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ABSTRACT. We present the results of study sediment core, taken in the southern part of Lake Ladoga
at the depth of 44 m. The sediments are gray silt with total thickness of 0.8 m. Diatom and loss-on-igni-
tion and grain-size analyzes and radiocarbon dating were carried out. The retrieved sediments formed
during the Holocene starting from the regression of the Ancylus Lake at the Baltic ca. 10,200 cal. BP.
Changes in the composition of diatom assemblages and the dynamics of organic accumulation corre-
spond to the typical scenarios that we recorded in the Holocene sediments in the central part of Lake
Ladoga. No sedimentary hiatuses were recorded. Thus, it has been established that aquatic, relatively
deep-water conditions existed in this part of the Ladoga basin starting from the Early Holocene with the

accumulation of fine-grained sediments.
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1. Introduction

Paleoreconstructions of the dynamics of the
shoreline of Lake Ladoga and its environment in the
Holocene have been carried out since the end of the
19th century (e.g. The history..., 1990). However, a
number of unresolved issues still remain including the
reconstruction of the sedimentation conditions that
existed in the southern part of the Ladoga depression.

The southern part of Lake Ladoga is character-
ized by relatively shallow depths (up to 50 m). The
surface sediments here are mainly represented by
sands, gravel and pebbles (Subetto, 2009). Sediment
studies carried out here in the late 1950s — early 1960s
revealed the clays underlying the sands pollen-dated
to the Early Holocene (Semenovich, 1966). However,
later studies recorded sedimentary hiatuses in the sed-
iment sequences in the southern part of the lake and
concluded that subaerial conditions existed here in
the first half of the Holocene (Lake..., 2002). The posi-
tion of the southern coastline of Lake Ladoga during
the Yoldia low-level stage of the Baltic Sea was drawn
along the present 50-m isobath (ibid.). Lake Ladoga
also experienced several transgressive stages. During
the Ancylus transgression stage of the Baltic Sea (ca.
10,700-10,200 cal. BP) the lake-level rise to its present
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level was suggested that ended with the level drop and
drying of the southern part of the Ladoga bottom (The
history..., 1990). According to other data, the lake-level
rise only reached the present 20-m isobath (Lake...,
2002). The next high-level stage occurred in the second
half of the Holocene when during the Ladoga transgres-
sion the southern coastal lowlands were flooded, and
some researchers distinguish two stages of rise in lake
level during this period (The history..., 1990). After the
termination of the Ladoga transgression, ca. 3300 cal.
BP, the level of Lake Ladoga dropped to its present 5 m
above sea level.

Due to the existing uncertainty in the character-
istics of sedimentation conditions in the southern part
of the Ladoga basin, the works on the revision of this
issue have been initiated. One of the objectives of the
study included sediment sampling and characterization
of the Early Holocene sediments in the southernmost
parts of the basin.

2. Materials and methods

Sediment cores were collected in the southern
part of Lake Ladoga in the summer of 2023 from the
Poseidon Research Vessel using a gravity corer. At sta-
tion 10, at a depth of 44 m, a core with a thickness
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of 0.8 m was retrieved. Loss-on-ignition (LOI), diatom
and grain-size analyzes as well as radiocarbon dating
using accelerator mass spectrometry were carried out.
Species identification of the scales and bones of a fish
found in the lowermost part of the sediment core was
performed (Kuznetsov et al., 2023). Ignition was car-
ried out at a temperature of 550°C for 6 hours. Due
to the insufficient volume of material, grain-size analy-
sis was only performed for a fine fraction of sediments
(=0.1 mm) using the pipette method.

3. Results and discussion

The results of radiocarbon dating showed that the
sediment sequence covers most of the Holocene starting
from the time of regression of Ancylus Lake ca. 10,200
cal. BP. The retrieved sediments are represented by
gray sandy silt with the upper 10 cm being light brown
and black. The average organic matter content was ca.
5% ranging from 2.2% to 8.7%. The lowest LOI values
are typical for sediments of the Early Holocene. In the
middle part of the section corresponding to the climatic
optimum a notable peak in the organic matter content
was recorded. In the second half of the Holocene, a
sharp decrease in LOI values occurs. Similar patterns
were previously identified in other sediment cores in
Lake Ladoga (Kuznetsov and Subetto, 2021).

Based on the grain-size analysis the sediments
were described as silts with variable admixture of fine
sand and silty sand. The proportion of fine sand in the
sediments of the first half of the Holocene is 13-42%,
with an average value of 25%. In the second half of
the Holocene, starting from 4000-3500 cal. BP synchro-
nously with the decrease in organic matter content, the
proportion of fine sand increases to 24-56% with an
average value of 42%. The obtained radiocarbon dates
suggest that these changes could be associated with the
termination of the Mid-Holocene Ladoga transgression.

The Early Holocene sediments are characterized
with a low diatom concnetrations and a relatively high
proportions of benthic diatoms, which is also typi-
cal for the other sediment sequences in Lake Ladoga
(Kostrova et al., 2019; Ludikova and Kuznetsov, 2021).
Subsequently, the diatom assemblages with an abso-
lute predominance of planktonic Aulacoseira islandica
formed and the diatom concentrations increased
reflecting an improvement in climatic and environ-
mental conditions, and together with an increase in the
organic matter content indicating an increase in the
productivity of the lake ecosystem. A further increase
in the diatom concentrations and a co-dominance of
planktonic Aulacoseira subarctica are characteristic
for the sediments of the second half of the Holocene
(Ludikova and Kuznetsov, 2021).

In the bottommost part of the sediments, fish
vertebrae and scales belonging to the river perch (Perca
fluviatilis L., 1758) were found (Kuznetsov et al., 2023).
Perch is a cold-loving species and belongs to the earli-
est fish invaders of Lake Ladoga (The history..., 1998).
The reconstructed size of the Early-Holocene speci-
men is comparable to the present one of the same age.
The size of the perch is largely determined by its diet,
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which includes various groups of organisms — crusta-
ceans, insects, mollusks, fish (Sterligova et al., 2016). It
can be suggested therefore that the composition of the
Ladoga biota was quite diverse in the Early Holocene,
and multi-level food chains could have formed.

4. Conclusions

The structure and composition of the studied
sediments, the dynamics of organic accumulation that
corresponds to the standard pattern for Lake Ladoga,
and changes in the composition of diatom assemblages
indicate the continuous sedimentation starting from the
termination of the Ancylus transgression in the Early
Holocene.

It can be argued therefore that in the considered
part of the Ladoga basin aquatic, relatively deep-water
conditions with the accumulation of fine-grained sedi-
ments existed in the Early Holocene.

Finding of the remains of the river perch in the
Early Holocene sediments confirms the hypothesis of
the early invasion of cold-loving fish species in the
Ladoga basin.

The drop in the organic matter content observed
synchronously with the onset of the increase in the
proportion of fine sand fraction and roughly corre-
sponds to the termination of the Mid-Holocene Ladoga
transgression.
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AHHOTAILIHUS. VccrienoBaHa KOJIOHKA JOHHBIX OTJIOXeEHUH JIa[oXCKOro 03epa, OTOOpaHHAs B I0XKHOU
YacTH akBaTopuu ¢ riayOouHbl 44 M. OTJIOKEHUA IPEeACTaBJIEHbl CephIM ajeBpuToM. OOIas MOIIHOCTh
cocraBwia 0,8 M. [IpoBeeHBI AMAaTOMOBBIN, I'PaHYJIOMETPUYECKU aHAIN3El, paJAloyIjepoJHOoe AaTu-
poBaHue, onpeAeJIeHbl IOTePU IIPU IPOKAJIMBAHNN. BCKPBITHIE OTJIOXKEHN HOPMUPOBAJINCH HA IPOTSIKE-
HHU roJIOIleHa, HAYMHAas CO BpEMEHH perpeccuu AHIIMIIOBOTro o3epa okosio 10200 kai. j1.H. U3MeHeHus
B COCTaBe AMATOMOBBIX KOMILJIEKCOB U JUHAMUKA OPraHOHAKOIJIEHWSA COOTBETCTBYET TUIIMYHOMY CIie-
Hapuio, GukcupyeMoMy HaMU B T'OJIOLIEHOBBIX OTJIOXKEHUAX IeHTpasbHOM yacTu JIagoxXcKoro osepa.
[TepephIBOB OCaAKOHAKOIIEHUA He OOHapyXeHo. TakumM 006pa3oM yCTaHOBJIEHO, YTO B paccMaTpuBae-
MOU YacTH KOTJIOBUHHI JIaJo’KCKOT0 03epa B paHHEM I0JIOLieHe CyIlecTBOBaJId cyOakBajbHble, CPaBHU-
TEJIBHO IJIyDOKOBOAHEIE YCJIOBUSA C HAKOIJIEHNEM TOHKOPA3MEPHBIX OCAOKOB.

Kitioueasie citoaa: roJoueH, Jlagqoxckoe 03€p0, 03€PHBIE OTJIOXKEHWA, [IOTEPU ITIPU ITPOKAJIMBAHUU, }H/IaTOMOBI)II;I
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1. Beeaenue

[TasleopeKOHCTPYKIIMU JIUHAMUKU OeperoBoi
JuHUY JlaloXkCKoro o3epa U napamMeTpoB €ro cpefbl B
roJjiolieHe MpOBOAATCSA, HaunMHas ¢ koHIa XIX B. (Hamp.
HUctopus..., 1990). K HacrosieMy BpeMeHMN ocTajics
PAN HepelleHHbIX BOIPOCOB, CPped KOTOPHIX PEKOH-
CTPYKILMA YCJIOBUH 0CaJKOHAKOILJIEHNA, CYyIeCTBOBaB-
MIMX B I0XKHOM 4acTu COBpeMeHHOU aKkBaTOPHUU.

IOxHaa wacth JlajgoXckoro osepa XapakTepu-
3yeTcsi OTHOCUTEJIbHO HeOOJpIMMMM TriiyonHamu (10
50 m). IToBepxHOCTh OTJIOXKEHUI 37]ech CJIOXeHa Ipe-
MMYIEeCTBEHHO IeCYaHbIMH M TI'paBUIHO-TaJIeYHBIMU
ocankamu (Cyberro, 2009). B xome paboT, mpoBO-
IUBIINXCA 37ech B koHIle 1950-x — Hauaste 1960-x rT.
BCKpBITBIE [IOJ] NIeCKaMU TJIMHUCThIe OTJIOXKEeHUA ObLIn
JaTHpOBaHbl N0 AaHHBIM CIOPOBO-IBLIBLIEBOIO aHa-
JM3a paHHeroJIoleHOBHIM Bo3pacToM (CeMeHOBUY,
1966). OnHako B OoJsiee MO3AHUX paboTax OoTMevaeTcs
IepepeiB B OCAAKOHAKOIUIEHNU B OTJIOKEHUAX I0XKHOMN
yacTH O3epa U JejlaeTcsA BHIBOA O CyIL[eCTBOBAaHUU
37ech B IepBOU IOJIOBUHE ToJiolleHa cy0aspajibHBIX
ycyoBuii  (Jlamoxckoe..., 2002). Ilonoxenue O6epe-
ropoil jauHuUM JIaJoXKCKOrO O3epa Ha lore BO BpeMmA
WoJIbAUeBON cTraguu bajiTuiickoro Mopsi mMpOBOAUTCS
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0 cOoBpeMeHHOI1 uzobaTte okojio 50 M (tam xe). B
HCTOPUH oO3epa OTMedaeTcAd HECKOJbKO TpaHCrpec-
CHBHBIX 3113040B. [logbeM ypOBHA [0 COBpPEMEHHBIX
OTMETOK B CTaJMI0 aHIIMJIOBOH TpaHcrpeccuu bantuku
(oxosto 10700-10200 Kxaj1. JI.H.) 3aKOHYMJICA CHAOM U
OoCylIeHHeM I0’)KHON 4acTh COBPEMEHHON aKBaTOpUH
(Uctopus..., 1990). [To gpyrum JaHHBIM 3TOT IOJbeM
JIoCTUTaJl TOJIBKO COBpeMeHHOH 20-MeTpOoBOi N300aThl
(JIagoxckoe..., 2002). Bropoii nogseM ypOBHS IIPOUC-
XOJIWJI BO BTOPO¥ IOJIOBHHE TOJIOLleHa, KorAga B Xoje
JIAAOKCKON TpaHCIPecCuy IPOU30ILIO 3aToIJieHue
I0XKHBIX IPUOpPEXHBIX HU3MEHHOCTeN, Ipu4eM HeKOTO-
PBIMH HCCJIEOBaTeIAMU B 3TOT II€pPUOA BbleJisAeTcA
JiBa dTana noabema ypoBHA Hcrtopus..., 1990). Ilocie
3aBepIleHns JaJoKCKOM TpaHcrpeccuu okoso 3300
KaJl. JI.H., ypoBeHb JIaJJoXXCKOro o3epa NOHU3WJICA A0
COBPEMEHHBIX 5 M HaJl y.M.

B cBA3M ¢ uMeromerica HeonpeaeeHHOCTbIO B
XapaKTepUCTHKe YCJIOBUHM OCaJKOHAKOIJIeHUA MJiA
JIaHHOI 4YacTH aKBaTOPHMM HaMy HadyaTel pabOTHl IO
peBu3umM 3TOro Bompoca. OAHON M3 Iejiell Hcciieio-
BaHUA ABJIAETCA OTOOP M XapaKTepUCTHKa paHHero-
JIOL[EHOBBIX OTJIOKEHWH B HaubOoJiee HOKHBIX YacTAX
KOTJIOBUHBL
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2. MaTepuanbl M METOADI

Ko/oHKM [TOHHBIX OTJIOXKEHUU OBLJIM OTOOpAHBI
B I0kHOM uactu Jlagoxckoro osepa Jjietrom 2023 r. ¢
6opra HHC IloceiifoH TIpaBUTAIlMOHHON TPYyOKON
cucteMbl 'OMH. Ha crannuu 10 Ha riyOuHe 44 M
oToOpaHa KoJjioHKa MomHocTbio 0,8 M. OmnpenesieHb
[I0TepU NpU NPOKaJIMBaHWUY, IIPOBeJEeHBl JUaTOMOBBIN
U TpaHyJIOMeTpUYeCKul aHaju3bl, paJuoyTJiepoi-
HOe JaTHpoBaHUe C HCIIOJIb30BaHHEM yCKOPUTEeJIbHOMN
Macc-CIeKTpOMeTpuH, onpejesieHre BUI0BON NIpUHAaL-
JIEXXHOCTH PHIOBI, Yelrysl U KOCTU, KOTOPOI ObLIM 0OHa-
PYXeHBI B HIXHel yactu otyioxennii (KysHeros u ap.,
2023). [TpokanuBaHue NPOBOAWJIOCH IIpU TeMIleparype
550°C B TeueHue 6 yacos. ['paHysomMeTpuUecKUil aHa-
JIU3 K3-3a HeJoCTaToOYHOoro o6beMa MaTepuasia IpoBO-
JWJICA TOJIBKO JIJIs1 TOHKOHM (ppakiuu oTjoxeHUn (1Jis
dpakiuu menee 0,1 MM) THUIIETOYHBIM METOOM.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

PesysipTaThl paguoyrjepoAHOr0 JaTHUPOBaHUSA
[I0Ka3aJiu, YTo [oJIyuyeHHasA KOJIOHKA OXBaThiBaeT 00JIb-
IIyI0 4acTh TOJIOlleHa, HauuHas cO BpeMeHU perpeccuu
Annunosoro osepa oxosio 10200 kai. j.H. BCKpeIThIE
OTJIOKEHUA TMpeJicTaBJieHbl CepblM OIecYaHeHHBIM
asieBpuTOM, BepxHue 10 cM cBeTsI0-0yporo u YepHOro
nBera. CoJepxaHue OpraHHYeCcKOro BelllecTBa COCTa-
BUJIO B cpeAHEM OK0Ji0 5%, Ipy Auana3oHe 3Ha4eHUN
2,2-8,7%. Camble Huskue 3HayeHus [1I1I1 xapakTepHBI
JIJ11 OCaJIKOB paHHero roJjoneHa. B cpegueii yactu pas-
pe3a, COOTBeTCTBYIOIIel 3110Xe KJIMMaTU4ecKoro OlnTH-
MyMa OTMeYeH YeTKO BBIPaXeHHBIN IUK COepKaHuAd
OpraHu4eckoro BellecTBa. Bo BTOpoIi NoJIOBUHE I0JI0-
LleHa MPOUCXOAUT pe3Koe CHipkeHue 3HaveHuir IIII1.
ITomo6HBIe 3aKOHOMEPHOCTH paHee OTMeYasich B ApPY-
rux KOJIOHKax JIaJoXckux oTioxeHul (KysHeroB u
Cy6etTo, 2021).

I'panynomeTpuyeckuii aHajayu3 I[O3BOJIMJI OXa-
paKTepr30BaTh McCIIeJOBAaHHBIE OTJIOKEHN KakK lecya-
Hble U [leCYaHKCThle aJleBPUTHI U aJIeBPUTOBBIN TECOK.
[Ipu 2TOM B OTJIOXKEHUAX [1epBOI IIOJIOBUHEI TOJIOIeHa
J0J11 TOHKOTO Tiecka cocTasiiseT 13-42%, npu cpeqHem
3HaueHuu 25%. Bo BTOpOI 0JI0OBYHE rOJIOIeHa, Hauu-
Haa ¢ 4000-3500 kaji. JI.H. napajulesibHO C yMeHbIIe-
HUEeM cojiepXaHUs OpraHWYecKoro BelllecTBa, COZep-
’KaHue TOHKOTIO IecKa yBesjuuuBaeTcsa Ao 24-56% npu
cpenHeM 3HaueHuU 42%. [TosrydeHHBIN BO3pacT MO3BO-
JifeT MpeAloJIoXKUTh, YTO JaHHBE M3MeHeHHUs MOTIJIU
OBITh CBfI3aHBI C 3aBeplleHHeM CpeIHEr0JIOLeHOBON
JIaJJO’)KCKOY TPaHCTPeCcCUU.

OTjI0)KeHHA paHHero roJiolleHa XapaKTepusy-
I0TCA HU3KHUM CcoJiepXaHHeM CTBOPOK JHUaTOMOBBIX
BOJIOPOCJIel, 1 CPaBHUTEJIBHO BBICOKOM [10Jiel uaTo-
Mell GeHToca, YTO XapaKTepHO U JJIA APYTHUX pa3pe3oB
namoxckux ocagkoB (Jlynukosa u Kysuewnos, 2021;
Kostrova et al., 2019). BnocienctBun GpopMUpYOTCA
MOHOJOMHUHaHTHbIE JUaTOMOBBIE KOMILIEKCH ¢ abco-
JIIOTHBIM TIpeo0JialaHeM IUTaHKTOHHOU Aulacoseira
islandica, yBeIUYUBAIOTCS KOHIIEHTPAI[UM CTBOPOK
JuaroMeli, oTpaxarwliue yjydlleHue NpUpPOJHO-KIIU-
MaTH4YeCcKuX OOCTAaHOBOK M BMeCTe C YyBeJIM4eHHeM
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coJiep>KaHUs OPraHUYeCcKOTro BellecTBa CBU/IeTeJIbCTRY-
I0I[le O MOBBILIEHNN NPOAYKTUBHOCTU SKOCUCTEMEL.
JanpHelmuii pocT coAepkaHUs CTBOPOK AuATOMei
B Ocajkax U MosBJeHUe IUIaHKTOHHOU Aulacoseira
subarctica B KauecTBe CO-JOMHMHAHTA XapaKTepHO I
0CaIKOB BTOPOH IMOJIOBHUHHL rosioljeHa (JIyaukoBa u
KysHuernos, 2021).

B oTJyioXeHUsAX, 3ajIeraloiyx B OCHOBAaHUM pas-
pe3a obHapyXeHbl pparMeHTHI PHIOBL: [T03BOHKY U YeNTys
peuHoro okyHsA (Perca fluviatilis L., 1758) (Ky3HenoB
u 1p., 2023). OxyHb fABIAETCA XOJIOOJII0OMBOH dop-
MOI M OTHOCUTCS K IEPBEIM BceJyieHLIaM JIaZ0XKCKOTO
ozepa (Mcropus ozep..., 1998). PekoHCTpyHpOBaHHBIN
pasMep paHHEroJI0IeHOBOM 0COOH COMOCTABUM C TaKoO-
BBIM JIJIsI COBPEMEHHOI'O OKYHSI TaKoro e BO3pacTa.
Pasmep OKyHsA B 3HAUWTEJIBHOH cTerneHU 06yCJIOBJIEH
DUTaHUeM, KOTOpoe BKJIIOYaeT B cebsa pasHooOpa3Hble
IPYIIB OPraHM3MOB — PaKOOOpa3HBIX, HACEKOMBIX,
MOJUTIOCKOB, phi6 (CTepsirosa u fip., 2016). BeposTHo,
MOXHO TOBOPUTB O TOM, YTO B PAHHEroJIOIlEHOBOe
BpeMs COCTaB JIaA0XKCKOM OMOTH! ObI AOCTAaTOYHO pas-
HOOGpPa3HbIM, YTO IO3BOJIIO CYILIECTBOBATh MHOIOY-
POBHEBBIM IUIIIEBHIM LIEIISM.

4. 3aKknloueHue

CTpoeHME M COCTaB HCCJIEJOBAHHON KOJIOHKU
JIOHHBIX OTJIOKEHUH, AWHAMHKA OPraHOHAKOILIEHUA,
COOTBETCTBYIOIIAsA CTAHAAPTHOMY XOAY HaKOIUJIEHU:A
OPraHUYecKoro BelecTBa Ui JIaJOXCKOTO o3epa, U
M3MEHEeHHs B COCTaBe JMATOMOBBIX KOMILJIEKCOB CBU-
JIETEIBCTBYIOT 00 OTCYTCTBUM MEPEPHIBOB OCAIKOHAKO-
IJTeHUs1, HAYMHAsS CO BpeMeHU 3aBeplIeHts aHIMJIOBOM
TPaHCTPECCUU B paHHEM TOJIOIEHE.

MOXHO yTBEpXIaTh, YTO B paccMaTpUBaeMOU
YacTU KOTJIOBUHBI JIa[JOKCKOTO 03epa B paHHEM TrOJIO-
[[EHe CyIIecTBOBaJM CyOaKBajbHBIE, CPaBHUTEJIBHO
rJTyOOKOBOIHBIE YCJIOBUA C HAKOIUJIEHWMEM TOHKOpa3-
MEPHBIX 0CaJIKOB.

Haxofka OCTaTKOB PEYHOr0 OKYHS B OTJIOXe-
HUAX YKa3aHHOrO0 TepHoAa MOATBEDPXOAET THUIOTE3Y
O paHHEM 3aceJIeHUU XOJIOAOJTIIOOMBHIX BUAOB PHIO B
JIaJIOXKCKUI OacceH.

[MageHvie coiepXaHUs OPraHUYECKOTO BELIECTBA
CHHXPOHHO C Ha4YaJIOM POCTa COAEPKAHUA TOHKOIEeCYa-
HOU ¢pakiuy U AaTUPYeTCcsA MPUOIU3UTENIBHO MepUo-
JIOM 3aBepIIeHUs JIaI0KCKON TPaHCIPECUMU.
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