellites in orbit,
which are of great help for disaster mitigation studies. Attention
is paid to the communications satellites and Search and
Rescue System (COSPAS/SARSAT).

In the table for each type satellite are presented some orbital
parameters, instruments carried on board, frequency band,
spatial resolution and instrument swath. Most of those sensors
have applications in disaster mitigation practice, though
depending of the physical properties of the objects on Earth
and the nature of the disaster itself.

With a review of the satellites in orbit and their sensors the
present work provides an insight to the suitability of satellites
and sensors to their applications due to the different natural
disasters.

Table 2 is created on the basis of table 1. In table 2 the
different instruments and their usefulness and applicability in
risk management process of natural hazards/disasters are
described.

The classifications is based on the philosophy “before”,
"during” and “after” the disaster occurrence. “Before” means —
preparatory stages, early warnings, vulnerability and risk
assessment; “During” means — disaster monitoring in real or

near-real time when it is possible; “After” means — damage
assessment, modelling the negative effects of the past of
future events.

The table shows that different instruments, depending on
their type, band and resolution are applicable for different
hazards at the different stage of the hazards observations and
the risk management process.

Thee levels of applicability (low, medium and high) and 14
hazards had been selected including global phenomenon as
climate change, El Nino and La Nina.

However, there is not yet a specific or complex platform or
sensor that is dedicated to retrieve information on a particular
type of disaster(s). The result of this situation is the need of
retrieving information simultaneously from several systems,
which implies problems and hardens the process of production
of the needed information.

Some space techniques, such as those of weather forecast,
have become operational and are used in the everyday
practice. These weather forecast techniques permit early
warnings and monitoring for some of the weather hazards,
such as tropical cyclones, hurricanes, typhoons. On the
contrary, the management practice of the other disasters only
by satellite technology is on a research phase. The general
reasons are that in case on rapid onset disaster and in disaster
situation (and emergency management) the data should be
easily and timely acquired (Mardirossian, 2000).

That is why the aerial aerospace laboratories, rescue
helicopters and other similar devices information and ground
data are still of crucial important. For that reason in figure 1 the
applicability of the aerospace data is presented. Figure 2
shows suitability of the ground data and information.

Table 2. Typology and applicability of the different satellites to the stages of the natural hazards

Satellite Instrument Before During After
Ikonos camera system (1),2,3,7,(8),9,10,11 (1),((8)), 9, (12) 1,2,3,7,8,9,10,11
QuickBird | BGIS 2000/ (1),2,3,7,(8),9,10,11 (1), (8)), 9, (12) 1,2,3,7,8,9,10,11
HRG 1,2,3,7,8,9,10,11 1,(8),9,12,14 1,2,3,7,8,9,10,11
Spot 5 HRS 12,7
VEGETATION 2 0] 9 8,9
Landsat7 | ETM+ 1,2,(4),3,7,8,9,10,11 1,8,9, (12),14 1,(2),3,7,8,9,10,11
DMC ESIS, MSIS 1,2,3,7,8,9,10,11 1,8,9,(12),14 1,(2),3,7,8,9,10,11
AMI
ERS-2 (SAR (1),(2),3,(4),7,(8),(9),10,11 (1),7,(9),10,11,(12),13,(14) (1),2,3,9,10,11
Scatterometer) 4,6,(9),10, (11), 12 6,10,12
RA (M.((2).((3)).4.6,(9),10, 12 6,(9),10,12,13 ((3)
ATSR2
(IRR 1,6,(8),(9),(10) 1,6,8,(9) (1),(8)
MWR) ((4),(10),(11) (10), (13)
GOME 15 1
AATSR 1,6,((4)),(8),(9),(10) 1,6,8,(9),(14) (1),(8)
ENVISAT | ASAR (1),(2),3,(4),7,(8),(9),10,11 (1),7,(9),10,11,(12),13,(14) (1),2,3,9,10,11
MERIS ((@.((7)).8,9,((11)),((12)) ((8)).9,(12), (13),(14) 8,9,((11))
RA-2 ((M((2),((3)),4,8, (9),10,12 6,(9),10,12,13 ((3)
MWR (4).(10),(11) (10), (13)




GOMOS 1,5 1
MIPAS 4) (1), (5) (1)
SCIAMACHY 4) (1), (5) (1)
RADARSAT | SAR (1),(2),3,(4),7,(8),(9),10,11 (1),7,(9),10,11,(12),13,(14) (1),2,3, 9,10,11
(As whole) 4 1,5 1
HIRDL
AURA | Ls 1 1
oMl 1,5 1
TES
(As whole) 4,(9),10,11 (9),10,11 1
AIRS 4
AQUA AMSU-A
HSB
AMSR-E 6,(4),((7)),((8)),(9),10,11,12 6,((7)),(9),10,11,12,13
MODIS (1), ((2)), ((6)),(7),(8),(10),(11) 1,((6)),8,9,(12),14 1, 8,9,(10),(11)
CERES 4)
CALIPSO | CALIOP 4 18 1,8
PARASOL | POLDER-P/Lidar 4 18 1,8
CloudSat | CPR 4,10,11 1,8,10,11,12 1,8
IceSat GLAS 4 (1),(8),13 (1),(8)
Jason-1 RA ((M(2),((3)),4,6, (9),10,12 6,(9),10,12 ((3)
TOPEX/ ALT ((M((2)),((3)),4,6,(9),10,12 6,(9),10,12 ((3)
Poseidon
GRACE K-band Ranging Geodesy, Oceanography, ((2))
GPS 1,2 7 1,2
LAGEQOS laser reflector (1), (2 (1), (2)
ASTER 1,2, (3), (4),((6)),7,8,9,10,11 1, ((6)),8,9,((11)),12,14 1,(2),(3),8,9,10,11
CERES 4
TERRA 1 MisR @) ((8))9.14,(12).14 18,
MODIS (1).((2)).(4).((6)),(7),(8),(10),(11) | 1,((6)),8,9,(12),14 1,8,9,(10),(11)
MOPIT ((4)
AMSR 6,(4),((7)),((8)),(9),10,11,12 6,((7)),(9),10,11,12,13
ADEOS/ GLI (1),((2)),(4),((6)),(7),(8),(10),(11) 1, ((6)),8,9,(12),14 1, 8,9,(10),(11)
MIDORIII | Scatterometer 4,6,(9),10, (11), 12 6,10,12
ILAS-II (4)) (1), (3) (1)
POLDER
(As whole) 4,6,(7),8,9,10,11,12 6,(7),8,9,10,11,12
AVHRR/3 1,((7)),(8),(9), 10 1,8,(9),10,(14) (1),(8)
HIRS/3
NOAA/POES | AMSU-A
series AMSU-B
MHS
SBUV/2 1,(5) 1
SARSAT Search and rescue system
SEM/2 Space weather
(As whole) 4,6,(7),8,9,10,11,12 6,(7),8,9,10,11,12
AVHRR/3 1,((7)),(8),(9), 10 1,8,(9),10,(14) (1),(8)
HIRS/4
AMSU-A
MHS
MetOp | |ag) (1), (5) ()
Scaterommeter 4,6,(9),10, (11), 12 6, 10, 12
GOME-2 1,5 1
GRAS
SARSAT Search and rescue system
SEM-2 Space weather
(As whole) 4,6,(7),8,9,10,11,12 6,(7),8,9,10,11,12
NOAWGOES | Mager ((1)(8)
Sounder
SEM Space weather
SARSAT Search and rescue system
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MeteoSat | S Whole) 4,6,(7),8,9,10,11,12
(second SEVIRI
eneration) GERB

g SARSAT Search and rescue system

6,(7).8

9,10,11,12
((O(C

9,
)

Legend: 1 - Volcano activity; 2 - Earthquakes; 3 - Tsunamis; 4 - Climate change, research and modeling; 5 - Ozone hole; 6 - El Nino, La Nina (ENSO) -
SST; 7 - Landslides; 8 - Forest fires; 9 — Droughts; 10 — Storms, hurricanes (incl. high rain rates, strong winds); 11 - Floods (river), flash floods (incl.
snow melt); 12 - Winter storms; 13 - Polar ice sheet; 14 - Global land coverage (incl. deforestation and desertification); (( )) - low applicability; () -

medium applicability; without bracket — high applicability
Acronyms and abbreviations:

AATSR - Advanced Along-Track Scanning Radiometer
AIRS - Atmospheric Infrared Sounder

ALT - Radar Altimetry

AMI - Active Microwave Instrument

AMSR - Advanced Microwave Scanning Radiometer
AMSR-E - Advanced Microwave Scanning Radiometer
AMSU - Advanced Microwave Sounding Unit

ASAR - Advanced Synthetic Aperture Radar

ASCAT - Advanced Scatterometer)

ASTER - Advanced Spaceborne Thermal Emission and
Reflection Radiometer

ATSR - Along-track scanning radiometer

AVHRR/3 -Advanced Very High Resolution Radiometer

BGIS 2000 - Ball Global Imaging System 2000
BHRC 60 - Ball High Resolution Camera 60

CALIPSO - Cloud-Aerosol Lidar and Infrared Pathfinder
Satellite Observations

CALIOP - Cloud-Aerosol Lidar with Orthogonal Polarization
CERES - Clouds and the Earth’s Radiant Energy System
CMT - China Mapping Telescope

COBAN - Multiband Camera

CPR - The Cloud Profiling Radar

DMC Disaster Monitoring Constellation

EPS - Energetic Particle Sensor)
ESIS - Extended Swath Imaging System)
ETM+ - Enhanced Thematic Mapper Plus

GERB - (Geostationary Earth Radiation Budget)

GLAS - Geoscience Laser Altimeter System

GLI - Global Imager

GOME - global ozone monitoring experiment

GOMOS - Global Ozone Monitoring by Occulation of Stars
GPS - Global Positioning System

GPS Reflectometry ExperimentCLEO

GRACE - Gravity Recovery And Climate Experiment)
GRAS - GNSS Receiver for Atmospheric Sounding

HIRDLS - High Resolution Dynamics Limb Sounder
HIRS/4 - High Resolution Infrared Sounder

HIRS/3 - High Resolution Infrared Sounder

HRG - High Resolution Geometric

HRS - High Resolution Stereoscopic

HSB - Humidity Sounder for Brazil

IASI - Improved Atmospheric Sounder Interferometer
IIR - Imaging Infrared Radiometer
ILAS-2 - Improved Limb Atmospheric Spectrometer 2
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IRR - Imaging Infra-Red Radiometer
JMR - Jason Microwave Radiometer

MERIS - Medium Resolution Imaging Spectrometer

MHS - Microwave Humidity Sounder)

MIPAS Michelson Interferometer for Passive Atmospheric
Sounding

MISR - Multi-angle Imaging Spectroradiometer

MLS - Microwave Limb Sounder

MODIS - Moderate Resolution Imaging Spectroradiometer
MOPITT - Measurements of Pollution in the Troposphere
MSIS - Multispectral Imaging System

MWR - Microwave Radiometer

MWS (MS) - microwave sounder:

OMI - Ozone Monitoring Instrument

PanCam - Panchromatic Camera)

PARASOL (Polarization and Anisotropy of Reflectances for
Atmospheric Science coupled with Observations from a Lidar)
POLDER - Polarization and Directionality of the Earth’s
Reflectance

RA - Radar Altimeter

SAR - Synthetic aperture radar

SARSAT - Search and Rescue System

SBUV/2 - Solar Backscatter Ultraviolet Radiometer),

SEM-2 - Space Environment Monitor-2)

SEVIRI - Spinning Enhanced Visible and Infrared Imager),
SCIAMACHY - Scanning Imaging Absorption Spectrometer for
Atmospheric Cartography

SSALT - Single-Frequency Solid-State Altimeter- Experimental

TES - Tropospheric Emission Spectrometer
TMR - Topex Microwave Radiometer

WEFC - Wide-Field Camera

XRS - Solar X-Ray Sensor

Visualization of the typologies

For the easier interpretation and better orientation of the end
users, the graph plots of the data and information synthesized
in the tables are presented as graphics. The first graph (Fig. 1)
presents the suitability of the remote sensing data about the
practical use before, during and after the natural hazards
action stages. The natural hazards are grouped as in the
previous tables and 3 levels of use are defined — low - 1;
medium — 2; and high — 3. These levels show the possibility to
obtain reliable data for the practical use, according the
reliability and usefulness of the information retrieved by the
respective remote sensing devices in general. Low — means



limited use and effectiveness less then 20%; 2 - means
effectiveness up to 50% and high means — more than 50%.
These statistics are extracted from the theoretical assumptions
and practical observations, by the different case studies, expert
considerations, etc.

O ice,frosting

@ epidemics

O drought

W forest fire

@ hail

O avalanches

O El Nino, La Nina

O tornado

Before During After

O flash floods
O winter storms
M floods

O hurricane

M landslides

O tsunami

O earthquake

M@ volcano

Before During After

Fig. 1. Applicability (usefulness) of remote sensing (aerospace) data
in the risk management process: “before” means - early warning,
preparedness, and risk and vulnerability assessment, (including
modeling); “during” - monitoring and fast response; “after” -
damage assessment, (including modeling); 1 — low; 2 - medium; 3 -
high

The use of the ground data and information is still the
leading tendency in the recent practice. To compare the
usefulness of the remote sensing data and the land installed
devices the summary of the ground data effectiveness is
made. The levels of use are defines by the same way as
before; low — 1; medium — 2; high - 3.

M ice,frostings
M epidemics
O drought

M forest fire
O hail

O avalanches
O El Nino

O tornado

After

Before

During
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O flash floods
W winter storms
O floods

M hurricane

O landslides

O tsunami

O earthquake

E volcano

After

Before During

Fig. 2. Applicability (usefulness) of the ground data and on land
observations in the risk management process: “before” means - early
warning, preparedness, risk and vulnerability analysis, (includes
modelling); “during” — monitoring and possible fast response; “after” -
damage assessment, (includes modelling as well as); 1 — low; 2 -
medium; 3 — high

Conclusions

Several classification and typologies are created about the
recent satellites in use for the observations, monitoring,
(hazards, vulnerability and risk assessment), which could be of
practical use of the decision makers and rescue teams. The
tables of the different satellites, their equipment and suitability
for the risk management process contain data and information
about the practical abilities of all these devices.

Graphical expressions about the possible use of the different
space and land technologies for the “before”, "during” and post
disaster stages are presented, thus making easier
interpretation and visualization of the devices in use.

Such kind of classifications and typologies are targeted to
the everyday practice of the risk managers, decision makers
and the rescue teams and could be implemented in their
everyday practice. The analysis shows that the most critical
points are connected to the fast communication of the data
retrieved, the visualization and the automatic analysis, which
could support the decision making process.

After the deeper analysis it is shown that the effectiveness of
the remote sensing and technologies depends of several
parameters — complexity, simultaneous use of the earth data
and remote sensing data, frequency band, sensitivity, high/low
resolution, sampling frequency of the measurements, reliability
of the communication and data transfer, software tools and
velocity of the data processing, efc.
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TREATMENT OF ACID MINE DRAINAGE BY MEANS OF A NATURAL WETLAND

Stoyan Groudev, Irena Spasova, Plamen Georgiev, Marina Nicolova, Anatoli Angelov

University of Mining and Geology “Saint Ivan Rilski”, Sofia 1700, Bulgaria, groudev@mgu.bg

ABSTRACT. Acid mine drainage waters generated in the uranium deposit Curilo were treated by means of a natural wetland located in the deposit. The waters had a
pH in the range of about 2.5-4.5 and contained radionuclides (mainly uranium and radium), heavy metals (copper, zinc, cadmium, lead, nickel, cobalt, iron,
manganese), arsenic and sulphates in concentrations usually much higher than the relevant permissible levels for waters intended for use in agriculture and/or
industry. The wetland 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 representatives of the genera Juncus, Eleocharis, Potamogeton, Carex and Poa as well as different algae were also present. An
efficient cleanup of the polluted waters was carried out in the wetland during the different climatic seasons, even during the cold winter months at tem peratures close
to the freezing point. The water cleanup was due to different mechanisms but the microbial dissimilatory sulphate reduction and biosorption played the main role.

TPETUPAHE HA KWCENW OPEHAXXHW BOOW NOCPEACTBOM ECTECTBEHO MOYYPULLIE
CmosiH 'pydes, UpeHa Cnacoea, lMnameH eopaues, MapuHa Hukonoea, AHamonuii AHzenos
MurHo-eeonoxku yHusepcumem ,Ceemu MeaH Puncku”, 1700 Cogpus, groudev@mgu.bg

PE3IOME. Kkucenu ApeHaxHW BOAM, TEHepupaHW B ypaHOBOTO Haxoguwe Kypumo, 6sxa TpeTupaHn MOCpeACcTBOM €CTECTBEHO MOYYPMULLE, PasnonoXeHo B
HaxoguweTo. Bogute 6sxa ¢ pH B rpaHuumMTe OT okono 2.5-4.5 1 cbabpxaxa paguoHyKnuay (raBHO ypaH W paauit), TEXKU MeTanu (Mef, LMHK, KaaMui, OnoBo,
HuKen, kobanT, Xens3o, MaHraH) apceH v cyndaTti B KOHLEHTpaLun 0BUKHOBEHO MHOTO NO-BUCOKW OT CbOTBETHUTE AOMYCTUMM HUBA 3a BOAM, NpeaHa3HayeHn 3a
u3nonasaHe B CENCKOTO CTOMAHCTBO M npomuiineHoctTa. Mouypuiieto ce xapaktepusupaiwe ¢ 6orata BogHa W 6naTHa pacTuTenHocT U pasHoobpasHa
mukpodpriopa. Typha latifolia w Typha angustifolia 6sixa rmaBHWUTE pacTUTENHW BWAOBE B MOYYPMLLETO, HO MPEeAcTaBUTENM Ha pogoseTe Juncus, Eleocharis,
Potamogeton, Carex n Poa, kakTo W pasnuyHu Bogopacnv, 6sixa cblio npeacTaBeHn. EdukacHo npeuncTBaHe Ha 3amMbpceHuTe Boau Oe OCbLUECTBEHO B
MOYYPULLIETO NPE3 pasnuyHUTE KNUMATUYHI CE30HM, AOPM NPe3 CTyAeHUTE 31UMHI MeCeL Npu TemnepaTypu 6nm3ku o ToukaTa Ha 3amMpb3BaHe. MpeuncTeaHeTo Ha
BOAMTE Ce JbJIKeLLe Ha PasnuyHN MexaHuamu, Ho MukpobHaTa aucumunaTueHa cyndartpeykumus u 6uocopbuusiTa urpaexa rmasHara pons.

Introduction constructed wetlands, permeable reactive barriers and rock
filters, used separately or in different combinations (Groudev et

The uranium deposit Curilo, Westem Bulgaria, for a long al., 2002; 2004; 2005). Some data about treatment of such
period of time was a site of intensive mining activities including waters by means of a natural wetland are present in this paper.

both the open-pit and underground mining techniques as well
as in situ bioleaching of uranium. The ore was rich in pyrite
and, apart from uranium, contained some non-ferrous metals Materials and Methods
and arsenic. The mining operations in the deposit were ended

in 1990 but since that time the deposit is a permanent source The wetland was located in a ravine, which collected a
of acid mine drainage waters. These waters have low pH portion of the acid drainage generated in the deposit. The
(usually in the range of 2.5-4.5) and contain uranium, radium, wetland covered an area of about 500 m2 (approximately 75 m
several heavy metals (copper, zinc, cadmium, lead, nickel, long and 6-7 m wide). Intrusive rocks with a very low hydraulic
cobalt, iron, manganese), arsenic and sulphates in conductivity served as a bottom of the wetland. The bottom
concentrations usually much higher than the relevant was cover by a 0.3-0.5 m layer consisting of a mixture of sail,
permissible levels for water intended for use in agriculture and/ silt, sand and different sediments. The wetland was
or industry. characterized by an abundant water and emergent vegetation
and a diverse microflora. Typha latifolia and Typha angustifolia
The generation of acid mine drainage waters is connected were the prevalent plant species in the wetland but species of
mainly with the oxidation of pyrite, other sulphides and the genera Juncus, Eleocharis, Potamogeton, Carex and Poa
uranium-bearing minerals by the indigenous acidophilic as well as different algae were also well present. Data about
chemolithotrophic bacteria (Groudev et al., 2001). the microflora of the wetland are shown in Table 1.
Different methods to cleanup the above-mentioned polluted The water flow rate through the wetland varied in the range
waters were tested under laboratory and pilot-scale conditions. of about 0.2-1.2 I/s reflecting water residence times from about
Most of these methods were connected with the application of 70 to 12 hours.

various passive systems such as alkalizing drains, natural and
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Table 1
Microflora of the drainage waters and the natural wetland
during the warmer months

Microorganisms

Samples

Drainage  Waters Sediments
waters ~ fromthe  from the
before  wetland  wetland

treatment

Cells/ml (g)
Aerobic heterotrophic 101-104 104107 102105
bacteria
Cellulose — degrading 0-102 102-106  10%-10¢
microorganisms
Fungi 0-102 10103 0-102
Fe?* — oxidizing chemo- 104107 10108 0-102
lithotrophs (at pH 2)
$2032 — oxidizing chemo-  0-102 10204 0-102
lithotrophs (at pH 7)
Fe2* — oxidizing 0-10 10-10¢  0-102
heterotrophs (at pH 7)
Anaerobic 0-102 102-105  10%-107
heterotrophic bacteria
Bacteria fermenting ND 101104 103-108
sugars with gas
production
Sulphate-reducing 0-10 102-106  103-107
bacteria
Denitrifying bacteria 0-10 102-10¢  102-10°
Fes* - reducing bacteria 0-101 101-10%  103-108
Methanogenic bacteria ND 0-101 101-104

The quality of the waters was monitored at least twice per
month in a period of about six years at different sampling
points located in the wetland. The parameters measured in situ
included: pH, Eh, dissolved oxygen, total dissolved solids and
temperature. Elemental analysis was done by atomic
absorption  spectrometry and induced coupled plasma
spectrometry in the laboratory. The radioactivity of the samples
was measured, using the solid residues remaining after their
evaporation, by means of a low background gamma-
spectrophotometer ORTEC (HpGe-detector with a high
distinguishing ability). The specific activity of Ra-226 was
measured using a 10 | ionization chamber. The total B-activity
was measured by a low background instrument UMF-1500 M.
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).

Sediment samples from the wetland were subjected to
microbial leaching using different mixed enrichment cultures of
indigenous microorganisms: No 1 — mixed culture of aerobic
heterotrophic microorganisms enriched in nutrient medium
containing 0.2 % glucose and 0.2 % peptone as sources of
carbon and energy, at pH 7.0; No 2 — mixed culture of
anaerobic heterotrophic microorganisms enriched in nutrient
medium containing 0.2 % lactate and 0.2 % acetate as sources
of carbon and energy, at pH 7.0; No 3 — mixed culture of
basophilic chemolithotrophic bacteria enriched in nutrient
medium containing 1.0 % S203% as energy source, at pH 7.0;
No 4 - mixed culture of acidophilic chemolithotrophic bacteria
enriched in nutrient medium containing 1.0 % Fe?* as energy
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source, at pH 2.5; No 5 — natural water from the wetland not
supplemented with any additives and containing only natural
community of indigenous microorganisms, at pH 7.0,
anaerobically. The leaching of sediments by these cultures
was carried out in mechanically stirred reactors (300 rpm)
containing 500 g sediment (dry weight) and 2 | leach solution
each, at 20 °C for 14 days. The anaerobic leaching was carried
out in nitrogen atmosphere.

The isolation, identification and enumeration of
microorganisms were carried out by methods described
elsewhere (Karavaiko et al., 1988; Widdel and Hansen, 1991;
Widdel and Bak, 1991; Groudeva and Tzeneva, 2001).

Results and Discussion

An efficient clean up of the polluted waters was achieved by
the wetland and the residual concentrations of the pollutants
were decreased below the relevant permissible levels for
waters intended for use in the agriculture and/or industry
(Table 2). The removal of the pollutants markedly depended on
the water temperature (Table 3). However, good results were
achieved even during the cold winter months (December-
February) at temperatures close to 0°C, although at higher
residence times.

Table 2
Data about the drainage waters before and after their
treatment by the natural wetland

Parameters Before treatment  After treatment
Temperature, °C (+0.1)-(+25.1) (+0.1)-(+27.7)
pH 2.4-4.15 6.8-7.5
Eh, mV (+350)-(+572) (+235)-(+385)
Dissolved Oz, mg/l 1.5-4.4 2.3-5.1
Total dissolved 614-2822 370-1392

solids, mg/l
Solids, mg/l 28-114 23-77
Dissolved organic 0.6-4.4 17-68

carbon, mg/l
Sulphates, mg/l 352-1630 181-590
Uranium, mg/l 0.32-3.41 <0.1
Radium, Bq/l 0.08-0.45 <0.05
Total B-activity, Bg/l 0.45-2.30 <0.5
Copper, mg/l 0.77-9.54 <0.5
Zinc, mgll 1.25-23.5 0.05-1.9
Cadmium, mg/l 0.02-0.10 <0.01
Lead, mg/l 0.17-0.95 <0.1
Nickel, mg/l 0.41-2.08 <0.2
Cobalt, mgl/l 0.32-1.70 <0.2
Arsenic, mgl/l 0.01-0.37 <0.01
Iron, mg/l 80-914 0.2-1.9
Manganese, mg/l 1.0-35 <0.5

The removal of sulphates and of the largest portions of the
heavy metals and arsenic present in the waters was due to the
process of microbial dissimilatory sulphate reduction. The
anaerobic sulphate-reducing bacteria were a quite numerous
and diverse population, particularly in the bottom zone of the
wetland, mainly in the sediments (Table 4). These bacteria
were well adapted to the environmental conditions existing in
the wetland and were not inhibited by the concentrations of
pollutants present in the waters. The sulphate-reducing



bacteria reduced the sulphate ions to hydrogen sulphide, using
different organic monomers as donors of electrons for this
reduction. The hydrogen sulphide precipitated the dissolved
heavy metals and arsenic as the relevant insoluble sulphides.
The dissolved hexavalent uranium was reduced to the
tetravalent state and was precipitated mainly as the mineral
uraninite (UO2). The hydrocarbonate ions produced during the
sulphate reduction, together with the chemical alkalizing
agents (mainly carbonates) present in the wetland, increased
the pH and stabilized it around the neutral point.

Table 3
Removal of pollutants from the drainage waters during the
different climatic seasons

Pollutant Pollutant removal, g/24h
During the During the cold

warmer winter months

months (at0-5°C)
Uranium 62 - 242 23-82
Copper 91 - 451 32-154
Zinc 190 - 974 41-387
Cadmium 14-59 05-17
Lead 21-77 8.2-24
Nickel 48 - 145 21-53
Cobalt 41-122 15-44
Manganese 109 - 1090 51-334
Arsenic 14 - 41 0.5-18

Table 4

Sulphate-reducing bacteria in the sediments in the natural
wetland

Sulphate-reducing bacteria Cells/g
dry
sediments
Desulfovibrio (D. vulgaris, 108 - 107
D. desulfuricans, D. saprovorans)
Desulfobulbus (D. elongatus, D. propionicus) 102 - 106
Desulfococcus (D. postgatei) 101 - 104
Desulfobacter (D. multivorans) 102 - 106
Desulfobacterium (D. autotrophicum, 101-103
D. vacuolatum)
Desulfotomaculum (D. nigrificans, D. orientis) 0-102
Desulfosarcina (D. variabilis) 101 - 103
Desulfomonas (Non-identified species) 101 - 103

Portions of the uranium, heavy metals and arsenic as well as
most of the radium were removed by their sorption by the plant
biomass (Table 5) and clay minerals present in the wetland.
The dead plant biomass was more efficient sorbent than the
living plants. Larger contents of pollutants were also found
inside the dead plant cells. Relatively small portions of the
pollutants were accumulated inside the living plant, mainly in
their root systems. Some algae (mainly related to the genera
Pediastrum, Eudorina, Volvox, Melosira and Scenedesmus)
were efficient sorbents and accumulators of pollutants. The
total content of heavy metals in some specimens of these
algae exceeded 10 g/kg biomass, and that of radium exceeded
500 Bg/kg. Some microorganisms (mainly such related to the
genera Aspergillus, Penicillium, Pseudomonas and Bacillus)
also adsorbed pollutants. Negative effects of the pollutants on
the growth and activity of the indigenous plant and microbial
communities were not observed.
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Table 5
Content of radionuclides, heavy metals and arsenic in living
and dead biomass from the natural wetland

Pollutant Typha latifolia Typha angustifolia
[ Il [ I
mg/kg dry biomass

Uranium 64-262 64-325 41-222  60-321
Copper 109-352 125545  80-284 99-398
Zinc 71-370 77-710 64-302 95-515
Cadmium 12-60 21-82 10-51 15-71
Lead 23-140 28-212 24-125 35190
Nickel 48-203 59-321 35-170  32-280
Cobalt 44-208 60-284 35-145  62-244
Manganese  109-410  99-820 91-321  107-684
Arsenic 28-82 37-125 23-77 414109

Notes: | - Living biomass;
[l — Dead biomass during the winter months.

The total content of non-ferrous metals in some clay
specimens exceeded 15 g per kg dry clay, and the contents of
uranium and radium exceeded 1 g and 1000 Bq per kg,
respectively.

The role of the sorption mechanisms was particularly
essential during the cold winter months when the growth and
activity of the plant and microbial communities in the wetland
were negligible or completely inhibited. In this period the
pollutants were present mainly in the sediments precipitated in
easily soluble (exchangeable and carbonate) mobility fractions
whereas the concentration of sulphides and uraninite was
much lower compared to that measured during the warmer
periods.

The removal of portions of iron and manganese was
connected with the prior oxidation, mainly bacterial, of the Fe2
and Mn2* ions to Fe3* and Mn# ions. The Fe3* and Mn#* ions
precipitated as Fe(OH)s and MnOz, respectively.

The leaching tests revealed that the sediments from the
wetland were relatively refractory to microbial leaching,
especially under conditions similar to the real conditions in the
wetland, i.e. prevalent anaerobic conditions in the bottom zone,
with pH around the neutral point, and microbial community
consisting mainly of sulphate-reducing bacteria and other
metabolically interdependent microorganisms (Table 6). Only
small portions of manganese and iron were solubilized as a
result of enzymatic reduction of Mn4+ and Fe3* to the relevant
bivalent forms. However, the dissolved Mn2+ and Fe2* were
again turned into insoluble compounds such as MnS, MnCO3
and FeS. The results from these leaching experiments
confirmed the data from the chemical analyses of the wetland
effluents and revealed that the solubilization of the precipitated
pollutants in the natural wetland was negligible.

The data from this study revealed that acid drainage waters
heavily polluted with radionuclides, heavy metals and arsenic
can be efficiently treated by means of natural wetlands with a
proper size and suitable plant and microbial communities and
located in areas with suitable geological, hydrogeological and
climatic conditions. Such water clean up can be regarded as
one of the most typical examples of sustainable development
of natural ecosystems.



Table 6
Microbial leaching of pollutants from sediments from the
wetland

Pollutants Microbial cultures

No 1 No 2 No 3 No 4 No 5

Pollutant solubilized within 14 days, %

U 224 2.5 4.6 70.7 2.3
Cu 2.3 0.7 1.9 55.8 0.9
Zn 5.0 0.9 4.1 57.2 1.2
Cd 8.6 1.9 4.8 88.2 2.8
Pb 14.0 1.0 2.3 1.9 2.5
Mn 3.2 8.2 2.1 15.4 9.5
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ABSTRACT. The comparative analysis about the two strong earthquakes near Sumatra Island (Indonesia) is made concerning their tsunamigenic potential. In the
frame of the recent geotectonics, epicenter and hypocenter positions, depths of the seismic events, rupture process and the as well as other parameters considered
the explanation about the tsunami generation process is outlined. The first giant earthquake (Mw9.3) generated a huge transatlantic tsunami, which kills more than
200 000 people in many countries around the Indian Ocean, thus appeared one of the greatest catastrophes during the mankind history. The second one (Mw8.7),
located to the south produced a very small tsunami (which is absolutely unusual for such size of magnitude), but brought large destructions and more than 1000
deaths on the Nias Island. To know why two similar in power events generated (or did not generate) huge tsunamis, appears of essential importance in view of the
people protection and economic safety of the threaten nations.

CPABHEHWTEJIEH AHANK3 HA IBETE CUITHW 3EMETPECEHUA KPAX CYMATPA (26™ [JEKEMBPU 2004 U 28" MAPT
2005) U TEXHUA LYHAMUTEHEH NOTEHLMAN

Hecucnaea Munyweea’, boliko PaHzenos?

"MuHHo-2eonoxku yHugepcumem “Cs. Mear Puncku”, Cogpus 1700; dessie_milusheva@abv.bg

2[‘eopusuyeH uHemumym, BbAH, Cogpusi 1113

PE3IOME. HanpaseH e cpaBHUTENeH aHanua OTHOCHO LiyHaMUreHHUs! MOTeHLMan Ha fBeTe CUiHW 3emeTpecenus kpait Cymatpa (MHgoHesus) npe3 2004 v 2005 .
PasrneaaHu ca TeXHUTE TEKTOHCKW MO3WLMM, CUNaTa, PasnofioKeHNETO Ha eNULEHTPUTE W XUNOLEHTPUTE UM, SbnBounHUTE, NPOLLECUTe Ha pa3noMsiBaHe W Apyry
napameTpu “MalLy OTHOLLEHWE KbM MpoLeca CBbp3aH C eHepupaHeTo Ha LyHamu. [TbpBoTo 3eMeTpeceHre ¢ Mariutyg 9,3 npeaunssuka OrpOMHU TPaHCOKEAHCKM
LilyHamu, kouto B3exa noseye oT 200 000 xepTBu, SBABAIKM CE MO TO3M HAYWMH efHa OT Han-rpaHAMO3HMTE KaTacTpodu, CnoneTen YosevecTsoTo. BTopoto — ¢
MaruTy 8,7, pa3nomnoxeHo no Ha tor, NPean3Buka OTHOCUTENHO Manka BbiHa LiyHamu (koeTo e abconioTHO HeobuyaliHo 3a 3emeTpeceHnst ¢ nogobHa cuna), Ho
reHepupa TEXKM paspyLueHus Ha ocTpoB Husic. YCTaHOBSIBAHETO Ha MPUYMHUMTE, 3allo BnM3ku Mo curna 3eMeTpeceHus reHepupat (Unu He), onacHu LiyHamu e oT
WU3KNIOYMUTENHA BAXHOCT 3a 3allyTaTa Ha HaCeNeHWEeTo M MKOHOMUYECKaTa MHGPaCTPYKTypa Ha 3acTpaLleHuTe CTpaHu.

Introduction about so different tsunami consequences are the volume of the
displaced water due to the large bottom deformations of the
both shocks and the average water depth of the areas where

This study is focused on one of the main problems both shooks occurTed.

generated by the two strong earthquakes — the Sumatra one
(on 26th December 2004, M~9.3) and the Nias one (March
28th 2005, M~8.7) and their tsunamigenic potential. To answer ] ]
the question — why similar in their magnitudes and other Tectonic setting
dynamic parameters very strong seismic events, generated so

different tsunamis? - is a complicated task. The first dangerous The region where the great earthquake occurred on 26
event (a couple of earthquake and tsunami) had heavy December 2004, marks the seismic boundary formed by the
consequences of more than 200 000 fatalities. The second one movement of the Indo-Australian plate as it collides with the
- with relatively small tsunamis with no victims, produced Burma subplate, which is part of the Eurasian plate. However,
about 1500 deaths as a consequence mainly due to the the Indo-Australian tectonic plate may not be as coherent as
earthquake effects to the buildings. These very strong and previously believed. According to recent studies reported in the
destructive disasters lead to this investigation. Many data and Earth and Planetary Science Letters (vol. 133), it appears that
information have been collected and different models of ~ the two plates have separated many million years ago and that
exp|anations Suggested. The Specia| attention has been pa|d to the Australian plate is rotating in a counterclockwise direction,
the historical seismicity and tsunamis. The preliminary putting stress in the southern segment of the India plate. For
assessment of the observed differences of the both seismic millions of years the India tectonic plate has drifted and moved
events and occurred tsunamis suggests that probably several in a north/northeast direction, colliding with the Eurasian
factors influenced the tsunami generation process. The main tectonic plate and forming the Himalayan Mountains. As a
result of this Study shows that the most probab|e exp|anati0n result Of such migration and collision with both the Eurasian
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and the Australian tectonic plates, the Indian plate's eastern
boundary is a diffuse zone of active seismicity and
deformation, characterized by extensive faulting and numerous
large earthquakes. The epicenter of the 26 December 2004
earthquake was near the triple point junction of three tectonic
plates where major earthquakes and tsunamis have occurred
in the past. Previous major earthquakes have occurred further
north, in the Andaman Sea and further South along the
Sumatra, Java and Sunda sections of one of the earth's
greatest fault zones, a subduction zone known as the Sunda
Trench. The great Sunda trench extends for about 3,400 miles
(5,500 km) from Myanmar (Burma) south past Sumatra and
Java and east toward Australia and the Lesser Sunda Islands,
ending up near Timor. Slippage and plate subduction make
this region highly seismic. The volcanoes of Krakatau,
Tambora and Toba, well known for their violent eruptions, are
byproducts of such tectonic interactions. In addition to the
Sunda Trench, the Sumatra fault is responsible for seismic
activity on the Island of Sumatra. This is a strike-slip type of
fault which extends along the entire length of the island. The
Burma plate encompasses the northwest portion of the island
of Sumatra as well as the Andaman and the Nicobar Islands,
which separate the Andaman Sea from the Indian Ocean.
Further to the east, a divergent boundary separates the Burma
plate from the Sunda plate. More specifically, in the region off
the west coast of northern Sumatra, the India plate is moving in
a northeastward direction at about 5 to 5.5 cm per year relative
to the Burma plate.

Data about the earthquakes

The 261 Boxing Day 2004 earthquake occurred with a
starting point of the hypocenter located at 3,316°N; 95,854°E.
The reported mechanism by the Harvard tensor moment
solution was thrust type (Fig. 1a).
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a) the 26t December 2004 seismic event

—#i#
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b) the 28th March 2005 seismic event

Fig.1 a and b. The Harvard moment tensor solutions of both shocks,
showing the same thrust type dislocations. [http://earthquake.usgs.gov/]
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Then the ruptured process has extended to the North for
about 10 minutes and according different models (Wahyu
Triyoso, 2005; José Fernando Borges, 2005) the area of the
surface dislocations covered more than 337500 sq.
kilometers. The depth reached 33 km. The initial aftershock's
behavior confirmed this direction of dislocation. Almost two-
three months after the main event, all aftershocks covered the
north part of affected area, thus suggesting the highest
probability to expect the next strong event located to the south.
The thrust type mechanism, the great magnitude, large area of
surface deformations, the activation of the underwater deposits
slides and the displaced water volume are the main factors
leaded to the giant tsunami spread across the Indian Ocean
and brought so much victims and destructions. The earthquake
of March 28, 2005 (M~8.7, depth down to 33 km., coordinates
2,074°N; 97,013°E) was probably triggered by the dynamic
stress loading caused by the 26 December 2004 (M9.3)
earthquake. The March 28 earthquake occurred — as a result
of thrust faulting — on the boundary of the Australian and
Sunda plates (Fig. 1b). It was caused by the release of
stresses when the Australian plate subducted (and perhaps
rotated) beneath the overriding Sunda plate. This interaction
results in convergence at the Sunda Trench and involves local
movement, with a total area of displacement of about 63 750
km2. The shock was located to the south of the ruptured area
of the first strong seismic event, and thus could be considered
as a giant aftershock — Fig. 2.
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Fig. 2. The location of the both (26t Dec.2004 and 28t March, 2005)
epicenters, ruptured zones (red and blue) and some aftershocks
distribution, according their tectonic positions.


http://earthquake.usgs.gov/

The data about the maximum heights of tsunamis and
observed strong earthquakes in the region have been compiled
and presented on Fig. 3 and Fig. 4. They show that this area is
strongly seismic active and frequently produced tsunamis
(Murty, 1977; Tinti, 1993). The maximum observed heights are
connected with the 1883 Krakatau eruption and affected
Batavia (at present Djakarta city).
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Fig. 3. The tsunami maximum heights data distribution versus time about
the area 15° S 15° N latitude and 90-120° E longitude. The question

marks show the indicated tsunamis, without heights data
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Fig. 4. Data about the known earthquakes in the region 15° S 15° N
latitude and 90-120° E longitude with magnitude greater than 7.0. The
tsunamigenic earthquakes are indicated by solid bars

A comparative analysis

Such great earthquakes (magnitude greater then 8.0) do not
occur with great frequency on earth. Great earthquakes occur
on the average every ten years. In the 20th century there have

been about a dozen earthquakes with magnitude greater than
8 that can be characterized as great.

For two great earthquakes to occur so close to each other in
time and space — as the 26 December 2004 and the 28 March
2005 events — is very unusual. However, the northern segment
of the great Sunda Trench is a seismically unusual region of
the world, characterized by very active interaction between the
Indian and Australian tectonic plates and the Burma and
Sunda subplates of the Eurasian tectonic block. Both of the
recent earthquakes had their epicenters near the triple junction
point where the Indian, Australian and Burma tectonic plates
meet. Triple junction points of tectonic plates, particularly in
areas of active subduction, are some of the most seismic areas
of the world — capable of causing great earthquakes and
tsunamis. The 1960 Great Chilean Earthquake and Tsunami
originated near such a triple point tectonic junction. Usually,
when a great earthquake occurs, most of the stress is relieved
and another great earthquake may not occur for many years in
the same region. However, this is not always the case, as
dynamic stress loading can accelerate the occurrence of
another earthquake along an adjacent seismic zone.
Sometimes the opposite occurs and the release of energy on
one segment, may also release stress on an adjacent seismic
fault. In this case it appears that the process was accelerated
rather than delayed. The summary of all investigated
parameters have been presented at Table 1. Both seismic
events have very similar characteristics (magnitude, depth,
mechanism type). The differences are connected mainly to the
ruptured areas (length, width, vertical displacements), average
water depth, the supposed underwater slides and the tsunami
parameters — maximum observed run ups and the displaced
water volumes. It is visible that the maximum run ups Hmax
are of one order difference and the displaced water volumes
have the same differences. So, the reasonable explanation is
connected with the presented model and due probably to the
displaced water volumes. These numbers depends mainly on
the average water depth in the areas of bottom displacements
and their sizes. The energies released are 1/3 to 1/4 and
depend on the magnitudes.

Table 1
Main characteristics of both earthquakes and tsunamis occurred on 26t December and 28t March
Rupture Volume
Earthquake | Humax Rupture width displaced Underwater Energy
Date M H [km] Huyater [M] mechanism [m] Location length [km] [km] water [km?] landslides | released [J]
30 3,316°N;
26.X11.2004 | 9,3 | (10-33) | 500-750 Thrust type 37 | 95,854°E 1200-1300 270 210938 | yes 3.35x101
2,074°N;
281112005 | 8,7 | 33 250-500 Thrust type 4.7 | 97,013°E 350-400 170 20719 | ? 1.11x1018
Conclusions immediately to the south, on the other side of the triple junction

When the 26 December 2004 earthquake occurred, the
Indian plate subducted the Burma plate and moved in a
northeast direction. This movement caused dynamic transfer
and loading of stress to both the Australian and Burma plates,
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point. As a result of this load transfer, the Australian plate
moved in relation to the Burma plate and probably rotated
somewhat in a counterclockwise direction, causing the great
earthquake of 28 March 2005. The block that moved was
relatively small in comparison. However, another great
earthquake similar to that of 1833 (magnitude 8.7) along the



south coast of the western Sumatra, is possible. That particular
earthquake generated a great tsunami. The waves may have
been as much as 10 t0 15 meters on the western coast of
Sumatra. Luckily, most of the energy from that tsunami was
directed towards the unpopulated regions of the southwest
Indian Ocean. According to Carayannis the smaller tsunami
generated by the second shock is due to the different tectonic
position, the lower energy (1/2 to 1/4 smaller) than to the first
shock and the thicker sediments to the north
(http://www.drgeorgepc.com/). According to our research and
models the main reasons for the first generated giant tsunami
are the earthquake ruptured mechanism, the great water
volume displacements, the large magnitude and area affected
(probably the underwater deposits slides activated) and the
velocity of the rupturing process. The smaller second
earthquake generated tsunamis are due to the shallower water

Recommended for publication by Department of
Applied Geophysics, Faculty of Geology and Prospecting
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(the earthquake epicenter located just near the Nias Island)
and smaller area of displacements covered by the smaller
volume of ocean water.
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BOTTOM HOLE SHOCK ABSORBER APPLICATION IMPROVES DRILL CORE BIT

PERFORMANCE IN WIRELINE DRILLING

Nikolay Nenkov, Shteryo Lyomov

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

ABSTRACT. This paper focuses on the application of bottom hole shock absorbers in wireline drilling operations. An attempt to explain the theoretical background of
the borehole and core spiralling is made. Some laboratory and field results from bottom hole shock absorber testing are presented.

NOAOBPABAHE HA PABOTATA HA CKATIOPA3PYLLABALLUMA UHCTPYMEHT MPU COHANPAHE C U3BAXOAEMU
AOKONMPUEMHU TPBBWU U NPUNATAHE HA 3ABOUHA AMOPTU3ATOPU

Hukonali Hexkos, Lepto JIbomoe

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

PE3IOME. Bucokute 4ecToTt Ha BbpTEHE N OCOBM HatoBapBaHWA NpU NpPoy4BaTeNHOTO AAKOBO COHAMPaHe C uU3Baxaaemu aakonpuemHu Tp'b6I/1 nocraesa peguua
I'IpO6J'IeMVI KaTo BWUCOK BbPTALL MOMEHT 3a COHAMpaHe, BMGpaLlMM, chpanoo6pa3yBaHe CTEHUTE Ha COHAaXa W Afdkata, UHTEH3MBHO W3HOCBAHE Ha COHAaXHUA

MHCTPYMEHT U HaManeH HanpeabK KakTo U MeXaHW4Ha CKOpOCT.

B crasta ce pasrnexga npo6nema 3a noBuLLaBaHe NPOM3BOAMTENHOCTTa W Ka4eCTBOTO Ha COHAMpaHe C NoMoLTa Ha 3aboeH amopTu3aTop npu cCoHAupaHe c
n3BaxgaeMun AKonpueMHu Tp'b6M. HanpaBseH e onuT 3a TEOPETUYHO U3ACHSIBaHE Ha NPUYMHUTE 3a chpanoo6pa3yBaHe. [lanenu ca pesynTatute OT NpoBeaeHUTe
M3NUTaHWA Ha OpUrMHanHa KOHCTPYKLMA 3aboeH amopTMU3aTop, KakTo B naﬁopaTopHM Taka 1 B NPOMULLNEHN yCrnoBua.

HanpasenuTe 130N nokaseat, Ye npunaraHeTo Ha 3a60iHM aMopTU3aTopn NO3BONABa Aa CE PA3KPUAT OOMbIIHUTENHW pe3epBu 3a I'IO,ClOGpﬂBaHe Ha TEXHWKO-

WKOHOMMWYECKUTE NOKa3aTenn Ha coHaupaHe.

Introduction

High RPM and WOB in wireline drilling operations leads to
excessive torque, vibration, borehole walls and core spiralling,
and reduces core bit footage. Due to vibrations often the drill
bit and drill string wear is considerable, while ROP decreases
as well as the overall drill bit productivity i.e. less meter drilled
per bit. Its observed also increased effect of natural deviation
tendencies in cases where intensive micro (high frequency, low
amplitude) vibrations modes of the system drill bit/string
borehole exist.

Theory

Theoretical studies have shown that the problems have
several sources. So far “perfect” picture and theory of its
explanation doesn't exist. The core/borehole walls spiralling
are result from the core bit interaction at the bottom of the hole.
Most accepted theory is related with bit whirling with
epicycloidsal (The path traced out by a point P on the edge of
a circle of radius b rolling on the outside of a circle of radius a -
Figure 1) and hypocycloidal (The curve produced by fixed point
P on the circumference of a small circle of radius b rolling
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around the inside of a large circle of radius a>b — Figure 2)
rotations/movements.

At certain geo-technical conditions of drilling (rock hardness,
rocks anisotropy, WOB, RPM, borehole-drill string geometry)
the core bit rotates around a certain centre of rotation different
from the borehole axis. This cause whiring as said above in
open epicycloidal or hypocycloidal curves. The length travelled
by single cutting structure can be as longer as 25% or even
more.

This phenomenon explains why the same core bit type at
same conditions might manifest different performance in term
of rate of penetration and meterage.

Avoiding those problems can be achieved by two major ways
technological and by use of Bottom Hole Shock Absorber
(BHSA) as a part of the wireline core barrel.

The first approach requires reducing the weight on the bit
and/or rotational speed. This leads decrease of the ROP and
drilling daily production.
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The second approach applies by use if the bottom hole sock
absorber. In drilling operations it applications the BHSA
reduces the axial vibrations and provides continuous contact
between the core bit and the bottom of the hole, which helps
reducing core bit vibration and thus bit whirling, wear, drill
string fatigue accumulation. The BHSA is placed between the
reamer and the core bit Figure 3.

Fig. 3. Bottom hole shock absorber
(1 - core bit, 2 - bottom hole shock absorber, 3 - inner core barrel)
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Its aimed to dampen the micro vibrations with an amplitude up
to ca. 8 - 10 mm at optimal WOB and RPM.

Bottom hole shock absorber.

In an extensive research study BHSA 46, 59, 76 and 96 mm
were developed. The design of the tool consists of the
following components:

Upper sub

Upper semi ring
Inner spring ring
Outer spring ring
Lower semi ring
BHSA outer barrel
BHSA Inner barrel
Lower sub.

A spring performance curve for NQ -size BHSA spring is
shown at Figure 4.

The BHSA - 59 was used in drilling operations at “Elshitza” ore
deposits, near Panagurishte. The BHSA was applied at depth
from 90 to 450 m. 40 drill bit were observed in the study. In 20
of the cases BHSA was used while the 20 were used as a
control to compare BHSA performance.
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Fig. 4. BHSA spring performance experimental and theoretical

The rock conditions were andezites with quartzs, datzites, porfirites and granodeorites. Rock drillability index was in the range 8 and

9. The results are presented in table bellow.

2000

2250 2500 2750

3000

3250

3500

Nr. Parameter BHSA Conv.
1. Core Bit Footage, m 24,8 18,6
2. ROP, m/h 1,8 1,5

3. Bottom hole power, kW 2,0 1,9

4. Specific bottom hole power, kW.h/m 1,12 1,25
4, Avrg Run, m 1,7 1,8
5. Footage 494 372
6. Outside diameter wear, mm 0,55 0,71

In Figure 5 below is shown the ROP in drilling with and without BHSA and specific bottom hole power at the bit in both cases.

Specitic hottom hole power  gonom poje power without BHSA

Bottom hole power with BHSA
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Fig. 5. ROP and Specific bottom hole power

Figure 6 shows effect of BHSA on cores formed during drilling. from drilling without and with application of a BHSA.
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Fig. 6. A - core obtained in drilling without BHSA; B - core obtained in drilling with BHSA

When BHSA is employed in WL drilling operations the
following main advantages are achieved:

Reduces vibrations;

Increases the ROP;

Decreases the specific drilling energy (Nbit/ROP);
Eliminates the borehole/core spiralling;

Increases the core bit footage;

Reduces the borehole deviation tendencies;

Less need for on-bottom core bit sharpening;
Reduces the core blocking;

Recommended for publication by Department of
Drilling and Oil and Gas Production, Faculty of Geology and
Prospecting
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Reduces the dynamic loads on the drill string and improves its
performance.

Conclusions

The results prove that the application of bottom hole shock
absorber in wireline drilling improves drill bit performance and
overall drilling project economy. Bottom hole shock absorbers
are prospective bottom hole tools that have huge potential in
improvement wireline drilling efficiency.
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EXPERIMENTAL RESEARCHES REGARDING THE DRILLING PIPE LOADINGS IN THE
STARTING PHASE OF THE MINE DRILLING PROCESS

Simion Parepa

Petroleum-Gas University of Ploiesti, Ploiesti 2000, Romania

ABSTRACT. The drill column used for mine shaft drilling (exploitation and aerating) consist of elements (bit, drill stabilizer, drill collars and drill pipes) having large
diameters, masses and mass moments of inertia respectively. As a result, the dynamic moments and dynamic loadings are important, especially during the transient
periods of the rotating motion. For that reason it is necessary the knowledge of the pipe dynamic loadings in the starting phase of the drill column rotating motion. As
follow, in the paper the experimental research results are presented by using the stress-resistive method concerning the dynamic loadings (physical actions and
stresses) of the drilling pipe body of 10% inches and of its zones with stress concentrators. There are also specified the experimental conditions during the drilling of a
mine shaft having a diameter of 142.5 inches (3.62 m) by using a drilling rig of F320-3DH-M type, with surface driving; there are also presented some aspects of the
experimental research method; there are exposed the time variation laws of the dynamic actions (of the torsion moment, bending moment and of the axial
force/traction force), and of the corresponding stresses, and of the equivalent stress in the mentioned zones of the drilling pipe, in two cases of starting; it is shown the
processing method of the dynamic recordings and the results are interpreted. The loadings variability during the rotating motion starting of the drill string proves the
existence of a quick propagation process of the cracks initiated in the zones with stress concentrators of the drilling pipes.

EKCNEPUMEHTAJTHW U3CNEOBAHWUA OTHOCHO HATOBAPBAHWA HA COHOAXHATA TPBEA B HAYAJTHATA ®A3A HA
COHOAXHUA NPOLEC

CumuoH lMapena

YHugepcumem no nempon u eas, lnoew, Mnoew; 2000, PymbHus

PE3IOME. M3non3saHaTa KornoHKoBa I'IpOGVIBHa COHAAXHa anapaTypa e CbCTaBeHa OT PasfuyHU COHAAXHM eNeMeHTU C MHOro rofsaMm AuameTsp. Tosa npasu
OVHaMUYHUTE MOMEHTU U HaToBapBaHWA BaXHW, ocobeHo no BPEMe Ha 3afBWXBaHe Ha BbPTALLMA Ce MexaHusbM. [o Taan npuumHa ca HeobX0[ MMM NO3HaHMs
OTHOCHO HatoBapBaHWATa Ha COHAaXHaTa pr6a B MOMEHTA Ha 3aJBMXBaHe Ha I'IpOﬁMBHMH cepefen. MNocnegosatenHo B Aoknaga ca U3NoXeHu pesyntatute o1
eKcnepuMeHTanHu uscneasaHua, Ypes U3non3saHe Ha MeToda Ha CbMpPOTMBUTENHOTO HandraHe, OTHOCHO aKTWBHWTE HATOBapBaHUA (cbwawqecw Bb3AeNCTBMA,
Hal'lpe)KeHMﬂ) Ha TANOTO Ha COHAaXHa pr6a ot 10% wH4a 1 B 30HUTE C KOHL|eHTpaLms Ha HansraHeTo. MapkvupaHy v aHanuaupaHu ca pasnuyHu ekcnepuMeHTanHn
pesyntati, nony4yeHn npu U3N0N3BaHETO HA BapUAHTHU pasmepn 1 BUAOBE COHAAXHU ychOﬁCTBa.

Introduction drill pipes are important, especially in the transient periods of
the rotating motion, and can accelerate the disturbance
process in the areas with stress concentrators (having a
technological or constructive nature) by increasing the crack
propagation speed until their critical size.

The rotary-hydraulic drilling process of the mine shafts by
using surface rigs is characterized by a dynamic regime
(Parepa and llias, 2005), determined by the phases: the drill
string starting with its idle rotation; the bit landing on the bottom
of the shaft with a certain weight; the running in regime during
the proper drilling; the bit rise from the bottom and the idle
rotation in order to correct the part of the drilled hole by
realizing the drilling mud intense circulation in order to
eliminate the rock cuttings which load the rollers of the bit.
These phases include the appearing of some complex loadings
(axial force, torsion moment and bending moment) with
variable intensities and having variable time cycles and acting
on the drilling pipes. Under the influence of the repeated
loadings, transformations with the evolutive disturbances may
be produced in the drilling pipe material, which will characterize
the fatigue phenomenon. Due to the large inertia moments of
the mining drill string elements, the dynamic loadings of the

The object of the experimental researches presented in this
paper is about the drilling pipes having a nominal diameter of
10% " (Fig. 1), used for mining shaft drilling with a diameter of
3.62 m by using a drilling rig of F320-3DH-M type. The rotary
system of the mentioned rig is made up of two groups of
electro-hydrostatic driving, with hydrostatic units having axial
plungers, of rotary table, kelly and drill string (see Parepa and
llias, 2005).

In the frame of this work we are concerning with the first

phase of the drilling process, that is the starting phase of the
drill string rotating motion.
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Experimental recording realization

The experimental researches were developed in the frame of
an extensive research program of the mine drilling process
(Parepa, 2001; Parepa and llias, 2005) and of the dynamic
loadings of the drill string of 10%" (Parepa, 2006). They
imposed the construction of three loading captors (Parepa,
2006) called CS1, CS2 and CS3, being represented by three
drill pipes, one of them having air tubes (CS1, Fig. 1) and the
other two without air tubes (CS2 and CS3), equipped with
strain gauges protected by special sleeves (Fig. 2).
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Fig. 1. Drilling pipe with air tubes: 1 - body; 2 - upper flange; 3 - lower
flange; 4 - crenellated support collar; 5 - air tube; 6 - centering and
torsion moment transmission bolt

Fig. 2. Stress captor assembled in the drill string

By means of these captors, the drill pipe loadings in three
zones were recorded (Fig. 1): C - the body zone; FS - the
flange shank zone in the close proximity of the welding seam
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between it and the collar; G - the drilling pipe body zone in the
cup up part of the support collar, in the close proximity of the
welding seam between the collar and the drill pipe. In zone C
each of the captors has the possibility to measure separately
the strain due to the axial force (F), the torsion moment (Mr),
the bending moment (Msend) and the total/complex strain of the
drill pipe body.

The strain-measuring chain was made up of loading captors,
the binding cables, having large lengths corresponding to the
captor emplacement depths inside the drill string, the collector
with sliding contacts placed in the upper part of the drill string,
and the dynamic recording electronic system (Parepa and llias,
2005).

The dynamic measurements were carried out during the
drilling of a mine shaft having a diameter of 3.62 m by using 48
drilling pipes (among them 6 drilling pipes were with air tubes,
and the others without air tubes), and a depth assembly made
up of a bit with multiple rollers of SRM 3600x10% type, a roller
stabilizer of SR 3600x10% type, and a “drill collar” made up of
annular sleeves of cast steel (“doughnut weights”) having a
diameter of 1.4 m.

Recordings during the drill string starting in two cases were
carried out: with a single generator group running in stationary
regime and the subsequent starting of the second group, and
with the two generator groups being in stationary regime of
running. It is stated that a generator group is made from an
asynchronous electric motor having its rotor in short-circuit,
and a hydrostatic generator with axial plungers.

Experimental results and their analysis

Further, the recordings concerning the loadings of the drilling
pipe with air tubes (CS1) assembled on the upper part of the
drill string during the starting are presented and analysed.

The external surface of the drill pipe was considered as a
plane surface characterized by normal stresses (ox and oy),
tangential stresses (txy and ty), and by linear strains (ex and
g) and angular strains (yx), depending not only on the
measuring point, but on the considered directions. The
mathematical expressions used for determination of the main
specific deformations (€1.2), the main normal stresses (01.2), the
main tangential stresses (t12) and the angle (¢1) made up by
the main direction with direction x, of the drill pipe axis, as well
as the relationships used for calculations of the tensile stress
(oF), of the bending stress (Osend), Of the maximal tangential
stress (t7), and also the calculation formulas of the tensile
force (F), of the bending moment (Mgend), and of the torsion
moment (Mr) are those known from the speciality literature. For
calculation of the equivalent stress (Oeq) in one point of the
external surface of the drill pipe body, the theory of the
deviation potential energy it was admitted. Calculation
programs were made up by using the MATLAB language for
processing the recordings.

The analysis of the captor CS1 dynamic responses is further
made, separately for the zones C, G and FS.



Zone C

In Fig. 3 the time variation laws of the physical actions (F,
Mgens and Mr), and in Fig. 4 the stress (OF, Oend and Oeqy)
variation laws depending on the same physical size, in case of
starting by using both of the generator groups being in
stationary regime, in accordance with the recording No. 26 are
presented.

It is ascertained that the torsion moment may reach the
maximal measure (Mru), of 75.2 kNm, at the time of 1.52 s,
recording great increases (AMr), of {13.3; 12.3; 10.8; 8; 6.9;
4.4}-kKNm, in short time ranges (At) of 0.8 s, until the maximal
measure. At the time 7.76 s the minimal measure of 2.57 kNm
is reached, and at the time of 10.64 s it is considered that the
torsion moment is established at the measure (Mrst) 6.93+7.19
kNm (see Fig. 3). It will result that the maximal dynamic torsion
moment (Mrdm) has a measure of 68.14 kNm, and the
maximal dynamicity coefficient, determined by the expression

The axial force (F) remains practically constant, F=1311 kN,
in the range [0; 3.6]s, it records little oscillations between 1302
kN and 1311 kN, in the range [3.6; 5.6]-s where oscillations of
the torsion moment may be observed, then it returns to
measures of about 1311 kN in the following range, until the
time of 7.12 s. In the period [7.12; 8.96]'s, when the torsion
moment has minimal measures, the axial force has two
disturbances, recording the maximal measure of 1337 kN (see
Fig. 3).

The bending moment (Mgend) has oscillations with measures
ranging between -3.47 kNm and +0.32 kNm, in the well-
marked variation range of the torsion moment, and higher
oscillations between -4.95 kNm and +3.07 kNm, in the range
where the torsion moment decreases towards the minimal
measure, and then increases to the stabilization measure (see
Fig. 3).

According to the Fig. 4, the time variation laws of the tensile

M\, M stress (0r) and the bending stress (Osens) have identical
Kgm = = =1+ —=, (1) shapes to those of the actions determining them. The tensile
My M7 o stress has the average measure of 107.3 MPa, the quadratic
average deviation (dor) of 0.548 MPa, the maximal measure of
has the value 10.65. 109.2 MPa and the minimal measure of 106.3 MPa.
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Fig. 3. Time variation of the axiall/tensile force (F), torsion moment (M) and bending moment (Mgend) which loads
the cross section of the drilling pipe body CS1, during the drill string starting by using both of the generator groups
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Fig. 4. Time variation of the axial stress (o), bending stress (0send) and equivalent stress (0eq) in the cross section of
the drill pipe body CS1, during the drill string starting by using both of the generator groups
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The bending stress is characterized by the average measure of
-1.44 MPa, the quadratic average deviation (dogend) of 1.90
MPa, the maximal measure of 2.84 MPa, and the minimal
measure -6.31 MPa. The torsion stress (t7) has the maximal
measure of 50.3 MPa and the minimal measure of 1.72 MPa.
Regarding the equivalent stress (0eqv) this records the maximal
measure of 136.3 MPa at the time of 1.76 s and the minimal
measure of 102.4 MPa at the time of 8.16 s from the starting
moment. The direction of the main stress (o) will form with the
axial direction of the drill pipe the angle ¢+ having the average
value of 0.133 degrees, the maximal value of 0.383 degrees,
and the minimal value of 0.016 degrees.

Other measures of the physical sizes characterizing the
loading variations in the cross section of the drilling pipe body
CS1 during the drill string starting with both of the generator
groups being in stationary regime of running in Table 1 are
presented. In this table, were marked with f the physical size,
fe{F, M1, Mgend, OF, T, OBend, 01, 02, T1, 1, Oech}, With fa — the
average measure of f, with fu — the maximal measure, with fm —
the minimal measure, and with df — the quadratic average
deviation of the phisical size (f) measures.

Tabel 1

From kinematical point of view, the starting phase is
presented by the time variation law of the angular speed (wk)
of the kelly (see Fig. 5). The angular speed suddenly increases
to a maximal measure of 1.563 rad/s, after that decreases to a
minimal measure of 0.463 rad/s, at the time of 1.6 s, and
increases again, but a little slower, until it is established at a
measure of 1.19 rad/s.

In accordance with the recording No. 32, in Fig. 6 the time
variation of the equivalent stress in zone C, in the case of drill
string starting by means of only one generator group running in
stationary regime and the subsequent starting of the second
generator group, is presented. It may be noticed that this
variation is less marked than that corresponding to the starting
with both of the generator groups, which initially are found in
stationary running regime (see Fig. 4). In this way, the maximal
measure of 120.9 MPa it is reached at a time of 3.4 s that is
after a time range of 1.93 times higher than in the previously
case. At the time of 10.8 s, after to be set running the second
generator group, it is reached the second peak with a measure
of 107.6 MPa. The torsion moment has a maximal measure of
48.5 kNm that is with 35.5% lower than the maximal measure
of the torsion moment which appears in the first case.

Measures of the phisical sizes characterizing the loading variation in the cross section of the drilling
pipe body CS1 during the drill string starting by using both of the generator groups.
f F, Mr, | Msend, | OF, Tr, | OBend, | O1, 02, T, @1, OEqy,
kN kNm | kNm | MPa | MPa | MPa | MPa | MPa | MPa | degrees | MPa

fa | 13141 | 23,43 | -1,08 | 107,3 | 15,66 | -1,44 | 109,9 | 4,03 | 56,98 | 0,133 | 112,1
fu | 1337,3 | 75,20 | 3,07 | 109,2 | 50,26 | 2,84 | 1254 | -0,03 | 72,52 | 0,383 | 136,3
fm | 1301,9 | 2,57 | 4,95 | 106,3 | 1,72 | -6,31 | 102,3 | -20,24 | 51,17 | 0,016 | 102,4
df | 6,73 | 2275 142 | 055 | 1520 | 1,90 | 588 | 598 | 587 | 0120 | 9,07
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Fig. 5. Angular speed variation of the kelly (wk) during the drill string starting by using the two generator groups
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Fig. 6. Time variation of the equivalent stress (oeqv) in zone C of the drilling pipe body CS1 in the case of starting of the
drill string with a single generator group running in stationary regime and the subsequent starting of the second group
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Zone G

In accordance with the recording No. 34, in Fig. 7 the
equivalent stress variation in zone G, in case of the starting
with a single generator group, initially being in stationary
running regime and the subsequent starting of the second
generator group, is presented.

A very well-marked variation of the equivalent stress in the
recording period of 15.68 s may be observed. The initial
measure of the equivalent stress is 84.7 MPa. For a duration of
[0; 1.52]'s some oscillations of the equivalent stress with
increases of {3; 2; 2; 6; 8; 6}-MPa in short time ranges of {0.08;
0.08; 0.08. 016; 0.16}-s may be ascertained. After that, other
increases of {4.5; 7.0; 7.5}-MPa in time ranges of 0.16 s will
follow. In the period [1.84; 3.04]'s some oscillations having
rising amplitudes from 1.5 MPa to 2.5 MPa appear again. At a
time of 3.04 s the maximal measure of 132.8 MPa is reached,
a measure which is larger with about 12 MPa than the maximal
measure of the equivalent stress recorded in the same
conditions in the cross section of the drilling pipe body (zone
C). After that the maximal measure has been reached the
equivalent stress will decrease in the range [3.04; 7.68]s, the
minimal measure being 70 MPa at the time of 7.68 s. At the
time of 9.6 s, after having been set running the second
generator group, the second peak is reached, which is larger
about with 20 MPa than the corresponding measure of the
equivalent stress recorded in the same conditions in the cross

section of the CS1 drilling pipe body. After that it follows
another equivalent stress decrease with stronger oscillations.

Zone FS

The analysis of the stresses in zone FS of the drilling pipe CS1
is carried out only in the case when the drill string starting is
made up with a single generator group. So, in Fig. 8 the time
variation of the equivalent stress in this zone by processing the
recording No. 36 was presented. From the analysis of this
diagram the following observations may be drawn out: the
equivalent stress variation at starting is less marked, the initial
measure being 90.7 MPa, the minimal measure 90.5 MPa, and
the maximal measure 112.9 MPa; the maximal measure is
reached at the time of 5.6 s; the maximal measure of the
equivalent stress is with 8 MPa smaller than the maximal
measure of this stress determined in the same conditions in
the cross section of the drilling pipe body CS1, and with 20
MPa smaller than the maximal measure of the equivalent
stress in zone G in starting state (see the subchapter Zone G);
after the equivalent stress decreases at the measure of 91.2
MPa in the range [5.60; 9.84]'s, the second increase is
recorded, corresponding to setting in running of the second
generator group, until the measure of 111.3 MPa, in the time
range [9.84; 17.44]'s; two periods, having the duration of 9.4 s,
of variation of the equivalent stress about of 20 MPa between
the approximate measures of 91 MPa and 111 MPa may be
ascertained.
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Fig. 7. Variation of the equivalent stress (0eqv) in zone G of the drilling pipe CS1 in the case of starting with a single
generator group being initially in stationary regime of running and the subsequent starting of the second group
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Fig. 8. Time variation of the equivalent stress(oeqv) in zone FS of the drilling pipe CS1 in the case of starting of the drill string
with a single generator group running in stationary regime and the subsequent starting of the second group

Conclusions

The drilling process of the mining shafts is characterized by
more phases, among them being the starting phase of the drill
string rotating motion which has an important part regarding
the pipe dynamic loadings. The real complex loading of the
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drilling pipes of 10%" (in the body zone - zone C - and in
zones with stress concentrators — zones G and FS), during the
drill string starting was determined in an experimental way, by
using the stress-resistive method. The experimental research
method of the dynamic loadings (of the actions and dynamic
stresses) of the drilling pipes of 10%", as a concrete realization



method, represented a new achievement. Its application
implied the construction of some loading captors and of some
devices, among them being mentioned the collector with
sliding contacts, which allowed the electric signal transmission
from the measure points finding on the drilling pipe in rotating
motion to the electronic apparatus necessary for their
processing and recording.

The dynamic loading analysis of the drilling pipe body CS1
(zone C), at the drill string starting in the two cases (with both
of the generator groups being in stabilized regime of running —
idle running — and with a single generator group in idle running
regime and the subsequent starting of the second group)
emphasizes a series of conclusions which are further exposed.
So, in the case of starting by using a single generator group
and the subsequent starting of the second group, the drill string
loading is smaller, the maximal measure of the torsion moment
being with 35.5% smaller than the maximal measure of the
torsion moment which appears in the case of starting with both
of the generator groups. Further, from point of view of the
dynamic loadings, the drill string starting must be carried out
with a single generator group, and the subsequent starting of
the second group. The maximal torsion moment, which loads
the drilling pipe CS1 in case of starting of the drill string with
both of the generator groups, has the measure of 75.2 kNm,
from which 90.6% represents the measure of the dynamic
moment corresponding to a maximal dynamicity coefficient
having a high value and namely 10.65. In accordance with the
design conditions, the maximal measure of the torsion
moment, which loads the drilling pipes of 10%", is limited to
78.5 kNm, when the maximal axial running load is of 150 tf
(1471.5 kN). If we take into account the fact that the axial force
recorded in the moment when it was reaching the maximal
measure of the torsion moment was only of 1311 kN, it will
result that it is possible the exceeding of the torsion moment
maximal measure imposed by the designer when the load from
the hook reaches the maximal measure of running. Taking into
account the maximal measure of the equivalent stress resulted
in the time when the starting by means of two generator groups
is recorded, for the tensile yield stress of the material of which
the drilling pipe body is made up a safety coefficient of 3.74 is
obtained.

The analysis of the stress state of the drilling pipe CS1 in
zone G, carried out only in the case of the drill string starting by
means of a single generator group and the subsequent starting
of the second one, it may be shown that this zone with stress
concentrators, represented by passing from the flange collar to
the drill pipe body and joining with lateral and frontal welding of
the two elements, is characterized by equivalent stresses with
higher measures, at least with 10% than those appearing in the
cross section of the drilling pipe body (zone C) and by far well-
marked oscillations. The direct gauging of the loading captors
displayed (according to Parepa, 2006) the existence of some
pre-tension state in zone G. This pre-tension state influences
the stresses due to the actions during the drilling, and has an
important role in yielding of the fatigue phenomenon. So, it is
demonstrated that zone G makes up a dangerous zone of the
drilling pipe from point of view of the equivalent stress and of
its variability, a zone which is favorable to the appearance of
fatigue disturbances, especially because this represents, with a
great likelihood, the place of crack nucleation. Also, the
dynamic equivalent stress variation during the starting hastens
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the disturbance process in this zone, by making greater the
crack propagation speed, as it was ascertained during the
measurements. In this way, after about 16 hours, how much
the measurements — realized in different conditions (of drilling
with different regimes, of starting of the drill string, and of its
idle running etc.) — lasted, and after the bringing out of the drill
string a penetrated macro-crack in the terminal zone of the
lateral welding between the support collar and the drilling pipe
body, on the base of a crenellation, was observed (see Fig. 9).

Fig. 9. View of a zone with penetrated macro-crack on the drilling pipe
without air tubes, with series 122.

From the analysis of the stress state in the zone FS of the
drilling pipe CS1, may be seen that the butt seam welding
between the flange neck and the crenellated collar takes part
effectively to taking over of the loads, although it is not realized
in this purpose (see Parepa, 2006), but it may be considered
that this zone, having stress concentrators, represents a less
dangerous one for appearance of fatigue disturbance even
than the drilling pipe body, in the conditions when the
technology of the welding realization is respected. This thing is
due to the larger section of the flange neck and due to better
technological conditions for the welding realization.
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CHARACTERISTICS OF THE GEOLOGICAL AND GEOPHYSICAL STRUCTURE OF THE
PANAGYURISHTE ORE REGION ACCORDING TO GEOMAGNETIC DATA
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ABSTRACT. Analysis and interpretation of magnetic field in scale 1:100000 are performed for the investigation of the geological and geophysical structure of the
Panagyurishte ore region.

The magnetic susceptibility of the rocks that are composing the Panagyurishte ore region changes in a large interval — from practically non-magnetic members of the
gneisses and the granodiorites, up to the high-magnetic gabbro that has a magnetic susceptibility of 7500.10-6 SI. This good differentiation is a precondition for the
effective utilization of data connected to the geomagnetic field distribution.

The observed geomagnetic field in the territory under study is highly differentiated. This is reflecting the non-uniform according to magnetic properties near-surface
geological section. The anomalies have relatively small range and high amplitudes. In order to perform quantitative interpretation, upward continuations of the
geomagnetic field are computed at heights of 1, 2, 3, 4, 5and 6 km.

The calculated upward continuations are showing that most of the anomalies are quickly diminishing. The rocks characterized by increased magnetic susceptibility,
presented by the volcanic complex and the gabbro, are mapped without ambiguity by positive anomalies on the distribution schemes for levels up to about 2 km. The
granitoids and the metamorphic complex rocks are outlined by low values for the geomagnetic field.

The results from the quantitative interpretation of the well-pronounced relatively local anomalies show that the average depths toward the centers of the magnetic
masses causing the respective anomalies have values varying in the range from 0.2 km down to about 1.0 km.

XAPAKTEPUCTMUKA HA FEONIOrO-rEO®U3NYHUA CTPOEX HA NMAHATIOPCKU PYAEH PAMOH MO FEOMATHUTHU
OAHHHU

Padu Paduyes, CmechaH [Jumoscku

MurHo-eeonoxku yHusepcumem “Ce. MeaH Puncku”, Cogpus 1700; radirad@mgu.bg ; dimovski@mgu.bg

PE3IOME. 3a n3scneaBaHe Ha reonoro-reotmsinyHis CTpoex Ha MaHariopckus pyfeH pavioH e U3BbPLLEH aHanu3 u MHTepnpeTaLus Ha MarHUTHOTO none B Mawab
1:100000.

MarHuTHaTa Bb3npueMYMBOCT Ha ckanuTe, uarpaxaaluy LientpanHoto CpeaHoropue Bapypa B LUMPOKW FPaHWULM — OT NPaKTUYECKU HEMArHUTHU NPeACcTaBUTENN Ha
rHalcuTe W rpaHOANOPUTUTE O BUCOKOMArHUTHO rabpo, 3a koeTo MarHUTHaTa BbanpuemunsocT gocTura 7500.10-6 SI. Taan gobpa andepeHynaums e npegnocTaska
3a ebeKTUBHO M3N0Mn3BaHe Ha JaHHUTE 3a pa3npefeneHneTo Ha reOMarHUTHOTO None.

HabniofaBaHoTo reomarHMTHO mnonme 3a W3creABaHata TepuTOpUs € CUNHO AudepeHuMpaHo ToBa OTpassiBa HEELHOPOLHWS MO MarHUTHW CBOWCTBA
NPUNOBBLPXHOCTEH FEONOXKA pa3pes. AHOMaNMUTE UMAT CPaBHUTENHO Mambk 06XBaT U ronemu amnnuTyau. 3a LenuTe Ha KONMWYecTBEHaTa MHTepnpeTtauus e
M3BBPLUEHO aHANUTUYHO MPOABIKEHUE HA FEOMarHUTHOTO MOMe B FOPHOTO MONYMPOCTPAHCTBO Ha BUCOuMHM 1, 2, 3, 4, 5 1 6 km. 3a HuBaTa A0 okono 2 km
€[]HO3HaYHO CE OTAENAT C MO3NTMBHW aHOManuu CKanuTe C MOBMLIEHA MarHWTHa Bb3NPUEMYMBOCT, MPEACTABEHW OT ByNKaHOTEHHWS KOMMiekc W rabpo.
[paHuTOMANTE 1 CKANUTE HA METaMOPCHWS KOMMNIEKC Ce KAapTUPaT C HUCKM CTOMHOCTW Ha reoMarHUTHOTO none.

Pesyntatute 0T konMyecTBeHaTa WHTEpnpeTaLms Ha Jobpe ochopMeHUTe OTHOCUTENHO NOKaNHM aHoOManuy nokassar, Ye ca CpegHuTe AbnboUNHN A0 LieHTbPa Ha
MarHUTOaKTUBHUTE Macu, hopMmupaLLy CbOTBETHUTE aHOManuu ca B rpaHuyuTe ot 0.2 fo okono 1.0 km.

Introduction is performed along selected profiles by the application of the
selection and regularization method (CtaBpes, Pagnues,

Analysis and interpretation of the geomagnetic field in scale 1990). The obtained results are presented as schemes and as
1:100000 are performed for the investigation of the geological- sections along selected profiles.
geophysical structure of the Panagyurishte ore region. The _ _
territory under study includes 5427 km2. It is aligned in N-S The summarized data (Raditchev et al., 1999; 2002, etc.) for
direction and has a rectangular shape with dimensions 67 x 81 the magnetic susceptibility of the rocks that are composing the
km. Panagyurishte ore region are presented in Table 1.

The compound analysis and the component distinction of the The magnetic susceptibility of the rocks that are composing
magnetic field are performed by the utilization of selected ~ the Panagyurishte ore region changes in a large interval - from
transforms. For the recalculation are applied traditional practically non-magnetic members of the gneisses and the
methods  (Baranov, 1975; Telford et al, 1990; granodiorites, up to the high-magnetic gabbro that has a
Mazrumopassedka, 1980, etc.). The quantitative interpretation magnetic susceptibility of 7500.10-¢ S.
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Table 1. Summarized data for the magnetic susceptibility e (in units Sl) of the rocks, composing the Panagyurishte ore region

Age

Type of rocks

Facies

& [10°SI]
1000 2000 3000 4000 5000

Diorites

Gabbro

Intrusive
(abyssal)

Monazites

Granodiorites

Diorite - , quartz-diorites - and
granodiorite - porphyrites

Hypoabyssal

Quartz-monazite-diorites

Andesites

Upper Cretaceous

Andesite tuffs

Andesite tufaceous breccia

Volcanic

Basaltic andesites

Dacites

Dacite tufaceous breccia

Granitoids

Palaeozoic
Intrusive

A low magnetic susceptibility is characteristic for the
granodiorites of the hypoabyssal complex — a&av = 240.106 Sl.
Low to middle values for the average magnetic susceptibility
have the dacites of the volcanic facies — a&a = 1900.10 SI
and the diorites of the intrusive facies — &av = 1300.10 SI. In
the three facieses one can observe rock types characterized
by relatively high magnetic susceptibility: the porphyrites of the
hypoabyssal complex — a&av = 4800.10¢ SI, the andesites of
the volcanic facies — a&av = 3200.10¢ SI, and the gabbro of the
intrusive facies — &av = 5600.10¢ SlI. The basaltic andesites
are characterized by increased magnetic susceptibility — aeav =
4600.10 Sl

The practically non-magnetic members of the metamorphic
complex and the granodiorites, as well as the relatively
increased magnetic susceptibility values of the rocks belonging
to the volcanogenic complex have dominant influence in the
formation of the geomagnetic field in the Panagyurishte ore
region.

Estimating the magnetic susceptibility of the ore deposits,
one should take into account the fact that beside the
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preliminary conditions for the formation of the magmatic rocks,
a considerable influence over the changes of the magnetic
susceptibility have also the secondary hydrothermal
processes. They lead to the formation of new ferromagnetic
minerals or to the destruction of existing ferromagnetic
minerals and respectively to the formation of less magnetic
ones. The analysis shows that for the conditions of the
Panagyurishte ore region the dominating process is the
destruction of existing ferromagnetic minerals and respectively
the formation of less magnetic ones.

Analysis and interpretation of the geomagnetic
field

As it is well known, if compared to the observed gravitational
field, the observed geomagnetic field has the physical-
mathematical sense of a first derivative and respectively is
reflecting smaller depths of the geologic-geophysical section.
The performed upward continuation is suppressing the local
anomalies and is revealing in a slightly deformed shape the
relatively regional components. It has to be mentioned that the



idea of “local” and “regional” components is in a high degree
relative. In this sense it is useful to utilize a set of different
upward continuation schemes and like this to be able to follow
the magnetic field distribution changes and the character of the
reflected peculiarities of the geologic-geophysical structure.

For the geomagnetic field are performed upward
continuations at heights 1, 2, 3, 4, 5 and 6 km.

The observed geomagnetic field in the territory under study
(Fig. 1) is highly differentiated. This is reflecting the non-
uniform according to magnetic properties near-surface
geological section. The anomalies have relatively small range
and high amplitudes.

i p
! “ Etropote O
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1 I 13
Mirkevo O

Fig. 1. Scheme of the geomagnetic field vertical component AZ
distribution (in nT), the position of the studied lines and a rose-diagram
of the field isolines orientation

The calculated upward continuations are showing that most
of the anomalies are quickly diminishing. This is well illustrated
by the presented field distribution schemes compiled from the
upward continuations at heights H=1 km (Fig. 2) and H=3 km
(Fig. 4).

The analysis of the geomagnetic field distribution, taking into
account the geologic map and the rocks magnetic susceptibility
(Table 1), is showing that the positive magnetic anomalies are
mapping the predominant presence of rocks of the
volcanogenic complex in the geological section.

In Figure 3 are illustrated the main positive and negative
anomalies pronounced on the geomagnetic field distribution
scheme compiled from the upward continuation at height H=1
km.

The expansive negative anomaly 1n and the occupying a
limited area negative anomaly 2n are mapping the Srednogorie
anticlinorium granitoids. In the western part of the studied
territory the negative anomalies 3n and 4n are connected to
the metamorphic complex.
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distribution, compiled from the upward continuation at height H=1 km
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Positive anomaly

The vast positive anomaly 1p in the southern portion of the
area (outside the boundaries of the Panagyurishte ore region)
is caused by the Srednogorie neointrusions. The set of positive
anomalies 2p, 3p, 4p, 5p, 6p, 7p and 8p is reflecting without
ambiguity the influence of the volcanogenic complex rocks
characterized by an increased magnetic susceptibility.



In Figure 5 are illustrated the results from the quantitative
interpretation of the well-pronounced relatively local anomalies.
Presented are the average depths toward the centers of the
magnetic masses causing the respective anomalies. These
depths have values varying in the range from 0,2 km down to
about 1,0 km.
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Fig. 4. Scheme of the geomagnetic field vertical component AZ upward
continuation at height H = 3 km (in nT) and location of the main ore
deposits and ore mineralizations
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Along the profiles I-Il and 1lI-IV (see Fig. 1) is illustrated the
distribution of the geomagnetic field vertical component AZ on
different levels and the distribution of selected gravitational
fields. Quantitative interpretation is performed, according to
average residual values for the magnetic susceptibility. The
obtained geologic-geophysical models of the sections along
the lines are illustrated in Figure 6 and Figure 7.

Only one anomaly is registered along profile |-l (Fig. 6). It
diminishes relatively slowly. The anomaly amplitude decreases
from 175 nT for the observed geomagnetic field down to 25 nT
for the upward continuation at height H = 6 km. This fact is
revealing the considerable depth of the anomaly-forming
masses presented by the rocks of the volcanic complex.

The analyzed geomagnetic field distribution along profile I1I-
IV (Fig. 7) is highly differentiated on levels up to about 2 km
and flattens quickly on higher levels. On levels above 3 km it
reflects only the regional gradient of the Srednogorie magnetic
minimum that is mapping the Srednogorie anticlinorium
granitoids. The rocks characterized by increased magnetic
susceptibility, presented by the volcanic complex, are mapped
without ambiguity by positive anomalies on the distribution
schemes for levels up to about 2 km. The granitoids and the
metamorphic complex rocks are outlined by low values for the
geomagnetic field.

The compound analysis of the obtained results shows that
the studied area is situated over a highly differentiated
geomagnetic field. Only in the north-eastern part of the region
is well-distinguished a vast area of relatively undisturbed field,
characterized by negative values for the geomagnetic field
vertical component AZ. This zone is reflecting the granitoids of
the Srednogorie anticlinorium. In the periphery of this territory
is well-expressed the metallogenic complex, having increased
magnetic susceptibility. The complex fault tectonics and the
processes of hydrothermal metamorphism also have
substantial influence over the composite mosaic picture of the
geomagnetic field distribution in the studied region.

The results, obtained from the performed qualitative and
quantitative analysis and interpretation of the geomagnetic field
in the Panagyurishte ore region prove the prospects for the
application of geophysical methods for mapping in a horizontal
plane. When the geophysical field reveals a complex
morphology, it is befitting to utilize proper transforms. It is also
possible to perform a correct estimation of the depth
distribution of geological formations, i.e. mapping in a vertical
plane. That is very important for the geological mapping, and
especially for the goals of the exploration studies.

Conclusions

The analysis and interpretation of the Panagyurishte ore
region geomagnetic field in scale 1:100000 gives reason for
the following conclusions:

e The magnetic susceptibility of the rocks that are
composing the Panagyurishte ore region changes in a large
interval. The practically non-magnetic members of the
metamorphic complex and the granodiorites, as well as the
relatively increased magnetic susceptibility values of the rocks
belonging to the volcanogenic complex have dominant



influence in the formation of the geomagnetic field in the
studied area.

The observed geomagnetic field in the territory under
study is highly differentiated. This is reflecting the non-uniform
according to magnetic properties near-surface geological
section. The anomalies have relatively small range and high
amplitudes.

In order to perform quantitative interpretation, upward
continuations of the geomagnetic field are computed at heights
of 1,2, 3, 4, 5 and 6 km. The rocks characterized by increased
magnetic susceptibility, presented by the volcanic complex, are
mapped without ambiguity by positive anomalies on the
distribution schemes for levels up to about 2 km.

The results from the quantitative interpretation of the
well-pronounced relatively local anomalies show that the
average depths toward the centers of the magnetic masses
causing the respective anomalies have values varying in the
range from 0,2 km down to about 1,0 km..
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CHARACTERISTICS OF THE GEOLOGICAL AND GEOPHYSICAL STRUCTURE OF THE
PANAGYURISHTE ORE REGION ACCORDING TO GRAVITATIONAL DATA
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ABSTRACT. Analysis and interpretation of gravitational field in scale 1:100000 are performed for the investigation of the geological and geophysical structure of the
Panagyurishte ore region.

The density of the different petrography types varies in a very wide range — from 2.53 up to 3.02 g/cm3, creating in such a way a good precondition for the effective
utilization of data connected to the gravitational field distribution.

The compound analysis and the component characteristics of the gravitational field are performed on the base of the observed field Bouguer anomalies and the
following transforms: upward continuations at heights from 1 km up to 10 km, with a step of 1 km; calculation of average values for circle radii R = 3, 5, 10 and 15 km;
calculation of the variation anomalies compiled from the centre-point and ring method of Griffin using circles of radii R = 1, 3, 5 and 10 km; downward continuations to
depths 1, 2 and 3 km.

The compound analysis and interpretation of the Panagyurishte ore region gravitational field gives reason for the following conclusions: the territory under study is
situated in a regional gradient field that is including the western part of the Srednogorie gravity minimum; the ore deposits and the ore showings are located along the
gradient transitions of the gravity minimum; in the depth interval down to about 5-10 km by predominant influence are characterized the metamorphic complex having
increased density (positive anomalies) and the granitoids and the rocks of the volcanic complex having relatively decreased density (negative anomalies); in the depth
interval down to about 3 km important influence has also the additional destruction of the rocks connected to the ore-forming processes.

XAPAKTEPUCTUKA HA FEONOrO-rEO®U3NYHUA CTPOEX HA NAHATOPCKU PYOEH PAMOH MO rPABUTALIMOHHM
OAHHHU

Padu Paduyee, Cmedhan Jumoecku

MurHo-eeonoxku yHusepcumem “Ce. MeaH Puncku”, Cogpus 1700; radirad@mgu.bg; dimovski@mgu.bg

PE3IOME. 3a u3cnesBaHe Ha reonoro-reouanyHus ctpoex Ha lNaHaropckus pyfeH paitloH e M3BbpLUEH aHann3 U WHTepnpeTaLyms Ha rpaBUTaLMOHHOTO none B
matuab 1:100000.

PasnpenenerneTo Ha IbTHOCTTa Ha neTporpadickuTe BMOOBE € B MHOTO LIMPOK AnanasoH — oT 2.53 Ao 3.02 g/cm3, koeTo e OCHOBHA NpeanocTaeka 3a ehekTMBHO
u13nonasaHe Ha AaHHUTE 3a pa3npeseneHneTo Ha rpaBUTaLMOHHOTO None.

O6LWMAT aHanM3 U KOMMOHEHTHATa XapaKTepUCTUKa Ha MONeTo Ha cunaTa Ha TeXecTTa Ca U3BbpLUEHM Bb3 OCHOBA Ha HabniofaBaHoTO none B aHomanum byre u
cnegHuTe npeobpasoBaHns: aHanuTUYHO NPOLBLIKEHNE B FOPHOTO MONYNPOCTPAHCTBO Ha BicoumHa oT 1 go 10 km cbe cTbnka 1 km; apuTMeTM4YHO yCpeaHsiBaHe ¢
paguyc 3, 5, 10 1 15 km; us4ucnsasaHe Ha BapuaLMOHHUTE aHoManun no meToaa Ha Anapees-IpudnH ¢ paguyc 1, 3, 5 1 10 km; aHanUTUYHO NPOABIKEHNE B
[ONHOTO MOMyNpoCTpaHCTBO Ha AbnbounHa 1,2 n 3 km.

KomnnekcHaTta uHTEpnpeTauus Ha rpaBUTaLMOHHUTE JaHHM [jaBa OCHOBaHWE Aa Ce HanpaBsT CriedHUTe OCHOBHM W3BOAM: M3CneaBaHaTa TepuTopus ce pasnonara
BbPXY pervoHarnHo rpagueHTHo none, koeto obxBsalla 3anafHaTa yact Ha [laHartopckusi rpaBuUTaLmMOHEH MUHUMYM; PYAHWUTE HAXOAWLLA U PYAONpOsiBAEHUsTa ce
paanonarat no rpagueHTHUTE NPEXOAU Ha TPaBUTALMOHHUSI MUHUMYM; B AbNBOYNHHUS UHTEpBan 4o 5-10 km OCHOBHO OTpaxeHue Hamupa pasnpefeneHneTo Ha
MeTamMopchHMS KOMMNEKC C MOBULLEHA MITBTHOCT (MO3UTUBHM @HOManum) W rpaHUTOUAUTE U CKannTE OT BYNKAHCKMS KOMMMEKC C OTHOCUTENHO MOHWUXEHA NTbTHOCT
(HeraTBHM aHOManuu); 3a AbNOOYNHHUS MHTEPBaN O OkOMO 3 km CbLLECTBEHO BMUSHUE OKa3Ba M AOMBIHUTENHOTO pasynnbTHsIBaHe Ha CKanuTe, CBbP3aHo C
pynoobpasoBaTenHuTE NpoLecu.

Introduction The Panagyurishte ore region is situated in a zone
characterized by depths towards the Moho boundary in the
Analysis and interpretation of the gravitational field in scale ~ range of about 38-40 km and by a relatively small gradient of
1:100000 are performed for the investigation of the geologic- variation of these depths.
geophysical structure of the Panagyurishte ore region. The
territory under study includes 5427 kmz. It is aligned in N-S The thermal field characteristics for the studied territory are
direction and has a rectangular shape with dimensions 67 x 81 illustrated by the distribution scheme on level - 300 m, shown
km. in Figure 2 (Velinov and Boyadzhieva, 1981). The
Panagyurishte ore region is located into an elongated in NW-
The position of the studied area is illustrated on the map of SE direction positive thermal zone, with temperature values
the depths towards the Moho boundary (Fig. 1). along the line Popintsi-Panagyurishte-Assarel in the range of
30-350.
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Fig. 1. Map of the depths (in kilometers) towards the Moho boundary
(Boykova , 1999) and position of the studied area.

The compound analysis and the component distinction of the
gravitational field are performed by the utilization of selected
transforms. For the recalculation are applied traditional
methods (Baranov, 1975; Telford et al., 1990; Mpasupa3Bseska,
1981, etc.). The quantitative interpretation is performed along
selected profiles by the application of the selection and
regularization method (Ctaspes, Paguues, 1990). The
obtained results are presented as schemes and as sections
along selected profiles.
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Fig. 2. Scheme of the thermal field distribution (in °C) on level - 300 m.
(Velinov and Boyadzhieva, 1981)

The summarized data (Raditchev et al., 1999; 2002, etc.) for
the density and the magnetic susceptibility of the rocks that are
composing the Panagyurishte ore region are presented in
Table 1.

The density distribution for the different petrography types
varies in a very wide range — from 2,53 up to 3,02 g/lcm3. There
is a considerable overlapping of the possible density variation
boundaries for the different rock types, but nevertheless, one
can observe a relatively well-expressed differentiation
according to the average values of this parameter. A
decreased value of the density is characteristic for the dacites
and the dacite tufaceous breccia of the volcanic complex, that
have an average density of 2,55-2,56 g/cms.

The monazite-diorites are separated by a higher value for the
average density — 2,71 g/cm3. For the granodiorites and the
porphyrites of the hypoabyssal complex, as well as for the
andesites of the volcanic facies, the average density is 2,61-
2,64 glem3. The basaltic andesites are characterized by a
relatively high density — the average value of the parameter is
2,76 glem3. The rocks of the intrusive facies can be separated
by their increased density values, as the average density for
the diorites is 2,78 g/cm3 and for the gabbro — 2,92 g/cm3. For
the gneisses of the metamorphic facies is characteristic a
relatively higher density — average value of 2,71 gl/cms, if
compared towards the rocks of the volcanic and the
hypoabyssal facies.

The metasomatic changes have regular influence over the
density of the hypoabyssal and the volcanic rocks. The
process of propylitization in the volcanic rocks is connected
with an increased content of chlorite, epidot, albite, pyrite and
calcite. These are minerals with relatively high density, which,
for example, is up to 3,50 g/cm3 for the epidot. Respectively,
the propylitization leads to a relative increase of the density.
The processes of sericitization and of potassium
feldspatization and biotitization are leading to a relative
decrease in the density of the subvolcanic rocks.

Analysis and interpretation of the gravitational
field

The compound analysis and the component characteristics
of the gravitational field are performed on the base of the
observed field Bouguer anomalies and the following
transforms:

- upward continuations at heights from 1 km up to 10 km, with
a step of 1 km;

- calculation of average values for circle radii R = 3, 5, 10 and
15 km;

- calculation of the variation anomalies compiled from the
centre-point and ring method of Griffin using circles of radii R =
1, 3,5and 10 km;

- downward continuations to depths 1, 2 and 3 km.

According to their morphological peculiarities and the carried
information, the obtained transformed fields can be
systematized in two groups :

- relatively regional fields — the upward continuations and the
fields of average values for different circle radii;

- relatively local fields — the residual fields derived from the
upward continuations and the fields of average values for
different circle radii, as well as the variation anomalies
compiled from the centre-point and ring method of Griffin using
circles of different radii and the downward continuations.



Table 1. Summarized data for the density p (in g/cm3) of the rocks, composing the Panagyurishte ore region

Type of rocks
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Facies

p [glem?]
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Diorites

Gabbro

Intrusive
(abyssal)

Monazites
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Diorite - , quartz-diorites and
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Quartz-monazite-diorites

Andesites

Upper Cretaceous

Andesite tuffs

Andesite tufaceous breccia

Volcanic

Basaltic andesites

Dacites

Dacite tufaceous breccia
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Palaeozoic
Intrusive
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Fig. 3. Scheme of the Bouguer anomalies (in mGal) of the observed
gravitational field, the position of the studied lines and a rose-diagram of
the field isolines orientation.
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The scheme of the Bouguer anomalies of the observed
gravitational field (Fig. 3) is characterized by a negative
background of about —-40 mGal and by some pronounced
positive and negative anomalies. The background and the
anomalies are well-distinguished on the transformed fields.

The regional fields reflecting the depth structure of under
about 1, 2, 3, 4,5, 6,7, 8 9 and 10 km respectively (the
upward continuations and the fields of average values for
different circle radii) are showing that the territory under study
is including the western part of the Srednogorie gravity
minimum and the north-western part of the Maritsa gravity
transition. The gradient of these fields increases regularly with
the decrease of the depths. In Figure 4 is illustrated the
scheme of the regional gravity field distribution, derived from
the upward continuation at height H=10 km, which is reflecting
the main elements of all regional fields. The compound
analysis of the regional fields gives reason to be accepted
without ambiguity that the gravity minimum is mapping the
granite core of the Srednogorie anticlinorium. The ore deposits
and the ore showings are located along the gradient transitions
of the gravity minimum. This is the reason to be assumed that
in the contact area between the solid granitoids and the host
rocks is formed a zone having relatively higher permeability



and that the magma intrusion during the Cretaceous period
took place along channels located in this zone. It is entirely
possible that these channels are a reflection of a common
magmata centre.

" _Etropole oi-r- o

-l . TN _oCh'eioppcn A
L 4 wl‘o.m o OKarlievo
- Chav_daro‘, 1A i

:. Assarel o
-, Panagyurishte
' v

A ) I‘!‘nrimeghkn‘vb' o
Vetren

0 5 10 km

Fig. 4. Scheme of the regional gravity field distribution (in mGal), derived
from the upward continuation at height H=10 km and location of the main
ore deposits and ore showings.

The residual gravitational fields derived from the upward
continuations at heights from 1 km up to 10 km, with a step of
1 km, the residual gravitational fields derived from the
calculation of average values for circle radii R = 3, 5, 10 and 15
km, as well as the gravitational fields variation anomalies
distributions compiled from the centre-point and ring method of
Griffin using circles of radii R = 1, 3, 5 and 10 km are used for
the study of the density non-uniformities distribution in the
geological section with accents on different depths down to
about 10 km. The basic elements of all these schemes are one
and the same.

In Figure 5 is illustrated the scheme of the gravitational fields
variation anomalies distribution compiled from the centre-point
and ring method of Griffin using circle of radius R =10 km. In
Figure 6 are shown the main positive and negative anomalies
pronounced not only on the above-mentioned scheme, but also
on the residual gravitational fields derived from the upward
continuations and from the calculation of average values for
different circle radii.

Taking into account the geologic map and the rocks physical
characteristics, a compound analysis of these schemes is
performed and the main sources causing the gravity anomalies
are distinguished. In the depth interval down to about 10 km
by predominant influence are characterized the metamorphic
complex having increased density (positive anomalies) and the
granitoids and the rocks of the volcanic complex having
relatively decreased density (negative anomalies).

In the complex structure of the Panagyurishte ore region the
predominant influence of each one of the complexes is
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pronounced very well (Fig. 6). The vast positive anomaly 1p in
the southern part of the scheme (outside the boundaries of the
Panagyurishte ore region) is striking NW-SE and is mapping
the complex influence of the metamorphic complex and the
Srednogorie neointrusions that have relatively increased
density.
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Etropole

O

2n

In

VA_ssm-el @'D ol

= - O Panagyurishte

5p

@
2p

.

Borimechkovo_|

e} Pazardzhik

5 10 km

@ Ore deposit or ore showing

Negative anomaly

Fig. 6. Scheme of the gravitational field distribution zoning, reflecting the
influence of the density non-uniformities in the depth interval down to
about 10 km and location of the main ore deposits and ore showings

T
+ 4 "p+

44 S+ Positive anomaly



The positive anomalies 2p, 3p, 4p, 5p and 6p are reflecting
without ambiguity the influence of the metamorphic complex in
the areas where it is characterized by a bigger thickness.

The negative anomalies 1n and 2n are mapping the
granitoids of the Srednogorie anticlinorium. The negative
anomalies 3n, 4n and 5n are revealing the areas characterized
by a bigger thickness of the volcanic complex having relatively
decreased density.

In Figure 7 is illustrated the scheme of the gravitational field
downward continuation which is reflecting the density non-
uniformities distribution down to about 3 km. In this depth
interval additional influence are causing the ore-forming
processes that normally contribute for the local destruction of
the host rocks. That is the main reason for the well-pronounced
negative anomalies near Tsar Assen, Popintsi, Assarel and
Chelopech.
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Fig. 7. Scheme of the gravitational field downward continuation to depth
H=3 km and location of the main ore deposits and ore showings.
Included is a rose-diagram of the field isolines orientation

Along selected profiles on the gravitational map is performed
quantitative interpretation. It shows that the metamorphites
which are causing the positive anomalies have residual density
+(0,2-0,3) glcm3,

Along the profiles I-Il and llI-IV (see Fig. 3) is illustrated the
distribution of the geomagnetic field vertical component AZ and
the distribution of selected gravitational fields. Quantitative
interpretation is performed, according to average residual
densities. The obtained geologic-geophysical models of the
sections along the lines are illustrated in Figure 8 and Figure 9.

Along profile |-l (Fig. 8) the regional gravitational field is
showing stable behaviour having values around —18 mGal. The
observed gravitational field and the variation anomalies
compiled from the centre-point and ring method of Griffin using
circle of radius R=10 km, respectively, differ insignificantly and
both show a slightly negative trend towards the end of the
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profile. For the variation anomalies the decrease in the values
is about 20 mGal. This negative trend is probably connected to
the hydrothermal processes that are causing destruction of the
host rocks. The field distribution of the downward continuation
to depth H=1 km is very well differentiated. The composed
geologic-geophysical model reflects the local influence of the
low density Quaternary depositions and the effect of the
metamorphic complex, characterized by high density.

250 - AZ,nT

200 1
150 1
100 1

() ] TT T T T T r T T T r T r I rrrrrrrrri )( , i( m
0 2 4 6 8 10 12 14

Ag, mGal

X, km
0 2 4 6 8 10 12 14

| I
0 2 4 6 8 10 12 14

T T N T T [ T T T |
O ~ o~ v vV Ng e 2s A, + + X’km

Quaternary depositions - non-magnetic ;
with relatively decreased density

~ ~| Metamorphic rocks - non-magnetic;
~ with relatively increased density

v v| Volcanogenic rocks - with relatively
v increased magnetic susceptibility

* . 7| Granitoids - non-magnetic

Fig. 8. Distribution of the geomagnetic field vertical component AZ;
distribution of the observed gravitational field (1), the upward
continuation at height H=10 km (2), the variation anomalies compiled
from the centre-point and ring method of Griffin using circle of radius
R=10 km (3) and the downward continuation to depth H=1 km (4) along
profile I-ll (see Fig. 3); geologic-geophysical model along the profile.

Along profile lI-IV (Fig. 9) the regional gravitational field is
characterized by a linear negative trend towards the end of the
profile having values from about —11 mGal down to about -22
mGal. This trend is reflecting the ftransition towards the
regional Srednogorie gravity minimum that is mapping the
Srednogorie  anticlinorium  granitoids. The  observed
gravitational field and the variation anomalies compiled from
the centre-point and ring method of Griffin using circle of radius
R=10 km, respectively, differ insignificantly with the observed
field reflecting the regional linear background. The field



distribution of the downward continuation to depth H=1 km is
very well differentiated. The composed geologic-geophysical
model reflects the local influence of the metamorphic complex,
characterized by high density.
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Fig. 9. Distribution of the geomagnetic field vertical component AZ;
distribution of the observed gravitational field (1), the upward
continuation at height H=10 km (2), the variation anomalies compiled
from the centre-point and ring method of Griffin using circle of radius
R=10 km (3) and the downward continuation to depth H=1 km (4) along
profile llI-IV (see Fig. 3); geological-geophysical model along the profile

The compound analysis of the obtained results is showing
that the territory under study is situated in a regional gradient
field that is including the western part of the Srednogorie
gravity minimum. In the depth interval down to 5-10 km
predominant influence has the distribution of the granitoids and
the metamorphic complex, both having increased density
(positive anomalies) and the rocks of the volcanic complex
characterized by relatively decreased density (negative
anomalies). In the depth interval down to about 3 km important
influence has also the additional destruction of the rocks
connected to the hydrothermal processes.

Conclusions
The compound analysis and interpretation of the

Panagyurishte ore region gravitational field in scale 1:100000
gives reason for the following conclusions:

Recommended for publication by Department of
Applied Geophysics, Faculty of Geology and Prospecting
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e The territory under study is situated in a regional
gradient field that is including the western part of the
Srednogorie gravity minimum. Most probably the granite core
of the Srednogorie anticlinorium causes this minimum. The
gradient of the regional fields increases regularly with the
decrease of the depths.

The ore deposits and the ore showings are located
along the gradient transitions of the gravity minimum. This is
the reason to be assumed that in the contact area between the
solid granitoids and the host rocks is formed a zone having
relatively higher permeability and that the magma intrusion
during the Cretaceous period took place along channels
located in this zone. It is entirely possible that these channels
are a reflection of a common magmata centre.

In the depth interval down to about 5-10 km by
predominant influence are characterized the metamorphic
complex having increased density (positive anomalies) and the
granitoids and the rocks of the volcanic complex having
relatively decreased density (negative anomalies).

In the depth interval down to about 3 km important
influence has also the additional destruction of the rocks
connected to the ore-forming processes. This is an important
precondition for developing a technique based on the analytical
downward continuations of the gravitational field that will help
the outlining of the Central Srednogorie ore fields.

References

paBupasseaka. CnpasoyHuk 2eogpusuka. 1981. M., Hegpa,
398 crp.

Craspes, [1., P. PaguueB. 1990. Cucrema mogenei u
nporpaMM AN WHTEPNpeTauMu  MarHWUTHbIX W
rPABMTALMOHHBIX  aHOMasW. B: 35-mb1li
MexdyHapodHbill  2eogpusuyeckuli  cumnosuym, BapHa,
1990, 7. lll, 569-577.

Baranov W. 1975. Potential Fields and their Transformations in
Applied Geophysics. Gebruder Borntraeger, Berlin -
Stuttgart, 141 p.

Popov, P., R. Raditchev, S.Dimovski. 2001. Geology and
evolution of the Elatsite-Chelopech porphyry copper-
massive sulphide ore field. — Annual of the University of
Mining and Geology, 43-44, part |, 31-43.

Radichev, R., S. Dimovski, M. Tokmakchieva. 1999. Modelling
of gravity and magnetic anomalies for the conditions of the
Panagurishte ore region. — Bulg. Geophys. J., 25, 1-4, 135-
149,

Radichev, R., S. Dimovski, M. Tokmakchieva. 2002. Modelling
of gravity and magnetic anomalies for copper deposits in
the Central Srednogorie Region. - MuxHO denio u
eeonoeus, 3-4, 55-60.

Telford W., L. Geldart, R. Sheriff, D. Keys. 1990. Applied
Geophysics. Cambridge University Press, Cambridge, 843
p.



FOOVLIHWK HA MMHHO-TEONOXKAA YHUBEPCUTET “CB. BAH PUNCKI”, Tom 49, Cg. |, 'eonorus u reocmsmka, 2006
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 49, Part I, Geology and Geophysics, 2006

NATURAL HAZARDS AND EARLY WARNING SYSTEMS

Boyko Ranguelov', Atanas Georgiev', Edelways Spassov?
'Geophysical Institute, BAS, Sofia 1113; boyko.ranguelov@geophys.bas.bg
ZKinemetrix, Pasadena, USA

ABSTRACT. Several classifications about the different natural hazards and their possible influence are constructed. The possible early warning systems are
considered. Both topics are under investigations due to the many factors influencing these issues. The natural hazards are classified on the basis of their area
coverage, power (intensities and/or magnitudes), destructive potential and other physical properties like time duration, medium where they occurred, etc. The
reliability, effectiveness and the possibilities of the data collection, transfer and warning issues are considered about the recent early warning systems. Critical
analysis is made concerning the physical properties, modeling abilities, transfer velocity, etc. The critical points of the warning systems are outlined. It is shown that
many factors are influencing these activities and the reliable early warnings for the different hazards are still under development.

NPUPOOHW BEACTBUA U CUCTEMU 3A PAHHO NPEQYNPEXOEHUE
Boliko Panzenoe!, AmaHac 'eopaueg?, Edenealic Cnacoe?

"TeogpusuyeH uHcmumym, BAH, Cogpusi 1113; boyko.ranguelov@geophys.bas.bg
2Kunemempukc, lNacadeHa, CALY

PE3IOME. MpeanoxeHn ca HAKOMKO KnacudukaLyn Ha pasniyHiA NpUpOaHU ONacHOCTM, KaKTO 1 38 CUCTEMM 3a paHHO NpeaynpexaeHue ot Tax. MacneasanuaTa ca
MPOAVKTYBaHM OT MHOrO(aKTOPHMS,, KOMMIEKCEH XapakTep Ha npobremute cebp3aHu ¢ Tax. MpupogHute GeacTeus ca knacuduumpaHi criopes TsxXHaTa cuna,
paspyLuMTeneH noTeHuMan, (UM3MYecku CBOICTBA M Cpefata B KOSITO Ce CNyyBaT, KakTo M MO BPeMe Ha MPOAbIIKMTENHOCT. OTYETEHW ca HaAeXHOCTTa,
e(heKTUBHOCTTa, Bb3MOXHOCTUTE 3a ChOMpaHe 1 06paboTka Ha AaHHUTE, MOLENUPaHETO Ha PA3BUTMETO HA MPOLIECUTE U APYIU BaXHWU NapamMmeTpu Ha Bb3MOXHUTE
npeaynpeanTeNHU CUCTEMM, KaTo CKOPOCT Ha MpefasaHe Ha AaHHW 1 PELUEHMs, HauMHM 3a [OCTUraHe Ha MHAQOopMaumMsTa 4O HaceneHneTo W ynpasnssalimute
UHCTUTYLUM 1 ip. OTGensi3aHu ca KpUTUYHUTE MOMEHTM B PANIMYHUTE Bb3MOXHN CUTyaLuu. MokasaHo e, Ye MOpajy CMOXHOCTTa Ha Te3n AEMHOCTH, U3rpaxaaHeTo
Ha HAAEXOHM CUCTEMM 33 PaHHO NPEAYNPEXOEHUe BCE OLLE Ce HaMMpa B CTaAUM Ha M3CTeaBaHe 1 passuTue.

Introduction development. Staring with the Pacific tsunami early warning
system (PTEWS) (established in the early 60-ties with
headquarters located at Hawaii), the first experiences have
been collected. The observations, modeling (travel time
calculations, the locations of the strong, powerful tsunamigenic
earthquakes) and the fast and reliable warnings dissemination
have been launched among the priorities of that system. After
that, the positioned stationary satellites have been launched on
orbits and the meteorological phenomena get in focus of the
everyday practice of the meteorological forecast. Then
branching systems about the typhoons and hurricanes
prediction and their development and modeling, going trough
the tornadoes generation and consequences and the expected
storms (hails, snow or rain), etc., have been established und
used by the institutions. In this way the meteorological
prediction systems are the most successful and wildly used in

The recent development of the technology and the fast
information transfer is the main basis of the development and
implementation of the early warning systems (EWS) about
different natural hazards. Since several decades the early
warning systems considering different hazardous phenomena
have been developed in different countries on global, regional
and local scale. They are based on the physical properties,
destructive potential and better organization oo the information
dissemination to the decision makers, specialized institutions
and population. During the last years, sophisticated satellites
are following the forest fires and floods development,
desertification, droughts spreading, etc. All these distant
methods have been developed in close cooperation with the
surface observations and monitoring. During the last years . . . .
(especially after the destructive Sumatra tsunami in the Indian the practlce during the last years. During the last _t|mes
ocean, 2004 ) large actions and funding have been targeted to satellites and Ianc_j based recent s.ystems.started operation to
the GEOS (Global Earth Observing System). They are the vplcamc gontlnuous observahorys. With some successful
focusing on multipurpose targets — continuous monitoring, fast eruption pre_d|cted these technologies are usgd as wel as
data exchange, easy accessibility of the end users. New about the different mass movements observations, modeling
experiments of establishing regional and local early warning an.d. forecas.t » landslides, avalanches, slope processes and
systems targeting to the increased reliabilty to relatively fast ~ Mining activifies and consequences, efc. The recent

processes and phenomena — tsunamis, earthquakes, flash technology . transfer gnd fast  development Of. .the
floods, volcanic gas and lava eruptions, etc. are under communication technologies put new challenges to all existing,

209



new established and newly developing early warning systems.
The main aims of this paper are to investigate and formulate
the possible effectiveness, reliability and possible fast transfer
to the end users. The both sides of this phenomenon are
considered: The early wamning system as the physical basis of
the used parameters for higher reliability from one side and the
compromise between fast alerts and reliability on the other.
Some classification are developed investigating the
possibilities of the recent technologies to cover the need for
fast and reliable early warnings in the different fields of the
natural hazards and risks to the population. This is really
important due to the possibilities to safe people’s life and
properties.

Table 1

Classifications of the natural hazards

In general several natural hazards have been under
consideration:

Solid Earths’ events like: Forest fires (FF), Earthquakes (E),
Volcanic eruptions (V), Subsidence and collapse (S+C),
Landslides (including most of the slope processes, like mud
flows, rock slides, etc.) — (L), Avalanches (A);

Hydrosphere events like: Floods (including flash floods) — (F),
Tsunamis (T);

Atmospheric (meteorology) events like: Storms (including rain,
snow and hail) — (S), Frost and Icing (F+), Strong Winds (SW)
— (including tornadoes, typhoons, hurricanes).

Classifications of the natural hazards according the possible time duration (TD), possible time of early warnings, level of sudden

appearance and the reliability of the early warnings

Hazards/ E L v S+C F T S I+F [ SW | FF A

Parameters

Possible time 0-10' | 10° | 10> | 0-10% 10% | 10- | 10%- | 10> |10- | 10%10° | 0-103

EW(min.) (aft) | 10° 105 100 | 102 10+ | 100 | 10

TD(min.) 10%- | 10%- | 10> | 10°-10%2 | 10> | 10- | 10%- | 10% |10- | 10%10° | 10°-
10t | 10 1059 10* | 10° 10* | 10° |10 10!

Level of sudden | H HM | M H ML | M ML |L HM | L H

appearance

ReliabilityEW | L |L-M | LM | L MH | MH |H H H L-M L

Time dependency is another aspect of the reliability and
classifications — the velocity of the process and the data
(information) and warning transfer trough the channels of
communication is essential. The duration of the single or
multiple hazardous events is also a specific characteristic of
the different natural dangers and a new and useful
classification is proposed. It includes — the time duration, the
level of sudden appearance of the natural hazards (like a
measure of the predictability), the possible time and the
reliability of the early waming in minutes. — Table.1.
(Ranguelov, 2006). All data in the Table 1 are in minutes. Level
of sudden appearance and the reliability of the early warnings
are presented qualitatively. L — means low, M — middle and H
- high. The different diapasons are also acceptable. For
example the time prediction of the earthquakes are not
possible, but for the aftershocks (the strongest one) is rather
common. For some phenomena (especially in the solid earth)
level of sudden appearance is high, for others — the
predictability based on the process development is very high
(for example in atmosphere and hydrosphere).

Potential reliability of the EWS

The reliability is assessed on the recent knowledge of the
physics of the process and possible measurements and
assessment of its future development. Most of the systems are
looking for some direct expressions as precursors of the
generated natural hazard (for example clouds configuration
and air velocity for the hurricanes). Some are considering non
direct relationships (for example underwater strong
earthquakes as generators of tsunamis). Most of the existing
systems are modeling the possible dynamics of the expected
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or developing hazardous events. So the reliability is a complex
multiparametric function of many factors acting in different
directions. The most important are:

The physical properties the hazardous event — power,
magnitude, intensity, space position, etc. These are
measurable parameters thus suggesting thats why the
accuracy of the measurements is essential. The transfer of
data and information is another essential element, because the
velocity of this process influences a lot the effectiveness.
The models used and the parameters included in them are
influencing direct or not direct spreading and distribution of the
dangerous elements and parameters of the hazardous event.
Frequently different approximations are used to decrease the
computing time.

The transfer of the information of any kind — from the
measurements sensors to the data collecting centers from one
side is essential. Then to obtain reliable information about the
development of the phenomena and to predict its development
in time and space is not an easier task using primary
information or through the models. The transfer to the decision
makers and the warning information dissemination to the public
and end users is the most important (and one of the most
difficult) task on the other side.

The information transfer considerations

The data and information transfer may use some recent
facilities: satellites, radio links, cell networks, telephone lines.
The data used by the early warning systems usually are
signals generated by the sensors in the frequency diapason



0.001-100 Hz. The high dynamic range is around 120 dB.
These signals could be transferred by analog or digital
channel.
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Fig. 1. The transfer of the data and information for the early warning
system is an essential element
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Usually the analog signal has low amplitude and needs some
measures and devices to provide its reliable transfer like
magnifiers, filters and compensators, etc. There are cable
networks in use to transfer the data into the information centers
for data processing. The disadvantages of such networks are
the high price of the transfer and the larger losses of the useful
part of the signals. There are as well the transfer networks
using the telephone cables. They need a modular frequency
(500 to 2500 Hz) to modulate the signal.

These networks have also some disadvantages — high noise
ratio, vulnerability to the different construction works, high price
cables, etc. All analogue channels have the biggest advantage
— they allow the real time analog signals transfer. The digital
networks (even the most sophisticated) work in the near real
time mode. The digital technology goes fast in all recent
systems. The advantages of this technology are much more —
the digital signals are reliable to the noise protection, the data
transfer and processing are much easier using the recent
computer technologies, the data storage is much more
effective. The low prices and the wide use of the digital
technologies make them leaders in the recent early warning
systems. In many cases the analogue channels are eliminated
by the high density information channels compressed even in a
single cable doublet. The telephone companies introduce the
digital technology and increase the security and reliability
levels of their transferred signals. The recent cellular networks
are also suitable for the signal and information transfer. Such
type transfer networks are related to the radio links. The price
is lower, but the special regime of use needs more
administration and formalities, like retranslations, heavy
problems connected with the sharp relief, etc. A variant of the
radio links is the satellite connection. After the big numbers of
geostationary satellites have been launched to orbit they build
up a network which is largely used about the telemetry of the
geophysical and meteorological data. The satellites on Low
Earth Orbit (700-1400 km) are called LEO, on the medium
(10000-15000 km) — MEO and on the Geostationary (36000
km) — GEO. All these satellite systems created the global
communication ring, which is under operation for different
purposes. To use it as an element of the early waring
systems is the main challenge of the recent times.
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Existing and near future early warning systems

The differences between the recent and near future early
warning systems are the two heavy and slower blocks
presented on the scheme - Fig. 2. — the processed information
- transfer and the end users and decision maker's solutions.
They could be eliminated by the simplest, but most powerful
software and hardware able to decrease the false alarms using
the triggering mechanism and intelligent sensors, which may
provide more reliable information and take decisions about the
early warning dissemination automatically. The philosophy
about the recent and the near future systems shows that it
could be possible to eliminate the slower and less effective
blocks concerning the transfer of the processed information
and the end users and decision maker’s solutions — to be or
not to be issued the early warning. This task could be reach by
the more sophisticated software, supperfast computing abilities
and the “smart” location of the sensors.

Near real time early warning systems in use are about:
Meteorological events (for hurricanes, tornadoes, other
meteorological events), Tsunamis (PTEWS), Volcanoes (for
example Hawaii, Vesuvius, Reunion, Azores networks, etc.)
and show relatively reliable exploitation.

Processing
Sensors [ Data transfer : center
K7
Processed [ Decision maker [ Warning
information solutions issue
transfer
[ v
Population

Fig. 2. A comparative scheme of the present day and the near future early
warning systems (arrows way)

The use of the “smart” sensors, which are able to “take and
perform ” the decision, the sophisticated software, which is
able to prove the reliability of the warning issue and the fastest
recent digital technologies are the main elements which could
provide the highest reliability of the near future early warmning
systems. The main problem in this competition is to save time.
The fastest communications can win against the velocity of the
natural hazards. This could be reach by recent technologies
and better software.

Conclusions

The methodology concerning some natural hazards and the
possible early warning systems application is developed in
general terms. The selection of the natural hazards under
recent observation and future development of the early
warning systems is made on the principal physical and
geophysical considerations. The most perspective are to the:
tsunamis, floods, strong winds, volcanic eruptions, etc. The
effectiveness of the early warnings is taken into consideration.
The main parameters defining the effectiveness are the
velocity of the process, the velocity of the data and information
transfer, the organization of the early warning issue and the



transfer of the reliable information to the public. Two ways are References
described. The established EWS existing up to now and the
recent new established and near future EWS. The use of the
recent technologies in all aspects of the information collection,
processing transfer and dissemination appears essential. The
main issue is considered the possibilities to save time due to
the fast recent technologies for the information collection, data
transfer and warning issues.

PaHrenos, b. 2006. OueHka Ha mocrneguuuTte OT MPUPOZHM
BencTeus. — MuHHo Oeno u 2eonoeus, 2, 29-32 .
http://www.msnbc.msn.com/
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LEACHING OF GOLD FROM A POLYMETALLIC SULPHIDE ORE

Irena Spasova’, Marina Nicolova, Frangesco Veglio? Stoyan Groudev’
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2Department of Chemistry, Engineering Chemistry and Materials, University of L'Aquila, L’Aquila, Italy

ABSTRACT. A heap consisting of 5 tons of a rich-in-pyrite copper sulphide ore containing also gold and silver finely disseminated in pyrite and arsenopyrite was
leached by means of a mixed culture of acidophilic chemolithotrophic bacteria to solubilize copper and to liberate the precious metals from the sulphide matrix. 70.1%
of the copper was leached from the ore within 8 months. The degree of sulphide oxidation at the end of this period reached about 59%. The copper was precipitated
from the pregnant heap effluents by cementation with metallic iron. The pretreated ore was washed by water and then was leached by means of alkaline solutions
containing amino acids of microbial origin and thiosulphate to solubilize gold and silver. 79.4% of the gold and 59.4% of the silver were leached in this way within 30
days. The pregnant heap effluents were treated by cementation with metallic zinc to precipitate the precious metals as mixed gold-silver concentrates. The waste
waters from the different technological stages were treated by means of a constructed wetland located near the heap.

WU3BNMUYAHE HA 3NTIATO OT NONUMETANHA CYN®UOHA PYOA

Upena Cnacoea’, MapuHa Hukonoea', ®paHyecko Bunbo?, CmosiH pydes

"MunHo 2eonoxku yHusepcumem ,Ce. Uear Purncku’, Cogpus 1700

2Kamedpa Xumusi, UHXeHepHa Xumusi u Mamepuanu, YHusepcumem Ha Aksuna, Akeuna, imanus

PE3IOME. Xanpa, cbcrosiwa ce ot 5 ToHa Gorata Ha nupuT MegHa pyAa, CbAbpXalla Cblyo 3naTto v cpebpo uHO BNpbCHATU B MUPUT U apceHonuput, 6e
U3nyxeHa NocpeAcTBOM CMeCeHa KynTypa Ha auuaotunHu XeMonuToTpodHn Haktepuu, 3a fa ce pa3TBOpU MeATa v fja ce 0cBoBOAAT GnaropogHUTe MeTanu ot
cynduaHata matpuua. 70,1% ot meaTa be uanyxeHa oT pynata 3a ocem Mecelia. CTeneHTa Ha okucneHue Ha cyndmauTe B kpasi Ha TO3W Nepuog [OCTUTHA OKOMO
59%. Tasw npepBapuTenHo okucrneHa pyaa 6e npomuTta C Boga, cnef koeto e uanyxeHa NMOCpPeACTBOM ankanmHu pa3TBOPW, ChAbpXKally aMUHOKUCENUHM OT
MUKPOOEH MPOM3X0A W TMOCyndaT, 3a Aa pasTBopsAT 3naToTo U cpebpoto. 79.4% ot anatoto U 59.4% oT cpebpoTo Bsixa M3NYXEHW NO TO3M HaumH 3a 30 OHM.
HaboraTeHuTe Ha Te3n MeTanu pasTBOpW, M3TUYALLYM OT xanpaTa, 6sxa 06paboTeHu Ypes LMMEHTaLMS ¢ MeTaneH LHK (Zn°), 3a fa ce yTasT bnaropogHuTe MeTanm
KaTo CMeCeHW 3naTHO-CPeBbpHN KoHLeHTpaT. OTnagHuTe BOAM OT PasfMYHUTE TEXHOMOTMYHW eTanu Bsixa TpeTMpaHu NOCPeaCTBOM KOHCTPYWMpaHO MouypuLie,
paanonoxeHo B 6nn3ocT 4o xangara.

Introduction Groudeva, 1993; Groudev, 1996; Groudev et al., 1996,
Spasova and Groudev, 1996).

The bacterial pretreatment of gold-bearing sulphide ores is

an expanding technology, which has been applied in

commercial-scale in several countries (Bonney, 2000; Potts,

In this study a rich-in-pyrite copper sulphide ore containing
gold encapsulated in sulphide minerals was initially treated by

2001: Gilbertson, 2004) means of acidophilic chemolithotrophic bacteria to leach the
’ ’ ' copper and to liberate the gold. The ore then was leached by
The pretreatment is achieved by means of acidophilic solutions containing microbial amino acids and thiosolphate.

chemolithotrophic bacteria, which oxidize the gold-bearing
sulphide minerals, mainly pyrite and arsenopyrite, and liberate
the gold from the sulphide matrix. The liberated gold is then Materials and Methods
leached by different chemical reagents, mainly by cyanides.

However, the cyanides are highly toxic reagents and, Data about the chemical and mineralogical composition of
regardless of the presence of several technologies for their the ore used in this study are shown in Table 1. Chalcopyrite
eﬁicient degradation, the gOld Cyanidation iS Connected W|th was the main Copper_bearing minera| in the ore but Secondary
Sophisticated and eXpenSiVe measures to aVOid SubStantial Copper su|phides SUCh as Cove”ite and bornite were a|so
environmental problems. For that reason, at present a great present. The ore was rich in pyrite and the total content of
attention is paid to non-toxic reagents, which are able to sulphides was about 10 %. Most of the gold was finely
solubilize gold. A very efficient leaching of gold from different  gisseminated in pyrite and arsenopyrite. The main portion of
mineral raw materials has been achieved by means of  the gold particles was less than 1 micron. Quartz was the main
solutions containing amino acids of microbial origin and mineral of the host rock. Clay minerals and oxidation products
thiosulphate ions as gold-complexing agents (Groudev and (mainly jarosites) were also detected.
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Table 1
Data about the chemical and mineralogical analysis of the ore
used in this study

Component Content | Component Content

Copper 0.80% | Silver 8.2 g/t

Total sulphur 4.1% Gold 4.6 gt

Sulphide sulphur | 3.7% Gold phases (in %

Iron 6.0% from the total gold

Sulphide content):

minerals:

- pyrite 7.0% Free gold 2.4%

- arsenopyrite 1.0% Gold encapsulated | 10.7%
in iron hydroxides
and oxidies

- chalcopyrite 1.0% Gold finely | 84.2%
disseminated  in
sulphides

- bornite 0.5% Gold finely | 2.7%
disseminated  in
silicates

Other sulphides | 0.5% Total 100%

The treatment of the ore was carried out by the heap
technique. The heap had the shape of a truncated pyramid and
was constructed on a slightly steep ground cover by a
corrosion-resistant cement to facilitate the collection and to
prevent the seepage of solutions. The heap contained 5 tons of
ore crushed to minus 10 mm. A system of perforated PVC
pipes was installed inside the heap during its construction. The
open ends of these pipes stick out outside the ore mass to
facilitate the natural aeration of the heap. Solutions containing
chemolithotrophic bacteria, iron ions (mainly in the trivalent
state), some essential nutrients (mainly ammonium and
phosphate ions), sulphuric acid and dissolved oxygen were
used to leach copper and to liberate the gold from the sulphide
matrix. The solutions were recycled through the heap at a rate
of 100 I/ton ore per 24 h. The pregnant heap effluents were
treated by cementation with metallic iron (Fe?) when their
copper content exceeded 500 mg/l. The cementation was
carried out in reactors with mechanical stirring using fine iron
shavings to precipitate the copper. The pH of the recycled
solutions was maintained at values lower than 2.5 by addition
of sulphuric acid, and the redox potential (Eh) was maintained
at values higher than 500 mV by oxidation of the ferrous ions
to the ferric state in a BACFOX unit (Groudev et al., 1984).
(NH4)2S04 and KH2PO4 were added to produce concentrations
of the NHs* and H2POs ions of about 200 and 50 mg/,
respectively. The progress of the bacterial oxidation was
followed by analysis of the circulating solution for ferrous, ferric
and total iron species, copper and sulphate ions, pH, Eh, and
number of the iron-oxidizing chemolithotrophic bacteria.

After the sulphide oxidation and the copper leaching the ore
was washed with fresh water and then treated with solutions
containing microbial protein hydrolysate — 1.0 g/l, thiosulphate
ions (added as ammonium thiosulphate) — 15 g/l, copper ions
(added as copper sulphate) — 0.5 g/l and sulphite ions - 0.5 g/l.
The pH of the solutions was maintained in the range of 9.5 —
10.0 by addition of ammonia. The protein hydrolysate was a
mixture consisting of protein hydrolysates from waste biomass
of three different microbial species. The hydrolisates contained
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different gold-complexing amino acids and were mixed
together in suitable proportions.

The leach solutions were pumped to the top of the heap at a
rate of 200 I/ton ore per 24 h. The solutions percolated through
the ore mass and dissolved gold and silver. The heap effluents
were collected in a collector pond and then were pumped to a
stirred reactor where the dissolved precious metals were
precipitated by means of cementation reactions with metallic
zinc (Zn%). The depleted solutions from the cementation were
collected in a regeneration vessel where make up water and
reagents were added to the desired level. The leach solutions
adjusted in this way were then recycled to the heap.

The waste waters from the copper and then from the gold
leaching stages were treated by means of a constructed
wetland located near the heap. The wetland was characterized
by an abundant water and emergent vegetation and a diverse
microflora. Typha latifolia and Typha angustifolia were the
prevalent plant species in the wetland but representatives of
the genera Juncus, Potamogeton, Carex and Poa as well as
different algae were also present.

Elemental analysis of the ore samples was performed by
digestion and measurement of the ion concentration in solution
by atomic adsorption spectrometry and induced coupled
plasma spectrometry. Gold and silver were determined also by
means of the fire assays. These spectrometrical methods were
also used to analyses the liquid samples. The amino acid
concentrations were determined by an amino acid analyzer.
The thiosulphate ions were determined ftitrimetrically with
iodine.

The isolation, identificaton and enumeration of
microorganisms were carried out by methods described
elsewhere (Karavaiko et al., 1988; Groudev, 1990). The activity
in situ in the heap of the acidophilic chemolithotrophic bacteria
was determined by following the rates of ferrous ions oxidation
and 14CO: fixation in samples of heap effluents as well as in 9K
nutrient medium (Silverman and Lundgren, 1959) inoculated
with freshly collected ore samples. The samples were
cultivated in the heaps at the different climatic seasons
(Spasova et al., 2005).

Results and Discussion

The treatment of the ore by means of the acidophilic
chemolithotrophic bacteria was very efficient. Within a few
days following initiation of the treatment, the heap was densely
populated with such bacteria. Acidithiobacillus ferrooxidans
and Leptospirillum  ferrooxidans were the prevalent
microorganisms in the leach system. The total number of these
bacteria in the circulating solutions was higher than 108
cells/ml. However, most of these bacteria were firmly attached
to the ore and their number exceeded 109 cells/g ore in the
upper heap layers. Acidithiobacillus thiooxidans and some
acidophilic heterotrophic bacteria (mainly such related to the
genus Acidiphilium) were also present but in lower numbers.
The bacterial activity in situ was very high and markedly
depended on the temperature inside the heap which was
higher during the warm summer months (Table 2).



Table 2
Bacterial activity in situ at different temperatures

Sample tested Fe2* 14C0O:; fixed for

oxidized for 5 days,
5 days, counts/min.ml
g/l ©))

Heap effluents with pH of
2.1-24 +Fe?* (9gl)at6-9°C | 0.55-2.30 | 1500 -7700
Heap effluents with pH of 2.1-
24 +Fe> (9gll) at 12-18°C 1.43-6.84 | 4100-20100
Ore suspensions in 9K nutrient
medium (with 9 g/l Fe2*and pH | 0,59-2.75 | 1500 - 8800
of 2.5) at 6-9 °C
Ore suspensions in 9K nutrient
medium (with 9 g/l Fez* and pH
of 2.5) at 12-18 °C 1.36-7.74 | 4100 - 24200

70.1% of the cooper was leached from the ore within 8
months of treatment (from the beginning of March to the end of
October) (Fig. 1). The treatment of the copper-bearing
pregnant heap effluents by cementation was also efficient and
the obtained cement copper concentrates contained about 80
— 82 % copper. The consumption of metallic iron during the
cementation amounted to about 2.0-2.5 kg iron/g copper.

80
70
60
50
40
30
20

—

Cu extraction and sulphide oxidation, %

8

Time, months

Fig. 1. Leaching of copper (1) and degree of sulphide oxidation (2) during
the treatment by means of chemolithotrophic bacteria

The content of sulphide sulphur in the ore at the end of the
period of cooper leaching was lowered to 2.18% and this
reflected a degree of sulphide oxidation of about 59%.
Preliminary experiments in small percolation columns (with 10
kg of ore each) revealed that this degree of sulphide oxidation
was sufficient to liberate most of the gold from the sulphide
matrix. This was probably due to the fact that in the gold-
bearing sulphides in the ore the gold was located mainly in the
deffect sites of their crystal lattices and these sites were
preferentially attacked by the chemolithotrophic bacteria (Lazer
et al., 1986). During the above-mentioned preliminary
experiments it was found that the gold extraction from such
pretreated ore samples exceeded 85%, while the extraction
from the original, non-pretreated ore was less than 20%.

Control experiments carried out in such columns using
cyanide-bearing leach solutions revealed that the gold and
silver extractions were similar to those obtained by the
combined chemico-biological method used in this study.
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The subsequent leaching of precious metals from the
pretreated ore heap was also efficient (Fig. 2). The number of
undesired microbial contaminants in the leach system was low
due to its relatively high pH. The number of chemolithotrophic
bacteria growing at the expense of the thiosulphate (mainly
such related to the species Thiobacillus thioparus) as well as
the heterotrophs growing at the expense of the amino acids in
the leach solutions were than 102 cells/ml each of these two
groups of microorganisms.
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Fig. 2. Leaching of precious from the pretreated ore

The degree of extraction of the precious metals from the
pregnant solutions by cementation with Zn® was higher than 97
%. The products from the cementation were mixed gold-silver
concentrates, which contained also copper and zinc as
valuable components. These concentrates are amenable to
processing by the well-known conventional methods for
recovering pure gold and silver.

The consumption of reagents during the leaching and
cementation of the precious metals amounted to 5.1 kg
ammonium thiosulphate, 0.28 kg protein hydrolysate, 0.9 kg
copper sulphate and 0.15 kg metallic zinc per ton of ore.

Regardless of the fact that the waste waters from the copper
and gold leaching stages differed considerably, these both
types of water were cleaned up efficiently by the constructed
wetland. The waste waters from the copper leaching stage
were acidic, with a very low organic content and contained
iron, copper, arsenic and sulphate ions as the main pollutants.
The waste waters from the gold leaching stage were alkaline,
with a higher organic content and contained different sulphur-
bearing ions as the main pollutants. These waters also
contained some dissolved heavy metals (mainly copper and
zinc) but in relatively low concentrations. The both types of
water contained fine solid particles.

The removal of the above-mentioned pollutants in the
constructed wetland was due to different processes. The ions
of the heavy metals and arsenic were precipitated mainly as
the relevant sulphides by the hydrogen sulphide produced by
the anaerobic sulphate-reducing bacteria. However, portions of
iron and manganese were precipitated as Fe(OH)s and MnO:
after the prior bacterial oxidation of the Fe?* and Mn2* ions,
respectively. Some arsenic was removed as a result of its
sorption by the iron hydroxides. The different sulphur-bearing
ions were transformed to sulphates, which then were reduced



to hydrogen sulphide. Portions of the metal and arsenic ions
were adsorbed by the plant and microbial biomass and by the
clay minerals present in the wetland. The dissolved organic
compounds (mainly residual amino acids and secreted
microbial and plant metabolites) were degraded by the
heterotrophic microorganisms. The non-dissolved solids were
removed mainly by sorption but also by bioagglomeration
carried out by secreted microbial metabolites. As a result of the
above-mentioned processes, the wetland effluents possessed
the qualities of the waters intended for use in the agriculture
and/or industry.

The results from this study showed that the consecutive
leaching of copper and precious metals from rich-in-pyrite ores
by means to microorganisms and non-toxic reagents is
technically feasible and environmentally safe way to process
such ores.
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125 TOAMHU BBITAPCKA rEONOrnA (1880-2005) 1 80 rOAUHWU BBITTAPCKO
FEONNOrMYECKO APYXECTBO (1925-2005)

Munopad Baues

MurHo-eeonoxku yHugepcumem ,Ce. MgaH Puncku”, Cogpus 1700

leonorusiTa — Haykata 3a nnaHeTaTa 3emsi, BOAW Ha4anoto
CY OT YOBELLIKMSA OMUT, ONO3HABaHe W U3crneaBaHe Ha ckanute
W MWHEpanuTe OT OKONHaTa cpeda M W3ron3BaHeTo MM 3a
HyXOWUTe Ha YOBEKa. YTB'bp,EleHO npaBuno e, 4e BCUYKK 3HaHKNA
MonyyYeHn OT W3yyaBaHETO Ha 3emsiTa M 3eMHaTa kopa, ce
13MOM3BaT OT YOBEKa 3a OTKPMBAHETO HA Haxoguiia Ha
MONE3H! MWHEPanHM CYpPOBWHA (M3KOMAemu) W TOMAMHHA
eHeprusi B HeapaTa, WU3sCHABAHETO Ha CTabWUNHM yCnoBus 3a
cTpouTencteo, obesneyaBaHETO Ha Bb3MOXHOCT fAa ce
npeasuasaT onacHoCTW, CBbp3aHM C NOABWXHWUTE CUNK Ha
AMHaMMYHaTa paseuBallata ce 3ems, Kouto morat ga 6bgart
onacHM 3a OnarocbCTOSHWETO WNM  CbLUECTBYBAHETO Ha
xopata. Beuuko TOBa, mpegonpemens Heobxogumoctta OT
npuaobuBaHeTo Ha CUCTEMHW UM 3agblOOYEHW TEONOXKM
3HAHMS W YMEHWs 3@ M3MON3BAHETO HA MWHEpanHuTe
CYPOBWHU, CKannTe, BOAUTE, rEONOXKUTE 3a0eneXuTENHOCTY,
OKOMHaTa cpeaa 1 TAXHOTO orasBaHe.

[MpaKT4ecKkn, pa3BUTUETO Ha rEONOXKUTE W3CMEedBaHus M
Ha reonorusiTa kaTo Hayka, ca 6unn BUHaru TACHO CBbP3aHM C
eranure Ha  0OLYECTBEHO-MKOHOMUYECKOTO  pasBuTHe.
Brrrapute umat MHOTOBEKOBHA MCTOPWS MO OTHOLIEHWE Ha
MO3HaHMS M yMEHNS 3a Jo6WB W 3MON3BaHe Ha pasHoobpasHm
MWHEpanHW CypoBWHM, Olle Mpeau da ce 3acendr Ha
BankaHckus monmyoctpoB. CbLUOTO MOXe Oa Ce Kaxe 4 3a
Apyrute Hapogu, HacensiBaliv npeau TOBa HalWTE 3eMu.
LleneHacoyeHn reonoxks u3cnegBaHus B CbOTBETCTBME C
pa3paboTeHn W Bb3NPUETU M3NUCKBAHWS B reonorusta —
cTpaTurpadmsi, TEKTOHNKA M MAHEPATHU CYpPOBUHN — B 3EMUTE
Ha bBankaHckus nomnyoctpoB 3anousat npe3 19-u  Bek.
YBENMYaBalloTO Ce  WHOYCTpMANHO  MPOW3BOACTBO B
3aMagHOEBPONENCKATE CTPAHN U CbITbTCTBALLMTE TO KPU3NCHM
cubuTns 1 enoxu, ca Npegonpesenunu HapacTBallaTa Hyxaa
OT MUHEpAsHN U eHEPriiHA CYpPOBUHY, EBTUHA paboTHa pbka,
nasapy M Bb3MOXHOCTW 33 TPAHCMOPT HA CYPOBUHW U
npogykums. B ToBa oTHOWeHWe, cTpaHuTe oT BankaHckus
MOMyoCTPOB, Hamupal ce ToraBa MO  OCMaHCKO
BMaM4ecTBO M PA3NONOXEHN CpaBHUTENHO 6nu3ko 1o
3anapgHa EBpona, ca npeacTasnseany ocobeH uHTepec. B Tax
npe3 mbpeaTta norosiHa Ha XIX BeK ca ce HacTaHunm
TbproBun oT AHrnns, ®paHums, a No-KbCHO M OT ABCTpMS.
ToBa npegonpegens 1 3acUNeHNst MHTEPEC KbM reonorusTa u
MonesHUTe N3Konaemu B paioHa.
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Mbpeu etan - 1828-1878 r. eonoxkuaT cTpoex Ha
paiioHute 0T Bbnrapus w bankaHckus monyoctpos, e 6un
HenosHaT 40 Havanoto Ha 19-1 Bek. 3a MbpBM MbT HANUYHNTE
[aHHK, MOCOYEHM OT MOCETUTENM W MbTELUECTBEHULMW, Ca
cbbpaHu, 0606LLeHN 1 oTnevatann npes 1828 r. oT dpeHckus
reonor Amn bye — Ami (Amedee) Boue. ToBa cvbutne ce
npuyema 3a HayanoTo Ha reonoXkaTa KHKHUHA 3a Bbnrapus.
Bye e v MbpBUSIT YyKaECTPaHEH reonor, U3BbPLUKI FeONOXKM
u3credBaHus B paiioHM oT bBbnrapus w  BankaHckus
nonyocTpoB. PesyntaTute OT Te3W MapLUpyTHWU M3CneaBaHus,
NPeacTaBnsBaliM efgHa Teonoxka Ckaua M CWHTE3 Ha
cbbpannte gaHHu, ca nybnukysaHu npe3 1840 r. Cowumst e
cbCcTaBun U reonoxka kapta B M 1:2500000 Ha BankaHckus
nonyocTpos (EBponeicka Typumsi), oTnevataHa npe3 1842 r.,
KaTo Ca M3NON3BaHW Matepuanu 1 OT ApYru W3CnegoBaTeny.
Pabotute Ha Amu bBye ca [oCTOMHO OLeHsiBaHM OT
GbarapckuTe reonosm.

Mpe3 BTOpaTa monoBuHa Ha 19-u Bek dvpmMu OT AHrms,
OpaHums n AcTpusi ca 6unm 0cobeHO akTUBHM B paiioHUTE OT
bankaHckus nonyoctpo u 0bwo B OcmaHckata uMnepus.
MHTEpechbT KbM MUHEPATHUTE CYPOBMHM B HES B TOBA YMCIIO U
B paioHa Ha bankaHckus nonyocTpos, e 6un 0cobeHo BaxeH
BbMpoC M npe3 1869 r. ca npueTu cneunanHu npaea U
MPaBUIHKK 3@ MUHWTE.

Mpe3 To3n eTan B Obarapckute paoHM ca paboTunm
peguua eBponeiicku reonosn. Texuute pabotu, KakTo
oTbens3BaT HAKOM OT aBTOPUTE W KaKTO fMuM  OT
nybnukauumte, ca OWNM  HAcOYeHM KbM  MUMHEparHuTe
CYPOBMHI W VIHXXEHEPHOTEOMOXKN BbMPOCK, HO MybnmnkyBaHUTe
MaTtepuanu [OMpUHAcAT 3a paslMpsiBAHETO Ha reonoxkara
M3y4yeHOCT Ha paroHn oT Bunrapus. B ToBa OTHOLEHKE,
npomnyckaiku peguua asTopu, Wwe 6baar nocoyeHn pabotute
Ha A. Bukenen (A. Viguesnel), noctaBun Hayanoto Ha
u3yyasaHeto Ha Poponckus paioH W YepHomopueto, K
0DOBLMTENHNAT HayyeH xapakTep Ha Hskou pabotn Ha O.
coH Xoxwetep (F. von Hochstetter), koiiTo e cbCTaBun u
oTnevatan reonoxka kapta 8 M 1:3000000 (1870).

Mpe3 pasrnmexgaHus eTan Gbnrapckoto  06pa3oBaHue,
Hayka 1 GbIrapckoTo HaLMOHANHO pa3BUTUE UMAT CbLUO CBOM
JOCTXEHWS! U Hanpeabk, HO Tyk We 6baat otbensiaaHn camo



HAKONKO CbOMTMS 1M [OCTVKeHWs. Toraa, ObRrapckoto
0bpa3oBaHue ce pa3BuMBa, OCbBPEMEHSBA 1 NOCTABS Ha HOBY
ocHosw. [pumep B TOBa OTHOLLEHME € foOpe no3HaTata kHura
“PnbHUST GykBap”, CbCTaBeH OT U3BECTHWSA A-p MeTbp bepoH,
oTnevartaH npe3 1824 r. v npeusgaBaH MHOrokparHo. ToBa
y4ebHO nocobue, Tasn LeTcka KHUra e HanmcaHa Ha roBOpyM
Obrapcki €3vK 1 e C EHLMKNONEeAMYEH XapakTep, CbC CBETCKO
CbObpKaHWe W CbC CBETCKA BBL3NWUTATENHA HACOYEHOCT,
oTOensi3aHn OT MHOFO Y4MTENW M aHanu3atopu. B ToBa
HanpaBneHne TpsbBa fa ce nocouu W yyebHuka no
,ECTECTBEHA MCTOPWS 33 MbPBO 3ano3HaBaHe C eCTeCTBOTO’,
KOMTO Chabpka pasgen ,MuHepanorus”, uspaneH npes 1869 r.
(cbCTaBeH e Mo 3anucku Ha BUOHWA Bb3poxaeHcku geel [.
MyTes ot usgatens [l. Man4os).

HayuHaTta genHoct Ha g-p lNetbp bepon (1800-1871r.) e
Buna MHorocTpaHHa, eHuuKnoneanyHa, oTpaseHa B noseye OT
20 HayyHu Tpypa, otnevataHu Ha Hag 10000 cTpaHuum,
u3ganeHn B cTpaHu ot 3anagHa EBpona, KbOeTo TOW € XuBsn
“ paboTun, HO Manko MosHatTh y Hac. Tyk € YMEecTHO U
NpaBWiHO Aa ce oTbenexy, Ye HEeroBuUTe BIKAAHWS, OTHOCHO
BceneHata u CrbHyeBaTa cuctema, ca 6asupaHu Ha KaHT-
JlannacoBata xunoTe3a M Ha [AOCTUXEHUSTA Ha peauua
uscnenosatenu u unocodu OT MUHANOTO M TOraBalUHOTO
Bpeme. Toil pasrnexaa TAXHOTO popMupaHe W passuTuE B
XpoHonormyeH peg M noaxod. Cnopes  HeroeuTe
“HaTypchunocodckn’ Bb3rNeau, OCHOBaTa Ha CBeTa cCa
MaTepuanHuTe enemMeHTH, Yyactuuu, “hnyuan’, Bb3HUKHamM ot
nmbpBuyeH “pnyng’. Toi e ponmyckan, ye nywante ce
HamupaT B HerpekbCHAaT MPOLEC Ha W3MEHeHue U
KOMOMHMpaHe, KOEeTO MO CblWeCcTBO e ucTopudTa Ha
BCeNneHata. TOM OTXBbpnA WgesTa 3a  KpalHOCTTa Ha
BCESleHaTa M OrpaHNyYeHOCTTa Ha HEMHOTO aBukeHne. Cnopes
Hero CribHUETO, 3emMsiTa W gpyruTe NNaHeTH ca npousnesnu ot
BELLECTBO, KOETO [AHeC He CblieCTByBa B CITbHYeBaTa
cuctema. Tasn cuctema e npeTbpnana MpoMeHu, Td He
BcAkora € Ouna TakaBa, KakBaTO HME cera CETUBHO
Bb3npuemame. TOW KakTO W Opyrn aBTopu, OTDensisea u
MepuognyHOCTTa B Pa3BUTUETO Ha CITbHYEBMTE NeTHa. bepoH
BMHar TbpCy 1 U3yyaBa NpUYMHUTE 3a NPOLEcUTe, ABMeHUsTa
W U3MeHeHusiTa. HerosuTe cxBallaHusi, WHTEpRpeTauuu u
aHanuau ca 6asmpaHn Ha LuMpoKa HayyHa OCHOBA, HO He Ca
BMHAr¥ LSAMOCTHO M MbHO O0BOCHOBaHM, aHanuaupaHu u
CUCTEMATM3WPaHW OT CbBPEMEHHA rregHa Touka (BUX
BvuBaposa u bbuBapos, 1975; v ap.). Tyk He ca U3NOXeHM 1
aHanuaMpaHu MOCOYEHUTE HErOBW  MWCAW,  CXBaLLaHWs,
ybexaeHns n 060CHOBKM, HO We ce otbenexu cnegHoro. Mo
CBOSITA CBLLHOCT, MHOTO OT TAX Ca BNIN3KM U CXOQHW C HSKOW
CTaHOBWLLA W MONOXEHUs OT (PUIOCOPCKOTO U HAYYHO SAPO,
He CcamMO Ha TOraBalHWTE XWNOTean M OOOCHOBKM 3a
oBpasyBaHeTo Ha CrbHYeBaTa CUCTEMA, HO M C TakMBa Ha
aKpELMOHHUTE Teopuu, pa3paboTBaHM M YCHBbPLUEHCTBAHM
HenpeKbLCHATO Npe3 BTopaTa nonoBuHa Ha 20-M M HavanoTo
Ha 21-1 Bex.

Mpe3 1869 r. manka rpyna OT NPOCBETEHW W 3HAELLM
Ebnrapu, ca yypeaunu BbRrapckoTo KHKOBHO APYKECTBO B
Bpauna, PymbHus. ToBa B nopobeHata Torasa bunrapus npu
rocnofcTealmTe heopanHo-ocMaHcku pasnopendu, e 6uno
HEBb3MOXHO. B HEroBusT ycTaB € mocoueHa LenTa, 3aBeTa,
TOBa APYXeCTBO “Oa ce NpeBbpHe B AercTBuTENHa bbnrapcka
aKagemus Hayk M fa CTaHe eduH OT Hail-BENMKONENHUTE
XpamoBe Ha Obnrapckata Hayka”. Bwbnpeku TpygHocTuTE

218

TOoraea, peauua 6bnrapV| CbC CBOWTE MNO3HaAHWA, YMEHUH,
Cpeacrtea 1 Tpyn, Ca y4actesan akTMBHO Npu BbBEXOAHETO Ha
MHOYCTPManHO npon3soAcCcTBO MO HaKUTE 3EMW. 5bnrapCKaTa
Bb3pOXAeHCKa Hauua € npegdasuna no KarteropuMyeH HaduH,
CBOUTE NpeTeHUnn 3a CaMOCTOATENHO pa3BUTHE.

Btopu eran - 1878-1918 r. Tosn ertan 3anousa OT
0cBoOOXAEeHMETO Ha Bbnrapus ot Typcko pobeteo npes 1878
. W Ce Xapaktepusupa CbC CbLUECTBEHO pa3BuTME Ha
reonoxkite uacneasaHust B Bbnrapus. Te ca npoBexaaHu
Beye OT Obnrapcku reonosu, Ho y Hac ca pabotunu u
yyxaeHuM. Hayanoto Ha To3n Gbrrapckus etan, ce CBbp3Ba
TpaitHo ¢ umeto Ha leopru 3natapcku (1854-1909), koiTo
npes 1880 r. e HasHayeH 3a reonor-mMuHepanor npu
MWHUCTEPCTBOTO Ha (PMHAHCUTE CbC 3adadva “‘ga npoyysa
MWHepanHuTe BoratcTBa Ha CTpaHaTra W Aa U3yun HelHus
reonoxku ctpoex”. MNpueTo e, ToBa CbOUTUE W LEMHOCTTa Ha
3nartapcku, fa benexat Ha4yanoTo Ha Gbnrapckarta reonorus,
pa3paboTBaHa No-KbCHO OT peauLa Obnrapcku CneumanueTyi u
MOKONEHNS.

Bbp30TO pa3suTHE Ha MHOYCTPMANMHOTO MPOWM3BOACTBO W
CENCKOTO  CTOMaHCTBOTO B  ocBobogeHa bBbrrapus, e
Npesonpeaenimio recnoxXKUTE NPOYYBaHMS 4a Ca  HACOYEHM,
npean BCWYKO KbM MUHEpPanHWTE CYpOBUHU. OpeHCKMAT
nHxeHep J1. Tonap (L. Thonard) no nokaHa Ha Bwbrrapckoto
NpaBWTeNCcTBO, € HanpaBun Npernes W W3NOXeHue 3a
MWHEpanHuTe CYpoBMHM B Bbnrapus, a gaHHuTe 3a TAX ca
nybnukysann npe3 1886 r. BbB Bpb3ka ¢ ToBa M MbpBaTta
pabota Ha 3natapcku e khurata Pygute B Bbrrapus’,
oTneyataHa npe3 1882 r. u Mapkupawa HayanoTo Ha
Gbnrapckata reonoxka nuteparypa. Crneggar Herosu paboty
OT nopeauuara ,Matepuanu no reornorusita 1 MUHepanorusTa
Ha Bbnrapus’, a no-kbCHO M TakuBa OT Creuuanusupaqu
FEONOXKN 13creaBaHus.

MocnenosatenHo ca Cb3faBaHU M pa3BUBAHN ObpXKABHM
OpraHu3auuM, 3aKkOHM W [LEeNMHOCTM, OTHOCHO MMHHUTE W
reonoxkute pabotn u npe3 1890 r. e ocHoBaHO OTAENEHWE
,MUHM ¥ reonornyecka CHWMKA' npu MUHWCTEPCTBOTO Ha
(vHaHCKUTe, CbLOTO cned ToBa € npu MUHWCTEPCTBOTO Ha
TbproeusTa u 3emneaenveto (1894 r.), pwvkosoguten e T.
3narapcku. Mpe3 1891 . e n3gapeH MbPBUAT 3aKOH 32 MUHUTE
B Bbrapus, KoiTo No-KbCHO € 61N HEKONKOKPATHO M3MEHSH U
pombneaH. B 1889 r. e oTkput EcTecTBeHOMCTOPUYECKMST
mysen B Codms, a npes 1892 r e opraHusmpaHa
CenamonornyHata cnyxba B Bbrrapus. B 1894 r. e
npeanpyeT onut, Ho 6€3 pe3ynTart, 3a Cb3gaBaHe Ha reornoxko
6t0po KbM MOCOYEHOTO OTAENEHME.

lMpe3 To3n nepuod nod PbKOBOACTBOTO Ha . 3natapcku, ca
NPOBEAEHN Cepuo3HM npoyyBaHns B [lepHuwkus 1
Bobosaonckus BbrneHocHn 6aceiHu, 3anoysa Aobus 1 Te ca
3anaseHn Kato AbpXaBHW. TOW € M3roTBWN ABe npernegHu
reonoXxkn kapTu Ha bbnrapus, HO Te He ca ugageHu. lNpes
1897 r. . 3nartapcku e HasHayeH 3a pedoBeH npodecop B
MuHepanornieckius MHCTUTYT Npu BuCLeTo yunnuile, Kbaeto
npogbikaBa Aa paboTu akTMBHO W € M3BbpLIMN peguua
cTpaTurpadCkn, pervoHanHn u  0BOBLUMTENHM  TeONOXKN
n3credBaHus. 3a Hai-BaxHM HeroBu paboTu ce couar
cbCTaBeHata [eonoxka kapta Ha bbrrapus 8 M 1:300000 un
0bobwwmTenHnaT Tpyg ,leonormaTa Ha bvnrapus”, nagaty kato
0BSICHMTENEH TEKCT Ha kapTaTta. 3natapcku ymupa npes 1909
r. u nocnegHute 6 Opos KapTHU NINCTOBE Ca M3AALEHW Mpes



1911 r., a nocoyeHata kHura npes 1927 r. Npu aKTUBHOTO
cwvaenctaue Ha I'. boHuyeB. TBopYecKkoTo feno Ha 3naTapcku e
OLieHEHO BMCOKO OT Bbnrapckara reonoxka o6LLHOCT, HO nog
HEroBO PbKOBOACTBO He € Ch3fdafdeHa LUKorna OT Mo-Mnagu
HEroBM BL3NUTAHULM M NPUEMHULIM.

[-p INasap BaHko., koinTo e reonor-muHeparnor ot 1894 r. B
oTgeneHveto ,MuWHM U reornorMyecka CHUMKA', a cnep
otternaHeto Ha [. 3nartapcku npes 1897 r., e ObpxaseH
reonor-muHeparor, e cbCrasun W wusgan npes 1905 .,
reonoxka kapta Ha Knsxxectso Bbnrapus 8 M 1:750000. Tosa
€ nbpeata nybnukyBaHa reonoxka kapTa Ha Bwbnrapus,
paspaboteHa oT Obnrapcku aeTop, koATO0 e Ouna no-
CbBbpLUEHa OT NpeauLLHUTe NyOnMKyBaHW U CbCTaBEHN KapTy.
BaHkoB noctbnga kato npodecop B Counckus YHUBEPCUTET,
3amecTBalikn noyuHanus npod. . 3natapcku npes 1909 r.
ToraBa NOCO4EHOTO OTAENeHWe ocTaBa Oes reonor, a ¢ ToBa 1
Bonrapus po 1939 r., e Ge3 reonoxka cnyxba, kosTo fa
3aluTaBa AbpxasHUTE MHTEpecu. Mpu Tesn ycnosus, peauua
4yxau PUpMM ca N33eMBANN XULHUYECKW HALLIUTE MUHEpanHy
DoratcTBa, WHTEpecyBaliku ce oT bBbhrapus camo kato Ot
W3TOYHWUK HA EBTUHM CYPOBMHN.

B Hayanoto Ha 20-u BEK 1 NO-KbCHO, MUHHUTE WHXEHEPH Ca
BOAUIM TEONOXKM MPOYYBaHUs, HeobxoauMn 3a HyxauTe Ha
pobvBa M Ca [OOMPUHECIIM 33 W3ACHABAHETO HA HAKOW
reonoxku Bbnpocu: Cr. Kapasenos, Kp. Capakos, b.
Papocnasos, Xp. boboraHos v ap. Mpu Toea obavye, ce rybu
Bpb3KaTa Mexay HayyHaTa W npakTudHaTa reornorus u Hama
pasmax B reonoXkuTe NPoy4YBaHUs 1 U3CneaBaHus.

OCHOBHWUTE TEOMNOXKA M3CNeaBaHus ca MpoBeXgaHu OT
reonoaute, pabotelum npeaumHo B YHueepcuteTa: J1. BaHkos,
N. Oumutpos, C. Bonues, I. BoHues, H. MMywkapos, 1.
Anppees, M. bakanas, X. Munepos, [1. Annaxsepmxues, W.
CrosHos, B. Papes, P. lMomoe u gp. Te ca nposexganu
NPELUMHO PErMOHanHU NPOYYBaHWS C OrMed Ha NpunoxHaTa
reonornsi, Ho paspaboTBaHaTa TemaTWka Mapkupa Beve
pasHOCTPaHHOCT W cneunanusaumns — C. boHyes npe3 1904 r.
¢ pabotata cu ,TekToHMka Ha 3anmagHns bankan” Genexu
Ha4anoTo Ha TeKTOHCKUTe wu3cnensaHus B Bbarapust; H.
MywkapoB cb3gaea (1911) [louBoBeacka cekuws npu
3emepenckara onutHa ctaHums B Cocoms; K. Monoe n3ebpLuBa
(1917) nbpeuTe OBATrAPCKM M3MEPBAHUS HA FEOMarHUTHOTO
nore y Hac.

Peouua YyxaeHuM ca JONPUHECHM CbLUO 3a NOBYLLABaHe
W3y4YEHOCTTa Ha MWHEpanHWTE CYPOBMHW W reororusTa Ha
Bwarapus, Ho Tyk ce nocoysaT AaHHM 3a pabotute camo 3a
Hsaikom oT Tsx. X. B. Lkopnun (1884) e otnevatan B burrapus,
yeTBbPTATa NO peq LBeTHa reonoxka kapta B M 1:3000000.
®. Tyna (F. Toula) e npoBen 0BLWMpHN 3CneaBaHUS B panoHN
or Crapa nnaHuHa ¥ € oOTnevatan kapta Ha bankaHckus
nonyoctpos M 1:2500000 (1881) w TakaBa Ha [yHaBcka
Bvrrapus n Wstouna Pomenms B M 1:1600000 (1890).
HeroBoTo Aeno y Hac € OLeHsABaHO KaTo 3HauuTenHa kpayka B
pasBMTMETO Ha reonoxkara u3yyeHocT Ha bunrapus. B
paoHu oT 3anagHa bwbnrapus ca pabotunu n cpbbCckm
reonosun. M. Uy e otbenssan 3anensBaHusita B Puna
NNaHWHa M € W3NOXKWN CTaHOBULWE 3a TeKTOHMKaTa Ha
BankaHckums nonyoctpos u Bbnrapus (1904).

Mpe3 BpemeTo, korato bwrrapus e Guna obBbp3aHa C
Llentpantute cunm (Tepmanms, ABCTpO-YHrapusi) y Hac ca
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paboTUNM  NPeAUMHO  repMaHcKM  upMM W peauua
cneLuanucTy, B ToBa YMCTO reonoau i reorpacu. OcHoBHaTa
yacT OT Tesu paboTM Ca HAaCOYEHM KbM MUHepamnHuUTe
CYPOBMHW M Cca  [ONPUHECTM 3@  TEONOXKKOTO U
reoMopdONOXKOTO M3y4aBaHe Ha OMpedeneHn parioHu, Ho ca
ny6r1KyBaHW rMaeHo crief BoiHaTa.

Tpsbea pa ce otbenexu, Ye HeOBXOAMMOCTTA OT  LUMPOKM
MO3HAHWS MO €CTECTBEHUTE HaykM B TOBa 4ACNO U MO
reonorusi, e BIUCOKO OCb3HaTa B He3aBWcKuMa bbnrapus v npes
1882 r. e npesefeH, OTNeYaTaH W U3NON3BaH B yuyunuwiata
y4yebHukeT Ha A. TMokopHu ,MuHepanorus ¢ obpasu 3a
[JOMHWUTE KNacoBe Ha peanHute 1 rMMHasuanHuTe yaunuwa”. B
TO3M AyX NMO-KbCHO npe3 20-ust BEK, YYEHULNUTE OT CpegHuTe
YYUNMLLA Ca NOoMyvaBani 3BECTHW NO3HAHUS MO reomnorks.

Mpe3 1891 r e cbagageHo [ipyxecTBo (NO-KbCHO CblO3) Ha
BbrrapckuTe MHXEHEPH U apXMTEKTH, B KOETO Ca YreHyBamnm 1
MWUHHU MHXeHepn. CbLLOTO € HAcToABarno 3a Cb3[aBaHETO M
Ha BuClue TEXHMYECKO Y4YMnue unu Ha TakbB chakynteT
(1903) kbm BuclueTo yunnuiie — YHuBepcUTeTa, a no-KbCHO
MHOTOKpaTHO € [eiCTBano 3a BbLBEXOAHETO Ha BUCLLE
TeXHU4eckoTo obpa3osaHue B bbrrapus.

Mpes m. anpun 1896 r. e cb3gapgeHo bBwbarapckoTo
NPUPOJOU3NUTATENIHO APYXECTBO, HETOB MbPBM Npeacefaten
e 6un I, 3narapcku. To e umano 3a uen ,4a cbheicTsa 3a
n3yyaBaHeTo Ha Bbhrapus B NpUPOAHO OTHOLWEHWEe W fa
BbBeXaa B 06LLECTBOTO UHTEPEC KbM NpupoaHuTe BoratcTea”
1 ,Aa cnocobeTBa 3a B3aMMHOTO CHOLLEHWE Ha NuLaTa, KouTo
Ce 3aHMMaBaT C ecTecTBoM3nuTaHue”. [lpyxecTBoTo e
nsgasano Tpydogse u M00UWHUK, 1 e cbbupano GubnuoTeka.
Pegnua poknagn Ha HeroBute cOupkn ca usHacsanm T
3narapcku, J1. BaHkos, . BoHyeB, CT. boHueB n peauua apyrum
ectectBousnuTatenu. lpoBexaaHn ca u paboTHW cpewm ¢
YNEHOBE Ha aHanornyHN SpYXecTBa OT APYri CTpaHw.

Mpe3 TO3M HavaneH eTan Ha Obarapckata reonorus,
CNeynanucTi reornosn, 3aBbpLUBaLLyM eCTECTBEHA MCTOPKS W
MWHHMW WHXeHepH, ca Bunn nogrotesHu B YyxbuHa. Peguua ot
TAX ca Ce cneyuanuavpans no reonorus, paspaboteaiiku
JokTopcku  pabotu. Hyxgata oT  cneuyuanuctn e
npegonpegensna TbPCEHETO Ha Bb3MOXHOCT 3a TAXHOTO
obyyaBaHe u B bbnrapusi. Bus Buclueto yumnuile, cbaganeHo
npes 1888 r., npe3 yuebHata 1891/92 r. kbm ®uanko-
MaTemaTuyeckus pakynteT e OTKpUT OTAeN no EcmecmeeHa
ucmopus, a npe3 1897 r. kbM Cblns (hakynTeT, e Cb3geH
Murepanoeo-eeonoeudecku uHcmumym. [. 3naTtapckn e
Ha3Ha4eH KaTo pefoBeH MPOGECOP 3a HErOB PHKOBOAMTEN 1 C
HEroBOTO CbAEWCTBME € YYpEeAeHa MUHEPanoro-reonornyecka
coupka. lMo-kbcHo B CodMIACKMAT yHMBEPCUTET, Cb3aadeH
npe3 1904 r. Ha MACTOTO Ha BucwweTto yunnuwe, kbM Puanko-
MaTematuyeckns qakynTeTt, ca Cb3hafeHu Cneunanuanpaqm
FEONOXKM KaTegpu No [eonmoeus U nameoHmonoeusi ¢
pvkoBoguten npod. [. 3nmatapckm u  MuHepanosuss u
nempoepachus ¢ pbKOBOAMTEN AOLEHT, NO-KbCHO Npodpecop [
BoHues, a y4ebHY 3aHATVA Ca BOAUIM peauLa cneuyanmeTy.

Tpetn etan - 1918-1945 r. ToBa e BpemeTo, KoraTo
Bbrrapus TpygHO nNpeogonsBa TEXKATE Mocneguuu  oT
[MbpBaTa cBeToBHA BOMHA, a 30-Te roAuHW, ca rOAMHW Ha
cTabunHo passuTue Ha Gbrrapckata mHaycTpus. Vssbplusa
ce 106uB 1 npepaboTka Ha XXene3Hu, MeaHM, ONIOBHO-LIMHKOBM,
MaHraHoBM, 3M1aTHU W OpYTY PyAM, Ha COJ1, MarHesuT, KaomniH 1



BbIMMLLA OT Haxoauiia B Bbnrapns, HO NpW AOMMHMPALLOTO
yyacTie Ha YyKan UpMiL.

3a Ha4yanoTo Ha TO3W eTan € xapakTepHo, Ye Gbnrapckure
reonoan ca OTHOCUTENHO MOBeYe W No-A00Bpe opraHM3upaHm.
Mpes 1925 r. e cb3gageHo bBbnrapckoTo reonornyecko
apyxectso (bIH). To cnopen yctaBa, uma 3a uen ,4a
obeauHsiBa W CbrnacyBa ycunvsiTa Ha nvuara, KOUTO HayyHo
DopaBaT ¢ reonorusiTa, NaneoHTonoruUsTa, MUHepanorusTa,
neTporpadusaTa, NegonorUsTa u MOHTAHUCTUYHOTO M3yYaBaHe
Ha cTpaHaTa...”. B[] 3ano4ysa Aa u3gaea CBOE CMUCaHWE OT
1927 r. n pa cubupa cneunanusmpaqa reonoxka bubnuoteka.
Tyk Tpsibea na ce otbenexu, ye 2005 r. e roguHa W Ha oLle
€auH BaxeH tobunen — 80 roguHM OT cb3gaBaHeTo Ha B,
KOWTO B Kpas Ha MuHanara roguHa 6e oTbenssaH no
nogo6agalL, HaumH.

MMpe3 mbpBaTa NOMOBKHA Ha TO3W nepuog, korato MUHHOTO
oTgeneHve e 6e3 reonor u Bbnrapus 6es reonoxka cnyxba,
LUMPOKM FeOmnOXKM NpoyYBaHus HaAMa. MUHHUTE WHXEHEPH CbC
CBOSITA NPaKTUYHA AEMHOCT, Ca JONPUHECHM 33 U3SICHABAHETO
Ha KOHKPETHM reomnoXkum Bbnpocy 1 npobnemu: 1. MapuHos, K.
KocTos, I". Konsipos, I'. Bacunes, K. Kpbcres, K. l'eoprues, b.
Papocnasos, C. Towwkos 1 ap.

Mpes 1935 r. B otaenexueto ,MuHn u kapuepn’ npu
MI/IHI/ICTepCTBOTO Ha TbproeuAatTa W MNPOMULLNEHOCTTa, €
cb3gageHa cekuns ,MuHHW 1 reonoxkn npoyysaHms”. Tyk ca
pabotunn E. KoeH, P. Bepero n gp. [lpe3 1939 r. e
cb3aaaeHa eonoxka cnyxba KoM TOBa OTAENeHue, KbAeTo
Beye pabotar 11 gyww, a pvkosoguten e B. LlaHkos. [pes
1941 r KkbM OTAENEHMETO € hopMupaHa 1 reodranyHa CekLmus
¢ pokoBoguten [1. MayHos. [pes 1940-1942 r., T.e., Mo
BpeMeTO Ha BrtopaTta cBeToBHa BOWHa, bbnrapus wskynysa
peauua MUHHW MPESnpuATAS U MOCoYeHaTa Mo-rope Cekums
npe3 1940-1941 r., ce paspacTteart B [JUpeKkums Ha NpMpoaHUTe
BoratcTa, pbkosogeHa ot uHx. [. MapuHos. OtnevyataHm ca
TPY FOAWLIHMKA C PE3YNTaTH OT rE0NOXKUTE NPOyYBaHMS.

BbB Bpb3ka CbC 3emeTpeceHneTo B YnpnaHcko npes 1928 r.
ca oTnevataHu cratum Ha Ct. boHues, . Bonues wu T
bakanos. CneuvanuaupaHu reonoxkM W3cnegBaHus ca
npoBeXdaHW  rnaBHO  OT  reomnosw, paborewyn u
cneumanuavpawy B YHuBepcuteta, a pabotute um ca C
pervoHaneH u npunoxeH xapaktep: B. Papes, M. Moues, H.
Hukonos, Ct. Qumutpos, B. LlaHkos, [. ApaHos, Ek. BoHues,
M. Koctos, E. KoeH, L. Qumutpos, L. Xenes, B. ApHaynos,
A. CredbaHos, b. KameHos, P. Beperos, A. Axuwescku, XK.
Mbb008B 1 ap.

B YHuBepcuteTa nog pbkoBoactBoTo Ha CT. BoHues, ca
paboTunn peguua Mnagu  cneyuanucty, paspaboTBaiiku
KOHKPETHU Npobriemu, a CbLUO W JOKTOpCKM paboTu. MMbpeata
TakaBa pabora e 3awuteHa npe3 1929 r. u ce BbBEXIA
Hay4HaTa CTeneH JOKTOp no reonorvs. Peguua ot Te3n Mnagm
CMeuManmcTM Mo-KbCHO CTaBaT €OHW OT  OCHOBHUTE
u3cregoeatenu Ha reonoxkute npobnemu B Bwrrapus. Cr.
BoHyeB paboTu ycuneHo w 3amoyBa fga M3roTBA M M3gaBa
reonoxka kapta Ha bvnrapus 8 M 1:126000, cneg toBa 8 M
1:2000000 (1925), npe3 1938 r. e oTneyaraHa reonoxka kapta
Ha 3anagHara v cpefHaTta JacT Ha bankaHckns nonyocTpos B
M 1:800000, a no-kbCHO MOATOTBA TrEOMOXKA KapTa Ha
bbunrapua 8 M 1:500000. Toi e o4yepTan rnaBHUTe CTpaHu OT
reonoxkus ctpoex Ha bunrapus. Mpes 1932 r. C1. BoHues u
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ApYru reomnosn, OTYMTalKM HapacHanuTe Hyxau, 3anousar
n3paBaHeTo Ha cnucanueTo Geologica Balkanica.

Mpe3 To3n etan B bbnrapus ca pabotunu v ca nybnnkysaHu
paboTi OT peauua YyKAEeCTPaHHM reonosn 1 reoMopdonoan
BbB Bpb3ka C MWHEparHW CypoBMHW M pa3paboTBaHETO Ha
reonoxks npobnemu. TexHuTe paboTu AonpuHacaT 3a no-
MbIIHOTO W CheLManusvMpaHo W3yyaBaHe Ha reonorusTa Ha
OTZENHM PaioHu.

Mpes 1942 r. e OTKpPUTO BuCLUE TEXHUYECKO yunnuLLE C ABa
thakynteta B Cohus 1 ce 0TBaps MbTAT 3a BUCLLE TEXHUYECKO
obpasoBaHue B Bbnrapus. KbMm MalunHHO-TeXHOMOMMYECKMS
(hakynTeT e ydpedeH u otaen no MUHHO UHXEeHepcmso, HO
TOW € O(OpMEH MHOro no-kbcHo. Torasa B CTpouTenHo-
apXWUTEKTYpHWS  (pakynTeT, KbM  kaTegpa [Temuwa U
KenesHuyu, € Cb3AafeHo TreonoKKo 3BEHO, KbAeTo ca
npenogasanu gou. B. ApHaygos u acucteHt Ct. Bowes, a
nekumu e Bogun u goy. E. Bonyes.

YetBbpt etan - 19451990 r. 3a To3m eTtan e
xapakTepHo, Ye HapopHa Penybnuka bunrapus Tpsibea 6bp3o
Ja u3nese W Npeofonee MKOHOMUYECKUTE pa3pyLUeHus 1
npobnemu cnep BropaTa cBeTOBHa BOWHA, a cref Toa 6bp30
Ja  pasBMe  WKOHOMMKATa,  CENCKOTO  CTOMaHCTBO,
0bpa3oBaHMeTO, HaykaTa, KymTypata M U3KYCTBOTO B
AbpxaBata, CboOpasHO  TOraBalLHUTE  W3MCKBAHWS U
Bb3MOXHOCTW. 3a TO3W €Tan e XapakTepeH Obp3 pacTex Ha
Obnrapckata reonoxka npakTuka WM Hayka, MMHHOLOGWBHaTa
MPOMMLLIIEHOCT,  MHXXEHEPHOrEOMNOXKOTO ~ CTPOMTENCTBO W
WHOYCTPUANHOTO MPOW3BOACTBO, PEeanuanpaHn €TanHo BbB
BPEMETO.

HanoxwutenHata ©Obp3a oOueHkaTa Ha  MMHEpasnHuTe
CYpoBUMHW B Kpasi Ha 40-Te roguHu, e Guna ocobeHo TpyaHa
3ajava nopagu OTTErNSHETO Ha YyKAECTpaHHUTE upmK,
HamaneHaTta unu cnpsHa pabota Ha MHOMO BbMrapcki MUHHM
(upmK, NMNcaTa Ha 3anaseHa reomnoxka ACKYMEHTauus W
OTCbCTBMETO Ha OLieHKa Ha MWHEPANHUTE CYPOBWMHM B MO-
LUMPOK permoHaneH mMawab. CbaganeHa e HoBa OpraHu3saums,
pasBuBalla Cce BbB BpemeTo u npe3 1946 r. e odopmeHa
[upeKuns 3a reonoXKkM M MUHHM MPOYYBAHMS C PbKOBOAMUTEN
L. Oumutpos. VapapeHa e obobwutenHara paborta ,OcHoBm
Ha reonorusita Ha bbnrapus”, B koATO ca pasrneaaqu peavua
BbMPOCK OTHOCHO MeTaMOpHUTE W MarMeHuTe ckamu,
cTpaturpausta Ha CeaMMEHTHWUTE  MOCNEAOBATENHOCTH,
TEKTOHCKWSI CTPOEX, MWHEPANHUTE CYPOBMHMW, MWUHEPANHUTE
BOAW, AaHHM 3a BOAMTE, MouBMTe U T. H. W3papeHa e u
reonoxka kapta Ha bwnrapusi B M 1:500000, cbctaBeHa ot b.
KameHos, a npe3 1951 r. 8 M 1:1000000 ot Ek. BoHueB. Tesu
0000LieHns ca Gunm CbLieCcTBEHa OCHOBA 3a MO-HaTaTbLUHATA
npakTMyecka 1 3CneaoBaTencka reonoxka AenHoCT.

3a oueHkaTa Ha MWHepanmHWUTE CypoBWHM ca Oumn
HeoOXxoaMMu CONMMAHA MaTepuanHo-TexHuyecka 0Oasa u
obopyasaHe, 3HauuTeneH Opol OT pas3HOOOpasHM BMCOKO
MOArOTBEHM CMELManucT C ONMWT U 3HAYMTENHU CPEACTBa U
Bpeme. C BCUYKO TOBa B LANO Bbnrapus He e pasnonarana u
no npeanoxexue Ha Mpasutenctao npe3 1948 r. e cb3gageHa
cMeceHa  Obnrapo-cbBeTcka  KomnnekcHa — reonoxka
ekcneguums  (KTE) ¢ pokoBoguten K. Tpacornos,
npogbmxasalla aa pabotv go 1955 r. Tyk ca pabotwnm Hag
130 pyww BWUCOKO MOATOTBEHM CbLBETCKM CMELMannCTy.
TexHuTe NO3HaHWS, ONMUT M YMEHUS Ha OpraHM3auus 1 pabora,



ca OWNM  M3KMIOYATENHO MOMEe3HM 3a  pasrbHaTuTe
reonoronpoyysaTenHin paGoTi 1 ChilieBPEMeHHO, Te Ca LKona
3a pemuua Gbhrapckd CneuManucTh M opraHuaalum.
MpoBefieHUTe PEBU3MOHHM MPOYYBAHMA Ca [Janu NpaBUmHK
HaCOK 3a Pa3rPbLLAHETO Ha reomnoronpoyyBaTenH1Te paéotu
1 33 MOCTUraHETO Ha 3HaYMUTEenHW ycnexu. MocoysaHeTo Ha
HSAKONMKO MUMeHa Ha CbBETCKM M Gbhrapcku CneumanucTi Tyk
lle e HeylayHo, 3allioTo TPYALT W YCrIeXuUTe Ha BCUYKM
oCTaHanu, JonpuUHECT 3a CLOMPAHETO U UHTEPNPETUPaHETO
Ha reornoXKITe MaTepuany, Moxe Aa ce Np1eme 3a HEOLIEHEH.

B Matounute Pogonu B Pogonckara MeTanoreHHa 30Ha, ca
YCTAHOBEHW 3HAYUTEMNHKM 3anacit OT MONMWUMETanHW pyau B
MagaHckoTo, MamkapoBCKoTo, YCTPEMCKOTO, JTbKUHCKOTO,
3Be3nen-MuyenosiackoTto, [laBMAKOBCKOTO, a MO-KbCHO W B
OcoroBckoTo pyaHo none. 3a fobue 1 npepabotka Ha pyauTte
ot Poponckust pantoH npe3 1950 r. e cb3papeHo Obnrapo-
CbBETCKOTO MUHHO apyxecTtBo FOPYBCO, koeto e noeno w
obektute Ha MAL ,Mupud” n MAL "Pogmoncknm metan’,
Jencteawm TyK 0T 30-Te roguHW. TOCTPOEHM ca MbTuLa,
€N1eKTPONPOBOAHM CbOPbLXEHMS, BbXXeEHM NHWK,
oboratutenHn habpukm 1 MUHLOPCKK LieHTpoBe. PeanuanpaH
€ 3HaunTeneH Aobue 1 no Jo6MB Ha ONOBHO-LIMHKOBY pyam Ha
rnaBa OT HaceneHueto Bbnrapus goctura 4o neto MSICTO B
ceeta. C wuarpaxpaHeTo Ha MeTanypryHWTe 3aBoau B
Kbpmkanm (1955 r.) v Mnosaue (1961 r.) npon3sogcTBEHNIT
UMKBI € 3aTBOPEH W MKOHOMUYECKUSIT e(DEKT e 3HauYMTeNeH, a
yucToTaTa Ha MeTanuTe OBUTM BB BTOPUS OT 3aBOAMTE € Ha
1 Haf CBETOBHUTE U3UCKBAHMS.

YcnelwHy reonoronpoyyeatenHn pabotu ca NpoBeAeHn v B
MaHartopckust, Yenonewkus, BpavaHckus u  Yunposckus
PYOHU PaloHy, CbLO M Ha XenesHn pyam oT KpeMUKOBCKOTO
Haxogule.  YTBbpOEHU  NpeanpusTis 3@ TeONOoKKM
npoyusaHus uma B Codpusi, AceHosrpag u Amborn.

CoBetckn cneumanuctn ot KI'E v Gbnrapcku cneumanmcty
B3eMaT aKTMBHO y4acTue npn OTKPUBAHETO W NPOYYBAHETO Ha
HaxoauLwa Ha HedoT 1 ra3 B Bbnrapus: mbpBOTO raso-HedhTEHO
Haxoguwe npu c¢. TioneHoso (1951), [onHoabGHULWKOTO
HedhTeHo (1962), YnpeHckoTo rasoBO-kOHAEH3aHTHO (1963),
[onHonykoBckoTo HedhTe-ra3oBo (1973) u Ha Apyru mManku,
LUAMOCTHO  HeusacHeHuM  Haxogwwa.  [lpoBegeHn  ca
LileNleHacoYeHn reonoXKM W reotusnyHN M3cresaHns Ha
wenda 1 akeaTopusTa Ha 6brnrapckara vact ot YepHo mope,
Ho bBbhrapus He pasnonara C HyxHWTe MarepuanHo-
TEXHUYECKU U (DMHAHCOBM CPEACTBA 3@ COHAMPaHe B MOPETO.
YTBbpAEHU NPEeanpuUaTAS Ha npoyyBaHe U fobuB Ha HedT K
ras ¥ma BbB BapHa, neseH n MoHTaHa.

Mpe3 m. mapT 1946 r. e cb3gageHo CbBeTcko-6brapcko
MWHHO JpYXeCTBO 3a 40OVB Ha YpaHOBYW PyAu B paioHa Ha rp.
ByxoBo. Tyk mbpBuTE OpraHuaupaHn omuT 3a AobMB Ha
TopGepHnT ca ot 1912 ., 1930 r. 1 OT repmaHcku dupmiu Npe3
BoMHaTa. [lo-KbCHO € Cb3AafeHO W reororonpoyyBaTesiHo
npeanpusite kbm [CO ,Pegkn metanu” u B bbarapusi e
OCbLUECTBEH 3HauuTeneH AoOMB Ha ypaHoBW pyou. Tasw
opraHusauws e pasgopmuposaHa npes 1991 .

3HauuTenHM 3amacu OT BbIMMWA Ca [OKasaHW B
Mepruwkmns, Bbobosmonckus,  Codwmiickust,  CTaHsHCKuS,
Benubpexkus, Cumutnuiickus, YykypoBckus, YepHomopckus,
Enxosckusi, Mapuwkus, CeoreHckus, LieHTpanHobankaHckus,
a cnep ToBa B [JobpymKkaHCkus U B Apyrv no-mManku 6aceiHu.
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CbOencTBMeTO Ha CbBETCKUTE CMEUManucTh M TyK e
nomnoxutenHo. BbamoxHocTUTe 3a 3HauuTeneH [06WB Ha
BbIMMWa, Ca MNpesonpesenuni Cb3AaBaHETO Ha  KpymHM
MWHHW NPeanpUaTUS U NocTposiBaHeTo Ha peauua TEL|. Taka
NPOU3BOACTBEHUST LMKBIT M TYK CE 3aTBapsi U MKOHOMUYECKUTE
pesynTaTu ca no-yCneLxy.

3HauuTeneH obem reonoronpoyyBaTenHM pabotn ca
NPOBEXAaHW W MO WM3y4aBaHETO W NPOYYBAHETO Ha HepyaHM
MUHeparHu CypoBUHM, KEPAMUYHW U CTPOUTEMHU MaTepuany,
3€0MN1TK, BOAM, NMPOYYBaAHWA 3a CTPOWUTENCTBO Ha S30BUPW,
KackagW, NbTULLA, HAMOUTEITHW CUCTEMU U APYrU HYXOW.
Cb3gageHn ca W creuuanusuMpaHu  opraHu3auun  kato
MuHnpoekt, Boanpoekt,  XugponpoekT,  EHepronpoekT,
HUMNPO ,Pyga”, MbTnpoekT v ap. Paspaboteanm ca u NpoekTu
33 NON3BAHETO Ha reOTEPMUYHI U3TOYHULIM.

I'IpoaemaaHeTo n pasrpbLiaHeTo Ha reonoro-
npoy4ysatenHuTe pa60T|/| MU3UCKBA HOBW TEONOXKW OaHHW OT
LUMPOKONIOWHO  reonoXko  KaptupaHe U FGO(I)MSM‘-IHM

nacrneaBaHus. Takuea ca peanuaupanm ot 1947 0o 1990 r. un
NO-KbCHO, KaTO OCHOBEH W3MbHATEN € KOMEeKTWBBbT Ha
MpeonpusaTMeTo 3a reodU3MYHM NPOYYBaHUS U FEOMOXKO
kapTupaHe B rp. Codms, KOETO CbLUO HSAKONMKOKPATHO €
PEOpraHM3MpaHo W npeumeHyBaHo. [TbpBOHaYanHo ca
NPOBEXOaHW pasHOMallabHW TreonoXk4  KapTupaHus B
pasnuYHUTE panoHW, NPOBeJeHa e reonoxka kapTuposka B M
1:100000 (1954-1957 r.), opraHu3upaHu ca nabopatopuw,
TbpCeHe W NpeaBapuTenHa OLeHKa Ha MUHEparnHu CypoBUHU 1
apyru. Crieg ToBa Ce npoBexaa reonoxko kaptupade B M
1:25000 Ha Hag 70% oT TepuTopusiTa Ha bbrrapus, kato cu
WM3MON3BaHN KOCMUYECKM U aepodoTocHUMKK. [lapanenHo ¢
TOBa Ca MPOBEXAaHW TEOXUMWUYHW, reO(U3NYHK, LINXOBO-
MWUHEPanoXKK 1 reOMOPIONOXKKIA M3CeaBaHNs U KapTpaHus.

MapanenHo ¢ TbpCeHETO Ha pyaw, BbrMwa u HedT ca
NpoBEXAaHN Treou3nyHU NPOyYBaHUS: MarHUTONPOy4BaHe,
eNeKTponpoyyBaHe, kapotaxu W gp. [lpoBexgaHu ca
CEM3MUYHM W3CMEOBAHMS 3a PELIABAHETO Ha CTPYKTYPHM
3ajayM, TEPEHHUM W COHOAXHM MeToaM 3a HedpTeHaTa
reousvka U reornorus, PagnoMETPUYHM W reotU3NYHM
n3cnenBaHWs  3a  TbPCEHETO Ha  ypaHOBM  pyau,
cneumanuanpaHn  UHXEHepHO-TEOMU3NIHN  U3CTIEABaHNS,
3aBbplUEHN Ca pervoHanHa MarHuTHa W rpaBUMETPUYHA
CHWUMKa Ha CTpaHaTa, npuraraHu ca aeporeoduanyH1 MeToam
NT.H.

3a NpaBWIHOTO OLEHSIBaHE W PALMOHONHOTO M3NON3BaHe Ha
NPOyYeHUTE MUHEPaNHU CypoBuHM Npe3 1952 1., e cb3aaaeHa
[bpxasHaTa komucus no 3anacute (OK3).

MawabHute pasHoobpasHm reosIoronpoyyBaTenHy,
reoriorokapTMpoBayHM 1 reomsumyHn  pobotm  ca
OpraHusupaHu 1 PbKOBOAEHW nocrefoBaTenHo oT: [MasHa
OVPEKUMS 3@ TeonoXkM M MWHHM npoyyBanus  (1950),
YnpaBneHue 3a reonoXkM U MWHHU npoyyBaHus (1954),
[MaBHO ynpaBneHve 3a rEONOXKM M MMHHM NpOy4YBaHWS
(1955), YnpaBneHne 3a reomnoXkv NpoyyBaHWs U OXpaHa Ha
3emMHuTe Hedpa (1959), Komuter no reonorus (1969), ACO
l'eonoxku npoyysanns (1971), Komutet no reonorus (1976),
KomuteT no reomormus u muHepanin pecypeu (1991-1997).
PbkoBoauTENM ca 6unM mocrenosaTtenHo: akag. M. Mosues,
uik. . Yonakos, WHx. P. fokoB, uHx. M. KbHes, C.
Kananmxues, npody. ard B. banuHos, npod. arH T. MapuHos.



BbNpeku 3HAUUTENHUTE YCNeXi B reOMNOXKMTE NPOyYBaHIs 1
WU3CrefiBaHus, Ca [IONYCHATU YBReYeHus  cnabocTu, kaTo ca
MNPOBEXOaH! MpOyYBaHWA HA MUHEpanmHM CypOBMHU C
HEN3ACHEH TEXHUKOUKOHOMUYECKM NoKasaTen, U3BbpLLIBaHM
ca COHmaXHM u3pabotku 6e3 UANOCTHA W MbHA
Hay4HOOBOCHOBAHA OLIEHKa M He Ca MOCTUraHW O4YaKBaHuTe
pesynTat4, [OMyCKaHO € MpoyyBaHe M eKkcnnoarauus Ha
BenHu, HepeHTabunHK pyau.

Lsnata  orpomHa  uHdopmauusi,  cbbpaHa  npu
NPOBEXAaHETO Ha PasHOOOPA3HUTE TEONOXKA NPOYYBaHNS U
HayyHW u3CredBaHWs, Ce CbXpaHsaea B  HauuoHanHus
reonoXKku hoHA,.

3a nocturaHeTo Ha 6bp3 HayyHO-TEXHWYECKM NogeM ca
Ounu  HyxHU 3HauuTeneH Opoit pa3HOOBPasHM U BMCOKO
MOArOTBEHM CheuManucTy 3a BCMYKM OTpacnu. Bucweto
TexHudecko yuunuwe npes 1945 r. e TpaHcdopmupaHo B
[ObpxaBHa nonutexHuka cbe ceganuwe B rp. Codms. Tyk
npes 1950/51 r kbmM MawmHHKS hakynTeT e cb3fapeH u
3anoy4ea Aa pabotn n obyyaea CTygeHTH, oTAenbT No MuHHO
UHXeHepcmeo U UHxeHepHa 2eonoeus. Cnep Tosa ot 1951 oo
1953 r. TOW € B paMmKuTE Ha HOBOCBH3AAZEHWs XWUMMKO-
TexHonornyeckn akyntet, a ot 1953 r. npepactBa B
camocTosTenHo Bucle yyebHo sasegeHne (BY3) - MuHHo-
reoNoXKM MHCTUTYT. Mo-KbCHW Ce pasBuMBa M MpepacTea BbB
Buciy MUHHO-reonoXkn MHCTUTYT (1965) 1 MWHHO-reonoxku
yHuBepcuteT ot 1995 r. Tyk ce obyyaBaTr CTygeHTM no
cneuuanHocTute: [€onorus W npoyyBaHe Ha  MONesHu
uskonaemu, VHXeHepHa Treonorus W Xuaporeonorus u
l'eochmnanyHM MeToan Ha npoyysaHe (MpunoxHa reodmanka). B
l'eonoronpoyysatenHus dakyntet ot 1951 r. yHKUMOHMpaT 5
reonoxku kateapu: MonesHu uskonaemu ¢ pbKOBOAWUTEN AOL.
Ip. Hukonaes, MuHepanoaus u nempozpagusi C PbKOBOAMTEN
npop. I'. K. Teoprues, [eonmoeus u naneoHmonoaus ¢
pbkoBoguten npod. Ct. bowes, MHxeHepHa eeonozusi u
xudpozeonozusi ¢ pbkoBoguTen aou. b. KameHos, MMpunoxHa
eeoghusuka ¢ pvkosoguten gou. J1. Qumutpos. Mpe3 nbpeute
roguHu 0T Ccb3gaBaHeTo Ha MIY, ueHHa nomow, npu
npenogaBaHeTO Ha peduua OMCUMNIMHW, Ca  OKasanu
npenopaasateny, nokaHeHn ot CCCP u npegocTaBeHu OT Tam
yyebHu coupku n nocobus. Cbc cb3gaBaHeto (1961) w
JenHoctta Ha HayuHomscneposatenckus cektop (HUC) npu
MI'Y Bpb3kaTa Mexay reornoxkara, UHXeHepHaTa AeMHOCT U
HaykaTa e CbLLECTBEHa 1 cnelnanuanpaHa, 1 1 ce oTpasssa
MOMIOXMTENHO Ha Yy4ebHMA nNpouec W Ha [AerHocTTa Ha
MWHHOLZOBVBHWTE NpeanpusTyS.

B Codwmitckms yHuBepcuteT npe3 yyebHara 1946/47 r. ot
Mpupogomatematuyeckns  akynter e obocobeHa
cneunanHoctta Ecmecmeena ucmopus. CneumanHoctTa
reonorus e 3arnovHana aa ce obocobssa npes 1949 r. Toraea
B NMpeuMeHyBaHWs (hakynTeT C HaumeHoBaHweTto [lpupogo-
maTematuyecku, ce obocobsBaTr B cmeumanHocTTa
EcmecmeeHa ucmopus, otgenute no buonorusa u Meonorus, u
cbotBeTHO npe3 1950 r. ce chopmupa Buonoro-reonoro-
reorpadbckn, a npes 1963 r. [eonoro-reorpadpcku thakynrer.
Cnep npomMeHn BbB BPEMETO, Cera (hyHKLMOHMpaT KaTeapuTte
[eonoeusi u naneoHmonoaus n MuHepanoaus, nemponoausi u
nonesHu  uskonaemu. B HayyHou3cnegoBaTenckata W
yyebHaTa [EMHOCT e OCbLieCTBiBaHa MHTerpauus C
Feonoxkust MHCTUTYT npu BAH. Paspaboteat ce npoektn u ¢
y4acTMeTo Ha cnevmanucti ot MI'Y.
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Marku 3BeHa OT reonosn ca (opmupaHn B XWUMUKO-
TexHonornyeckus,  lnosaueckus M bnaroesrpagcus
yHuBepcuteT. B [llepHuk u XackoBo, a no-kbcHo B MapaaH
(DYHKLMOHMPAT TeXHUKyMU, a oT 1997 r. B rp. Kbpmxanu konex
npu MY "Cs. MBaH Punckn’, obyyaBawy cpegHu
CneLmanucTi ¢ MUHHa U1 reornokka noaroToBka.

Kbm Bbrrapckata akagemust Ha Haykute B TeOnoXKOTO
Hanpaernexue ot 1947 r., ce cb3gaBaT M pasBMBAT Hay4HM
WHCTUTYTW: [€onornyeckun WHCTUTYT, TeounsnyeH WHCTUTYT,
WMHCTUTYT no  nmpunoxHa MuHepanorus, WHCTUTYT  no
okeaHonorus — rp. BapHa n kbM Komuteta no [leonorus
HUMN, no-kbcHo HWMW. Tpes 1985 r. e ocHoBaH
HauwnoHanHusat myseit ,3emsTa u xoparta”.

Mpe3 1963 r. n3nu3a nocnegHusT y4ebHUK No reonorvst 3a
cpeghute yumnmwa. Ot yyebHata 1964/65 r. reonorvsTa e
n3BageHa OT y4ebHMTE MporpaMu U MHOMO KpaTku AaHHW 3a
3emsiTa, CKanuTe M MWHepanuTe Y4YeHUUWTe nonyvaeaT B
3aHATUsATa MO reorpadus.

B yuebHuTE 3aBeAeHNs Ca CbCTaBEHW M M3AageHn peauua
cneyuanuanpaHu y4ebHu nocobus, B KOMTO ca BKIHOYEHN
BMHar HOBM MaTepuany, a NofAroToBkaTa Ha CreuuanueTuTe e
Ha BWCOKO HMBO. MHOrO creumanucT noBWlaBaT CBOSITA
kBanudukauns, pa3paboTBaT KaHAMAATCKM W JOKTOPCKM
paboTu B TOBa YMcno u B TorasawwHusg CCCP u gpyru cTpaHu.
HenpekbcHaTo HapacTeBa M e 3HauuTeneH 00emMbT Ha HOBU
FEONOXKM M3OaHUS U CMIUCaHUS B ODLUECTBEHUTE W NNYHWTE
oubnuotekn. EBTMHUTE M MBIHOLEHHW CBHBETCKN TEOMOXKM
KHATM W MPEeBOAHM TakuBa, Ca OunM  BMHArW  LEHHU
CNPaBOYHUALM M METOAMYECKM PbKOBOACTBA 3a Obnrapckute
CTYOEHTW, reonosn u apyru cneumnanuct. [locTaBsHeTo W
Mon3BaHeTo Ha 3anagHoeBponenckn n amepukaHcku (CALL,
KaHnaga, bpasunns u gp.) reonoxkM KHAMM W cnucaHus ce
nogobpsea cnepn 1964 r. u 3HauMTeNHO HapacTea cneg 1995 1.

MybnukyBaHeTo Ha  pesynTaTute OT  3aBbPLUEHUTE
W3cnedBaHWs M Ha HOBOMOMYYEHUTE TEONOXKA ~ AaHHM,
DOCTXKEHMs U OTKpUTUS € Buno cBoeBpeMeHHo. M3paear ce
FoanwHMLM Ha [MpekumsiTa 3a reonoxki npoyvBaHus W Ha
nocregjsanuTe  HOBW  opraHusaumu,  Mssectns  Ha
l'eonormyeckust MHCTUTYT npu BAH 1 nocnegganuTe rm HOBM
nsganus, FopguwHuk Ha CY - M'eonoro-reorpadickus dhakynrer,
FognwHUKk Ha MWHHO-TEONOXKNA YHUBEPCUTET U HSIKOMKO
cneumanqanpaHin  Hay4HomonynspH cnucakus. Wspgasa ce
cnucaHneto Ha BI] cnen npekbcaHe or 1950 go 1959 r.,
cbLyo Taka Geologica Balcanica cneg npekscaare ot 1951 go
1974 r. Peguua nocTvxeHuss M npobrnemMHM BbMpoOCKH ca
obcbxaann Ha koHdepeHuun Ha Bl v paanuyHm Bbnrapckm n
MEXOyHapogHM — CMMNO3WyMM,  kaTo  Joknagute  ca
nyBnnKyBaHW B CbOTBETHW COOPHMLIN.

3a TO3n eTan e xapakTepHa MOCTOSIHHA Bpb3kaTa Mexay
Hay4YHWUTE W reonoronpoyYBaTENHATE OpraHN3aLuK, a ChlLo 1
Mexgy CTpaHute oT MWstouHa u  3anagHa Espona.
Cneuwnanuctu ot [eonoxkusa nHcTuTyT npu BAH, CY, MI'Y n
KI' (HWATW) obpaboTBar M cucTeMaTuaupaT 3HauMTENHWTE
HOBW TEONIOXKM MaTepuanm W € CbCTaBeHa [eonoxka u
TEKTOHCKa kapTa Ha bBwnrapws B8 M 1:500000 (1960) w
1:200000 (1961), kapTa Ha nonesnuTe nskonaemu M 1:500000
(1960), mHxeHepHoreonoxka kapta  1:500000 (1962),
MarHuTHa W rpaBsuTaluoHHa kapta 8 M 1:200000 (1963) v ap.
Mpes 1971 r. e oTneyataH 0BOBLMTENHUAT TPYL , T EKTOHCKM



cTpoex Ha Bbnrapus”. KomnnekcHute u3cnegBaHus Ha
MWHEparNHWUTE CypOBWHM Ca W3NOXEHU B MoHorpagmsTa
Jlonesnute mskonaemn B HPB” (1960, 1961), cbcTaBeHa e
MeTanoreHHa kapta Ha ctpaHata M 1:500000 n Ha Kapnato-
BankaHckata obnact M 1:1000000 (1983). OT aBTOpCKM
KOMEKTMBM 1 CaMOCTOSTENHO ca nybnukyBaHu peguua
Tpynose: TekToHWKka Ha bwvnrapusa (1960), Ctpaturpadms Ha
Borrapus  (1968), Tektonuka Ha [MpepbankaHa (1971),
Mpobnemn Ha  Obnrapckata  reotektoHuka  (1971),
MwuHepanute B Bbnrapus (1964), Metanorenus Ha Pogonckus
cpepuHeH Macue  (1979), CenuWMeHTHUTE KOMMMeKcM B
Burrapus (1980), CTpoex Ha 3emHaTa kopa B Bbnrapus
(1988), Teonorus Ha ypaHoBuTe Haxopuwa (1991) u gp.
Pesyntatute oT npoyysaHusiTa Ha HedT u ra3 B CesepHa
Bbnrapus, ca cuctematmanpani n 0606LLUEHN OT CbBETCKM U
Obnrapcku cneumanncTi B MoHorpaduuHus Tpya Meonorus u
HedprerasoHocHoct  Ha  CesepHa  Bwmrapus  (1976).
OtnevyataHn ca Hskonko 0boOLMTENnHW  TpymoBe  OT
nopeguuata @ocunume Ha bwneapus u Ha Geologica
Balcanica, v gpyru 0bobLumutenHu pabotu.

HaTpynaHusT onuT, 3HaUMTENHUTE FeONOXKA MaTepuanu n
pesyntatute OT HayyHuTe W3cnefsaHus W 0606LeHus,
no3BoNMxa Mo-kKbCHO Aa ObaaT CbCTaBeHM U OTnevaTaHu
peanua kapTu: Meonoxka kapta Ha Bvnrapus B M 1:500000
(1989) u 1:100000 (1980-1990), MeTanoreHHa KapTa Ha
Bwvnrapus 8 M 1:1000000 (1989), Kapta Ha cBnauvwata B
Bwvnrapus M 1:500000 (1999) v ap. HapacTtBaHeTo Ha obema
Ha CcneuManuavpaHuTe reonoXkM W3cneaBaHus W paboTHM
KOMEKTUBM, W HA TECHU CcheuuanucT, npeaonpenens
Cb3AaBaHETO Ha bbrrapckoTo reousmyHo 1 Bbarapckoto
MUHepanornyecko apyxectso (1990).

TpyaHo e Aa ce mocovaT WMEHaTa Ha BCUYKW, KOWTO ca
OCTaBWMM TpaWHW cneau B pa3BWTMETO Ha Obnrapckata
reonorus M Gbnrapckata reonoXka LUKOMa, HO € HambiHO
YMECTHa Aa Ce MOYeTaT M NocoyaT HAKOMKO roneMu MMeHa:
akagemuumte Ctp. Oumutpos, W. Vosues, Ex. Boryes u V.
Kocros.

Mpe3 pasrmexgaHWs etan y Hac e  W3non3saHa
rEOCUHKNMHANHaTa TEeopus M CTaHOBWILETO 3a OroKoBO-
NMHEAMEHTHWA CTPOEX Ha Hawara cTpaHa, Ho ot 80-Te
rOOVMHW WOeUTe W WHTepnpeTauuuTe Cce pasrnexaar W
0DsICHABAT OT MO3WLMWTE HA TEKTOHMKaTa Ha NnounTe B
Kapnato-bankaHcku, MegutepaHcku n EBponeiicks nnaH. 3a
TOBA JOMPUHACA M LENHOCTTa Ha Bbrrapcku cneyuanuctv B
peamLa MexayHapoaHu NpoeKTy.

ABTOPUTETBLT Ha GbRrapckuTe reornosn, WHKEeHep-reonoaun-
XUOPOTEONno3n W TeodusnuM, W Ha  YyKOAECTPaHHUTE
cneumanncTi, obyyaBaHW y Hac, e 3HauuTeneH. bwbrrapcku
OpraHu3aLuy 1 crelpmaniucTyi ca paboTunu yenewwHo B peauua
avpkaeu: Anbanus, Amxvp, Axrona, ubus, MasputaHus,
Mo3aambuk, Morronus, Cupus u ap.

Mpes TO3M eTan Obnrapckata reonorus B UANO W
Obnrapcknte  reonosu, o0eAMHEHM KaTO uNEHOBE Ha
BbArapckoTo reonorniecko ApYecTBo, NOCTUraT 3HAYUTENHM
yCnexy U HenpekbCHAT Hanpedbk. Mo oueHkaTa Ha peauua
CheLuan1cTy, ToBa € 3/1ameH 8ek Ha ObnrapckaTa reonorus.

Metn etan
HeopraHuaMpaHaTa

1990-2005 r. ToBa e BpemMeTo Ha
nepectpodka W HebnaropasymMHOTO
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paspyluaBaHe Ha Cb3AafeHOTO, BPEMETO HA ObMrus NPEXog 1
BPEMETO Ha Ha4asHoTO Pa3BUTHE Ha rEONOronpoyYBaTENHINTE
paboT W Ha MWHHOZOOMBHaTa [LEWHOCT MO npaBunmata U
W3WCKBaHMSTA Ha NasapHata WkoHomuka. MpueT e 3akoH 3a
noasemHuTe GorarcTea v MpaBUMHUK 3@ HErOBOTO MpunaraHe
npe3 1999 r. PasdopmupoBaH e KoMUTETLT MO reonorust u
MUHeparnHu pecypcy npe3 1997 r. v NpuBMAHO Ca 3anaseHu
€NTleMeHTU OT Hero KbM MUHMCTEPCTBOTO Ha OKONHaTa cpeaa 1
BOAWTE, a ApYrM KbM MUHWUCTEpPCTBOTO Ha PErMOHarHOTO
passuTMe UM OnaroycTpoicTBOTO, M MWHMCTEPCTBOTO Ha
eHepreTikaTa M €eHepruiHUTe pecypcu. ToBa pasemuHeHue
Cb3fjaBa YCMOBWSI 3a BIOLWIEHO [ObPXaBHO perynupaHe. B
Bbrnrapus cera HAMa M He € MOCOYEHA efHa LsnocTHa
ObpXaBHA TeONoXka opraHusauus (aupekums, cnyxba,
areHuus) Cc  AcHO  cbopmynuMpaHu  Lenu,  3adaum,
OpraHM3aLMOHEH CTPOEX, NpaBa M 3afbIKEHNS.

VHTepechbT KbM Obnrapckute MUHEpamnHu CypOBMHW Mpes
nocnegHWTe  rOAWHW,  Npefonpenens  Cb3gaBaHeTo U
PeopraHM3MpaHeTo Ha CTOTMLM YacTHW PMpMKM 3a TbpCeHe U
npoyysaHe, 4 [fobus. ToBa € nonoxuteneH akT, HO
npegnaranute ycnyru u pabotu, ca pabota Ha napye — 4acTHM
CEPBU3HN T€ONOXKM, re0(IN3NYHN N COHOAXHWU ycryrn. Te He
ca B CbCTOSHWE C Te3n CW ekunu, obopyaBaHe U (IMHAHCOBM
CpefcTBa Aa NpoBEX4aT pasrbHaTH, ChbBPEMEHHU KOMMMEKCHN
reonoronpoyyeaTertu, permoHanHu 7 BaceiHosm
u3creaBaHus M Hay4HOODOCHOBAHM MPOTHO3HW OLEHKM Ha
pasHoobpasHK PyaHWU, HEPYOHW U EHEPTUHU CYPOBUHU, KOUTO
[a ce NpenocTaBsT 3a NpoyysaHe 1 fobus B GbaeLle.

fAcHo e, ye GbAaelmMTe M3cneaBaHns M pa3paboTkn e ca
Haco4YeHn KbM Gorat Haxoamwia B 4bnbouYMHa W B palioHm ¢
no-cnabo M3sicCHeHa NEPCMEKTMBHOCT, HO Npu gobpe u3ydyeH
EONOXKM CTPOeX W HanpaBeHa O0OOCHOBaHa MbpBUYHA
oueHka. KoM KakBo ce nposiBsiBa WHTEPEC cera — KbM TOBA B
koeTo Gbnrapckata reonorvs 1 npepaboTBalla MHAYCTpUS, ca
“Manu 3HauMn JOCTVXKEHWSA Npe3 No-paHHMs etan. HambiHo
AICHO €, Ye Be3 M3BbPLUBAHETO W MPEAnaraHeTo Ha BMCOKM
Hay4yHoObOCHOBaHN OLUeHKM W ybegwuTenHu pesynTatm oOT
FEONOXKUTE MPOYYBaHUS, OTFOBApsLUM Ha CbBPEMEHHWTE
N3WCKBAHMS, MPUBIINYAHETO HA KPYMHW MHBECTUTOPK 3a A0OKB
1 npepaboTka Ha MUHEPaMNHX CYPOBUHM LLE € MHOMO TPYAHO.
be3 cbMHeHWe ToraBa NpuMBReEKaTenHocTTa M LeHaTa Ha
NPeaoCTaBEHNTE HAaXOAMLLA U MITOLLM LLEe € YYBCTBUTENHO Mo-
ronsMa. He Tpsibea ga ce [onycHe MHMUMaTMBaTa B TOBA
OTHOLIEHWE Ja € B pbLUETE Ha YyKAecTpaHHuTe upmu.
lMpegnoctaBkuTe 3a TOBa Cera Ca 3HAYWTENHW, NoOpagu
ocTpaTa Hyxaa OT peauua MUHEepanHW CYpPOBMHM, HSIKOW OT
kouto B Bbnrapus uma n mopagm 0Ol CBETOBEH 3acTOil B
rEONoXKNTE AEMHOCTM, W peauua MpecTpyKTypupaHus B
EHEpruiiHMA M Jpyrv oTpacnin B cBeToBeH Mawab. [dpyr
TBbpOE BaxeH npobrnem 3a bBbnrapus € CBOEBPEMEHHOTO
YCbBbPLUEHCTBAHE Ha TexHornoruMte Ha npepabotka Ha
MWHEpanH1TE CYpOBMHM B HaLLMTE 3aBOAM W Aa ce paboTu no
3aTBOPEH TEONOXKA W NPOU3BOACTBEH LnKbA. KayecTBoTo Ha
NPOAYKUMSITA Ha HSAKOM OT TsAX, MO-paHO e 6uno Ha u Hag
CBETOBHWTE W3WCKBaHUS. Taka OOLMAT WKOHOMUYECKUST
edekT Wwe e no-gobbp U Le ce Chpe M3HOCLT Ha PYAHM
KOHLEHTpaTK, T.. Ha nomydabpukati, ChObpXaLM LEHHM
MWHEpanHM NPUMECK M eneMeHTMH, NPUBMNMYALLM Cera KpymHU
vyxaecTpaHHn upmu. Burrapus e manka ctpaHa, Ho UMalla
3HAYUTENHN 32 HEMHWUTE HYXOW Pecypcu OT MMHEpanHn W
EHEpTrUiHN CYpOBUHU. TyK € Hy)KHa KOMMETEHTHA, KOMMEKCHa



ObpXaBHA MOMMTUKA, a OMNUT, YMEHWe, Bb3MOXHOCTU U
CneyyanmcTi y Hac uma u He Tpsiba ga ce JOMyCHe OTHOBO
kaktTo e npe3 mbpBata nonosuHa Ha 20-M  Bek,
YyXgecTpaHHUTe mpMM [a Ce WHTepecyBaT OT Bbnrapus
Camo KaTo OT Masap M Aa eKCnnoaTupaT XMLLHUYECKM HaLLMTe
npupogHu Goratctea. [MbpBata Kpayka B Tasu Hacoka Mo
OTHOLLEHWE Ha TeonoxkuTe paboT W w3cnedBaHus, e
HanpaBeHa ¢ pa3paboteHata Cmpamezus 3a pa3sumuemo Ha
2eonozonpoyyeamenHama delHocm U ona3gaHemo Ha
3emMHume HeOpa 8 Penybniuka bureapus do 2010 e. HyxHo e
HEMHOTO peanuavpaHe U YCbBbPLUEHCTBAHE, a CbLO Taka W
Ha 3aKOHHWTe pa3snopeaby B npoLeca Ha paboTa B TOBa YKCNO
W 3a MWHEpanHuTE W MOA3EMHWUTE BOAM, reoTepMuUyHaTa
eHeprusi 1 ap. BpemeTo Teye, a M3ocTaBaHeTo e naryoHo.

Mpes TO3M nepuog reonoXkUTe W3CMEeABaHUs, MO-TOYHO
Ka3aHO reonoXKoTO KapTUpaHe, € HAaCOYeHO KbM parioHu,
MepcreKkTMBHW 3@ TbPCEHETO Ha HOBKM Haxogulia Ha
MWHEparNHW CYpPOBMHM U TakMBa C OTHOCWUTENHO mMo-craba
u3yyeHocT. poBEXAaHETO Ha reoroXKO KapTupaHe, KOeTo
“Ma 3a 3afjaya fa pesu3npa M akTyanuaupa reonoxkute
AaHHn 1 matepuanm ot npegu 20-30 . M CbCTaBAHETO Ha
reonoxka kapta 8 M 1:50000, € HanoxuTenHo v npasumHO.
[JonbrHeHuaTa 1 KOMMANEKCHOTO — CUCTeMaTuaupaHe Ha
JaHHUTEe 3a TeoNOXKWA CTPOEX Ha OCHOBHUTE [eonoro-
TEKTOHCKM €OMHWLUM W  Hay4yHOOBOCHOBaHaTa OueHka Ha

MUHEpanHUTE  CYPOBWHW,  CbOBPAasHO  CbBPEMEHHUTE
W3NCKBAHWA W KOHLIEMLMM, Ca HambfHO HeobXxoaumu U
npaBumHu.

Mpe3 TO3W €Tan, HayyHUTe TeonOXKM M3CneaBaHus ca
HacoYeHW KbM pa3paboTBaHETO Ha peanua Mo-KOHKPETHM
npobrnemm W BbAPOCKH, CbOOPA3HO HaMMUHUTE (PMHAHCOBM
cpeactea. Haww cneumanucti B3emar yyactue W B peguua
MEXyHapOaHU NPOEKTW, pesynTaTuTe, OT KOWTO MO3BONsBaT
pasrnexaaHeTo U MHTEPNPETUPAHETO Ha TEONOXKMS CTPOEX
Ha bBbirapws, CbrmacHo CbBPEMEHHUTE KOHLEnuuM u
JOCTWXEHWS 33  TeONoXKOTO  Pa3BUTUE HA  CbCEAHM
€Bponevicky pervoHn. Toa e NonoxuTeneH gakT, Heobxogum
M 32 HayyHoobOCHOBaHW  oueHku. Pesyntatute ot
NPOBEXAaHUTE TeONOXKM M3CneaBaHus ca  [OKMagBaHM,
0BCHXKOaHM W AUCKYTUPAHM Ha peauua HayyHu Cecuu,
npoBeXAaHW Npe3  MOCMEAHWTE TOAMHW  EXErogHo U
opraHuaupanu ot bl u yHuBepcuteTute.

B yyebHuTe 3aBefeHMst TOBa € BPEMETO Ha BbBEXAAHETO
Ha TpucTeneHHoTo obyuyeHne — OakamaspW, MarucTpu u
JOKTOpu. B yyebHUTe 3aHATMSA Ca BbBEAEHW peauua HOBY
cneuyanHu reonioxKk1 AUCLMMIMHA 1 METOAN B CbOTBETCTBUE
CbC CbBPEMEHHUTE W3WUCKBAHWs, Cb3AaBaT Ce YCOBUS W
Bb3MOXHOCTM 32 [AMCTAHUMOHHO OOyyeHMe W HOBM, W
npeobopyasann y4ebHM 1 meToguyHn nabopatopum. [lo
OTHOLLEHWe Ha nocregHuTe W 3a ydvebHute nocobus ca
MPOSIBEHN W3BECTHM 3afpbXKKM OT fiuncata Ha cpegcTea. Cera
y4ebHM nocobus ce oTnevaTBaT HAKOIKO FOAMHU CMEq TAXHOTO
M3roTBAHE, a [Jpyrn Lie uYakaT ped U Bb3MOXHOCTH.
HesaBuCUMO OT Hanu4yHUTe TPYAHOCTM Ha Mpexoga, cera B
YHUBEPCUTETUTE Ca HEODXOANMM LENCTBUS 1 OpraHN3aLMOHHN
MeponpuaTis, 3a [ga Ce MoBUWaBa MOAroTOBKaTa Ha
CTYOEHTUTE, a CbLIO Taka W Ha CreuuanucTyi, 3aBbpLuny
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npeau necetkM roguHn M Ha TakuBa npeHacoyunv ce B Mno-
cneyunanHu HanpasneHus.

HesaBucUMO OT TpyOHOCTUTE Mpe3 pasfuyHUTE eTanu B
MUHAroTO M cera, Obnruat 125 rogueH nbT Ha pasBuTHE Ha
Obnrapckata reonoruss 1 80 roguMHM OT cb3uaaTenHara W
OpraHu3auuoHHa AEMHOCT Ha BbbnrapckoTo reonornvecko
OPYXECTBO, HaTpynaHusT ©GoraT onuT, [LOCTWXEHWS U
aBTOPUTET, HW [JaBaT OCHOBaHME W HW 3adbfxasaT B
CbBPEMEHHUTE HOBM YCMOBUS U U3WUCKBaHUS, HUKOTa Aa He ce
3abpaBAT LieneHaco4eHoCcTTa, pasmaxa Ha paboTa 1 3aBeTa
Ha pofeHus npeaun 150 roguHu U nounHan npegu 95 roguHu,
OCHOBOMOMOXHWK Ha Obnrapckara reonorusi, npod. eopry
3natapcku: C Haykama u camo C Hes npu 8CUYKU YCrogus,
Hanped!
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