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PESIOME

B Hactosiwata pabota ca npeAcTaBeHu pesyntatuTe OT TPUMEPHOTO reocTaTUCTMYECKO MOAENMPaHe Ha MEHOTO PYAHO TSo B MEAHOMOPCMPHO HaxoguLie
Enauute. To e pasnonoxeHo B CC3 yact Ha Enaluko-Ynonewukoto pyaHo none ot MaHariopckus pyaeH paioH. B paiioHa Ha HaxoauLeTo ca pa3BuTy Naneo3oncku
TPaHoOAMOPUTOBY CKamny OT CEBEP 1 [OKaMBpUACKM hunmUTK OT tor, KaTo B BNIM30CT M N0 KOHTaKTa UM Ca BHEAPEH TOPHOKPEAHM rPaHOANOPUTOBW 10 KBapLAMOPUTOBK
NopcMpMTI N MOHLOAVOPUTOBM NOPUPUTH.

3a CbCTaBAHETO Ha Mofena ca W3MoMn3BaHN AaHHUTE OT COHOAXUTe OT AETAWNHOTO MpOyyYBaHe Ha HaXOAWLLETO U pasnonoxeHn mexay xopusoHTu 1390 u 1045
BKIHOYMTENHO. MMbPBUYHUTE AaHHW NPELCTaBNSABAT ChAbpXaHUsTa Ha Mef B rpynoBy Npobu OT BCEKM COHAAX 3a BCEKW eKCrnoaTaLoHeH XOpu3oHT. 3a onpenensHe
XapaKkTepa Ha NpoCTpaHCTBEHaTa NPOMEHNMBOCT Ha MeATa € U3non3BaH TPUMEPEH BapuorpameH aHanu3 Ha 6asaTta Ha cdepuyeH mogen. 3a anpokcumauus Ha
eKCrepuMeHTanHNTE BapuorpamMHm CTOMHOCTM Ca U3MON3BaHn aBTOMAaTM3Npani NPoLEeAypy Mo METOAA Ha Hal-MankuTe KBagpaTu, LensLy NpeLmsHoTo n3BexaaHe
Ha BapuorpamHuTe Mofienu. HanpaBeHa e npoBepka Ha afekBaTHOCTTa Ha BapyorpamMHUst MOZEN, KOSTO Moka3sa Ye u3bpaHus mogen aobpe onucea npupopHaTta
MPOMEHMMBOCT Ha MbPBUYHUTE AAHHM.

XapakTepHO 3a Haxoguwe Enauute e nnaBHOTO M3MEHEHWE Ha PasMUKUTE B CbAbpXKaHWATa Ha Mefd, KOEeTO € MPeAnocTaBka 3a MPELWSHOTO CbCTaBfHE M
VHTEpNpeTaLuMs Ha BapuorpamHusi Mopen. V3BefeHata aHW30TpOMWS Ha PYAHOTO TAMO € OpMeHTMpaHa Mo MocoKaTa Ha pasnpocTpaHeHWe Ha pasnoMHUTE
CTPYKTYpH, JaiiknTe 1 KOHTaKTUTE MEXAY BMECTBALUMTE CKanu, KOETO NOTBbPXKAABA TAXHaTA [MaBHa PyAOKOHTPONMpaLLA PONs B HAXOAMLLETO.

Bb3 ocHoBa Ha pesynTaTuTe OT BapUOrpaMHUs aHanu3 € CbCTaBeH TPUMEPEH MOAEN Ha MEAHOTO PYAHO TAMO, YPEe3 MHTepronaLus no MeToaa Ha 6rokoB KpalrvHr.
3a uenTa HaxoauLLETO e MoAEenMpaHo Ypes AnckpeTHU 6rokose ¢ paavepn 15x15x15 m. PyaHoTo TAno e oT LyokBepkoB Tun, yabmkeHo B CU nocoka. Cbluo Taka,
33 HyXAWUTE Ha MOLena e CbCTaBeH W LucpoB Mogen Ha peneda, KOMTO e U3MNON3BaH KaTo OrpaHuYMTENHa MOBBbPXHOCT 3a U3KMKYBAHE HA OTHECEHUTE OT epo3nsiTa
yacTn. CbCTaBEHNAT TPUMEPEH Mofen uma npubnusnteneH 1 06061LaBaLL xapakTep, Thil KaTo He € NPOCNEAEHO Pa3BUTUETO Ha PYAHOTO TAMO B AbNO0UNHA 1 He ca
aHanuanpaxy NpocTpaHCTBEHUTE XapaKTepUCTUKW N0 OTAEMNHUTE TUMOBE BMECTBALLM CKanu.

EONOXKM BENEXKN

MeaHoNophMpHOTO HaxoauLle Enauute e pasnornoxeHo no
CeBepHWs CKIMOH Ha Bp. Yenonewka 6aba, Ha okono 55-60 km
n3touHO oT rp. Cochus u Ha okono 6 km ot rp. ETponone. To e
copmupaHo B pamkute Ha Enawko-Yenonewkorto pygHo
none, kaTto Ce Hamupa Ha Okono 6 kM ceBepo3anagHo OT
LeHTbpa Ha Yemonewkuss BynkaH (Popov et al, 2001). 3a
nepuoga ot 1981 go 1995 r. ca gobutn 114 783.9 x.1. pyga
cbC cbabpkaHne Ha meg 0.37 %. Kem 01.01.2001 r. B
Haxoguweto wuma 3anacu oT 139571 x.T. pyga cCbeC
cbabpxaHne Ha med 0.32 %, Au 0.108 g/t, Mo 0.004 % u
pesepsi oT 425980 Xx.T. pyda CbC CbObpkaHWe Ha wmen
0.28 %.
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B apeana Ha Haxoguile Enauute ca passuti cTaponaneo-

30/ICKM  HUCKOMETaMOP(HN CKanK, [ONHOKApBOHCKUST Be- Guaypa 1. Meonoxka kapma Ha Haxoduwe Enayume
KEHCK NNYTOH,  KbCHOKpEHMST Enawkv  [aitkosuaen (no T Feapaues, Heny6n.)

UHTPY31B 1 MHOTOGPOIHN ik, acoLuumnpalLy ¢ Hero (dpur. 1). 1 - MUKDOAUOPUMU, MUKDO-286p0dUOPUMU, MUKDO2aBPO,
CTaporarneo3oickuTe HUCKOMETAMOPMHY CKary ca passuTi B 2 — 2paHOOLOPUMOBU NOPAOUPUIMU, 2DaHUM NOPGUPU
loXXHaTa OKpaiHHa Ha HAXOAWLLETO, KaTo TsXHaTa MMTOCTpa- 3 - K8aPU-MOHLOOLOPUMOBU NOPGHUPUMU, KeaPY-OUOPUMO8U
Turpadicka  MPUHAANIEXHOCT CE8  UHTEpNpeTMpa  PasniiHo nOpPGbUPUMU, 4 - BEXEHCKU NyMOH - 20aH0AUOPUM,
(Aurenos u 0Op., 1995; Yewwutes u dp., 1995; Antonov and 2paHUMU, K8apU-dUOPUMU, anaumu, 5 - XOpHGen3u, Nbn4ueu
Jelev, 2002). Te ca npeacrasenv ot counwTy, X“Op"‘TE" wucmu, wucmu, 6 -Kawarcku eb3ced-Hagnax, 7 - pasiomu:
CepuLMTOBM  LUIMCTW, KBAPLI-CEpULTOBM LUIMCTH 1 1D a) Enawku, b) MypaaHcku, 8 - XopusoHmu Ha kapuepama,
EK3OKOHTAKTa Ha BeXeHCKMs MNyTOH Te Ca KOHTAKTHO 9 - 3paHULU Ha CBCMageHus MpUMEpeH Modern

NPOMEHEHN B XOPH(EN3N M MbNYMBM LUMCTW. Tean ckanm ca ¢
nocoka 90-110°, kaTo 3aTbBaT Ha tor C HaKMoH 15-45°.
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BexeHCKWAT NyTOH 3aemMa CeBepHaTa YacT Ha HaXOANLLETO,
KaTo e NPeACTaBeH MPEAUMHO OT rPaHOANOPUTY U MO-Marko —
rpauuTi. Cnopen onpeaenexneto Ha Von Quadt et al. [2002]
no 2®Pb/*8U LupkoHOB MeTOA, HeroBata abComioTHa Bb3pacT
e 314+4 Ma. lNocokaTa Ha KOHTaKTa MeXZy rpaHoaMopUTUTE U
XOpHGhenauTe B Ham-3anagHute yact e okono 100° cnep
TOBa 3aBWBa Ha toromsTok (140°), mocne psi3ko Ha CeBEPOU3TOK
(60°) n B Hait-usTouHMTE Yactm e okono 80° (cpur. 1). Kato
LMo TOWM 3aTbBa Ha tor C HaknoH ot 20-25° 6nnso go
MOBBPXHOCTTA, @ B AbnbounHa - 4o 45-55° Mo koHTakTa ce
HabnopaBa TEKTOHCKO BpekympaHe, KOeTo e pes3ynTtar oT no-
MIaguTe TEKTOHCKM AedhopmaLiyn.

Enawkusat untpyaus (fonsamata faiika) € ¢ KapL-MOHLO-
QVOPUTOB CbCTaB. TOW € BHEOPEH B 30HaTa Ha KOHTakTa
MeXay CTaponaneo3onckuTe MeTamopdnTu W BexeHckus
nnyToH. O4YeBWAHO HeroBaTa Mo3WLMs B ronsiMa CTEMEH ce
onpenens OT LWMpoKaTa 30Ha Ha pasnomsiBaHe Ha KalaHckus
Bb3Cced-HaBnak. T03M WHTPY3WB MPEACTaBnsiBa  CUMHO
YOBIDKEHO — NNacTMHOOOpasHO — TAMO, UMATO  AbIKMHA
Hagxebpns 3.3 km, a wupuHata My Bapupa OT HSKOMKO MeTpa
(3amagHo ot Haxopuweto) go 200-400 m. [locokata my
Bapupa 3Ha4WTENHO, kaTo B3anagHaTa YacT Ha HaXOAWLLETO €
okono 90°, B LeHTpanHata 110-120°, cnep ToBa psA3ko 3aBuBa
Ha ceBepou3tok (50°) a Hakpas CblWO psA3KO 3aBMBa Ha
tOrou3TOK. B rOpHUTE HMBA WHTPY3MBBLT 3aThBa Ha 0T C HAKIOH
20-45°, a B AbNbOYMHA HAKNOHBLT My BEpOSITHO JocTura 55°-
70°.

C Enawkws uHTpy3uB acouuvpat peauua ganku OT Keapu-
MOHLIOAVNOPUTOBY MOPGMPUTIA, TPAHOAMOPUTOBM NOPGUPUTH,
rpanHuToBK nopcmpu u annuti. OCBEH TOBa Ce CpeLuaT Aanku
OT  MWKPOZWMOPWUTW,  MUKPOMOHLIOOMOPUTH,  AMOPUTOBM
nopdupuT M KBapuamoputoBn nopduputn (Tpawnues u
Tpawnwesa, 1964; Von Quadt et al., 2002).

Hatupareto no U/Pb UmpkoHOB MeTog onpenens Bb3pacTTa
Ha MarmeHute Tena B pAuanasoHa 92.1+0.3Ma -
91.8440.31 Ma (Von Quadt et al., 2002), koeto oTroBaps
NpUBNNU3MTENHO Ha rpaHuLaTa Mexgy LeHoMaHa W TypoHa.
Velichkova et al. (2001), no “Ar/°Ar aHanu3 Ha GuoTuTa,
onpesensT Bb3pacTTa Ha CybBynkaHckuTe Tena npu Enauute
n Yeroney Ha 88-90 Ma. CoblueBpeMEHHO, MO TEOMOXKKN
[aHHW, Te3n WHTPY3WBU Hal-BEPOSITHO ca (hOPMUPaHM KbM
kpasi Ha TypoHa W HayarnoTo Ha koHuaca (Popov et al., 2001).

W3cneppaitkm CTpykTypaTa Ha Haxoguwe Enauute,
Kanangxues u 0p. (1984) npegnonaraT pa3BMTMETO Ha MbCTa
Mpexa OT NPAaBOMMHENHW pa3noMU C U3TOK-IOrOM3TOYHa,
ceBep-ceBepo3anagHa 1 CeBepou3ToyHa nocoka. ssbpLueHn-
T€ NO-HOBW Npoy4BaHus (Feoprues, Henybn.) He NOTBbPXaa-
BaT Tasn kapTuHa. lpakTnyecky, B y4acTbka Ha HAXO4ULLETO
ce npocrnenssar TpW rMaBHU PasnoOMHU CTPYKTYpu: Enaluku
pasnom, MypraHcku pa3nom v KallaHcku Bb3ce-HaBnak (cur.
1). Enawkust pasnom e ¢ nocoka Bapupatya ot 85° go 125°. B
3anagHaTa 4acT Ha HaxOgWWeTo TOW Mpecuya HaThKHO
Enalukvs MHTPy3uB, a Ha W3TOK NPEMWHABA N0 HETOBUS HOXEH
KoHTaKT. Toil 3aTbBa Ha tor ¢ HaknoH 70-85°, kaTo no Hero ca
peanuavpaHn OECHW pasced-OTCemHn ABWxeHus. B obuwp
NMHMM ToW ce nokpwa C [Mbpeua Enawku pasnom no
Kananmkves u Op. (1984). MypraHckusiT pasnom € ¢ nocoka
125-150°, kaTo pascuya AuaroHanHO HaxoamLeTo. HaknoHbT
My e cybsepTukaneH 80-90° 1 3aTbBa NPEAMMHO Ha toro3anag.

OtbenssaH e ot Kanangpkues u Op. (1984) «kato
LleHTpanHoenaluku pasnom. Mo To3u pasnom e 0CbLLECTBEHO
ascHo otcagaHe ¢ amnnutyga 200-250 m u nponagaHe 50-
200 m. Ha toroustok, kbaeto e otbenssaH ot Popov et al.
(2001), Toit 3aBuBa, KkaTo mocokata My e 150-155°.
KaluaHckuaT HaBnak e MapkupaH 3a MbpBu MbT OT Tpawnves
(1961), a cren ToBa € npocnedeH W onucaH ot KyikuH u
Munanos (1970) u Kyitkud u dp. (1971). B mbpBaTa cTtatiis Ha
nocnegHUTe aBTOpPU TOW € MpUET 3a aBCTPWUACKM, a BbB
BTOpaTa — 3a Jlapamuiickm (UM CregTypoHckn). B
forosanagHata vacT Ha  Haxoguwe  Enauute, B
cTaponaneosoiickute MeTamopoaupaHu ckamn e passuTa
e[Ha Bb3Ced-HaBnayHa pasnomHa 3oHa ¢ wupmHa 80-150 m,
CbCTaBeHa OT cepus cybnapanenHu BTOPOCTEMEHHM
pa3noMHM NOBLPXHOCTW. Ha 3anag T8 npeMuHaBa no KOHTakTa
Mexgy Craponaneo3omckute W Tpuackute ckanu. Ham-
BEPOATHO TS NpefcTaensea nposea Ha KalwaHckus HaBnak B
TO3W yyacTbk. OBCTOATENCTBOTO, Ye B Ta3u MbpeopaspsgHa
CTPYKTYpa € BHEeApeH 4acTWyHO Enalukus WHTPY3uB, Kakto u
WHTpy3uBa npu KawwaHa u gpyrv no-mankv Tena, ykasea, 3a
HeroBaTa aBCTpuiicka Bb3pacT. CblueBpeMEHHO MO Hero ca
OCDBLLECTBEHN M MO-MNaaW, CNEApPYaHN Bb3CEHU OBWKEHMS,
KOMTO Han-BeposiTHO ca napamuicks. Cnegsa pga ce
otbenexu, ye leoprues (Henybsn.) ycTaHOBsBa paguanHo-
KOHLEHTPUYHO pasBUTME Ha HamykaHoCTTa W MankuTe
pasnomu B y4acTbka Ha HaXOAULLETO.

Haxogwiwe Enauute NpocTpaHCTBEHO U FEHETUYHO € CBbp-
3aHO C rOpHOKpeOHWs Enaluku MHTpY3MB 1 acouumpalumte C
Hero panku (Xamkuiackn u dp., 1970; Kanainmkves u Op., 1984;
Oumuntpos, 1988; Popov et al., 2001). ToBa ce onpegens ot
0BCTOATENCTBOTO, Y€ 3aeAHO C Naneo3oWcknuTe ckanu Toh e
3acerHaT VHTEH3WBHO OT MOCTPYAHUTE  XWAPOTEpPMarHW
MeTacoMaTUTM M pyaHaTa MuHepanusauus. XugpoTtepman-
HUTE MeTacoMaTuTW ca MpeacTaBeHn npegumHo o1 K-
cunukathu  (Ksptbitqtztiltpltcalc wnu  Ksptchl+qtz+il+ab),
nponunuToBm (Ep+act+ab+bitqtz+calc unn Ep+chi+ab+bitqtz)
n cepuuutoemn (ll+qtztpy) nameneHus (Strashimirov et al.,
2002). [naBeH NpoMULLNEH eNemeHT B Haxoauwe Enauute e
MeaTa, a BTOPOCTENeHeH — 3natoto. B otaenHu nepuogn ot
ekcnnoatauuaTa e [obuBaH M MONMMOAEHUTOB KOHLEHTpaT.
PyoHata MuHepanusauus e npeactaBeHa OT  HAKOMKO
nocnefoeaTtenHo  oOpMMpaHM  MUHEpanHu - acoumauum:
MarHeTUT-60pPHNT-XanKoNMPUTOBA, KBapL-MMPUT-XanKoNMpUTo-
Ba, KBapL-MonubaeHUToBa, KBapL-NUPUTOBA, KBApL-raneHuT-
cthaneputoBa v kBapU-kanyuTt-3eonutoBa (Strashimirov ef al.,
2002). MarHeTuT-60pHUT-XankonMpuToBaTa acouuauus e
HEepaBHOMEPHO pa3BuUTa, KaTo B HES MPUCHLCTBAT CaMOPOAHO
3MaTo W MUHepanu, HOCUTENM Ha eneMeHTW OT NnaTUHoOMA-
Hata rpyna (Dragov and Petrunov, 1996). naBHo npomuLune-
HO 3HauYeHWe 1UMa KBapL-NUPUT-XankonupuToBaTa acoumaLms,
KOSTO CbAbpa OCHOBHOTO KOMMYECTBO OT MeATa, 3natoTo
(enextpym) 1 wmonubaeHa. Keapu-nupurtoBata UM KBapu-
raneHuT-cchanepuToBaTa acouuaumm ca pasBuTM OCHOBHO B
OKpAHUTE YacTW Ha HaXOAMLLETO.

PynHaTta MuHepanusaums uarpaxaa eauH ronsm LOKBEpK,
KOWTO € pasBUT B WHTEH3MBHO HarykaHWUTE Narneo30Mncku
rPaHO4MOPUTI 1 XOPH(EN3u, KakTo 1 B ckanuTe Ha Enawkus
WHTPY31B M acoLumpalyuTe ¢ Hero gaiku (cur. 1). B xopuaoH-
TaneH nnaH To3u LUOKBEPK € C enuncoBuaHa gopma, kato e
YOBIIKEH B CEBEPOM3TOYHO Hanpasnexue. [lbmkuHata my e
okono 1200 m, a wwupuHata my Bapupa ot 200 go 750 m kato

FOONUIHNK Ha MurHo-eeonoxkus yHugepcumem “Ce. Msan Purncku”, mom 46 (2003), caumnk |, FEOTIOMMA Y TEOOUIUKA
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MroLuTa Ha XOpU3oHTanHaTa My npoekuus e okono 0.616 km?
(Xamxuuckun u dp., 1970). Ha noBBbPXHOCTTa pyoHUS LLIOKBEPK
€ paskpuT oT eposusta Ha kota 1400 m (npeau HavanoTo Ha
ekcnnoarauusaTa), kato B gbnbouvHa pygHaTta MuHepanu-
3aums goctura go kota 550 m. OcTa My e ¢ reHepasneH HaKmoH
40-50° Ha tor, KaTo B OCHOBHM NWHWW CrieABa KOHTaKTa Mexay
CKanWTe Ha CTapus Maneo3on W rpaHOQMOpUTUTE Ha
BexeHckus nnyToH. B gbnbouvHa pyaHMST LLOKBEPK He e
OKYHTOpEH, Tbil KaTO MOBEYETO COHAAXM He pocTurar
HeroBuTe rpaHuun. TOM € M3AbpKaH N0 MOCOKa M HAKIOH.
lpaHuuaTa Ha pygHOTO TANO C BMECTBAWMTE Ckanu €
nocTeneHHa, kato ce onpefens Mo CbAbpxaHue Ha Mep
0.18 %. lMpexoabT e 3HauMTeNHO No-6LP3 B MeTaMopuTuTE,
C OoTfaneyaBaHe OT TEXHUS KOHTAaKT C rpaHoguoputute. B
WHTPY3MBHUTE CKanu pyaHaTa MAHEpPanu3auus e npeacTaBeHa
OT MHOFOYMCIIEHN XWIKU U BMPBLCIELW, AOKATO B MeTamop-
UTUTE — MPEOUMHO OT XWIKM. Psigko ce cpelyar Marnku
KBapL-MMPUTOBM XKUIU.

OAHHW, U3MNON3BAHW MNP MOJEJIMPAHETO

B HacToswoTo n3cneaBaHe ca M3MOn3BaHu COHAAXHWUTE
[aHHW OT NpesBapuTENHOTO M AETalNHOTO NpoyyBaHe Ha
Haxoguwe Enauute (Xamkwuickn u dp., 1970), OT XOpU3OHT
1390 o 1045 skntountenHo. NpeaBapuTENHOTO NPOYyYBaHe e
u3sbpLueHo no mpexa 100x100 m go kota 805. Mo Bpeme Ha
[ETaWNHOTO MPOYYBaAHE COHAAXHATA Mpexa € LWaxmaTHo
CrbCTEHa B LeHTpanHute Yacth o 71x71m, a B
nepucpepusta — go 50x100 m. BctpaHu OT pygHOTO TAM0 ca
MpoKapaH1 OKOHTYpBaLLW COHAaxM, pasnonoxeHn ot 200 go
300 m oT ocHoBHaTa npoyyBaTeriHa Mpexa. Taka onucaHata
reoMeTpust Ha CoHAaxHaTa Mpexa ce 3anassa o kota 1000,
[OKaTO B NO-HUCKWTE HMBA Ce pa3MecTea, nopaaw
U3KPUBSIBAHETO Ha COHAAXMUTE. Haxoguiieto e npoyvyeHo B
abnbounHa, nog kota 805, ¢ 12 coHaaxa, pasnonoxeHn B
LeHTpanHute yactu npe3 200 m. CoHgaxute ca onpobsaHm
CbC CEKUMOHHM npobu cbc cpegHa gbmknHa 2.38 m, kato
CbObPXaHNETO Ha Mej e ONpedensHo C XMMWUYeH aHanus. 3a
CbCTaBAHETO Ha reoCTaTUCTUYECKUS MOAEN Ca W3MOn3BaHu
rpynoBu npobu OT COHOaxuTe, kaTto BCska rpynoBa npoba
NpeacTaBss  CbObPKaHWETO HA Med, YCPEBHEHO Mo
CEKLMOHHMTE MpoBM OT BCEKM COHOAX 3a JAfEH XOPW3OHT.
M3non3asaHu ca 060 2819 rpynosu npobu oT 24™ Xxopu3oHTa.
CbobpkaHusTa Ha meq B Te3u npobu nokassaT acCUMETPUYHO
CTaTMCTMYECKO pasnpeferneHune, UcTpupaHo Ha gurypa 2, a
CTaTUCTUYECKUTE  MapameTpu, OMUCBALLM  3aKOHA  Ha
pasnpefeneHve ca npescTaBeHn no-gony B Tabnuua 2.

Cu = 2819%0.2"normal(x; 0.2828; 0.1685)
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Queypa 2. Xucmoepama, npedcmasswa pasnpedeneHuemo
Ha MeOma & u3non3eaHume coHOaxHU epynosu npobu
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BAPUOIPAMEH AHANN3

BapuorpamHuAT aHanu3 e CbLUECTBEHa YacT OT reocTaTuc-
TWYECKOTO MOJenupaHe Ha Haxoawwarta. Heroeata uen e
n3siBaTa Ha 3aKOHOMEPHOCTUTE B MPOCTPAHCTBEHATa NPOMEH-
NMBOCT Ha U3y4aBaHus reonoxku nokasaren (Matheron, 1967;
Rendu, 1981). Bapuorpamata ce feduHupa OT 3aBMCMMOCTTa
Ha CpeHUTE PasnuKv MEXaY M3MEPBaHUTE CTONHOCTW CNpSIMO
pa3cTosiHUsATa Mexay npobuTe:

ny (x - x )2

(7] 2l el ()

2

nh
KbAETO X-X;-; CA n;, HA BPON Pa3NUKN MeXOy CTOAHOCTUTE
(Hanp. CbAbpXaHNA Ha none3eH KOMI'IOHEHT), n3mMepeHn B
|'|p06V|, OTCTOALLN Ha pa3CcoAHne h nomexngy cu B AafAeHo
HanpaBneHue.

OCHOBHO MPeANMCTBO Ha BapUOrPaMHUAT aHanua e, Ye Ypes
HEro ce OTYMTAT KaTo CPEOHO PasNnyHM NPUPOAHI CBOWCTBA,
KaTo aHM30TPONMUSA, XapaKTep 1 CTEMeH Ha 3aBUCUMOCT Mexay
CbCeH1TE NPOGK NP Pa3NUYHI PA3CTOSHUS MEXAY TSX, HUBO
Ha obliata MPOMEHNMUBOCT, NPEKLCHATOCT U Ap., KOUTO ca
XapaKkTepHu 3a uacreasaHus obekT. Cren npecMsiTaHe Ha
CPeAHMTE PasnuKn B pasninyHW HanpaBneHus, NpeacTaBeHun ot
eKcrepuMeHTanHuTe Bapuorpami, ocobeHo BaxHO e [a ce
nopnbepe Noaxoasily TEOPETUYEH MOfEN, KOUTO afieKBaTHO fa
OnMcBa MpuUpoaHaTa CTPYKTypa Ha MPOMEHMMBOCTTA B
W3Mon3BaHNTe AaHHM.

[Mpu HaCTOALLOTO Bap1OrpaMHO MOZENUpaHe Ha HaxoauLie
Enaumte ca npecmeTHaTV eKkCnepUMEHTaNHUTE Bapuorpamm B
XOPU3OHTANHO M B YeTMpU BEPTUKANHW HanpaBneHus C
asumytn 0° 45° 90° m 135°. O6wo ca npecmetHatn 16
eKCcnepuMeHTanH1 Bapuorpamn - YeTUpu Bapuorpamu C
asumyTn 0° 45° 90° n 135° B XOWU30HTarHoO HanpasneHue,
KakTo ¥ No YeTupu Bapuorpamu nog HaknoHn 0°, 45° 90° u
135° 3a BCAKO OT BepTUKaNHUTE HanpaeneHus. Bapuorpamute
ca NpEecMsATaHN Ype3 TPUMEPHO TbpCEHe Ha CbCeaHW npobu,
Mpu CreHUTE YCOBMS: PasCTosHNA Mexay npobute ot 20 o
500 m npes cTbnka 20 m, XOpM3oHTarHa 1 BepTUKanHa veuua
Ha TbpceHe 200 m, XOpW3OHTaNeH M BepTUKaneH bIMoB
TONepaHc Ha TbpceHe 22.5°.

3a anpokcumauus Ha eKCnepUMEHTanHUTE Bapuorpamn €
“3non3eaH chepuyeH Mogen, 3agaBaH B 061y BuA;

S

() = CE- @)

2¢ 24° E 3 hza,

y(h)y=C 3a hi>a,

kbaeto C 1 a ca CbOTBETHO Mpara 1 paHra Ha Bapuorpamara,
a h e pa3CTosHMETO Mexay npobuTe.

BapuorpamMHuaT aHanua e W3BbpLUEH M3LANO C nporpamara
UNCERT (Wingle, et al., 1997), kato anpokcumaupsTa Ha

TEOpPETMYHMS  cdepuyeH  Mogen e W3BbpLUeHa
aBTOMaTU3MPaHO MO MeToda Ha Hal-MankuTe KBagpaTu.
MonyyeHuTe BapuorpamMHM MOLENM W napameTpu ca

npeacTaseHy B Tabnuua 1 u durypa 3, KOUTO UMIOCTPUpPAT U
ChblUECTByBallaTa aHW30TPONMS HA MEOHOTO PYAHO TAMo.
YcTaHoBsIBa Ce KakTO reoMeTpuyHa aHW30TpOMus, oTyuTalla
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Queypa 3. EkcnepumeHmanHu eapuoepamu u cCbomeemHume um cchepuyHu mModenu, usgedeHu 3a 8epMUKaHU HanpagneHus ¢
opueHmauus (° (a), 45° (b), 90° (c) u 135° (d). 3a 8csiko HanpasneHue ca NoKasaHu Yemupume 8apuo2pamu, NPECMSIMaHU 3a
Haknonu 0°, 45°, 90° u 13%°

yobimkeHata Mopdonorus Ha OpyasiBaHETO, Taka M 30HasHa
aHusotponns,  obycrnoBeHa  OT  PasnONOXEHWETO  Ha
OpYOSIBAHETO OKOMO KOHTaKTa MeXy rpaHUTOMaHUTE |
MeTaMop@HUTE Ckann. 3a aHanu3 Ha aHu3oTponusaTa B nnaH
ca noctpoeHn 18 Bapuorpamu npe3 crbnka 20° (half-angle
solution), xapakTepuaupalyn CTpyKTypaTa Ha NpoCTpaHCTBe-
HaTa MPOMEHNMBOCT Ha MeaTa (cur. 4). OT BapuorpamHata
MOBBPXHOCT CE BWXAA, Y€ Hal-MMaBHN N3MEHEHUS Ha Cbabp-
XaHusTa ce Habmopasat B H03-CU HanpaBsnexue, no nocoka
Ha YObIKEHUETO Ha PyAHOTO Tano, fokato B C3-HOW Hanpae-
neHve ce HabmogaeaT HaM-BUCOKW CTOMHOCTM Ha aucnep-
cusATa Ha ChabpxaHusTa. MHTepeceH (hakT e, Ye B 3aBuCH-
MOCT OT u30paHus METOA 3a aBTOMaTMYHa anpoKCUMauus Ha
BapuorpamMHUs MOZen, rnaBHaTa OC Ha aHW30TponusTa ce
opueHTupa unu B K03-CU unmn B C3-FOW Hanpaenexue, koeTo
ce 06sCHsABa C NpOMSHATa Ha NOCOKaTa Ha KOHTaKTa Mexay
BMEeCTBaLLMTE CKanu M C OpUEeHTauWsTa Ha Mo-rmaBHUTE
pasnomu 1 AaKoBW CKanu.

lMpoBepkaTta 3a afeKBaTHOCTTa Ha YCPEOHEHWS Bapu-
orpameH mogen (cross-validation), nanonssaH No-kbCHO Mpu
KpaWmiHr MHTEPMonauusTa, e U3BbPLLEHA YPE3 CPaBHSABAHE Ha
WCTUHCKUTE W3MEpEeHN CbAbpXaHWs Ha Med B rpynoBuTe
npobu OT COHOAXWTE W TEXHWTE OLEHKM MO MeToda Ha
KpairuHr. M3nonseaH e nomynsipHust nakeT 3a reocraTuc-
Tuyecko mogenupaHe GSLIB (Deutsch and Journel, 1998).
Pesyntatnte ca npeactaBedn B Tabmmua 2 u curypa 5,
KbOeTo ce wumocTpupa [oBpoTO CLOTBETCTBUE  MEXOY
UCTUHCKUTE W OLEHEHUTE CTOMHOCTU C KOedUUMEHT Ha
kopenauus 0.86. CxoACTBOTO Mexay pearnHuTe W OLEeHeHuTe
CbObpXaHWs Mokasea, Ye BapuorpamHus Mogen [obpe
OnuMcBa CblLecTByBaLLaTa NPUPOAHA NPOMEHNMBOCT HA MeATa,

KOETO € HeobX0AMMO YCMOBME 3a NPELW3HOTO NPecMsTaHe Ha
3anacute No Metoda Ha kpawruHr. dur. 5 umoctpupa W
U3rnaxgaLmaT edrekT Ha KpanuruHr uHTepnonauusTa, ocobeHo
3a npobuTe C BUCOKN ChabPXaHNS.

Tabnuua 1. MapameTpyu Ha chepuyHUTe BapuorpaMHm

MOAeIN, U3BEAEHU 3a OTAENIHUTE HanpaBneHWs 1 HaKIOoHK
Asumyt | HaknoH EcbekTt Ha MNpar PaHr
BKNIOYEHMATA

0 0] 0.00592432 0.0233568 285

0 45] 0.000786367| 0.0226083 180

0 90[  0.00535023| 0.0195682 305

0 135  0.00332431| 0.0234292 190

45 0] 0.00415641 0.0215626 270

45 45| 0.00273686( 0.0203063 220

45 90[ 0.00765853| 0.0161969 300

45 135 0.0028656| 0.0198173 170

90 0] 0.00543918( 0.0249688 315

90 45 0.00573138| 0.0249761 295

90 90[  0.00277493| 0.0210528 275

90 135  0.00713603| 0.0196509 225

135 0] 0.00709468( 0.0233214 295

135 45|  0.00673393| 0.0247538 250

135 90[  0.00408765| 0.026182 495

135 135  0.00609529| 0.0213959 285

CpedHo: 0.00487 0.0221
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Queypa 4. BapuoepamHa cmpykmypa 8 Xopu3oHmasHo HanpasneHue, ussedeHa no 18 eapuozspamu (half-angle solution),
npedcmaseHa 6be8 8UA Ha eKCnepUMeHMaHU gapuozpamu (a) u eapuoepamHa nogbpxHocm (b)

Tabnuua 2. CraTUCTUYeCKM napamMeTpu, XapaKTepuaupalum
3aKOHUTE Ha pasnpefeneHue Ha CbAbpXaHusTa Ha Mej B
coHgaxHute npobu (Cu), TexHuTe kpalruHr oueHku (Cu®),
pucnepcusTa Ha oueHkute (Sgy) M pasmMkuTE  MeXay

OLLeHKMTE W UCTUHCKUTE ChabpkaHusa (Cu* - Cu)

Cu Cu* Scu Cu*-Cu
CpenHo-aputm. 0.282811( 0.283932| 0.002157| 0.001121
MepnmnaHa 0.26 0.27 0.002 0.009
MuHMyMm 0.007 0.01 0.001 -0.818
Makcumym 1.37 0.788 0.024 0.324
Aucnepcus 0.028384| 0.019908| 4.16E-07| 0.007325
CraHga. oTkrioHenne | 0.168476| 0.141096| 0.000645| 0.085585
AcumeTpus 1.163632| 0.568922] 14.986] -1.5891
Ekcuec 2.70775| 0.283673] 469.9832 9.997335

Scatterplot Cu vs. Estimate
Estimate = 07984 + 72166 * Cu
Correlation: r = 86170

Estimate

12 14 16

0., 95% confidence

Quaypa 5. Baumospb3ka Mexdy peanHume cbObp)aHUs Ha
med 8 coHOaxHuUme npobu (Cu) u mexHume kpallauHe OUeHKU
(Estimate)

BNOKOB MOZEN MO METOJA HA KAPATUHT

BnokoBMAT reoctaTUCTYECKM MOAEN HA MEOHOTO PYAHO
TAMNO e KOHCTpyMpaH 3a 0bem ¢ pasmepu 1560x1080 m B nnaH
n 345m B gbnbounHa, mexgy xopusoHtn 1390 u 1045.
OkpaitHuTe y4acTbLy, B KOUTO IMNCBAT JOCTATBbYHO AaHHM ca
U3psi3aHu, KaTo KOHTYPLT, B KOTO € MOAENMPaHo PyaHOTO
TANO e nokasaH Ha cwmrypa 1. Mo Tonorpadpcka kapta e
Cb3gafeH uudpoB Mogen Ha penedpa, KOATO e M3nonBaH 3a
W3KMIOYBAHE Ha epo3upanuTe vacTu oT Mogena. Macneg-
BaHusT obem e pasdut Ha 6nokoe ¢ pasmepu 15x15x15m,

15

KOMTO Ca OLEHsBaHM MO MeToAa Ha OroKOB KpalrvHr npu
guckpetnsaums 4x4x4 Toukm 3a Bceku Onok. KpawruHr
MOZENMpaHeTo € u3BbpLIeHo ¢ nporpamata kt3d ot GSLIB
(Deutsch and Journel, 1998), kato 3a Bceku Onok ca
nanonasaHn ot 4 go 10 cbcegHu npobu, TbPCEHW MO OKTaHT
Mpy MakcumaneH paguyc, 3a Aa ce n3berHe KITbCTeprpaHeTo
Ha AaHHUTE Mo CoHpaxuTe. 3agapeHnsT yCpeaHeH cdepuyeH
MOZen, onpeseneH Ypes BapuorpamHus aHanus (Tabn. 1) e ¢
edekt Ha BkmtoveHnsta 0.00487 wu npar 0.01723, kato
aHW30TPONMATa € XapakTepusupaHa C MakcMManeH, MWHM-
ManeH u BepTukaneH paHr cboTBeTHO 315 (c asumyt 110°),
270 n 300 m. lonyyeHnat uMppoB Mozen npeacTass 3a
BCEKW BNOK HEroBUTE KOOPAMHATY, OLIEHEHOTO ChAbPXKaHWe Ha
Mea M OucrepeusTa Ha KpalruHr oueHkata. [lo-geTaiineH
aHanu3 Ha NpPOMEHMNMBOCTTA W YCMOBUATA 3a MPECMATaHe Ha
3anacute no oTaenHu BrokoBe BMECTBALLM CKanv M TUMOBE
pyaa e npeactaeeH ot Todorov et al. (2002).

3a BM3yanuanpaHeTO Ha MONy4eHWs TPUMEPEH Mogen Ha
MELHOTO PYAHO TANO € Cb3hafeH CreuwanusupaH Mogyn,
paspaboTeH upe3 nporpamata OpenDX, kosTo e 6asmpaHa Ha
IBM Visualization Data Explorer (IBM, 1997). Ha curypa 6 e
UNtoCTpUpaHa MopconorusTa Ha PyAHOTO TSNO, BU3yannau-
paHa upe3 OTAENHM W30MOBbPXHUHW, KaTo 3a Mo-rofisma
peanHocT e nokasaHa W NOBbPXHOCTTA Ha peneda. Ako 6baat
OTYETEHWN TEOMNOTO-MKOHOMUYECKUTE U MUHHO-TEXHUYECKUTE
YCNOBMSI B HAXOAMLLETO, CbCTaBEHUAT Mogen Moxe fa Obae
W3NoN3BaH W 3a MpecMsTaHe Ha 3anacute NO OTAENHUTE
XOPM3OHTU.

Queypa. 6. TpumepeH moden Ha MeOHOMO PyGHO MAo,
npedcmageHo 4pe3 u30nosbPXHOCMU No cbObpxaHus 0.25,

0.4 u 0.55 % Cu. Modenbm Ha penecha e HanoxeH kamo

u
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npospayHa ceemsocusa nogspxHocm. [lozned om
CE8EPOU3IMOK.
3AKITIOYEHNE

HanpaBeHWST TpUMEPEH Mofen n3sBsBa NPOCTPAHCTBEHNTE
3aKOHOMEPHOCTU B pasnpefeneHneTo Ha CbAbpXaHusTa Ha
MeZ 1 MopdonorusTa Ha pyaHoOTo TANO B Haxoauie Enauure.
BapuorpamMHMST aHanW3 nokasea MNaBHO M3MEHEHWe Ha
CbObPXaHWATa Ha Mef, KOETO € NPeAnocTaBka 3a NPELU3HOTO
CbCTaBsHe Ha Mopena. M3pedeHaTa aHM3oTponMsi WMa
CnoxHa Mopdhonorus, nopaayu KOMMIUUMPAHMST TEONOXKM
CTPOEX U PasnMYHMTE MOCOKM Ha TEKTOHCKUTE HapyLIEHWS,
KaKTO W W3MEHEHWEeTO B MOCOKAaTa Ha KOHTaKTUTEe Mexay
BMEeCTBaLLMTE Ckanu. B 3aBucumoCT OT n3bpaHust MeTog Ha
aBTOMaTMYHa anpoKCUMaUMsi Ha BapuorpamMHus  Moger,
Abnrata 0C Ha aHW30TPOMMATa Ce OpPUEHTMPa B CEBEPOU3-
TOYHO MMM CEeBEepo3anagHo HarnpaeneHue, CbOTBETHO napa-
NEMHO UK HanpeyHo Ha YObIKEHUETO HA PYAHOTO TsAno. B
“3BeeHaTa aHU30TPONUS ce HabngaBa KakTo reoMeTpuyHa,
Taka W 30HanHa aHM30TpONKsi, KaTo nocnegHaTa ce M3sBsBa
Han-acHO B M-3 HanpaeneHue. [eoMeTpuyHaTa KOMMOHEHTA B
aHM30TpONMSTa OTpassiBa pasnUKUTE B MHTEH3UTeTa B
npouecUTe Ha pypooTniaraHe B LIEHTPANHWTE W OKpalHUTe
YaCTW Ha LLUOKBEPKA M € OCHOBHUAT (haKTop, BRMSELY BbPXY
MopdonorvsiTa Ha pyaHoOTO TANo. 30HanHaTa KOMMOHeHTa ce
ObITDKA Ha psiskaTa CMsHA Ha NMTONOXKWUTE 0COOEHOCTM Ha
BMecCTBalmMTE ckamu. Moxe fa ce Kaxe, 4ye KaTo LMo
M3MEHEHUsITA B CbAbpXaHUsTa Ha MeaTa Ca Hai-nnasHW B
CW-tO3 HanpaeneHve, pokato B C3-HOM HanpaBnenue ce
HabnogaBsat Han-ronemm CTOMHOCTY Ha MPOMEHAMBOCTTA.

OcHoBHa MarMOKOHTpONMpaLLa 1 pyaoKOHTpONMpalLa pons
B apeana Ha Haxoguie Enauute umat KoTakta Mexay
BexxeHckust NNyTOH CbC CTaponaneo3oiickinTe MeTaMopnTy 1
cybnapanenHns Ha KoHTakTa KalwaHcku Bb3ced-HaBnak.
KOHKPETHOTO MeCTOMONOXEHNE Ha PYOHUS LLOKBEPK Ce
Oonpegens OT yyacTbka Ha MpecuyaHe MeXy TO3W KOHTaKT,
Enawkus  wHTpy3uB, Enawkus u  MypraHckus  pasnomu.
lMocregHuTe ABa pasnoma O4YEBWAHO MMaT PyAOMPOBOAALLA
pons B uM3cnegBaHus [ObnbouMHEeH WHTepBan. MMeHHo
yyacTbka Ha OTOEens3aHoTO MpecuyaHe Ha PasiuyHu CTPyK-
TYPHU €NEMEHTU Ce OTNMYaBa C Han-BMCOKA MPOHMLIAEMOCT,
KOETO Ce Mapkupa OT Hail-ronsiMaTta KOHLEHTpauus Ha Mef B
PYOHOTO TAMO. YOBMKEHUETO HA PyOHUS LLOKBEPK B CEBEPO-
M3TOYHA MOCOKA SIBHO Ce Ornpedens OT OpueHTauusTa Ha
KOHTaKTa Mexay Maneo3onckuTe rPaHOAMOPUTM U METaMop-
(UTW B TO3M y4acTbK. TO3M KOHTAKT CbLLO KOHTPONWpA
pasBUTMETO Ha MO-BUCOKM CbAbpXaHWsa Ha meTan. Cregsa [fa
ce otbenexw, Ye B Maneo3onckuTe MeTamopduTu pygHata
MWHEpanu3auns e pasBuTa OCHOBHO B 30HaTa KbeTo Te ca
NPOMeHeHn B XopHdensu. MbnyumsuTe WKUCTM U UnUTUTE
W3BBH Tasu 30HA, NOpagW TsXHATa MAacTUYHOCT, UMaT
eKpaHupaLLa pons npu pyaooTiaraHeTo.

Kato Usno nocTpoeHusT mMogen xapaktepusupa ropHuTe
HMBA Ha HaXOAWMLIETO, KAaTO HaW-BUCOKM CbAbpXaHWs ce
ycraHoBsBaT Mexgy Huea 1400 u 1200. Hanpasenata
npoBepKa Ha BapyorpaMH1s MOAEN OT4MTa BUCOKa Kopenawuus
MeXay OLEHEHUTE M peanHuTe CbAbpXaHus, KOeTo NoKassa,
Ye MOCTPOEHWAT Moden OTpassBa afeKkBaTHO peanHata
reornoxka cutyawms.
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3D Geostatistical model of the ore body in Elatsite Porphyry copper Deposit,
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ABSTRACT

The results of three-dimensional geostatistical modeling of copper ore body in Elatsite porphyry copper deposit are present in this work. The deposit is located in
NNW part of Elatsite-Chelopech Ore Field from Panagyurishte Ore Region, Bulgaria. Paleozoic granodioritic rocks are developed in northern part of the deposit and
Pre-Cambrian metamorphites are located in south. Upper Cretaceous granodioritic to quartzdioritic or monzodioritic porphyrites are intruded near and along the
contact between granodiorites and metamorphites.

Drillhole data from the open pit area, collected during preliminary and detail exploration of deposit and located between levels 1390 and 1045 are used for the model
development. Copper contents in composite samples from each drill for each level represent primary data. Three dimensional variogram analysis, based on spherical
model is used for determination of properties of spatial variability in data. Automatic routines of Least Squares method are applied for approximation of experimental
variogram values, which aims precise determination of variogram models. Cross-validation for the variogram model effectivity is done and it shows that chosen model
represent adequately natural variability of source data.

Smooth variation of copper content differences is typical for the Elatsite deposit, which is premise for precise determination and interpretation of variogram model.
Derived ore body anisotropy is oriented along fault structures, dykes and host rock contacts, confirming their main ore-controlling role in deposit.

Three-dimensional model of ore body is designed on basis of variogram analysis results, as ordinary block kriging interpolation is used. The deposit is modeled with
discrete blocks with dimension 15x15x15 m. The ore body is stockwork type, prolonged in NE direction. Digital terrain model is constructed for the modeling purposes
and it is used as boundary to exclude eroded part. The constructed 3D model is proximal and generalized as the ore body development is not studied in depth and
spatial characteristics of rock types are not separately analyzed.

GEOLOGICAL NOTES 55° in depth. Tectonic brecciation is observed along the
contact as a result of younger tectonic deformations.

The Elatsite porphyry copper deposit is located at the
northern slope of Chelopeshka Baba pick, about 55-60 km east
from Sofia City and about 6 km from Etropole town. It is formed
within the frame of Elatsite-Chelopech Ore Field, as it is
located about 6 km NW from the center of Chelopech volcano
(Popov et al, 2001). 114.78 M.. ore with 0.37 % copper
content were extracted during the period from 1981 to 1995.
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contents of 0.32 % Cu, 0.108 g/t Au, 0.004 % Mo, as well as %gfg . . ” N~ MNWZ”EI* S
the resources are 425.98 M.t. with 0.28 % copper content. A e o

The Lower Paleozoic metamorphic rocks, Lower
Carboniferous rocks of the Vejen pluton and Late Cretaceous
rocks of Elatsite dyke-like intrusion with the associated dykes
are spread across the region of deposit (fig. 1). The Lower
Paleozoic metamorphic rocks are found along the southern

deposit's boundary and phyllite, chlorit-sericitic schist and Figure 1.Geological map of the Elatsite deposit deposit (by
quartz-sericitic schist represent them. Various interpretations G. Georgiev, unpubl.)
about their lithostratigraphic affiliation exist (Angelov et al., 1 - microdiorite, micro-gabbro-diorite, microgabbro, 2 -
1995; Cheshitey et al., 1995; Antonov and Jeley, 2002). They granodiorite porphyrite, granite porphyrite, 3 - quartz-
are alterated into hornfelse and knotted schist along the monzodiorite porphyrite, quartz-diorite porphyrite, 4 - Vejen
contact zone with the rocks of the Vejen pluton. Their main pluton - granodiorite, granite, quartz-diorite, aplite, 5 -
orientation is from 90 to 110°with 15-45° dip to south. horfelse, knotted schist, schist, 6 — Kashana reverse slip -
overthrust, 7 - faults: a) Elatsite, b) Murgana, 8 — open pit
The Vejen pluton is developed in northern part of the horizons, 9 - boundary of designed 3D model
deposit, mainly represent by granodiorite and granite. Von The Elatsite intrusion (The big dyke) consists of quartz-
Quadt et al. (2002) determine its absolute age as 314+4 Ma by monzonitie intruded in the contact zone between
26ph/28 zircon method. The strike in the contact between the metamorphites and Vejen pluton. The wide fracturing zone of
granodiorite and the horfelse is about 100° in the westernmost the Kashana reverse slip - overthrust obviously defines its
part of the deposit. The contact tums to the southeast (140°) position. This intrusion is represented by a long plate-like body
and then rapidly tums to the northeast (60°) as shown in fig.1. with over 3.3 km length, as its width varying from several
The strike of the contact in easternmost part is about 80°. The meters up to 200-400 m. In the western part of the deposit the

general dip is 20-25° to the south near the surface, up to 45- strike of that body is about 90°, in the central part - 110-120°,
than it turns sharply to the northeast (50°), and finally turns to
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the southeast. The intrusion’s dip is 20-45° to the south in
upper parts, while in depth it's probably increasing up to 55°-
70°.

A great number of dykes represent by quartz-monzodiorite
porphyrite, granodiorite porphyrite, granite-porphyries and
aplite associate with Elatsite intrusive. Microdioritic,
micromonzonitic, ~diorite  porphyritic and  quartz-diorite
porphyritic dykes are also observed (Trashliev and Trashlieva,
1964; Von Quadt et al., 2002).

The U/Pb zircon method dating determines the age of
igneous rock bodies between 92.1+0.3 Ma - 91.84+0.31 Ma
(Von Quadt et al., 2002), which is very close to the
Cenomanian — Turonian boundary. Velichkova et al. (2001)
determines 88-90 Ma age of the subvolcanic bodies near
Elatsite and Chelopech villages by “Ar/*Ar analysis on biotite.
Besides, these intrusions are most probably formed by the end
of Turonian or in the beginning of Coniasian ages, according to
geological data (Popov et al., 2001).

Examining the structure of Elatsite deposit, Kalaydjiev et al.
(1984) suggest the development of a dense net of rectilinear
faults with E-SE, N-NW and NE direction. The recent study
(Georgiev, unpubl.) does not confirm this assumption.
Practically, there are three main fault structures, traced across
the deposit: Elatsite fault, Murgana fault and Kashana reverse
slip - overthrust (fig. 1). The Elatsite fault posses a strike,
varying from 85° to 125°. It lengthwisely crosses Elatsite
intrusion in the western part of the deposit, while to the east it
passes along the intrusion’s southern contact. lts dip is 70-85°
to the south. Movements, typical for right normal-slip fault are
accomplished. This fault basicly coincides “The first Elatsite
fault’, defined by Kalaydjiev et al. (1984). The Murgana fault
possesses a strike about 125-150°. It diagonally intersects the
deposit as it's dip is subvertical 80-90° to SW mainly. It is
nominated by Kalaydjiev et al. (1984) as “Central Elatsite fault”.
Right-slip movements with amplitude about 200-250 m and
collaps of 50-200 m are accomplished. It is turning in
southeastern part, where it is noted by Popov et al. (2001), as
the strike is 150-155°. The Kashana fault is registered for the
first time by Trashliev (1961), and later it is traced out and
described by Kouykin and Milanov (1970) and Kouykin et al.
(1971). These authors determine its age as Austrian in first
mentioned paper, while in second paper they assign Laramian
(or Post-Turonian) age to it. A thrust fault zone with width of
80-150 m, composed by anastomosing subordinate fault
surfaces is observed in southwestern part of the Elatsite
deposit, within the Late Paleozoic metamorphic rocks. It
passes along the contact between the Early Paleozoic and
Triassic rocks to the west. The zone probably represents the
appearance of Kashana thrust in this part of the deposit. The
partial intrusion within this zone of Elatsite intrusive, as well as
the intrusion at Kashana and some other smaller bodies, point
to its Austrian age. Younger post-ore movements most
probably with Laramian age are established as well. It should
be mentioned that Georgiev (unpubl.) determines radial-
concentric development of the jointing and small faults within
the deposit.

The Elatsite deposit is spatially and genetically related to
the Upper Cretaceous Elatsite intrusion and associated dykes
(Hadjyiski et al., 1970; Kalaydjiev et al., 1984; Dimitrov, 1988;
Popov et al., 2001). This is determined according to
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circumstance that it is intensively affected together with the
Paleozoic rocks by the post-ore hydrothermal alterations and
by the ore mineralisation. The hydrothermal alterations are
represented mainly by K-silicate (Ksp+bitqtz+iltpltcalc or
Ksp+chl+qtz+il+ab), propyllitic (Ept+act+abtbi+qiz+calc or
Eptchl+ab+bi+qtz) and sericitic  (ll+qtz+py) alterations
(Strashimirov et al., 2002). The copper is primary economic
element in the Elatsite deposit and the Au is secondary one.
The molybdenite concentrate was extracted during some
exploitation periods as well. Several consecutively formed
mineral associations represent the ore mineralization:
magnetite-bornite-chalcopyrite, quartz-pyrite-chalcopyrite,
quartz-molybdenite, quartz-pyrite, quartz-galena-sphalerite and
quartz-calcite-zeolitic associations (Strashimirov et al., 2002).
The development of the magnetite-bornite-chalcopyrite
mineralisation is quite irregular, as it includes native gold and
some minerals, containing elements from the PGE (Dragov
and Petrunov, 1996). The major economic interest takes the
quartz-pyrite-chalcopyrite association, which comprises the
main content of copper, gold (electrum) and molybdenum. The
quartz-pyrite and quartz-galena-sphalerite associations are
developed mainly in outlying parts of the deposit.

The ore mineralisation forms a big stockwork, which is
developed within intensively jointed Paleozoic granodiorite and
hornfelse, as well as within the rocks from Elatsite intrusive
and associated dykes (fig. 1). This ore body posses an ellipse-
like shape in plan, elongated to the northwest. lts length is
about 1200 m and the width varies from 200 to 750 m. The
area of its horizontal projection is about 0.616 km? (Hadjyiski et
al., 1970). The stockwork is outcropped by the erosion on level
1400 m (before the beginning of exploitation), as the ore
mineralisation reaches level 550 m in depth. Its main axis
posses a general strike of 40-50° to south, as in general it
follows the contact between Lower Paleozoic rocks and
granodiorite of the Vejen pluton. The ore stockwork is not
outlined in depth, as most of drills do not reach its boundaries.
It has continuous strike and dip. The ore body boundary within
host rocks is gradual and it is defined by copper content of
0.18 %. The transition is more sharply-outlined within
metamorphites, along their contact with granodiorite. The ore
mineralisation is represented by multiple veinlets and
impregnations ~ within intrusive  rocks, while veinlets
predominate in metamorphites. Small quartz-pyrite veins are
rarely observed.

DATA USED

Drillhole data from preliminary and detail exploration of
Elatsite deposit (Hadjyiski et. al., 1970), between horizons
1390 and 1045, are used in this study. The preliminary
exploration is realised on 100x100 m grid, down to level 805.
The drill grid is chessmate condensed up to 71x71 m in the
central parts and up to 50x100 m in the periphery during detail
exploration. Outlining boreholes placed at 200 to 300 m from
the base exploration network are drilled around ore body. This
exploration network geometry is preserved down to level 1000,
as in deeper levels it is destored due to borehole inclination.
The deposit is studied in deep below level 802 with 12 drills,
located in central part at intervals of 200 m. The drill core is
sampled by section samples with average length of 2.38 m and
the copper content is determined by chemical analyses.
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Composite core samples are used for the developing of
geostatistical model, where every composite sample represent
the copper content, which is averaged from section samples of
every drill at current level. Total number of 2819 composite
samples from 24 horizons is used. Copper contents in these
samples posses asymmetric statistical distribution shown on
figure 2, as the statistical parameters describing their
distribution low are represented below in table 2.

Variogram Fit in N-E Section

average estimation of different natural features, as anisotropy,
character and degree of correlation between neighbor samples
at different distances, value of general variability, continuity,
etc., which are typical for the object studied. After calculation of

Variogram Fit in NE-SW Section
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Figure 3. Experimental variograms and respective spherical models, determined for vertical sections in directions (° (a), 45° (b),
90° (c) and 135° (d). Four variograms, calculated at dips 0°, 45°, 90° and 135°, are shown for every direction.

VARIOGRAM ANALYSIS

The variogram analysis is an essential part from the
geostatistical modeling of deposits. Its aim is a determination
of the spatial variability nature for studied geological feature
(Matheron, 1967; Rendu, 1981). The variogram function is
defined as the relation of average differences between
measured values towards distances between samples:

P " (x' ~ Xt )2
i) Loty
2n,
where x;-x;.;, are n, of number differences between values
(e.g. element's contents), measured in samples at average
distance & between samples and situated along given
direction. The main advantage of variogram analysis is
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FIGURE 2.HISTOGRAM PRESENTING
COPPER DISTRIBUTION IN USED
COMPOSITE CORE SAMPLES.
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average differences in separate directions, represented by
experimental variograms, it is very important to select an
appropriate theoretical model, to describe adequately natural
structure in variability of data used.

The experimental variograms in plane and in four vertical
directions with azimuth 0°, 45° 90° and 135° are calculated in
this variogram modeling of Elatsite deposit. Sixteen
experimental variograms are calculated in general - four
variograms at 0°, 45°, 90° and 135° directions in plane, as well

0.039
0.033
0.026

0.02
0.014

0.0082

E10

a)

prolongation of ore body, while highest values of copper
contents dispersion are examined in NW-SE direction.
Interesting fact is that major anisotropy axis is oriented either in
NE-SW or NW-SE direction due to chosen automatic
approximation method, which can be explained with the strike
variation of host rocks contact as well as orientation of major
faults and dykes.

Cross-validation routine is performed for estimation of
averaged variogram model significance, which is applied later
in kriging interpolation modeling. This validation compares true
copper contents measured in composite samples with their
kriging estimations by neighbor samples. Popular geostatistical
modeling software GSLIB (Deutsch and Journel, 1998) is used.
The results are shown on table 2 and figure 5, where a high
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Figure 4. Variogram structure in horizontal direction, determined by 18 variograms (half-angle solution), shown as experimental
variograms (a) and variogram surface (b).

as at four variograms with 0°, 45°, 90° and 135° slopes in every
vertical direction. Variograms are calculated by three-
dimensional searching of neighbor samples, in following
conditions: from 20 to 500 m distance between samples with
lag 20 m, horizontal and vertical bandwidth 200 m, horizontal
and vertical angle tolerance 22.5°.

Experimental variograms are approximated with spherical
model, represented in general form as:

1=t L

2a 24’

y(h=C for h>a,
where C and a are variogram’s sill and range respectively,
while 7 is distance between samples.

The variogram analysis is completely done by UNCERT
software (Wingle, et al, 1997), as the approximation of
theoretical spherical model is automatically calculated by least
squares method. Resulting variogram models and parameters
are presented in table 1 and figure 3, which illustrate existing
anisotropy of copper ore body. Geometrical anisotropy
representing elongated ore morphology is examined, as well
as zonal anisotropy, which is determined by ore body location
around the contact between granodiorites and metamorphic
rocks. 18 variograms with angular lag 20° (half-angle solution)
are used for anisotropy analysis in horizontal direction with aim
to describe the structure of copper spatial variability (fig. 4).
The variogram surface shows that smoothest changes of
copper contents are examined in NE-SW direction, along the

E for h<a,
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similarity between true values and estimates, with correlation
of 0.86, is illustrated. Similarity between real and estimated
values confirms the good representation of natural copper
variability by variogram model, which is obvious condition for
precise reserve calculation trough kriging method. Smoothing
effect of kriging interpolation, espatialy for samples with higher
contents, is illustrated on figure 5.

Table 1. Spherical variogram model parameters, calculated for
individual directions and vertical angles.

Azimuth Dip Nugget effect Sill Range

0 0] 0.00592432| 0.0233568 285

0 45] 0.000786367| 0.0226083 180

0 90|  0.00535023| 0.0195682 305

0 135]  0.00332431| 0.0234292 190
45 0] 0.00415641| 0.0215626 270
45 45|  0.00273686| 0.0203063 220
45 90| 0.00765853| 0.0161969 300
45 135 0.0028656| 0.0198173 170
90 0] 0.00543918| 0.0249688 315
90 45 0.00573138| 0.0249761 295
90 90|  0.00277493| 0.0210528 275
90 135]  0.00713603| 0.0196509 225
135 0] 0.00709468| 0.0233214 295
135 45|  0.00673393| 0.0247538 250
135 90| 0.00408765| 0.026182 495
135 135 0.00609529] 0.0213959 285

Average: 0.00487 0.0221
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Table 2. Statistical parameters from cross-validation,
describing distribution lows of copper contents in composite
core samples (Cu), their kriging estimations (Cu*), estimation
variance (Sgy) and the differences between estimations and
true contents (Cu* - Cu).

Cu Cu* Scu Cu*-Cu
Mean. 0.282811( 0.283932| 0.002157| 0.001121
Median 0.26 0.27 0.002 0.009
Minimum 0.007 0.01 0.001 -0.818
Maximum 1.37 0.788 0.024 0.324
Variance 0.028384( 0.019908| 4.16E-07| 0.007325
Std. Deviation 0.168476( 0.141096( 0.000645( 0.085585
Skewness 1.163632| 0.568922| 14.986| -1.5891
Kurtosis 2.70775| 0.283673| 469.9832| 9.997335

Scatterplot Cu vs. Estimate
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Correlation r = 86170
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Figure 5. Correlation between true copper contents in core
samples (Cu) and their kriging estimations (Estimate).

KRIGING BLOCK MODEL

The geostatistical block model of copper ore body is
constructed for the volume with dimensions 1560x1080 m in
plan and 345 m in depth, between horizons 1390 and 1045.
Outline areas with lack of data are cutted, as the contour in
which the copper ore body is designed is shown on figure 1.
Digital elevation model is constructed by topographic map and
it is used to remove eroded parts. The studied volume is
disintegrated to small blocks with dimension 15x15x15 m,
which are estimated by block kriging method with 4x4x4
discretization points for every block. Kriging modeling is
performed with kt3d program from GSLIB software (Deutsch
and Journel, 1998), where 4 to 10 neighbor samples are used.
Octant type searching within maximum radius is performed for
declustering of drill data. Applied average variogram model,
determined by variogram analysis (tabl. 1) posses nugget
effect 0.00487 and sill 0.01723, as the anisotropy is described
with maximum, minimum and vertical range respectively 315
(azimuth 110°), 270 and 300 m. The resulting digital model
represents central co-ordinates, estimated copper contents
and the kriging estimation variance for each block. Detailed
analysis of variability and reserves calculation conditions for
separate host rocks and ore types is presented by Todorov ef
al. (2002).

Specialized module to visualize three-dimensional model of
copper ore body is developed in OpenDX software, which is
based on IBM Visualization Data Explorer software (IBM,
1997). The ore body morphology is illustrated by individual
isosurfaces on figure 6, as the relief surface is also shown for

higher reality. Constructed model could be used for reserves
calculation for separate horizons as well, if the geological-
economic and mining-technical conditions in the deposit would
be taken into account.

CONCLUSIONS

Designed three-dimensional model describes the spatial
features of copper contents distribution and ore body
morphology in Elatsite deposit. The variogram analysis shows
smooth copper contents variance, which is precondition for the
precise model design. Invoked anisotropy posses a
complicated morphology due to complex geological setting and
different fault directions, as well as the variation of host rock
contacts. The major anisotropy axis is oriented either in
northeast or northwest direction, parallel or orthogonal to ore
body length respectively, in depends of applied method for
automated approximation of variogram model. Both geometric
and zonal components are observed in invoked anisotropy, as
the second is most obviously manifested in W-E direction. The
geometrical anisotropy component reflects the differences in
ore-forming process intensity at central and outern parts of
stockwork and it is main controlling factor for ore body
morphology. The zonal component is caused by rapid changes
in lithological features of host rocks. It could be concluded that
copper content variances are smoothest in NE-SW direction
generally, while highest variance values are observed in NW-
SE direction.

Figure 6. 3D model of copper ore body represented by
isosurfaces on 0.25, 0.4 and 0.55 % Cu contents. Relief mode/
is overlaid as transparent light-gray surface. View from
Northeast.

The contact between Vejen pluton and Lower Paleozoic
metamorphites as well as the sub-parallel to contact Kashana
reverse slip — overthrust posses main magma-controlling and
ore-controlling role within Elatsite deposit area. The
intersection area of this contact, Elatsite intrusive and Elatsite
and Murgana faults defines particular ore stockwork location.
The last two faults obviously posses an ore-conducting role
within studied depth interval. The area of intersection between
separate structures is characterized by the highest
permeability, which is marked by the highest copper
concentration in ore body. The ore stockwork stretch in

FOONUIHNK Ha MurHo-eeonoxkus yHugepcumem “Ce. Msan Purncku”, mom 46 (2003), caumnk |, FEOTIOMMA Y TEOOUIUKA

15



northeastern direction is obviously determined by orientation of phyllite located out of this zone posses screening role during

the contact between Paleozoic granodiorites and the ore forming, due to their plastic features.

metamorphites in this area. This contact controls the Designed model describes in general the upper levels of
development of higher metal contents as well. It should be deposit, as the highest contents are observed between
mentioned that the ore mineralisation within Paleozoic horizons 1400 and 1200. The cross-validation performed on
metamorphites is developed mainly within the zone, where variogram model shows a high correlation between estimated
they are alterated into hornfelse. The knotted schist and and true contents, which represents adequate describing of

real geological situation by the created model.
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