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ABSTRACT. The sediments of shallow basins formed along the coast of the Baltic glacial lake around
14,500-14,000 cal BP provide a valuable source of information for reconstructing environmental
changes in the Bglling-Allergd. Radiocarbon dating and complex lithological and diatom analyzes were
performed for the deposits of one of these paleo-reservoirs, exposed in the Kulikovo section (northern
part of the Sambian Peninsula). Diatoms of the sediments formed 14,100 — 13,400 cal BP are mostly
presented by benthic and epithytic oligohalobic species. We compared the obtained data with existing
ideas about the Late Glacial diatom flora for this region to identify general and local patterns of diatom

communities formed at that time.
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1. Introduction

SE Baltic region was covered with glaciers during
the LGM (Mangerud et al., 2004). After the deglacia-
tion started around 20,000-19,000 cal BP, the natu-
ral environment of this region considerable changed
(Veski et al., 2015; Druzhinina et al., 2020). Climatic
fluctuations in the Bglling-Allergd and the cooling in
the Younger Dryas had a significant impact on the
deglaciation process.

The Bolling-Allergd diatoms found in the sedi-
ments of large ancient lakes on the territory of mod-
ern Lithuania and in the bottom sediments of the Baltic
Ice Lake (BIY), are studied in most detail. M.Kabailiné
(1968; 2006) developed a regional stratigraphic scheme
for the Late Glacial in Lithania based on diatom data.
As a result of studies of the last two decades on the
territory of Lithuania (Gaigalas et al., 2008, Seiriené et
al., 2009; Stancikaité et al., 2008; 2009; 2015) and the
study of new sections in Poland and the Kaliningrad
region (Witkowski et al. , 2009; Druzhinina et al.,
2015; 2020; Galka et al., 2015; Stowinski et al., 2017;
Zaretskaya et al., 2023) new data on Late Glacial dia-
toms were collected.

Fossil diatoms in the sediments of the mentioned
sections demonstrates some asynchrony that indi-
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cates different timing and force of aquatic ecosystems
response to changes in natural conditions. Shallow
reservoirs, in particular, the object of this study - the
Kulikovo paleoreservoir, with a biota that was sensi-
tive to short-term warming and cooling, as well as to
changes in flow, depth and other factors, are the poten-
tial source of more detailed information about general
and local trends in dynamics natural environment.

2. Materials and methods

The thickness of the sediments exposed in the
Kulikovo section is 2 m. Sampling was carried out with
the interval of 1-3 cm. To determine the absolute age
of the sediments for the entire section (192-0 cm), a
series of five radiocarbon dates was obtained. We built
an age-depth model based on dating results using the
rbacon 3.1.0 program. (Blaauw and Christen, 2011).

We performed a comprehensive lithological anal-
ysis — we measured the granulometric composition and
magnetic susceptibility (MS) and calculated the content
of organic matter and CaCO, by loss of ignition (LOI)
method.

Diatom analysis was performed for 24 samples
from the interval 142-191 cm. Slides were prepared
according to the standard procedure (Battarbee et al.,
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2001). We add one lycopodium tablet to each sam-
ple (Batch 280521 291). The weight concentration
of diatoms was calculated using the Battarbee (2001)
formula.

3. Results and discussion

The results of radiocarbon dating indicate that
the sediments of the studied interval of the Kulikovo
section accumulated in the Middle Dryas and the first
half of the Allergd, from approximately 14,100 to
13,400 cal BP. Diatoms are not represented in Middle
Dryas deposits (14100-13900) - perhaps the conditions
were unsuitable for their vegetation or conservation of
valves.

The species composition of fossil diatom indi-
cates a shallow depth and an average degree of min-
eralization at the stage of 13900-13870 cal BP. The
palaeo-reservoir trophic status is quite difficult to
restore due to the predominance of diatoms indifferent
to the trophic status of the habitat. The dominant spe-
cies Pseudostaurosira brevistriata is a pioneer species and
indicates alkaline conditions and water rich in oxygen
and dissolved calcium. This is also confirmed by the
high content of carbonates in the sediment.

In sediments formed at the stage of 1870-1830
cal BP an extremely small number of diatom valves is
observed. This does not allow us to make assumptions
about the conditions of the palaeo-reservoir. The grain
size of the deposits does not show significant differences
from those formed earlier. There is a slight increase in
the content of organic matter and a decrease in the con-
tent of carbonates in the sediment.

The species composition of diatoms indicates a
shallow mesotrophic-eutrophic reservoir with low min-
eralization at the stage of 13830-13750 cal BP. The
predominance of benthic species, a decrease in the con-
tent of epithytic diatoms and an increase in the content
of valves of oligohalobic halophilious species may indi-
cate an increase in the flow of the paleo-reservoir. The
results of a comprehensive lithological analysis are con-
sistent with this assumption: the sediments are charac-
terized by an increased content of the sand fraction and
high values of the median particle size.

At the stage of 13750-13640 cal BP, diatoms
indicate the shallow depth, eutrophic conditions and
low to moderate salinity. Eutrophication of a reservoir
may also be indicated by an increase in the content of
organic matter in sediment. The predominant species
of the genus Gyrosigma spp are distinguished by their
large valve sizes and are able to live in flowing water.
A possible increase in the flow of the reservoir is also
indicated by lithological indicators - an increase in the
content of the sand fraction, an increase of the median
particle size and high MS values.

Diatoms indicates the conditions of a shallow
eutrophic reservoir at the stage of 13,640-13,400
cal BP. The predominance of the epithytic species
Staurosirella ovata and Pseudostaurosira brevistriata may
indicate calm hydrodynamic conditions favorable for
the development of ribbon-like colonies (Zaretskaya
et al., 2023) and a high calcium content in the water.
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There is a slight increase in carbonate content (up to
30%) at this stage.

As in most of the considered palaeoreservoirs
with a reconstructed shallow depth, mesotrophic and
eutrophic fossil diatoms are widely represented in the
sediments of the studied interval of the Kulikovo sec-
tion. In contrast, oligotrophic species predominate in
the in Allergd deposits in the lakes with greater depth.
The diatom associations of the Kulikovo section, as well
as all the considered paleoarchives, are characterized
by a predominance of oligohalobic species. This may
indicate low mineralization not only in moraine lakes,
but also in other isolated or semi-isolated basins located
along the coast of the BIL.

4. Conclusion

The significant changes in the fossil diatom spe-
cies composition established for the Kulikovo section in
less than a century indicate the highly dynamic regional
and local natural conditions of the Late Glacial. At the
same time, the identified stages are characterized by
a very short duration, often comparable to the error
of radiocarbon dating. This fact confirms the neces-
sity of the most detailed sampling of sedimentary
archives to understand the complexity of the processes
that formed the natural environment at the end of the
Late Pleistocene. At the same time, when constructing
regional reconstructions, it is necessary to take into
account the possible asynchrony of the development
of biological indicators in reservoirs of different areas,
depths, and flowability.
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AHHOTAILIUS. OTioxeHNs MeJIKOBOOHBIX HGacceiiHOB, c(hOpMHPOBaBIIMXCSA Ha Cylle BAOJb Hobepe-
XbsA BanTuiickoro jegHUKOBOro o3epa okojsio 14500-14000 kajleHAapHBIX JIeT Has3al, CJIyXaT I[eH-
HBIM HCTOYHMKOM HMHGOPMaLWUM AJiA PEKOHCTPYKIMK KW3MeHEeHUI NMpHUPOOHOI cpeAdbl B OEJIMHI-asI-
Jiepé€ckoM HHTepcTaauase. 1A OTJI0XeHNW OJHOrO M3 TaKuX [aJe0BOJ0EMOB, BCKPHITHIX B pa3pese
KynukoBo (ceBepHasa yacTb CaMOUIICKOro MOJIyOCTPOBA), OBLIO BHIIOJIHEHO PaJUOyIJIepOLHOEe NaTu-
poBaHMe, KOMILJIEKCHBIN JIMTOJIOTMYECKUI M AUAaTOMOBHIN aHaIu3bl. B pesysibraTte u3ydeHus OTJIOXe-
HHI, OXBaTHIBAIONIMX BpeMeHHON uHTepBasl 14100 — 13400 xaneHAapHBIX JieT Ha3al, YCTaHOBJIEHO,
YTO B COCTaBe AUATOMOBBIX accolraluil npeobaafaloT 6eHTOCHBIE BUABI U oOpacTaTesy, OTHOCAIIEeCs
K Ipymnie oJurorajo0Heix nuaau@depeHToB. [loyyeHHble JaHHbBIE O AUATOMOBBIX COOOIMIECTBAX OBLIN
COIIOCTABJIEHH] C CYHIECTBYIOIMMU IIPeACTaBJIeHUAMH O JUATOMOBOM (piope MO3OHEJIeAHUKOBbA AJIA
3TOr0 perrvoHa, 4YTO IO3BOJIMJIO BBIABUTH OOIIME U JIOKAJIbHblEe 3aKOHOMEPHOCTU (OPMHPOBABUINXCA B

3TO BpEMsA AMATOMOBBIX KOMILJIEKCAX.
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no3gHesieJHNUKOBbe, CaMOMIICKNII MTOJIYyOCTPOB
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1. BBeaenue

IOro-BocTouHas yacts [IpubaaTuky OTHOCUTCA K
palioHaMm, MOKPHITHIM JIeJHUKAMU B IEPUO]] MAKCUMyMa
Basifjarickoro osiefleHeHus (Mangerud et al., 2004). C
HauajioM ferjianuanuu okoyio 20000-19000 kaJi.Jji.H.
MpUpPOHas cpella 3TOTO pervoHa IMpeTepIiesia 3HaAYU-
TesbHble u3MeHeHus (Veski et al., 2015; Druzhinina et
al,, 2020). KiiumaTuueckre KoJjiebaHus 6EIMHTr-allie-
PENCKOr0 WHTEpCTajJuaja U I0XOJIOJlaHUe MO3JHEero
Jpuaca oKa3blBaJI 3HAUNTEJIbHOE BJIUSIHUE Ha MPOIecC
JerJisyanmuy.

HawuboJsiee nojpo6HO 0XapaKkTepu30BaHbI JUATO-
MOBBIE KOMILJIEKCHI OEJUTMHT — ajulepéna, oOHapyXeH-
Hble B OTJIOXKEHUSAX KPYMHBIX APEBHUX O3ep Ha Teppu-
TOpUM COBpeMeHHOU JIUTBB U B JJOHHBIX OTJIOXEHUAX
Banruiickoro mnemHukoBoro o3epa. M. KabGaiineHe
Obta pa3paboTaHa pervoHajibHasg crpaturpadpuye-
cKas cxema IM03JHeJIeJHUKOBOI'0 3Tarna pa3BUTHA 3TON
TEPPUTOPUM, B KOTOPOU BBHIJIEJIEHBI TPU AUATOMOBBIE
soubl (KabGaiiyieHe, 1968; 2002; Kabailiné, 2006). B
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pe3yJibTaTe HCCJIeIOBAHUN JIBYX TMOCJIEAHUX JIE€CATH-
JieTudl Ha Teppurtopuu Jluteu (Gaigalas et al., 2008,
Seiriené et al., 2009; Stancikaité et al., 2008; 2009;
2015) ¥ u3yyeHUs HOBHIX pa3pe30B Ha TeppUTOPUU
IMosibmm u KasmauHrpagckon obnactu (Witkowski et
al., 2009; Druzhinina et al., 2015; 2020; Galka et al.,
2015; Stowinski et al., 2017; 3apenkasa u ap., 2023)
MOSABUJIMCH HOBbIE JaHHBIE O MMO3HEeJIeJHUKOBHIX JUa-
TOMOBBIX accoIHaIsX.

JlnHaMuKa BUJOBOTO COCTaBa JUaTOMOBBIX acCo-
[[UANUI B OTJIOXEHUAX YIOMSAHYTHIX BHYTPUMAaTEPUKO-
BBIX [TAJIEOBOJIOEMOB JEMOHCTPHUPYET HEKOTOPYIO aCHUH-
XPOHHOCTb, YTO CBH/ETEJIbCTBYET O PAa3HOM BpeMeEHU
U CTeleHU OTKJIMKA BOIHBIX DKOCHCTEM Ha M3MeHeHHe
MPUPOJIHBIX yCJIOBUM. BomoeMsl ¢ HeOOJIbIION TITyOu-
HOM, B YaCTHOCTH, OOBEKT HACTOSAIIEr0 MCCJIeqOBaHUA
— nasieoBofoeM KyyukoBo, ¢ 6GUOTOH, YyTKO pearupo-
BaBILIE HA KPAaTKOBPEMEHHBIE MMOTEIJIEHUA U MMOXO0JI0-
JIaHWsA, a TaKXe Ha U3MEHEeHHe MPOTOYHOCTH, TJTyOUHEI
U Apyrux (pakTopoB, MOTEHIUATBHO ABJISAIOTCA UCTOY-
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HUKaMu GoJiee AeTtajbHON MHbopManuu o6 oOMUX U
JIOKaJIBbHBIX TPeHJaX B AUHAMUKe NPUPOOHON Cpeabl.

2. MaTepuanbl U MeTOADI

MomHOCTh OTJIOXKEeHUIH, BCKPHIBAIOIIUXCA B pas-
pe3e KynukoBo, cocrtasisieT 2 M. OT6op npob mnposo-
auica ¢ marom 1-3 cm. [{ya ompepnesieHUs abcCoOJIOT-
HOr'o BO3pacTa OTJIOKeHuH g Bcero paspesa (192-0
CM) NOJIyuyeHa cepus U3 IATU paguoyTJIepOAHBIX AaT.
o pe3ysbTaTaM AaTUPOBAaHUA C UCIOJIb30BAHUEM NIPO-
rpammbl rbacon 3.1.0. (Blaauw and Christen, 2011).
Obl1a MOCTPOEHa MOJeJIb POCTa OTJIOXKEHUI.

J7iA peKOHCTPYKIMH YCJIOBUM OCAAKOHAKO-
IJIEHUA BBHINIOJIHEH KOMIUJIEKCHBIN JIUTOJIOTMYeCKUi
aHajau3 — ompefesieH TIpaHyJIOMeTpPUYeCKH!l cocTaB
OTJIOKEHHI, pacCYMTaHO cojiepXaHKe OpPraHu4ecKoro
Bemectsa u CaCO,, u3MepeHa y[esibHAs MarHUTHasA
BOCIIPUHUMYHBOCTbD.

JlvaToMOBBIIl aHaiu3 OBLT BBIIOJIHEH i 24
obpaznos u3 uHTepBana 142-191 cwm. [IpenapaThl AsA
JAVaTOMOBOIO aHaJi3a MPUrOTOBJIEHBI IO CTaHAApT-
Holl MeToauKe (Battarbee et al., 2001). A mocjienyto-
Ilero pacyeTa KOHILIEHTpAIliy CTBOPOK B KaXXJblil oOpa-
3en; 6puta fobaByieHa TabseTka JkomnoAauyMa Batch
280521 291. PacueT BecoBOI1 KOHIIEHTPAI[UU JUAaTOMeN
npousBoaucsa mo Gopmye (Battarbee et al., 2001).

3. Pe3ynbTatbl M MX 06Ccy)XpAeHHuE

CyZd no pesyJjbTaTaM paJuoyIJIepoJHOro AaTu-
poOBaHUA, OTJIOKEHHA M3YyYeHHOIo MHTepBaJja pa3pesa
KynukoBo HakaniuBajuich B cpefHeM Jpuace U Iep-
BOI1 M0JIOBUHE ajuiepézna, npumMepHo ¢ 14100 mo 13400
Kal.J.H. B oTioxeHusx cpenHero npuaca (14100-
13900 kan.Jl.H.) AUaTOMeN He IpeACTaBJIe€HO — BO3-
MOXHO, yCJIOBUA OBUIM HENOAXOAAMMMU IS UX Bere-
Tanuu JJMbo CoXpaHeHUs CTBOPOK.

CyZd 1o BUOBOMY COCTaBy AMATOMOBBHIX acco-
uuanuii, Ha stane 13900-13870 kasi.ji.H. U3y4aeMslil
rnajeoBOJloeM XapaKTepusoBaJicsi HeOOJIBIION TJIyOou-
HOM U cpeiHel CTelleHbI0 MMHepaJu3aluu, ero Tpo-
(duyeckuil craTyc BOCCTAHOBUTDH AOCTATOYHO CJIOXHO
u3-3a npeobyiagaHusa auatoMel, MHAUG@EPEHTHHIX K
TpoduueckoMy cTaTycy MecToobuTaHus. Pe3ko npeol-
Jagarouil Bun Pseudostaurosira brevistriata oTHOCUTCA
K NMOHEpHBIM U yKasblBaeT Ha IeJIOYHBbIe YCJIOBUSA U
BOJy, Ooraryio KHCJIOPOJAOM U paCTBOPEHHBIM KaJlb-
nueM. JTO e IMOATBepXAaeTcsd BHICOKMM cojepxka-
HUeM KapOOHaTOB B OCajKe.

Ha »srtame 1870-1830 kai.Jji.H. HaOJIogaercs
KpaliHe He3Ha4UTeJIbHOE YHCJIO CTBOPOK JUaToOMell, He
[I03BOJIAIOLIee BBIIBUTaTh IPEINOJIOKEHNA 00 YCJIOBUAX
HccjiefiyeMoro najgeoBojoeMa. I'paHyJsioMeTpuuecKuil
COCTaB OTJIOXKEHUH He JeMOHCTpUpYyeT 3HAauMTeJIbHBIX
pasnnuuii co cGopMUpPOBaHHEIMU paHee. OTMedaeTcs
HEKOTOPBIII POCT COAEepXaHWsA OpPraHWYecKOro Belle-
CTBA M CHIXeHUe coflepkaHusA KapOOHATOB B OCajKe.

Ha orame 13830-13750 xaj.Jl.H. BHJOBOU
COCTaB IMATOMOBBIX accolMaluil yKas3blBaeT Ha yCJIO-
BUA HerJIyOOKOro Me30Tpo¢pHO—3BTPOGHOI0 BoJoeMa C
HU3KOU MuHepasu3zanueil. [Ipeo6iagaHue 6eHTOCHBIX
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BUJIOB, CHIDKEHHe cojfepxxaHue obpacraTesieil U pocT
colepXaHUsA CTBOPOK OJIUTOTaJIOOHBIX Tajo¢UIbHBIX
BUJIOB MOXeT yKa3blBaTh Ha yBeJIMUYeHNe IPOTOYHOCTHU
najieopogoeMa. C aTUM IIpeoIoXKeHNeM COrJIacyoTcsa
pe3yJibTaThl KOMILJIEKCHOI'O JIMTOJIOTHYECKOI0 aHaIn3a
— OTJIOXKEHUA XapaKTepu3yI0TCsA NOBBIIIEHHBIM COJep-
XaHMeM IecuyaHoyl ¢paKnuM, BBICOKUMU 3HauyeHUAMU
MeANaHHOro pa3Mepa 4acTHIL.

CyZd 1o BUAOBOMY COCTaBy AMATOMOBEIX acco-
nuanuii, Ha stane 13750-13640 kaj.Jl.H. U3ydaeMbIi
najeoBOf0eEM XapaKTepu3oBaJics HeOOJIbIION Iiyou-
HOM ¥ 3BTPOQHBIMM YCJOBUAMH U MHHepaIu3aluein
OT HU3KOH 0 cpenHeil. Ha spTpodukanuio Bogoema
MOXeT TakKe yKasblBaeT pPOCT cojepxXaHKe opraHuye-
CKOro BellecTBa B ocajke. [Ipeobagatomuye BUAB poAa
Gyrosigma spp OT/JIMYalOTCA KPYNHBIM pa3MepoM CTBO-
POK U CcIIOCOOHBEI 00MTaTh B TeKyuell Boae. Ha Bo3amMox-
HOe yBeJIMYeHHe IPOTOYHOCTU BoAOeMa TakXe yKa-
3BIBAIOT JINTOJIOTMYECKHe WHAWKATOPBl TePPUTe€HHOIO
CHOCa - POCT cojiepXaHus necyaHo! Gpakiiiu B OTJIO-
XKEeHUAX Y yBeJINueHNe MeJUaHHOI'o pa3Mepa 4acTull U
yAeJIbHOM MarHuTHOH BOCIIPUMUMYMBOCTH OCafKa.

Ha stane 13640-13400 kaJ1.j1.H. BUIOBOI COCTaB
JUaTOMOBBIX accolualMi yKa3blBaeT Ha YCJIOBUA
HerJiybokoro sBTpodHoro Bogoema. Peskoe npeobJiaga-
HHe obpacTtareier Staurosirella ovata v Pseudostaurosira
brevistriata MoXeT yka3bIBaTh Ha CIOKOMHbIE TMAPOAU-
HaM{uYecKue yCJIOBUSA, OJIaronpusaTHbIE Ui pa3BUTHUA
XapaKTepHBIX [JIA 3TUX BUIOB JIEHTOBUHBIX KOJIOHUN
(3apeukas u gp., 2023), 1 BEICOKOe coflepXaHUe Kalb-
1A B BoAe. B IOHHBIX OTJIOXKEHUAX OTMevaeTcs HeKo-
TOpOe yBeJinueHue cofiepxanus kapooHaTos (7o 30%).

Kak u B 0OJBIIMHCTBE pacCMOTPEHHBIX IaJjieo-
BOJIOEMOB C PEKOHCTPyHpyeMou HeOOoJbIION Iiyou-
HOM, B OTJIOXKEHMAX M3YyYeHHOIOo MHTepBajla pa3pesa
KynukoBo 3amMeTHa poJib Me30TGPOHBIX U 3BTPODHBIX
JuatoMeii, B OTJIMYHE OT BOJOEMOB C OOJIbIlIel ri1you-
HOMH, B KOTOPHIX IIpeo0JiafaloT OJUTOTpOdHbIE BUJBL
JnA [uaTOMOBBIX acconyalyii HccaeJyeMoro pas-
pesa, Kak U JJi1 BCceX pacCMOTPEHHBIX [1aJle0apX1BOB,
XapakTepHO IIpeo0JiajlaHue OJINTOTajo0HBIX BHJIOB.
ODTO MOXeT yKa3blBaTh HAa HU3KYI0 MUHEpaJU3aluio He
TOJIPKO B MOpPEHHBIX 03epax, HO U B APYI'HX U30JIMPO-
BAHHBIX WJIM IIOJIYU30JIMPOBAaHHBIX OacceiiHax, paclo-
JIOXeHHBIX 1o nobepexsbio BJIO.

4. 3aKknioueHue

YcraHoBJIeHHBIE A1 pa3pe3a Kyl1nkoBo 3Ha4u-
Mble U3MEHEHUA BUIOBOIO COCTaBa AUATOMOBBIX acco-
IUalMil B CPOKM MeHee YeM 3a CTOJIETHE YKa3bIBAIOT
Ha BBICOKYI0 JUHAMHUYHOCTh PETMOHAJIBHBIX U JIOKAJIb-
HBIX IPUPOJIHBIX YCJIOBUE MO3/JHEIEAHUKOBBA. B TO Xe
BpeMs BBIJieJIEHHbIE 3Tallbl XapaKTEPU3YIOTCA OYEHb
He6O0JIBIION MPOJOJIKUTEIBHOCTHIO, 3a4aCTYI0 COIOCTa-
BHIMO¥I C OTPEIIHOCTHIO PAIUOYTJIEPOJHOTO JaTUPOBA-
HusA. OTOT GakT NOATBEPKAAET HEOOXOJUMOCTb MaKCH-
MaJIbHO JeTaJIbHOTO OIPOOOBAHMA CeJMEHTAI[MOHHBIX
apXUBOB JJI TIOHUMAaHUA BCeil CJIOKHOCTH HPOLIECCOB,
dbopMUpoBaBUIMX MPUPOJHYI0 cpely B duHase miei-
ctorieHa. [Ipy 3TOM NpU HOCTPOEHUM PErMOHAJIBHBIX
PEKOHCTPYKIMI HEOOXOJVUMO YYUTHIBATH BO3MOXHYIO
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ACMHXPOHHOCTb pa3BUTUA O61OJIOTUYECKUX WHAWKATO-
POB B BOJOEMAX paSHOfI iomaau, FJ'IYGI/IHI)I, CTEIeHn
IIPOTOYHOCTHU.
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