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New palynostratigraphical data con cern ing the Car bon if er ous sed i men tary suc ces sion of SW Po land has been ob tained from the
Czerñczyce IG 1 bore hole and the Broñsko bore holes on the north ern slope of the Wolsztyn–Leszno High, where the old est rocks were ex -
pected. The miospore as sem blages re cov ered from the Czerñczyce IG 1 bore hole al lowed as sign ment of the in ter val stud ied to the
Marsdenian (Namurian B) and Yeadonian (Namurian C). These re sults, sup ple mented with pre vi ous palynostratigraphical data, re fute the
ex is tence of a strati graphic gap be tween the early Namurian and Duckmantian (Westphalian B). The re in ter pre ta tion of the un pub lished
miospore re sults of Górecka et al. (2000b, 2001a) from the Car bon if er ous rocks from the Broñsko bore holes, also in di cate that they should
ac tu ally be as signed to the up per Marsdenian and Yeadonian. All ana lysed miospore as sem blages are mixed and con tain abun dant re worked 
spec i mens. The re sults above com ple ment pre vi ous opin ions and per mit a re-eval u a tion of the stra tig ra phy of the Car bon if er ous siliciclastic
suc ces sion of SW Po land. Its sed i men ta tion was cer tainly ini ti ated in the ear li est Namurian or ear lier and prob a bly lasted with out long gaps
un til the Stephanian. The abun dance and com mon occurence of re worked miospores in di cate the age of rocks eroded dur ing Car bon if er ous
de po si tion. The lithological and palynofacial fea tures of the late Namurian rocks from the Czerñczyce IG 1 bore hole may be in ter preted as a
re cord of the shallowing of the sed i men tary ba sin, in clud ing the pos si bil ity that some of the sed i men ta tion occured in con ti nen tal con di -
tions. This means that the tran si tion from the deep ma rine en vi ron ment to shal low-wa ter or even con ti nen tal hab i tats likely had al ready
taken place by the late Namurian. This sug ges tion, to gether with the tec tonic de for ma tion dated as post-Bolsovian, cor re sponds to the tim -
ing of the de po si tion and de for ma tion in the Ger man part of the Variscan Fore land Ba sin.
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INTRODUCTION

The Car bon if er ous suc ces sion of SW Po land, bur ied un der a
thick cover of youn ger rocks of the south ern part of the Pol ish
Ba sin, pres ents an infill of the Pol ish part of the Eu ro pean
Variscan Fore land Ba sin (Rheno-Hercynian Zone). The stra tig -
ra phy of this suc ces sion has been dif fi cult to un der stand be cause
of the nu mer ous con tra dic tory strati graphi cal con clu sions pre vi -
ously pub lished, based on macrofaunas and miospore as sem -
blages, as dis cussed by Górecka-Nowak (2007, 2008, 2009).
The re sults of re cent palynological stud ies en abled a new strati -
graphi cal in ter pre ta tion to be pro posed which takes into ac count
the in flu ence of redeposition in di cated by the com mon oc cur -
rence of the re worked fos sils and the usu ally mixed na ture of the
fos sil as sem blages. This con clu sion is jus ti fied by the re jec tion
of pre vi ous re sults based on macrofossils, which are con sid ered
as re worked (Górecka-Nowak, 2008, 2009). 

Re sults from the cur rent palynostratigraphical in ves ti ga tions
have shown that miospores alone may be use ful in solv ing the
strati graphi cal prob lems of this suc ces sion (Górecka-Nowak,
2007). The re sults obtainet in di cate the pres ence of Pendleian to
Alportian (Namurian A) and Duckmantian to Asturian
(Westphalian B to D) rocks there (Górecka-Nowak, 2008).
How ever, to de ter mine the tim ing of de po si tion, cer tain in for ma -
tion was needed (Górecka-Nowak, 2008). 

The first yet un solved ques tion con cerns the ex act time of
the on set of de po si tion. Wierzchowska-Kicu³owa (1984),
¯elichowski (1984, 1995) and Parka and Œlusarczyk (1988)
had sug gested the pres ence of the Tournaisian and Visean
rocks in these Car bon if er ous suc ces sion. Analysis of the
biostratigraphic data on which these in ter pre ta tion had been
based, how ever, (Górecka-Nowak, 2007, 2008, 2009) in di cate
that there is no re li able biostratigraphical ev i dence for ei ther the 
Tournaisian or Visean rocks.



The de ter mi na tion of the on set of de po si tion would re quire
the dat ing of rocks from the basal part of the Car bon if er ous suc -
ces sion. This is cur rently im pos si ble be cause none of the bore -
holes drilled away from Wolsztyn–Leszno High (WLH), pen e -
trated deep enough. The Car bon if er ous rocks cov er ing the WLH 
are rel a tively thin and their age has been paly no logi cal ly de ter -
mined as Car bon if er ous in gen eral (Œwiêciechowa 1 bore hole;
Górecka et al., 1977a; Parka and Œlusarczyk, 1988) or early
Namurian (Wielichowo 1 bore hole; Krawczyñska- Grocholska
and Grocholski, 1976; Krawczyñska-Grocholska, 1978). These
stud ies did not ad dress the tim ing of the on set of de po si tion. 

The area where the old est drilled Car bon if er ous rocks might
oc cur is the north ern slope of the WLH (Fig. 1), where Car bon if -
er ous strata are tec toni cally de formed close to the fault (Mazur et 
al., 2010). Fur ther in ves ti ga tions of the old est rocks have fo -
cused on this area and some re sults are given in this pa per.

An other strati graphi cal prob lem concerns the pos si ble
strati graphic gap be tween the two paly no logi cal ly dated rock
se quences in the Car bon if er ous suc ces sion. The ex is tence of a
gap be tween the Alportian and Duckmantian may be tested via
current palynostratigraphical stud ies (Górecka-Nowak, 2008,
2009), pre vi ous opin ions on the com plete ness of the
Namurian–Westphalian sec tion have been con tra dic tory.

Wierzchowska-Kicu³owa (1984) and Parka and Œlusarczyk 
(1988) sug gested that a com plete strati graphic suc ces sion from
the Tournaisian to Stephanian oc curs in the Car bon if er ous se -
quence discussed. These in ter pre ta tions were based on the
many palynological  dates from the Namurian B and C as well
as from the Westphalian A and B de pos its (Górecka, 1972,
1991; Górecka et al., 1977a, b, 1978, 1994; Œlusarczyk, 1980,
1992; Parka and Œlusarczyk, 1988). The rich est palyno -
stratigraphical ev i dence of the late Namurian and the low er -
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Fig. 1. Map of the Car bon if er ous rocks in Po land (af ter ¯elichowski, 1984) with lo ca tion of the bore holes stud ied 
and other bore holes men tioned in the text



most Westphalian was de rived from the Czerñczyce IG 1 bore -
hole, where the Car bon if er ous age of this suc ces sion was es -
tab lished for the first time (Górecka, 1972). The Namurian B
and C (depth 1202.0–1165.5 m) and lower Westphalian A
(depth 1165.3–1086.5 m) were rec og nized in this sec tion.
These re sults had been re jected by ¯elichowski (1984, 1995)
and Kmiecik (2001) who pro posed the ex is tence of a gap be -
tween the Namurian B and Westphalian B. Bojkowski and
¯elichowski (1980) lim ited the pos si ble strati graphic gap to the 
late Westphalian A and Westphalian B. 

In or der to re solve these con tra dic tory opin ions, miospore
stud ies of the Car bon if er ous rocks from the Czerñczyce IG 1
bore hole have been un der taken and cor re la tions pro posed with
west ern Eu ro pean ref er ence sec tions (Clay ton et al., 1977;
Owens et al., 2004). The re sults are pre sented be low, in this,
the last part of a se ries of re ports de voted to the stra tig ra phy of
the Car bon if er ous siliciclastic suc ces sion of SW Po land
(Górecka-Nowak, 2007, 2008, 2009). It sum ma rizes the re sults 
of the cur rent phase of lo cal palynostratigraphical re search and
dates the im por tant geo log i cal events as so ci ated with the de po -
si tion and de for ma tion of these rocks, which con tain a re cord of 
the ter mi nal stage of evo lu tion of the Pol ish part of the Eu ro -
pean Variscan Fore land Ba sin.

OBJECTIVES OF THE PALYNOSTRATIGRAPHICAL
INVESTIGATION

There are two ob jec tives. The first concerns the Car bon if er -
ous rocks from the Czerñczyce IG 1 bore hole, which were
paly no logi cal ly stud ied in or der to elu ci date the ques tion of the
pre vi ously in ferred strati graphic gap be tween the Namurian
and Westphalian rocks.

The sec ond ob jec tive con cerned the Car bon if er ous rocks of
the Broñsko gasfield, lo cated on the north ern slope of the WLH
(Fig. 1). These are be lieved to be the old est pen e trated Car bon if er -
ous rocks of this suc ces sion and so may al low de ter mi na tion of the 
timimg of the on set of de po si tion. De tailed palynological data
from the un pub lished re ports of Górecka et al. (1999, 2000b,
2001a, b, 2002a, b, c, 2003) ap pears sig nif i cant in this con text,
and has been ana lysed and stratigraphically re in ter preted. 

METHODS

The main pur pose of the palynological stud ies of the Car bon -
if er ous de pos its from the Czerñczyce IG 1 bore hole was strati -
graphic in ter pre ta tion. Ad di tion ally palynofacial ob ser va tions and 
an as sess ment of the ther mal ma tu rity of the or ganic mat ter have
been made. Each sam ple was di vided into two parts: one of them
was des tined for palynostratigraphical stud ies and an other one for
palynofacial and ther mal ma tu rity ob ser va tions. Sam ples for the
palynostratigraphical stud ies were pro cessed in the stan dard way,
us ing hy dro flu oric acid fol lowed by ni tric acid and po tas sium

chlo rate. The processed sam ple was cleaned on a 16 mm sieve in
an ul tra sonic vi bra tor. Re main ing sam ples for the palynofacies
stud ies were nei ther ox i dized nor sieved. 

The as sess ment of the ther mal ma tu rity of the or ganic mat ter
was made on spec i mens of Lycospora, ap ply ing the 7 grades of

Bat ten’s scale (1984). The mi cro scopic slides were stud ied on an 
Optiphot (Nikon) mi cro scope and the pho to mi cro graphs were
taken by a Can non Power Shot A 640 dig i tal cam era. 

In case of the Broñsko bore holes, the palynological data ob -
tained by Górecka et al. (1999, 2000b, 2001a, b, 2002a, b, c,
2003) were re-ana lysed care fully. These re ports con tain de -
tailed lists of the miospore taxa found in par tic u lar sam ples of
each stud ied sec tion. The re cent stud ies fo cused on the anal y sis
of the strati graphic ranges of the miospore taxa listed, which in -
di cated the scope for their re in ter pre ta tion.

THE CZERÑCZYCE IG 1 BOREHOLE

The Czerñczyce IG 1 bore hole was drilled 15 km NWW
from Wroc³aw, near the Odra Fault Zone (Fig. 1). The Car bon -
if er ous rocks, bur ied un der a thick cover of Ce no zoic, Me so -
zoic and Perm ian rocks, were drilled at a depth of
1088.3–1200.0 m (Fig. 2A). 

The Car bon if er ous sec tion is lithologically bi par tite. Its up -
per part con sists of grey con glom er ates with sand stone in ter ca -
la tions and its lower part com prises mainly grey sand stones
with in ter ca la tions of dark grey mudstones. Coal laminae and
smudges oc cur in its lower, fine-grained part. The mudstones
and fine-grained sand stones from the en tire Car bon if er ous sec -
tion were paly no logi cal ly stud ied (Fig. 2B).

RESULTS

The miospore as sem blages re cov ered from the sam ples
stud ied were tax o nom i cally di verse and most of the miospore
taxa are listed in Ap pen dix A. Pho to mi cro graphs of se lected
spec i mens are shown in Fig ures 3–5. 

The miospore pres er va tion is usu ally good. Many spec i -
mens have a fuzzy sculp ture, prob a bly caused by the par tial
gelification of the miospore exines. Colours of Lycospora spec -
i mens are yel low-or ange, or ange and or ange-brown and their
ther mal ma tu rity in dex ranges from 2/3 up to 3/4. It should be
noted that abun dant, much darker spec i mens were also rec og -
nized among other miospore gen era.

Abun dant and di verse palynological ma te rial, be side
miospores, oc cur in the rocks stud ied. The main com po nents
are black and brown phytoclasts of rect an gu lar, po lyg o nal or
oval out line. Cuticules and other frag ments of the plant tis sues
are com mon. In most sam ples, small amounts of the amor phous 
or ganic mat ter were found and in some the amor phous mat ter
was more abun dant. The miospores are nu mer ous and they are
the only group of palynomorphs re corded.

INTERPRETATION 

The com po si tion of the miospore as sem blage in di cates its
mixed na ture. The youn gest miospores con sist of taxa which
in di cate the age of the stud ied rocks and all older taxa are con -
sid ered as re worked (Ap pen dix A). 

One miospore as so ci a tion of strati graphic sig nif i cance con -
sists of Crassispora kosankei, Stenozonotriletes triangulus,
Apiculatisporis variocorneus, Camptotriletes super bus and
Kraeuselisporites ornatus. All of these are typ i cally Namurian.
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The oc cur rence of Grumosisporites varioreticulatus and
Raistrickia fulva, which were re corded through out the en tire
sec tion, in di cate that the en clos ing de pos its are not older than
Kinderscoutian (Namurian B), as both these spe cies ap pear in
the up per part of the Crassispora kosankei–Grumosisporites
varioreticulatus (KV) miospore Biozone. The pres ence of
Reticulatisporites reticulatus, which was re corded in the up per
part of the sec tion to a depth of 1175.0 m, is very im por tant as it 
ap pears at the base of the Raistrickia fulva–Reticulatisporites
reticulatus (FR) miospore Biozone (Fig. 6). The pres ence of
Dictyotriletes bireticulatus, found at a depth of 1170–1176 m
by Górecka (1972), con firms that this in ter val be longs to the
up per part of the FR miospore Biozone, cor re spond ing to the
Yeadonian (Owens et al., 2004). The data above in di cate that
the lower part of the sec tion, be low a depth of 1175 m, should
be as signed to the Marsdenian (Namurian B) and its up per part
to the Yeadonian (Namurian C). It means that the bound ary be -
tween the Marsdenian and Yeadonian is lo cated in the lower,
sand stone part of the sec tion and en tire up per, coarser-grained
part should be as signed to the Yeadonian. It is im por tant to

note, though, that the miospore as sem blage rec og nized from
the Czerñczyce IG 1 bore hole does not con tain miospore taxa
which ac cord ing to the pres ent palynostratigraphical cri te ria
(Clay ton et al., 1977; Owens et al., 2004) might in di cate that
the rocks stud ied be long to the Langsettian (Westphalian A). 

All miospore taxa oc cur ring in this as sem blage that are
older than the FR Biozone, are con sid ered as re worked (Ap -
pen dix A). Their strati graphi cal ranges vary, but they are not
older than Famennian. The anal y sis of their strati graphi cal
ranges in di cate that there are quite nu mer ous late
Famennian–Tour naisian taxa: Auroraspora macra, Grandi -
spora echinata, Kraeuselisporites hibernicus, K. mitratus,
Lophozonotriletes triangulatus, Perotrilites perinatus,
Prolycospora claytonii, Retusotriletes spp., Rugospora
polyptycha and Vallatisporites microspinosus. An other abun -
dant group of re worked miospores rep re sents typ i cal late
Visean–Serpukhovian spe cies in clud ing: Kraeuselisporites
echinatus, Rugospora cf. corporata, Verrucosisporites
baccatus, V. morulatus, Raistrickia nigra, Microreticulati -
sporites concavus, Dictyotriletes pactilis, D. vitilis,
Ahrensisporites duplicatus, Tripartites distinctus, Triquitrites
marginatus, Potoniespores delicatus, Reticulatisporites
carnosus, Crassispora aculeata, C. maculosa, Cingulizonates
capistratus, Grandispora spinosa and Schulzospora campylo -
ptera. The oc cur rence of these miospores in di cates that up per
Famennian–Tournaisian and up per Visean–Ser pukhovian
rocks were eroded dur ing the Marsdenian and Yeadonian. Be -
side these two groups, miospores of in ter me di ate age and taxa
known from the Tournaisian and Visean have also been rec og -
nized, for ex am ple Spinozonotriletes uncatus and
Stenozonotriletes stenozonalis. Some of the re worked
miospores have poorly known strati graphi cal ranges. The pres -
ence of these taxa, which do not be long to ei ther of the two rec -
og nized as so ci a tions of re worked miospores, in di cate a var ied
stra tig ra phy for the up per most De vo nian and Car bon if er ous
source rocks. 

The colours of the Lycospora spec i mens in di cate that the or -
ganic mat ter rep re sents the im ma ture, tran si tional and early ma -
ture stages of ther mal ma tu rity. This rel a tively low ther mal al ter -
ation is re flected in the di verse com po si tion of the palynological
ma te rial. The com po si tion of the palynological ma te rial re veals
dom i na tion by humic mat ter, al though small amounts of amor -
phous or ganic mat ter also oc cur in most sam ples.

THE BROÑSKO BOREHOLES

The Car bon if er ous rocks from 10 bore holes lo cated on the
Broñsko gas field (the north ern slope of the WLH; Fig. 1) have
been stud ied palynostratigraphically by Górecka et al., (1999,
2000b, 2001a, b, 2002a, b, c, 2003), who as signed them to the
Tournaisian, un di vided Visean–Namurian and Namurian. The
most in ter est ing re sults came from the Broñsko 2 and
Broñsko 4 bore holes, where the Car bon if er ous rocks pen e -
trated are about 50 m-thick. The miospore as sem blages here are 
quite di verse and con tained some stratigraphically im por tant
taxa. The list of rec og nized miospore taxa (Górecka et al.,
2000b, 2001a) is shown in Ap pen dix B. 
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Fig. 2. The Czerñczyce IG 1 bore hole

A – geo log i cal sec tion, B – sec tion of the Car bon if er ous rocks
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Fig. 3. Miospores from the Car bon if er ous rocks of the Czerñczyce IG 1 bore hole

A – Calamospora microrugosa, depth 1190.8 m, sam ple C 6, slide 1, X 42; B – Calamospora mutabilis, depth 1190.8 m, sam ple C 6, slide 1, K 33; C –
Calamospora breviradiata, depth 1129.2 m, sam ple C 2, slide 1, D27, 2; D – Leiotrilietes tumidus, depth 1175.5 m, sam ple C 19, slide 1, K 46, 3; E –
Punctatisporites sinuatus, depth 1179.0 m, sam ple C 4, slide 1, Y 41; F – Retusotriletes communis, depth 1179.0 m, sam ple C 4, slide 2, J 24, 3/4, (r); G –
Granulatisporites microgranifer, depth 1173.3 m, sam ple C 18, slide 1, L 50, 2; H – Verrucosisporites morulatus, depth 1136.0 m, sam ple C 10, slide 1, X
41, 4, (r); I – Acanthotriletes castanea, depth 1140.5 m, sam ple C 11, slide 1, S 34, 1; J – Anaplanisporites baccatus, depth 1136.0 m, sam ple C 10, slide 1,
Y 49, 3; K – Anapiculatisporites cf. keikkukensis, depth 1136.0 m, sam ple C 10, slide 1, M 61, 1, (r); L – Pustulatisporites pustulatus, depth 1136.0 m,
sam ple C 10, slide 1, X 33, 3; M – Apiculatisporis variocorneus, depth 1140.5 m, sam ple C 11, slide 1, N 22, 1; N – Raistrickia fulva, depth 1179.0 m, sam -
ple C 4, slide 2, T 44, 3; O – Raistrickia fulva, depth 1197.8 m, sam ple C 6, slide 1, c6 – J 30, 4; P – Raistrickia fulva, depth 1179.0 m, sam ple C 4, slide 2, T
24, 3; Q – Raistrickia fulva, depth 1136.0 m, sam ple C 10, slide 1, Q 53, 1/3; R – Secarisporites remotus, depth 1106.3 m, sam ple C 9, slide 1,T 2, 2; S –
Camptotriletes super bus, depth 1106.3 m, sam ple C 9, slide 1, M 27, 1; T – Convolutispora tesselata, depth 1179.0 m, sam ple C 4, slide 1, D 21, 1/2 ; U –
Convolutispora varicosa, depth 1106.3 m, sam ple C 9, slide 1, R 49, 4; (r) – re worked miospore
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Fig. 4. Miospores from the Car bon if er ous rocks of the Czerñczyce IG 1 bore hole

A – Grumosisporites varioreticulatus, depth 1146.6 m, sam ple C 12, Q 24, 4; B – Murospora dupla, depth 1175.5 m, sam ple C 19, slide 1, D 58, 1, (r);  C –
Murospora aurita, depth 1173.3 m, sam ple C 18, slide 1, W 14, (r);  D – Ahrensisporites guerickei, depth 1187.6 m, sam ple C 5, slide 1, Q 50, 1;  E –
Knoxisporites hageni, depth 1197.0 m, sam ple C 6, slide 1, B 48, 1/2, (r);  F – Knoxisporites stephanophorus, depth 1197.0 m, sam ple C 6, slide 1, S 40, 3; 
G – Reticulatisporites carnosus, depth 1175.5 m, sam ple C 19, slide 1, Q 40, 4, (r);  H – Reticulatisporites reticulatus, depth 1175.5 m, sam ple C 19, slide
1, N 14,4;  I – Reticulatisporites reticulatus (the same as H), depth 1175.5 m, sam ple C 19, slide 1, N 14, 4;  J – Stenozonotriletes triangulus, depth
1190.8 m, sam ple C 6, slide 1, V 25, 3; K – Stenozonotriletes triangulus, depth 1190.8 m, sam ple C 6, slide 1, E 6;  L – Densosporites parvus, depth
1136.0 m, sam ple C 10, slide 1, D 20, 1;  M – Densosporites sphaerotriangularis, depth 1106.3 m, sam ple C 9, Q 17, 2;  N – Lycospora pusilla, depth
1179.0 m, sam ple C 4, slide 1, P 33, 1;  O – Tholisporites scoticus, depth 1197.0 m, sam ple C 6, slide 1, G 41, 4;  P – Cingulizonates bialatus, depth 1179.0
m, sam ple C 4, slide 1, E 19, 2;  Q – Cingulizonates bialatus, depth 1106.3 m, sam ple C 6, slide 1, B 42, 3/4;  R – Crassispora kosankei, depth 1136.0 m,
sam ple C 10, slide 1, Q 57, 2;  S – Crassispora kosankei, depth 1190.8 m, sam ple C 6, slide 1, C 5, 3/ D 5, 1;  T – Crassispora kosankei, depth 1106.3 m,
sam ple C 9, slide 1, E 62, 2/4;  U – Crassispora kosankei, depth 1187.6 m, sam ple C 5, slide 1, W 34, 1/3;  V – Crassispora maculosa, depth 1187.6 m, sam -
ple C 5, slide 1, F 34, 2;  W – Kraeuselisporites ornatus, depth 1106.3 m, sam ple C 9, slide 1, K 51, 1;  X – Kraeuselisporites ornatus, depth 1106.3 m, sam -
ple C 9, slide 1, K 56, 1/2; Y – Kraeuselisporites ornatus, depth 1106.3 m, sam ple C 9, slide 1, U 54, 3; (r)  – re worked miospore
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Fig. 5. Miospores from the Car bon if er ous rocks of the Czerñczyce IG 1 bore hole

A – Kraeuselisporites echinatus, depth 1146.6 m, sam ple C 12, slide 1, Q 33, 1, (r); B – Kraeuselisporites hibernicus, depth 1197.0 m, sam ple C 6, slide 1, J 
29, 4, (r); C – Vallatisporites microspinosus, depth 1190.8  m, sam ple C 5, slide 1, L 44, 2/ L 45, 1, (r); D – Discernisporites sp., depth 1106.3 m, sam ple C
10, slide 1, E 44, 2; E – Spinozonotriletes uncatus, depth 1136.0 m, sam ple C 10, slide 1, X 14, 1, (r); F – Spelaeotriletes arenaceus, depth 1179.0 m, sam -
ple C 4, slide 2, S 33, 1; G – Spelaeotriletes triangulus, depth 1106.3 m, sam ple C 9, slide 1, X 64, 3; H – Auroraspora macra, depth 1136.0 m, sam ple C 10, 
slide 1, T 37, 1, (r); I – Grandispora distincta, depth 1106.3 m, sam ple C 9, slide 2, H 35, 4; J – Grandispora cf. lupata, depth 1106.3 m, sam ple C 9, slide 1, 
N 42, 1/2, (r); K – Grandispora sp., depth 1106.3 m, sam ple C 9, slide 2, J 31, 3; L – Laevigatosporites vulgaris, depth 1190.8 m, sam ple C 6, slide 1, N 42,
2; M – Schulzospora rara, depth 1179.0 m, sam ple C 4, slide 1, S 44; N – Schulzospora plicata, depth 1187.6 m, sam ple C 5, slide 1, C 44, 4; O – Florinites
mediapudens, depth 1179.0 m, sam ple C 4, slide 1, J 32; P – Florinites pumicosus, depth 1187.6 m, sam ple C 5, slide 1, B 33, 4; Q – Schopfipollenites sp.,
depth 1106.3 m, sam ple C 9, slide 1, Y 49, 3; (r) – re worked miospore



In the Broñsko 2 bore hole Górecka et al. (2000b) de fined
three strati graphic in ter vals: un di vided Visean–Namurian,
which oc curs twice in this sec tion (depths 2201.8–2204.6 m
and 2245.6–2248.5 m) and the up per Tournaisian, rec og nized
at a depth of 2205.9 m. The en tire Car bon if er ous sec tion from
the Broñsko 4 bore hole (depth 2191.4–2253.8 m) was as signed 
to the un di vided Visean–Namurian (Górecka et al., 2001a).

Fur ther anal y sis of the miospore as sem blage com po si tions
(Ap pen dix B) al lows al ter na tive strati graphi cal in ter pre ta tions to 
be made. All these as sem blages, which con sist of nu mer ous
miospore taxa, seem to be mixed, con sist ing of miospores typ i -
cal of dif fer ent time in ter vals. In such a sit u a tion only the youn -
gest miospore taxa have strati graphi cal sig nif i cance and all older 
ones are con sid ered as re worked.

The miospore as sem blages from the Broñsko 2 bore hole
(Ap pen dix B) con tain nu mer ous Famennian–Tournaisian taxa
(Retusotriletes incohatus, Verrucosisporites nitidus,
Raistrickia variabilis, R. corynoges, Crassispora trychera), oc -
cur ring to gether with taxa ap pear ing in the Visean (Lycospora
pusilla) and later. The youn gest taxa are Apiculatispores
variocorneus, A. aculeatus, Apiculatasporites spinulistratus,
Triquitrites cf. tribullatus and Reticulatisporites reticulatus,
which ap peared in the Bashkirian. The oc cur rence of R.
reticulatus, as well as Endosporites globiformis per mit an as -
sign ment to the Raistrickia fulva–Reticulatisporites reticulatus
(FR) Biozone (Fig. 6), cor re lated with the late Marsdenian and
Yeadonian (up per Namurian B and lower Namurian C)
(Owens et al., 2004). The com po si tion of this as sem blage does
not re veal the stratigraphically sig nif i cant ver ti cal di ver si fi ca -

tion. Miospore as sem blages de rived from dif fer ent sam ples
con tain dif fer ent num bers of re worked miospores, which are
es pe cially abun dant in the sam ple from the depth of 2205.9 m
and this prob a bly caused their er ro ne ous as sign ment to the
Tournaisian (Górecka et al., 2000b). 

The miospore as sem blage from the Broñsko 4 bore hole
(Ap pen dix B) con sists mainly of Visean–Namurian taxa, but
their strati graphi cal ranges in di cate the mixed na ture of this as -
sem blage. The oc cur rence of Crassispora kosankei, ap pear ing
at the base of the Serpukhovian, Apiculatisporis aculeatus and
Triquitrites cf. tribullatus in di cate that the rocks stud ied are not
older than Marsdenian (up per Namurian B) (Owens et al.,
2004; Fig. 6). Re worked miospores are not fre quent but in clude 
Auroraspora sp.

DISCUSSION, 
COMMENTS AND CONCLUSIONS

New palynological data, pre sented in this pa per, fa cil i tates
new in ter pre ta tions of the stra tig ra phy of the Car bon if er ous
suc ces sion of SW Po land, which had hith erto been un clear.
The strati graphi cal re in ter pre ta tion of the palynological data of
Górecka et al. (1999, 2000b, 2001a, b, 2002a, b, c, 2003) from
the Broñsko gas field, lo cated on the north ern slope of the
WLH, gave sur pris ing re sults. The miospore as sem blages rec -
og nized there ap peared to be mixed and in di cate a late
Marsdenian and Yeadonian age for the se quence in ves ti gated.
This con clu sion in di cates that rocks from this area were

344 Anna Górecka-Nowak

Fig. 6. Strati graphi cal ranges of some im por tant miospore taxa 
(ac cord ing to Clay ton et al., 1977 and Owens et al., 2004)



wrongly con sid ered as the old est drilled rocks in this Car bon if -
er ous suc ces sion. 

Thus, the time of the on set of Car bon if er ous de po si tion re -
mains un known. The com mence ment of de po si tion may be
roughly de fined by the rocks un der ly ing this suc ces sion and the 
old est rocks be long ing to it. The base ment, el e vated and rec og -
nized at the WLH (Fig. 1), is com posed of the weakly meta -
mor phosed rock com plexes. Phyllites oc cur ring there are de -
rived from a Mid dle?–Up per De vo nian protolith
(Haydukiewicz et al., 1999). Their cool ing age was es ti mated
at 358 Ma (Mazur et al., 2006) with the ter mi na tion of meta -
mor phism at 340 Ma (¯elaŸniewicz et al., 2003). These ages
rep re sent of the Late De vo nian and early Visean re spec tively
and means that the Car bon if er ous siliciclastic rock suc ces sion
has to be youn ger than early Visean. On the other hand the be -
gin ning of the Car bon if er ous de po si tion took place prob a bly
be fore the Pendleian (ear li est Namurian), when the old est dated 
sed i men tary rocks, rec og nized in the Paproæ 29 bore hole, were
de pos ited (Górecka-Nowak, 2007). This in di cates that the on -
set of de po si tion was prob a bly in the Visean, al though this is
still not biostratigraphically con firmed.

 In the ad ja cent parts of the Variscan Fore land Ba sin Car -
bon if er ous siliciclastic de po si tion also be gan in the Visean. In
the SW part of the Rheno-Hercynian Zone in Ger many the old -
est siliciclastic Car bon if er ous rocks ac cu mu lated dur ing the
deep en ing of the south ern part of the ba sin in the Brigantian
(McCann, 1999; Kornpihl, 2004). In the Czech Culm Ba sin the
ini tial phase of fore land ba sin de vel op ment, con nected to the
on set of deep ma rine sed i men ta tion, was even ear lier, at the be -
gin ning of the Visean (Hartley and Otava, 2001). 

The geo log i cal rec og ni tion of this Car bon if er ous suc ces -
sion in SW Po land is cur rently lim ited to its up per part and
there is no pos si bil ity to de ter mine the age of rocks from its
base. This be comes ob vi ous tak ing into ac count that the max i -
mum known thick ness of this suc ces sion is about 2500 m,
which is not great, com pared to its huge thick ness in the ad ja -
cent re gions. The thick ness of the Car bon if er ous rocks in the
Culm Ba sin in the Czech Re pub lic ex ceeds 7500 m (Hartley
and Otava, 2001). In SW part of the Ger man Variscan Fore land 
Ba sin, where only the up per Visean to Bashkirian rocks oc cur,
their thick ness is about 3000 m (McCann, 1999). 

The re sults of the re cent phase of palynostratigraphical stud -
ies proved the pres ence of Serpukhovian to Moscovian rocks in
the Car bon if er ous suc ces sion of SW Po land (Fig. 7). The old est
dated rocks of this suc ces sion have been rec og nized in the
Paproæ 29 bore hole and as signed to the Pendleian
(Górecka-Nowak, 2007). The up per Arnsbergian–Alportian de -
pos its seem to be widely dis trib uted as they have been rec og -
nized in the Katarzynin 2, Siciny IG 1 and Marcinki IG 1 bore -
holes (Górecka-Nowak, 2007, 2008, 2009). The Marsdenian
and the Yeadonian rocks prob a bly oc cur on the north ern slope of 
the WLH and were dated from the Czerñczyce IG 1 bore hole.
The palynological stud ies of the strata from the Czerñczyce IG 1
bore hole did not con firm the pres ence of the Langsettian, which
had been in ferred be fore from this sec tion by Górecka (1972).
The Duckmantian, Bolsovian and Asturian de pos its were dated
in the Marcinki IG 1, Siciny IG 1 and Wrzeœnia IG 1 bore holes
re spec tively by Górecka-Nowak (2008, 2009). 

The above re sults in di cate suc ces sion in these Car bon if er -
ous rocks is not con tin u ous with no ev i dence of in ter vals cov er -
ing the lower Arnsbergian, up per Alportian–Kinderscoutian
and Langsettian. It should be pointed out that dur ing pre vi ous
palynostratigraphical stud ies all of these in ter vals had been
identified, al though the con clu sions were some times gen eral
and the miospore zonation was not ap plied. Namurian A de pos -
its had been rec og nized paly no logi cal ly in sev eral bore holes
i.a. Oœno IG 1 (Krawczyñska-Grocholska, 1975; Kraw -
czyñska-Grocholska and Grocholski, 1976), Milicz 1 (Górecka 
et al., 1977b), Jarocin GN 2 (Parka and Œlusarczyk, 1988;
Górecka, 1991) and Lasowice 1 (Parka and Œlusarczyk, 1988).
K³apciñski and Muszer (1987, 1995) had iden ti fied Namurian
A rocks from the Chwaliszew 1 and Golêczewo 1 bore holes.
Parka and Œlusarczyk (1988) had as signed rocks from the
Ostrzeszów 1, Pogorzela 1, Siekierowice 2 and Trzebosz 2
bore holes to the Namurian B and C. Westphalian A rocks had
been also re cog nized from some bore holes, for ex am ple
Aleksandrów 1 (Górecka, 1991; Œlusarczyk, 1992) and
Laskowice O³awskie IG 1 (Górecka and Parka, 1980; Parka
and Œlusarczyk, 1988). The oc cur rence of stratigraphically im -
por tant taxa, in clud ing Radiizonates aligerens, found in the
Klêka 1 bore hole (Parka and Œlusarczyk, 1988), in dic a tive of
the up per Langsettian (Clay ton et al., 1977) in di cates that these
re sults seem to be re li able. 

The youn gest part of the Car bon if er ous suc ces sion prob a -
bly rep re sents the Stephanian, as Œlusarczyk (1980) and
Karnkowski and Rdzanek (1982) rec og nized mixed miospore
as sem blages with taxa typ i cal of the Stephanian in rocks from
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Fig. 7. Stra tig ra phy of the Car bon if er ous suc ces sion of SW Po land
based on palynological re sults



the £ugowo 2 and Donatowo 1 bore holes. This con clu sion is
sup ported by the re sults from the Bartków 1 and Baszyn 1
(Jerzykiewicz, 1977), Laskowice O³awskie IG 1 (Parka and
Œlusarczyk, 1988), Solec 6 (K³apciñski and Muszer, 1995) and
Paproæ 10 and Paproæ 24 bore holes (Górecka et al., 2000a),
where also Stephanian rocks have also been recognized.

The ev i dence pre sented here of the pres ence of Marsdenian 
and Yeadonian rocks does not sup port the con cept of a strati -
graphic gap be tween the Alportian and Duckmantian. The
above re view in di cates that opin ion on the oc cur rence of two
rock suc ces sions of dif fer ent ages in the Car bon if er ous suc ces -
sion of SW Po land (Górecka-Nowak, 2008, 2009) re sulted
from the pre lim i nary na ture of the stud ies. On the other hand,
the sug ges tion of a strati graphic gap be tween the Namurian and 
Westphalian has been con nected in part with the re jec tion of
earlier palynostratigraphical re sults by Bojkowski and
¯elichowski (1980), ¯elichowski (1984, 1995), Kmiecik
(2001). Now, how ever, the pres ence of rocks of tran si tional
age has been con firmed. 

These palynostratigraphical data sug gest that the Car bon if -
er ous siliciclastic suc ces sion of SW Po land con sists of rocks
from the Pendleian to the Stephanian (Fig. 7). This cor re sponds 
to the tim ing of de po si tion in the south ern part of the
Rheno-Hercynian Zone in Ger many, which be gan in the
Brigantian and lasted to the Stephanian (McCann, 1999;
Kornpihl, 2004). Much older rocks, the Visean and low er most
Namurian, oc cur in the Culm Ba sin in the Czech Re pub lic and
the Moravo-Silesian Zone in Po land (Hartley and Otava, 2001;
Trzepierczyñska, 2003). 

The palynofacies ob ser va tions made for the Marsdenian
and the Yeadonian rocks from the Czerñczyce IG 1 bore hole
in di cate that this di verse palynological ma te rial dif fers from the 
palynofacies from other sec tions of this suc ces sion, which are
more mo not o nous and usu ally do not con tain any amor phous
or ganic mat ter (Górecka-Nowak, 2007, 2009). The di ver sity of 
the or ganic mat ter com po si tion from this sec tion, shown also
by or ganic pet ro log i cal stud ies (Nowak, 2003), prob a bly re -
flects lower ther mal al ter ation com pared to other Car bon if er -
ous sec tions from this suc ces sion (Nowak, op. cit.,
Górecka-Nowak, op. cit.). 

It is wor thy of note that the palynological ma te rial from the
Czerñczyce IG 1 bore hole re sem bles the palynofacies from the
coal-bear ing Wa³brzych For ma tion from the Intrasudetic Ba sin 
(Górecka-Nowak and Majewska, 2007). This sim i lar ity, as so -
ci ated with the oc cur rence of coal laminae and smudges in the
sand stones from the Czerñczyce IG 1 borehole, may sug gest
that the se quence in ves ti gated ac cu mu lated in a con ti nen tal or
at least paralic hab i tat. Mi cro scope ob ser va tions of vitrinite
laminae, as well as the oc cur rence of well-pre served sporangia
(Nowak, 2003) sup port this opin ion. 

This palynofacial ob ser va tion may in di cate that shallowing
of the ba sin and the tran si tion from the deep ma rine turbidites
to shal low-wa ter or even con ti nen tal de position took place ear -

lier than in the Westphalian as was sug gested by Mazur et al.
(2010). This change cor re sponds rather to the palaeo -
geographic sit u a tion in Ger many, where the en vi ron ment of the 
Car bon if er ous siliciclastic de po si tion also evolved from a deep
ma rine to a con ti nen tal setting, but where the Yeadonian
deposits, lim ited to the ba sin cen tre, are con sider to have been
de pos ited in a shal low-wa ter to clastic coastal depositional en -
vi ron ment (McCann, 1999; Kornpihl, 2004). 

The mixed na ture of the miospore as sem blages from the
Marsdenian and Yeadonian com plete the ob ser va tion that these 
kinds of miospore as sem blages are the rule in the siliciclastic
Car bon if er ous rocks of SW Po land (Górecka-Nowak, 2008).
The oc cur rence of re worked miospores in di cate that dur ing its
de po si tion the ero sion of Up per De vo nian–Tournaisian or up -
per Visean–Serpukhovian (or solely up per Visean) sed i men -
tary rocks took place (Górecka-Nowak, 2007, 2008, 2009).
These youn ger eroded rocks were prob a bly also the source of
the re worked ma rine macrofaunas which had been re corded in
some sec tions of this suc ces sion (Górecka-Nowak, 2008,
2009). The ev i dence of redeposition was also sup ported by de -
tri tal zir con stud ies. The geo chron ol ogy of zir cons from the up -
per Arnsbergian–Alportian rocks in di cate a Late De vo nian and
early Car bon if er ous age al though the sources of the zir con de -
tri tus from the Asturian were more var ied (Mazur et al., 2010).
Sed i men tary detritus, con tain ing miospores and macrofossils,
prob a bly trans ported in blocks, as well as crys tal line rocks be -
ing the source of the de tri tal zir cons (Mazur et al., 2010), sup -
plied to the fore land ba sin com prise ev i dence of De vo nian and
Car bon if er ous source rocks. Both sets of ev i dence in di cate the
im por tant role of in ten sive redeposition dur ing the sed i men ta -
tion of the Car bon if er ous rocks. Mazur et al. (op. cit.) sug -
gested that the source area was prob a bly in the NE part of the
Bo he mian Mas sif, likely in the Sudetes where up lift and its
unroofing took place. 

The du pli ca tion of strati graphi cal in ter vals in some bore -
holes (Górecka-Nowak, 2008, 2009), as so ci ated with the struc -
tural re cord and sed i ment prov e nance, de ter mined the time of
the late orogenic de for ma tion and up lift as not ear lier than
Bolsovian. This ter mi nal tec tonic par ox ysm took place at the
same time ap prox i mately as the fi nal Variscan tectonism in
NW Ger many and the Brit ish Isles (Mazur et al., op. cit.). 

The data above sug gest that the tim ing of the de po si tion and 
de for ma tion, and prob a bly, at least partly, con di tions of de po si -
tion in the Pol ish and Ger man parts of the Variscan Fore land
Ba sin were sim i lar. How ever, the Car bon if er ous suc ces sion of
SW Po land re quires de tailed sedimentological stud ies,
complemented by palynostratigraphical and palynofacial stud -
ies, to in ter pret the evo lu tion of the depositional en vi ron ment
and to con struct a palaeo geo graphi cal syn the sis.
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