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HETPOJIOI'USA, TEOXUMUA

YK 552.3:550.4:550.93

IFEOXUMMUs1, BO3PACT U TEOJUHAMHNYECKHUE OBCTAHOBKH
©®OPMHUPOBAHMSI CAYPCKOM 'ABBPO-TPAHUTOUTHOM
UHTPY3UBHOMN CEPUH (BOCTOYHbINA KA3AXCTAH)

TESR

eSS

C.B. Xpombix" 2 1L, Kor.ﬂepl’z, JI.B. Cemenona'

1
Hucmumym zeonocuu u munepanocuu um. B.C. Cobonesa CO PAH, Hogocubupck
2 . .
Hogocubupckuii cocyoapcmeennwiil yuusepcumem, Hosocubupck

V3noxxeHs! pe3yabTaThl TeOXUMUUECKUX U TeOXPOHOJIOTMIECKHX HCCIeN0BaHMI Tab0po, rpaHNTOB M 0a3MTOBHIX naek JKap-
Ma-Caypckoit 30851, Boctounsrit Ka3axcran. YcraHOBICHO, 9TO Tab0OpO-ANOPUT-TPAaHATOUAHAS caypcKas MHTPY3UBHAs CEpHs
copmuposanacs 330-327 MITH 1. H. B TCOAMHAMHIECKOH 00CTaHOBKE CYOIYKIIMH II0]] HOBOOOPA30BaHHYI0 KOHTHHEHTAIBHYIO
okpanHy Ka3zaxcranckoro koHTHHEHTa. ['ab0po 1 THOPHTHI 00pa30BaHBI IIPH SBOJIIOINH 0a3UTOBBIX MarM, BO3HUKIINX B Pe3yIlb-
TaTe YaCTUYHOTO IDIABJICHUS OOBOIHEHHOH NEIUICTHPOBAHHON MAaHTHH HAJ 30HOHM CyOMyKINH; TPAaHUTOWUABI — IIPU YaCTHIHOM
IUTaBJICHUH BYJIKaHOTEHHO-0CAJ0YHBIX CyOCTPaTOB MOJ BO3ICHCTBHEM 0Aa3UTOBBIX MarM.

Brepssie onpeneneHs BO3pACcT M FeOXUMUUECKHE OCOOEHHOCTH JIaeK CeBEpO-BOCTOYHOrO mpoctupanus B JXKapma-Caypckoit
30He. OHM UMEIOT CpeHeKapOOHOBEIH Bo3pacT (315 MITH JIeT) M MPOSABIUINCE B Pe3yIbTaTe Pa3phlBOB CIUIONIHOCTH JUTOC(HEPHI
OPOTEHHOTO COOPYXEHHS IMPH CIABUTOBBIX JIBIDKEHHSAX IO TTyOMHHBIM pa3ioMaM. ba3suToBble Talki XapaKTepHU3yIOTCS OTHOCH-

TETBHO 00OTaIIEHHBIM IT'€OXUMHIECKUM COCTABOM, YTO CBHIETEILCTBYET O APYroM MaHTHHHOM UCTOYHHUKE.
Knrwouegvie cnosa: 2adb6po-epanummnvle unmpy3ughvle cepull, aKKpeyuoHHO-KOAIU3UOHNHbIe cucmembl, Bocmounwiti Kazax-

cman, Lenmpanvuan Azus.

PacnipocTpaHeHHBIM HHAMKATOPOM MPOIECCOB MaH-
THHHO-KOPOBOI'O B3aUMOJICHCTBHUS SIBJISIOTCS TabOpo-
TPaHUTOUIHbIE UHTPY3UBHBIE CEPUH, IPOSBIAIONINECS B
Pa3NUYHBIX TEOIMHAMIYECKHX 00cTaHoBKaxX [Ky3Heros,
1964; ®ponosa, bypukosa, 1997; Koponosckuii, Jlemu-
Ha, 2011; BnagumupoB u ap., 2013]. IlpeumymiectBen-
HO OHM TIPOSIBJIEHBI HAa KOHBEPI€HTHBIX TPaHUIlAX THIIA
«OK€aH — KOHTUHEHT», HO BCTPEYAIOTCS U B KOJUTU3HOH-
HBIX, BHYTPHIUTUTHBIX W PH(PTOTEHHBIX OOCTaHOBKAX.
CooTHOIIIEHHS 0a3UTOBBIX M KPEMHEKHCIBIX UJICHOB
Cepui, MOCIEeN0BATEILHOCTh U 3TAMHOCTh UX (POPMHUPO-
BaHUs, OCOOCHHOCTH COCTaBa IOPOJ B COBOKYITHOCTH
MO3BOJISIIOT YCTAHOBUTD IIABHBIE 3aKOHOMEPHOCTH MaH-
TUIAHO-KOPOBOT'O B3aUMOJICHCTBUS B TOM WJIM WHOM CET-
MeHTe 3¢MHOM KOpbl. OCOOEHHO aKTyaJIbHbIM SIBIISIETCS
peleHne 3TOW MPOOJIEMBbI IUIS BHYTPHKOHTHHEHTAb-
HBIX CKJIaJ4aThiX MOSCOB, C(HOPMHUPOBAHHBIX TPH aK-
KPEIMOHHO-KOJUTU3UOHHBIX B3aMMOJICHCTBUSAX KOHTH-
HEHTOB W TEPPEHHOB Pa3IMYHON MPUPOJIBI U 3aKPHITHU
MaJIE00KEAaHUYECKUX POCTPAHCTB.

T'eostormueckasi mo3umus

OaHuM M3 KpPyHNHEHIIUX BHYTPUKOHTHHEHTAJIBHBIX
AKKpELIMOHHO-KOJUTU3UOHHBIX MOsICOB siBnsiercs LleH-
TpadbHO-A3HATCKUI CKIATIaTBId TOsIC, CPOPMUPOBAH-
HBIA B TeueHHe (aHepo30s mpH 3akpeiTin [lameoasnar-
ckoro okeana. MccrnemoBaHus ynbpTpaba3uT-0a3UTOBBIX
U CONPSKEHHBIX TPAHUTOMIHBIX ACCOIMAMA Mae030ii-

CKOT'0 BO3pacTa B €ro mpejeniax MO3BOJMIA 0OOCHOBAThH
BaXHYI0 pOJIb AaKTMBHOCTM MAaHTHM W MaHTUHHO-
KOPOBOT'O B3aMIMOJICUCTBUSI B IMPOIIECCAX DBOJIOIMH JIH-
tocheppl M (OPMHUPOBAHUS KOHTHHEHTATIBHOW KOPBI
[AIpmomiok, Kosanenko, 2003; Spmomox u ap., 2011;
Bnagumupos u ap., 2013; Kpyk, 2015 u ap.].

Opomonus cTpykTyp LleHTpanbHO-A3HaTCKOTO CKIa-
YaToro 1osica 3aBepIIniach B OCHOBHOM B ITO3/IHEM I1ajIe0-
30€ ¢ (POPMHUPOBAHUEM HECKOJIBKMX TEPIMHCKMX CKJIaTua-
TBIX CHUCTEM, MPOTSATUBAIOIIUXCS BJIONb FOXKHOW OKPAUHBI
CuOupcKoro KOHTUHEHTa [3oHeH Al u ap., 1990; XauH,
2001; Windley et al., 2007]. Omroit n3 Hux sBisiercss O0b-
Baiican-I'o0uiickas CKiIagyaTasi CHCTEMa, BO3HHKINIAS Ha
foro-3anagHoM ¢uanre CHOUpPCKOro KOHTHHEHTA. Ee ya-
CTBIO SIBIISIETCS ANTaiicKasl aKKpeIMOHHO-KOJIIM3HOHHAS
cucremMa (puc. 1, Bpeska), BOHUKIIAs B TIO3IHEM aJIe030€
mpu  B3aumoneiicteun  Cubupckoro u KaszaxcTaHCKOro
KOHTHHEHTOB [30HeHmIaiH u ap., 1990; Xaun, 2001; Bna-
quMupoB U ap., 2003; 2008]. B ucropum ee pa3BUTHS
MOXKHO BBIJICTIUTH HECKOIBKO CTa[IH — OT CYOAYKIIMOHHOM
JI0 aKKPELIMOHHO-KOJUTM3UOHHON Y BHYTPUILTUTHOM, Kax-
Jlasi U3 KOTOPBIX OXapaKTepH30BaHA OMPEJEIICHHBIM CTH-
JIeM TEKTOHWYECKHUX JIBMDKCHHH, HAOOPOM OCaJI0YHBIX
dbopMarii ¥ MPOSBICHUSIMH pA3TUYHOr0 MarMaTu3Ma.
B pesynbrate cOOBITHII Ha TEPPUTOPUH COBPEMEHHOTO
Bocrounoro Ka3zaxcrana ObUH COBMEIICHBI CTPYKTYPHO-
BEIIECTBEHHBIC KOMIUIEKCHI pa3HON TeOMHAMUYIECKON
npuponpl. Kapma-Caypckas 30Ha (puc. 1) pacnonoxeHa B
FOr0-3allaJHON YacT AJTalCKON KOJUIM3UOHHON CHCTEMBI

© Xpomsix C.B., Kotnep I1.11., Cemenona J.B., 2019
DOI: 10.17223/25421379/10/1
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W TIpefcTaBIsieT co0O0H 00JIacTh COUICHEHUS TePLITHCKUX
OKpPanHHO-MOPCKMX M OKEaHHYECKHX  CTPYKTYpHO-
BEIIECTBEHHBIX KOMILIEKCOB C KaJISZOHCKUMH 00Opa3oBa-
HUAMHU OKpanHbl Kazaxcranckoro maneokoHTrHeHTa [Ep-
MoOJIOB U 1p., 1977; llep6a u ap., 1998]. Ota okpauHHO-

CHCTEMBI SHCHAIMYECKOH MPHUPOJbI, 3aJI0KEHHOH B paH-
HeMm maneosoe [[lertspes, 2012]. ITpomeccsl cyOmykuym
mutoceper  O0b-3aiicanckoro OacceliHa monm UwHrH3-
Tapbarataiickyro okpanHy Ka3zaxcTaHCKOro KOHTHHEHTa
MPOMCXO/IWIIM C Havajla CpeHEero Ianeo3os, B CHIype H

KOHTHHEHTallbHas  30Ha  M3BECTHA  Kak  YuHIus-
TapOararaiickasi, OHa SIBISIETCS BOCTOYHBIM CETMEHTOM
kpynHoi Yunruz-Cesepo-TSHbIIAHCKOH OCTPOBOMYXKHOI

PaHHEM JCBOHE 3/1€Ch CYILICCTBOBAJIA AKTHUBHASl KOHTUHCH-
TaJIbHasl OKparnHa C HNPOSBJICHUSAMU TPAHUTOUAHOIO Mar-
MaTu3Ma U pa3BUTUEM KHUCIIOTO BYJIKAHU3MaA.

Puc. 1. TekToOHO-MarMaTu4eckas cXeMa 30HbI COUYJICHEHHUs 3aliCaHCKOI

u Yunrus-Tapobararaiickoii ckiaaguaTeix odiacreii (mo Epmonos u ap., 1977)

1 — keMOpPHICKO-OPIOBIKCKUE 0Ca0YHO-BYJIKAHOTCHHBIE KOMIUIEKCH BocToaHO-UHHTH3CKOI 30HBI; 2 — CHITypHIICKO-IEBOHCKHE OCa-
JIOYHBIC, BYJIKQHOTCHHBIC W MHTPY3UBHBIC KOMIUIEKCH BocTouHO-UMHTH3CKON 30HBI; 3 — OCaZ0YHBIC W BYIKAHOTCHHBIC OTJIOXKEHHS
D,gv—D;fr; 4 — ocanodnbie U ByIKaHOT€HHBIC OTIAOKEHUS Ct,—V); 5 — MpenMyIecTBeHHO BynKaHoreHHsie Gpopmarmu C,3; 6—10 — rep-
IMHCKHE Tab0po-TpaHUTHBIC CEPUU U TPAHUTHBIC KOMIUIEKCHI: 6 — caypckast rab0po-THOPHUT-TOHATINTOBAS CEPHs, 7 — CAJABIPMHUHCKAS
rab0po-TpaHOANOPUT-TPAHUTHASL CEpHs, 8 — KapMUHCKasi rab0Opo-TpaHUTHAs ceprs, 9 — KepereTac-3CIMHCKAN KOMIIIEKC IIEIOYHBIX
TPaHHUTOB TPAHUT-TIOPGHUPOB (MACCHUBHI M JAKOBEIE mosica), 10 — KaHAbIraTaliCKui M KapaKOIbCKUH KOMIUICKCHI JIGHKOKPATOBBIX Ipa-
HuToB; 11 — pasmoms! (K — XKapmunckuii, A — Apkansikckuii, Kb — JKanan-byrasckuii, C — Cupexracckuii).

Ha Bpe3ske nokazaHo paiioHHpoBaHHEe ANTaCKOI KOJUTM3HOHHOM CHCTEMBI TePIIHIU U TIOJIOKCHNUE PETHOHa UCCIIET0BAHUI

Fig. 1. Tectonic map of magmatic associations in joint area of Zaisan and Chingiz-Tarbagatai fold belts
(according to Ermolov et al., 1977)

1 — Cambrian-Ordovician sediments and volcanites in Eastern-Chingiz zone; 2 — Silurian-Devonian sediments, volcanites and intrusions
in Eastern-Chingiz zone; 3 — sediments and volcanites of D,gv—Dsfr age; 4 — sediments and volcanites of Cit,—v, age; 5 — volcanites of
C,3 age; 6-10 — Hercynian gabbro-granite series and granite complexes: 6 — Saur gabbro-granite series, 7 — Saldyrma gabbro-
granodiorite-granite series, 8 — Zharma gabbro-granite series, 9 — Keregetas-Espe complex of alkali granites (massifs and dikes), 10 —
Kandygatai and Karakuls complexes of leucocratic granites; 11 — faults OK — Zharma, A — Arkalyk, )Xb — Zhanan-Bugaz, C — Sirektas).
Inset shows main zones of Altai collision system and position of investigated area
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LenTpanbHOil TEKTOHMYECKOM CTpykTypor Kapma-
Caypckoii 30HbI siBsiercs Kanba-Uuarusckuit (mo [ Tek-
ToHM4ecKasl... 1963]) unm XKapmunckuii (mo [EpmonoB u
Ip., 1977]) rinyOuHHELH pa3iioM, M0 KOTOPOMY IIPOXOIUT
COWIECHEHUE KAJEJOHCKUX M TEePUUHCKUX CTPYKTYP
(puc. 1). 3amaaHas yacTh 00JACTH COYICHEHUS N3BECTHA
kak Bocrouno-UuHrusckas 30Ha, B CTPOGHUHU KOTOPOW
YYacTBYIOT UEThIpE CTPYKTYPHBIX JTa)ka: paHHEKEeM-
OpuiicKkuii, MO3THEKEMOPHIICKUN-TTO3THEOPIOBUKCKHA,
CUITYpUHCKO-ICBOHCKUH,  TO3IHEIEBOHCKO-KaMEHHO-
yronbHbIi. O0mas MOIHOCTh KaJeJOHCKUX (hopManui
npeBbiaer 20 kM. B paHHerepuMHCKHii mepuon 30Ha
MPEICTaBIsUIa COOOH OTHOCHTENBHO YCTOMYHBYIO 00-
JACcTh, XapaKTEPU30BaBIIYIOCS CyOIIaT(opMEeHHBIM
ocaJIKOHaKOIUIeHHeM. [t 3Toro mepuoaa xapakTepHbI
u3BectHskoBas (D;fm) m xapOoHaTHO-TeppHUreHHAsT yT-
nenocHas (Cit—v) dopmannu.

Bocrounas gacte o0OnacTu cowieHeHHs 0003HAauYCHA
kak Kapmunckas [EpmonoB u np., 1977] crpykrypHO-
(bopMaIMoHHas 30Ha, B €€ CTPOCHUH BBIICISIOTCS TPU
CTPYKTYPHBIX 3Ta)ka: CpeJHe-BepXHEICBOHCKUH, paHHE-
KaMEHHOYTOJIbHBIN, CpeAHe-TI03IHEKaMEHHOYT OJIbHBIH.
PanHue ocajgku Ha 10ro-3amajie UMET MPU3HAKU MpHU-
OpEIKHO-MOPCKUX YCIOBUI U BBIICISIFOTCS B TPaBEITUTO-
nmecyano-cinanmeByto ¢opmanuio (D,gv—Dsfr), Ha ceBe-
PO-BOCTOKE OJTHOBO3PACTHBIC 00Opa30BaHMS HMEIOT MOp-
CKOMl TeHe3MC M BBLACTSIOTCS B KPEMHHUCTO-aHAE3U-
6azansroByro (hopmanmio (D,gv—Ds;fr). PannekamenHo-
YTOJIbHBIE OTJIOXKEHUS TaKKe HEOAHOPOAHBI 10 JiaTepa-
JIU: Ha CEBEPO-BOCTOKE 3aJIeraeT KPEeMHHCTO-aHIE3H-
toBast (hopmanus (Cit,—vy) OKEaHHYECKOH MPHUPOABI, Ha
[0ro-3amnajie OJIHOBO3pPACTHbIE C HEH OTJIOKEHUS MHpu-
HAJJISKAT MECYAHO-CIAHICBOH (opMaluyu OKpaumHHO-
KOHTHMHEHTAJIbHOU Npupoabl. Paznuuus B CTpoeHUU
pa3pe3oB JKapMUHCKOI 30HBI TTO3BOJIUIIN PACUIICHUTD €€
Ha JIBE CTPYKTYpHO-(hopMaruoHHbie oa30HbI (Kosaam-
HO-APKAJIBIKCKYI0O Ha CEBEpO-BOCTOKE U JKapMUHCKYIO
Ha loro-zamajie), pasrpaHuyennble JKanaH-byrasckum
TITyOMHHBIM pa3ioMOM. BepxHHI CTPYyKTYpHBIH STax
CIIOKEH BYJIKAHOTCHHBIMH  (OPMAIMSIMU:  JTAIATO-
MonaccoBoir  (Cp), Tpaxuba3ambT-TpaxUaHIC3UTOBOM
(Cy3) m pauuro-nunaputoBoi (C;). OHM BBITOTHSIOT
mporuObl U MYINBIBI, HACIEHYIONIHE OOIIUI CTPYKTYyp-
HBIA TUIAaH WM HAJIOKCHHBIC Ha paHee CHhOpMUpPOBAH-
HbIC aHTUKIMHOPHUY U CUHKIMHOpUH. OOIIas MOIIHOCTb
pa3pesa XKapMUHCKOI 30HBI TPEBbIIAET 7 KM.

B cBs3u ¢ 3akpeiteM OOb-3aiicaHCKOTO OKeaHMUe-
cKoro OaccefiHa W HadasmoM (OpPMUpPOBaHUS ANTaHCKOM
KOJUTM3WOHHOW CHCTEMBI TePIUHUI, Ha PyOeKe paHHETO
u cpexnero kap6ona JXapma-Caypckast 30Ha HCIBITaNa
TEKTOHO-MarMaTH4ecKylo akTuu3anuio. Kak B Bocrou-
HO-UuHTrH3CKOi, Tak U B JKapMHHCKOW 30HAX OBLI MPO-
SIBJIGH Ha3eMHBII BYJIKaHU3M, a TJIaBHBIM MHIUKATOPOM
SHJIOTCHHOW AaKTUBHOCTH SBHUJIOCH  (POPMHUpPOBaHHUE
KpynHoro JKapMHHCKOTO MHTPY3MBHOTO Mosca, KOTO-
pBI poTATHBAaETCST BAONH JKapMHHCKOTO TITYOHMHHOTO

pa3imoMa B CEeBEpO-3alaJHOM HAIpaBICHUH Ooiee deM
Ha 400 kM npu mwupune 50-80 kM (cm. puc. 1). eranb-
HbI€ T€OJIOTMYECKUE, MUHEPATIOTHYeCKUe U MEeTPOJIOTH-
YecKHe MCCIIeIOBaHusI MHTPY3MBHOTO MarMaTuiMa 3To-
ro paiiona mpoBeaeHsl B 1960—1970-x rr. noa pykoBo-
ctBoM IL.B. EpmonoBa [EpmonoB u ap., 1977]. beuio
BBIJICICHO HECKOJBKO TaOOpOHIHBIX, TaO0pO-TpaHUTO-
WJHBIX, TPAHUTOUJHBIX CEpPHH, KOMILIEKCOB, BYJIKaHO-
IUTYTOHWYECKUX acconuanuid. OOmasi mpoaoKUTEhb-
HOCTh MHTPY3UBHOI'O MarmaTu3ma Obljla OLlEHEHa C KOH-
1a panHero kapOona (caypckas cepust Cin) 10 mMo3aHeH
mepMHu — Tpraca (HECKOJIBKO rabOpo-TpPaHUTHBIX U Tpa-
HUT-JICKOrPaHUTHBIX KOMILJIEKCOB).

Hanbonee mupokoe pacpocTpaHeHUE CPETH HHTPY-
3UBHBIX oOpa3oBanuii JKapma-Caypckoil 30HBI HMMEET
caypckasi rabOpO-THOPUT-TOHAINTOBAS WHTPY3UBHAS
cepus. [lnomaap pasBUTHS UHTPY3UBOB CayPCKOil cepru
npessimaer 20 ThIC. KM, HauGolIee KpyINHbIE UHTPY3HU-
BBl U MAKCUMAJIbHAS UX COCPEAOTOYEHHOCTh OTMEYaIOT-
csl B 10ro-BocTouHOM yactu. Mcropuuecku ¢ 40-50-x rr.
XX B. mopoasl cepur OBLIHM OOBEIWHEHBI B EIUHBIN
caypcKuil KOMITIEKC, a MHOrooOpasue mopos 0ObsICHs-
JI0Ch TpoueccaM accuMuisinuu. Ilpu netampHOM Kap-
THPOBAaHUU YCTAaHOBJIEHO, YTO CAyPCKUN KOMIUIEKC UMe-
€T CIIOKHYIO HCTOPHIO (POpPMHpOBaHUS, a paHHHE U
mo3aHue ero (as3el pa3meNeHbl 0COOBIM KOMILICKCOM
Jaek. DOTO MO3BOJNIMIIO OTHOCUBIIHMECS paHee K (pazam
TPYIIIBI TIOPOJ] BEICIUTH B MHOTO(a3HbIE KOMITJICKCHI, &
COBOKYIHOCTh TOCJIEIHUX pPaccMaTpUBaTh KaK MHOTO-
PUTMHUYHYIO WHTPY3UBHYIO cepHio. BbulM BbIJENEHBI
cienyrolue KoMIuiekesl nopoa [Epmonos u ap., 1977]:

1) caypckmii rabOpO-TUOPUT-ILIATHOTPAHUTOBBIN
koMmImieke (daspl: 1 — rabOPOHOPUTHI M ONMBHHOBBIE
rabopo, 2 — rabopo u amdpubdonoBLIE TAOOPO, 3 — MUOPH-
Tbl, 4 — KBaplUEBbI€ TUOPUTHI U TOHAJUTHI, 5 — TPOH IbE-
MUTHI U TUIaTHOTPAHUTH);

2) KOMIUIEKC «MEXIPaHUTOBBIX» IaeK TUOPUTOBBIX
nopdupuros, MHUKPOJHOPUTOB, TUTaTHOTPAaHUT-
nopdupos;

3) Oyrasckuili TOHAUT-TPAHUTOBBIA KOMIUTEKC ((ha3bl:
1 — TOHANWUTHI W TPOHABCMHTHI, 2 — OHOTHUTOBBIC a/Ia-
MEJUTHTEI U TPAHUTHI, 3 — )KIITHHBIC TPAHUTHI U alUTUTHI);

4) KOMIUIEKC MOCIErpaHUTOBBIX Aaek (1 — ToHaIuT-
nopupEl U TPaHOCHEHUT-MOP(UPEI, 2 — IHOPHTOBEIC
nopupuTEI, Traba3bl U CIIECCAPTUTHI, 3 — AIUTMTOBU-
HBIC TPAHUTHI U KBapIIEBBIC TOP(UPEI).

JeranpHoe onycaHue reojloruueckon Mo3UlnM, MeT-
porpadun, MUHEPaJIOTUU U METPOXUMHUH HHTPY3HBHBIX
nopox cepuu aano I1.B. EpmonoBeim ¢ coaBT. [1977].
Beutn caenaHsl TpennoNOKeHMs, 9T0 Ma(UIecKHe Mo-
POZABI CEpUU MPOU3OILIA U3 MAarMbl, OJM3KOH IO COCTa-
BY K BBICOKOTJIMTHO3EMHUCTEIM 0a3zaibTaM, u cHOpMHPO-
BaHBI MPU TUIABJICHUH OOBOMHEHHOW MAaHTHU; TPaHUTO-
UIHBIC TIOPOIBI KaK CaypCKOro, Tak M Oyra3cKoro Kom-
MIJIEKCOB PacCMOTPEHBI KaK Pe3ysbTaT IJIaBJICHUS KOPO-
BOTO BEIIECTBA IIOJ BO3ICHCTBHEM OA3UTOBBIX MAarM,
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MIPU STOM Oyra3cKHil KOMILICKC BBIACIEH KaK CaMOCTOsI-
TENBHBIA PUTM TITYOMHHOW MarMaTHYeCKOH aKTUBHOCTH.
AHAJIOTUYHO KaK CaMOCTOSITENIbHBIE PUTMBI 3H]IOTEHHON
AKTUBHOCTH OMNHUCAHbl KOMIUIEKCHl 0a3UT-IPaHUTOBBIX
JlacK.

B nocnennue necATUNIETHS MOMTYYHIIN MIMPOKOE pas-
BUTUE HOBBIE MPEIU3UOHHBIE METOJBI HCCIEIOBAHUS
BEI[ECTBA, MPOU30IIJIa CMEHA TJI00ANLHON TeoIMHAMHU-
YECKOW MapaJurMbl, MOSBUIOCH MHOXKECTBO HOBBIX MO-
JIeNied 3BONIOLIWHA BHYTPUKOHTHHEHTAIBHBIX CKJIaq4a-
TBIX TIOSICOB C TO3WIUN TEOPUU TEKTOHHKH JIUTOChEp-
HBIX IUJIUT U TEOPUM MAHTUWMHBIX TUIIOMOB. B CBs3uM ¢
STHUM HCCIEOBaHUS COCTaBa, BO3pacTa U reoJMHaMuye-
CKUX OOCTaHOBOK (DOpPMHUpPOBAHUS CaypCKOH CepHH
BHOBb TIPEACTABIISIOTCA AKTyalbHbIMH. MBI IpOBEIU
HCCIEI0BAHNSI HEKOTOPBIX MarMaTH4ECKUX MOPOJ cayp-
CKOU CEepuU T€OXMMHYECKUMHU, U30TONHBIMU U T€OXPO-
HOJIOTHYECKMUMH METOJIaMH, YTO IO3BOJIUJIO YTOYHHUTH
BpEMsi, COCTaB HCTOYHHUKOB M TCOAMHAMHYCCKYIO 00CTa-
HOBKY (DOpMHpOBaHUSI C COBPEMEHHBIX T'COJMHAMHYEC-
CKUX ITO3ULIUHI.

@DaKTHYECKUH MATEPHAJ U METObI HCCIET0BAHUSA

Hamu Obumi m3ydensl Byrasckuii M roxHas 4acTb
Yanrckoro maccuBos (1o [Epmornos u np., 1977]), pacrio-
JIOKEHHbIE B IOro-3amafHod yactu jucta M-44-XXXV
Tlocynapcreennoit reonornyeckoit kaptel CCCP (puc. 2).
B aTom paiioHe, 1O JaHHBIM TOCYJapCTBEHHOT'O T'€OJIOIH-
YeCKOT0 KapTHPOBaHWs, TaOOpOUIHBIC U TPAHUTOHIIHBIC
TOPOIBI TIPOPHIBAIOT C OPOTOBHKOBAHWEM OCAJIOYHBIC U
BYJIKAHOTCHHBIC TOJIIM JICBOHA M paHHEro kapoona. [lo-
POJIBI CAyPCKOro KOMILIEKCA IPEACTABICHBI Tab0po U IHO0-
putamu. ['ab0po crmararoT Teno pasmepoM 2x3 kM, obpa-
3yIOIlee MAcCHB TOpbI YJIbKeHIa0a; OOIBIIMHCTBO Oa3u-
TOBBIX TOPOJ] MPEICTABICHO IHOPHTAMHU M KBapICBBIMH
JIMOPUTAMH, CJATAIONMMH HECKONBKO Ooee KpyIMHBIX
UHTPY3UHA. [ paHUTONIBI TIPOPEIBAIOT Tab0pO M THOPHUTEI U
cllaraloT KpynHblid byrasckuii maccus. B paiione 3akapTu-
POBaHBI JIBE CHCTEMBI 0a3UTOBBIX W TPAHUTOUIHBIX JIACK:
paHHsT CyOMEpHIMOHAIBHOIO M CEBEPO-3alaJHOrO IMPo-
CTUpAHUS U TIO3IHSS — CEBEPO-BOCTOYHOrO MPOCTHPAHMUSL
Haiiku 6a3UTOBOrO COCTaBa MPEICTABICHBI JOJCPUTAMH,
JIOJICPUTOBBIMU  TIOP(OUPHTAMH, IHOPUTOBBIME MTOPHHUPH-
TaMu; TAWKA KHUCIIOTO COCTaBa — TPaHUT-NOpQHpaMH, rpa-
HOCHEHUT-TTOPGUPaMH U arumTaMu. JIaifku MMEIOT MOII-
HOCTh OT JICCATKOB CAHTUMETPOB IO MEPBBIX METPOB,
Hanboree KPYIHBIE TaiKi MPOTATUBAIOTCS HA HECKOIBKO
KWJIOMETPOB. VX BHYTpeHHEE CTPOCHUE OOBIYHO MPOCTOE,
omHo¢as3Hoe, nHOrAa Habmomaercs auddepeHImanys no
3EPHUCTOCTH MIOPOJI OT IIEHTpa K KPAIO IacK.

JIJIs HaMX MCCIeI0BaHUK OBLTH BBIOPaHBI 00Pa3Ilbl
rab0po, TPaHUTOB M OA3UTOBBIX HAaeK (CM. MECTOMONO-
xeHue Ha puc. 2). Heckonbko mpo6 OBLTO CIIEIHaIbHO
0T00paHO IS BBIICTICHUS IIMPKOHOBBIX MOHO(PAKIIHIA ¢
HEeNbI0 M30TOMHOro natupoBaHus. [IpobGa muopurtoB
CaypCKOro KOMILIEKCa, MCIIOIb30BAHHAS ISl TCOXPOHO-

JIOTMYECKUX UCCIEIOBaHUM, 0TOOpaHa 3 Oe3bIMIHHOTIO
MaccuBa MPHMEPHO B 25 KM K CeBepo-3amaay OT H3Y-
YEHHOTO paiioHa (cM. puc. 1).

[erporpaduyeckue wuccaeIOBaHHUS OOPA3IOB IMOPOJ
BBITIOTHEHBI IO MPO3PAYHBIM MOKPBITEIM IILTU(AM C I10-
MOIIBIO  ONTHYECKOTO IMOSPU3ANUOHHOTO MHKPOCKOIA
Carl Zeiss AxioScope.Al, ocHaIeHHOTO (HOTOKaMEpOid
Canon EOS 650D. Onpenenenue coctaBa Mopoj, BbIION-
HEeHO B LIeHTpe KOMIEKTHBHOTO MOJb30BaHHS MHOTORJIC-
MEHTHBIX ¥ U30TONMHBIX uccienoBanuii (LIKIT MU) UTM
CO PAH (r. HoBocubupck). OnpeneieHue ComepKaHuii
METPOreHHBIX KOMITOHEHTOB ITPOBEACHO METOAOM pPEHTTE-
HO(IIYOPECIICHTHOr0 aHajn3a C HCIONB30BAHUEM CIICK-
tpomerpa ARL-9900 XL; ompeneneHue KOHLIEHTpAIMiA
penxo3emenbHbIX U penkux (Rb, Sr, Y, Zr, Nb, Cs, Ba, Hf,
Ta, Th, U, Sc, V, Cr, Co, Ni, Cu, Zn) 3J1eMEHTOB BBITIOJI-
HeHo MerogoM ICP-MS Ha macc-criekrpomerpe Finnigan
Element II o cranmaprHO#t MeTomuke. Sm-Nd H30TOMHBIE
HCCIIeTOBAHUSI BHITIOTHEHBI TIO0 BAJIOBBIM Ipo0aM IOpoJ B
I'eonormueckom uncrutyre KHI[ PAH (r. Anatutsl) Ha
CEMHKAaHATEHOM  TBEpHO(Ba3HOM  MAacC-CIIEKTPOMETpe
Finnigan-MAT 262 (RPQ). V3mepeHust U30TOIHBIX OTHO-
IICHUH MPOBOIMITY B CTATUYECKOM PEKHME C HCIIONB30Ba-
HHEM JBYXJICHTOYHBIX HCTOYHHUKOB HOHOB. 30TOMHBIH
COCTaB HEOIMMA B TPOLIECCE M3MEPEHUI HOPMAaJIM30BAIIH
110 oTHOWeHMo K “*Nd/ 144Nd=0,7219, a 3aTeM MPUBO N
K 3avennto ' PNd/"**Nd = 0,511860 B crannapre La Jolla.

[eoxpoHoNOrIUecKie uccenopanus BeimomHeHsr U-Pb
M30TOMHBIM METOJIOM [0 SAMHUYHBIM 3epHAM IIMPKOHA
meronoM LA-SF-ICP-MS Ha macc-CieKTpoMeTpe BhICO-
koro paspemienns Element XR (Thermo Fisher
Scientific) ¢ cucremoii mpo6ooTOOPa Ta3ePHON a0IAIIH-
eit UP-213 (New Wave Research) 8 IIKIT M1 UT'M
CO PAH (r. HoBocHOHpCK), COMTACHO METOAMKE, OIMH-
canHoit B [XybaHoB u ap., 2016].

JatupoBaHue BBIIONHEHO IO CTUHUYHBIM 3epHAM
OUPKOHOB, ISl KAJIMOPOBKU HCIIOIB30BAHBI ITMPKOHO-
Boie crapmaptel TEMORA-II u Plesovice. LlupkoHb!
00JIyJaITUCh UMITYJIBCHBIM JIA3EPHBIM JIy4OM C YaCTOTOM
5 T'u, auamerpom 25-30 mxMm B Teuenue 30 c. Mcnapen-
HOC BEIIECTBO W3 JIa3epHOM YCTaHOBKH B Macc-
CHEKTPOMETP TPaHCIIOPTHPOBAIOCH ITOTOKOM HYHCTOTO
remust. Koppekuus aperidha curHama u3MepseMbIX H30-
TOIOB, y4YeT ()OHOBBIX CHTHAJIOB, pacyeT H30TOIHBIX
OTHOIICHUH W WX IMOTPEIIHOCTEH BBHIMOTHEHBI B IPO-
rpamme Glitter [Griffin et al., 2008]. Pacuer 3naueHuit
BO3pacTa METOJOM IOCTPOCHHS JAMArpaMMbI C KOHKOP-
JMell BBITIOJTHEH ¢ moMoinbio mporpamMmbel ISOPLOT-3
[Ludwig, 2003]. V3mepsmock YeThipe W30TOMHBIX OT-
HOIIIEHUS: 207Pb/206Pb, 206Pb/238U, 207pp 33y
208ph/232Th,  Pacuer BO3pacTa MOPOBOAWICA METOAOM
pacemorpernst U-Pb (P°Pb/*U-"""Pb/*U) cucrems
Ha KOHKOpIuH. OTHOCHTENBHAS IOTPEIIHOCTh U3MEpe-
HUSI U30TOITHOT'O OTHOUIEHUsSI B ofHOoW Touke (1o) mis
26pp/ B8y cocrauna ~1,5%, a 2Pb/*°U ~ 4-5% ma
CTaHJAPTHBIX UPKOHOB.
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Puc. 2. T'eostornueckoe crpoenue byrazckoro maccusa Ha OCHOBe IOCYAapCTBEHHOI reosiorndeckoii kaprel CCCP
macmra6a 1 : 200 000, pparment aucra M-44-XXXV

1 — ocamo4HBIC U BYJIKaHOTCHHBIC OTIOKeHUs D,gv—D;fr; 2 — ocamounsie u BynkaHOreHHBIE oTiIOKeHHs Cit—Vvy; 3 — 0CaloYHbIC U BYII-
KaHOreHHbIe oTIoKeHUsI C,3; 4 — rab0po M OMMBHUHOBEIE Tab0PO CaypcKOro KOMIDIEKCa; 5 — rabOpOAMOPHUTEL, THOPUTHL M KBApIIEBbIE
JIMOPHUTHI CAypPCKOTr0 KOMILIEKCa; 6 — IpaHUTONUABI Oyra3cKoro KOMIUIEKca; 7 — MO3AHHUE «TIOCTTPAHUTHEIC» Jalky 0a3UTOBOTO COCTaBa
(omepuThl, AUOPUTOBEIE TTOP(GHUPHTHI, CIECCAPTUTHI); 8 — MO3AHKE «IOCTTPAHUTHBIC) JalKU KHUCIOTO cocTaBa (TpaHUT-HOPGUPEI, arl-
muTHl); 9 — pas3nomsl; 10 — peIxible oTaoKeHuUs;, 11 — Touky HaOmoAeH!S B 0TOOpa P00, OMMCAHHEIX B CTAThE; KPYXKKAMHU OOBEICHEI 1
TIOATIFICAHBI TPOOBI, IO KOTOPBIM MorydeHs! U-Pb reoxpoHonornieckue faHHbIE

Fig. 2. Geological map of Bugaz massif, based on Geological map of USSR, scale 1:200 000, M-44-XXXV
1 — sediments and volcanites of D,gv—D;fr age; 2 — sediments and volcanites of Cit,—v; age; 3 — sediments and volcanites of C, ; age;
4 — gabbro and Ol gabbro of Saur complex; 5 — gabbrodiorites, diorites and Qtz diorites of Saur complex; 6 — granites of Bugaz com-
plex; 7 — latest post-granite dikes with mafic composition (dolerites, diorites, spessartites); 8 — latest post-granite dikes with felsic com-
position (porphyry granites, aplites); 9 — faults; 10 — Quarternary sediments; 11 — points of outcrops and sampling; points in circles are

position of samples with U-Pb geochronological data

Juis mByX 00pasioB MOpon ObUTM BBHITIONHEHBI HC-
cienoBanus Lu-Hf n3oromHol cucTeMBbl B €MHUYHBIX
3epHax IUPKOHOB. VccienoBanus nposeneHsl B Jenap-
TaMEeHTe Hayk o 3emse YHuBepcutera I'onkonra (Ku-
talickags Hapomnas PecnyOmmka) meTronoMm JiazepHOM
a0JsIIMU Ha MYJIBTUKOJUIEKTOPHOM MacCC-CIIEKTPOMETPE
¢ UHAYKTHUBHO-cBsizaHHOW mia3zmoi (LA-MC-ICPMS).
Jnst aHanM30B HMCIONB30BaH Macc-criekTpoMerp Nu
Plasma HR MC-ICP-MS (Nu Instruments, Bemuko6pu-
TaHUs), COBMEILEHHbIN ¢ 193-HM 3KCHMEpHOIi cucTeMoit
nazeproit abmsyum (RESOlution M-50, Resonetics LLC,
CILHA). Pazmep myuka COCTaBISI 55 MHKpPOH, BpeMs
anamm3a — 45 c. J{ns xkanuOpoBKU HCIIONB30BaHBI 3epHA
IUpPKOHOBEIX cTaHmapToB 91500 m Plesovice. Koppek-
s apefida curHaNa U3MepseMBbIX H30TOMOB, yIeT (o-

HOBBIX CUTHAJIOB, pacdeT M30TONHBIX OTHOLIEHUN M MX
norpeurHocTeld BoimoaHeHsl B mporpamme ICPMSData-
Cal [Lin et al., 2016].

Herporpadus

Cpemu TabOpOBBIX MOPOJI MAacCHBa TOPHI YIIbKEH-
naba BCTPEYCHBI TPU PA3HOBHAHOCTH: TPOKTONHUTHI,
rabopo u ampudonaoBEIE TA0OPO. Tpoxmoaumer — Men-
KO- CpelHEe3epHHUCThIe mopoiabl (puc. 3, a), comepxka-
e 10 25 00. % oJIuBHHA, MPEICTABICHHOTO MEITKIMH
cyOnInoMOpOHBIME 3epHAMH, TOBCEMECTHO OKPYKEH-
HBIMH PEAKI[MOHHBIMU Kaiimamu. [Tnarnoknas 3aHuma-
eT 10 60 00. %, KIMHOMUPOKCEH COCTAaBJIsET HEe Oonee
10 06. % u obpa3yeT emuHWYHBIC MOUKIIUTOBEIC 3€p-
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Ha. [ab66po cnaral0T OCHOBHOH 00BEM MaccuBa, 3TO
MEJIKO-CPEAHE3EPHUCTHIEC TMOPOJIBI, CIOKEHHBIE ILIa-
ruokinazoM (50-60 00. %) u ximHOMHpOKceHOM (40—
50 06. %). Amgubonosvie cabbpo (puc. 3, 6) pacmpo-
CTpaHEHbl B BOCTOYHOM 4YaCTH MacCHBa, 3TO CpejHE-
3€PHUCTBIC MOPOJIBI, CIOKEHHBbIE MIarnokinasom (50—
60 06. %), ximHOMHIpokceHOM (20 00. %) U 3eneHbIM
MarmMatuaeckuM amopuodonom (20-30 06. %). Auoputsr
CIIOKEHBI TPEHMYIIECTBCHHO ILIATMOKIA30M M 3elie-

HBIM aM(pHuOO0IOM, KIMHOIMPOKCEH 3aHNMaeT He Ooree
10 00. %; B HEKOTOpPBIE Pa3HOCTIX JHOPUTOB BCTpeda-
eTcd  IO3JJHEMAarMaTH4ecKUd  MHTEePCTHLHUAIbHBIH
kBapi, 10 10 06. %.

WHTpy3nuBHBIE TPAaHUTOWABI B M3y4EHHBIX 0Opa3smax
MIPEeJICTaBIICHbl JIBYMs pasHoBuaHOCTsAMH. [Ipeobmana-
IONIAMU  SIBIBTIOTCS  aMub0a-6uomumogvle  2panumol
(puc. 3, 8) — 3TO MENKO-CPEAHE3EPHUCThIE MOPOIbI C
THITUAROMOP(PHO3EPHUCTON CTPYKTYPOH.

Puc. 3. Ilerporpadus uccie0BaHHBIX PA3HOBHIHOCTEH MOPOJ caypPCKoii cepun
(a) — TPOKTONHT (OIMBHHOBOE JEHKOrabopo) caypckoro komiuiekca; (6) — ampudonoBoe rabdpo caypckoro Kominiekca; (B) — ampuoon-
OMOTHUTOBEIN IpaHUT OYra3cKOro KOMILIEKca; (T') — JTeHKOKPAaTOBBI OHOTUTOBBIH IIArHOrPaHUT Oyra3cKoro KOMIUIEKCa; () — ZOJIepH-
TOBBIH TOPGHUPHT C OTUBHHOM, <TIOCTTPAHUTHASD) TalKa; (€) — CIIECCAPTHT, «TIOCTTPAaHUTHASD) TaiKa

Fig. 3. Petrography of rocks of Saur series
(a) — troctolite (Ol leucogabbro) of Saur complex; (b) — Amp gabbro of Saur complex; (¢) — Amp-Bt granite of Bugaz complex; (d) —
leucocratic Bt plagiogranite of Bugaz complex; (e) — porphyry dolerite with olivine, post-granite dike; (f) — spessartite, post-granite dike
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3enenbrii ampuboN B BUAC HIMOMOPGHBIX 3epeH 3a-
uumaer 5-10 00. %, nelictel OmotuTa — 10-15 00. %.
Cpenu canmuecKux MUHEPAJIOB IUIATHOKIA3 IMpeoliana-
eT HaJ KanummaToM, kBapi (1o 20 06. %) npencraBieH
KCEHOMOP(HBIMU 3epHaMH. MeHee pacmpoCTpaHCHBI
OTHOCHUTENBHO JICUKOKPATOBBIC OUOMUMOGble HAA2UO-
epanumul (puc. 3, 2), B HUX TEMHOIBETHl 3aHUMAIOT HE
ooree 10 00. % W MpencTaBlIeHbl MEIKUMH JCHCTaMH
OorotuTa. AGCONIOTHO MPEOOTaTAIOIINM MOJICBBIM IIIMa-
TOM SIBJSIETCSI IUIATMOKJIA3, KAJNHEBBIA IOJCBOH IITAT
BCTpeUEH B EAWHUYHBIX ciydasx. [lopomer mocT-
WHTPY3UBHBIX 0a3UTOBBIX JIAEK MPEICTABICHBI HECKOIb-
KAMHU Pa3HOBHIHOCTAMH. Hambonee NpUMUTHBHBIMU
SIBIIIOTCA Qoiepumosvle nopgupumst (puc. 3, 0). 3to
MOPOJABI C BBIPAKCHHOW O(MUTOBOM HIIM JIOJIEPUTOBOM
CTPYKTYpOH, 00pa3oBaHHON pa3HOpa3MEpHBIMH (OT 5—
7vMm o 1-2 mm) neiicramu mnaruokiasza. Okono 5—
10 00. % 3aHUMAIOT MENKHE UIANOMOP(HBIC BKPAIUICH-
HUKH ONUBUHA. MAaTpPHKC TOPOMABI CIOKCH MEITKUMH
JeWcTaMH TUIATHOKITA3a, MENbUaiIIiMU 3epHAMHU TIH-
pokcena. HeKoTopbie Maiiku CIOKEHBI doiepumamiu Wi
MUKp0o2abbpo, B KOTOPBIX MpeodiiagaeT UAnOMOPQHEI
TUIATUOKJIAa3 U KCCHOMOP(MHBIN MUPOKCEH, B HECKOIBKHX
Jalikax BCTpEUEHBI 3epHa ampubona wm ouotuta. Crnec-
capmumul, CIaralolIie HECKOIBKO JIaeK CeBepo-
BOCTOYHOT'O TTPOCTUPAHUS, — TOPHUPOBUIHBIC TIOPOIHI C
UIMOMOP(QHBIME BKpaTICHHUKaMH 3e1eHoro amguoona,
PacmoIOKEHHBIMH B MATPHKCE W3 MEIKUX JICHCT Iuia-
THOKJIa3a, 3epeH KIMHOMMPOKCeHa u ampudona (puc. 3,
e). Juopumosvie nopgupumsl — CBETIIO-CEPbIE TIOPOABI
¢ mpeobNalaHueM UTATHOKIIa3a, KPYIMHBIC JIEHCTHI KOTO-
pOro B BHJE BKPAIUICHHHKOB 3aHHMAIOT 110 20 00. %;
MATPHUKC TOPOABI CIOXKEH JEWCTaMU IUIAaTMOKIa3a |
3epHaMu ampudoma.

BelecTBeHHbII COCTAB M HCTOYHHKH MarmM

J1d XapaKTepUCTUKU BELIECTBEHHOTO COCTaBa MOPO/]
caypcKoil cepyM MCIOJb30BaHbI 14 aBTOPCKUX MpeacTa-
BUTENBHBIX aHAMK30B (TabM. 1), 1 JaHHBIE O COJEPKAHUHI
METPOreHHBIX KOoMIOHEeHTOB (175 anamu3oB), u3 [Epmo-
J0B U ap., 1977]. Ilopoabl caypckoil CepuM UMEIOT IH-
POKHIl CIIEKTp COCTaBOB — OT rabOpO-TIEpHIOTUTOB 10O
IPaHUTOB, B LEIOM COOTBETCTBYIOT MOPOAAaM HOPMalb-
Hoii menoynocTu (puc. 4). COOTHOIIEHUS TJIABHBIX TET-
POTEHHBIX KOMITOHEHTOB TIPEICTABICHBl HAa BapHAI[HOH-
HBIX Juarpammax Xapkepa (puc.5). C poctoM KpemHe-
KHCITIOTHOCTH HAONIOJaeTCs YMEHBIICHUE CONCPIKaHU
Al)O3, CaO, FeO*, TiO,. CocTaBsl OPOJI BCEX KOMITJICK-
coB ceprr (hOPMUPYIOT OOLIMI TPEHJ, OTHAKO TPAHUTHI
Oyra3ckoro KoMruiekca o0oramieHsl kanuem (puc. 5, o).
Jnst TaG0OpOUIOB M JMOPHUTOB XapaKTEPHBI OTPUIIATEIb-
Has koppermsus conepxkannit MgO / CaO u orcyrcTBHE
koppemsiiii MgO / Al,O3;, 9TO MOXKET CBHJCTEILCTBO-
BaTh O MPEHMYIIECTBEHHOM ()paKIMOHHPOBAHUH KIIHHO-
MUPOKCEHA MTPH 3BOIIONWH 0a3uTOBBHIX MarM. B Hanboee

MarHe3ualibHbIX MO0 COCTaBy TPOKTOJMTaX OJMBUH, CO-
neprkanre kotoporo jgocturaet 30 00. %, BEpOSTHO, sIB-
JsieTcsl KyMynaTuBHOM (asoii. VccrenmoBaHHbIe Hamu
TOpPOJIbI IO BEIIECTBEHHBIM XapaKTEPUCTUKAM COOTBET-
CTBYIOT OTMEUCHHBIM PaHEEe XMMHUYECKAM OCOOCHHOCTSIM
BBIJICJICHHBIX KOMILTEKCOB. ['ab0po cOOTBETCTBYIOT rab0-
pougaM caypcKOro KOMIUIEKCa, MCCIEIOBaHHbIE TpaHU-
TBI — TIOpOJaM Oyra3ckoro Komruiekca. [locTrpanuTHbIe
0a3uTOBBIC MAWKU ONM3KU TI0 COCTABY K OIKCAHHBIM B
[EpmonioB u np., 1977], oHM XapaKTepu3yrOTCs MOBbI-
IIEHHBIM COJIEPXKaHUEM IEN0YeH U KaJivsl OTHOCUTEIHLHO
NPYTHX 0a3UTOBBIX MIOPOJI CEPUH.

[To comepxaHuAM peNKUX DBIIEMEHTOB H3yuYeHHbIE
TPYIIBI MOPOI UMErT omnyus (puc. 6). [a606po xapak-
TEPU3YIOTCS MOUYTH IJIOCKUMHU CIEKTpaMH pacrpenesie-
Husa P30 c conepkanusimu Ha ypoBHe 10 XOHIPUTOBBIX
(TpokTONMTEl Hambonee peruietmpoBaHel P33). Ha
cnaiifiep-quarpaMMax B TabOpo OTYETIIMBO 3aMETHBI
MUHHMYMEI B comepxanusx Th, Nb, Zr; BeipaxkeH Mak-
cumyM 1o Sr. ['paHuTHI Oyra3ckoro KOMIUIEKCa IEMOH-
CTPHPYIOT OOOTalIeHHe JISTKHMHU JIAHTAHOMJIAMH OTHO-
cutenbHO Tsokenbix (La/Yby ot 7 mo 12,5), B MynbTH-
JJIEMEHTHBIX CIEKTpaxX OTYETIMBBl MaKCUMYyMbl B KOH-
nentpanusax Ba, K, Sr, cnaboe oboramienue mo Zr u Hf;
MUHUMYMBI B copepkanusx Ta u Nb. bazutoBbie mopo-
IBl TIOCTTPAHUTHBIX JIAGK XapaKTepU3YIOTCsA Hambolee
00OTameHHBIM COCTABOM CPEIU M3YUEHHBIX TOPOJ (CM.
puc. 6). Crnexrpsl P30 uMeroT oTpHUIlaTEIbHBIN HAKJIOH
(La/Yby ot 8,5 mo 13.,5), B MyJNBTUIIICMEHTHBIX CIICK-
Tpax HaOmogaroTcs ciabeie MakcuMyMsbl mo Ba, U, Sr;
MHUHUMYM B KOHUeHTpaiusx Ta u Nb BelpaxkeH He Tak
OTYETIIUBO, KaK B JPYTUX MOPOJaX CEPUU.

Paznuuns B peaKodIEMEHTHOM COCTaBE ITO3BOJISIFOT
TIPEAToIaraTh Pa3Hble MCTOYHUKH MEPBUYHBIX Marm Jijist
TOPOJT Pa3HBIX KOMIUIEKCOB. ba3uToBBIE TOPOIBI SIBIISI-
FOTCSI PE3yJIBTATOM KPUCTAJLTH3AIM MarM, o0pa3oBaH-
HBIX TIpH TUJIABJICHUA MAHTHUHHBIX WCTOYHUKOB. Jlist
KJIacCH(PHUKAIIMA MAaHTHHHBIX MCTOYHUKOB B IMOCTCIHUE
JCCATUIIETHST 0003HAYEH PsIiT MHIUKATOPHBIX PEIKUX
JJIEMEHTOB W HX COOTHOIICHUH, HCIOJIb3YeMbIX TpH
OMpENCICHUN PA3IUYHBIX T'€OJIUHAMHYECKUX O0CTaHO-
BOK. Ha puc. 7 cocraBsl rab0po caypckoro KOMIDIeKca U
0a3UTOBBIX MOCTTPAHUTHBIX JTA€K HAHECCHBI Ha HEKOTO-
phle Kaaccu(UKAIMOHHBIE aUarpaMMel. [10 KOHIIEHTpa-
nusM U cootHorrenussM Ti, Zr, Nb, Th, Yb, Y ra66po
CaypcKOro KOMILIEKca OMU3KK K 0a3aibTaM OCTPOBHBIX
IyT, (OPMHUPYIOIIUMCS MPH TUIABJICHUH JIETUICTHPOBAH-
HOT'O UCTOYHWKA U3 MAHTUWHOTO KiIMHA. Takasi mpuposaa
WCTOYHWKA TOATBEPKIIACTCS TaKXKE HU3KOU MIEIIOYHO-
CThIO, OTHOCHTEIHLHO BBICOKMMU COJCPKAHUSIMU Kallb-
U ¥ TrHO3eMa. [TocTrpaHUTHBIC Maiikd 0OOTalieHBI
OTHOCHTENBHO Ta00po Zr, Nb, Th (cm. puc. 7), ux co-
CTaBbl 3aHUMAIOT MPOMEKYTOYHOE TMOJIOKEHUE MEXIY
0a3anpTaMl OCTPOBHBIX IyT M 0Oa3albTaMh OKcaHWYe-
CKHX OCTPOBOB, a IO KOHIIEHTPAIUSAM Zr OHU OJHM3KH K
BHYTPUILIATHEIM 0a3anbTaM (puc. 7, ).
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Puc. 4. CoctaB nopon caypckoii cepun Ha KiaaccupukanmoHHoii anarpamme «SiO; — cymMma mesiouein»
1-6 — cocraBsl opox caypckoii cepun (175 ananuso, qanaeie [Epmonos u ap., 1977]): 1 — rab0po caypckoro KoMIuiexca, 2 — JHOpH-
ThI U KBAapLEBbIC AUOPHUTHI CAYPCKOr0 KOMILICKCA, 3 — TOHAIUTBI U TPOHABEMHTHI CAypCKOr0 KOMILIEKCa, 4 — Ga3UTOBBIC NAMKH «MEK-
IPaHUTHOT0» KOMIUICKCA, 5 — IIarHOrPaHUThl U TPaHUTHI Oyra3ckoro KOMILIEKCa, 6 — 0a3UTOBBIC JAHKH «ITOCTTPAHUTHOI0» KOMILICKCA;
7-9 — cocTaBhI M3YUCHHBIX HAMH HOpox: 7 — rabbpo maccusa r. Ynbkennaba, 8 — rpaantel byrasckoro maccuBa, 9 — mocTrpaHursie

GazuToBbIe Maiiku. I'paHumB! Monel u HoMeHKIaTypa o [Marmarmaeckue. .. 1983]

Fig. 4. Rock composition of Saur series on TAS-diagram

1-6 — rock compositions of Saur series (175 samples from [Ermolov et al., 1977]): 1 — gabbro of Saur complex, 2 — diorites and Qtz
diorites of Saur complex, 3 — tonalities and trondemites of Saur complex, 4 — mafic dikes of “inter-granite” complex, 5 — plagiogranites
and granites of Bugaz complex, 6 — mafic dikes of “post-granite” complex; 7-9 — rock compositions from this study: 7 — gabbro of
Ulkenlaba massif, 8 — granites of Bugaz massif; 9 — post-granite mafic dikes. Fields and nomenclature after [Magmaticheskie... 1983]

Tabnuma 1
IIpencraBuTe/bHbIE AaHATU3bI IIOPO/ CAYPCKOIl cepuu
Table 1
Representative compositions of rocks of Saur series
Ne o6p. X-1254 X-1256 X-1259 X-1260 X-1264 X-1269 X-1266
Komnonent TPOKTOJIHUT Amp rabopo Amp Amp-Bt Amp-Bt N Bt
rabopo rabopo TpaHUT TpaHUT JICHKOTpaHUT
Si0, 38,35 42,97 47,94 49,83 64,88 66,95 70,01
TiO, 1,03 0,90 0,98 0,85 0,45 0,40 0,17
Al 04 19,26 21,04 19,07 19,74 17,25 15,96 16,26
FeO* 17,90 13,91 12,11 10,87 3,15 3,82 1,64
MnO 0,17 0,19 0,20 0,17 0,06 0,06 0,02
MgO 9,66 5,71 5,32 5,02 1,20 1,74 0,42
CaO 13,31 13,33 10,28 10,29 3,65 2,86 2,00
Na,O 0,70 1,59 3,46 3,42 5,88 4,83 5,73
K,0 0,06 0,15 0,16 0,29 1,67 2,47 2,33
P,0s 0,02 0,13 0,20 0,14 0,17 0,12 0,07
Il.n.m 0,36 0,53 0,49 0,39 0,84 0,54 0,43
Cymma 99,17 99,15 99,09 100,00 99,03 99,53 99,11
Rb 0,5 0,8 0,7 2,1 13,7 22,6 14,2
Sr 463 561 567 585 1058 1001 1340
Y 4,1 14,1 18,8 15,7 11,0 9,7 3,1
Zr 4 19 22 33 95 91 78
Nb 0,2 1,0 1,9 1.8 4,6 2,8 L5
Cs 0,1 0,1 0,1 0,1 0,2 0,4 0,2
Ba 12 40 69 83 706 978 1359
La 0,8 33 5,5 5,7 13,2 11,7 5,7
Ce 2,0 8,3 14,0 13,5 30,2 24,4 11,2
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Ne 06p. X-1254 X-1256 X-1259 X-1260 X-1264 X-1269 X-1266
Komnonent TPOKTOJIHUT Amp rabopo Amp Amp-Bt Amp-Bt N Bt
rabopo rabopo TpaHUT TpaHUT JICHKOIpaHUT
Pr 0,3 1,2 2,1 1,9 3,9 2,6 1,2
Nd 1,5 6,7 10,2 8,9 15,5 9,5 4,4
Sm 0,45 2,02 2,96 2,24 3,07 2,15 0,80
Eu 0,33 0,71 1,05 0,90 0,69 0,57 0,25
Gd 0,82 2,40 3,51 2,69 2,58 1,84 0,81
Tb 0,13 0,40 0,51 0,40 0,32 0,28 0,11
Dy 0,79 2,54 3,29 2,78 1,93 1,47 0,53
Ho 0,17 0,51 0,65 0,57 0,36 0,34 0,11
Er 0,42 1,53 1,85 1,53 1,13 0,94 0,33
Tm 0,06 0,23 0,27 0,23 0,18 0,14 0,05
Yb 0,40 1,27 1,62 1,40 1,25 0,94 0,35
Lu 0,06 0,20 0,23 0,20 0,18 0,14 0,05
Hf 0,23 0,70 0,88 1,08 2,70 2,65 2,14
Ta 0,05 0,08 0,08 0,08 0,35 0,21 0,09
Th 0,03 0,11 0,09 0,31 3,03 2,48 0,80
U 0,02 0,06 0,06 0,11 1,02 0,87 0,45
Sc 39 26 34 31 - - -
\Y% 438 286 255 242 - - -
Cr 9 10 18 23 - - -
Co 54 29 26 25 - - -
Ni 38 10 14 12 - - -
Cu 10 29 54 74 - - -
Zn 82 93 79 81 - - -
Ne 06p. X-1268 X-1263 X-1262 K-17-19/2 K-17-20/2 K-17-22 X-1267
K Bt Bt Btaone- | -y JIONEPUT Amp MUKpO- CreccapTuT /WMOPHTOBEIT
OMITOHECHT N N put N rabopo o nop¢uput
JICHKOrpaHUT JICHKOrpaHUT (naiixa) (maiika) (naiixa) (nmatika) (naiixca)
Si0, 70,99 71,18 51,59 54,45 56,12 58,41 63,78
TiO, 0,15 0,14 1,69 1,66 1,07 0,72 0,56
Al,O4 16,06 16,08 16,69 16,21 16,09 17,31 16,57
FeO* 1,28 1,52 11,22 10,61 9,40 6,79 4,93
MnO 0,02 0,02 0,12 0,15 0,11 0,09 0,08
MgO 0,37 0,50 3,71 3,92 4,19 3,71 2,61
CaO 1,81 2,34 5,46 6,41 6,53 5,66 4,05
Na,O 6,15 5,97 4,30 4,02 3,76 4,65 4,54
K,O 1,87 1,37 2,02 2,00 1,65 1,56 1,92
P,0s 0,05 0,05 0,35 0,55 0,17 0,24 0,18
Il.o.o. 0,33 0,59 3,19 0,59 1,15 0,86 0,99
Cymma 99,17 99,78 99,54 99,66 99,43 99,46 99,86
Rb 11,0 10,4 32,2 26,0 42,7 26,2 33,0
Sr 1203 1253 747 585 577 670 867
Y 4,0 3,7 18,5 39,2 12,0 13,4 11,5
Zr 76 74 166 333 75 144 122
Nb 1.8 1,3 12,7 15,0 6,4 4,8 4,9
Cs 0,1 0,1 0,7 0,7 1,2 0,4 0,5
Ba 1580 1181 514 651 480 510 807
La 6,1 4,0 22,7 38,2 12,6 19,9 18,1
Ce 11,5 8,0 47,0 77,9 25,9 40,4 36,7
Pr 1,4 1,0 6,0 10,1 3,2 52 4,3
Nd 4,6 3,7 24,2 41,4 13,2 21,5 17,1
Sm 0,95 0,78 4,85 8,36 2,95 4,58 3,07
Eu 0,24 0,27 1,45 2,20 0,89 1,24 0,76
Gd 0,91 0,76 5,08 8,01 3,00 3,63 2,73
Tb 0,13 0,11 0,67 1,25 0,45 0,51 0,38
Dy 0,59 0,54 3,81 7,10 2,45 2,51 1,92
Ho 0,11 0,11 0,65 1,41 0,45 0,48 0,40
Er 0,37 0,34 1,81 3,85 1,23 1,22 1,13
Tm 0,06 0,06 0,26 0,54 0,16 0,18 0,17
Yb 0,35 0,41 1,50 3,25 0,96 1,04 1,12
Lu 0,06 0,06 0,21 0,51 0,15 0,15 0,16
Hf 2,21 2,23 3,80 7,10 2,02 3,53 3,30
Ta 0,12 0,11 0,83 0,86 0,36 0,36 0,38
Th 0,71 0,62 3,93 3,52 2,63 3,31 3,56
U 0,18 0,48 1,27 1,01 1,02 1,76 1,19
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Ne 06p. X-1268 X-1263 X-1262 K-17-19/2 K-17-20/2 K-17-22 X-1267
Bt Bt Bt none- Ol nionepur Amp MHKpO- CrieccapruT JUOPUTOBBIN
Komnonent N N pur o rabopo o nop¢uput
JICHKOrpaHUT JICHKOrpaHUT (naiixa) (maiixa) (naiixa) (maiixa) (naiixa)
Sc - - 14 - - - 11
A% - - 141 - - - 74
Cr - - 22 - - - 61
Co - - 30 - - - 12
Ni - - 35 - - - 31
Cu - - 43 - - - 23
Zn - - 102 - - - 57
Tpumeuanue: IPOUEPK — COACPIKAHKE HIEMEHTA HE OIPEACIISIIOCH.
Note: dash — the content of the element was not determined.
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Puc. 5. CoctaBbl mopoj caypcKoii cepru HA TBYXKOMIOHEHTHBIX THATPAMMAX
SiO0,—AlLO5 (a), SiO,—CaO (6), SiO,—FeO* (B), SiO,-TiO, (1), MgO-ALO; (1), MgO—CaO (e), MgO-K,0 (k). YcnoBuble 0003HaUe-

Fig. 5. Rock compositions of two-component diagrams

Si0,-AlLO;5 (a), Si0,—CaO (b), SiO,—FeO* (¢), SiO,-TiO, (d), MgO-AlL,03 (e), MgO—-CaO (f), MgO-K,0 (g). Legend see on fig. 4
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Puc. 6. CiexTpsl pacnpesnejieHusi peAKo3eMeIbHBIX 3JIEMEHTOB (BBEpPXY) U cnaifmep-nnarpaMMu (BHH3Y)
JJISl COCTABOB MOPOJ CAyPCKOW cepuu
ConeprkaHus 2JIEMEHTOB HOPMHUPOBAHBI HA COCTAaB XOHIPUTA M MPUMUTHBHONW MaHTHH [Sun, McDonough, 1989]

a) Zr—

Ti [Pearce, 1982]; 6) Zr —

Fig. 6. REE-spectra (top) and spider diagrams (bottom) for rock compositions of Saur series
Concentrations are normalized on chondrite and primitive mantle [Sun, McDonough, 1989]
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Puc. 7. CoctaB rad6po caypcKoro KOMIJieKca H NOCTTPAHNTHBIX 0a3UTOBBIX /IaeK
HA KJIacCH(PUKANMOHHBIX re0IMHAMUYECKHX JUATPAMMAX

Zt/Y [Pearce, Norry, 1979]; B) Nb — Nb/Th [Yang et al., 2014]; r) Nb/Yb —Th/YDb [Pearce, 2008]

Fig. 7. Composition of Saur gabbro andpostOgranite mafic dikes on geodynamic classification diagrams

a) Zr—

Ti [Pearce, 1982]; b) Zr —

Zr/Y [Pearce, Norry, 1979]; ¢c) Nb — Nb/Th [Yang et al., 2014]; d) Nb/Yb —Th/Yb [Pearce, 2008]
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100; Nb/Yb GtP10
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Puc. 8. Iluarpamma Nb — Nb/Yb
CorocTaBieHIe COCTaBOB rabOpo caypcKoro KOMIUICKCA M MOCTTPAaHUTHBIX 0a3UTOBBIX aeK C Pe3yIbTaTaMU F€OXHMMHUIECKOT0 MOIEIIH-
poBanus B Nb-Yb cucreme mo [Yang et al., 2014; Safonova et al., 2018]. KpuBsle 0003Ha9atoT TPEH]| COCTABOB, 00Pa3yIOMIUXCS MPH
IUIABJICHUH TPAHATOBOTO MEPUIOTHTA C comepkanueM 5% u 10% rpanara (GtP 5, GtP 10), mmunenesoro aepuonuta (Splz) u cunsHO
JIETUIETHPOBAHHOTO PECTUTOBOIO MOJOCTPOBOLykHOr0 rapnoyprura (ArcHz). Ludper o6o3navatoT crenens miaaeHus. CocTaBbl HC-
TOYHUKOB, HCHOJIB30BAaHHBIEC IS MofenupoBaHus: PM — mpumuruBHas Mantus, DM — pemnermpoBanHas maHTHA, ArcM — mox-
OCTPOBOIYKHAsI MAHTHS

Fig. 8. Nb — Nb/Yb diagram
Data for the Saur gabbro and post-granite mafic dikes are compared with results of modeling in the Nb-Yb system [Yang et al., 2014;
Safonova et al., 2018]. The calculated melting curves are for garnet peridotite containing 5% and 10% of garnet (GtP5, GtP10), spinel
lherzolite (SpLz), and highly depleted sub-arc harzburgite (ArcHz). Numbers are melt fractions. PM = primitive mantle, DM = depleted
mantle, ArcM = arc mantle
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Puc. 9. CoctaB rpaHnTOB 0yra3cKoro KOMILIEKCa HA KJIACCU(PUKAIMOHHBIX Te0MHHAMIYECKUX JUATPAMMAX
a) Yb — Ta [Pearce et al., 1984]; 6) Yb + Nb — Rb [Pearce et al., 1984]; B) Ta/Yb — Th/Yb [Schandl, Gorton, 2002]. ITonst cocTraBoB mo-
pox: ORG (Ocean Ridge Granites) — rpanuTsl okeanudeckux xpe6toB, VAG (Volcanic Arc Granites) — TpaHUTHI BYJIKaHHYECKUX YT,
WPG (Within Plate Granites) — BayTpurmmrHbeie TpaHutsl, syn-COLG (Collision Granites) — cHHKOIIH3HOHHEBIE TpaHUTHL, Oceanic Arcs
— okeanmdeckue ayru, ACM (Active Continental Margins) — akTuBHBIE KOHTHHEHTaJIbHBIE OKpanHel, WPVZ (Within-Plate Volcanic
Zones) — BHYTPUIDIMTHBIC BynkaHudeckne 30HbI, WPB (Within-Plate Basalts) — BryTpummmTHeie 6a3amstel, MORB (Mid-Oceanic
Ridge Basalts) — 6a3anbTsl cpeAMHHO-OKEAaHHIECKIX XpeOTOB

Fig. 9. Composition of Bugaz granites on geodynamic classification diagrams
a) Yb — Ta [Pearce et al., 1984]; b) Yb + Nb — Rb [Pearce et al., 1984]; c) Ta/Yb — Th/Yb [Schandl, Gorton, 2002]. Fields: ORG —
Ocean Ridge Granites, VAG — Volcanic Arc Granites, WPG — Within Plate Granites, syn-COLG — Collision Granites; ACM — Active
Continental Margins, WPVZ — Within-Plate Volcanic Zones, WPB — Within-Plate Basalts, MORB — Mid-Oceanic Ridge Basalts

OO0oraiieHHbI COCTaB MOCTTPAHUTHBIX NACK TAKkKe  HM30IUIH U3 JApyroro (6onee 00OrameHHOro) MaHTHIHO-
BBIPKAETCS B TIOBBINICHHBIX COACPXKAHUSAX KaJlUsl, IO UCTOYHHUKA.
¢dochopa 1 1enoro psaa peaKux 3aeMeHToB. OUeBHIHO, Jlns ompeneneHusl Xapaktepa MaHTHHHOTO HCTOYHHMKA
910 0a3UTOBBIC MarMbl, CHOPMHUPOBABIIKNE JaWKU, MPO- MBI HCIIONB30BATH PE3YIBTATHl TCOXUMUYESCKOIO MOJICITH-
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poBanus B Nb-Yb cucreme [Yang et al., 2014; Safonova et
al., 2018]. CocraBbl M3y4EHHBIX IIOpOJ CAaypCKOM Cepuu
OBbLIM COIMOCTABIICHBI C PE3YJIbTATAMH YHCIICHHOTO MOJICITH-
POBaHMsl TUIABJIEHUS Pa3fIMYHBIX MAHTUHHBIX MCTOYHHKOB
(puc. 8). CormocrapieHre TOKa3bIBaeT, YTO MarMbl rabopo
CaypcKoOro KOMIUIEKCa MOMH ObITh OOpa30BaHBI IPU Ya-
CTUYHOM ILIaBJICHUH ILTHMHENIEBOro JIEPLOIUTa JETIETUPO-
BaHHOW MaHTHH. COCTaBbI IIOCTTPAHUTHBIX 0A3UTOBBIX JIACK
oborarieHsl HEIOOMeM, chOpMHUPOBABIINE UX MarMbl MOTJIA
MIOSIBUTHCS B Pe3yJIbTaTe IUIABJICHUS MEHee JIETIETPOBaHHO-
IO MaHTUIHOTO UCTOYHUKA (IPaHATOBBIX IEPUIOTHTOB).

CocTaBpl HM3YYEHHBIX TPaHUTOB OYra3cKOro KOM-
IUIeKCa Ha KIACCH(HUKAUOHHBIX T'€OJMHAMIYECKUX
JarpaMmax 1o cojepxkanusim Yb, Ta, Rb, Y, Nb nmona-
Jal0T B MOJISl TPAaHUTOB ByJIKaHWYeCKUx Ayr (puc. 9, a,
6). TTo xonnentpanusam Ta, Th u Yb ux cocraBbl oTBe-
YaloT aKTUBHBIM KOHTHMHEHTAJIBHBIM OKpauHam (puc. 9,
6). B 1enoM 1o BeUIeCTBEHHBIM XapaKTEPUCTHKAM U
MUHEPAITBHOMY COCTaBY TPaHUTOHIBI OYra3cKoro KoM-
IJIeKca OTBEYaloT rpaHuTouAam I Tuma, 4ro moapasyme-
BaeT mpeoliagaHue BYJIKAaHOI€HHO-OCAIOYHOrO Cy0-
CTpaTa B MCTOYHUKE IPAHUTOUIHBIX Marm.

Feoxpononornqecmle M U30TOITHbIC TAHHbIC

[To reomormyecknuM HaHHBIM U pe3yiabTataM K-Ar
JaTUPOBAHUS BO3PACT CAYPCKOW CepHH OBUT OMpEeeicH
Kak KoHel[ panHero kapoona (340-318 mun ser) [Epmo-
0B U 1p., 1977]. Mbl npoBenu reoxXpOHOJIOTHYECKUE
HCCIEI0BAaHNS TTOPOJ caypcKoil cepuu ¢ momonipro U-
Pb M30TOMHBIX METOMOB, MO €IMHHYHBEIM 3epHAM IUp-
KOHOB. JIns matupoBaHus ObUTH BBIOpaHBI (CM. MECTO-
nojioxkeHue Ha puc. 2): 1) xBapicoaepamuii THOpUT
caypckoro kxomruiekca (mpoba K-17-25), 2) am¢pubdon-
OMOTHTOBBIA TPaHUT Oyra3ckoro KoMIuiekca (mpoba
K-17-19/1), 3) nelikokpaTOBBIii OMOTUTOBBIHA ILIATHOTPA-
HUT Oyrasckoro komruiekca (mpoda X-1268), 4) cmeccap-
TUT OJHOH W3 Hambolee TMO3MHUX JAeK CeBEpo-
BocTO4HOTO TpocTupanus (mpobda K-17-22). TIpoOsr Be-
COM OKOJIO 7 KT OBLIH M3APOOJICHBI U TIPOCESTHBI, U3 HUX C
TTOMOIIIBI0 MAaTHUTHOHW CEemapalid W MPUMEHEHUS TsDKe-
JBIX KUAKOCTEH OBUIM BBIZEICHB MOHO(pPAKIMU UPKO-
HOB. Iyl JanpHEWNIMX MPEHU3HOHHBIX HCCIIETOBAHHUN
ObuH BBIOpaHBI MIMOMOP(HBIC 3€pHA, HE COAEpKAIIUe
TPEIIMH WM KPYIHBIX BKIFOUCHWA. [ mcciienoBaHus
BHYTPEHHETO CTPOCHUS BRIOPAHHBIX 3¢pEeH OBLIA UCITIOTh-
30BaHBl KATOIOTIOMUHECIICHTHBIE H300pa)KCHHUsI, IOITy-
YEHHBIE C MOMOILBI0 PaCTPOBOIO JIEKTPOHHOTO MHKPO-
ckoma JSM 6510 LV (IKIT MU UTM CO PAH).
BonpImMHCTBO IIMPKOHOB TPEICTABICHBI CIA00YIIIHCH-
HBIMH 3€pHAMH, TaOUTYCHBIE OPMBI — MpU3Ma U OWIIH-
pamuzbel. BHyTpeHHEE CTpOCHHE IIMPKOHOB XapaKTepu3y-
€TCs B IIEJIOM KOHIIEHTPUYIECKON 30HAIBHOCTBIO, JIJIS He-
KOTOPBIX 3€PeH U3 KBapIEBOrO AMOPUTA TAKKe HAOIIOIa-
€TCsl CeKTOpPHANTbHASL 30HATBHOCT. MOpQOIOTHS 1 BHYT-
pEHHEE CTPOCHHE M3YYCHHBIX IHUPKOHOB HE BBHI3BIBAIOT
COMHEHHUH B UX MarMaTUIeCKOM IPOUCX OXKICHHH.

HeobxoauMo OTMETHTBH, YTO B MOHO(PAKIHU IHp-
KOHOB W3 crieccapturta nosauedt maiiku (K-17-22) 6suto
00Hapy»KEHO IBE TPYIIBl ITUPKOHOB pa3IAYarONICHCs
Mopdomorun. 1{upkoHsl OMHONW U3 TPYHI MOPQOIOTHU-
YeCcKH MOXOXKM Ha LIMPKOHBI U3 BMEUIAIOIIUX I'PAaHUTOB,
M, KaK TMOKa3aJd M30TONHBIE MCCIENOBAHUS, HMEIOT
OIMHAKOBBIA C HUMHU BO3pacT. LIMpKOHBI U3 Ipyrou
TPYIIbI, MarMaTUYECKOH MPUPOJbI, XapaKTEPU3YIOTCS
MEHBIIMMHU pa3MepaMl U HMEIOT JAPYroil M30TOMHBIN
BO3pacT. IMEHHO 3Ta rpynna mpuHsTa HaMH 32 Marma-
TUYECKHE LIMPKOHBI, KPUCTAJIIM30BABIIUECS HEMoCpe.l-
CTBEHHO B JIaiiKe.

JaTtupoBaHue NpOBOAUIIOCH KaK IO IIEHTPaJbHBIM,
Tak ¥ MO Mepu(EepUIeCKUM YacTsIM 3€pPeH LHUPKOHOB.
Wnrepnperanus usmepenHbix U-Pb u3oTonmHbBIX OTHO-
LIIeHUH TMO3BOJNIMJIA YCTAHOBUTH CIENYyIOIIUEe 3HA4YEHUs
Bo3pacra. s KBapuEeBOro TUOPHUTA CAaypCKOrO KOM-
miekca mo 33 sKcrepuMeHTaIbHBIM TOYKaM yCTaHOBIIE-
HO 3HaueHue Bo3pacta B 330 £ 2 muH ner (puc. 10, a).
Juiist ampubon-6HOTUTOBOTO TpaHHWTa OYra3cKOro KOM-
mJieKca o 27 3KCIepuMeHTaIbHBIM TOYKaM yCTaHOBJIE-
HO 3HayeHue Bo3pacta B 327 + 3 muH ner (puc. 10, 0).
st TeHKOKpaToBOro OMOTUTOBOI'O IUIATHOTrpaHUTa Oy-
ra3ckoro KomIuiekca mo 13 skcrepuMeHTalbHbIM TOY-
KaM yCTaHOBJICHO 3HaUCHUE BO3pacTa B 326 + 3 MIIH JieT
(puc. 10, g). dns cneccaptuTa U3 MO3AHEH NalKu MO
9 sKCnepUMEHTANBHBIM TOYKAaM YCTaHOBJIEHO 3HauYCHHE
Bo3pacta B 315 £ 4 mumH ner (puc. 10, 2). Takum obpa-
30M BO3pacT (HOPMHUPOBAHUS H3YUYCHHBIX MOPOI MOXKET
OBITH OLICHEH KaK KOHEI[ PaHHEero — Havajo CPEIHEro
kapOona B mHTepBane 332-311 muH ner. ITO B LEIOM
MONTBEPKAAET TMPEAUIECTBYIOIINE OLEHKH BO3pacra
CEepuUH, BBITIOJHEHHBIE TeoornueckuMu u K-Ar reoxpo-
Hoyornueckumu Meronamu [ Epmonos u ap., 1977].

st ycraHOBNIEHUS] TPUPOIbI MAHTHIHOTO HCTOYHH-
Ka ObUTH BBEITONHEHBI SmM-Nd M30TOMHBIE UCCISIOBAHUS
IO BaJIOBBIM ITpo0aM MOpof. Bruty BEIOpaHBI TPOKTOIUT
MaccuBa ropbl YibKeHsa0a (caypcKuid KOMILIEKC), Jiek-
KOKPaTOBBI OHOTHTOBBIA IUIATHOTPAaHUT (Oyrasckuit
KOMILUIEKC) U JOJEepUT M3 JAHKuh CeBepO-BOCTOUHOTO
npoctupanusi B maccuse JKakcwi-Ko#itac, B 50 kM k 3a-
majy oT pailOHa OCHOBHBIX HCCJEeOBaHMNA. Pe3ynbTaThl
W3MEPEHUs M30TOMHBIX OTHOIIEHWH TpPHUBEAEHBI B
Tabn. 2. PaccunTaHHBIE HAa BO3pACT IOPOJ 3HAYCHUS
eNd(T) OKa3anuCh MOIOKUTENbHBIMU, 9TO HOATBEPIKAACT
IOBEHWIBHYIO NPHPOAY Kak rabOpo, Tak W TPAHUTOB.
[MocTrpanuTHEIC Maliku oboramieHsl kKak Sm, Tak 1 Nd u
HMMEIOT OTJIMYAIOIIMEcs] U30TOMHbIE OTHOIIeHUs. Kpome
TOr0, HAM YyJalloCh BBIMOMHHUTH HccnenoBanus Lu-Hf
M30TOMHOW CHCTEMBI B IUPKOHAX U3 KBAPLEBBIX AUOPH-
TOB CaypcKOTO KOMIUIEKCAa W aM(pHOOI-OHOTHTOBBIX
rpaHuTOB Oyra3ckoro kominiekca (tabm. 3). [ns Gons-
LIMHCTBA 3KCIIEPUMEHTAIBHBIX TOYEK XapaKTepHBI IMO-
noxutenpHble 3HaueHus eHfir), uTo Tarke ykasbiBaer
Ha IOBEHWJIBbHYIO NMPUPOAY LUUPKOHOB U UX NPOUCXOXK-
JICHHE U3 BEIIECTBA JCTUIETUPOBAaHHONH MaHTHUH.
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Puc. 10. Pesyabratel U-Pb n30T0OnHOrO0 1aTHpOBAaHMS HUPKOHOB U3 IIOPOJ CAYPCKOIl cepun
JluarpaMmbl ¢ KOHKOpAMEH: (a) — Ul KBapIEBOTO AUOPUTA CAypCKOro KoMIuiekca, mpobda K17-25, 33 sxcnepumMenTanbable TOUKH; (6) —
it Amp-Bt rpanuTa 6yrasckoro kommiekca, mpoda K17-19/1, 27 skcriepuMeHTanbHbIX To4eK; (B) — uist Bt mmarnorpannTa 6yrasckoro
KOMILIeKca, poba X-1268, 13 sKcrepruMeHTaIbHBIX TOUEK; (T) — VIS CIIeccapTHTa U3 «TIOCTIPaHUTHOM» Maiiku, npobda K17-22, 9 skc-
MIepUMEHTAIBHBIX TodeK. CrpaBa IPHBEACHBI KaTOIOIIOMUHECIIEHTHBIC N300PAKEHUSI HEKOTOPBIX 3€PEeH MUPKOHOB. M300paskeHns mo-
JIy4eHBI € TIOMOIIBIO PACTPOBOTO MEKTPOHHOTr0 MuUKpockona JSM 6510 LV (LIKII MU UT'M CO PAH)

Fig. 10. U-Pb dating results for zircons from the rocks of Saur series
Concordia diagrams for: (a) — Qtz diorite of Saur complex, sample K17-25 (33 points); (b) — Amp-Bt granite of Bugaz complex, sample
K17-19/1 (27 points); (c) — Bt plagiogranite of Bugaz complex, sample X-1268 (13 points); (d) — spessartite from post-granite dike,
sample K17-22 (9 points). CL images of some zircon grains on the right were obtained on a JSM 6510 LV scanning electron microscope
(Analytical Center, IGM, Novosibirsk)
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Tabnuia 2

Pe3ysbTaThl Hcc1eJ0BaHUA H30TOMHOro cocTaBa Nd B Iopoaax caypcKoil cepuM U MOCTIPAHUTHBIX Jaiikax

Table 2
Nd isotope composition in rock of Saur series and in post-granite dikes
TIpota Topora Bospact, | g, Nd, vt | "Sm/™Nd | '“Nd/*Nd | eNdg
MJIH JICT
X-1254 Tpoxromu, maccus 330 0,005 1,834 0,001528 | 0,512955+11 | +14,42
r. Yapkennaba
X-1268 Bt narnorpanwr, 326 0,043 4,566 0,005756 | 0,512778+11 | +10,69
Byrasckuii Maccus

[Honepur, maiika C-B

K15-29/3 | mpoctupanns B JKakchi- 315 5,196 23,315 0,134963 | 0,512795+ 13 +5,56
Koitracckom Maccuse

Tabnuma 3

Lu-Hf nzotonHble AaHHbIe 17151 HUPKOHOB U3 KBapLeBbIX TMOPUTOB U aM(p100I-0HOTUTOBBIX TPAHUTOB CAYPCKOM cepuu

Table 3
Lu-Hf isotope composition in zicrons from Qtz diorites and Amp-Bt granites of Saur series
Ne o6p. ToHE TTHE lo oL/ THE Voyp e | BOspact, eHI(t)
Ne m.m. MJIH JIET
KBapuessblii froput caypckoro kommiekca, 0op. K17-25

1 K17-25-5 0,282687 0,000011 0,001654 0,035310 330,0 3,52
2 K17-25-6 0,282522 0,000015 0,002294 0,051244 330,0 -2,48
3 K17-25-7 0,282646 0,000010 0,001596 0,036150 330,0 2,07
4 K17-25-9 0,282728 0,000013 0,001469 0,032218 330,0 5,00
5 K17-25-10 0,282733 0,000013 0,001444 0,030771 330,0 5,18
6 K17-25-11 0,282709 0,000015 0,001659 0,034429 330,0 4,28
7 K17-25-13 0,282812 0,000015 0,001093 0,022289 330,0 8,08
8 K17-25-14 0,282459 0,000019 0,002184 0,051994 330,0 —4,65
9 K17-25-15 0,282678 0,000010 0,001660 0,035943 330,0 3,21

Cpennee - - - - - +2,69

Amp-Bt rpaaut Gyrasckoro kommiekca, 0op. K17-19/1

10 K17-19/1-1 0,282869 0,000021 0,000534 0,012752 327,0 10,13
11 K17-19/1-4 0,282860 0,000013 0,000449 0,010019 327,0 9,82
12 K17-19/1-5 0,282812 0,000017 0,000737 0,015975 327,0 8,08
13 K17-19/1-8 0,282871 0,000018 0,000459 0,010706 327,0 10,24
14 K17-19/1-9 0,282919 0,000014 0,000423 0,009803 327,0 11,94
15 K17-19/1-12 0,282947 0,000012 0,000458 0,010867 327,0 12,90
16 K17-19/1-13 0,282900 0,000010 0,000510 0,012061 327,0 11,24
17 K17-19/1-15 0,282924 0,000011 0,000609 0,013355 327,0 12,07

Cpennee — — — — — +10,80

AHAJIU3 Pe3yJIbTATOB U re0OHHAMAYECKHE
00cTaHOBKH (hOPMHUPOBAHUS

[MonydeHHbIE TEOXUMUYECKHE U U30TOITHBIC JTAHHBIC
CBUJICTEIBCTBYIOT, YTO MCTOYHHK Tab0pO W JWOPHUTOB
CaypCKOW CepHH MMEET IOBSHHJIBHYIO IPUPOIY U, BEPO-
SITHEE BCEro, MPEACTaBIsSeT COOOH BEINECTBO JCTIICTH-
poBaHHOM MaHTHH. COIOCTaBJICHHE C pe3yJbTaTaMH
FeOXMMHUYECKOro MojeaupoBaHuss B Nb-Yb cucreme
(cM. puc. 8) MO3BOJISET MPEAIONaraTh, YTO poIOHAYAITb-
HbIe 0a3UTOBBIC MarMbl OBUTH O0pPa30BaHBI IIPU YACTHY-
HOM TUTABJICHHU IITTHHEICBBIX JIEPIIOJIUTOB JACTIETHPO-
BaHHOW MaHTHH. OTHOCHTEIBHO BBICOKHE COICPIKAHUS
KaJIbIUsl U TJIWHO3eMa IMPH OTHOCHTEIHHO HEBBICOKOM
COJIEpKaHUM MarHus (CM. pHC. 5), CIIEKTphI pacrpese-
JICHUS PEAKUX M PEIKO3EMENBbHBIX 3JIEMEHTOB (CM.
puc. 6, 7) TOTYEPKHUBAIOT COOTBETCTBHE W3yUECHHBIX
rab0ponIoB 0azuTaM CyOIYKIIMOHHOW MpUpoAbl. Takum

00pa3oM, TOATBEPKIAIOTCS BBHICKA3aHHEBIC paHee Mpel-
MOJIOKEHUS, 9YTO Ma(UIECKUE MOPOIBI CEPUU IPOH30-
LUIA TpH IJIaBJIEHUU OOBOIHEHHOW MaHTUHU B CyOmyK-
LIMOHHON 0OCTaHOBKE. YUWThIBasl €IMHBIA TPEH] B IMO-
BEJICHUU METPOreHHBIX JJIEMEHTOB Ui rabopo, IUOpH-
TOB W TPAHUTOUJOB CAypCKOro Komiuiekca (/-3 Ha
puc. 4, 5), MOXXHO TpeAroiarath, YTO 3TH Pa3HOCTH MO-
pox obpaszoBanuck npu AuddepeHIraun TepBHYHBIX
6a3uToBbIX MarM. OCHOBHOW 00BEM CaypCKOro KOM-
JIeKca MPeJACTaBIIEH AUOPUTAMHU, YTO CBUJETEIbCTBYET
0 3HAYUTEIHHON 0OBOJTHEHHOCTH 0Aa3UTOBBIX MarMm.
I'paruTONABI OYra3cKoro KOMILICKCA, YYUTBHIBAS UX
JOCTaTOYHO OONBIION 00BEM, HE MOTIIH OBITH CHOPMHU-
poBaHBI TIpH U PepeHTHanuy 0a3UTOBBIX WIN JTUOPH-
ToBBIX MarM. Hambonee BeposiTHO opMupoBaHue Tpa-
HUTOUJHBIX MarM Ipy YaCTUYHOM IIJIABJICHUH KOPOBBIX
cyOcTpaToB. ['eoxumMuueckue npu3Haku Oyra3ckux rpa-
HUTOB (puc. 6, 9) cONMMKAIOT UX C TPAaHUTAMH BYJIKAHHU-
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YeCKUX Jyr U AaKTHBHBIX KOHTHHEHTAJIbHBIX OKpPauH.
CrenoBaTenbHO, TPAHUTHBIE MAarMbl ObUTH 0Opa30BaHbI
MIPU YaCTUYHOM IJIABJICHUU BYJIIKAHUYECKHX U BYJIKaHO-
TeHHO-0CaI0YHbIX hopmanuii B XKapma-Caypckoii 30He,
(hopMHUpOBaHHE KOTOPHIX MPOMCXOMIIO B ICBOHE — PaH-
HeM KapOoHe. JTO MOATBEPXKIAIOT M M30TOMHBIE JaH-
HbIE — TPaHHUTHl Oyra3cKoro KOMIDIEKCA XapaKTepH3y-
I0TCSl BBICOKMMH IOJIOXKUTENBHBIMH 3HaueHUAMHU eNd(t)
u eHfir), oOycrnoBneHHBIMH OBEHHIIBHOH INpPUPOIOH
rpaHuTo00pasyroImuXx cyocTparoB. bBiuskuii  Bo3pacT
JMOPHUTOB CAypPCKOr0 KOMILUIEKCa U TPAHUTOB Oyras3cko-
ro KOMILIEKCa MOATBEP)KAAET paHee CIellaHHbIe BbIBO-
b1, 9TO TUIABJICHUE BYJIKAHOT€HHO-OCAIOYHBIX CyOCTpa-
TOB MPOMCXOAMJIO IO BO3ACHCTBHEM Oa3UTOBBIX IITY-
OWHHBIX 0Yaros.

ITo monmyuennsiM Hamm U-Pb matmpoBkam, oOmas
MPOIOJDKUTENBHOCTE  (DOPMHUPOBAHMS TabOpPO-THOPHT-
IPaHUTHOM accolMaluy caypcKoro KOMIUIEKCa U TPaHu-
TOUIHOM acCOIUAIMU OYTa3cKOro KOMIUIEKCAa COCTaBIIs-
er 5-8 muH set (332-324 mun ner). CxonHas mpupozaa
HUCTOYHUKOB ¥ OJIHA TeOoJAMHAMHYECKas OOCTaHOBKa
(hopMUpPOBaHHS MTOATBEPIKAAIOT UX O0BETMHEHUE B €U~
HYIO CaypCKyI0 rab0po-IpaHUTHYIO CEpHIO.

WHble BeleCTBEHHBIE M BO3pPACTHBIE XapaKTEPUCTHU-
KU JeMOHCTPUPYIOT UCCIIEOBaHHBIE HAMHU MOCTTPAHUT-
Hble Madudeckne gaiku. OHH 0OOTaIIeHBI B COICpKa-
HUAX Kamus, (ochopa, Jerkux jJaHtaHouaoB, Zr u Hf
OTHOCHUTENBHO TPaHUTOHJIOB, THOPUTOB M TaOOPOHIOB
caypckod cepud. Sm-Nd H30TONHBIE JaHHbBIE TaKXKe
CBUJICTEIHCTBYIOT 00 OTHOCHTEIFHO OOOTAIlEHHOM Xa-
pakTepe MaHTUHHOrO MCTOYHHKA. CyIECTBEHHBIH OT-
pBIB BO BpemeHU (okono 10 muH jer) ot rabOpo u rpa-
HUTOB HE MO3BOJISIET pacCMaTPUBaTh UX B COCTaBe cayp-
CKOI Ta00pO-TPaHUTHOHN CEepUH.

Ha ocHOBaHMH MOJY4YEHHBIX HAMH YTOYHEHUIH MOX-
HO BHECTH CJEAYIOIHe KOPPEKTUPOBKU B MPUHATYIO
paHee cxeMy MarmaTu3ma:

L. Caypckas cepust, Bxitodaromast 1) caypckmii radbo-
PO-AMOPUT-TNIATMOTPAHUTOBBI KOMILIEKC C BO3PacTOM
330 &+ 2 MJH JeT; 2) KOMIUIEKC «MEXIPAHUTOBBIX)» 1aeK
JMOPUTOBBIX TOPGUPUTOB, MHUKPOJUOPHUTOB, ILIArHO-
TpaHUT-OPpPUPOB ¢ Bo3pactoM Mexay 330 wu
327 myH netT (3T JallKd UMEIOT Majoe paclpocTpaHe-
HUE, UX TOYHAs TO3UIMSI HAMU He orpezencHa); 3) Oy-
ra3cKuil TOHATUT-TPAHUTOBBIA KOMILJIEKC C BO3PAacTOM
326-327 + 3 MuH JerT.

II. Kommuiekc mTO3JHUX JaeK CEeBEPO-BOCTOUHOTO
MpocTUpaHus ¢ Bo3pacToM 315 + 4 MiIH JIeT, XapakTepu-
3yromuiics 6onee 00OrameHHBIM COCTABOM MaHTHHHOTO
HCTOYHHKA.

Heo0xoauMo OTMETUTh, YTO MO TEOJOTHYECCKAM
JaHHBIM, JAliKu CEBEPO-BOCTOYHOI'O MPOCTHPAHUS B
YKapma-Caypckoii 30He BBIIEISIINCH paHee B CaMOCTOS-
TENFHBIA KOMILTEKC, Ha3BaHHEIA Oyrasckum [lllepba u
ap., 1976, 1998]. byrasckuil naiikoBBI KOMILIEKC KOp-
PETUPOBATH C MUPOTIOOOBCKHM KOMIUIEKCOM JIacK ce-

BEpO-BOCTOYHOr0 mpoctupanus B Kanba-Hapeimckoit
30He [JlomaTHukoB u mp., 1982; Illepba u ap., 1998].
Opanako, Kak Moka3aiy Haiu uccienoBanus [Kornep u
np., 2015; Xpomeix u ap., 2016, 2018a], maiiku mMupo-
JII00OBCKOT0 KOMILJIEKCa UMEIOT JIpyTrre BElIeCTBEHHbIE
XapaKTEPUCTUKH U CyLIeCTBEHHO MoJioxke (280270 miH
ner [Xpombix u ap., 2018a; Khromykh et al., 2019]).
Bo3pactHeiM aHamoroM 0a3MTOBBIX JIaeK CEBEPO-
BocToYHOro mpoctupanus B Kanba-HapeiMckodd 30HE
SIBIISTFOTCSL MACCHBBI TAO0PO MPUUPTHIIICKOT'0 KOMIUIEKCa
(317-313 mun ner) [Xpomsix u ap., 20186].

leomuHaMuveckre 0OCTAaHOBKU B IIPOIECCE DBOIIO-
nun OOb-3alicaHCKOW CKJIaq4aToOl CHCTEMBI MEHSUIACH
OT OKEaHMYECKUX U OKPaWHHO-KOHTHMHEHTAJIBHBIX K aK-
KPEIIMOHHO-KOJUIM3UOHHBIM U MOCTKOJUTU3UOHHBIM [30-
HeHIIaH u 1p., 1990; Ilep6a u ap., 1998; Xaun, 2001;
Bnamumupos u np., 2003, 2008]. B pannem kapboHe Ha
nosunu JKapma-Caypckoil 30HbI MTPOUCXOJUIIO aKTHB-
HOoe B3amMmojelicTBue nuTochepel OOb-3acaliHCKOTO
OKeaHnWYeckoro OacceriHa ¢ YmHrusckod okpamnoii Ka-
3aXCTAaHCKOTO KOHTHHEHTA. DTO BBIPA3WIIOCh B (OpPMHU-
pOBaHMH TOfCa BYJIKAHOTEHHBIX M BYJIKAHOTE€HHO-
0CQJIOUHBIX OTJIOKEHHUH (0a3anbThl, aHAE3U0a3aIbTHI,
aHJIC3UTHI, TY(BI, TPAYBAKKOBIC IMECUAHUKH U AIEBPO-
JUTHI) TypHe-BU3eiickoro Bo3pacta [l eomoruueckas...
1976; lepba u ap., 1998].

K xoHIy panHero kapOoHa ByJTKaHHYECKAs JCSATENb-
HOCTh CTalla 3aTyXaTh, (PUKCHPYIOTCS OTIENBHBIC MPO-
SIBIICHHS aHJIC3UTOBOIO U aHJE3UT-0a3aIbTOBOrO BYJIKa-
HU3Ma B UYapckoil CTPYKTYypHO-(pOPMAIIMOHHOW 30HE
[EpmornoB u np., 1983; Safonova et al., 2018]. Otioxe-
HHUS CEPIYXOBCKOro sipyca Ha Tepputopuu Boctounoro
Kazaxcrana mpencrtaBiieHbl METKOBOAHBIMU OCaIKaMU
TEPPUTEHHON NPUPOABI, OYEBUAHO, ITH OCAAKH — MPO-
IyKTBl pa3MbIBa paHee c(hOPMHUPOBAHHBIX BYyIKAHHYE-
ckux tom. Ha teppuropum Kapma-Caypckoid 30HBI
0CaJIKi CEPILyXOBCKOrO sipyca He BCTPEYaroTCs, CIIEAOo-
BaTENbHO, K KOHI[y paHHEro KapOOoHa 3Ta TEPPHTOPHSI
npeacTaBisuia coboll okpanHy KazaxcraHckoro KOHTH-
HEHTa, BOCTOYHas yacTb Kotopoil (XKapmuHckas moazo-
Ha) ObLIa CIIOXKEHA HOBOOOPa30BaHHBIMU BYJIKAHOTCH-
HBIMHU U OCaJIOYHBIMU TOJILAMH. MarmMaTu3M caypcKoiu
cepuu MposBWICS B mHTepBasie 332-324 MiH JIeT, 4TO
COOTBETCTBYET CEPILYXOBCKOMY sipycy. OCHOBBIBAsACH Ha
KOPpESIUU T€O0JIOTMYECKUX, METPOJIOTHYECKUX U Teo-
XPOHOJIOTUYECKUX JIaHHBIX, MBI MpelanojaraeM, 4To
rab0po-rpaHUTHAs caypcKasi HHTPY3HBHAs cepus ObLia
copMHpOoBaHa B TEOJMHAMHYECKOH OOCTaHOBKE CYyO-
IyKIH OKeaHndeckod nmtocdepsl OOb-3aiicaHCKOTO
OacceifHa 107 HOBOOOpa30BaHHYIO KOpy OKpauHbI Ka-
3aXCTaHCKOTO KOHTHHEHTA.

[onHoe 3akpeITHE OKEaHWYECKOro OacceiHa Mpo-
M30IIIO B KOHIIE PaHHETO KapOOHa, a 0CaJI0YHBIE OTIO-
JKEHHSI CpPETHEro-BEpXHEro KapOOHAa Ha TEPPUTOPUU
Boctounoro Kazaxcrana nposiBjieHbl B OTAENbHBIX I'pa-
OeHaxX WIM MYJNbJaX W MPEICTABICHBI BYJIKAHOTCHHO-
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0CaJJOYHBIMU KOHTUHEHTAJbHBIMH MOJACCOBBIMU OTJIO-
KEHUSAMH ¢ 0a3ajJbHBIMU KOHTIOMepaTtaMu [EpMorioB u
np., 1977, 1983; 3onenmaiu u ap., 1990; llepba u ap.,
1998]. @®opmupoBaHHE OTHENBHBIX H30JMPOBAHHBIX
mporuOOB M BIAJAWH BMECTE C IOJHBIM OTCYTCTBHEM
MOPCKHUX OCaJIKOB 3TOr'0 BO3pacTa MO3BOJISIEeT Mpeanoa-
raTh BO3IBIMaHUE, OOYCIOBJIEHHOE, BEPOATHO, (OpMU-
pPOBaHMEM OpPOTE€HHOro (KOJUIM3HOHHOI'0) COOPY)KEHHUS.
Bo3pact oporeHnu MoKeT OBITh OIEHEH KaK KOHEIl paH-
HEro — Hayauo cpemHero kapoona (~ 320 mumH ner).
Haunnas ¢ sToro BpemMeHu paccMaTtpuBaemasi TEppUTO-
pHsi pa3BUBaliach B KOHTHHEHTAJILHOM PEXHUME.

Ha Bcex cragusx pa3BuTusi ANTailcKoN KOJJTU3UOH-
HOW CHCTEMBI BaXKHYIO CTPYKTYpPOOOPa3yIOUIYIO PpOJb
UTPad CIBUTOBBIC MEPEMENICHUsI OTACIBHBIX OJIOKOB,
00YCITOBIICHHBIE KOCBIM PEXHUMOM KOJUIM3UU KOHTHHEH-
ToB [3oHeHmaiinH u ap., 1990; Bmamumupos u np.,
2003; bycnos u ap., 2003; bycnos, 2011]. Baxxueimmu-
MU CIBHMIOBBIMH pa3jioMaMu ABJSOTCS JKapMHUHCKUH,
Yapckuii, Kanba-Hapeivckuit, UpThItickuil, JBHKEHUS
BJIOJIb KOTOPBIX MPOAOJIKAIMCH HAa BCEX CTalUSAX 3BO-
JIIOLMU OPOT€HHOT'0 COOPYXKEHUS — OT COKPAILEHHS OKe-
AQHMYECKUX MPOCTPAHCTB 0 MOCTOPOr€HUYECKUX COOBI-
tuit [bycnos u np., 2003; Bnagumupos u np., 2008].

Jaiixu ceBepo-BOCTOUHOrO MPOCTUPAHUS, U3YUEHHbIE
Hamu B JKapma-Caypckoil 30He, 1O BO3pacTy
(315 m7H 5€T) ABISIOTCS CUHKOJUIM3UOHHBIMU U COOTBET-
CTBYIOT BPEMEHHU CYIIECTBOBAHMSI OPOI€HHOI'O COOpPYIKe-
Husl. VX mposiBieHHe SIBJISIETCA CIIEICTBUEM PacKallbIBa-
HUS JUTOCHEPBI, OYEBHIHO, B PE3yJbTaTe CIBUTOBBIX
CMEILEHUH TI0 CTPYKTYpO-onpenesomuM KapMUHCKO-
My u Kanan-Byrazckomy pasnomam. IIpu 3Tom B mpo-
[ECCHl MarMOT'CHEPAINI BEPOSTHO OBLTH BOBIICYECHBI 00-
Jee TIOyOWHHBIE M MEHee JICIUICTHPOBAHHBIE O0NACTH
MaHTHH — 0a3UTOBBIC IOPOJBI TAeK OOOTAIICHBI IO PSIY
WHIMKATOPHBIX BJIEMEHTOB IO CPAaBHEHUIO C Tpelle-
CTBYIOIIIMH OA3UTOBBIMH TIOPOJAMHU CAaypCKOTO KOM-
wiekca. CuaxpoHHbid (317-313 muH stet) 6a3uTOBBII
MarMaTHU3M, CBS3aHHBIM CO CIBUTOBBIMH JBHXEHUSMH B
UpThiiickoit 30He, HETaBHO OMKMCAH Ha MPUMEPE LETOYKU
rabOpOMIHBIX MAacCHBOB [IpHUHPTBIIICKOTO KOMILIEKCa
[XpombIx u np., 20186; Khromykh et al., B megaru]|. Cre-
JIOBAaTEIIbHO, MAaCIITa0HBIC CIBUTOBBIC NedOpMaIdu Ha
ypoBHe 317-313 muH net (rpaHuma GaKUPCKOro U MOC-
KOBCKOTO SIPYCOB KapOOHa), CONMPSKEHHBIC C 0a3uTOBBIM
MarMaTH3MOM, MOTYT CBUJETENLCTBOBATH O IpeKpalie-
HUH pexnMa cxkatus. [IpuMepsl CHHMETaMO(pHYECKOro U
CHHKOJLUTU3HOHHOTO 0a3WTOBOrO MarMaTtu3Ma KakK WHIH-

KaTopa Havajia KoJuiarca oporeHa onucansl st OIbX0H-
CKOH KOJUIM3HOHHOH CHCTEMBI KalICJOHHI B 3aIlaJHOM
[pubaiikanee [CrisipoB u ap., 2001; denopoBckwid,
Cxusipo, 2010]. AHamOrMyHO M3y4YEHHBIE HAMH JANKH
CEBEPO-BOCTOYHOTO MPOCTUPAHUS MOTYT CBUAETEIbCTBO-
BaTh O Ha4ase MPOIECCOB PACTSKECHUSL.

BriBoABI

1. B Xapma-Caypckoii 30He B KOHIIE paHHEro Kap-
OoHa ObLIa MPOsIBIICHA caypckas rabOopo-TpaHUTOMIHAS
WHTPY3UBHAs cepusi, COPMUPOBAHHAS B TCOANHAMUYC-
CKOW 0OCTaHOBKE CYOMYKIIMH IOJT HOBOOOPa30BAHHYIO
KOHTHHECHTAIEHYIO OKpanHy.

2. B cocraBe caypckoil cepum Lienecoodpa3HO pac-
CMaTpHBaTh: a) rabOpPO-TUOPUTHI CAYPCKOTO KOMILIEKCA
(~ 330 muH net), chopMHPOBAHHEIE TP HBOIIONUH Oa-
3UTOBBIX MarM, BO3HHUKIIUX B PE3yNIbTaTe YaCTHYHOTO
TUTaBJICHUST OOBOJHCHHOW JETJICTUPOBAHHOW MaHTUU
Haj 30HOHW cyOnykiuu; O) TpaHUTOWABI OYyrasckoro
KoMmIuiekca (~ 327 MIH JIeT), MarMbl KOTOPbIX BO3HUKITU
MpU YaCTUYHOM ILIABJICHUH BYJIKAHOT€HHO-OCATOYHBIX
cyOCTpaTOB O/ BO3IEHCTBHEM Ga3UTOBBIX Marm.

3. Jlaiiku ceBepo-BOCTOYHOrO mpocTupaHus B XKap-
Ma-Caypckoi 30He UMEIOT CpeHEeKapOOHOBBIH BO3pacT
(315 muH neT) U NPOSABUIIMCH B pe3yibTaTe pa3phIBOB
CIUIOIIHOCTH JIMTOC(EPHl OPOreHHOI'0 COOPYKEHUS MpPH
C/IBUTOBBIX TBH)KCHHSX 10 TIIYOHMHHBIM Pa3ioMaM.

4. Ba3uToBBIE MarMbl, 00pa30BaBIINE JTAWKH CEBEPO-
BOCTOYHOTO MPOCTHPAHUS, XapaKTePU3yIOTCS OTHOCH-
TENFHO 00OTalIeHHBIM COCTAaBOM, YTO CBHJICTEIHECTBYET
0 JpyroM COCTaB€ MaHTUHHOI'O MCTOYHUKA, BEPOATHO —
Oornee TITyOMHHBIX TPAHATOBBIX IIEPUIOTHTOB.

Asmopvl  61azo0apsam 0-pa  2eon.-MUHepar. HAyK
EM. Canapeanuesa u Kamo. eeon.-MuHepanr. HayK
U FO. Caghonosy 3a coodeticmsue u nomougp 8 IKCHeou-
YUOHHBIX UCCI008AHUSX, KAHO. 2€0N.-MUHEpal. HAayK
H.I. Kapmanosy u xamo. xum. mayk U.B. Hukxonaegy
(LIKII MU UT'M CO PAH, 2. Hosocubupck) 3a aua-
JUmMuyecKue Uccie008aHusi cCocmasa nopoo, 0-pa 2eoJl.-
munepan. nayk T.b. bBasnosy (I'M KHL] PAH, . Ana-
Mumol) — 3a GbINOJHEHHbIE U30MONHbIE UCCAe008AHUSA
Nd. Paboma evinonnena no 20cy0apcmeeHHvimM 3a0aHu-
am UI'M CO PAH, npu noddepoicke Munucmepcmea
Hayku u  evicueeo obpazoganus PD  (npoexm
Ne 5.1688.2017/4.6, npoexm Ne 14.Y26.31.0018),
PODU (npoexm Ne 17-05-00825).
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GEOCHEMISTRY, AGE AND GEODYNAMIC SETTINGS
FOR SAUR GABBRO-GRANITE INTRUSIVE SERIES, EASTERN KAZAKHSTAN

The territory of East Kazakhstan is part of the Altai collision system formed in the Late Paleozoic during the collision of the Siberi-
an and Kazakhstan continents and the closure of the Ob-Zaisan paleooceanic basin. In the Early Carboniferous, in the Zharma-Saur
zone, the Ob-Zaisan basin interacted with the active margin of the Kazakhstan continent. The formation of volcanic and intrusive asso-
ciations was the result of these processes.

The article presents the results of geochemical and geochronological studies of gabbro, granite and mafic dikes of the Zharma-Saur
zone, Eastern Kazakhstan. It was established that gabbro-diorite-granite Saur intrusive series was formed 330-327 Ma in the geodynam-
ic environment of subduction under the newly formed continental margin of the Kazakhstan continent. Gabbro and diorites were formed
during the evolution of basic magmas resulting from the partial melting of the water-saturated depleted mantle over the subduction zone.
Granite magmas were formed during the partial melting of volcanogenic-sedimentary substrates under the influence of basic magmas.

For the first time, the age and geochemical features of dikes of the north-east strike in the Zharma-Saur zone are determined. They
have a Middle Carboniferous age (315 Ma) and manifested as a result of break-offs in the lithosphere of the orogenic structure during
shear movements along deep faults. Mafic dikes are characterized by a relatively enriched geochemical composition, which indicates
another mantle source.

Keywords: gabbro-granite intrusive series, accretion-collision systems, Eastern Kazakhstan, Central Asia.
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I'PAHUTOOBPA30OBAHMUE B JIMTOC®EPE 3EMJIM HA ITIPUMEPE
KAAXEMCKOI'O MA'MATHYECKOI'O APEAJIA (BOCTOYHAS TYBA)

A.M. CyropakoBa

TR
i

Tysunckuil uncmumym KOMNIeKCHo20 ocgoeHus npupoousix pecypcos CO PAH, Kvisoin, Poccus

IMocnenoBaTensHO 0OOCHOBBIBACTCS CBA3b JINTOT€HE3a M rpaHuTOreHe3a. [TokasaHa pons atMochepsl i THAPOCc(hEps! B MaK-
CHMAaTbHOH 3((EKTHBHOCTH K30T€HHBIX MIPOIECCOB, MPUBEAMHX K muddepeHnnaniy 6a3ansToBoH KOpEl B (HOPMUPOBAHHUIO
0cagouHOH Kopsl. OOBACHEHO MPOUCXOXKACHNE BOIBI M KHcIopona Ha 3emie. ITokazaHa poib SBTEKTHKH B (HOPMHPOBAHHH Ipa-
HHUTHOTO pacIuiaBa Bcer/a OAMHAKOBOTO COCTaBa U, KAaK CIEICTBHE, ()OPMHUPOBAHUE MEXTPAHYIIPHOTO 3BTEKTOMTHOIO TPAHHT-
HOT'O PacIlIaBa, CIIOCOOCTBYIOIIETO0 HENPEPHIBHOMY IIPOIECCY TPAHUTOOOPA30BAHUS IIPU COOTBETCTBYIOIINX TEPMOAMHAMHYE-

CKHUX U T'COAMHAMHUYCCKUX YCIIOBUAX.

Kniouegvte cnosa: numoeenes, epanumuzayus, pacnias, Guiouobl, mepmoouHamuyecKue yCiosus, 36MmeKmuxd.

[Ipu B3mIsIAC HA reonormdeckyto kapry TyBbeI Opoca-
€TcA B IJ1a3a, YTO BCs BOCTOUHAS YacTh KapThl OKpalleHa
B KpacHBIE LIBETa Pa3HbIX OTTEHKOB — I[BETa TPAHUTOU-
moB. Tam Beigensiores Kaaxemckwii, buiixemckwii,
XamcapuHcknil, BocTouHo-TaHHYOIBCKHN TPaHUTOU-
HEIe 6aTONATHI 06MIeH mIomaaBio Goee 60 ThIC. KM .

HawnGonee xpynueiii 3 Hux, Kaaxemckuii, morma-
1p10 Gomee 30 ThIC. KM, IIPEACTABISET COBON COBOKYII-
HOCTh Pa3HOOOpPA3HBIX MarMaTHYeCKUX OOpa30BaHHIA,
c(OPMHPOBAHHBIX 32 JUTUTEIBHBIA MEPUOA BPEMEHU C
BeHza 1o nepmb (570-290 muH net) B Gacceiine p. Ma-
neiii Enuceit (Kaa-Xewm).

[Ipu nccnenoBaHusIX NEHTPAIBHBIX U BOCTOYHBIX Ya-
creii  Kaaxemckoro monupopManuoHHOro OaTonuTa
[CyropakoBa, 2015; Cyropakosa, Xeprek, 2017] momy-
YeHbl TMPUHLMIUAIBHO HOBBIE PE3YyJbTaThl, KOTOpbIE
MO3BOJIIIM BblAenuTh KaaxeMckuid MarmMaTH4ecKui
apeast, BKIIOYarOIUii:

— cobctBeHHO KaaxeMckuil aKKpEIMOHHO-KOJUIH3H-
OHHBIA TPAHUTOUIHBIA OATONUT C CHHILTYTOHUYECKHMH
rabOponaMu ¥ CHHXPOHHBIMU UTHUMOPHTAMHU;

— obpamisttomre 6aToauT Ooliee IPEBHUE TPAHUTOU-
IIbI ODUOTUTOBBIX M OCTPOBOIY>KHBIX ACCOLIMAIIHIA;

— CKBO3b CTPYKTYPHYIO 30HY OoJiee 1mo3Hero oumo-
JAJIBHOTO MIEJIOYHOr0 MarMaTH3Ma.

Tak oTKyza B3SJIMCh TaKWE OTPOMHBIE MAacChl TpaHH-
TOB M TIOYEMY OHU (hOPMHUPOBAIUCH B ONHUX M TEX XKE
MeCTax B TEYEHHE JUIUTEIBHOTO BPEMEHH — C BEHJA I10
MepMb W 9TO BBI3BAJO TaKOe MacmTabHOE MO 00beMy U
JUTUTENIFHOCTH TpaHuTooOpa3oBanue? [Ipexe 4eM oTBe-
TUTh HA STH BOIMPOCHL, HEOOXOIUMO PacCMOTPETH MpPO-
OneMbl TpaHHTOreHe3a Ha 3emie. TakuX 3HAYMTEIBHBIX
MacC KOHTUHEHTAJILHOM KOpBI HET Ha APYTUX IUIaHETaX.

Ha coBpemeHHOM ypoBHE BBIJEINSAIOT YETHIPbIE TPYII-
bl TpaHUTOB. [lepBble TpU COCTABIAIOT MPOAYKTHI IIpe-
obpazoBanusi W IUIaBieHUs 3emHON Kopbl [Chappell,
White, 1974]:

— S-rpaHUTHI, CHOPMUPOBAHHEBIE 32 CUET IMEPBUIHO-
0CaIOUHBIX TOpOJ (B OCHOBHOM MeTaMOP()H30BaHHBIX
TJIMHUCTBIX OCAJIKOB);

— [-rpaHuTHI, 00pa30BaHHEIE 32 cYeT MeTaMopdu3o-
BaHHBIX MarMaTHYECKHX TOpon (B OCHOBHOM MeTada-
3aJIbTOB);

— A-rpaHHTHI, OOpa30BaHHBIC TAKXKE H3 KOPOBOTO
MaTepuana, HO CO 3HaUYUTENIbHBIM y4acTHEeM MaHTUHHO-
r'o BEIleCTBa.

[Hopoas! yerBepToii Tpymmbl (M-TpaHUThI) HE SBIS-
IOTCSI KOPOBBIMH — 3T0 AuddepeHnraTsl MaHTHHHBIX
MarM — aHAe3UTOBON W 0a3anmbToBOi. OHH COCTABISIOT
BEChbMa HE3HAYUTENBHYIO YaCTh TPAHUTHBIX MOPOJ. MbI
C TPYIOM HAaXOIWM IUIATHOTPaHHUTHI-IU(PEPEHIUATHI
cpenu mopon 0asuT-ynbTpaba3sUTOBBIX MAaCCHUBOB IS
TeOXPOHOJOTHUECKUX HCCIIEJOBAHUH.

[Ipexne yem wm3narath jganee, MpUBEAEM TJIaBHEMH-
I TTOHATHUS U ONPECIICHHS IPOIIECCOB TPAHUTO00PA-
30BaHUSL.

I'panuToo0pa3oBanue (rpaHUTOreHe3) — 3TO Ieo-
JIOTHYECKOE SBJIICHUE, OMpeesionee (opMUPOBaHUE
TPaHHUTHOTO CJI0s TUTOC(Ephl U BEIpaXkaromeecs B 00pa-
30BaHUM TPAHUTOUJIOB, COCTAB U PACHPOCTPAHEHHOCTb
KOTOPBIX OINpPEAEISIOTCS COBOKYIMHOCTBIO TI€OJIOrHYe-
CKUX, TEOXMMHUYECKUX U (PUIUKO-XUMHYECKUX (DaKTO-
POB, MMO3BOJISIFOIIUX OAPA3IEIUTh TPAHUTO00PA30BAHUE
B LIEJIOM Ha CUMAaTHYECKOTO U CHAIMYECKOrO PSIOB JIU-
torenesa [Pynnuk, 1969, 1973, 1975].

1. I'parnroobpazoBanre cuMaTuieckoro (6azanbTo-
WJHOI0) psifa JIMTOTeHe3a ONpeneNsieTcsl pa3BUTHUEM
CIIEAYIOIINX TpOIECcCoB: a) (pakuumoHHON muddepeH-
[UAlMU TEePBUYHON 0a3albTOMIHOW MAarMbl, SIBIISIO-
mercs TpsIMOU BBITIJIABKOW U3 BEIIECTBA BEPXHEW MaH-
iy [Taylor, White, 1965; lleiitnmann, 1970]; 6) accu-
MWK 0a3abTOBOM MarmMoil Ha TIIyOMHE JIPEBHHUX
TOPHBIX TIOPOJA TpaHUTOMIHOrO cocraBa [Vogt, 1935];
B) (DpaKIIMOHHOTO IUIABJICHUS BEIIECTBA BEPXHEH MaH-
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THU B mpucyrcTBum Boabl [Hamilton, 1964; O’Hara,
1965]; r) GpaKIMOHHOTO IUIABJICHHS 3KIOTHTOB, ITOTPY-
3UBILMXCA B MaHTHIO, B Pe3yJIbTaTe KOTOPOr0 BO3HUKA-
IOT aHJIC3UTOBBIC W 0OJiee KUCIBIC PACILUIABBI U3BECTKO-
Bo-1IesI0ouHOrO psiga [I'pun, Punreyn, 1968]. B nannoit
CTaThe TAKWE TPAHUTOUIBI HE PACCMATPUBAIOTCS.

2. I'panntooOpa3zoBaHue CHAIWYECKOTO psijia JIATOre-
He3a (KOPOBOE) OMpEAENsieTcs Pa3BUTUEM IIPOLIECCOB Me-
Tamophu3Ma, MEeTacoMaTU3Ma M yibTpameTamopduzmMa B
mpezenax TPaHUTHOTO CII0s 3eMHOM KOpbl. OHO MPUBOAUT
K (hOPMHUPOBAHUIO TIABHOW MAacChl TPAHUTOMIOB JIUTOChE-
PbI, B TOM YHCIIE ¥ TPAHUTOM/IOB OATOMTOBBIX (HOPM.

I'panuTH3auMs npencTaBisgeT coOOOW YaCTHBIM ciy-
yall TMPOSIBJICHMS TMpollecca T'PaHUTOOOpa30BaHUS B
YCIIOBUSIX M3MEHEHHUS BELECTBEHHOIO0 COCTaBa Iepepa-
0aThIBAEMBIX TOPHBIX IMOPOJ B HAIMpPABJICHUH MPUOJIH-
KEHUS €ro K TPaHUTHOMY. XapakTepHOW oOmed oco-
OCHHOCTBIO T'PAHUTH3AIMM SIBISETCS: 1) 3HAYMTETBHOE
M3MEHECHUE BEIIECCTBEHHOI0 COCTaBa IepepadaThiBac-
MBIX TOPHBIX MOpOJ] (paciiaBa) B MpOIECCEe MPUBHOCA
omHUX (KpeMHe3eM, IIEeNIOYH, INIaBHBIM 00pa3oM Kalui
Ip.) u BbiHOca npyrux (Mg, Fe. Ca u ap.) XuMu4eckux
KOMITOHEHTOB; 2) BBICOKas aKTHBHOCTH MIEIIOYEH IpU
BIOJHE TOABMKHOM TIOBEJICHWU, KPOME HUX, BOIBI U
YTIIEKUCIOThI. B 3aBUCUMOCTH OT y4yacTus B TpaHUTH3A-
UM PaciliaBa U €ro PO BBIICISAIOT TPU €€ TeHEeTHhYe-
CKMX THUNA: METacOMaTWUYecKas, MNaJMHTeHHO-METaco-
MaTtudyeckas W HHQUWIBTPAIIMOHHO-aHATEKTHYECKAS.
[IpomexxyTOuHbBIE CTYNEHU pa3BUTUS Ipolecca OTpa-
JKAIOTCSI TEPMUHAME «TPAHOIUOPUTHU3AIINSY, «TUOPUTH-
3auus» [CynoBukos, 1950, 1964].

I'paHuTOABI — COBOKYITHOCTH TOPHBIX MOPOJ, COTJIac-
HO @.1O. JleBuHcoH-JIeccHHT, BKITIOYAIOIIAsl TPAHUTHI,
TPaHOMOPHUTHI, TUTATHOTPAHUTHEI U WX Pa3HOBUIHOCTH,
TepexXO/IHbIe K CHEHUTAM, KBapIEBbIM JUOPUTAM M JINO-
putam [JleBuncon-Jleccunr, 1955]. Ucnonb3yercs Takxe
JUISL XapaKTePUCTUKH HEPACWICHEHHBIX, HEIOCTATOYHO
W3YYEHHBIX WM HE TMOAJAIOLINXCS PACWICHEHHIO KOM-
MiekcoB. [IOHSTHE «TpaHUTOWIBI» SBJSETCS Hauboree
TIPUEMJIEMBIM JUTSI OMMMCAHUS TE€HETHYECKH Pa3HOTHITHBIX
MPOIYKTOB rpaHnTO0Opa3oBanus [Pymauk, 1975].

JInToreHe3 — COBOKYIHOCTb MIPUPOJHBIX MPOLECCOB
00pa3oBaHUsS W JATbHEHIIUX H3MEHEHHH OCaJI0YHBIX
TOPHBIX Topo. ['TaBHbBIE (aKTOPBI JIUTOreHe3a — TEKTO-
HUYECKWE JABUXEHUS U Kinumat. [IoHsTHE O «TuTOreHe-
3e» BIIepBbIe ObLTO BBeJCHO B 1893—1894 rr. HeMeIKuM
yuaeHbIM M. BabTepoM, KOTOPBIH BBLICTHI B IIPOLECCE
00pa3oBaHUsl OCAIOYHBIX MOPOJ IATh OCHOBHBIX (a3:
BBIBETPUBaHKE, JCHYIAINI0 (BKIIOYAs MEPEeHOC HCXOM-
HOT0 MaTepuajia 0CaJKOB), OTJIOXKEHHUE, TUareHe3 U Me-
TaMop(HU3M.

Hrak, nepBoe yrBepixknenne: Hem numozenesa —
Hem zpanumozenesa.

U3 Bcex wm3BecTHBIX TuaHeT CONHEYHOW CHUCTEMBI
TOMBKO 3eMIIT WMEET MOIIHBIA OCAIOYHBIA YEXON |

TOJIBKO 3eMJIl UMEET TPaHUTHBINA CJIOM B cocTaBe JINTO-
coeprl. CiydaifHO JT 3TO U HET JIM CBSI3U MEXIy MPO-
LleCCaMM JIMTOTeHE3a W TpPaHUTOreHesza, HECMOTpA Ha
MIPUHAJJIEKHOCTh MEPBOT0 K MOBEPXHOCTHBIM (9K30reH-
HBIM) SIBJIEHUSIM, @ BTOPOTO K BHYTPEHHHM — SHJIOTEH-
HBIM?

B xoHeuHOM cuere, 00as MOJETh TpaHUTOTCHE3a
JOJKHA OTBETHTH Ha TJIABHBIA BOIPOC: Kak M3 0a3aib-
TOBOTO BEIIECTBA IEPBUYHOW 3EMHOH KOpPBI OBLIH
c(hOpMHPOBAHEI TPAHHUTHI?

Uro ewe xapakrtepHo g 3emuun? [IpucyrcrBue at-
Moc(epbl CO CBOOOIHBIM KUCIOPOAOM U TTapaMH BOJIHI,
runpochepsl B BUIC OKCaHOB, MOPEH, PeK, 03ep U mp., a
Takxe Ouocqepsl B BUIE PACTCHHM, JXHBOTHBIX, MHKPO-
00B, BUPYCOB H T.II.

MHorue moyiararoT, YTO CEJIEKTUBHOMY IJIaBICHHUIO
0a3UTOB TPENIICCTBYIOT UX MeTamopduyuecKkas mepe-
KPHUCTAJUTA3aIUs ¢ MOCIEAYIONeH mepepaboTkoi (rpa-
HUTH3AIUEH) TPOIYKTOB ATOro MeTamopdu3ma (MeTa-
0a3UTOB) IOJ BO3JICHCTBUEM BOCXOISIIUX (DIIFOUIHBIX
MOTOKOB TIYOMHHOT'O IPOUCXOXKIEHUs. B xome rpanu-
THU3AIMA B METaMOP(HU30BAaHHBIX W IMEPEKPUCTAILIN30-
BaHHBIX 0a3aJlbTax Pa3BHBAIOTCS KBapIl, KAJIUEBBIH TO-
JICBOH IImIaT, KUCIBIN IUIATHOKIa3. MeTaba3anbThl mpe-
00pa3yroTcss B THEHCH W TPAHUTOTHEHCHI, a yXKe IMpH
TUTABJICHUHM 3THX MOPOJA (POPMHUPYETCs] TpaHUTHAS Mar-
Ma. He uckiiouast BO3SMOXKHOCTH TPOSIBICHUS MOJOOHBIX
MPOIIeCCOB Ha 3emile, 3aMETHM, YTO HET HUKaKUX Ipe-
MATCTBUH A7 MX peaju3ald U Ha JIPYyrux IUIaHeTax
(ma Mapce, Benepe). Ognako B ux nurochepe HET rpa-
HUTHOT'O CJIOsl, aHAJIOTUYHO 3eMHOMY. Buanumo, omHoro
BO3JICHCTBUS TTyOWHHBIX (DIIFOMIOB HEIOCTATOYHO JUISI
mpeoOpa3oBaHusl 0a3aJbTOBOTO BEIIECCTBA B TPAHUTHOE,
9ro0Bl 3a CUYET MarepHalia HEPBHYHON 0a3aIbTOBOI
MPOTOKOPBI MONYYUTh CYIIECTBEHHBIC OOBEMBI TPaHH-
ToB [Maxuaes, 1998].

A BOT ecnu 6a3aibT MOIBEPraeTcs TITyOOKOMY XH-
MHYECKOMY BBIBETPHUBAHHUIO C IOCIEAYIOIIUM pasjelie-
HUEM KOMIIOHEHTOB B HK30T€HHBIX YCIOBHUSIX — OCalI04-
HOU muddepeHnuanyeii, 3TH SK30T¢HHBIE MPOILECCHI
obecrieunBaroT ropas3io 6onee 3gppekTuBHOE OTACICHUE
SiO,, TIaBHOTO KOMITOHEHTa TPAaHHUTOB, OT OA3UTOBBIX
komnoHeHTOB — Mg, Ca, Fe. IIpu xumMuueckoM BBIBET-
pHBaHUU MUHEpAbl 0a3anbTa — CHIMKATHl MAarHUS, HKe-
Jie3a U Kajblus (OJIMBUH, MUPOKCEH, OCHOBHOM IJIaruo-
KJ1a3) pasjaraloTcsl U TOCNe CepUH IMOCeI0BaTENbHBIX
npeoOpa3oBaHuil (aBTOMETaMOP(GU3M, THIPOIH3, BBI-
BETPUBAHHKE U TIP.) CIAraoulie Ux 3JIE€MEHTHI EPEXOISIT
B TOH WJIM WMHOH (opMe B BOAHBIA pacTBOp. Ecim u3
MarmMaTU4yecKoro pacruiaBa, KpUCTAJLTU3YIOIIErocs MpH
temnepatype okoso 1 000°C, Bce 3TH KOMIIOHEHTHI BbI-
JETSIFOTCS.  TPAKTHYECKH OJHOBPEMEHHO, (QOpMUpYS
Ha3BaHHBIE BBIIIIE MUHEPAJIbI, TO BBINAJICHUE UX U3 BOJ-
HBIX pPacTBOPOB (B MPUIIOBEPXHOCTHBIX YCIOBHUSIX MPH
3HAYUTENPHO MEHbIIEH TeMmmepaType) MOJUUHSAETCS
HHBIM 3aKOHaM U npaBuwiaM. Ca 1 Mg pearupyor ¢ pac-
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TBOPEHHBIM B BOJE VYIJIEKUCIBIM Ta30M U 0OpasyroT
KapOOHATHI — KAIBIUT W JOJOMHUT, SBJISIONIMECS TIIaB-
HBIMH MHHEpaJIaMi KapOOHATHBIX OCAJIOYHBIX ITOPOJ:
M3BECTHAKOB, 10JI0MUTOB. Fe, coenunssace ¢ O, u Hy0,
JaeT TUIPOOKCUJBI — TETUT U TUAPOTETUT, HO MOXKET
00pa3oBbIBaTh M KapOOHATHI — CHJCPUT, AaHKCPHUT.
KpemHesem maeT xeMOoreHHble U OHOXEMOTreHHBIE KpeM-
HUCTBIE OCAJIKU — KPEMHUCTbIE WIIbl, KPDEMHUCTBIE CIIaH-
1bl. AJIIOMUHUI CBA3BIBAaETCA B TMAPOKCUIAX (IUACIIOp,
THIPAPTHUIAT) JTHOO B CIOUCTBIX alTFOMOCHIIHKATAaX
(KaOMMHUT, THUIPOCIIONbI), SBJSIOIIMXCS TJABHBIMHU
KOMIIOHEHTaMH IJiuH [MaxJaes, 1998].

Takum 00pa3oM, B TPUIOBEPXHOCTHBIX YCIOBHUSIX
myTH OBIBIIMX KOMIIOHEHTOB 0a3alibTa PacXOoJITCs, W3
HEKOTJla SJMHOT0 BEIIeCTBa OOPa3yrOTCsS MOPOABI pas-
HOro cocraBa. Ecmu B THMMYHBIX 0asanpTax comepika-
aue Si0O, He3HaYuTeNbHO U Koyiebnercs okono 50%, To
B (DOPMHPYIOIIUXCS 32 CUET BHIBETPUBAHHS 0a3ajbTOB
0CaJOYHBIX MOPOAAaX OHO MOXKET BapbUPOBATh OT HYJIA
(u3BecTHsIKM, A0JIOMUTHI) 10 oyt 100% (KpeMHHCTBIE
ocanku). Marmarndeckas auddepeHIHays TaKoro
3¢ PEKTUBHOTO pa3/IeIeHuUs HE acT.

B Hacrosiiee BpeMst Ha 0a3aibTax B 30HE TPOITHYE-
CKOT0 KJIMMaTta pa3BUBAIOTCS MOILHBIE JaTEPUTHBIE KO-
pBl BEIBeTpUBaHHA. B paHHeM mokeMOpuu aTMocdepa
3emun ObUTA TOpSIUEH M BBHICOKOKUCIIOTHOW (TEmeph MBI
ompenenuaud Obl ee Kak atMocdepy «BEHEPUAHCKOTO
TUMAay). B Takux yclIOBUSIX XMMHUYECKOE BBIBETPHUBAHUE
MOBCIOZY TOJDKHO OBLIO MITH Ja)Ke HHTCHCUBHEE, UYEM B
COBPEMEHHBIX TPOMHKaX. XMMUUYECKOE Pa3NIOKEHHE CH-
JUKATOB TPHBOAMIO K BHICBOOOXKICHUIO M BBIHOCY H3
MOJIBEPraBIINXCSl BBIBETPUBAHUIO TIOPOJA IPOTOKOPHI
OFPOMHBIX OOBEMOB KpEMHE3eMa, a TaKke MarHusd,
KalbLys, jxkenesa. [Ipu BoageHun pex B Mops (cpeny c
nHbIMU 3HaueHussMH pH, Eh, uHO#H coeHOCThIO) mpouc-
XOZMJIO Pa3/eNeHne BBIHOCHUMBIX MPOAYKTOB BBIBETpPH-
BaHUs. B HemocpeacTBeHHOM OIM30CTH K KOHTHHEHTAM
OCaXKIaJCs Tellb KpeMHEe3eMa, COPOMPOBABIIMIA IIEIOYH
U TIHHO3EM, IPeoOpa30BBIBABIIMICS MPH JHATCHE3C B
XeMOT€HHBIE KDEMHHCTBIE OCAJIKU U TJIMHBL. DTH OCAIKH
pu MeTaMopdu3Me CTalu KBapUUTOTHEWCAMH W THEMH-
caMu, TPaHUTHU3ALMS U YaCTUYHOE IUIaBJIEHHE KOTOPBIX
MOPOJMIIN TIEPBbIE B UCTOPUU 3€MJITH TPAHUTOUIBI.

Utak, rpaHUTHEIHA CIIOH MOT 00pa30BaThCs TOMBKO Ha
wanere ¢ atMocdepoit u ruapocdepoi, mpeodpasyro-
LIIMMH SHEPrUi0 COJHEYHBIX JIyuel MOCPEeINCTBOM KIIH-
MaTHYECKAX TIPOIIECCOB B TEOJOTHYECKYI0 pabory.
HebecHbie Tena, munieHHbIe aTMOC(hEpBI U THIPOChHEpsI
(JIyna, Mapc), no-BUAMMOMY, HE UMEIOT aHAJIOTOB 3EM-
HOM KOHTUHEHTAJIBHOU KOpe.

Tak oTkyza e B3slach BoZia Ha 3emJe, Ja elle Tak
MHOro?

Munapasl JIeT HazaZ B XOJOJHOM Ta3ONbLIEBOM
obyake, CO BPEMEHEM CTYCTHBIIEMCS, YIZIOTHUBIIEMCS

W CTaBIIEM IUIAHETOH 3eMIls, YK€ conIepiKaliach BoOJa.
Ckopee Bcero, oHa ObUTa B BHJE JICASHON MBUIA. DTO
TIOATBEPKIAIOT wuccienoBanus Bceenennoit [Punrmynm,
1982; Cadponos, 1987; Copoxtun, 2007 u ap.]. Ycra-
HOBJICHO, YTO HCXOJHBIC 3JIEMEHTHI Ji1 00pa30BaHUs
BOJBI — BOJZOPOJA W KHCIOpoa — B Hamed [amakTtuike
MPUHAUIEKAT K IIECTH CaMbIM PacpOCTpaHECHHBIM
aneMentaM kocmoca (H, He, O, Si, Fe, Mg).

MHOIrOETHUMH ~ UCCIACIOBAHHUSIMUA T'€OJIOTHIECKUX
MPOIIECCOB, MPOUCXOAINNX Ha HAIICH IMJIaHeTe, aKaje-
muk AH Ykpaunsr H.I1. Cemenenko [Cemenenko, 1990]
YCTaHOBWII, YTO UMEHHO BOJIAa W COCTABIIIONINE €€ dJIe-
MEHTBI UTPAJH ONPEICISIIONIYI0 PO BO BCEH TeONOTH-
geckoil ucropuu 3emin. Mccnenys coaepikaHue KUcio-
poAa B cCOCTaBe 3¢MHOW KOPBI, YYEHBIA CJeal BBIBOJ,
9T0 B 00pa30BaHHUU MPOTO3EMIIH YYaCTBOBAJIO TPOMaI-
HOE KOJIMYECTBO BOABI. [IOMHMO 3TOro, €€ 3JIeMEHTHI
BXOJIMJIA B COCTaB OCHOBHBIX KOMIIOHEHTOB HCXOJHOTO
o0Jlaka: BOJOPOJI — B COCTaB THUAPHIIOB METAJIIOB, KUC-
J0poj — B coctaB okcuaoB [Cemenenko, 1990].

CornmacHo Teopun akanmemuka A.Il. Bunorpamora
[Bunorpamos, 1961], mpoTozemMHOe 00JIaKO TTOCTEIICHHO
VILIOTHSUIOCHh U CaMOpPa3orpeBanoch. M CTOYHHKOM He-
00XOIUMOI SHEPTUU CITYKUIH TPOIECCHl PaJlOaKTUB-
HOIO pacmajga W YIUIOTHEHHsI MEPBHYHOIO BENIECTBA
maanetsl. C 4 MIpA JIET B HeApaX MJIaHEThl TPOUCXOSAT
TITyOWHHBIE (DU3UKO-XMMHUYECKHE TPOIECCH. Tam pas-
BHBAIOTCS BBICOKUE JABIICHUSI W TEMIIEPATYpPbI; UCXO[-
HbIC BEIIECTBA MPHU ATOM HMCIBITHIBAIOT CIIOKHBIEC Tpe-
BpamieHus. B pe3ynbraTe 00pa3yroTcst mapo- U ra3oo0-
pasHble COCAMHEHUS, MPHUYEM OOJBIIMHCTBO U3 HUX CO-
CTOWT U3 BOJBI WJIH COCTABJIFOIIUX €€ YICMEHTOB.

CorlacHO TE€OXUMHUYECKON MOJENIM HAIICH TIaHEThI
(puc. 1), cozgannoit H.II. Cemenenko [CemeHEHKO,
1990], 3emHast Kopa, COCTOAIIAs U3 OKUCIEHHBIX MOPOJI,
SIBJIIETCSI CBOCOOPAa3HBIM KHCIOPOJAHBIM KapKacoM, a
SITPO TUTAHETHI CITAraroT THAPHIBI HECKOJIBKHX METAJIIIOB
M YaCTUYHO KapOuj skene3a. B 30HaX caMbIX BBICOKHX
JIaBICHAH W TEMIIEPaTyp BBINCISIOTCS, MPEHMYIIe-
CTBEHHO, BOJIOPOA M YTIEBOAOPOL. Jlaibie OT meHTpa
TUTAHETHI AT BEIECTBA B3aMMOJCHCTBYIOT C OKHCIICH-
HBIMHU TOPOJAMH — OOpa3yroTCsl BOASHOW Hap M yriie-
KHCJIBIA Ta3. TH COCIUHEHHSI MOCTOSHHO BBIACISIOTCS
Ha TOBEPXHOCTh Yepe3 JKepiia BYJIKAHOB, Yepe3 BCEBO3-
MOKHBIE Ha3eMHbIE U TOABOHBIC TPEIIUHBI H PA3TIOMBbI
36MHOMN KOPBI.

YacTp BOJBI, Tepenie/as B mapoodpa3Hoe COCTOs-
HUE, TTOKHHYA TuianeTy. OCcTaBIIasics 9acTh BOIBI COCTa-
BrIa Tuzapocdepy 3emum. B cBsi3u ¢ TeM, 4TO ¢ mapaMu
BOJIBI BBIJICTSUIACH TAKXKE IPYTHE COSAUHEHHS, B YACTHO-
CTH COCIMHEHHS a30Ta, cepbl, Gochopa, OHU BMECTE C
YIJIEPOZIOM, KHCIOPOJOM M BOAOPOIOM COCTABHIIHM OC-
HOBY H3HH. Benb, Kak W3BECTHO, )KHU3Hb Ha 3eMIie 3a-
ponunack B BOIHO# cpene (cM. puc. 1).



30

A.M. CyropaxoBa

O+CH, —HO+CO,*]

= CHH(HOJ(CO)

| A

|~

=N < [pammTHaR
=3
G
T w Baga/LTORax
(73]

|

KucnopagHaii Kapeac

—

Es
3

=z
5
3
L k
i
S
=

Ao HEE TIOTOKE

HAOPO

BHYTPEHHEE

TR M
KRG
MeTannoR

upargs HA (CH), +'2H:'°@ i

H
>
=
£ bI
%E o
(MgFe}.Sic, +
w B SE
1958, &5 4(MgFe).50. +
HHE
(LR Rl
riapuas AN — 208, 4
25 % rugpngsl RH, -
§§§E ) xanﬁmwﬁ-ﬁ*ﬂf.—i
2 § T o
i
GE5E8 &
==

RH - RH, — raapwas, rae R - NiCoFe
HFa{CN), — ramin — LHarR s
R.C - RO - kaptuas { FeC — ranesuT, Fe.C - uemeHtiT)

A+ 25 AFedNiFeM (FeNE [ FeNiLS W ra.

nr

Puc. 1. Chepsi 3emurn un nx xumuueckuii cocta [Cemenenko, 1990]

Fig. 1. Spheres of the Earth and their chemical composition [Semenenko, 1990]

Eue onno yrBepaxnenue: I panum — on u ¢ Agppu-
Ke zpanum (max uiymsim 2e01ozu).

B npupone cymectByer Oombloe pasHOOOpaszme
TPaHHUTOB, HO BCE OHH, B CYITHOCTH, OUYCHb IOXOXKHU JAPYT
Ha JIpyra, IOCKOIbKy Oomee yeM Ha 90% cocrosaT u3
paBHBIX JoJed KBaplla, IDIATMOKIIA3a W KaWIIaTa, K
KOTOPBIM B HeOoNbIIoM Konudectse (5—7%) moOapiis-
FOTCSI MarHe3WajJbHO-XKEIC3UCThIE CHIIMKATHI, Ha3bIBac-
MBbIE€ TEMHOI[BETHBIMH MUHEPAJIaMHU.

[Towemy TpaHHT Bceria XapaKTepH3yeTcs BBIIEP-
JKAaHHOCTBIO B COOTHOIICHUSX TJIABHBIX KOMITOHEHTOB
(xBapra, MIarkoKiIa3a U KaJueBOro MOJCBOro IImaTa), a
MOTOMY Bcerja ocraercst rpanutoM? OTBET Ha HEro Jaj
3HaMeHUTHIH (uHCKHA Teonor 1. Dckoma, MPHIOKUB-
MU K TPaHUTOOOPa30BAaHUIO MOJENb IBTEKTOHIHOTO
masyieHus [Maxiaes, 1998].

Temneparypa miaBneHus kBapua oxono 1 600°C,
TeMIIepaTypa IUIaBlIeHus albOuTa (HATPOBOIO IMOJIEBO-
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ro mmata) Ha 200° Huxe. JJobaBka Gojee jerkorias-
KOr0 KOMITOHEeHTa oOiyierdaeT riasieHue. O0o3HaYNM
Ha cxeMe (puc.2) Toukoi 7q TeMmieparypy IJIaBIeHUS
YUCTOrO KBaplia, a TOYKaMH (j, gz ¥ (3, COOTBETCTBEH-
HO, TeMIIEpaTypbl IUIaBJIEHUS U COCTaBbl cMeceil KBap-
ma ¢ 10%, 20% u 30%-ii nobaBkoii ansouta. Eciin MbI

A

COCIUHUM 3TH TOYKH, TO HOJYYHM IUIAaBHO u3rubaro-
IIYHOCH KpPHUBYHO, KaXJas TOYKa KOTOpOﬁ, pacmoiao-
KCHHas JICBCC, T.C. OTBCUArOIasa 60.]'II)HIeMy coacpxa-
HUIO a.]'II)GI/ITa, pacmojiara€Tcss HUXE npeAblAyInX, 4TO
COOTBCTCTBYCT CHHIXCHHIO TEMIICPATYPbl ILIABJICHUSA
CMECCH.

g, Tq

Cmmm et T,

Q

Puc. 2. Cxema nocTpoeHusi AMArpaMMbl IUIABJICHUS CHCTEMBI ¢ 3BTeKTHKOM E,
cocrosiuieii u3 KOMINOHEHTOB A u Q

Fig. 2. Diagram of a melting for a system with a eutectic E consisting of components A and Q

OpaHako BCce 3TO MPOUCXOAMT JIUIIb 10 ONpeaeeH-
Horo mpenena. CymiecTByeT Takas CMeCh ajapOuTa W
KBapIia, KOTopasl SBJIsETCS Hanboee JEerKOIIaBKoH, 1
JaNbHEHIee yBEIWYCHNE IO alb0HuTa yXKe HE CHU-
JKaeT, a MOBBIIIAET TEeMIepaTypy IUiaBlieHUs. Takyro
CMeCh Ha3bIBAIOT IBTEKTUUYECKOH CMECHIO MIIH MPOCTO
3BTeKTUKOHN (Touka E). Mcxoas u3 auarpammsl cieny-
€T, 4YTo HamboJjee JIeTKomIaBkoid Oyaet cMmech ¢ 40%
kBapna u 60% ampbuta. DTO W Oyaer Kaapil-
aIBOUTOBAs IBTEKTHUKA.

PeanbHble npUpoIHBIE MUHEPAIbHBIE CMECH (TOpHBIE
MOPO/IBI) PEAKO COCTOST U3 JBYX MUHEpasioB. OOBIYHO UX
3HaUMTENbHO Oonbine. Ho TaBHBIE 3aKOHOMEPHOCTH
ocTaroTcsl TeMH >ke. sl SBTEKTOMIHO IUIaBsIIeHCs Cu-
CTEMBI TPEX MHHEpPAJIOB JBTEKTHKA OYAET COCTOSATH W3
CMeCH BCEX JTHX TpeX KOMIIOHEHTOB B OIPEAETIEHHON
mporopuuy. Kak pa3 momoOHOH TpPOWHOH 3BTEKTHKE U
OTBEYAIOT COOTHOIICHHUS TJIaBHBIX KOMIIOHEHTOB I'PaHU-
Ta (KBapua, MJIardokjiaza M KaJUeBOro IOJIEBOro Iima-
Ta), a 3TO O3HAYAET, YTO B JIFOOOH MOpoJe, CoaepKaleH
KaKoe-TO KOJMYECTBO JAaHHBIX MHUHEpPAJOB, MpH Harpe-
BaHUU €€ J0 TeMIIepaTypbl TUIaBJIEHUS TAKOH SBTEKTHUKU
00513aTETTHHO TOSIBUTCSI TPaHUTHBIA paciuaB [Ilomos,
1997]. PaznuuabiM OyzeT JHUIIb €ro KOJMYECTBO: B TEM-
HBIX CIIaHI[aX, OOraThlX MAarHe3MaJbHO-KEIC3UCTHIMU
CHJIMKATaMH, 3TO MOTYT OBITh BCETO JIHIIb JOIH IPO-

LIEHTa, B THEicax CpelHero cocraBa — MPOLEHTHI U Jie-
CSITKH TIPOIICHTOB, a THEHCHI, OoraThie KBapIeM M Iose-
BBIMH LLITIAaTaMH, MOTYT PACIIaBUThCA MOTHOCTbIO.

Taxum 00pa3om, Tr00ast CHIIMKATHAS TOPOJIa MTOPOK-
JaeT MpU YaCTUYHOM IUIABJICHUU TPAHUTHYIO Marmy
XOTS OB B MUKPOCKOIIMYECKUX KOIHYECTBAX, JaxKe Ha
YPOBHE MEXK3EpHOBBIX MHTepcTULMH. Bompoc nuiib B
TOM, KaK coOpaTh e¢ B KPYIHBIC Tela, 00beM KOTOPBIX
MOXET M3MEPSTHCS MHOTMMH COTHSMHU KyOWYEeCKUX KH-
noMeTpoB. UTak, mMpy YacTUYHOM IUIaBJIEHMH B3BECh
HEZOIUIaBJICHHBIX PEIMKTOB B HOBOPOXKIEHHOM pacIlia-
Be (MUIMa) TeUeT KakK euHasi Macca U B KOHEYHOM UTO-
re o0pa3yer Takue jKe MHTPY3UBHBIC Tea, KaK U Te, YTO
00pa3yroTcst Ipy BHEAPEHUH YUCTOro paciuiaBa. OmqHa-
KO COCTaB cJaralouiux UX MopoJl OTHIO/Ib HE dBTEKTHYE-
CKUH: 3TO TPAaHUTHAS 3BTEKTHKA ILJIIOC HEJOTUIABICHHBII
OCTaTOYHBIA MaTepual, CoAepKaHue KOTOPOro B MUTME
Moxer pocturath 80% wu maxke Oomee. ['paHHTHI Ke,
HallOMHUM, IO COOTHOIIEHHUIO TJIABHBIX KOMIIOHEHTOB
BCErJla OTBEYAIOT IBTEKTHKE.

[To MHEHMIO MHOTHX HCCleZoBaTeNeH, 3Ta npodiaema
peluaercs, eciid JIOMYCTUTh MPEIIeCTBYIOIIee IJIaBiie-
HHUIO U3MCHEHHE COCTaBa CyOcTpara IoJl BO3JICHCTBHEM
TNTyOWHHBIX, CYIIECTBEHHO BOJHBIX PacTBOpOB ((irom-
JIOB) — TaK Ha3bIBAEMYI0 METACOMATHUYECKYIO TPaHUTH3a-
U0, TPHONIIDKAIONIYI0 COCTaB CcyOCTpaTa K TpaHHTY.
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[IpumepoB Takux MpeoOpa3oBaHUIl ONMMCAHO MHOMXECTBO.
Opnako, aHaIM3UPYS MPOSIBIICHUS T'PAaHUTHU3ALUH, OIUH
U3 OCHOBOIOJIOKHUKOB (DHU3HKO-XHUMHYCCKOA IETPOIIO-
run 1 MuHepanoruu akanemuk J1.C. Kopxunckuii [1952]
CIpaBeIMBO OTMEYall, YTO MPHU KIACCMYECKOM METaco-
MaTo3¢ KOJIMYECTBO MUHEPAJIOB B MPEOOPa3yeMbIX IIOPO-
Jlax TOCJeIOBAaTENbHO COKpAIaeTcs U KOHEUHBIA Mpo-
JOYKT BCETJla MOHOMHUHEpAJIEH — TPaHUT ke TOJIMMHUHEpa-
JieH. Y IMBUTENBHO U apyroe. [Ipu meracomaros3e Kakue-
TO KOMITIOHEHTBI MPUBHOCSTCS, KAKUE-TO BBIHOCSATCS, YTO
ofpeJeiAeTcs X COOTHOLIEHUSIMUA B U3MEHSAEMOM Mopo-
JIe W TpaHuTH3Upymmx Qumonmax. Yame Bcero mpu
rpaHuTU3alMU THelicoB BbiHOcsTCs Mg, Ca, Fe, a mpu-
BHOcsATCs Si, K, Na, HO mpH rpaHATH3ALKN JISHKOKPATO-
BBIX THEWCOB BBIHOCHTCS Na, a U3 mopoi, 00ratelx My-
CKOBHUTOM, — MHOT/Ia aaxe K.

Yacto MOXXHO MPOYMTATh, YTO MPU T'PAHUTHU3ALMH
Bceraa npuBHocutes Si. Omuako B Bocrounoit Cubupu
(AngaHckuii 1IUT) WM3BECTHBI NMPOSBICHUS TPAHUTH3A-
LMK KBapLUUTOB, a Ha YKpauHe, IOxnom Ypane u Enu-
CEHMCKOM KpsSDKE — XKETIe3UCTHIX KBapiuToB. [Ipu atom Si
OKa3bIBACTCS PE3KO HM30BITOYHBIM W BhIHOCHTCH, a Ca
npuBHocuTcs. Ele ciokHee, Koraa TpaHUTU3UPYETCS
TOJIIIA, TJIe TOHKO MepeciaanBaroTcs APYyr ¢ IPYroM IMo-
POIBI pa3HOTO COCTaBa, HAIIPUMEP KBAPLUUTHI U THEHUCHI.
B sTroM ciiyyae U3 OAHMX MPOCIIOEB BBIHOCATCS OJHU
KOMIIOHEHTBI, a U3 APYrux — npyrue. To ke MOXKHO CcKa-
3aTh M O IMPUBHOCE. Tak 4TO Ke 3TO 3a (DIOUIBI, KOTO-
pbIe I000i TOpPOJIe TAI0T UMEHHO TO, Yero el He XBaTa-
€T, 9TOOBI CTaTh IPAaHUTOM, a OTOHMPAIOT TO, YTO HAXO-
IIATCS U30BITKE?

Herno, BUauMo, B TOM, YTO HEMOCPEACTBEHHOM Cpeon
TPaHUTH3AIMOHHOIO METACOMATHIECCKOr0 OOMEHa SIBIISICT-
Cs HE BOJIa M TAXKe HE HAIKPUTUUCCKIIA BOAHBIHN (hrounn, a
BO3HUKAIOLIMIA MPU Havalle MJIaBJIeHUs MEX3EPHOBOH 3B-
TEKTOU/IHBIN pacIuiaB — HApOXKIAIOLIAsAC] TPaHUTHAS Mar-
Ma. DTa MHTEPCTULMOHHAS (MEX3EpHOBasl) MarmMa Urpaet
POIb TIOCPEAHUKA MEXKITY TPaHUTHU3HPYIOMUMHA (irona-
mu [[lepuyk, 1997] u rpaHUTH3UpYyEMO TOPOAOM.
B cunukatHOM pacruiaBe, Kak M B BOJE, MOJIEKYJbI pac-
TBOPAEMBIX BEILECTB IUCCOLUMHUPYIOT Ha HMOHBI, KOTOpPbIE
MUTPUPYIOT B HEM (B 3aBUCUMOCTH OT I'paJiIi€HTa KOHLIEH-
Tpaluy U MHBIX (HaKTOPOB) U BCTYNAIOT B OOMECHHEIE pe-
aKIMM C KOHTaKTUPYIOLIEH C pacIuiaBoM TBepAoi (a3oi,
TPaHUTH3UPYS ee. B uTore HemoIUIaBIeHHBIE OCTATKH CYyO-
cTpata Bce Oonee MpUOIIKAIOTCS 110 COCTaBY K IPaHUTY U
HEN30€KHO BOBIIEKAIOTCS B YBTEKTOMTHOE IIABJICHUE.

Takum 00pa3oM, MEKTpaHYISIPHBIA PacILiaB B Ipa-
HUTH3UPYEMBIX TOJIAX UTPaeT POJib CBOETO poaa Oy-

(epa, crrocoOCTBYS yIalleHHIO BEIHOCHMBIX MPH T'paHHU-
TH3aIMH KOMITOHEHTOB M OTJIOKEHUIO IPHBHOCHMBIX.
Wner rpaHuTH3anus, OAHOBPEMEHHO PacTeT IOJS pac-
TUIaBa, HO TI0 COCTaBYy OH BCEIJa OCTaeTcs 3BTEKTHYe-
CKHMM, TO €CTh T'PaHHTHBIM. JTO ¥ SBJISETCS IPEIEIOM
METacoOMaTH4YecKHX IpeoOpazoBanmii. Kak Tonmbpko B
cyocTpare (OPMHUPYIOTCS 3a CUET IPHBHOCHMBIX HpH
TPaHUTH3AIMY IIeNIo4eil U KpeMHe3eMa HOBBIE ITOJIEBbIE
ATl ¥ KBapll, OHH TYT JK€ MEepPeXOoisiT B pacIliaB,
MIPUYEM MEPEXOAT B TeX XKe IBTEKTHYECKHX COOTHOIIIE-
HUAX. BritoueHne B 3Ty cucreMy paciuiaBa-Oydepa je-
JlaeT Ipolecc TpaHUTOOOpPa3OBaHMS CaMOpETYIHPYIO-
mUMCS: 00BEMHBIE COOTHOIIEHHS (a3 BapbHPYIOT, HO
COCTaB PacIlIaBHOM (has3bl Bce BpeMs OyAeT rpaHUTHBIM,
XOTS C H3MEHEHHEM YCIIOBHH IUIaBIeHHS B HeH W
HaOII0JIAI0TCS HEKOTOphIe 3aKOHOMEPHBIE HM3MEHEHHS.
Tak, TOBBIIIEHHE TEMIIEpaTyphl B oOdare IUIABJICHHS
MIPUBOJIUT K MPOrPECCHPYIOIIEMy O0OTaIlleHHI0 pacIia-
Ba MarHueM, >Kele3oM, KaJblMeM H, COOTBETCTBEHHO, K
CMeHe TPaHUTHOH MarMbl IPaHOJHOPUTOBOH.

Eme narnspnee Oyner oborameHHOCTh (Wi o0en-
HEHHOCTb) TEMH WJIM HHBIMH MaJIbIMH dyieMeHTamu. Ko-
HEYHO, pa3fiuusl 3aTParuBalOT M CAIMYECKyI0 YacTh
TPaHUTOB. Bo-NepBBIX, B 3aBUCUMOCTH OT (husmko-
XMMHYECKHX YCIOBHH, ONpENeIsIeMBIX IPEXIEe BCEro
TIIyOMHOM, Ha KOTOPOHM IPOTEKaM MPOIECcCHl IIIaBiie-
HUS, a TAKXKE XapaKTepOM I'PaHUTOOO0Pa3yIOMuX (IIIoH-
JI0B, MOT'YT MEHSTHCS B ONPEACNICHHBIX Mpe/erax KO-
YEeCTBEHHBIE COOTHOIICHHS KpUCTAJUIMYecKnX ¢(a3 B
TPaHUTHOH 3BTEKTHYECKOH cHcTeMe (KBaplia, IJIaruo-
Kila3a ¥ KaJHeBOro IIOJIEBOro mimnata). Bo-BTOphIX, B
3aBUCHMOCTH OT TeX )K€ IIapaMeTpOB BapbHPYIOT Ipejie-
JIBI CMECHMOCTH KaJIMEBOTO M HATPOBOI'O TOJICBBIX IIMa-
TOB, CTENEHb WX CTPYKTYPHOH YIOPAJOYEHHOCTH, UTO
MPUBOINT K TIOABJIEHHUIO CHENU(PUIHBIX MHUHEPATbHBIX
dopm. U Bce xe B m000M CIydae MPOIYKT KOPOBOTO
TUTaBJICHUS OYZIeT IpeICTaBIIeH TPAHITOM.

Takum o0pa3om, rpaHHTOOOpa3oBaHHE, pa3 HadaB-
INCh, POAOIDKAETCSI BHOBb U BHOBB, €CIIM B COOTBET-
CTBYIOLIMX CETMEHTaX 3eMHOI KOpBI CO3JaloTCs HEeoO-
XOIMMBIE TEOAMHAMHYECKHE W TEepPMOIWHAMUYECKHe
ycnoBus. VIMEHHO 3TO MBI ¥ HA0JIO/Ia€M B CTAHOBJIEHHH
Kaaxemckoro MarmaTn4eckoro apeana, IJie yCTaHOBJIe-
HO HE MeHee 15 MMITyIbcOoB TpaHHUTOOOPa30BaHUS B Te-
YeHHe YeThIPeX ATaloB re0JMHAMHYECKHX YCIIOBHH.

Paboma ewinonnena npu @unancosol nodoepiicke
npoekmos PODU (epanmvr Ne 13-05-00181, 16-05-
00255).
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GRANITE FORMATION IN THE EARTH’S LITHOSPHERE BY THE EXAMPLE
OF THE KAAKHEM MAGMATIC AREA (EASTERH TUVA)

The link of lithogenesis with granitogenesis is gradually substantiated. The role of atmosphere and hydrosphere is pointed out in the
maximum efficiency of exogenous processes that caused the differentiation of the basaltic crust and the formation of the sedimentary
crust. The origin of water and oxygen on the Earth is explained. The role of the eutectic is described in the formation of like-
composition granite melt and as consequence, the formation of an intergranular eutectoid granite melt that further the continuous process
of granite formation under the certain thermodynamic and geodynamic conditions.

Keywords: lithogenesis, granitization, melt, fluids, thermodynamic conditions, eutectic.
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TFEOXUMMUs, MUHEPAJIOTUA U TEHE3UC PEAKOMETAJIVIBHO-YI'OJIBHOI'O
MECTOPOXKJIEHMS B IIACTE XI HA IOTE KY3HEIIKOI'O BACCEMHA
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B.I1. UBanos', B.P. CokTtoeB'

TR
i

1 o o o o
Hayuonanvuwiii uccredosamenvcrkuu Tomcxuti nonumexuuueckuu yuusepcumem, Tomck, Poccus
2 . ,,
Ilybnuunoe axyuonepnoe obwecmeo « Yzonvras xomnanust “FOocnviii Kyzoacce”», Meoicdypeuenck, Poccus

Brmmonaeno uccnenoBanne penkoMerauibHEIX pya Nb-Ta-Zr-Hf-Y-REE-Ga cocraBa, BRISBICHHBIX B miacTe XI xemepos-
cKoif cBUTHI Ha fore Ky3Henkoro GacceifHa. YcTaHOBNIEHA CBS3b MX ()OPMHUPOBAHMS C HATMYUEM B YTOTBHOM IDIACTE H3MEHEH-
HBIX BYJIKaHOTEHHBIX IHPOKIACTHYECKHX TOPH30HTOB, KOHTPACTHO OOOTAIEHHBIX PEIKHMH 3JIEMEHTaMH. PyrmHoe BemecTBO
CKOHIICHTPHPOBAHO IPEHMYIIECTBEHHO B TOHKOAMCIEPCHOM MHHepanbHOH (ase, mpencraBieHHOi B ocHOBHOM Zr-Nb-Ti-Fe
OKCHJAMH, TOHKOJUCIIEPCHBIMH ITUPKOHAMH, PEIKO3EMENbHEIMI KapOoHaTamu (OacTHE3HT) U ochaTtaMu (MOHAIIUT, KCEHOTHM,
roitsmut). OOOCHOBAaHME CBSI3M KOMIUIEKCHOTO PEAKOMETAJUIFHOIO OPYACHEHHS C BYJIKAHOTEHHOW IMHPOKIACTHUKOH IIETOYHOTO
COCTaBa CYIIECTBEHHO PACIIHPSET MEPCIEKTHBEI BHISABICHHS TOJOOHOT0 OpYICHEHUS B YIIIsiX Bocrounoit u LleHTpansHoit A3um.

Kniouesvte cnoga: yzonv, 2eoxumus, peokue Memaiivl, MUHEPAIO2Us, 2EHE3UC PYO.

BBenenne

VYronb, Kak ¥ €ro mpekypcop Topd, sSBIsETCS KOH-
TPACTHBIM TE€OXUMHUYECKHM OaphepoM, 00YyCIOBIHBAIO-
UM HaKOIJICHUS Pa3IMYHBIX XHUMHUYECKUX DJIEMEHTOB,
U, KaK CIICJICTBHE, OJaronpusaTeH i HOpMUPOBAHUSA B
VTONBHBIX IUIACTAX TCOXUMHUYECKUX aHOMAIUH, MPOSB-
JICHUH W MECTOPOXKICHUH MHOTHX METaioB. Yxke 00-
nee 100 jer ¢ mepeMeHHBIM YCIEXOM PEmIaeTcsi BOMPOC
W3BJICUCHHUS U3 YITISl U OTXOJIOB €0 MCIOIh30BAHUS IO~
MyTHBIX DJIEMCHTOB-TIpHMeceil. B Hacrosmiee Bpems
M3BECTHA OOMbIIAs TPyIa pa3HOOOpPa3HBIX THIIOB Me-
CTOPOXICHUH PEIKUX, OITaropOHBIX U I[BETHBIX METAll-
JOB B yIIsX M yrauctelx mnopogax [Cepemun, 2004;
Seredin, Finkelman, 2008; Seredin, Dai, 2012; Seredin
et al.,, 2013; ApGy3oB u map., 2014; Dai et al., 2016a,
2016b; Dai et al., 2018]. B mpoMbIIUIEHHBIX MacmTabax
U3 yrois 1o0OBIBaeTCs TONBKO TEPMaHHH, a C HEJaBHETO
BpeMeHHU — JUTUH W rammuid [Seredin, 2012; Lin et al.,
2013; Qin et al., 2015]. OOmIMe TeHACSHIIMHA BO3pACTaHHUS
crpoca Ha peAKHe METasllbl, MOSBICHUE HOBBIX TEXHO-
JIOTH# MepepabOTKH ChIPhbS MO3BOJIIOT C ONTHMH3MOM
CMOTpPETh Ha MEPCIEKTHBBI OCBOCHUS TPAJAUIIMOHHBIX U
HOBBIX THIIOB PEIKOMETAILIBHO-YI'ONBHBIX MECTOPOXK-
neHuid. [TOMBITKH BBISBICHHUS HOBBIX MECTOPOXKICHUI
HE TpeKkpamaroTcs. [IoMIMO TPyHIBl TepMaHHiA-yTrolb-
HBIX MECTOPOXKJcHMI B KuTae B OCIIEHHUE IO/l BBISAB-
JICHO HECKOJIbKO MECTOPOXJIEeHHI KoMIuieKCHbIX REE-
Zr(Hf)-Nb(Ta)-Ga pyx [Dai et al., 2010, 2012]. Anano-
THYHBIE [0 COCTABY PEIKOMETAIUTBHO-YTONBHBIE MECTO-
POXIEHHS C IPONLIOro Beka M3BecTHHI B Poccum Kys-
b6acce u B Munycunckom Oacceitne [Cepemun, 1994;
ApOGy3oB u ap., 2000, 2003; Ap6y3os, Epmos, 2007].
OcoOblii  WHTEpeC TPEACTAaBISCT OpYyJICHEHHE B

miacre X1 B Ky3nenxom OacceiiHe B CBS3M C €ro BEICOKOH
KOHTPACTHOCTBIO M 3HAYMTEIBHBIME MacmTabamu. [Ipu-
poOZa Takoro TUIa KOMIUIEKCHOTO OpYAECHEHUS TPaKTyeT-
Csl O-Pa3HOMY: OT CHMHI'€HETHYHOro rujaporeHHoro [Ce-
penuH, 1994] no BynkanorenHoro [ApOy3oB u ap., 2003;
ApbOy3oB, Epmios, 2007; Seredin, Finkelman, 2008; Dai et
al., 2010; 2012] u BYTKaHOTCHHO-THIPOTEPMATEHOTO
[Cepenun, 1994; Dai et al., 2016a; 2016b; Zhao, 2017a,
2017b, 2017c]. IloHnMaHue MeXaHH3MOB OOpa30BAHUS
TaKUX py[d, CO3MaHUE MOZENCH (HOPMHUPOBAHHSI MECTO-
POXIIEHHI TTOJOOHOr0 THIIA MO3BOJAT S(P(HEKTUBHO MPO-
THOBUPOBATh M BBIBIISTH QHAJIOTMYHOE OpPYICHEHHE Ha
paHee He OITIOMCKOBAaHHBIX TEPPUTOPUSIX.

B nanHOI paboTe MCCleIoBaHbl OCHOBHBIE MHUHEpa-
JIOTO-TeOXUMHYECKHE O0COOEHHOCTH KOMIUIEKCHOTrOo Nb-
Ta-Zr-Hf-Y-REE-Ga-opynenenns B miacte XI Ha rore
Ky3bacca, BEIOpaHHOTO B Ka4ecTBE ITAJOHHOTO OOBEK-
Ta, ¥ PaCCMOTPEHA BO3MOXKHAS MPHPoaa ero Gopmupo-
Banua. OpyzneHeHne ObuUTO BBIBIEHO B 1989 T
B.B. EpmioBeiM 1 kpaTko omnucaHo B.B. Cepeaunbim
[1994, 2004]. TIpenBapuTenbHO OBLTH OIICHEHEBI PECYPCHI
stux pya [ApOy3oB u ap., 2000, ApOys3os, Epmios
2007], omHako AETATLHOTO KOMIIJIEKCHOTO HCCIEIOBa-
HUSA WX HE MPOBOAMIIOCH B CBSI3M C OrpaHMYEHHBIMU
TEXHUYECKUMH BO3MOXHOCTSIMH TOT'O MEPUOJA.

XapakTepucTHKa 00beKTa HUccaeJ0BAHMIA

Uccnenyemplil miiacT HaxXOAWTCS B FOKHOM dacTh
Ky3enkoro OacceliHa B HEMOCPEICTBEHHON OIM30CTH K
00JIaCTH THTaHUS peBHETO OacceiiHa YrieHAKOILICHHUS.
Ky3nenkuit OacceifH mpeacTaBiIseT cO00H MEKTOPHYIO
BIauHy, copmuposasmrytocst B C-P Bpems Ha maieo-
30iickoM (yHIaMeHTe. B 0XKHOM W FOTO-BOCTOYHOM
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o0paMJIeHMH B HEMOCPEACTBEHHOW 00JacTH CHoca Oac-
ceilHa  yIJeHaKOIUIEHUS Hapsiay C  TEeppUreHHO-
KapOOHATHBIMU OTJIOKEHUSIMH PAaCIPOCTPAHEHBI BYJIKa-
HOT'CHHBIC TOJIIU IPEHMYIICCTBEHHO 0a3MTOBOTO, IIE-

JIOYHO-0A3UTOBOTO COCTaBa, Pa3HOOOPa3HBIC MHTPY3WB-
HBIE€ MAaCCUBBI KHCJIOTO, IIEJIOYHOI0 U OCHOBHOT'O COCTa-
Ba, MHOTOYHUCJICHHBIC 3HJIOTEHHBIE MECTOPOXICHUS WU
TIPOSIBIICHUS IBETHBIX U PEIKKX MeTauioB (puc. 1).
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Puc. 1. ®parmenT reosornyeckoii kaprol 1ora Kyszodacca u nmosioxkenue Ha Hell y4acTKOB onpodoBanus miacra XI

1 — geTBepTHUHBIE 00pa30BaHUST; 2 — IOPCKHE 00pa30BaHus; 3, 4 — MO3AHENAIe030HCKO-PAHHEME3030CKHEe HHTPY3UBHBIC 00pa30BaHM:
3 — MOpPOXKUHCKAsI Cepus TPAHUTONIHBIX KOMIUIEKCOB, 4 — aOMHCKHH TPaNIoOBBIi TPaxuOa3albTOBBIH KOMIUICKC; 5—8 — epMb: 5 — epy-
HaKOBCKas TOf[cepysl (JICHUHCKAs, TPAMOTEHHCKAs], TailllyraHCKast CBUTHI), 6 — MIBHHCKAs IMojcepus (Ka3aHKOBO-MapKHHCKasl, yCKaT-
CKast CBUTHI), 7 — Ky3HEIIKas Iojicepusi, 8 — BepxHeOaIaxoHCKas Imojicepusi (IIPOMEXYTOIHAs], UIIAHOBCKAsl, KEMEPOBCKasl CBUTHI); 9 —
KaMEHHOYTOJIbHBIE 00pa3oBaHust; 10 — BepXHUI NEBOH — HIDKHMI KapOOH: MO3KyXMHCKasl rpynmna cBUT; 11 — BocTouHO-Ky30acckast
cepust; 12, 13 — paHHe-cpeiHEICBOHCKUE HHTPY3UBHBIE 00pPa30BaHus: 12 — KUCTAIBCKUI TPaHOCHEHHUT-TPaHUT-ICHKOTPaHUTOBBIH KOM-
IUTEKC, 13 — maThIHCKAs TPYIIA CHEHUT-rab0pOBBIX KOMIUIEKCOB; 14 — MaJaTHHCKO-KONBEBCKAs IPYIIa CBUT; 15, 16 — paHHeneBOHCKHE
HMHTPY3UBHBIE 00pa30BaHU: 15 — Tenpbecckuii psi rabopo-rpaHUTONIOBBIX KOMILIEKCOB (HEepacwICHEHHBIC 00pa30oBaHust), 16 — 601b-
IIepPEeICHCKUH TUOPUT-TAaOOPOHOPUTOBEI KOMIUIEKC, 17 — moxkoBckuit sipyc. KyBacckast Tomma; 18 — Tamenr#HCKHH MpamMopo-
THEHCOBBIA-aM(pHOOIUTOBBIN MOINMETaMOPHUUCCKUI KOMILIEKC; 19 — ByIKaHHUTHI KHCIIOTO COCTaBa YMEPEHHOIIEIOTHOTO M HOPMAJIb-
HOT'O PSIOB, IPEUMYIIECTBEHHO JIaBBI U Ty(sl; 20 — Tpaxuba3anbThl ¢ TPaXUTaMU U yMEPEHHOIIETOYHBIMI PHOUTONAAMH, TIPEUMYIIIe-
CTBEHHO JaBHI U Ty(sl; 21 — nefikoba3anbTsl, aHAe3u0a3aIbTh, aHAC3UTH YMEPCHHOIIEIIOTHOH U H3BECTKOBO-IIIEIIOUHON CEPHH: JTaBEl U
Ty(sr; 22 — TOuKH 0TOOpa Mpod; 23, 24 — pa3phIBHBIC HApYIICHNS: 23 — IIIaBHBIE, 24 — mpoune

Fig. 1. Fragment of the geological map of the southern part of Kuzbass and the position
of sampling sites from the seam XI

1 — Quaternary sediments; 2 — Jurassic sediments; 3, 4 — Late Paleozoic-Early Mesozoic intrusive formations: 3 — Porozhinskaya series
of granitoids, 4 — Abinsky trap-trachybasalt complex; 5-8 — Permian sediments: 5 — Yerunakovskaya sub-series (Leninskaya, Gramo-
teinskaya and Tayluganskaya suites), 6 - Ilinskaya sub-series (Kazankovo-Markinskaya and Uskatskaya suites), 7 — Kuznetskaya sub-
series, 8 — Verkhnebalakhonskaya sub-series (Promezhutochnaya, Ishanovskaya and Kemerovskaya suites); 9 — Carboniferous sedi-
ments; 10 — Upper Devonian — Lower Carboniferous sediments: Mozzhukhinskaya group of suites; 11 — Vostochno-Kuzbasskaya series;
12, 13 — Lower-Middle Devonian intrusive formations: 12 — Kistalsky granosyenite-granite-leucogranite complex, 13 — Patynskya group
of syenite-gabbro complexes; 14 — Palatinsko-Kopevskaya group of suites; 15, 16 — Lower Devonian intrusive formations: 15 —
Telbessky series of gabbro-granitoide complexes (poorly defined formations), 16 — Bolsherechensky diorite-gabbronorite complex; 17 —
Lokhkovsky stage, Kuvasskaya stratum; 18 — Tashelginsky marble-gneissic-amphibolite polymetamorphic complex; 19 — acidic volcan-
ic rocks of the moderately alkaline and normal series, mainly lava and tuff; 20 — trachybasalts with trachytes and moderately alkaline
rhyolitoids, mainly lava and tuff; 21 — leucobasalts, andesibasalts, andesites of the moderately alkaline and calc-alkaline series: lava and
tuff; 22 — sampling points; 23, 24 — faults: 23 — major, 24 — other



IF'EOXUMUA, MUHEPAJIOT' S U TEHE3UC PEAKOMETAJIJIBHO-YT'OJIBHOI'O MECTOPOXEHW A 37

VYraenocHas tonma Ha rore Kysbacca, B mpenenax
KoTOpol BeifeneH miact X[, mpencraBiser coOoi
KpPYIIHYI0 MOHOKJIMHAIIb C MOTPY>KEHHWEM IIJIACTOB Ha
3amaji, Toraa Kak camMa MOHOKJIMHAaJb MOTPY:KaeTcsl B
FOT0-3aI1aJJHOM HalpaBieHUU. B ceBepo-BOCTOYHOM Ya-
CTH MOHOKJIMHAJIM YTJIbl MAJCHUs IJIACTOB YIIIEHOCHON
Tonmy Oojiee TMOJIOTHE, a MOIIHOCTh BEepxXHeOallaXxOH-
CKUX OTJIOKEHHIA OOJNBIIe, YeM B FOT0-3aMaJHON YaCTH.
B ceBepo-3anasgHOM HamnpaBieHUU OHU MEPEKPHIBAIOTCS
BEPXHENEPMCKUMU YIJIEHOCHBIMU OTJIOKEHUSIMHU, BbIJIE-
JIIEMBIMHU B KOJIbUYTUHCKYIO cepuio (cM. puc. 1).

[Tnact XI BCkpbIT npenMyIiecTBeHHO Ha tore Kysnel-
KOro OacceiiHa ¥ POCIIekKeH Ha paccTosaue Oonee S0 kM ¢
BOCTOKa Ha 3amnaj (puc. 1). Ilo mageHuro miact mpociexeH
Gonee gyem Ha 5 800 M. Hambonee neraqbHO OH M3ydeH B
BOCTOYHOH YacTu OacceiiHa. Ha 3amajne Takke BCKDBHIT B
mraxte AGamieBckas. B IEHTpanbHOW U CEBEPHOM YacTsIX
Oaccerina iact XIHe BbIIENSAETCS B CBS3H C TEM, YTO
3[€Ch MPUHSTA MHAs CX€Ma KOPPEALMH YrojibHbIX ILia-
CTOB C APYT'MMH Ha3BaHUsIMU. [[Jis1 BBISIBIIEHUSI 3TOro IJjia-
CTa B COCTaBE KEMEPOBCKOW CBUTHI B LIEHTPE U Ha CEBEPE
OacceliHa HeOOXOIMMO MTPOBEICHUE CIICIIATN3HPOBAHHBIX
paboT 0 KOPPEIIMK YTIICHOCHOrO pa3pesa. MMerormasics
KOppEILIIHs HE MO3BOSIET OMHO3HAYHO HICHTH(UIHMPO-
BaTh iacT XI Ha Bceit Teppuropun Kysoacca.

Crpaturpaduuecku miact X1 HaXOTUTCS B COCTaBe
OTJIOXKECHUH KEMEpPOBCKOH CBHUTHI BepXHeOaIaXxOHCKOM

0,5

1,5Mm

W

MOJICEpUH paHHEIePMCKOro Bo3pacta [YrombHas Oa-
3a... 2003].

[Inact uMeeT OOCTATOYHO HEBBIIEPKAHHYIO MOIL-
HOCTB, HO MPOTATUBAETCS HA 3HAYUTENIbHBIE PACCTOSHUS
npu kojebanusax morrHoctd oT 0,3 1o 5,0 M. Cpeansis
MOIIIHOCTh YMEHbILIAETCsl ¢ BOCTOKa Ha 3amaj. Ha 3ama-
ne Gacceiina rutact X1 BRIKIMHUBAETCS W IPOMBIIILICH-
HOT'0 3HAYEHUsI HE UMEET.

CrpoeHne 1uIacTa JIOCTaTOYHO  BBIIEpXKaHHOE.
OOBIYHO OH MpPENCTaBIIEH JBYMS YTOJIbHBIMU MayKaMH,
pa3aeneHHbIMU HEYTOJbHBIM MPOCIOEM MOIIHOCTBIO OT
6 mo 15 cm, penko Oonee (puc. 2). Ha ormenbHBIX
ydacTKax B HHWXKHEW Maydke MOABIAIOTCS 1-2 maiioMmori-
HbIX (1—4 cM) pocnos apruJUIUTOB.

Yriu B paspese IiacTa XapakTepU3yIOTCs MepeMeH-
HOI 30JIBHOCTBIO OT MaJIO30JIbHBIX /10 BHICOKO30JbHBIX,
B 1nenoM onm Manodochopucteie (P,05<0,02%) u ma-
nocepaucthie  (S<0,6%). Yromp TpyaHO o0OOTaTHM.
B marepanbHOM cocTaBe M3yYCHHBIX CEUCHHH Mpeodiia-
nmaer rpynmna ButpuHHTa (42,2%) ¢ HEOONBIIONH noIeit
cemuBuTpuHHTa (6,9%) (Tadn. 1). ConmepxkaHue HHEp-
TUHHATA TaKXKe JIOCTATOYHO BEIUKO, B cpeaHeM 33,1%.

CooTHolIeHHE MalepajoB TpyNIbl BUTPUHUTA U
WHEPTUHUTA 3HAUNTEIHHO BaphHUPYET, UTO YKA3bIBACT HA
HEYCTOWYMBBIE ycIoBHs mnaneoropdonakomnenus. Ot-
MeUaeTcsl MEepUOJMYECKOe OCyIIeHHe O0J0Ta, IPHBO-
JUBILIeE K BO3PACTaHUIO 1O MHEPTUHUTA.

Puc. 2. Crpoenne miaacra XI
1 —yromns, 2 — apruwutut, 3 — aJIeBpOIUT

Fig. 2. Structure of the seam XI
1 —coal, 2 — argillite, 3 — siltstone
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Tabnuima 1

ManepaJibHblii COCTaB, 30IbHOCTh M 0TPaKaTeJbHAsl CIIOCOOHOCTH BUTPUHUTA yrieii miacta XI (pa3pe3 Pacnaackuii)

Table 1

The maceral composition, ash content and reflectivity of vitrinite in coals of the seam XI (open-pit coal mine Raspadsky)

Homep MomHoCTh Marnepansi, % TOK Wa, % Ad, % R,,
obpasma WHTEpBAJa, CM Vi Sy Fi '
PK-2-18 5,0 28 7 32 37 0,66 28,5 1,532
PK-3-18 5,0 41 7 36 41 0,46 9,9 1,482
PK-4-18 5,0 25 8 48 53 0,40 15,4 1,482
PK-5-18 5,0 38 6 45 49 0,31 6,9 1,477
PK-6-18 5,0 16 5 38 41 0,44 12,3 1,460
PK-7-18 5,0 47 6 29 33 0,39 8,7 1,488
PK-8-18 5,0 12 10 51 58 0,36 18,7 nd
PK-9-18 5,0 33 7 22 27 0,33 10,5 1,500
PK-10-18 5,0 7 8 65 70 0,35 19,4 nd
PK-11-18 5,0 45 11 29 36 0,36 8,3 1,491
PK-12-18 5,0 44 6 35 39 0,30 9,9 1,502
PK-13-18 3,0 48 6 28 32 0,30 13,1 1,490
PK-14-18 1,5 nd nd nd nd 0,86 71,9 nd
PK-15-18 10,0 nd nd nd nd 1,20 87,8 nd
PK-16-18 2,0 16 9 22 28 0,49 46,4 nd
PK-17-18 5,0 46 7 24 29 0,37 17,0 nd
PK-18-18 3,0 37 5 35 38 0,32 14,3 1,487
PK-19-18 3,0 43 6 34 38 0,28 13,4 1,494
PK-20-18 5,0 35 6 23 27 0,33 9.4 1,496
PK-21-18 5,0 35 13 40 49 0,38 10,9 1,504
PK-22-18 5,0 14 10 33 40 0,36 17,8 nd
PK-23-18 5,0 15 6 39 43 0,42 13,9 1,491
PK-24-18 5,0 40 6 26 30 0,50 8,3 1,490
PK-25-18 5,0 41 7 27 32 0,36 5,4 1,509
PK-26-18 8,0 39 5 21 24 0,36 5,4 1,497
PK-27-18 5,0 50 5 15 18 0,36 3,5 1,487
PK-28-18 5,0 28 6 23 27 0,34 5,2 1,487
PK-29-18 5,0 48 3 30 32 0,36 5,0 1,494
PK-30-18 5,0 50 9 30 36 0,34 3,7 1,502
PK-31-18 2,0 17 1 10 11 0,73 67,1 nd
PK-32-18 5,0 47 5 37 40 0,36 5,0 1,486
PK-33-18 10,0 10 nd 8 8 0,52 57,2 nd
Cpennee 353 6,9 33,1 37,8 0,39 11,4 1,493

Tpumeuanue: nd — maHHBIE OTCYTCTBYIOT; Vf — BUTPHUHHUT, SV — CEMUBUTPHHHUT, / — HHEPTHHUT, ) OK — CyMMa OKHCIISIONMX KOMIIO-

nentoB, Wa — comepkanue Biard, A% — 30I5HOCTD HA CyX0e BEINECTBO, R, — OTPaKaTENbHAs CIOCOGHOCTD BUTPHHHTA B MACIIIHOM

HUMMEPCHH.

Note: nd — no data; V¢ — vitrinite, Sv — semivitrinite, / — inertinite, ) OK — is the sum of oxidizing components, Wa — moisture con-
tent, A — ash content on dry matter, R, , — the reflectivity of vitrinite in oil immersion.

CyMMa OKHCIISTIONIMX KOMIIOHEHTOB B YTIISIX KOJNEO-
nmercst ot 18 mo 70%. Yromb HEMOCPEACTBEHHO O
BHYTPUIUIACTOBBIM IOPOAHBIM IIPOCIOEM M HAaJl HUM
HMeeT OJM3KHE XapaKTePUCTHUKU 10 COACPIKAHHIO0 OC-
HOBHBIX MAIlepajioB U M0 CYMME OKHCILIOIIUX KOMIIO-
HEHTOB. DTO YKa3bIBaeT Ha OTCYTCTBHE BIHSIHUS H3ME-
HEHUS TeOMHAMUYECKOH 00CTaHOBKH BHYTPH Oacceiina
Ha HaKOIUICHHE JaHHOrO ropu30HTa. [lo-BHIMMOMY, 3Ta
0COOEHHOCTBH OTpaXkaeT HE3aKOHOMEPHBIN, KaTacTpodu-
YEeCKHI XapaKTep HAKOIUIEHHs MOPOIHOr0 MpOCos B
YrOJIBHOM ILIACTE, OOYCIOBICHHBINA a3pOreHHBIM BBITIA-

JIeHHeM MHHEpPaJIbHOTO BELIeCTBA M3 YAAJIEHHOTO HC-
ToyHUKa. Hambomnee BEpOATHBIM IIpeACTaBIsIETCS IO-
CTyIUIEHHE BYJIKAaHOT€HHOW ITHUPOKIACTUKH B OacceilH
yrileHakoruteHus. OT4acTH 5TO MOATBEPIKAAETCS 3HAUH-
TENBHBIMHU TUIONIASIMI PACIIPOCTPAaHEHHUs] JaHHOTO To-
PHU30HTA TIPU CPAaBHHUTEIBHO MaJod, HO JOBOJIHO BHI-
JIEp’KaHHOM MOIIHOCTH OT 6 70 15 cM, penko Ooree.
B paspes3ax u moa3eMHBIX TOPHBIX BBIPaOOTKAaX BEPXHUN
MIPOCIION PAacIiO3HAETCsl MO MOBBIIMICHHOW paJuOaKTHB-
Hoctn B 30-50 MKP/4, cymecTBeHHO HpeBbIMIarONIeH
PaIroaKTHBHOCTD YIJIEBMENIAomMuX mopon. biaromaps
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HaJIMYUIO TOPOJHOI'O ITPOCIOA C MOBBIIIEHHOM pagnuoak-
TUBHOCTBIO T1acT XI jerko I/IL[eHTI/I(i)I/IIlI/IpyeTCFI MCTO-
JI0M raMmMa-KapoTaxa.

MeTtoauka uccijiegoBaHui

Memoouxa onpoboeanusn. OnpoOOBaHKUE MPOBOIH-
JIOCh B TOPHBIX BBIPAOOTKax (B pa3pe3ax W MOI3EMHBIX
BbIpaboTkax) B mepuoxa ¢ 1989 mo 2018 r. Beero ompo-
6oBaHo 12 ceuenwnil. /[Ba ceueHuUs ompoOOBaHO HA IIAaX-
te um. JI.JI. IlleBakoBa, cemb — Ha maxte uM. B.1. Jle-
HUHA, HA OCTAJIBHBIX MPEINPHATUSIX — IO OIHOMY.
Haunbonee nerampHbIi pa3pe3 BoimmonaneH B 2018 r. Ha
paspese Pacnanckuii (puc. 3).

OnpoboBaHUE MPOBOAUIOCH OOPO3TOBEIM METOIOM C
cedeHueM 0opo3apl 15x5cM. JMHa cekiuil onpoboBa-
HUS 3aBUCeNa OT CTENIEHU OJHOPOJHOCTH IJIacTa B BEp-
TUKAJIBHOM pa3pese u Konebamacsk ot 1,5 g0 10 cm mpu
JIETallbHOM HCClieoBaHuM U oT 5 10 70 cM B JIpyrux
cedeHusX. Beero B eTanbHOM pa3pe3e Mpu MOLIHOCTH
rtacta 1,5 M 6bu10 B3TO 34 1po6kL. [TomMuMo yris Obl-
U onpoOOBaHBI KPOBJSI M IOMIOIIBA TIACTA, a TAKXKE
BHYTPUIUIACTOBBIC MOPOAHEIE Tpocion. [Tpu ompobosa-
Huu B npeapiaymue roasl (1989-2002) B apyrux ceue-

0,5

HHUSX TEM e METOJIOM OoTOupaiock oT 8 a0 15 mpod
[ApOy30B u ap., 2000; Apby3oB, Epmios, 2007]. dy0nu-
Katel Ipo6 ¢ maxtel uM. JI.J[. IlleBskoBa B 1992 r. ObutH
nepeaansl  b.®. HudaHToBBIM IS  HCCIIEAOBAHUS
B.B. Cepenuny [1994, 2004].

Ananumuueckue memoosl. B uccienoBaHusX Hc-
MOJIb30BaH KOMIUIEKC COBPEMEHHBIX BBICOKOpa3pela-
IOIUX AaHAJTUTUYECKUX METOMIOB: Macc-CIEeKTPO-METPH-
4eCKUil MEeToJ ¢ MHIYKTUBHO CBsi3aHHOH mia3moil (ICP-
MS), mMeTox aTOMHO-DMHCCHOHHOWH CHEKTPOMETPUH C
WHIYKTUBHO-cBA3aHHOM mia3moit (ICP-AES) u uncrpy-
MEHTaAbHBIN  HEUTPOHHO-aKTUBAIMOHHBIA  aHau3
(MHAA).

Ananmutnueckue uccnenoanust merongom ICP-AES u
ICP-MS BbITIONHEHBI B aHJIMTHYECKOM TIeHTpe JlanbHeBo-
CTO4HOro reonorudeckoro uHeruryra /IBO PAH, r. Bna-
TBOCTOK. OCHOBHBIE TIOPOI000PA3YIOIINE IEMEHTHI (Al,
Ti, Fe, Ca, Mg, K, Na u P B popme okcumoB) onpeseneHbt
¢ nomomrpio ICP-AES Ha cniekrpometpe iICAP 7600 Duo
(Thermo Scientific, CIIIA). AHanu3 MaJbIX >JIEMEHTOB
BemonHeH Ha  Agilent 7500c  ICP-MS  (Agilent
Technologies, SImoHus) B BapuaHTe CIUIABJICHHU C Mara-
Ooparom yuTus U Ha Agilent 7700x ICP-MS B Bapuante
paznoxenus B cmecu kuciot (HF, HNO; u HCIO4).
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PK-2-18
PK-3-18
PK-4-18
PK-5-18
PK-6-18

PK-27-18
PK-28-18
PK-29-18
PK-30-18
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crrrerrrrzzd  PK-31-18
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Puc. 3. Cxema onpoGoBanus yrieii miacra XI Ha paspese Pacnaackmii

Fig. 3. Coals sampling scheme at the seam XI on the Raspadsky open-pit coal mine
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Ananu3 meroqoMm MHAA mpousBoauscst B sepHO-
TCOXMMHYECKOH 1abOpaTOPUU OTAENEHUS T'CONIOTHH
HanuonansHoro uccnenosarensckoro ToMckoro monu-
texuuueckoro yHuepcutera (TIIY) (ucmomnurens —
A.®. Cyabixo). JIns onpeaeneHus cCoaepKaHus UCIOMNb-
3oBanmu Metog MHAA u3 naBecku 200 mr g yrig u
100 Mr mns 301bl Yrasi U YIJIEBMELIAOIMX IOPOJ.
Omnpenenenue coaepxaHust 29 3JIEMEHTOB B YITISX, yI-
JIEBMEILAIOUINX MOpOJaxX U BHYTPUYTOJIBHBIX MPOCIOAX
BO BCEX MP00ax MPOM3BOAMIOCH 0€3 MPeaBapUTENEHOrO
KOHIIEHTPHPOBAHHUS C LIENBI0 N30eXKaTh IOTeph HEKOTO-
POro KOJIMYECTBA XUMHUYECKOTO 3JIEMEHTAa IpU 030Je-
HUU. Jl7s KOHTpPOJS OJHOBPEMEHHO HX COJAEp)KaHUE
OIpenemsuochk U B 3oie yris. OOnydeHne mpobd HEHTPO-
HaMH BBINOJIHEHO HA HMCCIEI0BATENbCKOM SIEPHOM pe-
axkrtope IPT-T Hay4Ho-HcCne10BaTENBCKOIO HHCTUTYTA
smeproit ¢pusuku TITY. KadecTBO HeHTpOHHO-aKTHBA-
LMOHHOTO aHajiu3a KOHTPOJIMPOBAJIOCH MO Pa3IUYHBIM
CTaHAapTaM 30Jbl YISl U TOPHBIX MOPOJ, B TOM YHCIE
no crangapry 3YK-2 (3oma yrns Kancko-AuuHcKOro
Oacceiina).

Conepxkanue pTyTH B Mpodax Onmpenesiii Ha aToM-
HO-a0CcOpOIIMOHHOM criekTpoMeTpe PA-915+ ¢ ucmons-
30BaHMEM Tnakera mporpaMmMm RA9ISP (ITHJ @
16.1:2.23-2000). IIpoOsr yriis U TOPHBIX MMOPOA aHAIH-
3UpOBajl C TOMOUIbIO HUPOJUTHUYECKONW TNPHUCTABKH
[MUPO-915 (meron nuponusa). [uama3oH uzMepeHUi
ISl MACcCOBOH JIOJIM 0OIIel PTYyTH B IpoOax cOCTaBIsIET
or 107 r/t 10 10 /.

Jiig u3ydeHus Xapakrtepa pachpefesieHUusT MHUHe-
paJIbHOTO BEUIECTBA B HEYTOJBHBIX MPOCIOAX U MpHUIIe-
ralomnieM K HUM MPOCTPAHCTBE, aHaJU3a UX TEKCTYPHO-
CTPYKTYPHBIX OCOOEHHOCTEH BBIIIOJHEHO IeTporpadu-
YecKoe M3ydeHHe NITH(OB Ha ONTHYIECKOM MHKPOCKOIE
Axioskop-40.

JuarHoctuka cocraBa MUHEPaJbHOIO BEIIECTBA He-
YTOJIBHBIX MPOCTIOEB, B TOM YHCIE TIMHUCTBIX MHUHEpa-
JIOB, TIPOBEJICHA PEHTIeHO(pA30BEIM METOAOM AaHAaJH3a.
Pentrenodas3oBslii aHAmU3 BBHIIOTHEH B JIA0OPATOPUH
auTonorud TOMCKOro Hay4HO-HUCCIEAOBATENbCKOIO U
MPOEKTHOT'O HHCTUTYTa HE()TH U Ta3a Ha PEHTT€HOBCKOM
madpakxromerpe RIGAKU ULTIMA IV ¢ peanu3zanueit

ChEMKH PEHTIeHOrpamMM B reomeTpuu bparra-bpenTtano
(ucrmomautens E.C. KongpamoBa). Cremka qudpakTo-
rpaMM MpOBOAMJIACH TPU CIEAYIOIIUX IapaMeTpax:
anox — Cu (Mezp), HaNMPsDKCHUE PEHTICHOBCKOU TPYO-
ku — 40 kB, Tok — 30 MA, momHOCTE — 1,2 XBT, CKO-
poctb cheMku 1°/muH, mar 0,02°, yriael ceeMku 20 oT 5
no 70°. Jlns ynydiieHWs KadectBa PeHTreHo(ha3oBOro
aHanmM3a W WICHTH(UKAMM MUHEPAJOB C HHU3KUM CO-
JepIKaHUEM MPUMEHSUIHCH CIICIHabHBIE METOIBI 00pa-
6otku mpod [Moore, Reynolds, 1997]. OcHoBHO#T MuHe-
paJIbHBII COCTaB BO BHYTPUYTOJIBHBIX MOPOAHBIX IMPO-
CIOSIX W YTJIEeBMELIAIOUINX MOPOAaX OIMpEeNeNeH Takxke
Ha mudpakromerpe D2 Phaser ¢upmsr Bruker (ucmon-
Hurens b.P. CokToeB).

UzyueHne MHKpOMHHEPaIbHBIX (OPM DIEMEHTOB B
YIJISIX U 30J1aX YTJIel MpOoU3BOIMIIOCH HA CKAHUPYIOIIEM
anexkTpoHHoM Mukpockorne (COM) Hitachi S-3400N B
MUHOLI «YpaHoBasi T€0Jorus» B OTACICHUH T€0JIOTHH
TITY. CocrtaB BKIIIOQUYEHHUN OINPEACISUICS C TOMOIIBIO
SHepro-aucnepcuonHoro crekrpomerpa Bruker XFlash
4010/5010 mns mpoBeIEeHUS PEHTIEHOCIEKTPAIHLHOTO
aHamm3a. VccnemoBaHnue mpoO BEITONHSIIOCH B PEKIME
HU3KOTO BaKyyMa C JIETEKTOPOM OOpaTHO-PaCCESTHHBIX
anekTpoHoB. OTOOp MpPoO A M3TOTOBJICHHUS Ipenapa-
TOB U nocuexyrouiero COM ucciaenoBaHust OCyLECTB-
JISUICSL HA OCHOBAaHUM PE3YNIbTATOB aHaIM3a Mpod METo-
nmamu MHAA wu ICP-MS. I'maBHBIM KpHTEpueM OTOOpa
mpo0 yIiIs ¥ 30761 YIS OBLTO aHOMAJIBHOE CONEPKAHUE
B HUX UCCIIEyEMbIX PEIIKUX 3JIEMEHTOB.

Pe3yabTarsl neciie10BaHNM

Xumuueckuit cocmag yans, 301t y2na
U nopooHozo npocnos 6 naacme XI

Cpennee cozep)kaHue 3JIEMEHTOB-IIPUMEcEed B YIIIsX,
3ome ymis U B mapruare miacrta X1 mokaszaHo B Tabm. 2.
Kak cnemyer w3 3THX IaHHBIX, YIJIH U OCOOCHHO 30JIBI
yIIIel XapaKTepU3yIOTCsl aHOMAIBHO BHICOKMMH KOHIICH-
tparmsmu Nb, Ta, Zr, Hf, Ag, Be, Sn, Y, REE, moBsI-
IICHHBIMU TI0 CPAaBHEHHIO C YTONBHBIM KIAPKOM COIEp-
skaausimu Li, Ga, Co, Ni, Cu, Ba, Mo, W, Pb u Th.

Tabnuma 2
Copnep:xaHue 3j1eMeHTOB-NIpUMeceii B YIJIfAX, 30/1aX yriieil 1 mopogHom npocioe B miacre XI, r/t
Table 2
Content of the trace elements in coals, coal ashes and rock interlayer in the seam XI, ppm

Bepxwusis mauka 1 Hmxusa nauka Bech mmact Knapg’ 4
Dnement Yrons 3oma Topona Yrons 3oma Yrons 3oma 3oma’ Yrons 3oma KK
Li 34,0 239 43.2 12,7 128 21,9 186 136 12 66 2,8
Be 5,9 41,5 14,6 2,9 29,3 4,2 36,6 26,4 1,6 9,4 3,9
Sc 2,4 16,9 7,8 0,92 9,3 1,6 13,7 10,4 3,9 23,0 0,6
\Y% 17,6 123,9 49,6 7,2 72,7 11,7 103 78,0 25,0 155 0,7
Cr 15,0 106 79,6 8,4 84,8 11,2 98,5 86,2 16,0 100 1,0
Co 18,5 130 12,1 8,6 86,9 12,9 113 68,6 5,1 32,0 3,5
Ni 27,7 195 25,5 24,9 252 26,1 229 140 13,0 76,0 3,0
Cu 19,0 134 60,5 10,7 108 14,3 126 97,2 16,0 92,0 1,4
Zn 16,3 115 291 11,9 120 13,8 121 176 23,0 140 0,9
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SIeMCHT Bepxwusis mauka Hoponal Hrxasst mauka Becw uract Knapk® Kict
Yronb 3om1a Yronb 3oma Yronb 3omna 3ona’ Yronb 3oma
Ga 5,3 37,3 80,6 3,2 32,3 4,1 36,1 51,6 5,8 33,0 1,1
Ge 0,9 6,2 3,4 0,9 8,9 0,9 7,5 6,0 2,2 15,0 0,5
As 1,6 11,4 6,0 3,8 38,2 2,8 24,2 16,8 8,3 47 0,5
Se 1,1 7,7 6,8 0,8 7,7 0,9 7,7 7,5 1,3 8,8 0,9
Br 1,5 10,7 0,83 0,8 7,9 1,1 9,7 5,8 5,2 32 0,3
Rb 6,0 42,2 62,8 2,6 26,3 4,1 35,8 44,5 14,0 79 0,5
Sr 28,8 203 205 94,0 949 65,8 578 417 110 740 0,8
Y 20,7 146 118 15,0 152 17,4 153 129 8,4 51,0 3,0
Zr 207 1457 1910 217 2191 213 1870 1751 36,0 210 8,9
Nb 65,5 461 264 78,5 793 72,9 650 482 3,7 20 32,5
Mo 49 34,4 0,7 2,3 23,7 3,5 30,3 17,8 2,2 14,0 2,2
Ag 0,39 2,8 2,8 0,38 3,8 0,38 3,4 3,1 0,095 0,61 5,6
Cd 0,18 1,3 2,6 0,16 1,6 0,17 1,5 1,8 0,22 1,2 1,3
Sn 1,0 7,0 35,0 1,2 11,7 1,1 9,4 17,6 1,1 6,4 1,5
Sb 1,0 6,9 1,3 0,6 6,1 0,76 6,7 4.4 0,92 6,3 1,1
Te 0,017 0,12 0,2 0,020 0,20 0,018 0,16 0,17 H.n. H.n.
Cs 0,30 2,1 4,0 0,17 1,7 0,22 2,0 2,7 1,0 6,6 0,3
Ba 157 1105 565 151 1525 154 1348 1 006 150 940 1,4
La 12,1 85,2 149 19,1 193 16,1 141 140 11 69,0 2,0
Ce 23,6 166 302 36,6 370 31,0 272 277 23 130 2,1
Pr 2,7 19,0 32,5 4,1 41,4 3,5 30,9 30,7 3,5 20,0 1,5
Nd 9,7 68,3 107 14,1 142 12,2 107 104 12,0 67,0 1,6
Sm 2,3 15,9 24,0 3,0 30,3 2,7 23,5 22,5 2,0 13,0 1,8
Eu 0,29 2,0 1,6 0,26 2,6 0,27 2,4 2,0 0,47 2,5 1,0
Gd 2,7 18,7 26,0 2,92 29,5 2,8 24,7 23,6 2,7 16,0 1,5
Tb 0,47 3,3 4,5 0,46 4,6 0,46 4,1 3,9 0,32 2,1 2,0
Dy 3,1 21,5 24,2 2,6 26,0 2,8 24.4 22,5 2,1 14,0 1,7
Ho 0,71 5,0 4,5 0,54 5,5 0,61 5,4 4,7 0,54 4,0 1,4
Er 2,16 15,2 12,2 1,56 15,8 1,82 16,0 13,5 0,93 5,5 2,9
Tm 0,31 2,2 1,8 0,22 2,2 0,26 2,3 1,9 0,31 2,0 1,2
Yb 1,82 12,8 9,7 1,34 13,5 1,55 13,6 11,0 1,0 6,2 2,2
Lu 0,28 2,0 1,5 0,19 1,9 0,23 2,0 1,7 0,20 1,2 1,7
Hf 3,4 23,7 76,4 4,1 41,3 3,6 31,8 42,1 1,2 8,3 3,8
Ta 0,45 3,2 56,4 0,99 10,0 0,79 6,9 22,0 0,28 1,7 4,1
w 2,1 14,6 2,7 0,87 8,8 1,4 12,2 8,2 1,1 6,9 1,8
Re, mMr/t <1 <7 <1 1,5 16 1,0 8,0 4,6 H.n. H.n.
Au <0,002| <0,01 <0,002 <0,002 <0,01 <0,002| <0,01 <0,01 0,0037 0,022
Hg5 12 84,5 763 17 172 15 127 379 100 750 0,2
Tl 0,052 0.36 0,76 0,054 0,55 0,053 0,47 0,62 0,63 49 0,1
Pb 11,3 79,6 39,8 7,4 75,1 9,1 79,9 62,0 7,8 47,0 1,7
Th 4,5 31,7 80,7 3,9 39,5 2,9 25,6 32,4 3,3 21,0 1,2
U 1,72 12,1 15,9 1,70 17,2 1,6 13,6 14,3 2,4 16,0 0,9
> P39 62,1 437 700 87,1 880 76 670 660 60,1 353 1,9

Tpumeuanue: H.. — HeT maHHBIX; | — BYIKaHOTCHHBIN IPOCIOH; 2 — B 30JI€ YIUIS C IIOPOAHBIM IPOCTIOEM; 3 — KIIApK IS YIIIeH 1o
[Ketris, Yudovich, 2009]; 4 — KK — oTHOmeHne cpeHEero CoAepKaHMs B 30JI€ YIUIS K KJIAPKY [UIS 30116l yriel; 5 — B mr/T. Coneprkanue
Hg, Tl, Re, Li, As, Sb, Br B 301e yrist onpeziesieHo ImyTeM repeciera ¢ COAEPHKAHMUS B yriie.

Note: H.i. — no data; 1 — volcanogenic interlayer; 2 — in coal ash with rock interlayer; 3 — clarke for coal according to [Ketris,
Yudovich, 2009]; 4 — KK — the ratio of the average content in coal ash to clarke for coal ash; 5 — in ppb. The content of Hg, Tl, Re, Li,
As, Sb, Br in coal ash is determined by recalculating from the content in coal.

Ha nokanbHBIX MHTEpBANaX UX CONCPKAHUE MOXKET
JOCTUTATh 3HAYUTEIBHBIX BENHNYNH. Tak, KOHIIEHTpAIUU
IUPKOHHUSL HEMOCPECTBEHHO HaJ MOPOIHBIM MPOCIOEM
nocturarot 1,39%, a muodus — 0,43%. B6nusu nmopon-
HOT'O TIPOCNOS M HEMOCPEJCTBEHHO B HEM aHOMAJbHEI
MHOTHE JIUTOQWIBHBIE 37eMeHThl. ConepKaHue UTTPUS
nocturaet 286 r/t, radpuus — 173 r/t1, onosa — 31 /1,
ramwms — 81 /1, 6epumus — 109 r/T, CcyMMBI TaHTaHOH-
noB — 0,19%, topus — 97,8 /T, ypana — 59,4 1/T, BOIb-
¢dpama — 43 r/t, TanTana 71 r/t. Bece 5TH aHOMamMH OT-

YEeTIIMBO TPUYPOYCHBI K MAJOMOIIHOMY IOPOIHOMY
TOPU30HTY. ['OpU3OHT BBIAEISCTCS IOBBINICHHOW pa-
nmuoakTuBHOCTRIO (30-50 MKP/4) m aHOMAaNBHBIM CO-
nepkaHueM OOJBIION TPYHIBl JTUTO(PUIBHBIX PEIKHX
MerajuioB, Bkimouas Zr, Nb, Ta, Hf, Y, P33, Sn, Thu U
(tabm. 2).

AHOMAITHHBI B 30J1aX IV KOHIICHTpAIlMU U HEKOTO-
PBIX IPYTHX dIEMEHTOB. Tak, B pa3iMYHbIX y4acTKax Iuia-
cTa colepKaHWe MM B OTIEIBHBIX MPOOaX 30JbI YIS
npessiiaet 400 r/t, nuaka — 400 /1, cBuHIa — 196 1/T.
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B coBOKYNMHOCTH 3TH JaHHbIE MMO3BOJISIOT BBIIEIUTH
B miacre XI cnemududeckoe Nb(Ta)-Zr(Hf)-P33(Y)
OpYICHEHHE C TPYIIOW MOMYTHBIX JATOQWIBHBIX Me-
tamoB (Ga, Li, Sn u np.) Pynsl Takoro cocraBa BbISIB-
JeHbl U netanbHo m3ydeHel B Kutae [Dai et al., 2010,
2012]. Ognako opyaeHenue B ruiacte X1 obnamaer cBo-
€ SIPKO BBIPAKECHHOH CIe(UKOH, 00YCIOBICHHOM
KaK OCOOCHHOCTSIMH UX COCTaBa, TaK M OCOOCHHOCTSIMH
cocraBa IMOpOJ, PaccCMaTpUBAaEMbIX B KaueCTBE HCTOY-
HUKa OpPYACHEHHUSL.

Huobuii u manman. HanGonee 3HaunMsbI B miacte X1
YPOBHH HaKOILUICHUSI HUOOWs U TaHTana. KoHueHTpanus
HUOOWS B CpeIHEM JUTs 30JbI YIiisl cocTtaBiser 650 1/,
yTo B 32,5 pa3a MpEeBbIIIAET CPETHUE JaHHbIE JUIS 30JIbI
yriasi Mupa. CpeaHeB3BEIIEHHOE ISl 30JIbl YIS C y4e-
TOM MTOPOJTHOT'O TIPOCIIOSI HECKONbKO HIbke — 482 1/1. B
mepecuere Ha OKCHUIbl 3TO, COOTBETCBEHHO, 930 u

b

0,5

1,5m

40r/T, Ta 0
I

!
40r/T, Ta 0]

689 r/T. B mOpPOIHOM BHYTPHILIACTOBOM IPOCIOE CO-
JiepKaHue HUOOMS cocTaBisieT 264 r/T, uto Takke B 10,6
pa3a BBl KIIapKa I 3€MHOH KOPBI.

Pacnipenenenne HHOOMS B pa3pese IiacTa BeChMa He-
paBHOMepHO. BumHa oTueTMBasg —MPHUYPOYECHHOCTH
HAHOONBIINX KOHIICHTPALMA K TOPOJHOMY IPOCIIO0
(puc. 4), uro Mo3BOJISET CBA3ATh UX TreHe3uc. [Ipu aTom
YPOBHH HAKOIUICHUS] HUOOUS B 30JI€ YIJIS HAJ TOHIITEH-
HOM BBIIIIE, YeM IOJl HUM. 30Ha O0OTameHus HaJ Mpo-
cioeM Ooree KOHTPACTHASI, HO MEHBIIIE IO MOIIHOCTH, a
O] HUM — MEHEe KOHTPACTHAs, HO OOIBIIE IO MOIIHO-
ctu. Cozeprkanne HIOOHS B 3011€ 371ech cocTaBisieT 0,43—
0,13%. Cpemnue coaepykaHusi U OCOOCHHO JIOKAJbHBIE
KOHIICHTpAllMK HUOOWS B 30J1€ YIJISl CYIIECTBEHHO IIpe-
BBIIIAIOT T€, YTO ONMMCAHBI B YIIICHOCHBIX OTJIOXKEHHSIX B
Kurae u B apyrux permonax mupa [Cepemun, 2004;
Seredin, Finkelman, 2008; Dai et al., 2010, 2012, 2014].
1000

2000 3000 r/T, Nb

[$)16)]
~o

| | |
1000 2000 3000 r/T, Nb

Puc. 4. Pacnpenenenue Nb u Ta B paspese miiacra XI, paspe3 Pacnaacknii

Fig. 4. Distribution of Nb and Ta in the section of seam XI, Raspadsky open-pin coal mine

YHHKaTbHAS OCOOEHHOCTH TTOPOTHOTO IIPOCIIOSL — 3TO
BBICOKOE COZIepKaHHME TaHTasla, COCTABIAIONIEE B Cpell-
HeM s 12 cedenwit 42 1/T mpu Bapualnmax ot 28 1o
71 r/1. Bomee BhICOKHE JOKAIBHBIC KOHIICHTpPAIMH, IO-
cruraromue 220 r/T, OTMEYEHBI TOIBKO B OJHOM YTOJIb-
HOM MecTopoxkaeHuu mupa [Bouska, Pesek, 1999]. Hu-
00MIf-TaHTAJIOBOE OTHOIICHUE MPU 3TOM H3MEHSETCS OT
4 no 6 B mopogHoM Mpociioe u ot 79 no 144 B 3o1ne yrus
HUKHEW U BEpXHEH MavyKd COOTBETCTBEHHO. JTO CBHIE-
TENLCTBYET O CYIIECTBEHHO 0OOJiee BHICOKOW MOIBUIKHO-
CTH HUOOWS IO CPaBHEHHIO C TaHTAJIOM B IPOIIECCE
mpeoOpa3oBaHus MPOCIOs, BEIHOCE HHOOUS U (hOPMHUPO-
BaHUHU PEIKOMETAIUIBHOTO OPYIEHEHHs B MPUKOHTAKTO-
Boil 30He. Cozep)kaHus TaHTaja B 30Ji€ YIJI B HIDKHEH

mauke 10 1/T, a B BepxHeld — Bcero 3,2 I/T Mpu aHOMAaJIb-
HO BBICOKHX cojepkaHusx HuoOus (tabm. 2). Takue
0COOCHHOCTH pacIpeielieHUs] TaHTajla U HUOOWS U TaH-
TaJ-HHOOWUEBOrO OTHOIICHUS B Pa3pe3e YroJbHOro Iuia-
CTa OMMCAHbI JUIsl YIIIed MO3JHEeNepPMCKOro Bo3pacTa U3
MecTopoxklieHus: XyauHmian B lOro-3amagnom Kutae
[Dai et al., 2014].

Lupronuii u eagnuii. CpenHee comepkaHue IUPKO-
Hus B yrie riacta X1 cocrasnser 213 /1, B 3071€ yriast —
1 870 1/, B 30J1€ YIS C YY4E€TOM MOPOJHOTO MPOCIOS —
1751 r/t (cM. Tabn. 2). B mepecuere Ha OKCHIBI 3TO
2256 u 2365 1/t coorBerctBeHHO. Ko3dduiment
HaKOIUIEHUs] IIUPKOHUA B 30ie yrisg miaacta X[ mo or-
HOILIEHUIO K CpeAHEeN OLIeHKE Ui yrilel Mupa cocTaBis-



IF'EOXUMUA, MUHEPAJIOT' S U TEHE3UC PEAKOMETAJIJIBHO-YT'OJIBHOI'O MECTOPOXEHW A 43

et 8,9. IMpocnoii comgepxkut 1910 /T HUPKOHHS, YTO
Takke B 10 pa3 BbIlIe KIapka A BEpXHEH KOHTHHEH-
TaJIbHOU 3€MHOM KOPBI.

Jns upKOHUSA XapaKTEpeH TaKO# ke THUI pachpe-
JeJICHUsI B paspe3e Ijiacta, 4YTO W JJIS HUHOOWS.
HauGonpiire KOHIEHTPAUUHU B 30J¢ YIS OTMEYCHEI
HEMOCPEACTBEHHO Haj MOPOAHbIM mpocioeM. OHHU
nocturatoT 1,39%. 3oHa oboramieHus yrisi BEepxHEH
Maykd HaJ MPOCIOEM HE3HAYHUTEJbHA MO MOI[HOCTH.

0 50

100 r/1, Hf 0

) T T T
(IS Ard 1
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B HmxHel mayke 30Ha oOoramieHWsi XOTS W HE TakK
KOHTPACTHA, 3aTO CYIIECTBEHHO OOJbIE MO MOIIHO-
cru (puc. 5).

Takol THN pacnpeneneHus UPKOHUS BOIU3U H3Me-
HEHHOHI BYJKAaHOT€HHON NHUPOKIACTHKH — TOHIITEHHOB
BBISIBJICH JIABHO W OMHCAaH JJIs1 HECKOJbKUX PETHOHOB
[Crowley, Stanton, Ryer, 1989, Hower, Rupport,
Cortland, 1999; Apby30B u ap., 2000; Arbuzov et al.,
2016; Beprynos, Apoy3os, Cobonenko, 2019].

2000 4000 6000 r/T, Zr
|

13900

| I I
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Puc. 5. Pacnpenenenue nupkonust u rapuus B paspese miacra XI, papes Pacnagcknii

Fig. 5. Distribution of zirconium and hafnium in the section of the seam XI, Raspadsky open-pin coal mine

Coneprkanue radHuUs TaKke aHOMaNBHO. B cpennem
B 30II¢ Yrisl oHO coctaBiser 31,8 r/T, B 301e ¢ yuerom
nopoaHoro mpocios — 42,1 1/t (tabn. 2). Koaddurument
HAaKOIUIEHUS] IO OTHOILIEHHUIO K CPEAHEMY COJAEPHKAHUIO
B yriiax Mupa — 3,8. B mpocnoe coaepkutcs B CpeHEM
76,4 /T rapuus, yro B 13,2 pasza BeINIe KIapKa s
BEpXHEW KOHTHHEHTAJIbHON 3€MHOW KOPHI.

Pacnipenenenue radHus B pa3pese MOBTOPSET paclpe-
JieJIeHHe IIUPKOHUS, YTO HEYJAUBUTENBHO, YUUTHIBAS T'€0-
XMUMHYECKOE CPOACTBO ATHUX dieMeHToB. Ho mpu sTOoM
IUPKOHUN — rad)HHEBOE OTHOIICHHE B 30J1€ YIS BOIU3H
nopoaHoro mpocios (60—-80) cyiiecTBeHHO BBIIIE, YeEM B
camom mpocioe (30) u B 3051€ yriid Ha yaJleHUHd OT HEro
(30—40). D10 ykaspIBaeT Ha MEHBIIYIO TOABMKHOCTE Hf B
JTAaHHBIX YCIIOBUAX MO CPaBHEHUIO C Zt.

Peokozemenvuvle snemenmvl (MAHMAHOUObL U UM-
mputi). VI3 rpymibl peiKo3eMeNnbHBIX 3JIEMEHTOB CyILle-
CTBEHHOE HAKOIUIEHHWE YCTAHOBJIEHO TOJIBKO JUIS JIAHTa-
HOHMJIOB M UTTpHs. YTUIM, 3076l YIJIEW W TOPOJHBIN TpO-
cioir OemHbl ckaHAWeM. MakcuMallbHBIE JOKAJIbHBIE

KOHIIGHTPALlMKM CKaHAMs B 30JI€ yIVId HE MPEeBbIMAIT
28,8 r/T.

CpenHee coiepKaHH€ CyMMBbl JIAaHTaHOMJIOB M HT-
Tpus B yrae mwiacta XI cocrasnser 93,4 r/T, B 301e yr-
ns1 — 823, B 3011€ yriIsA ¢ yderoM npociios — 788 /1 (cMm.
Tabn. 2). B mepecuere Ha okcUAbI 3TO cocTaBisieT 975 u
934 r/1. 3HaYeHNs TH HEBEIUKH, HO B 2 pasa MPeBbI-
LIAI0T KJIAPK JUIA 30JIbI YTJIS.

Pacnpenenenyne naHTaHOMAOB B pa3pe3e HE Tak OT-
YEeTJMBO MPUBA3AHO K IIOPOJHOMY MPOCIOI0, KaK 3TO
YCTaHOBIICHO JUISl HHOOWS W IUPKOHUS, YTO MOXET OBITh
00yCIIOBJIEHO OOMNbIIeH MOABHKHOCTh P3D B BoIax 30HBI
rurneprenesza. OTYETIMBO 00OralaeTcsl y4acToK Iuiacta
HEMOCPEACTBEHHO TOJA MPOCIOEM. DTO CKa3bIBAETCS Ha
pa3nuuuu B copepxanu P30 B BepxHel U HIDKHEH may-
Ke. B HIDKHel mauke B 30J1€ YIUIA COAEP)KaHHE CyMMBbI
P35 — 880 r/t, a B BepxHel — ToabKO 437 1/T.

B cootBerctBum ¢ pekomenganusmu B.B. Cepenu-
Ha u III. Jas [Seredin, Dai, 2012], nms npeaBaputens-
HOI OLIEHKH YCJIOBHUU HaKOIJIEHUS JAaHTaHOUJOB B YT-
JIIX BBIIOJIHEHO HOpPMHUpOBaHHE conepxkaHuii P30 B
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yriie 1 30j€ yriii Ha KJIapk B 3eMHOHM kope. Hopmupo-
BaHHbIE HAa KJIApK B BEPXHEH KOHTUHEHTAJIbHOW 3eM-
HOU kope mo [Taylor, McLennan, 1985] rpaduku mo-
Ka3bIBaIOT, YTO B BEPXHEH Mayke mpeicTaBieH H-tum

HakorieHne P3D 3a cUeT THUAPOTrEeHHOro MexXaHH3Ma
(puc. 6). [Ipy 3TOM OTYETIMBO MPOSABIIEHA EBPOIHUEBAS
aHOMAJIHsl, YKa3bIBAIOIIAsl Ha IIPESHMYIIECTBEHHOE BIIH-
SIHAE TIOPOJ KHCIIOTO cOocTaBa Ha HakoruieHue P3D B

Fpa(bI/IKa, YKaSLIBaIOIIII/Iﬁ Ha NpEeUMYyHIECTBEHHOC yroeix 9TOH MAYKH.
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Puc. 6. HopmupoBanubie rpagpuku pacnpeaeienust P39 B 3oie yris Bepxneii nauku niaacta XI (Kysbacc)
HopmupoBano Ha Kiapk B BepXHEil KOHTHHEHTAIbHOH 3eMHON Kope [Taylor, McLennan, 1985]

Fig. 6. Normalized graphs of the distribution of REEs in coal ash of the upper pack of layer XI (Kuzbass)
Normalized to clarke in the upper continental crust [Taylor, McLennan, 1985]
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Puc. 7. HopmupoBanHubie rpadpuku pacnpeaeaenust P39 B 3oie yris anxHeil maukn miacra XI (Kysoacce)
A — yrons 1oj HOpOAHBIM HpocioeM; B — cpemmsst acTs yrompHo# mauky; C — HIDKHSSL 9acTh yronbHOH mauku. HopmupoBano Ha
KJIIapK B BepXHeW KOHTHHEHTAJIBHON 3eMHOM Kope [Taylor, McLennan, 1985]

Fig. 7. Normalized graphs of the distribution of REE in the coal ash of the lower pack of the seam XI (Kuzbass)
A — coal under the rock interlayer; B — the middle part of the coal bench; C — lower part of the coal bench. Normalized to clarke in the

upper continental crust [Taylor, McLennan, 1985]
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OTpuuatenbHas €BpoNueBas aHOMAJIUsl COXPAHSIETCS
U B HWXKHEH mnauke. Ee KOHTpPacTHOCTh MOCTENEHHO
YMEHbILIAETCA Ha YIAJIEHUH OT MPOCIos K MMOJIOIIBE IIa-
cra (puc. 7). B HIKHEH THavyke HEMOCPEACTBEHHO IIO]]
npocaoeM MnposiBieH L-M-Tun HopMUpOBaHHOW KpUBOKI
(cMm. puc. 7, A), KOTOpBIA TOCTEIIEHHO MEPEXOIUT B
H-tun (puc. 7, B), a 3atem BHOBb B L-tun (puc. 7, C).
[Tepexoa MpoMCXOAUT MOCTENEHHO, YTO ABJISETCS Clel-
CTBUEM TMPOSIBICHUS TEOXUMHUYECKOW 30HAJIbHOCTH,
00YCIIOBIICHHOW pa3HOH MOABHIKHOCTBIO JIETKUX W TH-
)kenbix P32 B BOAHBIX pacTBOpax M, CIENOBATEIbHO,
YKa3bIBaeT Ha Ba)KHOE 3HAYEHHE IMPOLECCOB Iepepac-
MIpE/ICICHUs JIEMEHTOB KaK Ha CTaJuu TOpdOoHAKOIUIe-
HUS, TaK U B MOCIEAYIONIEM IPeoOpa30BaHuU YIIICH.

Tannui. X0Ts TAUMH W HE ONpeneNseT HKOHOMHUYe-
CKOE 3HaueHHE PEIKOMETAJUILHOTO OpYAECHEHHs Iulacta
X1, 0JHaKO OH SIBJISIFOTCS BaXKHBIM COMYTCTBYIOILIUM 3Jie-
MEHTOM C COJAEPX aHUSAMH, COMOCTaBUMBIMU C MPOMBIIII-
JeHHo 3HaunMbiMu BenmuuHamu [Cepeaun, 2004,
Seredin, Dai, 2012; Dai et al., 2012; Dai, Finkelman,
2018]. B yrne u 3071€ yris coAepikaHue rajuiisi paaoBoe,
COIOCTaBUMOE CO CPEJHUMH JaHHBIMU JUIA yIJied Mupa,
HO B MOPOJHOM Mpociioe oHo gocturaeT 80 r/t. Iammmit
cabo MUTPUPYET B TIpoIlecce MPeoOpa3oBaHus MUPOKIIa-
cTHKA. B CBsI3M ¢ 3TMM MM 00OramieHbl yriik TOJNBKO B
HEMOCPEICTBEHHOM KOHTaKTe C IpociioeM. B cpennem Ha
IUIACT €r0 COZAepXaHue B 30Ji¢ yriis paBHO 51,6 /T (oM.
Tao6m. 2). ITo 370l XapakTepuUCTHKE rajuid 030K K TaH-
tary. OHE 00pa3yIOT €IMHYIO aCCOIHAIIHIO.

Paouoaxmuenvie snemenmuvr (ypan u mopuii). Co-
JiepKaHue PaJuloaKTUBHBIX 3JIEMEHTOB B YIJISIX IUIacTa
XI panexko OT MPOMBIIIJIEHHO 3HAYUMBIX, HO MPH 3TOM
HMMEET Ba)KHOE WHIMKATOPHOE 3HAUYEHHE IMPH BbISBIIE-
HUM TIOJO0HOTO THIA OPYACHCHHS B YIJLax. Pammoak-
TUBHBIC DIIEMEHTHI TI03BOJISIIOT OOHAPYXKHUTH 00OTaICH-
Hble MCKOMOM TPYMION PEeIKUX 3JIEMEHTOB T'OPU3OHTHI,
OTBETCTBEHHEIC 32 (POPMHpPOBAaHUE IOJOOHOTO THIA
PEeIKOMETAIUIBHOTO OpyJeHeHud. brarogaps X MOBBI-
menHoi paguoaktuBHOCTH (30-50 MKP/4), oHHM Jerko
BBISIBJISIFOTCA MPH TaMMa-KapoTa)ke WM MPH UCIONb30-

BaHUHM MaJIOra0apUTHOIO PaTUOMETPHUYECKOrO 000pY-
JIOBaHMSI HEMOCPEJACTBEHHO B TOPHBIX BBbIpAOOTKaX.
Cpennee conepxaHue ypana B 3o0i1e yriis miacta XI co-
crasnsier 14,3 /T, Topust — 25,6 I/T, 4TO COOCTABUMO C
KJIApKOBBIMH 3HaueHHsMu (Tadm. 2). B To ke Bpems
naprusr copepxut 80,7 r/t Th u 15,9 r/Tr U. B 30me yr-
JIs Ha KOHTaKTe C TOPOJIHBIM MPOCIOEM COJIEPKaHUE
topust mocturaer 97,8 r/tT, a ypana — 59,4 r/t. Ux pac-
Mpe/ieNieHue B pa3pe3e ONU3KO K PaclpeleNiCHUI0 JIpy-
THX CHENU(PUYHBIX IS TAHHOTO OPYACHEHHS JJIEMEH-
TOB. BBICOKMIT KOI((DUIIMEHT KOPPEIIUN MEKIy ypa-
HOoM U TopueM B yrie (0,92) u 3ome yris (0,84) cBuze-
TEJNbCTBYET O COBMECTHOM MX MUIPAllUU U YKa3bIBaeT Ha
BOCCTAHOBMTEJbHBIE YCIIOBUS Cpe/ibl. B OKMCIUTENBHBIX
YCIOBUSAX YpaH OKHCISIETCS ¢ 00pa3OBaHUEM YpaHWII-
HOHA W MUTpUpPYeT OoJee aKTHBHO, B CBSI3H C YeM KOp-
peNSMOHHAA CBSA3b HAPYIIAETCA.

MuHepaibHbIH COCTAB

leoXxuMHYECKUE HMCCICIOBAHMS MMOKA3aH, YTO BBI-
sBieHHOe KomrutekcHoe Nb-Ta-Zr-Hf-Y-REE-Ga opy-
neHeHnue B miacte X1 TeCHO CBsI3aHO ¢ HOPOJHBIM TIPO-
CITOEM, pa3[elsIoNMM IacT Ha aBe mauku. Comepxa-
HUE OCHOBHBIX ICHHBIX 3JIEMCHTOB OTUETIMBO CHHKA-
eTCsl IIPU yAaJeHUU OT mpociios. CaM MapTHHT TaKKe
AHOMAJIEH 110 COJIEPXKAHUI0 ITHX DJIEMEHTOB. B uacTHO-
CTH, COIep)KaHHe TaHTaga B HeMm jgocturaer 70 r/T u
paccMaTpUBAETCsl KaK MPOMBIILICHHOE OpY/ACHEHHE.
B CBSI3U ¢ 3TUM MUHEPANbHBIN COCTAB MOPOIHOrO MPO-
CIIOS IPEICTABIISICT 0COOBIN MHTEpEC.

HUccnenoBarue merporpaduueckoro cocraBa MOpOIHO-
TO TPOCITOS Ha ONITHYECKOM MUKPOCKOIIE ITOKA3aJ10, YTO OH
TpeZCTaBIsieT co00i OOIOMOUYHYIO MOPOAY AIEBPUTOBOM
pasmeproctd. OCHOBHAas Macca MOpPOAbI  [JIMHUCTO-
TUIPOCITIONUCTAs. B Hell MHOrO4YHCIIeHHBIE MOPUPOKIIA-
CTHI KBaplia M TIOJIEBBIX INMATOB. PAaCIONOXEHHE 3epeH
HEOPHEHTHPOBAHHOE, CTpaTH()HUKAIMS B TPOCIOE HE Mpo-
cmatpuBaercs. CaMu 3epHa yrioBaThbie, 03 CIe/IOB OKa-
TAHHOCTH, PACIIONIOKEHBI OecopsaaouHO (pHc. 8).

Puc. 8. Ctpykrypa nopoas! npociaos B macre XI. Onrudeckuii MEKPOCKOII.
IIpoxoasinmii NOJSAPU30BAHHBIN CBET: HUKOJH CKPElIeHbI

Fig. 8. The structure of the layer rock in the seam XI. Transmitted-light optical microscopy: crossed polars
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OTCyTCTBUE CIIEIOB BOAHOW TPaHCHOPTUPOBKH, COP-
TUPOBKU U CTPATU(PUIIMPOBAHHOTO OTIOKCHHSI BEIIECTBA
MO3BOJISIET MpEAIoiaraTb adpoOreHHbl MEPEeHOC U OHO-
aKTHOE OTJIIOKCHHE 00JIOMOYHOro Martepuana. [Ipeobia-
JJaHH€ B COCTaBE€ MOPOABbI TIIMHUCTO-TUIPOCIIOIUCTOTO
MaTepuana ¢ OONbIIOH JoNeld MOPPHPOKIACTOB IaeT
BO3MOXHOCTb IMPEATNONIOKUTh U3MEHEHHE 3HAYUTEIbHON
Y4acTH HEYyCTOMYMBOrO IIEPBUYHOTO BELIECTBA OCAIKa Y)Ke
B nmasieotopdsauke. Ha ponb Takoro BemiectBa Hanboee
MOJIXO/IUT BYJIKAHUYECKOE CTEKJIO, JOCTATOYHO HEYCTOM-
YHBOE B KUCIION Cpelie Maneo0onora.

Pentrenodas3oBplii  aHanM3 HECKONBKUX CEUCHUU
MAPTHHTA MO3BOJIIET OTMETUTH IPeodIalaHie B IOPOIE
kBapua (37,2%), ansouta (13,9%), KanueBoro moiIeBoro
mmnata (6,2%) PEeNMKTOBBIX CIIOAUCTBIX MHHEPAJIOB
(8,6%), HOBOOOPA3OBAaHHBIX MHUHEPAJIOB TPYIIIIBI CMEK-
tuta (15%) n kaonmauta (7,9%). B HeOONBIIOM KOMNH-
YyecTBe NMPUCYTCTBYET cuaepuT (4,2%), comamut (2,1%),
anaras (1,1%), kpuctobanuT u TpuIUMHUT (TabI. 3).

Tabnuma 3
MuHepaJbHBI cOCTaB MOpoAHOro npocJos B miaacre XI, %
Table 3
The mineral composition of the rock interlayer
in the seam XI, %

Musnepan Paspes Pacnanckuii | Illaxrta Jlenuna
Ksapng 37,2 56,3
Kaonuuut 7,9 2,0
Ans0ur 13,9 6,7
Kpucrobamur 1,1 -
Comanut 2,1 -
Tpumumut 0,9 -
Amnatas 1,1 -
Tumc 0,6 -
Cwmexktur, CCO 15,0 12,9
Cnroga 8,6 16,5
KITII (cannmum) 6,2 5,6
Cunepur 4,3 -
XnopanaTur 1,1 —
Cymma, % 100,0 100,0

Puc. 9. I'nobyasipabie (A) 4acTHIIBI M

o

Ao

MUKpOMUHEPATbHBIA COCTAaB M3YYCH HA JJIEKTPOH-
HoMm Mmukpockorne Hitachi S-3400N. /luarHoctuka Mu-
HEpaJIOB MPOBE/ICHA HA OCHOBAaHUH aHAJM3a UX COCTaBa
C TOMONIBIO JHEPro-IUCIEPCUOHHOIO CIEKTPOMETpa
Bruker XFlash 4010/5010 mis mpoBeneHHsT PEHTTEHO-
CIEKTPaJIbHOTO aHAITN3A.

B cocraBe mopoaHOro mpociosi OTMEYEHBI MHOTO-
YHCICHHBl KPUCTAJUIBI ajdbOUTa, KAOJHMHUT, CMEIIaHHO-
CIIOWHBIE 00pa3oBaHWs, IPEICTABICHHBIC —IKEIC30-
MarHe3ualbHBIM XJIOPAUTOM (IIAMO3UT) M WILIATOM.
Berpeuarotes cnenuduuHble TIOOYISIPHBIE W TOYKO-
BHJHBIC ()OPMBI HIUTUTA M CMEIIAHHOCIOHHBIX 00pa3o-
BaHui (puc. 9).

Ha rpaHune BbIlIe W HIDKE HOPOTHOTO IIPOCIOS B
YIJISIX OTMEUYEHO 3HAYHTENFHOE KOJIHMYECTBO HOBOOOpa-
30BaHHBIX arperaTtoB KBapua u aapbuta. Pacmpocrpane-
HBI TJI00YJSIpHBIC W TUIACTUHYATHIC BBIICICHHUS KBapIa
(puc. 10). Yacro QopMHUpPYIOTCS CKOIUICHUS TIIOOYI
KBaplia B TpEIIMHAX B yriie. He BEI3bIBa€T COMHEHHUS €r0
BTOpPHYHAS TI0 OTHOIICHHIO K TOPOIHOMY IPOCIIOI H
yOIIro mpupoa. BeposTHO, KBapl OB YaCTHYHO BBIIIE-
JIOYEH W3 MOPOJIBI U TIEPEOTIOKEH B YIIIE.

Lupxonuti u Huobuu. MuHepanbl TUPKOHUS TPE-
CTaBIICHBI IUPKOHOM, CIOKHBIMU Nb-Zr cuimkatamu u
Fe-Ti-Nb-Zr okucinamu. Pa3Mepsl KpHCTAILIOB IIHPKOHA
nocturaroT 30 mxm (puc. 11, 4). Bo Bcex 3epHax mnpu-
cyTcTByeT okono 2% mpumecu raduus. Kpymasie kpu-
CTaJUTBI, TIPE/IIONIOKUTENBHO, PEIMKTOBBIe. Berpewaror-
csl KpaliHE PeaKo.

HoBoobOpa3oBaHHbIe MUHEPAIBl IUPKOHUS U HUOOUS
npeacTaBieHbl rpynmoi Ti-Nb-Zr okucioB ¢ mepemeH-
HbIM KonmumyectBoM Ti, Nb, Zr u Fe (puc. 12, B-D).
BerpeuaroTes 3eMimcTBIE arperatsl OKCHIAa THUTAaHA C
MPUMECKIO ITUPKOHUS B HHOOUS (puc. 13).

B yrmsx Hag mOpomHBIM IPOCIIOEM U O] HUM HHO-
Ouil u IUpKOHUH mpeacTaBieHsl okcugamu Zr-Nb-Fe-Ti
C MIEPEMEHHBIM KOJTHYECTBOM Ka)KI[OT'0 U3 DJIIEMEHTOB.

‘ -‘lal‘

\ |
il Nay) ‘J Zr

o

K Fe

Sl s :

i 7 [

MHEPAJIOB I'PYINIbI CMEKTHTA U MOYKOBU/AHBIE (B) yacTuubl miiuTa

Fig. 9. Globular (A) particles of smectite group minerals and nodular (B) illite particles
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10 Oum

20.0kV x3.00k S+B 3D 10.0um

Puc. 10. I'nodyasipusie (A) u miactuauateie (B) yactuns! kBapua. C — moYKoBUIHBIE 00pPa30BaHUA KBapIa
B N0pax B yriie. B neHTpe — npu3MaTH4YeCKU KPUCTAJLI XAJIbKONMPUTA

Fig. 10. Globular (A) and lamellar (B) particles of quartz. C — nodular formations of quartz in pores in coal.
In the center there is a prismatic chalcopyrite crystal

200KV x3 00k BBD*ESED -~ % w.  © ‘AR 10.0um Qoaw&{ ok B9
Puc. 11. MuHepaabl HHPKOHUS ¥ HHOOUSI B TOPOIHOM mpocJaoe miaacta XI

A — penmuKTOBBIM KpHCTAIUT MUPKOHA; B — cheponnToBbie BEIIENCHUST OKcuna IUpKoHus (Oamnenent); C — MIacTHHYATHIE arperars
anarasza ¢ Nb u Zr; D — xpucranmn Ti-Nb-Zr-O cocraBa

Fig. 11. Minerals of zirconium and niobium in the rock interlayer of the seam XI
A — relict zircon crystal; B — spherulite precipitates of zirconium oxide (baddeleyite); C — anatase plate aggregates with Nb and Zr; D —
crystal Ti-Nb-Zr-O composition
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20 0kV x8.50k S+B 3D 5.00um

20.0kV x7.50k $+B.3D

Puc. 12. Kpucrapisl HMPKOHA B ATIOMO-CHIINKATHOM BelllecTBe YIJIfl

Fig. 12. Zircon crystals in the aluminosilicate substance of coal

Takast ¢aza OUArHOCTHPYETCS PEHTTeHO(A30BBIM
aHaNM30M KaK PYyTHJ HIIM aHaTa3. LlupkoHU#, Kpome
TOT0, MPEJICTABIICH IIUPKOHOM. [IMPKOHBI BBISBICHBI KaK
HOBOOOpa30BaHHbIC, TAK M peaukToBble. HOBOOGpa30-
BaHHBIC ITUPKOHBI HAXOAATCS TJIaBHBIM 00pa3oM B
QTFOMOCHIIMKATHBIX TPOXKUIKAX, a TaKKe B KPYIMHBIX
AITFOMOCHIIMKATHBIX arperarax. JTH allOMOCHUINKATHbIC
MIPOXKIIIKA TAKKE MOTYT CONEPXKATh HMPUMECH IMPKO-
HUs. Pa3Mmepsl KpUCTaIOB Mopsaka 1,5 MKM M MeEHee
(cm. puc. 12). PenukTOBBI MUPKOH TPEJCTaBIEH OKa-
TaHHBIMH KPHCTAJJIaMH CO CJIeaMH MEXaHWYECKOH Jie-
(dbopMarum, B HEeM OTCYTCTBYIOT KaKHe-JIMOO MOCTOPOH-
HHe npuMecu. Berpewaercs peako.

Peokozemenvuvie snemenmor (REE). B mopomHoM
MPOCIIOe  JIAHTAHOMJIBI TPEICTABICHBI, B OCHOBHOM,
HEOJUMOBBIM  (TOp-KapOOHATOM —  OaCcTHE3UTOM

Map data 1601
SE MAG: 1300x HV: 20kV_WD: 12 #mm

ER

Map data 1601 20 ym
SE MAG: 1300x HV: 20KV WD: 12.7mm |

(puc. 14). Ilpu >ToM OH BCTpedaeTcss Kak B OCHOBHOM
Macce B (hopMe HENpPaBHIIBHBIX CKOIUICHHM, TaK U B TO-
pax M3MEHEHHBIX U HEU3MEHEHHBIX MEPBUYHBIX MHUHE-
paioB, HanpuMep B anbpbuTte (puc. 14, B), 4to yka3siBa-
€T Ha €r0 BTOPUYHYIO, SIIUTCHETUUECKYIO IPUPOLLY.

B yrisx kak HUXKe, Tak U BBIILIE TOPOJHOTO MPOCIOS,
peIKo3eMeNbHBIC JIEMEHTHI HaXOJSITCS B cOCTaBe PTOp-
KapOoHaTOB (O6acTHE3UT) U PocdaToB (MOHAIUT, KCEHO-
TUM) (puc. 15). MoOHAUT U KCEHOTUM, KaK IPaBUIIO,
BCTPEUAIOTCA B COCTaBE MHKPOArperaTtoB, B KOTOPBIX
pa3NUYUTh WX MEXKIy cOo0OW He MoiyJaeTcs u3-3a
KpailHe MenKkoil (HaHOMETPOBOW) pa3MEpHOCTH OTIENb-
HBIX 3€peH. JTO HAaXOAUT OTPaKEHUE B UX COCTaBE — B
MOHAIMTaX OOHAPYXHBAETCS MPUMECh HTTPUS U TSDKE-
JIBIX PENIKUX 3eMeNb. BeTpeuaroTces cMelaHHble arpera-
THI MOHAIIMTA U pTOpKapOoHara (cM. puc. 15, C).

jSERND)
Map data 1601
SE_MAG: 1300x HV: 20kV WD: 12.7mm

Puc. 13. 3emuncTsiii arperaTt okcuaa TuTaHa ¢ npuMecsio Nb u Zr

A — canmok, B, C — pacnpenenenne Nb u Ti

Fig. 13. Earthy aggregate of titanium oxide mixed with the impurities of Nb and Zr

A — picture, B, C — distribution of Nb and Ti
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44576
SE MAG: 697 x HV: 20.0 KV WD: 11:0 mm

Puc. 14. HeonnmoBbIii 0acTHE3UT: A — B TOHKO3€PHHCTOH OCHOBHOIi Macce; B — B mopax B kpucTajuie anb0uTa

Fig. 14. Neodymium bastnaesite: A —in fine-grained bulk; B —in the pores in the albite crystal

WL " 100um

A /

20,0kV X210 S+B.3D ' 2000m

Map data 1648
SE MAG: 250x HV: 20kV WD: 10.5mm

Puc. 15. Peaxo3eme/ibHbIe MUHEPAJIBI B YIJIe HA KOHTAKTE ¢ MPOCJI0EM
A — 6acrHe3ut; B — mouku monarmra; C — arperar MoHarura 1 gropkapbonata P33 B yrie u pacnpenenenue B HeM (ocdopa u dpTopa

Fig. 15. Rare earth minerals in coal on contact with the parting
A — bastnaesite; B — monazite nodules; C — aggregate of monazite and fluorocarbonate REE in coal and the distribution of phosphorus
and fluorine in it
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Hpyeue munepanvuvie gasvl. B mapTuHTe BBISBICHBI
cynbdunsl (mUpHT, caJeput, TaICHUT, MOIHOACHUT,
XaJBKOMUPUT), CAMOPOAHBIE METaJUIBl U MHTEPMETaIIIH-
yeckue coenuHeHus. Hanbonee pacripoctpaHeH cdaie-
put. Berpewatorcs 3epHa Oaputa. M3 camMOpomHBIX H
WHTEPMETaJUIMYECKUX COCAMHEHUH OOHapyXeHbl Au,
Cu-Zn, Ni (Cu, S), Pb-Cu-Zn (Fe).

Cynbunasl 3anonHAIOT TJIaBHBIM 00pa3oM HOpHI H
MIPOCTPAHCTBO B JPEBECHBIX BOJOKHAX. [IpakTmuecku
BCE CyAb(HIBI B MOpaX MMEIOT XapaKTEpPHYIO ITOYKO-
BUAHYIO (OpMY, B BOJIOKHAaX CYJIb(QHIBI 00pa3yroT BbI-
TAHYTO-IWJIMHAPUIECKHE YaCTHIIBI.

O0cy:kaeHue pe3y1bTaTOB
Ilpupooa Nb(Ta)-Zr(Hf)-REE-Ga opyodenenusn 6 y2nax

Kak crnenyer u3 npuBeleHHBIX AaHHBIX, KOMIUIEKC-
Heie Nb(Ta)-Zr(Hf)-REE-Ga pyner mmacra XI rora
Kysnenkoro 6acceliHa OTYSTIMBO MPOCTPAHCTBEHHO H
TEeHETUYECKU CBSI3aHBbl C BHYTPUYTOJIBHBIM MOPOTHBIM
mpocimoeM. O0 3TOM CBHJAETENBCTBYET XapaKTep pac-
MpeeNieHus] OpyICHeHNS B IUIACTe, OCOOCHHOCTH MH-
HEPaJbHOTO M XMMHYECKOr'0 COCTaBa pPyd U Camoro
MPOCIIOSL.

HopmupoBanHble Ha KiIapk Ajsl BEpXHEH KOHTHHEH-
TaJBHOW 3eMHOM KOpBI rpaduku pacnpeneneHus P35 B
yrisix miacta XI, B HEYrolbHOM TOPU30HTE U BO BMe-
IAIONMX IOpOJax CYHIECTBEHHO paznudarorcs. Ilo
HAJIMYAI0 KOHTPACTHOM OTPHULATENBHON EBPOMHEBON
aHoMamuu (cM. puc. 7 W 8) ycTaHaBIMBaeTCs CBS3b
HakoruieHus: P30 B yrisix ¢ BHYTPUILJIACTOBBIM MOPOJI-
HBIM IIPOCIOEM M OJHOBPEMEHHO C MOPOJaMHU KHUCIIOTrO
cocTaBa M OTCYTCTBHE TAKOBOW C MEPEKPBIBAIOIIUMHU U

10,0 4

Sample/UCC
=

01 r T

MOJCTIIAIONIMMHU Toponamu. [lopoipl KpoBiu u TO-
JOIIBBI UMCIOT THIHYHBIN Ui TEPPUTEHHBIX O0CAI0Y-
HBIX OTJIOKEHMI rpaduk pacupenenenus P33 (puc. 16).

KoppensuuoHHbIii aHanM3 MOKa3bIBAET, YTO COACP-
YKaHUE UPKOHUS U HAOOHS B YIIIAX HE UMEET 3HAUUMOM
KOPPEJALUHU C 30JIbHOCTBIO, @ B 30JI¢ YIJIsl OHa BOOOIIE
OTpHIIATEeNbHA. DTO yYKa3bIBACT HA MHOW MCTOYHHK JIaH-
HBIX METAJUIOB B YTJISIX, HEXKEIH KIIACTOTCHHBIA MaTepH-
air. 13 3Toro Takxke cieayer, YTo HaKOIUICHUE HHOOUS U
IUPKOHUS B YIIIAX Ha KOHTAKTE C MOPOTHBIM MPOCIOEM
HE MOTJIO MPOUCXOJHTH 33 CUYET MOCTYIUICHUS TeppH-
TeHHO-KJIACTOreHHOT0 MaTepHalia, a MPOM30ILI0 TyTeM
MPUBHOCA MX B YTOJBHBIA IUIACT C BOJHBIMH PacTBOpA-
MHU. MHurpanuonHas CHOCOOHOCTh paccMaTpUBaecMOi
TPYIIIBI DIEMEHTOB B MPECHBIX BOJIAX 30HBI THITEPreHe3a
HU3Ka, YTO OrPaHUYNBAET BO3SMOXKHOCTH MX HAKOIUICHUS
B YIUISAX 33 CUET BOJ 30HBI THIIEPreHe3a B MEPHOM TOP-
(hOHAKOIUICHUST WM paHHEro nuareHesa. [locryruieHue
STHX JJIEMEHTOB B YIJICHOCHBIC OTJIOXKEHHS B MPUPOJ-
HBIX YCIIOBHSX BO3MOKHO 32 CYET CEPHOKHUCIBIX BOI, HO
B OTOM CIly4ae B YIJISIX (GOPMUPYIOTCS OOMIIBHBIC CYIIb-
daTbl, a B pe3yabrate Cylnb()aTpeIyKIUA — CYIb(OUIBI,
9ero B pacCMaTpUBaEMOM ciydae He Habmromaercs. Mu-
rpanust Nb, Zr, REE cymiecTBeHHO BO3pacTaer B COAO-
BBIX Bogax. OCOOEHHO 3HAaYMMa OHAa B MHHEPAIH30BaH-
HBIX coZ0BBIX Bojax [JlemokypoBa, 2018]. ComoBeie
BOIBI (JOPMHUPYIOTCSI B YTOINBHBIX OacceiiHax Ha paHHHUX
cTamusx (OpPMHUPOBAHUS YIIIEHOCHBIX OTIOXeHuH. [lo-
BCEMECTHO pacrpoctpanensl onu U B Kysbacce [LlIBap-
ues, JompoueBa, Pacckazos, 2011]. Opuentupysace Ha
xapakrep pacmpenencnus Nb u Zr B paspese Imiacra,
MOXHO TIPENIONaraTh WHTCHCHBHYIO MHTPAIAI0 ITHX
AIIEMEHTOB W3 BHYTPHUILIACTOBOTO MOPOJHOTO MPOCIIOS
BO BMEIIAIOMINE YTIIH.

PK-15
XI-n
PK-1-18
PK-34-18

La Ce

Pr  Nd Sm Eu Gd Tb Dy Ho

T l

Er Tm Yb Lu

Puc. 16. Hopmuposannsie rpadpuku pacnpeneaenust P33 B nopogaom npociioe niacra XI (Kysoacce)
U B YIJIEBMEINAIOIINX I0POAaxX KPOBJIM 1 noaomBel. HopMupoBaHo Ha KiIapk B BepXHell KOHTUHEHTAJIBHOM
3emHoii kope (UCC) [Taylor, McLennan, 1985]
1 — mpocnoit mnacra X1, obpazer; PK-15, paspes Pacnapckwit; 2 — tonmreiin miacra XI, oopazen XI-JI, maxTa Jleanna; 3 — xpoBis mia-

cra X1, obpazer PK-1-18; 4 — momomiBa rumacra X1, oopazerr PK-34-18

Fig. 16. Distribution patterns of rare earth elements in the parting, roof and bottom of XI seam (Kuzbass).
REE are normalized by Upper Continental Crust (UCC) [Taylor, McLennan, 1985]
1 — the rock interlayer of the seam XI, sample RK-15, Raspadsky open-pit coal mine; 2 — the rock interlayer of XI seam, sample XI-L,
Lenin's mine; 3 — the roof of the seam XI, sample RK-1-18; 4 — the bottom of the seam XI, sample RC-34-18
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Tak Kak 3HAYUTENHEHOE OOOTaIICHHE STHMU dJICMEH-
TaMH OTMEUYCHO HaJ| MPOCIOEM, a HE TONBKO IOJ HHM,
MOXHO C YBEPEHHOCTBIO 3aKIIOYHTH, YTO MHTPAIUS
MPOUCXOMIA 32 CYET BOAHBIX pacTBOPOB. COMOBEII
COCTaB BOJI MOJTBEPIKAACTCS HAIMYAEM CPEIH HOBOOO-
pa30BaHHBIX MHUHEPAOB KapOOHATOB PEIKHX 3EMEIb,
YCTOWYHBOCTBIO MIEPBUYHOIO U HOBOOOPA30BAHUEM BTO-
puyHOro ansoura. Bpems ¢popmupoBanus 30H odoramie-
HUSI BIIOJIb TOPOJTHOTO BHYTPUILIACTOBOTO MPOCIIOS Orpa-
HUYCHO IMEPHOAOM OT 00pa3oBaHUs TOPQSIHUKA JO €ro
peoOpa3oBaHusl B KAMEHHBIH yroib. COracHO MCCIeno-
BaHMsM, 3((PEKTUBHAS MOPUCTOCTh YIJISI PE3KO YMEHb-
[IAETCs TPH €r0 CO3PEBAHUH JIO CTAIWH, BHIPAKCHHOU B
YBEIMYCHUH OTPaXKaTEIBFHOH CITIOCOOHOCTH BUTPHHHTA B
MacIITHON uMMepcnu cBbitie R,= 0,5% [Xin et al., 2019].
B paccmaTpuBaemoMm ciiydae R, B pasHBIX CEUCHUSIX H3-
mensiercst ot 1,21 mo 1,45% (cm. T1abm. 1). CooTBeT-
CTBEHHO, PE3KO MMOHIKEHA W MHTPAIMOHHAS CIIOCO0-
HOCTh PaccMaTpUBAEMBIX JIEMEHTOB B BOJHBIX PacTBO-
pax. MurpanuoHHast CiocoOHOCTh TaHTaa, TadHUsL, Taji-
JTIHSI, OJIOBA W PAJIMOAKTHBHBIX JIEMEHTOB, B CBSI3H C OCO-
OCHHOCTSIMU WX XUMUYECKHX CBOICTB, B 9TOH 0OCTaHOB-
K€ CyIlleCTBEeHHO Huke, 4eM y Nb, Zr u REE. Ilostomy
OHH 00pa3yIOT TOJBKO JIOKAIBHBIC OpPEONBI HEIMOCPEa-
CTBEHHO BOJIM3W TIOPOIHOTO ITPOCIIOSL.

Takasi akTHBHAsI POJIb TOPOIHOTO MPOCTOs B oOora-
[ICHWM YTOJNBHOTO IDIACTA TPYIIION PEIKHX METaJIoB
MpeAToNaraeT CHeu(pUIHbIA MEePBHYHBIA €ro COCTaB C
VHUKQJIBHBIM 00OTaIlIEHUEM TPYIIION UCCIEeIyeMBIX dIie-
MEHTOB. B CBsI3M C 3THM, IpHpoIa JaHHOTO MOPOTHOTO
mpociost B macte X1 TpedyeT crnenuanbHOro aHanmsa.

IIpupooa nopoonozo npocnos ¢ naacme XI

Kak crnengyer u3 mpoBeJeHHBIX HCCIEIOBAHUMN, MPH-
pona (GHOpMHPOBAHHUS TOPOJHOTO TMPOCTOS SIBJISIETCS
KJIIIOYOM K TIOHHMAaHHIO YCIOBHUH OOpa3oBaHUs MeTal-
JIOHOCHBIX yriied macta XI. ITo cBonM reoXuMudeckum

XapaKTEpUCTUKaM paccMaTpUBaeMblil MOPOAHBIN TOpH-
30HT 3HAYUTENBHO OTJIMYAETCs OT JPYIHX YrieBMella-
rormx mopox rora Kysbacca. IIpocmoii anHomansHO 000-
ramen Ta, Nb, Zr, Hf, Y, REE, Ga, Sn, Th u apyrumu
TUTOQUIBHEIMA dNIeMeHTaMu. Ha mepBom 3rtame uccie-
JOBaHHUI TOT TOPU3OHT PACCMATPUBANICS KaK CIICIH(H-
yeckasl TeppUreHHas ocaJo4Has mopoja. | eoxumuue-
CKasl crieruQuKa caMoi MOpOIbl M KOHTAKTUPYIOIIUX C
Hell yried, ¢ oOpa3oBaHHMEM aHOMAJBHBIX KOHIIEHTpPa-
uuii Ta, Nb, Zr, Hf, Ga, REE, Th u U, cBs3piBanacs ¢
0COOEHHOCTSIMH COCTaBa IOPOJ] 00NacTH MUTaHHs Oac-
ceiina yrnenakoruienus [Cepemus, 1994; ApOy3oB u ap.,
2000]. Bo MHOroM Takas MHTEpHpeTanus ObUIa JTOTUYHA
B CBSI3U C IMHPOKUM PACIPOCTPAHEHHEM B OOpaMIICHHU
Ky3bacca MacCHBOB T€OXMMHYECKH CIICIHATU3HPOBAH-
HBIX MIETOYHBIX TPAHUTOUIOB, MIEIOYHBIX 3((Y3UBOB U
JIaXkKe MACCHBOB KapOOHATUTOB (CM. puc. 1).

OpnHako, Kak MOKa3bIBAaeT aHAJIM3 MOIY4YEHHOW MH-
HEPAJIOro-TeOXUMUIECKOW HWH(GOPMAIUK, dTOT CPaBHH-
TENbHO MaJIOMOILHBII ropu3oHT (6—15 cM) B yroinbHOM
IJIacTe CyIIeCTBEHHO OTJIIMYAETCS 1O CBOMM XapaKTepH-
CTHKaM OT MOACTHJIAIOUIMX M MEePeKpbIBAIOIIUX OTIO-
xenwnid. [Ipocnoit anomansHO oborarieHn Ta, Nb, Zr, Hf,
Ga, REE, Th u U. [l OTAENBHBIX 2JIEMEHTOB KOHI[EH-
TpaLMU JOCTUTAIOT MPOMBIIIEHHO 3HAYMMBIX BEJIIMYHH.
Tak, comepkaHue TaHTaja 3lech Aocturaer 71 r/T mpu
cpenHeit BenmuunHe 42 T/T Ha NpoTshkeHnu Oonee 20 K.
IIpn 3TOM moOpoxab! KPOBIM M MOAOMIBHI Iutacta XI xa-
PaKTepU3YIOTCSl PAJOBBIMU  COAEPXKAHUSMHU JIaHHBIE
37IeMeHTOB (Tabm. 4).

Takoe aHoOMallbHOE HAKOIUIEHHWE JAHHOTO CIIEKTpa
3JIEMEHTOB-THJIPOJIN3aTOB B OCAJIOYHOM Ipolecce BO3-
MOXXHO TOJIBKO B Mporiecce pocchineoOpazoBanus. Og-
HAKO ()OPMHUPOBAHUE POCCHINEH IS yriieo0pa3oBaTellb-
HOro mporecca He xapaktepHo [IOmosuu, Ketpuc,
2002]. K tomy >ke mpu IOCTATOYHO Majioi MOUIHOCTH
METAJJIOHOCHBI TOPU30HT MMEET 3HAUYUTENbHYIO IJI0-
LIaIHYI0 PaclpoCTPaHEHHOCTb.

Tabanuma 4

[Mopoaoodpa3syoume okucbl (%) U MaJible 31eMeHThI (I/T) B YIJIeBMeIIAI0IIUX MOPoAax U B MOPOIHOM npociioe miacra XI

Table 4
Chemical composition (%) and trace elements content (ppm) in coal-bearing rocks and in the rock interlayer of seam XI
OnemeHT Kposnst [loyBa Anesponut’ [lapTunr KK’
Si0, 70,0 64,2 67,1 57,2 0,9
TiO, 0,57 0,72 0,64 0,50 0,8
Al O; 13,8 17,2 15,5 19,0 1,3
Fe,05_ 1,59 1,61 1,60 2,97 2,0
MnO 0,017 0,014 0,016 0,028 1,9
CaO 0,26 0,31 0,28 0,36 1,3
Mg0 0,87 0,88 0,88 1,15 1.4
K,0 2,5 2,8 2,6 1.4 0,6
Na,O 1,5 1,4 1,5 1,9 1,3
P,0s 0,09 0,13 0,11 0,10 1,0
T 8,8 10,8 9,8 15,4
Li 20,1 19,7 19,9 49,7 2,5
Be 3,0 4,4 3,7 14,5 3,9
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OnemeHT Kposist [loyBa Anesponut’ [lapTunr KK’
Sc 12,8 12,0 12,4 7,9 0,6
\Y% 88,9 90,0 88,0 49,6 0,6
Cr 114 104 109 79,6 0,7
Co 9,4 5,4 7,4 14,7 2,0
Ni 31,5 20,7 26,1 25,6 1,0
Cu 51,9 101 76,3 60,5 0,8
Zn 89,2 106 97,4 291 3,0
Ga 21,8 22,8 22,3 80,6 3,6
Ge 1,8 1,8 1,8 3,9 2,2
As 4,5 1,7 3,1 6,9 1,1
Se 1,5 1,2 1,3 7,8 5,8
Rb 114 121 117 81,6 0,7
Sr 153 203 178 205 1,2
Y 24,2 26,9 25,5 118 4,6
Zr 225 261 243 1910 7,9
Nb 13,6 14,9 14,2 264 18,5
Mo 2,4 2,1 2,3 0,8 0,3
Ag 0,7 0,3 0,5 3,2 6,5
Cd 0,3 0,5 0,4 2,6 6,9
Sn 2,9 2,7 2,8 36,7 12,8
Sb 0,7 0,6 0,7 1,5 2,4
Cs 7,3 8,4 7,9 5,8 0,7
Ba 519 598 558 565 1,0
La 40,1 40,9 40,5 149 3,7
Ce 80,0 83,1 81,5 302 3,7
Pr 8,9 9,5 9,2 32,6 3,5
Nd 32,3 34,4 33,3 107 3,2
Sm 6,3 6,9 6,6 24,0 3,6
Eu 1,1 1,2 1,1 1,6 1.4
Gd 5,9 5,7 5,8 26,0 4,5
Tb 0,8 0,9 0,8 4,4 5,4
Dy 4,6 54 5,0 24,2 4,9
Ho 0,9 1,1 1,0 4.4 4,5
Er 3,1 3,2 3,2 12,2 3,9
Tm 0,5 0,4 0,4 1.8 4,0
Yb 2,5 2,8 2,6 9,7 3,7
Lu 0,3 0,5 0,4 L5 3,6
Hf 6,9 6,7 6,8 76,3 11,2
Ta 1,1 0,6 0,8 56,4 67,1
4 2,7 4,1 3.4 2,7 0,8

Hg, mr/t 28,6 35,9 32,2 763 23,7
Tl 0,6 0,8 0,7 0,9 1,2
Pb 22,0 26,3 24,1 39,7 1,7
Th 12,5 12,9 12,7 80,7 6,4
U 4,0 34 3,7 15,8 4,3

>P33 187 196 192 700 3,7
Th/U 3,1 3,8 3,7 5,1 34

Hpmetmnue: 1- CpeaHEE COACPIKAHMEC DJICMCHTOB B KPOBJIC U IOAOIIBE ILIACTA, 2 — OTHOIIICHUE COOCpKaHUA DJIEMCHTA B MApTHUH-

re K COACP>KaHUIO BO BMEIIAIOIIEH YrONbHBIN ILIACT IIOPOJE.

Note: 1 —the average content of elements in the roof and the bottom of the reservoir; 2 — the ratio of the element content in the part-

ing to the content in the enclosing coal seam rock.

B Hacrosimiee BpeMsi OH IpOCIEXeH Ooliee 4eM Ha
20 kM B CyOIIMPOTHOM HAINpPABICHUH U Ooliee 4eM Ha
5,8 kM B cyOMepuanonaapHoM. O0mas mpoTsHKEHHOCTh
rOpU30HTa C BOCTOKa Ha 3amaj mpesbimaer 50 kM, a
IJIOMIA]b pacnpocTpaneHus — 290 KM, ®opMUpOBaHHE
TaKOro KOHTPACTHOI'O IO COCTaBy TOPU30HTA MaJoi
MOIIIHOCTH Ha OOJBIION IIOIAAN MPH OTCYTCTBUU SICHO
BBIPOKEHHOH CTPaTU(UKAIUU BO3MOXKHO TOIBKO B pe-
3yJIbTaTe KaTacTpopuueckoro ApjieHus. EqMHCTBEHHBIM

BO3MOXHBIM MEXaHU3MOM TAaKOIO OAHOBPEMEHHOI'O I10-
CTYIUICHUS PE3KO OTINHAIOIICTOoCs MO COCTaBy OT yI-
JICBMCHIAIOMIUX MOpOA MaTeprajia MOXKET OBITH AocTa-
TOYHO MOIIHOC KaTaCTpO(l)I/I'-IeCKOe HU3BCPKCHHUEC BYJIKa-
Ha. OTO MPEANIOIOKECHUE MMOAACPKUBACTCA OTCYTCTBUEM
CTpaTI/I(I)I/IKaHI/II/I B HCCHeI{yeMOﬁ TOJIIIC aJ'IeBpOJ'IHTOBOﬁ
1 TOHKOM MecyaHou Pa3sMEPHOCTH. 210 CBUACTCIILCTBY-
eT 00 OAHOAKTHOM OIHOBPCMCHHOM BbIIIaJICHUN BCEr'O
MaTepuaJia. Ha OTCYTCTBHE BOJHO-0CaJJOYHON CTpaTtu-
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¢uKanmu yKasplBaeT M HEYMOPSIIOYCHHAS CTPYKTypa
MOPOJBI, OTCYTCTBHE B HEH OKATAHHBIX OOJOMKOB U
HaJIM4Yle OCTPOYTOJIbHBIX KPUCTAILIOB (CM. puUc. §).
Hpyras BaxkHas 0COOEHHOCTh — 3HAYHTENBHOE 000-
ramenue yrist Ta, Nb, Zr, Hf, Ga, REE, Th u U Ha xoH-
TaKTEe C HEYrOJBHBIM MPOCIOeM. DTO YKa3bIBaeT Ha IIe-
pepacrpezielieHre 3JIEeMEHTOB B IIpoIecce yriaeodpas3o-
BaHus. OnpenenuTh BpeMs IepepaclpeeieHus: Top-
(hoHaKOIUIEHHE, UareHes3, KatareHes, He Mpe/ICcTaBIseT-

Cs1 BOBMOXKHBIM, HO XapakTep 00OraiieHus yris I03BO-
JIET MPEAINoJarath, YT0 MEPBUIHBIM UCTOUHUKOM OBLITH
WMEHHO Topoabl mpociios. [Ipu 3ToM mepepacuer co-
JIEp)KaHUS JTaHHBIX JJIEMEHTOB B IMOPOAAaX IMPOCIOS C
Y4ETOM BBIIIEJIOYEHHOr0 BEIECTBA IOKA3bIBAET, YTO
MepBOHAYAJBHBI COCTaB MOPOA, CGHOPMHUPOBABIIMX
MPOCTION, COOTBETCTBOBAT KOMEHIUTAM-TIAaHTEIIEPUTAM
(Tabmn. 5). DTo MOPOABI KHCIIOr0, MHOTIA YIBTPAKUACIOTO
COCTaBa, HO TIPH STOM BBICOKOM IEIOYHOCTH.

Tabnwuia 5

Conep:xanue Zr, Hf, Nb, Ta, REE, Ga, Th u U B noponnom npocJioe miacra XI, Tonmreiine u3 Fire Clay u B HeKOTOPBIX THIIAX
PeAKOMETANLIBbHBIX BYJIKAHOT€HHBIX MOPO, I/T

Table 5

Zr, Hf, Nb, Ta, REE, Ga, Th, and U contents in the rock interlayer of seam XI, Fire Clay tonstein and in some types
of rare-metal volcanic rocks, ppm

O06bexT onpoboBaHUs Zr Hf Nb Ta >P30+Y Ga Th 9]
[Tmact XI (PK-15-18) 1915 66,4 264 50,5 818 80,6 70,2 13,8
[Mmact XI (XI-JI) 1919 72,8 197 31,3 1 009 61,5 67,1 14,8
I[lnacr X1, [laxta um. LlessikoBa' 901,7 59,7 210 46,3 865,1 H.n. 69,3 24,6
ITnacr XI, IllaxTa uMm. JleHnHa 1 607 43,5 151 41,9 873,0 42,0 61,0 28,0
Tonmreitn Fire Clay 441 18,5 18,2 1,8 874,3 28,7 60,3 15,7
Tonmreiin Fire Clay2 700 20.0 30,0 3,0 564,3 48,0 66,0 17,0
Huayingshan, Sichuan, China’ 1577 76.3 235 29.3 1403.0 78,5 95.0 17,6
[NanTennepwur, Uranus’® 1 641 37,3 281 22,5 1 046,5 35,0 33,0 9,9
[NanTennepwur, Uranus’® 1926 46,2 339 24,7 1382,7 33,0 353 11,4
[TanTennepur, Mouromus® 3533 59,5 169 9,8 13544 H.n. 74,0 15,8
[anTennepuroBslii TyQ, Mowuronus® 2234 59,0 124 8,9 993,5 H.n. 44,7 5,5
OcanovHas moposa 170 3,9 7,6 1,0 164,4 12 7,7 3,4

Tpumeuanue: H.n. — ver manneix, 1 — [Cepenun, 2004]; 2 — [Hower, Rupport, Cortland, 1999]; 3 — [Dai et al., 2014]; 4 — [White,
Parker, Ren, 2009]; 5 — [ArgpeeBa, KoBanenxo, 2011]; 6 — [['puropses, 2003].

Note: H.in. — no data, 1 — [Seredin, 2004]; 2 — [Hower et al, 1999]; 3 — [Dai et al., 2014]; 4 — [White et al., 2009]; 5 — [Andreeva,

Kovalenko, 2011]; 6 — [Grigoriev, 2003].

KomnextuoMm aBtropoB [Dai et al., 2017] npemioxenHo
cpeau U3MEHEHHBIX BYJIKAHMYECKHX IEIJIOB B YIIAX BbI-
JeJIATh YeThIpe IPYIIIbL: KUCIbIE, CPEIHNUE, OCHOBHBIE U
menounbie. [IpuBe/ieHbl OCHOBHBIE MX OTJIMYUTEILHBIC
0co0eHHOCTH. B cOOTBeTCTBHM C 3TOW Kiaccuakarmei
BYJIKaHOT€HHBIN MpOocol B mutacte XI mpencTasiieH nen-
JJaMH KHCJIOTO COCTaBa, HO BBICOKOH IIEIOYHOCTH.
C 0n1HOIA CTOPOHBI, TIO COJIEPKAHUIO KPEMHEKHCIIOTHI (CM.
Tab1. 2) — 3TO MOPOABI PHOIUTOBOW Tpymmbl. Hammume
cBOOOIHOTO KpeMHe3eMa B popMe KBapiia, Kpucrodanura
U TPUIMMHTA TAKXKE MOATBEPXKIACT KUCIBIA COCTAaB HMC-
XOAHBIX MerioB. [IpucyTcTBHE BTOPUUYHBIX BBIIEIEHUN
TIIOOYIISPHOTO ¥ IDTACTHHYATOrO KBapIla B YIJISX HA KOH-
TakTe ¢ mpocioeM (cM. puc. 10) yka3piBaeT Ha 4acTHUY-
HBI BBIHOC KpEeMHE3eMa W3 MCXOIHOH MUPOKIACTUKUA B
mporecce ee MpeoOpa3oBaHUs TpPH YYACTHH COJOBBIX
pacTBOPOB W MO3BOJSIET MPETIONAraTh eiie 0oee BhICO-
KOe MCXOHOE cojepkanue kpemnesema. C apyroii cro-
POHBI, aHOMAJILHO BBICOKHME KOHIeHTpanuu Ta, Nb, Zr,
Hf, Ga, REE yka3bIBaroT Ha MIEIOYHOMH COCTAB HCXOHBIX
nopoa. B cBs3u C 3TUM NUPOKIACTHYECKUI TOPU3O0HT B
cocraBe miacta X ONHM30K 1O COCTaBY K BYJIKAHUTAM U

TOHLITEHHAM KaK MIENTOYHOrO, TaK M KUCIOrO COCTaBa.
TepMUH «TOHINTEHH» WM «METATOHIITEHH» B NAHHOM
cllyyae HE MPUMEHUM H3-32 HEOOMNBIIOH IO KAOJIWHHUTA
U CMEIIaHHOCIONHBIX 00pa30BaHUi, B CyMME HE IPEBbI-
maronux 30% (cM. taba. 3).

Ti0y/Al,0; u3MeHsieTcs B y3KHX IpPE/eliaX U COCTaB-
nsiet 0,026—0,027 mis uzydeHHbIX mpod. CoracHo naH-
HbiM J{.A. Crnupca [Spears, 2012], Takoe 3HaueHue Xa-
paKkTepHO AJIsl CPEJHUX IO COCTaBY BYJIKAaHOTE€HHBIX MO-
pol, HO B paccMaTpUBaeMOM CiIydae OHO JOBOJBHO
ONM3KO K 3HAYCHWIO, THIHYHOMY JUISI TOPOJ KUCIIOTO
cocraga (<0,020). OTMeTHM, YTO 3TO OTHOIIEHUE UTPAET
BCIIOMOTATENIbHYIO POJIb MIpU ONpPEAETIEHUH COCTaBa
BYJIKaHUTOB. HampuMep, Takue TUNMWYHBIC KUCIBIC BYII-
KaHUTHI MIEJTOYHOTO Psifia, KaK MMAHTEIUICPUTHI, XapaKTe-
pU3YIOTCA JOBOJIBHO BBICOKMMH €ro 3HAUYEHUSMH —
0,04—0,06 [ White, Parker, Ren, 2009].

I'padukm pacmpeneneHuss HOPMHUPOBAHHBIX HA KIIAPK
B BEPXHEH KOHTMHEHTAIBHON 36MHOM KOpE COAEPKAaHUN
P33 B ucciemyemMoM MOPOAHOM MPOCIOE MPUHIMIIHU-
QIIBHO OTJIUYAIOTCSI OT HOPMHPOBAHHBIX KPUBBIX B II0-
polax KpoBiM W mogomBbl miaacta (puc. 16). Iloactu-
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JIAIOUIME U MEePEKPHIBAIOIINE TIACT MOPOABLI UMEIOT OJI-
HOTUITHBIE HOPMUPOBAHHBIE KPUBBIE U, COOTBETCTBEHHO,
OJIMH HCTOYHHK C(OPMHUPOBABIIETO WX MHUHEPAIBHOIO
BEIIECTBA, OJIM3KHUU MO COCTAaBy K CPETHEH OCalIOYHOM
rnopozae. BHYTpUIUIACTOBBIN MPOCIION XapaKTepU3YETCs
COBEPIICHHO MHBIM KOHTPACTHO OTJIMYAIOIIUMCS TUIIOM
rpaduka. ITO0 CBHICTENHCTBYET 00 HHOM HCTOYHHKE €T0
(GhopMHUpOBaHUS W BMECTE C PACCMOTPCHHBIMH paHee
JIAHHBIMM TOATBEPKIAAET BYJIKAHOTEHHYIO MPUPOABI
JIAaHHOT'O MTOPOAHOIO MPOCIIOS B YTOIbHOM Iuiacte. py-
roil MEXaHHW3M KOHTPACTHOT'O CPaBHUTEIBHO KpPaTKO-
BPEMEHHOIO M3MEHEHHsI COCTaBa OOJACTH MHUTAHHUS JO-
BOJIBHO JIOKAJbHOIO MO MOIIHOCTH, HO OOLIMPHOrO IO
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MPOCTUPAHUIO palilOHa HAKOIUIEHUS YTJIEHOCHBIX OTJO-
KEHUI TPAKTUYECKU HE peallu3yeM.

XapakTep HOPMHPOBAaHHBIX Ha XOHIPUT TI'padUKOB
pacnpenenenus P32 B paccmaTpuBaeMOM BYJIKaHOI'€H-
HOM mpocinoe miacte XI CBUAETENBCTBYET O KHUCIIOM
COCTaBE MCXOAHOM BYJIKAaHOTEHHOW mupokiacTuku. Ha
9TO YKa3bIBaeT HaJMYWE OTYETIMBO BBIPAKEHHOI'O €B-
poriueBoro MuHumyMma (puc. 17). Benuuuna espomnue-
BOM aHOMAaIWMH JUIS Pa3HBIX Tpod  COCTaBISIET
Eu/Eu* = 0,18-0,19. Takas >xe BeNW4IHHA MOTyIeHA JIISI
toHmTelHa miacra Fire Clay, ncxomHslil coctaB ByJKa-
HOTEHHOM NHUPOKIACTUKH KOTOPOr'0 OINpEAeieH Kak
puonuToBHIi [Lyons et al., 1992].

PK-15
XI-n

FC-1

Pant Tuva
Pant Ital

La Ce
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Er Tm Yb Lu

Puc. 17. HopmupoBannsie rpadpuxu pacnpeaesnenusi P39 B ronmreiine miiacra XI (Kysoacc), B tonmreiine Fire
Clay (Kentykku, CIIIA), B nantesuiepute u3 [lantennepus, Utanuu [White, Parker, Ren, 2009] u nanreniepure
3 maccuBa Yian-Touoroi, Monronus [Spmoaiok u ap., 2016]. Hopmuposano na Xonapur
[McDonough, Sun, 1995]

1 — ronmrreitn mmacra X1, oopasern; PK-15, pa3pes Pacmagckwuii; 2 — tonmreiin miacra XI, oopasen XI-JI, maxra Jlenuna; 3 — TOHIITEHH

Fire Clay; 4 — manTemeput u3 MaccuBa Y nan-Tomoroi, Monronus; 5 — nmanTemiepur u3 paiiona [lanremnepus, Uranmum

Fig. 17. The normalized graphs of the distribution of REE in the reservoir XI (Kuzbass), Fire Clay
(Kentucky, USA), Pantellerite from Pantelleria, Italy [White, Parker, Ren, 2009] and Pantellerite from
the Ulan-Tologoy massif, Mongolia [Yarmolyuk and other, 2016]. Normalized to Hondrite [McDonough, Sun, 1995]
1 — tonnestein reservoir XI, sample RK-15, Raspadsky section; 2 — Tonstein reservoir XI, sample XI-L, Lenin's mine; 3 — Fire Clay
Tonstein; 4 — Pantellerite from the massif Ulan-Tologoy, Mongolia; 5 — Pantellerit from the region of Pantelleria, Italy

B nenom npocnoit B mutacre XI mo xapakrepy HOp-
MHUPOBAHHOW KPUBOW CHJIBHO MOXOX Ha TOHIITEWH W3
xopomro n3ydeHnoro miacta Fire Clay (cm. puc. 3), ot-
JINYAsICh OT HEr0 HECKOJIKO 00Jiee BHICOKMMHM COMIEpIKa-
HUsSMH CyMMEI P30 1, 0COOCHHO, TIOBBIIICHHBIMH yPOB-
HAMH HakormjeHus Tsokenabix P33. JlaHTaH-utTepOHeBOE
oTHOIIeHUE B mpocnoe macta X1 cocrapnsier 1416, B TO
BpeMs kak B TonmreriHe u3 Fire Clay — 36,5. [Ipu aToM, Ha
obmmpHoM mpotskeHnn ToHmTerHa Fire Clay Berpedya-
FOTCSI Pa3HOCTH, UMEIOIIHUE COCTaB, OJM3KHUK K TPOCIIO0 B
miacte XI [Hower, Rupport, Cortland, 1999].

HopmupoBaHHbie rpaduku erie Oake K IeT0YHbIM
TOHIITEWHAM MEPMCKOT0 BO3pacTa CeBepa MPOBUHIIUH
Hubei [Zhou, Bohor, Ren, 2000]. Onn Onu3ku Mexmy
co0o0if kak (hopMOil HOPMHUPOBAHHBIX TPa(UKOB, TaK U
BEJIMYMHOW €BPOMUEBOM aHOMAJIUH.

[Io xapakTepy HOPMHPOBAaHHOM KpHBOM HpPOCION
wracta X1 Hanbonee ONIM30K K MAHTELICPUTAM U3 paiio-
Ha ux npototuna [larremtepus, Utammm [White, Parker,
Ren, 2009] u mnanTennepuraM U3 MaccuBa YIaH-
Tonoroi, Monronus [Spmontok u ap., 2016]. B nepsom
cllydae XapakTepHa HECKOJIbKO MEHee KOHTpacTHasl OT-
punatensHas eBpornmeBas anomanus (Euw/Eu* = 0,38-
0,55), BO BTOpOM, HAOOOPOT, Oojee KOHTpacCTHas
(Ew/Eu* = 0,04-0,05). Xapakrep HOpMHPOBAHHON KpH-
BO# mpociost tacta X1 GNMHM30K Takke K TAaKOBOH ISt
MAHTEIICPUTOBEIX TypoB LleHTpanmpHoit MoHTOMHH
[AnapeeBa, Koanenko, 2011]. IlantemniepuTsl U HaH-
TemepuToBbie Typsl Monromuu umeroT TiOy/AlLO;
0,029-0,024 COOTBETCTBEHHO, TaKOE K€, KaK M HCCIIE-
TyeMblid nopofHelii mpocioi B miacte XI. ITo muHe-
paJIbBHOMY ¥ XHMHYECKOMY COCTaBy IaHTEIIEPUTHI
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HenTanpHoit Monronuu u 3anaaHod TyBbl MOryT pac-
CMaTpUBAThCsl KaK MCTOYHHK BEIIEeCTBA I (HOpMHpOBa-
Hus mpociiod B miacte X1, HO Mo JaHHBIM H3Yy4EeHUs U30-
TOITHOI'O COCTaBa OHHM OTHECEHBI K BYJIKAHHTaM KapOOHO-
BOIO M TpHAacoBOro Bo3pacta [AHapeeBa, KoaneH-
Ko, 2011; Spmonrok u ap., 2016]. CoriacHo omyOIHKO-
BaHHBIM JIAaHHBIM, WU30TOMHBIA BO3pACT MAHTEIUIEPUTOB U
rpanutoB CeBepo-3amagHoi MOHTOMUH, ONpeneSeHHbINR
“Ar°Ar u Sm-Nd wmeronamm mwis MaccuBa YiiaH-
Tomoro#, naer ONW3KHE pE3yAbTATBl W COCTaBILICT
298 muH JieT. OH HECKOJIBKO 0ojiee APEBHUIMA, YeM MPeo-
JIaraeMblil FeoJIOrHYeCKUi Bo3pacT 1uiacra XI.

Jdpyras TreoXuMUYecKas OCOOECHHOCTh IOPOIHOTO
npocnos B mwiacte XI — 3To aHOMaJIBHO BBICOKHE COZEp-
skanus B HeM Nb, Ta, Zr, Hf, B menbiieit crenenu Ga, Th
u U. DTOT CHeKTp 3JIEMEHTOB TUIIMYEH JUIsl MOpO Iie-
JI0YHOTO psiia. OHM OMMCAHbBI B IIEMOYHBIX BYJIKAHOT€H-
HbIX TOHIITeHHax Kutas [Zhou, Bohor, Ren, 2000; Dai et
al., 2014, 2017] 1 B MEIIOBBIX TOPU30HTAX BHE MPEICIIOB
yroipHBIX MecTopoxkaenuii [Dai et al., 2010]. AGcomoT-
HbI€ 3HAYEHUsI KOHIIEHTpAIUi 3TUX 3JIEMEHTOB B CpaBHU-
TEJIbHO MAaJIOMOIIHOM MOPOJHOM MPOCIOE B yIIie, B Iie-
JIOM, HE TOJIHOCTbIO COOTBETCTBYIOT MX COAEP)KAaHHUIO B
HCXOJTHOM TIOpOJie B CBSI3M CO 3HAYMUTENBHBIM Ilepepac-
MIpe/ICIICHHEM JJIEMEHTOB B TIporiecce (OpPMHPOBAHUS
YTOJIBHOTO TUIACTa. Psiji 3IEeMEHTOB aKTHMBHO BBILIENIAYM-
BAIOTCSl U3 MPOCIOEB U BBIHOCATCA 3a €ro Mmpenensl. 3a
CYET HUX OTHOCHUTENBHO YBEIWYMBAETCA COJACpNKaHUE

HO mpenonoxenuto [Lyons et al., 1992], mis ToHIITEHHA
Fire Clay xoHIIEHTpaIHsS ATUX BIEMEHTOB-THIPOIH3aTOB
B MpoOLEcCe KAOIMHUTH3ALWU B BYJIKAHOTEHHOW MHPO-
KJIACTHKU yBenmumBaercss B 2,7 paza. Tounyro tmdpy
MOJTyYUTH CIIOXKHO, J]a U TOJTy4YEHHbIE 3HAUEHUS HE Y4H-
THIBAIOT BBIHOCA ATHX JJIEMEHTOB M3 MCXOAHOTO Meria.
OpHako Murpanusi MOCIETHUX TaKKe HMEET MECTO.
B kakoli-To mMepe [UIsl yCTaHOBJIEHUS] COCTaBa MCXOTHOW
MOPOABI MOTYT UCIOJIb30BATHCSl OTHOLIEHUS HJIEMEHTOB.
VY 1ayHbIM NPUMEPOM MPUMEHEHHS SIBISETCS AUarpaMma
B koopmuHarax Zr/TiO, — Nb/Y [Winchester, Floyd,
1977]. Ucnonb3oBaHue 3TOM AUarpaMMbl BOZMOXKHO MPH
JONYUIEHUH, YTO MUTPALIUS IAHHBIX BJIEMEHTOB OrpaHH-
YeHa M, YTO elie Ooliee BaKHO, OMHOTHITHA IS KaXKIOH
napsl 37eMeHToB. Kak mokazanu uccienoBaHus Mociea-
HUX JECATIICTHH, MHIPAMOHHAS CIOCOOHOCTh 3THX
JIBYX Tap 3JIEMEHTOB B PsiJie CIIy4aeB MOXKET pa3iinyaTh-
Csl, YTO MOXKET MPHUBOAUTH K MCKaXXEHHOM HMHTEpHpeTa-
IIW TIOJTy4eHHBIX JaHHBIX [ApOy30B 1 ap., 2017]. Ot™me-
YeHa TEeHJEHLHUA K CHIXKEHHIO KUCIIOTHOCTU U IIENOYHO-
CTH MCXOJHBIX TOPOJ Ha JuarpamMme — Ooliee aKTHBHBIH
BBIHOC M3 TOHIITEHHOB HHOOWS M IIMPKOHUS IO CpaBHE-
HUIO C UTTPUEM U TUTAHOM.

Ha nnarpamme Bunuecrepa — ®moiina ncciaenoBaH-
HBIA Tpociod B miacte X[, oToOpaHHEBIA B ABYX IMPO-
CTPaHCTBEHHO YyJAJICHHBIX CEUEHHSX, pacrojaraercs B
Mojie  KOMEHJMTOB-TIAHTEIJIEPUTOB BYJIKAHOT'€HHBIX
MOPOJ] KMCIIOr0 COCTaBa LIEIIOYHOr0 PAja, a OT/EIbHbIE

CpaBHUTECIIBHO MaJIOIIOABUKHBIX OJIEMCHTOB-TUAPO- HpO6I)I — B IOJE TPAXHUTOB — IOPOJ HICIOYHOIO psAda
nM3aToB, TakuxX Kak Al, Nb, Ta, Zr, Hf, Sc u ap. Cornac-  (pwuc. 18).
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Puc. 18. ITono:xenne NMUPOKJIACTHYECKOro ropu3oHTa u3 miacra XI na Zr/TiO, — Nb/Y nuarpamme
Bunuectepa — ®@uaoiiga (1977)
XI-L, RK-15 — ornensubie npobs! ¢ maxtsl uM. B.1. Jlennna u pa3pesa Pacmanckuii, XI — cpeqnuii cocTaB MIPOKIACTHIECKOT O TOPH-

30HTa (8 IP0b); FC-1 — mpoba Tormreiina u3 miacra Fire Clay

Fig. 18. Zr/TiO; and Nb/Y classification diagram of the pyroclastic rocks in the seam XI according
to Winchester and Floyd [1977]
XI-L, RK-15 — individual samples from the Lenin’s mine and Raspadsky open-pit coal mine, XI — the average composition of the pyro-
clastic horizon (8 samples); FC-1 — sample of tonstein from the seam Fire Clay
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Amnanu3 Tabn. 5 mMokas3pIBaeT, YTO MAHTEIUICPUTOBBIN
Ty LleHTpanpHOW MOHTOIMH MOXKET paccMaTpPHBATHCS
B KAayeCTBE HMCTOYHHMKA IEPBUYHOIO BYJIKAHOTEHHOTO
MarepHaia Juisi HopogHoro npocios B miacte XI. Takoi
BBIBOJ] MOXHO CIENIaTh C y4ETOM Pa3IUYHOW IOABHXK-
HOCTH DJIEMEHTOB MpU Mpeobpa3oBaHuu IMeruioB. M3
OTHOCHUTENIBHO MHEPTHBIX NETPOTrE€HHBIX 3JIEMEHTOB OT-
MEUYEHO YEThIPEXKPATHOE KOHIIEHTPUPOBAHUE THUTaHa U
MIOMUHUA. 3 MUKPO3JIEMEHTOB TaKOM ke Kod(uiu-
€HT HaKOIUICHHsI OTMEYEH JUIsl TaHTasa. Belle e1nHALBI
k03¢ punments! Hakomienus y U, Th, Hf u Nb. bruzku
K equamle — Zr 1 Y. C yueroMm crienuduku mpeodpaso-
BaHUs BemecTBa mpocios B ruiacte X1 Kysbacca atu
PE3yNIbTAaThl XOPOLIO COIJIACYIOTCSl ¢ JAaHHBIMHM 1O IO-
JBIDKHOCTH 3TUX 3JIEMEHTOB IMpU MpeoOpa3oBaHUU BYII-
KaHOTeHHOU mpokiacTuku [Lyons et al., 1992] Crenens
npeoOpa3oBaHusl MUHEPAIFHOTO BEILIECTBA paccMaTpUBa-
€MBIX BYJKaHOI'€HHO-0CaJI0UHBIX NMOpoa B miacte XI cy-
[IECTBEHHO MEHBIIIE, YeM TOHIITEHHOB, MMO3TOMY KOA(-
(UIUEHTH KOHIICHTPALUK HIDKE, HO 00IIasi 3aKOHOMep-
HOCTb, BBIpa)KEHHAas B pa3HOA NOJBMKHOCTH 3THX
Hanboyee WHEPTHBHIX KOMIIOHCHTOB B JTAHHOM IIPOIIECCE,
coxpansiercsi. DTU JaHHbIE XOPOLIO COIJIACYIOTCS C pe-
3ynbTaTaMH JIPYTHX METOIOB HCCIETOBAHMUS.

Takum 00pa3oM, TIONYYEHHBI B Pe3yabTaTe UCCIC-
JIOBaHWM MACCHB JTAHHBIX MO3BOJSET YBEPEHHO 3aKIIO-
YUTbh, YTO MOPOIHBINA Mpocioi (maptuHr) B miacre XI,
SIBJIAIOLIMIICS MCTOYHHUKOM JUIS HAKOIUIEHHUS TPYIIIBI
PEAKUX DJIEMEHTOB B YIJISIX, MPEACTABIECH N€OXUMHYE-
CKH CIIEHIHAIM3HPOBAHHBIMA HW3MEHEHHBIMHU TIEIUIAMU
MaHTeJUIEPUTOBOro coctaBa. OTCYTCTBHE NEPBUYHOM,
0 TIOCTYIUICHHUS B TOP(SHYIO 3aJIeXKb, IEepepadOTKH
BYJIKAaHOT€HHOTO MaTepualia B 30HE THIeprene3a odec-
MEYMJIO COXPAHHOCTh €r0 PEeAKOMETAINIBHOTO MOTEHIIH-
aja W JaJbHENIIee NepepaclpefeiCeHHe B YTOIbHOM
racte ¢ (pOpMUPOBAHUEM MPOMEBIILIEHHOro Nb-Ta-Zr-
Hf-Y-REE-Ga opynenenus.

P €CypCbl Memajllio6 6 y2iaiax niacma
HpOBeL[eHHI:Iﬁ dHAJIM3 IOKa3ajJ, 4YTO YIJIM IlJlacTa

XI oTnIMYaroTCs YHHKANIbHO BBICOKHMM ISl YIVIEH CO-
JepKaHUSAMH HHOOWS W TaHTana. KoHIEHTpamus HHO-

Ous B cpemHeM JUTsI TutacTa Oojiee 4eM BIIBOE IPEBEIIIA-
€T Jaxe caMble JKECTKHE U3 PEKOMEHIYEeMBIX MHUHU-
MajJbHO MPOMBIIUIEHHOTO 3HA4YeHWH [Uig peaKoMe-
TaJUIbHO-YTOJBHBIX MecTopoxieHnil [Cepenun, 2004;
Dai, Finkelman, 2018]. Ha Gonee TOKaNbHBIX y4acTKax
MOIIHOCTBIO 15-20 cM BONM3HM MapTHHTA, UX COACPIKA-
HUE B 30JI€ YIJI B LIEJIOM MPEBBIIIAET MTPOMBIILICHHBIN
MHUHUMYM B HECKOJIBKO Pa3, COCTaBJIsIsl B CPEJHEM OKOJIO
0,2%.

TaHTanm CKOHIEHTPUPOBAH NPEUMYIIECTBEHHO B
BYJKAaHOT€HHOM IPOCIOe JTHOO B HEMOCPEICTBEHHOM
KOHTaKTe ¢ HUM. [Ipu cpegHeM conep aHuH B 30J1€ yIJIs
wracta XI, ¢ yderom mopomHoro mpocios, 26,9 r/t
Ta,0s, ero KOHIIEHTpaLKsI B CAMOM ITPOCIIOE IPEBbIIIAET
68 /T, 2 B HEKOTOPBIX CEUEHUSX JOCTHTAeT 87 T/T.

Coneprkanue HUPKOHUS B 3TUX XK€ pyAax (B 30Ie yr-
JIs1) TaKXK€ COOTBETCTBYET MX MHHHMMAJIbHBIM MPOMBIIII-
JIEHHBIM BEJIMYMHAM, XOTS W HE TaK 3HAUMUTENbHBI, KaK
coaepkaHus HHoOus (Tab. 6).

[omumo Nb, Ta, Zr u Hf pynsr oborariens! ganTa-
Hounamu. CyMMa JIaHTAaHOMZOB U UTTPHUs B IEpecyeTe
Ha OKHCIBI cocTaBisieT 975 r/r. Takue KOHIIEHTPALUU
P35 npu npeobnamaHuy B HUX TPYIIEI JISTKUX JIAHTA-
HOMJIOB CAMOCTOSITENIFHOI'O 3HAYEHHS HE UMEIOT, HO MO-
TyT OBITh 3HAYMMBI TPH MepepaboTKe KOMIUIEKCHBIX
PyA. AHaJIOTHYHBEIM OOpa3oM pacCMaTpUBAETCA M Tal-
JIUH, COIepKaHUsI KOTOPOTro cOCTaBILIIOT 48,5-69,4 T/T B
3aBHCHUMOCTH OT TOT'O, YYMTHIBAETCA B pacuere Mopo.-
HBII Tpociioil WK HeT. B mocnenHeM ciydae comepika-
Hue B 1,5 paza Beiie. CienoBaTenbHO, IPH y4eTe B pac-
YyeTax CpeIHEro COAEpP)KaHUSA U PECYpCOB LEHHBIX Me-
TaJUIOB BYJIKAHOTEHHOI'O MPOCIIOs, BO3pacTaeT cpeaHee
conepxkanue Ta, Hf, Ga u pecypchel Bcex paccMarpuBa-
€MBIX METaJIOB (CM. TabI. 6).

Pecypcbl mertasia, pacCuMTaHHbIE HUCXOAA W3 JaH-
HBIX 110 BOCBMH M3YYE€HHBIM CEUEHHUSM, IIPEICTaBICHbI B
Tabn. 6. [Ipu pacuerax cpefHsIsE MOIIHOCTH IUIACTA MPH-
HUManace 1,5 M, MOIIHOCTh BYJKaHOT€HHOI'O MPOCIOS
(maprtunra) — 0,1 M, pa3mepsl 10 NPOCTUPAHUIO — 21 KM,
o TajJeHUI0 5,8 kM, oObeMHas Mmacca yIis —
1,35 r/em’, oGbemuast Macca MOPOJHOIO MPOCIOsT —
2,2 F/CM3, cpenHsis 30imbHOCTD yris — 11,4%, ¢ yuerom
naptunra — 17,9%.

Tabauma 6
Conep:xaHue 1 pecypcbl OKCHI0B PeIKUX MeTaJLI0B B muiacre XI
Table 6
The content and resources of oxides of rare metals in the XI seam
Conepxanue B 30I¢, I/T Pecypcsl, T
Oxcuapl I i I i
Nb,Os5 930 689 26 145 31 545
710, 2526 2 365 71 024 108 281
2REE + Y,0;3 975 934 27 423 42 763
Ta,O5 8,4 26,9 237 1232
HfO, 37,5 49,6 1 054 2271
Ga,04 48,5 69,4 1365 3178

Tpumeuanue: 1 — yrons 6e3 nopoaHoro npociuost; II — Beck miacT ¢ mopogHEIM IPOCTIOEM.

Note: 1— coal without interbed rock; II — whole seam with interbed rock.
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Kax cnenyer u3 stux jgaHHbIX, yru miacra XI mpen-
CTaBJIAAIOT COOOH CpeHee 10 MacIuTabaM MECTOPOKIEHHE
KOMILJIEKCHBIX PYJ C PSAOBBIM COICPKAHHUEM OCHOBHBIX
TIOJIE3HBIX KOMITOHEHTOB. PeHTabenbsHOCTh HX mepepadboT-
KH MOXKET OBbITh JOCTUTHYTA ITyTEM CENEKTUBHOTO H3BIIE-
YeHUs YIJIeH ATOro IacTa, UCHOIb30BaHUS BBICOKOIHEP-
TeTHYHOro yrid B KayecTBe TOIUIMBa Ha HeOonbimoi TOC.
OrpaHuueHi 0 UCTIONB30BAHUIO 3TOrO YIJISl B SHEPreTu-
ke HeT. [lomyueHHble 30/101UTAKY TOUICKAT KOMILIEKCHOM
nepepabOoTKe ¢ U3BJICUEHHEM TPYIIIbI METAILIOB.

3akiarouenne

Yrou tmacra X1 mpencraBisifor coOoW  TONMMeE-
taybHble pyabl Nb-Ta-Zr-Hf-Y-REE-Ga cocraBa. Ux
(dbopMHUpOBaHHE CBS3aHO C HAJWYHEM B YTOJIBHOM ILIa-
CT€ HEYTOJBHBIX MPOCIOEB HEOONBIIONH MOIIHOCTH (6—
15 cM), koHTpacTHO oborarieHHslx Nb, Ta, Zr, Hf, Y,
REE, Ga, Th, U, Sn u apyrumu JTuTOGUIBHBIMEA 3J1€-
MeHTaMH. ['eOXUMHUYeCKre OCOOEHHOCTH ITHX IPOCIO-
€B, COCTaB PEIMKTOBBIX MHUHEPAJIOB MO3BOJISIOT CBA3ATh
JaHHBIC TOPU30HTHI C MOCTYILICHHEM B Tepron Topdo-
HAaKOIUIEHUS] BYJKaHOTEHHOI'O MUPOKIACTUYECKOro Ma-
Tepuaja KUCJIOro cocTaBa Iieno4yHoro pana. Ilo pecra-
BPHPOBAaHHOMY COCTaBY BYJIKAHOTECHHAs MHPOKIACTHKA
9TUX TOPOAHBIX MPOCIOEB COOTBETCTBYET CEMEUCTBY
KOMEHIUTOB-MIaHTEJUIEPUTOB. BO3MOKHBIM HCTOUHUKOM
SIBISIIOTCSL  TTAHTEJUICPUTOBBIE MEIUTBI MOHTOIUU WK
toro-eocroka Cubupu. OHU KOHTpPAcTHO OOOTaIICHEI
Nb, Ta, Zr, Hf, Y, REE, Ga, Th u U. B nporecce yrie-
(UKaIMU TPOU3ONLIO MEpEpaCIpeeiCHIe PEAKIX dIie-
MEHTOB-THIIPOJIM3aTOB H  (OpMHPOBAHUE peIKOME-
TaJUIbHOTO opyJeHeHusa B yriax. [lepepacmpenenenue
MPOUCXONWIO HA PAaHHUX CTAAWAX YIIeUKAIMU IIPH
y4acTHH COAOBBIX BOA. Pacrmpenenenue 3TUX 3JIeMEHTOB
B yrJie W 30JI€ YyIJid B BEPTUKAIBHOM pa3pese IuiacTa
MOJUEPKUBACT WX CBS3b C BYJIKAHOTCHHBIM ITHPOKIIA-
CTMYECKUM TOPHU30HTOM U OTpPa)KaeT TeOXMMHYECKYIO
30HAJIBHOCTh, OOYCIIOBJICHHYIO IepepacipeesieHueM
XUMHYECKUX DJIEMEHTOB MPHU YYaCTUU BOAHBIX PacTBO-
poB. OCOOCHHO OTYETIUBO 3TO MposiBIeHO Mt P30 u
XOPOIIO BHIHO MpPH aHAIN3E¢ HOPMUPOBAHHBIX HA XOH-
JPUT W BEPXHIOIO KOHTUHEHTAJIBHYIO 3€MHYI0 KOpYy
rpadukoB. Otnenpubie mements (Ta, Hf, Ga) u3 pyn-
HOT'O CIIEKTpa OTIMYAIOTCS CIa00i MUTPAIMOHHON CIO-
COOHOCTBIO M HAKaIUIMBAIOTCS B CAMOM BYJIKAaHOTC€HHOM
Mpocyoe TUO0 B HEMOCPEICTBEHHOMN OJHM30CTH OT HETO.
ConeprkaHue TaHTaNA W TaJUTUS B BYJKAHOTEHHOM IPO-

CJI0€ COOTBETCTBYET UX COMAEPKAHHUIO B pyldaX MeCTO-
POXIEHUN APYTHX MPOMBIIIJICHHBIX THIIOB.

PynHoe BemiecTBO CKOHIIEHTPUPOBAHO IpEUMYyILe-
CTBEHHO B TOHKOMCIIEPCHON MHUHEpaIbHOM (ase, mpen-
craBiieHHOM B ocHOBHOM Zr-Nb-Ti-Fe okcupamu, TOH-
KOJMCHEPCHBIMU LIMPKOHAMH, PEIKO3EMENIbHBIMHU Kap-
Oonatamu (OactHe3UT) U pocdhaTamMu (MOHALUT, KCCHO-
TUM, TOisUT). HekoTopast 4acTb 3JIEMEHTOB COAEPIKUT-
cs B paccesHHOW (opMe B OpPraHHYECKOM BEIICCTBE.
OnureHeTHYecKass MPHPoAa OONBIIMHCTBA MHHEPAIIOB
OTYETIMBO BUIHA IO XapaKTepy HUX paclpeleleHus B
YTOJIBHOM MaTpulle, TPUYPOUEHHOCTH K MOPOBOMY IMpPO-
CTPaHCTBY, MUKPOIIPOXKHUIIKAM U K y4acTKaM, Herocpe-
CTBEHHO TATOTEIOLIUM K BYJIKaHOT€HHOMY MPOCIOIO.

Pecypcet meramos (Nb, Ta, Zr, Hf, Y, REE, Ga) B
miacte XI Mo3BOJISIOT paccMaTpUBaTh €ro Kak cpelrHee
IO 3armacaM MeCTOpPOXKICHHE.

[IpoBeneHHBIE WCCIEMOBAHUS IO3BOJSIIOT pa3pabo-
TaTh KOMIUIEKC MOMCKOBBIX KPUTEPUEB ISl BBISBICHUS
OopyIeHEeHHsT TOAOOHOr0 THMA. XapaKTepHas OCOOeH-
HOCTb TaKUX Pyl — HAJIM4YHE TOPU30HTA BYJIKAHOT€HHBIX
MUPOKIACTUYECKUX TMOPOJ ILIEIOYHOTO COCTaBa, OTIH-
YaloIerocsl MOBBIIEHHON paJnoakTUBHOCThIO. Hamu-
YHe TaKOro TOPU30HTA OTMEUYCHO B OJU3KUX IO COCTaBY
pyaax Kurtas [Dai et al., 2010, 2012, 2014] u B yrmsax
MunycuHckoro Oacceitna [ApOy3oB u ap., 2003]. Ora
0COOEHHOCTH MO3BOJIAET YK€ HA CTAJUU MPEABAPUTEIh-
HOT'O HM3YYeHUs YTICHOCHBIX ILTOMIaNed (DUKCHPOBATH
TaKle TOPU30HTHI METOJIOM raMMa-KapoTasKa.

CBs3p komruiekcHoro Nb-Ta-Zr-Hf-Y-REE-Ga opy-
JICHEHHs] C BYJKAHOT€HHOM MHUPOKIACTHKON ILEIOYHOIr0
COCTaBa CYLIECTBEHHO PACIIMPAET IMEPCHEKTHUBBI BBISB-
JICHUsI MOJOOHOTrO OpYACHEHUs B yrIsiX BocTouHOi u
HentpansHoil Asuu. Bbicokas ByJiKaHW4eckash aKTHB-
HOCTB 3TOT0 MEPUO/IA HAPSILy C MPOSBICHUEM ILIEIOYHOTO
MarmMaTu3ma [Spmomtok, Kosnosckuii, Ky3smun, 2013]
croco0cTBOBaa (POPMHUPOBAHUIO METAJUIOHOCHBIX IICI-
JIOBBIX TOPU30HTOB. B ciiyyae Mx 3aXOpoOHEHHUs B Malie-
TopdsiHIKAX (POPMHUPOBATHCH KOMIUICKCHBIE PEIKOME-
TaJUIbHO-YTOJIbHBIE ~ MECTOPOXKIEHHUA.  Pa3po3HeHHbIe
YYaCTKH PACIOJIOKEHUSI TaKuX Pyll, YCTaHOBJICHHbIE Ha
obmmpHoi Tepputopun B Kutae n B Poccuu, narot ocHO-
BaHME IMPENoJiaraTh, YTO MPU CUCTEMATUUYECKOM HCCe-
JOBaHUH OCAJIOYHBIX 0AaCCEHHOB ITOrO BO3pPAcTa MOXET
OBITh BBISIBJICH LIENBIH PSIIT TOJOOHBIX MECTOPOIKICHUIA.

Hccneoosanue evinonneno 3a cuem epanma Poccuti-
CK020 HayuHo20 ghonda (npoexm Ne 18-17-00004).
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GEOCHEMISTRY, MINERALOGY AND GENESIS OF RARE-METAL COAL DEPOSIT IN THE SEAM XI,
SOUTHERN PART OF THE KUZNETSK BASIN

The article presents results of the study of rare metal ores that were identified in the seam XI of the Kemerovo suite in the southern part
of the Kuznetsk basin. The coals in the seam XI represent polymetallic ores of of Nb-Ta-Zr-Hf-Y-REE-Ga composition. Their formation is
associated with the thick (6-15 ) non-coal layers, contrastively enriched with Nb, Ta, Zr, Hf, Y, REE, Ga, Th, U, Sn and other lithophylic
elements, in the coal seam. Geochemical characteristics of these layers and the composition of relict minerals allows connecting these hori-
zons with the input of acid volcanic pyroclastic material of alkaline composition during peat accumulation. The restored composition shows
the correspondence of the volcanogenic pyroclastics to comendites-pantellerites. A possible source are pantellerite ashes of Mongolia and
south-east of Siberia. They are contrastively enriched with Nb, Ta, Zr, Hf, Y, REE, Ga, Th and U. We have established that the process of
coalification was accompanied by redistribution of these elements in the coal seam and the formation of rare metal mineralization. The re-
distribution occurred in the early stages of coalification with the participation of soda water. Distribution of main ore elements in the vertical
section of the coal seam emphasizes their connection with the volcanogenic pyroclastic horizon and reflects the geochemical zonation due to
the chemical elements migration with the participation of aqueous solutions. This is particularly evident for REE and well expressed on the
chondrite- and upper continental crust normalized diagrams of the elements distribution. Several elements (Ta, Hf, and Ga) of the ore spec-
trum are characterized by weak migration capacity in these conditions and accumulate in or in the immediate vicinity of the volcanogenic
layer. The ore substance is concentrated predominantly in finely dispersed mineral phase, represented mainly with Zr-Nb-Ti-Fe oxides, fine-
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grained zircon, REE carbonates (bastnesite) and phosphates (monazite, xenotime, goyazite). Some elements are found in the scattered form
in organic matter. The epigenetic genesis of most minerals is clearly visible by their distribution in the coal matrix, confinedness to the pore
volume, micro-veins and parts directly connected to the volcanic layer.

The studies allow to develop a model of formation with similar mineralization in coals and to offer a set of search criteria for its dis-
covery. The characteristic feature of such ores is the layer of volcanic pyroclastic rocks of alkaline composition, characterized by in-
creased radioactivity. This feature allows finding such horizons with gamma-ray logging even at the preliminary stage of coal-bearing
areas study. The connection of complex NB-Ta-Zr-Hf-Y-REE-Ga mineralization with volcanogenic pyroclastics of alkaline composition
significantly expands the perspectives for the detection of such mineralization in the coals of East and Central Asia. The high volcanic
activity of this period along with the manifestation of alkaline magmatism contributed to the formation of metal-bearing ash horizons.
At the places of ashes burial in peatlands the complex rare-metal-coal deposits formed. Fragmented locations of such ores, established
on a vast territory in China and Russia, give a reason to assume that a systematic study of sedimentary basins of this age can help to find
a number of such deposits.

The research was carried out under the support of the grant of Russian Science Foundation (Project no. 18-17-00004).

Keywords: Coal, geochemistry, rare metals, mineralogy, ore genesis.
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POJIb TEKTOHUYECKHUX CTPYKTYP U TPEHHIMHHBIX CUCTEM

P ®OPMUPOBAHUHA IMOPOA-KOJIVIEKTOPOB B TOIOPCKUX
OBPA30OBAHMSIX IOT'O-BOCTOYHOM YACTH 3AIIATHO-CUBUPCKOM
TEKTOHUYECKOM IUIATHI (MEXKOBCKWI CPEJIUHHBIA MACCHB)

TESR®

EesS

A.E. Kosemnnkos', B.H. Ctpensien’

1 . . .
Hayuno-uccnedosamensckuii Tomekuil nonumexnuueckuti yuusepcumem, Tomck, Poccus
2 . . .
Hayuno-uccnedoeamensckuii Tomckuii cocyoapcmeennbrii ynusepcumem, Tomck, Poccus

IManeo3otickne 0Opa30BaHMs I0TO-BOCTOUHOHM dacTH 3amaqHo-CHOMPCKOH TEKTOHMYECKON INIMTHI B MEPMCKHIT epHoJ Ipu
TPOSIBIICHUH TePIIMHCKON CKJIQMYaTOCTH OBLTH CMSTHI B CKJIAQJKH CEBEPO-3aIIaHOTO NMPOCTHPaHKs. B mpexenax 1oro-BocTouHOi
gacTi HIOpoibCKOTO CTPYKTYpHO-(anuansHoro paiiona copMupoBanack MexxoBcKas CHHKIIHHAIL BTOPOrO MOPSIKA, CIOXKEH-
Has JBYMs aHTHKINHAISAMHI U TpeMs CHHKIMHAISAMH. 3aleXd He()TH M ra3a B IAJICO30MCKUX 00pPa30BaHHAX YCTaHABIMBAIOTCS
YETKO BJOIb OCEH CKIAaJOK, a TAKXKE B 30HE, Pa3BUTOU BKpeCT IpOocTUpaHus MexOBCKOM CHHKJIMHAIU BTOPOro Iopsaka. OTa
30Ha BO3HHKJIA TIPH NIPOSBICHAH TPUACOBBIX TpabeH-pu(pTOB. [10poabI-KOMIEKTOPH B JOIOPCKHX 00pa30BaHUIX CHOPMUPOBa-
JIACh TIPH MX THAPOTEPMANBHOH MpopaboTKe IporeccaMi JOJOMUTH3AINY M BHIMENadnBaHus. [ maporepMansHas mpopaboTka
OCYIECTBHIIACH TI0 BYM TPEIIMHHBIM CHCTEMAaM, HHTEPIIPETHPYEMBIM IIPH aHAJM3€ COOTBETCTBYIOIINX LIUIICOUIOB Aedopma-
IWit: TepBas — TEepIUHCKAs CKJIAJUaTOCTh; BTOpas — 1II0Xa CYI[ECTBOBaHMS rpabeH-pudroB. B pesynbrare chopmupoBanach
€/lUHasl CUCTEMa TPELIMH U Pa3IOMOB, 10 KOTOPBIM MPOSIBUINCH TUAPOTEPMAIIbHbIE IPOLECCH, BEAYIIUE K PA3BUTHIO IO HAJIEO-
30HCKMM 00pa30BaHUSIM IIOPOJ-KOIUIEKTOPOB U 3anexedl HeTH M ra3a. ['epIMHCKOIN CKIag4aTOCTH COOTBETCTBYET CEBEPO-
3aMajiHOe PACIIONOXKEHHE 3aIekel HeTH U Ta3a BOIb MPOCTHPaHUsS MexXOBCKOH CHHKIIMHATIH BTOPOTO IOPSIKA (M CIaralolux
ee CKIIaJIOK TPETHEro MOpPSAAKA), a CHCTEMa TPEIIHH, 3aJI0KeHHBIX IIPU MPOSBICHAN TPHACOBOrO PH(PTOreHe3a, OPHEHTHPOBAHA
BKPECT €€ IPOCTHUPaHNs. B 30He HaJIOXEHHS ABYX BBISBICHHBIX TPEIIMHHBIX CHCTEM M COCPENOTOYEHA OOJbIIast 4acTh 3ajekKer
He()TH W Ta3a B MaJeO030MCKUX 00pa3oBaHUSIX MEeXKOBCKOH CHHKJIHMHAIN BTOPOTO MOpsiiKa (FOTO-BOCTOYHAS 4acTh 3arajgHo-
CHOHPCKON TeKTOHHMYECKOHN IIIHATHI).

Kniouesvie cnosa: mexmozenes, pugmocenes, meKmoHUYeCKds NAUMA, NOPOObI-KOIEKMOPbl, IAIUNCOUO Oedpopmayull,

emopulmblﬁ Kamacenes.

BBenenne

B nacrosiee BpeMst MPUPOCT 3aNaCOB HEPTH U Tra3a
BO3MOXKEH TOJBKO B PE3yJIbTaTe MPHUBICUCHHUS HOBBIX
HEIOCTATOYHO M3YUYCHHBIX paHee 00bEKTOB.

K TakoBBIM OTHOCATCS Malco30HCKUE KapOOHATHBIC
obpazoBanuss  3amagHO-CHOMPCKOH  TEKTOHHYECKOM
el (3CTID).

Best TeppuTopHsi pactipocTpaHEeHHs JOFOPCKHX OTIIO-
xernii B mpenenax 3CTII Ha OCHOBaHMM W3YYCHUS WX
JIMTOJIOTUYECKOTO COCTaBa M ITAJICOHTONOTHYECKIX OIpe-
JIeIICHUH Bo3pacTa OOHAPY)KEHHBIX B MOPOAAX OpraHuye-
CKMX OCTAaTKOB, IOf[pa3ieNicHa Ha 23 CTPYKTypHO-
¢ammanpHbx paiiona (COP) [Pemenus. .. 1999] (puc. 1).

I'epuuHCcKast CKIAXYATHOCTD
W TPHACOBBI pudTorenes

I'epunnckas ckimagyatocTs Ha Tteppuropun 3CTII
MPOSIBUIIACh B ()OPMHUPOBAHUM JBYX TUTAHTCKHX, BBITS-
HYTBIX B MEPUIIOHAJIFHOM HalpaBlIeHUH 30H, paz/elieH-
HBIX yYaCTKOM, KOHCOJHMIMPOBAHHBIM MpPU MPOSIBICHUU
KaJIeIOHCKOW CKJIaI4aTOCTH. 30HBI TIOKa3aHbl HAa TEKTO-
Huueckux kaprax 3CTII [Tekronnueckas... 2000]. Dtum

JBYM 30HaM COOTBETCTBYIOT orpoMHble yuacTku 3CTII,
JUIS KOTOPBIX, MPU MPOBEICHHOM HAMHU aHAJIM3€ MOILHO-
cTell 00pa30BaHUA JIOIOPCKOIO KOMILIEKCA, BBISBIICHA
MOBBIILIEHHAS MOIIHOCTh KaK B LEJIOM IMaJe030iCKOro
pa3pesa (puc. 2), Tak ¥ CyMMapHO KapOOHATHBIX M KPEM-
HecoIepKaliux o0pa3oBaHuil. TpeThs 30HA TOBBIIICH-
HBIX MOIIHOCTEH JOIOPCKOro paspes3a paclojioKeHa Ha
3amaHOM oOpamitennu Boctounoit Cubmpn u mpeacras-
JICHAa B OCHOBHOM JIOKEMOPUICKUMH 00pa30BaHUSIMHU
[KontopoBuu u np., 2008].

[epuuHcKast ck1aq4aToCcTh, KaKk HaM MPEJCTaBIISETCS,
TIPOSIBIJIACH TIPH HAYaBIIEMCs CONMKEHUN MAaTEPHKOB Kak
OKPY’KaIOIIMH Y4acTOK CYIIECTBOBABIIEro 0 KOHIIA Kap-
OoHa maneo3oiickoro 3amamnHo-Cruoupckoro Mops. Takux
MAaTepUKOB, MO JIAHHBIM psfa uccienoBatenei [/lybaro-
noB, KpacuoB, 2000], 6suto Tpu: Anrapuna (Boctouno-
Cubupckuii Matepuk), Kazaxcranus (00macte KaienoHU
Ha 1ore 3CTII) u Pycckas miatdopma (cm. puc. 2). Bepo-
SITHO, TEPLMHCKAas CKJIQA4aTOCTh — 3TO OTpaXKEHUE COMM-
KEHHs 3TUX MaTEPUKOB OTHOCHUTENILHO Apyr apyra. Ilpu
sToM Mexay Anrapunmoii m Kaszaxcramwmedr cdopmupoBa-
JUCh TEPUUHCKHE CKIAJKA CEeBEepO-3alaJHOro, a Mpu
commkennn Pycckoii matdopmel 1 Kasaxcranuu — cese-
PO-BOCTOYHOI'O IMTPOCTUPAHUSL.

© KopemnnkoB A.E., Ctpensies B.1., 2019
DOI: 10.17223/25421379/10/4
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Puc. 1. Iloapa3znesenue najgeo3oiickux oopazopanuii 3anagHo-CuONpPCKoOi TEKTOHMYECKOI MIUTHI
Ha CTPYKTYpHO-panuaibHbie paiionsl (COP) [Pemenus... 1999]
COP: 1 — boBanenkoBckuif; 2 — HoBonopTroBceknii; 3 — Tarmnsckuii; 4 — bepe3oBo-CapTeiHEHHCKHH; 5 — Spyneiickuit; 6 — [lepkanna-
ckuif; 7 — llanmckuit; 8 — Kpacnonenunckuit; 9 — Tromenckwit; 10 — KocomamoBekwuit; 11 — YBarckuit; 12 — Canbmvmckuit; 13 — Yerb-
Banbrkckwit; 14 — Mnmmcknid; 15 — TeBpusckmii; 16 — Tyiicko-bapabunckuit; 17 — Bapeeranckuit; 18 — Hioponbekuit; 19 — Hukons-
ckmif; 20 — KonmameBckwuit; 21 — Bezgexomnsrii; 22 — Teriickuit; 23 — EpmakoBckuii

Fig. 1. The division of the Paleozoic formations of West Siberian Tectonic Plate
on the structural-facial areas (SFA) [Resheniya... 1999]
SFA: 1 — Bovanenkovskiy; 2 — Novoportovskiy; 3 Tagilskiy; 4 — Berezovo-Sartininskiy; 5 — Yarudeyskiy; 6 — Sherkalinskiy; 7 — Sha-
imskiy; 8 — Krasnoleninskiy; 9 — Tyumenskiy; 10 — Kosolaposkiy; 11 — Uvatskiy; 12 — Salimskiy; 13 — Ust-Balykskiy; 14 — Ishimskiy;
15 — Tevrizskiy; 16 — Tuisko-Barabinskiy 17 — Varieganskiy; 18 — Nyurolskiy; 19 — St. Nicholskiy; 20 — Kolpashevskiy; 21 —

Vezdehodniy; 22 — Tyiskiy; 23 — Ermakovskiy

[pu dhopMupoOBaHHU TEPUUHCKOM CKIATIaTOCTH (CM.
pHC. 2) 3TH TPH MAaTEpHKa BBICTYIAIH KaK CTAaOWIIBHBIC
WIomaaki. Bo BpeMs HX CONMKEHHS MalC030HCKHUE
OTJIOKEHHSI, PACIIOIOKEHHBIE B mpezenax Hropoiabckoro
COP (puc. 2), panee 3aneraroniie OIU3KO K TOPHU30H-
TaJBHOMY MTOJIOKEHUIO, OBLITH CMATHI B CKJIAJKH CEBEPO-
3amagHoro npoctupanus u Bes teppuropust 3CTIT mu-
TeNbHOE BpeMs (B MEpMU—TpUAce) MpeacTaBisiia co0oit
CYIIIy, TOJBEPraroIyrocs HHTCHCUBHOMY BO3JCHCTBHIO
MPOLIECCOB TIOBEPXHOCTHOTO BEIBETPUBAHUSL.

3areM B paHHEM TpHAace MPOU3ONIUIO 3aTOKCHHE
KOHTHHEHTAJBHOW CHCTEMBI TpabeH-pu¢ToB, ¢ (hopMu-

pOBaHUEM HAJIOKEHHBIX CTPYKTYpP B CPEIHEM M IMO3THEM
Tpuace (puc. 2).

PaccmatpuBaeMbrii HamMu MeEXOBCKUN CpeAMHHBINA
maccuB (Hroponbckoro COP) pacnonoxeH K BOCTOKY OT
10’)kKHOTO OKOHuYaHus Konroropcko-¥YpeHroiickoro rpa-
OeH-pudTa, MEXKIy IOr0o-3amaHbBIMA  OKOHYAHHSIMH
Yerp-TeiMckoro u Uysukckoro rpaben-pugros. Tpua-
COBBII pU(TOreHe3 3aKII0YACTCs BO BHEIPEHHH OOIb-
IIMX Macc BYJKaHUTOB TypUHCKOW cepuu. Ilpu ussep-
J)KEHUHM BYJIKAHUTOB TYPUHCKOH CEpUM OKOHYATEIbHO
c(OpPMHPOBAITUCH U TEKTOHHYECKUE CTPYKTYPBI MekKOoB-
CKOT'O CPETMHHOTO MacCHBa.
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Puc. 2. BzanmopacnoJioxkeHne y4acTKOB IIOBBIIICHHON MOIHOCTH NaJIe030iickoro paspe3a B npeaenaax 3CTII,
TPHU NajleoMaTepUKa, CMellleHHe KOTOPBIX 00yCJI0BHIO0 POsIBIeHNE TePIUIHCKON CKIATYATOCTH,
CHCTeMa PACIOJI0KeHUSI TPHACOBBIX rpadeH-pu()ToB
1 — xapOoHaTHBIE TIATGOPMBI; 2 — MAICOKOHTUHEHTHI 110 [[{ybaronos, Kpacros, 2000]: Bocrounsnii — Arrapuna; FOxuernii — Kazaxcra-
Hus; 3anagHeiii — Pycckas mmatdopma (Moka3aHs! MPUONTH3UTENBHO); 3 — TpHAacoBble rpabeH-pudTs; 4 — TeppuTopus MEXOBCKOTro
CPEIMHHOTO0 MacCHBa MEKLy PACcIONOKEHHBIM 3anajaHee Y cTb-ThIMCKUM 1 BocTouHee y3nkckuM rpabeH-pudramu

Fig. 2. The relative positions of areas of increased power Paleozoic section within WSTP, three
of the paleocontinent, a shift which led to the manifestation of Hercynian folding system at the Triassic Graben-rift
1 — carbonate platform; 2 — the paleocontinents, according to [Dubatolov, Krasnov, 2000]: East Angarida; South Kazakhstaniya; West
Russian platform (shown approx); 3 — Triassic Graben-rift; 4 — territory Mezhovskiy middle massif, located between is located between

of Ust-Tymsky and Chulymsky of the Graben-rift

Me:xoBcKasi CHHKJIMHAJIbHAS CKJIAAKA

Haubonee neransuo B npeaenax 3CTII mamu usy-
geHo ctpoenue Hropoasckoro COP u  ocobeHHO
MeKOBCKOr0 CpeMHHOI'0 MacCuBa, Uil KOTOPOro B
MOCHEayoUe TOoAbl MPEIIOKEHO HauMeHOBAaHHE:
«Uysukcko-Umkanckas 30Ha HedTera3oHAKOILICHHS
[KonToposuu, 2007].

Horopckre o6pazoBanust 3CTII HakarMBaMch OT
KOHIIA BEHJA 1O KOHIIAa KapOOHa, a Ha TEPPUTOPUH
MexoBckoro cpeaunHoro maccuba (Hroponbckuit CDP)
YCTaHOBJIEHO Pa3BUTHE JIOIOPCKUX OTJIOKEHU HauMHAs C
MO3ZHEr0 OpJOBMKA M 3aKAHYMBAs HA4alIOM CpEJHEro
kapOoHa. /Iyst MexOBCKOro CpeIMHHOTO MacCHBa HAMU Ha
ocHoBaHuu JanHeix KMIIB u neransHOro u3yveHus pas-
pe3oB Goree 50 CKBaKUH MOCTPOSHA TEONIOTHMYECcKast Kapra

MexoBckoro cpeauHHoro MaccuBa [KoHTpoBWY m jp.,
1991, Kosemmuko, Hemomusko, 2012a, 2012b; Kosemi-
HUKOB, 2013a, 2013b; Koveshnikov, Nesterova, Dolgaya,
2016], corlacHO KOTOpOH TaJe030MCKue O00pa3OBaHMUS
CMSITBI B CEPUIO CONMMKEHHBIX AHTUKIMHAJIBHBIX M CHH-
KJIMHAIBHBIX CKITAZ0K TPEThEro TMOPAAKA, SBIISIOIAXCS
enuHOoi MeXOBCKOM CKIIaJIKOM BTOPOro mopsiaka (puc. 3).

Ha xapre (cM. puc. 3) maneo3oiickue 00pa3oBaHUs
00bEIWHEHBl B TPYIIHL: OPIOBHKCKO-CHITYPHIICKHE,
HUYKHEJICBOHCKHE, CpEIHE-BEPXHECBOHCKAE U HUXKHE-
KapOoHOBEIE. [10 PUBEIEHHOMY CXEMAaTHYECKOMY T'€0-
JIOTHYECKOMY pa3pe3y BUJIHO, YTO OCSIM aHTHKIHMHAIb-
HBIX CKIIAJIOK COOTBETCTBYIOT BBHIXOIBI HA JOIOPCKYIO
MOBEPXHOCTh O00pA30BaHUi HIIKHETO JICBOHA, a OCSIM
CHUHKJIMHAJIBHBIX CKJIaJI0K, COOTBETCTBEHHO, — 00pa3o-
BaHUH HIKHETO KapOoHa.
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Puc. 3. I'eosiornyeckasi KapTa ¥ cXeMaTHYeCKHUH reoJIorm4eckuii pazpe3 MekoBCKOro CpeAMHHOI0 MacCHBa
(mo A.E. KoBeninnkony)

[Naneosoiickue obpa3zoBanmsi: 1 — OpHOBUK—CWIIyp; 2 — HIDKHHHM IEBOH; 3 — CpPeIHMH M BEpXHUH OEBOH;, a — pPH(OTCHHO-
aKKyMYJISITHBHBIC; O — OaccetHOBEIE; 4 — HIDKHUI—CPEIHUH KapOoH; a — 00pa30BaHMs KEXOPETCKOH 1 Tabaranckoi cBUT; 6 — oOpa3zoBa-
HUS CPEeTHEBACIOTAHCKOH M €IM3apOBCKOM CBUT; 5 — IPAHUTHL: a — Ha KapTe; 0 — Ha paspese; 6 — Oasutsl; 7 — 3anexu HeTH U raza
[KorTopoBud u ap, 1991]: 8a — TexkTOHMYEeCcKHe HApyIMIeHUS; 80 — CXEMAaTHIECKOE PACIIONOKEHNE 00pa30BaHUil 0aKCHOBCKOM CBUTHI;
9 — pa3Beounble mwiomany: 1 — Ypmanckas; 2 — ApunHckasi; 3 — Hkae-Tabaranckast; 4 — FOxxHo-Tabaranckast; 5 — ConoHoBckas; 6 —
Jlyrunenkast; 7 — 3anamHo-JIyrunenkas; 8 — Kynrunackas; 9 — Amypckas; 10 — CenbBetikunckas; 11 — [epacumoBckast; 12 — CeBepo-
Kanunosas; 13 — Kanunosas; 14 — CeBepo-Ocranunckas; 15 — Ocranunckas; 16 — KOxno-TambaeBckas; 17 — LluporHas

Fig. 3. Geological map and schematic geological section Mezhovsky the median mass
(according to A.E. Koveshnikov)

Paleozoic formations: 1 — Ordovician—Silurian; 2 — lower Devonian; 3 — middle and upper Devonian; a — reef-accumulative rocks; b —
basin rocks; 4 — the lower-middle Carboniferous; and education and kyhoregski and Tabaganski formation; b — education sredne-
vasyuganski and Elizarovski formation; 5 — granites: a — map; b — on section; 6 — basites; 7 — deposits of oil and gas [Kontorovich et al.,
1991]: 8A — tectonic faults; 8B — is a schematic arrangement of the formations of the Bazhenov formation; 9 — exploratory areas: 1 —
Urmanski; 2 — Archinski; 3 — Nizhnetabaganski; 4 — Yuzhno-Tabaganski; 5 — Solonovki; 6 — Luginetski; 7 — Sapadno-Luginetski; 8 —
Kulginski; 9 — Amurski; 10 — Selivanovski; 11 — Gerasimovski; 12 — Severo-Kalynovi; 13 — Kalynovi; 14 — Severo-Ostaninski; 15 —
Ostaninski; 16 — Yuzhno-Tambeiski; 17 — Shirotni

Ha cxemaTudeckoM reolorn4eckoM paspese Mmokasa-
HBI TeJla BYJKaHHTOB TPHACOBOTO BO3pacTa: 0a3sWTOB W
HOPOPBIBAIOLIUX HX PUOIUTOB, COCTAaBISIOLUIUX TEPUH-
CKYIO CEpHIO, CIaralollyt0 TPHACOBIC TpabeH-pUQTHI, a
Takke TIPEICTaBIICHHBIE B BHAE OOOCOOJICHHBIX Tell
BYJIKAHUTOB. bimkaliluMu OoT TeppUTOpUU MexXOBCKO-
r0 CPEeIWHHOr0 MacchBa TIpabeH-pudTamu SBISIOTCSA
VYers-ToiMckuid, Uy3ukckuil 1 Heckonbko Oonee yna-
neHHeiM — Konroropcko-Ypenroiickuii rpadeH-pudT
(puc. 2).

IMoponamu, OnaronpUATHBIMA Ul (OPMHUPOBAHUS
MOPOA-KOJUIEKTOPOB B Ipenenax MexXoBCKOro CpeauH-
HOTO MacCHBA, SIBJIAIOTCS MPEHMYIIECTBEHHO KapOoHaT-
HBIE 00pa30BaHUs PH(OTEHHO-aKKyMYJIITHBHOTO KOM-
I1eKca, (B OCHOBHOM U3BECTHSAKHU JAEBOHCKOI'O BO3PacTa)
¥ KPEMHHCTO-TJIMHUCTBIE 00pa3oBaHMs OacceliHOBOTO
KOMILIEeKca (KPEMHEApTIIINTBL U PaJUOIAPUTHl YarkH-
CKOM CBHUTBHI BEPXHEJEBOHCKOIO BO3pacTa), AUArCHETH-

YeCKH OKPEMHEHHBIE W3BECTHSKH Ta0araHCKOW CBHTHI
BEPXHETO J1€BOHA ¥ BTOPUYHO M3MEHEHHBIE aprUJLIUThI
Y CIIOHTOJINTHI KEXOPETCKOM CBUTHI HUIKHETO KapOoHa.

®opMIpOBaHHUY TIO IOIOPCKUM 00pa30BaHMUAM IOPOJI-
koutektopoB Hroponsckoro COP mpoucxomuno B Tpu
srama. [lepBomy sTamy cooTBeTcTBYeT (hopMHpOBaHHE
IIOpOJ, TAJIE030MCKOr0 MOPS U MOCIIEIYIONIHUX IIPOLECCOB
JMareHe3a U MPOrpecCUBHOrO KaTareHesa (IIPOrpeB IMo-
POX IpU UX MOTPYXKEHUU U MEPEKPBITHUU BbIILIEIEKALIM-
MH 00pa30BaHUAMM). 37€Ch MO ClIa0OM3MEHEHHBIM MOpPOo-
JlaM yCTaHaBJIMBAIOTCSl HU3KHE 3HAYEHUS (PUIIBTPAIMOH-
HO-EMKOCTHBIX CBOMCTB.

BTopbiM 3Tarom sBisieTcss COOCTBEHHO Te€pLIMHCKOE
CKJIaIK000pa3oBaHKe, 3aBepIIMBIIEeCS (HOPMHUPOBAHHEM
CKJIQJIOK CEBEPO-3aIlaJHOrO IPOCTUPAHHKS, CIIArarolIuX
MexOBCKUI CpPEeIUHHBIM MaccuB. 371€Ch MO JHEBHOH MO-
BEPXHOCTU IPOSABUIMCH HHTEHCUBHBIE ITPOLIECCHI IIOBEPX-
HOCTHOTO BBIBETpHBaHMs (TumepreHesa). B pesymbrare
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copMupoBaiach 30Ha KOHTAKTa JOFOPCKUX M TMEPEKPHI-
BAaIONIMX MX IOPCKUX 00pa30BaHMM, WM HE()TE30HOCHBII
ropu3oHT 30HBI KoHTakTa [KonrtopoBuy, 2007]. [lms
HEe()TE30HOCHOr0 TOPHU30HTA 30HBI KOHTAKTa XapaKTEPHBI
noBeitieHHbIe 3HaueHnst GEC, B OCHOBHOM B KPEMHUCTO-
TJIMHKUCTBIX W BOOOIIE B KPEMHECOIEPKANIUX MOpoJaX, B
MEHBIIEH CTeNeH! U3MEHEHHIO TOIBEPINIMCh W3BECTHSKH,
BBUJIy MX HEYCTOMYMBOCTH K IIpoleccaM (H3UIECKOro
BBIBETPUBAHMUSL

TpeTbuM SBISETCS 3TANl TUAPOTEPMATBHOTO MPEOO-
pa3oBaHMs MMaNeo30MCKUX 00pa30BaHUMU, MPH KOTOPOM
[0 CHCTeME€ TEKTOHMYECKMX HapylleHUuil TuapoTep-
MaJIbHBIC PAaCTBOPBI, MPOIYLUPOBAHHBIC O0pa30BaHHS-
MU TYPHHCKOH cepur: 0a3UTaMU U PUOTUTAMHE, TIPUBEIN
K Pa3BUTHUIO MPOLIECCOB TMIPOTEPMAIIbHON JO0JIOMHUTHU-
3auMd (10 M3BECTHSIKAM) WM THAPOTEPMAJIbHOIO BbI-
nieayuBanus (Mo KpeMHeCcoAepKalluM Iopoaam). ITOT
sran Hamu [KoBemnukos, 2013a, 2013b] npemoxeno
HMMEHOBATh BTOPUYHO-KaTar€HETHYECKUM.

®opMHupOBaHHE TEKTOHMYECKHX CTPYKTYP
Mexk0BCKOI0 cepeJHHHOI0 MaCcCHBa

[To mocTpoeHHOW HaMH MO JOFOPCKMM O0Opa30BaHHUSIM
MEeKOBCKOTO CPEMHHOrO MacCHBa T'€OJOrMUECKOM KapTre
U CXEMaTH4YeCKOMY T€0JOorHuecKkoMy paspesy (puc. 3)
BHUJIHO, YTO B IIEJIOM paccMaTpuBaeMasi TEPPUTOPHUS Mpe-

CTaBISIET COOOW CHHKIMHAIBHYIO CKIAAKY (MekoBcKas
CKJIaJIKa BTOpPOrO IMOpsIKa), 1Mo mepu)eprr KOTOPOH Ha
JIOIOPCKYIO TIOBEPXHOCTh BBIXOASAT HEpacwIEHEHHbBIE Of-
POBHKCKO-CHITYpHICKUE 0Opa3oBaHUS. JTa CKIagKa pas-
JieJieHa Ha HECKOJIbKO CMEXHBIX aHTHUKJIMHAIBHBIX U CHH-
KIIMHAJIBHBIX CKJIAZ0K TPEThero mopsaka. Pacnonoxxenue
AQHTUKIIMHAJIEH TOJYEPKUBACTCS BBIXOJOM Ha JOKOPCKYIO
MOBEPXHOCTh 0OPa30BaHUIA HIXKHETO JICBOHA. 3aJIeraromiye
BBIIIIE IO pa3pe3y CpeIHe-BEpXHENEBOHCKHE 00pa3oBa-
HUSI — 3TO YK€ CHHKIMHAM, MpeCTABICHHBIC KapOOHAT-
HBIMH M KPEMHHUCTO-TJIMHUCTBIMU TOPOJAMH; SIpa CHH-
KIMHAJCH ClararoT KpeMHECOJACpKalpe 00pa30BaHuUs
HIDKHEro kapOoHa. [Ipy pucoBKe cXeMaTHYeCKOro Ieolo-
TMYECKOro pa3pe3a, B OCHOBaHUM Maje030HCKOro KOM-
TUIeKCA HaMH IIOKa3aHbl IPOTEPO3OHCKUE OOpa3OBaHUS,
OypeHHeM B TIpeeNax U3y4eHHOH TEPPUTOPUH HE BCKPHI-
ThbI€, HO yYKa3aHHbIC B OCHOBaHMH IaJ€030MCKOro pazpesa
Ha cMexHbIX COP (Tyiicko-bapadbunckom, Kommamies-
CKOM U psinie apyrux) [Pertenus. .. 1999].

[Ipu paccMoTpeHHH pPacIONOKEHUS 3anexed HepTH
MW Ta3a, OTKPHITBIX B MAaNE030HCKHX 00pa3oBaHHIX
MEeX0BCKOTO CpPEJMHHOIO MAacCHBa, BUAHO, YTO OHH
MPUYPOUYEHBI K ONPEIEIIEHHBIM, YETKO TPacCHUPYEMbIM
JIUHUSM, COOTBETCTBYIOLUIMM OCSM AaHTHKJIMHANEH W
CHUHKJIMHAJIEH TPEThEro MopsaaKa U BKPECT IPOCTUPAHUS
CKJIaJIKU BTOpOro mopsiika (puc. 4). X pacmonoxxeHue
MBI pacCMOTPHUM OoJjiee TOIPOOHO (CM. puc. 4).

YcrnoBHbie
obo3HaveHusa

Puc. 4. Cxema pacnoJioxkeHHMs1 0ceil AHTUKJIMHAJIEH M CHHKJIMHAJIeil MeKoBCKOI CKIAIKU BTOPOro NMOPsAKa
U CJIATaloIIHX ee CKJIAJ0K TPEThero MmopsaaKa
1 — 3anexu He(TH Ta3a; 2 — CKBAXKUHBI; 3 — Pa3lIOMbl; 4 — OCH aHTHKIMHAJICH; 5 — OCH CHHKIIMHAJICH; 30Ha MONepedHoi ocu MexXOoB-

CKOU CKJIAJIKH BTOPOr'O MOPSIIKa

Fig. 4. The scheme of location of the axes of anticlinal and synclinal Mezhovsky fold of the second order
and composing its folds of the third order
1 — gas-oil deposits; 2 — wells; 3 — faults; 4 — axes of anticlines; 5 — axes of sinklines; zone of the transverse axis of the Interline fold of

the second order
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Pacnpenesienne 3anexeil HepTH M raza B nmpegesnax
MexoBCKOI CHHKJINHAIHA

MeKoBCKasi CHHKITMHAIIb SBISETCS CKJIQJIKOH BTOPO-
ro nopsjka. B ee cTpoeHUH MOXHO UYETKO BBIAEIUTH
IATh CKJIAZIOK TPETHEro IMOpsIKa: ABE aHTUKIMHAIM (C
[oro-zamnajga Ha ceBepo-BocTok): ConoHoBcko-FOxHO-
TambaeBckyto, OcraHuHCKO-CeNbBEHKNHCKYI0; M TpH
CHHKJIMHQJIM TPEThEro mopsaka: ApUMHCKO-YpMaH-
ckyt; Kanunoo-3anaaHo-JIyrunenkyro; OcTaHUHCKO-

Cesepo-OcranuHckyto (puc. 4). B npenenax xaxiaoi u3
STHX MATH CTPYKTYP YCTAHOBIICHBI 3aJIC)KU HE(PTH U Ta-
3a. MexOBCKasg CUHKIIMHAND SIBJISETCS CKIIAJKOW BTOPO-
ro MOpsAAKa, U B 3TOM IJIAaHE B €€ Mpeenax BhIIENseTCs
Oomee mporshkeHHas —neHTpansHas — (KamumHOBOTO-
3ananHonHo-JIyruHenkas) CHHKIMHAIb TPEThEro IMo-
psaakxa. Bkpect mpoctupanuss MeKOBCKON CHHKIMHAIN
OTYETJIMBO BBIJENSETCS YYacTOK CryIIEHUs 3ajexei
HepTn U raza (Ypmancko-Ceepo-OcTaHHHCKAS IOIIE-
peuHas 30Ha).

YcnoBHble
0bo3HaueHus

annuncoua
aedopmaumin
TpnacosblX Tp.Ck. #

Tp.OTp.

rpabeH-puchToB Tp.Ck.
N —
-
4 2
4
a b6
\\ |4
7 0|5
v |6
annuncoug
/ oedopmaumi L)
repPLIMHCKOM t70 = 7
L ccraaqarocTy a E’S
o B 5+ 8
3
Tp.Ck. 7 9

Puc. 5. PacnoJioxenne 3;1eMeHTOB MeKOBCKOM CKJIAIKU BTOPOr0 MOPA/IKA ¢ BbIHECEHHBIMHU KOI0-3aN1aIHbIMH
3aBepureHusIMHI Y cTh-ThIMcKOr0 (3amaanee) u Uy3nkckoro (BocTouHee) rpadeH-pudToB (M0 TEKTOHMYECKOI KapTe
non pexaknueii B.C. Cypkosa, 2000 r.) co cXeMAaTHYHBIM PACHOJI0KEHHEM JI€EMEHTOB TEKTOHNYECKOI0 CTPOEHH
Na/1e030iCKUX 00pa3oBaHuii
1 — 3anexu HeQTH U Tra3a; 2 — TpabeH-PUGTHI; 3 — TEKTOHUYECKHE HAPYIICHHS; 4a — OCH CHHKIIMHAJICH; 40 — ocH aHTHKIIMHANEH; 5 —
30Ha MaKCHUMAaJILHOTO CTYIICHUS 3aIexeil HedTH 1 ra3a; 6 — 0003HaUEeHIE BPE3KHU OJIOK-AHarpaMmel; 7 — ocu fedopmariiii; 8 — ceueHne
amunca AedopManuil ¢ MaKCUMAIEHBIM U MHHIMAIBHBIM 3HAYSHUSIMH JedopMarmy rst: 8a — TepIMHCKOM CKIagdaTocTd; 80 — YcTb-

TrmMckoro rpabeH-pudra; 9 — pa3BefodHbIe UIOMAAN (CM. pHC. 3)

Fig. 5. The location of the elements of the Interstitial folds of the second order against the South-Western end of the
Ust-Tymski (West) and Quzikski (East) Graben-rifts (according to the tectonic map edited by V.S. Surkov, 2000)
with a schematic arrangement of elements of the tectonic structure of Paleozoic formations
1 — oil and gas deposits; 2 — Graben-rifts; 3-tectonic disturbances; 4a — axes of synclines; 4b — axes of anticlines; 5 — zone of maximum
thickening of oil and gas deposits; 6—designation of inset of block diagram; 7 — axes of deformations; 8 — section of ellipse of defor-
mations with maximum and minimum values of deformation for: 8a — Hercynian folding; 8b — Ust-Tymski Graben-rift; 9 — exploration

areas (see Fig. 3).
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TpemuHHbIC 30HBI U UX BJIHSIHAE HA Pa3MelleHue
3asexxeil HeTH W rasa

st aHanmm3a UCTOPHH TEKTOHUYIECKOrO (POPMHUPOBa-
HUS TaJICO030HMCKUX 00pa3oBaHHWi B mpenenax MexoB-
CKOTO CPEIMHHOIO MAaCCHBA, C TEM, YTOOBI ONPEICITUTh
JUTs 3aiexedl He(TH U ra3a BO3MOXKHYIO poiib B UX (op-
MHUPOBaHUM KaK IepIIMHCKON CKJIaa4aTocTd, Tak U pac-
MOJIOKEHHBIX TOOIM30CTH TpabeH-pu(TOB, HAMH ObLIa
MPEANPUHSATA MOMBITKA MOCTPOUTH AILTHIICOUIBI aedop-
Maluil OTAENbHO AJISl TEPUMHCKON CKJIaJ4aTOCTH U JAJIs
Ycrp-ThiMcKOro TpabeH-pudTa, Kak MPOCTPAaHCTBEHHO
Hanbosee OJM3KO PacmoI0KEHHOro K MexOoBCKOW CHH-
JIMHAIIA BTOPOTO MOPSAJIKA TEKTOHUUECKOW CTPYKTYPBHI.

J1is 3TOTO 711 IOOPCKUX 00pa3oBaHUit MeKOBCKOTO
CPEeAMHHOI'0 MacCHBa HapsAIy C IOTo-3amaJHbIMA OKOHEY-
HOCTSIMH Y cTh-ThIMCKOTO 1 Uy3HKCKOro rpadeH-pudTOB
HaMM BBIHECEHBI PACHONIOKEHHE OCe CUHKIMHANEH (JIM-
HUM CHHErO 1IB€Ta) M aHTUKIMHAJEH (JIMHUM 3eIeHOro
[[BETA) TPETHETO MOPSAKA, 30HBI, TPHOIU3UTENHEHO COOT-
BETCTBYIOILIEH y4YacTKy MOBBILIEHHON TPELIMHOBATOCTH,
pPacrHoNoXKEHHOM BKpECT MpOoCTHpaHus MeXOBCKOMN
CKJIaJIKU BTOpOro nopsaaxa (puc. 5). Kpome storo, Ha pu-
CYHKE IOKa3aHO PAaCHONIOKEHHE TEKTOHHMYECKUX Hapy-
IICHUH W BBISBICHHBIX IO MAICO30HCKAM 00pa30BaHUIM
3anexeit HedTH U rasa.

[Ipu aHanu3e reoMeTpuH MPOSBICHUS TPELIMHHBIX
CUCTEM HIMPOKOE PacCHpOCTPaHEHUE TOTy4nIa MPaKkTHKa
MOCTPOEHUS DIIUIICOUNIOB AedopMaluii, mpu KOTOPOM
YCTaHABIUBAIOTCS OCH MAaKCUMAJIBHOTO PACTSKEeHUs (O1)
U MaKCHUMAaJIbHOTO C)XKaTusl (O3) MOABEpralouiuxcs Je-
¢dopmarun mopo. [Ipu 3TOM B cedeHHH cO 3HAYCHUSIMHU
61 M G3 pacIojararoTcsi BOSHUKAIOIIUE pH nedopmanuu
TPEUIMHBl CKOJIa U TPEIIMH OTPhIBA, KOTOPHIE MOTYT
OBITH TPOSIBIICHBI B TEOJIOTMYECKON CTPYKTYpe KakK TeK-
TOHMYECKHE HapyleHus (cM. puc. 5). B reonornueckoit
JTUTEpaType OOMIEHPHHSTHL CIEAYIOIe 0003HAYCHUS
TekTOHMYecknx Hapymenundd [Naylor, Mandl, Spesteij,
1986; Sylvester, 1988]: ropu30HTaIBHEIA CIBHUT MO BEpP-
TUKAJM, COMPOBOXKJIAEMbIH MM TOPU3OHTAIBHBIM CXKa-
THEM, ATO TPAHCIPeccHsi, UM TOPU3OHTAJIBHBIM pac-
TSKEHUSIMU, 3TO TpaHcTeHeus. K atum noustusim [Ko-
poHOBCkMHl U ap., 2009] npeanoxunu 100aBUTh TPaH-
CJAMMHALMIO, WM TOPU3OHTAIbHBIN CIBUT OJIHOBpE-
MEHHO TI0 BEpTHKAJIW U TOpU3OHTanu, u [Tumyp3ues,
2014] cTpykrypbl ropusoHtanbHoro casura (CI'C),
WM TOpU30HTaJbHbIE cABUTH. CO CTPYKTypamH TOpH-
30HTAJIBHOIO CABHUTa CBA3AHBI MPOABIECHUS TPEIIMHHBIX
30H U [Tumypsues, 2014] mepcneKTHUBBI OTKPHITHS B
naneo3oiickux oOpazoBaHusIX 3CTII HOBBIX MECTOpPOXK-
JeHUH He(TH U ra3a.

[Ipu pucoBke AILIUICOMIOB AehOPMALUU TEPLUUH-
CKOHMl CKJIaAyaTOCTHM HaMH B MPaBOM HUXKHEM YTy
puc. 5 cremana Bpe3ka, oO0O3HaJaromas yroi OJOK-
JarpaMMEl, 1 HAPHCOBAH AIUTHIICON AeopMaIuil, s
KOTOPOI'O MOKa3aHbl OCH MAaKCHUMAaJbHOTO paCTKEHUS

(01) 1 MmakcumasbHOrO cxkatus (o3). M3 mpuBeneHHBIX
PUCYHKOB BHJHO, YTO MakCUMajbHOE CE€YeHHE, B KOTO-
POM MPUCYTCTBYIOT 3HA4YEHUS G| U O3, pacroiaraercs Ha
MIJIOCKOCTH, EPIEHINKYIISPHON MPOCTUPAHUIO CKIIAJIOK,
MOKa3aHHOM Ha CXEMaTUYECKOM T'€0JIOTHYECKOM paspe-
3e, U OpueHTHpoBaHa BBepx (cM. puc. 3). Hns Takux
CEUEHUH, COMIacHO MpaBHJIaM TOCTPOEHUS DIUIMIICOU-
noB aedopmanuii, pucyercss HpoduiIb pPacmoI0KEeHUs
TPEIIMH CKOJIa ¥ TPEUINH OTPBIBA, KOTOPBIE MOTYT OBITh
MIPOSIBJIEHBI B T'€OJIOTMYECKOM CTPYKTYpe Kak TeKTOHH-
YyecKue HapylleHus. TpelnHbl cKola, UMEIoUIe TaKoe
pacrmoyiokeHue, Kak MoKa3aHo Ha puc. 4, IpoaBsITCSA Ha
JIOIOPCKOM  MOBEPXHOCTH KaK BEPTUKAJIbHBIE WU
HAaKJIOHHBIE PA3JIOMbl, BBITSHYTbIE BIOJIb MPOCTUPAHUS
ocel replIMHCKUX CKJIaJIOK, @ TPELIMHBI OTPhIBA JOJIKHbI
obutn chopmupoBate CI'C mim cyOropu30HTAIBHO Ce-
KyIIIHE ITaJic030HMCKHe 00pa3oBaHUsl 30HBI THIAPOTEP-
MaJIGHOH MPopabOTKU OIOPCKUX KapOOHATHBIX M KPEeM-
HEeCcOoAepKaluX MOPOJ.

BropeiM 1o BpeMeHU MpOSBIECHUS SBISETCA 3Tal
TpuacoBoro pudrorenesa. [ns Yerb-TrIMcKOro rpaben-
pudra (cM. prc. 5) B BepXHEil 4acTH pUCYHKA ITOKa3aHO
o0o3HaUYeHUe yria OJOK-TuarpaMMbl U TIOMEHICH 9JI-
nuncous aedopmanuil (Ioka3aH CUPEHEBBIM I[BETOM), B
KOTOPOM CE€YEHHUE C OCSIMH G| U G3 PACIOIOKEHO B Io-
PHU30HTANBHOMN TIIOCKOCTH. TpelinHbl CKoJla U OTPHIBA B
9TOM CUTyalldd MOTJIM MPOSBUTHCS KaK 30HA, MOKa3aH-
Has Ha NPOJODKEHUU OCEBOM JIMHUM TPELIMHHON 30HBI,
MPOBEICHHON BKpPECT MPOCTHpPaHHUs MEXKOBCKON CHH-
KIIMHAJIA BTOPOT'O MOPSIKA.

BbIsSBJICHHBIM TpEIIMHHBIM 30HAM COOTBETCTBYET
cienyromas reojoruyeckas uatepnperanus. [Ipu nznu-
SSHUU JIaB BYJIKAHHUTOB Y CTh-TBIMCKOTrO TpabeH-pudra
amHIcoua nedopMaruii mposBUIICS B HEKOTOPOM Pac-
TSOHKEHUH, Pe3yJIbTaTOM KOTOPOro SIBIIOCH (popMupoBa-
HUE KaK camux rpabeH-pu(ToB, TaKk U (HOPMUPOBAHUE
30HBI Pa3yIUIOTHEHUs Ha U3Y4eHHOW Tepputopuu. llo-
CIeHss mapajijiefibHa OJHOM M3 CUCTEM TPELIUH CKoja
c(OPMHUPOBAHHOTO TIPH TPHACOBOM pH(TOreHe3e OIl-
munconga aedopmanuii. ITa 30Ha Kak pa3 U COOTBET-
CTBYET 30HE€ CTYUICHHS BBISBICHHBIX B MaJE€030HCKUX
o0pa3oBaHusX 3anexedl He)TH U ra3a B 30HE, HOIEPEU-
HOM TpOCTHpPaHHI0 MEXOBCKOM CHHKIMHAINW BTOPOTO
nopsiaKa.

[Ipu »TOoM TONMBKO B 1eHTpalnbHOW KammHoBO-
3anagHOMYrMHEUKOH cuHKIMHaIM U B COJOHOBCKO-
3anagHoTaMOaeBCKOM aHTUKIIMHAIM OTJENbHBIE 3aJIEKU
He(TH U Ta3a PaCIOIIOKECHBI BHE ITOH MOMEPEIHON 30-
HBI. DTO SIBJIAETCS ellle OJHUM MOATBEPKICHHEM TOrO,
YTO paccMaTpUBaeMble MATh CKIIAJ0K ABISIOTCS €AMHON
CHUHKJIMHAJIBIO BTOPOTO MOPSAJKa, TaK KaK OHH TPacCH-
pyIoT ocb MeXOBCKOW CMHKJIMHAIM BTOPOr'O MOPSIIKA.

Takum 00pa3oM B JOIOPCKUX 00pa3oBaHUIX MexKOoB-
CKOH CKJIaJIKU BTOPOro MopsiAKa (U clararoumx ee cKia-
JIOK TPEThEro MOpsIKa) BBISBIECHO JBE CUCTEMBI pacro-
JIOKEHUS 3aJexeld HeTH U ra3a: repIuuHCKasi ceBepo-
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3alaJHOr0 NMPOCTHPAHMS, PACIIOIOKEHHAs BJOIb OCEH
CKJIaJIOK BTOPOTO WU TPEThEro MOpPsAAKa; AKTHBH3ANMHA
Yerbr-ThiMckoro rpadéen-pugra ceBepo-BOCTOUHOI0
NPOCTHPAHMS, WU CUCTEMA, COOTBETCTBYIOIIAS PACIIO-
JIO)KEHUIO OJTHOM M3 CHUCTEM TPEIIHUH CKOJIA, BO3HUKIINX
npu GpopMupoBaHuu Y cTb-ThIMCKOrO rpabeH-pudTa, U
BBIPA3UBINASCS B BBITAHYTOM MONEpPEK IPOCTUPAHUS
MexO0BCKOW CHHKJIMHAIIX BTOPOTrO MOpsIKa.

®dopmupoBaHNe MOPOA-KOLIEKTOPOB
NPH BTOPHYHOM KaTareHe3se

[Ipu akTHBU3AIMKM TEKTOHUYECKUX HapYIICHHH, CO-
MPSDKEHHBIX ¢ MPOCTHPAHUEM HAXOAANIMXCA B HEMO-
CPEICTBEHHOM OJIM30CTH OT MEKOBCKOTO CPEAMHHOTO
MaccuBa TpabeH-pu(TOB, YCTAaHOBICHO IIPOSBICHUE
TaKUX TPEIIWHHBIX THIPOTEPMAJILHBIX IMPOIIECCOB, KaK
JIOJIOMUTH3AIMS U BbIenaunBanue. O0a 3TUX mporecca
HUMEIOT, HECOMHEHHO, THAPOTEPMATBHYIO IPHPOAY, HO
€CIM BBIICTAYMBAHIE MOXKET 3aTPOHYTH JIFOOOH THIT
MOPOJI, TO MPOSIBIICHHUE MPOIIECCa TOTOMUTH3AIUN OCY-
IIECTBIIIOCh TOJNBKO IO M3BECTHAKAM, M TOJBKO H3-
BECTHSIKH, HE UMEIOIKE MTPUMECH TJIMHUCTOrO MaTepHra-
J1a, MOIIA ¢(HOPMHUPOBATh U CHOPMHPOBAIIH JIOTOMHUTHI
3aMEIICHHs, CTaBIIKE IMOpOJaMHU-KoUIeKTopamMu. I[Ipu
JOJIOMHATH3AIMN TIHMHUCTBIX H3BECTHIKOB B PE3yIbTATE
MpoIecca MEeTacoMaro3a, IMyCTOTHOE IPOCTPaHCTBO 3a-
MONHSETCd HMMEIOIUMHUCSI B COCTaBE HM3MEHSEMBIX OT-
JIOKCHWH TJIMHHCTBIMA ~ MHHEpajaMH, W TOpoja-
KOJIJICKTOP He (hOpPMHUPOBANACK.

AHajoruyHasi CHCTeMa YCTaHOBJICHA U JUIS KpeMHe-
coJiepKaiiux 00pa3oBaHU JOIOPCKOr0 KOMILIEKCa, C
TOW TOJNBKO Pa3HUIIEH, YTO JUIS HUX TAKKE YCTAHOBIICHO
3HAYUTEIILHOE TMOJOXKHUTENbHOE BIUSHHE HAa (OPMHUPO-
BaHHUE TIOPOA-KOJIJICKTOPOB MPOIIECCOB THIIEPreHesa, mo
KOTOPBIM B THAPOTEPMANbHBIX dTamax Mpeodpa3oBaHus
MOpPOJT BO3HUKIM JTHOO OJHa, JTUOO 00¢ BBIIBICHHBIC
TPEUTUHHBIC CHCTEMBI.

3akiarouenne

[IpoBeneHHbI aHAU3 MPOSABICHUS JIUTUIICOHIOB
nedopMaIid U COOTBETCTBYIOIIMX TPEHIMHHBIX CHCTEM
MO3BOJIMJI YCTAHOBUTD, YTO P MOSIBIIEHUU T€PLIUHCKOM
CKJIaJTYATOCTH B MAICO30MCKUX 00PA30BAHUIX BO3HUKIIU
BEPTUKAIBHO OPUEHTHUPOBAHHBIE TPEIIMHBI (Pa3iIoMbl)
CEBEPO-3aMaIHOT0 MPOCTUPAHUS, PACIOIIOKEHHBIE Ma-
paJIeNnbHO OCSIM CKIIAZIOK (TpemuHbl ckoia). [Ipu mpo-
SIBUBIIIEMCS TIO3JJHEE TPUACOBOM PH(PTOreHE3e TPEIIUHBI
CKOJIa ¥ TPEIIMHBI OTPHIBA OPUEHTUPOBAHBI BEPTUKAIIb-
HO, ¥ OJIHA U3 CHCTEM TPELIWH CKOJa MOYTH BKPECT ce-
yeT MeXOBCKYI0 CHHKIMHAJIb BTOPOTO MOpPSJIKa U BCE
BXOJSIIIME B Hee CKIAJIKW TpeThero mnopsaka. Ilpu
HaJIO)KEHUU TPELIUHHONW CHCTEMBI, MPOSBUBIIEHCS MPH
pudToreHese Ha TPEIIUHHYIO CHCTEMY, BO3HUKIIIYIO
paHee MpU OCYIIECTBICHUM TEPIUHCKON CKJIaI4aTOCTH,

BO3HHK YYaCTOK CTYIICHHS 3aJIeKel He(pTH U ras3a, OT-
KPBITBIX B MAJICO30MCKUX OOpa3oBHHUAX MeEKOBCKOM
CKJIaJIK BTOPOTO MOPSIAKA.

Bce TpemunHHBIE 30HBI, BBISBICHHBIE IPH aHAIN3e
PacIONOKEHHS AILIUIICOUIOB e opManii, B TOW HIIN
WHOM CTENEHU MPOSBUIINCH B pa3ioMax, NEPECEKAOIINX
W3YyYCHHYIO TEPPUTOpHUIO. 3aiexku HeTH U ra3a B ma-
JICO30MCKUX O00pa30BaHUSIX IMPUYPOUCHBI KaK K OCAM
CKJIaJIOK TPETHETO MOPSAJIKA, TAK U K 30HE, OPUEHTUPO-
BAaHHOM BKPECT CKJIAJIKM BTOpOro nopsanaka. MIx B3aumo-
HAJIO)KEHUE TIPOSIBUIOCH B MAKCHMAJIBHOM CrYHIEHUU
3ajexeld He)TH M ra3a B MalICO30MCKUX O0pa3OBaHHSIX
JAHHOH TepPUTOPUHU. ITO SIBJIAETCSI HECOMHEHHBIM MO~
TBEPXKJICHHEM TOro (pakTa, 4TO BCE 3aJICKU HeDTH U
ra3a B NHaJCO30MCKHX 00pa30BaHHAX C(HOPMHUPOBAIHCH
BO BTOPUYHO-KAaTareHETHYECKUH 3Tal MpeoOpa3oBaHUs
MAJIE030MCKUX TOPOJ, KOT/Ia MPOSIBIIEHUE TaKUX THIIPO-
TEPMaJIBHBIX IPOLECCOB, KAK BBIIIEIAYNBAHNE U JOJIO-
MUTH3AIUS, CPOPMHUPOBAIH OCHOBHYIO YacTh IIOPOJ-
KOJUIEKTOPOB, C TOCIEAYIOIIUM IPOSIBICHUEM B UX IIpe-
Jenax 3anexed HETH U Tra3a B MANCO30MCKUX 00pa3o-
BaHUSIX MEeXOBCKOH CKIIaJKH BTOPOTO MOPSAIKA.

Ha ocHOBaHMM BBIIIEH3IIOKEHHOTO MOXHO CHENaTh
CIHENYIOLME BBIBOJIBI:

1. ITpn mposiBIIEHUH TEPLMHCKOM CKIaa4aToCTH MPo-
HCXOJIIO CONMKEHUE MaJeOMaTEPHKOB, OKPYKAIOIIHX
Tepputopuro 3amagHold CHOMpPH B KOHIIE Tajeo30s, U B
pe3ylbTaTe IOIpCKHe 00pa3oBaHUs CYMIECTBOBABIIEIO
paHee Najeo30iCKOro Mops, 3aJIerarolIye 0 3TOro Mo-
YTH TOPU30HTANBHO, OBLIM CMATHI B AaHTUKIHHAIBHBIE U
CHUHKJIMHAJIbHBIE CKJIaJKH, UMEIOIINE CEBEPO-3alaHOE
MIPOCTUPAHUE, COOTBETCTBYIOLIEE B3aMMOpPACIOIOKE-
HHUIO 3TUX MAJIEOMATEPUKOB.

2. TepumHckas CKIag4aTOCTh COMPOBOXKIAETCS
(GbopMUPOBAHHEM TPEIIMH CKOJA, MPOSBHUBIIAXCS B
BUJI€ BEPTUKAIBHO W HAKJIOHHO OPHUEHTHUPOBAHHBIX
pas3iaoMoOB, U TPEIIMH OTPhIBA, MPOSIBICHHBIX KaK CH-
cTeMa TOPU30HTAJbHO OPHUEHTHPOBAHHBIX TPEIINH
unu CI'C, opueHTHpOBaHHBIX Mapaie]bHO MPOCTH-
PaHUIO CKIAJOK U COIPOBOXKIACMBIX 3ajie)kaMu He(hTh
u ra3za. [Ipu ¢popmupoBanun Ycrh-ThIMCKOTO TpabeH-
pudTa, 0JHA U3 CHUCTEM TPEIIMH CKOJa HAJIOXKUIACH
Ha 30HY, NEPHEHANKYISPHYIO NPOCTUPAHUI0 MeXoB-
CKOW CHHKJIMHAIW BTOPOTO NHOpPSAKa, B PE3YyIbTATE
9er0 C(OPMUPOBANIACH 30HA MaKCHMAJIBHO CTYIICHUS
3anexeit HedTH U rasa.

3. ITopoabI-KOIEKTOPH B MAIE030MCKUX 00pa3o-
BaHUAX MexoBckoro cpeanHHoro maccusa (Hroposnb-
CKHIl CTPYKTYpHO-(alMadbHBIA paiiOH) W COOTBET-
CTByIOIIME WM 3alexu HedTH W raza chopmmpoBa-
JINCh TIPU MPOSIBICHUM TAKUX TMIAPOTEPMAalbHbIX MPO-
LIECCOB, KaK JOJIOMUTHU3ALUs U BBILIEIAUUBaAHUE. DTH
MpoIecchl MPOSBUINCH MO JIBYyM TPEIIMHHBIM CHCTE-
MaM: MEPBOM, MapajuleIbHONM MPOCTUPAHUIO TEPIMH-
CKOM CHCTEME CKJIaJ0K, U BTOPOH, CONPSIKEHHOW C
30HOW BO3AEUCTBUS YCTh-ThIMCKOTO TrpabeH-pudTa,
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OpHeHTHpOBaHHOﬁ BKpPECT NPOCTHUPAHUA FepHHHCKOﬁ APYTYHO OTMCHACTCA MAKCHUMAJIbHOC CrymieHue 3alic-
CKJIaa4aTOCTH. HpI/I HaJ0XXE€HUU OJHON CHCTEMBI Ha JKel He(bTI/I u rasa.
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THE ROLE OF TECTONIC STRUCTURES AND FRACTURE SYSTEMS IN THE FORMATION OF RESERVOIR ROCKS
IN THE PRE-JURASSIC FORMATIONS OF THE SOUTH-EASTERN PART OF THE WEST SIBERIAN TECTONIC
PLATES (MEZHOVSKY MEDIAN MASS)

Paleozoic formations of the South-Eastern part of the West Siberian tectonic plate (ZSTP) in the Permian period with the manifesta-
tion of Hercynian folding were crumpled into the folds of the North-Western stretch. Within the South-Eastern part of the Nyurol struc-
tural-facies area formed Mezhovsky synclinal fold of the second order, composed of two anticlines and three sinklinali. Oil and gas de-
posits in the Paleozoic formations are clearly established along the axes of the folds, as well as in the zone developed in the cross-stretch
of the Mezhovsky synclinal of the second order. This area arose in the manifestation of the Triassic Graben-rift. The reservoir rocks in
the pre-Jurassic formations were formed during their hydrothermal study by the processes of dolomitization and leaching. Hydrothermal
study was carried out on two fracture systems, interpreted in the analysis of the corresponding ellipsoids of deformations: the first is the
Hercynian folding; the second - the era of the existence of Graben-rifts. As a result, a unified system of cracks and fractures was formed,
through which hydrothermal processes manifested themselves, leading to the development of Paleozoic formations of rocks-reservoirs
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and oil and gas deposits. Hercynian folding corresponds to the North-Western location of oil and gas deposits along, located along the
stretch of the Mezhovsky synclinal of the second order (and composing its folds of the third order), and the system of cracks, laid in the
manifestation of Triassic rifting, oriented in the cross of its stretch. Most of the oil and gas deposits in the Paleozoic formations of the
second order Mezhovsky synclinal (the South-Eastern part of the West Siberian tectonic plate) are concentrated in the zone of superposi-
tion of the two revealed fracture systems.

Keywords: tectogenesis, rift, tectonic plate, reservoir rocks, ellipsoid strains, secondary catagenesis.
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BUOCTPATUT PA®USA KAMITAHA 3AITIATHOM CUBUPH

(HA OCHOBAHUHA ®OPAMUHUDEP)

B.M. ITogoouna

TSR
RS

Hayuonanvuuuii uccnedosamenvckuii Tomckuil 2ocyoapcmeennuiii ynusepcumem, Tomck, Poccus

B HIDKHHX CITOSX TaHBKHMHCKOTO TOPH30HTA, BKJIIOYAIOIIETO CEKPEIHOHHO- M arrTIOTHHAPOBAHHO-U3BECTKOBBIE (hOPAMHIHH-
(bepsl, ycraHOBIIEHa mo3aHeKaMnaHckas 30Ha Cibicidoides primus [[Togobuna, 2009]. Beimienexamniue 0TIONKESHHUS] 3TOTO TOPH-
30HTA TaKXKe HACBIIIEHbI OTOOHBIMH H3BECTKOBBIMU (popamuHudepaMu 1 BBIICICHBI KaK JBE MaaCTPUXTCKHe 30HB. OHU H3y-
YaJrch MHOTMMH aBTopamu eme ¢ 1950-x rr. [Hemxkast, 1948; Kucensman, 1969; Kcenesa, 1996, 1999; Ilonobuna, 1974, 1975,
1989, 2000]. B nanHO# cTaTbe IPUBEAEHBI PACLIIMPEHHbBIE CBEJECHHS II0 [103JHEKAMIIAHCKOM 30HE U BKIKOYAEMbIM KOMILIEKCAM

dopamurudeEp.

Knrwouesvie cnosa: popamunughepul, no3onuil kamnat, 2aHbkunckuil 2opuzonm, 3anaonas Cubupb.

BBenenne

JlecaTHIIeTUs MU HCCIIEI0BAINCh MHOTOUYHCIIEHHBIE U
pasHooOpasHble popaMuHUPEPH] TaHBKHHCKOTO TOPH-
30HTa 3amangnoii Cubupu. B oTinmuue ot Apyrux peruo-
HAJBHBIX CTpaTHTpadHUECKUX MOapasaeneHuil haHepo-
305, B 3TOM TOPH30HTE IMOPOABI, COCTOSIHAE U3 CEPBIX
[JIMH U aJEBPOJINTOB, BKIIOYAIOT 3HAYMTEIBHBIE KOJIH-
gecTBa KapOOHATHOrO MaTeprana. PakOBHHBI CEKpeKIIH-
OHHO- W arTIIOTHUHHPOBAHHO-U3BECTKOBBIX (hOpPaMUHH-
(dep TPUCYTCTBYIOT pa3HOOOpa3HO U B OONBIIMX KOJH-
94eCcTBax B IICHTPAIEHOM, MEHEE B I0XKHOM Malic00nOoreo-
rpaduueckux paiioHax. B okpauHHBIX paiioHax (ceBep-
HBIM, 3amajHbIi, CEBEpO-3aMaJHbli, BOCTOYHBIN, IOTO-
BOCTOYHEIH) (opaMuHudepbl 3HAYUTENHFHO YMEHBIIIA-
IOTCSI B KOJIMYECTBE M B CHCTEMATHYECKOM pa3HOOOpa-
3un. [lepBoHAYaNpHO ManeoOHOreorpauIecKue paio-
HbI (LIEHTPaJbHBIA, BOCTOUHBIHM, CeBEpHBIH, 3aNaJHbIA 1
IOKHBIH) Obumm  ycraHoBieHsl B.M. IlomoGuHoit
[Podobina, 1995].

B nanHO# paboTe 0 M3MEHEHUIO COCTaBa KOMILICK-
coB (hopamuHudep A00aBICHBI €Ile JBa palOHA: I0ro-
BOCTOYHBIM M CeBepo-3amajHbli. Pe3ko W3MeHEHHBIN
coctaB (opamMuHH(Ep IO CpPaBHCHUIO C CAHTOH-
PaHHEKAMITAHCKUM  yKa3blBa€T Ha PacIpOCTpaHEHHE
TPaHCTPECCUM BMECTO paHEE C CEBEpa B KaMIaHE—
MaacTpuxTe ¢ ora depe3 TyprailcKuid MpONHB.
B.M. TTonoOuHO# OBIJIO BRICKA3aHO MPEAONIOKEHHE 00
AKTUBHBIX TEKTOHWYECKHUX IBM)KEHUSX, HAYaBIIUXCS B
BBICOKMX IIHPOTaX C KaMIIAaHCKOTO BPEMEHH, IMOITOMY
OoIbIAs CPEHSIS YaCTh OTIIOKEHHIA ITOTO BO3pacTa W3
paspesa BbinagaeT [Ilogobuna, 2016]. B Hu3ax raHb-
KWMHCKOTO TOpPU30HTa IIO3TOMY YCTaHOBJIEHBI TOIBKO
BEpXM BEPXHEro KaMIlaHAa. B Bepxax HMKENEKaIIEro
CIIaBYTOPOJICKOTO TOPH30HTA OOHAPYKEHBI CIOM HUXK-
Hero kammnana [[lomobmua, 1975]. OcHOBHYIO HacTh
TaHBKUHCKOT'O TOPHU30HTA COCTAaBJISIOT OTJIOKEHHUS Ma-
ACTPUXTCKOTrO spyca, YTO MOATBEPKAAECTCI HAaXOJKaMH

MOJITIOCKOB, (hopamuHu(ep, OCTPAKOI W APYTUX Opra-
HU3MOB. 3 MOJIIOCKOB MpeoONafaloT XapaKTepHbIE
OeNeMHUTHI, OOHAPYKEHBI TaKXKe OOJIOMKH CIHUKYJIT H
MaHLIMPEN exel, IBYCTBOPOK U ractpomnoi. PopaMHUHH-
(depsl TAaHPKUHCKOTO Topu3oHTa u3ydanuck A.M. Hen-
kol [Heukas, 1948], 3.1. bynaTtoBoii u coaBt. [bynaTo-
Ba u np., 1957], A.E. I'mazynoBoii [['nasynoBa u np.,
1960], A.U. EpemeeBoii, H.A. BenoycoBoii [Epemeena,
Benoycora, 1961]; H.C. Cy66otunoit u coast. [Cy060-
TUHA U 1p., 1964], D.H. Kucensman [Kucensman, 1969],
B.M. Tlonobunoii [[Togo6una, 1974, 1975, 1989, 2000,
2011, 2017a, 20176], T.I'. KceneBoit [Kcenesa, 1996,
1999] u apyrumu yuensimu (puc. 1).

B pesymbsrate mpoBeeHHBIX HCCIACIOBAHUN B COCTaBE
TaHBKMHCKOTO TOPH30HTa B IEHTPAIFHOM Maeo0HOoreo-
rpauecKoM paiioHEe YCTaHOBICHBI TPU (hopaMUHU(EpPO-
BbIe 30HBL 1 — Cibicidoides primus (BepxHuii KaMmaH); 2 —
Spiroplectammina variabilis, Gaudryina rugosa spinulosa
(HmxHME MaacTpuxT); 3 — Spiro-plectammina kasanzevi,
Bulimina rosenkrantzi (Bepxauii Maactpuxr). B namsHeii-
IIEM 3TH 30HBI TI0 IPHCYTCTBUIO HEKOTOPBIX XapakaTep-
HBIX BUJIOB (opamMuHHA(pEp TMPOCICIKEHBl CIMHAYHBIMU
HK3EMIDUBIPAMHA U B OKPAWHHBIX paiiOHaX.

Kpome mpeobnafaromux mo KOTHYECTBY M Pa3HO00-
pa3mi0 CEKPEIIMOHHO-U3BECTKOBBIX (popamuHUpEp BO
BCEX M3BECTHBHIX pa3pe3ax TaHbKUHCKOTO TOPH30HTA B
[EHTPAJBHOM Tajeo0noreorpaduaeckoM paiioHe oOHa-
PYKEHBI arTJIIOTHHUPOBAHHBIC H3BECTKOBBIE U PEXeE
KBapIIEBO-KPEMHUCThIC pakoBUHBL. CHCTeMaTHYECKUH
COCTaB KOMILICKCOB (opamMuHudep yKa3aHHBIX 30H B
9TOM palioHe paHee MpUBEACH B crparorumax Hoso-
Bacroranckoit omoproit ckBaxkuubsl 1-p [IlomoGuHa,
2000]. B mawHO# paboTe mpeAcTaBieH COCTAaB IO3IHE-
KaMIaHckux (opamuHudep B pa3pe3ax MEHTPAITHHOTO
paiioHa, TJie KOMILIEKCHl Hanbolee OOMIIBHBI U Pa3HO00-
pa3Hbl. B oOkpamHHBIX paiioHaX CHCTEMaTHYECKUH CO-
CTaB KOMIUIEKCOB IMO3JHET0 KaMIaHa 3HAYUTEIHHO
YMEHBIIIAETCS, YTO COYETACTCS C CAMHUYHBIMU PAKOBH-

© IMomo6una B.M., 2019
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HaMH BBIZICJICHHBIX BUI0B. Ha ceBepo-3amaze (ceBepo-
3amaJHbli palioH) OOHAPYKEHBI TOJBKO HEMHOTOYHC-
JICHHBIE AarTTFOTHHUPOBAHHBIE KBapIICBO-KPEMHHUCTHIC
pakoBuHBI. Ha ceBepe, 3amame ¥ BOCTOKE (COOTBET-
cTBytomue paionsr) 3amagHod CHOMpPH YCTaHOBICHO
10-15 BUIOB CEKPEIMOHHO-U3BECTKOBBIX PAKOBHH,

HaCUUTBIBAOIINXCA CAMHUYHBIMU OK3EMILIApaMu.

Hanbonee pe3koe pa3nuyre B CHCTEMATHIECKOM COCTa-
BE KOMIUIEKCOB (opaMUHU(EpPOBOHl 30HBI IO3IHETO
KaMIlaHa HaOII0AAeTCs MEXIY TaKOBBIMH IICHTPAIBHO-
0, CeBEepO-3aI1aIHOr0 M I0r0-BOCTOYHOI0 Masieo0Horeo-
rpaduueckux paiioHoB (puc. 1).
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Puc. 1. Cxema pacnosio:keHus1 H3y4eHHBIX IUIOINAJeH U Pa3pe30B CKBAXKUH
1 — omopHBIE 1 poTOpHBEIE CKBAXXUHEL, 2 — 1) HoBblif mopt; 2) — TpexOyropusiit Meic; 3) — AnTnnatora; 3 — TazoBckas u [Typretickas
wromany; 4 — demxopoBckast reooro-cbeMouHas maptust. Kononkosbie ckBakuHbl: 5 — [laiinyrunckas naprus; 6 — Urmkanckas mapTus;
7 — Cenpkunckuit orpsi; 8 — I[apourckas maprust; 9 — okpectaoct T. CeBepeka (CXK)

Fig. 1. Location of the studied areas and sections of wells
1 — support and rotary wells; 2 — 1) New port; 2) — Trekhbugorny Cape; 3) — Antipayuta; 3 — Tazovskaya and Purpeyskaya squares; 4 —
Fedorov Geological Survey Party. Core wells: 5 — Paydugin party; 6 — Chizhap party; 7 — Senkinsky detachment; 8 — Parbig Party; 9 —

environs of Seversk sity
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B ceBepo-3anagnom paiione (PegopoBckas reojaoro-
ChEMOYHAS MapTusi) OOHAPYKEHBI HCKIIOYATENBHO ar-
TIIIOTHHUPOBAHHBIE  KBApIEBO-KPEMHHCTHIE  (HDOPMEL.
Hanbonee xapakTepHbI B TAHHOM KOMILICKCE MPEICTa-
BUTENHU pona Spiroplectammina, obnanaronme crocoo-
HOCTBIO, HE MEHSS BHEIIHUE MOP(OIOTHYCCKHE MpPH-
3HAKH, U3MEHAITh XUMUYECKUN COCTAaB CTEHKU B 3aBHUCHU-
MOCTH OT YCJIOBHI obutaHus (puc. 2).

@DeopOBCKHE KOMIUIEKCHI BEpXHEro KamIaHa—
MaaCTPUXTa CHCTEMAaTHYECKU MaJio pa3HooOpasHsl (10—
15 BugoB Ha 100 r mopoabl) U Pe3KO OTIMYAIOTCS MPH-
CYTCTBHMEM PAKOBHUH C KBaplLIEBO-KPEMHHCTOW CTEHKOM
OT BCEX KOMIUIEKCOB (hopaMuHU(Ep TaHBKUHCKOTO TO-
PH30HTa STOTO CTPATUTPa(GUIECKOrO YPOBHS APYTHX
paiionoB 3amaHo-CHOUPCKO TPOBUHIINY.

CreHka arrIOTHHUPOBAHHBIX PAKOBUH CIHMPOILIEK-
TaMMHH B CEBEpO-3allaIHOM paiOHe, KaK yKa3aHO, UMEeT
KBapIleBO-KPEMHUCTBIH XUMUYeckuil coctaB. [1o Hammm
HAONIOZCHUSM, NPYTHE TAKCOHBI (POIbI) C M3MEHEHHEM
XHMHYECKOTO COCTaBa CTEHKU M3MEHSIOT M MOP(OIOTH-
gyeckoe ctpoeHne pakosuH [[lomoouna, 2011].

Hccnenoanusi popamunudep u 6uocrparurpapus
l'aHpKHHCKMI TOPU30HT
Kammnanckuit sipyc — Kscp
Bepxuuii nogsspyc — Ksep,

K wmaacTpuxTckoMy sIpycy OTHECEHBI OTIIOXKCHUS
TaHBKUHCKOM CBUTHI (TOPU30HTA), 32 UCKIIOYCHHUEM e
HWKHUX cioeB. [locnenuue, paHnee JOKa3aHO, SBISIFOTCS
BEpXHEH YacThIO KaMIlaHa. B HIKHUX CIOSX CBUTHI (TO-
pH30HTa) YCTAHOBIICHA BEpPXHEKAMIAHCKash  30HA
Cibicidoides primus [ITogo6una, 2000, 2009]. Panee
3.H. Kucensman [1969] B 3T0ii yactu pa3pesa Bblaese-
Ha BEpXHsS MOJI30HA 30HBI Spiroplectammina optata ¢
oomuBuHonnecamu (Bolivinoides miliaris, B. deco-
ratus). ABTOPOM NaHHOH pabOTHI 3Ta MOA30HA HE yCTa-
HOBJICHA, TAK KaK 3TH BBl opaMUHH(DEp TOYTH BE3/E
OTCYTCTBYIOT, KPOME I0)KHOI'0 paioHa.

3ona Cibicidoides primus

[[Tomo6una B.M., 2000] — Cibicidoides eriksdalensis
(Brotzen) primus Podobina

[[Tomobuna B.M., 2009] — Cibicidoides primus
Podobina

Tunosoi paspe3. HoBo-Bacroranckas onopHasi CKB.
1-p, rn. 741,1-735,2 M. MoniHocTh 6 M.

Kowmrieke ¢opamuHU(pEp BEpXHETO KaMIlaHa B CTpa-
TOTHIIE 30HBI paHee mpuBeaeH B.M. [Togoounoii [ITomo-
6una, 2000, c. 44].

30Ha MO Ha3BaHMEM [IBYX BHJIOB-UHJEKCOB —
Cibicidoides eriksdalensis (Brotzen) primus,
Bolivinoides decoratus ycranonena B.M. ITogoOuHnoi
B 1978 1. ¢ yKkazaHHBIMU BUJaMHU-UHJIEKcamMu. BriepBbie
9TO Mojpa3zefieHre Kak CIOM BepXHero kamiaHa (raHb-

KUHCKUI TOPU30HT), OXapaKTepU30BaHHBIEC OOJIMBHHOU-
necamu, Obuto mpemioxkeno J.H. Kucenbman Ha crpa-
turpaduyeckom coperanuu B Tromenu B 1967 r. 3atem
3.H. Kucensman [Kucenbman, 1969], kak yka3blBajoch,
BBIAICTMIIA OTH CJIOM B paHre mnoa3oHsl Bolivinoides
miliaris, B. decoratus BepxHeli WacTH  30HBI
Spiroplectammina optata.

Bun B. miliaris (Hilterman et Koch), yka3annsiii kak
OIIMH W3 BUJOB-HHICKCOB BepxHero kammana [Kucenb-
MaH, 1969], B eBpomneiickoii yactu ObiBiiero CCCP u Ha
Mm-oBe MaHrbIIIaK XapaKTepeH JIjis MaacTpuxTta [Bacu-
nenko, 1961; Jleonrapar, 1971]. B npeaenax 3anamHou
Cubupru 53TOT BHJI MPOCTPAHCTBEHHO OrPaHUYCH U
BCTPEYACTCS B FOXKHOM paiiOHE IMPOBUHITHH, TOITOMY HE
MOXET JlaJiee CIY>KUTh BHIOM-HHJICKCOM JUIs JTAHHOM
30HBI U 3ameHeH B.M. [lomo6unoi [Ilogobuna, 1978,
1989, 2000] na Cibicidoides eriksdalensis (Brotzen)
primus Podobina, a 3arem [[logoOwna, 2009] Ha
C. primus Podobina. Tlocnennuii, B oTinuMe OT OONH-
BHHOUJICCOB, IIMPOKO PACIPOCTPAHEH B MpEAeiax pas-
HUHBI W SIBJISIETCS OCHOBHBIM BHJIOM-HHICKCOM IIPH
OIPEICTICHU TAHHOH 30HEI.

JluTonornyeckn OTIIOKEHHUS 30HBI COCTOST U3 W3-
BECTKOBBIX CEPBIX H 3€IIEHOBATO-CEPhIX aJICBPOIUTOB U
[VIMH HIDKHEH Y9acTH TaHbKUHCKOW CBHTHI OJHOHMMEH-
HOT'0 TOPU30HTA. MOIIHOCTD 30HBI U3MEHSETCS OT 6 110
30 m.

Ha Bocroke (Konmameso-HapbiMckuii pailoH) Mori-
HOCTh CBUTHI 3HAUUTEILHO Bo3pacTaet (10 40 M) 3a cuer
BKITIOUEHHUs mopox KonmameBckoro xene3opyIHoro
TOPU30HTA. B TIHHHCTO-aNeBPUTOBBIX MPOCIOAX JKEIe-
30pyJHOTO TOPH30HTA BCTPEUCHBI CIUHUYHEBIE (hopamu-
HU(EPBl C CEKPEMOHHO-U3BECTKOBOM CTEHKOM, BKITIO-
Yasi XapaKTepHbIC KaMIlaHCKWe BHIBL. [lomoOHBIE
HAXOIKU JIad BO3MOXKHOCTB OTHECTH OTNIOKeHus: Koi-
namieBckoro ropusonta k 3oue ¢ Cibicidoides primus
MO3THEKAMITAaHCKOTO BO3pacTa.

HwoxHsis TpaHuIa 30HBl yCTAaHABIUBACTCS IO TOSB-
JICHUIO BUA-UHJICKCA, BEPXHss OIpe/esieHa Mo Haxoll-
KaM B TOBBIIICHHBIX KoimuuecTBax (Oosiee 10 k3. Ha
100 r mopoabl) TakuMX XapaKTEPHBIX BHUAOB, Kak
Gaudryina rugosa Orbigny spinulosa Neckaja,
Bulimina quadrata Plummer, Cibicidoides aktula-
gauensis (Vassilenko) u ap.

B ornoxeHusx 30HBI BCTpEUYeHBI (opaMuHupEpsI,
OCTpPAKOJIBI, MBI U OOJOMKH MAHIIMPEH eXel, paKOBH-
HBI  MommockoB.  Komruieke — dopammuudep C
Cibicidoides primus B 1eHTpadbHOM palOHE COCTOWT
noutu n3 100 BumoB, okono 80 U3 HUX — C CEKPEIMOH-
HO-U3BECTKOBOH PaKOBUHOM, OCTAaNBHBIC C arTIIOTHHH-
POBaHHOH M3BECTKOBOH M PEXE C arriIOTHHHPOBAHHON
KBapIIEBO-KPEMHUCTON CTeHKOW. OIHW BUIBI BIEPBHIC
MOSIBISIFOTCS. B HIDKETICKAIUX OTIOKCHHUSAX, & B IMO3J-
HEM KaMIIaHEe CTAHOBSATCS MHOTOYUCIICHHEE, IPYTUE XK
SIMUHUYHBl HAa STOM CTPAaTUTpa(UIecKoM YpOBHE, HO
JIOCTHTAIOT OOWITUS B MAaCTPUXTE.
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Puc. 2. 3ona Cibicidoides primus. Tromenckasi 061acTh, @e10pOBCKasi re0J0r0-ChbeMOYHAS MAPTHS, CKB. 22,
ri1. 234,5 M; raHbKUHCKHUI TOPU30HT, KAMIIAHCKUI Apyc, BepxHuii noabsapyc; x40. Cesepo-3anagnbiii
najieodnoreorpaduyeckmii paiion (Ceepnoe 3aypaiibe) 3anagHo-Cudupckoii npoBHHIHU
1 — Rhabdammina cylindrica Glaessner; 2 — Psammosphaera fusca Schultze; 3 — Saccammina sphaerica (M. Sars); 4 — Reophax
remotus Podobina; 5 — Glomospira corona Cushman et Jarvis; 6 — Haplophragmoides tumidus Podobina; 7 — Recurvoides optivus
Podobina; 8 — R. magnificus Podobina; 9 — Cribrostomoides exploratus Podobina; 10 — C. trinitatensis Cushman et Jarvis sibiricus
Podobina; 11 — Spiroplectammina variabilis Neckaja

Fig. 2. Zone Cibicidoides primus. Tyumen region, Fedorov geological survey party, well 22, ch. 234.5 m; Gankinsky
horizon, Campanian stage, upper substage; x40. North-West Paleobiogeographic Region (Northern Trans-Urals)
of the West-Siberian Province
1 — Rhabdammina cylindrica Glaessner; 2 — Psammosphaera fusca Schultze; 3 — Saccammina sphaerica (M. Sars); 4 — Reophax remo-
tus Podobina; 5 — Glomospira corona Cushman et Jarvis; 6 — Haplophragmoides tumidus Podobina; 7 — Recurvoides optivus Podobina;
8 — R. magnificus Podobina; 9 — Cribrostomoides exploratus Podobina; 10 — C. trinitatensis Cushman et Jarvis sibiricus Podobina; 11 —

Spiroplectammina variabilis Neckaja

K Hanbosnee xapakTepHbIM BHAM KOMILIEKCA B 3TOM
paiioHe cienyeT oTHeCcTH Spiroplectammina optata Kis-
selman, S. variabilis (Neckaja), Ceratobulimina creta-
cea Cushman et Harris, Cibicidoides aktulagayensis
(Vassilenko), C. primus Podobina, Nonionellina tay-
lorensis (Hofker), N. ansata (Cushman), Praebulimina
carsey (Plummer). 30Ha ¢ yKa3aHHBIM KOMILICKCOM
HUMEET IIHPOKOE PACIpOCTPaHEHHE, BCTPEYasich MOYTH
BO BCEX H3YYEHHBIX pa3pe3ax MLEHTPAILHOr0 paioHa
(maneoHT. Tab€.).

[Ipu uccienoBaHuK HEKOTOPBIX pa3pe3oB W3 MPoOy-
PEHHBIX CKBaXMH B LICHTPAJIBHOM paiOHE KOMILIEKC C
Cibicidoides primus obnapyxeH B ckB. 20 (ra. 302,0—
297,0 m), 37 (rm. 252,0-246,0 M), 45 (rm. 250,0-
240,0 m) (bacceitn p. Uysuk, [Tlapourckoii maprun).

OTOT KOMIUIEKC TaKKe JIOBOJBHO OOWMJIBHBEIA MO KO-
JMUYECTBY 0co0eil M pa3HOOOpa3HBIA IO BHIOBOMY CO-
CTaBy TIPOCIICKEH B pa3pe3c CKBXKUHBI OacceliHa
p. Kearn (Ilapburckas maprus) ckB. 83 (mr. 239,0-
233,0 m).
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IManeonToIOTHYECKAS Taﬁ.l'll/llla

I'anbKUHCKUI TOPU3OHT
l'anbkuHCKast cBUTA
Kammnanckwuii spyc
Bepxnuii noabspyc
3ona Cibicidoides primus

a — B ¢ OOKOBOI MJIN CIMHHOW CTOPOHBI; O — BUJI C YCTHEBOH CTOPOHBL;
B — BHUJI C OPIOIIHOM CTOPOHEI

®ur. 1. Cibicidoides primus Podobina

DK3. Ne 617a. Tomckas obmactb, 6acceiin p. Kenra (Ilapourckas maptus), cks. 83, rir. 236,0 m; x60
®ur. 2. Cibicidoides aktulagayensis (Vassilenko)

Dk3. Ne 614a. Tomckast obmactb, 6acceiin p. Ymkamnka (Ymxkanckas maptus), ckB. 10-k, ri. 294,0 m; x60
®ur. 3. Nonionellina ansata (Cushman)

OK3. Ne 681. Tomckas obmacts, 6acceiiH p. [lapadens (CeHpKUHCKHIA OTpPAL), CKB. 28, T11. 278,8 M; x60
&ur. 4. Nonionellina taylorensis (Hofker)

DK3. Ne 688. Tomckas obmacts, 6acceiiH p. [lapadens (CeHpKHHCKHIA OTpAN), CKB. 28, T11. 278,8 M; x40
®ur. 5. Ceratobulimina cretacea Cushman et Harris

DK3. Ne 554. Tomckas obnacts, 6acceiiH p. [lapadens (CeHpKHHCKHI OTpAL), ckB. 28, T11. 260,0 M; x40
®Our. 6. Praebulimina carsey (Plummer)

Dk3. Ne 1308. Tomckast obnacts, 6acceitt p. [lapabdens (CenpkuHckuit oTpsim), ckB. 20, r1. 297,0 m; x60
®ur. 7. Bolivinoides decoratus (Jones)

Dk3. Ne 846. Omckas obmacts, Tapckast omopHas ckB. 1-p, Ti. 721,5 m; x60
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Hns mpumepa mpusenem komruieke ¢ Cibicidoides
primus u3 paspesa ckB. 37 (6acceiin p. Uys3uk). B atom
pa3pe3e KOMIUIEKC HCCIENOBaH MO TpeM oOpasnam u3-
BECTKOBBIX TEMHO-CEPBIX AJEBPUTOBBIX IUIOTHBIX T[JIMH
HWDKHEH YacTH TaHBKUHCKOW CBHUTBI, OTOOPaHHBIX W3
nHTepBana 252,0-246,0 M. B HeM mpeobnagaroT pako-
BUHBI (hopamMHHU(Ep C CEKPEIMOHHO-U3BECTKOBOH U
arrJIITHHAPOBAHHO-U3BECTKOBOM CTEHKOM. B KOMILIEK-
ce ompeneneHbl BUIbBL: Bathysiphon nodosarieformis
Subbotina, Glomospira corona Cushman et Jarvis,
G. gordialiformis Podobina, Ammodiscus cretaceus
(Reuss),  Haplophragmoides  tumidus  Podobina,
Cribrostomoides exploratus Podobina, Cyclammina sp.,
Ammobaculites  agglutiniformis  Podobina, Ammo-
marginulina cf. crispa (Kyprianova), Spiroplectammina
variabilis (Neckaja), S. optata Kisselman, S. brevis
Kisselman, Dorothia pupoides (Orb.) ovata Podobina,
Siphogaudryina  stephensoni  (Cushman) distincta
Podobina, Ataxophragmium crassus (Orb.) caspium
Vassilenko, Rectoglandulina sibirica Podobina et Orlov,
Lagena globosa (Montagu), L. multistriata Marsson,
Nodosaria aspera Reuss, N.sagrinensis Bagg,
Dentalina  basiplanata  Cushman, D. tumidiuscula
Podobina et Orlov, D. seliquiformis Podobina et Orlov,
Lenticulina chantyensis Puttja, Astacolus fabaceus
Podobina et Orlov, Oolina obeliscata Mello, Globulina
lacrima (Reuss) subsphaerica Berthelin, G. aft oolithica
Terquem, Guttulina acutata Kusina, G. trigonula
(Reuss), G. cretacea Alth., G. pseudoaustriaca Kusina,
G. austriaca Orb., Sigmomorphina variabilis Kusina,
Globulina lacrima (Reuss), Siphoglobulina ovoiformis
Kusina, Valvulinoides umovi (Kyprianova), Gyroidi-
noides turgidus (Hagenow), G. obliquaseptatus
(Mjatliuk), Eponides sibiricus Neckaja, E. proprius
Podobina, Alabamina dorsoplana (Brotzen), Cibicides
globigeriniformis Neckaja, G. gankinoensis Neckaja,
Anomalinoides pinguis (Jennings) neckajae Vassilenko,
A. falsiplanctonicus (Balakhmatova), Cibicidoides
primus Podobina, C. aktulagauensis (Vassilenko),
Pullenia americana Cushman, P. kasakhstanica Dain,
Quadrimorphina allomorphinoides (Reuss), Nonionel-
lina taylorensis (Hofker), Rugoglobigerina cretacea
(Orb.), Praebulimina carseyae (Plummer), Bulimina
omskensis  Kisselman, Bolivina plaita  Carsey,
Guembelina globulosa (Ehrenberg).

PakoBHHBI B OCHOBHOM XOPOIIIEH COXPaHHOCTH, OT-
JMUYAIOTCS pa3sHOoOpasueM MOpQOJOrHIeCKUX OCOOCH-
Hocreli. Opnako Bua-unnekc Cibicidoides primus
Podobina B xoMmIulekce OOHApyXeH EIUHUYHO (IO
10 k3. Ha 100 T mopoxsr). B koMIuiekce oOHapyKEeHBI
takxe Spiroplectammina optata Kisselman, Dorothia
pupoides (Orb.) ovata Podobina, Siphogaudryina
stephensoni (Cushman) distincta Podobina,
Ataxophragmium crassus (Orb.) caspium Vassilenko,
Cibicidoides aktulagauensis (Vassilenko), Nonionellina
taylorensis (Hofker), Praebulimina carseyae (Plummer),

Bolivina plaita Carsey. BonpIIMHCTBO W3 3THUX BHJOB
SIBIISIIOTCSL XapaKTePHBIMU JJISI KAMITAHCKUX OTJIOXKECHUU
compenebHBIX MpoBUHIMA. [TosBIeHNE Ha CMEHY CaH-
TOH-PaHHEKAMIIAHCKUM KBapIIEBO-KPEMHHCTHIM arTIIO-
TUHHPOBAHHBIM (popMaM CEKPEIMOHHO-H3BECTKOBBIX U
arTJIIOTHHUPOBAHHO-U3BECTKOBBIX PAKOBHH YKa3bIBACT
Ha 3HAYUTENBHOC M3MCHEHHE (DU3HKO-TeorpauuecKux
YCIOBUH DINHUKOHTUHEHTANBHOrO OacceitHa 3amamaHou
Cubupu. Cyns mo cucreMaThdeckoMy coctaBy (opa-
MuHH(Ep, YHCIEHHOCTH O0co0edl OTACIbHBIX BHIOB,
CTPYKTYpE KOMILICKCa, OOJIMKY PAKOBHH M JINTOJOTHYC-
CKUM OCOOCHHOCTSIM TOpoj (TOsIBIICHHE KapOOHATHOTrO
MaTepruaia B TaHBKHHCKOW CBHTE), MOXKHO IPEIIIONO-
KHTh, YTO C KaMITaHA TPAHCTPECCHS B Mpeeibl 3amai-
HoW CuOupH pacmpocTpaHsuiachk ¢ rora 4depe3 Typrai-
ckuil ponuB. [TyOUMHBI SITMKOHTHHEHTAIBHOTO Oaccei-
Ha ObLIM OTHOCHUTENIbHO HeOonbimu (He Oomee 100 M)
U TPUMEPHO COOTBETCTBOBAIHU JIMTOPAIBHOW 30HE CO-
BpeMeHHOro menbda. Hapsny ¢ ¢popamuuudepamu or-
MeUeHbl U ocTpakoibl Schuleridea interstincta Mand,
Clithrocytheridea schweyeri Liepin, Orthonotacythere
sibirica Liepin, O. elegans Liepin, O. (?) juvanes
Lubimova, paHee omuCcaHHBIC U3 OTIOKEHUI MaacTpuX-
TcKkoro sipyca [JIrobumoBa, Kaspmunua, PemietrHukosa,
1960].

Bocrounee B paspese cks. 45 ([lapburckas naprusi) B
JBYX 00pa3liax M3BECTKOBBIX CEPHIX aJIeBPHTOBBIX ILIOT-
HBIX TMH ¢ Dryoussl 250,0-240,0 M oOHapyxeH KoM-
wieke ¢dopamunudep ¢ Cibicidoides primus. B coctaBe
KOMILJIEKCa OMpe/IeIeHbI BUIIbI (popamuHmdep, MHOTHE U3
KOTOPBIX XapaKTEePHBI IS IICHTPAILHOTO paifoHa.

KoMrieke mpencraBieH MPEeMMYIIECTBEHHO CEKpe-
[UOHHO-M3BECTKOBBIMU (hOPMaMHU XOpOIIEH COXpaHHO-
ctu. Cpenu HUX Hauboliee MHOTOYUCIICHHBI TIPEICTaBH-
tenmu ponoB  Gyroidinoides, Eponides, Cibicides,
Anomalinoides, Cibicidoides, Praebulimina, Reussella.
PakoBHHBI BUJIOB 3TUX POJOB HACUHUTHIBAIOTCS 10 30 1
6onee sx3emiusipoB (Ha 100 r mopoasr). M3 armotuHuU-
POBaHHBIX M3BECTKOBBIX (hOpM IMPeoOIIafaroT MpeicTa-
BUTENHU POAOB Spiroplectammina u Siphogaudryina.
PakoBuHBI Takux BUIOB, Kak Spiroplectammuna
variabilis (Neckaja) u Siphogaudryina stephensoni
(Cushman) distincta Podobina, HacCUUTHIBAIOTCS TaKXKe B
3HAYUTENBHBIX KomuuecTBax (Oomee 30 9k3. B 00Opasie
Ha 100 r mopoxel). Cnemyer OTMETUTb B KOMILJIEKCE
OorbIoe pazHOOOpa3ue MPeACTaBUTENICH HOJIO3apUU U
potamuua. OZHAKO MUJTHONUABL ¥ arTJIIOTHHAPOBAHHBIE
KBapIIEBO-KPEMHUCTBIC (POPMBI TOYTH IOTHOCTHIO OT-
cyTcTBYIOT. [lomoOHBIN cucTeMaTHyeckuii coctaB ¢ay-
HBI YKa3bIBaeT Ha ee oOuTaHue B Oojee rryOOKOBOIHOM
9aCTH SIMUKOHTHHEHTAILHOTO OacceiHa.

CoBMecTHO ¢ (opaMuHUPEpaMU BCTPEUCHBI CIH-
HUYHBIC XOPOIICH COXPaHHOCTH CTBOPKH OCTPaKOMA. DTH
MeNpYailiie pakooOpasHbIC MPEICTaBICHBI BHUIAMHU
Procytheropteron virgineum (Jones), Orthonotacythere
sibirica Liepin, O. austra Liepin, Argilloecia graphica
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Lubimova, Cytherella sp., Clithrocytheridea schweyeri
Liepin. Cpeam HHUX TONBKO TMPEICTABUTEIN BHIA
Orthonotacythere sibirica Liepin HeCKONbKO wYale
BCTPEYAIOTCS U MOTYT OBITh XapaKTepPHBIMH JJIs Ha3Ba-
HUS TIO3JJHEKAMITAHCKOTO KOMILIEKCA OCTPAKOl; OCTAIIb-
HBIC BHJIBI B KOMILIEKCE ¢TNHUYHBI.

B BepxoBpsix p. Kenra, kak BbIlIe YyKa3bIBajoCh,
npobypena ckB. 83 ([lapOurckas maprus). B tpex 00-
pa3iax HM3BECTKOBBIX TEMHO-CEPHIX AJEBPUTOBBIX TIIMH
HVDKHEH YacTH TaHBKUHCKOH CBUTBHI, OTOOPAaHHBIX M3
uaTepBana 239,0-233,0 M, obHapyxeHbI (opaMuHHPE-
pbl 1 ocTpakoapl. DopaMuHIdEpbl BBIICICHBI KaK KOM-
wiekc ¢ Cibicidoides primus, B KOTOpOM OIpeIeleHbI
MHOTHE M3 BUJIOB, YKa3aHHBIX UIS MPEIBLIYIINX pa3pe-
30B IEHTPAIBHOTO PalioHa.

B xomiuiekce mpeoOnagar0T paKOBHHBEI OTPSIOB
Textulariida, Lagenida u Rotaliida. PasnooOpasuer B
CHCTEMAaTUYEeCKOM OTHOIICHHWH JIATCHUIBI, YTO JAET OC-
HOBaHUE CYIUTh O Ooiiee TIyOOKOBOJHBIX YCIOBHSX
obutanus. O6 3TOM kKe CBUICTEIBCTBYET MOYTH MOTHOE
orcyrctBue mummonui. Bup-unnexc  Cibicidoides
primus Podobina BcTpedeH emuHHYHO. PakoBHHBI HC-
CIIEyeMOro KOMILIEKCa XOpOIIeH COXPaHHOCTH U JO-
BOJIBHO Pa3HOOOPA3HOr0 CHUCTEMAaTHYECKOr'0 COCTaBa,
9TO CBHJICTEIBCTBYET O ONArONPUSATHBIX YCIOBHUSIX 0OU-
TaHWS HA UCCIETyEeMON TEPPUTOPHH B TO3IHEKAMIIAH-
CKOM DacceliHe.

Bocrounee mepuauonansHOro teueHus p. Oou uc-
CIIEIOBaH KOMIUIEKC IIO3JHET0 KaMIaHa B pa3pese
ckB. 37 (Ilaiinyrunckas maptus). B 3ereHOBaTO-cepbIX
MECYaHbIX MIMHAX Ha riyouHe 273,0 M BCTpEUYCHBI eIu-
HUYHBIE (opaMUHU(EPHI, MPEACTABICHHBIE BUIaMHU
Spiroplectammina optata Kisselman, S. ancestralis
Kisselman, Lenticulina ovalis (Reuss), Planularia aff.
rutkevitchi Putrja, Valvulineria procera Podobina,
Eponides sibiricus Neckaja, Bagginoides quadrilobus
(Mello), Epistomina fax Nauss, Reinholdella brotzeni
Olsson, Cibicidoides primus Podobina.

Kommiekc B gaHHOM pa3pe3e (BOCTOYHBINA pPaiioH)
CPaBHUTENBHO O00CHEH KOJHYSCTBEHHO U IO BUJOBOMY
cocraBy. B HeM Heckonbko yBenuyeHsl (10 20 3k3. Ha
100 r moponsl) mpeAcTaBUTENW BUAOB Eponides
sibiricus Neckaja u Valvulineria procera Podobina.
OcranbHble BUIBI, YKa3aHHBIC B CIHCKE, — CIUHIYHEIC
¢dopmbr. HanbGonee xapakTepHBIMH Il JAHHOH YacTH
pa3pes3a SBISIOTCS BHJIBI CIIHPOILICKTAMMUH, a TaKKe
Valvulineria procera Podobina, Cibicidoides primus
Podobina. Bun Bolivinoides decoratus (Jones), Iupoko
pacrpocTpaHeHHbIH Ha fore 3amanHoit Cubupu, 31ech
HE BCTPEYCH.

B BOCTOYHOM paiioHE MO3THEKAMIAHCKUI KOMILIEKC
¢dopamuHUdEp B pa3pe3ax ckBaxuH OacceiiHa p. [laiimy-
runa ([laiimyrunckas naprus, cks. 22, rit. 300,0-290,0 m;
ckB. 24, ri. 300-292 m) u p. Teim (ckB. 10, . 335,0—
313,0 M) obelHEH B BHJIOBOM U KOJHYECTBEHHOM OTHO-
mieHun. B yKa3aHHBIX pa3pe3ax Be3/e MPHCYTCTBYET

Bun-ungekc Cibicidoides primus Podobina. B paspese
CKB. 24 KOMILIEKC HECKOJIbKO pa3HooOpa3Hee, riae oOHa-
pyXeHbl BHIBI Spiroplectammina variabilis (Neckaja),
Quinqueloculina sibirica Putrja, Q. rotunda Carsey
tricostata Putrja, Nodosaria tchuzica Podobina et Orlov,
Globulina aff. oolithica Terquem, Valvulineria procera
Podobina,  Gyroidinoides  turgidus  (Hagenow),
G. obliquaseptatus (Mjatliuk), Bagginoides quadrilobus
(Mello), Epistomina fax Nauss, Reinholdella brotzeni
(Olsson), Eponides sibiricus Neckaja, Cibicides
globigeriniformis  Neckaja,  Cibicidoides  primus
Podobina, Anomalinoides pinguis (Jennings) neckajae
Vassilenko, Biglobigerinella abberanta (Neckaja),
Hastigerina aspera (Ehrenberg) digitata Subbotina,
Reussella minuta (Marsson), Guembelina globifera
(Ehrenberg). B xomruiekce 3a HCKIIOUEHHEM IEPBOrO
BHJIa BCTPEUCHBI CEKPEIIMOHHO-U3BECTKOBBIC PAKOBHHEI
Xopolied — coxpaHHOcTH. Bua  Spiroplectammina
variabilis (Neckaja) uMeeT arrarOTHHUPOBAHHYIO CTCH-
Ky C BKJIFOUCHHEM KapOOHATHOrO MaTepuaia U pacipo-
CTpaHEH CIMHUYHO.

®opamunudepsbl U OUocTpaTUrpadus BepxHero
KaMIIaHA Pa3HbIX NMajeoduoreorpadpuyecKux
paiionoB 3anaaHoii CuOupu M APYrux NPOBUHLMI

OTtnoxkenus cinoes ¢ Cibicidoides primus Ha rore 3a-
ypanbsi (3amajHblii palioH) MOJACTHIIAIOTCS (Da FOIIIH-
CKO# MavkoM, BKITIOYAroIIel KoMIUIeKe popaMuHudeEp ¢
Ataxophragmium variabilis. I3 Haxonok MakpoayHHI B
9TOM mauke ciuexyeT OTMETUTh Belemnitella mucronata
Schloth., Baculites vertebralis Lam. u npyrue MOIITFOC-
ku 30HBI Belemnitella mucronata [ArpanoBckas u mp.,
1957]. Ilocnennsas, Kak yka3blBajoCh, B Iperenax 3a-
nagHod CuOWpU OTCYTCTBYET, HO MECTaMH, HaIpuMep
Ha Iore 3aypaiibsi, CIeIbpl STOH 30HBI OCIEMHHUTOB CO-
XPaHUJIKCE.

BepxHekaMIaHCKHE OTIIOKSHHS HUCCISITyeMOU 30HBI
B paspe3e TypuHckoii ckB. 1-p (ri1. 341,0-331,0 m) (3a-
najHblil pailioH, matepuansl @.B. KunpusHoBoil) Bbiae-
JIeHbI HeOOIbIION MOITHOCTEIO (10 M) MO IPUCYTCTBUIO
Buna-unaekca Cibicidoides primus Podobina u psna
CONYTCTBYIOIIUX BHUIOB, OOBIYHO BCTPEYAIOIIUXCS B
[EHTPaTbHOM PalilOHE PaBHUHBI.

Ha rore, B Typraiickom mporube (p. AsT), KaMIaH-
CKHUE OTIIOXKEHUs BIiepBbie BhineneHb! [1.J1. be3pykoBeim
B 1934 r. [be3pykoB, 1934]. B Tonie kBapieBbIX pa3HO-
3€PHHUCTBIX IIECKOB, 3aJICTAIONICH MOJ KapOOHATHBIMHU
(ayHHCTUYECKH OXapaKTCPU3OBAHHBIMU TIIMHAMHU Ma-
actpuxta, BcTpeueHbl [I.JI. Be3pykoBbIM MOJUIFOCKH,
Cpelr KOTOpPBIX ONpEJACICH 30HANBHBIA BUA Bele-
mnitella langei Schatsky. B atux xe mopomax Kymmy-
pyHcKkoro, Aarckoro paiionoB nosnHee A.U. EpemeeBoit
u H.A. benoycosoii [EpemeeBa, benoycosa, 1961] BbI-
JeneH KoMIuieke (opamuaudep ¢ Hambolee pacrpo-
CTpaHEeHHBIMU BUAaMU Spiroplectammina kelleri Dain
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(aff. S. optata Kisselman), S. ex gr. alexanderi Lalicker
(-S. brevis Kisselman), Ataxophragmium variabilis
(Orb.) (aff. orbignynaeformis Vassilenko), Arenobuli-
mina presli (Reuss), Praebulimina carsey (Plummer),
Eponides sibiricus Neckaja, Gavelinella taylorensis
(Carsey), Anomalina comptula Ehremeeva. Bombimoe
CXOJICTBO ATOT0 KOMIUIEKCA C OAKTHITAPhIHCKUM (AKTIO-
OuHckas obnacte), onucanHbiM H.A. Kanuaunaemm [Ka-
nuHUH, 1937], MO3BOJSET OTHOCUTH TOJILY KBapLEBBIX
neckoB KymmMypyHCKoro 1 ASTCKOro paifOHOB K Bepxam
KaMIIAaHCKOTO sipyca 30HbI Belemnitella langei.

CesepHee, B YcTbh-YiickoM paiione (BBeneHckas u
AJenvHCKasl CKBa)KUHBI), B aHAIOTHYHON TOJIIE KBap-
[EBBIX TJIAYKOHUTOBBIX IMECKOB, COJCPIKAIIUAX OOIHTHI
Oyporo JKele3HsKa, B KOMIUIEKce QopaMuHHDEp
A.N. Epemeesoii, H.A. benoycoBoii [Epemeesa, beno-
ycoBa, 1961] onpenenenst Ammobaculites  aff.
agglutinans (Orb.) [-A. agglutiniformis Podobina],
Spiroplectam-mina rosula (Ehrenberg), S. ex gr.
alexanderi Lalicker, Bolivina ex gr. kalinini Vassilenko,
Eponides sibiricus Neckaja, Gyroidina soldanii Orb.,
[-Gyroidinoides obliquaseptatus (Mjatliuk)], Anomalina
comptula Ehremeeva, cpei KOTOPBIX IPUCYTCTBYIOT TE
xe Bugpl, uTo B KymmMypyse u Ha Aste. A.W. Epemeena
u H.A. benoycoa [EpemeeBa, benoycosa, 1961] taxxke
oTMeUaroT, 4to B paspese Kymmypyrckoro, Kawapo-
Kycranaiickoro u Ycrb-YHCKOro pailoHOB BepXHEKaM-
MAHCKHE OTJIOKEHHS JIOXKATCS HEMOCPEICTBEHHO Ha
MOpPCKHE OCaJIKA HIDKHETO CAaHTOHA W IOKPBIBAFOTCS
MAaCTPUXTCKUMH OTIOKeHHsIMH. KpoMe TOro, 3Tu aB-
TOPBI CYUTAIOT, YTO CAHTOHCKHAE W HIDKHEKAMITAHCKUE
OTJIOKEHHSI HA PABHHUHE MPUCYTCTBYIOT M OOBEIHHSIOT-
Csl B OJIHY CIIABTOPOJICKYIO CBHUTY, HO IO XapaKTepy pac-
MPOCTPAaHEHHSI W COCTaBa KOMILICKCOB (hopamMHHUDEP
SIBISIIOTCSL OCAJIKAMH Pa3HBIX MOPCKHX TPaHCTpecCHd. A
B Typrae BepxHecanToHckass 30Ha Cribrostomoides
exploratus, Ammomarginulina crispa, HHUKHEKaMITaH-
ckas Bathysiphon vitta, Recurvoides magnificus u3 pas-
pe3a BBINAJAIOT, YTO OOBSICHACTCS AKTHBHO MPOSBUB-
IIMMUCS B 9TO BPeMsI 37IeCh TEKTOHHYECKHMU JIBH)KCHH-
SIMU, IPUBEAIIHNX K Pa3MBIBY 3TUX OTJIOKCHHU.

Crnou ¢ xomruiekcoM (opamuHUpEp, U3YICHHBIM
AN. Epemeesoit 1 H.A. benoycosoii [EpemeeBa, beno-
ycoBa, 1961], COOTBETCTBYIOT MHUKPO(payHHUCTUICCKOM
3oHe Globorotalites emdiensis Bocrouno-EBpomneiickoit
npoBuHiyu (Pycckas mmurta) m 3o0He Cibicidoides
primus 3anagHo-Cubupckodl mpoBuHIMH (3amagHo-
Cubupckas paBHHHA), OTHOCUMBIX K 30He Belemnitella
langei BepXOB BEepXHEro KaMIIaHa.

B Ipumyromxapee u Temupckom paiione (AkxTro-
OuHCckass obmacte, marepuansl B.W. ['maakoBoit) mpo-
CIICKUBAIOTCSI MHUKPO(pAYHHUCTUYECKHE 30HBI KaMIIaHa,
IIMPOKO PACIpPOCTpaHEHHBIE B TMpeaenax BocrodHo-
EBponeiickoit npoBunuuu (Pycckas miura). Paccmor-
pPECHHBIC BBIIIC KaMIAHCKUE OTIOKEHUs Typras mMoryr
OBITH COIOCTABIICHBI TONBKO C BEPXHHM KaMIIAHOM:

Mukpodaynuctaueckoii 3oH0i Globorotalites emdiensis
u 30HO0U Belemnitella langei. Hanbonee xapakrepHbIMU
BHJAMHU KaMIaHCKUX (popamuHU(Ep B yKa3aHHOW MPO-
BUHIIMM, N0 omnpeneneHuto B.M. I'magkoBol, sBAstOTCA
Orbignyna inflata (Reuss), Globorotalites emdiensis
Vassilenko, Pseudovalvulineria clementiana laevigata
(Beissel), Bolivina kalinini Vassilenko, Cibicidoides
valtzianus Vassilenko, Praebulimina laevigata (Beissel).

OTOT KOMILIEKC B HEKOTOPOH Mepe CXOJCH C 3amaj-
Ho-cubupckum Cibicidoides primus, uto eme Oomee
yOexIaeT Hac B MO3THEKAMIIAHCKOM BO3pacTe BMeEIIa-
romux ero cioeB. 3oHa Cibicidoides primus cootBert-
ctByer Ha Pycckoit mmte 3oHe Belemnitella langei.
3.H. Kucensman [Kucensman, 1969] BnepBbie oTmeye-
HO COOTBETCTBHE BEpXHEW IOA30HBI C BHIAMH-
unnekcamu Bolivinoides maliaris, B. decoratus Bepxuei
9acTH 30HBI Spiroplectammina optata u O3HEKaMIIaH-
ckoii 30He ¢ Belemnitella langei. Hammmu uccnenosa-
HUSMH TaKKe JJOKA3aHO COOTBETCTBHE CIIOEB C OOJNMBH-
Hougecamu 3oHe Cibicidoides primus u  30He
Belemnitella langei. Ha Pycckoit mumte coBMecTHO ¢
Belemnitella langei, kak coobmaer H.W. JleoHrapr
[JIeonrapnr, 1971], BcTpeueHs! GopaMuHUEPH, U3 KO-
TopeIx Hambonee xapakrtepHol Cibicidoides aktula-
gayensis (Vassilenko) wu Brotzenella monterelensis
(Marie). ITo BepxHEMy mpeneny pacpocTpaHEHHS Tep-
BOTO BHJa MOXKHO MPOBOJMTH T'PAaHUIly KamIlaHa ¥ Ma-
actpuxta. OnHako B mpeaenax 3amangaoi CuOUpU BHI
Cibicidoides aktulagayensis (Vassilenko) BcTpedaercs u
B HWOKHEM MaacTpuxte, a Brotzenella monterelensis Bo-
BCE OTCYTCTBYeT. [103TOMY NpH COMMOCTaBICHUH IO3]-
HEKaMITAHCKHX KOMIUIEKCOB OOCHX MPOBUHIMNA HYXKHO
YYUTBIBATh 9TH OCOOCHHOCTH B paclpocTpaHeHuu ¢o-
pamuaudep [[IpakTrueckoe pykoBOACTBO... 1991].

Ha roro-BocToke (F0ro-BOCTOUHBIN pailoH, OKPECTHO-
ctu T. CeBepcka) B psife NpoOypPEHHBIX CKBaXKHH OOHA-
pyxeHbl (QopaMUHH(pEPHl KaMIIAHCKOTO spyca (Bepxu
CIIaBIOPOJICKOT0, HU3bI TAaHBKUHCKOTO TOpPU3OHTOB).
Pannexamnanckast 30Ha Bathysiphon vitta, Recurvoides
magnificus U3 BEepXHHUX CIOCB HIKEIIEHKAIIETO CIIABrO-
poackoro u mno3aHekammanckas Cibicidoides primus
HU30B FAaHBKWHCKOTO TOPH30HTA XOPOIIO MPOCICKEHEI B
HEHTPaTbHOM paiione 3amagHo-CHOMpPCKON MPOBUHIIMU
(tabm. 1, 2). B okpamHHBIX palioHaxX BHIOBOH COCTaB
000UX 30H 3HAYUTENBFHO COKPAIIAETCS U MHOTHEC BHIIBI,
a TaKXKe BUABI-MHJICKCHI HHOTIA OTCYTCTBYIOT.

Mo xommnekcam ¢opamuHudep ¢ 3amagHO-CHOHP-
CKUMH BUIAMHU-UHICKCAMH B IICHTPAIBHOM paifoHe (30-
Ha Bathysiphon witta, Recurvoides magnificus) ycra-
HOBJIEH HIDKHUHM kammnaH. B paspese ckB. H-15 Ha riy-
6unax u3 uHT. 279,0-231,8 M (FOT0-BOCTOUHBIN paiioH)
o0HapyXeH KoMIUIeKC (opamuHU(pEp, 0003HAUCHHEBII
BTOPEIM BHJIOM-HHJEKcOM Recurvoides magnificus.
Hapsiny ¢ eAMHUYHBIMEA arTJIFOTHHUPOBAHHBIMH KBapIle-
BO-KPEMHHUCTBIMH (hOpPMaMH OIpPEAENIeHBl Ooliee pa3Ho-
o0OpasHble W MHOTOYMCIICHHBIC CEKPEIOHHO-H3BECT-
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KOBBIC W arTIOTHHUPOBAHHBIC W3BECTKOBBIC PAKOBHHBI,
MUTPUPOBABIINE CIOJIa M3 COMPEHCIBHBIX I0XKHBIX MpPO-
BHUHIIMI, BO3MOXHO, 4Yepe3 ycraHoBieHHbIM B.M. Ilono-
ounoit [[Tomobuna, 2009] Mapruuackuit npomms. Hanbo-
Jiee XapaKTepHBIMU BHIIAMU SBISEOTCS Heterostomella cf.
praefoveolata (Marsson), Orbignyna variabilis (Orb.),
Nonionellina  taylorensis (Hofker), Gavelinella cf.
clementiana (Orb.). bnarogaps >Tum Buzmam ciou ¢ ¢o-
pamunHndepamMu kominiekca ¢ Recurvoides magnificus

MOryT OBITh comocTaBieHbl ¢ 30HOW Gavelinella
clementiana paHHeKaMImaHCKOro Bo3pacta u3 BocTouHo-
EBponeiickoit mpoBuHuuu. CleI0BaTENBHO, CAMBIC BEPX-
HHE CIIOM CJIaBIOpPOJICKOTO TOPH30HTA, BBIIEISEMbIE B
[[EHTPaJIbHOM paiione 3ara Ho-CHOUpCKOii IPOBUHIIUK B
kauectBe 30HBI  Bathysiphon vitta, Recurvoides
magnificus, JaTUPOBaHBl PAHHEKAMIIAHCKAM BO3PACTOM,
4TO paHee YTBEPKIAIOCh BO MHOTHX ITyOJIHKAIMAX
B.M. ITono6unoi [[Tomobuna, 1989, 2000, 2009, 20176].

Tabnuma 1

30HbI ¥ KoMILIeKchI (hopamuHudep kamnana 3anagnoii Cudupu

Table 1

Zones and complexes of Foraminifera of Campanian age of Western Siberia

3 0HEI

Spyc
[Hoawsipyc
Tl'opuzonr

XapakTepHbIe KOMIUIEKCH (hopaMuHHIpEp

CJIAaBrOpPOJACKHHA | TAHBKUHCKHUA

BEPXHUI

Cibicidoides
primus

(HH3BI)

KaMIIaH
HWKXHUN

Bathysiphon vitta,
Recurvoides
magnificus

(Bepxn)

Valvulineria procera Podobina, Dorothia pupoides (Orb.) ovata Podobina,
(Ataxophragmium crassus (Orb.) caspium Vassilenko, Ceratobulimina cretacea
Cushman et Harris, Cibicidoides primus Podobina, Cibicidoides aktulagayensis
(Vassilenko), Nonionellina taylorensis (Hotker)

Bathysiphon nodosarieformis Subbotina, Bathysiphon vitta Nauss, Glomospira
corona Cushman et Jarvis, Recurvoides magnificus Podobina, Adercotryma
glomeratoformis (Zaspelova), Spiroplectammina optata Kisselman,
Spiroplectammina variabilis Neckaja

Tabnuiga 2

CxeMa 30HAJILHOr0 pacuJieHeHHusl U KoppeJIsiiiui 1o 0eHTOCHbIM (hopamMuHu(epam
caHTOHa—KaMnaHa 3anagno-Cudupckoii 1 Bocrouno-EBponeiickoii npoBuHmmii

Table 2

Zonal dismemberment and correlation scheme for the benthic foraminifera
of the santona—campana in the West Siberian and East European provinces

Bocrouno-Esponelickas
TIPOBUHIUA
[[TpakTraeckoe
PYKOBOACTBO... 1991]

Spyc
[Hoawspyc

3amagHo-Cubupckas
TIPOBUHIHS
[[Momo6uma, 2009]

I'opuzont

Globorotalites emdiensis (Bepxn)

Cibicidoides primus TraHbKUHCKHI

Globorotalites emdiensis

Brotzenella monterelensis
Cibicidoides temirensis

Cron BBITIAIAIOT U3 pa3pesa

KaMIIaH

Gavelinella clementiana

Bathysiphon vitta,
Recurvoides magnificus

Gavelinella stelligera

Cribrostomoides exploratus,

Ammomarginulina crispa CIaBTOPOACKHUH

HUKHUHI BCPXHHM | HI)KHUU | BEPXHUU

CaHTOH

Gavelinella infrasantonica

Ammobaculites dignus,
Pseudoclavulina admota

ITosguexamnanckuii  koMmimuieke ¢ Cibicidoides
primus, comepXamfii MHOTHE XapaKTepHble BHUIBI (o-
paMuHHU(pEp, YCTAHOBICH B pa3pe3e ckB. H-15 Ha riry-
oune 231,8 M. B mpenenax meHTpambHOro paiiona 3a-

nagHod CHOHMpH CIIOM € ATUM KOMILIEKCOM OTHOCSITCS K
3oHe Cibicidoides primus, COCTaBIAIONICH HU3BI T'aHb-
KMHCKOTO Topu3oHTa. Hekoropele W3 BUAOB, OOHapy-
KEHHBIX Ha 9ToM TiyOmHe ckB. H-15, Takux kak
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Ataxophragmium cf. crassus (Orb.) caspium Vassilenko,
Ceratobulimina aff. cretacea Cushman et Harris,
Nonionellina taylorensis (Hofker), Cibicidoides cf.
voltzianus (Orb.), xapakTepHbI JJii BEpXHETr0 KaMIlaHa
Kazaxcranckoit 1 Boctouno-EBporieiickoii mpoBUHLUI
BopeanbHO-ATnaHTHYECKOW 00JACTH, K KOTOPOH B 3TO
BpeMsi OTHOcWIach u 3amagHo-CHOMpcKast MPOBHHIIHS.
[To mpHCyTCTBHIO yKa3aHHBIX BHJIOB MOXKHO COIOCTa-
BUTH CJIOH C 3TUM KOMILJICKCOM HIIM BBLICISIEMYIO B 3a-
nagHo-Cubupckoir mpoBuHImE 30HY  Cibicidoides
primus ¢ 30oH0# Globorotalites emdyensis (Bepxu) Bo-
cTouHo-EBponeiickoii nmpoBuHnuu. HeoOxoaumMo otme-
TUTb, 4TO 3anaaHo-CuOupcKas MPOBHHIMS 110 CHCTEMa-
TUYECKOMY COCTaBy (hopamuHH(pep OTHOCHIACH HAMU K
BopeanbHO-ATnaHTHYECKOW 007aCTH Ha MPOTSIKCHUU
KaMIIaHa-MaacTPUXTa B OTIHYHE OT AamnT-TypOH-
CaHTOHCKOI'0 BpeMeHH, Korja 3amanHo-Cubupckas mpo-
BHHIIMSA OblIa YacThi0 ApKTHYeckor obnactu [[lomobu-
Ha, 2000; Podobina, Kseneva, 2005].

B ceBepHoM  manmeobuoreorpaduueckoM paioHe
(ITyp-Ta3oBckuit paiion), mo ceenerusM B.M. ITono6u-
Hoii 1 M.U. Tanauesoii [[Togobuna, TanaueBa, 1967],
BCTpeueHbl eimHUYHbIe BUb 30HBI Cibicidoides primus
B paspe3e ckB. 31-p TazoBckoi mimomaan (ri. 655,0—
644,0 m). V3 HUX ciegyer OTMETUTh, KpOME BHJa-
uHaekca, Spiroplectammina  variabilis  (Neckaja),
Eponides sibiricus Neckaja u np.

Eme ceBepuee (Antunatora, HoBwiii noprt, ['sigan-
CKUIl T-0B) BEPXHEKAMIIAHCKHE OTJIOKEHUS MPUCYT-
CTBYIOT TIIOBCEMECTHO, OIHAKO OXapaKTePU30BaHbI
00eTHCHHBIMU KOMIUTEKcaMu (hopamMuHU(Ep, B KOTOPHIX
Yamie BCEro BCTPEYAIOTCS CAMHUYHBIC CEKPEUOHHO-
M3BECTKOBBIE OeHTOCHBIE QopMbl. Tak, B paszpe3ax OO0-
ckoro paiiona (AHTumaroTa, ckB. 2, T, 303,8-222.2 wm;
Hogerit mopt, ckB. 1, ri. 487,0-474,0 m; meic TpexOy-
ropueiii, ckB. 3, T 362,0-345,0 ™m; wmaTepuaibl
H.B. lllapoBckoit)  BCTpeyeHbl, 1O  ONPEAEICHUIO
B.M. IlogobuHo#, crexyromue Buabl (hopamuHupep:
Spiroplectammina variabilis (Neckaja), Cyclogyra
sibirica  Podobina, Guttulina trigonula  (Reuss),
Bagginoides  quadrilobus  (Mello), Gyroidinoides
turgidus (Hagenow), Valvulineria procera Podobina,
Eponides sibiricus Neckaja, Cibicides gankinoensis
Neckaja, C. globigeriniformis Neckaja, Cibicidoides
primus Podobina, Anomalinoides pinguis (Jennings)
neckajae Vassilenko.

KoMIiekcsl BepxHEro KaMmaHa BBIIEISIIOTCS C TPY-
JIOM, TaK KaK MOACTHJIAIOIINE CAHTOH-PaHHEKAMIIAHCKUE
U TOKPHIBAIOIINE MAaCTPUXTCKHE OTIOKEHHSI COBMECT-
HO C TO3JHEKAMIIAHCKUMH XapaKTepH3YIOTCsS OOCIHEH-
HBIM BHUJOBBIM COCTaBOM (opamunudep, 3a HCKIIOUC-
HUEM CIUHWYHBIX ()OPM, IMO3BOJISIONINX ¢ OONBIIOHN 10-
JIeH YCIIOBHOCTH PaCWICHUTh UCCICAYEMYIO 9acTh pas-
pe3a O6¢ckoro paiioHa.

B Cesepnoii Kanane [Wall, 1967] u na CeBepHoit
Ansicke [Tappan, 1962] kxaMmmaHcKue OTIOXEHUsSI BbIpa-

KEHBbI HeoTYeTINBO. EnuHnynbie GpopamuHuepsl, Mpu-
YpOYCHHBIE K BEPXHHM CIOsM (popMmanuii Bamuadu
(Chungo n Nomad member) u mpeiiga 6nad (Sentinel
Hill member), sBISFOTCS ManoXapaKTEPHBIMU JIJISI KaM-
MAaHCKUX OTIOKeHHH. OHH COOTBETCTBYIOT CaMbIM
BEPXHHUM CJIOSIM CJIAaBTOPOJICKOM CBUTHI, BKIIIOYAIOIICH
komIiekec  Gopamunupep ¢ Bathysiphon  vitta,
Recurvoides magnificus. Bermenexamue oTIOXKEHUS
MO3THET0 KaMIlaHa—MaacTpuxTa B mpenenax CeBepHOM
Kanane! u CeBepHoil ANSICKM HE YCTaHOBJIEHBI.

Bwmecre ¢ dopamunHbepaMu 00HAPYKEHBI CIHHUY-
HBIE  OCTPAaKOIbl,  XapakTepHbIC I  KaMIIaH-
MAaCTPUXTCKUX OTIOKeHHH 3amaaHo-CuOupCKoi mpo-
BHHIMY. B 11eJIOM MO3THEKaMITaHCKUH KOMILIEKC OCTpa-
KOJl M3 HIDKHUX CIIOEB TaHBKHHCKOW CBUTHI OYEHb CXO-
JICH C BBIMICIEKAIUMHA MaaCTPUXTCKHMHU.

3akiarouenne

B raHpKHHCKOM Tropu3oHTE (BEpXHUN KaMIlaH, Ma-
ACTPHUXT), TUTOJIOTHYECKH COCTOSIIEM M3 CEPhIX U3BECT-
KOBBIX QJIEBPOJIUTOB H TJIUH, OOHAPYKEHBI OOMUJIBHEBIC U
CHCTEMAaTUYeCKH Pa3HOOOpa3HbIe KOMIUIEKCH (hopamu-
HUpep. B HUKHUX CIOSX TAHPKUHCKOW CBHUTHI, BBIACS-
eMBIX aBTOpOM Kak Qopamunudepoas 3ona Cibi-
cidoides primus, MPHCYTCTBYIOT CEKpPELIMOHHO-H3BECT-
KOBBIC PAaKOBHHBI IO3JHEKAMIIAHCKOTO BO3pacTa. Jrta
3oHa — Cibicidoides primus ycTaHOBIeHa BIEpBHIE aB-
TOPOM H JIOKa3aHO, YTO OOJNbIIAsl (CPEAHssA) YacTh KaM-
MAHCKHUX OTJIOKEHHI M3 pa3pe3a BbImanaer. B cpaBHe-
HUH ¢ ¢opamMuHH(pEpOBEIMA 30HaMH BocTo4yHO-
EBponeiickoit npoBunuuu (Pycckas miuTa) u3 paspesa
KaMIIAHCKOro sipyca B mpenenax 3amagHo-CuOupckoit
MPOBHHIMK  BBIMANAIOT  (opaMUHH(EPOBBIE  30HBI
Cibicidoides temirensis, Brotzenella monterelensis,
OompInas HUXKHSS YacTh 30HBI Globorotalites emdiensis.
U3 paHHEeKaMIIaHCKUX OTJIOKEHHUU B pa3pes3e 3amaIHoil
Cubupn ycranoBieHa 3oHa Bathysiphon vitta,
Recurvoides magnificus (HH3bI HI)KHEro KamIiaHa), co-
otBercTByromas 3oHe Gavelinella clementiana (Bocrou-
Ho-EBponeiickas nposunnus). [lo3mHekaMmanckas 30Ha
Cibicidoides primus ycTaHOBIEHa B HIXHHUX CIOSAX
TaHBKUHCKOTO TOPU30HTa M KOPPEIUPYETCS C BEpXHEH
3onoii kammana — Cibicidoides emdiensis (Bepxu) B
npenenax Bocrouno-EBponeiickoil mpoBUHINN.

CrenoBaTenbHO, KaMITAHCKUE OTJIOKCHHS (BEpPXH
CIIaBIOPOJICKOT0, HU3bl TaHBKUHCKOTO TOPHU30HTOB) B
3anagnoit CHOMpPH MPUCYTCTBYIOT HE B TIOJIHOM 00BEME.
B paccmarprBaeMOM TaHBKMHCKOM TOPH30HTE IO (o-
paMuHH(pEpaM YCTaHOBJICHBI BEPXH BEPXHEro Kamria-
Ha — 30Ha Cibicidoides primus, cooTBeTcTByOmas He
Tonpko Bepxam 30HBI Globorotalites emdiensis, HO u
OenemuunToBOi 30He Belemnitella langei. B mentpans-
HOM paliOHE — CTPATOTHIl 30HBI BEPXHETrO KaMIlaHa
ycTaHoBJIeH B pa3pe3e Hopo-Bacroranckoir omnopHoi
ckB. 1-p [[Togobuna, 2000]. B HH3ax raHEKUHCKOTO TO-
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pH30HTa 30HA BEPXHErO KaMIlaHa BBIJECICHA C OIHUM
BujioM-uHiekcom — Cibicidoides primus. B cocraBe
CTpaTOTHUIIA ITOW 30HBI U JIPYTUX pa3pe3ax HEeHTPAIbHO-
ro maseoduoreorpaguueckoro paiioHa OOHapyKeH
OOMIIBHBIN TTO3THEKAMITAHCKHIA KOMIUIEKC (OpaMUHH-
dep ¢ xapakTepHBIMH BHIAMH. B OCHOBHOM 5TH BUIBI
COCTOSIT M3 CEKPEIIMOHHO-U3ECTKOBBIX M arrTFOTHHHPO-
BaHHBIX M3BECTKOBBIX pakoBHH (hopamuuudep. Bo MHO-
THX pa3pe3ax B HM3BECTKOBBIX CEPBIX AJEBPOIUTAX W
TJIMHAX HU30B FaHBKHMHCKOI'O TOPH30HTA LIEHTPAIHHOTO
paiioHa ompeneleH KOMILIEKC GpopaMuHH(Ep MO3IHEr0
KaMIlaHa, HACYUTHIBAIONIMIA OKOJII0O COTHH BHJIOB. B
OKpaWHHBIX palioHaxX pa3HOOOpa3ue BUAOB PE3KO CO-
KpaIIaeTcsl, 9TO COYCTACTCS ¢ CIUHHYHBIM WX KOJIU4e-
ctBoM (0T 3 1o 10 3k3. kaxnoro Buaa Ha 100 r mopoasr).

B.M. Tlonobunoii [[Togobmna, 2016] oTMe4eHO BbI-
MaJICHUe U3 pa3pe3a BEpXOB HUIKHErO, CPEIHEr0 U HUXK-
HEl 9acTH BEPXHEro KamIlaHa, 9YTO COOTBETCTBYET B Bo-
cTouHo-EBporieiickoii MpOBUHIINK HE TOJBKO YKa3aHHBIM
BhIIe (popaMUHU(EPOBBIM 30HAM, HO U 30HAM IO MOJ-
JrocKkaM: dactd 30HbI  Goniotoithis quadrata, 30He
Belemnitella mucronata. Oco0eHHO Pe3KO OTIMYACTCS
BUJIOBOI cocTaB (hopaMHHU]EP B CEBEPO-3aaTHOM paii-
one (DenopoBckast reonoro-cbeMoyHas napTusi, ckB. 22),
IJIe CIMHUYHBIC PAaKOBHUHBI 3THX (hopaMHHH(EpP UMEIOT
arTIFOTHHUPOBAHHYIO KBaPIIEBO-KPEMHHUCTYIO CTCHKY.

Uzyuennsie hopamMuHudepbl © MOJLTIOCKH 3arajHo-
Cubupckoil, WX CpaBHEHHE C TAaKOBBIMH BocTodHO-
EBponelickoil mpoBUHIIUENW MOATBEPKAAIOT MO3AHEKAM-
nanckuid Bo3zpact 30HbI Cibicidoides primus.

B nozgneMm xammnaHe W najee B MaaCTpUXTE OIpee-
JIeHBl pacIIMpeHHble cBsi3u 3amaaHo-Cnbupckoro Oac-
ceiiHa (IPOBUHIUM) C FOXKHBIMH MOpPSMHU, MOSBISETCS
KapOOHAaTHOCTh B TEPPUTEHHBIX MOPOJAaX T'aHBKHMHCKOM
CBUTHI (TOPU30HTA) U PE3KO U3MEHSETCSl CUCTEMaTH4e-
ckuii cocraB (opamuHHpep. PacnipocTpaHeHsbl yke He
arnIIOTHHUPOBAHHBIE KBAapLEBO-KPEMHHUCTBIE, 4 CEKpe-
LHUOHHO-U3BECTKOBBIE WU  arriOTUHMPOBAHHO-U3BECT-
KOBBbI€ ()OPMBI, Cpel KOTOPBIX HaiieHbl 00IIre BUIBI
C TaKOBBIMHU COIpPEAEIbHBIX NPOBUHIMI: BocrouHo-
EBponelickoil u Kazaxcranckoi. 9To yxe NPOBUHIUU
BopeanbHo-ATiianTHYecKkoi  oOmactu  bopeansHOro
nosica.

Heo0xoamMo 0TMETHTb, YTO 3HAUUTENILHBIM COOBITHEM
B TeOOrnuecKod ucropun 3amagHoi CuOUpH SBISIOTCS
aKTHBHbIE TEKTOHHYECKUE JIBIDKEHHUs Ha pyOexe CaHTOHa
U KaMIlaHa, KOTOpbIE IIPUBENM K IOIHATHUIO CEBEPHOIO
0OpTa M OIYCKaHHIO IOXKHOH TEPPHTOPHH ITOTrO PErHoHa.
ITosTomMy ¢ Hauaa KaMIaHCKOro Beka OopeaibHast TpaHc-
rpeccusi CMEHSETCS Ha FOXKHYH0. JTO SBUJIOCH MPUUYMHOM
PE3KOH CMEHBI CHCTeMaTHYecKoro coctaBa (opamunudep.
BMmemaromuye nopoasl Taxke U3MEHUIUCH. TEPPUIEHHO-
OIOKOBHU/THBIE OEpPe30BCKOro HaArOpU30HTA HA TEePpPHIeH-
HO-KapOOHaTHbIE TAHBKMHCKOTO TOPU30HTA.

OTnoxeHUs: BEPXHETO Mejla COBMECTHO C BbILIETE-
JKAIIUMHU IAJIEOrC€HOBBIMU SIBMJIMCh MOLIHOM PEruo-
HaJbHOM TJMHUCTOM IOKPBINIKOM JUI1 COXPAaHEHUS Id-
TaHTCKUX MECTOPOXKIEHHUI yIJIEBOAOPOAOB, IIPUYpPO-
YEHHBIX K KoJulekTopaM cpeaHero mena (Ilokypckuil
HaJrOPU30HT).
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CAMPANIAN BIOSTRATIGRAPHY OF WESTERN SIBERIA (ON THE BASE OF FORAMINIFERA)

In the lower layers of Gankinskian Horizon secreted and agglutinated calcareous Foraminifera have been found from the many drill-
ing boreholes in Western Siberia. The contain rocks consist of grey Alevrolits and Clayes, including carbonate material. These rocks
with Foraminifera have been established as Cibicidoides primus zone. Many new data have taken into account for establishing the late
Campanian age of this zone. The upper laying deposits of Gankinskian Horizon are of Maastrichtian age and include two Foraminiferal
zones. Author conformed to data the big middle part of Campanian deposits has fallen out from the section in West Siberian province. In
comparison with Foraminiferal zones of East European province — Cibicidoides temirensis, Brotzenella monterelensis, the big lower part
of Globorotalites emdiensis zones have fallen out from the middle part of Campanian deposits in West Siberian province.

Only the Early Campanian Bathysiphon vitta, Recurvoides magnificus zone (from the upper layers of Slavgorodskian Horizon) correspond
to Gavelinella clementiana zone (East European province). The Upper Campanian Cibicidoides primus zone from lower layers of Gankinskian
Horizon have been established and correlated with upper part of Cibicidoides emdiensis zone of East European province.

In North Canadian and North Alaskian Campanian deposits have been established not distinctly. The single Foraminifera from
Vapiabi Formation (Chungo and Nomad member) and Schrader Bluff Formation (Sentinel Hill member) are small characteristic for
Campanian deposits. They correspond to upper layers of Slavgorodskian Horizon including the Foraminiferal Bathysiphon vitta, Re-
curvoides magnificus Assemblage. The upper deposits of late Campanian — Maastrichtian have not established in Canadian province.
During Campanian Maastrichtian the West Siberian province corresponded to Boreal Atlantic Realm in comparison with Apt — Santoni-
an time, when West Siberian province was the part of Arctical Realm.

Keywords: Campanian, Biostratigraphy, Foraminifera, Western Siberia.
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OIIEHKA TAPAMETPOB ME3OMACHITABHbBIX KOHBEKTUBHbIX
KOMIIVIEKCOB HA OCHOBE CITYTHHUKOBBIX 1 ASPOJIOTHYECKHUX

JAHHBIX BAIIAJTHASI CHBHPD)

B.A. KyxkoBa, T.C. Komukona, U.B. KyxeBckas

TR
i

Hayuonanvuwuii uccneoosamenvckuii Tomckuil 2ocyoapcmeennuiii ynusepcumem, Tomck, Poccus

ITpoBenen ananms Me3oMacTaOHBIX KOHBEKTHBHBIX KiactepoB (MKK) 3a nepuox ¢ 2008 mo 2018 r. paboTsl 10 Ha3eMHBIM
U CIIyTHHKOBBIM JaHHEIM. OTpesieneHsl CHHONTHYecKue curyanun oopaszoBannst MKK u npoxyrmpoBaHue omacHBIX SBICHHH,
IpOBEJICHa OIEHKa COCTOSHMS aTMocdeps! ¢ momomnibio mHAekcoB HeycronumBoct KIND u LIFT. MKK dopmupyercst npu
cpenHei u cnaboii creneHn HeycToiunBocTH aTMocdepst. Bce MKK cBsi3aHbI ¢ mpogynipoBaHueM Ipo3bl, JOJ THBHEH cocTaB-
nsteT 15% ot obmero umcrna cirydaes, CHIBHOTO 1ok — 1%, rpaga — 7% u cuimbHOTO BeTpa — 5%.

Knioueswte cnosa: 3anaonas Cubups, me3omacuimabHblii KOHBEKMUBHBIU KOMNIEKC, CHYMHUKOBAS UHPOPMAYUS.

BBenenne

Ha ¢one mpoucxomammx riodaabHbBIX KIAMaTHYe-
CKHUX M3MEHEHUH OTMeyaeTcs TEHACHUUS YBEIMYEHUS
MTOBTOPSIEMOCTH KOHBEKTHBHBIX OONAYHBIX CTPYKTYp H
CyMM JIMBHEBBIX OCAJKOB Ha TEPPUTOpUHU 3amajHoi
Cubupu, u pocra ymepba OT HHX [AJiekceeB W Jp.,
2014]. CoxpaHeHue TaKOW TEHICHIIMHM TTOBTOPSIEMOCTH
pa3BUTHSA MOIIHOW ME30MacIITaOHOW KOHBEKIIUH IPH-
BeJeT K JalibHEHIIeMYy YBEIMYEHHUIO MOBTOPSIEMOCTH
TaKUX OIACHBIX METEOPOJIOTUUECKUX SIBICHHUHA, KakK
rpajJi, UHTEHCUBHBIE JIMBHH, IKBaIbl U Jp. CHIIbHBIC
JINBHEBBIC JOXIU BBI3BIBAIOT HABOJHEHHMS, PAa3MBIBAIOT
JIOPOTH, aMOBbl, B TOPHBIX pallOHaxX MPHUBOAAT K BO3-
HUKHOBEHHIO cenell. KpymHeIi rpaj HaHOCHT yiepo
CEJIbCKOX O3 UCTBEHHBIM KYJIbTYpaM, MOBPEXIaeT aBTO-
MOOWJIH, KPBIIIM JOMOB M T.A. ['po3a MPUBOAUT K TO-
BPEXICHUIO pabOTHI 3JIEKTPOCETEH, BBI3BIBACT JICCHBIE U
TopdsHbie mokapbl. 11IKBaabl U cMepUr MPHHOCST 3HA-
YHUTENBHBIC, YaCTO KaTacTpoduyeckue pas3pyIIeHus
[['opbatenko, Koncrantunosa, 2009].

CornacHo CTaTHCTHYECKUM AaHHBIM, B Poccum 40%
BCEX CJy4yaeB ONACHBIX METEOPOJOTHYECKUX SIBICHUMN
npuxoautcs Ha omacHeie sBieHus (OS), cBs3anHBIC C
30HaMHU 00pa30BaHU aKTUBHOH KOHBEKIMH. OCHOBHBIE
TPYAHOCTH CBOEBPEMEHHOTO MPOrHO3UPOBAHUS KOHBEK-
THBHOH OOJAYHOCTH W CBSI3aHHBIX C HEH OMAaCHBIX Me-
TEOPOJIOTHYCCKUX SIBIICHWA OOYCIOBICHBI ~ OONBIIOH
MPOCTPAHCTBEHHOH M BPEMEHHOW W3MEHYHBOCTBIO 00-
JAYHOCTH M CIIOXHOCTBIO YCBOCHUSI MH(POPMAIUH O €e
(DMBMYECKUX XapaKTEPUCTHKAX B MPOTHOCTUYECKHX pe-
THOHAJIGHBIX Me30MacIiTa0HbIX Mojensx [[IbsHKOB,
[Iuxos, 2014].

3amaya yclmoXKHSETCs, KOrja IMporHo3 Kacaercs Ko-
JIUYECTBEHHBIX TIOKa3aTenel pa3BUTHS BHYTPUMACCOBOM

KOHBEKI[HH — MOIIHOCTH M BOJHOCTH OOJAYHBIX SYEEK,
AMEIONIUX MPSIMOE OTHOIIEHWE K OICHKE BETUYHHBI
OXKHJTAEMBIX 0CaJIKOB. KauecTBEHHBIN MpPOTrHO3 HEBO3-
MOXKEH 0e3 Kak MOXHO 0ojiee TOYHOIr'0 JUArHosa psjaa
(U3HYECKUX XapaKTEPUCTUK 00JagHOCTH. B 3TOM Ciry-
yae, KpOMe CTaHIAPTHBIX METOAOB, KOTOpPbIE UCIONb3Y-
€T CHHOINTHK MPH COCTABJICHUH MPOTHO3a, He0OXOoanuMa
JIOTIOJTHUTEbHAS WH(POPMALHSI ~ METEOPOTOTHUECKUX
paanoIOKaTOPOB, COYTHUKOB WJIM MPOIYKTOB UHCIEH-
HOT'O MOJIENIUPOBAHUS peruoHanbpHOro Mmacmraba [Ky-
xeBckasi, [TycroBanos, [llapanosa, 2018].

Heo0XxomuMocTh MPUMEHEHHUS JaHHBIX JUCTaHIIMOH-
HOTO 30HJUPOBaHMs 3eMII MPH OpPraHU3alUd MOHHUTO-
pUHTa ¥ MPOTHO3UPOBAHUS OMACHBIX MPHUPOIHBIX SIBJIC-
HUM HE BBI3bIBACT COMHEHHM. B mocienHue roamsl uX
pOJb KaK HMCTOYHHKA HH(OpMAIMH 00 OMACHBIX IPH-
POIHBIX SIBIIEHUSAX HEYKIIOHHO Bo3pacTtaeT. [loBbimaercs
OMEpaTUBHOCTh JIOCTYNA K JaHHBIM, YBEIHYMBAETCS
YHCIO JEHCTBYIONIMX HA OpPOHWTE CITyTHHKOBBIX CHCTEM,
WX TPOCTPAHCTBEHHOE ¥ BPEMEHHOE pa3pelnicHue.
B Hacrosimee Bpemss B Poccnn IEMCTBYIOT HECKOIBKO
CHUCTEM KOCMHYECKOrO MOHHUTOPHUHTA OIACHBIX THJIPO-
METECOPOJIOTHYECKUX SBJICHUH Kak Ha (QeaepaibHOM
YPOBHE, TaK U B OTAENbHBIX peruoHax. Ha ocHoBe ux
MPUMEHEHHsS] 00HAPYKUBAIOTCS TPU3HAKK BO3HHUKHOBE-
HUSA Ype3BbIYANHBIX CUTYalNH, BEETCS UX MOHUTOPUHT,
oneHuBaercs ymepo [Acmyc u ap., 2008].

[To muenuro aBTopoB [Purdom, 1976; BenbTHines,
1988], CHUMKHM € Te€OoCTAallMOHAPHBIX CIYTHUKOB JAarOT
HAWTyJIliee MPECTaBICHUEe 00 SBOJIOIMH KOHBEKTHB-
HBIX cucTeM. JlaHHble OOBIYHBIX HAONIOAEHHI B CBO-
OonHo# atMochepe (paano30HAMPOBAHMS) HE obecre-
YUBAIOT HEOOXOJWMOr0 MPOCTPAHCTBEHHO-BPEMEHHOIO
paspemieHusl Ui COCTaBJIEHUSI TPOTHO3a Pa3BUTHUSA
OMACHBIX sIBJIEHUI noroabsl. Habmionenus BenyTes ¢ mo-
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JSIPHO-OPOUTATIBHBIX M T'€OCTAIIMOHAPHBIX METEOPOJO-
TMUYECKUX UCKYCCTBEHHBIX CHyTHHKOB 3emuu (MUC3).
[MonspHo-opouTamsasie MUC3 cepun NOAA «Terra» u
«Aqua» MO3BOJSIOT MOY4aTh HMH(OOPMALHUIO O TEMIIe-
patype atMocdepsl, KOHIICHTpAI[MH BOISHOTO Mapa,
pamuanMoHHOM OanmaHce W JPYTrHX XapaKTePUCTHKAX
atMoc(epsl. C UX MOMOIIBI0 MOXKHO HAOIIONATh ME30-
MacITaOHBIC CUCTEMBI Pa3HBIX Pa3MEPOB C OMHOW U TOM
K€ TOYKH 0030pa, MPOBOIUTH MOHUTOPHHT U CBOEBpE-
MEHHO OIOBEIIATh O 3aPOXKACHUU M HPHONIMKEHUH KO-
POTKO XKUBYLIMX IIMKIOHOB Makpo- U Me3omaciuTada,
CO3/1aI0LIUX [ITOPMOBBIE YCIIOBHSL.

Xors cryTHHKOBasi MH(pOpMALUs B HAYaIe CBOETO pas-
BUTHA U HOCHJIA, CKOpee, KaueCTBEHHbII Xapakrep, ee aHa-
T3 TIOKa3aj, 9To B atMocdepe 3eMin O4eHb 9acTo BCTpe-
YaloTCAd CHCTEMBl JIBIDKEHUI C TOPU3OHTAIILHBIMH Mac-
mrabaMu MopsiIKa 10-10% kv, KOTOPBIE paHEE YCKOIb3AIN
W3 TONS 3peHus MeTeopororoB. [Ipomecckl mompoOHOro
Macuitaba He ylaBIMBAIUCh CYLIECTBYIOILEH CEThIO U3Me-
peHuii, 0cOOCHHO B CBOOOAHOM aTMochepe, B OTIMYME OT
JIBMOKCHUI CHHONTHYECKOro macmraba. MneHTudukarms
KOHBEKTHBHBIX JBI)KCHUA Ha Macmrabax me3o-f (20—
200 kM) 1 Me30-0 (>200 KM) MOXKET COcOOCTBOBATh IO~
BBIILIEHUIO KayecTBa KPAaTKOCPOUYHOrO MPOrHo3a MOrofpl,
TOCKONIBKY 3TH ME30MACIITa0HBIE CTPYKTYPBI OOJaIaroT
XapaKTepHbIM BPEMEHEM >KH3HU — OT HECKOJbKUX YacoB
JI0 HECKOJIBKHX JIECATKOB YacoB.

[Iporuo3 omacHbIX KOHBEKTUBHBIX SIBIICHUN OCIOXKHEH
TeM, YTO JHaMETP KOHBEKTHBHOHM SUCHKH, CIIOCOOHOM
MPOYIIPOBATh TAKUE SIBJICHMS, COCTaBiseT He Oonee 10
KM, a «BpeMs )KU3HW» TaKOH SYCHKH OOBIYHO HE TMPEBBI-
maet 40-50 mun [Imerep, 1972; Myunuk, 1974]. Onac-
HBIC SBIICHUS, C(HOPMHUPOBABIINECS B KOHBEKTHBHOM sTICH-
K€ WIM B COBOKYIHOCTU TaKUX sS4€eK, MPOSBISIOTCS JIO-
KaJIBHO ¥ JIAJIEKO He Beeraa (PMKCHPYIOTCS TaXKe HaOroma-
TENSIMA METEOPOJIOTMYECKUX CTaHIMKA, TOCKOJBbKY JUIs
HCCIIEYyEMOr0 PEruoHa HMX CEeTh MMEET HeIO0CTaTOYHOE
nokpeITue [["opbarerko u np., 2018].

Mg npornoza MKK ucnonb3yercst IBa OCHOBHBIX
nonxona [beiko, Berpos, Kanuuun, 2017]: 1) pacuer
(U3HKO-CTATHCTHYECKUX IMapaMeTpoB (MHICKCOB) He-
YCTOWYMBOCTH IO BBIXOMHBIM JAHHBIM TJIOOATBHBIX
MIPOTHOCTUYECKUX MOJENEH; 2) mpAMOoe MOJETUPOBAaHUE
aTMoc(hepHOH KOHBEKIIMH ME30MAaCIITAOHBIMU MOJIETIS-
MU C BBICOKMM IMPOCTPaHCTBEHHBIM pa3perieHuem. [Ipu
5TOM HaWOOIBIIYIO CIOKHOCTh MPEICTABISECT HMPOrHO-
3UpoBaHUE MecTa U BpeMeHU Bo3HuKHOBeHHss MKK u
30H onacHbIX ABNeHui [brikoB, [1Inxos, 2018].

CymiecTByeT HECKOIBKO ME30MAaCIITA0HBIX MOJIEIeH
aTMoc(epsl sl aHanm3a, MporHo3a (GopMHpPOBaHUS U
spomounu MKK, a Taxoke HHTEHCUBHOCTH CBSI3aHHBIX C
HUM ONAacCHBIX SBJIGHUH, HO HAWJIYYIIUM KayeCTBOM
nporHoza MKK B Termbni mepuoa roma obmamaer mMo-
nens IIJIAB (ITomyJlarpaH)xeBa, OCHOBaHHAsl Ha ypaB-
HEHHU aOCONOTHOTO BUXPsI), aallTAPOBAHHAS TS TEp-
putopuu Poccum, Tak Kak OMIMOKH BOCHPOW3BEICHUS

CHUHOIITUYECKONW CUTyallud AaHHOW MOJENbI0 BCTpeya-
10TCs pexe, ueM y monenu GFS. CoBmecTHO ¢ 3Toi Mo-
JIENIbI0 JUTSI CHHONTHUYECKUX CUTYallMii ¢ HEe3HAYUTENb-
HBIM JTMHAMHYECKHM (AKTOPOM CIIEIYeT IPUMEHSATh
pa3NuYHbBIC BB MHIEKCOB IuaBydectd LI (B ocobeH-
Hoctu ML LI), unnekc CAPE (sHepruu HeycTOH4MBO-
ctH) [bbikos, 2018].

Mopuens ITJIAB paspaborana B MHCTHTYTE BBIYHMC-
nutensHOU MateMaTuku PAH u npumensiercs B ['uapo-
MetueHTpe Poccun B kadectBe onepatuBHOW. Monenb
HCHOJBb3yeT IIWPOTHO-AOITOTHYIO CETKY C TOPU30H-
TaJbHBIM pa3perieHneM B CeBEpHOM IMONYLIAPUU IO
mmpore u gonrore 0,18x0,225° [Tolstykh et al., 2015;
Toncteix u ap., 2017]. IIporHo3 paccuuThIBaeTcs Ha
cpok 10 cyr, dhopmar BeIxomHbIX maHHbIX — GRIB-1.
Pacuer mporHosa ocylecTBIS€TCS [1Ba pa3a B CYTKH.
BoixonHas mponykiusi MOAENIH JIOCTYIHA Ui pacipo-
cTpaHeHUs Ha ftp-cepBepbl 3aMHTEpPECOBAHHBIX HCCIIE-
JloBaTeNed, B YaCTHOCTU TaKOW JOCTyH ecTh U 'y Tom-
CKOT'0 rOCY/IapCTBEHHOI0 YHUBEPCUTETA.

[pencraBnenne 00 ycTOWIMBOCTH aTMOCHEPBI MOXKHO
MONYYIUTh KaK MCXOAs U3 (pOpMBI OONIAYHOCTH, TaK U pac-
CUMTaB HMHJIEKCHl HEYCTOW4MBOCTU. B HermapocraTude-
CKMX ME30MacCIUTaOHBIX MOJEJSX I MPOrHO3a OMAaCHBIX
METEOPOJIOTUUECKUX SIBICHUN TOTOJbI, CBSI3aHHBIX C KOH-
BEKIIMEH, MCIIONB3YIOTCSI KOJMYECTBEHHbIE 3HAYEHHUS WH-
JIEKCOB, XapaKTEePU3YIOIIMX KOHBEKIMIO MO sy Mapa-
MmerpoB [Schulz, 1989; Johns, Doswell, 1992]. Nunekcer
HEYCTOMYMBOCTU TPAJUIMOHHO PAaCCUUTHIBAIOTCS Ha OC-
HOBE JIaHHBIX PaJMO30HUPOBAHUS U TAHHBIX METEOPOJIO-
TMYECKUX XapaKTEPUCTUK Ha Pa3HBIX M300apHUYECKHX IT0-
BepxHOCTAX. Takue nunaekcel, kak LIFT (paznuune Temme-
paTypbl OKpy>Karollei cpeibl U YaCTHILIbI, TOJHUMAIOIIEH-
cs ¢ ypoeHs 500 m u 850 rlla), TOTL (koMruieKcHas xa-
PaKTEePUCTHKA CTATHYECKOM CTAOMIILHOCTH U BIIAXKHOCTH B
cioe 850-500 rlla) u KIND (xomriekcHast XapakTepu-
CTUKA CTATUYECKON CTaOMJIBHOCTH M BJIaXKHOCTH B CIIO€
850700 rlla), MO>)XHO OTHECTH K HaHOOJIee YaCTO UCIOJTb-
3yEMbIM B pa3iIMuHbIX HCCIEIOBAHUSX.

B Hacrosmee Bpems mpu pa3paboTke COBPEMEHHBIX
METOZIOB MPOrHO3a Ipo3, Ipajia, MIKBAJIOB, CMEpYer HC-
nosbp3yercst 6onee 10 mapaMeTpoB COCTOSIHUS aTMOChe-
PBI, PACCUMTAHHBIX Ha OCHOBE a’3POJIOTMYECKOTO 30H]IH-
poBanust [Jlenckas, 2007; BacunbeB, AnekceeBa, [1leckos,
2009; I'opbatenko u ap., 2011; I'ybenko, PyOounmreiin,
2014; beikoB u np., 2017]. [Ipu pazsutum B atMochepe
TITyOOKOH KOHBEKIMH 3HAYECHHUS HWHICKCOB JOCTHTAIOT
3HAYEHUI, MO3BOJISIOIIMX CYAUTh O PAa3BUTHU TOTO MU
HWHOT'O OMAaCHOr0 KOHBEKTUBHOI'O SIBJIEHUS C OIpEJeleH-
HOWH BEpOATHOCTBIO. B pesynbraTe mnpenBapuTeIbHBIX
uccnenoBanuii [[opbatenko u np., 2015, 2016] Owuio
moiydeHo, uro 3HadeHus uaaekcoB KIND u LIFT (Ta0m.
1) Hambonee MEpCIEKTHBHBI ISl Pa3pabOTKU METOIOB
mporao3a rpo3bl Hag CHOMPBIO. DTH WHICKCHL TaKKe
Hanboyee BOCTpeOOBaHBI HAa MPAKTUKE IPH IPOTHO3E
rpo3 B apyrux peruonax [[‘opbarenko u ap., 2018].
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IMockonmeky MKK o0pasyercst B pesyibrare mepe-
rpeBa OTAENbHBIX MacC BO3[AyXa HpU HEYCTOWUYMBOIL
cTpaTidUKauy aTMoc(ephl B €e HIDKHHUX CIIOSX, TO HaJl
cymeil HanOoee OJIaroNnpusATHBIC YCIOBUS JUIS €ro BO3-
HUKHOBEHMs CO3[Aal0TCS B TEIUIyI0 IOJIOBUHY rofa B
o0JacTsIX IOHM)KEHHOTO JaBiieHus atMocdepsl. Ort-

ACJIbHBIC NEPErpeThi€ MACChI BO3AyXa NPU TAKUX YCIIO-
BUAX HAYMHAKT YCKOPCHHO MNEPEMCIIATHCs IO BEPTU-
KaJin BBEpPX. Caayaia IoaAbEM MACChl HCHACBIIICHHOI'O
BO3AyXa HNPOHUCXOOAUT MPAKTUYICCKU cyxoazu/la6aTqu-
CKHU, HO Ha YpPOBHC KOHJACHCAIIUN BO3AYX AOCTHUIACT CO-
CTOSAHH HACBIILCHU .

Tabnuma 1
HWupexcyl HEYCTOMYUBOCTH, IPUMEHsieMblIe IIPU OLIEHKe CTENEeHU YCTOHYUBOCTH aTMOC(hepbl
Table 1
Instability index for assessment of the atmosphere state
OrnricaHre UHICKCOB (CIMHUIIA U3MEPCHN) Hassanme, dopmyna g pacaera
A AUITHIL P ab0peBHaTypa PMYJIa JUIA p
Wunexcsl, B pacyeTe KOTOPBIX UCIONB3YETCSA TOJIBKO Lifted index, _
o LIFT = T500 - Tparsell
Temrneparypa, °C LIFT
Mupnexcel, B pacueTe KOTOPHIX UCHONb3YETCs TeMIepa- K-index,
KIND = (Tgsg~Ts00) + TDgsg — (T790-TD
Typa ¥ XapaKTepUCTHKH BIaxHOCTH, °C KIND (Tsso—Ts00) ss0 = (Troo 700)

Tpumeuanue: Tgso, T700, Tso0 — TEMIIEpPATYpa OKpYKatorieii cpenst Ha ypoBHsX 850, 700 u 500 rlla coorBercTBeHHO; TDgso, TD7gg —
TeMIneparypa TOUKH pockl Ha ypoBHX 850 u 700 rlla cooTBeTCTBEHHO; Tparcelr — TEMIEpaTypa yacTHLbl Ha ypoBHe 500 rlla, moguuma-
1ommeiics ¢ yposHs 500 M HaJ 3eMHOH TOBEPXHOCTHIO TIPH CPETHEM JABICHHIH, TEMIIEPATYPE U TOIKE POCHI.

Note: Tgso, T700, Ts0 — accordingly, the ambient temperature at levels 850, 700 u 500 rIla; TDgso, TD7go — accordingly, dew point
temperature levels 850 u 700 rlla; Tpacenn — temperature of particle on levels 500 rlla, rising from level 500 m above the earth's surface

at medium pressure, temperature and dew point.

Beiie  ypoBHST KOHJCHCALIMHM BO3MYX IOIHHUMACTCS
BII)KHOaMabaTHYecKu. braromaps moHMXEHUIO TemIiepa-
TYpBI IPOUCXOJIT KOHJICHCAIHS BOISHOIO T1apa i 00pa3o-
BaHME KOHBEKTUBHOW OONAYHOCTH, IIPU Pa3BUTHH KOTOPOIt
obpasyercss MKK. CkopocTs BOCXOMSIIMX TTOTOKOB, BEp-
THKAIbHAs MOIIHOCTh W BOIHOCTH 00Pa3yIOIIErocs Me30-
MAacCIITa0HOr0 KOHBEKTHBHOIO KOMILUIEKCA 3aBUCAT OT CTe-
TICHU HEYCTOMYMBOCTH aTMOC(EpPBL, a PEATIH3AINI0 TAKIX
OIMACHBIX SBJICHUH TOTONBI, KaK, HATIPUMED, KB, MOX-
HO paccMaTpHUBATh KaK pe3yabTaT Mepexoia DHEPriuu He-
YCTOMYMBOCTH BO3IYIIHONH MAacChl B KWHETHYECKYIO 3HEp-
ruio. Ha 3TOM OCHOBaHBI TPAKTHYECKU BCE CYIIECCTBYIO-
e B HACTOSIIEE BPEMST METOIBI MPOrHO3a OMACHBIX SIB-
JICHWUH TTOroJIbl, 00YCIIOBIICHHBIE KOHBeKIMeH [["opoaTeHKo
u ap., 2011]. MKK, sBnsisce 0O0beKTOM Me3oMacIiTada,
TOMAJaeT B MOACETOUHBIA pexxuM Monenn [IJIAB ¢ mm-
porHO-nonrotHOM cetkor 0,18%0,225°. CnenoBaTenbHO,
SIBJIICTCS TPYAHO MPOTHO3UPYEMBIM OOBEKTOM IS MOJIE-
M, HO Tipy 3ToM B Havane pazsutust MKK MoxHO 3aduk-
CHPOBaTh Ha CITYTHHKOBBIX N300PKCHUSIX U IATHh IPOTHO3
ero pa3euTus u akeHus. [1o pesymsraram aBTopoB [Ky-
KeBcKast 1 Ap., 2018], na teppuropuu rora 3anagHoi Cu-
oupn obpasyercs 44% Bcex mezoBuxperd 1 MKK Ha wmc-
cremyeMoil Tepputopur, u Oonee wem B 60% ciydaes
(OpPMHPOBaHUE CUITBHBIX OCAIKOB, TOCTHTTIIHX KPUTCPUCB
O, mabmonaercs Ha Me30MacTabHBIX Tporeccax. Tak
Kak TeppuTopus 3anaaHoii CHOMpU HE peapacioioKeHa
K 00pa30BaHMIO TAKUX ME30MACIITAOHBIX KOMIUICKCOB, HO
mpu 3ToM dacrora mosienenus MKK B mocnemnue romst
yBenmmumBaercst, n3ydeane MKK u ero nporuos sisoTcst
AKTyaJIbHBIMH.

Lenbto HAaCTOAMIETO HMCCIEAOBAaHUS SBIAIOTCSA aHa-
JIU3 ME30MAacCHITa0HBIX KOHBEKTHBHBIX KIJIACTEPOB, HX
BO3HMKHOBEHME, pa3BUTHE, a TaKXKe aHaJM3 HHJIEKca
HeycTolunBocTH B 1HU ¢ MKK.

MarepuaJbl H METOABI HCCJIEI0BAHUS

Hnst onenku nosropsiemoctu mapamerpoB MKK Ha
I0ro-BOCTOKe 3amamHoii CuOupu 3a TEIUIBIA TEepHOJ
(ampenb—cenTssOpp) 2008-2018 TT., HCHONB30BATUCH
METOIl BHU3yaJbHOro Hemu(pupoBaHUS OOIAYHOCTH,
nanaele paguomerpa MODIS (Moderate Resolution
Imaging  Spectroradiometer). CriekTpopanomMeTp
MODIS sBnseTcs omHUM U3 KIIOUYEBHIX IPHOOPOB Ha
cnytaukax «Terra» u «Aqua» [EOSDIS Worldview].
Kocmuueckue annapatel «Terra» (EOS-AM1) u «Aqua»
(EOS-AM1) sBisitOTCS 4acThlO KOMILJIEKCHOM Mporpam-
Mbel NASA EOS (Earth Observing System), HampaBieH-
HOIi Ha KcclieZloBaHNE 3eMIIM U COCTOAIIEH U3 Tpex cIie-
IUATM3UPOBAHHEIX CIyTHUKOB «Terra»y, «Aquay u
«Auray, TmperHa3HAYCHHBIX TSI WCCICMOBAHUS CYIIH,
BOIBI U aTMOC(Ephl COOTBETCTBEHHO. CIEKTPOpaIHo-
MeTp MODIS umeer 36 kaHaI0B U MO3BOJISET MPOU3BO-
JUTh PETYJSIPHYI0 CBHEMKY TEPPUTOPHUH C TMPOCTpaH-
cTBeHHBIM paspewmieHreM oT 250 o 1 000 m [YcneH-
ckuit, Kyxapckuii, ¥Ycnenckuit, 2015].

Undopmarrionnoi 6a3oi Uis OmpeIelieHus IBICHUH,
HAONIOIABIINXCSL HA HCCICIYEeMOH TEPPUTOPHU, HA MO-
MeHT npoxokaeHuss MKK mocmyxumm »xKypHanbl mTop-
MOBBIX omoBemieHunii 3a nepuoa ¢ 2015 mo 2018 r., mo
JAaHHBIM 127 METEOpOJIOTUYECKUX CTaHIUN 3araHo-
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Cubupckoro YI'MC. [lns onpeneneHus sBICHAN TPUHA-
MaJIMCh CTAHIMU, HAXOJIIMECS B TOYKE PACIIONOXKEHUS
MKK, u Onm3nexaiiye CTaHIMH B PAANyCE BIHSHUS
50 KM B TeUEHHE CYTOK, B KOTOpbIe (rkcupoBaics MKK.

B xome paboThl OBLT COCTAaBICH KATaJOr CIy4acB
MKK 110 1aHHBIM HAa3EMHBIX ¥ CIYTHHKOBBIX ITPUOOPOB;
MPOBE/IEHA OLIEHKAa MOBTOPSAEMOCTH BO3HHUKHOBEHUS
MKK u HeycroitunBocTH aTMOChephl; OBLTH Ompeesne-
Hbl CHHONTHYECKHE cHuTyanuu obOpazoBanuss MKK u
MPOAYLIUPOBAHIE UMU OTIACHBIX SBJICHUH.

OO0nacTe HCCIIEIOBaHUS YCIOBHO —pacIoiiaraercs
Mexy 50 u 60° c.r. u 70 1 90° B.11., B KOTOPYIO BXOJST
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Puc. 1. Tepputopusi uccjie10BaHusi

Fig. 1. Area under study

B kauecTBe 00beKTa HCCIeJOBaHHUS PaccMaTpUBArOT-
csl Me30MacIITaOHbIe KOHBEKTHBHBIE KoMIulekchl. Co-
IJacHO omnpeaeneHuto aBTopoB [IIbsHkos, Illuxos,
2014], MKK — 3T0 MaccuBBI Ky4eBO-J0X/eBOH 0oOJad-
HOCTM KBa3HOKPYIJIOH (OpMBI amameTpoM Oolee
200 kM u Tiomaasio nopsaka 100 Teic. KM,

MKK B knaccudukanuu P.A. Magnokca [AHIepcoH,
Benbrumes, 1973] Boimensiercss Kak OTAENbHAsT COCTaB-
JnAoUias M ONpenensercs Kak KOMIUIEKC Ky4eBo-
JIOXKJEBBIX 00J7aK0B, MH(paKpacHble W300paXKeHHs KO-
TOPBIX UMEIOT: TUIOMIAb HEMPEPHIBHOTO 00aYHOTO MO~
KpOBa ¢ TeMIepaTypoi BepxHel rpanuubl Huxe —32°C
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cocraBisier He Mexee 10° kM’ IUIOMAZb BHYTPEHHETO
paiioHa ¢ TeMnepaTypoil BepxHel rpaHulsl Hiske —52°C
e Menee 5x10° kM B IIEPHON MAKCHMAIBHOTO Pa3BH-
THUS OTHOLIEHHE MaJIo OcH 00JIa4uHOI CHCTEMBI K 00JIb-
moit He meHee 7/10. JKusnennsnit ki MKK cocrasmnsier
okono 16 u. MKK pa3BuBatoTCsi, IpEUMYIIECTBEHHO, B
BEUEPHHUE U HOUHbIC Yachl. XOTs IEpBbIE IPO3bl Pa3BUBA-
I0TCSL BO BTOPYIO NOJIOBUHY JIHS, OPraHU30BAHHBIA Me30-
MacCIITaOHBI KOMIDIEKC TOSBIISIETCS TONBKO K Bedepy.
MakcumanbHoro pasmepa u uarencusHoct MKK noctu-
raer K MOIYHOUM ¥ IPOJIOJDKAET JaBaTh OCAKU JI0 YTpa.

B pabore 3a MKK mnpuHuMMancs MacCHB Kyd4eBO-
JOKIeBOH obiayHocTH auamerpoM 50 kM u Gonee, uc-
X0l U3 TOTO, UTO TEPPUTOPUS UCCICIOBAHUS HE IpeJ-
pacrionokeHa k oopaszosannto MKK, u naxe taxod He-
OonpLION 1O pa3MepaM OOJNAa4YHBIi MAacCHB CHOCOOEH

reHepHupoBaTh ONAacHBIE SBJIEHHA (Ipo3a, Ipajl, CHIbHBIE
W TIPOJIOJDKUTENbHBIE JIMBHH). XapaKTepHOH OcOOeHHO-
creto MKK sBnsiercs Oonbinast NpoIOIKHUTEIBHOCTD
cyuiectBoBaHus (okono 10 9), HO ero BIMSHUE HA yCIO-
BHUS MOTOJbI MOXKET OCYIIECTBIAThCA 10 24-36 4. MKK
BusyanpHO Jemm¢ppupoBanuck Ha RGB  kommoswure,
KOTOpBI BKJIIO4aeT B ceOs Tpu kaHama: 0,65 MKM;
0,45 MkM; 3,5 MKM.

B pabore mMe3omaciuTabHble KOMIUIEKCH paccMaTpu-
BalOTCs Kak Ha (pPOHTANBHBIX, TaK M Ha BHYTPUMAacCo-
BBIX cucrteMax. Ha pucyHke 2 mpezncTaBieHbl IpUMepbI
obpaszosanns MKK B obmaunocTH co cragueit pa3BUTHS
«cnen IUKIOHa» W B COCTaBe OOJAYHOCTH XOJIOJHOTO
¢ponTa. [IpencTaBineHHbIe CITyTHUKOBbIE CHUMKH OBUTH
coctasieHsl B nporpamme BEAM VISAT 5.0 ¢ nomo-
mpio RGB xommosuTa.

Puc. 2. IIpumeps! oopazoBanust MKK Ha BHyTpHMAaccoBBIX 00J1a4HBIX cHcTeMax (cmpasa; 22 uions 2017 r.,
Bpems nposieta 5:45 UTC) u ¢ppoHTaNBHBIX 00/1a4HBIX cHcTeMax (cjieBa; 16 mions 2018 r.,
Bpems nposiera 7:40 UTC)

Fig. 2. Example of mesoscale convective system (red circles) on the air-mass (right) on June, 22, 2017 Time 5:45
UTC and along frontal (left) systems on June, 16, 2018 Time 7:40 UTC

Jlns XapaKTepHCTHKN HEyCTOHYMBOCTH aTMOC(EPHI B
nan Hammanss MKK ncnons3oBanick pe3ysbTaTsl aspo-
JIOTUYECKOT0 30HJMPOBAHUS HA IIATH CTaHIMAX IOTO-
BocToka 3amamHoii Cubupu (Anekcanaposckoe, bapa-
ounck, baprayn, Konmameso, HoBocubupck) 3a nepron
2015-2018 rr. [3onaupoBanue atMocdepsl]. 30HAUPO-
BaHHE NMPOU3BOAUTCS ABa pas3a B cyTku: B 00.00 u 12.00
M0 BCEMHPHOMY CKOOPAMHHPOBAHHOMY BpeMeHH. Pe-
3yJABTaThl A3POJIOTMYECKOr0 30HAWPOBAHHS COZEPXKAT
JMCKPETHYI0 MH(POPMALHIO O 3HAYEHHSIX TEeMIIepaTypbl
W BIQXHOCTH BO3/yXa M XapaKTepHCTHKaX BeTpa BO
BCel Touie ciiosi aTMocdepbl, B KOTOPOM pa3BHBAETCS
KOHBeKIHMs Haj 3amanHoi CHOMpBIO, 2 UIMEHHO JI0 BBI-
cotbl 10-15 kM. Jlns XapaKTepUCTUKU KOHBEKLIUU HC-
TIOJTB30BAINCh MHJIEKCHI, PACCUMTHIBAEMBIE 1O JIAHHBIM
a’POJTIOTMYECKOT0 30HMPOBAHNS, KOTOPBIE IIMPOKO HC-

TIONB3YIOTCS JUId TIPOTHO3a PasBHTHS TPO3bI, Tpaja,
IIKBaJa M JPYTHX OINACHBIX SBIEHUH morons! [Anders-
son et al., 1989; Schulz, 1989; Kunz, 2007]. 3to uH-
JIEKC, OIMCHIBAIOIINI CKPBITYI0 HECTaOMIIBHOCTh aTMO-
cdepsr — LIFT, u uHIexc, B KOTOpOM KpoMe cTpaTtudu-
Kallid TEeMIIEepaTypsl TPHCYTCTBYIOT XapaKTePHUCTHUKH
Braxkuoctu — KIND.

B pabore nprMeHsiack KiaccuUKAIMS COCTOSHUH
aTMocdepsl, puBeneHHas B Tabn. 2 [Andersson et al.,
1989; I'opbarenko u ap., 2011].

PesynbTarsl

B pesynbrare BusyansHoro nemudpuposanus MKK
3a mepuon 2008-2018 rr. momydyeHa MNOBTOPSEMOCTb
IHeH ¢ ux HanuuueM (puc. 3).
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Tabnumna 2
HWuTepBaiibl 3HaYeHUH HHIEKCOB /1151 Pa3IHYHbIX COCTOSHUI aTMOC(hepbl
Table 2
Thresholds of instability indices for different state of the atmosphere
Wunexcst
CocrosiHue aTMocheps SIBneHust morozs!
LIFT KIND
Cnabo HeycToiunBa Hanugue nuBHeH -3+0 25+30
Heycroiiunsa Hanvuue muBHEH U OTACIBHBIX IPO3 —6+-3 30+35
CuitbHO HEeycTOUMBa Ha Bceli TeppuTOpUH PErUCTPUPYIOTCS TPO3BL -9+—6 35+40
Kpaiine HeycroiunBa I'posa, rpag <9 >40

Cymmapnoe xonnuectso aHelt ¢ MKK 3a 11 net cocra-
Buiio 230 mgueid. B cpennem 3a 11 ner Obut 3aduKCHpOBaH
21 nenw ¢ Haymmuriem MKK B Terom nepuone (¢ anpens
1o ceHTs0ph). MakcumyM moBTopsiemoctr aHell ¢ MKK
Habmonmancs B 2016 r. u cocraBun 31 aenp. Heooxomumo
OTMETUTH, YTO 2016 I. OBUT aHOMAaIBHBIM 10 MHOI'MM Me€-
TEOPOJIOTMUECKUM TapaMeTpaM. Tak, Hampumep, JETOM
2016 r. MHOrOKpaTHO PEruCTPUPOBAIUCH HOBBIE CYTOUHBIE
MaKCUMYMbI TeMIepaTypbl BO3[yXa, HOPMBI CpeaHeMe-
CSIYHOM TeMIepaTyphl sl HEKOTOPBIX CTAHIMMA 3amnaaHon
Cubupu ObUTH TIPEBBIIICHEI HA 3—8°. ATMOC(epHBIe ocal-
KU Ha HCCIIETyeMOH TEPPUTOPUH PEUMYIIICCTBEHHO OBLTH
B HOpME, XOTSl MECTaMH TpeBbIcHIM ee B 1,5-2 pa3a [Me-
TeolHDoO].

MunumanbHoe konuuecTBo aHedn ¢ MKK ormeua-
nock B 2010 1. — 12 gHei#. DToT PakT MOKHO OOBSICHUTH
T€M, 4YTO HaJa eBponeiickol Tepputopueil Poccun B
2010 . ycTaHOBWIJICS aHOMAJBHO JONTHI OJOKHpYIO-
LI aHTULUKIOH, MPOCYLIECTBOBABILUI MOYTH 2 MecC.
Hostomy mis 3anmagroit CHOUPH CHHONTHYECKUE YCIIO-
BUS (POPMHUPOBAJIHCH IO/ BIUSHHEM OBICTPO CMEIAI0-
LIUXCSA LMKIOHOB, YacThIM BBIHOCOM XOJOJHBIX BO3-
JOYIIHBIX Macc, YTO Majo CIOCOOCTBOBANIO BOHUKHOBE-
Huto MKK.
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Puc. 3. Bpemennoii xox nosropsiemoctn MKK
3a Temblii nepuon ¢ 2008 mo 2018 r.
Ha 0ro-poctoke 3anaaHoii Cudupn

Fig. 3. The number of days with MCS
in the south-eastern part of Western Siberia during
warm season 2008-2018

C nomouipto uHAekcoB Heycroduuoctu KIND u
LIFT Obuia mpoBeJeHa OICHKA CTEIEHH yCTOHYUBOCTH
aTMocdepbl B JHH (DOPMHUPOBAHHS M IPOXOKIAECHHS
MKK B paiione mexnay 50 u 60° c.m. u 70 u 90° B.1.
B Tabn. 3 mpuBeneHa MOBTOPSEMOCTh YCIOBHH aTMO-
cepbl Ha OCHOBE T'PAaHNYHBIX YCIOBHH U3 TaOI. 2.

Tabnuma 3
3HaveHUs] HHEKCOB JIJIs Pa3JIUYHbIX COCTOSIHUIT aTMOC(epbI

Table 3
Frequency of threshold value of indices for different state
of the atmosphere

[ToBTOpsIEMOCTH TSI HHAEKCOB, %
CocrostHue aT™MOcheps! LIFT KIND
Cnabo HeycToiYnBa 53 30
Heycroiiuusa 19 51
CuitbHO HEeycTOUMBa - 6
Kpaiine HeycroiunBa - -
Bue nuanasona 28 13

Omenka HeycToitunBocTH atMochepsl B qau ¢ MKK
mokasana, uto atMocdepa B 53% ciydaeB cmabo He-
YCTOIUMBA B COOTBETCTBHM C MHTEpIpeTalleil nHaeKca
HeycroitunBocti LIFT. IlonobOHas HeycTOHYHBOCTD Xa-
paKTepHa TONBKO JUIS YCIOBUI 00pa30BaHUs JIMBHEH 110
Tepputopun. [lpm aHamm3e COCTOSHHS aTMOchepsl ¢
ucnons3zoBanueM KIND B 51% ciydaeB, 3T0 cocTOsSHUE
XapakTepusyercd Kak HeycroilunBoe. Kak H3BecTHO,
KIND xapakrepu3yeT cTeneHb KOHBEKTUBHON HEYCTOM-
YHBOCTH BO3YIIHOW MAacCChl, KOTOpas HEOOXOauMa st
BO3HUKHOBEHUSI U Pa3BUTHS P03, €r0 pacyeT OCHOBAH
Ha BEPTUKAJIILHOM TI'paIM€HTE TEMIIEPATYPhl, BIaKHOCTH
BO3yXa B HIDKHEHW Tpomocdepe, a TaKkKe YIUTHIBACT
BEPTUKAIBHYIO MPOTSKEHHOCTh BJIAXKHOTO CIJIOSI BO3AY-
xa. CrenoBaTenbHO, MUHUMYM B 51% ciygaeB oOpaso-
Banusa MKK Moriio conpoBox1aThCst Ipo30H.

[Ipu omeHKEe HEYCTOWYHMBOCTH aTMOC(Ephl B JIHH C
MKK nony4yeHo, 4yTo eciu pyKOBOJICTBOBATbCS MOPOro-
BBEIMH 3HaueHHWsMU aBTOpoB [Andersson et al., 1989;
TFopbatenko u ap., 2011], o momygaercs, uro MKK B
paiioHe HuccienoBanus ObIH CHOPMHUPOBAHBI TIPH CPEII-
Hell W cnaboil cremeHn HeycroifumBocTH. Ha ocHoBe
BEIOpaHHOHM KiIacCH(pHUKAMK HEe OBLIO OTMEUEHO MOla-
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JAHWS B TPaJalliil «CHWJIBHO HEYCTOWYHMBAa» U «KpanHe
HEYCTOHYMBa», IIPH 3TOM ObUIH 3aMKCHPOBAHbI 3HaUe-
HUS HHJIEKCOB HEYCTOHYMBOCTH, KOTOpBIE HE IONaIn B
3TH rpajanuy. Bo3MoXHO, 3TO CBSI3aHO C TEM, YTO Bpe-
M TIPOBEJICHUS a9POJIOTNYECcKOoe 30HIMPOBaHNE HE COB-
nasiaeT co BpeMEeHEM MaKCUMaJIbHO BO3MOXKHOT'O Pa3BHU-
THUSI KOHBEKTUBHBIX IPOLIECCOB HA HCCIIELYyEeMOH TeppH-
TOpHH.

Ilpn ompeneneHNH CHHONTHYECKUX CHTyalMi oOpa-
3oBanusg MKK w1 npomyIiipoBaHusi MU OMAaCHBIX sIBJIC-
HUHA OBIT B3AT JOCTYIHBIN ISl MCCIIEOBAHUS TETUIBIH
nepuon ¢ 2015 nmo 2018 r. B xozne pabotsl Bce ciaydan
Haomoneans MKK Oputn pa3OUTHI HA MIECTh CHHONTH-
9ecKHX cHUTyaruid. [Ipm BOZHMKHOBEHMH Ha (HpOHTAIb-

79 2015 2016

%
7 28%
9%
%

B XonogHuii HpoHT

Teln UWWKNOHE Cneq umknoHa

HBIX CHCTEMax Me30MacITaOHble KOMITJIEKCHI BCTpeua-
JIUCh B COCTaBE OOJAYHOCTH XOJIOAHOTO (hpoHTa, PpOH-
Ta OKKJIIO3MHM W Ha TOJNOCaX Ky4eBO-IIOXKIEBOW oOJad-
HOCTH BTOPXEHHUS B OKKIIO3MI0. Ha BHyTpmMaccoBbIX
obpa3zoBanusx nossiaecarne MKK oTMmeuanoch B THIJIOBOM
4acTH 00JaYHOr0 BUXPS, B CTAJIUU Pa3BUTHSI 00JAYHOTO
BHXPSI «Clie/ia MKIOHA» WK B COCTABE ME30MacIITad-
HOT'O BUXPAL.

Jlna BBISIBICHUS 3aKOHOMEPHOCTHU YaCTOThI MOSIBJIE-
Hug MKK Ha Tol Wiy WHOW CMHONTHYECKOM CHUTYyallUH,
OBUTH TIOCTPOCHBI THArpaMMbl pacrpeieieHus, OKa3bl-
BAIOIIUE€ TMPOLIEHTHOE COOTHOIIECHUE CHUHONTHUYECKUX
cutyanuii k obmemy umcny aHeir ¢ MKK 3a xaxmprit
TOJl B OTJIENIBHOCTH (puc. 4).

5% 2017 2018

-
5% 16%
35%
10%

B ©ponHT okknioann @ Kyyeeo-4oXaeEsLIe NONOCH BOBNEYEHNA B OKKNIO3NIO

Meaoemxps

Puc. 4. Cunontuyeckue yciaous odpazopanusi MKK

Fig. 4. Synoptic conditions of MSCs formation

B 2015 r. MKK naubonee yacto 00pa30BBIBAIKCEH HA
(pOHTANBHBIX CHCTEMaX, NPEUMYIECTBEHHO B COCTaBe
00JIAYHOCTH XOJIOMHBIX (DPOHTOB, HA CIly4aW BHYTpPH-
MaccoBOr0 XapakTepa MPUXOAUTCS HaWUMEHBIIUH IMPo-
et — 21%. B Temnerit mepuon 2015 r. mpeobmamgan
30HAJIbHBINA MEPEHOC, U C TOYKU 3PEHUS KIMMATOIOTHH
3TOT T'OJl MOXKHO CUUTATh «HOPMaJIbHBIM» JIJIsl PacCMOT-
PEHHOI TEPPUTOPHHU.

B 2016 1. Habmromanoch yBelIWYeHHE ITOBTOPSIEMO-
CTH ME30MacIITaOHBIX MPOIECCOB. JTO OOBICHIETCS
aHOMAaJIMEH MOroJHbBIX YCIOBUH, Tak Kak yeto 2016 r. B
Poccuu crano cambIM >KapKUM B MCTOPUM PETYIISAPHBIX
METEOHAOIOICHNH, a HIOHb 3TOTO )K€ roJia — BTOPBIM
CaMbIM TEIUIBIM B HCTOpUHM MeTeoHabmoneHuii B Cu-
OupcKoM (enepaabHOM OKpyTe, YCTYIHB TOJIBKO HIOHIO
2012 r. [MereoUudo]. Kpome Toro, armocdepHast mup-
KYJSIIUS TEM JISTOM XapaKTepH30Balach MpeoliiagaHneM
MEpHMOHANBHBIX MTepeHOcoB Haj 3amajHoii CuOHupbio.
Cpenn BHyTpuMaccoBbix mporecco MKK npeumyie-
CTBEHHO 00pa30BBIBAJIMCH HA MecTe OOJIAYHOrO BUXPS B
CTa/IuM Pa3BUTHS «CIIE]l LIUKIIOHAY.

Jus 2017 r. xapakTepHo obpazosanne MKK kax mpu
(pOHTANBHBIX, TaK M BHYTPHMACCOBBIX MpoOIEccaX B
PaBHOM COOTHOLIEHHH. JTOT (DaKT MOXKHO OOBSICHUTH
TeMm, 49ro uioHb 2017 1. B CHOHpcKOM (deneparsHOM

OKpyre CTall BTOPbIM CaMbIM >KapKUM B MCTOPUU METEO-
HaOroneHui (erre Teruiee ObUT TONMBKO HioHL 2012 T.), a
B MIOJIE M aBryCTe Ha CMEHY ape MPHIUIM PEKOPIAHO
Hu3KHe TemmepaTypsl [Mereoludo]. B 2017 r. 3aduk-
CHUPOBaH €IUHWYHBIA ciydail 3a 4 roma, xorma MKK
HaONIOAICS B COCTAaBE ME30BUXPSL.

Ouenp moxoxas cutyanus ¢ 2015 r. cnoxunace U B
2018 r. MKK B 84% ciyuaeB 00pa3oBbIBaJICS Ha (poH-
TaJbHBIX CUCTEMAX, HO 37€Ch YK€ MPEUMYILECTBEHHO B
coctaBe obmauHocTH (poHTa OKKIrO3uH (42%). IIpo-
SN WIOHb Ha TeppuTopuu CHOMPH CTan caMbIM
JKApKUM B HCTOPHUHU PETYISIPHBIX METCOHAOIOCHUN B
crpane, T.e. ¢ 1891 r.

Hons ob6pazoBanmst MKK Ha xomomHoMm ¢poHTE co-
CTaBIsieT He MeHee 1/3 BceX COOBITHH, M B MEPUOIBI
pa3BUTHUSL aHOMAJIBHOM MOTo/bl OHA 3aMETHO yMEHbIIIa-
erca. COBOKyIHas 101 OKKJIIOJUPOBaHUS BO MHOIOM
3aBUCHUT OT aHOMAJIMi M K KOHILY MCCIIEYyEMOr0O MepHo-
Jla COCTaBJISET MPEOoOIaaloNIyl0 YacTh IPOILECCOB, 00-
pa3oBaHHBEIX Ha (POHTE OKKIIO3MH. BO3HHKHOBEHHE
MKK Ha craguu pa3BUTHS OONAYHOTO BUXPS «CIIEI
OUKIOHa» W HAa ME30MacIITaOHOM BHXPE BBI3BIBAIOT
OOIBIYI0 OIMMACHOCTh, YeM Ha (PPOHTAIBHBIX CHCTEMAX,
TaK Kak 3TU CHUTyallud CUUTAIOTCA MaJIOJOCTYIHBIMU
JUTS IPOTHO3UPOBAHUS MOTOIHBIX YCIOBUH.
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Ha ocHoBe mpocMoTpa IITOPMOBBIX OIOBEIICHUH,
OBUTH BBISBJICHBI JIHU C HAJIMYUEM SIBIICHHUH 1O Tpagaiu-
SIM ONAcHble SIGIeHUs U KOMNJIEKC MemeopoiocuiecKux
senenuti (KMS). KoMmrieke METeOpOIOrHIeCKUX sIBIIC-
HUH Ompenensercss Kak COYeTaHue ABYX U Oojee OJHO-
BPEMEHHO HAOJFOAIONINXCS METCOPOJIOTHYUECKUX SIBJIC-
HUH, KaXJI0€ U3 KOTOPBIX 10 MHTEHCHBHOCTH (CHJIE) HE
nocturaer kputepueB O, HO OJU3KO K HUM W HAHOCHUT
yiepd He MEHBITUX pa3MepoBs, uem OS1.

PaccmaTpuBanace 3aBUCHMMOCTh Hanuumst kak OSl,
tak 1 KMSI or cuHONTHYECKOH cHTyanuu, 3a(UKCHpO-
BaHHBIX Ha MOMeHT mpoxoxaenus MKK (puc. 5). O
ObUTH XapakTepHbl JUIs Bcex AHer ¢ HamumunemM MKK,
00pa3yromuxcss Ha PacCMOTPCHHBIX CHHONTHYECKHX
CUTYaIHsIX.

Hamuoro pexke Bctpedaetrcs KMSI, mpu sToM HX
OoJbIIasi 4acToTa MOBTOPEHUU MPUXOMUTCS Ha (POHT
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WosA B Kva He 3apuKCHpOBaHO

OKKITIO3MU ¥ XOJOAHBIA (POHT. B Ky4eBO-TOKIEBBHIX
MOJIOCaX BTOPKEHUS B OKKJIIO3UIO M BO BpeMs IPOXOXK-
nennst me3oBuxps KMSI He 6put0 3adukcupoBano. Bei-
SIBJIGHBI J1BA JHSI, KOTJa HaA METEOPOIOTMYECKUX CTaHIIH-
X He OBUIO 3a(pUKCHPOBAHO OMACHBIX SIBICHHUH, U TPH
JIHS, KOTJla METEOPOJIOTHYECKUE CTAaHIIMM OTCYTCTBOBA-
i B parione oopazoBanus MKK, uro roBoput o peaxoit
CeTH HaONIOICHUH.

Janee Mbl Gojiee MOAPOOHO PACCMOTPUM, COUETa-
HUE KaKUX MMEHHO METEOPOJIOTUYECKUX SBJICHUH HO-
crurno kputepueB O u KMS B MOMeHT mpoxoxne-
Hua MKK. IlepeueHb U KpUTEpPUH ONACHBIX MPUPOJI-
HBIX SIBJICHUH, HAONIONABIIMXCS MPH Pa3BUTUU ME30-
MacmTabHOro KOHBEKTHBHOI'O KOMILICKCA M JICHCTBY-
ommue Ha Tepputopun AestenbHoctd OI'BY «3ananHo-
Cubupcroe YI'MC», npuBenensl B Ta0i. 4 [[lepeucHp
U KpUTEpUH...].
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Puc. 5. Cymmapnas nopropsiemocth OS1 u KMSI B 3aBHCHMOCTH 0T CHHONITHYECKOI cCUTyanuu (cjaeBa),
Habmonaemoie O u KMS (cnipaBa)

Fig. 5. Total frequency of hazardous phenomena and complex of hazardous phenomena depending
on a synoptic condition (left), observed by hazardous phenomena (right)

Tabnumna 4

IlepeyeHb U KPUTePHH FHAPOMETEOPOIOIHYECKHUX SIBJIEHUI, cOUeTaHUs KOTOPBIX 00pa3yioT O

Table 4

The list and criteria of the weather events forming hazardous phenomena

I'posa

Hanwuue sBnenus

JluBeHn

He menee 20 MM 3a mepuon He 6omnee 1 4

CHJIBHBIA JOXIb (JIOKIb CO CHETOM, MOKPBIH CHET,
CHET C JIOXKIEM)

He menee 35 MM (B TOPHBIX M IMBHEONIACHBIX paliOHAX —
He Meree 20 MM) 3a nepuof He 6ornee 12 4

I'pan

Juamerp 6-19 mm

CHiIbHBIN BeTEp

CkopocTs BeTpa (BKiIIodas opsIBer) 20-24 m/c

B 100% paccMaTpuBacMbIX HaMHU CiIydasx o0pa3o-
Banus MKK Orputa 3adukcupoBana rposa (cM. puc. 5).
Ha ocHOBaHHMH 3TOTO MBI MOXEM YTBEPXKAATh, YTO BHE
3aBucuMoctH ot ¢popmupoBanus MKK Ha ¢ppoHTaIBEHOI
CHCTEME WM Ha BHYTPUMACCOBOM, IIPH BOSHUKHOBEHUH
Me30MacCIITa0HOTO KOMILIEKca OyIyT BOSHUKATH TPO30-

BbIe ouaru. U tak xak Bce MKK 3a 4 ronma conpoBokna-
JIUCh TPO30H, Jlanee B OMMCAHWUU BCE SIBICHUSA UIYT B
COYETaHHHU C TPo30i. «JIMBeHb» HAONIOMACTCS MPAKTH-
YECKU BO BCEX CHHONTHUYECKUX CHTYAIUsIX (pOpMHpPOBa-
Hua MKK, 3a uckiroueHMeM MeE30BUXpS U Ky4eBO-
JIOKJIEBBIX TI0JIOC BTOPXKEHUSI B OKKJIIO3HIO, HO JIUIIb B
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15% cymMMa BBINABIIMX MpPH 3TOM OCAIKOB JIOCTUTAET
kputepue OSl. B eme 6onee menpmieid none (1%) cym-
Ma BBINABIINX OCAJIKOB AOcTHTrana Kputeprst « CHIbHBIH
noxapy». I'pan npu npoxoxaeann MKK ¢ukcnposancs
B 7% pHeil, U3 HuX 2% OPUXOAUTCS. HA CUHOITUYECKYIO
CUTYaLlUI0 «CNEA UUKIOHA», 4TO IOATBEPXKIAET €€
ONACHOCTb, OCOOEGHHO IpU yuyeTe Claboro MporHosa
3TOro Me30MacIITaOHOrO 00pa3oBaHUs.

3akiarouenne

3a terbiii nepuon ¢ 2008 mo 2018 r. Ha TeppuTOpUN
I0ro-BocToka 3amamHoii CrOupr CyMMapHOE KOIHYECTBO
nueit ¢ MKK cocrasuiio 230 nueit. I3 HUX MakcUMyM TO-
Bropsiemoctit  fueir ¢ MKK wabmromancs B 2016 T.
(31 nenp). OreHKa HEYCTOWYMBOCTH aTMOC(Epsl B JHU C
MKK noxkasana, 9To 0 MPUHSITON KIacCH()UKAIIIN HHICK-
coB HeyctoiunsoctH, B 72% (LIFT) u B 81% (KIND) ciy-
gaeB aTMocepy MOXKHO XapaKTepu30BaTh Kak crnabo He-
YCTOHUYMBYIO WJIM HeycToiHunBYto. [1pn mogooHoM coctosi-
HHUH HEYCTOMYMBOCTH aTMOC(epsl BEPOITHO 00pa3oBaHKE
JIMBHEH U OT/ENBHBIX IPO3 10 TEPPUTOPHH.

Ha ocHoBe mpocmoTpa mropMoBbIX onoBetenuid OS5
BBISIBIICHO, 4TO BO Bee nuM ¢ HammaneM MKK Obina 3a-

¢ukcupoBana rpoza. Ha ocHOBaHHM 3TOr0 MBI MOXEM
YTBEPIKIATh, YTO BHE 3aBHCUMOCTU OT CHHOITHYECKHX
ycnoBuit obpazoBanus MKK, Oynp To ¢poHTanbpHas
CHCTEMA WM BHYTPUMACCOBAsI CUTYAI[HsI, IPU UX Pa3BH-
THU OyAyT BO3HHUKATh Tpo3oBbie odarn. OleHKa He-
YCTOWYHBOCTH aTMOC(Ephl B COOTBETCTBUU C IMPHHSITON
KJIacCU(pHKANUEH CUIBPHO 3aHMUKAET HAM BEPOSTHOCTH
BO3HHKHOBCHHUsSI TPO3bI, 10 KpaiHEH Mepe, B cllydae
¢dopmupoBanus MKK.

[Ipu comocTaBIeHWM CHHONTHYECKUX CHUTYalUd C
BosuukHOBeHHeM MKK, monms mx obOpa3oBanms Ha XO-
JIOJHOM (PPOHTE COCTaBJIAECT HEe MeHee 1/3 BceX COOBI-
THi, @ B TIEPUOIBI PA3BUTHSI MOIIHBIX MEPHIMOHATBHBIX
MEPEHOCOB 3Ta JIOJNS 3aMETHO yMeHbmaercs. COBOKYTI-
Hast 701 BKIajga B yactory (opmupoBanus MKK mpo-
[ECCOB OKKITIOJMPOBAHUS BO MHOIOM 3aBHUCHT OT aHO-
MaJMi M K KOHILy HCCIEIYEeMOro Iepuoja COCTABIISICT
MpeoOIaIaloNIyI0 YacTh MPOIECCOB, 00pa30BaHHBIX Ha
¢dpoHTe OKKIIO3MHU. [Iporecchl, KOTOpbIe (OPMUPYIOTCS
B CTAJMU PA3BUTHSI OOJAYHOrO BHXPS «CIIEI I[UKIOHA»
WIA HA ME30MAacIITA0HOM BHXPE, BBI3BIBAIOT OOIBIIYIO
OIMAaCHOCTh, YEM TIPOLECCHI, (GopMHUpyeMble Ha (pOoH-
TaJIbHBIX CHCTEMaX, TAK KaK OHH MEHEe JOCTYIIHBI JUIs
MPOTHO3UPOBAHHSL.
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National Research Tomsk State University, Tomsk, Russia

ASSESSMENT OF PARAMETERS OF MESOSCALE CONVECTIVE SYSTEMS BASED ON SATELLITE
AND UPPER-AIR SOUNDING DATABASE

Using by ground-based and satellite tools, an analysis of mesoscale convective systems (MCSs) has been carried out. In the course
of the study, we assessed a repeatability for the warm season (April to September) for 2008-2018. Within warm season of 2015-2018,
the synoptic situations favorable to formation of MCSs which produced hazardous phenomena has been determined. To estimate of
atmospheric stability we applied K-index and Lifted-index. On the basis of MatLab calculation method the linear dimensions of MCSs
has been defined. The method used is visual interpretation of clouds to assess the repeatability and parameters of MCSs in the south-
eastern part of Western Siberia based on RGB composite imagery (0.65; 0.45; 0.35 um) using MODIS data. The study area is limited to
50 and 60 °N and 70 and 90 °E, which includes five administrative units geographically located in the West Siberia: Tomsk Oblast, No-
vosibirsk Oblast, Kemerovo Oblast, The Altai Republic and Altai Krai. The object of study is considered the mesoscale convective sys-
tem (MCS), in the paper is classified as a complex of Cumulonimbus clouds with a diameter of 50 km and more. It is important to note
that the study area is not predisposed to the MCS formation, and even such a small cloud cluster is capable of generating hazardous phe-
nomena such as thunderstorms, hail, severe and prolonged downpours. A specific feature of the MCSs is a long period of existence
(about 10 hours), but its effect on weather conditions track up to 24-36 hours. To characterize the atmospheric stability on days with
MCSs we used measurements taken by five upper-air stations (Aleksandrovskoe, Barabinsk, Barnaul, Kolpashevo, Novosibirsk) at 0000
and 1200 UTC from 2015 to 2018. The results of upper-air sounding accommodate discrete information about the values of air tempera-
ture and humidity and wind characteristics within the entire thickness of the atmosphere, in which convection over Western Siberia may
develops, namely up to 10-15 km. As convection parameters, we applied a stability indices that are widely utilize to forecast the thun-
derstorm/hail/squall development etc. Thus the Lifted-index describes the latent instability of the atmosphere whereas a calculation of
K-index based on the vertical temperature lapse rate, and the amount and vertical extent of low-level moisture in the atmosphere.
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During warm season the total number of days with MCSs equals 230 days for the entire period 2008-2018. The peak frequency of
days with MCSs (31) was observed in 2016. This is due to the 2016 anomaly in many meteorological parameters. The minimum number
of days with MCSs (12) was registered in 2010. The evaluation of atmospheric stability on the days with MCSs showed the following:
the Lifted-index classifies the state of the atmosphere as slightly unstable (53% of all cases) in accordance with the generally accepted
classification and only showers are observed throughout the territory. Using the K-index, in 51% of cases the state was assessed as un-
stable. The MCSs are mainly formed when the atmosphere is moderate and slightly unstable and their evolution accompanied by the
presence of showers and isolated thunderstorms across the territory. Comparing the synoptic situations related with MCSs generation, it
was found that the share of MCSs formed on the cold front equal a third of all events, and this ratio decreases markedly while activation of
strong meridional circulation. The total share of contribution of occlusion processes to the MCSs frequency largely depends on the anoma-
lies and by the end of the study period has the predominant part of the processes associated with the occluded front. Unlike the frontal cases,
the processes formed at the stage of development of a cloud vortex, cold air developed system or mesovortex, have been found to be much
more dangerous due to less possibility of prediction.

Keywords: Western Siberia, mesoscale convective system, satellite information.
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