Limnology and Freshwater Biology 2024 (4): 706-711 DOI:10.31951/2658-3518-2024-A-4-706

SI: «The 6th International Conference
Paleolimnology of Northern Eurasia»

New data on changes in the White Sea
level on the Karelian coast the Holocene

Short communication

LIMNOLOGY
FRESHWATER
BIOLOGY

M

Tolstobrov D.S.*, Tolstobrova A.N., Korsakova O.P., Vashkov A.A.

Geological Institute of the Kola Science Centre of the Russian Academy of Sciences; 14, Fersmana Str., 184209 Apatity, Russia

ABSTRACT. The article presents new data on the study of bottom sediments of a lake isolated from the
sea basin in the area of the village of Chupa (North Karelia). A lake basin at an altitude of 34.0 meters
was studied. Based on comprehensive study of the lake bottom sediments was established that the sea
coastline was located at this altitude approximately 5800 years ago. The results of comparison of new
data with data from earlier studies may indicate differentiated movements of blocks of the earth’s sur-
face, or a local activation of seismic processes in the Middle Holocene in this area.
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1. Introduction

At the end of the Pleistocene, the northeastern
part of the Baltic shield was covered with ice sheet,
under the weight of which the earth’s crust experienced
isostatic subsidence. During the degradation of glaciers,
the load was removed, and the earth’s surface began
to rise, while the sea coastline retreated. Records of
changes in sea level are relief forms common on the
shores, such as abrasion ledges, barrier beach, etc. Using
the method of isolated basins, work to study changes in
the position of the sea coastline on the Karelian coast
has been carried out for many years (Kolka et al., 2013;
2014; 2015; Korsakova, 2022). The main character-
istics of the rise dynamics of the earth’s surface were
established, but questions remain about the influence
of tectonic processes on the rate of sea level change in
the Middle Holocene. To resolve this issue, the bottom
sediments of an unnamed lake located at an altitude of
34.0 meters above sea level (a.s.l.) in the area of the
village Chupa were studied. As a result of a compre-
hensive study (lithological, diatom analyses, radiocar-
bon dating), new data on the sea level change on the
Karelian coast were obtained.

2. Materials and methods

Bottom sediments of the lake with an altitude of
34.0 m above sea level were sampled during fieldwork
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in 2017. The core of bottom sediments was taken from
the ice at the central point (N66°17°59”, E32°46’°40”),
using a piston drill with a diameter of 54 mm and a
length of 1 meter. Description of the main characteris-
tics (color, texture, grain size, etc.) of the lake bottom
sediments was carried out in the field. Diatom analy-
sis using standard methods was performed. The names
of taxa are given according to the AlgaeBase database
(Guiry and Guiry, 2022). Radiocarbon dating of the
samples using the scintillation method in the labora-
tory of St. Petersburg State University was carried out.
Dating results were calibrated using OxCal 4.4 (Bronk
Ramsey, 2020).

3. Results and discussion
3.1. Lithology of bottom sediments

Core sampling was carried out from a depth of

7.30 m from the ice surface in the central part of the

lake. The following sediments were recovered (descrip-

tion from bottom to top):

1. 9.90-9.20 m - layered silt. The layering is empha-

sized by color. The thickness of the layers is from

0.2 to 1.5 cm. The color of the layers is light brown,
gray-green, dark brown and black;

9.20-8.62 m - silt is unclearly layered, non-lay-
ered, greenish-brown in color, the transition to
the underlying interval is gradual. From a depth
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of 8.70 m, the organic content increases, the color
gradually changes to dark brown, and layering

appears;

3. 8.62-8.56 m - silty gyttja, dark brown to black,
thin-layered, the transition to the underlying layer
is gradual;

4. 8.56-8.48 m - unlayered dark brown gyttja, min-
eral content less than 5%;

5. 8.48-8.40 m - gyttja is dark brown to black. There
is some disturbance in this interval (loose, broken),
probably as a result of core sampling. No mineral
particles;

6. 8.40-7.30 m - gyttja is dark brown, monotonous,

without mineral particles.

To determine the age of the sediments, three
samples were taken for radiocarbon dating: Nol 8.66-
8.62 m (top of layer 2), No2 8.62-8.56 m (layer 3), No3
8.56- 8.51 m (bottom of layer 4).

3.2. Diatom analysis and radiocarbon
dating

Dating No 1 (8.62-8.66 m) 6040 +120 cal. BP,
obtained from thin-layered silt, judging by the analy-
sis of diatom flora, reflects the time of accumulation
of marine sediments. Marine (16%) and brackish-wa-
ter species (67%) predominate here. The most abun-
dant are Cocconeis scutellum Ehr., Paralia sulcata (Ehr.)
Kiitz., Chaetoceros sp., Grammatophora oceanica Ehr.,
Hyalodiscus scoticus (Kiitz.) Grun. and Rhabdonema
minutum Kiitz.

In the overlying thin-layered silty gyttja, the
number of marine species (polyhalobes) decreases to
1.5%, mesohalobes increases to 82%. There is a slight
increase in the content of halophiles (5.5%) and indif-
ferents (3%). Accordingly, dating Ne 2 from layer 3
(8.56-8.62 m) is 6090+110 cal. BP shows the time
when the lake began to be isolated from the sea basin.

According to diatom analysis dating No 3 from
layer 4 (8.51-8.56 m.) 5810+110 cal. BP, obtained
from gyttja with mineral particles, shows the time
interval when the lake was in the final stage of iso-
lated from the sea basin. Here, in comparison with the
underlying sediments, there is a significant decrease in
marine and brackish-water species for 19% in the lower
part of the interval, and already up to 1% in the upper.
The number of halophiles also decreases to 2-5% and
the number of indifferents and halophobes increases in
total to 63-96%. Among the indifferents predominate
Aulacoseira subarctica (O. Miill.) Haworth, Aulacoseira
valida (Grun.) Kramm., Discostella stelligera (Cl. et Grun.)
Houk et Klee, Stauroforma exiguiformis (Lange-Bert.)
Flower, Jones et Round, among halophobes - Tabellaria
fenestrata (Lyngb.) Kiitz. and T. flocculosa (Roth) Kiitz.

Based on diatom analysis and radiocarbon dat-
ing, it can be concluded that the lake basin was isolated
from the sea basin approximately 5,800 years ago. In
previous studies in the Chupa area sharp (instanta-
neous) change in sea level about 6300 years ago was
noted (Kolka et al., 2015), which is reflected in the
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same radiocarbon dating of sediments of two lakes at
an altitude of 33.0 and 40.0 m. Dating No3 from layer
4 (8.51-8.56 m.) 5810+110 cal. BP. can be compared
with the dating of Lake Chupa-3 (33.0 m) 6354 +39
(Kolka et al., 2015), which also reflects the time of
isolation of the lake from the sea. It can be seen that
the two lake basins, located at almost the same alti-
tude, were isolated at different times; the difference in
the time of isolation is about 500 years. This fact may
indicate both differentiated movements of blocks of the
earth’s surface in the Holocene, and local activation of
the fault in the Middle Holocene in this area. At the
same time, we should not exclude the possibility of
older sediments in Lake Chupa-3 (33.0 m) (Kolka et al.,
2015) as a result of the introduction of older organic
matter by streams. If we mark the results of the study
of the lake on a sea level curve for the Chupa (Kolka et
al., 2015), then they correspond to a gradual regression
of the sea. At present, it is not possible to confidently
say about the existence or absence of block tectonics on
the White Sea coast; it is necessary to continue research
in this direction.

4. Conclusion

Lithological, chronological and micropaleonto-
logical data were obtained from the bottom sediments
of an unnamed lake with an absolute altitude of 34.0
m above sea level in the area of the village Chupa.
Research data shows that the sea coastline was at 34
m around 5,800 years ago. The separation from the sea
of two lake basins, located at approximately the same
altitude, at different times, may indicate differentiated
movements of blocks of the earth’s surface, or a local
activation of seismic processes in the Middle Holocene
in this area.
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HoBble pAaHHble 060 M3MeHEeHUH NOAOKEeHUA
6eperosou nAmHuu benoro mopsa Ha
Kapenabckom 6epery B ronouese
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AHHOTAILIUA. B paGoTe npuBOAATCA HOBbIE AaHHEIE 110 U3y4YeHNI0 JOHHBIX OTJIOXKEHUI 03epa, U30JIU-
POBaHHOI'0 OT MOpCKOro 6acceiiHa B parioHe nocesika Uyna (CeBepHasa Kapenus). Beuta nsyueHa ozep-
HasA KOTJIOBMHA Ha BHICOTHON oTMeTKe 34.0 MeTpa HaJ ypoBHeM Mops. B pesynabTaTe KOMIIJIEKCHOTO
rcciiefoBaHusA JOHHBIX OTJIOXKEHUI o3epa OBUIO YCTaHOBJIEHO, YTO OGeperosas JIMHUA MOpPA pacloJara-
Jiach Ha aHHOI BbicoTe nmpruMepHO 5800 JieT Ha3af. Pe3ysibTaThl CONOCTABJIEHN HOBBIX JAHHBIX C yXKe
M3BEeCTHBIMU MOTYT yKasblBaTh Ha Audd@epeHIpOBaHHbIE ABIXXEHU OJIOKOB 3€MHOI IIOBEPXHOCTH,
J00 Ha JIOKaJIbHYI0 aKTHBU3aLMI0 CEelCMUYeCKUX IIPOLIeCCOB B CpeJHEM roJiolleHe B JaHHOM palioHe.

Kitioyeasie cstoda: NOHHBIE OTJIOXKEHUA 03ép, HHaTOMOBbIﬁ aHaJIN3, paguoyrjiepogHOE€ JaTUPOBaHUE, U3MEHEHE

YPOBHS MOpA

s nutuposaHus: Toscroopos [.C., Tomcro6poBa A.H., Kopcakosa O.I1., BamkoB A.A. HoBble faHHbBIe 00 U3MEHEHUU M0JIO-
xeHHs Geperopoil JimHNYU Bestoro mops Ha Kapesibckom Gepery B rosionene // Limnology and Freshwater Biology. 2024. - No 4.

- C. 706-711. DOI: 10.31951/2658-3518-2024-A-4-706

1. BBeapenue

B koHIle mIelicToIieHa CeBepO-BOCTOYHAA 4acTh
BanTuiickoro muTra MepeKphBajiach JIeJHUKOBBIM
IUTOM, NOJ TSPKECThI0 KOTOPOI'o 3eMHAasA KOpa HUCIbITHI-
BaJia N30cTaTU4YecKoe norpyxeHue. B xone gerpaganuu
JleJHUKa Harpyska CHHMaJlach, a 3eMHasA IIOBEPXHOCTh
HayMHaja MOJHUMAThCS, NpU 3TOM Oeperosas JIMHUA
Mopsa orcrynana. CilegaMu TaKuX HW3MeHEeHHU IO0JIo-
’keHUsA 6eperoBoil JIMHUM MOPS ABJIAIOTCA paclpocTpa-
HeHHbIe Ha 6eperax ¢Gopmel pesbeda, Takue Kak abpa-
3HUOHHBIE YCTyIBl, OeperoBble Bajibl U Ap. Mcnosb3yA
MEeTOJ] M30JINPOBAaHHBEIX KOTJIOBUH, PabOTHl IO H3yue-
HUIO M3MeHeHUA IO0JIOXKeHUs OeperoBoyl JIMHUM MOps
Ha KapenbckoMm Oepery mpoBOAATCA yX€ MHOTO JieT
(Koseka u gp., 2013; 2014; 2015; Kopcakosa, 2022).
Bemn ycTaHOBJIEHBI OCHOBHEIE XapaKTEepPUCTUKU JUHAa-
MUKU MOJHATUA 3€MHOH IMOBEPXHOCTH, OJHAKO OCTa-
I0TCA BONPOCH! O BJIWAHUM TEKTOHWYECKHUX MPOLIeCCOB
Ha CKOPOCTh N3MEHEeHMs yPOBHSA MOPS B CpeJHEM roJio-
LeHe. J[J1A pelieHNs 3TOro BOIpoca ObLJIN NCCIIeJOBAHbL
JOHHBIE OTJIOXeHUA 6e3BIMAHHOTIO 03€epa, PacIoJIOKeH-
HOTO Ha BBICOTHOU OTMeTKe 34.0 MeTpa HaJ YpOBHEM
MopA (H.y.M.) B palioHe noc. Uyna. B pe3ysipTaTe KOM-
IJIEKCHOTO HcCCJieloBaHusA (JINTOJIOTMYECKU, AUaTo-
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MOBBIIl aHaJIU3Bl, paJUOyTJIepofHOe JaTUpOBaHUeE)
ObUTH IOJIyueHbl HOBBHIE JTaHHBIE O IOJIOXeHUM Oepe-
rosou JimHuM Bejioro mopsi Ha Kapesnsckom Gepery B
roJioleHe.

2. MaTtepuanbl 1 MeTOAbI

JloHHBIE OTJIOKEHUs o3epa € abCOJIIOTHOM
otMmeTkor 34.0 M H.y.M. OGbUTH OTOOpaHBI BO BpeMs
nosieBelx pabor 2017 roma. OTOOp KepHa JOHHBIX
OTJIOKEHUI MPOBOAWJICA CO JIbJA B IIEeHTPAJIbHO TOUKe
(N66°17’59», E32°46°40»), nopiiHeBHIM OypoM Jirame-
TpoM 54 MM u JyinHOU 1 MeTp. OmnucaHie OCHOBHBIX
XapaKTepuCTUK (LIBeT, TeKCTypa, pa3Mmep 3epeH u Ap.)
JIOHHBIX OTJIOXEHHUI oO3epa NPOBOAUJIOCH B IIOJIEBBIX
ycIoBuAX. JIMaTOMOBBIY aHaJIM3 BHIIOJHEH II0 CTaH-
JapTHOU MeToauKke. Ha3BaHUA TaKCOHOB NpUBEZEHBI
o naHHeM 6a3el AlgaeBase (Guiry and Guiry, 2022).
PaguoyrneponHoe JatupoBaHue 00pa3lioB  BHINOJI-
HEHO CHUHTWUIALNMOHHBEIM MeTOAOM B JiabopaTropuu
CaHKT-IleTepOyprckoro rocyfapCTBEHHOTO YyHUBED-
cuteTta. Pe3ysbTaThl AaTUpPOBAHUA ObUIM OTKAJINOpO-
BaHBHI C MCIOJIb30BaHKeM nporpaMmsl OxCal 4.4 (Bronk
Ramsey, 2020).
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3. Pe3ynabTaTtbl M MX 06Cy)XAeHHuE
3.1. AMTONOIUA AOHHbIX OTAOXKEHUMN

OT160p KepHa poBoAWJICA € TJIyouHsl 7.30 M OT
MOBEPXHOCTH JibJla B LIEHTPAJIbHON YacTu o3epa. Beuiu
BCKPBITHI CJIeIyIoIIyie oca/iky (OnmrcaHue CHU3y BBepX):

1. 9.90-9.20 M - aneBpuT cJyoucTbi. CJIOMCTOCTD
nog4YepkHyTa I1[BeToM. MOIITHOCTD CJIOVKOB OT 0,2
Jo 1,5 cm. I[BeT CJIOMKOB CBETJIO-KODHUYHEBBIM,
cepo-3eJIeHbIN, TEMHO-KOPDUYHEBHIN 1 YEPHBIL;

9.20-8.62 M — asIeBpUT HEACHO CJIOMCTHIN, HecJIo-
WCTHIM, 3eJI€eHOBaTO-KOPUYHEBOro IiBeTa, Iepe-
X0 B HIXeJIeXKalluii WHTepBajJl IOCTeNeHHBIN.
Hauwnnas c riryounst 8.70 M yBesIMUMBaeTcA CoAep-
JXKaHHUe OpraHMKH{, IOCTEeIeHHO MeHAeTCsA LBEeT Ha
TEHO-KOPUYHEBHIH, [T0ABJIAETCA CJIOUCTOCTE;

8.62-8.56 M — aneBpuTHCTas TUTTUA TEMHO-KOPHY-
HEBOTO [0 YePHOTO IIBETA, TOHKOCJIOMCTAsA, Mepe-
XOJI B HIMXKeJIEXKAIINK CJIOH ITOCTEeHHbIN.

8.56-8.48 M — ruTTUA HecsioucTaAa TeMHO-KOpHUYHe-
Basd, cojiepaHue MUHepaJIbHON yacTu MeHee 5%;

8.48-8.40 M — rUTTHUA TEMHO-KOpHWYHeBas [0 4ep-
Horo 1BeTa. OTMeuaeTcsi HEKOTOpPOe HapyllleHNe
B JaHHOM HHTepBaJsie (phIxJias, MOJIOMaHa), BEPO-
ATHO B pe3yJibTaTe oT6opa KepHOB. MuHepaJbHOMI
YacTU HeT;

8.40-7.30 M — TUTTUA TEMHO-KOPHUYHEBasi, MOHO-
TOHHAas1, 6e3 MUHEePaJIbHON YacTH.

Jia ompeneneHds Bo3pacTa OTJIOKEHUM OBLIO
oToOpaHO TpU 06pa3ija Ha paguoyIJepOoAHOE NaTHUPO-
BaHue: Nol 8,66-8,62 M (Bepx cyos 2), No2 8,62-8,56 m
(cnoii 3), Ne3 8,56-8,51 m (Hu3 cyios 4).

3.2. AvaTomoBbIH aHaAAU3 U
paAuoOYrAepoaAHOe AATHPOBaHUe

JatupoBka Nol (8,62-8,66 m) 6040 +120 xan.
J1.H., TIOJTy4eHHasA U3 TOHKOCJIONCTOTO aJIeBpUTa, CYyIs
[0 aHaJM3y AUATOMOBOHN (JIOPHI, OTpakaeT BpeM:A
HaKOIUJIEHUsI MOPCKUX OCAAKOB. 3Aech MpeobsagarT
Mopckue (16%) u cosoHoBaToBOAHBIE BUABL (67%).
Haubosiee o6uiabHbl Cocconeis scutellum Ehr., Paralia
sulcata (Ehr.) Kiitz., Chaetoceros sp., Grammatophora
oceanica Ehr., Hyalodiscus scoticus (Kiitz.) Grun. u
Rhabdonema minutum Kiitz.

B BrImmesiexartieil TOHKOCJIOMCTOM ajIeBpUTUCTOMN
TUTTUU KOJIMYECTBO MOPCKUX BHJOB (IOJIUrasoboB)
cHmxkaerca Ao 1.5%, me30raysio60B yBeJTUYUBAETCA 10
82%. IIpoucxonut HeOOJIbIIOE yBeJMUYEHUE COAep-
kaHue ranodunoB (5.5%) u uaauddepeHtos (3%).
CooTBeTcTBeHHO, AaTupoBka Ne 2 u3 cios 3 (8,56-8,62
M) 6090*+110 kan. J.H. NoKa3plBaeT BpeMs Hauasa
U30JIALUY 03epa OT MOPCKOro 6acceiiHa.

[To [aHHBIM AMATOMOBOTO aHAJM3a JAaTHUPOBKU
No 3 u3 cmos 4 (8,51-8,56 m.) 5810+110 kaj. JI.H.,
MOJTy4YeHHAsA U3 TUTTUU C MUHEPAJIbHON YaCThi0, MTOKa-
3BIBaeT BpEMEHHOUN UHTEPBAJI, KOTJJa paccMaTpuBaeMoe
03ep0 HAXOAWJIOCh Ha 3aKJIIOYUTEJIBHOM JTale OTHe-
JIEHUA OT MOpPCKOro GacceliHa. 34ech MO CPaBHEHUIO
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¢ HIDXeJIeXalMH ocagKaM{ MPOMCXOOUT 3HAUUTEJIb-
HOe CHIXXEeHHe MOPCKHUX U COJIOHOBAaTOBOAHBIX BHJOB
B cymMe J0 19% B HUXXHeH yacTu UHTepBaJia, U yxe
o 1% - B BepxHell. Takxe yMeHbIIaeTCA KOJIMYECTBO
ranopuioB [0 2-5% U yBeJIUYMBAETCA KOJIMYECTBO
naauddepernToB u ranodobos B cymme Ao 63-96%.
Cpemn wuHAu(ddepeHTOoB mpeobiamaoT Aulacoseira
subarctica (O. Miill.) Haworth, Aulacoseira valida
(Grun.) Kramm., Discostella stelligera (Cl. et Grun.)
Houk et Klee, Stauroforma exiguiformis (Lange-Bert.)
Flower, Jones et Round, cpenu ranodo6os - Tabellaria
fenestrata (Lyngb.) Kiitz. u T. flocculosa (Roth) Kiitz.
Ha ocHOBaHNUM 11aTOMOBOrO aHAJIM3a U paguoy-
rJIepOAHOr0 AATUPOBAHUA, MOXHO ClieJIaTh BBIBOJ, YTO
o3epHasA KOTJIOBMHA ObljIa M30JIMPOBaHa OT MOPCKOTO
bacceitHa nmpuMepHo okosio 5800 yieT Hazan. B panee
IIpOBe[IeHHbIX MCCJIeJOBaHUAX B paiioHe Uyma OKoJIO
6300 ner Hazag oTMedasioch pe3koe (OJHOMOMEHT-
Hoe) uaMeHeHue ypoBHsA Mops (Kompka u np., 2015),
KOTOpOe OTPaXeHO B OJWHAKOBLIX PaAuOYIJIepOAHBIX
JaTHUpOBKax OCaJIKOB ABYX 03ep Ha oTMeTkax 33 u 40
M. JatupoBky Ne 3 u3 cios 4 (8,51-8,56 m.) 5810+110
KaJ. JL.H. MOXHO COIOCTaBUTb C OAaTUPOBKOH o3epa
Yyna-3 (33.0 m) 6354 + 39 (Kosbka u gp., 2015), koTo-
pas TakXke OoTpaxaeT BpeMsA M30JIALMU 03epa OT MOpA.
Bupano, 4TO iBe 03epHble KOTJIOBUHBI, PAaclOJIOXKEeHHbIe
[IpaKTUYeCKUX Ha OAWHAKOBBIX BBHICOTAaX, M30JIUPOBA-
JIUCh B pa3Hoe BpeMs, pasHULla BO BpeMeHU U30JIAIUN
cocrasJigeT okosio 500 net. JJaHHBII paKT MOXET CBU-
JeTeJIbCTBOBATh Kak 0 AuddepeHIPOBaHHbIX JBHXe-
HUAX GJI0KOB 3eMHOH IOBEPXHOCTU B roJjiolieHe, TakK U
0 JIOKaJIbHOM aKTHMBHU3allu{ pas3jioMa B CpeJHeM TroJIo-
IleHe B JaHHOM paiioHe. [Ipu 3TOM He CTOUT HCKJIIO-
yaTh BO3MOXXHOCTH yApeBHEHUs ocaAKoB o3epa YUyna-3
(33.0 M) (Kosipka u Ap., 2015) B pe3yJsibTaTe npuBHOCA
6oJiee ApeBHel OpraHUK{ pyubsAMU. Ecim pacmosio-
XUTh pe3yJIbTaThl JAHHOIO MCCJIeOBaHUA o3epa Ha
rpaduk nepemelneHus Geperopoii JuHUM besoro mops
B patioHe Yyna (Kosibka u ap., 2015), To OHU COOTBET-
CTBYIOT IOCTENEHHOH perpeccuy Mops. B Hacrosiee
BpeMs HeT BO3MOXHOCTHU YBEPEHHO cKasaTb O cyle-
CTBOBAHUHU WJIU OTCYTCTBUHU OJIOKOBOM TEKTOHWKH Ha
nobepexbe besoro Mops, HeoOXOOWMO IPOAOJIKAThH
HccJieJoBaHuA B JaHHOM HallpaBJIeHUU.

4. 3aKknioueHue

B pesysibTaTe OBLIIN [TOJIyYeHbl JIMTOJIOTUYECKHUE,
XPOHOJIOTUYeCKHe U MUKPOIIaJIeOHTOJIOTNYecKre JaH-
Hble U3 JOHHBIX OTJIOKEHUH Oe3bIMAHHOIO O3epa C
abcosmoTHOM oTMeTKOM 34.0 M H.y.M. B palioHe moC.
Yyna. JlanHble KccjeqoBaHUsA NOKAa3bIBAIOT, YTO Oepe-
rosas JIMHNUA MOps HaXoAuJIach Ha OTMeTKe 34 M 0K0JI0
5800 mer Hazan. OTheneHue OT MOPA ABYX O3EPHBIX
KOTJIOBHH, PacoJIOKEeHHBIX IPUMEPHO Ha OJMHAKOBOM
BHICOTE, B pPa3HOe BpeMs, MOXeT yKa3blBaTh Ha celicMU-
4ecKyl aKTUBU3alI1Io B CpeJJHeM ToJIolieHe.
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