Renata Dulias

Denudacja antropogeniczna na obszarach goérniczych

na przyktadzie Gornoslaskiego Zagtebia Weglowego

Uniwersytet Slaski

Katowice 2013



Redaktor Prac Wydziatu Nauk o Ziemi Uniwersytetu Slaskiego

Andrzej T. JANKOWSKI

Recenzenci

Maria tANCZONT
Leon KOZACKI

Wydanie ksiazki sfinansowano ze $rodkéw Uniwersytetu Slaskiego
Copyright © 2013 by Uniwersytet Slaski, Katowice

Wszelkie prawa zastrzezone

All Rights Reserved

ISBN 978-83-62652-47-1

Projekt oktadki:
Renata DULIAS, Stawomir PYTEL,

Autorzy zdje¢ w ksigzce:

Tadeusz DULIAS - 3B, 13D, 20; Jan GRESZTA - 1F; Robert MATUSIAK - 1D; Teresa NAWROT - 3A;
Marcin RECHLOWICZ - 1B, 2F; Sabina SUCHARSKA - 13B; Marek WESOLOWSKI - 1A,

Pozostale zdjecia — Renata DULIAS

Wspblpraca wydawnicza:
Pracowania Komputerowa Jacka Skalmierskiego
44-100 Gliwice, ul. Pszczynska 44

SPIS TRESCI
L WPROW AD ZENIE ...ttt et e et et e et et et et et et e et e 7
1.1. Zarys problemu badawezego .........ooevunieiiiiiiiiiiiiii e e 7
1.2, Staty badan w Swietle THESTATULY: c.us won s s 5 5 5 S8 s i iR e s T s siss 10
1.3, el 1 ZAKTES BAUATL. .o wommmmmmonsssmmsmssrns s vs 1 s ssmss ok S04 ST AT RS ST 5 48 5505 58 55 56 06 03 45 SHOREWS 14
T, ODSZAT DAAAIY 1t si0ieis s S0 sm smosnsimmnseinmnsinsbuiindle i £ 7.5 ORI R R SRS e T T8 15
1.5. Materialy zrédlowe i metody badan ...............ccoveiiiiiiiiiiiiiinii e 25

. DENUDACJA - ZAKRES POJECIOWY I METODY BADAN .......c..cooooviviiriininie 31

. WPELYW GORNICTWA NA RZEZBE ........0oiiiiiiieiiiieiiie et 36
3.1. Oddzialywania bezposrednie ...........c.ooviiuiiiniiiiiiiiiii 37
3.2. Oddzialywania posSrednie .............cooiuuiiiiiiiiiiiii 39

. ZARYS HISTORII GORNICTWA NA OBSZARZE GORNOSLASKIEGO ZAGLEBIA
WEGLOWEG D 0555 55 55 5 15 s s s st S o 55 5551908 5 45 4575808 50t st e b s s a4 s 45
4.1, GOrnictwo rud Zelaza ........ooiiiiiiii i 46
4.2, Gornictwo rud cynku i OfOWILL ....cvuiiii 47
4.3, Gornictwo Wegla KATHISTIEED: v wusumamsusmss i i sissnvisoisesiins wwn sissiossissiisiois ioaisisimrns s wsipt 50
4.4, Gornictwo surowcow skalnych ... 56

. GEOMORFOLOGICZNE KONSEKWENCJE GORNICTWA NA OBSZARZE

GORNOSLASKIEGO ZAGEEBIA WEGLOWEGO .......sconssssemsssssisssssmssssomsemsss s 61
5.1. Powstanie antropogenicznych form rzezby ...............oooiiiiiiiiiii 62
5.1.1. Antropogeniczne formy rzezby bezposrednie ............cooooiiiiiiiii 62
5Ll WNYTOBISKE: s vammusmnssmussvnss w5 s snmssaseanmisonace sies ot i ssivsisesmarmaisvirssisisiss s s 64

5.1:1:2. ZWalOWISKa: .. v vvsvssinsvwvsnssnnin s sa ssimornsrmmnn s i s eomssssiasss 69

5.1.2. Antropogenicznié:formy rzezby POSTEANIE ... cwvumwis wrwumuvwssnss masnssmswssssnrs oo sos 73
5:1.2.1. Deforimacje NiECIgEle . .. m svenmsmomermmmmmmsensmsn o o on snwi s cssnen s sove samns 73

5.1.2.1.1. Deformacje nieciagle powierzchniowe ..............cc..ccoeevinnn 74

5:1.2,1.2, Deformacje nieciaglelimewe . . o w sumwmnmosommmmmvms s, 84

511.2:2. Deformacjeciggle v smmemvsssmmvsrsvmm s v s s 86

5:1:2.3. Osuwiska i mabrzmienia s s oo sosesmss s 98

5.2. Zmiany cech morfometrycznych rzezby ..............oooiiii 102
5.2.1. 'Wys0Ko50i DEZWZEIOATIE , 1. . o vonemnnsins s sasiasi s 6 56 65 000 805565083 004 Ma S 8 S o 103
5.2.2. WYSOKOSCL WZBLEUMNE . .conr o vr s smsimmionnsi s sarinini s 86 6 45 55845050 0008 00350 58 00w s Wi i 106
5:2:3. NAChTIETTE SEOKOW e uvrmmmsmssmsmsnsimsns e o smsnmasmin oi40555455.5 45 .05 50 50 56100 8,000 46 0 4B 05 109



5.3. Zmiany warunkow obiegu materii ...........uuvuviiiieiiiiiii 112

5.3.1. Zmiany cech fizykochemicznych przemieszczanej materii .................ooccoeiiiiins 116
5.3.2. Zmiany warunkéw obiegu materii w systemach otwartych - zlewniach ............. 119
5.3.2.1. Strefa produkgji — podsystem StOKOWY ........oooeiiiiiiiii 121
5.3.2.1.1. Zmiany dziatlow wodnych ... 122
5.3.2.1.2. Zmiany nachylenia StOKOW .........oooeiiiiii 123
5.3.2.1.3. Zmiany energii rzezby ..........cccooeviiiiiiiii 125
5.3.2.1.4. Zmiany gestosci sieci dolinnej i wodnej ... 126
5.3.2.1.5. Zmiany pokrycia i uzytkowania terenu ......................ooooi 126
5.3.2.2. Strefa transferu — podsystem korytowy ..o, s 128
5.3.2.2.1. Zmiany biegu rzek i zabudowa hydrotechniczna 128
53.2.2.2. Zmiany diugosci rzek .......coooeeiiiiiiini 131
5.3.2.2.3. Zmiany bazy erozyjnej ............ccooriiiiiiiiiiiiii e 132
5.3.2.2.4. Zmiany spadkow dna i profilow podluznych dolin i rzek ........ 134
5.3.2.2.5. Zmiany przeptyWoOw ......cccoreriiiiiiiiniiiii 137
5.3.2.2.6. Zmiany obciazenia transportowanym materialem ................. 139
5.3.2.3. Strefa akumulacji c.....ccvvvierememroimrninnsenanri s 141
5.3.3. Zmiany warunkéw obiegu materii w systemach zamknigtych - zaglebieniach

bezodplyWOoWYCh c.ocoviiiii 143
5.4. Zmiany stadium rozwoju 1ZeZby ............ooiiiiii e 149

6. DENUDACJA ANTROPOGENICZNA NA OBSZARZE GORNOSLASKIEGO
ZAGEEBIA WEGLOWEGO e isssssssssons vi sn s 11 53 orsesansnsis s v sss s s va o e snamasavuss e 156

6.1. Denudacja antropogeniczna okreslona na podstawie wydobycia surowcéw
MINErAlNYCH ..uiiviii i 157

6.2. Denudacja antropogeniczna okreslona na podstawie analizy morfometrycznej...... 165
6.3. Denudacja antropogeniczna okreslona na podstawie badan osadow
w zaglebieniach bezodpltywowych ..o 169
6.4. Denudacja antropogeniczna okreslona na podstawie pomiardw i obserwacji
bezpoSTedich ... vvviiviiiiiiiiii 176
6.5. Prognoza denudacji antropogeniczne] ............oooevviiiiiiiii 179

7. DENUDACJA ANTROPOGENICZNA NA OBSZARACH GORNICZYCH

WPOLSCE I EUROPIE .......uomuneiamnmn i vie oo s oo oo 65 5555505508550 58 M SHESHE RIS 5655 66 55 05 03 S0 0aA GHERRIRED3 184
7.1. Goérnicze przemieszczanie mas skalnych w Polsce ..o 185

7.2. Denudagcja antropogeniczna na obszarach gérniczych w Polsce ......................... 199

7.3. Przemieszczanie mas skalnych w zaglebiach wegla kamiennego w Europie .......... 203

7.3.1. Zagtebie Ostravsko-Karvinskie ..............ooooooiin, 206

7.3.2. Zaglebie RUNIY ......iiiiiiiiieiiiiininiii 212

8. PODSUMOWANIE I WNIOSKI ..ccccuuvinmmnvmmmonmmnnsannsonnsammannesonmnsnnnsissssssnssnes s or s sssses 219
| IS L1 0 - OO Uy P R T R 223
Materialy ZrOAIOWE .....oviiiiiiiiii 251
SIS TYSUNKOW .ttt 253
SPIS LADEL 1. 254
SPIS FOOGTAT .. eeeviii ettt 255

SUIMITIATY .ttt Lt e e 257



Renata Dulias
Anthropogenic Denudation in Mining Areas on the Example of the Upper Silesian Coal Basin
Summary

The Upper Silesian Coal Basin (USCB) is one of the oldest and largest mining areas in Poland
as well as in Europe. Intense extraction of hard coal, stowing sands, zinc and lead ores, and rock
resources caused such extensive transformations of landscape that it can be considered a model
anthropogenic relief. This dissertation attempts at a synthesis of these transformations, using uniform
research methods for the whole study area. Our main objectives are as follows: 1/ to recognize
anthropogenic forms of relief related to mining activity and present them from a spatial, genetic and
age perspective, 2/ to determine the changes in the morphometric characteristics of relief and the
conditions for matter movement in open systems (catchments) and closed systems (closed basins),
caused by the extraction of mineral resources, and 3/ to estimate the size of anthropogenic denudation
using varied methods based on such factors as the volume of extraction, a morphometric analysis,
a study of sediments in closed basins, and through observation and direct measurements.

The research spans a short period of time (100-250 years); sensu lato it encompasses the area of
almost entire Upper Silesian Coal Basin (4,540 km?, Fig. 1), sensu stricto it includes 3 geological zones
(Fig. 7) and 25 geomorphological units within the range of 63 hard coal mines (2,838 km?, Fig. 2, 6,
photo 3). The geological zones, here called — Carboniferous, Triassic and Miocene, in broad outline,
refer to the occurrence of deposits of older, Pre-Quaternary substratum (Fig. 7). The Carboniferous
zone (516 km?) includes areas whose substratum was deeply drained as a result of intense hard coal
mining. In a landscape characterised by moderate relief and strong urbanisation, there are noticeable
sandstone horsts of tectonic origin, occasionally overlaid with ,caps” of the Triassic rocks split by
tectonic and erosional-denudational depressions (Fig. 3, 5). The Triassic zone (284 km?) encompasses
an area where the Carboniferous overburden consists of the Triassic carbonic rocks, which collect rich
groundwater resources and are susceptible to karst processes. It is an area with either intense or
moderate relief, characterised by escarpments and horsts (Fig. 5). Mining pression affected not only
the Carboniferous substratum but also the Triassic overburden containing zinc and lead ores (Fig. 9).
In the Miocene zone (nearly 860 km?), the Carboniferous substratum lies beneath an impermeable
overburden of the Miocene clayey rocks, and groundwaters occur in the Quaternary deposits. In the
landscape with predominant low-relief clayey plateaux and outwash surfaces (Fig. 4, 6), the Rybnik
Plateau, intensely dissected and quite strongly urbanised, is a distinguishable part.

A cartometric analysis of relief was carried out using archival topographic maps from the late
19t century (Fig. 8) and contemporary ones from the late 20t century. The maps were adjusted by
ArcMap 9.3 to the coordinate system 1992, and then vectorised and analysed by MaplnfoProfessional 7.0.
Consequently, 2 numerical models of the area were constructed — for the years 1883 and 1993. Each
model encompasses an area of over 2,800 km?2 By subtracting the contemporary model from the late
19t century model, a raster map of changes in altitude from 1883 to 1993 was obtained. Also, maps of
gradients and relative heights were constructed on the basis of digital elevation models. A database
was created for geological zones, geomorphological units, catchments (I-VI order, Fig. 18) and hard
coal mines. Hypsographic curves were drawn for selected geomorphological units and catchments for
the years 1883 and 1993 (Fig. 39, 40), and indices of rock mass volume were calculated (STRAHLER 1952,
Fig. 27, 28).

Mining production was calculated using numerous sources. Data on hard coal mining in all
the mines of the Upper Silesian Coal Basin from 1769, that is when the records were started, to 2009
(Fig. 1, 2), and on the extraction of stowing sands (Fig. 4) and other mineral resources were collected.
The data on extraction of twelve main resources in Poland mostly come from the last 50 years (Fig. 37).
Total hard coal extraction by main European and world producers since the year 1800 is shown in
figures 47 and 48.
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Calculations of anthropogenic denudation rate in coal mine areas were made from hard coal
production, following the procedures described by ZMUDA (1973) and DuLIAS (2011). Calculations of
anthropogenic denudation rate on the basis of a morphometric analysis consisted in dividing the volume
of .resultant depressions by the surface area of the studied region (geological zone, geomorphological
unit, catchment and coal mine) and the years of mining activity. Calculations of anthropogenic
denudation from the analyses investigation, of sediments in closed basins were made using the
method described by BOROWKA (1992); the age reference level was obtained on the basis of 137Cg
dating. Research results were compared with data from other mining areas in Poland, as well as in the
Ruhr Coal Basin (Ruhr District) and the Ostrava-Karvina Coal Basin.

During the thousand years of mining in the Upper Silesian Coal Basin, more than 13 billion
tons of mineral resources and approximately 2-4 billion tons of waste rock (Fig. 29) were removed.
The removal of rock mass was in nearly 94% connected with the extraction of hard coal and stowing
sands; 98% of loss occurred during the last 100 years. The forms created as a result of direct mining
activity (Tab. 3, 5, 6, Fig. 10) cover the area of less than 150 km?; half of this area falls on stowing
sandpits (Fig. 14) and 1/3 on mining waste heaps (Fig. 15, 16, 28, 29, photo 5). The location of concave
forms (Photo 4) is related to the lithological features of the substratum, that is to particular forms of
relief of higher order, including quarries of solid rocks on cuestas and horsts, clay pits on high plains
built from cohesive deposits, sandpits in basins and depressions overlaid with fluvoglacial deposits.
The majority of directly anthropogenic forms preserved, to a considerable degree, the morphologic
distinctiveness from the mining period. This pertains to numerous minor landforms from several
hundred years ago (Fig. 11) and some opencast coal mines (Fig. 13).

From a geomorphological point of view, the most significant effect of mining is the emergence
of indirectly anthropogenic forms - subsidence basins (Fig. 23-25, photo 10). Sinkholes, which are
characteristic landforms in the process of shallow exploitation, were of marginal importance both in
terms of morphology and the volume of the rock material moved as a result of their emergence
(approximately 1 mln m* - 0.007%) (Fig. 17-22, photos 6-8). Subsidence basins cover an area of 1,125 km?
and have a volume of 3.3 billion m? (Tab. 7-11). The largest volume of subsidence was observed in the
Carboniferous zone (40% of total volume) — the area was lowered by 3.4 m on average. The biggest
average subsidence of 4.4 m was recorded at the Triassic zone; here, also maximum subsidence of
approximately 35 m was observed (Fig. 26, photo 9). A series of subsidence basins which are the deepest
in the entire Upper Silesian Coal Basin corresponds in shape to the course of Saddle Beds (Fig. 27).
In the Miocene zone, depressions below 2 m predominate, although in many places, they exceed 20 m.

The emergence of anthropogenic forms of relief, especially subsidence basins, caused
significant changes in morphometric features of former relief. Absolute heights in vast areas of dozens
and hundreds of square kilometers altered (Tab. 12), and new height-intervals appeared in many areas
(Fig. 30). The surface area of the high-lying (above 280 m asl) mining areas decreased by over 42 km?,
whereas the surface area of those low-lying, (below 250 asl) increased by approximately 34 km2. In the
overwhelming majority of geomorphological units, an average height of the area decreased from 0.2 m
to 4.5 m (Tab. 13); the least - on plainland, and the most - in areas with slope angle of 1-5. In more
than % of the area, relative heights increased (Fig. 31, tab. 14), mostly by less than 5 m. Generally, the
relief of plains was diversified, whereas higher relief was moderated. Changes in slope angles (Tab.
15-17) are the same in all geological zones: they consist in a decrease in plainland and an increased
share of slopes representing each class of slope angle, mostly those ranging between 1 and 3°.

Along with the transformation of morphometric features of relief, the conditions for matter
movement altered (Photo 12, 16). The increase or decrease in absolute and relative heights changed the
“distance” to local erosional bases, which, together with the changes of slope angles, modified the
character and intensity of geomorphological processes. In the circulating matter, there are deposits with
different physical and chemical qualities because new lithological deposits (waste rock, processed
wastes) appeared on the surface (Fig. 32, photo 13), and in some areas, the natural surface sediments
were dessicated, dampened, polluted, deprived of a vegetation cover and mixed with waste material.

258

The existence of anthropogenic landforms impacts currently occurring fluvial and slope
processes (Fig. 28, 29, photo 11), including sheet wash, aeolian and lithoral processes, regardless of the
fact that the relief is being modelled by these very processes (Photo 2). One of the most significant
changes relevant to the circulation of matter in the Upper Silesian Coal Basin is the emergence of
numerous closed basins (Fig. 37, tab. 19, 26, photo 19, 22), mostly in subsidence basins. This area,
excluded from the fluvial system, encompasses more than122 km?, that is almost 8% of the entire
mining area, mainly in the Triassic zone - within the Vistula-Odra watershed. The reversal of natural
fall of the land directed the surface wash toward the centre of basins and considerably shortened its
way to the base-level of erosion (Fig. 38). As regards the closed basins, their emergence in relief is in
84% attributed to the increase in average slope angles. The deposition in these new sedimentation
basins goes at a rate of approximately 0.6-0.9 mm/year (Fig. 43, tab. 35, photos 20, 21).

The conditions for the circulation of matter are also affected by discontinued circulation
between the two systems: slope and fluvial ones with the construction of embankments, high railway
embankments and waste heaps. Disturbances in the circulation of matter in fluvial systems are, first
and foremost, a consequence of changes in: the location of erosional base, geometry of river beds, fall
of valley bottoms and slopes, course of watersheds (Fig. 33) and resultant changes in the surface area
of catchments, flows and load of transported material. In the 90% of the investigated catchments,
slope angles increased (Tab. 20), and in the 80% of them, relief energy increased (Tab. 21). Over 80% of
the rivers have a lowered erosional base (Tab. 23), which is on average, 3.4 m lower in the river basin
of the Vistula, and 4.8 m lower in that of the Odra, while % of the rivers have increased longitudinal
falls (Tab. 22, fig. 36). To the highest extent, the lowering of erosional base pertains to rivers
dewatering the Miocene zone. The subsidence caused the increase in the rate of their incision —
starting from several centimetres per year to a dozen or so per year. Some river beds were deepened
by several metres (Tab. 36, photo 15, 23).

The majority of rivers, especially the big ones, have increased flows also due to the share of
alien waters (Tabs. 24, 25). Simultaneously, the river beds of almost all rivers and watercourses
underwent at least one kind of transformation of their geometry (straightening, relocation, embankment,
paving of the bottom, bank reinforcement, construction of steps, etc.) (Fig. 35, photo 14). In many
catchments, land use radically changed and there appeared anthropogenic deposits (Fig. 34). The
majority of big rivers were shortened in contrast to medium and small watercourses which were
lengthened, mainly in the headstreams, especially in the Miocene zone in the Odra river basin. Mining
activity increased the erosional potential of the rivers in the Odra catchment, and decreased it in the
Vistula catchment. Intensified removal of matter from slopes is “effected” mainly in small and
medium catchments which are scarcely built-up and woodless. Main rivers are polluted above-
average with suspension, predominantly coal slimes, which is common in the young alluvia building
up the fluvial terraces (Photo 17). Some large and medium rivers transport matter along short sections,
,leaving” it in the water reservoirs with flow (Photo 18).

The movement of such large amounts of matter in mining areas may rejuvenate or age the
relief, or, it may not cause any changes in this respect. However, the changes in the development stage
of relief do not depend on the scale of mining waste disposal or rock material dumping, but on the
location of mining areas within catchments. Very intense exploitation of resources, distributed evenly
may not reflect itself at all in hypsographic curves and the value of the rate of rock mass volume.
On the contrary, incomparably lower intensity of mining activity, but carried out only in selected
parts of a catchment may result in distinctive rejuvenating or ageing of relief (Fig. 39, 40).

The lowering of surface caused by underground extraction of hard coal, that is as a result of
rock matter movement with predominant vertical component of movement and unrelated to surface
erosional base, was diversified in terms of space and time (Fig. 41, 42). In the initial period of mining,
the subsidence rate calculated from the volume of extraction was several, or seldom a dozen or so
mm/year, and in the 20t century, it reached several dozen mm/year (Tab. 30-32). During the last ten to
twenty years, the intensity of denudation in the Silesian Upland diminished from 28 mm/year to 26
mm/year, whereas in the Racibérz-Oswiecim Basin, it increased from 21 to 30 mm/year. This reflects
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the direction of mining activity moving from the upland to the basin (Tab. 34), which is forecasted to
continue in the following years (Fig. 44). The concentration of extraction in a smaller area, high rate of
longwall exploitation conducted nearly always by means of a roof-fall method, is reflected in higher
values of anthropogenic denudation ratios for the last ten to twenty years; in the case of 1/3 of mines,
these values exceed 100 mm/year. The rate of surface lowering as a result of opencast exploitation of
stowing sands was a few hundred mm/year (Tab. 32).

The ratios of anthropogenic denudation calculated using a morphometric method range from
2 to 43 mm/year, while the rate of anthropogenic agraddation is considerably lower — on average, it is
4 mm/year. Denudational balance of geomorphological mezoregions is negative, and the highest value
of 17 mm/year (Fig. 42) pertains to the southern Silesian Upland. Particular geomorphological units
and catchments are extremely diversified in terms of denudational intensity. The highest negative
value of denudational balance was obtained for the Bialy Orzel Ditch, and it was 80 mm/year.
Denudation ratios calculated using the morphometric method do not diverge from those calculated
from precise geodetic measurements.

In Poland, no other mining area (Fig. 45, tab. 39) underwent such intense mining activity as
the Upper Silesian Coal Basin during the last half a century. Its share in the total extraction of mineral
resources was as high as 32% (Fig. 46). The total extraction of hard coal since the mid-18t century until
the year 2009, situates the Upper Silesian Coal Basin in the sixth place in the world (Fig. 48). Thus, the
effects of mining anthropopressure on the relief are among the most severe in Poland, Europe and the
world. These changes have regional and permanent character. The anthropogenic denudation rate in
the Upper Silesian Coal Basin, as well as the Ruhr Coal Basin (Ruhr District) and the Ostrava-Karvina
Coal Basin, is from several dozen up to several hundred times higher than the rate of natural
denudation, no matter what calculation method is used. It would take the natural denudational
processes tens of thousands of years to remove the same amount of material from the substratum as
man removed through his mining activity.

260





