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B craTbe npencrasieH 0030p pa3IMYHBIX MHACKCOB/MHANMKATOPOB (MHAeKChl Porta, [Tapkepa, I'M, SA,
CIA, CIW, PIA, MIA u ap.), ucriofib3yeMbIX ITPU UCCIeT0BaHUY TTpOodUIeli/KOp BHIBETPUBAHUS U PEKOH-
CTPYKLIMU MaJCOKJIMMaTUUECKUX OOCTAHOBOK HAKOIUIEHUSI OCAIOYHBIX MOcieaoBaTebHoCcTeil. Bo3aMox-
HOCTH UX TIPOAEMOHCTPUPOBAHBI Ha TIPUMEpPE TEPPUTEHHBIX OTJIOXKEHUI BeHIa—HKHero Kemopust [To-
noJyibckoro IlpunHecTpoBbsl (foro-3anaaHblii CKIOH YKpalHCKOro 1uTa). PacnpeneneHue 3Ha4eHU MH-
Iekca ba; B JaHHOM pa3pese yKa3blBaeT Ha IPUCYTCTBUE Hambojiee MpeoOpa3soBaHHOTO IIpoleccamMu
XMMMYECKOTO BHIBETPUBAHUS MaTepuajia B COCTaBe apruUIMTOB HArOPSTHCKOI, HUXKHEN 4acTu JaHUJIOB-
CKOI M CcpemHel 9acTu CTYAeHUIIKOW CBUT. JIJIsl aprujUIMTOB JaHWIOBCKO-30pYyUCKOTrO MHTEpBaJia 3HAYe-
Hus ['M 65m3ku K ['Mpppg. Ji151 TOpOL SAPBILLIEBCKO-HArOPSIHCKOIO MHTEpBaja 3HauyeHus ['M HecKobKo
BBIIIIE, a IIJIsST apTWJLTUTOB HUXKHEM YacTH SIPBIIIEBCKOM CBUTHI, COMIOCTABUMBI C TEMU, YTO CBOMCTBEHHBI
KOHTUHEHTAJIbHBIM JIMHAM KapKoro Tponuuyeckoro kaumara. CpenHee 3HaueHUe MHAeKca SA TSI apri-
JIMTOB BCETO pa3pesa paBHO 5.6 * 0.7. ApruIMTHI TPYIIKMHCKO-HArOpsTHCKOTO MHTepBana, rie SA < SApaas,
CJIOXKEHBI OoJsiee BhIBETpeabiM MaTepraaoMm. Beanunnel WIP B apruinnTax MOrmjieBCKOi U SIpbILIEBCKOI
CBUT, a TaKKe BEpXOB 30pYyUCKOI CBUTHI, OTBEYAIOT MHTEPBAJy X 3HaUueHU Mexny PAAS u cpenHuM ap-
XeMCKUM TPaHUTOM. IJIMHUCTBIE MOpPOAbI APYruX CBUT MMelOT 3HayeHUss WIP < WIPp,,g. Bennunna
CIA peniee W11 APTUIUTMTOB paBHa 71 £ 4, 4TO MPaKTUYECKU COOTBETCTBYET ee 3HaueHu1o (70), pasnensio-
LLIeMY OTJIOKEHUSI XOJI0OIHOI0/apuaHOrO 1 TeIJI0ro/TyMUuaHoro Kiaumara. Bapuauuu nnaekca CIW o pa3z-
pe3y cumbatHbl BapuarusiM CIA. TTogasistioniee 60JbITMHCTBO apTLTMTOB XapaKTepu3yeTcsl 3HaYeHUSI -
MU PIA > PIAppag. Bemmunta CPA ey ce (91  4) NPUHIMITUMATBHO HE OTIIMYAETCS OT TOM, YTO XapakTepHa
PAAS. TlpuBeneHHbIE 1 ApyTHE TaHHBIEC TOKAa3bIBAIOT, YTO HA OCHOBE MHTEPITPETAIINU CBOMCTBEHHBIX TOH-
KO3E€pHHUCTBHIM O0JIOMOYHBIM MOPOAAM 3HAYEHU I pa3TMYHbIX MHIEKCOB XUMUYECKOTO BHIBETPUBAHUS, T1a-
JICOKJIMMAT, CYIIIeCTBOBABIIMI B BeHIe—paHHeM KeMOpuu Ha Tepputopun [Togonbekoro [TpuaHecTpoBbs,
MOXKET pacCMaTPUBAThCS KAK YMEPEHHbIN WY TETUTbIN ryMuaHbINA. ColocTaBieHre CBOMCTBEHHbBIX aprUiI-
JymTaM BesimauH CIA ¢ X 3Ha4eHUSIMU B TOHKOI B3BECH COBPEMEHHBIX PEK TaeT OCHOBaHWE MPEIoJararh,
YTO KJIMMAT BEHJIa U PAHHETO KeMOpPHsI HAaTOMUHAJI COBPEMEHHBIE CYXOil U TYMUIHbBIN CyOTpONMYeCKUii
WA CyXOU TPOTTMUECKHH C 3JIeMeHTaMU TYMUIHOTO.

Karouesvie cro6a: MTHANKATOPBI/MHAEKCHl XMMUYECKOTO BBIBETPUBAHUS, TIMHUCTHIE MOPOIbI, BEHI,
HMXXHUI KeMOpuii, [Togonbckoe [1puaHecTpoBbe.
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KnuMmatr siBisieTcst OqHUM M3 OCHOBHBIX (haKTO-
pPOB, OTIPEACIIAIONINX OOIIMIA OOGJINK OCATOYHBIX ac-
coumanuii. KimmMaTtnueckuit TMIT ocagoyHOTO MpPO-
lecca B 3HAUMTEIbHOM Mepe KOHTPOJUPYET CHelu-
duky nuddepeHalny BelllecTBa Ha TIOBEPXHOCTU
Haureit traHetsl [CtpaxoB, 1960—1962, 1963, 1968
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u 1p.; CunuubiH, 1980; Metonsl ..., 1985; SIlcamaHoB,
1985; Xomomos, 1993; Tumodeen, 1992, 2000; K-
Mmar ..., 2004 u gp.]. Yuer ero mMmeeT cyliecTBEeHHOE
3HaYCHUE IIPU PEKOHCTPYKILIMM 0OCTAaHOBOK (hOPMU-
poOBaHUSI KaK (DaHEePO30MCKIUX, TaK U JOKEMOPHUIACKIX
OCaZOYHBIX TTOCJIEIOBATEILHOCTEI, OMHAKO B TTOC/EI -
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HEeM cllydae paciiipoBKa KIMMATUYECKUX 0OCTa-
HOBOK HAaKOIUICHUsA TEPPUICHHBIX U Kap6OHaTHbIX
OCaJKOB CTAJIKUBACTCS CO 3HAYUTEIIbHBIMU TPYIHO-
CcTIMU. BOJBIIMHCTBO UCCcIenoBaTeNCH B HACTOSIIIEE
BpeMsI He 6e3 OCHOBaHUSI CYUTAIOT, YTO JJISI JOCTO-
BEPHOI1 pEKOHCTPYKILIMM KJIMMAaTa JOKEMOpPHsI HEO0-
XOIMMO HWCIIOIb30BaHME KaK JIMTOJOTMYECKUX, TaK
M JIUTOTEOXMUMUYECKMX HaHHBIX. KpaTtkuii o030p
OCHOBHBIX TIPUEMOB, ITOAXOAOB U METOAOB PEKOH-
CTPYKUMU TTAJIEOKIMMATa, €ro JUTO- U FeOXuMUde-
CKUX MHAWKATOPOB JaH HaMU B ImyoaukKanuu [Mac-
JIOB U n1p., 2003].

ABTOpBI HE BOEpBbIe OOpalalTcs K mpoblieMe
MaJICOKJIMMATUIECKX PEKOHCTpYyKuMii. Tak, HaIpu-
Mep, B pabote [MacnoB u np., 2003] BEIIIOJIHEHO CO-
MOCTaBJIeHUEe MaJeOKINMATUYECKUX JaHHBIX, MOTy-
YEeHHBIX JIUTOJIOTMYECKUMU U JINTOT€OXUMUIECKUMU
MeTodaMM I cTpatoTuria pudes. B memom, oHm
MMEIOT IOCTAaTOYHO XOPOIIYIO CXOAMMOCTb, OJHAKO,
TSI OTAEIBHBIX YPOBHEN Ha3BaHHOTO pa3pe3a IpsMo
MIPOTUBOMOIOXHBL. CBSI3aHO 3TO, CKOpee BCETo, C He-
JIOOLIEHKOI MPOLIECCOB PEUUKIUHTA U HEKOPPEKTHBIM
IIEpEeHECEHNEM BbIBOJIOB, MOJYYEHHBIX IS OTJIOXKE-
Huii iepBoro 1ukia (first cycle sediments) Ha obpa-
30BaHUS C 3aMETHOM J0Jieil MepeoTI0KEHHOTO/ M-
ToreHHoro MaTepuaina (second cycle sediments).

B my6rmkanmsax [Macios, 2010a, 20100] paccMmoT-
PEHBI JIUTOXMMUYECKHE OCOOSHHOCTU IISIIIMOIeH-
HBIX U CBSI3aHHBIX C HUMM OCaJOYHbIX 00pa3oBaHUI
pa3IUYHBIX pernoHOB Mupa. CoIlocTaBjleHUe BaJlO-
BOI0 XMMHYECKOTO COCTaBa MOKEMOPUIICKUX IHa-
MUKTUTOB C COCTABOM CPEIHET0 IMOCTapXeiCKOTo aB-
crpanmiickoro ruHuctoro cianua (PAAS, [Taylor,
McLennan, 1985]) mo3BoamIO yCTaHOBUTH, YTO OHU
HE UMEIOT KaKUX-JIM0O Cieln(PUIeCKUX TUTOXUMU-
YeCKMX XapaKTEpUCTUK, OMHO3HAYHO CBUACTEIIb-
CTBYIOIINX B IIOJIb3Y (POPMHUPOBAHUS UX B YCIIOBHSIX
XOJIOAHOTO KJIMMaTa. DTO BeleT K MPEANoI0XeHUIO,
YTO MCIOJIB3YEMBIN IIPU Pa3IMYHBIX aJIeOKINMAaTH -
YEeCKMX PEKOHCTPYKLMUSIX MHAEKC XUMHYECKOIO M3-
MmeHeHus1 (CIA, [Nesbitt, Young, 1982]) (cMm. najee)
clielyeT pacCMaTpuBaTh KaK BaXKHbI, HO BCE K€
BCIIOMOTATEJIbHBI MHCTPYMEHT, TaK KaK 3HAYeHUS
€ro OIIpeIeJISIIOTCS B OCHOBHOM JIOKAJIbHBIMU (DAaKTO-
paMu.

M3yueHue JUTOXMMUYECKUX XapaKTePUCTUK [IIU-
HUCTBIX Topon BeHma Hemncko-BboryobuHcKkoit aH-
Teksn3bl U JleHo-2XKymnHckoro paitona FOxuHoit Cu-
OUpU MO3BOJIUIO YCTAHOBUTD, IJIABHBIM 00pa3oM 10
npucymuMm uM BeanuruHaMm CIA, yTto oHU chopMu-
pPOBaHBI 32 CYET IMTPOAYKTOB pa3MbiBa KOHTUHEHTAb-
HBIX KOpP BBIBETPUBAHUS YMEPEHHOTO W CEeMUAPWII-
Horo kymmara [IlomkoBeipoB m ap., 2015; KoroBa
u ap., 2016 u op.].

B cratbe [MacioB u ap., 2016] npoaHaau3upoBa-
Hbl NaJICOKJIMMATUYECKHE OCOOEHHOCTU (OPMUPO-
BaHUS IJIMHUCTHIX TIOPOJ BEPXHETO ToKeMOpust FOx-
Horo ¥Ypana. [lokasaHo, 4To cpeau HUX Ipeobaama-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

MACIJIOB, ITOAKOBBLIPOB

0T “TeKTOHOCUJIMKAT-TOMHUHUPYIOIINE” TJIMHUCTHIC
MOpOoJibl. DTO, a TAKXKE XapaKTep U3MEHEHUS CpeIHUX
3HaueHuit K,0/Al,O;, He moATBepXKAaeT TUIOTe3y
M. Kennegu ¢ coaBtopamu [Kennedy et al., 2006],
CBSI3BIBAIOIILYIO POCT coaepxkaHusi cBobomHoro O,
B aTMocdepe mo3aHero pudes: U BeHIa ¢ aKTUBU3a-
L1ei mpoliecca U3BJIeYeHUS INIMHAMU U3 G1ocdephl
OpraHM4YecKoro yriiepoma. PaccumTaHHbIC IJIS TIU-
HUCTBIX TTIOPOJ, CPEAHUE BEIUUUHBI PSia TUTOTEOXM -
MUYECKUX ITapaMeTPOB Oajlii OCHOBaHWE CUMTAThH,
YTO B LIEJIOM MHTEHCUBHOCTB ITPO1IECCOB BEIBETPUBA-
HUSI Ha MajeoBOAOCOOpaxX BO BpeMsl HAKOIUICHUSI
OCaIOYHBIX MTOCIIEOBATEIbHOCTE BEpXHETO JOKEM-
opus HOxxHoro Ypana 6pl1a HEBBICOKOA.

B nepeuncieHHBIX U OPYrUX IyOJIMKaLUsIX MbL B
OCHOBHOM OIlepupoBaiM 3HaueHnsIMU nHaekca CIA,
Torda KakKk B JIMTEpaType M3BECTHO 3HAYUTEIbHOE
YUCJIO JIPYIMX WHACKCOB/WMHIMKATOPOB MHTCHCUB-
HOCTH BBIBETPUBAHMS 1 NajieokanMara. Kak mpaBu-
JIO, OHM OTpaxKaloT U3dupaTesibHOE yaaJleHue U3 Kop
BBIBETPUBAHUS PACTBOPUMBIX/TIOABUIKHBIX JIEMEH-
TOB M OTHOCHUTEJIbHOE OOOoralieHre UX 3JIEMEHTaMUu
HeNOJABWXKHBIMM/HepacTBOpMMbIMU [Yang et al., 2004
U cCchlIKM TaM]. Haunbosee mmpoKo B IMOCJIEIHUE e~
CITWJIETHUS UISI MaJIeOKINMATUIECKUX PEKOHCTPYK-
Ui ucnoiab3ylorcss uHaekcel WIP [Parker, 1970],
CIA [Nesbitt, Young, 1982], CIW [Harnois, 1988],
PIA [Fedo et al., 1995], a takxxe — oLE u 0, E [Gaillar-
det et al., 1999; Garzanti et al., 2013]. OgHako Oyay4u
OCHOBaHHBLIMU Ha BaJJOBOM XMMHUYECKOM COCTaBE OT-
JIOXXEHUI, OHM OTPaxKaloT IIPEUMYIIECTBEHHO MHTE-
rpajbHYyI0 HCTOPUIO BBIBETPUBAHUS KOMILJIEKCOB
IMOPOJ, CIaralolnX KOHKPETHbIIA BOIOCOOp, a HE He-
IIOCPEICTBEHHO YCJIOBUSI BBIBETPMBAHUS BO BpEM:I
3PO3UH, TTIepeHOca U OCaXKICHUS OTIoXeHU [Shao,
Yang, 2012; Guo et al., 2018].

B ciaygasx KpynmHBIX BOIOCOOPOB, CIIOXKEHHBIX
pa3sHOOOpa3HBEIMU ITOPOAAMU-UCTOYHUKAMU TOHKOM
AJTIOMOCUJTMKOKJIACTUKU, TaXKe pPeYHbI€ OTIIOXEHUSI,
T.c. (pakTMUYECKM HaKaIUIMBalOLIMECs BHYTPU HUX,
MpeaCTaBIeHbl MPEUMYILIECTBEHHO MaTepUaioM, MM-
HEpPaJIbHBII U XUMUYECKUII COCTaB KOTOPOTO OTpa-
KaeT ImapaMeTpbl 1 COBPEMEHHOTO, Y IIPEAIIeCTBYIO-
IIETO BHIBETPMBAHMUS, a TakkKe AUareHeTUYECKOM
(B LIMPOKOM CMBEICJIE CJIOBA) MepepaboTKU OCAaIKOB
[Gaillardet et al., 1999; Viers et al., 2009; Dellinger
et al., 2014; Garzanti, Resentini, 2016; Guo et al.,
2018; Dinis et al., 2020 1 cchuiku TaMm|. BeraieHUTh
“prHANBHBIN” KINMAaTUIECKW CUTHA M3 TTOCJIEIO0-
BaTeJIbHOM MX LENOYKM — OIHA U3 Haubojee CIIOXK-
HBIX 3ama4d ocagouyHoit reoxumun [Cox et al., 1995;
Galillardet et al., 1999; Garzanti et al., 2013]. Boamoxk-
HBIE ITOAXObI K pEIIeHUIO Ha3BaHHOM IIPO0IeMbI Ha-
MeYeHbI B ITyOIMKauusax D. [ap3aHTH ¢ coaBTOpaMu,
HO OHH BCe ellle Hy>XKaaioTcsd B Bepudukanun. B Mmop-
CKUX XK€ 00CTaHOBKaxX KJIMMATUYECKWII CUTHAJT MO-
KET OBITh MMOTEPSTH JaKe B TOHKO3EPHUCTBIX OCaaKaX,
TaK Kak 3lIeCh pa3laejieHre MUHEPAJIOB TI0 pa3Mepy,
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MIPUBHOC AaJUIOXTOHHOIO MaTepHaja U3 obnacrteit
MHOTO KJIMMaTa, a TakKxKe ayTUTeHHOE MUHepaao00-
pa3oBaHME 3aMETHO MEHSIOT COCTaB IJIMHUCTHIX
ocankos [Dinis et al., 2020].

B Hacrosieit pabore mOpeanpuHSATa TMOIMBITKA
CYMMHUPOBATh TaHHBIC O PAa3INYHBIX MHICKCAX BBI-
BETPUBAHUS W PACCMOTPETh pe3yabTaThl PEKOH-
CTPYKUMU TTAJICOKINMATA, TToJydyaeMble ¢ TTOMOIIbIO
HEKOTOPBIX U3 HUX, Ha IIPUMEPE XOPOIIIO JIUTOJIOTH-
YeCKM M3YYEeHHOTO pa3pe3a BeHIa W HIDKHETO KeM-

6pus Iogonsckoro IlpuaHecTpoBbs! (BOJBIHCKAS,
MOTWJIEB-TIOAOJIbCKAsI, KAHUJIOBCKasi U OaJiTuiickasi
cepun).

MHIEKCbBI/MHANKATOPDBI
XUMHNYECKOI'O BIBETPUBAHHWA

B nyommxkammm [Duzgoren-Aydin et al., 2002]
npoaHanu3npoBaHo 6ojiee 30 (1 3TO ellle He Bce UX
KOJIMYECTBO) PAa3JIMYHBIX WHACKCOB XMMHYECKOTO
BBIBETPUBAHUS, 4 TAKXKE PACCMOTPEHO UX ITOBEICHUE
B paMKax Ipo@WIsi BRIBETpHUBaHUsI, c(hOpMUPOBaAH-
HOro B cyoTponukax (paitioH ['OHKOHTa) Ha KHUCIbIX
MUPOKIIACTUYECKUX Moponax. Huke MBI 4aCTUYHO
KCIIOJIb3yeM MOJyYeHHbIE Ha3BaHHBIMU CIEAAIM-
CTaMU BBIBOJBI, a TAKXKE MTPUBJIIEKaeM MHGOPMALIUIO
n3 pa6ot [Rocha Filho et al., 1985; Irfan, 1999; Price,
Velbel, 2003; Ban et al., 2017; Ceryan, 2018; Na-
dtonek, Bojakowska, 2018; Marques et al., 2020].
B ocHOBHOM MHAEKCHI IPEIJIOXEHBI IJIST UCCIeA0BA-
HUSI MPOLIECCOB BBIBETPUBAHUS IOPOI KMUCJIOTO U
(MJIK) CpeaHEro COCTaBa BO BJIAXKHBIX, XOPOILO Ape-
HUpYyeMbIX 06cTaHoBKax [Ruxton, 1968; Irfan, 1996].
JJ1st mopoa OCHOBHOTIO COCTaBa TaKMX MHAWKATOPOB
CYILIIECTBEHHO MeHbIle. HekoTophle MHAEKCHI, Ha-
npumep, nHaekc Ilapkepa [Parker, 1970], caurarorcs
MPUMEHUMBIMU [IJISI BCEX TTOpoJ. BONBIIMHCTBO UH-
JIEKCOB paCCYUTHLIBACTCS 110 MOJICKYISIPHBIM KOJIYE-
CTBaM OKCUIOB; TaM, TJe 3TO JIeJlacTcs UHaue, ganee
OTOBOPEHO 0c000.

“AOCOMIOTHBIE” MHIEKCHI BbIBeTpuBaHUs (“Abso-
lute” weathering indices: 1) (A, Cp/(ALC,,) — 100 =
= % notepp; 2) A;— A, Ci/C,,. 3necb Au C —mac. %
MOJBUXKHOTO M HEMOABUXHOTO KOMIIOHEHTOB, W —
BBIBETpEIbI oOpa3selr/marepuali, f — cBexkuii oopa-
3ell/MaTtepuran) NpemiokeHbl B myonukaiuu [Mer-
rill, 1906]. s pacyeTa MX HEOOXOIMMO 3HATH COCTaB
MaTepuHCKUX Topon [Ruxton, 1968]. Cuutaercs
[Reiche, 1943; Duzgoren-Aydin et al., 2002], 4o 1o-
JIOXKCHHBIE B OCHOBY Ha3BaHHBIX WHACKCOB TMpe-
CTaBJIeHUSI HEOOOCHOBAHHBI.

B pa6ore [Harrassowitz, 1926] mpemioxkeHa cepust
pa3IUYHBbIX UHIMKATOPOB BHIBETPUBAHUS — WHICK-
col SA, Kr, Ba, ba,, ba,, ba;, Bu 3. Muaekc SA (Silica
to Aluminium) umeer Buz SiO,/Al,O;. 1o npencras-

! MBI MCIIONIB3yeM 3TOT TEPMMH, TaK Kak OH LIMPOKO M3BECTEH
crielmaaicTam 1o MoHorpadwuu [ Benackas ..., 1985].
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nenussM [Ruxton, 1968], oH MOXKeT UCIIOIb30BATHCS
JIJIsSI TOPOJI, CPEIHETO COCTaBa B TYMUIHBIX OOCTaHOB-
kax. Hanpotus, aBropsl nyoaukanuu [Rocha Filho
et al., 1985] cuuTalOT BO3MOXHBIM IIPUMEHSTH €TO
MpU UCCJIEOBAHUM TTOPOJ OCHOBHOIO COCTaBa, a B
pab6otax [Irfan, 1996, 1999] npenmnosaraeTcsi, 9T0 3TO
XOPOIIUN MHAUKATOP XMMUYECKOTO BbIBETPUBAHUS
BYJIKAHMYECKMX MMOPOJl U TpaHUTOUAO0B. B TO Xe Bpe-
Ms1, Kak moka3aHo B pabore [Duzgoren-Aydin et al.,
2002], xoppemgunsg MeXny SA 1 CTeTIeHbIO BEIBETPH -
BaHUS KUCIBIX TY(OB B TYMUIHOM TNpodujie BEIBET-
puBaHus B ['oHKoHre 11oxas. Ilpu rMcronb3oBaHUU
nHAeKca SA cleayeT UMeTh B BUIY, UTO eTro “obpar-
Hast dopma” — Al,O;/SiO, B pedHBIX 0canKax 4acTo
UMeeT TMOJOXUTEbHYIO KOPPEJSILUI0 CO CPEIHUM
pa3MepoM 3epeH U gosieii rmuHucToi ppakuuu [Guo
et al., 2018]. C pocToM MHTEHCUBHOCTH BBIBETPUBA-
HUS BelWuyrMHa SA CHUXaeTCsd, HO HE JIMHEWHO
(puc. la). Mumexkc Kr (Sesquioxide ratio, SiO,/
(Al,O; + Fe,03)), mo MHeHMIO aBTOPOB padboThl [Ro-
cha Filho et al., 1985], noixxeH MpUMEHSTHCS MTPU
HUCCIEI0BAHNU 3PEJIbIX OCTATOYHBIX TTPOJYKTOB BbI-
BETPUBAHUS C BBICOKMM coiepkaHueM INUH. B my0-
Jukauuu [Duzgoren-Aydin et al., 2002] mokazaHo,
YTO KOoppessius Mexay Kr 1 cTereHblo BbIBETpHUBa-
HUS KUCIIBIX Ty(oB mioxas. Manekc Ba (Potassium—
Sodium—Calcium to Aluminium ratio) mMeeT BUI
(K,0 + Na,O + Ca0)/Al,O;. Ilpu uccirenoBaHuu
Mpouiisi BEIBETpUBaHMS Ha KUCBIX Tydax [oHKOH-
ra oTMeuYeHa Xopolllasi KOppeJsilus ero co CTeNEeHbIO
BBIBETpUBAHMs cyoOcTpara (cM. puc. 16). Ito ke xa-
pakTepHo 11 uHAekcoB ba, (Potassium—Sodium to
Aluminium ratio) — (K,0O + Na,0)/Al,O; u ba; (Po-
tassium—Sodium—Magnesium to Aluminium ratio) —
(K,O + Na,O + MgO)/Al,O; (cMm. puc. 1B). Uem
MEeHbllIe 3HaYeHUs1 yKa3aHHBbIX UHIEKCOB, TeM 0oJiee
BBIBETPEJIBIM SIBJISIETCSI UCCieyeMblid cyocTpaT. MH-
nekc ba, (Calcium—Magnesium to Aluminium ratio,
(CaO + MgO)/Al,0O3), HANPOTUB, UMEET CO CTEIIEHbIO
MMEeHEeHUs cyocTpara rioxyto Koppensiuto. Maaekc
B (Parent normalized ba ratio, I, sempensi/Iesesxuis TIE
I = (K,0 + Na,O + Ca0)/Al,0;), xapakTepusyercs
XOpolleil Koppessiueid co CTEMeHbIo M3MEHEHUs
BBEIBETpMBAHMEM MaTepWHCKUX Topon [Duzgoren-
Aydin et al., 2002]. Uuzgekc B (Lixiviation index, nH-
IEKC BblLIeNaunBaHus) UMEET BUL — Ly peroe i/ Lepesins
e I = (K,O + Na,0)/Al,0;. [To MHEeH1IO aBTOPOB
nyonukanun [Rocha Filho et al., 1985], naHHBI UH-
JIUKATOp 1IeJIecCOOOpa3HO MPUMEHSITh K OCTATOUYHBIM
MPOAYKTaM BbIBETpUBaHUS T'paHUTOUIOB. B paborax
[Irfan, 1996, 1999], HanpoTuB, 06OCHOBBLIBAETCS HE-
MPUTOIHOCTh MHIEKCA 3 WISt MCCIeIOBaHUST BBIBET-
pMBaHUS TPaHUTOB U MOYB. B TO ke Bpemsi, Mo AaH-
HbIM [ Duzgoren-Aydin et al., 2002], MeXX1y cTeIEHBIO
M3MEHEHMs KUCIBIX TY()OB U BeJIMIMHAMM 3 KOppe-
JISILMS XOpoliias.

T. ®ort [Vogt, 1927] npenyioxXui AJjist OLleHKU 3pe-
JocT! oTiHoXeHU OCTaTOUYHBIMN MHIEKC, TTOTYINB-
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Puc. 1. Bapuaiiuy 3HaueHuii psiia MHAEKCOB B KOPE XMMUYECKOTO BbIBETPUBAHUS (MOLIHOCTD ~ 10 M), 00pa3oBaHHO MO KUC-
JIBIM Ty(aM B oKpecTHOCTsIX [OHKOHTa, 1o naHHbIM [Duzgoren-Aydin et al., 2002] ¢ HEKOTOPBIMU U3MEHEHUSIMU.

I — neBwBIBeTpenblil/cBexuit MaTtepuar; I11 — ymepenno BeiBeTpenbliit matepuait; [1I—1V — 30Ha cJIbHO WJIM TIOJTHOCTBIO U3ME-
HEHHOTO IJ1arnokiasa; IV—Va — 30Ha CUIbHO WM MOJTHOCTHIO MU3MEHEHHbIX KaJIUEBBIX MOJIEBBIX 1TaToB; [V—V0 — 30Ha, roe
ouepTaHMs MEPBUYHBIX KOMITOHEHTOB BBISIBJISIIOTCSI G1aronapsi HepaBHOMEPHOM MPOMUTKE TMAPOKCUIIAMU Xese3a; V — 30Ha

C CYIIECTBCHHBIM KOJIMYECTBOM ITOJIYTOPHbLIX OKCHUIIOB.

muit mo3gHee ero ums (Vogt’s Residual Index, V =
= (Al,0; + K,0)/(MgO + CaO + Na,0)). IIpenno-
JIaraeTcsl, 4To coAepxKaHue KaJIvs IIpY BbIBETPUBAHUN
HeusMmeHHo [Haskins, 2006]. Beicokue 3HaYeHUS UH-
nekca Dorra yKa3blBalOT HAa CUJILHOE BBIBETPUBAHUE
1 HAa00OPOT.

B ny6nukanusax [Jenny, 1931, 1941] ucnionp3oBaH
psii MHOAMKATOPOB MPOLIECCOB BBHIBETPUBAHUS: MH-
nekcsl a, b, SF, Silica : R,03, a Takxke @akTop Bbllle-
nmaunBaHus (Leaching factor). Munekc “a” (Potassium
to Sodium ratio, K,0/Na,0), no MmHeHuto [Ruxton,
1968], He oTpakaeT MPOUCXOISIINX ITPY BIBETPHUBA-
HUU U3MeHeHuli. Ha 1mioxyio Koppensiuio BeIndn-

HBI MHIEKCa “a” M cTeneHM M3MEHEeHUs cyOcTpara

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

YKa3bIBaIOT 1 aBTOPHI ITyommkanum [ Duzgoren-Aydin
et al., 2002]. Mugekc “b” (Aluminium to Iron ratio,
Al,O,/Fe,05) Kak 1 UHAEKC “a”, MI0X0 COOTHOCUTCS
CO CTEIEeHbIO MPeodpa3oBaHUs MpolieccaMUu BbIBET-
puBaHUs KUCIBIX Ty(oB ['oHKoHTa [ Duzgoren-Aydin
et al., 2002] (cM. puc. Ir, 1). DTO XapaKTepHO TaKXke
s unaekcoB SF (Silica to Iron ratio, SiO,/Fe,05) u
Silica : R,05 — Si0,/(Al,0; + Fe,0; + Ti0O,). ®akTop
BbILICTAYMBAHUS — IBbIBCTpCHbIﬁ/ICBC)KPlﬁﬂ roe I= (K2O +
+ Na,0)/Si0,, cuuTaeTcsi XOpOIIO OTpaxKaroluM
BJIMSIHWE BbIBETPUBAHUS Ha cyOCTpaT JIloOOi NMpupo-
1wl [Birkeland, 1984; Duzgoren-Aydin et al., 2002].

B pa6ote [Reiche, 1943] npennoxensl [ToTeH1M-
aJIbHBINM MHAeKC BbiBeTpuBaHus (Weathering poten-
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tial index, WPI, 100*(K,O + Na,O + CaO — H,0%)/
(SiO, + ALO; + Fe,05 + TiO, + CaO + MgO +
+ Na,0 + K,0)) u Unaekc npoayktuBHoctu (Pro-
duct index, PI, 100*SiO,/(SiO, + TiO, + Fe,0; +
+ FeO + AlL,0;)). Ilo mHenuto [Irfan, 1996, 1999],
00a MHIeKCca — XOpOolIre MHANKATOPbl XUMHUUECKOTO
BBIBETPUBAHUS BYJKAaHUYECKMX MOPOA U I'PAaHUTOB.
Hampotus, mo naHHbIM [Duzgoren-Aydin et al.,
2002], mexny BenumumHamMu WPI u Pl u creneHbio
Mpeo0pa3oBaHUsl KMCJbIX BYJKaHUYECKUX Ty(hoB
HaOroaeTcs miaoxast KoppeJsinus (cM. puc. le, X).

B ny6aukanum [Short, 1961] Ha ocHOBe MHAEKCA
WPI BBenen Mnnekc BeiBeTpuBanus (Weathering in-
dex, WI), paccuutbiBaeMblii 10 popmyae Ly, erme i/
Lepesani TOE I = (K,O + Na,O + CaO — H,0")/(SiO, +
+ AL O; + Fe,0; + TiO, + CaO + MgO + Na,O +
+ K,0). [Iy1s1 MHTEHCUBHO BBIBETPEJIbIX 00pa30BaHUI
3HageHus WI coctasirstioT ot 0.00 mo 0.20, mis ciabo
BeiBeTpenblx — 0.80—1.00. Kak yka3sIBaloT aBTOPHI
o0630pa [Duzgoren-Aydin et al., 2002] mexxay WI n
CTETIEHbIO TIPeobpa3zoBaHUS KUCTBIX Ty(HOB [OHKOH-
ra KoppeJsiius rioxas.

HMunexc Al/Si nnu Al,0,/Si0,, Kak Hekass Mepa
IJIMHUCTOCTHU, TIPeAIoXKeH B Imyonukauuu [Ruxton,
1968]. INosoHee oH Tomy4ymT HazBaHue Koaddumm-
eHT Pakcrona (R) [Chittleborough, 1991]. I1o MHe-
HHMIO €ro aBTOpa, MHIeKC R jydllle Bcero momxomuT
JUIST ICCIIeMOBaHMS IIpod el BRIBETPUBAHUS Ha Ol -
HOPOIHBIX MOPOMaxX KHCJIOr0 M CPEeIHEro COCTaBa.
OKcuU aTIOMUHUS CUMTAECTCS MPU 3TOM HETTOIBUK-
HbIM. B 1ieiom, BenmunHa R xopoiiio koppeaupyer
Cc TIoTepeii oOImero KojmdecTBa 3jeMeHTOB [Price,
Velbel, 2003]. DTOT MHIEKC IIMPOKO MPUMEHSIETCS
B paboTax pa3HBIX UCClIeAoBaTencii (CM., HalIpuMep,
[Retallack et al., 2000; Prochnow et al., 2006; Hamer
et al., 2007; Sheldon, Tabor, 2009]), omHako ero uc-
MOIb30BaHME UMeET psil orpaHnyeHuii. OmHa U3 oc-
HOBHBIX ITPOOJIEM TIPU MCITOIB30BAHNM KO3 HUIIN-
eHTa R coctouT B TOM, YTO 4acTO TPYAHO OLIEHUTH
JM00aBKy K 0cajJKaM 30JI0BOro kpemHesema [Sheldon,
Tabor, 2009].

HNunexc IMapkepa (Parker’s Index, PI), wiu UH-
nexkc BeiBeTpuBaHus Ilapkepa (Weathering index of
Parker, WIP = 100 X (Na/0.35 + Mg/0.9 + K/0.25 +
+ Ca/0.7)), mpennoxeH B pabore [Parker, 1970].
B HeM wucnonb3yeTcsl COOTHOLIEHME IIEJIOYHBIX U
IIEI0YHO3EMEIbHBIX METAJUIOB (HATpusl, Kajus,
MarHus ¥ Kajabliysi) — HanboJiee MOABMKHBIX U3 OC-
HOBHBIX MOPOA0OOPA3yIOIIUX KOMITOHEHTOB. Ilpu
npuMeHeHUn nHaekca Ilapkepa oTmagaer HeoOXo-
JIMMOCTD IIPEANojaraTb, YTO OKCHI aJTIOMUHUS SIBJIsI-
€TCsl HeTTOABUKHBIM/HEMOOMJIbHBIM. OH TakXKe y4u-
ThIBaeT MHANBUAYAJILHYIO ITIOABUKHOCTD SJIEMEHTOB
HCXO/ISI M3 TIPOYHOCTH MX CBSI3U C KUCIopoaoM. Cum-
TaeTcs, yTo nHaekc WIP MoxkeT ncnoib3oBaTbesi IpU
HCCJIENOBAaHUM IIPOLICCCOB BHIBETPUBAHMS BCEX TU-
OB MarMaTudeckux rmopod. OgHakKo ero IpuMeHe-
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HUE K TAaKUM 00pa30oBaHMIM KaK ocagodHble (heppu-
KpeTbl U OOKCUTHI Bpsia Ju OydeT ycreumrHbiM [Es-
waran et al., 1973; Price, Velbel, 2003]. Tak kak B
dopmyne WIP mprcyTcTBYIOT MCKITIOUUTENBHO I10-
JIBUXKHBIC 3JIEMEHTBI, TO €r0 3HAYE€HUSI MOTYT CUJILHO
OTJIMYATBLCS OT TeX, YTO CBOMCTBEHHBI MaTEPUHCKOM
nopoae. B 1ienom mHaekc BeiBeTpuBaHus Ilapkepa
paccMaTpMBaeTCss MHOTMMM CHEelUaIuCcTaMu Kak
HamnboJiee IIPUEeMJIEMbIIA MHCTPYMEHT Ui M3Y4eHUS
IIPOLIECCOB BBIBETPUBAHMS METAOCAMOYHBIX ITOPOI
[Price, Velbel, 2003]. ITo manaeiM [Duzgoren-Aydin
et al., 2002], Mexny CTereHbI0 U3MEHEHMST KUCIbIX
TydoB 'onkonra m manekcoM Ilapkepa HabmODAET-
cs1 xopoluast Koppessaius (cM. puc. 13). Kak mokasa-
Ho B paborte [Garzanti et al., 2013], Ha Bennuuny WIP
BJIUSIET pa3daBlieHUWE KBaplLeM. DTO BeIeT K Iepe-
OlLIEHKE CTENeHM BBIBETPMBaHMsI OOraThiX KBapleM
OTJIOXKEHUM.

AOCOJIIOTHBINF MHAEKC BbIBeTpUBaHUsl (Absolute
weathering index) BIiepBbIe UCIIOJIb30BaH B MyOIMKa-
uu [Nesbitt, 1979] npu aHanu3e NPoOLECCOB MUTpa-
UM PEIKO3eMEJIbHBIX 3JIEMECHTOB IIPU BLIBETPUBA-
HUM OEBOHCKMX TIPAaHOIMOPHUTOB IOTO-BOCTOYHOI
ABctpaimmu. “IIpoueHt usmeHenus” (% change) pac-
CUUTBIBAETCSI Ha OCHOBE Mac. % 110 opMyJie ((X06pa3eu/
loﬁpaseu)/(xmaTeanCKaﬂ nopoua/lmaTepMHCKaﬂ nopoua) - 1) X 100,
rme X — mo0oit aneMeHT, a I — ajieMeHT, paccMaTpu-
BalOIIMICS KaK HeMOOWIbHBIN, HarmpuMep, Ti [Nes-
bitt, Young, 1982].

b. Kponbepr u I. Hecourr [Kronberg, Nesbitt,
1981] mpem1oXuIm MpUMEHSTD IJISI OLIEHKU CTEIIEHU
BbIBETpUBaHUs nuarpammy (SiO, + CaO + Na,O +
+ K,0)/(Al,0; + SiO, + Na,0 + K,0)—(CaO +
+ Na,O + K,0)/(AL,0; + CaO + Na,O + K,0).
Bemmunna (CaO + Na,O + K,0)/(Al,0; + CaO +
+ Na,O + K,0) oTpaxaeT M3MEHEHUE TMOJEBBIX
LINAaTOB, COMPOBOXAAIOIIEeCs TTOSIBJIECHUEM WIUTA,
CMEKTUTAa M IOPYTUX DIMHUCTBIX MWUHEPAIOB, TOrIa
Kak 3HayeHue oTtHouieHus (Si0, + CaO + Na,O +
+ K,0)/(Al,0; + SiO, + CaO + Na,O + K,0) B oc-
HOBHOM KOHTPOJMPYETCS COmepsKaHUEeM “OCTaTod-
HBIX” oKcnaoB Al 11 Si, BXOOSIIIMX B cCOCTaB TMOOCHTA
wnu kBapua. OtHomeHue (CaO + Na,O + K,0)/
(AL,O; + CaO + Na,O + K,0) psaom uccienoBate-
Jeii (cM., Harpumep, [ MuHIOK 1 ap., 2012]) paccmar-
pUBaeTCs KaK WHAEKC BEIBETpUBaHMS B.

Xumnueckuit nunaekc uaMeHeHus: (Chemical in-
dex of alteration, CIA = 100 X Al,O;/(Al,O5 + CaO* +
+ Na,O + K,0)) npenioxeH B mybaukaimu [ Nesbitt,
Young, 1982] (CaO* — 3gech OKCUI KaJIbLIMUS, COIEP-
>KallMics B CWJIMKATHOU dpakiu nmopoasl. B ciy-
yae OTCYTCTBUSI JaHHBIX O COAEpPXXaHUU B UCCIIEaye-
Mbix nmopoaax CO,, mormpaBka Ha KapOoHaTHbIi Ca
JleJIaeTCs B COOTBETCTBUY C TIPEATOJIOXKEHUEM O TOM,
4yTO MoJieKyJisipHoe oTHoleHue CaO/Na,O B cunu-
KaTHOM MaTepuajie, He coJepKallleM KapOOHaTOB, He
npesbimiaeTr 1 [McLennan, 1993]). MUuaoekc naeT Ko-
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JIMYECTBEHHYIO OLICHKY CTEIIEHU BHIBETPUBAHMS Ka-
JINEBBIX MOJIEBBIX IIMATOB U MJIAarioKJIa30B, COOTHO-
Cs HaKaIUIMBaIOIIMiiCI B OCTAaTOYHBIX ITPOIYKTaX
BBIBETpUBaHMI Al C KOJIMYECTBOM YyIAISIEMBIX W3
npocduneii BeiBeTpuBanus Na, Ca n K. 3HaueHus
CIA ot 45 10 55 yka3bIBaloT Ha MPaKTUYECKU MOJTHOE
OTCYTCTBME BBIBETPMBAHMS, TOrIa Kak 3HauyeHne 100 —
pe3yabTaT UHTEHCUBHOTO BBIBETPUBAHUSI C MOIHBIM
yaaJeHUEM IEJOYHBIX U INEJIOYHO3EMEIbHEIX 3JI¢-
MeHTOB [McLennan, 1993; Sheldon, Tabor, 2009; Li,
Yang, 2010] (cMm. puc. 1u). OgHako, KaK MoKa3aHO B
nccienoBanuu [Price, Velbel, 2003], He ucrnbITaBIINE
BJIMSIHUSI TIPOILIECCOB BBHIBETPUBAHMS BBICOKOMETA-
Mopdu3oBaHHBIE MOPOABI IOKHBIX AMiajgadyeit mMme-
10T 3HaueHust CIA ~65—88, 1, COOTBETCTBEHHO, IPO-
IYKTBI MX 3PO3UH OYIyT XapaKTe pU30BaThCSI BHLICOKM -
mu BeanunHamu CIA gaxe 06e3 HOIIOJHUTEIbHOTO
XMMHMYECKOIO BBIBETPUBAHMS Ha MYTSIX TpPaH3UTA.
MHOrokpaTHo IE€peOTI0KEHHBIE,/PEINKINPOBAH-
Hble 00pa3oBaHug MOTryT MMeTh 3HayeHus1t CIA 60—70;
BBIBETpUBAHME BEJIET K ellle 00j1ee BBICOKMM BEINYM-
HaM JaHHOIrO MHaekca. Bkyme ¢ mmarpammoit A—
CN—K wunaekc CIA maeT BO3MOXHOCTb OLIEHUTH
TPEHALl BBIBETPUBAHUS PAa3IMUYHBIX MUHEPAJIOB U
ropHsbix 1mopon [Nesbitt, Young, 1984; Nesbitt, 1992;
Babechuk et al., 2014]. YkazanHag nuarpamma Io3-
BOJISIET YCTAaHOBUTh HakorieHne K B mpoduisix BbI-
BeTpUBaHMsI, a Takxke mobasieHne K B pesynbraTe
MeTacoMaTo3a U rpeaMeTaMopdudecKux TpaHcdop-
manuii [Fedo et al., 1995]. Munexkc CIA mupoko uc-
MOJIB3YETCs I OLEHKM XMMHUYECKOTO BHIBETPpHBA-
HUS TIOpOHd, Pas3jIMYHBIX BOHOCOOPHBIX 0OacceiiHOB
[McLennan, 1993; Kalm et al., 1996; Ehrmann, 1998;
Hong et al., 2007; Liu et al., 2014; Hessler et al., 2017;
Dinis et al., 2020 u op.]. B To ke Bpemsi, oH HeahDeK-
TUBEH IPU OLICHKE M3MCHEHMI Ha MO3MHUX CTAIUIX
BBIBETPMBAHMSI, TaK KaK BO BpeMs JIaTepUTU3ALUN
JIOMUHHUPYET BBIHOC KpeMHe3eMa, a B ¢popmyse CIA
SiO, otcyrcTByeT [Babechuk et al., 2014]. BnusiHue
Mopon-UCTOYHUKOB cHoca Ha CIA MOXHO OLIEHUTh
0 KOppesluu ero ¢ oTtHomeHusMu Sc/Th wnm
Ti/Al, LIMPOKO MCIIOAB3yeMbIMU 151 YCTAHOBJICHUS
cocTaBa ITOpoH mNHTalomuMX IpoBuHuMil [Taylor,
McLennan, 1985; Passchier, Erukanure, 2010;
Chetelat et al., 2013; Guo et al., 2018]. Iast MUHUMU -
3a1uu BaustHUS Ha BelmunHy CIA rpanyiiomeTpude-
CKOTO COCTaBa II0po, IIPU €€ pacyeTe YaCTO UCIOJIb-
3YIOTCSI TOJILKO TaHHbIE O BAJIOBOM XMMUYECKOM CO-
CTaBe€ TOHKO3EPHUCTHIX OOJIOMOYHBIX/TIIMHUCTHIX
MOPOI.

Hupneke “Bases : alumina ratio” = (K,0 + Na,O +
+ CaO + Mg0O)/Al,O; npemioxeH B ctatbe [ Colman,
1982] o1t ncciienoBaHUSI OCHOBHBIX U YIBTPAOCHOB-
HbIX nopon. I[Ipu uccaenoBaHUM MeTacOMaTUYECKU
M3MEHEHHBIX I1aJICOII0UB MJIM OTJIOKEHW OH IMOTEeH-
UAJILHO TTOIBEPKEH TEM Ke rpoobieMam, uto n CIA.
OnHako eciy MPU3HAKOB TaKUX U3MEHEHU HeT, TO
CUMTAETCSI, YTO MAaHHBIA MHOEKC MOXET HCIIOIb30-
BaThces ycrenrHo [Sheldon, Tabor, 2009]. C. Konma-
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HOM mpemioxeH u uHaekc “Bases : R,0; ratio” =
= (K,0 + Na,O + CaO + Mg0O)/(Al,05 + Fe,O0; +
+ Ti0O,). B pabdote [Duzgoren-Aydin et al., 2002]
IMOKa3aHOo, YTO MEXKIY CTEIICHbIO U3MEHEHUS KMCITBIX
Ty OB 1 0600MMU MHIEKCAMU CYIIECTBYET JOCTATOU-
HO Xopoliiasi Koppeysiuus (cMm. puc. 1k, J1).

B pa6ote [Rocha Filho et al., 1985] onucan uH-
ﬂeKC K (IBbIBCTpeﬂblﬁ MaTCpHaﬂ/XHCI/ISMSHeHHbII‘;I Marepuai> rﬂe I =
= Si0,/Al,05, X = (K,0 + Na,O + Ca0)/Al,0,)).
B aT0if e myOGiImKanuy KaK WHIEKC BEIBETPUBAHUS
(uHaekc b;) ucrnonb3zoBaHo oTHoiieHue Al,O;/TiO,.
ABtopamu mccienoBaHust [Duzgoren-Aydin et al.,
2002] ycTaHOBJIEHO, YTO MEXIY CTeNIEHbID U3MEHEe-
HUs BBIBETPUBAaHUEM KUCIBIX TY()oB [OHKOHTa 1 MH-
nekcamu K u b, Koppensinus rioxas.

Hunexc LOI (= H,0 (xak H,0", tak u H,0™,
Mac. %)) BepBbIe BBeZieH B 000poT B paboTe [Sueoka
et al., 1985]. ITo mepe ycuieHus: BbIBETpUBaHUS Be-
mmaunHa LOI yBemmumBaercd. B myommkanmsax [Irfan,
1996, 1999] oT™MeueHO, YTO JAaHHBI MapaMeTp XOPO-
1110 OTpaxkaeT CTeleHb U3MEHEHUSI TIpollecCaMU Bbl-
BETpUBaHUS rpaHUTOUAOB. [IprMEeHEHHEe ero K aHa-
JIU3y TTpo Uit BEIBETPUBAHMUS MO KUCJIBIM BYJIKaHM-
YyeCcKMM Tydam Mnokasajo, YTO MeXAYy CTeIeHbIO
n3MeHeHUsT nociaegHnx n naaekcoM LOI xoppens-
1s1 BecbMa rioxasi [ Duzgoren-Aydin et al., 2002].

I[To muenmio aBropa pab6otel [Harnois, 1988],
B hOpMyJlaX MHIEKCOB BBIBETPUBAHMUSI HE CJIEIYET
HMCHoIb30BaTh K, Tak Kak IMoBeeHUE ero IIPU BBIBET-
PUBaHUU PAa3HOI CUJIBI Pa3IUIHO: €CJIM BHIBETPUBA-
HUe cJiaboe, 3TOT BJIEMEHT HaKarIMBaeTCsI B OCTa-
TOUHBIX MIPOAYKTaxX, IIpu 0oJiee MHTEHCUBHOM BBI-
BEeTPUMBAHUM Kaauii BemeT cebs KaK MOOWJIBHBINA
KOMIIOHEHT. B cBsi3u co ckazanHbIM JI. ApHya [Har-
nois, 1988] nmpemnoxuna UCNoab30BaTh XUMUUECKUI
nHaekc BeiBeTpuBaHus (Chemical index of weathe-
ring, CIW = 100 x Al,05/(Al,O; + Na,O + CaO0)).
Cuunraetcs, uTo, Kak 1 nHaekc CIA, Ha3BaHHBIN MO~
Ka3aTeJIb SBJISIETCS MHIMKATOPOM IIPOLIECCOB IIPe00-
pa3oBaHMs TIOJIEBBIX INITATOB B TIIMHBI [Nesbitt,
Young, 1989; Fedo et al., 1995; Maynard et al., 1995].
I1o maHHBIM, TIpUBEeNEeHHBIM B ITyOaukaiusx [Irfan,
1996, 1999], ungekc CIW He maeT XOpOIIUX Pe3yiib-
TaTOB IIPU UCCJIEIOBAaHUY IIPOLIECCOB BHIBETPUBAHUS
rpaHuTouaoB. ABTOpHI paboThl [Duzgoren-Aydin
et al., 2002] cauTaloT, 4YTO OH HE OTpaXKaeT U CTEICHb
M3MEHEHUS KMCIIBIX TY(POB (cM. puc. 1m).

st TeppureHHbIx nopos (IIMHUCTBIX CJIaHIIEB,
aJIeBpOJIMTOB U MECYaHUKOB) C BBICOKMM COAepKa-
HUeM KapOoHara Kanbnus B padote [Cullers, 2000]
MPEMIOXKEH HECKOJIILKO MOAU(UIIMPOBAHHBIN XUMU-
yeckuii nHaekc BeiBeTpuBaHus (CIW’), B popmyie
koToporo orcyrctByeT CaQO. Psin aBTOpoB cuuTaer,
YTO JAHHBI MHAMKATOD SIBJsSETCS Haubosiee Mmoaxo-
JSIIIUM JIJTST OLIEHKY CTETeHU BBIBETPUBAHUS JIECCOB
[Buggle et al., 2011]. YToOBI n36eXaTh ITyTaHUILEL C
nHaekcom CIW [Harnois, 1988] HOBBIit HHOEKC OBLIO
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MPEIIOKEHO WMEHOBATh XUMWUYECKUIT WHIWKATOP
n3meHenuss (Chemical Proxy of Alteration, CPA).
Pacuet CPA Benetcs o opmysie 100 X Al,O5/(ALO; +
+ Na,0). BaxxHo mom4epKHyTh, 9TO, TaK KaK B Hei
HET TaKOro KOMIoOHeHTa, Kak CaO*, To naHHBIN NH-
JIeKC CBOOOJIEH OT HEeONpeaeIeHHOCTEM, CB3aHHBIX
¢ ero BeruucieHueM [Buggle et al., 2011]. Kpome To-
ro, B ero popmyse HeT U K,O, moBeaeHre KOTOPOro B
najeornpoduiisix BBIBETPMBAHUSI, KaK Mbl BUIEIU
BBbIllIE, B 3HAYUTEILHOI CTeNIeHU BapbUpyeT.

Xumunyeckuii uHaekc BbiBeTpuBaHus (Chemical
weathering index, CWI = 100 x (Al,O; + Fe,O; + TiO, +
+ LOI)/Bce xumuyeckrue KOMIIOHEHTHI)). BriepBbie
omnucaH B padote [Sueoka, 1988]. [To MHEeHHIO aBTO-
pa, OH XOPOIIIO KOPPEIUPYyeT ¢ GU3NISCCKUMU CBOM-
CTBaMM TTOIBEPTaIOIINXCS BEHIBETPUBAHUIO TPAHUTOB
W MOXeT OBITh VICIOJIb30BaH B Pa3HBIX KIIMMaTHYe-
CKHX YCIIOBUSX — OT YMEPEHHBIX MO TPOIMMYECKHX.
Omnako B ucciaemoBanuu [Duzgoren-Aydin et al.,
2002] ykazaHo Ha 1uioxyto koppessuuto CWI u cre-
TICHW BHIBETPUBAHUS KUCIBIX Ty(GoB [OHKOHTA.

I[Ipy pacueTre MHOIMX HHIOEKCOB XMMWUYECKOTO
BBIBETPUBAHMs TIpennoJjaraercs, uyro Al sBiasgercs
HEMOJIBWXKHBIM 37ieMeHTOM. OIHAKO 4acTo BhIHOC Al
BCE K€ MPOUCXOMAUT (BHU3 MO IIPOMUIIIO BEIBETPU-
BaHMSI) BMECTE C YacTHIIaMM CYOMMKpPOHHOI pa3-
MmepHocTu [Chittleborough, 1991]. Mcnons3oBaHue
OOBIYHBIX MHIEKCOB BHIBETPUMBAHMS B TAKUX CUTya-
LIMSIX BEIET K OLIMOOYHOMY BBIBOAY O TOM, UTO TOPHU-
30HTHI A SIBJISIIOTCSI MEHEE BBIBETPEJIBIMU, YEM TOPU-
30HTHI B. ABTOpOM yKa3aHHO ITyOJIMKALIUY IIPEIJIO-
XeH wuHaekc BoiBeTpuBaHus (Weathering Ratio,
WR = [(CaO + MgO + Na,0)/Zr0,], tne ZrO, — Ko-
JIMYECTBO OKCHUIA IIUPKOHUS B LIUPKOHE), OCHOBAH-
HBII HAa YCTOMYMBBIX TSKENBIX MIHEpajiax Bo ppak-
muu 20—90 mxM. IIpenMylIecTBO €ro COCTOUT B
oTcyTcTBUH B (popmyie Al u Si, omHAKO, B 1IEJIOM aJI-
TOPUTM pacueTa JaHHOIO MHAWKATOPa — CJIOXHBIM.

B ny6naukanuu [Maynard, 1992] nis onucaHus
IIPOLIECCOB BhIBETpUBaHUSI Mg-coaepxKalliX MUHE-
payioB BBeleH Mg-uHaekc, nmenmuii Bug — 100 X
x Al,0;/(Al,05 + MgO). ABTOp yKa3bIBaeT, YTO UH-
nekc CIA ¢ ycriexoM MoXeT ITPUMEHSIThCSI KaK MHIY -
KaTOp CTeIleHM IIpeoOpa3oBaHUS IIOPOI, TOIBKO
€CJIM BBIBETPMBAHUE HOCUT YMEPEHHBIN XapakTep.
TaK)Ke IIpU1 NCCJIEA0OBAHUUM KOP BBIBETPUBAHUA 4aCTO
MOXHO BUAETH SIBHO ITOBBIIIEHHBIE KOHIEHTpAI[UN
K,0, 4T0, CKOpee Bcero BBI3BAHO IIPOIECCAMU THa-
reHesa M LHUPKYJIUPYIOIIUMU B TIPUIIOBEPXHOCTHBIX
obcraHoBKax pmonmamu [ Nesbitt, Young 1989; Duf-
fin et al., 1989]. CnemoBatennsHo, BMecTo CIA cieny-
et ucnonb3oBath CIA 6e3 K,O (3TOT MHAMKATOP
ob6o3HaveH [Ix. MeitHapaoMm kak “CIA-K”). Ilpu
HUCCIeA0BAaHUY COBPEeMEHHBIX ITouB 3HaueHus1 CIA-K
MMEIOT ITOJIOXKUTEIbHYI0 Koppensaunio ¢c CIA. Mg-nH-
JIeKC He o0JiamaeT TaKoil Koppeasilueii B ciaydyae KHUc-
JIBIX TTOPOJ; JUTSE OCHOBHBLIX TTopoa MexXay HUM u CIA —
KOPPEISLMS ITOJI0XKUTEIbHAS.
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HMunexc STI (Silica-Titania Index, 100 % (SiO,/TiO,)/
[(Si0,/TiO,) + (Si0,/Al,05) + (ALLO3/TiO,)]) mpexn-
JIoxeH B pabore [De Jayawardena, Izawa, 1994] Ha
OCHOBE JaHHEKIX, II0OJIyYeHHBIX B pe3yJIbTaTe UCCACI0-
BaHMsS IIPOLIECCOB BBIBETPUMBAHMUS MeTamMopduye-
ckux nopop Ha [IIpu-Jlanke, mpoucxomsimux B 00-
CTAaHOBKaxX TPOIMYECKOTO KimMmara (MHIOEKC HC-
MOJIb30BaH MJISI KOPPEJSIIUY CTEIIEHU XMUMUYECKOTO
BBIBETPUBAHMUS METaMOP(PUIECKUX IIOPOJA B TPOIIU-
KaX ¢ UX MHXXeHEePHBIMU cBolicTBaMu). C pOCTOM MH-
TEHCUBHOCTH BbhIBeTpuUBaHMS 3HaueHUs ST1 cHmka-
1orcs. Tak, HeM3MeHeHHbIe TpaHaT-CUJUIMMaHUTOBbIC
rHeiicel mMeroT 3HaueHust STI ~84, a ocTraToyHBIE
NPOAYKThl BBIBETpUBaHUSI mo HUM — 64—70 [De
Jayawardena, Izawa, 1994]. Ha Illpu-Jlanke 3Haye-
Hust STI xopo11o KoppeaupyroT ¢ BeIUINHAMYA WH-
nekca Pakcrona [Price, Velbel, 2003].

Mcxons us Toro, yto npu pacuere nHgekca CIW
MOXKET He YYUTHIBAThCS Al, MPUCYTCTBYIOIINIA B Ka-
JIMEBOM ITOJIEBOM IITIATe, aBTOPHI myouKannu [ Fedo
et al., 1995] nmocunuTan BO3MOXHBIM 3aMEHUTb €ro
[ImarnokiazoBeiM  uHAeKCOM u3MeHeHus (Pla-
gioclase Index of Alteration, PIA = 100 x (Al,O; —
— K,0)/(Al,0; + CaO* + Na,O — K,0)). Bosee BbI-
cokue 3HadeHUs PIA ykaspiBaroT Ha 0oJjiee CUJIBHOE
XMMHUYECKOE BEIBETPUBAHUE.

B 1995 r. B nybonukauum [Cox et al., 1995] nnsa
OLICHKM CTEIIEHU 3PEJIOCTH ITOCTYyIAaIoIIeii B 00J1aCTh
CeMMMEHTALIMM TOHKOl  aIIOMOCHJIMKOKIACTUKU
npemioxedH MHmekc nsmeHeHus cocraBa (Index of
Chemical Variation, ICV = (Fe,0; + K,0 + Na,O +
+ CaO + MgO + TiO,)/Al,05). PaccuntbeiBaeTcs no
Mac. % oxcumoB. Hespesble INIMHUCTBIE TTOPOIBI C
BBICOKMM COAECPXKaHUEM HENIMHUCTBIX CUJIMKATHBIX
MUHEPAJIOB WM CMEKTUTA U CepUIINTa, MMEIOT 3Ha-
yeHus ICV > 1; Takue mopoabl XapaKTEepHBI IS TEK-
TOHUYECKU aKTUBHBIX OOCTAHOBOK U OTJIOXCHMIA
IIEPBOTo CeAMMEHTAllMOHHOIO 1IMKJa. bojee 3pebie
IIMHUCTBIE TTOPOABI C OOIBIINM KOJIMYECTBOM COO-
CTBEHHO INIMHUCTBIX MUHEPAJIOB WY MMOPOJLI C Mpe-
o0JlagaHEM MUHEPAJIOB IPYIIEI KAOJMHUTA, XapaK-
tepusyiorcd BeamunHaMu ICV < 1. OHn mpucyTCTBY-
10T B pa3pe3ax 0CaJouyHbIX TOJIII, HAaKATLIMBaBIIUXCSI
B CIIOKOMHBLIX (IJIaT(OPMEHHBIX) TEKTOHMYECKMX
00CTaHOBKaX MpU aKTUBHOM PEHIUKINPOBAHUY KJla-
ctuku [Weaver, 1989], Ho MoryT chopMrpoBaThCs U TIpU
MHTCHCUBHOM XMMMYECKOM BEIBETPMBAHUU IIETPO-
reHHoro marepuaina [Barshad, 1966].

HNunexkc mMobunbHocTH (Mobiles index, I,
= (MObCBC)Kaﬂ nopoaa - MObBbIBeTPCJ'[a}I l'lOpOﬂa)/MObCBC)Kaﬂ nopona’
rae Mob = (K,0 + Na,O + Ca0)) nucrnoiab30BaH s
XapaKTePUCTUKHU IIPOLIECCOB IIPeoOpa3oBaHusI TI0JIE-
BOIITAT-COAEPXKAIIUX M3BEPXKEHHBIX MOPOJ, HAXO-
ISIIIAXCS B YCIOBUSIX XOPOIIEro ApeHupoBaHus [Ir-
fan, 1996]. JlaHHBIIA MHOEKC HE clieayeT NPUMEHSTh
MpU MCCACIOBAaHUM BBIBETPUMBAHUSI OCHOBHBIX U
YIBTPAOCHOBHBIX ITIOPOM WJIN IJISI aHa/lIM3a IIpoliec-
COB BBIBETPUBAHUS, MPUBOASIINX K 0Opa30BaHUIO
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cMeKkTUuTa U BepMukyiauTa [Irfan, 1999]. Mexny Be-
JIMYUHON I, M CTENeHbIO BBIBETPUBAHMS KUCIBIX
TydoB aBTOpbI paboThl [ Duzgoren-Aydin et al., 2002]
YCTAaHOBUWJIM JOCTATOYHO XOPOIIYIO KOPPEISLUIO.

HMHaekc creneHW XUMHUYECKOTO BbIBETPUBAHUS
(Chemical weathering degree index, CWD = 100 X
x (W, — Wp/(W, —W))), 3necb W,, — cBsI3aHHas1 BoJa
(combined water) B BBIBETpEJIbIX ITOpoax, Wy — TO Xke
B CBeXUX nopoaax, W, — cBsi3aHHasi BOAa B KOHEU-
HBIX ITPOAYKTaX BeIBeTprBaHus. [1pemioxeH B pabo-
te [Esaki, Jiang, 1999]. PaccuutsiBaercst mo mac. %
OKCUIOB.

Astopsl nyosmkaiuu [Gaillardet et al., 1999] BBe-
JIM TIOHSITUE WHAEKCHI BhiBeTpuBaHus (E) mjist mo-
IBIKHEIX 2jieMeHToB (E). OHM paccuuThIBalOTCS Ha
OCHOBE CpaBHEHMUSI KOHIIEHTPAlIMi1 MOABVXKHBIX 3J1€-
MEHTOB C KOHIIEHTpalreil HEeMOOMIBHOTO 3JIEMEHTa
C aHAJIOTUYHBIMM CBOMICTBaMHU B 00pas1ie U B BEpXHEM
koHTHHEeHTaIbHOI Kope (UCC). Tak, Hanpumep, IS
Mg MHICKC (XMg = [Al/Mg]OGpaseH/[Al/Mg] uccs B Ka-
YyecTBE HEMOOMJIBHOIO 3JIEMEHTa 31IeCh BBICTYIIACT
Al. Kpome Al K urciay HeMOOMIILHBIX OTHEeCEeHHI Ti,
Th, Sm n Nd, nostomy nHaekc E MoxkeT UMeTh U
apyroii Bua, Hampumep, ONa = [Sm/Nal,spasen/
[Sm/Na]ycc. B TO Xe BpeMsi, Kak OTMeYeHO B paboTe
[Garzanti et al., 2010], mHAEKCHI, MCHOJb3YIOIINE
WHBIe, HexXenu Al, 3JIeMeHTBbI, CHJIBHO 3aBUCST OT
IIPOLECCOB THMAPABINYSCKON COPTUPOBKU, KOHTPO-
JIMPYIOIIMX KOHIIEHTPALUIO B OTJIOXEHUSIX TSKEIbIX
MUHepajioB. UToObl M30eXaTh MOJYyYeHUSI HEKOp-
PEKTHBIX 3HaueHU OE, IIpemIoXeHo pacCUuThIBaTh
ero Tojbko ¢ ucnojbzoBaHueM Al (o, E) [Garzanti
et al., 2013; Guo et al., 2018]. ITpu 3HayeHUsix O E > 1
comepxkaHue 31eMeHTa E 00eqHEHO OTHOCHUTEIBHO
UCC, npu o, E < 1 — oboraiieHo. CienyeT, onHaKo,
UMETh B BUJY, UTO XOTS Ha BEJIMUYUHBI O E ruapas-
JIMYecKasi COPTUPOBKA U HE BJIUSIET, STOT ITapaMeTp
pearupyetr Ha OoJjiee TOHKUE 3(OEKTHI, HaIpUMeED,
CBSI3aHHBIE C COPTUPOBKOM B cycrieH3nn [Bouchez
et al., 2011; Garzanti et al., 2011]. 711 pe4HBIX BYJIKAHO-
¥ TDTyTOHOKJIACTUYECKMX TOHKO3EPHUCTBIX MJIOB 3HA-
yeHus1 OE paccuuThiBaloTCS OTHOCUTEIBLHO CPEN-
HETrO COCTaBa COOTBETCTBYIOIIMX MAaTrMaTUYECKMX IO~
poxn [Garzanti et al., 2013].

B pabGore [KOpmoBuu, Kerpuc, 2000] omHuM u3
[JIABHBIX TOKA3aTeJIeii CTeIIeH XUMNYECKOI'O BHIBET-
pMBaHMSI TOPOI Ha IIajleOBOIOCOOpax, T.€. CTEIIEHU
“XMMMUYECKOIT 3peiocTi” 0cagOYHbIX 00Opa30BaHUIA,
BBICTYIAeT runponusaTHbiiit moayibs (I'M = (Al,O; +
+ TiO, + Fe,0; + FeO + MnQO)/Si0,), paccuuTbiBa-
eMbIif o Mac. % okcumoB. OH TIO3BOJISIET OTAEISITh
MOPOJIbI, CoAepKalllMe MPOAYKThl TMAPOaN3a (Kao-
JmHUT, okcunabl Al, Fe, Mn) oT Tex, B KOTOPHIX IIpe-
obnamaet kpeMHe3eM. Uem BoIre BemunHa ['M, Tem
OoJiee CWJIbHOE BBIBETPUBAHMWE MpPETEPIIEIU UCXOI-
HBIe KOMILJIEKCHI IIOPOJ, B 00JaCTsIX pa3MbIBa U TEM
BBIIIIE 3pEJIOCTh OCATOYHBIX oOpa3zoBanuii. Tak, Ha-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

MpUMep, TIMHUCTBIE TOPOIBI, COolepXKaIllre KaoIu-
HUT, TNO0 CBOOOIHBIE OKCHUIBI ATIOMUHUS, XKejie3a 1
MapraHliia, XapakTepu3yrorcs 3HadeHussMu I'™M > 0.50.

st vccnenoBaHus TIPOLIECCOB COBPEMEHHOTO
MOYBOOOpa3oBaHUs Ha rpaHutounax, P. [lapmonu c
coaBTopamu [Darmody et al., 2005] mpuMeHUIN UH-
nekcol BeiseTpuBanust WI-1 = (SiO, + CaO)/(Fe,0; +
+ TiO,) u WI-2 = (Si0, + Ca0)/(Fe,0; + TiO, +
+ Al,O;). Ha3zpaHHbIe aBTOpbl OOHAPYXWINA CUJIbHYIO
MOJIOXKUTEbHYIO KOPPEJISAIMIO MEXAY 9TUMU UHAEK-
camu u mapamerpoM Si/Al (1/“mmmHucroctn”), a
TaKXe CUJIbHYIO OTPULIATENbHYIO KOPPEJSIIUIO MPe-
JoXxeHHbIXx uMu nHAeKcoB ¢ CIW [Harnois, 1988].
OnHako 10 HacTosIero BpeMeHu uHaekcol WI-1 u
WI-2 nipu ucciaeaqoBaHUM MaJIeONOYB MTOYTU HE MPpU-
MeHSII0TCsl. BO3MOXHO, 3TO CBSI3aHO C TEM, YTO aBTO-
psI padotel [Kahmann et al., 2008], comocTtaBuB pe-
3yJbTaThl, MOJy4YeHHbIE MPU UCMHOJb30BAaHUM psiaa
pPa3HbIX MHAEKCOB BIBETPUBAHUS, 0OHAPYXKUJIU, UTO
noBeaeHue nmapametpoB WI-1 u WI-2 oTHoCcHTEIBHO
IUIOXO COMIACyeTCsI ¢ APYTMMU NHIEKCAMU BBIBETPU-
BaHUS.

B nyonukanuu [ Babechuk et al., 2014] Ha mpume-
pe Tmpoduieit BRIBETpUBaHUS Ha Oa3ajbTax IJIaTo
HexkaH mipenjgoxeH mMachUYEeCKU WHAEKC M3MEHe-
Hus (Mafic index of alteration, MIA). Kak u CIA,
9TOT WHAEKC TO3BOJISIET KOJIWYECTBEHHO OLIEHUTH
notrepo MoOWIbHbIX 2eMeHTOB (Ca, Mg, Na, K u
*Fe) otHocuTenpbHO HeMOOWILHEIX (Al = Fe). Pa3-
JInyHoe ToBeneHue Fe mpu BbIBETpUBAaHUU B OKMUC-
JIMTEJbHBIX W BOCCTAHOBUTEIBHBIX OOCTaHOBKaxX
YYUTBIBAETCA IBYMsI pasHbIMU popmyiamu — MIA g,
u MIAy,. Korma cpena BbIBETpUMBAHUS SIBISETCS
okucauTesbHOM, Fe ycTOUMBO K BBIBETPHUBaHMIO;

k
ero obmee koimmdyectBo (Fe,0;) cumrtaeTcss Hemo-
ABIXKHBIM BMecTe ¢ AlL,O;. @opmyna MIA ) nmeer B

atoM ciyvae Bug 100 x (ALO; + FeZOf)/(A1203 +

+ Fezof + MgO + CaO* + Na,O + K,0). B Boccra-
HoBUTeNIBbHOM cpene FeZ™ MoxXeT ObITh NOABUXHBIM U
BHILLIEIaYMBAThHCSI BMeCcTe ¢ Mg BO BpeMsl BEIBETpUBa-
HMSI OCHOBHBIX MUHepanoB [Babechuk et al., 2014 n
ccbuiku Tam|. Popmyaa MIA g, Ui TaKMX YCIOBUIA —

100 x Al,O5/(Al,O5 + FeZOZl< + MgO + CaO* + Na,O +
+ K,0). B oboux ciyyasax misi 60jee U3MEHEHHbIX
poleccaMu BBIBETPUBAHUS MOPOJ CBOMCTBEHHBI
OoJiee BEICOKHME 3HaUeHUS MHAEKCOB; ipu MIA = 100
MOOMIbHBIE 3JIEMEHTHI yIaJeHbI TTOJTHOCThIO. Busya-
JIM3alMs TPEHIOB BEIBETPUBAHUS MOXET OBITH IIPO-
BelcHa Ha TPOUMHBIX nuarpammax B cucteme Al—Fe—
Mg—Ca—Na—K. Jlng KoamdecTBEHHOM OIIeHKH
CTeMeHU U3MEHEHUSI TTOpoJI Ha (PMHATBHBIX CTAIUSIX
BeiBeTpuBaHus, Korma 1 MIA n CIA HeaddekTus-
HEBI, aBTOpaMU IIpemIoxXeH MHOekc JaTepuTu3anun
(Index of Lateritisation, IOL = 100 x (ALO; +
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+ Fe,03)/(SiO, + ALO; + Fe,0})), paccunThiBae-
MBI 110 Mac. % OKCUIOB.

Kpome paccMOTpeHHBIX MTHASKCOB B KAY€CTBE MH-
JIUKATOPOB BBIBETPUBAHUSI MOTYT OBITh MCIIOJIb30Ba-
HbIl U Ipyrue OTHOIUEHUSA DJIEMEHTOB C Pa3HOU IIO-
nBrkHoOCThIO [Sheldon, Tabor, 2009]. Cpenu HUX —
Ba/Sr u Th/U [Gallet et al., 1996; Gu et al., 2002],
Th/K [Deconinck et al., 2003], K/Na u K/Ca [Yang
et al., 2004], Cs/Ti u Rb/Ti [Yan et al., 2007], Rb/K
[Roy et al., 2008] u gp. BaxxHo, ogHaKo, MOHMMATh,
YTO IIepEeUYrCIIEHHBIE OTHOIIIEHUST TAKXKE UMEIOT PSII
orpaHwYeHui, Hampumep, uHAeKCH Ba/Sr, Rb/Sr,
Sr/Zr, Mg/K u apyrue cieayeT MpUMEHSTb TOJBKO
JIJIsI OTJIOXKEHUI, HE COepKAIIUX KapOOHATHBIX MU-
HepaioB [Buggle et al., 2011].

B manHOIT pabGoTe MBI, €CTECTBEHHO, He Oynem
omnepupoBaTh BCEMM IEPEUYMCICHHBIMU WHIWKATO-
paMM U UHIECKCAMU XMMUYECKOTO BBIBETPUBAHMS, a
OCTAaHOBUMCSI Ha BapUallUsIX B IJIMHUCTBHIX IMOpoOAax
BeHIa—HIWXHero kKemoOpus Ilomonbckoro Ilpwu-
JIHECTPOBbSI TOJNILKO MHAEKCOB ba;, TM, SA, CIA,
CIW, PIA, WIP, CPA u MIA(0), T. €. 1OCTaTOYHO
IIAPOKO M3BECTHHIX. IIpy 3TOM BCe MPUBOIMMBIC
HM>KE€ aBTOPCKME CYXIEHMS KacaloTCsd B OCHOBHOM
KJIMMaTa o0JacTeil pa3MbiBa, a HE KJIMMATUYECKUX
00CTAaHOBOK oO0OJlacTel ocagkoHakoruieHus. Hamo
TaKXe UMETh B BUIY, YTO, TaK KaK Mbl pacCMaTprBa-
eM IIpUMEeHEeHME psiga MepeyncICHHBIX UHAUKATOPOB
XHUMHWYECKOIO BBIBETPUBAHUS K UCCIECIOBAHUIO TJIM-
HUCTBIX OPOJ, INIOTHOCTb KOTOPBIX COMIOCTaBUMa C
TUIOTHOCTBIO TJIMHUCTOIO 3JIIOBUSI, TO IIPU aHAJIMU3e
MUTpallM1 U MOABUXKXHOCTH OKCHUAOB HE YYUTHIBAEM
00BbEMHbBIE COOTHOIIIEHUSI MAaTEPUHCKUX 1 BBIBETPE-
JIBIX mopon (MeTon paBHBIX 00beMOB, cM. [Muxaii-
JoB, Kynukosa, 1977]). He nenatoT 3Toro, no-Buam-
MOMY, BO MHOTHMX CJIy4asiX U aBTOPbI LIUTUPYEMBIX
BBILIIE MyOJIUKALIAI, XOTS TaAKOM ITOIXOH MOKET TP -
BECTHU K PSIIy HETOUHOCTENA.

JINTOCTPATUTPA®UA BEHIA-HWXKHEI'O
KEMBPUA TTOAOJIBCKOT'O
IMPUAHECTPOBbBA

Ha tepputopuu Ilomonbckoro IlTpuaHecTpOBbs
(roro-3amnagHblil CKJIOH YKPaMHCKOTO IIINTA) B IO~
He p. AHecTp U 110 ero mpuToKaM ot ¢. Kuraiiropon
JI0 T. SIMIIoIb BCKPBIBAIOTCS BEHI—HKHEKeMOPUii-
CKUe€ OTJIOXKEHUS BOJIBIHCKOH (TPYIIKMHCKASI CBUTA),
MOTWJIEB-TIONOJBCKOM (MOTMJIEBCKAS, SpHIIIEBCKAs
M HaropsiHCKasl CBUTHI), KaHWJIOBCKOW (IaHMUJIOB-
cKasl, XXapHOBCKasl, KpyIlIaHOBCKasi U CTYICHUIIKAS
CBUTHI) U OanTUiicKoi (OKyHeIKasi, XMEJIbHUIIKAs 1
30pyuckasi CBUTHI) cepuii (puc. 2). OHU 3ajieraloT Ha
nopojaax KpucTajimdeckoro yHaamMeHTa BocTtou-
Ho-EBpomneiickoit mnatdopmsl (BEIT) u nepekpbIThl
NaJIC030MCKMMU U ME30-KaHO30MCKUM OCaaOYHbIMU
oOpazoBaHusMHU | BenmukaHoB u np., 1983; BenikaHoB,
2011 m op.].
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B ocHoBaHmu paspesa IPUCYTCTBYIOT KpPacHO-
LIBETHBIC TPaBEJUTHI U IPyOO3EPHUCTHIE apKO30BbIE
MecyaHUKu, KOHIJIOMepaThl U OpEeKYNU, a TaKXKe ce-
pOILIBETHBIE apTWJLIMTHI U aJIEBPOJIUTHI C TIOKPOBAMU
0a3abTOB epyuKuHckoll ceumst (MOITHOCTb — 0—70 Mm).
U-Pb-u30TomnHBII BO3pacT LIMPKOHOB, BBIIEJIEHHbBIX
13 6a3JIFTOB M BYJKAaHUUYECKHUX TY(DOB 3TOIf CBUTHI,
cocraBiseT 579 + 4—545 + 4 muH net [Paszkowski
et al., 2019, 2021].

Moeunesckas ceuma (1o 100 M) 0ObeIUHSIET CBET-
JIO-Cepble TpyO0O- M pa3HO3EPHUCThIE apKO30BbIE
MeCYaHUKNA M TpaBeJIUThI, IA4YKy IepecilauBaHUsI
TEMHO-CEPbIX apTrUJIJIUTOB U TOHKO3EPHUCTHIX IeC-
YaHMKOB, a TAKXKE CBETJIO-CePhIe ITOJIEBOIINAT-KBap-
LIEBbIE MJIM KBaplieBble MEJIKO-CPEIHE3ePHUCThIC
MecYaHUKU 1 3eJIeHOBATO-Cephble U KPacHOBATO-KO-
pUYHEBHIE CIIIOONCTBIE apTWUINTEL. Spbiuiesckas ceu-
ma (~100 M) BKJIIOYAET IJIMHUCTHIE, CPEOHEe- U ME-
KO3EpHUCThIE TI0JICBOIIIIAT-KBapIeBble TeCYaHUKU
¥ aJIEBPOJIUTHI, TEMHO-CEPBIC U 3€JICHbIe apTUJUINTHI,
WHOIJA C MNpoIUIacCTKaMM O€HTOHHUTOB, KPYIHO- U
Irpy0O3epHUCTBIE apKO30Bble MeCYaHUKU, Ty(HOreH-
HBIe KPEMHUCThIE apTUINThI, KpaCHO-KOPUYHEBEIS
MEJIUTOBBIE TY(PGUTHL M apTULIMTHI C TOHKUMMU IIPO-
IUIaCTKaMU OEHTOHUTOBBIX TJIMH, 3€JIeHOBATO-CUHE-
BaTO-CEphIe, CepO-3eJIeHbIC apTUUIMTBI 1 aJIEBPOJIM-
THI C TIPOCJIOSIMU TJIMHUCTHIX M KapOOHATHBIX ITecya-
HUKOB. U-Pb-m30TOnHEI# BO3pacT LIMPKOHOB U3
OCHTOHMTOB, 3ajleTalOINX B HUXXHEM YacCTU CBUTHI,
cocTaBisgeT 556.78 = 0.18 mutx JieT [Soldatenko et al.,
2019]. MakcuMaJibHbIA BO3pacT OCaJIKOHAKOILIe-
HUS IS SIPBIIIEBCKOM CBUTHI OLIECHUBAETCs B 551 £
* 13 man net [Paszkowski et al., 2021]. Haeopsnckas
ceuma (70 M) ciioXXeHa B HUXKHEM 4acTU CBETJIO-Ce-
pBIMM TpaBeJMTaMM M II0JICBOIIIIAT-KBapLEeBBIMU
MecYaHMKaMy, 3€JIE€HOBATO-CEPhIMU apTULIUTAMU,
aJieBpoJIMUTaMu U MecyaHUuKaMu, 3eJIeHOBAaTO-CepPhl-
MU MEJIKO- ¥ CPEIHE3EPHUCTHIMU CIIONVCTHIMU MeC-
YaHUKaMU, YePEAYIOIIMMHUCS C aJleBPOJIMTAMU U ap-
TUJIJIUTaMU, a B BEpXHEil — TEeMHO-CEpPbIMU apTUJLIH -
TaMU C KOHKpenusiMu dochoputoB (KamoccKue
ciion). MakcuMajbHBIA CEIMMEHTAllMOHHBIM BO3-
pacT IociaeaHux oleHuBaeTcsa B 551.2 + 4.2 MiH et
[Francovschi et al., 2021; Paszkowski et al., 2021].

anunoeckas ceuma (10 55 M) 3ajieraeT Ha Kope
BBIBETPUBAHMUSI, pa3BUTOM I10 MOPOJaM HAaropsiHCKOM
cBUTHL. B mopoiiBe ee pukcupyeTcss permoHaIbHOE
cTpaturpadpmyeckoe Hecomtacue. CBUTaA TIpeACTaB-
JIeHa B HIDKHEM 4aCTU 3€JICHOBATO-CEPBIMU MEJIKO-
3€pHUCTHIMU ITECYaHUKAMM, AJIEBPOJIMTAMU U apTUJI-
JINTaMU, a B BEPXHEU — IeCTPBIMU 1 OypOBaTO-CEPHI-
MU apTAJUIUTAMU U aJIeBpoJIMTaMu. MaKcUMaJIbHbII
CeIMMEHTALIMOHHBII BO3PACT OTIOKECHMM COCTaBIISI-
eT oT 542 = 5 no 529 £ 10 maH et [Paszkowski et al.,
2021]. 2Kapnoeckas ceuma (~40 M) oObeIUHSIET pa3-
HO3EPHUCTBIC TIECYAHUKM, TTAKEeThl U MAYKU Yepeao-
BaHMsSI 3€JICHOBATO-CEPhIX ITECYAHUKOB, AJIEBPOJIM-
TOB U apTUJUIUTOB, a TaKXKe KPacHOBATO-KOPHYHE-
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Puc. 2. O630pHast cxeMa 1 CBOIHBIN pa3pe3 BeHla U HkKHero keMopust [Tomonbsckoro I1punHecTpoBss, no [ BenmnkaHoB u ap.,
1990; Makpodoccunuu ..., 2015] ¢ HEKOTOPBIMU U3MEHEHUSIMU.

1 — nopons! pyHAamMeHTa; 2 — OpeKunm; 3 — KOHIJIOMEPAThl U IPaBENUThI; 4 — rpy00- U KPYITHO3EPHUCTbIE MIECUaHUKU; 5 —
CcpelHe- U MEeJIKO3EPHUCThIE MIeCYaHUKU; 6 — aJIeBPOJIUTHI; 7 — aprUJUTMTHI; 8 — 6a3alibThl; 9 — TydhoreHHble aprusutuThl; 10 —
KOHKpeluu (pochopUTOB.

Crou (1mdpsl B KpyXKax): 1 — oyenaeBcKue, 2 — TIOMO30BCKUE, 3 — SIMITOJIbCKUE, 4 — JISIIOBCKKE, 5 — GepHaIlIeBCKUE, 6 —
OpOHHMIIKKE, 7 — 3UHBKOBCKME, 8 — IKYypIKeBcKUe, 9 — Kamocckue, 10 — mumnmoBckue, 11 — medyreHenkue, 12 — KyJe-
LIOBCKME, 13 — crapoyuukue, 14 — kpuByaHckue, 15 — nypHIKOBcKue, 16 — rmonuBaHoOBCKuUE, 17 — KOMapOBCKUE.
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NMHAEKCBI XUMHWYECKOI'O BLIBETPMBAHHWA

Bble U OypoBaTO-Cephble apTUJIIUTBI W aJIeBPOJIUTHI.
MakcuMaibHbIli BO3pacT OCAIKOHAKOIUICHUS Ba-
pweupyet ot 547 £ 9 no 531 = 4 muH net [Paszkowski
et al., 2021]. Kpywanosckas ceuma (1o 45 M) BKIIro4a-
eT B HUDKHE YaCTU MEJIKO- Y CPeIHE3EPHUCTBIE MeC-
YaHWKU Y TOJIILY MepeciauBaHUsI 36JIeHOBAaTO-CEPhIX
MECYaHUKOB, aJIEBPOJIUTOB U apTULINTOB, a B BEpX-
Hell — OypoBaTo-cepbie ajleBPOJUTHI, apTUJUIUTBI 1
MeCYaHUKU. 30eCh TAKXKE MOXHO BUIETb JIMH3bI 13-
BECTHSIKOB U (pochaTHBIX apTWJLIMTOB. Cmydenuykas
ceuma (~60 M) TIpencTaBlieHa BHU3Y TepecIanBaHu-
€M CepbIX TeCYaHUKOB, aJIEBPOJUTOB U apTUJJINTOB,
a BBEpXy — TOHKHMM 4YepeJoBaHUEM CEePhIX apTUILIN-
TOB U aJIEBPOJIUTOB.

Oxyneuyxas ceuma (15—17 M) 0ObEIUHSIET Cepble U
3eJICHOBATO-CePhIe aPTWJLIMTHI, CPEIU KOTOPBIX IMPU-
CYTCTBYIOT IIPOCJIOUN 1 JIUH3bI AJIEBPOJIUTOB U MEJIKO-
3epHUCTHIX TTecyaHnKoB. U-Pb-m30TomHbII Bo3pacT
00JIOMOYHBIX IIMPKOHOB, BBIJEJICHHBIX M3 Iecya-
HUKOB JaHHOIO IIoApa3lieeHus], BapbUpyeT OT
2.84 mapna net go 528 miaH jet [Paszkowski et al.,
2021]. XmeavHuukas ceuma (50—65 M) cioxkeHa mpe-
MMYILIECTBEHHO TEMHO- M 3eJICHOBATO-CEPbIMHU ap-
TMJITUTAMU C TIPOCIIOSIMUY aJIEBPOJIMTOB U INIAYKOHUT-
KBapleBbIX IecuaHUKOB. MHOIIa B ee pa3pe3ax MOXK-
HO BUIETh KOHIJIOMEpaTbl M OpeKuuu. 3opyuckas
ceuma (1o 45 M) 3ajieraeT Ha ITOpoAaX XMEJIbHULIKOM
CBUTBI BO MHOTUX MECTAaX C Pa3MbIBOM; OHA BKJTIOYA-
eT IMavYkKy MEJIKO3EPHUCTUX KBapLIEBhIX ITECYaHUKOB,
MECTPOLBETHBIX apTUJUIUTOB U aJIeBPOJIUTOB, Cpeau
KOTOpPBLIX HaOmIomaloTcs BHYTpU(OpMALIMOHHEIC
KoHTIIoMepathl [Makpodoccummn ..., 2015].

ITo manHBIM, TIpUBEOEHHBIM B padoTe [Bemuka-
HoB, 1985], B cocTaBe apruJUIMTOB TPYIIKUHCKOM
CBUTHI OCHOBHYIO POJIb UI'PAIOT WIUINAT U KAOJIWHMUT,
HaOJIIogaeTcs IIpUMeCh XJI0pHUTa, KBapla, KaaueBbIX
MOJIEBBIX IIIIATOB M reMatuTa. B apruimrax jomo-
30BCKUX, JISIIOBCKUX, OSpHAIIIEBCKUX ¥ 3MHBKOBCKMX
CJIOEB TaK:Ke IMpeo0/1analoT KAOJMHUT U WLIUT. [n-
HYCTBIE IOPOIbI IMITOJILCKUX CJIOEB CJIOKEHEI B OCHOB-
HOM WJUIUTOM, a OpPOHHUIIKUX — WIJIMTOM, XJIOPHU-
TOM, KAaOJIMHUTOM M CMEKTUTOM. B cocTaBe apryuimToB
KaJIIOCCKMX CJI0€B IpeobiagaeT WIJINT, a MOMYMHEH-
HYIO POJIb UTPAIOT CMEKTUT U KAOJIMHMUT.

BonblHCKasi, MOTWJIEB-MOAOJbCKAsT M KaHWJIOB-
cKasl cepyMMu TPaJUILIMOHHO CUMTAIOTCS BEHICKUMU,
a bantuiickas — HUXXKHeKeMOpuiickuii [ Benackas ...,
1985; Makpodoccunuu ..., 2015 u np.], XoTs ecTb u
WHbIe TOUKM 3peHust [[paxmaHkud u ap., 2011; I'pu-
nenko, 2018; Grytsenko, 2020]. OcHOBBEIBasICh Ha pe-
3yapTatax uccienoBanusi U-Pb-u3otomnHoro Bo3pac-
Ta U FTEOXUMUYECKUX XapPAKTEPUCTUK (Ep¢) 00I0MOU-
HBIX LIMPKOHOB, aBTOpbl mybOsukanuu [Paszkowski
et al., 2021] cuuTaroT HIKHEKEMOPHUICKON M KaHU-
JIOBCKYIO CEPUIO.

HpeI[CTaBIICHI/IH O COoCTaB€ I110pOoHd, MCTOYHHMKOB
00JIOMOYHOTO Marepuajia 111 OCaaOYHbIX ITOCICO0-

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 3

259

BaTeJIbHOCTE!l BeHIa 1M HKHero Kemopusa Ilomonb-
ckoro [IpunHecTpoBbsI, OCHOBAHBI MPEUMYIIECTBEH-
HO Ha MaTepuajax MUHEPaJIoro-reTporpapuieckoro
U3Y4YeHMsI TIECYUaHUKOB, UCCIECIOBAHMUSIX MUHEPAIOB
TSDKENNOM (dpakuuy U JTUTOXUMUYECKUX OCOOEHHO-
cTeil 00JIOMOYHBIX 1 IJIMHUCTHIX ITopoxd. Tak, mo maH-
HbeIM A.B. KoneanoBuya [1965], mecyaHMKHA MOTH-
JIEBCKOM, SIPBILLIEBCKON Y HATOPSTHCKOMU CBUT CIIOXE-
HBl TIPOAYKTaMM pa3MblBa IOpPOA YKPaMHCKOIO
IIMTa, a BO BpeMsl HaKOTJICHUSI MeCUaHUKOB KaHU-
JIOBCKOM cepuH I0XHee Win roro-3anamHee [lpuane-
CTPOBbBSI TIOSIBUJICH AOTIOJHUTENIbHbIE 00JIACTA CHO-
ca (Job6pymxka). DToli 3ke TOYKU 3pEHUS IIPUACPKI-
Bamuch JI.B. Kopenuyk u B.A. Benmukanos [1980].
OtHocuTeNBHO HU3KOe copepxanue SiO, U BICOKHE
koHLeHTpauuu Al,O;, cymmapHoro xesne3a u TiO,,
CBOMCTBEHHbIE aprujuiMTaM TPYLIKUHCKOM, MOTHU-
JIEBCKOM U sipbillieBcKoii ¢cBUT, A.B. CouaBa ¢ coaB-
Topamu [1992] cBSI3BIBAIOT C IPUCYTCTBUEM B UX CO-
CcTaBe IIPOAYKTOB pa3MbiBa KOpP BBIBETPMBaHMS Ha
kpuctammndeckom ¢pyHmameHTe BEIT 1 BogbIHCKMX
OazanpTax. Harmpotus, apruaanTel KAHUIIOBCKOI ce-
puu 006J1a1aI0T MOBBIIIIEHHBIMU coAepkaHusiMu MgO
u Na,O, a B X cocTaBe CyllleCTBEHHasl pOJib IpUHaI-
JIEXKUT XJIOPUTY U CMEIIaHOCIOMHBIM 0Opa30BaHUSIM,
YTO IIpeAliojiaraeT HU3KYIO CTEIeHb IIpeoOpa3oBa-
HUS II0po 00J1acTeil pa3MbIBa IpolleCcaMi XUMUYe-
CKoro BbIBeTpuBaHUs. MccienoBaHue MeTpOXUMU-
YeCKMX OCOOEHHOCTEil NeCYaHUKOB MOTHJIEB-IIO-
NOJbCKOM M KaHWJIOBCKOM Ce€pMii, BBIIIOJHEHHOE
T.M. Cokyp [2008], moaTBepauIo MpeacTaBIeHUS O
¢hopMHpOBaHNUY ITOPOA MOTHMJIEBCKOIA CBUTHI 32 CUET
MEePEOTIOXKEHUSI MPOAYKTOB pa3pylleHUs KUCIIbIX
KPUCTAJUIMYECKUX IIOPOI U MECTPOIl TaMMBbI KMCJIBIX
Y OCHOBHBIX MarMaTM4eCKUX, a TaKxKe OCadOYHBIX
nopoxn. B my6naukanuu [Cokyp, @urypa, 2009] oxa-
paKTeprU30BaHbl BHICOKOIIMHO3EMUCTEIE 00pa3oBa-
HUSI BEpXHEM YaCTU KaJIFOCCKUX CJI0EB, UCTOYHUKOM
MaTepuraa JJisi KOTOPEIX Oblla KOpa BBIBETPUBAHUS
Ha KUCJIBIX KPUCTAIMYECKUX MOpoaax YKpanHCKO-
ro muTa. Pacripenenenue penko3eMeabHbIX BJIEMEH-
toB (P39), TiO,, Rb, V, Ni, Cr u Co B apruiiurax
KaJIIOCCKMX CJIOEB YKa3bIBaeT Ha y4acTUE B UX COCTa-
Be IPOJIYKTOB Pa3MbIBa KaK KUCIBIX, TAK 1 OCHOBHBIX
Marmatndeckmx mopon [Francovschi et al., 2020].
UccnengoBanue U-Pb u30TONMHBIX BO3pacToB 00JI0-
MOYHBIX HUPKOHOB M3 MOPOJ HMXKHEM 4aCTU MOTH-
JIEB-IIOJ0JBCKOM CEPUHU TTO3BOJUIO YCTAHOBUTD, YTO
cpeay HUX IIPUCYTCTBYET 3HAUUTEIbHOE KOJIUYECTBO
3€pEH C MaJeoIPOTEPO30MCKMMHU Bo3pacTamMu (2.2—
1.9 mupno neT), UCTOYHUKAMU KOTOPBIX SIBJISIJIMCH,
MPEIIOJIOKUTEIEHO, KpUCTaJUIMYecKue mopoasl Cap-
MaTuu. B mecuaHmKax HaropssHCKOi CBUTHI BO3pacT
00JIOMOUHBIX LIIMPKOHOB B OCHOBHOM OTBEYaeT WH-
tepBaity ~1.80—1.49 mupn net. [Ipennonaraercs, 4to
oHU Tioctynanu u3 PeHHockaHauu. B mecyaHukax
KaHWJIOBCKOII cepur MOpeo01amaroT KPUCTaJIBL C
Bo3pacTtaMu 560—535 MJIH €T, UICTOYHUKU KOTOPBIX
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pacrojiarairuch, BEpOSITHO, I0XKHEE 1 FOro-3amnagHee
paccMaTpuBaeMoro pervonHa. IlecyuaHuku OanTuii-
CKOIi CepUU CJIIOXEHBI MaTepPUaIOM, IIOCTYIIABIIVM B
o0JlacTh OcCaJKOHakKoIUIeHus1 co cTopoHbl BEII
[Paszkowski et al., 2021].

Cuutaetcs, 4yTo (popMUpOBaHUE HUXKHEN 4yacTu
IPYLIKUHCKOW CBUTBHI MPOUCXOAUIIO B JIIOBUATIBHO-
NeJIIOBUAJIbHBIX, KOHTUHEHTAJbHBIX U TIPUOPEKHO-
KOHTUHEHTaJIbHBIX 00CTAaHOBKAX, a BEpXHEi yacTu —
B NpUOPEXXHO-MOPCKOM 0OcTaHOBKe. MorujeBckas
CBUTA HaKaruBaJlaCh B aJUTIOBUAJIBHBIX, N€IbTOBBIX
U MOpHUOpPEXKHO-MOPCKUX YCIOBUSIX [BenukaHoB,
1985; Crparurpadis ..., 2013; Paszkowski et al.,
2021]. SApsieBcKasi CBUTa OObeAUHSIET JJaTYHHbIE 1
MEJIKOBOJHO-MOPCKUWE OTJIOKEHMSI, a HaropstHCKast —
MPEUMYIIECTBEHHO MPUOPEXHO- U MEJKOBOIHO-
Mopckue [BenukanoB, 1985]. Takoii ke reHe3uc
UMEIOT, TTI0-BUAUMOMY, KAHWUJIOBCKAs U OaJITUiicKast
CEepUU.

OBIINE ITPEACTABJIIEHHA O KIIMMATE
BEHIA-PAHHET'O KEMBPUA

CBemeHMiI 0 KIMMaTUYECKUX OOCTAaHOBKAax Ha-
KOIUIEHUSI OTJIOXKEHUIA BeHJa M HUKHEro KemMopus
IMomonbckoro IIpuaHeCTPOBBS B IUTEPATypEe HEMHO-
ro. CBsI3aHO 3TO C PSOOM OOCTOSITEILCTB, OJHO U3
KOTOPBIX — CKYIHOCTb HaJeKHBIX JIMTOJOTUYECKUX
WHAWKATOPOB KJIMMaTa B JOoKeMOpuM BooOIie. Kak
noguepkKHyTO B padoTtax [Chumakov, 2003; Yymakos,
Ceprees, 2004], oCHOBHBIMU JIMTOJIOTUYSCKUMU MH-
JIUKATOpaMM IJIsi pEKOHCTPYKIIMU KJIMMAaTa Ha IIpo-
TSDKEHUM MOYTU 2—2.5 MJIpH, JIET Te0JIOTUIECKOM 1C-
TOpuM (BIUIOTH JO Hayaja WIA CEPEIMHbBI MO3THETO
pudes) BBICTYNAOT TUIUTHI (XOJOAHBINA KIMMAT),
9BAINOpPUTHl (AapUOHBIM KJIMMAaT) WM KapOOHaTHEIC
1aTOPMbl B CTPOEHUM KOTOPBIX CYIIECTBEHHYIO
pOJIb UTPAlOT CTPOMATONIUTHI (TeIUIblii Kimmar). He
BIIOJIHE OOHO3HAYHYIO HMH(MOPMALUIO ITI03BOJISTIOT
MOJYyYUTh KPAaCHOLIBETHI (apUIHbINA? Ki1uMaT). BeHa B
5TOM OTHOILIEHUM HECKOJILKO 0OoJjiee pa3HOOOpas3eH,
XOTsI Ha3BaHUE OMHOI M3 ITOCBSILIEHHBIX €My padoT
M.A. ®egonkuna [2000] 3Byyasio Tak — “XojogHas
3aps XKUBOTHOM XKU3HU .

B uenom mist BeHOa XxapaKTepHO uepemaoBaHUe
JIETHUKOBOIO U 0e3JIETHUKOBOrO I00AIbHOIO KIIU-

mata [Uymakos, Ceprees, 2004]. B paHnHeMm BeHzne?
npeobaagag XOJIOMHBINA IIPEeUMYIIECTBEHHO JISTHM-
KoBbIit kK1uMat. Bo mHorux yactsx BEII B paccmar-
puBaeMylo 310Xy (QOPMUPOBAIMCH TOCTATOYHO
MOIIIHBIE JIEAHUKOBBIE M MapUHO-IISIIUAIbHBIE OT-
noxeHuss [Chumakov, 2003; Yymakos, 2015 u ap.].
B cpenHeM BeHae HU3KME U OOJIBIITYIO YACTh CPEIHUX
IIMPOT HaIllel IJIaHEeThl 3aHUMaJI TeIJIblii, MeCTaMU

2 “PaHHuit”, “cpegHuil” U “mo3aHUIl BeHO” — YCJIOBHBIE Tep-
muHbl. [To nanusiM [Yymakos, Ceprees, 2004], Ha Pycckoii
IJTUTE OHU OTBEYAIOT JIATUTAHACKOMY, PSAKUHCKOMY U KOTIMH-
CKOMY Y POBEHCKOMY FOPU30HTaM.
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apH,Z[HBIfI nosic. B ato BpEMA Ha 3HAYUTEIBbHOM YacTu

tepputopuu BEIT B MeKOBOIHBIX 0OCTAHOBKAX> Ha-
KaruIMBaJMCh B OCHOBHOM B TOM MJIM MHOM Mepe 000-
raleHHbIe OPTaHUKOM IIMHBI M aJIeBPOJUTHL. B Kpa-
eBBIX YacTsaX OacceifHa OHU 3aMelIaICh HECKOIBKO
OoJice Tpy0O3EpHUCTBIMU OecKapOOHATHBIMU ITIECT-
POLIBETHBEIMU OTJIOXEHHUSIMU C KaoauHutoMm [IImp-
pyc, 1980; YymakoB, Ceprees, 2004]. DTo npenmnoia-
racTt nmpucyTCrBue B o6nacmx CHOCa r'yMUIHBIX KOpP
BBIBETPUMBAHMUU, U, TAKIM 00pa30oM, KJIIMMAaT Ha IIpu-
JIeXXaBIIIE K OacceifHy cyllle OBLI, TT0 BCceil BUIMMO-
CTHU, TCIUJIBIM WU TYMUWUIHBIM. B MO3JHEM BEHIEC pPEC-
KOHCTPYUPYIOTCSI IBA BBICOKOIIMPOTHHIX 3MU3001-
YeCKHM JISTHUKOBBIX I10SICA Y CPEIHE-HU3KOITMPOTHBIN
>Kapkuit, Mectamu apunHbiii. Ha BEIT 6eckapboHar-
HEIE ¢ IIpM3HAKaMU apuIHOCTU KPaCHOILIBETHEIE OT-
JIOXXEHUST XapaKTePHBI IJISI PEIIMUHCKON 1 CYBOPOB-
CKOI1 CBUT.

ITo npencrasneHusiMm B.A. BenukanoBa [1985],
MOPOABLI HUZKHEM YacTU TPYIIKUHCKOM CBUTHI C(hop-
MHUPOBAJIMCh B YCIOBUSIX apUIHOIO KJImMara (Ipeoo-
JlalaHUue KPaCHOLIBETOB, OYEHb cCJIa0ble TPU3HAKU
XUMUUYECKOTO BBIBETPUBAHUS U JIP.).

Bapuanuu BeTMYMH MHIEKCOB XUMHUYECKOTO BbI-
BerpuBaHus (CIA u CIW) B INIMHUCTBIX ITOpoAax
BEpXHETO BEHJA U XMEJIbHMILKOM CBUTHI HIKHETO
keM6pus [Tomonbckoro [IpuaHecTpOBhS paccMoOTpe-
HBI B pabote [Cokyp, 2014]. ITokaszaHo, 4TO KaKoii-
MO0 ompeleIicHHONM TeHACHIMU B M3MEHECHUU Ha-
3BaHHBIX ITApaMETPOB IO pa3pe3y He HaOJIomacTCs.
Tak, B aprujiurax SIMIIOJbCKUX CJIOCB BEJIUYMHA
CIA Bapbupyet oT 63 10 89, a B aprimyiuTax 3MHBKOB-
CKUX CJIOEB MEHSIeTCS B MHTepBalie oT 65 mo 85.
B aprusumirax  okypakeBekux cioeB  CIAeumyn
mocturaeT 91, a B mepeKphIBaIOIIMX UX KaTIOCCKUX
apruJIuTax 3TOT MapaMeTp paBeH 89. ApTrUUIMTHI
KaHWJIOBCKOM cepnn MMeroT pa3zopoc BemmauH CIA
oT 72—83 (nmuiaumnoBcKue cyion) mo 76—80 (KomapoB-
ckue cioun). g DIMHUCTBIX MOPOM XMEJIbHULIKO
cButhl 3HaueHMs1 CIA cocrasisior 73—83.

Ilo HaIMM aHHBIM, B LIEJIOM LISl BEPXHETO BEH-
na—HxHero kemopus ITomonbckoro IlpuaHecTpo-
Bbs Bapuanuu CIA oTBeuyaloT MHTEpBaly 3HaYeHU
oT 60—65 1o 80—85; ripu 3TOM OdJIBIIIAS YACTH APTUJII-
JIMTOB xapakTepusyetcs BennuuHamu CIA >70, yto
MpennosjaraeT HaKoIIeHUe MX 3a cUeT TOHKOH aJto-
MOCWJIMKOKJIACTUKU, C(hOPMUPOBAHHOU B YCIOBUSIX
Teruioro kjaumara [MacnoB u ap., 2017]. DTo He nipo-

3 leranbHble MCCICIOBAHMS COCTABA M CTAGHJIBHBIX M30TOIIOB
KapOOHATHBIX MUHEPAJIOB, IPUCYTCTBYIOIIMX B MOPOJAX SAUa-
Kapckoro Bo3pacTta Ha 3arnane BEIT ot ApxaHrenbcka 1o Ykpa-
UHBl 1 MoJnaBuu, MO3BOMIWINA YCTAHOBUTh, YTO YCTOHUMBBIC
MOPCKHE WV HaXOIUBIIHUECS TOA UX BIMSIHUEM OOGCTaHOBKU
OCa/IKOHAKOIUIEHUSI CYLIECTBOBAJIM B YKa3aHHBI TEpUOnN
tosbko B [Mogonmu, MonnaBuu u Ha ceBepo-3armaje miardop-
MBI [Bojanowski et al., 2021]. B ee LieHTpaibHOI YacTU B 3TO
BpeMs Mpeobianano, Mo Bceil BAMUMOCTH, KOHTUHEHTAITBHOE
0Ca/IKOHAKOIUIEHUE; MOPCKUE UM COJIOHOBAThIE BOJbI BTOPTa-
JIVCh B 3TU PaiOHBI PENKO.
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TUBOPEYUT JaHHBIM padoTsl [[Tuppyc, 1980], B KoTo-
poii OTMEUYEHO, UTO 0a3abHbIe YPOBHU KOTJIMHCKOTO
TOPU30HTA PACIOJI0XKEHHOI CEBEPO-BOCTOYHEE MC-
cJIeIyeMOro HaMu pernoHa MoCKOBCKOM CMHEKIIN3bI
XapaKTepU3yIOTCsl MPUCYTCTBUEM 3aMETHOIO KOJIU-
YyeCcTBa KaOJIMHUTA, OTPaXKalolero riyooKoe XUMU-
YeCcKOe BEIBETPUBAHME B 00JIACTSIX CHOCA B YCIIOBUSIX
TYMHUAHOIO KiauMaTta. B To e BpeMsl Ha I0XKHOM
CKJIOHE MOCKOBCKOII CMHEKJIM3HI TJIMHUCTHIC TI0PO-
bl BEHIA UMEIOT B OCHOBHOM CMEKTUT-WJIJIMTOBBIN
COCTaB U colepKaT MPUMeCh KaoJIMHUTA, XJI0pUTa 1
cMelaHocnoHbIX MuHepasioB [CaBko, omatko,
1991]; BO3MOXHO, 3TO BIUSIHME MECTHBIX MCTOIHM-
KOB cHOca. B HaropstHckoe M CTylIeHUIIKOE BpeMs B
00JIaCTh OCAAKOHAKOIUJICHUSI IIOCTYHall TeppUICH-
HBI MaTeprai C IMOBBIIIeHHBIMU 3HaYeHusIMHU CIA.
11 HEeKOTOphIX MHTEPBAJIOB pa3pe3a XapaKTepPHbBI
apTUUIATHI, KaK C BBICOKMMU, TaK Y C OTHOCUTEIBHO
Hu3kuMu CIA (apbimeBckast cuta: CIA,, g — 62,
CIA, accuvyn — 81; manmnoBckas ceuta: CIA,,y — 65,
CIA,akcumyw — 77). Ilpu BecbMa HeOGOIBLION (<2 MJTH
JIET) JINTEJIbHOCTH HAKOIUIEHUS KaXXIOil CBUTHI
OOBSICHUTH TaKu€ BapuallM{ TOJHKO M3MEHEHUSIMU
KJIMMaTta TpyaHO.

ITo nmpencraBnenmsim [Liivamagi et al., 2018], Ha
TeppuTopur BosbiHCKO-bpecTckoit MarMaTuyeckoi
IIPOBUHIIMK Ha 0a3ajibTax BeHOAa pa3BUThI KOPHI BbI-
BETPUBAHMS U ITaJICONIOYBEHHBIE TOPU3OHTHI B 3HA-
YUTEJIbHOU CTENIeHU CXOAHBIE C TEMU, YTO XapaKTep-
HEI IS COBPEMEHHEBIX 0a3aibToB [aBaiicKX oCcTpo-
BoB M Kocra-Puku. D10 MO3BONISIET HAa3BAHHBIM
aBTOpaM cyuTaTh, uTo ~550 MuH jeT Ha3an Ha BEII
CYIIIECTBOBAJI TEIJIblii TYMUIHBINA KimMart. PaHee Ha
crien(pUKy BBEIBETpUBaHUS 0a3ajbTOB BeHma beia-
pyCH, BBIPAaXXEHHYIO B Pa3BUTHUM IO HUM KOpPbI BbI-
BeTpUBaHUs U TpaHCcHOpPMaALUU MOPOL 10 “COCTOSI-
HUS TJIMHOIIOAOOHOM MacChl”’ C pa3BUTHUEM CMEKTHUTA
M0 TMaJaroHUTy M TEMHOLIBETHBIM KOMIIOHEHTaM,
MOSIBJIECHEM KaoJIMHUTA M COCIMHEHMI XKejes3a,
ykaspiBann H.H. JleBeix 1 A.C. Maxnau [2001]. O0
5TOM XK€ CBUIETEILCTBYIOT U3BECTHbBIE CPEIU TOKEM-
Opuiickux otyioxeHuUit KammHUHTpaacKoit oodmacTu,
Acronun, JInteel, benapycu m YKpanrHbI TOPU30HTHI
MaJICOTNIOYB U KOPBI BHIBETPUBAHUSI C BO3PACTOM OT
~1350 no ~550 maH net [domarko, 1976; Muxaiinos,
KymukoBa, 1977; Memepckuii u np., 2003]. Ounm
MpeacTaBIeHbl B OCHOBHOM KAOJIMHUTOM U TeMaTH-
TOM 1 (pOPMUPOBAIUCH B YCIIOBUSX TEIIOTO T'YMMU/I -
HOTO KJIMMAaTa IIPeNMYIIeCTBEHHO B OKMCIIMTEIbHBIX
obcraHoBKax. JIJIst HUX XapaKTepHbl HU3KWE 3Have-
Hust naaekca IOL 1, Hao00pOoT, BEICOKME BETUYNHBI
CIA [Liivamagi et al., 2021]. 3nauenus CIA-K s
OOJIBIIMHCTBA 00BEKTOB AOCTUTAIOT 80 (MAKCUMYM —
91), a PIA — 60—85 (Makcumym — 97).

®AKTUYECKHW MATEPUAI

Jlns pa3pe3a BeHIa—HWXKHero keMopus IlTomors-
ckoro [IpuaHecTpOBbS — XOPOIIIO U3BECTHOIO MHO-

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 3

TMM CIIEHUaIMCTaM oO0OBbeKTa, B OaHKE ITaHHBIX
“PRECSED” (MITH PAH, r. Canxr-IlerepOypr,
cMm. [[TomkoBeIpoB 1 1p., 2022]) nMeeTcsT 3HaUYNTEIb-
HOE YHCJIO BAJIOBBIX XMMUYECKUX aHAJIU30B [JIMHU-
cthixX 1mopox (~130), 4To meraeT ImoaxydyaeMyro 1o HUM
nHOpPMalIMI0 BechbMa IIpelcTaBUTEIbHONM. PaHee
5TU JAaHHbIE OB VCITOJIb30BAaHBI IPU PEKOHCTPYK-
LIMM COCTaBa MOPOI-UCTOYHUKOB TOHKOM aJTIOMOCH-
JINKOKJIACTUKU JJIsI OTJIOXEHUIN BeHIa—HWKHETO
KeMOpns paccMaTpuBaeMoro paitoHa [Macios,
IMTonkoBeIpoB, 2022]. OHM TONMYyYeHBI B pa3HbIC TOIBI
Mmetogamm “Mokpoit xumun” B LIJI CeBepo-3aman-
Horo III'O (r. KpacHoe Ceno) u UCII-MC B UIT
VpO PAH (r. ExarepunOypr). OT60p apruIINTOB
BBITIOJTHEH U3 €CTECTBEHHBIX OOHAXEHUIT o Geperam
p. JlHecTp 1 ee MpUTOKOB — peK Mypada, JIsgnona,
Vmmmira, bepHameska, a Takke ckBaxXnH B 1984 T.
A.B. Couagoii 1 B.H. ITonKoBbIpOBBIM.

Conepxanue SiO, B apruJiiuTax paccmarpubae-
MOIi BBIOOpKM Bapbupyer ot ~47 mo ~66 mac. %.
Cpennee comepxanue Al,O; coctaBnseT 18.2 mac. %
(MuHUMYM — 15.2, MmakcumyMm — 23.7 mac. %). Mu-
HUMAaJIbHOE KOJIMYECTBO CYMMAapPHOTO 3KeJjie3a B BUIE
FeO paBHo 3.9 Mac. %, MakcUMalbHOE OOCTUTAET
13.6 mac. %. CpenHee conepKaHue OKCHUIOB MarHusi
U KaJIbLIUS COCTaBJISIET COOTBETCTBEHHO 2.2 £ 0.6 u
0.7 £ 0.5 mac. %. Cpennee conepxxanue Na,O paBHO
L1 £ 0.5 mac. %, BemuunHa K,0,pepuee TPUMEPHO
B 4 pa3a OoblIIe.

Ha anarpamme (Na,0 + K,0)/AlL,O,—(Fe,0; +
+ MgO)/SiO, (mmarpamma HKM—®M, [Onosuy,
Ketpuc, 2000]) Touku cocTaBa NIMHUCTBIX IOPOJ BO-
JIBIHCKOM, MOTUJIE€B-TIOA0JAbCKONM, KaHWJIOBCKON U
oantmiickoii cepmii Ilomonmbckoro IlpmmHecTpoOBBS
JIOKaIN30BaHbl MPpEeNMYIIeCTBeHHO B Tmosgx I (tipe-
VMYILIECTBEHHO KAaOJIMHUTOBKIE ITUHKI), 11 (mpeumy-
IIECTBEHHO CMEKTUTOBBIE C IPUMECHIO KAOJIMHUTA 1
WUIATA TJOUHBI) U V (XJOpUT-CMEKTUT-UJIJIUTOBBIE
miHB) (puc. 3a). Ha nuarpamme K/Al—Mg/Al [Tur-
geon, Brumsack, 2006] durypatuBHble TOYKU apTUI-
JINTOB B OCHOBHOM COCPEIOTOYEHBI B 00J1aCTU IIOHU -
xkeHHbIx BeanunH K/Al u Mg/Al (cMm. puc. 30), 4to
MOATBEPKAACT MPEACTABICHUS O CYIIECTBEHHOM 10~
JIe KaOJIMHUTA B MX COCTaBe.

3nauenus K,0/Al,O; B IMHUCTBIX TOPOAAX pac-
CMaTpHUBaEMOIro HaMU pa3pes3a, ONpeaesionue, mo
npencTaBlIeHUsIM aBTopoB Ityonukanuu [Cox et al.,
1995], ux creneHb 3penoctu, BapbupytoT ot 0.10 mo
0.36 (puc. 4a). CpenHee 3HaYeHUE JTAHHOTO ITaApaMeT-
pa IJIsl apTUIJINTOB BCEi BEHICKO—HIKHEKEeMOpHii-
CKoit mocnenoBaTeabHOCTH cocTaBisgeT 0.23 £ 0.05.
ITpu K,0/Al,O5 > 0.30 mMHUCTBIE TOPOABLI CUUTA-
IOTCSI COAEPKAIIMMHA 3aMETHOE KOJMYECTBO TOHKO-
pacTepThIX NOJIEBHIX IIMNATOB, T. €. HE IIPETEePIIeBIIN-
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Puc. 3. ITonoxeHue puUrypaTuBHbIX TOUEK apIUUIUTOB BEHIA U HIXKHETO kembOpust ITomonbckoro IIpuaHecTpoOBbsSl Ha IMa-
rpammax (Na,O + K,0)/Al,03—(Fe,05 + Mg0)/SiO, (a) u K/Al-Mg/Al (6).

CBuUThL: 1 — IpyIIKWHCKAsT; 2 — MOTHJICBCKasl; 3 — sIpbIllIeBCKasl; 4 — HaropstHCKasl; 5 — JaHWJIOBCKasT; 6 — XapHOBCKast; 7 —
KpYIIaHOBCKasl; 8§ — CTyAeHUIIKas; 9 — OKyHelKast U xMeabHuLKast; 10 — 30pyuckasi.

a — IMHBL: | — MpenMyIecTBeHHO KaoJIMHUTOBbIE; I1 — npenMyIiiecTBEHHO CMEKTUTOBBIE C TPUMECHIO KAOJTMHUTA U WIJINATA;
111 — mpeuMyllieCTBEHHO XJIOpUTOBbIE ¢ TpuMechio Fe-mmtuta; IV — XJ1opuT-wuIMTOBbIE; V — XJIOPUT-CMEKTUT-UUTUTOBBIE;
VI — WwUITMTOBBIE CO 3HAYMTEbHOM MPUMECHI0 TOHKOPACTEPTHIX MOJIEBBIX LLITATOB.

Mu nepeomnoxkeHuss [Cox et al., 1995], HanpoTus,
npu K,0/Al,04 < 0.30 mosieBbIX IITTATOB B HUX MpaK-
tnuecku HeT. s PAAS (o [Condie, 1993]), stoT
napameTp paBeH 0.20, IJIst cpeaHero apXemcKoro rpa-
HUTa, COCTaB KOTOPOTO IMPUBOIUT TOT Ke aBTop, — 0.33.
B paspese BeHma—HIKHero KeMObpms Ilomombckoro
IpunHecTpoBbsl 1Jis TOJABISIONIETO YKCIa aprui-
JUTOB XapakTepHbl 3HaueHus K,O/Al,O; < 0.30, T.e.
OHU CJIOKEHBI ITOCTATOYHO 3peJibIM, MPOLICAIINM,
MO-BUAMMOMY, HE ONWH CENMMEHTAIIMOHHBINA ITUKII,
matepuaioM. Hekotopbie ke oOGpasiibl aprujIMTOB
MOTHJIEBCKOI, IPBIIIIEBCKOI M 30pyUCKOI CBUT NMeE-
10T K,0/Al1,05 > 0.30, T.e. B HUX IIpeobafaeT neTpo-
TeHHBbI MaTepurall.

OBCYXIEHUE PAKTHUYECKOI'O
MATEPUHAJIA 1 BBIBOJ bl

IMapameTp (Na,O + K,0)/Al, 05 (uHAekc ba,) us-
MEHSIeTCS B IIIMHUCTBIX MOPOJAX BeHIAa—HIKHETO
keMOpust B uHtepBajie ot 0.17 mo 0.55 (cpemHee —
0.34 + 0.07) (cm. puc. 46). BenunuuHa ero mist PAAS
coctapiset 0.32, Torma Kak cpeqHuil apxeicKuii rpa-
HUT UMeeT 3HaueHue naHHoro napaMmerpa — 0.71. Mc-
XOIsI M3 pacrupencyieHnsT GUTYpaTUBHBIX TOUEK WH-
IUBUAYaJbHBIX OOpa3lioB Ha KPMBON M3MEHEHUS
3HAYCHWI JaHHOTO MHIEKCa, MOXHO CIeIaTh BHIBOI,
yTO HauboJjiee MpeoOpa30BaHHBIN MpolleccaMu XU-
MUWYECKOTO BHIBETPMBAHMS MaTepuasl MPUCYTCTBYET

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

B COCTaBE aprulJIMTOB HATOPSTHCKOM, HUXKHEM 4acTu
JAHUJIOBCKOM U CPEITHEN YaCTU CTYACHULIKONA CBUT.

3HayeHus1 'M B aprujimtax BeHIa—HUKHETO
KeM6pus Bapbpupyior oT 0.33 mo 0.76 (cpemHee —
0.45 £ 0.08) (cM. puc. 4B). ' Mpsss paBeH 0.42, nus
cpenHero apxeickoro rpaHurta BeaumumHa I'M co-
crapisieT 0.23, a n19 G0KCUTOB (IPOAYKTOB MHTEH-
CUBHOI'O XMMUYECKOTO BBIBETPMBAHUSI B TPOIIMYE-
CKOM KJIMMaTe) OHM MOTYT BapbUpOBaTh, IO JaHHBIM
[FOmoBuu, Kerpuc, 2000], ot 3 mo 30. s apruiiam-
TOB JTAaHWJIOBCKO-30pyUCKOIo MHTEpBajia pa3pesa,
3HaueHus ['M 01u3ku K 'Mppas. U151 BBIOOpKU TIIU-
HUCTBIX MOPOJ SIPHIIIEBCKO-HATOPSIHCKOTO YPOBHS
3HadeHUs I'M HeCKOJIBKO BBINIE, a JJIST psia april-
JIMTOB HMXXKHEM YaCTU SIPBIIIEBCKON CBUTHI BEJINYM-
HBl 'M comocTaBUMBI C TeMH, YTO CBOMCTBEHHBI
KOHTUHEHTAJIbHBIM IJIMHAM XapKOTO TPOIIMYECKOTrO
kimMata [PoHoB, Xne6HukoBa, 1961]. ImuHuCTEHIE
MOpOAbl TPYIUKMHCKOM 1 MOTUJIEBCKOM CBUT UMEIOT
3HadeHns ['M, Tak Xe, KaKk ¥ ITOPOIbl TaHUIOBCKO-
30pydYcKOro ypoBHs, oim3kne K PAAS.

MwuHMUMaIbHAS BeJIMIMHA WHIeKca SA B Mcclleny-
€MOM pa3zpese cocTaBisgeT 3.7 (aprUIMThl HIDKHEN
YaCTU SIPHILIEBCKOM CBUTHI), MAKCUMAJIbHAST JOCTH-
raet 7.3 (BepXu MaHWJIOBCKOI CBUTHI) (CM. puc. 4r).
CpenHee 3HaYeHMEe SA IJIST NIMHUCTBIX TTOPOJI BCETO
paspe3a paBHO 5.6 & 0.7. J1is cpegHero apxeiickoro
rpanuTa SA coctaBnsieT 9, a st PAAS — 6. B paspese
BeHIA—HIXKHET0 KeMOPHUST apTUJUIUTBI JTaHUJIOBCKO-
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Puc. 4. Bapuanuu otHowenust K,O/Al,O3 1 psiia MHAEKCOB XMMUYECKOTO BbIBETpUBaHUs U Monysisi M B aprijuinTax BeH-

nma—HkHero keMopust [Togonbckoro [TpumHecTpoOBbS.

OtHowenus, nHaekcel 1 Mmopynu: a — K,O/Al,O3; 6 — ba;, (Na,O + K,0)/Al,05; B — I'M, (Al,03 + TiO, + Fe,03 + FeO +
+ MnO)/Si0,); r — SA, SiO,/Al,03; 1 — WIP, 100 x (Na/0.35 + Mg/0.9 + K/0.25 + Ca/0.7).

VYcioBHBIE 0003HAYEHMS CM. pUC. 3.

30pYYCKOro MHTEpBajla XapaKTepU3YIOTCSI BEJIUYM-
HaMu SA, OJM3KMMM K T€M, YTO XapaKTEpHBI IS
PAAS. AprunnnTsl rpyIIKMHCKO-HATOPSTHCKOTO MH-
TepBaJia B OOJILIIMHCTBE CJIydacB MUMEIOT 3HAYEHUS
SA < SApsas. DTO HaeT OCHOBaHUE TpearnosaraTh,
YTO OHU CJIOXKEHBI 00JIee BBIBETPEIbIM MAaTePHUAJIOM,
YeM BHILIEIeXaIIe OTIOXEHUSI.

Benmunnabel nagekca WIP B aprmnnnTax BeHIa—
HIDKHETro KeMOpust BapbupyltoT ot 30 1o 74 (cM. puc. 41).
IMocnenHue 3HaYeHMSI, XapaKTepHBIE IJIs1 INIMHUCTHIX
MOpoJ, SPBILIEBCKO M BEPXOB HArOpsSIHCKOW CBUT,
TTOYTH B TOYHOCTH paBHBEI WIP B cpenHmx apxeicKkmnx
rpanutax (75). B PAAS WIP = 52. Beauuunsr WIP
B OOJILIMAHCTBE MHIMBUAYAJIbHBIX O0pa3IoB apTUiI-
JIATOB MOTWJIEBCKOI M SIPHIILIEBCKOW CBUT OTBEYAIOT
WHTEepBay X 3HaueHN Mexkny PAAS 1 cpemaM ap-

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 3

XEMCKUM TpaHUTOM. DTO XXe& CBOMCTBEHHO apTUJIJIN-
TaM BEePXOB 30pPYYCKOIl CBUTHI. [JIMHUCTEIC TTOPOIBI
JIPYTUX €IUHMI] pa3pe3da (HUKHSS M CPEIHSST YacTu
HaAropstIHCKOM CBUTbI, HW3bl JAHWJIOBCKOW 1 TOYTU
BCS CTYIOCHHUIIKasi CBUTHI) MMeloT 3HaueHust WIP
onmuskue K PAAS, 1160 MeHbIIINeE.

3navenust nHaekca CIA B NIMHUCTBIX ITOpoOJIax
IMomonbckoro IlpumHecTpoOBBbSI M3MEHSIOTCS OT 57
1o 79 (puc. 5a). ns PAAS sToT mapamMeTp cocTaBsi-
eT 69, a o1 CpemgHero apxemckoro rpaHuTta — 54.
CIA eee U151 aPTUILTUTOB Beeit BLIGOPKM paBHO 71 + 4,
YTO MPAKTUYECKU B TOUHOCTU COOTBETCTBYET BEJIU-
yuHe gaHHoro mHaukaropa (70), pasgesnsolieii, 1o
MHEHMIO aBTOpOB paboThl [Visser, Young, 1990], or-
JIOXKEHMSI, HAaKAIUIMBABIINECS B 00CTAHOBKAX XOJIOM -
HOTO/apUIHOTO M TEeIUIOTO/TYMUIHOIO KJIMMaTa.
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Puc. 5. Bapuauuu psiza MHIEKCOB XUMUYECKOTO BEIBETPUBAHMS B apriIJINTax BeHaa—HIKHero KeMopus ITomonbckoro [pu-

JIHECTPOBbSI.

Wuzekest: a — CIA, 100 x Al,O3/(ALO; + CaO* + Na,O + K,0); 6 — CIW, 100 x Al,05/(Al,03 + Na,O + CaO); B — PIA,
100 X (Al,03 — K,0)/(AL,03 + CaO* + Na,0 — K,0); r — CPA, 100 X ALO3/(AL,03 + Na,0); 11— MIAy), 100 x (Al,05 +

+ Fe,0%)/(Al,05 + Fe,0F + MgO + CaO* + Na,O + K,0).
YcinoBHBIE 0003HAYEHMSI CM. PUC. 3.

Cka3zaHHOE€ He MO3BOJISIET, OCHOBBIBAsICh HA TAHHBIX
O CBOICTBEHHBIX aprJUIMTaM Pa3IuIHbIX CBUT BEH-
ITa—HIKHero kemopust BenmunHax CIA, comenaTh Ka-
Kre-Im0o ompenejacHHBIC BBIBOOBI OTHOCHUTEIHHO
najieokianuMaTa. MoXHO TOJIBKO IIpeaIiojiaraTb, 4To
pe3Kue Bapralliy €T0 B YKa3aHHbBIIM IIepUOl BpeMEHU
OTCYTCTBOBAJIU, U B 1I€JIOM OH ObLJI, CKOp€e BCETO, T0-
CTaTOYHO yMepeHHbIM. Mexny 3HadeHussMu CIA u
I'M B apriyumrax sIpbIIIeBCKOI, HATOPSIHCKOM, da-
HHMJIOBCKOM, XXKapHOBCKOI, OKYHEILIKOI M 30pydCKOt
CBUT HAOIIOZAETCSI yMEPEHHAs OJI0KUTEIbHAsI KOpP-
pemsius (0.20—0.53). ApryuiuThl KpyIIaHOBCKOM U
CTYIECHUIIKOM CBUT 00JaIal0OT OTPpULATEIBHOMN KOP-
pensiueii Ha3BaHHBIX MapaMeTpoB. Enie onHo nHTE-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

pECHOE OOCTOSTENBCTBO — JJISI ApTUJLTUTOB MOTUJIEB-
CKOI1, SIPBIIIIEBCKOM M HAarOPSTHCKOM CBUT HaOJIIOna-
ercss ciabass WIM yMEpEHHas TIOJIOXUTENbHAS
koppensiusa mexay CIA v mHaMKaTopaMu cocTaBa
nopoJ B obnactsx pa3meisa (TiO,/Al,O; u Ti/Al), To-
ra Kak NIMHUCThIE MOPOIbl KAHWJIOBCKOW CEpUU Ta-
KOIf Koppesinu He TToKa3biBatoT. M3 aToro cnenyer,
YTO, TO-BUAUMOMY, TOJbKO 3HaueHUs1 CIA B aprui-
JIUTaX KaHWIOBCKOU cepruur B KaKOU-TO Mepe oTpa-
AT MAJICOKIIMMATUYECKUE XapaKTEPUCTUKUA Bpe-
MeHU UX GOpMUPOBAHUSI.

Cpennssa semmumHa nHAeKca CIW misg mmmHMUCTRIX
nopoj Halllei BBIOOPKU cocTaBiisieT 86 + 5 (MUHU-
MyM — 68, makcumyMm — 95) (cm. puc. 56). Cpennue
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apxeicKkue TpaHUTHl UMEIOT 3HaYeHHe JAaHHOTO Ma-
pametpa 67, a PAAS — 81. Bapuauun CIW cHusy
BBepX Mo paspe3y cuMmOatHbl Bapmanmsam CIA, Ho
IUIST apTAJUIMTOB OOJBIIMHCTBA CBUT (HAIIpUMED,
TPYIIKWHCKAS, SIPBIIIEBCKAsI, HATOPSIHCKAs, CTyIe-
HULIKasi, OKyHEeIIKasl, XMeJIbHUIIKAs 1 OOJIbIIIasl YaCTh
30pyuckoii) BeanunHbl CIW HECKOIBbKO BHIIIE, YeM
3TO XapakTepHo mis1 PAAS. ImmHMCTHIC TTIOPOOHI a-
HMJIOBCKOM, >XapHOBCKOM M KpYLIAHOBCKOW CBUT
nMmelroT 3HadeHus1 CIW comocraBumbie ¢ PAAS.

3HaueHus1 uHaekca PIA B 1ieioM mo paspesy Me-
HATOTCS OT 61 mo 93 (cpemHee — 82 + 6) (cM. puc. 5B).
st PAAS stot mapameTp paBeH 77, a WIS CpEeIHUX
apxelickux TrpaHuToB — 56. IlomaBnsiolnee GOb-
IIMHCTBO OOpPa3loOB aprWJUIMTOB B pa3pe3c BEHOA—
HkHero kKemOpust Ilomonbckoro IlpumHecTpoOBbs
XapakTepu3yroTcs 3HaueHUusIMU PIA GonbiiyMu, yem
9TO XapakTepHo Wisi PAAS, u ToJIbKO Ha psifie ypoB-
Hell (BepxXu MOTWJICBCKOI Y HATOPSIHCKOI CBUT, HE-
CKOJIbKO WHTEPBAJIOB B pa3pe3ax SIPbIIIECBCKOM, Oa-
HUWJIOBCKOM, >KapHOBCKOW M KpPYLIAHOBCKOMW CBWUT,
HU3bI CTYACHUIIKOM U BEPXU 30pYUCKOIi CBUT) TIPUCYT-
CTBYIOT apruyututhl co 3HayeHUus MU PIA < PlAppxs.
Oco0eHHO SIPKO 3TO BBIPAXXEHO B HM3ax CTYAEHMUII-
KO 1 BepXax 30py4YCKOil CBUT.

XUMMYECKUI MHIUKATOp W3MEHEeHUs (MHIEeKC
CPA) 07151 apruiuToB paccMaTpuBaeMOro HaMU pas-
pes3a BapbupyeT oT 80 mo 100 (cpenHee — 91 *+ 4) (cm.
puc. 5t). B PAAS ero BennuuHa paBHa 91, a B cpen-
Hux apxelickux rpaHutax K. Konau — 74. Bapuaiuu
CPA B paspese umeloT cieayoiuuii Bua. Beepx no
IPYLIKMHCKO-MOTHUJIEBCKOMY HWHTEpBajly MPOUCXO-
nut cHkeHue CPA ot 6ostee 90 no ~83. I[Togasnsro-
1iee OOJILIIMHCTBO aprUJIMTOB SIPBIILIEBCKOI U Ha-
TOPSTHCKOM cBUT o6Oianaior 3HadeHusmMu CPA > 90.
I[nuHuCTBIE TIOpOIBI JAHWUJIOBCKOM, >KapHOBCKOIM,
KPYIIAaHOBCKO# M1 HU30B CTYIEHUIIKOI CBUT B OCHOB-
HOM JeMOHCTpupytoT BeauuuHbl CPA < 90. s
CPEMHUX U BEPXHUX YPOBHEU CTYIEHUIIKOU CBUTHI,
a TakKe NIMHUCTBIX MOPOI HUDKHETO KeMOPUST CBOM-
ctBeHHbI BenunHbl CPA ot 90 no 95. B uenom xe,
Kak TmokazaHo Bbile, CPA e I apruuiiToB
BEHIa—HWXXHETO KeMOpUsI NPUHLMNNUAIBHO HE OT-
snyaetcst OT CPApyus-

OcHOBBIBasICh Ha BBIBOJaX mcciaemoBaHus [Lii-
vamagi et al., 2021] o nmpenMyIIecTBEHHO OKUCIIM-
TEJIbHBIX OOCTAaHOBKAaX BBIBETPMBAHUS B BEHIE Ha
paccMaTpuBaeMoOii TEPPUTOPUN, MBI pACCUMTAIIN IJIST
apruJUIMTOB TakXe 3HaYeHus uHIeKca MIA ).
CpenHsis ero BeJIUYMHA IJIsl aprUJUIMTOB BCETO pas-
pesa coctaBiusier 75 £ 7 (MuHUMyM — 57, MaKCHU-
MyM — 94) (cm. puc. 5m). g PAAS sTot mapametp
paBeH 72. IIpu xapakrepuctuke MIA, BbIllIe MBI yKe
OoTMevasu, 4To 60jiee MU3MEHEHHbIE TPOLIECCaMU BhI-
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BETPUBAHUS MOpOALI 00JIamaioT Gojiee BBICOKMMU
spadeHuaIMn MIA. B ciaygae, korna BemmamHa MIA
paBHa ~ 100, MOOMIIBHEIC 3JIEMEHTHI M3 TIOPOI yaaje-
HBI TTOYTH NOJTHOCTHIO. K Takoii cuTyauny B Kakoii-
TO Mepe OIM3KU TJIMHUCTBIE TIOPOIbI BepXHEll yacTu
SIPBIIIEBCKOI 1 HU30B HATOPSTHCKO# CBUT. 3HAYEHUS
MIA () 1151 IOAaBJIAIOIIEN YACTU apPTUILIUTOB APYTUX
JIMTOCTpATUTpaUIESCKUX EIUHUILL BeHIa—HKHETO
KeMOpUs NpUHLUNKAAILHO He OTJIUYAIOTCS OT BEJIU-
YMHBI JAaHHOTO nHAUKaTopa mist PAAS.

IIpuBeneHHbIE BBIIIE OJaHHBIE MOKA3bIBAIOT, YTO
MajeoKINMaT, CYIIECTBOBABIINII B BEHIE—pPaHHEM
KeMOpHMHM Ha I0ro-3amamHoil (B COBpEMEHHBIX KOOp-
nuHarax) nepudepun BEII He xapakTepusoBaycs
KaKUMM-JIU00 KOHTPACTHBIMU U3MEHEHUSIMU U OBLI,
CKopee, YMEPEHHBIM WJIM TEIUIBIM TYMUIHBIM, YTO B
CYIIIECTBEHHOM Mepe COIJIacyeTCsl C MpeACTaBICHUSI-
Mu aBTOpOB pabot [[Tuppyc, 1980; Liivamagi et al.,
2018, 2021 u np.]. CoenaHHbIe HAMU BEIBOJIBI HE TIPO-
TUBOpEYAT 1 ITOJIYYCHHBIM paHee JaHHBIM O pacIpo-
CTpaHEHUH U MHHEPAJIbHOM COCTaB€ BEHICKMX KOpP
BBEIBETPMBAHMSI, N3BECTHBIX B 3ammagHoit yactu BEIT;
O TIOIBMZKHOCTH PA3JIMYHBIX 9JIEMEHTOB B IIPOLIeccax
BeIBeTpuBaHuu |[Maxnau, JleBwix, 1973; omatko,
1976; Casko, HomaTtko, 1991; JleBbx, Maxuau, 2001
n 1p.]. Habmromarommuiics B psiae paiionoB BEIT mpe-
MMYIIECTBEHHO CMEKTUT-WUIATOBBIA COCTaB apriI-
JINTOB BEHIIA CBA3BIBAJICS aBTOPaMU HAa3BAHHBIX BBIIIIE
MyOJIMKALIMii CO CIIeHU(UKON ITO3MHEIIPOTEPO30ii-
CKHX KOp BBIBETpUBaHUS (IIOBBIIIEHHAsI MOIIHOCTh
30H TUApaTalluy U IIOHDKeHHAsT — 30H TUIPOIN3a).

JJ1st peKOHCTPYKILIMHU TTaJIeOKJIMMATa TAKXKe Ha OC-
HOBE JINTOTCOXMMUYECKUX TaHHBIX, HO B OTIpeIeJIeH-
HOIi CTeleHU HE3aBUCUMO OT PACCMOTPEHHBIX MPU-
MEPOB, Mbl BOCIIOJIb30BAJIUCH IIPUEMOM, TIPUMEHEH-
HbIM B nybnukaumu [Gonzalez-Alvarez, Kerrich,
2012] ipu nccnegoBaHUY MAJIEOKIMMATUYECKIX 00-
CTaHOBOK (POPMUPOBAHUSI OTJIIOXKEHMI HaICepuun
benrt-Ilepcenn (Ckanuctoie ropsl, CIIIA 1 Kanana).
ABTOpBI YKa3aHHOU pPabOTHI COITOCTABUJIU CBOIi-
CTBEHHbIC TJIMHUCTBIM TIopoaaM Hancepuu bent-
Ilepcenn 3nageHus CIA ¢ Temu, 94TO XapaKTepHBI JIJIST
TOHKO3EPHUCTBIX OCaJKOB COBPEMEHHBIX KPYITHBIX
pex. B pesyabrare MU cienaH BHIBOI, UTO apTUJIIH-
Thl YKa3aHHOTO MOMApa3iesIcHUss BEPXHEro IOKEeM-
opust CeBepHOit AMEPUKH COIIOCTABUMBEI IO 3HaYe-
HusM CIA ¢ ocankamMu KpyITHBIX peK, IPEHUPYIOIINX
00J1aCTU TYMUIHOTO YMEPEHHOTO UM TPOMUYECKOTO
ximMara (pekun Hui, Amaszonka, OpurHOKO U Ap.).
Apryuutel ¢popmanmnii ArmekyHu u I'puHHen ume-
10T BeMIMHY CIA e 80 * 5. CooTBETCTBEHHO,
OHU MOTYT OBITb CJI0XEHBI MPOAYKTAMU XUMUYECKO-
r'O BBIBETPUBAHUSI, CXOMHOIO C TEM, UTO UMEET MECTO
B COBpPEMEHHBIX 00CTaHOBKAaX TYMUIHOTO TPOITUYEC-
ckoro kimmara (ocaaku pex [Tapana, MekoHr u ap.).
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Puc. 6. PacnipeneneHrie MHIMBUAYAIbHBIX (a) U yCpeAHEHHBIX (0) (DUTypaTUBHBIX TOUYEK apriUINTOB BEHIAa M HUXKHETO KEM-
6pust [Tononsckoro I[punHectposbs Ha anarpamme (La/Yb)n—Eu/Eu* ¢ monsiMu coctaBa ocalkoB COBPEMEHHBIX PEK Pa3Iny-
HBIX KaTeropuii, mo [Macios, llleBuenko, 2019; Macnos, 2019].

Crpenka oToOpaXkaeT OMOJIOXKEHUE CBUT B MCCIEIOBAHHOM pa3pe3e. YCIOBHbBIe 0003HAaYeHUsT CM. puUc. 3.
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Puc. 7. BapI/IaHI/II/I Cp€aAHUX, MUHHUMAJIbHBIX U MAaKCUMAJIbHbBIX 3HaueHwuii CIA B aprujuiMTax pasjiM4YHbIX CBUT BEHI—HMWXKHE-
KeM6pVIﬁCKOFO pas3pesa IMononbckoro an/II[HeCTpOBBH 1 aJICBPUTO-TICJIMTOBBIX OCaaKaX HEKOTOPbLIX COBPEMEHHLIX KPYITHBIX

pex, o [Maynard, 1993].

1 — cpennee apudmernueckoe 3HaueHne CIA; 2 — ctangapTHOe oTKiIoHeHMe (* 10); 3 — MUHUMAaJIbHOE M MaKCUMaJIbHOE 3Ha-
yeHust CIA. BepTuKaibHBIMU IITPUXITYHKTUPHBIMU JIMHUSIMU TTOKAa3aH MHTEPBAJ Bapyallvii cCpeTHUX ist CBUT 3HaueHuit CIA.

Takoii momxon IPeaCTaBIsieTCd HaM UMEIOIINM
NpaBo Ha CyIECTBOBAaHUE, HO HE JIMILIEHHBIM 3HAYM -

TEJIBHOTO KOJMYECTBaA “HO,I[BO,I[HBIX KaMHEU

bbl

(cm.

0030p B pabote [Macios, 2021 u ccpuiku Tam]). ToH-

KO3epHUCTbIE (aJeBPUTO-TIEJIUTOBbBIE) OCAAKM CO-
BPEMEHHbBIX KPYIMHBIX PEK Pa3HbIX KIMMATUYECKUX
nosicoB xapaktepusytorcsi 3HaueHussMu CIA ot 51
(p. Ca. JlaBpeHTHIi, 30HA TYHAPHI U Taiirn) U 54—64
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Puc. 8. CpenHue, MUHUMAbHBIE 1 MaKCUMaTbHbIe 3HaUeHUS CIA B apriyuinTax pa3IMIHbBIX CBUT BEHIA M HUDKHETO KeMOpUsT
TMononbckoro [TpuaHECTPOBbS M BEAWMYMHBI 9TOTO K& MHIEKCa B TOHKO3EPHUCTBIX 00JJOMOUYHBIX OCaIKaX COBPEMEHHbBIX KPYII-
HBIX PEK Ppa3IMYHbIX KIMMaTU4YeCKUX 30H, 1o [McLennan, 1993].

VYcnoBHbIE 0003HAUYEHUSI CM. pUC. 7.

(pexu yMepeHHOro T'yMUIHOTO KJIMMaTa, peku Muc-
cucunu, HyHaii u np.) 1o 90—95 (pexu TponmuecKo-
ro kiimmara, peku Konro, Hurep u np.) [McLennan,
1993 u ccvuiku Tam; Gonzilez-Alvarez, Kerrich,
2012]. PacmpeneneHue MHIMBUAYAJIbHBIX U YCpEI-
HEHHBIX (PUTYPaTUBHBIX TOYEK apTUJUIMATOB BeHIA U
HuxkHero kKemOpusti Ilomomsckoro IlpumHecTpoBBs
Ha muarpamme (La/Yb)y—Eu/Eu* (puc. 6), mo3BoJsi-
IOIIEN CyOIUTh O KaTeropusix pexk [Macios, IlleBueH-
Ko, 2019; Macnos, 2019], nmoka3bIBaeT, 4To 3a UC-
KJIIOUEHMEM T'PYIIKWMHCKOM CBUTBI, BCE€ OCTaJIbHBIE
JIuTOoCTpaTurpadudyeckue Ioapa3facieHuss yKazaH-
HOTO pa3pe3a 00beAUHSIOT INIMHUCTBIE TIOPOJIbI, CJIO-
XKEHHbIE MaTepuaJioM, TPaHCIIOPTUPOBABIIMMCS B
00JIaCTh OCAIKOHAKOIUIEHUSI KPYOHBIMUA peKaMu
(pexu Kateropuii 1 u 2, oObsSICHEHUSI CM. B paboTax
[Macnos, IlleBuenko, 2019; Macnos, 2019]). Ecnu
3TO NEMCTBUTENBLHO TaK, TO Mbl MOXEM Mpearnoja-
ratrb, YTO KJIMMaT HAa UX BOIOCOOpax OBLI B TOM WJINU
MHOM CTEINEeHM ITOXOX Ha KJIMMaT BOOOCOOPOB peK

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 3

Wun, I'anr, Makkensu, Hun, OpuHoKo mim Ama-
30HKa (puc. 7), T. e.
KeMOpHs Ha 1oro-3amnaje (B COBpEMEHHBIX KOOPAU-

KimMar BE€HIAa—pPaHHETO

Harax) BEIl HanoMmuHan, mo Bceii BUOIMMOCTH, CO-
BPEMEHHBIE CYXOU U TYMUIHbBINA CyOTpONMUYECKUA, 1
CyXOM TPOIMMYECKUI C 7IeMeHTaMU TYMUIHOTO (puc. 8).
BosBpaiasgcs K Hadajly JaHHOTO ab3alia, OTMETUM
CIIeLMAJILHO e11le pa3 — Mbl HOHUMAaeM, YTO Ka3aJIOCh
OBI CTPAaHHO CPpaBHUBAThH 0€3XXM3HEHHBIC IIPOCTPAH-
CTBa CyIlIM BeHIAa U COBPEMEHHBIE TPONIUYECKUE 00-
JIACTU C BEYHO3EJICHBIMMU JIECAMU M KOJOCCAJIILHBIM
KOJIMYECTBOM OPTaHUKM, IO KOTOPBIM TEKYT TaKue
peku, kak Ama3zoHka, Konro winu Hurep (1, Heco-
MHEHHO, TYT €llle HEOOXOAUM KPUTUUYECKUI aHaIN3
CKa3aHHOT0), HO apryMEeHTaMH B IOJIb3y YKa3aHHOTO
TOAX0/Ia BUASTCSI HAMU CYIIIECTBEHHOE KOJIMYECTBO Ka-
onvHuUTa B omioxeHusx BeHna BEIT u cBolicTBeHHbIE
WM B psifie CIydaeB BhICOKME BeTmunHbI mHuekca CIA.
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Chemical Weathering Indices and their Use for Paleoclimatic Reconstructions
(on the Example of the Vendian—Lower Cambrian Section of Podolsk Transnistria)

A. V. Maslov" *, V. N. Podkovyrov> **

IGeological Institute, Russian Academy of Sciences, Pyzhevsky lane, 7, bld. 1, Moscow, 119017 Russia

2 [nstitute of Precambrian Geology and Geochronology, Russian Academy of Sciences,
Makarov emb., 2, St.- Petersburg, 199034 Russia

*e-mail: amas2004@mail.ru
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The article provides an overview of various indices/indicators (Vogt, Parker, CIA, CIW, PIA, MIA, etc.) used
in the study of weathering profiles/crusts and reconstruction of paleoclimatic environments of sedimentary
sequence accumulation. Their possibilities are demonstrated by the example of Vendian-Lower Cambrian
terrigenous deposits of Podolsk Transnistria (southwestern slope of the Ukrainian Shield). The distribution
of the ba; index values in this section indicates the presence of the material most transformed by the processes
of chemical weathering in the mudstones of the Nagoryany Formation, the lower part of the Danylivka and
the middle part of the Studenytsya formations. For mudstones of the Danylivka—Zbruch interval, the HM
values are close to the HMpy 45. For rocks of the Yaryshiv—Nagoryany interval, the HM values are slightly
higher, and for mudstones in the lower part of the Yaryshiv Formation, they are comparable to those inherent
in continental clays of a hot tropical climate. The average SA index for mudstones of the entire section is 5.6 +
* 0.7. Mudstones of the Hrushka—Nagoryany interval, where SA < SApaas, are composed of more weathered
material. The WIP values in the mudstones of the Mohyliv and Yaryshiv formations, as well as in the upper
part of the Zbruch Formation, correspond to the interval of their values between PAAS and the average Ar-
chean granite. Clay rocks of other formations have WIP < WIPp, g values. The average CIA value for mud-
stones is 71 £ 4, which practically corresponds to the CIA value (70), which separates the sediments of
cold/arid and warm/humid climates. Variations in the CIW index along the section are symbate with varia-
tions in the CIA. The vast majority of mudstones are characterized by PIA > PIApsag values. The average
CPA value is 91 *+ 4, which is also typical for PAAS. The above and other data show that on the basis of a
“direct” interpretation of the values of various indices of chemical weathering inherent in fine-grained clastic
rocks, the paleoclimate that existed in the Vendian—Early Cambrian on the territory of Podolsk Transnistria
was rather moderate or warm humid. Comparison of the CIA values of mudstones with the values of this in-
dicator for the particulate suspended matter of modern rivers suggests that the climate in the Vendian—Early
Cambrian resembled dry and humid subtropical or dry tropical with elements of humid.

Keywords: indicators/indexes of chemical weathering, clay rocks, Vendian, Lower Cambrian, Podolsk Trans-
nistria.
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