SI: «The 6th International Conference

Limnology and Freshwater Biology 2024 (4): 463-468 DOI:10.31951/2658-3518-2024-A-4-463

Environmental changes at the Pleistocene-
Holocene boundary in glacial lakes of

the North-East of Russia: results and
prospects of multidisciplinary studies

Short communication

LIMNOLOGY
FRESHWATER
BIOLOGY

M

Minyuk P.S.*, Pozhidaeva D.K., Morozova M.A., Burnatny S.S.

North-East Interdisciplinary Scientific Research Institute n.a. N.A. Shilo FEB RAS, 16 Portovaya str., Magadan, Russia

ABSTRACT. Glacial lakes of the Magadan region - Grazevoe (61°08’°21” N, 152°19’57” E), Tschuchye
(61° 08.780’ N, 152° 19.860’ E), Nalimnoe (61°07°41” N, 152°20’8” E), Chernoe (61° 06.690’ N., 152°
15.570’ E), Sosednee (62°03’29” N, 149°31°22” E), Sapog (63°29’9” N, 147°50’41” E), Vodorazdel’'noe
(63°44’8” N, 148°13’4” E), Ui (63°49’°31” N, 147°53’21” E), Forel (63°50’01.61” N, 147°51°03.75” E)
have been studied. Most lakes were formed at the end of the Late Pleistocene or at the beginning of
the Early Holocene. The sedimentation features of the Late Pleistocene and Holocene differed signifi-
cantly. The Late Pleistocene stage is characterized by the dominance of terrigenous sediment, while
the Holocene is dominated by biogenic sedimentation. The key biotic and abiotic paleoenvironmental

proxies from glacier records are shown.
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1. Introduction

The lakes are numerous in the Magadan region
(Izmaylova, 2018). Depending on their origin, they
are divided into floodplain-valley, coastal-lagoon, gla-
cial, glacial-tectonic, thermokarst (Electronic reference
book “Lakes of Russia”, http://wp.limno.org.ru/win/
ruslake.htm). Glacial lakes are common in mountain-
ous areas and most of them formed at the end of the
Late Pleistocene-Early Holocene. In this regard, their
sediments provide information about the peculiarity
of climatic changes during the last glacial-interglacial
cycle, including the global environmental changes at
the border of the Pleistocene and Holocene. The inten-
sive start of the study of lake sediments in the region
began in the 90s of the last century. The obtained data
on the age of sediments, accumulation conditions, paly-
nology, paleogeographic reconstructions are presented
in numerous papers by A.V. Lozhkin, P.M. Anderson
and co-authors (Lozhkin et al., 2016; 2024 and refer-
ences herein). Lakes Elikchan-1,4, Alut, Elgennya, Jack
London, Sosednee, Goluboe, Tschuchye, Priyatnoe,
Julietta, Smorodinovoe, Podkova, Lesnoe, Chernoe,
Glukhoe, etc. were studied. Since the 2000s lake sedi-
ments have been studied using rock magnetic, geochem-
ical, mineralogical, and lithological methods (Minyuk
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and Pozhidaeva, 2023). This approach allows us to
determine the environmental response, including biotic
and abiotic components, to climatic changes in the past.
The study of the catchment deposits, the comparison of
the results with data on lake sediments promote to the
correct interpretation of lake sedimentation.

2. Objects and methods of research

Sediments of lakes of the Talaya group including
Gryazevoe (61°08°21” N, 152°19’57” E), Tschuchye (61°
08.780’ N, 152° 19.860’ E), Nalimnoe (61°07°41” N,
152°20’8” E) and Goluboe (61° 06.690’ N., 152° 15.570’
E), as well as lakes Sosednee (62°03’29” N, 149°31°22”
E), Sapog (63°29’9” N, 147°50’41” E), Vodorazdel’'noe
(63°44’8” N, 148°13’4” E), Ui (63°49’31” N, 147°53’21”
E), Forel (63°50°01.61” N, 147°51°’03.75” E) were stud-
ied. These lakes are of glacial origin, they are located
among moraine deposits. Most of them were formed
at the end of the Late Pleistocene or at the beginning
of the Early Holocene. The lake water is ultra-fresh,
bicarbonate with low dissolved solids (< 50 mg/I).
The lakes are shallow, the maximum depths are in the
lakes Nalimnoe (16 m), Sapog (14 m), Sosednee (13 m).
Several cores have been taken in each lake to determine
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the features of the filling of lake basins with sediments.
Lake sediments are mainly composed of silt.

Organic massif silt dominates in the upper
part of the sections, thin-layered, varve silt, sand and
gravel deposits are in the lower part (FIg). The tephra
of the Kuril Lake caldera with an age of 7,600 years
was found in the sediments of all lakes. The thickness
of the studied cores is 780 cm (Gryazevoe), 235 cm
(Nalimnoe), 164 cm (Goluboe), 424 cm (Sosednee),
100 c¢cm (Sapog), 196 cm (Vodorazdel’noe), 199 cm (Ui-
3), 227 cm (Forel).

The sediments were studied by petrophysical,
geochemical, palynological, diatom (Lake Gryazevoe),
optical, mineralogical, thermomagnetic methods.

3. Results and discussion

The sedimentation features of the Late Pleistocene
and Holocene differed significantly. The Late Pleistocene
stage is characterized by the dominance of terrigenous
sediment. The geochemical and rock magnetic parame-
ters of lake sediments are similar to those from depos-
its of catchment. As a rule, they are characterized by
increased values of magnetic susceptibility (MS), satu-
ration remanence (Jrs), saturation magnetization (Js),
low proportion of paramagnetic component (Jp), low
organic matter content (LOI). Among the geochemical
data, detritus components predominate — Al,O,, TiO,,
MgO. Grassy vegetation dominated in the vicinity of
the lakes, and the bio-productivity of the water basins
was low. The maximum thickness of Pleistocene sedi-
ments is in the Gryazevoe and Sosednee lakes, which,
according to radiocarbon dating, formed about 22-26
thousand cal. years ago.

The climatic changes at the end of the Pleistocene
affected all biotic and abiotic parameters of the sedi-
ment. Palynological data indicate a directional warm-
ing of the climate. In the spore-pollen spectra, tree and

shrub taxa Betula, Alnus, Pinus subgenus Haploxylon
are replace of herbaceous plants. The accumulation of
organic carbon (= LOI) began to gradually increase
in lakes, leading to a decrease in the scalar magnetic
parameters (MS, Js, Jrs) of sediment. The growth of
diatoms caused the accumulation of biogenic silica,
which also reduced the magnitudes of the magnetic
parameters. To assess the relative content of biogenic
silica, the SiO, contents and SiO,/TiO, values of lake
sediments and deposit of catchment was compared.
In the Early Holocene, a chemogenic accumulation of
highly coercive iron-containing minerals, presumably
iron hydroxides, was occur. At the stage of diagene-
sis, the formation of authigenic iron sulfides — pyrite,
greigite, pyrrhotite, which often have a framboidal
structure, occurred in lake sediments.

Lakes of coastal depressions differ from glacial
lakes in many ways. Lakes located in the Lankovaya
(Lake Chistoe, Lb-1, Lb-2, Korchan) and Kava-Taui
(Lake Chukcha, Bezymyanka) Cenozoic depressions are
studied (Ignatova, 2007). These lakes are of Holocene
age. The sediments thickness in the Chukcha and
Chistoe lakes is about 10 m.

The strong magnetization of sediments, a sin-
gle-component magnetization, a small content of
organic matter is a good promise for studying secular
variations of the geomagnetic field and the cyclicity of
sedimentation.

4. Conclusions

Sediments of glacial lakes in the North-East of
Russia is a favorable object for studying the environ-
ment changes at the boundary of the Late Pleistocene
and Holocene. Evidence of environmental changes is
manifested in changes in both terrestrial and aquatic
ecosystems.
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U3meHeHHe NPUPOAHOM cpeAabl Ha rpaHuLe
NAENCTOLIeHa U TONOLIeHa B OCaAKaXxX
AeAHUKOBbIX 03ep CeBepo-BocToka
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MaeadaH, Poccusa

AHHOTAIIHUS. VccnenoBaHsl JieAHUKOBEIe o3epa MarazaHckoil obsactu — I'psaseBoe (61°08°21” c.ii.,
152°19’57” B.1.), llyuse (61° 08.780’ c.m., 152° 19.860’ B.1.), Hanmumuoe (61°07/41” c.m., 152°20’8”
B.1.), l'omy6oe (61° 06.690” c.m1., 152° 15.570’ B.74.), Cocennee (62°03'29” c.m1., 149°3122” B.7.), Camnor
(63°2979” c.m., 147°50741” B.7.), BogopasaesibHoe (63°44’8” c.m1., 148°13’4” B.4.), Yu (63°49’31” c.11.,
147°53’21” B.71.), ®openb (63°50°01.61” c.m., 147°51°03.75” B.A.). BoabmuHCTBO 03ep 00pa3oBaHO B
KOHIIE MO3AHETO IJIEHCTOIeHA WJIM B Havajle paHHero rojomeHa. OcoOeHHOCTH OCAAKOHAKOIUIEHUS B
MO3/THEM ILIEHCTOILIEHE U TOJIOLEHE CYIeCTBEHHO Pa3nyaivch. [103qHENIECTOIEHOBIA 3Tal XapakK-
TepusyeTcs npeobsafaHueM TEPPUT€HHBIX OTJIOKEHUH, B TO BpeMsA Kak B roJiolleHe npeobiagaeT 6uo-
reHHOe OCaJKOHAKoIIeHHe. [ToKka3aHbI KITI0UeBble OMOTUYECKHE U aOMOTUYECKHE MHAUKATOPHI U3MeEHe-
HUI IPUPOAHON Cpelbl B 0OCafiKaX JIeJTHUKOBBIX 03ep.
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HUIle IUIeHCTOIleHa U ToJIolleHa B ocafKax JieJHUKOBLIX o3ep CeBepo-BocToka Poccru: pe3yJibTaThl U MEPCIEKTUBEI HCCIeJ0Ba-
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1. BBeaenue

Oszepa MaragaHckoii 06J1acTi MHOTOYKCJIEHHBI
(M3maiinoBa, 2018). B 3aBUCMMOCTU OT IPOUCXOX]E-
HUA OHU MOApPa3/esAlnTCA Ha IOUMEeHHO-JOJINHHEBIE,
[IpUOpeXHOo-JIaryHHble, JIeAHUKOBBIE, JIe[JHUKOBO-TEK-
TOHHUYeCKHe, TepMOKapcToBble (DJIEKTPOHHBIN CIpa-
BOYHUK «O3epa Poccum», http://wp.limno.org.ru/win/
ruslake.htm). JleqHUKOBBIE O3epa pacIpOCTPAaHEHHI B
TOPHBIX palioHaX, OOJIBIIMHCTBO M3 HUX 00OPa30BaHO
B KOHIle MO3JHero IulelicTolieHa-Hayajle rojoneHa. B
3TOMU CBA3U MX 0CaJIKu HecyT UHGOpMaIUIO O XapaKTepe
KJIMMaTH4YeCcKUX H3MeHeHHN B TeuyeHue IOocJiefHero
JleJHUKOBO-MeXJIeJHUKOBOI'0 ILMKJIa, BKJIOYas IJIO-
6aJIbHYI0 [TepecTPOKY IPUPOIHOU cpelbl HA IpaHuIle
IUIeHiCTOLleHa U rojionieHa. UTHTeHCUBHBIN CTapT u3lyue-
HUA 03ePHBIX OTJIOXKEeHU! perrnoHa Havasics B 90-e roipl
IpouwIoro crojetys. [losydeHHble JaHHBIE O BO3pacTe
0CaJKOB, YCJIOBUAX HaKOILIeHUsdA, NaJIMHOJIOINYecKOmn
XapaKTepHUCTHKe, Najieoreorpaduieckux peKOHCTPYK-
LMUAX M3JI0XKEHbl B MHOTOYMCJIEHHBIX paboTax A.B.
JloxkuHa, II.M. AngepcoH c coaBtopamu (Lozhkin

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: minyuk@neisri.ru (II.C. MuHIOK)

INocmynwna: 19 mas 2024; IIpunama: 01 nrona 2024;
Ony6tukoaana online: 26 aprycra 2024

466

et al., 2016; 2024 u cchUIKK B HUX). McciieqoBasuch
o3epa JiukuaH-1,4, Anyt, Onbrenns, Jixek JIoHOOHa,
CocenHee, I'ony6oe, Illyube, IlpusatrHoe, J[XyJibeTTa,
CmopoauHoBoe, IloakoBa, JlecHoe, Uepnoe, I'iyxoe
u ap. C 200-x rogoB uccjiaeOoBaHUA O3€pPHBIX OcCal-
KOB CTajid NMPOBOJUTHCA KOMILIEKCHO C NPUMeHeHneM
neTpopU3NUECKUX, TeOXMMHYECKUX, MUHepaJiormuye-
CKUX, IUTOJIOrnueckux MeTooB (MuHiok u [ToxuiaeBa,
2023). Takoii moaxo/] MO3BOJISET YCTaHABIUBATh Peak-
I[UI0 BCEX KOMIIOHEHTOB IPUPOIHON cpeldbl, BKJIIOYas
O6roTHYecKue 1 abMOTHYECKUEe COCTABJIAOIINE, HA KJTU-
MaTtuyeckue u3MeHeHHe mnponuioro. HccnegoBaHue
HCTOYHUKOB CHOCA, CpaBHeHUe pe3yJIbTaTOB C JaH-
HBIM T10 O3ePHBIM OCaJKaM CIIOCOOCTBYET MPaBUJIbHOMN
WHTepIIpeTaliy yCJI0BUI 03epHOTO ceJUMeEHTOreHe3a.

2. 06BbeKTbl U MeToAbl UICCAEAOBaHUM

HccnenoBanbl ocagku o3ep Tajbckoil rpymibl —
I'pszeBoe (61°08721” c.m1., 152°19°57” B.11.), llyube (61°
08.780 c.m1., 152° 19.860’ B.11.), Hamumuoe (61°07741”
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c.ur., 152°20’8” B.1.) u I'ony6oe (61° 06.690’ c.m1., 152°
15.570” B.4.), a Takxke 03. CocemgHee (62°03’29” c.uI.,
149°31’22” B.#.), Camor (63°29’9” c.m., 147°50741”
B.A.), BognopasnmenbHoe (63°44’8” c.m., 148°13'4”
B.A.), Yu (63°49'31” c.m., 147°53’21” B.1.), ®opensb
(63°50701.61” c.m., 147°51’03.75” B.A.). [laHHBIE 03epa
UMeIOT JIeAHUKOBOEe IPOMCXOXIeHHe, OHU pacloJio-
’)KeHBI cpefi MOPEHHBIX OTJIOXEHUH. BOJIBIIMHCTBO U3
HUX 00pa30BaHO B KOHIle MO3/THETO IJIeliCToIleHa U B
HayaJie paHHero roJioijeHa. Bozja B o3epax yJipTparnpec-
Has, ruapokapOOHaTHAasA C HU3KOM MUHepasu3anuei
(< 50 wmr/m). Ozepa MeJIKOBOAHbIE, MaKCUMaJIbHbIE
rJIybuHbBI OTMeueHH B o3epax HanumHoe (16 m), Camor
(14 m), Cocennee (13 m). B kaxgoM o3epe npoOypeHO
HECKOJIBKO CKBaXXUH, MO3BOJIAIONIMX BBIACHUTH Xapak-
Tep 3aloJIHeHUsA O3epHBIX dYamll ocagkamMu. Ocaaxu
npe/AcCTaBjeHbl [peuMYyIlecTBeHHO ajieBpuTamMu. B
BEpPXHEN YacTu pa3pe30B JOMHHUPYIOT OpraHoreHHble
HECJIOMCThIE aJIeBPUTHI, B HIKHEM 3ajIeraloT TOHKOCJIO-
UCTBIe, JIEHTOYHbIE WJIM HEsICHOCJIOWCTBIE aJIeBPUTHI,
recyaHo-rpaBuiiHble oToxeHus (Puc.). B ocagkax Bcex
o3ep HalifleHa Tedpa kajbaepsl Kypusbsckoro osepa c
Bo3pactoMm 7600 setr. MOIIHOCTh U3y4YaeMbIX KOJIOHOK
cocrasyigeT 780 cm (I'psazeBoe), 235 cm (HanmumHoe),
164 cm (Tomy6oe), 424 cm (Cocemnee), 100 cm
(Camnor), 196 cm (BomopasgesnbHoe), 199 cMm (Yun), 227
cM (Dopens). Ocaaku uccjieqoBaauch neTpodusunye-
CKUMH, T€OXUMHYECKHM, HaJIUMHOJOTMYeCKUM, JHaTO-
MOBBEIM (03. I'psizeBoe), onTUYECKUMU, MUHeEpaJioruye-
CKMMHM, TEPMOMAarHUTHBIMU METOLaMU.

3. Pe3ynabTatbl M 06Ccy)xpeHue

VeiioBusA ceguMeHTal B IIO3QHEM  ILIEH-
roJiolleHe CyHIECTBEHHO OTJIMYaJIKCh.
aran

CTOLlIEHE U

[Mo3HeMIeCTOLIeHOBBII XapakTepusyeTcs

JOMUHHPOBaHUEM TEPPUTreHHOr0 OCaJKOHAaKOILIe-
HUA. O3epHble OCaAKU [0 MHOTHMM IeOXMMHYEeCKUM U
[IeTPOMAarHUTHBIM I1apaMeTpaM CXOXWH C OTJIOXEHU-
AMU UCTOYHUKOB cHoca. Kak mpaBusio, OHU XapakTe-
pU3YyIOTCA TOBBIIEHHBIMU 3HayeHWAMU MAarHUTHOU
BocripunMuuBocTu (MB), ocTaTouHON HaMarHU4eHHO-
CTU HachlmeHus (Jrs), HaMarHM4eHHOCTU HAaCHIeHUA
(Js), HU3KOM [oJIell mapaMarHUTHOU KOMIIOHEeHTH (Jp),
HM3KUM cofiepkaHreM opraHudeckoro BemecTtsa (LOI).
Cpeay reoXxMMMYeCKUX XapaKTepUCTUK, NpeobsaqaiT
JeTpUTOBble KOMIOHEHTH — AL, O,, TiO,, MgO. B okpect-
HOCTAX 03ep JOMMHHpOBaJIa TPaBAHUCTAsA pacTUTeJIb-
HOCTh, 6GMONPOAYKTUBHOCTh BOAHBIX GacceliHOB ObLiia
HM3KOM. MakcrumaJsibHble MOITHOCTH IJIEHCTOLIEHOBBIX
ocagKoB OTMeueHHl B o3epax I'psaseBoe u Cocepnee,
KOTOpHIe, COIJIaCHO paJuoyTJIepOAHBIM AaTHPOBKaM,
obpazoBayiiich OKOJIO 22—-26 ThIC. KaJl. JIeT TOMY Ha3af.
Kiumarnueckas mnepecTpoiika B KOHIle ILIeHCTolleHa
oTpa3ujlach Ha BceX OMOTHMYECKHX U aOHOTHYeCKUX
napameTrpax ocaaka. IlajmHosornueckue JaHHBIE
yKa3blBalOT Ha HaIpaBJIeHHOe IOoTelsleHWe KjIuMara.
B cnopoBo-IBUIBIEBHIX CIEKTpax Ha CMeHy TpaBAHU-
CTBIX pacTeHU!l NMPUXOAAT ApeBeCHble W KyCTapHUKO-
Bble TaKCOHHBI — Betula, Alnus, Pinus subgen. Haploxylon
u ap. HakonneHue opraHudeckoro yriepoza (= LOI)
HayaJio OCTeIleHHO YBeJINYUBaThCA B 03epax, IPUBOAA
K YMeHbllleHHe CKaJIIPHBIX MarHUTHBIX XapaKTepHUCTUK
(MB, Js, Jrs) ocagkoB. Pa3zButue mguatomeil o0ycJio-
BUJIO HaKOILJIeHNe OMOreHHOIo KpeMHe3eMa, KOTOPBII
TaKke 3aHU3WJI BEeJWYMHBl MarHWTHBIX [apaMeTpOB.
JA OlleHKHM OTHOCHUTEJIbHOIO cojfepkaHus OHOreH-
HOTO KpeMHe3eMa CpaBHUBaIU pacnpezesienue SiO, u
Si0,/TiO, B ocafkax ¥ B UCTOYHUKAX CHOca. B paHHeM
rojiolieHe OTMeYeHO XeMOTeHHOe HaKOILIeHHe BHICO-
KOKOSPLHUTHUBHBIX JKeJIe30COAepXallliX MHHepaJioB,
IIpeATI0JI0KUTEIBHO TMAPOKCUAO0B Xese3a. Ha craauu
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Puc. Jlutonorus, Bapuauuu MB, mpolieHTHOro cojiepXaHUs B CIeKTpaxX AepeBbeB U KycTapHUKOB, opraHuku (LOI), oTHO-
mwenusa LOI, SiO,/TiO, B pazpe3ax OTAeJIbHbIX JIEJHUKOBBIX 03€p: 1 — FOJIOLEHOBbIE OCANKK; 2 —TI03JHEIJIEACTOLEHOBBIE OCA/KH,
3 — nepexoHbIe CJIOYN; 4 — OPraHNYeCKUi HeCJIOMCTHIN ajleBPUT; 5 — OpraHuYecKUi CJIOMCTHIN ajleBpUT; 6 — JIGHTOYHEBIH aJIeBpUT;

7 — CJIOWUCTHIN ajieBpUT; 8 — Tedpa.

467



Muttok I1.C. u dp. / Limnology and Freshwater Biology 2024 (4): 463-468

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonozausi CeeepHol Espasuu»

JuareHe3a B 0Ocajikax 03ep IpOHCXOAWJIo oOGpa3oBa-
HHUe ayTUreHHBIX CyJIb(PUIOB Xeje3a — MUPUTA, Tpel-
rura, NMppOTHHA, UMelomuX YacTto dppambougajibHOE
CTpoeHue.

O3epa npubpPeXHBIX BIIAANH OTJINYAIOTCA OT JieH-
HUKOBBIX 03ep 110 MHOTUM napametpaM. Vccienyiores
o3epa, pacmnosioxeHHble B JlaHkoBckoil (03. YUucroe,
JI6-1, JI6-2, Kopuan) u KaBuncko-Taytickoii (03. Uykua,
Be3piMAHKa) KaliHO30Mckux BnaguHax (Mruarosa,
2007). Otu o3epa rosoleHoBoro Bo3pacra. MoIrHoCTh
ocaJikoB B o3epax Uykua u YucToe cOCTaBJISET OKOJIO
10 M. Ocaaku OTHOCUTEJIbHO CHUJIbHOMArHUTHBIE, C
OJITHOKOMITOHEHTHOM HaMarHM4eHHOCThI0, MaJIOHM JoJie
OPraHUYeCcKOro BelllecTBa U ABJIAIOTCA XOpOIIMM obe-
TOM [JIA UCCJIe[IOBaHUs NaJIeOBEKOBBIX BapUalluil reo-
MAarHUTHOTIO I0JIA U [TUKJINYHOCTU 0CAIKOHAKOIJIEHMS.

4. BoiBOADI

Ocamku JieqHUKOBBIX 03ep CeBepo-BocToka
Poccuu ABnAIOTCA OGJIAaronpUATHBIM OOBEKTOM  [IJIA
WCCJIE[IOBAaHUA XapaKTepa W3MEHEHUN NPUPOIHOMU
cpenbl Ha rpaHuIle MO3AHETO IJIEHCTOIIEHA U TOJIOIeHa.
W3MeHeHUs1 TPUPOAHON cpelbl 3abUKCUPOBAHBI KAaK B
Ha3eMHOMH, TaK 1 BOJHOU cHCTeMax.

bAaaropapHoCTH

Pabota BhIOJIHEHA B paMKax TeMbl roc3afiaHus
MuwuHo6pHayku Ne 121031700311-4.
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