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PE3IOME

MpencTaBenu ca pesynTaTute OT cTaTUCTUYeckaTa obpaboTka Ha NPoBK OT MbPBUYHMS TEOXMMUYEH Opeon Ha Haxoauiata Liap AceH, Papka v YepeeHa moruna.
CbabpxaHusTa Ha eneMeHTUTe ca OnpedeneHn Ype3 eMWUCUOHHO-CMeKTpaneH aHanu3. [lanHute ca obpaboTeHu C (pakTOpeH aHanu3, 3a wn3fBa Ha
NPOCTPaHCTBEHOTO rPYNMpaHe Ha eneMeHTUTe No TpUTe Haxoauwia. B pesynTar ca nomyyeHn CrieaHMTe reOXMMUYHI acoumaumn: a) B Haxoauie Liap AceH: ([Ag,
Cu] As) Au, [Co, Ni] u [Pb, Zn], kato Ba n Mo noka3sat He3aBucumo noeegeHue; b) B Haxoguwe Pagka: [Ni, Co], (Ba, As, Ag), ([Pb, Zn] Ag) u [Mo, Au], kato Cu e
He3aBWCUM eNeMeHT; ) Haxoauile Yepsera moruna: ([As, Ag] Pb, Au, Ba), ([Ni, Co] Mo) 1 [Cu, Zn]. MpocTpaHCTBEHOTO NOBEAEHME Ha enemeHTUTe 1 0bocobeHnTe
TeOXUMINYHI acoLaLyn MapkvpaT pasnniHUTe [bNO0UMHHN Y TeMMepaTypHN YCNoBIs Ha pyAoobpasyBaTenH1Te NpoLiecH.

KPATKA FrEONOXKA XAPAKTEPUCTUKA

lMaHaropckuaT pygeH paioH e pa3nonoxeH Ha 55 - 95 km
n3TOK-toronaTouHo ot rp. Cocpus (b. borgaHos, 1981). B Hero
€ PasBUT KOMMNEKC OT FOPHOKPEOHW CEAUMEHTHW, BYMKaHO-
FEHHW W WHTPY3MBHM CKanmW, KOUTO Ce pasmensT Ha Tpu
oT4eTIMBO 060COBEHM rpyMu: @) TYPOHCKa TEpUreHHa rpyna; 6)
[ONMHOCEHOHCKA  CEAMMEHTHO-BYfIKAHOTEHHa  rpyna;  B)
FOPHOCEHOHCKa CeNMEHTOreHHa rpyna. 'opHOKpeaHUTe ckanu
3ansraT TPaHCrPECMBHO BbPXY (PYHOAMEHT OT [okambpuncku,
nNaneo3oncKki1 U TPUacKK ckanu, a B OTAEMHWU y4acTbLy ca Nok-
PUTU OT ManeoreHCKW, HEOreHCKM M KBATEPHEpHW Hacraru.
Bcpen ckanuTe Ha JONHOCEHOHCKAaTa CeAUMEHTHO-BYIKaHO-
reHHa rpyna ce pasrpaHudyaBat Kpacer-Metenoscku, Cso-
Boga-Osumxbnmekn, Enwmwkm  u - Mecoseukn  BynkaHo-
nHTPy3uBHM komnneken (K. Popov, 2001a). Te ca uarpagenu
OT efHOMMEHHWUTE edly3MBHU 3adpyrn M KomarmaTuiHuTe
cybBynkaHckm W xunoabucanHn WMHTPy3uBW. PasnuuHuTe
BYFKAHO-UHTPY3MBHM KOMMAEKCH Ca MPOAYKTW Ha OTAENHM
MarmMeHu OrHuLa. Te ce pasnuyaBart Mo BPEMETO Ha TAXHOTO
obpasyBaHe, CbCTaBa Ha u3rpaxgawmTe M ckanm U
CTPYKTYpHaTa eBonoLus.



PagKkuHCKOTO pyHO None e pasnomnoXeHO B HOrou3ToyHaTa
yacT Ha [MaHariopckust pyaeH paioH. To e ¢opMupaHo BbB
Bpb3ka C €BOMIOLMATA HA KbCHOKPEOHWS Enwmwikn BynkaHo-
nHTpy3mBeH komnnekc (H. O6petenos, M. TMonos, 1973; M.
MMonoB 1 ap., 1994). Toan KOMNIEKC € CbCTaBEH OT CKANMUTE Ha
Enwmwkna  cTpaToBynkaH, ENWWWIKMS MAYTOH, Kakto W
MHOrobpoiiHK CyOBYymKaHCKM W CyOBYMKaHCKO-Xunoabucanyu
Marnki MHTPY3uBM W daiku. PygHoTto none obxalya ueuua ¢
W-HOW HanpaBnexve, gbmkuHa okono 20 km u wupuHa 4 km,
pasrnonoXeHa B CEBEPHOTO Kpuno Ha Enwwwkusa crpato-
BYNKaH. ENwmwkms nnyToH ce paskpuBa MO HeroBata HoxHa
rpaHuua, B pesynTaT Ha pasfoOMHOTO W3furaHe Ha LeH-
TpanHus 6rok Ha BynkaHa. XapakTepHO € pasBUTMETO Ha
pasnomute ¢ U-HOU (120-130°) Hanpasnexue. Te ca npeg-
CTaBeHW OT ABe rpynu: a) cyOBepTWKanHW [0 3aThbBaln Ha
ceBep (80-65°) pasnomu; 6) 3aTbBawm Ha tor (45-60°)
pasnomu. TexHWTe B3aWMOOTHOLUEHWS BEPOSITHO Mapkupart
CMperHaTo pasnomsiBaHe, KOETO CbMPOBOXAA M3OMUraHETO Ha
LieHTpanHaTa 4acT Ha BynkaHa. OcBeH TOBa Ca pa3BuTU
pasnomu ¢ HanpasneHus ot 60-80°, 150-170° u 20-40°. Te
cnocobCTByBaT 3a YBENMMYaBaHe Ha MPOHMLAEMOCTTa B
OTZENHW YYacTbL Ha paiioHa.

B pygHoTo none e passuta MegHomopgMpHa — MacuBHO-
cyndumpHa pyaHa cuctema ot nuHeeH tun (K. Popov, 2001b).
Ta e obpasyBaHa crnefl BYNKaHO-TEKTOHCKOTO pas3nomsiBaHe
BrokoBOTO pasuneHsBaHe Ha Enwwwkva crpaToBynkaH. Heit-
HaTa NPOCTPaHCTBEHa MO3WLMS Ce KOHTPONMpa OT Pa3foMHus
cHon ¢ W-HOW (120-130°) HanpaBneHue, KakTo WU OT BHen-
peHuTe B TAX CyDOBYMKaHCKUTE [O XunoabucanHu Masnku
WHTPY3MBW 1 Jaiiku. PygoobpasyBalumsat npouec ce Xxapak-
Tepuanpa C acMMeTpPUYHO pasBMTUE MO MPOTEXEHWe Ha
PYLOKOHTpONMpaLms pasnomeH cHon. B FOW kpaii Ha pyaHoTO
none ce Hamupa MmegHonopgupHoTo Haxopuwe Llap AceH
(dur. 1). B C3 HanpaBsnexue nocregoBaTenHo ca pasnoro-
KEHW MacuBHOCynuaHUTe Haxoguwa Pagka u YepseHa

Moruna, Kakto W peguua pyoonposisneHus. B toea Hanpas-
NeHe ce yBenuyaBa KonNuM4ecTBOTO Ha cyndoconute, Pb-Zn n
Au MuHepanu3auuu, KaTto HamansBa Temnepartypata Ha
pynoobpasysaHe. C MeAHOMOPMPHOTO HaxoamLLe acoummupar
K-cunukaTHM 1 MponUIMTOBM XWAPOTEPMANHN WU3MEHEHNS,
KaKTO W CEpUUMTOBM W aprunuU3NTOBM W3MEHEHWUSI B Mpu-
MOBBbPXHOCTHUTE YacTi. OKOMo MacuBHOCYNAUMAHUTE Haxo-
OMILA 30HarHO ca pasBWTW MPEAMMHO MPOMUIUTOBM, CEpPH-
UMTOBM [0 VHTEH3MBHW aprifiN3NTOBM M3MEHEHMS.

METOOWKA HA U3CNELABAHETO

OcHoBHaTa 3agaya Ha ToBa W3crneaBaHe € onpeaensiHeTo
Ha reoXUMUYHWTE acouuauuM B OpPeonnTe Ha Haxoguwiara
Papka, Llap AceH u YepeeHa moruna ot PafkuHCKOTO pyaHO
none. KaTo reoxumuyHM acoumauuu ca WHTepnpeTupaHu
W3BELEHUTE TPYMK OT ENEMEHTU CbC CXOOHO MPOCTPAHCTBEHO
pasnpoCcTpaHeHne, KkaTo Te He Ca MAEHTUYHU CbC CbLECTBY-
BaLLMTE MMHEparnHW acoumauuy ¥ napareHesn. 3a TSXHOTO
obocobsiBaHe ca M3MON3yBaHW CbBPEMEHHW CTATUCTUYECKN
npoLeaypy, OpraHu3npaHmn B OnpeaeneHa nocneaoBaTesiHocT,
nokasaHa Ha crnefHaTa cxema
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Queypa 1. leonoxka cxema Ha PadkuHckomo pyOHo none.



| MpensaputenHa o6paboTka Ha faHHUTE |
!

| EnHoMepeH ctaTucTuyecku aHanma |
!

| KrbcTep ananua |
!

| DaKTOpeH aHanm3 |

Mo pony ca onucaHu OTAEMHUTE €Tann B MpUNOXeHaTa
MeToaMka. 3a uM3dBa Ha reOXUMWYHUTE acouuauun e
13MON3yBaH OCHOBHO (haKTOPHUAT aHamnu3, LOKaTo MpesxoxX-
falmTte ro npouedypu umaT 3a Len npefsapuTenHarta
obpaboTka M “ono3HaBaHETO” Ha AaHHWTe. Bceku eamH ot
NPUNOXEHNTE aHanMW3W MMa XapakTep Ha CaMOCTOSATENHO
n3crnedBaHe, KOeTo OBCIyKBa pasmuMyHi FEONOXKWA 3adauu.
MMbpBuyHaTa 0bpaboTka MMa 3a Len  BbBEXAAHETO,
CTPYKTYPMPAHETO M CbXPaHSIBAHETO Ha AaHHWTE B KOMMH0-
TbpeH hopmar, Taka Ye Te Aa Obaar NecHO AOCTBMHM 3a
nocrnefgalmte  aHamuan.  EQHOMEpHMAT — CTaTMCTUYECKM
aHanu3 n3crnenBa xapakTepa Ha 3aKOHUTE Ha pasnpefeneHue
3a OTAenHuTE napameTpu, KaTo BNOCMeACTBME MoraT fa
O6boat  M3SBEHW aHOManuuTe N0  OTAENHUTE  XUMUYHU
€IIEMEHTN, CbCTABEHW MOHOENEMEHTHM KapT M ap. Knbe-
TEPHUAT W PAKTOPHWUAT aHanu3u ce U3Non3yBar 3a rpynupaxe
Ha eneMeHTUTe MO CTENEH Ha CXOAHO pasnpeaeneHue B
npocTtpaHcTeoTo. OCHOBHATA LieN Npy 06eAMHSBAHETO Ha Te3N
CTaTUCTUYECKM npouedypn B obwa nocnegoBaTeniHoCT e
Cb3[aBaHETO Ha €OMHHA MeToauka 3a aHanu3  Ha
reOXMMUYHUTE OPEOITM 1 acoumaLmm.

N3MON3yBAHW OAHHW N MPEABAPUTENHA OBPABOTKA

3a u3yyaBaHe Ha reOXMMUYHUTE OPeonM B Haxoguwata
Pagka, Llap AceH 1 YepseHa moruna ca “3non3yBaHu AaHHM
Mo MbPBUYEH FEOXUMUYEH OPEOST, aHANM3MPaH1 OCHOBHO Ype3
MOMyKONMYECTBEH EMMCMOHHO-CNIEKTPaneH aHamma 3a CTaH-
[apTHa CbBKYMHOCT OT 22 enemeHTa. Tbil KaTo Npe3 nNbpeuTe
eTanu Ha onpobBaHe HAKOW OT ENEMEHTUTE Ca OTKPUTM CaMmo B
€OVMHUYHM NpobW UMM He ca OTKpUTM M300LWo, TO mpe3 mno-
KbCHWUTE €Tanu Ha onpobBaHe Ca aHanu3npaHu CbBKYMHOCTU
camo ot 10-15 enemeHTa, XapaKkTepHM 3a U3y4aBaHWsl paiioH.
C uen pa 6bae HanpaBeHa CbMOCTaBKAa MEXAY M3BEXAAHUTE
FEOXUMMYHM acoupalmy no TpUTe Haxomauiia, B HacTosLata
paboTa ca npeacTaBeHu pesynTaTUTe OT CTaTMUCTUYECKaTa
0bpaboTka Mo W3BaZKM OT AaHHWTE, BKIHYBALLM CaMO Tesu
€/TeMEHTH, KOWTO Ca aHanuM3upaHu 1 B TpUTe Haxoguwa: Ba,
As, Ag, Pb, Zn, Cu, Ni, Co, Mo, Au. CbabpxaHusTa Ha Au ca
aHanuaupaHu Ypes eMUCMOHHO-CTIEKTPANEH aHasn3 ¢ XUMNYHO
HaboraTsiBaHe. 3a HaxoauLe YepBeHa Moruna ca 13nonasaHm
CbLLO 1 HSKOM KONMYECTBEHW ONpeeneHns Ha CbbpkaHusTa
Ha Au u Ag 4pe3 aToMHO-afcopOumMoHeH aHamm3 (AAS) u
aHanu3 4pes WHAYKTMBHO-CBbp3aHa nnasma (AES-ICP). 3a
MpoBepka Ha MpeunsHOCTTa Ha M3MepBaHUsTa, pesynTature
OT aHanusuTe Ca MOAMAaraHW Ha CTaHOApTEH BbLTPELLEH W
BBHLLEH KOHTPOM, MpU KOWTO HE ca YCTaHOBSIBAHM 3HAYMMW
pasnuums. BecuukM  CbabpkaHus ca  ONpPefensHu - unu
npeobpa3syBaHu BMOCNEACTBME, Taka Ye B HacTosLlaTa paboTa
ca NpeaCTaBeHN B MEPHW eauHULM ppm.

3a aHanu3a Ha opeona B HaxoguLle Paaka ca u3nonsyBsaHm
060 417 npobu, ot kouto 214 ca KbCoBM NPobu MO MbPBUYEH
reoXMMUYEH Opeorn, B3ETW OT MOBBPXHOCTTA B paioHa Ha
Haxoauweto u 203 sokoBuM NpobM OT HSAKONMKO COHOaxa,
pasnonoxeHu no npogunHa nuHmus 15. Haxoauwwe Llap AceH e
n3yyeHo ¢ obwo 1838 npobu, kato 257 ca OT NOBLPXHOCTTA.
OctaHanute 1581 ca sgkoBM npobu no  CoOHAaxuTe,
pasnonoxeHn no npocpmnn A u VIl ot yyactbk Liap AceH 1 1
no npogwmrm E n Xl ot yyactek Llap AceH 2. Haxogue
YepBseHa moruna e nacrnegsaHo ¢ nomowyTta Ha 783 npobw, ot
kouto 493 ca B3eTH OT noBbpXxHOCTTa M 290 AKkoBM MPO6M OT
net coHpaxa. MoBbPXHOCTTA € MpoyyeHa MMaBHO C NomoLlTa
Ha HSKONMKO KaHaBW, KOWUTO ca onpobeaHu Mo MeToda Ha
nyHKkTUpaHo 6pa3foBo onpobBaHe ¢ AbMmkuHa Ha bpasgaTa 5
m. OCBeH TOBa, MEXY KaHaBUTE U B apeara OKono TaxX ca
B3€TM W KbCOBM MpOBWM MO MbpBUYEH TFEOXMMUYEH OPEOIT.
N3BbpLueHOTO onpobBaHe Ha MOBBPXHOCTTA HE € HanpaBeHo
Mo CUCTEMHa NpoyYBaTeNiHa Mpexa, a AaHHUTE Mo paspesnTe
ca NMpeanMHO OT NO-KbCHWTE MPOyYBaTENHM coHgaxu. Mopagm
TOBA, W3BEJEHUTE Pe3yNnTaTi He XapakTepuavpaT LsMoCTHOTO
pa3snpoCTpaHeHMe Ha eneMeHTUTe.



Mopaan HUCKUTE ChAbPXaHUS HA ENEeMEHTUTE U HedocTa-
TbYHATa YYBCTBUTENMHOCT Ha EMMCUOHHO-CTIEKTPANHUS aHa-
13, B HSKOW OT NpoGUTE HE & YCTaHOBEHO MPUCLCTBUETO Ha
HAKOW ernemeHTW. B HacToswlata paGoTa Te ca 3aMecTeHn ¢
MonoBMHATa OT JONHNS Mpar Ha YyBCTBUTENHOCT Ha aHanuaa.
W3kniousaHeTo Ha TakuBa npobu He GM crieasano ga ce
W3nonayBsa, Thil KaTo TOBA BOAM [0 W3KPUBABAHE Ha CTa-
TUCTUYECKOTO pasnpeaeneHie Ha enemMeHTa 1 10 3aBuiLaBaHe
Ha HeroBoTO CPESHOaPUTMETMYHO CbabpxaHue. B cnyyauTe,
KoraTo fjafeHa npoba He e aHanuaupaHa 3a HSKOW eneMeHT,
T0 Tasn npoba He € M3Non3yBaHa MpU OMpedensiHeTo Ha
CTATUCTUYECKUTE NapameTpy Ha TO3M ENEMEHT, KakTo W mpu
onpedensHe Ha KOpernauuOHHUTE MY B3aUMOOTHOLLIEHUS C
ApYrUTe ENEeMEHTH.

EAHOMEPEH CTATUCTUYECKM AHANN3

[leckpunTuBHaTa CTaTUCTUKA € M3NON3yBaHa KaTo MbpBY
eTan 3a cTatucTuyeckata obpabotka Ha gaHHuTe. OCHOBHaTa
Uen € MbpBOHAYANHWMAT aHanu3 Ha pasnpefefieHusTa Ha
OTOENHUTE  XUMWYHW  ENEMEHTW, YPe3 CbBKYMHOCT  OT
CTaTUCTUYECKM NapameTpu, KaTo CpefHa CTOMHOCT, AMUC-
nepcusi, CTaHAAPTHO OTKIOHEHWE, acUMETPUS, eKcLec M ap.
Kakto e BuaHo ot Tabnuua 1, GONUMHCTBOTO OT €NeMeHTUTe
npuTexaeat Noa4YepTaHo NONOXUTENHO-aCUMETPUYHI pasnpe-
Jenexus, T.e. no-ronsamata 4acT OT AaHHWTE Ca C HUCKM
CbObpXaHUs W B Manko OT NpobuTe ca W3MEPEHW BUCOKM
CbObpXaHWs Ha [JadeHus enemeHT. TakaBa opma Ha

Tabnuua 1. CtatuCTYeCcKM NapamMeTpu, NPECMETHATM MO JaHHUTE OT TPUTE HaxoamLLa.

CpeaHo Meawnana MuHuMym Makcumym Oucnepcus CraHaapTHO Acumetpus Ekcuec
apUTMETUYHO OTKNOHeHne
Haxoguuwe Llap AceH
Ba 758.4875 700 50 7000 188447.2 434.1051 3.381271 27.98798
As 62.84004 50 50 200 575.381 23.9871 1.81213 3.589405
Ag 0.347334 0.2 0.1 3 0.124987 0.353536 2.797355 12.722
Pb 13.8599 7 1 700 1436.767 37.90471 11.57918 164.277
Zn 63.00054 50 15 1000 3964.114 62.96121 6.811959 75.62133
Cu 1070.743 500 0.5 10100 3111321 1763.894 3.339556 12.51682
Ni 7.194233 5 0.5 70 37.25703 6.103853 2.94289 17.87328
Co 10.02584 7 0.5 300 136.8547 11.69849 11.5741 245.4383
Mo 6.86235 5 0.5 150 98.17837 9.9085 6.725931 69.56122
Au 0.024013 0.0015 0.0015 1 0.003875 0.062252 7.396453 86.13288
Haxopue Pagka
Ba 1341.127 1000 50 10000 906291.3 951.9933 3.897478 23.59711
As 101.9185 100 50 300 1414.58 37.6109 1.196747 3.723692
Ag 0.431175 05 0.1 3 0.097235 0.311825 2.874435 16.15526
Pb 33.70983 15 2.5 3000 27515.63 165.8784 14.70323 250.6651
Zn 124.0767 70 15 10000 258556.9 508.4849 17.87245 344.5467
Cu 419 100 3 10050 1060510 1029.811 5.786596 42.71888
Ni 7.94964 7 0.5 30 26.3989 5.137986 1.104547 0.619962
Co 8.31295 7 0.5 30 63.54305 7.97139 1.126899 0.517454
Mo 9.491607 5 0.5 700 1326.589 36.42238 16.85363 313.9194
Au 0.01838 0.0015 0.0015 05 0.002913 0.053974 5.728896 39.10217
Haxoauye YepseHa moruna
Ba 1269.83 1000 100 7250 1047866 1023.653 2.328667 7.489797
As 114.2016 100 50 1250 19604.74 140.0169 6.466718 44.90588
Ag 0.876539 05 0.15 49.47 5.977162 2444823 12.0744 207.8978
Pb 104.1137 20 0.5 7000 191306.7 437.3862 10.15461 125.9087
Zn 117.2542 30 15 5000 112335.9 335.1654 9.739956 124.2805
Cu 129.8212 70 5 7000 117349.9 342.5637 12.70421 221.6551
Ni 5.500639 5 0.5 30 25.17935 5.017903 2.293026 6.609995
Co 4.333333 3 0.5 150 49.539 7.038395 12.24836 237.2022
Mo 3.509817 3 0.5 30 16.7309 4.090342 3.049325 1241778
Au 0.130043 0.03 0.0015 5.9 0.163005 0.403739 7.786549 79.52349




pasnpefeneHne e Hai-4ecTo CcpellaHaTta Mpu reonoxKkuTe
n3crnenBaHNs Ha MOBENEHNETO XUMUYHUTE enemeHTh. OBuk-
HOBEHO, CUMETPUYHUTE pa3npedeneHns ca XapaKkTepHu 3a
PABHOBECHUTE CUCTEMM, [10KaTO acMMeTpusiTa noackassa 3a
HAMMYMETO Ha MPUBHOC MMM M3HOC HA [afeHuUs enemeHT.
MonoxuTenHata acuMeTpus BbB JopMaTa Ha pasnpefeneHme
MOXe [a Ce MHTEepNpeTMpa KaTo MPUBHOC Ha BELECTBO OT
HarnoxeH pynooGpasyBaTeneH npoLec.

KITbCTEP AHAIIN3

Knbetep ananuabT (Tryon, 1939) obedumHsisa pasnuyHu
anroputMu 3a knacudpmkauus. OcHoBHaTa Len e opraHu-
3MpaHeTo Ha [JaHHMTe 3a MofyyaBaHe Ha  CMUCIEHM
OpraHu3aumonHu cTpyktypu. lpu Hero HabniogenwsiTa ce
obeaunHsBaT B rpynu Taka, Ye BCsKa rpyna 4a CbAbpxka Yactta
oT Te3n 06ekTH, KouTo ca nogobHW nomexay cv. Bbnpekn ye
KTbCTEp aHanM3bT He e TWUMWYEeH CTaTUCTUYEeCKU TecT U
nMncBaT METOAM 3a TECTBAHE Ha CTaTUCTMYecKaTa 3HaUMMOCT
Ha oBpa3yBaHWTe Tpynn, TOW € MHOrO yAayeH B HavarHuTe
eTanu Ha aHanu3 Ha ronemu MacwBi OT [aHHW, 0COBeHo
KoraTo NMNCBAT HsKaKBW MbpBOHayanmHu xunotesn (StatSoft,
1999).

B npencraBeHata paboTa e u3nonayBaH nepapxuyeH MeTos,
Ha rpynupaHe, kaTto B Ha4anoTO €NeMEHTUTE C Haii-ronsmo
CXOACTBO 0OpasyBaT sgpata Ha rpynuTe, a BriocneacTsne
BCEKM OT OCTaHanuTe 0bekTu ce NpUBbP3Ba KbM Tasu rpyna, ¢
umuTo 00eKTM nokasea Hail-ronsma npunmuka. [pynupaHeTo
NpoLbIKaBa [OKAaTO BCUYKM eeMeHTU ce obeauHsT B eaHa
rpyna. lMomyyeHoTO nogpexaaHe Ha eneMeHTUTe OTpassiBa
CTpyKTypaTa Ha TexHWUTE B3auMMOBPB3KM. KaTto mspka 3a
CXOACTBO MEXOy enemMeHTUTE € W3MonayBaH KoeuUNEHTHT
Ha kopernauwsi r. 3a OueHka Ha CXOACTBOTO Mexay Beye
obpasysaHata fpyna ¥ [Apyr enemeHT e W3nonayBaHo
MpETErNeHo0  CPegHOapuUTMETWYHO  yCpedHsBaHe  Ha
KopermauuiTe, KOETO BOAW [0 Hal-manka 3aryba Ha
MHGOpMaLMA MpKU MO-KbCHUTE CTaguu Ha rpynupade. [lpu
obenuHsBaHe Ha ABe rpynu, BposiT Ha obekTMTE BBB BCAKA
rpyna ce M3non3yea kaTo Terma npu ycpefHsiBaHeTo. Ha
urypu 2-4 ca nokasanu pesyntaTute OT KbCTep aHanusa. B
KBagpaTHM CKOOM Ca OrpafieHn ENeMEHTUTE CbC CMIHM
KOpenaLMOHHN B3aMMOBPB3KM NMOMEXKLY CW, @ C ODMKHOBEHM
ckobu - Tesn ¢ mo-cnabu Bpb3kn. Cbc cumBona “+” ca
po0aBeHn enemMeHTUTE, KOUTO MokaseaT cnaba TeHaeHuus 3a
NpucbepuHsiBaHe KbM fJapeHata rpyna.  OcraHanute
€NTEMEHTH, KOMTO He ca MOCOYEHU B HUTO efHa OT rpymnuTe,
nokaseaT He3aBKCYMO NPOCTPAHCTBEHO NOBEAEHNE.

Queypa 2. Knbcmep aHanus no aHHume om Hax. Liap AceH.
[MonyyeHume epynu ca: [Pb, Znj, [Ni, Co], (Ag, Cu) +Au

Queypa 3. Knbcmep aHanu3s no OaHHUmMe om Hax. Padka.
MonyqeHume epynu ca: [Pb, Zn] +Ag, [Ni, Co]

Queypa 4. Knbcmep aHanu3 no OaHHUmMe om YepgeHa
Moezuna. MonyyeHume 2pynu ca: ([Ag, As] Pb, Au),

[Ni, Co] +Mo.

OAKTOPEH AHANN3

OakTopHusT aHanua (Thurstone, 1931) ce npunara ca
n3sBaTa Ha CTpyKTypaTa Ha u3crnefBaHuTe JaHHW B CMUCHNA
Ha TAXHOTO rpynupaHe W Knacudukauws, Kakto W 3a
pedyuMpaHe Ha pa3MepHOCTTa Ha MpOCTPaHCTBOTO OT
aHanusupaHuTe NpoMeHnmuBM. B HacTosLaTa MeToamka ToBa e
[maBHaTa npouedypa 3a M3BIWYAHETO Ha rpynute OT
€NTeMEHTM CbC CXOAHO MPOCTPAHCTBEHO MOBEAEHIUe, KOUTO Ca
WHTEPNPETUPaHN KaTo reoXuMUYHU acouuaumn. OCHOBHWAT
NOAXOA B NPUNOXEHWETO Ha (haKTOPHUS aHanus ce Basupa Ha
ngesTa 3a u3siBa Ha CTPYKTYpUTE B AAHHUTE Ype3 U3BNuYaHe
Ha (pakTopHu obLiecTBa, OasupaHu Ha CXOACTBOTO MeXay
NPOMEHNUBHUTE.

Hai-nonynsipHata pa3HOBWAHOCT Ha (hakTOPHWS aHanu3 e
MeTOZa Ha rnaBHUTEe KOMMOHEHTU, MU KOWTO ce aeduHnpart
m HOBW OCM, KOMKOTO € MbpBOHaYanHus 6pol Ha
n3cnegBaHute npoMeHnveu. [pu MeToga Ha  rMaBHWTE
KOMMOHEHTW HOBWTE (PaKTOPHM OCW, HapWU4aHU TNaBHU
KOMMOHEHTW, CE W3BMMYaT Taka, 4Ye Ja Ca B3aUMHO
nepneHauKynspHu, T.e. TMpuema Ce  YCnoBMETO 3a
HesaBMCMMOCT Mexay dakTopute. Tol ce basupa Ha ugesTa,
Ye KOBapvaLWOHHaTa MaTpuua Ha [faHHWTE MOXe da ce
NpeacTaBuM  kato  CbBKYMHOCT ~ OT  BEKTOpM,  OMMCBALLM
enuncouaa Ha pascenBaHe Ha gaHHuTe. [MaBHUTe OCK Ha TO3M
enuncoua NpeacTaBnaBaT TbPCEHUTE TaBHU KOMMOHEHTU W
Ce Hamupar upe3 CobCTBEHWUTE BEKTOpW W CcoBCTBEHUTE
CTOMHOCTM Ha KOBapuaLuuoHHaTa matpuua. Taka nonyveHute
OCU BEYE He OTYMTaT MbpPBOHAYANHUTE U3MEPEHN CTOWHOCTH,
a npefcTaBnsBar JMHENHM KOMOMHauuMM OT OTAemnHUTe
npomennuen.  OpuEHTUPAHETO Ha  HOBUTE OCKM MO
HanpaBreHWATa Ha MakckManHata MpPOMEHNMBOCT B
HabnogaBaHaTa CbBKYMHOCT CE W3BbPLUBA C LEN Aa Ce U3SIBY
CbllecTByBallaTa “ckputa’ CTpyKTypa B AaHHuTe. Mo TO3M
HauuH, BCAKa OT MOMyYeHWTE (HaKTOPHM OCK e OTdyeTe
CbBMECTHOTO MOBeJeHWe Ha fdafeHa rpyna OT 3aBUCUMW
nomexXay Cv NPOMEHMMBY (aKko Takasa rpyna CbLuecTByBa) unu
CaMOCTOSITENHOTO MOBEAEHWE Ha HAKOS OT He3aBuCUMUTE
npomeHnuen. Berepctaue, 6posT Ha (hakTOpHUTE OCK MOXe
fa Obae peayumMpaH Taka, ve fa ocTaHaT camo Tesu hakTopwm,
KOMTO OTYMTAT CbLUECTBYBALUMTE IPYNM OT NPOMEHITUBM.

3a pegyumpaHe Ha pa3MepHOCTTa Ha MPOCTPAHCTBOTO W 3a
W3KMIOYBAHE Ha M3MUWHMTE (DAKTOPHM OCKM, OMMCBALLM
MOBEJEHWETO Ha EAMHWYHW MPOMEHMMBMW, MPU HACTOSLLMS
aHanu3 Ha faHHuTe e u3nonayBaH R-mMeTof Ha (haKTOpHWS
aHamms (J. Davis, 1973). Tasu npouegypa u3y4aBa Kope-
nauMoHHaTa MaTpuua Ha [daHHUTe, KaTo B3aMMOBPbB3KUTE
MexOy NPOMEHNWBUTE Ce pa3rnexnar Kato KopenauuoHHM
33BMCMMOCTM Ha BCSKa MPOMEHNMBA C HOBUTE B3aMMHO
HesaBuCUMKM  (opToroHanHu) caktopn. OBMKHOBEHO, mnony-
yeHuTe hakTopn He ca [Jobpe OpueHTWpaHW no Hanpas-
NEHNeTO Ha perpecuoHHaTa 3aBWCUMOCT Ha fajeHa rpyna
nopagn (akra, Ye WM He3aBUCUMWUTE NPOMEHNMBU OKa3eaT
BMMSHWE MPU HAYaNHOTO JeduHMpaHe Ha (akTopHWUTe ocw,
KaKTO ¥ Mopagu Cnas3BaHeTo Ha YCMOBMETO 3a MeprneH-
BUKYNAPHOCT MexXay (hakTopute. B HAcToAWOTO n3cneasaHe e
u3nondysaHa HopmanuaupaHa ‘varimax” poTauusi, Kato



Tabnuua 2. dakTopeH aHanM3 No AaHHKUTE OT TPUTE HaxoaMLLa

Hax. Llap AceH Hax. Pagka Hax. YepBeHa moruna
®akmop 1 |Pakmop 2 |Pakmop 3 |Pakmop 1 |Pakmop 2 [Pakmop 3 |Pakmop 1 |[Pakmop 2 |Pakmop 3
Ba 0.356424| -0.270438 -0.005634| 0.584817| 0.080681| -0.074527| 0.517654| 0.113013| -0.203637
As 0.564405( -0.150037| -0.097746| 0.548261| 0.040454| 0.196027| 0.890475| 0.036145 -0.040895
Ag 0.831592 -0.019339| 0.141586| 0.553641| 0.615842| 0.217583| 0.826013| -0.063165[ 0.073649
Pb -0.012358( -0.111107| 0.913869| -0.038171| 0.951301| 0.077332| 0.752217( 0.098799( 0.147461
Zn 0.034869 0.226112| 0.893223 -0.094317| 0.931630( -0.083727| -0.033161| 0.318083 0.699382
Cu 0.710073 0.149842| 0.055786 0.142407| 0.200609| 0.010657| 0.130129| -0.055779 0.834445
Ni 0.011791( 0.818641| 0.092808| -0.812829| -0.043390( 0.124165| 0.029211| 0.893558 0.077196
Co 0.004689( 0.845982| 0.044145| -0.851658| 0.025131| 0.052812| -0.113072| 0.782778 0.096433
Mo 0.363490| 0.344324( -0.089243| 0.019297| -0.039264| 0.708351| 0.466447( 0.557625| 0.020087
Au 0.434278| 0.106800| -0.005758| -0.053381| 0.096680[ 0.733685| 0.729855| -0.115009( 0.188704
Ortyer. aucn. 1.963593| 1.697769 1.684308| 2.368985| 2213962 1.162687| 3.090974| 1.867477| 1.307014
IMponopu. 0.196359 0.169777] 0.168431] 0.236898] 0.221396] 0.116269] 0.309097| 0.186748| 0.130701

NPaKTN4eCKNAT ecbeKT € [OMbJTHATENHOTO YyBENN4YaBaHE Ha
BWCOKNTE Terna BbB BCEKN q:)aKTOp 1 HamanaBaHe Ha HUCKUTe.

HepocTaTbk Ha (haKTOPHUAT aHamu3 e nuncaTa Ha Hskaksa
npegBaputenHa uHgopmauus 3a  Heobxogumns  6poi
caktopu. Mo Tasu NpuumMHa B NPUNOXEHaTa METOAMKA MbPBO
€ W3Mon3yBaH KITbCTEP aHanu3, 4pes KoWTo Aa Ce Mony4u
npescTaBa 3a CblUECTBYBALlaTa KopenauuoHHa repapxus B
[aHHWTe W 33 ovakBaHus Opol Ha rpynute. Yecto B
npakTiKkaTa ce M3nonayBaT HAKOMKO pasnaraHus Npu pasnuyeH
Opoin Ha hakTopHUTE OCK, KaTo ce M3bupa Hail-ygobHusT 3a
WHTepnpeTauus BapuaHT. EQekTbT OT M3non3yBaHeTo Ha Ha
Mambk Bpoi dakTopu ce cBexaa A0 Mony4aBaHeTo Ha mno-
MasKko rpynu, Ho C NOBEYE enemeHTW BbB Beska rpyna. [pu
yBennyaBaHe Opos Ha akTopwuTe, MOMydYeHWTe rpynu ce
pasfensaT Ha Moarpynu W ce nosiBaBaT (hakTopu, OTYMTALLM
€OVMHUYHU enemeHTU. [onaMo npeanMcTBO € Bb3MOXHOCTTa
3a npecmsTaHe Ternara Ha Bcsika npoba B gageHus aktop,
KOETO NO3BONSIBA M3YepTaBaHETO Ha kapTh Mo pasnpocTpa-
HEHWETO Ha Bceku dakTop (cur. 5-7).

Pesyntatte 0T (DAKTOpHWS aHamM3 NO U3NOM3yBaHUTE
AEeCceT XUMUYHW enemMeHTa ca npeactaBeHn B Tabnuua 2. 3a
135Ba Ha rEOXMMUYHMTE acoLmMaLy ca U3BBPLUEHN Pa3NNYHK
pasnaraHusi Mo [Be A0 neT (hakTOpHM OCKM, KaTo TyK ca
NPEACTaBEHN pasnaraHusaTa no Tpu hakTopHU ocu, n3bpaHu
kaTo Hai-npefcTaBuTenHu. Termata Ha  eneMeHTuTe,
obpasyBaln SOpOTO Ha rpynaTa BbB BCeKW OTaeneH daktop
(terma no-sucokn ot 0.5) ca ygebenenn, Termata Ha
e/leMEHTUTE, KOWUTO MOKa3BaT CUIHA TEHAEHUMS 3a MpUChe-
OVHsBaHe KbM AafeHaTa rpyna (terna mexgy 0.5-0.4), ca ¢
yoebeneH HaknoHeH wWpudT, a Ternata Ha He3aBUCUMW
€NeMeHTH, KOUTO nokaseaT cnaba TeHOeHUWs 3a npuUche-
OVHsBaHe KbM AafeHaTa rpyna (terna mexgy 0.4-0.3), ca ¢
HaKnoHeH WwpudT. B nocneagHute aBa peda Ha Tabnuuata e

rokasaHa oT4yeTeHaTa ANCnepcust Mo BCeku (akTop 1 HelHaTa
nporopumMoHanta yact crpamo ofLiata aucrepcns  Ha
[1aHHITE OT BCAKO HaXoAuLLe.

Tabnumua 3. M'e0XMMMYHM acoumaLlmm, OTYETEHM NO OTAENHUTE
tbakTopHu ocu, 3a Haxogmwa Llap AceH, Pagka u YepseHa
Morvna.

Haxoauwe Llap AceH
®daktop 1: ([Ag, Cu] As) + Au, Mo,
Ba
®dakTop 2: [Co, Ni] + Mo
®akrop 3: [Pb, Zn]

Haxogwnuwie Pagka
®akrop 1: - [Ni, Co;
+ (Ba, As, Ag)
®aktop 2: ([Pb, Zn] Ag)
®aktop 3: [Mo, Au]
Haxoguuie YepseHa moruna

®akTop 1: ([As, Ag] Pb, Au, Ba) +
Mo
®akTop 2: ([Ni, Co] Mo) +
Zn

®akrop 3: [Cu, Zn] (-Ba)

B Tabnuua 3 ca W3BEeAEHM TFEOXMMWYHMTE acoumaLm,
WHTEPNPETUPAHN N0 pesynTatuTe OT (PaKTOpHUS aHanns
(tabn. 2). MogobHO Ha rpynMpaHeTo Ype3 KITbCTep aHanms, ¢
KBagpaTHM ckoOWM ca orpageHn enemeHTUTe C Hait-BUCOKM
Terna (SapoTo Ha akTopa), ¢ 0BKUKHOBEHM CKOOM — TE3u ¢ no-
cnabw Terna, a ¢ “+” ca gobaBeHW enemeHTUTE, KOUTO ca
HEe3aBUCUMM HO MOKa3BaT Hskaka criaba TeHgeHuuMs 3a
npuchbeamHsBaHe KbM [jageHaTta rpyna.
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Queypa 5. MpocmpaHcmeeHo passumue Ha eeoxXumuyHUMe acoyuayuu e Haxoduwe Liap AceH
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®ueypa 6. MpocmpaHcmeeHo passumue Ha eeoXumuyHUmMe acoyuayuu 8 Haxoduwe Padka



Queypa 7. lpocmpaHcmeeHo pasgumue Ha 2e0XUMUYHUME acoyuayuu 8 Haxoduwe YepeeHa Moauna.

n3BOAN

B HacTosILLOTO M3CneABaHe ca MpeCcTaBeHW pesynTatute
OT cTaTuCTUYeckaTa obpaboTka Ha ronsm 6pon aHanman ot
Haxoguwata Llap AceH, Pagka n YepeeHa moruna. [lMpuno-
XeHaTa Tabrmua 1 npegoctaBs WHGoOpMauMs 3a Cbabp-
XaHWATa M pasnpefeneHusiTa Ha U3CnegBaHuTe XUMWYHM
enemeHTH. Kato Lsno enemeHTUTE NOKa3BaT XapakTepHUTE 3a
HEpaBHOBECHU CUCTEMW acUMETPUYHU pasnpeseneHnsi, KoeTo
Ce [b/KM Ha HamnoXeHuTe Cpef BMECTBALLMTE CKanu
XWApOTepManHm u pynoobpasysaTenHu npouecu. [eoxumm-
HUTE acoumauuu, ompeperneHm Ha 0asata Ha (akTopeH
aHanuau mMorat Aa 6baat 0606LEeHN N0 CNeAHNST HAUH:

3a Hax. Llap AceH:
([Ag, Cu] As) Au, [Co, Ni] n [Pb, Zn], kato Ba u Mo ca
He3aBMCUMU

3a Hax. Padka:
[Ni, Co], (Ba, As, Ag), ([Pb, Zn] Ag) n [Mo, Au], kaTo meaTa e
HE3aBMCUM enemMeHT

3a Hax. YepseHa moeuna:
([As, Ag] Pb, Au, Ba), ([Ni, Co] Mo) u [Cu, Zn].

MpOCTPaHCTBEHOTO FPyNMpaHe Ha W3CNeABaHUTE XUMUYHU
€NeMeHTU MokasBa TeHAeHuust 3a obocobsiBaHe Ha TakuBa
cbobuiecTBa, B KOUTO Ce 0DeanHsBaT eneMeHT, MpUCHCT-
BallM CLOTBETHO NOA (popmaTa Ha BWUCOKO-, CPEHO- UIn
HUCKOTEMNEPATYPHU MWHEpPanu. Taka W3siBEHUTe rpynu ca
npeanocTaBka M 3a OMPedensiHe Ha CblUeCTByBallaTa
30HANHOCT B M3cneaBaHuTe Haxoguila. OT cpaBHSIBAHETO Ha
pesynTaTuTe OT (PaKTOPHM acouuauuy No TPUTE Haxomuiia
MoraT J1a ce HanpaBesiT CrefHNUTe U3BOaM:

1. [lonyyeHute acoumaumn ca OTpPaXeHME Ha CbLLECTBY-
BallaTa 30HanHocT B Haxoguwata. B Haxoguwe Llap AceH
pasnpocTtpaHerneTo Ha ([Ag, Cu] As) Au acouuauus e MHoro
Brm13ko 4O MONOXEHNETO Ha PyAHOTO TAMO, MOpagn BUCOKOTO
BnusiHne Ha Cu B Ta3m acoumaums (cur. 5). Bropata [Co, Ni]
acouuauus e passBuTa OKONO Mbpeata W B AbnbO4MHA.
Tpetata [Pb, Zn] acounauus Cbllo e pa3suta no nepude-
pusiTa Ha nNbpBata U MPeauMHO MO NOBBLPXHOCTTA Ha
HaxoauweTo. W3BeaeHnTe 3a Haxoauile Pagka reoxumuyHu
acouuauum ce pasnonarat no nepucepusTa Ha pyoHUTE 30HH,
KOMTO Ca BMECTEHM OCHOBHO Cpef JauuToBuTe edy3unsu (cur.
6). PasnpoctpaHenueTo Ha [Ni, Co] acoumaums ce Habnoaasa
OCHOBHO B gbnbounHa a (Ba, As, Ag) n ([Pb, Zn] Ag) ca
pasBUTM B MO-BUCOKUTE U MPUNOBBLPXHOCTHUTE YacTW, B
Brm3ocT no nepudepnsTa Ha MEQHOTO OpyAsBaHe. Acoupa-
umsta [Mo, Au] e passuTa rnaBHO B MOBBPXHOCTHUTE YacTy,
cpen aHgesutoBuTe ckanu. B Haxoguwe YepseHa moruna
mbpeata ([As, Ag] Pb, Au, Ba) acoumnaums ce Habnogasa npu
MECTOMOMNOXEHUATA Ha 3MaTOPEAHUTE Tena M OKOMo TsX (cwr.
7). Bropara ([Ni, Co] Mo) acouwnauus ce pasnonara B 6nm3oct
M no nepucdepusta Ha nbpeata, a Tpetata [Cu, Zn]
acouuaums e passuta npegumHo Ha HOWM u B no-Huckute
yacTu. [pOCTPaHCTBEHOTO MOMOXeHWe Ha acouuauuute B

TPUTE Haxogulia NokasBa TAXHATA FeHeTUYHA MPUBbLP3AHOCT
KbM MaBHUTE PYAOKOHTPONMPALLYM TEKTOHCKM CTPYKTYPU.

2. B Tpute Haxogmwwa ce obocobsBa rpynupaHeTo Ha Ag
As, kato B Llap AceH kbM Tasu rpyna acouuupar oule Cu u Au,
a B YepaeHa moruna — Pb un Au. Acoumnauusta ot Ag, As n Ba
e no-cnabo otyetnMBa B Haxogwiwe Papgka, KbgeTo sicHO e
n3pas3eHa OTpULATENHATa Kopenauusi Ha Te3u enemMeHTn ¢
rpynata Ha Ni n Co. Cbuwo B Pagka ce Habniopasa “uHTEp-
acounatMBHO® noeedeHne Ha Ag, KOETO ce oTtnara CbC
3Ha4MMK Terna v no mbpBaTa W No BTopaTa (pakTopHa oc.

3. B Haxoguwata Lap AceH u Pagka ce obocobssa
acoumauus ot Pb n Zn, kato B Pagka ¢ Tasu rpyna acouuupa u
Ag. B Haxoguwe YepseHa moruna Pb u Zn nonagat B
pasnuyHn rpynu, kato Pb acoumvpa ¢ As, Ag, Au 1 Ba, a Zn
obpasysa acoumauys ¢ Cu.

4. TpyrmpaneTo Ha Ni n Co ce 13siBsiBa M B TpUTE HaxoaMLLa,
kato B Llap AceH u YepseHa moruna ¢ Te3u [Ba enemeHTa
acouuupa u Mo. B Pagka Tasu rpyna uma 1 Hait-ronsm gsan B
obuwata gucnepcus Ha faHHuTe.

5. [Mo-cneyndmyHo e NpocTpaHCTBEHOTO noBeaeHne Ha Cu B
Tpute Haxoguwa. B Llap AceH To3u enemeHT nonaga B egHa
acounauus ¢ Ag, As u Au, gokato B YepeeHa moruna ce
rpynupa ¢ Zn, a B Pagka noka3sa camoCTOSTENHO NOBeAEHMe
(cbBCceM cnaba TeHgeHUust 3a obeanHsBaHe ¢ rpynata oT Pb,
Zn n Ag).

6. EnemeHtute Au u Mo CblO MMAT JOHSKbOE PasnUyHO
noeegeHve B TpuTe Haxoguwa. B Haxopuwata YepseHa
moruna v Llap AceH Au acouumnpa KbM rpynata ¢ sapo ot As-
Ag, a Mo noka3sBa 13BECTHO “UHTEpP-acoLMaTUBHO" NOBEAEHME,
kaTo OT egHa cTpaHa scHo ce rpynupa ¢ Ni u Co wu
CbLLUEBPEMEHHO MOKa3Ba U3BECTHA TEHAEHLMS 3a rpynupaHe u
kbM acoumaunsta ot As-Ag. B Haxoguwe Pagka Au u Mo
obpasyeaT camocTosTeNHa acoumauusi, KbM kosTo craba
TEeHOEeHUMSA 3a npucbeauHsBaHe nokasea u Ag. B Llap AceH
rpynupaneTo Ha Au ¢ Cu n Ag B MbpBuMs (hakTop M3MbKBa OLLle
MO-AICHO KOraTo Ce M3NonayBa pasnaraHe no no-ronsm 6pomn
thakTopm.
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GEOCHEMICAL ASSOCIATIONS IN RADKA ORE DISTRICT
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ABSTRACT

Results from statistical processing of primary geochemical halo samples from Tsar Asen, Radka and Chervena Mogila deposits are discussed. The concentrations of
chemical elements are determined by emissiom-spectra analysis. The data are processed by factor analysis for determination of spatial groups of elements in the tree
deposits. The following geochemical associations are recognized: a) in Tsar Asen deposit: ([Ag, Cu] As) Au, [Co, Ni] and [Pb, Zn], where Ba and Mo show
independent behavior, b) in Radka deposit: [Ni, Co], (Ba, As, Ag), ([Pb, Zn] Ag) and [Mo, Au] where Cu is independent, c) in Chervena Mogila deposit: ([As, Ag] Pb,
Au, Ba), ([Ni, Co] Mo) and [Cu, Zn]. The spatial distribution of the elements and the derived geochemical associations mark the difference in depth and temperature

conditions of the ore-forming processes.

BRIEF GEOLOGICAL OVERVIEW

Panagyurishte Ore Region is located about 55-95 km ESE of
Sofia (B. Bogdanov, 1981). A complex of Upper Cretaceous
sedimentary, volcanic and intrusive rocks is exposed in this
region. Three rock units are divided: a) Turonian Terrigenous
Group, b) Lower Senonian Volcano-sedimentary Group and c)
Upper Senonian Sedimentary Group. The Upper Cretaceous
rocks transgressively overlie Pre-Cambrian, Paleozoic and
Triassic rocks, and are locally covered by Paleogene, Neogene
and Quaternary sediments. The Lower Senonian Volcano-
sedimentary group is further subdivided into Krasen-Petelovo,
Svoboda-Ovchihulm, Elshitsa and Pesovets volcano-intrusive
complexes (K. Popov, 2001a). They include the homonymous
effusive formations and related comagmatic subvolcanic and
hypabyssal intrusives. The volcano-intrusive complexes are
products of different magma chambers and differ in the time of
their formation, composition of the rocks and structural
evolution.

Radka Ore District is situated in the SE part of the
Panagyurishte Ore Region. It is related to the evolution of the

Upper Cretaceous Elshitsa volcano-intrusive complex (N.
Obretenov and P. Popov, 1973; P. Popov et al., 1994). This
complex comprises the rocks of Elshitsa stratovolcano, the
Elshitsa pluton as well as numerous subvolcanic and
subvolcanic-hypabyssal minor intrusives and dikes. The ore
district is a stripe-like area of E-SE direction, about 20 km long
and 4 km wide in the northern slope of the Elshitsa
stratovolcano. The Elshitsa pluton is exposed along the
southern border as a result of fault uplift of the central block of
the volcano. ESE (120-130°) faults are typical. Two fault
groups dominate: a) subvertical to northern dipping (80- 65°)
faults; b) southern dipping (45-60°) faults. Their relations
probably mark a conjugated faulting, which accompanies the
uplift of the central part of Elshitsa volcano. Faults of 60-80°,
150-170° and 20-40° direction are also common. They
contribute to the higher permeability in some parts of the
region.

A porphyry copper — massive sulphide ore system of linear
type is developed in the ore district (K. Popov, 2001b). It was
formed after the volcano-tectonic faulting and block
segmentation of the Elshitsa stratovolcano. The fault swarm of
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Figure 1. Geological scheme of Radka Ore District.
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ESE (120-130°) direction as well as the accompanying stock
and dike-like minor intrusions control its spatial position. The
ore-forming process is characterized by asymmetrical
development along the ore-controlling fault swarm. The Tsar
Asen porphyry copper deposit is located in the SE flank of the
ore district (Fig. 1). The massive sulphide deposits Radka and
Chervena Mogila as well as numerous ore occurrences
successively follow to the NW. The amount of sulphosalts,
lead-zinc and gold mineralization increases in this direction
while the temperature of ore emplacement decreases. K-
silicate and propylitic hydrothermal alterations as well as
sericitic and argillic alterations in the littocap associate with the
Tsar Asen porphyry copper deposit. Predominantly propylitic,
sericitic to advanced argillic alterations form successive zones
around the massive sulphide deposits.

METHODS OF STUDY

The main aim of this study is to define the geochemical
associations in the haloes of Radka, Tsar Asen and Chervena
Mogila deposits in Radka Ore District. Groups of elements
with similar spatial distribution are interpreted as geochemical
associations but they are not identical to the existing mineral
parageneses and associations. Modern statistical routines,
organized in certain sequence, were used for their
differentiation as shown in the following scheme:

| Preliminary data preparation |
| Univariate statlistical analysis |
| Clusterlanalysis |
| Factor lanalysis |

The individual stages of the applied method are described
below. Factor analysis is mainly used for extraction of
geochemical associations, while the objective of prior stages is
a preliminary preparation and “familiarization” with data. Each
of the applied analyses possesses a character of self-
dependent investigation, which serves different geological
tasks. Preliminary preparation aim collection, organization and
archiving of data in computer form, which is accessible for
subsequent analyses. The univariate statistical analysis
examines the properties of distribution for element’s
concentrations, as the anomalies and maps for individual
elements could be prepared as the result. Cluster and factor
analyses are used for grouping of elements based on the
similarity of their spatial distribution. The main objective to
combine these statistical procedures in a common sequence is
to develop a uniform methodology for study of geochemical
haloes and associations.

USED DATA AND PRELIMINARY PREPARATION

The primary geochemical halo data are used for
investigation of geochemical haloes in Tsar Asen, Radka and
Chervena Mogila deposits. The element contents are
determined mainly by semi-quantitative emission-spectra
analysis for a standard assemblage of 22 elements. The typical

for the studied area assemblage of 10-15 elements is used
during later sampling stages, since some of the elements were
not detected or were detected only in a few samples in the
beginning of the sampling period. The results of statistical
processing only for the elements Ba, As, Ag, Pb, Zn, Cu, Ni,
Co, Mo and Au, which are commonly studied in the three
deposits, are presented in this paper with the aim to make a
comparison between the derived geochemical associations.
The Au concentrations are determined by emission-spectra
analysis after chemical enrichment. Some quantitative
determinations for Au and Ag contents by AAS and AES-ICP
are used in Chervena Mogila deposit as well. The analytical
results are verified by standard inner and outer laboratory
accuracy control, whereupon significant deviations where not
detected. All concentrations are presented in ppm units.

The Radka deposit halo was studied generally with 417
samples, where 214 are patch rock samples from the surface
and 203 drill samples from several boreholes situated along
profile line No 15. Tsar Asen deposit was studied with 1838
samples, where 257 were collected from the surface. The rest
1581 are drill samples from boreholes positioned along profiles
A and VIl from Tsar Asen 1 area and profiles E and XII from
Tsar Asen 2. Chervena Mogila deposit was investigated with
783 samples, where 493 are surface samples and 290 are drill
samples from five boreholes. Its surface is studied mainly by
several trenches and patch samples around them. Generally,
the sampling was not done on a regular survey grid and the
data from the cross-sections are based on downward survey
boreholes. Therefore the obtained results did not represent the
entire distribution of chemical elements.

The presence of some elements is not determined in some
samples, because of lower concentrations and insufficient
sensitivity of emission-spectra analysis. Such data are
replaced by a value equal to half of the lower limit of analysis
sensibility. These data should not be excluded, because of the
possibility to skew statistical distribution of the element and to
increase its average content. In cases, when a sample was not
analyzed for a particular element, then this sample was not
used for calculation of the statistics for this element, as well as
for determination of its correlation relationships with the other
elements.
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Table 1. Statistics calculated on the data from three deposits.

Mean Median Minimum Maximum Variance Standatd Skewness Kurtosis
value deviation
Tsar Asen deposit
Ba 758.4875 700 50 7000 188447.2 434.1051 3.381271]  27.98798
As 62.84004 50 50 200 575.381 23.9871 1.81213]  3.589405
Ag 0.347334 02 0.1 3 0.124987 0.353536 2797355 12.722
Pb 13.8599 7 1 700 1436.767 37.90471 11.57918 164.277
Zn 63.00054 50 15 1000 3964.114 62.96121 6.811959]  75.62133
Cu 1070.743 500 05 10100 3111321 1763.894 3.339556]  12.51682
Ni 7.194233 5 05 70 37.25703 6.103853 2.94289]  17.87328
Co 10.02584 7 05 300 136.8547 11.69849 11.5741]  245.4383
Mo 6.86235 5 05 150 98.17837 9.9085 6.725931]  69.56122
Au 0.024013 0.0015 0.0015 1 0.003875 0.062252 7.396453]  86.13288
Radka deposit
Ba 1341.127 1000 50 10000 906291.3 951.9933 3.807478|  23.59711
As 101.9185 100 50 300 1414.58 37.6109 1.196747]  3.723692
Ag 0431175 05 0.1 3 0.097235 0.311825 2.874435]  16.15526
Pb 33.70983 15 25 3000 2751563 165.8784 14.70323]  250.6651
Zn 124.0767 70 15 10000 258556.9 508.4849 17.87245|  344.5467
Cu 419 100 3 10050 1060510 1029.811 5786596  42.71888
Ni 7.94964 7 05 30 26.3989 5.137986 1.104547]  0.619962
Co 8.31295 7 05 30 63.54305 7.97139 1126899  0.517454
Mo 9.491607 5 05 700 1326.589 36.42238 16.85363]  313.9194
Au 0.01838 0.0015 0.0015 05 0.002913 0.053974 5728896  39.10217
Chervena Mogila deposit
Ba 1269.83 1000 100 7250 1047866 1023.653 2.328667]  7.489797
As 114.2016 100 50 1250 19604.74 140.0169 6.466718]  44.90588
Ag 0.876539 05 0.15 49.47 5977162 2444823 12.0744]  207.8978
Pb 104.1137 20 05 7000 191306.7 437.3862 10.15461] 1259087
Zn 117.2542 30 15 5000 112335.9 335.1654 9.739956]  124.2805
Cu 129.8212 70 5 7000 117349.9 342.5637 12.70421]  221.6551
Ni 5.500639 5 0.5 30 25.17935 5017903 2.293026]  6.609995
Co 4.333333 3 05 150 49,539 7.038395 12.24836]  237.2022
Mo 3.509817 3 0.5 30 16.7309 4.090342 3.049325|  12.41778
Au 0.130043 0.03 0.0015 59 0.163005 0.403739 7.786549]  79.52349
UNIVARIATE STATISTICS exploratory phase of large databases, especially when a prior
hypothesis is lacking, nevertheless that this is not a typical
Descriptive statistics is used as the first stage of statistical statistical procedure and a test for significance of invoked
data processing. The main aim is initial analysis of the groups is not available (StatSoft, 1999).
distribution of particular chemical elements by statistics, such
as average value, variance, standard deviation, skewness, Hierarchical grouping method is used in the present paper,
kurtosis, etc. The majority of elements possess clearly since the elements with most similar spatial distribution
positively skewned distributions as shown in table 1, i.e. the generate the kernels of groups in the beginning. Each of the
major part of the data have lower concentrations and higher other elements is attached to that group, objects of which are
element contents are measured in a small number of samples. mostly similar to it during subsequent steps. The grouping
Such shape of distribution is most commonly observed in procedure continues until jointing of all elements into a single
geological studies of chemical element's behavior. group. The resulting arrangement of elements represents the
Symmetrical distributions are usually typical for equilibrium structure of their relationships. The Pearson’s correlation
systems, while the asymmetry prompts for import or export of a coefficient  is used as a criterion for spatial similarity between
particular element. Positive skewness in distribution’s shape elements. Weighted pair-group averaging is used as an
could be interpreted as a matter influx caused by a assessment for the similarity between an already formed group
superimposed ore forming process. and other element, which leads to least loss of information

during later grouping steps. The number of objects in each
group is used as weights in averaging when jointing two

CLUSTER ANALYSIS groups. The cluster analysis results are shown on figs. 2-4.
The elements with highest correlation relationships are
Cluster analysis (Tryon, 1939) combines different algorithms enclosed in square brackets while lower correlations are
for classification. The main objective is data organization for marked by ordinary brackets. The elements which possess a
obtaining reasonable structures. Furthermore, the objects are slight tendency for jointing to a particular group are added with
jointed in such a manner so that every group should consist of “+” symbol. The rest of elements, which are not included in any

similar objects. The cluster analysis is very useful during the group, possess independent spatial behavior.

. Figure 3. Cluster analysis on Radka deposit data. Extracted
Figure 2. Cluster analysis on Tsar Asen deposit data. groups are [Pb, Zn] +Ag, [Ni, Co].

Extracted groups are [Pb, Zn], [Ni, Co], (Ag, Cu) +Au.
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Figure 4. Cluster analysis on Chervena Mogila deposit data.
Extracted groups are ([Ag, As] Pb, Au), [Ni; Co] +Mo.

FACTOR ANALYSIS

Factor analysis (Thurstone, 1931) is used to present the
structure of studied data by means of their grouping and
classification as well as for space dimension reduction of the
analyzed variables. It is the main procedure in this
methodology for invoking groups of elements with similar
spatial behavior, which are interpreted as geochemical
associations. The main approach in factor analysis application
is based on the idea to represent the data structure by factor
communities extraction, based on the similarity between the
elements.

The principal component analysis is the most popular variety
of factor analysis in which new axes are defined with same
number as input variables. The new axes, named principal
components, are orthogonal, i.e. the condition for factor
independence is accepted. This analysis is based on
representation of the covariance matrix as a vector community
describing data scattering ellipsoid. The ellipsoid’s main axes

Table 2. Factor analysis on data from three deposits.

are requested principal components and they are defined by
eigenvectors and eigenvalues of covariance matrix. New axes
obtained in this way differ from originally measured sample
values, but they are linear combinations of particular variables.
Their orientation is parallel to maximum data variance
directions, which aims representation of existing “hidden” data
structure. Thus, each of the resulting factor axes will account
for the joint behavior of a group of dependent variables (if
exist) or individual variation of a particular independent
variable. The number of factor axes could be reduced as a
result, so that only those factors remain which describe
existing groups of elements.

R-method of factor analysis is used to represent data
investigation for space dimension reduction and for elimination
of useless factor axes, which describe single variables (J.
Davis, 1973). This procedure analyzes the correlation data
matrix, and relations between variables (chemical elements)
are considered as correlations between each variable with new
mutually independent (orthogonal) factors. Usually, the
resulting factors are not well oriented with respect to the
direction of regression dependency of a particular group,

Tsar Asen deposit Radka deposit Chervena Mogila deposit
Factor 1 Factor2  |Factor3 |Factor 1 Factor2  |Factor3 |Factor 1 Factor2  |Factor 3
Ba 0.356424| -0.270438| -0.005634| 0.584817| 0.080681| -0.074527| 0.517654| 0.113013| -0.203637
As 0.564405 -0.150037| -0.097746( 0.548261| 0.040454| 0.196027| 0.890475| 0.036145| -0.040895
Ag 0.831592 -0.019339| 0.141586| 0.553641 0.615842| 0.217583| 0.826013| -0.063165| 0.073649
Pb -0.012358| -0.111107| 0.913869| -0.038171 0.951301| 0.077332| 0.752217( 0.098799 0.147461
Zn 0.034869 0.226112| 0.893223| -0.094317( 0.931630| -0.083727| -0.033161| 0.318083| 0.699382
Cu 0.710073 0.149842| 0.055786| 0.142407( 0.200609| 0.010657| 0.130129| -0.055779| 0.834445
Ni 0.011791( 0.818641| 0.092808| -0.812829( -0.043390| 0.124165| 0.029211| 0.893558| 0.077196
Co 0.004689( 0.845982| 0.044145| -0.851658( 0.025131| 0.052812| -0.113072| 0.782778| 0.096433
Mo 0.363490| 0.344324| -0.089243 0.019297| -0.039264| 0.708351| 0.466447| 0.557625 0.020087
Au 0.434278| 0.106800{ -0.005758( -0.053381| 0.096680| 0.733685| 0.729855| -0.115009 0.188704
Expl. Var. 1.963593| 1.697769 1.684308| 2.368985| 2.213962| 1.162687( 3.090974| 1.867477| 1.307014
Prop. Total |  0.196359| 0.169777| 0.168431| 0.236898| 0.221396| 0.116269| 0.309097 0.186748 0.130701

Figure 5. Spatial distribution of geochemical associations in Tsar Asen deposit,

because of the influence of independent variables and the
observation of the factor orthogonality condition. Normalized
“varimax” rotation is used for additional factor axes fitting to
maximum group variances, which produce an additional
increase of higher weights and a decrease of lower weights in
every factor as well.

The lack of prior information about the necessary number of
factors is a certain disadvantage of factor analysis. For this
reason, cluster analysis is applied in the used methodology as
a previous stage in order to obtain a concept for existing data
correlation hierarchy and expected number of groups. Several
extractions with different number of factors are commonly used
in practice and the most convenient for interpretation variant is
selected. Obtaining smaller number of groups with more
elements in each group is the effect of using a small number of
factors. An increasing number of factors leads to dividing
groups into subgroups and appearance of factors representing

individual elements. The possibility for calculating factor scores
of each sample is a big advantage, which allows drawing of
maps for the spatial distribution of each factor (Figs. 5-7).

The results from factor analysis of the used ten elements are
shown in table 2. Different extractions at two to five factor axes
are applied for derivation of the geochemical associations. The
extractions of three factor axes, which was chosen as most
representative, are presented below. The weights of elements
which build the kernel of each group are bolded (weights
higher than 0.5), the weights of elements possessing high
tendency for integrating with a particular group are shown in
bolded italic font (weights between 0.5-0.4) and the weights of
independent elements which possess a slight tendency for
joining with some group are shown in italic (weights between
0.4-0.3). The rates of variance explained from each factor in
every deposit and their proportions from whole data variance
are shown in the last two rows of the tables.
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Table 3. Geochemical associations determined by individual
factor axes at Tsar Asen, Radka and Chervena Mogila
deposits.

Tsar Asen deposit
Factor 1: (JAg, Cu] As) + Au, Mo,
Ba
Factor 2: [Co, Ni] + Mo
Factor 3: [Pb, Zn]

Radka deposit

Factor 1: - [Ni, Co];

+ (Ba, As, Ag)
Factor 2: ([Pb, Zn] Ag)
Factor 3: [Mo, Au]

Chervena Mogila deposit

Factor 1: ([As, Ag] Pb, Au, Ba)
Mo

Factor 2 ([Ni, Co] Mo)

Zn

Factor 3: [Cu, Zn] (-Ba)

|+

|+

The geochemical associations interpreted from the results of
the factor analysis (Table 2) are shown in Table 3. The
elements with highest weights (factor's kernel) are enclosed in
square brackets, similarly to the grouping by cluster analysis.
The elements with lower weights are enclosed in ordinary
brackets while independent elements, which possess some
slight tendency for joining to a particular group, are added with

“i” S|gn
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Figure 6. Spatial distribution of geochemical associations in Radka deposit
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Figure 7. Spatial distribution of geochem?cal associations in Chervena Mogila deposit

CONCLUSIONS

The paper presents results from statistical processing of a
large number of data form Tsar Asen, Radka and Chervena
Mogila deposits. The information on the content and
distribution of the studied elements is shown in Table 1.
Generally, the elements demonstrate a typical for
unequilibrium systems asymmetrical distributions, due to
hydrothermal and ore forming processes superimposed on the
host rocks. The geochemical associations derived from factor
analysis are as follows:

in Tsar Asen deposit:
([Ag, Cu] As) Au, [Co, Ni] and [Pb, Zn], where Ba and Mo are
independent elements,

in Radka deposit:
[Ni, Co], (Ba, As, Ag), ([Pb, Zn] Ag) and [Mo, Au], where
copper is independent,

in Chervena Mogila deposit:
([As, Ag] Pb, Au, Ba), ([Ni, Co] Mo) and [Cu, Zn].

The spatial grouping of the studied chemical elements
shows a tendency for differentiating such communities, that
group elements related to low-, medium- or high temperature
minerals. Thus, the extracted groups reflect the existing
zonality in the deposits. A comparison of the results from the
factor associations in the three deposits leads to the following
conclusions:

7. The extracted associations reflect the existing zonality in
the deposits. In Tsar Asen deposit, the distribution of the
([Ag, Cu] As) Au association is very close to the spatial
position of the ore body as indicated by the high
contribution of Cu in this group (Fig. 5). The second [Co,
Ni] association develops around the first one and in depth.
The third [Pb, Zn] association is located in the periphery
of the first group and mainly on the surface, above of the
deposit. The geochemical associations in Radka deposit
are related to the periphery of those ore zones, which are
located mainly within dacite effusives (Fig. 6). The [Ni, Co]
association is located mainly in depth, while (Ba, As, Ag)
and ([Pb, Zn] Ag) occur at higher levels and near the
surface, surrounding the periphery of the copper ore. The
[Mo, Au] association develops on the surface within
andesitic rocks. In Chervena Mogila deposit, the first ([As,
Ag] Pb, Au, Ba) association is related to areas of gold-
bearing ore bodies and around them (Fig. 7). The second
(INi, Co] Mo) is located along the periphery and near the
first group, while the third [Cu, Zn] association tends to
develop mainly in the SE areas and at lower levels. The
spatial position of the associations in the three deposits
reflect their genetic relation to the main ore-controlling
tectonic structures.

8. Ag and As are grouped in all three deposits. Cu and Au
associate with this group in Tsar Asen, while Pb and Au
are joined in Chervena Mogila deposit. The Ag, As and Ba
association is not so well developed in Radka deposit,
where these elements show a distinct negative correlation

with the Ni and Co group. “Inter-associative” behaviour of
Ag is observed in Radka deposit as well, since Ag has
significant weights in both the first and second factor
axes.

9. The Pb and Zn association occurs in Tsar Asen and Radka
deposits. Ag joins this group in Radka deposit. Pb and Zn
belong to different associations in Chervena Mogila,
where Pb associates with As, Ag, Au and Ba, while Zn is
grouped with Cu.

10. Ni and Co are grouped in all three deposits. Mo joins these
two elements in Tsar Asen and Chervena Mogila Deposit.
This group has the highest proportion in the whole data
variance in Radka Deposit.

11. The spatial behavior of Cu is specific in all three deposits.
This element associates with Ag, As and Au, while it is
grouped with Zn in Chervena Mogila and it possess an
independent behavior in Radka (very slight tendency for
joining to group of Pb, Zn and Ag).

12. Au and Mo show a somewhat specific behavior in each
deposit. Au belongs to the group with As-Ag kernel in
Chervena Mogila and Tsar Asen, while Mo exhibits a
certain inter-associative behavior, because it is grouped
with Ni and Co, but shows a tendency for joining the As-
Ag association as well. Au and Mo form a self-contained
association in Radka deposit, to which Ag shows a slight
tendency for joining. The grouping of Au with Cu and Ag
in the first factor in Tsar Asen deposit becomes more
distinct when decomposition on a larger number of
factors is used.
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