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A 90 m-thick coal seam in the Lubstów lig nite de posit (Cen tral Po land):
palynological anal y sis and sed i men tary en vi ron ment
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A 90 m-thick brown coal seam, the re sult of or ganic mat ter de po si tion in a fault-trough, is ex ploited in an open cast mine at Lubstów
(Cen tral Po land). Palynological anal y sis was con ducted in or der to de ter mine which plants were the source of or ganic mat ter form ing
such a thick coal bed. The pol len spec trum is dom i nated by the gym no sperm pol len Inaperturopollenites, pro duced by trees closely re -
lated to the ex tant gen era Taxodium and Glyptostrobus, the dom i nant con stit u ents of swamp for ests in SE North Amer ica and SE Asia to -
day. How ever, the lack of xylites and pre served tis sues in the coal does not sup port the con cep tion of a swamp for est as the
peat-pro duc ing com mu nity. There is also a sig nif i cant per cent age of an gio sperm pol len in the coal, mainly from the groups:
Castaneoideapollis, Tricolporopollenites exactus and T. pseudocingulum. The plants pro duc ing these pol len were prob a bly the main
con stit u ent of the peat-pro duc ing com mu nity. The com mu nity shows signs of a shrub swamp with lo cal tree is lands and a low wa ter ta ble. 
Ev i dence for this also in cludes the de tri tal type of coal, the lack of pre served plant tis sues and the pres ence of fun gal re mains. These char -
ac ter is tics show the ex is tence of aer o bic zones at the time of peat pro duc tion. The peat was prob a bly de rived from an gio sperms.
Dome-shaped forms in the up per part of the de posit are the re mains of tree is lands. As de tri tus ac cu mu la tion is very rapid on the sur faces
of pres ent-day tree is lands, a sim i lar rate of de po si tion may have taken place dur ing peat pro duc tion at Lubstów. This, com bined with
sub si dence in the fault-trough, ex plains the great thick ness of the coal bed.
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INTRODUCTION

In the vi cin ity of Konin, Cen tral Po land, there are nu mer -
ous brown coal seams (Fig. 1). The ma jor ity of these are co eval
and be long to the Mid dle Pol ish Lig nite Seam (Kremp, 1949;
Mamczar, 1960; Sadowska and Gi¿a, 1991; Wa¿yñska et al.,
1998). The geo log i cal set ting is dif fer ent at Lubstów, lo cated
25 km NE from Konin. Two brown coal seams are ex posed in
an ac tive open cast mine there. The up per seam is cor re lated
with the Mid dle Pol ish coal beds from the Konin re gion,
whereas the lower one is an older seam that be longs to the 2nd
Lusatian Lig nite Seam (Ciuk and Grabowska, 1991; Wa¿yñska 
et al., 1998).

The sub ject of the pres ent study is the 90 m thick lower
brown coal seam. The coal (be long ing to the detrital type) is
very ho mog e nous but with an al most to tal lack of clastic in ter -
ca la tions, de void of plant macro-re mains but with a rich as sem -
blage of per fectly pre served sporomorphs.

Due to its eco nom i cal im por tance, the lower brown coal
seam in Lubstów has been thor oughly in ves ti gated
(Chlebowski et al., 1979; Matl et al., 1979; Ska³a, 1992). Its
tec tonic set ting has been de scribed by Widera (2000). Kasiñski
et al. (1994) investigated the gen e sis of the de posit, and
invoked that a domed peat bog. Palynological anal y ses were
con ducted by Domaga³a (in Matl et al., 1979), Ciuk and
Grabowska (1991), and Kasiñski et al. (1994). The aim of these 
stud ies was to de ter mine the strati graphic po si tion of this
brown coal seam. Be sides the work by Kasiñski et al. (1994),
that per tained only to the bot tom in ter val of the seam, there
have been no stud ies of the plant com mu ni ties, that were pres -
ent at the time of coal for ma tion.

The aim of the pres ent pa per is an at tempt to re con struct the
plant com mu ni ties and de ter mine which plants were the source
of ma te rial for the for ma tion of such a thick brown coal seam,
by means of palynological analysis.



GEOLOGICAL SETTING

The Neo gene de pos its in Lubstów were formed in a
NW–SE fault-trough 3 km long and 1.5 km wide lo cated on the 
SE limb of the Gop³o Anticline. The trough re sulted from
crustal move ments caused by salt tec ton ics (Widera, 2000). It
is filled with Neo gene deposits. Cur rently, the area worked is
lo cated in the NW part of the Lubstów fault-trough.

Sands and coal-bear ing sands of the lower Mio cene Rawicz 
For ma tion rep re sent the base of the suc ces sion (Fig. 2). They
are over lain by the lower brown coal seam, be long ing to the
mid dle Mio cene Œcinawa For ma tion (about 20 m in the cur -
rently ex ploited part of the de posit). In the ax ial part of the
fault-trough, where ex ploi ta tion has al ready ceased, the coal
thick ness reached up to 91.4 m (Matl et al., 1979). The lower
and up per brown coal seams are sep a rated by sands and
coal-bear ing sands, with a rich as sem blage of cones, seeds and
fruit (Kowalski, 2006), be long ing to the mid dle Mio cene
Adamów For ma tion. The up per 12.2 m-thick brown coal seam
is al ready part of the mid dle Mio cene Poznañ For ma tion. The
xylite-rich coal from the up per seam dif fers  sig nif i cantly from
the lower coal. Strongly glacitectonically-de formed late Mio -
cene-early Plio cene multi col oured clays, also be long ing to the
Poznañ For ma tion, are lo cally pre served above the up per

brown coal seam. The up per most part of the
pro file con sists of Pleis to cene gla cial tills, most 
of ten de pos ited di rectly on the eroded sur face
of the up per brown coal seam.

MATERIALS AND METHODS

The ma te rial stud ied orig i nated from the
cur rently mined, 24 m-thick lower brown coal
seam. The ma te rial for re search was sam pled
from brown coal, and from un der ly ing and
over ly ing coal-bear ing sands (Fig. 2).
Palynological anal y sis of 62 sam ples (odd
num bers from 7 to 129) was per formed. No
sporomorphs were found in the sands un der ly -
ing the coal seam stud ied. In the over ly ing
sands they were only de tected in sam ple 129.

The sam ples were mac er ated us ing the
acetolysis method (ac cord ing to Erdtman,
1952, with later mod i fi ca tions). Sand sam ples
were floated prior to mac er a tion, us ing KJ+
CdJ2, in or der to sep a rate or ganic and min eral
frac tions. 

Sporomorphs with abun dant fun gal re -
mains and less fre quent al gal and plant tis sue
re mains (cu ti cles, xy lem) are the dom i nant
plant mi cro-re mains in the ma te rial stud ied.
The pres er va tion state is very good.

The palynological anal y sis was con ducted
by means of a light mi cro scope us ing x600 and
x1000 mag ni fi ca tions. Only pol len grains and
spores were counted in the anal y sis. The rar -

efac tion curve, rep re sent ing the re la tion of the num ber of newly 
oc cur ring taxa to the to tal num ber of counted grains (ex clud ing
bisaccate pol len; Bruch and Mosbrugger, 2002) was plot ted for 
ev ery sam ple (Raupp, 1975). Count ing was stopped if the curve 
was flat ten ing. The num ber of sporomorphs counted in par tic u -
lar sam ples ranged from about 300 to over 1000.

PALYNOLOGICAL ANALYSIS RESULTS

A to tal of 75 taxa were re corded. De tailed re sults of the
anal y sis are pre sented in the form of a di a gram (Fig. 3). The
taxa in the di a gram were grouped ac cord ing to their af fil i a tion
to the fol low ing plant com mu ni ties: mixed mesophytic for est
(MMF), shrub swamp, and swamp for est (both of these com -
mu ni ties oc cur to day in hab i tats of dif fer ent degres of hu mid ity, 
how ever, nu mer ous plant taxa oc cur in both en vi ron ments,
which hin ders their sep a ra tion in the fos sil re cord), and wa ter
plants. A group of her ba ceous plants was also dis tin guished;
they could have been as so ci ated both with MMF, and with
shrub swamp and swamp for est. A ba sis for this dis tinc tion and
for all con sid er ations re fer ring to plant com mu ni ties and en vi -
ron ments has been an as sump tion that there are close rel a tives
of Mio cene plants among the pres ent-day flora (e.g. Nagy,
1969, 1985; Ziembiñska-Tworzyd³o, 1974; Planderová, 1990;
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Fig. 1. Lig nite de pos its in the vi cin ity of Konin (af ter W³odarczyk et al., 2002,
changed) and lo ca tion of the Konin re gion in Po land

Ex ploited (e.g. O/“Lubstów” — open-cast mine “Lubstów”) and un ex ploited (e.g. Strzelno)
lig nite de pos its are marked grey; rivers, lakes and towns (Konin, Ko³o) are marked black



Kohlman-Adamska, 1993; Stuchlik et al., 1994, 2001, 2002;
Mai, 1995). The list of fos sil taxa and of their ex tant an a logues
is given in Ta ble 1. The en vi ron ments of the ex tant taxa oc cur -
rences were de ter mined based on the pa pers by Kear ney
(1901), Wang (1961), Krüssmann (1976–1978), Stuchlik et al.
(2001, 2002), Wil lard et al. (2001) and Podbielkowski (2002).

Be side spe cies and gen era, groups of taxa were also in -
cluded in the di a gram. Such groups were des ig nated in cases
when two or more mor pho log i cal spe cies dis tin guished in the
fos sil re cord were as so ci ated with the same ex tant plant taxon
or taxa. Castaneoideapollis oviformis and Castaneoideapollis
pusillus, whose ex tant rel a tives are thought to be the fol low ing
three gen era: Castanea, Castanopsis, and Lithocarpus, were
in cluded in the group Castaneoideapollis. The group
Tricolporopollenites exactus con tains T. brühlensis, T. exactus
and T. megaexactus, as so ci ated with the fam i lies Clethraceae
and Cyrillaceae. The group Tricolporopollenites fallax com -
prises two spe cies: T. fallax and T. liblarensis, as so ci ated with
the pres ent-day fam i lies Fabaceae, Combretaceae and
Verbenaceae (Stuchlik et al., 1994). The fol low ing mor pho log -
i cal spe cies were in cluded in the Tricolporopollenites
pseudocingulum group: Tetracolporopollenites andreanus,
Tricolporopollenites dolium, T. leonensis, T. lubstovensis, T.
scutulensis, T. theacoides, T. villensis, T. pseudocingulum. All
of these be long to the fam ily Fagaceae (ac cord ing to
Kohlman-Adamska and Ziembiñska-Tworzyd³o, 2000), how -
ever it is im pos si ble to de ter mine their re la tion ships at lower
sys tem atic lev els (Kohlman-Adamska and Ziembiñska-
 Tworzyd³o, 2000). The sporomorph as sem blage is dom i nated
by co nif er ous plant pol len (76%). Broadleaf plant pol len has a
much lower per cent age equal to 23% with the re main ing 1%
con sist ing of her ba ceous plant sporomorphs. Such per cent age
re la tion ships show that the sed i ment was de pos ited in an open
space, eas ily ac ces si ble by the eas ily wind-trans ported co nif er -
ous plant pol len. Pol len of most broadleaf plants is heavy and
dis trib uted over small ar eas, there fore co nif er ous plant pol len
grains dom i nate in the sed i ment.

The per cent age of pol len of most taxa in in di vid ual sam ples 
does not ex ceed 1%, and in the en tire as sem blage stud ied only a 
few taxa have per cent ages ex ceed ing 5% in in di vid ual sam ples. 
These are the co nif er ous plant pol len: Cathayapollis sp.,
Inaperturopollenites sp., Pinuspollenites sp., Sciadopitys -
pollenites sp., Sequoiapollis sp. and the broadleaf plant pol len:
Castaneoideapollis group, Tricolporopollenites exactus group, 
Tricolporopollenites pseudocingulum group.

The pro file stud ied is quite ho mog e nous as re gards its
palynology. There are no rapid changes in per cent ages of pol -
len pro duced by plants be long ing to sep a rate as sem blages.
There are, how ever, some clear ten den cies which al low dis tinc -
tion of five phases (Fig. 3). Phase I com prises the low est part of
the seam, be tween 2.5 and 2.7 m (sam ple 7). It is dis tin guished
by a rel a tively high per cent age of broadleaf plant pol len taxa,
and a rel a tively low con tent of Inaperturopollenites sp. pol len,
from the shrub swamp and swamp for est com mu nity. It also
shows a sig nif i cant share of Corrugatisporites sp. and
Leiotriletes sp. spores be long ing to the group of her ba ceous
plants, and Cathayapollis  pol len from the MMF  (Mixed
Mesophytic For est) com mu nity. Phases II (from 2.7 to 7.1 m,
sam ples 9–29), III (be tween 7.1 and 18.3 m, sam ples 31–85)
and IV (from 18.3 to 25.1 m, sam ples 87–119) are dis tin -
guished by a very high per cent age of Inaperturopollenites sp.
pol len. Their dis sim i lar ity is mainly shown by changes of per -
cent age within the Castaneoideapollis group and, par tially of
Pinuspollenites sp. The most dis tinct one is phase V (from 18.5
to 26.9 m, sam ples 121–129) in which there is a sig nif i cant in -
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Fig. 2. Geo log i cal pro file from the Lubstów brown coal mine, 
with sam ple lo ca tions marked
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Fig. 3. Sporomorph per cent age di a gram — habitative list

I–V — dis tin guished phases, ex pla na tions in text; taxa/groups which are prob a ble main con stit u ents of the peat-pro duc ing com mu nity are marked grey;
taxa with per cent age equal ing 1% or less are shown as 1%



crease in fre quency of the bisaccate pol len taxa Cathayapollis
sp. and Pinuspollenites sp. from the MMF com mu nity, and, to a 
smaller ex tent, pol len from the Tricolporopollenites exactus
group, be long ing to the shrub swamp and swamp for est plant
com mu nity. How ever, there is a dis tinct de crease of
Sequoiapollis sp. pol len, from the MMF plant com mu nity, and
Inaperturopollenites sp. pol len from the shrub swamp and
swamp for est com mu nity. 

DISCUSSION — BROWN COAL FORMATION

As al ready has been men tioned above, the lower brown
coal seam in Lubstów is not a typ i cal ex am ple of a coal bed. It
shows a vari able thick ness, rang ing from 20 to over 90 m. This
dif fer ence re sults from dif fer ent rates of sub si dence within the
fault-trough. The sub si dence rate was much higher in the ax ial
part of the trough, and it was com pen sated by phytogenic sed i -
men ta tion (the plant bio mass quan tity was very high). The al -
most to tal lack of clastic in ter ca la tions in di cates that the
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T a  b l e  1

List of taxa of the lower brown coal seam in Lubstów iden ti fied by
palynological in ves ti ga tion, and their clos est ex tant rel a tives

Taxon Near est liv ing rel a tive

Abiespollenites sp. Abies

Aceripollenites sp. Acer

Alnipollenites verus Alnus

Araliaceoipollenites sp. Araliaceae

Artemisiaepollenites sp. Ar te mi sia

Baculatisporites sp. Osmunda

Betulaepollenites sp. Betula

Buxapollis sp. Buxus

Caprifoliipites sp. Caprifoliaceae

Carpinipites sp. Carpinus

Caryapollenites sp. Carya

Castaneoideaepollis oviformis Castanea  + Castanopsis + 
Lithocarpus

Castaneoideaepollis pusillus Castanea  + Castanopsis + 
Lithocarpus

Cathayapollis sp. Cathaya

Cedripites sp. Cedrus

Chenopodipollis sp. Chenopodiaceae

Cornaceaepollis sp. Cornaceae

Corrugatisporites sp. Lygodium

Corylopollis sp. Corylus

Cunninghamiaepollenites sp. Cunninghamia

Cupressacites sp. Cupressaceae  + Taxaceae

Cyperaceaepollis sp. Cyperaceae

Engelhardtioipollenites sp. Engelhardia

Equisetisporis sp. Equisetum

Ericipites sp. Ericaceae

Eucommioipollis sp. Eucommia 

Eupteleapollis sp. Euptelea

Faguspollenites sp. Fagus

Graminidites sp. Poaceae

Ilexpollenites sp. Ilex

Inaperturopollenites sp. Taxodium + Glyptostrobus

Intratriporopollenites sp. Craigia + Tilia

Iteapollis sp. Itea

Juglandipollis sp. Juglans

Laevigatosporites sp. Polypodiaceae sensu lato

Leiotriletes sp. Lygodium

Liquidambarpollenites sp. Liquid ambar

Myricipites sp. Myrica

Nyssapollenites sp. Nyssa

Oleidearumpollenites sp. Oleaceae

Ostryoipollenites sp. Ostrya

Tricolporopollenites sp. Parrotia

Piceapollis sp. Picea

Pinuspollenites sp. Pinus

Platanipollis sp. Platanus

Platycaryapollenites sp. Platycarya

Podocarpidites sp. Podocarpus

Pterocaryapollenites sp. Pterocarya

Quercoidites sp. Quercus

Tab. 1 cont.

Retitriletes sp. Lycopodium

Tricolporopollenites sp. 1 Rosaceae

Salixpollenites sp. Salix

Sciadopityspollenites sp. Sciadopitys

Sequoiapollenites sp. Se quoia + Se quoia den dron +
Metasequoia + Cryptomeria

Slowakipollis sp. Elaeagnus

Sparganiaceaepollenites sp. Sparganium

Spinulaepollis sp. Arceuthobium

Stereisporites sp. Sphag num

Symplocoipollenites sp. Symplocos

Taiwaniapollis sp. Taiwania

Tetracolporopollenites
andreanus Fagaceae

Toripunctisporis sp. un known

Tricolporopollenites brühlensis Cyrillaceae + Clethraceae

Tricolporopollenites dolium Fagaceae

Tricolporopollenites exactus Cyrillaceae + Clethraceae

Tricolporopollenites fallax Fabaceae, Combretaceae,
Verbenaceae

Tricolporopollenites leonensis Fagaceae

Tricolporopollenites liblarensis Fabaceae, Combretaceae,
Verbenaceae

Tricolporopollenites
lubstovensis Fagaceae

Tricolporopollenites
megaexactus Cyrillaceae + Clethraceae

Tricolporopollenites
pseudocingulum 

Fagaceae (af ter Kohlman-Adamska 
and Ziembiñska-Tworzyd³o, 2000)

Tricolporopollenites scutulensis Fagaceae

Tricolporopollenites theacoides Fagaceae

Tricolporopollenites villensis Fagaceae

Ulmipollenites sp. Ulmus

Zonalapollenites sp. Tsuga



Lubstów fault-trough was an ex ten sive swamp when the lower
brown coal seam was formed.

The coal, be side a high con tent of sporomorphs, is al most
to tally de void of any plant macrofossils. There are no pre -
served tis sues that would en able the iden ti fi ca tion of peat-pro -
duc ing plants. In the palynological pro file there are no traces of
peat bog over grow ing suc ces sions, typ i cal of Neo gene suc ces -
sions of the Eu ro pean Plain (Teichmüller, 1958). The pol len 
Inaperturopollenites sp. con sti tutes 33% of all sporomorphs
found. It is as so ci ated with two ex tant gen era of co nif er ous
trees: Taxodium (cy press) and Glyptostrobus, both typ i cally
oc cur ring in swamp for ests of the SE part of North Amer ica
and of SE Asia re spec tively. The cy press swamps of Florida
have a high wa ter level. Trees and shrubs oc cur ring there live
in a con stantly flooded en vi ron ment through out most of the
year (Kear ney, 1901; Wil lard et al., 2001). The ge nus
Taxodium has de vel oped a spe cial ad ap ta tion to such con di -
tions, i.e. pneumatophorae, a spe cial type of re spi ra tory root. In
anoxic con di tions, when the wa ter level is con stantly high,
plant tis sues do not de com pose, but be come fos sil ized. This re -
fers es pe cially to co nif er ous plants. Their re mains de grade
slowly be cause of the pres ence of im preg nat ing resin (Brzyski,
1984) and guiacyl lignin (Shearer et al., 1995). It can be ex -
pected that peat pro duced in a Taxodium/Glyptostrobus swamp 
for est will con tain fos sil ized tis sues, both in the form of xylites
and plant mi cro-re mains. Mod ern ob ser va tions of sed i ment
from the cy press swamps of Okefenokee in Geor gia, USA,
sup port this. The sed i ment con tains large woody tis sues mainly 
of root or i gin (Dehmer, 1995). Plant tis sues should also be
pres ent in coal formed from such a peat. The Taxo -
dium/Glyptostrobus swamp for est was an im por tant peat-pro -
duc ing plant as sem blage in the Neo gene, there fore nu mer ous
ex am ples of coals (xylitic, xylo-detritic and detro-xylitic) of
this age are known to con tain fos sil ized tis sues, e.g. Oberdorf
(Kolcon and Sachsenhofer, 1999), and P¹tnów (Sadowska and
Gi¿a, 1991). Coals from these lo cal i ties con tain also sig nif i cant 
quan ti ties of the pol len Inaperturopollenites sp.

Plant tis sues de com pose when they re main in the aer o bic
zone. The pro cess of in tense deg ra da tion of plant ma te rial in
aer o bic con di tions may take place ei ther dur ing de po si tion, or
al ready af ter peat has been pro duced, as a re sult of wa ter ta ble
os cil la tion. This causes changes, over print ing the ear lier pro -
cesses that took place dur ing peat pro duc tion (Moore and
Shearer, 2003).

There are no tis sues pre served in Lubstów coal. It is highly
im prob a ble that an area cov ered by Taxodium/Glyptostrobus
swamp for est with a high ground wa ter level was fre quently
sub ject to dry ing that so deeply pen e trated the sed i ment that all
co nif er ous trees tis sues de te ri o rated with out leav ing any trace
in the fos sil re cord. Sup pos edly a cy press swamp for est was not 
the di rect source of or ganic mat ter for the for ma tion of the coal
stud ied, even though the palynological anal y sis re sults in di cate
so. Rather, it was grow ing in close vi cin ity to the Lubstów sed i -
men tary ba sin.

Other plant com mu ni ties should be ex am ined as pos si ble
sources of or ganic mat ter if the Taxodium/Glyptostrobus
swamp for est is ex cluded as a peat-pro duc ing plant com mu -
nity. An gio sperms have also gained a peat-pro duc ing sig nif i -
cance in the Neo gene, equal to that of gym no sperms (Shearer et 

al., 1995). Three an gio sperm pol len groups are im por tant in the 
palynological as sem blage stud ied (Fig. 3): the Tricolporo -
pollenites exactus group, the T. pseudocingulum group, and the 
Castaneoideapollis group. Rep re sen ta tives of two fam i lies, the
Clethraceae and Cyrillaceae, the lat ter be ing a typ i cal con stit u -
ent of the pres ent-day swamp shrubs in a warm-tem per ate cli -
mate of North Amer ica, be long to the first group. The group
Tricolporopollenites pseudocingulum rep re sents the pol len of
ex tinct rep re sen ta tives of the fam ily Fagaceae (Kohlman-
 Adamska and Ziembiñska-Tworzyd³o, 2000). The Castane -
oideapollis group pol len is as so ci ated with ex tant trees from the 
gen era Castanea, Castanopsis, and Lithocarpus. It is un known
what the plants pro duc ing these types of pol len looked like;
they might have been ei ther trees or shrubs. Sup pos edly, be -
cause of an ex cep tion ally high (for broadleaf plants) per cent age 
of pol len be long ing to those groups in the as sem blage in ves ti -
gated, the plants pro duc ing it must have grown close to the sed -
i men tary ba sin. They might have had a peat-pro duc ing sig nif i -
cance (the two lat ter groups are tra di tion ally in cluded into
MMF in Fig ure 3, due to a prob a ble, though on con firmed, af -
fil i a tion to the shrub swamp and swamp for est com mu nity).
The quan tity of pol len be long ing to the three an gio sperm
groups men tioned above is smaller than that of
Inaperturopollenites pol len; the dis pro por tion might be a re sult 
of the more abun dant pol len pro duc tion of co nif er ous
Taxodium/Glyptostrobus and a better ad ap ta tion of their pol len
to ae olian trans port.

An gio sperm tis sues de com pose faster than gym no sperm
tis sues: they do not con tain resin, and their main con stit u ent,
syringil/guiacyl lignin is con sid er ably more degradable than
guiacyl lignin in gym no sperms (Shearer et al., 1995). De spite
the fact that an gio sperm tis sues are eas ily de com posed, their
de po si tion within the aer o bic zone (e.g. due to a low or fre -
quently fluc tu at ing wa ter ta ble) dur ing peat pro duc tion is a sig -
nif i cant con di tion of an gio sperm tis sue de com po si tion. Such
con di tions fa cil i tate deg ra da tion of plant ma te rial (Moore and
Shearer, 2003). A good pres ent-day ex am ple is the
Moanatuatua peat bog in New Zea land, in which Moore and
Shearer (2003) have ob served a per ma nent aer o bic zone.
Highly de com posed ma te rial is lo cated in its lower in ter val. A
prob a ble in ter pre ta tion, con sid er ing the detrital type of coal and 
the al most com plete lack of pre served tis sues at Lubstów, is
that the source of or ganic mat ter for coal was an ombrogenous
peat bog with a low wa ter ta ble, over grown with an gio sperm
shrubs and trees.

An in ter est ing fea ture of the Lubstów brown coal de posit
are dome-shaped struc tures in the top part of the lower seam,
dis cov ered by Kasiñski et al. (1994). These struc tures in spired
the depositional model cre ated by those au thors (Kasiñski et
al., 1994). Sed i men ta tion is thought to have started by the for -
ma tion of a shal low eutrophic lake, sur rounded by plants, re -
mains of which were the source for bio mass de pos ited in the
bot tom of the ba sin. Changes of hydrogeological con di tions led 
to the trans for ma tion of the lake into a high peat bog, grow ing
over the wa ter ta ble in the form of domes. Ac cord ing to
Kasiñski et al. (1994) such rap idly grow ing domes ex plain the
sig nif i cant thick ness of coal. The idea is very in ter est ing, but
the au thors did not in di cate which plants might have formed the 
high peat bog domes.
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Ex tant dome-shaped, high peat bogs are re ported from nu -
mer ous lo cal i ties around the world, from cold through tem per -
ate to trop i cal cli mates (Co hen and Stack, 1996). An ex am ple
of such dome-shaped peat bogs are tree is lands oc cur ring in
shal low, flooded swamps in the warm-tem per ate cli mate zone
of the SE part of North Amer ica. They seem to be a good
actualistic an a logue of the Lubstów peat bog. 

Pup-up (bat tery) tree is lands, oc cur ring in Everglades in
Florida (Wil lard et al., 2001) and Okefenokee in Geor gia (Co -
hen and Stack, 1996) are small (about 50 m in di am e ter; Co hen
and Bailey, 1997) and round, dome-shaped, reach ing a height
of about 1 m above the wa ter ta ble (Co hen and Stack, 1996).
They are thought to have formed af ter pieces of peat broke
loose from the sub strate and were re de pos ited (Co hen and
Stack, 1996; Wil lard et al., 2001).

The pres ent-day tree is lands are cov ered by small trees in
the cen tral part, and shrubs at the mar gin. Dominant among
trees and shrubs in the Florida Everglades are such gen era as:
Ilex, Myrica, Quercus, Salix (Wil lard et al., 2001); the gen era
Cyrilla and Ilex dom i nate at Okefenokee (Co hen and Bailey,
1997).

Cyrillaceae/Clethraceae type pol len, re lated to Cyrilla from 
the Okefenokee tree is lands, is abun dant in the Lubstów coal.
The pol len of the other gen era men tioned in hab it ing the pres -
ent-day tree is lands (Fig. 3) is also pres ent, how ever, in mi nor
quan ti ties. Be sides these abun dantly oc cur ring pol len types
from the groups Castaneoideapollis and Tricolporopollenites
pseudocingulum might have been the con stit u ents of fos sil
peat-pro duc ing plant com mu ni ties.

Peat is pro duced on the sur face of the ex tant tree is lands
from plant re mains (leaves, branches etc.) cov er ing them. Due
to a low wa ter ta ble (the domes rise about 1 m above wa ter level 
and thus re main in the aer o bic zone) the de com po si tion of these 
re mains by mi cro or gan isms and detritophages is very sig nif i -
cant (Co hen and Bailey, 1997). Fallen leaves are dried which
causes the cu ti cle to sep a rate from the in ter nal tis sues of a leaf,
which in turn ac cel er ates their de com po si tion by mi cro or gan -
isms and detritophages. Co hen and Bailey (1997) have rec og -
nized the pres ence of Actinomycetales — bac te ria play ing a
ma jor role in the pro cess of or ganic mat ter humification in
many hor i zon tal strata in peat sam pled in tree is lands. Their
pres ence ev i dences that the pro cess took place in aer o bic con -
di tions (Co hen and Bailey, 1997). As dis cussed above, the peat
in Lubstów was also pro duced in aer o bic con di tions, as shown
by lack of pre served tis sues in the coal stud ied.

Fun gal microfossils are very abun dant in the sed i ment from 
the Florida Everglades tree is lands (Chmura et al., 2006). They
are most abun dant in the aer o bic zone on the sur face of tree is -
lands. These are prob a bly the re mains of mycorrhizal fungi
which were as so ci ated with tree roots (Chmura et al., 2006).
Mycorrhizal fungi are also known from the fos sil re cord from
the Tri as sic and youn ger coals (Moore et al., 1996). Fun gal re -
mains are also fre quent in the coal stud ied from Lubstów,
which in di cates both the pres ence of an aer o bic zone and a high 
num ber of shrubs or trees dur ing peat pro duc tion.

One more ar gu ment in sup port of the existence of tree is -
lands at Lubstów dur ing peat pro duc tion is a high rate of
detrital layer in crease ob served on the sur faces of the pres -

ent-day tree is lands. Co hen and Bailey (1997) have mea sured a
20–30 cm in crease in the quan tity of a layer of de tri tus dur ing
1.5 years un der fa vour able cli ma tic con di tions (high hu mid ity). 
The pos si bil ity of such a rapid in crease in the quan tity of or -
ganic mat ter quan tity would al low the sed i men ta tion to com -
pen sate sub si dence in the Lubstów fault-trough. This ex plains
the ex cep tional thick ness of the brown coal seam as well.

The pres ent-day tree is lands oc cur in the warm-tem per ate
cli mate zone. The coal at Lubstów was formed in sim i lar cli ma -
tic con di tions. This is shown by the dom i na tion of taxa as so ci -
ated with a warm-tem per ate cli mate (43%), and a sig nif i cant
per cent age of sub trop i cal cli mate taxa (19%), with a mi nor
share of typ i cally trop i cal and typ i cally cold-tem per ate cli mate
taxa (Durska, 2005, 2006).

The tax o nomic con sti tu tion of the sporomorph as sem blage
stud ied and the changes in the palynological pro file cor re late
fairly well with the idea of an an gio sperm shrub swamp/tree is -
land plant com mu nity at Lubstów. Phase I dis tin guished in the
palynological pro file marks the be gin ning of a shrub swamp
de vel op ment (an in creased per cent age of pol len pro duced by
trees and shrubs in hab it ing swampy en vi ron ments — Fig. 3).
Phases II–IV are sim i lar to each other and in di cate a high hu -
mid ity of the hab i tat. Phase V marks the pro cess of dry ing, as
shown by: a de crease in quan tity of pol len pro duced by swamp
for est plants (Inaperturopollenites), an in crease in bisaccate
pol len grain quan tity, trans ported from greater dis tances, and
high abun dance of pol len pro duced by shrub swamp plants.
Shrubs not de pend ent di rectly on the wa ter ta ble might have
cer tainly de vel oped well in the con di tions in which the cy press
for est was al ready start ing to dis ap pear.

CONCLUSIONS

A shrub swamp with tree is lands (an actualistic model be -
ing Okefenokee and the Florida Everglades from the USA)
seems the most ap pro pri ate model for peat pro duc tion at
Lubstów. Such an in ter pre ta tion is con firmed by:

There are no tis sues or co nif er ous wood pre served in the
coal, which in di cates that they were not the di rect or ganic mat -
ter pro duc ers of the coal. How ever, the dom i na tion of pol len
pro duced by plants from the Taxodium/Glyptostrobus swamp
for est com mu nity in di cates that such a com mu nity ex isted in
the vi cin ity of the Lubstów peat bog.

The detrital type of coal with out pre served tis sues in di cates
an gio sperm plants as the source ma te rial, and shows the ex is -
tence of an ombrogenous peat bog in which rapid de com po si -
tion of plant tis sues took place within the aer o bic zone.

There is an ex cep tion ally high per cent age of pol len from
the groups: Castaneoideapollis (Castanea/Castanopsis/Litho -
carpus), Tricolporopollenites pseudocingulum (Fagaceae) and
T. exactus (Cyrillaceae/Clethraceae) in the coal. The plants pro -
duc ing these types of pol len were prob a bly the dom i nant con -
stit u ents of the peat-pro duc ing plant com mu nity.

The dome-shaped struc tures in the top of the de posit, dis -
cov ered by Kasiñski et al. (1994) might be ev i dence for the
pres ence of tree is lands at Lubstów.
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Nu mer ous re mains of fungi sim i lar to pres ent-day
mycorrhizal fungi, found in tree is land sed i ments, sug gest the
pres ence of trees and shrubs and an aer o bic zone.

The great thick ness of the brown coal seam at Lubstów is a
re sult of a high sub si dence rate in a fault-trough, and a high rate 
of or ganic mat ter de po si tion. A very rapid in crease of de tri tus
layer thick ness is ob served on the sur faces of the pres ent-day
tree is lands over grown by an gio sperm plants. This al lows one
to sup pose that sim i lar fos sil plant com mu ni ties might have
pro duced an amount of or ganic mat ter suf fi cient to com pen sate 
for the sub si dence.

The coal was formed in warm-tem per ate cli mate con di -
tions, sim i lar to the cli mate zone in which ex tant tree is lands
oc cur in North America.
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