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Organic microfossil assemblages from the late Ediacaran rocks
of the Matopolska Block, southeastern Poland
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Jachowicz-Zdanowska M. (2011) — Organic microfossil assemblages from the late Ediacaran rocks of the Matopolska Block, southeast-
ern Poland. Geol. Quart., 55 (2): 85-94. Warszawa.

The results of palynological investigations of the oldest siliciclastic strata recognized in the Matopolska Block, situated in southeastern
Poland, within the Trans-European Suture Zone (TESZ), are summarized in this paper. Siliciclastic flysch-type rocks without
macrofossils have been encountered in over 1000 boreholes within the Matopolska Block, below Paleozoic, Mesozoic, and Cenozoic de-
posits of various ages (from Ordovician up Miocene). The lithostratigraphy of the pre-Ordovician basement in the Matopolska Block is
not fully known. Thin tuffs or tuffites layers have been found in many sections of these rocks. In some of the boreholes (e.g., Ksigz
Wielki IG 1), a late Ediacaran age has been determined for a tuffite interlayer of the rocks underlying Ordovician strata, by U-Pb dating of
zircons recovered from that tuffite, that indicated 549 £3 Ma. This article describes the palynology of samples from twelve selected pro-
files which contained recognizable organic microfossils, in various states of preservation. The associations recovered are dominated by
small spherical forms, without any ornamentation, belonging to the Leiosphaeridia, and by fossil cyanobacteria represented by straight
or coiled thread-like fragmentary specimens. Similar organic microfossil associations, with poorly differentiated species and genera, are
known from many late Ediacaran occurrences.
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INTRODUCTION

The majority of the organic microfossils encountered in
Neoproterozoic rocks, are phytoplankton composed of tiny al-
gae (acritarchs) and cyanobacteria (Moczydtowska, 2008a).
Despite their microscopic size, their participation in and impor-
tance for the evolution of the Earth’s biosphere was enormous
(Knoll, 1996). Those microorganisms were the very first or-
ganic matter mass producers, and at the same time, they consti-
tuted they initial link of the food chain. These primary organ-
isms were mostly photosynthetic, having contributed to the
change of an anaerobic atmosphere into an oxygenated one
(Jankauskas, 1989; Huntley et al., 2006; Sergeev, 2006).

Acritarchs are very often the only fossils within Precam-
brian rocks (an informal geochronological unit representing
over 90% of the Earth history). During the evolution of the old-
est phytoplankton, several significant stages, characterized by
the occurrence of morphologically differentiated assemblages,
have been noted (Sergeev, 2006; Gaucher and Sprechmann,
2009). These microorganism associations, appearing in succes-

sion within Tonian, Cryogenian, and Ediacaran strata, have
been used in practical stratigraphic division (Sergeev, 2006;
Veis et al., 2006; Grey, 2007; Gaucher and Sprechman, 2009).
Several turnovers of the marine phytoplankton assemblages,
observed within Neoproterozoic strata, were caused by global
climatic changes occurring during that time (Knoll, 2000;
Huntley et al., 2006).

The appearance of differentiated assemblages of large
Ediacaran acanthomorphs (ECAP - Ediacaran Complex
Acanthomorphs Palynoflora) has been recognized in many re-
gions: China (Zhang et al., 1998; Zhou et al., 2007), Siberia
(Kolosova, 1991; Moczydtowska et al., 1993; Moczydtowska,
2005; Vorob’evaet al., 2006, 2008, 2009), Scandinavia (Vidal,
1990) and Australia (Grey, 2005; Gaucher and Sprechmann,
2009; Fig. 1). In the last of these areas standard acritarchs hori-
zons have been defined (Grey, 2005, 2007) on the basis of dif-
ferent microfossils characterized by rich ornamentation and by
diameters often exceeding 500 um (Grey, 2005; Moczy-
dtowska, 2005).

In Ediacaran strata, just before the appearance of the char-
acteristic acanthomorphs (ECAP), there occur associations of
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Fig. 1. Precambrian organic microfossil assemblages

organic microfossils, dominated by spherical forms of the
Leiosphaeridia with diameters of up to several hundred mi-
crons (Gaucher et al., 2008). Those palynomorph associations,
called the Early Ediacaran Leiosphere Palynoflora (EELP)
(Fig. 1), appeared after the critical period of the Cryogenian
glaciations (635 — ca. 580 Ma; Grey, 2005, 2007; Gaucher and
Sprechmann, 2009).

In most regions, assemblages of large acanthomorphs,
known also as the Pertatataka microfossils, appeared about

580 Ma years ago, after the global glaciations of the snowball
Earth interval (Grey et al., 2003; Huntley et al., 2006). The only
exception were the assemblages described from Southern
China, where they appear in deposits dated at 635 +0.5 Ma
years (Zhou et al., 2007).

Disappearance of the characteristic Ediacaran microfossil
associations took place synchronously over all the regions dis-
cussed, before the appearance of the famous Ediacaran fauna,
about 555 Ma years ago (Grey, 2005). At that time, a drastic
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turnover of the palynoflora occurred that was followed by the
next crisis period. Morphologically differentiated associations,
with specimens up to several hundred microns in diameters
(large for microplankton), characterized by complicated orna-
mentation, were replaced by tiny, simple, spherical forms of the
late Ediacaran assemblages, called the Late Ediacaran
Leiosphere Palynoflora (LELP; Gaucher and Sprechmann,
2009). Numbers of sculptured acritarchs declined, and were re-
placed by small forms of Asteridium, Heliosphaeridium and
Comasphaeridium species only (Volkova, 1968, 1969a, b;
Jankauskas, 1989; Tiwari, 1999; Raevskaya, 2005). In the late
Ediacaran deposits, besides these, there are also these poorly
morphologically differentiated cyanobacterial assemblages
which survived the snowball Earth conditions (Moczydtowska,
2008a). Late Ediacaran microfloras, dated at 550-542 Ma, are
widely recognized, including examples from the East Euro-
pean Craton area, from the Redlino, Kotlin — Russia formations
(Sergeev, 2006), as well as from the Lublin Slope of the East
European Platform (EEP), adjacent to Matopolska Block
(Moczydtowska, 2008b).

GEOLOGICAL BACKGROUND

Two regional tectonic units have been distinguished within
southeastern Poland, and described as the Upper Silesian and the
Matopolska blocks (Buta and Jachowicz, 1996; Buta et al.,
1997). They are separated by the Krakéw-Lubliniec Fault Zone
(Figs. 2 and 3), and are located in the East European Craton fore-
land as a part of the Teisseyre Terrane Assemblage (TTA, Fig. 3;
Nawrocki and Poprawa, 2006; Zelazniewicz et al., 2009).

The Matopolska Block represents a tectonic unit of un-
known age (Cadomian? or Grampian; Pozaryski and Tomczyk,
1968; Pozaryski et al., 1992). Its northwestern, southern, and
southeastern boundaries are also not known. The southwestern
boundary of the Matopolska Block is demarcated by the pre-
cisely defined Krakdéw-Lubliniec Fault Zone at the contact
with the Upper Silesian Block (Buta et al., 2008). It is the best
defined extension of the unit, to date (Bula, 2000). Into the
Block, the Kielce part of the Holy Cross Mountains is included
(Pozaryski, 1990; Pozaryski et al., 1992). The northern bound-
ary of the Matopolska Block is demarcated, therefore, by the
Holy Cross Mountains Fault, the extension of which to the east
or the south-east, to Sandomierz, is still discussed (Buta and
Habryn, 2008). To the south-east of Sandomierz, it most proba-
bly continues to Lubaczéw, where it passes on to the territory
of Ukraine, together with the Matopolska Block (Fig. 3; Buta
and Habryn, 2008, 2011).

In the Matopolska Block, crystalline Precambrian base-
ment has not yet been encountered. The geophysical investiga-
tions results suggest that it may occur at the depths exceeding
10 km (Malinowski et al., 2005). The oldest Precambrian rocks
recognized within the Matopolska Block are clayey-muddy-
sandy deposits interbedded with conglomerates or sandy grav-
els. These rocks vary in colour from greyish-green, grey-ashen,
to cherry red-brownish, and are characterized by rhythmic
(turbidite), as well as by normal, grading that shows their flysch
character (Buta, 2000; Zelazniewicz et al., 2009).

These rocks have undergone strong diagenesis or only
slight metamorphism (anchimetamorphism). The bedding dips
vary between a few and 90°, with a predominance of steep dips
—above 50°. In some borehole cores, fold hinges are visible. In
places, clayey mudstone rocks have undergone phyllitisation
processes.

These rocks used to be considered as Precambrian (Riphean
and Vendian) or Early Cambrian in age (Samsonowicz, 1955;
Glowacki and Karnkowski, 1963; Pozaryski and Tomczyk,
1968; Jurkiewicz, 1975; Karnkowski, 1977; Kowalski, 1983;
Kowalczewski, 1990; Buta, 2000; Moryc and tydka, 2000).

In many sections of these strata from the Matopolska Block
area, thin layers of tuff or tuffite have been encountered. The age
of a tuffite interlayer from the rocks that underlie Ordovician
strata in the Ksigz Wielki IG 1 borehole has been determined.
U-Pb dating of zircons from that tuffite, yielded an age of 549
+3 Ma (Compston et al., 1995). Furthermore, the results of isoto-
pic studies (U-Pb SHRIMP 11 method) of zircon grains from pre-
sumed Ediacaran rocks, from several boreholes (including the
fossil-dated Zalasowa 1 profile), show a significant proportion of
zircon grains which grew in their parent rocks as whole crystals
(or their rims) between 720 and 550 Ma (Zelazniewicz et al.,
2009). These data clearly support the suggested late Ediacaran
age of the Matopolska Block flysch deposits.

The detailed characteristics of the Matopolska Block Pre-
cambrian rocks are discussed in a number of papers (Gtowacki
and Karnkowski, 1963; Glowacki et al., 1963; tydka and
Siedlecki, 1963; Jawor, 1970; Kicuta and Wieser, 1970; £.ydka,
1973; Jurkiewicz, 1975; Karnkowski, 1977; Kowalczewski,
1990; Moryc, 1992, 1996, 2006; Buta, 2000; Moryc and
tydka, 2000; Moryc and Jachowicz, 2000; Zelazniewicz et al.,
2009), in which their close similarities to the Vendian schists of
Dobrudja are noted (Glowacki and Karnkowski, 1963;
Zelazniewicz et al., 2009).

Such flysch-type rocks have been recognized in over 1000
boreholes, drilled in the area between Czestochowa and
Przemysl (Fig. 3). They occur below sedimentary rocks of vari-
ous ages, from Ordovician up to Miocene one (Buta and
Habryn, 2008; Buta, 2000).

The lower Paleozoic rocks of the Matopolska Block are
represented by clastic Cambrian rocks, and by clastic and car-
bonate rocks of Ordovician and Silurian age (Bula and
Habryn, 2008). Clastic Cambrian rocks occur in the northern
and eastern parts of the Matopolska Block, only (Buta and
Habryn, 2008; Jachowicz-Zdanowska, 2011). Their only sur-
face outcrops are in the Kielce region of the Holy Cross
Mountains, and further towards Stalowa Wola and Lubaczow
(Fig. 3; Dziadzio and Jachowicz, 1996; Kowalska et al., 2000;
Buta and Habryn, 2008, 2011; Jachowicz-Zdanowska, 2011).
Unfortunately, the Cambrian rocks have not been penetrated
drilling. Therefore, it has not been possible to determine their
tectonic position in relation to the Precambrian basement
rocks. Silurian and Ordovician strata have been preserved lo-
cally within the Matopolska Block. They are represented by
lithologically and facially differentiated clastic and carbonate
rocks that are unconformably overlie Precambrian or Cam-
brian rocks (Trela, 2006; Buta and Habryn, 2008).
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Fig. 2. Upper Ediacaran and lower Paleozoic schematic successions of the SW and SE parts
of the Malopolska Block with approximate stratigraphic ranges of palynologicaly productive boreholes

PALYNOLOGICAL INVESTIGATIONS

This paper summarises the existing information on the
microfloral assemblages encountered during the author’s stud-
ies of the oldest rocks of the Matopolska Block. During these
studies, several hundred samples of the flysch siliciclastic rocks
from the Matopolska Block have undergone detailed investiga-
tions in the search for Precambrian microflora suitable for
palynological determinations. Precambrian rocks have been
encountered in boreholes drilled in various Matopolska Block

areas, and at various depths, from several hundred to over three
thousand metres (Fig. 2 and Table 1). Those boreholes were
drilled by the Polish Oil and Gas Company for oil and gas ex-
ploration and were incompletely cored. Thus, only parts of the
profiles of those boreholes have been investigated.

The first palynological investigations of the Matopolska
Block oldest rocks were carried out in the 1960s and 1970s by
Jagiclska (Jagiclska, 1966; Jagielska in: Karnkowski and
Glowacki, 1961; Glowacki and Karnkowski, 1963; Glowacki et
al., 1963; Jaworowski et al., 1967; Kicula and Wieser, 1970;
Jurkiewicz, 1975; Karkowski, 1977). These recognized or-
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Table 1

Location of palynologicaly productive samples
with the|yr depth in each borehole

Intervals

Boreholes [m]

Okulice 2 2242.1, 2244.3, 2245.5, 2246.9
3680, 3842, 3849, 3898, 3903, 3957,
Zalasowa 1 3961, 3971, 4026, 4137, 4224, 4256,
4294, 4323, 4398, 4427

Stawiska 1 2205356, 5356, 3320, 3324, 3336
Radlna 2 2758, 2808, 2813
Lipnica 7 810, 815, 830
Lipnica 10 770
Lipnica 16 751
Lipnica 17 787
Cierpisz 2546.5, 2547.3, 2548.5, 2549.3, 2549.8
Jelna 1 1138, 1140
Tryncza 2 1749
Przemysl 237 2570-2573

ganic-walled microfossil assemblages in the rocks. Unfortu-
nately, the terminology then used, after Timofeev (1959), has not
been revised or correlated with that presently used in the
palynological literature. There was also little or no illustration of
the microfossils. Consequently, it is difficult to compare that in-
formation with the previous studies.

The present data were collected from siliciclastic
flysch-type rocks, from several tens of boreholes, located in
various Matopolska Block regions. So far, positive
palynological results have been obtained from twelve investi-
gated profiles only (Table 1 and Fig. 3).

Organic microfossils have not been found in the flysch
siliciclastic rocks from the many boreholes drilled in the north-
western part of the Matopolska Block (Zawiercie vicinity;
Fig. 3), probably because of the contact and regional metamor-
phism of those rocks (Buta, 2000; Zelazniewicz et al., 2009).

Organic microfossil assemblages, suitable for determina-
tions, have been documented in the following regions (and
boreholes) of the Matopolska Block (Table 1 and Fig. 3): in the
western part of the block (Okulice 2 borehole, Krakdw region);
in its southern part (Zalasowa 1, Stawiska 1 and Radlna 2 bore-
holes, Tarnéw region), as well as in its central part (5 bore-
holes: Lipnica 7, 10, 16, 17 and Jelna 1, situated to the east of
Mielec); in individual boreholes located to the west (Cierpisz 2
borehole) and to the north-east (Tryncza 2 borehole) of
Rzeszéw; and in the southeastern part of the block (Przemysl
237 horehole).

Samples chosen for analyses were macerated using stan-
dard methods (Wood et al., 1996). In most of the rock samples
investigated, a palynological residue with low or very low con-
tents of organic matter was obtained. Therefore, in order to rec-
ognize microflora suitable for determinations, planimetric
analyses of 10 standard microscopic slides (22 x 22 mm of the
area), were made. The only exceptions were samples from the
southern parts of the Matopolska Block (Zalasowa 1,
Stawiska 1, Radlna 2; Table 1 and Fig. 3), where distinctly
higher organic matter contents were found. That was seen in

the microscopic slides, clearly richer in organic microfossils
and in amorphous organic matter.

Palynological analyses of the samples investigated proved
the presence of poorly differentiated assemblages of or-
ganic-walled microfossils. Within these assemblages, simple
spherical forms with no ornamentation referred to species of
Leiosphaeridia, occur (Fig. 4). These single-walled forms be-
longing to the eukaryotic planktonic microalgae
(Moczydtowska, 2008a) are accompanied by filamentous
specimens, straight or coiled, being fragments of fossil
osillatoriacean cyanobacteria (Moczydtowska, 2008a, b). The
cyanobacterial genera are represented by specimens of
Siphonophycus Schopf, 1968; Obruchevella Reitlinger, 1959
and Eoschizothrix Seong-Joo and Golubic, 1999. Sporadically,
representatives of Eoenthophysalis Hofmann, 1976 appeared
astiny, spherical or ellipsoidal, usually uniform, interconnected
specimens. In several slides, individual, tiny specimens of
Granomarginata prima Naumova, 1960 were documented.

The preservation state of the specimens recovered is fairly
good. Quite a lot the fossils have been preserved as a whole,
and the brown and dark brown colours of their walls indicates
thermal alteration temperatures below 180°C (Batten, 1980).

Associations found in the southwestern and southern parts of
the Matopolska Block (Okulice 2, Zalasowa 1, Stawiska 1 and
Radlna 2 boreholes) were dominated by numerous thread-like
fragments of cyanobacteria. The latter forms, characteristically
coiled, represented Obruchevella species, known from Precam-
brian rocks (Jankauskas, 1989; Knoll, 1996). It is interesting that
within  the associations described, specimens of the
Leiosphaeridia species are very few, only 1-3 specimens with
diameters between 5-20 um, within a standard microscopic
slide. Sometimes, a few forms of Eoenthophysalis sp. occurred.

Microfossil assemblages, documented in the profiles from
the central and southeastern parts of the Malopolska Block,
were characterized by high contents of small Leiosphaeridia
specimens, which were accompanied by rare straight fragments
of cyanobacteria. Characteristic Obruchevella specimens were
absent. Sometimes individual, tiny specimens of
Granomarginata prima were documented in the slides. Gener-
ally, the palynofacies of the investigated rocks from the dis-
cussed area are characterized by low levels of organic matter.

REMARKS AND CONCLUSIONS

Recognizable organic-walled microfossil assemblages
have been palynologically identified within twelve profiles of
the upper Ediacaran clastic rocks obtained from the
Matopolska Block basement. The late Ediacaran age of that
rock succession has been radiometrically established in
Zalasowa 1 borehole profile (Zelazniewicz et al., 2009). The
Zalasowa 1 profile has also been palynologically studied,
though no macrofossils were found in either of the profiles
studied. The organic-walled microfossil assemblages, in part
radiomerically dated, are the first records of that kind.

Despite generally small differences in the overall species
content of the microflora encountered, some qualitative and
quantitative differences could be observed in the microfossil
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Fig. 4. Late Ediacaran organic microfossils of the Matopolska Block

A-H, K-N — Leiosphaeridia sp., | — Granomarginata prima Naumova, 1960; J — Siphonophycus sp.; P, Q — Eoenthophysalis sp.; O —
Eoschizothrix sp.; R-Z — Obruchevella sp.; A, B, F — Jelna 1 borehole depth 1138-1143 m; C-E, K-L — Lipnica 10 borehole depth 770 m;
H, P — Okulice 2 borehole depth 2242.1 m; I, G, M, N — Przemysl 237 borehole depth 2570-2573 m; J, O, Q-Z — RadlIna 2 borehole depth
2758 m; scale bare — 20 um for: A-G, |, K-N, Q; 50 um for: H, P, R, S-Z; 100 um for: J, O
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assemblages reoccurred, as well as in their extent over the
Matopolska Block area. The organic microfossil associations
in the southern part of the Malopolska Block (Krakéw and
Tarnow regions) are characterized by a domination of the
thread-like cyanobacteria (above 90% of the recovered spec-
trum), with very rare Leiosphaeridia specimens. In contrast to
these assemblages, microflora encountered in the central and
southeastern parts of the Malopolska Block are characterized
by high contents of small Leiosphaeridia specimens (above
80% of the analysed spectrum), which are accompanied by
straight fragments of cyanobacteria.

Similar, poorly taxonomically differentiated phytoplankton
assemblages are known from the late Ediacaran deposits of
many areas (Jankauskas, 1989; Moczydtowska, 1991;
Jankauskas and Lendzion, 1992; Grey, 2005; Gaucher et al.,
2008). At that time, a drastic change of the phytoplankton took
place at the boundary with the Cambrian system, and the
Ediacaran acanthomorphs were replaced by simple, tiny
sphaeromorphs as well as by intermittently numerous
cyanobacteria assemblages (Jankauskas, 1989; Moczy-
diowska, 1991; Knoll, 1996; Sergeev, 2006; Gaucher and
Sprechmann, 2009).

Microflora similar to the one obtained from the Matopolska
Block are characteristic of the acritarch horizons 1
(cyanobacteria) and 2 (cyanobacteria, Leiosphaeridia sp.), re-
cognized in the Lublin—Podlasie Slope of the East European
Craton, adjacent to the Matopolska Block (Moczydtowska,
1991). Assemblages of horizons 1 and 2, recovered from de-
posits of well-documented absolute age, were dominated by
simple specimens of prokaryotic cyanobacteria and by spheri-
cal acritarchs, belonging to species of Leiosphaerida, and re-
garded as phytoplankton (Moczydtowska, 2008b).

It is quite possible that the differentiated organic
microfossil assemblages documented in the Matopolska Block
area might represent two different sections of the late Ediacaran
flysch succession. However, it is impossible to reconstruct their
vertical succession at the present stage of investigation because
the amount of data available remains insufficient.
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