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b.b. H.IKprKHﬁl

TEOPETUYECKOE MOJIEJTNPOBAHUE 3AKOHOMEPHBIX
CPACTAHUU OJINUBUHA B MUMETNYECKUX ITAPAMOP®O3AX

11O PUHTBYJIUTY U BAACJIEUTY

IIpoBenaeHo TeopeTMUYECKOE MOACIMPOBAHNE 3aKOHOMEPHBIX B3aUMHBIX OPUEHTUPOBOK MH-
IWBUIOB OJIJMBUHA B MUMETUYECKUX TTapamMopdo3ax Mo BaACACUTY U pUHTBYAUTY, 0Opa3oBaHUE
KOTOPBIX OXXKMIAETCS MPH MOAbEeME BellleCTBa IePEXOAHOM 30HbI. PaccunTaHbl KOOPAUHATHI OCeit
M YIJIBI pa30pyeHTalnM, XapakTepusyloiye 10 onepanuii COBMeIleHUs B TAPHBIX CpacTaHUSX
VHAWBUIOB OJIUBMHA, BOCEMb U3 KOTOPBIX — ABOMHUKU. OOCYKIal0TCSI BO3MOXHBIE YCIOBUS
00pa3oBaHUs MTPOTHO3MPYEMBIX TTapaMopdo3 U IIaHCHl UX coXpaHeHus. PaccuntaHHbIe opu-
€HTUPOBKU COIMOCTABJIEHBI C M3BECTHBIMU 3aKOHAMM JBOMHUKOBAHUS OJIMBHMHA.

Kurouesvie croea: iepexomHast 30Ha MAaHTUH, OJIMBUH, PUHTBYINT, BaACICUT, MUMETUYCCKAST
napamopdo3a, pa3opueHTalns, TBOMHUKY.

Theoretical modeling of regular olivine grains misorientations in mimetic paramorphoses
after ringwoodite and wadsleyite, the formation of which during the ascension of matter from
the Mantle Transition Zone is expected, has been carried out. The coordinates of the misorien-
tation axes and the misorientation angles, characterizing 10 operations of alignment in the pair
intergrowths of olivine grains, eight of which are twins, are calculated. Possible conditions for
the formation of mimetic paramorphoses predicted here, and the chances of their persistence are
discussed. The calculated orientations are compared with the known twinning laws of olivine.

Key words: the mantle transition zone, olivine, ringwoodite, wadsleyite, mimetic paramor-

phose, misorientation, twins.

Beenenue. [Iporpecc B u3yuyeHUU NIyOUHHBIX 000-
Jlouek 3emMir obecriedyeH BO MHOTOM ycIlexaMu Teo-
GU3MKY U 3KCIIEpUMEHTaIbHOI meTpojioruu. EnuH-
CTBEHHBIM MaTepHAIbHBIM UCTOYHUKOM MH(MOpMAaLINU
0 COCTaBe IIepPexXOmHOI 30HBI (MHTEpPBal TJIyOMHBI
410—670 xm) u HkHeil ManTun (670—2900 kM) 10
€caMoro HeaBHErO BPEMEHU OCTABAJIMCH BKIIOUCHUS
B cBepxriyOumHHBIX anmaszax [Harte, Cayzer, 2007;
Kaminsky, 2012; Litvin et al., 2014]. TpaH3ur Be-
IIeCTBa HIKHEW MAHTUU 4Yepe3 TIePeXOomHylo 30HY, a
TakXe BelIeCTBa MOCJIEIHEN B BEPXHIOIO MAHTUIO U
BBIIIIC, B JOCTYITHBIE UISI OIIPOOOBAHMS TOPU3OHTHI,
TOITyCKAeTCsl BO MHOTHMX MOIENISIX TJIyOMHHOI Teo-
muHamuku [Tackley, Xie, 2002; Griffin et al., 2016].
CoryTCcTByIOIIME TaKUM IIpolleccaM paarKaabHbIE
mpeobpa3oBaHUsI MUHEPATBHOTO COCTaBa U CTPYKTY-
PHI TTIOPOJT OCTABJISIOT MAaJIO IIAHCOB JIJIST COXPAHEHMS
IMPU3HAKOB, YKA3bIBAIOIINX Ha CBSI3b 00pa3lia ¢ Bellle-
CTBOM, OTHOCSIIIIUMCS XOTSI OBI K TIEPEXOIHOI 30HE, HE
TOBOPA YK€ O HIDKHe# MaHTHUH. Besikasi BO3MOKHOCTD
MMOATBEPKIECHMS TAKOM CBSI3M B IPUPOIHBIX 00pasiax,
Jaxke Ype3BBIYAITHO pEKOo peaau3yemasi, BechMa XKeJia-
TeabHa. HameskHoe ycTaHOBJIeHUE M30TOITHBIX U Te0-
XUMHUUYECKUX XapaKTepUCTUK TJYOMHHOTO BEIIECTBa,
BO3MOXHO, 00Jie€ YCTOMYMBBIX IO OTHOIIEHHUIO K
W3MEHEHUSIM, CBSI3aHHBIM C TOIBEMOM U IEKOM-
Ipeccueil, moapasyMeBaeT ero IpeaBapUTEIbHYIO
WISHTU(UKAIIUIO 110 MHBIM TIpU3HAKaM, HarpuMmep
0 MUHEPAJIOTUYECKUM U CTPYKTYPHO-TEKCTYPHBIM.

B nocnenHee BpeMs TTOSBUIMCH YKa3aHUsS Ha CIIydan
COXpaHEHMSI U OOHAPYXKEHUs] TaKUX IPU3HAKOB B
MMPUPOAHBIX 00pasliaXx BelecTBa, MOCTYIMBIIETO U3
nepexomHoi 30HbI [Satsukawa et al., 2015; Griffin et
al., 2015, 2016].

B cTaTthe M3710XKeHBI pe3yNbTaThl TEOPETUIECKOTO
MOAEIUPOBAHUS 3aKOHOMEPHBIX B3aUMHBIX OPUEHTH -
POBOK MHIMBHIOB OJIUBMHA B COCTaBE MUMETHUECKUX
napaMop@o3, B MPUHIUIE CIOCOOHBIX (hOPMUPO-
BaThCS B XOIIE PETPECCUBHBIX (Da30BBIX TIPeBpallleHU I
BbIcOKOOapuueckux noaumopdos (Mg, Fe),SiO, npu
YCJIOBUM KOT€PEHTHOU HYyKJealluu Jo4yepHel asbl.
IIpenckazaHHbIe B3aUMHBIE OPUEHTUPOBKU, IIPEUMY-
IIECTBEHHO ITBOWHUKOBBIE MIN TICEBIOIBOMHUKOBEIC,
B CJIy4yae XOTsI ObI YACTUYHOTO X COXpAaHEHUS B XOJe
mpeoOpa30BaHUIA, COIMYTCTBYIOIINX ITOAbEMY BEIIIECTBA
W3 TIEPEXOTHOM 30HBI WY TPAH3UTY Yepe3 Hee, MOTJIU
OBI CIY>KMTh UTHAUKATOPOM MOPO IOA0OHOTO IIPOKC-
xoxaeHus. O0CYXIaroTCsl YCI0BUS BO3ZHUKHOBEHMUS
TaKHUX CPaCTaHUN M TIEPCIIEKTUBBI UX COXPAHHOCTH, a
TaKKe KPUTEPHHU UX OTIIMIMS OT CXOMHBIX 3JIEMEHTOB
TEKCTYPHl OOTAThIX OJMBHHOM ITOPOI, HE MMEIOIINX
HETIOCPEICTBEHHOTO OTHOIIEHUS K ITEPEXOIHON 30HE.

®a3zosbie npespamenus (Mg, Fe),SiO, u nocra-
HOBKA 3a1a4d. 3JHAYeHUE TOIMOTAKCUYECKUX CpacTa-
HUI 1 MUMETUYECKUX ITapaMopdo3, 00pa3yIolnxcs
B XOJIe PErpecCHBHBIX IMPeoOpa30BaHUI MOPOI, KakK
BaXHBIX TETPOTEHETUICCKUX MHANKATOPOB TPYIHO
nepeoueHuTs [Wheeler et al., 2001; McNamara et
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al., 2012]. OmBMH — OOWH W3 TJIAaBHEHIIMX MUHE-
pajoB BepXHEW MaHTWUM, TJIaBHbIE MUHEpAJbl Iepe-
XOIHO# 30HBI — BBICOKOOApUUYECKHNE ITOTUMOPQBI
(Mg, Fe),Si0, — BancienT W pUHTBYOUT, a TaKXKe
MaaKopuT U akuMotouT [Ilymaposckuii, 2004].
ITogbeM rayOMHHOTO BEIECTBA Yepe3 IIEPEXOIHYIO
30HY WJIM BELIECTBA CAMOW MEPEXOIHOM 30HBI B BEPX-
HIOIO MaHTUIO OYJET COMPOBOXKIATHCS MPeBPaILEHUS -
MM BBICOKOOapuueckux nonnmopdos (Mg, Fe),SiO,
B oJiuBUH. [Ipn 3TOM He UCKIIOUY€HA BO3MOXHOCTb
o0pa3oBaHUs MUMETUUYECKUX MapaMopdo3 oJrMBUHA
10 BaICICUTy WM PUHTBYIUTY TIPH OJIATOTIPUSITHBIX
CIIEHApHIX PeTPECCUBHBIX TIPEBpaIeHUH TITyOMHHOTO
BelecTBa. st oOHapy:KeHUsT TaK1X 00pa30BaHMIA WU
WX PETMKTOB HEOOXOAMMEI CBEACHUS 00 OXMIAEMBIX
B HMX 3aKOHOMEPHBIX OPUEHTUPOBKAxX ouBMHA. Ha-
KOITJICHHBIEC K HACTOSIIIIEMY BpEMEHM JTaHHBIE O TTOJIH-
mopdusme (Mg, Fe),SiO, mo3BosoT X peacKasaTh.
O0630p paHHUX 3TAIOB UCCAEN0BAHWM MOJTUMOPD-
HbIX npespaumienuii (Mg, Fe),SiO4 n ero anamoros
MpuBeleH B Kiaccuueckoil moHorpaguu A.E. PuHr-
Byaa [1981] — ogHOro U3 MUOHEPOB B 3TOUM OOJIACTH.
C Tex mop YTOYHEHBI TOJISI YCTOMYMBOCTH OJTMBHHA,
BalCcenTa M PUHTBYIWTA Ha (Pa3oBBIX AMArpaMmax,
TIOJTy4eHBI BasKHBIE JaHHBIC O MEXaHN3MaxX M KHHETHKE
WX B3aMMHBIX TIpeBpalleHnii. B pamMkax ncciemoBaHmst
0COObINA MHTEpEeC MPEICTaBISIOT Pe3yJbTaTbl TaKUX
SKCIIEPUMEHTOB W HAOTIOACHWIT B HATYPaJbHBIX 00-
pasiiax, B Xome KOTOPBhIX OTMedajach KOTepeHTHast
BHYTPUKPUCTAJUTMYECKAsA HyKJIeallns HOBOM (ha3bl
MpY MapTeHCUTOITONOOHBIX MOJIMMOPGHBIX TIpeBpa-
weHnax (Mg, Fe),Si0,. I1epBble CTpyKTYpHBIE CXEMBI
MEXaHM3MOB KOTePEeHTHOI HYKJIeallnu MOJUMOpP(OB
(Mg, Fe),Si0O,4, nznoxenunsie B padborax [Poirier, 1981;
Madon, Poirier, 1983], mo Mepe majbHEUIIINX UCCIIC-
JMOBAaHW OTYACTH YTOUHSUTACH W JOTIOJHSINCH, HO B
menoM Obutn ToaTBepkaeHHI [ Kerschhofer et al., 1998;
Miyahara et al., 2010; Smith et al., 2012; Ohuchi et
al., 2014; Pittarello et al., 2015]. laHHBIE O B3anM-
HBIX OPUEHTUPOBKAX KPHUCTAIIOB TPeX MOJUMOpPGOB
(Mg, Fe),Si0,, HabmogaBIIMXCS TIPA KOTEPEHTHOM
BHYTPUKPUCTAJIIMYECKOU HYKJIEAllMi, CYMMUPOBAHbI

B Tabm. 1.
Tabnuuma 1

KorepenTtHbie B3auMHbIe OPHEHTHPOBKH MoJuMopdoB
(Mg, Fe),Si0,

MuHepaibl Hcrounuku

[Madon, Poirier,
1983; Kerschhoffer
et al., 1998]

OJIMBUH—PUHIBYIUT
[100]g; T <111>gy; [010]g; IT <110>g,;
[001]g 1T <112>,

OJINBUH—BAACIIEUT
L. (100)g; IT {101}yq; [001]0; IT [010]yg
IL. (100)g; IT {021}y [001]; IT [100]yq

[Madon, Poirier,
1983; Smyth et al.,
2012]

BaJCAEUT—PUHTBYIUT
[001]wg 1T <010>gy; [010]yq 1T <110>,,

[Madon, Poirier,
1983; Kubo et al.,

2004]

AHanu3 naHHbIX Tabja. 1 ¢ yyeToM OOIIMX yepT
KPUCTAJUIMYECKUX CTPYKTYp OJIMBUHA, BajcjieuTa U

PUHTBYIHNTA TTOKAa3BIBaeT, YTO TJIABHAsI OCOOCHHOCTH
B3aMMHBIX TpeBpamieHuii (Mg, Fe),SiO, npu kore-
PEHTHOI HyKJIealluu mo4YepHeil (ha3bl — COBMHaIeHUE
MO MEHBIIEN MEPE OMHOM M3 TJIOCKOCTEM IJIOTHEM-
111e#1 yIakKoBKU KKMCJI0Opoja B 10001 mape a3, Ha 4To
yXe JaBHO OoOpalleHO BHMMaHue B padote [Poirier,
1981]. OnHako B noAasstoleM O00JIbIIMHCTBE padoT,
3aTParvBaloNINX BOTIPOCHI KOT€PEHTHON HYyKJICAllMu
nodyepHUX (a3, paccMaTpUBAINCh MPOTPECCUBHBIC
npespamenusa (Mg, Fe),SiO,, a mpenmeToM BHH-
MaHMsI OBUIM OPUEHTHUPOBKM 3apOBIIIei BHICOKO-
Oapuueckux (a3 B onuBuHE. Hu3kas cummerpus
OJIMBHMHA, MPEAOCTaBISIIOIIETO — B cilydyae IMpeBpa-
IIEeHUST B PUHTBYIUT — €IWHCTBEHHYIO TUIOTHOYIIA-
KOBaHHYI0 M1ockocTh (100) mist conpsixeHus ¢ Hel
OITHO M3 YETBhIPEX IIOTHOYITAKOBAHHBIX TNTOCKOCTEH
B CTPYKTYpe Jo4yepHeli (asbl, He obecrneyrBaeT pas-
HOOOpa3nus OpMEHTUPOBOK mMocienHeil. HemHormm
0oJblliee pa3HOOOpa3ue OTMEUEeHO TIpU Tepexoaax
onuBuHA B Baaciaeut [Smith et al., 2012]. Coscem
WHasl CUTYaIllusl OXUAACTCS TIPU PETPECCUBHEBIX Ipe-
BpallleHUSIX — OJWBUH B TaKUX CIydasX CMOKET
HacJie0BaTh JIto00e U3 YEThIpEX HAIMpaBIeHU CI0eB
KyOM4eCKOl IUIOTHEHIIEe! YIAaKOBKM B CTPYKTypax
BaJClIeNTa WU PUHTBYIATA. DTUM 00ecCIIeunBaeTCs
BO3MOXHOCTh TOSIBJICHHS CPOCTKOB HECKOJBKHX
3aKOHOMEPHO OPMEHTHPOBAHHBIX WHAWNBHUIOB OJIH-
BMHaA B cocTaBe mapamopdo3 Mo MOHOKpHCTaiaM
BaJICJICUTa WJIN PUHTBYINTA, €CIIM OyIeT peaan3oBaHa
MHOXECTBeHHasA KOTepeHTHAasT HyKJIeallusl OJIMBUHA.
B3anmHas opreHTHPOBKA OJIMBMHA B TAKUX 00CTOS -
TeJTBCTBAX MOXET OOECIIEUNTh B UTOTE Y KOTEPEHTHOE
COTIPSTKEHNE €T0 MHANBHIIOB.

B3zamMHBIE  TIpeBpallleHUsT ~ HOJUMOPQOB
(Mg, Fe),SiO, He ABIAI0TCS MOHOBAPMAHTHBIMHA, KaK
B ciaydae yuctoro Mg,SiO,, HO OCYLIECTBISIOTCS B
TIpenesax MPOTSSKEHHBIX TI0 TaBJICHII0 MHBEPCHOHHBIX
uHtepBanoB [Punreynm, 1981; Akaogi et al., 1989].
HexkoMIIpeccHst BelleCTBa, CTPYKTYPHO YPAaBHOBECHB-
IIIerocs B Mpeeax 3TUX MHTePBAJIOB, BEI30BET JIUIIb
YBEJIMUEHNE COMEPXKaHMS OMHOM U3 COCYIIECTBYIOIINX
(a3 3a cuer Apyroit — HyKJIealus B TAKNX CUTYaIIUsX,
OYEBUIHO, OCYILIECTBIISITHECS yXXe He OyaeT. B ciydae
XK€ JIeKOMIIPECCUHU BellleCTBa, YPaBHOBECUBIIIETOCS B
TmoJjie CTaOMILHOCTH OTHOW M3 BHICOKOOAPMIECKUX
a3 cucremsr Mg,Si0,—Fe,Si0,, BeIBENEHNME €ro B
Tpenesbl MHBEPCUOHHOTO WHTEpPBaia BBI3OBET HY-
KJIEAlMI0 BTOPOUM YCTOMYMBOM B JAHHOM WHTEPBAJIEC
dazpl (puc. 1). Ilpu ycioBuM KOT€peHTHOM HYKJIe-
aiuu obe pa3bl OYAYyT COCYIECTBOBATh B Tpeaesax
WHBEPCHMOHHOTO MHTEPBaIa B BUIE TOTIOTAKCHYEKOTO
cpacTaHUsI, IO NICUE3HOBESHHM K€ BHICOKOOApUUIECKOM
(a3el B KOHIIE MHTEepBaiia ocTaBIIasica aza MOXET,
COXPaHWB 3aKOHOMEPHYIO OPUEHTUPOBKY MHANBUIOB,
obpa3zoBaTh MUMETUUYECKYIO0 napamopdosy. Eciau Ta-
Kasi BO3MOXHOCTh pean3yeTcsi, TO Mpeodramaoast
JIOJIST B3AUMHBIX OPUEHTHUPOBOK MHAWBUIOB OJTMBIMHA
B UTOTOBBIX MUMETHIECKHX ITapaMopd03ax, Kak OyaeT
BUJIHO U3 JTATBHEWIIETO, OKAXKETCA TBOMHUKOBOU WU
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NceBaoABOMHNKOBON. Hanuune B peabHbIX Mopoaax
TEpEXOTHON 30HBI, Kpome monmmmopdoB Mg,SiO,—
Fe,SiO,4, Takux MAHEpaIoB, KaK aKNUMOTOWUT U MIWJI-
JKOPUT, HECOMHEHHO, OCJIOXHUT OOIIYI0 KapTUHY
MpeBpalleHnui, TaK YTO HOBOOOPa30BaHHbIN OJIMBUH
Oy/leT MOSIBISATBCS U 3a CUeT peakliuii 0osiee CIIOX-
HBIX, YeM TTOJUMOpP(HEBIE TIEPEXOIbl, M B XOIe TaKNX
peaxkiyii, BKIOUYAIIMX pacial TBEPAbIX PACTBOPOB
MalKopuTa, OYAYT HOTMOJHUTEIbHO TOSBISTHCS
WHBIE CTPYKTYPHI, 3IECh HE paccMaTpuBaeMbie. Kpome
TOTO, BJMSIHWME Ha CTPYKTYpPY U YCTOMUUBOCTh MUHE-
paJioB MepexoaHOl 30HbI Takux Mpumeceit, kak Cr,
CMOCOOHO 3aMETHO OCJIOKHUTh KapTUHY UX (Pa30BbIX
paBHOBecuii [Sirotkina et al., 2018]. OgHako HU 3TO
00CTOSITENTCTBO, HA HAJTMUYKME TOTIOJTHUTETbHBIX MUHE-
paJioB MpU JEKOMITPECCUU He paTaIbHO JIJIs1 COXpaHe-
HUS TeHEepaJIbHOM TMOCIe0BaTeIbHOCT CMEHSIOIINX
OJ/IHa JIpyTyi0 (ha3 OJIMBUHOBOTO COCTABA, SIBJISIIOLLIMXCS
JIABHEMIIIMMHY MUWHepajlaMi BepXHEW MaHTWUH, TIO-
9TOMY 3KCTPAIoJsius 0COOeHHOCTEN MOJUMOPHHBIX
npespauieHuil B cucreme Mg,Si0,—Fe,SiO4 Ha no-
POAbl MAHTUU TPEACTABISIETCS ONPaBIaHHOM.
MogenupoBaHUe BO3MOXHBIX OPUEHTUPOBOK
OJJUBMHA B COCTaBe€ MUMETUYECKUX MapamMopdo3s,
HacjeayeMbIX OT TOMOTAaKCUYECKUX CpacTaHUU ¢
BBICOKOOApUUECKUMU ToJuMopdamMu, MPeaoCTaBUT
B JaJIbHEUIIEM KPUTEPUU JJIs1 OTTO3HAHUS TTOAO0OHBIX
o0pa3oBaHU WM MX PEIUKTOB. Bo3HUKaeT 3amaya
pacueTra TakKMx napaMeTpoB B3aUMHbBIX OPUEHTUPOBOK
OJIMBMHA, KOTOpble MOTYT ObIThb BBISIBJIEHBI B 00pa3-
ax ¢ ucnonb3oBaHueM POM B pexxume EBSD unu
yHUBepcajdbHOTO cTonnka PemopoBa. BeiemcTsue
HaJIn4yusi COOCTBEHHOW CUMMETPUY mmm y OJIMBUHA,
IIJIST KaXXIOM TTapbl eT0 MHAWBUIOB HAWMIYTCS YeThIpe
BapuaHTa COOCTBEHHbBIX MOBOPOTOB, COBMEILAIOIINX
pelieTku o0ouxX WHAMBUIAOB, B TOM 4YHUCJE MOBOPOT
Ha MUHUMAaJbHBIN Yyroj — Yrojl pa3opueHTaluu. 3a-
JIaHHOE OTHOCUTEJIBbHO KpUCTALIOrpacUYecKrux ocei
MUWHepaJla HalipaBJeHUE OCU, BOKPYT KOTOPOM Mpou3-
BOJMTCS TaKOI TTOBOPOT, — OCHU pa30pUeHTalIMU, BMe-
CTE C YIJIOM TTOJIHOCTBIO M OJTHO3HAUYHO XapaKTepu3yIoT
B3aMMHYI0 OPUEHTUPOBKY B Mape WHAUBUIOB OJHOTO
MUHepasia. MaTpuuHbIi (hopMaiu3M, TTO3BOJISIOLINIA
paccuuThiBaTh MapaMeTpbl pa3OopMEeHTALMM JJIsSl Tap
3epeH MO0 WHCTPYMEHTAJbHBIM JaHHBIM 00 UX OpHU-
€HTAlMSIX OTHOCUTEJIbHO CUCTEMbI KOOPAMHAT, CBSI-
3aHHBIX ¢ 00pa31oM, n3IoxeH B padbore [Wheeler et
al., 2001]. AHaJIOrMYHBINA OAXOMA IIPUMEHSIETCS 30ECh
IS TEOPETUYECKOTO pacyeTa rmapaMeTpoB pa3opreH-
TalluM MEXIy MapaMM 3epeH OJMBUHA, ONpelaeseH-
HbIM 00pa3oM OPUEHTUPOBAHHBIX B MOHOKPHUCTAILIE
MaTepuHCcKoi ¢dasbl. MIckoMble MapaMeTpbl — Ha-
MpaBJeHUs OCeil U BEJMUMHBI YIJIOB pa3opueHTalun
IUJIST Pa3IMYHbIX MapHbIX OPUEHTUPOBOK OJIMBMHA B
MUMETUYECKUX cpacTaHusx. Bapuauuu Mmopdoaoruu
U BHELIHEW CUMMETPUHU CpacTaHM, a TakKe pa3inumsi
B MX apXMTEKType, Halpumep, B TOpPsIKEe CMEXHO-
CTH Pa3IMYHBIX WHIWBUAOB W B YHMCJIE TTOBTOPEHMI
OPUEHTUPOBOK, KapAWHAJbHOIO 3HAUYEHUS] TIPU MX

‘):(' KOrepeHTHasa Hykneauus

Y mumertuueckas napamopdosa

= OTPEe3KU AEKOMMNPECCHOHHbIX

TpaekTopumn
18 p p!

8 T T T T T
Fo 100 90 80 70 60 50 40

Puc. 1. M3orepmuueckoe (7=1873 K) ceyeHue MarsHe3uajbHOM
yactu (azoBoil auarpammel cuctemsl (Mg, Fe),Si0,, no [Akaogi
et al., 1989], ¢ A€KOMIIPECCUOHHBIMU TPACKTOPUSIMU

WHCTPYMEHTAIbHOM IUAarHOCTUKE UMETh He OyayT, U
MO3TOMY 3/I€Ch HE pacCMaTPUBAIOTCS.

IlceBnorekcaroHa bHbIii OJMBUH 1O PUHIBYAMTY.
KorepeHTHast HykJlealldsi pUHIByaIUTa B popcTepute
B YCJIOBUSIX MIPOTPECCUBHBIX TpaHCHOpMaLUii — J0-
BOJIbHO OOBIYHOE COOBITHUE, peau3ylolleecss B MeTe-
oputax [Miyahara et al., 2010; Pittarello et al., 2015].
PaBHOBeCHOro mpeBpallleHUs] pUHTBYAWTA B OJVMBUH
MpU IeKOMITPECCUHN B BepXax MepeXoJHOM 30HHI (Tpa-
ektopus 1 Ha puc. 1), ecau UCXOAUTDb U3 MUPOJIUTOBO-
Io COCTaBa MaHTHUU, OXKUAATh He TIpUXoauTcs. Tem He
MeHee MOISIUPOBaHNE MUMETHMYECKHUX ImapaMopdo3
OJIMBMHA UMEHHO MO PUHTBYIUTY YMECTHO BBIMOJIHUTh
B IIEPBYIO O4YEpedb, TAK KaK €ro pe3yabTaTaMM UcUep-
NBIBAIOTCS B3alMHbIE KOT€peHTHBIE OPHUEHTUPOBKU
B mapax WHAWBUIOB OJIMBUMHA, KOTOPbIE MOIJIM ObI
BO3HUKHYTh TIPU JIOOBIX CLEHAPHUSIX PEerpecCUBHBIX
npeBpalleHnii 000MX ero BBICOKOOApMYECKUX IT0-
nuMopdoB (Bce AeKOMIIPECCUOHHbIE TPAaeKTOPUU Ha
puc. 1).

Metpuka P-stueliku onuBuHa (B TPaaULIMOHHOM
yctaHoBKe Pbnm) cierka oTKJIoHSIETCS OT METPUKMU,
CBOMCTBEHHOI pOMOMYECKON sS4elike, BHIOpAaHHON B
UACAIBHON TJIOTHEHMIEH reKcaroHajJbHOM YIaKOBKE
M TOYHO COBMECTHMOM C YacCThIO Y3JIOB KyOMYECKOM
F-pemetku punreyauta. OpueHTUPOBAHHOE pa3Me-
IIEHMEe TaKOM SYEelKMU C OTHOIIEHUEM oceil a:b.c =
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Tabnuma 2

Vbl ¥ ocH COOCTBEHHBIX MOBOPOTOB (HHIleKCLI oceii B P-sueiike 0JIUBMHA, YCTAHOBKA anm), KOTOpbI€ COBMEIIAIOT HHIUBU/IbI
NCEBA0OreKCaroHaJJbHOro OJIMBUHAa, KOrépeHTHO CONPS2KEHHbIC C PUHIBYIMTOM, B NAPHBIX OPUCHTHUPOBKAX NATH TUIOB

l;l;:;g[ y;zgogg :ﬂ:r)a]l;lyﬁ:b Vbl (rpaja.) U OCU APYTMX COBMEIIAIOLINX TOBOPOTOB, B TOM UMCJIe ABOMHUKOBBIX (Ha 180°)
I 60 [100] 180 <013> 180 <011> 120 [100]
I1 90 <320> 180 <313> 109,47 <011> 131,81 <302>
111 70,53 <011> 180 <613> 120 <340> 146,44 <304>
v 70,53 [001] 180 <310> 180 <320> 109,47 [001]
\'% 90 <313> 146,44 <322> 131,81 <311> 120 <326>

= (24)":3":1 obecreynBaeT 1 HAWIy4lllee COBMEILIEHIE
YacTU TUIOTHOYITAaKOBAaHHBIX aHMOHOB B CTPYKTYypax
oboux MuHepaioB. IlceBgorekcaroHajabHas MeTpUKa
P-g4eiiku mpuMeHsiaach, B YaCTHOCTH, MPU aHAJIU3E
3aKOHOB JIBOMHMKOBaHMs ojiuBuHaA [Azevedo, Nespo-
lo, 2017]. Ee ucnonb3oBaHue objierdyaeT MOJAEIUPO-
BaHKWE OPUEHTUPOBOK OJIMBMHA B U€ATU3UPOBAHHBIX
CpacTaHUsIX, B KOTOPBIX CBSI3b MHAMBUIOB OCYIIECT-
BJISIETCS ONEpalMsIMU CUMMETPUU KyOUUeCKOU Tro-
JIODJIPUM PUHTBYIUTA, CPEAN KOTOPBIX — OTPAXKEHMUS
B 3€pPKaJIbHBIX IUIOCKOCTSX M MOBOPOTHI BOKPYT OCei
2-ro nopsaka, obecreurBaronme JBOMHUKOBYIO OpU-
eHTUPOBKY MHAUBUAOB. [Ipn oTHeceHuu K P-sueiike
OJIMBUHA C TICEBIOTEKCATOHAIBHON METPUKOMN MOBO-
POTHBIE OCU KYOMUYECKOM T0JI03IPUU C PALIMOHAIbHBI-
MM MHIEKCaMU OCTalOTCs HOPMAIsIMU K pallMOHasb-
HBIM IUIOCKOCTSIM M Hao0opoT. B Takoii cutyauuu
JBOMHUKU OTpak€HUsI COBMAAAIOT C B3aMMHBIMU UM
JBOMHUKAMU BpallleHWs, YTO 3HAUUTEIbHO YIPOIIIAeT
MEPBBIA ATAIl NOJYYEHHUS NapaMEeTPOB 3aKOHOMEPHOM
OPUEHTHMPOBKM WHAUBUIOB OJUBUHA.
IIpeacraBieHre 0 KOr€PEHTHOM PACIIOJOXEHUN
3JIEMEHTAPHON SYE€WKU OJIMBUHA OTHOCUTEIBHO
IUIOTHOYIIAKOBAaHHBIX IUIocKocTelt {111} B cTpykType
PUHIBYIUTA MOXET OBITh ITOJTYYEHO U3 aHAIu3a PUC. 2,
a. B kayecTBe HaMISIAHBIX PENPE3EHTAHTOB BCEX TAKUX
MOJIOXKEHUM yImoOHO MCIOJb30BaTh 12 pomM0OOB, pa3-
MEIIEHHBbIX MO TPU Ha TpaHsX IMepeaHell TTOJOBUHBI
okTasapa (puc. 2, 6). CoBMellleHUsI pelpe3eHTaHTOB
B JIIOOOW Mmape, KaK U pelleToK MHIUMBUIOB OJIMBUHA,

N

¥ B

Y Vi

LN

Puc. 2. ®parMeHT CTPYKTYpbl U BeKTOpbl P-sueiiku onuBHHA,
KOTE€PEHTHO COMNPSIKEHHOTO ¢ OZHOW M3 TUIOTHOYMAaKOBAaHHBIX
miockocteit {111} cTpyKTypbl pMHIBYIMTa (ITOKa3aHBI TOJBKO
MgOg-oxTasapsl) (a) U 12 KOrepeHTHBIX OPUEHTUPOBOK P-sueex
OJIMBMHA OTHOCHUTEJIBHO IIocKocTei {111} punrynura (6)

OCYILIECTBJISIOTCSL OIepallisiMU KyOUUeCKOW TOJ103-
JIpUU, U pe3yIbTaThl UX B3aUMOAEHCTBUS C OMNepalu-
SIMA pOMOMYECKOI TOJI03IpUH JII000T0 13 UHAUBUIIOB
OJIMBMHA MCYEPIIBIBAIOT BCE CMOCOObI COBMEIIEHUS
U B3aMMHYIO OPUEHTUPOBKY B Mape. AHAJIM3 TaKuX
peoObpa3oBaHUlM, MPOU3BEIEHHBIA B MaTPpUYHOM
(opMe, TO3BOAMI IS KaXAOU M3 pa3ivuyaroliuxcs
rnap UHAWBUIOB OJMBMHA PACCUUTATh NTapaMeTphl Ue-
ThIpEX COOCTBEHHBIX COBMEILIAIOIIMX TOBOPOTOB, B UX
YyHucjie — MOBOPOT HA MUHUMAJIbHbBIN YroJl BOKPYT OCH
paszopuenTtanuu [Wheeler et al., 2001]. B pe3ynabrare
yIAJ0Ch BBIAECJUTH MSATh TUIOB IMApHBIX CpacTaHWNA
MCEBAOreKCaroHaJIbHOIO OJIMBMHA, Pa3IMYalolIuXCs
B3aMMHBIMU OPUEHTUPOBKAMM, XapaKTEPUCTUKU KO-
TOPBIX PUBEAEHEI B Ta0OJ. 2.

CoBMellleHe UHAMBUAOB B MATH TUTIAX Map OCy-
LLIECTBJISIETCS TISThIO OMEPaLUSIMU, YEThIPE U3 KOTOPbIX
SIBJISIIOTCSI, OUEBUHO, OTEpaLlMsIMU IBOMHUKOBAHMUSI.
ITapHbIe B3aMMOOTHOIIEHMSI JIIOOBIX 13 12 MHAMBUIOB
WUIEATU3UPOBAHHOTO — IICEBIOT€KCArOHAJIbHOTO —
OJIMBMHA, KOTOpPble KOTE€PEHTHO OPUEHTUPOBAHBI
B PUHIBYAUTE W OIMUCBIBAIOTCS ONEPALMSIMU MATH
TUIIOB, TIpUBeAEHBI B Ta0. 3. Pa3nuuus B KpaTHOCTU
orepauuii B Ta0JI. 3 CBsI3aHbI C YMCJIOM CIIOCOOOB pa3-
MEIIEHUsI Map pa3UYHbIX TUIMOB B MOHOKPHUCTAILIE
PUHTBYIUTA.

Tabnuua 3

Onepaiuu, cBsi3biBaomue nonapuo 12 MHIMBUIOB
NCEBIOreKCaroHAILHOTO OJIMBHHA, KOT€PEHTHO Pa3MelIeHHbIX
B punrsyaute (0 — TOXKIeCTBEHHbI MOBOPOT)

Howmep
- [ 1 [ 2|3 (4|56 |7 (89 ([10]11]12
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2 I

3 I|1]0 VIiIV|V ||| v |l
4 myugryvyio|r|1(m|viu|imv|v v
5 rymjivi{irjo{1r|viyrmwv|v|iviim|i
6 VIiVI|IV|(T|T|O0 |||V |{II|V|I|II
7 viv|yvimn|vyujo|1nr|1r|mjur|v
8 viagiugyvi4|v,|iroyoj1rjugimfv
9 Vi ia|m|ar|pvimfr|ryiojv|ivi]ilv
10 nmyvijuar|vivivimnjuar|vijioj|rj|I
11 vilviv i v injuuarmivj{r|o|Il
12 mjyv|ymyvimmuo|v| viv|ir|1io
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ITonyyeHHbINT HAOOP UACATM3UPOBAHHBIX MAPHbIX
OPUEHTUPOBOK OJIMBUHA 00E€CTIEUMBAET BO3ZMOXKXHOCTh
OCYILECTBUTh B NAJbHEUIIEM MEPEYUCTIEHUE BCEBO3-
MOXHBIX MUMETUUYECKUX CPOCTKOB, BKJIIOYAIOIIMX /10
12 pa3iMuHO OPUEHTHPOBAHHBIX UHAMBUIOB OJIMBMHA,
U OLIEHUTb KOJWYECTBO PA3JIUYHBIX MapHbIX OPUEH-
TUPOBOK B TaKUX CPOCTKax.

PomOnyecknii oJMBUH MO PUHIBYAUTY. Penmakca-
LIMSI OT TICEBIOreKCaroHajJbHONW METPUKM peIEeTKU
OJIMBUHA K PEATbHOI BEAET HE TOJBKO K HEKOTOPOMY
OTKJIOHEHWIO MapaMeTpOB B3aUMHOW OPUEHTUPOBKU
rnap B 3aKOHOMEPHBIX CPaCTaHUSIX OT MEPBOHAYATBLHO
MOJIyYeHHBIX, HO 1 K YBeJIMUeHUI0 ux yucia. CHsTue
BBIPOXJAECHUS, O0YCIOBIEHHOTO HUCIOJb30BAHUEM
MCeBAOreKcaroHaJbHO METPpUKHU, MPUBOIUT K pac-
LLIETUIEHUIO KaXIOTO U3 IMSTU TUIIOB Map KOr€peHTHO
COMPSIKEHHBIX MHAWBUIOB UI€aTM3UPOBAHHOTO OJIN-
BMHA Ha JiBa BUJA, TaK KaK HOpMaJiu K pallMOHAJIbHbIM
IUTOCKOCTSIM B OOLLEM CTy4yae MepecTaroT ObITh palu-
OHaJILHBIMU HaIIpaBIeHUSIMUA 1 HAa000poT. [TockoIbKy
OCEeBbI€ OTHOILEHUSI B peaJIbHbIX OJIMBUHAX OJM3KM K
MCeBAOreKCaroHaJbHbIM, OPUEHTALIMOHHbBIE PA3IUUMS
MEXy BUJAaMU BHYTPU KaXKIOTO U3 TSITH U3HAYATBHO
MOJTyYEHHBIX TUTIOB B3aUMHbBIX OPUEHTUPOBOK OKa3bl-
BalOTCSl HE3HAYMTEJbHBIMU. Bapualuuu yrjiioB u Ha-
MpaBJIEHUI1 OCEIl Pa30PUEHTALIMU, IBOMHUKOBBIX OCEN
U1 BO3MOXKHBIX KOHTaKTHBIX TUIOCKOCTEM, CBSI3aHHbIE C
BapHvalMsIMU COCTaBa OJIMBUHA B MHTEPBaJIE OT Fo,, 10
Fo,, He mpespiator 0,2°. Xapaktepuctnku 10 BUIoB
B3aMMHbIX OPMEHTUPOBOK U OTepaliuii COBMEIIEHMS B
Mapax OJMBUHOB C PEATbHOM METPUKOW (U151 COCTaBa
Fogy,) mpencrasnens B Tabi. 4.

Oco0eHHOCTH, CBSI3aHHBIE C OTKJIOHEHHEM
pellIeTKU pealbHbIX OJMBUHOB OT WAEAJTbHOU TICEeB-
JIoreKcaroHaJIbHOW METPUKM, BbIIIEeCKa3aHHBbIM He
ucuepnbiBatoTcs. I1peacraBieHHbie B Ta0Jl. 2 OpUeH-
TUPOBKM B Mapax ICEeBIOreKcaroHaJbHOro OJIMBUHA
OTPEaEISIOTCS B TOM YMCJIe U TOBOPOTaMU BOKPYT
ocCeil BbICLIETro TMopsiiKa, TPy MOBTOPEHUM 00pasyro-
MM TuKIbL. TTocne nepexona K peajibHONM METPUKE
OJIMBMHA JIBOMHUKOBBIE OMepally B Mpeaeaax Kaxiao-
ro tuna ot I go 1V, xak n nBa Buma onepauuu V, yxe
He TTOPOXIAI0T BbICOKOCUMMETPUYHBIX CPOCTKOB TTPU
JIFOOBIX COYETAaHUSIX, XOTSI MOXKHO MOA00paTh YaCTHBIE
MOCAe0BaTeJIbHOCTU OIlepaliiii, CITOCOOHBIX AaTh
3aMKHYTbIN UMK, Tak, HarpyuMep, U3 TaHHbIX TabJI. 4
MOXHO BUIETb, YTO uepenoBaHue onepauuit 1-1 u
I-2 — orpaxenuit B {031} u {011} — pmact moJjHbII
LIMKJI, TaK KaK JBa COOTBETCTBYIOILIMX YTJia pa30pUeH-
TalMU TIPU TAKOM YepeloBaHUU JAI0T B CyMMe TOYHO
120°, ogHaKO TPYAHO YCMOTPETh MEXaHU3M, KOTOPBIi
obecnieuns Obl MMOAOOHOE uyepedoBaHUE I JIHOObIX
WHAWBUAOB B MHOXECTBEHHOM cpocTKe. [ToaTomy
JIBa UHAVBUIA, TTyCTh JaXe CBSI3aHHbIE C HEKOTOPBIM
WCXOAHBIM WHIWBUAOM TOYHBIMU ITBOWHUKOBBIMU
orepalusiMu, B 001LeM CJTydae OKaxKyTcsl CBSI3aHHBIMU
MEXIy COOOM ABMXKEHMEM, XOTS 1 OJIM3KUM K JABOM-
HUKOBOW omnepaluu, HO He TOYHO COBMAAAIOIIUM C
TakoBoil. [lomoOHBIE B3aMMOOTHOIIIEHUSI, HanboJee
KOPPEKTHO XapaKTepU3yIolIuecs Kak MCeBIOABOMHU-
KOBbI€, HAOIIOAAIUCh, B YACTHOCTHU, B KOMITJIEKCHBIX
MUMETUYECKHUX CPOCTKaX (TpOilHMKax) KOpAuepuTa,
UMEIONIMX TpaHC(hOPMAIIMOHHOE TPOUCXOXKIAECHUE.
IIpu oOCcyXaeHUM HMX MPUPOIbl BbICKAa3bIBaAJIOCh

Ta6numa 4

ITapameTpbl onepaumii, CBA3bIBAIOIMX NAPbl B3AMMHO KOT€PEHTHBIX MHIMBUIOB OJMBHHA B DUHIBYAUTE,
focjie peJlakcalyy K peajbHoil MeTpuKe pemeTku (a1 Fog,)

VIbl ocu pa3opUeHTaluU C
. OCSIMU SIYEHKU U MHAUKATPUCHI
XapakTepucTUKM B3aMMHOMA BO3MOKHBIE KOHTAKTHBIC Vron (rpan.) n Ol (rpaz.)
OPUEHTUPOBKU MHIMBUIOB OCb Pa3opu-
. TJIOCKOCTH
_ U onepaLuii COBMEILEHUs eHTaLUK Xoi Yoi Zo)
=
E | & N, N, N,
1 I-1 HOpMaJ'Iblu-lblI‘/JI LILBOFIHI/IK o {031}, on | {031}, (100) u npyrue {hkl}, 59,46 [100] 0 90 90
Xe oceBoi ABOMHUK 1o <0—13> conepxarue <0—13>
122 Hopmanbljblﬁ J{BoﬁHMK mo {011}, on | {011}, (100) u apyrue {hkl}, 60,54 [100] 0 90 90
K€ 0CeBOM IBOMHUK mo <0—11> conepxamue <0—11>
In II-1 OceBoil IBOIHMK Mo <313> {hkl}, comepxaime <313> Mii;;fl 54,29 35,71 90
N " 91,24
I1-2 | HopmanbHblit aBoiiHUK 10 {233} {233} 55,18 34,82 90
vppail.
111 . . 71,86
III-1 | OceBoii aBoitHUK 10 <613> {hkl}, comepxarue <613> uppait 90 29,73 60,27
. . 69,21
11I-2 | HopmasnbHhslii nBoWHUK 110 {433} {433} 90 30,27 59,73
uppail.
v Hopwmansnbiit nBoitHuk mo {230}, on | {230} u {hkl}, conepxaimne
VI-1 K€ 0CeBOM ABOWHUK 1o <3—20> <3-20> 69,70 [001] 50 20 0
Hopwmanshbiit nBoitHuk mo {011}, on | {011} u {hkl}, conepxaiiue
VI-2 e oceBoii ABOMHUK mo <0—11> <3—-11> 71,36 [001] 20 20 0
vV [V-1 TMoBopot Bokpyr <313> {hkl}, conepxauue <313> 89,06 <313> 54,07 65,91 45,62
V-2 [ToBopoT Bokpyr HopMmanu K {133} {133} 90,94 uppair. 55,39 65,91 44,38
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MHEHHE, YTO TaKoro poja odbpa3oBaHMUSIM — C yHac-
JIETOBaHHOM OT BBICOKOCMMMETPUUYHOTO TMpeKypcopa
B3aMMHOI OPMEHTHPOBKON WHIWNBUIOB — TOYHEIE
JIBOWHWKOBEIE OPUEHTUPOBKU B TIPUHITUTIC HE CBOW-
crBeHHHl [Kitamura, Yamada, 1987].

OamBuH mo Baaciaeuty. Ilepexon BaacieuTa B
OJIMBUH B HEKOTOPBIX MHTEpPBAIAX JHEKOMIIPECCHUOH-
HBIX TPAeKTOPHWIT — BIIOJHE OXMIAeMOE JJISI BEPXOB
TepeXoaHON 30HbI siBJieHUEe (TpaekTopuu 2 U 3 Ha
puc. 1). B ciydae KorepeHTHOM HYKJIeallMy OJIMBIHA
B BaACJEHUTE, TPU PETPECCUBHBIX TPEBPAIICHMSIX,
HACTYITAT TIEPHO COCYIIIECTBOBAHNS MAaTePUHCKOMN 1
JIodepHeit a3 B BUIEe OPUEHTUPOBAHHBIX TOTTOTAKCH -
YeCcKUX MmpopacTaHuil. YeTblpe BapraHTa abCOIOTHOM
OPUEHTHUPOBKHU OJIMBMHA B MOHOKPUCTAJLUIE BaJCIEUTA,
Mo JaHHBIM Taba. 1, 0O6pa3yroT ABE Mapbl, B KaXKI0M
W3 KOTOPBIX ABAa WHAWBHIA OJTMBMHA MMEIOT OOIIYIO
ocb [001], mpu 3TOM B TEpBOI Mape HampaBieHUE
[001]; coBnazeT ¢ [010]ywq , @ BO BTOopoit — ¢ [100]yygy.
B xaxmoMm M3 BapmaHTOB WHAWBHUIOM OJIMBMHA Ha-
CJIEAYETCS OJIHA U3 YETBIPEX TUNIOCKOCTEM TJIOTHEMUIIIEA
KyOuueckoil yIakoBKU BaJcjienTa, B IepBoOil mape —
IBYX, MapayenbHbIX {101}y, BO BTOPOM — ABYyX, Ma-
payutenbHbIX {021}y4. [Tocne ncuesHoBeHUS BafcaenTa
MOTYT BO3HUKHYTb MUMETHUYECKUE TTapaMop@o3bl ¢
YETBIPbMST BO3MOXHBIMUA BUAAMU TTapHOIN B3aMMHOM
OPUEHTUPOBKN WHIWBHUIOB OJMBWHA. Hykiearms
IBYX MHIWBUAOB C HACJIEMOBAHMEM IBYX IIJIOCKOCTEM
{101}wg, PaBHO KaK W IIByX WHIWBUIOB C HaCJENO-
BaHueM {021}y, IacT B3aMMHBIE OPUEHTHUPOBKM,
OTBEYAIOIIe OMHOMY M3 JIBOMHMKOBBIX 3aKOHOB IV
tuna (taba. 4). Ecnu xe Hykieaumsi AByX UHIWBU-
JIOB OJIMBUHA TTPOM30MJIET C HECOBIAAEHUEM UX OCEN
[001] — onHoro ¢ HacnegoBaHueM ogHOM M3 {101}y,
BTOPOTO — C HacjenoBaHWeM ofgHOMN n3 {021}y,, TO
COOTHOIIICHHS B TaKOW Mape WHAWBHUIOB OYIyT OIH-
CHIBaThLCST OMHUM 13 3aKOHOB ABOMHMKOBaHus 11 Tnma
(tabsn. 4). CBUAETENLCTB O PAaBHOI BEPOSTHOCTU WJIU
JTOMMHWPOBAHWHM OTHOTO M3 JIBYX PacCMOTPEHHBIX
BapMaHTOB KOTEPEHTHOTO COMPSIKECHMS B HACTOSIIIEE
BpeMs HEeT, HO TaKoe JOMUHUPOBAHWE HE MOXKET He
OTpa3uThCs Ha yactoTax rnosisjieHus nap I u IV tu-
OB B MUMETHMYECKUX ITapamMopdo3ax OJMBHHA II0
BaJICJICUTY.

ITocaenoBaTebHBIE MPEBPAIIEHAS B POy PHHTBY-
JUT—BAICIEHT—OJMBHH. TpaH3UT BelllecTBa HIDKHEN
MaHTUU 4epe3 MEePexXoJHYI0 30HY WIM TOAbeM Be-
111eCTBa ee IIyOOKMX HU30B B JOCTYITHbIE HEMOCPEI-
CTBEHHOMY HaOJII0JIEHUIO TOPU3OHTHI MOApa3yMeBaeT
00s13aTeIbHOE TTPOXOXKIEHUE MHTEPBaia PABHOBECHOTO
COCYIIIECTBOBAHWSI PUHTBYINTA W BajcienTa (TpaeK-
topus 3 Ha puc. 1). Takoii clieHapuit oxxumaercst 1isi
OOJTBIIMHCTBA PEATMCTUYHBIX COCTAaBOB MAaHTHH, 00€-
CITCYMBAIOIINX ITPU IEKOMITPECCUT COCTABBI UTOTOBOTO
OJINBMHA Oo0Jiee MarHe3uaJIbHbIE, yeM Fogs. B ciyuae
KOTepPEHTHOM HYKJIealIH BaJCIeNTa B pUHTBYINUTE MX
COBMECTHOE HaxOXAEHUE B BUIE TOMOTAKCUUYECKUX
cpacTaHMii B MTHBEpCHOHHOM MHTEpBaje B TIPUHITATIC
MOXET 3aBEPIIUTLCA 00pa30BaHMEM MMMETUUICCKUX

napamMopdo3 BajcjieuTa Mo pUHIBYIUTY, HO HAZEXIbI,
YTO OHM MOIMNAaAyT B PyKU MCCJeAoBaTessI XOTs Obl B
YaCTUYHOW COXPAaHHOCTU MPAKTUUYECKM HE OCTAeTCS.
OnHako Takue apamopho3bl MOIJIY Obl, IPU YAIAYHOM
CTEYEHUU OOCTOSATENILCTB, MPETEePIETh MTpeBpallleHue
B OJIMBUHOBbIE MUMeTHYECKHE TapamMopdo3bl Mociie
MPOXOXAECHUS CJIEAYIOLIEr0 MHBEPCUOHHOTO MHTEepBa-
Jia B X0JIe AajibHeuei nekomrpeccuu. BeposiTHOCTh
BO3HUKHOBEHMUSI U COXpPAHEHMUST MOJOOHBIX OOBEKTOB
MMEET MOPSIIOK TTPOU3BENCHUS U 0€3 TOr0 He BHICOKUX
BEPOSITHOCTEN KaxKJ0TO M3 HEOOXOAUMBIX COOBITHIA,
HO MOJIHOCTBIO OTOpachIBaTh TaKyH BO3MOXHOCTb HET
OCHOBaHMUIA.

Huxakux crienuuyeckux MmapHbIX OPUEHTUPO-
BOK OJIMBMHA, JOMOJHUTEJbHBIX K MPeICTaBIeHHbBIM
B Tabiu. 4, B MUMETUYECKUX mHapaMopdo3ax OIu-
BMHA IO MMMETUYECKMM Ipamopdo3aM BaicieuTa
M0 PUHTBYIMTY He oxXwuuaaercs. bojee Toro, eciu B
MBUIKOPUT-PUHTBYAUT-BAJCIEUTOBOM MTopoje Oyner
BeJIMKA J10J11 HEKOTePEHTHO 3apOJIMBILIETOCS BajaCie-
WUTa, a 3aKOHOMEPHbIE €r0 OPUEHTUPOBKU HE YaCThI,
TO B CJIydyae IOCJIEAYIOIIE MacCOBOM KOT€PEHTHOM
HyKJIealluyi OJIUBUHA Pe3yabTaT OyneT MOUTHU BCEllesIo
MCUYEPNbIBATbCSI MUMETHMUYECKUMMU MapamMopdo3amu
OJIMBMHA TIO BAJCJIEUTY, OMMCAHHLIMU Bbille. Eciu
K€ 3aMeTHasl YaCTb UHIMBUIOB BaJCieuTa NpUOOpETET
3aKOHOMEPHYI0 OPUEHTUPOBKY B TOIMOTAKCUYECKUX
CpacTaHUSIX C PUHIBYAUTOM M B JAajJbHEHIlEeM Tipe-
TepNUT TNpeodpa3oBaHUE B OJUBUHOBBIE MUMETH-
yeckue nmapaMopdo3bl, TO B 3aBUCMMOCTHU OT 4ucja
W B3aMMHOM OPMEHTMPOBKUW WHIWBUIOB BajClieUTa,
a TakXke OT pacmpeieeHus] MO HUM KOTepEeHTHBIX
3apojibllliell OJIMBUHA, CMOTYT 00pa3oBaTbCsl BeChbMa
pa3HooOpa3Hble 3aKOHOMEPHbIE CPACTaHMUSI.

W3 gannbIxX Tabm. 1 ciaemyer, 4To MMeeTcs 6 T10-
JIOKEHUI KPUCTALJIOB KOT€PEHTHO HYKJIEMPOBAHHOIO
BaJICJieuTa B PUHTBYIUTE, U B KaXIOM U3 TaKUX TMO-
JIOXEHWU BaACIeWuT HacjienyeT Bce 4 HampaBleHUs
KyOuuyeckoi TUIOTHeHIleld ynakKoBKM KUCJIOpoJa B
puHrByaure. [1pu yBeJIMUeHUU YKcClia pa3IuyHO OpU-
€HTUPOBAHHBIX 3apOJIbIIlIei BajicieuTa B pUHTBYAUTE
BO3pacTeT U YHCJIO BO3MOXHBIX MOJOXEHUUN s
KOTepeHTHOI HyKJIeallud OJIMBUHA, B Mpeaeae — a0
paHee MPUHSTBIX BO BHUMaHue 12 mosoxeHui, uMe-
IOLIMXCSI B MOHOKPHUCTaJLJIe pUHTByAuTa (puc. 2, 60).
ITo Mepe peanuzauuu ob0eUX BO3MOXKHOCTE HabOp
WTOTOBBIX B3aMMHBIX OPUEHTUPOBOK OJIMBHHA Oy-
JIeT MpUOIMKAThCS K TOJYYEeHHOMY BBIIIE MOJHOMY
Habopy, BKJOYaAWILEMy MSITh Map OPUEHTUPOBOK
(Tabmn. 4). PeamcTMYHOCTD TAKOTO CLIEHAPUST MOXKET
TMOATBEPAUTHCS JIMIID BBISIBJICHUEM TPEACKA3aHHbIX
OPUEHTHMPOBOK B MIPUPOAHBIX 00pa3liax Wiu BOCIPO-
W3BEACHUEM HX B 9KCIIEPUMEHTE.

Yciaosua o0pa3oBaHusA M COXPAHEHHS MAMETHYE-
ckux nmapamopdos. Ilpolieccbl KOrepeHTHOU BHYTpU-
KPUCTAIMYECKON HyKJealluM OTHIOAb He 0e3alib-
TEpHATUMBHBI, TIO3TOMY UX KMHETUKA B CPaBHEHUM C
KMHETUKON KOHKYPUPYIOILIETO crocoba HyKJealuH,
MPUBOJSIIETO K 00pa30BaHUIO CIyYaliHO OPUEHTU-
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POBaHHBIX WHAMBUIOB HOBOI (ha3bl, 3acCiyKMBaeT
BHUMAHUS B CBS3M C OIEHKOW IIMAHCOB TTOSBICHUS
CKOJIBKO-HUOYIb 3aMETHOTO KOJIWYeCTBA MUMETH-
YeCKUX TapaMopdo3 OJMBHHA TI0 €TO BBICOKOOApH-
YeCKUM TTommMopdaM. YCTaHOBJIEHO, YTO KMHETHKA
BHYTPUKPUCTAITMYECKON KOTEPEHTHOM HYKJIeallny 1
pa3pactaHusI MTHIVBUIOB HOBOM (Da3bl, onpeaeseMast
He TOJIBKO TIpolieccaMy Ha TpaHUIle pasnena da3, Ho
B caydae (Mg,Fe),SiO, 1 BHYTpUKpPUCTAIIINYECKON
nuddysueit, cpeau mpounx (HakTopoB, CUJILHO 3aBU-
CUT OT pa3mepa 3epeH MaTtepuHcKoil (asbl [Kercsh-
hoffer et al., 2000; Miyahara et al., 2010]. Kpome
TOTO, TITIOTHOCTh AMCIOKAINI 1 Ae(EeKTOB YITaKOBKHU
B KpUCTaJIaX BaAC/IeNTa M PUHTBYINUTA 3aMETHO BO3-
pacraet noxn BiusitHuEM crpecca [Ohuchi et al., 2014], a
WMEHHO K Je(eKTaM YITaKOBKU OJIMBMHA TIPUYPOUCHEI
KOTEepEeHTHBIC 3apONBIIIN HOBBIX (ha3 MPHU TIPOrpec-
cuBHBIX npeBpateHnax (Mg,Fe),Si0, [Kercshhoffer
et al., 1998; Pittarello et al., 2015].

CpemHee YMCIIO KOTEPEHTHBIX 3apOIBIIIIeHi, BO3-
HUKAIOIINX B €IWHMILY BpeMEHN B WHIWBUIEC MaTe-
pUHCKO (a3bl, TIPU MPOYNX PABHBIX YCIOBUSX, OUe-
BUIHO, TTOJIOKUTEIHLHO KOPPEIUPYET ¢ JTUHEHHBIMU
pa3MepaMu TocjaeaHero. DTo Tak Mo KpaiiHel Mepe B
ciTyJae TIpOTPEeCCUBHBIX TIPEBPaIleH I, OCYIIIECTBIIC-
HHE KOTOPEIX TpeOyeT 3HAUMTETLHOTO TIepexoa yepes
JIMTHUA paBHOBeCHsI. B GOTBIITMHCTBE 3KCITEPUMEHTOB,
MMPOBEICHHBIX HAa YCTAHOBKAX BBICOKOTO JABJICHUS C
HCITOJIb30BaHUEM TOPOIIKOBOTO CTAPTOBOTO Mare-
puaia, a Takke B HEKOTOPBIX TIPUPOTHBIX OOBEKTaX,
KOTepeHTHasT HyKJIeallrsl OTCTaeT OT HEKOTEPEHTHOIM,
Beaylllell K 00pa30BaHMUIO CIyYailHO OPUEHTUPOBAH-
HBIX 3¢peH HOBOI (ha3bl, HAOIIOMaeMbIX Ha TPONHBIX
CcThIKax 3epeH MaTepuHckoi ¢asbl [Kercshhoffer et
al., 1998; Kubo et al., 2004]. YBenuueHue pa3mepoB
3epeH CTapTOBOTO MaTepuaja MPUBOAUT K TOMY, 4TO
KOTepeHTHasT HyKJIeallnsl HOBOHM (a3bl «IOTOHSIET»
HYKJICAllUI0 HEOPMEHTUPOBAHHBIX 3¢peH WM Jaxke
HeckosbKo omnepexaeT ee [Kercshhoffer et al., 1998,
2000; Miyahara et al., 2010].

Ecnu coroctaBUTh TUIMMMYHBIE pa3Mephbl 3epeH
MaTepWHCKOM (a3sl B IKCIIEpUMEHTaX (MOpsaKa
UM) M WX TIpeariojlaraeMble pa3Mepsl B ITOpPOaax
MepeXoqHOM 30HEI (IIOpsIKa MM), a TaKXe y4eCTh
Hem30eXXHOe HaJIMYue CTpecca, CBI3aHHOTO C BOC-
XOISAIINM JBIKCHHWEM cClleTKa TIeperpeToro U pas-
VIDIOTHEHHOT'O BEIlecTBa 4Yepe3 3TU 00JIacTH, TO
MOKHO OXXHIATh 3HAYMTEJIEHO OoJiee YCITeITHOM KOH-
KypEeHIIUM KOTEePEHTHON BHYTPUKPUCTAJUTNUECKOM
HyKJIeallmu ¢ HeKorepeHTHoU. [IpocTpaHCcTBeHHEIE
7 MacIITaOHBIe COOTHOIIIEHMS BBIIEICHUI JoUYepHEeit
¢a3bl, 00pa3oBaBIIUXCS B pe3yjbTaTe OJU3KON K
OIHOBPEMEHHOM HyKJIeallni U JaIbHEHIIIeTO pa3pac-
TaHWUSI KOTEPEHTHBIX W HEKOTEPEHTHBIX 3apOBIIICH,
B TOM BHE, KaKOW OHM OYyIyT MMETh B KOHEUYHBIX
MMPOIYKTAaX MPOTPECCUBHBIX MPEeBpaIleHUI OJTMBUHA
B PUMHIBYIUT, paccMOTpeHbl B pabore [Kerschhoffer
et al., 1998]. JIng KOppeKTHOTO MEPEHECEHUSI YepT
KWHETUKH TIPOTPECCUBHBIX TIPEBPAIIeHNA Ha perpec-

CUBHbIE YMECTHO OOCYIMTb MPUUUHBI 3aBUCUMOCTH
CKOPOCTU KOTE€pPEeHTHO HYyKJealluM OT pa3MepoB
3epeH MaTepUHCKOU (da3bl.

He pacnonarass maHHbIMM O KUHETUKE pe-
TPECCUBHBIX JEKOMITPECCUOHHBIX TpeBpallleHui
(Mg,Fe),SiO,4, orpaHnYMMCS MOTYKOJINYECTBEHHBIMU
OlIEHKaMu camMoro oO1iero xapakrtepa. PaccmoTrpum
cllyyali MOHOMMHEpPAJbHOIO arperarta, COCTOSIILETo
HUCKJIIOUUTENIbHO U3 3epeH MaTepuHCKOM (ha3bl. MecTa
MPEMMYIIECTBEHHOW JOKaanu3allii HEKOTePEeHTHBIX
3apojblieil godyepHelr (a3pl IMpU reTepPOTeHHON
HyKJIeallud B 3€pHUCTOM arperarte, oOJiagamwollemM
TUITMYHOU IS 3peJIbIX MeTaMOP(UTOB IPaHO0IACTO-
BO# (MOJU3APUYECKON) CTPYKTYpPO, — TpaHUYHbIE
aJeMeHThl cTpYKTyphl [['ynb6un, 2016]. HaubGonee
MPeanoUYTUTEIbHbIE MEeCTa HyKJIealluM — 4YeTBEPHbIE
CTBIKU 3€pEH, B TJIOCKUX CEYEHUsIX He HabJtoaeMble,
clienyonme o NPUOPUTETHOCTU — JIMHUU CThIKA TPEX
3epeH (B CEYEHUSIX — TOUKM), U HAKOHEL TPaHUYHbIe
MOBEPXHOCTU 3€peH MaTepUHCKOM (ha3bl (B CEUeHU-
X — JIMHUW).

Mecta nokaau3aluy 3apojablliei MpU BHYTPU-
KPUCTANIMYECKON KOTepeHTHON HyKjealud — IUI0-
cKMe JedeKThl yIaKOBKU, 00pa3yIoluecs Mpu CKOJIb-
KEHUM WIM TEePeroi3aHUuy YaCTUUYHBIX JAUCIOKALMIA
B KpHUCTaJlJIe MaTepUHCKOU (ha3bl; IIOTHOCTb TaKUX
nedexToB Bo3pacTaeT MpU yBeJIMUYEHUU CTpecca,
a Takke Mpu MpUOJIMKEHUU K TeMITepaType Coauayca.
TTocneacTBusi pa3HbIX pa3MepoB 3epeH MaTePUHCKOM
a3l MOTYT OBITh OLIEHEHBI B PE3YJIbTaTe CIAEIYIOLIETO
MBICJIEHHOTO 3KCIIepUMEHTa C MacliTabupoBaHUEM.
ITpornoplLoHaNbHOE yBeIWUYEeHME JIMHEHHBIX pa3me-
POB BCE€X 2JIEMEHTOB IMPOCTPAHCTBEHHOTO CTPOEHMUSI
MUWHEPAJILHOTO arperata ¢ ONMMCaHHOW BbILIE CTPYK-
TYypOi, TOMYCTUM, B 2 pa3a MPUBEIET K U3MEHEHUIO
KOJIMYECTBEHHBIX COOTHOIIEHU MEXIY YUCIOM MECT
JIOKaJIM3alliU 3apOAbIIIEN IBYX KOHKYPUPYIOLLIUX TH-
noB. [T10THOCTb YETBEPHBIX CTHIKOB 3€PeEH (X YHUCIIO
B eIMHUILIe 00beMa MOPOJbl UMEET Pa3MePHOCTD M3 )
YMEHbIIUTCI B 8 pa3, MJIOTHOCTb JIMHUM TPOWHBIX
CTBIKOB (pa3MepHOCTH M_2) — B 4 pa3za, TJIOTHOCTH
MOBEpPXHOCTEll (pa3MepHOCTb M ') — B 2 pasa.

MHTEeHCUBHOCTh HEKOTePEHTHOM HYyKJIealuu,
CcKOopee BCero, yObIBaeT OT YETBEPHBIX CTHIKOB K I'pa-
HUYHBIM MOBEPXHOCTAM. Jlaxe eciiv 3To He Tak, MJIoT-
HOCTb MECT HEKOT€pPEeHTHOU MEeXKPUCTaIINUEeCKOn
HyKJIealluyd B eIMHU1IEe 00beMa MOPOabl YMEHBIIUTCS
B 2 pa3a, eclid Xe TPearnojoXnuTb, YTO HyKJIealus
OCYILIECTBJISETCS JUILb B TOUKAaX YETBEPHBIX CTHIKOB,
TO B 8 pa3. JleeKThl yITaKOBKM U JUCIOKAIIUN B KpH-
cTajulax He TojJiexXaT MaclliTabupOBaHUIO, TNIOTHOCTD
WX, CKOpee BCero, He 3aBUCHUT OT pa3MeEpOB 3epHa U
octaHeTcs TipexHel. [1oaToMy UMCI0 KOTe€peHTHBIX
3apojbliliell Ha eAIMHUIY 00beMa MOPOAbl OCTAHETCS
0e3 M3MEHEHMI, Toraa KakK YMUCJIO HEKOTepeHTHBIX
yMeHbILIUTCSl. Takoe yMeHbllIeHre MTPOINOPLIMOHATb-
HO KO3 PUIIMEHTY MacIITAOMPOBAHUS B HEKOTOPOU
creneHu (1 1o 3) B 3aBUCUMOCTU OT pacmpeaesieHUsI
WHTEHCUBHOCTU HEKOTePEHTHOI HYKJIealluu MEeXIy
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HYJIb-, OMHO- W JABYXMEPHBIMU TPAHWIHBIMHU 3JIE-
MEHTaMM CTPYKTYpHl. JIMHEelHbIe pa3Mephl 3epeH
CTapTOBOTO TTOPOINKOBOTO MaTepuayia i BBEICOKO-
GapmyeCKUX SKCIIEPUMEHTOB M TIOPOJ TEPEeXOTHOMN
30HBI Pa3IMIAIOTCSI, CKOpPee BCETO, Ha 2—3 MopsiaKa.
[MoaToMy OTHOIIIEHIE BEIMYMH TTOTOKOB KOTEPEHTHBIX
W HEKOTEPEHTHBIX 3apOAbIIIeii B MPUPOIE MOXKET
MPEBBICUTh HAOMIOAABIINECS B 2KCIEPUMEHTaX B
100—1000 pa3, BO3MOXHO B 10°—10° pa3. BausHue
pounx (pakTOpoB Ha KOHKYPEHTOCIIOCOOHOCTH KO-
TepEeHTHON HYKJICAIIMW OJMBHMHA TI0 BaICICUTY WU
PUHTBYINTY, a TaKKe Ha BO3MOXHOCTh JOCTUKCHMUS
3aKOHOMEPHO OpMEHTUPOBAHHBIMHA WHINBUIAMU pa3-
MepOB, JOITyCKAIOIINX MX COXpaHEHNE M TTOCIIEAyIoIee
oOHapyxXeHue, OLEHUTb TPYIHO.

ITpobGaema cOXpaHHOCTH JIEMEHTOB 3aKOHOMEP-
HO#l OpPMEHTHPOBKM OJIMBHMHA B XOJIE MaJbHEHIIIETO
TMoabeMa BelllecTBa TePEXOTHOM 30HBI B JOCTYITHBIC
HETIOCPEeICTBEHHOMY HAOIIOMEHIIO TOPU30HTHI TAKKe
TpedyeTt oocyxaeHus. Illancel coxpaHeHUs ITOA00HBIX
00pa3oBaHMI TIPY IJTUTEIBHBIX TIACTUYECKUX Teop-
MaIusIX, OCYIIECTBIIIEMBIX TTO MEXaHU3MaM OTHOTO U3
BUIIOB KPHUTIA VT BHYTPUKPUCTAITMIECKOTO CKOJIBKE-
HUs, TOITyCKAOIINX, B YaCTHOCTH, BpalllcHHE 3epeH,
TeM OoJjiee TP YaCTUYHOM TIIABJICHUH, TPYIHO TIPH-
3HaTh BBICOKMMM, OZHAKO TIpeICcKa3aHHOEe HaJudue
JBOWHWKOBBIX B3aMMHBIX OPUEHTUPOBOK OJIMBUHA B
MUMETHYECKUX TTapaMopdo3ax CIY:KUT OCHOBAHUEM
JUTST HEKOTOPOTO ONTUMM3MA.

KorepeHTHBIE TBOMHWKOBBEIC TPAHWUIIBI — BHI-
COKOYTJIOBBIE, HO TIpMHAIJIEXAT K YHMCIy Hambojee
HU3KOYHEPTeTUYECKNX U3 BCEX BUIOB MEK3ePEHHBIX
rpanuil. Tak, TeopeTHIecKre pacyeThbl, XOPOIIIO COTyla-
CYIOIIMeCs C SKCIIepUMEHTATLHBIMY TaHHBIMY TIPE]I-
IIECTBEHHWKOB, ITOKa3aJikd, YTO CBOOOMHAS DHEPTHS
I'eabMTOTBIIA TBOMHUKOBEIX TPAHUIL B TIOJTMKPUCTAT -
JudeckoM Al B 5—7 pa3 HUXKe BHEPTUU TpaHWIll Ha-
KJIOHA, He TOBOPS YK€ O CIyJyaiHbIX (HecrelMaabHbIX)
rpaHuuax [Ioito, Cumon, 1978]. DHeprus rceBao-
JTBOWHWKOBBIX TPAaHUII, OJM3KUX K ITBOWHUKOBBIM U
WMEIOIINX, KaK MPaBWIO, CTYIIEHUYAaTOe CTPOSHUE CO
3HAYNUTEIBLHBIM yYIaCTUEM KOTE€PEHTHBIX ITOBEPXHOC-
Tel, TakKe 6JIM3Ka K MUHUMAJILHOM 0 TeX TMop, ITOKa
OTKJIOHEHUS OT IBOMHWKOBOI OPUEHTAIINN HAXOMSTCSI
B TIpemesiax HeCKOJBKUX TpamycoB Ayru. Ilostomy
B IBOMHWKOBBIX W TICEBIOABOMHUKOBBIX CPOCTKaX
3HAYNTEIbHAS PEIyKIMS MOMOOHBIX TPAaHWUII B XOIE
TUTACTUYECKUX JIedopMaliiii OymeT OCYIIeCTBISThC,
BEPOSITHO, B TIOCJICIHIOI OYepedb, W MOXHO TIpeid-
ToJIaraTh, YTO IBOMHUKOBBIC M TICEBIOIBOMHUKOBEIC
cpacTaHUs B 3HAYUTEITLHOM YHCIIe 1e(hOpPMAITMOHHBIX
¥ TIepeKPUCTAIUTU3ALNOHHBIX TTPOIIECCOB OYIYT BECTH
ce0sT Kak IIejIble 3epHa MW TI0 KpaifHeit Mepe OymyT
WIMETH TIPEUMYIIECTBO B COXpAaHEHUN 3aKOHOMEPHOI
B3aMMHOM OPMEHTUPOBKH TI0 CPABHEHUIO C 3¢pHAMM,
VMEIOIIMU CITyJaifHyI0 OpHeHTHUPOBKY. MOXHO pac-
CUMTBIBATH TAKKE ¥ HA OTHOCUTENIBHYIO YCTOMYMBOCTD
MpeacKa3aHHbBIX IUIST MUMETHIECKIX TTapaMopdo3 3a-
KOHOMEPHBIX OPUEHTUPOBOK OJIMBIUHA TTPY YaCTUYHOM

TUTaBIEHWY, TaK KaK Ha JBOMHWKOBBLIX TpaHWIIAX, B
OTJIMYME OT WHBIX BUIOB rpaHuIl, 3G PEKT CHIDKSHUS
TeMIlepaTyphl IUIaBJIeHWsT He 3adukcuposad [Hayde
et al., 1979].

AllbTepHATHBHbIE CJIYy4aH 3aKOHOMEPHBIX CpacTa-
Huii osmBuHA. OJIMBUH MPUHAUICKUT K YUCITY PEIKO
JNBOMHUKY0OIIMUXCS MUHepaioB [[TytuHueBa, Criupu-
nIoHOB, 2015; Azevedo, Nespolo, 2017], uro 11o3BOJISIET
HaIesIThCS Ha OOHapyKeHHMe B IMPUPOTHBIX 00pasIax
OXMIaeMBIX 3aKOHOMEPHBIX OPUEHTUPOBOK OJIMBHU-
Ha, CBSI3aHHBIX C PErPECCUBHBIMU TIPEBpaIleHUSIMU
BeICOKOOapuyeckux mnoianmopdos (Mg,Fe),SiO,.
M3BecTHO HECKOIBKO 3aKOHOB JBOMHNUKOBAHUS OJIH-
BUHA (XapaKTepU3yIOTCs KaK TBOMHUKY OTPASKEHMST):
mo {012}, {021}, {011} u {031} [Welsh et al., 2013;
Azevedo, Nespolo, 2017]. [IBOWHUKM OTpaXeHUS IO
{021}, HeckonbKO HEOpPEXXHO OIMCAaHHBIE paHEe B
pabote [Schwindinger, Anderson, 1989], ommboyHO
TMIPOMHTEPITPETUPOBAHBI KaK IBOMHUKU C ITOTIAPHO
coBnagaomuMu ocsimu [010] u [001] paznuyHbIX
WHIVUBUOOB, MMelommx oomyo och [100] m IK0oOBI
pa3BepHYTHIX BOKPYT Hee TouHO Ha 90° [Welsh et al.,
2013; p. 543, fig. 2]. deiicTBUTENHHO, TAKE 3aKOHO-
MepHBIE CpacTaHWs W3BECTHBI, X HEPEIKO OITMCHI-
BaJIi HEKOPPEKTHO Kak aBoitHuKu 1o (100), Ha 4yTO
obpaieHo BHUMaHue B pabote [Azevedo, Nespolo,
2017]. HerpynHo yoenuThbCsi, OMHAKO, YTO MHAWBUIBI
B IBOMiHUKe oTpaxeHus 1o {021} pa3BepHYTbl BOKPYT
o6weit ocu [100] Ha yron okojo 81°, 4yTo ciueayer, B
YaCTHOCTH, M U3 BeJuuMHbl yria 130° mexny (021)
u (001), mpuBeneHHolt Ha puc. 2 B pabote [Welsh et
al., 2013].

3akoH mo {031} cuwmrancsa Hamuboaee pPEAKHM,
OIHAKO HEIABHUM TEOpPEeTHMYECKMI aHaIn3 TOoKa3al,
YTO OTBOMHUKOBAaHUE TI0 3TOMY 3aKOHY JOJDKHO OCY-
IIECTBIISIThCS He pexe, yeM 1o {011}, Tak 4ro He-
JIOOLIEHKA YacTOThl MOSIBI€HUST ABOMHUKOB o {031}
CBsI3aHa, BEPOSITHO, C OIIMOOUYHOM MACHTU(DUKALINEH,
O0YCIIOBJIGHHON MX OJM3KMM CXOACTBOM C JBOMHMU-
kamu 1o {011} [Azevedo, Nespolo, 2017]. Bce BuI-
IIeTepeurnciieHHbIe 3aKOHBI IBOMHMKOBAHMS OJITMBIUHA
MMEIOT 001IyI0 4epTy — coBmageHue oceii [100] obomx
nHAMBUA0B. CriocoObl 00pa3oBaHUsT HAOIIOAABIINXCS
B MarMaTHMYeCKHX MOPOAaX TBOMHUKOB OJIMBUHA CBO-
IATCS, TTO-BUANMOMY, K TPEM MeXaHH3MaM: pPOCTOBOE
JTBOMHMKOBAHME BCIICACTBUE OITMOKH TTPUCOSTTHEHNST
atromoB [Welsh et al., 2013], poctoBoe aBTOmEOP-
MAaIlMOHHOE TBOWHWKOBAHWE, CBSI3AHHOE C TETEpO-
metpuei [[TynuH, Ityken6epr, 2008], 1 HakoHel
cuaHe3nc [Schwindinger, Anderson, 1989]. BerHyx-
IeHHOoe nedOopMaIlMoOHHOEe TBOMHUKOBAHNE OJTMBIUHA
JOCTOBEPHO He 3a(UKCHPOBAHO, TpaHCHOPMAIIHS
TaKke He paccMaTpuBajach B UYHCIIE MEXaHH3MOB,
OTBETCTBEHHBIX 32 BO3HMKHOBEHHE €T0 JIBONHWKOB
Mo M3BeCTHbIM 3akoHaMm [Welsh et al., 2013]. Urak,
W3 YKCJIa TIPOTHO3UPYEMBIX JBOMHWKOBEIX pa3opH-
E€HTAalMii OJIMBMHA B MUMETHUYECKHX Tapamopdo3ax
JIAIIIb Pa30pUEHTAIINN, OTBEYAIOIINE IBYM OMM3KUM
3akoHaMm I-1 u I-2 (tabn. 4), coBnmagamT C paHee
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OINMMCaHHBIMU 3aKOHAMU ABOMHMKOBaHUS 10 {031} u
{011}, dukcupyeMbiMM B 0Opa3lax MarMaTUYEeCKMX
mopox. [TosToMy o6HapykeHIe 3aKOHOMEPHBIX pa3o-
PpHMEHTAIIN 3¢peH OJTMBIUHA, OTHOCSIIINXCS NCKITIOUM-
TeJbHO K | THITYy, He MOXeT OBITh TIPUHSITO B KAU4eCTBE
HEOCIIOPMMOTO CBUIECTETHCTBA MIPOMCXOXKICHUS TAKMX
cpacTaHUif TP PETPeCCUBHBIX TTPEBPAIIEHUSIX BBICO-
KOOapmyeCcKMX moauMop@oB.

IlepcnekTHBBI OOHAPYKEHHS] MEMETHIECKHMX Tapa-
Mopco3 osmBrHA. B arperarax onmBrUHA CO CITydaitHOM
OPMEHTHPOBKOM 3epeH HEeM30eKHO, CpPeand IPOUMX,
HaJIM4rie HEKOTOPOTO YMCjIa B3aWMHBIX OPUEHTUPO-
BOK, B TIpeesiax TOYHOCTH WHCTPYMEHTATbHBIX METO-
OB HEOTIMINMEBIX OT TPeICKa3aHHBIX CIEIIATBHBIX
OpPHMEHTHPOBOK B MUMETHMYECKHUX ITapamMopdo3ax.
DBOJIIOLIMS arperaToB CO CAy4yailHOW OpPUEHTUPOB-
KO OJMBWHA MOXET, BEPOSITHO, TIPUBECTH Oaxke K
VBEIMICHUIO TOJIM 3aKOHOMEPHBIX pa30opHEHTAIINI,
aHaJOTMYHBIX WM OMM3KUX K TIPeAcKa3aHHBIM.
JIBOMHWKMN OTXWTA, CBOMCTBEHHBIE MHOTHUM METaj-
JIaM, JUIST CUJTMKATOB HE XapaKTepHBI, OMHAKO €CJIN B
Tpoliecce TEePEeKPUCTATN3AINN WIN TIIACTUYECKUX
nmedopMaliiii, IOIMyCKaroIIMX BpalleHWe 3epeH, 3a-
KOHOMEpHBIE MM OJM3KWEe K HUM pa3opHeHTALINU
OyoyT CiaydyailHBIM O0pa3oM IIOSIBISTHCS, TO MOXKET
OCYIIECTBUTHCS MX TTOJIOKUTEIBHBI OTOOp, TaK KakK
OHM, pa3 MOSBUBIINCH, OYIYT UMETh TEHACHIINIO K CO-
XpaHEHUIO B COOTBETCTBUY C COOOPaKEHMSIMHU, BBICKA-
3aHHBIMHY BBIIIE. Peamm3yeTcs i Takast BO3MOKHOCTD
B OJIMBHHCOACPXKAIINX TTOPOJAX ITOKa HEM3BECTHO.
JocroBepHas MICHTUDUKALINSA IEKOMITPECCUOHHBIX
MHUMETHUIECKUX TTapaMopd03 OIMBIUHA IMTOTpeOyeT pas-
pabOTKM M MCIIOJIb30BAHMS CTATUCTUIECKNX TECTOB,
TTO3BOJISTIONINX C XKEJaeMBIM YPOBHEM HAIEeXKHOCTH
OTJINYATh OXHWIaeMble 3aKOHOMEpHBIE Pa30pHeHTa-
WU 3epeH OJIMBMHA OT CIyYalfHO peaan30BaBIINX-
cs1. OmeHKa BEpOATHOCTH TAKMX COOBITHI — JIeJio
Omrxarniiero Oymyiero. B moboM ciaydae, ogHako,
CJIyJaifHO BO3HUKIINE Pa30pHEHTAIINN, OJIM3KIE K 3a-
KOHOMEPHEIM, He OYIyT CKIIOHHBI K TPYIIITUPOBAHUIO 1
ITO3TOMY He OYIyT ITPOCTPAHCTBEHHO KOPPEIMPOBATh.
3akoHOMepHbIe Xe (CreluralbHble) pa30pUeHTaLIUH,
YHACJIEIOBaHHBIE OT TOITOTAKCUYECKUX CPacTaHU ¢
BBICOKOOAPMUECKNMU TTOJTUMOpdaMu, TIPOSABIT TIPO-
cTpaHCTBeHHYI0 Koppessuuio [Wheeler et al., 2001].
B crpykTtypax tuna nojoc cbpoca (kick bands),
comepxKammnx aedopMaMOHHBIE JTaMeId OJWBUHA
(BU3yaJbHO WX WHOTAA TMIPWHUMAJIN 33 TBOWHHUKY TIO

CITMCOK JIUTEPATYPbI

Tyav6un 10.JI. MoagennpoBaHue KUHETUKHU HYKJIealluu
U pocTa rpaHaTa B CpeJHeTeMIIepaTypHbIX MeTareauTax:
Asroped. mokr. qucc. CII6., 2016.

Twtio I1., Cumon 2K. PacueT 3Hepru CUMMETPUYHBIX
0OJIbLIEYTJIOBBIX TPAHUILL B &TIOMUHUU U JUTUU // ATOM-
Hasl CTPYKTypa MeX3epeHHbIX rpaHuil. M.: Mup, 1978.
C. 140—153.

Hoopucuneyxas JI.D. lepopmanum MarmMaTM4ecKUX
MOpoJl B YCJIOBUSIX INIyOMHHOro TekroreHesa. M.: Hayka,
1989. 288 c.

(100)), mpocTpaHCTBEHHAasI KOppesiusl 0e3yCI0BHO
AMEET MECTO, OMHAKO Pa30pHUEHTAIINH B HIX OOBIYHO
masioyrioBble [[loopxuHenkasi, 1989]. Mckomble ke
cTelMagbHBIe Pa30PUEHTAIINN — BBICOKOYTJIOBBIE
(MUHUMAJTBHBIN YTOJI pa3oprUeHTAIINH 030K K 60°),
IMO3TOMY WX pa3IMueHNe BPSI JU BBI3OBET 3aTPyd-
HEHUS.

3akmouenne. OObEKTbI, KOTOPbIM MOCBSIIEHA
CTaThs, B HACTOSIIEe BPeMsI MOXHO paccMaTpHWBaTh
JINIIIb KaK TUTIOTETUYECKUE, TTO3TOMY CTEIeHb KOp-
PEKTHOCTH COOOpakeHMI, BEICKa3aHHBIX OTHOCHTETh-
HO BO3MOXHOCTH WX BOSHUKHOBEHMS 11 OOHAPYKEHUS,
MOXKET OBITH OIIeHEHA TOJIBKO B pe3yJIBTAaTe ITOCTAHOB-
KA COOTBETCTBYIOIINX SKCIIEPUMEHTOB WJIU TIPH BBI-
SIBJICHWH TaKNX 00pa30BaHUI B TIpupoe. Pe3ymbraTsl
pacyeToB UMEIOT CYTy0O TIPeIBapUTEILHEIN XapaKTep,
KaK M BCIKWA MporHo3. TeM He MeHee MmapaMeTphl
B3aMMHBIX TTApHBIX OPMEHTHPOBOK OJMBMHA B MHU-
METHUYECKHX MapamMopd03ax Mo BBICOKOOAPMIECKIM
noymmopdaM (ecau Takue mapamMopdo3bl BCE-TAKM CY-
LIECTBYIOT B IIPUPO/Ie) OYIyT OJM3KK K paCCUMTaHHBIM
aBTOPOM cTaThl. He MCKITIOUeHO, YTO MUMETHIECKIE
mapamMop@ o3kl OJIMBUHA B TIOPOAAX TIIYOMHHOTO TIPO-
UCXOXICHUS UCCIIeAOBATEeNISIMA paHee TIPOIYCKaINCh
MIPU TEKCTYPHBIX MCCIEAOBAHMSIX, HO TeTlephb, KOTma
oXumaeMble OpHEHTUPOBKY B HUX M3BECTHHI, CIIyJYan
WX TIOSIBJICHUSI He JOJIKHBI IIPOUTH He3aMEeUSHHBIMMU.

Cpenu maapbHEHIINX 3a1a4, TPEOYIOIINX PeIIeHUST
11T 0becTiedyeHNsT KOPPEKTHBIX TTOIBITOK OOHApysKe-
HUS TIPeICKa3aHHBIX IMMapHBIX OPUEHTHUPOBOK M WX
HOCUTEIIell, — OlleHKa BEpOSATHOCTEN OOHApYKeHUS
MOMOOHBIX TTap B arperatrax OJIMBUHA CO CIIyJaii-
HOM OpPHMEHTUPOBKOM, a TaKXKe C TUPEKTUBHBIMU
TeKCTypaMH, WHAYIAPOBAHHBIMU TIJIACTUYECCKUMU
nmedopmanmsaMu. Ha ouepenn Takke TepedymciIcHHE
MHUMETHUYECKIX CPAaCTaHU, COMepKaINX OOJIBIIIE TBYX
WHAWBHUIOB OJIMBUHA, pacyeT OXMIAEMBbIX 4aCTOT IO~
SIBJICHUSI pa3IMYHBIX TTAPHBIX OPUEHTUPOBOK OJIMBMHA
B HUX, a TaKXX€ YCTAaHOBJICHUE CBSI3ei BepOSITHOCTEH
WX TIOSIBJICHMST ¢ MHTEHCUBHOCTBIO KOTEPEHTHOU HY-
KJIealun B ¢aze-IpeaiieCTBEHHUKE.

baazooaprnocmu. Astop 6naronaput AJI. Tlepuyka
n H.C. CepebpsikoBa 3a IIJIOAOTBOPHOE OOCYKACHME
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o0OpeJia Obl 3aKOHYEHHbBIN BU 0€3 yueTa KOMMEHTapU-
eB 1 LIeHHbIX 3aMeuanuii A.B. booposa n A.P. OraHo-
Ba, KOTOPBIE B3SJTM Ha ceOsT TPy ITPOUYECTh PYKOIIHCh,
3a YTO aBTOP BBHIpAXKAET MM IPU3HATEIHHOCTD.
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H.A. Boxxo!

TPAHYJIUTO-THEMCOBBIE ITOSCA: TEOOIMHAMMWYECKUI ACITEKT

Ha ocHoBaHMM aHaM3a 1 0000IIEHUST COBPEMEHHBIX TaHHBIX PACCMOTPEHBI 0COOEHHOCTH
CTPOEHHMS W 3BOJIIOLINH TPAaHYIUTO-THEWCOBBIX MOsIcoB 3emutn. [ToaTBepXKaeHbI UX KOJUTU3UOH-
Hasi MEXXKOHTHHEHTAIbHAsI TEKTOHMYECKAs IIPUPOIA U TOTUILIMKINIECKHIA K YHACIICIOBAHHBIN
XapakTep Pa3BUTHS, BRIPAXKAIOIINIICS B HEOTHOKPATHOM IPOSIBJICHUH B OIHOM IT0SICE HECKOJIb-
KUX 3TAIlOB I'PaHYJIMTOBOTO MeTaMopbu3Ma, pa3ieeHHBIX MHTepBaJlaMi B HECKOJIBKO COTCH
MWJIJTUOHOB JIeT. [ paHy/IUTO-THENCOBBIE MOsIica — CTPYKTYPHI TTEPMaHEHTHOW MOOWJIBHOCTH,
COXpaHSOIINE HIOTCHHYI0 aKTUBHOCTh HA BCEX OTallax CBOErO CYIIECTBOBAHMSI, BKIIIOUASI
BHYTPUIUIUTHBIE OOCTAHOBKH.

BrisiBIIeHa CBSI3b pacCMAaTPUBACMbIX CTPYKTYP € CYNEPKOHTUHEHTAIBHON [IMKJIMYHOCTHIO,
YTO BBIPAXXaeTCs B IPOCTPAHCTBEHHOM MPUYPOUYEHHOCTH OOJIBIIIMHCTBA UX K OKparHaM MOJIO-
IbIX OKEaHOB, BO3HUKIIMX IIpH pacmazne IlaHren, B cOOpPKe ¥ pacliafe APEBHMX CYIEPKOHTH-
HEHTOB BIIOJIb IPAHY/IUTOBBIX MOSICOB, a TAKXKE B KOPPEISLIUU IIPOSIBICHUSI PA3IMYHBIX THIIOB
TPaHYJIMTOBOIO MeTaMOp(MM3Ma B 3TUX TOSICaX CO CTAIUSIMK CYIIEPKOHTUHEHTAIBLHOTO IIMKIIA.
ITo Mepe 2BONIONMM 3TUX TOSCOB MPOUCXOAMIIO CIIOXHOE B3aMMOACUCTBUE TIUTHO-TEKTO-
HUYECKUX ¥ MAHTUITHO-TUTIOMOBBIX MEXaHM3MOB, UYTO BBIPAXACTCS B COYCTAHMM ITPOLIECCOB
MEXKOHTUHEHTAIBHOM KOJUIM3UU U aHAepIUieiiTiHra. ITokazaHa BO3MOKHOCTh UCIIOIb30BaHUS
TPaHYJIMTO-THEWCOBBIX TOSICOB B MAJICOTCKTOHMYECKOM aHaJIM3¢ Hapsay C IPYTUMU WHIWKa-
TOpaMM TeOAMHAMUYIECKMX 0OCTAHOBOK.

Karoueswie caosa: rpanynuto-rHeiicoBbie mosica (I'TTI), meramopdusM, reoguHamuka,
KOJIJTM3UOHHAsI MOJeNb, LIMKJI BuibcoHa, CyNepKOHTUHEHTHI, MOIUIMKIMYHOCTb, TEKTOHU-
yecKasl YHacaAeJOBaHHOCTb.

On the basis of analysis and generalization of modern data the features of the structure
and tectonic evolution of granulite-gneiss (high-grade) belts of the Earth are considered. Their
continental collisional tectonic nature, polycyclic and inherited character of development,
expressed in repeated manifestations in the same belt of several stages of granulite metamorphism,
separated by intervals of several hundred million years, are confirmed. Granulite-gneiss belts are
permanent mobility structures that maintain endogenous activity in all stages of their existence,
including intraplate environments.

The relationship between high-grade belts and supercontinental cyclicity is revealed,
which is expressed in the spatial coincidence of the majority of them to the outskirts of the
young oceans that arose during the breakup of Pangea; in the control of assembly and breakup
of ancient supercontinents along granulite belts; in correlation of manifestations of different
types of granulite metamorphism in these belts with the stages of the supercontinent cycle. In
the evolution of these belts there is a complex interaction of plate-tectonic and mantle-plume
mechanisms, which is expressed in the combination of continental collision and underplating
processes. The possibility of using granulite-gneiss belts in paleotectonic analysis along with
other indicators of geodynamic settings is shown.

Key words: granulite-gneiss (high grade) belts, metamorphism, geodynamics, collisional
model, Wilson cycle, supercontinents, polyciclicity, tectonic inheritance.

BBeaenue. I'paHyauTO-THelicOBbIE (IpaHyJIUTO-
Bbie) nosica (I'TTI) — npoTskeHHbIE U IIMPOKUE 30HBI,
CJIOXXEHHBIE MOPOJaMU I'PaHyJIUTOBON U aMGpUuOOIU-
TOBO# (halliii BBICOKOI CTereHu MeramopdusMa u
pacnpocTpaHeHHbIE Ha BCeX KOHTUHEHTax (PUCYHOK).
OOBIYHO OHM PA3AESIOT WK OKAWMIISIIOT TPaHUT-3e-
JIeHoKaMeHHbIe objiacTu. Ha (poHe cMeXXHBIX CTPYKTYP
I'TTI npusiekatoT K cebe BHUMaHKe MPEeKae BCero Kak
30HbI TTOBBIIIIECHHOTO MeTamopdusma. Bmecte ¢ Tem
I'TTI npeacrasiasior co00it 0COOBIN THUI TTOABMKHBIX
MOSICOB, HECYIIUX BaXHYIO T€OJMHAMUYECKYIO MH-
¢dopMmanuo. HecMoTpss Ha MPUTOK HOBOTO (haKTUUE-
CKOro maTrepuajia 0 BCeX KOHTUHEHTaX, TOBOPUTh O

pELINTEILHOM Mporpecce B MO3HAHWM TeOAUHAMUKU
paccMaTpuBaeMbIX CTPYKTYp ellle TPYyIHO, TaK Kak
MHOTHE BOIIPOCHI UX CTPOSHMS U BBOJIIOLIUU OCTAIOTCS
JIMCKYCCUOHHBIMU. ABTOP 3Ty TEMY pacCMaTpUBaeT B
CBETE COBPEMEHHBIX JaHHBIX pa3anyHbix ['TTI mupa.

BemecTBennblii coctaB. PaccmaTpuBaeMbie CTPYK-
TYpPbI CIOKEHBI B OCHOBHOM KBaplI-TT0JI€BOLLITATOBBIMU
rHeiicamu u ampuobonuramu. Cpeau TMepBUYHO-
0CaIOYHBIX OOpa30BaHM TUIIMYHBI KJIACTHUYECKUE
0CaJKl — MEJKOBOJHbIC KBApLIUThI, MeTarpayBakKH,
MeTareJUThl B acColMallii ¢ MOAYMHEHHBIM KOJU-
YeCTBOM JAPYTMX OCaJOUYHBIX Topon (mosica Mo3zam-
oukckuii, Bocrouno-TI'arckuii, TpaHcceBepo-Kuraii-

' MockoBckui rocyapcTBeHHbI yHuUBepcuTeT uMeHu M.B. JlomoHocoBa, reojoruueckuil ¢axkyabTeT, Kadeapa AMHAMUYECKON
reojioruu, npodeccop, AOKT. Teosl.-MUHEepall. H.; e-mail: bozhko@yandex.ru
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ckuit, Jlumnono, [Ipu-Jlanka u ap.). bosbliiias yactb
aM@duOOJIUTOB, TIPUCYTCTBYIOLIUX B TOJIIE THECOB,
COOTBETCTBYET OCHOBHBIM MeTaByJIKaHUTaM. B Heko-
TOPBIX MOsICaX OTMeUaeTcs MpeodajaHue MeTaByiKa-
HUTOB OoJiee TeCTporo U KMUCJIOro cocraBa. BaxHoe
00CTOSITEIbCTBO — YCTAHOBJIEHNVE B MTOCJIEIHUE TO/IbI B
cocrtaBe I'TTI peuKTOB ApeBHUX OKEAaHUUECKUX KOM-
TUIEKCOB, 0 YeM OyneT ckazaHo Huxe. [1yToHnueckue
MOPOJbl MpeAcTaBieHbl Oa3uTaMu, yabTpaba3zuTaMu,
TPAaHUTOUJAMMU IIIUPOKOTO CIEKTpa, NailKOBbIM KOM-
TUIeKCOM. XapakKTepHO IMPUCYTCTBUE aHOPTO3UTOB U
pPacCIOEHHBIX OCHOBHBIX MHTPY3UiA MeTaMOp(hU30-
BaHHBIX 10 IPAHYJUTOBOM (haluu.

Bospact. [1p1 n3yuyeHUU 3TUX MOSICOB BO3HUKAIOT
JIBe TIpoOJIeMbl: ompeaeeHre Bo3pacTa (popMUpoBa-
HUS TIEPBUYHBIX TTOPO/I, CaralolmX Mosic, U BpeMeH!
MPOSIBJIEHUSI TPaHYJIUTOBOTO MeTamopdusMa. DTu
3a/1a4M OCJIOXKHSIIOTCSI UBOTOIMHBIM OMOJIOXKEHHEM M0~
pon, 00yCIOBIEHHBIM MTPOLIECCAMU TEKTOHO-TEPMaJlb-
HoOI nepepaboTku, cBoictBeHHbIMU [ TTI, Bcnencreue
Yero BOMPOC O KOJMYECTBE 3TAIOB I'PAHYJIUTOBOIO
MmeTaMopdu3Ma M MX AaTUPOBAHUM B psje CIydyaeB
peuraetcsd HeoaHo3HayHo. I'TII — cymiecTBeHHO
JTOKEMOpUNCKHE CTPYKTYPbl, XOTS MPUCYTCTBUE
TPaHyJIMTOB OTMEUYEHO U B cocTaBe (DaHEepO30MCKUX

cxinamgateix mmosicoB. Panee I'T'TI cunranuck nckiio-
YUTETHLHO apXeHCKUMU, HO B HACTOSIIEe BpeMsI yCTa-
HOBJIEHO, YTO B UX CTPOEHUH YYaCTBYIOT OOpa30BaHMSI
pa3HoOro Bo3pacra, a OCHOBHas 4acTb (hOpMUpPOBaIach
B npotepo3oe. Haunbonee apeBHue I'TTI Bo3HUKIU
B MO3IHEM apxee — okouio 2,6 mipa jeT Hazad. o
BO3pacTy MOCJEIHEro TpaHyJIMTOBOro Metamoppus-
Ma BBIICIISIOTCS Tajieonporepo3oiickue (JImmiomno,
Hxyrmxypo-CranoBoii, benromopcko-Jlannanackmii,
HNradbyna—CansBanop—Kypaka, TpancceBepo-Ku-
TalicKuii); Me3omnpoTrepo3oiickue (I'peHBMIBLCKMIA,
Bocrouno-I'arckuii, Hamaksaiickuii, MacrpeiiB, CBe-
KOHOPBEXCKHUM U JIp.); HeompoTepo3orickue (Mo3am-
oukckuii, Pubeiipa, JIuBuiicko- Hurepuiickuii u ap.).

Crpykrypa. s I'TTI TUOUYHBL CylIECTBEHHO
KOJIIU3UOHHASI BHYTPEHHSISI MOKPOBHO-CKJIamuaras
CTPYKTypa, HarpOMOKICHWE aJUIOXTOHHBIX TIJIACTHH,
YTO TPUBEJIO K TEKTOHUUYECKOMY CKYUMBAHUIO U

MEPEYTONIIEHUIO KOPbI, Pa3BUTUE CIOXHBIX TJIMKA-
TUBHBIX CTPYKTYp T€UEHUSI U KYIOJOB, JUHEHHOCTU
u cinanueBatoctu. Bmecre ¢ tem I'TTI cBolicTBeHHa
rnorepeyHasi TeKTOHMYecKasi 30HaJbHOCTb. B HMX
OOBIUHO BBIIEJSIIOTCS BHYTPEHHSISI M BHELIHSS (WK
JIBe BHEIIIHWE) 30Hbl. BHENIHSST 30Ha HaJABUHYTAa Ha
COCEJHUI KpaTOH, MPeACTaBIsisl COOO0I, MO CYLIECTBY,

I'maBHBIE rpaHyIMTO-THelicOBbIe osica 3emun: 1 — ['penBuibckmii, 2 — CBekoHOpBeXcKMii, 3 — benomopcko-Jlammanackuii, 4 — beno-

pyccko-IIpubantuiickuii, 5 — IMoGyxckuii (Byrcko-Pocunckuit), 6 — Ipuaszosckuii, 7 — Illapeokanraiickuii, 8 — JIxyrmkypo-CraHOBOIA,

9 — TpancceBepo-Kuraiickuii, 10 — Utabyna—CanbBanop—Kypaka, 11 — Pubeiipa (Ammantuueckuii), 12 — JluBuniicko-Hurepuiickuii,
13 — Kamepynckuii, 14 — Yo6ennniickuii, 15 — Jlummnono, 16 — Moszambukckuii, 17 — Bocrouno-T'atckuii, 18 — MacrpeiiB
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ero mepepabOTaHHBIM Kpail — IIapaaBTOXTOH, BO-
BJICUCHHBINI B KOJUIM3WIO, HAABUTOOOpa3oBaHWE U
TPaHYyJINTOBLIN MeTaMOpdu3M. B cTpoeHn BHyTpeH-
Helt 30HBI TIpe00IagaloT I0BEHUILHBIE 00pa30BaHMS.
I'pannia MexXmy BHEILITHE 30HOM 1 KPATOHOM OOBIYHO
OTMeYeHa HaJIBUTOBBIM (PPOHTOM — TTOJIOCOM pa3iio-
MOB, MIJIOHWUTOB INUPUHON HECKOJIBKO KMJIOMETPOB,
HaKJIOHEHHOH B CTOPOHY BHYTpPeHHEH 30HHI. [ panuiia
MEXIy BHEIITHEe! 1 BHYTPEeHHEH 30HAMU TakKe 00BIdI-
HO BBIpakeHa HAIBUTOM WJIM COIBUTOM. B TTOKpPOBHEIX
nakerax I'TTI B AeKOMIIPECCUOHHYIO CTaIMIO Pa3BUTUSI
chOpMHUPOBAINCHh XapaKTepPHBIE 30HBI CKaJBIBAHUS
(shears zones) mmpuHOU 10 1—2 KM U peakKlIMOHHBIE
MIHEpPATbHBIE TEKCTYPHI, OTPasKaIoIIne peTPOTPaTHbIi
metamopdu3M. B HeKoTopbIx TTosicax Ha (POHE OO1IETO
JIMHEWHOTO CTPYKTYPHOTO TUTaHA BBHISIBIICHBI YIACTKH
MO3aYHOTO CTPOCHMUSI.

PaccMoTprM Ha HECKOJBKUX MpUMepax yKa3aH-
Hble yepThl CTPYKTYphl I'TTI: 30HaIbHOCTD U BHYTPEH-
Hee TTOKPOBHOE CTPOCHUE.

M3BecTHBIN U XOPOIIO U3YYEHHBIN [pensunbckull
nosic OTACNEeH OT OoJlee IpeBHUX MpoBMHIMM KaHan-
CKOTO IINTa HAABUTOBOI TpaHuIleit — [ peHBMILCKIM
¢GpoHTOM, 30HOI MUJIOHUTH3ALNN U PA3IOMOB JUTH-
Hoit okosio 2000 KM M IIUPUHON HECKOJbKO KWJIO-
meTpoB. Ha 1oro-Bocroke ot I'peHBMILCKOTO (hpOHTA
pAcCTIONIOKEH <«ITapaaBTOXTOHHEIN TTOSIC», TIPEICTaB-
JISOIMi coboit AepopMUpPOBaHHBINM Kpail KpaToHa
ChIONMPUOP 1 «aJITIOXTOHHEIN TTOSIC», COCTOSITITNN 13
IUTACTUH-AJIJIOXTOHOB. ['paHmWIIa MeXIy HUMM Ha3bl-
Baetcs [lorpaHmYHBIM HagBUTOM ajutoxToHa [Krauss,
Rivers, 2004].

Crpykrypa beiromopckoro cermeHTa beromopcko-
Jlanaanockoeo nosica IpenCcTaBIsieT COOOM CITOXKHBIN
TEKTOHWYECKUI KOJITaX, COCTOSIIINI M3 HAarpOMOX-
IIeHWST Pa3HOPOIHBIX TEKTOHMUECKUX TTOKPOBOB [Pan-
Huii ..., 2005; Cradynos, 2008]. Ha cTteike 6etoMopu
¢ Kapenbcknm KpaToOHOM BBIIEISETCST 30HA IMUPHHOMN
30—50 kM, mpeAcTaBisdollas €ro IepepadboTaHHbIM
Kpaii. AHanornuHas no npupoae Muapu-CrpenbHuli-
Kas 30Ha pacIiojioKeHa Ha TrpaHuie JlarmaHackoro
nosica ¢ Konbckum KpatoHoM. OCOOEHHOCTh CaMOTO
JlarmaHICKOTO CerMeHTa — TIOJIOTHE aJUIOXTOHHBIE
TUTACTUHEI.

Crpykrypa Tpanccesepo-Kumaiickoeo nosca nipea-
cTaBlieHa aHcamMOJieM TEKTOHWUYECKHMX ITOKPOBOB,
MMPOPBAaHHBEIX MUTMaTUTaMW W TpaHuTtamu [Faure et
al., 2007].

Bueirnne 30Hb1 Bocmouno-ITamckoeo nosica pen-
CTaBJISIIOT COOOI TIepepabOTaHHBIE Kpasi CMEXHBIX
kparoHoB CuHroym u bacrtap. B uenoMm crtpykrypa
Tosica XapaKTepU3yeTcss MHOTOYMCICHHBIMU HaIBH-
ramu u nokpoBamu [Mukhopadhyay, Basak, 2009].

B rHeiicax Mozambukckoeo nosica BbIAESIOTCS
TaK Ha3bIBacMEbIC 3aITagHBIC M BOCTOYHBIC TPAHYJIUTEHI,
pasmesieHHbIE TTOJIOTUMM HagBuramu. IlepBele Tpm-
MBIKAIOT K apxeiickoMy TaH3aHWIICKOMY KpaTOHY,
MpeCTaBsis ero nepepadoTaHHbIN Kpait [Johnson et
al., 2003]. BocTouHble rpaHyJUTHI pa3iejieHbl Ha TpU

HagBuroBble macTuHbl [Cutten et al., 2005]. Oo6masa
CTPYKTypa Tosica XapaKTepHU3yeTcs] CUCTEMOI Hami-
BUTOB, HAKJIOHEHHBIX B BOCTOYHOM HAaIIpaBJICHUN.

I'panynmuToBBIi nosic Jlumnono, pacroaoXeHHBIN
MEXIy apXxecKMMM KpaToHamu KaamBaaibcKuM U
3umb6abBe, coctouT u3 CeBepHoii, lleHTpanbHOU
n IOxHoit 30H. KpaeBble 30HBI paccMaTpUBaIOTCS
KakK mnepepadOoTaHHbIE YacTU KpaToHOB 3uM0OabBe u
KaamBaanbckoro. YkazaHHBIE 30HBI OTIOCIISTIOTCS OT
KpPaTOHOB U OAHA OT APYTOil KPYITHBIMU CIBUTOBBIMU
crpykrypamu. ['Hetice LleHTpanbHOI 30HbBI AePOpPMU-
pPOBaHBI B CEPUIO M3OKIMHAIBHBIX CKIIAIOK M COIMYT-
CTBYIOILIMX CKOJIOBEIX 30H [Reenen van et al., 2014].

Cy1iecTBEeHHO KOJJTU3MOHHAS TIOKPOBHASI CTPYK-
Typa oTMeuaeTcs B mosicax KamepyHnckom [Toteu et
al., 1994], Urabyna—CanbpBagmop—Kypaka [Peucat et
al., 2011], Pubeiipa, MacrpeiiB u ap. B paborax 6e10-
PYCCKUX T€0JIOTOB BHYTPEHHSISI CTpYKTypa besopyccio-
Tlpubasmuiickoeo epanyaumogoeo nosca onpenesieTcs
KakK YelTyifyaTo-HaaBUTOBasI, OJTM3Kas K YeIIyiT9aThIM
MOHOKJTHHAJISIM.

Metamopdusm u reoquHamMuyeckue monem. Omnpe-
IeJIeHne TEKTOHMYECKUX TTPOIIeCCOB, TIPONCXOIUBIIAX
B I'TTI, mocTpoeHne nX reoqMHAMUYECKNX MOJIEIelT B
3HAYNTEILHOU CTETIeHN Oa3mpyeTcsl Ha MHTepIIpeTa-
muu P-T TpeHIOB 3BONIOINAM TTOPOI, CPAaBHEHUH WX
C KPUBBIMU, TIOJTYYEHHBIMH B pe3yJIbTaTe YNCICHHOTO
moaenupoBaHusi. Buytpu I'TTI Beimensitor ABa Tuma
TPaHYJINTOB — BBICOKOOApUUECKNE M CpeIHe-HU3KO-
bapudeckue. PaccMoTpuM MX B 3TOM MOCIe0OBATEb-
HOCTH.

ITpucyTcTBUE 6bICOKOOAPUUECKUX 2PAHYAUMOE C
M30TePMABHBIMU JEKOMITPECCUOHHBIMHA TPEHIAMM,
HaIpaBJICHHBIMU TT0 YaCOBOM CTpeiIKe, YCTAaHOBJICHO
MPaKTUYECKN BO Beex Iosicax: I'penBuiibckom [Krauss,
Rivers, 2004], benomopcko-Jlamanackom [CinaOyHOB,
2008; Volodichev, 2014; Glebovitsky, 2014], Hxyr-
mxypo-CranoBoMm [Glebovitsky, 2014], TpaHccese-
po-Kuraiickom [Zhao et al., 2006; Lu et al., 2014],
Bocrouno-I'arckom [Mukhopadhyay, Basak, 2009],
Wradbyna—CanpBamop—Kypaka [Peucat et al., 2011],
PubGeiipa [Santos et al., 2011], Jlumnono [Holzer et
al., 1998; Reenen van et al., 2014], Mo3aMOUKCKOM
[Sommer et al., 2017], 3emnu xKopoyieBEl Mon [Bis-
nath, Frimmel, 2005] u np.

Ilo pesyabTaTaM YMCIEHHOTO MOIEIMPOBAHMS
BBICOKOOAPWUECKHI TPAaHYJIUTOBBIN MeTaMOP(HU3M C
P-T tTpeHaaMu, HampaBJIeHHBIMU 10 YACOBOU CTpeJi-
Ke, TPOUCXOINUT OAHOAKTHO B KPaTKOBPEMEHHOM
KOMITPECCMOHHOM CHHKWHEMAaTHYEeCKOM peXnMe,
MIPY KOJJIM3UU M CKYYMBAaHUM, TIPUBOISIIINX K TIEpe-
VTOJIIIIEHUIO 3eMHOM KOpBI. Takme TOTpyKeHHBIE
TPaHYJIUTHI SKCTYMUPYIOTCS B YCIOBUSIX M30CTaTHIE-
CKOTO BBIPAaBHMBAHMS, OBICTPOTO TIOIBEMA, 3PO3WHU
WM TeKToHn4deckoi nenynaunu [ England, Thompson,
1984]. UmMeHHO Takoii KOJUIM3UOHHBI MeTaMop(pUu3M
omnpenenseT JuHelHyo KoHdurypauuo [TTI. Dtum
YCIIOBHSIM O0JIee BCETO OTBeUaeT ITOITYJIIpHAS KOJUIH-
3MOHHAsT MOJEIb, MPEAIToaraoas TeKTOHHIEeCKOe
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rnepeyTolleHue KOphl B 2 pa3a u 0ojiee B pe3yJibTare
MEXKOHTUHEHTAJIbHOW KOJUIM3UM, KOTOPOE COMpPO-
BOXJIAeTCs BbICOKOOAPUUYECKUM TPaHYJIUTOBBIM Me-
TaMOpP(U3IMOM.

C yKazaHHOM MOJIEJIbIO COTJIacyeTcsl OTMEeUeHHast
BBIIlIE KOJUIM3MOHHASI CTPYKTYpa I'PpaHYJIMTOBBIX MO-
SICOB B BUJE aHCaMOJIs TEKTOHMYECKUX TOKPOBOB.
BmecTe ¢ TeM MeXKOHTHMHEHTAJIbHAsI KOJJIM3UOHHAsI
monenb I'Mmanaiickoro Tura, Kak M JIIOOOro Moj-
BUXKHOTO Tosica, TIpeanojaraeT CylecTBOBaH e LIKKJIa
BusibcoHa B ero 3BoJIIOLIMU U, ClielOBaTebHO, 00s-
3aTeJIbHOE TIPUCYTCTBUE B €0 COCTaBe OKEaHWUECKUX
KoMIiekcoB. HecMOTpsi Ha TPyIHOCTU BOCCTaHOB-
JIEHUSI MPOTOJUTOB TJIyOOKOMeTaMOp(hUu30BaHHbBIX
MOpOoJI, TaKKe KOMILJIEKChI BbISIBIIEHBI B Pse TOSICOB
B BUJe OG(GUOJUTOB, OCTPOBOAYXXHBIX BYJIKAHUTOB,
CYOnyKIIMOHHBIX 3KJI0TUTOB [Boxko, 2017]. Ouu
oOHapyxXeHHBl B mosicax TpaHcceBepo-KuraiickoMm,
Bbenomopcko-Jlammanackom, BocTouno-I'aTckom,
I'penBuiibckoM, Mo3aMOukckoMm, YoeHau u Ycarapa,
IaperkanraiickoMm, 3emMau KopoJjieBEl Mox u np.

TakuM oOpa3zoM, MEXXKOHTUHEHTAJIbHAsI KOJUIU-
3MOHHAs MOJIeJIb BbICOKOOAPHUUECKUX TPaHYJIUTOB,
momuHupylomux B cocraBe I'TTI, moarBepxmeHa
TeoJIOTMYECKUMU JTaHHBIMU: KOJUIM3MOHHBIM Xapak-
TEPOM CTPYKTYPHI U TIPUCYTCTBUEM PEITUKTOB APEBHUX
OKEaHOB, TPEAIIECTBYIOIIMX CTOJIKHOBEHUIO KOHTU-
HEHTaIbHBIX (pparmMeHTOB. Ee mpuHsATHE BeyeT 3a
co0oif BaxkHOe CJIEACTBUE, 3aKJIOUarolleecs B TOM,
YTO TpaHyJIMTOBBIE TIOsICA SIBISIFOTCS MHAMKATOpaMu
MEXKOHTUHEHTAJIbHbIX KOJUIM3UIA, a CliIeJ0BaTe/bHO,
1UKJI0B BuiabcoHa (OKeaHWYECKUX PACKPBITUI U 3a-
KPBITHIT), UMEBIITNX MECTO B WX DBOJIIOIINM.

Bwmecte ¢ TeM B psie Haubosee uzydeHHbix [TTI
Hapsiay ¢ JOMMHUPYIOIIMMU BbICOKOOApUYECKUMU
rpaHyJUTaMM OTMEUYEHO NPUCYTCTBUE YMEPeHHO- U
HU3K0Oapu4ecKux, 6biCOKOMEMNEPAMYPHbIX ePaAHYAUMO8
C TPEHAOM TTPOTUB YaCOBOM CTPENKU, C U300apUUECKUM
OoXJIZXKAEHMEM TIocie MuKa MetamopdusmMa. Takue rpa-
HYJIUTHI onMcaHbl B nosicax TpaHcceBepo-KuTaiickoM
[Zhao et al., 2006], BetomopckoMm [Pannwmii..., 2005],
IapsrkanraiickoM [Aftalion et al., 1991], BocTtouHo-
I'arckowm, JIummomno, Mo3amMOUKCKOM 1 1p.

B oTinune oT BbICOKOOApUUECKUX T'PaHYJIUTOB,
BBICOKOTEMIIEpATYpPHbIE M HU3KOOApUUECKHE TpaHy-
JIUTHI, Takxke npucytcTBytolue B I'TTI, hopmupyrotcs
B KOpe HOPMaJIbHOI MOIITHOCTU. YUCIEHHbIE MOJEIN
3TUX TPAHYJUTOB TpEAIoaraloT UX BOSHUKHOBEHUE
B PE3YJIbTATE TEPMAJBbHOM 3BOJIOLIMUA, B KOTOPOM
JOMUHUPOBAJI CYILLIECTBEHHbI MPUBHOC Termjaa U3
MaHTUHHBIX pacrijlaBoB. BaxkHasg 0COOEHHOCTb BbI-
COKOTEMIIepaTypPHBIX I'PAHYJUTOB — MX accollMa-
1Sl C UHTPY3USIMM OCHOBHBIX MOPOJI, SHAEPOUTOB
W YapHOKUTOB, CIIyXKalIUX MCTOYHUKOM MpHUBHOCA
HEOO0XOAUMOTO AOTIOJHUTENLHOTO TeIlla U3 MaHTUI-
HBbIX pacruiaBoB npu ux metamoppusme [England,
Thompson, 1984].

CHUHXPOHHOCTDb MPOSIBJIEHUSI TPaHYJIUTOBOTO M€-
Tamophu3Ma 1 OCHOBHOTO MarmMaTvi3Ma npoaHaanu3u-

poBaHa aBTOPOM Ha MPUMeEpe CTAHOBIICHUS KPYITHBIX
un3BepkeHHbIX TpoBuHLMM (LIP). B HacTosee Bpemsi
1T (DOPMUPOBAHUS HUBKOOAPUUECKUX TPAHYJIHUTOB
MpUBJIEKAETCS MEXaHW3M aHAePIUICUTHHTa HOPMaTh-
HOM KOpBhI MAaHTUMHBIMU pacIlaBaMW B YCIOBUSX
pactsskeHus. UTak, B psime Hambosiee M3YYCHHBIX
ITII BHYTpM OOHOTO M TOTO K€ IMosica OTMEYAETCS
MPUCYTCTBUE IBYX Pa3IMYHBIX IO TIPUPOAE TUIIOB
Mmetamopduima. Hapsamy ¢ moBceMecTHO pa3BUTHIMU
BBICOKOOAPUYECKUMU KOJJTUBUOHHBIMU «OPOT€HHbBI-
MW» TPAaHYJIMTaMU BCTPEUYAIOTCS BBICOKOTEMITEpaTyp-
Hble HU3KO- U YMepeHHODapuuecKre «aHOPOTeHHbIE»
rpanysuTel, Kak mpaBmio, HM3KoOapuuecKue Ipa-
HYJIMTHI HAJIOKEHBI Ha BbhICOKOOapuueckme [Aftalion
1991; Touret et al., 2016]. Bo3HuKaeT BOIPOC O TOM,
KaKoit MHTepBaJI BpeMEHM pasIesieT 3TH JUCKPETHRIS
co0bITHs? CyIIeCTBYIOT HEMHOTOUHCIICHHBIE OIIEHKH
5TOTO WHTEpBaa.

B IllapsrKanraiickoM KOMIUIEKCE KOJUTM3NOHHBINA
IPaHyJUTOBBII MeTaMopdu3M rHeiicoB (~1965 MiH
JIET) OTHeJeH OT MeTamMopdu3Ma B YCIOBUSIX pac-
TSKeHUS, aCCOMUMPYIONINX ¢ YapHOKUTU3alMel
(~1873 maH netr), uHTepBagoM okojo 100 muH Jer
[Aftalion et al., 1991].

B mosice MacrpeiiB mocienHuiA KOJUITU3NOHHBII
TPaHYJIUTOBBIN MeTaMOP(GU3M aCCOLMUPYETCS C OTHO-
WMEHHOM oporeHuei, natupoBaHHoi 1230—1150 maH
Jiet. HoBblii rpaHyinToBbIif MeTamopdusm (1078 MiaH
JieT) ObLI CBSI3aH C BHEAPEHUEM OCHOBHOTO—YJIbTpa-
ocHoBHOTO KoMmIniekca Jxuic [Wade et al., 2008].

B memom mpuBeneHHBIE TaHHBIE COOTBETCTBYIOT
OIleHKe MHTepBajia MEXIY TTPOSIBJICHUSIMH BBICOKO0A-
PUYECKOTO 1 BEICOKOTEMITEpaTypHOTO MeTaMopGhr3Ma
B HECKOJIBKO JIeCSITKOB MWJIJIMOHOB JieT [Touret et al.,
2016].

I'TTI B cCynepKOHTHHEHTAJIBHBIX IUMKJIAX. BbIsIBICH-
HasT KapTHHA HaXOOUT CBOe OOBSICHEHNME TIPU PACCMO-
TpeHUH ee Ha (hOHEe CYITepKOHTUHEHTATLHOM ITMKITIY-
HocTHU. YcraHoBiieHue B aBosouuu I'TTI aByx Tumnos
MeTtamMop(dr3Ma 1 Kak CIEACTBUE IBYX CMEHSIONIIXCS
TeOAMHAMUYECKNX PEXNMOB U COOTBETCTBYIOIIMX
TIPOIIECCOB MarMaTu3mMa Imo3BoJisieT KOPPeaupoBaTh UX
¢ hazamMm CynepKOHTHHEHTaIbHOro nukia B 400 MitH
JIeT, IpemIokeHHoTo aBTopoM. DopMupoBaHue BbI-
COKO0ApMYECKNUX TPAHYJIUTOBBIX KOMILIEKCOB IIPO-
WCXOMUT Ha CTamWM KOHBEPTeHIINM, BKITIOYAIOIICH
MPOIIECCHl JIaTepaJbHOU aKKpEeInu, CYOOYKIIUU U
KOJUTM3UH TIPU COOpKe HOBOTO CYIEPKOHTWHEHTA,
3aKaHYMBalollleiics ero cozgaHueM. B nepuon cyiie-
CTBOBaHMS HOBOOOPA30BaHHOTO CYITEPKOHTHHEHTA 3a
CYET CO3AaBAEMOTO MM TEIUTOM3OJISTIIMOHHOTO 3P deK-
Ta BO3HUKAIOT YCJIOBUS TSI TIPOIIECCOB, CBSI3aHHBIX
¢ TIOABEMOM MAHTHHHBIX TUTIOMOB, aHOPOTEHHOTO
BHYTPHMITJIUTHOTO MarMaTtu3Mma, KOHTMHEHTaJIbHOTO
pudroreHesa. [1pu atom I'TTI BeicTynaroT Kak ociab-
JICHHBIE 30HBI, OJATOTIPUATHBIC IS JOKATU3ALNU
MaHTHUWHBIX TIIOMOB. B 3To BpeMs IIpoucXomsT
MPOIIECCHl aHAePIUICHTUHTA, BHEAPEHUS OCHOBHOM
W aHOPTO3WUTOBOM MarMbl, (OPMUPYIOTCS BBICOKO-
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TemrieparypHble rpaHyauThl. [To mueHuro 1. Type ¢
COaBTOpaMU, COOBITUSI B UCTOPUU 3eMJIU, CBSI3aHHbIE
C JlaTepajibHOM akKpelueil mpu cOOpKe CynmepKOH-
TUHEHTOB, MPU KOTOPOW T'OCIOJACTBYIOT MPOLIECCHI
BbICOKOOAPHOT'O T'PaHYyJMTOBOTO MeTaMopdui3ma,
CMEHSIIOTCSI BEPTUKAIbHOM aKKpELUEN C COMYyTCTBY-
IOIIMM €ii BBICOKOTEMIIEpaTypHbIM MeTaMOp(hU3MOM
yepe3 UHTepBal B HECKOJBKO JECSITKOB MUJIJIMOHOB
ser [Touret et al., 2016]. DToO NMPUHIMIINAILHO HE
MPOTUBOPEYUT MPOJOKUTEIBHOCTU YKa3aHHbBIX (a3
B CTPYKTYPE BBILLIEYITOMSIHYTOIO CyNIepKOHTUHEHTAIb-
HOTO LIMKJIA.

B uenom sBoatouus meramopdusma B I'TTI,
BKJIIOUAlOIasl MPOLECChl KOJUIM3UM U aHAepIuieii-
TUHTA, OTPaXKaeT CJIOXHOE B3aUMOJIeMCTBUE IBYX Ie0-
IUHAMUYECKUX CTUIe — TEKTOHUKM JIUTOCHEPHBIX
TUIUT U TEKTOHUKU MaHTUWHBIX TLTIOMOB.

CkazaHHOE€ He SIBJISIETCS €IWHCTBEHHOM WJLIIO-
crpaumeit ¢cBga3u I'TII ¢ cynepkKOHTMHEHTaAbHOM
TeKTOHUKON. PaHee aBTOpoM oTMeueHa MpOCTpaH-
CTBEHHasl TIPUYPOUEHHOCTb T'PaHYJIMUTOBBIX MOSICOB K
OKpamHaM MoJioAbix okeaHoB [boxkko, 2011, Bozhko,
2014]. D10 o3Havaet, yTo pacmnan [TaHren mponcxoauI
B 3HauuTesibHOU ctereHu Baoab I'TTI — I'peHBUIIb-
ckoro mosica CeBepHoii AMepuky, M03aMOMKCKOTO
nosica BoctouHoii AQppuUKM U €ro MpOJOKEHUST —
LIEeHTpaJIbHOI YacTu 3eMJii KopoJieBbl Mon B BocTou-
HoIt AHTapKTHIEe, mosica Pubeiipa B FOxHOIT AMepuke,
BocrouHo-TaTckoro nosica Uuauu v T.1. AHaJIOTAY-
Hasl KapTMHa UMeJjia MECTO TpU 00pa30BaHUM JPEBHUX
okeaHoB. Tak, rpaHyJUTOBBINA ['peHBUJIbCKUI TOSIC
KOHTPOJUPYET PaCKPbITUE TMale030MCKOro oKeaHa
Aneryc u CeBepHOI ATIAHTUKM, HEOTIPOTEPO30MCKIIA
okeaH Anamactop B FOxxHoli AMepuKe BO3HUK BIOJb
MajeonpoTePO30KMCKOTO IPaHYJIMTOBOrO Mosica u Jp.
OTU MpPUMEpPHI OTPpaXaloT KOHTPOJUPYIOILYID POJb
I'TTI npu pacnaae u cObopke CynepKOHTUHEHTOB.

Takum ob6pazom, cBs3b mexay I'TII u cynep-
KOHTUHEHTaJbHOU IUKJIMYHOCTHIO MHOTOIIAHOBAS 1
BBIpaXKaeTCsl B MPOCTPAHCTBEHHOM MPUYPOUYEHHOCTHU
oonbiimHeTBa I'TTT K OKpauHaM MOJIOBIX OKEaHOB,
BO3HMKIIIMX TIpu pacnane [laHreu, B cOopke u pacnanue
JNIPEBHUX CYNEPKOHTUHEHTOB BIOJb TPaHYJIUTOBBBIX
MOSICOB, KOPPEISALIMU MPOSIBICHUIN Pa3IMYHbBIX TUTIOB
TPaHyJIMTOBOTO MeTamMopdu3Ma co CTaausIMU CyIep-
KOHTUHEHTAJIbHOTO 1IMKJIA.

IToMMUMKIMYHOCTh U YHACJEeT0BaHHOCTb. M ccie-
JIOBAaHUS TIOCJAEAHUX JIET MOoKa3ajau TPUCYTCTBUE B
kaxaoMm I'TTI mo kpaiiHeil Mepe IByX 3TanoB IpaHy-
JIMTOBOTO MeTaMopdu3mMa, pas3iesIeHHbIX IEpUOJIOM B
COTHM MWJUIMOHOB JIeT (Tabauiia).

B Ipensuasvckom nosce Ha BocToke CeBepHOU
Awmepuku B 30 KM Ha 1or oT I'peHBUIIbCKOTO (hpOHTA, B
roJjioce, mapajijieibHOi emMy, TPUCYTCTBYIOT apXelckue
rpa”yuTH (~2640 MaH neT) [Krogh, 1994]. B BocTou-
Holt yacTu ['peHBUJILCKOI TMTPOBUHIIUU YCTAHOBJIEHDI
BBICOKOOApMYECKIUE IPAHYIUTHI C Bo3pacToM 1650 MiH
JIeT, a Takke aM(UOOJMTHI U TPAHYJIUThI, BO3HUKIINE
B xone IlunBapuanckoii oporeHuun (1520—1460 miaH

ner) [Gower, Krogh, 2002]. IIupoko NMposiBAEHHbI
BBICOKOOAPWUECKMI TPAHYJIUTOBBIN MeTaMOP(U3M C
pPa3HOBO3PACTHBIMU KYJbMUHAIIMSIMHA B Pa3TAYHBIX
YacTAX TMosica CBSI3aH ¢ MEXXKOHTHHEHTaIbHON ['peH-
BuJIbcKOM oporeHueit (1080—980 miH neT).

B beromopcko-Jlanaandckom nosice BbIACISIIOTCS
TpU BTana TpaHyJIUTOBOro Metamopdusma. I1aBHOe
MmeTaMopduueckoe codbbiTe beiromopckoro nosica —
dopMHpoBaHKe BEICOKOOAPUIECKIX TPAHYJIUTOB C TT0-
CJIeMyIoNIe JeKOMITpeCCHEe NMeI0 MECTO B Heoapxee
B KOJUIM3MOHHYIO cTaguio pa3Butus (~2700 MIIH JieT)
[Volodichev, 2014; Glebovitsky, 2014]. ITaneomnpore-
PO30MCKUIA 3TAl SBOJTIOLNY OSIIOMOPHI OTMEYEH TIPO-
SBJICHEM MeTaMopdr3Ma ¢ N300apUIECKIM TPEHIOM
oxJaxneHus B uHtepBayie 2450—2405 MJIH JIeT B ycjo-
BUSIX TEKTOHUKY PACTSCKEHUST U BHEIPEHUSI MHTPY3UI
rpaHUTOB, TaOOpPO, rabbpo-aHOPTO3UTOB [PaHHUIA ....
20035]. IManeonpoTepo3oiickre KOJIU3UOHHBIE BBICO-
KoOapmuecKkue rpaHyIuTH Jlaruraamncko- KoiBuiikoro
TPaHYJINTOBOTO TOsica C(POPMHUPOBAINCH B MHTEPBAJIe
1900—1910 mua net [Balagansky et al., 2014].

I'eoxpoHonornyeckue manHbie Wi Ilpuazoeckoeo
010Ka CBUACTEITBCTBYIOT O TPEX TPAHYIUTOBBIX COOBI-
THsix ¢ Bogpactom 3450, 2900—2800 1 2300—2200 mMaH
net [Iepbak u ap., 1993].

B Iobyxcckom (Byecko- PoCUHCKOM) epaHyAumoeom
nosice BBIIEISIOTCS YETHIPE Pa3HOBO3PACTHBIX KOM-
rrekca: raitBopoHckuit (3400—3650 MutH J1eT), TUTUH-
ckuit (2800 mH net), mooyxckuit (2380—2500 muaH
siet) u 6epanaeBckuit (2060 —2000 mutH set) [[epbak
u 1p., 2005].

B Kurtoiickom u MpkyTHOM TpaHYyJIUMTO-THENCO-
BbIX TeppeitHax Illapwixcaneaiickoeo evicmyna Cudup-
CKOTO KpaTOHa YCTAaHOBJIEHO IPOSBICHUE METaMOpP-
dusma Ha pyodexax 2600 muH et u 1,88—1,85 mupn
ser [Turkina, 2014].

B Dicyeoxncypo-Cmanoeom nosice yCTAaHOBJIEHDI
SMM30IBI TPAHYJIUTOBOTO MeTaMOp(hH3Ma C BO3PacTOM
2830—2850, 2600—2650 n 1935 muH et [[eboBruLKMit
u 1p., 2009; Glebovitsky, 2014]. ITocienHuii HIMPOKO
MIPOSIBJICHHBI MeTaMop(du3M OTpaxkaeT KOJITU3UIO
AnpnaHckoro 1 CTaHOBOTO KpaTOHOB.

B Tpanccesepo- Kumatickom nosce, pa3aensitoiiemM
3anagHbIA 1 BocTOUHBIN 0j1oku CeBepo-Kuraiickoro
KpaToHa, BBIICIISIOTCS IBe TeHEepaIlM BBICOKOOApH-
yeckoro metaMmopgusma — Ha ypoBHe ~2500 MJIH JieT
u ~1800 MJIH JIeT, TPOCTPAHCTBEHHO COBMEIIEHHbIE
MexX1y coboit. Barsabl Ha UX reoJruHaMUYECKUe yC-
JIOBHST MX (POpMUPOBAHKE TTPOTUBOPEINBEI.

T. Kacku u [. JIu [Kusky, Li., 2003] cBs3biBatoT
dopMupoBaHNEe BBEICOKOOAPUUECKUX TPAHYJIUTOB Ha
pyoexxe 2500 MuIH 1eT ¢ Koyum3neil Mexxay BocTouHbIM
u 3anagHbiM Ookamu CeBepo-KuTalickoro kparoHa.
ITo muenuio aBTOpoB pabdoTel [Zhao et al., 2006] u
HEKOTOPBIX IPYTHX MCCIemoBaTeseii, TOIbKO BTOPOI
MeTamMop(d13M CBsI3aH ¢ KOJJTU3UEH 3THX OJIOKOB.

Bocmouno-Tamckuii epaunysumosslii nosc Xapak-
TepU3yeTCs CIOXHON MOIMMeTaMOP(PUIECKON 3BO-
JIIOLMEN, OTPAXXEHHOU B €ro 30HAIBHOM CTPOEHUHU.
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B 3amamHoii yapHokuToBoit 3o0He Sm—Nd- u Pb-
JaTUPOBKAMU YCTAaHOBJIEHO MTPUCYTCTBUE apXeHCKUX
TPaHyJIMTOB C BO3PacTOM OKOJIo 3 MJIpa JeT. 'pany-
JIUTHl (hOPMUPOBATIUCH B KOMIIPECUOHHOM peXHMe
Ipu yTOJIIEHUU MOIIHOCTA Kophl [Bhattacharya
et al., 2001]. B »=T0ii Xe 30He, Ha tore oT pudra
TonaBapu oTMeueH BbICOKOTEMITepaTypHbBIli Tpa-
HYJIMTOBbIM MeTaMop(hu3M Ha BO3PACTHOM YPOBHE
1,6—1,7 mupa net. OcHoBHas yacTh BocrouHo-T'at-
CKOToO mosica O6bljia BOBJieueHa B KOJUIM3UIO KOHTH-
HEHT—KOHTUHEHT, CBSI3aHHYIO0 C (hOpMHUPOBAHUEM

cynepkoHTUHeHTa PonuHus. DTo coObiTUE OTpa-
JKEHO B MHTepBaje aatTupoBok 1200—950 muiH jet
W TpaHyJIUTOBOM MeTamopdusme B P-T TpeHaax 1o
yacoBoit crpenke [Mukhopadhyay, 2009]. ITanadg-
pukaHckue natupoBku (500—600 muH jeT) B Boc-
TOYHBIX ['aTax OOBIYHO HE TOCTUTaIOT I'PAHYIUTOBOM
(arum MmeTamMmopdusma, 0OTHAKO OHU COOTBETCTBYIOT
eit B Bocrounoit Antapkrume, IOxHoit WMumum u
Ha Ilpu-Jlanke, cocraBasgomuMu ¢ BoctToyHBIMU
latamMu eauHBIN OpOreH Ha MaJMHCHACTUYECKOU
PEKOHCTPYKIIUH.

OHI0TeHHAs1 AKTUBHOCTh TPAHYJIMTOBO-THENCOBBIX MOSICOB

DNOXU MEKXKOHTMHEHTAJIBHBIX KOJUTU3UI U COITYTCTBYIOLIETO
HasBanue nosica IPAHYJIUTOBOTO MeTaMOPbHM3Ma, MITH JeT I'naBHBIE TPOSIBIICHUS
M OIMyOJIMKOBaHHbBIE BHETPaHYJIMTOBOI TEKTOHO-MarmMa-
UCTOYHUKU Me3zoapxeil | Heoapxeit “?ggg;[g];" N:;;?)‘;g;’ Heggf:ge' TUYECKOU aKTUBU3ALIUU
I'peHBUIBCKMIA 1080—980 PackpriTie okeana fmertyc
[Krogh, 1994; Gower,Krogh, 2640 1650 1520—1460 B manieo3oe 1 CeBepHOU ATIIAaHTUKA
2002] B Me3030€
Benomopcko-Jlarutanackuii . .
[Volodichev, 2014; Glebo- Pudeiickuit pugrorenes,
) K ~2700 1900—1910 NaJIe030MCKUI 1IEJTOUYHOMN
vitsky, 2014; Balagansky et .
al., 2014] MarMaTu3M, CeMCMUIHOCTh
[Ipuazosckuii 3450 29002800 | 2300—2200 AHOpOFCHI;IbII/I najneo- 1
[Iepbak u mp., 1993] HEOIMPOTEPO30MCKUI MarMaTu3M
Y — 2060—2000 AHOPOTEHHBI TAIe0- U
[]J_[ey 63K 1 2005] 3400—3650 2800 HEONpPOTEePO30MCKUIT MarMaTu3M
P Ap-, 2380-2500 U pucdTorenes
{Ji‘ll?f]fiﬁl;aﬂ;g fl:]K un 2600 1880—1850 KaitHosoiickuit pudroreHes
JIxyrmxypo-CtaHOBO _ N N . . .
[TeGoBuLKuit 1 1p., 2009; 2830—2850 2600-2650 1935 Me3030iicKkuii, KailHO30MCKUI
Glebovitsky, 2014] pudTOreHe3 M aKTUBU3ALIMS
TpancceBepo-Kuraiickuii
[Zﬁgithzl.Méb(%'Jﬁuzg? ii ~2500 ~1800 Heomnpotepo3soiickuii pudroreHes
2014]
Bocrouno-Tarckuit [Maneo3oiickuii pucroreHe3
[Bhattacharya et al., 2001; 3000 1200—950 | 500—600 " P ’
Mukhopadhyay, 2009] packpbiTiie MHIuiicKOro okeaHa
Iiffyﬂa—Caananop—Ky- 2675 2086 Me3ormpoTepo30oiickuii u haHepo-
[Peucat et al., 2011] 30HCKUil pudTOreHe3
N . PackpriTie okeaHa AmamMacTop
Fﬁgeﬁgﬁa(’;fﬁ“*%‘(‘)%‘jl‘“”) 2200—1900 610—490 B HEOTPOTEPo30¢ 1 FOXHOM
& v ATJIaHTUKU B M€3030€
IOxHo-KamepyHckuit Me3o3zoiickuii rpadbeH beHys,
[Toteu et al.,1994] 2500 2050 600 HEOTeH-YETBEPTUUHBINA BYJKAHU3M
N — Me3o- 1 HeonpoTepo3oicKast
[Bor?izf[ace 2012] 1830—1820 | 1180—1090 | 600—570 nepepaboTKa, KalHO30MCKMIA
’ pudTOreHe3
JInmniono ~2650—
[Holzer et al., 1998; Van 3200—3100 2520 ~2000 Pudrorenes smoxu Kappy (P-T)
Reenen et al., 2014]
Mo3zamOukckmit Pudrorenes Kappy (P-T). KaitHo-
[Johnson et al., 2003, An- 2654-2598 ~1000 640550 3oiickast BoctouHo-AdpukaHcKast
dreolli, 1984, Sommer et al. pudToBast cucrema, packpbITHe
2017] Hnnuiickoro okeaHa
?]gli\:ﬁ;lﬂll( OE?ﬁE;IM%% 5] 1090—1030 | 565—530 [Mo3gHekaitHO30MCKUIA prUGTOreHe3
. 1230—1150 BayrpurmutHast oporenmst [Turep-
?{I;;égeel?al 2008] MaHH, 550 muH ner. Pudeiickuit
” 1540 aBJIaKoreH AMajeyc




BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTHAI. 2018. Ne 4

19

B epanyaumoeom nosce Hmabyna—Canvea-
dop—Kypaxa na 3amame kpatoHa Can-®paHCUCKY
B bpasmiaum mexay mMe3o0apXxeiCKMUMU KpaTOHAMU
XKexku, I'aBaito u1 CepuHbsl YCTaHOBJIEHbI TPU T'eHE-
paluyy rpaHyJUTOB ¢ Bo3pacTtoM 2675, 2191—2019 u
2086 MmH ner. [lociemHuit TaJeONPOTEPO3OUCKIIA
MeTaMOpGhU3M, XapaKTepU3YIOIINUCS TPEHIOM IO
YacoBOW CTpeJIKe, CBSI3BIBAIOT C KOJUIM3UEH apXei-
ckmx KpatoHoB Xeku m l'aBaifo, Torma Kak Tipem-
IIECTBYIOIINI €My Pa3BUBAJICS B YCIOBUSIX aKTUBHOM
okpaunhnl [Peucat et al., 2011].

B epanysumosom nosice Pubeiipa ycTaHOBIEHO
IIBa B3Talla TPaHYJIUTOBOTO MeTaMopdu3Ma: TIepBBIi
cBs3aH ¢ TpaHcaMa30HCKOI OporeHUe 1 TaTUpOBaH
nHTepBasioMm 2200—1900 MuH JIeT, BTOPOit IPOSIBUIICS
B uHTepBate 610—490 MITH JIeT 1 oTpaXkaeT KOJUTU3HIO
kpaTtoHa Konro ¢ kpatoHOM CaH-®paHCHCKY BO Bpe-
Ms1 bpasunbckoit oporennu [Nogueira et al., 2000].

B FOxcnom Kamepyne 3a10KyMeHTUpPOBaHO 3 3Tana
TPaHYJIMTOBOTO MeTaMOp(dr3Ma Ha OCHOBAHUM OTIpe-
nenenust nx Bo3pacta U—Pb- m Sm—Nd-meTomamm
nmarupoBadus: 2900, 2050 u 600 muH et [Toteu et
al.,1994]. I1epBoe COOBITHE OTHOCUTCS K YapHOKUTAM
Ha ceBepHOM Kpae KparoHa KoHTo, a IBa TToCIenyo-
IIMX CBSI3aHbI ¢ DOypHelickoil u ITaHadpukaHCcKo
OPOTCHHSIMM.

B nosce Ybenouii yctaHOBIEHO TpY MPOSIBICHUS
TPaHYJIUTOBOTO MeTaMop(du3Ma: MajxeonpoTepo30ii-
ckuii B muHTepBasie 1830—1820 MIH, Me30IIpOTEPO30ii-
ckuii (1180—1090 MJH JeT) ¥ HEONMPOTEPO30ONUCKUIA
(600—570 muta set) [Boniface et al., 2012].

B LenTpansHoii 30HE nosica Jlumnono TIpoOSIBU-
JIOCh TPU AWCKPETHBIX 3Talla BHICOKOOAPWUIECKOTO
Metamopdusma: Ha ypoBHsix 3200—3100, 2650—2520
un 2000 maH et [Holzer et al., 1998]. B mocnennee
BpeMsI BBIACISIIOT NIBa 3Taria TPaHYJIUTOBOTO MeTa-
Mopdusma: Heoapxevickuit (2700—2600 MaH 1eT) u
naneonporepo3oiickuii (~2000 muH aet). OTHOCH-
TEJTbHO TEKTOHMYECKON SBOJIOIUN TPAaHYIMTOBOTO
mosica JIMMIIOIIO CYIIECTBYIOT MPOTHUBOITOJOKHBIE
B3IJISIOBI, TIPUYEM KaK B OIlEHKE COOBITHI, TaK M B
uHTepnperauuu P-T TpeHI0B.

CormracHo TaHHBIM OTHUX UCCIIeAoBaTeNe, Heo-
apxeickuit (~2690—2620 muH jieT) MeTamMopdu3M B
LleHTpanbHOIT 30HE OBUT CBSI3aH C IVIABHOI OpOTreHUEH
JImmmorto — koym3Meit KpatoHoB KaarmBaaibcKoro
n 3um6abBe [Reenen van et al., 2014].

ITo mMHeHuro apyrux astopoB [Holzer et al.,
1998], TosibKO MeTaMOp(dU3M MTPOUCXOAUBIIUIN OKOJIO
2000 MuTH JIeT Ha3aa OTpaXaeT IIaBHOE KOJJIM3UMOHHOE
coObITHE B TI0sIce JIMMIIONO ¢ TPEHAOM II0 YaCOBOU
CTpEIKe.

Kaxk u B ciyuae ¢ TpaHcceBepo-KuTtalickum mo-
SICOM, 37IeCh MMEeT MECTO pa3Hasl TPaKTOBKa apxeii-
CKUX ¥ TIAJIEOTIPOTEPO30MCKIX TaTUPOBOK. DTO Ke OT-
MeuaeTcsl B OTHolleHUU beasopyccko-Ilpubasmutickoeo
nosca. H.B. AkcameHTOBa I1aBHOE 3HaYeHUe TIpUaaeT
HEOapXeMCKNM COOBITUSIM B 3TOM ITOsICEe, TOTHA KakK
IPYTre — TaJeoPOTEPO30MCKIIM.

B crpoenun Mo3zambukckoeo nosca BbIACISIIOTCS
TaK Ha3bIBaeMBIC 3alTalHbIe U BOCTOUHBIC TPAHYIUTHI.
IlepBBIe TIPUMBIKAIOT K apXeHCKMM KpaToHaM B 00pa-
3YIOT U30JIMPOBAHHBIE TeJIa CPeIn Topod aMpmooIm-
ToBO# (aruu. Mx Heoapxeiickuii Bo3pacT onpeaesi-
erca B nHTepBasie 2654—2598 mutH et [Johnson et al.,
2003]. Hanuuune paHHEeIOKEMOPUNCKMX TPaHYJIUTOB
B cocTaBe Mo03aMOMKCKOTO TIOsIca TTOATBEpPKAACTCS
MTOCTIEAHUMM JAaTUPOBKAMU TIPOTOJIMTOB Me30apXeii-
ckoro (2915 muaH jet), Heoapxeiickoro (2675 MiH
JIeT), maneornporepo3soiickoro (1873—1926 miuH jeT)
Bo3pacta [Sommer et al., 2017]. TexroHnnyeckas 1mo-
3ULMS 3alafHBIX TPAHYJINTOB HE BIOJIHE sSCHA. DTO
MOXeT OBITh TepepabOTaHHBIN MO3MHEAPXECUCKUM
TPaHYJIUTOBBIM MeTaMOp®U3MOM Kpait KpaToHa WJIn
CaMOCTOSATETBHBIN 00K, TPUWICHEHHBIN B TIpoIiecce
Vcarapo-YoeHauiicKoit OpOreHuH.

BocTouHbIe TpaHyJIUTH CIIOKEHBI IOBEHIIBHBIMU
MIPOTEPO30MCKUMI OPTOTHEMCAMH U CYIIPAKPYCTaTh-
HBIMU TIopomaMu. OHM BKITIOYAIOT TPAHYJIHUTHl ABYX
reHepanmii. Knmbapckast reHeparus ¢ BO3pacToOM OKOJIO
1000 mutH neT BKJTtouaeT rpaHyauThl JIypuo CeBepHOTo
Mo3zambuka [Andreolli, 1984], mpoTaruBaommecs
nmo TaHzaHWM. DTU TPAHYIUTHI TTPOCTPAHCTBEHHO ac-
COLIMUPYIOT ¢ 0PUOIUTAMU, UX paccMaTpHBAIOT KakK
BO3HHUKIINE Ha (pOoHE CYOMYKIINM U KOJUIM3UM.

IManadpukaHckas reHepallnsl TPaHYJIWTOB Ha-
JIOKeHa Ha Bce Toponabl mosica. OHa TposiBlieHa B
nHTepBaje 640—550 MIIH JIET ¢ TEHAECHLIMEN K YMEHb-
IIEHWIO BO3pacTa B FOXKHOM HaIIpaBJICHNH M OTpaXkaeT
Koymu3uio mexay Boctounoit m 3anagnoit I'ongsa-
HOM mociie 3aKpbITUsl M03aMOMKCKOTO TajleooKeaHa.
CoriacHO TIOCJIETHUM ompeneaeHusIM B BocTouHoit
n LenTtpanbHo#t TaH3aHWUY TPaHYJIUTOBEI METaMOP-
¢u3m B uHTepBasie 620—640 MIIH JIET TTPU €r0 TTUKE Ha
ypoBHe 640 MJIH JIET XapaKTepuU3yeTcsl KOMOMHALIME
TPEHIOB KaK 0 YaCOBOM CTpeJIKe, TaK M IMPOTUB Hee
[Sommer et al., 2017].

IMponomxennem Mo3aMOMKCKOTO Tosica B AH-
TapKTUIIE ABISIETCS nosc 3emau kopoaesvt Moo. B ero
Tpeeiax yCTaHOBJICHO IBa 3Tara rpaHyJIMTOBOTO Me-
TamMop(r3Ma, CBI3aHHBIX ¢ MEXKOHTUHEHTAIBHBIMU
KOJUTM3USAMUA KOHTHMHEHT—KOHTWHEHT B WHTEpBaJe
1090—1030 1 565—530 MTH JIET COOTBETCTBEHHO, T10-
CJICITHUI OTBEYAET SBOJIIOIIMY BOCTOUHBIX TPAHYJINTOB
Mozambukckoro nosica [Bisnath, Frimmel, 2005].

B nosce Macepeiie B LleHTpaibHOl ABCTpavu
TIePBBIN KOMITPECCUOHHBIN TPaHYJIUTOBEI METaMOP-
¢u3m Ha ypoBHe 1540 MJIH JieT CBsI3aH C KOJITU3UEN
CeBepo-ABcrpanuiickoro u KOxxHo-ABCTpaIuiicKoro
KpaToHOB. ClieAyIolNii TpaHYJIUTOBBI MeTaMopdhr3M
TaKoil MpUpOAbl acCOLUUUpPyeTcsl ¢ oporeHueir Ma-
crpeiiB, matupoBaHHOI mHTepBajgoM 1230—1150 maH
net [Wade et al., 2008].

IMomnumkauanocts I'TTI, HeomHOKpaTHOE IIPO-
SIBJICHUE B KaXKIOM M3 HUX HECKOJBKMX 3TAarlOB IPpaHy-
JINTOBOTO MeTaMOp(MU3Ma OTPaKaloT YHACIIETOBAHHBIM
XapakKTep TEKTOHWYECKOMN BONIOIUM 3TUX CTPYKTYP
[boxko, 2011; Bozhko, 2014].
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TekToHOTEpMAIBLHAS TEpepadoTKa cydocTpata —
HeoTbemaeMass ocooeHHocTh I'TTI, u3-3a yero ux B
CBO€ BpeMSI aBTOp Ha3BaJl «<30HAMU TEKTOHOTEpMaJib-
Holt mepepaboTku». Ee pazBuTre Hen30exKHO clieayeT
U3 yKa3aHHOW MOJULMKIMYHOU MPUPOIBI TOSICOB,
HEOJHOKPATHOrO KOJUIM3MOHHOTO CKYYMBAHUS U
MOrpyXXeHusl cyOcTpaTa B YCJIOBUSI HUXKHEW KODBI.
ITepepaboTKa BbIpaxkaeTcsl B HAJTOXEHHBIX Aedopma-
LUsIX, Pa3BUTUU CKOJIOBBIX 30H, MeTaMop(du3Me, Mar-
MaTu3Me, U30TOMTHOM OMOJIOKEHUU MOPOJ, KOTOpbIe
BOBJIEUEHBI B KOJUIM3UIO B BIOXU, CYILIECTBEHHO OoJiee
MO3HUE OTHOCUTEJIbHO BpeMeH! UX (hDOPMUPOBaHUSI,
a TakXke B IepeMarHMyrMBaHUMM OCTaTOYHOM HaMarHu-
YEHHOCTHU TTOPOJI, OKA3bIBAIOIIMXCS MO TEPMaJIbHBIM
BozaelicTBUEM. JIpeBHUE nepepaboTaHHbIE KOMILIEK-
Chl CjaraloT 3Ha4yuTeJbHblE YacTu Mo3aMOUKCKOTO,
I'penBunbckoro. TpaHcceBepo-Kurtaiickoro, Boc-
TOYHO-I'aTCKOTO M JIPyrux rpaHyJIUTOBBIX MOSICOB.
B nipouiecce popmupoBanus I'T'TI nepepabotke rmo-
BCEMECTHO TMOJIBEPTaJCh KpaeBble YacTU KPaTOHOB,
YYaCTBYIOIIUX B KOJUIM3UU, MOJOOHO TOMY, KaK 3TO
umeetr Mecto B CesepHoit u FOxHOI 30Hax Tmosica
JIummnono.

B TeuyeHMe KaxXaoro LMKIIa TPaHYJMUTHI Mepepa-
0aThIBaJIMCh U CMELLIMBAIMCh 32 CYET TEKTOHUYECKOTO
CKYyUYMBaHUSl C OTHOCUTEJIbHO HEOOJBIION TMPOIop-
1Meil rpaHyJMTOB, O0OpPa30BaBIIMUXCS B pe3yJbTaTe
rocJieJHe OpOreHNUM U KOJUTM3uu. Takoe nepemMein-
BaHUE JPEBHUX U MOJIOABIX TPAHYJIMUTOB 3aTPYIHSIET
MX pacrio3HaBaHUE U BbIAEJTEHUE OTAEIbHBIX TEKTO-
HoMeTaMOP(UUYECKUX LIUKITIOB.

IlepmanenTHass MoOWILHOCTh. PaHHee aBTOpOM
OTMEYAJIOCh BAXKHOE CBOMCTBO I'PaHYIUTOBBIX MOSICOB:
B T€YEHUE BCEW MX 3BOJIIOLMM OHU COXPAHSIOT pas-
HOOOpa3HyIO 9HIOTeHHYIO0 aKTUBHOCTH [ boxko, 2011;
Bozhko, 2014].

B uHTepBanax Mexmay 3MoxamMyu KOHTMHEHTAIb-
HBIX KOJIJTU3UN Y CUHKOJUTU3MOHHOTO TPaHyJIMTOBOIO
MmeTaMmopdu3Ma, a TakxKe TMOoCje 3aBEepLIeHUS] 3TUX
npoiuieccoB B KOHKpeTHbIX I'TTI 3T mosica octaBa-
JIUCh MOOWJIbHBIMM, TPOSIBJISAS BHEKOJIM3UOHHYIO
SHAOTEHHYIO TEKTOHO-MarMaTu4ecKylo akTUBHOCTb 1
KOHTPOJIUPYSI BHYTPUTUIMTHBIM MarMaTuaMm u aedop-
Malluv, KOHTUHEHTaJbHBI pUTOreHe3 U MOJION0e
OKeaHOOOpa30BaHMUE.

Tak, bearoMmopcko-JlartaHaCKuii TTOSIC MCITBITAIT
pudeiickuii pudToreHe3, 1eBOHCKUU KapOoHaTH-
TOBBI MarMaTM3M U COBPEMEHHYIO CEMCMUYHOCTb.
Broonb I'peHBMILCKOTO mosica IPOM3OILIO PaCKpPhI-
THE Tajie030ickoro okeaHa fAmneryc c nociaeayolei
Koymu3nen Armanadeii. [IprazoBckuii mosic BMeIaeT
ME30MPOTEPO3ONCKNE KAapOOHATUTHI, HEONIPOTEPO-
30MCKHUE AallkKu U Me3030McKHUe TPYyOKM B3pbIBa.
Jxyrmxypo-CTaHOBOI MOSIC MCTBITA ME3030MCKYIO
U KAWHO30MCKYI0 aKTUBU3ALUIO U CEMCMUYHOCTD.
TpaHcceBepo-KuTaiickuii mosic mociayXuil apeHou
pudeiickoro u KaitHo3oiickoro pudtuHra, BoctouHo-
I'arckuii — nmoaBeprcst puGTUHTY B IEPMCKYIO SITOXY
u packpbituto MHauiickoro okeaHa. Ilosic Mtaby-

Ha—CanbBagop —Kypaka BMelIaeT HEOMpOTepO30ii-
ckue u Me303oiickue pudThl. Baoab nosica Pubeiipa
nposiBUJICS pUdencKuili pudToreHe3 U MPOU3OIILIO
packpbiTie KOxHoi ATnaHTuku. KamepyHckuit mosic
ObLIT apeHOU MPOSIBJIEHNSI ME3E301CKOro pudToreHesa
U KaliHo3oiickoro ByjakaHuaMa. ITosic JIummono uc-
MbITaJ IEPMOTPUACOBBIM pudToreHes snoxu Kappy.
Bnons Mo3amMOMKCKOro Iosica IIposiBUJICS pruTOoreHe3
Kappy, a BnocieacTBUM MMEIO MECTO pPacKpbITHE
Munuiickoro okeaHa u dopmupoBaHue BocTrouyHo-
AdpukaHckoil pudToBoit cucteMsl. ITosic Macrpeiis
WCITIBITA]T HEOMIPOTEPO3OMCKUIM PUGTUHT U (paHEpO-
30MCKHE nedopMalinu.

B 3TOM OTHOIIIEHN TPaHYJIUTOBBIC TTOSICA STBIIS -
FOTCSI aHTUTIOAAMM CTAOMITLHBIX apXeMCKIX KPAaTOHOB,
JIJISI KOTOPBIX 3TU MPOLIECChl HE CBOMCTBEHHBI. YKa-
3aHHOe BUJIHO Ha npuMepe Kapenbckoro kparoHa,
KOTOPHIN He OBbLT 3aTPOHYT PU(PEHCKUM KOHTHMHEH-
TaJbHBIM PUQPTOTEHE30M U IEBOHCKUM IIETOYHBIM
MarMaTU3MOM, TIPOSIBUBHMIIMMUCS B TIpeAeiax Co-
cenqHero beiromopcko-JlannaHackoro nosica.

Taxum o6pazom, I'TIT — cTpyKTypbl IEpMaHEHT-
HO#l MOOWJIBHOCTH, B HUX TIPOSBIISIETCA, B TeUCHUE
BCEW WX 2BOJMIOLIMU A0 (haHEPO30sl BKIIOUYUTEBHO,
pa3HOpOAHAs SHIOTeHHAsI aKTUBHOCTH (Ta0IMIIA).

BouiBonpl. 1. I'paHyIMTO-THENCOBBIE TIOSICA TIPE-
CTaBJISIIOT COOOM TPOTSIKEHHbIE TOABMXKHBIE TOsica
100ajIbHOTO MacluTada, CIOXKEHHbIE MOJULIUKINYE-
CKMMU KOMILIEKCaMU C BbICOKOH CTENEHbIO MeTaMOp-
(bvzMma, co 3HAUUTENIbHBIM YYacTUEM TepepabOoTaHHbIX
nopo, obJagarolre CI0XHONW MOKPOBHO-HAIBUTOBOM
CTPYKTYpO#l M TIpOSIBIISIIONINE B TeUeHWE BCEUM MX
SBOJIIOLIMY TTEPUOINYECKU-TIOCTOSTHHYIO 9HIOTEHHYIO
AKTUBHOCTD.

2. MeXKOHTUHEHTAJIbHAST KOJUTM3MOHHAS TEKTO-
Huueckas npupoja I'TTI nokasbiBaeTcs CyleCTBEHHO
TMTOKPOBHBIM XapaKTepOM WX BHYTPEHHE! CTPYKTYPHI,
TIPUCYTCTBUEM PEIIMKTOB IPEBHUX OKEAHMUECKITX KOM-
TUIEKCOB M pe3yJibTaTaMy YUCJIEHHOIO MOJEIMpOBa-
Hus. I3 atoro caenyert, uro I'TTI — reonHamMuyeckue
WHANKATOPHI TIPOSIBIICHUS APEBHUX IIMKJIOB BriibcoHa
(OKeaHW4YeCKNX PACKPBITUI M 3aKPBITHI), TMEBIINAX
MECTO B MX BBOJIIOLIMU.

3. XapakTepHass O0COOEHHOCTb TI'PaHyJIHUTOBBIX
MOSICOB — MOJUIUKINIHOCTb, NMPUCYTCTBHUE B
npenesax OAHOTO U TOTO K€ Iosica HECKOJIbKUX pa3-
HOBO3PAaCTHbIX T'PAHYJMUTOBBIX KOMILJIEKCOB, pasje-
JIEHHBIX MHTEepBAJIAMA B COTHU MIIIHOHOB JIET, YTO
CBUJETEILCTBYET 00 yHACJIeMOBaHHOM XapaKTepe MX
sBoJio1K. CyllleCTBOBaHME MOJOOHBIX YHACEI0BAH-
HBIX CTPYKTYp TJI00aJIbHOTO MacluTaba mpeamnosaraet
YIIOPSIIOYEHHOCTh CTPYKTYPHOTO TTaHa 3eMIIH.

CraenctBuem noauuukanyHocty I'TTI aBnsercs
TEKTOHO-TepMajbHasl mepepaboTka Imopoj, Oosee
IPEBHUX TI0 OTHOIIEHUIO K KOHKPETHOMY IIPOSIB-
JieHuto Metamopdusma. IlepepaboTka BbIpaxkaercs
B HaJOXeHHBbIX AedopManusix, meraMmopdusme,
MarmaTuM3Me, a Takxke B M30TOMHOM OMOJIOKEHUU U
TepeMarHNIMBaHUHN TTOPO]I.
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4. I'paHyIUTO-THEMCOBBIE TTOSICAa KOHTPOJIUPYIOT
¢dopMUpOBaHUE M paclaja CyNepKOHTUHEHTOB, UTO
BBhIpaXkaeTcsl B IIPOCTPAHCTBEHHOM MPUYPOUYSHHOCTHU
OONILIIMHCTBA MX K OKpalHaM MOJIOALIX OKEaHOB,
BO3HUKIINX NMpU pacrage [laHreu, MoOJOXEeHUM Ha
MaJeOPEKOHCTPYKIMSAX CYINEPKOHTUHEHTOB, B TMPO-
JIOJDKUTEJIBHOCTA MHTEPBAIOB MEXKAY MTPOSIBJICHUSIMU
KOJUIM3MOHHOIO TPaHYJUTOBOTO MeTaMopdusMma,
OMM3KOM K CYNMEepKOHTUHEHTAJILHOMY ILIUKIY; B
KOpPEIILMY TIPOSIBJICHUN Pa3IUUHBIX TUTIOB TPaHy-
nutoBoro Metamopdusma B I'TII co cranusmu cy-
MEepKOHTUHEeHTaIbHOro nukia. B cocraBe psoa I'TTI
oOHapyXeHbl ABa THUITA TPAHYJIUTOB, pa3laeiIeHHBIX
BO BpPEMEHM, — BBICOKOOAPUUYECKUX U BBICOKOTEM-
nepatypHbix. [lepBble BO3HUKAIOT MPU MEXKOHTHU-
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I'.B. Backakosa', A.M. Huknmmn’

NCTOPUY ®OPMUPOBAHUS PAMOHA KEPYEHCKO-TAMAHCKOM
30HbI HA OCHOBE PEKOHCTPYKIINN CBAJJAHCUPOBAHHOT' O
PETMOHAJIBHOT'O PA3PE3A’

PaccmoTpeHa ucTopusi reojlormyeckoro pasButusi B pailoHe KepuyeHcko-TaMaHCKOro
nporuda, AHAINCKOTo BbICTyNA (MPOJOJKEHUE MOTPYKEHHOW YaCTU TOPHO-CKJIAI4aToro co-
opyxenus: bombimoro Kaskaza), Tyancunckoro mporu6a u Bajia IllaTckoro B majaeoreH-He-
OTeHOBBI Mepuo. [J1si BOCCTAaHOBIEHUST TUCTOLIMPOBAHHBIX TOJII B UCXOMHOE TMOJIOXEHNE B
Mpeaenax BhIIeTePEeYNCICHHBIX CTPYKTYPHBIX 3JIEMEHTOB BBITIOJTHEHBI 0aJaHCUPOBKA U MaJjie-
OPEKOHCTPYKIIUSI PETMOHAIBHOTO KOMITO3UTHOTO ceiicMoreoornueckoro paspesa. OCHOBHOE
BHUMaHUE yaeJieHo 1IeTbhoBoit 30He YepHOTO MODSI.

Katouegoie cro6a: maneopeKOHCTPYKIIMU, CKIaa4aToCTb, XpoHocTpaTturpadusi, YepHoe
mope, AzoBckoe Mope, bonbinoit KaBkas, Kepuencko-TamaHckuii iporu6, 3anagHo-Ky6aH-
CKUI Tporn0, AHATICKWI BEICTYII.

The geological framework and tectonics of the Eastern Black Sea region is characterized
through balancing a geological cross-section and paleoreconstruction during the Paleogene-Neo-
gene period. Studied area includes the Kerch-Taman Trough, the Anapa Swell (the continuation
of the immersed part of the Greater Caucasus Orogen), the Tuapse trough and the Shatsky
Swell. The paper is mainly focused on the Russian shelf zone of the Black sea. The results are
important for understanding of the trap formation time and the hydrocarbon deposits preser-

vation in the Russian sector of the Black sea shelf.

Knrouesnie crosa: paleoreconstruction, orogenesis, chronostratigraphy Black Sea, Azov Sea,
West Caucasus, Kerch-Taman Trough, West Kuban trough, Anapa Swell.

BBenenue. I'eonornyeckoit ucropueit pa3BUTHS
TOPHOCKJIaaUaToro coopyxxenus bonpiroro Kaskasa,
YepHOro M A30BCKOTO MOpEH 3aHWMAJINCh MHOTHE
HCCIIEIOBATEIN: TEOJTOTHIECKOE N3YICHIE OXBAThIBA-
eT nepuoj ¢ koHua XVIII B. mo Hacrosiee BpeMs.
Hawubosnee 3HauuTeIbHbIE PAOOTHI HAYAJILHOIO 3Tara
WCCIIeMOBaHUI TpuHamIexaT reojoraM FO.A. AHn-
cumoBy, ®@.I'. Komkymo, I''B. Abuxy, I'.JI. Poma-
HoBckoMmy, A.M. Konmuny, B.M. BepHaackomy,
H.W. AugpycoBy u ap. I'eodusuueckoe msydyeHue
KepueHcko-TamaHckoro nporubda Hayanochb ¢ 1950 .
meTogamu MOB, MOIT, a 3arem ¢ 2006 r. u ceiic-
mopasBenkoit 3D. Hambosee n3BecTHBIe 0000IIECHMS
Te0JIoT0-TeoM3NIecKo MHGOPMAIINU UIST paccMa-
TpUBaeMO TEPPUTOPUM TIPEACTaBICHHI B paboTrax
J.A. Tyronecosa u ap. (1985), A.Il. AdbanacenkoBa
(2007). KO.B. PocroBuenoii (2012), B.A. Crapo-
creHko (2016). MUsydyenre BpeMeHU (DOPMHUPOBAHUS
Bboabiioro Kaskaza 1 00pa3oBaHUsI COMYTCTBYIOLINX
eMy CTPYKTYp MMeeT 3HaueHHe He TOJIbKO I (PyH-
TaMeHTaIbHBIX 3aad PeTMOHAIBHON TeOJIOTHH, HO B
MpU MOMCKOBBIX paboTax Ha HedTh U ra3. M eciu Ha
CyIlle M3BECTHEH PSI OTKPBITHIX M pa3pabaThIBacMBIX
MECTOPOXIEHUI HauuHas ¢ cepeauHbl XX B., TO
B POCCHUICKOM CeKTope akBaTopuu YepHOTO MOps

TeoJIOTopa3Beika HAaXOMUTCS TOJBKO Ha ITOMCKOBO-
OIIECHOYHOM 3Tarle.

Crpoenue Kepuencko-TamaHckoii 30Hb1. KepueH-
cko-TaMaHCKuIi MPorud pacrojoXeH MeXIy TOPHO-
CKJIagyaThIMKU coopyxeHusMu bombimoro Kaskasa
u Kposima. Co croponnl bosbioro Kaskaza nmporu6
pPa3BUT Ha MEPUKIMHAILHOM IIOTPY:KEHUHW OPOTEHA.
Hnsg mpornba xapakKTepHO pa3BUTHE OpaXWMaHTUKIIH-
HaJleil CyOIIMpPOTHOTO TPOCTHUPAHMS, BBIPAKEHHBIX
B pesibedpe KepueHckoro u TamaHCKOTro moyocTpo-
BOB XOJIMAMU C OTHOCUTEJIbHOW BbicoTOl 10 100 M.
CBOoIBI aHTUKIIMHAJIEH YaCTO OCIOKHEHBI TPSI3eBBIMU
comkamu. 1o gaHHBEIM GaTUMETPUYECKOI U ceiicMoa-
KYCTUYIECKOI CheMOK Pa3HBIX JIET TPSI3eBbIC BYJIKAHBI
oOHapyXeHbl U B akBatopuu YepHoro Mopsi. OHu
MPEACTABIISTIOT CO0OM HeOOJbIIMe KOHYCOOOpa3HbIe
xonMbl BeicoToif 30—50 M, maorma mo 100—120 M.
Ha TamaHcKoM I1-0Be aHTUKJIMHAIbHBIC CKIIaIKH
TPYIITHPYIOTCS B HECKOJBKO aHTUKIMHAIBHBIX 30H
3amag—oro-3aIlagHoro IPOCTUPAHUS, TTPOIOIKASICH
B mipeaenibl 1ienbga YepHoro mopsi. C ceBepa Ha tor
BBEIZIEIISTIOTCA 30HBI MBIca KamerHoro, @oHTamoBCKas,
AnacracueBcko-Kpacromapckas (Llsrm6ainsr), ®ana-
ropuiickast, KapaberoBckasa, Kusmaramickasi, Epe-
muHcKas, CyBopoBo-Yepkecckas U biiaroseiieHcKasl.

1 000 «PH-Dxkcmopeiiit»; ri. creuunanuct [TC; e-mail: g_baskakova@rn-exp.rosneft.ru

2 MOCKOBCKHII rOCYIapCTBEeHHBII YHUBepcuTeT MMeHr M.B. JIOMOHOCOBa, reosormdeckuii hakyiabrer, Kadenpa pernoHaIbHON
TeoJIOTUU M MCTOpUU 3eMiid, Tpodeccop, 3aBenytolnii Kadenpoii; e-mail: nikishin@geol.msu.ru

3 Pa6ora A.M. HUKMIINHA YaCTMYHO BBIIOMHEHA B paMKax rpanta PO®U (mpoext Ne 18-05-00495).
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Puc. 1. Textonnueckas cxeMa BocTouHo-YepHOMOPCKOTo pervoHa v Mpujieralolux TeppuTopuii (CocTaBieHa ¢ yueToM JaHHbIX [Ada-
HaceHKoB U ap., 2007; MutiokoB u ap., 2012; Nikishin et al., 2015a, b; Okay et al., 1997, 2003]: / — noMe3030iiCK1e KPUCTALTAISCKIE
MacCUBBI; 2 — OpOTeHbI, CJIOXEHHbIE 1IeJb(OBBIMUA OCANOYHBIMU MOPOJAMU ME3030s1—301eHa; 3 — OPOTreHbI, CJIOXKEHHbIE ME3030i1-
CKO-20LIEHOBBIMU TJTyOOKOBOAHBIMU OTJIOXKEHUSIMU; 4 — 4YacTU OPOT€HOB, MEPEKPHIThIE MaWKOINCKO-YETBEPTUUHBIMU OTJIOXEHUSIMU;
5 — Me3030lCK1e BYJIKAHUTBI; 6 — IEMOLIEHTPbl OJUTOLIEH-COBPEMEHHBIX MOJIACCOBBIX 0ACCEHOB C TOJNIMHOM MaUKOIICKUX OTJIOXEe-
HMIi 6osee 4—5 KM; 7 — HeIrIyOOKMe OJIMIOLIeH-COBPEMEHHbIE MOJIACCOBbIE OacceliHbl; & — KaiiHO30iiCK1e TEKTOHUYECKHUE MOTHSTHS;
9 — ocu TMOAHSTHIA, aKTUBHBIX B oJiUrolieHe; /0 — mojoxeHue KoMno3utHoro npoduist A—b; 11 — B36poco-HaaABUTOBbIE HAPYILIEHUs
B OJINTOLIEH-MUOLIEHOBBIX OTJIOXEHMUSIX

OcanoyHoe BBITIOJTHEHUE TTPOruda MpencTaBiIeHo
B OCHOBHOM MOILIHON TOJIIEH MaMKOICKUX (OJIU-
TOLIEH-HIDKHEMUOLIEHOBBIX) TJIMH U TePPUTECHHBIMU
OTJIOKEHUSIMU BEpXHEro MuolleHa—ruinolneHa. Ilo-
JOlIBa MaiiKoIla 3ajieraeT Ha MIyOMHe OT 3 10 8 KM.
®opmupoBanue KepueHcko-TamaHckoro mporuba
KaK TeKTOHMYECKOIO 3JIeMeHTa HayajJoch Ha pybeske
MO3IHET0 30lIEHA—pPaHHEro OJIMTOlieHa, T.e. OKOJIO
33 MJIH JIeT Ha3aj, B CBSI3U C Ha4aja0M (DOPMUPOBAHUSI
TOpPHO-CKJIaa4aToro coopyxeHus: bonbiioro Kaskasza
[Adanacenkos u ap., 2007]. Otnoxenust KepueHcko-
Tamanckoro mporuba Ha uenbdpe YepHoro mMops
MpoOYpeHbl HECKOJBKUMU TJIYOOKMMU CKBaXKMHAMMU.
CksaxunHa Cy66otrna (2006 T.) BCKpbLIa OTJIOXEHUS
BIUTIOTH J0 TajeolieHa [Stovba et al., 2009]. CkBaxu-
Ha Pudosas-302 (1985 r.) He BbIIILIA U3 OTJIOKEHMI
MaMKOIICKO! CEepUM.

Martepuaiibl 1 MeTOAbl HCCaeaoBanMid. {151 Boc-
CTAHOBJICHUSI UCTOPUU OCAIKOHAKOIUIEHUSI OTJIOXE-
HUI ajeoLeH-IIMOLEHOBOIO BO3pacTa ObLI BRIOpaH
KOMIIO3UTHBIN celicMOTreoIornuecKuii mpouib yepes
3ananHo-Kyb6aHckuii u KepueHcko-TamaHcKuii rmpo-
rubbl, AHAIICKMIA BBICTYI, TyamCMHCKMIA IIPOTUO U
Ban IllaTckoro. PacrmosnoxeHue Ipouis IoKa3zaHO
Ha TeKTOHMYecKoil cxeme (puc. 1), cocTaBlieHHO

¢ yyeToM maHHBIX [AdaHaceHkoB u np., 2007; Mu-
TIOKOB U Ap., 2012; Nikishin et al., 2015a, b; Okay
et al., 1997; 2003]. B coBpeMeHHOM peyibethe ITOT
npoduyib IPOXOAUT Yepe3 Iueabd A30BCKOTO MOpS,
KepueHckuit m-oB, 1eabd, CKJIOH U TJTyOOKOBOIHBIM
bacceiiH YepHoro mops. sl CyXOIyTHOM CTHIKOBKU
MOPCKMX CheMOK B akBaTopuu YepHoro m A30BCKO-
ro Mopell ObLI1 BBIOpaH T'€OJIOTMYECKUU IIPOPUIb
no jquanuu I'—JI—E uepe3 KepueHckuii m-oB (JIUCThI
L-37-XIX, L-37-XXV reonornueckoit kaptel CCCP,
cepust KpriMckast). BocctaHoBieHre UCTOPUU OCald-
KOHAKOTUICHUSI CIeJIaHO METOIOM cOaTaHCUPOBAHHBIX
pa3pe3oB ¢ UCITOJIb30BaHMEM KapT MOIIHOCTH U TMa-
Jieoreorpau4YeCcKmUX CXeM.

Ha nepBoM sTame paOoThl BHIIIOJHEHA YBsI3Ka
MOPCKMX CelcMUYeCKUX Mpoduieii MexXay co0oil u
C TEOJOTUYECKMM TMpodwieM Ha Cylle, UHTepIpe-
Talusi OCHOBHBIX HECOIJIaCUii, cTpaTUrpadudecKas
MPUBSI3Ka TOPU3OHTOB U BBIACIEHNE TEKTOHUYECKUX
HapylueHU, MPUHUUMIUAIBHO BaXHBbIX AJS MO-
HUMaHU$ TEOJIOTUYECKONW MCTOPUM HUCCIEAYEMOTO
pernoHa. Ilo ceiicMuyeckuM MpodUIsIM OBLIO BbI-
JIeJIEHO HECKOJIbKO TpaHWIl HeCOrIacuii OT KpPOBIHU
OTJIOXKEHUM IOPCKOU CUCTEMBI 10 KPOBJIU OTJI0KECHUMN
MMOHTUYECKOTo Topu3oHTa. OTpaxaroluii TOPU30HT,
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OTBEYAIOIIMI KPOBJIE IOPCKUX OTJIOXEHUM,
XOpOILIO BblAessieTcsl B palioHe Baja Illar-
ckoro. B TyancuHckom u Kepuencko-Ta-
MaHCKOM TTpormdax u3-3a 00J1b1101 TITyOUHbI
3ajleraHusl pas3jiesieHrue MEJOBBIX U IOPCKUX
OTJIOXKEHUI He BCEraa BO3MOXHO, MTO3TOMY
rpaHuila MpoBejJeHa YCJIOBHO, COIJIAaCHO
MPUHATON reojorndyeckoir Mmoaenu. Crpa-
Turpadguyeckasi MpuUBsI3Ka OTpaXkaroliux
TOPHU30HTOB M OCHOBHbIE TEKTOHUUYECKUE
COOBITHS MOKa3aHbl Ha cxeme (puc. 2). [1pu
COCTaBJIEHUU CTpaTurpapuueckoit mMojaenu
pervoHa MCMoJIb30BaHbl JaHHbIE CKBaXKWH
U 000011aIolIKe CBEAEHUS O TE0JIOTMYECKOM

Cawralcepusi/ TekToHn4eckne
PBcTaTnyeckas) BocTouHbIN TOPHAOHT COBLITUS 1 0GCTAHOBKN

KpuBas Maparetuc (Mecranas  |Knumat O;BRKOHHKOHHSHW‘ Otpaxatowuuit
Hag, Handerbol, Veil, 1967} (Monos v ap.) cTpatndmkaLms) Hanckuu BbICTyn TOPU3OHT
100 -100] 100 -100_-200 K-T nporu6
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cTpoeHnu pernoHa [MuriokoB u ap., 2012;
AnbMmennuHrep u ap., 2011; I'ybapes, 2006].

PaccMoTpM OCHOBHBIE OCOOCHHOCTH
TEOJIOTMYECKOTO CTPOCHUS CeMCMOTe0I0TH-
yeckoro npoduis (puc. 3). B ceBepHoIi ua-
CTH TIpOoWIISI, PACTIOIOKEHHON Ha IIeabde
ABOBCKOTO MOpSI, OTJIOKEHUS TTajicolleHa—
s0IIeHa 00BEAMHEHBI B €AMHYIO TTAYKy M3-3a
X HeOOJBION ToMIMHLL. B mopogax maii-
KOTICKOI CepUU BEIIEISIOTCS KIIMHOMOPMEL.
B paitoHe CYyXONMyTHOTO TE€OJIOTHUYECKOTO
MpopUIsa TpaHUIBI HIDKE KPOBIW MAaMKo-
IMa W3-3a OTCYTCTBMSI HaHHBIX IIPOBEIECHBI
corjacHo BuImenexkamuM. OcobeHHOCTH
crpoeHnust KepueHcko-TaMaHCKO# 30HBI
OIMCaHHI BhIIe. B paifoHe AHAIICKOTO BBI-
CTYyTIa BBIAEIISIETCS CHHKUHEMaTHYecKast TOJ-
ma toamurHoi 10 500 M, oToXAeCTBIsIEMast
C OTJIOKEHMSIMHU 30lIeHa. Takast MOIITHOCTh
DOIIEHOBBIX OTJIOXEHWU He HabmomaeTcs
B JIPYTUX YaCTIX PEeTHOHAILHOTO pa3pesa.
OTi0XeHUsT MaWKOIICKOM CEepUM XapaKTe-
pU3YIOTCS COKpaIleHHOW OTHOCHUTEIHLHO
porn6oB TommuHOM. [Topomsl MemoBOro
U TajeolleHOBOIo0 BO3pacTa cjaraloT TMo-
jorue ckjaaku. TyancUHCKU TIporuod
XapaKTepu3yeTcs OONBIION MOIIHOCTHIO
OTJIOXKEHUM MANKOIICKON Cepuu, KOTOPbIE
GopMUPYIOT CUCTEMY CyOIIapauIeIbHBIX
B30POCOB—HAIBUTOB C TIOBEPXHOCTHIO CPBI-
Ba B HuM3ax Mmaiikona. Hambonee mnpeBHMe
CKJTAJIKY PACITOJIOXKEHBI B 30HE TIPUMBIKAHUS
TyancuHcKoro nmporuda K 10XXKHOMY CKIIOHY
boabmoro Kaskaza. Haunbonee Mosonbie
CKJIAIKW OTMEYEHBI B CeBepO-3amagHOMN
yactu TyalicMHCKOTO Iiporuba, B o0yiacTu
cowreHeHnns ¢ BajoMm Illarckoro. Ha Bane )
IIlaTckoro MaKOIICKME OTIOXEHUS OTCYT- Fff
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it npopmis A—b. TMonoxenue mpoduiisa cMm. Ha puc. 1 (bykBamu o603HaueHb! oTpe3ku npodwmist). CokpamteHust: KTIT — Kepuencko-Ta-

1 KOMITO3UTHBIN celicMOreoIornuyecku

Puc. 3. UcxonHsl

-

; 2 — TIOHT—M30THUC; 3 — capMaT; 4 — cpeaHMi MUOIIeH (KOHKa, KaparaH, YOKpak, TapxaH); 5 — CpeIHUN

KO (BEPXHMIT OJIUTOLIEH); 7 — D0IieH; § — mayieolieH / majieonieH-3o1eH B paitone KTIT u 3KII; 9 — menoBast cucrema; 10 — 1opckast

cucreMa; /1 — OTJIOXKEHUS TpaHCIOpTa Macc; /2 — 1opckue pudoBbie TTOCTPONKHI

—TJICCTOLIEH

6, 3KIT — 3amanHo-Ky6aHckuii iporu6; / — riMoLeH

MaHCKHUU TIporu

" Ma

); 6 — HWXHU

(HYXHUIT MUOTICH

BEPXHUII Mailkort

CTBYIOT JINOO UMEIOT MaJIyl0 MOIIHOCTh. OTI0XEHUS
BEPXHEro MMOILIEHa B HEKOTOPBIX MECTaX 3ajIeraloT Ha
MEJIOBBIX 1 IaJI€OLICHOBBIX.

Jlis mocTpoeHusT cOaTaHCUPOBAHHOTO pa3pesa
HUCIIOb30BaHa mporpamMMma Move. CelicMUYeCKHA
pa3pe3 ObUI IepecynTaH U3 BPEeMEHHOTO MaciuTaba
B TJIyOMHHBINA 1O CKOPOCTHOW MOJENU, MOCTPOEH-
HOW C YYETOM 3HAYEHUUN CEMCMUUYECKOU CKOPOCTU
n pa"HHeix BCII B OGnm3nexammx ckBaxmHax. Pe-
3yJIbTaThl PEKOHCTPYKIIUM T'€OJOTMIYECKON MCTOPUU
npeacTaBieHbl Ha puc. 4. PaccMoTpuM OCHOBHBIE
aTanbl (POPMUPOBAHMUS AHAIICKOTO BBICTYIA U CO-
MNPSKEHHBIX TEPPUTOPUIA.

Boccmanoeaenue ocrnosnvix mexmonuueckux coowt-
muii 6 Kepuencko-Tamanckoii 3one. OCHOBHbIE 00bEK-
Tl ucciienoBaHii — KepueHcko-TamaHckuit mporud
n 30Ha AnHarickoro BeicTymna. Yacts TyamcmHCKOro
nporu6a u Bana Illarckoro, moka3aHHBIC Ha TTPOGH-
JIe, 3IeCh pACCMOTPEHBI B KAYECTBE TOTIOTHUTEIHHBIX
COCETHMX TEeKTOHUYECKMX DJIEMEHTOB.

Jomaiixonckoe epems (mea—souer). OTI0XKEHUS
IOpBI, MeJjla, IajieolieHa M 30IieHAa B OOJIBIIMHCTBE
ciryyaeB 0e3 JOMOJTHUTEILHBIX JAHHBIX IO CKBaXKMHAM
TPYOHO Pa3Ne/sIOTCS Ha CEMCMMYECKUX pa3pe3ax u3-3a
CXOXMX aKyCTUUYECKMX CBOMCTB CJIATAIOIINX WX TIOPO/I.
Ha Bane Illarckoro mo ceiiCMMYECKMM TaHHBIM BbI-
JIeJISIIOTCSI BepXHEIOpCcKasi KapOoHaTHasI I1atdopma 1
KpYyIHBIe KapOOHATHBIE ITOCTPOMKM, TTIEPEKPHIBAIOIIE
MX OTJIOXKEHMS 3aJIeTaloT C YIJIOBBIM HECOTJIaCueM U
BBITIOJIHSIIOT HEPOBHOCTU B Tajieopenbede [Adana-
ceHkoB u ap., 2007]. B paitone 3anagHo-KybaHckoro
n KepueHcko-TamMaHCKOro IporuOOB BBIIEISIOTCS
meb(GOoBBIE OTIOXKEHUSI BEPXHEro Meja—30IleHa.
3oHa AHAICKOTO BEICTYIIA TIPEACTABIISIET COOOM IIPO-
JoJDKeHHe TIyooKoBomHoro Tpora boibioro Kaskasza.
Ha cyiiie AHarnckuii BBICTYIT EPEXOAUT B (DJIMILIEBYIO
30Hy bonbmoro Kaskasza, B mpeaenax KOTOpoil Ha-
OII0IAI0TCST MENI-TaJIeOEHOBBIE OTHOCUTEIBHO TJTy-
OOKOBOJIHBIE OTJOXEHUSI ¢ TypOuauTamu. MOXHO
MPEAIIOJIOKUTh, YTO B 30He AHAICKOTO BBICTYIIA OT-
JIOKEHMSI BEPXHETO MeJla—30lieHa 00pa3oBaHbI OoJiee
IIyOOKOBOTHBIMHU Ocagkamu, yeM Ha Bajie IllaTckoro
u B KybaHckoM mporube.

OTnoXeHUS HUXE IMOAOIIBBEI Malikoma (OJin-
roueHa) oOpa3yloT TpM pa3Hble 30HHI: KepueHcko-
TamaHckuit nmporu6, TyancuHCKUA TPOrud U 30HY
AHancKoro BEICTyIIa. B mepBBIX ABYX 30HaX HILKE
MaKiKoIa HET TOJILL C PE3KO MEPEMEHHOM TOJILMHOMN.
B 30He AHAIICKOTO BEICTYIIA TOJIIA, ACCOLMMpPYeMast C
OTJIOXKEHUSIMM 301IeHa, UMEET IIePEMEHHYIO MOIITHOCTh
n (GopMHpOBaIaCh CUMHXPOHHO CO CKJIAaT4aTOCTHIO,
B CHHKJIMHAJISIX MOIIMHOCTh PE3KO yBEJIMYMBACTCS,
a B aHTUKJIMHAJISIX YMEHbBIIACTCS BILUIOTH O UCYE3HO-
BeHUs. [103TOMY MOXHO CIelaTh BBIBOM, YTO B 30HE
AHAICKOro BEICTYIIA TIEPBbIC TEKTOHUYECKIE IBIXKE-
HUSI HAYajJuCh B paHHEM DOIeHE M IIPOIOJIKAINCH
BIUIOTh 10 ojuroueHa. Bomu3m rpanuner KepueH-
cko-TamaHckoro nporuda u nporrdba CopokuHa OT-
JIOKEHMS 201IeHAa U ITaJie0lleHa BCKPHITHI CKBAXKMHOM
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ManeoueH - Ha4ano aoueHa B

[€OLICH-30LIEH.

KoHel onuvroueHa - Ha4ano muoueHa

| Q510 20xm
ﬁaoecuhﬁ 3KN KepyeHcko-TamaHcKuit AHanckui
Ban nporn6 BbICTYN

TIOHT-M30TIIC

Ban LWaTtckoro

TyancuHcKuiA nporme

Puc. 4. PekoHCTpyKIIMsI Ie0JIOTUYECKON MCTOPUU B 30HE MorpyxeHus Bosbinoro Kaskaza M cONMpsKEHHBIX TEPPUTOPUIA (MCXOIHBIN
celicMOreoJIornIecKurii pa3pe3 A—b 1 yclioBHBIe 0003HAaYeHUsI CM. Ha puC. 3, TOJIOXeHUe Mpodwiis — Ha puc. 1)

Cy660oTnHa-403 u mpeacraBieHbl U3BECTKOBUCTHIMU
IJIMHAMM C TIPOCJIOSIMM Meprejieil U TOHKUX CJIOEB
MecyaHukoB. Bpemsi Havama 3aech cKamayaThiX Ae-
dopmanuii octaeTcss AMCKYCCUOHHBIM.

Maiixkonckoe epemsa (oauzouen—panHuii MuoueH).
B KepueHcko-TaMaHCKOM IIpormde MalKoOIICKHE
OTJIOXKEHMST TNPEeACTaBIeHbl MPEUMYIIECTBEHHO IIIy-
OOKOBOJAHBIMU TIMHAMU C MECUYaHO-aJEBPUTUCTHIMU
IIPOCIIOSIMK OOIIIEii MOIITHOCTBIO OKOJIO 6 KM. B Maii-
KOIICKMX OTJIOXKEHSIX MOXKHO BBIIEJIUTH JBA OCHOBHBIX
celicMOKOMILIeKca, MO MPUBSI3Ke K CKBa*KMHHBIM
MaHHBIM OHM OTBEYAIOT HUXXHEMY (OJUTOLEH) U
cpelHeMy—BepxXHeMYy MalKoIy (paHHUI MUOLIEH).

B HuxHeM Malikone BBIAESIOTCSI TPU 30HBI:
KepueHcko-TamaHckuii mporud, 3oHa AHAIICKOTO BbI-
crymna u TyarncuHcekuii mporud (puc. 4, 6). KepueHcko-
TamaHCcKuMiT Tporud MpencTaBiIsl COO0I €CTECTBEHHOE
npoaokeHue 3anaaHo-KybaHckoro mporuba, Moli-
HOCTb HIXKHEMANKOIICKMX OTJIOXKEHUI B HEM OOJIblIIE,
yeM B TyarncuHckoMm nporude. TyarlCHHCKUI TIpOTruod
B OJIMTOILIEHE HCHbITaN ObIcTpoe morpyxeHue. OT-
JIOKEHMST HMXKHEro MaiKoIla B HeM IIPEeACTaBJICHBI
[JIyOOKOBOMHBIMU TJIMHAMU C IPOILIacTKaMu TypOu-
IuToB [MuTtiokoB u ap., 2012]. B 3oHe AHamnckoro
BBICTYNA OTJIOXKEHMST MaliKoIa HeCOIIaCHO 3ajieraloT
Ha GJIMIIEBBIX OTIOXEHHUSIX J01IeHA.

B mo3gHeM Maiikomne Tpu BblAEJIEHHbIE 30HbI
coxpaHsuiuch (puc. 4, ). BaxkHoe oTiMunMe COCTOUT
B TOM, YTO IJIaBHOH 30HOI ceauMeHTauuu ctaa Ty-
ancuHckuii mporud (puc. 4, ¢). B panHem MuoleHe
B 30He AHAIICKOIO BBICTyNa Hayajach BTopas ¢asza
cKJagyaTheiX JgedopMalivii, cBs3aHHask C MHBEPCU-
eil ObIBILIEro mnporuba, KOTopasi Ha CEMCMUYECKUX
paspes3ax BBbIISISIETCS B BUAE YIJIOBOTO HECOTJIACHsI

U CHMHOPOTI€HHOU TOJIIM, BBHIMOJHSIOIIEH HEOOJIb-
mue mporudbsl. B oty hasy ckiagyaTtocTd Havayics
pocT cTpykTyp B KepueHcko-TamaHCKOM mporuoe.
BepxHemaiikorckue OTJI0XEHHUsI BO BCEX TpeX 30HaX
XapaKTepU3YIOTCSI CEHCMUYECKUMU KOMILIeKCaMu
C XaOTMYECKMM CTPOEHMEM, KOTOpble MHTEPHpPETU-
pPYIOTCSl KaK OCaIkKM TPAHCIOPTUPOBKU Macc (mass
transport deposits/complex, MTD/MTC, debris flow,
puc. 5, 6, ). OTJIOXXeHUsI TaKOro TUIa (hOPMUPYIOTCS
Ha CKJOHaxX IpU ONOJ3aHUM HEIUTUGULIUPOBAH-
HBIX MacC OCaJKOB M BKJIIOYAIOT OOJOMKM IOPOJ CO
CMEChIO BOABI U TJMHBI. MCTOYHMKOM CHOCa 3TUX
MOTOKOB CJIYXWJIM pacTyliue ocTpoBa bosbiioro
Kaskaza. B 30He AHarckoro BhICTyIa (puc. 5, @) u
B KepueHcko-TamaHCcKOM TNporude BbIACISIOTCS ABE
nauyku MTD, pasgeiaeHHBIE CIOMCTON MAYKOM Mpea-
MOJIOXKUTEJIBHO TecyaHo-TJMHUcTOoro cocrara. B Ty-
alICUHCKOM IIporu6e BBIAEISIIOTCS Tpu mauyku MTD,
TakXe pasiejeHHbIe TauKaMM MapalieIbHOCIOMCTOTO
KOIlJIeKCca, TOJIIMHA KOMIUIEKCOB COKpallaeTcsl B Ha-
MpaBJIeHUU OT AHAIICKOIO BBICTYIA K LIECHTpaJbHOMN
yactu TyarncuHkoro rnporuba (puc. 5, 0).
ITocT™maiikonckoe Bpems. [TocTmaiikorckas Toa
eIuHbIM yexjioM nepekpbiBaeT Baa Ilarckoro u Ty-
arCUHCKUI TTPOTU0, YTO CBUIETEILCTBYET 00 OOIIMX
[JTYOOKOBOJHBIX YCJIOBUSIX OCAIKOHAKOIUIEHMSI BILJIOTh
0 HacTosiiero BpemMeHu. Haubosee MHTEHCUBHas
cKJ1agyaTocTh B TyariCMHCKOM MpoOrude mpoucxo-
UJla B KOHIIE CPEeJHEro MUOLEHA U IMPOI0JIKaeTCs
B HacTosllee BpeMs. BOJbUIMHCTBO aHTMKJIMHaIECH
BbIpaxkeHbl B pesibebe B BUAE MOABOJHBIX XpeOTOB
C OTHOCHUTEJbHBIM IpPEBBbILICHUEM Haja YPOBHEM
Mopckoro mHa 10 400—600 M [ATBMeHIWHTED U IP.,
2011]. IToBepxHOCTh CpBIBa JIs1 CKJIaAYaTO-HAABUIO-
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Puc. 5. ®parMeHTHl CeiCMUYECKUX Pa3pe3oB: ¢ — CTPOCHME OTJIOXEHHUI TajieolieHa—d0IleHa B paiioHe AHATICKOTO BBICTYMA; 6 — OT-
soxeHust MTD B TyancuHcKoM nporude; 6 — pailoH COBPEMEHHOTO KOHTMHEHTAJIbHOTO CKJIOHA YepHoro mMopst; ¢ — otioxeHuss MTD
B paiioHe AHATICKOTO BBICTYyIa

BBIX CTPYKTYp TyaIllCMHCKOTO TIpOTH6a XOpOIIO BBI-
JeISeTCs TT0 CEUCMIMIECKIUM JTAaHHBIM ¥ TIPOXOIUT TI0
IIMHUCTBIM OTJIOXEHUSIM HM30B Maiikora. K KoHITy
Maitkora ITpOM30IIIIO0 TOCTEIIEHHOe 0OMeIeHIE 30HBI
KepueHncko-TamaHckoro 6acceiiHa, OIHAKO YCIOBUS
OCaAJIKOHAKOTUICHUS BILJIOTH O KOHIIA CPEIHETO MHO-
1IeHa OCTaBaJIMCh B LIEJIOM ITyOOKOBOAHBIMU. [TombeM
KaBka3cknx OCTpOBOB CONPOBOXKIANICS JIABUHHBIM
CHOCOM Ipy00T0o 00JIOMOYHOIO MaTepuraia. B cpenHeM
capMare TIPOU30III0 OOMeJIeHNE MpPeIKaBKa3cKOTo
menbda, CBI3aHHOE ¢ TTMKOM CXaTHs OpOreHa, 4To
MPUBEIO K Pa3MbIBY OTIOXEHHUI HIDKHETO—CpPeIHe-
ro MHOIIeHa B CBOJAaxX CKIamoK. HaumHas ¢ 3Toro
BpPEMEHU Ha TEpPUTOPHU AHAIICKOTO BBICTYIIA U
cocenHeil ¢ Heil obnactu KepueHcko-TamaHcKoro
nporuba Hadajoch (popMupoBaHMEe Lienbda, U K
TTO3IHEMY MUOIICHY YCIIOBHS OCaTKOHAKOIUICHMS CTa-
Ji1 OJIM3KKU K COBpeMeHHbIM (puc. 4, 2). IlonoxeHue
KOHTMHEHTAJIbHOTO CKJIOHA M3MEHSIETCS B IOXHOM
HaIpaBJICHNM — OT 30HBI cowreHeHnsT KepueHCcKo-
TamaHckoro mnporu6a M AHANCKOro BbICTYyINA U JI0O
6apbepHOIt 30HBI. OTIIOKEHMST MaiiKora 1 MUOIIeHA B
3TUX 30HAX Pa3MBITHI 1 TIEPEOTIIOKEHBI Ha TEPPUTOPHUH
TyancuHckoro nporn6a. Ha npumogHSIThIX yyacTKax
AHAaICKoro BEICTYIIA OJIMKe K OSperoBoil JIMHUM IO
pa3MBbIB MOMAIN OTJIOXEHUS BIUIOTH O ITaJIeOIIeHO-
BoIX. Ha puc. 5, 6 moka3aH pparMeHT ceiicMU4ecKoro
npoduisi B paililoHe COBPEMEHHOro ckjoHa YepHoro
MOpsI, Ha KOTOPOM BBIIEISAIOTCS TOBEPXHOCTH pa3-
MBIBa MaMKOIICKMX OTJIOXCHMI, OIOJI3HEBOE TEJIO U
OTJIOXKECHUST KaHATBHBIX (DaITii.

Pe3yabTaThl HCCIeIOBAHUI M HX OOCYXKIEHHE.
AHATICKUI BBICTYT CIIYKUT MOPCKHM TIPOIOKEHUEM

oporeHa bosbiioro Kaskaza. Hamu moka3zaHo, 4To
Ha MecTe AHAIICKOTO BBICTYIla B IOpe—30lIeHE Cy-
11IECTBOBaJ OTHOCUTEJILHO TJTyOOKOBOJAHBIN OacceiiH,
KOTOpbIi Ha cyllle Mepexoaus B (PuIlIeBYO 30HY
bonrioro Kaskaza. Dta runotesa mpejarajiach 1 pa-
Hee [AdaHaceHKoB u 1p., 2007; Nikishin et al., 2015a,
b], HO ¢ TTOMOIIBIO TIOCTPOSHMUS COaTaHCHUPOBAHHOTO
pa3pe3a M peKOHCTPYKLIMU O HEMY Te0JIOrMyecKoi
WCTOPUHU 3TO MPEATOI0XKEHNE YETKO 000CHOBBIBAETCSI.
Hamu nokazaHo, yTo AHAIICKWUI BBICTYIlT aKTMBHO
(hopMupoBasICs B OJIUTOLIEHE B pe3yJbTaTe UHBEPCUU
ObIBILIETO pU(PTOBOTO Mporuoda.

CxnamyaTele aedopManuy ¢ KOHCEOUMEHTa-
LIUOHBIM POCTOM IIOJIOTUX MOABOIHBIX CKJIAAO0K B
pailoHe AHAarCKOro BBICTYIIa HAYaJIUCh ellle 10 Maii-
Komna (oauroueHa). Bpemsi Hauana aedopmaiuii 6e3
XpOHOCTPATUTPAGUICCKON TPUBSI3KUA IO JAHHBIM
OypeHHUsI He MOXET OBbIThb TOCTOBEPHO OOOCHOBAHO,
OJHAKO, IO HallUM MPEeANOJIOXKEHUSIM, TepBbie
JedopMalny IMPOU30LIIN B Hadayie 3o1eHa. B Kpbi-
My ¢a3a TEKTOHMYECKHMX IOBWKECHUM M 3PO3UU IO
myounsl 200—400 M mpUXOmMTCS Ha BpeMs Mepen
HaAKOTUICHWEM TOJIIIN HYMMYJIHUTOBBIX M3BECTHIKOB
B UIIpe (paHHEM 30lIeHe), cienytolias ¢asa nedpopma-
LMW — mnepea HaKOIUIEHUEM MANMKOIICKMX OTJIOXEHUMN
NpUOIM3UTEIbHO Ha TpaHUlIe 301IeHAa W OJUrolLeHa
[Nikishin et al., 2015a, b]. B YepHom Mope B Adxa3un
Ha ['ymayTcKoM MOOHSITUM BBIAEJIEHHOE Ha CEMCMU-
YyecKMUX Mpousix OCHOBHOE YIJIOBOE Hecorjacue
npennosaraercs kak BHytuunpckoe [Nikishin et al.,
2015, a, b], XxoTs ero Bo3pacT B HACTOSIIEE BpeMsI HE
000CHOBaH JaHHbIMU OypeHus. B A3zoBckom mope
MPUCYTCTYET TaK Ha3blBaeMblii A30BCKMIA Baji. B ero
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npenesax OTJOXEHUs MaiiKora nepekpbiBaloT 6ojiee
IpeBHUE OTJIOXEHUSI C YIJIOBBIM HECOTJIacCHeM, TIPH
5TOM DSOILICHOBEIC OTJIOXEHUS XapaKTepU3YIOTCS W3-
MEHYMBOI MOIITHOCTBIO Y (POPMUPOBATINCH CHHXPOHHO
CO CKJIaayaTo-HaABUTOBbIMU nedopMauusimu [Ada-
HaceHKOB u np., 2007]. HoBble maHHBIE TTOKA3BIBAIOT,
uyro Ha 3anmagHoM Kaskaze u B Kpeimy nepBrie a3nl
abMUKCKUX Aedopmalinii Takxke Hayajauch B 90LEHE,
HO TOUYHBIN BO3PACT MOXET OBITH OINpeaeieH TOJBKO
nocje OypeHusl.

Maiikonckue OTJIOXEHUSI AHANCKOro BBICTYMA
10 JINTOJOTUYECKOMY COCTaBY MOTYT OTIMYAThCS OT
OJHOBO3PACTHLIX OTI0XeHu# B TyarnicuackoM u Kep-
YeHCKO-TaMaHCKOM ITpornbax, Tak Kak B MaiiKoTICKOe
BpeMs1 30Ha AHATICKOTO BBICTYyMa MpecTaBisiia CoO0oi
OTHOCHUTEILHOE TTOTHSITHE.

ITo Mepe pa3BUTHUSI UHBEPCUOHHOM 30HBI B paii-
OHe AHAITCKOTO BBICTyTIA TTOCTETICHHO MEHSIJICS CTUJTh
nedopmanmii. BepositTHO, B 3011eHEe (POPMUPOBAIUCH
OYEHBb TOJIOTHE KOHCEIMMEHTAIIMOHHBIC CKIIAIKMN.
B maiikorckoe BpeMs TTpOUCXoaniao GopMUpOBaHIE
CKJaloK 1 B30pocoB. B MuolieHe oOpa3oBaiuCh
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P.P. T'a6aymn', A.B. Bepmosz, E.H. CaMaan3, H.B. Bazly.mﬂa“,
M.A. Adonun’, C.1. ®peiiman’

HUKINYECKAA 1 CEKBEHTHO-CTPATUTPA®NYECKAS .
XAPAKTEPUCTUKA BU3ENCKO-CEPITYXOBCKHX OTJIOXKEHUN
HA IOTE MOCKOBCKOUN CUHEKJIN3bI’

B pesynbraTe 00001€HUS COOCTBEHHBIX NaHHBIX M aHalu3a OIMyOJWKOBAHHBIX U (DOH-
JIOBBIX UICTOUHUKOB YTOYHEHbBI CTPOEHUE U YCIOBUS (POPMUPOBAHUST BU3EHCKO-CEPITYXOBCKUX
OoTJIOXeHMI Ha 1ore MocKoBckol cruHeKIn3bl (CepIryxoBcKuii paiioH MOCKOBCKOI 00J1acTH).
YpoBHU KapCTOBaHHBIX OPOJ OTBEUAIOT Hanboiee MeJIKOBOAHBIM U OMIOT€HHBIM KapOOHATHBIM
OpraHOreHHO-00JIOMOYHBIM OCajJKaM HayaJbHbIX M KOHEUHbIX (a3 3BCTATMUECKOTo ILIUKJIA,
T.€. HavajJy TpaHCcrpeccuu (TpaHCTPEeCCUBHASI CHUCTeMa TPAaKTOB) M KOHILy perpeccuu (BTopasi
TTOJIOBMHA TPaKTa BHICOKOTO CTOSTHMS). B KapcTOBBIX MOJIOCTAX OOHAPYKEHBI aJUTIOBUATBHBIC
necku p. Oka. IIpemioxeHa o0oOIIeHHAsT MOAEIb CTPOCHMSI CEKBEHIMI 1 IPOBEAeHA CEeK-
BEHTHO-CTpaTurpaduyeckasi MHTEpIpeTaluusi U3y4YeHHOro paspesa.

Knrouesvie cro6a: KaMeHHOYTOJIBHASI CUCTEMa, BU3CHCKUN SIPYC, CEPIYXOBCKHIT SIpyC,
ctpaturpadus, CeKBEHIIMU, KapcT, KapoTaxk, MOCKOBCKasi CUHEKIIM3a.

Composition and origin of Visean—Serpukhovian deposits of the Southern part of the
Moscow syncline based upon generalizations of our own results and analysis of published and
unpublished data were specified. The levels of karst-influenced rocks correspond to the shal-
lowest biogenic carbonate organogeneous-clastic sediments of the initial and final phases of
the eustatic cycle, i.e. the beginning of the transgression (the transgressive system of the tracts)
and the end of the regression (the second half of the high-standing tract). In the karst cavities
alluvial sands of the Oka river were found. A generalized model of the sequence was proposed
and a sequential-stratigraphic interpretation of the studied section was carried out.

Key words: Carboniferous, Visean stage, Serpukhovian stage, stratigraphy, sequences, karst,
logging, Moscow syncline.

BBenenne. BrigeneHune ceKBEHLIMI B pa3pe3ax
€CTECTBEHHBIX OOHAXXEHUN WM CKBaXWH MO3BOJISIET
TOYHEE BBINIOJHUTh CTpaTUTpaUMUYecKOe pacujieHe-
HUE U KOpPEJSLUIO pa3pe30B, a TaKXKe MOHITb XOI
Tre€0JIOTUYECKOU MCTOPUU HUCCIAEIYEMOTO PETUOHA.
Oco0eHHO aKTyaJbHO IIPUMEHEHUE LIMKINYECKOro 1
CEKBEHTHOTO METOAOB MpY MHTEPIPETALIMUA AAaHHBIX
OypeHus, KOorma BbIXOJ K€pHa HEIOCTaTOYeH U He-
00XOIMMO COTOCTaBUTh Pa3pe3bl CKBAXKKH.

Llenp paboThl — LUMKIOCTpaTUrpauueckuii u
CEKBCHTHBI aHAJIN3 BEPXHEBU3EHCKO-HUXKHECEPITY-
XOBCKUX OTJIOKEHUI Ha 1ore MOCKOBCKOU CUHEKIIM -
3bl Ha TIpUMepe I0KHBIX OKpecTHOCTel T. CepIlyXxoB
(rpaBblii M neBblil 0epera Oku, puc. 1, A). Pamom
HaxXOJIMUTCS JIEKTOCTPATOTUIIMYECKUIA pa3pe3 cepIy-

XOBCKOTO sIpyca B Kapbepe 3abopne. Mccnemyemble
OTJIOKEHUSI pailoHa XOPOIIO U AETaJbHO MU3YUYEeHHI B
cepum pabot [MaxnunHa u ap., 1993; Kabanov, 2004;
Kabanov et al., 2009, 2012, 2013, 2014; AnexceeB
u 1p., 2010; Kabanos u ap., 2012; Alekseeva et al.,
2016].

Marepuajibl 1 METOAbI UCCJIeI0OBAHMI. BELIIO BbI-
HoJaHeHO: 1) Makpo- U MMKPOCKOIIMYECKOE IIeTPO-
rpaduyeckoe omnucaHue kepHa Oosee 50 CKBaXUH;
2) MUKPO- M MaKpoOIlaJeOHTOJIOTMYECKOe M3ydyeHUe
pa3pe3oB ckBaxuH (0osnee 100 uumdos); 3) MUKpO-
MaJICOHTOJIOTUYECKN OXapaKTepMU30BaHbl U3YYEHHBIE
paspe3sbl; 4) BbIICICHBI 1 OXapaKTePU30BaHBI 2JIEMEH-
TapHbIE TJIACTOBbIE IIUKJIUTHI; 5) MHTEPIIPETUPOBAHBI
JaHHbIE aKyCTUYECKOIo, PaailOBOJHOBOIO M TaMMa-
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KapoTaxa; 6) BBIIIOJHEH CEKBEHTHbI aHAIM3 OTJIO-
JKEHUU 1 BBIIEJIEHBI CUCTEMBI CEKBEHTHBIX TPAKTOB.

B kxauectBe 0OBEKTa McCClemOBaHUIT BHIOpaH
MOJIMTOH, PacToJIOKEeHHBIN toXHee r. CepriyXxoB o
oboum O6eperam OKM, T1e B BU3EHCKO-CEPITYyXOBCKUX
OTJIOXKEHMSIX TIPOOYpPeHO MHOTO CKBaXXWH. JlaHHBIE
reo(U3NIECKNX KOMIUIEKCHBIX pabOT OBUIM MCITOJTb-
30BaHbI JJIs1 KOPPEJSILIMY pa3pe30B 1 BKIOUalud pas-
JIMYHBIC BUIOBI KapoTaxa.

Ol1eHKa reoOMEeTPUU KapCTOBBIX MOJIOCTEN, IIIMPO-
KO pa3BUTHIX B 3TOM paifoHe, a TaKKe KOPPEKTHPOBKA
MOJIEBOTO OMNMCAaHUS KepHa (IIpUBSI3Ka €Tro K pa3pesy)
¥ KOPPETSAINs CKBAXXWH TTPOBOAVUIMCH TIPU TTIOMOIIN
KOMIUIEKCAa KapoTaxXHbIX pador. Pazmenenue maneo-
KapcTa ¥ MOJIOJOTO KapcTa He MPOBOAMUIOCE.

Axycmuueckuii kapomaxc (AK) mosBossieT ne-
TaJIbHO M3y4yaTb TOHKYIO CJIOMCTOCTb pa3pe3a. AK
TMIPUMEHSJICS C TENbI0 MACHTU(MUKAIINN TEOMETPUUN
KapCTOBBIX MOJIOCTEM IO 30HAM C TOHUXEHHOW
ckopocTbio (<2000 M/c). YcTaHOBIEHO, YTO KapcT,
KakK TIpaBWJIO, MPUYPOUYEH K OTIOXECHHSIM BTOPOI
MOJIOBMHBI TpakTOB BbicoKoro ctosiHusi (TBC-2) u
TpaHcrpeccuBHOU cucteMe TpakToB (TCT).

JanHble raMma-kapoTtaxa (I'K) npumeHsimcy aist
KOPPEKTUPOBKHU TTOJIOKEHUS TIIMHUCTBIX MHTEPBAJIOB
B pa3pe3ax ckBaxkiH. C MTOBBIIIEHNEM TTMHUCTOCTH B
pa3pe3e oTMeuaeTcst moBbieHue KpuBoil I'K.

Paouosoanosoii kapomaxc (OPIIB) — moposbl,
obOsamamouie 0ojiee HU3KMMU yIEIbHBIM 3JIEKTPOCO-
NPOTUBJIEHUEM (p,) ¥ BHAUEHUAMU TUDJEKTPUIECKO#
MPOHUIIAEMOCTH (£,4,), XapaKTEPU3YIOTCs OoJiee BbI-
COKMM TIOTJIOLIEHUEM paauoBOJH. C MOBBILLIEHUEM
KOHIIEHTpaluuu (eppoMarHeTUKoB B pa3pese pacTeT
IURJIEKTpUIecKast TPOHUIIAEMOCTb, a C TIOBBIIICHUEM
TMOPUCTOCTU TajaeT YAEJbHOE 3JIEKTPOCOIPOTHBIIE-
Hue. Kak mpaBujio, mecyaHMCTHIE TTOPOIBI U Tiecya-
HUCTHIE PA3HOCTH TJIMHUCTHIX M KApOOHATHBIX TTOPO]T
colepXaT MUHepaIbl-heppOMarHeTNKN M XOPOIIIO
OIO3HAIOTCS TIPU MOMOIIU 3TOT0 METO/A.

Jlumosnoeo-cmpamuepaghuueckas xapaxmepucmuxa.
B ocHOBHOM u3yuyeHHbIe OTI0XeHUSs (puc. 1, b) ot-
BEUYaroT BepXHel 9acTh BU3ECKOTO sipyca (TYJIbCKHIA,
AJIEKCUHCKUM, MUXAMJIOBCKMI, BEHEBCKUI TOPU30H-
THI) M1 B MEHBIIIEH CTEIIEHN — CEPITyXOBCKOMY SIPYCY
(Tapycckuii ropusoHT). [TociaenHuit cuJibHO U3MEHEH
(2yII0BUMI1), U O €ro HaJW4YUU JTOCTOBEPHO MOXKHO
CYINTh, CKOpEe BCETO, B €IMHWYHBIX CKBaXXMHAX.
OTJ0XEeHUST TYJIbCKOTO rOpu30oHTa (pUcC. 1) BCKPBHITHI
TOJIbKO OTHOM CKBaXXWMHOM, a KPOBIISI HIDKHEKaMEH-
HOYTOJIBHBIX OTJIOXEHUI TpeAcTaBjieHa 1eOHeM, U3
KOTOpPOro ObLIO ClieJlaHO €AMHUYHOE OTpeeseHue
¢dopamuHuMdpEp U3 TapyCCKOro TOpM30HTA. boblas
JacTh (PAKTIECKOTO MaTepraia OXBaThIBAeT aJIeKCHH-
CKMIi, MUXalJIOBCKUI ¥ BEHEBCKMIA TOpU30HTHI. CTpa-

TUTpadIeCcKOe pacucHeHNE M OIMCAaHNe KITIOUEBBIX
ckBaxuH (puc. 1, B) mpoBoaunock A.C. AJleKCeeBbIM
(MT'Y umenun M.B. JlomoHocoBa). XapakTeprcTHKa
OTJIOXKEHHMI 3TOT0 CTpaTUTrpadUUecKoro auara3oHa
n3noxeHa B pabore [Alekseev et al., 2015], a cTpa-
TUTpaUIEeCKNEe CXEMBI pacwWICHEHWS B psae padboT
[Heckel, Clayton, 2006; Kynaruna, 2008; Anekcees
u np., 2010, 2013].

Tyavckuii zopuzonm. Bepxnas (oavxoeeukas) noo-
ceuma (C,0l,). OTnoXEHNS BEPXHEN YACTU TYIBCKOTO
TOpU30HTa BCKPBITHI Ha TIyOMHe 51,8 M (adpTUTyna
54,46 M) eIVWHCTBEHHOW CKBaXXWHOW Ha BUINMYIO
MOIIHOCTh 4,5 M W TIpeIcTaBIeHBI MepecianBaHueM
MJIACTOB TJIMHBI aJI€BPUTOBOM, YEPHOU, YIIIUCTOMN
TJIMHBI ¢ MyCKOBUTOM W MapKa3WUTOM W M3BECTHSIKOB
CEPBIX, TIPOYHBIX, CJIOMCTHIX, MECTAMU TIIMHUCTHIX. M3
320081 CKBaXXWHBI 1IEJIBIA KepH MOTHSITh HE YIaloCh,
OBIJT TIOMHSIT TIECOK, YTO, CKOPee BCETO, CBUICTEIhb-
CTBYET O KapCTOBOM MOJIOCTH.

Aunexcunckuii eopuzonm. Asexcurncrkasa ceuma (C,al).
T'opu3oHT mpeacTaBiaeH OMHOOOPA3HBIM YepeTOBaHN -
€M M3BECTHSIKOB CEpBIX, TEMHO-CEPBIX MAaCCUBHBIX,
TOJICTOTIIUTYATHIX (popaMUHM(PEPOBO-IETPUTOBEIX
¥ U3BECTHIKOB HESICHOCIIOUCTBIX, TOHKOTUITMTYATHIX,
IeTpUTOBBIX. OpraHOTeHHBINT MaTepraj COCTaBIIsSIET
B u3BecTHsIKax 10 60—90%. MoOLIHOCTh OTIOXEHUI
ropu3oHTa B MOCKOBCKOI cuHekau3e oT 11 1o 36 M
[Maxnmuna u ap., 1993].

B ocHoBaHMM ropM30HTa HAMM OTMEYEHO, UTO
MO TIEPBBIM aJIEKCMHCKMM M3BECTHSIKOM 3ajieTaeT
3-MeTpoBas Tayka CIIOOUCTBIX aJeBPUTOB CBETIIO-
CepBIX, TIIMHHCTBIX, TEePeCIauBaIOIINXCI C OCIBIMU
MEJIKO3epHUCTHIMU TIeCKaMM W TOHKWUMHM TIPOCIIO-
KaM¥ TJIMH.

YeTKO BUIHO pa3HOITOPSIIKOBOE [IMKITMYHOE CTPO-
€HMe TOJIIIN. B KpoBITe TOpM30HTa N3BECTHIKH CepEIE,
TUTOTHBIE, KPEIKWe, TsoKeJble, cTaboKaBepHO3HEIE C
DIyOOKMMM KaHajJaMW pacTBOPEHMUS, BHITTOJTHEHHBI-
MU TJIMHOW C pacTUTENbHBIM AETPUTOM (PU3OUIBI).
B BepxHeit yacTu pa3pe3a ropM30HTa HaOIIOAAETCS
Mmayka TepecjanBaHUs M3BECTHIKOB CEPBIX, TEMHO-
CepBIX, MepTesieit TEeMHO-CEePBIX IeTPUTOBEIX (PacTBO-
PEHHbIE U3BECTHSIKN) U TJIMH MOPCKHUX TEPPUTEHHBIX,
AJICBPUTUCTHIX, C HaBJICHBIMM OpaxwomogaMu, TJIUH
JIATYHHBIX, YIJIUCTBIX CAXKUCTHIX C JETPUTOM, a TaKXKe
IJIVH KOHTUHEHTAJIbHBIX, aJIEBPUTUCTBIX, CITFOAUCTHIX,
CEPBIX C TIPOCIIOSMU AJITIOBUAIBHEIX MIECKOB. MexXmy
HUMM HaOTIOHAIOTCS TTOCTeTIeHHBIE TTIepexonbl. Himke
3ajieraeT MadkKa M3BECTHAKOB. [lanee ciieayeT madka
JIMH, HIKe — CHOBA W3BECTHAKOB. M3BeCTHSIKU
cepbie, MAaCCUBHBIC, KPETKHWe, OpeKINeBUIHBIC, CO-
nepxat ¢pparMeHTHl yTiae(UIINPOBAHHBIX CTBOJIOB
JIepeBbeB (Hampumep, B ckBaxnHe No 41, mHTepBa
36,7—37,5 m, puc. 2, B). MoIHOCTh KaXI0i MayKu

\/

Puc. 2. ®oro KepHa CKBaXMH: A — TOHKasl IUIACTOBasi LIMKJIMYHOCTb B MUXAMJIOBCKOM TOPU30OHTE, IMPEACTABIEHHAs YepeloBaHUEM
M3BECTHSIKOB, COJEPXAaI[UX CTUTMAapUU WM PaKOBMHBI Opaxuonion Semiplanus sp. v rivH; b — (parMeHTbl ApeBECUHBI B Mapajinye-
CKMX M3BECTHSIKaX aJleKCMHCKOro ropu3oHTta; B — paxkoBuHbl Gigantoproductus sp. B KpOBJie MUXaUJIOBCKOTO ropu3oHTa; [ — Kopasibl
Syringopora sp. B aJleKCHHCKOM TOpU30HTE; JI — cTUrMapuy B M3BECTHSIKAX MUXAMIOBCKOIrO ropu3oHTa; E — pu3ouaHbie U3BECTHIKK B
KpOBJIE MUXalJIOBCKOro ropu3oHTa; Lmst — musBectHsik, Cl — riuHa, St — crurmapuu, Riz — pusouaHble M3BECTHIKU
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COCTaBJISIET HECKOJIBKO METPOB. B KpoBiie M3BeCTHSI-
KOB OTMEYEeHBI HEOOJBIINE MU TTyOOKNE PU3OMIEI,
3aITOJTHEHHBIC TIECKOM M3BECTKOBUCTBIM WJIM aJIeB-
PUTOM CWJIBHOCTIOOUCTBIM (MYCKOBHUT). BcTpeueH
MPOTSKEHHBIM 6uocTpom Syringopora sp (puc. 2, I).
KpoBsist Topr3oHTa BCKpHITA B WHTEPBaJIC TIIyOWHBI
31,0—32,0 M (ckBaxkuHbl Ne 41 11 13 COOTBETCTBEHHO),
JIMana3oH aJbTUTYIBI cocTaBisger 68—69 M. Makcu-
MaJibHasl BCKPbITasi MOILIIHOCTb 9,5 M.

Muxaiinosckuii eopuzonm. Muxaiinroeéckasa ceuma
(Cymh). B coctaBe Topu3oHTa MpeodaIanamT cepbie
W TeMHO-cepble (popaMUHU(EPOBO-IETPUTOBHIE
MacCCUBHBIE M3BECTHSIKH, Yepeaylolecs ¢ Ooiee
MSTKAMU HESICHOTUTMTYATHIMM JOETPUTOBBIMH, MHU-
KpPOCJIOUCTBIMU U3BECTHsIKaMu (puc. 2). B BepxHeii
JacTH pa3pe3a TOPU30HTAa B OCHOBHOM JOMHHUPYIOT
cepuie, XeJITOBAaTO-Cepble, MHOTIA Cepo-YepHEIE,
peako Oenble, MaYKaIoNne PYKU N3BECTHSIKM (MOIII-
HOCTB 0KOJ10 10 M), HIDKE 3aJIeTarOT ajleBPUTHI, TIIMHBI
W TJIWHWUCTBIE Pa3HOCTH M3BECTHAKOB (Mepreieit)
MOIITHOCTBIO HECKOJIBKO METpPOB. JlOMHHMpYIOIINe
TOJIIIIN M3BECTHIKOB MOTYT COEPKATh MaJIOMOIITHEIE
MOMUYMHEHHBIE TIPOCION TJIWH, a JOMWHUPYIOIINE
TJIMHBI — TIPOCJION M3BECTHSIKOB. B KpoBie ropm-
30HTa BCTPEYAIOTCS PU3OUIHBIC M3BECTHSIKU W/WIN
Meprean (ITaJeoroYBhI) ¢ OKPEMHEHHBIM KPOBETb-
HbIM naHuupem (puc. 2, E). Mectamu mpolecchl
BBIBETPUBAHUS TlepepaboTaan KpPOBJIIO TOJIIIHN IO
IIeOHNCTOTO SIIIOBUS B TIWHHCTOM 3aIlOJIHUTEINE,
3ajieTaolIeM JMH30BUIHO. KpOBIIst TOpM30HTa Y€TKO
(puKcupyeTcss 0 MacCOBOMY TOSIBJICHHMIO KPYITHBIX
Opaxuornon — ruraHTonpoayktua (puc. 2, B) [Max-
JmHa u ap., 1993].

IMo HammM HaOIIOHEHWUSIM, HIDKHSS TIMHUCTAS
JacTh TOPU30HTA XapaKTePU3YeTCs TTOCTETIEHHO TIepe-
XONSAUIMMH OJHA B APYTylo (GamusMHu: a) MOpPCKHUE
YyepHbIe TJUHBI (MHOTAa OpeKYUpOBAaHHbIE) C pa3IaB-
JIEHHBIMH PacTBOPEHHBIMU OSIBIMUA, TOHKOCTCHHBIMMU,
OIHOOOPa3HBIMU ¥ OMHOTUITHEIMHA paKOBHMHAMM Opa-
XHMOTION C MapKa3WTOBBIMM KOHKPELIMSAMM; 0) JTaryH-
HBbIE YepHBIE, CAXKWUCTBIC, YITIe(PUIIMPOBAHHBIC TIIMHEI
C PACTUTENBHBIM IETPUTOM; B) JIATYHHO-KOHTHHEH-
TaJbHBIC, OOJIOTHBIC AJIEBPUTHUCTHIC W TIECYAHUCTHIC
TJIMHBI, MECTaMU TJIMHUCTHIE aJIEBPUTHI C TIPOCIIOSIMU
yrieit (puc. 2). IToBceMecTHO BCTpedaroTCsT YPOBHU
TEPPUTEHHBIX TTOPOJI C BBICOKUM COIEePKaHNEM MYCKO-
BUTA. B 0OCHOBaHWY TOPM30HTA BCTPEIAIOTCS TIPOCIION
YIJIi MOITHOCTBIO 0K0Jio 0,3 M.

KpoBmst ropr3oHTa BCKPBITa B MTHTEPBAJIE TITYOMHBI
17,9—24,0 M (ckBaxxrHBI Ne 41 11 45 COOTBETCTBEHHO),
IWana3oH anbTUTYAbl 82—84,3 M. MOIIHOCTE TOpu-
30HTa cocrapisieT 12,0—13,6 M (ckBaxkuHbl 13 m 41
COOTBETCTBEHHO).

Benesckuii 20pusonm. Beneeckasn ceuma (C,vn).
B cocTtaBe BeHEeBCKOTO TOpPU3OHTa TpeobdiamaloT
CBETJIO-CEphIe, KpemKHe, MEJIKOICTPUTOBEIE (opa-
MUHH(DEPOBBIE M3BECTHSIKMN, 9aCTO MATHUCTHIE. JIIst
TOPU30OHTA XapaKTEepHO IIMPOKOE Pa3BUTHE BOMO-
pocnieBbIX U3BeCTHSIKOB ¢ Calcifolium. TlomunHeHHOE

3HaYCHNE UMEIOT KPUHOUIHBIC N3BECTHIKN M CephIe
HESICHOMUKPOCIONCTBIE M3BECTHAKM C TOHKOCTEH-
HBIMU (POCCUITUSIMUA, IITUPOKO Pa3BUTHIE B TAPYCCKOM
ropu3onTe [MaxmmHa u ap., 1993].

B uccinenoBaHHOW HaMu BepXHEW 4acTu BTUX
OTJIOXKEHHNI B KPOBJIE TEpBbIE HECKOJBKO METPOB
CJIOKEHBI U3BECTHIKOM OeXKEeBBIM, CEPBIM, OMOICTPH-
TOBBIM, HEKPETIKINM, CYTbHOITOPUCTHIM, TTAYKAIOIIINM
PYKH, PBIXJIBIM, 3eMJIUCTHIM, CHUTBHOTPEIIIITHOBATEIM 1
KaBEPHO3HBIM, TIO3TOMY KEPH BBIXOAWT B BUJIE IIICOHS,
MYKH, IIeOHS B MyKe W TJIMHUCTOM MSITKOIIJIACTHY-
HOM 3arorHuTese. Jlajee oCHOBHAsI 9acTh TOJIIU B
OCHOBHOM TIpe/ICTaBJIcHa M3BECTHIKAMH YyTh MEHee
PBIXJIBIMA W 3eMJIMCTHIMUA, WHOTIA TIIMHUCTBIMHU, B
OCHOBAaHMY CHJTBHOTJIMHUCTBIMH, a TAKKE MEPTeJIsSIMH,
peaKo TAWHAMM MSTKOIUIACTUYHBIMM, TTECTPOLIBET-
HBIMU. MI3BECTHSIKM B HEKOTOPBIX MHTEpBajaX Kej-
BaKOBMIHEIE, HEPAaBHOMEPHO CIIEMEHTHUPOBAHHEIC,
pacragaommnMprecs] B pyKax Ha 9acTH, ¢ KaBepHaMU
BHILIEIAUMBAaHWSA IO OMOKJIAacTaM, HeKpelKue U
KpaliHe Hekpemnkue. Tojia CHMILHO 3aKapCTOBaHa,
TJIMHOTIECYAHBIN 3aIlTOJTHUTENb TTOJIOCTel M KaBepH
BCTpevaeTcss penko. KpoBiisg ropu3oHTa BCKPBHITA B
nHTepBayie mIyouHsl 9,0—14,5 M (ckBaxkuHbl No 41,
48 u 45 COOTBETCTBEHHO). MOIIHOCTb TOPU30OHTA
BapbupyeT oT 8,9 1o 11,4 M (ckBaxkuHbl Ne 41 u 14
COOTBETCTBEHHO). MecTaMi B KapCTOBBIX ITOJIOCTSIX
00HapYXeHBI aJTIOBUABHBIE TIecKn OKMU.

Ilanreonmonoeuueckas xapakmepucmuka. Onpene-
JleHHass MakpodayHa BKITIoUaja OpaxWOIOIbl POMIOB
Semiplanus (puc. 2, A), Gigantoproductus (puc. 2, B)
U KopaJuibl (TaOyasTel) poaa “Syringopora” (puc. 2,
I'). OHa ucrnoab3oBajach Npy pacueHeHUN U Koppe-
JIIIAN pa3pe3oB. Hammpumep, KpoBJIst MUXalJIOBCKOTO
TOPHU30HTA XapaKTepU3yeTCs MACCOBBIM TOSIBICHIEM
TUraHTonpoayKTua. buoctpom “Syringopora” sp. B
W3BECTHAKAX aJeKCMHCKOTO TOPW30HTA IIPOTSATUBA-
€TCST OT TIPABOTO K JIEBOMY Oepery TepIeHINKYJISIpHO
pycay Oxm Ha niporskeHnu 6onee 500 M Ha rayOMHe
37—38,0 m (ampTuTyHa OKOJIO 69—70 M).

B mexmonuyeckom naane TIOTUTOH CO CKBaXKH-
HaMHU pacIiojIoXeH Ha I0XHOM Kpblle MOCKOBCKOI
CUHEKJIN3BL. Bmoms monmHB p. OKa mpocaeknBaeTcs
cepusl pa3pbIBHBIX HAPYIIEHW, 00pa3yIoIX JIMHEH-
HYIO 30HY, Pa3IeISIoNyi0 TEKTOHMUECKIE CTPYKTYPHI
IT mopsinka: ceBepHyro — CeprnyxoBCKYIO CTPYKTYp-
HYIO CTYNeHb W I0XHYI0 — AJIEKCMHCKUMA BBICTYII
[Vaiomos, 2009]. Ha kapre ceiicCMHUYECKOTO paino-
HUpoBaHus Tepputopun Poccuiickoit Menepannm
OCP-97C nokaszaHo, 4To 10kxHee MOCKBBI B paiioHe T.
CeprryxoB BIoib OKH IIPOTATUBACTCS TEKTOHMYECKUI
JIMHEAaMEeHT, 4TO OOBSICHSET TMPSIMOJMHENHOCTh €e
pycia B MeCTe UCCIIeIOBaHMIA.

BeptukanbHble M CyOBepTHKAIBHBIC TPEIINHBEI,
YCKOpSBIIIE KapCTOBEIN Mpoliecc M MIyOOKO pacce-
KarolIre KepH, OTMEUYEHBI B Psilie CKBAaXXWH B TOJIIIE
AJIEKCMHCKUX Y MUXAMJTIOBCKUX M3BECTHSIKOB (TaOJ -
ma). [To HUM, BEpOSTHO, TIPOUCXOIMIIO TIPOCHITTAHNE
AJUTIOBUAJTBHBIX TTIECKOB B KAPCTOBBIC TTOJIOCTH.
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Lukaocmpamuepaguueckas xapakmepucmuka. J1st
KaMEHHOYTOJIbHBIX OTJIOXXKEHU MOCKOBCKOUM CHHe-
KJIM3bl TUITMYHO LUKJIMYECKOE CTpOeHue. DjieMeHTap-
Has TJ1acToBasl UMKJIMYHOCTh (MOILIHOCTh HECKOJIBKO
CaHTUMETPOB WJIU ACLIMMETPOB) IPyMIUpyeTcs B OoJiee
KpYIMHbIE LIMKJIUTHI B TociaenoBaTenbHoctu [I—1V mo-
psaka. Poib TeKTOHUYEeCKOro (hakTopa B BU3EMCKO-
CEepIIyXOBCKOE BpeMs Oblla He3HAUMTENbHOU WU
YMEPEHHOM, CYILIECTBEHHO OoJibliiee 3HaAUeHE UMETU
IJISILIMO9BCTAaTUYECKME M3MEHEHUS YPOBHS OKeaHa,
CBSI3aHHBIE C OJIEICHEHUEM U TIOCJIENYIOIIUM TastHUEM
JNienHuKoB Ha ['oHaBaHe. OTMEUEeHO LUKJIUYHOE CTPO-
eHue pa3pe3a BU3EHCKO-CEePIYXOBCKUX OTJIOXEHU,
MPOBeJeHa WX JIMTOJOTO-TeHeTUYecKass TUMU3alus,
HarnpuMep, BblAeJIEHO 15 JTUTOTUIIOB U3BECTHSIKOB, OT-
BEYaIOIINX MEJIKOBOIHO-MOPCKOI, JJaTYyHHOI1 (OIIpec-
HEHHOW U OCOJIOHEHHOIT) oOcTaHOBKaM [MaxinHa u
nop., 1993].

XapakTepucTHKA U3yJEHHBIX TPEHH

Howmep " Yucno

HTEpBa,
CKBa- o TopusoHT | TpeunH, | OnucaHue TPeUIMH
SKUHBI 1T.

20 27,5-28,0 | C,mh, 1 KpynHas Beptu-
KaJbHasl TpelrHa
3aJleYeHa IJIMHOM

7 33,7-35,3 C,al, 1 BeprukanbHasi,

nuHa okosio 10 cm

7 35,5—38,0 C,al, 1 To xe

12 20,0—22,0 | C;mh, 1

12 25,0—28,0 1

36 24,7—-28,0 1

38 25,8—28.,8 Ho 2 CyOBepTUKaIbHbIC

Ha 1 M | ¥ HaKJIOHHBIE (TTO1
KepHa yriaom 60—90°)

Mpumevanusi. Cymh, — BepXHsisi, IPEUMYILECTBEHHO Kap6o-
HaTHasl YaCTh MUXaIJIOBCKOTO ropu3oHTa; C,al, — BEepXHssl 4acTh
MUXaJIOBCKOTO TOPU30HTA BbILIe TIpociiost uH; Cal; — HIKHSS
4acTh MUXaMJIOBCKOIO TOPU30HTA HUXKE MPOCIIOsT TIIMH.

ITocTpoeHHBIE pUTMOTPAMMBI TS PSAAa CKBAXKIH
pa3pe3oB BEHEBCKOT0, MUXaJIOBCKOTO U aJIeKCMHCKO-
IO TOPM30HTOB MO3BOJIMIN TTPOBECTU MX TOCIONHYIO
KOPPEJISILIHIO.

Ha xaporaxHbpIX auarpaMmax ¥ B KepHE CKBa-
KWH YeTKO BUIHA PA3HOMOPSIAKOBAs IIUKINYHOCTD,
IIPY 3TOM OCHOBHBIE TPEHIbI, HAIIPUMEP Pe3yIbTaThl
COITOCTaBJIEHNsT KPUBBIX raMMa-KapoTaxa 1o CTpa-
TOTUIIMYECKOMY PETHMOHY, XOPOIIO KOPPEIUPYIOT
¢ MaTepualiaMy IPEalIeCTBYIOIIMX HCCIeT0BaHUM
[Maxmuna u np., 1993]. CornacHo 3akoHy BanabTepa—
T'o10BKMHCKOro cMeHa (haliii IpOMCXOIUT KaK B Bep-
TUKaJbHOM, TaK U B TOPM30HTAJIbHOM HaIlpaBJIeHUU
OT CKBXMHBI K CKBaXXMHE. OOCTAaHOBKU LIMKJIMYECKU
CMEHAIOT OHA APYIYI0O OT KOHTMHEHTAJIBHBIX 4Yepe3
JIATYHHBIE 10 MOPCKUX. DBCTaTUYECKME BapyallMi Ha-
XOISIT OTPaXEHUE B CMEHE JIMTOJOTMUYECKOIO COCTaBa
Iopox, T.e. B UBMEHEHUU UX (PU3NYECKUX CBOMCTB,
YTO TPUBOIUT K BapHalMsIM Ha KapoTaxKHBIX IHa-
rpamMmax. TUIWYHBIE TPEHOB 3TUX AUArpamMM U UX
WHTEpIIpeTalysl ¢ NO3ULIMU CEKBEHTHOM CTpaTurpa-

¢buu uznoxeHol B padote [['abaynun u np., 2010]. Ha
KapoTaxKHBbIX KPUBBIX BbIAEIEHBI TPOrpagalliOHHBIN,
peTporpagalMoOHHbIM M arrpagallMOHHbIA TUIIBI Ha-
IUIacTOBaHUsI, OTBeUalolle TpeM Tajeoreorpapuue-
CKUM OOCTaHOBKaM — perpeccuu, TPaHCTPeCCUu U
CTadMIM3alUM MOJIOXKEHUST OeperoBoil TMHUM (YPOBHS
MOPS$1) COOTBETCTBEHHO.

ITo xpoHocTpaturpacduueckoit cxeme [Heckel,
Clayton, 2006] mMTETBHOCTh BEHEBCKOTO M MUXai-
JIOBCKOTO BEKOB COCTaBjsla 3 MJH JIET, YTO JIaeT
BO3MOXHOCTb YaCTMYHO CBSI3aTh IJIACTOBBIE ITUKJIN-
Thl C LUKJIAMU 3KCUEHTPUCUTETA JJIUTEIbHOCTHIO
1000 toIic. siet. Takum oOpa3oMm, oauH U3 (PaKTOPOB
(GOpMUPOBAaHUS LUMKIWYHO MOCTPOSHHBIX TOJI —
Pa3HOMOPSAKOBbIE LIMKJIbI SKCLIEHTPUCUTETA 3eMHOM
opoutsl (IUKIBI, gutelbHOCcThI0 100, 400, 1000 1
2000 TBIC. JIET).

CexgenmHo-cmpamuepaguyeckas xapaKkmepu-
CMuKa HUXHEKAMEHHOYTOJIbHBIX OTJIOXeHU. Ilst
anelipuueckux mopeit Boctouno-EBpomneiickoii miat-
¢GopMBI XapaKTepHBI CJEAYIOIIMe CUCTEMbI TPAKTOB:
TpakTbl HU3Koro ctosinug (THC), TpaHcrpeccuBHas
cucteMa TpakToB (TCT) u TpakThl BBICOKOTO CTOSI-
Hus (TBC). Oto oTMeueHo B psje paboT Ha Mpu-
Mepe cpelHe- U BepXHEKaMEHHOYTOJIbHBIX Pa3pe30B
MoOCKOBCKOM CMHEKJIU3bI U Pa3pe3oB BEPXHETO Mesa
Ha BopoHexXckoli aHTekJIn3e 1 B YibsiHOBCKO-Capa-
ToBCKOM nporu6e [Kabdanos u ap., 2012; MaxiuHa u
nap., 2001, 1993; T'aopymaun, 2010; I'adaymnmuH u gp.,
2008, 2010]. Bpemenu THC oTBeuaroT Bpe3aHHbIE J10-
JMHBL. B yacTHOCTH, OJIHA U3 TaKMX JOJMH, Bpe3aHHAas
B IOBepelicKuii najgeopeiabed, mmruHoi moutu 500 kM
BBIMOJIHEHA MECYaHO-TJAUHUCTBIMUA OTIOXEHUSIMU
a30BCKOU CBUTHI OalIKUPCKOTro sAipyca. OHa MPOXOAUT
HECKOJIbKO CeBepHee paiioHa uccieaoBaHuii. [JyorHa
ee Bpe3a cocTabiisieT okojio 100 M, mupuHa 2—3 KM,
penko 6 kM. B cocTaBe CBUTHI BBIAC/ISIIOTCSI HIKHSIST
U BEpXHSIs MOJACBUTHI. B HUKHE yacTu — pyCJIOBbIe
rnecyaHble WM TecYaHO-aJeBPUTOBbIE OCaTOYHbIE
00pa3oBaHusl, Aajiee CAeyIOT aJleBpUTOBO-TJIMHUCTBIE
U TJIMHUCTBIE OTJIOXEHMSI TIOMMEHHbBIX U JTUMaHHBIX
damuit [Maxnunaa u ap., 2001]. Ha ee xpyroMm 1oro-3a-
MaJHOM CKJIOHe B pailoHe CepIlyXxoBa OTMEUYEHbI Tajie-
OOTTOJI3HU MO HUXKHEKAMEHHOYTOJIbHBIM OTJIOXKEHUSIM.

PaiioH uccnenoBaHuUsSI pacmnoyioXXeH B obJjlacTu
C aKTMBHO MeEHSBIlIelcs maneoreorpaguueckoi
00CTaHOBKOM, 4yacTo Ha rpaHulax dauuit. Teppu-
TE€HHbIE BJIEMEHTHI pa3pe3a — TJMHbI U ajlleBPUThI
MOpCKHe (C MeJKUMU Opaxuornonamu), JaryHHbIE,
MpUOpexXHO-PaBHUHHBIE (C PEAKMMHU Opaxuoroja-
MU U YrJieULUMPOBAHHONW PaCTUTENbLHOCTbIO) — U
KOHTUHEHTaJIbHbIE 2JIEMEHTHI (MYCKOBUTOBBIE, C
yrieuuupoBaHHON PacTUTEIbHOCTbIO) OTBEYAIOT
TPaKTy BbICOKOT'O CTOSIHUSI, TPAHCTPECCUBHOI CUCTEME
TPaKTOB WJIM BTOPOU MOJIOBUHE TpaKTa BbICOKOTO CTO-
aHus (TBC-2) 1 BpeMeHU TpaKTa HU3KOTO CTOSTHUS
(THC) cootBerctBeHHO (puC. 3). IMUHBI ¢ yrasMu
(muMHMYecKass o0CTaHOBKA) OTBEUYAIOT TPaHCIpPeEC-
cuBHbIM cuctemam TpakToB (TCT) u perpeccuBHOI
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YaCTH BTOPOI TOJIOBUHEI TPAKTa BEICOKOTO CTOSTHUS
(TBC-2), a Takxe NpearoaoXuTebHO TpaKTaM HU3-
koro crosguust (THC, puc. 3). U3BeCTHSIKYU C yIIsIMU
(mapanuyeckasi o0CTaHOBKa) MapKUpPYIOT TpaHCIpec-
cuBHble cuctembl TpakToB (TCT) u perpeccuBHYIO
YacTh BTOPOI ITOJIOBMHBI TPaKTa BHICOKOTO CTOSTHUS
(TBC-2, puc. 3). 3BecTHIKM XapaKTepU3YIOT IIep-
BYIO MOJIOBMHA TpakTa Bbicokoro ctosinus (TBC-1,
puc. 3). I'muHUCTBIE U3BECTHSAKU OTBEUAIOT KOHILY
TpaHcrpeccuBHoro Ttpakta (TCT) u Havamy Tpakra
Bbicokoro ctosiHusi (TBC).

M3BecTHIKM cO CTUTMapUSIMA MapKUPYIOT KOHTH -
HEHTaJIbHBIE TIEPEPHIBEI, TPAHMUIIBI TEKTOHO-3BCTATH -
YECKUX [IUKIIOB M MX 3JIEMEHTOB, TPAaHMIIbI CEKBEHITUI
U CUCTEeMHBIX TpakToB. OHU TPEACTaBISIOT OO0
BpemeHHo# aHanor THC (puc. 3).

Cexksenuuu 1 ux aseMeHTol (THC, TCT u TBC)
YETKO OIMO3HAIOTCS B pa3pe3ax CKBaXWH M Ha Kapo-
TaXXHBIX ArarpaMMax. Ha KapoTaxXHBIX auarpammax
BUITHO JIByX- U TPEXWICHHOE CTPOCHUE CBUT U TTOICBUT
(mpoo6paz THC, TCT u TBC).

XapakTep 3aKapCTOBAaHHOCTM MacCuBa M3BECT-
HSIKOB TTO3BOJISIET COOTHECTH OMpeaeIeHHbIe YPOBHU
paspesa ¢ OTBEYAIOIIMMH UM CEKBEHTHBIMM TPAKTaMU.
Kak mpaBmito, Jydiie BCero KapcTyIOTCs HadalbHBIE
TPAaHCTPECCUBHBIE M KOHEYHBIC PErpPEeCCHMBHEIE W3-
BECTHSIKU (3J€MEHTHI pa3pe3a). KapcToBblil mpoliecc
MpUYpoUYeH K Haubojee MeTKOBOAHBIM IMOPUCTHIM
OMOTreHHbIM M3BECTHSIKAM BTOPOW MOJIOBUHBI TpakK-
TOB Bbicokoro ctosiHusi (TBC-2) u TpaHCTpecCUBHOIM
cucteMe TpakToB (TCT), KOCBEHHO OH MOXET CIy-
KUTh MTHIMKATOPOM MayieoreorpamIecKnX yCIOBHUIA.
3arojHeHre KapCTOBBIX MOJIOCTEH pa3HOOOpa3HOEe U
BKJIIOYAET TeCOK, 1Ie0eHb U3BECTHSIKA, U3BECTKOBYIO
MYKY, OpeK4uu, TJuHbI (puc. 4).

OTJI0XKEeHHUS TapyCCKOTO TOPU30HTA pacIIpocTpa-
HEHBI JIOKAJIbHO, YacTO TIyOOKO 3JIIOBHUUPOBAHHI,
MeCTaM# TPYTHOOTINIMMEBI OT TTOACTUIAIONINX UX BE-
HEBCKMX OTJIOXKEHUH. B pe3ynbpraTe Koppesimy cKBa-
KUH 10 akyctuyeckoMy Kaportaxy (6e3 'K, OPBII)
YCTaHOBJIEHO, YTO KapCTOBBIE MOJOCTU MTPUYPOUEHBI K
TapyCCKO-BEHEBCKUM (ITOJIOCTH peIKHe, HO OOJBIINE),
BepXHEMHUXANIOBCKIUM (TIOJIOCTH TIPOTSKEHHEIE, 00-
LIUPHbIE) U HUXKHEMUXANTIOBCKUM (IOJIOCTU KpaitHe
penkve U MajeHbkue). MIX MakCMMyM TSTOTeeT K
BepXHel YacTh MMXaHI0BCKOro ropusoHta. Kpome
TOrO, MO JaHHBIM aKyCTUUYECKOrO U PpaguOBOJHOBOIO
KapoTaxka M MEXCKBaXXMHHOTO TPOCBEUMBAHUS, OT-
MEUEHO, YTO KapCTOBBIC TOJOCTH PACIIONIOKEHBI Ha
OIHOM aJIbTUMETPUUECKOM YpoBHe (puc. 1, B; puc. 4).

Takum obOpa3oM, YpOBHU 3aKapCTOBAHHBIX IIO-
PO MOXXHO COOTHECTH C HanboJiee MEJIKOBOIHBIMU U
KapOOHATHBIMU OPraHOT€HHO-00JIOMOYHBIMM OCAI0Y-
HBIMU 00pa30BaHUSIMU HaYaTbHBIX M KOHEYHEIX (a3
CEeIMMEHTOJIOTHYECKOTO VMJIM 3BCTATHYECKOTO ITUKIIA,
T.€. C HaYaJlOM TPAHCTPECCUU M KOHIIOM perpeccuu
(puc. 4, A). BTo gaeT BO3MOXHOCTh UHTEPIIPETUPOBATh
kapcroBble ypoBHU Kak TCT u TBC-2 u nepeiitu ot

MOJIEBOTO OMUCAHMSI CKBAXWH K MX CEKBEHTHO-3B-
cTaTuyecKoi (cTpaTurpauyecKkoil) MHTepIpeTaln
(puc. 4, b).

CMeHa cucTeM TPaKTOB HaXOIUT OTpakeHUe Ha
nykTyanusax KapoTaxHbIX auarpamm. Paccmorpum
BBCTaTUYECKUE BapUallii MUXANUJIOBCKOTO M BEHEB-
CKOT'O BpeMEHHU.

B MuxaiitoBCKOM BeKe YCTaHOBJIEHO 6 BapHaLMii,
a B BeHeBckoM — 3 [Kabanov et. al., 2014]. O6o-
3HAYMM 3BCTaTUYECKUE LIMKJIbI MUXaHJOBCKOTO BeKa
M1—M6, BeHeBckoro Beka — B1—B3, a Tapycckoro —
T. @nyKTyalluy B TEOJIOTHYECKOM pa3pese MICHTHYHEI
BapMallvsiM Ha KapOTaXKHBIX KPUMBbIX (TaMMa- U paauo-
BOJTHOBO# KapoTax), 4YTO JaeT BO3BMOXHOCTh CUUTATH
caMHU BapualliM Ha KapoTaxKHOI auarpaMme M MX
YUCI0 MPOOOPA30OM BBCTATUUECKUX MJIM CEKBEHTHBIX
LMKJI0B. TakuMm 00pa3oM, B pacCMaTpuBaeMOM paiioHe
HaMHU YCTaHOBJIEHBI 9BCTaTU4YeCKUe (WM CEKBEHTHbIC)
LIMKJIbI COTJIACHO TMPEeAIIECTBYIOIIMM UCCIEA0BaHUSIM
[Tam xke]. CMeHa cUCTEM TPaKTOB TakKxKe HaXOOUT
OTpaXeHHe Ha MMKPOCKOMUYECKOM YpPOBHE IpU
onucaHuu wudoB (puc. 5). B pesynbrate mnerpo-
rpadryecKoro aHaausa BbIAEJICHbI TPAHCTPECCHUBHAsI
CHCTEMa TPaKTOB (aJeBpUThI, TJIUHBI, TJIMHUCTbIC U
OPraHOT€HHbIE U3BECTHSIKM — MaJICTOYHbI, TaKCTOYHbI
¥ TPEHCTOYHBI), TPAKThI BBICOKOTO CTOSTHUS (TJIMHEI,
IJIMHUCTBIE M3BECTHSIKM, OPraHOTeHHbIE U3BECTHSIKU
(IaKCTOYHBI), TPAKThl HU3KOTO CTOSTHUS (T1aJIeONOYBhI,
PU30UAHBIE U3BECTHSIKU CO CTUTMApUSIMK).

PaccmoTpumM paspe3 ckBaxuHbl Ne 39 (puc. 5),
JIJISI KOTOPOU €CTh Pe3yJIbTaThbl KapoTaxka U JIMTOJOTU -
yeckoe onucaHue nopos (KepH v uuimdei). s TBC
XapaKTepHO YBEJIMYEHNE 36pHUCTOCTH BBEPX IO pas-
pesy, a 1ing THC u TCT, Hao00pOT, — yMEHbIIEHUE.
I'paHULIBI CUCTEMHBIX TPAKTOB YETKO (DUKCUPYIOTCS
M0 MUKaM Ha o0euX WM XOTd Obl Ha OJHOU Kapo-
TAXHOU KPUBOM.

PaccmoTpuM crpaturpaduyueckyl CBepXy BHU3 BbI-
JeJIeHHbIe CeKBeHLIMU (puc. 4, 5) M1k HIDKHEH YacTu
TapyccKoro ropusoHrta (cekBeHLMs1 T), BEeHEBCKOIo
ropusoHTa (cexBeHuuu B3—B1), MuxaiinoBckoro
ropu3oHTa (cekBeHIMM M6—M1). CiemyeT OTMETHUTD,
YTO «CBOAHBIM pa3pe3» CEeKBEHLMI ObLI COCTaBJIeH
0 COBOKYITHOCTH BCEX M3YYEHHBIX CKBAXKWH U BCETO
umelolerocs Matepuana. O4eBUIHO, UTO B KaXmoi
CKBaXXUHE B CWIY psiia MPUYUH (HampuMep, pa3HbIil
BBIXOJI KEPHA) HEBO3MOXHO YBUAETh OCaJ04YHbIE 00-
pa3oBaHUA BCEX JIIEMEHTOB CEKBEHIIUM, T.€. MOJHBII
cTpaturpauIecKuii pa3pes.

Cexsenuus T (HMKHSISI 4acTb TapyCCKOI'O TOPH-
30HTa) TpeacTaB/ieHa NEeTPUTOBBIMU M3BECTHSIKAMM,
110 MUKPOCKOITMYECKOMY OIMMUCAHUIO OMOKJIACTOBBIMM,
a TaKXXe HECJOMCTbIMU U3BECTHSIKAMU C (hOpaMUHU-
(hepamu 1 urnokoxxumMu. CeKBEHIIYS XapaKTepU3yeTcst
npucyrctBuem cienyoiux anemeHToB: TCT u TBC.
TCT npencraBieHbl KPENMKUMU KaBEPHO3HBIMU TISIT-
HUCTBIMU M3BECTHSIKAMM, TIPU MUKPOCKOIMYECKOM
OIMCAHUM 3TO OMOKJIACTOBBIM U3BECTHSK, MAKCTOYH.
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TCT xapakTepusyeTcsi peTporpajalliOHHBIM TPEHIOM.
TBC — nporpamaiioHHbIN TpeH (puc. 4), IpeacTaB-
JIEH MEJIKO3EPHUCTBIMU IETPUTOBBIMU U3BECTHSIKAMMU,
MUKPOCKOIUYECK OMOKJIACTOBBIMU M3BECTHSKAMU,
rpericroyHamu. I'paHuiia cekBeHIMU (TpakTa) ycra-
HOBJIEHA 10 CMEHE TpeHIa KpMBOM KapoTtaxa. Molil-
HocTb cekBenuuu 1,8 M, a TCT 1,2 m u TBC 0,6 m.

CekBeHuust B3 (BepxHsisa 4acTh BEHEBCKOTO TOPH-
30HTA) CJIOKE€HA OPraHOT€HHbIMU CUJIbHOTPEILIMHOBA-
TBIMU U3BECTHSIKAMU C OOJIbLLIMM KOJIMYECTBOM KaBEPH
BBILIEIAYMBAHUS W COCTOUT M3 TeX XK€ 3JIEMEHTOB
TCT u TBC. TCT npeacraBjieHa OpraHOT€HHBIMU
KaBepPHO3HBIMU WM3BECTHSIKAMU, MUKPOCKOIIMYECKHU
OMOKJIACTOBBIMU HECJIOUCTBIMU U3BECTHSAKAMMU,
MMAKCTOYHAMU W TPEMHCTOYHAMM, XapaKTepu3yeTcs
peTporpagauoHHEIM TpeHaoM. TBC — mporpana-
LIMOHHBIA TpeHA — TMPeAcTaBJeH OPraHOT€HHbIMU
CWILHOTPELIMHOBATBIMU M3BECTHIKAMMU, MUKPOCKO-
MUYECKU — OMOKJIACTOBBIMU WU3BECTHSIKAMMU, Tpeii-
croyHamu. MoiqHocTh cekBeHuu 3 M, TCT 1,1 m,
TBC 0,4 m (puc. 4).

CekBennust B2 (cpemHsiss yacTh BEHEBCKOTO TOPU-
30HTA) MpeICTaBIeHa YePEIOBAHUEM IPOCIOEB OoJiee
KpeINnKux 1 00Jjiee PhIXJIbIX IeTPUTOBBIX U3BECTHSIKOB,
MUKPOCKOIUYECKU 3TO OMOKJIACTOBbIE HECIOUCTbHIE
W3BECTHSIKM — TPEMHCTOYHBI U IMaKCTOYHBHI. Cek-
BEHILIUSI XapakTepusyercs npucyrcrBuem B TBC-2
arrpamaliMOHHOTO TpeHIa. MOIIHOCTh CEKBEHIIUHU
2,7 m (puc. 4).

CekBenuust Bl (HIKHSISI 4aCTh BEHEBCKOTO TOPH-
30HTA) MpeaCTaBieHa KABEPHO3HBIMU 1 PU30MIHBIMU
U3BECTHSIKAMU, MUKPOCKOMIUUYECKU OUMOKIACTOBBIMU
HECJIOUCTBIMU U3BECTHSIKAMU, TPEYCTOYHAMMU, TTAKCTO-
yHaMM 1 BakcToyHaMu. CeKBEHIIUS XapaKTepU3yeTCsT
«cnenamu» THC (puszouaHble u3BeCTHSKU). Molu-
HOCTh cekBeHLMU 3,3 M (puc. 4).

CekBeHlss M6 (BepXHsis 4acTh MUXAAJIOBCKOIO
TOPU30HTA) TIpEeACTaB/ieHa OYE€Hb MPOYHBIMU PU30-
WIHBIMU W3BECTHSIKAMU CO CTUTMapusMu (puc. 2,
I, E) — aspanbHasg skcnoduiiusg ocagkoB TBC Bo
BpeMs mepepbiBa, 310 aHajgor THC. Mukpockonu-
YyecKM TpeacTaBieHa OMOKIACTOBBIMU HECIOUCThIMU
W3BECTHIKAMU, MPEUMYIIECTBEHHO MaKCTOYHAMM.
Momnocts cexkBeHuuu 1,7 m, TBC 0,7 m, THC 1,0 m
(puc. 4).

CekBeHlus M5 (BepXHsis 4aCTb MUXaiJIOBCKOTO
TOPU30HTA) MpeAcTaBieHa W3BECTHIKAMU-PaKYIIHSI-
KaMu ¢ OOMJIbHBIMU pakKoBUHaMu Gigantoproductus
(puc. 2, B), MuKpocKkonmyecku — OMOKJIACTOBBIMU
HECJIOUCTBIMU HM3BECTHSIKaMU-nakcToyHamu. Cek-
BEHILIMSI B HIDKHEW YacTH XapaKTepU3YyeTCs IIPUCYT-
crBueM TCT (tpaHcrpeccusi, yriybiieHue dacceitHa),
MPEICTaBJIEHHOIO PEeTPOrpafallMOHHbBIM TPEHIOM, a
B BepxHelr yactu TBC (mporpamaliliOHHBINA TPEH]).
MonrHoctb cexkBenumu 18 m, TCT 0,8 M, TBC 1,0 m
(puc. 4).

CekBeHlus M4 (cpeaHsisi 4yacTb MUXaiJIOBCKOTO
TOPU30HTA) TIPEACTaBIEHA OPraHOTE€HHBIMU U3BECTHSI-
KaMU C BbILIEJIOYEHHBIMU OMOKIaCTAMU MOJUTIOCKOB,

MUKPOCKOIUYECKN OMOKJIACTOBBIMU HECIOUCTHIMU
U3BECTHsIKaMM-TlakcToyHamMu. CeKBEHIIUSI XapakKTe-
pusyercs npucyrctsuem TCT m TBC. MouHoCTh
cekBeHuun 2,4 m, momHocte TCT 1,3 m, a TBC
1,1 M (puc. 4).

Oo6benuHeHHas [Kabanov et. al., 2014] cekBeHLMs
M2+3 (HMXKHSIS 9acTh MUXAWJIOBCKOTO TOPM3OHTA)
MpeacTaBjieHa W3BECTHSIKAMMU C OOJIbLIMM KOJuue-
CTBOM YEPHBIX OOYIJIEHHBIX PACTUTEbHBIX OCTaTKOB
(mumumueckue Toamm TBC-2 m THC), rnaBHBIM
o0pa3oM TMOJA3EMHBIX TM00eroB cTurMmapuit (puc. 2,
A). JloBojbHOE YE€TKO Ha KPUBOUW raMma-kapoTaxa
[Maxmmna u ap., 1993] ormo3HamTcs 1Ba CUCTEMHBIX
tpakta (TCT u TBC-2). MOIIHOCTh CEKBEHILIMU HE
menee 1,4 M, TBC-2 1,0 M, THC+TCT 0,4 M (puc. 4).

Ceksenuusgs M1 (HUKHSISI 94acTb MUXAMJIOBCKO-
ro TOpM30HTA) MpeAcTaBieHa TJIMHAMU, TTPOCIOSIMU
Mepresieid U M3BECTHSIKOB, ajeBpuTaMu. CeKBEHIUS
xapakTtepusyetrcsi TBC (mporpagaliliOHHBIA TPeH.)
u TCT (perporpaialiuOHHbINA TpeHI). MOIIHOCTD
cexkBeHuuu 2,3 M, TCT 1,0 m, TBC 1,3 M (puc. 4).

B utore B MUXailJIoBCKOM TOPU30HTE BBIAEIEHO
He MeHee ISITU CEeKBEHIIMil, B BEHEBCKOM — TpU
CeKBeHIMU. TapycCKuii Topu30HT OOHAXKEH YACTUYHO
U U3MEHEH BJII0BUAJIbHBIMU TIpolieccamMu (BblaesieHa
ofHa ceKBeHIMs). TyIbCKUI TOPU3OHT BCKPBIT €AUH-
CTBEHHOU CKBAXKUHOW.

BoiBoapl. 1. YCTaHOBIIEHO IUKJIMYHOE CTPOCHUE
BEPXHEBU3EUCKUX—HUXKXHECEPITYXOBCKUX TEPPUTECH-
HO-KapOOHATHBIX OTJIOKEHWI Ha tore MOCKOBCKOM
CUHEKJIM3bI TT0 KePHY CKBaXXMH (T10JIEBOE OIKMCaHue
U TeTporpaduueckoe MccienoBaHue B nummMdax) u
kapotaxy. [ToayyeHHble HAMU JaHHBIE COBMAAAIOT C
MaTepuagaMmu TMpeaieCTBEeHHUKOB.

2. lluknuuHoe CTpoeHUe pa3pe3a OOBSICHSETCS
LIMKJIMYHON CMEeHO# majieoreorpauuecKux yCaIoBUiA
celMMEHTAllMM OT KOHTMHEHTAJbHBIX uYepe3 JiaryH-
HbIE 10 MEJIKOBOJHO-MOPCKUX. BblneneHbl TpaHC-
rpeccrMBHasi cucTemMa TpakKToB (aJleBPUTHI, TJUHBI,
TJIMHUCTBIE U OPraHOT€HHbIE U3BECTHSIKM — MaJCTO-
YHBI, TAKCTOYHBI U TPEHHCTOYHBI), TPAKTHI BHICOKOTO
CTOsIHUS (TJIMHBI, TJMHUCTbIE U3BECTHSIKU, OpraHoO-
Te€HHbIE M3BECTHSIKU-IMAKCTOYHbI) U TPaKThl HU3KOTO
CTOSIHUS (T1aJIeOTIOUBbI, PU3OUAHbBIE M3BECTHSIKU CO
CTUTMapUSIMU ).

3. B ajieKCMHCKOM TOPU30HTE BBIAEIEHO HE MEHEee
JIBYX CEKBEHILIUI, B MUXalJIOBCKOM — HE MeHee ITSITH,
B BEHEBCKOM — JIBE, B TADYCCKOM — HE MEHee OIHOM
(ropu30HT OOHaXXe€H YaCTMYHO W U3MEHEH 3JIIOBU-
aJIbHBIMU TIpolieccamu). TyJIbCKUI TOPU3OHT BCKPBIT
€IMHCTBEHHOM CKBaXXMHOM, YTO HE Ta€T BO3MOXKHOCTH
BBIIEUTh CEKBEHIIUMU.

4. FOxnee CepiyxoBa Booiab OKM IMPOTITUBACTCS
TeKTOHWYECKUIA TMHEAMEHT, OOBSICHSIOLIUIA MTPSIMO-
JIMHEWHOCTD ee pycjia B MecTe ucciaeaoBaHui. ITpu-
YPOUEHHOCTh palioHa MCCJIEI0BaHUM K 30HE pa3jioMa
MOATBEpXKAeHa c1abbiMu 1ehopMalMSIMU 0CaTOYHOTO
yexJia BCIAEACTBUE HOBEMIINX TEKTOHWYECKUX TUCIIO-
Kallvii, B YaCTHOCTU BEPTUKAIbHBIMU TPELIMHAMU OT
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TOBEPXHOCTH KAMEHHOYTOJIbHBIX OTJIIOKEHUI U BITJIOTh
JIO TOJIIII AJIEKCUHCKUX Y MUXAMJIOBCKMX U3BECTHSIKOB.
Ilo aTuM TpeumHaM, BEPOSITHO, TIPOUCXOAUIO TIPO-
ChIIIaHME AJUTIOBUAJLHBIX MecKoB OKM B KapCTOBHIE
TTOJIOCTH.

5. YpoBHM 3aKapCTOBAHHBIX MOPOJ MOXHO CO-
OTHECTHU ¢ HauboJjiee MEJIKOBOAHBIMU U OMOTEHHbBI-
MU KapOOHATHBIMM OPraHOTeHHO-00JIOMOUYHBIMU
ocagKaMM HayaJlbHbIX M KOHEUYHBIX (a3 ceauMeH-
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IHHEPMCKHME UCKOITAEMBIE PACTEHUA I/I3UOT.JIO)KEHI/II71 BOPKYTCKOMH
CEPUMA ITEYOPCKOTI'O YI'OJbHOI'O BACCEMHA B KOJUIEKIINN
MY3EA 3EMJIEBEJEHUA MTY UMEHHM M.B. JOMOHOCOBA*

OxapaKTepu30BaHbl IEPMCKHE PACTUTENIbHbIE OCTATKU M3 MeCTOHaxoxneHus: Bopkyrta-1
(oonaxenue Ne 38; neBbiii Oeper p. Bopkyra B uepte 1. Bopkyra, HanmpoTuB 1moc. PynHuK),
xpaHsiuuecs B Mysee 3emieBeneHuss MI'Y umenu M.B. JlomonocoBa. Komrekmuys BKiiodaet
XBollUeBUIHbIe Paracalamites decoratus (Eichwald) Zalessky, P. frigidus Neuburg, Paracalam-
itina cf. striata Zalessky emend. Naug.; Annulina neuburgiana (Radczenko) Neuburg), 1ucTbs
rmanopoTHUKOB (Pecopteris anthriscifolia (Goeppert) Zalessky, P. helenaeana Zalessky, P. vor-
cutana Zalessky, P. cf. leptophylla Bunbury), a Take JaucTbs BOMHOBCKUEBBIX Rufloria spp.
1, BOBMOXHO, TMHKrouTOB. CTpaturpadmuiyecku U3ydyeHHbIE PaCTUTEIbHbIE OCTATKU MPOUC-
XOMSIT U3 UHTUHCKOU CBUTBI BOPKYTCKOM cepuM (yHUMCKUii sipyc OUuapMuiickoro (CpemaHero)
oTnesa rnepMcKoii cucremsl). Kosekiyst o6iagaeT 60JbIIMM HayYHBIM, 9KCITO3ULIMOHHBIM U
MUIAKTUYECKUM TOTEHIIMAIOM.

Karouegvie caosa: maneoHTONOIUs, najleoboTaHuKa, BopkyTuHCKast ydyeOHO-Hay4dyHas
WHXEHEPHO-TeOKPUOJIOTHYEeCKasl TPaKTHUKa, XBOILLEBUIHBIE, TTATIOPOTHUKH, TOJIOCEMEHHBIE.

The fossil Permian plants from the locality Vorkuta-1 (outcrop No. 38, left bank of the
Vorkuta River nearby the City of Vorkuta opposite the Rudnik settlement) are characterized. The
collection is kept at the Earth Science Museum of the Lomonosov Moscow State University.
The collection includes equisetophytes Paracalamites decoratus (Eichwald) Zalessky, P. frigidus
Neuburg, Paracalamitina cf. striata Zalessky emend. Naug.; Annulina neuburgiana (Radczenko)
Neuburg), ferns (Pecopteris anthriscifolia (Goeppert) Zalessky, P. helenaeana Zalessky, P. vor-
cutana Zalessky, P. cf. leptophylla Bunbury), and leaves of vojnovskyans Rufloria spp. and puta-
tive ginkgophytes. Stratigraphically the fossil plants studied originated from the Inta Formation
belonged to the Vorkuta Series (the Ufimian Stage of the Biarmian (Middle) subdivision of the
Permian System). The collection is of great scientific, expositional and didactic potentiality.

Key words: paleontology, paleobotany, Vorkuta educational engineering and geocryology
practice, equisetophytes, ferns, gymnosperms.

Beenenne. B 3BoJIOLIMM CIIOPOBBIX U TOJIOCE-
MEHHBIX PACTEHUI B TIEPMCKOM MEePHOJIe TTPOU3OIILIO
MHOTO BaXXHBIX COOBITHIT, KOTOPbIE HAIIUTA OTPaXkKeHUe
HE TOJIbKO B OOHOBJIEHWM TAKCOHOMUYECKOTO COCTaBa
(sop 3TOrO BpeMEHU, HO U B UBMEHEHUH (PUTOLIEHO-
TUYECKOHN CTPYKTYPhI pAaCTUTEIbHBIX COOOIIECTB 1, KaK
CJIEICTBUE, B MPeoOpa30BaHMM HAa3eMHBIX 9KOCUCTEM
B LieJJoM. UMEHHO MO3TOMY MCKOMaeMble PacTeHUs
MEePMCKOTO TMepuoaa 4acTO CTAHOBSITCS BaXHBIM
9JIEMEHTOM BKCMO3UIUK €CTECTBEHHOMCTOPUIECKUX
My3eeB [Réssler, 2001; OxrubecoB u ap., 2009; Te-
peleHko u ap., 2012].

ITaneoHToIOrMYECKasT dKCIo3uLus Mysest 3eM-
nesegeHust MI'Y umenu M.B. JlomoHocoBa m0 1mo-

CJIEHETO BPEMEHM BKITIOYAsIa JIUIITh HEOOJbIIOE YMCIIO
HMCKOMAaeMBbIX PACTEHMIT IEPMCKOTO BO3pacTa, MperMy-
LIECTBEHHO U3 3apy0eskHBbIX MECTOHAXOXAeHUI (00-
JIMCTBEHHBIN MoOeT KanaMmocTaxueBoro Lobatannularia
cf. lingulata Halle u3 nepMckux omioxenuit Kuras,
OCTaTKM TUHKIro(UTOB U XBOMHBLIX U3 LieXIITelHa
I'epmannu (mogpodHee cM. [ Kupunuinnna, Hayromnb-
HbIX, 2016]). OnHaKo 3Ta KOJJIEKIUS CYIIECTBEHHO
pacuMpuiach 61aromapsi HOBBIM HOCTYILJIEHUSIM 00-
pas3lioB C pPacTUTEJbHBIMM OCTaTKaMHU, COOpaHHBIX
B OOHaxK€HMM, PACIIOJOXKEHHOM Ha JIeBOM Oepery
p. Bopkyra B uepte r. Bopkyra (Pecnybiauka Komu).
Konnekuust BKJIIOYaeT 0OCTaTKW MCKOIAaeMbIX XBOIIE-
BUAHBIX (T1I00eru Paracalamites decoratus (Eichwald)
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Zalessky, P. frigidus Neuburg, Paracalamitina cf.
striata Zalessky emend. Naug.; o6JUCTBEHHbIN nobder
Annulina neuburgiana (Radczenko) Neuburg), 1uctbs
nanopoTHUkKoB (Pecopteris anthriscifolia (Goeppert)
Zalessky, P. helenaeana Zalessky, P. vorcutana Zaless-
ky, P. cf. leptophylla Bunbury) u JIUCTbsI TOJIOCEMEHHBIX
KJacca BoiiHOBCcKUEBBIX (Rufloria spp.) v, BOBMOXHO,
ruHKroduToB. CTaThs NOCBSILIEHA HOAPOOHOM XapaK-
TEPUCTUKE 3TOU KOJUICKIIUU.

Marepuaibl 1 MeTOIbI McclienoBanuii. B ocHOBY
paboThl IMOJOXEHbI KOJUIEKIIMOHHBIE COOpBI U MO-
JIeBbIe HAOMIOACHUS COTPYTHUKOB Kadeaphl TEOKPH-
ojiloruu reojiorndyeckoro dakyiabreta MI'Y umeHu
M.B. JlomoHocoBa. B centsaope 2015 r. Ha 0Oa3ze
y4eOHO-Hay4YHOI0 MOJIUroHa «XaHoBel» (Pecnybirka
KoMmu, okpectHocTH T. BopkyTa) 11 MarucTpaHTOB
Kadenp reoKpuoJoruu, UHKEHEPHOU TeoJIoTuu, Th-
JIPOTe0JIOTUM Ie0JIOTMYECKOro (haKyabTeTa U Kadeapbl
JISSIIMOJIOTUM W KPUOJUTOJOTHHN TeorpadmIecKoro
dakynpTeTa MpOBOAMIIACH OYepeIHAsT TPOM3BOICTBEH-
Hasl ¥ MHXEHEPHO-TeOKPUOJOTUYecKasl MPaKTHUKA.

IIpakTka HalleJleHa Ha OCBOCHUE M TMpaKTHUye-
CKO€ MCITOJb30BaHUE IOJEBbIX METOAUK WHXEHEep-
HO-TreoKpurojaorndyeckoit creMku [Ilonessie..., 1986].
INoneBble METOMMKYM OBUTA TIPUMEHEHBI TIPH MHXKEHEP-
HO-T€0JIOTUYECKNX M3BICKAaHMUSIX Ha 00beKTaX TpaHC-
NOpTHOM MHPpaCTPyKTyphl (razompoBon «fmar»,
yuyacTku CeBepHOM KeJIe3HOH MOpPOrM — CTaHILUU
Xanoseii, Ilecewu, 101-i1 kM) o1 cocTaBlIeHUST Teo-
KPHOJOTUUECKUX KapT 1 pa3pe3oB. Ocoboe BHUMaHUe
OBUIO yIEJIeHO MPUOOPETEHMIO CTYICHTAMM ITPpAKTUYC-
CKHX HABBIKOB B KOMIUIEKCHBIX T€OKPUOJIOTHIECKUX
HUCCAeA0BAHUSAX, TIPU M3YYEHUU CIIOCOOOB CTPOHU-
TEJIbCTBA U APYTUX BUIOB OCBOECHUSI KPUOJIUTO30HBI
[bynanuesa u ap., 2015]. I[TomrMo OCHOBHOIA 1IeJIN B
paMKax TIpaKTUKW pellacTcs Psii BCIIOMOTATeTbHBIX
3agay. CTyaeHThl MPOBOAST MaJIEOHTOJIOTMUECKUE
WUCCIICIOBAHUS U 3HAKOMSITCSA C METONMYECKHMMU
OCHOBaMHM OTOOpa IaJICOHTOJIOTUYECKUX 00pa3lioB
pa3HbIX BO3pacTa, TUIMA COXPAHHOCTU U CTeNeHU
MPEACTAaBUTEIBHOCTH (OT B3ATUS CIIOPOBO-TIBLUIBLIEBBIX
Mpo0 J0 MOUCKOB U COOPOB OCTEOJIOTMUYECKUX MaTepU-
aJloB — KOCTeW TIEHCTOLEHOBBIX MIEKOTTUTAIOLIMX).
B xauecTBe ogHOU M3 3amay (purypupoBain cOOpbI
pPaCcTUTEILHBIX MaKpOOCTaTKOB TEPMCKOI0 BO3pacTa
M3 MECTOHAxXOXIeHMWiA B paiioHe I. Bopkyrta [Kupu-
yumimmHa, Mcaes, Komrypaukos u ap., 2017].

XapakTepu3yeMble B CTaThe PaCTUTEIbLHBIC
ocTaTKM coOpaHbl B yepTe r. Bopkyta (puc. 1), ps-
nom c yi. IMaxtepckasi, y HabepexHoi p. Bopkyrta,
OT TIOJBECHOrO MOCTa Ha Toc. PymiHUK BHU3 1O
TEUEHUIO Ha JIeBOM Oepery Ha mpoTstkeHuu 150 wm,
oboHaxxeHne Ne 38. KoopauHaTbl MECTOHAXOXICHUS
67,509936 c.am., 64,038789 B.n. MecTOHAXOXIECHUIO
MPUCBOEHO YCJIOBHOE Ha3BaHue «Bopkyra-l». U3-
YUEHHBIE OTJIOXKEHUSI OTHOCATCS K Y(PHUMCKOMY SIpYCy,
KOTOpBIif aBTOPBI CYNTAIOT NIPUHAIJIEKAIIUM CPeTHE-
My (OMapMUIICKOMY) OTIETy IMEPMCKOI CUCTeMBI (O~

pobnee cM. [JlozoBckuii u ap., 2009; HayronbHEIX,
2016)).

IIpu dpoToduxcanm coopaHHBIX 00Pa3LIOB ChHEM-
Ka BeJIach Kak Mpu (HPOHTATbHOM OCBELIEHUH, TaK U
¢ OOKOBBIM (PUCYIOLLIMM) CBETOM, UTOOBI ITOAYEPKHYTh
BaxkHble MOp(OJIOTUYECKUE AeTald PacTUTEIbHBIX
OCTaTKOB.

T'eosormyeckoe CTpoeHHE paiioHA HCCJIEIOBAHMIA.
PaiioH ucclienoBaHUil pacIioJioXeH B CeBepO-BOC-
TouyHOM Yyactu Iledopckoil anmmubaliKaabCKON IIUTHI.
OcanoyHblii YeXoJ 3[eCh CJaraloT TpPU OCHOBHBIX
¢opMalLIMOHHBIX KOMILJIEKCa: MEPUKPATOHHBIN Tajeo-
1eab@oBbI (HUXHUIA OPAOBUK—HUXKHSSI TIEPMb),
HAJBUHYTHIA HA HETO C BOCTOKA CJIAHIIEBBINA KOMILIEKC
OaTHaJIbHBIX U abuccaabHbIX (hopMaluil TEeMBUHCKO-
ro Tumna (OpaIOBUK—KapOOH) M MepeKphIBAIOIIMA UX
OPOTeHHBIN KOMILIEKC (hopMaliuii mepMo-TpuacoBoro
Bo3pacta. IlocienHuii uMeeT BO3pacTHBIC TPAHUIIBI,
MeHsIoIIMecs: OT 0ojiee IpeBHUX K 0ojiee MOJIOABIM
C BOCTOKa Ha 3aIiajl, U COCTOUT 13 Tpex (hopMaluii:
GauieBol U ABYX YIVIEHOCHBIX (HMKHEMOJIACCOBOM
U BepxHemosaccoBoii) [BoitHoBckuit-Kpurep u ap.,
1948; KOouH, 1987; YrienocHas..., 1990].

B coBpeMeHHOM CTPYKTYpHOM ILIaHe TaTdop-
MeHHOTO uexyia [leyopckolf MIAMTHI BBIAEISIOTCS
TPU KPYMHENIIUX (HAAMOPSIAKOBBIX) TEKTOHUUECKUX
anemeHTa: TumaHckas rpsiga, [leyopckast cMHeK/In3a,
ceBepHas yacTb [Ipeaypaibckoro KpaeBoro rnporuoa.
OtaenbHO 000C00JIeH YpaabCKUii OpOreH, KOTOPhIi
pacmoyioXKeH Ha BOCTOKE OT IUJIUThI, U €r0 MOXHO
paccMaTpuBaTh KaK €€ CcKJiaayaToe oOpaMJIEHHUE.
B naneoTreKTOHMYECKOM ILJIaHE 3TO YacTb Iajieo-
30MCKOro mepuKpaToHHOro omyckaHus Iledopckoii
IUTMTBI, BOBJIEUEHHON B FepLIMHCKYIO (BApUCIIUIACKYIO)
CKJIa4aTOCTh.

Paiion mncciemoBaHMil pacooXeH BO BHEIIHEH
30He [IpemypanbcKoro KpaeBoro Iporuda Ha TeppU-
Topunu BopkyTtuHckoii ctyneHu. B cTpykTypHOM OT-
HoureHuu Ilpenypaabckuii KpaeBoii IIporud coOCTOUT
U3 CUCTEMBI BIAJWH, Pa3leJ€eHHbIX MOIMEePEYHbIMU
nogHsaTusiMu. C 1ora Ha ceBep 37eChb BbLACISIOTCS
nonHsitue YepHeieBa, Kocbio-Porosckasi Bnaau-
Ha, nogHgaTtue YepHoBa, KoporamxmHckas BOaau-
Ha, Ilaii-Xoiickoe momHsatue u Kapckas BramuHa.
IIponmonbHble rpaHulibl IIpeaypaabCcKoOro KpaeBOro
nporuda OTHOCUTENbHBI U YCJIOBHBI, MOCKOJIBKY OHU
OTpaxkaloT MUTPALIMIO TPOruda Ha TEPPUTOPUIO TUTUTHI
[Teonornst MecTopoxkaeHuid..., 1965; HOgun, 1987;
Vrnenocnas..., 1990].

Ha tepputopuun Ileyopckoro yrosbHoro 6acceiiHa
U Opujeramoimx K Hemy paiioHoB Ilpemypanbckoro
KpaeBoro mnporuda MmpoBeJAeHbl JeTalbHbIE CTpaTH-
rpacuyecKkue MccieaoBaHMsI, B OCHOBHOM C(OKYCH-
pPOBaHHbIE Ha TEPPUTEHHBIX OTIOXEHMSIX BEPXHETO
Majeo30s1 U 0COOEHHO Ha YIJIEHOCHBIX OTJIOXKEHUSIX
cpemHell M BepxHeil IepMM, CoaepXKallux OoraTbie
pacturenbHble octatku [Heitoypr, 1960, 1964, 1965;
ITyxonro, 1998].
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Puc. 1. CxeMa pacnojioxeHus: 0OHaXXeHU, MOJ0XEHNEe MECTOHAXOXIEHUSI U3yUYeHHBIX PAaCTUTENbHBIX OCTaTKOB «Bopkyra-1» — oOHa-
xenue Ne 38

OnvH M3 perMOHAJBHBIX OIOPHBIX Pa3pe30B
(puc. 1), pacnonoxeHHBI B paiioHe BopkyTuHCKOTO
YIOJIbHOTO MECTOPOXIEHUSI, — 00S3aTeIbHBINA 00b-
€KT MCCJINOBAaHUS B paMKaX WHXEHEPHO-TEOKPHO-
JIOTUYECKOW MPaKTUKW MaructpaHtoB MI'Y unmenu
M.B. JlomoHocoBa. Haubosiee 3HauMMble OOHaxe-
HUSI pacloJIOXKEHBI Ha JeBoM Oepery p. Bopkyra.
Hzyuennoe obHaxenue Ne 38 mpemcraBiseT coboit
OOpBIBUCTBHIN YCTYN BbICOTOU okosio 25—30 M (oT
ype3a Bombl). Pa3pes3 cioxeH TepecianBaHUEM TeM-
HO-CEPBIX YIJIUCTBIX CJIAHIIEB U TEMHO-KOPHYHEBBIX
TOHKO3EPHUCTHIX MECYAaHNKOB C MOIIHOCTBIO TIPO-
CJI0€B OT HECKOJBKMX CAHTUMETPOB IO HECKOJIBKHUX
JIECATKOB CAHTUMETPOB C MHOTOYMCIICHHBIMHA M Pa3-
HOOOPAa3HBIMU PACTUTEIBHBIMU OcTaTKamMu. CTpaTu-
rpadUUecKr OTJIOKEHMST OTHOCATCS K BEpXHEi 9acTn
BOPKYTCKOM CepuM, a MMEHHO K JIEKBOPKYTCKON M
WHTUHCKOM CBUTaM [YTieHocHasd..., 1994; IlyxoHTo,
1998]. OHM mnpeacTaBieHbl HUKIWNYECKUM Tepecia-
WBaHWEM apTUJUINTOB, AJIEBPOJIUTOB M TECYAHWKOB,
Cpenr KOTOPBIX 3aJIeTal0T MHOTOYMCIICHHBIE TUTACTHI 1
TIPOTIIACTKM yIiieil. M3penka B pa3pese BCTpedyaloTcs
MaJIOMOIITHBIE MPOCTION TPABEIIUTOB. DTO CIWHBIN 1
HEeTIPEPBIBHBIN KOMIUIEKC YIVIEHOCHBIX OTJIOXEHUH,
B KOTOPOM IIOCTEIIEHHO BBEPX MO pa3pe3y Mcue3aroT
MOPCKUE U JIATYHHO-MOPCKUE IIPOCTION, CMEHSIOIN-
ecsl KOHTUHEHTAJIbHBIMH 00Opa3oBaHMsIMU. HImkHSS
TpaHUIIA MTHTUHCKOW CBHUTHI IIPOBOIUTCS IO TIOSIBIIC-
HUIO B pa3pe3e MepBhIX YTOJBHBIX TJIACTOB 1 TT0 CMEHE
ayHHCTIYECKOTO U (hJIOPUCTUUECKOIO KOMILJIEKCOB.

IIaneoOoTanmyeckne HaOMomeHHsda. B m3ydeHHOIM
koutekuun (gororadbn. 1—4) aBHO mpeobiamaioT
OCTaTKM CITOPOBBIX pAacTeHUI, B OCOOCHHOCTH XBO-
MIEBUIHBIX, YTO CO BCEI OYEBUIHOCTBIO YKa3bIBaeT Ha

THIPOGIIBHBINA XapaKTep UCXOTHOM PaCTUTEILHOCTH.
B xone mojieBbIX MCCaeA0BaHUM ObUTM OOHAPYKEHBI
MHOTOYMCJIEHHBIE OCTaTKM XBOIICBUIHBIX Paracal-
amites decoratus (Eichwald) Zalessky u P. frigidus
Neuburg, coxpaHMBIIMXCS HETIOCPEACTBEHHO HA MECTE
npouspactanus, in situ (pororadm. 1 (2, 3, 5)). Ilo
BCeI BUIMMOCTH, paCTUTEbHBIE COOOIIIECTBA C TOMU-
HMPOBABIINMU XBOIIIEBUIHBIMU ITIPOM3PACTAIN B 3TOM
palioHe Ha OTHOCUTEIHLHOM MEIKOBOIbE OOIIMPHBIX
OIIPECHEHHBIX JIaTyH, B KOTOPHIX HAKATJINBAJINICh TEP-
PUTEHHBIE OCAIKM C OOJIBIITNM KOJUYECTBOM OpTraHM-
YeCKOTO yIiiepoaa, 00pa30BaHHOTO pa3jiaralolImMUCs
octaTkamu pacteHuii. OO0 3TOM Xe CBUIETEJbCTBYET
TIPUCYTCTBUE B pa3pe3e MPOIUIaCTKOB YIVIEH, YTIIUCTHIX
aJICBPOJIUTOB U TTECYAHUKOB, XapaKTePHBIX IS 3TOM
yacTU pas3pesa.

IToMrMO KpYITHEIX CTBOJIOB 1 IT0OETOB BUIOB Par-
acalamites decoratus (Eichwald) Zalessky (¢potorta6:1. 2
(2, 5) u P. frigidus Neuburg (dborotadn. 1 (1, 3, 3)),
a Takke (pparMeHTapHBIX OCTATKOB ITOOETOB, TIpeIBa-
pUTENbHO ONpeaeeHHbIX KaK Paracalamites sp., ObLn
HaWIeHbI CKOIJICHUST OOJIMCTBEHHBIX IT00EroB ((hoTo-
1abm. 1 (/); poroTtadn. 4 (1)) u naxe penpoOAyKTUBHBIE
opranbl (pororadi. 1 (4)) mepMCKUX XBOIIEBUIHBIX.
OO6IMCTBEHHBIE MTOOETY MOXHO YBEPEHHO OTHECTH K
Buny Annulina neuburgiana (Radczenko) Neuburg, xa-
paKkTEepHOMY JUTSI KYHTYPCKUX 1 YOUMCKIX OTIIOXKESHUH
npakTuyeckyu Bceit 3amamgHoit AHrapuabl [HeiOypr,
1964; IlyxonTo, 1998; IMyxonro, Hayromasusrx, 2009;
Hayroasusrx, 1998, 2007, 2016].

CriopoHOIIIeHNSI, HaliIcCHHbIE BMECTE C STHUMU
00JIMCTBEHHBIMU MOOeramMu, MpeacTaBisSoT coboit
MHOTOSIPYCHBIE (PepTHIIbHBIC 30HBI, pas3iejieHHBIC
MYTOBKaMM CTEPUILHBIX JTUCThEB, COOTBETCTBYIOIINX
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CTPOEHMUIO TUCTbeB Annulina neuburgiana. Y Hanbo-
Jlee TIPEACTAaBUTEIBHOTO M3 HAaWICHHBIX 00pa3lloB
HaOJIIOMaIoTCs TPU TTOCIeq0BaTeIbHBIC (hepTHIIBHEIE
30HBI, COCTOSIINE W3 TEIbTaTHBIX CIIOPO(PUILIOB
C TeCHO CMBIKAIOIIMMMUCS KpassMHU IIUTKOB ((PoTo-
T1aba. 1 (4)). IlonpobHOEe M3yyeHUE BTUX PEIPO-
MYKTUBHBIX OPTaHOB TIPEICTABISECT BaXXHYIO 3amady
OyIyIINX WCCIeTOBAaHUIA.

[ToMuMO TepeYnCIeHABIX XBOIIEBUIHBIX, B
KOJIJIEKIIMM €CTh OCTAaTOK ITo0era XBOIIEBUIHOTO,
OTHECEHHOro K Buny Paracalamitina striata Zalessky
emend. Naugolnykh (dototabn. 2 (I, 3, 4, 6)). Ha
¢parmMeHTe 1mobera B pa3HOM CTENEHU COXPaHWINCh
AT MEXIOY3IUI 1 9eThIpe y37a. MexXmaoy3aus 1mo-
KPBITHI TTIOCKMMH TIPOIOJIEHBIMU pebpamu. B cpemamx
YacTsIX HEKOTOPbIX MTPOAOJbHBIX pebep HabonaeTcs
TOHKMU MPOJOJILHBIN KeJT000K, CKOpee BCEro, COOT-
BETCTBYIOIINI IeOpMalii PaCTUTETBHBIX TKaHel
HaJ BaJUIEKYyJIsIpHBIM KaHajaoM. IIpomonbHbie pebpa
MIPOXOMSIT Yepe3 y3Ibl TIpsIMO, 0e3 depeaoBaHmsI, T.¢.
HaxXomsITCA B IOKCTAINlO3WIWK. Y3JIOBasg JUHUS OT-
YeTINBasi, HeCeT OKPYIJIbIe JTUCTOBBIC PYOIIbI, YMCIIO
KOTOPBIX COOTBETCTBYET UMCITY TPOIOJNBHBIX pedep.
B 11eHTpabHBIX YaCTIX HEKOTOPBIX JINCTOBBIX PYOIIOB
HabJr01aeTCsl MaJeHbKUM TOU€UHBINM PyOUMK, COOTBET-
CTBYIOIINI BBIXOAY IMPOBOASIINX TKAHEH.

Ha moBepxHOCTM MeXIOY3/IMii 3TOro mobera
HaAOIOMAOTCA OKPYTJI0-OBajlbHEIE 00pa3oBaHUS
(puc. 2), mo Bceit BUAMMOCTH, 3TO OCTaTKU SeKIa-

Puc. 2. TloGer xBoweBuaHoro Paracalamitina cf. striata Zalessky

emend. Naug. ¢ mpeamojiaraeMbIMU SIAIIEKITIaAKaMU CTPEKO3,

9k3. M3 B® 14743. CneBa — rpaduueckoe aemmdpupoBaHue

Mopdooruu mobera; crpaBa — MPOPUCOBKa. JTMHa MacITaGHOM
JuHedku | cm

JTOK KaKOTO-TO HaCEKOMOTO, CKOpee BCETO, CTPEKO3bI
(puc. 3). CxonHble sIiAlleKIaaKU U3BECTHBI U3 HUX-
HEIMEePMCKIX OTJIOKEHUI 3TOro pernoHa [BacuieHnko,
Hayronbubix, 2011; Hayroasubix, 2016]. BepositHo,
MPOU3paCTABIINE B BOAE B ITOJIYITOIPY:KEHHOM COCTOSI-
HUU KPYITHBIE TOOETW TTapaKaJaMUTOB U TTapaKaJaMU-
TWH OBUIV ONTUMAJIBHBIM MECTOM JIJTSI OTKJIaJbIBAHUST
UL CTPEKO3aMU. DTU YCJIOBUS TapaHTUPOBAIN, YTO
IUIEKJIaJKN He OymyT HOCTYIMHBI KaKUM-JTUOO Ha-
3eMHBIM XMIIHUKaM. fifllekiiagku Ha 1mobere BoOp-
KYTMHCKO# TapaKaJJaMUTUHBI 00pa3yIOT CKOTIJICHUSI,
COOTBETCTBYIOIIIME IBYM Pa3HbIM pa3MepPHBIM KilaccaM
(Gonee XKpynmHbBIE — OKOJIO 7 MM IO MAaKCHMMAaJIbHOMY
M3MEPEHMIO, a TAKKEe MEJIKUe — 3—4 MM IO MaKCH-
MaJIbHOMY M3MepeHUI0). Buanmo, 3T Siilexkmagku
ObUIM OCTaBJIEHBI CTPEKO3aMU ABYX Pa3HBIX BUJIOB W,
BO3MOXHO, B pa3HOE BPeMSI, TIOCKOJIBKY PACTUTEILHbBIC
TKaHU, OKpYXKalollye 0ojee KpYIHbIE SUIEKIAIKH,
HayaJil BOCCTAHABJIMBAThCS.

Bupn, Paracalamitina striata Zalessky emend. Nau-
golnykh majeo00TaHUKM M3yJaloT yXKe JaBHO, IT03TOMY
ceifyac M3BECTHBI MHOTHE JETaIl €ro CTPOSHUSI, UTO
MTO3BOJIMJIO TIPOMOLIMPOBATh 3TOT TAKCOH JI0 €CTECT-
BeHHOTo OoTaHn4eckoro craryca [Naugolnykh, 2002].
XBOILLEBUIHBIE STOTO BUAA, a TAKXKE MX OIMKaMIIMe
POACTBEHHUKU M3 cemelicTBa yepHoBueBbIX (Tcher-
noviaceae S.Meyen) o4eHb BaXXHBI C 3BOJIIOLMOHHON

TOYKMN 3PC€HUA, ITOCKOJIbKY MMCHHO MX MOXHO pacC-
CMATpMUBaTh B KAa4Y€CTBE ITPAMBIX ITPCIAKOB ceMelcTBa

Puc. 3. TwranTckasi miepMcKasl CTpeKo3a-MeraHeBpuna Arctotypus
sylvaensis Martynov ¢opMUpyeT SeKIaaKu Ha 1mobere KpyImHOTO
XBOIIEBUIHOTO. JIyTMHAa MacIITaOHOI JIMHEWKN 1 cM
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®otoTabs. 1. PactutenbHble OCTaTKM M3 MecTOHaxoxneHusi Bopkyra-1: I — Annulina neuburgiana (Radczenko) Neuburg, naucrosas

myToBKa; 2 — Paracalamites sp., mober, COXpaHUBIIUICS B CJIOoe CYOBepTUKAIBHO, in situ; 3 — Paracalamites aff. frigidus Neuburg, nBa

nobera, COXpaHUBILUECS B CJIO€ BEPTUKAILHO, in situ; 4 — Tchernovia sp., CHOPOHOIIIEHUE XBOIIEBUIHOTO, COCTOSIIEE M3 TPeX (hepTiib-

HBIX 30H, MOCJIEI0BATEbHO PACTIONIOXKEHHBIX OJHA HAJ IPYTOi U pa3neIeHHbIX MyTOBKAMU CTEPWIBHBIX JINCThEB; 5 — Paracalamites sp.,
O0eT, COXpaHUBIIUICS B CJIO€ CYyOBEPTUKAIBHO, in situ. JInuHa macuitabHol tuHeliku 1 cm
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®otoTabn 2. PacturenbHble octaTku M3 MecToHaxoxneHusi Bopkyra-1: 1, 3, 4, 6 — Paracalamitina cf. striata Zalessky emend. Nau-

golnykh, sx3. M3 B® 14743; noGer XBOILIEBUIHOTO C SIMLIEKIaIKaMK, OCTaBJIeHHbIMU HacekoMbiMU (Odonata; siilieKiIaaKy OTMeUeHbI

cTpenkamn); 2, 5 — Paracalamites decoratus (Eichwald) Zalessky, ax3. M3 B® 14740; 6a3anbHast 4acTb KPYIHOTO MOGETra XBOIIEBUIHOTO.
JmuHa macuitTabHol uHelku 1 cm
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®orotabn. 3. PacTurenbHble OCTaTKM U3 MecTOHaxoxneHuss Bopkyra-1: I — Pecopteris anthriscifolia (Goeppert) Zalessky, 3x3. M3

B® 14744; cpeaHsisi 4yacTh Bail ¢ IBYMSI COXPAHUBIIMMUCS TIepbsIMU TTociienHero nopsiaka; 2 — P. cf. leptophylla Bunbury, k3. M3

B® 14741; cpenHsisi yacTh Baiiu (mepo mpearnocieaHero nopsiaka); 3 — P. helenaeana Zalessky, 5k3. M3 B® 14738; nBa cTepUIbHBIX

MephlilKa (CerMEeHTHI mocieaHero mopsinaka); 4 — Rufloria sp., 5x3. M3 B® 14745; dparMeHT JIaHLIETOBUAHOTO JINCTA TOJIOCEMEHHOTO

ropsizika BoitHOBCKUEBHIX (Vojnovskyales); 5 — Pecopteris anthriscifolia (Goeppert) Zalessky, 3x3. M3 B® 14739; npuanukanbHas 4acTb
Baiin. [limHa mMacitabHoOM uHelku 1 cMm
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®otoTabin. 4. PacTurenbHble OCTaTKU U3 MecTOHaXoXxaeHus1 Bopkyra-1: I — Annulina neuburgiana (Radczenko) Neuburg, sx3. M3 BO

14746; dacTth OOGJUCTBEHHOTO Mobera; 2 — nucT ruHkrodura (?), sk3. M3 BD 14747; 3 — Pecopteris anthriscifolia (Goeppert) Zalessky,

9k3. M3 B®D 14748; cpenHss yacTh KPYITHOI Bailu ¢ TpeMsi IopsiikaMu cerMeHTtauuu; 4 — P. anthriscifolia (Goeppert) Zalessky, cTpoeHue
Tiepa ToceHeTo Topsiaka 3K3eMmIuisipa (3). Jnunaa maciirabHoit tuHeiikn 1 cm
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Equisetaceae [Naugolnykh, 2002, 2009; HayroabHbIX,
2004; Escapa, Cuneo, 2005; Cuneo, Escapa, 2006;
Yang et al., 2011; Singh et al., 2011]. Hecmotpst Ha TO
YTO B COBpeMeHHOU (ope cemeiictBo Equisetaceae
MpenCcTaBIeHO eIUHCTBEHHbIM poaoM FEgquisetum L.,
OHO OYEHb BaXXHO IS paCCMOTPEHUST OOIIMX 3BO-
JTIOIIMOHHBIX TPEHAOB M TEHAEHIINI (HarpuMep, Tpo-
IIeCCOB 00Pa30BaHMSI METAMEPOB Y BHICIIINX paCTEHUIH
WJTH TIPOLIECCOB OJIUTOMEPHU3AINN), TO3TOMY OCTATKHI
BOPKYTHHCKWX XBOIIIEBUAHBIX B My3ee 3eMIIeBeICHHS
MTI'Y umenu M.B. JloMmoHOCOBa MOTYT BBIMOJHSTh
HE TOJIBKO 3KCIO3UIIMOHHYIO, HO U TUIAKTUIECKYIO
dyHKIIHUIO.

Bropas rpymma mo KOJW4YeCTBY OCTAaTKOB B W3-
VUeHHOU KOJUIEKIIMA — TAMOpOoTHUKHM. Cpean HUX
€CTh KaK TPEIITOJIOXUATEILHO JIENTOCTIOpAaHTHATHEIE
(ckopee Bcero, rieiixeHueBbie) Pecopteris anthriscifolia
(Goeppert) Zalessky, P. cf. leptophylla Bunbury, Tak
u sycnopanruatriele (P. helenaeana Zalessky). Ilon-
poOHee BOMPOCH CHUCTEMATHMKH W HOMEHKIIATYPHI
nepMCcKUX MmanopoTHUKoOB Ileyopckoro GacceifHa
ocBellleHBl B pabotax [@Pedwunosa, 1973; Naugol-
nykh, 2013]. TlpunagnexHocts Buna P. helenaeana
K 3YCIIOpaHTUATHBIM ITATTOPOTHUKAM TOKa3bIBACTCS
oOHapy:XeHMeM CHHAHTHATHBIX CITOPOHOIIECHWI Ha
€TO0 TIePHIIIKax (MaTeprajl TOTOBUTCS K ITyOJIMKALIN).

l'ooceMeHHBIE B UMETOIIIEHCST BRIOOPKE HEe OUYeHb
pa3HooOpa3Hbl. B OCHOBHOM OHM MpUHaJIeXaT POy
Rufloria S.Meyen, mnpencTaBieHHOMY B KOJUIEKIIUU
JIAHIIETOBUIHBIMH JIUCTHSIMH, COXPAHUBIIUMUCS B
paziauuHoii creneHu (potorabi. 3 (4)). B Konnekuuu
TaKXe eCThb M eAMHCTBEHHBIN OCTaTOK, TIPEIITOIOXKM -
TeJIbHO IpUHAJIeXaBIIUi rThiHKTro¢uty (porortadn. 4
(2)). OH mpencTaBlieH IUIOXO COXPAHUBIIUMCS JIH-
CcTOM, MOPGOJOTUUYECKN HAITTOMHHAIOIINM JIACThS
pona Sphenobaiera Florin.

JlampHelIe nccaeqoBaHus Male000TaHTIECKOM
KOJIICKIIMA PACTUTEIBHBIX OCTATKOB M3 MECTOHa-
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B.O. asbiaosa', B.JI. Illepoakos’, I1.10. ILieyos’

OHEHKW BPEMEHN CMEHIEHUA MAI'M B CUCTEME BYJIKAHA
BE3BIMAHHBIN (KAMYATKA) 110 JAHHBIM JNUO®PY3INOHHOU

XPOHOMETPUN*

BHeapeHne KOHTPAcTHOW IO COCTAaBy MarMbl B MarMaTMYE€CKWI OYar 4acTo CIY>XKWUT
TPUTTEPOM U3BEPKEHUI OCTPOBOMYKHBIX ByJIKaHOB. M crionb3oBaHue Metoaa nudGy3noHHON
XPOHOMETPUHM TTO3BOJIWIIO OTPEIEIUTh BPeMs TOCTYIICHUsI CBEXXUX TMOPILWI MarMbl B TIPU-
ITOBEPXHOCTHBIN oyar ByJKaHa Be3bIMIHHBIN [T 1ecTH n3BepxkeHuit B 2006—2012 rr. u co-
MOCTaBUTh UX C 3aMKCUPOBAHHBIMU 3MU30JaMU aKTUBHOCTU BYyJIKaHa. BeinesneHo aBa Tvma
MU3BEpPXKEeHUT ByJIKaHa be3bIMSIHHBIN, KOHTpacTHast KaiiMa OpTOMMPOKCEHA B KOTOPBIX HAYMHAET
¢GopMHUPOBATHECS B IIEPUOMALL: a) A0 3 JIeT A0 Havyajia u3BepKeHUs 1 0) 10 2 MecsIIIeB 10 Havyaja
usBepxxeHus. [lokazaHo, YTO 3TU pas3anyusl OOYCIOBICHBI AByMS Pa3IMYHBIMM MeXaHU3MaMu
MOAMUTKUA MPUMOBEPXHOCTHOTO OYara ByJKaHa be3bIMsHHBIM.

Knrouesvie crosa: cMmelieHre MarMm, 30HAJIBHOCTh MUHEPAIOB, MUPOKCEHBI, Auddy3us,
nuddy3roHHasT XpOHOMETpUSI, ByJKaH Be3bIMsSHHBIN.

Zoned crystals record changes in magma evolution, such as injection of mafic magma
into a shallow magma chamber, which often triggered to eruption of arc volcanoes. We applied
diffusion chronometry for reverse zoned crystals of orthopyroxene from 6 eruptions of Bezy-
mianny volcano during 2006—2012 years and showed correlation between time of injection of
new magma and recorded seismicity. We descripted two type of Bezymianny volcano eruptions,
which driven by different trigger mechanisms: 1) orthopyroxene rims formed during up to 3 years
previous to eruption; 2) orthopyroxene rims formed during 0—2 months previous to eruption.

Key words: magma mixing, crystal zoning, diffusion, pyroxene, diffusion chronometry,

Bezymianny volcano.

Bgenenune. M3BepkeHUsI OCTPOBOAYXKHBIX BYJIKa-
HOB 4acToO MPEeABAPSIOTCS MOCTYIIEHUEM B MUTAIOLLMIA
U3BEPXKEHUST MAarMaTUYECKMI oyar IOpLUM CBEXEH,
Oosiee Topsiueit M/uau (IIONAOHACBIIIEHHONW MarMbl
[Eichelberger, 1980; Murphy et al., 2000]. Baumoneii-
CTBME MarMm MPUBOAUT K YBEJTMUEHUIO JABJICHWS B OUa-
re, MHTEHCUBHOMY TNEPEMEIIMBAHUIO U TIOC/IEAYIOIEH
WHULMAIU3ALMU U3BEpXXeHUs. Bpems, mpoxonsiiee
C MOMEHTA BHEAPEHUS CBEXEW MarMbl B MarMaruue-
CKWI oyar 10 U3BEPXKEHUS, COCTABJISIET B Pa3IMYHbIX
YCJIOBUSIX OT HECKOJIBKMX THEN W Heaeab [Sparks et al.,
1977] mo Heckonbkux jer [Nakamura, 1995].

DopMmupoBaHNe KOHTPACTHOI 0OpaTHOI 30HANTb-
HOCTU BO BKpamjJe€HHMKaX OCTPOBOAYXHBIX Marm
TPaAULIMOHHO OOBSICHIETCS PE3KHMM BO3pacTaHUEM
TEMIIePaTyphl U/UIN CONepKaHMWSI BOILI B pacIuliaBe,
Hanpumep [Gerlach, Grove, 1982; IliedyoB u np.,
2008; Saunders et al., 2012]. B pe3yabrate U3MeHEHUS
5TUX MapaMeTPOB MTPOUCXOAUT YACTUYHOE OTLIABJIEHUE
KPUCTAJIJIOB M IIOCJIENYIOIIUIl POCT KaiiMbl, 00OTra-
IIEHHOW 00Jiee BBICOKOTEMIIEPATYPHBIM MUHAJIOM.

ITpucyTcTBHE 30HAIBHBIX KPUCTAUIOB B paciljlaBe Mpu
MarMaTU4YeCKUX TEMIIEPATYPHbBIX YCIOBUSIX MPUBOAUT
K 11(hPy3MOHHOMY IlepeypaBHOBEIIMBAHUIO KOMIIO-
HEHTOB, BeIyllleMy K TOMOT€HU3allMh KPUCTAJIOB.
CKOpOCTb 3TOTro mpoliecca 3aBUCUT OT 3HAUYEHUM
KoapdunueHra audaoy3un 3J1eMEHTOB B MUHEpa-
Jie, TpaJuMeHTa coAepXaHUsl, PU3NUECKUX pa3MepoB
3epeH. Bpems, HeoOxomuMoe OJisI BbIpaBHUBaHUS
XUMMYECKOTO COCTaBa Pa3jIMYHbIX 30H KPUCTAJUIOB,
BapbUpYyeT OT HECKOJBKHUX YaCOB 10 MUJIJTUAPIOB JIET.
OcCTpOBONYXHbIE BYJIKAHUTBI COAEPXKAT 30HAJIbHbBIE
KPUCTAJLJIbI C YACTUYHO MePEeypaBHOBEIIEHHBIMU 30-
HaMU KOHTPACTHOTO COCTaBa, YTO MO3BOJISIET OLIEHUTD
BPEMEHHOI MHTEPBaJI OT COOBITUSI, C(DOPMHUPOBABILETO
KOHTPACTHYIO 30HAJIbHOCTb, JO M3BEPXKEHUS IyTEM
MOJIEIMPOBAHUSI UCTOPUM 3BOIOLIMU AU HY3MOHHBIX
npocduieit [Costa et al., 2003; Saunders et al., 2012].

Bynkan Bbe3bIMSIHHBIN pacIioioXeH B LIEHTPaslb-
Holi yactu Ki1roueBCKOM IpymIibl BYJKAHOB, 3TO OJUH
U3 Hauboyiee aKTUBHBIX OCTPOBOAYXXHBIX BYJIKAHOB
Mupa. Ha npoTsokeHuu nociaeaHux AeCITUAETUMN List

! MocKoBCKHIT rocynapcTBeHHbIil yHUBepcuTeT uMeHr M.B. JlomoHocoBa, reomormueckuii dakyipreT, Kadempa METPOIOTHH,

acCUCTeHT; e-mail: vestadav@gmail.com

2 MoCKOBCKHUi TOCYIapCTBEHHbIN yHuBepcuteT uMeH M.B. JIoMOHOCOBA, TeoIOrHuecKuil (hakyJbTeT, Kadeapa MeTpoiIorui, Cr.

Hay4. C., KaH[l. TeoJI.-MUHepaJl. H.; e-mail: vasiliy7@gmail.com

3 MockoBcKHii rocyIapCcTBeHHBI yHUBepcuTeT uMeHu M.B. JlomoHocoBa, reosormueckuii (hakyibTeT, Kadenpa MeTpoJIOTUH,
npodeccop, TOKT. Teoj.-MuHepall. H.; MuHepanorndeckuii Mmyseit umeHu A.E. ®epcmana PAH, nupekrop; e-mail: pplechov@gmail.com
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BYJIKaHa XapakKTepHbl peryisipHble (1—2 pasza B rof,
C peIKMMHU IiepepbiBaMM Ha 2—4 ropa) 5KCIIO3WB-
Hble u3BepxkeHus [Girina et al., 2013; West, 2013].
Marmatrdeckasi CUCTeMa BIIK Be3bIMSTHHBIN MHOTO-
YPOBHEBAsS M COACPKUT KaK MHHUMYM IBa KOPOBBIX
ouara [Ilep6akos, IlmeyoB, 2010; Shcherbakov et
al., 2011; Turner et al., 2013; TaBbiaoBa u ap., 2017].
Perynsiprasg momnmmTKa TPHUITOBEPXHOCTHOTO oOdYara
TTOPLUMSME 00Jiee TOPsTYE W HACHITIICHHON JIETYyYNUMU
KOMITOHEHTAaMU MarMbl — OIWH M3 HanboJjiee BEPOSIT-
HBIX MEXaHM3MOB MHUIIMAIIAY U3BEPKeHWI, OHA TTOM-
JIepK1BaeT OTHOCUTENIbHO CTAOWUJIbHYIO TeMIIEpaTypy B
npumnoBepxHocTHOM ovare (940—980 °C [[daBbiioBa 1
np., 2017]), uro cnocobCcTBYeT MpoTeKaHuto aAuddy-
3MOHHBIX TTPOLIECCOB BIJIOTH 10 Hayaja U3BEPKEHUS.
CoBpeMeHHBIE TIPOAYKTH M3BEPXKEHUI comepxKaT
MHOTOYMCJICHHBIC CIeABI CMEIIeH!Us] MarM — Madu-
YeCKHe U JIEMKOKPATOBBIC BKITIOUEHMST, KCEHOKPYCTBI
U3 HEPAaBHOBECHBIX MapareHe31McoB, pe3Kasi oopaTHas
30HAJILHOCTh (pUC. 1), TUTMYHAS ]I BKparuIeHHUKOB
[Shcherbakov et al., 2011; Turner et al., 2013; JlaBbI-
nmoBa u ap., 2017], 94To mo3BOJISIET U3yYaTh Pa3IMIHbIC
acTeKThl B3aWMMOIEMCTBHS MarM B MarMaTH4ecKoit
cUCTEME.

OOparHasi 30HaJlbHOCTb, MapKMpylollask u3Me-
HEHWEe YCIOBUM B MAarMaTMYECKOM ouare, IposBiIcHa
y BCEX MOPOI00OPa3yIOLIMX MUHEPATOB 3PYNTUBHBIX
MIPOAYKTOB BJIK be3bIMSHHEIN (TUTarMoOKIa3, OPTOIH-
poKceH, KinHonupokceH). [ToBeneHune Hanbosiee pac-
MPOCTPAHEHHOTO U3 HUX — TIJIarMoKJia3a — MOoAPOOHO
paccmoTrpeHo B pabore [Shcherbakov et al., 2011],
HIKE TIPUBOASTCST PE3ybTAaThl N3YUSHNS KPUCTAIIIIOB
OPTONUPOKCEHA — BTOPOTO IO pacpOCTPaHEHHOCTHU
MUHepajia B 3TUX MOPOJaXx.

Marepuajibl 1 MeTOAbI UccaenoBanus. [lempoepa-
¢usa. TTupokiacTuueckre OTJIOXEeHUS paccMaTprBae-
MBIX U3BEPKEHMI CITOXKEHBI TTOPUCTBIMU ABYITHPOKCE-
HOBBIMU aHne3nbazansramu (55,8—56,7 macc.% Si0,,).
Bxkparmenauku (okono 30—45 06.%) nipencTraBieHb
pe3KO IpeolIafarIunM IUIATHOKIA30M (Any;_g3),
opTONUpPOKCeHOM (Mg#¢,4 ¢;), KIMHOMUPOKCEHOM
(Mg#55_g7), TATAHOMATrHETUTOM, PEAIKUMHU PEIUKTAMU
amduboIia ¥ 0MBUHA. MUKPOJIUTHI OCHOBHOM MaccChl
(rmnarmokias, OpTo- U KJIMHOMUPOKCEH, TUTAHOMAT-
HETUT, peaKue KPHMCTAJIBI araTuTa) TOTPYXKEHBI B
CTEKJI0 pUOJMTOBOrO cocTana [[daBbinoBa u ap., 2017].

IToponbl, 6JU3KUE MO XUMUYECKOMY COCTaBy B
npenesax OAHOTO M3BEPXKEHUs, HECKOJIbKO OTJIHUYa-
IOTCST OT M3BEPXKEHUS K M3BEPXKEHHIO XapaKTepOM
30HAJTLHOCTA MWHEPAJIOB-BKPATUICHHUKOB M CTPYK-
Typoil oCHOBHOU Macchl. COCTaB CTEKOJ] OCHOBHOM
Macchbl (OpMUpPYeT YeTKWUU TPeHI M3MEHEHUsS CO-
IepKaHWS TIETPOTCHHBIX 3JIEMEHTOB OT M3BEPXKECHUS
K M3BEPXKEHMIO, OTHAKO OH HEe 3aBUCUT JIMHEMHO OT
BpeMeHH (pHUC. 2) WA KPUCTATIMIYHOCTH OCHOBHOM
Macchbl, HanmpuMep, HauboJjiee CTeKJIoBaTass OCHOBHAS
Macca OTMeuUeHa y TMPOJAYKTOB M3BEPXKEHMSI B JieKa-
6pe 2009 r., Torma TaK MPOAYKTHI n3BepxkeHmit 2006
u 2010 r., Ha 3TOM TPEHIE PACIIOJOXKECHHEIE OT HETO

C pa3HBIX CTOPOH, 00J1aAaI0T IPUMEPHO OIMHAKOBOI
KPUCTAJUIMIHOCTBIO.

st BKpalIeHHUKOB TUIarMOKJia3a HamboJiee
XapaKTepHa CJIOXHAsI 30HAJILHOCTb, COCTOSIIAS U3
MOCJIEIOBATEIbHO CMEHSIOIINXCS 30H: SIIPO C OCIIMII-
JISLIMOHHOM 30HAJIbHOCThIO—30HA Pe30pOIU—HOp-
MajibHasl 30HAJbHOCThb—OCLMJIISLIMOHHAS 30HaJb-
HocTh [Shcherbakov et al., 2011].

OpTONMUPOKCEH U KIMHOIMPOKCEH B aHe3uba-
3aJIbTaX COBPEMEHHBIX U3BEPKEHUIA PaCIIpPOCTPAHEHbI
KaK cpelu BKPAIJICHHUKOB, TaK U B MUKPOJUTAX
OCHOBHOI Macchl U (DOPMUPYIOT CYOUAUOMOPDHBIE
KPUCTAJUTBI pa3MepoM OT 5 MKM 10 ~1 MM, BCTpe-
YapIMUecs B CPOCTKAX C IJIarMOKIAa30M M TUTAHO-
MarHeTUTOM U B BHJE BKJIIOUEHWI B IUIATMOKJIA3E.
3HauuTeIbHAs YacTh KPUCTAJUIOB KaK OpPTO-, TaK U
KJIMHOIIMPOKCEHA TOMOT€HHAsI MM o0yamaeT cjiabo
BBIPAXKEHHOI HOPMAaJIbHOI 30HAJIBHOCTBIO, OCTAJIbHbBIC
MOXHO pa3ie/INTh Ha TPYIIILI, XapaKTepU3yoIecs
CIIEAYIOIIMY YepTaMU: TOMOT€HHbIE BKPaIJICHHUKUI
C BBICOKOMAarHe3MaJbHON KaWMOi, 9acTo o0iama-
olIeil ¢1ado BBIPpaXKEHHOW COOCTBEHHOU CJIOXKHON

4

! 1 1 1 J
-1 -0,5 0 0,5 1 L5
Paccrosnue ot nenTpa npoduns, MkM

Puc. 1. ®oTo BKpalieHHMKa OPTOIMMMPOKCEHa ¢ oOpaTHOM 30-
HasbHOCTBIO. O6pazer; BZ-10-4, ¢poTo B oTpaxkeHHBIX 3JIEKTPOHAX
BBEpXy; OeJsible JJMHUWM — HaIpaBJeHHUs], TI0 KOTOPBIM IMOCTPOEH
npoduib (a), U ¢ MOMOLLBIO NporpaMmbl Imagel] anmpokcuMupo-
BaHHBII B iporpamMme DataFit mpoduis (6) mo imHuM a (Ha hoTo)
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30HAJIbHOCTBIO; MarHe3uaabHOE AP0 C HOPMaJIbHOM
30HAJILHOCTBIO, PE3KO TepeEXoisiiee K MarHe3uaabHOM
KaiiMe; sigpa co ci1aboil MSITHUCTOW 30HAJIbHOCTHIO,
OKPYXEHHBIE TPAKTUYECKU TOMOTEHHOM KaWMOu
JIM00 KaliMo¥ co c1ab0ii HOPMAaJIbHOUM 30HAJIBHOCTEIO.
B kpaeBbIX yacTSIX MOXET HAOIIOAAThCS PE3KOE TTOBbI-
1IeHWe MarHe3uaJlbHOCTM — 4YacTO BCTpevaroliecs
3epHa opronupokceHa (Mg#~0,66+0,72), obpacraro-
mue KamHompokceHoMm (Mg#~0,78+0,85).

Takum o6pa3oMm, TIpaKTUYECKH BO BCEX THUITAX
KPUCTAJOB OTMEYaeTcsl Hajluyuhe KailiM C TOBbI-
ILIEHHOW OTHOCHUTEJbHO LIEHTPAJIbHON YacTU 3epeH
MarHe3uajbHOCTbIO, UTO TTO3BOJISIET BOCMOJIB30BAThCS
MeTooM Iuddy3noHHoM XpoHoMeTpuu. ITogoOHbIe
KPHUCTAJUTBI OPTOTIMPOKCEHA B IMPOAYKTAX PA3TMIHBIX
U3BEPXKEHUI JOBOJIBHO OJM3KHU MO COCTaBy — MarHe-
3MaJIbHOCTh IIEHTPAIbHBIX YacTell BapbUpyeT B IMa-
ma3oHe Mg# 64—71, kpaeBbix — Mg# 70—76.

Hns vccnenoBanus auddy3UOHHBIX Mpoduieit
B KpUCTaJIaX OPTONMMPOKCEHA ObUIM BbIOpaHbI 00-
pasibl 1mecTr usBepxeHuii: 24.12.2006, 19.09.2008,
16.12.2009, 31.05.2010, 08.03.2012 u 01.09.2012.
Bce o6pa3ibl mpeacTaBiasaioT coboil aHae3nda3anbThl
CBEXUX M3BEepPKEHMI, OTOOpaHHBIE M3 KPYITHBIX I0BE-
HUJIbHBIX OJI0KOB B TTEPUO/T OT HECKOJIBKMX MECSLIEB 0
noJyiyroaa nocje u3pepxxeHusi. Obpasiibl U3BEPXKEHUI
2009 u 2010 rr. mpegocraBiaeHsl M.B. MepkynoBoii
(Yauepcuret I'peno6nst), 01.09.2012 — O.A. I'mpu-
Hoit (MBuC IBO PAH).

Meton nuddy3MOHHONH XPOHOMETPUN OCHOBAH
Ha TOM, YTO TP TEMIIePATYPHBIX YCIOBUSIX MarMaTH-
YECKHMX 04aroB B KpUCTa/UIaX MPOUCXOJUT CAMOITPOU3-
BOJIEHOE BEIpaBHMBaHWE KOHLIEHTPAITNYA XUMUIECKIX
3JIEMEHTOB B pa3IMuHbIX 30Hax. CkopocTb nuddy3un
pa3HbIX KOMIIOHEHTOB HEOJMHAKOBA, YTO MO3BOJISIET
MOJIEIUPOBATh MPOLECCHI, TPOUCXOAUBILINE B LLIMPO-
KOM BpeMeHHOM auara3zoHe [Saunders et al., 2012].

CaO
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3HaunMas IJIT COBPEMEHHBIX BYJKAHWUYECKMX
MpPOLIECCOB CKOPOCTh AUPPY3Ur B OPTONMHUPOKCEHE
xapakTepHa s mnapsl Fe—Mg, nuddysusa Al u Ti
MelJIeHHee Ha HEeCKOJIBKO TMOPSIIKOB, U MPOGUIN UX
COJepXaHUI TIPAKTUYECKM HE MCIBITBIBAIOT ITUd-
¢dysnonHoro criaxuBanus [Cherniak, Dimanov,
2010]. Ucxonsg w3 mOpeArioioXKeHUs, YTO B MOMEHT
(dopMUpOBaHUS KOHTPACTHOM KaiiMBI ABE 30HBI NME-
JIN TIOCTOSIHHBIM COCTaB M Pe3Kylo IpaHully, ¢opma
CIJIaXKEHHOTO TTPOUIISl 3aBUCUT OT BPEMEHU COTJIACHO
crnenyiomeMy ypaBHeHuio [Crank, 1975]:

(O ),
(G -Gy

= 0,5erfc ( X))
2\/Dil‘)

IIe X — PaccTosiHUe OT lieHTpa mpoduns, m; D, —
koadduument nbdysuu, m>/c; t — Bpems, ¢; C —
Mg#=(Mg/(Mg+Fe?*)'100), ar.%.

DT0 ypaBHEHUE JIETKO IIpeobpa3yeTcsl B ypaBHe-
HHUE BUIA:

X

2N Dt

rae u3BectHol 3HaueHust C; u C, (puc. 1), x — pac-
CTOSIHUE OT LieHTpa npoduns, C; — 3HaYeHUe MarHe-
3MaJIbHOCTHU B Touke X. [IpoBeaeHue perpecCHOHHOTO
aHanu3a (HaMy HCIIOJb30BaH MPOrpPaMMHbII KOM-
mwieke DataFit) mo3BosisieT mMoay4uTh 3HaYe€HUE MPo-
usBeneuust Dit, tne D; = Dyexp(—E,/RT) [Schwandt
et al., 1998]. 3HaueHus KoapduieHToB AUhGy3Un
(D) v sHeprum akTUBalVK (£,) pacCUUTaHbI 1151 KPY-
CTaJIJIOB OPTONMPOKCEHa pa3Horo cocrasa [Schwandt
et al., 1998]. Temneparypa B MarMaTM4eckKoM odare,
HeobOxomuMasi I pacyeTta KoadgduuneHra 1uddy3nn
(D;= Dyexp(—E,/RT)), B3saTa u3 pabotsl [laBeigoBa
u ap., 2017].
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Puc. 2. Juarpammsr SiO,—CaO u SiO,—K,0 n1s1 ctekosn 0oCHOBHOI Macchl
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s mpoBeneHNsT OeTaTbHOTO TTPOPUINPOBAHMS
KPHUCTAJUIOB OPTONMMPOKCEHA Mo coiepxXanuio Fe u
Mg Hamu ObIJIa MCITOIb30BaHa TIPsIMasT 3aBUCHMOCTh
SIPKOCTH OPTONMPOKCEHA Ha M300paXeHUSIX B OT-
pakeHHBIX 3JEKTPOHAX M €T0 MarHe3MaJbHOCTU TI0
METOAVKE, onrcaHHoi B pabore [Chamberlain et al.,
2014]. TTpsimast 3aBUCUMOCTb SIPKOCTU M300pakeHust
B OTPaXEHHBIX 2JIEKTPOHAX OT MarHe3WaJbHOCTHU
OpPTONHMPOKCEHA ITO3BOJISICT MOJy4YaTh JeTaTbHBIE
MpOoGWIN COMepKaHWS 3HCTATUTOBOTO MWHAaja Ha
OCHOBE HECKOJBKMX MHWKPO3OHIOBEIX W3MEpEeHUI
cocTaBa B KaXXIOM M3ydaeMoM 3epHe. JIJIst 3TOTo BBI-
OpaHHbIe 3epHa cpoTorpadupoBaHbI MPU MEATICHHOMN
CKOPOCTH pa3BePTKH pacTpa M pa3pellieHN He MeHee
1280x960 muKkcesneil Ha CKAHUPYIOILIEM 3JIEKTPOHHOM
MUKPOCKOTIe W TIPpOaHaJM3UPOBAHBI B ABYX-TpeX
TOYKaXx.

Ha wu3oOpaxeHum Kpucrajajiia B OTPaKe€HHBIX
3JIEKTPOHAX B TOYKaX aHajIM3a ObLIa ompeneiieHa
SIPKOCTh 1O IIKajJe WHTEHCHUBHOCTH CEpPOTO IIPHU
nomoluu mnporpammbl Imagel] [Abramoff et al.,
2004]. fApkocTh M300paxKeHUs OTKaJIMOpOBaHA OT-
HOCUTEJTbHO MarHe3MaJbHOCTHU Tiepel TOCTPOCHUEM
npoduisi HenmocpeaCcTBEHHO B mporpamme Imagel.
B BBEIOpaHHBIX HampaBIeHUSX C BHYTPEHHEH CTOPO-
HBl MarHEe3WaJbHON KaliMBI TTOCTPOEHBI TTPOQUIIH,
TIepIeHANKYISPHBIC TPAaHUIIE KOHTPACTHBIX 30H. JIIst
aHM30TPOITHBIX KPUCTAIIOB (K KOTOPHIM OTHOCUTCS
opTonupokceH) auddys3usi Mo pa3HbIM Halpabiie-
HUSIM TIpOTEKaeT C pa3HOl CKOPOCThIO, W OIleHKa
€€ CKOpPOCTHM TIO MPOM3BOJBHEIM pa3pe3aM MOKET
MMPUBECTH K 3HAYMMOMY HMCKaXXEHWIO Pe3yIbTaTOB.
s MUHUMU3AIUKA HEM30€XXHOM IMOTPEeITHOCTH
HaMM BBIOpaHBbI pa3pesbl, 0JM3KHE K IIOCKOCTHU
[001] (meprnieHOAUKYASIpHBIE YIJIUHEHUIO KpUCTalia,
C ABYMS BUAWMBIMHM HAIIpaBICHUSAMH CITATHOCTH
oA, YoM OKoJjio 87°), M IIsT Kaxa0ro 3epHa — IIO
BO3MOXHOCTH — ITIOCTPOCHBI ABa MPOGWIS B Tep-
TIEHAUKYJISIPHBIX HaTIpaBJIeHUSIX (TTapajijIeIbHO OCIM
au b, puc. 1).

[nsg wHTepIpeTalluy BBIOPAaHBI KPUCTAJIJIBI, B
KOTOPBIX OJIM3KO0 COBITAIAIN OLIEHKN BpeMeHU T dy-
3UU, TTOJTy9IeHHBIE Ha OCHOBE IBYX MePITCHINKYIISIPHBIX
HampaBJIeHUI, N3 HUX OTOOpaHbl HauMEeHbIIIee 3HaJe-
HHE U3 ABYX MOJyYeHHBIX (OTKJIIOHEHHE OT TJIOCKOCTH
[001] MOXeT MPUBECTU K «PaCIOJ3aHUI0» MPOhUIs
U 3aBbIIIEHWIO BpeMeHU Auddy3un, HO HE HAa00o-
poTt). 3aTeM ToJyYeHHble TPOdUIN NepecunuTaHbl Ha
eIvHbIN KoadduureHT nuddy3un (s TeMnepaTypbl
957,63 °C — cpeaHee 3Ha4YeHME, IOJYYEHHOE IS
IMPOAYKTOB pacCMaTpUBAEMBbIX M3BEPKEHUIA).

M3yueHre cocTaBa KPHCTAJJIOB NMUPOKCEHA U
mosryaeHre ¢GoTtorpaduii B OTPAXKEHHBIX 3JEKTPO-
HaX BBITIOJTHEHO B JJaOOpaTOPHM JIOKAJTBHBIX METOIOB
HCCIIeIOBAaHMST BEIIeCTBA TE€OJOTHMYECKOTO (haKyllb-
teta MI'Y umenn M.B. JlomoHOCOBa mpu mOMOIIUA
CKaHMPYIOIIETO 3JIEKTPOHHOTO MUKpocKoma «Jeol
JSM—6480LV» coriacHO METOAMKE, OMMCAHHON B
pa6ote [HaBeimoBa u ap., 2017].

Pe3ynbTaThl MCCAeAOBAHHNA M HX OOCYXKIEHHE.
Pe3yasvmamot modeauposanus oughghysuonnvix npo-
duaeii. Hamu otobpaHo, cdoTorpadupoBaHO U
npoaHaju3upoBaHo Oosiee 150 cpe3oB KpuUCTaIoOB
u3 6 usBepxeHuii (mo 10—30 KpuCTaIOB Ha U3BEP-
JKEeHUE), OTBEYalolUX BbIOPAaHHBIM KPUTEPUSIM (Ha-
Jmure oOpaTHOM 30HAJIBHOCTH, TTEPITEHINKYIISIpHAS
VIUIMHEHWIO 3epeH OpPMEHTHPOBKA, BO3MOXHOCTH
MMPOAaHAJIM3NPOBATh COCTAB MHMHEpaja W IOCTPOUTH
mpoduim, He Tiepecekast TpEeIIWHBI U BKITIOYCHUS), B
pe3ynbTare 1mojiyaeHo oonee 80 mpodureit. B Tada. 1
MIPpUBEACHBI OLIEHKW BPEeMEHU, IIPOIIEIIIEeT0 ¢ MO-
MeHTa (hOPMUPOBAHNS BEICOKOMAarHe3MaIbHOM KaiiMBI
JI0 MOMEHTa u3BepxkeHwus, 1ist 10 KpucTaaioB opTo-
MUPOKCeHa U3 MPOAYyKTOB u3BepxkeHus 24.12.2009 r.
Kpome Toro, pacuer BBHITIOJTHEH IS KPUCTAJIOB, B
KOTOPBIX BO3MOXKHO MOCTPOSHHE TTPODIIIS TOIBKO TI0
OIHOMY HaIIpaBJICHHIO, 1 BCE TIPOMIIIH TTepeCUNTaHBI
Ha YCpeIHEHHBIH KO3(hGUIIMEHT, pACCUNTAHHBIN JUTS
Temmneparypsl 957,63 °C o MeTonnKe, IpUBEIEHHON
B pabote [Saunders et al., 2012].

Tabnuuma 1

Jlnana3zoH ycpeaHeHHBbIX 3HAYEHHil BpeMeHH ()OPMHPOBAHMS
BbICOKOMATHE3HAJIBHBIX KaiiM ISl H3BeP:KeHMil BJIK Be3bIMsAHHbIIi

Bpemst dopMupoBaHus
01-61021\;136pa M3B£§Z:HI/IH BbICOKOMArHe3uaJbHOU KaiiMbl

pasit P (IHU 1O WU3BEPKEHMS)
SKO07/13 24.12.2006 19—1100
SKO09/5 19.08.2008 23—384
BZ-10-4 16.12.2009 0—40
BZ-10-1 31.05.2010 0—60; 9—175
VK12/19b 08.03.2012 145-271
Bez-02-09-12 | 01.09.2012 22—235

Tabnuuma 2

IIpencraBuTebHbIE Pe3yJIbTATH MOAETHPOBAHNS TH()(HY3MOHHBIX
npoduieii A1 KPHUCTAIUIOB OPTONHPOKCEHA U3 MPOXYKTOB
usBep:kenus 16.12.2009

la Ib MuHuManbHOE Hara q)opI:/II/IpOBaHI/I;{
3HaYeHUe KaiiMbl
1 0.3 0 15.12.2009
11 13 11 04.12.2009
13 13 13 02.12.2009
17 27 17 28.11.2009
21 31 21 25.11.2009
22 31 22 23.11.2009
32 35 32 14.11.2009
38 39 38 08.11.2009
76 54 54 22.10.2009
95 66 66 10.10.2009

MMpumevanusa. g Kaxmoro 3epHa IPUBEIEHBI OIEHKA
BpeMeHU auddy3un (B AHSIX) MO ABYM MEPINEHINKYISIPHBIM KPHU-
crajutorpaduuecKuM HarpasieHUsIM (a v b), MUHUMaJIbHOE TIOJTy-
YeHHOE 3HaueHue U aara GopMUpPOBaHUSI BHICOKOMAarHe3uajabHOMi
KalMbl, paccunTaHHas 1o dopmyie «aara GopMUpoBaHUST KaliMBbl
= J1aTa U3BEPXEeHUsI — MUHUMaJIbHOE BpeMs nuddy3un».
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Puc. 3. YcpenHeHHbIe OLIEHKM AaT (POPMUPOBAHMS BBICOKOMArHe3UalbHBIX KaliM OPTOITMPOKCEHA U3 U3BEPXKeHUI BIK Be3bIMsIHHBIA. 3a

BpeMs OCTaHOBKY AM(dy3uK MPUHUMAJIACh JaTa NU3BEPXKEHUsI, BBIHOCSILETO N3yYeHHbIE KPUCTAJUIBI Ha TTIOBEPXHOCTh: I — KYMYJISITUBHBIC

KPUBBIE C pe3yJbTaTaMu OMpeeieHUs] BpeMeH (hOPMUPOBAHUSI KaiiM JUTsSI KaXkKIIOTO M3 LIECTU U3BEPXKEeHMIt; 2 — ceiicMuuecKast akTUB-

HOCTb ByJIKaHa Be3bIMsSHHBINM MO JaHHBIM (hakTorpaduueckoil 6a3bl JTaHHBIX «AKTUBHOCTb BylkaHOB Kamyatku». [To ocu opauHat —

YHCJIO U3BEepKEeHNI, 3a(MKCUPOBAHHBIX B MOCTpoiiKe ByiKaHa (oT 0 o 140); 3—4 — usBepxkeHMsI BIK be3bpiMssHabIN B iepuon ¢ 2004 mo

2006 r.; 3 — U3BepKEeHUS TIEPBOTO THTA; 4 — U3BEPKEHMSI BTOPOTO THIA. BepTUKaNIbHBIMU TUHUSAMKM OTMEUYEHBI U3YYeHHbIC U3BEPKEHUS
(«BBICOTa» TIO BEPTUKAJIbHOM OCH OTBeuaeT MOPSIAKOBOMY HoMepy u3BepxkeHust ¢ 2006 1. mo 9 centsiopst 2012 r.)

B pesyabTare MoaeavMpoBaHUsI MOJY4YeHbI Bpe-
MEHHbIEe Auana3oHbl (POPMUPOBAHUS BbICOKOMAr-
He3WaJNbHBIX KaliM (Tabi. 2) miasa 6 M3BepKeHWI.
ComnocTaBieHUe C JaHHBIMU CEICMUYECKOTO MOHMUTO-
puHra (Mo JaHHbIM (hakTorpacuuecKkoit 6a3bl JaHHbBIX
«AKTUBHOCTb ByJKaHOB KamuaTku») NpMBeIeHO Ha
puc. 3. CpaBHeHHE TO3BOJUIO OTMETUTh, UTO BpE-
Ms1 ¢OpMUpOBaHUS KaliM B Tpejeiax HECKOJbKUX
JIHei coBnaaaeT ¢ 3a(UMKCUPOBAHHON TOBBIIIIEHHOM
aKTUBHOCTBIO ByJIKaHa (CKeJITbIli aBUALIMOHHBIN KO,
TepMaJibHblE aHOMAJIUHU, CECMUYECKHE COOBITUS NN
HEMOCPEICTBEHHO MPEAIIeCTBYIOLINE U3BEPXKEHNSI), 3a
WCKJIIOUEHUEM TMepuoIoB, Koraa HaOMI0AeHUS 3a BJIK
be3bIMsSIHHBIN ObLIM OrpaHUYEHbl M3-3a U3BEPKEHUI
BiKk KitoueBckoil.

Bricokasi ceiicMuyeckasi akTUBHOCTh BJIK be3bi-
MSIHHBIN 3aTPYAHSIET OMHO3HAYHYIO UHTEPIPETALIUIO
MOJyYeHHBIX JAaHHBIX — OJIM3KKME JaThl (POPMUPOBAHUS
psiia BbICOKOMAarHe3uajbHbIX KailM MOTYT OTBeYaTb
Kak (OopMUPOBaHUIO KaxXJ0U KaliMbl B pe3yJbTare
OT/IEJIHOTO TEeTPOJOTMUYECKOTO COOBITUS (CMellleHue
Marm, nocTyrieHue (Jiouaa B MarMaTuueckuii ouar),
Tak U (QOPMUPOBAHUIO B XOJ€ €IUHOIO COOBITUS,
pacTsiHyTOro Bo BpeMeHM. OHaKo, BHE 3aBUCUMOCTHU
OT TUIIa COOBITUSI, aHAJIU3 TOJTYYEHHBIX PE3YJIbTaTOB
TMO3BOJISIET BbIACIUTD JIBA TUIA U3BEPXKEHUIA:

1) mpoayKThl U3BEPXKEHUST COAEPKAT KPUCTAILIBI,
BHEIIIHME BbICOKOMAarHe3ualibHble KailMbl KOTOPBIX
(hopMupoBaIrch B pa3ivyHOE BpeMsl B AUana3oHe OT
HECKOJIbKUX HEeJeNb 0 ~3 JIeT A0 U3BEepXeHUs (13-
Bepxkerusa 2006, 2008, 2012 r.). XapaKTepu3yooTcs
TUIAaBHBIMU KYMYJISITUBHBIMU KPUBBIMU pacIipesesie-

HUSA BpeMeHM (OPMUPOBAHUS KaiiM, yrojl HaKJIOHa
KOTOPBIX M3MEHSIETCS OT HECKONIbKUX TPaaycoB Ha
yIaJeHUM OT U3BEpXKeHUS 10 ~45° 1ocie maThl 13-
BEPXKEHMSI, TIPEAIIECTBYIOIIETO U3yYeHHOMY (puc. 3);

2) TIPOAYKTHI M3BEPKEHUI COmepKaT KPUCTAJUTHI,
rnoJasJsitolee OOJbIIMHCTBO KOTOPBIX XapaKTepu3yeT-
¢S BBICOKOMAarHe3naJbHBIMUA KaliMaM ¢ pUTMHUYHOMN
30HAJIBHOCTHIO, OHU (POPMUPOBANNCH B JHU Y MECSIIIBI
(0—2 Mecsilla 10 Havaja U3BEPXKEHMS), HeTmocpe.-
CTBEHHO TPEAIIECTBYIOIINE M3BEPXKEHUIO — U3BEP-
xkenue 2009 r. XapakTepusyroTcsl CyOBepTUKaTbHBIMU
(~80°) KyMyJISITUBHBIMU KPUBBIMU (puc. 3).

Iponyxrer n3Bepxenus 2010 r. comepXar Kpu-
CTaJlIbl, TIOAABJsIIONIEe OOJBIIMHCTBO M3 HUX Xa-
paKkTepu3yeTcs] BEICOKOMAarHe3MaJbHBIMKA KaiiMaMu
C PUTMUYHOM 30HAJIBLHOCTHIO, OHU (DOPMUPOBAINCH
B HEIMOCPEACTBEHHO MPEAIIEeCTBYIOIINE U3BEPXKEHUIO
OIHU M MeCSIbl, OMHAKO TaKKe IPUCYTCTBYET PsII
KaiiM, (hOpMUPOBABLIMXCS BILJIOTh IO MOJYTOAa Mepe
n3BepxkeHneM. [11aBHBIe KyMYJISITUBHEBIC KPUBEIE C Ha-
KJIOHOM ~45°, XapaKTepHbI€ IS U3BEPXKEHUI TIEPBOTO
TUTIA, CMEHSIOTCS CyOBEpTUKATLHBIMU, XapaKTePHBIMU
JUTSI U3BEPKEHUI BTOPOTO THTIA (ITPOMEXKYTOUHBIN TUTI
un3BepxkeHuit (2010 r.)).

OTu ABa TUIIA U3BEPXKEHUIA COMIACYIOTCS C paHee
BBIICICHHBIMU 110 TeO(U3NIECKNM JTaHHBIM TUITAMU
u3BepxkeHuii [West, 2013]. MHorue xapakTepruCcTUKU
(HammpuMep, BbICOTa METJIOBOM KOJOHHBI, 00bEM MPO-
JIYKTOB, TMIPOAOJIKUTEIbHOCTh U3BEPXKEHMIA) COMOCTA-
BUMEI IUTSI BCEX pacCMaTpUBAEMBIX COOBITHI, OTHAKO
aHaJIN3 CECMMYECKNX JaHHBIX (SHEPTUS, OTCYTCTBUE
VUM HaJW4due TIPEAIIeCTBYIOME MYJIbTUILICTHOMN
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aKTMBHOCTH, CWJIa BYJIKAHUYECKOTO JIPOXKaHUSI) M03-
BOJISICT BBIACJIUTD IBa TUIA M3BepxkeHmnit [West, 2013].
BoAbIIMHCTBO 3pYNTUBHBIX COOBITUI XapaKTepru3yeT-
Csl TIpeJBapUTEIbHBIM BbIIABJIMBAHUEM CBEXHUX MOP-
LIMI MarMmbl, IOCTENIEHHBIM BO3pacTaHUEM BEJTUUMHbI
TepMaJibHOM aHOMAJIMU U MIOCTENIEHHBIM YBEJIMUEHUEM
celicMMYecKol aKTUBHOCTU (TaK Ha3blBaeMbIi Tep-
Bt TUn mo [West, 2013], coBnagaroiuyii ¢ nepBbiM
TUIIOM, BbIJIeJIEHHBIM IO AaHHBIM IUMPY3MOHHOM
XpOHOMETPUHN). 11 Apyrux M3BEPXKEHUI Xapakrep-
HO pPE3KOE YBEJIMYEHUE CEUCMUYECKON AKTUBHOCTU
B MOMEHT Hayajia M3BEepXeHUS, U3JIUSIHNE JTaBOBbIX
MOTOKOB TOCJIe 3KCIUIO3UBHOUN (ha3bl U OTCYTCTBUE
3HAUUTEIHLHOTO U3MEHEHUSI TeMIlepaTypbl aHOMaJIUU
o uszBepxeHus (Bropoi tum mno [West, 2013], co-
BIaJIAlONIMil CO BTOPBIM TUIIOM, BBIAEJEHHBIM IO
NaHHBIM TUdDY3nOHHOM XpoHOMeTpUM). Paznuuns B
XapaKTepe U3BEepXKEHU I TaKXKe KOPPEJUPYIOT C pa3iu-
YUSIMU B MPOSIBJICHHOU MYJBTUIIETHOW aKTUBHOCTHU
u nedpopmanmsax rmosepxHoctu [West, 2013; Koulakov
et al., 2013] — ang oTAEAbHBIX U3BEPXKEHUI BTOPOTO
TUNA, HE TPEeNBapsSIOLIMXCS MOCTENEHHBIM BO3pac-
TaHUEM CEeCMUUYECKOU aKTMBHOCTH B TeUEHUE He-
CKOJIBKMX MeCSILIEB Mepe M3BEPKEHUEM, XapaKTepHa
MOBBILLIEHHAS] MYJIBTUTIETHAs aKTUBHOCTh, MapKUPY-
fo1Iasi MOCTYIUIEHUE 3HAYUTEJIbHBIX MOPIUM MarMbl
U3 TJIyOMHBI MarMaTU4YeCKOW CUCTEMBI.

B pa6orte [Lopez et al., 2013] nmokazaHo, 4TO U3-
BEPXKEHMSI 3aMETHO OTJIMYAIOTCS IO XapakTepy Jera-
3alluy, OTBEYAlOIE OTAEJEHUIO JIETYUMX Ha Pa3HbIX
YPOBHSIX MarmMaTuyeckoil cucteMbl. Tak, Harpumep,
JIJISI UBBEPXKEHUI MIEPBOTO TUIA OTMEUYEH MPUTTOBEPX-
HOCTHBIN peXuM jerazaliuu (BbICOKOE OTHOIIIEHUE
H,0:CO, u otHOcuTensHO Huskue — S:HCI, CO,:S,
CO,:HCl), nnga nseepxkeHusa B Aekadbpe 2009 r. —
MIYOMHHBIM peXuM jerasaluu (BbICOKME 3HAUYEHMUS
otHowreHust S:HCI, CO,:HCI), mga masg 2010 r. —
MPOMEXYTOYHBIMN.

Kpome Toro, aisi M3BepXKeHUU TepBOro TUMa
XapakTepHO 3HAYUTEJIbHOE KOJIMYECTBO MahUUECKUX
BKJItoueHuit [[laBbigoBa u ap., 2017], Torma Kak nu-
pOKJIaCTUYECKME OTJIOXKEHMS U3BEPKEHUI BTOPOTo
TUIIA UX MPAKTUUYECKU HE COepxKar.

Mexanusmot unuyuatusayuu usgepycenuii éax be-
3otmannbii. CorocTaB/ieHre MOJIeBbIX HAOMIONEHUN,
pe3yJabTaToOB MOAEIMPOBaHUS TUDEDY3UOHHBIX TTPO-
duieit ¢ TaHHBIMU Teo(PU3NIECKUX U TEOXMMUUECKUX
KUCCJIeIOBAaHUI TTO3BOJISIET MTPEATOI0XUTh CYLIECTBO-
BaHUE JBYX MEXaHU3MOB TMOATUTKU MPUTTOBEPXHOCT-
HOro ouvara BJIK be3bIMSHHBIN, COOTBETCTBEHHO,
OTBEUAIINUX JBYM TUIAM W3BEPXKEHUM.

st mepBOro TUIla M3BEPXKEHUU XapaKTepHBI
MHOTOUMCJIEHHbIE MaduuecKue BKIIOYEHUS, OTCYT-
CTBUE KaliM OPTONMUPOKCEHA, C(hOPMUPOBABILINXCS
HETMOCPEACTBEHHO Tiepe] U3BEPXKEHUEM, U TIPUIIO-
BEPXHOCTHBIN XapakTep Jerazaliu; IUisi BTOPOro —
OTCYTCTBME Ma(UYECKHUX BKIIOUEHUIA, KOHTPACTHbIE
KaiiMbl, (popMUpYIOLLIMECS B TPEAIIECTBYIOLINE U3-

BEPKEHMIO JTHU M MecCslibl, TJIYOMHHBIM XapakTep
Jiera3aluu.

IlepBblit TUIT U3BEPXKEHUI, BOBMOXHO, MpeaBapsi-
eTCcsl IEpUOJNUYECKUMU BHEAPEHUSIMU OTHOCUTEIBHO
HeOOJIBIINX 00beMOB (QJIFOMIOHACKHIILIEHHON MarMbl
W3 DIIYOMHHOTro pe3epByapa. Bam3kuii XuMHYECKUA
COCTaB TOCTYTAIOIIEe MarMbl ¥ MarMbl TIPUTIOBEPX-
HocTHoro ouara [[daBwimoBa u ap., 2017] coBMecTHO
¢ HeOOJBIIUM 00bEMOM B3aUMOACUCTBYIOIIMX MarMm
MPUBOJIUT K OTPaHUUYEHHOMY B3aMMOJIEMCTBUIO MarM
(BBIpaBHMBaHUIO KOHTPACTOB MO TeMIleparype, Xu-
MUYECKOMY COCTaBY, COJAEPXKAHUIO JIETYUUX KOMIIO-
HEHTOB). MarHe3uajibHble KaliMbl OPTOMMPOKCEHA
GopMUPYIOTCS JIUIIb B HETIOCPEACTBEHHOU 01M30CTH
OT Ma(UYEeCKUX BKJIIOUEHUM, MPEACTaBISIONIMX CO-
0oit parmeHTHl MocTynarolieidr Marmol [JlaBbinoBa
u ap., 2017]. TlocryruieHue (aouaoHaCBIIEHHOK
Marmbl (U cOpocC JeTyunux U3 MauIYeCcKMX BKIIOUE-
HU TIpU MTOCTYIUIEHUN B o4ar) MpUuBOAUT K PE3KOMY
YBEJMYEHUIO JaBIeHUs B IPUMTOBEPXHOCTHOM OyYare,
KOTOpO€ KOMIIEHCHUPYETCS BO3pacTaHUWEM CeucMu-
YeCKOM aKTMBHOCTU, (PyMapoJibHBIMM BbIOpOCamMu
U3 ByJIKaHa, MOBBILIEHUEM BEJIMYUHBI TEPMaTbHOM
aHoMmanuu (cM. (axkTorpaduueckyro 06aszy AaHHBIX
«AKTUBHOCTb ByJiIKaHOB Kamuatku»). ITogoOHbIe
cOpOCHl 1aBjeHUS YACTUYHO TPOUYMILIAIOT XKEPJIO U
MpeaBapsoT U3BEPXKEHNE BblAaBIMBaHUEM HeOOJb-
IIAX MOPLUI CBEXEW JIaBhI.

st BTOporo Turma XapakTepHO 0oJjiee KpYMHO-
MacluTabHOe B3aUMOIEMCTBUE MarM MPUMOBEPXHOCT-
HOro oyara ¢ TJIyOMHHBIM BelleCTBOM. BeposiTHO,
MOCTYIJIEHWEe MarM MaHTUMHOTO MPOMCXOXIEHUS B
IyOWHHBIN pe3epByap BbI3bIBA€T aKTUBHOE OT/E/IeHE
JIETYYUX U OTHOCUTEJIBHO TJIaBHBIN MOIbEM YaCTUUHO
Jlera3upoBaHHO Marmbl B IIPUITOBEPXHOCTHBIN ouar.
IMomo6HBIE MHBEKIINU TIPUBOIAT K (DOPMUPOBAHUIO
B HUXKHEW 4YacTU MPUIOBEPXHOCTHOTO oyara cjosi
TMOPUAHOIM MarMbl (TTO00HAsT CUTYallMsl OTTMcaHa JJIsl
BJIK YH3eH, fdnoHus [Browne et al., 2006]).

ITocTyryieHue B MpUIIOBEPXHOCTHBIN ovar oTiae-
JISIIOLLIUXCS B IYyOMHHOM pe3epByape JeTyunX BO3ei -
CTBYET IMPAaKTUUYECKU Ha BeCb 00beM MarMaTu4eckoro
ovara. AKTUBHas Jerazalusi B MPUIOBEPXHOCTHBIX
YCJIOBUSIX TIPUBOJIUT K OKUCJIEHUIO MarMbl, HarrpuMep,
[Humphreys et al., 2015], 4To B cBOIO OoUepenb OTpa-
JKaeTcsl Ha CTeNeHU OKMcieHMs xeye3a. OKucleHue
xere3a 10 Fe’™ mpuBoant K yBeTmueHNIO Marue3uas-
HOCTHU KPUCTAJLIM3YIOLIUXCS (pa3 U, COOTBETCTBEHHO,
K TTIOBCEMECTHOMY (POPMUPOBAHUIO BLICOKOMArHe3u-
aJIbHbIX KalilM OpPTOMUPOKCEHa.

ITocTenenHoe HapacTaHue oObeMa BellleCTBa
B MPUIOBEPXHOCTHOM oOuYare, He MpeaBapsioleecs
B3PbIBHBIMU COOBITUSIMU, MPOYHUILIAIOIIUMI MarMaTu-
YeCcKUi KaHall, BEJET K PE3KOMY Havyaly U3BEPXKEeHMUS
B MOMEHT HaKOIUIEHUS KPUTUUECKOU MacChl.

BoiBoapl. 1. CoOBITHUSI B IIPUIIOBEPXHOCTHOM
MarmMaTMyeckoM ouare, MPUBOASIIME K U3MEHEHUIO
TeMIlepaTypbl U COJAEpKaHUS JETYUYMX KOMIIOHEHTOB,
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OIpe/IeJICHHBIC 110 pe3yabTaTaM MOISIUPOBAHMS (-
(y3MOHHBIX TpOodUIIeit B OPTONUPOKCEHAX, TIPEIIIIe-
CTBYIOT COOTBETCTBYIOIIEMY M3BepkeHMIo Ha 0—3 roaa
W B Mpenenax MOrpelIrHOCTA COBHAMAIOT C IIPEAbIAY-
MU 3PYITUBHBIMHU COOBITUSIMUA WA SIIM30JaMU
TMOBBILLIEHHON CEMCMUYECKON aKTUMBHOCTU BYJIKAHA.
2. Ha ocHOBe MHTEpBaIoOB BpeMeH! (hOpMUPOBaA-
HMSI BBICOKOMATrHE3MAIbHBIX KaiilM MOXHO BbIIECINUTH
JIBa TUIIA M3BepPKeHUI BIK Be3BIMSIHHBIN, KOPpPEIn-
pYIOILIMX C JAaHHBIMM CEACMUYECKOTO MOHMTOPUHTIA
W XapaKTepoM Jerasaivu ByJikaHa. Haubosnee Tu-
MUAYHBIC ]I BJIK be3bIMSIHHBIN M3BEPKEHMS IIEPBOTO
TUIA XapaKTEPU3YIOTCS IMTOCTEIIEHHBIM BO3pacTaHUEM
CEMICMUYECKOM aKTUBHOCTH I€pel M3BEPKEHUEM U
MIpeABapUTEILHBIM BEDKMMAaHUEM JIaBOBEIX OJI0KOB 10
HayvaJia 3KCIJIO3UBHOM AESATEIbHOCTU, UM CBOMCTBEH
LIAPOKUI AUAMA30H ITOJYYEHHBIX 3HAYCHUI BpeMEHU
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YK 550.42
M.B. Bopucos', JI.A. Borukos’, H.®. IMueannuesa’, E.A. Usnesa’

OPAKIMOHUPOBAHUE PEJAKO3EMEJ/IbBHBIX DJIEMEHTOB
B ITPOIIECCAX IT'MJIPOTEPMAJIbHOTO PYJIOOBPA3OBAHUS®

JlaHHble O pacmpeleseHUUd 3JeMEHTOB Mo paspe3dy uepe3 Pb-Zn xuny Tanuposckast
(Bepxnesrunckoe mecropoxaenue, CesepHast Ocetusi, Poccus) mokazanu, 4To B Ipoliecce
(opMHUPOBaHMS KWIBI TIPOUCXOIWIN 3HAUNTEIbHBIE U3MEHEHUST CIIEKTPOB PENKO3EMETbHBIX
snemeHToB (P3D) B pyansix mpobax. Pe3koe yBenunuyenue otHomueHuii Lay/Yby, Lay/Ndy,
Gdy/Hoy u Gdy/Yby npuypoyeHo K MHTEpPBaJaM XWJbI, TI€ OTIOXEHO MaKCUMaJIbHOE KO-
JINYECTBO PYIHBIX KOMMoOHeHTOB. ComnocTaBieHue crnekrpoB P3D pya ¢ xapakrepucTUKaMu
CITIEKTPOB OKOJOXMIBHBIX W BMEILAIOIINUX TTOPOJ MO3BOJISIET MPEAITONIOXUTh, YTO OTJIOXEHHE
BEILECTBA XWJIbl IPOMCXOIWIO U3 PACTBOPOB, B KOTOPHIX COOTHOLIeHHEe P3D M3MeHs10Ch BO
BpeMeHu. PpakiioHupoBanue P30 mpoucxoawio 3a cyeT MOOMIM3AalMU KOMIIOHEHTOB THU-
JIPOTEPMAaTbHBIMU PACTBOPAMH TIPU MX PEaKIIMU C BMEIIAIOIINMU MaJic0301CKUMU TPaHUTAMMU.

Karoueguie crosa: PEAKO3EMEIBbHBIC 3JIEMCHTDBI, UCTOYHUKHN PYAHOI'O BCIIECTBA, ITOJIUME-
TAJJITMYCCKUC KUJIBHBIC MECTOPOXIACHMUA.

Data on the distribution of elements across the Pb-Zn section of the Gatsyrovskaya vein
(Upper Zgid, North Ossetia, Russia) showed that during the formation of the vein significant
changes in the spectra of rare-earth elements (REE) occur in ore samples. The sharp growth
of ratios Lay/Yby, Lay/Ndy, Gdy/Hoy, and Gd,/Yby is confined to the vein intervals, where
the maximum amount of ore components is deposited. A comparison of the REE spectra of
ores with the characteristics of the spectra of the near-vein and host rocks suggests that the
deposition of the vein material occurred from solutions whose compositions with respect to the
REE varied with time. REE fractionation occurred due to the mobilization of components by

hydrothermal solutions during their reaction with the host Paleozoic granites.
Key words: rare-earth elements, ore matter source, base—metal vein deposit.

Brenenne. Ilens ncciiemoBaHuii — PEeKOHCTPYK-
LIUS YCIOBUN M MEXaHU3MOB XWJbHOTO TUAPOTEP-
MaJIbHOTO PYA000pa3oBaHUs. DTaJIOHHBIE OOBEKThI
IUJIS U3YYEHUs] 3TUX TTPOLIECCOB — KWUJIbHbIE MOJIUMe-
TaJlinyeckue mMectopoxiaeHusi CaaioHCKOro pyAaHOTO
paiiona (CesepHas Ocetust, Poccust), nmpu nsydeHun
KOTOPBIX HAaMM HaKOILJIeHa MpeacTaBUTeNibHasl 0a3a
nmaHHbIX (0ko010 2000 mpo6, coTHM 00pa3LoB, (OB
U aHIUIMGOB) U PETYISIPHO MPOBOISTCS TOJIeBbIE
paboTHI.

I'eoxuMuyeckue ucciaeaoBaHUS MOCAEAHUX JIEeT
BBITOJIHEHBl Ha JIXKUMUIOHCKOM MECTOPOXIAEHUU
(BocTouHbI (aaHr CagoHO-YHaJIbCKOTO PYIHOIO
noJisi). B ornune oT GOJBLIMHCTBA OCHOBHBIX Me-
CTOPOXIEHUI paiioHa, IIe TJIaBHbIA TUII BMELIAIOIIUX
Mopoja MpeACTaBeH I'paHUTaMU CaJOHCKOrO THUMa
(PZ;), Ha 3TOM 00BEKTE PYyIOBMEILAIOLIEH Cpenoi
ClTy>XaT KpUCTAJLIMYECKE CJIaHLIbl OYPOHCKOW CBUTHI
(PR;—PZ)). Ilaneo3oiickue TpaHUTBI TOACTIIIAIOT 10-
KeMOpHUiicKre MeTaMOp(UTHI, KOHTAKTUPYS ¢ HUMU

IO CEPUH MOJIOTMX TeKTOHWMYECKMX HapylleHmit. Py-
nooOpa3oBaHue Ha Bcex Pb-Zn mectopoxnenusx Ca-
JIOHCKOTO paiioHa MPOUCXOAUIIO B IIPENKEIOBEMCKOe
BpeMs cpenHen 1opbl (J,), a Hanbosiee BEPOSTHBIM
WCTOYHNKOM PYITHBIX KOMITOHECHTOB OBIIIN TaJIe0301i-
CKWe TPaHUTHI.

Bnepsbie Takoil BEIBOA, OBLT cAgIaH Ha OCHOBAHUM
W3yYeHUS M30TOITHOTO COCTaBa CBUHIIA B TAJICHUTE U3
11 MecTopoxkaeHU paiioHa M B KaJUEBOM ITOJIEBOM
IIITaTe MarMaTUIeCKUX U MeTaMOp(PUIECKUX TTOPOI
[TyrapunoB u np., 1975]. ITo3xe 3TOT BBIBOA MOJ-
TBePXIEH HAIIMMHU JaHHBIMHU O 3aKOHOMEPHOCTSIX
pacripenieJIeHUs] PYIHBIX 3JIEMEHTOB B TEPBUYHBIX
opeoJIax, a Takke pe3yIbTaTaMi TEPMOINHAMUYECKOTO
MOJEIMPOBAHUS IIPOILIECCOB MOOMIM3AIUN U PYyHO-
ob6pasoBanus [Borisov, 2003; bopucos u ap., 2006].

Hdnsa paccMaTpruBaeMbIX MECTOPOXICHUN TIpem-
JIOXKeHa TeHeTndyecKas MOAeIb TUAPOTEpMabHOMN
cucreMbl [Bbopuco u ap., 2006]. I'maBHBIE YepThHI
MOJIeJIM 3aKJIo4aloTcs B cieaywolieMm. B mnpenenax
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CanoHo-YHaIbCcKOro miyoMHHOro cobpoca, KOTOPbIi
OTpaHMYMBAET C IOoTa O0JIACTh pacIpOCTpPaHEHUS
Pb-Zn MecTopoxkaeHUit, B TOPYIHOE BpeMs IIPOUC-
XOIWIIAa IMPKYJISINS MIHEPATM30BAHHBIX YTJIEKHUCITO-
XJIOPUIHBIX BoA. BHeapeHue B cpemHelt ope JacK U
IITOKOB CYOBYJIKAaHUUYECKHX W TUTIAOMCCATEHBIX TIOPO]T
(IMOPUTHI, TPAaHUT-TTOPGUPHL U AP.) U UHTEHCUBHbBIE
TeKTOHMYECKHE TTOABVKKN WHUILIMHUPOBAIN THUIPO-
TepMaJIbHBIN MPOIIeCC: MHTPY3WBHBIC TeJIa CO3IaBajIn
HEoOXOOMMBIN UCTOYHMK TETlIa, 3aKJIadbIBAINCh PY-
JOKOHTPOJIMPYIOIINE TPEIIWHEI CEBEPO-3aIlagHOTO U
CEBEpPO-BOCTOYHOTO TIPOCTHUPAHUSI, 0OPa30BBIBAINCH
30HBI MEXaHWYECKUX medopmalinii mopona. Harpereie
pactBopbl U3 CagoHo-YHaIbcKOro copoca (huiibTpoBa-
JIUCH Yepe3 30HBI APOOJICHHS B MTaJIE030MCKIX TPaHM-
TaxX U BCTyHaJIM B peakinio ¢ HUMH. @opMUpOBaINCh
30HBI MOOMJTM3AIINY PA3IMYHBIX KOMITOHEHTOB, B TOM
YHCJIE METAJIOB U CYJIb(PUAHONU Cepbl. DTU 30HBI
OBITM TIPUYPOUEHEI K MECTaM COWICHEHUS TIIyOMHHOTO
cOpoca M OMEepSIOINX €ro pa3jioMoOB. PymoHOCHEIE
pacTBOpBl M3 oOyacTeit MOOMIM3ALIUM IBUTAIMCH
BBEpX IT0 PYTOKOHTPOIMPYIOIINM TpelrnHaM. Ox-
JaXIeHWe PYyIOHOCHBIX PAacTBOPOB 3a CUET OOMeHa
TETUIOM C 60JIee XOJTOTHBIMI BMEIIIAFOIIMMU TIOPOIaMI
¥ TIOTEPH TeTula 3a CUET JIOKAIBHOM TeTepOreHN3alnn
MPUBOAMIO K (DOPMUPOBAHUIO TOJTUMETAIITNICCKIX
SKWJT BEITIOJTHEHUS U OKOJIOXKMIBHBIX OPEOJIOB.

I[Ipm TepMogMHAMWYECKOM MOIEIMPOBAHUU
WMEHHO TPAaHWUTHI pacCMaTpWBAJINCh HaMU KaK OC-
HOBHOM pynoreHepupyloluii cyoctpar. JlaHHbIE O
pacnpeneneHun P39 B cyabbuaHbix pynax Ixumu-
JIOHCKOTO MECTOPOXIACHUS W BMEIIAIONINX TTOPOaax
TOKA3bIBAIOT, YTO WCTOYHUK PYIHBIX KOMITOHEHTOB
ObUT KOMOWMHMPOBAHHBIM C Pa3JIMYHBIMU TIPOIIOP-
OUAMU YYaCTUS TOKEMOPUIMCKIX MEeTaMOP(PUIECKIX
HOopoA M IajJie030MCKMUX IpaHUTOB [bopucos u ap.,
2011, 2016].

[ comocTaBieHUs ¢ JaHHBIMUA O J>KUMWIOH-
CKOM MECTOPOXIEHNUN HaMM HCCIIEIOBAHO pacIipe-
JeJeHUe PeIKO3eMENTbHBIX M PYIHBIX 2JIEMEHTOB TIO
ke TanupoBckoil (BepxHe3ruackoe MecTopoxie-
HUE), BMEIIAIONNe TTOPOABI JUTSI KOTOPOI TIpeICcTaB-
JIEHBI TOJIBKO TIAJIC030MCKMM TPaHUTAMMU.

Martepuaisl ¥ MeTOAbI HccaenoBanmii. s wc-
cJiefOBaHUM MCMONIb30BaHbl TTPOOBI, OTOOpaHHbIE U3
xwtel [ammmpoBckast (6-1 ropu3oHT, BepxHesrnackoe
MECTOpPOXIEHNE; TTOAXOM TI0 IToNbHe «Hamexma»).
KpynHblii opreHTUpPOBaHHbBIN 00Opa3ei-MOHOJIUT,
TIPEICTABIISIONINI TTOJTHBIN 15-CaHTUMETPOBBIN pa3pe3
110 3XuJie, ObLT pacmieH Ha 5 1po6 (Ne 999/1—-999/5,
mar 3 cM, Macca Kaxmoit mpoosr 1—1,2 k). B mecte
npobooTOOpa pyaHOE TEJO MPEACTaBIEHO MOJOYHO-
OeJIBIM KBapIieM ¢ HEOOJBIITNM KOJTMYECTBOM ITUPHUTA
W PYIHBIX CyAbhUIOB (TaJeHUT U chalepuT), TpU-
YPOUYEHHBIX K LIEHTPAJIbHOM YacTu Kuibl. M3 oKojo-
KWJIBHBIX TIOPOI IJIST aHaJI3a BHIOPAHBI IBE TIPOOBI
(Ne 857, wurepsBan 150—160 cM oT XwiIbl, Macca 10
5 xr u Ne 861/2, unrepBan 230—240 cm, macca 10
4 Kr) 13 pa3pesa, OTOOpaHHOIO Ha PACCTOSSHUU OT

KOHTaKTa ¢ >xwioi I'aumpockoii 1o 240 cm (40 11po0,
mar 3—10 cm). HeusmeHeHHble BMellaolye Majie-
0301icKMe TpaHUTbl OTOOpaHbl Ha paccTosiHuM 50 u
100 M ot xwtel — mipoObr Ne 1122 u 1123 (Macca npob
1o 10 xr). B mosieBbIX yCIOBUSX MPOOBI ApoOWIN,
KBapTOBaJI W UCTUPAJIA, U MX Macca OblIa MoBeAcHA
1o 200—300 r.

Jst TTOATOTOBKM MPOO K aHalIM3aM WMCIIOJb-
30Bajach CTaHAApPTHAs METOAWKAa KHCJIOTHOTO pas-
noxenust [berukoBa m ap., 2016; Bopucos u ap.,
2016]. Bce aHanmuTMyecKue OMpeAeacHUS MOTydeHBI
aBTOpaMu B Jlabopatopusx Kadeapsl reoxumun MI'Y
nMmeHu M.B. JlomoHOcoBa. AHaNMM3bI HA COlepKaHUE
P35 Bemmomxensr metogom MCII—MC nHa Macc-
CTIEKTPOMETpPE BBICOKOTO paspelleHus: «Element 2»
(«Thermo Finnigan MAT GmbH», I'epmanust). s
TIPOBEPKY MPABWIBHOCTH Pe3yIbTaTOB OMHOBPEMEHHO
¢ mpobaMu M3MepsUIM 00pa3lbl CTAHAAPTOB I'PaHUTA
CTI'-3 u 6azanpra BCR-2 (0TKJIOHEHHE OT MaCMOPTHBIX
3HaueHM 7151 60bIIMHCTBA P30 He nipeBbiano 4%).
CopepxaHue pyaHbIx aeMeHToB B xuite (Fe, Zn, Pb,
Cu, Cd u np.) onpeaeseHo METOIOM aTOMHO-a0cop0-
IIMOHHOM CIIEKTPOMETPUM BBICOKOTO Pa3pellieHms ¢
HETIPEPBIBHBIM MCTOYHMKOM CIIEKTpa Ha CIEKTPO-
meTpe «ContrAA 700» («Analytik-Jena», I'epmanust).
[MpaBUIBHOCTE OTpenesiecHNsT PYIHBIX 2JIEMEHTOB B
CTaHIAPTHOM 00pa3ile coCTaBa MOJUMETAINIECKOMN
pyabl CO-33 coctaBmia okojio 6%.

Pe3yabTaThl HCCIeIOBAaHU M HX OOCYXKIEHHE.
B Ta6x1. 1 npeacraBieHbl JaHHBIE O conepxxaHuu P3D
BO BMEILIAIOIIMX MOpoAax U B 5 mpodax 1o paspe3y
yepe3 xuiry. CpenHee cymMMapHoe coiepxkaHue P39
B MOJUMETAUIMYECKOM XuJte cocTaBisieT 32 r/T, 4To
B 2—4 pa3za MeHbIIe, YeM B OKOJIOKMJIBHBIX TTOPOIAX
¥ BMelnaImx rpanuTax. 1o paspesy XKWIbl comep-
KaHue P3O pacrnpeneneHo HepaBHOMEPHO: MaKCU-
MaJIbHOe — Ha KOHTAaKTe CO CTOPOHBI BHUCSIYETo OOKa
(tpo6a Ne 999/5, waTtepBan 12—15 cm) — 57 1/T, a
MUHUMaJIbHOe — B TIpobe Ne 999/2 — 14 r/t (MH-
tepBaid 3—6 cm). [lomydyeHHBIE 3HAYECHUST COTOCTA-
BUMBI C JAHHBIMU O PYTHBIX Tesax JKMMUIOHCKOTO
Mectopoxaenust [bopucos u ap., 2016] unu >nu-
TEPMAJIBHBIX 30JI0TO-CePEOPSTHBIX MECTOPOKICHUSIX
[KpaBuoBa, Aimas, 2006]. B 0KOJIOXMIBHBIX TTOPOIAX
HauboJblee cogepxanue P39, pasHoe 118 /T, npu-
ypoueHo K rpobe Ne 857 Ha pacctosaum 150—160 cM
OT XWJIBI. XapaKTepHO, YTO C YHaJleHMEM OT SKMJIBI
mo 230—240 cm oHo cHmxaercsa mo 93 r/t (mpoda
Ne 861/2). Bo BMelamiux rpaHutax cymma P39
cocTasisteT 68—99 /7.

CymmMmapHoe coaepkanue P39 u xapakTepuCTUKI
HOPMUPOBAHHbIX Ha XoHAPUT [Palme, Jones, 2003]
CIIEKTPOB 3HAYMTENIEHO Pa3IMYaloTCs B CIIEMYIOIIei
TOCIeIOBATEIFHOCTH: IICHTpATbHAS YaCTh KWIIBI, TIPH-
KOHTaKTOBBIE TTPOOKI KUJTBI, OKOJIOKMIBHBIE TIOPOJIHI,
HEeM3MEHEeHHEBIE TpaHUTHI (Taba. 2, puc. 1). B memom
crnekTpbl P39 npob 1o kujie UMeT MHOTO 0DI1IETO C
TUITMYHBIMU CIIEKTPAMM TPAHUTOB (IPKUIT MUHUMYM
€BpOITHS, OTHOCUTEILHO BBICOKHME 3HAUEHMSI OTHO-
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weHnd Lay/Yby). OngHako B mpobax U3 pyaHOTO Tesa
YCTAHOBJIEHO, UYTO BBICOKME 3HaYy€HWS! OTHOILIEHMI
Lay/Yby, Lay/Ndy, Gdy/Hoy npuypoyeHs! K HeHT-
paJIbHOI YacCTH XUJIbI U COBIAJa0T ¢ MaKCUMyMaMu
OTJIOXKEHUS PYAHBIX 2JIEMEHTOB (TabJ1. 2, puc. 2). OTu
crieKTphl (puc. 1, &) 3HAYUTEJIHHO OTIMYAIOTCS OT
CHEKTPOB MPOO U3 XKUJIbl B TPUKOHTAKTOBBIX YaCTSIX
(puc. 1, 8), oKOJOXUIbHBIX (puUcC. 1, 6) U HEU3ZMEHEH -
HbIX rpaHuTOB (puc. 1, a). Haubonee cuiabHbie pas-
JIMYMST OTMEUEeHBI AJ1s1 oTHolueHus Lay/Yb , KoTopoe
IUIST pYAHOW YacTH KWJIBI COCTAaBIsIeT 23—26 mMpoTHUB
7,2—13,6 mig ocTanbHBIX NPO6. AHAJIOTMYHBIE OT-
Jnuust pukeupyroTes u anst otHoweHust Lay/Ndy —
2,8—2,9 npotus 2,0—2,3.

M3 xunbl INauupoBckasi NOMOJHUTENILHO OTO-
OpaHa cOopHas Tpoba (Mpu KBapTOBaHUU MPOO 1O
pa3pesy), KoTopas XapaKTepu3yeT pa3pe3 B ILIeJIOM
(Ne 999, puc. 1, ). Cymma P3D B Heil cocTaBisieT
30 1/T, YTO XOpOIIO COOTBETCTBYET CPEOHEMY CO-
nepxaHuio B xwie. Ha puc. 1, ¢ BUgHO, 9YTO CIIEKTpP
P33 cbopHoii mpodbl oa00eH CreKTpaMm i Mpu-
KOHTaKTOBBIX YacTei XWIIBI, a JaHHBIe 0 3¢ deKTax,
OTMEUEHHBIX IJIS PYIHBIX WHTEPBAJIOB, Pa3MBIThHI
i yTpadeHsl. OTcioma SICHO, YTO TOJBKO JeTaTh-
HOE OIPpOOOBaHME ITOJTHOTO paspesa ITo XKuie (Imar
3 cM) MO3BOJISIET YBUAETb OTJIWYUS CIeKTpoB P30
IJIST pa3IMYHBIX YIaCTKOB PYAHOTO Tejia M TTOJIYIUTh
nHOOPMALINIO 00 PBOJTIOLINNA CUCTEMBL.

Ta6nunma 1

ConepkaHue peaKo3eMeJbHbIX 3J/eMEHTOB BO BMEIIAIONIMX FPAHATAX, OKOJIOKH/IbHBIX MOPOAAX M MO pa3pe3y yepe3 xkuiay aumpoBckas
(BepxHe3ruackoe MecTopoxknenue, mroibhsa «Hanexna»), r/T

I'panur | OKOJIOXWJIbHBIE TIOPOJIBI | ITpo6sr o paspesy depes xuny [armpoBckast
P35 HOMepa 1pod

1123 1122 861/2 857 999/1 999/2 999/3 999/4 999/5
La 13,77 19,75 18,91 24,23 5,05 3,01 8,01 7,31 12,11
Ce 27,80 41,05 38,77 50,39 10,19 5,47 14,34 12,99 23,65
Pr 3,64 5,32 4,54 5,93 1,24 0,63 1,58 1,42 2,76
Nd 12,53 18,99 16,25 20,94 4,49 2,26 5,35 5,04 10,09
Sm 2,68 4,00 3,66 4,46 1,14 0,55 1,10 0,95 2,17
Eu 0,48 0,53 0,40 0,50 0,14 0,08 0,12 0,09 0,21
Gd 2,81 4,13 3,37 4,18 1,18 0,61 1,06 0,96 2,15
Tb 0,40 0,55 0,52 0,60 0,20 0,09 0,14 0,12 0,32
Dy 1,78 2,32 2,79 3,16 1,05 0,51 0,69 0,58 1,75
Ho 0,26 0,33 0,46 0,49 0,20 0,08 0,10 0,08 0,29
Er 0,79 1,02 1,41 1,53 0,51 0,27 0,28 0,22 0,90
Tm 0,11 0,13 0,21 0,22 0,06 0,03 0,03 0,02 0,12
Yb 0,79 0,98 1,47 1,50 0,47 0,23 0,23 0,19 0,86
Lu 0,12 0,15 0,21 0,22 0,07 0,03 0,03 0,02 0,12
Cymma P35 68 99 93 118 26 14 33 30 57

Tabnuma 2

XapaKTepucn«lKu CIIEKTPOB P3D IPAHUTOB HA yJAAJICHUM OT 2KHJIbl, OKOJIO2KMJIBHBIX MOPOJ M MO UHTEPBAJIAM onpoﬁonamm KHJIbI
I‘auuponcxaﬂ (C JJAHHBIMHM O COAECP2KAHUM PYITHBIX BﬂeMeHTOB)

HeHTpa;;ﬁEf Hacte [IpMKOHTAKTOBBIE YaCTH KUJIbI OKOJIOXWIBHBIE TTOPOIBI I'panur
Cnexrtpsl P39 HoMepa mpo0 M MHTepBaJl ONIPOOOBAHMUS
999/3, 999/4, 999/1, 999/2, 999/5, 857, 861/2, 1122, 1123,
6—9cMm | 9—12cm | 0—3 cMm 3—6 cM 12—=15¢cm | 150—160 cm | 230—240cm | 50 m 100 m
2>P39, r/t 33 30 26 14 57 118 93 99 68
Lay/Yby 23 26,6 7,2 8,8 9,5 10,9 8,7 13,6 11,8
Lay/Ndy 2,9 2.8 2,2 2,6 2,3 2,2 2,3 2 2,1
Gd,/Hoy 2,9 3,5 1,6 2,1 2,1 2,4 2 3,5 3,1
Gd,y/Yby 3,7 4,2 2 2,1 2 2,3 1,9 3,4 2,9
Eu/Eu* 0,34 0,30 0,36 0,43 0.29 0,36 0,34 0,4 0,53
Fe 3,46 3,81 2,22 3,84 1.09 - - - -
Pynuvie one- | 7, 1,30 0,33 0,06 1,15 0,80 - - - -
MEHTHI B XXUJIE,
Mace. % Pb 2,96 8,69 0,05 1,22 0,44 - - - -
>Me 8,22 13,11 2,35 6,78 2,39 - - - -

IIpumevanus. Eu/Eu*=EuN/(SmN'GdN)O’5; B TeKCTe U Ha rpacduKax HIXKHUM mHIeKC N 0003HavyaeT 3HaueHue, HOPMUPOBAHHOE
Ha XOHAPUT; >Me — cyMMapHOe colepxkaHue MeTalIoB, BKitovas Menb (ot 0,02 mo 0,57 macc.%).
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Puc. 1. HopmupoBanHoe Ha xoHaput, no [Palme&Jones, 2003], conepxanue P3D Bo BMellalolMx MOpoAax U B PyOHBIX Mpodax Mo

paspesy uepes xuiy [anpoBckas (MecTopoxaeHue BepxHesruackoe): a — CHEeKTpbl NaJe030iCKUX IPAaHUTOB Ha PACCTOSIHUM OT KIJIbI

50 m 100 M (Ne 1122, 1123); 6 — cTIeKTpbI OKOJOXWIBHBIX TTOPOJ Ha paccTOSTHUU oT Xkl 150 u 240 cm (Ne 857, 861/2); 6 — crieKTphI

Mpo0 U3 MPUKOHTAKTOBBIX YacTeit xuibl (Ne 999/1, 999/2, 999/5) u c6opHoit ipodbl (Ne 999); ¢ — creKTpsl MPOO U3 LIEHTPATbHBIX
yacreit kbl (Ne 999/3, 999/4)

CIexTpbl OKOJIOXWMJIBHBIX TTOPOA Ha pasHOM
VIAJIEHUU OT XKWJIbI TIOYTH MIEHTUIHBI, HO UMEIOTCS
u otamyus (puc. 1, 6). B npobe Ha ynanenuu 150 cm
BbIllIE, YeM B Mpobe Ha ynaneHuu 240 cM, cymMapHoe
conepxanune P39 (118 mpotus 93 r/t) u Gdy/Hoy
(2,38 mporus 2,03). ConocrtaBieHue 3TUX MPod C
MpoGaMy HEM3MEHEHHBIX TPAaHUTOB TTO3BOJISIET TTPE/I-
TTOJIOXKUTh TTPUBHOC TUAPOTEPMAIIBHBIMUA PacTBOpPaMu

P35 Ha ypoBHe 30—50 r/T (kak B xuJje). BeposiTHo,
STH PaCTBOPHI B OOJIbIIIEH CTETICHN OBIIN 00OTaIeHEI
TSDKEJIBIMU JIJAHTAHOUAAMU (B OKOJIOKMIBHBIX TTOPOIAX
cymma P39 ot Ho mo Lu cocrasnser 3,77—3,96 1/T,
a B rpanuTax — 2,07—2,61 1/1).

CrekTpsl TIpo® M3 MPUKOHTAKTOBBIX YaCTeW
SKUJTBI OJIM3KU K CIIEKTPaM OKOJIOKMJIBHBIX TTOPO]I.
OmHaKko TSI HUX OTMEUYeHBI HEOOJBIINE OTIMYHS 10
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mIyOWHE eBPOIMEBOT0O MMHMMYMa — B XWJIE OTHO-
menne Eu/Eu* coctasiset mo 0,29, B OKOJIOKMITEHBIX
nopoxax — 0,35. bonee cyniecTBeHHOE OTJIMYME BBI-
SIBJICHO C HEU3MEHEHHBIMM TpaHUTaMu (B xxwuie La,/
Yb,=7,2+9,5, Eu/Eu*=0,29, Gdy/Ho,=1,6+2,1, B
rpanutax Lay/Yb,=11,8+13,6, Eu/Eu*=0,4+0,53,
Gdy/Hopy=3,1+3,5). Cnextp npobsr Ne 999/2
(puc. 1, 6) OTYETNIMBO 3aHWMAET IIPOMEKYTOUHOE
TTOJIOKEHUE MEXITY CITEKTpaMU TTpod M3 IIEHTPaTbHOM
(Ne 999/3, 999/4) n xpaeBbIX yacTeit Ktsl (Ne 999/1,
999/5), T.e. OH CMEIIIAHHBI.

TaxuMm obpa3om, conocTapiieHe crieKTpoB P30 B
KWJIE ¥ BMEIAOIINX TTOPOAaX IMO3BOJISIET PEITOXHUTh
JTBa BO3MOXHBIX BapraHTa MHTEPIIpeTaIllny HaOJIoIa -
E€MBIX 3aKOHOMEPHOCTEH, CBI3aHHBIX C IPUBHOCOM
JIAHTAHOWIIOB M PYIHBIX KOMIIOHEHTOB THUIPOTEP-
MaJIBHBIMU PacTBOpPaMHU B Tporecce OpMUPOBAHUS
PYIHOTO Tena.

IlepBBIil BapraHT — M3MEHEHWE COCTaBa WC-
TOYHWKA, T.e. HA PaHHMWX 3TaIlaXx pa3BUTHSI CHUCTEMBI
3JIEMEHTBI MOOWJIM30BAJINCh M3 TPAHUTOB CO CIIEK-
TPOM JIAHTAHOWIOB, MACHTUIHBIM TOMY, KOTOPBIU
MBI OTIPEIEIVIN B MPUKOHTAKTOBBIX YACTSIX KVTBI
W OKOJOXWIBHBIX TTopomax. ITo3xke MOOKITIOYMINCH
TPaHUTHI ¢ IpyruM criekTpoM P38, u cpopmupoBaiach
HeHTpaJIbHAsT 9acTh XWIbl. PaKTUUECKUI MaTepua
(okousio 20 mpo6 Majieo30MCKUX TPAHUTOB, OTOOpPaH-
HBIX B pa3HBIX Toukax CalOHCKOTO paifoHa) He TIOM-
TBEep:KIaeT BO3MOXHOCTb TaKOW CMEHBI MCTOYHWKA,
MOCKOJIbKY OTCYTCTBYIOT TPAHUThI CO criekTpamu P35,
TTOJTHOCTBIO aHAJIOTMYHBIMHM CITEKTPaM B LIEHTPATbHOM
4yacTu Xuibl (0COOEHHO SIpKO MO OTHouIeHuIo La,/
Ndy).

Bropoii BapuaHT — dpakunoHupoBaHue P39
IO Mepe Pa3BUTHUS IPpoIllecca MOOWIN3ALNU PYTHBIX
KOMITOHEHTOB M3 TTOpoz cyocTpara. Ha panHmx sTamax
SBOJTIOINH TUAPOTEPMATBLHONM CHCTEMBI M3 TPAaHUTOB
(co criektpom P33, momoOHBIM oIpeaeieHHOMY HaMU
st mopox Ha ynaneHun 50—100 M oT XUJIbI) IIpouc-
XOIMJIa MOOMJIM3AIINS JJAHTAHOMIOB C OTHOCHUTEILHO
OoJIbllIel 10JIEl TSKEbIX 3JIeMeHTOB. OOpa3oBaHHbIE
TaKM 00pa3oM pacTBOPHI (hOPMUPOBAITA TIPUKOHTAK-
TOBBIE YaCTH XWJIBI M U3MEHSIT TPAHUTHI B OJIVDKHEM
OKOJIOXXMJILHOM TpocTpaHcTBe. LleHTpanbHas 4yacThb
>KWJIbI 00pa3oBajach Ha 3aBepllIalolleM 3Tare U3 pac-
TBOPOB, KOTOPBIE TTOCTYITAJIN M3 TOTO XK€ MCTOYHMKA,
HO TIpM 3TOM OBbIJIa TIpMBHECEHAa OCHOBHAsI YacThb
PYIHBIX KOMIIOHEHTOB, U crniekTp P3D cranm uHbIM
(oTBeuaet crexkTpy, 3apUKCUPOBAHHOMY IS PYIHBIX
WHTEPBAJIOB KUJIHI).

Bropoit BapmaHT HAXOOUT YaCTUIHOE TTOATBEPK-
IIeHNe TI0 Pe3yJIbTaTaM PaBHOBECHO-IMHAMNYECKOTO
MOJEIMPOBAHUS XWJIbHOTO pynooOpa3oBaHust [Bor-
isov, 2003; bopucos u ap., 2006; bopucos, 2015].
B atix paborax mokazaHo, YTO COCTaB PYIOHOCHOTO
pactBopa, (GOPMHUPYIOIIETOCS B BBICOKOTEMITEpaTyp-
HBIX 00JIACTSIX MOOMJIM3AIIAY TIPH PEaKIIUM YTIICKHUC-
JIO-XJIOPUIHBIX O€3pYIHBIX PacTBOPOB C TPAHUTOM,
3HAYNTETHLHO 3BOTIOIMOHUPYET. VI3 TAKMX pacTBOPOB

MPU MOCTEIIEHHOM MOHVKEHUN TeMIIepaTyphbl 00pa-
3YIOTCS TTOJTMMETAJUIMIECKIE KUTbI, COCTaB M CTPYK-
Typa KOTOPBIX MOTYT U3MEHATHCI B 3aBUCUMOCTU OT
YCJIOBUI. XapaKTepHO, YTO MPAKTUUECKU TTPU JTIOOBIX
YCIIOBHSIX HanboJjiee BEICOKOE comepkaHme chanepr-
Ta M TajJleHUTa (PUKCUPYETCId B LEHTPATbHBIX YaCTIX
moaenbHbIX Xuia. Ilpu temnepatype 100—150 °C
00pas3yroTcs XWIbl BHITTONHEHNSI, Ha 90—98% cio-
JKEHHBIE KBaplieM B IMPUKOHTAKTOBBIX YacTsax. Kuia
lammpoBcKast OTHOCUTCS, BEPOATHO, K 0Opa30BaHUSIM
nogobHoro Tuna. TakuMm obpa3oM, C Hallleid TOYKHU
3peHUsI, BTOPOM BapHaHT OoJiee peaMCTUUCH.

B Hacrosiiee BpeMsT MpaKTUYECKU HEBO3MOXKHO
MIPOBECTH PAaBHOBECHO-IMHAMNYECKOE MOICIMPOBA-
HUE B FeTePOTeHHBIX MHOTOKOMITOHEHTHBIX CUCTEMAaX
C yJacTHeM JIaHTAaHOMAOB, HECMOTPS Ha OOIBIIOE
KOJMYECTBO UCXOAHOM TepMOINHAMUUECKOI MHDOP-
Manuu o popmax nepetHoca P39 B rugporepMaabHBIX
pacTBopax, a Takxke o psue TBepabix da3 P30 (ok-
CUIbI, TUAPOKCUIIBI, XJIOpUABI, PTOPUALI, (pochaTsl
u KapOonatbel) [Migdisov et al., 2016]. He xBataer
JAaHHBIX O KPaeBhIX YWieHaX TBEPIBIX pacTBOPOB ¢ P30
JIJ1s1 OOJIBLIIMHCTBA TOPOI00OPA3YIOLINX M BTOPUYHBIX
MUWHEPAJIOB, UTO He MO3BOJISIET HAAEKHO MPOBOAUTH
TepMOAMHAMUYECKIE pacyeThl IJIST Momeseit MoOm-
JIN3allMA KOMITOHEHTOB M3 MOpPOJ, (hOPpMUPOBAHUS
KXW U MeTacoMaTuToB. ClieAyeT OTMETUTh, UTO €CTh
MPUMEPHI TTOTYSMIUPUUECKUX PACUeTOB U3MEHEHUS
cocTaBa TUAPOTEPMATIBLHOTO (hIIOWIa B OTHOIICHWH
P35 [Ilomosa u ap., 2017]. B aroit pabore pacyeTsl
OCHOBAaHBI Ha 3KCIIEPUMEHTAJIBHBIX JAHHBIX O KO3(-
dummeHTax pacripefesieHus MUHepaa—pacTBOp IUIS
yactu P39 pia ¢mroopura, BoibdpaMuTa 1 IeeInTa.
ME1 B paboTe He paccMaTpUBAJIM BOIIPOC O MUHEpa-
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Puc. 2. ComnocraBjieHue pacnpeieseHusl pyaIHbIX 2JIEMEHTOB C Xa-
paKkTepuCTUKaMU crieKTpoB P3D B nmpobax mo paspesy yepes KUy
lanupoBckas: @ — U3MEeHEeHHEe CyMMapHOTO COACPXKaHUSI METAJIOB
(EMe=Fe+Zn+Pb+Cu) u orHouteHnus Lay:Yby; 6 — usMeHeHue
otHoweHuit Lay:Ndy u Gdy:Hoy mo paspesy
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Jax—HocuTensix P30 B pynHbIX Xuiax. BeposTHee
BCETO, 5TO XJIOPUT, SMUAOT, KapOOHAT, IIPHUCYTCTBUE
KOTOPBIX B HEOOJBIIIOM KOJIMYECTBE OTMEYAETCS B PyI-
HBIX XXWJIaX ¥ 110 pe3yIbTaTaM TePMOINHAMUYECKOTO
MonenpoBaHus (0ojee AeTaJbHO 3TO PacCMOTPEHO
B Halllell IIpealIecTByoleil padore [bopucos u ap.,
2016)).

3akmouenne. [losyaeHsl HOBEBIE HAaHHEIE O 3a-
KOHOMEPHOCTSX pacnpeneneHus P30 mo paspesy
yepe3 Pb-Zn Xuiy, oKOJOXUIbHBIE TTOPOAbLI U HE-
W3MEHEHHBIE TPAHWUTBI. YCTAHOBIEHO, YTO PE3KMIt
poct otHoweHuit Lay/Yby, Lay/Ndy, Gdy/Hoy n
Gdy/Yby ipuypodyeH K MHTEpBaJaM KWJIbI, TAE OT-
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E.C. Ka3ak', S1.B. CopokoymoBa?, I.T'. Axmanos’, A.B. Kop3yn*,

B.M. Ilpecusikosa’, A.B. Kazak®

N3YYEHUE COCTABA IIOPOBbBIX PACTBOPOB
KOCBEHHBIM METOJIOM BOJHBIX BBITSXKEK’

IpencrapaeHa KOJMYECTBEHHAS XapaKTePUCTUKA MaKPO- U MUKPOKOMITOHEHTHOTO COCTaBa
TMOPOBBIX PACTBOPOB JOHHbBIX OTJIOXEHWI 1O JAHHBIM MX TMPSIMOTO aHajv3a U 10 pe3yJibTaTaM
pacyeTra cocTaBa BOIHBIX BBITSIKEK C YUETOM BJIAXKHOCTH 00pa31ioB. CaeslaH BBIBOI O BO3MOXK-
HOCTH UCITOJIb30BaHUST METOIa BOAHBIX BBITSKEK IS ONIpeeIeHUsI MUHEepaIu3allii U COCTaBa
pEaTbHBIX MOPOBBIX BOJ HU3KOMPOHMUAEMBIX, CYLIECTBEHHO TJIMHUCTBIX OTJIOXEHWI pa3HOU
CTereH!u JUTUGUKAIIMA. YCTaHOBJIEHO, YTO MCCIIeJOBAaHUE PACTBOPOB BOMIHBIX BBITSIKEK HE
TO3BOJISIET TOYHO OTPEIETUTh COCTaB €CTECTBEHHOTO TTOPOBOTO pACTBOPA, HO AaeT BO3MOXHOCTh
OLICHUTH (B Ipeneax OLIMOKY OIpeaeeHus) coaepXKaHue B HeM XJIopa, HaTpusi U Opoma.

Karuessie crosa: ITIOPOBBLIC BOAbI, JOHHBIC OTJIOXKCHMUA, BOAHAA BbITSAKKA, pEAKO3CMCEJIbHBIC
QJICMCHTLI.

The quantitative characteristics of the macro- and micro-component composition of the
pore solutions of the see bottom sediments according to the direct analysis and the calculations
from the water extracts are presented. The conclusion about the possibility of the water extracts
method using to determine the salinity and chemical composition of the nature pore waters
of the low permeable clay deposits of the different lithification stages was made. It was found
that the water extracts solutions does not allow to accurately determine the composition of the
natural pore solution, but its make it possible to estimate the content of chlorine, sodium and
bromine within the error of the determination.

Key words: pore waters, bottom sediments, water extract, rare earth elements

Bgenenue. M3zydyeHune coctaBa IOPOBBIX PAaCTBOPOB
WMEET BAXXHOE 3HAYEHUE [IJII MOHUMAHUS U YyTOUHE-
HUS cTpaTUrpauiecKnX MpU3HAKOB U (halagbHbIX
XapaKTEPUCTUK OCANOUYHBIX TOPHBIX MOPOI, JTaHHbIE
0 COCTaBE MOPOBBLIX PACTBOPOB MOTYT ObITh MUCIMOJIb-
30BaHbl TIPU PEKOHCTPYKIIMU COJEHOCTU IPEBHUX
0acceifHOB OCaJKOHAKOIUJIEHUS, a TakXXe MOMOYb B
TMOHUMaHUU TPOLIECCOB, MPOUCXOASIINX NTPU HOPMU-
pOBaHUM W Pa3pylIEHUU 3aJeXel yrieBOAOPOJOB U
np. J1IocTOBEpHOCTh Pe3yJbTaTOB U3YYEHUST MOPOBBIX
pacTBOPOB CYILIECTBEHHO 3aBUCUT OT IMPABUIbHOCTHU
BbIOOpa MeToAa IOJy4YeHUSI U 00pabOTKM MCXOIHBIX
NaHHbIX. Ha cerogHsIHui JeHb MUHEpaIU3alUIo
U XUMUYECKUIN COCTaB IMMOPOBOM BOABI MOXKHO 3KC-
MEPUMEHTAIBHO ONPEAECTUTh JIMOO MyTEM MPSIMOTO
XMUMHWYECKOT0 aHajin3a BOJbl, HEMOCPEACTBEHHO
BBIZICJICHHOW U3 TMOpPO. (TaK Ha3bIBaEMbIX peabHbIX
MOPOBBIX PAacTBOPOB), JIMOO MEepPecueToM U3 ITaHHBIX
0O COCTaB€ BOJHBIX BBITSKEK M3 MOPOI C YYETOM MX
€CTECTBEHHOU BJIAXXHOCTHU.

IIpu moctaToyHOU BIAXHOCTU OTJOXEHUIT He
COCTaBJIsIeT OOJIBLIOTO Tpyda HEMOCPEIACTBEHHO BBI-
JIEJTUTh TTIOPOBBIE PACTBOPHI (METOJ OTIPECCOBBIBAHMUS,
MeTOJ 3aMellleHUsT (CTIMPT, MacJio U Mp.) IO AaBjie-
HHUEM, LIEHTpUDYTUpOBaHWe U 1p.), a 3aTeM IpoaHa-
JIM3UPOBaTh UX XUMHYECKMU coctaB. Haubosblinue
TPYOHOCTU BO3HMKAIOT TMPU BBIACJICHUU TOPOBBIX
pPacTBOPOB M3 TUIOTHBIX TOPHBIX MOPOA, MMEIOIINX
MaJylo BiIaxXHocTh (<5 Macc.%, mo gaHHbBIM [Sacchi
et al., 2001; Kprokos, 1971]). B aTom cinydyae nmpuxo-
TIUTCSI MpUOEraTh K albTepHATUBHOMY METOIY BOIHBIX
BBITSDKEK. MeTon 3aKkioyaeTcsl B TOM, YTO B OJHOM
Mpo0Oe OmpenessioT KOJUYECTBO MTOPOBOIl BOABI (Be-
COBBIM METOJIOM, TUCTUIISILIMOHHO-3KCTPaKIIMOHHBIM
METOOM U Ap.), a B apajjieIbHOM WIN TOM ke Ipobe
KOJIMYECTBO BOJAOPACTBOPUMBIX COJIEN B IIOPOBOU BOIE
MyTeM aHaJlu3a COCTaBa BOAHOMN BBITSKKHU C YUETOM
BJIAXKHOCTU oOpasia.

AKTHMBHO HM3YY€HME COCTaBa BOMHBIX BBITSIKEK
Ha4Yaj0Ch OTeYECTBEHHBIMU YUeHBIMU B 1931—1966 rT.
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C TIEJIbIO OLIEHKW POJIM TTOPOBBIX PACTBOPOB B (pop-
MUPOBAHUM COCTaBa MOA3EMHBIX BOI U YCTAHOBJICHUS
CBSI3W HOHHO-COJIEBOTO KOMIUIEKCA OCaIOYHBIX TTOPOT
C CEIMMEHTALIMOHHBIMHU («ITOrpeOeHHBIMM» ) BOJAMM.
B cBg3M ¢ TeXHMYECKMMU TPYIHOCTSIMU BBIICICHUS
€CTECTBEHHBIX TTOPOBBIX BOI TaKWe WCCICIOBAaHUS
BIIEPBBIC OBITN BBITIOTHEHEI TSI CIA00TTPOHMIIAEMBIX
nopon I'po3HEHCKUX HEMTSIHBIX MECTOPOKIACHUIA,
HeTIHBIX MEeCTOpOXIEeHUI T. baky, mecTopoxkme-
Huit Ceumn m I'ama B Harecrane [Kpiokos, 1971].
YCTaHOBJIEHO, YTO TIPUTOTOBIIEHNE BOAHBIX BBITSIKEK
BBI3BIBACT HE TOJIBKO pa30aBIcHME TOPOBOTO pac-
TBOpa, KOTOPOE JIETKO MOXHO OBUIO OBI y4eCTh, HO
W pSIIT CJIOXHBIX M3MEHEHWI COCTOSTHUS PaBHOBECHS
MEXITy PaCTBOPOM 1 TBepaOi (pa30it: JOTIOTHUTEIEHOE
pacTBOpeHME COJIelt, CABUT paBHOBECHI TUAPOJIN3a,
W3MEHEHWE YCIIOBUI aJICcOpOIMOHHBIX PaBHOBECHIH
MEXIY MOTIOIIAONINM KOMITJIEKCOM M PacTBOPOM,
OCOOEHHO CWJIHHO TIPOSBISIONINXCS IS TIMHUCTHIX
BewrecTB [Devine et al., 1973; Kprokos, 1971; -
kuHa, 1972]. TToaToMy 10 HACTOSIIETO BpEMEHU OCTa-
€TCS BOITPOC, HACKOJIBKO TIOJTYYeHHBII B XOJIe aHaI3a
BOJHOM BBITSDKKU XUMUUECKUIA COCTaB KOHAUIIMOHEH
¥ TIPUOTIKEH K COCTABY peabHBIX TTOPOBBIX BOJ.

B pesynbrate cpaBHUTEIBHOTO WCCIIEIOBAHUS,
nposeneHHoro I1.A. KpiokoBeiMm u np. [Kpiokos,
1971], ycTaHOBJIEHO, YTO COCTaB PACTBOPOB, BBIICICH-
HBIX U3 TOPHBIX MIOPOJ ONTPECCOBBEIBAHNEM TIPU €CTE-
CTBEHHOM BJIAXKHOCTH, PACTBOPOB, OTKATHIX M3 TTOPOI,
KOTOpEBIE TIPEABAPUTEIHLHO YBIIAXKHEHBI, a TAaKXKe BO-
JTHBIX BBITSDKEK M3 TIOPOJI CHITBHO oTImIaetcs. B psime
CIyJ9aeB COCTaB BOIHBIX BBITSIKEK TIPU TIepecyeTe Ha
€CTECTBEHHYIO BIAXKHOCTH TTPUBOIUT K COBEPIICHHO
IpyroMy (HepeaTbHOMY) COCTaBy UCXOTHOTO TTOPOBO-
ro pactBopa. IIpy 3TOM MakcMMallbHOEe MCKaXXeHUE
MUWHepaInu3allii TTOPOBOM BOIBI, PACCUYMTAHHON IO
BOJHOI BBITSIKKE, MPOUCXOAUT B KapOOHATHBIX U
Ccynb(MaTHBIX MOPOJAX 3a CYET MOBBIIICHHON pac-
TBOPUMOCTH MOPOA000pa3yomnux MuHepanoB. s
TIeCYaHBIX TTOPOJ, TI0 SKCIEPUMEHTATBHBIM JTaHHBIM
I1.A. KprokoBa, KOHIIEHTpalus XJI0pa, OLIEeHeHHasI 110
JAHHBIM BOTHBIX BEITSIKEK, OKa3bIBaeTCS OYeHD OJTM3-
Ka K ero peaJbHOMY COIepKaHWIO B TIOPOBOM BOJIE.

B psine 3apy6exHbix pabot [Edmunds, Bath, 1976;
Fernandez et al., 2014; Reinik et al., 2015] moka3ana
OUYEHB XOPOIIIasi CXOMMMOCTh 3HAUCHUI KOHIICHTPALINH
XJIopa B TIepecyeTe M3 BOXHBIX BBITSDKEK TIIMHUCTHIX
TOPHBIX TIOPOI C YYETOM €CTeCTBEHHOM BIAXXKHOCTHU
C M3MEPEeHHBIMU B pEabHBIX TTOPOBBIX PAacTBOPAX,
OTXATBIX METOIOM IEHTPU(PYTMPOBAHUS MIIN OTIPEeC-
coBbiBaHUs. B pabote [Mazurek et al., 2015] meTon Bo-
JTHBIX BBITSDKEK YBEPEHHO MCITOIB30BAJICS IJIST OLICHKHU
ocrasiielics nocie onpeccoBbiBanus (200—500 mI1a)
KOHIIEHTpAIINX XJIOpa B 00pa3iiax clIabompoOHUIIaeMbIX
chanueBbix nmopoa. B pabore [Kazak u ap., 2017]
METOH BOXHBIX BBITSLKEK OBLT TPUMEHEH JUTST OLICHKU
comepkKaHMSI XJIopa M HaTpUsS B TTIOPOBBIX BOJAX Clia-
OOTIPOHUIIAEMBIX CJIAHIIEBBIX ITOPOA 0askeHOBCKOM
cButhl 3amagHoii Cubupu. JIo HaCTOSIIEro BpeMeH!

BCJIEICTBUE HU3KOTO BOIOCOAECPXKAHUS 3TUX TOPOJ
HE yIajJoch BBHIIEIUTH PEaIbHBIN MTOPOBBIN PacTBOP
W HampsIMylo MpoaHaJu3upPoBaTh €ro COCTaB.

Llenp HaIIMX MCCITeAOBAaHMIT — KOJIWYECTBECHHAS
CpaBHUTEIbHAST XapaKTePUCTUKA MaKpo- M MHUKPO-
KOMITOHEHTHOI'O COCTaBa IOPOBBLIX PacTBOPOB, IMO-
JIydeHHas 110 JAHHBIM TIPSMOTO aHaJln3a M B XOJe
repecyeTra M3 COCTaBa BOIHBIX BBITSDKEK C yUETOM
€CTECTBEHHOM BJIAXKHOCTH OTJIOXEHUIA, a TaKKe OLIeH-
Ka TOYHOCTU 1 BO3MOXHOCTH MCITOJIb30BAaHUST METOIA
BOIHBIX BHITSKEK IJTST OTIpeAeICHIS MUHEpaIN3alii 1
COCTaBa peaJbHBIX TTOPOBBIX BOA HU3KOIIPOHHUIIAEMBIX
TJIMHUACTBIX OTIIOXKECHUIA.

Marepuaibl 1 MeToAbl McciaeaoBaHmid. JIis1 vc-
clleloBaHUSI MCITOJIb30BaHbl OOpa3ilbl TOHHBIX OT-
JIOXXeHU, oToOpaHHbIe yaapHoOul Tpyokoii B bapeH-
eBoM Mope B xone peiica TTR-18 mo mporpamme
IOHECKO-MTY «ObyueHne — yepe3 uccieaoBaHus
(ITnaByuuii YHuBepcuTeT)» Ha Hay4dHO-HCCJEAO-
BareibckoMm cyaHe (HUC) «Akanemuk Hwukomnaii
Crpaxos» (puc. 1).

ITpo6o0oTOOP BHIMIOJHEH MPU MOMOIIU YAapHOU
TPYOKM IJTMHOM 6 M, €€ BHYTPEHHUI JuraMeTp 148 MM,
macca okoso 800 xr. TpyOka ocHalllgHa CIIeIIuaIbHBIM
TUTACTUKOBBIM BKJIAABIIIEM M KEPHOPBATEIeM, COXpa-
HSIOIIMM KEepH TIPH TToabeMe. MaKCUMalbHOe TIpo-
HUKHOBEHHWE YIapHOW TPYOKM B TPYHT OOecCITeUrBa-
JIOCh €€ CBOOOAHBIM TajeHueM ¢ BbICOThl 30—50 M OoT
IHa. Bce cycko-noabeMHbIe orepaliviu, CBSI3aHHbBIE C
MpPOBEIEHUEM JTOHHOIO ITPO0O00TO0PA, BHIMOIHSIINCH
¢ kopMbl HUC uepes TT-06pa3Hyio paMy ¢ TOMOILIbIO
ruapaBauueckoit nebenku «Rauma-Repola».

ITocie mogpeMa TpyOKHM Ha ManxyOy M3 HEe JOCTa-
BaJT TTACTUKOBBIN BKIIAIBIII, 13 KOTOPOTO ITOCEKIIM-
OHHO U3BJIeKaIu KEPH (IIMHA KaXI0i CEKLIUU OKOJIO
60 cm). Kaxmyro ceKimro Ipy MOMOILIN TUTACTUKOBOM
JIECKM pa3pe3ajv BIOJb Ha ABe paBHbIe yacTu. OgHy
YacTh MCMOJbL30BaIU JJIs JIMTOJOTUYECKOTO Omuca-
HUs, poTorpadrpoBaHusi U MPOUYUX MPOGUIBHBIX
nccienoBanmii. YacTh KepHa TePMETUYHO YIIAKOBBI-
BaJIM TI0 CEKIMUSIM B M30JUPOBAHHBIE TIACTUKOBEHIC
KOpoObI (Kabesib-KaHajbl) C KBaapaTHbIM CEYEHUEM
(6x6 cM) mist XxpaHeHUs B YueOHo-HaydHoM LleHTpe
IOHECKO-MTI'Y no Mopckoil reojioruu u reodu-
31UKe Mpu reojiornyeckoM ¢axkynbrete MI'Y nmeHu
M.B. JlomoHoCOBa.

ITpoBons uccieqoBaHUs Ha HECBEXKEOTOOPAHHBIX
o0pasiax, XpaHWBIIMXCSA B TePMETUUHBIX TpyOKax
B KepHOXxpaHWuile (puc. 2) Mpu TMOBEPXHOCTHBIX
aTMOC(EPHBIX YCIOBUSAX CPeIbl, aBTOPHI HE CTABWIIN
3a/1a4y OXapaKTepr30BaTh NCTUHHBIN TPUPOTHEIN CO-
CTaB MOPOBBIX PACTBOPOB JOHHEIX 0canKoB bapeHtiena
mopsi. [IpeciegoBaiack MeTonnuecKast 1iejb CpaBHUTD
JIBa METOoJa MCCeA0BaHNS COCTaBa MOPOBBIX BOA —
METOJ MPSIMOTO aHajin3a BBIAEJEHHOTO MOPOBOTO
pacTBOpa M KOCBEHHBIN METOI BOIHBIX BBITSIKEK,
MoKa3aTb BO3MOXHOCTb U JOCTOBEPHOCTb MCIIOJIb-
30BaHUS MOCJIENHEro s aHajiu3a COCTaBa BbICOKO-
MUWHEepaJIN30BaHHBIX TTOPOBEIX PACTBOPOB.
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s ucciaenoBaHuii BIOpaH KEPH TOHHBIX OTJIO-
KEHWW, MTPEACTABICHHBIN B TISITU CEKIUASIX C MAKCH-
MaJIbHO COXpaHEHHOI BOAOHAChIIEHHOCThIO. Cpa3dy
MOCJIe BCKPBITHS INIACTUKOBOTO Kopoba m3mepstiiu pH
u Eh 1OHHBIX 0CagKOB MPSIMBIM MOTEHLIMOMETpUYE-
CKMM MeToJ0M Ha mpubope «dkcnept-001».

Yactb BCKpBITOro KepHa Tocjie usmepeHusi Eh
u pH He3aMmenUTeIbHO HaMpaB/s/Iu Ha U3BJIEUEHNE
MOPOBBLIX BOA U ONpeleeHrne BIaXXHOCTH, a 4acTb
BBICYLIMBAAM Y MCMOJb30BaIU IJIS1 AajJbHEUIIETO
W3BJICYCHUST BOTHBIX BBHITSDKEK, OTPEICIICHUST XUMH-
YeCcKOro U MUHEpaJorMyeckoro coctaBa OTJIOXEHUI
U €MKOCTHM KaTMOHHOTO oOMeHa.

ITpsiMoe u3BAE€UEHME TOPOBBIX BOJ BbIMOJHSI-
JIM METOJOM LIEHTpU(YTrupoBaHUsl Ha LEHTpUdyre
«OITH-18» (20 muH., 7000 06./MuH.).

BnaxHocTtu omnpenensiiv Kak pa3HOCTb MaccChl
€CcTecTBeHHOTro 1 BbicylieHHoro rpu 105 °C ocaaka o
METO[y, U3JIOKeHHOMY B padote [ Kpeueros, [naHoBa,
2009]. 3a pesyabpTaT aHajJM3a MIPUHUMAJIOCHh CpelHee
apudmeTnyecKkoe 3HaYe€HUE ABYX IMapasjelbHbIX
onpeneneHuii. CBoAHbIE pe3yabTaThl aHaAM3a Mpe-
cTaBjieHbl B Taod. 1.

Tab6auma 1

XapaKTepucmxa OCHOBHOI'0 COCTaBa NMOPOBBIX BOJA JAOHHBIX
0CaaKoB Bapeﬂuel;a MOpA MO JAHHBIM NPAMOro U3MEpEeHUus

2 X s
o - = Z|
Homep 06- | 2% 8| = w20
pasua ;é% E" | o |‘ % ““o"v‘— ]
SE 55 Ol &5l mls
288 WZQ2 | 2522 2R
AR-19G Sec.2| 59,2 [29,71]| 0,64 | 1,38 0,006 | 0,002 | 0,0007
AR-26G Sec.2| 40,3 [27,21]| 0,57 | 1,24 {0,009 | 0,002 | 0,0006
AR-36G Sec.1| 48,4 [29,44| 0,51 | 1,48 |0,0050,002|0,0012
AR-36G Sec.2| 51,4 [32,82] 0,62 | 1,49 (0,005 0,002 | 0,0007
AR-67G Sec.1| 47,9 |28,33] 0,63 | 1,24 0,006 | 0,002 | 0,0009

PenTrenoda3oBblit aHAIM3 TOHHBIX OCAIKOB MPO-
BOIWJIM Ha PEHTIeHOBCKOM audpakroMerpe «IpoH-
3M» (ommbka usMepenus 5%). Onpenenenue EKO
U cocTaBa OOMEHHBIX KaTMOHOB ObUIO BBIMOJIHEHO
metonom Ildeddepa B Mogudukanmu MonoaioBa
u HrHaroBoit ¢ oTMbIBKOM 70%-HBIM CIOUPTOM OT
JIETKOPacCTBOPUMBIX coJieii o cxeme [KpeueTos, /lua-
HoBa, 2009].

BonaHble BBITSKKY BBIMOJHEHBI U3 00pa3loB IOH-
HBIX OCAIKOB IO CJIEIYIOINIeH cXeMe: HaBeCKy IMOPOIbI
(oxono 40—50 r) 3anMBaM AUCTWLIMPOBAHHOMN BOIOM
B COOTHOIIEHUM Boja:ropoma = 2:1, 3aTeM KoJOy
B30AJITHIBAIM B TeueHUM 3 MUH. PacTBop oTmensiiu
OT ocajgka MeTtoioM LeHTpudyrupoBanus (10 MuH.,
4000 00./MWH.), OTPUIBTPOBLIBAIN MEXaHUUECKUE
MMPUMECH M BBITIOJHSUTM XUMUYecKuii aHanu3. [lpu
MIPUTOTOBJIEHUY BBITSDKEK MCITOIB30BaIach OMINCTUI-
JIMpOBaHHAs BoJa, He colepIKallias yIJIEKHCIIOTO ra3a,
IIJISI CHUDKEHMST pACTBOPUMOCTH KapOOHATOB KaJIbITUS
1 MarHus B XoJle TIPOBEICHUS OITBITA.

Puc. 1. PaiioH uccienoBanuii B bapeHiieBoM Mope

B nonydyeHHoit cycneH3uu ¢ nomoliiibio pH-MeTpa
«OKCITEPT-001» ompenensiiu 3HaueHus: pH (mo-
rpemtHocTh u3mMepenus +0,02 ex. pH).

B oTdunbTpoBaHHBIX pacTBOpax BOJAHBIX BbITSI-
JKeK M M3BJIEYCHHBIX ITOPOBBIX BOJAaX MeTogaMU 00b-
€MHOTO TUTPOBaHUS ObLJIO OIpPEAEIEHO CoJAepXKaHue
rugpokapooHar-uoHa (8 oTH.%), KaTMOHOB Kajlb-
v 1 Mardug (5 otH.%), xinop-uoHa (£3 otH.%).
Conepxanne cyiabdar-noHa u xeneda (15 orH.%)
ofpeaesieHo ¢ Mmomollblo cniekrpodortomerpa. KoH-
LIEHTpaLus KaTUOHOB HaTpust (10 10 oTH.%) U Kanus
(mo 15 oTH.%) ormpeneiieHa METOIOM IIJIAMEHHOM
doTomMeTpum.

ConepxxaHue MUKPO3JEMEHTOB U PENKO3EMEIIb-
HbIX 2sieMeHToB (P3D) B obpasuax mnopoa AOHHBIX
OTJIOKEHW, TTOPOBBIX BOJAX M BOIHBIX BBITSKKAX
BBITIOJTHEHO Ha Macc-CIEeKTPOMETPe BBICOKOTO pas-
pEIIEHUsI C MOHU3AIUEN B WHIYKTUBHO-CBSI3aHHOU
iasMe s 3JI€EMEHTHOr0O UM M30TOMHOIo aHajiu3a
«ELEMENT?2» (mpousBoautesnb «Thermo Finnigan»)
(3 otH.%).

Pe3yabraThl mMcciienoBaHmii M WX 00CYXKIeHHe.
B n3yueHHBIX KOJIOHKAaX JOHHBIX OTJIOXEHUN TTPeod-
JIaJaoT IMHUCTO-AJIEBPUTOBbIE WJIbI C TIECYaHOM TTPU-
Meckhio (puc. 3). KapOoHAaTHOCTh 0CaaKOB HM3KAsl — OT
0 1o 11% (puc. 3). UsmepeHHast eMKOCTb KATHOHHOTO
obMeHa u3mensiercst ot 32,6 1o 38,9 mr-sks/100 r mo-
pornbl. B coctaBe 00MEHHOIro KOMILJIEKCa BO BCeX 00-
pasiax oOHapyXeHa clieAyrollasi ocae10BaTeIbHOCTh
KOHIIEHTpal1 OOMeHHbIX KaTMoHOB: Na>Mg>Ca>K.

M3mepeHHbie BeanunHbl pH 1 Eh noHHBIX ocan-
koB BapenueBa mopst usmensitorcest ot 7,11 go 7,66 u
ot +197 no +358 MB cooTBeTcTBEHHO, Npu 3ToM pH
MOpPOBBIX BoA coctaBisger 6,82—7,70. ITomyueHHBIE
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CraHum

a4 TTR18-AR36G (cekuun 1 n 2)

0-78 cM: rMUHUCTO-aneBpPUTOBBIN UI, CEPO-ONUBKOBBIN,
cpeaHeii NNOTHOCTU, C MENKoNecYaHo NPUMechio

(8o 15% B kapmaHnax). BepxHsas vactb nutepsana (0—6 cm)
pasxuxeHa, ¢ MenkonecuaHow (3%) npumechio u
Tpy6kamu nonuxer. Mo Bcemy UHTEpBany oTMevaloTcst
npumaskn rmapoTpounuta. HalipeHa okucneHHas Tpybka

B UHTepBane 5—7 cMm. B uHtepeane 59—78 cm ocaaok
6uoTypOupoBaH (PasKWKEHHbIN, MATKUM, C aneBpuUTOBOI
(10%) n necuaHoi (3%) npumecsimu). B untepsanax 9-11,
24-25, 46-48 cm HabniopgaloTcs kKapMaHbl, 3anonHeHHbIe
MenKonecyaHbiM MaTepuanom. HUKHASA rpaHnua nHTepeana
peskasi, kocasi

78-124 cm: [NMHMCTO-aneBpUTOBbIN WU, CEPO-KOPUYHEBBIN,
MSAMKUIA, OAHOPOAHBIN

7 TTR18-AR19G (cekuusi 2)

62—111 cM: IMUHUCTO-aNeBPUTOBBIIA UM, CEPO-KOPUYHEBDIN,
MSATKUIA, OAHOPOAHBIN. HUKHAA rpaHuLa nHTepBana
HepoBHas, peakasi

111—122 cM: MUHUCTO-aneBPUTOBBIV UM, TEMHO-CEPbIN,
NINOTHbIA, OAHOPOAHBIIA, NNACTUUHBIV, C
rpasuiiHoii (5%) npumechio

CraHuu

q TTR18-AR26G (cekuust 2)

50

59-69 cM: rMNUHMCTO-aneBpUTOBbINA UM, CEpO-KOPUUHEBBIN.
HwxHAa rpaHuua UHTepBana kocasi, nepexoaHas.

69—124 cM: rMUHNCTO-aneBpUTOBSIN 1N, TEMHO-CepbIi,
MSAMKWiA, oAHOpPOoAHbIA. B uHTepBane 122—124 cm oTMeyeH
npocnou rapoTPoOUnUTa

T
!
Vi
‘

WRY

T

A
i

S e ey

;;;,

0-27 cM: rMMHUCTO-aneBpuTOBBIN U, CEPOBaTO-ONUBKOBbIN, C
MenkonecyaHoii npumecskio (3%), B BEpxHel yacth (2 cm)
06BOAHEHHbIN, ¢ necuaHom (3%) npumechbio

B uHTepBane 3—-4 cM 0TMeUYaeTCH OKUCNEHHbI

npocnoii aneBpuToBoro Matepuana. B uitepsanax 11-12 u
26-27 cm Habnoaatotes npocnoun (MoLwHocTbio Ao 1,5 cm)
MernKonecuaHoro Matepuana. HukHsas rpaHuua uHTepeana
poBHasi, peakasi

27-62 cM: IMUHUCTBINA U, KOPUYHEBATO-CEpPbI, MATKUIA, C
necyaHom npumecsoio (3%)

Puc. 2. KoJlOHKM JOHHBIX OTJIOXKECHUI

bapeHiieBa Mopst: a — obpazerr Ne AR-

36G Sec.1 u obpaserr Ne AR-36G Sec.2;

6 — obpaszerr No AR-19G Sec.2; 6 — 00-

paser Noe AR-26G Sec.2; ¢ — obGpa3sert
Ne AR-67G Sec.1
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3HayeHUs cornacyrorcs ¢ maHHbeiMu FO.H. I'ypckoro
[Typckmit, 2003] nns npyrux paiioHoB bapeHIieBa
mopst: pH npuaonHoit Boasl — 7,55—8,27, pH nnoBbIx
BoA — 6,34—7,00, oTMeuyeHa BhIpaXkKeHHAs! TEHICHIINAS
K yBesuueHuto pH 1mo rinyouHe KOJIOHKH.

IMo xuMmIeCcKOMY COCTaBY BBIICIIEHHEIC TIOPOBBIC
BOIBI XJIOPUIHBIE MarHMEBO-HATPUEBBIE C MUHEpa-
mm3anueit (M) ot 27,14 mo 32,73 r/n (puc. 4, 5) n
¢ coaepxaHuem xyop-uonHa (Cl7) 17,27—20,25 r/n
(tabu. 1). ITo nannbiM FO.H. I'ypckoro, M npuaoH-
HbBIX Bon bapeHiieBa mops coctasisier 34,13—34,38 r/n
Ipu comepxaHuu xjaop-uona 18,62—18,91 r/n, =M
mwioBeIX Bom — 34,08—40,97 r/m mipu comepXaHWH
xjop-uoHa — 18,5—22,41 r/n [T'ypckuii, 2003]. Co-
nepxxanue Hatpust (Na*) B TopoBoii Bome B cpenHeM
cocrasisier 7,09 r/a. Copepxanue Cl°, monydyeHHOE
10 TAHHBIM BOTHBIX BBITSIKEK, XOPOIIIO COTJIACYETCS CO
3HAYEHUSIMU €TO KOHIIEHTPAIIMX B MCTUHHBIX TTOPO-
BBIX BOJAX B Mpejesax olnoky aHanmsa (puc. 6). Ta-
Kas Xe cuTyalus HabromaeTcs Iy HaTpus (puc. 7).
Takxum obpa3oM, B TaHHOM CiIydae €IWHCTBEHHBIN
ncTouHuK noHoB ClI" 1 Na™ mpu nmpurotosieHnu Bo-
JTHOM BBITSDKKW — TTOPOBBIE BOIBI.

YuuTeBas, 4TO XJIOP W HATPUU — IOMHHHUPY-
fOIINe MOHBI B COCTaBe MCCIIEAYEMBIX TTOPOBHIX BOI,
MOKHO TIPU3HATh XOPOIIYIO CXOAUMOCTh PE3YJIETaTOB
oTpeieIeHNs] BeIMYMH MUHEPATN3alu PearbHOTO
MOPOBOT0 PacTBOpPa U MUHEPAIM3ALUU, PACCUUTaHHOMI
10 TaHHBIM BOTHBIX BEITSIKEK C YIETOM €CTeCTBEHHOM
BJIaXXHOCTHU (pHcC. 5).

ConepxaHue cyibdar-noHa (SO42_) B TIOPOBBIX
Bomax coctasisteT 0,13—0,22 1/, mpu 3ToM K03 hu-
OUAEHT ¥ SO42_/r ClI" =0,005:0,009, 1.e. 0ueHb HU3KMIA
(Tabxa. 1), 9TO CBUAETEILCTBYET O KpaiiHe cj1aboil pe-

IYKIINU CYTh(aToOB MM ee OTCYTCTBUM. B pacTBopax
BOJHBIX BBHITSIKEK KOHLIEHTPALIMSI SO42' TTOBBIIIIACTCS
Oosee yeM B 4 pasza (puc. 4, puc. 6). Takoe nmoseaeHnEe
KOHIICHTpallMM HMOHAa SO42' CBSI3aHO, CKOpEe BCETO,
C OKHUCJICHHEM TTHPUTA B TMPOIECCe TTPUTOTOBICHUS
BOJHO# BBITSLKKU. [TUPUT cOAEPKUTCS TIOUTU BO BCEX
oOpasnax (puc. 3), OIHAKO €ro KOJIMYECTBO, COCTOSI-
HYE U YCJIOBUS JJISI OKUCJIEHUSI MOTYT OTJINYAThCS.

Conepxanue runpokapb6oHar-noHa (HCO; ),
KQTbIIUS (Caz+) W MarHUS (Mg2+) JUTSI TIOPOBBIX BOJ
cocrasnsier 0,12—0,17, 0,54—0,85 u 1,62—2,06 r/n
COOTBETCTBEHHO. B pacTBopax BOIHBIX BBITSKEK ObLIO
oIIpeaesIeHO uX 0oJjiee BBICOKOE coaepxkaHue (puc. 6,
7). YBenmueHNe NX KOHLIEHTPALIMU MOXET OBITh CBSI-
3aHO C TpolleccaMM KaTMOHHOTo oOMeHa, a Takxke ¢
pacTBOpeHrEM KapOOHATOB KaJIbLMS U MAaTHUS, B TOM
YMCJIe CePHOM KMCJIOTOI, 00pa3yIolIeiicsT TPy OKHC-
neHun niuputa. Kak BugHo Ha puc. 3, KapOoHaTHbIE
MUWHepaJbl 0OHapy:XeHBI B OOJBIIMHCTBE MCCIIEHO-
BaHHBIX 00pAa3IIOB JHOHHBIX OcamkoB. COBMECTHO C
yBeJIMYeHneM conepxanusg moHos HCO; ™, Ca’ u
Mg?" orMeueHo nipeBbieHwe BemarnHbl pH BOIHBIX
BBITSDKEK MO CpaBHeHUIO ¢ pH pealbHBIX MOPOBBIX
pacTBopoB (puc. 5).

Paccuntannbie 3HaueHUSI KO(PPUIIMEHTOB METa-
Mopdu3aLM pearbHbIX MOpoBbIX Box (rNa'/rCl™ =
= 0,51:0,64 u rCI~ — rNa")/rMg" =1,24:1,48) yka-
3BIBAIOT Ha YMEHBIIEHNE O HATPHUSA 3a CYeT HaKO-
TUIEHUST KAJIbLMSI, KOTOPHIA, BEPOSITHO, BBHITCCHSIETCS
73 TTOTJIOIIAONIETO KOMITIEKCA OTIIOKEHMI TJIABHBIM
00pa3oM HaTpueM IIOpOoBOM BoAbl. MeTamopdu3anms
MOPOBBIX BOJ C MOSIBJIEHUWEM XJIOPUIHO-HATPUEBO-
KaJIBLIMEBOTO THTIA BOJ 3a CUET MPOIIECCOB KATMOHHOTO
oOMeHa OOHapy:XeHa TakKe B JOHHBIX OTIOXEHUSIX

21

AR-67 G
Sec.1

D

AR-36 G
Sec.2

[ T

AR-36 G
Sec.1

||||||||||||||||||T|]|||||HHHHIIIIII?

AR-26 G
Sec.2

I

AR-19G
Sec.2

M rouse Ksapn K Pinaruoxnas

Porosast oOmanka anoxceH Kanbum EHOHOMI/IT

Puc. 3. MuHepasbHbII cOcTaB U3yYeHHBIX 00pa310B NOHHBIX OTJIOXKEeHUI bapeHueBa Mopsi
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Puc. 4. MaKpOKOMHOHeHTHLIﬁ COCTaB ITOPOBLIX paCTBOPOB 110 JaHHBIM BO/IHBIX BBITAXKECK U IMPAMOIO aHaJIM3a (BHI/I3y HOMCEpa 06]:)8.3]_[0B)

Tuxoro okeaHa u YepHoro mops [['ypckuii, 2003;
IvmkunHa, 1972].

Conepxanue opoma (Br ) B cpemHeMm cocTaB-
nsget 74,82 mr/n (tabn. 2), mpu 3ToM KO3 GUIIMEHT
r Br /r CI” pasen 0,002 mis BceX HMCCIeTOBaHHBIX
o6pasuoB. CoaepxxaHue Br B pacTBope, IOJIyYeHHOE
MpU MepecyeTe U3 BOAHBIX BBITSXKEK, COTIacyercs B
Mpeaesax olMOKY ONpeAesIeHUs C ero CoiepXaHueM
B peajibHbIX IMOPOBBIX Bogax (puc. 6).

HsmepeHHoe coaepxaHue 6opa (B™) B mopoBbIx
BOJIaX JIOHHbBIX 0CaJIKOB HEMHOTO MOBBILLIEHO OTHOCH-
TEJIbHO €ro KOHLEHTpalluu B Bogax bapeHlieBa Mopsi
(4 mr/n o gauabIM [[ypekwmit, 2003]) u B cpeamHeMm
cocrtaBiseTr 4,68 Mmr/in. B 1enoM M3MepeHHOE CO-
JepxaHue B~ B mopoBBIX BOAax M JOHHBIX OCagKax
BbapenneBa mops (Taba. 2) Boeimie, yeM B Kacmmii-
ckoM, Yepnom, CpemuzemHoM u KpacHoM Mopsix
[Typckuit, 2001]. Koaddumuent » Br /r CIT mis
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Puc. 5. 3naueHuss MuHepanu3auuu U BeMunHbl pH mopoBeix Bon, nudmepeHHsbie (/) U paccunTaHHbIE (2) TTO JAHHBIM BOIHBIX BBITSXKEK
C YYETOM €CTEeCTBEHHOM BJIaXKHOCTU OTJIOXKEHUI

00pas3loB IOPOBOIA BOABI U3MEHSIETCS OT 6:10~* no
11-10™* u cooTHOCHTCS € paccuyMTaHHBIM B paboTe
[Typckuir, 2003] — 8,1-107*. ConepxaHue Oopa B
MOHHBIX OTJIOXEHUSIX KpaiiHe HEepaBHOMEPHO — OT
4,16 mo 273,51 r/1. Konuentpamus B B pacrBopax
BOJIHBIX BBITSIKEK CUJIbHO MPEBBILLIAET €T0 UCTUHHYIO
KOHIIEHTpaLMIO B MOPOBO# Boje (Tad. 2). Takoe mo-
BejeHue Oopa, corimacHo paboram [Appelo, Postma,
2005; T'ypckuii, 2001], cBsI3aHO ¢ mepexomoM B pac-
TBOpP BOMHON BBITSLDKKM KaK €T0 BOIOPACTBOPUMBIX,
TakK 1 COpOMPOBAHHBIX (OPM.

IlepecunTanHast MO JAaHHBIM BOIHBIX BBITSDKEK
KoHUeHTpauus Oapust (115,87—186,05 mr/m) Goiee
yeM B 2 pa3a IPEBHIIIAET eT0 COoAepKaHNEe B IIOPOBHIX
Boxax (45,33—82,00 mMr/n) Tipu cpemHeM conepKaHNU
B mopoxe 405,95 r/T.

HecmoTps Ha TO 4TO ucciieqoBaHUSI ObLIM Bbl-
MOJIHEHBI JUIs1 CJIA00YIUIOTHEHHBIX TOHHBIX OCAlKOB,
TOJIyYEHHBIE PE3YJIBTATHI B LIEJIOM COIJIACYIOTCH C JaH-
HeiMu pabotel [Fernandez et al., 2014]. Otu aBTOpPHI
U3YYUJIU MOPOBbIE PACTBOPHI MJIOTHBIX TIMHUCTBIX
nopon u3 Mour-Teppu (IIBeiiapusi) ¢ BOmOCO-
nepxaHuem ot 6,2 no 7,8%, moaydeHHbIE METOIOM
OIPECCOBBIBAHUSI M BOJIHBIX BbITSIXKEK. B pe3ynbrare
0o0HapyXeHO, UTO KOHILEHTpalMsl Xxjopa U Opoma B
BOIHBIX BBHITSDKKAX IPU TIEpecUYeTe C YUYETOM ecTe-
CTBEHHOM BJIAXXHOCTM COTIJIaCyeTCsl C UX CoJepxKa-
HHEM B OTXKAaTOM IOPOBOM pacTBope. CXOmMMOCTb
Mo cyjbdar-uoHy, ruipokapboHaT-uoHy, KaTMOHaM
KaJbllMs M MarHusl He YCTaHOBJIEHA, OJAHO3HAYHBIA
BBIBOJ O COJAEpPXXaHMU KaTHOHA HATpus CAesaTh Tak
K€ HE yIaJloCh.

HM3mepeHHoe comepkaHue ypaHa B TTIOPOBBIX BO-
Jax uaMmensiercst ot 2,14 no 36,01 mr/n, Topust — OoT
0 mo 2,11 mr/n. PamnoakTHBHOCTb JOHHBIX OCAaIKOB

HCCIIEIOBAaHHBIX 00pa3Il0B NMEET SIPKO BBHIPAXKEHHYIO
topueByio npupony (Th/U>1). Conepxanue P3D B
IOPOBBIX BOJAX B CpeAHEeM cocTaBiseT 15,69 MKr/i
Ipu comepxaHuu B ocamkax 189,62 r/tr. B pactBope
BomHoi BBITSKKM P33, Th u U He oOHapyXeHHI.

3akmouenne. B pesyibTaTe Mccieq0BaHUM IyTeM
CpaBHEHMSI NAHHBIX aHAIM3a XMMHUYECKOro COCTaBa
pacTBOPOB, BBIIEIEHHBIX IPU €CTECTBEHHOM BJIaX-
HOCTH ¥ TIOJTYY€HHBIX C TIOMOIIBIO BOMHBIX BBITSIKEK,
clenaHa KOJIWYECTBeHHAs OlLIEHKAa MCKaXXeHUI Co-
cTaBa peajJbHOTO TTOPOBOTO PACTBOPA, BOZHUKAOIIINX
IIPY MCIOJb30BAaHUM KOCBEHHOTO METOAA BOIHBIX
BBITSTKEK.

YCcTaHOBJIEHO, YTO KOHILIEHTPAIMIO HOHOB XJIOpa,
HaTpus 1 OpoMa MOXHO BBIYHCIISATH JOBOJBHO TOCTO-
BEpHO 10 pe3y/IbTaTaM aHAJIM30B BOMHBIX BBITSIKEK.
Tak Kak B IJTyOMHHBIX BOJax COAepXKaHUe XJIOPUIOB
W HaTpus OOBIYHO 3HAYUTEJIBHO IPEBAIMPYET, TO
TaKUM TIPOCTBIM ITyTEM MOXHO IOJYIUThb JaHHBIE O
MUWHEepaIn3alli ITOPOBBIX PAaCTBOPOB.

3HayeHMUs] KOHIEHTpaUu CyJibgaT-uoHa, Th-
IpokKapOOHAT-MOHA, KaJIbLIMs, MarHus, Kaaus, oopa
u Oapusi, pacCUMTaHHBIE IO COCTaBY BOIHBIX BBI-
TSDKEK, 3HAUMTEILHO TPEBBIIIAIOT OIpeAeIcHHbBIE B
peaJlbHOM ITOPOBOM pacTBope. PocT KoHIIeHTpaluu
B OCHOBHOM CBSI3aH H€ TOJIbKO C OILIMOKOI pa3dbaB-
JICHVSI TIOPOBOTO PAcTBOpPA, HO U C JOTIOJHUTEIbHBIM
pacTBOpeHHEM HEKOTOPHIX MUHEPAJIOB, a TaKXe C
W3MEHEHMEM aACOPOIIMOHHBIX PaBHOBECHIT MEXIY
MTOTJIONIAIOIINM KOMIUIEKCOM TTOPOIBI M PaCTBOPOM
BOIHOW BBITIXKMU.

HecMmoTps Ha TO 4TO MCClIemOBaHME PACTBOPOB
BOJHBIX BBHITSKEK JTOHHBIX OTJIOXEHHUI ITOKa3ajao He-
BO3MOXHOCTb TOYHO OIIPEICIUTh COCTAaB PeaJlbHOTO
ITOPOBOTO PacTBOPa, OHO JAJI0 BO3MOXKHOCTD OLICHUTD
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Puc. 6. KoHIIEHTpalMsi OCHOBHBIX KATHOHOB B TIOPOBBIX BOJAX, U3-
Howmep o6pazua

MEpEHHas U paCCUUTAaHHAA 1O JaHHBIM BOJIHBIX BBITSAXKEK C YYETOM
€CTECTBEHHOM BJIAYKHOCTU OTJIOXECHUI
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Tabnuma 2

I/IsMepelmoe COoIepP2KAHME OTAEJ/IbHBIX MUKPOKOMIIOHEHTOB B IOPOBLIX BOJAAX M JTOHHBIX OCaJKax Bapenuena MOopA

B, wmr/n | Br,wr/n Ba P3| u Th
Howmep obpasua pH
MT/J1 MKT/JT
[TopoBbie BOMbI
AR-19 G Sec.2 6,98 0,39 0,99 82,00 38,61 2,14 2,11
AR-26 G Sec.2 7,09 0,28 0,80 61,08 13,60 9,71 0,98
AR-36 G Sec.1 7,70 0,62 0,84 45,33 4,60 5,74 0,16
AR-36 G Sec.2 6,82 0,38 1,08 74,17 13,97 5,47 0,30
AR-67G Sec.1 7,08 0,46 0,96 53,57 7,66 36,01 <I10
IlepecyeT U3 COCTaBa BOAHBIX BHITSIKEK
AR-19 G Sec.2 7,03 8,85 80,83 142,44 <I10* <I10 <I10
AR-26 G Sec.2 7,52 29,10 65,40 172,38 <I10 <I10 <I10
AR-36 G Sec.1 7,32 11,78 54,33 161,33 <I10 <I10 <I10
AR-36 G Sec.2 7,39 9,49 87,54 186,05 <I10 <I10 <I10
AR-67G Sec.1 7,12 8,10 67,72 115,87 <I10 <I10 <I10
JloHHbBIE OTJIOXEHUS, I/T

AR-19 G Sec.2 7,64 10,71 2,93 347,59 198,50 2,04 11,45
AR-26 G Sec.2 7,33 4,16 <I10 427,49 220,32 2,73 10,85
AR-36 G Sec.1 7,53 273,51 <I10 514,26 167,28 3,90 7,83
AR-36 G Sec.2 7,99 5,91 <I10 388,01 227,21 2,26 11,12
AR-67G Sec.1 7,16 245,32 3,04 352,40 134,82 1,98 6,64

*[TO — npenen oOHAPYXKEHMSI.

B TIipe/ieJiaX OIIMOKY Ompeae/ieHHsI cofepkaHue XJiopa,
HaTpusi U GpoMa. YCTaHOBJIEHO, YTO Kak JJIs Ciia-
OOYIUIOTHEHHBIX, CYIIECTBEHHO IJIMHUCTBIX JOHHBIX
OTJIOXEHM, TaK U U TIOPOI Pa3IM4HOI CTEIeHU
IuTU(UKAIUYA HAOIIOAAI0TCS T€ K& OTJAMYMS XUMU-
YEeCKOI'0 COCTaBa PealbHbIX M YCIOBHBIX (IIOJYYEHHBIX
0 JAHHBIM BOIHbBIX BBITSKEK) MOPOBBIX PACTBOPOB.
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VIK 550.424, 550.46

0.10. /Ipo3nosa', H.A. Anoxuna?, B.B. Jlemun’, C.A. JTamuukuii*

ODKCITEPUMEHTAJIBHOE NCCIIETOBAHUE ITPOLIECCA
®OTOJECTPYKIIMY OPTAHUYECKUX COEAMHEHUI ITPUPOJIHEIX BOJI’

Jlna m3ydyeHUs] BO3NEMCTBUSI COJTHEYHOIO CBETa HAa COCTaB M CBOICTBAa pacTBOPEHHBIX
OpPraHMYeCKUX BelIeCTB U (hOpM METaJUIOB B NMIPUPOIHBIX BOIAX MCCJIENOBaH Ipolecc ¢oTo-
JECTPYKILIMU OPraHOMUHEPAJIbHBIX KOMIUIEKCOB B HATYPHBIX YCIIOBUSIX B IPOOaX MOUYBEHHBIX
1 00JIOTHBIX Bod. B mpoGax mocie oOiydeHMsT YBEIMYWIOCh CYMMapHOe CoAepxKaHMe psiaa
amn@aTUIECKUX M apOMaTHUUYECKMX KAapOOHOBBIX KMCJIOT. DOTOACCTPYKIIMS OPraHMYECKOTO
BellleCTBa MPUPOAHBIX BOJ C BBICOKMM COJIEpXKaHUEM XeJie3a COMPOBOXKIaeTCsl 00pa3oBaHUEM
KOJUTOMAHBIX yacTull (ruapokcunos Fe). [Tpu MHCOMSLIMY KOJIMYECTBO OTPULIATENIBHO 3apsKEH-
HbIX KoMIiekcoB Ni, Cu, Zn u Cd Bo3pacraer B O0JIOTHbBIX 1 TIOHMXKAETCSI B IOYBEHHBIX BOJAX.

Karouesole croea: opraHMYECKOE BEIIECTBO, (POTOAECTPYKIIMSI, OpraHOMUHEPATbHbIE KOM-
TJIEKCBI, TIPUPOTHBIC BOABI, METAJUTH.

In order to study the effect of sunlight on the composition and properties of dissolved
organic matter and metal forms in natural waters, the process of photodegradation of orga-
no-mineral complexes in field conditions with samples of soil and swamp waters was studied.
Total content of certain aliphatic and aromatic carboxylic acids increased in the studied samples
after irradiation. Photodegradation of organic matter of the natural waters that are rich in iron
is accompanied by formation of colloidal particles (Fe hydroxides). The amount of negative-
ly-charged complexes of Ni, Cu, Zn and Cd increases during the insolation in swamp waters

and decreases in soil waters.

Key words: organic matter, photodegradation, organo-mineral complexes, natural waters,

metals.

BBeaenue. Opranuyeckoe BeuiectBo (OB) B
KOHTMHEHTAJIbHOM CTOKE — HauboJjiee TMHAMUYHBIA
U KPYIHBIA T€OXUMUYECKUI pe3epByap yIjiepona,
U3MEHEHUSI B KOTOPOM OTpaxarT OCOOEHHOCTHU
KJIMMaTUUYECKOU 30HaJIbHOCTH U 3BOJIIOLIMIO KJIMMaTa
[Pokrovsky et al., 2012]. OB nocTtymnaeT B IpupoaHbIe
BOJIbI Pa3HbIMU TUIPOJOTMYECKUMMU TYTAMU — MpU
CMBbIBE C TIOBEPXHOCTM IIOYB, C MOYBEHHBIMM I10-
POBBIMHU BOJaMHu, ¢ Noja3eMHbIMU Bogamu. Ilocieny-
omasa gectpykuus OB moBepXHOCTHBIX BOA B X0l
MUTpPaALUK IIPEACTaBIIsIeT COO0M BaxKHEHNILMIA ITpoLiece,
OIpeIe/ISIONINKI OMOJIOTMYECKUIA KPYTOBOPOT 2JIEMEH-
TOB B BOJHBIX 9KOCHUCTEMax U OOECHEUYMBAIOLIMIA UX
yCTONYMBOCTb. OCHOBHbIE MPOLECCHI, MPUBOISIINE
K TpaHchopMalluM PacTBOPEHHBIX OPraHUYECKUX
COE€IMHEHUI U OpraHMYECKMX KOJUIOUJIOB, — peak-
uuu ux porto- u o6uogerpamanuu [OneitHuk, 1991;
Lapierre, del Giorgio, 2014; dpo3nosa u ap., 2016].

doroxuMuyecKkass MUHEpAIM3aIvs pacTBOPEH-
HbIX OpPraHWYECKUX COEIMHEHUH yrjiepopaa, a3oTa u
¢docdopa B 3HAUYUTEIHLHOI CTEIIEHU PEryjIupyeT O1o-

XUMMYECKNE ITMKIIbI 3JIEMEHTOB IyTEM M3MEHEHMS
UX OMOJIOrMYECKO JoCcTymHOCTH [Zepp et al., 1998;
Wetzel et al., 1995; Tranvik, Bertilsson, 2001; Kopacek
et al., 2003; Vihitalo, Wetzel, 2004; OneiiHuKoBa U
1p., 2016; Anemmna, 2017] 1 THTEHCUBHOCTH 3MMUC-
cun CO, U3 MOBEPXHOCTHBIX BoJ, B atMocepy [Cory et
al., 2014]. K HacTostiieMy BpeMeHU MPaKTUYECKH OT-
CYTCTBYIOT TaHHBIE O BO3MOXKHBIX M3MEHEHUSIX (hOPM
MUTpaIM METAJIJIOB MPU AECTPYKIIMU UX KOMIUIEKCOB
C OPraHMYECKVMHU BeIIeCTBAMU MTOBEPXHOCTHBIX BO/I.
Tak xak nonsl psaa MeraioB (Fe, Mn, Cu, Zn) He-
00XOIMMBI IIJIS POCTAa BOIHBIX OPTaHM3MOB, a IPYTUe
meTayibl (Cd, Pb) aBasIIOTCS TOKCMKAHTaAMH, TO He-
00X0aMMO JIy4llle TIOHUMATh XUMUUYECKHE TTPOIIECCHI,
uHUuupyemble Y ®-u3aydeHreM B MPUPOIHBIX BO-
nax, 6orateix OB [Corin et al., 1996].

MarepuaJjnsl 1 MeTO bl HccJaenoBanmii. O0beKTaMu
WUCCIICAOBAaHUI MOCTYKUIM TTOYBEHHBIE M OOJIOTHBIE
BOJbI, OTOOpaHHbIE HAa TEPPUTOPUU BOJOCOOPHOIO
bacceitHa o3. Llunpunra (CesepHas Kapemus). 13-
yuyeHue mpoiecca (POTOASCTPYKIIMM OPraHMYECKUX

' MockoBckwui rocynapcTBeHHbI yHUBepcuteT nMeHu M.B. JlomoHOcOBa, reoiornyeckuil pakyabTeT, J1abopaTopusi OXpaHbl reo-
JIOTUYECKOM Cpelibl U B3aMMOCBSI3U MTOBEPXHOCTHBIX 1 Toa3eMHbIX Boa (JIOI'C), Hayd. c., KaHn. 6MoJ. H.; e-mail: drozdova_olga@yahoo.fr

2 MOCKOBCKHiT TOCYIapCTBEHHbI yHIBepcuTeT nMeHr M.B. JIoMoHOCOBa, (DaKyJIBTET MOYBOBEACHNS, KadeIpa XUMHH IOYB,

acIupaHT; e-mail: anhome@mail.ru
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Puc. 1. Cxema nnpo6ooroopa: 1 — 60-
JIOTHBIE BOJIbI, 2 — TMOYBEHHBIC BOMbI

I COCHOBBII1 Jiec
s’y ®
Y 80| mecku
| —| ©6omoto
g PYHEH

E 3acToifHad 30Ha Py4b

BEIIECTB MO ICHCTBMEM COJTHEYHOTO CBETa IPOBO-
IUTA JUIST CAEAYIONINX TIPO0: TTOYBEHHBIE BOIBI, HE
TIOBEPTaBIIIecs BO3MCHCTBUIO COJTHEYHOTO CBETa B
npupozae, W OOJOTHBIE BOABI (OTKPHITAst 3acToiHAs
30HA), paCTBOpeHHOe opranndeckoe BeuecTtso (POB)
KOTOPHBIX B TIPUPOAE YXKE TMOABEPIIOCH ICHCTBHUIO
coynHeuHou paguauuu (puc. 1). ITouBeHHBIE BOIBI
OTOOpaHbI U3 MPOPUIIST OOJIOTHOI TOP(PSIHO-TICEBOM
nouBsl. [Tocne oT6opa rpoObl ObUTU MOMYIIEHBI YEpe3
¢unbtp ¢ pasmepom nop 0,22 MKM, YTOObI YAAIUTH
B3BenieHHOe OB u nckmounts 6nonectpykuuio POB
BO BpeMsI 9KCIIEPUMEHTOB.

OkcnepuMeHThl 1o doroaerpagauuu POB mpo-
BOIWJINCH B HATYpHBIX yeinoBusx (CesepHast Kapenms,
HI0JIb) C 00pa3LaMu IIPUPOIHBIX BOM IIPU €CTECTBEH-
HOM COJTHEUHOM M3NTydeHWU. JleTaabHas XapaKTepH-
CTWKa TIPUPOIHBIX BOI palioHa MCCIIeIOBaHWM JaHa B
pabore C. MnpuHoii ¢ coaBropamu [llina et al., 2014].

OO0pasibl UCCIeayeMbIX BOJ MOMEIIAJIU B CTe-
pubHBIe Yaliku [leTpu, KOoTophie CBEpXY 3aKphIBaIN
TUTEHKOM, TIPOIYCKAIOIIe BECh CITEKTP COJHEYHOTO
W3Iy9eHUs ¥ IPeIOTBpaIlaolieil monagaHue MUKpPO-
OpTaHM3MOB B IpoOKl. KOHTpONIBHBIE BApHAHTHI IIPOO
JIOTIOTHUTEILHO 3aKPBIBAIN ATIOMIHUEBOI (DOJTBIOM
JUTSI 3aIIUTHI OT COTHEUHOTO CBeTa. Bece BapmaHTBI 9KC-
TIepYMEHTOB MPOBOIWIIN B TPEXKPATHOM TTOBTOPHOCTH.

B xome sKcriepMeHTOB KOHTPOJIUPOBATIN TeMITe-
patypy, 3JeKTpOIpOBOAHOCTb (KoHaykTomMeTp «Hanna
HI 9033»), 3nauennst pH (pH-meTp «Hanna HI 9025»)
W ONTUYECKNE XapaKTepUCTUKHU (CIEKTPOPOTOMETp
«JENWAY» 67-i1 cepun). [1o u mocie o0ayyeHus: B
00pa31ax MPUPOTHBIX BOI OMPEACIISUTN COAepKaHe
HEOpraHMYEeCKNX M OPTaHMYECKX aHMOHOB andaTr-
yeckux KuciaoT («Dionex ICS-2000») n 6eH301Kap60-
HOBbIX KUCTOT («Agilent 1100» ¢ Uv-Vis getekropom).
MonexkynsipHo-maccoBoe pacnpeneneHue (MMP)
OpPTaHNYECKNX BEIIECTB M3yJaIN C MCITOJIb30BAHUEM
METOJa BBICOKO(OEKTUBHON KMIKOCTHON XpO-

matorpaduu (BOXKX) («Agilent 1100» ¢ mumomHO-
MaTpUYHbIM JaeTekTopoM). CoaepaHue MeTasioB
ONpEAeSIsIM HA aTOMHO-a0COPOILIMOHHOM CHEKTPO-
dorometrpe («Contr700») m Macc-CIIeKTpoMeTpe C
WHIYKTUBHO-CBSI3aHHOM Tuia3Moil («Agilent 7500»).
Homm oTpumaTesbHO 3apsKEHHBIX KOMIUIEKCOB Me-
TaJIJTOB B ICCJIEIOBAHHBIX BOAAX OIPEIEIISUI METOIOM
MOHOOOMEHHOM XpoMaTorpaduy ¢ MCIOJIb30BaHUEM
JADAD-uemmomno3nl (Sigma-Aldrich).

PesyabTaTsl ncciienoBanmii m ux oocyxuenue. Vc-
ciemyeMble 00pa3Ibl XapaKTePU3YIOTCS CIIA00KMCION
peakimeit cpenpl, HU3KMMU 3HAYCHUSIMHA 3JIEKTPOITPO-
BOIHOCTH ¢ Tipeo6namanueM noHos Ca’* u SO,” B
HoYBeHHbIX Bogax U Na* u SO42' B OOJIOTHBIX BOAAX
(tabn. 1). ComepxXaHue pacTBOPEHHOIO OpTraHWYe-
ckoro yraepona (POY) B mouBeHHbIX Bofax B 2 pasa
BBIIIIE, YeM B OOJIOTHBIX.

Tab6nuua 1

XuMuyecKkne XapakTepuCTHKH UCCJIeAyeMbIX MPUPOIHBIX BOJ
(koHuenTpauusi uoHos u POY B mr/i)

=
3
[Mpoba 5 & I &
g > + & b0 | Om N
s8R |L|Z2|S8|2|o|z|2
Hotsert~ 1501 24 199,8[0,20(1,34|2,70|2,20|1,96 | 1,30[ 1,38
HBIC BOIbI
bonotibie 15 31 30 (42,5(0,23(0,93(0,73]0,81[0,71|1,02| 1,59
BOJbI

B xome skcnieprMMeHTOB CTATUCTUYECKHN 3HAYNMBIC
n3MeHeHus1 B 3HayeHusix pH npo6 He HabomaInCh
(B npenenax 0,1 pH).

B npouiecce obmyyeHus1 00pa3ioB IIPUPOTHBIX BO/,
MIPOUCXOIMIIO YMEHBIIICHNE 3HAYCHUI OITHYEeCKOM
TJIOTHOCTH, BeChbMa 3HAUMTEILHOE B 00J1aCTH CIIEKTpa
ot 200 10 400 HM (puc. 2), B TO Xe BpeMsl U3MEHEHUS
B TIOTJIOIICHNY KOHTPOJBHBIX (TEMHOBOMHBIX) IPOO
OBbLTM HE3HAUMTEITBHBI.
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Puc. 2. U3MeHeHre 3HaU€HUIT ONTUYECKON IJIOTHOCTU MOYBEHHBIX (A) 1 O0JIOTHBIX BOI (bH) B X01e 3KCIIEpUMEHTOB: / — HYJIEBOU JACHb,
2 — TepBbIil AeHb, 3 — BTOPOIi AeHb, 4 — TPETUil A€Hb, 5 — YETBEPTHIA AeHb, 6 — MSATHIA AeHb, 7 — OECATHIA ACHb

Ha puc. 2 npeacraBieHsl rpapuKu 3aBUCUMOCTU
U3MEHEHMUSI 3HAYCHUI ONTUYECKOU ILUIOTHOCTU IIPO0O
OT BpeMEHHU 3KCIo3uluu Ha cBeTy. Hauboubliee
CHUXXECHUE 3HAYEHUU ONTUYECKON TUIOTHOCTU pac-
TBOPOB Ha0JI10JaI0Ch B IIEPBhIE 3 AHS 3KCIEPUMEHTA
IIJ11 TpoObl TIOYBEHHBIX BOA U B Te€UEHUE 5 AHEU st
MpoObI OOJIOTHBIX BOA, B JaJIbHEHIIIEM 3TOT IIPOLIECC
MPOTEeKaJl 3HAYUTEJIbHO MEJJIEHHEE.

M3MeHeHUs1 ONTUYECKON IIJIOTHOCTU ABYX MC-
clielyeMbIX OOBEKTOB IOJ [1eWCTBUEM COJHEYHOTO
U3JyYEHUS CBUIETENbCTBYIOT O MIPOUCXOMASILEH B HUX
TpaHcopMauuu POB, HO ckopocTh 3TOro mpolecca
pasiavyHa J1Jis MOYBEHHBIX U OOJIOTHBIX BOJ.

Pe3yabTaThl KOJMYECTBEHHOTO OIpEaeIeHUs
aHMOHOB ajdaTUyecKux KapooHOBBIX KucaoT (AKK)
B Ipo0bax ucciienyeMbIX MPUPOAHBIX BOJ J0 U I0OC/e
00y4yeHus npeacTaBieHbl B Ta0. 2. McxoaHoe oOliiee
comepxaHue uaeHTUuUIpoBaHHBIX AKK Bbile B
OOJIOTHBIX BOJIaX U YBEJIMUYMBAETCS TOCe 00JydyeHUs
BO BCEX UCClIeIOBaHHbIX 00bekTax. M3BeCTHO, UTO 3TH
KMCJIOTBI IPEACTABIISIIOT COO0M MPOAyKThI (DOTOAErpa-
JIalliy BBICOKOMOJIEKYJIIPHBIX OPraHUYECKHMX BEILIECTB
npupoaHbix Box [Allard et al., 1994; Kulovaara, 1996].

ConepxaHue GEH30JIKAapOOHOBBIX KUCJIOT BHIIIE
B 1pobe OoyioTHBIX Bon (TaGi. 3). KoHueHTpamus
OeH301HO#, 4-TUAPOKCUOECH30MHON M KOPUYHOI
KMCJIOT YBEJIMYMBAETCSI BO BCeX IIpobdax mocje ux oo-
JIy4€HUS1, B TO BpeMS KaK KOHLIEHTpalus (GpepyaoBoit
WU CAIMLIMJIOBOM KHUCJIOT B IIpo0ax Iociae O0aydeHUSs
yMmeHblajnack. Ho cymmapHoe copepxxaHue ornpeze-
JIEHHBIX O€H30JIKApOOHOBBIX KUCJIOT 3HAYMUTEJIbHO
MOBBIIIAETCS I0cje OOJIydeHHUsI MPoO, 0COOEHHO B

po0e OOJIOTHBIX BOJ. DTU KUCIOThI TAKXKE MOTYT OBbITh
MMPOAYKTAMM DPa3pylIeHUSI BHICOKOMOJEKYISIPHBIX
OpPraHMYeCKUX COeNMHEHMUI (TaKuxX, KaK TYMUHOBBIE
BElLeCTBA) MPU OOJyYEeHUU, 3TO CBSI3aHO C TE€M, UTO
CTPYKTYpa T'YMUHOBBIX BEIIIECTB COAEPXKUT OOJIBIIIYIO
JIOJII0 apoMaTudecKux cyobeauHuil [Opiaos, 1993].

YBeIuYeHreM B XOIe WHCOJSIIUU COAEPXKaHUS
0eH30J1KapOOHOBBIX KUCJOT, O0jamalmiux OT-
HOCUTEJIbHO CHJIbHBIM TIOTJIOLIEHMEM B oOJlacTu
200—260 HM, MOXHO OOBSICHUTL BUAMMOE OTCYTCTBUE
W3MEHEHMH B CIIEKTpax MOTJIOIIEeHUs TTpod Ha 3aBep-
MIAIOIINX CTAAUSIX IKCITO3ULINH.

Pe3yabTaThl 3KCKJIIO3MOHHON XpoMaTorpaduu
MOKa3bIBaIOT, YTO BO BpeMsI O0IyYeHUs IIPOO COTHEY-
HBIM CBETOM IIPOMCXOAMT pa3pylleHue OTHOCUTEILHO
BBICOKOMOJIEKYJIIpHBIX OB (¢ MOJIeKy/IsIpHOI Maccoit
1—2 xJla) no Gosee HU3KOMOJIEKY/ISIPHBIX, UTO BUJ-
HO MO CMEIIEHWIO OCHOBHOTO IHMKA Ha ITOJYYEHHBIX
xpoMmatorpammax (puc. 3). Ha xpomartorpammax
MPUCYTCTBYIOT 1 Wiy 2 mMuKa, KaXIblii U3 KOTOPBIX
COOTBETCTBYET OMNPEIACICHHOMY pa3MEpHOMY KJaccy
(mo monexkynsipHoit macce). B mpobax 00JOTHBIX
BOJ, OCHOBHBIE IMKM pacmojioxeHbl Mexay 17,8 u
23,1 muH. (ppakuusa 400—4500 Ja ¢ MakcuMymom
1370 Ha) u mexay 19,1 u 23,1 MuH. (Pppakuus
400—2500 Ia ¢ makcumymom 900 Jla) mo um mocie
00JiydeHUs1 cooTBeTcTBeHHO (puc. 3, Bb). g mo-
YBEHHBIX BOJ OCHOBHBIC MK PACTIONIOXKEHBI MEXTY
18,51 23,1 muH. (ppakuns 400—3300 Ia ¢ Makcumy-
MoM 1240 [1a) u mexny 19,8 u 23,1 muH. (ppakuus
400—1800 Ia ¢ makcumymom 890 Jla) mo um mocie
00JIy4eHMsI COOTBETCTBEHHO (puc. 3, A).

Tabnuma 2

CpenHue 3HAYeHHsI CONEPKAHUsSI AHMOHOB aM(aTHYeCKUX KUCIOT (MI/J) B MPODAxX A0 M MOC/ae UX 00TydeHus:

Anerat dopmuar Oxkcanar Lurpat Bcero
ITpoba * +
0 10 0 10 0 10 0 10 0 10
ITouBeHHBIE BOAbBI 0,03 0,29 0,15 0,52 0,07 0,42 H.O. 0,01 0,25 1,24
BonoTHbie BOIBI 0,02 0,05 0,07 0,17 0,09 0,12 H.O. 0,01 0,18 0,35

.
JIHV SKCIIEpUMEHTA, H.O0. — HIKE TMpeaeia oOHapyKEHUS.



78

BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTUSI. 2018. Ne 4

Tabnuma 3

Cpennue 3HaYeHUs colepKaHus 0eH30JKAPOOHOBBIX KHCJIOT
B NMP0o0ax /10 M Mocjie UX OOJyYeHHusl, MKT/JI

[1po6Ga
Kucnora
[MOYBEHHBIE BOJbI | OOJIOTHBIE BOBI

4-runpoxcu- 0 0,14 H.O.
GeH30iHas 107 0,74 6,62

0 0,16 3,15
[T EyMApOBas 10 0,03 H.0.

0 0,06 2,13
®depyJioBas

10 0,05 0,83

0 0,62 2,24
CanuimioBas

10 0,21 2,09

0 5,32 7,04
beH3oiiHas

10 6,61 14,77

0 0,29 0,08
Kopuunas

10 0,27 0,69

0 6,59 14,64
Bcero

10 7,91 25,00

*
JIHY 3KCIIepMMEHTa, H.0. — HIUXe Tpejiesa oOHapyKeHMsI.

Yactb npo0 ucciemyeMblx BOA MPU UX OTOOpe B
KOHIIE BKCIIEpUMEHTOB ObljIa ellie pa3 nepeduibTpoBaHa
(0,22 MxMm). B punprparax <0,22 MKM 1ociie o0IydeH st
conepxxanue POY ymeHblaeTcs B 2 pa3a o CpaBHEHUIO
C UCXOJHBIMU TTPOOAMHU, YTO TOBOPUT 00 00pa3oBaHUU
kosutouaHbix Gopm OB (>0,22 MKM) nmapaiesibHO
pectpykimn POB. Mcxons u3 3TMX JaHHBIX MOXKHO
cAesaTh MPEANnoJoXKeHue O MPUIMHAX 3HAUUTEILHOTO
yBeJIMUEHUS TIMKa B UHTepBajie BpemeHu 11—13 muH.
(BBICOKOMOJIEKYJISIpHAsT 00JIaCTh) Ha MOJYYeHHBIX XPO-
MarorpaMmmax npo6 mocie uHconsiuuu (puc. 3). Cko-
pee Bcero, 3To CBSI3aHO C TEM, UTO B BOAAX, KOTOPbIC
XapaKTepU3YIOTCS JOCTATOUHO BHICOKUM COMEPXKaHUEM
Fe (4,1 u 7,7 Mr/n B OOJOTHBIX M MOYBEHHBIX BOAAX
COOTBETCTBEHHO), mpu ¢oTtomerpagauru POB vacthb
>Kese3a BbICBOOOXKIAeTCsS U3 MPOUYHBIX KOMILJIEKCOB C
BBEICOKOMOJICKYJIIPHBIMI OPTaHUMYIECKUMU JINTAaHIAMM,

A 40
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KOTOpBIE pachamaloTcsl B TIEPBYIO Odepenb ITOnm Heii-
ctBueM cBeTa, 1 npu pH 5,0—35,5 HaumHaeT 06Gpa30BLI-
BaTh KOJUTOMIHBIE YACTUIIHI TUIPOKCUIOB XKeJie3a C afl-
CcOpOMPOBAaHHBIMU Ha HUX /MM OKKITIOMMPOBAHHBIMU
B HUX OPTaHMYECKVMH COETMHEHVSIMH, TIOSIBITSTIOIITAMCST
rocie o0Iy4eHrs B BRICOKOMOJIEKY/ISIPHOM 00J1acTH Ha
xpomaTtorpammax (puc. 3).

ITuk Ha xpomaTorpaMmax OOJIOTHBIX BOJ [0
o0yueHuss B obsiactu 15—17 MuUH. ykasbiBaeT Ha
MPUCYTCTBUE B 3TOI MpoOe COCAMHEHMIT ¢ MOJEKY-
JIIpHOI Maccoit 6—8 kxJla. DTo CBSI3aHO C TEM, YTO
WCclIemyeMble BOOBI B TIPUPOIE YXKe TOABEPTaCh
JIEWCTBUIO COTHEYHOI paavialli¥, U B HUX YK€ TPO-
n3onnia Tpancopmanus POB ¢ obpa3oBanuem
KPYITHBIX KOJUTOMTHBIX YaCTHIl THAPOKCHUIA Keje3a,
CTAaOMIM3NPOBAHHBIX OPTraHWYECKUMU BEIECTBAMM.
[MpucyTcTBHE TaKWX YAaCTUIl, HA KOTOPBIX MOXET
MPOUCXOJIUTh paccesiHue CBeTa, OOBbsSICHSIET OoJjee
BBICOKHE 3HAYCHMST ONITUIECKOM TNIOTHOCTH B TIpoOe
0 CPaBHEHMIO C TOYBEHHBIMU BomaMu (puc. 2), co-
nepxaHue POY B KOTOpbIX MOUYTH B 2 pa3a OoJbIIIE.

B xome doromectpykumu OB TpUpoOmHEBIX BOX
MPONCXOMUT M3MeHeHNe (OPM HAXOXICHMST TaKUX
metauioB, Kak Ni, Cu, Zn u Cd, KOIM4ecTBO HX
OTPUIIATEIHFHO 3apSLKEHHBIX KOMITIEKCOB TIPU MHCO-
JISIIAM BO3pacTaeT B OOJOTHBIX BOAAX M MTOHMKAETCS
B MOYBEHHBIX Bojax (Tadi. 4).

Ta6numa 4

KotmuecTBO OTPHIATEIBHO 3aPSKEHHBIX COEIMHEHHI METAILIOB
B mpodax (%) no u nocxe 10 cyT. X KCHO3MIMH HA COJHIIE

IIpoGa Ni Cu Zn Cd
0" 51 69 70 69
ITouBeHHBIE BOIbI ¥
10 21 61 0 39
5 0 4 23 0 0
THBIC BOJIbI
OJIOTHBIE BOA 10 | 30 52 15 27

x
JIHU sKCriepyMeHTa.

YacTh coeauHeHU INEPCYNCIICHHBIX MOHOB B
IIOYBCHHOM pPAaCTBOPEC NMPCACTAaBJICHA NX KOMIIJICKCaAMU

B 39
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Puc. 3. XpomaTorpaMmbl pacIipeae/ieHrsi OpraHMYeCKMX BEIIECTB UCCIeAyeMbIX TOUYBEHHBIX (A) 1 60g0THBIX (B) Boa: I — 10 obiydeHus,
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C BBICOKOMOJIEKYISIPHBIMM OPTaHWYECKUMH JIUTaHIa-
MM, HECYIIIUMH He TIOJTHOCTBIO CKOMITEHCHPOBAaHHBII
OTPUIIATETBLHBIN 3apsa M CITTOCOOHBIMI K B3aMMOIEH-
CTBMIO C MaTpWIleli MOHUTA HE TOJBKO 3a CYET CHJI
KynoHa, HO u 3a cueT 0Opa3oBaHUSI BOJOPOIHBIX
cBa3eit. TakmMm oOpa3oM, CBSI3BIBAaHHE KOMITJIEKCOB
WOHUTOM TIPOUCXOANT Yepe3 INTaHIHYIO TPYIIITY, a He
yepe3 MoH MeTalia. B 60J0THBIX BoAax, yXe MmoaBepr-
IIAXCS B TIPUPOJIE BIUSHUIO WHCOJISILINH, KOJTMYECTBO
OTPULIATEILHO 3apSIKEHHBIX KOMILJIEKCOB MEHBIIIE,
YeM B TIOYBEHHBIX BOAAX JO Hayaja SKCIePUMEHTOB.

YMeHbIIeHWe KOJIWYECTB OTPUILIATEIILHO 3aps-
KEHHBIX KOMIUIEKCOB METAJUIOB TP WHCOJISIINN B
ITOYBEHHBIX BOJAX CBSI3aHO C TeM, YTO B IIpoIiecce
Ierpagalliid BBICOKOMOJIEKYIISIPHBIX OPTaHUYECKUX
COCMMHEHNU 00pa3yloTcs HU3KOMOJIEKYISIpHBIE
OpraHMYecKne JIMTAHAbI, CBSI3BIBAIOIINE WMOHBI TS-
KEJTBIX METAIJIOB, U BO3HUKAIOT TTOJOXUTEILHO WU
HENTpabHO 3apssKeHHBIE KOMIUIEKCHI. Jy1s mpo6 mo-
YBEHHBIX BOJI 3TOT ITPOIIECC HE TTOTHOCTHIO KOMITEHCH -
pyeTrcst 00pa3oBaHMEM HOBBIX BEICOKOMOJIEKYISIPHBIX
OTPUIIATETLHO 3apSKEHHBIX KOMITJIEKCOB MOHOB Me-
TaJUTOB, YTO HAOJIIOMAETCST B BApUAHTE SKCIIEPUMEHTOB
¢ 0OJIOTHOI BOJOM.

3akuroyenune. MccienoBaHHbIe MPUPOIHBIE
BOIBI MMEIOT Pa3IMIHbIC XapaKTepUCTHKHU, KOTOPHIE
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CraTby MPUHUMAIOT Ha TeojornyeckoM ¢akyabrete MI'Y,
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TpedoBanus K 0(hOPMJIEHHIO CTATHH
M KPAaTKOro COOOLIEHHUS

1. CymMapHbIii 00beM CcTaTbu (BKJIIOYAsh PUCYHKH U
CITMCOK JINTEPATypbl) HE JOJXKEH IpeBbIIaTh 24 CTpaHU-
LB, 00BEM KpPaTKOTO COOOIICHUS CYMMapHO COCTaBJISET
6 crpaHul. PekoMeHIyeTCs CTaHIapTU3UPOBATh CTPYKTYPY
CTaThbM, MCIOJIb3YSl TOJ3arojlOBKM, HalpuMep: BBeJeHHeE,
TeopeTHYECKUil AHAJIN3, METOIMKA, IKCIIEPUMEHTAJIbHAS YaCTh,
pe3yJabTaThl M MX 00CYKIeHHe, 3aK/II0YeHne (BbIBOIBI) U TIP.

2. K cTtaTthe Ha OTHOENBHOM CTpaHUIIE NPUJIATAIOTCS
aHHoTauus (6—8 cTpok) u KiIoueBbie cioBa (6—8) Ha pyc-
CKOM sI3bIKE, a TaKKe aHHOTAallus U KJIIOUeBbIe CJIoBa Ha
aHrIMiicKoMm s13bike. Ha oTaenbHOI cTpaHuile HEOOXOAUMO
MPUJIOXUTh NiepeBo haMWInii, MHUIIMATIOB aBTOPOB U Ha-
3BaHMS CTATbU HAa aHTIMACKUI SA3BIK.

3. Ilepen 3aroa0BKOM pabOTHI HEOOXOIUMO MPOCTABUTH
VIK.

4. Texct noJKeH OBITh IIOATOTOBIEH B penakrope Word
¢ ucrnoib3oBanueM wipudra Times New Roman 12. Ums
(aitna mMoxer comepxarbh 10 8 CMMBOJIOB M HMMETb pac-
mmpenust .doc wim .txt. TekcT mo/keH OBITH pacrevyaTaH
yepe3 2 MHTepBaja, OIS CO BceX CTOPOH 1o 2,5 cMm. Tekcer
MPENICTABIISIOT HA OTAEIbHOM HOCcHUTENNe (KOMITaKT-IUCKe) 1
B 2 3K3. pacredarku. CTpaHMULBI CleayeT IIPOHYMEepPOBaTh.

5. Pucynku, ¢otorpacduu, Tabaulibl, MOAPUCYHOUHLIE
MOAMUCH MPUJIATalOTCsl OTAEIBHO B 2 9K3. B KOHIIE CTaThH.
Kaxmas Tabauiia mo/kHa ObITh HareyaTaHa Ha OTIEJIbHOM
CTpaHMIIE TeM Xe HpudToMm, yepe3 2 MHTEpBajia, UMETh
TEeMaTUYECKUN 3aroJIOBOK M HE MyOJMpOBaThb TeKCT. Ta-
OJIMLIBI HYyMEPYIOTCSI apabCKUMU LU paMu 110 TOPSIAKY UX
yrnoMuHaHus B Tekcte. Bce rpadnl B Tabauiax MOKHBI
MMETb 3aroJIOBKU U ObITh pasiesieHbl BEPTUKATbHBIMU JIU-
HussMu. CokpallleHUsI CJIOB B TabjauIaX He MOIMyCKarTCs.
Marepuan o cTpokam JIOJKEH ObITh pasliejieH TOPU30H-
TaJIbHBIMU JIMHUSIMU.

6. @opMyJIbl, MATEMAaTUYECKUE ¥ XMMHUYCCKHUE 3HAKU
JIOJIKHBI UMETh YeTKOe HaIlMCaHUe.

7. PazMepHOCTb Bcex (U3MYECKUX BEJWYUH JOJKHA
COOTBETCTBOBAaTh MexayHapoaHoii cucteme eaunuil (CH).

8. Cnucok auTepaTyphbl HOJXKEH coAepxXaTh B ajl-
(baBuTHOM TOpSIIKE BCE LUTUPYEMble U YIIOMMHAeMble B
TekcTe paboThl, MHOCTpAHHAas JUTepaTypa MoMellaeTcs
1ocJie OTeYeCTBEeHHOM Toxke 1o andaputy. [1pu cchuike Ha
n300peTeHrne HeoOXOAMMO yKa3aTh rojl, HOMEP U CTPaAHUILY
«bromrerenss n3o6pereHunii». CChUIKM Ha HEOMyOJIMKOBAH-
HbIe paObOTHI HE TOITyCKAIOTCs (BO3MOXKHBI CCHUIKM Ha YCTHOE
cooOleHue U aBropedepaT KaHIUIATCKOW UM TOKTOPCKOM
nucceptaiuu). bubnunorpaduueckoe omnvcaHue gaercsl B
cleaylolieM Topsiike: GpaMwind U WHUIMAIBI aBTOPOB,
Ha3BaHMWE CTAaThM, MOJTHOE Ha3BaHUWE pabOTHI, MECTO U3/1A-
HUSI, U3IATeIbCTBO, TOM M3MaHUs (U HEeMepUOANYECKUX
WU3IaHuit), W MepUoANYECKUX — DaMWwIMU U MHUITMAIBI
aBTOPOB, Ha3BaHWE CTaTbM, Ha3BaHMUE XypHaaa, TON BbI-
mycka, ToM, HoMep, cTpaHuIlbl. CchblUIKa Ha JIMTEPATypPHbIA
WCTOYHUK B TeKCTe NMpuBoauTCcs Tak: «B pabore [MBaHOB
u ap., 1999] ykazaHo, 4To...».

9. Hukakue cokpallleHUsI CJIOB, UMEH, Ha3BaHUI, Kak
mpaBUJio, He AOIIycKaloTcs. PaspelnaloTcs Jullb oOIie-
MPUHSTHIE COKPAILIEHUS] Ha3BaHU Mep, (PU3nuecKux, Xu-
MMYECKUX U MaTeMaTUUYeCKUX BEJIMUYUH U TEPMUHOB U T.I.
Bce aG0peBuaTyphl, OTHOCSIIMECS K TOHSATHUSIM, METOAaM
AHAIUTUYECKUM U 00pabOTKM JaHHBIX, a TAKXe K Mpudo-
paMm, TIpU TIEPBOM YMOTPEOJICHUN B TEKCTE MOJIKHBI OBITH
pacuipoBaHbI.

10. Kaxaplii pMCYHOK AOJIKE€H OBITh BBHIMIOJHEH Ha
OeJioii Oymare B BHIIe KOMITBIOTEPHOI pacreyaTku Ha Jia-
3epHOM TMpuHTepe. st pacTpoBbIX (TOHOBBIX) PUCYHKOB
ucnonb3oBath popmat TIFF ¢ paspemenuem 600 dpi; Bek-
TOPHBIC PUCYHKN HEOOXOAMMO TPEAOCTABISITh B (hopMare
IporpaMMbl, B KOTOPOI OHM CIeJIaHbl; IJis (oTorpaduii
ucrnoab3oBath (popmar TIFF ¢ paspeinieHueM He MeHee
300 dpi. Pucynku u ¢ororpacduu GOJKHBI OBITH YepHO-
OeJIbIMU, YETKO BBIMOJTHEHBI M TPEACTaBICHBI B 2 3K3.
KommnbloTepHbIii BapuaHT JOJKEH WMETh paclIUpeHUs
Aiff mwam .cdr (Corel Draw) m mpemocTaBiISITBCS Ha OT-
NEeTbHOM HOcuTesle (KOMITaKT-IWCKe), PUCYHKU CIeayeT
3aIMChIBaTh B TOW MPOrpamMMe, B KOTOPOW OHHU CIECJIaHbI.
Ha obGopote Bcex WITIOCTpalMil yKa3blBalOT UX HOMED,
(bamunuio aBTopa W Ha3BaHHWe cTaTbu. OOpaimaeM Baiie
BHHMAaHHE HA TO, YTO TEKCT M PUCYHKH TNPENOCTABJISIOTCSA
Ha OTIEJbHBIX TUCKAX.

11. IMonpucyHoYHBIe TOAMNMCHU IPUIAralOTCsl Ha OT-
JIeJIbHOI CTpaHUIIEe U O(POPMIISIOTCST COIJIAaCHO TPEOOBAHMSIM,
U3JI0KEHHBIM B 1. 4.

12. CraTbu, He OTBeYaIoIe MePEeYNCICHHBIM TPebo-
BaHUSIM, HE TIPUHUMAIOTCS.

13. JlommoaHeHWsT B KOPPEKTYypY HE BHOCSITCS.

14. Pepaxkiiusi XypHajla OCTaBJIsSIeT 3a COOOI IpaBoO
MPOU3BOJUTL COKpallleHWe U PeJaKIIMOHHbIE M3MEHEHMS
TEKCTa CTaTeu.

IInaTa 3a My0JMKAOMIO He B3MMAeTCs.

baazooapum eac 3a cobardenue Hawux npasun
u pekomernoauyuir!

http://www.geol.msu.ru/vestnik/index.htm
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