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INTRODUCTION

This volume presents the collection of papers prepared to the following geo-
graphical Polish-Hungarian Symposium ,Anthropogenic aspects of land-
scape transformations” which took place in Faculty of Earth Sciences of
University of Silesia in Sosnowiec (13-15 May 2002). It was a result of ag-
reement of co-operation between University of Silesia in Katowice and Uni-
versity of Debrecen.

The papers prepared concern all signs of human impact which are
observed in eastern part of Hungary as well as in Silesian Upland in Sou-
thern Poland.

Editors
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Damian ABSALON, Andrzej T. JANKOWSKI

University of Silesia, Faculty of Earth Sciences, Sosnowiec, Poland

CHANGES IN RIVER RUNOFF UNDER THE INFLUENCE
OF HUMAN IMPACT - SELECTED EXAMPLES FROM
KATOWICE PROVINCE

Introduction

Katowice Province (Silesian Voivodeship) — administrative unit created as
a result of the new administrative division of Poland takes up the area of
12 300 km? (3,9% of the area of Poland) and is inhabited by nearly 4,9
million people (12,6% of the total number of Poland‘s inhabitants). Popu-
lation density is 397 persons/km? and is 3,2 times higher than Poland’s
average. Katowice Province is the most densely populated region in Poland
and it also has the highest urbanization rate in Poland - 79,6%. The indu-
strial character of this region is emphasised by high number of employ-
ment in industry and building - 805 800 people, which constitutes 46,8%
of the total number of employed.

As far as landscape is concerned we deal with very varied units:
from mountain areas and foothills in the south to limestone uplands in the
north-eastern part. In the centre of the province there are heavily urbani-
zed and industrialized areas.

As far as hydrography is concerned in the area of the province there
is first order watershed, separating river basins of the Vistula and Odra
(Oder) rivers.

This paper is the effect of analysis of a large quantity of hydrome
teorological data, which was prepared for the requirements of Mapa Hydro-
graficzna Polski (Hydrographic Map of Poland) scale 1:50 000 (sheets from
the area of the middle part of Katowice Province — Absalon, Jankowski,
Lesniok, 2001a-g). This was the reason of restricted access to essential
long-term hydrological characteristics (encompassing many years) — with-
out the possibility of access to more detailed data (because of considerable
cost of getting the basic and processed measurement information from the
Institute of Meteorology and Water Management).

For this reason our findings concern only the following hydrological
parameters: variability of characteristic runoff in a year, the amount of
specific runoff and relation between runoff index and precipitation.

This paper does not aspire to being a monograph and it only indica-
tes that certain negative changes are present in river runoff regime in the
area of Katowice Province.




Ten catchments have been chosen for the research (both from the

Vistula and Odra river basins) of different size and degree of anthropogenic
transformation of water relations. In the case of two rivers: Brynica and
Klodnica, 2 and 3 gauge-stations were chosen respectively, closing indivi-
dual parts of their basins. Basic information about the chosen catchments
was presented in table 1, and their location was presented in fig. 1.

Table 1. Basic information about the researched catchments

Catchment
characteristics

i Comments

_: Average
Catch g‘
> annual
River ment y
: discharge
No | gauge-station area 5 :
e from the
| (period) A eriod
| (km?) | . PEOC
| i in m3 x s}
Korzenica
1. | Miedzyrzecze 72,5 0,62
| (1967-2000) e 1
Pogona
5 Dabrowa 37,31 1.21

Gornicza
(1961-1999)

quasi-natural
(sylvan and
agricultural)

anthropogenic
(industrial)

| water reservoirs in |
| the catchment

| above the gauge-

| station

| Brynica f quasi-natural
3. | Brynica 98,2 | 0,52 (sylvan and |
| I (1961-1999] ) 3 agricultural) ‘ |
e varied i ‘
i {upper part of the [
Brynica | |
|4, | Szabelnia 482,7 5,70 catchmienEeRl i 5
(1961-1999) natural, I i
lower part | |
j sl due avadh o ____anthropogenic) | |
varied '
Ruda (upper part of the | {
2 Ruda ; | catchment - large e
By &t 381,9 3,25 i reservoir above
| Kozielska anthropogenic, [ i retine atats
(1961-1999) | lower part — quast the gauge-siayon
| oo by raitde f A i vpaturEl) oo el *
| Nacyna ; |
|6. | Rybnik | 63,6 . 0,83 ”mh:.t}[.}fjgcml. .
| (1979-1999) (industry, urbanization) \ |
| Klodnica P e |
|7. | Klodnica 72,9 0,90 AIFCpERSIIEAT |
(1961-1996) (industry, urbanization) ;
Klodnica
8. | Gliwice 444 .0 6,41 varied
|(1961-1999) | -
| Klodnica ' | large water
| 9. | Lenartowice 1054,6 7,03 varied reservoirs above
{(1961-1999) | | y . the gauge-station |
| Bytomka I ; : g
110.| Gliwice | 2.6 anthropogenic

1(1961-1999)

(industry, urbanization)

29}




Katowice Province
boundary |

rivers

researched river-gauge
(numbering according
to table 1)

Fig. 1. Location of the researched catchments.



Annual course of characteristic runoff

In order to analyse the variability of characteristic runoff within hydrolo-
gical year the variability coefficient of characteristic runoff was calculated.
This coefficient is the expression of the ratio of standard deviation of runoff
in individual months and mean runoff, calculated after the formula:

13©-0)
I .
C 5= 0
The calculations were carried out independently for the values SNQ
(mean low runoff), SSQ (mean runoff) and SWQ (mean high runoff). The re-
sults of the calculations are presented in figs 2-5.
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Fig. 2. The range of variability coefficients Cy of characteristic runoff in selected catchments: K-M - Korzenica-Miedzyrzecze,
P-DG - Pogoria ~ Dabrowa Gomicza, B-B - Brynica-Brynica, B-Sz - Brynica-Szabelnia, R-RK - Ruda-Ruda Kozielska, N-R -
Nacyna-Rybnik, K-K - Klodnica-Klodnica, K-G — Kiodnica-Gliwice, K-L - Kiodnica-Lenartowice, BI-G - Bytomka-Gliwice.

The analysis of the diagrams allows us to determine unambiguously
the catchments subject to the greatest anthropopressure. It can mostly be
noticed in significant differences in variability coefficients for individual
characteristic runoffs arising from the decrease of low runoffs variability
(e.g. through constant inflow of other waters — wastewater, mining waters)
and the increase of high runoffs variability (caused mainly by quick inflow
of water from heavy precipitation to the streams through storm water drai-
nage systems).

Among the catchments selected for research the following have the
widest range of variability coefficients for characteristic runoff: Klodnica
catchment to Klodnica gauge-station, Nacyna catchment to Rybnik gauge- '
station, Pogoria catchment to Dabrowa Gornicza gauge-station and Brynica
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Fig. 3. Variabilty coefficients Cy of minimum runoff SNQ in selected catchments: K-M - Korzenica-Miedzyrzecze, P-DG -
Pogoria - Dabrowa Gomicza, B-B — Brynica-Brynica, B-5z - Brynica-Szabelnia, R-RK ~ Ruda-Ruda Kozielska, N-R - Nacyna-
Rybnik, K-K - Kiodnica-Klodnica, K-G — Kiodnica-Gliwice, K-L — Kiodnica-Lenartowice, BI-G - Bytomka-Gliwice.
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Fig. 4. Variability coefficients C. of mean runoff 3SQ in selected catchments: K-M - Korzenica-Migdzyrzecze, P-DG - Pogoria
— Dgbrowa Gomicza, B-B - Brynica-Brynica, B-Sz - Brynica-Szabelnia, R-RK — Ruda-Ruda Kozielske, N-R — Nacyna-Rybnik,
KK - Klodnica-Kiodnica, K-G - Kiodnica-Gliwice, K-L - Klodnica- Lenariowice, Bt-G — Bylomka-Gliwice
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Fig. 5. Variability coefficients Cv of maximum runoff SWQ in selected catchments: K-M - Korzenica-Migdzyrzecze, P-DG -
Pogoria - Dabrowa Gomicza, B-B - Brynica-Brynica, B-Sz - Brynica-Szabelnia, R-RK - Ruda-Ruda Kozielska, N-R - Nacyna-
Rybnik, K-K — Kiodnica-Klodnica, K-G - Klodnica-Gliwice, K-L - Kiodnica-Lenartowice, Bt-G - Bytomka-Gliwice

catchment to Szabelnia gauge-station. And the smallest variability chara-
cterises the following catchments: Korzenica-Miedzyrzecze, Brynica-Bry-
nica, and Ruda-Ruda Kozielska. In the last example the ,Rybnik” water re-
servoir above the gauge-station influences the decrease of variability,

The analysis of SNQ variability coefficients (fig. 3) shows that be-
sides two catchments (Korzenica-Miedzyrzecze and Brynica-Brynica) in the
remaining ones the value C, practically does not exceed the figure 0,10. In
the quasi-natural catchments variation coefficients SNQ are signi-ficantly
higher. In the Korzenica catchment variability coefficient SNQ is over 2 ti-
mes higher, and in the Brynica catchment to Brynica gauge-station almost
3,5 times higher than the values for other catchments. Similar distribution
of variability coefficients characterises mean runoff (fig. 4).

The distribution of variability coefficients for maximum runoff is
much more complex. In this case the highest values characterise anthro-
pogenic catchments: Klodnica to Klodnica gauge-station and Nacyna to
Rybnik gauge-station, where variability coefficients are about 4 times hig-
her than the lowest values occurring in catchments with big water reser-
voirs (Klodnica-Lenartowice and Ruda-Ruda Kozielska).

Specific runoff and runoff index

The influence of anthropogenic factors on the volume of runoff in the
catchment is very clearly reflected in the values of mean annual specific
runoff and in annual runoff index. In catchments with significant share of

10



other waters, coming from transfer of water from outside the catchment or
from discharge of apotamic mining waters to surface hydrographic net-
work, there occur greatly increased values of specific runoff and sometimes
runoff indexes are even higher than precipitation values. We have such
a situation in 6 of the researched catchments, where mean annual specific
runoff exceeds 10 dm3xs-Ixkm2, and annual runoff index is 300 mm (fig. 6
and 7). Extremely high values of both parameters were recorded in Pogoria
and Bytomka catchments. In the case of Pogoria the value of annual runoff
index exceeds the value of annual precipitation total observed in the catch-
ment by as much as about 300 mm, and in Bytomka catchment both valu-
es are nearly equal. In catchments with big water reservoirs we can obser-
ve a clearly stabilising impact of these reservoirs on the values of both in-
dexes, despite the unquestionable share of other waters in the runoff from
these catchments. This is true of Klodnica catchment closed with Lenarto-
wice gauge-station and Ruda catchment to Ruda Kozielska gauge-station.
The fact that the reservoirs within these catchments have special functions
is meaningful. One of the functions of Dzierzno Duze reservoir (Klodnica
catchment) is regulating the level of water in Gliwice Canal in low-flow pe-
riods, and the main purpose of Rybnik reservoir is the supply and rece-
ption of cooling water from ,Rybnik” power plant. These functions signifi-
cantly influence the volume of water losses, e.g. in the process of increased
evaporation (Absalon, 1998).
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Fig. 6. Mean long-term annual specific runoff in selected catchments: K-M — Korzenica-Migdzyrzecze, P-DG — Pogoria -
Dabrowa Gomicza, B-B - Brynica-Brynica, B-S8z - Brynica-Szabelnia, R-RK - Ruda-Ruda Kozielska, N-R - Nacyna-Rybnik, K-
K - Kiodnica-Klodnica, K-G — Klodnica-Gliwice, K-L - Klodnica-Lenartowice, Bt-G - Bytomka-Gliwice.
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Fig. 7. Mean long-term annual runoff index in selected catchments: K-M — Korzenica-Migdzyrzecze, P-DG ~ Pogoria -
Dabrowa Gomicza, B-B - Brynica-Brynica, B-Sz - Brynica-Szabelnia, R-RK — Ruda-Ruda Kozielska, N-R - Nacyna-Rybnik, K-
K - Klodnica-Kiodnica, K-G - Klodnica-Gliwice, K-L ~ Kiodnica-L enartowice, B-G — Bylomka-Gliwice.

Other recorded regularity is the tendency to even out runoff in win-
ter and summer half-years in the catchments with high-intensity of an-
thropopressure. Only in two quasi-natural catchments winter runoff was
clearly higher (fig. 8).

Summary and conclusions

In the light of the carried out analysis of the hydrometric data, earlier

remarks about significant influence of anthropogenic factors on the shape

of river runoff were confirmed (Absalon, 1991; Absalon, Petka, 1992; Czaja,

1999; Czaja, Jankowski, 1991; Holda, Osrodka, 1989; Jankowski, 1997).

From the present analyses there are the following conclusions:

- the range of variability coefficients of characteristic runoff is quite wide
in the case of catchments greatly transformed as a result of anthropo-
pressure (e.g. Klodnica in Klodnica gauge-station, or Nacyna in Rybnik
gauge-station), and narrow in the case of rivers with quasi-natural re-
gime. In the latter example despite small range of the calculated varia-
bility coefficients, their values are rather high (e.g. Brynica in Brynica
gauge-station). It is true of both minimum and mean runoff. The range
of variability coefficients of maximum runoff has the highest values in
catchments, where runoff depends on anthropogenic factors; _

- clear influence of anthropogenic factors on shaping runoff is visible in
the values of specific runoff and runoff index. Pogoria specific runoff in

12
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Fig. 8. Share of winter and summer seasons (half-year) in runoff index in selected catchments: K-M - Korzenica-Miedzyrzecze,
P-DG - Pogoria — Dabrowa Gomicza, B-8 - Brynica-Brynica, B-Sz - Brynica-Szabelnia, R-RK - Ruda-Ruda Kozielska, N-R -
Nacyna-Rybnik, K-K ~ Klodnica-Klodnica, K-G - Klodnica-Gliwice, K-L - Kiodnica-Lenartowice, BL-G - Bytomka-Gliwice.

Dabrowa Gérnicza gauge-station equals over 32 dm3xs-!xkm-2 and the
runoff index exceeds 1000 mm, which is a clear sign of a significant
share of other waters in total river runoff:

- clear domination of runoff in winter half-year over summer half-year is
visible in catchments with natural or quasi-natural regime (Korzenica,
Brynica in Brynica gauge-station), the tendency to even out runoff in
both half-years is also noticeable in anthropogenic catchments.
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ASPECTS OF AFTER-USE OF DESERTED QUARRY
IN ENVIRONMENTAL MANAGEMENT!

Obviously, the questions arising in connection with the opening of a new
quarry can involve a series of problems, however to examine how deserted
quarries play a part in environmental management is such an exiting task
as well. There are many cases when an area can be used in several ways at
the same time or considering the purposes its use can be successful by
subsequent methods. A system of this kind provides better flexibility and
adaptability for the case when circumstances change but an after-use spe-
cialized considerably can satisfy an unique function much more efficiently.
At the same time various uses have to be planned when neither of them
would be realizable alone. The ways of use below, can be combined with
each other successfully, for example the resting and the relaxing with the
sylviculture, the water storage or the nature protection. The agriculture
(except for grazing) can’t be connected with other kind of use.

On the basis of the international experiences the possibilities of
after-use of deserted quarry can be classified as follows

Agriculture

Certain types of agricultural use can occur on areas of former quarry,
which are extensive or situated directly on the border of a cultivated area,
supposing that the soil and relief conditions are sufficient. In the case of
a fairly short time extraction, where the arable soil was stored and re-
placed to the place of extraction (which can be filled and unfilled as well) it
is possible to return to the cultivation almost every time. In other cases
when it was not possible to protect the upper layer of the soil the agri-
cultural activity becomes hard. There is an exception when it is possible to
obtain the upper layer of the soil in the course of further progressive cul-
tivation, possibly from another quarry or there is an alternative plant that
can live under these conditions. From the cultivation to the milking cow or
beef-cattle and sheep-farming, series of possibilities present themselves.
Apart from the features of the area, the only condition is to connect with
the local customs in management in a kind of way. For example the gra-
zing animal husbandry took possession of several deserted quarries in
Great Britain.

'Supported by OTKA D 38473 e



The possible way of after-use of the place of extraction submerged under
water is the pisciculture. For the fish-breeding, water well supplied with
oxygen, which is chemically and biologically clear as well, is required.
A use of this kind will rise sooner or later, practically, in the case of every
deserted quarry, where water can be found.

Sylviculture

On areas, where soils of poor quality can be found, the afforestation of
extractional purpose can be an alternative of the tilling of arable land. This
provides valuable resource, and utilizes an area which otherwise would ha-
ve little value. Even in the case, when the quality of cut of timber is not
pretty good, with forming of a forest the area can be suitable for resting
and relaxing and recreational-oriented use. We can find several examples,
when an area is simply planted by vegetation after the landscaping. For
example, the same happened to the rehabilitation of Nesher Quarry in Is-
rael, in 1970-71, which was interpreted as a experimental program for se-
lecting of the proper vegetation (Naveh, Valero, Shadmi, 1983). The affores-
tation of deserted quarries is really popular in Canada where modern
practice in sylviculture is widely used (Bauer, 1970).

Nature protection, protection and teaching of wildlife communities

The stocking of several deserted quarries (especially chalk and limestones
quarries) by different species, lead to the developing of various communi-
ties of plant, animals and insects which are rich in species. The appearan-
ce of uniquely rare or local species can increase the value of old quarries.
This process rather occurs accidentally than planned and it takes place
without human-agency after abandoning of the quarry. However the de-
signed introduction of these unclaimed areas for protection of animal living
in the state of nature is another chance (Davis, 1979). These kind of areas
can be used in education, we can examine the natural ecosystems that
include the relationships between the flora, fauna and geology (Usher,
1979). The biologically most valuable areas usually developed in quarries
surrounded by areas also valuable in this kind of view. For example,
natural parks marked out the margin of Trowbarrow Quarry and Warton
Crag Quarry on the border of Lancashire and Cumbria, North-west En-
gland (David, Patric,1999). In Hungary, besides Celldomolk, the volcanic
crater of Sag hill explored by quarrying provides an excellent examples.

Construction of flacts and industry

The depleted quarries and excavations, situated besides urban areas or in-
side them, can offer a place, frequently, for forming of dwelling belts or in-
dustrial plants. The landforms of the quarry can be ideal for hiding of un-
desirable forms, especially, if some kind of building was already establis-
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hed or forest belt was formed earlier to shelter the active quarry itself.
Kerr's Quarry in Australia is an excellent example which was integrated to
the urban environment as a landscape. Building sites were marked out on
slopes with terraces and area was also provided for industrial establish-
ment and recreational belts (Eliot, 1976). We can find several similar
examples in Canada (Bauer, 1970) and in the United Kingdom (Bennett,
Doyle, 1999) as well, where, for instance, in Clithore, in Salthill Quarry an
industrial unit was established in a deserted quarry in a way that the wall
face of geological value was protected for the purpose of science and edu-
cation as a natural ,showroom”. In Sweden, besides Malmé in the environ-
ment of Limhamn Quarry a regional development project of great volume
has been planned (SCANSTAD).

Trade and amusement

There are many resent examples, mainly in Great-Britain for the case
when commercial centre (hiper- and supermarkets) are being built outside
of cities in old quarries and associated with them amusement units (parks,
multiplex cinemas, amusement arcades, concert halls, discos, galleries, ar-
tistic centres, ect.) are being constructed as well (Bennett, Doyle, 1999).
The Blue Water Shopping Centre in, Dartford, situated besides the traffic
junction number 2. of ringroad M25 surrounding London, provides the
most spectacular example which is advertised as a service centre of this
character. The investment of imposing appearance inside and outside was
constructed in 1995-99 on the areas of deserted Blue Circle Chalk Quarry.
There is an another example from Edinburgh where a monumental
shopping centre was built by J. S. Sainsbury, the great founder of super-
markets, in Carboniferous Craigleath Quarry. The rocks extracted locally
were used mostly for the construction (Bennett, Doyle, 1999). Near Wiirz-
burg, in Germany, a resting place for drivers and a lorry parking lot were
formed in a deserted quarry (David, 2000).

Water storage and water management

The deep quarries, in which water can be found, are suitable for water sto-
rage, canalization or directly water extraction. The increasing difficulties of
forming of water basins including the costs of earthwork made the autho-
rities of water conservancy focus, more and more, to the greater or smaller
lakes of these kind. The shallow queries are less useable only for water sto-
rage but they can be combined with other utilize for the purpose of recre-
ation that is why the use of multi purpose is a feasible arrangement in this
kind of situation. We can find examples in the centre-west part of the Uni-
ted States, Ilinois, where former queries were submerged under water and
developed into attractive hunting-ground and fishing-place (Rosenbery,
Klimstra, 1965; Nir, 1983).
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Filling and dumping of waste

Cities and industrial centers produce a huge amount of rubbish and was-
te. The close place for dumping of waste are really valuable but only a few
of them are available. The fact if quarry are appropriate for filling and
dumping of waste depends on the geological conditions, of course, the fact
that there are enough waste. The filled areas can be used for other purpo-
ses as well, but the work plans of filling have to take this fact into consi-
deration outlining the final state so that it can be equivalent with the expe-
ctations of after-use. Related to the filling and the dumping of waste, to fa-
ce opposition of inhabitance during the work of filling is a problem arising
frequently, as gases and bad smell can be produced inside of the dumping
material (Bennett, Doyle,1999).

Sports and active relaxing

Any kind of deserted quarries situated near the cities and built up areas
can provide a series of possibilities for programmed and free relaxing, mos-
tly for youngsters. In many cases, the local inhabitance themselves take
possession of deserted queries for walking, picnic, games, taking dogs for
a walk, cycling, motorcycling, and war-games. These can be dangerous in
deserted state but removing the useless and impracticable buildings and
vegetation, minimal construction work is needed and they can be ideal site
for the free relaxing.

Using a formal way of solution the disused queries provide excellent
site for sport activities, for example playground, golf-course, race ground,
shooting-range (rifles and archery), cycle and motorcycles competitions etc.
Queries submerged under water can be suitable for boating, sailing,
canoeing, swimming, fishing and water skiing. In North-west England, on
the border of Lancashire and Cumbria, in the deep lake of the deserted
Overhead Quarry submerged under water, a training centre for fancy di-
vers is developed (David, Patrick,1999). In the quarries parking places can
be formed, they can be suitable for picnic, walking and they can take
a great deal of burden off the natural but much more sensitive areas.

Some quarries are amphitheatre-shaped in their original state that
is why on their margin sites can be formed for theatrical performances and
organisation of concert. In Hungary, the monumental cave-system of the li-
mestones quarry in Fertérakos is well known as a opera and movie set.

Operating the parks as areas which are suitable for relaxing and
resting valuable recreational belt can be formed near the big cities and ex-
tensive areas can provide sites for the a wide range of activities. In many
country region the old quarries provide good facilities for general recrea-
tion, in the same way as it has been mentioned in the case of quarries in
the urban environment. Areas in Great Britain which are not greater than
25 acre typically and providing piaces for diverse communities can be de-
veloped into parks with water surfaces, natural parks and steppes. Parking
places and caravans, for example Scout Crag Quarry in North-west En-
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gland, on the border of Lancashire and Cumbria (David, Patric, 1999), and
public convenience can be in them as well as walking roads, natural path
ways and touring, fishing, boating and riding and other facilities. Some
places show special landforms, for example rocky wall for rock climber and
ecological, archeological and petrological features which are worth protec-
tion, and they can use for teaching and propagation of general knowledge.
The quarries situated on the border of Lancashire and Cumbria, North-
west England provide excellent examples for these cases (David, Patrick,
1999). When we develop parks having water as well, we have to consider
the fact that coastal areas have to be various, natural slopes have to lead
down to the water and we may also need other landscape — forming. This
needs proper material for the filling which can be extracted locally or we
have to deliver from another place. The accessibility and (it is usually pret-
ty good in the case of old quarries) and the safety (stabilize of rockywall,
debris) can be required as well (David, 2000).
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SOIL DEGRADATION IN OLKUSZ-CHRZANOW REGION

Changes in soil environment, which influence on decrease in its biological,
chemical and physical activities are called degradation. Among its basic
signs are numbered: acidity, alkalisation and soil salinity, pollution by
phytotoxic components and heavy metals, waterlogging and drying, and
impoverishment from soil nutrient (Siuta, 1978). But for the most harmful
are considered pollution by heavy metals, because they can occur in soils
during hundreds or even thousands years. Among anthropogenic sources
of these metals pollution are mentioned: industrial dust and gas emission,
fumes from car engines, waste dumping grounds, mining and raw ma-
terials processing and extensive agriculture chemicalisation.

Especially toxic heavy metals are cadmium and lead. They can be
numbered among so-called ecotoxines, i.e. environment poisons, which are
the threat to the global ecosystem (biosphere) (Sokét, 1992). At acid soil
reaction both cadmium and lead are more mobile and easier accumulated
in plants (Kucharski, Marchwinska, Gzyl, Sajdak, 1992). Therefore the
most endangered are these areas, where heavy metals emission is accom-
panied by acid rains (Migula, 1993).

In Silesian Region high contamination of soil by heavy metals was
stated in areas of present and former zinc and lead ores mining and me-
tallurgy — Tarnowskie Gory, Bytom, Olkusz and Chrzanow. In the paper
are presented results of soil and plants monitoring in communes Bukow-
no, Olkusz, Chrzanéw, Trzebinia, Bolestaw and Slawkéw, so in area of
activity of 3 Zn-Pb ores mines - “Olkusz’, “Pomorzany” and “Trzebionka”,
Mining-Metallurgical Plant “Bolestaw” in Bukowno and metallurgical plant
in Trzebinia.

One of sources of soil contamination in Olkusz-Chrzanéw region
are wastes accumulated in dumping grounds and settlement tanks (fig. 1).
In large post-flotation ponds located between Bolestaw and Bukowno 32
million tons of wastes were already accumulated. The main mass is built of
material of fine fraction, which after overdrying easily undergoes wind ero-
sion. Dust with metals blowing from here causes pollution of soil and
plants even in a radius of 7-8 km (Szczypek, Wach, 1991). The essential
source of substratum pollution by cadmium and lead are also mining wa-
ters and waters over deposits from post flotation ponds, which are dis-
charged into the Sztota and Biala Przemsza rivers through system of ca-
nals. Suspension, which is transported in these waters is rich of heavy
metals, and during floods it is settled on floodplains (Klimek, Niewdana, 1998).
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Fig. 1. Main sources of soil pollution in Otkusz-Chrzanéw region (basing on Mapa sozologiczna...., 1995 and Raport..., 1997):
1/ dumping grounds of industrial waste (metallurgical, energetistic, chemical and mining), 2/ emitters of industrial and municipal
dust and gases: a/ without electrofilters, b/ with electrofilters, 3/ roads of large traffic intensity: a/ intemational, b/ local; 4/
grounds of C category of total limitation to produce food after IETU Katowice; 5/ other places of toxic soils occurrence; 6/ forest
areas including anthropogenic forests

From researches carried by OBiKS in Katowice results that since
the 90s in Olkusz-Chrzanéw region the exceeding of permissible concen-
tration of cadmium in the air has been noted but permissible concentra-
tion of lead is exceeded in Bukowno and Olkusz to relatively small degree.
But there is no doubt that in the earlier period polluted air was one of the
main sources of soil contamination by heavy metals. Besides pollution
from local plants on the quality of atmospheric air in area investigated also
influencec pollution inflowing here from Upper Silesian Industrial Region
(table 1), what is favoured by the predominance of winds from western
sector (40-48% in the year). Whole area analysed is located in the zone of
exceeding of permissible concentration of sulphur dioxide and suspended dust.
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Table 1. Main sources of dust and gas emission in 1993 (after Absalon and others, 1995)

amount ef amount
Industrial plant dust of gas

ton/year ton/year
Electric power plant “Siersza” in Trzebinia 4103,2 1 899 167,9
“Katowice” steelworks in Dabrowa Gornicza 10 572,0 147 048,0
Window glassworks “Szczakowa” in Jaworzno 45,0 64 120,6
Electric power plant “Jaworzno 1I” in Jaworzno 4 788,0 9 234,0
Coke plant “Przyjazn” in Dabrowa Gérnicza 639,0 6 420, 7
Mining-metallurgical plant “Bolestaw” in 42,7 3565, 7
Bukowno
Refinery in Trzebinia 52,0 857,0
Paper-making plant in Klucze 494.,8 630,9
Heat power plant “Slask” and “Potudnie” in 254,0 473,0
Chrzanow
Dolomite plants in Jaworzno-Szczakowa 27442 333,9

Important source of heavy metals soil contamination is also car tra-
ffic because important local and one international road of high traffic in-
tensity run across communes investigated (fig. 1).

In Poland there is lack standards delimiting the highest permissible
content of heavy metals in soils, which are used in agriculture, To the aims
of agricultural activity is used 6-gradual scale of pollution worked out by
the Institute of Fertilisation and Pedology in Putawy, in which the boun-
dary contents are differentiated in dependence of soil category (table 2).

Heavy metals content in soils of area investigated is very varied.
The maximum content of cadmium was stated in Chrzanéow — over 23
mg/kg. Aiready 20% of soils in this commune were numbered among IV
and V class, i.e. among strongly and very strongly polluted by this metal
(table 3). Large soil pollution is also noted in Bolestaw (table 4), where the
maximal content of lead — 2787 mg/kg was stated, and strong and very
strong contamination concerns 1/3 of soils of this commune. In Olkusz
and Chrzanow soils moderately and strongly polluted by lead make as ma-
ny as 40-50% of the total area of grounds (Tokarz, Turzanski, 1999).

Table 2. Quality classes of light and heavy soils in respect of cadmium and lead
contamination (based on the Institute of Fertilisation and Pedology in Pulawy)

Metal Degree of soil pollution in m
0- I- - m- v - V-
natural | increased weak medium strong very
content content | pollution | pollution | pollution strong
pollution
Cadmium | 0,3-1,0 | 1,0-3,0 | 2,0-5,0 [3,0-10,0|5,0-200|>5->20
Lead 30-70 70 - 200 | 100 - 500 500 - 2500 - >2500 -
2000 7000 > 7000
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Table 3. Content of cadmium in soils of Olkusz-Chrzanéw region (mg/kg) and per-
centage of soils in particular pollution classes (after Provincial Inspectorate of En-
vironmental Protection in Cracow)

Percentage of soils in pollution classes

Commune | Min. | Max. | Mean o | § 11 i v Vv
Boleslaw 128 | 2,70 | 1,89 - 33,3 50,0 16,7 - -
Bukowno 1,58 | 1,96 | 1,76 - - 100,0 -

Stawkow 1,48 | 8,40 | 4,19 33,4 | 33,3 | 333 -

Olkusz 0,56 | 4,00 | 1,93 | 10,0 | S0,0 | 30,0 10,0

Chrzanow | 1,25 | 23,36 | 4,59 20,0 | 45,0 | 15,0 | 10,0 | 10,0
Trzebinia | 3,92 | 8,15 | 5,89 | - z 2 66,7 | 33,3 | -

Table 4. Content of lead in soils of Olkusz-Chrzanéw region (mg/kg) and per-
centage of soils in particular pollution classes (after Privincial Inspectorate of En-
vironmental Protection in Cracow)

Percentage of soils in pollution classes

Commune | Min. | Max. | Mean 0 1 11 il v L\
Bolestaw 77,5 | 2787 | 667,8 - 50,0 - 16,7 16,7 16,6
Bukowno |[194,8 | 408 | 286,7 - - - 100,0 - -

Stawkow | 118,8 | 289,5 | 179,9 100,0

Olkusz 54,3 | 2178 | 320,2 | 10,0 [ 30,0 | 20,0 | 30,0 10,0 -

Chrzanow | 37,9 | 589,4 [ 2952 | 5,0 | 250 | 20,0 | 450 5,0 -

Trzebinia | 151,6 | 353,9 | 247,5 - 334 | 33,3 | 33,3 - -

Different from above-presented, three gradual scale of soil pollution
by heavy metals was worked out by Institute of Ecology of Industrialised
Areas (IETU) in Katowice. To main criteria of classification belong among
others: content of pollutants in soil and plants, location of grounds in res-
pect of emitters of dust with metal, dumping grounds and communication
routes of high traffic intensity and the amount of pollution ambient con-
centration. Applying the above-mentioned criteria the agricultural grounds
are numbered among one of three groups: A - advantageous location, B -
disadvantageous location and C - strongly disadvantageous location
{Raport... 1997).

In area investigated there is no grounds of A group, i.e. these,
where slight soil and air contamination allows to carry out agricultural
production without limitation. Grounds of B type, which contain the
increased amount of harmful substances, predominate here. Applying the
proper agrotechny there is the possibility to cultivate crops, leguminous
plants, fruit trees and bushes. From cultivation are excluded among others
root and leaf vegetables, potatoes or strawberries (Agroekologiczne...,
1992). The worst grounds (C) occur between Bukowno, Bolestaw and Staw-
kow and in Olkusz and Trzebinia (fig. 1) The production of edible and fora-
ge plants is here non-allowable, cultivation of industrial and decorative
plants are here only permitted.

Heavy metals are very toxic for human organism. Cadmium is
mainly cumulated in kidneys and lungs, it also causes neopiasm diseases
of bones. To the toxic lead activity are especially exposed kidneys, marrow
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and in children — brain (Migula, 1993). As cadmium and lead are delivered
to a large degree to human organisms by food road it is highly risky to eat
plants cultivated in areas polluted by heavy metals. Among the diseases
closely related with environmental pollution in areas affected by of lead,
cadmium and zinc pollution are also numbered heart conditions, allergies,
deficient cellular immunity and chromosomal disorders (Osuch-Jaczewska,
Baczynska-Szymocha, 1991).

Heavy metal pollution is particularly dangerous for the health and
development of children. These pollutants occur in particularly high con-
centration in the areas around the non-ferrous metals smelters, which
emits lead, cadmium and zinc, causing environmental pollution including
contamination of foodstuffs. Research by R. Osuch-Jaczewska and H. Ba-
czyfiska-Szymocha (1992) on concentration of lead and cadmium in the
blood fluids of mothers and in the umbilical blood and meconium of their
new-born babies showed concentration in the new-born four times higher
than in the mothers. It can thus be assumed that mothers relieve of the to-
xic agents via their foetuses.

In the 80s in Olkusz-Chrzandéw region the determination of lead
and cadmium content in vegetables from allotment gardens and in green
fodder of plant origin was carried out. Results presented in fig 2 indicate
that in all vegetables even minimal value from noted contents of cadmium
and lead exceeded the permissible concentrations. Whereas the maximal
values exceed the permissible values even ten times, e. g. in Olkusz the
cadmium content in celery leaves is exceeded 90 times, lead - 45 times and
the content of cadmium in beets cultivated in Bukowno exceeds permi-
ssible standards 58 times (Marchwinska, Kucharski, 1995).

Fodder contamination by heavy metals is rather varied. For exam-
ple, in commune Bukowno the permissible cadmium contamination was
exceeded in all samples of hay, green fodder and beets leaves and in 95%
of samples of mangel roots. Whereas in Chrzanéw in any of 6 kinds of in-
vestigated fodder the pollution by lead was not noted, but standards of ca-
dmium content in beets leaves were exceeded many times. In general fo-
dder is less polluted by heavy metals than vegetables (Marchwinska,
Kucharski, 1995).

From above-presented data results that in Olkusz-Chrzanéw region
soils strongly polluted by cadmium and lead in the majority of cases ex-
clude production of food which can be safe for population health. It was
proved by many analyses and published in specialistic scientific ela-
borations. But the social consciousness of this fact is very small - in al-
most every garden attached to a homestead vegetables for own needs are
cultivated (Kucharski, Marchwinska, Gzyl, Sajdak, 1992). Therefore it
seems that results of scientific researches should be used by proper admi-
nistration organs to wider degree in actions propagating ecological agri-
culture.

There are also some opportunities to reduce the threat of soil con-
tamination. Uptake of lead and cadmium by plants from the soil depends
on the acidity of the soil as well as on content of organic and phosphorous
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Fig. 2. Content of lead and cadmium in vegetables cultivated in allotment gardens in selected commues of Olkusz-Chrzanéw
region: B - Bukowno, O - Olkusz, C - Chrzanow, T - Trzebinia, celery — leaves, celery - rool, carrol, parsley - leaves, parsley
- toot, beets, lead, cadmium, multiplicity of permissible concentration exceeding: maximal, minimal, permissible cancentration
- lead: 0.5 mgfkg, cadmium 0,08 malkg, times (after E. Marchwifiska, R. Kucharski, 1995)

in the soil. With increasing acidity and decreasing contents of humus and
phosphorous compounds the availability of lead and cadmium increases.
However, it should be noted that limiting and maintaining high levels of
phosphorous and humus in the soil can reduce the hazard to crops con-
sumers by only between ten and twenty percent. A more effective way to
omit the hazard to consumers may be an appropriate selection of the crops
grown, taking into account the differences in the rates of accumulation of
heavy metals by particular plant species, as well as environmental
pollution, soil conditions and the amount of the crop that consumers eat.
Application of the principle of appropriate crop composition alone will not
be enough to encourage people to grow right kind of crops. The Institute of
Environmental Protection in co-operation with the Regional Counselling
Centre for Agriculture at Mikoléw-Smilowice, has attempted presenting of
economic account in which changes are introduced in plant and animal
production, taking environmental pollution and the suitability of agri-
cultural soils into account (Kucharski, Marchwinska, Gzyl, Sajdak, 1992).

References:
Absalon D., Jankowski A.T., Lesnick M., Wika 8., 1995: Komentarze do Map So-

zologicznych 1: 50 000, arkusze: Olkusz, Jaworzno, Chrzanow, Ogrodzieniec,
Zawiercie, Przedsiebiorstwo “GEOPOL” Poznan.

25



Agroekologiczne uwarunkowania produkcji rolniczej w warunkach skazonego éro-
dowiska. Gmina Psary. Wojewddzki Osrodek Doradztwa Rolniczego w Miko-
lowie, Mikolow 1992.

Klimek K., Niewdana J., 1995: Boleslaw — Zrodla zanieczyszczen aluwiow rzek Gor-
nego Slaska metalami ciezkimi. In: Przewodnik wycieczek M1 Zjazdu Geomor-
fologdw Polskich “Procesy geomorfologiczne., Zapis w rzezbie i osadach™
WNoZ US, SGP, Sosnowiec.

Kucharski R.,, Marchwiniska E., Gzyl J., Sajdak G., 1992: Rolnictwo w wojewddz-
twie katowickim a przemyslowe zanieczyszczenie srodowiska, Aura, 11.

Mapy Sozologiczne 1:50 000, arkusze: Olkusz, Jaworzno, Chrzanéw, Ogrodzieniec,
Zawiercie, Przedsiebiorstwo “GEOPOL”, Poznan.

Marchwiniska E., Kucharski R. (red), 1995: Monitoring zanieczyszczen roslin jadal-
nych i paszowych w wojewddztwie katowickim. PIOS, IETU. Biblioteka Moni-
toringu Srodowiska, Katowice.

Migula P., 1993: Kiedy metale cigzkie sg szkodliwe. Biblioteczka Fundacji Ekologi-
cznej “Silesia”, Katowice.

Osuch-Jaczewska R., Baczyniska-Szymocha H., 1992: Stan zdrowia dzieci i mlo-
dziezy, Aura, 11.

Raport o stanie srodowiska w wojewodztwie katowickim w latach 1995-1997. PIOS,
WIOS w Katowicach. Biblioteka Monitoringu Srodowiska, Katowice, 1997.

Siuta J. (red.), 1978: Ochrona i rekultywacja gleb. PWRIL, Warszawa.

Sokét S., 1992: Przyroda ostrzega. Almaprint Katowice.

Szczypek T., Wach J., 1991: Human impact and intensity of aeolian processes in
the Silesian-Cracow Upland (Southern Poland). In: Kozarski S. (ed.) Late Vis-
tulian (=Weischelian) and Holocene Aeolian Phenomena in Central and Nort-
hern Europe. Z. Geomorph., N.F. Suppl., Bd. 90.

Tokarz M., Turzanski K.P. (red.) 1999: Ocena stanu zanieczyszczenia gleb woje-
wodztwa malopolskiego metalami ciezkimi i siarka. Wojewddzki Inpektorat
Ochrony Srodowiska w Krakowie. Okregowa Stacja Chemiczno-Rolnicza
w Krakowie. Biblioteka Monitoringu Srodowiska, Krakow.



Anthropogenic aspects of University of Silesia

landscape transformations 2 Faculty of Earth Sciences 27-31
Sosnowiec 2002

Grzegorz JANKOWSKI

University of Silesia, Faculty of Earth Sciences, Sosnowiec, Poland

ANTHROPOGENIC CHANGES IN FOREST AREAS OF THE
WESTERN BORDER OF GOP (UPPER-SILESIAN INDUSTRIAL
REGION) ON THE EXAMPLE OF RACIBORZ FORESTS -

THE HISTORICAL OUTLINE

Anthropopressure in forest regions of the research area had its origins as far
back as Middle Ages, and the precursors of that process were, among others,
Cistercians of the Rudy Wielkie monastery. Their diverse economic activities,
carried out on large areas, had a great impact mainly on the generic composi-
tion of forests and, to a minor degree, on their range. Exploited to a high degree,
the primary stand of trees changed its structure in terms of species and age.

In the past the Upper-Silesian forests were not uniform in qualitative
terms, which is indicated by papers, not only historical ones (seventeenth-
century urbars and journals) but also environmental ones (both archival and con-
femporary). Basing on analyses of cartographic materials, Czech and German lite-
rature and rich Polish papers, Nyrek (1975) divided the Upper-Silesian forests into
following categories of different generic composition: forests of uplands and
hills, forests of river valleys (mainly alder and riverside carrs), and coniferous or
mixed forests of the north-western and central parts of Upper Silesia.

Prevailing species in upland forests included: beeches, oaks, hornbeams,
sycamores and maples. Additionally, there occurred pines, larches, firs and
spruces. That composition caused intense deforestation, especially of oaks and
beeches as the highest quality material. Riverside valley forests included mainly
alders, aspens, willows, birches and, on drier areas, oaks. Decrease in forest area of
that type was caused by activities related to river regulation (embankments,
channelization, land drainage etc.) as well as by intense forest grazing, Mixed
and coniferous forests of the research area (present Raciborz Forests) consist of
conifer with an addition (especially in the northern part) of deciduous trees
(Nyrek, 1975).

In mid-17* century, an additional classification of Upper Silesian fo-
rests was implemented in order to obtain more detailed pricing of harvested
timber. Two classes were disﬁnguishﬁd—omwimprevaﬂing,hard”trees, like oaks,
hombeams and beeches, the other with majority of ,soft” trees like spruces, firs,
pines, birches and alders) (Nyrek, 1992).

Forests in the discussed area were entirely owned by the Rudy mona-
stery, however the methods of management and exploitation of those resources
were the same as in other (in terms of administration and ownership) forest
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areas of Upper Silesia. Monastery administration decided quite freely on the

ways of using their forest resources.

In the course of time, few free people could manage their own pieces of
forests, which were turned into ploughlands or pond areas, especially during
colonization.

Main branches of forest management include:

o ground flora gathering — the primary form of obtaining food by man has
changed its nature with time. The range of gathering includes not only
ground flora, but also some species of shrubs and trees (e.g. junipers,
willows, elms or birches};

¢ bee-keeping — this type of activities developed on forests areas adjacent to
forest settlements or near villages. Tyszkiewicz (1976) points to the ne-
cessity to carry out studies in that matter concerning development of, set-
tlement, beekeepers’ organizations and legal forms characteristic for that
type of forest management activities;

¢ hunting — the most problematic forest activity (hunting privileges typically
concerned forest owners or managers);

o forest grazing — this is the oldest form of using the forest resources. Man
has grazed cows, sheep, goats and even pigs practically ever since the Neo-
lithic Age;

e timber harvesting and related activities — timber gathering was the basic
forest management activity. Intensity of that type of activities depended on
the type of forest, its generic composition, and the transportation infrastruc-
ture. Birch tar, tar and charcoal production was of no less importance. The
monastery had numerous charcoal kilns and wood distillers” works, the
largest ones being situated in Rudy, Jankowice, Stanowice, Zwonowice and
Barglowka.

The above forms of forest management were put in a kind of admini-
strative-legal scheme resulting from laws of the king, the prince and the mo-
nastery (as the owner of those lands). As soon as the early part of the 14% cen-
tury, the so-called ,forest order” was put into force in Silesia; it was patterned
after some laws (even common ones) valid in the Czech Republic (Nyrek, 1972).

Rudy’s Cistercians organized the forest service after the example of
above-mentioned princely service. Initially, monastery servicemen’s duty was to
organize hunting and care for animals. It was not until the late part of the 16%
century that caring for existing stand of trees and its rational use were included
into the most important duties. Thus the forest service duties included control-
ling the quantity and quality of timber as well as the place it was harvested
from, They started to charge fees for almost every economic activity that was
carried out in forest areas. The subjects therefore were made to pay (by means
of money, work or farm products) for timber (both as a building material and as
fire-wood), cattle grazing, grass mowing, ground flora gathering, fishing (in fo-
rest ponds), and also for using the forest tracks. Village administrators provided
much help in supervising and organizing the forest management. They also
exercised control over exploitation of forest resources in forests given by the
monastery to particular villages or communes (Nyrek, 1972).

The main recipients of timber from the Cistercian forests were all works
that were directly or indirectly subject to the monastery. And so the aforemen-
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tioned charcoal kilns and wood distillers’ works, as well as charcoal iron fur-
naces, ironworks, monastery breweries and bakeries contributed to defores-
tation of vast areas by their constantly growing demands for timber. In order to
rationally manage the material and, as it turned out to be necessary later,
protect forest areas, the monastery administration started implementing nu-
merous decrees, which were patterned after similar secular acts. It was for-
bidden as early as 16t century to use healthy timber (i.e. timber obtained from
healthy and well-growing trees) for firing and in distilleries or bakeries. That
decree also favoured removing windbreaks, snowbreaks and otherwise uprooted
trees (Nyrek, 1972).

In 17% century regulations concerning protection of Silesian forests we-
re put into force and observed rigorously. Their main purpose was to protect the
species of particular value in hunting management or bee-keeping (16%-, 17t and
even 18h-century instructions imposed particular protection of so-called honey-
yielding species, that is limes, hawthorns, sycamores and a few other species of
fruit-bearing trees and shrubs, and some species that were necessary for proper
activities of other branches of forest management. And so, from the point of view
of water management, the larch was a particularly important species (pipes and hy-
drotechnical devices which had permanent contact with water), although the in-
structions also mentioned oak, fir and pine wood. On the other hand, ash, lime, cak
and red osier were particularly precious species for handicraft (Nyrek, 1975).

The following table shows how large the demand for wood in selected
years of 18% and 19% centuries was (in spite of the above described activities
aimed at protection and reclamation of forest areas).

Table 1. Wood demand in selected years

Year Demand in m3
1756 22.835
1759 19.274
1760 16.358
1801 15.673
1802 19.895
1806 21.882
1809 17.463
1810 21.924

Source: M. Sufryd, J. Winiewski (1987).

Large contribution of Cistercians into organizing and managing the fo-
rest areas and into organizing the forest administration was lasted for long
enough for its effects to be noticeable even nowadays. What has remained up to
the present is the post-Cistercian division of some forest areas (called Racibérz
Forests nowadays) into regular clearings and remainders of structures whose
purpose was to provide fire-protection or to give facilities for extinguishing fires
(remains of canals, crosscuts and dikes).

In mid-19% century, forest economy underwent transformation which
caused that wood was no longer the most important energetic material and
trends in forest management that ruled Europe at that time forced new owners
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to make changes in administration and economy. There appeared large areas of
spatially ordered coniferous monocultures of equal-age stands of trees. That ty-
pe of activities reduces non-forest (but formerly afforested) areas and predes-
tines the forest as a ,wood factory”, but at the same time it has a degrading im-
pact on the stand of trees itself (next generations of the same species are we-
aker than their predecessors), as well as on the soil condition.

Cistercian forest heritage, which came under administration of Raci-
borz-Pszczyna princes after monastery’s annulment in 1810, was so perfectly
organized, and documentation so precise, that it is currently possible to carry
out quite detailed analyses of the forest area of the region.

According to Szabla (1994) effects of that several-hundred-year-long
anmropopressure include mainly:

higher proneness of trees to fires;

- increase in pest activity;

- thinning out of stands of trees;

- decrease in trees’ resistance to unfavourable meteorological conditions

(droughts, strong winds);

- changes in the composition of the ground flora (deterioration of ve-

getation characteristic for particular habitats;

- unfavourable changes in chemistry of forest soils resulting in dis-

turbed nutrient uptake by plants.

The forests of the research area are not currently being exploited so
intensely, although their condition is clearly influenced by industrial activities of
the surrounding regions: Rybnik and Upper Silesian ones. The whole area of
the Rudy Raciborskie forest division is exposed to the highest in Poland preci-
pitation of dusts like: cadmium, lead, manganese, copper, chromium or arsenic,
and the ambient concentration levels for SO, and NOx compounds have been
exceeding acceptable norms for forest areas for many years now (Szabla, 1994).

Another element which is highly dangerous for the condition of stands of
trees (especially between the Ruda and the Bierawka rivers) is the depression
sink of the exploitation hollow of ,Kotlarnia” sandpit. Continuous drainage of
the bottom of the exploitation hollow results in changes in hydrological conditions
of these areas (lowered level of ground waters), which, combined with periods of
rainless weather, brings about high fire risk (e.g. in 2000, humidity of forests in
the Rudy Raciborskie forest division did not exceed 16 per cent on May 1%,

The above unfavourable changes and threats have also been confirmed
by forestry services, who carry out activities aimed at improving the condition of
forests in the discussed region (maintaining the continuity of forest production
mainly from sanitation felling, afforestation with species that suit the habitat,
preferring the seed tree method, or various proceedings aimed at improving the
quality of timber).
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SIGNIFICANCE OF SLAG DUMPING AREAS IN THE UPPER
SILESIA AND WEST MALOPOLSKA LANDSCAPE

Anthropogenic forms are important components of the Upper Silesian and
western Matopolska landscape. Among them the slag and spoil dumps of
coal, ferrous and non-ferrous metals have an extraordinary aesthetic and
documental value — they evidence the history of industrialisation of this
region. Most often they modify or mask the natural morphology. Such
a landscape is commonly a result of repeated changes of the Earth surface.
The landscape metamorphoses caused by mining are especially characte-
ristic for the Upper Silesian Coal Basin, Rybnik Coal Basin and the ore in-
dustrial districts: Olkusz-Boleslawiec and Zawiercie-Czestochowa. Having
analysed the changes in position and morphology of the anthropogenic
forms it can be stated out that since the end of 80-ies (Grygierczyk, Sen-
dobry, Waga, 1989) most of the slag dumps have been closed or remo-
delled. Big dumps, so-called central dumping grounds, have used to enl-
arge proportionally to the exploitation rate of supplying mines. Waste rock
being exploited nowadays as well as the material having rested for tens of
years, sometimes even more than a hundred, are used for solid stowing,
building industry, and for surface levelling (Skarzyniska, 1997).

Nevertheless the biggest forms are the most significant ones, their
size is not the exclusive criterion for their visual importance. The colour,
cover of the surface, spatial relations to the neighbouring artificial and na-
tural forms are the noteworthy indications. Apart from shapes and mor-
phometric parameters. It is most often assumed that artificial forms - as
being strangers — reduce the visual value of the space. However even large
dumps, if properly created and arranged in the surrounding — do not have
to degrade the landscape, but in contrary they can make it more attractive
(Bogdanowski, 1988).

Anthropogenic forms building the elevations, slag dumps among
them, can be devided into the following landscape components, according
to visual criteria:

1. hidden elements
2. temper elements (neutral)
3. distinct elements.
The latter can be additionally divided into:
a) conflict-prone - disfiguring the landscape
b} non-conflictive — bringing new, easy acceptable visual values
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c) counterpoints — new, contrasting but interactive and interes-
ting landscape elements.

The hidden forms resemble the natural ones. They are usually their
direct continuation; therefore they are difficult to distinguish from the na-
tural forms or parts of them. These forms are as follows: artificial terraces
superstructed or attached to the river terraces or fan-shaped dumps in the
foothill areas. The terraces of the Olza tributaries near Wodzistaw and the
Nacyna valley in Rybnik are the best examples of hidden forms.

The neutral forms are easier to identify. They also resemble the na-
tural forms, however they are situated solely. At times they stylistically
maintain the surrounding forms, or they are the exact replication of the
neighbourhood. The ideal example of that kind is the biggest dump in Po-
land, which reminds one of monadnocks — the dump of black coal mine
“Bolestaw Smialy”, located in Laziska Gorne in the foreland of Mikotowski
Horst. The post-exploitation dump of the ferrous ore in Rudniki near Za-
wiercie is also a good example.

The forms of the third type forms are most often noted as fans,
multistage truncated fans, piles, banks, inclined planes or domes. The best
example of the conflict-prone form — decidedly degrading the landscape - is
a slag dump of carbon coal shales of the KWK Center in Bytom, situated
within the former dumping ground of the zinc and lead ores mine “Orzel
Bialy”,

The dumps of waste rock in Debiensko in Czerwionka-Leszczyny
commune are the good examples of non-conflictive forms, bringing some
vivacity in the landscape.

A set of dumps in Rydultowy (Szafer et al., 1997) might resembling
the pyramids situated on the Rybnik Plateau is the example of aesthetic-
perspective counterpoint.

Waste rock accumulated in the dumping areas might be a source of
utilizable material, thus the existence of most of the dumps is the transi-
tional phenomenon. However a part of forms built from the rocks of low
technical parameters have pretty big chance to remain. It happens in
Western Europe that some of the dumps are, left in the landscape as the
evidence monument of history. They are usually spectacular object treated
as the nature monuments. The fan-shaped dumps in Nord-Pas de Calais in
France are the most characteristic ones. Usually such forms undergo some
esthetical interventions, and they are protected from gravity mass move-
ments and self-ignition. Some of the dumps are adapted to scenic or recre-
ational-parking functions. The old dumps are used as sport objects — the
artificial, igelite downhill routes. The projects of stepwise cultivation of the
dumping grounds by the Prosper Il mine, and Beckstrasse in Bottrop (Ra-
domski, Zerressen, 1993) are ideal examples of multifunctional manage-
ment of the dumps, and practical exposing them in the landscape. Dumps
near Sheffield are different in character — they are much lower and more
extensive. According to the national plan of increasing forestry of the Great
Britain, this direction of land reclamation dominates. In this respect the
mine areas have the chance to be naturally revitalised.
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On the study area there are at least a few sets of slag dumps deser-
ving the treatment described above. These are for example the dumps in
Debiensko, Ryduttowy, Laziska Gérne. Most of them had already been ela-
borated fixing attention to very interesting recultivation plans (Bogda-
nowski, 1988; Szafer et al., 1997). According to the authors a dump of
“Debiefisko” mine in Czerwionka deserves a special attention. The coal had
been exploited in the mine for 102 years. A set of six fan-shaped dumps of
Carboniferous shales of about 30 ha of area became a significant element
of the whole surrounding, making the landscape a tipical post-mining cha-
racter. From the bottom of the Bierawka Valley, near the “Debiefisko” mi-
ne, to the summits of the highest dumps is 112 m. Four dumping grounds
are quite low (41-70 m high); they are covered with trees and bushes, plan-
ted in result of planned afforestation. Two highest fan-shaped dumps - the
Fan IIl and Fan IV are going to be closed. The overheated Carboniferous
shales are being exploited from the Fan III. This raw material is not of good
quality, however it suits the standards, and is used for building the em-
bankments of roads or railways ect. (Ocena..., 1998). The landscape of the
“Debiefisko” mine, apart from the dumps mentioned above, consists of the
dumping grounds of flotation tailings and spoil. They cover the area of 100
ha. Theses days the flotation tailining dump is being land reclamation on
the area of two (from the four existed) closed mud basins. This dump is 7-
17 m high, with the area of 12 ha, and they are sloped. The works will fo-
cus on reducing of the scarp slope, filling-in all the ground irregularities
with waste debris, drainage of the area and introducing the biological casting.

Floristic cataloguing on the Fan IIl showed, that in spite of the poor
conditions, many species of the herbs, bushes and trees survived, more-
over the floristic communities have the chance to become more and more
natural (Ocena..., 1998). The area of dumps and dumping grounds is cove-
red by the following species: Betula pendula, Robinia pseudoacacia, Popu-
lus canadensis, Fraxinus excelsior and occurring soldom: Acer pseudopla-
tanus, Larix europaea, Sorbus aucuparia, Quercus robur, Alnus glutinosa,
Tilia cordata, Fagus silvatica. Among the bushes the most popular are Phi-
ladelphus coronaries, Symphoricarpos albus, Sambucus nigra, and S. Race-
mosa, Prunus serotina, Caragana sp., Rubus sp. Rosa rugosa, Salix. It is
worth mentioning that most of plants originated naturally from self-
seeding. 30-40 years after the reforestation process the southern shape
was covered by relatively dense forest communities consisting of Populus
canadensis, Quercus rubra, Fraxinus excelsior, Acer pseudoplatanus, Pinus
nigra. Above the herb communities with Philadelphus coronarius and
Symphoricarpos albus dominate. Similar species are noted on all the
neighbouring dumps. What is more, the dumps became a home for many
animals that have found good living conditions herein — some seat birds
and numerous rodents.
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During atmospherics lows the gas emission, mainly carbon dioxide
coming from the shales burning inside, is occasionally noted even on the
dumps completely covered by plants. Regardless of this fact the dumps are
still the interesting accent of the agricultural and forest landscape of the
surrounding of Czerwionka, characterised by large geodiversity. Without
doubt it is a symbol of cultural heritage of this place, well visible from the
highway Al being under construction. It is going to be a place absorbing
the attention of travellers, together with the entirely presentation of pre-
cious objects and places as for instance the XIX and XX - century mine
buildings, trading estates, a park and a site of high geological value, out-
cropped due to exploitation of Carboniferous shales and sands, and mining
areas under naturalisation. One should remember that they document the
cultural and nature development of the Upper Silesia — and therefore they
are the best and the most meaningful example in the whole region. It is
question if the dumps should be remained in the landscape, at last the
parts covered by natural succession of plants. They are most characteristic
elements of the present-day cultural landscape of Czerwionka-Leszczyny.
This is post-mining landscape. Now this dumps are one document after big
coal mine “Debienisko”, with its long traditional mining land-use. Now this
post- mining landscape is in transformation.
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CHANGEABILITY OF PRECIPITATION POLLUTION

AS A FACTOR OF THE NATURAL ENVIRONMENT
DEGRADATION IN THE UPPER SILESIAN INDUSTRIAL
REGION AND ADJACENT AREAS

Introduction

Air is one of the elements of the natural environment which are frequently
influenced by human impact. Substances and compounds present in the air
are absorbed and accumulated by other elements of the natural environment.
Considerable part of them is transported in the soluble and solid form to the
earth surface with precipitation (Wilson, Bell, 1996; Godzik et al., 1997).

Distinct increase of recent investigations on the quality of meteoric wa-
ter shows how considerable role in the process of pollution transport from
the atmosphere to other elements of the natural environment precipitation
plays. Apparently, wet precipitation is not only a factor which can de-
termine a degree and range of atmosphere pollution but also, due to the
transport of the considerable amount of partly dissolved components, it is mo-
re dangerous for the environment than dry precipitation. Acid and much pol-
luted meteoric water is a factor which causes corrosion of metals, disso-
lution and desintegration of rocks and buildings and also degradation of wa-
ter (Seip, 1980; Nelson, Campbell, 1991; Veseley, 1994) and soil environ-
ments (Amacher et al., 1986; Alloway, 1995; Pacyna et al., 1997).

Method of sampling

Sedimentation funnels (,British Standard”) were used to collect meteoric water
samples. They were made of polypropylene and their total area was 2500 cm?.
They were mounted 1,5 m above the ground surface in special racks.
Taking into account the fact that individual rainfalls show different
chemical composition, the effort was made to collect each rainfall separa-
tely. Before the rainfall, the funnels were cleaned with distilled water and du-
ring the rainless days they were covered with lids to avoid dry precipi-
tation. Under each funnel, polyethylene vessels were placed where meteo-
ric water was collected. Then, the samples were poured into polyethylene
bottles and taken to the laboratory. Directly after the samples were deli-
vered, the measurement of pH and specific conductivity (Czs) were carried
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out. Apart from these measurements, the chemical analyses to determine
the concentration of selected ions (SO42, NOs, CI, NH4', Na*, K*, Ca?",
Mg*) were carried out.

Location and characteristic of the meteoric water sample sites

The sample sites were located in the south part of Poland in the following
detailed locations (fig. 1): Sosnowiec (central-east part of the Upper Sile-
sian Industrial Region), Ojcéw (in the area of the National Park in the
south part of the Krakéw-Czestochowa Upland), Wodzislaw Slaski (south
part of the Rybnik Coal Region and west part of the Morava Gate) and
Cieszyn (Silesian Plateau and eastern part of the Morava Gate).

—— i Fig. 1. Precipitation sampling sites:
1 — state boundary, 2 — boundary
of U.S.L.R.

The measurement sites we-
re distributed this way to re-
present average imission con-
ditions typical for each area,
Moreover, their location was
associated with the main we-
stern direction of atmosphe-
ric circulation and additio-
nally, in the Morava Gate,
this circulation was modified
by relief morphology (Hta-
wiczka et al., 1994),

Air quality conditions

Air quality in the individual
investigation sites is condi-
tioned by local emission of
gas and dust pollution which
e - i comes from the individual ho-
' vy i use holders, housing estate
boiler rooms, local indus-

trial boiler rooms, heating plants factories and transport means. Additio-
nally, if meteorological conditions are favourable, pollution is brought from
the adjacent areas.

Recently, due to the recession in Polish economy, restructuring of
the industry and pro-ecological activities, there has been a significant chan-
ge in the proportion of the emitted pollution in the whole studied area. The-
re was a considerable decrease of the emitted dust in the 90s as compared
to the 80s. In the period 1990-1996, there has been further, systematic
decrease of dustiness in Sesnowiec and Ojcéw, but, on the other hand, an

37




increase of dustiness has been recorded in Wodzislaw Slaski and Cieszyn
(tab. 1). As far as gas compounds (SO2, NO,) are concerned, their concen-
trations in the period 1990-1996 have shown variable trends.

Differentiation in pH reaction of precipitation in the period 1990-1997

In this research, elementary precipitation has been the only base of all che-
mical analyses to evaluate the degree of precipitation pollution and to
understand their reasons. It is associated with the fact, that an occur-
rence of rainfall and its chemical composition depends on physico-chemi-
cal processes which take place in the atmosphere. The results of the ana-
lyses allow to state that each separate precipitation has got different che-
mical composition and there are never two identical rainfalls. Therefore,
collecting the meteoric water from several rainfalls causes that the concen-
trations of substances present in such water is averaged and usually in-
creased. This leads to false evaluation of the quantity and quality of the
compounds washed by precipitation in particular area.

The investigations which have been carried out for several years
enabled to observe particular trends of time changeability of some pollu-
tion indices of precipitation. The most valuable are the results of pH reac-
tion measurements (tab. 2).

In the period 1990-1992, acid precipitation (pH < 5,0) predomi-
nated in all the sites studied and it was the most frequent in Wodzistaw
Slaski (85%) and the less frequent in Sosnowiec (60%). The frequency of
neutral precipitation (pH from 5,0 to 6,0) was the largest in Sosnowiec
(32%) and the smallest in Wodzislaw Slaski (13%). The alkaline precipitation
was the most frequent in Ojcéw (12%) and Sosnowiec (8%) and the
smallest in Wodzistaw Slaski (2%). It should be emphasised also, that in
the beginning of the 90s, the amount of ,acid rain” in the whole studied
area considerably increased as compared to the 80s. The amount of acid
rain increased in the period 1990-1993 as compared to the period 1986~
1989 from 30% to 70% in Sosnowiec and from 60% to 85% in Wodzistaw
Slaski (Lesniok, 1996).

The distribution of the pH reaction in the period 1993-1995 shows
further changes as compared to the previous period (1990-1992). In the
two sites studied, the precipitation acidity still increased. During this pe-
riod, the amount of ,acid rain” increased to 78% in Sosnowiec and to 80%
in Ojcow; in Cieszyn and Wodzislaw Slaski it decreased to 70%. During the
last two years (1996-1997), the participation of acid rain has still in-
creased and reached 91% in Sosnowiec and 90% in Ojcéw. In Wodzistaw
Slaski, the amount of acid rain has increased again to 84% and in Cieszyn
it has been similar to the previous period (1993-1995), i.e. 88%.

These trends are also confirmed by average values of pH reaction
(tab. 3). A clear, regular decrease of pH reaction of precipitation since 1990
has been observed in Sosnowiec, Ojcow and Cieszyn. In Wodzistaw Slaski,
on the other hand, an increase of pH has been observed since 1992. In
1995, pH reaction in this site was the largest among all the sites studied.
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Table 1. Average annual concentrations of the concentrations of the selected air
pollution indices at the individual sites in the period 19906-1996

Location [(ug/m®{ 1990 | 1991 | 1992 | 1993 |* 1994 | 1995 | 1996 Istandard
dust | 128 | 140 131 126 118 | 103 98 50
Sosnowiec | SO, | 56 53 55 52 48 41 39 32
NO, | 7 55 53 54 67 60 56 50
dust | 94 9] 89 93 85 82 75 40
Ojcow SO, | 39 32 33 38 32 32 35 1
NO, | 52 41 40 43 40 42 40 30
Wodzistaw | dust | 94 122 148 131 109 | 105 126 50
Slaski SO, 41 45 42 44 48 43 37 32
NO, { 55 43 45 47 36 32 33 50
dust = 53 51 49 42 41 44 50
Cieszyn S0, 5 41 36 39 35 30 31 32
NO, - 35 33 40 29 24 22 50

Source: Some dara from the WSSE in Katowice and Bielsko Biala

Table 2. Percentage participation of pH reaction of the precipitation in the indivi-
dual pH ranges in the periods 1990-1992, 1993-1995 and 1996-1997

pH Sosnowiec Ojcow Wodzistaw Slaski Cieszyn

range | 1990 | 1993 | 1996 | 1990 | 1993 | 1996 | 1990 | 1993 | 1996 | 1991 | 1993 | 1996
1992 | 1995 | 1997 | 1992 | 1995 | 1997 | 1992 | 1995 | 1997 | 1992 | 1995 | 1997

<5,0 60 | 78 | 91 72 | 80 | 90 | 85 | 70 | 84 | 71 87 | 88

5,0-6,0 32 19 9 16 | 17 9 131 4=28's | 2161, ) 425 11 12

-

>6,0 8 3 0 12 3 1 2 2 0 4 2 0

Table 3. Average values of pH reaction of precipitation at the individual investiga-
tion sites in the period 1990-1997

Location 1990 1991 [1992  [1993 [1994 1995 [1996  [1997
Sosnowiee 50 ke ke s 4 k3 ko h2
Ojcow 4 8 510" he k7 3.7 3,9 4.0
Wodzistaw Slaski 4,1 .2 4,6 47 U6 WS 4,4 4,6
Cieszyn ! g AR5 k3 ks ke Kal ko

This situation should be associated with the changes of the emission of
some air pollution. As dust has got the abilities to neutralise part of the sulphur
dioxide and nitric oxides, the decrease of its emission in the end of the 80s and
beginning of the 90s was partially responsibie for the increase of acid rain.

The decrease of dust emission has been associated with the recession of
Polish economy, restructuring of the factories in the Upper Silesian Indu-
strial Region (changes in the production profile, transfer of production to
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another places or its liquidation) and purposeful pro-ecological activities which
have led, most of all, to reduction of industrial dust emission. Moreover, con-
siderable part of the total pollution emission comes from the so-cailed ,low-
emission” from domestic sources. In the heating system of the urban part of Sos-
nowiec and Cieszyn where measurement sites are located, central sources of
heating dominate (heating plants, housing estate boiler houses) which are
partially provided with filters to reduce dust pollution. In Wodzistaw Slaski, indi-
vidual fire-places which have been coal- and coke-fired still dominate in the
heating system of this town. These are not provided with filter and during
winter the degree of dustiness in this area is very large. In case of Ojcow, which
is removed from the urban-industrial parts of the Upper Silesian Industrial
Region and Krakéw, the influence of dust pollution on the air quality is
small and it is limited to local sources. Therefore rainout predominates here.
It contains ,vivacious” and mobile acid-creative compounds of sulphur
which are transported from the adjacent areas (Rézkowski et al., 1996).

Differentiation in the content of the selected pollution indices in the period
1986-1997

Changeability of the pH reaction is confirmed also by the selected, main indices
of pollution precipitation from the period 1986-1997 (tab. 4).

Table 4. Average values of the individual indices of precipitation pollution at the
individual investigation sites in the period 1986-1997

Location Periods pH Cos (S/cm) | Ca® (mg/dm) | SO, (mg/dm’) §

1986-89 59 142,0 9.8 43,7
Sosnowiec 1990-92 47 93,0 6,9 24,3
1996 4.0 81,0 3,7 13,1

1997 42 72,0 1,3 8,4

1990-92 48 52,0 2,5 7.4

Ojcbw 1996 39 40,0 1,9 5,1
1997 40 35,0 1,1 5,6

1986-89 49 103,0 5,1 39,1

Wodzislaw Slaski 1990-92 43 72,0 42 17,3
1996 44 55,0 22 9.8

1997 4.6 40,0 1,1 7,5

1990-92 4.6 63,0 2.6 9,8

Cieszyn 1996 43 58,0 2,1 7,6
1997 4,0 52,0 14 6,2

In the all investigation sites, there has ben a decrease of specific con-
ductivity (Czs) which is the most visible in the industrialised areas (Sosno-
wiec, Wodzistaw Slaski).

Content of calcium which is emitted during coal ash burning shows
also distinct decreasing trend and reaches the values similar to precipitation
from the non-polluted areas of NE Poland (Lesniok, 1996).
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In case of sulphur, especially in Sosnowiec and Wodzistaw Slaski,
a distinct decrease of its concentration is again noticeable. The recorded values
are still several times larger than the precipitation with inconsiderable
amount of pollution (2mg/dm?). Sulphur is a predominating ion responsible for
the acidity of the meteoric water in the samples studied.

Conclusions

e The results of the investigation show considerable time-spatial diffe-
rentiation of the acidity and pollution in precipitation which result from
quantity and quality changes in pollution emission to the atmosphere.

¢ In the time period studied, a regular increase of acid rain in the whole
investigation area has been determined. Acid rain represents more than
85% of all the precipitation sampled. The participation of alkaline
precipitation has still decreased and it is now not more than several
percent.

o In the spatial distribution of precipitation acidity, distinct in the 80s
differences between the areas of large emission and their out-skirts has
obliterated. This is mainly caused by changes in emission structure of
acid and alkaline compounds.

o The obtained results of the acid rain increase may be a signal of the
initiation of acidification process in other elements of the natural envi-
ronments (soil, water, flora, fauna).

o Precipitation is an important criterion to evaluate the degree of air
pollution. Determination of the quality and quantity of the pollution
loads transported in the precipitation may become a valuable informa-
tion which could successfully allow to counteract acid rain. Therefore it
is necessary to carried out monitoring of precipitation side by side with
air monitoring,.
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THE SETTLEMENT OF HUMAN LIFE IN THE NORTH-
EASTERN PART OF THE GREAT PLAIN

The natural development of the landscape in the Quaternary

As a consequence of the crust movements taking place at the end of the
Tertiary and during the Quaternary periods, the area of the Great Hungarian
Plain enclosed by the rising mountains sank into great depths. The inland
sea filling the depression — which later became an inland lake — was the
erosion base of the water courses running down from the mountains. The
rivers transporting vast amounts of sediments gradually filled up the inter-
nal lake and built alluvial fans in the direction of the deepening areas.

The formation of the present drainage network lasted for a long time.
The watercourses continually changed their flow of direction. The change in
the direction of the rivers is the natural consequence of the rivers building
alluvial fan. On this area, however, the several times repeated tectonic mo-
vements played a significant role. As a result of these, certain parts of the
filling basin sank further down while other parts slightly lifted. On the ed-
ges of the Great Plain, the depressions formed along the tectonic lines natu-
rally attracted the watercourses towards themselves. The waters which
found runoff on the depressions linked together, transformed the former sur-
face by erosion or accumulation — depending on their energy.

In the north eastern part of the Great Plain, the River Tisza and her
tributaries arriving from the Carpathian Mountains built a large alluvial
fan towards the central part of the Great Plain. The building and deve-
lopment of the alluvial fan was interrupted by the formation of the depre-
ssions on the edge (Bereg-Szatmar Plain, Bodrogkoz, Rétkéz) and the rising
of the central part of the Nyirség region (fig. 1). The uplifted alluvial fan
surface remained without living watercourse and thus in the dry periods
the formation of the blown sand could start.

Collecting the watercourses running down from the moun-tains, the
River Tisza was meandering on the depressed areas. In the slowly filling
depressions of the Great Plain, the level differences were very small, the-
refore, the average stream gradient of the River Tisza was 4 cm /km, but at
some places 2 cm/km reaches also occurred (Somogyi, 1967). The mean-
dering watercourse built point bars and levées. During thousands of years,
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Fig. 1. The landscapes of the Northeastem Great Plain

a large number of ox-bows came into being by the natural cutting off the
meanders.

The watercourses arriving from the mountain areas with heavier pre-
cipitation caused floods in the times of the spring snow melting and early
summer. During these times, the huge mass of water covered the swampy,
marshy flood plain regions, and often intruded even to the lower flat ter-
rains enclosed by the higher lying terrains too. On the surface with small
inclination, the uliginal woods and the reeds slowed down the regression of
the flood. The flowing back of the water from the lowlying areas far from
the river was further hindered by the levées and point bars. Thus, it often
happened that the water has not regressed from the areas flooded at the
end of the winter and early in spring when the early summer flood arrived.
Due to the climate of the Carpathian Basin there are two floods annually,
The passing of the floods usually lasted for several months. The deeper
lying areas of the Great Plain were characterised by terrains covered by water
permanently or temporarily.

On the studied area, in the north castern part of the Great Plain, ter-
rains of different heights were formed as a result of the landscape evolution.
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The highest areas are made up of the remains of the elevated alluvial fan.
The largest contiguous area like this is the Nyirség region whose surface is
on average 40 m higher above its environs. This terrain category contains
those parts of the depressions on the edge of the alluvial fan as welil which
were not destroyed as a consequence of the lateral erosion of the rivers.

The boundary regions of the depressions on the edge belong to the
second level which constitute a transition between the lower lying terrains
and the protruding parts of the alluvial fan. The transition area is in some
places uniformly inclined while at other places escarpments can be found.

The area with lower height above sea level can be divided into two
levels as a result of the geomorphic activity of the rivers. Though the level diffe-
rences mean only a few meters but they are significant from the aspect of
the floods. The deepest lying areas were characterised by permanent water
cover, while the higher ones were either temporarily covered with water or pro-
truded in a dry state from the huge water world depending on the extent of
the flood. This state lasted as long as the anti-inundation works of the 19%
century were started.

The landscape and the man

For thousands of years, man accommodated himself to the landscape en-
dowments. The lifestyle of the human communities depended a large scale
on the climate and other natural factors.

The results of the archaeological researches up till now (Selmeczi,
2002) attested the fact that man settled down in the Carpathian Basin al-
most 400 thousand years ago. The researchers thought for a long time that
there was no realistic chance for the discovering of the Palaeolithic findings
on the Great Plain. In their opinion, the surface rearrangement taking place
in the Upper Pleistocene and Holocene periods partly destroyed the glacial
settlements and partly covered them with thick sediment layer. The exca-
vations so far supported the assumptions of the researchers. The small
number of Palaeolithic findings was excavated from several meters depth.
The findings certify that the man of the Old Stone Age did not live on settle-
ments but in casual hunters’ camps.

The physical geographical changes resulting from the start of the
Holocene period (warming, transformation of the flora and the fauna, etc.)
created the objective basis for the food producing farming. As a result of
this, during the New Stone Age, certain groups of people living on the Great
Plain started to conquer the nature. Beside the gathering-hunting lifestyle,
animal breeding and farming also appeared. The continuos production re-
quired to stay at one place for a longer period of time and to build more
durable houses instead of the temporary shelters. These settlements were
located on the higher lying terrains which were suitable for farming and
were not endangered by floods. The long staying in one place is shown by
the tell-like settlements containing more than one dwelling level on top of
each other. The kurgans rising above their environs (phot. 1) and flat tells
can be found in large numbers on the Great Plain (M. Nepper, Séregi,
Zoltai, 1980, 1981).
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Phot. 1. Szabolcs mound (kurgan)

The kurgans (kunhalmok) are 3-6 m high conoidal buildings. Ori-
ginally, the kurgans were long barrows from the Copper Age (table 1), while the
tells were the settlement markers of the Bronze Age.

The flat tells came into being in a way that the centres of the settle-
ments were renewed several times and a new building was raised over the
ruined ones. Thus, the ruins of the buildings built on top of each other du-
ring the centuries formed a mound.

These have to be distinguished from the flat tells which rise only a few
meters above their environment. The surface of the mounds was occupied by
the later ethnic groups as well, for these non-flooded areas were excellent
for settling down. The original height of the mounds considerably decre-.
ased as a result of the gradual washing-off of the soil. This is supported by
those cemetery-excavations where the skeletons are often found directly
below the surface level {at 10-20 cm depth).

During the Holocene, the wetter and drier periods followed each
other. At the end of the New Stone Age, approximately 5000 years ago, as a
consequence of the drier climate the agriculture was driven into the back-
ground and the life ceased to exist on the tell-settlements on the Great
Plain. After this period only single-layer settlements were created. Animal
breeding came to the fore in the place of the farming and accordingly
settlements were formed along the rivers and streams, on the levées, in the
environment of the back pastures and gallery forests.

As a result of the wetter period, farming appeared again beside the:
animal breeding and new settlements were formed on the cultivated areas.
The technical development, the spread of the use of the bronze and iron
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Table 1. The archaeological and geological chronology of the Holocene Period {After
*Raczky P. (2000), *F.W.B. van Eysinga (1978}, ***Huisink (1998))
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also helped farming. Consequently, the settlements survived for a long ti-
me on the areas which were suitable for farming.

In the Late Iron Age (3-2 centuries BC) our region was populated by
the Celts. The Celts led food producing husbandry which they comple-
mented with fishing and hunting. The remains of most of the Celtic settle-
ments can be found on the higher lying and transition terrains of the al-
luvial fan. Farming was dominant on the higher lying areas. While on the
lower lying transition and non-flooded areas those lived who took up ani-
mal breeding. However, there are Celtic settlement traces on the higher ter-
rains along the rivers and backwaters as well. The Celts living there chose
the sites of the former cultures and their buildings can be found on the
levées and on the mounds. They took up fishing and hunting.

In the centuries of the Roman period, the Sarmatians used to live
on our area. The archaeological excavations and the large numbers of fin-
dings show that they populated the entire area of the Great Plain except for
the areas covered with water. Their settlement network was characterised
by extensive villages and relatively densely situated farms.

For the protection of the settlements and the cultivated lands, di-
tches were deepened into which they led water and built earthworks. An
example for this was the ,Sarmatian big earthwork” built almost 2000 years ago
(Csbrsz-ditch). Its remains can be seen at many places even today (phot. 2).

Phot. 2. Detail of the ,Sarmatian big earthwork’

During the period of the great migra-
tions, the different ethnic groups
(Huns, Gepids, Avars) followed each
other on our area. From this period,
only a few findings were excavated
which referred to a new settlement as
opposed to the earlier ones. The eas-
tern border of the Gepid settlement
area was the Csodrsz-ditch which ran
even in the Hajduhat region as well.
Their houses were dug 1-1.5 m deep
into the ground. We may conclude
from this that their settlements
were situated on the higher terrains
which were not endangered by floods.

: ' The Avars, originally took up no-
madic shepherding and did not have permanent settlements. In the spring
and summer periods, they grazed on the inundated terrains and on the
flatter pastures of the alluvial fan, while in the winter, they moved south-
ward. They started to settle down from the beginning of the 7t century.
The remains of the houses dug halfway into the ground and their pit-
houses occur on the areas which rise above the floodplain level. The ditch
system surrounding the settlements signs the closeness of the water.
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The Magyars settling down following the conquest changed over
from nomadic shepherding to intensive animal breeding and farming (the
cemeteries of the rural settlements can all be found on the eastern and
south eastern parts of the protuberant sides) They occupied the tells and
the kurgans at many places as well.

Somogyi (1994) demonstrated that during the times of the settle-
ment of the Magyars, our area was characterised by the present main land-
scape types but with a different regional distribution (fig. 2). The low and
high flood plains were unsuitable for the permanent settling down but their
utilisation (fishing, hunting, reed cutting, etc.) was significant. Most settle-
ments were formed on the areas with chernoziem soil. In the beginning,
they were located on the edges of the inundated surface because the
environs were suitable both for animal breeding and farming. The close
water had a great importance in the water supply of the population and of
the animal stock.

N

Fig. 2. The reconstructed landscape fype map of the Northeastern Great Plain (after Somogyi, 1994):

1- Marshy, woody dead water, 2 - Swampy, peaty soiled, reedy, with free water surface in patches; 3 - Areas with meadow soil,
hard wood, gallery forest; 4 - Small drainless basins; 5 - Loess puszias with chemoziem soil: 6 - Areas wind sandhills and thin
sand cover: 7 - Sand areas with chernoziem and brown soits

On the higher lying terrains of the alluvial fan, one has to differen-
tiate between the areas with sandhills, thin sand cover, and the areas with
chernoziem and brown soils. They took up shepherding on the areas with
sandhills and thin sand cover, and farming on the areas with chernoziem
and brown soils. The settlements of the alluvial fan were primarily formed
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on the cultivated lands. On the cultivated blown sand areas, wind erosion
meant a danger in the dry periods. The archaeologists excavated findings
from the Arpad era which were buried with thin sand cover.

Some of the settlements were ruined in the Turkish era. The inha-
bitants taking advantage of the natural endowments, lived on the high
grounds between the swampy, marshy, or water covered areas. Following
the Turkish conquest, the increase in the number of the population de-
manded the extension of the cultivable land. The extension of the agri-
cultural lands could be solved only with anti-inundation works. As a con-
sequence of the regulation of the rivers, building of embankments and in-
land water drainage canals, the natural landscape totally changed. The
places of the areas covered with water permanently or temporarily was occu-
pied by ploughlands, meadows and pastures. As a result of this, the flood
plains started to become inhabited. The settlements first occupied the higher
terrains, then with the increase in the number of the population, they
spread over the high — and at some places even the low - flood plain areas
as well (fig. 3). The population thought that the embankments provided
protection and security against the floods.

i:l?gig"

Fig. 3.The spread of the dwelling-house area (Tarpa) over the flood piain
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The silting up of the flood plain of the rivers between the embank-
ments, and the more rapid runoff due to the decrease of the forest areas on
the area of the catchment area cause the heightening of the flood level.
Thus, the danger of flood becomes more and more frequent. As a conse-
quence of the bursting of dams in the past years the flood caused consi-
derable damages on the settlements on the flood plain of the River Tisza
(phot. 3).

Phot. 3. Flood in Takos (Upper Tisza region) in 2001

In sum, it may be concluded that considerable areas were perma-
nently covered with water in the Tiszantal region before the anti-inun-
dation works and there were also large areas with temporary water cover.
The places of the human life were the dry terrains close to the water.
Following the anti-inundation works, from the second half of the 20%
century, first the formerly water-covered areas became populated, and
then the borders of the settlements on the higher terrains beside the rivers
spread over the flood plain areas. The population living on the lower lying
areas of the Great Plain are endangered by the floods.
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FUNCTIONING OF THE BIALA PRZEMSZA RIVER VALLEY
WITHIN THE DEPRESSION CONE IN THE BLEDOW
DESERT (SOUTHERN POLAND)

The Biala Przemsza takes its sources from minute peatbogs near Wolbrom
located at the altitude of 377 m above the sea level. It flows out as a small
stream in a narrow damp deep-cut valley, which is meridionally directed. In
the Klucze-Okradzionéw section, the river Biala Przemsza is fed by the
Centuria stream from the right and by waters of the Biala (collecting mine
waters) from the left. Flowing through the desert, the Biala Przemsza cuts
it into two unequal parts: the northern one and the southern one.

In the Bledowska Desert area, the Biala Przemsza flows along a sand-
eroded valley, 8-10 m deep and ca. 200-400 m wide, where it forms nume-
rous meanders, side arms, floodings, swamps and bogs; these serve the fun-
ctions of retaining areas. For the past thirty years, water conditions in the
Biedowska Desert have undergone large transformations resulting from ex-
ploitation of Triassic deposits of zinc and lead ores in the surroundings of
Olkusz (Wilk, Motyka, 1977; Rézkowski, Wilk, 1980; Jankowski, Wach,
1984). Underground water drainage related to mining works has caused
the ground water plane to drop to the depth of over 30 m (Kleczkowski,
1972). As the result of that process, Quaternary-Jurassic waters do not
practically occur in low-thickness zones and are significantly reduced in
the remaining area (Szczypek et al., 1994). The consequence of that condi-
tion is the decline of headstreams of the river Biala and strong infiltration
of the Biala Przemsza waters near Klucze. Before the ore exploitation pe-
riod, the ground water level in that area had been at the depth of up to 5 m
(Koziol, 1952).

Anthropogenization of water relations in the discussed area can be
seen in pollution of surface, underground and precipitation waters (Jagus,
Rzetala 1997; Lesniok, 1996). An important part in the transformation of
physical-chemical properties of waters was played by sulphite lyes, coming
from Klucze Paper Mill, discharged to the river or onto the desert’s sands
in 1930-1980 (Niewdana, 1993). Those contaminants were so troublesome
that they began to have an impact on changes in the settlement scheme —
between 1940 and 1978 new houses were built far from the river and long-
exploited fields in the valley were left because of their contamination.
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Changes in the production profile of the Paper Mill as well as sewage tre-
atment plants caused that the river is currently quite clean near Bledow
and the valley has been overgrown with unusuaily abundant rushes and
carrs. It should be emphasized that in the pre-war period the Biala Przem-
sza valley was a place for recreation and rest, especially near Okradzionéw.
Some of the Okradzionéw people rendered services to holidaymakers who
came to rest there.

In spite of the fact that the Bledowska Desert is situated within the
depression cone, the river Biala Przemsza, which cuts it through, and its
ecosystems function without any disturbances. The river valley has been
completely clogged with sulphite lyes, which in turn resulted in hampering
the river’s outflow. Thus in the desert area the Biala Przemsza valley is
overgrown with vegetation which is characteristic for damp areas. Major
plant communities that grow in the Biala Przemsza valley include alder
carrs as well as reed, cattail and sedge rushes. Birch and pine plantings
can also be found in places on the edge of the valley (Rahmonow, 1999),

Characteristics of selected plant communities in the Biala Przemsza
valley within the Bledowska Desert

Fraxino-Alnetum — riverside carr

Poland’s most common lowland alder carr community includes forest for-
mations with prevalence of black alder. In carr forests, these phytocenoses
are a link to communities of Alnetea glutinosae class. Alder carrs are distin-
guished from other syntaxa of the Alno-Padion community with a constant
- although varying in terms of composition and quantity — addition of alder
and partly rush species (Matuszkiewicz, 2001). Fraxino-Alnetum occurs in
swamping-tending habitats — like in valleys of slow-flow streams. Their
soils are characterized by high fertility and humidity (Cabata, 1990).

In the research area (the Biala Przemsza valley), Fraxino-Alnetum is
represented by the forest of medium-dense stand of alder trees. The ad-
dition includes Betula pendula; its height is usually similar to that of the
alder or it creates the lower layer of the stand of trees. Salix pentandra can
sometimes be found among the trees. In the analysed patches the dense-
ness of the tree layer amounts to 70-90 % (Table. 1).

The growth of the shrub layer varies in different transects and ta-
kes up between 10 and 20 % of the patch area. Shrubs consist mainly of
bird cherry Padus avium, with minor addition of willows: Salix cinerea, S.
caprea and S. purpurea.

It can be observed, considering the floral abundance of the analysed
phytocenosis, that species typical of that community and taxa characte-
ristic for the Querco-Fagetea class are also accompanied by elements of
other classes, e.g. Alnetea glutinosae, Molinio- Arrhenetheretea, Phragmite-
tea or Artemisietea.

In the research terrain, the Fraxino-Alnetum community shows a
tendency of changes towards alder communities, which is clearly indicated
by high share of species of the Alnetea glutinosae class. The described phy-
tocenoses are poor in floristic terms.
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Table 1. Fraxino-Alnetum W.Mat. 1952

Succesive number of relevé

1

2

3

4

5

6

7

Number of relevé

1

3

2

22

12

10

13

Area of relevé [m?]

100

100

150

100

100

150

100

100

100

Date

12.06

27.07

12.08

12.09

03.07

27.08

12.06

28.07

206

Locality

Biata Przemsza river valley in Bledéw Desert

Density of tree layer a [%]

80

80

S0

70

80

90

80

90

Density of shrub layer b [%]

10

20

10

20

20

10

20

Cover of herb layer ¢ [%]

100

90

100

100

80

80

100

80

80

Cover of moss layer d [%]

4

5

10

Number of species in the releve

22

20

19

22

25

22

23

22

29

QP> —w

D. Fraxino-Alnetum

Alnus glutinosa a

33

4.4

14

5.5

44

Frangula alnus b

+

+

Lycopus europaeus ¢

2

1.1

22

Lysimachia vulgaris

1.1

+

Solanum dulcamara

1.1

Humulus lupulus

2.2

Scutellaria galericulata

ChAIL Alno-Padion + ChCl. Querco-F

Padus avium b

1.2

1.2

22

1.1

2.2

Aegopodium podagraria ¢

1.1

ChCL. Alnetea glutinosae

Salix pentandra a

33

212

111

Salix pentandra b

Salix cinerea ¢

1.1

111

Ribes nigrum

1

ChCl. Phragmitetae

Peucedanum palusire ¢

2.2

IV

Carex acutiformis

22

—

2.2

— | —

lil

Iris pseudacorus

+.2

1.2

I

Carex paniculata

Carex gracilis

Phalaris arundinacea

33

2.2

I

Phragmites australis

Ch Molinio Arrhenathretea

Caltha palustris ¢

11

Cirsium oleraceum

1]

Crepis paludosa

11

Equisetum palustre

11

Scirpus sylvaticus

22

| Angelica sylvesiris

Cirsium palustre

1.1

1

Juncus effusus

Accompanying species

Betula penduia a

1.1

Betula pendula b

Humulus lupulus

Galeopsis tetrahit ¢

22

44

22

-
o L

v

Galium aparine

1.1

11
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Galeopsis pubescens x b 22 ; 1.1 ; : + 1.1 (1
Eupatorium cannabinum : ; 1.1 B - 22 ; 1.1 +* 1l
Urtica dicica - 33 : 3 e 33 ; 1.1 22 (I
Plagiomnium ellipticum d ; : ; : : . i3 +.3 13 1l
Brachythecium rutabulum : 1.3 : % 1 - 1.3 : . 1l

Sporadic species:

Bryum pseudotriquetrum 2d (1.3); Carduus crispus 2.5: Galium palustre 9; Calliergonella cuspidata d 9(1.3);
Carex canescens 5; Chaerophylfum aromaticum 8; Gallium mollugo 5, Geum urbanum 9; Glyceria fluitans 3 (1.1);
7(2.2); Fragaria vesca 6 (1.1); Mentha aguatica I, Moehringia trinervia 6.3 (1.1); Mycelis muralis 6 (1.1);
Menyanthes trifoliata 7; Plagiomnium cuspidatum 4d (1.1); Populus termula a,b 6 (1.1); Ranunculus repens 3 (1.1);
Rubus idaeus 3 (1.1); Rumex obtusifolius 3 (1.1); Salix caprea 7(1.2), 1 (1.1); S purpurea 9, Sambucus nigrab 6,
Sorbus aucuparia 6, Tussilago farfara 9 (1.1); Viola palustris 6 (1.1), Valeriana sambusifolia 3, 8.9. Dactylis
glomerata T; Deschampsia caespitosa 8. Geranium palustre 4; Lychnis flos-cuculi 3,7, Lotus uliginosus 6, Myosotis
palustris, 1,9, Climacium dendroides d 4 (13); Dryopteris filix-mas 2, Impatiens noli-langere 8, Atrichum
undulatum d 5,6 (1.2),

In the communities under discussion, the mosaic-shaped system of
small clumps and valleys — characteristic for alder carr - is poorly marked
or does not occur at all. The terrain is swamped or sometimes even flooded
when the water level is high. These are higrophilous and eutrophic phyto-
cenoses, forming on highly wet soils of the silt-swamp or silt-peat type,
whose humus-accumulation level is diverse and has a sharp border with
the mineral substratum. The humus-accumulation layer has acid reaction
(4.5 pH), which results from the acidifying effect of alder leaves on the
ground (Olson, 1958). These habitats are characterized by rich organic
matter. Another source was provided by sulphite lyes that had been sup-
plied through pipelines from nearby Klucze Paper Mill to the slopes of the
valley for a few dozen years. This is reflected in plant communities of this
area, which are characterized by high viability, and occurrence of plants
that suggest fertile habitats. Species belonging to the Artemisietea class are
worth noticing. These are: Eupatorium cannabinum, Urtica dioica, Mala-
chium aquaticum and ones of the Phragmitetea class. Their frequent occur-
rence suggests nitrogen-rich ground (Ellenberg, 1979; Rahmonow, 1999).
The Fraxino-Alnetum community in the Biala Przemsza Valley is highly de-
formed as the result of the selection system of forest management.

Phragmitetum communtis — reed rush

Reed rush usually occurs as a single-species community with Phragmites
australis grass in prevalence. Areas of that community with addition of
other swamp plants of similar demands towards the waterside habitat ha-
ve also been found. The literature review — Haslam (1972), Matuszkiewicz
(2001), among others — shows that this community is characterized by wi-
de ecological amplitude and large expansiveness and that it covers large
areas and produces large amounts of phytomass. Patches of that commu-
nity are diverse in terms of flora and the dampness degree of the sub-
stratum they occur on. It occupies wet habitats or areas of partially sta-
gnant waters. There also occur plants of other classes in the described
community. The Phragmitetae class is represented by species like Scutella-
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ria galericulata, Equisetum jluviatile, Phalaris arundinacea, Poa palustris
and four sporadically cccurring species. Plants of the Molinio-Arrhennathe-
retea class, in turn, which grow on wet and seasonally flooded habitats are
characterized by high degree of stability. Of the Artemisietea class, there
occur Urtica dioica and Eupatorium cannabinum. They have relatively high de-
gree of stability. The stinging nettle Urtica dioica is a very common element that
accompanies Phragmites australis in the Biala Przemsza valley (Rahmo-
now, 1999). Its occurrence is a good bioindicator that proves high concen-
tration of nitrogen in the ground (Greig-Smith, 1948), which confirms
Olsen’s (1921) conclusion, based on the results of researches and obser-
vations, about nitrogen being a factor that controls occurrence of Urtica
dioica. Increased contents of biogenic substances in the research area are
confirmed by data obtained by means of interviews, according to which in
1970s the river Biala Przemsza was a stinking wastewater because of sul-
phite lyes that were discharged into it. Periodical rises of water increased
matter supply to the flooded area, thus favouring growth of the above
species. Thus fertility is caused by anthropogenically forced presence of or-
ganic compounds.

Caricetum gracilis — slender pointed sedge community

The community grows in the Biala Przemsza valley in heavily wet eutrophic
habitats. Eutrophic damp sedge meadows occur on flood-lands and seaso-
nally flooded areas. Caricetum gracilis is a substitute community of the most
fertile forms of Ribo-Alnetum carrs and, according to Matuszkiewicz (2001),
most of these phytocenoses are of anthropogenic nature. The prevailing and
building species of this community is Carex gracilis, which grows over the
whole area of the patch. There occur few species of the Phragmitetea class;
of them, Phalaris arundinacea and Peucedanum palustre are of diversified
coverage. The slender pointed sedge has an economic value in some parts
of Poland and, depending on the swath time, it is used for hay or bedding
material (Borysiak, 1994). As Zawadzka’s (1953} studies show, the nutrition
value of swamp sedge vegetation is higher than that of meadow vegetation in
terms of vitamin contents. An exceptionally valuable information for this
paper, obtained by means of interviews, is that people of Klucze borough
had meadows in the research area, which they seasonally used for mowing
and grazing until the valley was polluted with the sulphite sewage, which
modified the process of overgrowing to a significant degree.

Typhetum latifoliae - cattail rush

The cattail rush community is frequently found in the Biata Przemsza
valley. The dominating species — characteristic and giving a specific phy-
siognomy to the patches of this community — is Typha latifolia. Besides
cattails of the Phragmitetaea class, there also occur: Alisma plantago-aqua-
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tica, Sagittaria sagitifolia, Acorus calamus, Lysimachia thyrsyjlora, Carex pa-
niculata and cther species.

Phalaridetum arundinaceae — canary grass rush

A dominating species in all studied patches is Phalaris arundinacea — a cha-
racteristic one for that community. It is accompanied by the only species of the
Phragmitetea class ~ Peucedanum palustre. Equally often observed were species
of the Artemisietaea class like Eupatorium cannabinum and Urtica dioica, which
- as Motyka (1962) reports — indicate substratum’s abundance in nitrogen.
In the research area, this community forms mainly on flood terraces, which
is indicated by high share of species of the Molinio-Arrhenatheretea class.

Final remarks

Plant communities that grow in the Biala Przemsza Valley do not differ very
much, in terms of generic composition, from those growing in regions with na-
tural low water surface. Shallow level of ground waters in the Biala Przem-
sza Valley is conditioned by proofing the bottom of the valley with sulphite lyes.
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is indicated by high share of species of the Molinio-Arrhenatheretea class.
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BOTTOM DEPOSITS AS AN INDICATOR OF ECOLOGICAL
CHANGES (on the example of artificial water reservoirs
in the Pogoria catchment - Silesian Upland)

The Pogoria stream, with its system of ditches and the Biala Lawa tribu-
tary, discharges water to the Czarna Przemsza thus draining the area of 43
sq km, covering part of Dabrowa Gornicza (including the Metallurgical
Plant ,Huta Katowice”) and the north-eastern edges of Bedzin. The catch-
ment is characterized by the occurrence of artificial water reservoirs within
its vicinity, the largest of them being: Pogoria I, Pogoria Il and Pogoria III
(Table 1). Their basins are hollows remaining of sand exploitation (Fig. 1).

Except for the Pogoria I reservoir, the above objects are of poor tech-
nical infrastructure, however they serve (to various degrees) the recreation-
sports-rest functions and Pogoria IlI is additionally an emergency source of
water supply for the nearby metallurgy plant ,Huta Katowice”, allowing
(through its pipeline system) for joint operation with other water bodies of
the so-called Upper-Silesian Water-Economic System (e.g. Losien, Dziec-
kowice}.

Table 1. Post-exploitation water reservoirs in the catchment area of the Pogoria streamn

Specification Water reservoir

Pogoria 1 Pogoria Il Pogoria Il
Year of creation 1938 1955 1974
Catchment area 19,3 km? | 20,7 km? | 21,4 km?
Reservoir area 0,75 km? | 0,26 km? | 2,10 km?
Volume 3,6 hm?3 0,5 hm3 12,0 hm3
Mean depth 48 m 1,8m 5.0 m
Theoretic time of total water exchange, in years | approx. approx. approx.

1,4 0,1 1,9

Use of the reservoir S,R,W 8] S,R,W,ZP

Description:
R — recreation; S — sports; W — rest; ZP — industrial water supply; U — ecological grounds

The above reservoirs (Table 1), are fed mainly with waters of the Po-
goria stream — the mean yearly flow in its upper course amounts to a few
tens of dm3- s-1, while just below Pogoria 11 it is around 0,2 m3-s.. Various
feeding conditions, as well as the character of water management, are main
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Fig. 1. Location of the research area:

A) I - cities; II - surface watercourses; Il — water reservoirs: 1 — Pogoria I, 2 -
Pogoria [II, 3 = Pogoria II, 4 — Przeczyce, 5 — Kozlowa Goéra (Swierklaniec), 6 -
Chechlo, 7 - Dzierzno Male, 8 — Dzierzno Duze, 9 — Plawniowice, 10 - Rybnicki,
11 - Goczalkowice, 12 - Laka, 13 - Paprocany, 14 - Dzieckowice, 15 — Sosina.

B) 1 - surface watercourses and reservoirs; 2 — edges of excavations after explo-
itation; 3 — wet areas.

C) Bathometric plan of the Pogoria III reservoir: 1 — isobaths in metres.

D) Bathometric plan of the Pogoria I reservoir (isobaths in metres).

reasons for fluctuations in water level, yearly amplitudes of which are
usually between ten and twenty centimetres for the Pogoria | reservoir, a few
cm for Pogoria II and up to a few tens of centimetres for Pogoria III. The
reservoirs are of draining nature for the first water-bearing horizon, which
is identified mainly with Quaternary deposits but is also fed with under-
ground waters from older formations, as the occurrence of seepage and bog-
springs on the banks of the eastern sections of Pogoria I show. That ali-
mentation is justified by local directions of water flow in water-bearing for-
mations and is related to anthropogenically stimulated migration (wells).
Infiltration of limnic waters, in turn, is fostered by neighbouring vast post-
exploitation hollow Kuznica Warezyniska (intended reservoir of about 100 hm3
retention), whose absolute altitude of the bottom is more than ten metres
lower than the datum of the lake waters surface, as well as by the location
of the basin in the permeable Quaternary material underlain by formations
that were drained as the result of man’s underground activities. Occurren-
ce of permeable covers of Quaternary deposits and Carboniferous forma-
tions in the neighbourhood of reservoir’s basins determines occurrence of
underground waters, which, although currently contaminated to a high de-
gree, are of high importance in terms of utilization, contrary to marginally
utilized waters of Permian or Triassic formations.

In the light of quality assessment systems used in Poland, waters of
reservoirs in the Pogoria catchment (Table 2) are considered among the
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objects of most favourable qualitative parameters in the region in spite of
significant anthropogenic impact (Jankowski, Rzetala M., 2000). They are
fed mainly with waters of the HCO3-S04-Ca-Mg and HCO3-S04-Ca type and
waters of their surface runoffs are classified as the HCO3-SOs-Ca-Mg type.
The fact that the chemical composition transformation takes place in the
discussed flowing water reservoirs- although it does not result in signifi-
cant quality change - is also indicated by the physical/chemical analyses
and charge balances of selected substances (Rzetala M., 2000).

Table 2. Selected physical/chemical parameters of water of selected anthropogenic
reservoirs within the Pogoria catchment between 1999 and 2001

Water | Years | Acidity ¢ HCO3 cl | so. | NOs | POs
tesetvair [pH] }[&S/cm ]|[mval/dm3] [mg/dm3]
1999 | 7,25 567 2,300 | 44,7 | 91,2 [ 1,0 | 0,08
Pogoria I | 2000 | 7,85 608 2,300 | 46,2 [109,2 | 1,7 | 0,05
2001 | 7,98 577 2,520 | 64,0 | 92,8 | 2,8 | 0,09
1999 | 7,08 655 2,900 [ 44,0 [ 966 | 1,0 | 0,05
Pogoria 11 | 2000 | 7,44 575 2900 | 43,3 | 87,3 | 1,4 | 0,03
2001 | 7,82 612 3,030 | 52,6 | 954 | 1,1 | 0,11
1999 | 7,28 609 2,250 | 42,6 |106,2 | 1,0 | 0,07
Pogoria 11| 2000 | 7,63 561 2,200 | 41,9 [1029 | 1,3 | 0,06
2001 | 8,00 590 2,290 | 52,6 | 829 | 0,9 | 0,08

The reservoirs under discussion accumulate various substances, which
can be noticed by occurrence of bottom deposits of diverse thickness. This
is generally between a few and more than ten (sporadically a few tens) cen-
timetres. Spatial distribution of deposits is highly diversified. Extremely
seldom do they occur within elevated sections of the bottom or near-shore
sections of the reservoirs, while the highest concentration is in the deepest
points. Distribution of bottom deposits in the basins of the discussed re-
servoirs is also determined by their morphology resulting from man-made
shaping of walls of former exploitation hollows (steep slopes at some pla-
ces). As the result of little flow of the stream that feeds the reservoir and
consequent limited debris supply, matter supplied from the atmosphere
plays a significant part in shaping the cover of bottom deposits. These sub-
stances, delivered from the troposphere both as dry deposition and with
precipitation, can be described as time-diversified. In 1970s, yearly dust
precipitation in this region was hundreds tonnes per square km, while in
late 1990s the value could be measured at tens of tonnes / sq km per year.
Some conditions of bottom deposit formation are related to diversified pro-
ductivity of biomass and supply of the material from the shores. Shoreline
processes take place with various intensity in the artificially shaped shores
of these reservoirs and confirm the reaction of natural surface-shaping
factors to the process of surface anthropogenization {e.g. Szczypek, 1995;
Molenda et al.,, 2001). Their occurrence is indicated by e.g. bars, sandy
necks, spill banks, terraces, and active or inactive cliffs. Where the Pogoria
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flows into the Pogoria I reservoir, a delta was created which fills the post-
exploitation subsidence of the triangle-shaped shoreline. The delta is built
of sandy deposits fixed with plants and shrubs practically throughout its
all area. The part of the delta adjacent to the reservoir is overgrown with
abundant reed rushes, characteristic for many fragments of shoreline of
water reservoirs in the Pogoria catchment. The vegetation is an example of
fast regeneration of biocenotic systems after former damages caused by
openpit sand mining.

Analyses of granulometric composition of bottom deposits that have
been carried out suggest (after averaging the results) high diversification of
the grain size. In case of the Pogoria 1 reservoir, the significant part is that
of sandy fractions, amounting to 63%; dusty fractions reach 9% and clayey
ones — 27%. Deposits of Pogoria III are characterized by sandy fraction con-
tents at about 53%, dusty ones — at approx. 14%, and clayey ones - at
approx. 33%. This is the straight consequence of environmental conditions
in the catchment and its vicinity. It is clear especially when compared to
different mechanical composition of deposits in other reservoirs of similar
origin (e.g. Dzierzno Duze - vast majority of clayey particles amounting to
approx. 65% grains of diameter below 0.02 mm). The Dzierzno Male re-
servoir, in turn, which is similar to Pogoria I in terms of origin and age, is
characterized by averaged granulometric composition: sands - 7%, dusts —
26%, clays — 67%.

Diversification of the reservoirs in terms of bottom deposits is indi-
cated by basic analyses of physical/chemical properties (Table 3). Slight
alkalinity of deposits and water is undoubtedly favourable for accumu-
lation of many heavy metals in the reservoirs and hinders their migration.
Concentration of organic carbon in bottom deposits of the Pogoria III re-
servoir is insignificant, not only in comparison to other objects in the Sile-
sian Upland (e.g. Swierklaniec or Przeczyce - a few up to several percent;
Dzierzno Duze - nearly as much as 50%), but also in comparison to the
Pogoria [ reservoir, which is located higher. Similar relations between re-
servoirs in the catchment can be seen in case of concentrations of calcium
carbonate (Table 3) and vast majority of elements making up the basic com-
position (Table 4). What is especially noteworthy is high concentration of
silica, reflected in minor roasting loss — contrary relations can typically be
observed in case of reservoirs in the Silesian Upland because of occurrence
of sewage matter and other pollutants in the deposits.

Table 3. Bottom deposits of selected water reservoirs in the Pogoria catchment -
acidity (pH) and concentrations of organic carbon and calcium carbonate

Water Acidity Organic carbon Calcium carbonate
TESETVOITS concentration concentration
[pH] (%]
Pogoria [ 7,32-7,59 0,05-0,78 0,00-5,10
Pogoria III 7,55~-7,82 0,08 — 0,44 1,70 - 3,10
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Table 4. Concentrations of selected substances in bottom deposits of water reser-
voirs in the Pogoria catchment

Indicator Pogoria | water reservoir Pogoria 111 water reservoir
(%]

Si02 56,95 - 71,05 61,25 -70,68
Al203 11,50 - 16,55 7,91 - 14,23
Fe202 6,96 - 10,09 2,83 - 5,64
MnO 0,06 - 0,192 0,068 - 0,094
MgO 1,09- 1,84 1,59-1,85
CaO 0,59 - 2,24 2,74 - 4,43
Na20 0,54-0,86 0,41-0,75
K20 1,80 - 3,06 1,91 -2,61
TiO2 0,71 - 0,875 0,78 - 0,83
P202 0,19-0,28 0,09 -0,13

Loss of 0,12 - 13,57 7,78 -10,78

calcination

Analyses of trace element concentrations in bottom deposits (Table 5]
prove that the main problem is the accepted level of geochemical back-
ground being exceeded. This confirms the complex impact of anthropopre-
ssure on shaping the concentrations of trace elements in these deposits.
Another issue is how far the geochemical background, taken from the paper
by Kabata-Pendias and Pendias (1993}, has been exceeded. This is cha-
racteristic for most water reservoirs of the Upper-Silesian region (Rzetata
M.A., 2001). These concentrations are frequently much higher than the geo-
chemical background for preindustrial alluvia of the Przemsza suggested by
Klimek et al. (1995) and higher than levels considered as natural, given by
Ciszewski (1992). In vast majority of cases, high concentration of micro-
elements is the result of contamination of watercourses that feed the reser-
voirs. Analyses of concentrations of trace elements in bottom deposits also
show the part flowing water reservoirs play in accumulation of pollutants.
A spectacular example is data concerning the Pogoria I and Pogoria III re-
servoirs, i.e. the first and the last objects on the Pogoria stream (along its
course). What is worth noticing is the fact that concentrations of heavy
metals in bottom deposits of the first reservoir are frequently many times
higher that those of the Pogoria III reservoir. The Pogoria I reservoir the-
refore serves the function of a peculiar ,water treatment plant” for the flo-
wing stream.

The subject matter of bottom deposits and morphology of the litoral
of the discussed water reservoirs includes also the speed rate of silting and
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Table 5. Mean concentration of selected elements in bottom deposits of selected wa-
ter reservoirs of the Pogoria catchment

Element Geochemical background Water reservoir

Name Symbol (sedimentary rocks) * Pogorial | Pogoria Il
[ ppm |
Antimony Sb 0,03 -2,00 3,53 1,30
Arsenic As 1,0-13,0 19,3 10,7
Barium Ba 50 - 800 678,7 432,7
Beryllium Be 0,2-6,0 3;3 1,67
Bromine Br 1-10 5,3 2,0
Cerium Ce 7-90 108,7 91,3
Cesium Cs 0,5-10,0 10,0 8,6
Chromium Cr 5-120 132.3 104,7
Zinc Zn 10-120 1276.0 185.7
Zirconium Zr 20 -220 487.3 484.7
Europium Eu 0,2-2,0 2.1 £,53
Yttrium Y, 4 - 50 51.3 36,0
Cadmium Cd 0,05-0,35 1527 0,93
Cobalt Co 0,1-20,0 22,0 15,7
Lanthanum La 4-90 56,1 42,8
Lutetium Lu 02-1,2 0,8 0,70
Copper Cu 2-60 44,0 20,0
Neodymium Nd 4,7-41,0 53.3 38,7
Nickel Ni 5-90 50,0 33,7
Lead Pb 3-40 239 ST
Rubidium Rb 5-200 123,0 112:3
Samarium Sm 1,3-22,1 9,6 7.3
Scandium Sc 0,5-15,0 13,9 11,6
Silver Ag 0,050 - 0,250 D BN 1,00
Strontium Sr 20-600 105,8 105,7
Terbium Th 0,2-2,0 1,3 0,9
Thorium Th 1,7-12 142 13,37
Uranium U 0,45 - 4,00 4,20 3,97
Vanadium \'% 10-130 110,3 86,7
Gold Au 0,002 - 0,007 0,025 0,010
Explanation

a) symbol (*) at the ,geochemical background” notion detonet values given for all
kinds of sedimentary rocks listed by A. Kabata-Pendias and H. Pendias (1993);

b) underlined values are values that exceed the geochemical background for sedi-
mentary rocks.

so-called life-span of reservoirs. The latter depends on a number of factors
— like the volume of the reservoir or alimentation volume, which determines
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the quantity of delivered debris. For these reasons the water reservoirs un-
der discussion are characterized by diversified estimated time of functio-
ning (Pogoria I — 1,6 thousand years; Pogeria 111 — 22,9 thousand years).
The studies show that bottom deposits are a good indicator of cha-
racteristics of the neighbouring environment. By giving evidence for the
part natural and anthropogenic factors play in shaping their quantity, me-
chanical and chemical compositions and physical/chemical properties, they
provide an excellent ,record” of phenomena and processes that occur in
the geographic environment of the catchment and the vicinity of the reser-
voirs. This also emphasizes their importance as an excellent indicator of eco-
logical changes and interpretation of their morphologic record and the de-
gree of contamination may bring much better economic results than expen-
sive studies of water environment. shoreline processes, in turn, and the
way they occur in artificial shores prove that money-consuming reclama-
tion processes of water-filled exploitation hollows can be successfully re-
placed with revitalization processes of natural and spontaneous character.
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CADASTERING LANDSCAPE VALUES IN EARTH SCIENCES
- THEORETICAL QUESTIONS, PRACTICAL EXPERIENCES

Rising the problem

We can hardly find any natural landscape on the Earth today. This is be-
cause on the one hand effects of human activity can be traced in every cor-
ner of the world and on the other hand because alteration of the natural
processes determining the characteristics of the landscape by human acti-
vity reaches beyond its immediate environment. As these processes act
through landscape boundaries, traces of the society that continuously
change material with nature are present even at those sites where it is not
apparent at first glance.

We ought to accept as a fact that the effects of the society on nature
are part of the natural operation of the system of the Earth, thus their ter-
mination is not possible. Transformation of natural landscapes will con-
tinue. Howeuver, it is not of little importance as to how! We must control our
material exchange with nature not just for nature protection but also for
protecting the future of the society. This control should study the individual
methods of human activity and their intensity in spatial context. A succe-
ssful control, apart from analysing the methods, volume and effects of so-
cial activity would bear in mind the present situation as well. We need to
be fully aware of the present rate of disturbance of our environment. We ha-
ve to know the natural objects or phenomena operating in our environment
and furthermore, those objects, which were produced by human activity
but became constant elements of the environment and their remain is
maybe necessary for future development. Such elements, apart from ob-
Jjects established by material production, can be sites of cultural heritage
as well, which play an important role in the self-knowledge of the society,
which establish successful future development.

To obtain the above mentioned goals — nature and self protection —
the society have to systematically survey its environment and the geogra-
phical landscapes in it, recording its present state and those natural and
social objects (materials and processes) which can be regarded as (scien-
tific) values either in studying the past or in developing the future success-
fully. This provides the base of the recently started (in Hungary as well)
“single landscape value cadastering program”. Such program financed by
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the Aggtelek National Park was carried out by the Department of Physical
Geography co-ordinated by the authors. In the present papers we would
like to outline some general experiences of this work.

Some questions in cadastering earth science landscape values

Although protecting different environmental values is of social interest, its
effective implementation can not be done without appropriate legislation.
Orders created by different authorities (ministry, local government) and
controlled primarily by national parks can only be effective if we have an
appropriate general view on the values to be protected. Thus the first step
to establish effective protection is to cadaster these values. This work itself
is complex. In theory (and in practice as well) its first step is to construct
a scientific detailed landscape value system in which all objects, materials,
etc. identified as values of the landscape can logically fit in. If we poses
this, it is expedient to ordain as a authoritative standard to promote uni-
form cadastering. After detailed surveying, evaluation of the objects fol-
lows. In the course of this evaluation process it will turn out whether the
objects fulfil the requirements of landscape values or not.

The system of cadastering

As a proper system for surveying earth science values have not been cons-
tructed yet, at the beginning of cadastering landscape values we faced the
problem of creating a system. On the other hand the classification and
qualification of biological values and the determination of their intangible
values are well developed. Although there are classification systems and
legislation considering values of cultural heritage (ethnographic, historical,
architectural, etc.), determination their quality and intangible value is far
from clear.

Surveying earth science landscape values was surpassed compared
to other values until recently. The Nature Protection Act of 1982 provided
the protection of geological and geomorphological values. The national cave
cadaster was finished as well (Tardy, 1984), which is unique even in inter-
national context. However, surveying the rest of the earth science values
was not following. The Nature Protection Act (1996/LIIl.) provides the ex
lege protection of 6 earth science values of high priority (caves, springs, ba-
rrows, marshes, alkali lakes, engulfments). The 6% paragraph of the Act re-
garding landscape protection gives the list of individual landscape values
and orders their identification and recording. According to the Act, this
work belongs to the scope of the national parks.

One reason for protracted surveying of earth science landscape
values, lies in some their special character. While in the case of most of the
biological values (flora, fauna, habitat) conservation means protection from
human activity, considering social values survival often provided by utili-
sation. However, the case of earth science landscape values is more di-
fficult:
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e these values are usually less vulnerable than those menticned above
but their restoration is generally not possible (Kozak, Piispoki, 1995),

o slight alteration of the “more stable” geofactors results in changing of
the biological values as well because of interdependence,

e« some are the result of human activity, however, some are destroyed by
human activity,

e certain processes belonging to the earth science landscape values may
deteriorate or destroy artificial objects.
Regarding the above mentioned, the protection of earth science
landscape values requires special measurements in which besides limi-
tation the problem of recultivation also occurs.
The standard (MSZ 20381:1999 Hungarian Standard) promoting
the surveying of individual landscape values was introduced in the 1990s
on behalf of the Ministry of Environmental Protection and Regional Deve-
lopment. However, in our opinion there are shortcomings and unjustified
parallelism (occurrence of special rocks — occurrence of rocks, etc.) and
conceptual faults (surface occurrence, near-surface geological form, mono-
clinic forms, etc.) in its parts relating to abiotic natural values. We would
like to highlight only a few problems:
¢ the standard should not categorise all earth science landscape values
into the geographical landscape values,

¢ only moving sand forms are mentioned for forms having exogene origin,

» separating hilltops and ridges into different categories is not in ag-
reement with the applied concept of the system,

e there are morphological values (point bars, canyons) among hydrolo-
gical values

s the classification of lakes is improper, etc.

Therefore we did not use this standard, instead we constructed two
newer and more applicable classification in two steps together with our
geologist and national park colleagues. This classification is based on the
formerly neglected nature protection system constructed in 1984 (Tardy,
1984). In this way we eliminated the incorrectness of the standard thus
filling of the cadaster sheets was based on our classification. Although we
experienced this classification as applicable, in our opinion it is important
and necessary to implement landscape value surveys in a framework ba-
sed on stricter principles.

' When we study the abiotic natural constituents of the surface or
near-surface strata, we can state that they can be classified into 3 main
groups based on the definition of geology and the new system-like con-
ception of geomorphology: materials, processes and forms. Therefore it is
expedient to use these systemic categories in the protection of abiotic na-
tural values as doing so we can clearly indicate which category the actual
landscape value belongs to. Due to length limitation we are unable to show
our system which is still under further development.

70



The qualification of values

Once we have a classification system we have to qualify the individual va-
lues, which in the case of earth science values is problematic. When qua-
lifying the values of our surrounding environment in the first step we
search for a characteristic indicating some kind of quality which could be
the base of an economic, living standard, or scientific qualification system.

The relationship between the objectivity of the particular value and
the subjectivity of the assessor presents the problem of creating such sys-
tems (Kozédk et al., 1998). To filter out subjective aspects the approach ha-
ve to be scientific. An objective qualification system can only be created on
scientific bases. The more complex is the value to be assessed the harder it
is to stay objective. An this is especially true for earth science values. In
the creation of a qualification system those sciences will have the leading
role, which concern the triple unity of material-process-form, as these can
minimise subjectivity in assessing the significance of processes in the sys-
tem of the Earth. The significance of the qualified values has to be given
within a well defined region, as a nationally unique form will have different
values regarding the Carpathian basin, Europe or the entire Earth. Scien-
tists more or less agree on the attributes determining the earth science va-
lues:

* Rareness: If we were able to determine the spatial distribution of an
earth science value based on its role in the system of the Earth (or in a
defined smaller region) then, with this, we already pointed out those re-
quiring primarily protection.

* Size: Because of the diversity of earth science values their different ty-
pes cover a wide range of sizes, e.g.: volcano - mineral, etc. Size can be
only aspect of comparison within a particular type.

* Quantity: This aspect contradict to rareness to some extent. The abun-
dance of the particular object is measured in a certain area, therefore it
is different from spatial distribution (Kozak et al. 1998).

* Typicalness: This is a characteristic which can be only determined in
theory and the value is derived from its difference from the defined type
description. Therefore we can not state that one of the features is the
»most typical” (Kiss 1999) but we need to indicate the basic chara-
cteristics upon which the classification can be based. This is hardly defi-
nable in practice, bearing in mind the triple unity of material-process-
form,

Endangeredness, vulnerability, demonstratibility, educational value,
etc. determine the applied method of protection (jural, economic, nature
protectional, etc.).

The more the scientific experiences dominate in the selection of the
assessment aspects the more it is possible to decrease subjectivity. The
process of evaluation following the creation of classification categories and
the determination of qualifying characteristics, is an operation which can
be ,algorithmic”, precisely for this reason the surveying should only be ca-
rried out by specialists (Kozak et al. 1998). The other opportunity is the
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multi-level evaluation (Kiss 1999} from which average values may be omit-
ted because of its excluding system.

The score system of the evaluation gives only a relative number cal-
culated by mathematic operations and the obtained order among values is
only an order of priority. Nature protection needs help in finding the meth-
ods of interaction and conservation and in official proceedings, the cal-
culated number based on the score system may contribute to this by de-
termining priority of the objects considering certain protection tasks. How-
ever, this number itself can not be regarded as the base of scientific signi-
ficance!

Experiences of landscape evaluation in the Cserehat

Cadastering individual landscape values is slow in Hungary due to the fact
that the experts in the national parks are overwrought. Separated groups
operate without co-ordination and even the professional composition of
certain groups is not satisfactory. Therefore uniform surveying is hardly
possible. Most of the national parks (Biikk National Park, Aggtelek National
Park) realised their time limits and seeked co-operation with universities.
To understand the evaluation of the survey carried out in the Cserehat un-
der our leadership, it is important to know the most important characte-
ristics of the area.

According to a preliminary agreement, the survey covered the
southern 2/3 of the Cserehat and took place within the area of certain
settlements. We registered a total of 463 values in 51 settlements and 15
settlement fragments (Fig. 1). The position of the landscape values was re-
corded on a map with a scale of 1:10000 and slides were attached to the
filled data sheets.

The Cserehat both from natural and cultural point of view, is a less
known and enclosed hilly region of the country. Its special characteristic is
that it retained its enclosed state and agricultural nature in the immediate
neighbourhood of one of the most transformed region by mining and heavy
industry (Sajé valley, Miskolc) of the country.

The landscape values of the area are not spectacular and except for
the canyon-like (therefore conspicuous) valleys of the Palaeozoic western
margin, gently sloping forms dominate. The wide gently sloping valleys are
unique in Hungarian hills, that is why those hilltops are act as landscape
values from which this special character of the landscape can be perfectly
viewed (Szabé, 1985, 1993).

The area is mostly unexposed from cultural historical point of view.
Although art historical values of national significance are not abundant,
numerous urban and economic historical values can be found, which are
representing traditional architecture, economy or lifestyle, A total of 340
cultural historical, 83 earth science, 27 biological and 13 scenic values we-
re recorded (table 1). The distribution of landscape values reflects the role
of the society as social values are three times greater than the other values
together even in this enclosed area. Thus it is essential to pay special
attention to the protection of the existing values.
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Fig. 1. Distribution of individual landscape values among settiements in the Cserehat

The majority of the natural processes (mass movements, gully sys-
tems) in the Cserehat are significant only when they endanger social ob-
jects. Despite this fact, they should be regarded as natural values! Most of
the still developing spectacular forms of the surface were triggered by agri-
culture becoming more and more intense from the end of the 19th century
onwards (transforming the steeper slopes into arable land, and overgrazing
at places). Decreasing the extent of these land-use types would be bene-
ficial from economic point of view and it would reduce the erosion and de-
gradation of the soil. Some of the slopes of the loose Pannonian sediments
characterised by mass movements and the gully systems are remnants of
former land-use. With the abandonment of these land-use types these pro-
cesses will not completely cease due to the geology of the area but will dec-
rease significantly.

Only a limited number of geological outcrops exhibiting the geolo-
gical development of the area was identified, however, they still give 3rd of
the earth science values (31 pcs.). Natural outcrops are rare on the clayey
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Table 1. Distribution of individual landscape values

Values of cultural heritage /- Values of earth sciences / amount Biological values / Scenic values /
amount s amount
1.1.1. Building 82 [2.1.3. Features of volcanic bodies I {311 Lonesome 2 |41 Viewpoints |3
1.1.2. Religion 14512.2.1. Marine sedumeni formations | 9 |tree on open area 4.2. Unigue 5
774 Burial place 21 |2.2.2. Lacustrine sediment 3 (112 Groupof Iscenes
[formations trees, famous old 7
1.1.5. Protection 3 |2.2.3. Fluvial sediment formations | 3 |tree and other 4.3. Characteristic | §
1.1.6. Land measures 2 12.2.4 Terrestrial sediment 1 Yoresiry or unique village
formati scene in the inner
1.1.7. Capitation 1 12.2.5. Mixed sediment formati 12 3.4, Nesting site, area or in the
1.1.8. Landscape 10 [2.3.1. Processes and forms of low 1 |feeding place, outskirts of
architecture metamorphism migration route, 18|settlements
1.1.9. Characteristic 16 |2.3.2. Processes and forms of 1 |other hahitar
setilement structure |moderate metamorphism
1.2.2. Bridge, tunnel, 2 12.5.2. Processes and forms of 18

Jofid,

viaduci, ferry, haven
1.3.1. Agricultural history

2.5.4. Fluvial forms

3 1
1.3.2. Industrial history 4 12.6.1. Valleys 7
1.3.3. Mining 1 [2.6.4. Terraceries 1
1.3.4. Water 7 |2.6.5. Floodplain forms 2
1.4.3. Monument 19 |2.6.6. Forms of river beds 5
1.4.4. Memorial site 1 |2.8.1. Solution karst forms 2
related to famous people 2.9.3. Derasional forms 6
1.4.6, Military earthworks | 2 |2.10.1. Springs 2
or buildings 2.10.3. Standing waters 6
2.11.1. Alcaline forms and 1
iprocesses
2.11.2. Other 1
Osszesen o7 340 [} 27 g 13

sediment of poor stability, therefore quarry walls have greater significance.
Although these are considered as gashes in the landscape some of them
present scientific values. In the agricultural landscape of the Cserehat the
protection of such outcrops as landscape values is reasonable.

From geological-geomorphological aspect the occurrence of some
rare rocks and structural elements present special interest. Namely, on the
one hand the Devonian formations in the western part of the area and on
the other hand the canyon-like epigenetic valleys terminating in the valley
of the Bodva river. Further rarity is the epigenesis currently taking place
on Palaeozoic carbonate rocks through volcanic rhyolite tuffs where the
rhyolite tuffs intercalating between the Devonian and Pannonian sedi-
ments in the south-western part of the region. These are significant valley
sections both from scenic and scientific aspect (Szabé 1985, 1993).

The botanical and zoological values of the region are still poorly re-
gistered and this survey did not bring significant breakthrough in this con-
text. The 27 recorded values only cover a few of the most significant types.
Complete recording requires further systematic work in this case which
should extend to the remnant forests of the area. These forests close to na-
tural state hold significant botanical values.

People living in the area retained their religion, which is reflected by
145 religious values. Among them the rural churches are the most im-
portant ones (63 pcs.). Although most of them present no special architec-
ture they are the most significant buildings in the villages and in places
having inhabitants of several religion 2 or 3 churches can be found. Besi-

74



des churches, roadside crucifixes are numerous. Apart from churches, for-
mer manor houses can present values of cultural heritage. Mansions are
very rare (10 pcs.). Remnants of traditional architecture (40 traditional hou-
ses) - frequently in poor state - sometimes present values not individually
but as characteristic village fragments (16 pcs.). However, most of these
characteristic houses, which were built of not resistant material (adobe)
were removed by the poor inhabitants. However, by the conservation of
those remaining, some characteristic houses could be saved in the north-
eastern part of the Cserehat. The fact that there are many remnants of the
two world wars (19 pcs.) raised a dilemma. Some of these do not present
landscape values neither by their age nor by their art, but they belong to
the general appearance of the settlements. Their value will be decided by
further investigations.

Conclusions

Classification and assessment of earth science landscape values gained
impetus by the individual landscape value cadastering program. To carry
out uniform surveying and recording it is important to solve the faults and
contradictions in the assessment and system of the cadastering. Through
the increased recognition of the role of abiotic natural elements in the sys-
tem of the Earth, there is a possibility to regain their appropriate position
in the public knowledge and nature protection.

Based on our former and current investigations, we can state that
the Cserehat remain a close-to-natural landscape through its enclosed sta-
te and specific socio-economic development, despite its strongly disturbed
and transformed surrounding environment. The reveal and protection of
its natural values is especially important for nature and landscape pro-
tection in general and ailso for providing better living conditions (rural
tourism) for the sparse and ageing local population.
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LITHOLOGICAL, STRUCTURAL AND GEOMORPHOLOGICAL
ENDOWMENTS AS DETERMINATIVE FACTORS IN THE
LANDUSE OF AN AREA

Raising a problem, borders of the research area

The geological endowments of an area determine its geomorphological
characteristics and the way of land-use while human activity causes signi-
ficant and often degrading changes in the state of the landscape elements
(e.g. relief, soil and vegetation). Firstly, we analysed how much the geo-
morphological characters and the distribution of landscape elements of
a territory are determined by the basic geological endowments. Secondly,
we tried to specify how much these factors influence the way of land-use.
Our research area can be found in the hilly region of the intra-
mountainous basins and the outcrops of the basement complex situated in
the north Hungarian mountain-range among the Biikk, the Matra and the
Slovakian Ore Mountains (fig. 1). This territory represents a model for com-
paring the development of regions with different geological endowments.

Geological setting and structural conditions

The basement is mostly unidentified and these strongly cracked Palaeo-Me-
sozoic sequences only came to the surface in the eastern part of the rese-
arch area during the Neogene structural movements (fig. 1). The imbrica-
ted nappe structure of the Uppony Mountains consists of Upper-ordovici-
an-Silurian sandstone-clay shale-siliceous shale sequences (Ragyincsvélgy
and Csernelyvélgy Sandstone Formation, Tapolcsany Form.), Devonian vol-
canics and limestones (Strazsahegy Form., Uppony and Abod Limestone
Form.), Carbonic limestones (Dedevar, Eleské and Lazbére Form.) and Me-
sozois sediments (Rudabdanya Trias, Nekézseny Conglomerate Form.). These
Palaeo-Mesozoic sequences with NW vergence are dissected by steep rever-
se and transversal faults (Kovacs, 1994).

Among the Tertiary basin-filling sediment sequences (fig. 1) the
aleuritic, clayey, fine-sandy Upper-oligocene Szécsényi Schlier is characte-
ristic. In the overlying bed of the schlier Pétervasdra Sendstone Formation
is determinative. The sandstone that deposited in the late regressional pha-
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se of the transgression is coarser-grained, often strongly cemented and
sporadically glauconitic. The late Oligocene regression was followed by
a temporary terrestrial landscape evolution (Zagyvapdlfalva Clay Form.)
while the simultaneous tectonic movements were accompanied by acidic
volcanic activity (Gyulakeszi Rhyolite Tuff Form.). During the early phase of
the Lower-miocene transgression a sandy, clayey, aleuritic layer with coal
seams deposited in the nearshore swampy environments. When the trans-
gression became more intense fine-sandy, clayey-aleuritic, more open ma-
rine facies appeared (Garab Schiier (Budinszky-Szentpétery, et al 1999).

Palaeozoic imbricated nappe structure forms the surface on the eas-
tern edge of the analysed area. West of this territory Miocene schlier-like
sediments can be found striply alternating with the late Oligocene under-
lying sandstone westwards. In the west part of the region the members of
the strongly cemented Oligo-Miocene Pétervasara Sandstone Formation be-
come dominant.

This spatial distribution is owing to the so-called Darné fault sys-
tem crossing the territory in the direction of NNE-SSW. Imbrication and
basement nappe formation with distinct NW vergence are observable along
this fault system in the East (Szalay et al., 1976). In the foreground of the
imbrication nappe Miocene terrains appear at first then the tectonically
connected strips of the Miocene and Oligocene sediments occur indicating
the tectonic dissection that accompanied the thrusting up of the basement
nappe. Going away from the fault zone purely Oligocene sandstone terrains
appear.

The NNE-SSW oriented reverse faults and the transverse ones
connected to them caused the Uppony Mountains to uplift and were inhe-
rited to the younger overlying sediments as well determining the main di-
rections of the post-Miocene erosion. On the major part of the research
area the faults preformed the current drainage pattern and the mass move-
ments occurring on the valley slopes. Moving away from the Darné fault
system this tectonic preformation becomes less determinative.

Geomorphological endowments

We analysed the lithological bases of the geomorphological endowments
with the help of the slope category maps. To compare the development of
one drainage pattern to another we calculated valley densities and analy-
sed the morphological characters for the territory of each rock formation
appearing in the research area.

According to the evidence of the slope category maps (fig. 2) the
steepest slopes can be found on the Palaeozoic terrain, especially on the
surfaces built up of limestone with significant strength (>50% of the slopes
is steeper than 40%). The same category dominates in the region of the
strongly cemented Pétervasara Sandstone Formation in the West. These
facts prove the considerable dissection and the presence of consistent sio-
pes there. On the territories mainly covered by fine-sandy-clayey-aleuritic
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rocks of worse consistency (Szécsény Schlier, Salgotarjan Lignite and
Garéb Schlier Form.) slopes of 17-25 % prevail, especiallv on the lower
terrains.

Valley density does not show a consequent connection to the
strength of the surface-forming rocks. It is 2,6-3,4 km/km? on the area of
the basement complex, 3,4 km/km? in the case of the glauconitic sands-
tone and 3,07-4,89 km/km? in the regions covered by the schlier. The
cause of it can possibly be that valley densities — beside the quality of the
rock formations - are significantly influenced by the structure, the tectonic
maturity of the region.

Furthermore, on the schlier areas the proportion of derasional
valleys is high (30-40%) opposed to the Palaeozoic and sandstone areas
where erosional valleys dominate. The consistency of the rocks has a consi-
derable effect on the development o f mass movements appearing on the

Fig 2/b: The slope category map of the catchment area of Hados stream (area 2)
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10 Km

Fig 2/c: The slope category map of the Cered basin (area 3)

valley slopes. The Palaeo-Mesozoic terrains can be characterised by debris
creeps. On the more strongly cemented, glauconitic sandstone soil creeps
occur, while large-sized slides release along the faults of the less cemented,
often clayey schlier beds.

Land-use

It is obvious that the spatial distribution of human activity was influenced
by the above demonstrated geological and geomorphological endowments
(fig. 3).

Brown coal mining that touched the Miocene regions dates back to
1845, the last mines were abandoned at the end of the 1990s. Several
large-sized waste heaps were deposited during this period. The planned re-
cultivation of the heaps has not been done yet and the spontaneous esta-
blishment of vegetation is advanced on them. In the regions where surface
stability is determined by the less cemented, clayey-aleuritic schlier sedi-
ments we have to take into account the problems coming from drift driving
resulting in the subsidence of the surface and the deposition of waste
heaps initiating mass movements.

Deforestation became intensified in the 19t century — especially on
the Miocene schlier areas - thanked to the growth of mining activity. In the
places of clearance grazing cattle-breeding became dominant instead of the
traditional beech-mast pig-breeding. These altered human activities caused
the lowering of the surface and a decrease in the relative relief values owing
to the accelerated erosion and derosional valley development.
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Fig 3/b: The landuse map of the catchment area of Hodos stream
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The subsidiary agricuiture of the land has been in a crisis since the
change of regime (1990). Abandoned pastures started to become OovVergrown
in weeds and degraded associations advanced. Reforestation also started
(juniper, blackthorn). Grazing was forced back to the moist valley floors,
some parts of the lower pediment (270-330 m above sea level) and near the
meadow-lands, while plough-lands to the valley floors.

On the Oligocene terrain, which was not touched by mining acti-
vity, deforestation happened only on the higher pediment (380-440 m abo-
ve sea level). The extension of secondary lines of cultivation was prevented
by the morphological endowments which were less suitable for pastures
and arable lands there (high relative relief values, erosional dissection).
Continuous forests could remain in the region of the Tarnavidék Landscape
Protection District.

By now the mainly opencast bentonite mining of the western region
has been abandoned but significant hurts remained in the landscape. The
unstable, former mining walls of several 10 meters are still falling and rain
storms wash out considerable amounts of the sediment causing an acute
problem in the case of the mine close to the main road in Pétervasara.

The Palaeozoic terrain of the Uppony Mountains has been in
a favourable situation since Lazbérc Landscape Protection District was es-
tablished to protect the waters reaching the Lazbérc storage lake. The steep
valley slopes are covered by forests there that means more than a half of
the protected area. On the one hand, certain forest types (e.g. beech and
scrub forests) refer to the geological, pedological and geomorphological si-
tuations of the Uppony Mountains but on the other, unfamiliar, introduced
associations occur in some places (e.g. pine and robinia). Forests and grass
lands are the most suitable ways of land-use to protect the waters of the
area. Furthermore, the plough lands have to be cropped with plants that
help in protecting against erosion (Papilionaceae).

We can conclude that the geological endowments of an area deter-
mine its geomorphological characteristics and the way of land-use to a high
degree and human activity causes significant changes in the landscape as
well, Fortunately, these often degrading effects are not so considerable in
the protected areas since human activities are restricted there.
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MORPHOLOGICAL ANALOGUES OF DESERTS
IN AREAS TRANSFORMED BY HUMAN IMPACT

Relief of real, climatic deserts is formed under specific conditions of large
twenty-four hour’s, thermal contrasts, at predominating high temperatures
during day and notorious lack of humidity. The complex of proper morhoge-
netic processes function then with former intensive mechanical weathering.

During past decades two basic groups of opinions on the main role
of proper relief-forming factors in desert areas have been formed: 1) flowing
water is of essential importance, 2) wind activity is of essential importance
(Klimaszewski, 1978). According to present points of view, taking into ac-
count moderately all desert and semi-desert conditions, the main relief-for-
ming factor in desert areas in general seems to be the permanently (in the
past) or periodically (today) flowing water, whereas the aeolian factor plays
in principle the main role only within sandy deserts.

Proper lithological substratum decides of appearance of different mor-
phological desert types.

The intentional and unintentional anthropogenic activity as well as
stimulated by them natural geomorphological processes, called by Rozanov
(1995) geotekhnomorphological, in some cases can cause the appearance
of forms or even whole landscapes, which outwardly look like exotic areas
in respect of climate and genesis - in relation to e.g. Central Europe. That
is the thing that the occurring here natural geomorphological processes
(geotekhnomorphological) have created here forms, which type, develop-
ment mechanism, neighbourhoed and distribution in space outwardly look
like the relief occurring in climatologically desert areas. Therefore, the aim
of this elaboration is the attempt to present morphological, only outward
analogues of above-mentioned forms and landscapes with real desert ones
(what can be of certain educational importance) and to take account into
the stability of such landscapes. So we taking into account exclusively the
landscape which is outwardly — morphologically similar to real desert ones,
because the climatic conditions (especially precipitation) occurring here ab-
solutely can not be accepted.

Morphological analogues of deserts can be created owing to human
impact in different periods. We present two examples of them from the area
of eastern part of Silesian Upland in southern Poland.
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Fig. 1. Geomorphological sketch-map of area investigated:

1." slopes, 2 - main crest lines, 3 - substratum outcrops, 4 - rain rills, 5 - landslides, 6 — erosion undercuts, 7 -
big rain rills on erosion scarps, 8 — alluvial cones, 9 - deltas, 10 - alluvial plains, 11 — depressions without
outflow, 12 - main direction of water flow, 13 - deflation surface with stone pavement, 14 — aeolian cover sands
15 - sand shadows of ,nebkha" type '
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Fig. 2. Model of morphological types of .deserts” on investigated, anthropogenicaily fransformed areas:
1 — hamada, 2 — debris desert, 3 — serir, 4 ~ erg, 5 — clay desert, 6 — proluvial plain, 7 — alluvial® plain, 8 — dry
river channels of braided type, 9 — wadi with torrential alluvial (proluvial) fans _




Morphological analogues of sandy desert are existing in this area
so-called Bledow and Starczynéw Deserts. There are geographical names re-
ferring to wide in recent terrains of the uncovered Quaternary sands,
intensively modelled by wind. The genesis of these ,deserts” is evidently an-
thropogenic: it is connected with the Middle Ages mining and metallurgy of
silver and lead ores. Contemporary primitive works used charcoal to melt
metal. To produce it the timber was necessary. Therefore forest covering
among others the sandy areas in the terrain of present deserts were explo-
ited in an intensive way. The result of it was uncovering of loose sands,
which already on the turn of Pleistocene and Holocene were modelled by
wind. Therefore in the Middle Ages the activation of aeolian processes fol-
lowed, which started formation of ,desert”, dune, changeable in time and spa-
ce landscape of these terrains. This landscape, completely devoid of trees,
with rarely occurring herbaceous vegetation, remained its, looking like de-
sert, face, till the mid-20% century, when the following anthropogenic inter-
ference caused rather fast overgrowing of these terrains (Szczypek, Wach,
Wika, 1994; Pelka-Gosciniak, 1999: Rahmonow, 1999; Szczypek and
others, 2001).

The following example concerns the present exploitation of the
Quaternary sands in the eastern part of Silesian Upland. At the bottom of
large sandpit human being heaped up masses of unusable — in respect of
lithology {sand with admixture of silt and clays) — material. It was piled up
in a form of more or less isolated mounds and differently orientated eleva-
tion rows of the height of 5-8 m. In the neighbourhood of these artificial
elevations and on them there are almost any vegetation, except for spora-
dically occurring individuals of herbaceous vegetation and some bushes of
willow Salix acutifolia (Szczypek, Snytko, 1998).

‘Therefore the main morphological element are here the above-men-
tioned elevations growing above the flat bottom of sandpit. All of them have
rather steep slopes, sloping at an angle of 37-40°. Their surfaces are in-
tensively cut by dense net of rill marks, at mouths of which proluvial fans
have been created. In the majority of cases these fans connect with each
other, creating more ore less wide proluvial cover (fig. 1). Water flowing and
carried out sandy material from proluvial covers, connects into larger
streams in the area between mounds. This way slightly sloping ,alluvial”
plain with clear winding traces after periodical concentrated water flow
creates. Over this plain patches and erosional ,remnants” of substratum
material grow (fig. 1). The lowest places on this plain are occupied by de-
pressions without flow, which after rain are filled with water. After water
drying at the bottom on clay deposits desiccation fissures occur.

Slightly further of mounds are located areas modelled by predomi-
nated here south-western winds: it is deflational area with pavement as
well as area of aeolian sands, on which small sand shadows in the shadow
of tuft of Calamagrostis epigeios are created.

Another important morphological element is a clear morphological scarp
of 1.5 m high. In many places it is cut by large and deep rain rills. At the
mouth of them proluvial plain has been also created (fig. 1).
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Above-described forms, created in result of flowing water activity (wash)
and wind give the basement to compare them with forms occurring in cli-
matic deserts. Therefore it is possible to look on this area as morphologi-
cal, specific analogue of desert relief. The proper terrain relief, the course
of some processes as well as the temporary lack of vegetation cover seem
to be the proof of it. The detailed morphological interpretation is included
in the elaboration of Szczypek and Snytko (1998). One should only concen-
trate here on the attempt to delimit the proper elements of »desert” land-
scape. It is presented in fig. 2. So, the mounds and elevations can be admit-
ted as morphological analogue of rocky hamada. Proluvial fans are the
equivalent of large proluvial plain (bajadas). Material carried out by perio-
dical waters creates alluvial plain (bolson). Over its area fragments of rub-
ble desert appear (remnant of substratum material). Depression without
flow with clay material can be the equivalent of clay desert (takyr). There-
fore they can be playas. Deflation area with pavement can be gravel desert
(serir) and the cover of aeolian sands - sandy desert (erg). Finally the
morphological equivalent of dry channels of desert rivers - wadis — large rill
marks can be, creating at rather high anthropogenic scarp .

In area described and transformed by human impact, similarly to cli-
matic deserts, the essential relief-forming importance has water flowing on
slopes. The wind influence is appeared on outskirts, where areas are unco-
vered and exposed to its influence.

Both examples of morphological analogues of climatic deserts are
anthropogenic creatures. Their stability should be low. In the second case
it can be counted at the very most to some years (and it really exists),
although in a case of Bledéw and Starczynéw Desert it appeared, that it was
uncomparably longer - it was numbered by the hundred years.
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A SURVEY OF ANTHROPOGENIC MOUNDS 1
(CUMANIAN MOUNDS) IN THE NAGYKUNSAG, HORTOBAGY
AND THE HAJDUSAG

Introduction

The Carpathian-Basin and the Great Hungarian Plain, which is a homoge-
nous region from the aspect of landscape geography is a keeper of many
individual values. Among these values are the anthropogenic mounds of
various kinds of functions, which are 3-4 m high and were built up of soil.
They are called ,kunhalom” in Hungarian, which means ,Cumanian
mounds” in English. This name seems to be inaccurate in the mirror of the
archeological data. Most anthropogenic mounds were not erected by the
Cumanians, who settled in the Carpathian-Basin in the 13t century, but
by other people. On this base we should speak about Copper- and Bronze
Age, Sarmatian, Germanic Scythian, etc. mounds. The conservation of the
name ,Cumanian mound” maybe fortunate, however, because on one hand
it refers to the funeral habits of Cumanians and on the other hand it shows
the anthropogenic origin of these mounds and mark the border clearly be-
tween them and other mounds (porongs, ridges and sand-hills) of natural
origin (Kozma, 1910; Zoltai, 1938; Téth, 1999).

The number of anthropogenic mounds in the Carpathian-Basin is
approximately 1200 according to Béla Kozma (Kozma, 1910), according to
later examinations there could be many more (around 40 000). According
to the data of the survey, which is being carried out present days unfortu-
nately only 1500-2000 pieces remained of them. Their number decreased
dramatically in the 20t century. Farming on a large scale, the expansion of
the settlements and the development of the transportation together contri-
buted to their devastation (carry- or plough away, cripple). On the base of
the numerous local initiatives the methods of their protection are now
being worked out in order to save them and the 2nd paragraph of § 23 of
the act LIII of 1996 ,On the Protection of the Nature” claim them to be pro-
tected on national level. Their protection is Jjustified, since these mounds
have complex values of geomorphology, archeology, culture-history, ethno-
graphy, literature-history, landscape, botany and zooclogy.

In connection with the National Project for Cadastral Survey of An-
thropogenic Mounds, which has been under way since 1999 our aim was
to describe the status of the anthropogenic mounds in three regions (Nagy-
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kunsag, Hortobagy, Hajdusag) which lies on the left bank of the River Tisza
in the Great Hungarian Plain. {t was a very urgent task from the aspect of
nature conservation. This area is within the region bordered by
Puspékladany-Balmazujvaros-Tiszafiired-Fegyvernek, which is one of the
Great Hungarian Plain’s richest region in prehistoric anthropogenic
mounds (Kozma, 1910). The three regions belong to two different types of
landscapes. In the Nagykunsiag and Hajdusag on the chernozem soil
plough lands can be found almost everywhere. The Hortobagy, which is fa-
mous for its sodic soil is utilized mostly as pasture land. The intact grass-
lands of the Hortobagy have been under protection as a part of the Natio-
nal Park since 1973. It was an important aspect in the examinations to
compare the status of the mounds outside and inside the protected area of
the Hortobagy National Park. The question is that at what degree these an-
thropogenic forms are altered and damaged due to the economic activities
of the society.

Functional types of the mounds

Examining the mounds using methods of geomorphology, stratigraphy and
archeology we can get answers for the questions when and why were these
mounds built. In the followings we mention eight functions of the mounds.
The importance of these functions have changed constantly during historic
times (Buka, 1994; Csanyi, 1999; Kozma, 1910; Toth, A. 1996, 1999):

a.) Residental-mounds (tell settlements): Waste mounds with an oval
or irregular shaped base. Their relative height reaches 6-8 m. These
mounds can usually be found on the levees of the rivers, which pro-
vide favorable conditions for human settlements (Stimeghy, Kozak,
To6th, 1998). The tells have reached their present size by the depo-
sition of the material of residential levels of human cultures follo-
wing each other in time. This form of settlement existed in the late
Neolithic age (4000-3500 B.C.) and in the middle Bronze Age
(2600-1500 B.C.). It shows an impact of South-Eastern Europe and
of Asia Minor (tell is an Arabic word, it means hill).

b.) Funeral mounds (kurgans): These mounds have various heights (3-
10 m), a round base and a cone-like shape. They usually mark the
place at least one tomb. They were mostly built in the Copper Age
(3500-3000 B.C.) but various peoples of the Age of the Great Migra-
tions erected such mounds as well like Scythians, Sarmatians,
various Eastern-European and Asian nomadic peoples of the Step-
pe (Cumanians) (M. Nepper, 1976). Many kurgans can be found in
the Great Hungarian Plain on the left bank of the river Tisza. Out-
side Hungary the Russian and Ukrainian steppe is rich in funeral
mounds (Paléczi, 1994; Selmeczi, 1992).

c.) Watch-mounds (guard-mounds): There are many of these low (max.
2-3 m tall) mounds especially in the Great Hungarian Plain. The
base of those mounds is not very large as well. They usually not
contain archeoclogical finds. They could play an important role
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in forwarding of messages between the great tell settlements.
Watchmen who were standing on them could pass the messages by
light or sound signals.

Mounds originally had been built for these three purposes, so we
should say that these are their primary functions. Later they have usually
lost their primary function and got a secondary function. For this reason
there are —or were— border mounds, execution mounds, cultic mounds, and
mounds could mark the places of battles as monuments also (Budayné,
1998). In the 20% century mounds have lost all their before mentioned
functions and got quite new, different ones. A significant part of them is
used as plough land. Beside this almost all higher mounds can be used as
a base for geodesic points (triangulation points, height marks; phot. 1), for
example the ,Biirok-halom” at Nagyivan (Toth, 1999).

Methods

The survey of the mounds was carried out using a 24 point cadastral form
compiled by us. We recorded in the form the name, the possible synony-
mous name, the GPS coordinates, the name of the settlement and the area
in which the mound can be found, the length of the base of the mound, its
absolute and relative height. Beside these facts the intactness (or being
disrupted) of the body of the mound, objects can be found on the mound,
plant types and the possible land use types were recorded as well. The ca-
dastral form in the followings asks the land use types of the 500 meters
neighborhood of the mound, the objects can be found there and their di-
rections by the points of the compass. Finally the form details the literatu-
re- and culture-historic, botanical and zoological information in connection
with the mound (Koziak, Té6th, 1998). To find the mounds and to determine
their absolute height we used topographic maps of 1:10 000 and 1:25 000
scale. For the geomorphologic examinations we used a laser theodolite. It
was used for the determination of the relative height, the steepness of the
slopes, the circumference of the base circle and the volume of the mounds.

Certain characteristics of the mounds were represented in a point-
map. For this reason the GPS coordinates of the mounds given in a WGS-
84 reference system, which based on the orbits of satellites had to trans-
form into a projection system, which is suitable for the comparison with
the existing digital maps. The database was converted to a suitable format
using Microsoft Excel then the coordinates were transformed to the Unified
National Projection System. The next step was to import the data and the
present it in ArcView GIS software. Via the combination of the points pro-
cessed this way and the already existing maps we got the thematic maps
presented. In the frame of this paper we present one, which shows the in-

tactness of the bodies of the mounds.
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Phot. 1. The top of the intact but ploughed “Tok-halom" inside the area of the Hortobagy National Park escaped from being
ploughed away thanks to the height mark.

The most important results of the survey of the anthropogenic mounds

In the study area we have found 503 existing anthropogenic mounds and
26 places of former mounds. The point-map of the 503 mounds shows that
they have a linear pattern (fig 1). Most of them can be found next to living
water flows (Hortobagy, Saros-ér, Arkus, Késely Téco), along the aban-
doned riverbeds and on the levees, which are free of floods. These areas
were safe places for the people on one hand and provided living (fresh wa-
ter sources, fishing and transportation facilities) on the other hand. The fu-
neral mounds can usually be found along the river banks as well, which
symbolized the journey of the dead’s soul to the next world (to the other si-
de of the river). The mounds in present days mostly lie far from waters on
dried up agricultural lands, only a quarter of them can be found next to
a water body (river, backwater, swamp, channel, fish pond, etc.), what is
a consequence of the regulation of the riverways, which was started in the
19th century.

These several hundred or thousand years old, valuable anthro-
pogenic features are objects of various kinds of human disturbing, for this
reason a primary aspect was the determination of the intactness of the body
of the mounds (fig. 1). It can be seen from the data that in the three region
fortunately the intact mounds (56-68%) are dominant. Those mounds were
considered to be intact where the shape of the body was symmetric and
there are no cuts, pits or signs of material being carried away. If the degree
of erosion due to the ploughing is not significant the ploughed mounds can
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Fig. 1. The geographical positions of mounds of the studied area and clustering them by the intactness of the mound - bodles:
1- intact mounds, 2 - distrupted mounds, 3 - damaged mounds, 4 - camried mounds, § - heightened mounds, 6 - the place
of the former mounds

be judged to be intact ones too. The disrupted, damaged mounds and
mounds partly or entirely carried away unfortunately occur in a large
number in the study area. Analysis shows that the least intact and the
most disrupted and carried away mounds can be found in the Hortobagy
region, which has very unfavorable soil conditions. The number of dama-
ged mounds and places of former mounds is significant in that region
also. It is in connection with that the mounds contain valuable humus-rich
soil (6-22 000 m?®/mound) (Téth, 1999), what was a real treasure for the
people of this area, more than that for the people of the Nagykunsag or
Hajdusag, where soils are much richer in humus. Studying the literature
we found four mounds, which were not carried away but heightened. The
causes were various: building of a trellis, a water tank, or an arbitrary ec-
clesiastic order (T6th, 1988), which can be considered to be the most for-
tunate interventions from the aspect of the survival of the mounds.

In the followings another important aspect of the examinations was
the description of the surface of the mounds and the determination of the
land use type (tab. 1). It can be seen from the table that the ratio of the
entirely ploughed mounds is outstanding (46%). In the second place there
are the mounds with a disturbed grass cover, which represent 37% of the
mounds. This plant cover developed due to the deterioration and weeding
of the original loess-grass vegetation, or the abandonment of agricultural
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use. Farming on a large scale (the use of pesticides and fertilizers) acce-
lerated the process of weeding. 44% of the mounds of the Hortobagy are
covered with such type of vegetation, while in the other two regions the
ploughed mounds are prevailing. 6.5% of the examined mounds are co-
vered with a kind of forest. From the aspect of nature conservation forests
(consist of neither native nor new arrival species of trees) are not preferable
types of vegetation because originally on the mounds and in their envi-
ronment the open loess-grass vegetation was dominant and trees had ne-
ver covered them. For this reason afforestation, forestry and the frequent
spontaneous growth of trees (acacia) should be considered as harmful pro-
cesses. The original vegetation type in most part of the Great Hungarian
Plain was the loess-grass (Salvio-Festucetum rupicolae, Agropyro Kochietum
prostrate), which is very rich in species (Sod, 1931). Due to the expansion
of agricultural lands this vegetation type can only be found in patches on
the tops of the higher mounds, in boundaries between plough lands and in
nature conservation areas. In the case of 18% of the examined mounds the
original vegetation type can be found. In the case of 5.5% of the mounds
(28 mounds) it is the dominant type of vegetation! The protection of these
mounds is the primary task of nature conservation. 6 mounds are used as
gardens. Only 8 (1.5%) mounds held their primary functions and are still
being used as residential or funeral mounds.

In the protected area of the Hortobagy National Park there are 83
mounds. In the area protected for 30 years there are less ploughed (16.8%)
and afforested (2.4%) mounds. The dominant is the disturbed grass cover
(65%) and fortunately the ratio of mounds covered with the original loess-
grass vegetation is higher (10%) than the average. These positive facts are
only partly the results of the nature conservation efforts; on the other hand
they are the consequences of the fact that the sodic soils of the Hortobagy
region are not suitable for agricultural use.

Archeological excavations can determine the age of the mounds only.
6.3% (32) of the mounds in our study area have been examined by archeo-
logists so far. On the base of the archeological finds found at the surface in
the case of 23% (120) of the mounds we can state that those had been resi-
dential mounds (tell settlements). The existence of the archeological finds
only in the case of the ploughed mound is obvious, the mounds covered
with grass are not informative from this point of view.

We classified the mounds on the base of their landscape values too.
We considered a mound to be of high landscape value when the shape of
the mound is visible from a great distance (min. 1 km) markedly from each
direction. Only 18% of the mounds belong to this group unfortunately.
From the survey of the environment of the mounds it turned out that in
78% of the cases there are disturbing objects (channels, dikes, rows of
trees, planted forests, transmission lines, roads, mobile-phone towers, gar-
bage dumps, factories, sheep-folds, etc.). Most mounds (30%) fell into the
category of mounds without landscape value since various objects like fo-
rests, rows of trees, weeding areas (abandoned plough lands), houses of
the settlements, industrial areas or transmission lines hide them. In many
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cases the mound itself became so low (carrying- and ploughing away) that
it is hardly recognizable and this way it has no landscape value any more.

Table 1. Dominate types of vegetation on the surface of the mounds

NAGYKUNsAG HAJDGsAG HoRTOBAGY HoRrroBAGY N.P.
Pieces % Pieces % Pieces % Pieces %
Original 4 2.7 9 4.7 15 7.9 9 10.8
_grassland
Disturbed 39 26.5 62 32 85 44.6 54 65.1
grassland
Tree shrub 0 0 3 15 1 0.5 1 1.4
Forest 9 6.1 17 8.9 Q9 5.9 2 2.4
Plough 77 61.4 91 50.4 67 38.2 14 17.8
land
Garden 5 2.7 3 1.5 0 0 0 0
Cultural 1 0.68 2 1.5 5 2.9 2 2.4
type
| together 134 100 187 100 182 100 83 100
Conclusions

The map presentation of the examined half thousand anthropogenic
mounds shows very clear that their appearance is not a random feature it
follows certain rules. Most mounds can be found on flood free surfaces of
the levees of the rivers and along the meanders of the rivers like a chain.
Only a few mounds are placed far from the present or the former beds of
the rivers. This proves that the establishment of the settlements near the
rivers has been advantageous for the human society.

Summarizing the results of the survey we can state that the num-
ber of intact mounds covered with loess-grass vegetation is rather small
(28). It proves that only a few mounds could survive the harmful effects of
human economic activities. In each region most of the mounds are intact
(65%), but there are many damaged, disrupted and entirely carried away
mounds. In the Nagykunsag and Hajdusag, where the soil is of good qua-
lity more than 50% of the mounds are used as plough lands. In the Horto-
bagy the ratio of ploughed and damaged mounds is lower due to the bad
quality of soil and the protection of the National Park. A new problem is the
20t century loss of landscape value of the mounds, which can partly be
explained by the appearance of the numerous new disturbing landscape
objects and partly by the agricultural erosion and carrying away of the
mounds. It is clear on the base of the survey that nature protection is not
as advantageous for the mounds as it had been supposed. The reason for
this is that by the time of the establishment of the Hortobagy National Park
the mounds had been under agricultural use. The anthropogenic mounds
became protected at a national level only in 1996 so the bad state of the
majority of the mounds is partly a consequence of this situation.
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