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[IpencraBieHbl epBbIe Pe3yIbTaThl TPEKOBOTO AaTupoBaHus anatuta (AFT) u3 kepHa CKBaXXUH, BCKPbIB-
IIMX KPOBIIIO KpUCTaJUIMUecKoro ¢pyHmamenTa Cubupckoii miatdopmsl B Hencko-boTyoOuHCKoOM aHTeK-
JIu3e, BHIMTOJTHEHHOTO C UCMOJIb30BAaHUEM MAaCC-CIEKTPOMETPUHM C MHIAYKTUBHO CBSI3aHHOM I1a3MOM U J1a-
3epHoii abnsinueit (LA—ICP—MS). TpekoBbie BO3pacThl aniaTUTa OINpeaesieHbl 11 9 mpoo ¢ yOuH ~2 KM
1 (OPMUPYIOT TPU BO3PACTHBIE IPYIIIBI cO cpeaHruMu 3HaYeHusiMu 200, 140 1 60 mutH neT. TepMmanabHOe co-
obITHe ¢ Bo3pacToM ~200 MJIH JIET MMeeT IIMPOKOe PacIIpOCTpaHEeHUE B IIpeaesiax mpakrudecku Bceilt Cu-
Oupckoit IaThopMbl M OTpaXKkaeT 3Tall €e PaHHEIPCKOTO UHTEHCUBHOTO Bo3nbiMaHus. [lepeycTaHoBKa
TPEKOBOI cuctembl B anarute ~140 MJIH JIeT Ha3aJ COOTHOCUTCS C TEKTOHO-TePMaJIbHbIMU COOBITUSIMMU,
MapKUPYIOIIUMU 3aKITIOUUTEIbHBIN 3Tam KoJTu3uu MoHro10-OX0TCKOro cKiaadaTroro rosica. Haubonee
MOJIOIbIe 3HAYEHUST TPEKOBOTO Bo3pacrta ~6(0 MIJIH JIET, C OMHOM CTOPOHBI, MOTYT OTpaXkaTh HavyaJlo Oaii-
KaJIbCKOTO pudToreHesa, a ¢ Apyroit — siBJISITbCS CAENCTBUEM BBICOKOTO COJEPKaHUS ypaHa B arlaTUTe.

Karoueswie crosa: TpekoBoe narupoBaHue, anatut, LA—ICP—MS, TepMoxpoHoOTHSsI, T€OXPOHOJIOTHS,
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BBEAEHUE

IMopoasl KpucTaan4eckKoro (pyHaamMeHTa ApeB-
HUX IJIaTPOPM CIIyKaT MCTOYHUKOM YHUKAJIbHBIX
CBEIEeHUI 00 X TEKTOHNUYECKON MCTOPUU 1 DBOJIIO-
UM MarMaTM4eCKUX IpoueccoB. MeToabl HU3KO-
TeMIIEPAaTYPHOM TEPMOXPOHOJIOTUM CIIOCOOHBI BbI-
SIBJISITh OTAIlbl HAarpeBa 1 OXJIAXKAECHUSI TOPHBIX ITOPO.
B uHTepBaje 40—300°C u 1atoT BO3MOKHOCTD JIJIsI pe-
KOHCTPYKIIMM  TEKTOHO-TEPMaIbHOM  3BOJIIOLUU
BEPXHUX TOPU30OHTOB 3€MHOI KOPbI C BHICOKOI Oe-
TanbHOCTHIO. [Ipu pemeHnn mogoO6HOTo poaa 3amaqy
METO TPEKOBOTO IATUPOBAHUSI allaTUTA SIBJISCTCS
OIHMM M3 HanboJjiee BOCTPEOOBAHHBIX; OH ITO3BOJISICT
OLICHUTH BpeMs, IIPOLIIeaIIee C MOMEHTA ITIOC/ICTHETO
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ocTbiBaHus mopon Huxe 120°C. DTo BpeMsi MOXKET
ABJISITbCSI OTPpaXKEHUWEM KaK BTOPUYHOIO MpOrpena
nopon ¢pyHIaMeHTa Mo BIUSHUEM MarMaTU4eCKUX
MPOILIECCOB, TaK U CKOPOCTHU JIeHYIallM1 BCICACTBUE
BEPTUKATbHBIX TEKTOHUYECKUX IBVKCHUIA.

OmnpenesieHUsT TPEKOBOIO BO3pacTa aliaTuTa, BbI-
MOJIHEHHEBIE 110 mopoaaM ¢pyHIaMeHTa WA MarMaTH-
yecKUM KoMItiekcaM CHUOMpCcKoil IpeBHeit uiaTtdop-
MbI, BecbMa HeMHorouucjieHHbl. [lepBble maHHBIE,
MOJIyYEHHbIE TT0 KEpHY BOLIENNIMX B (DYHIAMEHT ee
CEBEPO-BOCTOUYHOI YaCTW CKBaxXWH [1], TTo3BOIMIN
MIPEAIIOJI0XKUTh OTHOCUTEIbHO HETIPOCTYIO TEpMaJjlb-
Hylo uctoputo Cubupckoil miat@gopmbl B Me3030€:
HaJINYMe TPEKOBBIX JATUPOBOK ariaTUTa Co 3HAUYCHUSI -
mu ~200 MJTH JIeT aBTOPHI YIIOMSTHYTOM paObOThI OOBsIC-
HWIM ()OpMUPOBaHMEM KPYITHOIM ITOAKOPOBOIl MHTPY-
3uM (aHAepIieiiTa) Bo BpeMsi u3ausiHus Cubupckux
MEepMO-TPUACOBBIX TpaIMNoB. Pe3ynbTaTbl TPEKOBOIO
aHajJM3a arnaTuTa U3 MHTPY3UBHBIX Tea Cubupckoit
TPAImoBOM TIPOBMHINU [2, 3] MOATBEpIVIN ITTONTY-
YyeHHbIC paHee pe3yIbTaThl, a B KAYeCTBE aJibTepHa-
TUBHOM MHTEpPIIpETallMM IIUPOKOr0 pacipoCTpaHe-
HUSI TPEKOBBIX Bo3pacToB ~200 MJIH JIET ObLJIO Mpe-
JIOKEHO  COOBITME pErMoHaJIbHOTO  MaciuTaba,
CBSI3aHHOE C TEKTOHWYECKMM BO3IbIMAaHHMEM BCEil
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Puc. 1. Paiion nccienoBaHuii u Mmecta 0oTOOpa 00pa3LoB i TPEKOBOIO JaTMPOBAaHMS alaTUTa U3 CKBaXKMH B npeaenax Her-

cko-BboTyoOnHCKOI aHTEeKIM3bI (TTOKa3aHbI 3BE3TaMM).

Cubupckoit miaaropMBl B MO3MHEM TpHace U paH-
Heli rope. Takum ob6pa3om, pa3zpaboTKa MOJIEIU TeK-
TOHO-TEepMaJIbHOM 3BoIIoIIMK CHonpcKoi miaTdop-
Mbl SBJISIETCS AKTyaJbHOUW 3amadyeil COBPEMEHHOM
Te0JIOTMH, pellieHUue KOTOPOi HEOOXOIMMO IJIsI BbI-
SIBJICHMSI, OLIEHKY MPOIOJLKUTEILHOCTH U MacinTabda
TEKTOHMYECKIX M MarMaTU4eCKUX COOBITUI B €€ reo-
JIOTMYECKOI UCTOPUM.

M3yyeHure reojiornyeckoro CTpoeHus U TEKTOHO-
TEPMaJIbHOW 3BOJIOLMU MOPOJ KPUCTAILTUYECKOTO
dyHmamenta Cubupckoii 1wiaTopMbl B Mpeneaax
Hencko-boTyoOuHCKOM aHTEKINU3Bl MMEEeT BakKHOE
MpUKJIAAHOE 3HaUeHUE, TOCKOJIbKY MIMEHHO 3TU 1aH-
HbI€ OIpPENEeISIIOT MEePCIIEKTUBHOCTh CTPYKTYp OcCa-
JIOYHOTO YexJia JJ1s1 TOMCKOB HOBBIX MECTOPOXKIEHU A
yriieBogopoaoB. Jisi pellieHus 3Toit 3amadyu HaMu
ObLT cOOpaH YHUKAaJbHBIA CKBaXXWHHBIA MaTepuan,
MPENCTABJISAIOIIMNA MECTOPOXAEHNS HedTH U rasa, a
TaK>K€ MOUCKOBBIE JTUILIEH3UOHHBIE YYAaCTKU B MpEJie-
nax Hericko-boTyoOnHCKOM aHTEKIIM3HI.

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

OBBEKTbBI UCCJIEAOBAHUN

MoHodpakius anaTuTa st TPEeKOBOTO TaTUPOBa-
HUS ObLIa BBIIEIeHA M3 KEPHA TTOPOI KPUCTALTNIECKO-
ro pyHapameHTa CuObMpCKoii miatdopmbl, OTOOpaHHO-
ro ¢ mwiyouH 1800—2600 M B TTOMCKOBO-Pa3BeIOYHBIX
CKBaXXKMHAX, MIPOOYPEHHBIX Ha YTJIEBOIOPOIHOE CHIPhE
U XapaKTepU3YyILINX CeBEPHYIO, 3aMagHylo U LeH-
TpaJibHyI0 YacTh Hercko- BboTyoOMHCKOI aHTeKITN3BI
(puc. 1). CkBaxkuHBI pacipeneaeHbl BI0Jb CyOIIMpoT-
HOTo MpoduIst MPOTSLKEHHOCTHIO 60Jtee 500 KM.

METO/1bl U PE3YJILTATBI UCCIEJOBAHUN

IMoncueT TIOTHOCTEI, TMaMETPOB TPEKOB U IJIMH
CKPBITBIX TPEKOB BBINIOJHAIUCH B lleHTpe Konek-
TUBHOTO TMOJib30BaHUsT MHcTUTYyTa Dusuku 3emiau
uM. O.10. llImuara (LIKIT UD3) PAH (r. Mocksa)
[4] BpyuHyio Ha Mukpockorie Olympus BX53M.
Konuenrpamuu F u Cl B anaTtute, onpeaeisioniux
KMHETUYECKME MapaMeTphbl OTXKKUIa TPEeKoB [5], olie-
auBasich B LUKIT MD3 PAH ¢ ucnonb3oBaHuEM
ToMm 510

Ne 2 2023
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Ta6muna 1. PesynbTaThl TPEKOBOTO JaTUPOBAHUS anatuTa ¢ ucnonb3oBanuem LA—ICP—MS

Homep Lryouta Yucio TlnotHocTs TpeKon ConepxaHue Bospact
o6pasia orbopa [Topona sepet (x10° TpexoB cM2) ypana (ppm) Cicp £ 20 | (MnH net) (£20)
KepHa, M (Yuco TpekoB) (Pooled age)
1 P48-3A 2560.3 Ipanur 15 3.93 32.70 0.60 £ 0.04| 179.3+34.8
942)
2 P48-3B 2560.3 Ipanut 57 2.03 18.00 195.2 + 19.6
(1855)
3 P49-19 2044.9 Ipanut 101 1.52 14.30 203.4 £ 15.7
(2453)
4 P49-20 2058.2 |I'panommoput| 39 1.03 29.80 59.4 + 6.4
(642)
5 P49-21 1933.9 THeiic 76 1.11 33.20 62.3+5.9
(1348)
6 P49-22 1935.0 Ipanut 100 2.60 19.87 230.8 = 18.7
(4161)
7 | O48-9A 2000.4 THeiic 58 0.92 10.91 146.4 + 16.8
(868)
8 | 048-9B 2000.4 I'neiic 95 0.99 15.20 121.4 £ 19.2
(1493)
9 048-11 1820.4 MustoHuTH- 67 0.60 7.51 145.2 £27.6
3UPOBAHHBII (652)
TPaHUT

Mpumeuanue. {jcp — 3eTa-Ghakrop, MOACYUTAHHBINA B pe3yJIbTaTe 3eTa-CeCCUH CONIACHO IIPOTOKOIY [6].

CKaHMPYIOIIETO 3JIEKTPOHHOTO MUKpockora “Tescan”
MIRA LMS ¢ BJ1C-nerekropoM. M3MepeHre KOHIICH-
Tparun ypaHa BbmonHsuiock B LIKIT “TeocnexTp”
I'eonornyeckoro mHctutyta uM. H.JI. JoOpenoBa
CO PAH (r. Ynan-¥Yn3) Ha Macc-cneKTpOMETPE BbI-
cokoro paspemeHust ICP-MS Element XR ¢ ycra-
HOBKOI nazepHoii abusiuuu UP-213 “NewWave” no
MPOTOKOIYy [6].

[MonydeHHBIE TPEKOBBIE BO3PACTHI allaTUTa TIPEI-
cTaByieHBI B Ta01. 1 1 Ha puc. 2. CorlnacHo COBpeMeH-
HOt METOIMKE, HAIEKHBIMU CIUTAIOTCS T€ 3HAYSHUS
TPEKOBOTO BO3pacTa, KOTOPhIE TMOJyYeHbI MPU TTOM-
cyeTe TPEKOB CIIOHTAHHOTO nesieHus 28U B He MeHee
yem 20 3epHax, T.e. Bce IMOJydeHHbIC HAMU OIIpe/ie-
JIEHUsI, KpoMe Bo3pacTa odpasna P48-3A, aBnstiorcs
HaICKHBIMH.

TpekoBbIit BO3pacT, MJTH JIET
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Puc. 2. 3aBUCHMMOCTb TPEKOBOTO BO3pacTa alaTuTa OT KOHIIEHTpalluu ypaHa. [TorpenHocTu mpuBeneHbl Ha ypoBHe 26. Yep-
HbI€ KPY>KKM 0003Ha4YalOT HaJexKHbIe OLIEHKM TPEKOBOTO BO3pacTa; 0eiblii Kpy*oK (mpoda P48-3A) — HeHanexXHOe ompenese-

HHE BO3pacTa.
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ITosrydyeHHEBIE TPEKOBBIEC BO3pacThl 00Pa3yIoT TpU
KJactepa (puc. 2): 1) mo3gHU Tpuac—paHHSS opa
(230.8—179.3 maH neT); 2) KOHeIl IO3IHEN IOpbl—
paHHuit Men (149.9—121.4 maH nert); u 3) nageoueH
(62.3—59.4 MiTH 51eT). AHAJIM3 XUMUYECKOTO COCTaBa
amaTuTa M3 UCCICIOBAHHBLIX 00pa3lioB CBUIETEIb-
CTBYET, 4YTO BO BceX oOpasinax OH TIIpeAcTaBleH
¢dTOpanaTUTOM C OJIM3KUMU COCTaBaMU 0e3 MpUMeCHU
xjopa. HecMoTpst Ha 3HaYUTEIbHBIE TOBEPUTEIbLHEIC
MHTEPBaIbI HEKOTOPHIX, B IIEPBYIO OUepedb IPEBHUX
JaTAPOBOK, TPYHITbI 3HAYEHUI TPEKOBOTO BO3pacTa
MOTYT OBbITh COOTHECEHBI BO BPEMEHU CO CJIEAYIOIIN-
MU TEKTOHMYECKMMM COOBITUSIMU Ha CHOUPCKOI
naatgopMe U B ee CKJIagyaToM OOpaMIJICHUH.

INo3mHeTprMacoBO—paHHEIOPCKUIT KJIACTEP COB-
mamaeT ¢ OOJIbIIei YacThIO TPEKOBBIX BO3PACTOB, TT0-
JIydeHHBIX paHee o Cubupckoii miardopme [1-3].
CornacHo Hallleii MHTepIpeTaluu, 3TU TaTUPOBKU
MapKUPYIOT peTUOHAIBHBIN 3Tall BO3ABIMAHMS U 9PO-
3un Ha Bceli Cubupckoii turatdopMe, KOTOPBIH TTPo-
SIBWJICSI CUHXPOHHO ¢ AedopManvssMu Ha TaiiMbIpe
[12] 1 B MoHromao-OX0TcKOM cKj1amdaTtoMm 1osice [3].

INo3znHeropcko-paHHEMENIOBbIE TPEKOBbIE BO3pac-
Thl MOTYT SIBJISITbCS OTPa’k€HHWEM OCTBIBAHUSI MOPOJ
dyHaameHTa 10KHOU yacTu CruOMpcKoil miaaThopMbl
Ha 3Tare TEKTOHWYECKON aKTUBU3aLMU CUHXPOHHOW
¢ Kojuiaricom MoHTo10-OXOTCKOro oporeHa U mac-
IITAaOHBIM pacTsikKeHreM, oxBaTuBlIeM lleHTpalb-
Hy10 1 BocTouHyro A3uio [7], a Takke 3Tana BHyTpU-
TUTUTHOTO ByJIKaHU3Ma B 3abaiikaibe [8].

HMHuTepriperaniusl najeoleHOBBIX 3HAYEHUM Tpe-
KOBOTO BO3pacTa alraTuTa Ha HacTOSIIMNA MOMEHT
TIpencTaBiIsIeTcs Hanboliee CIIoOpHOIA. DTH ompenee-
HUSI OMHOBO3PACTHHI ¢ TAKOBBIMU TSI mopon [1pm-
Mopckoro [9] u baprysuHckoro [10] xpe6ToB U, BO3-
MOXHO, MOTYT (DUKCHUpPOBAThb OCTbIBAaHUE IIOPOI
dyHIaMeHTa TT0CcIe MHUIIMAIBHOTO 3Tara OaiiKalb-
ckoro pudrorenesa [11]. C apyroii CTOpOHBI, Npu-
CYTCTBUE TpHUAC-IOPCKUX (HaIpumep, Impooda P49-19)
U najeoueHoBbIX (Mpoodsl P49-20 u P49-21) tpeko-
BBIX BO3PACTOB B COCEIHUX OJIM3KO PaCTOIOKEHHbBIX
CKBaXXMHAX MOXET pacCMaTpUBaThCs WIN KakK Cle/-
CTBHE OJIOKOBOTO CTpOeHUsI PyHIaMEHTa, WIN OBITh
CBSI3aHO C BBICOKMMM KOHIIEHTpAIlMSIMUA YpaHa B
nmpobax ¢ MoJIOABIMU Bo3pacTtaMu (puc. 2). PelieHue
3TOTO BOIpOca TpeOyeT MpPOBeNeHUs TOTOTHUTEIb-
HBIX TEPMOXPOHOJIOTMYECKUX UCCIEIOBaHUI Ha ore
Cubupckoii miaaTdOpMBEI.

NCTOYHUKHN OUUHAHCHUPOBAHMUA
HccnenoBaHusi mpoBeneHbl MpHU TMOIIEPXKKe TpaHTa

PODU Ne 20-35-90066 1 TeM rocynapcTBEHHOTO 3aaHMS
N®3 PAH uI'MH CO PAH.
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FIRST LA-ICP-MS APATITE FISSION-TRACK AGES FROM THE SIBERIAN
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We present the first results of LA-ICP-MS apatite fission-track dating (AFT) from nine core samples from
wells, that exposed the top of the crystalline basement of the Siberian platform within the Nepsko-Botuo-
binskaya anteclise on the ~2 km depth. Obtained AFT ages belong to three clusters with mean values of 200,
140, and 60 Ma. A thermal event of ~200 Ma is widespread throughout almost the entire Siberian platform
and reflects the stage of'its Early Jurassic uplift. Reset of the fission-track geochronometer in apatite ~140 Ma
correlates with tectono-thermal event marking the final stage of the Mongol-Okhotsk fold belt collision. The
youngest AFT ages of ~60 Ma, on the one hand, may reflect the early (crypto) stage of the Baikal rifting, and,
on the other hand, be a consequence of the high content of uranium in apatite.
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