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The Permian/Triassic boundary in the Polish Basin
in the light of paleomagnetic data

Magnetostratigraphic studies were carried out 1o verify the sedimentological and lithostratigraphical
Zechstein/Buntsandstein boundary in the Polish Basin. Samples were {aken from three boreholes: Brojce
IG 1, Mszczondw 1G 1 and Jaworzna IG 1. Both boundaries fall within the zone of normal magnetization,
which includes the uppermost part of the Top Terrigenous Series or the Rewal Formation. The results of
paleomagnetical, sedimentological and palynological studies shows that the Baltic Formation of the Lower
Buntsandstein may be correlatable with the Lower Griesbachian.

INTRODUCTION

The Permian/Triassic boundary has been intensively studied for years however no
agreement has been reached in choosing a stratotype section. Therc are several
proposals for defining this boundary, the two most considered are:

1. The beginning of the Griesbachian or the bottom of the Otoceras beds (E. T.
Tozer, 1988).

2. The boundary between the Lower and Upper Griesbachian or between the
Gangetian and Ellesmerian (H. Kozur, 1989).

These differing proposals arise from divergent ideas concerning the evolutional
development of the biostratigraphically impertant fossils and their uneven distribu-
tion. This is a result of the great extinction at the end of the Paleozoic and the
worldwide regression. The regression caused fragmentation of the epicontinental
marine habitats and a strong endemism of their faunas. Thus there is paucity of
profiles at the Permian/Triassic boundary with continuous marine sedimentation and
rich biotic documentation.
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Fig. 1. The investigated boreholes on the background of synthetic litholacies map of the Zechslein 4 (alter
R. Wagner, 1988, simplified)

1—eroded land area; 2— area of terrigenous sedimentation — Rewal Formation, Top Terrigenous Series
(primary extent); 3 — area of marine evaporitic sedimentation (primary extent); 4 — arca of land evaporilic
sedimentation

Badane otwory wiertnicze na lle syntetyczne] mapy litofacjalng) czwartego cyklotemu cechszlyfiskiego
(wedtug R. Wagnera, 1988, uproszczone)

1 —erodowane obszary ladowe; 2 — obszar sedymentacji terygenicznej — [ormacja rewalska, siropowa seria
lerygeniczna (zasicg pierwolny); 3 — obszar morskiej sedymentacji ewaporylowej (zasi¢g pierwolny); 4 —
obszar sedymentacji ewaporytdw kontyncntalnych

Definition of the Permian/1'riassic boundary in the Central European Basin is even
more difficult, because the boundary lies among the red terrigenous deposits, which
contain only poor microflora, Several methods: sedimentological, geochemical, gee-
chronological, palynological and paleomagnetic were applied in order to elaborate
the stratigraphical framework for these beds. This paper presents the report on
magnetostratigraphic investigations, which complemented and verified the results of
previous attempts to define the Permian/Triassic boundary using other methods.

Three boreholes were studied: one from the axial (Brojee [G 1) and two from the
peripheral part of the Polish Basin (Mszczondw IG 1, Jaworzna IG 1) — Fig. 1. They
are attributed to the uppermost Zechstein (Rewal Formation and the Top Terrige-
nous Series) and the lowermost Buntsandstein (Baltic Formation) — Tab. 1.
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PERMIAN/TRIASSIC BOUNDARY IN POLAND

At the end of the Zechstein evaporite sedimentation, salts with intercalations of
red siltstones and mudstones (zuber facies) were formed in the narrow sedimentary
basin in the central part of the Pelish Through (Fig. 1). This basin was a salt lake (G.
Czapowski, 1990) which was continuously retreating and finally disappeared (R.
Wagner, 1987b, 1991). At the margins of this basin there was a broad belt of red
terrigenous sebkha sedimentation, interdigitating with fluvial and aeolian deposits
(G. Pienkowski, 1989, 1991). As the salt Jake retreated, the progradation of the
terrigenous series towards the central part of the basin occurred, consequently clastic
sedimentation replaced the evaporites. The thickness of the terrigenous series varies
up to 120 m (approximately 20-40 m). They overlay the various members of the
Zechstein evaporites. The age of the underlying salts increascs 1owards the marginal
parts of the basin and so do the stratigraphical gap.

In previcus studies the terrigenous series were either attributed to the Lower
Buntsandstein or to the uppermost Zechstein as “Permian/Triassic transition beds”
or “boundary series”. Finally they were included within the Zechstein as the Top
Terrigenous Series — PZt (R. Wagner et al., 1978) — Table 1.

The Baltic Formation, attributed 1o the Lower Buntsandstein (A. Szyperko-Sliw-
czyfiska, 1979), overlies the Top Terrigenous Series. In the NW of Poland the Rewal
Formation (A. Szyperko-Teller, 1982; R. Wagner, 19874, 1988) was distingu- ished as
the equivalent of the Top Terrigenous Series. The boundaries between these lithos-
tratigraphical units were not always easy to identify and their ages uncertain. The
Rewal and the Top Terrigenous Series were included in the uppermost Permian
together with the evaporites of the uppermost Zechstein, however, there were no
biostratigraphical premises for that interpretation. Therefore, enly the problem of the
[1thostratigraphical Zechstein/Buntsandstein boundary was considered.

Palynological studies enabled estimation of the age of the uppermost Zechstein
and the lowermost Buntsandstein — the Baltic Formation. The miospore assemblage
characteristic for the uppermost Permian with Lueckisporites virkkiae NC and NBc,
according to Visscher’s palynodem, together with Adcritarcha microplankton, was
found in the lower part of the Top Terrigenous Series (27 m above the PZ4a
evaporites) of the Piotrkéw IG 1 borehole (SE part of the Zechstein basin). A similar
assemblage was found in the Zechstein evaporites of PZ4 and PZ4c cyclothems (8.
Dybova-Jachowicz et al.,, 1984). At the same time a rich assemblage of miospores
Lundbladispora obsoleta — Frotohaploxypinus pantii was encountered in the lower
part of the Baltic Formation (also in the paleomagnetically studied Mszczonéw 1G 1
borehole) — T. Orlowska-Zwolifiska (1984). The miospores are identical with the
Protohaploxypinus association of E Greenland, described by B. E. Balme (1979) and
S. Piasecki (1984), from the Lower Griesbachian beds containing the Otoceras am-
Momnites.

The results of the palynological investigations proved the Upper Permian age of
the PZAb and PZAc Zechstein subcyclothems and the lower part of the Top Terrige-
nous Series (PZt). They also confirmed that the Baltic Formation of the Lower Bunt-
sandstein may be correlated with the Lower Griesbachian of E Greenland, belonging
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Fig.2. Examples of intensity decay curves of saluration remanence during heating; bothsamples with hematile
(a) and magnetite remanence carrier (b) were taken [rom Mszczonéw 1G 1 borehole

Prryktady krzywych spadku pozostalo§ci magnetycznej nasycenia z biegiem wygrzewania; obydwie préby z
hemalytowym (a) i magnetytowym (b) noénikiem pozosiato$ci magnetycznej pobrano z olworu wiertniczego
Mszczondw IG 1

to the lowermost Triassic according to E. T. Tozer (1986, 1989). These results
indicated the possibility of the identification of the Permian/Triassic boundary in the
Central European Basin.

Detailed sedimentological studies (G. Piefikowski, 1989, 1991) revealed, that the
Top Terrigenous Series and the Rewal Formation originated as continental deposits,
while the Baltic Formation was deposited in an aquaous basin, where action took
place. Sedimentological premises, the occurrence of Acritarcha microplankton (Mi-
crhystridium, Verychachium, Leiosphaeridium) and occurrence single menoserial fora-
minifers suggest a marine environment (G. Piefikowski, 1989). A new,
sedimentologically defined boundary between the Top Terrigenous Series (Rewal
Formation) and the Baltic Formation was established and replaced the old, lithostrati-
graphical one. This new boundary was presumed to be very close to the Permian/
/Triassic boundary, because of possible genetic links with global events. Worldwide
regression, at the end of the Permian, may correspond to the continental sedimenta-
tion of the uppermost Zechstein (Pilawa Formation, Rewal Formation, Top Terrige-
nous Series). In the lowermost Triassic global transgression took place in the Gtoceras
concavum—Otoceras woodwardi Zones. This event may correspond to the transgressive
deposits of the Baltic Formation in the Polish Basin. Palynological arguments seem
to confirm the synchronicity of these events.
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MAGNETIC POLARITY AT THE PERMIAN/TRIASSIC BOUNDARY

The magnetostratigraphic record of the Permian—Triassic transition beds is still
insufficiently known. The boundary between the Paleozoic and the Mesozoic falls
within the [llawarra Paleomagnetic Interval of mixed polarity (M. W. McElhinny, P.
J. Burek, 1971). The beginning of the Hlawarra interval (Illawarra reversal) marks the
end of the long, reversed-polarity Kiaman Epoch (E. Irving, L. G. Parry, 1963). The
[llawarra reversal was identified in the uppermost Permian of Australia (R. A. Facer,
1981), in the Tatarian of the Russian Platform (D. M. Pechersky, A. N. Khramov,
1973), in the Ochoan of the North America (A. E. Nairn, D. N. Peterson, 1973) and
in the Upper Rotliegendes in Western Europe (W. Dachroth, 1976; M. Menning et
al., 1988). A contradiciory point of view was presented by C. Haichong et al. (1991).
According to their studies of Chinese and Pakistan profiles, the end of the Kiaman
Epoch falls at the boundary between the Lower and Upper Permian (Guadelupian,
Kazanian). The recent investigations in China (M. Steiner et al., 1989; F. Helleret al,,
1988; P. L. McFadden et al., 1988) proved, that the last stage of the Permian (Chang-
sing) falls above the Illawarra reversal. World scale biostratigraphic correlation of the
Permian/Triassic boundary has not yet been completed (M. Steiner et al,, 1989).
Biogeographical provincionalism, predominantly continental deposits with poor
biotic documentation, numerous stratigraphical gaps and variable sedimentation rates
mean, that magnetostratigraphic correlation within the Illawarra mixed polarity in-
terval is far from complete. The number of normal polarity zones within the uppermost
Permian is disputed. In China and Russia there are three (D. M. Pechersky, A, N.
Khramov, 1973; M. Steiner et al,, 1989), whereas in Germany up to eight zones have
been distinguished (W. Dachroth, 1976).

SAMPLING AND LABORATORY METHCDS

A total number of 205 hand samples from three boreholes were studied: Brojce
IG 1 (62 samples), Jaworzna IG 1 (%0 samples), Mszczondw [G 1 (53 samples). These
boreholes are located in various parts of the Polish Basin. The samples were oriented

Fig. 3. Results of thermal demagnetization (orthogonal projections, intensity decay curves and stereographic
prajections of demagnetization paths) for four selected group (see lext) of paleomagnetic specimens

Open (solid) eircles on the stereonet represent upper (lower) hemisphere directions; frm — the intensity of
the remanent magnetization after thermal treatment; /i — the indensity of the NRM; X,Y and Z — the
planes of the projection (the units on 1he axes are 107 A/m)

Rezultaty termicznego rozmagnesowania (projekcje ortogonalne, krzywe spadku nateiefi oraz projekcje
stereograficzne $cieiek rozmagnesowania) dia czterech wyréinionych (patrz tekst) grup probek paleomag-
netycznych

Kotka puste (zamalowane) na sialce reprezentujg kierunki na gémej (dolnej) péhsferze; frm — naigzenie
pozostato$ci magnetyczne} pe danym siopniu rozmagnesowania; Inrm — natedenie NRM, X, Y i Z —
plaszczyzny projekeji (jednostki na osi wyrazone w 10™ A/m)
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upwards-downwards only. Thus their polarity was determined by inclination of reman-
ent magnetization in relation to the axis of the cores. The expected Permian/Triassic
inclination of paleomagnetic direction in the studied region is 30° (E. Irving, G. A.
Irving, 1982).

Samples were eut with a diamond drill in ¢ylindrical specimens, 25 mm diameter
and 22 mm height. 3-5 specimens were oblained from each sample. Thermal demag-
netization up to 680°C was carried ont in a non-magnetic oven. NRM was measured
with a JR-4 spinner magnciometer. Magnetie susceplibility was monitored by means
of ax — bridge KLY-2.J. L. Kirschvink’s (1980) algorithm was applied {or stafistical
calculations. Magnetic minerals were delermined using the thermomagneltic methed.
We were not able to carry out any test on the age of magnetization (P. Turner, 1980;
J. P. Hodyeh et al., 1985). We assume, that the component of the highest blocking
temperature is primary. Repeatability of the polarity changes in the investigated
profiles leads us to assume, that the characleristic magnetization originated nearly
synchronously with the deposition of the sediment.

DEMAGNETIZATION EXPERIMENTS

Thermal demagnetization and the structure of magnetization of the rocks studied
was reported in a separate paper (J. Grabowski, J. Nawrocki, 1991), thus the descrip-
tion of demagnetization results and interpretation methods will be mentioned very
briefly.

Hematite is the main NRM carrier in red sandstones (Fig. 2a). Grey sandstones
and limestones contain magnetite as the magnetic mineral (Fig. 2b). NRM intensites
range from 1 to 196 mA/m, and were usually higher in the case of red samples with
hematite.

A secondary component of very steep inclination (70~90°) occurred in most sam-
ples. This component is sometimes very resistant to thermal demagnetization and it
dominates the NRM at temperatures as high as 650°C. M. Menning et al. (1988)
interpreted it as remagnetization resulting from the pressure of the overlying rocks.

In comparing the course of demagnetization paths four groups of samples can be
distinguished: .

1. Samples with magnetite as the NRM carrier. The secondary component is
demagnetized at 300-350°C. At higher temperatures a decrcase in the inclination of
the NRM vector was observed and above 400°C the direction was stabilized (Fig. 3a).

2. Hematite bearing samples, where the NRM was a single compaonent vector of
expected Permian/Triassic inclination (Fig. 3b).

3. Hemalite bearing samples, where the secondary component was relatively soft
and was completely removed at a maximum temperature of 450°C. Above this tem-
perature alow inclination component was obscrved. Its intensity amounts to 25% of
the initiat NRM (Fig. 3¢).

4. Hematite bearing samples with a very hard secondary component. The initial
NRM directions revealed very steep inclinations, which decreased very slowly during
thermal demagnetization. Sometimes, steep inclinations were observed. Flattening of
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Fig. 4. Brojce 1G 1, Jaworzna IG 1 and Mszczonéw IG 1 boreholes

The lithological profiles with sedimentological and lithostratigraphi-
cal boundaries between Zechstein and Bontsandstein deposits (a);
characleristic inclinations (b) and magnetic polarity scales (¢, d) and
the category of reliability of polarity intcrpretation (c) is indicated by
length of bars: longest bars {irst category, medium bars — second
category, shortesl bars — third category (see text); 1 — rock salls, 2
— anhydrites, 3 — siltstones and claystones, 4 — siltstones, 5 —
siltstones with anhydrite coneretions, 6 — strongly lime siltstones, 7
—sandy siltstones, 8 —sandstoncs, 3 —sandy limestones with oolites,
10 — limestones, 11 — dolomiles, 12 — polarity of paleomagnetic
direction (a — normal, b — reversed, c — uncertain}, 13 — oolites 14
— microplankion {(Acritarcha), 15 — miospores (Lundbledispora ob-
soleta —Protohaploxypinus pantii Zone), 16 — lithostratigraphical
boundary, 17 -— sedimentological boundary (T — transgressive sur-
face afier G. Picfikowski, 1989), 18 — magnetostratigraphic boundary
Otwory wiertnicze Brojce 1G 1, Jaworzna'IG 1 oraz Mszczonéw [G 1
Profile litologiczne z sedymentologiczna | litosiratygraficzna granica
miedzy osadami cechsztynu i pstrego piaskowea (a); inklinacie charak-
terysiyczne (b) oraz skale polarno$ci magnetycznej (c, d) i kategerie
wiarygodnofci interpretacji polarnofci magnetycznej (c) oznaczono za
pomocy Zréznicowanej dtugosci stupkdw: stupki najdiuzsze — katego-
ria pierwsza, stupki posredniej dtugofci — kategoria druga, stupki
najkrélsze — trzecia kalegoria (patrz tekst); 1 — sole kamicnne, 2 —
anhydryty, 3 — mulowce | itowce, 4 — mulowce, 5 — mulowce 2
konkrecjami anhydrytowymi, 6 — ilowce silnie zawapnione, 7 —
mulowce zapiaszczone, 8 — piaskowce, 3 — wapienie piaszezyste z

.0olitami, 10 — wapienie, 11 — dolomity, 12 — polamo&é kierunku

paleomagnetycancgo (a — normalna, b — odwrotna, c — nieokrefio-
na), 13 — oolity, 14 — mikroplankton (Aeritarcha}, 15 — miospory
(poziom Lundbledispora obsoleta-FProtohaploxypinus pantii), 16 —
granica litostratygraficzna, 17 — granica sedymentologiczna (T —
powierzchnia transgresywna wedtug G. Piefikowskiego, 1989), 18 —
granica magnetostratygraficzna
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the inclinations took place in the temperature range 600-670°C and the presumed
Permian/Triassic component amountcd to only a few percent of the initial NRM
intensity (Fig. 3d).

POLARITY INTERPRETATION

Magnetostratigraphic profiles of the three investigated sections were constru-
cted (Fig. 4). 158 samples were selected for the polarity interpretation. They were
divided into three categories, depending on the reliability and the mode of interpre-
tation of the characteristic direction:

1. Samples, conlaining at Jeast two specimens, where the characteristic direction
was calculated as the fitted line (J. L. Kirschvink, 1980). The mean direction, calculated
from two or more fitted lines, revealed good internal homogeneity (ags < 30°).

2. Samples, containing at least 1wo specimens, where the characteristic direction
was calculated as the stable end direction and good internal homogeneity of the mean
sample direction was observed (ag; < 307).

3. Samples containing only one $pecimen, where the characteristic direction was
calculated either as the fitted line or the stable end direction.

Synthetic magnetostratigraphic profiles were constructed using the data from the
first and second categories of samples.

DISCUSSION OF RESULTS

The lower boundary of the Baltic Formation was distinguished, by applying sedi-
mentological criteria (G. Pienkowski, 1989). In the Brojee 1G 1 and Mszczondw 1G 1
profiles it falls within the lower part of the normal polarity zone. In the Jaworzna 1G
1 profile this boundary lies at the transition from reversed 10 normal polarity (Fig. 4).
The duration of the polarity zones (normal or reversed), observed in the Per-
mian/Triassic transition beds, was about one million years (M. Menning, in press).
Thus it may be concluded that the marine transgression, indicating the bottom of the
Baltic Formation, was a relatively rapid event and may be treated as a chronostrati-
graphic horizon in the Polish Basin. This application may be limited in the marginal
parts of the basin, where several stratigraphic gaps occur and genetic interpretation
of the sedimentary record is sometimes disputable (R. Wagner, 1988).

The Rewal Formation and the Top Terrigenous Series are regarded as the par-
tial equivalents of the Bréckelschiefer-Folge in Germany (R. Wagner, 1988). Paleo-
magnetic data seems 1o confirm this correlation, however, this conclusion is only
tentative. Palcomagnetic investigations have been carried out only in the Wolfshagen
profile (eastern part of the Rhine Slate Mts.) and Palatinate (W. Dachroth, 1976).
According to the author, the Bréckelschiefer deposits in Wolfshagen and the upper
part of the Annweiler Sandstone in Palatinate are predominantly reversely magnet-
ized. They may correlate with the reversed polarity zone covering the lower and middle
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part of the Rewal Formation and the Top Terrigenous Series (Fig. 5). W. Dachroth
(op. cit.) put the Permian/Triassic and the Zechstein/Buntsandstein boundary in the
bottom of the Brockelschiefer-Folge in Wolfshagen and in the upper part of Ann-
weiler Sandstone in Palatinate, We sugpest that boundary should, instead be put below
the Korbacher Sandstone and the Trifels-Schichten respectively, therefore, between
the Brackelschiefer-Folge and Gelnhausen-Folge (G. Richier-Bernburg, 1974). It
would then correspond to the boundary between the Zechstein and Buntsandstein in
NW Germany (G. Best, 1987).

It is not certain, whether our boundary is identical to the Permian/Triassic bound-
ary designated in the other basins. In the Canadian (J. G. Ogg, M. B. Steiner, 1991)
and Chinese (C. Haichong et al,, 1991) sections the sediments of lowermost Triassic
age (Lower Griesbachian) are also normally magnetized. However, a number of
normal polarity zones within the Permian part of the Illawarra interval is still un-
known, In spite of this, the biostratigraphical and sedimentological evidence appears
te confirm our correlations.

CONCLUSIONS

1. Most of the Zechstein/Buntsandstein transition beds in the Polish Basin (Top
Terrigenous Series and Rewal Formation) are reversely magnetized. Only the upper-
most part is normally magnetized. A similar polarity record had been obtained in the
equivalent rocks of the German Basin.

2. The lithostratigraphic boundary between the Zechstein and the Buntsandstein
lies within various parts of the zone of normal magnetization.

3. The sedimentological Zechstein/Buntsandstein boundary lies within the lower
part of the pormal magnetization zone.

4, The polarity change from reversed 10 normal lies in the vicinity of both boun-
daries and may be treated as the chronostratigraphic horizon for the correlation of the
Upper Permian/Lower Triassic rocks.

Fig. 5. Synthetic magnetostratigraphic scale for Zechstein and Lower Bundsandstein of Polish Basin (a) and
its correlation with the scale of Wolfshagen profile (SW Germany, W. Dachroth, 1976) (b) and general
magnelostratigraphic scale compilated by M. Menning (in press) (c), and scale obtaized from the Canadian
Arctic sections (J. G. Ogg, M. B. Steiner, 1991; simplified) (d)

In the sequence-stratigraphy simplified column; Ts — transgressive surface, H — transgressive or high stand
deposits, L — regressive or low stand deposits; in profile "a" a pari of Lower Permian scale obtained from
Pita 1G 1 borehole is presented

Synletyczna skala magnetostratygraficzna dla cechsztynu i dolnego psirego piaskowea basenu polskiego (a),
jej korelacja ze skalg otrzymang dla profilu Wolfshagen (SW Niemcy; W. Dachroth, 1976) (b), ogélna skala
magnetostratygraficzna zestawiona przez M. Menninga (w dnku) (¢), a takZe ze skala otrzymana z profili
arktyczne| czgéci Kanady (1. G. Ogg, M. B. Steiner, 1991, uproszczone) (d)

W kolumnie nawiazujacej do stratygrafii sekwencji: Ts — powierzchnia transgresywna, H — osady transgre-
‘sywne lub osady wysckich stanéw, L — csady regresywne lub osady niskich stanéw; na profilu "a" przedsta-
wiono cze$€ skali dolnopermskiej opartej na danych z otworu Pita IG 1
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5. The results of paleomagnetic, sedimentological and palynological studies show
that the Baltic Formation of the Lower Buntsandstein may be correlatable with the
Lower Griesbachian.
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GRANICA PERM/TRIAS W BASENIE POLSKIM
W SWIETLE DANYCH PALEOMAGNETYCZNYCH

Streszczcenije

Przedmiotem badar magnetostratygraficznych byly uitwory cechsziynu i dolnego psirego piaskowca z
owor6w Brojec 1G 1, Jaworzna 1G 1 oraz Mszczondw 1G 1. W ich elekcie stwierdzono, 2e:

— utwory wieficzace scdymentacj¢ cechszlyrfiskg (stropowa seria (crygeniczna) s3 namagnesowanc
przewaiajaco w kierunku odwrotnym;

— w slropie tych ulworéw nastepuje zmiana polarnoéci na normalng, dominujacg w osadach formacji
baltyckiej;

— granica litostratygraficzna migdzy cechsziynem a pstrym piaskoweem bascnu  polskiego lezy w
réznych miejscach zony normalnej;

— granica sedymentologiczna migdzy cechsztynem i psirym piaskowcem basenu polskiego lezy w dolnej
czesci zony normalnego namagnesowania;

— miejsce zmiany polamoéci z odwrolnej na normalna, kidre jest potoione w bliskim sasiedztwic
powyiszych granic, jest repcrem chronosiratygraficznym, kidry moie umoiliwi¢ korelacje utworbdw z
pegranicza permu i [riasu z réznych basenéw sedymentacyjnych.





