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Neogene coal-forming sedimentation in the 
Carpathian Foredeep, southern Poland 

Phytogenic sediments of the Carpathian Foredeep originated in close relationship to t ransgressive and regressive 
stages of tbe BadenianlSannati an marine cycle. Allocyc1ic lTJC(;hanisms (sea level changes) mostly innuenccd 
phytogenic accumulalion there. Phytogenic sedimentation was C(lnlrolled by basement morphology. Brackish 
C(lnditions. favourablc for peat-forming vcgctation. covered the valleys developed at the southern slope of the Holy 
Cross MIS. Therefore. eaustobiolithc., occur mostly along the northern margin of the foredeep. 

INTRODUCTION 

Phytogenic sediments are common in numerous profiles of the Carpathian Foredeep 
Neogene, though they comprise only a small part of the great rock mass of the basin's 
sedimentary fill. Studies of the basin architecture and history, and also exploration for fossil 
fuel resources. were two major reasons that the phytogenic deposits were a topic of many 
works as early as the end of the 19-th century, i.e. by 1. B. Pusch. H. !.atH;dzki, A. M. 
l..omnicki, F. Roemer, R. Michael and W. Friedberg (see A. S. Makowski, 1947; W. Keach. 
1954, 1958, 1962; S. W. Alexandrowicz, 1963; B. Aren, 1971). and during the fi rst half of 
the twentieth century (K. Kowalewski, 1923, 1930; 1. Samsonowicz, 1932; J. Czarnocki, 
1933). 

Phytogenic deposits form thin benches, lenses and intercalations alternating with 
clastics and clays. They are most frequent in the northern , distal margin of the foredeep, 
and on its northern foreground on the Palaeozoic platform area, outside tectonic frames of 
the depression. They form an irregular, intermittent belt from Upper Silesia through the 
southern foreland of the Holy Cross Mts. to the south-west edge ofthe Lublin Upland (Figs. 
1, 2). Neogene phytogenic deposits also occur outside Poland: to the west they are known 
in Czecbia (LaZanki deposit; V. Havlena, 1964); to the east they are known in Ukraine. 
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Relatively rich lignite deposits occur there near Dzur6w, Myszyna and Ispas in the 
Sub-Carpathian Lignite District and between Rawa Ruska, Zlocz6w and Krzemieniec in 
the Dniester Lignite District (N. Zieleznova et at., 1983). 

SEQUENCES WITH PHYTOGENIC DEPOSITS 
- OCCURRENCE AND LITHOLOGY 

Phytogenic deposits commonly occur in the lower part of the Miocene profile of the 
Carpathian Foredeep. These deposits are locally lignite-bearing and, occasionally. they 
compose lignite resources. The deposits consist of: 

- hypolignite (according to the Alpern Coal Classification, B. Alpern et at., 1989) with 
ash dry content Ad up to 30%; 

- coaly middlings with Ad 30-50%; 
- clayey middlings with Ad 50-80%; 
- humic clay with Ad more than 80%; 
- palaeosols with coalified root fragments (rhisoids). 
Coaly/clayey middlings and humic clay include fine-dispersed lignite matter. so-called 

coal dust. 
Phytogenic deposits occur inside few major types of rock series, which are: 
- sands and sandy silts with clay intercalations, developed along southern margin of 

the Holy Cross Mts., in the Opat6wka river valley and in the vicinity of Sandomierz and 
Tarnobrzeg (S. Pawlowski et at., 1985); 

- clays at the southern border of the Lublin Upland, near Zaklik6w, WCglin and 
Trzydnik (M. Bielecka, 1957, 1967); 

- clays with sandy intercalations in the Korytnica Embayment, in the vicinity of 
Choment6w and Dzialoszyce Trough near Proszowice (J. Czarnocki, 19320, b, 1933); 

- silts and silty clays with sandy intercalations (marly in place) in the Upper Silesian 
part of the Carpathian Foredeep (S. W. Alexandrowicz, I 970a, b; S. W. Alexandrowicz. A. 
S. Kleczkowski, 1974). 

In Upper Silesia, phytogenic deposits also occur among clays in the upper part of the 
Miocene profile (Fig. 3). 

Phytogenic deposits of the Carpathian Foredeep originated in a continental/brackish 
environment, sometimes with occasional marine influence (intercalations of marine sedi
ments). They contain fresh-water and brackish fauna (gastropods, bivalves and foramini
fers). 

Fig. 1. Position of tile northern part of the Crupathian Foredeep on a background of tile Parntetliys Miocene basin 
(after A. Becker, 1993, modified) 
Polotenie p6lnocncj cz#ci npadliska przedkarpackiego na lie miocefiskiego basenu Parntetydy (wedlug A. 
Beckera, 1993, uzupelnione) 
I - obsVU")' w~glono§ne w zapadlisku pn:edkarpackim; 2 - UlpadJisko; 3 - strefa fliszowa; 4 - Karpaty 
wew~trme, Alpy, G6ry Dynarskie; S - wapienno-alkalicmc skaly wulkanicznc neogenu; 6 _ mioccn morski 
na platformic 
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Fig. 2. Areas or Neogene phytogenic sedimentation within the northern part of the Carp:ithi::tn Foredeep IlIId its 
foreland (after e. Ciuk, M. Piwocki, 1988, modified) 

UPPER SILESIA 

Three major sedimentary series have been recognized in the Neogene profile in the 
Upper Silesian part of the Carpathian Foredeep (S. W. Alexandrowicz, A. S. KJeczkowski, 
1974). The lowermost series consists of lignite-bearing sediments which originated in 
fresh-water andlor brackish environments, the middle one is composed of marine sediments 
occurring in so-called Jegel and sclilier facies, and the upper Miocene series comprises the 
fresh-w8tc rlbrack..ish sediments with lignite intercalations. 

The lower lignite-bearing series, known as the Klodnica Formation, is Late Karpa
tianlEarly Moravian in age. The middle marine unit, subdivided into Skawina, Wiel iczka 
and Mach6w Formations, represents the Late Badenian to Early Sarmatian. The uppermost 
lignite-bearing unit is Late SarmatianlEarly Pannonian in age and it is known as the 
Kedzierzyn Formation (S. W. Alexandrowicz et at., 1982; W. Nowak, 1984) - Table I. 

Kl.ODNlCA FORMATION 

The Klodnica Formation has been recognized in Upper Silesia between Wawrzyiico
wice, Pszczyna and O§wi~jm (S. W. Alexandrowicz, 1963, 1970b; S. W. Alexandrowicz, 
A. S. Kleczkowsld. 1974; A. Sadowska, 1985). Us lowermost part is represented by 
green-gray sandy clays with fresh-water (Planorbis, COllgeria) and brackish faunas: Hy
drobia, Ammonia beccarii (Linne). A complex consisting of fi ne-grained sands, silts. and 
calcareous clays with a fresh-water mollusc fauna (Limllaea, Planorbis) overlies that series. 
Gray-brown coaly clays and silts make up the uppermost part of this unit where coalified 
plant remains and lignite lenses up to 1 m thick (occasionally up to 3 m) are freq uent. 
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Obszary neogel\skiej sedymenrocj i fitogenicznej w p6lnocncj c~ci zapadliska przedkarpackiego i nn jego 
przcdpo!u (wedlug E. Cluka, M. Piwockicgo. 1988. uzupelnione) 
I - w~giel brunatny; 2 - nieczynna kopalnia w~g!a brunalllego; 3 - zasi~g miocenu: 4 - czolo nasunii;cia 
karpackiego; 5 _ granica pruiMwowa; 6 - otwory wiertnicl').: (patrz fig. 3) 

The Klodnica Formation is up to 100--150 m Ihick in the central part of the Upper 
Silesian Basin. in the K¢ziel"lyn - Kotle Trough area, but this decreases down 10 50 m 
towards the margin. 

Marine sediments covering the Klodnica Formation have been subdivided into three 
lithostratigraphic units (S. W. Alexandrowicz et aI., 1982; W. Nowak, 1984): 

- the Skawina Formation (Moravian); 
- the Wieliczka Formation (Wielician), corresponding to the Krzyz.anowice Formation 

to the east; 
- the Mach6w Formation (Kosovian and Lower Sarmatian). 

Sediments of lhe K¢ziel"lyn Formation (Late Sannatian to, probably, Pannonian) were 
deposited in the northern part of the Upper Silesian part of the Carpathian Foredeep. In the 
central part of the Upper Silesian Basin, this formation is represented by gray-green clays 
with sandy intercalations, frequent clayey siderite. and variegated clays in the uppermost 
part of the profile. Thin clayey lignite lenses, up to 1 m thick, coaly middlings and plant 
remains occur in this unit. 

To the west, sediments of the Kedziel"lyn Formation interfinger with clayey deposits of 
the Poznan Formation (i.e. the Poznan Series sensu S. Dyjor and A. Sadowska, 1986). 
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Thickness of the Kedzierzyn Formation is 150 m in the central part of the basin but it 
decreases to 10-20 m in the marginal parts, where sandy intercalations occur more 
frequently. 

CENTRAL CARPA TIHAN FOREDEEP 

Lignite-bearing sediments have been recognized in the large area between Wi~l i ca, 

Polaniec and Krasnik in Poland. More rich lignite concentrations have been noted (M. 
Bielecka, 1957, 1967; K. Kowalewski, 1958b; S. Pawlowski et aI., 1985): (1) in the vicinity 
of Chmielnik, Choment6w and Korytnica, (2) near Stasz6w and Sulisz6w, (3) in the 
Opat6wka river valley, and (4) in the area between the Vistulaand San rivers, from Baran6w 
Sandomierski to Nisko and Zaklik6w to the east and the vicinity of Krasnik to the north. A 
few major lithological complexes have also been recognized in this area. They are as 
follows: 

- continentallbrackish complex, 
- lower marine complex, 
- evaporitic series, 
- upper marine complex 
- marinelbrackish complex. 

CONllNENTAUBRACKISHCOMPLEX 

Sediments of the continentallbrackish complex were deposited the time ofthe Karpa
tianlBadenian boundary and during the Early Moravian. They built up a lithological unit in 
the lowermost part of the Baran6w Formation (B . Kubica, 1992). In the northern part of the 
basin they have been distinguished as the individual Trzydnik Formation (S. W. Alexand
rowicz et aI., 1982; W. Nowak, 1984). There arc sandy-silty and·clayey sediments with 
sandy/clayey lignite lenses and intercalations. Frequent coalified plant remains, root hori
zons, rhisoids and rhisoliths and also well-developed palaeosol horizons with pedoglobules 
and pedotubules occur there. Palaeosols and root horizons locally directly cover the top 
surface of the older, pre-Miocene deposits. Lignite occurs in the form of thin seams and 
lenses, usually interbedded with barren rocks; lignite intercalations are about 1 m thick. 
However, coal seams may be as thick as 7.8 m. 

Mollusc debris occurs frequently in clayey/silty and sandy intercalations, and even in 
lignite horiwns. LocaJly, these remains built thin beds oflumachelle. Shell fragments have 
been mostly identifierl as brackish- and fresh~water species. There are the brackish forms 
e.g. Hydrobia, Congeria, Potamides, Mohrenstemia, Modiola and both terrestrial and 
fresh-water ones, e.g. Helix, Pupa, Succinea, Limnaea, Planorbis. The brackish-nearshore 
ichnocoenoses of Ophiomorpha nodosa Lundgren with fragments of Calianassa crabs have 
been observed immediately below lignite benches in M~czennice near Sandomierz (A. 
Radwariski, 1969, 1973). 

The lignite-bearing or continentallbrackish complex is from a few up to 50-70 m thick 
and it. passes laterally into marine sediments. 
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Fig. 3. Position of the [ignite-bearing association in Neogene profiles ofltx: Carpatbian Foredeep (for location see 
Fig. 2) 
Pozycja osad6w asocjacji brunatnow~glowej w profilach neogenu zapadliska przedkarpackiego (Iokal iza
cja 1I11 fig. 2) 
l - czwarto~d; 2 - w~gie! brunatny; 3 - il z wldadkarni weg1a brunatnego; 4 - 11 w~g1isly; 5 - gips; 6 -
il zc skupieniami gipsu; 7 _ wapieri; 8 _ margiel; 9 - il marglisty; 10- iI; 11 - lllulowiec wo:glisty; 12 -
mulek; 13 - mulek pinsu:zysty; 14 - margie! piasu:zysty; 15 - Howicc; 16 - piaskowiec w!;glisty; 17 - pinsek 
zc twirem; 18 - zwir; 19 --o1igoce!l; 20-podlo1.t podkcnozoiczne; 21-glaukonit; 22 - fHuna brnklcwa; 23 
- fauna monoka; 24 - sZC14tki rmlin; 25 - wykop 
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LOWER MARlNECOMPUlX 

The lower marine complex makes up the upper part of the Baran6w Formation of Late 
Moravian age. This consists of Lithothamnium limestones, c layey siltstones with marly and 
sandy admixture, sands and sandstones and tuffites, enriched in bivalve and gastropod 
fauna. The characteristic Ervilia Bcd with mollusc fauna of Ervilia pussil/a Phillippi and 
Modiola hoernesi Reuss occurs at the top of this sequence. 

The lower marine complex is from a few up to 80 m thicle 

The evaporitic series consists of gypsum, post-gypsum limestones and native sulphur 
(e.g. S. Pawlowski et al., 1985; B. Kubica, 1992). A scanty foraminiferal fauna with 
Elphidium delicatulum Bennudez occurs there. This series is known as the Wieliczka and 
Krzytanowice Fonnations, and it is Wielician in age. This association originated in 
hypersaline conditions. This sequence various in thickness but can as much as 60 m. 

The upper marine complex of Late Badenian (Moravian) age, belongs to the Chmielnik 
Formation. It consists of clayey marls and marls with frequent tuffite intercalations. Rich 
mollusc fauna of few species of the genus Chfamys occurs there . This sequence is up to 50 
m thick. 

MARINIWRACKISIiCOMPLEX 

The uppermost marinclbrackish complex (Early Sannatian) is known as the Krakowiec 
Clays and belongs to the Mach6w Formation. Two major lithologic units belong to this 
complex: the lower, silty-marly unit and the upper, sandy sil ty one. 

The lower unit consists of calcareous siltstones and clayey marls with frequent tuffite 
and bentonite intercalations. Arich molluscan fauna of the genus Syndesmya occurs there. 
The presence of specimens of the genera Hydrobia and MolmmSlernia suggests brackish 
conditions, which periodically dominated the basin during that period. This sequence is 
10-40 m thick. 

The upper unit, known as "the unfossiliferous beds", consists of calcareous sandy 
siltstones. Plant remains, of different degrees of coalification, are common. This complex 
partially corresponds to the K~dzjerzyn Fonnation in the Upper Silesian Basin. However, 
phytogenic deposits equivalent to the lignite of the K¢zierzyn Fonnation are lacking in the 
central and eastern part of the Carpathian Foredeep. This terrigenous sequence reaches up 
to 500 m in thickness. 

ORlGIN OF PHYTOGENIC DEPOSITS 

GENERAL REMARKS 

Origin of phytogenic deposits in the Neogene basin of the Carpathian Foredeep was 
closely related to the transgressive/regressive megacycle during BadenianlSannatian se-
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dimentation. Most ofthosedeposits are known from the IGodnicaffrzydnik Formations (thc 
latter one correlates with the bottom part of the Baran6w Fonnation). The phytogenic 
deposits occurred during the Late KarpatianlEarly Badenian period (W. Nowak, 1984). 
Phytogenic sedimentation was related to the early trangressive stage of the sequence, when 
the Central Paratethys marine trangression reached the Polish part of the Carpathian 
Foredeep. It progressed from the west through Moravia to Upper Silesia and from the east 
to the Holy Cross MIS. foreland (R. Ney et ai., 1974; G. Hamor, 1988). 

The KarpatianlBadenian marine trangression invaded areas with a variety of basement 
geological and paJaeogeomorphological settings. The erosional valley systems, some of 
which were extremely deep (e.g. the Racib6rz - Koile - Wawrzyncowice - Nysa valley, 
S. Dyjor et aI., 1977), were the entrances of the transgression. Low geomorphological 
gradient made long-distant penetration along the valley axes possible. A system of dismem
bered embayments, similar to the present Dalmatian coast, developed along the southern 
margin of the Holy Cross MIS. (A. Radwanski, 1969, 1973). Due to very gentle bottom 
inclination, even a small sea level oscillation caused extensi ve coastline migration. Because 
of limited contact with the open marine basin, mostly as the result of the development of 
bar systems, water salinity changed from normal marine values to those typical of brackish
and fresh-water conditions. This process was especially fast in the valleys discharged by 
larger rivers. Detailed position of coastline is difficult to identify. 

Large areas were only temporarily placed in sedimentary conditions favourable for 
.phytogenic accumulation, in which the water table oscillated around the depositional 
surface. However, the dynamic equilibrium between the subsidence of the basin bottom and 
increasing thickness of accumulated rock (a precondition for thick peat accumulation, A. 
Bouroz, 1960), could persist for relatively short times only. Forthts reason, the lignite seams 
in the Carpathian Foredeep are nowhere as thick as in the Polish Lowland area. They usual ly 
have relatively high ash content (Tab. I) and change vertically and laterally into 
coaly/clayey middlings. 

Fig. 4. Rc.~ults of analysis of sedimentary eyclicily of lhe Iignite--bearing associarion within Ihe Trzydnik and 
Chomcnl6w b.1Sins: typical sedimenlary sequences (a), frequence of typical sequences (b, d). Markov tran~ilions 
(e, c) (a and b - afler J. R. Kasiriski, 1986) 
Lit h o I 0 g i e n I un its: A - gravelly sand. B - sand, C - si!t, D - day, E -coaly clay, F-lignite, 
G - mnrlyday, H -marl, l -limeslone; sed i me n t a ry seq u e n c cs: 1- banier-Iagoonal,2-
lagoonal-thelntalie, 3- dellaic,4 - dislributaryehannel, 5-ercvasse splay; s e d i m e n I a ry e n v i r 0 n -
men I S: a - lagoon, b - banier front. c - barrier body, d - vegetated lagoon. e - prodelta, f - della front, 
g - distributary channel, h - meander bar, i - oulwash, lev~, ercvasse.j - alluvial plain. k - overgrown alluvial 
plain, t - dislal crevasse ~ptay, m - dislribulary crevasse splay; other explanations s~ Fig. 3 
Wyniki anali:1:y eyklicwood sedymenlacji asocjaeji brunatnow~glowej w basenach Trzydnika i Chomenlowa: 
typowe sekwencje sedymenlacyjne (a), frekwencja typowych sekwcneji (b. d) i przewidywane przej~cia wed lug 
modelu Markowa (e, e) (a i b wcdlug J. R. Kasitlslctego, 1986) 
W Y dz i e l e n i a Ii 10 I og i C ZIl e: A - piasek ze zwirem, B - piasek, C - mulci::. 0 - il. E - il 
w~glisly, F- w~giet brunatny, G - i/ margHsty, H - margiel.l - wapietl; s e k wen cj c sed y m e n
t a e y j n c : I - barlcrowo-lagunowa, 2 - !agunowo-bagienna, 3 - dellowa, 4 - kanal6w rozprowadzaj:teych, 
5 -g1if6wkrcwasowyeh; §ro do w i s ka sedy men I ae yj 0 e: a - laguna, b-ezolobaricry, c 
barlera, d - zarnstaj:tCa laguna, e - prodelta, f - ezolo deIty, g - kana!y rozprowadzaj:r;ce. h - odsypy 
mcaodrowe, i - odsypy nieruchome, waly brzegowc. glify krewasowc,j - rownin zalewowa, k - bagna na rowni 
zalewowej, I - cze§t dyslalna glifu krcwasowego, m - eu;ilt rozprowadzaj~ca glifu krewasowego; pozoslale 
obj~nieniajak oa fig.) 
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Proximal parts of the embayments in the foreland of the Holy Cross Mts. were in fac t 
lagoonal in their character, more or less separated from the open basin by sand barriers (J. 
R. Kasiti.ski, 1986; J. K. Dy11i8, J. R. Kasifisld, 1994). 

Sedimentary conditons within peat-forming lagoons changed quickly, as evidenced by: 
(1) the alternations of thin beds containing marine, brackish, fresh-waler and continental 
faunas (K. Kowalewski, 1930. 1958a; 1. Czarnocki, 1932a, 1933; W. Krach. 1958; S. w. 
Alexandrowicz, 1963; S. Pawlowski et al., 1985) and (2) the presence oflhe brackishfnear
shore ichnofossi l Ophiomorpha nodosa Lundgren below coal benches (A. Radwanski. 
1973). In locally separated parts o f the basin without any fresh-water supply, hypersaline 
sedimentary conditions, similar to recent sabkha systems (c. R. Handford , 1991), could 
persist. As the transgression rate decreased, deltas developed; delta lobes transgressed into 
lagoonal areas. 

SEDIMENTARY MODEL OF LIGNITE DEPOSITS 

Only two lignite deposits have been identified in the Pol ish part of the Carpathian 
Foredeep and both of them were exploited in the past. There are: (1) the Trzydnik deposit, 
located at the southern margin of the Lublin Upland and (2) the Choment6w deposi t, located 
in the fonner Korytniea Embayment. developed on the southern slope of the Holy Cross 
Mts. Detail palaeogeographical and sedimentary reconstructions have been done only for 
these two lignite deposits at the northern margin of the basin for the Trzydnik deposit 0. R. 
Kasil'iski, 1986; A. Bossowski erat., 1988), and the Choment6w deposit (J. K. Dyi'lg, 1. R. 
Kasil'iski, 1994). 

Sedimentary analysis of both the areas mentioned above included: (I) preparation of 
thickness relation lithofacies maps, (2) frequency analysis of different kinds of cyclic 
sequences, and (3) analysis of sedimentary cyclicity based on the Markov model. 

Thickness relation of clastic sediments to total pelitic and phytogenic ones has been a 
base of construction of the maps. This relation indicates relative energy of the sedi mentary 
environment and it allows differentiat ion of areas of quiet sedimentation (Iimnicum. 
thelmaticum) from those of extensive transport of clastic material (fluvial tracts, delta 
distributary channels etc.). 

Five basic cyclic sequences related to varied sedimentary conditions (Tab. 2) have been 
dist inguished in profiles of the lignite-bearing association (Fig. 43). 

Few lithological elements have been dermed in borehole profiles of this association. 
They are as follows: 

A - gravel and sandy gravel, 
B -sand, 
C -silt, 
D - day, 
E - coaly middlings, 
F-lignite, 
G - marly clay, 
H - marl, 
I - limesto ne. 
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Both the difference matrices (Tab. 3, 4) were tested with the chi-square test according 
to the Bi ljnsley's function . The calculated values of the chi-square coefficient many times 
exceeded the critical value at the 95% confidence level in every case (P. BiHnsley, 1961). 
lljustified that the sedimentary succession was repeatible and it realized the Markov model 
in both the studied areas (Fig. 4c, e). 

TRZYDNlk AREA 

The area of the Trzydnik deposit is located on the south-west slope of the Lvov - Lublin 
Trough upon the Palaeozoic platform near its north-west boundary. The Neogene lignite
bearing association developed during latest Karpatian and Early Badenian (Moravian) on 
basement consisti ng partly of the Upper Cretaceous and partly of Oligocene marine 
deposits. Top surface of the association has been established at the bottom of Badenian 
carbonate marine deposits consisting of Lithothamllium limestones, marls and marly clays 
(M. Brzezinska, 1961). 

The basement of the lignite-bearing association is fl at with a shallow depression 
elongated in the NNW-SSE direction in the central part: the lignite-bearing sediments are 
thickest there. Two large clastic Iithosomes developed in Ihat area: ( I) the elongated 
li thosome in the southeastern part and (2) the tripartite lithosome in the northern pari (Fig. 
00). The southeastern lithosome is evidenced in whole profile of lignite-bearing sequence 
and the northern one in ils uppermost part. only. The three lobes of the northern Iithosome 
extend exactly along the structural foundations: the central major lobe infills the depression, 
the two other ones are related to structural directions in the Neogene basement (T. Janicki 
etal., 1986). 

Sediments of the interlobe areas consist of clay, marl and lignite; the last ones predomi
nale in the central part of the area. "Symmelrical" and coarsening-upward sequences with 
thick clastic members predominale, but coarsening-upward sequences with thin clastic 
members and fining-upward sequences are also relatively frequent (Fig. 4b). 

The Markov difference matrix of transitions in the Trzydnik area (Tab. 3) shows the 
heterogenous character of sedimentary processes (Fig. 4c). The succession of these litho-

Tabl e 2 

SedImentary sequences or the lignIte· bearIng nssoclation and thelr palaeoenvironmental relations 

Sequence type EnviTOfllllCnts 

Coarseninl-upward with thick. ctaslie member Barrierllagoonal 

~Symmetrical", fine-grained Lagoonalhhelm:1lic, prodelta 

Coorsening-upward with thin clastic member Deltaic 

Fining-upward with thick ClIuslObioli thic member Meandering river 

Coarsening-upward with sporndical thin clastics Cn:vasscsplay 
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logical units, which are most essential for the Markov model (more than 0.20 average value 
in difference matrix di}, in order of their frequency, looks as follows: 

GIG IGI HGI HIG AGI 

AHG BHG DBH GIH CBH 

DBC AHI BHI IHG CDB 

EDB BCB CBC EFE FEF 

OtOMENTQW AREA 

The Choment6w deposit is located on the southern slope of the Holy Cross MIs. The 
Neogene Iignite~bearing association fills in the elongated Neogene Korytnica Embayment. 
The foundations of this embayment are Jurassic; the embayment itself formed at the same 
time as the phytogenic deposits of the Trzydnik basin. The top surface of the lignite-beari ng 
association has been established at the bottom of the Badenian clayey/carbonate marine 
deposits, consisting there of clays, marly clays and marls. 

The basement of the lignite-bearing association within the valley area was flat, but it 
was limited with two slopes orientated NW-5E. 

Phytogenic and clayey sediments predominate in the proximal part of the embayment, 
but the sand content increases towards the distal part (Fig. 6b). 

Markoy difference matrix orthe Tnydnik deposits 

A B C 0 E F G 

A .00 -.01 - .01 .01 - .01 .ot .02 

B - .17 .00 .25 .36 - .116 08 -. 15 

C -. 12 .14 .00 .06 -.04 -.04 -.rn 
dij 0 -.04 .08 .IY1 .00 08 .00 -. 16 

• -. 12 .oJ .02 -02 .00 .21 - 04 

F - .10 -.01 - .05 - .04 .19 .00 .00 

G .19 - .10 -.14 - .12 -.04 .00 .00 

H .29 .29 -.04 - .05 -.01 -.02 - .01 

.06 - .11 - .10 -.11 - .10 -.rn .'0 

Fig. 5. Geological cross-sections across Trzydnik (a) and Chomen\6w (b) sedimentary basins 
przekroje geologiczne przez baseny sedymentacyjne Trzydnika (a) i Chomenlowa (b) 

Ta bl c 3 

H 

.03 - .01 

- .03 - .19 

-.12 - .11 

-.22 - .13 

-. 12 -.13 

-.10 - .11 

.36 .56 

.00 .11 

.20 .00 

I -czwartorzed: 2 _w~giel brunatny; 3 _ wapiei\:; 4 - margiel; S- il; 6 - iI piaszczysty; 7 - il1. wkladkami 
w~gla brunatnego; 8- piasck; 9 - oligoccn; 10 - podlote podkeno!oiczne 
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Ta b I c 4 

Markov dllTerence matrix of the Chomenl6w deposits 

A B C D E F G H 

A .00 .00 .00 .00 .00 .00 .00 .00 .00 

B .00 .00 .11 -. 14 -.13 -.0 1 -. 13 -.03 -.0\ 

C .00 .32 .00 - .1 1 -. 14 -.13 -.13 .17 .24 

dij :: D .00 .08 .19 .00 .04 .06 .40 .10 .48 

E .00 -.07 -.m -.15 .00 .36 -.m - .10 -.01 

F .00 -.Ot -. 14 - .IB .33 .00 - .IB .\0 -.01 

G .00 -.OS .01 .03 -.02 - .11 .00 .30 .24 

H .00 - .10 -. 10 -.25 -. 16 -. 13 -. 16 .03 .00 

.06 - .11 -. 10 -. 11 -. 10 -.m .5O .20 .00 

The sedime nts of other parts of the area consist of clay, marl and lignite; the last one 
predominates in the central part of the area. "Symmetrical" sequences predominate but 
eoarsening~upward sequences with thick clastic members are also freq uent (Fig. 4d). 
Numerous thin lenses, intercalations, and imprints of gypsum occur among marly clays and 
are also present in coal (1. Czarnocki, 1956). It is assumed that they are of primary origin 
(no t proven), and might be evidence of local hypersaline conditions. 

The Markov difference matrix (Tab. 4) documents more homogenous sedimentation in 
the Choment6w area (Fig. 4e) than in Trzydnik. Succession of these lithological units, which 
is essential for the Markov model (more than 0.20 average value in difference matrix dij) 

in order of their frequency, looks as follows: 

HGD EFE FEF IGD BCD 

[OG HFE BCB CBC OGD 

GDC HCD HEF IEF EFD 

DlSC\JSSION ON SEDIMENTARY ENVIRONMENT 

Two kinds of cyclic sequences predominate in the areas of huge phytogenic sedimen~ 

tation along the northern margin of the Carpathian Foredeep. There are symmetrical 
sequences and coarsening~upward sequences with thick clastic members; these are inter
preted as lagoonaVthelmatic and barrier cycles (Tab. 2). These two types of sequences make 
up the substantial part of the lignite-bearing association and are of 5 1.1 and 29.2%, 
respectively (total 80.3%), of all measured sequences in both Trzydnik and Chomenl6w. 
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The sedimentary sub-basin of the Trzydnik lignite deposit became a lagoon only during 
the first stage of marine transgression. This lagoon had been separated by a sandy barrier 
to the west and was supplied by fresh-water from the north. Faunal composition in the 
lagoon was different than the open sea outside the barrier: brackish species (Hydrobia, 
Madio/a. Modialaria - K. Konior, 1948) occurred in the lagoon only. Huge phytogenic 
accumulation developed in the central part of the basin, but in the marginal parts, vegetation 
was hampered by influx of terrigenous clay, probably related to prodeltadevelopmenl. Reed 
phytocoenoses definitely dominated the whole ecosystem of the lagoon, as is evidenced by 
micropetrographic composition of coal which is primarily made up of eu-ulminite origina
ting from reed and herb plants (K. Mati, M. Wagner, 1991) 

During the next stage ofthe basin development, the tripartite delta invaded the northern 
part. This change of character in sedimentation probably resulted from locai iowering of 
the transgression rate. The western delta lobe covered the sandy barrier, while both other 
lobes covered lagoonal deposits: The deltaic clastic deposits reached extreme thickness in 
the central part of the basin, where continuous synsedimentary subsidence resulted from 
deposit loading. Pelitic and phytogenic sedimentation persisted in the remaining area. The 
area of vegetation decreased due to the extensive progradation of the prO<!elta. However, 
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Table 5 

Geological and mining properties Oflhc Trzydnik and Chomcnlow lignitc dcpo&its 

Parametre TTlydnik Choment6w 

Rcserves and coal resources 
723 600 [thousand Mg] 

Avernge coal thickness [m] 2.8 1.0 

Extend coal tblcl;:ness [mJ 4.4 5.0 

Averageoverburden t1tickness [m] 9.8 15.0 

Overburden ratio 3.5 15.0 

reed vegetation persisted in interlobe embayments and even swamp forest developed locally 
in their proximal parts. 

The next change of character of sedimentation was related to the next transgression 
fluctuation; marine sediments covered the lignite-bearing association, ending the transgres
sion . 

Sedimentation in the Choment6w area was more homogeneous. The development of the 
lignite-bearing association was reiated only to a single stage of lowering of transgression 
rate. The lagoon originated in the proximal part of the Korytnica Embayment (Fig. 6b) and 
the rich vegetation found favourable conditions there . The accumulations of fresh-water 
fauna (He/ix, Planorbjs, Pupa - 1. Czamocki, 1956) demonstrate frequent stages of water 
refreshment. However, at times, the lagoon was not supplied with fresh-water, and those 
times hypersaline conditions probably led to occurrences of sedimentary gypsum in clays 
and coal. 

The differences in the sedimentary evolution of the Trzydnik and Choment6w sub-ba
sins can be seen on the lithofacies map and in the results offrequency analysis and Markov 
analysis. Areas of barriers and deltas have been outlined on the thickness relation maps as 
the areas dominated by clastic sedimentation (Fig. 4c, d). The number of dist inguishable 
cyclic sequences (Fig. 4b) shows that the deltaic sequences were a significant depositional 
element in the Trzydnik sub-basin (15.0% of all measured sequences in that area), while 
they were considerably less common in the Choment6w basin composing 5.7% of all 
sequences only (Fig. 4e). The results of the Markov chain analysis show that there were. 
most convincing differences between the two basins: four major assemblages of sedimen
tary transitions were defined in the Trzydnik area (Fig. 4c) and three assemblages only
in the Choment6w area (Fig. 4e). 

LIGNITE OCCURRENCE 

Lignite resources occur along the northern margin of the foredeep only in small areas 
nearChoment6w, Trzydnikand Sandomien(l. Czarnocki, 1932a; K. Konior, 1948; T. Bar, 
1958; B. Taszek, 1961). Two small lignite deposits - Trzydnik and Choment6w - are 
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located there (Tab. 5). Both of them are lenticular deposits with a single lignite seam. The 
Choment6w deposit was open for a short time before 1914andduring the period 1940-1944. 
The Trzydnik deposit was exploited during the period 1959- 1960; the richest part of the 
deposit , where the overburden was less than 8 m thick, was excavated at that time. 

In other areas, the intercalations and lenses of lignite occur deeper and they do not have 
any economic value (S. Pawlowski et al., 1985) despite their thickness, because their 
overburden ratio does not fulfil the economic criteria. The coal seams, described as thick 
ones in some borehole profiles, may be finally thinner and uneconomic ones, according the 
results of chemical and technological analyses. The Kichary 1 borehole profile (Fig. 9) may 
be a good example. 

Lig nite occurs in the lower part of the profile of the lignite-bearing association. It forms 
intercalations and lenses only ,rarely thicker than 1 m, within coaly claystones and siltstones. 
T hicker seams, up to 7.8 m, are known locally in Upper Silesia and in the Sandomierz 
Tarnobrzeg area but are not very widespread. 

COAL QUALITY 

The lignite of the Carpathian Foredeep is at the hypolignite stage of coalification and 
belongs to the group of soft lignite with peat-like texture. It is mostly detrital lignite with a 
small addition of xylitic detrite and with a high content of carbominerite, mainly carbo
argilli te (T. Kruszewski,. 1969; K. Mati, M . Wagner. 1985. 1991). The few analyses of 
lignite from the eastern part of the described area prove that this is an energetical coal, 
generally with high ash content. The high sulphur content of this lignite (Tab. 6) is the 
characteristic feature of a paralic coal. The lignite ofW olh yn and Podole (Ukraine) is similar 
to the one discussed above in its chemical characteristics (N. Zieleznova et o/., 1983). 
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Petrological analyses. which were done only for the Tnydnik lignite (T. Kruszewski, 
1969; K. MatI, M. Wagner, 1985, 1991), showed that the described lignite consists mostly 
of attrinite and ulminite with addition of gelinite (Fig. 8). Accesory macerals are of the 
inertinite and lipunite groups. 
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Table 6 

Geological and mining properties orthe Cal:"pathian Foredeep lignite 

p=,", 
Trqdnik Chomenl6w Sandomien. Volhyn and 
deposit deposit =, Podole 

Calorific value of raw coal (moisture 50%) 
7.5 7.2 8.8 8.3 

Qi {Mllkg] 

Ash content in dry coal 
Ad [%1 29.6 325 28.2 27.5 

Total sulphur in dry coal 
36 3.2 3.0 

s;"[%) 
-

Tarcanlcnl in dry coal 
$ ] 1.7 75 

rid%] 
- -

Volatile mailer in dry-ash free condition 
54.3 

0"/[%] 
- - -

Bitumen content in dry coal 
d"1%1 - - 2.5 -

CONCLUSIONS 

1. Origin of phytogenic deposits is closely related to the transgressive and regressive 
stages of Badenian-Sarrnatian time. 

2 . The lignite-bearing association developed mostly along the northern margin of the 
Carpathian Foredeep and in its foreland, in areas with only slightly inclined bottom surfaces. 

3 . Phytogenic deposits are common within the Lower Badenian transgressive sediments 
alo ng whole northern margin of the Carpathian Foredeep. Regressive Middle Sarmatian 
phytogenic sediments occur in the western part of studied area, in Upper Silesia. The thin, 
barren, brackish intercalations in the eastern part of the basin probably correlate to this 
complex. 

4. The character of sedimentation of the lignite-bearing association depends mostly on 
allocyclic mechanisms (sea level changes), but autocyclic mechanisms (local subsidence) 
might also have had local influence on thick deltaic sedimentation in the Trzydnik basin. 

5. Morphology of the basin bottom detennined where phytogenic accumulatio n in large 
areas of valleys, increased in the southern slopes of the Holy Cross Mts., were particularly 
favourable place for the widespread peat-bog development. 

6. Coals of the Carpathian Foredeep occur mostly in the fonn of thin layers and lenses. 
Thicker benches are usually deeper and therefore, they have practically no economic value. 
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SEDYMENTACJA WF.GLONOSNA W NEOGENIE ZAPADLISKA PRZEDKARPACKIEGO 

Streszezcnie 

GencUl osad6w filogcnicznych w zapad[isku przcdkarpackim wiqie si~ ~~[c z miocetiskim Imnsgrcsywno· 
·regrcsywnym eyklem rozwojowym tego bascnu. Omawiane osady wysto;:pujll w postaci nicregulamego pnsa 
wwllli p6lnocncgo obrzerenia zapadliska i najego p6lnocnym przedpoill, w najnizszej eze~ci formaeji osadowej 
mioceou, w ~islym zwillzku z facjami transgresywnymi. Na obs7.ane G6mego Slqska osady fitogcniczne 
wysto;:puj'l laH:e w najwytncj ezeSei sckwencji cyklicznej, gdzie S~ zwi'lzane z facjami n:gn:sywnymi. 

Transgresja mona dolllobadenskiego wkrncUlla na u6tnicowany rnorfologicznic obszar poIuuniowego stoku 
G6r Swi~lokrzy~kieh. Warunki szczeg6lnie uprzywilejowane panowaly w licznych zatokach razwinietyeh na 
przedlui.eniu osi dolin (wybrzeze lypu d.almatytiskicgo), gdzie ze wzgledll na niewielkie nachylenie dna dotiny 
nawel nie1.naezna zmiana poziomu mof'lll powodow.ala zalanie lub uSllIpicnic w6d z.c znacznych obszar6w. Na 
p6tnocnym obrzei.eniu zapadliska powsl.aty w6wezas jedyne dwa zloZa w~gla brunatnego: Trzydnik i CllQment6w, 
polotone w polskiej cz~i tego ba<;enu; slltO zloZa Iypu parnliczncgo. Osady w~glonoSne 1,awi ernjll liC7.J1~ faune, 
o pncwadze brakiczncj. GI6wnll rolo;: w rozwoju sedymenlacji fitogcnicznej aUIOrzy przypisllj~ zatem mechlll1iz· 
mom aJ[ocyklicwym. 

Analiza eyklicwogci sedymentacji wsknzuje, te sedymentacja a~ocjacji brunmnoweglowej rozwij.ata sie w 
~rodowisku barierowo~tagunowym i miaJacilarakler jednorodny. lednak w niekt6rych rejonach (zloie Trqdnik) 
na sekwc:ncje barierowo· laguoowll nakladala sie sekwencja o:sad6w dcltowych, ~wiadcz'lc 0 lokalncj aktywnOO'ci 
rncchanizm6waulocyklicznyeh. 

Osady fitogeniczne zapadliska przedkarpackiego Sij reprezentowane przcz lOi~kkie wegle brunatnc oraz 
drobnodetrytycweosady l.drobnodyspersyjn'lsubstancj~ weglist1ltypu Itumusowego. Do utwor6w fitogenicznych 
motna takte zaliczy<:! licznie wyS1cpujQcc poziolOy gleb kopalnyeh z uweglonymi korzeniami ro~lin. Weglc 
brunatne powstaly gl6wnie z ro~linno§ci szuwarowej i zielnej, 0 czym !wiadczy d!Jiy udziaJ euulminitu w skladzie 
maceraloym wcgJa. Znac1.nie mniejszy udzial wsnXI ro$linnmci torfotw6rczej mialy filocenozy lasu b.agiennego. 

Wegle brunatne S'l wyksztalcone w postaci cienkich poklad6w, pl7.ciawiceti i izolowanych soczew 0 
miqts~ci nadko przerncujllcej I m i poza p6lnocnym obrzetenicm zapadliska le14 zwyklc dOO'c gl~boko , Z 
tyeh powod6w przewai,nie nie spelniaj~ krytcri6w bilansowoSci i nic majl! waczenia gospodarcz.cgo. 




