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METOOMKA HA UHOPAYEPBEHATA CNEKTPOMETPUA U NPUNOXEHWE B
W3CNEOBAHUATA HA XUOPOTEPMANHWUTE NMPOMEHW BB BUCOKOCYJI®PUAHN
CUCTEMU

MapuaHa TpughoHosa
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PE3IOME. OtpaxaTtenHata CNeKTpOCKOMMS e aHanuTU4YHa TEXHWKA, W3NOn3Balla eHeprisiTa Ha BbiHaTa BbB BUAUMMS, ONM3kUS 4O BUAUMUS U KbCOBBIHOBUSA
MH(payepBeH AnanasoH Ha enekTpoMarHUTHUS cnekTbp. AGcopbumsTa Ha MHPAYEPBEHM BLITHW OT ONPEAESIEHN aTOMU 1 MONEKYNU € PYHKLNS Ha TEXHUTE aTOMHM
CTPYKTYpu. GopMUpaHus crekTparneH OTrOBOP WM OTPa3eH CMEeKTbp CE CbCTOM OT 30HU Ha OTPaXEHWE W MO-TECHW 30HM Ha MOrMbLUaHe, KOWTO CbC CBOSTA
cneynduyHa dopma, AbNOGOYMHA M BbIHOBA MO3NUMS ca WaeHTMdMUMpaly Gener Ha MuHepanHute asu. HAKOW MPOMEHWUTENHW MUHepanu, CbAbpKallu
XWAPOKCUNHA rpyna, cyndateH unu kapboHaTeH pagukan unu Boaa ca 0COCOEHO YYCTBUTENHM KbM KbCOBBIIHOBATA MH(payepseHa eHeprusi. Beceku Tun pyaHa
MWHepanu3aLys ce oTnnyaBa CbC CreludmryHa MUHepanHa acouualns B 30HMTe Ha XuApOTpeManHa okonopyaHa npoMsiHa 1 3aToBa 6bP30TO U TOYHO OnpeAeneHne
Ha NPOMEHUTENHUTE MUHEPANM € CbLUECTBEH MOMEHT B NpOy4YBaHETO 0COGEHO BbB BUCOKOCYNOAHM enuTepManin cuctemMn. B npunoxeHnte npumepm oT pyaeH
paitoH Bop — W3touna Cbpbus u pyaHuk Yenoney — MaHartopcku PyaeH paiioH, burrapus e Hanuue BMCOKOCYndMAHA 3MaTHO — MeAHAa MUHepanusauus u
XWapoTEpManHa npoMsiHa, MpefcTaBeHa OT KBapl, [AWKAT, KaoNMWHWT, anyHuT.CpaBHUTENHO MO-psABKO B CMEKTpanHWTe KpUBW Ce YCTaHOBSBaT MoO-
BMCOKOTEMMEPATYPHU MUHEPanK KaTo NMPOMUAKT, AKacnop W Tonas. Py[HUTE 30HM C BUCOKW CbbPXaHUs acoLmmMpaT ¢ KBapL-AuUKUTOBa NPOMSHA.

APPLICATION OF THE METHOD OF INFRA-RED SPECTROSCOPY IN THE STUDY OF HYDROTHERMAL ALTERATIONS IN
HIGH-SULPHIDE SYSTEMS

Mariana Trifonova

BMM, Sofia 1000; mariana.kasrheva@dpm-group.com

ABSTRACT. Reflectance spectroscopy is an analytical technique using the energy in the Visible, Near Infrared and Short Wave Infrared regions of the
electromagnetic spectrum. Certain atoms and molecules absorb energy as a function of their atomic structures and form a reflectance spectrum, with absorption
features identifying mineral phases. SWIR is particularly sensitive to the many alteration minerals consisting of hydroxyl, sulfate and carbonate radicals and water.
Accurate and fast determination of the mineral assemblages assists the alteration- mineralisation type definition and is a very useful tool in mineral exploration
particularly in the epithermal high sulphidation environment. In the examples included from Bor area — Eastern Serbia and Chelopech ore deposit, Panaguyrishte ore
district high sulphidation mineralization associates with advanced argilic alteration (quartz, dikite, kaolinite, and alunite). Higher temperature minerals Pyrophillite,
Diaspore and Topaz are less abundant in the spectral mineral data. High grade mineralisation is closely connected with quartz-dikite alteration assemblage.

BuBeaeHue FEONIOKKOTO KapTWpaHe [AaBa Olle MO-CUMeH Tracbk B
Pa3BUTMETO Ha HanpaeneHueTo. CblUeBpeMeHHO HapacTea

PednektopHata  MH(pavepeeHa  CMeKTpOMETpUS € HyXOdTa OT MO-NPELM3HN CnekTpanHn ypean C no-macoea
aHanuTU4YHa TeXHWKa, Mo3HaTa M W3non3eaHa OT XUMULM U ynotpea u mo-kpaTbK LMKbI Ha CbOMpaHe 1 obpaboTka Ha
MUHEpanoau oLLe B Ha4YanoTo Ha MuHanus Bek. [lo cpepata H(opmauus. Taka ce cb3jasat W MonesuTe CnekTpOMeTpU

40-Te rogMHm Ha XX BeK MPUMOXKEHMETO M € TBbpae GER - RIS, ASD - Field Spec Pro n PIMA.

OTpaHMYeHO — 3a HayyHu uacrefsaHns B obractTa Ha

MuHepanoruaTa u xumuata. Mpes 70 -te — 90-Te roguHn Ha

MWHanWa Bek Ce MOsSBABAT MHOXeCTBO nybnukaumnm Bbpxy Metoguka 1 anapatypa 3a CReKTpanHu

TEOPETUYHN 1 MPaKTUYECKM acnekTu Ha WH(avepseHaTa y|3cnep‘Ba|-|y|;|cy||-|(bpaqepBe|-|a CBeT/IUHa
CMEKTPOMETPUS, Cb3daBaT ce cnekTpanHu Oubnnotekn Bb3

OCHOBa Ha u3crienpaHe Ha IMUHECTU MUHEpanu B No4BK U TexHukaTa Ha WHpayepeeHaTa CrIEKTPOMETPUS M3MOM3Ba
Ckaru Cb3nafjeHa € MuHepanHa CrnektpanHa pata B eHeprisiTa Ha oTpaseHaTa BbiHa BbB Buagumus (VIS 400 —
KbCOBBIHOBUA MHCbpayepBeH AnanasoH (SWIR) Ha cnexTbpa. 700 nm) 1 KbCoBBLAHOBMS UHdppadepseH (NIR 700 — 1300 nm ;
(HUnt et al., 1971, Clark et al., 1990; Hanf, 1993, no Hanf, SWIR 1300 - 2500 nm) AManasoH Ha eneKTpOMarHUTHUS
1999). cnekTbp (cpur. 1). MeToabT € GasupaH Ha abeopBLMOHHUTE 1
OTpaxaTeHu CBOWCTBA HA MUHEpanuTe, kato (DyHKUMA Ha

MonyrsipusnpaHeTo  Ha  AUCTaHLMOHHUTE  METOAN  Ha XAMWYHUTE BPB3KM B TsIX. CnektpanHata oTpaxarenHa
u3credpaHe Bbpxy catenuTHu nnatopmn — Landsat TM, CrOCOBHOCT HA MUHepanuTe ce 0BycraBs CblO W OT HSAKOU
ASTER, AVIRIS v fip. 1 BCe N0-YCNEWHOTO M MpUoxXeHue B (DM3MKO-XMMIYHI  XapaKTEPUCTUKM Ha MUHEpanHuTe a3,
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CTeneH Ha KPUCTANMUHHOCT U NOAPEAEHOCT Ha CTPYKTypuTE,
pa3Mep 4 OpUEHTMPOBKA Ha KpUCTanuTe, Hanuyne Ha Boaa B
MeXayCroitH1Te NPOTCPaHCTBa W Ap.
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®ur. 1. [inana3oHn Ha eNeKTPOMAarHUTHUS CNEKTbP

MexaHmsmm Ha abcopbumsa. EHeprusita Ha WH(pa-
yepBeHaTa BbflHA CE pa3npocTpaHsiBa B  KpUCTanHUTE
CTPYKTYPW HA MUHEpanuTe NocpescTBOM eNeKTPOHHM NPexoan
OT PpasnMyHu eHepruiHN Huea. CnekTpanHus OTroBOp Cce
thopmupa ot abcopbumsaTa Ha BbIHKM B ONpeAerneHa yacT Ha
CnekTbpa. HsKONMKO  enekTpoHHWM  npoueca  obycnassT
abcopbumMoHHNTE CBOMCTBA Ha MUHepanHuTe a3 BbB BUAN-
MU M KbCOBBITHOBMS AManasoH Ha cnextbpa (Tabnuua 1).

Tabnuua 1
MexaHusmu Ha abcopbyusi e omOenHu Ouanas’oHu Ha
e/1eKMpPOMacHUMHUSI CNEKMbP

[vanasoH oT JomuHmpaly abcopbuyoHeH
CcrneKkTbpa MEXaHU3bM

VIS TpaHcthep Ha 3apsgum — KaTMOHHM

(400 — 700nm) npexoam

VISINIR
(700 - 1300nm)

[edbekt B KpucTanHata peLieTka,
KaTUOHHM NPEXoau

SWIR
(1300 - 2500nm)

BuBpaLMOHHN Npexoau B XUMUYHUTE
BPb3KM FEOMETPUSI Ha CTPYKTypUTE Ha
KaTMoHM koopauHupaHn ¢ OH, SOq,
CO3

JloMuHMpaLms MexaHu3bM Ha abcopbums B KbCOBBLITHOBMS
WHpayepBeH [duana3oH Ha cnektbpa (SWIR) ca
BUOpaLMOHHUTE npoueck. Te ca (PYHKUMS Ha  XUMUYHUS
CbCTaB Ha MUHepanute. BuBpaLnOHHMTE CbCTOSHMA Ha
pasnnyHN eHepreTUYHN HUBa W abcopbumsTa ce nposesBaT
Mpu onpegeneHn BbIHOBK no3uuun (Tabn. 2, dur. 2)
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Tabnuua 2
OcHogHU abcopbUUOHHU Xapakmepucmuku

BbnHoBa nosvums | AbcopbumoHeH MuHepanHa rpyna
MEXaHWU3bM
~1.4pum OH v Boga TMWMHECTM  MUMHepan,
cyndartu,
XMOPOKCUAM, 380NUTH,
anymocunukaTh
~1.56 uym NH4 NHs — cbepmHenus
~1.8 ym OH Cyndpatn
~1.9um Molecular water CmeKTUTH, 380NHUTU
~2.02-212um NH4 NH4 - cbevHeHus
~2.2um AL - OH AnymuHmii
CbObpKalM  TNUHW,
cyncpaty,  Al-crtogu,
Al- cunukaTu
~2.3um CO32 Fe - OH, Mg - | KapGowatu,
OH amcubonm, xnoputm

Bceku MUHepan, akTuBeH WU OETEeKTyeM BbB BMOMMUA U
KbCOBbHOBK WHpayepBeH  [OManasoH  npuTexasa
CNELUNPUYHO CbYeTaHWe OT CrEeKTpPanHW XapakTepucTuKL,
KOMOMHMPaHW B YHUKaNeH 3a MuHeparna OTpaseH CrekTbp.
3oHuTe Ha abcopbuns, NPOSIBEHM KATO MWUHUMYMU B
cnekTpanHaTta Kpusa NpuTexasaT AMarHOCTUYHI YeCcToTa M
BbMHOBA [ObITKMHA W LUIMPWHA, M3MEpEHa KaTo pascTosiHue
Mexay aBe MHANEKCHM ToYkKM. Tean napameTpu ce obycnassT
OT MOHHUTE PafMycu Ha eNEMEHTUTE, KOUTO NpeaonpesensT
ObIDKMHUTE Ha XMMWYHUTE BPB3KW MOJEKYNUTE M3rpaxaallm
CbeaMHEeHMETO (MMHepana). Besika xumuyHa Bpb3ka Bubpupa
B CNeUMMUYHO EHEpPrUiiHO HMBO, KOETO CEe MpOeKTMpa B
CMeKTpanHus OTrOBOp B OMpeLeneHa BbiHOBA NO3NLKS.
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®ur. 2. OCHOBHM BBLMHOBM NO3VLKUM (B HAHOMETPU) HAa HAKOW KAaTMOHM,
petektyemm B SWIR npu cBbp3BaHeTo MM C Boga, kapGoHatu u
XUAPOKCUIHU TPYNM W CMEKTpanHW KPUBW HA HAKOW OT Haii-yecTuTe
MUHepanu



SWIR cnektpomeTpusi e 0CODEHO YyBCTBUTENHA KbM
CTPYKTYpUTE  Ha  [NIMHECTUTE  MUHEpanW, CbAbpkaluu
MONeKynspHa Boda M XWOPOKCMA B KOOpAMHAUMS C
anyMWHUEBW KaTWOHM, @ Taka CbWO U KbM HAKOM Jpyri
MWHEpanu u rpynu, CbCTaBeHn OT kapOoHaTHM U cyndaTHM
pagukanu. TakMBa MMHEpanM ca 4ecTo acouuupaHn ¢
NpOLECUTE Ha XMAPOTEPMAIHU NPOMEHN — kapboHaTH, Spo3uT,
anyHUT NUPOUNUT, XNoput 1 ap. ToBa npaBu MeToda
0C0DEHO LieHeH B MpOy4YBaTeNHUTE AEAHOCTM NpU KapTupaHe
Ha XuapoTpepMarnHu NpPOMEHW W ONpedensHe Ha TunoBeTe

MuHepanusauua.

R N : R s
®ur. 3. PaboTa ¢ nonesu cnektpomeTbp TerraSpec™

CnekTpanHute W3CnedBaHMs Ce M3BbPLWBAT C MONEBM
cnektpometbp Terra Spec™  (dwur. 3), npoussegeH ot
amepukaHckata komnanua ASD. Ypeabt paboTu B AnanasoHa
Ha BWOMMUTE W WHPAYEpPBEHWN bYW, ONUCaH MO-rope.
CHabpeH e ¢ Tpu geTekTopa: 3a BugMMna W Onuskus ao
Buaumusa uHdpavepseH amanasoH (VNIR: 350-1050 nm); w
[Ba [eTeKTopa 3a KbCOBbMHOBUSA MHpaYepBeH AManasoH.
(SWIR1: 900-1850 nm; SWIR2: 1700-2500 nm). AnapaTypaTta
BKIMIOYBA reHepaTop Ha ITbYeHWe, namna 3a [AWUPEeKTHO
obnbuBaHe Ha obekTa, cBbp3aHa ¢ pubpoonTiyeH kaben KbM
CEH30pUTE 1 KOMMIOTbP CbC COITYEp 3@ [OMPEKTHO
Bb3NPOM3BEXAHE Ha CMEKTPaNHWS 3anuC BbB BUA Ha KpuBa.
dubpoonTnyHms kaben nNpoBexna CBETNMHHATA EHEPTUst KbM
obekTa Ha onpobBaHe W BpblUa OTPA3EHUs CUrHanm, KoWTo ce
MpOeKTMpa BbPXY Xonorpadcka AMdpakLUMoHHa peLleTka, kaTo
ce pa3bvBa Ha OTHENHM BbIHOBM KOMMOHEHTU WAM KaHanu.
MocregHuTe ce HacoyBaT KbM CEH30pWTE, KOWTO —OT4yMTaTr
KaKkBa 4aCT OT eHeprusTa € e fpemuHana npe3 npobara,
norbyiHaTa unm oTpaseHa 1 KOMNOo3upar CrekTpanHara kpuea.

CnekTpanHu uscnepBaHusa B paiioHa Ha rp. bop,
U3toyHa Cbpous

30HUTe Ha xwapoTepmarHa NpoMsiHa U MUHepanu3auus B
panioHa Ha bop, MaTouHa Cbpbus ca TACHO NpUBbP3aHM KbM
BYNKAHCKM Terna M CTPYKTypu OT TUMOKCKMS MarmatorereH
komnnekc (Karamata, Knejevic — Djordevic, Milovanovic,
2002). Toit e yacT oT pervoHanHata Banar-CpegHoropcka
MeTanoreHHa 3oHa (dwr. 4). Mponsxoga My ce CBbp3Ba CbC
cybayKums Ha OkeaHcka NuMTocdepa B 3anafgHaTa 4acT Ha
Bappapckus okeaH. M3rpafeH e oT BynkaHCKu U CyOBYMKaHCKM
cKarnu, MPOAYKT Ha ABydasHO MposiBEHA MarMeHa LenHOCT:
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aHOesuT W aHgesuT — paunT nopduput OT MbpBaTta
mMarmaTtoreHHa asa (TypoH — KoHMac) M amdmbon -
MUPOKCEHOBN aHAe3uTo0a3anTu M MOHLOHWUT — AMOPUTOBM
WHTPY3MBM OT BTOpaTa (pasa Ha MarmeHa JenHOCT, NposiBeHa
Npe3 MaacTPUXT — KamnaH.

Regional setting of Serbian tertiary volcanic belts
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dur. 4. MetanoreHHa kapTa Ha yact ot HOWU EBpona - Bwnrapus u
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AHOE3NTOBUTE CKanu M3rpaxaar CTPaToBYMKaHW U rofiemu
Macu OT BYNKAHOKNACTMYEH MaTepuan 1 ca MOBCEMECTHO U
WHTEH3MBHO 3acerHaTi OT XWApOTepManHu npomenu (cur. 5).
B TAcHa Bpb3ka C TE3u NpoUECH € UM HanmMuMeTo Ha
BMCOKOCYN(MAHA MUHEpanu3aLusi, BMECTEHA NPEAUMHO BbB
BYTKAHCKIUTE KaHamnu.

B UeHTpanHWTe YacTW Ha BYNKAHCKUTE CTPYKTYpU ce
0ChOPMSIT CTPBMHI 11 TECHW 30HW HA BpeKuMpaHe C anyHuT —
KBapLOBa MeTacoMaTo3a, KaTto B AbJIOOYMHA M B naTepasiHo
HanpaBeHne MUHepanHaTa acoLumaums ce 40MbIBa OT AMKMT,
KaONMHWT, MMPOUNUT, AMacnop, Tonas u ap.

AnyHWT, YCTAHOBEH MO CNEKTParieH MbT € LKMPOKO 3acTbheH
KaKTo B MOBbPXHOCTHU PasKpUTMS B PaMKUTE Ha 30HUTE Ha
KMCENMHHO UM3nyxBaHe ('KBapLOBM LWanku’), Taka M B
abnbounHa go 450 m, B CTPbMHM 30HM Ha XUAPOTPEMaHO
BpekunpaHe (Mo CoHAAXHM AaHHw) (dour. 6).
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®ur. 5. FeHepanuanpaH pa3spes Ha 30HUTE Ha XMAPOTEPMAriHa NPOMsiHA U MUHepanu3aLus, UHTPENPETMPaHU Mo CNEKTPaNHN AaHHM, paitoHa Ha Bp. Yoka

Kynsitpa, Bopcka pyaHa 3oHa

®ur. 6. EgpukpuctaneH anyHuT B xuna — Bp.Yoka Kopyra, Bopcku pyaeH
paiioH

Mo HAKoM cneumduYHU AeTalnm B CNEKTPUTE Ha amyHWT oT
paioHa Ha bop (nosuums Ha gybnetute B 1400 nm BbIHOBY
JnanasoH; Hamuume Ha abcopbumn B 2400 nm; dopma Ha
MuHuMymmTe npu 2200 nm gbIKWHA Ha BbHaTa) MOXe da ce
NPeanonoxu 4Ye cbcTaBa My Bapupa OT Kanues — [0
HaboraTeH Ha HaTpui, 6e3 Aa OOMWHMpA HsKOW OT ABaTa
KOMMOHEHTA, KOETO OT CBOS CTpaHa e WHAMKauws 3a
NpoW3XoAa My KaTo pesynTar OT CMecBaHe Ha METEOPHM BOAM
1 marmatoreHHn dpnyuam (Hauff, 2003).

MacoB MuHepan, AeTeKTMpaH B CMEKTpUTE OT paiioHa Ha
Bop e AnkuTLT. CnexkTpanHuTe My KpUBM Ca C SICHO M3PaseHH,
AbnOOKM 1 TECHM 30HW Ha abcopbums, KOUTO CBMAETENcTBaT
33 BWCOKA CTEMEH Ha KPWUCTANMHHOCT W MOAPEedeHOCT Ha
CTpyKTypaTa,  pesyntaT  OT  KpucTanusauus BbB
BMCOKOTEMMEPATYPEH pexuM. ToBa e 1 NpUHUMNHATA Pasnuka
Mexgy OUKMTa M Kaomuuuta (cur. 7), mocregHus € mo-
HUCKOTEMNepaTypeH NPeLCTaBUTEN Ha KAONMMHUTOBATA rpyna,
B CMEKTPANHO OTHOLIEHME NPOZYyLUMpa MO-HESICHU CMIEKTPamHM
KpMBM @ B XWAPOTPEMAnHWs 30HaneH mopden odopms no-
JUCTarH1 30HW UMK CYNEPreHHO HamnoXeHN NPOMEHN.
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®ur. 7. CnekTpanHu KpUBM Ha BUKUT W KaONWHMUT. [IBOIHM aBCOPOLMOHHM
¢opmMK, NPOSBEHN NPN ABIVKMHW HA BbNHU 1380 u 2178 nm 3a AUKUT 1
1394 1 2165 nm 3a KaONMHUT

MacuBHa cyndmaHa MuHepanu3aums 4ecTo ¢ NPOMMLLIIEHO
3HaveHve (bop) e acouuMpaHa C QUKUTOBWUTE WHTEPBAMM OT
aprunuauToBata 30Ha. B naTepanHo  HanpaBneHue
MWHepanHaTa acouuaums ce NpOMEHS KbM UIUT — CMEKTUT W
KaoNMHWT, KOETO € W CBOeobpa3eH MHAMKATOP 3@ NOHWKaBaHe
Ha TeMnepaTypHWs PEXMM U KUCENMHHOCTA Ha cpefaTta C
oTfanevyaBaHe OT XMAPOTEPManHUS M3TOYHMK. MHoro yecto
JBETE aprunn3UTOBM 30HM Ce OTAENsT Ype3 pasnoMHM
CUCTEMM, MO KOUTO BEPOSITHO Ca CE U3BbPLUBANK 3HAUUTENHM
NPUABWKBAHWUS (BEPTUKAITHW N XOPNU3OHTAMHM).

lMpu cnekTpanHuTe M3CrneaBaHUs B paiioHa 3anagHo OT rp.
Bop (Bp. Yoka Kynstpa, Yoka Kopyra) ce ycraHoBsBa
cneuunuyHa NpoMsHa No aHAeswTW, MapkupaHa oT nosizata
Ha nupouruT +/- cepuunT +/- MNC, kaTo ce 3anasga
NbpBWYHATA nOpgUpHa  TekcTypa Ha ckanara.Tosu Tun
NPOMSsiHa € NIMMUTUPAH OT Pa3NOMHU HapYLUEHUS CbC CTPBMHO
3anafaHe. TakBa MuHepanHa acouuauus ce WHTepnpeTupa




kato dopmupaHa B [ObnboumHHa 0BGCTaHOBKA MPW BUCOKM
Temnepatypn (<300C°) M npu Bb3XOAAWO [ABWKEHME W
oxnaxgaHe Ha MmarmatoreHeH nywg  (Hemley, 1969;
Sverievski et al, 1991, no Hedenquist et al. 1998). B
LANOCTHaTa KOHLeNUWs Ha XugpoTepMarnHuTe CUCTEMW TO3W
TN NpoMsHa € fJedmHMpaH KaTto  WHTepMeamanHa
aprunusauus, mapkupalia npexoga OT enuTepMmanHa KbM
nopcupHa cpepa (Hedenquist et al., 2000)

CnekTpanHu nscnefBaH1a Ha 30HW Ha
XuapoTpemarnHa npomMsiHa ot p-k Yenonev,
Bbnrapus

Haxoguwe Yenoney ce Hamupa B CeBepHaTa 4acT Ha
MMaHartopckus pyaeH paroH, YacT ot baHat — CpegHoropekaTta
MeTanoreHHa 3oHa (dur. 4). OnpegeneHo e  kato
enuTepManHo BuckocynduaeH Tun Haxoguwe (Strashimirov et
al., 2002), BvecTeHo B CyOBYMKaHCKM aHOE3NTMBM Tyu 1
Tychobpekun. BmecTaalymTe ckanm ca AatvpaHmi no LMpKOHM ¢
206Ph/238J n3oTonn 1 e onpegeneHa sbapact o1 91.45+0.15
Ma (Chambefort et al., 2007), kosto ce npuema 3a
MaKcUMarnHa Bb3pacT Ha MUHepanuaaumsTa.

TunuyHUTe 3a  BUCOKOCYN(MAHUTE CUCTEMM CTWUNOBE W
TUNOBE  XMOPOTPEManHa MnpoMsHa Ca  3acTbleHn B
HaxoaMLLETO: MPOrPECUBHA  aprunmMsauus —  BTOPUYHM
KBapLWMTW C anyHWT, AUKUT, KAOMWUHWT, acoLMMpaLLy C pyaHUTe
Tena u Keapy — CepuuuToBa KbM MPONWAMTOBA MPOMSsHA B
nepugepHUTE yyacTbLy.

CneKTpanHu n3cneaBaHus ca NpoBEAEHN U B ABETE PYAHM
Tena (UeHTpanHo 1 3anmagHo), Ha Huea 330-260 m ot
nog3eMHuTe M3paboTkW, KakTO M Ha 0bpasum OT COHAaXHa
faKa.

Hait-4ecTvsIT MuHeparn, YCTaHOBEH B CMIEKTPUTE € AUKUTBT.
Tol ce siBsiBa KaTO 3amMecTBaHe Mo MOpPgMpU B aHOesnTuTe,
YaCTUYHO MMM MBIHO 3aMeCTBaHE HA KbCOBE B KNACTUYHUTE
Pa3sHOBWAHOCTY, 3ambfiBaly NPasHWHW Ha W3NYXBaHE WIM
MOpPOBY NPOCTPAHCTBA, @ CLLO Taka M KaTo XMIKW UK Hanenu
no nykHatuHu (cwr. 8). Jopu u B Manku Konuyectsa B
npobuTe, TO € NECHO JeTEKTYEM MOPaau CUIHWS CrekTpaneH
OTIOBOP U $ICHO M3paseHUTe [ABOVHKM abcopOLMOOHM 30HM
(aybrnetn) npu gbmkmHu Ha BbiHata 1380 1 2175 nm.

CyncmoHata MUHepanv3auusi BbB BMA Ha BNpbCHAT M
MacvBEH NUPUT WM MUPUT — €HaprUTOBM XMIKM € TSACHO
npyBbp3aHa MMEHHO KbM MHTEpBanuTe ¢ npeobriagaeHe Ha
AVIKUT 1 KBapL].

CpaBHUTENHO MO-OrpaHNYeH0 € PasnpOCTPaHEHUETO Ha
anyHuTa. 3acera TOA e YCTAHOBEH KaTo 30Ha B CaMO B
3MaJHOTO pyOHO TAMO. S1BABa Ce KaTo (IMHHI BNPBLCNELW Uin
(hMHOKDUCTaNEH KBapL, — anyHUTOB MaTpPUKC W B €OWHUYHN
Cryyam — KaTo Mo-efipu arperati UIn XUNKki, HO B acoLuaLins
¢ ksapl. Mpuaasa NeKko PO30B OTTEHBK Ha ckanara, HO €
CPaBHWTENHO TPyOeH 3a MaKkpockoncko —HaGrioaeHue.
CreKTpanHoTo My pasrnosHasaHe ofade e TBbpae NECHo, Thil
KaTo WUMa CUNMHO W3paseHn aBCopBLMOHHM CBOWCTBA W
XapaKTepHa cnekTparnHa kpusa (ur. 9).
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®ur. 8. InkuT, 3amecTBaly NOPMPUA KNACTU M KAaTO CEKYLUM KUMKW BbB
BMUCOKOMMHEpanu3MpaHa 30Ha B 3anagHOTO pPYAHO TANO Ha Hax.
Yenoneu.
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®ur. 9. ®uHOKpUCTaneH anyHUT — KBapLOB MaTpUKC C NamMMHUpaHa
TeKCTypa W CneKTbp Ha npobara, cpBaHeHa ¢ kKpuBa Ha ayHuT (100%) oT
cnekTpanHata 6ubnuoTeka

AbcopbumsTa npu abipkuHa Ha BbrHa 1400 nm e TBBLPOE
cneunduyHa 3a anyHuToBWUTE CnekTpu. [lposisaBa ce nog
chopmata Ha aybneTt, kKaTo No3uLMATa Ha BTOPUSt MUHAMYM Ce
M3ronaBa 3a OTHOCWTENHO pasrpaHNdaBaHe Ha KanuesuTe W
HaTpueBu pasHoBogHocTu. AGcopbuns mexay 1478 — 1486 nm
€ XapaKkTepHa 3a KanuesuTe anyHuTu, a Hag 1486 — go 1495+
nM — 3a HaTpueBMTE. HamMuMeTo Ha [Ba Mamku, HO SICHO
u3paseHn MuHUMyma B guanasoHa 2430-2470 nm ca
WHAMKaLMS CbLUO 3a Kanmui JOMUHMPaH CbCTaB. 3a CbkaneHne
obave Te3n abcopbuun He BUHArK ca SICHO M3paseHu, nopaam
nosiBaTa Ha LUyM B Kpas Ha Pe3onouusTa Ha CekTpoMeTbpa.
AHanusupanku Te3u AETalnm OT CNEeKTpUTe Ha anyHuT oT
Hax.Yenoney MOXeM fa CbauMm 3a npeobrafaBallo kanves
cbcTas, koeTo cnopen Hauff (2003) e ykasaHue 3a npeaumHoO
MarmMaToreHHUst My NpPOM3XOA. AIYHWUT-KBAPLMTOBUTE 30HN
acouumpat ¢ MWHepanu3auusl, HO C OTHOCUTENHO MO-HUCKM
CbObp¥aHWs Ha 3nato M MeL, B CpaBHEHME C
MWUHEpanu3auusTa oT KBapL-GUKMTOBMTE 30HN.



B LeHTpanHoTo pyanHo TAno ce Habniofasa TeHedeHUns Ha
3aMecTBaHe Ha [WKUTA OT KaoNMHUT U XanoasuT — no-
HUCKOTEMMNEPATYpHUTE UNEHOBE Ha KaONMWHWUTOBAaTa rpyna
MUHECTM MMHepanu UM Ccnabo u3paseHa 30HanHOCT B
ceBepo3anaf — HrOM3TOYHO HanpaBneHe OT KAONUHUT—
AVKUT-NIPOUNUT. TIMPOUNUT € onpefeneH B eauHUYHM
CMeKTpU, HO nosiBaTa My B acoLuauusi ¢ AVKWT W Keapl e
ykasaHWe 3a MOBWLIABAHE HA TeMnepaTypHUs Pexum U
yabnGoyaBaHe Ha cpefaTa npy HUCKW CTOMHOCTM Ha pH.

M3BbH 30HWTE Ha KBapLOBa MeTacoMaTo3a W MporpecusBHa
aprunusaung,  Ham-vecTUsT  MuHeparn, [eTeKkTMpaH no
CheKkTpaneH MbT € WIMTBT U WAMT-CMEKTUTOTOBUTE
CMECEHOCIONH rnuHu (cour. 10).
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®ur. 10. UInuT-CMEKTUT NO NNaruoknasoBu nNopcuvpu B NPONUNUTUINPaH
aHpe3nT W chekTpanHa KpuBa Ha npoGaTta, cpaBHeHa ¢ KOMMHOTBLPHO
reHepupaHa mukctypa Cmektut 60/Mnut 40

WnuTbT € pasnpocTpaHeH B OBLIMPHM 30HW HA NMOBCEMECTHA
KBapu-CepuuutoBa  npomMsHa € (PMHO  BrpbCHaTa
nupuTusaums. MNpocnosisaHaTeo Ha UIUTOBaTa CTPYKTYpa CbC
cmektoToBN cnoeBe unum OH-rpynu ce oTpassiBa Ha
CreKkTpanHaTa KprBa, kaTo 3arnaxga abcopbumoHHuTe hopmu
W HamansBa CTeneHTa Ha MOAPEedeHOCT Ha CTpykTyparta.
TakvBa ChekTpM NpoOZyuMpaT WINTUTE OT  BBHLWHUTE
MPOMUAMTOBW 30HW WINA CTPUTU U [MIMHACANN MaTepuanu ot
TEKTOHCKM 30HM. [ocnegHute obaye ¢ a TBbpPAE LUYMHU W
JecopMupaHu  nopagn  CWMHWA  MaTtpuke  edpekt K
pasnpbCKBaHE Ha curHana.

MwHepanHaTa acousauust B CekTpanHara cepusi OT Hax.
Uenoney ce fombrBa OT cyndatit — Hall-4eCTo UMNC U APO3MUT,
KaTo KbCHU (ha3n Ha XmapoTepmanHa MpoMsHa U OKUCIEHWE
Ha cyndwman u psgko — kpaboHaTM kaTo xunHa (hasa B
JVCTarnHUTe NPOMMIMTOBM 30HM.

3akntoueHne u aUCKycus

MpUNoXeHNETO Ha WH(bpayepBeHaTa CNEeKTPOMETPUs K
W3MOMN3BaHETO Ha NPEHOCUMM CIeKTpanHu ypeam e 6e3crnopHo

MpenopbyaHa 3a nybnukysaHe ot
Kategpa “IMpunoxHa reocpuanka’, MO
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NpeaumMcTBO B KapTUPaHETO Ha XuapoTepMariHi NPOMeEHM,
CBbP3aHK C BUCOKOCYNGMAEH TUN MUHepanusauums. bbp3oTo
WaeHTMMLMpaHe B peanHo BpeMe Ha MMWUHECTU MUHEepanu u
HAkoM cynd)aTu C AMCKpeTHa MposiBa € OT M3KMIYMTENHO
BaXHO 3HaYyeHMe 3a YCTAHOBABAHE Ha  (DU3MKOXUMUYHM
napameTpu Ha cpedara (Temneparypa, AbnOo4YMHa,
KMCENMHHOCT, COMEHOCT, CTeneH Ha OKUCMEHWE W ap.),
[ETEPMUHMPALLM CBOTBETEH TUM MUHEPANU3aLMs U CbOTBETHO
HMBO B XuppoTepmanHata cuctema.MetogbT obaye Bce oule
NMa HSAKOM HedocTaTbLyW, KOWTO 3aTpydHsBaT B M3BECTHA
CTEMeH TeonoXKkaTa WHTEpnpeTauus Ha  nonydyeHara
CcnekTpanHa gata M HEMHOTO KOPEKTHO MPOCTPaHCTBEHO W
o6emHo Mofienupatxe:

v KauecTBeHa MH(pOpMaLMs — YCTaHOBSIBA MPUCHCTBUETO
Ha [ageH MuHepan, HO He W HEroBOTO KONMWYECTBO;
Ocob€eHO BaXHO B KOMMO3UTHW CEKTPM (MUKCTYpH);
WoeHTudpmumpar ce Te3M MuHepanu, KOUTO ca C Haii-
CUNEH CreKTpaneH OTroBop;

ToyHocTTa B MpgeHTUGMKALMSATA HA  CMEKTpanHo
aKTMBHUTE MMHepanu Ce oOrpaHuyaBa B paMKWTE Ha
cnekTpanHute BubnuoTekn, 3anoxeHW B OnepaTuBHUSA
codpyep;

[MCKPETHO M3MepBaHe, OrpaHWYEHO B CKaHMPALLOTO
none Ha navnata. KomneHcupa ce c no-ronsm 6pon
N3mepBaHus.
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