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Summary. Relatively high contents of CaCO3 (5-15% by volume) have been noted in 
morainc and fluvioglacial deposits in the marginal zone of the Pomeranian Phase of 
the Vistuhan (Weichsel) Glaciation (16 200 yr BP). The problem of the origin of 
CaCO3 in glacial and fluvioglacial sediments is considered with reference to the 
results of studies of currently glaciated areas in Spitsbergen. A model of 
cryochemical enrichment of the calcium carbonate in these deposits is developed. 
  The Quaternary deposits are experiencing contemporary calcium carbonate 
dissolution by near surface flow, stream flow and ground water flow. The majority of 
river and Lake waters in the area (NW Poland) have relatively high concentration of 
total dissolved solids (TDS) - up to 300 mg/l. Some of the springs have even higher 
TDS (>350 mg/l). Intensive chemical denudation of last glacial deposits has been 
detected in two medium site catchments (Pilawa - 342 km2 and Plytnica - 170 km2). 
The dissolved yield varies between 7.4 and 21.5 m3km-2a-1. The modern balance of 
chemical denudation and estimates of the amount of CaCO3 that has been removed 
since the ice sheet left this area are discussed. 
 
Introduction 
Calcite encrustation in present and Pleistocene subglacial bedrock and lodgement tills 
has been reported by several authors (Ford et al. 1970, Hailer 1976, Lavrushin & 
Golubiev 1980, Souchez ex: Lemmens 1985, Lavrushin et al. 1986, Sharp et al. 1990). 
Calcium carbonate within and on the top of permafrost active layer in Arctic and 
other regions are often described (cf. list m Vogt & Corte 1996). Cryochemical 
processes, i e. precipitation by freezing from carbonate rich solutions was suggested 
by Cailleux (1964, 1965) and physicochemical mechanism was described by Hailer 
(1976) and some other authors. In this contect information on primary precipitation of 
calcium carbonate crystals from subglacial waters flowing from underneath of 
glaciers in time of formation naled ice (icings, Aufeis) coers in proglacial system 
during winter appears very seldom (Drozdowski 1979, Pulina 1984a, Bukowska-Jania 
ex: Pulina, 1997a). Having in mind that numerous processes can lead to secondary 
precipitates in the proglacial system (Fairchild et al. 1994) we would like to stress 
importance of such primary processes for Pleistocene-proglacial environment, using 
recent analogue from Spitsbergen glaciers. 
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The main aim of the paper is to explain the origin of the relatively high carbonate 
content in the youngest glacial deposits in the central part of western Pomerania, NW 
Poland(Fig. 1), and the role of their contemporary circulation in the post-glacial 
landscape. The landscape was affected by the Pomeranian Phase of the last glaciation, 
dated to 16 200 years BP (Kozarski 1995). 

Studies have been carried out within the catchments of the Pilawa and the 
Plytnica Rivers covering a total area of more than 500 km2 (Fig. 1-I). The northern 
part of the area has an undulating topography reaching altitudes of 150-200 m a.s.l, 
and depressions 60-80 m lower. This northern morainic upland is separated from a 
southern ourwash plain zone by tunnel valley type lakes: Pile and Komorze. The 
landscape of the outhwash plain zone is slightly undulating and inclines southwards 
down to 140 m a.s.1. 

 
Fig. 1-I  Location of the studied area. 1. the upper Pilawa River and the Plytnica River catchments, 2. 
lakes, rivers, 3. catchment divides, 4. geological cross-section presented in Fig. 1-II, 5. larger towns in 
the area, 6. location of the profile presented in Fig. 5 
Fig. 1-Il  Geological cross-section for the area of interest. 1. deposits of the Vistulian Glaciation, 2. 
glacial, fluvioglacial glaciolacustrine deposits of older glaciations, 3. bedrock: Neogene clays with 
lenses of sand and silt (after Mapa Geologiczna Polski, A, 1:200 000, arkusz Szczecinek, Instytut 
Geologiczny, vd. Geologiczne, Warszawa, 1976) 
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    The origin of carbonates in deposits of the last glaciation is puzzling because 
carbonate rocks do not exist in the bedrock of the area nor are any such rocks shown 
upglacier on geological maps for at least 90-km. Moreover, the superficial sediments 
are separated from the bedrock by more than 100 m of sediments deposited by older 
glaciations (Fig. 1-II). 

The origin of calcium carbonate in moraine deposits can perhaps best be 
explained by glacial erosion of Mesozoic limestone formation on the edge of the 
Precambrian shield. If so, there should be a higher content of CaCO3 in the deposits 
of the older glaciations which removed the bulk of the Mesozoic carbonates. 
Additionally these deposits separate the younger ice sheets from the bedrock further 
reducing opportunity of CaCO3 input into the youngest deposits. 

 
 Fig. 2 Limits of glaciations in Western Poland and location of samples examined for calcium 
carbonate content (cf. Table 1) 
 

Such a simplified scheme sometimes appears in publications (Stankowska & 
Stankowski 1988) although much of the available data concerning glacial deposits in 
many places in Poland (Fig. 2) does not support such a scheme: CaCO3 content seems 
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to bear no relationship to the age of the glacial sediment (Table 1). Till deposits are 
impermeable or slightly permeable. Therefore, one can expect that the values refect 
original content of carbonates in such deposits. 

Comparable values have been noted from very permeable fluvioglacial sands in 
two locations (Lubowo and Dabrownica). The samples were collected from layers of 
sand covered by massive impermeable till. We can thought that such CaCO3 content 
is also close to original one and represents proglacial conditions. In number of other 
locations on vast, near horizontal outwash plain south to Borne Sulinowo (cf. Fig. 1) 
no traces of carbonates have been found (sampled down to 3.5 m). Those sandy 
deposits are directly exposed to dissolution of CaCO3 by percolating rain waters. 
Nevertheless, the data in Table 1 show that Pleistocene subglacial and proglacial 
environments in Poland were relatively rich in carbonates. 
 
Table 1  Volumetric content of calcium carbonate in glacial deposits of different age in Western 
Pomerania 

Glaciation    

Phase 

Location      

(cf. Fig. 3) 

Content of   

CaCO3
2) % 

Type of     

deposits 

Author 

Vistulian 1. Rewal 8.0-13.9 till Stankowska, Stankowski (1969) 

Pomeranian 2.Dabrownica 4.3-15.5 fluvioglacial Bukowska-Jania (unpubl.) 

-16.2 ka BP   sands  

 3. Lubowo 5-15 fiuvioglacial Bukowska-Jania, Pulina (1997) 

   sands  

 4. Rakowo 9-10 till Bukowska-Jania, Pulina (1997) 

 5. Jelonek 4-10 till Bukowska-Jania, Pulina (1997) 

 6. Pile 15.5-24.9 varve clay Bukowska-Jania (unpubl.) 

Vistulian 

Chodziez 

~17.7 ka BP 

7. Ujscie 

20.5 till 

Gorska (1995) 

Vistulian 8.Naramowice 2.3-4.7 till Gorska (1995) 

Poznan 9.Ujscie 9.7 till Gorska (1995) 

~18.8ka BP 10.Kopanina1) 8.1 till Choma-Moryt et al. (1991) 

 11. Radzyn l)       7.1 till Choma-Moryt et al. (1991) 

 12. Mutowo1) 6.9 till Choma-Moryt et al. (1991) 

 13.Myszkowol) 7.3 till Choma-Moryt et al. (1991) 

Vistulian 14.Skwierzyna 7.8-8.9 till Stankowska, Stankowski (1969) 

Leszno 15. Brojce 4.5-6.9 till Stankowska, Stankowski (1969) 

~20 ka BP 16. Rusinow 11.1-12.1 till Stankowska, Stankowski (1969) 

 17. Radowice 3.9-9.1 till Stankowska, Stankowski (1969) 

 18. Piotrowo 9.85 till Gorska (1995) 
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 19. Pinka 2.0-15.8 till Gorska (1995) 

 20.Nietazkowo 2.0-8.5 till Kaczmarek (1992) 

 21.Wloszczakowice 8.1-12.0 till Gorska (1995) 

Middle 22. Lucien 4.9-5.9 till Stankowska,Stankowski (1969) 

Polish 23. Kopaninal) 7.3 till Choma-Moryl et al. (1991) 

~310 ka BP 24. Radzynl) 6.4 till Choma-Moryl et al. (1991) 

 25. Mutowol) 7.0 till Choma-Moryl et al. (1991) 

 26. Myszkowo1) 6.4 till Choma-Moryl et al. (1991) 

South Polish 27. Myszkowol) 7.5 till Choma-Moryl et al. (1991) 

-620 ka BP 28. Mutowo1) 8.0 till Choma-Moryl et al. (1991) 

1) Data from borehole cores.  
2) The carbonates were gasometrically identified by the Scheibler method (Myslinska 1998). 
2 Contemporary dissolution and chemical denudation  
 

Processes of dissolution of carbonates from the deposits occurred to some extent 
during glaciation and were accelerated after retreat of the ice sheet (Borowka 1992, 
Kozarski 1995). Contemporary chemical denudation was studied in Pilawa and 
Plytnica basins (Fig. 3).  

 
Fig. 3  Chemical composition of the water in the Pilawa and the Plymica catchments.  
1. rivers and lakes, 2. location of sampling sites, 3. water divides of partial catchments, 4. chemical composition of 

water, 5. Total dissolved solids (TDS) in mg/L. 
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The upper and middle Pilawa River (down to the Nadarzyce gauge station - 342.1 

km2) and Plytnica River (172 km2) catchment were studied. Several larger lakes (Pile 
Lake - 9.8 km2, Komorze Lake - 4.2 km2) and number of smaller ones of their total 
area 11.24 km2 are an important part of the Pilawa hydrologic system. In contrast, 
within the Plymica catchment only small lakes exist (3.13 km2 of total area). 
Hydrochemical and water discharge measurements were conducted in 48 locations in 
the period of 1993-1995. Such field works were performed during summer and fall 
and they do not represent the whole year. In those points samples of water were taken. 
Mean annual discharges were calculated from the mean runoff, interfered from water 
balance data (precipitation, discharges) published by Institute of Meteorology and 
Water Management for the period of 1971-1980 (Opady atmosferyczne 1971-1980, 
Rocznik hydrologiczny 1971-1980). There are four precipitation gauge station in the 
area (Silnowo, Szczecinek, Sypniewo, Wielantowo). The available hydrological data 
were compared with precipitation conditions during the years of our field activity. 
Annual sums of precipitation varied between 600 and 700 mm during the decade 
1971-1980. 
 
Table 2. Average hydrochemical coefficients and chemical denudation in subcatchments of the Pilawa 
and Plymica rivers calculated for the period 1993-1994.           

Location1) Area P 

km2 

Discharge 

Q m3 s-1 

TDS2) 

mg/l 

TDS3) 

mg/l      

TH4) 

mmg/l 

D5)  

m3km-2a-1  

D6) 

mm 

Pilawa catchment        

34 342.1 2.44      

subc. 34a 34.6 0.25 185 165 137.5 11.0 121.0 

subc. 34b 50.0 0.36 161 141 112.5 8.7 95.7 

subc. 34c 122.1 0.87      

subc. 34c1 57.2 0.407 210 190 157.5 12.8 140.8 

subc. 34c2 34.9 0.25 220 210 165.0 13.5 148.5 

subc. 34c3 30.0 0.21 340 320 255.0 21.5 236.5 

subc. 34d 25.4 0.18 140 120 105.0 8.1 89.1 

subc. 34e 67.0 0.475      

subc. 34e1 29.0 0.20 200 180 150.0 12.1 133.1 

subc. 34e2 38.0 0.27 170 150 127.5 10.1 111.1 

subc. 34f 43.0 0.31 130 110 97.5 7.4 81.4 

Plytnica catchment        

30 172.5 1.318      

subc. 30a 29.5 0.225 175 155 126.5 10.7 117.7 

subc. 30b 28.8 0.22 161 141 113.5 9.5 104.5 
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subc. 30c 32.4 0.247 143 123 107.0 8.9 97.9 

1) Numbers of catchments and subcatchments (subc.) refer to locations shown in Fig. 4.  

2) Total dissolved solids (TDS) calculated from water specific electric conductivity (SpC).  

3) Total dissolved solids (TDS) concentrations in waters discharging from the catchment minus the solute concentration 

of allogenic origin (in rain and snow).  

4) Total hardness (TH) of water.  

5) Chemical denudation yield of carbonates.  
6) Chemical denudation yield of carbonates during last 11 000 yr. 
 

The sum of precipitation in the years of field studies were as follows: 652 mm in 
1993, 593 mm in 1994 and 672 mm in 1995 (Szczecinek station). Therefore, they are 
similar to the sums from the decade in question. Discharges in particular tributary 
streams and the main rivers were calculated from mean runoff (6.9-7.6 dm3 s-1 km2) 
extracted from water balance data in the decade mentioned above (Table 2). The 
calculated values were compared with hydrologic measurements taken during field 
studies in summers and falls 1993-1995 and they are representative for particular 
subcatchments. High retention in the lakes and in the large area of sandy outwash 
plain make discharges very stable. Therefore calculated values are absolutely 
realistic. 

Fluvioglacial deposits of outwash plains cover of 265 km2 of the studied area (195 
km2 and 70 km2 of the Pilawa and Plytnica catchments respectively). An average 
thickness of such deposits is equal several metres and reaches a few dozen metres in 
some locations. According to our grain size analysis the outwash plain deposits are 
composed in 80-90% of sands (φ 0.05-2 mm) and have some admixture of gravel 
(10-20%). Tills exposed on surface of both basins cover totally 116 km2 (68 km2 and 
48 km2 in Pilawa and Plytnica catchments respectively). Thickness of such till 
deposits varies greatly and has several meters in average. Majority of tills are 
significantly consolidated. Silt and clay (φ0.05-0.002 and <0.002 mm) grain sizes 
ranging in predominates (up to 75%) within till deposits. They contain admixtures of 
sandy grains and boulders as well. Grain size distribution in till samples vary much 
more widely than in outwash plain deposits. Differences in texture of till and out- 
wash plain sands samples are refected in their filtration properties. The coefficient of 
permeability for the sandy outwash plains deposits is significantly higher (>10-3m s-l) 
than such for tills (<10-3m s-1) as estimated from grain size analysis (Pazdro & 
Kozerski 1990). Such difference clearly shows that vast areas of fluvioglacial 
deposits in proglacial zone have been exposed to intensive percolation of waters 
enriched with CO2 by vegetation cover. A pine forest was a natural formation of 
vegetation in such areas. 

Conductivity, pH and chemical composition of water samples were examined both 
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in the field and in the laboratory. Analysis of the complete ion composition were done 
according to the method for low mineralised water developed and described by 
Krawczyk (1996). Selected results of analysis are presented in Fig. 3. Complete data 
were published by Bukowska-Jania & Pulina (1997b). The total dissolved solids 
(TDS) concentration in the rivers varies between 260 and 300 mg/l (Table 2). The 
total hardness of the water is typical for the area and similar to that for the Parseta 
River draining the same large moraine upland to the north (Kostrzewski & Zwolinski 
1990). The highest TDS concentration (>350 mg/l) was found in the springs at the 
foot of the slope of the tunnel valley that drain the outwash plain and the moraine 
plateau. 

Discharge at the observation points varied between 0.25 and 3m3s-1and typical 
mean annual discharges for both basins are presented in Table 2. Based upon 
hydrological and hydrochemical data, the average mass of calcium carbonate 
removed from both basins equals 7.4 - 21.5 m3 km-2 a-l. Chemical denudation in those 
areas depends on their topographic and hydrogeological location. For instance, the 
degree of leaching of carbonates from the fluvioglacial deposits depends on their 
permeability and the depth to the ground water table, while impermeable glacial tills 
are the least decalcified. In some subcatchments chemical denudation is particularly 
high. Excess CaCO3 is deposited from supersaturated water with in alluvial and 
lacustrine sediments, as gyttja and lake marl. 

Chemical denudation yield from Pomerania can be compared with that of the 
dolomites and limestones of Triassic and Jurassic age in the Silesian-Cracow Upland 
in southern Poland, of 17-24 m3 km-2 a-1 (Pulina 1972). This shows the importance of 
carbonates in development of landscapes that originated during the last glaciation. 

Marginal zone of the Pomeranian Phase is rich in forms created by subglacial 
drainage of the ice sheet margin as larger and smaller tunnel valleys. Some of them 
have a continuation in eskers. Kozarski (1995) has described structures in proglacial 
deposits related to presence of thick haled ice formations. Such features clearly 
suggested polythermal structure of the Pomeranian ice sheet margin and existence of 
liquid water underneath of glacier sole during whole year, including winter. Therefore, 
polythermal glaciers in Spitsbergen, with similar features of drainage system and 
regular formation of naled ice covers during winter seasons seems to be good modern 
analogue for the studied area. 

 
3 The importance of cryochemical processes in the formation of the calcium 
carbonate in fluvioglacial and glacial deposits  
 

Cryochemical processes cause precipitation of dissolved matter in glacial waters 
due to freezing out of pure water and an increase in concentration in the remaining 
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liquid. In the final stage, precipitation of crystals of calcium carbonate and gypsum 
occurs from the supersatu- rated liquid (Ford et al. 1970, Hallet 1976, Pulina 1984a, 
1990, Sharp et al. 1990, Fairchild et al. 1994). Calcite and gypsum precipitates have 
specific characteristics (the same or similar crystalline fabrics) which are diagnostic 
of cryogenic paleoenvironments (Vogt & Corte 1996). 

Cryochemical enrichment of fiuvioglacial deposits by calcium carbonate has been 
studied using hydrochemical methods in Spitsbergen by Marian Pulina since 1979 
with special reference to the Werenskiold Glacier -27 km2 (Pulina 1984a,b, 1990, 
Pulina & Rehak 1991). The glacier is of polythermal type with a cold upper layer and 
a temperate sole. Its basin is composed of Precambrian metamorphic rocks of the 
Hecla Hoek Formation with outcrops of carbonate rocks covering only a few per-cent 
of the basin area. The medial moraine of the glacier contains 6.5 % by volume CaCO3, 
proglacial lake deposits 7.2%, and the surface layer of the ourwash plain has 2% 
carbonates (at the end of summer). The carbonates were gasometrically identified by 
the Scheibler method (Myslinska 1998). The average content of CaCO3 in 147 
samples from different deposits of the Werenskiold Glacier marginal zone is 4.5 % 
(Bukowska-Jania & Pulina 1998). This is significantly higher than expected, 
considering such a minor bedrock source. 

Year-round hydrochemical studies combined with geomorphological observations 
suggest that the cryochemical processes responsible for the enrichment of calcium 
carbonate occur during the autumn-winter period, with the highest intensity during 
spring. Subglacial meltwaters highly enriched in carbonate flow out from the glacier 
and refreeze on ice-proximal sediments. Broad areas of "Aufeis" - haled-type ice - are 
formed. Precipitation of crystals of carbonates occurs during freezing in proglacial 
area, sometimes crystal rosettes or even layers. This kind of mechanism may be 
responsible for the enrichment of the outwash plain and the lake deposits.  

Cryochemical concentration of carbonates in basal moraine has been described by 
Hallet (1976), Fairchild et al. (1994), Vogt & Corte (1996). It is impossible to observe 
and study the processes under subglacial conditions and further field and laboratory 
studies are needed. Nevertheless, we believe that dissolution and precipitation of 
carbonate under variable pressure conditions, and melting and refreezing of the water 
film beneath glaciers are not the only processes responsible for the enrichment of the 
outwash and the moraine deposits with CaCO3.  

The following model (Fig. 4) is suggested for formation of carbonate precipitates 
under glacial conditions:  

1. Primary calcium carbonate in the form of rock flour originates from a ground limestone and 
older glacial deposits due to erosion by glaciers and subglacial streams. The carbonate 
consists of grains of various sizes which are mixed with morainic clay, fluvioglacial sand 
and gravel and sediments in proglacial lakes.  
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2. Cryochemical calcium carbonate is precipitated in the ice marginal outwash deposits from 
freezing of subglacial waters flowing out from the glacier and formed haled ice covers 
during winter.  

3.Secondary calcium carbonate is the result of chemical reprecipitation within the permeable 
outwash deposits during polar summers. This occurs close to the lower boundary of the 
active zone of permafrost. Mechanical redeposition of calcite crystals by flowing water and 
winds on the outwash plain surface are also noted.  

Thus, it is suggested that cryochemical processes are the major factor of CaCO3 
concentration in permeable fluvioglacial sediments in the marginal zone of glaciers.  
 
4 Discussion  

We can assume that intensification of carbonate dissolution and migration took 
place after the disappearance of permafrost in NW Poland about 11 000 years ago as 
the warmer and humid Holocene climate was favourable for chemical denudation 
(Borowka 1992, Kozarski 1995). Using the contemporary data, we can try to 
calculate the amount of carbonates removed from the area during the Holocene, 
although it is difficult to reconstruct the variations in precipitation and evaporation 
during this period (e.g. Starkel 1977). Assuming that contemporary climate represents 
a proxy to mean climatic conditions in Holocene, an estimation of original 
pre-dissolution content of CaCO3 can be done. 

 
Fig. 4  Model of the enrichment of glacial and glaciofluvial deposits with calcium carbonate. 
1. CaCO3 from rock flour, 2. crystalline CaCO3, 3. CaCO3 derived from the suspended matter. Arrows indicate 

water flow. 

 
Calculation of original content of CaCO3 in deposits has been based on 

representative content in 1 metre thick sediments on area of 1 km2. Extend of areas 
covered by particular types of sediments in Pilawa and Plytnica basins were measured 
on geological map. Contemporary content of CaCO3 in different types of deposits (i.e. 
till - 7%, till with boulders - 7%; Holocene alluvial deposits - 10% and recent 
lacustrine sediments - 40%), porosity of them (20-50%), area covered by such 
deposits within studied basins and specific density of calcite (2.7 g cm-3) were used 
for calculation. Results show that in 1 metre thick layer of deposits 120.4×103 t km-2 
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of pure CaCO3 is dispersed in Pilawa catchment and 97.4×103t km-2 in Plymica 
catchment (average values for the whole basins). If we take the mean contemporary 
chemical denudation (11.7 m3 km-2 a-l for Pilawa basin and 9.7 m3 km-2a-l for Plymica 
basin) as representative for the last 11 000 years, reconstruction of primary content of 
CaCO3 will be a result of simple multiplication of denudation yield. Adding removed 
mass of CaCO3 during Holocene to its contemporary content in the both basins, we 
can obtain a total primary mass of pure calcite in 1 m thick layer of sediments 
(160.1×l06 t and 66.5×106 t for the Pilawa and Plymica catchments respectively). 
CaCO3 in lacustrine and alluvial deposits is a result of local redeposition of calcite 
during the Holocene from sand and gravel. Therefore is taken into consideration 
either. Our calculation shows that original content in 1 m thick layer of deposits (in 
average) was in order of 14-17% by volume. 

Calcium carbonate is most easily removed from permeable fluvioglacial deposits, 
which cover about 60% of the area of the basins, while moraine deposits cover ca. 
30%. Therefore, we can assume that the primary sources of CaCO3 were the outwash 
deposits, rather than the low permeability tills. Such a relatively high carbonate 
content was probably formed by cryochemical enrichment in the proglacial area 
during the last glaciation. This hypothesis is supported by the high carbonate content 
found in some of the fluvioglacial deposits which were isolated from the flow of 
ground waters by overlying impermeable tills or varved clays. One such profile is 
shown in Fig. 5. A layer of fluvioglacial sands and glaciolacustrine sediments contain 
6 - 15% by volume of CaCO3 and in some layers in form of concretions. These 
deposits were covered by till with boulders during some local readvance of glacier 
front. An other profiles with high calcium carbonate content in fluvioglacial sands (up 
to 15.5%) has been found in Dabrawnica north of the Pile Lake and in some other 
locations. In every of such profiles fluvioglacial deposits are covered by impermeable 
till deposits. 
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Fig. 5  Profile offluvioglacial sediments beneath basal moraine near Lubowo in Pilawa Valley (cf. Fig. 
1). Content of CaCO3 is shown on the right. 
1. soil, 2. sandy till, 3. fine gravel, 4. horizontally stratified sands, 5. concretions of CaCO3, 6. cross stratified sand 

and gravel. Numbers in circles indicate location of samples examined. I. till with boulders, II glaciolacustrine 

deposits, III. fluvioglacial deposits. 

 
It must be added that the composition of the moraine deposits varies greatly and 

some contain large admixtures of sand and gravel. They, as well as proglacial lake 
deposits, might be the current and former sources of the carbonates. This possibility 
complicates the simplified picture presented above. However, cryochemical 
enrichment of fluvioglacial deposits with CaCO3 in conditions of active glaciation is 
likely to be more important.  

 
5 Conclusions  

1. The high content of calcium carbonate in the deposits of the last glaciation in 
western Pomerania has its origin in the mechanical reworking and 
entrainment of older glacial deposits with CaCO3 into the base of Pomeranian 
ice sheet. We believe that cryochemical enrichment processes play an 
important role for both basal moraine (mechanism described by Hailer 1976) 
and fluvioglacial deposits (mechanism described by Pulina 1990; Fairchild et 
al. 1994, Bukowska-Jania & Pulina 1997a, 1998). Cryochemical mechanism 
appears to be especially important for the permeable deposits of outwash 
plains.  

2. Contemporary dissolution and removal of CaCO3 from deposits is intensive 
in Pomerania (NW Poland) and gives chemical denudation yield of 7.4-21.5 
m3km-2a-1.  

3. Simple estimates of carbonate content in the deposits suggest average values 
of more than 15% by volume at the end of the last glaciation. This supports 
the hypothesis for the importance of the cryochemical processes during the 
Pomeranian Phase.  

It is necessary to stress that these problems need further study in both currently 
glaciated areas and in paleoglacial environments.  
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