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Ceemnoit namamu
Lmumpus Cepeeesuua Llmeinbepza
nocesuaemcs

BBEJIEHUE

OKHCITUTETbHO-BOCCTRHOBHTEILHOE COCTOAHUE BEPXHEH MAHTHH M €10 3BOIIOLHA
BO BPEMEHH U MPOCTPAHCTBE — OJIHA U3 Haubonee BaXXHBIX NETPONIOrHYECKHX Tpodiem
(Ps6unkog, 1983; Kanuk, Jlykanun,1986; Wood et al. 1990; Woodland et al., 1992; Ballthaus,
1992 u ap.). JleTy4ecTb KHCIOPOAA B MAHTHH SIBJISICTCS BOKHBIM HHAUKATOPOM OCODEH-
HocTel cybconuaycHbIX (pa3oBbIX COOTHOLLIEHHH, TPUPOAB] IETYUHX, pacnpeeacHys pell-
KHUX JIEMEHTOB, re0(pM3UYECKHX CBOMCTB M TekTOHUYeckoi o6cTanoBku. CocTas ¢uto-
HOHOI (a3bl, CONPOBOXKAAIOLLEH U HePeJIKO ONpeAesoulell MarMaTHIeCKHe U METaco-
MaTy4ecKHe NPOLECChl, B 3HAYUTETbHOMN CTeNeHH 3aBUCHT OT COCTOSHHS OKHUCIICHHOCTH.
Kak nokazanu Habmonenns A. AHaepceHa, P. Apky/ioca 1 MHOTHX APYTHX HCCIE0Ba-
TeJIeH, MojaBfoLlas 4acTh MaHTUMHLIX ¢aronnos orpaHuueHa cucremoii C-H-O
(Anderson, 1975; Arculus, 1985). MoxHo yrBepxxaars, 4To B Haubos1ee OKUCITUTENbHbIX
YCJIOBHSIX, 3a[1aBAE€MbIX MAarHETUT-TeMaTUTOBbIM OydepoM, cocTa (mioMaa npeacTas-
JIeH YIIEKMCAOTOM; MEHee OKHCTHTebHAA 00CTaHOBKa, cooTBeTCTBYOMas Oydepy da-
anur-marsetuT-ksapy (FMQ), 3agaercs BBOIHO-YI/IEKHCIOTHBIM cocTaBoM (rouaa,
yMepeHHO okucauTtenbHas (Mexay FMQ u xene3o-sioctutoBbiM Oydepom (IW)) - me-
TaHO-BOAHLIM M Hike Oydepa IW — cymectrenno meranosbiM (Kaauk, Jlykanuy, 1986;
Wood et al., 1990).

KonnuecTBEHHO COCTOSHUE OKUCIIEHHOCTH ITOPOJ, OLEHUBAETCS BENTMYHHOH JieTy-
uectH (gyrutrsHOCTH) KHcnopoaa fO,. B HacTosiee Bpems CyIECTBYIOT B2 HE3aBH-
CHMbIX MeToza ee onpeaenenus. [lepeblit, npsmoit, OCHOBaHHBIH Ha 3KCEPUMEHTANb-
HoM onpeaesennu fO, MUHEpAOB ¢ UCTIONB30BAaHHEM TBEPAOGDA3HBIX JNEKTPOXHMHYEC-
KX sueek, npeanoxked M. Caro (Sato, 1971) u B nanbHeiieM ycosepiueHCTBOBaH P.
ApxymocoM (Arculus, Delano, 1981) u A.A. Kanukom (@mrouasl.., 1991). TTo onenke M.
Caro atot MeToA Haubonee ToueH: norpemHocts He npesbimaet 0,1 ea. logfO, (Sato,
1971). OaHako 3KCTIEpUMEHTANIbHbIE OFPAHMUYEHHS He Aal0T BOBMOXKHOCTh NPOBEACHUS
onpeaesteHHH NETyUeCTH KMCI0POAa NP BLICOKHX [1aB/IeHHAX, CBOHCTBEHHbIX MAHTHH-
HBIM MOPOJAM, YTO MIPHBOAMT K CAMOBOCCTAHOBIEHHIO MCCIIelyeMblX 00pa3LIoB B Xoae
HarpeBaHus Mpu arMocepHOM JaBJIEHUU DKCMIEPUMEHTA 3a CUET OKUCIIEHHS HEPEeaKO
COIEPKAIIMXCS B HUX BKTIOUEHUH rpaduTa. 3T0 BEAET K 32HWIKEHHIO IEPBUYHBIX 3HaYe-
HMH neTyuecTd kucaopozna (Sato, Valenza, 1980), zocturaromemy nHoraa 3-4 opAaKOB
fO, (Virgo et al., 1988; Wood, Virgo, 1989).

Bropoii MmeTon — Tepmobapomerpuueckuii — sBIsAeTCA Haubosiee NEPCNEeKTHB-
HbIM Ana onpeaenenuns fO,, T.k. 6asnupyercs Ha CBOHCTBAX MMHEPAJIOB, KOTOPBIE HE MO-
ryT u3MeHsThes B Xoae usmeperni (Wood et al., 1990). On ocHoBaH Ha pacuere JIeTyue-
CTH KHCJ10pOJa U3 YPaBHEHHS:

6Fe,SiO, + 0, = 3Fe,Si,0, + 2Fe,0, ()
OJIMBUH OpPTONHPOKCEH 1UNHAHEIIb



Iposenenusie A.A. KagukoMm u E.B. XKapxosoil sxcriepUMeHTabHBIE HCCI1e0-
BAaHMS MIOKA3a/TH BHICOKYIO YYBCTBHTEILHOCTD 3TOrO TIApareHe3nca K W3MeHEHHIO COCTO-
AHUA OKHCJEHHOCTH cpelbl B AuariasoHe Temneparyp 900-1100°C, orBeyaroimum rem-
HepaTypHOMY HHTEpBa/ly MHHEPa]bHOTO PaBHOBECHA NMPHPOAHBIX YABTpaMatHTOB
(Dmoupst.., 1991).

BriepBbie 115 OLEHKH JIeTy4eCTH KHACIOPOAA B MAHTUHHEIX YiAsTpaMadHTax 3T0
ypassenue 6010 Henonssopano I. O'Hwuwrom u M. J1. Ps6umxoseim (O’Neill et al., 1982;
PaGuukos u np., 1983), onHako M3-3a OTCYTCTBHA B TO BpeMsA HAJEIKHBIX TEPMOXHUMH-
YeCKHX KOHCTAHT ObUTH TIOTyHeHRl BECbMA IIPHOIH3HTENIbHbIE PC3YNIBTATH.

B xon11e npoioro Beka yCuiHsMH, npexxae ecero, I. O’Huna, B. Yonna, I Mar-
THOAH, B. Byna u ik, Henna (O’Neill, Wall, 1987; Mattioli, Wood, 1988; Wood et al.,
1990) npobrieMsl ¢ onpeAeneHHeM aKTHBHOCTEH MHHAIOB B ypasHeHHH (1) B niesioM pe-
weHbl. Hexotopas mescHOCT Onula CBA3aHa ¢ OueHkoH akTHBHOCTH Fe O, B mmuHeny,
YTO MpHBeNO K pa3paboTke Tpex pa3HBIX BepcHi okcubapoMerpa — Marrnonu-Byna,
O’Huna-Yonna, Henna-Bypna. Tlpoeeacnnan b. Bynom (Wood et al., 1990) skcnepumen-
TajibHas MpPOBEpKa 3THX BepcUM rokaszana, 4yro Haubonee HageKHON ABJSETCS MOCIHe-
JHSAS MOJEJb.

Bce Tpy BepcHM NIPUNOKUMBI TOJIBKO ANS JEpLOJHT-TapUOypruToBoro paaa, T.e.
111 OPTONMPOKCEH-COAEPIKALIMX YribTpaMaduToB. [To3TOMY A1t OLIEHKH COCTOSHMS OKHC-
aeHHocTH GecnupokceHoBRIX yisTpamaguror K. Bonbxaysom, P. beppu u [I. I'pusom
OLUT IpeaIoKeH MOTYIMIIHPUYEeCKUi OKcHOapoMeTp, OCHOBAHHBIH HA Pe3y/IETaTax Npo-
BEJICHHBIX HMHM 3KCTIEPUMEHTOB N0 YaCTHYHOMY TUTaBJICHHIO COCTABOB, OIM3KMX K ITHPO-
auTy, B quanaszoHe temmneparyp 1040-1300°C u papnenuit 3-27 k6 rpH KOHTpOTHpyeMOR
BeJIHYMHE JIETYYECTH KMCIOpOa B Auanasone oT --3,7 go +5,2 ex. logfO, otHOCHTENBHO
Oydepa dasmur-marseTut-kBapy (Ballhaus et al., 1991). [Iposenennoe A. Bymuiangom
COMOCTaBIEHUE PEe3Y/IETATOB ONPEAEICH A IETYYeCTH KUCI0POAA, PACCUUTaHHOM 110 OK-
cubapomerpam Henna-Byna n Bonbxaysa-beppu-I'puna ¢ yyetom JaHHBIX MeccOays-
POBCKOH CIEKTPOCKOIHH, [I0KA3aJI0 JIETKO YYHUTHIBAEMYIO MOCTOAHHYIO PA3HUILY MEXAY
HuMH, pasHyio 0,3-0,5 ex. logfO, (Woodland et al., 1992). IlorpemuHocTs B OnpeseneHnn
JIETYMECTH KMCIOpoa TepMobapoMeTpHUecKM METOIoM, 1o pacueTaM A. Bynnanpa,
coctasnset 0,5 en. logfO,, K. bonpxaysa — 0,4 ¢x. logfO,.”

B nocnennue 20 ner B MUPOBOii HTEpaType MOABMIOCH OONBINOE KOIHYECTBO
JIAHHBIX 10 JIETYYECTH KHUCJI0poaa B yiIsTpamadutax. BeiaCHWIOCH, YTO OHa BapsUpyeT
Gosiee, 4eM Ha ABEHAAUATL NIOPAAKOB (0T ~8 10 +4+5 en. log O, otnocuTenbHO Gydepa
FMQ) - 3sauurtensHo 6onpiue moboro gpyroro napaMerpa — TeMNeparypsl, AaBie-
Hus i cocraea (Parkinson, Arculus, 1998; Simakov, 2006). HecmoTps Ha psa criopHbix
BOIIPOCOB, MOXKHO cOPMYIHPOBATh IMaBHbBII BHIBOA: JIETYYECTh KUCIOPOJa B aCTEHOC-
¢bepe cyuecTBeHHO Hie, YeM B nuTocepe (Ballhaus, 1993; McCammon, Kopylova,
2004; Simakov, 2006).

B CBsI3¥ ¢ MOBBIINEHHBIM MHTEPECOM K BBIACHEHHIO PEIOKC-COCTOSHHUS CaMbIX
rTyGrHHBIX o6nacTeit 3eMiu B TuTepatype Haubonee MoiHo OCBELIEHO COCTOTHUE OKHC-
JICHHOCTH BKIIOYEHHH HIMMHEJIEBbIX ¥ TPAHATOBBIX [IEPHIOTHTOB B LIEJIOUHBIX BYJIKAHY-
tax 1 kumOepnurax (PsOaukos u ap., 1983, 1985; O’Neill, Wall, 1987; Dyar et al., 1989;
Wood, Virgo, 1989; Wood et al., 1990; Ballhaus et al., 1991; ®monast.., 1991; Woodland



etal., 1992; Quetal., 1995; Kanuk u ap., 1995; Lee et al., 2003; McCammon, Kopylova,
2004; Simakov, 2006); 3HauuTENLHO MEHBLIE CBeACHUH 00 OKeaHUUYECKHMX NMEPHAOTUTAX
— abuccanbHbIX M ocTpoBoAyxHbIX (Bryndzia, Wood, 1990; Ballhaus et al., 1991; Parkinson,
Pearce, 1998; Parkinson, Arculus, 1999), 06 oporennsix nepuoaurax (Woodland et al.,
1992), opronuToBbIX YibTpamaduTax 1 XpOMHTOBBIX pyaax (HautyxuH u ap., 1996, 1998;
Nasir, 1996; Botakos u ap., 1998; Proenza et al.,1999), 06 ynsrpamadurax paccioeHHbIX
uHTpY3uii (Sato, Valenza, 1 980; ITyuixapes, Boraxos, Uainyxun, 2004 ) 1 0 yHUT-KIHHO-
[TMPOKCEHUTOBBIX KOMIUIEKCAX T.H. ypano-ajsckudckoro Tuna (Ballhaus et al., 1991; Ua-
IYXHH U Ap., 2002); NOJIHOCTBIO OTCYTCTBYIOT JAHHBIE O PEAOKC-COCTOSIHUM Iy HUT-KJTH-
HOIUPOKCEHUTOBBIX KOMIUTEKCOB aJIbITHHOTHITHBIX MACCHBOB.

Hwxe npuseneHb! omyONHKOBaHHbIC pe3y/IbTaThl ONIPEAEICHHH TeTyYecTH KHCo-
poda B yasTpamaduTax, BbIOJIHECHHbIE PaCYETHBIM TepMOOapOMETPHUECKUM METOOM.
MbI cO3HAaTENbHO OrpaHHYUIIHChL 0030POM TOJIBKO TEPMOOAPOMETPHUYECKHX AaHHBIX C
TEeM, 4TOObl HMETb BO3MOXXHOCTh COMOCTaBUTH C PE3YJbTaTaMH HAlUMX ONpeAencHHi
fO,. ipyroe orpaHHYeHHE KACAETCA CrIoco0a ONPENEIEHHs CTENEHH OKUC/ICHHUS XKene3a
B XPOMUIMTHHESH: 33 PSAKUM HCKITIOYeHHEM BO BHUMAHHE NPHHATH] MyGIHKaLMH, B KOTO-
PhIX BLINIOJIHEHO MpPIMoe — MeccOayapoBcKkoe — onpeseneHneM BennunHbl Fe**/Fe, 1.k.
HCII0JIb30BAHHE PACUETHOH, OCHOBaHHOI Ha OMYLIEHHUH CTEXHOMETPHH COCTaBa XPOMIII-
MUHEIH, TPUBOAXT K OONBILNM NOrpenIHOCTIM ¥ CBOJHUT Ha HET BCE MOMBITKH COBEPLIEH-
CTBOBaHHs OKCHOapOMETPOB.

BriepBeie MeccHayIpOBCKYIO CIIEKTPOCKONHUIO /151 OLUEHKH CTENEHH OKHCIIEHUS
xenesa B mnuHeaun npaumenuau b. Bya u /1. Bupro (Wood, Virgo,1989). Hmu 6buta
paccuutana fO, B 30 o6pa3uax mnuHes1eBbIX JEPLUOTHTOB M3 KCEHOJUTOB B ILIEI0Y-
HBIX BYJKaHUTAaX Pa3IMYHbIX reorpaduuecKHX U TEKTOHUUECKHX CHTYaLMH: n3 10ro-
3anaga CLUA (KunGepn Xoyn u Can Kapnoc), LientpanbHoro maccusa (MoHT bpu-
acon, @pannus), Anonus (Bynkan Morara) u Llentpansro#i Azun (Tapsarckas nen-
peccus, Monroaus n Burumckoe Haropse). Mcnonb3oBanbl okcubapomerpsl Mar-
troau-Byna u O’Huna-Yonna, kotopete nany 6i1uzkue pesynbrarsl. B nenom jety-
4ecThb KWCaopoaa sapeupyeT oT —1,5 1o +1,2 ex. 1ogfO, otHocuTensHo Gydepa FMQ.
Takum oOpa3om, He MOATBEPAMIHCH PE3YbTAThl ANEKTPOXUMHYECKUX H3MEPEHHUH,
CBUAETENBCTBYIOIKE O GonbLIOi Aucnepcuu Benuuunbl fO, B mnKuHENeBbIX NEPLO-
TMTaX KCEHOUTOB, JOCTUrAIOUICH NPH CXOXKUX KOHUEeHTpauusax Fe** B mnunenu 3-4
en. logfO,, a Takke oUeHb HU3KHE BEJIUUHMHBI JIETYHECTH KUCIOpOAa, GH3kHe K
Keme30-BrocTuToBoMy Oydepy (Arculus et al., 1984). HameTnmince peruoHanbHble
pasnuuKs B 3HAYEHHUAX JIETYYECTH KMCiiopoaa: Hanbosiee BOCCTAHOBEHHBIMU OKa-
3a1MCh J1epLONNTH U3 ByakaHa lllaBapeiH-llapam (Taparckas snaauna) u Butumce-
Koro ruiato, Haubosee okucieHHbie — W3 BynkaHa Morara. Ilocneanee aBTopel
06BACHAIOT ONHU30CTHIO 3TOTO paiioHa K CyOAyLIMPOBAHHOH THXOOKEaHCKOW NAuTe,
YTO ABJAETCA NPHYHHON NMPOHUKHOBEHMS METACOMATH3MMETacCOMATH3UPYIOLIErO
OKHCUTENBbHOTO Gurtona. ConocTaBMB MONTYHEHHbBIE PE3Y/IBTaThbl C U3BECTHLIMY NaH-
HBIMH O JIeTY4€CTH KUCJIOPOAA B cTeK1ax 0a3a1bTOB CPEAUHHO-OKEaHHIECKHUX Xpeb-
toB (Christie et al., 1986), aBTopbl npHX0OAAT K BbIBOAY 0 6,1U30CTH NOCaeAHUX 60J1b-
LIMHCTBY H3YYECHHBIX JIEPLIOJIUTOB, KOTOPbIE «...MOIYT HMETh OTHOLIEHHE K MaTepH-
any ucrounuka MORB». Ha ocHOBaHHM HMEIOIHXCS AAHHBIX 110 JIETYUYECTH KHCJI0-



poza Jenaercs 3aKIIOYeHHe, YTO B CyOKOHTHHEHTAIBHEIX NUTOChEepHBIX duontax
nomurupytor CO, n H O u He nomwxHo conepxarscs Gonee 10% merana.

JI. Bpeinaza u b. Byn uayuwity netydects KMcnopona B abHcCabHEBIX TEPHAOTH-
Tax OKeaHHIeCcKHx Xpe6ToB CpequHHO-ATantuueckoH, LienrpansHo-Mnauiickoi, FOro-
3anagno-Uuauiickoit U AMepukaHo-AHTapKTHueckoil cucreM (Bryndzia, Wood, 1990).
ITpu ee pacderax ucnons3oBan ¢gyromerp Henma-Byna. B uenom neryuecrs kucnopona
BapbupyeT 0T —2,5 10 +0,5 en. logfO (FMQ), T.e. siBnsieTCs 3HaUMTENLHO G0NIEe HUZKOH,
YeM B KOHTHHEHTAJIBHBIX LUMHHEJEeBbIX JEPLOTUTaX U3 BKIIOYCHHUH B [IENOUHBIX BY/IKa-
HMTax. JTH JaHHbIE, IO MHEHHIO aBTOPOB, XOPOLIO CONIACYIOTCA C OLICHKOH JIETy4ecTH
kucnopona B 6a3ansrax MORB (Christie et al., 1966), Ha ocHOBaHHH Yero aenaercs
BBIBOJ O TOM, YTO UMEHHO abHccanbHble NepHAOTHTbI OKEAHHYECKHX XpeOToB, a He
IUTMHEJIeBBIe JIEpUOAHThI KceHomTor (Wood, Virgo, 1989), sensarorcs HetouHHKOM Oa-
3ansroB MORB. ITo mawnbM JI. bpeinasu u b. Byna, HauMeHee OKUCIEHB! yisTpaMadu-
Tl ropsauel TOYKH octpoBa biose (pasnomuas 3oHa HMcnac Opkagac, AMepHKaHO-AH-
TapkTH4eCKui xpebeT) co sHasenuamu logfO, (FMQ) B npenenax ot —2,5 a0 -1,5, B T0
BpeMsI KaK «HOPMaJsibHas» JIETy4eCTh KUCIOpoJa YITPaMadUTOB B OTAATIEHHH OT rops-
yeli TOYKH, HO B MIpeJieiaX TOMH e pa3JIOMHOM 30Hbi, BapsupyeT oT —1,0 mo 0. ABTOpHI
OOBACHAIOT 3TOT GaKT BEICOKOH CTENEeHbIO YaCTHYHOTO IUIABJICHUS NMEPHAOTUTOB MaH-
THIHOTO IUTIOMa, C YBETHYEHHEM KOTOPOH (pyrHTHBHOCTH KHCJIOpPOAA yMEHBINAETCH.
ABTOpBI Taloke 00paTHIM BHUMaHHE Ha HEOOBIYHO BbICOKYIO OKWCIIEHHOCTD M1apracuT-co-
Jepxargux nepurotutoB Cent-Tlona (Cpeautbo- ATnaHTHHeckuii XpebeT), CBUIeTeNbCTRY-
TOLIYEO O CBSA3H MEXTY aKTMBHOCTBIO BOJIbI H JIETYUYECTbIO KUCJIOPOJa B MaHTHH. J[aHHbIe
IO JIETY4eCTH KHCJIOPOa NO3BOIMAN OLEHHTD (ITIOMIHBIN PeXUM, CYLleCTBOBABIIHH B
XOJle YaCTUYHOIO IUIaBJICHHUS BEeUeCTBA BEPXHEH MAHTHH 110]] OKEaHOM: Ha YaJICHHH OT
ropsuux To4ek (GIIroHabl IpeACTaBIeHb TpakTHYeCKH OMHAPHOH cMechio, cocTodIen
U3 65 M01.% Bombl ¥ 32 M01.% yrnekucnoTel, rpaduT He ctabuneH. s ropsauux Touex
nomyckaercs koHueaTpauua CH, u CO B cymme 10 20 Mon.% IpH yCTOHIMBOCTH rpaduTa.

BriepBrle conocTaBieHHe COCTOSHHA OKHCICHHOCTH YABTPaMa(HTOB pa3IHYHbIX
TeKTOHH4YecKux 00cTaHoBOK U HazansToB MORB nposeneno b. BynoM ¢ coasTopaMu
(Wood et al., 1990). [lns pacyera fO, ucnons3osan ¢yromerp Hemna-Byna, Temnepary-
pa onpenenexa no reorepmomerpy [1. Benca (Wells, 1977), napnenue npuHATO paBHBIM
15 k6. HecmoTtps Ha Hcnonb3oBaHue Tex ke 30 00pa3LioB IIMHHENEBBIX JIEPLIOJIUTOB U3
KCEHOMUTOB, 4To | B pabore b. Byna u /1. Bupro (Wood, Virgo, 1989), aprops! IpuxonsT
K ApYroMy BBIBOIY: «...OTPOMHasl 4aCTh KOHTHHEHTAIBHOM TUTOCGEPSHI IIPH CXOKECTH
cocTaBa OTIH4aeTcs oT paloHa uctounuka MORBY. [1o COCTOSHHIO OKHCTIEHHOCTH CPEH
VIBTpaMa(QUTOR KCEHOJHTOB BhIEIseTCA MeHee okuclieHHas (Omm3kas k MORB nnu
HecKoJIbKo Donee BhICOKas MO BeauYnHe QYruTHBHOCTH) rpynna, CBI3aHHas ¢ 30HaMH
PacTsKeHHs KOHTUHEHTAIbHOM KOpBI, ¥ Oolee OKHUCIEHHas!, IPUYPOUYCHHAsA K ApEeBHEH
(Onidens, I'epmanns, n Llentpanpusiii Maccus, OpaHuus) Wi COBpeMEHHON (BY/IKaH
Mbrara, SInonus) 3oHam cyOmykunu. OTHOCHTENBEHO OONBIIYIO AUCTIEPCHIO 3HAYECHHI
JeTYHECTH KHCI0pO/Ia IEPBIX MO CPABHEHHIO CO BTOPOH rpynmoi aBTopsl OOBICHSAIOT
CMELIEHHEM B 30HE PACTIKEHHA OKHCEHHON CTapoif KOHTHHEHTANBHOH KOPbI C BOCCTa-
HOBJIEHHOH MOJIONOH acTeHochepoii, B TO BpeMs Kak B HaACYyOQyKIMOHHBIX YbTpaMa-



¢urax Beunna fO, 6ydeprposana 3HAUNTENLHBIMH CONEPIKAHMAMH OKHCHOTO XKee3a.
BenuuyHEbL IETYYeCTH KMCA0POJa CBUIETEIbCTBYIOT O TOM, YTO BCE KOHTHHEHTAJIbHbIE
LINAHEIEBBIE JIePLOIUTH KPUCTANTU30BATHCH [IPH HecTabWiIbHOCTH rpaduTa U OTCYT-
cruH BoccTaHoBneHHbIX razos CO n CH,, a pmounap npencrasiensi cMecsio CO, n H,0.
A TaKk Kak BOIa NMPEHMYLIECTBEHHO BXOAWT B paciuiaB, TO GUIIOHA AODKEH COCTOATb M3
MOYTH YHCTOMH YITIEKHCIIOTBI, YTO ObITIO NOATBEPIKAEHO H3YHEHHEM a30BbIX BIIFOYEHHH.

[TpH xapakTepUCTHKE COCTOSHHUSI OKUCIEHHOCTH CyOOKEaHHYECKHX NEPUIOTUTOB
MCMOJIb30BaHbl AaHHble Mo paHee u3y4eHHbIM JI. bpeinasedi 1 b. Byrom obpasuam
(Bryndzia, Wood, 1990), nononuennsie Matepuanamu no Tpory Katiman. [Toguepkuyra
Oyrnb1lias BOCCTAHOBIEHHOCTb a0UCCaNbHBIX NepHAoTUTOB - Ha 1,0 en. logfO (FMQ) - no
CPaBHEHHIO C KOHTUHEHTAJbHbIMU KCEHOIUTAMH, a TAKOKE UACHTHYHOCTb UX CTEKJIaM
MORB. Ipu 06cyxaeHun HeOOBIMHO HU3KWX 3HAUEHMH JIETYUECTH KUCII0pOaa B Y/IbTpa-
MaguTax ropsyux TOHeK Mpe/IaraeTcs 1Ba ansTepHaTUBHbIX 00bACHEHUs: 1) TubO 1tombl
fonee BOCCTAHOBIEHbI 10 CPABHEHHIO C HOPMaNbHOMN acTeHoc(epHOi MaHTHei, 2) nubo
3TO €CThb pe3yasTaT QUIIOMAHOH U rpadMTOBOM HACBILICHHOCTH H MOBLIIEHUS CTENEHN
4aCTHYHOTO MUIABIEHHUS, NPOUCXOAALIETrO MPH POCTE TEMITEPATYPhbl HIH B YCIOBHAX Ae-
komrpeccu. Ilpn crabunbHocTu rpadura daronasl gaxe B ropguyx Todykax odoratie-
el CO,, B HUX Jl0TTyCKaeTcs npucyTcTBre 10 20 Mon.% MeTanHa.

[pensapuTenbHOE N3yYEHHE COCTOSIHUS OKMCISHHOCTH OPOTEHHBIX JIEPLOIHUTOB
maccuBoB Ponna n benu Byuiepa nokasano, 4To 0HM MMEIOT aHAJTOTHYHYHO abuccanb-
HBIM MEPUIOTHTAM JIETYHECTh KMCIIOPOa, HEMOXOXKYIO Ha TAKOBYIO KOHTHHEHTATBHbIX
nepuonutoB. Pa3bpoc 3HaueHuit JeTyyecTd KUCI0poaa, coctagasiowui Gonee 2 en.
logfO,, cBHAETENLCTBYET, O MHEHUIO ABTOPOB, O CYIIECTBOBAHHM MENKOMACINTAGHBIX
BapualMi COCTOSIHUS OKUCTIEHHOCTH B BEpXHeH MaHTHH.

ABTOpBI AENA0T CNEAYIOUHE BHIBOJIbI H3 aHAIM3a UMEIOLIMXCS JaHHBIX: 1) OKuC-
NIEHHOCTh acTeHoCheps! BapbupyeT oT —2,5 a0 +0,5 ea. logfO, otHocHTenbHO Gydepa
FMQ; 2) cpennss BenuurHa JIETyUeCTH KUcnopoza B MaHTuu Ha 1,0 ex long2 BBILLIE 33
CHET KOHTHHEHTAJIbHOH TUTOC]EpPDI, B KOTOPOH NPOABIECHE] TPOLECCH! OKHCIEHHUA U TH]I-
paTaLiH, XapaKTepHbIC AJist 30H CyOayKUHK; 3) OrpOMHBIE KOHTUHEHTAJILHBIC MACCHBEI,
NOPOKIEHHBIE B acTeHochepe, M3-3a KOPOTKOro NpedbIBaHH B KOHTHHEHTAIBLHON JIUTOC-
depe coxpanunn acreHochepHnie 3HaueHus fO,; 4) noka HET JaHHBIX O CTpPaTHQHUKALMK
MaHTHH 110 €€ OKUCJIHTEbHO-BOCCTAHOBUTE/IbHOMY COCTOSHHIO.

CrieLManbHO U3Y9EHHIO OKUCIIMTENbHO-BOCCTAHOBHTENBHOIO COCTOAHUS YAbTPa-
Ma¢HTOB KpyMHEHIINX 1epLoIUTOBbIX MaccHBOB Mupa bexnn bywepa (Mapokko) v Pon-
Aa (Mcnanwmsa), a taroke 11 Hebonbuwnx maccuBoB ¢paHuy3kux IInpeHees nocesinena
crates A. Bymnanna, XK. Kopunpo6era u b. Byaa (Woodland et al., 1992). Ycranosnena
OMU30CTD MO ITOMY TapaMeTpy YibTpamMa(uToB NepeUncIeHHbIX MaCCHBOB K abHccanb-
HbIM MEpUAOTHTAM M Gazanstam MORB, uTo cBHAETENBCTBYET, 10 MHEHHIO ABTOPOB, O
reHETHUYECKOH CBA3M OPOTEHHBIX JIEPLOAUTOB ¢ cybokeanuueckor ManTuel. [Tonuepk-
HYyTO, 4TO rapufyprutsl MaccuBa benu Byuepa Heckosnbko 60iee BOCCTAHOBJIEHBI 110
cpaBHEHMIO ¢ nepuonuTamu. Ha Ham B3rsiz, yuutsiBas Taioke AaHHble J1. Bpetaasu u b.
Byna (cM. BbIle), MOXKHO YTBEPKIATh, YTO MPOLECC YACTUYHOIO FUIAB/IEHUS BEPXHE-
MaHTHIHOTO BELLECTBA CONPOBOXKIACTCS CHIDKEHHEM BEJTMUHMHBI JIETYUYECTH KHCIOPOo/Ia.



B nenom no seningure fO, ynstpamadutet beru bywepa u Porabt oueHs 61u3KH, 103T0-
My aBTOpbI JeIal0T BLIBOJ O HOCTOSHCTBE COCTOSHHSA OKHMC/IEHHOCTH BEPXHEH MaHTUH,
o kpaineit mepe, Ha npoTsxkeHnd 200 kM. KapTHHa HapyniaeTcs B MardoKiaa3’oBhIX
Aepuonurax u ampubon-coaepkamiux yiasrpaMaduTax, NOBBIIEHHE OKUCIIEHHOCTH TEX
W Apyrux A. Byanaua cBA3bIBaET C MPOABICHHEM OKHCIIHTEIBHOIO METacoMaTo3a.
OcobuaxoM oT obcyxaeHnbx pabor crout crarss K. bonpxaysa, P. beppu u 1.
I'puna (Ballhaus et al., 1991): Bo-niepBbix, 0Ha OCHOBaHA HA PE3yNbTaTax MPOBENCHHBIX
aBTOpaMH KCIIEPHMEHTAaX M0 YaCTHYHOMY IUIABIEHUIO O/IM3KHMX K MHPOIMTY MAHTHH CO-
CTaBOB YNKTpaMa(¥TOB NpHU KOHTPOJIHPYEMBIX 3HAYEHHUAX TEMIIEPATYphl, JABIEHUS H
JIeTY4ECTH KAC/TOPOA; BO-BTOPBIX, MPEIOKEHHEIH B HEH OKCHOapOMeTp ABNAETCH YHH-
BepcaibHbIM H MO3BOJIAET OLECHUTD (PYTHTHBHOCTE KMCJIOPOAA HE TOIBKO B OPTOITHPOK-
CeH-CoAep KaIHX YIbTpaMaduTax (JepLonuTax v rapibyprurax), Ho 4 B 0€CTIIHPOKCEHO-
BBIX PasHOCTAX (yHHTaX ¥ XPOMHTHTaX), T.€. IIPAKTHYECKH BO BCEX PA3HOBHIHOCTAX
YIETPaMa(hUTOB STBITIHOTHITHBIX M KOHLIEHTPHYECKH-30HATTHHBIX MAacCHBOB. O/THAKO, BBHTY
METOIHYECKHX CIJIO)KHOCTEH aBTOpPBI HE CMOITIH OTIPEAENIATEH CTENEeHb OKHCIIEHHS JKerle-
3a B XPOMIIIHHENAX NMPSMbIM — MeccOay3pOBCKHM — METONOM M PacCUMTHIBAIIM €€ 3
IaHHBIX PEHTT€HOCTIEKTPATBHBIX H3MEPEHHH, JOITYCKas COBEPLICHHYIO CTEXHOMETPHIO
cocraBa muHepana. OmMOOYHOCTDb TaKoro myTH ObUTa ITOKa3aHa MHOIMMH HCCNEeN0Ba-
TernamH (Haripumep, McGuire et al., 1989; Wood, Virgo, 1989; Dyaretal., 1989; Canil et
al., 1990 u T.1.). AHaNN3 OMYOJTMKOBAHHBIX M HAIIMX JAHHBIX ITOKA3bIBAET, YTO «CTEXHO-
MeTpUUecKas) CTeIleHb OKHCIICHUS JKelle3a B XPOMILUIHHENH FTHHO3EMHUCTOr0 COCTaBa
Ha 10-15% nwke «MeccOayIPOBCKOI» U HEPEIKO HMEET OTPHLIATELHYIO BEIHUKHY, UTO
NPHBOIHT K 3aHWKEHHIO BEJIMUYMHBI JIETY4eCTH Kucnopoaa Ha 3-4 nopsanka. Kak nokasa-
JIY Hallld HCCIEAOBAHH, pa3HHLA MEXIY BETHIHHAMH HCTHHHOH H CTEXMOMETPHYECKOi
CTENEeHBIO OKUCNEeHU Xene3a ¢ poctoM oTHomeHus Cr# = Cr/(Cr+Al) B xpoMumnuHenu
MIOCTENEHHO YMEHBINAETCS M IIPH CpeaHHX 3HadeHuaX Cr# 6H3Ka K HYIIIO, a 3aTEM CHO-
Ba YBEJIMYHBAETCS, HO ¢ 00paTHbM 3HakoM (Borsako u np., 1994). CooTBEeTCTBEHHO U
BETMYMHBI TETYUECTH KUCIOPOLa B IOPOSAX MPH CPeNHHX 3HAYEHHUAX XPOMUCTOCTH OITH3KH,
a 3aTeM UCTHUHHAsA JIETY4ECTh Kuciopoaa cranopurca na 0,5-1,0 ea. logfO, Bbite «cte-
xuomerprdeckoit». TloatoMy npusenensbie K--bonbxayzom ¢ coaBTOpaMy MHOTOYHC-
JIEHHBIE JTaHHBIE 10 OKHC/IATEBHOMY COCTOSHUIO YIbTpaMaHTOB H 6a3abTOB Pa3HBIX
TEKTOHMYECKUX 00DCTAHOBOK IJIOXO COINACYIOTCS ¢ pe3yabTaTaMH, MOJyUYeHHBIMH YIIO-
MSHYTBIMH BBIIIIE M TTOCJIEAYIOLIMMH HccaefoBarenaMu. Tak, no ganHsiM K. bonexaysa
HauboJs1Iee BOCCTaHOBJICHBI IINTMHEJIeBbie JIEPLOIUTEI B KCEHONHUTAX IEIOYHbIX BYJIKAHH-
TOB KOHTHHEHTOB, a He abMcCalbHble NePUIOTHTEI CPEIHHHO-OKEAaHHUIECKUX XpeOTOB,
kax nokaszanu b. Byn, JI. BpeiHass, A. Byanaug u ap. iipu npsimoM onpenenenun Fe*'/Fe
B xpomumuxenu (Bryndzia, Wood, 1990; Wood et al., 1990; Woodland et al., 1992). Oqun
13 BaXHBIX BbiBoOB K. bonbxaysza o0 TOM, 4TO C yBemHHEHHEM CTEHEHH YaCTHYHOIO
TUIABNEHHA JIeTY4eCTh KHCI0POa YBETUYHBAETCS, HE MOATBEPAICS — MarMaTH4eCKoe
JeIUIeTUpOBaHHE rapulypruT-iepUOIMTOBEIX CEPHi OKEaHOB H KOHTHHEHTOB COTMIPOBOX-
JIaeTCs MOCTENECHHbIM CHIDKeHMeM Benuuuubl fO, (Bryndzia, Wood, 1990; Yautyxuh u
ap., 1996; McCammon, Kopylova, 2004). Tem He MeHee, nocieaylomne METaCOMAaTH-
YeCKHe MpOLEeCcChl U KapAHHaIbHasg cMeHa TeKToRH4eckoit oocranosku (COX — ocTpo-



BHas 1yra), IPpHUBOJASAILHE K PE3KOMY yBEIHUYEHHIO COCTOSHMS OKUCIEHHOCTH, Ha Ka-
4eCTBEHHOM YPOBHE 3a(PWKCHPOBAIHCH HE3ABHCUMO OT cnocofa OLeHKH CTemeHu
OKHCJIEHHMS 3Kene3a B XxpoMmiunuHeau. [1pu npsmMom onpenieneHny nocineaHe okcuba-
pometp bonwxaysa-beppu-I'puna sBnseTcs yHHBepCanbHbIM U MO3BOJIAET KOPPEKT-
HO OUEHHTD JIETYHYECTh KUCIOPOAA HE TOJILKO B OPTONMPOKCEH-COAEPHKALUUX YIbTPa-
mauTax (nepuonuTax u rapubyprurax), Ho 1 B 6€CMpOKCEHOBBIX pasHOCTAX (Jy-
HHUTaX ¥ XPOMHUTHTAX), T.€. NPAKTHYECKHN BO BCEX THMaX YJbTPaMadUTOB ajabIIMHO-
TUIMHBIX U KOHLEHTPHUYECKU-30HAbHBIX MACCHBOB.

OcoOblHf MHTEpEC NPE/ICTABNAET BBIACHEHHE Pa3IMUMi PENOKC-COCTOSIHUS MEX-
Ay )KECTKOH «XONOAHOH» 1 XMMHUYECKH HCTOLUEHHOM YacTbio BepXHEH MaHTHH (JTHToche-
pbl) ¥ «ropayei» (>1280°C) cnabo nenneTHpoBaHHOH KOHBEKTHBHOH acteHocdepoii
(Menzies 1990). P. Apxymoc, C. Xarreprv u JI. ToMx#HC yTBepXKIatOT, 4TO acTeHoche-
pa u3-3a BHEAPEHHS NepepaboTaHHOrO B KOHBEKTUBHOH BEPXHEH MAHTHH OKHCIAEHHOTO
KOPOBOro Marepuaia umeeT Gosiee BbICOKYIO oTHocuTenbHyto fO,, ueM nurocdepa
(Arculus,1985; Haggerty, Tompkins, 1986; Haggerty, 1990). K npoTHBONOIOKHOMY Bbi-
oxy npuwiu JI. I'pun u corpynuuku (Green et al. 1987; Taylor, Green 1987a, 1989) u
BBIIBUHY/TH MOJE/b, B KOTOPOH acTeHocdepa Gonee BOCCTaHOBNEHA, YEM NMEPEKPBIBAKO-
was nurocdepa. AcreHocdepa MOXKeT NOTyUaTh CyLIECTBEHHBIN BKJIaJ] BOCCTAHOBJIEH-
HOTO MaTepuaia 13 rnepexoaHoH 30Hel Uy 6osee HYKHEH MaHTHH, KOTOPbIH MOXeT «Hel-
TPaIM30BaThy» OKUCICHHE U3 nepepaboTaHHOro KOPOBOTO MaTepHasa. DTH aBTOPbI MTOKa-
3a11, YTO €CJIM B BEpXHEH MaHTHU npucyTcTByeT otaenbHas C-H-O dnronanas dasa, To
¢ ryOuHO# oHa nocrenenno oboramaercs CH, u, cnenosarensHo, cTaHOBUTCA Gonee
BOCCTaHOBJIEHHOW, Tak Kak CH, — enMHCTBERHBIH DaIOMAHDIA KOMIIOHEHT, KOTOPBIH NpH
BBICOKOM JIaBJICHHHM HE paclipeeNiieTcss HH B KaKyr-JIMOO M3BECTHYIO KpHCTaJUTHyec-
Kyl0 CTpyKTypy. OCHOBBIBasiCb Ha 3TOM paccyxaeHuu, [. I'pun ¢ corpyaHukamu npea-
MoNaraloT, YTO IJIABJICHHE MAHTHH MOXET ObITh MHUIIMUPOBAHO OKHUCIEHUEM MTYOUHHBIX
6orareix CH, dtonaioB 10 anemenrapHoro yrepoaa 1 H,O («penokcHoe niasieHne»)
¥ CABUIOM PaHUL] NNIABJICHHUS NPH NOBbILIEHWH aKTUBHOCTH Boasl (Green et al., 1987).
31oT npolece, BEPOSITHO, UMEET MECTO B TeX O0IAaCTAX MAHTHH, INI€ BOCCTaHOBJNEHHas
acreHocdepa cMeLIMBaeTCs C OCTATKAMH OKHUCIIEHHOTO NnepepaboTaHHOro MarepHana.

B cBs3m ¢ 310# npobnemoit K. Bonbxay3 B o6cTosTenbHOM CBOAKE TPOBEN Cpas-
HUTEEHOE U3YYEHUE COCTOSIHHE OKUCIIEHHOCTH IUTOChEpHON 1 acTeHoC(EPHON MAHTHH
(Ballhaus, 1993). On nokasaii, 4to B HeryOOKo#H NpOTepo30iicKoi U (haHepO30HCKOK -
Tocepe fO, KOHTponmpyeTCs, Mpexe BCero, u3MeHeHUusMu Fe’'— Fe?" pasnosecus.
OGpatueHo BHUMaHHEe Ha HeGobIIOE pasauuKe no senuuHe fO, Mexay auTtochepHsi-
MM 00CTaHOBKAMH TTOJKOHTHHEHTAJIbHbIX U [O0KEAHHYECKHX LIMMHE/IEBBIX MEPHIOTH-
ToB; 06e obcTaHoBKY pacnonaratotes Mexay FMQ -2 u FMQ +1 en. log fO,. Ochosb-
BASCH, OMATb-TAKH, HA ONYIIEHHH CTEXHOMETPHH COCTaBa XPOMIUMHHEITH NPH pacyerax
fO,, aBTOp OTMEHaET «...CHCTEMATHIECKOE YBeNnueHrne oTHocutensHoH fO, ¢ ysean-
YEHWEeM CTeneHW UCTOUleHHs 0a3alETOBOrO KOMMOHEHTA (YCTaHOBJIEHO [0 BETHYMHE
X ®")». C pocToM nasneHns U nyGuHBI B IMTOC(HEPE MEMEHTHbIA YIIepo/ CTaHo-
BUTCS POrPECCHBHO TYTOIUIABKUM M U KOHTPOJIS PENOKC-COCTOSHUSL PABHOBECHSA C
y4acTHeM yriepona okasbisatores fonee BaxxHbIMH. B riryGokol kpaTOHHO#M apxercKon



narocepe fO, Moxer GpiTe GydepupoBana yriepoa-COAEPKAIIUM PAaBHOBECHEM U
akTHBHOCTAMHK kapbonara u CO,; 3/ech Hanbonee BEPOATHO YIIIepOA-CHIIMKAT-Kap-
6onarHoe (EMOG/D) pasHoBecHe, NpH KOTOPOM dakTuueckas Bennuuna fO, asnsa-
eTcst PyHKIHEH aKTUBHOCTH KapOOHATHOTO KOMIIOHEHTA. ARTOP TIPUXOJUT K BBIBOLLY,
YTO HET HHKAaKHMX CBHAETENILCTB O 60Jee OKHCIEHHOM COCTOSHHH acTeHoc(hepHoi
BEPXHEH MaHTHH 110 CPABHEHUIO C TATOCEPOi.

K. Makkamon 1 M.I. Konbutoa (McCammon, Kopylova, 2004), ucnone3ys rpa-
HAT-OJIHBHH-OPTONHUPOKCEHOBLH okcubapomerp I. I'ynmywacona u b. Byna
(Gudmundsson, Wood,1995) u MéccHayspoBckue JaHHbIE IUTMHENH K rpaHara, Ha py-
Mepe MaHTHHHbIX KCEHOJIMTOB KpaToHa CrneiiB (ceBepHas Kawana) mocTpowti okucnu-
TEJIbHO-BOCCTAHOBUTENBHBIH npodwis o niyoussl 210 kM. TIpodwne BekpeiBaeT TpU
DryOuHABIE (palMK NEPHAOTHTOB, KOTOPBIE CAraloT YacTH PA3IMYHOrO BaJlOBOIO COCTa-
Ba, IPEACTABICHHOIO LINWHEISBbIM, IIMTHHE/b-TPAHATOBBIM, HU3KOTEMIICPATYPHBIM I'pa-
HATOBBIM U BBICOKOTEMIIEPATYPHbIM IPAHATOBLIM MEPHIOTHTaAMH B MUpOKceHUTOM. OT-
HOCHTEJIbHAA JeTy4YecTh KUCIOopoda rpaHaT-CoOep Kallero KPaTOHHOTO IMepHAOTHTa
yMeHbInaercs ¢ mybusoi B nuanasone 80-210 kv ot -2 1o 4 ex log fO, (FMQ),
JOCTHIas BEJIMYUHEL Ha OfHY eA. log Beite Gydepa IW. Hermybokuii, 6onee nennerupo-
BaHHbIH NINHHENIEBbIH NEPHIOTHT XapaKTePH3YEeTCA NOHKEHHOI JIETYYECTBIO KHCI10pO-
Aa 10 cpaBHeHHUIO ¢ 6osiee NTyOUHHBIM, MEHEEe UCTOLIEHHBIM LINKHHETb-IPaHATOBBIM I1e-
PHIAOTUTOM, YTO comlacyeTcs ¢ pasmuuHoi koHueHTpanued Fe’' B mmunem. T'panaro-
BbI€ NIEPUIOTHTHI IEMOHCTPUPYIOT obmiee cumkenue Alog fO, (FMQ) ¢ ry6unoi, rae
3HAYEHHUA U1 TPAHATOBBIX IEPUIIOTUTOR HIDKE, YeM /1A IUTNHHEe Ib-T PAHATOBbIX [EPHI0-
THTOB. JU1s IepHAOTHTOB IUITHHENEBOH (DaliMy XapaKrepHa CUIbHas o0paTHas Koppeis-
UMA MEXTY CTEMIeHbIO AeIIETHPOBAHHA U JIETYHECThIO KHCIIOPOa, HO OHa MeHee Bblpa-
XKeHa IU1st MepUIOTHTOB rpaHaTtoBoi darmu. YacTHuHOe ITaBIeHHe MaHTHH repepaci-
pefenser xesne30, IponyLMpPY S BOCCTAHOBNEHHEIE PECTUTBI K OKUCIEHHbIE MarMbl. CHITb-
Hoe ymMeHblneHue BemanHb Alog fO, (FMQ) ¢ nTyGuHO#M, K0TOpOE SBAsSETCA pesy/ibra-
TOM MEHBILIETO napiuansHoro obbema Fe** B rpaHate, U pa3nsle yrisl HaKiOHa KpUBO#
Alog fO, (FMQ) ¢ yGuHOH 4714 IITHMHEEBBIX H IINHHEB-TPAHATOBBIX TEPHIOTATA CBH-
AETENbCTBYIOT O TOM, YTO JIETYYECTh KHCIOPOAa B KPATOHHOM MEPUAOTHTOBOH MAHTHH
B CYIIIHOCTH KOHTPOJIUPYETCA PaBHOBECHAMH jKeNle3a, BKIFOYas IpaHaT v UITHHENb.

IlpuMenuB paznudHble GyroMeTphl, B TOM 4yHcae pa3paboTaHHBIH UM IpaHat-
KJIMHOIIMPOKCEeH-KpeMHe3eMoBbIii okciubapomerp, C.K. CHMakoB Ha npumepe anmas-
coliepKaiyx U cBOOOJHBIX OT a1Ma3a NepuAOTHTOBBIX ¥ OKJIOTHTOBBIX KCEHOJHTOB
B kuMbepaurax AxyTau u HOxuHol Agpuku nokasan, uto fO, B nutocdepHoit Bepx-
HEH MaHTHM NOJ apXeHCKUMHU KPaTOHAMH U3MEHAETCs B AHANTa30HEe NATH-LIECTH €.
log, uro cornacyercs ¢ paHee Nomy4eHHbIMH pe3ylbTaTaMH IS KCEHOIMTOB LIMH-
HEJIeBBIX H rpaHaToBelx nepuaotuTon (Ballhaus 1993; Simakov 1998; Woodland u
Koch 2003). OcroBbiBasgch Ha 3THX JaHHBIX aBTOP MPUXOAUT K BBIBOIY, 4TO BEPX-
HAS MaHTHA 110 PEROKC-COCTOAHHIO 30HANIbHA U CTENICHb €€ BOCCTAHOBJIEHHOCTH yBeE-
AUYUBaeTCH ¢ yOHHOHU, OT nuTocdepst Ko acteHocdepsi (Simakov, 2006).

Pan paGoT nmocBsiieH M3YUEeHHIO PeIOKC-COCTOSHUA OCTPOBOLYKHBIX YIIBTpa-
madutos (Parkinson, Pearce, 1998; Parkinson, Arculus, 1999; Pearce, 2000).
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B o6crositensHoit cratbe S IMapxuncona u k. [lupca npuBeneHsl pe3ysbTarhl
BCECTOPOHHETO HCCNEAOBAHHUS BCKPBITHIX CKBaXKMHAMU rapubypruTos W AyHHTOB, cla-
rawoiux Ase noasojiHbie ropsl — Konnueckyto B Mapuanckom npenaysxbe 1 Topucuma
— B U3y-Bonunckom. ITo xumuueckoMy coctaBy Mopoa B MUHEPAOB, BKIIOUYas noBeae-
nue P30, ynsrpamadurst 00eUX rop UASHTHYHB], OHAKO OTAUYAIOTCS NO PEAOKC-COCTO-
STHHIO, OLIEHEHHOMY © YUETOM J1aHHbIX MeccOay3pOBCKOI CNEKTPOCKOITMH; MPaHHUIIA [Ipo-
xoaut no Oydepy FMQ. Ha 3ToM ocHOBaHHHM aBTOpBI OTHECU $0JI€e BOCCTAHOBJIEHHbIC
ynsrpamaduth 1. KoHnueckol k penukram ynsrpaMaduror COX, OKHUCIEHHbIE NOPO/Ib!
r. TopycHMBI — K MPOIYKTaM peakLHH TaKuX yIsTpaMa(uroB C OCTPOBOAYKHBIMH Mar-
maMu. TeM He mMeHee He ACHO, [I0YEMY ITa peakuUMs He oKa3ala HUKAKOro 3aMeTHOro
BJIMSIHHMS HA XUHMUUYECKHH N MHHEDaNbHbIN COCTaB ynbTpaMaduTOB.

H3sydenue penokc-cocTosHUS 0OCTaHOBKM Mpenaykbs Obliy MpomosikeHs! Jhk.
[Tupcom B HOxHoM ATitanTuke (Pearce, 2000). beiu aparvposanb! aBa o6bexra — FOx-
HocaHABUUEeBOE npenayxbe U HOxHocanneuuesslil TpaHcdopmubiii pasnoMm. Kak u B
cnyuae U3sy-bonnn-Mapuanckoro nipenmyxes (Parkinson, Pearce, 1998), B ctpoenun
3TOrO MPEAAY>Kbsi IPUHUMAIOT yYacTHe rapulypruThbl U TyHHTbI, OCIOXKHEHHBIE BKIIIOUE-
HUSIMH BEPIIMTOB, HA3BAaHHLIMH ABTOPOM NepexofHbIMU («transitionaly) ynsrpamadura-
MH; B TpaHC(HOPMHOM Pa3/ioMe AparvpoBaHbl NepuosiuThl U rapubypruthl. CocTosHHe
OKHMCIEHHOCTH pacCYMTAHO MO BTOPUYHBIM craHapTaM. [To MHeHUIO aBTOpa, rapudyp-
TUTBHI NPEANYXKbsi, 00pa3oBaHHble Kak ocTaTok OoT 15-20% nnasjieHus ONpd NeTy4ecTH
Kucsopoaa, 6nuskoii k Sydepy FMQ (log fO, = +0,01 otHocutensHo FMQ), B xone B3a-
MMOJEHCTBHUS ¢ MarMamH FOJKHOCAHJBUYEBOMN Ayry GbUTH BrIOCaeACTBUM npeobpasoBa-
HbI B iepexoanbie nepunotutel (FMQ +0,5) n nynwet (FMQ +2). iparuposanme okono
HOxHocanaBUueBOH pa3IOMHOHN 30HBI JAJI0 NOPO/IH B UANa30He OT JepLUO/iMTa 10 rap-
ubyprura, KOTopble, BO3MOKHO, OBUIH PE3yNnsTaToM JABYCTaJUMHHOIO [UIABJIEHU U NPO-
uecca 06orauleH s U BKIOYaIH MEHEE HCTOLIEHHBIH 0 CPaBHEHHIO C NPeAY>KbEM MaH-
THHHBIN PECTUT K peakLMOHHBI pacIuIaB, KOTOPbIH ObLT poMexyTodHbiM Mex 1y MORB
H OCTPOBOAYKHBIM ToslenToM (~ FMQ +1). ConocraBnenyie ¢ okcurepmobapomeTpu-
YeckMMHU JaHHBIMHU 110 M3y-BoHnH-MapuaHckoit 0cTpoBOYKHOM CHCTEME MTO3BOIU-
au J[x. [Tupcy BHICTPOUTH MOJHBIHA CHIEKTP 3BOJIIOLIMKA MAHTHITHBIX IPOLIECCOB B 00-
CTAaHOBKE NpeIAyXKbs: B3aUMOJEHCTBHE OKEAHUUYECKOR THTOCKhEphl C OCTPOBOLYXK-
HbiMU Marmamu (MapuaHckoe npeaayxbe), B3aUMoOJeiicTBUE NMEPEXOAHO#H
(«transitional») nurocdepsl ¢ TakumMu Mmarmamd (KOKHOCaHBUYEBOE NPEAAYKBE),
peakuus cnabo menseTHPOBaHHON MaHTUW ¢ MarMamu 3aayrosoro Gacceina (HOx-
HOCaHABHYEBas Pa3jioOMHas 30Ha) U B3aHMO/JEHCTBHE OCTPOBOLYXKHBIX JIHTOCGHEDHI
u Marmbl (M3y-boHuHckoe npeaayxbe).

B paGore f1. [MapkuHcona u P. Apkyntoca (Parkinson, Arculus, 1999), 0606-
IAIOIIEH JaHHbIE OUEHKH PEAOKC-COCTOSHHUSI OCTPOBOLYHBIX CHCTEM, BKJIHOUAFOLIMX
Hxunomerary (Jnouus), Mapenasy (ayra Banyary), I'penany (ManoaHtuneckas nyra),
ConomoHoBbl ocTpoBa, Cumkon (Kackannas nyra, CIIA) u ynomsanyryo Boiiue M3y-
BonuH-MapuaHckyto cucTemy, A1sl pacueToB OKHCIUTENbHO-BOCCTAHOBUTENLHOIO CO-
cTosius ObUT TaKoKe UCTIONB30BAH METOA BTOPHUHBIX CTAHAApTOB. BesinuuHbl neTyyec-
TH KHCI0poAa faiy 3HadeHus Ha 0,3-2,0 eitue Oydepa FMQ. 1o MHenu1o aBTOpOB, 3TH
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JaHHble ABJIAIOTCH NAJTBHEMINMM CBUAETENHCTBOM TOTO, YTO MAHTUHHBIA KIMH IOBCE-
MecTHO DoJiee OKMCIICH TIO CPaBHEHHIO C OKeaHWUIeCKOH U ApeBHEH KpaTOHHOM ManTHe.
OrmeveHo, uto Mexay 3HadeHusaMu fO, u npucyTCTBHEM BOAHBIX (a3 HHKAKOH CBA3M
HeT U paKTH4ecku Hanbomee OKHCIIeHHbIe 06pa3iibl BOAHBIX (a3 He coneprkar. XoTs B
npeenax KOHKpETHBIX 00BbeKTOB HeT Koppenauuy Mexay fO, u cTeneHsio nemnetnpo-
BaHHs (BbIPAXKEHHOH BETHYMHON XPOMUCTOCTH XPOMIIITHHE!IH ), TIPH PACCMOTPEHHH 1aH-
HEIX B UesioM Habmnronaercs rpybas NONOXKUTEeNbHAN KOPPeNALHA MEXAY JeTydecThio
KHCJIOPOJa H XPOMHCTOCTBIO IITHHENH. 110 MHEHHIO aBTOPOB CTaThH, 3TO YKa3bIBas Ha
TO, YTO MPOLIECCH] YaCTHYHOTO IUIaBJICHHSA MOTYT BIMATH Ha OKUCIHTEIbHO-BOCCTAHOBH-
TeBHOE COCTOSHHE MAaHTHIHOTO KJIMHA. ABTOPBI [OJIAraloT, YTO OCHOBHBIM HCTOUHHKOM
KHCIOpOZa, KOTOPblil OKUCIHA MaHTHHHLIA KIHH, ABIAETCA CyOAyLHPOBaHHAS IUIMTA.
[peioxenst qBe MOENH, OOBACHAIOIKE NOBBIUICHNE OKUCIEHHOCTH OCTPOBOLYKHbIX
ynsrpaMaduToB. COIIacHO NEpBOH HCTOYHMKOM KHCIOPOAA [yl OKUCTICHUS yIBTpaMa-
¢uroB 6b11H GoraThle BOAOH (IIOUABI HIH BOJOCOAEPIKAIHE CHIMKATHBIEC PACIUIaBhl,
IIPH 3TOM COMIAacCHO pacyeTaM OaraHca KUCI0poja Boja He o0s3aTenbHO ABnfercs 3¢-
(GeKTHBHBIM areHTOM OkucieHus. IIo BTOpoii MoJesNH OKHCHOE jKele30 MOXeET ObiTh
Ro6aBieHO B MAHTHHHBIA KJIMH NPHMECHIO PACIUIABIIEHHOTO 60raToro OKHCHbBIM Jeste-
30M Ocazka Wiy, Oonee BeposTHO, Goratoro Bogoit ¢urronpa. Xord HesCHO, Kakas Mo-
Aefpb ABJAeTCs NpaBuIbHOH, MakcHuMyM fO, B HACBIIIEHHOM MAHTHHHOM KJIMHE BPAJ JIH
6yner oime FMQ + 2, u nosToMy a1 o0bscHeHHs Oosiee BHICOKHX 3HAYEHHIT teTyuec-
TH KUCJIOPO/ia B IPMMHUTHBHBIX J1aBaX OCTPOBHBIX YT FIO CPABHEHHIO C MEPHAOTUTAMH
TpebyeTcs JOmyCTHTh AEKOMIIPECCHOHHOE TUIABIEHHE B MAHTHIHHOM KJIHHE.

Ha puc. 1 cBeneHs! onmyOIMKOBaHHbBIE K HACTOSLIEMY BPEMEHH JaHHble 00 OKHC-
JIMTENBHO-BOCCTAHORHUTEIBHOM COCTOSIHHH YNBTPaMadUTOB pa3HbIX TEKTOHHYECKHX 00-
CTaHOBOK, OLICHEHHOM C NIOMolblo okcubapomerpa Henna-Byaa u ¢ yuyeToMm ZaHHBIX
MeccOay3pOoBCKOH CIIEKTPOCKONHH. B 4acTH aHaIHU30B CTENeHb OKUCIIEHHA JKeJIE3a B XPOM-
IWINMHEIN PaccyMTaHa 110 BTOPUYHBIM CTAHAApTaM, NIO3TOMY B 3TOM ClIydae Torpeud-
HOCTh MeCCOay3pOBCKOTO onpenenenus sToi Benuunnsl (0,4-0,5 en. log fO,) cnenyer
yBenuuuTh B 1,5-2 pasa. [To HameMy MHEHUIO, peACTaBI€eHHE JaHHLIX B KOOPAHHATAX
«fO,~T» Gonee CTPOro ¥ HamIANHO, HeM B BHIE THCTOTPAaMM, KaK 3TO CHEJIaHO B HEKO-
TOpBIX OPHTHHATIBHBIX TyONUKALHAX. Bee ATbIIHHOTHITHBIE ySTPaMadHThI pa3ieneHa Ha
JIBE €CTECTBEHHBIE IPYTINbl — CyOKOHTHHEHTANbHYIO K cyOokeannueckyto. B csoro oue-
penb, CyOKOHTHHEHTaNbHbIe YIbTpaMaduTh! NPEACTABICHb! KCEHONUTAMH B LIEJOYHBIX
ByNKaHUTax ¥ B kuMbeprurax (puc. 1a) 1 MaccHBaMH T.H. KopHeBbIX 30H (Den Tex, 1969)
— puc. 16; M0 pefOKC-COCTOAHHIO OHONUTOBLIX YIETPaMaQUTOB €CTh AaHHBIE TOJIBKO
no Omanckomy MaccuBy (Nasir, 1996) — puc. la. Cybokeanuvyeckue ylIbsTpaMagpHTE!
niozipazienieHs! Ha abuccanbHble (puc. 1B) 1 ocTpoBOYXKHBIE (pUC. 1T).

AHanu3 pHCyHKa CBUJIETEIbCTBYET O LUMPOKUX BAPUALIMAX JIETYHECTH KHCIOpOia
B QJIBITHHOTHITHBIX yabTpaMadurax. Hanbosee BOCCTaHOBIEHDBI FPAHATOBbIE (QaLiuy ITy-
OUHHBIX yacTeH 3emilH, B Hatnel BEIOOPKE NPeCTaBIeHHBIE KCEHOJTNTaMH IIEPUAOTHTOB
B kuMOeprurax kparona Cnele (Slave) cpennexeMbpuiickoro Bo3pacra (McCammon,
Kopylova, 2004). Bbliie 110 peKOHCTPYHPOBAKRHOMY aBTOPaMH pa3pesy rpaHatoBele (a-
L(HH TOCTENIEHHO CMEHAIOTCS [IMTHHENb-TPAHATOBBIMH M Jajiee MNNHeNeBRIMH. Benxau-
Ha log fO, B BEICOKOTEMNEPATYPHBIX TPAHATOBEIX NMEPHIOTHTAX OTBEYAET JKEIE30-BIO-
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Puc. 1.1. OKHCAHTEAbLNO-BOCCTAHOBHTCJILIIOE COCTOSIHME YJIbTPaMaGHTOB
(iMTepaTypnble AaHHLIE). :

a. YasTpamMaduTHl MOAKOHTHHEHTANBHBIX KceHomnTos (Wood, Virgo, 1989): 1-4 — kce-
HOJIMTHI LWMTHHEEBBIX JICPLUOIUTOB B LIeJOYHEIX BynkaduTax: 1 — Kilbourne Hole (CHIIA), 2 -
San Carlos (CILIA), 3 — pynkau l{laBapun-Ilapam, Mouronus, 4 — Burumckoe ruiato, Cu-
61pb, 5-8 — KCEHOINTHI apXeHCKHUX MEPHAOTHTOB B KUMOepinTax kpatona N. Slave, Kanana
(McCammon, Kopylova, 2004): 5-7 — uu3koTeMnepaTyphble: 5 — IINHHeNneBbie (3aKpalleHHbIH
3JIIUIC), 6 — WNHHENL-TPAHATOBBIC, 7 — IPaHATOBBIE; § — rpaliaToBble, BEICOKOTEMIIEPATYP-
HBIE.

‘ 6. [TopkoHTHHEHTAILHBIE rapL0y prUT-JIEPIOJIHTOBBIE CCPHHY MACCHBOB KOPHEBBIX 30H:
1 — benu bywepa, 2 — Porpza, 3 — ®panuysckux Iupenees — 3akpallieHHbIH 3IUTHIIC
(Woodland et al., 1992), 4 — rapu6yprutsl OManckoro maccusa (Nasir, 1996).

B. PaznoMusle 30Ha cpeiMHHO-0KeaHnYeckux xpebroB (Bryndzia, Wood, 1990): 1-2 —
Awmepukano-Anrapkrhueckoro (1 — Vulean, 2 — Bullard), 3-5 — HOxuo-Wnauiickoro, B ToM
yncne: 3 — Bropsaueit touke (Islas Orcadas), 4-5 — Baanu ot ropsiueii touku (4 — Bouvet, 5 —
Bain). QuMricoMm BeLIeNICHbI NEPUIOTUTH rOpsTUEi TOUKH.

r. OcTpoBOAYXKHbBIE CHCTEMBL. 1-2 - Mapualckoe npefiyKbe: | — rapubyprurel, 2 —
AyHUTH; 3 —rapubyprutel npexayxba Usy-bonun; 4 —rapnéyprurs! v nepuoaurst Cono-
MOHOBBIX OCTPOBOB; 5 — TapubypruThl ¥ BepiauThl Ayrd Banyiry; 6 — rapubyprute Uxuno-
meratel; 7-9 — IOxHOCaHABHUEBAs OCTPOBOLYXKHAS CHCTeMa: 7-8 — mpeaayxbe: 7 — rapii-
6yprut, § — BepnuTsl, 9 — paszmoMHast 30Ha, rapulGypruTs uyiepionutel, 10 — Mont Briancon
(UenTtpanbnsrii Maccus, @pannus) — Wood, Virgo, 1989; Parkinson, Pearce, 1998; Parkinson,
Arculus, 1999; Pearce, 2000.
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crurosomy Oydepy (—4 + —4,5 en. log fO, otHocuTtesnsHo Gydepa FMQ) v nocrenenHo
yBenu4uBaercs 10 —1,5 + —2 ea. B wimnuHenesbIX dauuax (puc. la). Kcenonutn! winuxe-
JNIEBBIX JIEPLOJIMTOB B LLEJIOUHbIX BYJTKAHUTAX, XAPAKTEPUBYIOIIMX HEMTYOOKYIO MAHTHIO,
rpynmupyrores oxono 6ydepa FMQ. B MaccuBax KOpHEBbBIX 30H 3anaaHoro Cpeausem-
nomopsbs (Woodland et al., 1992) neryyecTs kuciopoaa Bapsupyet ot —2 10 0 oTHOCH-
tenbHo FMQ, Haubonee BoccTaHOBJIEHbI rapudypruT-epUOIIMTOBLIE CEPUH MacCHBA
Benn-bymepa (Woodland et al., 1992). IlpucyrcTeue rpaHaroBbix (auuii B MaccuBax
PoHpa u benu-byuepa, a Taxoke HaxoAKkH B [MOCIEAHEM TIPEANONAracMbIX ICEBAOMOP-
o3 rpaduTa no anMasy BHICTPAUBAIOT BCIO BEIOOPKY CYOKOHTHHEHTAJIbHBIX YJILTpama-
¢uToB no GausaM NTyOUHHOCTH U PEIOKC-COCTOSHHIO B 3aKOHOMEPHYIO NOC/IE10BATENh-
HOCTB — OT Haubosee BOCCTaHOBIEHHbIX 3HaueHHil fO, B rpanaToBbix paumsx my6oko#
MaHTHH (~200 KM) 10 OTHOCHTEIBHO OKHUCAEHHBIX B IINMKWHENEBbIX haLyax Hermyookoi
manthu (30-60 kM) M nanee — 1o nnarvoknasoBsix auuii (Menee 30 xkm); fO, B nocne-
nanx aocturaet +0,2 en. log fO, (FMQ).

Abuccanshble yibTpamadursel COX no BapuauusM JETy4eCTH KMCI0pPOAa B Le-
JIOM HE OTIHYAOTCH OT CyOKOHTHHEHTANBHBIX (pUc. |B), 32 UCKITIOYEHHEM TOTO, YTO B
HUX OTCYTCTBYIOT rpaHatoBele ¢aunn. HanbGonee BocctaHoBIEHHBIE YTbTpPaMaUThI ro-
payeit Touku o. BroBe aHanornyHb LUNWHeNeBbIM GauusaM kpaToHa CnelB U MacCHBOB
Ponpa n beuu bywepa (Bryndzia, Wood, 1990). [TepuaoTuThl B AanH OT IIFOMa aHAJIO-
FHUYHBI [TO PEAOKC-COCTOAHMIO rapLdypruT-1epuoiauToBbiM ceprsiM Opanirysckux [Tupe-
HeeB H rapufypruram OMaHckoro oguoautosoro komruiekca (Nasir, 1996).

CocrosHHE OKUCIEHHOCTH YIbTpaMatdhHTOB OCTPOBOAYKHBIX CHCTEM HEOIHOPO/-
HO. OTMEYEHO, UTO 3/1€Ch COXPAHSIOTCS PENHKTh OTHOCHTENILHO BOCCTAHOBIIEHHbIX abKc-
CanbHBIX NEPUIOTHTOB, C JIETYUECTbIO KUCI0poaa, MeHee 3anaraemoro Oydepom FMQ,
H B pe3yiibTaTe MPOHHKHOBEHHA M3 ci3ba oxucastomero dumouaa obpasyiores Gonee
OKHUCTeHHBIE, COOCTBEHHO OCTPOBOAYIKHBIE, fO2 JOCTHraeT OTHoCUTEILHO FMQ +1,5
en. log (Parkinson, Pearce, 1998; Pearce, 2000).

HakorieHHble B NOC/IEAHKE rOAbl JAHHBIE 10 PEAOKC-COCTOSHUIO AJIBITMHOTHITHBIX
YIbTpaMaduTOB HCKITIOYAIOT PaHee BbICKa3aHHOE NMPOTHUBOMNOCTABIEHHUE, C OAHOM CTOpO-
Hbl, abuccanbHpix nepnaoTHTos COX Y LMUHeReBbIX rapLOypruT-JIepHOIUTOBbIX CEPUH
MAaCCHBOB KOPHEBbIX 30H C aHAJIOrMUHBIMU MOPOJAMH KOHTHHEHTAJILHBIX PUTOB, C ApY-
roit (Wood et al., 1990; Woodland et al., 1992).

[To HaweMy MHEHMIO, UMEIOIMECs JaHHbIE CBUIETENLCTBYIOT O YETHIPEX YPOB-
HAX IETY4ECTH KUCIIOPOAa B ynsTpamadHTax: caMoro HU3Koro H Hauboanee rryGHHHOTO,
acrenocteproro, co sHaueHuamu fO,, Ha ueThipe nopsaaka wiwke FMQ; yposhs ot -2,0
mo 0 en. i0gfO(FMQ), xoropomy orsedaet Golibiilas 4aCTh W3Y4EHHBIX ynbTpamadu-
TOB: YAQJIEHHBIE OT runoMa abuccanbibie nepunotuthl COX, WNKWHENEBbIE JISPLUOTHUTEI
KCEHOTMTOB B LEMOYHbIX BY/IKaHUTAX KOHTHHEHTANbHBIX PUTOB H OOMBLUIHHCTBO OPO-
reHHBIX MacCHBOB; YPOBHS C JeTyuecTbio kuciopoaa ot 0 no +1,0 ea. logfO,(FMQ),
CBA3aHHOTO C okuciaeHneM ynsrpamMaduros COX nocTyrnaromux U3 cybayuHpoBaHHbIX
IUTHT GITIOUIAMH ¥ HHOT1A BLIPAXXEHHOTO B BBICOKOTEMIIEpaTypHoH aMGubonu3auuu yno-
TpamaduToB. HakoHel, 4yeTBEpTbIH, caMblif OKMCIIEHHBIH YPOBEHb XapaKTepeH i cob-
CTBEHHO Y/bTpaMauTOB OCTPOBHBIX AYT; JIETy4eCTh KUCAOPOa 3AeCh Ha /1Ba-TpH No-
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psaAxa npesbiaeT yposeHb Oydhepa FMQ. DTH ypoBHH OKHCIAEHHOCTH, MO-BUAUMOMY,
OTpaxaroT, C ONHOH CTOPOHBI, JaTepalbHy0 HEOAHOPOJIHOCTh MAHTHM T10 BEPTHKAH, C
ApYrol — CMEHY TEKTOHMYeCKOH 0OCTaHOBKH, O0YCIOBUBLIEH CTEMEHb COXPAHHOCTH
NEePBUYHBIX ACTEHOCHEPHBIX 3HAYEHU I OKUCIEHHOCTH U IITYOHHY MOCIIeAYOLEeH IHTOC-
tepHoit TparchopMaLMu.

Ypan npexacrapiser ofHy H3 HEMHOIHX CKJIafuaTrblix o0iiacTe, B KOTOpo# npen-
CTaBjE€HbI BCE MaBHble POPMALIMOHHBIE THIIbI YABTPAMa(QUTOB — aJIbIIMHOTUIIHBIM, KOH-
LEHTPUYECKH-30HANbHbIN U paccnoeHHbli. Haubonee pa3BuThl anbNHHOTHUITHLIE YiILTpA-
Ma(HTbl, KOTOPbIE CIAralOT MacCHBBI K 3anafy U BOCTOKY OT 30HbI [JIaBHOTO riTyOUHHO-
ro pasjioma: B camoii 30He OOHaXalTCsa KpyMHeHIIe MacCUBBI, K HEH e MPUYpPOUEHBI
BBIXOZIbl KOHLIEHTPHUYECKH-30HANbHBIX MaccHBOB I liarnHoHOCHOrO nosica. MaccHBbI yib-
TpamagHTOB pacCiIOEHHbIX MHTPY3HH 00pa3ytoT cyOMepuanonansHblii CapaHoBcko-Bu-
IWEPCKHH nosc, obna)karolmiics K 3anany or oceBoi 30Hbt Ypana. CoBmelleHHe B rpe-
AeNlax OJHOrO CKNaA4aToro nosica reTeporeHHbIX YJIbTpaMagHuTOB A3cT YHUKAILHYIO
BO3MOXKHOCTb U3Y4YHTb HCTOPHIO (POPMHPOBAHHA BELIECTBA BEPXHEH MAHTHH B Pa3HbIX
€r'0 NPOABJICHUSX.

B npeasiayueii ceonke Ha 00LLIMPHOM MaTepyaie BbIIIOJHEHbI OLIEHKH 1eTYHYeCTH
KHCJIOPOZA B aJIbHMHOTHITHBIX M KOHLIEHTPHYECKH-30HANBHLIX YibTpaMadutax Ypana U
CBEJIEHbl BCE M3BECTHBIE B JIMTEPATYPE HA TOT [TEPHOA AAHHBIE IO PE/IOKC-COCTOSHHUIO
yasrpamaduros (Hautyxus 1 ap., 1996). OcHoBy marepuana cOCTaBWIH JaHHBIE MPSMO-
ro, MeccOayspoBCKOro ONpee/IeHHs CTENEHH OKUCICHHS XKeTe3a B XPOMIIITUHENH B rap-
16y prur-nepionnToBoii cepu MaccHsa HOxHbiit Kpaxa (10 o6pasuos) u B gynurax Huk-
HeTarunbckoro Maccusa [ InarunoHocHoro nosca (7 o6pasuoB); Ans APYrUX H3YUEHHBIX
maccuBoB — Boiikapo-CrsiabuHckoro, Kemnupcaiickoro 1 Hypanutckoro — sennuuna Fe''/
Fe paccunTaHa KOCBEHHbIM W MEHEE TOUHBIM METO/IOM BTOPMYHBIX CTAHaPTOB.

B xone nposeaeHHbIX MCcCeROBaHUH ObUIM NOTYUYEHB! CAEAYIOLHE PE3YIbTaThI.

Bbin pelieH paa KpUCTALIOXUMHUYECKUX W MeToaudeckux npobnem. [lokazano,
YTO OTKJIOHEHHE COCTaBa aKLECCOPHBIX M Pyn000pas3yrolMX XPOMLIITUHENSH OT CTEXHO-
METPHUYECKOro He CiIy4alHO: CTENEHb 3TOT0 OTK/IOHEHUS KOHTPOJIHPYETCS NPEXKIE BCEro
XHMHYECKHM COCTABOM XPOMILUHHENH Y HAMPAMYIO HE 3aBUCHUT OT HOPMalMOHHOMH Npu-
HAIIEHOCTH YabTpaMaduToB. BEIMOTHEH NepecMOoTp CYIIECTBYIOMX IeOTEPMOMET-
POB, OCHOBAHHBIX Ha OJIMBHH-XPOMILIMTHHEIICBOM PABHOBECHH, B PE3y/ibTaTe KOTOporo Obina
NpoBe/IeHa KOPPEKTUPOBKA U3BECTHBIX M€OTEPMOMETPOB, [TO3BONHBILIAS BO-TIEPBBIX, COa-
JIAHCUPOBATh UX MEKAY COOO#, BO-BTOPbIX, NPUBECTH 3HAUCHUS PACHETHBIX TEMITIEPATYD
B COOTBETCTBUE C r€0I0rHYECKUMH AaHHBIMHU, B TPETbUX, IPHUBECTH UX B COOTBETCTBHE
C pe3ynbTaTaMH ITHPOKCEHOBOM reOTEpPMOMETPUH.

AHanuz OpUrMHaIBHbLIX M OMyOIMKOBaHHbBIX K TOMY BPEMEHH AaHHbIX TIOKa3asl 3Ha-
4uTeNbHbIE KONEeOaHHUAX COCTOSHHUS OKHCIIEHHOCTH yasTpamaduTos. bt caenaH Beleon
O CYLUECTBOBaHUH MeHepasibHOM TEHACHLIMH YBEJIMYEHHS CTENEHN OKUCIIEHHOCTH B XO/I€
9BOJIOLMH YAbTpaMaUTOB, HAYHMHAS OT UX GOPMHUPOBAHUS B POLIECCE MArMaTHHECKOTO
JeIJIeTHPOBaHUA B acTeHOC(hEepe W KOHYas METACOMATUUECKUMU NIPOLECCAMH B KOHTH-
HENTaNbHOM Kope.

Bbiia moka3aHa WHIMKATOPHAS POJib JIETY4ECTH KUCJIOPOAA NPH pacliM(poBKe
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TEeKTOHHUECKOH 06CcTaHOBKH (HOpMHUpOBaHMA YNbTpaMadUTOB M CHENaH BHIBOI, YTO B
CKJIAYATBIX OONAcTAX ee BeJIMYMHA OlpefieseTcs npeskiae Bcero nrybuHoi murocgep-
HbIX npeobpa3zoBaHuii. BbUIO MPEUIOKEHO pa3iiHyars YEThIpe YPOBHA OKHCIEHHOCTH Yilb-
TpamMaduTOB: acTeHOCEepHBIii, OkeaHHIECKOH THTOChEPI, HIepexoa OKEaHWYeCKOH JTH-
ToCdepb! K KOHTHHEHTATBbHOH W KOHTHHEHTANILHOM nuTOoChepH!I.

YcraHoB/I€HO, YTO TMonaBisioliee 60MBIIMHCTBO METACOMATHYECKUX Npeobpazo-
BaHWi yaIsTpaMaHTOB — NPOAYKTOB MarMaTH4eCcKoro AeIUIETHPOBAHHS BepXHEMaHTHH-
HOTO BEINECTBA — COMPOBOKAACTCA MX 3HAYMTENLHBIM OKHCIeHHeM. MckioueHnem IB-
nseTcs npouece GOPMHPOBaHHS XPOMHTOBOTO OPYAEHEHHS ¢ BBICOKOXPOMHUCTOH XpOMILI-
MIMHENBIO, 00yC/IOBIIEHHOro ITPOHUKHOBEHVIEM B yIbTpaMadHThl acTeHOCHEPHBIX BOCCTa-
HOBJIEHHBIX (1IOHIOB. BbUTO BhICKa3aHO NPEIIoNoNEHHE, YTO MEXaAHU3M HTOTO MPOHHK-
HOBEHHS aHAJOTHYeH npoueccy 06pa3oBaHusl U Pa3sBUTHUA rOPAYHX TOYEK, O YEM CBHIIE-
TENBCTBYET JINHEHHOE PACNIONIOKEHHE MECTOPOKIeHHH BBICOKOXPOMHMCTHIX pya B IT1aB-
HOM pyaHom mone Kemmupcaiickoro Maccua. OTMEYEHO, YTO BBICOKAs CTENEHb Mar-
MaTHYEeCKOro JeTUIETHPOBAaHKA PYAOBMELIAIOMMX YibTpaMaguToB [J1aBHOTO py/IHOTO oIS
ele 6osiee MOMYSPKHBAET 3Ty aHAJIOTHIO.

B 3aknrounTenbHOM 9acTH CBOAKM OB cHOpMYIHpPOBaHbI 3a1a4H, KOTOPHIE,
110 MHEHHIO aBTOPOB, CJEAYET PEIINTh B X0€ NaJbHelmero uccienoBaHus peaoKe-
COCTOSHHS yNbTpamMapUTOB.

Tlocne BrIxOa YMOMAHYTOH BbIIIE CBOJKH aBTOPHI ITPONXOJIKHIN HHTEHCHBHOE
M3y4yeHHE BEUIECTBEHHOIO COCTaBa ypaibCKHX ynsrpaMaduToB u 3a 10 meTt 6bin
HakoIUieH oOIHMpHbIH MaTepran 110 IIeTPOXUMHH, MUHEPANOriH, reoXuMuy P33 u onen-
K€ pPeJIOKC-COCTOSHHUSA YNbTPaMadUTOB U XPOMUTOBBIX pyd OONBIIMHCTBA aJbIIHHO-
THUIMHBIX MACCHBOB Ypasa i NPaKTHYEeCKH BCEX KPYIHBIX AYHUT-KJIMHOMMPOKCEHUTO-
BbIX Te [InaruHOHOCHOTO Nosica. I aBHBIM NpenITCTBHEM, OTPAHHYHBLINM HCIIONb-
30BaHHE COBPEMEHHBIX OKCHUTEPMOOAapOMETPOB MPH pacdeTe JIETy4YECTH KUCIOpO-
Ja, ABJISeTCS HU3KOTEMITEPATypHbIH BOJHBIH MeTaMOp(H3M ynsTpaMadHUTOB, HHOT-
Ia Haueno npeobpasyromuni MePBHYHBIN MAPareHE3UC B aCCOLMAUMIO CEPTIEHTHHA U
MarHeTUTa XpHU30THII-TU3apAMTOBBIX M RHTUTOPUTOBBIX CEPIIEHTHHHTOB Ge3 coxpaHe-
HHA PEJIMKTOB OJIMBMHA H XpOMIITTMHEH. [10 310 npuuwHe He yIanock NPOBECTH OHEHKY
PENOKC-COCTOSHHA HEKOTOPBIX aJIbITHHOTHITHBIX MACCHBOB H MOJTHOCTBIO — PACCIOEHHBIX
ynerpaMaduros Capanoscko-Buimepckoro nmosica. B pe3ynsrare npoBeneHHBIX HCCIIE-
N0BaHH# 6BUTO H3YYEHO COCTOSHHE OKHMC/ICHHOCTH YNbTpamMadHTOB pana KpyIHeHInX
ATBIIMHOTHITHBIX MacCHBOB Ypasia: Botikapo-CembuHckoro, Paitnzckoro (IlonspHsrit Ypai),
Canarumckoro (Cerepubiif Vpair), Ananaesckoro, Bocrounorarunsckoro, BepxHera-
runeckoro, baxxeHosckoro u Kimodesckoro (Cpenuuii Ypan), Kemrmupcaiickoro, Xabap-
HuHckoro, Hypanuuckoro, CesepHoro, CpenHero, FOxxHoro, Y3sHckoro u Karapeimickoro
Kpaxa, (YOxns1i Ypan) u ynsrpamaduros Maccneos InaruroHocHOro nosica (Hixwe-
Tarwibckoro, KermsmMekoro, Kymbunckoro, Jlenexxkud Kamenn). TToMuMo ypamsckux
GBLTH NOMyUeHb! JAHHBIE IO JIETYYeCTH KUCI0pOona B ysTpamadurax Moko-{oBbipenc-
Koro paccioeHoro Maccusa (Ceseproe Ipubaiikanbe) 1 NyHUAT-KJIMHOITMPOKCEHHTOBBIM
tenam 'anemoaHanckoro (Kopsikus) Konpépekoro (AngaHckuit MT) MacCHBaM.

Ha 6onpiuom dakrndeckom Matepuasie ObiT MOATBEP)KIEH BBIBOL O CYUIECTBEH-
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HOM OTIJIOHEHHM COCTaBA aKUECCOPHEIX U PYAHBIX XPOMIUTTUHE e OT CTEXMOMETPHU U O
BJIMSHUH BXOXKICHUS TUTAHA B UX CTPYKTYPY Ha K03 HLMEHT pacnipeaeneHus xKenes3a 1
MarHus MEX/Y OJTMBUHOM H XPOMIUTTHMHENbIO U, KaK CICACTBHE, HA pacHEeTHBIE TEMNEpa-
TYPb! OJIMBUH-XPOMILITMHENEBOTO PABHOBECHS U JIETYYECTH KHCAOPOAA. DTOT BBIBOJ OKa-
3aJ1Cs 0COOEHHO BAXKHBIM VISl Ty HHTOB AYHUT-KITHHONMHUPOKCEHUTOBLIX KOMILIEKCOB. bbutu
YTOYHEHbI YPABHEHHUS PACHETOB CTENCHU OKMCJICHHS! JKETIE3a B XPOMILITHHEISIX METO0M
BTOPHMYHBIX CTAHAAPTOB.

TTpu U3y4eHNH aNbIIUHOTHITHBIX YJIBTpaMadUTOB OCHOBHOE BHUMAHHUE YIEIEHO M0-
BEJIEHHMIO PEJIOKC-COCTOSHUA B npolecce UX (GOPMHUPOBaHHUS U npeoOpazoBaHus, BKIO-
uas XpOMUTOOOpa30BaHME U NOCTCEPTIEHTHHOBLIH [pOrpeccHBHbIH MeTaMopdH3M, B Mac-
wrabax pernoHa ¥ MaccuBa. Bnepebie BLIMOIHEHA OLIEHKA JIETYYECTH KHCIIOPOAA B M10-
ponax AyHHT-KIIWHOMTHUPOKCEHTOBLIX KOMITJIEKCOB aJIbMHHOTUITHBIX MaccuBoB. HMccneno-
BaHUE yIbTpaMadUTOB ypasio-aIICKHHCKOTO THIIA 110Ka3aJ10 BapHallil PeJOKC-COCTOR-
HUS JyHUT-KJIMHONIMPOKCEHUTOBbIX Tel B 1ipeenax [11aThHOHOCHOr 0 nosica B CONOCTaB-
JIEHUH C JIETY4eCThIO KHCIOPOa Apyrix aHalorudHbix oOpasoBanuii Poccun, npexae
BCETO, ¢ CYOKOHTHHEHTANbHbIM JYHHT-KIMHONHPOKCEHUTOBLIM koMIinekcoM KoHagpe-
KOTO MaccHBa. 3TO TO3BOIIUIIO, TI0 MHEHMIO aBTOPOB, CYILECTBEHHO NIPOABHHYTHCA B MO-
HUMaHUM NPUPO/Ibl AYHHUT-KTHHONHPOKCEHHUTOBBIX 00pasoBanuyii [LnaruHoHoCcHOr0 nosca
Vpana v ypaso-aiscKMHCKOro THmna g uenoM. Ocolblil HHTEpeC MpeacTaBnseT cpaBHe-
HUE OKHUCITUTENBHO-BOCCTAHOBUTEIBLHOIO COCTOSIHUS TOPOA 3TOTO TUIA U AYHUT-KIIMHO-
NHPOKCEHUTOBbLIX aCCOLMALI aTLITMHOTHITHBIX MACCHBOB.

daxTHYECKYI0 OCHOBY HACTOsALUEH pabdoTbl COCTABAAIOT JaHHbIE MPSIMOTo, MEC-
c6aydpoBCKOro, ONpeaeIeHNs CTENEeHH OKMCICH! Xesie3a B xpomunuHesx B 270 o6-
pasuax ynsrpaMaduToB. B peakux cnyyasix apTopbl ObLIM HCNONB30BAHbI PE3Y/IBTaThI
pacuetoB Fe**/Fe MeTogoM BTOPUYHBIX CTAHJAPTOB.
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Taasa 1. OBPA3IGL, MPOBOIIOATOTOBKA U
METOIBI NCCJIEJXOBAHMS

1. 1. O0beKThI HCCIEA0BAHMA

Jns u3yJyeHus 3BOJNIOLMH COCTOSHUS OKHCIGHHOCTH YpaibCKUX YAsTpaMaduToB
Ha pa3HbIX 3Tanax ux GopMupoBaHus 1 npeobpazoBanus ObuTH BEIOpaHb! Hauboee Kpyn-
HbIE H I10 BO3MOXXHOCTH XOPOLIO FEOIOTHYECKH H3YUCHHBIE MACCHBEI JIBYX [VIABHBIX Ha
Ypane $opMaLMOHHBIX THIIOB — aNbITMHOTHUIIHOTO (yHUT-rapLlypruT-eploiTOBOrO)
H «TUTATHHOROCHOI0» (IyHUT-KIHHOMHPOKCEHWTOBOTO). B 4110 nepBbIx ObLH BKIIOYE-
Hb! Bolikapo-CeinbuHckuit n Paii-Uscknii Ha [Tonspaom VYpane, Ananaepckuid, [Tepso-
Matickuli, baskenosckuii, BepxueliBuHckuii, Bepxnerarmisckuii, Kimrouesckoii u Bocrou-
Hotarwibckui Ha Cpeanem Ypare u Hypamunckuid, CesepHbiii, Cpeuuit, FOxHbIHA, Y3gH-
ckuii v Karaponocknii Kpaxa, Xabapaurckuit 1 Kemnupcaitckuii — na H0xuom Ypane
(puc. 1.1.1). Hu ouB H3 3THX MacCHBOB HE IIO3BOIAET IPOCNIEAUTE BCIO HCTOPHIO Belle-
CTBA ANBITUHOTHUITHBIX VIbTpaMadUTOB, HAYHHAA C MArMaTHYECKOro AEIUICTHPOBAHUS U
3aKaHYMBas IIOCTCEPIIeHTHHOBBIM METaMOP(hH3MOM, OJHAKO B CyMMe OHM JialoT BO3-
MOXXHOCTb BOCCTAHOBHUTE GOliee-MeHee MOCNeIOBaTeNIbHYIO KapTHHY. B 3TOoM oTHOIIE-
HUH Hauboslee NepCHEKTUBHBIMU OKa3aJivch MacCUBHI [1aBHOro ynsTpamMaduTOBOTO 110-
aca. lllupokoe pa3BuTHE B MaccuBax BOCTOYHOH qacTH Cpeanero Ypajia Xpu3oTHII-NH-
3apIMTOBOM W aHTHIOPHTOBOH CEPIIEHTHHH3AIMH, HEPEIIKO MTOTHOCTBIO YHAYTOXKAIOLIEH
FIEPBUYHELIC OJIMBHH H XPOMILIIHHENb, IBIACTCS NPEMITCTBHEM [T PacyeTa JIETYHYeCTH
KHCJIOpOJa COBPEMEHHBIMH METOAMH OKCUTEPMOOapOMETPHH.

Bce nepeuncnenHbie BpIIIE MacCHBBI OBUTH B Pa3HOH CTETIEHN U3YUeHBI ¥ O1ipo0o-
BaHBI ABTOPAaMH B Xozie NoteBIX pabot. [ToMmumo udHbIX cOOpOB ObITH JOTIOTHHTENHHO
UCCNeAOBaNb! 00pa3likl yiasTpaMabuToB Ananaesckoro, baxeHosckoro, CanaruMcKoro
u Bocrounoraruneckoro maccuBos w3 koyutekupu J1.J1. byneiknaa. B ITnarnaonocHom
nosice ObLIO H3YYEHO PEJOKC-COCTOSHAE Haubornee KPyMHBIX JyHUTOBBIX Te, BKIIIOYEH-
HBIX B cTpyKTYpy HikHetarmibckoro, Kermmsimckoro, KymMmOuHcKkoro MaccHBOB U B Mac-
cuB JleneskkdHa KaMHs; TS cOMOCTaBAeHHA PacCYUTAHA E€TYHeCTh KHCIopona B Ay-
HuTax KoHaepekoro Maccupa Ha AJIIAHCKOM LIMTE M B YHUTaX H XPOMHTHTaX YKTyc-
ckoro MaccuBa Ha Cpeanem VYpane. JImynoe ydyacTie B onpoOOBaHHMH 3THX MacCHBOB
orpanvueHo . ConoebeBoil B HibkHerarmwisckoM MaccuBe. OOpasupl 10 OCTAIbHBIM
IYHUTOBbLIM TenaM ObuTH npenocTasiens A A, Edpuvosniv (Morckoe Temo KermsiMc-
koro maccugra, JleneskkuH Kamens, [mankas Conka B KymOuHckoM mMaccuee u Konzep-
cxuii maccur), E.B. [Iymxapessim u E.B. Aaukuno#t (YkTycckuit MaccuB, JyHUTOBbIE
tena Cocnorckui Yeas n KockBHHCKOE 11e40 B KbITIBIMCKOM MaccHBe, UEHTpaIbHas
gacTh MaccuBa I. COOBLEBOI).

T'eonoruueckasg no3uuMs, CIPYKTypa U IETPOJIOTHS 3THX MACCHBOB N10ApoOHO oMU~
caHb! B myOmukauvsx ['b. Pynnnka (Pynuux, 1965), H.B. ITaBnosa (TTasnos u 1p.,1968),
A.B. Knouuxuna u A.B. Bypsuenxo (Knounxus, Bypsauenko, 1968), A.A. E¢nmosa (Edu-
moB, Edumona, 1967; Ebumos, 1984), I H. Casenpesoii (CaBensena, 1987; CapenseBa u
ap.,1989; Casenner, CasenbeBa, 1991; Casenbesa, Ilepues, 1995), A.C. Bapnakosa
(Bapnaxos, 1978), I.b. ®epurrarepa (Ilerponorus noctrapu0ypruToBbiX. .., 1991) u pane
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PYKOIUCHBIX PaboT; MOITOMY OCTAHOBHMCA JIHLIL HA HEKOTOPBIX IPUHLMITHAILHBIX
BONPOCAX, HEMIOCPEACTBEHHO OTHOCAIMXCS K OLEHKE COCTOSAHHS OKHCICHHOCTH Yilb-
TpamMa(uTOB.

1. Pait-H3ckuit, Boiikapo-CeiaprHckuit, Canatumckuii, Hy pasunckuii, XaGapHuH-
ckuii, KeMnupcalickuil 1 psa MeJIKHX MACCHBOB BXOJAT B COCTaR [J1aBHOTO mosca yJibT-
pamMadUTOBBIX MacCHUBOB Ypaia, MPOTAHYBIIETOCA B MEPHAHOHAILHOM HAPaBJIEHHH Ha
Gosee, yem 2000 kM. IlonokeHue nosca yBA3bIBaeTCA C AJHTENLHO Pa3BHUBAIOLIAMCH
ImaBrBIM ypanbcknM rybunebIM pazinomoM (Monnaeanues, [lepdunses, 1963). Mac-
cubl Kpaka o6Ha)keHb! ripHOnu3uTenso B 30 KM K 3anazy, 4To, 10 MHEHHIO PAAa Hcciie-
JoBaTeNeH, ABISeTCA PE3YNbTaTOM UX TEKTOHHYECKOT0 NepeMetieHHs U3 30HbI [ naBHO-
ro Ypaibckoro pasnomMa B feBoHckoe Bpems (KazaHuesa u np., 1971; Casenbesa, 1987).
Hcxons U3 97010 MOXKHO NMPEAINosaraTh, YTO OKHCJIEHHOCTh KPAKMHCKHX YisTpaMaduTos
He JOJ/DKHA 3aMEeTHO OTIIMYaThes MaM ObrTh Bbilue, 4eM B yabrpaMadurax [maBnoro
nosca, 3a cuer 6onee CN0KHOH TEKTOHHUECKOH HCTOPHH ITHX MACCHBOB.

2. Kax u Bo BceM Mupe, yabTpaMaduThl W3yHeHHBIX MACCHBOB IPEICTABIEHbI
PAAOM JIepLONUT-rapulyprut-ayHuT. KosimyecTBEHHBIE COOTHOLIEHHS MOPO B 3TUX Mac-
cuBax padinussl: B HypanuHckoM MaccuBe W B GONBLIIMHCTBE KPAKHHCKWX (MAcCCHBEI
Ceseptsiii, Cpeaunii, FOxxueti Kpaka) npeobnajaror 1epuonutsl ¥ rapulypruTel, Boii-
kapo-CeiHbuHCKHH, Pali-M3ckuii, Canatumcknii, Ananaesckuit, Kmouesckoit, baxxeHos-
ckuii, Bocrounorarunecknii, Bepxueiisunckai, Iepsomaiicknii, XabapBUHCKH# MaccH-
BBl M B 3anaaHelit 610k KeMnupcealckoro Maccusa clioxeHs! rapi0yprutamMu v JyHUTa-
MH, JIEPLUOJIUTHI NMPAKTHYECKH OTCYTCTBYIOT. Mexay nepuonuramu ¥ rapubypruramu
NEPexXopl MOCTENEHHbIE, MEXKAY rapLOypruTaMH H JyHHTaMH pa3Hsie: nocrenenHsie (Hy-
panu, Kpaka u roro-octounsiii 6ok Kemnupcaiickoro maccuBa) u peskue (Hanpumep,
Botikapo-Crinbunckuil 4 AanaeBcKkHil MaccuBbl, 3anagHbrii 6ok Kemnnpcalickoro mac-
cuBa). B nocnensem cnydae 6e3nMpoOKCEHOBbIE TYHUTBI 00PA3yIOT AU M TeNa, CeKy-
L{€e TeMEHTH! CTPYKTYpPbI IapOypruToB M 4acTo CONPOBOXKIAIOTCS KWIAMH OpPTOTIH-
POKCEHHTOB W Be6CTepUTOB. JIyHUTHI MEPBOTO THIAa MOJKHO HHTEPNPETUPOBATD KaK HaH-
Gonee UCTONIEHHDIH GparMeHT cepuu 1epuOTHT-rapubyprut-yHUT, BOSHHKIUHH B X00e
MarmMaTH4ecKoro AerIeTHpOBaHHS TUPOINTa MAHTHH (ANBIUHOTHITHBIE. ., 1985), TyHH-
ThI BTOPOTO THNA - KaK pe3ynsTar Gosee no3nHei meraMopdiyeckoit anddeperimanny,
CBSI3aHHOH C BBICOKOTEMIIEpaTYPHbIMH Aedopmarmamu rapudypruros (CasesbeBa U p.,
1980). CxazaHHOe MONTBEPHKAALTCSA CONOCTAB/IEHHEM COCTABOB COCYLIECTBYIOMIUX MH-
HepaJioB M MOPO: €CJIW B IEPBOM CTyydae OHH CBA3aHbl MOHOBAPHAaHTHBIMH 3aBUCHMO-
cramu (LreitnGepr u ap., 1982; baseines u ap., 1993; Cobones, baranosa, 1995),
CBHETENbCTBYIOIHMH O PABHOBECHH YIBTPaMa(HUTOBOrO pecTHTa ¢ Ha3UTOBBIM pac-
1utaBoM (Jagues, Green, 1980), To BO BTOpoM TakHX 3aKOHOMEpHOCTel He Habnonaerca:
XMMM3M XPOMUITIHHEH M OJTMBHHA B JYHUTaX HacaeQyeT cocTaB 3THX (a3 B MaTepHHC-
KoM rapubyprure WiH 671130k K HeMy. MOKHO MpeanoaoKHTs, 4To 06pa3oBaHHE MeTa-
COMATHYeCKHX JYHUTOB - IPONYKTOB MeTaMopdudeckoit qudpepeHmaliy pecTHTOreH-
HBIX YIETpaMadHTOB - IPOMCXOIMIIO B MHBIX, 4€M MAarMaTHYECKOE JEeTIETHPOBAHHE OKUC-
JMTENHHO-BOCCTAHOBUTEIBHBIX YCIOBIIX. 10 Jke MOXKHO CKa3aTh W O T.H. «KPACBBIX»
JYHUTaX, pa3BHTbIX Ha KOHTAKTe rapubypruToB (JIEpLOIMTOB) ¥ KIIMHOITUPOKCEHHUTOR,
paccMaTpuBaeMBIX JHO0 Kak KyMysiaThl 6a3HTOBOH MarMel, 100 Kak OPOXYKT PeaKkUUn
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Puc. 1.1.1. O030pHast cxema pa3MelieHHsI aTbNHHOTHITHBIX H KOHLEHTPHYECKH-30HAIb-
HbIX MaccuBoB Ypasa (no B.B. Ilepeso3uuxosy (Peectp...,2000) u A.A. Edumony (1984)).

VYenosHble 00o3HavyeHus: 1 — vexon BocTouHoespone#ckoil rnargopmsl; 2 — Me30-KaitHo-
3ofickuii 9exon 3amaasocubupcekoit nnardopmsl; 3 — Taruno-Maruuroropckas Mera3oHa OKeaHu-
9eCKUX M OCTPOBOLYKHbIX NaNe030HCKUX KOMILIEKCOB, 4-5 — MaCCHBBI: 4 — abIITHOTHIIHBIE, 5 —
I1naTMHOHOCHOTO NMosica; 6 - HOMepa H3YYEHHbIX MacCHBOB; 7 — [ TaBHbIH Ypansckuii paznom; 8 —
TPpaHMubl META30H. A ~ nepuKpaToHHas yacTh BocTouHoeBponeiickoit riaTgopmbt; NpOTEpo30ii-
cKMe koMILIeKCh! LIeHTpanbHOYpanbekoit Mera3oHs! U Naneo30MCKye KOMIIEKChI 3arnaiHoy paibe-
Koit Merasonel 1 Ilpeaypanbckoro kpaesoro nporunda; b — Bocrounoypainbsckas MerasoHa: npore-
PO30HCKHE KOMILIEKCHI MalIEOMUKPOKOHTHHEHTOB, B Pa3HOi CTENEHU NEPEKPbIThie HAJABUTaMH Na-
JIE030HCKHX OKEaHUUYECKUX U OCTPOBOLYNHbIX KOMILIEKCOB.

Maccussr: 1-18 — ansnunaotunnsie: | - Paii-U3, 2 — Boiikapo-Crinsunckuii, 3 — Canatamc-
Kuit, 4 — BocTouHotarunsckui, 5 — AnanaeBckuit, 6 — Bepxserarwisckuii, 7 —Iepsomaiickuit, 8 —
BepxHeiiBuHCckui, 9 - BaxeHosckuid, 10 — Kmouesckoit, 11 — Hypanunckuii, 12-15 — Kpaka: 12 —
Cegepubli, 13 - Cpeaunnii, 14 —HOxHelit, 15~ Y3anckuit, 16 — Karapsimckuit, 17 — XabapHuHckui,
18 — Kemnupcaiickuif; 19-22 - [MnatuHoHocHoro nosca: 19 — {enexkun Kamens, 20 — KymOuHc-
ki, 21 — KnrmapimMekuid, 22 — Hinkxerarmwisexkuid; 23 — YkTycckuif Maccus.

rapulyprur-rabopo; npu Jjro60M BapHaHTe COCTOSHHE OKHUCIEHHOCTH 3THX JYHHTOB,
BEPOATHO, JOMKHO OBITh HHBIM, HEXKE/IH PECTUTONCHHBIX.

3. Cpenu M3y4eHHBIX JIEPLIOJIUTOB, TOMHUMO LUTNIHHEIEBBIX, IIMPOKO NPE/ICTABICHb
Iutarnoxiasossle dauuu: B HypalMHCKOM MaccHBe OHU 3aHUMAIOT 0kos10 S0% rutowaan
yJIbTpamMaguTOB, B KPAKMHCKMX — 3HaUUTEabHO Menblue. [loasnenne niarnoxiasa npu-
HATO PacCMaTpWBAThH B KauecTBe MPOAYKTa TBepAoda3zHOH peakUuy Oorarbix IIHHO3E-
MOM IUTTHHE/IH H THPOKCEHOB, MPOHCXOAALel Tpy aasieHnn Huske 7-10 k6 (Ultramafic..,
1967; Jagues, Green, 1980). [1pu stom I.H. CasenseBa nonyckaer obpasosaHue 6asu-
ToBoro pacniiasa (Casenbesa, 1987), I1. Xemnun u 3. bonartu 310 oTpruatot (Hamlyn,
Bonatti, 1980). ITo HateMy MHeHUI0, 11 NpeoOpa3oBaHUs HIMTUHENEBBIX JIEPLOIUTOB B
TU1aTHOKJIA30BbIE, IOMUMO JOCTHXEHUS HEOOXOAMMOTO JABICHHS ¥ HU3KHX CKOPOCTEH
noibLemMa yibTpaMaduTOBbIX Macc, Heobxonaumo yuactue duronnos (Hauryxun, Hlreit-
noepr, 1988). K Taxomy e BeiBogy npumnu A. Byananjg ¢ coasropamu (Woodland
etal., 1992). OHu o6paTuaH BHEMAaHHE HA TO, YTO JIETYYECTh KUCIOPOAa B JIArMOK-
na3oBbIX gepuonutax maccusa Ponna (Mcnanus) Ha 1-1,5 nopsaxa seilue, uem B
IIMHAHEIEBbIX, U OOBSCHUIIM 3TO NPUCYTCTBUEM HEOONBLIOrO KOJIHYECTBA OKUCIIEH-
Horo quiroMaa, AeHcTBYOIIEro Kak ¢uitoc.

4. [IpakTHYECKH €AMHCTBEHHbIM CBUJETENEM MPOABICHHUS BbiCOKOTEMIEPA-
TYPHOH JOCEpNeHTUHOBOW I'MApaTali B U3YUCHHbIX YAbTpaMadHTax ABIAETCH aM-
¢u6on. On obnapyxen B rapubyprurax u xpomuturax Xabapuuhckoro u Kemnup-
caiickoro MaccHBOB H B JiepuonuTax MaccHBoB Kpaka. Cyas no coctaBy M KpUCTajIo-
onruke ambubon oreuaer paay tpemonur-napracur (Yawyxus, I'meipa, 1986), xors
HEKOTOpble ero aHanu3bl no wiaccudukanuu b. JInka (Leake, 1978) MoxxHO OTHECTH K
MarHe3uajbHOM porosoii oOmarke. Usyuenue mnudos nokassiBaet, uro ampudon Hu-
KOIJa HE BXOAMT B YHCJIO (pa3 paHHEro rapareHe3nca yjasTpaMadUTOB, €ro MosBJICHHE
ofycnoBneHo cyoconuaycHbiMu peakumsamu. OObIMHO HanpsHKeHHbiE, MTOPPHPOKIACTH-
ueckue CTPYKTypsl ampubon-cogepalux ynbrpaMaduToB CBUAETENLCTBYIOT O TOM,
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YTO rMApaTalys MPOUCXOAHSIa B YC/IOBHAX BBICOKOTEMIIEPATYPHBIX jAedopMaLHii, CBs-
3aHHBIX, IO-BHIHMOMY, CO CMEHOH TEKTOHHYECKOH 00CTaHOBKH. I1o9TOMY HE YAUBHTENLHO,
YTO COCTOSHHE OKHCIICHHOCTH aMGHO0s1-cofepKaliiX yabTpaMadUTOB 3HAYUTENbHO (Ha
2-2,5 nopsanka fO,) seiwe, yem Gesponusix mopox (Woodland et al., 1992). [Ipuauny
BBICOKOH JIeTy4ecTH KHCIopoaa B aM(puOoMOBbIX NEPUIOTHTAX PAJ HccllenoBareneit
BH/IMT B COMPSYKEHHOCTH NPOLIECCOB rUapaTaLiy H okucieHus (Bryndzia, Wood, 1990;
Woodland et al., 1992).

5. Kemnupcalicku#i MaccHB — YHUMKANbHBIH OOBEKT J5I9 M3ydYeHHUs YCIOBHH
XpOMHTOOOPa30BAHHUA: B €ro IOro-BOCTOYHOM OlIoKe pa3BelaHbl KpyITHele B Muape
MeCTOPOKACHHA BBICOKOXPOMHCTHIX PYJ, B 3aragHoM Ooke oOHapy>KeHb! pyHRONIPOSB-
JIeHHS NTHHO3EMHUCTHIX pya. OLEHKH COCTOSTHUS OKHCIEHHOCTH XPOMHTHUTOB, C/IETaHHbIe
JaXke HA MaTepHaie OZHOIO MECTOpOXAEHHS, HeoqHo3HauHb!. E.E. Jla3pko, OCHOBbIBa-
AICh Ha BEICOKOM MO CPABHEHHIO € aKLIECCOPHBIMH XPOMILITHHEIIMH CTENIEHN OKHCIICHHA
JKene3a B PyAHBIX XPOMIUTIMHEISX MecTopoxKaeHust Anmas-KemuyxuHa (maxra Iledr-
pajibHas), PACCYUTAHHOM MO MUKPO3OHAOBBIM aHANH3aM C JAOMYIIEHHEM CTEXMOMETPHH
COCTaBa XPOMIUITUHEH, TIPHLIEN K BEIBOY, YTO «ONPEAENSIOULYIO POJTE B TeHE3UCE XPO-
MHTOBOH MMHEPAJIM3aLHH H BMELIAIOLUX e JyHUTOB ChITPajl NOBBIIEHHbIH NOTeHIHA
xucnopona» (Jlaseko, 1990). IlpoTuBononoxHeili BEIBOI CHEyeT U3 JAAaHHBIX COCTaBa
3aXOpOHEHHBIX ra30B. Ero usydenue B kepHe cks. 222 nryOunoit 1350 M Ha ToM xe
MECTOPOKIEHHH, BCKPBIBLIECH HAPYAHbIH, pyAOHOCHBIH M HOAPYAHbIH HHTEPBAIbI, TOKa-
3aJ10 HAKOTIJIEHHE B PYAHOM yacTH pa3pesa ¥ B 30 M OT Hero BOCCTaHOBNEHHbIX razos CO,
CH, n H, npn npakTu4ecky NoJHOM MX OTCYTCTBHHM BO BMELIAIOMUX YIbTpamaduTax
(CumomnoB H ap., 1988). HecMoTps Ha TO, yTo aHanu3 ra3os NpOBOIWIICS NIPH aTMOchep-
HOM JIaBJICHHH, T.€. B YCIIOBHAX, IAJIEKHX OT TAKOBEIX XPOMUTOOOPA30BaH¥s, IPHUypOUEH-
HOCTh BOCCTAHOBJICHHBIX T'a30B TOJBKO K PYAHOMY WHTEpPBally KauyeCTBEHHO CBH-
NETENbCTBYET O HA3KOH JIETYy4eCTH KHCIIOpoaa, CBOWCTBEHHOH 3TOMY IpoLleccy. Moun-
HBIE NNOTOKH BOCCTAHOBJIEHHBIX Ta30B ObUTH 32 MKCHPOBAHBI B XO€ [IPOXOXKAEHNS IaxX-
Th! LleHTpansHas. M3 ckazaHHOro crnexyer HeoOXOMUMOCTb U3YUESHHS COCTOSHHUS OKHC-
JICHHOCTH XPOMHTHTOB Pa3HOrO COCTaBa COBPEMEHHBIMU METONAMH PEJOKCOMETPHH.

Ha puc. 1.1.2-1.1.18 npuBeneHs! cxeMsl onpoOoBaHus OONBIIHHCTBA H3YYEHHbBIX
MaccuBoB. OOpa3sipl, B KOTOPBIX BbITIOIHEHbI pacieThl JIETY4eCTH KUCIIOpOoaa, OTMede-
Hbl HOMEPaMH H 0COOBIM 3HAKOM.

Maccue Cesepnsrii Kpaka (puc. 1.1.2). Usyuenn ynsrpamMadursl ceBepHOI ya-
CTH MaccHBa. 3nech oOHaXkeHb! Bee parmu yIbTpaMahHTOB — LINUHENEBas CEPUs Tapil-
Oyprur-1epUoOJIHT, IUIarHoKI1a30Bble ¥ aMbuGosI0BbIe (halyi. B BepXOBBAX JICBOTO NPUTO-
Ka pyubs bonbuias Capras oGHapyKeHbl HAHMEHee HCTOILEHHEIE LIMTHHEIIEBbIE JepLo-
JIHTHI C CAMOH BBICOKOH AJ11 aHATOTHUYHBIX yPaibCKHX TTOPOA KOHLEHTpanueit mMuHo3eMa
B XpoMiunuHeH (58 mMac.%) v B 0pTO- ¥ KIMHOIUpPOKCceHax (5,5 u 7,4 mac.%, cOOTBeT-
CTBEHHO) NPH MaKkcUMasibHoM coneprxanuu Al,O, B nopoge 3,4 mac. %. Jlng 3Tux miu-
HeJIeBBIX JIEPUOIHUTOB XapakTepHa HeoOBIYHO BHICOKOE COZIEpXKAHHE PABHOMEPHO pacce-
SHHOMH B [IOPO/ie aKUECCOPHOM XPOMILTIMHEIH, JocTHraromei S-7 06.%, aHalnornyHoe nirm-
HenesbIM JeplonnraM Maccusa Porpa (Obata, 1980). B tsoxenoit ¢pakumy minuHee-
BBIX JIEPLIOJIUTOB ¥ rapubypruror o0Hapy»xeH oT cnabo 0KpareHHOro Jo rycTo-po3oBo-
IO rpaHat, o COCTaBy OTBEYAIOMINH MarHuii ¥ XpOM-COEPIKaIleMy ATbMaHANHY, ¢ O0WITb-
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2 3xMm

Puc. 1.1.3. MecTonoJioxenne n3y-
JeHHbIX 00pa3uoB B MmaccuBe Cpeannii
Kpaka.

YenoBHbie 0003HAYEHHUS TE KeE, UTO
Hapuc. 1.1.2.

HBIMH 38KOHOMEPHG PacloNOKECHHBIMU
'TOHKHMH BPOCTKAMH XPOMILITHHEIH, BO3-
MOXHO TMPOJYKTAMM pacrnaja Mmupomna
(Yamyxus u ap., 1998). OcHoBEIBasACH
Ha 3TOM, MOHO IPEJINIONIOKHTD, YTO N1EP-
BUUHBIMH TTIOPOJIAMH, CIIATAIONIMMH Mac-
cuB CesepHuiit Kpaka, Obiu rpaHaToBbIS
(hauuu, Opy CHUKEHHH TEMITepaTypsl H
JlaBneHus TpanchOpMHPORAHHEIE B IIITTH-
HEJIEBEIE.

Maccus Cpeonun Kpaxa (puc.
1.1.3). bonkmas yacTe MaccHBa CJIOXe-
Ha MPEUMYILUECTBEHHO JIEPLOIUT-TrapLi-
OyprurtoBoii cepueii ¢ nmpeobiaganuem
uinUHeNeBbX Qauuil. [Jns maccura
XapaKTepHO camoe OOJIBLIOE 110 CpaBHe-
HUIO C IpYT'MMH KPaKMHCKUMH MaccHBa-
MH pa3sBUTHE MIATHOKIa30BbIX JIEPLOIH-

Puc. 1.1.2. MecTomno.io-
JKeHHe H3y4YeHHbIX 00pa3Los B
maccuBe CeBepublii Kpaka.

1-2 — ynpTpamMadurs
rapulypruT-iepluoauToBOH ce-
puu: | — neTensIaToCepIeHTH-
HHU3HUPOBAHHBIE, 2 — XPU3OTHI-
JIN3apAUTOBBIE CEPITEHTUHHTEL,
3 — mecta orbopa obpasnos, 4 —
MecTONnoJoXkeHHe 00pa3nos,
JUTsL KOTOPBIX PACCUMTAaHA JIETY-
4eCcTh KHCIIOPOAA.

8937.8940 @
o

§94]

8944,8945

8949
®8954

3 kM
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TOB U NPaKTHYECKH MOJIHOE OTCYTCTBHE aMbu-
0onoseix ¢aiuil. FOro-3anasHas 4acTe Maccu-
BA CJIOXKCEHA Ty HUT-KJIMHONMPOKC EHUTOBBIM KOM-
IUIEKCOM, Jlajiee K 3amalgy CMEeHseMbIM radopo-
uaaMu. D1a 0cOOEHHOCTb CTPOEHHS MAacCHBa,
OTJIMYAIONIast MACCHB OT OCTAJIPHBEIX MacCHBOB
Kpaka, cOnmxaeT ero ¢ THIMYHBIMHE 0(pHOIUTO-
BBIMU. B CBA3M ¢ 3TUM BCTaeT npobiema IIpu-
POABI AYHUTOB, KOTOPbIE MOTYT OBITH COCTaB-
HOM YaCThIO JYHHUT-KINHOUPOKCEHUTOBOTO KOM-
miekca, aubo ABIATECH Haubosiee ACTIeTHPO-
BAaHHBIM (h)parMeHToOM IyHHT-rapubyprur-uiep-

Puc. 1.1.4. MecTonoJsomxenune
H3y4YeHHBIX 00pa3noB B maccube FOx-
Hb1#i Kpaka.

YcnoBHEIe 0003HAYEHUS TE XK€, UTO
Hapuc. 1.1.2.

v

ONTUTOBOI cepuu. PesynsTaThl H3yue-
HHUSl HX PENOKC-COCTOSIHHSA B COMOCTAaB-
JICHUH C JIETYUECThIO KHCJIOpOAa rapi-
OypPruTOB H JICPLOIUTOB MTOMOIYT pe-
HTE 3Ty npobnemy.

Maccue FOxcuotii Kpaxa (puc.
1.1.4). U3yuensl yneTpaMaduTsl ceBEp-
HOIl U I0T0-3aMaJHON 4YacTed MacCHBa.
[LIupoTHOE NEpPECEUCHHE B CEBEPHOI Ha-
CTH TPOXOJUIIO MO BOAOPa3AeabHBIM
xpebTam ¢ abCOMOTHBIMH OTMETKAMH JO
1000 M. DToT paiioH CIOXKEH Yepeaylo-
mUMHCcA rapuOypruTaMy U IIMHHENEBbI-
MU JIepUoIuTaMy, 00pa3yloliuMH eln-
HYIO CEPHUIO C MOCTENEHHBIMU MEPEXO-
Jamu. 13 30 n3ydeHHbIX 00pa3loB TOIh-
ko aga (495 u 608) npencrapieHs! ria-
rHOKJTa30BBIMH JiepLonutaMu. B Ooree
paBHHUHHOH I0T0-3aMaHON YacTH MacCH-
Ba oOHaxkaeTcs yepenoBanue amopnodoI-
COZIEpKaIMX AYHUTOB U IrapuOypruToB.

- Maccue Yzauckuii Kpaxa (puc.
1.1.5). K Hacrosuiemy BpeMeHH Cylle-
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Puc. 1.1.5. MecTonmonomxeHue u3yiex-
HBIX 00pa3uoB B MaccHBe Y3sinckmii Kpaka.

Venosuele 0003HAYEHHUS TE K€, YTO HA
puc. 1.1.2.



CTBYET [1Ba BapHaHTa reojIOrMUYECKOi KapTsl MaccHBa. Ha cocTaBieHHOM reonoramu
bamkupckoro ynpasnenus A.B. Kinounxuusim u A.B. Bypsuenko xapre macuraba
1:50000 ynsTpamMaduThi NpeACTaBIeHbl €AMHBIM JIyHUT-rapL0ypruTOBbIM KOMILIEKCOM
(Kiounxun, bypsyenxo, 1969). Ha crpykrypHo-reonoruyeckoii kapre I'H. CapenbeBoii
u E.A. Jlenucoroii (CasenseBa, Jleuncosa, 1989) macimraba 1:100000 maccus coctout
13 Tpex OJIOKOB, OTAENEHHbIX APYT OT Apyra ceprneHTHHUTaMu. CaMblil KpynHbIi 610K
TPECTAaBIEH LWIMHHEIECBBIMU IEPLIOHTAMH, B KJKHOH YaCTH CMEHSIEMBIMU rapLiypraramu,
I0ro-BOCTOUYHBIH CJIOJKEH LIMTKHHEICBLIMH JIEPLIOJATAMH € NOAYHMHEHHBIMH UM rapubyp-
TUTaMM; PACTIONIOKEHHBIH MY HUMH He00TbLIOH 610K 3aHUMAIOT AYHUTbI C TPOCIIO-
mu rapuOyprutoB. Ha koHTakTe MyHUTOBOTO M rapulypruT-nepLoiuToBOro 6;J10K0B OT-
KapTHpPOBaHa M0J10Ca IPaHAaTOBBIX KJIMHOMUPOKCEHUTOB. briok B 1ie10M 00pa3ytoT LeHT-
PaJIbHYIO HacTb MAaCCHMBA H OKPY>KEHb! CTIJIOLIHHIM MOLIHBIM KONbLOM CEPTIEHTHHHUTOB
IIMPUHOH B cpeHeM 1,5-2 kM; CEpNeHTHHUTHLI B CyMMe 3aHUMatoT He MeHee 50 % nuo-
waau maccupa. Ha kapre GalukmpcKux reosoroB KosibLo CEPrEHTHHUTOB MPEPHIBUCTO U
3HAYHUTENTBHO YKe (0COOEHHO B KOXKHOM Y 3aMaiHOM KpasX MacCHBa), MIIOILAIb WX BBIXO-
J0B cocTaBngeT okono 20-30%. Takum oOpazom, CyleCTBYIOMIME NPEACTARICHHS CBH-
JIeTEILCTBYIOT O HEORHO3HAYHOM TPAKTOBKE BHYTPEHHETO CTPOCHUS MAcCHBa.

[NoneBble HaONtOOEHNS M U3ydeHHE DUTH(OB TOKa3ano ype3BblyaiiHo ciaboe
pa3BHUTHE B IOXKHOH MOJIOBHHE MacCHBa IIMMHENEBbIX JIEPLIOJIUTOB, B CEBEPHOM YacTu
HMH CJIOKEHbl HaUMeHee HPOJWPOBaHHbIE YyYacTKH. [loATBEpAMNIOCE OTMEYEHHOE
I'H. CaBenvesoii u E.A. JleHHCOBOH OTCYTCTBHE B MacCHBE MJ1ArHOK/IA30BbIX Jep-
uonuToB — (akT Ana maccueoB Kpaka HeoOwrunsiii. Bmecte ¢ Tem, oOHapyxeHO
HIMPOKOE pa3BUTHE aM(PHO0I0BbIX rapubypruToB M 1epUoaunToB. 1o HaluuM JaHHBIM
3TH MOPO/BI CJAraroT noJje He MeHee 4 KM B JUTHHY M 2 KM B IUIHPHHY, pacrionararo-
meecs B LIEGHTPaJIbHOM W BOCTOYHOM vacTax Maccusa Y3sHckulM Kpaka. Cyas no
coctaBy, aMpubON npeacTaBieH BHICOKOTEMIEPAaTYpHOI pa3HOCTBIO — MapracuToM
b0 MarHe3HallbHOM poroBoi 06MaHKoH.

CepreHTHHHUTBI Ha MacCHUBE TIPEACTaBAEHBI ABYMS PA3HOCTAMH — AHTHTOPUTOBbI-
MH U XPU3OTHI-JIW3aPAUTOBBIMH. DTH MOPOIbI Pa3BUBAIOTCA KakK M0 6€3BOAHBIM, TaK H
no amdudonoseiM ynerpamaduraM. B GonbimuHCTBE CllydaeB 00pa3oBaHHE CeprieHTH-
HUTOB NPUYPOUYEHO K KpaeBbIM yacTsim Maccusa. OiHaKo, Hall Hab/1I0NeH!S TOKa3ain
OTCYTCTBHE MOLITHO#H U CIUIOLIHOM MOM0CHI KPaeBbIX cepreHTHHNTOB. Tak, roxHbI| 3H10-
KOHTaKT MaccuBa, OOHaXXeHHbIH BILONb ceBepHOro 6epera p. UepHo#, C10eH B CMNBHO#H
CTETeHH U3MATBIMH ylbsTpamMaduTaMu ¢ 3aKaTaHHbIMM B XPU3OTHII-JIM3APIAHTOBBIE CEpP-
MEHTHHUTLI GyinHaMu rapuGypryuToB K JIEPLIOIUTOB, a Takoke 60nee BBICOKUX Mo (aumu
MeTamMopdH3Ma, YEM CEPrIEHTHHUTBI, Cr-MarHeTUT-KIHHOXJIOP-TAIbK-TPEMOJIUT-OJIHBH-
HOBBIX nopoa. IlocnenHue o6HapykeHbl 1 BHYTPH MaccHBa.

Maccus Kamapsiuckuii Kpaxa (puc. 1.1.6). CyuecTByeT 4eTKas CBA3b MEX-
Oy Tonorpadueil H reoJOrH4ecKHM CTpPOSHHEM MaccHBOB Kpaka: LeHTpajabHas 4acTb
KaXK10TO U3 YEThIPEX MACCHBOB MPECTaBIseT COO0H H30THPOBAHHYIO CHCTEMY FOPHBIX
XpeOTOB U ClIOXKEHa MopoAamMy rapulyprur-1epLoaUTOBOrO KOMIUIEKCa, rneprdepus ¢
HU3KUMH BBICOTHBIMH OTMETKaMH 3aHATa 0Opa3oBaHHbIM 110 3TUM MOPOAAM CEPIIEHTH-
HWTaMH; MAaKCHMaJlbHas [UPHHA CEPIICHTUHUTOROH «pyOaliku» aocturaet 1-2 kM npu
CpeHeH MOILHOCTH NEepPBbie COTHU METPOB.
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Puc. 1.1.6. MecTomno-
JI02KeHHe N3yMeHHBIX 06pa3-
uoB B MaccuBe KaTaphic-
knii Kpaxa,

1 — MarHeTHT-KJIMHO-
XJIOP-TATBK-TPEMOIUT-OJIHBH-
HOBBIE IOPOAEKL, 2 — XPH3OTHII-
JH3aPIATOBBIE CEPIICHTHHHTEI
no HUM. OCTalBHEIE YCJIOB-
HbIe 0003HaYEHHSA T€ KE, YTO
Hapwuc. 1.1.2,

ITpu 3HAKOMCTBE C TEOIOrHYESCKHMI Kap-
TaMH MaccuBOB Kpaka, COCTaBIEHHBIMH T€0-
noramu bamkupckoro TT'Y u coTpyauukamu
Teonornueckoro uHctutyTa PAH, 0Opamaer
BHHMAaHHE HEOOBIYHO MOIITHOE Pa3BHTHE Cep-
[IEHTUHHUTOB B paliOHE COWIEHEHUA Y3IHCKOTO,
Ceseproro u Cpennero Kpaka, rmiomanb ux
BBIXOJIOB JOCTHTaeT 8 KM B JUIMHY H 5 KM B LT3 e e .
IIKMPHHY NpH 0011IeM CeBepO-3aIafHOM HPOCTH- o
paHHH, T.€. HECOTNIaCHO CyOMepHINOHANIBHOMY
MpPOCTHpPaHHIO cocenHero MaccusBa CpeaHuit
Kpaxa. AHanu3z Tonorpagyuu 3Toi IIomaaH mo-
Kazai, 4To €€ OONBIIYI0 YacTh 3aHUMAET CHC-
TeMa XpeOTOB, pacujIeHEHHas MEPHIAMOHAINb-
HOH nonuHo# py4. Karapsi Ha g8e gactu: 60-
7iee BBICOKYIO (10 830 M) 3amaiHyo 1 HECKOIb-
KO MeHee BBICOKYIO (10 730 M) BOCTOUHYIO, B
mocJeAHeH oTAesbHble XpeOThl HMEIT cob-
CTBEHHBIEC Ha3BaHHA — ropbl A3flKHE Ha CEBE-
pe u roper Karapeimickue Ha tore. ['opHas
4acTh paccMAaTpUBAaEeMOil IUIOIIAAH CJIOXKEHA
T10 BHEIIHEMY 00JIMKY aHAJIOTHYHBIMH APYTHM
MaccuBaM Kpaka CHIIBHO BBIBETPEIIBIMH YIIBT-
pamaduTamMu 6ypo-KOPHYHEBOTO LIBETA, KaK

et ve *oe,,

IIPaBUIIO CIIAHLEBATHIMHU U HENIPOYHBIMU. MHu-
HEpaJIOro-NeTporpaguueckoe U3ydeHHe ITHX Puc. 1.1.7. Mecrononozxerue usyen-
YIBTpaMadHTOB MOKA3JI0, 4TO OHM peAcTap- X 00pasuos B Hypamuncom maccuse.
., VenoBHele 0603HAYEHUA TE XKe, YTO

JS10T ¢c000# aHANTOrMYHEIE ONTUCAHHBLIM BhIIIE

Vasrckom Kpaka Cr-MarHeTiI-KIHHOXIO Ha puc. 1.1.2. | - mmaruokna3oBkle IepLo-
B3 P P muthl, [ - mmnuHenesksle 1EpUONHTHI U rap-
TaJIbK-TPEMOJIUT-ONMUBUHOBBIM MOPOAAM  pGunryrrey, [11 - AyHUTHL.
(MKTTOII) ~ npoaykramM IHHaMO-T€pMaJib-
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Horo Meramopgusma rapudypruroB. [TonHOKEA XpeOTOB CIOKEHBI XPHIOTUI-TU3AP, M-
ToBBIMH ceprieHTHHHTamMKu 110 MKTTOIT ¢ penvikramu Tanbka, KIMHOXJIOpA W NICEBJI0-
Mopd03aMH CepIIeHTHHa 110 TPpeMoauTy. TakiM obpa3oM, HATHLIO aHAIOTHYHAS IPYTHM
KPaKMHCKHM MacCHBaM KapTUHA CTPOEHHUS ONUCHIBAEMOH u1o1aau — Oosee paHHee No
BpeMEHH 00pa30BaHMA (PO U CEPHEHTHHATOBAS fiepUbepHs. DTO A0 OCHOBAHHE Bbi-
JIeIUTh MacCHB, KOTOPBIi npennokeHo Hazsars Karapeiiickum Kpaxa.

Hypanunckuit maccug (puc. 1.1.7). MapmpyTHbIMH NepecedeHHIMH HCCIIeN0-
BAaHA caMasl KPynHas LeHTpasJbHas YacTh MacCHBa, CIIOJKeHHas ceprel NyHUT-rapudyp-
rar-nepuonurt. [TosoBuHa niowanu MaccuBa ¢ Haubosee BEICOKUMH a0COMOTHLIMH OT-
METKaMH NPEeACTaB/ieHa [LU1arHOKI1a30BbIMH JIEPLOIATAMH, KOTOPHIE HHAKE [10 CKJIOHAM
xpebTa CMeHSIOTCS LIMKMHENEBbIMY JIEPUOINTaMH, a 3aTeM rapubypruramd. B noauo-
KuM XpeOTa ¢ BOCTOKa 00HaKAIOTCS TYHUTHI.

Boiikapo-Cetnbunckuit maccue (puc. 1.1.8). M3yuena cesepHas vacte maccu-
Ba. Onpo0OBaHO TPH y4acTKa, CIN0KEHHBIX HE3ATPOHYTHIMH MPOLECCAMH POTPECCHBHO-
ro Metamopu3Ma ynsrpaMaguTaMu: BOAOpa3ieN Mexay p. XOHIoH U ee NpaBbiM NpH-
TOKOM (BCcTaBxa 1), Bojopaszuen Mexay pyubsimu J13ons-Jlabaxeit-1lop u blmxua-Jla-
baxeii-Lilop (BcTaBka 2) u AeBblit 60opT noauHel p. Jlaropra-Erapr.

[epBriii yuacTok cnoxeH rapubyprutamu, AMPeKTHBHBIMH Ha CeBepo-3anajie u
MOCTETICHHO TIEPEXOISLUIAMH B [TOJIOCUATHIE HA I0r0-BOCTOKe. JIMPEKTHBHOCTD BEIpaXke-
HA B OPHEHTUPOBKE arperaroB MMPOKCEHOB H XPOMILINHUHEIH, NI0J10CYaTOCTh - B Yepeo-
BAaHHH CYLIECTBEHHO OJIMBUHOBBIX H MMPOKCEHOBLIX Nos10c. Ha Bcem npoTsxeHnH nepe-
ce4yeHus Ha rapulypruTbl HaJIOXKeHa CeTh JKUJT AYHUTOB, CeKYLIMX JUPEKTHBHOCTD U 110~
JIoc4aTocTh rapudypruToB. BTropuinas npuposa OyHHTOB NONYEPKHUBAETCS HE3aBUCH-
MOCTBIO TEKCTYPHOIO PHCYHKa rapuOypruToB IO OTHOLIEHHMIO K kujiaM AyHuToB. [o
XORXY MepeceyeHns BCTPEHEHBl TPH Tejla JyHHTOB, U3 KOTOPBIX HauGoee KpyImHoe uMeeT
BUAMMYIO MOLWIHOCTB 10 300 M. [eHeTHUECKH 3TH JyHHTHI CBA3aHbI C XKUJIBHBIMH, O HEM
CBHJIETEJIbCTBYET NOCTENEHHOCTH MEPEXO/ia MEeXTY HUMH: N0 Mepe NpUOIKeHUs K Ay-
HMTOBLIM TeJaM B rapuOyprurax rocTeneHHO YBeTHUMBACTCS KOJUYECTBO XXM JyHH-
TOB, & TAIOKE OPTOMTUPOKCEHUTOB, T.€. HAIMLO MeTamopduieckas JuddepeHunanys Be-
mecTBa rapubypruroB, onucanHas A.A. CasenbeBbM i ["H. Capensesoii (Capenbes,
CagenbeBa, 1977). Jlna xapakTepHUCTHKH Tipodecca ObUTH JIeTa/IbHO H3Y4eHBI ABa 00paz-
ua, B CyMMe MpencTaB/IAioMe KOHTAKT MojocyaToro rapubyprara ¢ auIoH AyHdra.

Bropoii ygacTok nmo3soawi onpoboBarh nepexol KyHUT-KIHHOITHPOKCEHUTOBOTO
KoMriekca K rapulypruty (o0p. 6266-6279). TpeTuii y4acTOK 110 CTPOEHHIO OJIM30K K
nepsomy. Kpome Toro, 6b1111 H3y4deHb! CBEXHUE, HECEPNEHTUHU3HPOBAaHHbIE rapLOyprurhr
(06p. 6012), «xpaeBoit» xyHuT B nonuHe p. Tpy6a-tO (06p. 6104) 1 XpOMUTHTHL, FEHETH-
YecKH CBA3AaHHBIE C CETYATHIM KOMILIEKCOM MeTacoMaThdeckux AyHutos (06p. 6210,
6212, 6440, 6540).

Bocmounomazunsckuii maccus (puc. 1.1.9). Bocrounorarunsckmit (Kpacso-
YpanbCKHH) MACCHB alIbITHHOTHITHBIX YAETpaMadUTOB — OUH U3 KPyTIHEHIIMX Ha Ypaie;
OH BBITAHYT B MEPHAHOHATILHOM HampasieHHH noutu Ha 130 kM. Mopdonoruuecku co-
CTOMT U3 JIBYX HepaBHbIX JacTeli — IMHeHHOM 3anagHoi, Hanboslee NpoTHKeHHOH (1IMHAa
oxono 100 kM rpu MakcUMaTbRasd LIApHHA 5 KM), U Oonee uzomMeTpuuHoH (40x7 kM) —
BocTroyHoH. Ha tmmpore nocenxa Hukono-Tlasnoeckuii 3T 9acTy cOeIHHEHBI MEXIY
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Puc. 1.1.8. MecTonoJioskeHne U3y4eHHBIX 06pa3uoB B Boiikapo-ChiHbHHCKOM MaCCHBE.
YenorHble 0603Ha4eHM TE ke, uTo Ha puc. 1.1.2.

c060#1 y3KuM MOTYKHIOMETPOBBIM HiepereiikoM. CIOKEH PEUMyIIECTBEHHO arorapii-
OypruTOBBIMH CEPIIEHTHHHTAMH C Y4aCTKaMH IIETENIBYATO CEPIICHTHHU3NPOBAHHBIX rap-
1I0ypruTOB; JYHUTHI M allOAYHHUTOBBIE CEPIIEHTHHHUTHL Pa3sBUTHI C1abo. C 3amaaa yibT-
pamMadUTEI IOYTH Ha BCEM MPOTHKEHUH IPaHUYar ¢ rab6po, peAKo ¢ KIIMHOMMPOKCEHH-
TaMH, C BOCTOKA — C ByJJKAHOI€HHBIMHU U 0CaZ0YHBIMH MOPOJaMH ¥ MeTamMopdhuyeckuMu
06pa30BaHBAMH Pa3IMYHOIO BO3PACTA H COCTABa, a TaKxKe ¢ rpaHuTouaaMu (Peectp.. .,
2000). TTocnexnue 06pa3yroT KOMIIAKTHOE TEJIO B I0XKHON YaCTH MAaCCHBA U, TIO-BUAKMO-
MY, ABUIIMCEh IPHYKMHON MHTEHCHBHOTO POrPECCUBHOIO METaMOphH3Ma CeprIeHTMHU3N-
POBaHHBIX yABTPaMa(HTOB, BKJIIOYAIOIET0 aHTHIOPUTH3ALHIO, XPU3OTHII-JIM3apAHTH3A-
IMIO, TAJIbK-KapOOHaTH3alHIO 1 aMpubonn3anunio 1 06pa3oBaHHe MHOTOYHCIIEHHbIX TIPO-
SBJIEHUH XpU3OTHII- M aHTOQHIUIHT-acOecTa.

MaccHB npakTH4eCKH MOJHOCTHIO 3aKPBIT JecaMH U 6onoramu. KopeHHble BBIXO-
Abl ynsTpaMauTOB HAaOIIOAAIOTCS TONBKO B KPYTHIX 6oprax p. Tarui, B CTPOMTENbHBIX
1 ac6ecTOBBIX Kaphepax, B PEAKHX CKAJIBHEIX OOHAKEHHIAX HEKOTOPBIX BEPUIHH, 8 TAKKE
BO Bpe3ax aBToMarucTpanu ExatepunOypr-Cepos, nepecexaromieil B MEPHIHOHAILHOM
HarpasJIeHUH I0r0-3alafHyI0 9acTh MacCHUBa.

B pacmopskenny aBTopoB ObLT KaMEHHBIH MaTepHal U3 8 MeCTOpOXIeHHU Xpo-
MHUTOBBIX DY/l B CEBEPHOM YaCTH MaccuBa, B TOM yHcne U3 Hanbouee kpymHoro KyTy3os-
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Puc. 1.1.9. MecTrononoxenue
U3y4YeHHbIX 06pa3uoB B BocTouHoTa-
rMIBCKOM MacCHBE.

1 — rapubypruTsl, IyHHTHI M CEp-
HMEHTHHHTHI 110 HUM, 2 — JIMHHAS paspesa,
3 — mpennonaraeMasi rpaHULa MEXIY
3aMa/{HBIM X BOCTOYHBIMH OJIOKAMH.

Wt —

Kpacnoypanec

ckoro (06p. 7904, 7907). Kpome
TOro, cOOpaHbl ¥ MCCIeI0BAHEI 00-
pa3ubl BMEUIAOIKX YIbTpaMagu-
TOB TI0 TPEM IEPECCUEHUAM: depe3  |Huxuuii Tarun

I'ypiuessl ropbl B I0TO-BOCTOYHON |
gactn maccusa (o0bp. 3876, 7879,
7881,9025, 9029), Bo Bpe3ax BJIOJIb
aproMarucTtpainu ExarepunOypr- 1

CepoB B 10KHOH 4acTH H OAHO Hespanck O
IIEPECEUEHNE MACCHBa B CEBEPHOI
yactd. [ToMuMoO nuuHBIX c6OpOB 0 10 xu

OBLIa IPOCMOTPEHA KOMIIEKLHS PY/L
u nopoy B.YO. Anumona 1 otobpa-
HBI 71 UCCIIEIOBAHUSI HauMeEHee
OJBEPIKEHHBIC NIOCTPYAHOMY Me-
tamopdusmy obOpasiibl.

V3zyuenue neTpoXMMHHM yasTpaMa(UTOB 110KA3aJI0, YTO B CBSA3H C LIMPOKHM pas-
BUTHEM AJUNTOXMMHYECKHX MTPOLIECCOB — IPEXK/E BCET0, AHTUTOPUTH3ALINH, HCIIOIB30-
BaHME XMMHYECKOr0 COCTaBa MOPOST 11 PEKOHCTPYKIUH IEPBUUHOTO MHHEPAJILHOTO
cocTaBa yapTpamMaduTOB, KaK IIPAaBUII0, HEKOPPEKTHO U O UX MEPBHYHOM COCTABE
Oyspllel YacTH TEPPUTOPUH MacCHBa MOXHO CYIHTh TOJIBKO [0 COCTaBy aKLEeccop-
HOM XPOMIITIHHEH.

B nerenpie K CcyIECTBYIOLIMM reOJOTHYECKHM KapTaM MaccuBa YNbTpaMagHThI
HpPEeACTaBICHEI TOMBKO ABYMS PasHOBHIHOCTAMH (KpoMe MOpoJ AyHHUT-KIMHOMHPOKCE-
HHTOBOTO KOMILIEKCA) — TapliOypruTaMy U CEPIICHTUHUTAMH «HE YCTaHOBIEHHOM MpUpo-
ae» (Peecrp..., 2000); nmpu a3ToM niocneanue 3anuMalor oxkonno 80% romaau. B cBsa3u ¢
[IOCTAHOBKOH CHEIMAM3UPOBAaHHBIX paboT Ha acOecT Nydylle BCero U3yvyeHa Ioro-Boc-
TOYHAs YaCTh MAacCHBA, UMEHHO B HEl 3aKapTHPOBAHLI [10JIsl pa3BUTHS TapliOypruToB, HO
M 3]1eCh IIEPBUYHEII COCTaB OKPY>KAIOLIMX HX CEPIIEHTHUHUTOB He BoccTaHoBiIeH. [1oaTo-
My MH(OpPMAIUA O COCTABE aKLIECCOPHOH XPOMILUIIHHENH UMEeT YPe3BhiYaiiHO BaXKHOE
3HaueHHe. HecMOTpsl Ha OrpaHMYEHHOCTh HMEBILETOCS B HAIEM PACOPsXKEHHH MaTe-
puasa, oy4eHHbIE JIAHHBIE O COCTABE XPOMILITHHENH CBUIETENBCTBYIOT 00 yUyacTHH B
cTpoeHHH BOCTOYHOTArnIb»CKOro MacCHBa JIByX KOMIUIEKCOB — €11a00 HCTOLICHHOTO rap-
UOYpPruTOBOTO B BOCTO4HOM 4aCTH U B CHJIBHOM CTENEHH ICNIeTHPOBAHHOTO JyHUT-Tap-
HOypruToBOro — B 3amagHod. B rapulOyprurax nepBoro KOMIUIEKCA Pa3BUTHI JKHIIBI U
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HUTMPBI AYHHTA, COCTAB XPOMIUNHHENN B KOTOPBIX CBUAETETLCTBYET 00 MX METACOMaTH-
4eCKOMH MpUpOAE: ee XPOMHUCTOCTh 3aMETHO HIDKE, YEM BO BMELLAIOUIEM raplubyprure —
KapTHHa, aHaNlorM4YHas 3anaaHoxeMrpceaiickoi (Yauyxus u ap., 1994). Ynsrpamaduret
BTOPOTO KOMILIEKCA MO COCTABY XPOMIIITHHETH 00pasyloT HENPEPHIBHYIO CEPHIO, BHYTPH
KOTOPO# HEBO3MOXXHO NIPOBECTH FPaHuULy MexX Iy rapubypruramu ¥ nynuramy. B 6ecnu-
POKCEHOBBIX AYHHTaX 3TOr0 KOMIUIEKCA MOXKHO Pa3/IMYMTh [Ba THNA C Pa3IHYHBIMH
0COGEHHOCTAMH COCTABOB XpOMIUTIMHENeH. OAUH NMPono/bKaeT CepUIo rapudypruT-mu-
POKCEHOBBIH TYHHT U MOXKET PaccMaTpHBaThesl Kak Haubonee pabHHUPOBaHHbIH OCTa-
TOK MOCIIE BBHIIUIaBIeHHsa 0a3UTa U3 MUPOJIMTA BEpXHell MaHTHH, BO BTOPOM COCTaB aK-
LEeCCOPHOH XPOMILIMHEIN TPAKTHYECKH TOX/IECTBEHEH TAaKOBOMY BMEILAIOLIHUX Fapul-
oyprurtos. I1o 3Toll 0coGeHHOCTH BTOPOH THI JYHHUTOB HE OTJIMYUM OT METACOMaTHUEC-
KWX JYHUTOB BOCTOUYHOH YacTH MaccuBa.

[omyueHHble JaHHBIE O 3aKOHOMEPHOCTAX COCTAaBa AKUECCOPHOH XPOMUIMHEH C
y4€eToM MOp(}OIOrMH MacCHBa AAIOT MPaBoO yTBEPXKAATh, YTO BOCTOMHOTArHIBCKUI
MacCHUB SIBJISIETCH aKKpeLUMOHHbIM o0pazoBaHueM. B HacTOAIMX rpaHULAX MAaCCHUB CO-
CTOMT U3 ABYX OJIOKOB — NPOTAKEHHOTO 3aMaHOTO, CIIOKEHHOTO MTOPOJAMH JTyHUT-rapl-
OypruTOBOro KOMIUIEKCA, H OTHOCHTENIBHO HEDOBIIIOTO BOCTOMHOI'O, NPEACTABICHHOTO
NIpeENBHBIMH TI0 KOTHUECTBY ITMPOKCEHOB rapli0yprutaMu. Jipyroi sBapuaHr — yiasrpa-
MadHTB!l H3HAYANILHO TIPEACTABAATN eIHHOe Lienoe W ObUTH CIIOXKECHbI TOMOr€HHOH 1y-
HUT-rapubypruToBoil cepueii; 3aTeM MPOHM3OIING OTYJIEHEHHE BOCTOYHOro rapubyp-
rutoBoro 6;10Ka U hopMUpoBaKHe MacCHBA B COBPEMEHHBIX rpaHuuax. B nons3y Bropo-
O BAPMAHTA YKA3bIBAaeT POCT CTENIEHU MarMarH4ecKoro AeMIETHPOBAHHS YabTpaMadu-
TOB B CEBEPHOM NEPECEUEHH ¢ BOCTOKA Ha 3anan. OQHAaKko B 3TOM Cily4ae CJIEOBAI0
Obl OKHIATH AHANIOTHYHOTO MPOCTPAHCTBEHHOTO NMOBECHMS COCTABA XPOMLUTTHHETH H B
BOCTOYHOM YaCTH MaccuBa, a 3TOro He HabmogaeTcs. ABTOPHI CKIOHIIOTCA K [TEPBOMY
—~aKKPELIHOHHOMY — BAPMAHTY CTPOEHHS MaccHBa.

Ananaeeckuit maccue (puc. 1.1.10). AnanaeBckuil MacCHB IIOIIA/IbO 0Kono 500
kM’ pacnonaraercs B 150-180 kM k ceBepo-BocToky ot r. EkarepuHOypra U B 15 kM k
3anafy OT I. AnanaeBcka. ClI0KeH MpeuMyIIeCTBEHHO rapL0ypruTaMu U anorapulypru-
TOBBIMH CEPIIEHTHHUTAMH; ZYHHUTb! H aTIOLYHNATOBBIC CEPICHTHHHUTHI 110 TUIOLLAAH BBIXO-
[OB Ha NOBEPXHOCTh MIPAIOT MOAYMHEHHYIO poib. Ha ceBepe MaccHBa BO BHEWHEM
obpamnenun rabopo pa3BUT BEPIUT-KIHHONMMPOKCEHHTOBbIH KOMITIeKE. YibTpaMadHThl
npeTepneny HHTEHCUBHBIH MeTaMopdu3M, BKIFOYAIOTHH MHOTO3TAITHYIO CEPIICHTUHH3A-
UMFO M TaNbK-KapOoHaTH3aluo. C BOCTOKA MACCHB OrPaHUYEH 0Caf0YHbIMH Maie030H-
CKMMH 00pazoBaHusAMHY, ¢ 3anana — Myp3HHCKHM IPaHUTOMAHBIM MACCHBOM.

ABTOpaMH Nipu COAEHCTBMHM MECTHBIX T€OJIOTOB ObIT coOpaH oOmHUpPHBIA KaMEH-
HbIH MaTepyas U3 23 pyAONPOSBICHUH U MECTOPOXACHUH XPOMHTOBBIX pya. HacTH4HO
OblT MCMOITB30BAHB! AHAJIMTHUECKHE JJAHHBIE OBIBLIEr0 YpallbCKOrO TEPPUTOPHATILHOTO
reonornueckoro ynpasneHus Munleo CCCP, npusenennsie B mybmukanmy T.A. LHumo-
soii (Lnnosa, 1977).

Kak u B cirydae ¢ BocTouHOTarmibckiM MacCHBOM, YiIbTpaMaHThl AJanaeBCcKoro
MAacCHBa NPETEPIIETA MOLIHBIHA MeTaMOPU3M ¢ HAPYLLIEHUEM HCXOHBIX COOTHOUIEHUH KOM-
TIOHEHTOB Y CHJIbHOE [TOBEPXHOCTHOE BRIBETpUBaHHE. [103TOMY Uit BOCCTAHOB/ICHUS HX ITEp-
BHYHOI ipvpos! 6611 UCHIONL30BaH COCTAB aKIECCOPHOH XPOMUITIHHEIH.
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Ha ocHoBe BapHaLuii cOCTaBa XpOMIITIHHE-
JTH rapuSypruTel MOTYT ObITh MOApa3/esieHsbl Ha
cnabo- ¥ cuwibHO AuddepeHIMpPOBaHHbIE: €CIIH B
MepBbIX BEJIMUKMHA XPOMMCTOCTH BapbHPYET B OT-
HOCHTENbHO y3kux npeaenax 50-60%, 1o Bo BTO-
pbix oT 46 10 75%. ITH paznuuus TIOAHCpPKHBa-
I0TCs Pa3HOM JKENIE3UCTOCTHIO XPOMLIMTHHENH: TIPH
OIMHAKOBOH XPOMMUCTOCTH JKENE3HUCTOCTh CHITh-
HO At hepeHUMPOBAHHBIX rapL0ypruToB B Cpell-
HeM Ha 5% HUXKe 1o cpaBHeHMIO ¢ cnabo audde-
PCHLHPOBAHHBIMH.

[MpoctrpancTBeHHO 06a THMNa rapudypru-
ToB pa3obuiensl. Pesynbrarhl H3yudeHUs
yasTpaMaUTOB MaccHBa, BCKPBITHIX [IPH NPO-
BeleHuy aBTomoOunbHoM noporu Huwxknuii Ta-
rujt — AnanaeBcK, OTYETIIMBO CBHUIETENbCTBY-
I0T 0 pa3nuuuax ko3dduuueHTa Bapuaumii co-
CTaBa XPOMIUTIHHENH, OTPa)KaloLeM pa3Hylo
crenenb AU GepeHIUPOBAHHOCTH BMEILIAIOLIMX
yasTpaMaduTOR pa3HbIX YacTel MacCUBa: B BO-
CTOYHOH YacTy paspe3a OHa COCTaBAFET
56+4%, B 3anagHo# 65+13%. O Gonblieii nud-
(hepeHUMPOBAHHOCTH rapudypruToB 3anagHoi

4acTh MacCHBAa CBHUACTE/ILCTBYIOT TAKXKE JaH- Puc. 1.1.10. MecTonoaomxenune
HBIC 110 COCTaBY XPOMIUIHHENEH U3 PYAOBME-  H3YHEHHBIX 06pa3luoB B AJIANAEBCKOM
WaoL1x rapudypruTos. MaCCHBE.

JlyHuThl B 06beME AyHUT-rapLOypruToBo- VYenoBHble 0003HAYEHMA TE XKe,

rO KOMMJIEKCA MACCHBA 3aHMMAIOT NojuMHenHoe  “ToHapuc. L1.2.n .19,

nonokeHue. X BpeMeHHbIE COOTHOLLIEHUS € rap-
ufypruramu paznnysel. Tak, Ha KypmMaHOBCKOM pyonposBleHHH HabIOAAr0TCA Kak 1o-
CTEMNEHHbIE NEePexo/ibl yHHUTOB K rapufypruraM, Tak U HECOMHEHHO PE3KHE KOHTAKTHI
3THX MOPOJA, 00YCIJIOBIEHHBIE NOCTrapulypruToBoi npupono aynuros. Oba THna nyHu-
TOB OTYETIUBO PA3NHUAIOTCS M0 COCTABY COCYLIECTBYIOIUX ONUBUHOB W XPOMILITHHE-
nei. B rapubypruTtoBOM KOMIUIEKCE pa3BHThI TONBKO METACOMATHYECKHE JYHHThI.

Takum 06pa3oM, eCTb OCHOBAHHWS YTBEPXKAaTh 00 aKKpeLMOHHOH npupoae Aa-
naeBcKoro maccusa. Boctounstil 6ok crnoxen cnabo auddepeHIMPOBaHHBIMM rapli-
Bypruramu, 3araaHbii — NOPOAaMH CHIIbHO AN GEPeHLMPOBAHHOTO AYHHUT-rapUly prro-
Boro komrsiexca. [locne akkpeuuu B 0601x 610kax MpoIen NpoLece MeTaMoppUIECKOM
nudbepeHumanui ¢ 06pa3oBaHHEM XKHIT U LJIMPOB METACOMaTHHECKHX TYHHUTOB U (op-
MHpOBaHHE NIMHO3EMHUCTONO OPYJCHEHHA.

Knroueeckoii maccue (puc. 1.1.11). B ctpoennn MaccuBa NpMHAMAIOT y4ac-
THE TPU THIMA yIbTPaMapuUTOB: CeBepHas 4acTb CJoXeHa AM(GEpPEHLHPOBAHHBIM
AYHUT-TapuUlypryuTOBBIM KOMIUIEKCOM, LIEHTPaNbHas — cnabo TudpdepeHUHPOBaHHbI-
MM rapubSyprutaMy ¢ BapbUpyOINUM Pa3BUTHEM METaCOMaTHYECKUX QYHHUTOB, KOXK-
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Puc. 1.1.11. MecTonoJioxkeHne n3yHeHHbIX 00pasuos 8 KirrodeBckoM maccuse. Beixonu-
poBka u3 kauru (Peecrp. .., 2000) ¢ ynpoIueHHsIMH H JOMOTHEHASMH.

I - maccuB B HenoM, YermoHsIe 0003HaueHNs: | — IYHHUT-rapubypruToRbIi KOMIUIeKC, 2 —
JIYHUT-BEPIHT-KITHHOMUPOKCEHHTOBBIH KOMITIEKS, 3 — radbpo, rabbpo-auabazer, 4 — ceprieHTHHH-
THI, TAJIBK-KapOOHATHBIE OPOABI, TAJIEKHUTEI, 5 — y4acToK Aetannzauidu [1. YenoBHbie 0603HaUCHNS
ydacTka acranusaiu I: 1 — gyHuTHI, 2 — KOHTAKT AYHUTOR C BEPIUTaMH, 3 — BepuTHL, 4 — Anana-
THTHI, 5 — aHTHIOPHTOBEIH CEPIICHTHHHT, 6 — Y4acTOK AeTanu3anuu 111,

Has M 3amagHas 4acTH — HYyHUT-BCPIUT-KIMHOTMPOKCEHUTOBLIM KOMIUIEKCOM, Aa-
Jee k 3amany cMmenstomumces rabopounamu (Peectp..., 2000). Konraxt mexny op-
TOMHPOKCEH-COAEPXKALMMH TOPOJAMH U NYHUT~KJIMHOTTHPOKCEHUTOBBIM KOMILIEKCOM
MPaKTHYECKH Ha BCEM NPOTHHKCHHUU OCJIOXKHEH CEPIEeHTHHUTAMH, HIMPHHA BBIXOLOB
KOTOpBIX jJocTuraet 1 kM. Buay ouenb cnaboil ecTrecTBEeHHOM 00HaKEHHOCTH CO-
CTOSIHME OKUCJICHHOCTH NOPOJ JYHUT-TapiOypruTOBOIO KOMIUIEKCa OLCHUTh HE yja-
nock. Penxne pacyersl JeTydecTH KUCHOpoaa ObUTM BBIIONHEHBI TONLKO JJISI XPO-
MUTHTOB H3 CTapbIX BbIpaboOTOK M KepHa ckBa)kuH. [lopoabl AyHHUT-BEpNUT-KINHO-
HHPOKCEHUTOBOTO KOMIIIEKca O0HAaXEHBI CYIECTBEHHO Ny4ile. Tak, B 1eBOM 60pTy
p. Hcers, Hepaneko or ciausuaus ¢ p. CricepThio, OBLIO NMPOHACHO MEpecedeHue de-
pe3 KOHTAKT JYHHUTOB C BEPIUTAMH U JlaJiee BBEPX MO TEUCHHIO — C JUAIaTHTAMU.
31ech BHINIOITHEH PAacyeT JIETYYeCTH KHCI0poaa B JBYX o0pa3lax QyHHTA.
Xabapruunckuit maccue (puc. 1.1.12). Beina aeransHo onpobosana poccuit-
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CKas 4acThb BBIXOLOB BocTouHoxa-
GapHUHCKOH NyHHT-BEpPJIHT-KIHHOIIH-
pokceHuT-rab6po-HOpHTOBOI acco-
uanuu, o6HaXKaoLascs K BOCTOKY
OT OCHOBHOTO IMOJIST AYHUT-Tapuoyp-
TUTOBOTO KOMIIJIEKCa, W 30Ha Iepe-
X0J1a 3TO| acCoIMaluK K rapudypru-
tam. Kpome Toro, npoiinen paspes
yepe3 AKKEPMaHOBCKYIO AYHHUT-BEp-
JUT-rab6poByIo MHTpy3u0. BocTou-
HoxabapHHHCKas accoLMalMsg yHH-
KaJlbHa TE€M, 4TO Mo Habopy mopof,
METPOXUMHH U OCOOEHHO IO CIIEKT-
py P33 6an3ka Kk nmopoJHOMY mapa-
reHesucy IlnaTuHOHOCHOTO TMOsica
(®epurrarep, bea, 1996) u takum
00pa3oM ABJISETCS OMHUM U3 PEAKHX
Cay4aeB HEMOCPEACTBEHHOI'O KOH-
TaKTa aJbIMHOTUHHBIX H KILJIATHHO-

i, iy

HOCHBIX» yJILTpaMa(bI/ITOB. Brimn ®8805 Pecnybnuka
IpOBEACHBI PacHeThl JNETYYECTH Kasaxcran
. Vi
Kucaoponaa B rapubyprurax, obHa- % 0 lwm
P

xaromuxcs B 6opty pyu. Manas ['o-
proHKa (0o0p. 8879) u Hemocpen-
CTBEHHO K 3anajay OT AKKEpMaHOB- Puec. 1.1.12. MecTonoJio:keHHEe H3yYEeHHBIX
cxol uHTpy3uHn (06p. 8894). Penokc-  06pa3uos B BOCTO4HOIM YacTH Xa0apHHUHCKOro Mac-
COCTOsSIHHE AYHUTOB BocTtouHOoxa-  CHBA.
OapHHHCKOH acconnanuy 6p110 M3y -

YeHO B IecTH o0pa3nax.

Kemnupcaiickuii maccue (puc. 1.1.13). Marepuan otbupascs u3 KEpHa CTpyK-
TYPHBIX, MONCKOBBIX U Pa3BEJOYHBIX CKBaXHH. B TO# unu uHo# Mepe onpobosaHo 15
CKBa)XHH U3 IOT0-BOCTOYHOTO OJ10Ka (CKB. 222, 242, 243a, 245, 250, 617, 637, 639, 655,
681) u 3amapuoro 6moka (Teiramacaiickas momans, cks. 766, 819, 3anagHodnakTaiic-
Kad Iomanb, ckB. 2121 u 3amagnoin dactu Onoka, cke. 2156, 2183, 2227). Ocoboe
BHHMaHMeE yeJIeHO ONpoOOBaHUIO PYJOHOCHBIX 30H, BKJIIOYAIOIIEMY JeTANBHEBIN 0TOOp
00pa3ioB U3 HAIPYAHOTO, MEXPYAHOTO (PYAOHOCHOTO) H MTOIPYIHOTO HHTEPBAIOB MEC-
TOPOXKACHHUN BHICOKOXPOMHCTBIX pya Anmas-XKemuyxnda, MuiinonHoe, 3ananHas 3a-
nexsb, leodusnueckoe XII. [ing conocrasnenuss H3yYEHB XPOMUTHUTEI TIIMHO3EMHUCTBIX
pyn 3amagHoro 6noka Maccusa. B pesynbraTe npoBeeHHBIX paboT BEIIOJIHEHA OLEHKA
PENOKC-COCTOSHUS YIETPaMa(uTOB JYHUT-IrapUOypruT-aepluoauTOBOTO H JyHUT-KJINHO-
MUPOKCEHUTOBOTO KOMIIEKCOB IOr0-BOCTOYHOIO 010Ka ¥ rapiOypruToB 4 METacOMAaTH-
YECKHUX AYHUTOB 3aMajHOTO OJIOKA, a TaAKXKE XPOMHUTOBEIX pyd 00oux OJIOKOB.

Taxum obpa3om, coOpaHHBIH KaMEHHBIH MaTepHaln B MOJHONH Mepe XapakTe-
pHU3YET 3BOJIIOIHIO ATBIMIUHOTHITHEIX YJIRTpaMaduTOB, HAUMHAs C 3Talna MarMaTH4ec-

VcnoBHbIE O003HAYEHHS TE K€, YTO Ha puc. 1.1.2.
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Puc. 1.1.13. MecTONo/M0KEHKHE HIYHEHHBIX
o6pasuoB B Kemnupcaiickom maccuBe,

YcnoBHbIe 0003HaYCHUS TE XKE, UTO Ha PHUC.
1.1.2. 1 woro-poctounslit 6510k, 11 ~ 3anagHblii 610K,

KOTO JeTUICTUPOBAHHS U KOHYAs TOCTCepTIeH-
THHOBBIM MPOrPECCUBHLIM JIMHAMOTEPMAalb-
HBIM METaMOppU3MOM.

ITpocTpaHCTBEHHO OTOPBaHHBIE OT allb-
NHUHOTUITHBIX JYHUT-KIHHOMUPOKCEHUTOBBIE
MaccHBbl Ha Ypane oOHaXarOTCd B JABYX reo-
JIOTHYECKUX CUTYaLMsX: 1) kak cocTaBHas 4acTb
I'naTuHOHOCHOTO nosAca U 2) B BUAE CaMOCTOS-
TENBHBIX TEJ BHE ITOrO Mosca.

IlnaruHoHOCHBI nosic Ypasia npoTsrupa-
€Tcs B MEPHIMOHATLHOM HanpaB/ieHHU Ha 00-
nee yem 900 km (puc.1.1.1). On npencrapiser
c000H BBITAHYTYIO BZOJIb 60° BOCTO4HOI 1071~
roTsl Uenb 13 12 MaccHBOB — OT Xapacropcko-
ro ua IlonapHom Vpane no PesauHckoro — Ha
Cpennem. B nonHeix pa3pezax MaccHBbI CJIO-
JKEHBI aCCOLMALHE# JyHHTOB, KITHHOMMMPOKCEHH-
TOB, rab6po, rpPaHUTOMAOB H ArOBYJIKAHHTOBbLIX
229 MeTaMopdHTOB.

B npenenax nosca pasnuuaroTcs ABa
THUIA JYHUT-KIHHOMUPOKCEHUTOBLIX TEJ — aBTOHOMHBIE W HHTErPUPOBAHHbBIE; NEPBbIE
00pasytoT MPOCTPaHCTBEHHO OTOPBaHHbIE OT rabOPONI0B M30JIUPOBAHHBIE TE1A, BTOPbIE
BKJIOYEHBI B O110KH, CIIOKEHHBIE CTPYKTYPHO-YPaBHOBEILEHHOM acCoUMalyel Iy HUT-KIU-
HOMUPOKCEHUT-rabbpo — NpoAyKTOM BBICOKOTEMMEPATYPHOM aKKpeLUH («ropsyero mMe-
Jamxar») (Edgumos, 1999).

becnupokceHoBbIE YALTPAOCHOBHbBIE MOPOALI NPEICTABACHb! JYHUTAMH, BMeLLa-~
IOLMMH HeDonbLIME 000CO0IEHNS XPOMUTHTOB B BM/E LIUTUPOB U XKUIT. JIyHHTBI pa3BHTLI
HEPAaBHOMEPHO H B PAJ1€ MACCHBOB He OOHapy»keHbl. B HeHapyIIeHHbIX TEKTOHHKOH pa3-
pe3ax J[yHHWTbi, KaK MPaBUIIo, OTJENIEHb] OT OA3UTOB KOJIbLIOM KIIMHOTTHPOKCEHUTOB, B pas-
HO# CTETEHU OJIUBMH-COAEPXKALUMX. M3BeCTHDI AecaTh KpYMHBIX Ten RyHUToB (Edumos,
1984), wecTb M3 HUX OBUTH NpeaMeTOM H3ydyeHus HacToAlel padoTbl. M3 ypanbekux
MacCHBOB, pacriofiararolumxcs sHe [1naTMHOHOCHOTrO nosica, HAMH U3Y4EHO PeROKC-CO-
CTOSIHME JYHHTOB M XPOMHUTHTOB YKTYCCKOrO MacCHBa.

Huxe npusenens! cxembl onpoGoBanus AyHUTOB AYHUT-KITHHOTIMPOKCEHUTOBBIX
tes. [pu BbiGope 06pa3uoB AyHHTOB Mbl PYKOBOACTBOBAIIMCH COCTABOM COCYLLECTBYIO-
IIUX OJIHBHMHA M XPOMIUINMHEIH — U1 KOPPEKTHOH OLEHKM BIMAHHUA THUTAHa M XKeJle3a Ha
BEJIMYMHBI TEMIIEPATYP OJHBUH-XPOMLLITMHENIEBOTO PABHOBECHS U JIETYUECTH KHCIOPOAA
Ob110 HEOOXOAMMO TIPOBECTHU MX pacyeThl B 06pa3L@ax ¢ MakCHMaJIbHbIME /1 KOHKpET-
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Puc. 1.1.14. Mecrononoxenue
H3y4YeHHBIX 00pa3uoB B Maccuse Jle-
HexkuH Kamens.

Beikormupogka u3 ctarei (Edu-
MOB H Jip., 2005).

HOTO JIyHHTOBOT'O TEJIa BapHallHs-
MH 3THX 9JIEMEHTOB. TOYHO TaK e
JUTS BEIICHEHHUS BIIMSIHUS CTENEHU
JIEMIeTUPOBAHMS Ha PEOKC-CO-
CTOSAHHUEC aNBITMHOTHUIIHBIX YIbTpa-
MahUTOB ObLIH OTOOPAHBI CEPUH
00pa3ios ¢ MaKCHMAJIBLHO LITHPO-
KHMM paz0pocoM XPOMHUCTOCTH ak-
LeccOopHOH xpomunuHenu. Mmes
BBUIY TPYJOEMKOCTb BBIIENCHHS
aKLECCOPHBIX KOJIMYECTB XPOMIL-
MHHEH U BBITOJHEHHUS Mecchaya-
POBCKHX HCCIIEOBAHH I, TAKOH MOAX0 MO3BOJHII CYIIECTBEHHO YMEHBIIUTE KOJIMYECTBO
U3yueHHbIX 00pa3noB 0€3 CHUKEHHUs KauyecTBa HCCIIENOBAHHUA.

Maccus Jenesxckun Kamenw (puc. 1.1.14). SIBnsncs npeaMeToM MHOTOJIETHHUX
JIETANbHBIX [E0J0r0-CheMOYHBIX, T€0NOT0-CTPYKTYPHBIX H METPOJIOTHYECKHUX HCCIICAO-
Banuit A.A. E¢umosa (Edumos, Mpanosa, 1963; E¢pumos, Maeros, 1981; Edumos u np.,
1993). Kparkoe reonornyeckoe ornucaHnue AyHUTOB U MecTa OTOOpa MpeioCTaBIeHHBIX
UM 00pa3noB npuseaeHbl U3 cratbu (Edumos u ap., 2004).

Oxpyrnoe B 1uiaHe JyHUT-KIHHONUpoKceHUToBoe Teno XKesroit Conky, pa3mepa-
MH 0KOJIO 3 X 6 KM, IO CTPOEHHIO U COCTABY OTHOCHTCS K aBTOHOMHBIM T€JIaM H CPaBHH-
TeJIbHO cl1abo nedopmMupoBaHo. B BOCTOYHOH MOIOBUHE TeJia pa3BHTH CEKYIUNE JYHHT
rab6pOBBIE YKUIIBI.

[opsiunii TeKTOHHYECKHH IIOB OTE/sIeT TEJNO OT HAXONSIIEracst BOCTOUHee, UH-
TEHCUBHO J1ehOPMHUPOBAHHOTO B [IPOLIECCE MIIACTUHYECKOTO TEUCHHUS, CYLIECTBEHHO MUPO-
KCEHHUT-ThIIanToBOro 61oka. [locnenuuii npeacrapiser coboi crpaTHQULUHPOBAHHBIH
MOHOUIMT Pa3MepOM OKOJIO 15X 15 KM ¥ KOHLIEHTPHUYECKHM CTPYKTYPHBIM PHCYHKOM, HO-
YTH He 3aTPOHYTHIH «XOIOLHON» TEKTOHHKOH H HU3KOTEMIIepaTypHBIMH H3MEHEHHAMU. B
paspese OJ0Ka BBIJEIISIOTCA BHELIHAS 30HA, CJI0XEHHasA MOpQUPOKIaCTHIECKUMH rab-
Opo (TBUTAaUTaMH) U TUPOKCCHUTAMH ¢ MEIKUMH JYHUTOBBIMU TEIaMH, H BHYTPCHHAA
30Ha, CJIO’KEHHAs! [M0JIOCAThIMH OJHBUHOBBIMH rab0po U nUpoKceHUTaMH, 6oliee paBHO-
MEPHO3EPHUCTHIMH, YeM TIOPOALI BHENIHEH 30HBL. JlyHUTOBBIE Tena HMEIOT hopmy Oec-
KOPHEBBIX, H30JMPOBAHHBIX APYT OT APYyTra, CONIACHBIX CO CTPAaTH(HKaLHeH, BBITAHY ThIX
110 TIPOCTHUPAHHIO (HHOTA A0 2 KM) JIMH3 WJIH TUIACTOB MOLHOCTBIO OT HECKONIBKUX JIe-
CATKOB (peIKO COTeH) METPOB A0 J10jel MeTpa.

HlupoTHslif pa3pe3 060X yIOMAHYTHIX OIOKOB, OT 3aMajHOr0 KOHTAKTa Tena
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Puc.1.1.15. MecTonono-
JKeHHe W3y4eHHbIX 00pa3loB B
KbITJIbIMCKOM MaccHBe.

I-1II — mynutoBBIE TENA!
I — Hosckoe, II — CocHOBCKHit
Vean, III — KocsBHHCKOE mI€UO.
OcransHLIE YCIOBHBIE 0003HaYe-
HUA Te e, 9To Ha puc. [.1.2.

Kr-385-387

Kentoit Conku 1O BOCTOUHO-
ro noaHoxus Jenexxkuna
Kamns, obme npoTshkeHHOC-
TBIO OKONIO 11 KM, OBLT cHcTe-
MaTHYECKH OIpoOOBaH yepes
50-100 MeTpOB ¥ BFOCTATOYHO
JETaNIBHO U3y4YeH, B TOM YHC-
Kr-344 Jjie ¥ B OTHOLICHUY BapHualrii
COCTaBa JyHUTOB ¥ OJIUBHHA
(Edumon, 1984; Edumos,
Maeros, 1981).

H3ydennsle B HACTOSA-
e pabore 10 obpa3uoB ox-
BaTHIBAIOT BECh AHANA30H CO-
CTaBa M CTPYKTYPHOM [O3ULIHH TYHHTOB H XapaKTepH3YI0T: YeThipe 00pasua (884r, 888a,
890a, 9056) - BCIO MOLTHOCTH TYHHUTOBOTO paspesa JKenroit Conmkd, OT MUPOKCEHHTOROI
KaiiMbI Ha 3amajie 0 Topsvero IIBa Ha BOCTOKe, ABa obpasua (907t, 908a) — nyHUTH U3
HENOCPEACTBEHHOTO KOHTAKTa ¢ KIMHONMPOKCEHHTaMHU Ha 3amafie, U 4eTeipe obpazua
(20435,20473, 20475, 20479) — MenKue HHTErpUPOBaHHbIE AYHUTOBBIE TeNa (puc. 1.1.14).

Koimasiuckuit maccue (puc. 1.1.15). JleranpHo onucan B MoHorpaduu A.A.
Edumora u JLII. E¢umosoit (Edumos, Epumona, 1967). Hanbonee kpynHsie Tena nyHu-
TOB HHTErpupoBankl B Trutali-Kowxkakosckuit (Mosckoe Teno) u B KocsBuHCckHit (Koch-
BUHCKOE 1iedo 1 COCHOBCKHI YBas) OTOKH.

Llynute1 okpyriioro Hoeckozo meaa nuametpoM 2-2,5 kM (Bpeska I Ha puc. 1.1.15)
cn0xeHb! OMTHBHHOM (98-99 06. %), xpomiununesnsio (1-2 %) ¥ KITHHONHPOKCEHOM (TOJIH
%), UHOTZIa B aKLIECCOPHBIX KONMYECTBAaX K HUM MPUGABIACTCS XPOMUCTBIH Mapracur.
[Topoas! MCIBEITAIH TBEPAQNAACTHUHYIO AedOPMAIINIO, KOTOpas BhIpaXKEHa B COCY-
HIECTBOBAHUH JIBYX MOP()OIOTHYECKHX PA3HOBUIHOCTEH OJIMBHHA — KPYITHBIX TOP$H-
POKJIACTOB U MEJIKUX Heo0JacToB.

U3 nynutos MoBckoro Teina OblIH H3y4EHbI AThH 00pa3LoB, OXBAaTHBAIOIIHE BECh
JUana3oH Bapualui KeJe3UCTOCTH IOPOEL U OTMBHHA.,

Cocroéckoe OyHUMOB0€e Meo ABIAETCA CaMbIM KPYNHBIM B KBITIBIMCKOM MaccH-
Be. OHO MMeEET IIMHY OKOIO 9 KM NpH MakcuManbHOH mupHHe 2,5 kM (Bpeska 1I). Teno

1 kM

®
Kr-349  Kr-352
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MPUYPOUEHO K 3anaHOH 3HIOKOHTAKTOBOH 30He BepiiHub! KockBurckuii Kamens, caras
cyOMepuHoHanbHy10 cTpykTypy CocHosckoro Yeana. Ilpenmonaraercs, 4to oHO umeer
JH3000pa3Hyo GopMY H KpyTO NafaeT Ha BOCTOK nog yriioM 50-55°. Uepes ayHuThI 6611
npokaeH CYOLIHPOTHAI paspe3 ATHHOM 0Ko10 1 KM B KpKHOH Y3KOi nonosure Tena. s
JaHHOH paboTs! 6pUTH M3YyUeHBI TPY 00pasua. JlynnTsl 061a1a10T MACCHBHOM TEKCTYPOi 1
cpefHe-, KPYITHO3EPHHUCTOM CTPYKTYpOH, BeChbMa BBIIEP)KaHHOM 110 paspesy.

W3 CocHOBcKOro Tena W3ydeHsl Tpu obpasua AyHHTa, B OQHOM U3 AUX (KT-
385) oOnapy»xeHa 3aMETHO BapLUpYIOLLad [0 COCTaBY XPOMUITUHEND.

Kocveunckoe dynumoesoe meno (Bpesxa Ill) pacnonoxeno B 3,5 kKM K BOCTO-
Ky oT BepiunHbl KocsBHHCKOro Kamus. Ono obmanaer 6onee cnoxuoi Mopdoaoru-
eit 1o cpaBHEeHHI0 ¢ MOBCKHM TeJIOM, HO, B LieIOM, OJIM3KO# K H3OMETPHYHOM, ¢ Mak-
CHManbHBIMH pa3mepamu 2,5x2,5 kM. OtGop 06pa3uos 6bu1 npousBeneH o cyOum-
POTHOMY NpodUIIIO, NPOHAEHHOMY 110 TaK Ha3biBaeMoMy KOChBHHCKOMY TJIeqy - BHI-
MOJIOKEHHOMY U XOpOoIIo 00HaXeHHOMY BOCTOYHOMY OTpory ropsi. Ha Bcem npors-
JKEHHH MapupyTa AYHHTHI PEACTaBIEHbl BECbMa OTHOPOIHBIMH MEJKO-, CPEIHE-
3epHUCTBIMU (2-5 MM) noponaMu. Cpead IyHUTOB OTMedaeTcs Oonblloe Koiude-
CTBO XPOMHUTOBBIX LITHPOB U XKHJI, YaCTh U3 KOTOPBIX ObijIa BCKPBITA Pa3BeIOYHbIMH
BbIpabOTKaM¥ NpU NPOBEAEHUH MOUCKOBLIX paboT Ha M1aTHHy. X POMUTHTHI MOXKHO
pa3leanTh Ha CHH- U JMHIeHETHYHBIe TIO OTHOIIEHHIO K JYHUTAM.

bbinu m3yuens! q8a o6pa3ia AyHUTa 13 LeHTpaibHOH YacTH KOChBHHCKOrO Tena,
oivH o0pasel [YHUTOB ¢ XpPOMTHTAHOMArHeTHTOM B KOHTAKTE C OKPYKAIOHIUMH KITHHO-
NHPOKCEHHTAMH W [IBa SIIMreHETHYHBIX XPOMHUTHTA C CONYTCTBYIOIIEH I1aTHHOBOH MH-
Hepau3aLuei.

Hucnemazunscxuit maccus (puc.1.1.16). Herrpanbuyio u bonpuiyo 4actb
HmwxHeTarwisckoro Qy HUT-KIHHOIMMPOKCEHUTOBOTO MaccHBa 3aHuMaeT CoNoBBEBOrOp-
CKO€ TeJIO IyHHTOB — caMoe KpymnHoe B [InaruHonocHom nosce (Gosiee 25 km?). Cksa-
JKUHaMH TyHUTHI IPOCIIeXKeHbI K0 MyOuHbI 600 M.

JlyHHTBI CITOAKEHB! NOTUTOHATILHO3EPHUCTHIM arperaToM OJIMBHHA M MEJIKUMH HH-
OMOP(hHBIMHY 3epHAMH XPOMILTTHHEIH, PUYPOYESHHBIMA TPEUMYLIECTBEHHO K HHTePCTH-
MM onuBHHA. PasMep 3epHa ONUBHMHA B yHUTaX HEMOCTOSHEH U BapbupyeT oT 0,7 a0
3,0 mm; C.A. Kamus o6Hapysxui 3epHa, nocturatomue 7,5 u 9 mm (Kawms v 1p.,1956),
O.K. iBaHOBBIM f€TANbHO OMKCAHB! IErMaTOXAHBIE H MHAPOJTOBbIE XYHHTBI, B KOTOPBIX
KPYNHOCTD 3€PeH OJIHBRHA JOCTHraeT HeCKOAbkUX cautumerpos (MBanos, 1986). Han-
Honee OMHOPOAHB! MEJTKO3SPHUCTHIE PA3HOCTH, NIPH 3TOM 4eM KpyHHee CpeIHUi pasMep
3epHa, TeM OoJIbIIle BeIMUYHHA €ro Aucriepcud. M3yuenve Bapuanuii pasMepa 3epHa oid-
BUHA B MNpeienax JYHATOBOTO TeJia M03BOASET BBIACTATE ABE [PYNIIhl TOPOJ C OTHOCH-
TENbHO NOCTOSHHBIM CPEHUM Pa3MepoM 3epHa U BeIdHHOM ero aucnepeuu: (1) cpen-
HE- H MEJIKO3EPHUCTBIE JYHHUTbI, B TOM YHCII€ BCKPBITbIE CKBAXXHHAMH HECEPIICHTHHH-
3UPOBaHHBIE Pa3HOCTH, (2) cepHeHTHHH3HPOBaHHbIe KPYITHO3EPHHCTHIE YHUTH! ¢ MAKCH-
MaJTbHBIMH BapHaLmsaMH pazmepa 3epHa (0,9-3,0 Mm). PasBuTie 3THX rpyni JyHHTOB B I1pO-
CTPAaHCTBE, B LIETIOM, 3aKOHOMEpPHO. Tax, B LIMPOTHOM pa3pese yepes I. ConoBbeBy 3amnaHas
1 caMas BOCTOHYHAs OKparHBI Te/1a ClOyKeHbl OTHOCHTEILHO OHOPOAHBIMH CPETHE3EPHHC-
THIMH TyHHTaMH, LIEHTp TeNa — KpaiiHe HepaBHOMEPHO-36PHUCTBIMH U B Lie7ioM HoJiee KpyT-
HO3EPHHUCTBIMH, BIUTOTB [0 MErMaTOUIHBIX Pa3HOCTAMH, bin3kas kaprusa HaOmronaeTcs rno
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\© - 1. ConoBbena
@ A

CKB.7528 % ©19
“.©34, 35, 31

1 kM
—
r. ConoBbeBa 1
ll\’ )
Ny 3 Puc. 1.1,16. MecTonoJioxe-
— HUe U3Y4YEeHHBIX 00pa3LoB B MaccHBe

r. ConoBneBoii.

1 - KyHnTBI, 2 — TMHUH pa3pe-
30B, 3 — npeanonaraemas TpaHaLa
MEXIY UCHTPAIBHOM H KpaeBOH Jac-
TssMu. OcTalbHEIE YCIIOBHEIE 0003Ha-
YEHHS TE XKe, 9To Ha puc. 1.1.2.

MEpHIHOHATLHOMY TIPOQIITIO: CeBepHast YacTh JI0 IHPOTH BepiiH Koxxypura u ConoBnera
CJIO’KEHA Cpe/THe3epHUCTEIMU JYHUTAMH, I0XKHAs TIPE/ICTABIEHa HEPAaBHOMEPHO-36PHUCTHI-
MH IOPOAAMH, B KOTOPBIX CPEIHE3EPHUCTEIE haLliH YePeNyIOTCs C KPYTIHO3EPHICTHIMU; TIPH
3TOM MHHHUMAJEBHBIN pa3Mep 3epeH OJIMBHHA B KOXKHOH 4YacTH paBeH CPeIHEMY pa3Mepy
ceBepHOil. TakrM 00pa3oM, Ha MOBEPXHOCTH CEPrIEHTHHH3HPOBAHHDIE Ty HUTEI 10 TPaHyJI0-
METPHYECKOMY COCTaBY CJIAaraloT pasHble YaCTH MAacCHBA, KOTOPbIE YCJIOBHO MOXKHO Ha-
3BaTh KPaeBOi M LICHTPAIBHOI.

XPOMHTHTHI 110 OTHOLIEHHIO K AYHHTAM MPEICTABIEHbI ABYMS BUJAMH — CHHI'€HE-
THYHOMH W 3MTHTeHEeTHYHOI. B epBrIX nepexos K AyHUTaM IIOCTENEHEH, YTO MTO3BONSET 00be-
JHMHHUTD 9TH MOPOJBI B €HHYIO CEPHUIO; AMUICHETUIHBIC XPOMHUTHTHI 00pasyroT LUTHPLL U
XUIIBI C pE3KUMU KOHTaKTaMH, TOAYEPKHYTBIMH Y3KOH NPOMEXKYTOYHOH 30HOH OCBET/ICHHU.
N3eectHble B HWKHETarmmsCKOM MacCHBE KOPEHHBIE ITPOSBIICHUS [UIATHHOHIHON MUHEpa-
JIM3aIHH, DIABHBIM 00pa3oM, IPHYPOYCHHI K SNUT€HETHYHBIM XPOMUTHTAM.

Hamu usydenst 13 o6pasuos, B ToM yucie 11 u3 QyHUT-XpOMUTHTOBOM cepuH (7 u3
KpaeBoi U 4 U3 UeHTpaIbHOH yacTel) 1 ABa o0pasia 3NMUIreHEeTHUHOro XpoMUTHTa. CeMb
00pa3uoB oToOpaHbl U3 KepHa CKBaXXKKUH 7528 1 7529,

IToMHMO OTIHCAaHHBIX BBIIIE MACCHBOB 1 LTaTHHOHOCHOTO Mosica ObLIN U3YUEHLI IIECTh
06pasuoB nynurtoB Iiadxoii Conku , KymOrHckuit maccus (komnekuys A.A. Edpumosa).
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Puc. 1.1.17. Mecrononoxenue
H3YYEHHBIX 00Pa3HOB B YKTYCCKOM
MACCHBE.

CxemMa pa3MelleHHS TOPOJ 1o
E.B. IlymkapeBy (Ilymkapes, 1999).
Yenosrble 0003HAYEHUS TE JKE, 9TO Ha
puc.1.1.2.u 1.1.15,

Yxmycckuii maccue (puc.
1.1.17). MaccuB He BXOIUT B COCTaB
[TnatuHoroCHOTO TOsica. OH pac-
HOJOKEH Y I0KHBIX OKpauH I. Eka-
TepuHOypra B 50 KM K BOCTOKY OT
Pesaunckoro maccua, caMoro
I0KHOTO M3 00pa3oBaHuil nosca.
Maccus mIomaneio 0koJo 50 ks.
KM TIpefcTaBisieT coboil KOHIIeH-
TPHUYECKH-30HANIBHOE TEJIO IpyIIe-
BHUIAHOH (3ay’XEHHOH K ceBepy)
tdopMeL. B ero ctpoeHun npuHuMa-
0T y4acTHE JyHHTHI, KTHHOIHPOK-
CEHHTHI M rab0pOHIBI, HAXOAAIH-
€Csl IPUMEPHO B PaBHBIX COOTHOLICHUAX. MOXHO BBIACIHTb TPH JyHHUTOBBIX Tena: Ce-
BepHoe, LlenTpansHoe u I0xHoe. [eonornyeckoe NMoNoXKeHNe U METPOJIOTHS MAaCCHBA
noapooHo onucansl E.B. [Tymkapessim (I1yukapes, 2000).

Hyuutsl cnoxens! Ha 98-99% onuBrHOM # 1-2% HauoMop¢hHOR XpOMIUTIHHEIBIO.
KnuHOMUpOKCEeH OTMEYAEeTCS TONBKO B IPHKOHTAKTOBBIX (Gal(UsAX JYHUTOB C KIIMHOIH-
pokcenutamu. CTpyKTYypa NOpoJi CUIIEHO BapbUPYET OT KPYITHO3EPHHUCTRIX NOpHpOKIIa-
CTHYECKHX U [IErMaTOHIHBIX JO MEIIKO3EPHHCTHIX SKBUIPaH YIS PHBIX.

Bce usyueHHbple XpOMUTHTBI B YKTYCCKOM MacCHBE OTHOCSTCSI K CHHT€HETHYEC-
KOMY THILY, HaCTh 3 HUX ObliIa MeTaMOpdH30BaHa MO BO3ACHCTBHEM MOJIOABIX TPAHH-
TOMJHBEIX UHTPY3Uil. B naHHOH paboTe NpenMyLIeCTBEHHO UCIOJIL30BAH MaTepHal 10
caMoMy KpynHomy KOxHOMY nyHuTOBOMY Teny. Beero 6bu1o usydeHo 10 o0pa3ios.

Konoepckuii maccue (puc. 1.1.18). Maccus, pacrnonoxeHHbI B BOCTOYHOMH
YacTH ANJAHCKOTO LIUTA, B MJIaHE NPEICTABIsIET COOOH MOUTH KPYIJIOE TEI0 AYHH-
TOB pa3MepoM 5,2x6,1 KM, OKpY>KEHHOE HENPEPBIBHBIM KOJIHLOM KIHHOIHPOKCEHHU-
TOB WHpUHOU no0 150 M, U 3ameraer B 0CaOYHOM HeXJie LUTA, UMCIOLEM CHHHHC-
knit Bo3pact (PoxkoB u ap., 1962). Ha ocHose jeranbHeix pabotr Ha IInaTHHOHOC-
HOM mosice Ypana u 1o nurepatypHeiM AanHbeIM A.A. E¢umoseim (Edumos, 1966)
OBLIO BBHICKA3aHO NPEATON0KCHHE O TEHETHIECKOM €AHHCTBE JYHHUTOB JIByX Ie0JIo-
THYECKH HECXOMHHBIX MPOBUHIHH, MO3/[HEE TOATBEPKACHHOE NETaNbHBIMH I'€0JIOTO-
reopusnueckumu paboramu (Edpumos, Tarpun, 1978). K nacrosmemy Bpemenu Kon-
JEPCKHI MaCCHB XOPOLIO U3yUeH; JeTaJbHOE ONUcaHue GpaluanbHbIX PA3HOBUAHOC-

Y409 2 xm
—
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Puc. 1.1.18. Mecrononoxenne
H3y4yeHHbIx 06pa3uos B Konaepckom
MaccuBe (AJUIAHCKHI IIUT).

Cxema nocTpoeHa 1o Marepua-
nam A.A. Edumosa. 1 — fyHuTHI, 2 —
KJIMHOMHPOKCEHUTHI, 3 — THTaHOMAT-~
HETUT-(IIOTONMUT-KITHHOTIHPOKCEHOBHIE
METACOMATHTEI.

Kn-8413
Kn-8197
OoKn-8192 Kn-8351@

GB* Kn-8296@

Tell IYHHTOB M WX paclpenesne-
HUE B MacCHBE MIPUBECHEI B MO-
norpadusx (Poxkos u ap., 1962;
l'eonorus, nerposiorud..., 1994;
IleTponorus..., 1994),

W3yueHHble JyHUTHI IIpEa-
CTaBJICHBI CJIA00 CEPIICHTHHH3NPOBAHHBIMH PAa3HOCTAMH; MaccoBas A0 CEPIEHTHHA,
paccuuTaHHas MO BEMMYUHE MOTEPh NIPU MPOKATMBaHUH, BapbupyeT oT 10 no 20%. B
00p. 8296, coxgeprkaiieM 3HAYUTEIBHOE KOJIMYECTBO UIAAUHTCHUTA, IL.IL.II. BO3PACTAET 110~
41U 10 5 Mac.%. O6pa3isl C0XKEeHbI KPYTHO3EPHUCTHIM (4-6 MM) OJTMBHHOM; HCKJIIOYE-
HHUE COCTaBIAET TOT xke 00p. 8296 ¢ pasmepom 3epeH 2-3 Mm. XpOMIINKHEIb pacnona-
raercs Kak BHYTPH 3epeH OJIMBHHA, TaK U B MEX3EPHOBOM [TPOCTPAHCTBE MOCIEIHETO; B
TIEPBOM CITy4yae pa3Mep €ro KpHCTAZIOB He NMPEBHIIIACT MEPBBIX A0JNei MM, BO BTOPOM
pocturaet | MM. B 3HauHTENsHON YacTH KpYITHBIX 3€PEH OJIMBHHA MOCTOSHHO (33 HC-
KIIFO4eHHEeM 00p. 8296) HaOmonaloTcsi 3aKOHOMEPHO OPUEHTHPOBAHHBIC TOHKHE BKITIO-
9eHHs XPOMIIMTHHENH, HHTEPIIPETUPOBAaHHbBIE KaK MPOTYKTH pacnaja oauBHHa (Spom,
1980). ComoctaBiieHHe MPUBEICHHOTO B UUTHPOBaHHOM paboTe cocraBa 3TOro MUHepana
C M3YYCHHBIMH HaMH 3€PHaMH aKLECCOPHOH XPOMILTIMHEIH [I0Ka3a10 UX HACHTHYHOCTD.
ITo-BUANMOMY, IPHCYTCTBHE 3KCCOMIOLIMOHHBIX BBIJIETICHUH XPOMILIIMHEIN B OJIMBHHOBOM
MaTpUIE ABHIMCH NPUYHHOH TOCTOSHHO HaOII0AaeMON pasHULBI MEXIYy BEIHYHHAMH
KEJIE3UCTOCTEH AyHHTA U ONIMBUHA, AocTHraoueH 3% 1 He KOMIIEHCHPYEeMO# HU KOJH-
YecTBOM aKLecCOpHOH XpoMimnuHesy (okono 1 mac.%), HU colep:kaHHEM MarHeTHuTa B
NOpoJIE.

B 3aknioyeHuu cienyeT cKa3aTh, 4TO cOOpaHHBI KaMeHHBIH MaTepuan B Moi-
HOH Mepe XapaKTepu3yeT AyHHUThI KaK H30JHPOBaHHbBIX (aBTOHOMHBIX, 110 A A. Edu-
MOBY) AYHHUT-KJIHMHOMKUPOKCEHHUTOBBIX [€OJIOTHICCKHX TeM, TAK 1 HHTETPUPOBAHHBIX B
CTPYKTYpPY rab0ponaoB.

1. 2. IIpo6onoaroToBKa U MeTO/1bl HCCICA0OBAHHUS

Iloozomosxa xpomwmwnunenell X UCCIe0BAHHIO BKIIIOYANa H3yYeHHE 0TOOpaH-
HBIX B 110J1e 00pa31oB B OTPaXEHHOM CBETE JIIS BEIACHEHHUS OTITHUECKOH OHOPOAHOCTH
XPOMUIIIMHENH, APOOICHUE U BBIAENCHHE B TSOKeJIoH skuaxoctu Kiiepuun u nocnenyio-
LIYI0 JOOYUCTKY MOJ OHHAKYISPHBIM MUKPOCKOTIOM. 30HparensHo A1 KOHTPOJIS YHC-
TOTBHI MaTepHala HCNoNb30BANCS PeHTreHorpaduyeckuii aHanus.
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Penmzenocnexkmpanssiii muxkpoanaiu3. CocTassl COCYLUECTBYHOLUIMX XPOMLI-
MHHeNeH U YaCTy ONIMBUHOB ObUTH M3yuyeHB! Ha MUKpoaHanuzaTope JXA-5 (MHcTutyT
reosoruu U reoxumun YpO PAH, ananutuk B.I". I'Meipa). B kauecTse 3Ta10HOB HCMOML-
30BaHbl XHMUYECKH TIPOAHATIM3HPOBAHHbIE IIPUPOAHBIE XPOMILITUHENH H OJIMBUHBL. Mex-
J1aGopaTopHbIii KOHTPOJIb TOYHOCTH PEHTTEHOCTIEKTPATbHOTO MMKpOaHain3a obpas3Los
MMHEPAJIOB, BBINOJHEHHOTO B ToM ducne B MHcTUTyTe reosorn u reoxumun YpO PAH,
rokasas xopotutiee kauecTro (JlaBpeHTneB u ap., [981). 3To noarBepanno npoeaeHHOE
HaMH COMOCTaBNIEHHe pe3ynsTaTtoB onpeaencHuil coneprkanuii ALO, u Cr,0,, Bbinon-
HEHHBIX PEHTICHOCTIEKTPANIBHBIM U XUMHYECKUM METOJOM (CM. pazgen 2.3).

TeoOonumno-ummepcuonnstii Menod ONpeneIeHus )KeNe3MCTOCTH OJIMBHHA. B
fonpIIMHCTBE 06pa3LOB 1015 Pas/IMTOBON MOAEKYITbl B OJIMBUHE OLIEHEHA 10 BENHYHHE
noxasaresns npesntomieHus (Bowen, Schairer, 1932), onpeneneHHoi Teoq0MTHO-UMMED-
CHOHHBIM MeToaoM Ha npubope TIIM-1 konerpykuun B.IN. ®erxnyesa. U3-3a HU3KOTO
KauecTBa 3aBOACKMX CHAECPMTOBBIX KPUCTAIUI-3TAJIOHOB Mbl U3rOTOBUIIM CBOM U3 Npo-
3payHoro, 6e3 MOCTOPOHHMX BIUTIOYEHHH Oakanbekoro Opeiteputa (kosutekuus A.C. Ta-
naxuesa). [lna npuaanus okpynioi gopmbl pedpa kpuctani-3TanoHa Oblin CTOUEHbI Ha
abpasuHoM Mmarepuane. Kprcraii-3tanoH oTkanuGpoBaH ABYMsI HE3aBUCHMbIMU CITO-
cobaMH - 10 UMMEPCHOHHbIM JXMIKOCTIM C M3BECTHBIMM NTOKA3ATEIIMM [IPEJIOMIIEHHS Y
0 ONTHYECKHM CTEKJIaM C FOCTMPOBAHHLIMHM 3HAYCHUSMH N, U3IMEPEHHLIMHU C MO-
rpeutHocTbio 0,0001-0,0003. bnarogaps ucnonb308aHUI0 HOBOIO 3TAN0HA HAM YAAJIOCh
CHU3HTH NOrpetiHOCTbL ONpeaeNeHus nokasarens npesomienus no 0,0003-0,0004, uro
coorsercTByeT 0,2 % Fa. B xak10M 13 u3yueHHbIX 06pa3LoB NOKa3arens NpeoMaeHHs
onpeneneH B 5-10 3epHax # BbIYUCIICHA CPEAHAN BEJIMIHHA KENEIUCTOCTH ONUBHHA. B
TIOPOAaX, CepNEeHTHHU3UPOBaHHBIX Ha 90 v Gonee %, 1151 3TOTO NPULLITOCH YAAIMTS NPO-
AYKTbl CEPIIEHTHHH3AUMH B TAXKEBIX )KUAKOCTAX.

PenmeenocmpykmypHsie ucciedo6anus MAHEPanoB NPOBOAMIOCH HA Audpak-
TtomeTpe [IPOH-3 B GUIBTPOBAHHOM MEIHOM M3TyUEHHH (CKOPOCTh CbeMKH B 0ONIacTH
yrioB orpaxeHus 2y ot 3 1o 78° He nipesbriana 1°/muu) (aHanutuku [lansryesa I'B.,
T'ynsepa T.B.).

Meccoayposckoe uccredosanue xpomuinuHeneil BbIIIOHEHO HA BPEMEHHOM
cnexrpomerpe CM2201 ¢ ucrounukoM usnyuenms °'Co B matpuue Cr (ecrecTBeHHas
iuprHa TUHAK 0,194 MM/C) B peskUMe MOCTOSIHHBIX YCKOPEHHH ¢ ruyioobpasHoit popmoit
YNpaBsIOLIEro CHrHasia B reoOMeTPUH NPOIYCKaHKs NpU KOMHATHOH Temneparype. Bui-
BOA MH(OPMALH OCYLIECTBIIAIICS Ha MHOTOKaHaIbHbIA aHanu3aTop. M3mepenns nposo-
AWIHCH TIPM KOMHATHO#M Temnieparype. OGpasen npeacTtassit coboit nopoukoodpasHyro
HaBecky BecoM B cpeaHem 150-200 Mr, HaHECEHHYHO Ha TOHKYHO aIIOMHHHEBYIO QONbrY
NpH NOMOIIM KJIeeBOi OCHOBBI. DddekTHBHas TonuMHa 06pa3Los cocTasnsna 10 mr/
cM? xeJie3a B €CTECTBEHHOMN CMECH H30TOINOB, YTO COOTBETCTBYET NMPUOIMIKEHHIO TOH-
koro nornotutens. CnexkTpsl CHUMAIUCE 10 JOCTHKEHUs cueta 10° HMITyIbCOB Ha Ka-
Han. CnexrpoMeTp GbUT OTKaNUOpOBaH NO CTaHAAPTHOMY 00pa3ly HUTPONpPYCCHAA Ha-
Tpus (MU0 B OTAEbHBIX IKCIEPUMEHTAX MO0 CTaHAapTHOMY obpasuy a-Fe) mpu
YAOBAETBOPUTENILHOH NHHEHHOCTH wKasbl ckopocTei. Llewa nenenus nocnenne co-
cTaB/isia B pa3Hbix skcnepumentax ot 0,014 g0 0,035 mm/c Ha kaHa.

Bonpocb! 06paboTky 1 naTepnperaunu meccOay3pOBCKHMX CEKTPOB XPOMIUTIHHE-
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JeH OCTalOTCA aKTYalbHbIMM H B HACTOSALLEE BPeMsA, OCODEHHO B CBS3H C pa3BHTHEM
HOBBIX MOIXONOB B 3TOM 06AacTH, OCHOBAHHBIX HA aHaJH3e (PyHKLHMH pacripesieneHus
CBEPXTOHKHMX N12aPaMETPOB, a TAKOKe pa3BUTHS pa3HOOOPa3HBIX MATEMAaTUYECKHX NPH-
€MOB YIYYINEHHS Pa3pelicHHs CNEeKTPOB, B TOM YUCIe W MeccOayIpOBCKUX, U TeM
caMbiM §oJlee HafAe)KHOTO METONA ONPEAC/ICHHS KOMIIOHEHT, COOTBETCTBYIOIHX
HOHAM >KeJie3a B Pa3InYHbIX CTPYKTYPHBIX NO3ULMAX MHHepasa.

O6paboTKa JKCIIEpHMEHTaNbHBIX MecCOayIPOBCKHX CrIEKTPOB XpOMIINUHEeH
BBIMIOJTHEHA B paMKax Tpex NMoaXonoB. B paMkax mepBoro TpaguiiMOHHOTO NoAXona
MIPOBOAMIOCH JUCKPETHOE PA3NOKEHNE CIIEKTPa Ha TyOJ1eThI C HCIIOJIb30BAHHEM NIPO-
rpammel UNIVEM 4.1 (HHH PocToBCKOTO YHHUBEPCHTETA); NPU 3TOM, KaK U3BECT-
HO, BBIOOp uncna myOneToB He ONHO3HAYEH, HUYEM He JTUMHTHPYETCS H onpeness-
eTcs 10cTaTouHo cyOrekTuRHO. B ocHoBY nporpammel UNTVEM 4.1 nosnoxeH cras-
JAapTHBI METOJ HAaHMEHBHLIHX KBaApaToOB C H3BECTHbIM KpHuTepHeM 2. Ilpu sToM
10/1aranock, YTo IKCHIEPUMEHTANIBHBIH CIIEKTP MOXeT ObITh IPEACTaBIIeH CYNepHo3H-
LHeH napuuanbHeIX CIeKTPoB (NPHOIHKEHHE TOHKOTrO OrI0THTENS ), a hopMa KOM-
TIOHEHT NOCJIETHUX ONTHCHIBAETCS JOPEHLIEBON KPUBOH.

Bropoii pacueTHsI#t mogxon A% 06paboOTKH IKCMEPUMEHTANBHbIX CIIEKTPOB
HOCHT JBYXSTaIHbIH Xapakrep. [TepBsliif 3Tanm COCTOAN B MaTEMATHUYECKOM yayullie-
HHM pa3pelieHus CHeKTPOB U Obll OCHOBAH Ha BBIAENCHWH Tak HazbiBaeMbix «N-
CNIEKTPOBY, IpelIokeHHbIX B paborax (Hoeuxos, 1987; Novikov, Koshchug, Rager,
1997). Ans MareMaTd4ecKOro ylydlleHHA pa3peiieHUs CMEKTPOB HCIOJb3YeTCH
fonbmoe yncio Meronos (cM. Hanpumep, [TeiThes, [989; Canaxos, Xapunues, 2001;
CeeacTbsiHOB M 1p., 2003), cpean kotopsix Hanboapliee pacnpoCTpaHEeHHe MONYy-
YHJIH METOJ NPOM3BOIHBIX, METOA (Yyphe-CaMOJEeKOHBOMOLUNH, PEryispH30BaHHbIE
MeTonbl GUIBTpAUNH, METOABI OLEHKH MaKCMMyMa 3HTPONHHA H T. A. Ilporpamma,
paspaboranHas I'B. HoBukoBbIM H peanusyiomas OAMH U3 M3BECTHBIX MaTeMaTH-
YeCKMUX METOIOB, TIO3BOJIAET 3HAYUTEIbHO YMERbLINTD LIHPHHY OTIEIbHbIX KOMIIO-
HeHT cnexrpa 6e3 W3MEHEHHs ee OCTalbHBIX NapaMeTpoB (KBaJpYHOJBLHOIO pac-
I{ETUIeHUS], CABUTA, OTHOCUTEJIbHOM MIIOIMa K ); TeM CaMBIM MporpamMma no3poJsiia
BBIJIEJIUTH CUTHAaIbl, COOTBETCTBYIOIUNE OTAENbHBIM HEIKBUBANEHTHBIM AREPHBIM
COCTOSHHSIM JKene3a B CTPYKType UITHHeNd, DTOT MaTeMaTHUYeCKHH 1oaxon Obul
HCTONb30BaH HaMH AJig 000CHOBaHUA uucna AyOJeTHBIX KOMIIOHEHT B TeX LIMHHe-
flell, B HCXOXHOM CITEKTPEe KOTOPBIX OTAEIbHbIE KOMITOHEHTBI IIJJOXO WIH COBCEM HE
pa3pelleHbl, ¥ CIeA0BaTeNbHO BHIOOP uKca Ny0neToB He OAHO3HAYEeH H HHYEM He
JUMUTHPYETCS, HO CTATHCTHKA HAaKOTIEHHUS CIIeKTpa N0CTaTouHOBbIcOKas. Ha BTO-
POM 3Tare UCIIOIB30BaNCH CTAHAAPTHBIHA MMOAXON NS BHIAEACHHS TOPEHUEBBIX KOM-
noHeHT B N-criekTpe ¢ nenonszoBanueM nporpammel UNIVEM 4.1,

Tperuii noaxon, 4acTo NpUMEHNOUIMICS B NOCIeIHEe BpeMs, OCHOBAH Ha aHa-
nu3e GpyHKUHMH pacnipesenieHls B IBYMEPHOM IPOCTPAHCTBE CBEPXTOHKUX NapaMeT-
poB MeccHayIpOBCKHX CNEKTPOB. DTOT MeTOA Mo3BoiuseT 6e3 NpUBJIeUEHHs
JONOTHUTENBHON NHDOPMALIMH IPOU3BECTH TIOUCK HaHOOJIeC BEPOATHBIX KOMIIOHEHT
CIIEKTPa, OUEHHTh OCHOBHBIE CBEPXTOHKHE TIapaMeTpbl KOMIIOHEHT, a TaKXKe HX
HHTEHCHBHOCTh. Jlis peanu3auun AaHHOTO noaxona H o6paboTkm sxcne-
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pHUMeHTaNbHBIX AaHHBIX HaMHK Obina ucnons3osaHa nporpamma DISTRI (Pycakos,
1999), ocHOBaHHast HA METO/le pelIeHHs] HEKOPPEKTHbIX 3aAay (T UXOHOB, ApCeHUH,
1979) ¥ mo3sonsiomias OJHOBPEMEHHO BOCCTAHABIUBATE PYHKUHK pacnpeaeaeHus
KBaApYNOJLHOTO pacluienenus U caBura cnekrpa. Hamu rakxe O6blna ucnonib3osa-
Ha nporpamMma 1no ofpeae/ieHHIo pacripeaencHua Hanboiee BEPOATHBIX KOMITOHEHT
CIEKTPa, Pas/iMyaloliUXCa 10 H30MEPHOMY CABMTY M KBaApYTOJbHOMY pacliernie-
HH10, pazpaboranHas O.A . BbatokosiM (MucTutyT dusuku uMm. Kupernckoro, Kpacho-
apck). Mcnone3yst ToT ¢akT, 4To BeJMYHUHBI CABMIOB CNEKTPOB Pa3HOBANEHTHBIX
MOHOB XKelle3a pasHeceHsl no urkaie cxopocred or 0,3 mm/c (ans Fe’*) go 1 mm/c
(ans Fe?*), ucxoausiif 11 noAroHKH MeccOay3pOBCKUil CIIEKTP NpeacTaBaseTcs B
nporpamme O.A.batoxoa HabopoMm ny6neToB ¢ JaHHBIMH BETHUYHHAMH U3OMEPHbBIX
COBUIOB M €CTECTBEHHOH IIMPHHON NHMHUKU. B KauecTBe NMOArOHOUYHBIX NAPaMETPOR
IJ1s onpeneneHnus GYHKLUWH BEpPOSTHOCTHOrO pacrpeiesieHUs KBaApPyNojdbHOro
pacwenneHus P(QS) BeicTynaoT GoH, BETHUHHBI U3OMEPHBIX CABUTOB, IPUHATHIE
PaBHBIMH 15 KX A0H rpynmsl moHoB xkene3a (Fe?' u Fe'') u amnuintyap! napuuans-
Heix nybnetos. Ilporpamma O.A.BalokoBa Mcnonb3yeT MeTOA «HaucKopeHuero
CnycKa» Ay MoWcKa «ra06anbHOro» MUHHMYMa Pa3’HOCTH 3KCIIEPUMEHTAIbHOH M
TECOPETHUECKON KPUBOMN; pacueThbl CXOAATCA AOCTATOYHO ObICTPO W AAI0T OAHO3HAYHO
BOCHPOU3BOAMMEIE PE3Y/TLTAThI, HE3AaBUCUMO OT HaualbHbIX ycioeuil. Ilporpamma
cB00OHA OT KaKUX-AHOO OrpaHUUYeHHii U MOCJIbHBIX NpeAcTaBneHuil. B nansHeii-
1eM, N0 NOJOKEHNIO MAKCUMYMOB M 0coOeHHOCTSIM (yHKUMY pacnipenenenns P(QS)
HaMH OTIpeAeNioCh YHCIO ¥ OPUEHTHPOBOUHBIE BETUUYHHBI MapaMeTPOB CBEPXTOH-
KOM CTPYKTYpbl HEOKBHUBAJEHTHBIX SIAEPHBIX COCTOSHUM Kene3a. 3Ta HHopMaLUs
MCTI01b30BANACh B KaYeCTBE CTAPTOBOH IS BTOPOro 3Tana NOATOHKU IKCIEPHMEH-
TajpHOro cnexrpa ¢ nomomsio nporpammel UNIVEM 4.1, Ha sTom arane npoucxo-
JIUT YTOUHEHHE IapaMeTPOB HEDKBHBAJICHTHBIX NO3HLMH 3XKe€ne3a, BbIYHUCIAKOTCS MJ10-
L1a{ U LIMPUHbBI HHAWBUAYaJbHLIX KOMIIOHEHT.

JkcnepvMeHTalbHble paboThl M0 MONY4YeHUIO MeccOaydpOBCKUX CIIEKTPOB
Obuty BeinosineHbl A.b.MuponoseiM (MUmun YpO PAH), A.Il.l1labamoseiMm (MOM
VpO PAH), B.A.Cemenkunbim (YITY-VIIH) u P.Blaum (I'epmanns). Heouenu-
MYO HOMOLIbL NPU BBINOJHEHUH SKCIIepUMEHTaIbHOrO pasaena paboter okasanu O.J1
l'anaxosa, B.I1.Cyetun, O.A.baoxos, [.B.Hoeukos. Bcem nepeunciieHHbM HecTie-
JOBATENSAM aBTOPbI BBIPAXKAIOT CBOKO UCKPEHHIOW MPU3HATEIbHOCTS.
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Iaasa 2. MECCBAYIPOBCKOE MCCIEJOBAHUE
XPOMINMUHEJIENA U TPOBJIEMbI KOPPEKTHOCTH
METOJ0B OKCUTEPMOBAPOMETPHH
YIBTPAMA®UTOB

2.1. Ocob6eHHOCTH CTPYKTYPBI H KPHCTANIOXAMHH OPHPOIHBIX H
CHHTETHYECKHX MINuHe el (iaTepaTypHblii 0630p)

Cmpyxkmypa winunenu AB,0, OTHOCHTCS K KyOHYECKOH CHHIOHMH, NPOCTPaH-
creeHnas rpynna Fd3m (umu (). Honsl kucnoposa o6pasyror ynakoBKy, O1H3Kyio K
nnorHeHmeit xybuueckoi (KITY). Kybuueckas sneMeHTapHas sueika copepxur 64 ter-
pa- (T) u 32 okxrasgpuueckue (M) mycToThl. M3 HX YKClIa KATHOHBI 3aHUMAIOT BOCEMb
T-y310B ¥ 1ecTHAAUATE M-y3110B TakUM 00pa3oM, YTO Psibl 3all0JIHGHHBIX MMH OKTa-
9APOB, COENUHEHHBIX peOpaMy, BHITSHYTHI BIONE ONHOH U3 AHaronanei kyba u cBI3aHbI
IOpyT ¢ npyrom TerpasnpaMi. Kaxslif teTpasnp okpyxeH 12 OKTasqpamMu, KaKabli
oxTasap — 6 TerpasnpaMu K 6 okradipamu. Ha kyOHueckyio 3neMeHTapHYIO Sueiky
npuxoaurcs 8 GopmyabHbix exuHuL (puc. 2. 1.1); 32 aHHOHa KHCI0OpOAa 3aHUMAIOT 00-
[IMe MTO3ULIAKU C KOOPAMHATAaMH (¥4, 4); TOUECHHAS CHMMETPHUA KHUCIOPOAHBIX TO3HIINH
3 m. [apaMeTp % Ha3BIBAIOT KHCJIOPOIHEIM NAPAMETPOM; €T0 3HAYEHHE JIEKHT B [PeNte-
nax ot ~0.24 no ~0.27. Ecnn 1=0.250, To KITY aHMOROB KHCI0pOAa ABIAETCA HIACA b~
Hoit. Hactaste T-nozutiuy uMetot koopauHatset (0, 0, 0), ux ToueuHas CHMMETpPUS 43 m s
KparHOCTh mo3uuikK 8. HactHble M-nosuLiny uMerot koopaunars! (1/2, 1/2, 1/2), ux 1o-
yeqHas CUMMeTpUs m3m, KpaTHOCTh no3uuuy 16. B cydae uneansHoit KITY okxrasnpu-
geckue pacctoaHus M-O (mnubbl cBs3eit) npessinaror Terpadapudeckue T-O B 1.155
paza. Kaxcapiif aH1OH KHACI0pOIa MMeeT TPH OKTasAPUIECKHX H OAMH TeTPadIpHIecKui
cocenuit karuoH (puc. 2.1.1); yBenuueHHe napaMeTpa U COOTBETCTBYET CMELIEHHUIO
aHUOHOB B HaTNpaBJeHUHU AuaroHany kyba [111] u yBenwdeHuio TeTpaspHyeCcKuX O3H-
LMH 33 CHET OKTA3IPHUECKUX; CHMMETPHS TIOCIIEHUX NIPH 3TOM CHIpKaeTcs Ao 3. 3Ha-
YeHHe napaMeTpa U 3aBUCHT OT COPTa, BEIMYHWHBI 1 THTIAa XUMHYECKOH CBA3M KATHOHOB B
T-u M-nozuuusx (Kpynudka, 1976; Hill et al., 1979; O’Neill et al., 1983).

CrpykTypa LWINMUHEIH MOMHOCTHIO OMMCHIBAETCA IBYMS NMapaMeTpaMH: MOCTOSH-
HOM pellleTKM a 1 KACIIOPOLHBIM N1apaMeTPoOM #; BMECTO 3HAYEHUH @ K ¥ MOXKHO UCTIONb-
30BaTh 3HAUYEHUA MEXKATOMHbIX paccroshuit T-O, uma R 1 M-O, uu R _. Cessp

Terp’

napameTpos (a, u) u (,Rmp, R ) onpesensercs cOOTHOWEHHAMU:

a= 8,_(5Rm+\/33Rm2—SRMQJ, (1)
11y3
~2+.B3 Jr-
u=0.751e 24,83 0.5’ -
6(R-1)

me R=R_*/ R _ 2

TeTp
OO6patHble COOTHOIIEHHS UMEIOT B!
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Mexcnosuyuonnoe pacnpedenenus kamuornos. CTpyKTypPHBIE ITApAMETPBl a M

# CYUIECTBEHHO 3aBUCST OT pacrpeAeaeHust KaTHOHOB 10 T- 1 M-No3uLHAM CTPYKTYpBbl
wnuHend. Pacnpenenenue naspisaerca nopMmanbueiM V(A)Y(B)O,, ecnu Bee nByxsa-
JIEHTHBIC KATHOHBI A 3aHUMAIOT T-TO3HMLIKH, 8 TPEXBAIEHTHBIE KATHOHB! B B-M-103umnuu.
K cTpyKTypHOMY THIY HOpMaJIbHOH LUIMHHENH OTHOCST, B YaCTHOCTH, O11aropoiHyIo MITH-
nens MgALO,, repunnut FeAl,O,, marnesnoxpomut MgCr, O, u deppoxpomut FeCr,O,.
Pacnpesienenne KaTHOHOB sABiseTcs obpamenusiM Y(B)Y(AB)O,, ecnu Bee T-noznnun
3aHATH KaTHOHAMK B, a M-TI03uIIMY 3aHATHI KAaTHOHAMH A | B B paBHbIX konuyecTBax. K
CTPYKTYPHOMY THITy OOpPAaIll¢HHOH WINMHMHEIM OTHOCST, B YaCTHOCTH, MarHe3uoheppur
MgFe,O, u marnerut Fe,0,. Jlns GOnpLIMHCTBA NIPUPOAHDBIX LINMHEICH peann3yeTcs
npoMexyTounsld ciydait V(A B,)V(AB, ;)O, (A=Mg, Fe u 1p. 1ByXBaneHTHBIE KaTH-
onsl, B=Cr, Al, Fe # ip. TpexBaJeHTHBIE KATHOHBI), TJie O — apaMeTp CTereHH obpaiue-
HHS, YUCJICHHO PaBHBIHM J0JI€ KATHOHOB A B OKTa3IpUYECKUX M-TIO3HLHUAX CTPYKTYPBHI.
Bennuunna 8 3aBHCHT KaK OT COCTaBa MUHEpasa, Tak ¥ OT TePMOANHAMHYECKHX yCI0BHH
ero KpucTamiuzauud. OCHOBHBIMH KPHUCTAJUNIOXMMHUYECKUMHU (aKTOpaMu, ONPERENsIo-
IUMH BEJIMYHHY MapameTpa O, SBISIOTCS pa3MEphl KATHOHOB, UX JIEKTPOHHOE CTpOe-
HHe (B IIEPBYIO OYepeb,
ctpoenne d-00070UYKH U
pacuienjieHue 3JEKT-
POHHBIX YPOBHEH nepe-
XOJTHBIX METAJUIOB KpPH-
CTAJNIHYECKUM [10JIEM)
U 3aKOHOMEPHOCTH XH-
MHYECKOTO CBA3BIBAHHS
Kucsopon (rnaBHBIM 0Opazom,
® B-KkaTHOHBI B OKTA3Apax CTENICHb KOBAJCHTHOC-
TH) € KHCIOPOAOM

@ A-xamvonsis TEeTpadpax (BeCT, 1988)‘ Tak, oc-

b HOBHOH IPUYMHOH 00-

pallleHUs CTPYKTYPHI

Puec. 2.1.1. CTpykTypa Innune . ¢eppuros AFe,0, (A-

a — KyOuueckas afieMeHTapHas sueika, cocTosas us Je- JIBYXBaJICHTHBINA KaTH-

TBIPEX MPUMHUTHBHBIX 3JIEMEHTapHBIX fuceK, 6 — GparMeHT cTpyk- OH) SABIAETCH TOT
TYPbl, WIUTIOCTPUPYIOUIH KOOPAMHALHIO aTOMOB KHCIOpPO/Ia Tpe- daxkr, uto HoH Fe* ¢

A KaTUOH-KH M .
M 1£(0) CJIOPOAHBIMH OKTadApaMH H OJHHUM TETPA3APOM MSITHIO d-3JICKTpOHaMPI,

45



Puc. 2.1.2. OcoGenHocTH
XHMHUYECKOr0 COCTaBa XpoMuil-
nuHedneii N3 MyCHHHBIX KCEHO-
JIMTOB, U3 OPOTeHHLIX JIEPHOJIH-
TOB MaccHBOB benu Byuiepa,
Ponpa, ®panuy3cknx ITupeseen,
H3 abHCCaNbLHBIX MEPAIOTHTOB
COX, 13 n1epHAOTATOB PAcC/IOeH-
Hoii HHTpY3un Mackokc, Kaua-
na (Osborne et al., 1981; Wood,
Virgo, 1989; Bryndzia, Wood,
1990; Woodland et al., 1992;
Nazir, 1996; Mauwk u ap.,
1989).

3Ha4yeHHe CTeMeHN OKUC-
JICHUS 3KeJle3a MPUBEeHO [0 JaH-
HbIM MeccOayIpOBCKOH CIIEKTpo-

N CKOITHH.
. *e
0,64
o
=
: .
© 04 - COITACHO TEOPHH KPUCTANIH-
~ .
2 e, § < . HECKOro NOJIA, HE UMEeT Mpe-
L] » . »
0 R Sl MOYTEHHS K OKTa3APHUYECKHM
,2 4 > D
HO3UUMAM; CIIEOBATEIbHO,
v 2+
0.2 0.4 0.6 0.8 1.0 KpYyIMHBIE KaTHOHbI A** 3aHH-
Al/(Al+Cr+Fe3+) MalOT OKTal3ApHYECKHE, a

nousl Fe*' pacrpenensiorcs

M0 TETPASIPUUECKHM H OKTa3IpUYecKHM y3naM. 3HadeHHe 8=0 cOOTBETCTBYET HOp-
MaJIbHOM LIMUHENH, 3HaueHne =1 — obpanieHHol mnyaeny; o6a Tuna cTabuibHbI IpH
HOpMaNbHbIX YCNoBUsX. IIpH yBenTM4YeHHN TeMrepaTypbl pacTeT CTeNeHb pasyropsio-
YeHHA CTPYKTYpbl, YBEIUYABAECTCS MEKIO3ULIIHOHHBIH 06MeH A M B KaTHOHOB MexIy
TETPa3APOM M JIBYMS OKTa3PAMU, IPHXONALIAMHUCS Ha OJIHY (hOPMYIIbHYIO equnuLyy. [Ton-
HOCTBIO ClTy4aliHoe pacnipenesienre A 4 B kKaTHOHOB MEX Ty TpeMs MO3ULHAMH JOCTUTa-
eTcs IIPH 3Ha49eHUH 6=2/3, KOTOpOe /1A ITNHHeNeH pa3IHYHOro COCTaBa aCHMITTOTHYEC-
KH peajiM3yercs IpH BbICOKHX TeMneparypax (Sack, Cihiorso, 1991; O’Neill et al., 1992;
ONeill, Dollase, 1994; Harrison et al., 1998; Redfern et al., 1999; Andreozzi et al., 2000).
Xumuueckuit cocmas winunenedi. bonpIMIHHCTBO NPAPOAHBIX INNUHEAEH U3
yAbTpaMa(UTOB MOJKHO 11pCACTABUTD B BHE CYTIEPIIO3HLIAH LUECTH OCHOBHBIX MHHa-
nos: MgAL O~ MgCr,0,— MgFe, O~ FeAl,O,~ FeCr,0,~ FeFe,O, (puc.2.1.2).
O630p maHHBIX 10 COCTABY YPaJIbCKUX LIMHHENeH MOXHO HaHTH B paboTtax (Makees,
1992; Yamyxun u ap., 1996). letansHbiit 0630p AaHHBIX [0 CMECHMOCTH U (azo-
BBIM AMarpaMmaM HITHHEIeH MOXHO HaiiTh B pabotax (O’Neill, Navrotsky, 1983;
Kpynuuka, 1976); oTMeTdM auuib, 4T0 npH teMueparypax Huxe 1000°C mexnay
071aropoHOH WIMHENbIO ¥ TCPIMHATOM peaau3yeTcs HelpephiBHbIN P TBEPAbIX
PacTBOPOB, B TO X€ BpeMs Mexay repunHuroM U Mg-Fe deppuramu cyumecTByer
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Gonbuias 304a HecmecuMocTd (Lehmann, Roux 1986).

Kpucmannoxumus wnuneneii. bonbinoe 4uciio myGaukalmii nocBsueHo ueeie-
JIOBAHHIO KPUCTAJIOXHMHH [IPUPOJHBIX M CHHTETHYECKUX LITTHHESIEH, B TOM YHC/IE Orpe-
JIeJICHHIO CTeTIeHH OOpalLieHUs UX CTPYKTYPbl, H3Y4EHHIO pacrpe/ieeHUs KaTHOHOB Mar-
HHS, ATIOMHHHS, Jkeste3a, xpoma 1o M u T-no3uLusM ¢ Hcrnoib30BanueM peHTreHorpagu-
YeCKUX MOHO- ¥ TOJIMKPHUCTAJIBHBIX AaHHbIX, MecCOayIPOBCKOMH U ONTHUECKO#H CrIeKTPO-
CKOIHH, AAEPHOIO MarHHUTHOIO PE30HaHCa, HEHTPOHOrpadHUECKHX AaHHbIX, JAHHBIX 110
MarHuTHO BocripuuMurBocTH pob (cM. Haripumep, Deneetal, 1975; Glavdo de Sikva et
al., 1980; Tananos, 1986; Hawthorne, 1988; Matuok u ap., 1989; Mitra et al., 1991a, 6,
O’Nell et al., 1992; Makees, 1992; Larsson et al., 1994; Waerenbourgh et al., 1994;
O’Neill, Dollase, 1994; Carbonin et al., 1996; YauryxuH ap., 1996; Menegazzo et al.,1997;
Maekawa et al., 1997; Menegazzo, Carbonin, 1998; Lucchesi etal., 1998, 1999; Carbonin
etal., 1999; Harrison, Putnis, 1999; Redforn et al., 1999; Andreozzi et al., 2000; Andreozzi
etal.,2001a, 6).

Penmeenocmpyxmypunsie oannste. B nureparype umeercsa 60abi1oe 4HCIHO
IKCTIEPUMEHTATBHBIX JAHHBIX [10 3HAYEHUSIM TOCTOSHHOMN PELUETKH ¢, YCPEAHEHHOI'O KHC-
JIOPOJHOTO NapaMeTpa u U cTeneHy obpauieHus CTPYKTYph! & INuHeeH. YCTaHOBIIEHO,
4TO XMMHUECKHH COCTaB M MapameTpb! PEIIeTKH LIMHHEIN B3aHMOCBS3aHbI (CM. HaNmpu-
Mep, Makees, 1992, rae npuBeneHo cnemyroulee BblpakeHHe AJS NPUPOAHBIX Npob:
a=8.162 - 0,0098*Mg + 0.0146*Cr + 0.0139*Fe**),

HUntencuBrOCTY AU pakiHOHHBIX peNEKCOB UCHOIL30BAIUCH JUTS OLIEHOK MEXK-
MO3ULIMOHHOrO pacnpeeieHHs KATHOHOB U CTeNeHH 00pallleHHOCTH CTPYKTYPbI LLTTHHE-
neii (cM. Hanpumep, Kapabuos » ap., 1980); meToauky nonHonpouabHOro aHaausa
JGPaKUHOHHBIX pedIeKCOB CYIeCTBEHHO MOBLILIAIOT HAAEHKHOCTL NoJo0HOro poja
oueHok. OueBuIHO, YTO AJS NPHPOAHbIX 06pa3LIOB C0XKHOIO COCTABA AKCHEPHMEHTANIb-
HO METOZaMK PEeHTTeHOrpaduu MoryT ObiTh ONpeneneHbl JTUIIb YCPEAHEHHbIE 110 BCEM
KaTAOHAM 3HAYEHHS (Rmp) n (R) mexaromubix paccrognuit M-O n T-O, a Tarke
ycpeaHeHHble aToMHble HoMepa <N, > u <N > aroMoB, 3aHuMarommx nosuuud M u T.
Npennonaraercs (O’Neill, Navrotsky, 1983; Marshall, Dollase, 1984; Della Giusta et al.,
1996; Lavina, 2002), 4To yka3aHHblE€ YCPeAHEHHbIE BETMUMHDBI SBISIOTCA NTHHEHHBIMU
KOMOHHALMAMH, COOTBCTCTBEHHO, MHAMBHAYaNbHbIX paccTosHuA R v R 1 mwan-
BUAYyaTbHBIX aTOMHBIX HOMEPOB KATHOHOB, BXOJMIIMX B COCTAB LIMTMHENH:

(Rop) =2 "X R ), (5)
(R ) = Z "X (R,,), ©®
<NT>=Z"VX,»(NT), , )
(N.)= 37X (N, (8)

i

rae "X wu "X - 3HauyeHus noned katronos T- u M-nosuumsax. Boccranosnenue
KaTHOHHOTO pacnpeAeeH s OCYLIECTBASIOT ITyTeM noadopa TakMX 3HaueHHd "X u
X, 1pU KOTOPBIX PasHHULA MEXAY D3KCNEPUMEHTANbHBIMH H PACCUUTAHHBIMU MO

’
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Tabnuya 2.1.1
VepennedHbie HHAHUBHAYATbHbIE MEXKATOMHbIE
paccrosans M-O n T-O B apupognbix
mnuaeaax (Lavina, 2002)

Kartuon Paccrognue Paccrossue
T-0, A M-0, A
Al 1.774 1.908
Fe*' 2.000 2.150
Fe’ 1.875 2.025
Mg 1.966 2.082
Mn”* 2.036 2.191
Mn’* - 2.03
Cr - 1.995
Ni 1.94 2.06
Ti - 1.962
Si 1.627 1.775
Zn 1.960 2.13
\Y - 2.022
Co 1.972 2.11
BaxaHcus 2.0 2.11

dopmystam (5-8 ) Benmumnamu (R ), (R ), <N, >, <N;> munumanera (O’Neill,
Navrotsky, 1983; Marshall, Dollase, 1984; Della Giusta et al., 1996; Lavina, 2002);
NPy 3TOM B aJTOPUTM MOATOHKH BBOAATCA HEKOTOpSHIE AOTOMHHATE/bHBIE YCIOBUS,
HanpyMep, YCI0BHE TEKTPOHEHTPaNIbHOCTH PEILETKH, PACCUUTRIBAEMOE B HOHHOM
npubikeHun, TpebosaHue cTexuoMeTpun obpasna, NaHHble XHMHYECKOTO aHaIu3a
cocrapa npob. O4eBHAHO, KOPPEKTHOCTH NMOJOOHBIX PaCYETOB B 3HAYMTENLHOH CTe-
MEHH 3aBUCHT KaK OT BBIITOJIHEHHUS YKa3aHHBIX YCJIOBHI B peasibHbiX 0bpa3uax, Tak 1
OT NPaBHIBHOCTH 3alaHus Habopa MHAMBHUAYaNbHBIX paCcCTOAHUH (Rmp)’. u (R )
M KaTHOH-KHUCJIOPOJ B TBEPAOM PACTBOPE, ONpeNeNeHHe KOTOPBIX caMo ITo cebe mpes-
cTaBiseT cIokHYw 3agauy. B paGore (O’Neill, Navrotsky, 1983) «addexrupnnier
HHAHBHAYATbHBIE PACCTOSHHI (Rmp),. u (R_) Obum mogoGpanpr TakuM oGpa3om,
9TO PacCUYMTAHHbIE Ha WX OCHOBE BEJWUYMHB! MTOCTOSHHOM PEIeTKH g COBNAJH C
SKCHEPHMEHTANBHBIMH 3HAYEHHAMHE @ B ipenenax 0,01 A s 75% uccnenoBannbix
aBTopaMH o6pasuos mmuHeneil. B nocnenueit pabore (Lavina, 2002) nabop uHauBH-
AyaJIbHBIX paCCTOSHHUH MOJIyUeH MyTeM yCOBEPHIEHCTBOBAHHOM NpoLeAyPHl NOArOH-
KH Ha OCHOBE aHan3a 6a3bl 3KCIIEPHMEHTAIbHBIX JaHHBIX U3 295 06pa3nos mnuHe-
JeH pasTHYHOro XMMHYECKOro COCTaRa; 3TOT Habop npuBenex B tabn. 2.1.1. J{ns
AabHEHIIero paccCMOTPEHUS KPUCTATIIOXHMHH LUNHHEeNeH HeOOXOHUMO MOTYEPKHYTS,
YTO TpHBeACHHbIe «3QDEKTUBHBIC» PACCTOSHHS NPEACTABINIOT COOOH HEKOTOpPHIE
aHaJIOTH HOHHBIX PAJHYCOB — YCPEAHECHHbIE N0 TBEpAOMY pacTBopy (a Tarke no obpas-
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1AM pa3sHOro cocTapal) 3HAYCHUSA; B ACHCTBUTEIbHOCTH JOKAIbHbIE CMELEHUsT KUCITO-
POJHBIX ATOMOB ONPEAEIIOTCA BAPHAHTAMH JIOKAJIbHBIX Pa3MELICHU T KATHOHOB B TBEP-
JOM pacTBOpe ¥ 0COBEHHOCTIMH XHMHMYECKOU CBA3H KATHOH-KHUCIOPO, NPH 3TOM MEXa-
TOMHBIC PACCTOSHUSA MOTYT 3aBUCETh M OT COCTaBa BTOPOH KOOPAMHALHOHHON cdepbl
KaTHOHA. DTO MPENTIONO0KEHHE NOTBEPHKIACTCS HAPYILIEHUAMH IPOCTHIX JIMHEHHbIX B3a-
UMocBa3eH (5) B HINMMHENAX CO 3HaYUTEIbHBIM coaepkanueM Fe** u Ni?* B okrasapudec-
kot koopannauyu (Lavina, 2002); B 3ToM ciyuae Habmonaetcs JOMOIHUTENHEHOE YBETH-
YeHHe CPelIHUX TeTPadpHYeCKUX PACCTOSHUH, M COOTHOLUEHHE (5) NepexoauT B:

(Rerp) = 2"x Roy) +4" X0 + 81X 9)

rae k =0.010uk =0.011 — sMnuprueckme ko3QPHUHEHTSI.

YCTaHOBNECHO, YTO MEXMO3HLIMOHHOE YNOPAJOYEHHE KATHOHOB B MPHPOIHBIX
WMHUHENIX 3HAYUTETHHO BapbUpyeT. Tak B yacTHOCTH, comtacHo paboram (Larsson,
1994, 1995; Larsson et al., 1994), nons katuoHos Y'Fe?* no oTHoweHuo k cymmap-
HOMY COAepXaHUIO kaTHOHOB Fe?' coxpaHseTcst HEM3MEHHOM BO BCEM psay COelH-
HeHuit OnaroponHas wnNUHeAb-repuMHUT. Hanipotus, ans coeuHeHui psija raHur-
repuunut (ZnAl,0,-MgAl O,) 6eu10 nokaszano (Waerenborgh et al.,1994), uto pons
VIFe?" o OTHOLIEHHI0 K CYyMMapHOMY cojJiepykaHuio HoHoB Fe** yeenuuuBaetcs. B
paborax (Yamanaka et al., 1984; Figner et al., 1996; Redfern et al., 1999; Andreozzi
et al., 2000; Nakatsuka et al., 2004; Hill, et.al., 1979) npeacTaBieHsl 3KkCIEpUMEH-
TaJIbHbIC laHHbIE, B YaCTHOCTH, ANA NPUPOAHbIX 00pa3LOB U3 KCEHOIUTOB — Mpo-
Ayktos Bynkanusma Alban Hills (Mranus), umeromux coctas MgALO,-FeAlLO, ¢
comepxxanuem Fe?* no 0.15 ¢. en. u Fe’* ot 0.05 mo 0.13 ¢.ea. (Lucchesi, et.al.,
1998); ans Hux napameTp a Bapbupyet ot 8.098 1o 8.115 A, kucnopoansiit napa-
metp u — ot 0.2624 no 0.2616, a napamerp cTeneHu o6palieHUs CTPYKTYPBI & — OT
0.02+0.05 no 0.23 (3aMeTyM, YTO B CUHTETUUECKHX LITTUHENAX aHAMOTHYHOTO CO-
cTapa BenuuuHa & MoxkeT aocturars 0.3). Jns mnuneneii n3 kceHonwtor Alban
Hills peanusyercs 3HaunTeIbHAS CTEIEHb PA3YITOPAAOYEHHS: COAep)KaHue HoHoB VA
aocturaer 0.22, a wonos VFe** — 0.06 ¢.en., npu stoM uoHst Fe™ npakTiuecku
MOJTHOCTHIO yriopsnoueHs! B T-no3uuusax. B untuporannoii pabote ycTaHOBIIEHO, UTO
3ametuenue YMg—> 'VFe?* BrI3niBaeT yBenuueHue AMUHB T-O CBA3H, HaNpoTHB 3a-
memenue YMg—Al npu obpaiueHHu CTPYKTYpbl — €€ yMeHblleHHe; JinHa M-O
CBSI3M ONpeeseTCs CyNnepno3HIIMOHHBIM BIUsSHHEM CTENEHU 00pallleH s CTPYKTY-
pbl 4 creneHH 3amewmenns 'YAl->"VFe¥*. B pabore (Lucchesi, Della Giusta, 1997)
ucciaenoBanbl Mg-Al wnutHenn u3 kcenonuroB Sacrofano (Mranug); ux 0CHOBHbIE
CTPYKTYpHbIE mapaMeTphl cieaywomue: a=8.0922(3) A, u=0.26213(4), T-
0=1.9220(6)A , M-0=1.9299(3)A, ctenens obpauenns 5=0.23. 3ameTuM, yro A/
mnuHenei 6IM3Koro cocrara u3 xnopuToBeIX crnanues (LIumumckue roper, Ypan) ¢
a=8.1003A u 4=0.26330, a ans wnuseneit U3 MeTaMOpMU3OBAHHBIX U3BECTHAKOB
(Kalkbro, llIBenus) u BeGereputoBnix aaek (Balmuccia, Mtanus) napamerp crene-
HY ofpalueHust CTPYKTyphl & coctarnsert He 6onee 0.13-0.12, 9ro, BepogTHO, OTpAa-
KaeT UX CYWECTBEHHO MHYIO TEPMHUUECKYI HCTOPHIO.
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Panee cTeneHb OKHCISHHUS jKele3a B WINMHEIX OLeHHBaNach Ha OCHOBE JaH-
HBIX 110 MAarHWTHOM BOCIIPUHMYHBOCTH NPO0 1 Y10 3HAYEHHIO KHCJIOPOAHOTO T1apaMeT-
pa u; ogHako 6osiee KOPPEKTHbLIE NaHHbIE MOTYyYarOTCA IPH aHanu3e Mecchaya-
POBCKHMX JaHHBIX.

B pabote (Lucchesi, Russo, Della Giusta, 1999) 6bimu uccrneoBansl cpoiictea
InUHeNH (paHKIHHNTa cocTaBa Zn Fe O,; OpUIO yCTaHOBNIEHO, YTO ee CTPYKTypa —
4aCTHYHO o6palieHHas; 3HaUeHHe paccToaHus 'YZn-O cocrasnser 1.999 A, uto 3Ha-
YHTeNbHO OTIHYaeTcs oT Takosoro (1.960 A), onpenenenHoro paHee B cuHTETHYEC-
KHX Zn-aJiOMHHATaX; NpuMecHbie HOHBI Al 3amemalot nousl Fe’' 8 M-no3unusx, a
HoHBl Mn?* yons! Zn B T-no3nuusx. B pa6ore (Lucchesi S, Russo U, Della Giusta,
1997) 6111 HecTeqoBaHb! CBOCTBA YeThIpeX Npo6 MPUPOAHKIX MINMHHeNeH paaa akob-
CUT-(PPaHKIUHHUT ¢ cocTtaBamu Fe**(Mn, F e3*)204-Zn Fe,O,; ycraHoBneHo, 4To s
axo6cnra 3Hadenne 'Mn*/Mn*’_ mocturaer 0.16; pxoxaenue #HoHa Mn** npenmy-
LIeCTBEHHO B T-MO3MLIHIO BHI3BIBAET 3amelieHHe HoHOB Fe®™ na noust Mg B M-nio3u-
uuy; Bo GppanknuHuTe HOHB Mn?* ynopsaodens! B T-no3uumu. B pabote (Lucchesi,
Della Giusta, Russo, 1998) 6111 ncnenoBaust 14 npupoaHsIX HIHHK-ATIOMHHHEBBIX
mmHHeneit; 118 Anuesl cBasu Zn(T)-O nonyueno 3nauenue 1.960 A; nmokasano, uto
HOHBI Zn 3aMeraroTcs HoHaMud Mg u Fe®'; ycraHoBiieHo, 410 B M- nosuuusx jno-
xanusyeTcs 10 0.06 d.en. Zn, 410 BNOMHE comacyercd C AaHHBIMH M0 CHHTETHYECKHM
UNTHHE/I9M; HOHbI Fe? oKami3yIoTes MpenMyieCTBeHHO B T-NO3HIHAX.

Onmuvueckoe noznowjenue wnunenei. B pane nybnukanuii ObUIH OTyUYeHbt
H NPOaHATH3NPOBAHDBI IKCTIEPHMEHTAIbHBIE JaHHbIE 10 ONTHYECKHM CIIEKTPAaM KakK
MHIUKATOPBI MEXKXIIO3HOHHOI'O pacripeesIeHHUs KaTHOHOB B IPUPOAHBIX LIMHHEIX (CM.
Hanpumep, Mao, Hell, 1975; Mauok u ap., 1989) U ux cHHTETHYECKHMX aHA/IOrax
(Gaffney, 1973; Dickson, Smith,1976). B xene3o-conepxamux mnuHensx Habmona-
nach MHTEHCHBHAA Imosioca mortommeHus B obiacti 4500-5000 cm™, ureprperHpoBaH-
Haf KaK CBA3aHHAA CO CHUH-Pa3peIieHHBIMH 3MeKTpOHHbIMU d-d nepexonaMu HOHOB
OKMCHOTO xeie3a B TeTpasapax (Slack et al., 1966; Gaffney, 1973; Mao, Bell, 1975;
Dickson, Smith, 1976). B HK-oGnacTi Habmonanack KOIOJHUTENbHAA 110JI0CA B
obnactu 3600 cm’', MHTEpIpeTHpPOBas KakK B TCPMHHAX AUHaAMHueckoro 3¢ dexra
Sna-Tennepa (Slack et al., 1966; Taran, Langer 2001; Rossman, Taran 2001). Kpo-
Mée TOro Haboaa10Ch HecKOIbKO ¢i1abbix d-d nonoc B o6nacty 11 000-18 000 cm™!
(Gaffney 1973); monoca ~10 000 cm™ cBA3bIBANACh C NMEKTPOHHBIMU MIEPEX0OJaMH
HOHOB OKHCHOIO eJie3a B okTasapax (Mao, Bell, 1975; Dickson, Smith, 1976).

B pabore (Andreozzi et al., 2001) uccnegoBaHbl ONTHYECKHUE CIIEKTPH! NOTTO-
MICHHS CHHTETUYECKUX MOHOKPHCTAIUIOB B psAY TBEPAbIX PacTBOPOB OnaropoaHas
IWINHHENb — MarHe3HoQEepPUT, B KOTOPHIX, 110 JaHHBIM MeccOaydpOBCKUX U3MEPEHUIA,
voHb! Fe¥* pacnpenesneHsl mo TeTpasapuyecKUM MO3HIUAM A1 00pa3iioB ¢ MabIM
colepKaHUeM MarHe3noheppHUTHOM KOMIIOHEHTHI, H 3TO YNOPSAOYEHHE pacTeT C
POCTOM CoAEp KaHMs MarHe3uodeppura B pacTBope. OnTHYeckoe NONIomeHHe 00-
Pa3noB 3aMeTHO pacteT rpu 3aMemernsx Fe**— Al. Or4eTHBbIe HHTEHCHBHBIE ITHKY
nornomenus Habmopanuce npu 25300 u 21300 cm’!, Gonee cnabuie — mpu 22350,
18900, 17900, 15100 cm™. HabmoaaeMsle ITHKH IOTIOLIEHUS TPHITHCAHBI aBTOPAMH
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3NeKTPOHHBIM nepexofaM B kinactepax VFe**— V'IFe’'. [lng nornomenus B obnactu
21300 cm'! nHabnronanach JUHEHHas 3aBUCUMOCTb MOTMOWEHHS OT KOHUEHTpaUKK
yKa3aHHBbIX KJ1acTepoB.

B pabore (Halenius et al., 2002) uzyyeHo ontHyecKkoe Nornolesye IWHEIEH B
psily TBEPABIX pacTBOPOB GlaropoAHas WnHeNb — repurHUT. KpoMme snextpoHHbixX d-d
Nepexo/10B B OT/AeNbHBIX HoHax YFe* B obnacti 5200 cm', 3adhMKCHpOBaHbI MHTEHCHB-
Hble ¥ IMPOKHe rIoNockt pH 9500 u 14500 cm™!, npunucaHHble, COOTBETCTBEHHO, 0OMEH-
HO-CBS3aHHBIM Napam ¥ HHTEPBAJEHTHBIM NlepeHocam 3apaja B kiactepax VFe?*-VIFe’",
[MonyyeHs! iMHeHHbIE COOTHOLWEHUS HHTEHCHBHOCTH TIOJIOC H KOHLIEHTPALIMY COOTBET-
CTBYIOIIMX ONTHYECKUX LIEHTPOB, MO3BONAIOLIHE UCTIONB30BATD PE3YIBTAThl ONTUYECKUX
U3MepeHUH U1 OLLEHOK KATHOHHOTO pacipe/ieneH s B LUMKHHEeNsX.

Meccbayaposckana cnekmpockonua winuxenei, npobiemsl unmephpema-
yuu 0anHbix. bonbinoe yucio nyOnMKaLui MOCBSEHO HCCIEOBAHUIO KPUCTAILIO-
XHMMHHU Kelie3a B MPUPOAHBIX H CHHTETHYECKHX WITHHENAX, B TOM YUCJE H3YUYEHHIO
CTeNeHHU OKHMCJIeHH U pacnpeaeneHus kKaThoHos no M v T-nosuuusm. Bormpocsl, ¢B4-
3aHHBIE C METOJIMKOH TIOJTYYEHHUS M MHTEepIIpeTalluy MeccOaydpOBCKUX CIEKTPOB LUMH-
HeJsieH, u3oxeHsl B 60bLIOM Yuciae nybaukauuit (cM. Hanpumep, Deneetal, 1975;
Glavdo de Sikva et al., 1980; Bashkirov et al., 1978; Mautok u ap., 1989).

HecMoTps Ha MHOTOYHC/IEHHOCTL PaboT, NOCBAIEHHbIX aHanu3y Meccbayo-
POBCKHX JAHHBIX MO MEXIO3MLUOHHOMY PaclpeeseHUIO ABYX- W TPEXBa/IEHTHbBIX
KaTHOHOB KeJie3a B CTPYKTYpP€ IINHHENH, UHTePTIPeTaLys IPHBOAMMbIX PE3YJIbTaTOB
3a4acTylo mpoTuBopeyrsa. OTMETUM OCHOBOMONAratouue paboTbl, B KOTOPbIX BbI-
MONHEeHa MHTeprperauns meccOay3poBckuX CrieKTpoB xpomuToB. B paborax (Da
Silvaetal., 1976, 1980; Fatseas et al., 1976; Singh et al., 1978; Bashkirov et al., 1978;
Mitra et al., 1991a, 6) npeanonaranoce, 4To peasnsyercs HEYNoOpaJO4CHHOE pacpese-
nenue noHoB Fe? u Fe’* mo terpa- M OKTamo3MUMAM CTPYKTYpbi, H HMEET MECTO
3naunTenbHblil Fe?—~ Fe’* anexrpounslit o6men. Hanporug, B pabore (Osborne et
al.,1981) nBa nybnera B Mecc6ay3pOBCKOM CHEKTPE XPOMHTOB ObUIM NPHIIHCAHBI
noHam Fe?* B TeTpasnpax u wonam Fe®* B oktasnpax, T.€. CIEKTP WHTEPNIPETHPOBAI-
c B paMKax yrnopsiA04EHHOrO pacnpeefeHUsi MOHOB MO TETPa- U OKTANO3UUHAM,
npu 3ToM Hasume Fe?'-Fe*" anekTpoHHOro 06MeH He MOATBEPIKAANOCH. 3HaUUTENbHAA
wupHHa 1y6neros oT HOHOB Fe" uHTepnperHpoBanach Kak CBI3aHHas ¢ BAUSHUEM
BapHalMi KATHOHOB BO BTOPOi KOOpAHHALMOHHOM chepe noHos. B nocneayroiem
(Bancroft et al., 1983) mecc6ayspoBckuii CrIEXTP CHHTETHUECKON WITIMHECIIH
Fe(Cr,Al),0, 6611 uHTEPNPETHPOBAH B PAMKaX TEOPHM NapUMAILHBIX KBaAPYNO/ib-
HBIX pacllueruieHHii; B paboTe O6bUIM TakKe NMPOBEJAECHBI OLEHKH Bapualui kpaapy-
noasHoro pacuiennedus (QS) anas pasnuunbx KoHpuUrypauuil BTOpoH KOOpPAHHA-
LMOHHOI cepe HoHOB xkee3a. B paborax (Li, Stevens, 1986; Li et al., 1988; Wood,
Virgo, 1989; Chen et al., 1992; Carbonin et al., 1996) meccGayspoBckue cnekTpsl Al/
Cr wnuHeneH (XpOMHTOB) ONKCHIBANIUCH ABYMSs (TpeMs) AybaeTamu, CBA3aHHBIMH C
noHamu Fe?* B TeTpasapax ¢ pa3iuuHbIMU KOHGUTYpaLUsiMU BTOPOil KOOpAMHALIMOH-
HOHM cdepsl, 1 onHuM aydneTom HoHOB Fe’" B okTasnpax. Bo Bcex LIUTHPOBAHHBIX
paboTax monaranoch ynopsao4eHHOE pacnpene/ieHUe HOHOB iKeje3a Mo TeTpa- K
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OKTano3uuraM cTpykrypsl. Hanpotus, B pabore (Dyar et al., 1989) meccbaysposc-
ke criekrpbl Al/Cr mmuHeneH H3 1epHoIMTOB OITHChIBANIMCH YETRIPbMA Ay0neTamH,
CBA3aHHBIMH C OKTA3ApHUecKuMU HoHamMy Fe’* u Fe? u nByMsa pasiiddyHbIMH THTIAMH
«cyOTeTpa’apuueckux» HOHOB Fe?'; npH 9TOM mosnaranoce, 4To peajusyeTcs He-
yrnopsaaoueHHoe pacrnpeaenenue rosos Fe? n Fe* no M u T-nosunusam, no Fe?-Fe’*
9NEKTPOHHBIH 0OOMEH OTCYTCTBYET.

B pabote (Mawok u z1p., 1989) ans ananusa MmeccOay3poOBCKMX CIICKTPOB IUITTHHE-
nel MaHTUMHBIX OPOJ aBTOpAMH MPEIVIONKEH anropuT™ 06cyeTa IIoX0 paspelieH-
HBIX 9KCTIEPUMEHTAIbHBIX JaHHBIX M CI€NaHbl JBA CIENYIOMWMUX OCHOBHBIX BBIBOJIA:
1) xak B BBICOKO-, TaK ¥ B MAJIOKeNE3UCTRIX npobdax ayoner oT noHoB Fe* ynaercs
BBLAENNTH ROCTATOYHO YETKO C YNOBJIETBOPHTENHHBIM BOCITPOH3BEIEHHEM Pe3yIib-
TATOB MPH MOBTOPHBIX ChEMKaX, 2) HAMPOTHB Pa3AeNUTh CHIBHO YIIHPEHHBI COEKTp
ot HoHoB Fe** Ha Takoe yncio nybneros, mapaMeTpsl KOTOPBIX XOPOMIO BOCIIPOM3-
BOJYIINCH OBl IPH MOBTOPHBIX 3aNUCAX ¥ 3aBHCEH Obl, TI0 BO3MOXHOCTH IUTaBHO OT
XHMHYECKOTO COCTaBa MMHEpalla, MPaKTH4YeCKH HEBO3MOXHO. Beieacreue Toro ¢
KaXXIBIM OTAENBHEIM Ay6seToM OT HOHOB Fe?" HEBO3MOMKHO XECTKO CBA3aTh BIOJ-
HeE ONpeaeeHHYI0 KORQUTYPAHio OKTa3APHIECKHX KaTHOHOB BOKPYT HOHOB Fe®' B
TETpasfpe.

B CHHTETHUECKHX XKeNe30-XPOMUCTHIX obpasuax coctasa Fe(Fe’’ Cr, )O, un-
BEPCHOE paciipeieieHHe MOHOB >Kejle3a yBepeHHO (QUKCHpoBanoch Mecchayspose-
kuMm Metoaom (Robbins et al., 1971) numie npu 3HaYHTENIBHOM COAEPIKAHUU HOHOB
Fe**(npu x>2/3); npu Gonee HU3KOM cofepkaHuu HoHbl Fe’* 3aHUMAIOT npenMyile-
cTBeHHO M-nosuuud, a Fe* - T-mo3unun. [Ins mnuHenn nepemMeHHOro cocraba
MgAlLO,-Fe,O, yxaspisanocs (Nell et al., 1989), uro npu Manoi monsHo# fone Fe,O,
HoHbl Fe’* u Fe?* 3aHuMalor npeuMyieCTBeHHO M-NO3HUMH, T.€. C pOCTOM OTHOIIe-
Hus AV/Cr nons Fe®" B oxTasnpe NOMKHA YMEHBWIATHCS. DTOT Pe3yNbTaT cornacy-
eTcs ¢ JaHHBIMH, NpHBeJeHHbIMY B pabore (Kapabnos u ap., 1980), no sueprun
AIPEATIOYTEHUS OKTAaAPHUYECKOH MO3MIMH pa3nuaHbiMu katuoHamu: Cr (29 xxan/
Mot > Al (10.6)>Mg (6.0)>Fe* (5.3)>Fe?* (5.0 xxan/Monn). s BbIGOPKH U3 ABAA-
H{aTH BOChMU P06 IPUPOAHBIX [ITHHEAUIOB MAHTHHHBIX IOPOA YKa3biBanocs (Ma-
OIOK B Ap., 1989), uTo B HHX HabmonaeTcs HOPMANBHOE paclpeleieBue KATHOHOB
Keyesa, T.e. BXOk/eHHe HOHOB Fe®* B M-nosmmu, a Fe?* B T-nosuuun. ABTOpaMu
UHTHPOBAHHOM PabOTH! NIPHBOJJWIKCH CHACAYIOIIME BAPHALMH 3HAYEHUH H30MEPHOTIO
casura (IS) ¥ kBaapynonsHoro pacueruienus (QS) xybaeros: IS= 0.55-0.67, 1.16-
1.35 MM/c (oTHOCHTENBEHO HHUTpONpyceHa HaTpus) U QS= 0.43-0.67, 0.91-1.49 mm/
¢, COOTBETCTBEHHO 11 MOoHOB Fe’* u Fe?. B Tpex mpo6ax U3 UcCIeA0BaHHBIX JBA-
HaTH BOCHMH aBTOpaMH BBIAEIIEHBI JONOJIHUTENbHbIE NYOII€Thl, KOTOpHIE 110 3HaYe-
HHIO u3oMepHoro casura (0.39-0.43Mm/c) moryt GBITh OTHECEHBI K HoHaMm Fe’* B
TETPasApax CTPYKTYphl. 3aMeTHM IIPM DTOM, YTO HWX OTHOCHTENbLHas NOJd B
CYNEPIIO3HILOHHOM CIEKTPE BeChbMa He3HaunuTenbHa. B pane pabor (Wood, Wirgo,
1989; Canil, Wirgo, Scarfe, 1990) u3 meccbay3poBCKoro crekTpa, roaxy4eHHOro IIpH
300 u 77 K, cesian BLIBOX O BXOXKIEHWH Kak HoHoB Fe?*, Tak u uoHoB Fe** B TeTpa-
sapel. Coobmanock (Canil, Virgo, Scarfe, 1990), 9to ans nory4eHHs KOPPEKTHBIX
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mMeccOayspOBCKMX [JaHHBIX M0 paclipeleneHuio HoHoB Fe' Mexay TerpasapoM u
OKTa3IpOM HEOOXOAWMO MPOBEJEeHHUE 3KCMEPUMEHTOB MPH JOCTATOYHO HU3KMX
Temneparypax (1o 40 K u Huxke); npi# kOMHaTHOH TeMMeparype COOTBETCTBYIOLIHE
UM 1ybneTsl BeIACUTL He ynaetcs. B pabote (Andreozzi et al., 2001) npuBeaeHs!
NoApoGHbIe HCCIENOBAHNS MEXKIO3MLMOHHOTO pacnpeIeNeHUst KATHOHOB B CHHTETH-
yecko# wnuHenwu coctasa (Mg,Zn)(Fe'* Al, )O, na ocHOBE 1aHHBIX MOHOKDHCTAIb-
HOFO PEHTr€HOCTPYKTYPHOIO, MHKPO30OHIOBOTO aHanu3a ¥ MeccOay?poBCKHX AaH-
HbIX. YCTAHOBIIEHO, UTO /i1 BCEX PACCMOTPEHHBIX COCTABOB peany3yeTrcd 4acTuy-
Hoe ofpalieHue CTPYKTYpbl, T.e. U1 BCeX KATHOHOB KPOMeE LIMHKA NMPOUCXOIUT pa-
synopsaoyeHue no M u T-no3uimsM, B TOKe BpeMs UMHK BCErAa 3aHUMAET TOJbKO
TeTPa3APUUYECKHE NO3UIHUHN. DKCTIEPUMEHTANbHBIE PE3YNbTAThI YOB/IETBOPUTEILHO
COITIACYIOTCS ¢ TEPMOAMHAMHUECKHMH pacueTamMM npolecca pasynopsaoyeHus.

MHorouncaeHHbie paboTbl NOCBANIEHB! aHANH3Y MeccOayIpOBCKHX CIIEKTPOB
MardHUTHO-YNOPAA0UYEHHBIX MMTHHENeH —~ MIPUPOIHBIX H CAHTETUYECKHUX (CM. HarpH-
mep, [onyvapos u ap., 1973; Masypos u ap., 1993; Maxkees, 1992; Sorescu et.al.,
2003). Tunuunpiéi ciekTp Hanbonee pacnpoCTPaHEHHOrO MUHEPAlla MArHETUTA, UMEIO-
mero cTpyKTypy obpamennoii mnunenn AB,O,, aBnaeTcs cynepnosuuueii 1ByX cex-
creToB auHHIE A u B: A-cekcrer or voHoB Fe** B TeTpasapuueckoi nosunuu A
nmeer Oonbliee 3HaY€HHe CBEPXTOHKOro nojas (nopsaka 485 nporus 450 x3 ans
cnexkrpa B) u Menbluyto (MOYTH B ABa pas3a IJf clly4yas CTeXUOMETPHUYECKNX Mar-
HETUTOB) Molanb, yeM B-cekcreT ot oHOB Fe?'n Fe’* B okrasapuueckoil mo3uiuu
B. Ilo MeccGayapoBckuM nanHbIM, HoHbt Fe?*u Fe** B no3uuyvun B Hepaznuynumbl BBU-
Ay ObICTPOro 31€KTPOHHOro 00OMeHa MeXy HUMHU; HX 3G EeKTUBHBIN 3aps NPUHU-
MaeTcsd paBHbIM +2.5. OTHouenue niomanei S,:S, 10cTaTouHo 3HaYUMO BapbLUPY-
et (o1 0.25 10 0.69 u naxe 1.1). 310 cBA3aHO ¢ pasnuuueM cojiepKaHuH B CTPYKTY-~
pe MuHepana kak u3oMopdubix npuMeceit nonos d-meramios (Mn, Mg, Cr, Co u
APYrux), Tak U BapHaLUsMH OTKJIOHEHHUS MATPHULbl OT CTEXHOMETPHH, Pa3THuHUAMU
B OTHOLIEHUH uKcia noHoB Fe?'/Fe’ B mosuuuu B ot 1:1. B crexMomeTpruueckux
MarHeTuTax no aaHisiM (Ma3ypos u ap., 1993)] otHoluenue cexcreros pasHo 0.505,
B maruuiicogepxkamux (Mg0O=1%) - 0.602, B mapraneucoaepxamux (Mn0=3.78%)
- 0.483. o nannem (Sorescu et.al., 2003) ang CUHTETHYECKNX MarHeTUTOB C fIpHU-
Mechblo KoDanbTa 3To OTHOWEHHE ApHHUMaeT 3HadeHus ot 0.66 10 4.0 B 3aBUCHMO-
CTH OT COliepXXaHMs KobanbTa; 3aMeIleHHe KeNe3a Ha XPOM TaKKe 3HaYHMO BIIHAET
Ha BenuunHy S,:S_, HanpoTus 3amemenne Fe—>Mn sivser Metee 3HaUMMO.

Bo Bcex uuTvpoBaHHBIX paboTax Aag NapaMarHHUTHBIX U MarHHTHOYNOPANO-
YeHHBIX WNUHe el GpopMa TMHUH 1y6NEeTOB M CEKCTETOB Mpeoaaranach opeHue-
BO# C HEKOTOPOii BapbupyeMo# lHpuHO#H. ONHAKO NPUPOHbIE IUNMHHEITH, XaPaAKTEPH-
3YIOLLMECS CIOKHBIM MTEPEMEHHBIM COCTABOM, MHKPO30HAJIBHOCTBIO U Ae(EKTHOC-
TbIO, @ TAKXE YaCTHYHbIM oOpalueHueM CTPYKTYPHI, MOTYT ObITh OTHECEHbBI K TH-
MHYHBIM JIOKAIbHO-HEOJHOPOAHBIM CHCTEMaM; B HMX peanu3yercs 60oabuioe uucio
HE3KBUBAJICHTHbIX AACPHBIX COCTOSTHUM xkelie3a, O0YCNIOBNEHHBIX BapyallMaMH BTO-
poii U MOCNEAYIOIUX KOOPAMHALMOHHBIX cdhep, U COOTBETCTBYIOMUX MeccOHay3poBc-
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KUX IEHTPOB. B CBA3M C 3THM KJIACCHUYECKHH METOA MHTEpIpeTalLMu CHEKTPOB B
BUAIE€ CYIEPIO3HLIHM JUCKPETHOrO YUCIA JIOPEHLEBbIX Ny0JIeTOB MPEeACTaBAIeTCA
HeaneBaTHHIM; Goiee NepCrneKTUBHBIM BBHINTISIAT aHaIu3 MeccOay?pOBCKUX JaHHBIX
Ha OCHOBE BOCCTAHOBIeHHs QyHKIMI pacripeieNeH)s CBEPXTOHKHX apaMeTpoB CIIeK-
TpOB, pa3paboTanHblii B pabotax (Rancourt, Ping, 1991; Ping et al., 1991; Rancourt,
1994a, 6; Rancourt et al., 1994a, 6; 1996). B uuruposaHusIx cTaTthix «metox QS-
pacnpeaeneHUA» 66U HCOIB30BAH IS aHAJIM3a CIIEKTPOB CIIIOJ, B KOTOPHIX peau-
3yeTcs YaCTHYHOe KATHOHHOE Pa3ynopsa04YeHHe; aBTOpaMH ObUTO YCTaHOBJICHO, UTO
CTaHJapHas anfpoKCHMAIMs CIIEKTPOB CYNIEpHO3HLHEH TOPEHLIEBLIX TyONeTOB HEKOp-
PEeKTHA, B TO Xe BpeMs I10AXO0J, OCHOBaHHbIH Ha HUCIoNb30BaHUM MeToma QS-pac-
npenenerus ¢ Voigt-bopmol HHIANBUAYATBHON NMHUKM AaeT 6ojee afeKBaTHbIE pe-
synberarthl. B paGore (Li, Ping, Jin, Liu, 2002) Mmeton QS-pacnpenenenus 6bi Briep-
BBIC WICIIONIB30BAH JUIA aHAJIH3a CREKTpa XpoMUTOB rpu 298, 200, 170, 140 u 90 K;
aBTOpamy ObuTH mostydeHbl QS-pacmpeneneHus ans uwoHos Fe?' B TeTpasgpax u
noHoB Fe' B okTasapax, npuveM aiis NepBLIX YCTAHOBJIEHA 3HAYMTENbHAS NIHPHHA
pacnipenenenus, o0ycioBlIeHHAs BapHAIIMSIMUY KATHOHOB BO BTOPOI KOOPAWHALMOH-
HO# cepe; pe3yabTaThl GBUIA COMOCTABIEHB! C TAKOBBIMH, TOJ1yYECHHBIMH IIPH CTaH-
NAPTHOH annpoKCHMALMK CNEKTpa AHUCKPETHBIM YHCIOM AyOieToB opeHUeBoit Gpop-
MBI; [10Ka3aHO, YTO NPH JUCKPETHOH aNMpoKCHMalUM OLEHKH CTENICHH OKUCIICHUSA
xKejle3a MEHee KOPPEKTHBI.

CrnenyeT OTMETHTH eule pAl MeToAudecKux myOaukauuii no o6paborke skc-
NEPUMEHTANTBHBIX CIIEKTPOB — MaTeMaTHMYeCKOM YITYUIIEHHH paspelleHUst CIeKT-
poB. Jljis 1aHHON npoueaypsl UCNONb3yeTcs 6OIbIIOe YHCIO METOIOB, B HACTHOCTH,
B pabotax (Hosukos, 1987; Novikov, Koshchug, Rager, 1997) 6b11 ipemioxeH ajro-
pHUTM OobCyeTa IIOXO pa3pelleHHbIX MeccOayIpOBCKHUX CIEKTPOB MUHEPAJIOB C Ipe-
of6pazoBaHHeM MX B Tak HasbiBaeMble «N-CHEKTpPbI», XapaKTepH3YIOIIHEC Cyle-
CTBEHHO JTyHILMM pa3pelleHHeM KOMIIOHEHT, HO UMeroluX 6oJiee HU3k0oe OTHOUIEHHE
curHan/uym. B nocneayrouem aBTopoM AN pa3auuHbIX MHHEPAJIOB [I0Ka3aHa nep-
CIIEKTHBHOCTh aHanHu3a N-CIEKTPOB. 3aMeTHM, YTO Pa3BUTHIH MOAXON SABNSAETCH
NpakTYYeCKOH peanusauueli OJHOH U3 MeTONMK A8 MareMaTtudeckoit o6paboTkm
IKCNEPHUMEHTANBHBIX CIIEKTPOB (cM. HanpuMep, ITerTheB, 1989; Canaxos, XapuHues,
2001; CesacTbsHOB 1 ap., 2003). Ilporpamma, npennoxensas [.B. HoBuxoBbiMm,
MO3BOJISET 3HAYUTEIBHO YMEHbUINTD LIMPUHY OTHAEILHbIX KOMIIOHEHT cliekTpa 6e3
U3MEHEHHUS €€ OCTalbHBIX NapameTpoB (KBaApyNOJIbHOTO pacliellIeHUs, C/BHra,
OTHOCUTENIEHOM IIOLaH).

Meccbayspoeckue napamempesr u cocmag winunenei. PaHnee HeOJHOKpaT-
HO NIpeANPHHHMAJINCH NONBITKH IPOAHATU3MPOBATb IMITUPUUECKHE CBA3H MTApaMeT-
POB CNEKTPOB C COCTABOM M I'€HE3UCOM IUNHHENeH, OHAaKO Oy CHHBIE pe3ysbTa-
THl HOCMITH JI0CTATOYHO NMPOTHBOpeuuBbIi Xapakrep. Hamu 6puin 0600menst nure-
parypHble JaHHbie 10 MecchayIpOBCKUM NapaMeTpaM XpOMIITIHHEeH pa3Horo co-
CTaBa U3 INYOMHHBIX KCEHOJIIUTOB, H3 OPOTCHHBIX JIEPLIONUTOB MaccHBOR benn byme-
pa, Ponna, ®panuysckux IInpenees, u3 abuccanbubpix nepugoruros COX, u3 nepu-
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Puc. 2.1.3. Bapnauun 3HaueHus KBAIPyNoILHOTO paciuenienus xybiera or uonos Fe**
(a-B) 1 1BYX nyGaeros or HOHOB Fe?* (I) B 3aBHCHMOCTH OT CONEPKAHUS OKHCHOTO M 3AKHCHOT0
skesie3a (a, 6) M aTIOMHHUEA (B, T) B XpOMINNUHESX 0 JaHHBIM (Wood, Virgo, 1989; Bryndzia,
Wood, 1990; Woodland, Kornprobst, Wood, 1992; Nazir, 1996; Mautox u ap., 1989).

HITpuxosas xpuBas 1 npsamas cornacao (Mauiok u ap., 1989) nns 50 npo6 npupoaHsIix
Y CHHTETHYECKHNX MNHHeNeH. 30Ha I - BricokoxpoMucThie minuueny, [l — cpenneil xpomucro-
¢ty ¥ Il — HU3KOXpOMHCTEIE.

JOTHTOB paccilOeHHOH MHTpy3uu Mackokce, Kanama (Osborne et al., 1981; Wood,
Virgo, 1989; Bryndzia, Wood, 1990; Woodland et al., 1992; Nazir, 1996; Mauiok u
ap., 1989). Ha puc. 2.1.3a-B npeacrasneds! Bapualyy 3Ha4CHUH KBaJpYyIIOJbHOIO
pacuieruienus ny6iera Fe’* B nepeuncieHHbIX BBIIIE XPOMILITHHENAX C Pa3IndHbIM
comep)KaHHeM OKHCHOIO (3aKHCHOTO) )Kejie3a M alloMUHMs. Buano, 4to B mogasis-
meM GOJBIIMHCTBE XpoMIunuHeneit sHauenne QS Fe** Bapeupyer ot 0.63 mo 0.87
MM/c, 1ipu 3ToM cosepxkanue Fe’*/(Al+Cr+Fe®) cocrasnsier ot 0.01 no 0.05; y He-
GonpLIol yacTH Npod ¢ MOBBILIEHHBIM coaepxanneM Fe*/(Al+Cr+Fe’")=0.16-0.22
3HayeHue QS Fe** Heckonpko Hmxke - 0.50-0.56 MmM/c. B 1enom, crporoit xonuue-
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ctBenHoH 3asucumoctd QS ot Bennuunbl Fe*'/(Al+Cr+Fe’") ne npocnexuaercs;
He npocMaTrpHBaeTcs H 3aBUCUMOCTH QS 0T cosiepikaHMs 3aKMCHOTO XKele3a B Ipo-
6ax (puc. 2.1.36). Ha puc. 2.1.3B npeacTaBieHbl AaHHBIE [0 BapHaLMAM 3HAYCHHS
QS Fe** B 3aBucumMocTH ot cogepxanus Al/(Al+Crt+Fe’), a Ha puc. 2.1.3r - anano-
rMYHbBIE JaHHBIC 10 BapHauuaM 3HaueHus QS nByx aybneror ot uonos Fe?* (a) u (b).
IpeacraBasercs, 4TO A0 COAEPIKAHMIO AIOMHHUS (BETHYMHE XPOMUCTOCTH H, KaK
MPaBUIIO, CTEIIEHH OKHCIIGHHs JKejie3a) Bce NMpoObl MOryT Obith pa3OuTsl HA TpHU
BBIOOpPKH - BeICOKOXpoMHuCTHIE (30Ha [), cpenHe#i xpomucTocT (30Ha 11) U Hu3KO-
xpomucteie (3oHa ). Jing kaxxnoit uz BeIGOPOK ecTh NPOOKI, B KOTOPHIX 3HAYSHU
KBAJpYNONbHOTO PacileIeHHsI HOHOB JXKelle3a JI0KaTcs Ha 3aBUHCUMOCTH, NpPEACTAB-
aeHHble B pabore (Mawrok u ap., 1989), Ho ecTh ¥ po6BI 3HAUMMO OTKJIOHSIOIIHECH,
N0-BUAMMOMY, BC/IEACTBHE BapHaLMi B HUX apaMeTpoB OITHKHEro, CpelHero 1 1ajib-
Hero nopsaaka HOHOB xene3a. B untuposannoii pabore (Mautox v 1p., 1989) obeyx-
JaJca BOTIPOC O BIMSAHHH XPOMHCTOCTH LINKMHEeNW Ha 3nayedus QS u IS uonos Fe?* u
Fe’’; nns cepud U3 natugecsaTv npob NpUpoaHBIX ¥ CHHTETHUYECKUX LUMHHeNeH Gplna
BBIABJIEHA ROCTATOYHO CIOXKHAA HeJAWHeHan 3aBucHMOCTh 11g QS nona Fe?, ua
puc. 2.1.3r oHa npezcTasieHa LWITPUXOBOH KpuBoil. Ha Hem npeacTaBiieHbl Takxke U
HeKoTopbie 0006HICHHBIE HAMH JINTEPATYpHble AaHHBIE. BuaHo, yto Ha fonee 3Ha-
4uMOH, yeM B pabore (Mauok u ap., 1989), BbiGopke npupoaHbix 06pa3noB GUKCH-
PYIOTCS CYIIECTBEHHBIE OTKIOHEHHA OT HabnronaBUIMXCs 3aBUcUmocTeil. HM3Bect-
HO, 4TO BeJIMurHa QS (rpajueHT 31eKTPUIECKOro MoJd Ha AApe Kene3a) onpeness-
€Tcs napamMeTpaMu Kak OJIMKHEro ¥ CpefHero, Tak v JajabHero rmopsuka B OKpyxe-
HHM HOHOB 3K€j1€3a - CHMMETPHEHR M pasmepaMy Onrkaiiiero KOOpAHHALHOHHOIO
HOJAURPA, €0 BO3MOXHBIMU HCKAKEHUAMH, a TAKKe THIIOM KATHOHOB W CHMMETpPH-
€ UX pacloyIoKEHHUS BO BTOPOH KOOPAWHAIMOHHOM cdepe v Becel peleTkoi B LieoM
(ee uacTuuHbIM ObpaUIeHUEM).

JaHHble, NpecTaBIeHHbIe Ha pUC. 2.1.3, HANIAAHO JEMOHCTPUPYIOT TOT (aKT, UTo
Ast BBIGOPKM NPUPOAHBIX WIMHEeH niepeMenHoro coctasa V(A B)Y(A,B, )O, (A=Mg,
Fe u np. nByxsanenTuble karuoHel, B=Cr, Al, Fe v ap. TpexBaneHTHble KATHOHBI, O —
rapamMeTp CTeneHu obpalleHus) HanpsAMYIO BBIUIEHUTb KOJUYECTBEHHYIO B3aUMO-
CA3b CBEPXTOHKHMX napaMeTrpoB MecOay3poBCKMX CMEKTPOB ¢ XHMHUYECKHM COCTa-
BOM Npo0 He MpEACTaBIfETCs BO3MOKHBIM. MakCHMyM, Y4ero yaaeTcs NOCTHYb, 3TO
YCTaHOBUTL Ka4ECTBEHHOE BIMSTHHE COCTABa HA CIIEKTP NPUPOAHOH XPOMILMMHEITH.

IMogsoas utoru npeacrasiaeHHoro o63opa nybaukaiui no MmeccbayspoBckoit
CTNEKTPOCKONMUM INMUHENEH, ClIeAyeT OTMETHTh, YTO psa npobiem, B MEPBYIO oue-
pPEAb KacaroMUXCsl BIUSHUS GJIHAKHEr0, CPEAHEr0 U AAJIbHETO NOPAAKa B OKPYKEHUH
HOHOB JeJie3a Ha uX MeccOaydpOBCKHE CIEKTPBl B MPUPOAHBIX Pa3HOCTAX, UMEIO-
HIMX CJIOXKHBIH NEPEMEHHBIH COCTaB, OCTAOTCH JUCKYCCHOHHBIMY U 10 HACTOAMIETO
BpeMeHH. B paboTax pa3HbIX aBTOpPOB, MOCBSIUEHHBIX 3TOMY BOMPOCY, NPUBOIAATCS
JOCTATOYHO MMPOTHBOPEUMBBIE, 4 HACTO Aa)Ke B3aMMOMCKIIIOUaKOINHe AaHHbIe. [Tpu-
POMHBIE INMUHENH MOTYT ObITb OTHECEHBI K THITMYHBIM JIOKaJIbHO-HEOJHOPOIHBIM
CHCTEMaM; B HUX peayin3yercs 6ONbIIOe YHCAO HEIKBUBANEHTHBIX SIEPHBIX COCTO-

56






