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Abstract. The application of GIS software for reconstruction of Lake Onego shoreline in the Holocene and the Late
Pleistocene presented. Reconstruction was originated from the ideas of the Lake Onego depression deglaciation model
proposed by |. Demidov [1] and the data of E. Deviatova [2] concerning Lake Onego depression isostatic uplift in the
Holocene. ArcGI S software was used to perform Gl S-modelling which was based on the original digital elevation model
of the lakebed and its watershed. Twelve digital paleogeographic maps were developed as a result. Paleogeographic maps
were verified by hand-drawn images of |. Demidov and E. Deviatova and by matching the lake shoreline and the position
of archeological sites. Maps are available on-line in the electronic form [3]. The surface area of the Lake was determined
at different stages of its development. The quantitative data obtained in this study is valuable for estimation of the lake
volumes and the rates of discharge in the past.
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I. INTRODUCTION evolution patterns of lake, relief, vegetation and
Geographic information system (GIS) is valuable climate with their connection with human settling
tool for reconstructing natural circumstances o th activities were considered. The studies were
past. Together with digital elevation models (DEM) conducted on several key locations where well-
and paleolimnological and paleoclimatic researchknown archeological sites were densely situated.
data GIS software enables to reconstruct major Glacioisostatic uplift data, published by
landforms in a high quality level [4; 5; 6]. |.Demidov [1; 11] and E. Deviatova [2; 12; 14] wer
Nevertheless, until now these methods were notassimilated to develop the model of Lake Onego
applied to assess the process of Lake Onegaevelopment in the Holocene and the Late

development. Pleistocene by GIS-software.
Lake Onego is the second largest lake in Europe
with a surface area approximately ten thousand Il. MATERIALS AND METHODS

square kilometers. The Lake is located on the borde The studied area lies in North-West part of
between crystalline rocks of the FennoscandianRussian Federation and covers 570 km from North to
Shield and sedimentary rocks of the East EuropeaiSouth and 502 km from West to East (Fig.1).
Platform. The lake depression was covered with The DEM developed by J. Ferranti [15] with
glacial streams or proglacial lakes during the spatial resolution three arc seconds was used as a
Pleistocene Scandinavian glaciations [7]. source of watershed elevation data. This is ths fir
Currently there are several models of the Lakefreeware global elevation model with spatial
development in the Late Pleistocene and theresolution less than 100 m with coverage of the
Holocene [8; 9; 10; 11; 1]. These models give wasio studied region. It is based on ASTER GDEM, USGS
estimation of glacioisostatic uplift of the lakeosbs, ¥ STRM DEM and topographic maps data. The DEM
lake dimensions and water levels. A contemporarywas converted to UTM WGS 84 zone 36N projection
model of I. Demidov [1; 10] was accepted as a basiqEPSG: 32636), and the same projection was used for
model of the lake depression deglaciation. It ideki  other mapping features.
six main stages of the lake depression development The DEM of lake depression was developed by
the Late Pleistocene. using GISSurfer software and was based on depth
Geologist E. Deviatova in collaboration with measurements, obtained from navigation charts of
archeologists V. Filatova, N. Lobanova, U. SavateevLake Onego and the Svir River [16]. The lake
and A. Shuravlev [2; 12; 13; 14] carried out exteds depression DEM was led to sea level (SL) and
paleogeography studies of Lake Onego shorelinecombined with watershed elevation DEM. Thus, the
position in the Holocene period. The general
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present-day DEM of lake watershed and itsminimum and maximum levels of every target
depression was obtained. periods.
On the next stage, the glacioisostatic uplift naste

was subtracted from present-day DEM (Fig. 2) and
White Sea the paleolake shoreline was established as a (838
m contour line. Where thah value is an average
cumulative vertical error, occurred during DEM
interpolation, elevation measurements, glacioigmsta
Russian Federation uplift determination and raster interpolation. Aage
DEM error was calculated by using mean-square
deviation between DEM values and topographic map
elevation marks. Raster interpolation error was
estimated as mean-square deviation between
elevation marks and interpolated values at the same
positions. Other errors were obtained from primary
data sources, where they were mentioned. The map
algebra and geo referenced calculations were
Ladoga Lake implemented with theArcGIS 10.2.2with Spatial
Analysispackage.

Finland

Onego Lake

Gulf of Finland

Fig. 1. Studied region location Glacioisostatic
uplift, m

The Earth’s crust was flexed in the studied region
because of considerable pressure going out fron
overlaid glacial shields. Later, when glacial stiéel
were melting the area begun to suffer the
compensational glacioisostatic uplift, which ined
seismic activity and migration of the lake shorelin
position. The highest uplift took place at the Mort
shore of the lake because of considerably stronge
glacial shield cover. Thus, the tilt of lake degien
was around 30 m per 100 km of length 13 300 yrs
BP, 12 300 yrs BP — 26 m, and 11 000 yrs BP it was
18 m [1]. By this reason, the Earth’s crust upfifist
be taken into account during the shoreline
reconstructions. :

The glacioisostatic uplift raster was defined to Fig. 2. Glacioisostatic uplift raster (A) and presday DEM (B).
transform the present-day DEM to the paleo-DEM. ) o
The glacioisostatic uplift data of [2; 12; 14] afid] Pa_leogeographm_maps were verified in two ways.
was used for the Holocen period and the data [JL; 11The first one was implemented by comparison of
was used for the Late Pleistocene period. The ptese Maps with hand-drawn images of |. Demidov [1; 7]
day water level (33 m SL) was subtracted from and E Dewgtova [2; 12; 13; 14]. Shoreline congour
glacioisostatic uplift elevation mark (SL) of eatsta ~ @nd island sizes were compared. The second way of
point in relevant period. As a resul, the venﬁcgtlon.was carr.|ed out by mat_chlng the lake
glacioisostatic uplift raster was calculated by nmea shoreline with a position of archeolog|_cal sites.
of 3D interpolation with a first order polynomidihe Mutual position of the shoreline for each
Surfer software was used for this purpose. Although réconstructed period and archeological sites dated
the dynamic of Earth’s crust galcioisostatic uplift this period were considered in connection to each
14 500-12 300 yrs BP was weak, the tilt of depressi other. The proximity of _the fre_sh water sources was
13300 yrs BP was accounted for entire the Latg'€duired for human settling during the Stone Agé an
Pleistocene. To take into account the lake levelthe Early Metal periods with hunting and fishing-
change in other stages in the Late Pleistocene thBased economies. Considering this, we may suppose
water level was corrected by its difference betweenthat archeological sites had to be situated on the
13 300 yrs BP and the target stage. In the Holqceneshore’ not far from the reconstructed shorghner. Fo
glacioisostatic uplift of the Earth’s crust had thain  this_purpose, the data of 130 archeological sites
influence on the water level variation. Thus, POSition with carbon dating was used.
glacioisostatic uplift rasters were calculated for

Elevation, m asl
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[ll. RESULTSAND DISCUSSION considerably. At 12 400 yrs BP the ice-dammed lake
DEM vertical error attained another runoff threshold across the nomthe
The heights of the developed DEM were observedpart of the Onego-Ladoga water divide and the lake

to be in average 1.65 m lower, than elevation markdevel dropped again.
of the geodetic control net. The standard deviation o
. . o able
was 5.89 m. Confident interval lies in a range from Surface area of Lake Onego in the Holocene antidte

1.1to -2.2 m withu=0.05. Pleistocene. Confident interval with=0.05
. Yrs BP (Climatic period) Area, kin
Interpolation error

Determination  coefficients for polynomials 14500 (BL) | 2711464
interpolated vary significantly from 0.18 to 0.9hd 14 000 (DR) | 14785 + 684
were 0.76 in average. The lowest coef_ﬂments (,0._18 13300 (AL) | 32 328 + 1484
0.34) were observed for the latest climatic period
(SA) where values of glacioisistatic uplift wereanlg 13 200 (AL-DR) | 24 879 +1078
the same as the mean DEM error. In any case, low 12 400 (DR) | 22590 + 1169
values of determination coefficients were balancgd
consideration of interpolation errors, which were
varied from+ 0.7 m for SA up ta 2.5 m for DR. 12 300-10 300 (DR | 17 728 + 1040

10 300-9300 (PB) 15562 + 1213

12 300 (DR) | 21 484 +1149

Paleogeographycal verification

The paleoreconstructions are available online [3].

Paleogeographic maps were verified by hand- 8000-4700 (AT)| 11195+ 1157
drawn images of |. Demidov and E. Deviatova. 4700-2500 (SB)| 10 634 + 764
Compared with hand drawings of |. Demidov, our
maps were detailed considerably and had strict
geographic reference. On the contrary, in compariso
with E. Deviatova reconstructions, our maps roughed e,
the fine relief forms. The main reason for this veas o
higher vertical error of DEM used. Even so the
common shoreline configuration and dimensions of
large islands conforms to sketches and descriptibns
E. Deviatova. Considering this, the reconstruction
presented a new data about shoreline position @n th Pt ...t Glacier 13300 yrs. BP
unstudied area, which covers most part of the lake PN A DONRY |y Glacier 14500 yrs. BP
shoreline. . -

9300-8000 BO)| 13018 +1231

2500-800 (SA)| 9598 +273

~. '

C] Contemporary lake

Paleolake 13300 yrs. BP
Paleolake 14500 yrs. BP

Archeological verification

Substantially in all the cases, where archeological
sites had strict GPS reference and dating, theg wer
situated on the shore or within a range of wateelle
fluctuation. In a few cases, archeological sitesewe
positioned on the lake surface, but not far thamb0
from lowest shoreline. That was due to the horiabnt
DEM error, because this type of error was not taken
into account during vertical error estimation. ,;
Horizontal DEM error was assumed as a 2 of DEM
mesh size and lies around 45 m [18].

Morphometry of lake
We used the developed paleogeographic maps t
calculate the morphometric characteristics of Lake ,
Onego in the Past (Table). /0 25 50 100 km
In the 14 500 yrs BP the area of the lake was the !
smallest, due to considerable glacial shield cover
the lake depression. Later, when the glacial shieldfig- 3. The smallest and the largest stages of L@kego
melted, the water surface increased up to historicad®veloPment.
maximum in 13 300 yrs BP (Fig.3). In 13 200 yrs BP
the lake acquired a new threshold for runoff to the
White Sea basin, and the lake level dropped
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At the end of the Younger Dryas 12 400-12 300
yrs BP, when the drainage pathway via the Svir Rive [1]
to Lake Ladoga was reopened, another regression
happened. By that time, the lake had already tsst i
connection to the glacier, which had retreated
westwards. Later the glacioisostatic uplift actest
play the main role in lake shoreline formation. The
area of the lake surface was reduced during thgg
following climatic periods.

(2]

IV. CONCLUSION

GlIS-based reconstructions of Lake Onego
development in the Holoceneand the Late Pleistocene
were presented in the article. Reconstructions were
originated from the ideas of the Lake Onego
depression deglaciation model proposed by[s]
I. Demidov and the data of E. Deviatova concerning
Lake Onego depression isostatic uplift in the
Holocene. GIS-modeling was performed using (6]
ArcGIS software on the base of original digital
elevation model of the lakebed and its watershée. T
reconstructions for all periods were unified, had
spatial resolution 90 m and a strict geographicm
conjunction. Twelve digital paleogeographic maps (g
were developed as a result. The produced maps are
available on-line. Paleogeographic maps were
verified by using hand-drawing images of [l
I. Demidovand E. Deviatova and by matching lake
shoreline with a position of archeological sites. [10]

The Holocene period reconstructions based on
I. Demidov data have been found to be more precise
than  previous hand drawn images. Our g
reconstructions of the Late Pleistocene period dase
on data E. Deviatova were likely to rough the fine
relief forms. Nevertheless, they have been produceél12
in a global scale for the whole lake surface, which
was not conducted earlier. [13]

Based on our reconstructions the area of the lake
surface was determined at different stages of its[14]
development. The quantitative data obtained in this
study is valuable for estimation of the lake volsme
and the rates of discharge in the past. Awareness d15]
the lake’'s shoreline position allows determining
areas, where human settling was possible, angg

increases our chances of discovering new
archaeological sites. [17]
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