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Abstract: This paper presents the results of a study of relief transformation in central Poland
(Fig. 1), which took place in the Neoholocene in the context of growing human impact and
climate fluctuations. Standard methods used in Quaternary geology and geomorphology were
employed to examine Neoholocene aeolian, slope and fluvial deposits. Seven major stages and
a few short-term episodes (Fig. 2), during which the process of relief transformation acceler-
ated, have been distinguished. These stages are characterized by their varying length (from 160
to 480 years) while their duration became gradually longer at the expense of those periods, dur-
ing which the relief transformation was slow. Major geomorphological processes in each stage
and their consequences for relief transformation are briefly discussed. The results obtained are
linked to the development of prehistoric cultures in central Poland and to the periods of unsta-
ble climate.
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INTRODUCTION

The analyses of geological sediments pro-
vide one of the sources of information
about the evolution of the environment
(Mannion, 2001). They enable one to re-
construct geomorphological processes and
to describe landform evolution of the re-
lief. It should be stressed out that the geo-
logical sediments reflect long-term human
intervention in the environment (Starkel,
1988), linked to permanent settlement,
extensive deforestation, agricultural devel-
opment and prehistoric metallurgy. Forest
clearance (followed by the introduction
of ploughing) is believed to have had the
biggest impact on environmental changes
(Lang et al., 2000). It is estimated that
along with the development of settlement,

the acceleration of natural geomorphologi-
cal processes increased by two orders of
magnitude (Obrebska-Starkel and Starkel,
1991). Furthermore, geological sediments
reflect climate fluctuactions and some-
times even one-off meteorological events of
unusual intensity. It is especially difficult to
distinguish accurately between natural and
anthropogenic factors (Starkel, 2006) and
their influence upon the changes in slope,
aeolian and fluvial systems. The difficulty
is compounded if geomorphological inves-
tigations are carried out in the lowlands
with a dull relief and monotonous geologi-
cal structure.

Human impact upon relief transforma-
tion has been studied in central Poland
(Fig. 1) for over 25 years. So far, studies have
focused on the transformation of river valley
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Figure 1. Study area against the background of the hydrological network in Central Poland

a—sites with aeolian sediments, b —sites with slope sediments, ¢ — sites with fluvial sediments, e — major cities, f —lakes,
ponds. Black symbols show sites examined by means of the “C method

bottoms, slopes, dunes and aeolian covers.
The analysis of results of these independent-
ly conducted studies suggests that there was
some coincidence between the periods of
increased intensity of fluvial, slope, and aeo-
lian processes. The present study attempts to
provide a correlation of data obtained after
analyzing the Neoholocene fluvial, slope
and aeolian sediments. The results were
compared with the development of prehis-
toric cultures and the influence of climate.
A number of phases in the acceleration of
relief transformation in central Poland has
been distinguished, along with a few minor
and short-term episodes. In the latter part

of this study, these materials are presented
chronologically.

STUDY AREAS

Field material for this study was collected
in the area shown in Fig. 1. It shows part of
central Poland frequently referred to as “the
1.6dzZ region”. Only an area situated south
and south-east of £.6dz has been the least
investigated and it has not been possible
to find evidence for important relief trans-
formation due to human impact. It is now
universally recognized that the entire area
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under investigation was formed during the

Wartanian Glaciation (Rdzany, 2009). This

area consists of three large landforms:

e The Warsaw — Berlin ice marginal valley,
trending E-W and marked by a monoto-
nous relief. It is now being drained both
to the West (through the lower part of
the Ner River) and to the East (through
the lower Bzura River). The valley has
always provided a convenient and impor-
tant link between the Odra and Vistula
river basins, i.e., between Great Poland
(Wielkopolska region) and Masovia. As
a result, it was populated throughout
almost the entire prehistory and the his-
toric period (Dylik, 1971);

» The Warta River valley, situated roughly
N-S in western Poland and the largest
waterway in the region. It is character-
ized by a relatively varied relief. It was
a prehistoric route between Silesia and
Kuyavia. The strategies of using the
Warta valley by prehistoric communities
and the consequences of its long-term
settlement for the landform evolution
were described in several articles (An-
drzejewska, 2004; Janiak, 2004; Rzep-
ecki, 2004; Twardy, 2004; Twardy et al.,
2004a; Urbaniak, 2004; Zawilski, 2004).

¢ The L.6dz Plateau, situated in the south
and south-east of the area under investi-
gation. They are shaped as a latitudinal
embankment rising up to 284 meters
above sea level and flanked in the north
and west by the above-mentioned val-
leys, and by the Pilica River valley in the
south and south-east. The £.6dz Plateau
lies in the Odra/Vistula watershed as
well as the Bzura/Pilica watershed. The
watersheds are marked by varied land-
form and a loose hydrological network
with only small rivers. Given the poor
access to flowing waters, the absence of
lakes, poor soils, and their location away
from the major prehistoric communica-
tion routes, this area has a considerably
shorter tradition of settlement. A more
intensive settlement of the central part
dates back to the Mediaeval and Modern
Times.

The above brief description of the inves-
tigated area carries important implications
for the topic of this paper. The climate factor
is practically same for the entire area. How-
ever, the major variables include varied re-
lief, differences in the density of the hydro-
logical network, and inconsistent settlement
patterns by prehistoric communities. Fig. 2
shows the results of radiocarbon analyses
carried out in the three above-mentioned
areas (symbols d—f) and the results obtained
by other researchers from the Szczercéw Ba-
sin, the Piotrkéw Plane, and the Kutno Plane
(Fig. 2, symbol f).

RESEARCH METHODS AND MATERIALS USED

The sites shown in Fig. 1 were investigated
by means of standard methods used in Qua-
ternary geology and geomorphology. Litho-
logical features of the Neoholocene slope,
aeolian, and fluvial deposits have been ana-
lysed. This enabled one to link the results
with specific sedimentary environments and
geomorphological processes. Thanks to the
lithological analysis, it was possible to de-
termine the dynamics of geomorphological
processes and to trace the landform evolu-
tion of the relief.

The grain size composition of the sedi-
ments was examined by means of sieve
analysis, which was complemented by the
pipette analysis in order to include the fin-
est fractions. Selected sampled sediments
were analysed by means of grain size abra-
sion (0.8-1.0 mm). There were also several
chemical determinations of the sediment
features, for example, the concentration of
organic matter, CaCO, Fe,O, P,O; and pH
indication. The determination of chemical
features were complementary to the grain
size analysis and they made it possible to
distinguish individual categories of sedi-
ments despite the similarity of their texture
and their massive structure or structureless
form. The organic samples, such as charcoal
from fire horizons, peats or organic silts,
were dated by means of the *C method using
the standard gas gauge from the ¢ Labora-
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Figure 2. The phases of relief transformation in Central Poland

a — phases with numbers, b — major phases, ¢ — short-term episodes, d — the £.6dZ Plateau sites, e — sites in the Warsaw
— Berlin ice marginal valley, f — sites in the Warta valley and the Szczercéw Basin, the Piotrkow Plain, and the Kutno
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tory at the Archaeological and Ethnograph-
ic Museum in £.6dz. Importantly, most of the
results cited in this study were obtained in
this laboratory.

Extensive studies of archaeological liter-
ature of central Poland were also conducted.
Especially noteworthy were those publica-
tions, which include maps of prehistoric set-
tlement patterns (Jazdzewski, ed. 1975) ex-
amined by means of excavation methods. In
addition, the present study relied on the re-
sults of archaeological surface examinations
summarized by Papinska (2002) for the
1.6dzZ area and it also used selected sheets of
Poland’s Archeological Map.

THE PHASES OF RELIEF TRANSFORMATION
IN CENTRAL POLAND

Essential evolution of central Poland’s land-
forms started in the Neoholocene (Fig. 2)
during phase I located at the beginning of
the Bronze Age. This phase was preceded
by three older, short-term and less impor-
tant episodes (Fig. 2, symbol ¢) which can be
located in the Neolithic. This phase shows
a delay in starting these changes in compari-
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Figure 3. Geological cross-section of the Zwierzynka valley in Polesie

son with loess plateaus, Kuyavia and Patuki.
Snieszko (1995) locates IV subphase of the
mechanical denudation in the late Neolithic.
The mechanical denudation was found in 10
out of 16 examined sites. It corresponds to
Neolithic phases of increased soil erosion in
the plateaus of southern Poland, which were
recently distinguished by Starkel (2005).
Sinkiewicz’s (1998) study suggests that there
is just as persistent evidence of increased
anthropogenic denudation in Kuyavia and
Patuki at that time. Both loess plateaus and
Kuyavia were the cradle of Neolithic farm-
ing. Poor soils in central Poland were not
attractive for Neolithic farmers. Similarly,
a poor reflection of soil erosion processes in
the Neolithic was found in the Suwalki Lake
District (Smolska, 2005; Prudziszki site
2 dated at 5,405 = 80 years BP) and in NW
Poland (Boréwka, 1992). Thus, the dynam-
ics of anthropogenic denudation in Poland in
the Neolithic varied considerably and the lo-
cation of areas more strongly modelled was
closely related to the location and intensity
of the Neolithic settlement.

In central Poland, the Neolithic was
found primarily in changes of aeolian sys-
tems. A local and short-term rejuvenation

| | |
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Wartanian Glaciation: 1 — glaciofluvial sands and gravels; the last glaciation (Vistulian): 2 — fine and medium sands;

Late Glacial: 3 — fine and medium sands, loamy in some places, 4 — organic and mineral muds, 5 — channel medium
sands; the Holocene: 6 — vari-grained sands with organic interlayers, 7 — organic muds and clays, 8 — peat, 9 — organic

muds, 10 - overbank deposits, 11 — channel fine and medium sands with plant debris, 12 — muds with sands, 13 - section

location (Fig. 4)
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occurred as well as Late Glacial dunes were
activated. Thin aeolian covers were buried
on fossil soils in dunes. This could be linked
to the activities of the representatives of the
Early Neolithic Linear Pottery Culture and
then to the Middle Neolithic Funnel Beaker
Culture (dating from its earliest Luboniska
phase, see Wiklak, 1975) and, finally, to the
Late Neolithic cultures (Globular Ampho-
rae Culture and Corded Ware Culture).
Transformations of dunes are commonly
known in Poland (Nowaczyk, 1986, 2002;
Rotnicki, 1999). The tabulation prepared
by Nowaczyk (1995) indicates that the am-
plest evidence of morphogenetic wind ac-
tivity comes from the broadly defined area
of central Poland. The results obtained by
the author of the present study closely cor-
relate with those of Jankowski (2002) who
investigated fossil soils in the Torufi Basin
dunes.

Rivers in central Poland at the turn of
the Atlantic and the Subboreal were charac-
terized by meandering channel pattern (the
so-called small meanders) and by the stabil-
ity of their beds (Turkowska, 1988). A de-
tailed investigation of a small peat-bog in the

A B

975230 years BP—0.25

Zwierzynka valley at the Polesie site shows
that the process of flooding the peat-bog
started right before 5,160 = 60 years BP. This
process was reflected in the sudden reduc-
tion in the organic matter content (Fig. 4,
part C) and a fall in the rate, at which peats
were formed (Fig. 4, part D) as well as a pH
reduction (Fig. 4, part E). The date provided
above could be associated with the begin-
ning of accumulating overbank deposits in
small river valleys in the £.6dzZ region.

13 Neolithic sites, at which sediments
were dated using the “C method, are charac-
teristically located. Most of them (10 out of
13) lie in two large negative landforms (the
Warta River valley and the Warsaw-Berlin
ice marginal valley). Relief transformation
in the £6dzZ Plateau dates from as late as the
Bronze Age.

Phase I (3,620-3,460 years BP) started by
depositing layered aeolian sands with humus
in fossil soil at fire horizons (Ktudzice site
in the Piotrkéw Plain; see Wachecka-Kot-
kowska, 2004) and it ended with the accu-
mulation of alluvial sands with organic silts
and organic debris filling the palacochannel
in Leg Piekarski in the Warta River valley
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Figure 4. The results of analyses of a section with organic deposits of Zwierzynka River valley bottom

(location in Fig. 3)

A -lithological log, B — results of “C datings (years BP), C — content of organic matter, D — rate of peat sedentation and
mineral material growth, E — pH reaction; a — clays with peat, b — sedge peat, ¢ — organic clays with peat



Influence of man and climate changes on relief and geological structure transformation in central Poland... 169

(Forysiak, 2005). Phase I was short-lived
(160 years) but, while it lasted, both aeolian
and slope processes became activated as well
as the alluvial processed increased (Fig. 2).
This phase falls on the middle part of SB
— II and it could be located in the Bronze
I Period. The activation of the above-men-
tioned processed should be linked to human
intervention in central Poland during the
Trzciniec Culture or even the Late Neolithic
Cultures. Phase I started with the explora-
tion of aeolian systems. During this explo-
ration, the areas of prehistoric industrial
exploration moved already to the slopes of
river valleys. Three small dunes were formed
at that time (3,600 = 140 and 3,500 = 140
years BP; see Kaminski, 1984) on the dried
bottom of the Moszczenica valley, at War-
szyce site, and then slope covers began to
form at Wierzbowa site (3,490 * 50 years;
see Kittel and Twardy, 2003), which occu-
pied the lower parts of slopes of small river
valleys. Accumulation of overbank deposits
and aggradation of valley floors began. As
a result of the aggradation, the anabranch-
ing channel pattern became activated in the
Warta River valley, which has remained on
its floor from as early as the Younger Dryas
(Forysiak, 2005). In the Zwierzynka valley,
phase I corresponds to the deepest pessi-
mum (the depth of 0.65 m) in the diagram
showing the organic material content in the
peat-bog, which has been linked to the ac-
tivities of the Trzciniec Culture population
(Twardy and Forysiak, in print).

Phases II and III could be correlated
with the activities of the Lusatian Culture
community, which was much better devel-
oped in central Poland (Kaszewski, 1975).
Phase I1 (3,190-2,940 years BP) corresponds
to the activities of a population belonging
to the early stage of the Lusatian Culture
(the so-called Konstantynéw Phase). The
longer phase 111 (2,730-2,380 years BP) cor-
responds to the fully developed Lusatian
Culture and its decline. There is a two-hun-
dred-year hiatus occurring in the Bronze IV
Period, during which the intensity of aeo-
lian, slope and fluvial processes decreased.
This is confirmed by partial regeneration of

the peat-bog in the Zwierzynka valley, which
is reflected in the increased organic matter
content at a depth of 0.5 m (Fig. 4C), the
abrupt rise in growth of peats (Fig. 4D) and
pH (Fig. 4E). Unlike in Phase I and in the
Neolithic, the exploitation of aeolian systems
is moved to the end period of Phases II and
II1. This could have resulted from accelerat-
ed water circulation in catchments caused by
anthropogenic changes in natural environ-
ment and then, in consequence, the search
for drier systems. The structure of slope
covers formed in Phases II and III became
more complicated. The covers consisted of
stratified sandy and sand-silty deluvial sedi-
ments, i.e., sediments related to slope-wash
(3,150 £+ 50 years BP at Lutomiersk site;
2,940 += 50 years BP at Burzenin site; and
2,680 = 110 years BP at Rogéw VII site; see
Twardy, 2008). Apart from the above, poorly
sorted colluvial sediments formed due to
a shallow landslide (2,590 = 50 years BP at
Stronsko site; cf. Twardy and Kittel, 2002)
were deposited. There were also deposited
tillage diamictons (2,730 * 50 years BP at
Bronéw site; cf. Forysiak and Twardy, 2002).
These sediments are synchronous with the
ploughing in the Neoholocene slope depos-
its documented and described by Sinkiewicz
(1995) in the vicinity of Biskupin. Apart
from slopes in the fluvial valleys, dry denu-
dational valleys appearing in them were also
active. Their development reflects the shift
of prehistoric settlement from fluvial valleys
to plains. This is illustrated by parts II and
III of Fig. 5. During the period correspond-
ing to the Lusatian Culture, the floors of
fluvial valleys in the £.6dZ region showed the
tendency to aggradation (Turkowska, 1988;
Forysiak, 2005).

Characteristically, the duration of Phase
IT (250 years) and Phase III (350 years) was
longer than that of Phase I (160 years). At the
same time, the interval between them (210
years) was shorter than that between Phases
I and II (270 years). This trend increased in
the subsequent part of the prehistory.

Between Phases III and IV, there was
the awakening of slope and fluvial processes
which occurred in the Middle La Tene Period
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Figure 5. The phases of gully development in the £.6dZ Plateau

Main sediment series; last glaciation (Vistulian); a — sandy-silty deposits of dry denudational valley infill; Late Glacial:
b - fine-laminated sands of dry denudational valley infill; Neoholocene: ¢ — fire horizon, d — deluvial sands and clays,
e — stony pavement, f — sands and gravels of gully fills, g — tillage diamictons

of the Iron Age. The anthropogenic denuda-
tion may have been spurred by the activities
of the East-Pomeranian Culture or the Bell
Graves Culture. Importantly, the develop-
ment of the above-mentioned cultures in
central Poland was a short-lived and local
phenomenon (Jadczykowa, 1975). The epi-
sode in question is characterized by traces of
ploughing preserved in tillage diamictons and
deluvial sediments. This issue was presented
by Twardy (2009). The short hiatus between
this episode and Phase IV occurs in the
Late La Tene Period, for which there is some
scant evidence for the renewed wind activ-
ity (at Czarny Las site) and the development
of agrotechnical denudation at Ligota site
(2,050 = 50 years; see Twardy, 2008, 2009).
Between the end of the Neolithic and the
beginning of the present, there were chang-
es in the location of sites where evidence for

Neoholocene relief changes under the hu-
man impact was collected. By around 1/3
increased the proportion of sites located in
the £.6dzZ Plateau, which were less colonized
in the Mesolithic and the Neolithic.

Phase IV was the most distinctive phase
in relief transformation among those phases
that corresponded to prehistory (1,970-1,490
years BP). The settlement of the Przeworsk
Culture, common at that time in central Po-
land, was extremely dynamic (Kaszewska,
1975; Godtowski, 1985), while the human
pressure on the environment was the strong-
est of all the above-mentioned phases. This
was due to both population growth, but also
to the qualitative transformation of the liv-
ing standards among the Przeworsk Culture
(increased range of farming land, more ad-
vanced farming, the development of prehis-
toric iron metallurgy based on wood as the
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power resource, and the flourishing of other
types of manufacturing). The settlement of
this culture gained access to the high-relief
1.6dz Plateau area, which led to the accelera-
tion of anthropogenic denudation including
the commencement of gully erosion. This
trend is documented by dating sediments
covered by accumulative fan of the gully in
Lipce Reymontowskie (1,830 = 60 years BP;
see Twardy, 2005) and illustrated by part IV
of Fig. 5. The slope covers included more
coarse deposits, i.e., proluvial sediments,
which represent deposits related to gully-
ing (Fig. 6). It can be assumed that there was
a periodic linking between slope and chan-
nel systems (Twardy et al., 2004b), that is, the
sediments activated on slopes were carried to
river channels. It was documented that there
were floods, which led to the inundation of
human settlement from the Roman Period

= T

(Kaminski and Moszczynski, 1996), avulsion
(Kaminski, 1998), and overbank sediments
aggradation. The beginning of a very efficient
overbank deposits (flood deposits) accumu-
lation in small fluvial valleys in the £.6dZ Pla-
teau took place between 1,930 + 100 years
BP (at Wola Branicka site in the Moszczenica
valley; see Kamifiski and Moszczyniski, 1996)
and 1,800 = 80 years BP (Gieczno site in the
same valley; see Kaminski, 1993).

The 480-year-long Phase IV was varied
in terms of relief transformation dynam-
ics (Fig. 2, symbols a and b). This may have
been caused by the changing prevalence of
anthropogenic and climate factors. At the
beginning of this phase (the Early Roman
Period), collectively, the anthropogenic fac-
tors (rapid increase in population density in
central Poland from 1.5-1.8 person per one
square kilometer in 50 AD to 3.3-4.1 per-

Figure 6. Brzeziny I excavation. The buried soil (a )at the base (*C dated at 1590 = 50 years BP),

above the Neoholocene deluvial deposits (b), coarse proluvial (c) deposits of buried gully fill, and

structureless tillage diamicton (d) at the top.

Source: Photo by J. Twardy 1997

http://rcin.org.pl
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sons per one square kilometer in 200 AD;
see Kurnatowski, 1992) and the climatic
ones (heavy rainstorms in the Roman Peri-
od; cf. Starkel, 2001, 2002) may have played
a significant role. Later, as the impact of the
Przeworsk Culture on the environment sub-
sided, the climatic factors (increase in pre-
cipitation at the beginning of the Migration
Period; cf. Ralska-Jasiewiczowa and Starkel,
1988) gained more importance.

Phase IV ended with the Migration Peri-
od when the area of central Poland decreased
in population (Laszczewska, 1975). This was
a time of forests and soil regeneration and
aeolian and slope processes died down.

The last thousand years is marked by
a continuous acceleration of aeolian relief
transformation and changes in slopes and
river valley bottoms (phases V-VII). Phase
V (1,100-720 years BP) corresponds to the
activities of the Slavic tribes in the pre-Piast’
dynasty period, which were subsequently
organized as the early Polish state. The re-

lief transformation was affected by both
the warm and humid climate favourable for
farming as well as by the growing human
impact. Worth stressing is another bout of
heavy rainfalls in the second half of the 11"
century AD (Starkel, 2002). The high human
factor was determined by a sudden popula-
tion growth and advances in farming. In the
age of mediaeval industrial breakthrough in
farming, it became possible to cultivate heavy
soils (ploughing aided by a horse using an
iron plough), the acreage extended to plains,
and the skill of well building enabled human
settlement to move away from fluvial valleys.
Soil erosion followed, turning into gully ero-
sion and even leading to the formation of
soilless areas. These were then modelled by
the wind, which led to the creation of young
initial dunes (1,100 = 50 years BP at Leonow
site; cf. Twardy, 2008). New aeolian covers
were also formed (Fig. 7), which contained
a large humus admixture. Similar, synchro-
nous forms of wind activity were also found

Figure 7. Karsznice 11 excavation. Subatlantic aeolian cover with fossil soil at the bottom, “C
dated at 1,040 % 50 years BP.

Source: Photo by J. Twardy, 2002

http://rcin.org.pl
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in the Torun Basin at Rudak site (Jankowski,
2002). The gully erosion was intensive. There
was both the deepening of initial gullies, the
development of which started in Phase IV
(Fig. 5, part V), and the emergence of new
forms (940 * 100 years at Michatow site; cf.
Twardy, 1995). The development of river val-
ley bottoms was modified by milling based
on energy obtained from the water wheel.
This led to the accumulation of fluvial sedi-
ments in mill ponds (Kaminski, 1993; Kobo-
jek, 2009). The bottom of a small Zwierzyn-
ka valley stabilized, which was confirmed by
the renewed peat growth at a depth of 0.22
m, dated by “C at 975 = 30 years BP (Fig. 4).
A short-term (about 100 years) slowdown in
the relief transformation, dated at the Mid-
dle Mediaeval Ages, was caused by a rela-
tive climate stability, a slightly less frequent
flooding in the Odra (Dubicki et al., 1999)
and Vistula river basins (Starkel, 2001) and
the stability of settlement.

Phase VI (600-370 years BP) falls on
the heyday of Poland’s feudal state and the
Little Ice Age. During this phase, there was
a further development of the gullies, that is,
the lengthening of major forms, the growth
of side branches, and accumulation of prolu-
vial sediments on gullies’ floors. Completely
new, smaller erosional dissections and cart
road cuts (holwegs) emerged. Wide and flat
accumulation floors of the biggest gullies
were cut again (Fig. 5, part VII). It can be as-
sumed that the development of gully erosion
was reflected in fluvial processes and river
valley bottoms aggradation, although there
is no direct evidence for this in the £6dzZ re-
gion. Alluvial sediments from this phase may
have been accumulated in the basin of old
mill ponds. They may also have been part of
overbank sediments. The aeolian processes
were activated locally on a larger scale by the
“Oleder” settlement (Forysiak et al., 2007),
which cultivated intensively less fertile areas,
including aeolian covers. The stability after
Phase VI, which lasted about 150 years (17
through 18" century), was most probably
caused by anthropogenic reasons (i.e., the
Swedish invasion, the economic slump dur-
ing the partitions of Poland, etc.)

Phase VII (the present) has been con-
ventionally defined as related to the last
200 years. Rather than being a result of low
intensity of transformation in relief, the ab-
sence of sediment dating from this phase
(Fig. 2) is connected with limitations of the
14C method in the case of geological sedi-
ments younger than 200 years BP. Phase VII
corresponds to the industry development in
L.6dz. It is marked by intensive deforestation
in central Poland, which peaked before the
World War II. There is evidence of the pri-
macy of tillage erosion over slope-wash. The
evidence comes from both very young geo-
logical sections (younger than 200 years BP)
and from field experiments. Extensive agro-
technical denudation contributed to relief
transformation. Small negative landforms
were filled with tillage diamictons, while
larger positive landforms became truncated.
This also applied to certain parts of old gul-
lies, which underwent rehabilitation. Their
sections were profoundly changed due to
many centuries of ploughing (Fig. 5, part
VIII). The aeolian processes were initiated
by inappropriate land management. The
fluvial processes were seriously affected by
a gradual removal of the so-called ‘small re-
tention’, which lasted continuously through-
out the 20" century (Kobojek, 2009). Rais-
ing embankments for big rivers, such as the
Warta River, involved interfering with the
hydrological systems and rerouting waters
into a wide, shallow and meandering (or
straight) channel. This led to the destruction
of a unique anabranching channel pattern
of this river (Forysiak, 2005) and the nar-
rowing of a zone actively modelled by flu-
vial processes down to only a few hundred
metres (see Twardy and Klimek, 2008 for
a more detailed discussion).

CONCLUSIONS

The Neoholocene relief transformation in
central Poland took place during seven phas-
es, 160 to 480 years long, and during four
less remarkable and short-term episodes.
It consisted in comprehensive changes re-
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corded at the same time in acolian, slope
and fluvial sediments. This indicates that
the anthropogenic factor played a significant
role in those changes. Fig. 2 suggests that the
Neoholocene phases of accelerated relief
transformation became increasingly longer,
while the intervals in between got shorter.
Over the last 5,000 years, the periods during
which relief transformation accelerated took
in total 51% of the time, while during the last
millennium they lasted as much as 77% of
the time. In author’s opinion, the sequence
of phases and episodes does not reflect any
climatic trend. Instead, it is a fairly accurate
reflection of a population growth and density
in central Poland and the succession of pre-
historic cultures. The periods of exception-
ally intensive relief transformation correlate
with phases of dynamic population growth
and population density in the Roman Period
of the Iron Age (Phase IV) and in the early
mediaeval times (Phase V). In addition, they
coincided with the progress of civilization in
the broad sense of this word (e.g., the de-
velopment of farming and various forms of
manufacturing, which consumed an increas-
ing amount of energy resources). This led
to the “pulsating” nature of the relief trans-
formation process, mimicking the rhythm of
social and economic changes rather than cli-
mate changes. However, one should bear in
mind that the Neoholocene climatic “crises”
may have enhanced the relief transformation
(Starkel, 2005) and thus may have made the
records in geological sediments clearer and
more easily found.
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