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ABSTRACT. A comprehensive study (lithological study, diatom analysis, radiocarbon dating, grain-size
and loss on ignition (LOI) analyses) of bottom sediments of the lake located at altitude 31.2 m above
sea level in the Mustatunturi ridge area (Kola region) was carried out. It has been established that the
beginning of sedimentation in the lake basin occurred in the early Holocene under brackishwater condi-
tions. The transition zone from marine to freshwater sediments were formed while the sea coastline has
been retreating. Freshwater sediments were formed when the basin of the studied lake was disconnected

from the sea.
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1. Introduction

The study of lake bottom sediments on the
Barents Sea coast of the Kola region was carried out as
part of work to studies the sea-level change. Previously,
such works was carried out in the areas of the Dalnie
Zelentsy (Snyder et al., 1997), Nikel (Corner et al.,
1999) and Polyarny (Corner et al., 2001), Teriberka
(Kolka et al., 2023). This paper presents a new data
on diatom analysis, geochronological and granulomet-
ric study of bottom sediments of a lake located at an
altitude 31.2 m above sea level (a.s.l.) in the area of the
Mustatunturi ridge.

2. Materials and methods

The materials were obtained during the field
works in July 2021. The bottom sediment core was
sampled with a peat corer; the thickness of the exposed
bottom sediments was 180 cm. A lithological descrip-
tion, photographic documentation and sampling
for various types of analyzes were carried out in the
field. Determination of the age of sediments was car-
ried out using samples of gyttja or silty gyttja at St.
Petersburg State University according to standard
methods (Arslanov, 1987). The resulting radiocarbon
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dates were calibrated in OxCal 4.4.4 using the IntCal
20 calibration curve (Bronk Ramsey, 2020). The prepa-
ration of slides for diatom analysis was carried out
according to standard methods (Diatomovyye..., 1974).
The taxonomic identification of diatoms was refined
according to the Algaebase database (Guiry and Guiry,
2022). Grain-size and LOI analyses was performed
according to the standard methodology in the labo-
ratory of Rational Environmental Management of the
Department of Physical Geography and Environmental
Management of the Faculty of Geography of Herzen
University (Shikhirina et al., 2022).

3. Results and discussion

Three sedimentary facies were identified in the
section of the bottom lake sediments at the fieldworks
(Tolstobrov et al., 2023): facies I - marine sediments,
represented by sand; facies II - transition zone from
the sea to the lake, represented by sand with gyttja;
facies III - freshwater lake sediments, which are repre-
sented by gyttja. The lithological description is shown
in Figure 1.

Sediments of the marine facies are characterized
by the lowest concentrations of diatoms (Fig. 1), which
is typical for bottom lake sediments of the same genesis
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on the Barents Sea coast (Tolstobrova et al., 2022). Both
marine and freshwater species were identified in sedi-
ments of the marine facies (Fig. 1). The dominant spe-
cies are the marine planktonic-benthic species Paralia
sulcata and the freshwater-brackish water periphythic
species Staurosira subsalina, Staurosira sp. Probably, this
layer was formed when the coastline of the sea was
close to the threshold from the lake, and the lake basin
was a part of sea bay.

Based on the results of particle size distribution
and organic matter content, the marine sediment facies
is characterized by the largest average particle diame-
ter and the lowest percentage of organic matter.

According to diatom analysis, an increase in
the concentration of diatoms, a significant decrease in
the percentage of marine species, and an increase in
freshwater species were noted in the sediments of the
transition zone (Fig. 1). The dominant complex still
contains freshwater-brackish water periphythic spe-
cies Staurosira subsalina, Staurosira sp., together with
Staurosira binodis, and the content of Paralia sulcata is
only a few percent. According to the LOI analysis of
there is a gradual increase in organic matter up the
section.

Marine and brackish-water species of diatoms
disappear and the concentration of diatoms increases
in sediments of the freshwater facies. The highest con-

centrations were observed in the lower part of fresh-
water sediments. This is probably due to peak values
of Fragilaria sensu lato species, which is quite often
observed for sediments of transition zones. The species
diversity of diatoms increases up the section, which is
reflected in the replacement of fragilariod species with
other various taxa. Periphythic species Achnanthidium
minutissimum, A. pusillum, Encyonopsis descripta,
Eunotia arcus, Tabellaria flocculosa and benthic species
Brachysira neoexilis, Frustulia saxonica were identified
as dominants and subdominants. Planktonic species
account for the first percentages, which indicates that
the lake water depth did not change during the middle
and late Holocene.

The average particle diameter decreases in the
granulometric composition of sediments at the fresh-
water stage, which corresponds to a calmer hydrody-
namic conditions in the lake basin. In addition, accord-
ing to lithological data, three mineragenic layers were
identified in the sediments of facies III. According to
the results of diatom analysis, its stood out in reducing
the concentration of diatom valves, which is shown in
Figure 1. According to grain-size analisys and organic
matter content, the upper layer clearly stands out in the
range of 135-136 cm: the average diameter increased
from 10 to 50 pum, the proportion of organic matter
content decreased from 40 to ~5%. Above this layer,
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Fig.1. Results of a comprehensive study of bottom sediments of the lake located at altitude 31.2 m above sea level in the

Mustatunturi ridge area (Kola region).
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the content of organic matter decreased compared to
the underlying sediments of the same facies, which,
together with the gradually decreasing concentration
of diatom valves, may indicate a decrease in the bio-
productivity of the lake. Interlayers in the depth inter-
vals of 169-170 cm and 91-92 cm, were reflected in a
slight increase in particle size (Fig. 1) in addition to a
decrease in the concentration of diatom valves.

4. Conclusion

The forming conditions of the bottom lake sed-
iments in the Mustatunturi ridge area were recon-
structed based on the new data obtained. It has been
established that the beginning of sedimentation in the
lake basin occurred in the early Holocene under brack-
ishwater conditions. The transition zone from marine
to freshwater sediments were formed while the sea
coastline has been retreating. Freshwater sediments
were formed when the basin of the studied lake was
disconnected from the sea.
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AHHOTAILIWS. BrinosHEHO KOMIUJIEKCHOE MccliefjoBaHMe (JIMTOJIOrMYecKoe H3ydeHue, AMaTOMOBBIN
aHaJIM3, paJiuoyTJIepoIHOe JaTHpPOBaHUe, IPaHyJIOMETPUYECKUI aHaIM3 U aHaJIn3 MOTepb MpPU MpoKa-
JMBaHuM (I.11.11.)) JOHHBIX 0CaIKOB OE3BIMAHHOTO 03epa ¢ abCOJIIOTHOM OTMeTKOM 31.2 M Haj| ypOBHEM
MOps, pacloJIOKeHHOTo B palioHe xpebTa MycratyHTypu, KoJibckuil perioH. Y CTaHOBJIEHO, YTO Havyasio
0CaJIKOHAKOIJIEHUs B KOTJIOBMHE O3epa IMPOU30ILI0 B paHHEM r'oJIoIleHe IPU COJIOHOBATOBOAHBIX YCJIO-
BusAx. [Ipu mocyienymomeM OTCTyIIaHUM OeperoBoil JIMHUU MOpPsA (JOPMUPOBAJIMCh NIEPEXOHBIE 0CAAKU
OT MODCKUX K IpecHOBOAHBIM. [Iocjie oTcoequHEHUs KOTJIOBUHHI KCCJIEyeMOro o3epa OT MOPCKOIro
OIIpECHEHHOI'0 BOJ0eMa, B Hell cTayii (popMUPOBAThCS TPECHOBOIHBIE OCAAKHU.
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1. BBeaenue

W3yueHne MOHHBIX OCAAKOB O3€pHBIX KOTJIO-
BMH Ha OapeHI[eBOMOpPCKOM Mnobepexbe KoybcKoro
permuoHa MNpoBOAWJIOCh B paMKax paboT IO M3yYeHUIO
nepeMellleHus GeperoBoli JuHUU Mops. PaHee Takue
paboThl OBUIM BBINOJIHEHH B pailioHax moc. [laibpHue
3enennpl (Snyder et al., 1997), r. Hukesns (Corner et
al., 1999) u r. Ionsapusiii (Corner et al., 2001), moc.
Tepubepka (Kolka et al., 2023). B panHo#l pabote
IpeJicTaBjieHbl HOBble JaHHBIE IO JUAaTOMOBOMY aHa-
M3y, a TakXe pe3yjabTaThl I'€0OXPOHOJIOTMYECKOT0 U
IrpaHyJIOMeTPHUYEeCKOro u3ydeHus AOHHBIX OTJIOXKeHUN
03epa, pacroJioXkeHHOro Ha abcosiloTHOI BbicoTe 31.2
M HaJl COBpeMeHHHIM YpPOBHEM MOps B palioHe xpeOTa
MycraTtyHTypHu.

2. MaTepuanbl M MeTOAbI

Martepuasbsl ObLIM [OJIyYeHbl B XOJie ITOJIEBBIX
patot B utosie 2021 roga. KepH JOHHBIX OCaaKOB ObLI
0oTOOpaH py4YHbIM OypOM, MOIIHOCTh KEpHAa COCTaBUJIA
180 cMm. B nosieBBIX yC/I0BUAX OBLIN BHIIOJIHEHEI JIMTO-
Joruvyeckoe onvcanue, GOTOOOKyMeHTauus u onpooo-
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BaHMe Ha pa3JINyHBle BU[Bl aHAIN30B. OmpeneseHue
BO3pacTa OCAKOB BHINOJIHAJIOCH [0 06pa3nam TUTTUN
nnm aneppurucroil ruttun B CaHkT-IleTepOyprckom
rocy1apCTBEHHOM YHHUBEpPCUTETE II0 CTAaHAAPTHOMN
Mmeroquke (ApciaHoB, 1987). IlosiyueHHBIE paauoy-
rJIEpOAHEIE OATHl OBUIM OTKAJIMOPOBAHHL B IIporpamMme
«0OxCal 4.4.4» c ucnosib30BaHUEM KAJIMOPOBOYHOM KPU-
Boii «IntCal 20» (Bronk Ramsey, 2020). O6paboTka
nmpo6 Ha AUMATOMOBBIM aHAJIWU3 MPOBOAWJIACH IO CTaH-
JapTHoi MeToauke ([[uaToMoBble BOOOPOCIN..., 1974).
TakcoHOMUYecKas nAeHTUGUKAIMA JUATOMOBBIX BOJIO-
pocyel yTouHsmach no 6a3e gqanHex Algaebase (Guiry
and Guiry, 2022). I'paHyJIOMETpUYECKUN aHaJIU3 U
aHa/IM3 MOTephb IPU MPOKAJIMBAHUM ObLIN BHITOJIHEHBI
B JIaGOpaTOPUM PaIIOHATIBHOI'O IPHPO/ION0JIb30BAHIS
xadenpsl ¢usnveckoil reorpa@uu U NpPUPOAONOJIH30-
BaHUsA Ha (akympTere reorpaduu Poccutickoro rocy-
JIapCTBEHHOTO 1eJJaroru4eckoro yHUBepcurera UM. A.
U. T'eprena (Shikhirina et al., 2022).

3. Pe3yAabTathbl M 06Ccy)xpeHue

B pa3pese u3yueHHOI 03epHOI KOTJIOBUHHI B
IIOJIEBBIX YCJIOBUAX OBUIM BBIAETEHB TPU OCANOUYHBIE

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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damuu (Tosicto6poB u ap., 2023): ¢ayua I - Mopckue
ocaKy, IpejicTaBjeHHEble leckoM, ¢payua II, mpeacras-
JIeHHasA IIecKOM ¢ TUTThell, ¢popMupoBaHUe e€ IIpo-
HCXOWJIO B MEPeXOJHbIX yCJIOBUAX OT MOpA K 03epy,
¢ayua III — ocafkyu TPECHOBOJHOIO 03epa, KOTOpHIE
IpeAcTaBjeHbl TUTTHeN. JluTosiornyeckoe omnucaHue
[IOKa3aHo Ha pucyHKe 1.

Ocagxku MOpPCKON (Qanuy XapakTepusylTcs
caMBIMH HM3KHMH KOHLeHTpanuaMu auatomeii (Puc.
1), 4TO XapakKTepHO A AOHHBIX OTJIOXKEHUIl 03ep
Takoro xe reHe3nuca OapeHIIEBOMOPCKOro Iobepe-
xbs (TosncrobpoBa u ap., 2022). B ocagkax MOpCKOH
(daruu BeIEJIeHb KaK MOPCKUe, TaK U NpeCHOBOIHEIE
Buanl (Puc. 1). B xadecTBe AOMHHAHTOB BBICTYIAIOT
MOPCKOU IJTAHKTOHHO-OeHTOCHBIN BUJ Paralia sulcata
Y IIPECHOBOJIHO-COJIOHOBATOBOJHbIE BH/IbI OOpacTaHui
Staurosira subsalina, Staurosira sp. BepoAaTHO, JaHHBIN
TOpU30HT ocafkoB (opMupoBascda, Koraa Oeperopas
JIMHUA Mops 6bUla 0JIM3Ka K [IOPOry CTOKa U3 03epa, a
KOTJIOBMHA IIpeJicTaBJisAJa cCOOOH ONpecHEHHBIN 3aI1B
MopA.

Io pesysibTaTaMm rpaHyJIoOMeTpUYECKOro COCTaBa
U cojiepXaHWA OpPraHMYecKoro BellecTBa (aius Mop-
CKUX OCAAKOB XapaKTepU3yloTcsA HauOOJIbIINM Cped-
HUM JyaMeTpOM YacTHI] U HauMeHbIINUM IIPOLIeHTHBIM
cojiepXaHUeM OPraHN4ecKoro BellecTBa.

[lo maHHBIM AMATOMOBOrO aHajaW3a B OCAaAKax
Iepex0JHO! 30HBl OTMEYEHO yBeJIueHNe KOHIeHTpa-

IIUY OuaTtoMel, 3HaUYNUTeJIbHOe YMeHbIlleHNe MPOLeHT-
HOTO co/iepXaHUsl MOPCKUX U yBeJIMYeHHe MPEeCHOBO-
nubix BuAoB (Puc. 1). B momMuHUpyomeM KoMILIeKce
HO-TIpeXXHEMY OCTAlOTCs IPECHOBOJIHO-COJIOHOBATOBO-
JHBIE BUAB oOpacTaHuil Staurosira subsalina, Staurosira
Sp., K HUM TpucoeAuHsAeTcs Staurosira binodis, a conep-
xanue Paralia sulcata cocTaBiifeT JUIIb IepBble IPO-
1eHTH. [1o JaHHBIM PagUOYIJIepOAHOIO NAaTUPOBAHUSA
HaKOIUIEHNe OCaJIKOB IepexodHoil danuu OT MOop-
CKUX K IPECHOBOAHBIM OTHOCHUTCSI K PaHHEroJIOIeHO-
BOMYy BpeMeHHU. COrJjlacHO aHaJIM3Y ILIL.IL. IPOHUCXOAUT
IIOCTelleHHOe YBeJInYeHNe OpraHWYecKoro BellecTBa
BBepX II0 pa3pesy.

B ocagkax mpecHOBOOHOHN danuy DPOHUCXOAUT
HCYe3HOBEHNE MOPCKHX U COJIOHOBATOBOIHBIX BHJIOB
JIaTOMOBBEIX BOJOPOCJIeH U yBeJM4YeHHe KOHIIeHTpa-
nuy nuatoMeil. CaMble BBICOKME 3HAaueHUs KOHIIEH-
Tpaluy OTMeYeHH B HIDKHEH YacTU IPEeCHOBOIHBIX
0Ca/IKOB. BepoATHO, 3TO CBA3aHO C NMHUKOBHIMM 3Hade-
HUsAMU BUAOB Fragilaria sensu lato, 4To JOBOJIBHO 4acTo
oTMeuYaeTcs I OCaJKOB IlepeXOAHBIX 30H. BBepx mo
paspesy IpPOUCXOOUT YBeJMYeHHe BUIOBOTO Pa3HO-
obpa3usi JUAaTOMOBBEIX BOIOPOCJIEH, YTO OTpaxkaeTcs
B cMeHe GparwisApHOIHBIX BUOB Ha JApyrve pasjiny-
Hble TaKCOHB. B kayecTBe JOMHHAHTOB U CyGOOMMU-
HAHTOB BbIeJEHB BUAB obpactanuii Achnanthidium
minutissimum, A. pusillum, Encyonopsis descripta, Eunotia
arcus, Tabellaria flocculosa, nouHsle BUnbl Brachysira
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oHe xpebta MyctyHtypu (Konbckuii pervos).
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neoexilis, Frustulia saxonica. IIJTaHKTOHHBIE BUIBI
COCTaBJIAIOT IepBble IIPOLEHTH], YTO CBUAETE/IbCTBYET
0 TOM, 4TO B TeUYeHUe CpeJHero U MO3HEro roJioueHa
yPOBeHb BOAOEMA MIPAKTUYECKU He U3MEeHAJICS.

B rpanysiomeTpu4ecKOM cOCTaBe OCaiKOB IIpec-
HOBOJHON CTaAuM IPOMCXOAUT CHIDKeHHe 3HadyeHHA
CpeJIHEro AuaMeTpa YacTHL], YTO COOTBETCTBYyeT OoJiee
CIIOKOMHOMY THMAPOJUHAMHYECKOMY PEeXHMYy B BOIO-
émMme. KpoMme TOr0, 1o JIMTOJIOrM4ecKUM JaHHBIM B Ocaf-
kax (aruu I 66LTU 6bLTO BbldesIEHO MPU MUHEPACeHHBLX
npocJos. ITo pesynpraTam qUaTOMOBOIO aHau3a, OHU
BBIJIEJIWJINCh B CHIWXKEHUU KOHIIEHTpAlUU OUaTOMO-
BBIX CTBOPOK, 4YTO NOKa3aHO Ha pucyHke 1. Ilo rpany-
JIOMETPUYECKOMY COCTaBy U COAEPXAHUIO OpraHude-
CKOT'O BellleCTBa fIBHO BbJeJIAeTCA BEPXHUI MPOCIION
B uHTepBajie 135-136 cm: cpeaHuil JUaMeTp yBelu-
yniea ¢ 10 go 50 MkM, [oJiA coAepXaHUA OopraHude-
cKoro BellecTBa cHu3mjIach ¢ 40 1o ~5 %. Brinie aToro
NpOCJIOA coAepXaHne OpraHN4yecKoro BellecTsa CHU3U-
JIOCh II0 CpaBHEHUIO C HIDKeJIeXalllMy ocaJKaMu 3TOH
ke danuy, 4To BMecTe € IOCTelNeHHO CHIXarwllelcs
KOHIIeHTpal[iell CTBOPOK JUAaTOMOBBIX BOAOPOCJeEN
MOXeT yKasblBaTb Ha CHIXXeHHe OHOIpPOAYKTHBHOCTHU
BogoeMa. [Ipocyion B uHTepBaiax riyouH 169-170 cm
1 91-92 cM NOMUMO CHU>KEHHSA KOHI[EHTpal[il CTBOPOK
JAuaToMell HallIM OTpaXeHue B He3HAYMTeJIbHOM yBe-
nauvyeHun KkpynHocTtu yactur (Puc. 1).

4. BoiBOADI

Ha ocHOBaHMM MOJIyYEHHBIX HOBBIX JaHHBIX
PEKOHCTPYUPOBAHBl yCJIOBUA (OPMHUPOBaHUA [IOH-
HBIX OCAJIKOB O3epa B palioHe xpeGTa MycTaTyHTypHU.
VcTaHOBJIEHO, YTO HAvaJlo OCaJKOHAKOILIEHUA COOT-
HOCUTCA C PaHHUM TOJIOLIEHOM, TPU 3TOM B Hayase
(bopMUpOBaHKSA OTJIOXEHUE BOAOEM GBI COJIOHOBATO-
BoAHBIM. [Ipu HOCJIEeNyOIEM OTCTYMaHUU GeperoBoil
JIMHUU MOPs (POPMHUPOBAJIUCH EPEXOJHbIE OCAKU OT
MOPCKHUX K IpecHOBOAHBIM. [Tocsie oTcoequHEHUA KOT-
JIOBMHBI KCCJIEAYEMOTO 03epa OT MOPCKOT'O ONpECHEH-
HOTO BOJOEMa, B Heil cTtasu (pOpMHPOBAThCSA MPECHO-
BOJIHbIE OCAJIKU.
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