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Environmental changes in north poland during the vistulian (valdai) glaciation on the base of data from Dobrzyń lakeland
Basing on detailed geological and geomorphological studies in the Dobrzyń Lakeland supplemented with boreholes analysis the environmental changes during the Vistulian (Valdai) Glaciation are reconstructed. Dobrzyń Lakeland is the part of Polish Lowland with well preserved and fresh glacial landscape, connected with the last glaciation. The LGM moraines one can observed at vicinity of Płock (Fig. 1).

Lobe-like moraines in this area suggested SE move of the ice sheet. The stage-like deglaciation from a line of the maximal extent resulted in the formation of a moraine system visible in the morphology of Dobrzyń Lakeland.  At least four systems of recessional moraines have been distinguished (e.g. Dzierżek 2009). The youngest Chrostkowo moraines lie in a different pattern - suggesting more eastern ice direction (ESE). They occasionally show bi- or tripartition and evidence the Kujawy-Dobrzyń subphase ice sheet extent. According to the boreholes data three horizons of glacial till can be distinguished, including till representing pre-maximal stadial of the last glaciation. 

A new light to palaeogeography of this region during the Vistulian Glaciation was putted by analysing of mollusc-bearing lake deposits from Wildno site, located  behind the proximal side of the Chrostkowo moraines. Synthetic geological profile at the Wildno site derived from boreholes appears as follows (Fig. 2).
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Fig. 1. Location of Dobrzyń Lakeland on the palaeogeographical sketch of North Poland and neighbouring area (after Marks 2012, modified). Limits of the major glacial phases during Late Vistulian: L - Leszno Phase, Pz - Poznań Phase, Pm - Pomeranian Phase, K-D – Kujawy-Dobrzyń Subphase, G - Gardno Phase, SB -Słupsk Bank Phase, SMB - Southern Middle Bank Phase, B - Brandenburg Phase, F -Frankfurt Phase, Gr - Gruda Phase, Bl - Baltija Phase, SL - South Lithuanian Phase, ML - Middle Lithuanian Phase; indicated are also: general directions of ice sheet movement in Poland (arrows), end moraines of minor local glacial oscillations, inter-stream elevation (E - Elbląg Elevation, Lu - Lubawa Elevation, Sz - Szeskie Hills, W - Wieżyca Elevation, Wi - Wiżajny Elevation), ice-dame lakes and selected radiocarbon dates.
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Fig. 2. Geological situation of mollusc-bearing deposits at Wildno in Dobrzyń Lakeland (after Dzierżek, Szymanek 2013, modified).




Brown sandy till with gravel and thin interbeddings of fine-grained sand occurs under the surface. Medium-grained sand with single gravel, brown-yellow in colour lies below at depth of 2.4-2.7 m. Afterwards brown-grey till is noted until 2.9 m. Beneath this layer appear sediments with molluscs to the 6.5 m depth. It comprises few layers of fine-grained and silty sand, silt, clay as well as sandy clay. Silty deposits have characteristic greenish colour while clays are grey. A concentration of shells is variable in the profile and they are the most numerous in 3.0-3.2 m and 5.0-6.3 m intervals. Similar silty deposits, grey-greenish in colour were also recorded under the till cover in some neighbouring sections, however they did not contain the mollusc remains. At W1 profile described sediments lie on dark grey clay which come down to the depth of 12 m and was not drilled. The geologic profile at Wildno should be completed by glacial till with gravel, grey in colour, underlying lacustrine sediments and recorded in nearby borehole W6 (Fig. 2). Limited range of the water body, similar in size with lakes observed today in studied area can be inferred from distribution of lake deposits in drilled boreholes (Dzierżek, Szymanek 2013). 

Because the sites of sub-till deposits with organogenic remains are not common in this region we conducted malacological and palynological researches. The shell detritus was dating by 14C method (Dzierżek 2009). The petrographic composition of gravel fraction of tills was examined in vicinity of the site. The results of analyses were intended to verify earlier assumptions about the stratigraphy and sedimentary environment of both the described deposits and the entire complex of the youngest Pleistocene sediments in the region.

Mollusc assemblage comprises 7 taxa: Bithynia tentaculata, Valvata piscinalis, Theodoxus cf. fluviatilis, Viviparus sp., Valvata sp. Pisidium cf. amnicum, Sphaerium sp. Recognised taxa are connected with freshwater environments. Probably it was a lake but the permanent or occasional flow cannot be excluded. The community could exist in its inshore zone where the wave action created suitable conditions for rheophile species such as T. fluviatilis and P. amnicum. The interglacial age of the deposits from Wildno should be rather excluded due to a fairly poor mollusc assemblage. Some taxa tolerate severe climate and exceed to the north the polar circle (V. piscinalis, P. amnicum), the remaining (B. tentaculata, T. fluviatilis) are often linked with better thermal conditions and B. tentaculata is even mentioned among species of limited climatic tolerance (Alexandrowicz 1999). According to presented data it appears that molluscs from Wildno record somewhat warming of the climate, however, its intensity is difficult to estimate for a while.

The pollen spectra of clays point to their accumulation in rather small, shallow, oligotrophic water body, existed in a cool climate (presence of Pediastrum kawraiskii) in the woodless area.

Radiocarbon age of shell detritus (4 samples) ranges from c. 26.8 + 0.7 to > 38.9 ka.
The petrographic analysis was carried on 10 samples of tills laying over the series with fauna and outside the palaeolake. The petrographic composition of all studied samples is contained in characteristic of the tills of the last glaciation. But precisely division of the tills in relation to phases could be not possible. 

Deposits under investigation in Dobrzyń Lakeland record an ice-free period which enabled the existence of small, shallow lake and accumulation of at first clays, then silts, sands as well as the mollusc development. Some water movements such as temporary flow or wave action could also occur. In the first phase of lake existence the cool climate prevailed and woodless tundra occupied by grasses, sedge and wormwood dominated in the surrounding area. The transition into silty and fine-grained sandy sedimentation evidence the relative amelioration of the climatic conditions. The geological analysis completed by radiocarbon dating of mollusc shells allow to locate accumulation of sub-till mollusc-bearing deposits and underlying clays in the Grudziądz Interstadial (Interplenivistulian, MIS 3). According to results of the palaeoenvironmental studies in North Poland this long period was characterised by rather cool – boreal and subarctic, but often changing climate (Granoszewski 2003). In both the initial phase of the interstadial and in its optimum the July temperature inferred from the floristic record might reach 9-10°C or even 11°C respectively (Tobolski 1988). Short temperature fluctuations, however with relative small amplitude, are clearly visible in isotopic curves representing MIS 3 (Shakleton and Opdyke 1973; Dansgaard et al. 1993). 

The till which covers the lacustrine sediments represents the Main Stadial of the Vistulian dated recently at 24-19 ka (Marks 2012), but the number and stratigraphical position of its phases were not arbitrated.

Results of conducted analyses leave some margin of interpretation but they complete mutually producing consistent picture of environmental conditions in the middle part of the Vistulian.
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