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Ab stract: The re sults of the palynostratigraphical stud ies pre sented in this pa per come from five bore holes Patoka 1, 
Czarny Las, WoŸniki Œl¹skie K1, Kobylarz 1 and Porêba as well as from four out crops at Lipie Œl¹skie, Patoka,
Zawiercie and Porêba, in Up per Silesia (south ern Po land). The palynostratigraphical zonation pre sented by
Or³owska-Zwoliñska (1983) for the epicontinental Up per Tri as sic of Po land was ap plied. The palynomorph spec tra
are marked by dif fer ent pres er va tion states, com bined with the fre quent oc cur rence of re worked spec i mens,
prob a bly even from Palaeozoic strata. The spore-pol len as sem blage rec og nized in the “Chrzanów For ma tion”
be longs to the early Carnian verrucata Subzone of the palynological longdonensis Zone. The spec trum from the
Stuttgart For ma tion rep re sents the Carnian astigmosus Zone. Spec tra in the Patoka Marly Mudstone-Sand stone
Mem ber (Grabowa Mudstone-Car bon ate For ma tion), with the Lisowice bone-bear ing ho ri zon, rep re sent the
mid dle and late Norian meyeriana b Subzone. The Rhaetian age of the bone-bear ing suc ces sion in the Lisowice–
Lipie Œl¹skie clay-pit sug gested in the lit er a ture was not con firmed. The age of as sem blages from the “Po³omia
For ma tion”, which over lies the Patoka Mem ber, was not de ter mined, ow ing to the poor state of miospore
pres er va tion. More over, three types of palynofacies were rec og nized as be ing char ac ter is tic for a flu vial chan nel
(1), a flood plain (2), and lac us trine and playa en vi ron ments (3) as well as for an un de ter mined mi lieu. Type 1 was
found in the de pos its of the Stuttgart Formation, the Patoka Mem ber and the “Po³omia For ma tion”, type 2 in the
Patoka Mem ber and the “Po³omia For ma tion”, type 3 in the “Chrzanów For ma tion”, the Stuttgart For ma tion and
the Patoka Mem ber.
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IN TRO DUC TION

Palynostratigraphical stud ies, based on miospores from
the Up per Tri as sic of Up per Silesia (Fig. 1), were ini ti ated
by Or³owska-Zwoliñska (in Grodzicka-Szymanko and Or-
³owska-Zwoliñska, 1972). She rec og nized three spore-pol -
len as sem blages, here as signed to lithostratigraphic units
that are de fined be low (Fig. 2): Porcellispora longdonensis
in the “Chrzanów For ma tion”, Aulisporites astigmosus in
the Stuttgart For ma tion, and Corollina (= Classopollis; see
be low) meyeriana in the lower part of the later Grabowa
Formation in the WoŸniki – Cynków area (E part of the Up -
per Silesia ba sin). She fur ther stud ied sev eral bore hole re -
cords in the Zawiercie and Chrzanów ar eas (Or³owska-
Zwoliñska, 1981, 1983). The re sults of this in ves ti ga tion
con firmed the pre vi ous palynostratigraphy.

The next stud ies were car ried out by Heunisch, who rec -
og nized the meyeriana b Subzone in six out of the eight sam -
ples an a lyzed (these re sults are pre sented in part in Szulc et
al., 2006). The same age was sug gested by Staneczko (2007)
for the miospore spec trum from the Lipie Œl¹skie clay-pit
near Lubliniec, also known in the lit er a ture as the Lisowice
clay-pit. Dzik et al. (2008a, b) noted the pres ence of the two
miospore spe cies Brachysaccus neomundanus (Leschik)
Mäder and Monosulcites minimus Cookson in the Lipie Œl¹s-
kie and, on the ba sis of their doubt ful con nec tion to the
macroflora, as sumed a Rhaetian age for them (see Szulc et
al. 2015). Œwi³o et al. (2014) pre sented a list of miospores
also from Lipie Œl¹skie clay-pit, rep re sent ing the up per most 
meyeriana Zone (= meyeriana c Subzone). Wawrzyniak (in



Sadlok and Wawrzyniak, 2013) re ported an as sem blage of
the prob a ble meyeriana b Subzone at the Zawiercie-Marci-
szów out crop. In the most re cent pa per on the sub ject, Pieñ-
kowski et al. (2014) as sumed that the de pos its at the Lipie
Œl¹skie lo ca tion rep re sent the meyeriana c Subzone as well
as the suc ceed ing Riccisporites tuberculatus Zone.

Palynostratigraphical in ves ti ga tions of the Up per Tri as -
sic were con tin ued by Fija³kowska-Mader, in con nec tion
with a multidisciplinary grant to G. Racki with a fo cus on
in te gra tive Up per Silesian Keuper stra tig ra phy, and the re -
sults, com ple mented with un pub lished ma te rial by Heu-
nisch, are pre sented in this pa per. The sam ples are from the
com plete com pos ite mid dle-up per Keuper suc ces sion, de -
rived mostly from the lith o logic re cords of four bore holes:
Patoka 1, WoŸniki K1, Kobylarz 1 and Porêba (Fig. 1), with 
an em pha sis on the bone-bear ing, var ie gated de pos its of
Grabowa Mudstone-Car bon ate For ma tion (Fig. 2), a unit of
Bilan (1976), re cently re de fined by Szulc and Racki (2015).

LITHOFACIES SUC CES SION
AND GEN ERAL SET TING OF THE
SED I MEN TARY EN VI RON MENTS

The Up per Tri as sic suc ces sion of the study area was
formed in the mar ginal part of the Mid-Pol ish Ba sin. There -
fore, its thick ness is dis tinctly less than that at the ba sin cen -
tre and ero sional and sed i men tary gaps are more com mon. It 
is also wor thy of note that the bone-bear ing, al lu vial fa cies
are more fre quent here than in the cen tral part of the ba sin.

The lithofacies suc ces sion of the Up per Tri as sic in Up -
per Silesia is typ i cal for the Ger manic do main and re flects
the main cli ma tic fluc tu a tions that took place across the Wes-
tern Tethys do main dur ing Carnian–Rhaetian times (Feist-
Burkhardt et al., 2008). The arid phase, in early Carnian times,
is re corded as evaporitic sed i ments of the “Chrzanów Fm” of
Bilan (1976), which is cor re lated with the Lower Gipskeuper
in other parts of Po land and the Grabfeld For ma tion in NW
Ger many (Becker et al., 2008). The unit is com posed of var ie -
gated mudstones and claystones con tain ing evaporites, mostly
sulphates with sub or di nate amounts of do lo mite (Fig. 2).

The mid-Carnian was char ac ter ized by the re-es tab lish -
ment of a hu mid cli mate, as in di cated by sedimentological
and palaeontological data. Pluvialisation re sulted in flu vial
ac tiv ity, form ing the braided/anastomosing river net work of 
the Stuttgart Fm (the Schilfsandstein) in the Ger manic Ba -
sin. Sed i men ta tion, typ i cal of dry cli ma tic con di tions, char -
ac ter ized the late Carnian and early Norian, evaporite-bear -
ing red beds of the Ozimek Mem ber (= the Up per Gipskeu-
per) and was dom i nant in the Ger manic Ba sin.

Dur ing mid- and late Norian times, the cli mate in the
Germanic Ba sin un der went grad ual ame lio ra tion, as in di -
cated by punc tu ated sed i men ta tion of evaporite-bear ing
red-bed fa cies and their re place ment by flu vial sed i ments,
typ i cal for the Steinmergelkeuper fa cies com plex (= the Pa-
toka Mem ber, an equiv a lent of the Arnstadt For ma tion;
Szulc and Racki, 2015; see also Bilan, 1976; Szulc et al.,
2006). The flu vial in ter vals are par tic u larly well de vel oped
at the ba sin mar gin, where they formed the al lu vial com plex 
of the Löwenstein For ma tion.
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Fig. 1. Lo ca tion of bore holes and out crops stud ied on a geo log -
i cal map, show ing sur face dis tri bu tion of Tri as sic to Lower Ju ras -
sic strata (af ter fig. 1 in Szulc and Racki, 2015).

Fig. 2. Sche matic lithostratigraphic sec tion of the Up per Tri as -
sic of Up per Silesia; thick nesses are not to scale; mod i fied from
Szulc and Racki (2015, fig. 2); partly af ter Becker et al. (2008). 



The grad ual cli ma tic change could be as cribed to the
drift of Mid dle Eu rope into a higher palaeolatitudinal po si -
tion. The Pol ish ba sin def i nitely mi grated out side the sub -
trop i cal dry belt in the lat est Norian–Rhaetian times, as indi- 
cated by the com plete de cline of evaporitic sed i men ta tion
and by the dom i nance of siltstones with coal seams and abun -
dant plant de bris, typ i cal for the up per most part of Grabowa
Fm and the flu vial quartz sand stones and grav els of the “Po-
³omia For ma tion” (= Exter For ma tion), as noted by Gro-
dzicka-Szymanko and Or³owska-Zwoliñska (1972) Bilan
(1976), Deczkowski (1997) and Szulc and Racki (2015).

MA TE RIAL AND METH ODS

Fifty-nine sam ples were ex am ined from cores of the
Kobylarz 1 (11 sam ples from a depth of 1.5-30.0 m), WoŸ-
niki K1 bore holes (16 sam ples; 68.8–99.5 m; Fig. 3) and Pa- 
toka 1 (32 sam ples; 17.4–208.0 m; Fig. 4), but only twenty-
eight yielded palynological ma te rial. This ma te rial was
com ple mented with eight pro duc tive sam ples, out of the 41
elab o rated by Carmen Heunisch (in Szulc et al., 2006), from 
the three bore holes: WoŸniki (1 sam ple from a depth of
30.0 m), Porêba (3 sam ples; 7.7–11.4 m) and Czarny Las (1
sam ple; 9.7 m) as well as the two out crops, at the Lipie Œl¹s- 
kie clay-pit, also known in lit er a ture as Lisowice (2 sam -
ples), and at Zawiercie (1 sam ple).  Four ad di tional sam ples
were taken from the Lipie Œl¹skie clay-pit, one sam ple from
the Porêba out crop and two sam ples from the clay-pit at Pa-
toka (Figs 1, 5).

The rock ma te rial was treated ac cord ing to the method
de scribed by Or³owska-Zwoliñska (1983). In gen eral, 200
sporomorphs were counted in each sam ple for quan ti ta tive
anal y sis. Only in very sparse spec tra, all sporomorphs were
counted. For palynofacies anal y sis, 200 palynomorphs and
or ganic par ti cles were counted per slide.

THE UP PER TRI AS SIC PALYNOLOGICAL 
ZONES DIS TIN GUISHED IN THE POL ISH

BA SIN AND COR RE LA TION OF THEM

The palynostratigraphic scheme of Or³owska-Zwoliñ-
ska (1983, 1985), which is the most suit able for the Pol ish
epicontinental Tri as sic, was ap plied. Four palynological
zones were dis tin guished in this scheme in the Up per Tri as -
sic: longdonensis (l) in the Bound ary Do lo mite and Lower
Gipskeuper, astigmosus (a) in the Schilfsandstein; meye-
riana (m) in the Up per Gipskeuper, Jarkowo and Zb¹szynek 
Beds; and tuberculatus (t) in the Wielichowo Beds. The
longdonensis Zone con tains two subzones, iliacoides (li)
and verrucata (lv), whereas the meyeriana Zone is di vided
into three subzones (Fig. 6), a (ma), b (mb) and c (mc). 

The base of the longdonensis Zone as well as the ilia-
coides Subzone is de fined by the first ap pear ances (FADs)
of Porcellispora longdonensis, Echinitosporites iliacoides,
Duplicisporites granulatus and Praecirculina granifer (see
the list of the miospore spe cies in Ap pen dix 1) and the first
com mon oc cur rence of Ovalipollis. The low er most part of
the iliacoides Subzone, con tain ing acritarchs, is found in the 

Bound ary Do lo mite, whereas its up per part, with the FAD
of Camerosporites secatus, is in the lower part of Lower
Gipskeuper. The last oc cur rences (LODs) of E. iliacoides
and Eucommiidites microgranulatus de ter mi nate the top of
the iliacoides Subzone.

The verrucata Subzone cor re sponds with the acmes of
the Triadispora verrucata and Ovalipollis ovalis. The top of 
the longdonensis Zone and verrucata Subzone is de fined by
the LODs of Duplicisporites granulatus, Partitisporites
maljavkinae, Triadispora plicata and T. verrucata (Or³ow-
ska-Zwoliñska, 1983, 1985). The verrucata Subzone is
found in the up per part of the Lower Gipskeuper.

The low er most part of the iliacoides Subzone is cor re -
lated with the top of the Heliosaccus dimorphus Zone sensu
Herngreen (2005) and the top of the “Geo log i cal Time
Scale” (GTS) Heliosaccus dimorphus  Zone (Ogg, 2012)
and its up per part and the verrucata Subzone with the Tria-
disipora verrucata Subzone of the Camerosporites secatus
Zone sensu Herngreen (2005; see e.g., Kürschner and
Herngreen, 2010) as well as with the lower part of the GTS
Camerosporites secatus Zone (Ogg, 2012; Fig. 6).

The astigmosus Zone cor re sponds with the acme of Au-
lisporites astigmosus and in cludes the FADs of Annulispora 
microannulata, Apiculatisporis parvispinosus, Camarozo-
nosporites laevigatus, C. rudis and Stereisporites cicatrico-
sus as well as the LODs of Aulisporites astigmosus, Acci-
nctisporites ligatus, the ma jor ity of the Aratrisporites spe -
cies (coryliseminis, flexibilis, fimbriatus, granulatus, para-
spinosus, scabratus, saturni), Illinitisporites chitonoides,
Verrucosisporites morulae and V. pseudomorulae. The oc -
cur rence of the fol low ing is lim ited to this Zone: Apiculati-
sporis firm us, Gibeosporites hirsutus, G. lativerrucosus,
Kraeuselisportes spe cies: cooksonaelain , dentatus, lituus
and ramosus, Reticulatisporites distinctus, Zebrasporites
corneolus and Z. fimbriatus (Or³owska-Zwoliñska, 1983,
1985).The astigmosus Zone is cor re lated with the Ausli-
sporites astigmosus Subzone of the Camerosporites secatus
Zone sensu Herngreen (2005) and the mid dle part of the
GTS Camerosporites secatus Zone (Ogg, 2012; Fig. 6).

 Or³owska-Zwoliñska (1983, p. 49-50) de fined the
meyeriana Zone as the acme zone – “…nu mer ous and
some times mass oc cur rence of Corollina meyeriana…” – in 
the up per part of the Up per Gipskeuper and the over ly ing
strata. How ever, the base of the meyeriana Zone and the
meyeriana a Subzone may be de ter mined (see Or³owska-
Zwoliñska, 1983, p. 64) by the FAD of Classopollis
meyeriana (pre vi ously Corollina meyeriana; see the dis cus -
sion in Tra verse, 2004), which cor re lates with the FAD of
Corollina spp./Classopollis spp. This last FAD, ac cord ing
to Heunisch (1999, tab. 1 therein), is lo cated in the up per
part of her GTr 15 Zone in the Weser/Arnstadt For ma tions.
Kürschner and Herngreen (2010; fig. 3) placed the FAD of
Classopollis spp. in the late Tuvalian (Hassberge For ma -
tion). Heunisch and Nitsch (2011) found the miospore as -
sem blage of the meyeriana Zone in the Mainhardt For ma -
tion and opted for a Tuvalian age for the meyeriana Zone.
Cirilli (2010, figs 2, 3 therein), how ever, lo cated the FAD of 
the Classopollis meyerianus and the base of the Classopollis 
meyerianus Subzone in the ear li est Norian. The meyeriana a 
Subzone is cor re lated with the top of the Camerosporites
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secatus Zone sensu Herngreen (2005) and the top of the
GTS C. secatus Zone (Ogg, 2012; see Fig. 6).

The base of the meyeriana b Subzone is placed at the
FADs of Riccisporites tuberculatus, Carnisporites granu-
latus, Heliosporites altmarkensis, Monosulcites minimus
and Neochomotriletes triangularis. This subzone cor re -
sponds with the acmes of Brachysaccus neomundanus, La-
biisporites triassicus and Nevesisporites limatulus. Its top is 
placed at the LODs of Anapiculatisporites telephorus, N.
limatulus and P. longdonensis. The subzone is found in the
up per part of the Jarkowo Beds and the lower part of the
Zb¹szynek Beds (Or³owska-Zwoliñska, 1983, 1985). It is
cor re lated with the top of the Granuloperculatipollis rudis
Zone sensu Herngreen (2005) and the GTS G. rudis Zone
(Ogg, 2012; see Fig. 6).

The meyeriana c Subzone cor re sponds with the acmes
of C. torosus and the last com mon oc cur rence of C. meye-
riana as well as Ovalipollis and Enzonalasporites. Its base
is placed at the FAD of Rhaetipollis germanicus and the top
is de fined by the LODs of many taxa com mon in the Up per
Tri as sic spec tra: Brachysaccus neomundanus, Carnispori-
tes mesozoicus, Enzonalasporites spe cies: manifestus, mar-
ginalis and vigens, Labiisporites triassicus, Leschikisporis
aduncus and Taurocusporites verrucatus. The meyeriana c
Subzone oc curs in the up per part of the Zb¹szynek Beds
(Or³owska-Zwoliñska, 1983, 1985) and is cor re lated with
the lower part of the Rhaetipollis germanicus Zone sensu
Kürschner and Herngreen (2010) as well as with the lower
part of the GTS R. germanicus Zone (Ogg, 2012; see Fig. 6).

The base of the tuberculatus Zone is de fined by the
FADs of many spe cies, the ranges of which are lim ited to
this Zone, such as Cingulizonates rhaeticus, Cornutispo-
rites seebergensis, Densosporites cavernatus, D. fissus, Lo-

photriletes verrucosus, Limbosporites lundbladii, Perino-
sporites thuringiacus, Semiretisporis goethae, S. ornatus, S. 
wielichoviensis, Triancoraesporites ancorae, T. reticulatus, 
or con tinue to the Lower Ju ras sic  Acanthotriletes varius,
Chasmatosporites apertus, C. rimatus,  Concavisporites jun-
ctum, C. juriensis, Dictyophyllidites mortoni, Lycopodiaci-
dites rugulatus, Lycopodiumsporites reticulumsporites, L. se- 
mimuris, Marattisporites scabratus, Monosulcites punctatus, 
Pisnuspollenites minimus, Quadraeculina anellaeformi, and
Zebrasporites interscriptus. The Zone cor re sponds to the
acme of Riccisporites tuberculatus. The Deltoidospora spec -
i mens as well as Concavisporites polygonalis and Monosu-
lcites minimus are com mon. The top of the Zone is placed not 
only at the LODs of spe cies men tioned above, but also at the
LODs of Anapiculatisporites spiniger, Camarozonosporites
laevigatus, G. rudis, C. zwolinskai and Lunatisporites rhae-
ticus. The Zone oc curs in the Wielichowo Beds (Or³owska-
Zwoliñska, 1983, 1985) and is cor re lated with the Limbo-
sporites lundbladii Subzone of the Rhaetipollis germanicus
Zone sensu Kürschner and Herngreen (2010) as well as with
the up per part of the GTS R. germanicus Zone (Ogg, 2012;
see Fig. 6).

DE SCRIP TION OF THE MIOSPORE
AS SEM BLAGES

On the ba sis of more than a hun dred miospore taxa, rec -
og nized in the ma te rial an a lyzed (a com plete list is in Ap -
pen dix 1 and de scrip tions of new taxa are given in Ap pen -
dix 2), sev en teen miospore as sem blages rep re sent ing three
miospore zones were dis tin guished (Fig. 5).
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Miospore as sem blage of the longdonensis Zone (lv)

Char ac ter is tics: The two in dex spec i mens – the moss spore
Porcellispora longdonensis (e.g., Mader, 1977; Fig. 7A, B)
and the pol len Triadispora verrucata (Fig. 7T, U) – oc cur in
an as sem blage, dom i nated by the co ni fer pol len Ovalipollis,
Triadispora (Fig. 7P–S) and Brachysaccus (Fig. 7M). Mono- 
saccate pol len, very sim i lar to the Ju ras sic araucariaceaen ge -
nus Callialasporites (Fig. 7H, I), and co ni fer striatite pol len
(Fig. 7K, L), oc curred spo rad i cally. Lycopsid Aratrisporites
spec i mens (Fig. 7E–G) pre dom i nated among the spores. 
Oc cur rence: WoŸniki K1, depth 88.5–89.5 m, “Chrzanów
Fm” (Figs 3, 5).

Miospore as sem blage of the astigomosus Zone (a)

Char ac ter is tics: The as sem blage is dom i nated by the in dex 
pol len Aulisporites astigmosus (Fig. 8F, G). The pol len
Ovalipollis (Fig. 9O–R) and Brachysaccus oc curred less
fre quently. The lycopsid spores Aratrisporites (Fig. 9E–H)
and Kraeuselisporites (Fig. 9B–D) were char ac ter is tic and
abun dant el e ments of this spec trum. Fern spores as signed to 
Todisporites (Fig. 8E) and the co ni fer pol len Triadispora
(Fig. 10D–F) were rel a tively nu mer ous. The as sem blage is
strongly di verse, both tax o nom i cally and bo tani cally. It
con tained, be sides the spec i mens men tioned above, sin gle
spores of the ferns Deltoidospora (Fig. 8A–C), Conosmun-
dasporites (Fig. 8K), Conbaculatisporites (Fig. 8N), Car-
nisporites (Fig. 8H), Leschikisporis, Verrucosisporites (Fig. 
8I, J); the horse tail Calamospora (Fig. 8D), the lycopsids
Anapiculatisporites (Fig. 8L), Lycopodiacidites (Fig. 8R),
and Lycopodiumsporites (Fig. 8P) as well as spores of un -
known bo tan i cal af fin ity Corrugatisporites (Fig. 8O), aff.
Taurocusporites (Fig. 9A) and aff. Semiretisporis (Fig. 8T).

They were ac com pa nied by rare bisaccate pol len,
mainly of co nif er ous af fin ity, Illinites (Fig. 9N), Parillinites
(Fig. 9U), Platysaccus (Fig. 10A, B), Labiisporites (Fig.
10G), Striatoabietites (Fig. 9T) as well as the monosaccate
pol len Enzonalasporites (Fig. 9J, K) and aff. Callialaspo-
rites (Fig. 9M). The fresh-wa ter alga Schizosporis from the
fam ily Zygnemataceae oc curred com monly (Fig. 10H).
Specimens of re worked spores of the early Tri as sic ge nus
Densoisporites (Fig. 10T), acritarchs and ?chitinozoa occu-
rred spo rad i cally (Fig. 10U).
Oc cur rence: WoŸniki K1, depth 77.1–84.45 m, Stuttgart
Fm (Figs 3, 5).

Miospore as sem blages of the meyeriana b Subzone (mb)

Char ac ter is tics: Al though there are some strong vari a tions 
in com po si tion within these as sem blages (Figs 11–13), their 
com mon fea ture is the pre dom i nance of co ni fer pol len.
Among them, the in dex spe cies Classopollis meyeriana
(Fig. 13K, L), Brachysaccus neomundanus (Fig. 13C),
Ovalipollis sp. div. (Fig. 13B) and Enzonalasporites sp. div. 
(Fig. 13A) were the most abun dant. The char ac ter is tic form
is Granuloperculatipollis rudis (Fig. 13M, N). Less fre -
quently the pol len Labiisporites (Fig. 13G) oc curred, ac -
com pa nied by sin gle pol len spec i mens of Alisporites, Pari-
llinites (Fig. 13D), Platysaccus (Fig. 13E), Falcisporites

(Fig. 13F), aff. Pinuspollenites, Protodiploxypinus (alias
Minutosaccus) (Fig. 13H) and Cedripites. Other less fre -
quently en coun tered pol len in cluded Classopollis sim plex,
C. torosa, Geopollis zwolinskae, and Duplicisporites gra-
nulatus (Fig. 13J). More over, sin gle spec i mens of the cy cad
pol len Monosulcites (Fig. 13O, P) and Cycadopites were
found. Fern spores Todisporites (Fig. 11R) pre dom i nated
among the spores. Other spores, such as aff. Conosmunda-
sporites (Fig. 11S), Cyclotriletes (Fig. 11T) and Verruco-
sisporites (Fig. 12A) as well as the lycopsid spores Denso-
sporites (Fig. 12L–P) and Nevesisporites (Fig. 12I), occu-
rred less fre quently. They were ac com pa nied by sin gle oc -
cur rences of Taurocusporites (Fig. 12S, T), Reticulatispo-
rites (Fig. 12H), Deltoidospora (Fig. 12E), Calamospora,
Carnisporites, Anapiculatisportes (Fig. 12C, D), Uvaespo-
rites, Foveolatitriletes (Fig. 12G), Corrugatisporites (Fig.
12F), Baculatisporites (Fig. 11U), Porcellispora (Fig. 12B)
and Polycingulatisporites (Fig. 12K, R). Spec i mens of Mi -
croreticulatisporites sp., Neoraistrickia sp., Pseudoenzona- 
lasporites summus and Vallasporites ignacii sel dom oc -
curred. Sin gle re worked acritarchs were found (Fig. 13U).
The pres ence of fun gal spores is the dis tinc tive fea ture of
this as sem blage. The al gae of the ge nus Schizosporis were
rel a tively nu mer ous. Sin gle spec i mens of the plank tonic
alga Botryococcus were found in the Porêba bore hole at a
depth of 153.1 m. Charophyta spec i mens were rec og nized
in a sam ple from the Patoka clay-pit.
Oc cur rence: Patoka clay-pit, up per most part of the Patoka
Mbr; Patoka 1 bore hole, depth 134.6–153.1 m, Patoka Mbr
(Fig. 4); Lipie Œl¹skie clay-pit, Patoka Mbr be low the onco-
lite layer (see Szulc et al., 2006; fig. 5); Czarny Las bore -
hole, depth 9.7 m, Patoka Mbr; Zawiercie out crop, Patoka
Mbr (see Szulc et al., 2006; Fig. 5); Porêba out crop and
Porêba bore hole, depth 7.7–11.4 m, Patoka Mbr (Fig. 5).

Miospore as sem blages of un de fined
palynostratigraphical po si tion

The miospore as sem blage found in the Patoka 1 bore -
hole, at a depth of 199.00 m in the mid dle part of the Patoka
Mbr (Figs 4, 5), did not con tain any in dex spe cies. It was
dom i nated by the pol len Ovalipollis (Fig. 11E–G) and Bra-
chysaccus. The pol len Triadispora (Fig. 11K, L), Platysa-
ccus (Fig. 11I), Alisporites (Fig. 11H) and Enzonalaspo-
rites (Fig. 11D) are less abun dant. They were ac com pa nied
by sin gle spores of Calamospora, Anapiculatisporites (Fig.
11B) and Kraeuselisporites (Fig. 11C) as well as the alga
Schizosporis sp. (Fig. 11M). Re worked early Tri as sic
spores (Fig. 11O) and strongly worn out spec i mens (Fig.
11N, P) oc curred in abun dance.

The miospore as sem blage rec og nized in the WoŸniki
bore hole, at a depth of 30.00 m, in the Patoka Mbr, con -
tained sin gle, poorly pre served spec i mens of Enzonalspo-
rites sp., Cycadopites sp. and Chasmatosporites sp., as well
as one spec i men of the Riccisporites tuberculatus, ac com -
pa nied by the plank tonic alga Botrycoccus sp., dinoflage-
llate cysts of Dapcodinium cf. priscum and fun gal spores.

The miospore as sem blage found in the Kobylarz 1 bore -
hole, at a depth of 7.0–8.5 m, in the Lisowice bone-bear ing
ho ri zon, was dom i nated by co ni fer pol len of the gen era Ova-
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Fig. 7. Miospores from the “Chrzanów For ma tion” (Carnian),the WoŸniki K1 bore hole. Scale bar = 10 µm. A, E, G–M, O–T – depth
88.5 m; B–D, F, N, U – depth – 89.5 m. A, B. Porcellispora longdonensis (Clarke) Scheuring. C. aff. Camerosporites sp. D.
Densosporites sp. E. Aratrisporites granulatus (Klaus) Playford et Dettmann. F, G. Aratrisporites paraspinosus Klaus Dettmann. H, I.
aff. Callialasporites. J. aff. Perinopollenites sp. K. Striatoabietites balmei Klaus. L. Infernopollenites sulcatus (Pautsch) Scheuring. M.
Brachysaccus neomundanus (Leschik) Mädler. N. Parillintes vanus Scheuring. O. Triadispora crassa Klaus. P. Triadispora suspecta
Scheuring. R. Triadispora plicata Klaus. S. Triadispora polonica Brugman. T. Triadispora verrucata (Schulz) Scheuring. U. Triadispora
verrucata(Schulz) Scheuring.



644 A. FIJA£KOWSKA-MADER ET AL.

Fig. 8. Miospores from the Stuttgart For ma tion (Carnian), the WoŸniki K1 bore hole. Scale bar = 10 µm. B, D, K – depth  77.1 m; F, H,
J, L, M, O, S depth – 84.0 m; A, C, E, G, I, N, P, R, T, U – depth 84.45 m. A. Deltoidospora mi nor (Couper) Pocock. B. Deltoidospora
toralis (Leschik) Lund. C. Deltoidospora sp. D. Calamospora tener (Leschik) de Jer sey. E. Todisporites cinctus (Maliavkina) Or³owska-
Zwoliñska. F. Aulisporites astigmosus (Leschik) Klaus. G. Aulisporites astigmosus (Leschik) Klaus. H. Carnisporites sp. I. Verrucosi-
sporites marginatus (Mädler) Or³owska-Zwoliñska. J. Verrucosisporites redactus Or³owska-Zwoliñska. K. Conosmundasporites othmari
Klaus. L. Anapiculatisporites telephorus Pautsch. M. aff. Acanthotriletes sp. N. Conbaculatisporites mesozoicus Klaus. O. Corrugati-
sporites scanicus Nilsson. P. Lycopodiumsporites rugulatus (Couper) Schulz. R. Lycopodiacidites cf. kuepperi Klaus. S. Reticulati-
sporites sp. T. aff. Semiretisporis sp. U. Nevesisporites limatulus Playford.
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Fig. 9. Miospores from the Stuttgart For ma tion (Carnian), the WoŸniki K1 bore hole. Scale bar = 10 µm. A, J, N, U – depth 77.1 m; H,
P, S, T – depth 77.7 m; A, K, M – depth 84.0 m; B–G, I, L, R – depth 84.45 m. A. aff. Taurocusporites sp. B. Kraeuselisporites cf.
cooksonae (Klaus) Dettmann. C. Kraeuselisporites lituus (Leschik) Scheuring. D. Kreuselisporites sp. E. Aratrisporites coryliseminis
Klaus. F. Aratrisporites granulatus (Klaus) Playford et Dettmann. G, H. Aratrisporites paraspinosus Klaus. I. Retisulcites sp. J.
Enzonalasporites manifestus Leschik. K. Enzonalasporites vigens Leschik. L. Accinctisporites sp. M. aff. Callialasporites sp. N. Illinites
cf. chitonoides Klaus alias Succinctisporites grandior Leschik sensu Mädler. O. Ovalipollis lunzensis Klaus. P. Ovalipollis cf. notabilis
Scheuring. R. Ovalipollis ovalis Krutzsch. S. Protohaploxypinus sp. T. Striatoabietites aytugii Visscher. U. Parillintes sp.
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Fig. 10. Miospores from the Stuttgart For ma tion (Carnian), the WoŸniki K1 bore hole. Scale bar = 10 µm. I–S – stron ger coalificated and 
wasted forms; T–U – re worked forms. A, C, E, H–K, M – depth 77.1 m; L, O, S, U – depth 84.0 m; B, D, F, G, N, P.R, T– depth 84.45 m.
A. Platysaccus papilionis Potonié et Klaus. B. Platysaccus nitidus Pautsch. C. Alisporites sp. D. Triadispora polonica Brugman. E.
Tradispora suspecta Scheuring. F. Triadispora sp. G. Labiisporites triassicus Or³owska-Zwoliñska. H. Alga Schizosporis sp. I, J.
Aulisporites astigmosus (Leschik) Klaus. K. Conbaculatisporites mesozoicus Klaus. L. Conbaculatisporites sp. M. Lycopodiacidites
kuepperi Klaus. N. Zebrasporites sp. O. Polycingulatisporites sp. P. Corrugatisporites sp. R, S. Spore indet. T. Densoisporites sp. U.
?Chitinozoa.
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Fig. 11. Miospores from the Patoka Mem ber (Norian) in the Patoka 1 bore hole. Scale bar = 10 µm, ex cept for M = 50 µm. B, E–H –
stron ger coalificated forms; N–P – re worked forms. A.P – depth 199.0 m; S – depth 137.9 m; R, T, U – depth 153.1 m. A. Calamospora sp. 
B. Anapiculatisporites telephorus (Pautsch) Klaus. C. Kraeuselisporites sp. D. Enzonalasporites manifestus Leschik. E. Ovalipollis rarus
Klaus. F, G. Ovalipollis ovalis Krutzsch. H. Alisporites toralis (Leschik) Clarke. I. Platysaccus sp. J. Triadispora crassa Klaus. K.
Triadispora suspecta Scheuring. L. Triadispora sp. M. Alga Schizosporis sp. N. Calamospora cf. tener (Leschik) de Jer sey (de graded
spec i men). O. Densoisporites nejburgii (Schulz) Balme. P. Spore indet. R. Todisporites cinctus (Maliavkina) Or³owska-Zwoliñska. S. aff. 
Conosmundasporites sp. T. Cyclotriletes sp. U. Baculatisporites sp.
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Fig. 12. Miospores from the Patoka Mem ber (Norian) in the Patoka 1 bore hole (A, B, D–S, U), Lipie Œl¹skie clay-pit (C) and Porêba
out crop (T). Scale bar = 10 µm, ex cept C =30 µm. L, N, – depth 134.6 m; D, M, N, O, – depth 137.9 m; B, E, F, G, R, – depth 140.2 m; A,
H–K, P, S, U – depth 153.1 m. A. Verrucosisporites redactus Or³owska-Zwoliñska. B. Porcellispora longdonensis (Clarke) Scheuring. C.
Anapiculatisporites telephorus (Pautsch) Klaus. D. Anapiculatisporites spiniger (Leschik) Reinhardt. E. Deltoidospora mi nor Couper. F.
Corrugatisporites scanicus Nilsson. G. Foveolatitriletes sp. H. Reticulatisporites distinctus Or³owska-Zwoliñska, I. Nevesisporites
limatulus Playford. J. Neochomotriletes triangulatus (Bolchovitina) Reinhardt. K. Polycingulatisporites reduncus (Bolchovitina) Play-
ford et Dettmann. L. Densosporites sp. M–O. Densosporites silesiensis Fija³kowska-Mader sp. nov. P. Densosporites rogalskai
Fija³kowska-Mader sp. nov. R. aff. Polycingulatisporites sp. S. Taurocusporites cf. morbeyi Or³owska-Zwoliñska. T. Taurocusporites
verrucatus Schulz. U. Spore sp. A.
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Fig. 13. Miospores from the Patoka Mem ber (Norian) in the Patoka 1 bore hole (C–H, N, P, T), Lipie Œl¹skie clay-pit (A, B, J, R) and
Patoka clay-pit (I, K–M, O, S, U). Scale bar = 10 µm, ex cept for A, B = 30 µm and R–T – stron ger coalificated and de graded forms; U – re -
worked form. C, F, G, P – depth 137.9 m; D, N – depth 140.2 m; E, H, T – depth 153.1 m. A. Enzonalasporites vigens Leschik. B.
Ovalipollis ovalis Krutzsch. C. Brachysaccus neomundanus (Leschik) Mädler. D. Parillinites sp. E. Platysaccus niger Mädler. F.
Falcisporites sp. G. Labiisporites triassicus Or³owska-Zwoliñska. H. Protodiploxypinus sp. I. Partitisporites sp. J. Duplicisporites
granulatus Leschik. K. Classopollis meyeriana (Klaus) de Jer sey. L. Classopollis meyeriana (Klaus) de Jer sey (tetrade). M. Granulo-
perculatipollis rudis Venkatachala et Goczán. N. Granuloperculatipollis rudis Venkatachala et Goczán (tetrade). O. Monsulcites minimus
Cookson. P. Monosulcites sp. R. Reticulatisporites sp. S. aff. Kraeuselisporites sp. T. Ovalipollis ovalis Krutzsch. U. Acritarcha indet.
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Fig. 14. Miospores from the up per part of the Patoka Mem ber (Norian) in the Kobylarz 1 bore hole (A–L) and from the “Po³omia For ma -
tion” (?Rhaetian) (M–O), the up per part of the Patoka Mem ber (P–S) and the lower part of the Patoka Mem ber (T–U), Patoka 1 bore hole.
Scale bar = 10 µm. I, J, K – re worked forms. A–C – depth 7.5 m; D–L – depth 8,0 m; M–O – depth 18.1 m; P–S – depth 35.7 m; T, U –
depth 116.7 m. A. aff. Todisporites sp. B. Anapiculatisporites spiniger (Leschik) Reinhardt. C. Anapiculatisporites telephorus (Pautsch)
Klaus. D. Densosporites sp. E, F. Lunatisporites sp. G. Ovalipollis sp. H. aff. Monosulcites sp. I. Densoisporites playfordii (Balme)
Dettmann. J. Densoisporites cf. playfordii (Balme) Dettmann. K. aff. Punctatisporites sp. L. Lunatisporites sp. (de graded spec i men). M.
aff. Accinctisporites sp. N. Calamospora sp. O. Taurocusporites verrucatus Schulz. P. Densosporites sp. R. Kraeuselisporites sp. S.
Verrucosisporites sp. T. Falcisporites sp. U. Alisporites toralis (Leschik) Clarke.



lipollis (Fig. 14G), Parillinites and Brachysaccus, whereas
the pol len Lunatisporites (Fig. 14E, F) and Cedripites oc -
curred less fre quently. The lycopsid spores Anapiculati-
sporites (Fig. 14B, C) and Densosporites are rare. Fern
spores aff. Todisporites (Fig. 14A) and the pol len of cy cads
were in fre quent. The as sem blage was fur ther char ac ter ized
by a high con tent of re worked early Tri as sic miospores,
mainly Densoisporites (Fig. 14I, J) ac com pa nied by strongly
de graded, un de ter min able spores and pol len grains.

Three miospore as sem blages were iden ti fied in the
Patoka 1 bore hole (Figs 4, 5):

– the as sem blage at a depth of 17.4–18.1 m, within the
kaolinite in ter val of the “Po³omia Fm”, con sists of sin gle
oc cur rences of the spores Calamospora (Fig. 14N), Tauro-
cusporites (Fig. 14O), Todisporites, Densosporites and Ca-
marozonosportes, as well as the monosaccate pol len aff.
Accinctisporites sp. (Fig. 14M) and bisaccate pol len of the
gen era Ovalipollis, Lunatisporites and Triadispora;

– the as sem blage at 35.7–36.6 m, near the ero sional top
of the Patoka Mbr in this sec tion, con tains the same taxa as
de scribed in the as sem blage above at 17.4–18.1 m (Fig.
14P) and also Enzonalasporites, Falcisporites (Fig. 14T)
and Alisporites (Fig. 14U), as well as spores of the gen era
Kraeuselisporites (Fig. 14R) and Verrucosisporites (Fig.
14S). In ad di tion, the alga Schizosporis and un de ter min able, 
de graded spores also oc cur in the as sem blage;

– the as sem blage at 116.70–118.50 m, in the mid dle
part of the Patoka Mbr (in the bone-bear ing ho ri zon), con -
sists mainly of co ni fer pol len, as signed to Ovalipollis, Bra-
chysaccus, Parillinites, Alisporites and Triadispora. Other
pol len Striatoabietites, Platysaccusand, Falcisporites and
the spores of Verrucosisporites, Todisporites, Cyclotriletes,
Densosporites and Corrugatisporites are rare and oc cur
only as sin gle spec i mens. Re worked early Tri as sic and pro-
bably older spores are rel a tively abun dant.

PALYNOSTRATIGRAPHY

Three palynological zones were rec og nized in the Up per
Tri as sic de pos its of Up per Silesia: longdonensis within the
“Chrzanów Fm”, astigmosus in the Stuttgart Fm and
meyeriana in the Patoka Mbr of the Grabowa Fm (Figs 5, 15). 
The miospore as sem blages found in the “Chrzanów Fm” rep -
re sent the verrucata Subzone, whereas those in Patoka Mbr
be long to the meyeriana b Subzone.

Age of the Lisowice bone-bear ing ho ri zon

The strati graphi cal po si tion of the Patoka Mbr in ter val,
con tain ing the Lisowice bone-bear ing ho ri zon (sensu Szulc
and Racki, 2015; Fig. 2), is the most con tro ver sial mat ter in
the Up per Silesian Keuper (see Szulc et al., 2015). The first
de ter mi na tion of the early Rhaetian age of the megaspore
as sem blage from the Lipie Œl¹skie clay-pit by Fuglewicz
and Œnie¿ek (1980) was ques tioned by Marcinkiewicz
(1981). The spec trum un der dis cus sion con tains the two
spe cies Radosporites planus (Reinhardt et Fricke) Kozur
and Horstisporites imperfectus Reinhardt et Fricke, the
strati graphi cal range of which is lim ited to the Stuttgart Fm

of Carnian age. The as sig na tion of an early Rhaetian age to
Hostisporites bertelseni Fuglewicz on the ba sis of sim i lar ity 
to Horstisporites sp. is also doubt ful. In ad di tion, the in dex
spe cies Trileites pinguis (Har ris) Potonié was de ter mined as 
conformis. The oc cur rence of  the spe cies T. pinguis it self
does not de ter mine the Rhaetian age of the megaspore as -
sem blage de scribed by Fuglewicz and Œnie¿ek (1980), as
the pingius Zone cor re sponds to the late Norian and
Rhaetian (see Marcinkiewicz et al., 2014). In sup port of a
Rhaetian age is the pres ence of such megaspore spe cies as
Tasmanitriletes pedinacron (Haris) Jux et Kempf, Verrutri-
letes utilis (Marcinkiewicz) Marcinkiewicz and V. litchii
(Har ris) Potonié, which have not been re ported from this as -
sem blage.

Next, Heunisch rec og nized the miospore meyeriana b
Subzone in the Patoka Mbr at four lo cal i ties, the Lipie
Œl¹skie clay-pit, the Czarny Las bore hole, and the Porêba
and Zawiercie out crops (partly pub lished in Szulc et al.,
2006; Fig. 5). The same meyeriana b Subzone was iden ti -
fied by Staneczko (2007) in the Lipie Œl¹skie clay-pit. The
in ven tory of miospores by this au thor gen er ally con curs
with the palynological data ob tained by Heunisch (in Szulc
et al., 2006) and Fija³kowska-Mader (this pa per), ex clud ing
the oc cur rence of Riccisporites tuberculatus. Nei ther Heu-
nisch nor Fija³kowska-Mader found it in the spec tra an a -
lyzed (with the ex cep tion of the sin gle spec i men from the
WoŸniki bore hole, at a depth of 30 m). In ad di tion, the pho -
to graph of the miospore pre sented by Staneczko (plate 1,
fig. 4) is of such poor qual ity that the cor rect ness of the
iden ti fi ca tion of this guide spe cies is ques tion able.

In the pa pers of Dzik et al. (2008a, b), con cern ing the
bone-bear ing strata in the Lipie Œl¹skie clay-pit, two mio-
spore spe cies of sug gested Rhaetian age, Brachysaccus neo- 
mundanus and Monosulcites minimus, were men tioned. B.
neomundanus is known in spore-pol len spec tra oc cur ring
since the Ladinian, so com bin ing it with the Rhaetian co ni -
fer Stachyotaxusis is rather doubt ful. The sin gle gingkoa-
lean pol len Monosulcites minimus ap pears al ready in the
late Norian.

The palynozonal as pect of the Up per Tri as sic in the
Lipie Œl¹skie sec tion was again raised re cently by Pieñ-
kowski et al. (2014). The au thors, with ref er ence to new
miospore de ter mi na tions quoted in Œwi³o et al. (2014),
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Fig. 15. Palynostratigraphy of the Up per Tri as sic in Up per Silesia 
re gion.



made ref er ence to only the meyeriana c Subzone and the
higher tuberculatus Zone. In the de scrip tion of the miospore 
as sem blage from the Lipie Œl¹skie clay pit given by Œwi³o et 
al. (2014), the taxon Rhaetipollis germanicus ad mit tedly
was noted, but with out any il lus tra tion. More over, there is
no in for ma tion about the fre quency of spec i mens (so im por -
tant in this case), that es sen tially in flu enced the cred i bil ity
of the de ter mi na tion of the age as meyeriana c Subzone –
tuerculatus Zone (the lat est Norian–Rhaetian).

An im por tant con tri bu tion to a so lu tion for the prob lem
of the age of the de pos its at the Lipie Œl¹skie lo cal ity could
be the palynological stud ies of the ad ja cent bore holes and
out crops, con tain ing the same char ac ter is tic Lisowice bone-
bear ing ho ri zon, car ried out by Heunisch (in Szulc et al.,
2006), Wawrzyniak (in Sadlok and Wawrzyniak, 2013) and
Fija³kowska-Mader (this pa per). As sem blages of the meye-
riana b Subzone were found in two bore holes, Patoka 1
(134.6–153.1 m) and Porêba (7.7–11.4 m) as well as in the
Porêba and Zawiercie out crops (the lat ter cor re lated with the
Lipie Œl¹skie lo cal ity by NiedŸwiedzki et al., 2014).

In con clu sion, there is no clear palynological ev i dence,
ei ther for the cor re la tion of the Lisowice bone-bear ing ho ri -
zon with the meyeriana c Subzone, or for the Rhaetian age
of this suc ces sion.

De graded and re worked palynomorphs

The rel a tively large amount of de graded and re worked
forms in the as sem blages from the Patoka Mbr hin ders the
de ter mi na tion of its age. The most com mon are the early
Tri as sic spores Densoisporites (Figs 10T, 11O, 14I, J). Sin -
gle spec i mens of the spores as signed to the early Tri as sic
gen era Palyfordiaspora and Punctatisporites were also
found. More over, the Anisian spores Perotrilites mi nor and
a form re sem bling the Palaeozoic chitinozoans (Fig. 10U),
and un de ter mined acritarchs (Fig. 13U) were found as well.

The co-oc cur rence of palynomorphs so heterochronous
in the ma te rial stud ied con firms the in ten sive re cy cling phe -
nom ena re corded in the mid dle Keuper strata and may ev i -
dence the re peated can ni bal is tic redeposition of it (see e.g.,
Bilan 1976, Szulc and Racki, 2015).

PALYNOFACIES ANAL Y SIS

The def i ni tion of Powell et al. (1990) was ap plied for
palynofacies: “a dis tinc tive as sem blage of palynoclasts
whose com po si tion re flects a par tic u lar sed i men tary en vi ron -
ment”. The fol low ing or ganic mat ter par ti cles (palynoclasts),
clas si fied af ter APOMC (Am ster dam Palynological Or ganic
Mat ter Clas si fi ca tion) ’93 (Anon y mous, 1993), oc cur as four
groups in the stud ied material:

– palynomorphs – spores, pol len, prasinophytes, chlo-
rococcales, dinocysts, acritarchs, fun gal spores;

– struc tured or ganic mat ter – wood, cu ti cles, de graded
or ganic mat ter (DOM);

– un struc tured/amor phous or ganic mat ter (AOM; to
avoid the mis un der stand ing, this is not amor phous mat ter
sensu Boul ter and Riddick, 1986) – ho mo ge neous par ti cles
(particles1–2 µm with well-de fined out line and uni form ap -

pear ance), het er o ge neous par ti cles (non-ho mo ge neous par -
ti cles  1–2 µm with well-de fined out lines), finely dis persed
mat ter (all par ti cles 1–2 µm);

– in de ter mi nate or ganic mat ter. 
On the ba sis of the per cent ra tio of the par tic u lar paly-

noclasts groups, four types of palynofacies have been dis -
tin guished (Figs 16–18).

Type 1
Char ac ter is tics: Palynomorphs are ab sent, wood reaches
0–20%, DOM 5%, AOM (80–100%) is dom i nated by finely 
dis persed mat ter; black, opaque or ganic par ti cles pre dom i -
nate (Fig. 18A).
Oc cur rence: Within the coarse- and vari able-grained sand -
stones with large-scale cross-bed ding, mak ing up sim ple
sed i men tary cy cles, which lo cally be gin with a river-bed
pave ment [Patoka 1 bore hole at 23.70 m (“Po³omia Fm”),
66.40 m, 75.00 m, 81. 20 m, 85.80 m, 93.50 m, 110.40 m,
113.40 m, 150.00 m, 158.90 m and 159.10 m (Patoka Mbr;
Fig. 16), and WoŸniki K1 bore hole at 68.80 and 79.50 m
(Stuttgart Fm; Fig. 17)].
Depositional en vi ron ment: Sed i men tary struc tures and
strong deg ra da tion of the palynoclasts in di cate high-en ergy
con di tions, which oc cur in the flu vial chan nels of braided
rivers (e.g., Fija³kowska, 1994; Tyson, 1995, p. 213).

Type 2
Char ac ter is tics: Palynomorphs, mainly pol len grains, reach
0–5%, wood – 5–15%, cu ti cles 1%,  DOM – 2–10%, AOM
(70–90%) con sists of finely dis persed and het er o ge neous mat -
ter; black, opaque or ganic par ti cles pre dom i nate (Fig. 18B).
Oc cur rence: In the structureless sandy mudstones of the
Patoka Mbr (Patoka 1 bore hole at 114.70 m, 115.50 m and
116.70 m; Fig. 16).
Depositional en vi ron ment: The char ac ter of the de pos its
and the palynoclasts in di cates lower-en ergy con di tions (by
com par i son with a flu vial chan nel) of the floodplain (e.g.,
Fija³kowska-Mader et al., 2015).

Type 3
Char ac ter is tics: Spores reach 10–50% in the prox i mal fa -
cies and sev eral to 10% in the dis tal fa cies, pol len – sev eral
to 50% in the prox i mal fa cies and to 50–70% in the dis tal
fa cies, fresh-wa ter al gae and fun gal spores – less than 1%;
wood  – sev eral to 40%, cu ti cles rel a tively abun dant in -
crease up to 20% in the prox i mal fa cies and sev eral per cent
in the dis tal fa cies; AOM 10–50% is dom i nated by het er o -
ge neous mat ter in the prox i mal fa cies and finely dis persed
in the dis tal fa cies; black, opaque or ganic par ti cles reach on
av er age 50–60%, dark-brown, trans lu cent  – 5–10%, light
brown and yel low – 10–25% (Fig. 18C–E).
Oc cur rence: In the structureless siltstones of the “Po³omia
Fm” (Patoka 1 bore hole at 17.40 m and 18.10 m); in the silt- 
stones and mudstones with small-scale cross-lam i na tion
(Patoka 1 bore hole at 35.70 m, 36.60 m,134.60 m, 137.90 m 
and 140.20 m); in the hor i zon tal-lam i nated mudstones
(Patoka 1 bore hole at 145.10 m); in the structureless mud-
stones (Patoka 1 bore hole at 199.0 m (Patoka Mbr; Fig. 16),
Patoka clay-pit, Lipie Œl¹skie clay-pit, Porêba out crop;. WoŸ- 
niki K1 bore hole at 77.10 m, 77.70 m, 82.50 m, 84.00 m and
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Fig. 16. Palynofacies anal y sis of the Up per Tri as sic de pos its in the Patoka 1 bore hole.



84.45 m (Stuttgart Fm), 88.50 and 89.50 m (“Chrzanów Fm”;
Fig. 17).
Depositional en vi ron ment: A large amount of spores, cu ti -
cles and wood as well as the pres ence of fresh-wa ter al gae
are char ac ter is tic for a fresh wa ter lac us trine ba sin (e.g.,
Heunisch, 1990; Van Bergen and Kerp, 1990; Boul ter,
1994, fig. 11.2; Fija³kowska, 1994; Pieñkowski and Waks-
mundzka, 2009; Heunisch et al., 2010; Fija³kowska-Mader
et al., 2015). The two sam ples from the evaporite-bear ing
“Chrzanów Fm” could rep re sent a playa ba sin (e.g., Hau-
schke and Heunisch, 1989, 1990; Fija³kowska, 1994, Fija³-
kowska-Mader, 2011; Fija³kowska-Mader et al., 2015).

Type 4
Char ac ter is tics: Palynomorphs are ab sent, wood frag ments
reach 0–10%, AOM 90–100%, in clud ing het er o ge neous, ho -
mo ge neous and finely dis persed mat ter; black, opaque, or -
ganic par ti cles 90–100% (Fig. 18F).
Oc cur rence: Within the structureless or streaky, lam i nated
mudstones (Patoka 1 bore hole at 50.00 m, 52.50 m, 104.70 m, 
132.80 m, 205.15 m, 207.15 m and 208.00 m (Patoka Mbr;

Fig. 16) and WoŸniki K1 bore hole at 68.80 m (Stuttgart Fm;
Fig. 17).
Depositional en vi ron ment: un de ter mined.

PALAEOENVIRONMENTAL AND
PALAEOCLIMATIC IN TER PRE TA TION

The palynofacies anal y sis con firms the ear lier sug ges -
tions that the “Chrzanów Fm” was de pos ited in a playa ba -
sin (see Bilan, 1976; Deczkowski, 1997; Fig. 19). 

The com po si tion of the miospore as sem blage, oc cur -
ring in this for ma tion, con sist ing most ex clu sively of co ni -
fer pol len with nu mer ous Triadispora spec i mens, in di cates
a very dry cli mate in the early Carnian (see Or³owska-Zwo-
liñska, 1983; Ziegler et al., 1994). Both co ni fers Voltzia and 
Albertia pro duc ing the Triadispora pol len and lycopsids
Lycostrobus and Annalepis, the par ent plants of the spore
Aratrisporites (see Grauvogel-Stamm, 1969; Or³owska-
Zwoliñska, 1979), also are known from set tings of higher
sa lin ity (Mader, 1990, 1997).
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Fig. 17. Palynofacies anal y sis of the Up per Tri as sic de pos its in the WoŸniki K1 bore hole. For ex pla na tions see Fig. 16
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Fig. 18. Types of palynofacies from the Patoka Mem ber (Norian) in the Patoka 1 bore hole (A, D, F), the Kobylarz 1 bore hole (B),
Stuttgart For ma tion (Carnian) in the WoŸniki K1 bore hole (C) and “Chrzanów For ma tion” (Carnian) in the WoŸniki K1 bore hole (E). A –
depth 113.4 m; B – depth 9.0 m; C – depth 84,0 m; D – depth 36.6 m; E – depth 89.5 m; F – depth 205,15 m. A, C–F – scale bar 200 µm, B
– scale bar 150 µm. A. Palynofacies 1, flu vial en vi ron ment – flu vial chan nels. B. Palynofacies 2; flu vial en vi ron ment– floodplain. C.
Palynofacies 3; lac us trine en vi ron ment, prox i mal zone. D. Palynofacies 3; lac us trine en vi ron ment, dis tal zone. E. Palynofacies 3; playa
en vi ron ment, prox i mal zone. F. Palynofacies 4; un de ter mined en vi ron ment.



The palynofacies oc cur ring in the Stuttgart Fm are char -
ac ter is tic for flu vial and lac us trine mi lieu and con sis tent
with the sedimentological in ter pre ta tion (see Deczkowski,
1977). This en vi ron men tal in ter pre ta tion may be con firmed
by abun dant spores Aulisporites astigmosus, pro duced most 
prob a bly by plants, which over grew the river floodplains
(e.g., Or³owska-Zwoliñska, 1983). The miospore as sem -
blage, dom i nated by equisetaleans (Sphaenopsida), fern
spores of the Osmundaceae and Mariattiaceae fam i lies and
lycopsid spores, in di cates a hu mid cli mate in the mid dle
Carnian (Julian). An in crease in pre cip i ta tion –  the “Car-

nian Plu vial Event” – could be con nected with vol ca nic ac -
tiv ity in the Wrangellia and/or East ern Meditteranean ar eas
(e.g., Kozur and Bachman, 2010; Roghi et al., 2010; Dal
Corso et al., 2012; Arche and López-Gómez, 2014; Fig. 19).

The de po si tion of the evaporite-bear ing Ozimek Mbr
(lower part of the Grabowa Fm) took place in a peneplained
mud flat-playa ba sin in dry cli ma tic con di tions (Szulc and
Racki, 2015). The Patoka Mbr (mid dle-up per part of the
Grabowa Fm) was formed in a wide spec trum of en vi ron -
ments: flu vial, lac us trine, palustrine and mud-sand flat
(Œrodoñ et al., 2014; Szulc and Racki, 2015). Both the char -
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Fig. 19. Stra tig ra phy-fa cies and scheme of cli mate-driven sed i men ta tion events of the mid dle and up per Keuper of Up per Silesia, to
show the new for mal lithostratigraphic unit (Grabowa For ma tion and sub or di nate units) and tem po ral re la tion ships be tween the two
bone-bear ing ho ri zons un der study (af ter Fig. 9 in Szulc and Racki, 2015); the microflora num bers cor re spond to palynofacies types (see
Fig. 18).



ac ter of sed i ments and the higher ra tio of hygrophytic el e -
ments (lycopsid and equisetalean spores) in the miospore
spec tra in di cate that the humidification of cli ma tic con di -
tions was con nected with a plu vial event, which oc curred in
the mid dle-late Norian (Berra et al., 2010; Preto et al., 2010; 
Fig. 19). Ac cord ing to Vakhrameev (1981, 1987, 1991), a
high fre quency of the pol len Classopolis is ev i dence of a
warm cli mate.

The “Po³omia Fm” was de pos ited in flu vial en vi ron -
ments (e.g., Szulc et al., 2006; Pieñkowski et al., 2014;
Œrodoñ et al., 2014; Szulc and Racki, 2015) and may be
con nected with the pluvialisation of cli mate in the Rhaetian
(e.g., Michalík et al., 2010; Preto et al., 2010; Brañski,
2011; Haas et al., 2012; Lintnerová et al., 2013; Pieñkowski 
et al., 2014; Szulc and Racki, 2015), even if the avail able
palynostratigraphic dat ing re mains equiv o cal.

CON CLU SIONS

1. The miospore as sem blage oc cur ring in the “Chrza-
nów Fm” in the WoŸniki K1 bore hole rep re sents the Car-
nian verrucata Subzone of the longdonensis palynological
Zone.

2. The miospore as sem blage rec og nized in the Stuttgart
Fm in the WoŸniki K1 bore hole rep re sents the Carnian
astigmosus palynological Zone.

3. Pre sen ta tion of the de tailed palynostratigraphy of the
Grabowa Fm is dif fi cult, ow ing to the poor state of mio-
spore pres er va tion and redeposition phe nom ena, re corded
in the sec tions stud ied. In the ma jor ity of the an a lyzed sam -
ples from the Patoka Mbr (also from the Lisowice bone-
bear ing ho ri zon in the Lipie Œl¹skie clay-pit and the Za-
wiercie out crop), miospore as sem blages rep re sent the mid -
dle Norian meyeriana b Subzone.

4. The Rhaetian age of the Grabowa Fm in the Lisowice 
–Lipie Œl¹skie clay-pit sug gested in the lit er a ture is not re li -
ably doc u mented, as the in dex Rhaetian miospore spe cies
were never il lus trated.

5. The re sults of palynofacies anal y sis con firm ear lier
en vi ron men tal in ter pre ta tions, based on sedimentological
pre mises and the anal y sis of clay min er als (Œrodoñ et al.,
2014; Szulc et al., 2015), in which the “Po³omia Fm” was
de pos ited in flu vial en vi ron ments, the Patoka Mbr in vari -
able flu vial and lac us trine mi lieu, the Stuttgart Fm in flu vial
and lac us trine en vi ron ments, and the “Chrzanów Fm” in a
playa ba sin.

6. Changes in the com po si tion of the miospore as sem -
blages re flect changes in the palaeoclimate from dry con di -
tions in the early Carnian, through the “Carnian Plu vial
Event” in the Julian and aridization of cli mate at the Car-
nian/Norian bound ary to the mid-late Norian plu vial event.
Mostly coarse-grained de po si tion of the “Po³omia Fm”
could be con nected with the plu vial con di tions that oc curred 
in the Rhaetian.
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Ap pen dix 1
An no tated list of sporomorph taxa

(names of the in dex spe cies are in bold print)

Miospores:
aff. Acanthotriletes sp. (Fig. 8M)
Accinctisporites ligatus Leschik
Accinctisporites sp. (Fig. 9L)
aff. Accinctisporites sp. (Fig. 14M)
Alisporites toralis (Leschik) Clarke (Figs 11H, 14U)
Alisporites sp. (Fig. 10C)
Anapiculatisporites spiniger (Leschik) Reinhardt (Figs 12D, 14B)
Anapiculatisporites telephorus Pautsch (Figs 8L, 11B, 12C, 14C)
Anapiculatisporites sp.
Apiculatisporis firm us (Leschik) Or³owska-Zwoliñska
Apiculatisporis sp.
Aratrisporites coryliseminis Klaus (Fig. 9E)
Aratrisporites fimbriatus (Klaus) Playford et Dettmann
Aratrisporites flexiblis Playford et Dettmann
Aratrisporites cf. ma jor Mädler
Aratrisporites paraspinosus Klaus (Figs 7F, G, 9G, H)
Aratrisporites saturni (Thiergart) Mädler (Figs 7E, 9F)
Aratrisporites scabratus Klaus
Aulisporites astigmosus (Leschik) Klaus (Figs 8F, G, 10I, J)
Aulisporites sp.
Baculatisporites sp. (Fig. 11U)
Brachysaccus neomundanus (Leschik) Mädler (Figs 7M, 13C)
Brachysaccus neomundanus (Leschik) Mädler var. mi nor
Or³owska-Zwoliñska
Brachysaccus sp.
Calamospora tener (Leschik) de Jer sey (Fig. 8D)
Calamospora cf. tener (Leschik) de Jer sey (Fig. 11N)
Calamospora sp. (Figs 11A, 14N)
 aff. Callialasporites sp. (Figs 7H, I, 9M)
 aff. Camerosporites sp. (Fig. 7C)
Carnisporites granulatus Schulz
Carnisporites mesozoicus (Klaus) Mädler 
Carnisporites ornatus Mädler 
Carnisporites sp. (Fig. 8H)
Caytonipollenites sp.
Cedripites microreticulatus Or³owska-Zwoliñska 
Cedripites sp.
Classopollis meyeriana (Klaus) de Jer sey (Fig. 13K, L)
Classopollis sim plex (Danzé-Corsin et Laveine) Reiser et Wil liams
Classopollis torosus (Reissinger) Pflug
Conbaculatisporites mesozoicus Klaus (Figs 8N, 10K)
Conbaculatisporites sp. (Fig. 10L)
aff. Concentricipsorites sp.
Conosmundasporites othmari Klaus (Fig. 8K)
aff. Conosmundasporites sp. (Fig. 11S)
Converrucosisporites sp.
Corrugatisporites scanicus Nilsson (Figs 8O, 12F)
Corrugatisporites sp. (Fig. 10P)
Cyclotriletes sp. (Fig. 11T)
Deltoidospora mi nor (Couper) Pocock (Figs 8A, 12E)
Deltoidospora toralis (Leschik) Lund (Fig. 8B)
Deltoidospora sp. (Fig. 8C)
Densosporites cf. fissus (Reinhardt) Schulz
Densosporites silesiensis Fija³kowska-Mader sp. nov. (Fig.
12M–O) (for de scrip tion see Ap pen dix 2)
Densosporites rogalskai Fija³kowska-Mader sp. nov. (Fig. 12P)
(for de scrip tion see Ap pen dix 2)
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Densosporites sp., (Figs 7D, 9A, 12L, 14D, 14P)
Duplicisporites granulatus Leschik (Fig. 13J)
Enzonalasporites manifestus Leschik (Figs 9J, 11D)
Enzonalasporites vigens Leschik (Figs 9K, 13A)
Enzonalasporites sp.
Falcisporites sp. (Figs 13F, 14T)
Foveolatitriletes sp. (Fig. 12G)
aff. Gibbeosporites sp.
Geopollis zwolinskae (Lund) Brenner 
Granuloperculatipollis rudis Venkatachala et Goczán (Fig. 13M, N)
Illinites chitonoides Klaus
Illinites cf. chitonoides Klaus (Fig. 9N)
Inaperturopollenites sp.
Infernopollenites sulcatus (Pautsch) Scheuring (Fig. 7L)
Kraeuselisporites cf. cooksonae (Klaus) Dettmann (Fig. 9B)
Kraeuselisporites lituus (Leschik) Scheuring (Fig. 9C)
Kraeuselisporites ramosus Leschik
Kraeuselisporites sp. (Figs 9D, 11C, 14R)
aff. Kraeuselisporites sp. (Fig. 13S)
Labiisporites triassicus Or³owska-Zwoliñska (Figs 10G, 13G)
Leschikisporis aduncus (Leschik) Potonié
Lophotriletes sp. 
Lunatisporites sp., (Fig. 14E, F, L)
Lycopodiacidites kuepperi Klaus (Fig. 10M)
Lycopodiacidites cf. kuepperi Klaus (Fig. 8R)
Lycopodiacidites sp.
Lycopodiumsporites rugulatus (Couper) Schulz (Fig. 8P)
Marattisporites sp.
Microreticulatisporites opacus (Leschik) Klaus
Microreticulatisporites sp.
Monosaccites undeterminated
Monsulcites minimus Cookson (Fig. 13O)
Monosulcites sp. (Fig. 13P)
aff. Monosulcites sp. (Fig. 14H)
Nevesisporites limatulus Playford (Figs 8U, 12I)
Neochomotriletes triangulatus (Bolchovitina) Reinhardt (Fig. 12J)
Neochomotriletes sp.
Neoraistrickia sp.
Nevesisporites bigranulatus (Levet-Carette) Morbey
Nevesisporites limatulus Playford (Figs 8U, 12I)
Nevesisporites lubricus Or³owska-Zwoliñska 
Ovalipollis longiformis Krutzsch 
Ovalipollis lunzensis Klaus (Fig. 9O)
Ovalipollis minimus Scheuring
Ovalipollis cf. notabilis Scheuring (Fig. 9P)
Ovalipollis ovalis Krutzsch (Figs 9R, 11F, G, 13B, T)
Ovalipollis rarus Klaus (Fig. 11E)
Ovalipollis sp. (Fig. 14G)
Palaeospongisporis europaeus Schulz
Parillinites cf. callosus Scheuring
Parillintes vanus Scheuring (Fig. 7N)
Parillintes sp. (Figs 9U, 13D)
Partitisporites tenebrosus (Scheuring) Van der Eem
Partitisporites sp. (Fig. 13I)
aff. Patinasporites sp.
aff. Perinopollenites sp. (Fig. 7J)
aff. Pinuspollenites sp. 
Platysaccus niger Mädler (Fig. 13E)
Platysaccus nitidus Pautsch (Fig. 10B)
Platysaccus papilionis Potonié et Klaus (Fig. 10A)
Platysaccus sp. (Fig. 11I)
Polycingulatisporites reduncus (Bolchovitina) Playford et
Dettmann (Fig. 12K)
Polycingulatisporites sp. (Fig. 10O)
aff. Polypodiisporites sp. (Fig. 12R)
Porcellispora longdonensis (Clarke) Scheuring (Figs 7A, B,

12B) Porcellispora sp. (Fig. 12B)
Praecirculina granifer (Leschik) Klaus
Protodiploxypinus sp. (Fig. 13H)
aff. Protodiploxypinus sp.
Protohaploxypinus sp. (Fig. 9S)
aff. Protohaploxypinus sp. (10G)
Pseudoenzonalasporites summus Scheuring
Reticulatisporites distinctus Or³owska-Zwoliñska (Fig. 12H)
Reticulatisporites sp. (Figs 8S, 13R)
Retisulcites sp. (Fig. 9I)
Riccisporites tuberculatus Lundblad
aff. Semiretisporis sp. (Fig. 8T)
Sphagnumsporites sp. 
Spiritisporites spirabilis Scheuring 
Spore sp. A (Fig. 12U) (for de scrip tion see Ap pen dix 2)
Spore un de ter mined  (10R,  S)
Striatoabietites aytugii Visscher (Fig. 9T)
Striatoabietites balmei Klaus (Fig. 7K)
Striatoabietites sp.
Taurocusporites cf. morbeyi Or³owska-Zwoliñska (Fig. 12S)
Taurocusporites verrucatus Schulz (Figs 12T, 14O)
Taurocusporites sp.
aff. Taurocusporites sp. (Fig. 9A)
Todisporites cinctus (Maliavkina) Or³owska-Zwoliñska (Figs 8E, 
11R)
Todisporites sp.
aff. Todisporites sp. (Fig. 14A)
Triadispora crassa Klaus (Figs 7O, 11J)
Triadispora obscura  Scheuring
Triadispora plicata Klaus (Fig. 7R)
Triadispora polonica Brugman (Figs 7S, 10D)
Tradispora suspecta Scheuring (Figs 7P, 10E, 11K)
Triadispora verrucata (Schulz) Scheuring (Figs 7T, U)
Triadispora sp. (Figs 10F, 11L)
Uvaesporites argentaeformis (Bolchovitina) Schulz
Vallasportes ignacii (Leschik) Klaus
Vallasportes sp.
Verrucosisporites cf. planus Or³owska-Zwoliñska
Verrucosisporites redactus Or³owska-Zwoliñska (Figs 8J, 12A)
Verrucosisporites slevecensis (Mädler) Or³owska-Zwoliñska
Verrucosisporites sp. (Figs 8I, 14S)
Zebrasporites sp. (Fig. 10N)

Other palynomorphs:
Al gae:
Botrycoccus sp.
Schizosporis sp. (Figs 10H, 11M)
Dinoflagellata:
Dapcodinum cf. priscum Evitt
Fun gal spores

Re worked miospores:
aff. Angustisulcites sp.
Densoisporites nejburgii (Schulz) Balme (Fig. 11O)
Densoisporites cf. nejburgii (Schulz) Balme (Fig. 14J)
Densoisporites playfordii (Balme) Dettmann (Fig. 14I)
Densoisporites cf. playfordii (Schulz) Balme (Fig. 14J)
Densoisporites sp. (Fig. 10T)
Perotriltes mi nor Antonescu et Taugordeau-Lanz 
aff. Playfordiaspora sp. 
aff. Punctatisporites sp. (Fig. 14K)
Un de ter mined spore (Fig. 11P)

Re worked plank tonic forms:
Acritarcha un de ter mined (Fig. 13U)
? Chitinozoa (Fig. 10U)
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Ap pen dix 2
De scrip tions of new taxa (Anna Fija³kowska-Mader)

De scrip tive ter mi nol ogy is af ter Punt et al. (1994).

Ge nus Densosporites Berry, 1937 emend. Butterworth,
Jansonius, Smith et Staplin, 1964

Type spe cies: Densosporites covensis Barry, 1937

Di ag no sis: Trilete miospores tri an gu lar to subcircular in out line,
two-lay ered, egzoexine on the prox i mal sur face, evenly arched or
with zona slightly raised above the cen tral body. 

Densosporites silesiensis sp. nov.
Fig. 12M, N, O

Der i va tion of name: Silesia – area, where the spe cies was de -
scribed for the first time.
Ma te rial: 10 spec i mens, Fig. 12N (holotype), housed in Pol ish
Geo log i cal In sti tute – Pol ish Re search In sti tute, Kielce Patoka1/
137.9 (1).
Oc cur rence: Up per Silesia, Patoka 1 bore hole, depth 137.9 m;
Up per Tri as sic, Norian, Patoka Mem ber of Grabowa For ma tion.
De scrip tion: Trilete spore with cir cu lar to subcircular out line.
Out line of the cen tral body con vexly tri an gu lar to subcircular.
Endoexine of cen tral body thin, faintly rough ened; laesure dis tinct
with wide sutural ridges con nected at their ex trem i ties to the zona.
Or na men ta tion of egzoexine on the cen tral prox i mal and dis tal ar -
eas con sists of dis tinct reg u larly dis trib uted ver ru cae. Ver ru cae are 
cir cu lar to ir reg u lar in shape. Sculp ture of zone faintly granulose.
Out line of the zone is smooth.
Di men sions: Equa to rial di am e ter 30–40 µm (10 spec i mens).
Re marks: The pro posed spe cies dif fers from other Densosporites
spe cies in the pres ence of ver ru cae on the cen tral prox i mal area. It
dif fers from D. verrucosus Dybova et Jachowicz in its cir cu lar out -
line.

Densosporites rogalskai sp. nov. 
Fig.12P

Der i va tion of name: Maria Rogalska was a Pol ish palynologist,
who for the first time de scribed Lower Ju ras sic miospores from
Up per Silesia.
Ma te rial: 4 spec i mens, Fig. 12P (holotype), housed in. Pol ish
Geo log i cal In sti tute – Pol ish Re search In sti tute, Kielce
Patoka1/134.6 (2).
Oc cur rence: Up per Silesia, Patoka 1 bore hole, depth 134.6 m;
Up per Tri as sic, Norian, Patoka Mem ber of Grabowa For ma tion.
De scrip tion: Trilete spore with cir cu lar out line. Out line of the
cen tral body cir cu lar. Endoexine of cen tral body thin faintly
rough ened; laesure dis tinct with wide sutural ridges con nected at
their ex trem i ties to the zona. Or na men ta tion of egzoexine on the
cen tral prox i mal and dis tal ar eas con sists of dis tinct reg u larly dis -
trib uted ver ru cae. Ver ru cae are cir cu lar to ir reg u lar in shape. Scul- 
pture of zone verrucosed.
Di men sions: Equa to rial di am e ter 30–40 µm (4 spec i mens).
Re marks: It dif fers from Densosporites silesensis in the rough
out line of the zone and more ir reg u lar shape of the ver ru cae.

Spore sp. A 
Fig. 12U

Spore cir cu lar in equa to rial out line. Arms of trilete mark straight,
bi fur cated at the ends, ex tends to 5/6 of the prox i mal sur face. Wide 
labrum con tin ues into ridge sur round ing the ar eas be tween arms of 
the trilete mark. Thick en ing of exine on the prox i mal side is ar -
ranged in reg u lar pat tern con sist ing of three trilobate el e ments.
Spore out line is rough. Equa to rial di am e ter 38 (1 spec i men).
 The sin gle spec i men the Patoka 1 bore hole (depth 153.1 m) dif -
fers from other spores in the pres ence of reg u lar, trilobate-shape
or na men ta tion on the prox i mal ar eas be tween the labrum and
exine ridge oc cur ring on the equa tor and subcircular thick en ing of
exine in the cen tral part of trilete mark.
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