Hydrological and climatic conditions of development of alkaline spring-fed fens in Poland
and their significance for palacoenvironmental reconstructions
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Spring-fed fens belong to the rare group of alkaline fens supplied by groundwater of concentrated flow:
Groundwater controls peatland hydrology, ecology and morphology, and the geochemical properties of its
sediments. Apart from a characteristic botanical composition (=spring hygrophytic species), alkaline soligenous
peatlands are also distinguished by their pattern of lithological deposits featuring interbedded peat and
calcareous tufa (Dobrowolski, 2011). Their biogenic-carbonate sequences are an excellent analytical material for
the Late Glacial-Holocene palaecoenvironmental reconstructions (Dobrowolski et al. 1999,2005,2010; Pazdur et al.
2002). Despite their morphological similarity and small size (usually <1 ha), spring-fed fens are found in very
different conditions. In Central Europe they occur in different landscape types, geological-morphological and
climate conditions. They are known from mountains (Hajek et al. 2002, 2006, Hajkova&Hajek 2003), uplands
(Kovanda 1971, Dobrowolski 1998, 2000, Dobrowolski et al. 2005), and glacially modified plateaux (Wolejko et al.
1994, Grootjans et al. 2006, Osadowski et al. 2009, Dobrowolski et al. 2010, Mazurek et al. 2014).

et AR
,,,,,,

5 (s
«.. .U",Q A e

1w europaet -

 Pobygono bisigrtat Trollie

We present the results of palacoenvironmental studies of the alkaline spring-fed fens from several dozen of
sites from Poland. Our investigations in all sites were similar and included: (1) land survey with the use of

GPS (Global Positioning System) recetvers, (2) detailed geological-sedimentological investigations of the bed, A
R . ) ) ) . pring-fed fens wi
and specialist analyses (=multi-proxy data), i.e. (3) geochemical, (4) palynological, (5) malacological, D gEoicical survey
(6) of plant macrofossil remains, (7) of carbon and oxygen stable isotopes, (8) radiocarbon dating. P ey aann e A ASE Sl
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This work was carried out as a part of the project No NN306279 035 financed by the Polish Ministry of Science and Higher Education. Locations of stu dy sites in Poland. Examples of studied spring- fed fens.
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“ “ _ Sites of alkaline spring-fed fens in Poland are located both, in carbonate uplands (=karst regions) and
[ 1153.4-153.6 . . . . . . o
S olaciogenic lowlands (=old- and young-glacial regions). An important component that connects all sites is
Q. Vi 15 . . . . . . . . . .
B similarity of natural supply (=artesian type), associated with unlocking the vertical circulation of
° g groundwater as a result of degradation of Weichselian permafrost (Late Glacial /Holocene transition).
The thickness and lithologic sequence of sediments that build peat deposits 1s derived from many factors.
gic sequ peat dep y
0 100k Among them hypsometric position, the depth of the form, the local supply system and groundwater
C circulation should be considered decisive.
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P Y Aot sans = |y 3 > 1 5 geomorphological units of different geological structure and in the areas of considerable hypsometric gradients,
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IR AE)ZIKOW s gms i (4) slopes of melt-out depressions on morainic plateaux.
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g N 0 T ineraizac poat sedge-moss pest [FETE] ine-orained sana vog on (1) zones of the hydrogeological windows, where they are located within impervious deposits that cover the
@ i r sends and graves a T secae pos T caloarcous tuta  [TTTTT] vanigrained sand [ oning complex of carbonate rocks constituting the artesian basin,
' (2) single mesofault or mesofault zones in the carbonate complex of bedrock (=Cretaceous massif). The tension
Geological situation in the serrounding of the Radzikow site. Geology and morphology of the Radzikow spring-fed fen. layer of the underground water table is usually weathered cortex of carbonate rocks.
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Biogenic sediments in the spring-fed fens are represented mainly by peat of the following type: a/moss and m m

sedge-moss, mainly in bottom part of profiles,
b/sedge (Carex) and sedge-reed commonly;

c/ sawgrass (Cladium) - very seldom,

d/ alder swamp forest (Alnus) quite often,

e/ willow peat (Salix) collateral,

f/ reed (Phragmites) usually in top part of profiles.

Carbonate sediments occur commonly in the deposits of spring-fed fens and at the same time constitute one
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of the lithological characteristics of their soligenous character. In the conditions of the functioning spring-fed 0 0 0 o w0 % om
fens, with ascension supply, they are deposited as calcareous tufa. Calcareous tufa occur in the deposits of N——
spring-fed fend as strongly diversified in terms of their structure (sensu Miall 1978) and fraction (sensu Rutkowski [ cousncunuia [ Mo oo R sy s

1991). They may form homogenous, massive series of coarse-grained tufa (0,6-2 cm) and very coarse-grained Geological cross-section through the Ogartowo spring-fed fen.
ones (>2 cm), or occur as relatively thin mid-peat interbeddings of fine-grained tufa (0,006-0,2 cm) and silt

(<0,006 cm).
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PALAEOENVIRONMENTAL RECONSTRUCTIONS BASED ON PEAT-TUFA DEPOSITS e — —

Peat-tufa rhythmite from spring-fed fens:

Multi-proxy data of peat-tuta deposits from spring-fed fens (=sedimentological, macrofossil, malacological, : :
A — Kuznica (North Podlasie L.owland),

pollen and stable isotopic analysis),together with radicarbon age deterimations document diversity of et | B Ogartowo (West Pomerania Lakeland)
environments of biogenic carbonate sedimentation resulting from: (1) the conditions of groundwater Accumulation environments in spring-fed fens (cupola ones).  C — Bobolice (West Pomerania Lakeland).
circulation and their physico-chemical properties, and (2) changes in climatic conditions (humidity and

temperature). _Komaréw site (KOM-9)

The obtained results enable to:
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(1) Deposits of alkaline spring-fed fens are suitable source of information about palacoenvironmental
condjitions.

(2) Multi-proxy data obtained from peat-tufa deposits (from all analysed sites) are generally compatible
(especially for the LG /H boundary and main Holocene climatic events).

Bobolice site (BOB-8)
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(3) Beginning of formation of spring-fed fens deposits in Poland are dated to: :
— Allerod - 1n extreme southern locations (Silesian Upland). ik - |
— Young Dryas/Preboreal transition - in central and eastern locations (LLublin Upland, Podlasie .owland) a0 = 'g\ =2 =———— >

. . . 500 I — 1
— Preobreal/Boreal - in northern locations (South Pomerania Lakeland) et | ¢ == E r
— Boreal/Atlanticum - in extreme north-eastern locations (Masurian Lakeland) e = T =
(4) Main phases of carbonates accumulation in the spring-fed fens deposits (corresponding with warm and e Smmrse——— = ———— == - | :
humid climatic episodes) are dated to the Atlanticum climatic optimum (period between 6600 and 6000 years BP) oo o '
and Subatlanticum phase of the Holocene (between 800 and 700 years BP). Comparison of multi-proxy records from Komaréw and Bobolice spring-fed fens.
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