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As so ci ate Ed i tor: Leszek Marks

De spite years of re search, Lower Tri as sic de pos its of the epicontinental Cen tral Eu ro pean Ba sin still lack a de tailed stra tig ra -
phy that would al low re gional cor re la tion of isochronous ho ri zons. The best chronostratigraphic re sults have up to now been
achieved by microspore-based biostratigraphy and magnetostratigraphy. In te grated palynostratigraphic and magnetostrati -
graphic in ves ti ga tions, car ried out on Buntsandstein cores from north east ern Po land rep re sent ing the east ern mar gin of the
ba sin, have made pre cise cor re la tions with the better-ex plored ba sin cen tre. The Lidzbark and Malbork for ma tions of the
Bartoszyce IG 1 bore hole were ex am ined by means of palynology and palaeomagnetic stud ies. Fur ther palaeomagnetic
stud ies were ap plied to the Lidzbark, Malbork and Elbl¹g for ma tions of the Nidzica IG 1 bore hole and the Elbl¹g Fm. of the
Pas³êk IG 1. Two spore-pol len as sem blages were dis tin guished rep re sent ing the Densoisporites nejburgii Subzone of the
D. nejburgii Zone within the lower part of the Lidzbark Fm. and the low er most part of the Malbork Fm. Mostly re versed po lar ity 
was de tected within the lower part of the suc ces sion in ves ti gated, whereas nor mal po lar ity pre vailed within its up per part.
A nor mal po lar ity lo cal zone was cor re lated with the un di vided Tbn6–Tbn7 stan dard magnetozones of west ern Po land. The
re versely po lar ized part of the suc ces sion cor re sponds most prob a bly to the Tbr5 stan dard magnetozone. The base of the
Tbn6–Tbn7 magnetozone can serve as a good cor re la tion ho ri zon for re gional re con struc tions.
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INTRODUCTION

The stra tig ra phy of the Lower Tri as sic Buntsandstein Group 
of the Pol ish part of the epicontinental Cen tral Eu ro pean Ba sin,
since the work of Senkowiczowa (1997) and Szyperko-Teller
(1997), still be longs among the main re search top ics of the re -
gional Me so zoic suc ces sion (e.g., Nawrocki et al., 2003; Kuleta
and Zbroja, 2006; Ptaszyñski and NiedŸwiedzki, 2006; Becker,
2014;  Szulc et al., 2015). A pre cise chronostratigraphic frame -
work, de liv er ing key ho ri zons, en abling re li able de tailed re con -
struc tions of ba sin de vel op ment in de pend ent of lithostrati -
graphic cor re la tion, is still lack ing. So far, the best re sults in
chronostratigraphic re search have been achieved by palyno -

stratigraphy and magnetostratigraphy. The biostratigra phy
based on conchostracans seems to be con tro ver sial and is still
in suf fi ciently tested (Becker, 2014, 2015; Schnei der and
Scholze, 2016). In ad di tion, the tax o nomic prob lems with the in -
dex spe cies Falcisca eotriassica Kozur et Seidel, 1983,
F. postera Kozur et Seidel, 1983 and F. verchojanica Molin,
1965, (e.g., Scholze et al., 2015, 2016), un der mine their cred i -
bil ity as a strati graphic tool. Stud ies uti liz ing ostracods have
also played a sub or di nate role in the biostratigraphy of the Pol -
ish Bunt sandstein (Styk, 1982).

The most com pre hen sive in ves ti ga tion has been
palynostratigraphic, ex tend ing across the whole area of the Pol -
ish Ba sin (e.g., Fuglewicz, 1973, 1979, 1980; Marcinkiewicz,
1976, 1982; Or³owska-Zwoliñska 1977, 1988; Fija³kowska
1994a, b, 1995, 2006a, b; Fija³kowska-Mader, 1999, 2013;
Fija³kowska-Mader et al., 2015), re sult ing in palynozonations
based on mio- (Or³owska-Zwoliñska, 1984, 1985) and mega -
spores (Marcinkiewicz, 1992; Marcinkiewicz et al., 2014).

Nawrocki (1997; Nawrocki et al., 1993) has de vel oped the
magnetostratigraphic ref er ence scale for the Buntsandstein of
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west ern Po land and has car ried out magnetostratigraphic re -
search in other parts of the Pol ish Ba sin (Nawrocki et al., 2003;
Nawrocki, 2004; Becker and Nawrocki, 2014).

The rel a tive scar city of fos sils within the Buntsandstein de -
pos its, es pe cially in the ba sin mar gin suc ces sions, has lim ited
the use ful ness of biostratigraphy, and nei ther that nor
magnetostratigraphy alone have al lowed interpretion of their re -
sults in terms of chronostratigraphy. Biostratigraphy can de ter -
mine the ap prox i mate chronostratigraphic po si tion of the sec -
tions, while magnetostratigraphy is able to cor re late
isochronous ho ri zons, by means of iden ti fy ing po lar ity changes. 
The great est ad van tage of magnetostratigraphy is that it has
the po ten tial to yield a con tin u ous re cord for whole avail able
sec tions. With out a pre cise strati graphic model for the en tire
Buntsandstein ba sin, in clud ing its mar gins, it is dif fi cult to re con -
struct and un der stand its palaeo ge ogra phy. Due to the lack of
de tailed in ter dis ci plin ary re gional chronostratigraphic stud ies of
the ba sin mar gins, such as in north east ern Po land,
lithostratigraphy has re mained the only method for strati graphic
cor re la tions and for palaeogeographic re con struc tion. Within
the scope of a com pre hen sive pro gram of the State Geo log i cal
Sur vey of Po land, des ig nated to pro tect and com pre hen sively
study stratotype sec tions in bore hole cores, palaeomagnetic
and palynological stud ies had been con ducted on the Mid dle
and Up per Buntsandstein of the Bartoszyce IG 1 and Pas³êk IG
1 bore holes (Fig. 1; Fija³kowska-Mader, 2015; Sobieñ and
Becker, 2015), that serve as stratotypes for the Lidzbark,
Malbork and Elbl¹g for ma tions (Szyperko-Œliwczyñska, 1979).
Ear lier magnetostratigraphic re search on the neigh bour ing
Nidzica IG 1 bore hole (Fig. 1; Nawrocki in Krzywiec, 2000)
helped to pro vide a pre lim i nary magnetostratigraphic scale for
the Mid dle and Up per Buntsandstein of north east ern Po land.
The pres ent study con sti tutes the first step to wards es tab lish ing 

an in te grated mag neto-biostratigraphic frame work for the
Lower Tri as sic of the north east ern mar gins of the Cen tral Eu ro -
pean Ba sin (Fig. 1).

GEOLOGICAL SETTING

Dur ing the Tri as sic the study area was lo cated north-east of
the Mid-Pol ish Trough, i.e. in the lo cal sub si dence cen tre of the
Pol ish Ba sin. The ba sin be longs to the east ern part of the Cen -
tral Eu ro pean Ba sin (CEB; Fig. 1) – an epicontinental ba sin that 
orig i nated in the Early Perm ian due to ther mal sub si dence of
the con ti nen tal crust af ter the Variscan orog eny (e.g., Dadlez et
al., 1995; Bachmann et al., 2008; Pha raoh et al., 2010). Its main 
depocentres stretched NW–SE (e.g., Cen tral Graben, Dan ish
and Mid-Pol ish troughs) or NNE–SSW (e.g., the main de pres -
sions in north Ger many and the Neth er lands, e.g., Ziegler,
1990; Fig. 1). The Mid-Pol ish Trough and the Dan ish Trough
de vel oped in the bor der zone of two large tec tonic struc tures
(units), the Variscan West Eu ro pean Plat form and the Pre cam -
brian East Eu ro pean Craton, the crys tal line base ment of which
formed the Fennoscandian High lim it ing the CEB to the north
(Fig. 1; Dadlez et al., 1995). The main sub si dence phase of the
CEB and its Pol ish part took place in the Perm ian to Early Tri as -
sic (Dadlez et al., 1995; Pha raoh et al., 2010). Tec tonic in ver -
sion of the Mid-Pol ish Trough dur ing the late Cre ta ceous and
early Paleogene, in duced by the col li sion of Eur asia and Af rica,
ter mi nated the de vel op ment of the Pol ish Ba sin (Dadlez et al.,
1995; Dadlez and Marek, 1997; Krzywiec, 2006; Pha raoh et al., 
2010). The ba sin was filled al ter nately with ter res trial clastic and 
ma rine car bon ate de pos its, de pend ing on the state of the con -
nec tion with the Tethys Ocean to the south or bo real oce anic
realm to the north. The Lower Tri as sic infill con sists mostly of
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Fig. 1. Palaeo ge ogra phy of the Cen tral Eu ro pean Ba sin of the Early Tri as sic with its main tec tonic struc tures 
(af ter Ziegler, 1990, mod i fied), lo cal ity of the re search area and of the bore holes in ves ti gated
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ter res trial to very shal low ma rine clastic de pos its up to 2000 m
in thick ness in the ba sin cen tre. The thick ness de creases with
in creas ing dis tance to the depocentre, and does not ex ceed
400 m in the re gion of north east ern Po land (Dadlez et al., 1998;
Bachmann et al., 2010). The study area is lo cated within a part
of the ba sin en croach ing onto the mar gins of the Pre cam brian
East Eu ro pean Craton.

The Mid dle and Up per Buntsandstein sec tion of the north -
east ern Po land is com posed of the Lidzbark, Malbork and
Elbl¹g for ma tions (Szyperko-Œliwczyñska, 1979; Szyperko-
 Teller, 1997; Becker et al., 2008; Fig. 2). To the west and south
of the study area the up per most part of the Buntsandstein is
formed by a car bon ate-clastic for ma tion (c.-cl. f.), not in cluded
into the Elbl¹g Fm. The Mid dle Buntsandstein con sists of the
Lidzbark and Malbork for ma tions and the Up per Buntsandstein
of the Elbl¹g For ma tion and in some re gions of the car bon -
ate-clastic for ma tion. Each for ma tion con sti tutes one large
scale fin ing-up ward suc ces sion.

Ac cord ing to Szyperko-Œliwczyñska (1979), the Lidzbark
For ma tion in the study area is com posed of grey, green-grey to
vi o let-grey and vi o let-brown cal car e ous mudstones with in ter -
ca la tions or laminae of lime stone. Sandy in ter vals are con cen -
trated at the base of the unit, but con sti tute only a sub or di nate
com po nent. In the Bartoszyce IG 1 bore hole these oc cur at
depths of 987.9–1049.2 m (Szyperko-Œliwczyñska, 1979;
Fig. 3). Within the for ma tion, hor i zon tal and leticular lam i na tion
in mudstones was ob served, high lighted by streaks of marl or
marly lime stone. Root traces, fish re mains as well as lenses or
cracks filled with ooids oc cur within the suc ces sion. Lime stone
in ter ca la tions are mostly <0.5 m thick, reach ing 2 m. They are
rep re sented by sandy oo lites with flaser mudstone lam i na tion.
The sand stones are very fine grained to silty, flaser or hor i zon -
tal lam i nated, cal car e ous. The Lidzbark For ma tion oc curs at

2005.0–2072.0 m depth in the Nidzica IG 1 bore hole (Szyper -
ko- Œliwczyñska, 1979; Fig. 4). It is de vel oped as de scribed
above though with a greater amount of sandy-oolitic in ter vals
through out the suc ces sion (Szyperko-Œliwczyñska, 1979) and
with more pro nounced flaser, wavy and leticular lam i na tion,
rare anhydrite nod ules and ero sive basal sur faces of thicker
sandy beds (CBDG, 2008).

The Malbork For ma tion of north east ern Po land is formed by 
red to red-brown cal car e ous mudstones with sub or di nate sandy 
in ter ca la tions that are con cen trated in the low er most part of the
suc ces sion (Szyperko-Œliwczyñska, 1979). In the Bartoszyce
IG 1 bore hole, where it oc curs at 898.0–987.9 m depth (Fig. 3),
mudstones are hor i zon tally lam i nated or structureless, very
rarely rip pled and bear clay intraclasts or cal car e ous nod ules.
Plant and fish re mains oc cur oc ca sion ally. Siltstone or
fine-grained sand stone in ter ca la tions are mostly grey and of ten
mot tled. Rare marl in ter ca la tions oc cur. The for ma tion was de -
scribed from 1962.0–2005.0 m depth in the Nidzica IG 1 bore -
hole (Szyperko-Œliwczyñska, 1979; Fig. 4). It con sists of sandy
mudstones, mostly red, partly var ie gated, with sand stone in ter -
ca la tions con cen trated in the low er most part of the for ma tion,
partly cross-lam i nated (CBDG, 2008).

The low er most part of the Elbl¹g For ma tion is mostly grey,
sandy and con glom er atic; it is over lain by red mudstones and
fine-grained sand stones (Szyperko-Œliwczyñska, 1979). In the
Pas³êk IG 1 bore hole it oc curs at 1090.0–1170.0 m depth
(Szyperko-Œliwczyñska, 1979; Fig. 5). It starts with light grey
sandy con glom er ates built of marl and do lo mite clasts up to
7 cm across, which are over lain by a mudstone suc ces sion with
very fine sand stone in ter ca la tions, grey at the bot tom and pale
red in its up per part. Root traces, plant re mains and fish plates
are oc ca sion ally pres ent. The coarser bot tom de pos its are
cross-strat i fied, whereas a mas sive struc ture dom i nates in the
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Fig. 2. Stra tig ra phy of the Mid dle and Up per Buntsandstein of northeast ern Po land
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Fig. 3. Mid dle Buntsandstein sec tion of the Bartoszyce IG 1 bore hole with the main re sults of the pres ent stud ies to gether 
with ear lier biostratigraphic re sult

Lithostratigraphy af ter Szyperko-Œliwczyñska (1979)
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Fig. 4. Mid dle and Up per Buntsandstein sec tion of the Nidzica IG 1 bore hole
with the main re sults of the pres ent stud ies

Lithostratigraphy af ter Szyperko-Œliwczyñska (1979), li thol ogy af ter
Szyperko-Œliwczyñska (1966) and CBDG (2008); explanations as in Figure 3
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fine-grained part of the for ma tion. The Up per Buntsandstein
suc ces sion of the Nidzica IG 1 bore hole can be sub di vided into
its lower part (depth 1916.0–1962.0 m) built of fine-grained
sand stones, and its up per part (depth 1895.0–1916.0) where
mudstones, rarely in ter ca lated with thin lime stone beds, dom i -
nate (Fig. 4). The lower part is dis tinctly thicker than the up per
one (CBDG, 2008). Calacareous con glom er ates of pedogenic
or i gin are reg u larly interbedded within the suc ces sion (CBDG,
2008). The up per part was rec og nized as “Röt” by
Szyperko-Œliwczyñska (1979), and fur ther de scribed as in for -
mal car bon ate-clastic for ma tion (c.-cl. f.; Szyperko-Teller,
1997).

Strati graphic zonations for the Buntsandstein suc ces sion of
north east ern Po land were de vel oped by Fuglewicz (1980) and
Marcinkiewicz (1992) on the base of megaspores and by
Or³owska-Zwoliñska (1984) on the base of miospores. Styk
(1982) pro vided an ostracod zonation with out age in ter pre ta -
tion. Chronostratigraphic dat ing of megaspore zones was
mostly pro vided us ing cor re la tion with the best dated
microspore zonations (e.g., Marcinkiewicz, 1992). Only a few
sec tions of north east ern Po land have been in ves ti gated in
terms of microspore anal y sis (Or³owska-Zwoliñska, 1984). No
re sults have been pub lished from the Bartoszyce IG 1, Pas³êk
IG 1 and Nidzica IG 1 bore holes, which gave the ra tio nale for
the pres ent stud ies.

Three megaspore zones have been dis tin guished within the 
Mid dle and Up per Buntsandstein sec tion of the re gion: the
Trileites polonicus Zone ex tend ing from the Lidzbark to the low -
er most Malbork For ma tion, the Talchirella daciae Zone oc cur -
ring in the Malbork For ma tion and the Trileites validus Zone
cor re spond ing to the Elbl¹g For ma tion (Marcinkiewicz, 1992;
Fig. 2). The megaspore zone Trileites polonicus has been de -
tected within the up per most Lidzbark Fm. of the Nidzica IG 1
bore hole and the low er most Malbork Fm. of Bartoszyce IG 1
(Marcinkiewicz, 1992, Figs. 3 and 4) and the Trileites validus
Zone has been de ter mined in the lower Elbl¹g Fm. of Nidzi -
ca IG 1 (Marcinkiewicz, 1992; Fig. 4).

Or³owska-Zwoliñska (1984) iden ti fied the Densoisporites
nejburgii miospore Zone within the Lidzbark Fm. and found no
miospores within the Malbork Fm. The Elbl¹g For ma tion com -
prises a microspore as sem blage cor re spond ing to the
Voltziaceaesporites heteromorpha Zone (Or³owska-Zwoliñska,
1984; Fig. 2). As men tioned above, miospore zones have not
been re ported from the bore holes in ves ti gated up to now.

The ostracod zones have shown the wid est strati graphic
range, which makes them un suit able for de tailed geo log i cal re -
con struc tions. Nev er the less, two zones have been es tab lished: 
of Lutkevichinella mazurensis, ex tend ing from the Lower to the
Mid dle Buntsandstein, sub di vided into the L. mazurensis
Subzone be low and the Darvinula goldapi Subzone above; and
the Cytherissinella crispa Zone, char ac ter iz ing the Up per
Buntsandstein (Styk, 1982; Senkowiczowa, 1997; Figs. 2–4).
An ostracod as sem blage cor re spond ing to the Lutkevichinella
mazurensis Zone has been rec og nized in the Bartoszyce IG 1
and Pas³êk IG 1 sec tions, ex tend ing from the Lower
Buntsandstein up to the up per most Malbork Fm. (Styk, 1974,
1982; Fig. 3). Within the up per most Up per Buntsandstein of the 
Nidzica IG 1 sec tion an as sem blage rep re sent ing the
Cytherissinella crispa Zone was de tected (Styk in Szyperko-
 Œliwczyñska, 1979; Fig. 4). The chronostratigraphic in ter pre ta -
tion of the biostratigraphic re sults showed that the Mid dle
Buntsandstein of north east ern Po land cor re sponds to the
Olenekian (Marcinkiewicz et al., 2014 and ref er ences therein;
Fig. 2). The Up per Buntsandstein was placed less pre cisely
around the Olenekian-Anisian bound ary (Marcinkiewicz et al.,
2014).

As noted above, un til now magnetostratigraphy has been
ap plied only in west ern and cen tral Po land (Nawrocki, 1997;
Nawrocki et al., 2003; Becker and Nawrocki, 2014).

MATERIAL AND METHODS

PALYNOSTRATIGRAPHY

32 sam ples from the Bartoszyce IG 1 core in ter val of
892.48–1045.75 m were ex am ined, of which 15 yielded
palynological ma te rial (Figs. 3 and 6). The rock ma te rial was
treated with HF ac cord ing to the method de scribed by
Or³owska-Zwoliñska (1983). For quan ti ta tive anal y sis 200
palynomorphs were counted per slide. Only in very sparse
spec tra were all palynomorphs counted.

MAGNETOSTRATIGRAPHY

50 mudstone sam ples, ori ented as re gards way-up, were
taken from the Bartoszyce IG 1 core sec tion: 22 from the
Lidzbark Fm. and 28 from the Malbork Fm. (Fig. 3). 12 sam ples
were col lected from the Elbl¹g Fm. of the Pas³êk IG 1 sec tion

Fig. 5. Up per Buntsandstein sec tion of the Pas³êk IG 1
bore hole with the main re sults of the pres ent stud ies

Lithostratigraphy af ter Szyperko-Œliwczyñska (1979); 
explanations as in Figure 3
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Fig. 6. Oc cur rence of se lected palynomorphs in the Mid dle Buntsandstein of the Bartoszyce IG 1 bore hole

For li thol ogy see Figure 2



(Fig. 5). In ves ti ga tions into the Nidzica IG 1 bore hole were
made on 40 sam ples from the depth in ter val of
1894.0–2025.0 m (Fig. 4).

Two cu bic spec i mens of 8 cm3 vol ume were cut off from
each sam ple from the Bartoszyce IG 1 and Pas³êk IG 1 cores,
yield ing 124 spec i mens for palaeomagnetic stud ies. At least
two cy lin dri cal spec i mens were cored and cut off from each
sam ple of the Nidzica IG 1 bore hole.

Mag netic sus cep ti bil ity was mon i tored us ing a KLY-2 sus -
cep ti bil ity bridge for each spec i men sub jected to stepwise de -
mag ne ti za tion in an MMTD1 oven up to tem per a tures at or be low 
680°C. The nat u ral remanent mag ne ti za tion (NRM) of spec i -
mens was mea sured us ing a JR6A mag ne tom e ter on the
Bartoszyce IG 1 and Pas³êk IG 1 spec i mens, or a JR5 spin ner
mag ne tom e ter on Nidzica IG 1 sam ples. Com po nents of nat u ral
remanent mag ne ti za tion (NRM) for the Nidzica IG 1 spec i mens
were cal cu lated us ing the soft ware de vel oped by Lewandowski
et al. (1997), based on prin ci pal com po nent anal y sis (Kirshvink,
1980), and for the Bartoszyce IG 1 and Pas³êk IG 1 spec i mens
us ing the Remasoft 3.0 soft ware (AGICO, Brno, Chadima and
Hrouda, 2006). Di a grams rep re sent ing the re sults were pre pared 
us ing Remasoft 3.0 soft ware. Mag netic po lar ity was in ter preted
us ing the re li abil ity cri te ria of Nawrocki (1997).

RESULTS

PALYNOSTRATIGRAPHY

Sev enty palynomorph taxa which com prise spores, pol len
grains and al gae were iden ti fied in the sam ples from the
Bartoszyce IG 1 bore hole (Ap pen dix 1*). Two spore-pol len as -
sem blages were dis tin guished: as sem blage I at 974.68–977.78 m 
depth and as sem blage II  at 1014.91–1024.51 m depth (Figs. 3
and 6).

ASSEMBLAGE I

Characteristics: The as sem blage is dom i nated by spores
(50–70% of the spec tra in the sam ples ana lysed), mainly of the
lycopsid spores Densoisporites nejburgii (Fig. 7A–C). Less
com monly, fern spores of the Cyclotriletes (Fig. 7E–G),
Punctatisporites (Fig. 7H) gen era oc cur, as well as lycopsid
spores of the spe cies Densoisporites playfordii (Fig. 7D) and
Endosporites papillatus (Fig. 7I, J) and the ge nus Kraeuseli -
sporites (Fig. 7K). These are ac com pa nied by in di vid ual spores
of the ferns Guttatisporites (Fig. 7L) and Verrucosisporites
(Fig. 7M), the equisetalean spores Calamo spora (Fig. 7N, O),
and the moss spores Sphagnumsporites (Fig. 7P). Pol len
grains (30–50% of the spec tra ex am ined) are strongly dom i -
nated by co ni fer pol len of Alisporites (Fig. 7R), Lunatisporites
(Fig. 7S–U) and Protohaploxypinus (Fig. 8A, B). Pteridosperm
pol len of Platysaccus (Fig. 8C, D), the co ni fer pol len Brachy -
saccus ovalis (Fig. 8E) and Angustisulcites grandis (Fig. 8F) as
well as cycadalean pol len of Cycadopites (Fig. 8G, H) are abun -
dant. These are ac com pa nied by rare co ni fer pol len of the gen -
era Klausipollenites, Lueckisporites (Fig. 8I), Striatoabietites,
Triadispora (Fig. 8J) and Sphaeri pollenites (Fig. 8K), as well as
gnetacean pol len of Ephedripites sp. (Fig. 8L). Al gae (1–2% of
the spec tra) are rep re sented mainly by the Schizosporis
(Fig. 8M) and Reduviasporonites. In ad di tion, a few un de ter -
mined forms were found (Fig. 8N–P).

Oc cur rence: depth 974.68 m, 976.99 m and 977.78 m;
Malbork Fm., Mid dle Buntsandstein (Figs. 3 and 6).

ASSEMBLAGE II

Char ac ter is tics: The as sem blage is strongly dom i nated by 
co ni fer pol len (60–90% of the spec tra ex am ined), whereas
spores are less abun dant (10–40%). The lat ter are rep re sented 
mainly by lycopsid spores of the Densoisporites (Fig. 9A, B),
Kraeuselisporites (Fig. 9C–H) and Lundbladispora (Fig. 9I, J)
gen era, as well as Cyclotriletes fern spores (Fig. 9K). Rel a tively
nu mer ous oc cur rences of spores in tet rads is a char ac ter is tic
fea ture of this as sem blage (Fig. 9H, L). Spec i mens of
Lunatisporites (Fig. 9M-U) are most abun dant among the pol len 
(40–60% of the spec tra ex am ined), whereas pol len of Proto -
haploxypinus (Fig. 10A–C), Alisporites (Fig. 10E), Platy saccus
(Fig. 10F), Angustisulcites (Fig. 10G, H) and Cycado pites oc cur 
less abun dantly. They are ac com pa nied by in di vid ual pol len of
Klausipollenites (Fig. 10I), Striatoabietites, Lu eckisporites
(Fig. 10D) and Triadispora (Fig. 10J, K), as well as mono- and
polysaccate pol len (Fig. 10L).

Oc cur rence: depth 1014.91 m, 1015.88 m, 1016.46 m,
1017.74 m, 1018.80, 1019.72 m, 1021.58 m, 1023.82 m and
1024.51 m; Lidzbark Fm., Mid dle Buntsandstein (Figs. 3 and 6).

Com par i sons and cor re la tions: Both as sem blages rep re -
sent the Densoisporites nejburgii Subzone of the Densosipo -
rites nejburgii Zone dis tin guished by Or³owska-Zwoliñska
(1977, 1984, 1985; Fig. 2) in the mid dle part of the Mid dle
Buntsandstein (Olenekian), al though a sig nif i cant dom i nance
of striatite co ni fer pol len in as sem blage II sug gests af fin ity to the 
older Lundbladispora obsoleta–Protohaploxypinus pantii Zone
(e.g., Fija³kowska, 1994a, b). This as sem blage also con tains a
few miospores char ac ter is tic of the youn ger Voltziaceaespo -
rites heteromorpha Zone, such as Guttatisporites sp., Lappo -
sisporites sp., Angustisulcites sp. and Microcachryidites sp.
(e.g., Or³owska-Zwoliñska, 1984, 1985), that makes it sim i lar to
the nejburgii–heteromorphus Zone rec og nized in the South ern
Alps and Transdanubian Mts. in the Tethyan realm (e.g.,
Nowak et al., 2018); how ever, the in dex spe cies Voltzia -
ceaesporites heteromorphus Klaus was not found.

MAGNETOSTRATIGRAPHY

The NRM is mostly car ried by he ma tite with un block ing tem -
per a tures >600°C in spec i mens from the Bartoszyce IG 1 and
Pas³êk IG 1 bore holes. In spec i mens from Nidzica IG 1 this tem -
per a ture was >550°C but it was im pos si ble to de fine it pre cisely
be cause of a sub stan tial in crease in mag netic sus cep ti bil ity,
some times as so ci ated with the for ma tion of an ar ti fi cial com po -
nent of remanent mag ne ti za tion. This phe nom e non was most
prob a bly con nected with high tem per a ture ox i da tion of some clay
min er als to mag ne tite while heat ing the sam ples in air. Ex am ples
of de mag ne tiz ing di a grams for sam ples of nor mal and re versed
po lar ity are shown in Fig ures 11–13. Po lar ity in ter pre ta tion ad e -
quate for magnetostratigraphy was achieved for 60% of spec i -
mens from the Bartoszyce IG 1 sec tion (Fig. 14), 71% of spec i -
mens from the Pas³êk IG 1 sec tion (Fig. 15) and 72% of Nidzica
IG 1 spec i mens (Fig. 16). One of the prob lems was the lack of ori -
en ta tion of sam ple tops, es pe cially from the Pas³êk IG 1 core,
caused by poor core pres er va tion. For tu nately, in most cases the
vis cous low-tem per a ture com po nent of NRM was pres ent in the
sam ples stud ied. We as sumed its re cent or i gin and con se quently
this mag ne ti za tion is di rected to the bot tom of sam ple. Re sults
achieved from each bore hole are shown in Fig ures 14–16. Sim pli -
fied po lar ity logs show ing lo cal zones are com pared with other
data on Fig ures 3–5.
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* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1533

https://gq.pgi.gov.pl/article/view/8366
https://gq.pgi.gov.pl/article/downloadSuppFile/26358/3744
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Fig. 7. Miospores from the Mid dle Buntsandstein (Malbork Fm.) of the Bartoszyce IG 1 bore hole (As sem blage I)

A–C – Densoisporites nejburgii (Schulz) Balme; D – D. playfordii (Balme) Dettmann; E – Cyclotriletes microgranifer Mädler; F –
C. oligogranifer Mädler; G – C. triassicus Mädler; H – Punctatisporites triassicus Schulz; I, J – Endosporites papillatus Jansonius; K –
Kraeuselisporites sp.; L – Guttatisporites elegans Visscher; M – Verrucosisporites pseudomorulae Visscher; N – Calamospora tener
(Leschik) de Jer sey; O – C. sp.; P – Sphagnumsporites sp.; R – Alisporites cymbatus Venkatachala, Beju et Kar; S – Lunatisporites gracilis
(Jansonius) Fija³kowska; T – L. noviaulensis (Leschik) Scheuring; U – L. pellucidus (Goubin) Helby; A, F, G, L, M, P, R, S – depth 974.68 m;
B, C, E, H, I, K, U – depth 976.99 m; D, J, N, O, T – depth 977.78 m; scale bar 10 µm
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Fig. 8. Palynomorphs from the Mid dle Buntsandstein (Malbork Fm.) of the Bartoszyce IG 1 bore hole (As sem blage I)

A – Protohaploxypinus jacobii (Jansonius) Hart; B – P. samoilovichii (Jansonius) Hart; C – Platysaccus leschiki Hart; D – P. papilionis
Potonié et Klaus; E – Brachysaccus ovalis Mädler; F – Angustisulcites grandis (Freudenthal) Visscher; G – Cycadopites coxii Visscher; H –
C. follicularis Wil son et Web ster; I – Lueckisporites sp.; J – Triadispora sp.; K – Sphaeripollenites plicatus Or³owska-Zwoliñska; L –
Ephedripites sp.; M – Schizosporis sp.; N, O, P – ?al gae; A, B, D, E, G, H, L, M, P – depth 974.68 m; C, F, I, J, K, M, N, O – depth 976.99 m; L,
P – depth 977.78 m; scale bar 10 µm, E – 25 µm
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Fig. 9. Miospores from the Mid dle Buntsandstein (Lidzbark Fm.) of the Bartoszyce IG 1 bore hole (As sem blage II)

A, B – Densoisporites nejburgii (Schulz) Balme; C, D – Kraeuselisporites apiculatus Jansonius; E – Kraeuselisporites cf. cuspidus Balme;
F–  Kraeuselisporites cf. ullrichi Reinhardt et Schmitz; G – K. sp.; H – tetrad of Lapposisporites sp.; I, J – Lundbladispora obsoleta Balme; K –
Cyclotriletes microgranifer Mädler; L – Punctatisporites triassicus Schulz; M – Lunatisporites acutus Leschik; N – L. alatus (Klaus)
Scheuring; O – L. gracilis (Jansonius) Fija³kowska; P – L. hexagonalis (Jansonius) Fija³kowska; R – L. microsaccatus Fija³kowska; S – L. cf.
mul ti plex (Visscher) Scheuring; T – L. noviaulensis (Leschik) Scheuring; U – L. transversundatus (Jansonius) Fija³kowska; A, E, L – depth
1015.88 m; B, C, D, F, G, I, J, K, O, P, R, S – depth 1024.51 m; H, M, T – depth 1014.91 m; N, U – depth 1023.82 m; scale bar 10 µm
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The two up per most sam ples of the Bartoszyce IG 1 bore -
hole show re versed po lar ity, com pos ing the first re versed po lar -
ity lo cal zone (B-R1) within the up per most Malbork Fm.
(Fig. 14). Within the un der ly ing 40 m of the pro file the sam ples
show mostly nor mal po lar ity or the po lar ity was un de ter min able. 
Only in one sam ple was re versed po lar iza tion de tected. This
suc ces sion forms the first lo cal nor mal po lar ity zone (B-N1) lo -
cated in the up per Malbork Fm. with one short re versed
subzone (B-N1-r). All sam ples from the depth in ter val
946.9–1048.3 m show re versed po lar ity or the po lar ity was not
de ter mi na ble. They form the sec ond lo cal re versed po lar ity
zone (B-R2) en com pass ing the lower Malbork and all of the
Lidzbark for ma tion (Figs. 3 and 14). Most re sults were in ter -
preted as first cat e gory of re li abil ity af ter the cri te ria of Nawrocki
(1997; Fig. 14).

Within the Elbl¹g For ma tion of the Pas³êk IG 1 bore hole, 9
sam ples de liv ered re sults en abling po lar ity in ter pre ta tion
(Fig. 15). Five of them, lo cated in the up per most part of the for -
ma tion, show re versed po lar ity (re versed lo cal zone P-R1,
Figs. 5 and 15). Three sam ples from the mid dle part of the for -
ma tion and one from the lower part of it show nor mal po lar ity
(nor mal lo cal zone P-N1). Most of the po lar i ties were in ter -
preted as first re li abil ity class, though 4 of these were de tected
in re versed core sam ples (Figs. 12 and 15).

The up per most sam ple from the Up per Buntsandstein sec -
tion of the Nidzica IG 1 bore hole (Fig. 16) shows re versed po -
lar ity of first re li abil ity class. This sug gests the oc cur rence of a
re versed po lar ity in ter val (as sum able N-R1? lo cal zone). The
next 4 sam ples in ter preted show nor mal po lar ity and compriset
the first nor mal lo cal po lar ity zone N-N1. Be cause of the low
qual ity of the re sults (only one re sult of first re li abil ity class) zone 
N-N1 has to be con sid ered with cau tion. The lower part of the
Up per Buntsandstein shows a chang ing po lar ity pat tern. Lo cal
zones N-R2, N-N2, N-R3 and N-N3 were dis tin guished. The
nor mal lo cal zone N-N3 con tin ues down to the base of the
Malbork For ma tion of the Mid dle Buntsandstein. The sam ples
from the up per Lidzbark For ma tion show re versed po lar ity and
form the low er most lo cal re versed zone N-R4. Eigh teen of the
33 re sults in ter preted were of the first cat e gory of re li abil ity af ter
the cri te ria of Nawrocki (1997; Figs. 13 and 16). In all sam ples
from the Bartoszyce IG 1 and Pas³êk IG 1 bore holes the char -
ac ter is tic com po nent of NRM was dis closed in a wide range of
de mag ne tiz ing tem per a tures start ing from 300°C. Be cause of
this and be cause lin ear seg ments of the or thogo nal di a grams
were di rected to the cen tre of the Zijderveld di a grams we in -
ferred that the Tri as sic char ac ter is tic com po nents of NRM iso -
lated in the Nidzica IG 1 bore hole are cred i ble de spite in com -
plete de mag ne ti za tion (Fig. 16).

Fig. 10. Miospores from the Mid dle Buntsandstein (Lidzbark Fm.) of the Bartoszyce IG 1 bore hole (As sem blage II)

A, B – Protohaploxypinus pantii (Jansonius) Or³owska-Zwoliñska; C – Protohaploxypinus samoiolovichii (Jansonius) Hart; D –
Lueckisporites virkkiae Potonié et Klaus; E – Alisporites sp.; F – Platysaccus leschiki Hart; G – Angustisulcites grandis (Freudenthal)
Visscher; H – A. klausi Freudenthal; I – Klausipollenites sp.; J – Triadispora crassa Klaus; K – T. sp.; L – aff. Crucisaccites sp.; A, D, – depth
1021.58 m; B, C, E, H, J, K, L – depth 1024.51 m; F – depth 1014.19 m; G – depth 1015.88 m; I – depth 1023.82 m; scale bar 10 µm
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Fig. 11. De tails of ther mal de mag ne ti za tion of spec i mens from 
the Mid dle Buntsandstein of the Bartoszyce IG 1 borehole

A – nor mal po lar ity, depth 938.2 m, Malbork Fm.; B – re versed
po lar ity, depth 973.8 m, Malbork Fm.; C – po lar ity al lo ca tion not

pos si ble, depth 1019.2 m, Lidzbark Fm.

Fig. 12. De tails of ther mal de mag ne ti za tion of spec i mens from the Up per Buntsandstein (Elbl¹g Fm.) of the Pas³êk IG 1 bore hole

A – re versed po lar ity, depth 1090.91 m; B – nor mal po lar ity, depth 1127.88 m
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Fig. 13. De tails of ther mal de mag ne ti za tion of spec i mens from the Up per and Mid dle Buntsandstein 
of the Nidzica IG 1 bore hole

A – re versed po lar ity, depth 1922.0 m (Elbl¹g Fm.), B – nor mal po lar ity, depth 1968.0 m (Malbork Fm.)

Fig. 14. Magnetostratigraphic anal y sis of the Mid dle Buntsandstein of the Bartoszyce IG 1 bore hole

Dotted line for sam ples means spec i mens with out in ter pre ta tion of the pri mary in cli na tion; categories of po lar ity data 
af ter Nawrocki (1997); for li thol ogy see Figure 3
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Fig. 15. Magnetostratigraphic anal y sis of the Up per Buntsandstein of the Pas³êk IG 1 bore hole

Dotted line for sam ples means spec i mens with out in ter pre ta tion of the pri mary in cli na tion; categories of po lar ity
data af ter Nawrocki (1997); for li thol ogy see Figure 5; other ex pla na tions as in Fig ure 14

Fig. 16. Magnetostratigraphic anal y sis of the Mid dle and Up per Buntsandstein of the Nidzica IG 1 bore hole

Dot ted line for sam ples means spec i mens with out in ter pre ta tion of the pri mary in cli na tion; cat e go ries 
of po lar ity data af ter Nawrocki (1997); for li thol ogy see Fig ure 4; c.-cl. f. – car bon ate-clastic for ma tion; 

other ex pla na tions as in Fig ure 14
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DISCUSSION

Ac cord ing to the re sults of palynostratigraphic anal y sis, the
Densoisporites nejburgii Zone, D. nejburgii Subzone (PII) oc curs
within the suc ces sion dis cussed (Or³owska-Zwoliñska 1984,
1985). The Densoisporites nejburgii Zone was de fined in west ern 
Po land as the to tal range of D. nejburgii (Or³owska- Zwoliñska,
1977, 1984). The zone stretches there through the whole Mid dle
Buntsandstein as e.g. in the Gorzów Wielkopolski IG 1 and Otyñ
IG 1 bore holes (see Fig. 17). The zone was sub di vided into three
subzones (from bot tom to top): D. nej bur gii– Acritarcha, D.
nejburgii and D. nejburgii– Cyclo verru triletes presselensis
(Or³owska-Zwoliñska, 1984). The low er most subzone oc curs in
the lower to mid dle part of the Mid dle Bunt sandstein of west ern
Po land. The D. nejburgii Subzone was de ter mined in the mid dle
to up per part of the sub group and the third subzone is char ac ter -
is tic of the up per Mid dle Buntsandstein of west ern Po land (see
Fig. 17). In north east Po land only the D. nejburgii Subzone was
de tected within the lower to mid dle part of the Mid dle
Buntsandstein by Or³owska-Zwoliñska (1984), as well as in this
study (Fig. 17). This is sig nif i cantly nearer the base of the Mid dle
Buntsandstein sub group than in the west ern part of the ba sin. A
sim i lar po si tion within the Mid dle Buntsandstein sec tion of NE
Po land is oc cu pied by the Trileites polonicus Zone, co-oc cur ring
with the D. nejburgii Subzone in the Pol ish ba sin (Marcinkiewicz,
1992; Marcinkiewicz et al., 2014). This sug gests that Mid dle
Buntsandstein sed i men ta tion started in west ern Po land one
palynological subzone ear lier than at the north east ern ba sin mar -
gin. On the other hand the two palynological as sem blages rec og -

nized in Bartoszyce IG 1 as the D. nejburgii Subzone are slightly
dif fer ent. The lower as sem blage shows some sim i lar i ties to the
Volziaceaesporites heteromorpha or nejburgii–he tero morphus
zones, known re spec tively from the ma rine Up per Buntsandstein 
of the Pol ish ba sin and from the South ern Alps and
Transdanubian Mts. of the Tethyan realm (Or³owska- Zwoliñska,
1984; Nowak et al., 2018). The pres ence of the al gae
Schizosporis and Reduviasporonites in the lower D. nejburgii as -
sem blage of the Bartoszyce IG 1 bore hole may in di cate the
acritarch acme de fin ing the D. nejbur gii–Acritarcha subzone of
west ern Po land. Ad di tion ally, the as sem blage dis cussed lies be -
low the T. polonicus macro spore Zone in Barto szyce IG 1 as
could be ex pected for the low er most subzone of the D. nejburgii
Zone. On the other hand, there is a co-oc cur rence of the Trileites
polonicus–Pu su losporites po pulo sus megaspore Zone with both 
subzones, of D. nejbur gii– Acri tarcha and D. nejburgii, in the
Gorzów Wielko polski IG 1 bore hole (Fig. 17). The T. poloni -
cus–P. po pulosus Zone of Fuglewicz (1980) cor re sponds to the
un di vided Trileites polo nicus and Talchirella daciae zones of
Marcinkiewicz (1992). This dem on strates that co-oc cur rence of
the T. po lonicus Zone with the low er most subzone of the D. nej -
burgii Zone is pos si ble and this may be the case in the study area 
as well. Un equiv o cal def i ni tion of the palynological zones and
subzones of north east ern Po land will need fur ther in ves ti ga tions.

The Mid dle Buntsandstein suc ces sion of the Bartoszyce
IG 1 bore hole can be sub di vided into two main palaeomagnetic
lo cal zones: a lower zone of re versed po lar ity (B-R2) and an up -
per zone of nor mal po lar ity (B-N1; Fig. 14). The bound ary be -
tween both main lo cal zones is lo cated within the mid dle

Fig. 17. Biostratigraphy of the Buntsandstein of northeast ern Po land and its cor re la tion to the Otyñ IG 1 
and Gorzów Wielkopolski IG 1 sec tions of west ern Po land

Lithostratigraphy af ter Szyperko-Œliwczyñska (1979), Or³owska-Zwoliñska (1977), and Feldman-Olszewska (2014),
biostratigraphy af ter Styk (1974, 1982), Fuglewicz (1979, 1980), Szyperko-Œliwczyñska (1979), Or³owska-Zwoliñska 
(1977, 1984), and Marcinkiewicz (1992); re sults of this study are high lighted with thicker line; for lo cal ity see Fig ure 1



Malbork Fm., which means that nor mal po lar ity is char ac ter is tic
of the up per part of the Mid dle Buntsandstein. Such a pat tern
cor re sponds well to the magnetostratigraphic scale of west ern
Po land in which the magnetozones Tbn6 and low er most Tbn7
have been de fined within the up per Mid dle Buntsandstein
(Fig. 18; Nawrocki, 1997). The lower Mid dle Buntsandstein is
dom i nated by re verse po lar iza tion of the up per most part of the
Tbr3 magnetozone and Tbr4–Tbr5 magnetozones (Fig. 18;
Nawrocki, 1997). A sim i lar magnetostratigraphic pat tern is also
known from Ger many (Menning and Käding, 2013: fig. 6.7.4
therein). The bound ary be tween the in ter val of pre dom i nant re -
versed po lar iza tion and of pre dom i nant nor mal po lar iza tion de -
picted in the Bartoszyce IG 1 bore hole has been cor re lated with
the bound ary of the Tbr5 and Tbn6 zones of west ern Po land.
The rel a tively low pre ci sion of po lar ity in ter pre ta tion did not al -
low sep a ra tion of the Tbn6 and Tbn7 zones. Thus, the whole
nor mally po lar ized suc ces sion was de fined as an un di vided
Tbn6–Tbn7 zone. The lo cal B-R1 zone could be cor re lated ei -
ther with the stan dard zone Tbr6 or with the re versed subzones
oc cur ring within the stan dard Tbn7 zone of west ern Po land
(Fig. 18). The palynostratigraphic Densoisporites nejburgii

Zone, D. nejburgii Subzone (PII) is con nected with the bound -
ary in ter val be tween the re versely and nor mally po lar ized parts
of the Mid dle Buntsandstein in west ern Po land (Or³owska-
 Zwoliñska, 1977, 1984; Nawrocki, 1997; Becker and Nawrocki,
2014). The base of the D. nejburgii Subzone (PII) lies within the
up per most Tbr5 magnetozone, whereas the base of the en tire
D. nejburgii Zone (PI-PIII) lies within the up per most Tbr3
magnetozone in the Gorzów Wielkopolski IG 1 sec tion
(Or³owska-Zwoliñska, 1977; Becker and Nawrocki, 2014). The
lo cal B-R2 magnetozone can also be cor re lated with the Tbr5
stan dard magnetozone or with the suc ces sion of the Tbr3 to
Tbr5 magnetozones, con sid er ing the dis put able strati graphic
in ter pre ta tion of the lower palynomorph as sem blage.

Only a few re sults from the Elbl¹g Fm. of the Pas³êk IG 1
have al lowed a po lar ity in ter pre ta tion. Nev er the less, those
achieved from the lower part of the for ma tion show nor mal po lar -
ity, whereas oth ers ob tained from its up per part in di cate re versed 
po lar ity. This cor re sponds well with the stan dard scale. The lower 
and mid dle Up per Buntsandstein of west ern Po land shows
mainly nor mal po lar ity and be longs to the Tbn7 magnetozone,
whereas the up per part is mainly re verse mag ne tized (Tbr7
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Fig. 18. In te grated mag neto- and biostratigraphic cor re la tion of the Buntsandstein of northeast ern and west ern Po land

Magnetostratigraphy of west ern Po land af ter Nawrocki (1997) and Becker and Nawrocki (2014), miospore zones of Otyñ IG 1 and Gorzów
Wlkp. IG 1 af ter Or³owska-Zwoliñska (1977, 1984), T. polonicus megaspore Zone af ter Marcinkiewicz (1992); for lo cal ity see Figure 1

https://gq.pgi.gov.pl/article/view/9321
https://gq.pgi.gov.pl/article/view/9321
https://gq.pgi.gov.pl/article/view/9321
https://gq.pgi.gov.pl/article/view/9321
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magnetozone, Fig. 18; Nawrocki, 1997). De spite the lack of po -
lar ity data within the lower Elbl¹g Fm. of the Pas³êk IG 1 it is
highly prob a ble that the sec tion can be in cluded into the com pos -
ite Tbn6–Tbn7 zone. The re versed lo cal zone P-R1 of the up per -
most Elbl¹g Fm. (Fig. 15) would be in ter preted as the Tbr7 zone
(Fig. 18). Re sults achieved from the Nidzica IG 1, dis cussed be -
low, strengthen such an in ter pre ta tion.

A sim i lar pat tern of po lar ity changes within the Mid dle and
Up per Buntsandstein sec tion has been de tected in the Nidzica
IG 1 sec tion. The lower part of the Mid dle Buntsandstein shows
re versed po lar ity (lo cal zone N-R4), whereas the up per part of
the sub group is nor mally mag ne tized (lo cal zone N-N3). The
bound ary be tween both zones is lo cated in the low er most
Malbork For ma tion, i.e. dis tinctly nearer the base of the for ma -
tion than in the Bartoszyce IG 1 sec tion. The low er most, re -
versely mag ne tized part of the Malbork Fm. de tected in the lat -
ter sec tion is lack ing in the Nidzica IG 1 bore hole, which sug -
gests a strati graphic gap, as sug gested al ready by Szyperko-
 Œliwczyñska (1979: fig. 5 therein). Such an in ter pre ta tion is sup -
ported by the thick ness dif fer ence of the for ma tion, which is sig -
nif i cantly thicker in Bartoszyce IG 1 than in Nidzica IG 1. The oc -
cur rence of the megaspore Trileites polonicus Zone in both sec -
tions (Marcinkiewicz, 1992), in ad di tion to the palaeo magnetic
re sults given in this pa per, en ables an other in ter pre ta tion. The
Trileites polonicus Zone co in cides in both sec tions with the up -
per part of the re verse mag ne tized suc ces sion of the Mid dle
Buntsandstein. But, it lies within the Lidzbark Fm. in Nidzica
IG 1 in con trast to Bartoszyce IG 1, where the zone is lo cated
within the Malbork Fm. (see Figs. 3, 4 and 17). This al lows the
con clu sion that the up per most Lidzbark Fm. of Nidzica IG 1 is a
lat eral equiv a lent of the low er most Malbork Fm. of the
Bartoszyce IG 1 sec tion. A strati graphic gap at the base of the
Malbork Fm. in the Nidzica IG 1 sec tion can not be con firmed.
Nev er the less, con sid er ing the mar ginal po si tion of the study
area within the Buntsandstein ba sin, the pres ence of strati -
graphic gaps is very pos si ble in gen eral.

The pre dom i nant part of the Up per Buntsandstein of
Nidzica IG 1 is char ac ter ized by nor mal po lar ity (Fig. 16: lo cal
zone N-N3, be gin ning in the Mid dle Buntsandstein, and zones
N-N2 and N-N1). The up per most sam ple from the Elbl¹g Fm.
showed re versed po lar ity, which pos si bly points to a po lar ity
change de tected in Pas³êk IG 1 as well, and also known from
west ern Po land (the Tbr7 zone of Nawrocki, 1997). Fur ther in -
ves ti ga tion should show if the re versed po lar ity con tin ues
up-sec tion, form ing a magnetozone, or not. The re sults of the
Nidzica IG 1 bore hole showed the pres ence of a long nor mal
po lar ity zone stretch ing from the up per part of the Mid dle
Buntsandstein to wards the up per Up per Buntsandstein, which
cor re sponds very well with the stan dard scale of west ern Po -
land and which can be cor re lated with the un di vided
magnetozone Tbn6–Tbn7. No cor re la tion of the re versed lo cal
zones N-R3 and N-R2 with the stan dard scale can be pro -
posed. Within the long nor mally mag ne tized suc ces sion of
Tbn6–Tbn7 zones, Nawrocki (1997) de fined a short re versed
zone Tbr6, and a re versed subzone above it. A re versed
subzone has also been de tected in a sim i lar po si tion in
Bartoszyce IG 1. This re cord in di cates re peated short ep i sodes
of po lar ity changes. An even more com pli cated po lar ity pat tern
was dem on strated by Szurlies (2007) for the Ger man part of the 
ba sin, who found 9 short re versed in ter vals (zones, subzones
or un de fined re ver sals) within the analoguous, pre dom i nantly
nor mally po lar ized CG8n to CG11n suc ces sion. He was not
able to cor re late any of the Ger man short re versed in ter vals
with the Pol ish Tbr6 zone. It seems that the lo cal zones N-R3
and N-R2 are lo cated higher in the strati graphic re cord than the
Tbr6 zone, when the palynostratigraphic prox ies are con sid -
ered. The re versed zone N-R3 of Nidzica IG 1 co-oc curs with

the Trileites validus megaspore Zone (Marcinkiewicz, 1992),
which cor re sponds with the mid dle to up per part of the Tbn7
magnetozone in Otyñ IG 1 (Figs. 17 and 18; Marcin kiewicz,
1992; Nawrocki, 1997). The base of re versed zone Tbr7 is lo -
cated just above the top of the T. validus Zone in the same
bore hole. The base of the lo cal N-R2 zone is lo cated di rectly
above the top of T. validus Zone in the Nidzica IG 1 bore hole.
Thus, the N-R2 zone may cor re late with the Tbr7 stan dard
magnetozone. Sum ma riz ing, the base of stan dard Tbr7 zone
can be cor re lated in the Nidzica IG 1 bore hole ei ther with the
base of the N-R2 lo cal zone or with the base of the ten ta tive
N-R1? re ver sal, lo cated only slightly higher. The doc u mented
oc cur rence of nu mer ous short ep i sodes of re versed po lar ity in
the part of the strati graphic sec tion dis cussed ad di tion ally im -
pedes pre cise cor re la tion. The lo cal zone N-R4 can be cor re -
lated with the Tbr5 stan dard zone based on the cor re la tion of
the Trileites polonicus Zone of Marcinkiewicz (1992) be tween
the Nidzica IG 1, Bartoszyce IG 1 and Otyñ IG 1 bore holes.

CONCLUSIONS

Com bined palynological and palaeomagnetic in ves ti ga tions 
on the Lower Tri as sic Buntsandstein sec tions of northeast ern
Po land have al lowed con struc tion of a more de tailed chrono -
strati graphic frame work.

The two palynomorph as sem blages of the lower Lidzbark
For ma tion and of the low er most Malbork For ma tion can be cor -
re lated with the Densoisporites nejburgii Zone, D. nejburgii
Subzone (PII). The lower as sem blage might cor re late with the
D. nejburgii–Acritarcha Subzone (PI).

The palynostratigraphic re sults sug gest diachronity of the
base of the Mid dle Buntsandstein be tween west ern and north -
east ern Po land. The de po si tion of the Mid dle Buntsandstein
would start one palynomoprh subzone later in north east ern Po -
land than in the west ern part of the Pol ish Ba sin. De vel op ing a
more pre cise frame work of palynostratigraphic zones and
subzones in NE Po land will test this con clu sion.

The po lar ity pat tern of the sec tions in ves ti gated in north -
east ern Po land cor re late well with the stan dard magneto -
stratigraphic scale from west ern Po land, de spite the marked
thick ness dif fer ences of the sec tions.

A long nor mal mag netic po lar ity zone con tain ing two small
re versed lo cal magnetozones was de tected within the up per
Malbork For ma tion and in the lower and mid dle Elbl¹g For ma -
tion, which can be cor re lated with the un di vided Tbn6–Tbn7
magnetozone of the stan dard scale (Nawrocki, 1997). Lo cal re -
versed zones and subzones are in cor po rated into the nor mal
po lar ity in ter val, as in west ern Po land and Ger many.

The magnetostratigraphic re sults sup port a pos tu lated
quasi-isochroneity of the lithostratigraphic units of the Lower
Tri as sic within the Pol ish Ba sin, which may be caused by a very
high sed i men ta tion rate in the Early Tri as sic and a very shal low
depth of the en tire ba sin as ex pected at a time of very high sub -
si dence rate. Nev er the less, the bound aries of the units can not
serve as marker ho ri zons be cause they may be diachronous as 
dem on strated for the base of the Malbork Fm. and pos si bly the
base of the Mid dle Buntsandstein.

The base of the com bined Tbn6–Tbn7 magnetozone is a
good marker ho ri zon through out the ba sin. Use ful ness of its top 
needs to be tested by fur ther re search. The magneto -
stratigraphic cor re la tion showed that the up per Mid dle Bunt -
sandstein and the lower Röt for ma tion of the north west ern
Fore-Sudetic Homocline (~250 m in thick ness), the up per
Po³ czyn For ma tion and the lower Barwice For ma tion of north -
west ern Po land (~400 m in thick ness), as well as the Malbork
For ma tion and the lower Elbl¹g For ma tion of north east ern Po -
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land (~100 m in thick ness) were de pos ited syn chro nously (see
Fig. 18).

A strati graphic gap be tween the Lidzbark and Malbork for -
ma tions in ferred by Szyperko-Œliwczyñska (1979) in the
Nidzica IG 1 bore hole can be only partly sup ported based on
magnetostratigraphic cor re la tion. Com bi na tion of the cur rent
magnetostratigraphic re sults with the pub lished biostratigraphy
al lowed documention of lat eral changes in parts of both for ma -
tions, in con trast to a pre vi ously in ter preted large strati graphic
gap be tween them.
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