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SMIIATCKUM KAMEHD
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PaHHekeMbpuiicKuid neHenneH (OTMeYeH CTpenKamm) B BOCTOYHOM 6OpTY
ponuHbl ApaBa (M3paunb). K 3Toll noBepxHOCTU Korfa-To 6biiv NpuypoyeHbl
6oraTble 3anexun MeaHbIX PyA.

«INNaTCKNIA KamMeHb» — MOCNIeAHAA pyAa TUMHbI.
dnureHeTuyeckaa MefHaa MUHepanm3auma B NPoXuaKax
6peKunMpoBaHHOro AoNoMuUTa (XpPU30Kona, 6rpto3a, Manaxut u ap).
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Hecbee Fecewtoe 2019, Tom 41, Ne 1
VIK 069.8 + 543.422 + 620.179

IUANATCKHUH KAMEHD — PYJIA IIIOXHU PAHHEI'O
METAAAA. AHAAMTHUYECKHUE HCCAEJOBAHUA
MY3EHUHDbIX MATEPHUAAOB C ITOMOILUbIO
HEPAIZPYHIAIOILUNX IKCIIPECC-METO/A0B

H.A. I'pomanoga, [1.A. YUexoruu, O.A. Ha6erxun!

C nomouspto peHmeeHOPIyOpecUeHMHoz0 1 MUKPO3OHO0B8020 pPeHmzeHOCNeK-
MPAnbLHO20 AHANUZAMOPOS BbINONIHEHDL ONPeOesIeHUS XUMUUECK020 U MUHEPATTLHOZ0 CO-
cmasa 6 06pasie Jinamckozo kamus. Eouncmeenroe 6 mupe mecmonaxoxcoeHue 3mozo
Peodkoz0 MUHEPANLHOZO Azpezama PAcHONONEHO 8 HHHOL Yacmu nycmviHu Apasa, 60
enadune Tumna, 6 25 km k cesepy om 2. Jiinam (Mspaunv). Imom sxcnonam unmepecer
He MonbKo Kax mMuHepanoezuyeckuii oopasey. OH umeem 601bUL0E UCOPUKO-KYTLIYP-
HOe 3HaeHe, NOCKONIbKY 8 Pe2UoHe, U3 KOMOPO20 OH NPOUCX00UM, OmMmeueHbl Hauboree
paHHue c6UdemenbCmBa 0CB0eHUS HeT0BEKOM MUHEPATLHBIX PECYPCO8, XPOHON0ZUHeCKU
OMHOCAU4UECS] K INOXe PAHHE20 MeMATIA — 0OHOMY U3 NePENIOMHbIX MOMEHIMOS 8 UCO-
puu uenoseueckoii yusunuzayuu. IonueenHas mMeOHO-MAP2AHUEBAT MUHEPATUIAYUS B0
snadute Tumna dopmuposandacy, no menvuieil Mepe, 8 meueHue MPeéX pasHOBO3PACM-
HBIX UUKIIO8, 0XBAMbIBAIOUAUX NPOOOTIHUMETIbHDLI OMPE30K BPeMEHU O NO30HE20 00-
KemOpus 00 panHezo mena. B npoxunxax uccnedosarnHozo 06pasya OUazHOCMUPOBaHbL
XPU30KOTNA, MATIAXUM U KATbyuonemepcum. Buewaiowas mampuya xapaxmepusyem-
CS1 NOBBIUUEHHDIM COOEPHAHUEM OKCUO08 MAP2aHLd, MEOU U CBUHUA.

Kniouesvie cnosa: penmeenopnyopecyenmuas cneKmpocKonus, 37eKmpoHHO-30H-
00801l MUKPOAHATIU3, NOPMAMUBHDIE AHATIUZAMOPYL, My3etiHbie POHObL, FTUNAMCKULL Ka-
MeHb, XPU3OKOTILA, MATIAXUM.

EILAT STONE AS AN ORE OF EARLY METAL AGE. THE DIAGNOSTICS
OF GEOLOGICAL SPECIMENS FROM MUSEUM COLLECTIONS
BY NON-DESTRUCTIVE EXPRESS ANALYSIS

N.A. Gromalova', PhD, P.A. Chekhovich!, Dr. Sci (Geol.), O.A. Nabelkin?
' Lomonosov Moscow State University (Earth Science Museum)
2 Institute of Mineralogy, Geochemistry and Crystal Chemistry of Rare Elements

A newly acquired museum specimen, the Eilat Stone, have been studied by
application of handheld X-Ray fluorescence analyzer and desktop scanning electron
microscope with energy dispersive X-ray microanalyzer as well. Eilat Stone is also known
as the King Solomon’s Stone. It is a green and blue heterogeneous mixture of several
secondary copper minerals including chrysocolla, malachite, pseudomalachite, azurite,
turquoise and others. The world's only location of this rare mineral aggregate is close
to Eilat, Southern District, Israel, in Timna National Park. This specimen is interesting
not merely as mineral substance. It is of great historical and cultural importance, since
in the area in which rock was sampled, the earliest evidences of mining activities were
found. This historical period refers chronologically to the Early Metal Age, one of the
tipping points in the human civilization. A polygenetic and polycyclic copper-manganese
mineralization in the Timna Valley was developed over an extended period of time from
the Late Precambrian to the Lower Cretaceous. In the stringers of the analyzed sample

! Ipomarrosa Hartambsi A/eKcaHIpoBHA — K.I.-M.H., C.H.C. Myses semmesenenus MIY, gromalnat@mail.ru;
Yexosny Ilerp AnfipeeBud — JI.I.-M.H., 3aB. CEKTOPOM MMHepareHuu u ucropun 3emmu Myses semneBefienus MI'Y,
p.chekhovich@gmail.com; Habenkun Omner AHaTonbeBMY — 3aB. TAGOpaTOpMeil PEHTTEHOCIIEKTPATLHOTO (ryopec-
LIeHTHOTO aHa/13a VIHCTUTyTa MUHEPA/IOT Y, TEOXUMUM U KPUCTA/UIOXMMIUN PelKuX s7eMeHToB (VIMIPI).
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we have identified chrysocolla, malachite, and calciopetersite. The matrix is composed of
Cu-Mn oxides with Pb admixture.

Keywords: X-ray fluorescence spectroscopy, electron probe microanalysis, handheld
analyzers, investigations of scientific collections, museum funds, Eilat stone, chrysocolla,
malachite.

Beedenue. B 2018 r. B ocHOBHOIT HoHI Myses 3eMneBeneHNs ObUT IPUHAT PERKUIL re-
orornyeckuit obpasell, epefjaHHbIl B KadecTBe flapa oT A. JKuBKoBUYa, COTpyAHMKA YHU-
Bepcurera uMeHn ben-I'ypuona B Herese (Beap-1lleBa, V3panns). MexxpyHapofHoe HasBa-
HI€ 3TOT0 MMHEPAIbHOTO arperaTa, OTHOCUMOTO B HEKOTOPBIX KIacCHUKALVIAX K LIeHHBIM
I0BE/IMPHBIM MaTepuasaM, — «3MIaTCKUIl KaMeHb», W, 10 KOMMepPYeCcKoll TepPMUHOIOTUN,
«3BeH-311aT». Mecto oTbopa obpasua — BraguHa TUMHa, pacnono)KeHHast B IyCTbIHe Apa-
Ba (B HEKOTOPBIX TOIIOHMMMYECKUX MCTOYHMKaX — Bamu-amb-Apaba), k fory or Méprsoro
Mops U B 25 KM K ceBepy ot ropopia Jitnar (Mspannn). Bnaguna TuMHa — efuHCTBeHHOE B
MMpPe MEeCTOHAXOXX/IeHMe 9J1TaTCKOr0 KaMHS.

OTOT My3eifHbIIT IpeMeT MHTepeceH He TOMBKO KaK MUHepanorndeckuii obpasen. OH
uMeeT 6ONbIIOe CTOPUKO-KYIbTypHOE 3Ha4eHMe, OCKOTIbKY B PErMOHe, M3 KOTOPOTO OH
IPOUCXOAUT, OTMeUeHbI Haubolee paHHNe CBUAETETbCTBA OCBOECHMA YeTOBEKOM MUHEpaIb-
HBIX PECYPCOB, XPOHO/IOTMYECKM OTHOCALIMECS K 3TI0X€ PAaHHETO METa/Ia — OTHOMY U3 Ile-
PETTOMHBIX MOMEHTOB B MCTOPUY YETI0BEYECKON IMBUIN3ALNL.

Hcmopuxo-apxeonozuueckue oannvte. B TuMHe U Ha TIpuUIeraomux TeppUTOPUAX
apXeoJIOTMYEeCKMMM JICC/IENOBAHMAMY BbIAB/IEHBI OJHM U3 CaMbIX PaHHUX MCTOPUYECKUX
CBUJIETENBCTB BOOBIUM PYABI ¥ OCBOEHMA IIOTHOTO METATYyPrUYeCKOTO IIMK/IA MPOU3BOJ-
crBa Mefu. CoBpeMeHHbIMM MCCTIEROBATENAMM OHM aTUpYyloTca IV ThicAadeneTneM o H.3.
[1, 6, 11]. [TonaraoT, 4TO 3TU TEXHOIOTUY 3APOANINCH 3[eCh €llé paHbllle — B Cpefie Ky/b-
Typ Ho3fHero Heonuta. Hambosnbiero pasmaxa go6brda pysbl JOCTUINA 3[€Ch HECKOMBKO
nosnHee — B XIV-XII BB. 10 H.3. (B anoxy mpeBHeerunerckoro «Hosoro mapcrsa») [14] u
C HEKOTOPBIMU TlepepbIBaMI TIPOJI0/IKANACh BIUIOTh 10 CPefHMX BeKoB. OTpaboTKa MecTo-
PO>KJICHUIT Belach IMPEMMYLIECTBEHHO 3a CUYET 30HBI OKMCIEHUs [5], B KOTOpOIl copepKa-
JIUCB caMble 6oraTble PyAbI — IETKO BOCCTAHOBVMbIE OKCYIbI MEJII.

B 30-50-X rr. mpouIoro BeKa MHOTME MCTOPMKM IBITAINCh COOTHOCUTD apXeoyIornye-
CKMe TaMATHUKY TVIMHBI U e€ OKPEeCTHOCTeN ¢ 6MOIeliCKMMM TeKCTaMU, B KOTOPBIX YIIOMU-
Ha/IMCh 3HaMeHUTbIe «Komu IjapsA ConoMoHay, TeTeHapHoro npaButens Vspauns, ynpasiias-
IIEero CTPaHO B Havane U cepefHe X B. 10 H.9. DTV MaMATHUKY OBV OTKPBITHI B Pe3y/bTaTe
MacIITaOHbIX SKCIEVILIMOHHBIX UCCTIeTOBaHNUIT M3BECTHOTO apxeoyora-6ubnencra Henbcona
I'moxa (Nelson Glueck) [8, 9, 10]. Onu BrioniHe 060CHOBaHHO TPaKTOBAIUCh UM KaK IOCTPOIt-
KU MeJIeTIaBM/IbHOTO Ha3HAa4YeHNs ¥ TOPHOIIPOXoueckye BoipaboTku (puc. 1A u 1B), omHako
6bUIN OIIOOYHO JATMPOBAHBI BpeMeHeM IpapyeHus ComoMoHa 1 6oree MO3HUMI UCTOPH-
geckymu nepuopiamu [6]. Ceitdac npepcrasnennsa H. I'moka kapAyHaIbHO IePeCMOTPEHBI.

B HoBerlee BpeMs pa3paboTka MecTopoxpeHus B TMHe Bo306HOBIANAch B 50-¢ rr. XX
CTOJIETHA, HO BCKOPE OHa ObITa IIPaKTUUeCKH IOTHOCTBIO IIPeKpallleHa B CBA3Y C VICTOIIeHIeM
3aracoB U HepeHTabeMbHOCTDIO AoObIuM. B 80-e rofbl mpefIpMHIMANICh HOMBITKN pa3pabda-
TBIBAaTh OCTABIIMECS 3a/IeXKM B Ka4eCTBE CHIPb [/IA IIPOM3BOJICTBA XMMIIECKUX yA00peHmit. B
90-e ronp! B 9TOM parioHe 6611 cosnan Harmonansubit [Tapk TyMHa, cTaBImii HOMY/ISPHBIM
TYPUCTMYECKMM 00 beKTOM. B HacTosIee BpeMs BCe TeoIOrMuecKye USbICKaHI, CBsA3aHHbIE C
oT60opoM Tpob, 37ech 3anpeleHbl. VccnenoBaHHbIT 06pasel] AB/IAETCSA OFHUM U3 HOCTENHNX,
JerajbHO BOO6bIThIX B TuMHe. B ero kadectBe Myselt 3emieBefieH1sA pacIionaraeT, BO3MOXKHO,
OJHVM U3 TIEPBBIX PY/IHBIX IOIE3HBIX MCKOIAEMbIX B MCTOPYM LIMBUIM3ALIVIN.
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Puc. 1. [IpeBHMe uraxTHble BBIPAOOTKM
PasIMIHOTO BO3PAaCTa, BCKPHITHIE apXeO/IOTH-
YecKMMM packonkamu B TumHe [6]: A - maxTa
C IIMPOKUM BXOZOM HeIPaBUIbHOM (GOPMBI
(IV ThICcAYeNneTHE IO H.3., 9HEONUT); b — mraxra
LWINHAPUIECKOH (OPMBL CO CIefaMi BBIPY-
O7eHHBIX cTyIeHeit, rmyouna 42 M (II Toicsive-
JIeTHe 70 H.3., CPeHMIT OPOH30BBIIT BEK).

T'eonozuueckas o6cmanosxa. Ilonuren-
Has MeJHO-MapraHiieBas MMUHEpPanu3anus BO
BHafuHe TuUMHa QopMMpoBanach IO MeHb-
1Ieji Mepe B TeueHMe TPEX PasHOBO3PACTHBIX
IIMKTIOB, OXBaTbIBAIOIIMX ITPOMO/KUTEIbHBIN
OTPE30K BPEMEHU OT IO3JHEro AOoKeMOpus
no panHero Mena. OHa IpuypodyeHa K He-
CKOJIBKMM DErMOHaIbHBIM Hecornmacuam [15]:
1) paHHeKeMOpuMIICKMII TeHemteH, copmu-
POBaHHBII Ha IOpPOJAX KPUCTATIMYECKOTO
¢dynmamenTa Apasuiicko-Hy6uiickoro mura
U 3aJIETAIOIINIT B OCHOBaHMY (DaHEpO30JICKOTO
yexsa (puc. 2)% 3Ta MOBEPXHOCTb UKCUPYET
saBepmaomye ¢asbl [TanappukaHckoro opo-
TeHe3a; 2) paHHeMe/IOBOe Hecoryacue, pasfie-
nsmoIee KeMOPUIICKUE ¥ HIDKHEMENIOBbIe OT-
no>xxeHus (puc. 3); aTa TpaHUIIA C BO3PACTOM ~
140 MJIH jIeT OTpa)kaeT 3MOXY PErMOHaJIbHOTIO
HOJHATUA ¥ Pa3MbIBa, COIPOBOXK/ABIIYIOCS
UMHTEHCUBHBIMM MarMaTHMYecKMMM M BYJKa-
HUYECKUMM TIPOSIBIEHUAMY; 3) OJIUTOLIEHOBOE
HecorITIacue, BbIpa)XEHHOE B BUJie IEHEIIeHa
[7] Ha pa3HOBO3PACTHBIX HOPOJAX — OT J0IeHa
IO MOKeMOpYs, IePeKPBITLIX CIOAMY MIOIIe-
Ha; 3Ta NMOBEPXHOCTb MAPKUPYET 310Xy IOJ-
HATUI (~35 MJIH JIeT), TpeflIecTBOBABLINX
packony AdpukaHO-ApaBUIICKON IUIMTBI 1
obpasoBaHMio TpaHcdopMbl MépTBOrO MOps
[13]. B HeoreHe Bce KOMIUIEKCBHI OCafJOYHOTO
YyexJIa MCIIBITA/IN BO3/ENCTBIE THIPOTEPMATIb-
HOI1 IeATeIbHOCTH, CBA3aHHOI ¢ POPMUPOBa-
HJIEM 3TOJi Pa3pbIBHOI CTPYKTYpHI [15].

Ananumuueckue memoouxu. [Inanomep-
Hble MCCIeioBaHUA (HOHJOBBIX KOIEKIMI U
HOBBIX ITIOCTYIUIEHMII MUHEPA/IOro-IeTporpa-
buryecknx MaTepuanoB NPOBOAATCA B Mysee
semyeBefieHua MI'Y Ha mpoTskeHUn mnocnep-
HUX HECKONbKuX 7er. IIpu stom mpuopurer
oTfaérca Hanbosee COBPEMEHHBIM PasHOBMUJI-

HOCTAM HEPA3PYIIAIINX aHATUTUIECKNX METOIOB, ITO3BO/TAIOIINX N3YyJaTb BCI.I_ICCTBCHHBIIZ
COCTaB MaTe€pnaaa 6e3 cneumaanoi[ HPO6OHOJILI‘OTOBKI/I, YTO ABIACTCA qpestlqaﬁ[Ho aKTy-
AJIbHBIM /1A My3€I7[HOI‘O aena. K rakum METOAaM, ITPEXKE BCETO, OTHOCATCA peHTI‘eHO(i)TIYO-
PpeCLIEHTHAA CIIEKTPOMETPYIA, CKAHMPYIOIIaA 3JIEKTPOHHAA MUKPOCKOIINA, SHEPTOANCIIEPCH -
OHHBIN MUKpOaHa/In3. B xone I/ICC)'ICJIOBaHI/IIZ IIpeANnoOYTEHME ITPEVIMYIIECTBEHHO OTAaBaI0Ch
IIOPTAaTUBHOMY 060pyn013aHmo, 9TO ITIO3BOJIAJIO ITIOTy9aTh BPICOKOTOYHbIC 3KCIIPECC-OIIpe-

OEIICHNA.

2 CM. puc. Ha C. 2 06JIOKKY XXypHaIa.
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Puc. 2. PanHekeMOpuiickas IOBEpPXHOCTb BbIpaBHMBaHMA (OTMEUEHA CTPE/IKaMy) Ha ITOPOfax
KPUCTaIN4ecKoro GpyHnaMeHTa B BOCTOYHOM O0pTY Ao/mnHbI Apasa [15].

Puc. 3. PanHeMennoBoe (alTcKoe) HecoIacye MeXAy OTIOXEHUSIMU cpefiHero Kembpus (1) u
panHero Mmena (2). CreviBc-Xwmwt, TumHa [15].

[IpMeHeHNe 3TMX MHHOBAIMOHHBIX TEXHONOIMI 3aYacTyl0 ITO3BOJIANO HEIOCpes-
CTBEHHO M3y4aTb My3elfHbIe IIPeIMeThl, He M3BIMasA UX M3 SKCIo3niym. Tak, B 4aCTHOCTH,
00CTOSATIO [eTI0 IPY UCCIelOBAaHUU KPYITHOTabapUTHBIX (BecoM 6oree 200 Kr) papUTETHBIX
00pas1oB OKaMeHesoi fpeBecHsI ¢ ato Komopago (Apusona, CIIIA). C nomolbio Iop-
TaTMBHOTIO peHTreHodryopecueHTHOro aHam3atopa X-MET 7500 B 3Tux o6pasuax yaanoch
IMAarHOCTHPOBAaTh OOTATyI0 peKOMETaTbHYI0 MUHepanM3aIio (IaHTaH, Iepuii), a TaKkxe
BBIABUTD NIPUCYTCTBUE OECKPEMHMEBBIX (HECMIMKATHBIX) HOPMaTUBHBIX MUHEPa/IOB — 6a-
pura (BaSO,), Bureputa (BaCO,), uenecruna (SrSO,), crponunanura (SrCO,), mapranerco-
lep>Kalllero KasblIiTa, OKCUOB JKelesa M MapraHIa [2, 4]. 9To mpuseno K nepeaTpubym
KOJUIEKIIMOHHBIX 00pa3lioB, KOTOpble IepBOHAYATbHO ONpefe/LInch Kak «silicified wood»,
T. €. ICeBJOMOP(O3bI MIHEPATIOB KpeMHe3éMa 0 IPEeBECHOI TKaHM.
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C ncnonp30BaHyeM MepedurcIeHHbIX METORUK OBUT TAK)Ke AMATHOCTUPOBAH COCTaB PaHHe-
[MareHeTYeCKOil KPeMHICTO-XKe/Ie3UCTON CelTapUI U3 TUIEHICTOLIEHOBOTO (hII0BNOI/IAIMAIA
Bocrouno-EBporeiickoit m1aT¢hopMsl, TOCKaHCKOTO JTaHAIIAGTHOTO MpaMopa 13 MeJI-301[eHO-
Boro ¢uira CeBepHbIX ALIEHHVH, AMETUCTOBOI PY3bI U3 PaHHEMEIOBBIX (a3a/IbTOB IPYIIIIBI
Coeppa-Kepans (Bpaswms) [2]. B pspe ciydaeB npoBopumich 6omee yriybeHHbIe ICCIER0-
BaHN Ha CTalIOHApHOM obopynoBanuu. Tak, Ha audpaxromerpe Xcalibur Oxford Diffraction
(OHUL, «Kpucrannorpadus u poronnka» PAH) 6511 BBIIIONHEH PEHTIeHOCTPYKTYPHBbIIT aHa-
73 (MOHOKpYCTaNbHasE AUQPAKTOMETPMUA) KPUCTAIIOB IMUPUTA U3 HEOOBIYHBIX 6110MOpP}HO3
110 6e/IeMHITOBBIM POCTPaM 13 HIDKHeMeToBbIX oTioxkeHuit CeBepHoro Kaskasa [3].

Pesynvmamvt uccnedosanuii. VIsydeHHbI oOpasel HpefcTaBisieT HOpoay Opekdine-
BUJHOTO oO/uKa (puc. 4)°, KOTopasi IPOHM3aHa CEThIO 3€e/IEHO-TOMYOBIX TIPOXKMIKOB, 3aII0NI-
HEHHbIX CMEeCbI0 BTOPUYHBIX MVHEPAIIOB MeMU: Ma/IaX)Ta, a3ypuTa, XPU3OKOJUIbI, OMPIO3bI
U HEKOTOPBIX Apyrux. Takue IMTONOTMYeCK e PA3HOCTI OOBIYHO 3a/IeTal0T Ha 3aKapCTOBAH-
HOJ1 TTOBEPXHOCTH MaYKM MECYAHVCTBIX JOTIOMUTOB, C/IATAIOLINX KapOOHATHO-TEPPUIEHHYIO
¢dopmario TrMHA KeMOPUIICKOTO BO3pacTa. JTOT MHTEPBA/L paspe3a pasOuUT TyYCTOI CEThIO
HaJIO>KEHHBIX TEKTOHIYECKIX TPELIMH ¢ MHTeHCUBHOI SIMT€HeTIYeCKOI MUHepaIn3alyeit ¢
Bo3pacTroM 13-15 miH et [12].

C moMo11[pi0 peHTTeHO(TYOPeCLIeHTHOTO aHa-
nmm3saropa X-MET 7500 (Oxford Instruments) 6b11m
BBINOTHEHBI OMpefie/IeHNsA XMMIYECKOTO COCTaBa B
BU3YAJIIbHO Pas/IM4MMBbIX 30HaX 0Opasija: IpOXXII-
Kax 3enéHo-ronmybosaToro 1sera (1), obmactu me-
pexofa CBET/I0-KOPUYHEBOTro TOHA (2) ¥ TEMHO-KO-
puuHeBoii Marpuiie (3). BropudHble u3MeHeHUs
XapaKTEpPHBI JIIl CBET/IO-KOPUYHEBOW U 3€IEHON
obacreil, TEMHO-KOpMYHeBas MaTpULia He M3MeHe-
Ha. YCTaHOBJIEHbI NTOBbIIIEHHbIe cofiepkaHua CuO
ot 16,11 mo 42,14 mac.% [ 1epexXOfHON 30HBI U
obmactyt 3enéubix mpoxxunok. Copepxanne CuO B
MIPOXKM/IKAX BblllIe TIEPEXOHOI 30HBI, /I IOCTIef-

Puc. 4. O6paser 9/11aTCKOro KaMHs, 110 )
KOTOPOMy BBITOMHAMNACH IKCIpecc-onpege- ~HEW XapakrepHo mnpucyrcrsue npumecu PO, 1o
JIeHNsT BTIEMEHTHOTO cocTaBa B 3oHax (1-3) ¢ 8,38 mac. %. Conepsxanue Al O, Bapbupyer ot 13,96

TIOMOIIBIO. PEHTICHO(IYOPECIIEHTHOTO aHa- 110 5,588 Mac. % B TIePEXOHOT 30He U TIPOKMIKAX,

msaropa. COOTBeTCTBEHHO (Tab1. 1).

Tabmuua 1. Xumudecknit (Mac.%) cocTaB B JIOKa/lIbHBIX 30HaX oOpaslia [0 HaHHBIM PEHTIEeHO-
(rI00pecLieHTHOTO aHamM3a

Ne oK. 30HBI 1 2 3
AlLO, 5.58 13.96 3.88
SiO, 33.97 37.38 19.81
PO, 591 8.38 1.02
MnO 1.70 3.95 39.00
Fe,O 1.55 1.24 5.05
CuO 42.14 16.11 18.39
PbO 1.71 2.39 12.11
Cymma 92.55 83.42 99.27

* CM. puc. Ha C. 2 06/IOKKY XXypHaIa.
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ITo pesynbTataM uccnemoBaHUA Ha ONTUYECKOM MUKpockome «Science ADL-601P»
(Bresser GmbH) mpu 50-100-KpaTHOM yBenu4eHUM B 06pasiie BbIABIEHDI PasINYaoIInecs
IO COCTaBy 00IacTH, B Ipefie/laX KOTOPBIX Ha 3/MeKTPOHHO-30H0BOM MMKPOaHaIn3aTope
Camebax Microbeam 6puy BbimoHeHbI 490 3/1eMeHTOONPERe/IEHUIT B TOKAIbHBIX 30HaX
(puc. 5, Tab1. 2; IpUBeREHbI TUIINYHBIE COAEPXKaHMA). AHanu3 MpoBoAnIcs B auddepenu-
aJIbHOM peXKMMe aMIUTMTYRHO AMCKPUMMHALIMM CUTHAJIA TIPY YCKOPSIOIIeM HaIPsKeHUN —

20 kB 1 Toke 3/eKTpOHHOTO Iy4Ka — 30 HA; AyaMeTp ITy4Ka COCTaBIIAN 3 MKM.

100MyikpomeTp

Puc. 5. Touky ompefeneHNnit 37eMEHTHOTO cocTaBa (cM. Tabn. 2) B o6pasiie MeIHO-MapraHIeBoi
PynbI (siinaTcknit KaMeHb). Bnaguua TumHa.

Tabnuua 2. Xumudecknit (Mac. %) ¥ MUHEPaIbHBII COCTaBbI B JIOKAJIbHBIX 30HaX 0Opasia 110
TaHHBIM 37IeKTPOHHO-30H/J0BOTO MUKPOaHa/IN3a

Touxa Ne 1 2 3 4 5
MIH. pasa M li/IéTpI/IL(a XpU30KOJIIa MaJIaXUT KaIIbLU/IO—? KBapIJ
n-Cu cocraBa METEPCUT ?
MgO 0,04 0,12 0,03 0,06 HITO
ALO, 1,81 3,82 0,42 0,54 HITO
SiO, 12,68 37,61 0,39 1,24 99,89
SrO 0,05 0,04 HIIO 0,06 HIIO
P205 HIIO HIIO HIIO 26,93 HIIO
SO, HIIO 0,08 HIIO 0,29 0,01
KZO 0,37 HIIO HIIO HIIO HIIO
CaO 0,10 0,55 0,03 8,45 HIIO
TiO, HIIO HIIO HIIO HIIO HIIO
MnO 39,99 0,08 0,03 0,04 HIIO
Fe,O, 3,93 HIIO HIIO HIIO 0,02
CuO 13,10 46,93 82,01 54,91 0,25
ZnO 0,09 HIIO 0,07 HIIO HIIO
PbO 3,99 HIIO 0,65 HIIO HIIO
Cymma 76,16 89,30 83,62 92,52 100,17

IIpumeuanue: HIIO - HYDKe Ipefiena o6Hapyxenus (<0,01%).
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OcHoBHas Marpuia (Touka 1) cl1o)KeHa TOHKO3EPHVCTBIM arperaToM MapraHi[eBo-Me-
JCTOTO COCTaBa ¢ OOIIMPHON MIHepanu3anyeil Xpu3oKosl (2). B MaTpuiie paBHOMEPHO
pacIpefie/ieHsl IPO>KMIKY C MEJHON MUHepanu3anueit, IpefCTaBIeHHo MaaxuToM (3) u,
BepoATHO, Kajbiuomnerepcurom CaCu, (PO,),(PO,OH)(OH), -3H,0 (?) (4), a Takxe chepo-
upaIbHble MUKPOBK/IIOYEeHNs KpeMHe3éMa (5) (cM. puc. 5).

3ajjaveil JanpHENIINX MCCIESOBAHUIL AB/ISETCS YTOYHEHVE OMArHOCTUKY MUHEPAsIb-
HbIX (Das, ONTUMM3ALMS IPOrPAMM PAcUéTa MX COCTaBa U COIIOCTABIIEHYE TIOJIyI€HHBIX pe-
3y/IBTATOB C ONYOJIMKOBAHHBIMY paHee JAHHBIMU MIHEPAIOrO-TeOXMMIIECKOTO M3yIeHNs
BMELAILIMX HOPOJ 1 Pyj mapka TuMHa u ero okpecrHocreit. [IpopabaTsiBaroTCs BOIPOCHI,
CBsI3aHHBIE C JATIbHENIINM PACIIMPEHIEM MY3€eITHOI KOJUIEKLIMI MIHEPAIOTNYeCK1X 06pas-
LJOB U3 9TOTO PETMOHA.
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