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Abstract
The paper presents determinants of location of the multicultural complex of archaeological sites in the vicinity of Ulów, 
in the Central Roztocze upland region in south-eastern Poland. Archaeological research revealed that in the area assumed 
to be devoid of settlements, the settlements of prehistoric and historical communities functioned from the Palaeolithic to 
modern times. The region was also subjected to environmental examination. Location of sites was analysed, taking into 
account a convenience of communication in a regional scale and local environmental conditions. Analysis of hydrogeo-
logical, geomorphological and soil conditions was carried out, taking into account water supply, communication and the 
farming development. In-depth analysis included micromorphological DTM (Digital Terrain Model) and geological and 
soil probing. The area was found to be located on the crossing of prehistoric communication routes the course of which 
depended on the variability of the physiographic parameters of regions. The functioning of new cultures in the same 
place resulted from specific local conditions such as: easily arable soils, favourable microclimate, and particularly access 
to water. The presence of a source of water in a plateau area is determined tectonically (strike-slip fault), lithologically 
(impermeable marl horizon), and geomorphologically (dissection of the aquifer by an erosion-denudation valley).
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INTRODUCTION

Archaeological investigation enables to indicate prefer-
ences for settlement locations in individual prehistoric and 
historical periods. While choosing settlement sites, individ-
ual archaeological cultures were guided by different needs, 
often dependent on cyclic climate changes. However, there 
are areas where people of different, successive cultures 

settled the land permanently, e.g. in the vicinity of Ulów. 
This village is located in the Lublin region of south-eastern 
Poland. As a result of archaeological investigation, evi-
dence of the activity of different cultures in different peri-
ods in a small area was found.

A complex of archaeological sites in the forest near 
Ulów was discovered by prospectors looking for arms 
from the Second World War. The first archaeological ex-
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ploratory works were conducted there in November 2001 
and extensive excavation works have been conducted 
constantly since 2002. Thanks to them, it was possible 
to identify seven out of eight archaeological sites, which 
were outlined based on preliminary information given by 
collectors and prospectors, supplemented with field sur-
veys conducted with their participation. Subsequent sites 
were discovered and about 30 barrows were located. 
Ten of them were excavated or explored (Bagińska and 
Niezabitowska, 2003, 2004; Niezabitowska, 2005, 2007, 
Niezabitowska-Wiśniewska, 2007, 2008, 2009, 2014a, b, 
2015; Niezabitowska-Wiśniewska and Wiśniewski, 2011, in 
print). In 2014 the project entitled ‘Roztocze – the ancient 
terra incognita? (Settlement micro-region in the area of 
Ulów in Middle Roztocze in the prehistory and its back-
ground. Interdisciplinary studies)’, funded by the National 
Science Centre in Poland, was started. The principal aim 
of research is a reconstruction of prehistoric settlement 
processes in this area. As part of the project, archaeologi-
cal, anthropological, palaeobotanical and geophysical anal-
yses and radiocarbon dating were conducted, together with 
complex environmental and palaeoenvironmental research, 
the results thereof are presented in this paper.

Before archaeological examination in Ulów started, it 
was generally accepted that the area of Roztocze had been 
inconvenient for prehistoric settlements, the main reasons 
being a lack of surface waters, limited access to ground-
water and topography. The assumed lack of settlements 
in Roztocze, particularly in the Roman period and during 
the migration period (1st–5th centuries AD) is presented on 
maps of settlement distribution in this time (Godłowski, 
1984; Kunisz, 1985; Kokowski, 1988a, b, 1991). It concerns 
particularly the central part of Roztocze. Modern afforesta-
tion of the area, which makes it difficult to conduct surface 
analysis as part of the Archaeological Picture of Poland 
(Jaskanis, 1996; Kozioł et al., 2012) resulted in identifica-
tion of a small number of archaeological sites. The scope 
of excavation works was limited, they were conducted 
mainly in the better known and easily accessible edges of 
the region (Machnik, 1959, 1960, 1961, 1966; Machnik and 
Potocki, 1959a, b; Rogozińska and Potocki, 1959; Potocki, 
1960; Rogozińska, 1963; Balcer et al., 2002; Piotrowski, 
2004, 2008).

The resulting discovery of a multicultural complex of 
sites in the vicinity of Ulów comprised a small area and was 
combined with a lack of remains of prehistoric settlements 
outside this complex. It raised the question why people of 
nearly every archaeological culture known from the Polish 
territory had chosen this area for their settlements. It was 
assumed that this was due to favourable natural conditions, 
including water supply and opportunity to organise a settle-
ment dependent on subsistence model (e.g. quality of soils 
and their cultivation in case of farming cultures). Both the 
occurrence of water and types of soils are conditioned by 
geological structure and topography. Thus, the aim of this 
paper is to determine the natural conditions in the vicinity 
of the settlement complex at Ulów, based on geomorpho-
logical and geological analyses, and to answer the question 

how much they could affect development of settlement in 
this microregion.

Environmental determinants of prehistoric settlement 
location in the Polish territory has focused increasing at-
tention of scientists from different fields of science in the 
recent years. It is most clearly reflected in papers published 
in the series of the Polish Association for Environmental 
Archeology entitled ‘Environmental – Man – Civilization’ 
(Makohonienko et al., 2007a; Domańska et al., 2009; Kar-
czewski et al., 2014) or in papers devoted to geoarcheo-
logy and environmental archaeology (Makohonienko et 
al., 2007b; Welc and Woronko, 2011). Most frequently, 
previous studies were limited to a single or a few prehis-
torical periods or cultures (Nowaczyk, 2008; Kittel and 
Skowron, 2009; Karczewski 2011; Kalicki and Czerniak, 
2014; Morawska, 2014; Rodzik et al., 2014; Twardy, 2014; 
Mroczek, and Rodzik, 2015; Rodzik and Mroczek, 2015). 
The main objective was to reconstruct the environmental 
changes in an archaeological and its surroundings, tak-
ing into account a human activity record (Klimek and 
Zygmunt, 2007; Zgłobicki, 2008; Szwarczewski et al., 
2014; Zgłobicki et al., 2014). Geomorphological and geo-
logical studies have also become standard and complement 
the archaeological research prior to major investments, in-
cluding highway construction (Gębica 2002a, b; Sadowski 
and Włodarski, 2007, 2009). A vast majority of these works 
focused on description of natural conditions, including geo-
morphology and geology in archaeological sites, but not 
regarding reasons of their location.

MATERIALS AND METHODS

Study area – environmental conditions

The multicultural settlement complex, located to the 
east of Ulów, is located in the centre of Central Roztocze 
(Tomaszów Roztocze). This mesoregion comprises a cen-
tral section of the Roztocze macroregion, which is an 
arched hill, 14–28 km wide and running from NW to SE at 
distance of 180 km (Fig. 1). It is enclosed by tectonic edges 
to 100 m high (Maruszczak, 1972; Buraczyński, 2002). 
It connects the meta-Carpathian provinces of the Polish 
Uplands in the nort-west with the Ukrainian uplands in 
the south-east. In the direction from outh-west to north-
east, it separates the North Sub-Carpathian Basin from the 
mesoregional basins within the meta-Carpathian uplands 
(Maruszczak and Sirenko, 1989/90). A considerable sec-
tion of Roztocze is boundary between the main European 
landscape areas of western and eastern Europe (Kondracki, 
2009). The Polish-Ukrainian border cuts the region, leaving 
a larger part of Roztocze on the Polish side.

A height of the plateau reaching 100 m results in diver-
sified climate, an influence which is particularly notice-
able in the Tomaszów Roztocze. A vicinity of Tomaszów 
Lubelski, where the annual average temperature is 7ºC, 
is the coldest part of the Lublin region. Here, a period 
of permanent snow cover is the longest (over 80 days), 
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while the vegetation period is the shortest (about 210 days). 
The highest annual precipitation (> 700 mm) is at the 
south-western edge of the Tomaszów Roztocze, while it is 
100 mm lower in the north-eastern part of the mesoregion 
(Kaszewski, 2008). Similarly, the river outflow is diverse. 
In the south-western zone of the edge it exceeds 220 mm, 
whereas on the opposite side it is 100 mm lower. Generally, 
the whole Roztocze acts as an important watershed and 
a distinct hydrographic region, with a narrow waterway 
network and dry watershed areas. This results from a high 
permeability of cover formations and substratum rocks 
(Michalczyk and Wilgat, 2008).

The ridge of the Roztocze consists of silicate-carbonate 
marine deposits of the Upper Cretaceous (mostly gaizes), 
which are dissected by a net of fractures and faults of NW-SE, 
NE-SW and N-S orientation. Valleys developed on them di-
vide the Roztocze into isolated blocks (Brzezińska-Wójcik, 
2013). One of them is the Ulów block, which includes an 
anticline, in the limb of which the research area is located 
(Fig. 2). Silicate-carbonate rocks of the Lower Maastrichtian 
occur in its northern part and the Upper Maastrichtian ones 
in its southern part (Buraczyński et al., 2002). The former are 
indicated by diverse, yet relatively high compressive strength 
levels (8.2–39.0 MPa). The second type of rocks are charac-
terised by lower compressive strength levels (6.0–10.0 MPa) 

that result from lower silica and higher carbonate content 
(Wyrwicka, 1977a, b). Both types of rocks do not contain any 
flint (Maruszczak, 1998, 2002).

The main topographical characteristics developed in 
the Pliocene and the Early Pleistocene, when tectonic and 
denudation processes took place (Jahn, 1956; Buraczyński, 
2002; Brzezińska-Wójcik, 2013). A topography is pre-
dominated by a higher planation surface, which truncates 
the Upper Cretaceous rocks at 340–350 m a.s.l. (Fig. 3). 
They are cut by dry or slightly dry Pleistocene valleys, 
the floors of which lie at 305–320 m a.s.l. (Buraczyński 
and Chabudziński, 2014). A system of such valleys cuts 
the south-western part of the research area, where there 
are silicate-carbonate rocks in the substratum. The valleys 
developed on fractures and faults, which are indicated by 
their directions and asymmetry of hillsides (Buraczyński, 
2002; Brzezińska-Wójcik, 2013). Pleistocene sands and 
clays occur at the valley floors (Buraczyński et al., 2002) 
and Holocene peaty silt in the boggy areas (Harasimiuk 
et al., 2008). The north-eastern part of the area, where 
the substrate is composed of resistant silicate-carbonate 
rocks, is slightly dissected by the valleys. This relatively 
flat surface extends in both the WNW and ESE directions 
(Buraczyński, 2013). It is cut by a partially damp small val-
ley with a water leak in its upper part. The valley is located 

Fig. 1. Location of Ulów (shown by the arrow) at the background of the DEM model (Gawrysiak, 2004).
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in the centre of the research area and plays a significant role 
in the examined settlement centre.

Distribution of archaeological sites

Artefacts were discovered during excavations and field 
works in the vicinity of Ulów, outside the present built-up 
area. They were dated at the Late Palaeolithic to the 17th 
century AD (Fig. 4). Traces of Palaeolithic and Mesolithic 
settlements are scarce. Their remains were discovered at 
a single site only, near the water leak (Wiśniewski, 2007). 
They included flint tools and most probably remains of two 
severely damaged archaeological features. 14C calibrated 
(68.2% of probability) dates (9118-8746 BC /Poz-76346/ to 
6562-6407 BC /MKL-2728/), confirmed the settlement age 
(Fig. 5A). Calibrated radiocarbon ages (cal AD/BC) were 
obtained based on the IntCal13 radiocarbon calibration 
dataset (Reimer et al., 2013) and the OxCal 4.2 calibration 
software (Bronk Ramsey, 2009).

Considerably more artefacts come from the Neolithic 
(Fig. 5A). Traces of the Lublin-Volhynian Funnel Beaker 
and Corded Ware cultures are the most frequent. The settle-
ment remains of these two cultures are spread over almost 
the entire research area, and the majority are concentrated 

near the constant water leak. All examined barrows are 
connected with the Corded Ware Culture. In total, the re-
search area had at least 29 barrows forming four distinct 
clusters. Two of them, with three and 11 mounds, are almost 
completely levelled, and they are located on the hilltop. 
So far, seven of them have been explored (Niezabitowska-
Wiśniewska and Wiśniewski, 2011, in print). Radiocarbon 
dating provided calibrated (68.2% of probability) dates of 
3308-2941 BC (Poz-73127) to 2569-2467 BC (MKL-2846). 
Another cluster with nine barrows is located to the south-
east of these above-mentioned one (also on a hilltop). Two 
barrows were excavated there. The location of the last clus-
ter with six earthworks, diverges significantly from the 
others. Barrows, including one that has been excavated, are 
located on a sandy terrace at the valley floor (Figs 4; 5A).

Remains of a settlement from the Bronze Age were also 
discovered in the vicinity of Ulów (Fig. 5B). They are the 
traces of Mierzanowice, Trzciniec and Lusatian cultures. 
The fragments of ceramics of the Mierzanowice Culture 
were discovered in the mounds of barrows of the Corded 
Ware Culture or just next to them. Traces of a settlement 
of the Trzciniec Culture are spread over the entire research 
area, both on a hilltop and in a valley floor. They include 
a grave, settlement structures and portable ceramics in the 
mound of one of the barrows of the Corded Ware Culture 

Fig. 2. Geological sketch of the Ulów area (based on Buraczyński et al., 2002, highly modified). Maastrichtian: 1 – silicate-carbonate rocks; 2 – marly 
silicate-carbonate rocks; Weichselian Glaciation: 3 – aeolian sand on clay and bedrock, 4 – slope sand on clay, 5 – fluvio-periglacial sand; Late Glacial: 
6 – aeolian sand in dunes, 7 – colluvial sandy clay; Holocene: 8 – peaty mud; 9 – cross-section in Fig. 6.
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(Niezabitowska-Wiśniewska, 2014a). The traces of the set-
tlement of the Lusatian Culture occur only on a hilltop, near 
the valley with a water leak.

As regards the late Roman Period and the early stage 
of the Migration Period (from the middle of the 3rd cen-
tury to the first half of the 5th century AD), two settle-
ments and two bi-ritual cemeteries of the Wielbark Culture 
were discovered. They are located on a hilltop and the 
settlements are separated from cemeteries by the valley 
with a water leak (Fig. 5C). Cemeteries are located to 
the north and east and settlements to the south and west 
(Niezabitowska-Wiśniewska, 2007, 2008, 2009, 2014b, 
2015). Archaeological dates were confirmed by 14C cali-
brated (68.2% of probability) dates from 86-235 AD (MKL-
2726) to 335-400 AD (Poz-76349). Rare artefacts found on 
hilltops come from the Middle Ages (Fig. 5D), confirmed 
by calibrated (68.2% of probability) dates of around 1315-
1414 AD (MKL-2725).

Archaeological sources include remains of a modern 
settlement from the 17th century (Fig. 5D). Near the valley 
with a water leak, a fragment of a large and deep structure 
was found, as well as stone foundations of a building from 
this time.

All discovered archaeological sites are located in an 
area of about 2.07 km2. Outside this cluster, within a 

2–5 km radius, there are no traces of prehistoric settlements 
or they are limited to single artefacts, mainly fragments of 
ceramics.

Methods

Geological structure and topography provided based on 
the Tomaszów Lubelski sheet of the Detailed Geological 
Map of Poland in scale 1:50 000 (Buraczyński et al., 2002) 
were verified. So far, detailed exploration of sediments in 
the vicinity of Ulów has been conducted only in the valley 
floors (Harasimiuk et al., 2008). The principal aim of geo-
logical and soil probing was to verify a scope of surface for-
mations and their thickness, and to determine types of soils 
that developed on them. They were also used to identify 
the structure of small, anthropogenic landforms (barrows). 
About 150 geological and soil borings were conducted to 
1–3 m depth with a use of the manual Eijkelkamp drilling 
kit with a probe to collect a core with undisturbed struc-
ture. Sedimentary layers and soil horizons were identified. 
Type and intensity of anthropogenic transformations of the 
topographic surface was determined, employing the pedo-
logical method described by Rodzik and Mroczek (2015). 
This method was successfully used to determine changes, 

Fig. 3. Geomorphological sketch of the Ulów area (after Buraczyński, Chabudziński, 2014, modified). Pliocene: 1 – planation surface 340–360 m a.s.l.; 
Pleistocene: 2 – slope, 3 – aeolian plain, 4 – flood plain, 5 – trough-like valley; Late Glacial: 6 – dune, 7 – washing accumulation plain, 8 – alluvial cones; 
Holocene: 9 – peaty-muddy plain.
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for example resulting from farming (Rejman et al., 2014; 
Rodzik et al., 2014; Superson et al., 2014).

Widely available topographic map in scale of 1:10 000 
was used for a general location. It was used as a working 
map in field works and as a background map to resulting 
maps that presented surface formations and topographic 
features. The map, drawn up in the 1980s based on air 
photos, has contour lines at every 1.25 m, and does not 
present any smaller topographic forms (such as barrows), 
especially in the forested area. The Digital Terrain Model 
(DTM) developed on the basis of the Airborne Laser 
Scanning (ALS) was employed in order to provide a more 
detailed topography. To prepare this, measurement data 
obtained as a part of the ISOK project (IT system of the 
National Protection against Extreme Hazards programme) 
were used. The average point cloud density amounted to 
four points per 1 m2, with a diameter of a laser beam 
spot not exceeding 50 cm. The scan angle was 25º in 
this case (Kruczyński et al., 2014). For the requirements 
of the research, the point cloud was reclassified using 
 lasergroung_new tool (implementing the ‘-nature’ option 
that uses a step size of 5 m and the ‘-fine’ option, due to 
steep slopes in the research area) in LAStools software. 

DTM of the Triangulated Irregular Network (TIN) type 
with a resolution of 0.5 m was generated. Based on this, a 
number of visualisations were made using RVT 1.1, LiVT, 
Global Mapper 14 and SAGA GIS software. Hill-shading, 
multi-hillshading, Sky View Factor (Kokalj et al., 2011), 
Principal Component Analysis, Local Dominance, Trend 
Removal, Local Relief Model and Multi-Scale Integral 
Invariants visualisations were done.

RESULTS

Geological and soil probing

Probing revealed an emergence of Cretaceous rocks on 
elevations of inter-valley prominences and on their hill-
sides, particularly those of significant inclination (Fig. 6). 
Generally, weathered rocks as decalcified fragments of sil-
icate-carbonate rocks were found, though in several cases 
at 332–337 m a.s.l. the argillaceous, carbonate weathered 
marly silicate-carbonate rock was found. Brown soils, 
decalcified to a depth of 0.5–0.8 m developed on weath-
ered silicate-carbonate rocks of the Upper Cretaceous. A 

Fig. 4. Distribution of prehistoric and historic human activity sites in the vicinity of Ulów at a background of the DTM hillshade and 1:10 000 topographical 
map. 1 – prehistoric barrows identified during surface survey and geological drillings; 2 – prehistoric barrows examined during archaeological excavations; 
3 – stone wall foundations; 4 – rectangular structures, visible on a ground surface as flat areas surrounded by a ditch and a small ridge; 5 – supposed location 
of the 17th-century glassworks; 6 – archaeological site known from the report of collectors-explorers only; 7 – archaeological sites identified during surface 
surveys and geophysical research; 8 – ranges of archaeological sites examined during archaeological excavations.
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Carpathian beech wood complex, Fagetum carpaticum, 
currently predominates there.

As inter-valley prominences descend, the weathered 
rock is covered with a thickening layer of deluvial sand and 
silts (Fig. 6). On gentle slopes (<5°) the cover usually starts 
in the middle part of the slope and it occurs only at the foot 
on steeper slopes. Rusty and podzolic soils developed on 
them. The habitat is overgrown with the upland mixed fir 
forest Abietetum polonicum.

On weathered rocks of the Cretaceous, on hilltops and 
slope plateaus there are Pleistocene sands several metres 
thick (Fig. 2). Deluvial, laminated clayey sands and silts 
form their bottom part, while at the top there are aeolian 
sands, usually massive and capped with podzol or rusty 
soils properties. The sands form locally long, narrow and 
low dune ridges (Fig. 3). Aeolian sands are medium- and 
fine-grained, and well-sorted. Quartz is dominant, yet feld-
spars occur too. In places where the sand cover is several 
metres thick, there are podzolic soils and pine is a dominant 
tree. Where the sands thickness is less than 2 m and the rock 

substratum is near the surface, there is the upland mixed fir 
forest Abietetum polonicum developed on rusty soils.

In the largest valleys in the southwestern part of the re-
search area, there are fluvial sands of the supra-inundation 
terrace from the last glaciation (Fig. 2). The forest on the 
podzolic soils is predominated by a pine. Locally, there are 
dune sands in short aeolian forms, several metres high.

In the lowest, periodically boggy parts of the valley 
floors there are sands and clays with organic material, in-
terbedded with peaty silt and peat. In the floors of tributary 
valleys this Holocene sedimentary series is to 1 m, while 
in large valleys to 1–2 m thick. In a small area of these 
deposits, alder grove and groups of Carex are found on 
peaty, boggy and post-boggy soils. In boggy areas there 
are rushes. They were found in a small valley in a village 
and at intersection of main valleys in the south-western 
part of the research area. Additionally, they occurred in 
the centre of the research area in the upper, latitudinal part 
of a side valley. It is only in this last place that, at the end 
of the unusually dry summer in 2015, water was found on 

Fig. 5. Distribution of prehistoric and historic settlement sites in the vicinity of Ulów at a background of the DTM hillshade and 1:10 000 topographical 
map. A – Stone Age, B – Bronze Age; C – Roman Period and early Migration Period, D – Middle Ages and Modern Period; 1 – prehistoric barrows ex-
amined during archaeological excavations; 2 – archaeological sites examined during archaeological excavations; 3 – archaeological sites identified during 
surface surveys and geophysical research; 4 – supposed location of the 17th-century glassworks; 5 – archaeological site known only from the report of 
collectors-explorers; 6 – rectangular structures visible on a ground surface as flat areas surrounded by a ditch and a small ridge; 7 – stone wall foundations.
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the surface. Normally, there is a water leak that feeds a fire 
protection reservoir situated below.

This small valley cuts a floor of a primary valley which 
is partially filled with sand and silt (Fig. 6). The incisions 
are several metres deep. The secondary form has a flat floor 
with a width of about 15 m and relatively steep slopes (c. 
10°). In the lower section the incision becomes shallower. At 
the mouth of a small valley, a sandy floor which is dry here, 
becomes an alluvial fan composed of sand and silt (Fig. 3). It 
has uneven surface full of holes, which resembles the terrain 
after melting ice-layers covered with sand as in the case of a 
pitted beach (Rodzik and Zagórski, 2009). On the surface of 
the fan there are also bars and oblong, trough-like channels. 
On the entire dry surface of the fan (with bars and channels), 
and on steep slopes of a small valley, there is a well-devel-
oped Holocene podzolic or rusty soil.

DTM analysis

Detailed Digital Terrain Modelling enabled the iden-
tification of small topographic forms, invisible on a topo-
graphic map. Both natural and anthropogenic forms that 
were hard to identify or those which could not be identified 
at all, particularly in the forested areas, were also iden-
tified. In this way, several barrows and a system of long, 
narrow and very low dunes were recognised. These were 
actually only sedimentary shadows (Fig. 7).

The DTM clearly shows the system of fields of the pres-
ent-day village of Ulów, which comprises the area to the 
west of the above-mentioned archaeological sites. They form 
narrow strips oriented NW-SE and are not ruled by topogra-
phy. A considerable part of them, located on steep slopes or 
on the poorest soils, now lies fallow, yet baulks and furrows 
survived. Direction of ploughing indicated by parallel and 
oblong microforms is also clearly visible (Fig. 7: 1).

Slightly eroded traces of increased modern farming ac-

tivity are visible in the DTM in an area near the archae-
ological sites where a hilltop is now overgrown with a 
forest. They are long ribbons oriented SW-NE, with widths 
from 10–20 to 40 m. In the NE corner of the research area 
they are dense (Fig. 7: 2). The second cluster of similar, 
narrow fields, also oriented SW-NE, is on the gentle slope 
of the small valley with a water leak, on its western side 
(Fig. 7). Within this group traces of rectangular structure 
with dimensions of 22 × 30 m and with rectangular spaces 
surrounded by groove and small shafts are located, which 
was excavated even before receiving the DTM image. Two 
similar structures were discovered in the inter-valley prom-
inence, where no ploughing traces were noted (Fig. 7). The 
fourth and the biggest structure with dimensions of 42 × 52 
m which has been recognized only by the sample survey is 
located in a lowering on the eastern side of the valley with 
a water stream. In its vicinity there are traces of small, 
narrow fields oriented W-E, with remains of a rectangular 
structure cut by ditches (Fig. 7: 3).

Near archaeological sites of prehistoric farming cul-
tures, traces of arable fields were prospected. In several 
places, on gentle slopes descending to the south, micromor-
phological DTM captured severely eroded yet still visible 
traces of prehistoric fields (Fig. 7: 4–5). They are in the 
form of ‘Celtic Fields’ (Bradley, 1978; Meylemans et al., 
2015), brick-shaped fields with lynchets, yet they have been 
severely damaged by later road incisions.

In the micromorphological DTM, plaited systems of old 
roads on a hilltop and on slopes are also visible.

INTERPRETATION AND DISCUSSION

Relief development

Valleys that cut the Pliocene planation surface have de-
veloped probably during the last several glacial-interglacial 

Fig. 6. Geological section across the central small valley (location at Fig. 2).
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cycles of landform development in the Late Pleistocene. 
This is indicated by a lack of sediments with northern 
material as the Scandinavian ice sheets spread over this 
area about 0.5 mln years ago (Buraczyński et al., 2002). 
During the Weichselian, sands which were washed away 
from the slopes were deposited in valley floors. In larger 
valleys the sands were washed by periodical streams. In 
smaller valleys, a crosswise transport prevailed. Thus, like 
a small valley in the centre of the research area, they were 
filled mostly with sand or sand and silt (Fig. 6). In a severe 
periglacial climate on the undulating hilltop sand and silt 
covers were formed, with feldspars that might indicate par-
ticipation of a glaciofluvial material.

At the termination of the Weichselian these covers un-
derwent aeolisation. However, only low and oblong dune 
could develop as supplied with a relatively small amount of 
sand and silt. According to Buraczyński (1993), such dunes 
developed in the first dune-forming stage at the end of the 
last glaciation at 15–13.5 kyrs BP. They are arranged in 
plumed crests (Fig. 3), and their layout refers to a system of 
strike-slip faults (vide Koprianiuk, 2007). A movement of 
the block, which was located to the south of dunes, to the 

east is indicated by the orientation NNW-ESE of the upper 
reach of a small valley with water, perpendicular to the 
middle reach and widening of the lower reach of the longi-
tudinal valley at Ulów. Along the fault lines and/or litholog-
ical borders of the substratum a crest of long, narrow and 
very low dunes could develop as a result of sand deposition 
in more wet places. However, a free water circulation before 
significant warm spells (Bølling and Allerød) is unlikely. 
Presumably, the dunes developed at the termination of the 
last glaciation only, which is indicated by poorly-developed 
podzolic soils that formed in warmer stages.

At present, the local aquifer on the hilltop might still 
be on the layer of silicate-carbonate rocks, a location of 
which (between 330 and 335 m a.s.l.) corresponds to the 
level of water leakage in the upper part of the central val-
ley. During the Late Glacial the groundwater table might 
have been a bit higher as fed by a thawing permafrost. It 
could stimulate development of dry valleys that formed in 
a periglacial zone at that time (Maruszczak, 1968). It was 
probably then that the pleniglacial, sand and silt filling of 
the central small valley was cut. The outflow of water and 
the formation of an ice field at the mouth of the valley in 

Fig. 7. Prehistoric and historic farming land use in the Ulów area at the background of the DTM hillshade and Local Dominance visualization. 1 – contem-
porary farming use (state from 2014 based on the ortho-photomap and cadastral data available in the website Geoportal.gov.pl); 2-3 – modern traces of use 
(boundaries of fields); 4-5 – prehistoric traces of use (boundaries of fields); W-E – cross-section at Fig. 8.
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rapid climatic changes might have resulted from the cut of 
the aquifer (and snow thawing). Sand and silt material was 
accumulated on ice and protected from melting in summer. 
At the latest, this mineral and ice fan melted at the begin-
ning of the Holocene. Holocene podzolic or rusty soil might 
indicate the pre-Holocene incision and deposition of a fan 
at its mouth. The soil was well-developed on valley slopes 
and on the fan. Forest vegetation retained this complex in 
the Holocene.

The Late Glacial incision drained the relatively vast 
sandy covers in the floors of larger valleys, at present trans-
formed into a supra-inundation terrace. It enhanced de-
velopment of dunes, which were shorter but considerably 
higher than the older forms on a hilltop. Cool phases of the 
Late Glacial (Older and Younger Dryas) are considered to 
have been the main dune-forming stages in the Roztocze 
(Buraczyński, 1993). In places in which the Late Glacial in-
cisions in valley floors reached a local aquifer, it is indicated 
by deposition of organic deposits (mainly peats). The fact 
that they were clayey and interbedded with mineral deposits 
indicates intensive washing in the middle and late Holocene, 
conditioned by agriculture (Harasimiuk et al., 2008).

In the Holocene anthropogenic forms developed, both 
intentional (barrows) and created by erosion. Some of 
well-preserved barrows are to 1.5 m high, with diameter of 
15–22 m. The height of the Majority of barrows are however 
0.20–0.50 m high, with their diameters of 10–12 m. Within 
three of four barrow concentrations small burial mounds 
are located next to aforementioned much larger barrows. 
A distance between individual mounds is from 50 to 80 m. 
During archaeological excavations of six barrows up to 0.50 
m high, the ploughing traces were not observed. Only in a 
single case they reached the edge of a mound. Therefore, 
most probably the small height of most mounds today is 
not a result of levelling or destruction by farming activity. 
It can be assumed that their varying diameters and heights 
point to intentional activity of prehistoric people and in-
dicate conscious arrangement of mounds of various sizes 
within the cemeteries. This assumption is confirmed by the 
micro morphological DTM, in which there were no traces 
of modern fields inside the barrow sites. However, the DTM 
allowed for a precise location of low mounds, which were 
very slightly visible, or not visible on a ground surface.

There are also rectangular square structures surrounded 
by grooves and small shafts, distinct on the micromor-
phological DTM (Fig. 7: 3). Most likely, they should be 
connected with the human activities in the modern time, 
mainly from 17th to early 20th century. This is confirmed 
by preliminary results of archaeological research, during 
which th remains of intensive settlement from the 17th cen-
tury were noted. In addition, the range of small traces of 
narrow fields oriented west-east in a vicinity of the largest 
rectangular structures perfectly coincides with fields of 
the Zamoyski’s Estate (the biggest private land estate in 
Poland), indicated based on measurements in 1875–1906 
(Przegon, 2004; collections of the State Archive in Zamość 
– http://zamosc.ap.gov.pl/p,3,plan-ordynacji). On the same 
plan, in the NE corner of the study area, the limits of the 

Szarowola village are marked, coming into contact with the 
forest of the Zamoyski’s Estate. Small differences between 
the SW border of these fields visible on the DTM image 
and the range of fields belonging to the village Szarowola 
testify probably that before the plan was prepared (17th–18th 
centuries?) the areas used for farming were larger than 
at the end of the 19th century. The cultivated fields were 
gradually abandoned and overgrown with a forest, and it 
has a current effect of total forestation of this part of the 
study area. Indirectly, this process is supported by analy-
sis of topographic maps from 1779–1783 to 1915 (Mapster 
– http://igrek.amzp.pl/result.php?cmd=pt&locsys-
=1&uni=-756791&box=0.0001&hideempty=on). Thus, the 
DTM analyses document changes in land use and allow to 
connect them with historical sources.

Anthropogenic erosive forms are mainly road incisions. 
Systems of old roads on a hilltop are visible in the mi-
cromorphological DTM only, whereas they form incisions 
to 1 m depth on slopes (Fig. 4). They have been formed 
by erosion of dirt roads, routes of which were modified 
after extreme erosion episodes. Ancient forest growing 
there indicates that these forms developed probably during 
settlement processes in 17th–19th centuries at unstable cli-
mate of the Little Ice Age. Frequent changes in a course 
of dirt roads in the southern part of the study area are 
also visible on topographic maps from 1779–1783 to 1915 
(Mapster – http://igrek.amzp.pl/result.php?cmd=pt&locsys-
=1&uni=-756791&box=0.0001&hideempty=on). Similar 
systems of incisions in the Carpathians are described by 
Kroczak (2010). In loess areas of the Lublin region, ravine 
systems developed by erosion of dirt roads (Dotterweich et 
al., 2012; Superson et al., 2014). Moreover, there are slightly 
visible traces of terraces of prehistoric fields of undeter-
mined chronology on the slopes (Fig. 8). Traces of a set-
tlement from the Roman and the Early Migration periods 
recorded there during the archaeological survey and col-
lection of artefacts by searchers using metal detectors may 
indicate a similar age of prehistoric fields.

Environmental conditions of settlement location

As a result of excavation works at Ulów it was possible 
to verify a theory on lack of settlements in the Tomaszów 
Roztocze. This theory was grounded on identification of 
the modern natural environment, particularly a hydrog-
raphy situation in the Roztocze, which is a watershed. At 
the same time it duplicated a common mistake provided by 
analyses that neglect environmental and landscape changes 
between the present day and prehistoric periods (Bintliff, 
1992). Despite conducting a search, no traces of prehistoric 
settlements were discovered in the vicinity of the sudy area, 
apart from those presented in this paper. Thus, it is vital to 
indicate reasons why prehistoric people repeatedly estab-
lished settlements in the immediate vicinity of Ulów, pre-
ferring this watershed area. There are artefacts of Corded 
Ware, Mierzanowice and Trzciniec cultures only that occur 
also in the valley floor.
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It should be stressed that the Tomaszów Roztocze lies in 
a central part of the Roztocze arch, which connects differ-
ent landscape areas of the Lublin Upland and the Podolian 
Upland (Maruszczak and Sirenko, 1989/90; Kondracki, 
2009). Areas located to the south-west and north-east are cut 
by river valleys and they are mostly marshy (Maruszczak, 
1998). Thus, the watershed of the Roztocze was a natural 
bridge running SE-NW and it could have been periodically 
used for human migration and trade, especially in historical 
times. Perpendicularly, southwest-northeastern trail con-
necting the basins of northern Subcarpathian (Sandomierz 
Basin) and the Volhynian Upland might have run then, the 
latter being significantly different in terms of landscape.

An important role in spreading of the prehistoric set-
tlements to the centre of the Tomaszów Roztocze could 
have been also played by major river valleys in this re-
gion, together with their small tributaries. Indirectly, this 
is documented by much denser settlement at the outskirts 
of the Roztocze, concentrating in the upper basins of the 
Tanew and Wieprz rivers and to a lesser extent, in the 
upper basins of the Sołokija and Rata rivers (Machnik, 
1959; 1960; 1961; Machnik and Potocki, 1959a, b). Perhaps 
the prehistoric people penetrating and inhabiting areas in 
the upper reaches of these rivers gradually approached the 
vicinity of the Ulów village. Very intense prehistoric settle-
ments were also recorded in the mesoregions neighbouring 
with the Tomaszów Roztocze in the north-east (Zamość 
Basin, Hrubieszów Basin, Sokal Ridge and Belz Plain) and 
the south-west (Sandomierz Basin) (e.g. Machnik, 1966; 
Kokowski, 1991; Machnik et al., 2009). Most likely, a popu-
lation of archaeological cultures recorded in the vicinity of 
Ulów came from these regions, having found here similar 
environmental conditions as in the original areas. This is 
best illustrated by arrangement of the Corded Ware Culture 
sites at Ulów, located in two completely different areas – on 
a plateau and on a sandy terrace in the valley bottom. The 

settlements on the plateau can be connected with people 
who had come from the north-east from the Sokal Perch, 
where they constructed their barrows in plateaus, simi-
larly as at Ulów (Machnik et al., 2001, 2009; Bagińska and 
Machnik, 2003). The barrows located in the bottom of the 
valley may be associated with the people of the Corded 
Ware Culture arriving from the south from the upper ba-
sin of the Tanew River, along the Łosiniec Stream, where 
burial mounds are located in the valley bottoms as at Ulów 
(Machnik, 1960, 1966).

Locally, constant presence of water near the watershed 
in the upper part of the central small valley with a water 
leak might have been a decisive factor in settling in the 
vicinity of Ulów by subsequent cultures. Prehistoric set-
tlements, mainly Neolithic, recorded in the northwestern 
part of the Tomaszów Roztocze and covering the upper 
basin of the Wieprz River (Balcer et al., 2002) was also 
largely dependent on the water presence. It concentrated 
above the flood plain terrace in the valley of this river and 
near small ‘water eyes’. The latter played much greater role 
in prehistory than at present, which is evidenced by a lack 
of relationship between location of Neolithic settlements 
and presence of the largest sources in this area, and their 
density around small lakes and waterpools (Maruszczak, 
2002).

Among other favourable conditions in the vicinity 
of Ulów there were flatness of the area and soils of av-
erage fertility but that could be cultivated easily (vide 
Maruszczak, 1998). A southern exposure of slopes was 
also favourable, which is indicated by the fact that arable 
fields in different epochs were located in similar places. 
In contrast, settlements in the Lublin region developed 
intensely in the river valley floors in the early Middle 
Ages (Hoczyk-Siwkowa, 1999), which might be the rea-
son why they ceased in the hilltop area. Traces of new 
settlements and farming come from the modern period 

Fig. 8. Pedological-geological section across fossil field-forest border (location at Fig. 7).
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only, which might have been connected with the economic 
development of this area, connected with establishment 
of the Zamoyski’s Family Fee Tail at the end of the 16th 
century (Tarnawski, 1935; Kowalski, 2009) and with the 
foundation of the Ulów village probably in the early 17th 
century. According to the written sources, in 1565 a sacred 
spot Uchlowo and the Bear’s lake existed in the location in 
which the village was founded (Chlebowski, 1892, 1902). 
In this area, numerous fragments of glass slag and glass 
artefacts were found, pointing to existence of glassworks 
(Figs. 4; 7D) in the 17th–18th century, mentioned in writ-
ten sources enigmatically as ‘glassworks at Ulów’ without 
indicating its location (Wyrobisz, 1968). Presumably, the 
above-mentioned network of road incisions resulted from 
the fact that the road leading to it, located on the right slope 
of the main valley and at its foot, was used.

FINAL REMARKS

Contrary to the view which resulted from a lack of 
archaeological investigations, the area of the Tomaszów 
Roztocze was not totally devoid of settlements and 
there were areas heavily inhabited in prehistoric times. 
Excavations, which have been continuing in the vicinity of 
Ulów for 13 years, indicated a number of cultures settled 
in this area from the Palaeolithic and Mesolithic to the 
modern time. Particularly intense in this respect were the 
Neolithic, the Roman Period and the Migration Period.

The Tomaszów Roztocze is a mesoregion located at 
the intersection of important, communication trails, which 
used a system of physiographic units in the regional scale 
and which could be used in prehistory and in modern times. 
The trails connected macro- and mesoregions with diverse 
geological, geomorphological, climatic, hydrological, soil 
and vegetation conditions.

The location of settlements of subsequent cultures al-
most in the same place, in an area poorly supplied with 
water, resulted from particular local conditions, among 
them soils that could be easily cultivated and favourable 
microclimatic conditions were significant, yet relatively 
easy access to water in the flatland was a decisive factor. 
Presence of water in a form of a leak (small spring) in the 
upper reach of a small valley cutting the hilltop surface is 
conditioned by tectonics (strike-slip faults), lithology (im-
permeable marly layer) and geomorphology (aquifer cut 
by an erosional-denudation valley). These particularly fa-
vourable local conditions contributed to the formation of 
the settlement enclave surrounded by vast areas devoid of 
settlements.

Considering the conditions of location of individual cul-
tures, one should take into account not only their environ-
mental preferences, but also locations relative to communi-
cation trails in a regional scale and particular conditions in 
a local scale. One should also take into account changes in 
geographical environment, which might have occurred as a 
result of its natural development, but also under influence 
of human activity.
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