
Geo log i cal Quar terly, 2015, 59 (4): 615–653
 DOI: http://dx.doi.org/10.7306/gq.1239

A re cord of cli ma tic changes in the Tri as sic palynological spec tra from Po land

Anna FIJA£KOWSKA-MADER1, *

1 Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute, Holy Cross Mts Branch, Zgoda 21, 25-953 Kielce, Po land

Fija³kowska-Mader, A., 2015. A re cord of cli ma tic changes in the Tri as sic palynological spec tra from Po land. Geo log i cal
Quar terly, 59 (4): 615–653, doi: 10.7306/gq.1239

Based on quan ti ta tive and qual i ta tive anal y ses of Tri as sic miospore as sem blages from dif fer ent re gions of Po land, cli ma tic
changes have been doc u mented. The ma te rial came from pub lished and ar chi val works of Or³owska-Zwoliñska and of the
pres ent au thor. It com prises ten palynological zones dis tin guished in the Tri as sic of Po land. Two dif fer ent palynological
meth ods were ap plied in this study – palyno-palaeoclimatic (PPC) model and sporomorph ecogroup (SEG) model – to ob tain
palaeoclimatic and palaeoenvironmetal data.The PPC model is based on the per cent ra tio of xe ro phyt ic and hygrophytic el e -
ments in miospore as sem blages. Dom i nance of xe ro phyt ic el e ments (spores and pol len grains of xe ro phyt ic plants) in di -
cates dry cli mate con di tions, and a higher ra tio of hygrophytic forms (spores and pol len grains of hygrohytic plants) re flects
hu mid phases. A sig nif i cant dom i nance of xe ro phyt ic el e ments in ma jor ity of the ana lysed as sem blages sug gests a dry cli -
mate dur ing most of the Tri as sic. An in crease of the num ber of hygrophytic el e ments is ob served in the as sem blages found in 
the Mid dle Buntsandstein, Up per Muschelkalk, Lower Keuper (Sulechów Beds), Schilfsandstein, Jarkowo Beds and
Wielichowo Beds. It marks cli mate humidification in the Olenekian, Ladinian, Mid dle Carnian, Late Norian and Rhaetian, re -
spec tively. The SEG model, con nect ing dis persed spores and pol len with the floristic palaeocommunites that oc cu pied de -
ter mined eco log i cal niches, was ap plied for palaeoenvironmetal in ter pre ta tion. Four SEGs were re cog nized in the Tri as sic
spore-pol len as sem blages: Up land, Low land and River, Coastal, and not at trib uted. The Uppland SEG dom i nates in these
as sem blages with ex cep tion of the spec tra found in the Lower and Mid dle Buntsandstein, Up per Muschelkalk, Lower
Keuper, Schilfsandstein, Jarkowo Beds and Wielichowo Beds, where the Low land and River SEG oc cur more nu mer ously.
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INTRODUCTION

Anal y sis of palynomorph as sem blages in palaeo eco logi cal
and palaeoclimatic stud ies is a com mon re search tool. De spite
ef fects of ex ter nal fac tors, such as trans por ta tion or depositional
en vi ron ment, the palynomorphs as sem blages re flect the com po -
si tion of plant com mu ni ties and, in di rectly, the en vi ron men tal
changes caused by cli ma tic fluc tu a tions. Based on the anal y sis
of as sem blages from Carnian evaporites and coals, Visscher
and Van der Zwan (1981) pre sented a palaeoclimatological
model based on hygrophytic and xe ro phyt ic el e ments (spores
and pol len), char ac ter is tic for hu mid and arid cli mates. Pre dom i -
nant xe ro phyt ic el e ments in di cate an arid cli mate, pre vail ing
hygrophytic ones – a hu mid cli mate. The xe ro phyt ic or
hygrophytic char ac ter of miospores is de ter mined by their bo tan i -
cal af fin ity (Ta ble 1) and palaeo ec ol ogy of the par ent plants. Ad -
vanced stud ies on both these is sues en abled to de velop the
model of Visscher and Van der Zwan (1981) (see Jelen and
Kušej, 1982; Heunisch, 1990; Kustatscher et al., 2010). Since
1994, I have used this method in palynological stud ies of Tri as sic 

de pos its from Po land (Fig. 1) and pro posed to call it the
palyno-palaeoclimatic (PPC) model. This pa per sum ma rizes the
re sults of ap pli ca tion of the PPC model as well as the
sporomorph ecogroup (SEG) model of Abbink (1998; Abbink et
al., 2004a, b) for the Tri as sic miospore as sem blages de scribed
by Or³owska-Zwoliñska and the pres ent au thor from
epicontinental de pos its of Po land. The au thor con sis tently uses
the palynozonation af ter Or³owska- Zwoliñska (1985) as it is the
most suit able for the miospore as sem blages from the Pol ish
epicontinental ba sin. Dif fer ences in re la tion to the zones pro -
posed by Kürschner and Herngreen (2010) for Cen tral and NW
Eu rope may re sult from the in flu ences of the Si be rian
palaeofloristic prov ince (see Dobruskina, 1994).

GEOLOGICAL SETTING

Dur ing the Tri as sic, the Pol ish part of the epicontinental
South ern Perm ian Ba sin was tem po rally con nected to the Bo -
real Sea and the Tethys (e.g., Feist-Burhkardt et al., 2008;
Bachmann et al., 2010). The Early Tri as sic sed i men ta tion of the 
Buntsandstein took place in fluvio-lac us trine en vi ron ments in -
flu enced by short-time ma rine in gres sions of the Bo real Sea in
the Early Induan and Early Olenekian (Kopik and Senkowi -
czowa, 1973; Pieñkowski, 1991; Szyperko-Teller, 1997; Dadlez 
et al., 1998; Beutler and Szulc, 1999; Feist-Burhkardt et al.,
2008; Bachmann et al., 2010; Figs. 2 and 3). In the Mid dle Tri -
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Miospore gen era Bo tan i cal af fin ity

Acanthotriletes Filicales (Balme, 1995)

Accinctisporites Un known bo tan i cal af fin ity

Alisporites
Coniferales: Podocarpaceae, Voltziaceae (Grauvogel-Stamm, 1978; Balme, 1995), Pteridosperms (De Jer sey, 

1962; Van Konijnenburg-Van Cittert, 1971; Balme, 1995)

Anapiculatisporites Lycopodiales (Balme, 1995)

Angustisulcites Coniferales (Kürschner and Herngreen, 2010)

Apiculatisporis Filicales (Balme, 1995)

Aratrisporites
Lycopodiales: Izoetaceae, Selaginellaceae (Helby and Mar tin, 1965; Grauvogel-Stamm, 1978;

Grauvogel-Stamm and Duringer, 1983; Or³owska-Zwoliñska, 1979, 1983; Mader, 1990b, 1997; Ruckwied,
2009; Kürschner and Herngreen, 2010)

Aulisporites Equisetales (Or³owska-Zwoliñska, 1983); Cycadales (Balme, 1995; Kustatscher et al., 2012)

Baculatisporites Filicales: Osmundaceae (Balme, 1995; Van Konijnenburg-Van Cittert, 2002)

Brachysaccus Coniferales (Or³owska-Zwoliñska, 1979)

Calamospora Equisetales (Or³owska-Zwoliñska, 1979; Kelber and Van Konijnenburg-Van Cittert, 1998)

Camerozonosporites Lycopodiales (Or³owska-Zwoliñska, 1979)

Camerosporites Pteridosperms (Balme, 1995); Coniferales: Cheirolepidaceae (Scheuring, 1970; Visscher et al., 1994; Roghi, 2004)

Carnisporites Filicales (Roghi, 2004)

Cedripites Coniferales: Cedraceae (Potonié, 1967)

Cerebropollenites Coniferales: Taxodiaceae (Larsson, 2009)

Chasmatosporites Cycadales (Tralau, 1968; Kürschner et al., 2014), Ginkgoales (Balme, 1995)

Conbaculatisporites Filicales: Dipteridaceae (Pedersen and Lund, 1980; Roghi, 2004)

Concavisporites Filicales: Dicksoniaceae (Balme, 1995), Matoniaceae (Van Konijnenburg-Van Cittert, 1993; Roghi, 2004

Concentricisporites Filicales (Kustatscher  et al., 2010)

Corollina (Classopolis) Coniferales: Cheirolepidiaceae (Van Konijnenburg-Van Cittert, 1987; Balme, 1995)

Cycadopites Cycadales, Pteridosperms (Balme, 1995), Bennettitales (Kürschner et al., 2014)

Cyclotriletes Filicales: Osmundaceae (Mädler, 1964; Or³owska-Zwoliñska, 1979, 1983)

Cycloverrutriletes Filicales (Or³owska-Zwoliñska, 1979)

Deltoidospora

(Cyathidites)

Filicales: Cyathaeaceae, Dicksoniaceae, Dipteridaceae, Marattiaceae, Matoniaceae, Schizeaceae (Douglas,
1973; Van Konijnenburg-Van Cittert, 1989, 1993; Balme, 1995)

Densoisporites
Lycopodiales : Pleuromeiaceae (Knox, 1950; Lundblad, 1950, Yaroshenko, 1975; Or³owska-Zwoliñska, 1979;

Meyen, 1987; Raine et al.,1988; Wang and Wang, 1990; Abbink, 1998; Looy et al., 2005)

Densosporites Lycopodiales: Selaginellaceae (Balme, 1995)

Dictyophyllidites Filicales: Dipteridaceae, Matoniaceae (Van Konijnenburg-Van Cittert, 1989, 1993; Balme, 1995)

Duplicisporites Coniferales: Cheirolepidiaceae (Visscher et al., 1994; Roghi, 2004)

Echinitosporites ?Filicales (Scheuring, 1970)

Ellipsovelatisporites Coniferales (Mader, 1997)

Endosporites Lycopodiales (Kürschner and Herngreen, 2010)

Enzonalasporites Coniferales (Balme, 1995; Visscher et al. 1994; Roghi, 2004)

Equisetumsporites

Eucommiidites

Equisetales (Balme, 1995), Cycadales (Van Konijnenburg-Van Cittert, 1987; Balme, 1995), Erdtmannithecales 
(Petersen et al., 2013),?Gnetales (Pedersen el al., 1989)

Gleicheniidites Filicales: Gleicheniaceae (Potonié, 1967)

Granuloperculatipollis Coniferales: Cheirolepidaceae (Or³owska-Zwoliñska, 1983; Roghi, 2004)

Heliosaccus Coniferales: Cheirolepidaceae (Or³owska-Zwoliñska, 1979)

Heliosporites Lycopodiales: Selaginellaceae (Or³owska-Zwoliñska, 1979)

Illinites
(Succinctisporites)

Coniferales: Lebachiaceae (Or³owska-Zwoliñska, 1979, 1983; Balme, 1995), Voltziaceae (Grauvogel-Stamm
and Grauvogel, 1973), Pteridosperms (Kürschner and Herngreen, 2010)

Infernopollenites Coniferales (Visscher et al., 1994; Roghi, 2004)

Keuperisporites Un known bo tan i cal af fin ity

Klausipollenites Coniferales: Voltziaceae (Potonié, 1967)

T a  b l e  1

Quan ti ta tively im por tant Tri as sic miospore gen era in the Pol ish as sem blages and their bo tan i cal af fin ity



A record of climatic changes in the Triassic palynological spectra from Poland 617

Miospore gen era Bo tan i cal af fin ity

Kraeuselisporites Lycopodiales (Balme, 1995; Roghi, 2004; Kürschner and Herngreen, 2010)

Kugelina Coniferales: Cheirolepidaceae (Roghi, 2004)

Labiisporites Coniferales: ?Voltziaceae (Or³owska-Zwoliñska, 1983)

Leschikisporis Filicales: Marattiaceae (Or³owska-Zwoliñska, 1983; Balme, 1995)

Lunatisporites
Coniferales: Podocarpaceae (Clem ent-Westernhof, 1974; Visscher et al., 1994; Balme, 1995), Pteridosperms

(Looy et al., 2005)

Lundbladispora
Lycopodiales: Pleuromeiaceae (Yaroshenko, 1975; Or³owska-Zwoliñska, 1979; Kürschner and Herngreen,

2010; Looy et al., 2005)

Lycopodiacidites Lycopodiales (Filatoff, 1975; Abbink, 1998)

Lycopodiumsporites Lycopodiales (Filatoff, 1975)

Marattisporites Filicales: Marattiaceae (Or³owska-Zwoliñska, 1983)

Microcachryidites Coniferales: Podocarpaceae (Balme, 1964, 1995)

Minutosaccus

(Protodiploxypinus)
Coniferales: Voltziacae (Kürschner and Herngreen, 2010)

Monosulcites
Cycadales, Bennettitales (Potonié, 1967; Van Konijnenburg-Van Cittert, 1971; Boutler and Windle, 1993),

Ginkgoales (Van Konijnenburg-Van Cittert, 1971)

Nevesisporites Lycopodiales (Kustatscher et al., 2010)

Osmundacidites Filicales: Osmundaceae (Van Konijnenburg-Van Cittert, 1978)

Ovalipollis Coniferales: Voltziaceae (Scheuring, 1970; Or³owska-Zwoliñska, 1979; Roghi, 2004)

Palaeospongisporis Un known bi o log i cal af fin ity

Parillinites Coniferales (Balme, 1995)

Partitisporites

(Paracirculina)
Coniferales: Cheirolepidaceae (Or³owska-Zwoliñska, 1979, 1983; Visscher et al., 1994; Roghi, 2004)

Perinopollenites
Coniferales: Taxodiaceae/Cupressaceae (Balme, 1985; Van Konijnenburg-Van Cittert and Van der Burgh,

1989; Van Konijnenburg-Van Cittert, 2002; Larsson, 2009)

Perotrilites Un known bi o log i cal af fin ity

Platysaccus Coniferales: Podocarpaceae (Balme, 1995)

Podosporites Coniferales: Podocarpaceae (Or³owska-Zwoliñska, 1983; Balme, 1995; Kürschner and Herngreen, 2010)

Polypodiumsporites Filicales: Polypodiaceae (Balme, 1995)

Porcellispora Mosses (Mader, 1997; Reinhardt et Ricken, 2000; Roghi, 2004)

Praecirculina Coniferales: Cheirolepidacae (Kürschner and Herngreen, 2010)

Protohaploxypinus Coniferales (Or³owska-Zwoliñska, 1983), Pteridosperms (Balme, 1995)

Puntatisporites Filicales: Marattiaceae, Osmundaceae (Grauvogel-Stamm and Grauvogel, 1980)

Rhaetipollis Coniferales (Larsson, 2009)

Riccisporites
Mosses: Marchanteaceae (Lundblad, 1954; Balme, 1995), Gym no sperms (Or³owska-Zwoliñska, 1979, 1983),

Co ni fers (Rhotwell et al., 2000; Vajda et al., 2013), ?Bennettitales (Mander et al., 2012; Kürschner et al., 2014)

Sphaeripollenites Coniferales: Taxodiaceae, Cheirolepidiaceae (Abbink, 1998)

Sphagnumsporites Mosses (Filatoff, 1975)

Striatoabietites Coniferales (Scheuring, 1970; Meyen, 1981, 1987), ?Pteridosperms (Kustatscher et al., 2010)

Todisporites Filicales: Osmundaceae (Or³owska-Zwoliñska, 1983; Balme, 1995)

Toroisporis Filicales (Roghi, 2004)

Trachysporites Filicales (Bonis, 2010)

Triadispora
Coniferales: Albertiaceae, Voltziaceae (Grauvogel-Stamm, 1969, 1978; Or³owska-Zwoliñska, 1979, 1983;

Balme, 1995; Brugman, 1986; Visscher et al., 1994; Kürschner and Herngreen, 2010)

Tsugaepollenites Pteridosperms (Kürschner and Herngreen, 2010)

Uvaesporites Filicales (Roghi, 2004), Lycopodiales: Pleuromeiaceae (Looy et al., 2005)

Verrucosisporites Filicales: Marattiaceae, Osmundaceae (Or³owska-Zwoliñska, 1979; Balme, 1995)

Vitreisporites Ginkgoales: Caytoniaceae (Van Konijnenburg-Van Cittert, 1971; Balme, 1995); Bennettitales (Van
Konijnenburg-Van Cittert, 2008), Pteridosperms (Mander et al., 2011)

Voltziacaesporites Coniferales: Voltziaceae (Balme, 1995)

Zebrasporites Filicales (Petersen et al., 2013)

Tab. 1 cont.



as sic the Pol ish Ba sin was open to ward the south and tem po -
rally con nected with the Tethys, which re sulted in ma rine sed i -
men ta tion of the Röt and Muschelkalk in the Anisian and Early
Ladinian (Figs. 4 and 5). The au thor cor re lates the Röt de pos its
to Early Anisian based on the oc cur rence of the Anisian pol len
Stellapollenites thergartii (Mädler) Brugman in miospore as -
sem blages found in the Röt de pos its (see also Feist-Burkhardt
et al., 2008: fig. 13.1; Lucas, 2010: fig. 3). In the Late Ladinian,
the ma rine ba sin was re placed by an al lu vial plain with lakes
and swamps, where the Lower Keuper Sulechów Beds
(Lettenkohle) orig i nated, sur rounded by ar eas with flu vial sed i -
men ta tion (Fig. 6). The lat est Ladinian trans gres sion re sulted in 
de po si tion of the Grenzdolomit. Sub se quently, the Pol ish Ba sin 
lost def i nitely its con nec tion to the Tethys, and de po si tion of the
Lower Gipskeuper oc curred in hypersaline la goon, sabkha and
playa en vi ron ments (Gajewska et al., 1985; Dadlez et al., 1998; 
Feist-Burkhardt et al., 2008; Bachmann et al., 2010; Fig. 7).
Dur ing the Mid dle Carnian (Julian), the Schilfsandstein sed i -
men ta tion took place in flu vial, deltaic and lac us trine en vi ron -
ments (Gajewska, 1977; Szulc, 2000; Fig. 8). In the lat est
Carnian, evaporitic sed i men ta tion of the Up per Gipskeuper was 
re stricted to the cen tral part of the Pol ish Ba sin, whereas flu vial
de po si tion dom i nated in the ad ja cent ar eas (Dadlez et al.,
1998). The later, Norian ma rine ingression re sulted in de po si -
tion of the low est part of the Jarkowo Beds. The up per part of
the Jarkowo Beds and the Zb¹szynek Beds were de pos ited in
var ied con ti nen tal en vi ron ments – mud flats, lakes, swamps and 
ephem eral streams with weak ma rine in flu ences es pe cially in
the up per part of the Zb¹szynek Beds (Deczkowski, 1997;
Dadlez et al., 1998; Fig. 9). Sim i lar sed i men ta tion in flu vial and
lac us trine en vi ron ments con tin ued in the Rhaetian
(Feist-Burkhardt et al., 2008; Bachmann et al., 2010; Fig. 10).

MATERIAL AND METHODS

The anal y sis cov ered 172 miospore as sem blages in 605
sam ples from 71 bore holes and two out crops (Figs. 1–10; Ap -
pen dix 1*). They rep re sent 10 miospore zones dis tin guished in
the Tri as sic de pos its of Po land by Or³owska-Zwoliñska (1985;
Fig. 11). In ma jor ity of sam ples, 100 sporomorphs have been
counted for quan ti ta tive anal y ses. The palaeoclimatic in ter pre -
ta tion of palynomorph as sem blages was done with the slightly
mod i fied palaeoclimatological model of Visscher and Van Der
Zwan (1981) (I pro posed the term “palyno-palaeoclimatic
model” – PPC model). In this model, sporomorphs are di vided
into the fol low ing 18 morphogroups: A – alete and monolete
spores, B – trilete laevigate and api cu late spores, C – trilete
verrucate, re tic u late and murornate spores, D – trilete zon ate
and cingulate spores (ex clud ing Densoisporites spec i mens), E
– Aratrisporites spp., and F – Porcellispora spp., which rep re -
sent hygrophytic el e ments; H – monosulcate pol len, I – Illinites
spp., Parillinites spp., and J – asaccate pol len (ex clud ing
circumpollen), which are in ter me di ate el e ments; K – Ovalipollis
spp., L – alete bisaccate pol len, M – taeniate bisaccate pol len,
N – Triadispora spp., O – trilete bisaccate pol len, P – vesicate
pol len, R – monosaccate pol len, and S – circumpollen, which
rep re sent xe ro phyt ic el e ments. There is one “prob lem atic”
group G con sist ing of the Early Tri as sic spores of
Densoisporites pro duced by lycopsid Pleuromeia, a suc cu lent
bushy quillwort (Or³owska-Zwoliñska, 1979; Meyen, 1987;
Grauvogel-Stamm, 1999) char ac ter ized by wide en vi ron men tal
tol er ance (Mader, 1990a). Van der Zwan and Spaak (1992),
Galfetti et al. (2007) and Hochuli and Vigran (2010) in cluded it
to xe ro phyt ic forms, whereas Yaroshenko (1977) con sid ered it
to be a hygrophytic el e ment. To solve this prob lem, group G
was placed into in ter me di ate el e ments in the PPC model.
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Fig. 1. Location of the studied boreholes and outcrops

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1239
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Fig. 2. Palaeogeographic map of the Lower Buntsandstein basin (after Szyperko-Teller, 1977; Dadlez
et al., 1998; Kuleta and Zbroja, 2006; Feist-Burkhardt et al., 2008) with location of the boreholes

containing miospore assemblages of the obsoleta-pantii zone

Fig. 3. Palaeogeographic map of the Middle Buntsandstein basin (after Dadlez et al., 1998) with location 
of the boreholes containing miospore assemblages of the nejburgii zone

Other explanations as in Figure 2
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Fig. 5. Palaeogeographic map of the Lower Muschelkalk basin (after Szulc, 2000; Feist-Burkhardt et al.,
2008) with location of the boreholes containing miospore assemblages of the minor zone

Other explanations as in Figure 2

Fig. 4. Palaeogeographic map of the Röt basin (after Dadlez et al., 1998; Feist-Burkhardt et al., 2008) with
location of the boreholes containing miospore assemblages of the heteromorphus zone

Other explanations as in Figure 2
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Fig. 6. Palaeogeographic map of the Lower Keuper basin (after Dadlez et al., 1998) with location 
of the boreholes containing miospore assemblages of the dimorphus zone

Other explanations as in Figure 2

Fig. 7. Palaeogeographic map of the Lower Gipskeuper basin (after Dadlez et al., 1998; Feist-Burkhardt et
al., 2008) with location of the boreholes containing miospore assemblages of the longdonensis zone

Other explanations as in Figure 2
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Fig. 8. Palaeogeographic map of the Schilfsandstein basin (after Dadlez et al., 1998) with location 
of the boreholes containing miospore assemblages of the astigmosus zone

Other explanations as in Figure 2

Fig. 9. Palaeogeographic map of the Jarkowo Beds basin (after Dadlez et al., 1998) with location of the
boreholes containing miospore assemblages of the meyeriana zone

Other explanations as in Figure 2



Palaeoclimatic in ter pre ta tions were ob tained from the ra tio of
xero- and hygrophytic forms.

More over, the SEG model pre sented by Abbink (1998;
Abbink et al., 2004a, b), which con nects dis persed spores and
pol len with the floristic palaeocommunites that oc cu pied spe -
cific eco log i cal niches, was ap plied for palaeoenvironmetal in -
ter pre ta tion. The model is based on the eco log i cal pref er ences
of ex tinct par ent plants de ter mined af ter actualistic prin ci ples as 
well as fea tures of sed i ments in which the sporomorphs were
found. Four SEGs were rec og nized in the Tri as sic spore-pol len
as sem blages: Up land (U.S.), Low land and River (L.R.+R.S),
Coastal (C.S.), and not at trib uted (n.a.). At tri bu tion of the
sporomorph gen era to the dif fer ent SEGs is pre sented in Ta -
ble 2. The Coastal and Land SEGs (c/l) ra tio was counted. In
ad di tion, the par tic u lar miospore spe cies and gen era in the
Low land SEG in di cate palaeoenvironmental con di tions such as 
“dry” or “more wet”, “warmer” or “cooler”. In case of the Tri as sic
miospores, these taxa in di ca tors can be ap plied to de ter mine a
wet and/or dry en vi ron ment (w/d ra tio). Ac cord ing to Abbink
(1998; Abbink et al., 2004a: p. 20–21), changes that oc cur es -
pe cially within the Low land SEG re flect cli ma tic changes,
whereas vari a tions be tween the SEGs are re lated to sea level
changes, small-scale lat eral shifts or tec tonic ac tiv ity. Fi nally,
the ma rine and ter res trial palynomorphs ra tio (m/t) was pre -
sented. It pro vides in for ma tion on sea level changes and is re -
lated to the c/l in di ca tor. The fol low ing re la tion ships are ob -
served: when the sea level rises dur ing a transgressive phase,
the Low land SEGs and the c/l in di ca tor de creases whereas the
value of the Up land SEG and the m/t ra tio are rel a tively high. In
con trast, when the sea level falls in a re gres sive phase, the
Low land SEGs and the c/l ra tio in crease and the m/t ra tio is low.

Al though the out comes of us ing the PPC and SEG mod els
de pend on the dis tance from land area, where miospores were

pro duced, the gen eral trends in cli ma tic changes ob tained at
their ba sis co in cide with those re sulted from other fac tors like
fa cies, clay min er als or iso tope anal y ses (e.g., Abbink, 1998).

APPLICATION OF THE PPC AND SEG MODELS
 TO MIOSPORE ASSEMBLAGES

OBSOLETA-PANTII ZONE

Miospore spec tra of the obsoleta-pantii zone were found in
Lower Buntsanstein de pos its of 13 bore holes con cen trated in
two re gions – West ern Po land and Holy Cross Moun tains
(Fig. 2; Ap pen dix 1). The PPC model shows that (ex cept in the
Holy Cross Mts.) they are dom i nated by taeniate pol len of M
group (Protohaploxypinus, Striatoabietites and Lunatisporites),
which rep re sent xe ro phyt ic co ni fers, reach ing even >70% in
some sam ples (Figs.12–14; Ap pen dix 2). These are ac com pa -
nied by hygrophytic and in ter me di ate el e ments: fern (group B –
mainly Cyclotriletes) and lycopsid spores (group D – mainly
Lundbladispora, and group G – Densoisporites) as well ascyca -
dalean pol len (group H – Cycadopites and Gnetacaepollenites)
reach ing an av er age abun dance of 20%. In as sem blages from
the Holy Cross Mts. (ex cept in the Jaworzna IG 1 bore hole, Fig.
15) the dom i nance of hygrophytic el e ments of groups D and B
is ev i dent. Densoisporites spores (group G) and cycadalean
pol len (group H) are rel a tively abun dant.

Ap ply ing the SEG model (Figs. 12–14; Ap pen dix 2) ev i -
dences a marked dom i nance of the Up land SEG in W and NE
Po land, and of the Low land and River SEGs in the Holy Cross
Mts (Fig. 15; Ap pen dix 2). Coastal SEG is gen er ally low and
shows the c/l ra tio in av er age of <1. Only in few sam ples, the
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Fig. 10. Palaeogeographic map of the Wielichowo Beds basin (after Dadlez et al., 1998) with location 
of the boreholes containing miospore assemblages of the tuberculatus zone

Other explanations as in Figure 2



Coastal SEG ex ceeds 20%. Ana lys ing in de tail the com po si tion 
of low land flora, merely cycadalean pol len in di cate “drier” cli -
mate con di tions (Abbink, 1998; Abbink et al., 2004a, b). As they 
are a quan ti ta tively im por tant com po nent of most miospore
spec tra, the w/d ra tio is gen er ally low – in av er age of <2
(Figs. 12–15; Ap pen dix 2). This “drier” cli mate is con firmed also 
by the high amount of taeniate pol len in the spec tra (see
Meyen, 1987). In ad di tion, Cycadopites pol len are sug gested
in di ca tors of a “warmer” cli mate (Abbink, 1998; Abbink et al.,
2004a, b). The low m/t ra tio (0–0.5) ev i dences a weak Early Tri -
as sic transgressive im pulse in the Pol ish Ba sin.

The fol low ing pic ture of Early Tri as sic plant com mu ni ties
ap pears from the sporomorph as sem blages: bushy co ni fers
have grown on dry up lands whereas lycopsids, ferns and
mosses con cen trated in the moist to wet in land floodplain and
river banks. Cy cads and lycopsids oc cu pied sea side and in land
like/playa coasts. These for mer could be an equiv a lent of the
pres ent man grove com mu ni ties (see Visscher et al., 1993).
Both dry and wet ar eas with lower or higher sa lin ity were over -
grown by the pi o neer lycopsid Pleuromeia.

624 Anna Fija³kowska-Mader

Fig. 11. Comparison of the Triassic palynological zonation applied in Poland with that
of Central and Northwestern Europe



NEJBURGII ZONE 

Spore-pol len spec tra of the nejburgii zone were found in
Mid dle Buntsandstein de pos its of 16 bore holes and one out -
crop (Fig. 3; Ap pen dix 1). The PPC model shows that they are
more dif fer en ti ated than in the obsoleta-pantii zone.The as -
sem blage of the nejburgii and acritarchs subzone from the
Gorzów Wielkopolski IG 1 bore hole con sists al most ex clu sively
of Sphaeripollenites pol len (in ter me di ate el e ment not at trib uted
to any SEG) and acritarchs (Fig. 16). Fern spores (group B –
Cylotriletes) rep re sent hygrophytic el e ments, and spores of
Densoisporites nejburgii (Schulz) pro duced the by lycopsid
Pleuromeia rossica Neuburg (Yaroshenko, 1975;
Or³owska-Zwoliñska, 1979) – in ter me di ate forms (group G). In
the Opoczno PIG 2 bore hole, the as sem blage of this subzone
is strongly dom i nated by in ter me di ate el e ments –
Densoisporites nejburgii (group G) and cycadalean pol len
(group H). The ra tio of the xero- and hygrophytic el e ments is
sim i lar to that in the oboleta-pantii zone. Lycopsid spores of
Endosporites ge nus (group D) and fern spores of Cyclotriletes
(group C) are the main hygrophytic el e ments. Co ni fer pol len of
Angustisulcites (group O) and Klausipollenites (P group) pre vail 
among xe ro phyt ic forms (Fig. 17).

The SEG model ev i dences a marked dom i nance of Low -
land SEG. The low value of the w/d ra tio in di cates a dry cli mate.
The pres ence of acritarchs (m/t ra tio 0.5–5) and the low c/l in di -
ca tor (Figs. 16 and 17; Ap pen dix 3) are re lated to the Early
Olenekian trans gres sion in the Pol ish Ba sin.

Though a quan ti ta tive in crease of the hygrophytic el e ments
– mainly lycopsid spores Endosporites and Lundbladispora
(group D) as well as fern spores Cyclotriletes and
Punctatisporites (group B) – the Densoisporites spores (group
G) re mained dom i nant (on av er age >40%; in some sam ples
even 80%) in the as sem blages of the nejburgii subzone
(Figs. 12, 14 and 16–19; Ap pen dix 3). Xe ro phyt ic el e ments are
dom i nated by co ni fer/gingko pol len Protohaploxypinus, co ni fer
pol len Lunatisporites (M group) and Platysaccus (group O).

The SEG model is dom i nated by the Low land and River SEG 
as well as Coastal SEG (Figs.12, 14, 16, 17 and 19; Ap pen dix 3). 
The c/l ra tio, higher than in older as sem blages, ev i dences the
Mid dle Olenekian re gres sion. The w/d ra tio is also higher than in
older spec tra and var ies from 2 to 26 (Figs. 12, 14 and 16–19;
Ap pen dix 3), re flect ing a grad ual humidification of cli mate.

In spite of the fur ther in crease of the num ber of hygrophytic
el e ments (group B – mainly fern spores Cycloverrutriletes,

group D – lycopsid spores Lundbladispora, and group O –
caytonialean pol len Vitreisporites), group D still dom i nates in
the as sem blages of the presselensis subzone (Figs. 12 and
16F; Ap pen dix 3). Co ni fer taeniate pol len (M group) and
vesicate pol len (group P) are the main xeromorphic forms.

The high value of the w/d in di ca tor (from sev eral to 50) is a
char ac ter is tic fea ture of ana lysed as sem blages (Figs. 12 and
16–21; Ap pen dix 3) and marks the humide phase in the Late
Olenekian.

The SEG model shows a marked dom i nance of Coastal
SEG with ex cep tion of the Holy Cross Mts., where the Low land
and River SEG pre vails. A rel a tively high c/l ra tio, with a max i -
mum value of 25 in some sam ples, ev i dences the Late
Olenekian re gres sive trend in the Pol ish Ba sin.

Dis tri bu tion of the plants in the Olenekian was sim i lar to that
in the Induan: lycopsids – mainly Pleuromeias – and ferns oc cu -
pied moist to wet in land floodplains as well as ma rine coastal
and deltaic en vi ron ments (Mader, 1990a; Visscher et al., 1993;
Abbink, 1998; Grauvogel-Stamm, 1999; Abbink et al.,
2004a, b). Caytoniales, which pro duced Vitreisporites pol len
(Balme, 1995), were as so ci ated with a flu vial en vi ron ment,
whereas other gingkoales and co ni fers over grew dry up lands.

Com pared to the Induan, the Olenekian miospore as sem -
blages show a higher num ber and di ver sity of spec i mens. A
trend of de clin ing dom i nance of lycopods and ris ing prev a lence
of woody gym no sperms is ob served. This phe nom e non has a
global char ac ter and re flects the re cov ery of di verse plant eco -
sys tems af ter the end-Perm ian bi otic cri sis (e.g., Looy et al.,
1999; Galfetii et al., 2007; Lindström and McLoughlin, 2007;
Hermann et al., 2010, 2011a, b).

HETEROMORPHUS ZONE

The ma te rial co mes from Up per Buntsandstein (Röt) de -
pos its of 21 bore holes and one out crop (Fig. 4; Ap pen dix 1).

The PPC model shows that miospore as sem blages of this
zone are strongly dom i nated by xe ro phyt ic el e ments – co ni fer
pol len with prev a lent trilete pol len of Voltziacaesporites and
Angustisulcites (group O), in av er age of 20–30% (Figs. 12,
16–18, 22 and 23; Ap pen dix 4). Vesicate pol len
Microcachryidites and Klausipollenites (group P), taeniate pol -
len Protohaploxypinus and Striatoabietites (group M) as well as
Triadispora (group N) oc cur abun dantly. Illinites chitonoides
Klaus (al. Succinctisporites grandior Leschik sensu Mädler)

A record of climatic changes in the Triassic palynological spectra from Poland 625

SEG Sporomorph gen era

Up land

Accinctisporites, Alisporites, Angustisulcites, Brachysaccus, Cedripites, Ellipsovelatisporites, Enzonalasporites,
Heliosaccus, Infernopollenites, Klausipollenites, Kugelina, Labiisporites, Lunatisporites, Microcachryidites,

Minutosaccus, Ovalipollis, Parillinites, Partitisporites, Platysaccus, Praecirculina, Protohaploxypinus, Rhaetipollis, 
Striatoabietites, Triadispora, Tsugaepollenites, Voltziacaesporites

Low land and
River

Acanthotriletes, Anapiculatisporites, Apiculatisporis, Aulisporites,Baculatisporites, Calamospora,
Camarozonosporites, Carnisporites, Chasmatosporites, Concavisporites, Conbaculatisporites,

Concentricisporites, Cycadopites, Cyclotriletes, Cycloverrutriletes, Deltoidospora, Dictyophyllidites,
Echinitosporites, Endosporites, Equisetumsporites, Eucommiidites, Gleicheniidites, Heliosporites,

Keuperisporites, Leschikisporis, Lycopodiacidites, Lycopodiumsporites, Marattisporites, Monosulcites,
Nevesisporites, Osmundacidites, Palaeospongisporis, Perinopollenites, Perotriletes, Porcellispora,

Punctatisporites, Riccisporites, Todisporites, Toroisporis, Trachysporites, Sphagnumsporites, Uvaesporites,
Verrucosissporites, Vitriesporites, Zebrasporites

Coastal
Aratrisporites, ? Cerebropolenites, Classopollis,  Densoisporites,Densosporites, Duplicisporites,

Granuloperculatipollis, Illinites, Kraeuselisporites, Lundbladispora, Podosporites, Protodiploxypinus

Not at trib uted Camerosporites, Cerebropollenites, Polypodiumsporites, Sphaeripollenites

T a  b l e  2

At tri bu tion of the miospore gen era to the SEGs
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(group I), pro duced by the ruderal her ba ceous co ni fer
Aethophyllum stipulare (Brongiart) (Grauvogel-Stamm, 1978;
Roth well et al., 2000), is a char ac ter is tic el e ment of the Early
Anisian spec tra. Fern spores Cyclotriletes (group B) and
Verrucosisporites (group C), cycadalean pol len (group G) and
lycopsid spores Aratrisporites (group E) pre vail among the
hygromorphic com po nents.

The w/d in di ca tor curve has a marked “arid” pick in the as -
sem blages rep re sent ing the up per part of the heteromorphus
zone, dis tin guished as the fastidiosus subzone (Figs. 18, 22
and 23), which correspods to the arid cli mate in Early Anisian.

The SEG model shows a re mark able dom i nance of the Up -
land SEG (in av er age of >80%) (Figs. 12, 16–18, 22 and 23;
Ap pen dix 4) con sist ing most ex clu sively of co ni fers. The Low -
land SEG is rel a tively poor and rep re sented by rare lycopsids,
ferns and horse tails. The low c/l ra tio – in av er age of <1(Figs. 16 
and 18; Ap pen dix 4) and the pres ence of acritarchs mark the
Early Anisian trans gres sion in the Pol ish Ba sin. Strong dom i -
nance of co ni fer pol len in the Early Anisian spec tra ev i dences
the next phase of for es ta tion dur ing the Tri as sic (e.g.,
Kürschner and Herngreen, 2010).Tax o nom i cally di verse co ni -
fer for ests and bushfields oc cu pied not only dry up lands but
also ma rine/la goon coasts, where Aethophyllum stipulare
formed reed-like belts (Grauvogel-Stamm, 1978; Mader,
1990a; Visscher et al., 1993). This plant was an im por tant el e -
ment of wet land com mu ni ties dur ing the Mid dle Tri as sic
(Brugman et al., 1994; Roth well et al., 2000).

MINOR ZONE 

Miospore as sem blages of the mi nor zone were found in
Lower Muschelkalk de pos its of 10 bore holes (Fig. 5; Ap pen -
dix 1). In ma jor ity of the stud ied sam ples they are strongly dom i -
nated by xe ro phyt ic co ni fer pol len Microcachryidites (group P)
with av er age abun dance of >20% (Figs. 12, 16 and 18; Ap pen -
dix 5). Co ni fer pol len Angustisulcites (group O) and Triadispora
(group N) oc cur less fre quently. Ly co pod spores Aratrisporites
(E group), spores Perotriletes of un known bo tan i cal af fin ity
(group D), fern spores Cyclotriletes and horse tail spores
Equisetumsporites (group B) rep re sent the hygrophytic forms.

The SEG model shows that Up land SEG, com posed most
ex clu sively of co ni fers, pre vails in all ana lysed sam ples (in av er -
age of >80%; Figs. 12, 16 and 18; Ap pen dix 5) which could
partly re sult from the dis tance to land ar eas. Only in few sam -
ples, a higher abun dance of the Low land and River SEG is ob -
served (Ap pen dix 5). The low c/l ra tio re sults from trans gres sion 
of the Muschelkalk sea doc u mented by the pres ence of
acritarchs (see m/t in di ca tor). A rise of the w/d ra tio is ob served
in re la tion to the heteromorphus zone, which is >7 in some sam -
ples and re flects wet cli mate con di tions.

Dis tri bu tion of palaeoflora was sim i lar to that known from
the Early Anisian. Visscher et al. (1993) sug gested, based on
the palynomorph spec tra from South ern Ger many, a re ces sive
palaeoflora mi gra tion from coastal ar eas to wards in land.

ORIENS ZONE

As sem blages of the oriens zone were found in Mid dle
Muschelkalk de pos its of nine bore holes (Ap pen di ces 1 and 6).
They con sist al most en tirely of xe ro phyt ic el e ments that in clude
co ni fer pol len Triadispora (group N), Microcachryidites (group
P) and Angustisulcites (group O) (Figs. 24 and 25; Ap pen dix 6).
Dom i nance of Triadispora pol len is also ob served in spec tra
from South ern Ger many (Visscher et al., 1993; Kürschner and
Herngreen, 2010).
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The very low w/d in di ca tor – in av er age of <1 (Figs. 24 and
25; Ap pen dix 6) marks dry cli mate con di tions in the Late
Anisian.

The Up land SEG shows the high est val ues among the Tri -
as sic miospore spec tra, with an av er age of 90%. The Coastal
SEG is highly re duced, even to 0 in same sam ples, which im -
plies a very low c/l ra tio re lated to the transgressive trend in the
Pol ish Ba sin.

DIMORPHUS ZONE

TASMANITES SUBZONE

The ma te rial co mes from Up per Muschelkalk de pos its of
seven bore holes (Appendices 1 and 7).

The PPC model ev i dences sig nif i cant dif fer ences in the
spec tra from the lower part of the dimorphus zone –
Tasmanites subzone – be tween the in di vid ual re gions of Po -
land. In gen eral, the as sem blages from NE Po land and the
Nida Ba sin are dom i nated by xe ro phyt ic el e ments (P group),
whereas those from east ern and west ern Po land as well as
the Holy Cross Mts – by hygrophytic forms (groups E and B;
Figs. 24–30; Ap pen dix 7).

Co ni fer pol len Minutosaccus (al. Protodiploxypinus;
group P), Triadispora (group N), Illinites (group I) and
monosaccate pol len Heliosaccus (group R) are the main xe ro -
phyt ic el e ments. Taeniate pol len of Striatoabietites and
Protohaploxypinus (group M) oc cur less fre quently. Lycopsid
spores Aratrisporites (group E), fern spores Todisporites (group 
B) and Verrucosisporites (group C) pre vail among hygrophytic
forms.

The w/d ra tio value is vari able and rel a tively high: 30–70 in
N–NW Po land and the Holy Cross Mts., 11–30 in E–NE Po land
and the Nida Ba sin (Figs. 24–30; Ap pen dix 7), in di cat ing a wet
cli mate in the Early Ladinian.

The SEG model shows a re mark able dom i nance of the
Low land and River SEG in west ern Po land and the Holy Cross
Mts. (in av er age of >65%) and of the Up land SEG in NE Po land
and the Nida Ba sin. The Coastal SEG var ies from 4 to 17% and
the c/l ra tio is 0.1–0.8 (Figs. 24–30; Ap pen dix 7). Low m/t ra tio
in di cates a weak in flu ence of the Early Ladinian trans gres sion
in the Pol ish Ba sin.

Co ni fers over grown not only dry up lands but also oc curred
as pi o neers in the xe ro phyt ic ma rine coastal palaeobiocenosis.
An im por tant com po nent of these plant com mu ni ties was
Voltziales pro duc ing pol len Minutosaccus gracilis (Scheuring)
Or³owska-Zwoliñska and Podosporites ami cus Scheuring
(Visscher et al., 1993; Kürschner and Herngreen, 2010).
Lycopsids and ferns rep re sented wet ter low land flo ras.

DIMORPHUS SUBZONE

Miospore as sem blages rep re sent ing the up per part of the
dimorphus zone – dimorphus subzone were found in the
Sulechów Beds (Lettenkeuper) de pos its from 18 bore holes
(Fig. 6; Ap pen dix 1). They are dom i nated by hygrophytic el e -
ments: equisetales spores Calamospora, fern spores
Todisporites and Cyclotriletes (group B) (in av er age of >30%)
and tax o nom i cally di verse Aratrisporites spores (group E)
(4–50%) (Figs. 24, 25 and 28–32; Ap pen dix 8). Co ni fer pol len
Minutosaccus and Brachysaccus (group P) (10–40%) are the
main xe ro phyt ic com po nents.

The w/d ra tio var ies widely from 0.5 to 58, but is gen er ally
high (in av er age of >20) with a de creas ing trend in the up per
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part of the zone (Figs. 24, 25 and 28–32; Ap pen dix 8), 
sug gest ing a grad ual aridification of the Late Ladinian 
cli mate.

Low land and River SEG strongly dom i nates in the 
SEG model with a max i mum of 92%. The Coastal
SEG var ies from 4 to 13% and the c/l ra tio – from 0.1
to 0.4.

A marked change is ob served in the com po si tion
of palaeoflora. Lycopsids (Lycostrobus and
Annalepis), show ing a wide en vi ron men tal tol er ance
(Grauvogel-Stamm, 1978; Or³owska-Zwoliñska,
1979; Mader, 1990b, 1997), dom i nated in deltaic and
lake coastal palaeobiocenoses (Visscher et al., 1993; 
Brugman et al., 1994). The wet hin ter land was over -
grown mainly by horse tails and ferns. Equisetites
formed reed col o nies along rivers and lake banks
(Mader, 1990b, 1997). The dry hin ter land, dis tant
from sed i men tary bas ins, was oc cu pied by shrubby
and arborescent co ni fers (Kustatscher and Van
Konijnenburg-VanCittert, 2005).

LONGDONENSIS ZONE

Miospore spec tra of the longdonensis zone were
found in Lower Gipskeuper de pos its from 23 bore -
holes (Fig. 7; Ap pen dix 1).

The PPC model ev i dences that as sem blages of
the iliacoides subzone are strongly dom i nated by
xe ro phyt ic el e ments: co ni fer pol len Ovalipollis (K
group) reach ing even 80%, Minutosaccus,
Labiisporites and Cedripites (group P; Figs. 16, 17,
25–27 and 30–34; Ap pen dix 9). Fern spores
Leschikisporis (group A), Todisporites and
Cyclotriletes (group B), Verrucosisporites,
Anapiculatisporites and ?Echinitosporites (group C),
equisetalean spores Calamospora (group B), and
bryophyte spores Porcellispora (group F) are the
main hygrophytic com po nents. Cycadalean pol len
(group H) pre vail among in ter me di ate el e ments.

The PPC model shows marked dom i nance of the
Up land SEG – in av er age >60%.

Com pared to the dimorphus zone, a sig nif i cant
de crease of the w/d ra tio is ob served. It var ies from 0
to 7 (Figs. 16, 17, 25–27 and 30–34; Ap pen dix 9) and
in di cates arid con di tions in the lat est Ladinian and
ear li est Carnian.

A gen eral de crease of the Coastal SEG and c/l ra -
tio is ob served in the dimorphus zone. The low c/l ra -
tio and pres ence of acritarchs in the Grenzdolomite
de pos its mark the lat est Ladinian trans gres sion in the
Pol ish Ba sin. As sem blages of the verrucata
subzone are com posed most ex clu sively of xe ro -
phyt ic el e ments: co ni fer pol len Ovalipollis (group K),
Triadispora (group N), Minutosaccus, Labiisporites,
Cedripites (group P), Infernopollenites and
Striatoabietites (group M) (Figs. 26, 31, 33 and 34;
Ap pen dix 9).

The very low w/d ra tio, in av er age of <0.5 (Figs.
16, 17, 25–27, 30–32 and 34; Ap pen dix 9), sug gests
a a very dry cli mate in the Early Carnian.

In the SEG model, strong dom i nance of the Up -
land SEG – in av er age of >80% – is ob served.

Co ni fers oc cu pied not only up lands but also, to -
gether with ferns, equisetales and cy cads, moist to
wet in land floodplains. Ar eas of higher sa lin ity on the
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sabkha/playa coast, were over grown by pi o neer halophyte
lycopsids.

ASTIGMOSUS ZONE

The ma te rial co mes from Schilfsandstein (Stuttgart For ma -
tion) de pos its of 13 bore holes (Fig. 8; Ap pen dix 1).

As sem blages of the astigmosus zone are strongly dom i -
nated by hygrophytic el e ments (in av er age of >80%):
?equisetalean spores Aulisporites, equisetalean spores
Calamospora, fern spores Todisporites (B group), fern spores
Leschikisporites (A group), lycopsid spores Anapiculatisporites
and fern spores Verrucosisporites (group C) as well as lycopsid
spores Camarozonosporites (group D) and Aratrisporites
(group E; Fig. 33; Ap pen dix 10). Xe ro phyt ic el e ments are rep re -
sented mainly by co ni fer pol len Ovalipollis (group H),
Brachysaccus and Labiisporites (group P).

The high w/d ra tio >70 in some sam ples (Fig. 33; Ap pen dix
10), in di cates a hu mid cli mate and cor re sponds with the
“Carnian plu vial event” (e.g., Kozur and Bachman, 2010; Roghi
et al., 2010; Arche and Lópoez-Gómez, 2014).

The SEG model shows a strong dom i nance of the Low land
and River SEG and Coastal SEG. Ferns, equisetales, lycopsids 
and cy cads in hab ited moist to wet floodplains, ar eas of re tarded 
drain age and those lo cated at dif fer ent dis tances from chan nels 
and lakes. Co ni fers colo nised drier up lifted ar eas, with en -
hanced drain age and/or those lo cated at greater dis tances from 
streams and pools, pref er en tially in ba sin mar gins or even on
the flanks of ero sional high lands (Mader, 1997).

MEYERIANA ZONE

Miospore as sem blages of the meyeriana zone were found
in the Up per Gipskeuper, Jarkowo Beds and the lower part of
the Zb¹szynek Beds, as well as their equiv a lents, in 13 bore -
holes (Fig. 9; Ap pen dix 1).

The PPC model ev i dences that these as sem blages from
the up per part of the Up per Gipskeuper are strongly dom i nated
by xe ro phyt ic circumpollen, mainly Classopollis and
Granuloperculatipollis (group S) that ac counts for 9 to 80%
(Figs. 35–37; Ap pen dix 11). Co ni fer pol len Ovalipollis (group
K), Cedripites and Labiisporites (group P) oc cur less abun -
dantly (in av er age of >20%). Scarce hygrophytic com po nents
con sist of cycadalean and bennettitalean pol len of Cycadopites
and Monosulcites (group H) as well as lycopsid spores (groups
D and E).

The w/d ra tio is dis tinctly lower in com par i son to the
astigmosus zone and var ies from 0 to 12, 3 on av er age
(Figs. 35–37; Ap pen dix 11), and in di cates a dry cli mate in the
Early Norian.

The SEG model shows dom i nance of the Up land SEG
(49–78%). The Coastal SEG is high and var ies from 8 to 45%.
The c/l ra tio is also high and reaches even 48, which re flects a
re gres sive trend in the Pol ish Ba sin dur ing the Early Norian.

A prom i nent change is ob served in the com po si tion of the
palaeoflora, where the co ni fers Cheirolepidacean, pro duc ing
pol len Classopollis, be came a dom i nant el e ment. They were
drought-re sis tant trees and shrubs that oc curred in a wide spec -
trum of en vi ron ments: coastal, river, low land and ?up land
(Alvin, 1982; Abbink,1998). Dry low land and up land ar eas and
la goon coastal zones were over grown by other co ni fers,
whereas lycopsids and cy cads con cen trated in the mar ginal
zone of floodplains.

The as sem blages of the meyeriana b subzones, iden ti fied
in the Jarkowo Beds and the lower part of the Zb¹szynek Beds,
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as well as their equiv a lents, show an in crease in the amount of
hygrophytic el e ments. Co ni fer pol len Brachysaccus, Cedripites
(group P), Classopolls and Granuloperculatipollis (group S) still
pre vail in the miospore spec tra (Figs. 35–37; Ap pen dix 11).
Hygrophytic com po nents are dom i nated by lycopsid spores
Densosporites (group D), Lycopodiumsporites (group C) and
equisetalean spores Equisetumsporites (group B).

The w/d ra tio in creases even to18 and sug gests the next
plu vial event in the Late Norian (e.g., Berra et al., 2010; Preto et 
al., 2010).

The SEG model shows an in crease of the Low land and
River SEG and a marked de crease of the Coastal SEG. The c/l
ra tio is low – in av er age of <1.

Moist to wet in land floodplain was oc cu pied by lycopsids
and equisetales. Dry up lands were cov ered with co ni fer for ests
con sist ing mainly of ce dars. Cheirolepidacean formed
bushfields along river banks and la goon coastal zones (e.g.,
Abbink, 1998).

The as sem blage of the meyeriana c subzone was found in
the up per part of the Zb¹szynek Beds only in the W¹growiec IG
1 bore hole (Fig. 9). It is strongly dom i nated by crircumpollen
(group S; Fig. 36). Pol len Ovalipollis (group K) and
cycadalean/bennettitalaen pol len Monosulcites (group H) are
abun dant.

The w/d ra tio (0.5–2) vis i bly de creases in com par i son to the
meyeriana b subzone and in di cates aridification of the Early
Rhaetian cli mate (see Haas et al., 2012).

The SEG model shows an in crease of Coastal SEG.

TUBERCULATUS ZONE

The ma te rial co mes from the Wielichowo Beds and their
equiv a lents from 8 bore holes (Fig. 10; Ap pen dix 1).

As sem blages of the tuberculatus zone con sist mainly of
hygrophytic el e ments (in av er age more than 50%) – fern
spores Corrugatisporites, Marattisporites and Osmundacidites
(group B), Deltoidospora (al. Cyathidites), Gleicheniidites and
Todisporites (group A), lycopsid spores Camarozonosporites,
Cingulizonates and Densosporites (group D) as well as in ter -
me di ate forms such as cycadalean, bennettitalaen and
ginkgoalean pol len Cycadopites, Chasmatosporites,
Eucommiidites, Monosulcites, and Riccisporites (group H) ac -
count ing for up to 87% in some sam ples (Fig. 38; Ap pen dix 12). 
Scarce xe ro phyt ic forms are rep re sented by co ni fer pol len
Pinuspollenites (group M), Ovalipollis (group K) and
circumpolles Classopollis (group S).

The w/d ra tio changes from very low and low val ues (0.1–2)
in the spec tra from the lower part of the zone, to 8–25 in its up -
per part. An in crease of hu mid ity is due to cli mate pluvialisation
in Late Rhaetian time (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).

The SEG model ev i dences the strong dom i nance of the
Low land and River SEG – in av er age of >80% and even 100%
in some sam ples (Fig. 38; Ap pen dix 12).

Moist to wet in land floodplain, swamps, river banks, mar -
gins of lakes and del tas were colo nised by ferns, mosses,
horse tails and lycopsids (e.g., Abbink, 1998; Van
Konijnenburg-Van Cittert, 2002). These plants rep re sented the
ground cover hab i tat. Veg e ta tion of the drier low lands was com -
posed mostly of cy cads, bennetitales, taxodiaces, ferns (mainly 
Gleicheniaceae and Cyatheaceae) and seed ferns. These
plants to gether with co ni fers are in cluded into the mid and up -
per can opy hab i tat (Petersen et al., 2013). Scarce Pinaceae
and Cheirolepidaceae oc curred in dry hin ter land and coastal

en vi ron ments (e.g., Kürschner, 2010; Götz et al., 2011; Bonis
and Kürschner, 2012). A sig nif i cant change in flo ral com po si -
tion is ob served in re la tion to the Late Norian biocenoses
strongly dom i nated by gym no sperms Cheirolepidaceae. In the
Rhaetian as sem blages, spores are ac com pa nied by nu mer ous
pol len Riccisporites tuberculatus Lundblad pro duced by
ruderal, her ba ceous co ni fers that were able to colo nise dis -
turbed hab i tats (Roth well et al., 2000; Vajda et al., 2013). Al -
though Kürschner et al. (2014) sug gested that par ent plants of
R. tuberculatus pre ferred prob a bly cooler cli ma tic con di tions in
com par i son to Cheirolepidiaceae pro duc ing pol len Classopolis, 
this change may be ex plained rather by a bi otic cri sis re lated to
vol ca nic ac tiv ity in the Cen tral At lan tic mag matic prov ince (e.g.,
Van de Schootbrugge et al., 2009; Bonis et al., 2010; Kürschner 
and Herngreen, 2010; Mander et al., 2013; Pálfy and Koscic,
2014; Pieñkowski et al., 2014). On the as sump tion of Early
Rhaetian age of the meyeriana c subzone (see Kürschner and
Herngreen, 2010), this flo ral turn over took place in the Early
Rhaetian, whereas in lit er a ture it is world wide dated as lat est
Rhaetian (Hub bard and Boutler, 2000; Hesselbo et al., 2002;
Marzoli et al., 2004; Kliti et al., 2005; Deenen et al., 2010; Bonis
and Kürschner, 2010, 2012; Blackburn et al., 2013).

PALAEOCLIMATIC INTERPRETATION

Dom i nance of xe ro phyt ic miospores and rel a tively high
amount of Cycadopites pol len in as sem blages of the
obsoleta-pantii zone in di cate a warm, semiarid cli mate dur ing
the Induan (Fija³kowska-Mader, 1999; Fig. 39). This sug ges tion 
cor re sponds with palaeoclimatic re con struc tions for the Early
Tri as sic, where Cen tral and West ern Eu rope is lo cated within
the sub trop i cal cli mate zone, be tween 15 and 25°N (e.g.,
Frakes, 1979; Van der Zwan and Spaak, 1992; Ziegler et al.,
1994; Zharkov and Chumakov, 2001; Chumakov and Zharkov,
2003; Sellwood and Valdes, 2007; Kürschner and Herngreen,
2010; Paul and Puff, 2010). Ac cord ing to Kutzbach and
Gallimore (1989) the area of Po land was placed in the north ern
intertropical con ver gence zone with the mon soonal cir cu la tion
characterized by strong sea son al ity of tem per a tures and pre -
cip i ta tions (see also Parrish, 1993; Hermann et al., 2012). Rel a -
tively high tem per a tures could be ex plained not only by the
palaeo geo graphi cal po si tion of Po land but also by the global
green house ef fect which started in the Late Perm ian (e.g.,
Dickins, 1993; Racki and Wignal, 2005; Twitchett, 2007;
Krassilov and Karsev, 2009; Hochuli et al., 2010; Preto et al.,
2010).

Anal y sis of as sem blages of the nejburgii and acritarchs
subzone in di cates that cli ma tic con di tions in the Early
Olenekian (Early Smithian) re mained sim i lar to those in the
Induan. De creas ing dom i nance of xe ro phyt ic miospores of the
nejburgii subzone sug gests an in crease of hu mid ity and a
change from a warm semiarid to a sub hu mid cli mate dur ing the
Late Smithian (e.g., Dobruskina, 1994; Fig. 39). This hu mid ity
in crease was sug gested also by Yaroshenko (1977) on the ba -
sis of the world wide ex pan sion of Pleuromeiaceae. Other cir -
cum stances like the pres ence of abun dant plant fos sils,
conchostraca and Chirotherium tracks in the Hardegsen For -
ma tion and its equiv a lents may also doc u ment the in creas ing
hu mid ity (Paul and Puff, 2010) and con tra dicts the global char -
ac ter of the “dry” ep i sode at the Mid dle/Late Smithian bound ary
(e.g., Hermann et al., 2012). The fur ther in crease of hu mid ity is
ob served in as sem blages of the presselensis subzone
(Spathian) and co in cides with a “wet” pick on the cli ma tic curve
pre sented by Paul and Puff (2010). It does not con firm the
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Fig. 39. Main climatic stages of Poland and the German Basin based on palynological data

Climate: a – arid, sh – semiarid, sh – subhumid, h – humid; palynological zones: n. – nejburgii, h. – heteromorphus, 
? – luck of data



change from hu mid to drier con di tions pos tu lated by Hermann
et al. (2011a, 2012) at the Smithian/Spathian bound ary.

High dif fer en ti a tion of the w/d curves in the Late Olenekian
spec tra that may re sult from the cli ma tic change at the
Smithian/Spathian bound ary (SSB event) from warm and equa -
ble con di tions into more dif fer en ti ated with greater tem per a ture
os cil la tions (e.g., Looy et al., 1999; Galfetii et al., 2007;
Lindström and McLoughlin, 2007; Preto et al., 2010).

A dis tinct de crease of hu mid ity to semiarid and arid con di -
tions is ob served in pol len as sem blages of the heteromorphus
zone (Early Anisian; Fig. 39).

Rel a tively low w/d ra tio in as sem blages of the mi nor zone
con firms the semiarid cli mate of the Mid dle Anisian (Late
Bithynian–Pelsonian) sug gested by Frakes (1979), Kürschner
and Herngreen (2010) and Haas et al. (2012). There is no ev i -
dence for a Bithynian hu mid ep i sode in the Pol ish spec tra (e.g.,
Haas et al., 2012; Fig. 39).

Com pared to the Early Tri as sic, the area of Cen tral and
West ern Eu rope was slightly moved to wards the north be tween
25 and 30° but still re mained within the sub trop i cal cli mate belt
(Frakes, 1979; Ziegler et al., 1994).

The very low w/d in di ca tors in spec tra of the oriens zone
sug gest an arid cli mate in the Illyr ian (Fig. 39). A warm and very
dry cli mate may also be proven by strong dom i nance of
Triadispora pol len (e.g., Visscher et al. 1993; Kürschner and
Herngreen, 2010). There is no ev i dence in the Pol ish as sem -
blages for the Late Anisian hu mid event pos tu lated by Hochuli
and Vigran (2010) and Preto et al. (2010).

Based on the high w/d ra tio val ues in as sem blages of the
Tasmanites subzone, the Mid dle Ladinian (Early
Longobardian) cli mate can be de ter mined as sub hu mid and hu -
mid (e.g., Grodzicka-Szymanko and Or³owska-Zwoliñska,
1972; Or³owska-Zwoliñska, 1983; Szulc, 1999; Preto et al.,
2010; Fig. 39). This sug ges tion does not co in cide with the
semiarid cli mate pos tu lated by Lindström et al. (2009), Hochuli
and Vigran (2010) and Kürschner and Herngreen (2010). Preto
et al. (2010) cor re lated the up per most Muschelkalk and
Lettenkeuper (Erfurt For ma tion) to the up per most Ladinian and
sug gested a hu mid and warm cli mate for that time. Af ter
Feist-Burkhard et al. (2008: fig. 13.1) the Up per Muschelkalk is
cor re lated to the up per most Illyr ian-Lower Longobardian, and
the Lettenkeuper to the Lower-Mid dle Longobardian. There -
fore, the warm and hu mid cli mate sug gested by Preto et al.
(2010) should be re lated rather to the Early than Late Ladinian.

Ac cord ing to Brugman et al. (1994) the high amount of
hygrophytic com po nents in the Late Ladinian miospore spec tra
may re sult rather from lo cal en vi ron men tal fac tors than cli mate
changes but the com po si tion of the Low land and River SEG,
con tain ing mostly “more hu mid” taxa, sug gests rather cli ma tic
cau sa tion (see also Kustatscher and Van Konijnenburg-Van
Cittert, 2005). A grad ual de crease of hu mid ity is ob served
within the dimorphus subzone (Late Ladinian) from hu mid to
semiarid con di tions.

The very low d/w ra tio val ues in the spec tra of the
longdonensis zone sug gest that the lat est Ladinian cli mate was
semiarid and be came more dry and arid in the Early Carnian
(Fig. 39) that agrees with palaeogeographic maps pre sented by 
Frakes (1979) and Ziegler et al. (1994) where the area of Cen -
tral and West ern Eu rope was placed at 30°N within the dry trop -
i cal cli mate belt.

Both the PPC model and the high w/d ra tio in the
astigmosus zone in di cate a hu mid and warm cli mate dur ing the
Late Julian, which cor re sponds to the “Carnian Plu vial Event”
(Simms and Ruffell, 1989, 1990; Simms et al., 1995; Kozur and
Bachmann, 2010; Preto et al., 2010; Roghi, 2004; Roghi et al.,
2010; Haas et al., 2012). 

The PPC model as well as low w/d ra tio in the meyeriana a
subzone in di cate a warm semiarid cli mate in the Early Norian
(Fig. 39), which co in cides with ob ser va tions of the other au thors 
(e.g., Ahlberg et al., 2002; Berra et al., 2010; Preto et al., 2010;
Brañski, 2011, 2014; Pieñkowski et al., 2014; Szulc and Racki,
2015). Vakhrameev (1981, 1987, 1991) sug gested that the high 
con tent of pol len Classopollis in di cates an arid cli mate. This
rule finds also con fir ma tion in microflora from Po land (see
Fig. 34).

Both the PPC model and the w/d ra tio in the meyeriana b
subzone in di cate an in crease of hu mid ity in the Late Norian
(Fig. 39), which cor re sponds to the plu vial event (Berra et al.,
2010; Preto et al., 2010; Szulc and Racki, 2015).

The lower w/d ra tio in the meyeriana c subzone re flects a re -
turn to a semiarid cli mate in the Early Rhaetian.

Pre dom i nance of hygrophytic el e ments in as sem blages of
the tuberculatus zone sug gests a sub hu mid cli mate in the Late
Rhaetian (Fig. 39). The change of cli mate from dry to wet in the
Early Rhaetian was doc u mented in many ar eas of Eu rope (e.g., 
Ahlberg, 2002; Berra et al., 2010; Michalík et al., 2010; Preto et
al., 2010; Götz et al., 2011; Brañski, 2011, 2014; Haas et al.,
2012; Lintnerová et al., 2013; Krupnik et al., 2014; Pieñkowski
et al., 2014). The au thor’s ob ser va tions do not con firm the de -
crease of hu mid ity and arid to semiarid cli mate in the Late
Rhaetian sug gested by Haas et al. (2012).

Dur ing the Rhaetian, the area of Cen tral and West ern Eu -
rope was placed at 40°N in the sub trop i cal, mon soonal cli ma tic
belt (Ziegler et al., 1994; Kent and Tauxe, 2005; Sellwood and
Valdes, 2007; Bonis and Kürschner, 2012).

CONCLUSIONS

1. Ap pli ca tion of the PPC model to the miospore as sem -
blages from Po land al lowed re con struct ing the cli mate changes 
dur ing the Tri as sic. The re sults ob tained by au thor gen er ally co -
in cide with the palaeo geo graphi cal and palaeoclimatic re con -
struc tions for Cen tral and North west ern Eu rope with the ex cep -
tion of the Mid dle Ladinian. The high w/d ra tio in the Pol ish as -
sem blages in di cates a sub hu mid and hu mid cli mate.

2. Dom i nance of xe ro phyt ic el e ments in the palynomorph
spec tra re flects a per sis tent sub trop i cal warm dry cli mate dur ing 
most of the Tri as sic. sig nif i cant pro por tions of hygrophytic el e -
ments in the microfloral as sem blages doc u ment hu mid phases
dur ing the Late Olenekian, Mid dle/Late Ladinian, Mid dle
Carnian, Late Norian and Late Rhaetian.

3. Ap pli ca tion of the seg model en abled a rough re con struc -
tion of the changes in palaeofloral com mu ni ties. In the Induan, a 
ruderal strat egy is ob served by the colo nis ation of hab i tats de -
stroyed in the Perm ian/Tri as sic cri sis, mainly by lycopsids (low -
land seg). A stress-tol er at ing strat egy re lated to liv ing in coastal
en vi ron ments (coastal SEG) dom i nated in the Olenekian. In the 
Early Anisian, the first sig nif i cant re for es ta tion af ter the
Permo-Tri as sic cri sis took place, ac com pa nied by the re newal
of co ni fers which dom i nated not only in the Up land SEG but oc -
curred nu mer ously also in the Low land and Coastal SEGs. Dry
cli mate and ma rine trans gres sion in the Mid dle Anisian caused
the strong dom i nance of the Up land SEG. This sit u a tion
changed only in the Ladinian when the amount of lycopsids in -
creased, and the Low land and River SEG pre vailed. At the
same time, co ni fers de vel oped a ruderal strat egy by colo nis -
ation of xe ro phyt ic coastal hab i tats. The con di tions fa vour able
for plants de te ri o rated rap idly in the Early Carnian due to cli -
mate aridisation. The “Carnian Plu vial Event” in the Mid dle
Carnian caused an ex pan sion of equisetales – the main com po -
nent of the Low land and River SEG. The next arid phase in the
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Early Norian con trib uted to the ex pan sion of xe ro phyt ic
Cheirolepidacean which oc cu pied a wide range of en vi ron -
ments – Up land, Low land and Coastal SEGs. In the Late
Norian, a small hu mid im pulse is marked by an in crease of the
amount of lycopsids and equisetales (Low land and River SEG). 
The hu mid and warm cli mate of the Late Rhaetian fa voured the
de vel op ment of ferns which dom i nated in the Low land and
River SEG.

4. A sig nif i cant de crease of the num ber of saccate pol len in
the Rhaetian tuberculatus zone, and a si mul ta neous sud den
pro lif er a tion of ruderal Riccisporites tuberculatus may have oc -
curred due to vol ca nic ac tiv ity in the Cen tral At lan tic Mag matic
Prov ince.
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