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New palynological stud ies of the Car bon if er ous clastic de pos its of SW Po land from six deep bore holes have pro vided di verse, but poorly 
pre served miospore as sem blages. Prob a bly all of these are mixed, con sist ing of taxa typ i cal of the in ter val from the Famennian to the
Namurian. Namurian A de pos its have been iden ti fied in the Paproæ 29 and Katarzynin 2 bore holes. The strati graphic po si tion of rocks
from other pro files, where miospores were more badly pre served, has been es tab lished in a more gen eral way. In the Objezierze IG 1
bore hole the rocks were dated as not older than late Viséan while rocks from the Kalisz IG 1, Dankowice IG 1 and Dymek IG 1 bore holes
are con sid ered as not older than Viséan. The abun dance of re worked miospores in rocks from the Paproæ 29 and Katarzynin 2 bore holes is 
proof that can ni bal iza tion of older rocks con tain ing miospores took place in this sed i men tary ba sin in the early Namurian. Source rocks
be longed ei ther to the Famennian–Tournaisian and Viséan or to a Viséan in ter val con tain ing Famennian–Tournaisian re worked
miospores. Some ob ser va tions on the lim i ta tions of the strati graphi cal in ter pre ta tion of those mixed and poorly pre served miospore as -
sem blages are pro vided. 
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INTRODUCTION 

The Car bon if er ous sed i men tary suc ces sion of SW Po land is
bur ied un der a thick cover of Permo-Me so zoic and Ce no zoic de -
pos its of the Pol ish Ba sin. The south west ern part of this ba sin be -
longs to the Fore-Sudetic Monocline, called also the
Fore-Sudetic Homocline (Mazur et al., in press). The rocks an a -
lyzed here form the base ment of this geo log i cal unit. The Car -
bon if er ous suc ces sion is known from over 200 deep bore holes;
in most of them, how ever, it was sparsely cored. This mo not o -
nous rock suc ces sion con sists of sand stones and mudstones with
in ter ca la tions of con glom er ates and claystones, in ter preted as
turbidites. Mazur et al. (2003) dis tin guished in this se quence
three ma jor clastic fa cies as so ci a tions, con trolled by grav ity
flows, den sity cur rents and pe lagic sed i men ta tion re spec tively.

The to tal thick ness re mains un known. The max i mal thick -
ness of about 2.5 km was re corded in the Marcinki IG 1 bore -
hole, al though the base of the suc ces sion was not reached there. 
Other bore holes pen e trated thick nesses rang ing from tens to
sev eral hun dreds of metres. The only bore holes in which the

bot tom of the interval was reached were lo cated on the
Wolsztyn-Leszno High, where this suc ces sion is thinner.

This Car bon if er ous suc ces sion is usu ally con sid ered as the
infill of a Variscan fore land ba sin, be ing part of the
Rhenohercynian Zone (Fig. 1 A). Its prob a ble pro lon ga tion
out crops in the Moravo-Silesian Zone, that lies mainly in the
Czech Re pub lic, though partly in Po land in the vi cin ity of
Toszek and in the East ern Sudetes (Grygar and Trze -
pierczyñski, 1995). The Car bon if er ous suc ces sion there is 4.7
to 7.5 km thick and con sists of Viséan and low er most
Namurian clastic rocks (Hartley and Otava, 2001; Trze -
pierczyñska, 2003).

De spite over 40 years of in ten sive study the stra tig ra phy of
this succession is still far from be ing prop erly un der stood. The
re sults of biostratigraphic re search, based on fau nal
macrofossils and miospore as sem blages, seem to in di cate the
pres ence of rocks rep re sent ing the time span from the
Tournaisian to the Stephanian. However, results of palyno -
stratigraphic stud ies in sev eral cases con tra dicted ages pro -
vided by macrofaunal stud ies and, in cer tain cases, the re sults
of palynostratigraphic stud ies of the same rocks, ob tained by



dif fer ent au thors, con tra dic ted each other. Hence, this new
palynostratigraphical study was undertaken. 

The study here fo cuses on rock sam ples of grey mudstones,
claystones and fine-grained sand stones from six bore holes:
Dymek IG 1, Dankowice IG 1, Kalisz IG 1, Objezierze IG 1,
Paproæ 29 and Katarzynin 2 (Figs. 1B and 2). Some of the pro -
files had been pre vi ously in ves ti gated biostratigraphically. Al -
though rec og ni tion of the stra tig ra phy was the main pur pose of
these stud ies, the col our of miospores, re flect ing ther mal ma tu -
rity, was also ob served. The pur pose of these ob ser va tions was
de ter mi na tion of the source rocks for the hy dro car bons. The
colours were as sessed ac cord ing to the Bat ten’s scale (1984) on 
spec i mens of Lycospora, which are pres ent in all the as sem -
blages rec og nized. 

The re sults ob tained from these Car bon if er ous rocks en -
ables a new strati graphi cal in ter pre ta tion. The gen er ally poor

pres er va tion of the miospores and the mixed char ac ter of the
miospore as sem blages are rec og nized as the source of the dif fi -
culty which led to in con sis tency in the past. 

PREVIOUS BIOSTRATIGRAPHIC
 RESULTS

Al though in ves ti ga tions of these Car bon if er ous rocks have
been car ried out since 1960, no lithostratigraphic di vi sion has
yet been pro posed. The strati graphic po si tion of the up per
Viséan and lower Namurian rocks is con sid ered as de fined with 
con sid er able cer tainty, be cause of the oc cur rence of late Viséan 
and, in places, early Namurian fos sils of ma rine macrofauna,
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Fig. 1. A — tec tonic sketch of the Eu ro pean Variscan Belt (from Mazur et al., 2006); B — dis tri bu tion 
of the Car bon if er ous rocks in Po land (from ¯elichowski, 1983) with lo ca tion of the stud ied and other bore holes

MGCH — Mid-Ger man Crys tal line High, MO — Moldanubian, MS — Moravo-Silesian, RH — Rhenohercynian, ST —
Saxothuringian, TB — Tepla-Barrandian 
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Fig. 2. Geo log i cal pro files of the bore holes stud ied 

Q + Tr  — Ce no zoic, Mk — Muschelkalk, Rtd —  Rotliegend



in clud ing goniatites (Korejwo and Teller, 1966, 1973;
Bojkowski, 1973; K³apciñski et al., 1978; K³apciñski and
Muszer, 1987, 1995; Witkowski and ¯elichowski, 1981;
¯elichowski, 1995; Muszer, 1999). 

The re sults of pre vi ous palynologic stud ies have been
widely, and these pro vided pub lished a wide range of con clu -
sions. In many cases these con clu sions were very gen eral. More
pre cise con clu sions sug gested that the rocks un der dis pute may
rep re sent a time span from the Tournaisian to the Stephanian
(Górecka, 1972, 1991; Krawczyñska-Grocholska, 1975, 1978;
Krawczyñska- Grocholska and Grocholski, 1976; Jerzykiewicz,
1977; Górecka et al., 1977a, b, 1978, 1994, 1998, 2000;
Górecka and Parka, 1978, 1980; Karnkowski and Rdzanek,
1982a, b; Œlusarczyk, 1980; Parka and Œlusarczyk, 1988). 

The qual ity of miospore doc u men ta tion of in di vid ual parts
of the Car bon if er ous se quence var ies. Palynologic doc u men ta -
tion of the Tournaisian and Viséan rocks is very poor.
Namurian A rocks have been paly no logi cal ly rec og nized in
sev eral bore holes and Namurian B and C de pos its have been
doc u mented in a few. As regards Westphalian deposits, their
youn ger part is much better doc u mented with miospores than is 
the older part. Stephanian rocks have also been re corded in
some boreholes. 

Miospore as sem blages con tain ing abun dant re worked
spec i mens have been rec og nized in rocks from the Donatowo 1 
(Krawczyñska-Grocholska, 1975; Karnkowski and Rdzanek,
1982 a, b), Kowalewo 1 (Krawczyñska-Grocholska, 1978) and 
£ugowo 2 (Œlusarczyk, 1980) bore holes (Fig. 1 B). Their strati -
graphic in ter pre ta tion has not al ways been cor rect.  

More over, re sults of pre vi ous biostratigraphic re sults for
the same sec tion, ob tained by dif fer ent au thors, ap pear con tra -
dic tory in sev eral cases. Strati graphic in ter pre ta tion of
macrofaunal ver sus palynologic data as well as con clu sions
drawn from dif fer ent palynologic stud ies com monly ap pear
con sis tent. 

An ad di tional com pli ca tion re lates to flawed lithological cor -
re la tion in the case of palaeontologically bar ren rocks. Tak ing all 
this in for ma tion into ac count, re ca pit u la tion of the pre vi ous re -
sults of strati graphic stud ies on this Car bon if er ous suc ces sion
poses no sim ple task. Wierzchowska-Kicu³owa (1984) and
Parka and Œlusarczyk (1988), con sid ered that the Car bon if er ous
suc ces sion un der dis pute con tains prob a bly a com plete pro file of 
this sys tem, from the Tournaisian to the Stephanian. ̄ elichowski 
(1983, 1995) and Kmiecik (1995, 2001), dis count ing or ques -
tion ing parts of the pre vi ous palyno stratigraphic con clu sions,
sug gested the pres ence of two rock suc ces sions of dif fer ent ages: 
an older one com pris ing Lower Car bon if er ous and lower
Namurian rocks and a youn ger suc ces sion con sist ing of up per
Westphalian and Stephanian rocks.

PRESENT RESULTS

Twenty rock sam ples from six bore holes pro vided abun -
dant and di verse miospore as sem blages (Ap pen dix) and many 
stratigraphically im por tant spe cies were re corded in them
(Figs. 3–5). Miospores found in the rocks are gen er ally poorly 
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Fig. 3. Miospores from the Car bon if er ous suc ces sion of SW Po land

A — Leiotriletes tumidus Butterworth and Wil liams, 1958; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P4/1, F26/2-F27/1; B — Punctatisporites
aerarius Butterworth and Wil liams, 1958; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P4/1, C18/2; C — Plicatispora scolecophora (Neves and
Ioannides) Higgs, Clay ton and Keegan, 1988; bore hole Paproæ 29, depth 3390.0–3397.0 m, slide P5/1, M23/3, (r); D — Verrucosisporites cerosus
(Hoffmeister, Staplin and Malloy) Butterworth and Wil liams, 1958; bore hole Paproæ 29, depth 2969.0–2974.0, slide P 2/2, M 32; E — Verrucosisporites
baccatus Staplin, 1960; bore hole Katarzynin 2, depth 2591.5 m, slide K 6/1, R 26/2, (r); F — Waltzispora sp.,  bore hole Objezierze IG 1, depth
5021.0–5025.5 m, slide Ob. 4/1, Y 44; G — Pustulatisporites papillosus (Knox) Potonié and Kremp, 1955; bore hole Paproæ 29, depth 3120.0–3125.0 m,
slide P 3/1, Z 31; H — Pustulatisporites gibberosus (Hacquebard) Playford, 1964; bore hole  Katarzynin 2, depth 2591.5 m, slide K 6/1, O 32/4, (r); I —
Acanthotriletes  castanea Butterworth and Wil liams, 1958; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4/1, V 42,3; J — Acanthotriletes hastatus
Sullivan and Mar shall, 1966; bore hole Katarzynin 2, depth 2466.5 m, slide K 3/1, M 11/1; K — Convolutispora ce re bra Butterworth and Wil liams, 1958;
bore hole Paproæ 29, depth 2969.0–2974.0 m, slide P 2/1, T 9/2; L — Convolutispora ampla Hoffmeister, Staplin and Malloy, 1955; bore hole Paproæ 29,
depth 2969.0–2974.0 m, slide P 2/2, G 36; M — Dictyotriletes  vitilis Sullivan and Mar shall, 1966; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4,
1, L 8; N — Dictyotriletes sagenoformis Sullivan, 1964,  bore hole Paproæ 29, depth 2969.0–2974.0 m, slide P 2/1, A 15/3, (r); O — Dictyotriletes pactilis
Sullivan and Mar shall, 1966; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4/1, K 10/3, (r); P — Dictyotriletes  fragmentimurus Neville, 1973; 
bore hole Paproæ 29, depth 2969.0–2974.0 m, slide P 2/1, A 37/4, (r); R — Ahrensisporites guerickei (Horst) Potonié and Kremp, 1954; bore hole
Katarzynin 2, depth 2466.5 m, slide K 3/1, R 9/4; S — Tripartites vetustus Schemel, 1950; bore hole Objezierze IG 1, depth 5076.0–5085.5 m, slide Ob 5/2,
O 58/1; T — Triquitrites piramidalis (Kedo and Jushko) Stempieñ and Turnau, 1988; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4, 1, S 50/1; U
— Triquitrites comptus Wil liams, 1973; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, N 23,3; W — Diatomozonotriletes trilinearis Playford,
1963; bore hole Paproæ 29, depth 3390.0–3397.0 m, slide P5/1, T 19/4; X — Bascaudaspora canipa Owens, 1983; bore hole Katarzynin 2, depth 2434.5 m,
slide K 2/1, G 51,4; Y — Gorgonispora crassa (Wilsow) Higgs, Clay ton and Keegan, 1988; bore hole Katarzynin 2, depth 2558.5 m, slide K 5/1, E 63/3,
(r); Z — Reticulatisporites carnosus (Knox) Neves, 1964; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/1, N 6/2; AA — Knoxisporites
seniradiatus Neves, 1961; bore hole Katarzynin 2, depth 2969.0 m, slide K 2/1, S 45; BB — Lophozonotriletes concentricus (Byvsheva) Higgs, Clay ton
and Keegan, 1988; bore hole Katarzynin 2, depth 2591.5 m, slide K 6/1, Z 52/3, (r); CC — Stenozonotrilees triangulus Neves, 1961; bore hole Katarzynin
2, depth 2466.5 m, slide K 3/1, Y 34/3; DD — Secarisporites remotus Neves, 1961; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, X 30,1; EE
— Savitrisporites nux (Butterworth and Wil liams) Smith and Butterworth, 1967; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4/1, H 22/4; FF —
Bellispores nitidus (Horst) Sullivan, 1964; bore hole Paproæ 29, depth 2969.0–2974.0 m, slide P5/1, M 8,3; GG — Rotaspora knoxi Butterworth and Wil -
liams, 1958; bore hole Paproæ 29, depth 3390.0–3397.0 m, slide P 5/1, Z 47/2; HH — Rotaspora ergonulii (Agrali) Sullivan and Mar shall, 1966; bore hole
Paproæ 29, depth 3120.0–3125.0 m, slide P 3/1, O 43/3, (r); II — Tumulispora sp. ; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4/2, P 8/1, (r); JJ
— Simozonotriletes intortus (Waltz) Potonie and Kremp, 1954; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P/2, E 32/2; KK — Simozonotriletes
intortus (Waltz) Potonie and Kremp, 1954; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, W 12/4; LL — Murospora aurita (Waltz) Playford,
1962; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, Y 21/1, (r); MM — Murospora aurita (Waltz) Playford, 1962; bore hole Paproæ 29, depth
3120.0–3125.0 m, slide P 3/A, B 39, (r); NN — Murospora sublobata (Waltz) Playford, 1962; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, K
17/3, (r); (r) — re worked spec i men



Palynological constraints on the age of the Carboniferous clastic succession of SW Poland (Fore-Sudetic area) based on miospore data 43



44 Anna Górecka-Nowak



pre served but in the Paproæ 29 and Katarzynin 2 pro files their
pres er va tion was suf fi cient to rec og nize most of them. The
miospore col our is gen er ally dark with lo cal vari a tions. This
in di cates that the main fac tor de grad ing the miospores was
palaeotemperature, which var ied across the area. In the case
of the best qual ity palynological data the stan dard miospore
zonation scheme of the Namurian has been ap plied (Fig. 6)
and the strati graphic po si tion of the rocks could be de fined
pre cisely.

Most spec i mens from the Paproæ 29 and Katarzynin 2
bore holes were iden ti fied, but part of these only to ge nus
level, whereas the rest were too poorly pre served to be rec -
og nized. The miospore pres er va tion within as sem blages
var ied greatly. In the Paproæ 29 pro file, or ange-brown to
dark brown spec i mens of Lycospora were re corded and their 
ther mal mat u ra tion in dex as sessed at the level of 3–4/5.
Spec i mens of this ge nus from the Katarzynin 2 pro file are
gen er ally brown to dark brown and their ther mal mat u ra tion
in dex amounts to 4–5. It should be stressed that in all
miospore as sem blages from these two pro files abun dant
very dark brown and even black miospores were ob served,
but there were no spec i mens of Lycospora among these.
More badly pre served and less nu mer ous miospore as sem -
blages were ob tained from the Objezierze IG 1 bore hole.
Miospores here are of dark or very dark brown col our and
their ther mal mat u ra tion in dex is 5–6/7. Only some of these
were de ter mi na ble. In rocks from the Dymek IG 1,
Dankowice IG 1 and Kalisz IG 1 bore holes miospores oc cur
in small num ber and are ex tremely poorly pre served. As a
re sult of ad vanced ther mal al ter ation miospores are black or
very dark brown in col our (ther mal mat u ra tion in dex 6–7)
and barely de ter mi na ble or even com pletely in de ter min able.

These data were partly used in the iden ti fi ca tion of source
rocks for hy dro car bons (Nowak, 2003).

PAPROÆ 29

There ex ist no pub lished re sults of biostratigraphic stud ies
of the Car bon if er ous de pos its from the Paproæ 29 bore hole.
Ear lier in ter pre ta tions on their stra tig ra phy are based only on
lithological criteria. 

Tax o nom i cally di verse miospore as sem blages with abun -
dant spec i mens were de ter mined in rocks from the depth in ter -
val 2969.0–3522.0 m. Two hun dred and nine teen miospore
taxa were re corded al to gether and the more im por tant of them
are listed in Ap pen dix. An im por tant fea ture of this as sem blage
is the abun dance of Densosporites with re lated gen era:
Radiizonates, Cristatisporites, Cingulizonates and Pseudo -
annulatisporites, as well as Lycospora. Anal y sis of the strati -
graphic ranges of the miospore taxa in di cates that this as sem -
blage is of a mixed char ac ter and con sists of taxa typ i cal of the
time in ter val from the Late De vo nian to the Late Car bon if er -
ous. They are di vided into three age groups, which are marked
in the Ap pen dix.

The miospore as sem blages do not re veal any prom i nent
ver ti cal dif fer en ti a tion and may be treated as a unity. For the
strati graphi cal in ter pre ta tion only the youn gest miospore taxa
could be used. In this group the fol low ing spe cies were re -
corded: Microreticulatisporites concavus, Triquitrites
marginatus, Tripartites vetustus, Reticulatisporites carnosus,
Bellispores nitidus, Rotaspora knoxi, Crassispora kosankei,
C. maculosa,  Cingulizonates cf. capistratus,
Kraeuselisporites echinatus, Remysporites magnificus,
Rugospora corporata, Schulzospora camplyoptera and
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Fig. 4. Miospores from the Car bon if er ous suc ces sion of SW Po land

A — Potoniespores delicatus Playford, 1963; bore hole Katarzynin 2, depth 2511.5 m, slide K 4/1, W 62/4, (r); B — Potoniespores delicatus Playford,
1963; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, W 45/1, (r); C — Potoniespores interitorsus (Horst) Kmiecik, 2001; bore hole Paproæ 29,
depth 3120.0–3125.0 m, slide P 3/A, Q 22/1; D  — Grumosisporites inaequalis (Butterworth and Wil liams) Smith and Butterworth, 1967; bore hole Paproæ 
29, depth 3120.0–3125.0 m, slide P 3/A, Y 17/3; E — Crassispora kosankei (Potonié and Kremp) Bharadwaj, 1957; bore hole Katarzynin 2, depth 2434.5
m, slide K 2/, Q 40/3; F — Crassispora kosankei (Potonié and Kremp) Bharadwaj, 1957; bore hole Paproæ 29, depth 2969.0–2974.0 m, slide P 2/1, H 46/4;
G — Crassispora kosankei (Potonié and Kremp) Bharadwaj, 1957; bore hole Katarzynin 2, depth 2466.5 m, slide K 3/2, A 13/1; H — Crassispora
kosankei (Potonié and Kremp) Bharadwaj, 1957; bore hole Paproæ 29, depth 3390.0–3397.0, slide P 5/1, K 20/2; I — Crassispora maculosa (Knox)
Sullivan, 1964; Paproæ 29, depth 3238.0–3242.0 m, slide P 4/1, T 45/2; J  — Tholisporites decorus Bharadwaj and Venkatachala, 1961; bore hole Paproæ
29, depth 2969.0–2974.0 m, slide 2/1, V 21/2; K — Pseudoannulatisporites polonicus Karczewska 1967; Paproæ 29, depth 312.0–3125.0 m, slide P 3/A, P
62.1; L — Densosporites anulatus (Loose) Smith and Butterworth, 1967; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, V 38/4; M —
Densosporites pseudoannulatus Butterworth and Wil liams, 1958; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, T 36/2; N — Densosporites
triangularis Kosanke, 1950; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, Q 41/1; O — Densosporites triangularis Kosanke, 1950; bore hole
Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, M 43/4; P — Densosporites spitsbergensis Playford, 1963; bore hole Paproæ 29, depth 2969.0–2974.0 m,
slide P2/2, S 1/1, (r); R —  Densosporites regalis (Bharadwaj and Venkatachala) Smith and Butterworth, 1967; bore hole Paproæ 29, depth
3120.0–3125.0 m, slide P 3/A, S 55/3 (r); S — Densosporites sp.; Paproæ 29, depth 2969.0–2974.0 m, Y 14; T — Lycospora  pusilla (Ibrahim) Somers,
1972; bore hole Katarzynin 2, depth 2466.5 m, slide K 3/1, H 52/4; U  — Cingulizonates bialatus (Waltz) Smith and Butterworth, 1967; bore hole Paproæ
29, depth 3120.0–3125.0 m, slide P 3/A, O 44; W — Cingulizonates cf. capistratus (Hoffmeister, Staplin and Malloy) Staplin and Jansonius, 1964; bore -
hole Katarzynin 2, depth 2591.5 m, slide K 6/1, J 16/4; X — Cingulizonates cf. capistratus (Hoffmeister, Staplin and Malloy) Staplin and Jansonius, 1964;
bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4/1, Z 9/2; Y — Prolycospora claytonii Turnau, 1978; bore hole Paproæ 29, depth 3520.0–3522.0, si -
dle P 7/1, W 44, (r); Z — Prolycospora claytonii Turnau, 1978;  bore hole Paproæ 29, depth 3120.0–3125.0 m, si dle P 3/A, K 14 (r); AA  —
Kraeuselisporites ornatus (Neves) Owens, Mishell and Mar shall, 1976; bore hole Katarzynin 2, depth 2511.5 m, slide K 4/1, H 16/4; BB —
Kraeuselisporites ornatus (Neves) Owens, Mishell and Mar shall, 1976; bore hole Katarzynin 2, depth 2637.4 m, slide K 7/2, D 20; CC —
Kraeuselisporites ornatus (Neves) Owens, Mishell and Mar shall, 1976; bore hole Katarzynin 2, depth 2466.5 m, slide K 3/1, M 36/1; DD —
Kraeuselisporites hibernicus Higgs, 1975; bore hole Katarzynin 2, depth 2591.5 m, slide K 6/1, D 22/1, (r); EE — Kraeuselisporites echinatus Owens,
Mishell and Mar shall, 1976; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4/, H 43,1; FF — Kraeuselisporites echinatus Hacquebard, 1957; bore -
hole Katarzynin 2, depth 2434.5 m, slide K 2/2, X 31; (r) — re worked spec i men
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Schulzospora ocellata. These are con sid ered as typ i cal of the
Bellispores nitidus- Reticula tisporites carnosus (NC)
Biozone, cor re lated with the up per most Viséan and the low er -
most Namurian A (Clay ton et al., 1977; Owens et al., 1977).
In the re vised zonation of the Namurian (Owens et al., 2004)
the equiv a lent of this biozone is named the Cingulizonates
capistratus-Bellispores nitidus (CN) Biozone, and is di vided
into two sub-biozones: Cingulizonates capistratus (Cc) and
Verrucosisporites morulatus (Vm). This di vi sion en ables the
use of the miospores for es tab lish ing the bound ary be tween
the Viséan and the Namurian rocks. At ten tion should be paid
to pres ence of Reticulatisporites carnosus, which oc curs to -
gether with Crassispora kosankei and the rel a tively high fre -
quency of Cingulizonates cf. capistratus whose strati graphic
range is lim ited to the en tire Cingulizonates capistratus-
 Bellispores nitidus (CN) Biozone. The first ap pear ance of C.
kosankei at the base of the Verrucosisporites morulatus (Vm)
Sub-Biozone in di cates that the rocks stud ied be long just to
this biozone, cor re lated with the low er most part of the
Namurian A (Fig. 6). 

Rocks of the same age have been paly no logi cal ly doc u -
mented in the Moravian-Silesian Zone. Trzepierczyñska
(2003) de ter mined abun dant and di verse miospore as sem -
blages from Toszek Cas tle Hill, where the up per most part of
the Car bon if er ous suc ces sion crops out. The strati graphic po si -
tion of these rocks was es tab lished as the up per part of the
nitidus-carnosus Biozone (Clay ton et al., 1977; Owens et al.,
1977), which is now cor re lated with the Verrucosisporites
morulatus (Vm) Sub-Biozone (Owens et al., 2004). 

The def i ni tion of the strati graphic po si tion of the rocks
stud ied in di cates that all of the miospore taxa whose tops of
strati graphic ranges are lo cated be low the base of the
Namurian should be con sid ered as re worked. Those
miospores are very abun dant and taxa of dif fer ent strati -
graphic ranges are in cluded there (Ap pen dix). The old est taxa 
are typ i cal of the Famennian and/or the Tournaisian, al though 
some are known from the Viséan. Retusotriletes incohatus,
Plicatispora scolecophora, Verrucosisporites nitidus,
Anapiculatisporites hystricosus, Anaplanisporites atheticus,

Acanthotriletes socraticus, Convolutispora vermiformis,
Lophozonotriletes concentricus, Tumulispora malavkensis,
Murospora dubitata, Crassispora trychera, Prolycospora
claytonii, Kraeuselisporites hibernicus, K. mirtatus,
Vallatisporites microspinosus, V. pusillites, V. vallatus,
Auroraspora corporiga, A. evanida, A. macra,
Spelaeotriletes microspinosus, Grandispora acuta, G.
echinata, Rugospora minuta, R. polyptycha be long to this
group. Among the re worked miospores nu mer ous typ i cally
Viséan taxa were also re corded, for ex am ple: Dictyotriletes
pactilis, Camptotriletes cristatus, Knoxisporites triradiatus,
Diatomozonotriletes hughesii, Murospora aurita, Poto -
niespores delicatus, Colatisporites decorus, Cribrosporites
cribellatus and Discernisporites micromanifestus. Some of
these are only slightly older than the taxa as signed to the
youn gest miospore group and their sep a ra tion is fre quently
un cer tain. Many of them are char ac ter is tic of the Brigantian.

It should be no ticed that the col our of the Famennian and
the Tournaisian miospores is gen er ally very dark com pared to
the Viséan and the Namurian taxa. This dif fer ence is not re -
flected by the ther mal ma tu rity in dex mea sured on Lycospora
spec i mens, be cause these are ab sent among the old est
miospores. 

KATARZYNIN 2

Pub lished re sults of pre vi ous biostratigraphic stud ies of
the Car bon if er ous rocks from this bore hole are scarce.
K³apciñski and Muszer (1995) used flo ral rem nants
(Mesocalamites sp. and Sphenophyllum sp.) as a ba sis to in -
clude these rocks in the Namurian.

Palynostratigraphic stud ies pro vided abun dant and tax o -
nom i cally di verse miospore as sem blages from all sam ples
from the depth in ter val 2434.5–2650.0 m. In all as sem blages
spec i mens of var i ous colours were ob served. A typ i cal fea ture 
is high fre quency of dark col oured spec i mens com par ing to
the num ber of lighter col oured miospores. In all sam ples one
hun dred and thirty five miospore taxa were de ter mined and
the more im por tant of these are listed in Ap pen dix. Anal y sis
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Fig. 5. Miospores from the Car bon if er ous suc ces sion of SW Po land

A — Vallatisporites  microspinosus Higgs, Clayto and Keegan, 1988; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4/1, Z 14/3, (r); B —
Vallatisporites sp.; bore hole Katarzynin 2, depth 2434.5 m, slide K 2/2, U 16/2 (r); C — Discernisporites micromanifestus (Hacquebard) Sabry and
Neves, 1971; bore hole Katarzynin 2, depth 2511.5 m, slide K 4/1, H 62/4, (r); D — Geminospora sp.; bore hole Paproæ 29, depth 2969.0–2974.0 m, slide
P2/2, J 6, (r); E — Auroraspora evanida (Kedo) Avchimovich, 1988; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4/1, H 24/3, (r); F —
Auroraspora macra Sullivan, 1964; bore hole Paproæ 29, depth 3120.0–3125.0 m, slide P 3/A, K 19/1, (r); G — Remysporites magnificus (Horst)
Butterworth and Wil liams, 1958; bore hole Paproæ 29, depth 3390.0–3397.0 m, slide P 5/1, B 17/3; H — Spelaeotriletes arenaceous Neves and Owens,
1966; bore hole Paproæ 29, depth 3238.0–3242.0 m, slide P 4/1, S 53; I — Spelaeotriletes arenaceous Neves and Owens, 1966; bore hole Paproæ 29, depth
2969.0–2974.0 m, slide P2/2, T 2/3; J — Spelaeotriletes microspinosus Neves and Ioannides, 1974;  bore hole Katarzynin 2, depth 2466.5 m, slide K 3/2, S 
33/4, (r); K — Cribosporites cribellatus Sullivan, 1964;  bore hole Paproæ 29, depth 3120.0–3125.0, slide P 3/1, D 20, (r); L — Grandispora echinata
Hacquebard, 1957; bore hole Katarzynin 2, depth 2591.5 m, slide K 6/1, C 24/3, (r); M — Grandispora spinosa Hoffmeister, Staplin and Malloy, 1955;
bore hole Katarzynin 2, depth 2511.5 m, slide K 4/1, K 35;  N — Grandispora acuta (Kedo) Byvscheva, 1980; bore hole Paproæ 29, depth
3238.0–3242.0 m, slide P 4/1, Q 60/3, (r); O — Grandispora acuta (Kedo) Byvscheva, 1980; bore hole Katarzynin 2, depth 2511.5 m, slide K 4/1, B 55,4,
(r); P — Retispora staplinii (Gupta and Boozer) Ravn and Fitz ger ald, 1982; bore hole Katarzynin 2, depth 2466.5 m, slide K4/1, B 62; R — Rugospora
corporata Neves and Owens, 1966; Katarzynin 2, depth 2969.0 m, si dle K 3/1, K 25; S — Rugospora corporata Neves and Owens, 1966; bore hole Paproæ
29, depth 3238.0–3242.0 m, si dle P 4/1, M 55/1; T — Laevigatosporites vulgaris (Ibrahim) Potonié and Kremp, 1956; Katarzynin 2, depth 2969.0 m, slide
K 3/1, D, 14/1; U — Colatisporites denticulatus Neville in Neves et al., 1973; bore hole Katarzynin 2, depth 2466.5 m, slide K 3/2, N 63, (r); W —
Schulzospora campyloptera (Waltz) Hoffmeister, Staplin and Malloy, 1955; bore hole Paproæ 29, depth 3238.0–3242.0 m, si dle P 4/1, N 32/1; X —
Schulzospora campyloptera (Waltz) Hoffmeister, Staplin and Malloy, 1955; bore hole Paproæ 29, depth 3238.0–3242.0 m, si dle P 4/1, J 10/1; (r) — re -
worked spec i men 



of miospore as sem blage com po si tion in di cates that they con -
sist of miospores typ i cal of the Late De vo nian to the Late Car -
bon if er ous. Among taxa of long strati graphic ranges there oc -
cur spe cies typ i cal of short, but dif fer ent, time in ter vals. An
im por tant fea ture of the as sem blage is its mixed char ac ter
(Ap pen dix). 

There is no prom i nent ver ti cal dif fer en ti a tion to be no ticed
and the en tire pro file prob a bly rep re sents the same biozone.
Strati graphic in ter pre ta tion of this as sem blage was based on a
di verse group of the youn gest taxa. The pres ence of
Crassispora kosankei im plies that the rocks un der study are not 
older than the Namurian. The oc cur rence of Stenozonotriletes
triangulus, Camptotriletes super bus, Lyco spora subtriquetra
and Kraeuselisporites ornatus in di cates that they be long to the
Lycospora subtriquetra-Kraeuselisporites ornatus (SO)
Biozone cor re spond ing to the up per Namurian A (Clay ton et
al., 1977; Owens et al., 1977). This biozone was re cently di -
vided into two sub-biozones: Lycospora subtriquetra-
 Apiculatisporis vario corneus (SV) and Lycospora subtri -
quetra-Cirratriradites rarus (SR) and the bound ary be tween
these cor re sponds to the Lower/Up per Car bon if er ous bound -
ary (Owens et al., 2004). On the ba sis of ob tained miospore
data it is nei ther pos si ble to ap ply the new miospore zonation
(Owens et al., 2004), nor to de ter mine the af fin ity of rocks to 
the Lower or Up per Car bon if er ous (Fig. 6). 

The miospore re corded as sem blage con tains many taxa
older than the Lycospora subtriquetra-Kraeuselisporites
ornatus (SO) Biozone and all of these were as signed to the re -
worked miospores. It should be stressed that they are very

com mon in the sam ples stud ied (Ap pen dix). This group con -
sists of miospore taxa char ac ter is tic of the Late De vo nian to
the early Namurian A. Two taxa groups of dif fer ent ages may
be dis tin guished with in it. The older one con tains taxa typ i cal
of the Famennian and/or the Tournaisian and
Cyclogranisporites palaeophytus, Retusotriletes incohatus,
Emphanisporites sp., Apiculiretusispora multisaeta,
Lophozonotriletes concentricus, Radiizonates mirabilis,
Prolycospora claytonii, Kraeuselisporites hibernicus, K.
mirtatus, Vallatisporites verrucosus, Auroraspora macra,
Grandispora acuta, G. echinata, Diducites mucronatus,
Rugospora minuta, R. polyptycha and Velamisporites
caperatus be long to this group. The youn ger group of the re -
worked miospores con sists of taxa typ i cal of the up per Viséan 
and the low er most Namurian. Verrucosisporites baccatus,
Microreticulatisporites concavus, Stenozonotriletes
coronatus, Ahrensisporites duplicatus, Tripartites distictus,
Cingulizonates cf. capistratus, Colatisporites denticulatus,
Discernisporites micromanifestus, and Potoniespores
delicatus were re corded in this group.

THE REMAINING
PROFILES

Miospores found in rocks from all re main ing pro files were 
ex tremely poorly pre served. Many spec i mens were un de ter -
min able, oth ers were de ter mined only to ge nus level and only
some of the miospores were as signed to par tic u lar spe cies.
There fore it was im pos si ble to prove that these miospore as -
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Fig. 6. Miospore zonation of the Namurian and strati graphi cal po si tion of the rocks stud ied from the Paproæ 29 and Katarzynin 2 bore holes



sem blages con tained re worked miospores. The in ter pre ta tion
of these as sem blages al lows one to draw only very gen eral
con clu sions per tain ing to their strati graphic po si tion. More
pre cise strati graphi cal in ter pre ta tion is un cer tain be cause of
the pos si ble mixed na ture of these miospore as sem blages. 

In the well Objezierze IG 1, where late Viséan ma rine fau -
nal fos sils had been rec og nized ear lier (¯elichowski, 1995),
ther mally overmatured miospores, con tain ing Waltzispora sp.,
Acanthotriletes echinatus, Microreticulatisporites concavus,
Tripartites vetustus and  Schulzospora sp. were re corded in the
depth in ter val 5021.0–5085.5 m. They in di cate that the rocks
stud ied are not older than late Viséan. In de pos its from the
wells Kalisz IG 1 (depth 3418.0–3595.5 m), Dymek IG 1
(depth 2709.0–2796.5 m), and Dankowice IG 1 (depth
1160.0–1573.0 m) very scarce and very poorly pre served
miospores of a very dark brown to black col our were found.
The strati graphic po si tion of these rocks es tab lished on the ba -
sis of the oc cur rence of Dictyotriletes sp., Tripartites sp.,
Stenozonotriletes sp., Lycospora sp. and Densosporites sp.
may be de fined only very gen er ally as not older than Viséan. 

MIXED MIOSPORE ASSEMBLAGES
 AND THEIR INTERPRETATION

Oc cur rence of re worked miospores had been re corded
ear lier from a few pro files of the Car bon if er ous suc ces sion
stud ied (Krawczyñska-Grocholska, 1975, 1978; Œlusarczyk, 
1980; Karnkowski and Rdzanek, 1982a, b). The new
palynostratigraphic re sults have re vealed the com mon oc -
cur rence of re worked miospores. These were very abun dant
in all sam ples from the Katarzynin 2 and Paproæ 29 bore -
holes. Very poor pres er va tion of the miospores means that
as sess ment of the mixed na ture of miospore as sem blages
from the re main ing pro files (Objezierze IG 1, Kalisz IG 1,
Dymek IG 1 and Dankowice IG 1) is not pos si ble. Re worked 
miospores were also abun dant in other re cently stud ied pro -
files: Siciny IG 1, Marcinki IG 1 and Wrzeœnia IG 1
(Górecka-Nowak, in prep.). Their com mon pres ence in
many as sem blages and pre vi ous re cord from other pro files
in di cate that mixed miospore as sem blages oc cur com monly
or al ways in the de pos its un der study.

The main cri te rion of re worked miospores iden ti fi ca tion is
an anal y sis of strati graphi cal ranges, based on the oc cur rence
of par tic u lar taxa in dif fer ent re gions in Eu rope (Neves, 1961;
Neves and Owens, 1966; Sullivan and Mar shall, 1966; Neves
and Dolby, 1967; Smith and Butterworth, 1967; Neves et al.,
1972, 1973; Neves and Ioannides, 1974; Clay ton et al., 1977;
Welsh and Owens, 1983; Owens, 1983; Higgs et al., 1988,
1992, 2000; Clay ton and Turnau, 1990; Riley, 1993; Owens et
al., 2004). Com piled data from Po land (Kmiecik, 2001) were
com ple mented by those from re cently pub lished pa pers
(Oliwkiewicz-Miklasiñska, 1995, 2001; Trzepierczyñska
2001, 2003; Stempieñ-Sa³ek, 2002; Górecka-Nowak and
Majewska, 2002; Filipiak, 2004; Turnau et al., 2005). As re -
worked are con sid ered all the spe cies whose tops of strati -
graphic ranges are be low the base of the biozone to which the

stud ied rocks were as signed. In the case of taxa much older
than the rocks rec og ni tion of their re worked na ture is easy. It is
more dif fi cult when re worked miospores are only slightly older 
than the rock. 

An ad di tional cri te rion of re worked miospore rec og ni tion
is col our, which de pends on the ther mal ma tu rity of or ganic
mat ter. Miospore as sem blages found in the rocks stud ied con -
sist of spec i mens of di verse colours. It is ev i dent that the older
miospores have gen er ally darker colours. One should not,
how ever, use this cri te rion to de cide whether an in di vid ual
spec i men be longs to re worked or unreworked miospore
groups, be cause the re sis tance of dif fer ent miospore taxa
exines to ther mal al ter ation var ies. An other rea son is that
mark edly dif fer ences in miospore col our oc cur only when
their ther mal his tory  mark edly dif fers. Ap ply ing this cri te rion 
as an ad di tional one may help in the rec og ni tion of re work ing
phe nom ena re cord.

The strati graphi cal in ter pre ta tion of mixed as sem blages,
con tain ing abun dant re worked miospores, is dif fi cult, es pe -
cially when miospore pres er va tion is poor, as wit nessed by
some ear lier in cor rect in ter pre ta tions of the palynological
data from the suc ces sion stud ied (Krawczyñska-
 Grocholska, 1975, 1978). Only the youn gest taxa here have
strati graphic value and all older spec i mens should be dis -
counted. These stratigraphically im por tant youn gest taxa are 
usu ally not nu mer ous among older, re worked miospores, be -
cause the lat ter group of miospores may ap proach 100% of
the miospore as sem blage (Streel and Bless, 1980). Re li able
strati graphic in ter pre ta tion of mixed as sem blages re quires
re ally abun dant miospores. When there are too few spec i -
mens it is easy to in ter pret the age of a miospore as sem blage
in cor rectly. An ad di tional dif fi culty is that only the first ap -
pear ance of taxa may be a strati graphic cri te rion. Its dis ap -
pear ance can not be used for this pur pose be cause of the com -
mon oc cur rence of older, re worked miospores. A dis re gard
for these prin ci ples prob a bly ex plains the many con tra dic -
tory palynostratigraphical re sults ob tained by pre vi ous stud -
ies of this Car bon if er ous suc ces sion. 

The mixed na ture of the miospore as sem blages de ter -
mined is closely con nected with the turbiditic or i gin of the de -
pos its stud ied. The pres ence of these re worked miospores in
the Namurian A rocks is a proof of the re work ing of older
rock ma te rial in the early Namurian, and of the can ni bal iza -
tion of pre vi ously de pos ited sed i ments. Anal y sis of the strati -
graphic ran ges of the re worked miospores al lows de ter mi na -
tion of the strati graphi cal po si tion of the source rocks. The re -
worked miospores may be di vided into two groups. A older
group, con sist ing of taxa typ i cal of the Famennian and/or
Tournaisian, was re corded in all miospore as sem blages from
the Paproæ 29 and Katarzynin 2 pro files. A group of youn ger
taxa, rec og nized in miospore as sem blages from the Paproæ 29
pro file, con sists of Viséan taxa. In as sem blages from the
Katarzynin 2 pro file, a group of youn ger re worked miospores
con tains Viséan and ear li est Namurian taxa. This may in di -
cate that the re worked miospores orig i nated from source
rocks of dif fer ent ages, i.e. Famennian–Tournaisian and
Viséan (or Viséan–low er most Namurian). An other pos si bil ity 
is that Viséan (or Viséan–low er most Namurian) source rocks
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con tained re wor ked miospores of Famen nian– Tourn aisian
age. It is not yet pos si ble to judge which in ter pre ta tion is more 
plau si ble, and so it is pre ma ture to in voke com plex or sec ond -
ary re work ing (Streel and Bless, 1980). 

CONCLUSIONS

Palynological con straints on the age of the Car bon if er ous
clastic suc ces sion of SW Po land are in flu enced by the com -
monly poor pres er va tion of the miospores, re sult ing mainly
from ther mal al ter ation, and the mixed na ture of their as sem -
blages. The pre ci sion of the age in ter pre ta tion is lim ited by the
qual ity of the palynological data. 

The rocks stud ied from the Paproæ 29 and Katarzynin 2
bore holes were as signed to the Namurian A, cor re lated with the 
Serpukhovian. Older de pos its were doc u mented from the
Paproæ 29 pro file and these were in cluded in the V. morulatus
Sub-Biozone, cor re spond ing to the low er most Namurian A
and lim ited to the Pendleian (Owens et al., 2004). They may be
cor re lated with the up per most part of the Lower Car bon if er ous
rock suc ces sion out crop ping at Toszek Cas tle Hill in the
Moravian-Silesian Zone (Trzepierczyñska, 2003). Rocks from
the Katarzynin 2 pro file were as signed to the Lycospora

subtriquetra-Kraeuselisporites ornatus Biozone, cor re lated
with the up per Namurian A and the up per part of the
Arnsbergian, the Chokierian and the lower part of the Alportian 
(Owens et al., 2004).

The strati graphic po si tions of rocks from the Objezierze
IG 1 bore hole were dated as not older than late Viséan and,
from the Kalisz IG 1, Dymek IG 1 and Dankowice IG 1 pro -
files, as not older than Viséan.

The oc cur rence of mixed miospore as sem blages in the
rocks stud ied is very com mon. They are ev i dence of the can ni -
bal iza tion of Famennian–Tournaisian and Viséan rocks dur ing
the early Namurian. It is also pos si ble that the source rocks be -
longed to the Viséan but con tained Famennian–Tournaisian re -
worked miospores. 
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APPENDIX 

Dis tri bu tion of the more im por tant miospore taxa in sam ples from the Paproæ 29 and Katarzynin 2 bore holes
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Acanthotriletes baculatus Neves, 1961 · ·

Acanthotriletes castanea Butterworth et Wil liams, 1958 · ·

Acanthotriletes echinatus (Knox) Potonié et Kremp, 1955 ·

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

Acanthotriletes hastatus Sullivan et Mar shall, 1966 · ·

Acanthotriletes pilus Neves, 1961 ·

Acanthotriletes socraticus Neves et Ioannides, 1974 Ñ

Ahrensisporites duplicatus Neville, 1973 D

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

Anapiculatisporites hispidus Butterworth et Wil liams, 1958 ·

Anapiculatisporites hystricosus Playford, 1964 Ñ

Anaplanisporites atheticus Neves et Ioannides, 1974 Ñ

Anaplanisporites baccatus (Hoffmeister, Staplin et Malloy) Sm.et Butt., 1967 · · · · · · · · ·

Apiculiretusispora fructicosa Higgs, 1975 Ñ

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

Auroraspora corporiga Higgs, Clay ton et Keegan, 1988 Ñ

Auroraspora evanida (Kedo) Avchimovich, 1988 Ñ

Auroraspora macra Sullivan, 1964 Ñ Ñ Ñ Ñ

Bascaudaspora canipa Owens, 1983 · · ·

Bascaudaspora collicula (Playford) Higgs, Clay ton et Keegan, 1988 Ñ Ñ

Bellispores nitidus (Horst) Sullivan, 1964 · ·

Camptotriletes cristatus Sullivan et Mar shall, 1966 D

Camptotriletes super bus Neves, 1961 · ·

Cingulizonates cf. capistratus (Hoffmeister, Staplin et Malloy) Stapl. et Jans., 1964 · · · · · · D D D D D

Cingulizonates bialatus (Waltz) Smith et Butterworth, 1967 · · · · · · · ·

Colatisporites decorus (Bharadwaj et Venkatachala) Wil liams in Neves et al., 1973 D

Colatisporites denticulatus Neville in Neves et al., 1973 D

Convolutispora ampla Hoffmeister, Staplin et Malloy, 1955 · ·

Convolutispora ce re bra Butterworth et Wil liams, 1958 ·

Convolutispora florida Hoffmeister, Staplin et Malloy, 1955 ·

Convolutispora vermiformis Hughes et Playford, 1961 Ñ

Crassispora kosankei (Potonié et Kremp) Smith et Butterworth, 1967 · · · · · · · · · ·

Crassispora maculosa (Knox) Sullivan, 1964 · ·

Crassispora trychera Neves et Ioannides, 1974 Ñ

Cribrosporites cribellatus Sullivan, 1964 D D D D

Cristatisporites menendezii (Menendez et Azucy) Playford, 1978 Ñ Ñ

Cristatisporites sp. · · · · ·

Cyclogranisporites commodus Playford, 1964 D

Cyclogranisporites minutus Bharadwaj, 1957 · · · · · ·

Cyclogranisporites palaeophytus Neves et  Ioannides, 1974 Ñ

Cymbosporites sp. Ñ

Densosporites anulatus (Loose) Smith et Butterworth, 1967 · · · ·

Densosporites bacatus (Dybova et Jachowicz) Agrali, 1972 · ·

Densosporites coronatus (Dybova et Jachowicz) Loboziak, 1971 ·

Densosporites coronarius (Dybova et Jachowicz) Loboziak, 1971 ·

Densosporites duplicatus (Naumova) Potonié et Kremp, 1956 D
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Ap pen dix con tin ued
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Densosporites intermedius Butterworth et Wil liams, 1958 · · ·

Densosporites parvus Hoffmeister, Staplin et Malloy, 1955 D

Densosporites pseudoannulatus Butterworth et Wil liams, 1958 ·

Densosporites regalis (Bharadwaj et Venkatachala) Smith et Butterworth, 1967 D D D D D

Densosporites sphaerotriangularis Kosanke, 1950 · · ·

Densosporites spinifer Hoffmeister, Staplin et Malloy, 1955 · · · · · · ·

Densosporites spitsbergensis Playford, 1963 D

Densosporites triangularis Kosanke, 1950 · · · ·

Diatomozonotriletes cervicornutus (Staplin) Playford, 1963 D

Diatomozonotriletes hughesii Playford, 1963 D

Diatomozonotriletes trilinearis Playford, 1963 ·

Dictyotriletes castanaeformis (Horst) Sullivan, 1964 ·

Dictyotriletes equigranulatus Neville, 1968 D

Dictyotriletes flavus Keegan, 1977 D D D

Dictyotriletes fragmentimurus Neville, 1973 D D D D D

Dictyotriletes pactilis Sullivan et Mar shall, 1966 D D D

Dictyotriletes sagenoformis Sullivan, 1964 D

Dictyotriletes vitilis Sullivan et Mar shall, 1966 ·

Diducites mucronatus (Kedo) Van Veen, 1981 Ñ

Discernisporites irregularis Neves, 1958 ·

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

Emphanisporites sp. Ñ

Emphanisporites cf. annulatus McGregor, 1961 Ñ

Geminospora sp. Ñ

Gorgonispora crassa (Wilsow) Higgs, Clay ton et Keegan, 1988 Ñ Ñ

Gorgonispora sp. Ñ Ñ

Grandispora acuta (Kedo) Byvscheva, 1980 Ñ Ñ

Grandispora cf. distincta (Naumova) Avkhimovitch, 1993 Ñ

Grandispora echinata Hacquebard, 1957 Ñ Ñ Ñ Ñ Ñ

Grandispora famenensis  (Naumova) Streel var. minuta Nekriata, 1974 Ñ

Grandispora gracilis (Kedo) Higgs et al., 2000 Ñ Ñ

Grandispora cf. lupata Turnau, 1975 Ñ

Grandispora spinosa Hoffmeister, Staplin et Malloy, 1955 ·

Grumosisporites inaequalis (Butterworth et Wil liams) Smith et Butterworth, 1967 ·

Knoxisporites triradiatus Hoffmeister, Staplin et Malloy, 1955 D

Knoxisporites literatus (Waltz) Playford, 1963 ·

Knoxisporites seniradiatus Neves, 1961 ·

Kraeuselisporites  echinatus Owens, Mishell et Mar shall, 1976 · · · ·

Kraeuselisporites cf. echinatus Owens, Mishell et Mar shall, 1976

Kraeuselisporites hibernicus Higgs, 1975 Ñ Ñ Ñ

Kraeuselisporites mirtatus Higgs, 1975 Ñ Ñ Ñ Ñ

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

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

Laevigatosporites vulgaris (Ibrahim) Alpern et Doubinger, 1973 ·

Laevigatosporites sp. · · ·

Leiotriletes densus Neves, 1961 ·

Leiotriletes inermis (Waltz) Ishchenko, 1952 · ·
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Leiotriletes ornatus Ishchenko, 1956 ·

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

Lophotriletes labiatus Sullivan, 1964 D D D

Lophotriletes microsaetosus (Loose) Potonié et Kremp, 1955 · · · ·

Lophotriletes tribulosus Sullivan, 1964 D D D

Lophozonotriletes concentricus (Byvsheva) Higgs, Clay ton et Keegan, 1988 Ñ Ñ

Lycospora noctuina Butterworth et Wil liams, 1958 · · · · ·

Lycospora orbicula (Potonié et Kremp) Smith et Butterworth, 1967 · · · · ·

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

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

Microreticulatisporites concavus Butterworth et Wil liams, 1958 · · D

Microreticulatisporites microreticulatus Knox, 1950 · ·

Microreticulatisporites punctatus Knox, 1950 · ·

Murospora aurita (Waltz) Playford, 1962 D D D

Murospora dubitata Higgs, 1975 Ñ

Murospora margodentata Beju 1970 D D

Murospora sublobata (Waltz) Playford, 1962 D

Neoraistrickia inconstans Neves, 1961 ·

Plicatispora scolecophora (Neves et Ioannides) Higgs, Clay ton et Keegan, 1988 Ñ Ñ

Potoniespores delicatus Playford, 1963 D D D D

Potoniespores interitorsus (Horst) Kmiecik, 2001 · · ·

Procoronaspora serrata (Playford) Smith et Butterworth, 1967 D

Prolycospora claytonii Turnau, 1978 Ñ Ñ Ñ Ñ

Pseudoannulatisporites polonicus Karczewska, 1967 · · ·

Punctatisporites aerarius Butterworth et Wil liams, 1958 ·

Punctatisporites fissus Hoffmeister, Staplin et Malloy, 1955 D

Punctatisporites giganteus Neves, 1961 ·

Punctatisporites irrasus Hacquebard, 1957 Ñ

Punctatisporites minutus Kosanke, 1950 · ·

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

Punctatisporites platirugosus (Waltz) Sullivan, 1964 D

Punctatisporites punctatus Ibrahim, 1933 ·

Pustulatisporites papillosus (Knox) Potonié et Kremp, 1955 ·

Pustulatisporites gibberosus (Hacquebard) Playford, 1964 Ñ Ñ Ñ

Radiizonates mirabilis Phillips et Clay ton, 1980 Ñ

Remysporites magnificus (Horst) Butterworth et Wil liams, 1958 ·

Reticulatisporites carnosus (Knox) Neves, 1964 · ·

Retispora staplinii (Gupta et Boozer) Ravn et Fitz ger ald, 1982 · · · · ·

Retusotriletes cf. coniferus Kedo, 1963 Ñ

Retusotriletes famenensis  Naumova, 1953 Ñ Ñ Ñ

Retusotriletes incohatus Sullivan, 1964 Ñ Ñ

Rotaspora ergonulii (Agrali) Sullivan et Mar shall, 1966 D D

Rotaspora knoxi Butterworth et Wil liams, 1958 · ·

Rugospora corporata Neves et Owens, 1966 · · · · ·

Rugospora minuta Neves et Ioannides, 1974 Ñ Ñ Ñ

Rugospora polyptycha Neves et Ioannides, 1974 Ñ Ñ Ñ Ñ Ñ Ñ

Savitrisporites asperatus Sullivan, 1964 · · ·



56 Anna Górecka-Nowak
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Savitrisporites nux (Butterworth et Wil liams) Smith et Butterworth, 1967 · · ·

Schulzospora camplyoptera (Waltz) Hoffmeister, Staplin et Malloy, 1955 ·

Schulzospora elongata Hoffmeister, Staplin et Malloy, 1955 · ·

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

Schulzospora plicata Butterworth et Wil liams, 1958 ·

Schulzospora rara Kosanke, 1950 ·

Schulzospora sp. · · ·

Secarisporites remotus Neves, 1961 · ·

Simozonotriletes intortus (Waltz) Potonie et Kremp, 1954 · · ·

Spelaeotriletes arenaceous Neves et Owens, 1966 · ·

Spelaeotriletes crustatus Higgs, 1975 Ñ

Spelaeotriletes microspinosus Neves et Ioannides, 1974 Ñ Ñ

Stenozonotriletes circumscriptus Ishchenko, 1958 ·

Stenozonotriletes coronatus Sullivan. et Mar shall, 1966 D D D D D D

Stenozonotriletes lycosporoides (Butterworth et Wil liams) Sm. et Butt., 1967 · · ·

Stenozonotriletes minutus Ishchenko, 1956 ·

Stenozonotriletes triangulus Neves, 1961 · ·

Stenozonotriletes cf.  triangulus Neves, 1961 ·

Tholisporites decorus Bharadwaj et Venkatachala, 1961 D

Tholisporites sp. · · · ·

Tricidarisporites balteolus Sullivan et Mar shall, 1966 D D D

Tripartites distictus Wil liams 1973 D D

Tripartites vetustus Schemel, 1950 · · ·

Triquitrites comptus Wil liams, 1973 · · ·

Triquitrites marginatus Hoffmeister, Staplin et Malloy, 1955 · · ·

Triquitrites piramidalis (Kedo et Jushko) Stempieñ et Turnau, 1988 · ·

Tumulispora malavkensis (Kedo) Turnau, 1978 Ñ

Tumulispora rarituberculata (Luber) Potonie, 1966 Ñ Ñ

Vallatisporites  microspinosus Higgs, Clay ton et Keegan, 1988 Ñ Ñ

Vallatisporites ciliaris (Luber) Sullivan, 1964 D

Vallatisporites pusillites (Kedo) Dolby et Neves, 1970 Ñ

Vallatisporites vallatus Hacquebard, 1957 Ñ

Vallatisporites verrucosus Hacquebard, 1957 Ñ

Velamisporites caperatus (Higgs) Higgs, Clay ton et Keegan, 1988 Ñ

Verruciretusispora robusta Owens, 1971 Ñ

Verrucosisporites baccatus Staplin, 1960 D D D D

Verrucosisporites cerosus (Hoffmeister, Staplin et Malloy) Butt. et Wil., 1958 · · · ·

Verrucosisporites irregularis Phillips et Clay ton, 1980 Ñ

Verrucosisporites nitidus (Naumova) Playford, 1964 Ñ

Verrucosisporites scurrus (Naumova) McGregor et Camfield, 1982 Ñ

Waltzispora planiangulata Sullivan, 1964 D D D D

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

Waltzispora sagitata Playford, 1962 D D

·  — taxon in cluded among the youn gest miospores, hav ing strati graphi cal value; Ñ — taxon char ac ter is tic of the Famennian and/or

Tournaisian;  D — taxon char ac ter is tic of the Viséan


	Patrycja SZCZEPANIK, Magdalena WITKOWSKA and Zbigniew SAW£OWICZ — Geochemistry of Middle Jurassic mudstones (Kraków–Czêstochowa area, southern Poland): interpretation of the depositional redox conditions 57

