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This pa per de scribes in de tail palynological data from the Car bon if er ous siliciclastic rock suc ces sion from the Siciny IG 1 and Marcinki
IG 1 bore holes (SW Po land), that al low re in ter pre ta tion of the lo cal stra tig ra phy. Two rock se ries of dif fer ent ages were rec og nized.
Rocks from the Siciny IG 1 sec tion were as signed to the up per Arnsbergian–Alportian (the Lycospora subtriquetra–Kraeuselisporites
ornatus (SO) Biozone) and the Bolsovian (the Torispora securis–Torispora laevigata (SL) Biozone). In the up per part of the Car bon if er -
ous sec tion in the Marcinki IG 1 sec tion the up per Arnsbergian–Alportian and Duckmantian in ter val (the Lycospora
subtriquetra–Kraeuselisporites ornatus (SO) and the Microreticulatisporites nobilis–Florinites ju nior (NJ) biozones re spec tively) were 
rec og nized, al though the qual ity of the palynological data from the lat ter bore hole was gen er ally poor. These re sults con flict with a
Viséan age for these rocks in ter preted from fos sil ma rine macrofaunas and in di cate the re worked na ture of the macrofaunas. Pos si ble
means of the macrofaunal re work ing, sed i men tary en vi ron ment and ther mal his tory, based on the palynological data, are dis cussed. Rep -
e ti tion of the strati graphi cal suc ces sion, prob a bly due to tec tonic de for ma tion of the rocks in both sec tions, is dem on strated and in di cate a 
post-Bolsovian age for the de for ma tion event. 
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INTRODUCTION

A new in ter pre ta tion of the stra tig ra phy of the Car bon if er -
ous suc ces sion from Pol ish part of the Variscan fore land ba sin
has resolved pre vi ous con tra dic tory interpretations. This in ter -
pre ta tion is based on palynological data from sev eral deep
bore holes lo cated in the Fore-Sudetic area (Górecka-Nowak,
2007, 2008). The re sults of palynological stud ies from two
bore holes, Siciny IG 1 and Marcinki IG 1, pre sented in this pa -
per, have pro vided much im por tant data towards this in ter pre -
ta tion and have a key role in resolv ing strati graphi cal prob lems.

The Siciny IG 1 and Marcinki IG 1 bore holes (Fig. 1) were
drilled in the 1970’s. The Car bon if er ous siliciclastic suc ces sion 
is bur ied un der a thick cover of Permo-Me so zoic and Ce no zoic 
rocks in each of these sec tions. This suc ces sion has usu ally

been sparsely cored and its thick ness ex ceeds 1000 m, al though 
in none of the bore holes was the base ment pen e trated (Figs. 2A
and 3A). Pre vi ous palaeontological and palynological stud ies
have pro vided con tra dic tory re sults. Late Viséan ma rine
macrofaunas, found in these rocks, have been a ba sis for the
rec og ni tion of up per Viséan rocks. A ma rine or i gin of these
rocks is also sup posed mainly on the ba sis of these fos sils. The
Marcinki IG 1 bore hole is par tic u larly im por tant as it pen e trates 
the max i mum known thick ness of this se quence (> 2500 m)
and in cludes many late Viséan macrofaunas. The Siciny IG 1
bore hole is con sid ered as a sec tion where the en tire Lower Car -
bon if er ous suc ces sion is rep re sented (¯elichowski, 1984,
1995). Pre vi ous palynostratigraphical re sults in di cated the oc -
cur rence of Westphalian1 rocks in both these sec tions (Górecka 
and Parka, 1980; Parka and Œlusarczyk, 1988), but these re sults 
were re garded as less re li able.

1 The recent Carboniferous subdivision (Heckel and Clayton, 2006) is applied in this paper with regard to the new stratigraphical conclusions. In the parts
of the text that deal with eariel results, the traditional names of the stratigraphical units are used



The palynological stud ies of the au thor have been mainly
strati graphi cal in na ture. An ad di tional pur pose of these stud ies
was palynological con straint of the age of the tec tonic event
which caused de for ma tion of the rock suc ces sion stud ied, as re -
corded in both bore holes (Mazur et al., 2008). The re sults of
the palynostratigraphical stud ies showed that the macrofaunas
found in these rocks have been re worked. A sug ges tion re gard -
ing the prob a ble mech a nism of the macrofauna re work ing is
dis cussed. The miospore stud ies were aug mented by the
palynofacies ob ser va tions and as sess ment of ther mal mat u ra -
tion of or ganic mat ter de rived from miospore col our. These
stud ies fo cused on the iden ti fi ca tion of source rocks for hy dro -
car bons (Nowak, 2003), but their re sults aid strati graphi cal in -
ter pre ta tion and en abled elu ci da tion of the ther mal his tory of
the rocks stud ied. The palynofacies ob ser va tions made to es -
tab lish the re worked na ture of the macrofaunas en abled some
in ter pre ta tion of depositional en vi ron ment. 

CARBONIFEROUS OF THE SECTIONS STUDIED
AND PREVIOUSLY INFERRED STRATIGRAPHY

SICINY IG 1

The Car bon if er ous siliciclastic rocks in the Siciny IG 1
bore hole oc cur in the depth in ter val 2004.5–3000.0 m. They
con sist of mo not o nous mudstones and sand stones with in ter ca -
la tions of con glom er ate (Fig. 2). Some of these rocks con tain
volcanogenic frag ments. In the up per part of the sec tion, down
to 2177.8 m depth, their col our is red-brown ish while be low
this grey rocks oc cur. The Car bon if er ous strata are tec toni cally
de formed (Mazur et al., 2008). In the up per and lower parts of
the log they lie nearly hor i zon tally or dip at a low an gle (up to
25°), but within the depth in ter val 2408.5–2665.1 m strata dip
at high an gles (up to 90°). The lower and up per con tacts of this
zone are marked by thrust sur faces while an other thrust sur face
cuts across this zone (Fig. 2). 
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Fig. 1. Map of the Car bon if er ous rocks in Po land (after ¯elichowski, 1984) 
with lo ca tion of the bore holes stud ied and other bore holes yield ing macrofaunas



Pre vi ous stra tig ra phy was based on macrofossils, found in
the up per part of the sec tion, down to a depth of 2545.0 m in
red-brown ish and grey clastic rocks. Kühn and Paprocka
(1979) de ter mined sev eral late Viséan goniatite taxa, in clud ing
Nomismoceras vittiger (Phill.), Goniatites ex gr. striatus
(Roemer), Goniatites sp. and bi valves (Posidonia corrugata
Eth., Posidonia becheri Bronn., Posidonia ex gr. corrugata
Eth., Arciculopecten sp., Posidoniella laevis (Brown). This up -
per part of the sec tion, in which they had been found, was con -
sid ered as up per Viséan and about 400 m of palaeontologically
bar ren rocks un der ly ing them was as signed to the Tournaisian
and/or lower Viséan (see also Górecka-Nowak, 2008). Thus

the Siciny IG 1 bore hole had been con sid ered as a com plete
sec tion through the Lower Car bon if er ous (¯elichowski, 1984,
1995; Wierzchowska- Kicu³owa, 1984). 

There fore, the palynostratigraphical re sults of Parka and
Œlusarczyk (1988) were sur pris ing. These au thors de ter mined
late Car bon if er ous miospores from two rock sam ples from the
up per most part of the sec tion (depth 2018.0–2181.0 m) and as -
signed them to the up per Westphalian (see also
Górecka-Nowak, 2008). Un for tu nately, they did not dis cuss
the ear lier in ter pre ta tions and their con clu sion was later left out
of the ac count.
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Fig. 2. The Siciny IG 1 bore hole

 A — geo log i cal sec tion, B — palynostratigraphy of the Car bon if er ous rocks
(tec tonic sec tion from Mazur et al., 2008)
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Fig. 3. The Marcinki IG 1 bore hole

A — geo log i cal sec tion, B — li thol ogy and dis tri bu tion of the
macrofaunas and mudstone clasts in the Car bon if er ous rocks, C —
palynostratigraphy of the Car bon if er ous rocks (tec tonic sec tion from
Mazur et al., 2008)



MARCINKI IG 1

In the Marcinki IG 1 bore hole the Car bon if er ous strata con -
sist of sand stones, mudstones, claystones and con glom er ates,
and oc cur in the depth in ter val 1715.0–4237.0 m. These strata
dip usu ally at low an gles of up to 20° and only in the depth in -
ter val 2154.0–2323.0 m, bounded by two thrust sur faces, did
they dip at much higher an gles, ex ceed ing 90° (Fig. 3; Mazur et 
al., 2008). 

The palaeontological ev i dence of a Car bon if er ous age in
this sec tion con sists of goniatites, bi valves and orthocones,
which had been found en tire. Rocks con tain ing Goniatites
crenistria Phill., Goniatites cf. crenistria intermedius Kobold,
Goniatites ex gr. striatus (Sow.), Goniatites cf. bisati Moore,
Neoglyphioceras ex gr. subcirculare (Mill.), Lusitanoceras
granosus, Posidonia ex gr. corrugata (Ether.), Dictyodora
liebeana (Geinitz), Crossopodia moravica Stur, Orthoceras

sp. were as signed to the up per Viséan (Goa–Gob) (Korejwo
and Teller, 1973; Bojkowski, 1973; ¯elichowski, 1995). In the
up per most part of the sec tion (depth 1832.8–1839.4 m)
Korejwo and Teller (1973) found Dimorphoceras sp. and in -
cluded this part within the Namurian (?). 

The palynostratigraphic stud ies pro vided dif fer ent re sults
— the lower part of the pro file was as signed to the up per
Viséan (Górecka and Parka, 1980) or to an un di vided
Viséan–Namurian in ter val (Parka and Œlusarczyk, 1988) while
rocks from the up per part of the sec tion (above 2945.0 m) were
in cluded within the Westphalian (Górecka and Parka, op. cit.;
Parka and Œlusarczyk, op. cit.; see also Górecka-Nowak,
2008). Górecka and Parka (op. cit.) sug gested that late Viséan
macrofaunas found in the Westphalian rocks had been re -
worked, though Parka and Œlusarczyk (1988) did not dis cuss
the mat ter. This in ter pre ta tion was later disregarded.
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Fig. 4. Strati graphi cal ranges of some im por tant miospore taxa 
(ac cord ing to Clay ton et al., 1977; Owens et al., 2004, com pleted by data from Kmiecik, 2001)
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METHOD 

The en tire Car bon if er ous sec tion from Siciny IG 1 was
sam pled for palynology (Fig. 2). In the Marcinki IG 1 bore hole, 
the sam pled in ter val em braced the zone of the de formed strata
as well as rocks oc cur ring above and be low it, al though sam -
pling was lim ited to the up per part of the sec tion (depth in ter val 
1832.8–2401.1 m) (Fig. 3).

Sam ples of fine-grained rocks from both bore holes were
pro cessed for palynofossils ac cord ing to the stan dard pro ce -
dure. Each sam ple was di vided dur ing pro cess ing into two
parts and later only sam ples for palynology were oxi dised
(HNO3, KClO3). The palynofacies observations and ther mal
maturity as sess ments were made on unoxi dised sam ples.

The strati graphi cal in ter pre ta tion of the miospore data,
based on the oc cur rence of stratigraphically im por tant taxa, al -
lowed ap pli ca tion of the stan dard miospore zonation of West -
ern Eu rope (Clay ton et al., 1977; Owens et al., 2004), with ref -
er ence also to some data from Po land (Fig. 4; Kmiecik, 2001).
The clas si fi ca tion of palynofacies par ti cles given by Górecka -
-Nowak and Majewska (2007) was ap plied in the palynofacies
stud ies. The miospore col our was as sessed ac cord ing to the
Bat ten’s scale (1984), us ing colours of Lycospora spec i mens.

RESULTS 

The rocks stud ied con tained abun dant miospores, con sist -
ing of gen er ally poorly pre served, ther mally al tered spec i mens.
Rep re sen ta tives of other groups of palynomorphs were not
found. The best qual ity miospore as sem blages came from the
Siciny IG 1 bore hole and were found in grey siliciclastic rocks
from the depth in ter val 2179.2–2939.0 m. Miospore as sem -
blages from this sec tion are well-pre served and are di verse. As -
sem blages from the Marcinki IG 1 sec tion are poorer, con sist -
ing of fewer and less well pre served spec i mens. In both sec -
tions stud ied over 250 miospore taxa were de ter mined. Most of
these are listed in Ap pen di ces A, B and some are il lus trated
Fig ures 5–8.

The palynofacies ma te rial of all sam ples con sists mainly of
black, dark brown and brown phytoclasts. These have rect an -
gu lar or ir reg u lar out lines and are of var i ous sizes. In rocks
from the Siciny IG 1 bore hole these rect an gu lar and ir reg u lar
phytoclasts are brown and black and oc cur in var i ous amounts.
In sam ples from the Marcinki IG 1 bore hole black phytoclasts
dom i nate. In none of the sam ples was amor phous or ganic mat -
ter re corded. 
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Fig. 5. Miospores from the Car bon if er ous rocks of the Siciny IG 1 and Marcinki IG 1 bore holes

A — Leiotriletes tumidus Butterworth et Wil liams, 1958, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, Q 15, 2; B — Punctatisporites aerarius
Butterworth et Wil liams, 1958, Siciny IG 1 bore hole, depth 2886.0 m, slide 2, V 51, 4; C — Punctatisporites parvivermiculatus Playford, 1962, Siciny
IG 1 bore hole, depth 2936.0 m, W 31, 3 (r); D — Punctatisporites punctatus Ibrahim, 1933, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, Q 22, 1;
E — Punctatisporites irrasus Hacquebard, 1957, Siciny IG 1 bore hole, depth 2921.0 m, Q 32 (r); F — Punctatisporites minutus Kosanke, 1950, Siciny IG
1 bore hole, depth 2936.0 m, slide 2, H 30; G — Punctatisporites glaber (Naumova) Playford, 1962, Siciny IG 1 bore hole, depth 2890.0 m, slide 3, T 8, 4; H
— Punctatisporites nitidus Hoffmeister, Staplin et Malloy, 1955, Marcinki IG 1 bore hole, depth 1988.3–1994.0 m, sam ple Mar 9, slide 1, U 32 2; I —
Calamospora parva Guennel, 1958, Marcinki IG 1 bore hole, depth 1832.8–1839.4 m, slide 4, V 58, 3; J — Calamospora microrugosa (Ibrahim) Schopf,
Wil son et Bentall, 1944, Siciny IG 1 bore hole, depth 2814.0 m, slide 2, K 16, 2; K — Calamospora straminea Wil son et Kosanke, 1944, Siciny IG 1 bore -
hole, depth 2310.5–2319.5 m, slide 2, Q 19 2; L — Calamospora parva Guennel, 1958, Siciny IG 1 bore hole, depth 2814.0 m, slide 1, B 18, 1, 3; M —
Retusotriletes incohatus Sullivan, 1964, Siciny IG 1 bore hole, depth 2936.0 m, sam ple S 17, slide 2, S 47 (r); N — Retusotriletes communis Naumova,
1953, Siciny IG 1 bore hole, depth 2921.0 m, sam ple S 15, K 51, 2 (r); O — Retusotriletes avonensis Playford, 1963, Siciny IG 1 bore hole, depth 2936.0 m,
slide 1, C 29, 2 (r); P — Granulatisporites adnatoides (Potonié et Kremp) Smith et Butterworth, 1967, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide
1, Y 52, 1, 3, R — Granulatisporites microgranifer Ibrahim, 1933, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, S 59, 3; S — Cyclogranisporites
minutus Bharadwaj, 1957, Siciny IG 1 bore hole, depth 2890.0 m, sam ple S 12, slide 2, S 7, 1; T — Cyclogranisporites aureus (Loose) Potonié et Kremp,
1955, Siciny IG 1 bore hole, depth 2886.0 m, slide 2, O 27, 3; U — Cyclogranisporites palaeophytus Neves et Ioannides, 1974, Siciny IG 1 bore hole, depth
2890.0 m, slide 2, Y 34, 3 (r); W — Converrucosisporites armatus (Dybova et Jachowicz) Smith et Butterworth, 1967, Siciny IG 1 bore hole, depth
2542.0–2546.7 m, slide 4, L 51, 4; X — Converrucosisporites armatus (Dybova et Jachowicz) Smith et Butterworth, 1967, Marcinki IG 1 bore hole, depth
2135.1–2141.5 m, sam ple Mar 7, slide 1 dl, V 4, 3; Y — Verrucosisporites baccatus Staplin, 1960, Siciny IG 1 bore hole, depth 2814.0 m, slide 1, H 16, 3, 4
(r); Z — Verrucosisporites donarii Potonié et Kremp, 1955, Siciny IG 1 bore hole, depth 2450.0–2458.0 m, slide 2A, Y 19, 2, 4; AA — Verrucosisporites
cerosus (Hoffmeister, Staplin et Malloy) Butterworth et Wil liams, 1958, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, Y 16, 1, 3; BB —
Verrucosisporites morulatus (Knox) Smith et Butterworth, 1967, Siciny IG 1 bore hole, depth 2310.5–2319.5 m, slide 2, L 29, 4 (r); CC — Walzispora sp.,
Marcinki IG 1 bore hole, depth 2348.4–2352.8 m, slide 2 dl, C 10; DD — Tricidarisporites balteolus Sullivan et Mar shall, 1966, Siciny IG 1 bore hole,
depth 2936.0 m, slide 2, K 41, 1 (r); EE — Anaplanisporites baccatus (Hoffmeister, Staplin et Malloy) Smith et Butterworth, 1967, Marcinki IG 1 bore -
hole, depth 2393.3–2401.1 m, slide 1, J 50, 2; FF — Anaplanisporites baccatus (Hoffmeister, Staplin et Malloy) Smith et Butterworth, 1967, Siciny IG 1
bore hole, depth 2909.0–2912.0 m, slide 2, K 31, 4; GG — Pustulatisporites dolbii Higgs, Clay ton et Keegan, 1988, Siciny IG 1 bore hole, depth 2936.0 m,
slide 1, C 42 (r); HH — Apiculatisporis variocorneous Sullivan, 1964, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, Y 41, 1, 2; II —
Acanthotriletes baculatus Neves, 1961, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, X 57, 3 (r); JJ — Apiculiretusispora fructicosa Higgs,
1975, Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 2; U, 42 (r); KK — Procoronaspora fasciculata Love 1960, Marcinki IG 1 bore hole, depth
2348.4–2352.8 m, slide 2 dl, S 22 2 (r); LL — Raistrickia sp., Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 1, O 56, 2; MM — Neoraistrickia
inconstans Neves, 1961, Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 2, H 60, 2; NN — Convolutispora cerina Ravn, 1979, Siciny IG 1 bore hole,
depth 2909.0–2912.0 m, slide 1, N 51, 1; OO — Convolutispora tessellata Hoffmeister, Staplin et Malloy, 1955, Siciny IG 1 bore hole, depth
2246.5–2255.5 m, slide 1, F 57, 3 (r); PP — Microreticulatisporites concavus Butterworth et Wil liams, 1958, Marcinki IG 1 bore hole, depth
2393.3–2401.1 m, V 42, 1 (r); RR — Microreticulatisporites concavus Butterworth et Wil liams, 1958, Siciny IG 1 bore hole, depth 2727.4–2731.6 m, slide 
1, V, 17 (r); SS — Microreticulatisporites microreticulatus Knox, 1950, Siciny IG 1 bore hole, depth 2886.0 m, slide 2, E 11, 4; (r) — re worked spec i men
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Miospore col our was di verse, from or ange-brown to very
dark brown or even black, but dark col ours dom i nate. In many
cases the ther mal al ter ation hindered miospore de ter mi na tion.

In all as sem blages from the Siciny IG 1 pro file miospores of
var i ous col our were ob served. These dif fer ences were par tic u -
larly sig nif i cant in rocks from the up per part of this sec tion while
in the lower part they are not so marked, but re main no tice able.
Spec i mens of Lycospora re vealed or ange to dark brown colours
and their ther mal al ter ation in dex amounts 3 to 5/6.

Rocks from the Marcinki IG 1 sec tion pro vided gen er ally
much darker miospores, brown to black in col our, so most
spec i mens were dif fi cult to de ter mine or un de ter min able. Their 
ther mal al ter ation in dex was as sessed at level 4/5–7. 

DISCUSSION

The re sults of palynostratigraphical stud ies of the Car bon if -
er ous rocks from the Siciny IG 1 and Marcinki IG 1 bore holes
has pro vided the most im por tant data to data in constaining the
tim ing of de po si tion and de for ma tion in the Pol ish part of the
Variscan fore land ba sin (Górecka-Nowak, 2008). 

Two rock suc ces sions of dif fer ent ages were rec og nized in
both sec tions, the up per Arnsbergian–Alportian and the

Duckmantian–Bolsovian. The older rock suc ces sion, found in
the Siciny IG 1 and in the Marcinki IG 1 sec tions, was as signed
to the Lycospora subtriquetra–Kraeuselisporites ornatus (SO)
Biozone (Owens et al., 2004), cor re spond ing to the up per
Arnsbergian–Alporitan. The youn ger rock suc ces sion in the
Siciny IG 1 pro file was con strained to the Torispora
securis–Torispora laevigata (SL) Biozone, cor re spond ing to
the Bolsovian. In the Marcinki IG 1 borehole, where the qual ity 
of the palynological data is not sat is fac tory, this youn ger rocks
were as signed to the Duckmantian (the Microreticulatisporites
nobilis–Florinites ju nior (NJ) Biozone). 

The re sults of the palynostratigraphic stud ies ne gate the
pres ence of Viséan rocks in these sec tions, which had been in -
ferred ear lier on the ba sis of the fos sil ma rine macrofaunas.
These palynostratigraphical con clu sions, though, gen er ally
con firm pre vi ous in ter pre ta tions of stra tig ra phy based on
miospores. Parka and Œlusarczyk (1988) rec og nized up per
Westphalian rocks in the top part of the Car bon if er ous in the
Siciny IG 1 sec tion. In the Marcinki IG 1 bore hole Górecka and 
Parka (1980) and Parka and Œlusarczyk (1988), in cluded all
these rocks into the Westphalian. They were partly cor rect, but
the stra tig ra phy of these rocks ap pears to be more com pli cated.
Their sam pling was sparse, and they over looked the zone of
tec tonic de for ma tion. 
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Fig. 6. Miospores from the Car bon if er ous rocks of the Siciny IG 1 and Marcinki IG 1 bore holes

A — Microreticulatisporites nobilis (Wicher) Knox, 1950, Siciny IG 1 bore hole, depth 2542.0–2546.7 m, slide 3, G 31; B — Microreticulatisporites
nobilis (Wicher) Knox, 1950, Marcinki IG 1 bore hole, depth 2348.4–2352.8 m, slide 1, Y 52; C — Microreticulatisporites nobilis (Wicher) Knox, 1950,
Marcinki IG 1 bore hole, depth 2135.1–2141.5 m, slide 3, N 51, 1/3; D — Microreticulatisporites nobilis (Wicher) Knox, 1950, Marcinki IG 1 bore hole,
depth 2135.1–2141.5 m, slide 1, X 17; E — Microreticulatisporites nobilis (Wicher) Knox, 1950, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, H
56, 2/ G, 56, 4; F — Microreticulatisporites sulcatus (Wil son et Kosanke) Smith et Butterworth, 1967, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide
3, P, 26; G — Dictyotriletes vitilis Sullivan et Mar shall, 1966, Siciny IG 1 bore hole, depth 2936.0 m, slide 2, X 33, 3/Y 33, 1; H — Dictyotriletes falsus
Potonié et Kremp, 1955, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1A, N 45, 1, 3; I — Dictyotriletes pactilis Sullivan et Mar shall, 1966, Siciny
IG 1 bore hole, depth 2936.0 m, slide 1, B, 33, 4 (r); J — Dictyotriletes flavus Keegan, 1977, Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 2, W 25
(r); K — Corbulispora retiformis Bharadwaj, 1957, Siciny IG 1 bore hole, depth 2814.0 m, slide 1, Q 38, 3; L — Ahrensisporites duplicatus Neville, 1973,
Siciny IG 1 bore hole, depth 2814.0 m, slide 1, P 5, 2 (r); M — Ahrensisporites guerickei (Horst) Potonié et Kremp, 1954, Siciny IG 1 bore hole, depth
2909.0–2912.0 m, slide 1, B 45, 1; N — Tripartites sp., Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, G 45, 2, 4; O — Triquitrites sp., Siciny IG 1
bore hole, depth 2727.4–2731.6 m, slide 1, W, 18; P — Triquitrites comptus Wil liams, 1973, Marcinki IG 1 bore hole, depth 1832.8–1839.4 m, slide 1, Q 23
(r); R — Triquitrites sculptilis (Balme) Smith et Butterworth, 1967, Siciny IG 1 bore hole, depth 2450.0–2458.0 m, slide 3, Z 52, 3; S — Triquitrites
marginatus Hoffmeister, Staplin et Malloy, 1955, Marcinki IG 1 bore hole, depth 2393.3–2401.1 m, slide 5, N 43, 4 (r); T — Bascaudaspora canipa
Owens, 1983, Siciny IG 1 bore hole, depth 2921.0–2923.5 m, slide 2, S 23, 4/T 23, 2; U — Knoxisporites stephanophorus Love, 1960, Siciny IG 1 bore hole, 
depth 2921.0 m, slide 1, Y 43, 3; W — Knoxisporites sp., Marcinki IG 1 bore hole, depth 2321.8–2325.9 m, slide 4, R 50, 4; X — Lophozonotriletes
triangulatus Hughes et Playford, 1961, Siciny IG 1 bore hole, depth 2921.0–2923.5 m, slide 1, L 47, 3/M 47, 3 (r); Y — Lophozonotriletes tuberosus
Sullivan, 1964, Siciny IG 1 bore hole, depth 2814.0 m, slide 1, U 18 (r); Z — Stenozonotriletes coronatus Sullivan et Mar shall, 1966, Marcinki IG 1 bore -
hole, depth 1832.8–1839.4 m, slide 3, C 41 1/3 (r); AA — Stenozonotriletes lycosporoides (Butterworth et Wil liams) Smith et Butterworth, 1967, Siciny
IG 1 bore hole, depth 2814.0 m, slide 2, F 8, 3; BB — Stenozonotriletes bracteolus (Butterworth et Wil liams) Smith et Butterworth, 1967, Siciny IG
1borehole, depth 2246.5–2255.5 m, slide 1A, G 43, 3 (r); CC — Stenozonotriletes triangulus Neves 1961, Siciny IG 1 bore hole, depth 2936.0 m, slide 2, N
43, 2; DD — Westphalensisporites irregularis Alpern, 1958, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, sam ple Sic 7, slide 2, K 9, 2, 4/K 10, 1, 3; EE
— Savitrisporites nux (Butterworth et Wil liams) Smith et Butterworth, 1967, Siciny IG 1 bore hole, depth 2542.0–2546.7 m, slide 6, R 16; FF —
Bellispores nitidus (Horst) Sullivan, 1964, Siciny IG 1 bore hole, depth 2814.0 m, slide 2, K 31, 1; GG — Rotaspora sp., Siciny IG 1 bore hole, depth 2886.0 
m, slide 3, W 18 (r); HH — Rotaspora knoxi Butterworth et Wil liams, 1958, Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 1, Y 62, 2 (r); II —
Rotaspora knoxi, Marcinki IG 1 bore hole, depth 1832.8–1839.4 m, slide 1, B 44, 3 (r); JJ — Rotaspora knoxi Butterworth et Wil liams, 1958, Siciny IG 1
bore hole, depth 2246.5–2255.5 m, slide 1A, H 47, 2/G 47, 4 (r); KK — Rotaspora sp., Marcinki IG 1 bore hole, depth 2348.4–2352.8 m, slide 1, A 17, 2/A
17, 1 (r); LL — Tumulispora dentata (Hughes and Playford) Turnau, 1975, Siciny IG 1 bore hole, depth 2727.4–731.6 m, slide 3, Y 48, 2, 4 (r); MM —
Tumulispora malavkensis Hacquebard, 1957, Siciny  IG 1 bore hole, depth 2542.0–2546.7 m, slide 5, A 17, 3/B 17, 1 (r); NN — Potonispores delicatus
Playford, 1963, Siciny IG 1 bore hole, depth 2921.0–2923.5 m, slide 2, S 40 (r); OO — Grumosisporites sp., Siciny IG 1 bore hole, depth 2886.0 m, slide 2,
L 16, 3; PP — Crassispora kosankei (Potonié et Kremp) Bharadwaj, 1957, Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 1, P 46; RR — Crassispora
kosankei (Potonié et Kremp) Bharadwaj, 1957, Siciny IG 1 bore hole, depth 2727.4–2731.6 m, slide 3, K 26, 3; SS — Crassispora kosankei (Potonié et
Kremp) Bharadwaj, 1957, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, O 23, 2; TT — Crassispora kosankei (Potonié et Kremp) Bharadwaj,
1957, Siciny IG 1 bore hole, depth 2727.4–2731.6 m, slide 3, C 24, 4; (r) — re worked spec i men
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In the Siciny IG 1 and Marcinki IG 1 cores both of the rock
suc ces sions rec og nized are du pli cated. In the Siciny IG 1 bore -
hole the up per Arnsbergian–Alporitan suc ces sion oc curs at
depth in ter vals of 2310.5–2319.5 m and 2594.5–2939.0 m
while the youn ger unit was rec og nized in depth in ter vals of
2179.2–2255.5 m and 2450.0–2546.7 m. A com par i son of
palynostratigraphic and tec tonic data (Mazur et al., 2008) re -
vealed close cor re spon dence. It al lowed es tab lish ing bound -
aries of strati graphic se quences us ing thrust sur faces. Only the
bound ary be tween the Bolsovian and the up per
Arnsbergian–Alporitan rocks, set at a depth of 2300.0 m, has
been es tab lished ar bi trarily (Fig. 2). A sim i lar, though less well
doc u mented, geo log i cal sit u a tion was ob served in the Marcinki 
IG 1 pro file, where the Duckmantian de pos its oc cur twice in
the sec tion (depth in ter vals of 2135.1–2141.5 and
2348.4–2352.8 m) amid the older strata. The dis tri bu tion of
these strati graphi cal in ter vals in this sec tion may also cor re -
sponds to the tec tonic re flect of the rocks (Fig. 3). 

The tec tonic rep e ti tions of these strati graphi cal in ter vals
pro vide ev i dence of post-Bolsovian thrust ing or fault ing in the
Pol ish part of the Variscan fore land ba sin. This de for ma tion
event, rep re sent ing the fi nal Variscan tectonism, ap pears to be
youn ger then sup posed ear lier (Oberc, 1978, 1991; Karnko -
wski and Rdzanek, 1982b, Wierzchowska-Kicu³owa, 1984;
¯elichowski, 1984; Po¿aryski et al., 1992). Tectonism of this
age has also been shown in other parts of the Variscan fore land
ba sin sys tem (i.e. Brit ish Isles, Ger many) (Mazur et al., 2008).

The fos sil as sem blages oc cur ring in these rocks in both sec -
tions stud ied are com plex and con sist of mixed miospore as so -
ci a tions and macrofossils (Górecka-Nowak, 2008). The strati -
graphi cal ranges of the re worked miospores from the Siciny IG
1 sec tion in di cate that Famennian–Tournaisian and up per
Viséan–lower Serpukhovian rocks were eroded and the rock
ma te rial, con tain ing miospores, was re de pos ited dur ing the
sed i men ta tion of the rocks stud ied. The de tri tal zir con geo -
chron ol ogy from the up per Arnsbergian–Alporitan rocks in

this sec tion also in di cates Up per De vo nian and Lower Car bon -
if er ous source rocks (Mazur et al., 2008). 

Rocks from the Marcinki IG 1 bore hole also re vealed a re -
cord of the redeposition of up per Viséan–lower Serpukhovian
rocks dur ing late Arnsbergian–Alporitan and Duckmantian
time. The high ther mal al ter ation that caused the poor pres er va -
tion of miospores from this sec tion is prob a bly re spon si ble for
the lack of older re worked miospores, which may though be
rep re sented among the black un iden ti fied spec i mens.

The oc cur rence of youn ger miospores in rocks where
older ma rine macrofaunas had been found ear lier means that
the macrofossils are re worked. This ex pla na tion holds for the
Siciny IG 1 and Marcinki IG 1 bore holes, and also for other
sec tions (Fig. 1), in which both biostratigraphical meth ods
were ap plied and pro vided con tra dic tory re sults (Górecka-
 Nowak, 2008). The macrofaunas were prob a bly de rived from
the same up per Viséan–lower Serpukhovian rocks that were
the source rocks of re worked miospores. Elu ci da tion of the
pos si ble mech a nism of the macrofaunal redeposition is not
easy. Macrofossils are usu ally pre served as moulds and im -
pres sions and most have been found in the dark gray
mudstones (Cebulak and Dembowski, 1973; Kühn and
Paprocka, 1979). It is in ter est ing that in the Siciny IG 1 and
Marcinki IG 1 sec tions, macrofaunas were found in the same
depth in ter vals as con tain clasts of dark grey claystone and
mudstone, oc cur ring in grey mudstone or sand stone beds
(Figs. 2 and 3). These clasts are abun dant and of var i ous size.
The small est of them are easy to rec og nize in the core, but
blocks larger than the di am e ter of the core may also oc cur and
could be er ro ne ously con sid ered as beds. It is pos si ble that the
macrofaunas came from just such larger blocks. How ever,
this sug ges tion is dif fi cult to ver ify as macrofaunas have been
taken  from the cores and only fu ture drill ing might solve this
prob lem.

The re worked na ture of the macrofaunas has eco log i cal and 
strati graphi cal con se quences. The lat ter were dis cussed by
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Fig. 7. Miospores from the Car bon if er ous rocks of the Siciny IG 1 and Marcinki IG 1 bore holes

A — Tholisporites sp., Siciny IG 1 bore hole, depth 2886.0 m, slide 3, W 18; B — Densosporites gracilis Smith et Butterworth, 1967, Siciny IG 1 bore hole,
depth 2211.0–2211.3 m, slide 1, N 39, 4; C — Densosporites sp., Marcinki IG 1 bore hole, depth 1832.8–1839.4 m, slide 1, Z 51, 1; D — Densosporites
intermedius Butterworth et Wil liams, 1958, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, Q 20, 4/Q 21, 3; E — Lycospora pusilla (Ibrahim)
Sommers, 1972, Marcinki IG 1 bore hole, depth 1832.8–1939.4 m, slide 4, G 43, 4; F — Lycospora pusilla (Ibrahim) Sommers, 1972, 1972, Marcinki IG 1
bore hole, depth 2159.7–2165.1 m, slide 3, N 24; G — Lycospora pusilla (Ibrahim) Sommers, 1972, Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 2,
U 19; H — Lycospora subtriquetra (Luber) Potonié et Kremp, 1956, Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 2, A 10; I — Cingulizonates
capistratus (Hoffmeister, Staplin et Malloy) Staplin et Jansonius, 1964, Siciny IG 1 bore hole, depth 2921.0–2923.5 m, slide 1, Z 61, 3; J — Cirratriradites
rarus (Ibrahim) Schopf, Wil son et Bentall, 1944, Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 1, Y 24 2/Y 25, 1; K — Radiizonates tenuis (Loose)
Smith et Butterworth, 1967, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1A, O 57; L — Radiizonates mirabilis Phillips et Clay ton, 1980, Siciny
IG 1 bore hole, depth 2921.0–2923.5 m, slide 2, Q 53, 1/3 (r); M — Radiizonates mirabilis Phillips et Clay ton, 1980, Siciny IG 1 bore hole, depth
2727.4–2731.6 m, slide 1 C 19 (r); N — Prolycospora claytonii Turnau, 1978, Siciny IG 1 bore hole, depth 2814.0 m, slide 1, Y 32, 3 (r); O —
Kraeuselisporites ornatus (Neves) Owens, Mishell et Mar shall, 1976, Siciny IG 1 bore hole, depth 2939.0 m, slide 1, Y 39; P — cf. Kraeuselisporites,
Marcinki IG 1 bore hole, depth 1832.8–1839.4 m, slide kr, C 55, 2/C 56, 1; R — Kraeuselisporites ornatus (Neves) Owens, Mishell et Mar shall, 1976,
Marcinki IG 1 bore hole, depth 1832. 8–1839.4 m, slide 2, Y 44, 4; S — Kraeuselisporites ornatus (Neves) Owens, Mishell et Mar shall, 1976, Siciny IG 1
bore hole, depth 2909.0–2912.0 m, slide 2, K 62, 3; T — Kraeuselisporites ornatus (Neves) Owens, Mishell et Mar shall, 1976, Siciny IG 1 bore hole, depth
2909.0–2912.0 m, slide 1, P 35, 4; U — Vallatisporites ciliaris (Luber) Sullivan, 1964, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, N 50, 4/O 50, 2 (r);
W — Vallatisporites ciliaris (Luber) Sullivan, 1964, Siciny IG 1 bore hole, depth 2727.4–2731.6 m, sam ple Sic 5, slide 3, C 12, 3 (r); X — Vallatisporites
verrucosus Hacquebard, 1957, Siciny IG 1 bore hole, depth 2814.0 m, sam ple S 10, slide 1, D 42 (r); Y — Vallatisporites sp., Marcinki IG 1 bore hole, depth
1832.8–1839.4 m, Mar 8 sam ple, slide 4, Y 34, 2 (r); Z, AA, BB — Discernisporites micromanifestus (Hacquebard) Sabry et Neves, 1971, Siciny IG 1 bore -
hole, depth 2921.0–2923.5 m, slide 2; 24. B 45, 1; 25. F 53, 1; 26. J 59, 3 (r); CC — Spinozonotriletes uncatus Hacquebard, 1957, Siciny IG 1 bore hole,
depth 2939.0 m, slide 1, F 32, 1; (r) — re worked spec i men
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Górecka-Nowak (2008). The oc cur rence of these ma rine
macrofossils had been re garded as proof of the ma rine or i gin of 
these Car bon if er ous rocks. As the macrofaunas is re worked,
this ar gu ment is ne gated. The palynofacies ob ser va tions re -
veals that the or ganic ma te rial oc cur ring in the rocks stud ied is
of terrigenous or i gin. Nei ther amorphic or ganic mat ter of
aquatic origin, nor ma rine palynomorphs were found. The re -
sults of the palynofacies stud ies did not pro vide proof of the
ma rine or i gin of these rocks, al though they can not ex clude it as 
terrigenous ma te rial may also dom i nate in ma rine sed i ments.
The lack of palaeontological in di ca tors of a ma rine or i gin of
these rocks should be noted in fu ture sedimentological stud ies. 

The ob ser va tions of miospore col our have pro vided data on 
re gional changes in ther mal ma tu rity and on the ther mal his tory 
of the or ganic mat ter. They re vealed that miospores from the
Siciny IG 1 bore hole are gen er ally paler than those from the
Marcinki IG 1 bore hole. This means that rocks in the Marcinki
IG 1 bore hole are more ther mally al tered than those in the
Siciny IG 1 bore hole. These data as well as data from some
other bore holes (Górecka-Nowak, 2007) were used to analyse
the re gional vari a tions in ther mal ma tu rity of these Car bon if er -
ous rocks (Nowak, 2003).

In the Siciny IG 1 bore hole the ther mal his tory of the or -
ganic mat ter is re corded in the col our of miospores oc cur ring in 
mixed as sem blages, as the stratigraphically older spec i mens re -
veal a gen er ally darker col our. In the Serpukhovian rocks,

where Late De vo nian to Alportian miospores oc cur, these dif -
fer ences are less prom i nent and all miospores re veal an
overmature stage of ther mal al ter ation. This prob a bly means
that all these miospores, Serpukhovian and older, had a sim i lar
ther mal his tory and the dif fer ences in col our de pends on the du -
ra tion of heat ing. This is un likely in the case of the Bolsovian
as sem blages. These as sem blages con sist of Penn syl va nian
miospores of or ange col our and overmature, brown to black,
re worked spec i mens. The ma jor ity of the re worked miospores
rep re sent Late De vo nian to Serpukhovian taxa. This may be
ev i dence of ther mal re gime changes in time. Prob a bly con stant
or at least sim i lar ther mal con di tions oc curred in the Late De vo -
nian to the Alportian time in ter val. Later, be tween the
Alportian and Bolsovian, the heat ing ef fect be came weaker.
This weaker heat ing in the Bolsovian caused miospores of this
age to show a ma ture stage of ther mal al ter ation.

Ac knowl edge ments. This re search was sup ported by the
Pol ish Com mit tee for Sci en tific Re search and the Min is try of

the En vi ron ment (pro ject PCZ-007-21 �Palaeozoic Ac cre tion

of Po land�). The au thor thanks Dr. J. Haydukiewicz for con -
struc tive dis cus sion and com ments on the manu script. The au -
thor is grate ful to Prof. E. Turnau and Prof. A. ̄ elaŸniewicz for 
help ful com ments which have im proved the manu script.
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Fig. 8. Miospores from the Car bon if er ous rocks of the Siciny IG 1 and Marcinki IG 1 bore holes

A — Auroraspora asperella (Kedo) Van der Zwan, 1980, Siciny IG 1 bore hole, depth 2923.0 m, slide 1, Z 45, 3 (r); B — Auroraspora panda Turnau, 1978, 
Siciny IG 1 bore hole, depth 2727.4–2731.6 m, slide 1, Q 53, 3 (r); C — Spalaeotriletes arenaceous Neves et Owens, 1966, Siciny IG 1 bore hole, depth
2921.0–2923.5 m, slide 1, U 55, 3; D — Spalaeotriletes arenaceous Neves et Owens, 1966, Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 2, V 46, 1;
E — Grandispora lupata Turnau, 1975, Siciny IG 1 bore hole, depth 2814.0 m, slide 1, C 22 (r); F — Grandispora lupata Turnau, 1975, Siciny IG 1 bore -
hole, depth 2909.0 m, slide 2,V 20, 3/4 (r); G — Grandispora lupata Turnau, 1975, Siciny IG 1 bore hole, depth 2814.0 m, slide 1, U 19, 4 (r); H —
Grandispora cornuta Higgs, 1975, Siciny IG 1 bore hole, depth 2211.0–2211.3 m, slide 2, B 52, 1 (r); I — Grandispora cornuta Higgs, 1975, Siciny IG 1
bore hole, depth 2909.0 m, slide 2, M 47, 1 (r); J — Grandispora cf. gracilis (Kedo) Higgs, Avkhim., Loboz., Maziane, Stemp., Streel, 2000, Siciny IG 1
bore hole, depth 2909.0–2912.0 m, slide 2, O 56 (r); K — Grandispora spinosa Hoffmeister, Staplin et Malloy, 1955, Siciny IG 1 bore hole, depth
2310.5–2319.5 m, slide kr, M 52, 3/N 52, 1; L — Grandispora sp., Siciny IG 1 bore hole, depth 2936.0 m, slide 1, C 38; M — Perotrilites tessellatus
(Staplin) Neville, 1973, Siciny IG 1 bore hole, depth 2921.0 m, slide 1, E 6 (r); N — Rugospora minuta Neves et Ioannides, 1974, Siciny IG 1 bore hole,
depth 2909.0 m, slide 2, X 5, 2/4 (r); O — Rugospora sp., Siciny IG 1 bore hole, depth 2936.0 m, slide 1, T 48, 1/3 (r); P — Laevigatosporites perminutus
Alpern, 1958, Siciny IG 1 bore hole, depth 2181.2–2188.5 m, slide 3, P 32, 2; R — Punctatosporites minutus (Ibrahim) Alpern et Doubinger, 1973, Siciny
IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, P 50, 4; S — Punctatosporites granifer (Potonié et Kremp) Alpern et Doubinger, 1973, Siciny IG 1 bore -
hole, depth 2246.5–2255.5 m, slide 2, N, 6; T — Punctatosporites granifer (Potonié et Kremp) Alpern et Doubinger, 1973, Siciny IG 1 bore hole, depth
2181.2–2188.5 m, slide 1, M 16, 2; U — Punctatosporites granifer (Potonié et Kremp) Alpern et Doubinger, 1973, Siciny IG 1 bore hole, depth
2246.5–2255.5 m, slide 3, Y 20, 2; W — Punctatosporites minutus (Ibrahim) Alpern et Doubinger, 1973, Siciny IG 1 bore hole, depth 2181.2–2188.5 m,
slide 3, Q 16, 1; X — Punctatosporites minutus (Ibrahim) Alpern et Doubinger, 1973, Siciny IG 1 bore hole, depth 2208.0–2208.2 m, slide 2, A 11, 4/B 11,
2; Y — Punctatosporites minutus (Ibrahim) Alpern et Doubinger, 1973, Siciny IG 1 bore hole, depth 2208.0–2208.2 m, sam ple S 7, slide 2, B 11, 2; Z —
Torispora securis (Balme) Alpern, Doubinger et Horst, 1965, Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1A, H 57, 1, 3; AA — Torispora securis
(Balme) Alpern, Doubinger et Horst, 1965, Siciny IG 1 bore hole, depth 2542.0–2546.7 m, slide 5, O 38, 4; BB — Torispora securis (Balme) Alpern,
Doubinger et Horst, 1965, Siciny IG 1 bore hole, depth 2181.2–2188.5 m, slide 1, M 21, 4; CC — Torispora securis (Balme) Alpern, Doubinger et Horst,
1965, Siciny IG 1 bore hole, depth 2181.2–2188.5 m, slide 1, M 12, 4; DD — Torispora securis (Balme) Alpern, Doubinger et Horst, 1965, Siciny IG 1
bore hole, depth 2450.0–2458.0 m, slide 3A, U 19, 1; EE — Torispora securis (Balme) Alpern, Doubinger et Horst, 1965, Siciny IG 1 bore hole, depth
2450.0–2458.0 m, slide 3A, T 39, 4; FF — Schulzospora rara Kosanke, 1950, Siciny IG 1 bore hole, depth 2936.0 m, slide 1, H, 43; GG — Schulzospora
ocellata (Horst) Potonié et Kremp, 1955, Siciny IG 1 bore hole, depth 2450.0–2458.0 m, slide 3, O 19, 1 (r); HH — Schulzospora elongata Hoffmeister,
Staplin et Malloy, 1955, Siciny IG 1 bore hole, depth 2909.0–2912.0 m, slide 1, D 27; II — Schulzospora elongata Hoffmeister, Staplin et Malloy, 1955,
Siciny IG 1 bore hole, depth 2246.5–2255.5 m, slide 1, T 24, 3 (r); (r) — re worked spec i men
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AP PEN DIX A

Oc cur rence of miospore taxa in rocks from the Siciny IG 1 bore hole

Taxa

 
m 

2.
9

7
1

2

m  0.0812

–2.1812
m 8812 m 0.8022

m 0.1122

–5.6422
m 5522 –5.0132
m 9132 –0.0542
m 8542 –0.2452
m 6452 –5.4952
m 8952 –4.7272
m 1372 m 0.4182

m 0.6882

m 0.0982

–0.9092
m 0.2192 –0.1292
m 5.3292 m 0.6392

m 0.9392

Acanthotriletes baculatus Neves, 1961 D

Acanthotriletes falcatus (Knox) Potonié et Kremp, 1955 D D ·

Acanthotriletes echinatus (Knox) Potonié et Kremp, 1955 · ·

Acanthotriletes hastatus Sullivan et Mar shall, 1966 D · ·

Acanthotriletes triquetrus Smith et Butterworth, 1967 ·

Ahrensisporites duplicatus Neville, 1973 D D

Ahrensisporites guerickei (Horst) Potonié et Kremp, 1954 · · · ·

Anaplanisporites baccatus (Hoffmeister, Staplin
et Malloy) Smith et Butterworth, 1967 · · · · · · · · · · ·

Anaplanisporites denticulatus Sullivan, 1964 D D

Anaplanisporites globulus (Butterworth et Wil liams)
Smith et Butterworth, 1967 · ·

Apiculiretusispora fructicosa Higgs, 1975  Ñ

Apiculiretusispora multiseta (Luber) Butterworth et
Spin ner, 1966  Ñ

Apiculatisporis irregularis (Alpern) Smith
et Butterworth, 1967 · ·

Apiculatisporis variocorneus Sullivan, 1964 · ·

Auroraspora asperella (Kedo) Van der Zwan, 1980  Ñ  Ñ  Ñ

Auroraspora macra Sullivan, 1964  Ñ  Ñ  Ñ

Auroraspora  panda Turnau, 1978  Ñ  Ñ  Ñ

Bascaudaspora canipa Owens, 1983 D · ·

Bellispores nitidus (Horst) Sullivan, 1964 D ·

Calamospora microrugosa (Ibrahim) Schopf, Wil son et
Bentall, 1944 · · · ·

Calamospora parva Guennel, 1958 · ·

Calamospora straminea Wil son et Kosanke, 1944 · · ·

Camptotriletes bucculentus (Loose) Potonié et Kremp,
1955 ·

Cingulizonates  capistratus (Hoffmeister, Staplin
 et Malloy) Staplin et Jansonius, 1964 D D

Cirratriradites rarus (Ibrahim) Schopf, Wil son
et Bentall, 1944 ·

Converrucosisporites armatus (Dybova et Jachowicz)
Smith et Butterworth, 1967

· ·

Convolutispora cerina Ravn, 1979 D ·

Convolutispora jugosa Smith et Butterworth, 1967 D

Convolutispora cf. punctatimura Staplin, 1960 D

Convolutispora tessellata Hoffmeister, 
Staplin et Malloy, 1955 D

Corbulispora retiformis Bharadwaj, 1957 ·

Crassispora  kosankei (Potonié et Kremp) Bharadwaj, 1957 · · · · · · · · · · · ·

Crassispora maculosa (Knox) Sullivan, 1964 D D

Cribrosporites cribellatus Sullivan, 1964 D

Cyclogranisporites aureus (Loose) Potonié et Kremp, 1955 · · ·

Cyclogranisporites minutus Bharadwaj, 1957 · · ·

Cyclogranisporites palaeophytus Neves et Ioannides, 1974  Ñ
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Ap pen dix A con tin ued

Taxa

 
m 

2.
9

7
1

2

m  0.0812

–2.1812
m 8812 m 0.8022

m 0.1122

–5.6422
m 5522 –5.0132
m 9132 –0.0542
m 8542 –0.2452
m 6452 –5.4952
m 8952 –4.7272
m 1372 m 0.4182

m 0.6882

m 0.0982

–0.9092
m 0.2192 –.01292
m 5.3292 m 0.6392

m 0.9392

Densosporites  gracilis Smith et Butterworth, 1967 · · ·

Densosporites  intermedius Butterworth et Wil liams, 1958 ·

Densosporites  pseudoannulatus Butterworth
et Wil liams, 1958 · ·

Densosporites  sim plex Staplin, 1960 D

Densosporites sphaerotriangularis Kosanke, 1950 · ·

Densosporites variomarginatus Playford, 1963 D D

Dictyotriletes equigranulatus Neville, 1968 D

Dictyotriletes falsus Potonié et Kremp, 1955 ·

Dictyotriletes flavus Keegan, 1977 D

Dictyotriletes muricatus (Kosanke)
 Smith et Butterworth,  1967 · ·

Dictyotriletes pactilis Sullivan et Mar shall, 1966 D

Dictyotriletes vitilis Sullivan et Mar shall, 1966 · ·

Discernisporites micromanifestus (Hacquebard) Sabry et
Neves, 1971 D D

Grandispora echinata Hacquebard, 1957  Ñ

Grandispora cf. gracilis (Kedo) Higgs, Avkhim., Loboz., 
Maziane, Stemp., Streel, 2000  Ñ

Grandispora cornuta Higgs, 1975  Ñ  Ñ  Ñ

Grandispora lupata Turnau, 1975  Ñ

Grandispora spinosa Hoffmeister, Staplin et Malloy, 1955 ·

Granulatisporites adnatoides (Potonié et Kremp) Smith
et Butterworth, 1967 · ·

Granulatisporites microgranifer Ibrahim, 1933 · ·

Granulatisporites minutus Potonié et Kremp, 1955 · · ·

Grumosisporites sp. ·

Knoxisporites stephanophorus Love, 1960 · · ·

Kraeuselisporites  hibernicus Higgs, 1975  Ñ

Kraeuselisporites  ornatus (Neves) Owens, 
Mishell et Mar shall, 1976 · · · ·

Laevigatosporites perminutus Alpern, 1958 ·

Laevigatosporites vulgaris (Ibrahim) 
Alpern et Doubinger, 1973 · ·

Leiotriletes tumidus Butterworth et Wil liams, 1958 D D · · ·

Lophotriletes granoornatus Artüz, 1957 ·

Lophozonotriletes triangulatus Hughes et Playford, 1961  Ñ  Ñ

Lophozonotriletes tuberosus Sullivan, 1964  Ñ

Lycospora pusilla (Ibrahim) Sommers, 1972 · · · · · · · · · · ·

Lycospora subtriquetra (Luber) Potonié et Kremp, 1956 · · · · ·

Microreticulatisporites  concavus Butterworth
et Wil liams, 1958 D D D D D D D

Microreticulatisporites  microreticulatus Knox, 1950 D · D · ·

Microreticulatisporites  nobilis (Wicher) Knox, 1950 · · · · · ·

Microreticulatisporites punctatus Knox, 1950 D · · · · ·

Microreticulatisporites  sulcatus (Wil son et Kosanke)
Smith et Butterworth, 1967 · ·

Murospora margodentata Beju, 1970 D
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Ap pen dix A con tin ued

Taxa

 
m 

2.
9

7
1

2

m  0.0812

–2.1812
m 8812 m 0.8022

m 0.1122

–5.6422
m 5522 –5.0132
m 9132 –0.0542
m 8542 –0.2452
m 6452 –5.4952
m 8952 –4.7272
m 1372 m 0.4182

m 0.6882

m 0.0982

–0.9092
m 0.2192 -–0.1292
m 5.3292

m 0.6392

m 0.9392

Neoraistrickia inconstans Neves, 1961 · ·

Orbisporis orbiculus Bharadwaj et Venkatachala, 1961 D

Perotrilites tessellatus (Staplin) Neville, 1973 D

Potoniespores delicatus Playford, 1963 D D

Procoronaspora serrata (Playford) 
Smith et Butterworth, 1967 D D

Prolycospora claytonii Turnau, 1978  Ñ

Punctatisporites aerarius Butterworth et Wil liams, 1958 · · ·

Punctatisporites glaber (Naumova) Playford, 1962 ·

Punctatisporites irrasus Hacquebard, 1957 D D D

Punctatisporites minutus Kosanke, 1950 · ·

Punctatisporites nitidus Hoffmeister, 
Staplin et Malloy, 1955 · · · · ·

Punctatisporites parvivermiculatus Playford, 1962 D D

Punctatisporites punctatus Ibrahim, 1933 · · · ·

Punctatosporites  granifer (Potonié et Kremp)
Alpern et Doubinger, 1973 · · · ·

Punctatosporites  minutus (Ibrahim) 
Alpern et Doubinger, 1973 · · · · ·

Punctatosporites  punctatus (Kosanke) 
Alpern et Doubinger, 1973 · ·

Punctatosporites  sp. · ·

Pustulatisporites dolbii Higgs, Clay ton et Keegan, 1988 Ñ

Pustulatisporites papillosus (Knox)
Potonié et Kremp, 1955 ·

Radiizonates mirabilis Phillips et Clay ton, 1980  Ñ  Ñ

Radiizonates tenuis (Loose) Smith et Butterworth,  1967 · ·

Raistrickia nigra Love, 1960 D D

Raistrickia saetosa (Loose) 
Schopf, Wil son et Bentall, 1944 ·

Retusotriletes avonensis Playford, 1963  Ñ

Retusotriletes communis Naumova, 1953  Ñ  Ñ

Retusotriletes incohatus Sullivan, 1964  Ñ

Rotaspora fracta (Schemel) Smith et Butterworth,  1967 D

Rotaspora knoxi Butterworth et Wil liams, 1958 D D D D

Rotaspora sp. D D D D D D

Rugospora  minuta Neves et Ioannides, 1974  Ñ  Ñ Ñ

Rugospora sp.  ·

Savitrisporites cingulatus (Alpern) Laveine, 1965 ·

Savitrisporites nux (Butterworth et Wil liams) Smith et
Butterworth, 1967 · · · · ·

Schulzospora campyloptera (Waltz) Hoffmeister, Staplin
et Malloy, 1955 D

Schulzospora elongata Hoffmeister, 
Staplin et Malloy, 1955 D · ·

Schulzospora ocellata (Horst) Potonié et Kremp, 1955 D · ·

Schulzospora plicata Butterworth et Wil liams, 1958 D ·

Schulzospora rara Kosanke, 1950 · · ·

Schulzospora sp. D D D D · · · ·
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Ap pen dix A con tin ued

Taxa

 
m 

2.
9

7
1

2

m  0.0812

–2.1812
m 8812 m 0.8022

m 0.1122

–5.6422
m 5522 –5.0132
m 9132 –0.0542
m 8542 –0.2452
m 6452 –5.4952
m 8952 –4.7272
m 1372 m 0.4182

m 0.6882

m 0.0982

–0.9092
m 0.2192 –.0.1292
m 5.3292 m 0.6392

m 0.9392

Secarisporites remotus Neves, 1961 ·

Spelaeotriletes arenaceous Neves et Owens, 1966 · · ·

Spinozonotriletes uncatus Hacquebard, 1957 ·

Stenozonotriletes bracteolus (Butterworth et Wil liams)
Smith et Butterworth, 1967 D ·

Stenozonotriletes coronatus Sullivan et Mar shall, 1966 D D D

Stenozonotriletes  lycosporoides (Butterworth et 
Wil liams) Smith et Butterworth, 1967 D D D · ·

Stenozonotriletes triangulus Neves, 1961 · ·

Tetraporina sp. Ñ

Tholisporites sp. D

Torispora securis (Balme) Alpern, 
Doubinger et Horst, 1965 · · · · · ·

Torispora sp. · ·

Tricidarisporites balteolus Sullivan et Mar shall, 1966 D

Tripartites trilingulis (Horst) Smith et Butterworth, 1967 D

Triquitrites marginatus Hoffmeister, 
Staplin et Malloy, 1955 D

Triquitrites sculptilis (Balme) 
Smith et Butterworth, 1967 · ·

Triquitrites tribullatus (Ibrahim) Schopf, 
Wil son et Bentall, 1944 ·

Triquitrites sp. · · ·

Tumulispora dentata (Hughes and Playford) 
Turnau, 1975  Ñ

Tumulispora malavkensis Hacquebard, 1957  Ñ

Waltzispora planiangulata Sullivan, 1964 D

Waltzispora polita (Hoffmeister, Staplin et Malloy)
Smith et Butterworth, 1967 D

Westphalensisporites irregularis Alpern, 1958 · ·

Vallatisporites ciliaris (Luber) Sullivan, 1964 D D D

Vallatisporites verrucosus Hacquebard, 1957  Ñ

Verrucosisporites baccatus Staplin, 1960 D D

Verrucosisporites cerosus (Hoffmeister, 
Staplin et Malloy) Butterworth et Wil liams,  1958 D D · ·

Verrucosisporites donarii Potonié et Kremp, 1955 · ·

Verrucosisporites irregularis Phillips et Clay ton, 1980 Ñ

Verrucosisporites microtuberosus (Loose) 
Smith et Butterworth, 1967 · ·

Verrucosisporites morulatus (Knox) 
Smith et Butterworth, 1967 D

Verrucosisporites nodosus Sullivan et Mar shall, 1966 D

Vestispora costata (Balme) Spode, 1968 ·

Vestispora laevigata Wil son et Venkatachala, 1963 ·

· — taxon be long ing to the youn gest miospores, hav ing strati graphic value; D — taxon char ac ter is tic of the Viséan and/or early Serpukhovian; Ñ — taxon
char ac ter is tic of the Fammennian and/or Tournaisian; the gray shade in di cates the Bolsovian rocks and the un shaded area indicates sam ples as signed to the
up per Arnsbergian–Alporitan
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APPENDIX B

Oc cur rence of miospore taxa in rocks from the Marcinki IG 1 bore hole 

Taxa

m 
4.

9
3

8
1

–
8.

2
3

8
1

m 
0.

4
9

9
1

–
3.

8
8

9
1

m 
5.

1
4

1
2

–
1.

5
3

1
2

m 
1.

5
6

1
2

–
7.

9
5

1
2

m 
1.

5
6

1
2

–
7.

9
5

1
2

m 
5.

7
9

1
2

–
1.

0
9

1
2

m 
9.

5
2

3
2

–
8.

1
2

3
2

m 
8.

2
5

3
2

–
4.

8
4

3
2

m 
1.

1
0

4
2

–
3.

3
9

3
2

Anaplanisporites baccatus (Hoffmeister, Staplin et Malloy) Smith et Butterworth, 1967   ·   ·  ·  ·

Anaplanisporites globulus (Butterworth et Wil liams) Smith et Butterworth, 1967 ·  ·  ·  ·

Calamospora parva Guennel, 1958  ·  ·

Converrucosisporites armatus (Dybova et Jachowicz) Smith et Butterworth, 1967  ·

Crassispora kosankei (Potonié et Kremp) Bharadwaj, 1957   ·  ·

Densosporites pseudoannulatus Butterworth et Wil liams, 1958   ·  ·

Kraeuselisporites ornatus (Neves) Owens, Mishell et Mar shall, 1976   ·  ·

Microreticulatisporites concavus Butterworth et Wil liams, 1958 D D D D

Microreticulatisporites microreticulatus Knox, 1950 · D  ·

Microreticulatisporites nobilis (Wicher) Knox, 1950 · ·

Microreticulatisporites punctatus Knox, 1950 ·  ·

Procoronaspora fasciculata Love, 1960 D

Procoronaspora sp. D

Punctatisporites cf. sinuatus  ·

Punctatisporites nitidus Hoffmeister, Staplin et Malloy, 1955  ·

Punctatosporites sp. ·

Rotaspora knoxi Butterworth et Wil liams, 1958 D D

Rugospora corporata Neves et Owens, 1966   ·

Schulzospora rara Kosanke, 1950   ·

Stenozonotriletes bracteolus (Butterworth et Wil liams) Smith et Butterworth, 1967   ·

Stenozonotriletes  lycosporoides (Butterworth et Wil liams) Smith et Butterworth, 1967   ·

Stenozonotriletes coronatus Sullivan et Mar shall, 1966   D 

Triquitrites  comptus Wil liams, 1973 D

Triquitrites  marginatus Hoffmeister, Staplin et Malloy, 1955 D D

Walzispora polita (Hoffmeister, Staplin et Malloy) Smith et Butterworth, 1967  ·

Walzispora sp.  ·  ·  ·

cf. Westphalensisporites irregularis Alpern, 1958  ·

Verrucosisporites donarii Potonié et Kremp, 1955  ·

·  — taxon be long ing to the youn gest miospores, hav ing strati graphic value; D — re worked miospores; the gray shade in di cates the Bolsovian rocks and the 
un shaded area in di cates all the re main ing sam ples 
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