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Depo si tional ar chi tec ture of the Zabrze Beds 
(Na murian B) within the Main An ti cline
of the Up per Sile sia Coal Basin, Poland2

(Figs 1–3; Pls 1–4)

Ab stract. The Zabrze Beds (Na murian B) con sti tute a part of the flex ural Varis can fore deep Up per
Sile sia Coal Ba sin (USCB) in fill. On the Main An ti cline area this unit starts the con ti nen tal stage of
the ba sin de vel op ment. The Zabrze Beds were de pos ited on an ex ten sive al lu vial plain proba bly
con structed by me an der ing river sys tems. The flu vial sedi ments were ac cu mu lated both within
chan nels and on over bank ar eas. The thick (<5 m) sand stone bod ies are con sid ered as the chan nel fills
and usu ally form ex ten sive sheets whose width/thick ness ra tio ex ceeds 15. The thin ner sand stone
bod ies, fine- grained sedi ments and phy to genic ma te rial were de pos ited on the over bank ar eas. The
thick ness of the Zabrze Beds on the Main An ti cline area de creases east ward from ~250 m down to 3 m
over a dis tance of 35 km. The thick ness and number of the sand stone bod ies di min ish east ward with
the thick ness of the whole unit. The thick est bod ies oc cur in the west ern part of the stud ied area,
at tain ing 60 m, whereas in the east ern part they rarely ex ceed 30 m. As a rule, the thick sand stone
bod ies are lat er ally ex ten sive ap proach ing up to 10 km. Sub or di nately ap pear iso lated bod ies that are
usu ally thin ner. In those ar eas where the coarse- grained sedi ments are in the mi nor ity the in ter -
con nect ed ness ra tio is rela tively low. The depo si tion of the thick sand stone bod ies is re lated to
sta bi li za tion of the river banks with ac com pa nied bal anced ag gra da tions of the over bank ar eas, or is
re sult of su per po si tion of sev eral gen era tions of chan nel fills. The coal seams are nu mer ous in the
Zabrze Beds de spite the small thick ness of this unit. The growth of suc ces sive gen era tions with
ex tended east ward ar eas re flects in creas ing posi tive ac com mo da tion space cre ated mainly by flex ural 
bend ing of the ba sin sub stra tum. The thir teen coal seams that have been iden ti fied within the Zabrze
Beds, oc cur in dif fer ent classes of thick ness. Ex cept thick (<3 m) and very thick (up to 24 m) seams,
the lat er ally ex ten sive and con tinu ous coal seams are present thin (>0.3 m) and of ten len ticu lar in
shape. The zones where the coal seam in crease in thick ness have been ob served and they were the
re sult of coa les cence or the su per po si tion of suc ces sively younger gen era tion peat bogs. The char a-
c ter is tic fea ture of the suc ces sion of coal seams is the east ward in crease of their lat eral ex tend. The va-
ri ous types of coal seam split ting have been ob served. These phe nom ena were caused by lat eral mi -
gra tion of the chan nel belts and growth of the cre vasse splays, or by ac tion of synsedi men tary faults.
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IN TRO DUC TION

The Up per Sile sia Coal Ba sin, lo cated in south west ern Po land and the north -
east ern Czech Re pub lic (Fig. 1), is the larg est coal ba sin in Europe, with a to tal area
of about 7400 km2. The ba sin has a tri an gu lar shape, be ing bounded on its west ern
side by over thrust De vo nian to Mis sis sip pian sedi ments of the Moravo- Silesian
fold- zone, and to the north by the Lubliniec–Kraków tec tonic zone. Its south ern
lim its have been iden ti fied based on rec ords from deep bore holes of the Car bon if er -
ous coal- bearing strata be low Mio cene de pos its and nap pes of the Outer Car pa thi -
ans. The Up per Sile sia Coal Ba sin was part of a larger sedi men tary ba sin lo cated in
a fore land po si tion in front of the Moravo- Silesian oro gen dur ing Late Pa laeo zoic
times. Some typi cal fea tures for flex ural fore deep ba sins have been ob served
(Gradzi ñski, 1982): (1) a gen eral de crease in the rate of sub si dence and a grad ual
east wards shift of the zone of maxi mum sub si dence (the op po site di rec tion to the
over thrusted Moravo- Silesian sedi ments), (2) a gen eral trans port di rec tion par al lel
to the front of the oro gen, (3) stronger tec tonic de for ma tion ad ja cent to the oro gen,
and (4) can ni bal ism of parts of the pre vi ously de pos ited sedi ments. The Zabrze
Beds, simi lar to other stra tigraphic units of the Up per Sile sia Coal Ba sin (USCB)
are un fa vour able for sedi men to logi cal stud ies, in clud ing the study of de po si tional
ar chi tec ture. This is mainly due to the lack of sur face ex po sures and to the frag men -
tary na ture of ob ser va tions in un der ground mine ex po sures. These draw backs are
partly com pen sated by nu mer ous bore holes, usu ally fully cored. The logs of these
bore holes pro vide abun dant data on the thick ness and ver ti cal se quence of sedi-
ments.

The up to 8500 m thick coal- bearing suc ces sion, char ac ter ised by re peat ing
litho somes of sand stone, mud stone and coal seams, and with a vir tual lack of lime -
stones, has been sub di vided into two parts (Dem bowski, 1972). The lower part,
called ‘Paralic’, con tains in ter beds with ma rine and brack ish fau nas. The oc cur -
rence of in ter vals with ma rine fau nas re sulted from re cur rent eustatic ma rine in -
gres sions and re gres sions (Dok tor & Gradzi ñski, 1999). The younger ‘Li mnic’ part 
lacks these ma rine in ter vals and has been de pos ited in a con ti nen tal set ting. Tra di -
tion ally, the coal- bearing suc ces sion of the Up per Sile sia Coal Ba sin has been di -
vided into four main in for mal lithos tra tigraphi cal units called ‘S eries’, that are sub -
di vided into sub sidi ary units known as ‘Beds’.

The Zabrze Beds are one of the above men tioned sub sidi ary units. It has been
dis tin guished and de fined by Stopa (1957a) in his clas si cal pa per con cerned with
the stra tigraphi cal di vi sion of the coal-bear ing succession of the Up per Sile sia Coal
Ba sin. This term is used in the same mean ing in the pres ent pa per, as it was done in
Kêdzior et al. (2007).

A char ac ter is tic fea ture of this up per part of the coal- bearing suc ces sion is an
on lap ar range ment of the ele ments of the Up per Sile sia Coal Ba sin. The dis tinct tri -
par tite di vi sion of the suc ces sion’s con ti nen tal stage was caused mainly by al lo -
genic fac tors. De vel op ment of the in ter vals domi nated by coarse- grained de pos its
(the Up per Sile sia Sand stone and Cra cow Sand stone se ries) was the re sult of in -
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Fig. 1. Geo log i cal map of the Up per Silesia Coal Ba sin (af ter Bu³a & ¯aba, 2005)



creas ing sup ply of clas tic ma te rial due to tec tonic move ments in the source ar eas.
Sig nifi cant lat eral and ver ti cal vari abil ity on both re gional and lo cal scales of the
clas tic and phy to genic sedi ments was con trolled mainly by auto genic phe nom ena
(Dok tor & Gradzi ñski, 2000).

For the same rea sons, the Zabrze Beds [couches de Zabrze = war stwy zabr skie
(Stopa, 1957a, b)], named also the ‘A nt icl inal Beds’ or ‘Sa ddle Beds’ (see Ko tas,
1995), are also un fa vour able for sedi men to logi cal stud ies, in clud ing the study of
de po si tional ar chi tec ture. There are nev er the less nu mer ous bore holes, usu ally fully 
cored, whose logs pro vide abun dant data on the thick ness and ver ti cal se quence of
sedi ments.

The Main An ti cline was the area of par ticu larly dense con cen tra tion of mines al -
most to the end of 20th cen tury. The mines were of ten in ter con nected with com mu -
ni cat ing gal ler ies. These con cen trated min ing op era tions re sulted in the most re li -
able evi dence on coal seam con ti nu ity within the whole Up per Sile sia Coal Ba sin.
The physi cal iden tity of re spec tive coal seams was confirmed di rectly in mine
work ings.

Num bered coal seams have been used as the ba sis for cor re la tion in nearly all
stud ies and min ing re ports dur ing the last sixty years. To this pur pose, a uni fied sys -
tem of coal seam num ber ing has been ap plied in the Up per Sile sia Coal Ba sin.
Three- digit num bers are used, in creas ing suc ces sively down the stra tigraphic se -
quence (Doktorowicz- Hrebnicki & Bo cheñski, 1945). The first digit iden ti fies a
stra tigraphic unit. For the Zabrze Beds this is number “5”, hence their base is ac -
cepted at the sole of the old est coal seam – 510, and the top is ac cepted at the top of
the young est seam, la belled 501.

It should be stressed, how ever, that the prac tice of treat ing the la belled coal
seams as fully re li able mark ers over the whole coal ba sin area, raises some ob jec -
tions (Dok tor & Gradzi ñski, 1985; Gradzi ñski, 1994). The authors point to the ar bi -
trary man ner of seam la bel ling, lim ited lat eral ex tent of many seams, and their com -
mon splits and merges. Though the use of coals seams as lo cal mark ers is un avoid -
able be cause of the lack of other read ily iden ti fi able marker beds, their iden tity
should al ways be well proven. The evi dence comes mainly from un der ground coal
min ing.

The Zabrze Beds have been not a sub ject of sedi men to logi cal study be fore, only
the dis tri bu tion and mu tual re la tions be tween the coal seams have at tracted any sig -
nifi cant at ten tion. This is re flected in the pub lished sche matic E–W cross- sections
by Doktorowicz- Hrebnicki and Bo cheñski (1945), Stopa (1959, fig. 3), Ko tas et al.
(1988, fig. 1), Ko tas (1995, figs 36 i 37) and Kêdzior (2001, fig. 11). The cross-
 sections, though they dif fer in de tails, show east ward coa les cence of many seams,
in pace with de creas ing thick ness of the Zabrze Beds (Fig. 2).

Stud ies of sedi men tary ar chi tec ture, known also as de po si tional ar chi tec ture,
aim at rec og ni tion of the dis tri bu tion of sedi ment bod ies (litho somes) in space and
of their shapes as a re sult of de po si tional pro cesses and com pac tion, with out tak ing
into ac count the ef fects of later, post de po si tional, tec tonic de for ma tion (Gradzi ñski 
et al., 2005). De tailed stud ies on this as pect of the coal- bearing suc ces sion in Up per
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Sile sia Coal Ba sin were un der taken quite re cently and dealt only with some lim ited, 
se lected in ter vals of the suc ces sion (cf. Dok tor et al., 2003, Kêdzior, 2001).

GEN ERAL CHAR AC TER IS TICS OF THE ZABRZE BEDS

The Zabrze Beds to gether with the over ly ing Ruda Beds con sti tute the Up per
Silesia Sand stone Se ries. The Zabrze Beds di rectly over lie the Po ruba Beds in the
area of the Main An ti cline. The lower bound ary of the Zabrze Beds is ac cepted
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Fig. 2. Scheme of coal splits in the Zabrze Beds: A – af ter Doktorowicz-Hrebnicki & Bocheñski
(1945) (not to scale); B – af ter Stopa (1960) (not to scale); C – af ter Kotas (1995)



there at the base of the wide spread seam 510 (Ko tas & Malc zyk, 1972), and the up -
per bound ary at the top of seam 501. Where this is ab sent, the up per bound ary is
placed at the base of the thick sand stone pack age in cluded to the Ruda Beds, and ly -
ing higher in the se quence than the high est seam of the Zabrze Beds (Ko tas & Malc -
zyk, 1972). Pre cise trac ing of the up per bound ary of the Zabrze Beds as so de fined
in the Main An ti cline is dif fi cult be cause of, among other rea sons, the lo cally im -
pre cise iden ti fi ca tion of seam 501. This seam is lo cally dis con tinu ous or coa lesces
with a seam that be longs al ready to the Ruda Beds (Stopa, 1957a). The Zabrze Beds
are re ferred to the Kinder scou tian Stage based on bi os tra tigraphic data (ma cro floral 
and paly no logi cal; Ko tasowa & Mi gier, 1995). The mac ro flora in these strata dif -
fers clearly from that in the Po ruba Beds, as was al ready noted by Gothan (in 1913,
fide Stopa, 1957a) who de scribed the “flo ris tic break” be tween the Po ruba and
Zabrze beds.

The thick ness of the Zabrze Beds in the west ern part of the Main An ti cline
equals about 250 m and it gradu ally de creases east ward to zero. It is cer tain, how -
ever, that the de po si tional area of these strata ex ceeded the area of their pres ent oc -
cur rence and ex tended origi nally far ther to the north, west and south (see Un rug &
Dem bowski, 1971).

The Zabrze Beds con sist of sand stones (me dium and coarse- grained in part)
with ad mix ture of gravel- sized grains, fine- grained rocks (mainly mud stones), and
coal seams. The coal seams are of ten 6–12 m thick. These sedi ments are in ter preted
as hav ing been laid down on an ex ten sive al lu vial plain (Un rug & Dem bowski,
1971; Gradzi ñski, 1982). The sand stones are con sid ered as sedi ments of flu vial
chan nels (Ko tas & Malc zyk 1972) of sandy braided and me an der ing riv ers (Dok tor
& Gradzi ñski, 2000).

The ex pressed opin ions about the di rec tions of the clas tic ma te rial dis tri bu tion
dur ing depo si tion of the Zabrze Beds are not pre cise yet. Based on sand stones con -
tent analy ses in the Zabrze Beds, Czekaj et al. (1964) sug gested trans por ta tion from 
W and SW. The same con clu sions were drawn by Gradzi ñski (1982) and Ko tas
(1994, 1995), al though with out any proofs these propo si tions should there fore be
care fully treated.

The Zabrze Beds are char ac ter ised not only by rela tively small thick ness but
also by high con tent of the coals. The coal con tent within this unit ex ceeds in some
places 10%. With the de creas ing of the unit thick ness the rela tive coal con tent in -
creases. In the east ern part of the Main An ti cline area the whole unit is rep re sented
by coal seam only.

MA TE RIAL

This study was mainly based on data from mine ar chives. These data in clude
mainly sec tions of shafts and gal ler ies, sec tions of bore holes drilled from the sur -
face and from ex ploi ta tion work ings. The ma te rial used for this study com prises
sec tions of 751 bore holes, drilled from the sur face, 267 un der ground bore holes,
and 5 sec tions of gal ler ies.
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The litho logi cal di vi sions used in the ar chi val ma te rial are in most cases sim pli -
fied. Only the ba sic litho logi cal types are usu ally dis tin guished: sand stones, fine-
 grained rocks and coals. More de tailed grain- size di vi sions are given only in a part
of the sec tions. Data on sedi men tary struc tures are usu ally not given.

Coal seams are la belled with num bers, ac cord ing to the gen eral rules ac cepted in 
the Up per Sile sia Coal Ba sin in all ar chi val data from the last fifty years. It hap -
pened, how ever, that the same seams were given dif fer ent num bers in neigh bour ing 
mines. Such dis crep an cies oc curred when min ing fields of neigh bour ing mines ap -
proached one an other or when such mines were joined into one. The ex ist ing num -
ber ing was then modi fied us ing ac tual cor re la tion charts stored in geo logi cal
ar chives.

The pres ent author stud ied the Zabrze Beds in the area of the Main An ti cline and
the Bytom-D¹browa Trough, ad ja cent on the north (see Fig. 1). The area meas ures
about 500 km2, and in cludes 22 deep coal mines (data for 1995).

METH ODS

The ba sic method of re con struct ing the de po si tional ar chi tec ture of the Zabrze
Beds con sisted in draw ing a se ries of cor re la tion cross- sections. Those bore holes
were pre ferred for the cross- section, for which a com plete log of the Zabrze Beds
was avail able, the de scrip tion was as de tailed as pos si ble, and the dis tances be -
tween ad ja cent bore holes did not ex ceed 2500 m. Seven cor re la tion lines were de -
signed us ing these cri te ria, three run ning ap proxi mately east- west (par al lel to the
stra tigraphic strike) and the other four sub me ridi onal (Fig. 3).
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Fig. 3. Map show ing thick ness of the Zabrze Beds in the area of the Main Anticline, lo ca tion of
bore holes and course of cor re la tion cross-sec tions (af ter Kêdzior, 2001, mod i fied)



Sim pli fied litho logi cal di vi sions were used in or der to make the da ta base uni -
form. Only in this way could the nec es sary ar chi val data be proc essed in a uni form
way. The bore hole data in clude a to tal of 38,000 m of logs of the Zabrze Beds. The
bore holes were se lected in such a way that they uni formly cover the stud ied area.
This dense net work of bore holes, of which more than half pro vide com plete sec -
tions of the Zabrze Beds, al lowed for con struc tion of de tailed geo logi cal cross-
 sections and maps cov er ing the whole stud ied area. For sim pli fi ca tion in the text,
signs “No. and Nos” used be fore num bers of the par ticu lar coal seams have been
omit ted.

The base of seam 501 has been ac cepted as cor rela tive ho ri zon for all the cross-
 sections. Where this seam was not rec og nized, the young est proven coal seam in the 
Zabrze Beds was ac cepted as the da tum. Coal seam num bers in all bore hole logs
fol low the iden ti fi ca tion made in the mines, and this iden ti fi ca tion was the base for
cor re la tion be tween neigh bour ing bore holes.

The next stage in data anal y sis was com pil ing the data on li thol ogy and thick -
ness for com puter-as sisted con struc tion of maps. The in di vid ual parts of the base
com prise in for ma tion on the thick ness of the Zabrze Beds and the thick ness and ar -
eal dis tri bu tion of in di vid ual coal seams se lected on the ground of the ear lier made
geological cross-sections.

THICK NESS OF THE ZABRZE BEDS

The Zabrze Beds in the area of the Main Anticline have vari able thick ness. Their 
depocentre lies in the west ern part of the study area, north of Zabrze. The max i mum
thick ness of the Zabrze Beds found there equals ca 256 m and over the dis tance of ca 
35 km it di min ishes to 3 m lo cally east of Sosnowiec, in the di rec tion per pen dic u lar
to the axis of ba sin sub stra tum sub si dence. Isopachs of the Zabrze Beds are shown
in Fig. 3. The na ture of the ir reg u lar changes in the thick ness of the Zabrze Beds was 
con firmed by the anal y sis of the cor re la tion cross-sec tions run ning W–E (Pl. 1).
The thick ness of the Zabrze Beds di min ishes east ward, but the change is nei ther
grad ual nor reg u lar. The changes in thick ness are lo cally abrupt. The anal y sis of the
cross-sec tions in di cates that the lines of rapid re duc tion in thick ness run in a
NE–SW di rec tion. Trac ing of the thick ness vari a tions in the Zabrze Beds is dif fi -
cult only in the north ern part of the study area (cf. Pl. 1A) be cause of the post-Car-
boniferous ero sion that lo cally re moved a part of the Zabrze Beds and be cause of
the dis con tin u ous oc cur rence of seam 501. The thick ness re duc tion of the Zabrze
Beds in the north ern part seems to be more grad ual than in the south ern and cen tral
parts.

The anal y sis of the submeridional cross-sec tions (Pl. 2) drawn at fairly con stant
dis tances of ca. 5 km (see Fig. 3) in di cates that the thick ness of the Zabrze Beds
changes only slightly in the north-south di rec tion. How ever, zones of fairly abrupt
thick ness change are also found there, and they are most dis tinct in the east ern and
the west ern parts.

The thick ness vari a tion of the Zabrze Beds in the area of the Main Anticline is
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mostly con trolled by tec ton ics – un even sub si dence of this part of the ba sin sub stra -
tum. The abrupt changes are most likely re lated to the pres ence of synsedimentary
faults strik ing SW–NE. These may pos si bly be older faults, re ac ti vated dur ing the
de po si tion of the Zabrze Beds.

Dis tinc tive rapid changes in the thick ness of the Zabrze Beds are dis cern ible in
some parts of the cross-sec tions. They have the form of tri an gu lar de pres sions of
var i ous sizes (see, e.g., Pl. 2A – the 8th km of the sec tion, Pl. 2B – be tween 4th and
8th km, Pl. 2C – be tween 17th and 18th km). These de pres sions may be ex plained
by the pres ence of an ti thetic faults that re sult in lo cal de pres sions, hav ing the na ture
of small grabens. The shapes and sizes of these forms in cross-sec tion are af fected
by the twenty-fold ver ti cal ex ag ger a tion of the scale. Sim i lar de pres sions are pres -
ent in the cross-sec tions made by Bu³a (2000) show ing the thick ness of the
coal-bear ing deposits of the Upper Silesia Coal Basin.

GE OM E TRY AND DIS TRI BU TION OF THE SAND STONE BOD IES

A sim ple clas si fi ca tion of chan nel sed i ment ac cu mu la tions by Friend (1983),
based on the width to thick ness ra tio, was used to de scribe ge om e try of the sand -
stone lithosomes. Friend dis tin guished two main types of chan nel bod ies: rib bons,
with the ra tio lower than 15, and sheets, with the width/thick ness ra tio higher than
15. The bod ies may have a com pos ite in ter nal struc ture, re flect ing mul ti stage fill -
ing of flu vial chan nels, or a sim ple fill resulting from a single episode of deposition.

It has been ac cepted, for the pur pose of this study, that sand stone lithosomes
thicker than 5 m are in ter preted as chan nel sed i ments (cf. Gersib & McCabe, 1981;
Gradziñski & Doktor, 1985; Field ing & Webb, 1996). The pack ages con sist ing of
fine-grained sed i ments and thin ner (< 5 m) lithosomes of sand stone are in ter preted
as overbank de pos its. The small thick ness of the sand stone pack ages men tioned
above and their po si tion within the se quences of fine-grained de pos its sug gest that
they rep re sent zones of cre vasse-splays or cre vasse chan nels. Sand bod ies of this
type are com mon in mod ern (see e.g., Farrell, 1987; Smith et al., 1989) and fos sil al -
lu vial plains (see e.g., Ethridge et al., 1981; Gal lo way, 1981; Doktor & Gradziñski,
1985; Field ing & Webb, 1996). The fine-grained and phytogenic de pos its were laid 
down on floodplains and in interchannel ar eas (see e.g., Doktor & Gradziñski,
1985; Farrell, 1987; Jorgensen & Field ing, 1996; Halfar et al., 1998).

The dis tri bu tion of coarse-grained de pos its and the thick ness of the sand stone
bod ies in the Zabrze Beds are highly vari able. The sand stone bod ies at tain 60 m in
thick ness in the west ern part of the study area, in the area of great est thick ness of the 
Zabrze Beds. Their thick ness di min ishes to the east and rarely ex ceeds 30 m. With
the de creas ing thick ness, also the amount of chan nel sed i ments be comes smaller in
the same direction.

In the di rec tion par al lel to the axis of sub si dence, the changes in the thick ness
and in the num ber of sand stone bod ies in the Zabrze Beds are less marked than in
the W–E di rec tion. The cor re la tion of cross-sec tions re veal a slightly higher num -
ber of sand stone bod ies in the south ern part of the study area.
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The lat eral ex tent of the sand stone lithosomes can vary, but most of them can be
traced be tween a few neigh bour ing bore holes. This in di cates that the lat eral ex tent
of the sand stone bod ies is large, ex ceed ing sev eral kilo metres in some cases, and
some times ap proach ing even 10 km (see Pl. 1B). Sub or di nate are sand stone litho-
somes of smaller ex tent, of a few hun dred metres. Their true di men sions are dif fi -
cult to es tab lish be cause of the dis tance be tween the bore holes, exceeding 2000 m
in some cases.

As a rule, those sand stone lithosomes that are lat er ally ex ten sive are also thick
and can be traced over a few kilo metres dis tance (see Pl. 1A, B). The thin ner
lithosomes are usu ally iso lated sand stone bod ies within fine-grained sediments.

In di vid ual sand stone bod ies usu ally pass gradationally into fine-grained sed i -
ments, and some times more or less “wings” are vis i ble. Oc ca sion ally, the thick
sand stone bod ies may show sharp lat eral con tacts with the sur round ing sed i ments,
sug gest ing erosional surfaces.

In those ar eas where sand stone sed i ments are a sub or di nate com po nent of the
Zabrze Beds (see Pl. 1A, B; Pl. 2C, D), the in ter con nec ted ness ra tio is rel a tively
low. This ra tio in creases with the con tent of coarse-grained sed i ments in the Zabrze
Beds and with the in crease in thick ness of the sandstone lithosomes.

In the lower part of the Zabrze Beds, be tween seams 510 and 504, the num ber of
sand stone lithosomes is great est in the cen tral part of the Main Anticline. The
groups of these lithosomes form a belt run ning SSW–NNE, a few kilo metres wide.
Over the re main ing area, the sand stone bod ies oc cur usu ally as mod er ately thick
(5–15 m) pack ages em bed ded in fine-grained sediments.

In the up per part (above seam 504) the great est amount of sand stone de pos its is
pres ent in the west ern part of the Main Anticline. They oc cur as mostly one
lithosome, up to 60 m thick. Its area of oc cur rence is an elon gated zone, ca 5 km
wide, ex tended in the SSW–NNE direction.

As to their ge om e try, sheet-like bod ies of great thick ness pre dom i nate among
the sand stone lithosomes in the Zabrze Beds. They usu ally have com pos ite in ter nal
struc ture, rec og niz able by, among other fea tures, the re pet i tive oc cur rence of fin -
ing-up ward se quences or con glom er ate in ter ca la tions. Much less com mon are sim -
ple lithosomes, most of which may be in ter preted as rep re sent ing the rib bon-like
type. By com par ing the po si tions of the zones with max i mum con cen tra tions of the
sand stone bod ies be neath and above seam 504 one can see a westward shift (cf.
Kêdzior, 2001, figs 7, 9).

GE OM E TRY OF COAL SEAMS

The thick ness of the coal seams var ies in a broad range from a few centi metres
up to 24 m. The mean thick ness of the coal seam is about 3.75 m and me dian is 2.97
m. Ex cept for the thin nest seams (>0.6 m), al most all coal seams within the Zabrze
Beds were ex ploited dur ing the last cen tury.

Lat eral changes in coal seam thick ness. A com mon prac tice in min ing re ports
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is to ac cept that the thick ness of ev ery coal seam is con stant within a min ing field.
How ever, an anal y sis of data from var i ous mines shows that zones of ta ble thick -
ness changes are pres ent in in di vid ual seams. The sup ply of clastic sed i ment onto
peat bog ar eas caus ing the peat to stop grow ing is one rea sons for thick ness re duc -
tion of the coal seams. Re duc tion may be also be caused by ero sion of peat by ac tive
river chan nels. In some zones, sand stone sed i ments di rectly over lie coal seams, and 
here the seams are usu ally thin ner than in neigh bour ing bore holes. It may be thus
sup posed that ero sion re moved a part of the ear lier ac cu mu lated phytogenic ma te -
rial (see e.g., Pl. 1A: 24–28 km – seam 510; Pl. 1B: 21–23 km – seam 501). Where
ero sion was more in tense, the whole thick ness of a coal seams may be lo cally
eroded, even to gether with some un der ly ing sed i ments (see e.g., Pl. 1A: 5–7 km,
seam 503; Pl. 1B: 7–8 km, seam 502; Pl. 1C: 11–12 km, seam 506; Pl. 2A: 11–12
km, seam 501).

Quite dif fer ent is the na ture of change in coal seam thick ness in the zones of their 
merg ing or split ting, where the thick ness in creases (the com mon min ing prac tice is
to give dou ble num bers to such seams, e.g., 510/507). These zones, 4–5 km wide
and ex tend ing ap prox i mately in the NE–SW di rec tion, may be traced over nearly
the whole study area. The in crease in thick ness is rapid, usu ally equal to the thick -
ness of the merged seam (or the split-out up per bench), and then re duc tion again
over the dis tance of a few kilo metres. This may be re lated to the or i gin of the coal
splits. Clastic sed i ment was sup plied to the area of peat bog from the west, lead ing
to a halt in the peat growth in the af fected part of the bog. The growth re mained un -
dis turbed in the re main ing part of the bog. Nev er the less, this mech a nism does not
ex plain the re duced thick ness on the east side of the af fected zone. An other pos si -
bil ity is the su per po si tion of two gen er a tions of peat bogs, with one of them being
less extensive to the east.

Merg ing/split ting of coal seams. In this pa per, the term “merg ing/split ting” of
the coal seams is used to emphasise a kind of sub jec tiv ity of this phe nom ena def i ni -
tion and which de pends on the di rec tion of ob ser va tion. Com mon coal seam
merges/splits are char ac ter is tic of the Zabrze Beds. They oc cur in seams of var i ous
thick nesses, from few tens of cm to sev eral m. They are most com mon in the seams
thicker than two m. The thick ness of the clastic sed i ments be tween such seams usu -
ally in creases with in creas ing dis tance from the place of the merg ing/split ting. Sev -
eral zones of coal seam merg ing/split ting are pres ent in the sec tion of the Zabrze
Beds and it seems to be a rule that suc ces sively youn ger zones lie far ther east ward.

Types of coal seam splits in the Zabrze Beds. Di chot o mous split is the most
com mon type in the Zabrze Beds. It oc curs on a lo cal scale (in thin coal seams with
lim ited ex tent) and on a re gional scale (in thick, areally ex ten sive seams). The sed i -
ments be tween the split coal benches have a char ac ter is tic form of a wedge whose
thick ness in creases with in creas ing dis tance from the split (see Pl. 1A: seam 509 or
Pl. 2A: seam 501).

Mul ti ple splits were found in a few places only, in clud ing seams 510 (Pl. 1A),
502 (Pl. 1C) and 501 (Pl. 2D). Cross-sec tions through the splits of this type show
sev eral wedges sim i lar to those in di chot o mous splits.
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The for ma tive mech a nisms of the di chot o mous and mul ti ple splits are sim i lar.
The main dif fer ence con sists in the fre quency of events in ter rupt ing the ac cu mu la -
tion of phytogenic ma te rial. In the case of mul ti ple splits, these were re pet i tive
episodes of clastic sed i ment sup ply to the area oc cu pied by a peat bog. Af ter re treat
of the flood wa ters the peat bog re gen er ated (cf. Field ing, 1984; Li Sitian et al.,
1984; Jorgensen & Field ing, 1996). Only di chot o mous splits have been hith erto
described from the Up per Silesia Coal Ba sin (Doktor & Gradziñski, 1985;
Gradziñski et al., 1995), but both types have been noted in many coal bas ins else -
where (eg. Field ing, 1984; Li Sitian et al., 1984; Glover & Powell, 1996; Herbert,
1997).

Z-shaped splits are quite of ten ob served by coal mine ge ol o gists, but are sel dom
re ported in the lit er a ture. In the Zabrze Beds, this type of split has been found in Pl.
1B in seams 501-503-504, and in seams 501-504-506/510 (Pl. 2D). The na ture of
this split may be de scribed us ing the ex am ple in Pl. 2D. Seam 501 in the cen tral part
of this cross-sec tion oc curs to gether with seam 504. South from there a thick pack -
age of clastic sed i ment sep a rates these seams. Be neath this pack age, seam 504 co -
alesces with seam 506/510. The Z-like coal splits have been first de scribed from SE
Eng land by Field ing (1984, fig. 4). The or i gin of this phe nom e non has been ex -
plained by: high com pac tion of peat and ac cel er ated com pac tion sub si dence un der
the weight of clastic sed i ments sup plied suc ces sively from two dif fer ent di rec tions
to the area of phytogenic accumulation (see Fielding, 1984).

The last type – X-shaped – is a spe cific vari ant of the Z-like type: see Pl. 2A,
seam 510; Pl. 2D, seam 501. An other ex am ple is shown in Pl. 1C, where up to
fourth km, seams 510 and 507 are sep a rated by a pack age of clastic sed i ments, thin -
ning east ward. On the fourth km these seams are sep a rated by only a 25 cm layer of
coal shale, and far ther to the east the thick ness of the clastic sed i ments be tween the
two coal seams be gins to in crease to 13 m at the eighth kilo metre. A sand stone
lithosome 4 m thick is pres ent at the base of the clastic sed i ment pack age that sep a -
rates seams 507 and 510, and the whole pack age has the na ture of a fin ing-up ward
se quence, ter mi nat ing with claystones and coal. The for ma tion of the cross-split
may be at trib uted to a si mul ta neous break in peat-bog growth be cause of clastic
sup ply in two sep a rate ar eas. The au thor has not hith erto found any ev i dence of
X-shaped split ting of coal seams in other strati graphi cal units of the Up per Silesia
Coal Ba sin or in any other coal bas ins. One can not eas ily de cide if this phe nom e non 
was caused by the ac tion of one river of high sin u os ity or of a multi-chan nel tract,
by pass ing the stable area of phytogenic accumulation, or of a dense river network.

The num ber of coal seams is the great est in the zone of max i mum thick ness of
the Zabrze Beds, and de creases with de creas ing thick ness of the se ries. This oc curs
by wedg ing out of thin seams and by the east ward co ales cence of the thick seams.
The suc ces sive youn ger seams reach far ther east and the zones of seam merg -
ing/split ting mi grated in this same di rec tion. The lat eral thin ning of in di vid ual coal
seams may be at trib uted to depositional and ero sional causes. Coal seams may be
par tially or com pletely eroded, man i fest in lo cal thin ning of the seam and its usual
re place ment with chan nel sed i ments. In crease in coal thick ness takes place in the
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zones of merg ing/split ting. These zones have a form of a belt run ning in a gen eral
NE–SW di rec tion. The most dis tinc tive fea ture of the coal seams is their split ting,
usu ally di chot o mous, less frequently multiple, Z-like or X-like.

Thick ness and ex tent of se lected coal seams. A study of the cross-sec tions pre -
sented here in di cates that, ex cept for seam 510, ev ery next youn ger seam ex tends
far ther to the east. Thick ness maps have been drawn for seams 510, 509, 507, 506,
504, 503, 502 and 501 to show the changes in thick ness of the in di vid ual seams. The 
seam 509 has the small est ex tent and the youn ger seams ex tend far ther and far ther
east ward. The lat eral ex tent and changes in thick ness were ana lysed for all the
seams listed above.

The seam 510 has been iden ti fied over the whole study area (Pl. 3). The zone of
its max i mum thick ness lies in the east ern part of the study area, where it ex ceeds 18
m. It di min ishes west ward, first quite abruptly, nearly by half to a mere 4–7 m, over
the first sev eral hun dred metres. Two nar row zones, ex tend ing NW–SE, are pres ent 
in this seam, in which its thick ness in creases again, lo cally to over 11 m. The lower
thick ness of seam 510 be tween the zones of greater thick ness can not be ex plained
by ero sion alone. The cross-sec tions run ning W–E (Pl. 1) in di cate that flu vial ero -
sion only slightly re duced the thickness of this seam.

The seam 509 oc cu pies a small area in the west ern part of the study area (Pl. 3B).
It lays above seam 510 and its over ly ing clastic sed i ments. It is up to 7.5 m thick and
it thins west wards to about 2 m. The thick ness map shows that seam 509 does not
wedge out east ward in the di rec tion of thin ning of the Zabrze Beds. In con trary, the
east ern limit of its ex tent rep re sents its max i mum thick ness. A com par i son of the
course of the east ern limit of its ex tent with the thick ness map of seam 510 shows
that it cor re sponds to the west ern limit of the first thickened zone in seam 510.

The seam 508 has been found only at small area lo cated in the wes tern most part
of the stud ied area. Due to sparse col lected data it was im pos si ble to cre ate re li able
isopachs’ map of this seam or to de ter mine its lat eral extent.

The seam 507 oc cu pies an area of ca 190 km2 (Pl. 3C), much greater than seam
509. It is thick est along the west ern bound ary of the study area where it at tains
above 7 m. The thick ness di min ishes grad u ally east ward to ca 2–3 m. No zones of
wedg ing out were found, de spite of de creas ing thick ness; only lo cally the thick ness 
falls below 2 m.

The seam 506 cov ers a large part of the stud ied area (Pl. 3D). Its thick ness var -
ies: over most of the area it does not ex ceed 1.5 m, and only lo cally at tains up to 3 m.
Two zones of re duced thick ness are dis cern ible in the thick ness map, both ex tend -
ing NE–SW and are par al lel to the east ern limit of the seam ex tent. The first lies in
the west ern part of the study area, and the thick ness of seam 506 does not ex ceed 1
m there. The re duced thick ness seems to be due to depositional fac tors. The sec ond
zone lies in the cen tral part and there the seam is miss ing. The zone where seam 506
is ab sent is about 4 km wide and it is ex plained by ero sion re lated to the pres ence of
an ex ten sive chan nel zone, vis i ble in cross-sec tions 1-1 and 2-2 (Pl. 1A, B).

The seam 504 is rec og niz able over nearly the whole area of study, ex cept for its
east ern part (Pl. 4A). It cov ers an area of ca 360 km2, greater than seam 506. Its max -
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i mum thick ness (ca 12 m) was ob served in the SW part. The thick ness de creases
grad u ally east ward and near the east ern limit of the seam it falls lo cally be low 1 m.
It usu ally ex ceeds 2 m. A small zone ex tend ing NE–SW, where thick ness of seam
504 falls be low 2 m and lo cally even to few tens of centi metres, is pres ent in the cen -
tral part of the area cov ered by this seam. The zone is shifted some what west with
re spect to the large washout zone in seam 506.

The seam 503 has been iden ti fied mostly in the NW and cen tral parts of the study 
area (Pl. 4B) as a strongly dis mem bered cover. Its thick ness usu ally does not ex ceed 
1.5 m, only lo cally; in the SW and NW parts of the area of its oc cur rence the thick -
ness at tains 2 m. The seam’s ir reg u lar oc cur rence is caused mainly by nu mer ous
wash outs, vis i ble on many sec tions. Some ex am ples of merg ing/split ting of this
seam and seam 504 were also found, but no marked changes in the com bined thick -
ness of both seams occur in such places.

The seam 502 oc cu pies a small area, lim ited to the SW part of the study area. The 
area of its oc cur rence is highly dis mem bered, with a nar row belt reach ing far east
(Pl. 4C). The thick ness of this seam is highly dif fer en ti ated, from ca 2–3 m in west -
ern and north ern parts, to as much as 7 m in the east. This pat tern of seam 502 thick -
ness seems to be due to sev eral fac tors. One is the quite com mon mark of ero sion
ob served in nearly all sec tions. More over, ob ser va tions in cross-sec tions show that
this seam splits from seam 501 in an ir reg u lar way. A quite sep a rate ques tion is the
differenttation of seams 502 and 501, and the strati graphi cal cross-sec tions show
that in many places the seam iden ti fied as 501 may in fact be cor re lated with seam
502. A pre cise and unan i mous cor re la tion and iden ti fi ca tion of seams 502 and 501
has not been yet done over a greater area, and for this rea son avail able ar chi val data
have been used for the purpose of this work.

The seam 501, sim i lar to the basal seam 510, oc cu pies nearly whole area of this
study, ex cept for its east ern ter mi na tion (Pl. 4D). In the east ern part of the study area 
seam 501 oc curs to gether with seam 510. The thick ness of seam 501 is highly dif -
fer en ti ated. The great est thick ness of this seam was found in the SE part and there it
lo cally ex ceeds 9 m, while in the west ern part the thick ness of seam 501 usu ally
does not ex ceed 2–3 m. This zone of low thick ness of this seam con tin ues to the SE
in the form of two nar row belts ex tend ing SWW–NEE, and di vid ing the area of
high thick ness into three parts. An anal y sis of the cross-sec tions shows that the re -
duced thick ness of seam 501 may be due to ero sion, sand stones be long ing to the
Ruda Beds directly overlie it there.

A com par i son of the dis tri bu tion maps of in di vid ual coal seams with the thick -
ness map of seam 510 is a source of ad di tional in for ma tion. The east ern lim its of the 
ex tent of seams 509, 507, 504 and 501 and partly of seam 506, lie at the west ern lim -
its of the in creased thick ness of seam 510 and are par al lel to them. The lack of
wedg ing out of the youn ger seams along their east ern bound aries points to a con -
cur rence of seam 510 with the youn ger seam. This may be re lated to a split of seam
510 or to su per po si tion of two generations of peat bog.

Bas ing on the po si tion of the max i mum ex tent of the seams, it may be ac cepted,
that the suc ces sively youn ger seams ex tend far ther east ward (cf. Kêdzior, 2001, fig. 

144 A. KÊDZIOR



11). The east ern lim its of ex tent of the in di vid ual seams ex tend gen er ally in a
NE–SW di rec tion, par al lel to the axis of max i mum sub si dence of the ba sin bot tom.
The zones of re duced thick ness in in di vid ual seams are belts of var i ous ex tents,
trending ap prox i mately in a NE–SW di rec tion, par al lel to the east ern lim its of their
ex tent. Their or i gin may be re lated to both, depositional fac tors (e.g. shorter time of
peat-bog growth in these ar eas), and to ero sion of the coal seams. Chan nel sed i -
ments are lo cally pres ent in correlative cross-sec tions di rectly over the coal seams
in the zones of their re duced thick ness. The pres ence of sand stone bod ies in just this 
po si tion cor rob o rates the pres ence of wash outs in the seams and even com plete re -
moval of the phytogenic ma te rial. The nar row zones of in creased thick ness of seam
510 are re lated to zones of merg ing/split ting of this seam. The thick ness of seam
510 increases abruptly by the value equal to the thickness of the merged younger
seam.

IN TER PRE TA TION AND DIS CUS SION

The depositional ar chi tec ture of the Zabrze Beds may be dis cussed on the scale
of the whole se quence of sed i ments that make up this unit or on the scale of its in di -
vid ual com po nents. This pat tern of sed i men tary ar chi tec ture is con trolled by
extrabasinal and intrabasinal fac tors that mod ify the ge om e try and thick ness of the
sand stone bod ies and coal seams. Dif fi cul ties in dis tin guish ing the pro cesses that
con trol the ar chi tec ture of the sed i men tary fill stem from the fact that both,
extrabasinal and intrabasinal fac tors of ten re sult in iden ti cal sed i men tary se -
quences (Miall, 1985). Flu vial sys tems are es pe cially sen si tive to pro cesses that
changed the slope of the val ley bot tom, re sult ing in changes in chan nel re lief
(Ouchi, 1985), and changes in the di rec tion of slope lead ing to changes in flow di -
rec tion (avul sion), lat eral shift of the chan nels or river cap ture (Miall, 1996, p.
348.). Sta bi li za tion of river chan nels may be caused by syndepositional fault ing,
which cre ates lo cal pos i tive ac com mo da tion space in the down thrown wing, be low
the sur face es carp ments, thus fa vour ing lo cal iza tion of the chan nel zones (see Belt
& Ly ons, 1985). Sim i lar ef fects re sult from bal anced aggradation of river chan nels
and overbank ar eas (Gradziñski et al., 2000).

The anal y sis of the depositional ar chi tec ture of the Zabrze Beds, es pe cially the
dis tinc tion of the main fac tors that con trol the ar chi tec ture, is ham pered by the lack
of sur face ex po sures. It is for this rea son that the de scrip tion and anal y sis of the sed -
i men tary ar chi tec ture of the Zabrze Beds is lim ited to stud ies of the ge om e try of in -
di vid ual lithosomes, thick ness vari a tions and lat eral changes, and the mu tual
spatial distribution of these elements.

Causes of thick ness dif fer en ti a tion in the Zabrze Beds. The east ward chan-
ges in the thick ness may be re lated to two pro cesses. One is flex ural and ir reg u lar
sub si dence of the ba sin base ment, more dis tinct in the west ern part and re lated to
the overthrusting of the Moravian-Silesian orogen (Kotas, 1982; Jureczka & Kotas, 
1995). The other im por tant pro cess was prob a bly the for ma tion of synsedimentary
faults. This com bined with large and rapid com pac tion of fresh peat un der the load
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of clastic sed i ments (cf. Thiadens & Haites, 1944) fa voured ac cu mu la tion of in -
creased amounts of clastics. The west ern part of the Main Anticline was the zone of
ac cu mu la tion of grater amounts of phytogenic ma te rial than the east ern part (see
Czekaj et al., 1964; Kêdzior, 2001).

Any re con struc tion of the peat thick ness (and thus of the ac com mo da tion space)
based on the coal seam thick ness may be only ap prox i mate. Re duc tion in thick ness
of fresh peat un der sed i ment load is sub stan tial. It has been found that at pres ent, a 2
m thick layer of peat loaded un der wa ter with a 1 m thick layer of sand loses nearly
half of its thick ness dur ing the first three years (Thiadens & Haites, 1944). The ra tio
of peat thick ness to the thick ness of coal that formed from it falls within the lim its of 
3:1 – 40:1 (see Kosanke et al., 1958; Ryer & Langer, 1980). Ap prox i ma tion of that
type has not been done for the coals of the Up per Silesia Coal Ba sin; only Doktor
and Gradziñski (1985) ac cept that the thick ness of a fresh peat layer was 15–20
times greater than the thick ness of the resultant coal seam.

Thus tak ing into ac count the thick ness of the coal seams in the Zabrze Beds, the
large rate of peat com pac tion was cre at ing ac com mo da tion space for far ther ac cu -
mu la tion of great amounts of clastics.

Synsedimentary faults. As men tioned above, one of the fac tors caus ing thick -
ness vari a tion in the Zabrze Beds within the Main Anticline were synsedimentary
faults. This ir reg u lar ity in east ward thick ness re duc tion is man i fest in the pres ence
of the zones ex tend ing in the SW–NE di rec tion, in which these changes in thick ness 
are very dis tinct, nearly abrupt. The course of the zone of thick ness change is re -
lated to the di rec tions of the main Variscan faults (Kotas, 1982). A com par i son of
the pat tern of the Zabrze Beds isopachs (see Fig. 2) with lithosome ge om e try on the
W–E cross-sec tions (Pl. 1) re vealed that thick ness of the Zabrze Beds, or of the es -
pe cially thick sand stone lithosomes, is greater on the west ern side of these zones.
Dif fer ences in thick ness of in di vid ual lithosomes be tween the hang ing and down -
thrown wings, strong fa cies con trasts and in some cases lack of equiv a lent strata be -
tween the limbs are among the di ag nos tic fea tures of synsedimentary faults (see
Dadlez & Jaroszewski, 1994, pp. 114–116). The other char ac ter is tics, such as
syndepositional dis tur bances could not be ob served be cause of the na ture of avail -
able data. The pos i tive ac com mo da tion space cre ated on the hang ing wing fa -
voured de po si tion of thick clastic se ries, in clud ing sand stones. Sim i lar mech a -
nisms of tec tonic con trol of the lo cal vari a tions in sub si dence rates of ba sin bot toms
have been de scribed from Bel gium (Dressen et al., 1995), China (Li Sitian et al.,
1984) and USA (Ferm & Weisenfluh, 1989).

Some of the coal splits are prob a bly re lated to synsedimentary faults. The course 
of coal split zones in the Zabrze Beds was com pared with the course of those faults
de lin eated on ar chi val maps (but not marked on the cross-sec tions), which are con -
sid ered to be of Variscan age, es pe cially those strik ing SSW–NNE, par al lel to the
split ting zones. Faults with downthrows of sev eral metres to a few tens of metres are 
sit u ated east of the zones of splits in seams 510, 509 and 507. This co in ci dence sug -
gests that the or i gin of the split ting zones is linked to synsedimentary move ments
on the fault sur faces. Large-scale split ting of coal seams in China (cf. Li Sitian et
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al., 1984) and in other coal mea sures (cf. Cal der, 1993; Dressen et al., 1995;
Rahmani & Flores, 1984) is explained in a similar way.

Vari a tion in ge om e try of sand stone bod ies in the Zabrze Beds. The sand -
stone chan nel fills, their na ture, struc ture and in ter con nec ted ness ra tio be tween the
in di vid ual fills re flect the type of the river and the chan nel in which they ac cu mu -
lated. Braided rivers laid down their de pos its as ex ten sive sheets of com plex struc -
ture and a high in ter con nec ted ness ra tio, with a small pro por tion of overbank sed i -
ments. Me an der ing rivers usu ally form sheet-like sand stone bod ies, but they are
char ac ter ised by a low interconnectedness ratio.

The sand stone chan nel bod ies in the Zabrze Beds have usu ally a multi-storey
struc ture re flect ing mul ti stage fill ing of the flu vial chan nels. The in di vid ual stor eys 
are usu ally sep a rated by rare and thin con glom er ate in ter ca la tions or in ter nal ero -
sional sur faces. The pack ages of com pos ite in ter nal struc ture were most likely
formed by mi gra tion of river chan nels and avul sion in re sponse to changing
discharge and sediment load.

For ma tion of most of the thick est coarse-grained sed i ment ac cu mu la tions in the
Zabrze Beds is re lated to autogenic mech a nisms that sta bi lised the chan nels tracts
or to su per po si tion of sev eral pack ages of chan nel sed i ments in ef fect of lat eral mi -
gra tion or avul sion of chan nel zones. Some of them may be in ter preted as fills of
avail able ac com mo da tion space cre ated near the hang ing wing of a fault scarp . The
sand stone pack age above seam 504 in the west ern part of Main Anticline seems to
be an ex am ple of a sand stone lithosome that formed in this way (see Pl. 1B).

The main fac tors that fa vour chan nel sta bi li za tion in clude re sis tance of banks to
ero sion, ver ti cal move ments of the al lu vial ba sin, amount and grain-size of al lu vial
load, and the trans port mech a nism (Friend et al., 1979) as well as the rate of com -
pac tion of sed i ments be neath the chan nels. An other im por tant fac tor in river chan -
nel sta bi li za tion is veg e ta tion on the banks. The banks sta bi lized by a dense root
net work are steep, nearly ver ti cal (see Gradziñski et al., 2000). If fine-grained sed i -
ments ac com pany the dense root net work on banks, then their re sis tance to ero sion
in creases mark edly. Ex per i ments dem on strated (Allen, 1978; Leeder, 1978; Bridge 
& Leeder, 1979; Bryant et al., 1995; Heller & Paola, 1996), that chan nel sta bil ity is
also re lated to the aggradation rate. At a high aggradation rate chan nels are rap idly
filled with mi grat ing sed i ment, which forms crit i cal re lief and thus fa vours avul -
sion. For ma tion of crit i cal re lief and later avul sion are pos si ble when aggradation in 
a river chan nel is not bal anced with sed i ment ac cre tion in interchannel ar eas, such
as peat growth (Gradziñski et al., 2000).

The ge om e try and dis tri bu tion of the sand stone bod ies in the Zabrze Beds in the
area of Main Anticline, a min i mal pro por tion of con glom er ates in chan nel sed i -
ments, the ra tio of coarse-grained (chan nel) to fine-grained (overbank) sed i ments
and the usu ally small num ber of in ter con nec tions be tween river chan nel fills may
sug gest that they are mostly fills of me an der ing river chan nels. Only the thick sand -
stone pack age above seam 504 (see Pl. 1A, B; Pl. 2A, B) shows some sim i lar fea -
tures to the sed i ments deposited in the distal braided rivers.

Pre vi ous work on sed i men tary en vi ron ments and sed i men tary ar chi tec ture of
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the sand stone bod ies in the Zabrze Beds of the SW part of the Up per Silesia Coal
Ba sin (Doktor & Kêdzior, 2001; Kêdzior & Doktor, 2002; Kêdzior et al., 2003)
shows that these sed i ments were laid down in broad tracts of braided rivers. The
Zabrze Beds in this area fea ture a pre dom i nance of coarse-grained sed i ments
grouped in thick (>100 m) multi-storey ac cu mu la tions with only sub or di nate
amounts of fine-grained and phytogenic ma te rial. The con tent of overbank sed i -
ments and coal seams in creases to the north (area of the Chwa³owice Trough).
Sand stone bod ies, though still quite thick (~60 m), are mark edly thin ner and their
struc ture is sim ple. As men tioned ear lier, in the area of the Main Anticline, the
sand stone bod ies form rel a tively sim ple ac cu mu la tions that rarely exceed 30 m in
thickness.

The dif fer ences in the thick ness and ge om e try of the sand stone bod ies, and the
pro por tion of fine-grained and phytogenic ma te rial, seem to sug gest evo lu tion of
the river sys tem from braided in the SW part of USCB to me an der ing far ther in the
north. There fore trans port of clastic ma te rial dur ing de po si tion of the Zabrze Beds
was prob a bly to the north, par al lel to axis of max i mum sub si dence of the ba sin sub -
stra tum. Ad di tional sup ply on a small scale was pos si ble from the west or
north-west (see also Gradziñski et al., 1961; Gradziñski, 1980; Kotas, 1995).

Dis tri bu tion and ge om e try of coal seams in the Zabrze Beds. Thir teen coal
seams were found in the Zabrze Beds de spite their rather small thick ness. Their
pres ence proves that con di tions fa vour able for phytogenic ac cu mu la tion pre vailed
dur ing de po si tion. One of the fac tors fa vour able for the for ma tion of ex ten sive peat
blan kets was the pe ri odic re duc tion in the sup ply of clastics to the part of the ba sin
that cor re sponds to the study area. The rea sons for the re duc tion in clastic sup ply
could be re lated to re gional avul sion (large scale) of the river net work. A re gional
shift of a river net work to a new po si tion in an other part of a river val ley is es pe -
cially char ac ter is tic in me an der ing rivers, which oc cupy only a small part of their
val ley bot toms. The west ern part of the sed i men tary ba sin dur ing the de po si tion of
the Zabrze Beds sub sided faster, so the river chan nels shifted west ward, prob a bly
far ther than the limit of the study area. This re sulted in re duced sup ply of clastics to
the area of the Main Anticline and cre ated con di tions fa vour able for peat-bog
growth. An other pos si bil ity in volves a pul sat ing sub si dence rate of the ba sin bot -
tom as pro posed ear lier by some au thors (cf. Unrug & Dembowski, 1971). The
chang ing sub si dence rate could cause tem po rary dif fer ences in sed i ment sup ply
and in its grain-size, lead ing to al ter nat ing phases of clastic sed i ment in put and
peat-bog growth, but ev i dence for this is lack ing. The au thor pre fers rather the con -
cept of re gional avul sion, shift ing the main flow to outside of the studied area, as the 
main factor responsible for the temporary reduction in clastic supply.

The thick ness of a seam de pends mainly on the time of peat growth at a given
place. Later in va sion of peat or ear lier ces sa tion of peat grown in a given place will
re sult in a re duc tion in the thick ness of a coal seam. Lat eral changes in de po si tion
could also be re lated to other fac tors, such as dif fer ences in the type of veg e ta tion in
var i ous parts of the bog, re sult ing in var i ous rate of peat growth, but also dif fer -
ences in nu tri ent sup ply to var i ous parts of a peat bog. The lat eral vari a tions in in di -
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vid ual coal seam thick ness in the Zabrze Beds in clude both, lo cal thin ning and dis -
tinct swells, and may have been due to depositional or erosional causes.

Ero sional re duc tion in thick ness is a re sult of par tial or com plete re moval of a
peat layer. Such phe nom ena, com monly termed “seam wash outs” are com mon in
the Zabrze Beds and their scale var ies. In those places, coarse-grained chan nel de -
pos its usu ally di rectly over lie the coal seam. This im plies that the wash outs of this
type are caused by ero sion in a river chan nel that en croached on a peat bog, pos si bly 
as a con se quence of avul sion. Grzybek (1996) and Mirkowski (1999) de scribed in
de tail com monly ob served ero sional fea tures in the coal seams of the Zabrze Beds.
A com mon char ac ter is tic of coal seam wash outs are steep walls of the re sul tant
forms, as stressed by McCabe (1984) and many other authors.

The east ward ex ten sion of suc ces sively youn ger coal seams is a char ac ter is tic
fea ture of the Zabrze Beds (see Pls 3, 4). Both mech a nisms – allogenic (re lated to
flex ural bend ing of the ba sin sub stra tum) and autogenic (con nected with lat eral mi -
gra tion of the chan nel belts and avul sion) – could re sult in the for ma tion of lat er ally
more ex ten sive peat bogs due to in fill ing of east ward migrating accommodation
space.

An anal y sis of the cross-sec tions and coal seam thick ness maps re vealed char ac -
ter is tic changes in thick ness, such that of ten ac com pany fu sion of coal seams. Ap -
proach ing the zone of fu sion, the com bined thick ness of both seams is lower or
equal to the thick ness of the fused seam far ther away; or in an other words, be hind
the place of merg ing, the coal thick ens over some dis tance. This phe nom e non may
be explained in two ways:

1. A char ac ter is tic fea ture of the coal seams in the Zabrze Beds is the east ward
ex pan sion of suc ces sive youn ger seams. Ex cept for seam 510, ac cepted as a sta ble
marker bed over nearly the whole area of the USCB, the other seams, from seam
509 to seam 501 oc cupy suc ces sively greater ar eas (Pls 3 and 4). Ac cord ing to the
ac cepted model of seam evo lu tion, the peat bog of seam 510 be gan to grow in the
west ern part of the study area and suc ces sively ex panded east ward. Clastic ma te rial 
was sup plied to a part of the grow ing peat bog, lead ing to the ces sa tion of its growth. 
When clastic sup ply stopped; peat-form ing plants col o nized the area again. With
fur ther east ward ex pan sion of the peat bog, re sult ing in fill ing of the grow ing ac -
com mo da tion space, the ar eas of clastic de po si tion mi grated in this di rec tion,
periodically resulting in successive splits of the seam;

2. An other pos si ble ex pla na tion of the in crease in thick ness of seam 510 is the
su per po si tion of suc ces sive gen er a tions of peat bog. The dis tri bu tion of the zones
of el e vated thick ness of seam 510 (Pl. 3A) and the course of the east ern lim its of the
youn ger seams (Pls 3B–D; 4A, D) pro vides the ba sis for con sid er ation of this al ter -
na tive model of peat bog growth in the Zabrze Beds. The model as sumes ac cu mu la -
tion of phytogenic ma te rial of seam 510 only in the west ern part of the study area.
The peat bog of this seam was sim i lar in ex tent to the pres ent area of seam 509. As a
re sult, two gen er a tions of peat bog be came superposed in the zone of growth in
thick ness of the seam iden ti fied as seam 510 – the older seam 510 and the youn ger
seam 509. The zone of su per po si tion of these seams has a form of rel a tively nar row
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belt, ca 3–4 km wide, trending NE–SW. This sug gests ter mi na tion of the ac cu mu la -
tion of phytogenic ma te rial in one of the peat bogs. It seems likely that the lower
peat bog died out and only the youn ger one ex panded far ther to the east. The suc ces -
sive zones of in crease in thick ness of seam 510 (Pl. 3A) lie far ther and far ther east in 
pace with the in creas ing ex tent of the youn ger seams in this direction, suggesting
repetition of the scenario described above.

The two mod els pro posed to ex plain the causes of the thick ness growth of the
seam iden ti fied as 510 have fur ther im pli ca tions. In the first case we have to ac cept
that seam 510, ac cepted as good marker in the Zabrze Beds, is diachronous and
seam 510 from the west ern part is not a time equiv a lent of seam 510 in the east ern
part of the study area, though ge net i cally they come from the same peat bog ex -
pand ing to the east. In the sec ond case, we can cer tainly say that seam 510 in the
west ern part is not equiv a lent to seam 510 in the east, be cause they be long to a suc -
ces sion of suc ces sively youn ger seams with an ar eal ex tent grad u ally ex pand ing to
the east. In the au thor’s opin ion the first model better fits to the mech a nism of in fill -
ing of the flexural Upper Silesia Coal Basin.

Causes of coal splits in the Zabrze Beds. Man i fes ta tions of synsedimentary
tec ton ics are re lated to the flex ural bend ing of the base ment be neath the Kulm de -
pos its of the Silesian-Moravian Zone over rid ing from the west. As men tioned ear -
lier, they are man i fest as zones of coal split ting in the Zabrze Beds. For ma tion of a
synsedimentary fault re sults in lo cal low er ing of the depositional sur face on the
down thrown side, which may be come lo cally the low est part of the al lu vial val ley,
pre des tined for clastic ac cu mu la tion. The space so cre ated be comes the area of ac -
cu mu la tion of thick, some times pack ages of clastic sediment, favouring strong
compaction of peat.

Coal splits on a smaller scale are re lated to river chan nel mi gra tion and cre vasse
splay for ma tion. Lat eral mi gra tion of river chan nels and their avul sion have been
for many years con sid ered among the most im por tant fac tors of coal split or i gin
(see e.g., Elliott, 1965; Ryer & Langer, 1980; Gradziñski et al., 1995; Her bert,
1997; Jorgensen & Field ing, 1996). Split ting of a coal seam is ini ti ated when a zone
of clastic de po si tion in vades a part of an ac tive peat bog, re sult ing in a ces sa tion of
peat growth. At the same time the cover of clastic sed i ment re sults in com pac tion of
the un der ly ing fresh peat (cf. Thiadens & Haites, 1944; Fallini, 1965; Ryer &
Langer, 1980), cre at ing lo cal ac com mo da tion space that fa cil i tates fur ther aggra-
dation of clastic sed i ment (see Gradziñski & Doktor, 1995). Af ter fill ing the avail -
able ac com mo da tion space the clastic sed i ment aggradation is in ter rupted and the
peat bog can be gin to grow again. The peat layer form ing in this way be comes
merged with the peat that grew with out interruption away of the wedge of the
underlying clastic sediments.

In many cases a dis tinc tion of an allogenic from autogenic con trol in the coal
split for ma tion seems im pos si ble. Both de vel op ment of synsedimentary faults and
sub si dence caused by peat com pac tion can re sult in lo cal de pres sions that can be
used by river channels.
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CON CLU SIONS

1. The Zabrze Beds con sti tute a part of the Variscan flex ural foredeep ba sin
infill. The east ward de crease in thick ness of the Zabrze Beds re flects the gra di ent of
tec tonic sub si dence re lated to the Variscan overthrusting. The flex ural bend ing of
the ba sin sub stra tum has been as so ci ated with syndepositional fault ing and part of
them prob a bly had an an ti thetic na ture.

2. The Zabrze Beds rep re sent sed i ments ac cu mu lated on an ex ten sive al lu vial
plain, and con sist of both phytogenic and clastic ma te rial. The clastics were de pos -
ited in both chan nel and overbank ar eas. The coals were formed on the overbank ar -
eas where in put of the clastics had ceased.

3. The depositional ar chi tec ture of the Zabrze Beds re sults from the in ter ac tion
of a num ber of fac tors: flex ural sub si dence with as so ci ated syndepositional fault -
ing, flu vial pro cesses, peat bog growth, and dif fer en tial com pac tion of the clastics
and phytogenic material.

4. The trans port of the clastic ma te rial within the ba sin dur ing de po si tion of the
Zabrze Beds was di rected mainly to the north, par al lel with the axis of max i mum
sub si dence of the basin floor.

5. The ge om e try of the sand stone bod ies, rel a tively low in ter con nec ted ness ra -
tio be tween chan nels fills, and the only slight pre dom i na tion of inchannel over
overbank de pos its sug gest that the Zabrze Beds ac cu mu lated in a me an der ing
fluvial system.

6. The east ward growth of suc ces sively youn ger gen er a tions of peat bog re flects 
in creas ing pos i tive ac com mo da tion space. The zones of in crease in coal seam
thick ness were due to the co ales cence or su per po si tion of two or more coal seams.
The coal seam split ting was caused by lat eral mi gra tion of the chan nel tracts and
growth of cre vasse splays, or the ac tion of synsedimentary faults.

7. The sta bi li za tion of the river chan nels was re lated to bal anced ver ti cal
aggradation of the overbank ar eas, and the prob a ble cre ation of pos i tive ac com mo -
da tion space on the down thrown sides of synsedimentary faults.
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Plates

Plate 1. Zabrze Beds, Up per Silesia Coal Ba sin. Cor re la tion cross-sec tions 1–1,
2–2, 3–3 show ing ge om e try and dis tri bu tion of sand stone de pos its and coal seams.
For lo ca tion see Fig. 3

Plate 2. Zabrze Beds, Up per Silesia Coal Ba sin. Cor re la tion cross-sec tions 4–4,
5–5, 6–6, 7–7 show ing ge om e try and dis tri bu tion of sand stone de pos its and coal
seams. For lo ca tion see Fig. 3

Plate 3. Thick nesses of coals seams. A – seam 510; B – seam 509; C – seam 507;
D – seam 506

Plate 4. Thicknesses of coals seams. A – seam 504; B – seam 503; C – seam 502;
D – seam 501
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