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Pedepar

[lpoBenien amanu3 nuTEpaTypHOro M (JOHIOBOrO MATEPHANOB MO 3aKOHOMEPHOCTAM
pacnpOCTPaHCHHA, CTPOCHHA, COCTaBA M METALIOHOCHOCTH 4YepHOCHaHNEeBbIX Toumy CpejHe-
Tumanckoro pafiona. Bemonnen Gonmbmol o6beM aHanWTHYeCKHX paboT. OCHOBHBIMH
AHATUTHYECKUMH METOJaMH JUISL ONpejie/ieHHs COAepaHuii B mpoGax pyA OCHOBHEIX (3a
HCKJIIOUCHHEM 30JI0Ta M [UIATHHOHAOB) H NomnyTHeIX KomnoredTos (Ti, Mn, V, P, Nb, Ni, Co, Rb,
Mo, Cu ap.) sBRANMCH peHTreHO-(oopecueHTHEN («DUILTHIICY), HEHTPOHHO-aKTHBAUOHHEI
aHaJIN3Bl, MOJYKOIHYECTBEHHbIH CIIEKTPANbHEIH aHaINU3, METOJ| MHAYKIIHOHHO-CBA3aHHOMH IJIa3Mbl
¢ macc-ciektpometpueii (ICP MS) — o630pHEIii ¥ KonuuecTBeHHBI Ha Au, Ag, M IEMEHTHI
mwiatiHoBoH rpymust (OIID). [lns u3ydeHns MHUHEpaIbHOTO COCTaBAa HOPOA M pyaA, Kpome
MHKPOCKOITHH, HCIIONB30BANHCH PEHITIEHOCTPYKTYPHBIH M TEPMO-TPABHMETPUYECKHH METOJBI
aHanmn3a. [l reHeTHYECKHX MOCTPOCHMIl HCIIOIB30BaH M30TONHbIH MeTo (OnpeiesieHHe H30TOIIOB
yriaepoja, Kucjiopojia u cepbl) M apyrue. Jlnst onpefeneHus cofepaHuuii 30J0Ta ¥ NNaTHHOUIOB B
YEPHBIX CHIAHIAX HCIOJNB30BAIMCH CJEAYIOUME METOAB: TNPOOHPHBIN aHamn3, HEHTPOHHO-
AKTHBALMOHHEIH aHANU3, CIEKTPO-XUMHYecKuii aHanus, [CP MS — 0630pHbIH ¥ KOJTHYECTBEHHBII,
TOHKOCJIOHHO# Xpomarorpaduu u KuHeTHueckuit. Ecnu npoGupsblii aganuz Ha 3o0moto u DI s
KOPEHHBIX 30JIOTOPYIHBIX MECTOPOJKICHHH SBJISETCS CaMBIM INPHEMJIEMBIM, TO IS  YePHBIX
CNIAHIIEB OH OKAa3alCs HEJOCTATOYHO HAJEKHBLIM BCIACACTBHE BO3MOKHOCTH 0OPa3’OBaHHS B XOJE
aHalH3a JICTYYHX COCIHHEHHH M TPYJHOONPENENHMBIX KOMIUIEKCOB MJIATHHOMIOB.  VI3ydeHue
MCTQJVIOHOCHOCTH (B TOM WYHCJIE 30JI0TOHOCHOCTH H IUTATHHOHOCHOCTH) YEPHOCIAHIEBBIX TOJILI
Cpennero Tumana moka3sano, 4To BCE YEPHOCIAHLEBBIE TOJNUIN XapAKTEPH3YIOTCS MOBBILICHHEIM
GonoM (a MecTaMM M NpPOMBINUICHHBIMH KOHUEHTpamusaMu) 3omota, DI W psaga Apyrux
npeuMyInecTBeHHO Ouoduibubix snemMenToB (Ti , Mn, V, P, Nb, Ni, Co, Rb, Mo, Cu u ap.). U3
NEPEYUCIICHHOT0 pslia 37eMEHTOB Haubojee NMEPCTICKTHBHBEIMH JUIS JaibHEHMIIEr0 H3ydYeHHS H
. TIOCTaHOBKHM NOHCKOBO-pasBelo4yHbIX pabor saBmstores Au, OIII, Nb u penxosemensHas
MHHepalu3auus, cBa3anHas ¢ ¢ocdoputamu (3aocTpoBcKOe MecTopokieHue u ap.). Ha
TeppuTOpuH Yernacckoll ropcT-aHTHKIMHANM Haubolee mepcrneKTHBHEIMH Ha Au u JIII, 1o
HaleMy MHEHHIO, ABJIsroTCA Mlowann Ceernurckoro u Ulyropckoro mecroposkaenuit GOKCHTOB,
COBNAAIONIHE C BHIABIIEHHBIMH IPaBUTAIlIOHHBEIMA MHHHMYMAaMH, TJIe MOJKHO O)KHMIaTh Hanbosee
MHTEHCHBHYIO T'HAPOTEpPMalbHyl0 mnpopaborky. [eHesuc opyneHeHHS B 4YepHBIX CJIAHIAX
A0CTaTOYHO CiIoKeH. IlepBHYHO oOcazouHOE HAKOIJIEHHE PYAHOrO BEUIECTBA 3Je€ch Haubolee
BepoATHO. B TumaHcKoM paifoHe B 4EPHOCNAHIEBBIX TOJMINAX HAIUIIO COBMEIICHHUE YK30TE€HHBIX H
3H/IOTEHHBIX (PAKTOPOB PYNOHAKOIUIEHHS H PYIOKOHIEHTPHPOBAHHS.
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MHHCPRHOFO-FBOXHMH'ICCROB H3Y4YCHHC H IPOrHO3HAas OLCHKA

MEeTa/IJIOHOCHOCTH YEepHOCHAHIEeBbIX TOJIII Cpe,lmero Tumana

Beenenune
HuTepec X 4epHOCIAHIIEBEIM TOMINAM B IOCTIEIHHE leCATHNETHS B MUpe U B Poccuu pacrer
B CBA3M C TeM, YTO Bce Gornee moAKpenisercd NpEACTaBICHHE O CBA3H YEPHOCIAHIIEBAIX TOJII
(dopmanmif) ¢ 30M0TO-IUIATHHOBBIM, PEIKO3eMENBHBIM M PENKOMETAILHBIM OpYIEHEHHEM.
W3BecTHO Taxke, YTO ¢ WYEPHOCNAHIIEBBIMH (OpMalHAMH Pa3HOIO BO3pacTa CBSA3AHBI TAKKeE
KpyIHEIE MECTOPOXKIEHHS cepebpa, MeIH, OIMMETAILIOB, ypaHa, pocdopa, MapraHia u Apyrux
METUIOB, @ TaKXe IIYHrHToB H rpaduron. CpemHe-npoTepo3oicKHe YEPHOCIAHIEBBIE TOJIIH
Boponexckoro MaccuBa conepxar MecropoxaeHus ¢ocpopa. C YepHEIMH CIaHLAMH CBA3aHBI
nommmeraundeckue ['opeBckoe MecropokaeHne Ha EnucelickoM kpsoke, XONOJHEHCKOE — B
[pubatixamse. B I'epMaHuu ¢ ApeBHHX BpEMEH H3BECTHO M oTpabaThiBaercs MemHoe (C
'BaHATHEM) MECTOPOXIEHH PamMenschepr, CBS3aHHOE C YeDHBIMH CAHIAMH. B M3BECTHOM
Mectopoxaenun Manchensn (Cunesus, ['epmanns) B GHTYMHHO3HBIX MEPreisix COAEpXKaHHA
Mequ nocturaiotr 2-3% u Gonee, a cepebpa - 100-200 r Ha T. C yepHOCHAHUEBEIMH TOJIAMH
CBA3aHbl BaHanuii- ypaHoBele MecTopoxkaeHus UYarranmyra (CIIA), Paxcrax (IlIsemus).
I'arantckas IIposuHumus ®ocdopus B Cxamacteix ropax (CIHA) raxxke cf3aHa ¢ YepPHEIMA
ClaHIIaMH. Hsacdmm 30JI0TOPYAHBIE MECTOPOXIECHHA B YEPHOCIAHLEBBIX TOMAX H B
noxemﬁpnﬂcm 3eJIeHOKaMeHHBIX nosicax. B 3anaxuoi Adpuke B yrucThIX claHnax bupumus,
H3BECTHO 30/0TOpyAHOe MecTopoxaeHHe Camupa (Hurepus), cBi3aHHOE C pacCEsHHOH
cygs@umoﬁ MHEHepanu3anuedl (UPHTOM, apceﬂonﬁpHTOM, xanskonupuToM). Iloxoxee
MmecTopoxaenne Kymena B rp'atbmoam cnannax u3BectHo B bypkuna-®aco. Cpenume
COOepXaHHs 30/I0Ta B HHX Goni.u:}e 2 r Ha T. OGa MeCTOPOXAECHHS HHTECHCHBHO
skcruTyarupytores. ['onosas nobsma fa NEepBOM M3 HHX - 14.7 T, Ha BTOpOM — 6.6 T .

Cpenu pasHooOpa3sHs METaUIOB, CBI3aHHBIX C YEPHBIMH C/IAaHLIAMH, BHE KOHKYPEHIIHH
307I0TO M 3MEMeHTHI MiatuHoBo# rpymmusl (JI11). 3TomMy oHM 06s13aHBEI HE TOJIBKO TeM, 4TO K
sonoty u JIII" coxpanseTcs TpamUIIHOHHOE OTHOIICHHE KaK K BAMIOTHBIM META/IaM, HO H TEM,
YTO OHH HMEIOT YHHKAIbHblE (pU3HYECKHEe M XMMHYECKHe CBOMCTBAa M  HCHONB3YIOTCA B

pa3snHYHBIX 00NacTAX COBPEMEHHOM TEXHHKH, B MEAMIIHE H IOBETHPHON MPOMBIILIEHHOCTH.
CornacHo xaneHaapHoMy 1uiany gorosopa UI'EM ¢ OAO «Bokcutr THMaHa», B Hadaine
paboT mpemycMaTpUBANOCh M3y4YEHHE JIMTEPaTypHOIroO H (OHIOBOrO TEONOrHYECKOro M
reodM3NUECKOrO MaTepHaNoB 10 AaHHOH mpobreme. B mocnemyiomem (B 2003 u 2004 r.r.)
6BU10 IPOBEIEHO H3YYEHHE IEOJIOrHYECKOro Marepnaﬁa, B TOM 4HCJIe KepHa OYPOBEIX CKBaXHH,

BCKPBHIBIIMX WYEPHOCHAHIEBBIC TONINH Ha IUomand OGOKCHTOBBIX MECTOPOXICHHNA H
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NPHJCTAIONIHX TEPPUTOPHAX BO BpeMa reonoro-passesousbix pabor 70-x — 90-x romo
npolwioro crojerus. Bo Bpems nosesbix paboT ObUTH H3yHEHBI pa3pe3sl YEPHOCIAHIEBBIX TOJIIL
pasHoro Bospacta Ha UeTsracckoif ropCT-aHTHIITHHAM, B palioHe GOKCHTOBBIX MECTOPOXICHHH
Bexaio-BopsIkBHHCKoO#M rpynnsl, ¥ Ha Bonscko-Bemvckoit rpsine. B paitone Bonbcko-Bemveckoi
| rpagsl ObUIH HM3YdYeHBI TaKXXe COBPEMEHHBIE PpOCCHINH 30710Ta n MIII' 6muxHEro

IIEPEOTIOXEHHS B pafOHe pacpOCTPaHEHH YEPHOCIAHIIEBBIX TOMI,

1. McTopun H3y4eHHs YepHBIX cianunes TamMana

| YepHocnanuessle Tommu u3BecTHs! Ha Tumane Gonee 50 sner. B npepenax Cpensero
TrMaHa YepHEIe CaHIb 0GHApYXKeHBl Ha HECKOIBKHAX BO3PAacTHBIX YPOBHAX: B cpeaHeM pudee,
B no3aHeM pudee u Benae. Ha IOxuoM TuMane MMeeTCs POITYMHCKAS CBHTA, COOTBETCTBYIOMIAN
nayucko#t ceute Cpennero Tumana. _

TloBbIEHHbIE KOHIEHTpAuWH ONaropoHBIX METAVIOB YCTAHOBJICHB B HECKOJNBKHX
paspezax B pHdeHCKHX M BeHACKHX ornoxeHHax Cpemmero Tumana, B Yernaccko# ropcr-
AHTHKIMHATH H Ha Bonbcko-BeIMCKO# rpsje, a Takke B eJHHHYHBIX NMyHKTaXx Ha FOxwHoM
' TaMane. Ho B uenoM pyaHas MHHEpaqM3alus B YEPHBIX CNaHIaX THMAaHCKOro Kpska H3ydeHa
1oKa HeIOCTaTOYHO.

_ B pasueie roasl 4epHsie chnaHusl Tumana w3ydanmun @.H. Yepubmuos, BA Kans6epr
ri(l940 r. — p. Bo6poBas), I0.A. Comsues, H.H. aus6ypr (1933 r. Bepxree Teyenue p. Llunema),
J.I1. Manaxos, JIL.M. Jimatpues B 1932 — 1935 rr. u3yyaBuide 30J0TO-KBapleBbIE XHIEI B
YepHBIX C/IaHNaxX, OGHapyXWIH B HEX 30/10Ta ( ¢ conepxanusiMH 10 1 r/t), cepebpo ( o 6.2 r/t)
M YCTAHOBHIIH NpHCYTCTBHE 3070Ta B mupHTax (mo 0.1 r/1). B paiione p. Amyrn umu Obuin
o&i;apyxceam IIaTHHOHOCHBIE CaHmel ¢ 30i0ToM ( mo 0.1 r/r). B paitone p. KopenHo#, B
kBapressIx xuinax lllnsaxos B.U. oﬁﬂqp'ym 30/I0TO CO CPEOHMMH CofiepxaHuAMH okono 0.3
I/t 1 cepebpo — no 4.4. r/t. P.C KantopoBudeM M Ap. B mayHCKo# csute mo p. I'mmoit u p.
Mesenckas [TmxMa OTMEYEHO MONMMMETAUIHYECKOE DPYIONPOSBICHHSA C 30JI0TOM B TajleHHTE.
Ha IlunemMckoM ydacTKe OTMEYeHa NHPHT-MMPPOTHHOBAA MHHEPATH3AUHA C MOBHINECHHBIM
coliepaHHeM 30/10Ta. B HeGONBIIOM KOJNHYECTBE 3eCh BCTPEYAIOTCHA TaleHHT, cdanepHr,
IHPHUT, apceHomupHT ¢ 30m0ToM (o 0.7 r Ha T - cM. ckB.8103) u cepeGpom (z0 38 r Ha T).
[MomumeTannugeckas MUHEpaIH3alUUa BCcTpedeHa B ckB.432 Ha p. [Iixme, oHa npHypoYeHa K
KOHTAaKTy KapOoHaTHeIX mnopony M cnadnes. A.A.  KoroBeM, B.M. [IlayykoBckuM,
B.Il.CasenveBsv a Taxxke ILIL. Butkoesiv B 1983 r. 30010 65UT0 OGHApYXEHO Ha CeBepe
Bonscko-BemMcko#t rpsasl. OHO HAXOMMTCA B CPACTAHHH C KOJyMOHTOM, HIBMEHODYTHIOM H
MOHAIMTOM. Pa3Beaxy u J0OHYy pOCCHITHOTO 30JI0TA M MJIATHHEI B 3TOM paifoHe B MoCieIHHE

roasl Ben B.A. Jlynap. I'eHeTHYECKH 3TO POCCHITH OMHXKHErO MEPEOTIONKEHHA, CBA3AHHBIC C
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BHIBETPHBAHHEM HYEPHOCIAHLEBEIX Tomm Ha Bombcko-Bemckoit rpspe. IM oTMedeHo, 4TO B
YIJIepOAMCTEIX CIIAHIIaX 30JI0TO BHICOKONPOOHOE H MMEET 30HAIbHOE 30HAIBHOE.

Opranuyeckoe BEIIECTBO M pPyAHAs MHHEPAIH3AIMsS «9EPHBIX ciranues» Ha CpexneM
Tumane B 80-90-e rozpl nsyqamics A M.IInaxunsm u I'.A.UcaeBoii.

IpomMbiBka  orBaoB  Bepxme- ®  HmkmeGoGposckoro, — OkrsaGpsckoro  u
BepXHEME3eHCKOr0 DEIKOMETANTBHBIX M PEAKO3EMENBHBIX OOBEKTOB B 3aNaiHOH HacTH
YeTnaccKoro KaMHs JAMH CIEAYIOIMe pe3ynbTaThl: 1 - 30710TO OBUIO BCTPEYEHO B CPOCTKAX C
KOMyMOGHTOM, TOJNIEBHIM INNATOM, HJIBMEHOPYTHJIOM, KBapueM H Jp.; 2 — B HeGonpmmx
KOJIMYECTBaX 30JI0TO OTMEYEHO B METaCOMaTHYeCKH H3MEHEHHBIX YEpHBIX CJIaHuax -

(EeHHTH3HPOBAHHBIX MOPOJAX, B KBAapL-3rHPHHOBBIX M KBapL-[10JICBOIUNATOBBIX MTOKBEPKAX.

2. 3anace! #H pecypesi 30a0T1a H JIII" B Mupe u Poccnn

ITo 3amacaM u no6wrde 3o07moTa PoccHs, KaKk M3BECTHO, HaXOAWTCS HAa ONHOM H3 MEPBBIX
mect B Mupe. Ilo 3amacam u mpomn3sozcTey JIII' Poccus Takxe 3aHHMaeT OJHO U3 BEAYIIHX
mecto B Mupe. Ee nona B 06meMupoBoM 00beMe IPOH3BOACTBA IIATHHOMAOB COCTaBIsAeT 25%
win oxono 100 T B roa. ITo muarune sknax Poccuu —28%, no namianuio — 65-70%, 1o poauio —
35-37%. B ocsoBHOM (Ha 90%) 3T0 BKJajJ HOPWIbCKHX MecropoxaeHuit. Ho 3a pyGexom
KapTHHA Heckonsko MHas. C depHOCHAHIEBRIMH (OpPMAUMAMH CBS3aHBI TAKHE KpYNHEHIIHE
30JI0TOpYAHbBIE MecTopoxaeHus mupa, kax Kapnun B CIIIA, 3010T0- H [UIATHHY COACpIKAIHe
mectopoxaenus IOAP (BurBarepcpann), Mypynray B Y30exucrane. B POCCHH H3BECTHHI
TaKue xpyﬁﬂﬂe 30/I0TOpYAHBIE OOBEKTH, CBA3aHHBIE ¢ YECPHBIMH ClaHIAMH, Kak
mectopoxkaenue Cyxo#t Jlor B Upkyrckoit o6nactu, Omumnuanaenckoe, Haranka, INasmuk B
M;ranaxckoi obnactu ¥ ap. YeépHocnannessie Tommu THMana BO MHOIOM MOXO0XH TakKOBBIE
BBIIENIEPEYHCICHHBIX palioHoB. B HHX, KaK M3BECTHO, YK€ HaBHO OBLIM H3BECTHBl HAXOAKH
NPOMBIIUICHHEIX COAEPKAHMH M “30110Ta, M MIaTHHEL Ho CHCTEMaTHYecKOro W3y4eHHA

THMaHCKHX 00BEKTOB HHKTO HE ITpOBOOMIIL.

3. llens1 ® cnpoc Ha 301010 1 I

I{eHB! ¥ CIIPOC HA 30JI0TO M IUIATHHY Beera GhUTH IOCTATOYHO BHICOKMMH. HanoMHuM, 4TO
CIIPOC Ha 30JI0TO MOCTENEHHO NOBBIAICA 10 90-X roioB, Koraa pe3koe NaZieHHe CIpoca Ha HEro
BRI3BAJIO MajieHHe LeHsl A0 250 moyutapos 3a yHIHM0. Ho M 3TO JOCTATOYHO BBICOKasA ICHA,
MONHOCTHIO MOKpHIBAIOMAs pacXoisl Ha ero Jo6e4y u nepepabotky. C Tex mop CymecTBEHHOro
MOBLINEHHS LEHE Ha Hero He mnpom3ouuro. ONHAKO aHAIH3 JHHAMHKH LEH Ha HEro aaer
OCHOBaHHE HANEATHCA HA POCT LieHHl 3oMoTa B Gmmxaitmme roas no 300-350 monnapos 3a

yunmio. Cnpoc Ha MIAaTHHOMBI B MHpE pacTeT ycroiuuBo B cpenseM Ha 10% B roa. Ananus
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pHIHKa IUIATHHE], BEIOJNHEHHbIA crienuanicTamu kopnopanun AMPLATS (FOAP), nokasarn, 4ro
u3 161.7 T nnatHHel, Tpou3BeneHHOM B Mupe B 1997 r, 28% ncnonb3oBaHo A IPOH3BOACTBA
aBTOKATaNM3aTopoB, 41% - B IOBENMPHONX NPOMBINUIEHHOCTH, 25% - B XHMHYECKOH H
He)TEXMMHUYECKOM MPOMBIIUIEHHOCTH, B IPOM3BOJCTBE CTEK/IA, 3JIEKTPOHHOH TEXHHKH H
ApPYTHX OTpacifX TNPOMBILUIEHHOCTH, a TaKXe B MEJHIMHE. YBeIHYeHHE CIpoca Ha
NJIaTHHOBBIE METAJUIBI BBI3BAIO TAKOM e OBICTPbIM pocT LeH Ha HuX. [IpHyeM meHa MiaTHHBI

ceifiyac cTasa BhIlle LeHB! Ha 3010TO U nepesanuiaa 400 1oanapos 3a TPOKCKYIO YHIIHIO.

4, AKTy AJbHOCTh NOCTAHOBKH Ie0/IOr0-nmoHCKOBLIX H paiBe0YHbIX paﬁor HAa 30JI0TO H
IIITI" na Cpennem Tumane
. Xots ¢(opMaJbHO Ha TOCYJAapCTBEHHOM YPOBHE 30JI0TO NEpecTalo ObITh BATIOTHBEIM

METa/UIOM, Ha OBITOBOM YPOBHE OHO TAaKOBEIM 10 CHX mop ocraercd. Cnmpoc Ha Hero Bceraa

.OCTaCTCA H JaXE paCTeT, HO HE B TaKoM CTEIICHH, KaK Ha IIATHHOMEI. 10 O0OBACHAETCA TEM,

YTO B NPOMBILLICHHOCTH OCTOSHHO TOAB/AIOTCA BCe HOBBIE OGNAcTH TPHMEHEHHS H 30710Ta, U
IUIATHHEL.

[Ipo6neMaM miaTHHBI cpefu MpobleM pa3sBHTHS MHHEpanbHO-CHIpBEBOM 6a3sl Poccum,
ony6iuKoBaHHBIX B 1999 r, mocesmeH oraensHbit ToM -Tom 111 B AByx kHurax. B acnexre
CO3flaHHA HOBOH MHHEpaJBHO-CHIpheBOM 6a3bl NNAaTHHOBBEIX MeTawioB Poccun B cTaThe
JLUTypckoro, JI.B.Makapsesa, A.B.CaBunkoro u B.M.TepentseBa «IlepcriekTHBEI
NPOMBIIUIEHHON TUIATHHOHOCHOCTH YEpHOCTAHIEeBHIX Tomup (€.216-226) paccMOTpeHE!
nepcnekTuBsl wiatuHOHOCHOCTH Kapeno-Konbckoro, Boponexckoro, IlonspHo-Ypansckoro,
Cesepo-Cubupckoro, Enucetickoro-Cassckoro, KOxuo-Cubupckoro, Bocrouso-Cubupexoro,
M;meurancxom H IIpubanTriickoro. AHaNU3 NPUBEJCHHBIX B CTaThe MATEPHAIOB [O3BOJIAET
YTBEPKIATh, YTO NEPCIEKTHBEI Gonmgimc'ma M3 HHUX HAYYTh He He BhIIIE, YeM THMAaHCKOTO.
Ha Tnamane, kak yxe OTMeuand¢h, . HE NPOBOJMIOCH CHCTEMATHYECKOTO H3ydeHHS
METAVIOHOCHOCTH 4epHBIX cnaHueB. I0 mociaexHero BpEMEHH HMEIHCH JIMIUb pa3pO3HCHHBIC
nanneie. U no oraensHeIM mpobaM oTMEHanHCh BBICOKHE (IPOMEINUICHHEIE) COAEpPXKAHHA H
30J10Ta, ¥ TUIATHHBL

Bce BeImecka’aHHOe, Ha Halll B3IIA], HECOMHEHHO [O/DKHO IPHBIECYL HHTEpEC K
YEPHOC/IAHLIEBBIM TONMIIAM THMAHCKOrO KpsXa, MMEIOIMM N0 pAly NpH3HaKoB Oonbimoe
CXOJICTBO C TAKMMH KDYNHBEIMH paHee YIOMSHYTHIMH IUIATHHO-30JIOTBIMH OOBEKTaMH, Kak
Cyxoti Jlor u Mypynrtay. MHoruMm reonoram, paoraronumM B JaHHOM PETHOHE, 3TO 0YEBHIHO.
Tem Gonee cTpanHO, YTO B AOK/Iazie pyKoBonMTeNeH reoorudeckoif cmyx6s Pecmybmaxu Komn
(A.Il.bopoBurckux, E.B.I'pynnca, MW.I'panosuua, H.H.Xopomxees, A.3. [I'payauns,
M.B.Tap6aes, B.B.JInxaueB) na X111 reomorudeckom cnesne PecmyGnmuxkun Komm B 1999 r
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YEepHOCAHLEBEIM TOMIIAM, KaK BO3MOXHBIM HCTOYHHKAM 30JI0Ta H IUIATHHOHMOB, HE yJeIeHO
HH cTpoukd. Kak Oyner noka3aHo HHXE, HECOMHEHHOE CXOJCTBO YE€PHOC/IAHLEBBIX TOJII
Tumana ¢ TakoBeIMH KpynHe#mero B Poccuu 3onoto-ninaruHoBoro obnekra, kak Cyxoit Jlor,
JIaeT CEphE3HBIE OCHOBAaHHA U NPOBENCHHA HAa HUX CHCTEMaTHYECKHX NMOHCKOBO-pa3BeJOYHBIX
pabot. YuutsiBas GoibIine IUIOMAOd pacHpOCTPaHEHHs YEPHOC/IAHIIEBBIX Toim Ha Tumawe,
MOJKHO NpeanoaraTh, YTo AaxXe NPH HH3KHX COACPYKAHMAX 30J10Ta U IUIATHHEI (ACCATHIE JOIH T
Ha T) BHISBJICHHBIE OGBEKTHI 31€Ch MOryT OBITB peHTabenbHbIMHM IS XoObraM. TumaHckue
00BeKTBl UMEIOT MpeHMyIecTBO nepel CyXoNMoXKCKHMH B CBS3H ¢ HX Oojee GlaronpHATHEIM
¢u3nKo-reorpaHuIECKHUM MOJIOKEHUEM H SKOHOMHYECKOH OCBOEHHOCTHIO paliOHa.

B COBPEMEHHBIX YC/IOBHAX, KOIZla FOCYAApCTBO HE MPOBOAMT CHCTEMATHYECKHX I'€0JIOro-
MOHCKOBBIX, T€0JIOr0-pa3BeNOYHBIX U OLCHOYHBIX paboT HH Ha ONWH M3 BHJIOB MHHEPAILHOIO
CHIpbsl, OILEHKA MEPCMEKTHB TEPPHTOPHH Ha pas/THYHbIE BUABI MAHEPAILHOIO ChIPhS CTAHOBHTCS
JEeNOM TeX KOMNaHHH, KTO HMEeT JIMIEH3HIO Ha OTpaboTKy MONE3HBIX HCKONAEMBIX
COOTBETCTBYIOIIMX TEpPpUTOpHit. Tak, B 4aCTHOCTH, OOGCTOMT ZieNo ¥ B JaHHOM Clyuae, KOraa
Begercs ogpaborka Bexaro-BoprikBuackoro 6okcHToBoro MecropoxkiaeHuss Ha CpemHeM
Tumane. Ha npunerajomux K palfOHY MeCTOPOXIEHHS TEpPHTOPHAX (Ja M Ha IUIOIIANH
caMoro Mec‘rbpomeﬂnx) H3BECTHBl MNpPOABICHHA 30JI0Ta H TIUIATHHOMIOB, CBA3aHHBIX C
YepHOC/IaHUEBLIMH TonmmaMH. Tak, Manoxenesucrele (6enbie) GOKCHTBI, KOTOpHIE ABIAIOTCA
LICHHBEIM H Ae(HIHTHBIM BHIOM MHHEPATBHOTO CHIPHS /I IPOH3BOACTBA BHICOKOKAYECTBEHHEIX
OprHEYNOpOB, YacTO COAEpXaT  IOBhIIEHHBIE KOHIEHTpauuu 3on0ta ¥ MIII. M3yuyenue
TOJHBIX TEOJOTHYECKHX paspe3oB IO KepHy pana OypoBBIX CKBaXHH II0KA3ajlo, YTO OHH II0
reHesncy Gonbinelf 4acThiO ABIAIOTCS OCTATOYHBIMH (IMOBHAIBLHBEIMH) H CHOPMHPOBANIHCH 3a
caer YTJIEPOACOACP AHX YEPHOCHAHNEBbIX TOMI NAyHCKOH CBHTHl OBICTPHHCKOH CepHH
Bepxnero pudes. Conepxanus 30I0Ta i IUIATHHOM/IOB B HAX MECTaMH JIOCTHIaeT HECKONbKHX
rpaMM Ha TOHHY, HO B CpellHEM — IIepBbIe JEeCATHIE IPAMM HA TOHHY. DTO aHOMANLHO BHICOKHE
conepxanus. Ha ynomuHaBmieMcs paHee TakoM KpynHoM o6wekte, kak Cyxo#t Jlor,
OTMEYEIOTCSA B OCHOBHOM INIPHMEPHO TaKHe e cofiepXaHus. TeXHONOrHs nepepaboTKH 3070ThIX
pya Cyxoro Jlora yxe paspaGorana. [Toamomy umeiomca éce 0CHOGAHUA ONIA NPOBedeHUR HA
Tumane nouckoso-oyenounsvix pabom na 3onomo u MIII. ITo cywecmayowemy HsiHe
3GKOKOOGMeENnbCMEy KOMRAHUA, PA36€0bICABUIAR MeCMOpodcoeHue Ge3 KOHKypca nonydaem

nepmqepednoe npago Ha €20 IKcnayamayumn.

5. Hcnonb3oBaHHbIE AHAJIHTHYECKHE METObI H3YYeHHS YEPHbIX CJIAHIIEB
OCHOBHBIMM AHAMTHYECKAMH METONIAaMH Ul ONpelelieHHs coAepXaHuii B mpobax pya

OCHOBHBIX (33. HCKITIOYCHHEM 30/I10Ta H HJ'[&THHOHI[OB) H IOIYTHBIX KOMIIOHCHTOB ABJIAJIHCH



6

PEeHTreHO-(hIOOpeCIeHTHBIN («Dunnuncy), HEHTPOHHO-aKTHBAIIHOHHBIN aHaJH3bl,
MOJTYKOJIMYECTBEHHBIH CIIEKTPAIBHBIA aHAJIM3, METOJl HHIAYKIHOHHO-CBS3aHHOM IIJIa3MBbI C Macc-
cnextpomertpHeii (ICP MS) — 0630pHEIi 1 KomMuecTBeHHEN Ha Au, Ag, u OIII.

Jing H3ydeHHs MHHEpPATBHOTO COCTaBa MMOPOX H  pPYyA, KpPOME MHKDPOCKOIIHH,
HCTIONB30BATMCH PEHITIeHOCTPYKTYPHBIH U TepMO-TpaBHMETPHYECKHIf METOABI aHAIH3a.

JIns reHeTHYECKHX MOCTPOEHHH HMCIOb30BaH M30TONHEIA METOH (ONpeNeNeHHe H30TONOB
: Yr/epozia, KHCIOPOAA M Cepsl) U ApYTHE.

Herp(;rpaqimecxoe ‘W MEHeparpagHyecKoe H3ydeHHe IUTH(OB BBIIOIHEHO HA ONTHYECKOM
¥ MHHeparpaQu4ecKkoM MHKpPOCKOIaX.

Jna u3yveHHsA COCTaBa PYAHBIX MHHEPAIOB HCIOJB30BAICH SJMEKTPOHHBIN MHKPOCKOIN C
npucraskamu LINK u KEVEKS.

C noMOIBIO PEHTI€HOCHEKTPAILHOrO MHKpoaHammsaropa Comebax MS-50 n

Y

INMEKTPOHHOTO MHKPOCKONA C 3HEProjucrnepcHoHHO# mnpucraBkod "JSM-5300+LINK ISIS"
HCCNIEJOBAHEl COCTaB H 3dﬂa.m>noc'rb MHHEPAJIOB, COAEPXAIHX PEAKHE H pPeAKO3eMENBHEIC
3MEMEHTBI, @ TAKXKE CaMOpOIHEIE MHHEpansl — Au, Ag, SIII" (HMXHHH MOPOT YYBCTBHTEBHOCTH
Merofia 0.02%, mokanbHOCTE 1 MKM).

Jina  momydeHHs MOHOMHMHEP&TIBHBIX MNpPO6 HCIONB30BAHBl CTAHJAPTHBIE METOJBI
oGoramenns ¢ NPHMEHEHHEM KOHIICHTPAITMOHHEIX CTONHKOB, MATHUTHOM H 3/TEKTPOMarHMTHOR

Cenapaliy H T.II.

S.1. AHaIHTHYECKHE MeTObI ONpeXeJeHHs 30JI0TA H MJIATHHONIOB
Jna onpeneneHHs- comepxaHMil 30J0Ta M IUIATHHOMAOB B YEPHBIX CJIAHIAX HAMH
HCIIOMB30BATHCE CJIERYIOINHE METOIbI:
NpoOKPHEIi aHAK3, L
HelTPOHHO-aKTHBALMOHHbIHA AHATH3,

CNIEKTPO-XHMHYECKHI aHaHu3,

Ll

HHIYKTHBHO-CBS3aHHOM mia3Mel ¢ Macc-cniektpoMmerpueit (ICP MS) — o63opHuit u
KOJIMYECTBCHHBIH,

5. ToHKOCNOMHOH XpoMaTorpaduu ¥ KAHETHIECKHH.

Ecmu npobuprsii anamu3 Ha 30010 ¥ Ol 118 KOpPEHHBIX 30I0TOPYAHBIX MECTOPOXICHHIH
ABJIAETCA CaMBIM INpPHEMJIEMBIM, TO JUIS YEpHEIX CIAHIEB OH CYHTAETCS HENOCTAaTOYHO
HaJeXHBIM BCJCACTBHE BO3MOXHOCTH 00pa3oBaHMs B HHX JIETYYMX COEJHHEHHH M
TPYAHOONPENENMMEIX  KOMIUIEKCOB  IUIAaTHHOMZOB. [IpeacraBiseTr HMHTEPEC  BHIBOJ
CreuHaIncToB- aHamuTHKOB (I'.B.Bapman u ap. ,2002) mo atoMy Bompocy: «...B Gauxcaiiumee

epema npu ouenke npoaenenuii MIII" ¢ yznepoocodepicauiux KOMRAEKCAX Mbl HE CMONCEM
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RONHOCMbIO 006EPAMb HU OOHOMY U3 CYULECMBYIOULUX MEN0006 GHANU3A U OONMCHBI Bydem
60 MHOZOM OPUEHMUPOGAMBCA HA MUHEPANOZUYECKUE UCCNE006AHUR U pe3ynbmanmol
MHOZOCMOpOHHUX Nabopamopuslx 3Kcnepumenmos» (cmp. 62). C  ydetoM Bcero
BBIIECKA3aHHOIO ABTOPBI OTYETa MONB30BATMCh NPOOHPHBIM AHAIH30M TONBKO JUIA
ompenenenus 3on0ta. Ho HW mo 3070Ty NOBTOpHBle NpOCHpHBIE aHaNM3Bl HE BCeraa
MOATBEPXAANHUCH. l'lommy' Mbl ofpamainuch K CHeNHaJMCTaM-aHaluTHKaM B HHCTHTYT
reoxumud M aHanuTHueckod xumuu (FCEOXU) um. Bepnamckoro PAH mins KOHTPONBHBIX
aHalTM30B OpyruMH MetonamH. U B nanbHeiimeM mianupyercs corpyaanydectso ¢ TEOXU pna
BEIOOpa aHATMTHYECKHX METO/IOB Ui onpeneneHus 301n0Ta i IIII B YepHOCIaHUEBEIX TOJIIAX.

B 'EOXH uM. BepHanckoro H3MEpeHHE COICpXKaHHH 3JIEMEHTOB IJIATHHOBOM IpYNNLI
(3II') B B 06pa3uax YepHHIX CJIAHIIEB OCYLIECTBIUINCH COPOIMOHHO-aTOMHO-a0COPOIMOHHEIM
METOIOM, Ha aTOMHO-abcopbunnHOM cniekrpoMerpe Perkin Elmer 2380 B anexrporepmuyeckom
BapHaHTEe C HMCMOJb30BaHHEM B KadecTBe CeNeKTHBHOro mo ortHomeHnmio k OII' (xpome
pyrenus u ocmusa) copbenrta ITOJIMOPI'C-IV. B mponecce copbuuu OIII' cenekTHBHO
OTHEMSUINCh OT MATPHYHBIX KOMIIOHCHTOB pPAacTBOPCHHOH IOpONBI, M 3aTe€M B CTPOro
‘ﬁoanponannom obveme cycrmeHsum copbeHTa B rpadHTOBOM aTOMH3aTOpe H3MEpAIach
KOHLIEHTpalusl 37IEMEHTOB. B MozmenbHBIX 3KcnepuMeHTax KoHueHTpamus 3onora (III) B
pacTBOpax U3MepAIACh TaKKe Ha 3TOM Npobope B BApHAHTE IIAMEHHON aTOMHU3aIHH.

WaMmepenne copmepXaHuif OCBMHS B IOPOJAX OCYMIECTB/SUIHCH HOBBIM 3KCIPECCHBIM
METO/IOM, 3alHIIEHHEIM NAaTeHTOM. DKCIIPECCHOCTE M NMpPaBHNBHOCTE MeTofa obecreunBaloTcs
COTJIaCOBAHHEM TPEX 3TallOB CXEMbl ONpENCNCHHA CJICAOBBIX KOJHYECTB OCMHA B NPHPOAHEIX
0GBEKTaX: ABTOKIABHOrO BCKpHITHSA, KOHIIEHTPHPOBAHUA dJIEMEHTa (OTAENEeHHEe OT MaTPHYHBIX
xb;noneamn) H ONpeAeIeHNS OCMAA KHHETHYECKHM JTHOO CIIEKTPaTbHEIMH METOAAMH.

5.2. MeToanb! H3yeHHS YIJIEPOAHCTOTO BemecTBa
H3yyenne 6uTyMa M paccessHHOro yrnepoaucroro semectsa (PYB) B «4epHBIX cllaHIax»
ObUIa BRIIONHEHA B 1a00paTOPHK reOXMMHH U aHATMTHYECKOH XMMHHHA 61aropoHEIX META/LIOB
FEOXU um. Bepuanckoro H.S.KomieeBoit meTrozaMH 3N€MEHTHONO aHaiM3a, M30TOMHOIO
aHaNmH3a yINepoAa, NHpoNHTHYecKo# Xpomarorpaduu, MK-cneKTpoCKOMHH H  PEHTIEHO-
CTPYKTYPHOTO aHaIn3a aMOP(HBIX YIIIEPOIMCTHIX BEMIECTB JUIA BBIABICHHS MPHPOILI YTIEpO/a.
Uccnenosauue conepxanui#t 3onora 1 DI nmpoBeieHO METOAOM COPOIMOHHO-AaTOMHO-

aGcopOLUMOHHOM CINEKTPOMETPHH H KONHYECTBEHHas OILEHKA, MNOydYeHHads Ha MOJCIBHBIX
3KCIIEPAMEHTaX HAa OCHOBAaHHM NAHHBIX M30TepM COpOLMH, MPOYHOCTH CBA3H 3onora (111) ¢

copbuHoHHbIMHE LIeHTpamMu PYB, BrizenenHoro u3 nopoa.
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Xpomarorpadpuyeckoe UccIeNoBaHHe coaepxaHud neryuux komnoHeHToB (C, H. N, S) B
pyZax u GHTyMe «d4epHBIX cianmes» BbmonHeHo Ha CHNS-anamm3sarope ¢upmsl Carlo Erba
(Monens 1108, Uranus) npu Temneparype coxokenns marepuana 1200°C.

Onpefe/ieRne COOTHOWIEHHs CTaGmmpHBX m3ortonoB C/'?C ocymectsnsmocs Ha
n3oTtonHOM Macc-ciektpoMerpe «Finnigan MAT Delta Plusy, coelnHEHHOM C 3J€EMEHTHBIM
anamuzaropom EA 1110 (CE Instruments).

| OneHnxa xapakTepa npeo6pa3soBaHHOCTH YTJIEPOAMCTOrO BEIIECTBA IMONydYalach B XOIE
aHaJIM3a MOpOJ NPH MOMOILIM muponuTHdYecKoi ycraHoskd «Rock Eval-2». Ona obecneunsaer
onﬁe.nenelme nerkux yrieBogoponaos (Ci-Cjg), IPHCYTCTBYIOIIHX B MOPOJE U BBIACIAIOIMUXCA B
uHTepBane Temmeparyp 250-300°C, a Taxke Tskenbix yraesomoponoB (Cip - Csg),
BBIACJIAIOMMXCSA B IIPOIIECcCe MHPOJIH3a B TeMnepaTypHoM WuTepBane 300-600°C).

Merto KOHIEHTPHPOBaHHS OCMHS SABIAETCS NPHHIHMIHANBHO HOBHIM B XMMHH OCMHI:
NMpOTeKaeT INpH KOMHATHOH Temmeparype B INPOCTHIX YCTpoHCTBax — Te(IOHOBBIX
IBYyXKaMepHBIX JH(Py3HOHHBIX sdelikax. Cxema MO3BONAET ONpENENATh OCMHHN NPaKTHYECKH
BO BCEX NPHPOMHBIX O00BEKTaX — BOJAX H ICOJIOTHYCCKHX MarepHalax, B TOM 4YHCIE€ TaKHX
TPYAHO BCKPHIBAEMBIX, KaK XPOMHTHI H YIJIEpOJACOAEpXKAIlMe MOPOABI. IKCIIPECCHOCTH
HOOCTHTaeTCs 3a CYET MCMONB30BaHMA MHOTOQYHKUHOHAIPHOIO KOMIUIEKCA aBTOKJIABHOR
npobonoaroroekd MKII-4 ¢upmel AHKOH-AT-2, NO3BONAIONIET0 OXHOBPEMEHHO BCKPHIBATh
mecTs o0pasuoB, M MOCHEAYIOMEro KOHLUCHTPHPOBAHHA OCMHA OJHOBPEMEHHO B INECTH
muddy3noHHBIX syeiikax. [IpaBHIBHOCTE cXxeMbl oOecreurBaeTcs ONTHMAIBHO BBIOPaHHBIMH
PeXHMaMH M CMECAMH XMMHYECKHX PeareHTOB Ha TPEX JTanax onpeneneHus ocMusa. UnTeppan
OTIpeENAEMBIX CONEPKAHAH OCMHS pa3paGOTaHHBIM MeTOA0M coctasiser 10™-107% macc.

6. I'eotoraveckoe H TeKTOHH4YecKoe cTpoeHHe Cpennero Tumana

HecMOTps Ha JJIMTENBHYIO MGTOPHMIO M3yyeHHs THMAHCKOro Kpska, y reoJIOrOB HeT
€IUHOTO MHEHHS OTHOCHTEIHHO OTHECEHHA THMaHCKOTO Kpska K IiaTopMeHHOH, cxiagyaroi
HIH aKTUBH3HPOBAHHOH 00/1acTH WM 30HE. T.€ OTHOCHTENIBHO TEKTOHHYECKOH CTPYKTYpPEI
TrMaHCKOrO KpsiXka y reoJioroB M TEKTOHHCTOB HET €IMHOTr0 MHEeHHA. YacTb reoioros OTHOCHT
TraMasCcKHi KpAX K reOCHHKJIHHANBHOH oOmactu OGalikanbeckoro Bospacra. Jlpyrue (B ToM
YHCJI€ H AaBTOpHl OT4YETa) CYMTAIOT THMaH IIMTENbHO pasBuBaiomelics pudTOreHHOR
CTPYKTYpOH - JPEBHMM aBJIaKON€HOM, pAaclOJOXKEHHBIM Ha CEBEpPO-BOCTOYHOH OKpaHHe
Bocrouno-Epponeiicko#t mnardpopmer (BEII). B mnonesy 3Toro roBOpHT YMepeHHas

CKJIAMUaTocTh, CcNabo TNpOABNEHHBI MarMaTH3M M €ro MnepHogudYecKas TEKTOHHYECKas
akTHBH3auua. Tepputopus TumaHo-IledopcKoil IPOBHHIIMH OTHOCHTCA K ONHOH M3 TPEX TaKHX

ke mIaTOpMEeHHEIX JTHHEHHO-BHITAHYTHIX BHamWH (aBnakoreHoB) B mpenenax BEIL, mns
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KOTOpBIX  XapakTepHO rimybokoe morpyxeHue Oalikanbckoro ¢yHIaMeHTa H yMEHBIICHHE
MOIIHOCTH 3eMHOM KOpel M rpanutHoro cios (XKypaenes B.C., Cepruenko C.HU. ,1985). ITo
MaHHBIM TIyOHHHOro cedicMuueckoro 3oHaupoBaHus (I'C3), KoppemslHOHHOrO Meroja
npenomnennsix BojiH (KMIIB), Merozna otpaxennsix BoiH (MOB) u metona obmei rirybunHON
toukun (OI'T), ycraHoBneHo, 4Yro TuMaHCKas TIpsAfa XapakTepU3yeTcs NOHHKEHHBIMH
3HAYEHHUIAMH OTMETOK MOBepXHocTH Moxoposuumya (ITM) — menee 36 kM (Bponrynees B.B.,
[TaBnenkoBa H.U., 1986). C 3amama Ha Boctok moBepxHocTe MOXO 3mece mocreneHHO
nnonnxcae‘rcx - no 40 kM. B mnpenenax Bocrouno-EBponeiickoii mnargopMsl MOIIHOCTH
KOHTHHEHTaJIbHOH KOphl noBceMecTHO Gonpme u [IM pacnonaraerca Ha riyOoune 6onee 40-41
kM. [lo pmaneemM C.I'.Mcrommna, Ha Cpense-TumaHckoM Onoke, rae pasBHT ITyOWHHBIN
METacoMaTo3, KHMOEPIHTE! M MHKPHTHI, Ha rTyOuHe 36 KM pacnoNoXeH MaHTHRHBIA aOHCCONHT.
On pacnmonaraercs B cpeaneit (oceBod) wuactu THMaHCKOro Kpsbka, rae Habmozaercs
NOBBIIIEHHOE TEIUIOBOE MOJIE M TIPABUTAllMOHHBIE AHOMAIMH — KaK IOJIOKHTENIBHBIC, TaK H
OTpHIATENbHBIC. 3JeCh MOXKHO MpEAnojararh BBICTYII acTEHONHTa. TeroBod MOTOK Ha
THMaHCKOM KpSDKEe 3HAYMTENBHO BHIIIE, YeM Ha ruiaTdopme — 33-70 MBT/M2. MakcHManbHbIE
3HAYEHHS IO OTMEYAIoTCS Ha BOCTOYHOM CKioHe — 70 MBT/M°. Ha Cpennem THMmane MIOTHOCTS
TemioBoro notoka — 1.7-1.86 Mxxan/ cm’c, reorepmuveckuit rpamment — 0.8°C Ha 100 M. Tlo
marepuanam B.I'.Ueproro (1987), Ha rpaBUTAlMOHHBIX IOJISIX HMEKOTCH H TOJIOXKHTEBHbIC, H
OTpHUATEIbHBIC AaHOMAIKM CHJIBI TAOkecTH. B npenenax Cpennerumanckoro 61oka otMedaercs
- HECKOJIBKO KpPYIHBIX IPaBHTAllMOHHBEIX aHOMaIHii: B palioHe Uernacckoro mogHATHsA, B palione
SImo3epa (30 mran) 1 Ha Bonsko-BemMckoi rpsazne.
~ Ilo xapakTepy H pasMepaM aHOMATHI IDaBHTAIIMOHHOIO IOJIS HA TeppHTOpuH CpeaHero
Tumana BBIJC/IACTCA JBa HEPaBHO3HAYHBIX IO IUIOM@AAM H CTPYKTYpe ydacTKa (IaHHbIe
3.M.Penuna, T.C.Kaneko, qypalconoﬁ\E.B.): 1 — ceBepo-BocTO4HBIH (MeHbIIMHA — Podyra-
BOpEIKBHHCKHI) CO 3HaYCHHAMH aHOMATBHOTO TOPH30HTATEHOTO IPAJHEHTa CHIIBI TAXKECTH 2-3
MraJjl; OH HMEeT CeBepo-3anaJHoe HalpaBleHHe; M 2 — I0ro-3anajHbli ¢ aHoManusMu ot 11 1o
20 mran (patton p.Koceio). HauGonee murepecHbIMM [jif HaC Y4acTKOM ABJISETCS SABJISIOTCA
OTpPHLATEIbHbIE TPAaBUTAllHOHHBIE aHOMANMH B 001aCTH pacmpoCTpacHHs NAayHCKOH H
CBETJIHHCKOH CBHT Ha Yernacckoit ropcT-aHTHMKJIMHANM M JIYHBOXKCKOM CBHTHI Ha Bonbcko-
BemMckoii rpsne (puc.1).
B reonoruyeckoM paspese Ha THMaHCKOM Kpsike BBIAENAETCH NiBa CTPYKTYPHBIX 3Taxa:
1- nokeMGpuiickuit GpyHAaMEHT H 2 - najeo30icKuil yexon. B ocanmoynoM gexne oTMedaeTcs JBa
KPYNHBIX CTpaTHrpadu4ecKuX HecornacHsa: 1— Mexay no3gHuM pudeeM H JeBOHOM; 2 — B HH3aX

paHHEKaMEHHOYTOIbHOro pa3pe3a. C 060uMH cBa3aHb! 60KCHTEI H POCCHIIH.



Mop@o-cmpyxmyprag cxexa Chauezo Timan,
_ v ) - T ]

Fa)

i
'
“". +

Puc.1. Mopdo-cTpykTypHas cxema Cpeanero Tumana ( cocTaBneHa ¢ HCMOB30BaHHEM
23POKOCMHUUYECKHX POTOCHHMKOB). '

I - rmy6unnsie pasnomsl C3 (Tumanckoro) npoctrpanus (1 - [NpenTumanckuit, 2 -
LenTpansho-Tumanckuit, 3 — BocTouno-TumaHckuil); 2 — HpOTHBIE paznomsl (cbpockl); 3 -
CeBEPO-BOCTOUHBIE B3GPOCO-HANBHIH; 4 — KO/IbUEBbIE CTPYKTYpbI; 5 — FOCPCTOBBIE NOAHATHS C
NoKeMOpHACKHMH NOPOLaMH B ANEpHOI YacTH: 6 — obnacTu onyckaHus (  rpabensl); 7 -
abconoTHbIe OTMETKH penbeda: 8 — 061acTH pacnpocTpaHeHHs YepHOcnaHUeBbIx Tonw (C —
CBETAHHCKHHA yYaCTOK C rPABUTALMOHHBIM MHHUMYMOM, L] — llyropckuii yyacTok ¢
TPaBHTALHOHHBIM MUHUMYMOM); 9 — MecTopoxaeHHA GokcuToB; 10 — pocchinH (a — IOpeBHHE; §
~ COBpeMeHHble). ' '

— — i e ——
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Ha CpeaneM Tumane, kak M Ha BceM THMaHCKOM KpsaXKe, NMpeobiamaioT pasnoMhl
MEPHAMOHAIBHOM M CeBepo-3amafHOM OPHEHTHPOBKH, XOTA MMEIOTCA M CEBEPO-BOCTOYHBIE H
IHPOTHEIE pa3NioMBl. Bonbimas 4acTh M3 HHX HMeEET IpeBHEE 3a0KEHHWE M TPOSBJIEH a Ha
COBPEMEHHOM HEOTeKTOHHYeckoM Jtane. [lo pamHeiM B.M.Bammnosa (1979), pa3pbiBHEIE
HApyIIeHHs MEpPHIHMOHAIBHOIO MPOCTHPAHHA — 3TO NPEUMYIIECTBEHHO B3GPOCH ¢ KPYTHIM
MaJlcHHeM K BOCTOKY. AMILIHTYABsI cMemernus mo HuM — 120-150 m. ITo nanremM Konpamesa
(1976), nepcneKTHBHBIMH (PYNOHOCHEIMH) CUHTAIOTCH HE SBHBIE Pa3slIOMBI, «30HBI CKPBITHIX
HapyumeHu#H». POPMHPOBAHHIO MEJIKHX PYAHBIX KaHalIOB (CHCTEMBI MONEPEYHBIX pa3IOMOB)
CIIOCOGCTBYIOT 3Talbl TEKTOHAYECKON aKTHBH3aLHH PHPTOreHHBIX CTPYKTYP.

XapakTep H HHTEHCHBHOCTb CKJIAQYaTBIX AMCIOKALMH 3aBHCHT OT HX PAclOIOXKEHHA
OTHOCHTENBHO Pa3/IOMOB CEBEpO-3allaJHOT0 ¥ MEPHJHOHAIBHOTO TPOCTHPAHU , T.€. HOCHT SBHO
BBIPOXXCHHBIN IpHpa3oMHbIN XapakTep. Hamubonee HHTEHCHBHO OHa MpOsABICHA B 30HE
3ananHo-THMaHCKOrO pa3lioMa H HaHMEHBINAd B HEHTPAILHOM YacTH YeTnacckoro MOAHATHS,
YAANEeHHEBIX OT KPYIHBIX pa3ioOMOB,

MarmaTuueckas neATENBHOCTP Ha THMaHe NpOSBHIACH HAa BCEX IVIABHBIX 3Tamax
TeKTOreHe3a: OaifkansckoM (raGbpo, CHEHHTH, HePENHHOBBIE CHEHHTHI), KaNeJIOHCKOM
(MuKpHUTEI, KAMOEPIHMTEI M Ap.), TepUMHCKOM (IHabasbl, HONEPUTHI, BYJKaHHYECKHE MOPOIBI
OCHOBHOro cocrara). Ho miomans WX pacrnpOCTpaHEHHS MOXHO CUHTATh HE3HAYHTENbHBIMH
(ucKimO4as Tpanmel).

HecoMHeHHBI HMHTEepec NpeACTaBJISIOT XOpomo BelpaxeHHble Ha Cpenuem Tumane
KoJipLeBBle CTPYKTYphl 20 50 kM B muamerpe. OHH MoryT OBITH Kak yHacieAOBaHHBIMH (OT
nopo pyHnamenTa), Tak M GoNee MO3JHUMH, CBS3aHHEIMM C HHTPY3HBHEIMH MaccuBamu. OnHa
3 TAKUX CTPYKTYp COBNANAeT €O IMTOKOM KapOOHaTHTOB (pEeIKOMETANIbHOE IPOABICHUE
Koceio). Hebonbmas xonsuebas crpylgjfypa oTMedeHa Ha mnomanH Illyropckoro GokxcuroBoro
MECTOPOKIEHHA, TIO3BOJIAIONIEro NpE/HioNaraTh HAHYHKE 3116Ch HHTPY3HBHOTO TeNIa Ha rTy6HHe.

CornacHo pmanreM MHorux reomoroB (Jlemees, Mansnnes, Ilyzanos, Po3zanos,
IabnuHcKas, H Ip.) reoOrHYeCKOe CTPOCHHE PaiOHOB PacHpOCTPAHEHHA YEPHOCIAHIIEBBIX
Tomm Ha CpenneM Tumane HeomHOpoxHO. OHH H3BECTHHI Ha BCEX KPYMHBIX IOJOXHTENBHBIX
CTPYKTypaX, mnpunomHarsix Omokax TumaHckoro Kpska, BBITAHYTHIX B CEBEpO-3allafHOM
HallpaBJICHHH, B COOTBETCTBHM C oOmeH cTpykrypoii TMMaHa, H OrpaHMYeHHl I'TyOMHHBIMH

pasnoMaMH CeBepoO-3anaHoOro NPOCTHPAHHUAL.
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7. 3aKOHOMEPHOCTH PACIIPOCTPAHEHHS YIJIEPOHCTHIX TOPOJ B Fe0I0THIECKOM paspese H
TEKTOHH4YECKHX cTPyKTypax Cpeanero Tumana

CornacHo paHHEIM MHOTHX reosoroB (JemeeB, Mabiues, [lyzanoB, Po3aHoB,
[lla6nuHCKasA, ¥ [p.) TEONOTHYECKOE CTPOEHHE PaHOHOB pacopoCcTpaHEeHHs YepHOC/IaHIEBLIX
Tomn Ha Cpennem Tumane HeonHOPOAHO. OHHM M3BECTHEI HAa BCEX KPYNHBIX MONOMKHTETHHBIX
CTPYKTypax, NPHNOMHATBIX Onokax THMaHCKOro KpsXa, BBITSHYTHIX B CEBEPO-3aIaTHOM
HaNpaB/CHAH, B COOTBETCTBHH C ofmell crpykrypoit THMaHa, W OrpaHMHYEHE! ITyOHHHBIMH
pasioMaM¥ CE€BEpO-3alafiHOr0 IPOCTHPAHHMS.

Ha repputopun Cpenmero THMaHa yriepoHCTHIE TOMIM CBA3aHBI ¢ HECKONbKAME
CEpHAMH H CBHTaMH pH¢es U ¢ BenaoM. CaMble IpeBHHE YIIIEPOAHCThIE MIACTHI, OTMEYEHE! B
HOB0G0GpOBCcKOH M CBeT/IHHCKOH cBHTax. OHH OGHAXAIOTCS B paiione p. BobpoBoii — B
sananHoi 3oHe Cpeanero Tumana. ITo pexam [Tokbio u JIAMTEMensb YriepoXHUCTBIE TOJIIH
CBA3AHbI C KHCIOpyuelickoif cepHeii. Jlyume Ipyrux H3ydeHa YIIepoOAMCTas TEPPUIeHHO-
KapOOHATHO-C/IaHLIeBas MAYHCKAS CBHTA MO3AHe - puEHCKOro Bo3pacTa, pacnpocTpaHeHHas
B ucﬂ‘rpal.rmoﬁ H BOCTOTHOH JacTAX Yernacckoit ropet ~ aHTHKIHHAMA. 374 IIOMAb XOPOIIo
pasOypeHa H BCKpHITa TOPHBIMH BhIpaGOTKamu. 3zech pacnpocTpaHeHBl  CpeaHe
BEPXHE/ICBOHCKHE GOKCHTOBBIE MECTODOXKIEHHS BOPHIKBUHCKOH TIpyINbl, TeHETHYECKH
CBA3aHHbIE C moO3AHepH(elickumn Tommamu. bBonee Monojas - TeppHreHHas ToNmA
Jl'fﬂn-‘mccltoﬁ CBHTBI BEHJCKOT0 BO3pacTa pacnpoCTpaHEeHa B BOCTOYHOM 9YacTH palfoHa, Ha
Bosnscko-Bemekoit rpszge. Takum o6pa3oM mepBhie YeThIpe CBHTHI HMEET pacnpOCTpPaHEHHE
NPEeHMYIIECTBEHHO B 3amaqHOM 4acTH TEPPHTOPHH, B npejenax Yernacckoi roper-
AHTHK/IMHAIH, BTOpas — B BOCTOYHOH 4acTH, B npenenax Bonscko-BrmMckoi rpaasl. Pudeiickue
H BEHJICKHE OTIONEHHS AMCITONMPOBAHb! HE OYEHb CHIIBHO. 31eCh NpeobanaroT GpaxucKIaKy
cenepo—aanmoﬁ OPHEHTHPOBKH. boJiee HHTEHCHBHO 3/1€Ch IPOSIB/IEHA Pa3pLIBHAS TEKTOHHKA C
NpeoGnafaHueM pasfioMOB CeBepO-3alidAHOrO HANPAB/ICHHA, HO MMEIOTCH H pa3nioMBl CeBepo-
BOCTOWHBIE, H IIHMPOTHEIE. Bonbmas wacTs MX HMeeT cOpOCOBBIM XapakTep, pexe 31ech
TPOABJICHE! B36POCH! ¥ HAJJBHTH.

YriepomucTsie miacTbl HOBOGOGPOBCKOMH, CBETIHHCKOM CBHT H KHCJIOpY4eicKoi cepuH
HMEIOT HEQONBIIYIO MOIHOCT: — TEpBble MAECATKH MeTpoB. IlayHCKas CBHTa HMeeT
YTTIEPOAMCTEIC IIACTBI B BEPXHEH M HHXKHEH 9acTsax paspe3a MomHocTeio oT 30 mo 80 M.
IInomazm ee BEIXONI0B Ha IHEBHYIO OBEPXHOCTH TIPOCIEXHUBAIOTCS MPH KPYThIX YIJIaX NMafeHus
Y3KHMH NOJIOCAaMH, HO 06mast IIoInank BEIXOMO0B JOCTaTOYHO Benuka. Haubonee 3naunTe IHHEIE
Iomany 4epHbIX CNAHLEB MNayHCKOH CBHTEI oTmeueHsl Ha Illyropckom, CernmnckoM H

LunemckoM yuacTkax GOKCHTOBBIX MECTOPOMKIECHHH, COOTBETCTBEHHO a Npeenax YeTnacckoi
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ropcr-aHTHKIHHAMM 4 L{unbMeHcKo# CTPYKTypEL. 3HauMTeNbHBIE IUIOIANH PACIPOCTPAHEHHs
JIYHBOXCKO# CBUTHI HabmopaloTca Ha Bonecko-Bremvekoit rpsze.

HecoMHeHHO, HHTEpPECHO CpaBHEHHE TEKTOHHYECKOTO CTPOGHHS  yYacTKOB
pacnpocTpaHeHHs 30/10TOr0 H IUIATHHOBOTO OpyJeHeHHs THMaHCKOro Kpsbka W paiioHa
mecropoxaenus Cyxoit Jlor. B nenasneit pa6ote Jlummesckoro D.H. u Tuctiepa B.B. (2004),
OTMEYAeTCA €ro MpHypoueHHOCTh K AapeBHed (R;) pudrorenHoi crpyxrype Bomaitbumnckoro
cuHknuHopHs. Ilorpebennnii pudT 3meck BbimensIA W Apyrue Hccnenosatend: B.C.
®enoposckuit (1985), J1.B.Pynnxsuct (1990), U.K.Pynaxeuct u ap. (1992). I'paBuTranuoHHO#M
'. CBEMKOI YCTAHOBJIEHO, YTO IOYTH NOJ MECTOPOXIEHHEM, Ha raybuHe 3 KM pacnosaraercs
YraxauCKkuif TIpPaHMTHBIH MaCCHB, BBIDAKCHHEI{ JIOK&ILHEIM MHHHMymMoM Ag. C HuM
CBA3BIBACTCA THAPOTEpPMAlbHAdA ACATENBHOCTb, MOOHIH3aLMA H  TNepepacrpencneHue
nepBuyHOro 30s0ta U OIII'. Pasmeps! anomamuu 10X10 kM. B paiione Cyxoro Jlora, kak ¥ Ha
- TUMaHCKOM KpsXe, TaKKe€ HET CKONBKO-HHOYAb 3HAYMTENBHEIX BHIXOJOB MarMaTHYECKHX
nopoz. WHTtepecHs! nanHble 0 Hamuuuk B padioHe Cyxoro Jlora BeICTYNa pasymIOTHEHHOM,
oboramennol ¢monnamMu H, cleloBaTeNbHO, PYACNPOAYKTHBHOM MaHTHH Ha riybume 35-37
kM (Ha TumanckoM Kkpske — 36 kM). Ha TumaHckoM KpsXe TaKkke BBIIENAIOTCHA
rpaBHUTallHOHHBIE MHHHMYMBI (B BOCTOYHOM dacTu Yernacckoro kamus), B paitone Illyropckux
Méc'ropomennﬁ GOKCHTOB.

OTMeua€rcs MpHypOYEHHOCTh OCHOBHON MacChl IPOSBIEHUH IMIEJIOYHOr0 MarMaTH3Ma K
AONTO XWBYIEH 30HE TEKTOHO-MarMaTHyeckod akTuBm3aumu — IleHTpamsHO-THMaHCKOMY
[IyOHHHOM y pasloMy- B MeCTaX €ro IepeceYeHHs C CeBEPO-BOCTOYHBIMH TINIyOHHHEIMH
pasnomam,

8. JlaTonoruyeckue THNBI yriaepoauerhix mopon Cpennero Tumana

Tunuzanus «4epHBIX CNaHLEB» N0 CHX MOp JAETaNbHO He paspaboTaHa, XOTS K 3ToH
npo6ieme obpamanics MEOrKe Heenenosaren (Coszunos, Pozen u Cunopenxo, KOnosuy u ap.)
«YepHocnanuessie» Tommyu Ha CpeaneM TuMane npecTaBieHsl TpeMs THIIAMHU [IOPOA:

1. coBcTBeHHO ClIaHIAMM NPEHMYIIECTBEHHO KBapU-CEPHLHMT-XJIOPHTOBOIO HJH KBapll-
XJIOPHUT-CEPHIIMTOBOrO COCTABAa MECTAMH C IPaHATOM, GHOTHTOM H aMpuGoIoM.

2. xapb6oHaTHO-CIaHIEBEIMHA [TOPOJAMH,

3. xapOOHaTHBIMH nopoaaMu (MpeHMyIIeCTBEHHO JIOJIOMHTaMHU HIIH

NONIOMHTH3HPOBAHHBIMH H3BECTHAKAMH ).
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Bce oHH HMEIOT TeMHO-Cepylo (0 HepHOH) OKpacKy, XOpOIIO BHIPAXEHHYIO CIOMCTOCTH
(Poro.1). Uuorna ToHKO INIATYATYIO OTAeNbHOCTE. KapOoHaTHEIE OPOBI XapaKTepH3YIOTCH
Gonee NIOTHBIM CIIOXKEHHEM, XyX€ BRIDOXKEHHOH CIIOHCTOCTBIO H GoJtee rpyGolt OTAENLHOCTEIO.
B pudelickux dYepHBIX cnaHIaxX, Kak NpPaBHIO, MHOTO KyOMYECKHMX KDHCTA/LUIOB IHPHTA
pasmepom 10 3-4 cM. Cyns mo obTekaHHIO THPHTA ClIOMKaMH, OH 06pa3oBaiics, CKOpee BCEro, Ha
CTaIUH AHareHesa, pasapuras ci1abo MMTHQHIEPOBaHHBIE IIHHUCTHIE cnoliku. Kpome nuputa B
ClAHLaX, KaK yXe OTMeYanoch, BCTPEYAlOTCA M ApYrHe CylIbpuAbl - raleHHT, cdaneput
NHPPOTHH, XAILKOMUPHT B Apyrue. OHHU, KaK MPaBUJIO, MPHYPOYEHB! K KBApLIEBHIM MIIH KBapIl-
KapOOHATHEIM TIPOXWIKAM, HO MECTaMH 06pa3yioT TOHKYIO BKpAIUIEHHOCTh. Bosee netansHoe
OMHCaHHE COCTaBa M CTPYKTYPHl Pa3sHBIX IOpPOX 3TOH TOJINM, & TaKKE PYAHBIX CKOIUICHHH

H3JI03KCHEBI HHXKE.

9. XumuveckHil H MEHEPAIbLHBIH €OCTaBa YIJIEPOAUCTHIX MOPO/ Pa3JHIHBIX

JUHTOT¢eHETHYECKHX THIOB

XuMHYeCKH cocTaB YepHOC/AHIEBBIX TOJII BECHMA pasHoobpazen (Tabn. 1) ¢ Gonpruumu
Bépuauum conepKaHHi pasHBIX KOMIOHEHTOB (B Bec.%): Si0; (ot 0.60 mo 40.1 Bec.%), TiO;
(6’r 0.1 go 1.0), .Alzog (ot 0.8 mo 23.6), Fe;O3 (0.0 20.0), CO; (ot 0 no 43.6) u ApyrHX.
MuHepanbHbIl COCTaB HX BAapbHPYET OT YHCTO ATIOMOCHIHKATHBIX MOPOX (rninubm obpazom
CIFOIUCTO-XIOPHTOBBIX ~ 06p.1) N0 NOYTH YHCTO KapOGOHATHBIX — AOMOMHTOBBIX (00p.4).

| "Conepxanns yrnepona B cinaHmax BapbuHpyloT oT 0.47% po 7.27%(a mo HEKOTOpHIM
JaHHeM — no 10%), B Kapﬁol-laTHE:l'X nopojax conepkaHus cBoGOOHOro yrnepoxa (He
casseianoro C YTIJIEKHCIOTOMH) 6(-JH8&_'I-IHOCT0!IHH0 - oxono 3%. ConepxaHusa cymspHIOB
BapeHpyeT oT 0% 10 5-6%. Ilo nanaem M.A. Komeesoit (T'EOXU um. B.HU.Bepranckoro), Bce
PacCMOTpEHHBIE TNOPOABI (HCKIIOYas OHTYM) XapakTepH3yIOTCS JOCTaTOYHO BBICOKUMH
conepxanuaMu Copr: o1 0,21 1o 4,1% ot Maccel o6pa3na, KOTOpbIE BIHCHIBAIOTCA B HHTEpBA
ColepXXaHU# yrjepona XapaKTepHBIH IS TakK Ha3blBaeMbIX «UEPHBIX ClaHueB». OTCYTCTBHE
a30Ta CBHAETENbCTBYET 00 ynaneHMH (PYHKUHOHANBHBIX TPYII, €0 COACpXKallHX, H3 COCTaBa

OPraHH4€CKOro BeIeCcTBa, MO-BHIUMOMY, B IIPOILIECCE JHATCHE3a.



CP'DID i-llonomnm TayHCKOMH CBHTHI C YITIACTBIMH (YEpHBIE) CIOHKaMH. A,0 — OIOMHTEI
BOCTOYHOTrO MECTOPOXIEHHS; B, I — YTJIHCThIE 10JIOMHTHI LL{yropckoro MECTOpOXACHHA.
[lItyds1. Har.Ben.












































































































































































































































































































































































































































































































