


Main items

* Regional bakground for climatic impact of the Eemian sea

* Outline of Eemian climate changes in the adjoining terrestrial
area

* Principles of Central European climate during the last glacial
stage

* Climate change at the turn of Pleistocene and Holocene



Surface hydrography of the Baltic Sea

SALINITY OF SURFACE WATER dark blue — >30%o, light blue 25 30%0 brown —
15-25%o, , red — <5%o

CURRENTS INDICATED BY ARROWS: red — warm surface current, blue — cold bottom
current, green — brackish surface current (=10%.), stripped red/yellow — coastal
water surface current (>15%.), Funder 2002)
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Chronology of Eemian based on pollen stratigraphy

Licze - Trees, Shrubs & Summary
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RPAZ after Mamakowa (1988, 1989) Head et al. (2005)



Correlation of Eemian LPAZ with RPAZ
in southern Baltic region

DENMARK N. GERMANY POLAND LICZE OBRZYNOWO
Andearsen Muller Time Mamakowa Head ef al. (this study)
{1961.1975) (1974) ({years) (1988.1989) (2005} Y
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g2 | Betfiprinus lla €2 Ulmys | | o8
e — e ————————— P — —————— L 1
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Knudsen et al. (2012)



Chronology of Eemian sea in southern Baltic region

Top of Eemian deposits ca. 8500-11 000 yrs

Boundary E5/E6 7000 lat
Top of marine Eemian deposits

Boundary E4/ES 3000 yrs
Boundary E3/E4 750 yrs
Boundary E2/E3 300 yrs
E1orE2 <300 yrs

Bottom of marine Eemian deposits

Boundary Saalian/Eemian 0 (126 ka BP)

Based on correlation with regional pollen assemblage zones (RPAZ) from
northern Poland (Mamakowa, 1989), Bispingen in northern Germany (Mdiller,
1974, Field et al., 1994) and Danish subdivision (Andersen, 1961, 1965, 1975)



Circulation, temperature and salinity in the Eemian sea

_ White
Kattegat Anoxia Water- geg
l 33%o stratification shed 30%ol
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Denmark

— inflow of warm and high salinity water from the Kattegat
<— outflow of low salinity surface water from the Baltic region

<+==inflow of cold and high salinity bottom water from the White Sea

BALTEEM (2002)



Mean annual sea-surface temperature
(RPAZ E4 lCoryllus: 125-1213 ka IBP) |
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Distribution of marine biogeographical zones
In North Atlantic

PRESENT EEMIAN

Funder et al. (2002)



Entranceways into the Eemian Baltic Sea

There were 3-4 passages that enabled water exchange with the
ocean during in the Eemian:

* Through Kattegat across Sjeelland and through the buried Alnarp-
Esrum valley in southern Sweden

* Through northern Germany in the area of the Kiel Canal, but due

to a winding pattern of broads and narrowings it could play a
limited role only

* From a much-enlarged White Sea across Russian Karelia,
passing the major watershed north of Lake Onega

* A shallow side entrance from the Severnaya Dvina basin into
Karelia may also have existed along the river Vodla



Sea water
input to the
Baltic Basin

during
Eemian

D — Danish input
N — Dutch input
R — Russian input

pollen diagram local
B <200 mdepth
B > 200 m depth

| Funder et al. (2002), supplemented



Depth [m]

Site Cierpieta: dominant taxa of diatoms
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Depth (m)
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Site Obrzynowo: dominant taxa of diatoms
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Salinity of the Eemian sea in the Polish area
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Cold events during Eemian
Site Narre Lyngby

(Denmark) % of all benthic foraminifers planktonic
— —A - foraminifers
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Knudsen et al. (2002)




Surface water circulation and faunal

provinces in North Atlantic during Eemian
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Cold events in Eemian

NAC — North Atlantic Current, EGC — East Greenland Current

Knudsen et al. (2002)




Taxon Mean July temperature Mean January temperature

Minimum Maximum  Minimum Maximum P I a nt CI i m ate

Abies alba -4.0

Acer tataricum 19.0 . 0 3
Aldrovanda vesiculosa 18.0 d t

Armeria maritima -8.0 I n I Ca O r S p e CI e S
Betula nana 7.0

Buxus sempervirens 18.0 1.0

Calluna vulgaris 8.0

Caltha palustris 8.0

Carex pseudocyperus 13.0

Carex rostrata 8.0

Ceratophyllum demersum 15.0

Ceratophyllum submersum 16.0

Cladium mariscus 15.5 -15.0

co-occurrence Calluna + Larix -13.0

Cyperus glomeratus 20.0

Eleocharis palustris 10.0

Eriophorum vaginatum 7.0

Filipendula 10.0

Filipendula ulmaria
Franqgula alnus

Hedera helix

Hippoph aé rhamnoides 11.5

Hydrocotyle vulgaris 11.5 -6.0
llex aquifolium 12.5 0.0
Jasione montana 11.5

Juniperus communis 10.0

Linum perenne 12.0

Menyanthes trifoliata 8.0

Moyrica gale 10.0

Myriophyllum alterniflorum 7.5

Myriophyllum spicatum 10.0

Mpyriophyllum verticillatum 10.0

Najas flexilis 15.0

Najas marina 15.0

Najas minor 18.0

Nuphar sp. 13.0

Nymphaea alba 12.0

Nymphaea candida 12.0

Parnassia palustris 7.0

Polygonum viviparum 5.0 20.0

Potamogeton filiformis 8.0

Potentilla palustris 8.0

Ranunculus flammula 8.5

Ranunculus sect. Batrachium 10.0

Sanguisorba minor 12.0 -12.0

Sanguisorba officinalis 9.5 Aalbersberg & Litt (1998)



750-3000 yrs 3000-7000 yrs :
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750-3000 yrs 3000-7000 yrs Eemian
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Site Licze: Heddera in the pollen spectrum

Licze - Trees, Shrubs & Summary
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RPAZ after Mamakowa (1988, 1989) Head et al. (2005)



Cyclicity of Eemian climate

Hedera minimum temperatures:
July 15°C, January -2°C

i
]
]
1
3
3

1B

Birka & Nitychoruk (2011)




Characteristics of Eemian terrestrial climate

Climatic reconstructions of Zagwijn (1996) and Aalbersberg & Litt (1998) for
the region reveal the climate consistently warmer than in the Holocene

Mean temperature of the warmest month during the Eemian in western
Europe was as much as 2°C higher than at present in RPAZ E3b-E4a, and
remained higher than at present until the middle of RPAZ EGb

Mean temperature of the coldest month in western Europe was up to 3°C
higher than at present and closely parallels the sea-level curve for this
period

The warmest month thermal maximum was earlier (RPAZ E4a) than that of
the coldest month (RPAZ ES5), while precipitation estimates suggest an
increase from relatively low values prior to RPAZ E4b to greater than 800
mm in the subsequent zones

Eemian climate appears to have moved from relatively continental
conditions prior to RPAZ E4b to a more oceanic type



LGM permafrost boundaries in western and central Europe

2

Vanderberghe et al. (2014)



Permafrost in
Eastern Europe
| at 20-18 ka BP

Permafrost is stable
at -5.5° to -8°C

Mean annual temperatures
of permafrost [in °C]

Thickness of permafrost

Fro—

m[m m]
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"~. _|LGM limit of permafrost

AT ~—--a Present limit of permafrost
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- \ .
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Vanderberghe et al. (2014)




Extent of permafrost 25-17 ka BP in northern hemisphere

I -

Extent of LPM permafrost:

- Equilibrium permafrost (climate-controlled)

- Land area under relict permafrost

- Exposed land under relict permafrost

- Exposed land at time of LPM (assumed 10 be permafrost)
: Extent of continental ice sheets at time of LGM

Exposed land without permafrost at time of LPM

. APproximate boundary between LPM
continuous and discontinuous permafrost

= Southemn boundary of present - day permafrost

Approximate limit of LPM winter sea

ice extent

Rivers

Modem coastline

Elevation contour lines (m a.s.l.)
1000
2000

— 4000

Vanderberghe et al. (2014)



Sequence of deposits of the last glacial stag

E

w

m
1001 Wola Rudnopole Walichnowy Cypel Matawski Sztumskie Pole

alluvia glaciofluvial sediments

ice-dam lake sediments [ i

Geological cross-section in the vicinity of Sztum after
Makowska (1984), modified

Tr — Tertiary; Quaternary: El — Elsterian, H — Holsteinian, S
— Saalian, E — Eemian, W — Weichselian (glacial phases
W1-W4), Hc — Holocene




Post-Eemian non-glacial sequence in northern Poland

depth 8
m S =0 R
4. .- --. .- |H var-grained sands with organic matter Hiuvial
- 7 vari-grained sands
90— vari-grained sands with dispersed organi - Vistulian
. grained sands with dispersed organic matter \ < 5iflucted i i
: . . .|G | (Weichselian)
. vari-grained sands
J
100 — sands with peat and peaty sands }f|uvia|
silts and clays with mollusc shells marine :
} Eemian
110 sands and silts with dispersed organic matter ~ fluvial
vari-grained sands with interbeds soliflucted
of sands with gravels
120 |
silts and clays with lenses }fluvial Saalian
of sands and dispersed organic matter
130
l
A A varved clays }glaciolacustrine
140 ——
N T




Weichselian palaeotemperatures in northwestern Germany

Stratigraphy Pollensons July Temperature [* C) January Temperature [° C)
S 10 15 20| 25 20 -15 -10 -5 0O
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Caspers & Freund (2001)



R lce-wedges in north-eastern Poland
1.0— Active ice-wedge polygons develop in a coarse substrate
’ at mean annual temperatures below -8 to 6°C
_‘ (Pewé, 1966)
2.0 — pecegmguuns
B bt Jatowka site
7 m ,_ fine sand
i ,,,, v - we| Massive fine-grained
= 1_: : . * '] sand and silt
3-0—: .":"..‘,I.l c:: CL c:; massive diamicton
E - organic deposit
:""“.,. m W Wﬂ gravel
iB __ : m """m"‘“ ::_j::: cryoturbation

'l sand wedge

| Woronko et al. (2013)




Rounding and frosting of the quartz gralns
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Record of Weichselian ice wedges in eastern Poland

sand with gravel

sand with gravel| Weichselian

sand

Sl
Saalian

sand with gravel

132 -

131

130 o5
Dzierzek & Stanczuk (2006)

130




Record of Late Pleistocene climate change
In loess-soil sequences (mid-eastern Europe)

MIS

Litho-pedostratigraphical units Periglacial Stratigraphy
horizons
Holocene soil
- i Late
e ! BEIE SR e Weichselian

Upper Weichselian loess

Upper
D et U Pleniweichselian

Middle

Complex of [
Pleniweichselian

tundra-gley soils

Lower

Lower Weichselian loess Pleniweichselian

Complex of forest soils
with superimposed |z -
humic horizons &

Early Weichselian

Eemian

Saaliansediments [0~ S Sl o s

cryo-dessication crack

wedge ’
with primary infilling ice-wedge cast

== lifluction structures LTSS cryotumation structures seetessses desert pavement Jar Yy (2 004)



Recapitulation of the Weichselian terrestrial climate
In southern Baltic region

 Early glacial has been indicated by fluvial activity characteristic for temperate
climate and expressed by floodplain and ox-bow lake deposition

» Such temperate river activity could be interrupted occasionally by deposition
of anastomosing rivers, active in a cool climate

* The following, more severe climatic conditions with low temperatures and
decreased precipitation, most probably connected with aggraded permafrost,
could initiate intensive aeolian processes

» They were interrupted by more wet episodes and seasonal development of an
active layer in a ground when solifluction moved down-slope huge amounts of
surficial deposits that had been transformed earlier in a periglacial
environment



Cliae t the turn of Pleistocene and Holocene

Age Water table
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et al. (1998) 10 17°C
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Conclusions

- Late Pleistocene climate change in the southern Baltic Sea
region has been significantly influenced by the Eemian sea as
well as development or decay of the Scandinavian ice sheet

* Distinct regional variation was common: the climate was more
oceanic in the west and more continental in the east

* In general the climate was not stabile during Late Pleistocene
and comprised numerous warmer and cooler episodes of varying
magnitude
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