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ABSTRACT. Lake Sosednee is located in the Yagodninsky district of the Magadan region. It was formed
in the Late Pleistocene around 22,500 cal. years ago. The rock magnetic, geochemical, palynological,
and mineralogical characteristics of the sediments of four cores, as well as moraine, and various grain
size fractions of the hillslope sediments were studied. It has been established that the geochemical and
rock magnetic properties of sediments from lake Sosednee reflect different sedimentation conditions,
changing from the cold climate of the Late Pleistocene to the warm climate of the Holocene. In the
lower part of the core, authigenic (hemogenic) formation of iron sulfides, including magnetic ones, was
revealed. According to the rock magnetic and geochemical data, the Younger Dryas was identified, the
end of which corresponds to the Pleistocene-Holocene boundary.
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1. Introduction

Glacial lakes are widespread in the Magadan
region. The lakes were formed at the end of the
Pleistocene- the beginning of the Holocene. Their dis-
tinctive features are the small thickness of the sedimen-
tary cover, the dominance of biogenic sedimentation in
the Holocene and terrigenous in the Late Pleistocene,
high variations of rock magnetic, geochemical and
lithological parameters of sediments. These lakes are
promising objects for studying sedimentation in cold,
warm and transitional climates.

2. Materials and methods

Lake Sosednee (62°0329.62” N, 149°31'21.18”
E) is located in the Yagodninsky district of the Magadan
region, 600 m from the southwestern shore of Lake
Jack-London, at the mouth of the Nevedomy stream,
flowing through trough valleys from the Late Jurassic
granite massif. The length of the lake is 1400 m, width
is 600 m. The bottom topography is complex, in the
western part of the lake the depth reaches 13.4 m, in
the eastern part the average depth is 2-6 meters.

Four sediment cores were taken in the central
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parts of the lake at the water depth 4-6 m (SD-1, 424
cm long, SD-2, 64 cm long, SD-3, 411 cm long and SD-4,
284 cm long). A bulk sample from hillslope sediments
was taken on the shore of the lake.

The slope sample was divided by wet sieving into
the grain-size fractions >2500, 2500-500, 500-250,
250-140, 140-100, 100-63, 63-40, and <40 pm. The
last fraction was stirred and precipitated material was
studied after 20 min (20 um fraction), 24 h (5 um frac-
tion). A moraine was sampled on the right side of the
Nevedomy stream.

Magnetic susceptibility (MS) of sediments were
measured on MFK 1FA kappabridge

(AGICO Ltd.). Thermomagnetic analysis (TMA)
was performed using MFK1-FA equipped with a CS-3
high temperature furnace (AGICO Ltd.) and a Curie
express balance (Burov et al., 1986). Hysteresis param-
eters including saturation magnetization (Js), induced
magnetization (Ji), saturation remanence (Jrs), coercive
force (Bc) and remanence coercivity (Bcr), were mea-
sured using an automatic coercive spectrometer (Burov
et al., 1986). Radiocarbon analysis (AMS) was per-
formed at the Taiwan University. An age-depth model
was then constructed using Bacon software. Major ele-
ments were determined using an S4 Pioneer X-ray fluo-
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rescence spectrometer (Germany). The relative content
of organic material was estimated using loss on ignition
(LOI) after heating the samples to 550°C (2 hours).

3. Results and discussion

The lake sediment cores consist of three units,
divided according to lithological characteristics: unit
1 - olive-gray massive organogenic silt with a layer of
volcanic tephra; unit 2 - unclear-layered brownish-gray
silt; unit 3 - bluish-gray thin-layered silt. The boundary
between units 1 and 2 corresponds to the Pleistocene-
Holocene boundary (11,700 cal. years), while the
boundary between units 2 and 3 coincides with the
MIS1 - MIS2 boundary (14,700 cal. years).

The sediments of unit 3 are characterized by
an increased content of AL,O,, CaO, K,0, Na,O, Fe,0,,
low SiO, values and the SiO,/TiO, ratio. The SiO,/TiO,
ratio is used to determine the relative content of bio-
genic silica in lake sediments (Tanaka et al., 2007). The
sediments of unit 3 show the high values of MS, Js, Jrs,
Bc, Bcer, Jrs/Js and low values of Ber/Bc, Jp. According
to these indicators, the sediments of the unit 3 are com-
parable to the fine grain size fractions of slope deposits.
The Jrs/Js and Ber/Bce ratios indicate the presence of
magnetic particles of a predominantly single-domain
state. The relative content of iron sulfides determined
in smear slides is high. They are concentrated at 6 lev-
els and are distinguished by high MS values (Fig.1).

Unit 2 is transitional. It has increased the con-
tent of biogenic silica and organic matter, which has
had an impact on all geochemical and rock magnetic
indicators. The percentage of the trees and shrubs taxa
sharply increased in the pollen spectra. According to
rock magnetic characteristics, the interval 12900 -
11700 cal. years is clearly distinguished.

Unit 1 consist of organic sediments of the
Holocene. At this time, the bioproductivity of the basin

becomes maximum, tree and shrubs taxa dominates in
the pollen spectra, and rock magnetic and geochemical
characteristics change sharply at the lower boundary.
Due to dilution of the sediment with biogenic silica,
the content of other elements is low, and the content of
P,O, in the unit increases.

Terrigenous sedimentation dominated in the
lake during the Late Pleistocene. The ice cover on the
lake caused the emergence of anoxic conditions in the
basin, creating favorable conditions for the formation
of authigenic iron sulfides of the pyrite, greigite and
pyrrhotite composition. To determine the redox con-
ditions, the Fe,O,/MnO ratios (Wersin et al., 1991)
and V/Cr (Jones and Manning, 1994) were used (Fig.
1). According to palynological data, grassy vegeta-
tion dominated in the vicinity of the lake, which is
confirmed by data from previous studies (Lozhkin et
al., 1995). A noticeable warming of the climate began
around 14700 cal. years ago. It has affected the ter-
restrial and aquatic components of the environment.
Intensive accumulation of biogenic silica and organic
matter affected the magnetic-geochemical parameters
of the sediments, reducing the content of elements and
decreasing the values of MS, Js, Jrs. The surrounding
area of the lake was dominated by forest vegetation.
The multi-scale variations of biotic and abiotic parame-
ters show that the climate and sedimentation conditions
during the Holocene were not stable. Increased values
of MS, Js, and Jrs indicate the input of detritus material
in the lake. According to a set of data close to the char-
acteristics of Pleistocene sediments, sediments lying in
the upper part of unit 2 are distinguished. They formed
12900-11700 cal. years ago, which corresponds to the
Young Dryas (YD.) (Fig.1). This event in the North-East
is practically not distinguished by the pollen data. (for
example, Kokorowski et al., 2008). Rock magnetic data
can become a critical for identifying of this event.
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Fig.1. Main indicators of changes in sedimentation conditions and the natural environment of Lake Sosednee.
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AHHOTALIUA. O3epo CocenHee pacmnosioxxeHo B ArogHuHckoM paiioHe MaramaHckoi o6sactu. OHO
oOpa3oBaHO B MO3gHEM ILUIelicToleHe okoyo 22500 kai. Jiet Ha3af. M3yyeHbl MarHUTHBIE, TE€OXUMU-
yecKkue, MaJIMHOJOTUYECKUE M MHHEpPAJIOTMYecKre XapaKTePUCTUKU OTJIOKEHWN U3 YeThIPEX CKBa-
XWH, a TakXe MOPEeHB U Ppa3JIMYHBIX IpaHyJIOMeTpHUuYecKuX (pakiuil AesI0BUAIbHBIX OTJIOXEHU.
YcTaHOBJIEHO, YTO TEeOXUMUYECKHWE W NEeTPOMAarHWTHBIE XapaKTEPUCTUKU ocagkoB o3epa CocenHee
OTPaXaKT PA3JINYHBIE YCJIOBUS OCAAKOHAKOILIEHUS, CMEHSIONIMECS OT XOJIOJHBIX MO3JHEIIeNCTOoIle-
HOBBIX O 00CTaHOBOK TEIUJIOr0 KJIMMaTa roJioneHa. B HPI)KHeﬁ YaCTU pa3pe30B CKBAXWH BbIABJIEHO
AYTUT'€HHOE 06pa3013aH1/1e Cy.]'[b(l)I/II[OB XeJjie3a, B TOM 4rKcJjie MarHUTHBIX. ITo MeTPOMarHUTHBIM U I'€0-
XUMUYECKHUM XapaKTEPHUCTHUKaM BBIAEJIEH HOS;[HPII;’I JApuac, 1o OKOHYaHHI0 KOTOPOro yCTaHaBJINBAE€TCA

rpaHUIla TIJIEHCTOIIEHA U TOJIOIEHA.

Kitioueavie cytoga: roJioleH, MIeicToleH, 03epHble OCaAKU, TEOXUMUA, TIETPOMAarHeTU3M

Ansa nutupoBanusa: [loxugaesa O.K., Munmwok II.C. Ilo3gHemnsieicTOlleHOBOe U TOJIOLIEHOBOE OCAJKOHAKOIJIeHWe B Jiel-

HUKOBOM o3epe CocenHee, Maranmanckaa ob6iacte // Limnology and Freshwater Biology. 2024. - No 4.

DOI: 10.31951/2658-3518-2024-A-4-550

- C. 550-555.

1. BBeaenue

Osepa JIeAHUKOBOIO INPOMCXOXIEHUA HIMPOKO
pacnpocTpaHeHBl Ha Tepputopun MaragaHckon obJia-
ctu. Bpemsa ux o6pa3oBaHus — NO3[HUN IIJIEHCTO-
LIeH-paHHUI ToJioLleH. X OTJIMYMTEbHBIMU YepTaMu
ABJIAIOTCA HeOOoJIbIIasA MOIIHOCTh OCaJOYHOrO 4YexJia,
JOMUHHNpPOBaHHEe OHMOTeHHOr0 OCAAKOHAKOIUIEHUSA B
roJIOLleHe Y TEPPUT€HHOr0 B MO3AHEM IUIEHCTOLEHe,
pasHomacmTabHele Bapyualuy MeTPOMarHUTHHIX, reo-
XMMHWYEeCKUX U JIUTOJIOTHUYECKNX NMapaMeTpOB OCAIKOB.
OTHU o3epa ABJIAKTCA MNepCHeKTUBHBIMU OOBbeKTaMu
AJIA HCCIeJOBAHUA OCANKOHAKOIUIEHWs B XOJIOAHBIX,
TEIIBIX U NepPeXOAHbIX KJINMAaTUYeCKUX YCJIOBUAX.

2. MaTtepuan ¥ MeTOAbDI

O3epo Cocepnee (62°03'29.62” C.IIL.,
149°31’21.18” B.m.) pacnojioxeHO B STrOJHUHCKOM
paiioHe MaragaHckoii ob6sactu, B 600 M OT roro-sa-
magHoro 6epera o3zepa J[xeka-JIOHJJOHA, B YCThe PyUbs
HeBeioMEbIl, TEKYIIETO 110 TPOTOBHIM JIOJITHAM C TIO3]I-
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HEPCKOro I'paHUTHOro Maccusa. JlimHa osepa 1400
M, mupuHa 600 M. Pesibed HA CJIOKHBIN, B 3amaJHON
yacTu o3epa IiiybuHa gocturaeT 13,4 M, B BOCTOYHOH
4acTU CpeJH:AA INIyOMHa COCTaBJiIsAeT 2-6 MEeTpPOB.

B nenTpasibHOI yacTu o3epa npobypeHsl 4 CKBa-
XUHBI Ha TIyouHe 4-6 M (Cu-1, 424 cm; Co-2, 64 cv;
Cn-3, 411 cm u Cn-4, 284 cm). Ha Gepery o3epa oTo-
OpaHa oObeMHasA nmpoba AEJIBUA I KOMILJIEKCHOTO
n3yueHus. OHa pasjesjieHa MOKPBHIM CHUTOBaHHEM Ha
rpa"yJjiomeTpuueckre ¢pakuumu pasmepom > 2500,
2500-500, 500-250, 250-140, 140-100, 100-63,
63-40, u <40 mxm. IlocneaHio (pakiyio B3My4H-
BaJIM U MCCJIeOBaJIX MaTepuasl, BBIIABUINI B OCAZOK
cpasy (dpakmusa 20 mkm), yepe3 24 yaca (dbpakuusa ~5
MKM), a TakXe HeOCaX[eHHYI B3Bech (dpakmusa ~1
MKM). B npaBoMm Gopty pyubsa HeBeoMmslii onpo6oBaHa
MOpeHa.

N3mepenusa MarHuTHON BocpunMunsoctu (MB)
0CaJIKOB BBHINIOJIHEHO HAa MHOTO(YHKI[MOHAJIBHOM Kall-
namerpe MFK 1FA ¢ tepmormpucraskoii CS3 (AGICO
Ltd.). TucTepe3ucHble XapaKTepUCTUKY, BKJTIOYAs OCTa-
TOYHYI0 HaMarHUYeHHOCTh HachkimeHus (Jrs), Hamar-
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HUYEeHHOCTh HachieHud (Js), MHAYKTUBHYI0O HAMarHu-
yeHHOCTH (Ji), koapuuTUBHYyI0 cuiay (Bc), octaTouHyio
KOIpLUTUBHYI0 cwily (Bcr) m3MepeHB Ha aBTOMATH-
yeckoM koapuutumerpe J-meter (Bypos u ap., 1986).
PapguoyrneponHslii aHaiu3 JBYyX 00paslioB MHKpPO-
4yacTULl OPraHuKU IpoBejieH B TallBaHbCKOM YHUBEp-
cutere. Bo3pactHasa mopdenb AJiA OCAJAKOB CKBaXUHBI
C/-1 noctpoeHa ¢ npuMeHeHHeM INporpamMmsl Bacon.
XyUMHYecKuil cocTaB OCaAKOB M3yyeH MeTOHOM pPeHT-
reHo(JIyopeclieHTHOro aHaiu3a. OCHOBHBIE IIOPOJIO-
oOpa3syromiye 3j1eMeHTHl oIlpefieJieHbl Ha peHTreHoQJTy-
opeclieHTHOM crekTpoMmeTpe S4 Pioneer, I'epmaHus.
OTHOCHUTEJIBHOe KOJIM4eCTBO OpraHWYeCcKOoro MaTepu-
aJjia olleHeHO 110 BeJIMYMHe OTepH IPU IPOoKaJINuBaHUN
(TIIIIT) mocste mporpesa npo6 ao 500°C (2 vaca).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

B o3epHBIX OCajKax IO JIUTOJOTUYECKUM IPU-
3HaKaM BbifleJisieTcs 3 ¢JIos: cJI0M 1 — OJIMBKOBO-CEepPHIT
MacCUBHBIN OpraHOTeHHBIN aJeBpUT C MPOCJIoeM BYJI-
KaHUYecKoU Tedphl; cJI0H 2 — HesACHOCJIOUCTHIN Oypo-
BaTO-CePHIN ajJIeBpUT; CJIOM 3 — CU30-CephIii TOHKOCJIO-
UCTBIII aneBput. I'paHunia cioeBl u 2 coBmajaer c
rpaHulleil mielictToneHa u rosorexa (11 700 kai. jer),
a rpaHuna cjoeB 2 u 3 - ¢ rpaHUIlell MOPCKUX U30TOI-
HbIx ctagu (MUC) 1 u 2 (14700 kas. jerT).

Crolt 3 xapakKTepu3yeTcsl MOBHIIIEHHBIM COAEp-
xanuem ALO,, CaO, K,0, Na,O, Fe,O,, HU3KMMU 3Ha-
yenuamu SiO, u otHomenus SiO,/TiO,. OTHoeHue
SiOz/TiO2 WUCIOJIb30BaHO [JIA OIpeJiesieHUs OTHO-
CUTEJIBHOTO coJiepXaHus OHOreHHOro KpeMHe3ema
(Tanaka et al., 2007). OTJi0XeHHUS CJIOH 3 UMEIOT BBICO-
Kue 3HauveHusa MB, Js, Jrs, Bc, Ber, Jrs/Js U Huskue
3HaueHus Bcr/Be, Jp. Ilo 3TuM nokasartesissM Oocaaku
CJIOs1 COTIOCTABUMBI C TOHKUMU (PPaKIUAMU CKJIOHOBBIX
oTJioxeHuil. OTHomenus Jrs/Js u Ber/Be yka3biBaeT Ha
MPUCYTCTBHE MAarHUTHBIX YacCTUL] IPeUMYIeCTBEHHO

OMHOJIOMEHHOI'0 COCTOSIHUA. OTHOCUTEJIbHOE COAep-
kaHue cyJbpUIOB XeJjie3a, onpefesieHHOe B IIpo3pay-
HBIX cJlaiifjaX, Bbicokoe. OHU CKOHILIEHTPUPOBaHH Ha 6
VPOBHAX U BBHIIEJIAIOTCA MO BBICOKMM 3HaueHusM MB
(Puc.1).

CJio1i 2 siB/IsieTCA epeXOJHBIM. B HeM yBesiueHo
coflepaHue OHMOreHHOro KpeMHe3eMa U OpraHuKU,
YTO OTPa3mJIOCh Ha BCeX TeOXMMUYECKUX U MeTpomar-
HUTHBIX [TI0Ka3aTeJsisaX. B CIOpOBO-MBLIBIIEBBIX CIIEKTPAX
pe3ko BO3pacTaeT KOJIMYECTBO MBUIBIBI JepeBbeB U
KycTapHUKOB. Ilo meTrpodusnyueckuM XapaKTepUCTU-
kxam (Bc, Ber/Bce, Jrs/Js) oTueTIMBO BhIAEJIAETCA UHTEp-
Bas1 12900 — 11700 kaJ. jeT.

Croii 1 mpefcTaBsieH OpraHoreHHbIMHU 0ca/IkaMu
roJIOIIeHOBOro Bo3pacTa. B 5To BpeMsa GUONPOOYKTUB-
HOCTh OacceiiHa CTAHOBUTCS MaKCHMAaJIbHOM, B IIbL/Ib-
I[eBBIX CIEeKTpax JOMWHUDPYIOT JpeBecHble TaKCOHHI, B
OCHOBAHUM CJIOA Pe3KO MEHSIOTCs IeTPpOMarHuTHbIe U
reoXnuMHUecKUe XapakTepucTUuku. Benecrsue pa3bas-
JIeHUs ocajika OGMOreHHBIM KpeMHe3eMOM cojepkaHue
JPyrux >5JIEMEHTOB HM3KUe. B cJioe yBenuuumBaercs
cogepxanue P,O..

B mo3gHeM mielicTolieHe B 03epe JIOMUHUPOBAJIO
TeppUreHHOe 0caJJKOHaKoIlUIeHue. JleqoBBIN MOKPOB Ha
03epe CHocoOCTBOBaJl BO3HUKHOBEHMIO aHOKCHUIHBIX
obcTaHOBOK B 0acceiiHe, co3faBas OJiaronpusATHBIE
yCJIoBUA [JI1 ayTUTeHHOro obpa3oBaHUA CYJIbUIO0B
kKeJjie3a, MHPUTOBOrO, TI'PENrUTOBOrO U NUPPOTHUHO-
BOro cocrasa. J[Jisi omnpefeyieHUs peJOKC OOCTaHOBOK
HMCIOJIb30BAHbI OTHOIIIEHUS FeZOB/MnO (Wersin et
al,, 1991) u V/Cr (Jones and Manning, 1994) (Puc.
1). Mo majMHOJIOTUYEeCKUM [OaHHBIM B OKPECTHOCTAX
o3epa JIOMMHUPOBaJIa TPaBsAHNCTAasA PACTUTEJIBHOCTD,
YTO TOATBepXAaeTrcs JAaHHBIMU NpeAbIOyIIUX HCCIle-
noBaHuii (JloxkuH u Ap., 1995). 3ameTHOe moTere-
HMe KJMMaTa Haudajsioch okajsio 14700 kaJji. jieT Hasajl.
OHa oTpa3uJioch Ha Ha3eMHOM U BOJJHOI KOMIIOHEHTax
MpUPOJIHON cpedsl. MHTEHCHUBHOE HakoIJleHHe Ouo-
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reHHOTO KpeMHe3eMa M OpPraHuKM IMOBJIUAJIO Ha Mar-
HUTO-TeOXMMHYeCKHe IapaMeTphl OCaJKOB, CHUXad
KOHIIeHTpal[iy 3JIeMEeHTOB 1 YMeHbIllas BeJIMYnHEL MB,
Js, Jrs. B okpecTHOCTAX 03epa roCroACTBOBasa JiecHas
pacTtuTesbHOCTh. PasHOMacmTabHBle Bapuanuy 6MOTH-
YeCcKUX 1 abHMOTHYeCKUX TapaMeTpOB IOKa3bIBaIOT, YTO
KJIMMaT U yCJIOBUA ceJUMEHTAI[U B roJIolieHe He ObLIn
ctabusbHbIMK. [IOBBHIIIIEHHBIE BeduuuHbl MB, Js, Jrs
yKasblBalOT Ha IOCTyIUJIeHWe NeTPUTOBOrO MaTepuasa
B OacceliH. Ilo kOMILIeKCYy JaHHBIX, OJU3KUX K Xapak-
TepUCTHKaM IUIEHCTOIIEHOBBIX OTJIOXKEHHUI, BbIeJIA-
I0TCA OCafKy, 3ajerampmniyie B BepxHel dacTu cjos 2.
Onu cdopmupoBanucsk 12900 — 11700 kasn. jieT ToMy
Hazaf, 4TO COOTBeTCTByeT mosaHemy aApuacy (II.1.)
(Puc.1). 3to cobeiTue Ha Tepputopun CeBepo-BocToka
IIpaKTU4YeCKd He BBIJEJIAeTCA IO CIIOPOBO-IbLIbIIE-
BBIM AaHHbIM (HampuMmep, Kokorowski et al., 2008).
[leTpomarHuTHBle JaHHBIE MOTYT CTaTh PENepoM 3TOro
WHTepBaJa.
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