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ABSTRACT. Coal-bearing strata of the Intrasudetic Basin
comprise three lithostratigraphic units: the Walbrzych Forma-
tion (Namurian A), Bialy Kamienn Formation (Namurian B, C)
and Zacler Formation (Westphalian A, B, C?). The Walbrzych
Formation contains about 30 coal seams; a few of them are of
industrial importance. The coal is typified by low sulphur con-
tent, usually no more than 1% and variable ash content. In the
study area, the coal is of medium to low-volatile bituminous
rank; vitrinite reflectance R, max ranges from 0.8 to 2.0%,
volatile matter content from 29 to 16%.

The coal seams of the Waltbrzych Formation contain main-
ly banded coal. Bright and dull lithotypes occur only sporadical-
ly. There is a great variability with respect to the proportion of
banded lithotypes in the profile of the Walbrzych Formation.
An amount of banded and banded dull coals increases towards

the top of the formation at the expense of banded bright coal.
The amount of dull coal is low in all the seams studied and it
does not exceed 5% of their thickness. There are generally two
types of vertical lithotype successions in the seams. Type 1 is
characterized by the presence of bright lithotypes interlayered
with clastics. In type 2 clastic partings occur between the succes-
sions of lithotypes from brigh to dull; sometimes certain links
are missing. The area with a succession of type 1 was probably
unstable during peat deposition. A fast, differentiated rate of
subsidence caused drowning and, consequently, influx of clastic
material. A succession of type 2 may signify stable areas with
a fast but uniform rate of subsidence. Such conditions favoured
deposition of thick peat layers with plant succession adopted to
an increasingly thicker water cover.
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Comparison of the mean content of three maceral groups
for the 680, 678, 672, and 664/665 seams has revealed that in the
Walbrzych Formation there is a tendency of decreasing-upward
vitrinite content, from more than 90% in the 680 seam to about
60%in the 664/665 seam. Exinite content increases upward from
0.5 to 10%. There is no regularity in inertinite content. Varia-
tion of microlithotype composition corresponds to that of ma-
cerals. Vitrite content decreases upward while trimacerite shows
a reverse tendency.

There is a distinct relationship between coal and clastic
deposition. This is manifested by correlation e.g. between
root/bottom hitnoiogy and seam thickness, distribution of coarse-
-grained clastic zones below the seams and seam thickness
pre-peat topography and distribution of coal facies, petrogra-
phic composition of the coal etc. The 675, 672 and 664/665
seams are of diachronous character while the 678 one seems to
be isochronous. The termination of the coal seams resulted from
gradual drowning of the peat-bogs (e.g. the 661, 662 seams) or
channel avulsion (e.g. the 678 seam). In the 672 and 664/665
seams these two factors were relevant.

Microfacial analysis of the coal supplemented with litho-
facial analysis of the surrounding clastics have permitted recon-
struction of depositional conditions of the coal seams studied.
The 678 seam deposited in very stable conditions. Peat deposi-
tion started almost isochronically over the entire area and it
took place mostly in telmatic forest moor and rarely in lim-

no-telmatic forest moor. Peat was temporarily subjected to oxi-
dized conditions. The swamp was removed from main locus of
fluvial activity. Temporarily it was fed by meteoric water. Or-
ganic matter decayed in acidic conditions, pH below 4.5. The
termination of peat growth was caused by abrupt influx of
coarse-grained sediments. The deposition of the 672 seam start-
ed in low-lying areas located between distributary channels or
in abandoned channels. Peat deposited in variable facial con-
ditions: telmatic and limno-telmatic forest moors, telmatic and
limno-telmatic reed moors and open moor. Contemporaneous
fluvial activity sometimes interrupted peat deposition. The
swamp was of low-lying type, fed by surface- and groundwaters.
The termination of the seam was of diachronous character and
took place mainly as a result of gradual drowning of the swamp,
sporadically due to channel avulsion. In the 664/665 seam peat-
-torming plants encroacned upon the area of variable stability
and with well defined channel and overbank zones. Peat deposi-
tion commenced in low-lying morphologically areas between
distributary channels, while channel zones were blanketed with
peat much later. The coal represents a wide range of peat facies
from telmatic forest moor to open moor. Organic matter decay-
ed in a low-lying swamp fed by surface- and groundwaters
under pH about 4.6, however, neutral conditions appeared tem-
porarily in the swamp. The termination of the seam resulted
from gradual drowning of the swamp as well as channel avul-
sion.

INTRODUCTION

Facies models are increasingly being used as
predictive tools in the exploration for coal deposits.
Most published sedimentation models of coal-bear-
ing environments are based almost entirely on cla-
stic facies, with little or no discussion of coal facies
(Horne et al. 1978; Ryer 1981). On the other hand,
most coal petrologists and geochemists tend to stu-
dy coal beds in isolation from their overall context.
Although, it has been mentioned that depositional
conditions of coal-bearing strata influence some
features of coal seams as well as coal properties
while well formulated depositional models should
have a high predictive value at both the exploration
and production levels (McCabe 1984), to date there
is lack of detailed studies how the fecies distribu-
tion of clastics influences the petrological compo-
sition of associated coal.

The purpose of this paper is to discuss petro-
logical composition of coal and its relationship

with associated sedimentary rocks in order to recon-
struct depositional conditions of coal seams. The
Watbrzych Formation has been chosen as a study
area because the coal seams ofi this unit are of
relatively low rank, compared to other formations
in the Intrasudetic Basin, which enabled the mic-
rofacial analysis ofi the coal. So far such studies
have not been carried out in this area.

This paper forms a part of the doctoral dissertation research-
ed by the author in the Institute of Geological Sciences of
Wroclaw University and supervised by Prof. dr hab. Wiestaw
Gabzdy! from Silesian Technical University in Gliwice. Doc. dr
hab. Barbara Kwieciniska, Academy of Mining and Metallurgy,
Krakow and Prof. dr hab. Kazimierz Dziedzic, Wroctaw Univer-
sity, made very helpful comments and corrections. Geologists
from the Thorez mine: Kazimierz Kmak and Krzysztof Komi-
nowski assisted in underground observations and sampling. Je-
rzy Skowroniski interpreted data obtained by means of X-ray
diffraction method and Jerzy Stachowiak kindly prepared some
photographs.

GEOLOGICAL CHARACTERISTICS OF THE STUDY AREA

The Intrasudetic Basin is a structural unit locat-
ed in the northern periphery of the Bohemian
Massif. It is filled with a thick sedimentary succes-
sion of early Carboniferous to late Cretaceous ages
(Fig. 1); there are no late Triassic and early Creta-
ceous sediments.

Coal-bearing strata of the Intrasudetic Basin
comprise three lithostratigraphic units: the Wal-
brzych Formation (Namurian A), Bialy Kamien
Formation (Namurian B and C) and Zacler For-
mation (Westphalian A, B and C?) (Fig. 2). The
Walbrzych Formation is best exposed m the north-
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KACZAWSKIE MTS UNIT

Fig. 1. Geological sketch-map of the Intrasudetic Basin (simplified fragment of the Geological Map of Lower Silesia edited by
L. Sawicki, 1967). I — “Older” Culm; 2 — “Younger” Culm; 3 — Przedwojéw Horizon; 4 — Walbrzych Formation; 5 — Bialy
Kamien Formation; 6 — Zacler Formation; 7 — Upper Paleozoic volcanites; 8 — Glinik Beds and Ludwikowice Beds; 9 — younger
sediments. Rectangular contour marks the study area
Szkic geologiczny niecki $rodsudeckiej (uproszczony fragment Mapy geologicznej Regionu Doinoslgskiego pod red. L. Sawickiego,
1967). 1 — kulm ,starszy”; 2 — kulm ,,mlodszy”; 3 — poziom z Przedwojowa; 4 — formacja walbrzyska; 5 — formacja
bialokamieniska; 6 — formacia zaclerska: 7 — gdérnonaleozoiczne wulkanity; 8§ — warstwy glinickic i ludwikowickie; 9 — utwory
mlodsze. Obszar badan zostal obwiedziony prostokatnym konturem

ern part of the Intrasudetic Basin, Walbrzych Ba-
sin (Fig. 1), where this succession is cropping out as
a narrow belt from Jablow in the west to Jedlina
Zdroj and Gluszyca in the southwest (Fig. 1). The
sediments of this formation are also exposed
around the Chelmiec rhyodacite massif. West of
the Walbrzych Basin, so-called ,,Przedwojow hori-
zon”, represented by sandstones and mudstones is
an equivalent of this formation (Dziedzic 1960,
1961. 1971: Gorecka 1964; Grocholski 1974).

In the Walbrzych Basin, the Walbrzych For-
mation is underlain by the Szczawno Formation,
so-called ,,culm of Szczawno (Teisseyre 1950),
consisting of mudstones and conglomerates in the
lower part while mudstones and sandstones occur
in the upper one. In the Szczawno Formation two
environmental associations can be distinguished:
basin floor/submarine fans and fan deltas (K. Ma-
stalerz 1987). These sediments correspond to the
late Visean (Zakowa 1958a, b; Jerzykiewicz
1965).

The Szczawno Formation passes gradually to
the Walbrzych Formation in the western part of
the Walbrzych Basin (Teisseyre 1958, 1961: Dzie-
dzic 1960, 1961, 1971; Grocholski 1960, 1965,
1974), while in the eastern part contacts between
the Walbrzych Formation and the older sediments
are of tectonic character (Dathe, Berg 1912; Berg
1925). There is no agreement about the character of

the upper boundary of the Walbrzych Formation.
Some authors suggest distinct unconformity and
stratigraphic gap between this and the overlying
Bialy Kamienn Formation (Grocholski 1960, 1965,
1974; Augustyniak, Bialas 1962; Augustyniak,
Grocholski 1970). while others claim conformable
depositional contact (Dziedzic 1960, 1961, 1971;
Gorecka 1962, 1964, 1969). The thickness of the
Walbrzych Formation ranges from 200 to 300 m in
the Walbrzych Basin and decreases both to the
west and to the east. The sediments are of fluvial
origin and only the lower part of the unit may
represent a delta plain environment (Nemec 1985).

Coal seams constitute 5—6% of the thickness
of the Walbrzych Formation with the maximum
coal thickness in the northern and eastern periphe-
ries of the Walbrzych Basin, where also the lowest
amount of coarse-grained sediments is noticed. The
seams are relatively thin: most often about 1 m and
only sporadically do they reach 3 m. There is a large
variation of seam thickness; thinning, pinching
out, splitting and erosive scouring are frequently
noticed in the seams. The coal is typified by low
sulphur content, usually no more than 1%, and
variable ash content (Fig. 3) and, in the study area,
it represents medium to low-volatile bituminous
rank. Vitrinite retlectance R,max ranges from 0.8
to 2.0%, volatile matter content-from 29 to 16%
(M. Mastalerz 1988; Mastalerz, Jones 1988).



Fig. 2. Lithological section of the Walbrzych Formation and its
lithostratigraphic position.  — conglomerates; 2 — sandstones;
3 — siltstones; 4 — mudstones; 5 — coal seams; 6 — interva.
studied
Profil litologiczny formacji walbrzyskiej i jej pozycja litostraty-
graficzna. / — zlepience; 2 — piaskowce; 3 — mulowce; 4 — ilo-
wce; 5 — poklady wegla; 6 — badane odcinki profilu

Fig. 3. Ash (4) and sulphur (B) content in the seams
Zawarto$¢ popiotu (4) i siarki (B) w pokladach
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METHODS AND TECHNIQUES

SAMPLING

All the coal seams available in the Thorez
mine in 1983 — 1986 were studied underground in
terms of lithotypes and type of clastic partings. The
emphasis was put also on the lithological character
of roof and floor rocks. A number of the sections
and samples studied is presented in Table 1.

Table 1. Number of the samples and sections studied

Wykaz analizowanych profili pokltadowych oraz préb podda-
nych badaniom petrograficznym

Number of Number of coal samples

Seam sections Liczba prob wegla Total
Liczb
Poklad p:'(:)zﬁl? pellet Tump Razem
ziarnowych kawatkowych

664/665 8 65 65 130
672 3 19 19 38
678 4 19 19 38
680 1 6 6 12
Total 218

Channel and lump samples were collected from
every lithotype. The former were used to determine
maceral and microlithotype composition, while the
latter enabled measurements of vitrinite reflectance
and studying of the structure of macerals and mi-
crolithotypes. When coal structure made it impos-
sible to recognize lithotypes, seams were divided
into a few parts arbitrarily. The main criterion of
division was the presence of clastic partings, while
a number of channel samples between partings de-
pended on the thickness of coal benches. Clastic
partings as well as roof and floor rocks were also
sampled.

Coal samples were prepared into polished
blocks according to methods reccomended by In-
ternational Committee for Coal Petrography
(Stach’s Textbook... 1982; Gabzdyl 1984). Thin se-
ctions were prepared from clastic rocks while fine-
-grained sediments were analysed by X-ray dif-
fraction method.

MICROSCOPIC OBSERVATIONS

Before microscopic studies all polished blocks
were examined megascopically in order to check
and, if necessary, revise descriptions made under-
ground. Leitz Ortolux and Zeiss Standard micro-
scopes were used for optical studies of coal, while
thin sections were observed with a Jena Pol Univer-
sal microscope.

Lump samples were used to study the structure
of macerals and microlithotypes with respect to
size, form, orientation etc. Vitrinite reflectance was
also measured on these samples. On every sample
50 reflectance measurements were taken using stan-
dards of the following values of reflectance: 0.59,
0.917, 3.34. Having measured reflectance values,
bireflectance (R,max— R min) and bireflectance
index (R,max — R;min/R,max) were calculated. Pel-
let samples enabled determination of maceral and
microlithotype composition. Automatic point-coun-
ters, Eltinor and Swift model 500, were applied in
the study. Maceral and microlithotype analyses were
carried out separately, Telocollinite, telinite, des-
mocollinite, semifusinite + fusinite, micrinite, ma-
crinite, inertodetrinite, sporinite, remaining mace-
rals of the exinite group as well as clay minerals,
pyrite, carbonates and silica were counted in mace-
ral analysis, while vitrite, clarite, inertite, vitriner-
tite, durite, duroclarite, clarodurite, vitrinertolipti-
te as well as carbargillite, carbopyrite and carban-
kerite were considered in microlithotype analysis.
Distinguishing of the above mentioned compo-
nents was caused by their applicability for the recon-
struction of coal facies.

INTERPRETATION OF THE RESULTS

To study lithotype succession, megascopic seam
profiles were prepared and compared with each
other. For the thickest seam of theWatbrzych For-
mation, 664/665, vertical lithotype successions were
studied by means of the embedded Markov chain
method (Powers, Easterling 1982).

Maceral and microlithotype analyses were the
basis of the reconstruction of the facial conditions
of the coal seams. For facies analysis based on
microlithotype composition, the diagram of Hac-
quebard and Donaldson (1969) was applied. This
diagram follows the results by Teichmuller (1950,
1962), Teichmuller and Thompson (1958) and Os-
vald (1937). In this study it has been slightly modi-
fied to suit the coal studied.

Osvald (1937) distinguished three zones within
a peat-bog which depend on the position of water
level:

— terrestrial — above high water level,

— telmatic — between high and low water

levels,

— limnic — subaquatic deposition.

These zones are strongly related to four subenviron-
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ments of peat-bogs distinguished by Teichmiiller
(1950):

— forest terrestrial moor,

— forest moor,

— reed moor,

— open moor.

Hacquebard and Donaldson (1969), comparing
coal facies with modern analogues give the following
characteristics of these four zones:

— forest terrestrial moor: fusito-clarite,

— forest moor: clarite rich in vitrinite,

— reed moor: cuticuloclarite and duroclarite,

— open moor: clarodurite, durite and carbar-

gillite.

Facial conditions of the coal were also reconst-
ructed on the grounds of maceral composition. Ac-
cordnig to Diessel (1982) telocollinite + telinite
+ semifusinite + fusinite4lginite + sporinite
+ inertodetrinite ratio signifies the input of forest
material to the peat-bog, while telinite + telocolli-
nite/fusinite + semifusinite ratio indicates humidi-

ty of the peat-bog. Diessel has defined also tissue
preservation index (TPI) as telinite + telocollinite
+ fusinite + semifusinite/desmocollinite + mac-
rinite 4+ inertodetrinite and gelification index (G/)
as vitrinite + macrinite/semifusinite + fusinite
+ inertodetrinite and he has found the interrela-
tion between these facial indicators and the environ-
ments of clasic deposition for coal-bearing sequen-
ces of Australia.

Lithological data collected by mine geologists
were used to analyse clastic facies of the Walbrzych
Formation. On the basis of these data a set of
lithofacial and isopach maps was prepared and in-
terpreted with reference to depositional conditions.
Coal facies together with the interpretation of li-
thofacial maps permitted to reconstruct depositio-
nal conditions of the coal seams as well as to estab-
lish the relationship between peat deposition and
clastic sedimentation within the Watbrzych Forma-
tion.

PETROLOGICAL AND FACIAL CHARACTERISTICS OF THE COAL SEAMS

LITHOTYPE COMPOSITION

In the study area, the coal seams of the Wai-
brzych Formation contain mainly banded coal
which, according to Stopes’ terminology (1919)
should be predominantly classified as clarain.
Bright and dull lithotypes occur only sporadically.
In this paper clarain has been subdivided into three
varieties depending on the proportions of bright
bands. In this way, the following classification of
coal has been applied in this study: bright, banded
bright, banded, banded dull, dull and fibrous. The
same or very similar classification was used also by
other workers (Benes, Dopita 1954; Hacquebard ez
al. 1964; Diessel 1965). 5 mm section was taken as
the minimal thickness of a lithotype.

There is a great variability in the proportions of
banded lithotypes in the coal seams studied. In the
lower part of the Walbrzych Formation, the 678
seam, a high amount of banded bright coal, both
with respect to thickness and frequency of occur-
rence, has been noticed (Fig. 4A, B). In the younger
coal seams, 672 and 664/665, the amount of band-
ed bright coal decreases in favour of banded and
banded dull coals. In banded bright, banded dull
and dull coals, the increase in appearance frequen-
cy is associated with the increase in their thickness,
while in banded coal this tendency is no longer

noticed. The amount of dull coal is low in all the
seams studied and it does not exceed 5% of their
thickness; the number of dull layers and their thick-
ness increase towards the younger seams. In the
same direction, the changes of megascopic charac-
ter of coal, expressed as a number of lithotypes per
1 m of a vertical coal profile become more frequent
and lithotype thickness decreases (Fig. 4C).

There are generally two types of vertical litho-
type successions in all the seams studied. Type 1 is
signified by the presence of bright lithotypes inter-
layered with clastics (Fig. 5). In type 2 clastic par-
tings occur between the successions of lithotypes
from bright to dull; at places some links are missing
(Fig. 6—9). In a sequence of type 2, relatively
bright lithotypes occur directly above clastic par-
tings or they from the bottom part of the seams,
which was also noticed in some other coal basins
(Smith 1957, 1962, 1968; Cameron, 1978; Hower,
Wild 1982; Hunt, Hobday 1984; Warwick 1985;
Esterle, Ferm 1986, Cairncross, Cadle 1988). Dull
coal is present above clastic partings sporadically
and its dull appearance is related to the increased
amount of mineral matter rather than to the pres-
ence of dull coal components. At places the profi-
les studied represent the combination of the above
mentioned types.

Embedded Markov chain method has been ap-



Fig. 4. Lithotype composition of the seams. 4 — based of thickness of lithotypes; B — based of occurrence frequency of particular
lithotypes; C — number of lithotypes per 1 m of a vertical seam profile
Sktad litotypowy pokladéw. 4 — na podstawie miazszosci litotypow; B — na podstawie czgstosci wystgpowania poszczegolnych
litotypow; C — liczba litotypow na 1 m odcinka pionowego profilu pokladu

Fig. 5. Petrographic section of the 664/665 seam (no. 12). For
explanation see Fig. 6. Sections numbers correspond to those in
Fig. 22—29

Profil petrograficzny pokladu 664/665 (nr 12). Objasnienia jak
na fig. 6. Numery profili petrograficznych pokrywaja si¢ z ich
oznakowaniem na fig. 6. 22—29

plied to test the vertical lithotype succession for
the 664/665 seam (K. Mastalerz, M. Mastalerz
1986). Two transitions have turned out to be
non-random and statistically important: banded
bright — clastics and banded dull — dull. The
statistically obtained results correspond to the a-
bove mentioned lithotype succession. The transition
from banded bright to clastics signifies a succession
of type 1. Areas with this type of succession were
unstable during peat deposition. Fast, differentiat-
ed rate of subsidence brought about drowning
and, consequently, influx of clastic material (Shiba-
oka, Smyth 1975; Smyth, Cook 1976; Tavener-
-Smith 1979). The transition from banded dull to
dull (type 2) may characterise relatively stable areas
with fast but uniform rate of subsidence. Such con-
ditions favoured deposition of thick peat layers
with plant succession adopted to an increasingly
thicker water cover.

No lateral regularity of lithotype distribution
has been noticed in the study area. Sometimes pro-



Fig. 6. Petrographic section of the 664/665 seam (no. 4). 4 — li-
thotype composition: @ — bright, b — banded bright, ¢ — ban-
ded, d — banded dull, ¢ — dull, f — carbonaceous shale,
g — mudstone; B — microlithotype composition: I — vitrinite,
2 — clarite, 3 — vitrinertite, 4 — inertite, 5 — trimacerite,
6 — carbargillite, 7 — clastics; C — maceral composition:
1 — vitrinite, 2 — exinite, 3 — intertinite, 4 — mineral matter
Profil petrograficzny pokladu 664/665 (nr 4). 4 — litotypy:
a — blyszczacy, b — pasemkowy blyszczacy, ¢ — pasemkowy,
d — pasemkowy matowy, e — matowy, f — lipek weglisty,
g — mulowiec; B — mikrolitotypy: I — witryt, 2 — klaryt,
3 — witryneryt, 4 — inertyt, 5 — trimaceryt, 6 — karbargilit,
7 — skala plona; C — maceraly: 1 — witrynit, 2 — egzynit,
3 — inertynit, 4 — substancja mineralna

files of various lithotype successions are located
close to each other. This may result from the fact
that a pre-peat environment was differentiated
with respect to relief, lithofacies and a rate of sub-
sidence, which prevented development of a distinct
tendency for the area as a whole.

MACERAL AND MICROLITHOTYPE COMPOSITION

Maceral and microlithotype composition of the
coal studied is presented in Figure 10, Table 2,
while Plates I - VI show particular macerals. The
678 seam displays most uniform petrographic com-
position while the 672 and 664/665 seams are of
highly variable petrographic character.

Comparison of the mean content of three mace-
ral groups for the 680, 678, 672 and 664/665 seams

Fig. 7. Petrographic section of the 664/665 seam (no. 10). For
explanation see Fig. 6.

Profil petrograficzny poktadu 664/665 (nr 10). Objasnienia jak
na fig. 6.

Fig. 8. Petrographic section of the 664/665 seam (no. 5). For
explanation see Fig. 6.

Profil petrograficzny pokladu 664/665 (nr 5). Objasnieniajak na
fig. 6.
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Fig. 9. Petrographic section of the 664/665 seam (no. 3). For
explanation see Fig. 6.

Profil petrograficzny poktadu 664/665 (nr 3). Objasnienia jak na
fig. 6.

has revealed that in the Walbrzych Formation there
is a tendency of decreasing-upward vitrinite con-
tent (Fig. 11, Table 2). A distinct jump in the con-
tent of vitrinite is noticed between the 680 and 678
seams, while for the other seams this decrease is
gradual. In the 680 seam, vitrinite content always
exceeds 90%, in the younger ones it ranges from
73% (678) to 65% (664/665).

Exinite content increases upward; in the 680
seam there is only a trace amount of this maceral
group, while in the 664/665 seam it attains about
10% (Fig. 11). Inertinite content is the lowest in the
680 seam and rapidly increases in the 678 seam to
24%; in the 664/665 seam its content decreases to
18%. The amount of mineral matter increases to-
wards the top of the Walbrzych Formation. It oc-
curs mainly as clay minerals, pyrite and carbonates
(PL VII), ranging from 1 to 7% (Fig. 11).

Variations of microlithotype composition fol-
low those of macerals (Fig. 12). Vitrite content
decreases upward while trimacerite shows a reverse
tendency. The latter attains 1% in the 680 seam
and increases up to 30% in the 664/665 seam. The
amounts of inertite and vitrinertite are relatively
uniform in the formation profile and they do not
exceed 10%.

While analysing the variation in the amount of
maceral groups in particular seams it has turned
out that there is a tendency of decreasing vitrinite
amount from the bottom towards the top (Fig. 8,
9). Such a tendency is best developed in thick seam
profiles poor in clastic partings. In the profiles with
numerous clastic partings this tendency is disrupt-
ed for a profile as a whole but in particular coal
benches the tendency of the same type is noticed
(Fig. 9). Profiles which contain coal with a high
amount of vitrinite from the bottom to the top are
much less frequent (Fig. 13), while the situation
where the lowest amount of vitrinite occurs in the
middle part of the seams is observed sporadically
(Fig. 14)

Exinite content increases towards the top of the
seams only where the tendency of increasing-up-

Table 2. Maceral and microlithotype composition of the seams of the Walbrzych Formation
Sktad maceralow i mikrolitotypow pokladow wegla formacji watbrzyskiej

Maceral analyses Microlithotype analyses
Analizy maceratow Analizy mikrolitotypow
I M Vvt Cl Vit In D
50—81 0—22 10—21 1-14 40 5 13 11.2 25.3 0.5 5
(68)* (10) (16) (10)
50—82 1-17 12—-24 2—-9 56.1 3 78 11.3 16.6 0.2 5
(70 Q) (18) &)
67—84 2—6 12—-29 1-3 61.5 1 5.6 9.5 17.7 0.7 4
(74) 3 D @
90—98 0-—1 0-8 0-5 90 1.5 3 2 3 0 0.5
92) 0.5) ) (1.5)

* Mean value in brackets. Warto$¢ $rednia w nawiasach.

Note: V — vitrinite; E — exinite; I — intertinite; M — mineral matter; Vt — vitrite; Cl — clarite; Vit — vitrinertite; In — inertite;

T — trimacerite; D — durite; C — carbominerite + mudstone.

Uwaga: V — witrynit; E — egzynit; [ — inertynit; M — substancja mineralna; Vt — witryt; CI — klaryt; Vit — witrynertyt; In
— inertyt; T — trimaceryt; D — duryt; C — karbomineryt + mulowiec.
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Fig. 10. Petrographic composition of the seams. 4 — macerals,
mineral matter free; B — macerals with mineral matter; — mic-
rolithotypes
Skiad petrograficzny pokladow. 4 — maceraly bez uwzgled-
nienia substancji mineralnej; B — maceraly + substancja mine-
ralna; C — mikrolitotypy

ward vitrinite content is observed. In the other
cases this tendency no longer existis. Inertinite con-
tent does not change regularly while the increase in
mineral matter is noticed around clastic partings
(Fig. 8, 14). A type of microlithotype variation
follows the maceral one. Vitrite content decreases
upward in the seams while trimacerite increases in
this direction. There are considerable variations in

the mutual proportions of vitrinertite, duroclarite
and clarodurite. Durite occurs sporadically and on-
ly in the top part of the seams (Fig. 9).

There is a distinct relationship between mace-
ral, microlithotype and lithotype composition of
the coal. Bright and banded bright coals are chara-
cterized by high amount of vitrinite and vitrite,
while the increased amount of exinite, inertinite
and mineral matter and, consequently, trimacerite,
durite and carbominerite is noticed in banded dull
and dull coals (Mastalerz 1988). In spite of this
general regularity, some lithotypes mainly banded,
banded dull and dull display a great variability of:
petrographic composition (Fig. 15— 17), which was
the basis for distinguishing of a few groups within
particular lithotypes (Mastalerz 1988).

COAL FACIES

Facial diagrams for the Walbrzych Formation
show that a peat-forming environment became more
differentiated fowards the top of the formation
(Fig. 18). The 680 seam comprises only banded
bright coal containing more than 90% of vitrinite.
The coal represents telmatic forest moor (Fig. 18).
However, it is worth mentioning that in other re-
gions of the Watbrzych Basin this seam is probably
of cannel-like character and therefore the results
obtained here cannot be regarded as typical of the
whole seam. This seam in the profiles studied oc-
curred as a discontinuous horizon of low thickness.

In the 678 seam, almost all banded bright and
banded coals represent telmatic forest moor, while
banded dull and dull ones — limno-telmatic forest
moor (Fig. 19). Among banded coal, a variety with
increased inertinite content dominates (Mastalerz
1988). Banded dull coal is represented by a variety
rich in intertinite, which corresponds to telmatic
forest moor. All the dull coal formed in a deeper
part of limno-telmatic forest moor. There has not
been recorded terrestrial, reed and open moors in
this seam (Fig. 19). Gelification index (GI) varies
from 2.7 to 12 while tissue preservation index
(TPI) from 3 to 7 (Fig. 20). The indices signifying
humidity and input of forest material change con-
siderably beetwen the particular profiles studied
(Fig. 21), which indicates changeability of both wet-
ness and forest material input during the depo-
sition of this seam.

The 672 coal seam represents all the coal facies
except the terrestrial one (Fig. 18). All banded
bright coal was deposited in telmatic forest moor.
Banded coal with increased exinite amount repre-



Fig. 11. Mean maceral composition of the seams
Sredni sklad maceralow badanych pokladéw

Fig. 13. Petrographic section of the 678 seam (no. 2). For exp-
lanation see Fig. 6.

Profil petrograficzny pokladu 678 (nr 2). Objasnienia jak na
fig. 6.

sents telmatic reed moor, while that enriched in
intertinite — telmatic forest moor. Banded dull
coal has been noticed sporadically and, in a facial
diagram, it is placed in a limno-telmatic or even
telmatic zone, because of its high inertinite amount
(Fig. 19). Banded dull coal sometimes displays an
increased amount of mineral matter and then it is
related to limno-telmatic reed moor and open
moor. Each of the three profiles studied petrogra-
phically shows different facial characteristics, which
suggests variable peat-forming conditions. GI va-
ries from 1 to more than 20 and TP/ from 1 to more

Fig. 14. Petrographic section of the 664/665 scam (no. 5). For
explanation see Fig. 6.

Profil petrograficzny pokladu 664/665 (nr 5). Objasnienia jak na
fie. 6

than 10, most often being in a range of 1 to 7 (Fig.
20). Two remaining indices are also very variable
(Fig. 21).

The 664/665 coal seam, like the 672, represents
a wide range of peat-forming facies: from telmatic
forest moor to open moor (Fig. 18). Only the forest
terrestrial moor has not been recorded. The majo-
rity of banded bright and banded coals are related
to telmatic forest moor. Banded dull coal repre-
sents all the coal facies except the terrestrial and
open moors (Fig. 19). The varieties with increased
inertinite amount represent a telmatic zone, both
forest and reed moors, while those of high mineral
matter amount indicate a limno-telmatic zone (Ma-
stalerz 1988). Dull coal was formed in open moor
as well as in the limno-telmatic one, both reed and



Fig. 15. Maceral (4, —D,) and microlithotype (4, —D,) com-
position of lithotypes. 4 — banded bright, B—D — banded
coal: B — group without exinite, C — group enriched in exinite,
D — group enriched in intertinite. Macerals: I — vitrinite;
2 — exinite; 3 — inertinite; 4 — mineral matter. Microli-
thotypes: 1 — vitrite; 2 — clarite; 3 — vitrinertite; 4 — duroc-
larite; 5 — clarodurite; 6 — vitrinertoliptite; 7 — inertite;
8 — durite; 9 — carbominerite
Skiad maceratow (4, —D,) i mikrolitotypow (4,—D,) litoty-
pow. 4 — pasemkowy blyszczacy, B—D — pasemkowy:
B — grupa bezegzynitowa, C — grupa wzbogacona w egzynit,
D — grupa wzbogacona w inertynit. Maceraly: I — witrynit;
2 — egzynit; 3 — inertynit; 4 — substancja mineralna. Mikro-
litotypy: 1 — witryt; 2 — klaryt; 3 — witryneryt; 4 — durok-
laryt; 5 — klaroduryt; 6 — witrynertoliptyt; 7 — inertyt;
8 — duryt; 9 — karbomineryt

forest. GI is in order of 0.7 to almost 100; frequent-
ly from 1 to 20 (Fig. 20). TPI varies from 0.7 to 9.
The indices which signify wetness and forest mate-
rial input are very changeable in the profiles stu-
died (Fig. 21), which confirms a very differentiated
peat-forming environment.

Most coal of the Walbrzych Formation repre-
sents telmatic forest moor. Reed plants played the
dominant role in seam formation much less frequent-
ly. Limno-telmatic forest moor and open moors
were also widely represented. Sporadically there ap-
peared conditions favouring reed vegetation in a li-
mno-telmatic zone. The terrestrial zone has not
been recorded at all. In fact, the coal representing
a terrestrial zone is present in the material studied

Fig. 16. Maceral (4, — B,) and microlithotype ((4,— B,) com-
position of banded dull coal. 4 — group enriched in mineral
matter; B — group enrichcd in intertinite
Sklad maceralow (4, —B,) i mikrolitotypow (4,— B,) wegla
pasemkowego matowego. 4 — grupa wzbogacona w substancije
mineralna; B — grupa wzbogacona w inertynit

Fig. 17. Maceral (4, —C,) and microlithotype (4,—C,) com-
position of coal. 4 — group enriched in mineral matter;
B — group enriched in exinite and mineral matter; C — group
with high amount of exinite
Skiad maceralow (4, —C,) i mikrolitotypéw (4,—C,) wegla
pasemkowego matowego. 4 — grupa wzbogacona w substancje
mineralna; B — grupa wzbogacona w egzynit i substancj¢ mine-
ralna; C — grupa o wysokiej zawartosci egzynitu

but it occurs as thin, discontinuous microlayers
and, therefore, has not been recorded in microli-
thotype composition. G/ in the seams varies con-
siderably and most often ranges from 2 to 15, while
tissue preservation index usually equals 1 to 6 and
only exceptionally it is lower than 1. The high wet-
ness index accompanied by high index of forest
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_______ -

A= Sporoclarite + Duroclarite +
Vitrinertoliptite

B=Vitrinertite -1 + Inertite

C=Clarite-V+ Vitrite +Cuticlo-
clarite + Vitrinertite-v

D= Clarodurite + Durite +
Carbominerite

A - 664/665
x - 672
* - 678
° - 680

Fig. 18. Facies diagram of the seams
Diagram facjalny badanych poktadow

material input is worth noticing in this formation.

The seams of the lower part of the Walbrzych
Formation (680, 678) represent relatively uniform
facial conditions; they were formed in telmatic
(680) and limno-telmatic forest moors (678). All
facial indicators do not show large dispersions. In

contrast, the 672 and 664/665 seams were deposited
in much more variable conditions. They represent
all coal facies except the terrestrial one and they are
typified by highly variable facial parameters such
as GI, TPI etc.

LITHOFACIAL CHARACTERISTICS OF CLASTIC SEDIMENTS

CLASTICS UNDERLYING THE SEAMS

Comparison of the maps of the amount of coarse-
-grained clastics below the seams (Fig. 22) has
revealed that within the Walbrzych Formatioh dis-
tribution of the zones dominated by coarse clastics
is relatively constant. However, there is slight dif-
ference between the lower part of the formation,
under the 672 seam (Fig. 224) and probably 669
(detailed facies distribution under this seam is not
know because of insufficient number of data) in the
upper part. In the lower part there is meandering
course of a sandstone belt with the main zone orien-
ted E—W. Under younger seams there is a distinct,

straight sandstone belt of NE orientation (Fig.
22B, C, D).

Thickness of the clastic intervals below the
seams in the lower part of the formation is also dif-
ferent from that in the upper part. Under the 678,
672 and 669 seams the highest thickness is noticed
in the eastern part of the study area (Fig. 234, B),
while in the central and SW parts, the interval
thickness is the lowest. In the upper part of the
succession the highest thickness is observed in the
central part of the study area, which corresponds to
a high sandstone content under the seams (Fig.
22C, D).

In the case of the 678 seam, a pre-peat environ-
ment was uniform lithofacially (Fig. 244); under the



Fig. 19. Facies diagram of the seams with reference to hthoty-
pes. 4, B, C

Diagram facjalny pokladéw z uwzglednieniem litotypow.

seam fine-grained sediments cover almost the whole
study area while sandstones are found sporadi-
cally. An environment was more differentiated li-
thofacially at the time when the deposition of the
672 seam started (Fig. 24B). Sandstones and sandy
shales are frequent; the geometry of their bodies
suggests fluvial channels. A distinct sandstone belt
of E—S orientation occurs under the 664/665 seam
(Fig. 24C). This belt constituted probably a relati-
vely large channel before peat deposition. In the
topmost part of the formation (Fig. 24D) fine-grai-
ned sediments prevail under the seams, while
coarse-grained clastics appear sporadically as
small, isolated bodies.



Fig. 21. Relationship between indices signifying wetness and forest material input in the seams

Wskazniki okreslajace wilgotnos¢ i udzial materialu drzewnego w badanych pokladach

IN-SEAM CLASTICS

In the coal seams studied five types of clastic
partings have been distinguished: carbonaceous
claystones, siltstones, tonsteins, siderites and con-
glomerates.

Carbonaceous claystones are of restricted late-
ral extent and form lenses up to 40 cm in thickness.
They pass into coal or mudstones both laterally
and vertically. Their bottom contacts are abrupt
while the top ones are usually gradational. On
a microscopic scale parallel lamination, marked by
numerous coal lenses is visible (PL. VIII, /). Car-
bonaceous claystones are composed mainly of clay
minerals. Quartz is subordinate and scattered irre-
gularly in clay matrix. Their megascopic and mi-
croscopic features indicate a calm, low energetic
sedimentary environment, probably in local mor-
phological depressions. Pirofusinite layers observed
sometimes directly below claystones may suggest
sedimentation in fire splays (Staub, Cohen 1978;
Kravits, Crelling 1981; Taylor 1981).

Siltstones and silty shales are typified by relati-
vely large lateral extent and uniform thickness,
reaching a few tens of centimetres. They show pa-
rallel lamination, marked sometimes by the increase
in grain size in the middle parts of layers. Their
contacts are abrupt. Rounded quartz grains, clay
minerals and sporadical coal clasts are observed

under microscope. Sometimes there occurs a very
fine-grained variety composed of clay minerals and
coal clasts (PL IX, 7). Then quartz grains are ab-
sent. Structural and textural features of these sedi-
ments suggest their connection with fluvial chan-
nels; they can represent flood plain or crevasse
splay sediments (Taylor 1981).

Tonsteins form grey-brown layers a few cen-
timeters thick. They have been found in the 675,
672, 664/665 and 662 seams (Lipiarski 1985). They
are composed mainly of kaolinite (Fig. 25). Feld-
spars are often affected by kaolinitization proces-
ses. Pirogenic, angular quartz grains are also found
in some tonsteins. Organic matter is highly decayed
and seems to be destroyed by microorganisms. Ton-
steins of all the seams studied are typified by crys-
talline and gel-grain structure (PL. VIII, 2, 3, PL.
IX, 2, 3) but they differ from each other by a degree
of the development of these structures as well as by
the proportion of the amount of crystals and gel-
-grains of clay minerals and feldspars to the dense,
uniformly polarized kaolinitic groundmass. It is
commonly accepted that tonsteins are related to
volcanic activity, particularly to ash falls (Spears
1970; Bohor et al. 1976; Spears, Kanaris-Sotiriou
1979; Povear et al. 1980; Ryer, Langer 1980; Bo-
hor, Triplehorn 1981; Yi-Ping Zhou 1982; Addison
et al. 1983).

A parting composed of siderite has been found
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Ma

Udziat osadéw gruboziarnistych (%) w interwalach klastycznych pod pokladami. 4 — 672; B — 664/665; C — 662; D — 661.
I — najwyzsze warto$ci; 2 — najnizsze wartosci; 3 — dane; 4 — lokalizacja profili petrograficznych

only in the 664/665 seam (Fig. 26). It occurs as
a brownish discontinuous horizon of about 1 cm in
thickness. Its presence suggests reduction condi-
tions (Bustin ef al. 1983) and probably neutral cha-
racter of the environment (Cecil et al. 1981, 1982).
Conglomerates usually constitute a part of
thick partings and display sedimentological fea-
tures typical of in-channel deposits. Their occur-
rence indicates that in the study area channel avulsion
took place during deposition of peat layers.
Thickness of clastic partings and their distribu-
tion in the seams of the Watbrzych Formation va-
ries to a relatively great extent (Fig. 27). In the 678
seam clastic partings occur sporadically. They have
been found only in a few places as thin lenses of
carbonaceous claystones. The 672 and 669 seams
comprise thick, often above 1 m partings. Their
thickness and distribution (Fig. 27A4) suggest that

partly they represent flood plain or crevasse splay
deposits related to fluvial channels outside the stu-
dy area. The 664/665 seam shows different pattern
of clastic partings (Fig. 27 B, C). The highest thick-
ness is recorded in NE and S parts of the study
area, where the seam is split into two benches.
Detrital material was also transported from outside
of the study area, however, at places there appear-
ed channel avulsion to the swamp, as inferred
from the presence of coarse-grained sediments wi-
thin the partings. There is no relationship between
the number of partings and their thickness in the
seam (Mastalerz 1988). In the younger seams such
thick partings no longer occur (Fig. 27D) and in the
661 and 655 seams clastic partings are almost ab-
sent.

The NE part of the study area favoured clastic
material input during the deposition of all the
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Fig. 23. Thickness of clastic intervals below the seams (in m). 4 — 678; B — 672; C — 664/665; D — 662; I — areas of the highest
thickness; 2 — areas of the lowest thickness
Migiszos¢ interwalow klastycznych pod pokladami (w m). 4 — 678; B — 672; C — 664/665; I — najwyzsze wartoéci; 2 — najnizsze
wartosci

seams studied. Thick partings are likely to be a result
of channel avulsion to a peat-bog as well as cre-
vasse processes. Such processes can result from the
rapid increase in a subsidence rate, which, in turn,
can be connected with synsedimentary tectonic ac-
tivity (Weisenfluh, Ferm 1984; Fielding 1984, 1986;
Broadhurst, France 1986). Thin clastic lenses depo-
sited in local depressions of compaction or fire
origin, while tonsteins signify the episodes of vol-
canic activity and they are the product of rework-
ing of tuff material.

CLASTICS OVERLYING THE SEAMS

Above the 678 seam sandstones and conglome-
rates dominate. Only the belt of E—W orientation
is of fine-grained character (Fig. 28 4). The sand-
stone-conglomerate sequence above the seam is
thick and always approaches 100% of the thickness

of a 20 m profile above the seam. The 672 and 669
seams are covered both with fine and coarse-grai-
ned sediments. Coarse clastics form distinct zones
and their geometry suggests distributary channels
(Fig. 28 B). These channels were probably active for
a long time; similar facies distribution occurs at
least in a 20 m interval above the seam (Mastalerz
1988).

The 664/665 seam is topped by sandstones and
conglomerates in the southern part of the study
area, while in the northern part it is overlain chiefly
by fine-grained sediments (Fig. 28 C). Coarse clastic
zones must have been very mobile after the ter-
mination of the seam deposition. In the topmost
part of the Watbrzych Formation fine-grained sedi-
ments prevail above the seams. Above the 662 seam
sandstones occur only as small, isolated bodies
(Fig. 28D), while above the 661 seam mudstones
predominate, however, sandstones and silty shales
tend to form narrow zones.
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Fig. 24. Lithofacies preceeding peat deposition. 4 — 678; B — 672; C — 664/665; D — 662; 1 conglomerates + sandstones;
2 — siltstones + silty shales; 3 — mudstones

Litofacje poprzedzajace depozycj¢ torfowa 4 — 678; B — 672; C — 664/665; D — 662; 1 — piaskowce + zlepience; 2 — lupki
piaszczyste; 3 — mulowce

Present facies distribution does not necessarily
reflect the character of the distribution directly af-
ter the termination of the coal seam deposition.
This refers particularly to sandstone/conglomerate
lithofacies (McCabe 1984); in-channel environ-
ment may have removed fine-grained sediments
and even peat layers.

RELATIONSHIP BETWEEN CLASTIC
SEDIMENTATION AND PEAT DEPOSITION

The interaction between peat coal deposition
and clastic sedimentation was considered in terms
of the following relationships:

— thickness of a clastic interval below a seam,
sandstone content in this interval and seam thick-
ness,

— sandstone content in a clastic interval below
a seam, and thickness and a number of clastic par-
tings within a seam,

— roof and bottom lithology and seam thick-
ness,

— distribution of sandstone zones below a seam,
pre-peat topography and coal petrology as well
as thickness and type of clastic partings. Some of
these relationships in the Walbrzych Formation
were mentioned earlier (K. Mastalerz, M. Masta-
lerz 1984). The thickness of the seams studied is
presented in Fig. 29.

The best correlation between thickness of an
underlying interval and sandstone content in it has
been noticed for the 669 seam, where the increase in
sandstone content is strongly associated with the
increase in interval thickness. This may suggest
that the present thickness of the interval was con-
trolled to the great extent by compaction (Weller
1959; Fielding 1984). For the 672, 664/665, 662 and
661 seams this relationship is hardly noticeable,
which suggests that the area inhabited by peat-form-
ing plants was of variable stability. This prevent-
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Rentgenogram tonsztajnu z pokladu 664/665

Rentgenogram przerostu syderytowego z poktadu 664/665
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Miaiszoéé przewarstwien klastycznych w pokladach. 4 — 672; B — 664/665; C — 664/665 — liczba przewarstwien; D — 662.
1 — najwyzsze wartosci; 2 — najnizsze wartosci

ed the development of marked correlations for the
study area as a whole, although for some subareas
this correlation is distinct.

There is a distinct relationship between sand-
stone content in the clastic interval and thickness of
the seam overlying this interval. For the 672 and
662 seams the increase in sandstone content is ac-
companied by the increase in seam thickness (Fig.
30). This suggests that abandoned channels were
very favourable to peat deposition. That these
channels were not active during peat deposition is
also inferred from the lack of clastic partings in the
seams, just above these channel zones. Consequent-
ly some hiatus must have appeared between clastic
and peat deposition. In the 672 seam there are also
cases when very low sandstone content is associat-
ed with high seam thickness, which suggests that
at the time of peat deposition there existed rapidly

subsiding regions distant from channel zones. In
contrast, in the 669 seam the increase in sandstone
content is accompanied by the decrease in seam
thickness. This, in turn, suggests that peat-forming
plant community favoured overbank areas which
constituted probably depressions when peat depo-
sition started. There is no relationship for the 661
seam, where the zones of high sandstone content
are very rare and could not have had significant
impact on seam geometry. The relationship for the
664/665 seam is also unclear. It is likely that before
peat deposition it was a very unstable area, which
made it difficult to develop any tendencies for the
study area as a whole.

There is a distinct correlation between a num-
ber and thickness of clastic partings and coarse-
-grained sediment content below respective seams
(Fig. 30). Channel zones were not favourable to
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Fig. 28. Lithofacies following peat deposition. 4 — 678; B — 672; C — 664/665; D — 662; 1 — conglomerates + sandstones;
2 — siltstones + silty shales; 3 — mudstones
Litofacje stwierdzone w stropie pokladow. 4 — 678; B — 672; C — 664/665;, D — 662; I — piaskowce + zlepienice; 2 — hupki
piaszczyste; 3 — mulowce

the formation of clastic partings. They were typi-
fied by high stability because of a low rate of com-
paction and because of the fact that these zones,
often morphologically elevated, were not accessible
to clastic material input. In contrast, in the cases
when distributary channels were temporarily active
at the time of peat deposition, e.g. 664/665 seam,
a number and thickness of clastic partings increases
towards channel zones.

The seams reach their highest thickness above
fine-grained sediments (Fig. 31), which suggests
that it was an environment of fine-grained sedi-
ments which favoured peat deposition, because it
guaranteed ralatively constant humidity, useful for
the deposition and preservation of peat. At places,
lower seam thickness is noticed under coarse-grai-
ned sediments. This, in turn, can indicate the in-
fluence of erosive scouring on seam thickness.

A subenvironment preceeding peat deposition
strongly influenced coal type. In the proximity of
active channels the coal is typified by a high
amount of vitrinite, which signifies high amount of
woody material input. Such a coal represents tel-
matic forest moor. High stability of channel zones
and frequent invasions of clastics prevented develop-
ing regular petrographic sequences in seam pro-
files. Overbank zones, often morphologically undu-
lated at the time when peat deposition started, were
characterized by a high but uniform subsidence
rate and favoured the deposition of thick peat lay-
ers (Cohen 1973; Kosters 1983). As a result, thick
coal seams with a well marked tendency of de-
creasing-upward amount of vitrinite developed in
such zones. Here components, of which precursors
were reed plant community, play a considerable
role in the composition of the coal seams.
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Fig. 29. Thickness of the seams. 4 — 678; B — 672; C — 664/665 (without clastic partings); D — 664/665, including clastic partings;
E — 662; F — 661; I — areas of the highest thickness; 2 — areas of the lowest thickness
Miazszo$¢ pokladow. 4 — 678; B — 672; C — 664/665 (bez przerostow); D — 664/665 z przerostami; E — 662; F — 661.
1 — najwyzsze warto$ci; 2 — najnizsze wartosci




Fig. 31. Histograms of seam thickness with reference to

roof/floor lithology. @ — under sandstones; b — under siltstones;

¢ — under mundstones; d — above sandstones; e — above
siltstones; f — above mundstones

Histogramy miazszosci poktadéw w odniesieniu do litologii skat

stropowych i spagowych. a — pod mutowcami; b — pod tup-

kami ilastymi; ¢ — pod mulowcami; d — nad piaskowcami;
e — nad tupkami ilastymi; f — nad mutowcami

COMMENCING AND TERMINATION OF THE COAL SEAMS

In some seams of the Walbrzych Formation
there is strong evidence of their diachronous charac-
ter. In the 675, 672 and 664/665 seams there are
tonstein layers persistent laterally which represent
time horizons. On the basis of their position in coal
seams it is possible to determine in which regions
peat deposition started and in which direction it
expanded. Figure 32 depicts cross-sections of the
672 and 664/665 seams with reference to the time
horizon represented by tonstein layers.

In the 664/665 seam peat deposition commen-

ced in the low-lying areas are located to the east
and to the west from the sandstone belt (Fig. 324),
while the channels zones became a site of peat
deposition much later. Assuming the reduction of
volume during transformation from peat into bitu-
minous coal for 1:7 (Anderson, Muller 1975; Spack-
man et al. 1976; Frasier et al. 1978; Klein, Dupre
1980; Ryer, Langer 1980; Barber 1981; Styan, Bus-
tin 1983a, b; White 1986; Winton 1986) and a rate
of peat deposition for 1 mm per year one can assess
that the time difference between the commence-
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Fig. 32. Cross-sections of the seams studied. 4 — 664/665;, B — 672
Przekroje poprzeczne pokladow 4 — 664/665; B — 672

ment of peat deposition in channel zones and that
in overbank ones is in a range of 10000 years (neg-
lecting the difference in a rate of deposition of
particular lithotypes). Similar situation is noticed
for the termination of peat growth. When in the
profile no. 10 peat deposition ended (Fig. 324), in
the profiles no. 2, 11, 12 peat deposited for the next
few thousand years. In the profiles no. 5 and 10
there are fine-grained sediments, thus, removal of
the topmost part of the seam by erosion is unlikely.
Similar phenomena are also observed in the 672
seam (Fig. 32B). From the moment when peat de-
position started in the profile no. 1 to the moment
of its commencement in the profile no. 5 about
5000 years must have passed. The termination of
peat deposition in the profiles no. 2 and 4 took
place much earlier than in the profile no. 1. Evident-
ly diachronous character is tipical also of the 675
coal seam, where the tonstein layer appears in va-
rious positions in the seam profile.

In contrast, the deposition of peat in the case of
the 678 seam started approximately simultaneously
over the entire area. The pre-peat environment was
uniform lithofacially and morphologically. A smooth-

ed, low-lying surface at the moment when peat
deposition started was also suggested by other au-
thors (Mastalerz, Kurowski 1989). The thickness of
the seam is relatively uniform and clastic partings
are very rare. In such circumstances it is reasonable
to consider this seam to be of isochronous charac-
ter.

Analysis of lithotype-clastic transitions in the
Walbrzych Formation suggests two possible rea-
sons for the termination of the coal seams: drown-
ing of peat-bogs and avulsion of channels into
peat-bogs. Both these phenomena are observed in
modern alluvial and delta plains (Fisk 1944; Smith
1983; McCabe 1984).

In the case of avulsion peat deposition was dis-
rupted rapidly, as in the 678 seam. Gravel-bed braid-
ed rivers (Mastalerz, Kurowski 1989) invaded the
swamp and, because of high mobility of the zones
of sedimentation and erosion, they brought about
the formation of thick sequences composed of coarse-
-grained in-channel sediments. Channel avulsion
has also been recorded for some parts of the 672
and 664/665 seams, however, on a smaller scale
than in the 678 seam. In the zones of channel avul-
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sion, the coal is rich in vitrinite and interlayered
with clastic partings. Since such a coal signifies
unstable areas with a fast, changeable subsidence
rate it is concluded that channel avulsion resulted
from the abrupt increase in subsidence rate.
Gradual drowning of peat bogs took place in
the regions of a high but uniform rate of subsid-
ence. In such regions there are distinct variations in
petrographic composition of the coal in seam profi-
les, which is reflected by a decreasing-upward
amount of vitrinite accompanied by increasing-
-upward exinite and mineral matter content. In the
topmost parts of the seams high amount of trima-
cerite with abundant inertinite anisotropic frag-
ments are noticed (PL. X, 7). These inertinite frag-
ments are accompanied by vitrinite clasts of much
higher reflectance than that of vitrinite groundmass
(PlL. X, 3, 4), sometimes with the evidence of ther-
mal alterations. Trimacerite is enriched in mineral
matter. These features suggest that an environment
became increasingly wetter and of higher energy.

In a few instances, the profiles no. 3, 5, 10 of the
664/665 seam and sporadically in the 672 seam,
coal breccia is present in the topmost parts of the
seams. It may occur as trimacerite, sometimes duri-
te or inertite fragments enveloped by calcite or as
the fragments of various microlithotypes in vitrini-
te background. These fragments are angular, dis-
placed, sometimes turned around in relation to each
other (PL. X, 2); sometimes they pass gradually to
surrounding coal. An environment of high-water
regime and temporarily neutral character is respon-
sible for the formation of this breccia. Hower et al.
(1987), describing similar breccias, relate them to
highly energetic conditions in the zone of marine
influence. Coal breccia of the seams studied passes
upward into fine-grained sediment of overbank ori-
gin. The described sequence may have been a result
of gradual rise of water table up to the point of
drowning of the peat bogs and, consequently, the
invasion of clastic sediments.

DEPOSITION OF THE COAL SEAMS

Facial analysis of the coal supplemented with
lithofacial analysis of the surrounding clastic sedi-
ments have enabled the reconstruction of deposi-
tional conditions of the coal seams of the Wal-
brzych Formation.

The 680 coal seam originated in small local
depressions. Peat-forming matter was decayed in
telmatic forest moor, under highly acidic condi-
tions of pH less than 4.5 (Cecil et al. 1985). Such
conditions favoured preservation of vitrinite while
hindered formation and preservation of mineral
matter. At times local lakes appeared and peat
deposition of humosapropelite type took place.

The 678 seam deposited in very stable condi-
tions. Peat deposition started almost isochronically
over the entire study area on a peneplenized surface
of uniform lithofacial character. Only the eastern
part of the study area was slightly unstable, which
favoured the deposition of thin in-seam clastic par-
tings. Peat deposition was also of uniform charac-
ter. Predominantly it took place in telmatic forest
moor and rarely in limno-telmatic forest moor.
Peat was temporarily subjected to oxidized condi-
tions, occasionally accompanied by fires generated
by the spontaneous combustion, which resulted in
relatively high amount of inertinite, mainly fusinite
and semifusinite (Cohen, Spackman 1977; Scott,
Collinson 1978; Teichmiiller 1982). Peat deposition
took place in highly acidic conditions, pH below 4.5,

as inferred from high vetrinite amount, low pyri-
te content and only kaolinitic character of clay
minerals (Staub, Cohen 1979; Bustin et al. 1983;
Davis et al. 1984). The area studied was removed
from main locus of fluvial activity. This permitted
continuous peat growth which was only sporadi-
cally interrupted by minor incursions of silty mate-
rial. Temporarily the peat bog was fed by meteoric
water when annual precipitation exceeded evapo-
ration, which is typical of raised swamps and cor-
responds well with small amount of ash and pyrite
in the coal (Fig. 33). The termination of peat depo-
sition was caused, almost over the entire area, by
abrupt, intense influx of petrographically-mature
coarse-grained sediment related to gravel-bed brai-
ded rivers.

The deposition of the 672 seam encroached
upon the alluvial plain with well-defined channel
and overbank zones. The bottom boundary of the
seam is of distinct diachronous character. Peat de-
position started in the low-lying areas located be-
tween distributary channels or in abandoned chan-
nels. The latter, because of differential compaction
of underlying silt and mud could have become also
undulated (Winter 1982). Markedly higher thick-
ness of the seam above the areas with the domin-
ance of coarse-grained sediments indicates that chan-
nel zones were very favourable to peat deposition.
Peat deposition in variable facial conditions: tel-



Fig. 33. Ash and sulphur content of the 678 seam. 4 — ash
content; B — ash content after washing process; C — sulphur
content

Zawartos¢ siarki i popiolu w pokladzie 678. 4 — zawartosc
popiotu; B — zawartos¢ popiotu po plukaniu; C — zawartosé
siarki

matic and limno-telmatic reed moors, telmatic and
limno-telmatic forest moors and open moor. Only
the terrestrial zones has not been recorded in the
seam. There appeared contemporaneous fluvial ac-
tivity which interrupted peat deposition. Also tuff
fall took place during peat deposition, resulting in
the tonstein layer. Moderate ash content, low sul-
phur content (Fig. 34) and only kaolinite character
of clay minerals suggest acidic conditions and toge-
ther with the presence of clastic partings point to
a low-lying swamp fed by surface- and groundwa-
ters (Fiedler, Reissig 1964; Littke 1986). The ter-
mination of the seam was of diachronous character
and took place mainly as a result of gradual drown-
ing of the swamp, sporadically due to channel
avulsion.

In the 669 seam overbank zones were most fa-
vourable to peat deposition. It was rather a stable
area with a uniform rate of subsidence. Geochemi-
cal character of the swamp was similar to that of
the 672 seam, which is evidenced by ash and sul-
phur content.

In the 664/665 seam peat-forming plants encro-
ached upon the area differentiated with respect to
stability and with well-defined channel and over-

Fig. 34. Ash and sulphur content of the 672 secam. 4 — ash
content; B — ash content after washing process; C — sulphur
content

Zawartos¢ siarki i popiolu w pokladzie 672. 4 — zawartosé
popiotu; B — zawartos¢ popiotu po plukaniu; C — zawartosé
siarki

bank zones. Peat deposition commenced in low-ly-
ing morphologically areas between distributary
channels, where channel zones were blanketed with
peat much earlier. A rate of peat deposition as well
as that of subsidence was not uniform in the study
area, which is manifested by the presence of thick
clastic partings in northeastern and southeastern
parts. The seam represents a wide range of peat
facies from telmatic forest moor to open moor. The
lower, vitrinite-rich part of the seam suggests that
the bulk of vegetation transformed to peat was
woody material, while the upper, relatively dull
portion of the seam originated from peat deposited
under wetter, less favourable conditions. Peat de-
position was disrupted by tuff fall recorded as the
tonstein layer. Variable ash content, the presence
of clastic, mainly claystone partings consisting only
of kaolinite indicate conditions typical of
a low-lying swamp fed by surface- and groundwa-
ters. These features and low sulphur content evid-
ence also a moderately acidic environment (Fig. 35)
with pH about 4.6 (Cecil et al. 1985). The presence
of the siderite partings may suggest that neutral
conditions appeared temporarily in the swamp.
The termination of the seam was a result of gradual



Fig. 35. Ash and sulphur content of the 664/665 seam. A — ash
content; B — ash content after washing process; C — sulphur
content

Zawarto$¢ siarki i popiotu w pokladzie 664/665. 4 — zawartos§é
popiotu; B — zawarto$é popiotu po plukaniu; C — zawarto$c
siarki

drowning of the swamp as well as channel avulsion.

The 662, 661 and 659 seams have similar chara-
cteristics. In all of them peat-forming plants en-
croached upon the area lithofacially variable. The
swamps were of highly acidic character and proba-
bly temporarily worked as raised swamps. Their
termination took place due to drowning and, con-
sequently, fine-grained sediments covered the peat.

CONCLUSIONS

On the basis of the obtained results the follow-
ing conclusions may be drawn:

1. Clarain coal dominates in the coal seams of
the Walbrzych Formation. In the lower part of the
formation there is a high amount of banded bright
coal, while towards the top of the formation propor-
tion of banded and banded dull coals increases at
the expense of banded bright. Dull coal content
does not exceed 5%. Such a variability reflects the
changes of the depositional environment, which
became more diversified lithofacially when time
went on.

2. In the coal seams studied there are two types
of vertical lithotype sequences. The first type is
manifested by bright lithotypes interlayered with
clastic partings. The other is defined by the succes-
sion of lithotypes from bright at the bottom to dull
at the top between clastic partings. This variability
may result from a variable rate of subsidence wi-
thin the study area.

3. Within the Walbrzych Formation there is
a tendency of decreasing-upward vitrinite amount
accompanied by increasing-upward content of exi-
nite, inertinite and mineral matter. The amount of
trimacerite increases upward at the expense of vit-
rite. This tendency suggests that organic matter
deposited under an increasingly deeper water cover
with time.

4. In spite of general correspondence between
lithotype and maceral/microlithotype composition,
some lithotypes show a wide range of petrographic
composition. This refers to banded, banded dull
and dull coals.

5. The peat-forming environment became more
differentiated towards the top of the formation.
The 680 seam represents mainly telmatic forest
moor. In the 678 seam, banded and banded bright
coal represent telmatic forest moor, while banded
dull and dull ones — limno-telmatic forest moor.
In the 672 and 664/665 seams all the coal facies but
the terrestrial one are represented.

6. Gelification index of the coal studied ranges
from 2 to 15 and tissue preservation index from 0,7
to 6. There is also a great variability in forest mate-
rial input and humidity of a peat-forming environ-
ment.

7. Distribution of coarse-grained clastic domi-
nated zones under the seams is relatively uniform.
Sandstone belts form elongated bodies of northeast-
ern orientation. However, there is a slight differ-
ence in this pattern between the lower and uppert
part of the formation. This difference is also mani-
fested by the thickness pattern of the clastic inter-
vals below the seams. A pre-peat environment was
very uniform lithofacially under the 678, 662 and
661 seams where mudstones underlie the seams
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almost over the entire area. Under the 672 and
664/665 seams sandstones and silty shales occur
frequently, suggesting their geometry of distri-
butary channels existence.

8. Five types of clastic partings have been dis-
tinguished: carbonaceous claystones, siltstones, ton-
steins, siderites and conglomerates. Carbonaceous
claystones reflect sedimentation in local depres-
sions of compaction origin and fire splays. Silt-
stones are related to fluvial channels and may re-
present flood plain or crevasse splay sediments.
Tonsteins, tuffogenic sediments, signify periods of
volcanic activity. Siderite partings indicate reduc-
tion conditions and the neutral character of the
environment. Conglomerates and sandstones cons-
titute typical in-channel sediments. The northeast-
ern part of the study area was the most favourable
to clastic input during sedimentation of the Namu-
rian sequence.

9. There are distinct relationships between clas-
tics and coal with respect to e.g. sandstone content
within the clastic interval below an individual seam
and seam thickness, roof/bottom lithology and
seam thickness, thickness/amount of clastic partings
and sandstone content within a clastic interval be-
low a seam etc.

10. The pre-peat environment influenced pet-

rographic composition of the coal in the seams
studied. The lithofacially uniform pre-peat environ-
ment of the 678 seam is responsible for the high,
relatively constant amount of vitrinite. In the 672
seam the coal rich in exinite and with decreasing-
-upward vitrinite amount overlies channel zones,
while that above overbank zones is typified by di-
minished amount of exinite. In contrast, in the
664/665 seam the coal rich in vitrinite and with
numerous clastic partings overlies channel zones.
Overbank zones were more favourable to peat de-
position, which resulted in the thick seam with
a decreasing-upward vitrinite amount. Here aver-
age vitrinite amount is lower than above channel
zones or in their proximity.

11. The 675, 672, 664/665 seams are of diachro-
nous character, while the 678 seam seems to be
isochronous. The termination of the seams was
brought about by gradual drowning of the peat-
-bogs in the case of the 661 and 662 seams or chan-
nel avulsion, e.g. 678 seam. In the 672 and 664/665
seams these two factors played considerable role in
terminating peat deposition.

Wroclaw, April 1989

Translated by M. Mastalerz
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PETROGRAFIA 1 WARUNKI DEPOZYCJI POKLADOW WEGLA FORMACJI
WALBRZYSKIEJ W NIECCE SRODSUDECKIEJ (SW POLSKA)

Maria MASTALERZ

Instytut Nauk Geologicznych Uniwersytetu Wroclawskiego
ul. Cybulskiego 30, 50-205 Wroclaw

Streszczenie

ABSTRAKT: Seria weglonoéna niecki érodsudeckiej sklada sig z trzech jedno-
stek litostratygraficznych: formacji watbrzyskiej (namur A), bialokamienskiej (na-
mur B, C) i Zaclerskiej (westfal A, B, C?). Formacja walbrzyska zawiera okoto 30
pokladéw wegla, z ktorych kilka ma znaczenie przemyslowe. Wegiel charakteryzuje
si¢ niskq zawartoScig siarki (zazwyczaj ponizej 1%) i zmienng zawartoécia popiolu.
Na badanym obszarze jest to érednio i wysoko uweglony wegiel o zawartofci czeéci
lotnych od 29 do 16% i refleksyjnosci witrynitu od 0,8 do 2%.

Poklady wegla formacji walbrzyskiej zawieraja glownie wegiel pasemkowy.
Odmiany matowe i blyszczace wystepuja sporadycznie. Stwierdza si¢ duze zroéznico-
wanie udzialu wegli pasemkowych blyszczacych, pasemkowych i pasemkowych ma-
towych w profilu formacji. Udzial wegli pasemkowych blyszczacych i pasemkowych
wyraznie maleje ku stropowi formacji na rzecz wegli pasemkowych matowych i mato-
wych. W pokiadach stwierdzono generalnie dwa typy pionowej sekwenciji litotypow.
W typie 1 litotypy blyszczace przewarstwiaja si¢ ze skalg plonng, a w typie 2 pomigdzy
przewarstwieniami klastycznymi obserwuje si¢ przejécie od litotypow blyszczacych
w spagu do litotypow matowych w stropie. Typ 1 prawdopodobnie charakteryzuje
obszary niestabilne w czasie depozycji torfowej, o szybkim i niejednakowym tempie
subsydencji, co powodowalo szybkie zatopienie torfowiska i w konsekwencji inwazje
materialu klastycznego. Typ 2 natomiast wskazywalby na obszary stabilne, o szybkim
i wzglednie stalym tempie subsydenciji, co umozliwialo depozycje grubych lawic torfu
z sukcesja roélinng przystosowang do coraz wilgotniejszych warunkow.

Poréwnanie éredniej zawartosci trzech grup maceralow dia pokladéw 680, 678,
672 i 664/665 wykazalo, ze w obrebie formacji walbrzyskiej zaznacza si¢ tendencja
malejacej ku gorze zawartosci witrynitu, od ponad 90% w pokladzie 680 do okolo
60% w pokladzie 664/665. Zawarto$é egzynitu roénie ku stropowi formacji od 0,5%
do 10%, natomiast nie zauwazono regularnofci w zmianie zawartosci inertynitu.
Zmienno$¢ mikrolitotypéw nasladuje zmienno§é maceralow. Zawartosé witrytu ma-
leje ku stropowi na rzecz trimacerytu.

Obserwuje si¢ wyrazne zwiazki pomigdzy depozycja torfowg a sedymentacija
klastycznq Wyrazone sa one np. korelacja pomigdzy litologia stropu/spagu a migz-
kiadow, rc iem stref z przewagy osadéw gruboklastycznych pod
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pokladami a migiszodcia pokladéw, topografia sprzed rozwoju torfowiska a roz-
mieszczeniem facji weglowych, skladem petrograficznym wegla itd. Poklady 675, 672
i 664/665 maja wyraznie diachroniczny charakter, a poklad 678 jest wzglednie izo-
chroniczny. Zakoficzenie depozyciji torfowej spowodowane zostalo stopniowym zato-
pieniem torfowisk (np. poklady 661 i 662) lub awulsja koryt na ich obszar (np. poklad
678). W przypadku pokladow 672 i 664/665 obydwa wymienione czynniki przy-
czynily si¢ do zakoficzenia depozycji torfu.

Analiza mikrofacjalna wegla uzupelni lizq litofacjalng osadow klastycz-
nych otaczajacych poklady umozliwila rekonstrukcje warunkéw depozycyjnych ba-
danych pokladéw. Poklad 678 tworzyl si¢ w bardzo spokojnych warunkach. Depozy-
cja torfu rozpoczgla si¢ prawie jednoczesnie na calym badanym obszarze i odbywala
si¢ w strefie telmatycznej, rzadko limno-telmatycznej torfowiska lenego. Torfowisko
polozone bylo poza zasiegiem dzialalnoéci km'yt ﬂuwmlnych a okresowo zasilane
bylo gléwnie przez wody opadowe. Sub org; legala rozkladowi w §ro-
dowisku kwasnym o pH ponizej 4,5 a torf okresowo eksponowany byl na od-
dziatywanie tlenu atmosferycznego. Zakoficzenie depozyciji torfu spowodowane bylo
awulsjg koryt i nagly dostawa grubookruchowego materialu. Depozycja pokladu 672
rozpoczela si¢ od opuszczonych koryt, a takze obnizeni pomigdzy korytami. Przebie-
gala ona w warunkach telmatycznych i limno-telmatycznych zaréwno torfowiska
lesnego, jak i szuwarowego, jak rowniez w strefie wod otwartych, a przerywana byla
dostawg materialu detrytycznego, a takze op tufu wulk go. Torfowisko
bylo typu niskiego, zasilane przez wody powierzchniowe i gruntowe. Zakonczenie
depozycji torfu mialo charakter diachroniczny i nastapilo w wyniku zaréwno zatopie-
nia, jak i awulsji koryt. W przypadku pokladu 664/665 roélinnosé torfotworcza
wkroczyla na obszar zréznicowany pod wzgledem tempa subsydencji. Depozycja
torfu rozpoczela sie od ubmun pomledzy korytami rozprowadzajacymi, strefy kory-
towe zostaly zasiedlone j. Wegiel rep! uje szeroki zespél facji, od
telmatyczne;j strefy le§nej do strefy wod otwartych. Bylo to torfowisko niskie, przewa-
znie z pH ponizej 4,6, jakkolwiek okresowo charakter torfowiska zmienial si¢ na
neutrainy. Zakoficzenie depozycji torfu bylo wynikiem zatopienia torfowiska, lokal-
nie awulsji koryta.

WSTEP

Wigkszos¢ prezentowanych przez sedymentologéw modeli
$rodowiskowych formagcji weglonosnych opiera si¢ na analizie
facji klastycznych. W modelach tych nie bierze si¢ pod uwage
lub jedynie wspomina si¢ o facjach weglowych (Horne et al.
1978; Ryer 1981). Z kolei petrografowie i geochemicy wyspe-
cjalizowani w analizach wegla rozpatruja wegiel w izolacji od
skat klastycznych, wsrod ktorych on wystepuje. Bardzo rzadko
natomiast zdarzaja si¢ proby powiazania sedymentaciji fitogeni-
cznej z klastyczna.

Jednym z gtéwnych zalozen pracy byta kompleksowa anali-
za pokladow wegla i skal klastycznych wystgpujacych w ich
sasiedztwie. Miala ona na celu wykazanie zwiazku migdzy sedy-
mentacja klastyczna i fitogeniczna oraz przedstawienie mozliwie
pelnego obrazu depozycji pokladow wegla (torfu). Do realizacji
tego zagadnienia wybrano formacje walbrzyska na obszarze

niecki walbrzyskiej (fig. 1, 2). Wybor formagji walbrzyskiej byt
podyktowany wzglednie niskim stopniem uweglenia (nizszym
niz w innych formacjach tego obszaru) w dostepnych wyrobis-
kach gérniczych, co umozliwito przeprowadzenie analizy mi-
krofacjalnej wegli. Kolejnym zagadnieniem bylo przedstawienie
skladu petrograficznego wegli w obrebie formacji waltbrzyskiej.
Do tej pory takie badania nie byly na tym obszarze prowadzone.

Poklady wegla stanowia 5—6% miazszosci formacji wal-
brzyskiej. Zazwyczaj s3 to poklady cienkie, ponizej 1 m, a tylko
sporadycznie osiagaja 3 m. Wegiel charakteryzuje si¢ niska za-
wartoseiq siarki (zazwyczaj ponizej 1%) i zroznicowana zawar-
toscia popiotu (fig. 3). Zawartosé czesci lotnych w badanym
weglu wynosi od 16 do 29%, a refleksyjno$¢ witrynitu (R,max)
od 0,8 do 2% (M. Mastalerz 1988).

Wszystkie poktady dostepne do obserwacji w wyrobiskach
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gorniczych Kopalni ,,Thorez™ w latach 1983 — 1987 byly profi-
lowane i oprobowane. Liczbe profili i prob prezentuje tabela 1.
Z kazdego litotypu pobrano probke¢ bruzdowa i kawatkowa.
Oprobowane rowniez zostaly przewarstwienia klastyczne oraz
skaly wystepujace w stropie i spagu pokladow. Z probek wegla
wykonano preparaty ziarnowe i kawatkowe stosujac procedure
zalecana przez Migdzynarodowy Komitet Petrologii Wegla. Ba-
dania optyczne przeprowadzono stosujac mikroskopy Leitz Or-
tolux i Zeiss Standard Universal. Iloéciowe analizy skladu pe-
trograficznego wegla wykonano na zgltadach ziarnowych, stosu-
jac automatyczne zliczacze punktéw Eltinor i Swift model 500.

Analizy maceraléw i mikrolitotypéw wykonywano oddzielnie.
W trakcie analiz maceralow zliczano: telokolinit, telinit, des-
mokolinit, semifuzynit + fuzynit, mikrynit, inertodetrynit, spo-
rynit, pozostata czgs¢ grupy egzynitowej oraz mineraly ilaste,
piryt, weglany i kwarc; w trakcie analiz mikrolitotypéw brano
pod uwage: witryt, klaryt, inertyt, witrynertyt, duryt, durok-
laryt, klaroduryt, witrynertoliptyt oraz karbargilit, karbopiryt
i karbankeryt. Analizy petrograficzne staly si¢ podstawa inter-
pretacji facjalnych poktadow, a uzupelnione analiza litofacjalna
osadow klastycznych otaczajacych poklady daly podstawy do
rekonstrukcji warunkow depozycji pokladow wegla.

PETROGRAFICZNA I FACJALNA CHARAKTERYSTYKA POKLADOW

Skiad litotypowy. Poktady wegla formacji walbrzyskiej za-
wieraja glownie wegiel klarynowy. Odmiany matowe i blysz-
czace wystepuja sporadycznie. Celem zroznicowania wegla kla-
rynowego podzielono go na 3 odmiany: pasemkowy blyszczacy,
pasemkowy i pasemkowy matowy. W obrebie formacji wal-
brzyskiej stwierdzono duza zmienno$¢ udzialu poszczegélnych
odmian klarynu (fig. 4). W pokladzie 678 (dolna czg$¢ formagji
walbrzyskiej) stwierdza si¢ wysoki udzial wegla pasemkowego
blyszczacego, tak pod wzglgdem miazszoéci warstewek jak i czg-
stosci wystgpowania. W pokladach mlodszych (672, 664/665)
ilos¢ wegla pasemkowego blyszczacego maleje na rzecz wegla
pasemkowego matowego i matowego. Zawarto$¢ wegla mato-
wego jest niska i nie przekracza 5% miazszosci kazdego po-
kladu.

W badanych pokladach stwierdzono 2 typy pionowej sek-
wengji litotypow. Typ 1 charakteryzuje si¢ tym, ze litotypy bly-
szczace przelawicaja si¢ ze skalami klastycznymi (fig. 5). W typie
2 pomigdzy przewarstwieniami klastycznymi stwierdza si¢ suk-
cesj¢ litotypow od blyszczacych w spagu do matowych w stro-
pie, czasem z brakiem niektorych ogniw (fig. 6—9). Typ 1 praw-
dopodobnie wskazuje obszar niestabilny. Szybkie i zréznicowa-
ne tempo subsydencji powodowalo zatopienie torfowiska i szyb-
ka inwazj¢ materialu klastycznego (Shibaoka, Smyth 1975;
Smyth, Cook 1976; Tavener-Smith 1979). Typ 2 moze charak-
teryzowaé wzglednie stabilne obszary, o szybkim, ale wzglgdnie
stalym tempie subsydencji. Takie warunki sprzyjaly depozycji
grubych tawic torfu z ro§linnoécia torfowiskowa przystosowana
do coraz glegbszej pokrywy wodnej. Nie udalo si¢ stwierdzié
regularnosci w lateralnym rozmieszczeniu litotypow.

Skilad maceraldw i mikrolitotypéw. Sktad maceralow i mi-
krolitotypow badanych pokladow prezentuje tabela 2 i figura
10, a poszczegblnie maceraly prezentowane sa na planszach
1—VI. Poklad 678 cechuje si¢ jednorodnoscia petrograficzna,
natomiast poklady 672 i 664/665 wykazuja bardzo zréznicowa-
ny sklad petrograficzny.

Porownanie Srednich zawartosci 3 grup maceralow dla po-
kladow 680, 678, 672 i 664/665 ujawnilo, ze w obrebie formacji
watbrzyskiej zaznacza si¢ tendencja malejacej ku gorze zawarto-
$ci witrynitu, od ponad 90% dla pokladu 680 do okolo 60%
w pokladzie 664/665 (tab. 2, fig. 11). Zawartos¢ egzynitu wzras*
ta ku stropowi formacji od sladowych iloéci w pokladzie 680 do
10% w pokladzie 664/665. Zawartos§¢ inertynitu jest najnizsza
w pokladzie 680, raptownie wzrasta w pokladzie 678 (do 24%)
i nastgpnie maleje do 18%. Zawarto$¢ substancji mineralnej
wzrasta ku stropowi formacji, wahajac si¢ od 1 do 7%; wy-
stgpuje ona glownie jako mineraly ilaste, piryt i weglany (pl.
VII). Zmiany mikrolitotypé6w dobrze koresponduja ze zmiana-
mi maceratow (fig. 12). Zawarto$¢ witrytu maleje od spagu ku
stropowi formacji, natomiast zawarto$¢ trimacerytu rosnie

w tym kierunku. Udzial inertytu i witrynertytu jest wzglgdnie
staly w profilu formacji i nie przekracza 10%.

Wystepuja wyrazne zaleznosci migdzy skladem litotypow
i skladem maceralow i mikrolitotypow. Wegiel pasemkowy bly-
szczacy i pasemkowy charakteryzuje si¢ duza zawartosécia wi-
trynitu i witrytu, natomiast zwigkszone zawartosci inertynitu,
egzynitu i substancji mineralnej obserwujemy w weglu pasem-
kowym matowym i matowym. Niezaleznie od tej prawidlowo-
$ci, niektore litotypy, glownie pasemkowe, pasemkowe matowe
i matowe wykazuja duze zroznicowanie skladu petrograficznego
(fig. 15—17).

Facje weglowe. Diagramy facjalne dla pokladow formacji
walbrzyskiej wykazuja, ze Srodowisko torfotworcze stawalo si¢
bardziej zroznicowane z uplywem czasu (fig. 18). Poklad 680
zawiera glownie wegiel pasemkowy blyszczacy o zawartosci wi-
trynitu ponad 90% (fig. 18) i reprezentuje on telmatyczna strefe
le$na. Jednakze nalezy wspomnieé, ze w innych czg§ciach niecki
walbrzyskiey poklad ten ma prawdopodobnie charakter humo-
sapropelowy i dlatego tez wyniki uzyskane tutaj nie moga byé
uwazane za reprezentatywne dla calego pokladu, tym bardziej
ze poklad ten wyst¢puje jako nieciagly horyzont o niskiej miaz-
szosci.

W pokladzie 678 prawie wszystkie wegle pasemkowe blysz-
czace i pasemkowe reprezentuja telmatyczne torfowisko lesne,
tymczasem pasemkowe matowe i matowe — limno-telmatyczne
torfowisko lesne (fig. 19). W weglu pasemkowym dominuje od-
miana o zwigkszonej zawartosci inertynitu (M. Mastalerz 1988).
Wegiel pasemkowy matowy jest reprezentowany rowniez przez
odmiang bogato inertynitowa, ktéra odpowiada telmatycznej
strefie leSnej. Wegiel matowy jest zwiazany z glebsza czgécia
limno-telmatycznej strefy lesnej. Strefy terrestrialna, szuwarowa
oraz wod otwartych nie zostaly zarejestrowane w skladzie bada-
nego wegla tego pokladu. Wskaznik Zzelifikacji waha sig¢ od 2,7
do 12, a wskaznik zachowania materialu tkankowego od 3 do
7 (fig. 20). Wskazniki facjalne okreflajace wilgotno§¢ oraz
udzial materiatu drzewnego sa zréznicowane w poszczegélnych
analizowanych profilach (fig. 21), co wskazuje zmienno$¢ tych
parametrow podczas depozycji pokladow.

Poklad 672 reprezentuje wszystkie facje torfowiskowe z wy-
jatkiem terrestrialnej (fig. 18). Wegiel pasemkowy blyszczacy
zwiazany jest z telmatyczna strefa leSna. Wegiel pasemkowy
o zwigkszonej zawartosci egzynitu reprezentuje telmatyczna
strefe szuwarowa, a o zwigkszonej zawartosci inertynitu — tel-
matyczna strefg lesna (M. Mastalerz 1988). Wegiel pasemkowy
matowy stwierdzano sporadycznie (fig. 19); byl on zwiazany
z limno-telmatyczna, a nawet telmatyczna strefa z powodu duzej
zawartosci inertynitu. Ten typ wegla zawieral czasami podwyz-
szona zawarto§é substancji mineralnej w takich przypadkach
reprezentowat on limno-telmatyczna strefe szuwarowa lub stre-



80 MARIA MASTALERZ

fe wod otwartych. Kazdy z profilow tego pokladu badanych
petrograficznie reprezentuje rozne charakterystyki facjalne.
Wskaznik Zzelifikacji waha si¢ od 1 do ponad 20, wskaznik za-
chowania materiatu tkankowego od 1 do ponad 10, najczgsciej
1—-7 (fig. 20). Dwa pozostale wskazniki facjalne sa roéwniez
bardzo zréznicowane (fig. 21).

Poklad 664/665, podobnie jak 672, reprezentuje szeroki
zespot srodowisk facjalnych, od telmatycznej strefy lesnej do
strefy wod otwartych (fig. 18). Jedynie terrestrialna strefa lesna
nie zostala tutaj zarejestrowana. Wigkszo$¢ wegla pasemkowe-
go blyszczacego i pasemkowego jest zwigzana z telmatyczna
strefa lesna. Wegiel pasemkowy matowy reprezentuje wszystkie

facje oprocz terrestrialnej i wod otwartych (fig. 19). Odmiana
o podwyzszonej zawartosci inertynitu jest zwigzana z telmatycz-
ng strefg, zaré6wno lesna jak i szuwarowa, a odmiana o podwyz-
szonej zawarto$ci substancji mineralnej tworzyla si¢ w strefie
limno-telmatycznej. Wegiel matowy zwigzany jest ze strefa wod
otwartych, a takze strefa limno-telmatyczna, lesna i szuwarowa.
Wskaznik zelifikacji dla wegla tego poktadu zmienia si¢ od 0,7
do prawie 100, najczgsciej 1 — 20, a wskaznik zachowania mate-
rialu tkankowego waha si¢ od 0,7 do 9 (fig. 20). Bardzo zmienne
s3 rowniez wskazniki oznaczajace wilgotnosc oraz udzial mate-
rialu drzewnego w badanych profilach (fig. 21), co potwierdza
duze zrdéznicowanie $srodowiska torfotworczego.

LITOFACJALNA CHARAKTERYSTYKA OSADOW KLASTYCZNYCH

Osady podscielajgce poklady wegla. Porbwnanie map zawar-
tosci osadow - gruboklastycznych pod pokladami ukazuje, ze
w obrgbie formacji watbrzyskiej rozktad stref o dominacji osa-
déw gruboklastycznych jest nieco odmienny w czg¢sci dolnej
i w gornej (fig. 22). W czgsci dolnej, pod pokladami 672 i praw-
dopodobnie 669, stwierdza si¢ meandrujacy uklad tych stref
o glownej orientacji E— W (fig. 22 4). W czgsci gornej obser-
wuje si¢ prosty pas piaskowcowy o NE orientacii (fig. 22 B, C,
D). Réznica pomiedzy dolng i gérng czgscia formacji zaznaczo-
na jest rowniez w rozkladzie miazszosci interwalow klastycz-
nych migdzy pokladami (fig. 23). Pod pokladami 678, 672 i 669
najwyzsza miazszos¢ notowana jest we E czesci badanego ob-
szaru (fig. 23 A4, B). W wyiszej czgsci formacji najwigksza migz-
szo$¢ obserwuje si¢ w czgsci centralnej obszaru, co odpowiada
strefom o duzej zawartosci osadow gruboklastycznych pod po-
ktadami (fig. 23 C, D).

Pod poktadem 678 wyst¢puja osady drobnoklastyczye pra-
wie na calym badanym obszarze (fig. 24 A); piaskowce stwier-
dzane s3 sporadycznie. Srodowisko bylo bardziej zréznicowane
litofacjalnie w momencie zasiedlenia przez roslinno$¢ torfotwor-
cza w przypadku pokladu 672 (fig. 24 B). Piaskowce i hupki
piaszczyste sa pospolite, a ich uklad sugeruje trakty fluwialne.
Wyrainy pas piaskowcowy o E—W orientacji wyst¢puje pod
pokladem 664/665 (fig. 24 C). W najwyzszej czgsci formacji
osady drobnoziarniste zn6w wyraznie dominuja pod poklada-
mi, a piaskowce i hupki piaszczyste wystepuja w postaci niewiel-
kich, izolowanych ciat (fig. 24 D).

Przewarstwienia klastyczne w pokladach. W trakcie prze-
prowadzonych badan w badanych pokladach zostalo wyr6z-
nionych 5 typéw przewarstwien klastycznych: itowce wegliste,
mulowce, tonsztajny, syderyt i zlepierice.

Itowce wegliste tworzg soczewki do 40 cm migzszosci.
W profilu pionowym i lateralnie przechodza w wegiel lub mulow-
ce. Ich dolne kontakty sa ostre, gorne za§ — gradacyjne. Pod
mikroskopem widoczna jest laminacja rownolegla, podkreslona
ulozeniem licznych klastéw weglowych (pl. VIII, I). Ilowce we-
gliste sktadaja si¢ z mineratow ilastych i klastow weglowych;
kwarc jest sporadyczny i nieregularnie rozrzucony w ilastym
matrix. Cechy megaskopowe i mikroskopowe tych osadow
wskazuja spokojne, niskoenergetyczne srodowisko. Warstewki
pirofuzynitowe obserwowane lokalnie ponizej itowcow sugeruja
sedymentacj¢ w obnizeniach pochodzenia pozarowego (Staub,
Cohen 1979; Kravits, Crelling 1981; Taylor 1981).

Mutlo wce i mutowce piaszczyste maja wzglednie duze roz-
przestrzenienie lateralne i osiagaja do kilkudziesigciu cm miaz-
szosci. Wykazuja one rownolegla laminacje, podkreslona cza-
sem przez wzrost wielkosci ziarna w srodkowej czgsci tawicy.
Kontakty warstw s3 ostre. Pod mikroskopem widoczne sg ziar-

na kwarcu, mineraly ilaste i klasty wgglowe. Cechy struktural-
no-teksturalne tych osadow sugeruja zwiazek z korytami fluwia-
Inymi; moga to byé osady powodziowe lub krewasowe.

Tonsztajny wystgpuja w postaci kilkucentymetrowych
warstewek o duzym rozprzestrzenieniu lateralnym. Zostaty one
stwierdzone w pokladach 675, 672, 664/665 i 662. Kaolinit jest
jedynym mineralem ilastym wchodzacym w ich sklad (fig. 25);
zinnych mineraléw stwierdza si¢ kwarc, skalen, a takze substan-
cj¢ weglowa. Tonsztajny wszystkich pokladéw charakteryzuja
si¢ struktura krupowa i krystaliczng (pl. VIII, 2, 3; IX, 2, 3),
Jjakkolwiek réznia si¢ migdzy soba stopniem wyksztalcenia tych
struktur, a takze stosunkiem zawartosci krysztalow i agregatow
o strukturze krupowej do kaolinitowego tla. Pochodzenie tonsz-
tajnéw wiaze si¢ powszechnie z dzialalnoscia wulkaniczna,
a zwlaszcza z opadem tufu (Spears 1970; Bohor et al. 1976;
Spears, Kanaris-Sotiriou 1979; Pevear et al. 1980; Ryer, Langer
1980; Bohor, Triplehorn 1981; Yi-Ping Zhou e? al. 1982; Addi-
son et al. 1983).

Przewarstwienie zbudowane z syderytu stwierdzone zo-
stalo tylko w pokladzie 664/665 (fig. 26). Jego obecnos¢ moze
wskazywac na warunki redukcyjne (Bustin et al. 1983) i przypu-
szczalnie neutralny charakter $rodowiska (Cecil et al. 1981,
1982).

Zlepience zazwyczaj stanowig czgs¢ grubszych przewars-
twien, a ich cechy sedymentologiczne sa typowe dla osadoéw
korytowych. Zatem ich obecno$¢ wskazuje, ze okresowo do-
chodzito do awulsji koryt na obszar torfowiska.

Miazszos¢ i rozmieszczenie przewarstwienn klastycznych
w obrebie pokladéw formacji walbrzyskiej $wiadczy, ze NE
czgs¢ badanego obszaru byla bardziej podatna na inwazj¢ mate-
riatu klastycznego w czasie depozycji wszystkich pokla-
déw (fig. 27).

Osady klastyczne przykrywajace poklady. Rozklad litofaciji
klastycznych nad pokladami wykazuje duze zréznicowanie. Po-
wyzej pokladu 678 dominuja piaskowce i zlepience (fig. 284).
Tylko pas o E—W orientacji ma drobnoziarnisty charakter.
Poklad 672 jest przykryty zaré6wno drobno-, jak i gruboziarnis-
tymi osadami (fig. 28B). Gruboziarniste osady tworza strefy,
ktorych przebieg sugeruje koryta rozprowadzajace. Powyzej po-
kiadu 664/665 wystepuja piaskowce i zlepiefice w poludniowe)
czgsci badanego obszaru, a osady drobnoziarniste w czgsci pot-
nocne;j (fig. 28C). W najwyzszej czgsci formacii, nad poktadami
661 i 662, dominuja osady drobnoziarniste (fig. 28D). Obecny
rozktad litofacji nad poktadami czgsto nie jest ukladem pierwo-
tnym. Dotyczy to zwlaszcza tych miejsc, gdzie nad pokladami
stwierdzamy litofacje piaszczyste czy zlepiericowe (McCabe
1984); srodowisko korytowe moglo usuwaé grube pakiety zlozo-
nych wczesniej osadbow.
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Zwiqzek sedymentacji klastycznej i fitogenicznej. Zwiazek
pomigdzy sedymentacja klastyczna i fitogeniczng rozpatrywany
byl w aspekcie nastgpujacych zaleznosci: a) migzszo$¢ klastycz-
nych interwalow ponizej pokladow, zawartos¢ piaskowca w tych
interwalach a miazszo$¢ pokladow, b) zawartosé piaskowca
w interwalach pod pokladami a miazszo$é i ilo$¢ przerostow
w pokladach, c) litologia stropu i spagu a miazszo$¢ pokladow,
d) rozmieszczenie strefipiaskowcowych ponizej poktadow a pet-
rografia wegla. Miazszo§¢ badanych pokladow prezentuje figu-
ra 29.

Najwyrazniejsza korelacje pomigdzy miazszoscia nizejleg-
lego interwalu klastycznego a zawartoscia piaskowca w tym
interwale obserwuje si¢ w pokladzie 669, gdzie wzrostowi zawar-
tosci piaskowca towarzyszy wzrost migzszo$ci interwatu (M. Mas-
talerz 1988). Moze to wskazywaé, ze obecna miazszo$é inter-
walu byla w duzej mierze kontrolowana przez kompakcje (Wel-
ler 1959; Fielding 1984). Dla pokladow 672, 664/665, 662 i 661
te zaleznosci sa bardzo niewyrazne. Sugeruje to, Zze obszar
zasiedlany przez roslinnosc torfowiskowa byl zréznicowany pod
wzgledem stabilnosci, co uniemozliwilo wyksztalcenie si¢ tych
zaleznosci dla obszaru badan jako caloSci. Natomiast dla nie-
ktorych czgsci obszaru istnieja dosé wyrazne korelacje nawet
i dla tych pokladow.

Istnieje zaleznos¢ pomigdzy miazszoscia pokladow a zawa-
rtoscia osadow grubodetrytycznych w interwalach klastycznych

pod poktadami. Dla pokladow 672 i 662 wzrost zawartosci
osadow grubodetrytycznych pod pokladami jest stowarzyszony
ze wzrostem miazszosci pokladow (fig. 30). Dla pokladu 669
relacja ta jest odwrotna, a dla 664/665 nie zaobserwowano wy-
raznej zaleznosci. Istnieje wyrazny zwiazek pomiedzy litologia
skat stropowych i spagowych a miazszoscia pokladow (fig. 31).
Nad osadami drobnoziarnistymi poklady grubieja, pod grubo-
Ziarnistymi — cienieja.

Subsrodowisko poprzedzajace depozycje torfowa mialo
duzy wplyw na petrografi¢ wegla. W poblizu aktywnych koryt
fluwialnych wegiel charakteryzuje si¢ wysoka zawartoscia wit-
rynitu, co oznacza duzy udzial materialu drzewnego. Taki we-
giel reprezentuje telmatyczna strefe lesng. Stabilnosé strefi kory-
towych oraz czeste inwazje materialu klastycznego uniemozliwi-
ly rozwdj regularnej zmiennosci petrograficznej w obrebie po-
kladow. W strefach pozakorytowych roslinnosé¢ formacji szuwa-
rowej odgrywala duza role na torfowiskach, stad tez w takich
strefach z reguly obserwujemy podwyzszong zawartosé egzyni-
tu. Takie obszary charakteryzowaly si¢ wysokim, ale stalym
tempem subsydencji, co umozliwialo deponowanie grubych la-
wic torfu z zespolem roslinnym przystosowanym do coraz wil-
gotniejszych warunkow. Dlatego tez w pokladach obserwujemy
wyrazng tendencj¢ zmniejszajacej si¢ ku stropowi zawartosci
witrynitu.

ROZPOCZECIE I ZAKONCZENIE DEPOZYCJI TORFOWEJ

Obecnos¢ warstewek tonsztajnow w pokladach formacji
walbrzyskiej umozliwia nam wnioskowanie, ktore miejsca byly
najwczesniej zasiedlane przez roslinnosé torfowiskowa i w kto-
rym kierunku rozwijala si¢ depozycja torfu. W pokladzie
664/665 depozycja torfu zostala zapoczatkowana w miejscach
obnizonych, polozonych na E i W od glownego pasa piaskow-
cowego (fig. 324), natomiast strefy korytowe staly si¢ miejscem
depozycji torfu znacznie poZniej. Zakladajac redukcje objeto-
Sci przy przejsciu od torfu do Srednio uweglonego wegla ka-
miennego na 1:7 (Ryer, Langer 1980; Winton 1986 i in.), a tem-
po depozycji torfowej na 1 mm/rok (Spackman et al. 1976;
Frazier et al. 1978; Styan, Bustin 1983a,b) uzyskamy roznicg
czasu pomi¢dzy rozpoczeciem depozycji torfu w strefach poza-
korytowych a jej rozpocz¢ciem w strefach korytowych rzedu
10000 lat. Podobne zjawiska obserwujemy w przypadku zakon-
czenia depozycji torfu. Od momentu, gdy zakonczyla si¢ ona,
w profilu 10 (fig. 324) do jej zakonczenia w profilach 2, 11, 12
uplynelo kilka tysigcy lat. W profilach 5i 10 nad weglem wy-
stgpuja osady drobnoziarniste, zatem usunigcie gornej czesci
pokladu przez erozj¢ wydaje si¢ malo prawdopodobne. W przy-
padku pokladu 672 rowniez mamy wyrazne przejawy diachroni-
zmu pokladu (fig. 32B). Od momentu rozpoczgcia depozycji
torfu w profilu 1 do jej rozpoczgcia w profilu 5 uplyneto okolo
5000 lat. Zakonczenie depozycji w profilach 2 i 4 mialo miejsce
duzo wczesniej niz w profilu 1. Ewidentnie diachroniczny jest
rowniez poklad 675, w ktorym warstewka tonsztajnu wystepuje
w roznych pozycjach. Natomiast poklad 678 ze wzgledu na
mala migZszos¢ przerostow, jednolity charakter depozyciji tor-
fowej oraz wzglednie staly miazszo$¢ mozna uzna¢ za izochroni-
czny.

Analiza przejs¢ pomig¢dzy weglem a osadami klastycznymi

sugeruje dwie mozliwe przyczyny przerwania depozycji torfu
pokladow formacji walbrzyskiej: stopniowe poglebienie torfo-
wisk prowadzace do zatopienia oraz awulsja koryt na obszary
torfowiskowe. Obydwa zjawiska znane sa ze wspolczesnych sro-
dowisk aluwialnych i deltowych (Fisk 1944; Smith 1983; McCa-
be 1984). W przypadku awulsji koryt depozycja torfu konczyla
si¢ nagle, jak w pokladzie 678. Efekty awulsji byly rowniez
obserwowane w pokladach 672 i 664/665, ale na mniejsza skale.
W strefach awulsji wegiel charakteryzuje si¢ wysoka zawartos-
cia witrynitu, a takze zawiera duza ilo$¢ przewarstwien klastycz-
nych. Poniewaz taki wegiel oznacza obszar niestabilny, o szyb-
kim i zmiennym tempie subsydencji, wydaje si¢, ze awulsja byla
rezultatem naglej zmiany tempa subsydencji.

Powolne zatapianie torfowisk mialo miejsce w warunkach
spokojnych, na obszarach o wysokim, ale stalym tempie sub-
sydencji. W takich obszarach obserwuje si¢ wyrazne zmiany
skladu petrograficznego w pokladach, wyrazajace si¢ zmniej-
szeniem zawartosci witrynitu ku stropowi pokladu. W stropo-
wych partiach pokladéw obserwuje si¢ wysokie zawartosci tri-
macerytu z duz iloscia anizotropowych, inertynitowych frag-
mentow (pl. X, I). Stowarzyszone s3 one z witrynitowymi klas-
tami o duzo wyzszej refleksyjnosci niz tlo witrynitowe (pl. X,
3, 4). Trimaceryt jest rOwniez wzbogacony w substancj¢ minera-
Ing. Takie cechy wegla sugeruja wzrastajaca wilgotnos¢ i energie
$rodowiska (Hower et al. 1987). W kilku przypadkach w stropie
pokladow 672 i 664/665 stwierdza si¢ brekcje weglowa. Wy-
stepuje ona w formie trimacerytowych, czasem durytowych i ine-
rtytowych fragmentow otoczonych przez kalcyt czy jako frag-
menty roznych mikrolitotypoOw w witrynitowym tle (pl. X, 2).
Obecnos¢ brekcji weglowej w stropie pokladow rowniez wska-
zuje, ze srodowisko stawalo si¢ wyzej energetyczne.
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Analiza mikrofacjalna wegla, jak rOwniez analiza facjalna
osadoéw klastycznych otaczajacych poklady stala si¢ podstawa
rekonstrukcji warunkdéw depozycyjnych pokladéw wegla (tor-
fu) w obrebie formacji walbrzyskiej. Poklad 680 tworzy! sie
w lokalnych obniZeniach terenu. Substancja organiczna byla
rozkladana w telmatycznej strefie leinej w warunkach torfowis-
ka kwasnego o pH ponizej 4,5, co sprzyjalo zachowaniu wit-
rynitu. Czasami dochodzilo do poglebiania torfowisk, co pro-
wadzilo do sedymentacji humosapropelitowego typu.

Poklad 678 tworzyl si¢ w bardzo spokojnych warunkach.
Depozycja torfu rozpoczela si¢ prawie rownoczesnie na calym
badanym obszarze, na zréwnanej i ujednoliconej litofacjalnie
powierzchni. Czg$é E badanego obszaru byla bardziej niestabil-
na, co sprzyjalo sedymentacji cienkich przewarstwien klastycz-
nych. Depozycja torfu przebiegala w strefie telmatycznej i lim-
no-telmatycznej torfowiska lesnego. Torf byl okresowo ekspo-
nowany na warunki utleniajace, czgsto zwigzane z pozarami, co
dato w efekcie wysokg zawarto$¢ inertynitu, glownie fuzynitu
i semifuzynitu. Substancja organiczna ulegala rozktadowi w wa-
runkach kwasnych, pH ponizej 4,6, co wynika z wysokiej zawar-
tosci witrynitu, niskiej zawartosci pirytu i tylko koalinitowego
skladu mineraléw ilastych (Staub, Cohen 1979; Bustin et al.
1983; Davis et al. 1984). Obszar depozycyjny zlokalizowany byt
poza zasiegiem wplywu koryt, co umozliwito intensywna depo-
zycje torfowa. Okresowo torfowisko bylo prawdopodobnie za-
silane przez wody opadowe, roczna precypitacja przewyzszata
odplyw, co jest cecha charakterystyczna dla torfowisk wysokich
i dobrze koresponduje z niskg zawartoscia popiotu i siarki w we-
glu (fig. 33). Depozycja torfu zostala przerwana przez szybka,
intensywna dostawg gruboziarnistego materiatu zwigzanego
z zwirodennymi rzekami roztokowymi.

Depozycja torfowa pokladu 672 wkroczyla na réwnig alu-
wialng z dobrze rozwinigtymi strefami korytowymi i pozakory-
towymi. Dolna granica pokladu ma wyraznie diachroniczny
charakter. Depozycja torfu rozpoczela si¢ w opuszczonych ko-
rytach, a takze w obnizeniach pomiedzy nimi. Wigksza miaz-
szo$¢ pokladu nad strefami korytowymi swiadczy, Ze opusz-
czone koryta bardzo sprzyjaly depozycji torfowej. Torf byt de-

ponowany w zroznicowanych warunkach facjalnych: od telma-
tycznej strefy lesnej do strefy wod otwartych. Jedynie strefa
terriestrialna nie zostala zarejestrowana w weglu. Depozycja
torfu byla przerywana przez uaktywniajace si¢ strefy korytowe,
a takze opad tufu wulkanicznego. Srednia zawarto$¢ popiotu,
niska siarki (fig. 34) i kaolinitowy charakter mineralow ilastych
sugeruja kwasne srodowisko, a razem z obecnoscia przewarst-
wien klastycznych wskazuja na torfowisko niskie zasilane przez
wody powierzchniowe i gruntowe (Fiedler, Reissig 1964; Lit-
tke 1986). Przerwanie depozycji torfu mialo diachroniczny cha-
rakter i nastapilo glownie jako wynik zatopienia torfowiska,
sporadycznie awulsji koryt na jego obszar.

W przypadku pokladu 664/665 roslinno$¢ torfowiskowa
zasiedlila obszar zréznicowany pod wzgledem stabilnosci, z wy-
raznymi strefami korytowymi i pozakorytowymi. Depozycja
torfu rozpoczela si¢ od miejsc obnizonych morfologicznie po-
miedzy korytami rozprowadzajacymi, w strefy korytowe wkro-
czyla znacznie pozniej. Tempo depozycji torfowej, podobnie jak
tempo subsydencji, nie byly jednakowe na badanym obszarze,
o czym $wiadczy obecnosé grubych przewarstwien klastycznych
w NE i SE czgsci badanego obszaru. Wegiel reprezentuje szeroki
wachlarz facji weglowych od telmatycznej lesnej do wod otwar-
tych. Dolne, bogato witrynitowe partie pokladu sugeruja, ze
wiegkszosé wegetacji byla typu drzewnego. Gorna zas, wzglednie
matowa czg$¢ tworzyla si¢ w wilgotniejszych warunkach, sprzy-
jajacych rozwojowi roslinnosci typu szuwarowego. Depozycja
torfu byla przerywana przez opad tufu, a takze dostawe¢ mate-
rialu detrytycznego przez uaktywniajace si¢ koryta. Zroznico-
wana zawartos¢ popiotu (fig. 35), obecnosé klastycznych, glow-
nie mulowcowych przerostow o kaolinitowym skladzie wskazu-
ja na warunki typowe dla torfowisk niskich. Te cechy oraz niska
zawarto$¢ siarki (fig. 35) swiadcza o duzej kwasowosci srodowi-
ska, pH ponizej 4,6. Jednakze obecno$¢ syderytowego przerostu
moze wskazywad, ze okresowo torfowisko zmienito swaj chara-
kter na neutralny. Zakorczenie depozycji torfowej nastapito
w rezultacie stopniowego zatopienia, a lokalnie awulsji koryt.

Wroclaw, kwiecier, 1989



PLATES AND EXPLANATIONS



PLATE 1 — PLANSZA 1

Maceral composition of coal
Sktad maceralny wegla

. Vitrinite (V) surrounded by intertinite (I) and exinite (E). 664/665 seam. Reflected light, oil
immersion.

Witrynit (V) otoczony przez inertynit (I) i egzynit (E). Poktad 664/665. Swiatlo odbite, obiektyw
imersyjny.

. Exinite (dark grey) surrounded by vitrinite (grey) and interinite (right upper corner). 672 seam.
Reflected light, oil immersion.

Egzynit (ciemnoszary) otoczony przez witrynit (szary) i inertynit (w prawym gérnym rogu). Poktad
672. Swiatlo odbite, obiektyw imersyjny.

. Macrinite (white) in vitrinite-inertinite coal enriched in mineral matter (M). 664/665 seam. Reflected
light, oil immersion.

Makrynit w otoczeniu witrynito-inertynitowego wegla wzbogaconego w substancj¢ mineralng (M).
Poklad 664/665. Swiatlo odbite, obiektyw imersyjny.

. Vitrinite layer (V) between two types of semifusinite (sf). 678 seam. Reflected light, oil immersion.
Warstwa witrynitu (V) migdzy dwoma typami semifuzynitu (sf). Poklad 678. Swiatlo odbite,
obiektyw imersyjny.
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PLATE - PLANSZA N

Vitrinite coal
Wegiel witrynitowy

. Telinite with cells infilled with resinite (R). Note gradual decrease in cell size. 672 seam. Reflected
light, oil immersion.

Telinit o komorkach wypetnionych rezynitem (R). Zauwaz stopniowe zmniejszanie si¢ wielko$ci
komérek. Poklad 672. Swiatto odbite, obiektyw imersyjny.

. Telinite with big cells infilled with resinite (R). 672 seam. Reflected light, oil immersion.

Telinit z duzymi komérkami wypetnionymi rezynitem (R). Poklad 672. Swiatlo odbite, obicktyw
imersyjny.

. Pseudovitrinite with relicts of cell structure and few slit-like openings. 664/665 seam. Reflected light,
oil immersion.

Pseudowitrynit ze §ladami struktury komorkowej i kilkoma szczelinkami. Poklad 664/665. Swiatlo
odbite, obiektyw imersyjny.

. Pseudovitrinite with slightly curved slit-like openings. 678 seam. Reflected light, oil immersion.
Pseudowitrynit z lekko wygigtymi szczelinkami. Poktad 678. Swiatlo odbite, obiektyw imersyjny.
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PLATE — PLANSZA III

Coal rich in exinite
Wegiel o duzej zawartosci egzynitu

. Spores (dark grey) in vitrinite groundmass. 664/665 seam. Reflected light, oil immersion.

Spory (ciemnoszare) w witrynitowym tle. Poklad 664/665. Swiatlo odbite, obiektyw imersyjny.

. Vitrinite (grey) with abundant sporinite (black wisps), inertinite (white) and framboidal pyrite (P).
672 seam. Reflected light, oil immersion.

Witrynit (szary) ze sporynitem (czarne pasemka), inertynitem (bialy) i pirytem framboidalnym (P).
Pokiad 672. Swiatto odbite, obiektyw imersyjny.

. Sporinite (S) in vitrinite often impregnated with resinite. 664/665 seam. Reflected light, oil
immersion.

Sporynit (S) w witrynicie czgsto impregnowany rezynitem. Poklad 664/665. Swiatto odbite, obiek-
tyw imersyjny.

. Concentration of sporinite. Scleritinite (Sc) in the background of vitrinite. 664/665 seam. Reflected
light, oil immersion.

Nagromadzenie sporynitu. Sklerotynit (Sc) w witrynicie. Poklad 664/665. Swiatto odbite, obicktyw
imersyjny.
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PLATEI — PLANSZAI

Coal rich in exinite
Wegiel o duzej zawartoéci egzynitu

. Megaspore in clarodurite. 664/665 seam. Reflected light, oil immersion.

Megaspora w klarodurycie. Poktad 664/665. Swiatlo odbite, obicktyw imersyjny.

. Cuticuloclarite; numerous cuticles (dark grey) in vitrinite background. 664/665 seam. Reflected
light, oil immersion.

Klaryt kutikulowy; liczne kutikule (ciemnoszare) w witrynitowym tle. Poklad 664/665. Swiatto
odbite, obiektyw imersyjny.

. Fragment of sporangium surrounded by vitrinite. 664/665 seam. Reflected light, oil immersion.
Fragment sporangium otoczonego przez witrynit. Poklad 664/665. Swiatlo odbite, obiektyw imer-
syjny.

. Duroclarite enriched in mineral matter. 664/665 scam. Reflected light, oil immersion.

Duroklaryt o duZej zawartoéci substancji mineralnej. Poktad 664/665. Swiatlo odbite, obiektyw
imersyjny.
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PLATE V — PLANSZA

Trimacerite and durite coal
Trimacerytowy i durytowy wegiel

. Clarodurite (upper part) passing to duroclarite (lower part). Note high amount of pyrite. 664/665
seam. Reflected light, oil immersion.

Klaroduryt (gorna czgs¢) przechodzacy w duroklaryt (dolna cze$¢). Zauwaz duza iloéé pirytu.
Poklad 664/665. Swiatlo odbite, obiektyw imersyjny.

. Telinite surrounded by duroclarite. 664/665 seam. Reflected light, oil immersion.

Telinit w otoczeniu duroklarytu. Poklad 664/665. Swiatlo odbite, obiektyw imersyjny.

. Durite. Inertinite is represented mainly by inertodetrinite. 664,665 seam. Reflected light, oil
immersion.

Duryt. Inertynit reprezentowany jest glownie przez inertodetrynit. Poklad 664/665. Swiatto odbite,
obiektyw imersyjny.

. Durite. Inertinite is represented by macrinite and interodetrinite. 664/665 seam. Reflected light, oil
immersion.

Duryt. Intertynit jest reprezentowany przez makrynit i inertodetrynit. Poktad 664/665. Swiatto
odbite, obiektyw imersyjny.
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PLATE VI — PLANSZA 1

Humo-sapropelic coal
Wegiel humosapropelitowy

. Cannel coal. 664/665 seam. Reflected light, oil immersion.

Wegiel typu kennelskiego. Poktad 664/665. Swiatlo odbite, obicktyw imersyjny.

. Fragment of megaspore in cannel coal. 664/665 seam. Reflected light, oil immersion.

Fragment megaspory w weglu typu kennelskiego. Poklad 664/665. Swiatlo odbite, obiektyw imer-
syjny.

. Cannel coal with sclerotinite (bottom). 664/665 seam. Reflected light, oil immersion.

Sklerotynit (dolna cz¢ét) w weglu typu kannelskiego. Poklad 664/665. Swiatlo odbite, obiektyw
imersyjny.

. Telinite layer with resinite in cells enveloped by cannel coal of micrinitized groundmass. 664/665
seam. Reflected light, oil immersion.

Warstewka telinitu o komoérkach wypelnionych rezynitem otoczona przez wegiel typu kannelskiego
o zmikrynityzowanym tle. Poklad 664/665. Swiatio odbite, obiektyw imersyjny.






PLATE VII — PLANSZA 1I

Mineral matter in coal
Substancja mineralna w weglu

. Chalcopyrite in coal. 672 seam. Reflected light, oil immersion.

Chalkopiryt w weglu. Poklad 672. Swiatlo odbite, obiektyw imersyjny.

. Clay minerals associated with vitrinite. 664/665 seam. Reflected light, oil immersion.

Mineraly ilaste w weglu. Poktad 664/665. Swiatto odbite, obiektyw imersyjny.

. Carbonates in some cells of fusinite. 664/665 seam. Reflected light, oil immersion.

Weglany w niektorych komérkach w fuzynicie. Poklad 664/665. Swiatlo odbite, obiektyw imersyjny.
. Pyrite and clay minerals in coal. 664/665 seam. Reflected light, oil immecrsion.

Piryt i mineraly ilaste w weglu. Poktad 664/665. Swiatlo odbite, obiektyw imersyjny.
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PLATE VIII — PLANSZA VIII

Clastic partings
Przewarstwienia klastyczne

Carbonaceous claystone. Transmitted light.

Howiec weglisty. Swiatlo przechodzace.

Tonstein of gel-group structure. 664/665 seam. Transmitted light.
Tonsztajn o strukturze krupowej. Poklad 664/665. Swiatlo przechodzace.
The same figld. Crossed polars.

Ten sam obraz. Skrzyzowane nikole.
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PLATE IX — PLANSZA KX
Clastic partings
Przewarstwienia klastyczne

1. Fine-grained variety within a siltstone parting. 672 seam. Transmitted light.
Drobnoziarnista odmiana w mulowcu. Poklad 672. Swiatlo przechodzace.

2. Tonstein of gel-group structure. In the centre big kaolinite. 662 seam. Transmitted light.
Tonsztajn o strukturze krupowej. W centrum duzy agregat kaolinitu. Poklad 662. Swiatlo przecho-
dzace.

3. Tonstein. Note psudomorphose koalinite after feldspar. 664/665 seam. Reflected light, oil immer-
sion.

Tonsztajn. Zauwaz pseudomorfozowy kaolinit po skaleniu. Poklad 664/665. Swiatlo odbite, obiek-
tyw imersyjny.
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PLATE - PLANSZA

Breccia coal
Wegiel typu brekcjowego

. Anisotropic, inertinite clast in trimacerite. 664/665 seam. Reflected light, crossed polars, oil immer-
sion.

Anizotropowy inertynitowy klast w trimacerycie. Poklad 664/665. Swiatto odbite, obiektyw imer-
syjny.

. Coal breccia. Telinite contacts with anthracite fragment. 664/665 seam. Reflected light, oil immer-
sion.

Brekcja weglowa. Telinit kontaktuje z antracytowym fragmentem. Pokiad 664/665. Swiatto odbite,
obiektyw imersyjny.

. Anisotropy of high reflectance vitrinite clast. 664/665 seam. Reflected light, oil immersion.
Anizotropia w witrynitowym klaécie o wysokiej refleksyjnoéci. Poklad 664/665. Swiatlo odbite,
obiektyw imersyjny.

. Angular clast of high reflectance, vesiculated coal surrounded by lower reflectance coal; exinite and
vitrinite. 664/665 seam. Reflected light, oil immersion.

Angularny klast wysokorefleksyjnego, porowatego wegla otoczony przez wegiel o nizszej refleksyj-
nosci; witrynit i egzynit. Poklad 664/665. Swiatto odbite, obicktyw imersyjny.
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