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(Nałęczów Plateau, E Poland)
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The archaeological site at Klementowice has been known since the early 80s of the 20th century. 
In 2007, excavations were resumed there and a new, previously unknown concentration of artifacts 
was discovered. New data from several thousands of flint artifacts and the first discovery of faunal 
remains indicate a long-term and multi-season hunting camp. The site is the most north-easterly 
settlement of the Magdalenian technocomplex in the whole of Europe. 

The favorable geographical position of the site in the Late Glacial is very apparent at the 
macro-regional scale. The site is located at the boundary between contrasting mega-regions 
(highlands/lowlands) of differing environmental conditions, and where there are micro-regional 
contrasts as well (specific local conditions). Analysis of the site location took account of its back-
ground geology, land relief and hydrology. The dynamic of these elements and their influence on 
microclimatic conditions and plant cover is considered.

The area of the site, located on a slope, is currently in agricultural use. This has caused surface 
erosion – with the original Late Glacial depressions becoming filled by soil material redeposited 
from the neighboring denuded convex landforms. The original and very varied topographic 
surface has been reconstructed on the basis of the degree of conservationof the soil profiles. Part 
of soil profiles was truncated or almost completely eroded, but the other profiles were buried.

KEY-WORDS: Late Glacial, Magdalenian settlement, Palaeoenvironmental reconstruction, 
Landform analysis, Lublin Upland

1. INTRODUCTION

The Magdalenian camp at Klementowice was discovered during surface survey in 
spring 1981. Two artifact concentrations (A – eastern and B – western) were found on 
the ground surface about 30 m apart. Numerous flint artefacts and stone slab fragments 
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were found in concentration B during excavation in 1981–1982. Based on the spread 
of material on the surface, the site area was calculated to cover approx. 300–350 m2. 
During the 1980s excavations an area of 70 m2 was examined (Fig. 1). 7352 flint items 
were recovered, 755 of which were tools (10.27%). The most numerous these were geo-
metrical tools (25%), burins (25%) and perforators (24%). There were fewer truncated 
pieces (13%) and combined tools (6%). Typologically, the Klementowice assemblage 
belongs to the Magdalenian technocomplex. It has been dated to the late Bölling and 
identified as Late Magdalenian (Jastrzębski and Libera 1984: 1987). The publication 
of these results included the first general (preliminary) physiographical study of the 
Klementowice area (Harasimiuk 1987).

After field survey in 2007 by T. Wiśniewski five research excavations were under-
taken in 2008–2010 examining a total area of 233 m2 (Fig. 1). Overall 3332 flint artefacts 
were recovered of which 341 were tools, typologically similar to those found previously. 
Also 222 fragmented stone slabs and pebbles were acquired. Remains of Pleistocene 
fauna were first discovered in 2010. By comparison with very similar assemblages from 
Germany, Klementowice falls towards to the end of the cold and very dry Greenland 
Stadial 2a and pre-dates the sudden warming event of the Late Glacial Greenland 
Interstadial (GI 1e), before the Bölling oscillation (Wiśniewski 2011: 50; Wiśniewski 
et al. 2012: 319; Street et al. 2012: 235–6). Excavations continued in 2011. The overall 
findings are interpreted as the remnants of a long-term and multi-seasonal hunting 
camp (Wiśniewski et al. 2012: 319–20). The site currently represents the most north-
easterly manifestation of Magdalenian settlement in Europe – which makes it excep-
tional in many ways. The determination of the palaeogeographical conditions of the 
site’s location will help us understand how it functioned and also provide directions 
for further palaeoenvironmental research there. This study is therefore a preliminary 
report on the environmental research done so far, with some preliminary conclusions.

2. METHODS

This study focuses on the location of the site in relation to its topographic relief 
– from both the regional and the local perspective. The analysis is based on knowl-
edge about the evolution of the loess relief in the Late Glacial, in particular after the 
Bölling sensu lato, and on present-day changes related mainly to land-use. A 1 : 10 000 
topographic map was used to create a three-dimensional model of the present relief of 
the area. It was established that landforms in this area have not changed significantly 
since the Late Glacial.

The following factors were taken into consideration when analysing the location 
of the site with regard to river valleys: the present-day characteristics of the valleys; 
the Late Glacial evolution of the valleys, especially changes in the river regime and the 
development of river channels.
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Up to now, there are no Late Glacial palynological profiles from the Nałęczów 
Plateau. So, the landscape and vegetation types were determined using other research 
results. The local features of environment that would have influenced on thermic and 
dynamics of permafrost and vegetation were considered.

In 2008 an auger transect was carried out along the east-western axis of the site. 
A hand-operated Eijkelkamp soil auger which takes undisturbed samples (3 cm diam-
eter cores) was used to examine ten soil profiles. Soil soundings were made, depending 
on the profiles’ morphology, to a depth of 1–3 m, down to the parent material (carbon-
ate loess). The depth at which particular of soil horizons occurred was recorded. The 
full profile of lessives soils is characterised by the sequence of horizons O-Ah-Eet-Eetg-
Bt1-Bt2-C-Cca (forest soil) or Ap-Et-Bt1-Bt2-C-Cca (arable soil) and an average thick-
ness of 1.6 m (Turski and Słowińska-Jurkiewicz 1994: 13). Nowadays, the transitional 
horizon BC is further divided, which helps to describe the value of erosion in truncated 
soils (Paluszek 2010: 282–283). The direction and value of modern changes in relief were 
determined based on the preservation degree of the particular soil horizons (Rodzik, 
Paluszek and Rejman 2009). In order to determine the sequence of genetically diverse 
sediments, probing in the valley floor was made up to 5 metres deep.

In 2011, the method described above was used for the detailed mapping of the soil 
cover on the slope on which the site is located. Approximately 120 auger holes were 
made over about 1 ha on a 10 m grid. All the holes were located using a measuring tape 
and Nikon DTM-330 total station. The results have been partially compiled. Geodetic 
measurements of the section of the Klementowice Stream valley (slopes and floor) were 
also made in the site area using a Leica System 500 GPS. The data needed to map the 
present-day topography was compiled using the GIS software Arcview and Arcinfo. 

3. GENERAL SITE LOCATION AND PALAEOGEOGRAPHICAL BACKGROUND

The site at Klementowice (51°20’26,83”N; 22°8’57,13”E) is on the Nałęczów Plateau, 
3 kilometres from its loess edge, which is also the edge of the Lublin Upland (Fig. 2A). 
In this region the belt of the South Poland uplands stretches mostly to the north, and 
the northern extent of the upland loess plains reflects the extent of the Last Glacial 
maximum limit (the Leszno Phase – c. 21 000 BP: Kozarski 1981a: 9; 1981b: 169; Marks 
2001: 105), located at a distance of approx. 250 km (Fig. 2B). Even during the Pomera-
nian Phase (c. 15 200 BP) the ice sheet was at a distance no more than 300 km from 
the edge of the Nałęczów Plateau. The stability of the edge of the ice sheet in the main 
Pleniglacial period influenced the relative stability of periglacial zones and could have 
contributed to a sharply defined limit of loess accumulation in this region, identified 
by a straightforward WNW-ESE edge orientation of the main loess patch.

The consequence of a sharp demarcation of the superficial sediments over the loess 
edge was the diversity of the permafrost degradation, ground thermals and encroach-
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ment of vegetation in the Late Glacial phases between Nałęczów Plateau and foreland of 
the Lublin Upland. In the area of lower plains, in the contact zone of various lithological 
rocks, with different absorption and extruction energy abilities, the variation is much 
greater than in the upland area (Madeyska 1998: 156–64). On a loess plateau in Klemen-
towice area the degradation of permafrost should have taken place relatively early. It may 
be speculated based on the ranges of vegetation zones determined for the final phases 
of the Last Glacial period (Madeyska and Kozłowski 1995: 110–3; Madeyska 1998: 152).

According to the authors referred to above, southern Poland in the Oldest Dryas 
was covered by tundra with occasional trees, becoming treeless northwards. Because of 
the lack of pollen data for the western part of the Lublin Upland, a region of relatively 
‘warm’ ground, we may assume that here the tundra with occasional trees could have 
stretched further northwards as far as the Nałęczów Plateau. A similar situation may 
have applied in the Bölling when open mixed forest with heliophytes and patches of 
tundra, which at that time covered southern Poland, might have extended further to 
the north. In the Bölling the western and middle parts of Poland were covered by open 
birch forest with aspen and numerous heliophytes. In the area of the Klementowice 
site this changed into park tundra with birch, stretching to the northeast (Madeyska 
and Kozłowski 1995: 110; Madeyska 1998: 152). It is possible that the diversity of veg-
etation and, in consequence, the fauna on the Nałęczów Plateau was greater than is 
currently assumed.

Fig. 2. Localization of the Magdaleniam camp in Klementowice against: A – NW part of the Lublin 
Upland; B – last glaciation phases and distribution of loess in Poland; C – 3D model of the terrain in 

the vicinity of the archaeological site. 

– archaeological site

B

C
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The Klementowice site is located in a basin 2 km in diameter. Its outline is vis-
ible despite the cover of loess (Harasimiuk and Henkiel 1975/76: 62), so it is almost 
certain that it was there in the Late Glacial period. Its floor, situated at 195–200 m 
above sea level, is varied by closed depressions, gently sloping hills and shallow basins. 
According to H. Maruszczak (1961: 110) the latter forms are synchronic with the loess 
accumulation. It may be assumed that during abrupt climatic changes of the Late 
Glacial, conditions here were more stable and favourable for habitat conditions. Similar 
observations apply to another Magdalenian site relatively close to Klementowice, at 
Wilczyce on the Sandomierz Upland (Komar et al. 2010: 61–2).

The valley is surrounded by a range of hills with average heights 205–225 m above 
sea level (Fig. 2C). The undulations between the hills made convenient migration 
routes for fauna. They could have also been used as for walking, especially between 
the lowlands in the north (with the Kurówka River valley right under the edge), and 
the Bystra River valley to the south and the Vistula valley to the west. The southwest-
northeast route through the area of the site, with the valley of the Olszowiec (a tribu-
tary of the Kurówka) extending towards north-east, is especially clear.

4. LOCATION IN RELATION TO THE VALLEY AND RIVER NETWORK

Today, the western part of the Nałęczów Plateau is cut by a network of gullies 
with an average density of 2.5 km/km2 (Maruszczak 1973: 25), here and there reaching 
even >15 km/km2 (Rodzik 2006: 459). Only the area with the greatest height differences 
(50–100 m) is strongly dissected by gullies, including the western edge of the plateau (near 
the Vistula valley) and along the slopes of the Bystra valley. In the Klementowice basin, 
small single gullies occur sporadically where height differences are only up to 40 m.

Gullies were formed in the Holocene as a result of agricultural use of the land. 
Previously, there had been a network of dry erosive-denudational valleys which are 
the most characteristic landforms of loess uplands. Their development is related to 
the incision of the loess cover in the warm interstadial phases (Bölling-Alleröd) of the 
Late Glacial and the development (planation) of slopes during cold phases (Older and 
Younger Dryas; Kęsik 1961: 130–1; Maruszczak 1961: 108–11; 1973: 18–9). Thus the land 
relief of the Nałęczów Plateau was much more levelled out in the Late Glacial. Before 
the Bölling, local height differences were smaller and the land more “opened up”. Only 
the slopes of the main river valleys were incised by relatively deep side valleys in which 
the animal trapping could be easily organized.

The nearest large valley to the site is the Bystra valley (4 km to the south); a bit 
further to the north (5–7 km) the Kurówka basin is situated in the glacigenic Lubar-
tów Hight, and the Lesser Polish Gorge of the Vistula is 12 km away as the crow flies 
(Fig. 2A). Considering a similar distance to the east, as far as the bend of the Ciemięga 
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river valley, the area between these valleys exceeds 200 km2. This area, which was easily 
accessible at the time, is characterised by relatively uniform silty or silty-sandy surface 
sediments. Even in the plain area between the Kurówka river and northern edge of 
the Nałęczów Plateau the dominant sediment type is silty sand (Jahn 1956: 50–60; 
Harasimiuk et al. 1998: 145). It is also the dominant sediment at the base of depressions 
along the Bystra valley on the Nałęczów Plateau (Reder and Rodzik 2012: 44).

The largest river in the area is the Vistula, with a current average flow capacity 
of about 500 m3/s in the gorge section of its valley. However, the average flow of the 
Kurówka river and the Bystra river is comparable – a few kilometres before the mouth 
to the Vistula River it exceeds slightly 1 m3/s. The Chodelka river, which joins the Vis-
tula 20 km to WSW of Klementowice (Fig. 2A), has twice the amount of flowing water 
(Michalczyk and Wilgat 1998: 78–84). River flows in the Late Glacial were considerably 
higher, up to several times higher, and were more changeable than today; and climatic 
warming at the Late Glacial/Holocene transition resulted in a gradual decrease in the 
amount of flowing water and an alteration in river channels from braided to meander-
ing (Rotnicki 1991: 156–9). Changes in the river types in the Lublin Upland, and in 
the lowlands alike, had been taking place since the Bölling, but only in the widening 
of valleys (Superson 1996: 246). The Vistula in its gorge section had a braided channel 
up until the Eo-Holocene (Falkowski 1971: 7). This could have been caused by still 
continuous deposition of material in the area already formed with insufficient vegeta-
tion cover. The Bystra river, flowing in a relatively narrow and deep valley (Fig. 2A), 
could not develop large meander wavelengths. However this kind of meanders could 
occurred in the much wider Kurówka river valley.

The character of the river channel would have been crucial for the definition 
of routeways for human use. During phases with large meander wavelengths even 
relatively small rivers could periodically become significant obstacles to move-
ment, especially at times of raised water levels during periods of thaw. Braided riv-
ers with many shallow beds were easy to cross. In late summer smaller rivers could 
lose their water supply as is the case with today’s sub-polar pronival rivers; and in 
wintertime they froze to the bottom (Pulina, Krawczyk and Pereyma 1984: 193–5; 
Bartoszewski 1998: 131–2). Even the Vistula would have been relatively easy to cross 
in winter and late summer. The snow cap stabilised in late winter, and in late sum-
mer the ground drained and froze – as it does similarly in the sub-arctic tundra 
today (Rodzik and Stepko 1985: 569–71). This indicates that two seasons of the year 
were convenient for travel: late winter (April) and the turn from summer to autumn 
(August/September).

The small Klementowice stream was certainly not a great obstacle to be crossed. 
Its upper stretch is only 100 m away from the site, so it was probably used for water 
supply. Nowadays only the lower stretch of the stream has a permanent flow, and in 
exceptionally dry years the upper stretch dries up, and its flow is forced by a melioration 
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drainage (depth ~1.5 m). Its valley, together with numerous dry side valleys and slope 
basins, forms a system which dissect the bottom of the valley up to 10 m. In the area 
of the site the present valley floor is 190–185 m above sea level (Fig. 3).

5. GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

Zigzags in the the Klementowice valley (Fig. 2C), indicate the influence of the 
tectonics of the older, pre-Quaternary, rocks in the formation of its course. This older 
geology comprises a complex of a few hundred metres of Late Cretaceous silica-car-

Fig. 3. Topography of the part of the Klementowice Stream valley:
A – orthophotomap (source: Geoportal, geoportal.gov.pl); B – DEM model.
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bonate rocks of marine origin, topped with a layer of Palaeocene gaizes, at an elevation 
here of up to 150–160 m above sea level (Harasimiuk and Henkiel 1975/76: 60–1). In the 
nearby quarry at Wąwolnica, from which these rocks were worked, two main directions 
of joints were recorded: SE-NW and in-between S-N and SSE-NNW (Henkiel and 
Nitychoruk 1980/1981: 15). The former corresponds to the direction of the Klemen-
towice Stream valley at its mouth, the latter to its sub-meridian stretch – especially 
a short, 250-metres long section in the area of the archaeological site (Fig. 2C). The 
tectonic circumstances indicate that the valley was formed before the Quaternary. 
Despite the glacial accumulations of the Odra Glaciation and the accumulation of 
loess during the last two glacial-interglacial cycles, it has maintained its influence 
almost continuously up to the present day. During the Late Glacial the slopes of similar 
valleys were formed by periglacial processes (Maruszczak 1959: 188–9).

According to the Chinese loess stratigraphy the loess cover of the Nałęczów Pla-
teau is mainly formed of the youngest loess deposits – L1 (Kukla 1987: 211–14) of 
the Last Glacial the accumulation of which was over byca. 14 000 BP (Maruszczak 
1991: 33–4; 1995: 146–7; 2001: 27–9). They contain significant amounts of CaCO3, 
sometimes exceeding 10%, throughout almost their entire depth In the vicinity of the 
site there are two key loess profiles: Klementowice (Harasimiuk et al. 1972) and Łopatki 
(Jahn 1956: 49; Maruszczak 1985). There are periglacial structures, interpreted by Jahn 
(1956: 49) and Maruszczak (1985: 105–7) as pseudomorphs of ice wedges. The presence 
of synsedimentary final ice-wedge pseudomorphs confirms the existence of a long-term 
permafrost until at least the end of the period of loess deposition. A pseudomorph with 
animal remnants was excavated at the Klementowice site was excavated (Wiśniewski 
2011: 50; Wiśniewski et al. 2012: 317–9).

The thickness of loess cover at the edges of the valley exceeds 20 m in places, but is 
thinner on the valley floor, whereit sometimes does not exceed 10 m depth (Harasimiuk 
and Henkiel 1975/76: 69). Loess deposits in the valley could have been accumulated 
in an aquatic environment, which is proved by their abundance in the clay and glay 
features – this is why they have also been called lacustrine silts (Harasimiuk 1987: 55–7). 
In periglacial conditions flood waters could have occurred locally on poor permeable, 
glacial tills of the Odra Glaciation, which occur under the loess cover. In the area of 
the site there is currently a local water-bearing stratum at 185–187 m above sea level that 
supplies the Klementowice stream. A profile of sediments a few metres thick in the 
bottom of the valley in the upper stretch of this stream (in the area of the site) includes 
a sequence of silts, gyttja and peats (Fig. 4). Their presence indicates that small lake 
must have existed here during the maximum limit of glacial phase at the Last Glacial 
Maximum (LGM), as well as in its final stage and during the Holocene (Harasimiuk 
1987: 56). Probably the lake still existed when the Magdalenian camp was being set 
up, and was the source of drinking water. Today, the floor of the valley is covered by 
meadows, and the groundwater level is usually at a depth c. 1 m.
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6. SITE LOCATION IN THE LOCAL RELIEF

The site is located on a relatively short (~150 m) and gentle slope of the Klemento-
wice valley with a south-southwest aspect. The slope inclines uniformly towards the 
bottom of the valley (sub-meridian in this stretch). It reaches a gradient of 4°, and the 
height differences in this area (188–196 m a.s.l) are up to 8 m. The slope opposite the 
site has a convexo-concave profile with an east-north-east aspect. It has a gradient of 
7–8° and a height of about 10 m (188–198 m a.s.l), and is therefore a clearly asymmetric 
valley (Fig. 3). This type of climatically controlled asymmetry of valley slopes – with 
a steep cold slope (frozen) and a gentle warm slope (with deeper thawing and formed 
by solifluction) – is a characteristic of severe periglacial conditions). This confirms the 
assumption made above that the slopes were formed before the final stage of the Late 
Glacial during which (in warmer conditions) a different type of asymmetry developed 
– with steep warm slope and gentle cold slope (Tricart 1950: 222–3).

Fig. 4. Cross-section of the Klementowice Stream’s right side (modern and reconstructed)
with soil profiles. 
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The slope on which the site is located was shaped, after the Bölling, by solifluction 
processes that were not very intensive. This is indicated by the location of homogenous 
sediments full of artifacts in a relatively thick layer up to 80 cm deep. Any possible 
solifluction structures were probably obliterated by later soil-forming processes which 
were twice as deep, in the Holocene. Important changes occurred as a result of mod-
ern agricultural use of the land (Fig. 4). The analysis of soil profiles and sediments at 
the bottom of the valley shows that Late Glacial-Holocene slope had a slightly more 
inclined gradient (up to 5°) and was higher (about 10 m) than the contemporary one. 
In the upper part of the slope there was a small ridge, which was levelled by the soil 
erosion and then infilled an adjacent closed depression situated at the back of the 
slope. The originally diversified surface of the slope was levelled out by soil erosion, 

Fig. 5. Magdalenian camp in Klementowice against: A – net of soil drills; B – modern topographic 
surface; C – modern elevation of carbonate sediments; D – modern thickness of decalcificated layer.
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and redeposited material accumulated at its bottom and in the valley floor (Fig. 4). 
These changes did not affect the asymmetry of the valley and the opposite slope was 
undergoing the same transformations.

The existence of the primary microrelief of the slope indicates an uneven reduction 
of soil profiles at relatively flat its surface, as well as differences: depth of decalcifica-
tion of loess and location of upper part of non-weathered loess (Fig. 5). They indicate 
that the site was located within an extant and slightly flattened out area on the slope. 
At the present stage of research, however, it cannot be explicitly confirmed that the 
microrelief of the slope had already been formed when the site occupied, or if it was 
formed later. The unevenness could have been a result of thermally variable ground 
directly in the camp area – just as today it contributes to the development of benches 
and solifluction niches on periglacial slopes in Spitsbergen (Jahn 1967: 217–8).

The slope with a “warm” west-south-west aspect was certainly warmer than its sur-
roundings even in the severe and changeable climate conditions of the Late Glacial. 
Not only was its aspect significant but also its near and further surrounding. Despite 
its location within a foreland in the valley floor between two other valleys (main and 
side valley), the slope does not face other directions (Fig. 5A). It was separated from the 
bottom of the valley by a small ridge, now completely denuded, behind which there 
were closed depressions now filled up with redeposited agricultural soil material (Fig. 4). 
These depressions are situated in the upper stretches of the basin valleys joining the 
Klementowice Stream valley and its side valleys (Fig. 2C). Even if the formation of dry 
valleys finished after the Bölling, the extant system of basin forms transferred cold air 
from the slope at the peripheries of the valley (radiative cooling). The downflow of cold 
air mass through concave landforms with marshy bottoms was facilitated by an absence 
of trees, which were covering less wet surfaces of the slopes (Madeyska 1998: 157).

7. SUMMARY AND CONCLUSIONS

Taking into account current research on Palaeolithic settlements in the Lublin 
Upland, the site at Klementowice is the only place where the remnants of a Magdale-
nian settlement have been discovered. It is the most north-easterly outpost of this 
settlement in all of Europe.

The archaeological site was located in the north-western part of the loess-based 
Nałęczów Plateau in an area with not very intense land relief. Despite the fact that 
the area is now incised by dry erosive-denudational valleys and gullies, at the time 
of the site’s occupation its relief was subdued. The location of the camp guaranteed 
easy accessibility to an area of about 200 km2 locked in between large river valleys. 
However, together with the adjacent plains with a similar type of ground, it formed 
an area of almost 500 km2.
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The favourable location of the camp was enhanced by its proximity of a water 
source and its situation on a warm, relatively stable, sheltered slope with a  gentle 
incline. The system of depressions and valley formations in the vicinity of the site 
protected it from cold air currents descending the slope at night. The location of 
the camp in the valley also allowed access to an area of a dozen or several kilometres 
in radius from the site. It has been ascertained that both human and animal activity 
in the area probably took place in transitional seasons. This was probably conditioned 
by a number of factors e.g. low water levels in the river channels, ice cover on rivers, 
stabilisation of snow cover, drying or freezing of the ground.

The camp was located in an area of benign environmental conditions, related to 
its general location, the types of ground (especially lithology) and land relief (slope 
aspect and relative heights). At the end of Last Glacial this area was also colonised by 
different zonal plant formation.

The Magdalenian camp lies almost exactly on the border between two great land-
scape zones – uplands and lowlands. In general the Magdalenian settlements of cen-
tral Europe concentrate in the belt of uplands and its periphery (Połtowicz-Bobak 
2009: 42). The camp at Klementowice shares its specific locational characteristics with 
sites in central Germany (Weniger 1987: 206). It seems that setting up camps in river 
valleys was quite common, facilitating moving around. Most of the factors analysed 
seem to match a certain model for Magdalenian settlement. In the case of Klemen-
towice, the study of microrelief changes within the area of the site and its immediate 
surroundings seems to suggest that it has an additional cognitive value. Preliminary 
studies have been rewarding, including the results of research into post-deposition 
processes related to the condition of the artifacts recovered.

The preliminary analysis of the palaeogeographical conditions at Klementowice 
presented here indicates the need to finalise the interdisciplinary environmental stud-
ies. These should focus especially on sediment core sampling from the bottom of the 
Klementowice Stream valley in the area of the site. Detailed pollen, sedimentological, 
isotopic, micropalaeontological analyses and 14C dating should be carried out. The 
results would allow the array of vegetation and climatic conditions at the time of occu-
pationto be determined, and also the conditions for water circulation and the interac-
tion of geomorphological processes. These studies would fill in gap in information 
regarding the boundaries of landscape zones within the physiographically diversified 
area of the border between lowland and upland, and allow their correction.
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