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ABSTRACT. The article provides a review of GIS-based reconstructions of the development of Lakes
Onego and Ladoga in the Late Pleistocene. It is shown that recently GIS methods have been used
for reconstructions. At the moment, there are three GIS-based paleoreconstructions of the study area
(Gorlach et al., 2017; Zobkov et al., 2019; Anisimov, Minina, 2020). All reconstruction used DEMs and
digital bathymetry models of lakes. However, areas, volumes, maximum, and average depths for various
stages of lake development are calculated only for Lake Onego (Zobkov et al., 2019; Paleolimnology...,

2022).
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1. Introduction

The ice sheet retreating after the Last Glacial
Maximum has contributed to the forming and develop-
ment of huge ice lakes - the Baltic Ice Lake (including
Lake Ladoga) and the Onego Ice Lake. The largest and
well studied proglacial lake in Europe is Baltic Ice Lake
(Bjorck, 1995). It was formed as an ice-dammed lake
in the process of melting of the southern part of the
Scandinavian Ice Sheet. The history of relatively small
ice-lakes associated with southeastern and eastern
flanks of the ice sheet, as well as melt water volumes
and drainage routings remain unclear (Mangerud et al.,
2004).

Lakes Onego and Ladoga are located in the
tectonic depressions in the contact zone of the
Fennoscandian Crystalline Shield and Russian Platform.
Mainly tectonic forces formed the depressions; how-
ever, Pleistocene glaciations significantly affected their
structure. Lake depressions ware repeatedly envel-
oped by ice streams during glaciations and by fresh-
waters and brackish waters during interglacial periods
(Svendsen et al., 2004). In the Late Glacial time the
lake depressions were filled with ice streams located
in the southeastern part of the Scandinavian Ice Sheet.
The retreat of the ice streams led to the formation of
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proglacial lakes and its evolution during and after the
ice sheet retreat. Several original models of the lake
depressions development in the Late Pleistocene and
the Holocene are presented for Lake Onego (Biske et
al., 1971; Kvasov, 1975; Demidov, 2010) and Lake
Ladoga (Kvasov, 1975; Koshechkin and Subetto, 2015).
The models differently assessed sizes of the lakes, gla-
cioisostatic uplift of the territory, and location and alti-
tude of drainage thresholds. Recently, reconstructions
of development of the lakes have been carried out using
GIS methods (Gorlach et al., 2017; Zobkov et al., 2019;
Anisimov and Minina, 2020).

2. Materials and methods

Paleoreconstruction of large regions such as
Lake Onego and Lake Ladoga and their catchments,
it is advantageous to use the GIS method proposed
by Leverington et al. (2002). To implement such as
approach it is required to generate a single data layer
for each modern topography and rebound surfaces.
Both data layers must be georeferenced to each other
and must be resampled to a common grid resolution,
and contain values expressed with respect to a com-
mon datum. Modern topography layer needs to con-
tain modern elevations together with contemporary
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lakes bathymetry resampled in uniform coordinate sys-
tem, projection, datum and common grid. The histor-
ical water plane can be generated by subtracting the
rebound surfaces from the modern topography.

All three reconstructions (Gorlach et al., 2017;
Zobkov et al., 2019; Anisimov and Minina, 2020) used
digital elevation models (DEMs). For example, when
creating a digital model for reconstructions of Lake
Onego (Zobkov et al., 2019), the primary source of
the modern elevations was the JdF DEM with spatial
resolution three arc seconds (Kirmse and de Ferranti,
2017). The digital lake bathymetry model was com-
piled using depth measurements, digitized manually
from navigation charts of Lake Onego and the River
Svir’ (Potakhin et al., 2024). Thus, modern topography
DEM of lake’s watershed and depression was obtained.
Ice margin positions were used only for proglacial
stages of the lake development in the Late Glacial time.
Isobase values for Late Pleistocene period were adopted
from study of Demidov (2010). For the Holocene period
seven isobase values were employed to reconstruct
every climatic period. Isobases were obtained from rel-
ict shoreline terraces (Biske et al., 1971).

3. Results and discussions

Gorlach et al. (2017) carried out small-scale
reconstructions of the two initial stages (14.4 and 13.8
cal ka BP) of the Lakes Onego and Ladoga formation
and determined lake’s areas and volumes. Anisimov
and Minina (2020) reconstructed 10 stages of the Lakes
Onego and Ladoga development in the Late Pleistocene
and Holocene (16.0-2.5 cal ka BP). However, the areas
and volumes of lakes for the stages were not calculated.
Zobkov et al. (2019) reconstructed maps of 12 stages
of Lake Onego development in the Late Pleistocene and
the Holocene (14.5-3.0 cal ka BP) which are available
online (http://arcg.is/OKyr9a). Area, volume, maxi-
mum, mean depth, and dynamics of water fluctuation
of the lake was determined at each stages of its devel-
opment. The discrepancies in ice-marginal positions
and time scales were found to be major factors affecting
the area and volume uncertainties between present and
previous studies. Subsequently, the contemporary post-
glacial rebound model ICE-6G (Argus et al., 2014) was
used to reconstruct the development of the Lake Onego
catchment area (Fig. 1). The use of the postglacial
rebound model also made it possible to calculate the
depth of cutting of hydrographic network and estimate
sediments sources and budget (Zobkov et al., 2020).

4. Conclusions

The use of GIS methods made it possible to recon-
struct the development of lakes in the Late Pleistocene
and the Holocene. Recently, there are three GIS-based
paleoreconstructions of Lakes Onego and Ladoga
(Gorlach et al., 2017; Zobkov et al., 2019; Anisimov
and Minina, 2020). All reconstruction used DEMs and
digital bathymetry models of lakes. However, areas,
volumes, maximum, and average depths for various
stages of lake development are calculated only for Lake
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Fig.1. The Lake Onego’ watershed and hydrographic net-
work 14.5 cal ka BP (Paleolimnology..., 2022)

Onego (Zobkov et al., 2019). It is planned to carry out
a general paleoreconstruction of the lakes and their
catchments, including using the postglacial rebound
model ICE-6G (Argus et al., 2014), to determinate
morphometric characteristics for different stages of
development.
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AHHOTAILIUA. B craThe npefcTaBjieH 0630p peKOHCTPYKINE pa3BuTus OHexcKoro u JIajoxxcKkoro o3ep
B [I03[1HEM HeoIulelicToneHe. [loka3aHo, 4TO B HacToslee BpeMs: AJ1A PeKOHCTPYKI[UI CTajli UCII0JIb30-
BaTh [MC-MeTOAbl. Ha faHHEBIN MOMEHT UMEIOTCA TPU NajleOPEKOHCTPYKIMHU HCcjielyeMO TeppUTOpun
Ha T'IC ocHoBe (Gorlach et al., 2017; Zobkov et al., 2019; AaucumoB, MunuHa, 2020). Bo Bcex pekoH-
CTPYKLMAX KCIOJIb30BaJINCh NUPOBEIE MoAenu pejibeda Bomocoopa u nudpoBble OATUMETpHUYECKHE
mogenu o3ep. OagHaKo niomanyd, oObeMbl, MaKCUMaJbHble U CpeAHNE TJIyOMHBI [JIA PAa3JIMYHBIX CTa-
U pa3BUTHs pacCUUTaHbI TOJIbKO JJisi OHexcKoro o3epa (Zobkov et al., 2019; [TameoTUMHOIOTHS. . .,

2022).
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1. BBeaenue

Jerpapnaryisa JieJHUKOBOT'O IIOKPOBa IOCJIEHETO
ojlefleHeHNs CIIocoOCTBOBasIa 00pa3oBaHUI0 U pa3BU-
TUI0 OTPOMHBIX IPUJIEIHUKOBHIX 03ep — Basrutickoro
(Bxomrouas Jlamoxxckoe) 1 OHEXCKOTO MPUJIEJHUKOBBIX
o3ep. CaMoe KpyIHOe U XOpOLIO U3y4YeHHOe INpuJied-
HUKOBOe o3epo EBpomnbl — Basruiickoe o3epo (Bjorck,
1995), obpa3oBajioch Kak 3ampyHOe B IMpoIlecce Tasi-
HUA 10KHOM dact CKaHOWHABCKOrO JIeJHUKOBOI'O
muTa. Mcropus OTHOCUTENIBHO HeOOJIBHINX MpUief-
HUKOBBHIX 03€p, CBA3aHHBIX C IOr0-BOCTOYHBIMU U BOC-
TOYHBIMU CKJIOHAMU JIEAHMKOBOI'O I[MTA, a TaKkXe 00b-
eMBbl TaJIOM BOAB U MYyTU CTOKA OCTAITCA HEACHBIMU
(Mangerud et al., 2004).

Onexckoe wu Jlagoxckoe o3epa pacmoJio-
)KEHbl B TEKTOHWYECKUX BIAJUHAX B 30HE KOHTAaKTa
@DeHHOCKaHANHABCKOTO KPUCTAJUIMYECKOro MuTa U
Pycckont ocamouHO IiWTH. WX KOTJIOBHMHBI 00paszo-
BaHbl B OCHOBHOM TeKTOHHYECKVMMM CHJIaMH, OJHAKO
ILJIeIICTOLIEHOBEIE OJieJIeHeHNs CyI{eCTBeHHO MOBJIUAIIN
Ha UX CTPYKTypy. O3epHble KOTJIOBUHBI HEOAHOKPATHO
BMelllajii Jie[IoBble IIOTOKU BO BpeMs oJjiefleHeHUuH, a
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TaKXe TPecHble M COJIEHBIE BOABI B MeEXJIeJHUKOBbE
(Svendsen et al., 2004). B nocyiefiHee ojieieHeHrE KOT-
JIOBUHBI 03ep ObLIM 3aroJIHEHHI JIEJOBBIMU MOTOKAMU
I0T0-BOCTOYHOT0 CKJI0HA CKaHJWHABCKOTO JIE JHUKOBOTO
muta. OTCTyIIeHNe JIeJHUKA IPUBEJIO K 00pa30BaHUI0
MPUJIEJHUKOBBIX 03ep U UX pa3BUTU0. J[j1s1 OHEXCKOTo
(Bucke u np., 1971; Ksacos, 1975; Hemumos, 2010)
u Jlagoxckoro (Ksacos, 1975; Komeukud u CybetTo,
2015) o3ep mpeAcCTaBJIeHO HECKOJIBKO OPUTMHAJIBHBIX
MoJeJiel Pa3BUTHA UX KOTJIOBUH B TO3/THEM HEOILIEN-
cTolleHe U roJioneHe. Mozesu mo-pa3HoOMYy OLIEHUBAKOT
pa3mepsl 03ep, TJIAIUOU30CTaTUYeCKOe TOJHATIE Tep-
pUTOPHUU, PACIOJIOXKEHNE UM BBICOTY MOPOTOB CTOKA.
B mociemHee BpemMs PEKOHCTPYKIIMU Pa3BUTHA 03ep
MIPOBOJIATCA ¢ ucnoJib3oBaHueM ['MC-meto0B (Gorlach
et al., 2017; Zobkov et al., 2019; AurcumMoB 1 MuHMHA,
2020).

2. MaTtepuanbl 1 MeTOAbI

1A 1naneopeKOHCTPYKIUII TaKUX KPYIIHBIX
pernoHoB, kak OHexckoe u JlaJloXCKOe O3epa U HUX
BoAocOOpHI, lesiecoobpa3Ho ucnosb3oBats ['YC-meTon,
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npenioxeHHel JleBepuHrroHoM u fp. (Leverington
et al., 2002). [na peajmusanuu 3TOro Mogxofa Heoo-
XOAMMO €O3[aTh CJIOM COBpeMeHHOro pesubeda, T.e.
uudposyio mofesb penbeda (IIMP) u cioii nmosepx-
HocTell nmoAHATUA. O6a €10 AaHHBIX JOJDKHBI MMeTh
reorpadguyeckyio IPUBA3KY, OANHAKOBOE IIPOCTpaH-
CTBEHHOE paspellleHle U eIMHYI0 ChUCTeMy KOOpJWUHaT.
IIMP poyrxkHa coaepxaTh BBICOTHBIE OTMETKU BMeCTe
¢ baTuMeTpHUuYeCKUMHU AAaHHBIMU 03ep, peoOpa3oBaH-
HBIMU B e[UHYI0 CHCTeMy KOOpPAMHAT U IMPOEKLHIO.
PexoHCcTpyHpoBaHHass BOAHAsA IOBEPXHOCTb MOXeET
OBIThH [TOJIyYyeHa IIyTeM BBIUUTAHUSA [IOBEPXHOCTEH MoA-
HATHA U3 IOBEPXHOCTU COBPEMEHHOro peJibeda.

Bo Bcex Tpex pekoHcTpykuusax (Gorlach et al.,
2017; Zobkov et al., 2019; ArrcuMoB 1 MunuHa, 2020)
ucnosb3osanuck LIMP. Hanpumep, npu peKOHCTPYK-
nuu OHexckoro o3epa (Zobkov et al., 2019) ocHOBHBIM
WCTOYHUKOM COBPEMEHHBIX BBICOT mociayxuiaa L[[MP
JdF ¢ mpocTpaHCTBEHHBIM pa3spelleHNeM TPU YIJIOBBEE
cekyHnbl (Kirmse and de Ferranti, 2017). Liudpposas
H6aTuMeTpHyecKas Mojiesib OblIa cocTaBjleHa Ha OCHOBE
rJIyOnH, onudpOBAHHBIX BPYUYHYI0 C HaBHUTallMOHHBIX
kapT OHexckoro o3epa u peku Ceupsb (Ilotaxus u ap.,
2024). Takum obpazomM, Oblj1a MoJIyuyeHa coOBpeMeHHas
IIMP Bozioc60pa 1 KOTJIOBUHEHI 03epa. [TonoxeHus kpas
JleHVKa UCII0JIb30BAJINCh TOJIBKO JJIA IPUJIeJHUKOBBIX
3TaloB pa3BUTHA o3epa. 3HaueHUA u300a3 A Mo3Ad-
Hero IUJIelicTolieHa B3ATH U3 HccjeaoBaHus JleMuoBa
(2010). Ansa mepuopda rosoneHa AJis PEKOHCTPYKIUU
KaxJ0ro KJIMMaTH4YecKOoro Iepruoja KCMOJIb30BaJIKCh
ceMb 3HaueHu 13006a3; 1300a3bl MOJIyYeHb! OT PejIuK-
TOBBIX OeperoBbix Teppac (Bucke u fp., 1971).

3. Pe3yAabTatbl M 06Cy)XAEHMUA

Topmau u ap. (Gorlach et al.,, 2017) mpoBesn
MeJIKOMaclITaOHble PEKOHCTPYKIMK ABYX HayaJIbHBIX
sranoB (14,4 u 13,8 kan. TeC. J.H.) GOPMHPOBaHUSA
Omnexckoro u JIagoxXcKOro o3ep MU OINpefesiju IJIo-
manau u oobeMsl o3ep. AHucuMoB U MwuHuHa (2020)
pekoHcTpyupoBaiu 10 aTanoB pa3Butus OHEXCKOro u
Jlamoxckoro o3ep B MO3AHEM ILJIeliCTOIleHe U roJiolieHe
(16,0-2,5 xamn. THIC. JI.H.); OTHAKO IJIOLIAAN 1 0ObeMBbI
o3ep [JIA 3TaloB He pacCYMTHIBAINCh. 300KOB U [p.
(Zobkov et al., 2019) mocTpousi KapThl 12 3Tanos pas-
BuTHA OHEXCKOro o3epa B I03HeM HeoIslelicTolleHe 1
rosonieHe (14,5-3,0 ka TeIC. JI.H.), KOTOpPbIE IOCTYITHbI
B UnrepHere (http://arcg.is/OKyr9a). OmnpepnesneHsl
IomanAb, 06beM, MakCUMaJIbHas, CpefHsAA IJIyOuHa U
YUX AWHAMUKa Ha KaXAOoM 3Tale pa3BUTUA o3epa. buuio
oOHapyXeHO, YTO pacXOoXAeHUs B MOJIOXKEHUN I'PaHUI]
JbAa ¥ BpeMeHHBIX MaciiTabax ABJIAIOTCA OCHOBHBEIMU
daxTopamu, BIMANMMHN Ha pacxoxXAeHus IUIOMaAu
1 obbemMa COBpPeMEHHBIX M IpeAbAyLINX HCCIIeo-
BaHUUl. 3aTeM OblJla MCIOJIb30BaHa COBpeMeHHas
MofeJsib rnociyieneHukoBoro nofguAaTus ICE-6G (Argus
et al., 2014) 1y peKOHCTPYKIMHU Pa3BUTHA BogocOopa
Onexckoro o3epa (puc. 1). IIpuMmeHeHue 3TOi Mojienu
[I03BOJIMJIO paccuuTaTh rJIyOuHY Bpe3a rujporpaduue-
CKOH CeTU U OLIEHUTh MCTOYHUKU U OajiaHC HAHOCOB
(Zobkov et al., 2020).
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4. BbiBOADbI

Hcnonb3zosanue 'MC-MeToA0B 103BOJISAET PEKOH-
CTpyHpOBaTh pa3BUTHE O3ep B MO3JHEM HeOIlJIeHCTO-
I[eHe U TroJiolleHe. B HacTosIiee BpeMs UMeOTCA TpU
najeopeKoHCTpYKIuu OHexckoro u JIagokcKoro osep
Ha TYC ocHoBe (Gorlach et al., 2017; Zobkov et al.,
2019; ArucumoB 1 Mununa, 2020). Bo Bcex pekoH-
CTPyKIMAX UcnoJb3oBanuck LIMP u nudpossie 6aTuMe-
Tpudeckre Mofesnu o3ep. OAHaKo IUIoMaau, 06beMBI,
MakcrUMaJibHble U cpeAHHe TJIyOWHBI [JI pa3IM4YHBIX
CcTaauil pa3BUTHA pacCUUTaHBI TOJIbKO AJ1A OHEXCKOro
o3epa (Zobkov et al., 2019). IlnaHupyeTcsa IpoOBeCTU
eIMHYy10 PEKOHCTPYKIHIO 03ep U UX BOAOCOOpPOB, B TOM
YucJie ¢ UCIOJIb30BaHNeM MOJeJIU IocjesieJHUKOBOTO
nogaarus ICE-6G (Argus et al., 2014) mia onpeneste-
HUA MOpPOOMETPHUUYECKHX XapaKTEPUCTUK JJUIA PasHBIX
cTaaguil pasBUTHA BogOEMa.
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