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1. Introduction

Limno-glacial deposits formed in large glacial 3. Rosults and discussion
basins at the boundary of the Late Pleistocene and
Holocene are unique geological formations that have
no modern analogues. The transition from the Last
Glacial epoch to the Interglacial (the Holocene) was
a time of active melting and reduction of the area
of large ice sheets in the Northern Hemisphere - the
Laurentian and Scandinavian Ice Sheets, as a result of
which large glacial water basins with huge areas and
depths and with huge water volumes were formed on
their periphery. In the cold climate conditions of that
time, a special type of sedimentogenesis was formed —
nival, characterized by physical, frosty weathering, the
dominance of erosive processes, the predominance of
clastic material over biogenic (Strakhov, 1960).

Based on varvochronological studies of varved
clays, it was revealed that they accumulated over 1150-
1300 years in the time interval 14,500-13,000 years
ago. The drainage basin of the OIL has undergone sig-
nificant changes since its deglaciation. During the for-
mation of the OIL, the Earth’s surface, as a result of
isostatic deformations, had a strong slope towards the
glacier, which was reflected in the fundamentally dif-
ferent location of the surface runoff directions from the
modern one and their orientation in the north-easterly
direction towards the glacier. The area of the drain-
age basin about 14,500 years ago was more than 160
thousand km?, which is about 2.6 times more than the
modern one. At that time, the southern boundaries of
the OIL catchment area were shifted 300 km south of

2. Materials and methods their current position. The drainage basin of the OIL,
i i ) . and then of Lake Onego, gradually decreased due to

Paleogeographic and paleolimnological studies the separation of its southern and south-eastern sec-

of the bottom sediments of Lake Onego in recent years tions and reached its modern borders about 2500 years
have allowed us to obtain new data on the features of ago. During the Ice Age, the removal of detrital mate-

the formation of the Onego Ice Lake (OIL) and the condi-
tions of limno-glacial sedimentation (Paleolimnology...,
2022).

rial was very large and significantly exceeded the mod-
ern one. For example, 12,000 years ago, the volume of
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detrital material carried into the OIL basin could have
amounted to 49.4 km?3. At the same time, the southern
segment of the catchment area, composed of sedimen-
tary rocks of the Russian Platform (RP), could receive
more than 3 times more detrital material than from the
northern segment, represented by crystalline rocks of
the Fennoscandian Crystalline Shield (FSC).

An assessment of the reserves of sedimentary
matter of different genesis in the basin of Lake Onego
showed that the amount of limno-glacial deposits (min-
eral silty-clay deposits with a laminated structure)
reaches 52 km? in volume, and 30,000 million tons of
dry matter in mass. These figures are 5 and 10 times
higher than similar characteristics for Holocene sedi-
ments (volume - 10 m?, weight - 3000 million tons of
dry matter). The rate of accumulation of sedimentary
matter in the basin of Lake Onego in the conditions of a
nival climate (stage of OIL) was 2 orders of magnitude
higher than the average rate of sedimentation in the
Holocene.

A comparison of the distribution features of
REE in varved clays with those in crystalline rocks of
the FCS and sedimentary rocks of the RP allowed us
to come to the following conclusions regarding their
litho-geochemical features and formation settings: (1)
the bottom sediments of Lake Onego are formed mainly
due to sedimentary material formed by repeatedly
redeposited weathering products of the crystalline rock
massifs of the FCS and in to a lesser extent, deposits of
the RP sedimentary cover (with the exception of lim-
no-glacial deposits of the southern part of Lake Onego,
where the role of sedimentary material received as a
result of weathering of sedimentary rocks of the RP,
when the drainage basin was significantly shifted to the
south, is significant). A well-marked trend of changes
in the spectra of REE distribution in bottom sediments
in the Onego Lake water area has been revealed, with
a gradual increase in the role of sedimentary rocks of
the RP towards the Southern Onego and their com-
plete predominance in the bottom sediments of the
Southern Onego throughout the entire time of the
lake’s development.

Complex geochemical and mineralogical studies
of the stratigraphically aged “pink horizon” in varved
clays of the OIL (Fig. 1) and the horizon with shungite
layers in the varved clays showed their identity, with
differences in accessory minerals and the addition of
dolomite and shungite to the main minerals in the
lowest units. The main minerals are quartz and feld-
spar (mainly albite, oligoclase, microcline) of different
dimensions, degree of edging, morphology, as well as
large and small scales of chlorite, illite, muscovite, bio-
tite, actinolite, and epidote. At the lower sharp contact
of the “pink horizon” of varved clays, the amount of
finely scaled chlorite and illite of a more ferruginous
composition increases sharply. The gadolinium maxi-
mum, which is present for most of the varved clays of
the OIL is especially high in varved clays of the “pink
horizon”.

The main characteristics of lake sedimentation in
glacial lakes are given below: 1. The nival type of sedi-
mentogenesis (Arctic, Subarctic climatic conditions); 2.
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Fig.1. Photos of two sediment cores with “pink horizon”
in varved clays of Onego Ice Lake.

Conditions of a large (huge), deep-water glacial lake
in the peripheral zone of the Scandinavian Ice Sheet
(Baltic Ice Lake (including Lake Ladoga), Onego Ice
Lake, White Sea Glacial Lake); 3. Low water transpar-
ency (high content of suspended and entrained mate-
rial) and, as a result, low bioproductivity of the lake eco-
system (oligotrophic (ultra-oligotophic) type of lakes);
4. Low concentration of nutrients in bottom sediments
(up to 1-2% of organic matter). Mineral composition of
bottom sediments; 5. Intermittent vegetation cover on
undeveloped soils in the catchment areas freed from
glaciers of the Late Valdaian Glaciation. Open spaces,
polar deserts; 6. The dominant role of erosive and
Aeolian processes; 7. The dominant role of allochtho-
nous material (coming from the catchment area) in the
sedimentation process; 8. High sedimentation rates (an
order of magnitude higher than modern sedimentation
rates in lakes of the humid zone) from 1 to 10 mm or
more per year; 9. Rhythmic accumulation of sediments
(mixed nature of sedimentation: gravitational-turbid-
ite, glacial-turbidite flows); 10. Laminated (rhythmic,
annual) type of lake sediments; 11. Unprocessed pro-
file of the lake bottom relief; 12. Instability and dis-
equilibrium of the lake ecosystem; 13. The relatively
short stage of lake-glacial sedimentation is 1000-2000
varved-years.

4. Conclusions

The formation of limno-glacial deposits (varved
clays) in the conditions of large glacial lakes formed
at the boundary of the Late Pleistocene and Holocene
is characterized by unique natural and climatic condi-
tions and features that currently have no analogues. On
the example of the Onego Ice Lake, the features of the
formation of varved clays and their material composi-
tion are shown.
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1. Beepenue HUEl OHEXCKOro 03epa IO3BOJIMJIA IOJIYYUTh HOBBIE

JaHHble 00 0coO0eHHOCTAX GopMupoBaHuA OHEXKCKOTO
O3epHO-JIeHIKOBBIE  OTJIOXKeHHsdA,  (POpPMUPO- npuIeAHUKOBOro o3epa (OIT0) 1 yCI0BUAX 03€PHO-JIE/I-

BABIIMECH B KPYIHBIX NPHJIEAHNKOBDIX Gaccefinax Ha HUKOBOro ocaakoHakomnenus (I1aseoJMMHONIOrHA.. .,
pybexe MO3[HEr0 HEeOoIJIelCTOLeHa U TOJIOLeHa, ABJI- 2022)

I0TCS YHUKaJbHBIMH B CBOEM pOJ€ I'eOJOTMYecKUMU
obpa3oBaHUAMY, He MMeWIre COBpPeMEeHHBIX aHaJo-
roB. [lepexon oT nocjiefHel JJeJHUKOBOM 3M0XU K MeX-
JIeTHUKOBOM (ToJionieHy) OBLT BpeMeHeM AaKTHBHOI'O
TasgHWA U COKpallleHNs IJIOMaan KPYIHBIX JIEJHUKOBBIX
muToB B CeBepHOM noJiymapuu — JIaBpeHTUIHCKOro 1
CkaHOWHABCKOI0, B pe3yjbTaTe 4yero GopMHPOBaJINCh
Ha ux nepudepun KpynHble MpUieJHUKOBBIE BOJOEMBI
6OJIBIION IJIOMAAN U TJIyOMHBI C OIPOMHBIMU OO0Be-
MaMH BOJHBIX Macc. B XOJIOOHBIX YCJIOBHAX KJIMMaTa
TOr0 BpeMeHH! (popMUpoBasIiCcs 0COOBIN TUI CeAUMEHTO-
reHe3a — HUBAJIbHBIM, XapaKTepu30BaBIINCcA pusnye-
CKHM, MOPO3HBIM BBIBETpHBaHHEM, I'OCIOACTBOM 3pO-
3HMOHHBIX IpOI[eCCOB, MpeobsagaHueM KJIaCTUYeCKOro
Marepuasia Hajy 6uoreHasiM (Ctpaxos, 1960).

3. Pe3ynbTaTthbl H 06Cy)KAeHHue

Ha ocHOBe BapBOXpOHOJIOTMYECKUX HCCIIENO-
BaHUN JieHTOYHbIX I'IMH OIIO BEBIABIIEHO, YTO OHU
HakalIMBaauch Ha npotrsxeHnu 1150-1300 ner BoO
BpeMeHHOM wuHTepBase 14500 -13000 ner Hasapg.
Bogocbopuriii Gaccelin OIIO mperepriesl cyljecTBeH-
HBle M3MEHEHMsA CO BpEMEHM ero aerjanuanuu. B
nepuon QopmuposaHua OIIO noBepxXHOCTH 3eMid
B pe3yJibTaTe M30CTaTudeckux nAedopmanuili mmesa
CUJIbHBIN HAaKJIOH B CTOPOHY JIeqHUKA, YTO OTPa3uyIoCh
B IPUHIIUNHNAIBHO OTJIMYHOM OT COBPEMEHHOI'O PacIIo-
JIOXKeHHsA HallpaBjIeHUIl IIOBEPXHOCTHOT'O CTOKa U UX
OPHMEHTHUPOBAHUM B CEBEPO-BOCTOYHOM HANpPaBJIEHUU B
cTOpoHy JieaHuka. [Inomans BogocbopHoro Gacceiina
okosio 14500 et Haszaj cocTapjisiyia 6oJsiee 160 Thic.
KM?, 9YTO IpUMepHO B 2,6 pa3a 60Jblle COBPEMEHHOTO.
IOxHble rpanuIel Bogoc6opHoro 6accetina OIIO B TO
Bpems ObuIM cMelieHbl Ha 300 KM 10’)KHee OT COBPEMeH-

2. MaTtepunanbl 1 MeTOAbI

HaﬂeoreorpaQ)I/IquKHe 1 IaJIe0OJIMMHOJIOrHn4e-
CKMe HnccjeqoBaHUA IMOCJIEAHUX JIET JOHHBIX OTJIOXE-
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HOro ux mnoJioxeHus. BopocbopHsiii H6acceitn OIIO, a
3aTeM U OHEXCKOTo o3epa IOCTEIeHHO yMeHbIIaJICA
3a cueT OTWIEHEHHUs I0XKHBIX U I0r0-BOCTOYHBIX €ro
Y4YaCcTKOB U JOCTUT COBPEMEHHBIX IrpaHul] okosio 2500
JleT Haszaf. B jleAHMKOBYI0 310Xy BBIHOC O0JIOMOYHOI'O
MaTepuasa OblJI OYeHb BeJIUK U CYLIeCTBEHHO IIpEeBHI-
maJ coppeMeHnHbIH. Hanpumep, 12000 jieT Hazag o6beM
06JI0MOYHOr0 MaTepHaja, BBIHOCHMOI'O B KOTJIOBHUHY
OIIO, mor coctaButh 49,4 kM3, IIpu 3TOM C IOXKHOTO
cerMeHTa BogocOopa, CJI0XKEHHOI'0 0CafOYHbIMU I1OPO-
AamMu Pycckoil IInTsL, MOIJIO IOCTYNaTh O0JIOMOYHOIO
MaTepuasa 6osiee yeM B 3 pasa 6oJibllle, 4eM C ceBep-
HOI'O CerMeHTa, Npe/iCTaBIeHHOI0 KpUCTaLJINYeCKUMU
nopogamy @eHHOCKaHAWHABCKOIO MUTA.

OneHka 3amacoB 0CafjOYHOTO BelllecTBa pa3HOIo
reHesuca B KOTJIOBHMHe OHEXCKOTo o3epa IoOKasala,
YTO KOJIMYECTBO IIO3[HEJIeJHUKOBBIX, O3€pHO-JIeJHU-
KOBBIX OTJIOXKeHMU! (MUHepasibHble ajleBpUTOBO-TJINHU-
CTBbI€ OTJIOXKEHHsA CO CJIOUCTON CTPYKTYPOH) AOCTUTaeT
B o6beme 52 kM3, a B macce — 30000 MJIH. T CyXOro
BewniecTBa. OTU UUGpPHL B 5 1 B10 pa3 npeBHIIanT aHa-
JIOTUYHBIE XapaKTepUCTUKU [JiA TOJIOLEHOBBIX HJIOB
(o6bem - 10 kM3, macca - 3000 MJTH. T CyXOTO Belle-
cTBa). CKOpOCTh HaKOIJIEHUA 0CaJOYHOIO BelllecTBa B
KoTJI0BHHe OHEXCKOIro 03epa B YCJIOBUAX HUBAJIBHOI'O
kiumata (cragusa OIIO) Ha 2 mopsaxka IpeBblIajia
CpPeQHIOI0 CKOPOCTh OCaAKOHAKOIJIEHHA B roJIolieHe.

CpaBHeHue ocobeHHOCTel pacnpepesieHus P32
B JICHTOYHBIX TJIMHAX C TAaKOBBIMU B KpUCTAJJINYECKUX
nopojgax ®eHHOCKaHAWHABCKOI'O IIUTAa W OCAJOYHBIX
nopon Pycckoil minTh MO3BOJIMJIO NMPUHUTU K CJIeay-
I0IIMM BBIBOAAM OTHOCHUTEJIBHO UX JIMTOreoXumuue-
CKUX ocobeHHoOcTel 1 06cTaHOBOK (popmupoBaHust: (1)
JOHHBle OTJIOXXeHusA OHeXCKoro o3epa 00pa3oBaHBHI,
B OCHOBHOM, 3a CYeT OCaJ0YHOro Marepuasia, chop-
MHPOBaHHOI'O MHOI'OKPAaTHO IepeoTJIOKEeHHBIMHU IpO-
AyKTaM{ BBIBETPUBAaHMWA MacCCHUBOB KPHCTaJLUIMYECKUX
[OpOoJ IIWTAa W B MeHbIIEH CTeNeHU OTJIOXKEeHUAMU
I1aTGOPMEHHOr0 0CaJO4YHOro yexsa (3a HCKIIIOUe-
HHEeM O03epHO-JIeJHUKOBBIX OTJIOXKEHUH I0XXHON 4acTu
OHexcKoro o3epa, rfe cylecTBeHHa poJib 0CaAOYHOT0
MaTepuaa, IOCTyIUBIIEro B pe3yjbTaTe BBIBETPUBA-
HUA OCajouHbIX Iopoh Pycckoil miatdopmel, Koraa
BOJIOCOOPHBII OacceiiH OB CyIIeCTBEHHO CMeIlleH Ha
1or). BhIABIIEH XOpoLIO BBIpaXEeHHBI TpeH[ H3MeHe-
HUA CIIeKTPOB pacnpeneseHns P35 B JOHHBIX OTJIOXe-
HUAX 10 akBaTopuu OHEXCKOro 03epa, ¢ MOCTeNeHHBIM
yBeJIMUeHreM B HUX pOJIM OCafoOuHBIX nopoAd Pycckoii
mwiatgopmel K FOxHoMy OHero u moJiHoe rnpeo0Jajaa-
HUe UX B JOHHBIX OTJIOXeHUAX KOxHoro OHero Ha npo-
TSXXEHUM BCero BpeMeHU pa3BUTHA o3epa.

KommnekcHble reoxumuieckre U MHHepasoru-
yeckye HccJieJoBaHusA cTpaTurpaduyeckyd BblepXkaH-
HOT'O «PO30BOr'0 TOPU30HTA» B JIEHTOYHBIX TJIKHAxX OITO
(Puc. 1) 1 ropyu3oHTa € LWIyHTMTOBBIMU CJIOAMU B JIEeH-
TOYHBIX TJIMHAX [OKA3aJiM UX UAEHTUYHOCTh, C OTJIH-
YMAMU IO aKI[eCCOPHBIM MUHepajiaM U Ao0aBjieHHueM K
OCHOBHBIM MUHepaJiaM [0JIOMUTA U IIyHT'UTa B CAMBIX
HUXXHUX [TayKax.

OcHOBHBIe MHHepajbl — 3TO KBapl] U IoJie-
Bble MINaThl (MperMyIIecTBeHHO aJbOUT, OJIUTOKJIas,
MHKPOKJIMH) pa3HON pa3MepHOCTH, CTelleHW OKaTaH-
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Puc.1. ®otorpaduu AByX KOJIOHOK JOHHBIX OTJIOXEHUH
C «PO30BBIM T'OPHU30HTOM» B JIEHTOYHBIX IJIMHax OHEXCKOro
MIPUJIEJHUKOBOTO 03€epa

ki 4 5

AT

HOCTU, MOpdoJorny, a Takxke KpYIHble U MeJIKHe
YelryHKy XJIOPUTA, WUINTA, IJIACTUHKU MYCKOBUTA,
OMOTHTA, aKTUHOJMTA U 3nuAoTra. Ha HuXKHEM pes-
KOM KOHTaKTe «pO30BOTO TOPU30HTa» JIEHTOYHBIX
[JIMH pe3K0 BO3pacTaeT KOJIMYeCTBO MeJIKouellyiiva-
TOro XJIOpUTa W WiInTa 0oJjlee KeJIe3CTOTrO CoCTaBa.
FaosTMHUEBBIT MaKCUMyM, KOTOPBHIM IIPUCYTCTBYeT
1J1s1 60JIbINel YacTu JeHTouHbIX TJInH OITO, oco6eHHO
BEJIVK B JIEHTOUHBIX I'JIMHAX «PO30BOr'0 TOPU30HTa».
Huxe npuBoasTcA OCHOBHBIE XapaKTepHCTUKU
03epHOI'0 0CaJIKOHAKOILJIEHNA B PUJIeJHUKOBBIX BOJO-
emax: 1. HuBajpHBII TUN ceMeHTOreHe3a (apKTu-
yeckue, cyOapKTUYecKHe KJIMMaTH4YecKue YCJIOBUA);
2. YcioBus KpymHOro (TUraHTCKOro), IJIyOOKOBO-
JHOTO NMPpUJIeJHUKOBOTO 03epa B IeprudepuiiHON 30He
CkaHIUHABCKOTO JieAHUKOBOro Imwura (BaaTuiickoe
JleqHUKOBoe o3epo (Briouasa Jlagory), OHexckoe
IpUJIeJHUKOBOE 03epo, bBejioMopckoe NpuUjIegHUKO-
Boe 03epo); 3. Huzkasa npo3payHocTb BOABI (BBICOKOE
coepXXaHue B3BeHIEHHOTO U BJIEKOMOrO MaTepurasa)
M, Kak cJIe[IcTBUe, HU3Kasg OHONPOAYKTUBHOCH O3€p-
HOH 3KocucTeMBl (0JIMroTpodHHI (YIbTpa-0JauroTod-
HBII) TUN 03ep); 4. Huskas KoHIeHTpalysa OHMOTreHHBIX
3JIEMEHTOB B JOHHBIX OTJIOXeHUaAX (mo 1-2% opraHu-
4ecKoro BemjecTBa). MuHepasibHBII COCTaB AOHHBIX
oTJioxxeHut; 5. [IpepBIBUCTHIE pacTUTEBbHBIN MTOKPOB
Ha Hepa3BUTHIX IMOYBOTPYHTAX B 30HaX BOAOCOOPHOIO
OacceliHa, 0CBOOOXIEHHBIX OT JIEHUKOB IOCJIeTHETO
BasjAanickoro ojiefleHeHuA. OTKpPHITEIE IPOCTPAHCTBA,
NOJIApHBIE IyCTHIHY; 6. I'ocnoacTBymOLasA poJjib Y 3pO-
3MOHHBIX U D0JIOBBIX IIpoleccoB; 7. I'ocrioncTByromas
pOJIb AJUIOXTOHHOTO MaTepuasia (IOCTYMALIETO C
BoZ0COOpHOro GaccefiHa) B Ipoljecce 0CagKOHAKOILIe-
HUA; 8. BrIcokme cKOpocTU oOcaJKOHaKoIUleHWsA (Ha
MOPAAOK BHIIIIE COBPEMEHHBIX CKOPOCTelN celuMeHTa-
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LM B 03epax ryMuAgHoM 30Hb1) oT 1 10 10 MM u GoJiee B
rof; 9. PurMuiHoe/myabcalliOHHOE HaKOIlJIeHHe OTJIO-
)keHUN (CMeIlaHHBIM XapaKTep OCaJKOHAKOILJIEHUS:
rpaBUTAIMOHHO-TypOUIUTOBBIN, JiIeJTHUKOBO-MYTheBble
notoku); 10. JIeHTOYHBIH (PUTMUYHBINA, T'OAWUYHBIN)
TUI 03epHBIX OTJioXeHui; 11. HeBripaboTaHHEII NpoO-
¢unb penpeda aHa o3epa; 12. HeycTounBoCTh, HEpaB-
HOBECHOCTb 03epHOI 3kocucTeMbl; 13. OTHOCUTENIBHO
HENPOJOJIXUTEJIBHBIN 3Tall 03epHO-JIeJTHUKOBOTO OCafl-
KoHakomsieHus — 1000-2000 BapBo-yeT.

4. 3aknioueHue

@dopMUpOBaHNE O3ePHO-JIEJHUKOBBIX OTJIOXe-
HUl (JIEHTOYHBIX T'JIMH) B YCJIOBUSX KPYIHBIX MpUIeS-
HUKOBBIX BOJI0eMOB, (opMupoBaBIINXCA Ha pybexe
[IO3[JHETO HeOoIUIeHCTOIleHAa U ToJIOIeHa, XapaKTepu-
3yeTcsi YHUKAJIBHBIMM NPHUPOJAHO-KINMATUYECKUMU
YCJIOBUAMH U OCOOEHHOCTSIMH, aHaJIOTOB KOTOPHIM B
Hacrosmee BpeMs HeT. Ha npuMepe OHEXCKOTO IpU-
JIeIHKOBOI'O 03epa IoKa3aHbl 0cobeHHOCTU GOpMUPO-
BaHMA JIEHTOYHBIX I'JIMH U UX BeI[eCTBEHHOI'O COCTaBa.
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