Montpellier, September 2016

The Impact of the Last Glaciation on
Groundwater Flow in Estonia:
A Numerical Study.

Arnaud Sterckx!, PhD student
Prof. Jean-Michel Lemieux?
Prof. Rein Vaikmae?

! Department of Geology and Geological Engineering, Laval University, Quebec City, Canada
1 Centre of Northern Studies, Quebec City, Canada

2 Institute of Geology, Tallinn Technical University, Tallinn, Estonia

FeF UNIVERSITE /
’ mr.
:: :: IAVAL / CENTRE D’ETUDES NORDIQUES ===i=

TALLINN UNIVERSITY OF
TECHNOLOGY

CEN Centre for Northern Studies




N - 2 Yt = 23 = VD W Lt
& - - i N
|8"0 in Estonian groundwater N S}

T ] [

Hydrostratigraphic units ; 5'°0 [%d]

() Quaternary deposits Q <19

@ Devonian O 19,17

2 Silurian - Ordovician () 7,15

() Cabrian - Ordovician £ 1513

O Cambrian - Vendian o 13 =

@ Precambrian basement

Source of 0180 data: Technical University of Tallinn, Institute of Geology, 2014 2




r  Baltic Artesian Basin

hydrogeological model
(Virbulis et al. 2013)

- 42 layers in total
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Hydraulic head [m]
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Glacial Systems Model of northern Europe (rarasov 2014)
Long: 0.5° x Lat: 0.25° data over the last 120 ky:
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steady-state flow
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Batch analysis, testing several scenarios

One single glacial event, 3 variables:
r |ce-sheet thickness = [1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 2.75, 3] km

r Start of the Last Glacial Maximum = [25, 24, 23, 22, 21, 20, 19] ky BP
r 6180 of meltwater = [-32.5, -30, -27.5, -25, -22.5] %o

> 315 simulations
> “best fit” simulation: MAE = 2.58

2.5 km /19 ky BP / -32.5 %o




What’s next?

r Compare with the situation in Latvia

r Make some predictive scenarios of the fate of glacial water in Estonia




Lahemaa National Park (northern Estonia)

Thank you for your attention !




r  Highly depleted in heavy isotopes (180 and %H)
r  Recharge temperature inferred from noble gases around 3,5 °C
= Recharge in a cooler climate

r 14C ages vary from 30 to 19 ky BP (Raidla et al., 2012)
r  Low salinity (< 1 g/L)
= Recharge near the end of the Last Glaciation

Ice-sheet

1 Aquifer
ope [ Aquitard
Modified after Person et al. 2007 < Degs |barirne

- Meteoric water
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Hvdrostratigraphy
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Quaternary deposits

Aquifer
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Upper Devonian aquifer

Aquitard

D2

Middle Devonian aquifer

Narva aquitard

D2-1

Middle-Lower Devonian aquifer

Ordovician-Silurian aquifer

Ordovician-Silurian aquitard

Cm-0

Cambrian-Ordovician aquifer

Likati-Lontova aquitard

Cm-V

Voronka aquifer

Kotlin aquitard

Gdov aquifer
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Crystalline basement
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Géochimie et isotopes
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Groundwaters Cl- content in Estonia

Hydrostratigraphical Cl- [ppm]
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