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ABSTRACT. New data on the distribution and age of glaciolacustrine deposits on the Zimny, Abramovsky,
Lyamitsky and Tersky shores of the White Sea are presented. It was possible to trace the dynamics of
the glaciation development in the studied area during the LGM, as well as to reconstruct the stages of
transition of the White Sea basin from the glacier to the sea basin. The glaciolacustrine sediments of
the Abramovsky shore characterise the stage of glaciation onset, while those of the Zimny shore - the
initial stage of glacier degradation, when a series of small proglacial water bodies adjoined its marginal
zone. The glaciolacustrine sediments studied on the Lyamitsky and Tersky shores were formed in large
proglacial lakes that immediately preceded the penetration of the Barents Sea waters into the White Sea
basin, as a result of which its gradual salinisation occurred and marine sedimentation began.
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1. Introduction

Glaciolacustrine deposits are widespread in
the areas of cover glaciations. They are a marker of
the position of the edge zone of glaciation in differ-
ent phases of its degradation, and also reflect the con-
ditions of sedimentation in the glacial zone and are
palaeoarchives of information on the development of
the natural environment during glaciations. The study
of the Quaternary sediment complex on the Zimny,
Abramovsky, Lyamitsky and Tersky shores of the White
Sea allowed us to identify the areas of distribution of
sediments of glaciolacustrine and glacial-marine basins
and to obtain new data on the chronology of the devel-
opment of the last glaciation and the White Sea basin
during the last glaciosedimentation cycle.

2. Materials and methods

In 2021-23, lithostratigraphic studies of coastal
sections were carried out in the study area, with sam-
pling for micropalaeontological analyses and OSL dat-
ing. The altitudinal position of glaciolacustrine depos-
its was determined using GNSS survey. On the Tersky
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coast, drilling was carried out at the mouth of the
Varzuga River, where a thick thickness of Iglaciola-
custrine sediments was uncovered and studied in well
cores. Subsequently, OSL dating was carried out, and
micropalaeontological samples are in progress.

3. Results and discussion

Glaciolacustrine sediments marking the max-
imum stage of the last Scandinavian glaciation have
been described by us on the Zimny (from the side of
the Gorlo Strait) and Abramovsky shores of the White
Sea in a series of transects. The sediments are depos-
ited in the upper part of the section, mainly above the
moraine, but may be underlain by glacial sediments.
The glaciolacustrine sediments are represented by
interbedded sand, mostly fine-grained, less frequently
medium-coarse-grained, sometimes with fine horizon-
tal or lenticular layering or with ripple marks, with
thickness from fractions of mm to 5 c¢m, and siltstone
also with thickness from fractions of mm to the first cm.
Dropstones, as well as microspikes of different orienta-
tion and inclination angles are often found in the lay-
ers. OSL dates for these sediments were obtained in the

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2024-A-4-741
mailto:zaretsk@igras.ru

Zaretskaya N.E. et al. / Limnology and Freshwater Biology 2024 (4): 741-746

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

range from 22 to 17 thousand years (the age decreases
towards the glaciation boundary near the Kuloi River
mouth), which corresponds to the time immediately
preceding the maximum of the last glacial cover in this
region around 17 thousand years ago (Astakhov et al.,
2016; Hughes et al., 2016). It is likely that the exposed
sediments correspond to a water body at the edge of
the glacier gradually moving eastwards, which can be
indicated by the gradual rejuvenation of the dates from
west to east.

Glaciolacustrine sediments, presumably cor-
responding to the phases of degradation of the last
Scandinavian glaciation, have been described by us on
the Zimniy coast of the White Sea. Thus, in the sec-
tion near the village of Ruchiye, the upper part of the
section above the Ostashkov moraine reveals brown-
ish-grey sand with thin lenticular and horizontal layer-
ing, interlayered with sandy brown siltstone. Siltstone
layers are not evenly distributed along the section.
From a depth of 0.8 m from the roof, rare pebbles occur
in the sediments. In the interval 3.0-3.4 m gravel and
pebble fragments are found in reddish-brown siltstone.
The total thickness of this stratum is 3.35 m. In the
section 3.5 km to the south-west, the thickness of these
sediments does not exceed 1 m.

Judging by the small thickness of the identified
glaciolacustrine sediments and their not ubiquitous dis-
tribution in the sections, a system of small glacial water
bodies and connecting meltwater runoff valleys existed
briefly on the Zimniy coast of the White Sea during the
phases of glacial cover reduction. Such water bodies
are known in the south-eastern part of the Kola region.
They are usually small in size and associated with gla-
cial water deltas. Sediments of such reservoirs are some-
times composed of banded clays and siltstones, and the
time of existence could reach 600 years (Bakhmutov et
al.,, 1993; Yevzerov, 2013). With further degradation
of the last glaciation and melting of dead ice massifs,
small water bodies gradually moved following the gla-
cier margin zone. Gradually, a large glacial basin was
formed in the White Sea basin, the sediments of which
were examined on the Lyamitsky shore and in bore-
holes on the Tersky shore at the mouth of the Varzuga
River. During the Allergd warming, the connection of
this glacial basin with the world ocean occurred and the
gradual salinisation of this water body began (Kolka et
al., 2013; Yevzerov, 2013).

We studied glaciolacustrine sediments of the Late
Pleistocene to Holocene transition on the Lyamitsky
and Tersky coasts. On the Lyamitsky coast, these sed-
iments are exposed on the day surface: here, in the
lower part of the section, thinly layered fine-grained
sand with a thickness of about 5 m is overlain by a
thickness of banded clays and siltstones with a thick-
ness of up to 2.5 m, with deformations of loading.
Above the section, fine-grained sands and siltstones are
interbedded. These sediments characterise the condi-
tions of sedimentation in an extensive glacial reservoir
in Onega Bay, the depth of which gradually decreased.
Apparently, this reservoir gradually moved as the last
glacial cover, which ‘propped it up’ from the west,
degraded. Earlier spore-dust data obtained here show
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that the basin was formed in the Older Dryas-Alleriod
phase (Vostrukhina, 1962). Thus, the beginning of sed-
iment formation in this section would roughly coincide
with the Neva (Syamozero) phase of the last ice sheet
contraction, and subsequent sedimentation occurred in
the Allerod (Astakhov et al., 2016; Korsakova et al.,
2023).

At the mouth of the Varzuga River, a drilling pro-
file of 11 boreholes at a depth of up to 20 m below the
sea level revealed a thickness of banded clays up to 10
m thick, above the section passing into a thin interlayer
of fine-grained sand and siltstone. This stratum is over-
lain by dark grey marine sands with shells, for which
14C dates of 9 cal. kyr BP were obtained (Zaretskaya
et al., 2023). We assume that the proglacial basin at
the mouth of the Varzuga River was formed synchro-
nously with the basin in the Onega Bay during the Late
Glacial. Apparently, such basins developed along the
entire coast of the White Sea during the degradation of
the last glaciation.

4. Conclusions

Thus, the study of glaciolacustrine deposits in
the region allows us to trace the dynamics of the gla-
cier cover development during the last maximum, and
also shows the gradual transition of the White Sea basin
from the glaciation stage to the marine basin. The gla-
ciolacustrine sediments of the Abramovsky coast char-
acterise the stage of glaciation onset, while those of the
Zimny coast - the initial stage of glacier degradation,
when a series of small glacial water bodies adjoined
its marginal zone. The glaciolacustrine sediments stud-
ied on the Lyamitsky and Tersky coasts were formed
in large proglacial lakes that immediately preceded the
penetration of the Barents Sea waters into the White
Sea basin, which resulted in its gradual salinisation and
marine sedimentation.
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AHHOTAILIHMA. IIpeacraBieHb HOBBIE JAaHHBIE O PacCIpOCTPAHEHWHN M BO3pacTe O3EPHO-JIEAHUKOBBIX
OTJIOXeHUM Ha 3uMHeM, AbpamoBckoM, JIsvuiikom u TepckoMm Geperax besoro mops. Y gayiock mpocie-
AUTh AUHAMUKY Pa3BUTHA JIEJHUKOBOIO IIOKPOBAa B U3yYeHHOM palioHe BO BpeMs MOCJIeJHEro Makcu-
MyMa, a TaK’Xe PEKOHCTPYyHPOBATh CTaANM Ilepexoa KOTJIOBUHEI bestoro Mops ot jieqoéMa K MOpCKOMy
6acceliny. O3epHO-JIeJHUKOBbIE ocaakyu AGpaMOBCKOro 6epera xapaKTepHU3yIOT CTaJUI0 HACTYILIEHUA
ojiefleHeHNsA, 3uUMHero Oepera - HayaJIbHBIM 3Tall Aerpajanuy jJeJHUKa, Korga K ero KpaeBol 30He Mpu-
MBIKaJjia cepys HeOOJIBIINX IIPUJIEAHUKOBBIX BOJOEMOB. O3€pHO-JIEJHUKOBLIE OTJIOXKEHNUS, N3yYeHHbIE
Ha Jlamuikom u TepckoM Oeperax, chOpMHUPOBAINCh B KPYIHBIX NPUJIEAHUKOBBIX BOAOEMAX, KOTO-
pble HeIOCPeACTBEHHO IIpeIeCTBOBAIN NPOHUKHOBEHNIO BOL bapeHrieBa Mopsa B KOTJI0BMHY besoro,
BCJIEZICTBHME Yero IIPOU3O0IIIIO €ro IOCTEIeHHOe OCOJIOHEHNEe U Havyaslach MOpCKas ceqVMeHTalU.
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1. BBeaenue

B objacTAx MOKPOBHBIX OJIefeHEHUI MIUPOKO
pacmpocTpaHeHbl 03epHO-JIeJHUKOBBIE  OTJIOKEHUS.
OHU ABJIAIOTCA MapKepoOM MOJIOXKEHUA KpaeBOH 30HHBI
oJiefeHeHNA B pa3Hble (a3wl ero Aerpajanuiy, a TaKkxe
OTpaXaloT YCJOBUA OCAaAKOHAKOIUIEHWA B NpUJIeHU-
KOBOU 30He U ABJIAITCA NajieoapxuBamMu UHGoOpMaIuu
0 pa3BUTUHU IPUPOLHOU Cpedbl BO BpeMs OJieJIeHeHUI.
HccnenoBaHue KOMILJIEKCA YeTBEPTUYHBIX OTJIOXKEHUN
Ha 3uMHeM, AGpamoBckoM, JlamuikoM u Tepckom
Geperax Besoro Mops NO3BOJIUJIO BBIABUTH YYaCTKU
pacmpocTpaHeHus OCagKOB O3€pHO-JIEAHUKOBBIX U
MPUJIeJHUKOBO-MOPCKUX 6acCcelHOB MO3BOJIUJI MOJIY-
YUTH HOBBIE JaHHBIE O XPOHOJIOTUM Pa3BUTHA MOCJIe[-
Hero oJjieJleHeHUA U KOTJI0BUHHI bejioro Mops BO BpeM:A
NocJIeJHero TJIAUOoCeJUMEeHTAIOHHOTO [UKJIA.

2. MaTtepunanbl 1 MeTOAbI

B patione pa6ot B 2021-23 rogax OvLIN IpOBe-
JEeHBl JInTOCTpaTurpadurueckue HccjaefoBaHusa Oepe-
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TOBBIX pa3pe30B, ¢ OTOOpPOM OO0pasloB Ha MHUKpOIa-
JeoHTosiornyeckue anayusdsl u OCJI matupoBaHue.
BricOTHOE TOJIOXKEHNWE O3EPHO-JIEAHUKOBBIX OTJIOXE-
Huil ompefensuiock ¢ momompilo 'HCC-crémku. Ha
Tepckom Gepery ObLI0 IPOBeJieHO OypeHre B YCTheBOt
yactu p. Bap3yruy, rae Oblia BCKphiTa MOIIHasA TOJIIA
03€pHO-JIeJHNKOBBIX OTJIOKEHUI, U3YUeHHBIX B KepHax
ckBaxuH. Briocnencreuu Ovuto nposefneHo OCJI gaTtu-
poBaHUe, MUKPOIAJIEOHTOJIOrMYecKrne oOpasipl Haxo-
aAarca B pabore.

3. Pe3ynbTaTthbl H 06Cy)KAeHHue

O3€pHO-JIe JTHUKOBLIE OTJIOKEHUA, MAPKUPYIOIIe
MaKCUMaJIbHYIO CTaauio nocjeqHero CKaHAWHABCKOIO
oJiefleHeHNs, onycaHbl HaMu Ha 3UMHeM (CO CTOPOHHI
nposmBa l'opyio) u AbGpamoBckoM OGeperax besoro
Mops B cepum paspe3oB. OcaAky 3ajieraioT B BepxHel
yacTy paspes3a, B OCHOBHOM HaJ] MOPEHO, HO MOIYT
U MNOACTWIATh JIEeQHUKOBHIE OTJOXeHuA. O3épHo-
JleJHUKOBLIE OTJIOXKEHUs IpeficTaBJIeHbl IiepecJiau-
BaHNEM Ilecka, B OCHOBHOM MeJIKO3epHUCTOI0, pexe
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— cpeJiHe-KpyIIHO3epHUCTOr0, MHOTA|a — C TOHKOH ropu-
30HTAJIBHOM WJIM JIMH30BUIHOI CJIOMCTOCTBIO WMJIU CO
3HaKaMM psAOM, MOIIHOCTBIO OT JoJlell MM [0 5 cM, U
ajleBpUTa TakXe MOIIHOCTBIO OT J0JIell MM 10 NepBBIX
cM. B cii0sx yacTo BcTpeualoTcsa APOICTOYHBL, a TakkKe
MHKPOCOPOCH 1 MUKPOB30pOCH pa3HO! OpPUEeHTUPOBKHU
U yIJI0B HakjoHa. JIJIA 3TUX OTJIOXKEHUHN IOJIy4YeHb
OCJI-gaTel B quamnas3oHe oT 22 1o 17 TeicAd jet (BO3-
pacT yMmeHblIaeTcs K rpaHulle ojiefleHeHusa B palioHe
ycTba p. KyJoii), 4TO COOTBETCTBYeT BpeMeHH, Hello-
CpPeACTBEHHO MpelIecTBYIleM MaKCUMyMy IocJjed-
Hero JIe[JHUKOBOI'O IIOKPOBa B 3TOM peruoHe OKoJio 17
ThIC. JI.H. (Astakhov et al., 2016; Hughes et al., 2016).
BepoATHO, BCKPHITHIE OTJIOXKEHUS COOTBETCTBYIOT BOJIO-
€My y Kpas IOCTelleHHO IIPOJBUTal0IIerocsa K BOCTOKY
JleJHUKa, 0 4YeM MOXeT yKa3blBaTh IOCTelleHHOe OMO-
JIOXeHue JIaT C 3anaja Ha BOCTOK.

O3éEpHO-JIeAHUKOBEIE OTJIOXKEHUA, NPeNnoJIoXuU-
TeJIbHO COOTBETCTBYMoIIMeE (ha3aM COKpallleHNs NToCe-
Hero CKaHMHABCKOTro oJiefleHeHNs, ONMCcaHbl HaMU Ha
3umHeM Oepery Besioro mops. Tak, B pa3pe3se BOIU3U
A. Pyubn B BepxHell yacTu paspe3a HaJ OCTAIIKOB-
CKOU MOpEHOH BCKPBIT IeCOK T.3. KOPUUYHEBATO-CePHIT
C TOHKOU JIMH30BUIHOU U TOPMU30OHTAJIBHOL CJIOUCTO-
CTBI0, IlepecjIanBaloIIUiiCcA ¢ ONlecyaHeHbIM aJIeBpPUTOM
KopuuHeBoro IBera. Ilpocsom ajieBpuTa pacipepe-
JIeHBl N0 pas3pe3y He paBHOMepHO. C riyounsl 0,8 M
OT KPOBJI B OCajiKax BCTpevYaloTcsA peAKHe rajabKu. B
uHTepBasie 3,0-3,4 M 00JIOMKU I'paBUsA U rajibku OTMe-
4yaloTcA B KpacHOBaTO-KOpUYHEBOM asieBpuTe. OOias
MOIIJHOCTh 3TON Toamu 3,35 M. B paspeze B 3,5 kM
I0ro-3anajHee MOIIHOCTb 3THUX OTJIOKEHUU He IpeBHl-
maet 1 M.

Cyada mo HeOOJIBIION MOIIHOCTU BBIABJIEHHBIX
03epHO-JIEAHUKOBBIX OCaJKOB M He II0BCEMECTHOMY
X pacIpocTpaHeHHUI0 B pa3pe3ax, Ha 3UMHeM Oepery
Benoro mops Bo BpeMsa (a3 coxkpaimieHUs JIeJHUKO-
BOI'0 IIOKpPOBa HENPOJOJDKUTESIbHOe BpeMs CyIeCTBO-
Bajla cucTeMa HeOOJIbIINX NpUJIeJHUKOBBIX BOJJOEMOB
U COeJUHAIIINX MX JOJIMH CTOKa TajbiX BoA. Takue
BOJIOEMBI N3BECTHHI B I0I'0-BOCTOYHOH 4acTu Kosibckoro
perruoHa. OOBIYHO OHM HMeIOT HeboJibllne pa3Mephl
U acCOLMMPOBAaHBl C BOAHO-JIEJHUKOBBIMU AeJIbTaMHU.
Ocagky Takux BOAOEMOB MHOTAA CJIOXKEHBI JIEHTOY-
HBIMU IJIMHaMU U ajleBpUTaMH{, a BpeMsA CYIeCTBO-
BaHus Moryo gocrurath 600 jer (Bakhmutov et al.,
1993; E3sepos, 2013). Ilpu ganbpHelimiel nerpaganuu
IocjIeJHero OJieleHeH!s U BBITAMBAaHUU MacCCHUBOB
MepTBOro JbAa HeOoJbIlIe BOJOEMBI IOCTENIeHHO
nepeMellaJINCh BcJe[ 3a KpaeBON 30HOU JieqHHKA.
INoctenenHo B KOTJI0BHHE Besioro mopsa gpopmMupoBacs
KPYTHBI NPUJIETHUKOBBIN GacceliH, ocaku KOTOPOro
6bIM 06csIefoBaHbl Ha JIAMuUnKoM 6epery u B CKBaXu-
Hax Ha Tepckom Gepery B ycThe p. Bap3yra. Bo Bpems
MOTeIJIeHUsA ajliepél MPOU30ILIO COeJUHEHUEe 3TOro
NIpUJIEJHUKOBOrO OaccefiHa ¢ MUPOBBIM OKEaHOM U
Hayajoch MOCTeNleHHOe OCOJIOHOEHHE 3TOro BOAOEMa
(Konbka u ap., 2013; EBzepos, 2013).

O3épHOo-JIeAHUKOBEIE O0CaJKH, OTHOCALMecd K
nepexofy OT IO3QHero HeoIUlelicTolleHa K roJIoLeHy,
ObLIM M3yYeHbl HaMH Ha JlamunkoMm u Tepckom Gepe-
rax. Ha Jlamunkom Oepery 3TH OTJIOXEHUS BCKpHIBa-
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I0TCA Ha JTHEBHOI IIOBEPXHOCTU: 3/1eChb B HIDKHE! 4acTu
paspe3a 3ajieraeT TOHKOCJIOMCTBI TOHKO3€PHHCTHIN
[IeCOK MOIIHOCTBIO OKOJIO 5 M, KOTOPBIH TepeKpHIT TOJI-
el JIeHTOYHBIX IJIMH U aJIeBPUTOB MOIHOCTBIO [0
2,5 M, ¢ JedopmanuaMuy NpUrpy3ku. Beime no paspesy
IepecsanBaloTCsA TOHKO3ePHUCThIEe IIECKH U aJIeBPUTHL.
JlaHHbBIe OTJIOXKEeHUsA XapaKTepu3yloT YCJIOBUA OCaOKoO-
HaKOIUJIEHUsA B OOIIMPHOM IpUJIEAHUKOBOM BOJOEMeE
B OHeXCKOM 3ajuBe, IJIyOMHA KOTOPOI'O NOCTENeHHO
yMeHblIagachk. [lo-BUAMMOMY, 3TOT BOJOEM IOCTe-
[IeHHO IlepeMeliascs [0 Mepe Aerpajanuu nocjieJHero
JIe[JTHUKOBOI'O IIOKPOBA, «IIOANMPABIIEro» ero ¢ 3anaja.
Panee nosiyyeHHbIe 3[1eCh CIIOPOBO-IIBLIbI[EBbIE JaHHbIE
MOKa3bIBalOT, uyTO OacceiiH GopmupoBascs B hasy cpel-
Hero Apuaca — ajuiepéna (Boctpyxuna, 1962). Takum
o0pa3oM, Hauasio GOpMHUPOBaHUA OCAKOB B 3TOM pas-
pe3e GyZleT IpUMepHO COBNaJaTh C HEBCKOH (csMo3ep-
ckoii) dazoil cokpalleHUs MOCJIeJHEro JieAHUKOBOTO
[IOKpOBa, a IocJjeAylomas cequMeHTalUsa IIPOUCXO-
nuna B annepéne (Astakhov et al., 2016; Korsakova et
al., 2023).

B yctee p. Bap3yra OypoBbsiM mnpoduiem u3 11
CKBaXXUH Ha IIyOuHy 10 20 M HIDKe y.M. Obljla BCKPHITa
TOJIIIA JIEHTOYHBIX I'JIMH MOHIHOCTBIO A0 10 M, BbIlIe
[0 paspe3y IepexoAdllasd B TOHKOe IepecjlauBaHHe
TOHKO3€pPHUCTOIO Ilecka M aJjieBpuTa. JTa ToJja ¢
Pa3MBIBOM IlepeKphiBaeTcs TEMHO-CEphIMU MOPCKUMU
IecKkaMy C pakylleii, 10 KOTOpoil nosydeHsl “C gaTsl
9 kan. T.J1.H. (3apenkas u ap., 2023). Mn npeamnoJia-
raeM, 4YTO MPUJIEJHUKOBBII GacceliH B NPUYyCThEBOM
gacTu p. Bapsyru cdopmupoBasics CHUHXPOHHO Oac-
celiHy B OHeXCKOM 3ajliBe, B IIO3QHeJIEJHUKOBOE
BpeMs. Ilo-BuguMoMy, Takue OacceiiHBl pa3BHUBAJIMCh
1o BceM nobepexbio besioro mMops Bo BpeMs Aerpaja-
I[MY NOCJIeJHEro ojiefJleHeHUA.

4. BoiBOADI

Takum o6pa3oM, HCC/IeJOBaHUE O3€PHO-JIEA-
HUKOBBIX OTJIOXKEHHUII B pPErvoHe MO3BOJIAET IMpOCe-
JUTh OVUHAMUKY DPa3BUTHA JIEAHUKOBOTO TOKPOBA BO
BpeMs MOCJIEAHEr0 MaKCUMyMa, a TakXe MOKa3bIBaeT
MIOCTENEHHBIN Tlepexo/] KOTJIOBUHBEI bejioro Mops ot
CTaAuU OJleleHeHUsA K MopckoMy GacceliHy. O3epHo-
JIeTHUKOBBIE OcaJku AGpaMOBCKOro Gepera xapakTe-
PU3YIOT CTa[UI0 HACTYIUIEHUsA OJie[leHeHUsA, 3UMHEro
Gepera - HaYaJIbHBIN 3TAl Jerpafaluy JIeJHUKa, KOraa
K ero KpaeBoil 30He IIPUMBIKaJIa cepus HeOOIIbIINX IPU-
JIETHUKOBBIX BOJAOEMOB. O3epHO-JIeJHUKOBBIE OTJIOXE-
HUsA, u3ydeHHble Ha JlamunkoMm u TepckoMm Geperax,
chopMUpPOBAJINCh B KPYIHBIX MPUJIEAHUKOBHIX BOJO-
éMax, KOTOpble HENOCPENCTBEHHO IpeAIIeCTBOBAIN
IPOHUKHOBEHUIO BOJA BapeHIleBa MOps B KOTJIOBUHY
BeJioro, BcieICTBHE YETO IPOM3OIILIO €ro MOCTENeHHOe
OCOJIOHEHME U Havajlach MOPCKasi CeJUMEHTAIV.
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