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Abstract: Palynological studies have been done to compare the Upper Ordovician strata in various geological
units of northern and central Poland (epi-Caledonian Platform, East European Platform, Matopolska Block and
Holy Cross Mountains—t.ysogéry Fold Zone and Kielce Fold Zone). Two distinct palynological assemblages have
been distinguished in the studied material: the Caradoc assemblage I and the Ashgill assemblage II (with two
sub-assemblages Ila and IIb), thus demonstrating usefulness of the Upper Ordovician palynomorphs for biostrati-
graphy. Thermal maturity of organic matter was studied using the TAI method. The palynological analysis,
palynostratigraphy, and estimates of thermal maturity were done with the aim at palynological characterization of
three ancient units: the Avalonia, Baltica and the Matopolska Block, all now participating in structures of the
present-day geological units of northern and central Poland.
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INTRODUCTION

This paper presents a palynological reconnaissance of
the Upper Ordovician deposits (Darriwilian, Sandbian,
Katian and Hirnantian) in various geological units of north-
ern and central Poland that were parts of Palacozoic conti-
nents. Differences between the palynomorph assemblages
are presented and interpreted.

The studied material comes from: the epi-Caledonian
Platform (Koszalin—Chojnice Zone), East European Plat-
form (Peribaltic Syneclise, Podlasie Syneclise, Lublin Syn-
clinorium), Holy Cross Mountains (Lysogéry Fold Zone)
and the Matopolska Block (Holy Cross Mountains—Kielce
Fold Zone and Nida region; Fig. 1).

These four regions belonged in Late Ordovician time to
palacogeographically separate realms: Avalonia, Baltica
and the Matopolska Block (Torsvik & Rehnstrom, 2003).
Sampling of four units with different geological history pro-
vided opportunity for demonstration of differences and sim-
ilarities between the palynomorph assemblages in these
units and for drawing stratigraphical and palacoecological
conclusions.

Previous palynostratigraphical and palacogeographical
studies of the Upper Ordovician in these areas were only
fragmentary, except for the Koszalin-Chojnice Zone. No
data of that type have been published for the Nida region
(Matopolska Block) and the Lublin Synclinorium (East Eu-
ropean Platform), and no study exists that would compile
and compare evidence from all these units together.

The material used for the study comes mainly from
deep boreholes drilled by the Polish Geological Institute
(Instytut Geologiczny) and Enterprise for Petroleum Pros-
pecting (Przedsigbiorstwo Poszukiwan Naftowych) in the
1960s and 1970s. The material is unique; most of the tested
cores have been degraded or no more exist.

For the boreholes studied by Gorka (1969, 1979, 1980),
Szczepanik (2000), Trela and Szczepanik (2009), data from
which were used in this paper, no tables with identified
palynomorphs are presented here, but only references to the
respective publications. The names of these boreholes are
shown in italics in the figures.

PREVIOUS PALYNOLOGICAL STUDIES
ON THE UPPER ORDOVICIAN
OF POLAND

Palynological studies of the Upper Ordovician (Cara-
doc, Ashgill) have begun quite recently and are rather lim-
ited, both in Poland and worldwide. Published palynolo-
gical data for this stratigraphic interval are limited to the ar-
eas of Western Pomerania (Bednarczyk ef al., 1999; Szcze-
panik, 2000; Wrona et al, 2001), Peribaltic Syneclise
(Gorka, 1969, 1979, 1990), Podlasie (Gorka, 1969, 1980),
and the southern region of the Holy Cross Mountains
(Jagielska, 1962; Stempien, 1990; Kremer, 1998, 2001;
Trela et al., 2001; Masiak et al., 2002; Szczepanik, 2002;
Masiak et al., 2003; Trela & Szczepanik, 2009). Dating of
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Fig. 1.  Location of boreholes and outcrops (1-38): 1 — Jamno
1G2, 1a—Jamno IG1, 2 — Skibno 1, 3 — Karsina 1, 4 — Miastkol, 5
—Brda 3, 6 — Nowa Wie$ 1, 7— Nowa Karczma 1, 8 — Chojnice 5,
9 — Polskie Laki PIG 1, 10 —Torun 1, 11 — Leba 8, 12 — Biatogora
1, 13 — Bialogéra 2, 14 — Dg¢bki 2, 15 — Piasnica 2, 16 —
Koscierzyna IG 1, 17 — Pastek IG 1, 18 — Olsztyn 1, 19 — Sokolica
1,20 — Lankiejmy IG 1, 21 — Ketrzyn IG 1, 22 — Goldap IG 1, 23 —
Szczawnol, 24 — Zebrak IG 1, 25 — Mielnik IG 1, 26 — Strabla, 27
— Tarkawica 1, 27a — Wierzbica 1, 28 — Wilkéw 1G 1, 29 —
Bukowiany IG 1a, 30 — Pobroszyn, 31 — Zbrza trench, 32 — Zbrza
2,33 — Zbrza 3, 34 — Niestachow, 35 — Bardo Stawy, 36 — Zalesie
Nowe and 37 — Szumsko Kolonia 2, 38 — Strozyska 5. The bore-
holes sampled by author are marked by bold letters

these strata was hitherto based mainly on graptolites, bra-
chiopods and lithological analogy (e.g., Bednarczyk, 1964,
1971b; Podhalanska & Modlinski, 2006; Trela, 2006a, b).

Earliest results, precursory on the European scale, were
presented by Jagielska (1962). Her work deals with the
palynomorphs of the Arenig and Caradoc of the area near
Brzeziny and Zbrza in the southern part of the Holy Cross
Mountains. The paper includes short descriptions and draw-
ings of the identified specimens. Forms known and now
identified in the Upper Caradoc strata of this area can be
recognized on the drawings (e.g., micrhystrids, multiplici-
sphaerids, baltisphaerids and leiosphaerids), but in most
cases unequivocal identification of diagnostic taxonomical
characteristics is precluded by the small size of the draw-
ings. Obsolete nomenclature presents another difficulty in
the use of the paper.

The successive papers on palynology of the Upper Or-
dovician strata, published already in the 1970s and later, in-
clude standard descriptions and precise drawings and pho-
tographs of palynomorphs. The quality and size of the illus-
trations restrict their usefulness for comparisons. The mate-
rial from these papers is used and described in the chapter
dedicated to microphytoplankton in the four geological
units described here, in the part dealing with comparisons
and in conclusions.

MATERIAL AND METHODS

The Upper Ordovician material that was a subject to
palynological studies comes from 40 boreholes and expo-
sures, whose location is shown in Fig. 1. Twenty six of them
were studied personally by the author, who collected and
analysed 292 palynological samples. The other 14 bore-
holes studied by Gérka in years 1969, 1979, 1980, 1990
(Olsztyn 1, Pastek IG 1, Ketrzyn IG 1, Gotdap 1G 1, Zebrak
IG 1, Strabla, Mielnik IG 1), Szczepanik (2000; Jamno 1G
2, Karsina 1, Brda 3, Nowa Wies$ 1, Chojnice 5) and Trela &
Szczepanik (2009; Zbrza trench Szumsko Kolonia 2) were
used for the purpose of palynological comparisons. The
boreholes sampled by the present and other authors are
marked in Fig. 2. The palynological samples were taken
mainly from grey, dark-grey and black claystones and
mudstones and from argillaceous intercalations among
limestones.

Rock samples were disintegrated applying the standard
method (Wood et al., 1996), using acetic, fluoric and fum-
ing nitric acids and heavy liquid (zinc chloride of density
ca. 2.2g/cm3). Cover glasses were glued with a glycerine
and gelatine jelly or Elvacite glue. The total number of
slides amounted to 690 (two from each sample, additionally
one, two or three from each positive sample, depending on
the amount of material). The slides were of the size of a
cover glass that is 24 x 24 mm.

Only 73 of the now studied samples (of 291 taken) con-
tained identifiable palynomorphs. Additionally used data
came from 20 positives palynological samples described by
the author in the last years (Matopolska Block, Holy Cross
Mountains—Kielce Fold Zone, Bardo Syncline — 10 sam-
ples, Masiak et al., 2003; Holy Cross Mountains—tysogory
Fold Zone, Pobroszyn — 6 samples, Bednarczyk & Stem-
pien-Satek, 2010; Niestachow — 4 samples, Stempien,
1990).

Palynomorph frequency has been calculated in a uni-
form way for all samples (except for Jamno IG1 and
Miastko 1). The organic residues obtained after complete
dissolution of 5 grams of rock were supplemented to a vol-
ume of 4 ml with methyl alcohol. For each slide, 0.5 ml of
well-mixed solution were counted. From each sample level,
arithmetic mean was calculated from one slide. The number
of all palynomorphs determined in one slide is accepted as
100%. This procedure allows for comparison of palyno-
morph numbers in various slides.

In general, the Upper Ordovician material subject to
palynological sampling is scarce and poorly preserved.
Only few of the positive samples do include multispecific
palynomorph assemblages. Many specimens of acritarchs
lack ornamentation.

In those specimens, in which it has been preserved,
such elements as the type of contact of appendages with
vesiculum, structure of appendages and structure of their
terminations — the most important diagnostic features — are
obliterated. Because of this state of preservation, acritarch
identifications are in most cases given in open nomencla-
ture, which seriously imparts the certainty and precision of
stratigraphic interpretation. This does not concern the mate-
rial from boreholes Strozyska 5 (Nida region, Malopolska
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Block), Miastko 1 and Jamno IG 1 (Koszalin—-Chojnice
Zone), Sokolica 1 (east part of the Baltic Syneclise) and
Zbrza 2 and Zbrza 3 (Malopolska Block, southern part of
the Holy Cross Mountains), which is better preserved and
more diversified. The Lublin Synclinorium region has not
been discussed, as it did not contain any positive palynolo-
gical samples.

Palynological material from “rich” boreholes and paly-
nological information from the others, provide base for con-
clusions on stratigraphy, palacotemperatures and palacoge-
ography of the Upper Ordovician in Poland.

List of negative samples (together 218 negative sam-
ples):

1. Epi-caledonian Platform: borehole Skibno 1 (samples
S.1.1, S.1.7 — S.1.9), borehole Nowa Karczma 1 (samples
NK.1.1-NK.1.4, NK.1.8, NK.1.11, NK.1.17, NK.1.18).

2. East European Platform: borehole Leba 8 (samples
Lb.11, £b.13—Lb.23), borehole Biatogora 1 (samples B.1.7,
B.1.8, B.1.10, B.1.14, B.19-B.1.23, B.1.28), borehole Bia-
logora 2 (samples B.2.2-B.2.11), D¢bki 2 (samples D.2.1—
D.2.11), Piasnica 2 (samples P.2.7-P.2.10), KoScierzyna IG
1 (samples K.10-K.36), borehole Sokolica 1 (samples
So0.1-S0.1.8, So.1.14), borehole Lankiejmy IG 1 (sample
La.1), borehole Szczawnol (samples Sz.1.1-Sz.1.5, Sz.1.8,
Sz.19, Sz.1.11-Sz.1.13, Sz.1.15, Sz.1.18, Sz.1.23,
Sz.1.24), borehole Tarkawica 1 (samples Ta.1.1-Ta.1.13)
and Wierzbica 1 (samples Wie.1.1-Wiel.12).

3. Holy Cross Mountains: borehole Wilkéw IG 1 (sam-
ples W.1.1 — W.1.17, W.1.27 — W.1 32, W.1.34 — W.1.39,
W.1.41), borehole Bukowiany IG la (samples Bu.l.1 —
Bu.1.46).

4. Matopolska Block: Zalesie Nowe (samples Z.1,2,
Z.5), Bardo Stawy (sample BS.1), borehole Strozyska 5
(samples St.5.1, St.5.4).

The palynological samples are stored in the Institute of
Geological Sciences, Polish Academy of Sciences (ING
PAN) in Warsaw.

GEOLOGICAL SETTING

Epi-Caledonian Platform (Koszalin—Chojnice Zone)

The Koszalin—Chojnice Zone lies SW from the margin
of the Precambrian East European Platform (Fig. 1). The
Palacozoic sedimentary cover includes Ordovician sedi-
ments identified in many boreholes, drilled mainly in the
1960s and 1970s (Tomczyk, 1968; Modlinski, 1968, 1978,
1987; Bednarczyk, 1974; Dadlez, 1978, 1982a, b, 1993,
2000).

The crystalline basement of the Ordovician strata in the
Koszalin—Chojnice Zone is supposed to be an Early Palaco-
zoic terrane derived from Gondwana, described as Eastern
Avalonia (Tait et al., 1997; Pharaoh, 1999; Jaworowski,
2000; Samuelsson et al., 2002). The Lower Palacozoic dis-
plays some similarities to the fragments of the Caledonian
belt of Europe known, among others, from boreholes in
Riigen (Servais & Katzung, 1993; Franke, 1994; Servais,
1994; Dadlez, 2000; Jaworowski, 2000; Podhalanska &
Modlinski, 2006).

The Upper Ordovician sediments together with the Si-
lurian ones form the older Palacozoic sequence. This se-
quence, composed mainly of shales (dark-grey and grey
clayey-muddy sediments with scarce sandy, dolomitic and
sideritic intercalations; e.g., Krzeminski & Poprawa, 2006)
and intensely folded, is overlain with an angular uncon-
formity by the younger Palaeozoic sequence. The thickness
of the strata above the Ordovician attains locally 4,000 m.

The Upper Ordovician in the Koszalin-Chojnice Zone
is documented with graptolites of the teretiusculus - graci-
lis, multidens Zone and clingani Zone (Podhalanska & Mo-
dlinski, 2006). Other groups of fossils, such as fragments of
brachiopods and trilobites, chitinozoans and various trace
fossils, occur sporadically (Bednarczyk, 1974; Wrona et al.,
2001; Podhalanska, 2007). Proposals of formal division
were presented after Bednarczyk (1974), partly modified
and supplemented by Podhalanska and Modlinski (2006;
Fig. 4). Correlation with global scheme is shown in Fig. 3.

East European Platform

Palynological material derived from the SW part of the
East European Platform comes from the Peribaltic Syne-
clise (western and eastern parts of the Peribaltic Syneclise,
western slope of the Mazury Anteclise and Podlasie Syne-
clise). The Precambrian basement is built up by the Lower
Palacozoic, Mesozoic and Tertiary sediments and belonged
to the Baltic palaeo-basin in Ordovician time (Pokorski &
Modlinski, 2007). Ordovician sediments have been reached
only by boreholes.

The Upper Ordovician in the East European Platform is
developed generally as shaly glauconitic, shaly-calcareous,
calcareous and calcareous-dolomitic deposits, though facies
differ between the western and eastern parts. The litholo-
gical descriptions of certain borehole sections are to be
found e.g. in Tomczyk (1962), Tomczykowa (1964), Bed-
narczyk (1968, 1971a, 1996a, 1998, 1999a), Bednarczyk et
al. (1996), Podhalanska (1980, 1999, 2003a, b, c), Przy-
bytowicz (1980), Modlinski and Szymanski (1997) and Mo-
dlinski and Szymanski (2008). The Upper Ordovician sedi-
ments are overlain, also with sedimentary continuity, by
graptolite shales of the lowermost Silurian. Proposals of
formal lithostratigraphic division for the western part of the
Peribaltic Syneclise were presented after Modlinski and
Szymanski, (1997; Fig. 5), and for the eastern part — after
Modlinski and Szymanski (1997) and Bednarczyk (1999;
Fig. 6).

Some of these rocks yielded abundant marine faunas,
such as: graptolites (Podhalanska, 1980; Podhalanska &
Modlinski, 2006), trilobites and inarticulate brachiopods
(Bednarczyk, 1968; Modlinski, 1988), ostracods, conodonts
(Nehring, 1969; Bednarczyk, 1998), and Hirnantia fauna
(Podhalanska, 1980, 1999, 2003b). The sediments are docu-
mented with graptolites of the teretiusculus - persculptus
graptolite zones. Proposals of formal biostratigraphic divi-
sion for the western part were presented partly after Pod-
halanska (1980, 1999) and Podhalanska and Modlinski
(2006), and for the eastern part after Bednarczyk (1999a).

The total thickness of the Upper Ordovician sediments
in the Polish part of the East European Platform varies from
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Upper Ordovician global and regional series and stages, British and Baltoscandian graptolite zones (according to Cooper &

Sadler, 2004; Webby et al., 2004; Podhalanska & Modlinski, 2006, and Modlinski & Szymanski, 2008)

12 to 1,200 m. A palaeothickness map of the Middle-Upper
Ordovician deposits is shown in Modlinski ez al. (1999).

Two parallel bio- and chronostratigraphic schemes are
used for the Upper Ordovician sequences of the Baltic Ba-
sin, because of the facies variation (graptolite claystone fa-
cies in the western part of the East European Platform and
mainly carbonate facies in the eastern part of the platform).
These are the classic British scheme, based on succession of
planktonic graptolites, and the Baltoscandian scheme based
on succession of trilobites and brachiopods in the sections
of Estonia and central Sweden (e.g., Ménnil, 1966). Corre-
lation with the global scheme is shown in Fig. 3.

Holy Cross Mountains

The division of the Holy Cross Mountains into two re-
gions with different geological history (the northern one —
Lysogory Fold Zone and the southern region — Kielce Fold
Zone) had already been introduced by Czarnocki (1919,
1928, 1950) and Tomczyk and Turnau-Morawska (1967).
Authors of more recent works on the Upper Ordovician
strata (Bednarczyk, 1981; Lewandowski, 1993; Dzik &
Pisera, 1994; Modlinski & Szymanski, 2001; Narkiewicz,
2001; Trela, 2006a) also use a two-fold division (Fig. 8)
into a fairly uniform northern region (Lysogéry Fold Zone)
and a more differentiated southern region (Kielce Fold
Zone). The southern region (Kielce Fold Zone) constitutes a
part of the Malopolska Block (Pozaryski, 1991).

Various divisions, often traditional, are still used for the
Ordovician of the Holy Cross Mountains. They often do not
fully conform to the rules adopted in the Rules of Polish
Stratigraphical Classification, Terminology and Nomencla-

ture (Alexandrowicz et al., 1975) and the Polish Strati-
graphical Code (Racki & Narkiewicz, 2006).

Holy Cross Mountains—Lysogory Fold Zone (Lysogory
Region)

The Ordovician sediments in the Lysogory Fold Zone
have been reached by boreholes and by outcrops. The Up-
per Ordovician deposits in this region are developed mainly
as limestones, marly limestones, marls, grey and dark-grey
claystones, siltstones, grey-green marly mudstones and
sandstones (Fig. 9). Proposals of formal division were pre-
sented among others by Bednarczyk (1996b) and Trela
(2006a).

Some of these rocks yielded abundant marine faunas,
such as graptolites (e.g., Tomczyk, 1957; Tomczykowa,
1968), inarticulate brachiopods (Bednarczyk, 1981) and
trilobites (Tomczykowa, 1968; Tomczykowa & Tomczyk,
2000).

The Ordovician sediments from the Lysogory region
are documented with graptolites of the teretiusculus, graci-
lis and multidens + clingani graptolite zones. Proposals of
formal biostratigraphic division were presented by Bednar-
czyk (1971b).

Malopolska Block

The Matopolska Block lies between the East European
Platform, Carpathian Foredeep, and the Krakdéw—Silesia
Monocline. Palynological material derived from the Mato-
polska Block comes from the Holy Cross Mountains
(Kielce Fold Zone; Kielce Region) and from the Nida re-
gion). Tectonic position and evolution of the Matopolska
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Fig. 6.  Simplified lithostratigraphic sections and correlation scheme of the Upper Ordovician sediments from the eastern part of the

Peribaltic Syneclise after Modlinski and Szymanski (1997) and Bednarczyk (1999b), biostratigraphy according to Bednarczyk (1999a).

For explanations of lithostratigraphic symbols — see Fig. 4

Block with the Kielce Fold Zone were presented by Lewan-
dowski (1993), Stupnicka ez al.(1998), Dadlez ef al. (1994),
and Cocks and Torsvik (2005).

Holy Cross Mountains—Kielce Fold Zone (Kielce Region)
The Kielce Fold Zone is usually divided into three areas
because of the facies variability: the western (Zbrza Anti-
cline, Brzeziny, Mojcza), central (Bardo Syncline) and east-
ern (Migdzygorz, Lenarczyce) areas. The facies contrasts in
the Kielce Region, related to tectonic activity and variable
subsidence rate, were presented in detail by Trela (2005a, b).
The Upper Ordovician from the western area — the
Zbrza Anticline — begins with graptolite shales and clay-
stones that directly overlie the Cambrian strata (Deczkow-

ski & Tomezyk, 1969). The claystones are overlain by Ash-
gill greyish-yellow calcareous mudstones. The Silurian de-
posits overlie these sediments (Trela et al., 2006).

In the central area, the Upper Ordovician (Ashgill)
strata are developed as marly shales with bentonites (Chle-
bowski, 1971; Przybytowicz & Stupnicka, 1991) and very
fine-grained sandstones and claystones (Bednarczyk, 1981;
Masiak et al., 2003; Trela, 2005a; Trela & Szczepanik,
2009).

The sediments are documented with graptolites of the
gracilis - multidens + clingani graptolite zones (Tomczyk
& Turnau-Morawska, 1964; Deczkowski & Tomczyk,
1969; Trela, 2005a) and by graptolites of genera Normalo-
graptus and Glyptograptus (Kremer, 2001). Trilobites (Kie-
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Fig. 7.  Simplified lithostratigraphic section from the Plock —
Warsaw Trough (borehole Szczawno 1). Lithostratigraphy after
Modlinski and Szymanski (2008). Biostratigraphy according to
Bednarczyk (1971c). For explanations of lithostratigraphic sym-
bols — see Fig. 4

lan, 1956, 1960), conodonts (Dzik, 1999) and brachiopod
fauna of Hirnantia type (Temple, 1965; Bednarczyk, 1981)
were found in the Bardo Syncline, in the so-called Dalmani-
tina beds. Proposals of formal biostratigraphic division were
presented by Deczkowski and Tomczyk (1969; Fig. 10).
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Nida Region

The basement of the Mesozoic rocks of the central part
of the Nida region is known from twelve deep boreholes
drilled by the Polish Geological Institute and Enterprise for
Petroleum Prospection, Krakéw, in years 1965-1970. Only
three boreholes did reach Ordovician strata. The total thick-
ness of the Ordovician deposits equals ca. 140 m. These
sediments are mostly sandstones, limestones and mudstones
(Jurkiewicz, 1975, 1991; Modlinski & Szymanski, 2001)
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Simplified lithostratigraphic sections and correlation scheme of the Upper Ordovician from the Holy Cross Mts. (Lysogoéry Fold

Zone). Lithostratigraphy after Trela (2006a), biostratigraphy after Bednarczyk (1971b). For explanations of lithostratigraphic symbols —

see Fig. 4
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Fig. 10. Simplified lithostratigraphic sections and correlation scheme of the Upper Ordovician from the Holy Cross Mts. (Kielce Fold
Zone). Lithostratigraphy and biostratigraphy after Deczkowski and Tomczyk (1969), Trela (2006a) and Trela and Szczepanik (2009). For

explanations of lithostratigraphic symbols — see Fig. 4

with predominance of limestones in borehole Strozyska 5
(Fig. 11). The lithological descriptions of this borehole sec-
tion are to be found in Tomczyk (1963), Bednarczyk ef al.
(1968), and Modlinski and Szymanski (2001). Ordovician
strata in this region are covered with Palaeozoic and Meso-
zoic sediments.

The limestones penetrated in borehole Strozyska 5 pro-
vided numerous brachiopods (Hirnantia fauna) and cono-
donts. Proposals of division were presented by Bednarczyk
et al. (1968).

PALYNOLOGICAL CHARACTERISTIC
OF OBTAINED MATERIAL

Epi-Caledonian Platform

Jamno 1G 1

Two samples from borehole Jamno IG 1 (J.1.1 and
J.1.2) were taken for palynological studies (Fig. 4). Both
display similar species composition and belong to multidens
graptolite Zone. Long-ranging small forms, up to 40 um in
diameter, in type of Goniosphaeridium, Micrhystridium,
Multiplicisphaeridium, Polygonium, and Veryhachium, pre-
vail among the identified specimens. They are accompanied
by much less numerous various baltisphaerids and ortho-
sphaerids with vesiculum diameters of ca. 50-70 um and
large appendages, broad at base (Table 1). The highest fre-
quency, up to one hundred identifiable specimens per slide,
was recorded in sample J.1.2 (Fig. 12).

The described palynomorph assemblage is usually well
preserved and diversified.

Skibno 1

Nine samples were taken for palynological studies from
borehole Skibno 1, (Wrona et al., 2001). Five of them
proved palynologically positive (Fig. 4).
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Fig. 11. Simplified lithostratigraphic section from the Nida Re-
gion (borehole Strozyska 5). Lithostratigraphy and biostratigraphy
after Bednarczyk ef al. (1968). For explanations of lithostrati-
graphic symbols — see Fig. 4

Samples S.1.3-S.1.6 provided a poor assemblage of
damaged long-ranging palynomorphs. They include only
single goniosphaerids, multiplicisphaerids, micrhystrids,
solisphaerids and veryhachiids, as well as sporadic balti-
sphaerids.

A rich, well preserved assemblage was found in only
one sample — S.1.2. (multidens zone; Wrona et al., 2001: see
fig. 2, pl. 5, 6). The identified palynomorphs included quite
numerous long-ranging small acanthomorphs, up to ca. 35
pum in diameter, from genera Goniosphaeridium, Gorgonio-
sphaeridium, Multiplicisphaeridium, Micrhystridium, Soli-
sphaeridium, and Veryhachium. They are accompanied by
an admixture of forms from genera Baltisphaeridium,
Ordovicidium, Peteinosphaeridium with diameters ca. 65
pum and large thick appendages, and by single, possibly re-
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Table 1

Palynomorphs from the epi-Caledonian Platform

31

Table 2

Palynomorphs from the epi-Caledonian Platform

Miastko 1 Jamno IG 1 Skibno 1
Sample No / depth (m) M.I.1 | M.1.2 | M.1.3 | J.1.1 | 112 S.1.2 | S.13 | S.14 | S.1.5 | S.1.6
P P 2730.0/2733.0|2740.0|2746.0|2747.0 1727.5|1732.0|1746.0/1839.4|1913.0
Graptolite zone teretiusculus multidens Graptolite zone multidens gracilis
Phytoplankton Assemblage Assemblages I Phytoplankton Assemblage Assemblage [
Baltisphaeridium calcispinae + + + Actinotodissus crassus +
Baltisphaeridium lancetispinae + + Baltisphaeridium cf. calcispinae| + +
Baltisphaeridium dasos + Baltisphaeridium sp. + +
Baltisphaeridium longispinosum + Goniosphaeridium splendens + +
Baltisphaeridium plicatispinae + + Goniosphaeridium sp. + + + +
Baltisphaeridium cf. calcispinae Leiosphaeridia + + +
Baltisphaeridium sp. + + + + Multiplicisphaeridium cf. N N
Dorsenidium cf. undosum + bifurcatum
?Frankea cf. sartbernardensis + Multtp licisphaeridium cf. + +
irregulare
Goniosphaeridium connectum Multiplicisphaeridium sp. N N N
josphaeridi . + + +
Goniosphaeridium sp Micrhystridium cf. stellatum +
Kryptospory - i Micrhystridium sp. + + + +
Leiofusa f. fusiformis - Ordovicidium elegantulum +
Leiosphaeridi
closphdenaia * - * - * Ordovicidium heteromorphicum| +
Liliosphaeridium cf. kaljoi i Ordovicidium nanofurcatum +
Lophoshaeridium sylvanium + Ordovicidium nudum N
gl.ulnpllczsphaerzdmm N . N Ordovicidium sp. 4 4 4
ifurcatum
Multiplicisphaeridium cf. Solisphaeridium sp. + +
. + + + + ;
irregulare Veryhachium reductum +
Multiplicisphaeridium sp. + + + + + Veryhachium europeanum + +
Micrhystridium stellatum + + Veryhachium lairdi +
Micrhystridium sp. + + + Veryhachium trispinosum + +
Navifusa sp. + + Veryhachium sp. + +
Ordovicidium elegantulum + +
Ordovicidium nudum +
Ordovicidium sp. + + +
Orthosphaeridium cf. . N N deposited, specimens of genus Actinotodissus (Table 2).
insculptum This sample also featured the highest frequency of 60 iden-
Orthosphaeridium sp. + tifiable specimens per slide (Fig. 12) and no diversity. Most
Peteinosphaeridium velatum + specimens are fairly well preserved.
Peteinosphaeridium cf. N
trifurcatum Miastko 1
Polygonium gracile + + + Three samples for palynological investigation were
. . taken from borehole Miastkol (M.1.1-M.1.3; Fig. 4). All
Polygonium cf. gracile + . o i
) the samples proved palynologically positive and they in-
Polygonium sp. + .
clude the same palynomorph assemblage. Mainly long-
Solisphaeridium sp. + + ranging small forms (diameters oscillate between 15 and 45
Veryhachium europeanum + + + um) of genera Goniosphaeridium, Micrhystridium, Polygo-
Veryhachium lairdi + + nium and Veryhachium have been identified (Table 1), sin-
Veryhachium trispinosum N + N gle index forms, with large diameters (60—80 pum) and
Villosacapsula of. irrorata eq}lglly large ap.p'en'dages, belonging to genera Baltzsp.hc’z—
- eridium, Ordovicidium and Orthosphaeridium (Stempien-
Villosacapsula sp. + + .
Satek, 2006). Frequency in sample M.1.1 and M.1.3 equals

60 identifiable forms per slide; in sample M.1.2 it attains 80
(Fig. 12).
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Table 3

Palynomorphs from the epi-Caledonian Platform

Nowa Karczma 1

NK.1.5
2260.0

NK.1.6
2262.0

NK.1.7

Sample No / depth (m) 2263.0

NK.1.9
2475.5

NK.1.12
NK.1.1
32576.0 -
2578.0

NK.1.14
NK.1.15
2578.0 -
2589.0

NK.1.16
NK.1.19
2742.0
2755.0

NK.1.10
2488.0

NK.1.20
2761.7

Graptolite zone

multidens + clingani

gracilis

Phytoplankton Assemblage

Assemblage [

Baltisphaeridium cf. calicispinae

Baltisphaeridium cf. plicatispinae

Baltisphaeridium sp.

Cryptospores

Goniosphaeridium cf. polygonale +

Goniosphaeridium sp.

Micrhystridium stellatum +

Micrhystridium sp.

Multiplicisphaeridium bifurcatum +

Multiplicisphaeridium cf. irregulare

Multiplicisphaeridium sp.

S

o I I I IS S
+

Leiosphaeridia +

Ordovicidium cf. elegantulum

Ordovicidium cf. nudum

Ordovicidium sp.

Peteinosphaeridium sp.

o I S IS I S

Polygonium gracilis +

Veryhachium lairdi

+

Veryhachium trispinosum

Veryhachium sp. +

Nowa Karczma 1

Twenty samples were taken for palynological studies
from borehole Nowa Karczma 1 (NK.1.1-NK.1.20; Fig. 4).
Twelve of them proved palynologically positive. Only few
of the positive samples (NK.1.9, NK.1.12, NK.I1.13,
NK.1.15) contain multispecific palynomorph assemblages
(Table 3). Assemblages in all samples are similar in compo-
sition and they include representatives of the following
groups present in greater numbers: micrhystrids, multiplici-
sphaerids, veryhachiids (1545 pm) leiosphaerids and ordo-
vicids (ca. 60 um). Baltisphaerids occur only sporadically.
Additionally, samples NK.1.10, NK.1.12, NK.1.13 and
NK.15 include single brown cryptospores. The frequency of
specimens is low (Fig. 12), from 3 (samples NK.1.5 and
NK.1.7) to about 30 specimens per slide (samples NK.1.6,
NK.1.12 and NK.1.15).

Polskie Lqki PIG 1

The material for palynological studies from borehole
Polskie Laki PIG 1 comes from four samples (Fig. 4). All
samples proved palynologically positive, though palynolo-
gical material in the slides is poor, both in quantity and qual-
ity (Stempien-Salek, 2007; fig. 4). All samples include the

same palynomorph assemblage, best represented in sample
P.L.1.2. The assemblage consists mainly of small form (di-
ameters up to ca. 40 pm) belonging to genera Goniospha-
eridim, Micrhystridium, Multiplcisphaeridium, Solisphaeri-
dium, and greater ones (diameters ca. 60 um), belonging to
baltisphaerids, ordovicids and leiosphaerids (Table 4). Sam-
ple P.L.1.2 has the greatest frequency of palynomorphs, up
to 40 specimens per slide.

Torun 1

Two samples were taken for palynological studies from
the Upper Ordovician strata in borehole Torun 1 (T.1.4 and
T.1.5; Fig. 4) from sediments with poor palacontological
evidence (Tomczyk, 1980; Podhalanska & Modlinski,
2006). Both samples were positive, though material in them
displays a high degradation and a low species diversity.
Both have similar species composition and similar fre-
quency of ca. 20 identifiable specimens per slide (Fig. 12).
Prevailing are forms of Goniosphaeridium, Multiplici-
sphaeridium, and Micrhystridium types (Table 5), with
vesiculum diameters up to 40 pm. Samples contain single
specimens of Baltisphaeridum cf. heizelin and small Balti-
sphaeridum sp.
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Table 4 Table 5
Palynomorphs from the epi-Caledonian Platform Palynomorphs from the epi-Caledonian Platform
Polskie Laki PIG1 Torun 1
Sample No (depth ()| 15577 | 13505 | 43915 | 4436 Sample No /depth () S50 | ssao
Graptolite zone clingani Ashgill
Phytoplankton Assemblage Assemblage I Phytoplankton Assemblage Assemblage Ila
Baltisphaeridium cf. calicispinae + Baltisphaeridium cf. heizelinii +
Baltisphaeridium sp. + + Cymatiosphaera sp. +
Goniosphaeridium sp. + + + Goniosphaeridium sp. + +
Multiplicisphaeridium cf. N Multiplicisphaeridium cf. bifurcatum +
bifurcatum Multiplicisphaeridium cf. irregulare + +
Multiplicisphaeridium sp. * Multiplicisphaeridium sp. + +
Navifusa sp. + Micrhystridium cf. stellatum +
Micrhystridium cf. stellatum Micrhystridium sp. N +
Micrhystridium sp. + + + Pachysphaeridium sp. +
Ordovicidium cf. nannofurcatum Veryhachium sp. 4 n
Ordovicidium sp. * Villosacapsula sp. + +
Orthosphaeridium sp. +
Leiosphaeridium sp. +
Solisphaeridium sp. + + Table 6
Veryhachium sp. 4 Palynomorphs from the East European Platform
Vulcanisphaera sp. + Kob-
Biatogora 1 Lcba 8 r;iyf;'a
East European Platform :{GIL
Leba 8 -
Thirteen samples have been collected for palynological Sample No / depth (m) 212'31(')_90 ?6'2'423 ?6'2'522 2}8.616.20 4[3313 59
studies from borehole Leba 8§, but only one of them (sample 4394.2
L.12 from the Ashgill) proved palynologically positive Graptolite zone gracilis - clingani Ashgill | Ashgill
(Fig. 5). This .sample is dated on the grounds of the Hirnan— Phytoplankton
tia fauna. It includes, however, damaged black acritarchs Assemblage Assemblage I Ass. Ila | Ass. II
(up to six per slide). Some of them resemble in outline Baltisphaeridium sp. N N N T
Micrhystridium, Solisphaeridium and Veryhachium forms. - —
Goniosphaeridium sp.
Bialogo’ra 1 Leiosphaeridia
Palynological study of borehole Biatogora 1 was done Multiplicisphaeridium ct. |
on 23 samples (Fig. 5). Three of them (B.1.9, B.1.25 and bifurcatum
B.1.26; Table 6) proved palynologically fairly well docu- Multiplicisphaeridium cf. |
mented (more than 5 palynomorphs per slide; Fig. 12). The irregulare
other samples contain remains of single hardly identifiable Multiplicisphaeridium sp.| — + +
palynomorphs (B.1.11, B.1.12, B.1.13, B.15-18, B.1.24 Micrhystridium cf. .
and B.1.29). Sample B.1.9 from the boundary zone between | stellatum
the Ashgill and Caradoc includes baltisphaerids, gonio- Micrhystridium sp. + + + +
sphaerids, multiplicisphaerids (diameters 25-45 pum, ca. Ordovicidium sp. + +
60% of the palynomorph assemblage), and orthosphaerids Orthosphaeridium sp. N
(Table 6). .. . . Polygonium cf. gracile +
Veryhachiids occur only sporadically (only two speci-
mens were identified). This is the best preserved phyto- Solisphaeridium sp. * * *
plankton assemblage in the whole section. The assemblage Veryhachium trispinosum| — +
in samples B.1.25 and B.1.26 is similar in composition to Veryhachium sp. + +

that in sample B.1.9. The difference consists in slightly
greater frequency of the forms of Baltisphaeridium and
Ordovicidium types with large diameters (60—-75 um) and
large appendages, as well as in the lower frequency of small
acanthomorphs (diameters 18-35 um), such as Multiplici-

sphaeridium and Goniosphaeridium in the samples from
greater depth (ca. 40%). Frequency varies from 3 (samples
B.1.11) to 25 (sample B.1.9) specimens (Fig. 12).
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Table 7
Palynomorphs from the East European Platform
Sokolica 1
Sample No / depth (m) So.1.9 So.1.10 So.1.11 So.1.12 So.1.13 So.1.15 So.1.16
1761.0-1762.0 | 1762.01763.0 | 1763.0-1764.0 | 1764.0-1765.0 | 1765.0-1766.0 | 1768.0-1769.0 | 1769.0-1770.0
Graptolite zone gracilis - multidens gracilis
Phytoplankton Assemblage Assemblage |
Baltisphaeridium annelieae + + +
Baltisphaeridium multispinosum + + + + +
Baltisphaeridium cf. calicispinae + + +
Baltisphaeridium cf. plicatispinae + +
Baltisphaeridium cf. nanninum + + +
Baltisphaeridium cf.
trabeculaespinae M *
Domasia sp. + + + +
Excultibrachium cf. concinnum +
Goniosphaeridium polygonale +
Goniosphaeridium sp. +
Multiplicisphaeridium bifurcatum + +
Multiplicisphaeridium cf. N N N
irregulare
Multiplicisphaeridium sp. + +
Navifusa ancepsipuncta + + +
Navifusa sp. + + + +
Micrhystridium stellatum + + + +
Micrhystridium sp. + + + +
Ordovicidium nudum +
Ordovicidium sp. + + + +
Orthosphaeridium vibrissiferum +
Orthosphaeridium sp. + + +
Peteinosphaeridium sp. +
Polygonium gracile + + +
Veryhachium lairdi +
Veryhachium trispinosum + + + + +
Veryhachium sp. + + + +

Bialogora 2

Ten samples from borehole Biatogdra 2 were used for
palynological studies. All samples proved palynologically
barren (Fig. 5).

Debki 2

Eleven samples were taken for palynological studies
from borehole Dgbki 2 (Fig. 5). All samples proved palyno-
logically barren.

Piasnica 2

Five samples were taken for palynological studies from
borehole Piasnica 2 (Fig. 5). All samples proved palyno-
logically barren.

Koscierzyna 1G 1
Twenty seven samples were palynologically studied
from borehole Koscierzyna IG 1 (K.10-K.36). All were

taken from the Ashgill sediments. Nearly all of them proved
palynologically barren; only samples K.10 and K.13 contain
fragments of small spiny palynomorphs (most likely Micr-
hystridium and Veryhachium). Distinguishing of assem-
blage was not possible, but the composition of palyno-
morphs (e.g., lack of baltisphaerids) may suggests the pres-
ence of Assemblage II.

Sokolica 1

Sixteen samples (Fig. 6) were taken for palynological
studies from borehole Sokolica 1. Seven of them contained
determinable palynomorphs (S.9-S.13 and S.15, S.16).

Samples S.9—S.16 come from sediments dated on cono-
donts (anserinus - superbus zones; Bednarczyk, 1999a) at
the Caradoc graptolite zones gracilis - clingani. The sam-
ples, except the barren one S.14, contain a quite rich and di-
versified palynological assemblage with well preserved
specimens. They include numerous long-ranging small
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Table 8
Palynomorphs from the East European Platform
Szczawno 1

Sample No / depth (m) Sz.1.6 Sz.1.7 Sz.1.10 | Sz.1.14 | Sz.1.16 | Sz.1.17 | Sz.1.19 | Sz.1.20 | Sz.1.21 Sz.1.22

4406.0 4406.5 4411.0 4415.0 4416.3 4416.7 4418.3 4419.0 4420.5 4423.8
Graptolite zone multidens? gracilis
Phytoplankton Assemblage Assemblage |
Baltisphaeridium cf. calicispinae + + + +
Baltisphaeridium sp. + + +
Goniosphaeridium sp. + + + + + +
Goniosphaeridium connectum +
Multiplicisphaeridium bifurcatum +
Multiplicisphaeridium cornigerum + + + + +
Multiplicisphaeridium cf. bifurcatum + + +
Multiplicisphaeridium cf. irregulare + + +
Multiplicisphaeridium sp. + + + + + +
Micrhystridium sp. + + +
Ordovicidium elegantulum + + + + +
Ordovicidium heteromorficum + +
Ordovicidium nudum + + +
Ordovicidium sp. + + + + +
Orthosphaeridium sp. +
Peteinosphaeridium sp. + + +
Polygonium cf. gracile + + +
Polygonium sp. + +
Solispaeridium sp. + + +

acanthomorphs, up to ca. 40 um in diameter, belonging to
genera Domasia, Goniosphaeridum, Micrhystridium,
Multiplicisphaeridium, Navifusa, Polygonium, and Veryha-
chium. They are accompanied by large Caradoc forms of
genera Baltisphaeridium and Ordovicidium (diameters up
to ca. 75 pm).

The compositions of assemblages in samples S.9-S.16
are all similar, in the list of species included in them (Table
7). They differ mainly in quantitative proportions of the spe-
cies. Frequency of palynomorphs is the highest in samples
S.9, S.11 and S.15 (up to 130 specimens per slide (Fig. 12)
and the lowest in samples S.10 and S.16 (ca. 30 specimens
per slide).

Taking into account the nearly identical qualitative
composition and usually similar quantitative composition, it
may be suggested that all the positive samples from bore-
hole Sokolica 1 contain the same palynomorph assemblage,
which corresponds probably to the characteristics of As-
semblage I, though big admixture of Silurian forms as
Domasia is doubtful.

Lankiejmy IG 1
One sample taken for palynological studies from bore-
hole Lankiejmy IG 1 (Fig. 6) proved palynologically barren.

Szczawno 1
Twenty four samples were taken from borehole

Szczawno 1 for palynological studies (Sz.1.1-Sz.1.24; Fig.
7). Ten of them (Sz.1.6-Sz.1.22 except of: Sz.1.8, Sz.1.9,
Sz.1.11- Sz.1.13, Sz.1.15 and Sz.1.18) proved palynologi-
cally positive.

The compositions of assemblages in all samples are si-
milar, quite rich in specimens and taxa. Long-ranging small
forms, up to 40 um, in type of Goniosphaeridium, Micrhy-
stridium, Multiplicisphaeridium, predominate among the
identified specimens. Only slightly less numerous are vari-
ous baltisphaerids and ordovicids with vesiculum diameters
of ca. 50-65 um. No specimens from genus Veryhachium
were found there (Table 8). The greatest frequency of paly-
nomorphs, up to 60 specimens per slide, was found in sam-
ples Sz.1.6, Sz.1.10, Sz.1.14 and Sz.1.19, the lowest fre-
quency (10 specimens per slide) — in samples Sz.1.7 and
Sz.1.22 (Fig. 12). This species composition corresponds to
the characteristics of Assemblage I.

Holy Cross Mountains—t.ysogory Fold Zone

Wilkow 1G 1

Palynological studies of borehole section Wilkow IG 1
were made on 41 samples (Figs 8, 9). Twelve of them con-
tained palynomorphs. Samples W.1.14-W.1.41 come from
sediments palacontologically proven to belong to the Cara-
doc. Only 12 of them (W.1.18-26, W.1.33, W.1.40,
W.1.41) included palynomorphs. The single identified paly-
nomorphs belong to acritarchs and leiospherids. Sample
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Table 9

Palynomorphs from the Holy Cross Mountains

Table 10

Palynomorphs from the Matopolska Block

W.1.24 is richest in palynomorphs. This sample includes,
besides some leiospherids, single spiny palynomorphs be-
longing to genera Micrychstridium, Multiplicisphaeridium
and Verychahium (Table 9). The greatest frequency, in this
sample amounts to ca. 15 determinable forms per slide (Fig.
12). The composition of palynomorph assemblage may sug-
gests the presence of poor Assemblage 1.

Bukowiany IG la

Fourty-nine palynological samples (Bu.1-Bu.49) were
taken from borehole Bukowiany IG 1a (Figs 8, 9). The ver-
tical separation between successive samples was 10—15 cm.
Nearly all samples proved palynologically barren. Only
samples Bu.15-Bu.18 and Bu.31 did provide several inde-
terminable palynomorphs each. No palynological conclu-
sions may be based on them.

Pobroszyn

Six palynological samples (Figs 8, 9; samples P.1-P.6)
were taken from the outcrop at Pobroszyn (Trela et al.,
2001: package E; Bednarczyk & Stempien-Satek, 2010).
Four of them contained palynomorphs. Palynomorphs in
these samples represent one, little differentiated assemblage
consisting of specimens that occur in approximately equal
numbers (Table 9). The greatest frequency amounts to ca.

Wilkéw IG 1 Zbrza 2
Sample No / depth (m) 1043:705.5 | 71157150 o Sample No /depth (m) Tos 6o
Graptolite zone multidens + clingani mult-idens‘-*- Graptolite zone gracilis

clingani Phytoplankton Assemblage Assemblage |

Phytoplankton Assemblage Assemblage 1 /;lsasge:}_ Baltisphaeridium bramkaense
Actinotodissus of. crassus N Baltisphaeridium longispinosum + +
Acanthodiacrodium sp. " Baltisphaeridium ritavae +
Balltisphaeridum sp. " Baltisphaeridium lancettispinae
Cymatiogalea sp. N Baltisphaeridium plicatispinae +
Goniosphaeridium sp. 4 n Baltisphaeridium pseudocalicispinum + +
Gorgonisphaeridium sp. " Goniosphaeridium cf. splendens +
Leiosphaeridia . N N Goniosphaeridium polygonale + +
Multiplicisphaeridium cf. ) Multiplicisphaeridium bifurcatum + +
ramusculosum Micrhystridium stellatum +
Multiplicisphaeridium cf. raspa + Micrhystridium sp. +
Multiplicisphaeridium sp. + Ordovicidium nudum +
Micrhystridium sp. + + Orthosphaeridium sp. +
Polon.osphaeridium cf. n Peteinosphaeridium sp.
Jfrancinae Polonosphaeridium francinae +
Polygonium cf. gracile + Polygonium gracile .
Tyllignasoma sp. + Veryhachium spp. 4
Veryhachium trispinosum +
Veryhachium sp. + + +
Vulcanisphera cf. imparilis +

40 determinable specimens per slide in samples P.5 and P.6
(Fig. 12). This species composition corresponds to the char-
acteristics of the Assemblage I.

Malopolska Block

Zbrza 2

Two samples were taken (Z.2.1 and Z.2.2) from bore-
hole Zbrza 2 (Figs 8, 10). The acritarchs in these samples
display great species diversity. They are numerous and most
of them are quite well preserved. Similar palynological as-
semblages are present in both samples. Small palynomorphs
with diameters up to 40 um, such as Micrychstridium, Mul-
tiplicisphaeridium or Veryhachium, are accompanied by
baltisphaerids, ordovicids, orthosphaerids and peteino-
sphaerids (Table 10). Frequency in both samples is high and
approaches 100 specimens per slide (Fig. 12). This species
composition corresponds to the characteristics of Assem-
blage I.

Zbrza 3

Five palynological samples were studied from borehole
Zbrza 3 (samples Zb.3.1-Zb.3.5). The deepest sample,
7b.3.5, comes from the gracilis Zone (Fig. 10). Only mate-
rial from a broad depth interval 17.5-30 m was available for
this sample. The depth of the sample provenance cannot be
precisely determined. The sample contains a palynomorph
assemblage that is exceptionally rich in species and speci-
mens and includes the forms listed in Table 11.
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Table 11

Palynomorphs from the Matopolska Block

Zbrza 3

Zb.3.1

Sample No / depth (m) 6.0-8.0

7Zb.3.2
8.0-10.0

Zb.3.3
10.0-14.0

7Zb.3.4
14.0-17.0

7Zb.3.5
17.5-30.0

Graptolite zone

gracilis, multidens + clingani

Phytoplankton Assemblage

Assemblage |

Aremoricanium deflandrei

Aremoricanium cf. rigaudiae

Baltisphaeridium calicispinae +

Baltisphaeridium lancettispinae

Baltisphaeridium plicatispinae +

Baltisphaeridium podboroviscensis

S I I S

Baltisphaeridium pseudocalicispinum

Baltisphaeridium cf. varsoviensis

Dactylofusa cf. ctenista

Goniosphaeridium polygonale

Goniosphaeridium sp. +

Kryptospory

Liliosphaeridium cf. kaljoi

o I I I IS S

Micrhystridium stellatum

Micrhystridium sp.

Multiplicisphaeridium bifurcatum +

Multiplicisphaeridium cf. irregulare

Navifusa sp.

+|+ [+ |+

Ordovicidium elegantulum +

Ordovicidium heteromorphicum

Ordovicidium nudum

Ordovicidium sp. +

Orthosphaeridium sp.

Peteinosphaeridium cf. micrthantum

+
R S I S

Polygonium gracile

Veryhachium lairdi

Veryhachium reductum

Veryhachium trispinosum

o I I S

Veryhachium cf. subglobosum

T I e e e I I I I IS

Veryhachium sp.

Villosacapsula cf. setosapellicula +

Fauna equally rich in well preserved forms is present in
sample Z.3.4, coming from the boundary of graptolite zones
gracilis and multidens (Fig. 9, Table 11). Noteworthy in the
palynomorph assemblage is the presence of cryptospores in
this sample.

Palynomorphs from samples Zb.3.1, Zb.3.2 and Zb.3.3
(shales belonging to graptolite zones Diplograptus multi-
dens; Fig. 10), are somewhat less diversified. They all rep-
resent the same, one palynological assemblage, though the
individual samples differ in species compositions and fre-
quencies. The poorest palynological material is present in
sample Zb.3.2 (Table 11).

A relation between the sample depth and the composi-
tion of the palynomorph assemblage was observed in the
samples from this borehole (the most numerous amongst the
borehole samples from Zbrza) with decreasing sample
depth. The proportion of acritarchs with short appendages
decreases, from 70/100 at the depth 17.5-30 m in sample
7b.3.5,t0 35/100 at the depth 6—-8 m in sample Zb.3.1. Fre-
quency of palynomorphs is generally high, up to 150 speci-
mens per slide. The greatest frequency in samples Zb.3.4
and Zb.3.5 amounts to ca. 300 determinable forms per slide,
the lowest one (ca. 80) was noted in sample Zb.3.2 (Fig.
12). The palynomorph inventory indicates their attribution
to Assemblage 1.
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Table 12

Palynomorphs from the Matopolska Block

Table 13

Palynomorphs from the Matopolska Block

Niestachow NI ‘ N2 ‘ N3 ‘ N4 Strozyska 5
Redeposited ass., Ass. I? St.5.2 St.5.3 St.5.5
el R ki
Ashgill
Baltisphaeridium annelieae + + + o Ass, Tla? /
Baltisphaeridium dubitum + + ytoplankton Assemblage Ass. ITb 1?
Baltisphaeridium plicatispinae + + + Baltisphaeridium cf. annelieae +
Cymatiosphaera heloderma + + Baltisphaeridium cf. calcispinae +
Dasydiacrodium sp. + + Baltisphaeridium cf. lancetispinae +
Diexallophasis remota + + Baltisphaeridium sp. +
Leiovalia scaberula Diexallophasis sp. +
Leiovalia tenuissima + Goniosphaeridium cf. polygonium +
Micrhystridium acerbum + + + + Goniosphaeridium cf. christianii +
Micrhystridium sp. Goniosphaeridium sp. + + +
Multiplicisphaeridium denticulatum + + Gorgonisphaeridium cf. frequens +
Multiplicisphaeridium ramusculosum + + + Gyalorhethium sp. +
Multiplicisphaeridium rusticum + Multiplicisphaeridium sp. + +
Ordovicidium nudum + + + Micrhystridium stellatum +
Polygonium gracile + + Micrhystridium sp. + + +
Tylotopalla tappanae + + + + Ordovicidium sp. +? +
Veryvhachium europaeum + + + Pachysphaeridium robustum +
Veryhachium lairdi + + + Peteinosphaeridium accinctulum +
Veryhachium reductum + + + Peteinosphaeridium cf. bergstroemii +
Veryhachium trispinosum + + + Peteinosphaeridium cf. micranthum +
Villosacapsula cf. imparilis + Peteinosphaeridium trifurcatum +
Peteinosphaeridium cf. velatum +
Peteinosphaeridium sp. +
Niestachéw Polonosphaeridium francinae +
Five palynological samples were taken from clayey- Veryhachium lairdi 4
muddy shales (Stempien, 1990; fig. 2, pl. 1, 2). Four of them —
include palynomorphs (Fig. 10, Table 12). The samples Veryhachium trispinosum i
with palynomorphs differ in composition. All contain the Veryhachium sp. * *
same two separate acritarch assemblages. The first of them, Villosacapsula sp.

most likely redeposited, includes typical Ordovician forms
(e.g., Ordovicidium nudum, Table 12). The second assem-
blage includes Silurian palynomorphs (e.g., Tvlotopalla
tappanae). Frequency of palynomorphs amounts from ca.
40 (sample N.1) to 80 (sample N.2) determinable forms per
slide (Fig. 12). Distinguishing of assemblage was not
possible here.

Zalesie Nowe, Bardo Stawy

Material for palynological studies came from 12 posi-
tive samples from exposures at Zalesie Nowe and Bardo
Stawy (Fig. 10). Long-ranging, little differentiated and cos-
mopolitan forms were identified from the exposure at
Zalesie. They are accompanied by single Acanthodiacro-
dium sp., small Baltisphaeridium sp., Ordovicidium sp. and
by Silurian forms, such as Diexallophasis remota, Diexallo-
phasis sp. and Navifusa sp. Single Acanthodiacrodium sp.,
Orthosphaeridium sp. and Diexallophasis sp. and cosmo-
politan forms have been determined from exposure Bardo

Stawy. The numbers of determined specimens per slide vary
in the Zalesie Nowe borehole from 15 to 110, and in Bardo
Stawy — from 4 to 18 (Masiak et al., 2003). The palyno-
morph inventory (Z.6 Z.12) indicates their attribution to As-
semblage IIb.

Strozyska 5

Palynological studies in borehole Strozyska 5 were
based on five samples (St.5.1-St.5.5; Fig. 11) taken from
sediments, dated with brachiopods and conodonts at the Up-
per Ashgill (Bednarczyk et al., 1968). Only one sample
(St.5.5) includes a rich assemblage of well preserved
palynomorphs (Table 13) with numerous small, long-rang-
ing and cosmopolitan acanthomorphs with admixture (ca.
15%) of genera baltisphaerids, peteinosphaerids and ordo-
vicids. They were determined as belonging to 9 genera and
12 species, including numerous baltisphaerids. This sample
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Fig. 13. Simplified lithostratigraphic sections and correlation
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scheme of the Upper Ordovician from the Podlasie Syneclise.

Lithostratigraphy and biostratigraphy after Modlinski and Szymanski (2008). For explanations of lithostratigraphic symbols — see Fig. 4

also features the greatest frequency of palynomorphs, up to
150 specimens per slide (Fig. 12).

It is not possible to determine exactly the position of
this assemblage. The palynomorph inventory indicates their
attribution to Assemblage I, probably to the Caradok—
Ashgill boundary interval.

Palynomorphs were also present (though scarce in spe-
cimens and taxa) in samples St.5.2 and St.5.3. These sam-
ples contain only single, small cosmopolitan acantho-
morphs with single Diexallophasis sp. and Ordovicidium
sp. The palynomorph inventory from samples St.5.2 and
St.5.3 may indicate their attribution to Subassemblage IIb.

PALYNOSTRATIGRAPHY

Palynomorphs as a stratigraphical tool satisfy several
criteria of guide fossils: are widespread geographically, are
easy to identify, chemically and mechanically resistant, ca-
pable of stratigraphic condensation and redeposition, and
are microscopic in size. However, in the Upper Ordovician
sequences they do not present a rapid succession of species
and they are abundant in some facies only. Consequently,
they are not a sensitive stratigraphic tool, though in those
sections that lack other guide fossils, they can be an impor-
tant source of information. Indicative of age are whole
palynomorph assemblages with characteristic forms of a
short stratigraphical range.

Two palynological assemblages have been distin-
guished in the studied material (Fig. 2). A precise placing of
the boundary between these assemblages was not possible,
because of the relatively scarce palynological material in
comparison to other regions and because of incomplete
availability of drilling core. A correlation of these assem-
blages with the global, British and Baltoscandian strati-
graphic divisions based on graptolites is presented in Fig. 3.
A correlation of these assemblages with the palynostratigra-

phic division, proposed from the epi-Caledonian Platform
by Szczepanik (2000) is presented in Fig. 14.

The assemblages introduced here are of assemblage
character. They are not formally defined as the author feels
that their number of samples and their diversity are not suf-
ficient. In the following text, the units are described in
ascending order.
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Fig. 14. Correlation scheme of the Upper Ordovician local
palacontological zones and palynological assemblages in the
epi-Caledonian Platform and the Holy Cross Mountains
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Assemblage I

The presence of Assemblage I was ascertained in 24
boreholes (Fig. 2). Twelve of them are described in this pa-
per, 12 come from the material documented by Szczepanik
(2000), Trela and Szczepanik (2009), and Gorka (1969,
1979, 1980, 1990).

The lower boundary of the Assemblage I is not known.
The Assemblage 1 (Tables 1-4, 6-11) contains mainly
long-ranging, small and numerous acanthomorphs (e.g.,
goniosphaerids, micrhystrids, veryhachiids) with diameters
of ca. 30-35 pm (65-70% of population) and concurrent
with them, but much less numerous, as an admixture of
15-20%, baltisphaerids characteristic of the Caradoc, with
diameters of ca. 65 um and large, broad at base, appendages
(e.g., B. calicispinae, B. plicatispinae or B. longispinosum
and B. lancetispinae). They are accompanied by, often nu-
merous, large peteinosphaerids, ordovicids and by single
orthosphaerids (Figs 15, 16, 19-21). Single cryptospores
were found in some boreholes, especially those situated in
the SE part of the epi-Caledonian Platform (e.g., Miastko 1,
Nowa Karczma 1).

Palynomorphs are highly diversified (nearly 30 spe-
cies), numerous and slightly degraded. Frequency of forms
is usually high, some 60—80 specimens per slide (exception-
ally more than 300 in Zbrza anticline; Fig. 12). In many
cases, the admixture of the large forms of “Baltisphae-
ridium-type” is greater in sediments dated at the feretius-
culus, gracilis and multidens zones than in clingani Zone;
e.g., in the sediments of the Nowa Karczma 1 borehole:
22% in the gracilis Zone (samples NK. 12, NK. 15) and
15% in the clingani Zone (samples NK. 5 and NK. 6). Simi-
lar proportions are preserved in the sediments from the
borehole Szczawno 1 (samples Sz. 22 and Sz. 7). This is
not, however, a rule, hence we cannot say that Assemblage I
is divided into two subassemblages.

The upper boundary of the Assemblage I is marked by
the disappearance of the forms of “large baltisphaerids”
type with long appendages, broad at base.

The conodont and graptolite data (Bednarczyk, 1971,
1974; Podhalanska & Modlinski, 2006; Trela, 2006b) indi-
cate that the Assemblage I corresponds to the graptolite
zones, from the upper fteretiusculus Zone to clingani and
partly linearis zones (Figs 2, 3); these are the uppermost
Llanvirn and the entire Caradoc (Dariwillian to Katian).

The palynomorph assemblages characteristic of the As-
semblage I contain numerous species, which are also known
from other regions and permit interregional correlations

(Fig. 3).

The Assemblage I distinguished in the epi-Caledonian
Platform is probably the equivalent of the part of the zone C,
zone B, and a part of the zone A described by Szczepanik
(2000; Fig. 14). Common palynomorphs are: the large
forms of “Baltisphaeridium” type (e.g., B. calcispinae, Fig.
16C, B. plicatispinae, Fig. 15G, B. lancetispinae Fig. 15D),
“Ordovicidium-type” (e.g., O. nudum, Fig. 16K) and forms
of the Peteinosphaeridium, Orthosphaeridium and Veryha-
chium type. A more precise comparison and division inside
the Assemblage I is not possible because the definition of
zones A, B and C is based on a quantitative analysis of
palynomorph assemblages rather than on the stratigraphical
ranges of individual forms and because of too scarce au-
thor’s palynological material. Additionally, the boundaries
between the palynomorph assemblages A, B and C are not
distinctively indicated.

The Assemblage I is similar, in due of both content and
frequencies, to the described and documented by Trela and
Szczepanik (2009) from the Stawy Formation in the Upper
Caradoc strata of the Holy Cross Mountains, the Bardo Syn-
cline (Fig. 14). Common palynomorphs are: the large forms
of baltisphaerids (e.g., B. lancetispinae, Fig. 15D), ordovi-
cids (e.g., O. elegantulum, Fig. 21F), peteinosphaerids (e.g.,
P. trifurcatum Fig. 22L), orthosphaerids and small, long-
ranging and cosmopolitan spiny acritarchs (e.g., Micrhi-
stridium, Multiplicisphaeridium, Veryhachium). Assem-
blage from Stawy Formation was correlated by Trela and
Szczepanik (2009) with pre-glacial assemblage, described
by Vecoli and Le Hérissé (2004), and Vecoli (2008).

A similar composition as in the Assemblage I (the large
forms of baltisphaerids, ordovicids, peteinosphaerids, ortho-
sphaerids and veryhachiids and small, long-ranging and cos-
mopolitan spiny acritarchs) is also characteristic for assem-
blages of the Upper and Middle Ordovician from other re-
gions with common species, such as: Baltisphaeridium longi-
spinosum, Ordovicidium elegantulum (Fig. 16K), Peteino-
sphaeridum trifurcatum (Fig. 22L), Goniosphaeridium con-
nectum (Fig. 15H), Navifusa ancepsipuncta (England — Tur-
ner, 1984); Baltisphaeridium annelieae, B. ritvae, Gonio-
sphaeridium connectum (Sweden — Kjellstroem, 1971); Bal-
tisphaeridium dasos (Fig. 15C), Baltisphaeridium heinze-
linii, B. nanninum (Fig. 5D; East-European Platform — Uutela
& Tynni, 1991); Baltisphaeridium nanninum, Ordoviciu-
nium elegantulum, Polygonium gracile (Fig. 15N; Raev-
skaya et al., 2004); Baltisphaeridium pachyacanthum, B.
longispinosum, Polygonium gracile (northern Gondwana —
Vecoli & Le Hérissé, 2004); Dorsenidium undosum Fig.
16D), Ordoviciunium elegantulum, and Polygonium gracile
(northwestern China — Li et al., 2006).

>
»

Fig. 15. Caradocian phytoplankton (Assemblage I), borehole Jamno IG 1, sample J.1.2; A. general view, magnification X100, B.
Baltisphaeridium dasos, C. Baltisphaeridium cf. dasos, D. Baltisphaeridium lancettispinae, E. Baltisphaeridium cf. calcispinae, F, G.
Baltisphaeridium cf. plicatispinae, H. Goniosphaeridium cf. connectum, 1. Goniosphaeridium sp., J. Micrhystridium sp., K, L.
Orthosphaeridium cf. insculptum, M. Orthosphaeridium sp., N. Polygonium cf. gracile, O. Veryhachium trispinosum, P. Veryhachium
sp., Q. Veryhachium cf. lairdi R. Villosacapsula sp. Length of scale bar is 10 pm and it refers to all pictures except for A
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Fig. 16. Caradocian phytoplankton (Assemblage I), borehole Miastko 1, sample M.1.2; A. general view, magnification x100, B, C.
Baltisphaeridium calcispinae, D. Dorsenidium undosum, E. Goniosphaeridium sp., F. Navifusa sp., G. Liliosphaeridium cf. kaljoi, H.
Lophosphaeridium sylvanium, 1. Multiplicisphaeridium bifurcatum, J. Multiplicisphaeridium irregulare, K. Ordovicidium nudum, L.
Peteinosphaeridium velatum, M. Solisphaeridium sp., N. Veryhachium lairdi, O, P. Veryhachium trispinosum, Q. Veryhachium sp., P.
cryptospore. Length of scale bar is 10 pm and it refers to all pictures except for A

P
<

Assemblage 11

The younger assemblage 11 (Figs 2, 17, 22, Tables 5, 6,
11, 13,) is more difficult to identify, though two sub-assem-
blages in some of the samples can be distinguished within it:
I1a and IIb.

Assemblage II was distinguished in the Torun 1, Leba
8, Koscierzyna 1G 1, Strozyska 5 boreholes, and in the
Bardo Stawy and Zalesie Nowe outcrops.

— -

Subassemblage Ila

Assemblage Ila was distinguished in Torun 1 and Leba
8 boreholes, and probably palynomorphs from St.5.2 and
St.5. 3 in Strozyska 5 borehole may also belong to its (Figs
2,17, 22). The lower boundary of Sub-assemblage Ila is de-
fined by the appearance of forms of the ’small baltisphae-
rids-type” in place of the ”large baltisphaeridium-type”.

Only small, long-ranging and cosmopolitan, spiny acri-
tarchs (diameter ca. 30 um, e.g., Multiplicisphaeridium cf.

- L

Fig. 17. Ashgillian phytoplankton (Assemblage II), borehole Torun 1, sample T.1.4; A. general view, magnification x100, B. Balti-
sphaeridium heizelinni, C, D. Cymatiosphaera sp., E, F. Goniosphaeridium sp., G, H. Micrhystridium sp., 1. Pachysphaeridium sp., J, K.
Veryhachium sp., L. cryptospore. Length of scale bar is 10 pum and it refers to all pictures except for A
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Fig. 18. Caradocian phytoplankton (Assemblage I), borehole Sokolica 1, Figs A and G from sample So.1.12, the others — from sample
So.1.11; all magnification x600, except when indicated: A. general view, magnification x100, B. Baltisphaeridium multispinosum, C.
Baltisphaeridium cf. trabeculaespinae, D. Baltisphaeridium cf. nanninum, E. Domasia sp., F. Excultibrachium cf. concinnum, G.
Micrhystridium sp., H. Navifusa ancepsipuncta, 1. Navifusa sp., J. Orthosphaeridium vibrissiferum. Length of scale bar is 10 pm and it re-

fers to all pictures except for A

bifurcatum, Micrhystridium cf. stellatum, Micrhystridium
sp., Goniosphaeridium sp., Veryhachium sp.) are character-
istic for this assemblage. Additionally, there occurs a small
admixture (ca. 15%) of forms of the “small baltisphaerids”
type with diameters 40—50 pm and narrow, spiny append-
ages (e.g., Baltispaeridium cf. annelieae: Table 13, Fig. 22
B; B. cf. heizelinii: Table 4, Fig.17B and Baltisphaeridium

sp.; Table 13). The number and diversity of the palyno-
morphs are usually smaller than 50 specimens per slide
(Fig. 12).

The upper boundary of Assemblage Ila is marked by
the disappearance of forms of the “small baltisphaerids”
type and the appearance of the first, single Silurian forms, as
e.g., Diexallophasis.

>
»

Fig. 19. Caradocian phytoplankton (Assemblage I), borehole Szczawno 1, sample Sz.1.6; A. general view (x100), B. Baltisphaeridium
cf. calcispinae, C, D. Baltisphaeridium sp., E. Goniosphaeridium cf. connectum, F. Micrhystridium sp., G. Multiplicisphaeridium cf.
cornigerum, H. Multiplicisphaeridium irregulare, 1. Multiplicisphaeridium cf. irregulare, J. Multiplicisphaeridium cf. bifurcatum, K.
Ordovicidium elegantulum, L, M. Ordovicidium cf. elegantulum, N. Ordovicidium cf. heteromorphicum, O. Ordovicidium nudum, P.
Ordovicidium sp., Q. Polygonium cf. gracile, R. Solisphaeridium sp. Length of scale bar is 10 um and it refers to all pictures except for A
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Fig. 20. Caradocian phytoplankton (Assemblage I), borehole Zbrza 3, sample Z.3.5; A. general view, magnification X100, B, C.
Aremoricanium deflandrei, D-F. Baltisphaeridium calcispinae, G, H. Baltisphaeridium plicatispinae, 1. Baltisphaeridium podbo-
roviscensis, J, K. Baltisphaeridium cf. varsoviensis, L. Baltisphaeridium sp., M. Dactylofusa cf. ctenista, N, O. Goniosphaeridium sp.
Length of scale bar is 10 pm and it refers to all pictures except for A

The conodont and other faunal data (Bednarczyk, The composition of the Assemblage Ila appears to be
1971a, 1974; Podhalanska & Modlinski, 2006; Trela, similar to that from the Wolka Formation in the Zbrza
2006b) indicate that the Assemblage Ila corresponds to  trench in the Holy Cross Mountains (Kielce Region), de-
graptolite zones from complanatus to lower part of extra-  scribed from Ashgill by Trela and Szczepanik (2009; Fig.
ordinarius and, in the upper part, to the Dalmanitina beds 14). Common palynomorphs are “small baltisphaerids-
and the lower Hirnantian fauna. It represents the lower part  type” (Baltisphaeridium sp., Fig. 22C) and small, cosmo-
of the Ashgill (Figs 2, 3). politan spiny acritarchs (e.g., Pachysphaeridium sp., Fig.
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Fig. 21.

Caradocian phytoplankton (Assemblage I), borehole Zbrza 3, sample Z.3.5; A. Liliosphaeridium cf. kaljoi, B. Micrhystridium

sp., C. Multiplicisphaeridium irregulare, D. Multiplicisphaeridium cf. bifurcatum, E. Navifusa sp., F. Ordovicidium elegantulum, G.
Ordovicidium heteromorphicum, H. Ordovicidium sp., 1. Veryhachium trispinosum, J. cryptospore. Length of scale bar is 10 pm and it re-

fers to all pictures

171, Veryhachium sp.). Assemblages from the Wélka For-
mation is correlated by Trela and Szczepanik (2009) with
the passage between pre-glacial and glacial assemblages de-
scribed by Vecoli and Le Hérissé¢ (2004), and Vecoli
(2008).

Sub-assemblage ITb

Sub-assemblage IIb was distinguished in the sediments
of the Maloplska Block, including Zalesie Nowe and Bardo
Stawy outcrops, and in the Strozyska 5 borehole (samples
St.5.2 and St.5.3 Fig. 2, Table 13; see also Masiak et al.,
2003). The lower boundary of the Sub-assemblage IIb is de-
fined by the appearance of the first, single Silurian forms, as
e.g., Diexallophasis.

This sub-assemblage contains mainly long-ranging,
small and numerous acanthomorphs (e.g., goniosphaerids,

micrhystrids, veryhachiids) with diameters of ca. 30-35 um,
concurrent with the Silurian precursors such as Diexallo-
phasis (Zalesie Nowe, fig. 10 in Masiak et al., 2003; Bardo
Stawy, Strozyska 5, Table 13). Forms of the “small balti-
sphaerids-type” nearly completely disappear here.

The frequency of forms is usually low, but variable
(Fig. 12). In the outcrop Bardo Stawy, it does not exceed 15
palynomorphs in the richest slide; only three samples from
outcrop Zalesie Nowe exceed 20 palynomorphs per slide
(2.6,72.9,7 and Z.11), but in the richest sample Z.9 from the
mucronata Biozone (Masiak et al., 2003) it attains 110
forms per slide.

The upper boundary of the Sub-assemblage IIb, an
equivalent to the lower boundary of the Silurian, is already
not visible in the studied material, but it is marked by the
mass appearance of numerous species of Diexallophasis,
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Fig. 22. Ashgillian phytoplankton (Assemblage II), borehole Strozyska 5, sample St.5.5; A. general view, magnification x100, B.
Baltisphaeridium cf. annelieae, C. Baltisphaeridium sp., D. Goniosphaeridium cf. christianii, E. Gorgonisphaeridium cf. frequens, F.
Gyalorhethium sp., G. Micrhystridium sp., H. Pachysphaeridium robustum, 1. Peteinosphaeridium accinctulum, J. Peteinosphaeridium
cf. accinctulum, K. Peteinosphaeridium cf. bergstroemii, L. Peteinosphaeridium trifurcatum, M. Polonosphaeridium francinae, N.
Veryhachium lairdi. Length of scale bar is 10 pm and it refers to all pictures except for A

Domasia, Multiplicisphaeridium, Opilatalla and Tyloto-
palla and by much greater frequency of palynomorphs, up
to several hundred or more specimens per slide (Masiak et
al., 2003).

The faunal and microfaunal data (Bednarczyk, 1971a,
1974, 1981; Podhalanska & Modlinski, 2006; Trela, 2006b)

indicate that the Sub-assemblage IIb corresponds to grapto-
lite zones from the upper extraordinarius Zone to perscul-
ptus Zone (Figs 2, 3), that is the uppermost Ashgill (Hirnan-
tian without its lower part).

Sub-assemblage IIb seems to be the equivalent of the
assemblage described by Trela and Szczepanik (2009) from



PALYNOMORPH ASSEMBLAGES FROM UPPER ORDOVICIAN 49

the Zalesie Formation (Zbrza trench and borehole Szumsko
Kolonia 2, Holy Cross Mountains, Kielce Region, Fig. 14).
Common palynomorphs are Multiplicisphaeridium, Poly-
gonium, Verychachium and Diexallophasis. The Sub-as-
semblage IIb differs from the assemblage from the Zalesie
Fm. in frequency of palynomorphs, which is many times
higher. Assemblages from the Zalesie Fm. were correlated
by Trela and Szczepanik (2009) with glacial assemblage de-
scribed by Vecoli and Le Hérissé (2004) and Vecoli (2008).

A similar composition as in the Sub-assemblage IIb,
long-ranging, small and numerous acanthomorphs concur-
rent with the Silurian precursors, such as Diexallophasis,
Domasia, and Tylotopalla (Niestachéw and Szumsko
Kolonia 2 borehole), is also characteristic for assemblages
of the Upper Ordovician strata from other regions (e.g.,
Prague Basin, Kosov Formation, Dufka & Fatka, 1993;
southern Appalachians, Assemblage A, Colbath, 1986;
northeast Libya, Hill & Molyneux, 1988; Vecoli & Le
Hérissé, 2004; Vecoli, 2008). They have been also noted in
the Upper Asghill by Fensome et al. (1990) and Paris ef al.
(2000).

Summing up, though precision of palynomorphs as
stratigraphic tools is limited, the acritarchs from Assem-
blage I and Assemblage II in all of the mentioned regions
are generally undoubtedly a useful stratigraphic marker for
the Caradoc and Ashgill calcareous-clayey facies.

More diverse and problematic is the palynological ma-
terial from the Nida region in the Matopolska Block (bore-
hole Strozyska 5). It was taken from strata palaeontolo-
gically proven as of Ashgillian age. However, the lower-
most sample (St.5.5; Fig. 11) includes, besides small spiny
long-ranging palynomorphs of limited stratigraphical value
(mostly Goniosphaerids), a marked admixture of somewhat
larger (45—60 um) forms of Baltisphaeridium and Peteino-
sphaeridium types (up to ca. 15%). Such a composition,
coupled with the high frequency (up to 150 specimens per
slide; Fig. 12) may suggest the attribution of the palyno-
morphs to Assemblage I (or boundary zone between assem-
blages I and II), which is present in the Caradoc strata in all
other regions. The degree of degradation of both small and
larger forms is similar and no other characteristics sug-
gested redeposition of the material, though such possibility
cannot be completely ruled out. An assemblage from the
sample St.5.5 seems to be the equivalent of the assemblage
described by Trela and Szczepanik (2009) from the Stawy
Formation (Kielce Region, Holy Cross Mountains), palaen-
tologically dated as the upper Caradoc. Common palyno-
morphs are, among others, Peteinosphaeridium trifur-
catum (Table 13, Fig. 22L) and Baltisphaeridium lancetis-
pinae (Table 13).

The higher samples (St.5.3 and 5.2) are much poorer
and do not include the admixture of “large” and “small”
Baltisphaeridium. They represent the Subassemblage IIb.

In borehole Strozyska 5 there are two palynological as-
semblages: an older one, transitional, from the boundary be-
tween the Caradoc and Ashgill (identified in sample St.5.5),
and the younger, definitely Ashgill, Sub-assemblage IIb
(present in samples St.5.3 and St.5.2). Thus, the sediments
in sample St. 5.5, hitherto regarded as the Upper Ashgill
(Bednarczyk et al., 1968), should be accepted as somewhat

older, at least the Lower Ashgill. However, palacontologi-
cal evidence from the same depth interval of 3,091.6—
3,093.6 m (Orbiculoidea radiata, Lingulella sp., Nicolella
sp. and Eostropheodonta hirnantiensis) unequivocally dem-
onstrates the Upper Ashgill age.

Less problematic is also material from the Sokolica 1
borehole including a big admixture of Domasia and Navi-
fusa. Genus Domasia constitutes probably a contamination
from the overlying Silurian or uppermost Ashgill strata.

Somewhat different is the situation in exposure
Niestachow. Material for palynological studies was col-
lected from claystone-mudstone intercalations between the
layers of the Upper Silurian sandstones (Tomczyk, 1956;
Filonowicz, 1971) and it was redeposited from the Ordovi-
cian claystone-mudstone sediments (Stempien, 1990). The
place of original deposition could not be identified.

PALAEOBIOGEOGRAPHY

The studies using Ordovician palynomorphs for palaco-
biogeographical purposes began in the 1970s (Cramer &
Diez, 1972, 1974, 1977; Vavrdova, 1974; Martin, 1982).
Two provinces were then distinguished: a cold Mediterra-
nean Province at high latitudes of the Southern Hemisphere,
with predominance of diacromorph acritarchs, and the
warmer Baltic Province at low latitudes, in the belt between
the tropics, with predominance of acanthomorph acritarchs.
This division, which is distinct for sediments from Arenig to
Llanvirn, is still used (Servais et al., 2003, 2004, 2005;
Servais & Wellman, 2004), though with small modifica-
tions (extension of the Mediterranean Province to the peri-
Gondwanan Province). The maximum separation of conti-
nents was probably attained at that time (Cocks, 2001;
Scotese, 2001; Cocks & Torsvik, 2002, 2006).

In Late Ordovician time, a real separation of continents
was much smaller than in the Middle Ordovician (Fig. 23).
However, in the Late Ordovician (from Late Llanvirn/Early
Caradoc to Ashgill) the differences between provinces be-
gan to diminish (Hill & Molyneux, 1988; Martin, 1968,
1974, 1980, 1988; Li & Servais, 2002; Le Hérissé & Vecoli,
2003; Vecoli & Le Hérissé, 2004, Yin & He, 2000; Liet al.,
2006), and cosmopolitan, small and long-ranging species
are present (Dufka & Fatka, 1993; Molyneux & Paris, 1985,
Vecoli, 1999; Xiang & Fang, 1999; Li et al., 2006). Practi-
cally, no species are found that would be unequivocally lim-
ited to low or high latitudes. Many of these species appear in
many geographical locations. For example, Multiplici-
sphaeridium bifurcatum and M. irregulare noted in Poland
in the epi-Caledonian Platform are ubiquitous (e.g., Poland,
Upper Silesian Block: Jachowicz, 2005; Estonia — Uutela &
Tynni, 1991; North America and Europe — Wicander ef al.,
1999, Playford & Wicander, 2006; Tarim Basin, China — Li
et al., 2006). Ordovicidium elegantulum, which is present in
the epi-Caledonian Platform and in the Kielce Region of the
Holy Cross Mountains, is also noted in many areas world-
wide (e.g., Oklahoma — Tappan & Loeblich, 1971; England
— Turner, 1984; Estonia — Uutela & Tynni, 1991; Gotland —
Eiserhard, 1992; Tarim Basin — Li et al., 2006). Polygonium
gracile, noted in most Polish Upper Ordovician assem-
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Fig. 23. Late Ordovician palacogeographic reconstruction after
Scotese and Mc Kerrow (1999) and Li and Powell (2001)

Epi-Caledonian g%
Platform )
(Koszalin-Chojnice Zone) =

TAI AMOCO

temperature (°C

Fig. 24. Map of palaecotemperatures in palynological record. For
names of boreholes and outcrops see Fig. 1

blages, is common worldwide (e.g., in Europe — Vavrdova,
1966; Sarjeant & Stancliffe, 1994; in China, Tarim Basin —
Liet al., 20006).

Nevertheless, a small variation is present in the Polish
Upper Ordovician sections from various regions. So, no
diacromorph acritarchs (or single, uncertain only; Szcze-
panik, 2000, borehole Chojnice 5) were found in the epi-
Caledonian Platform and in the East European Platform,
while acanthomorph acritarchs are numerous.

Single diacromorph acritarchs were found in the Holy
Cross Mountains, in both the northern region (outcrop Po-

broszyn: Acanthodiacrodium sp., Actinotodissus cf. cra-
ssus), and the Kielce Region (outcrop Bardo Stawy and Za-
lesie Nowe: Acanthodiacrodium sp., Niestachow: Dasy-
diacrodium sp. and Acanthodiacrodium cf. ubui). However,
the numbers of diacromorph acritarchs are small in both
cases (13 specimens in total). Diacromorph acritarch (e.g.,
Acanthodiacrodium angustum, Acanthodiacrodium sp.,
Actinotodissus formosus) were also found in the Zbrza
trench and the Szumsko Kolonia 2 borehole (Trela &
Szczepanik, 2009), too. A lot of diacromorph acritarchs
(various Acanthodiacrodium) were found in the Upper Sile-
sian Block in Lanvirn and Caradoc strata (Jachowicz,
2005). Diacromorph acritarchs (Actinodissus crassus) were
also found in the Upper Ordovician strata from the Southern
Appalachians (Colbath, 1986).

The presence of representatives of the genera Acantho-
diacrodium (typically Middle Ordovician forms, and not re-
corded in the post-Llanvirn strata) strongly suggests sedi-
ment reworking in the Upper Ordovician in the Holy Cross
Mountains.

The scarce data are not sufficient for any general
palaecogeographic conclusions. It may be only concluded
that the uppermost Ordovician material from the Holy Cross
Mountains includes diacromorph acritarchs, characteristic
of the Mediterranean and Peri-Gondwanan Provinces that is
for high latitudes and cold climate, at that time.

PALAEOTEMPERATURES
IN PALYNOLOGICAL RECORD

Observations of palynomorphs in different four units
reveal a large variation in colour of the specimens, from
bright-yellow through dark-yellow, brown and dark-grey to
black, depending on the degree of heating. Temperatures, to
which sediments with palynomorphs were heated, are deter-
mined using the method of Thermal Alteration Index (TAI).
The method consists in the comparison of palynomorph col-
our with one of standard colour scales. A six-grade scale
TAI AMOCO, modified by Engelhardt et al. (1992), was
used in this study (Fig. 24).

Transformations of organic matter and the degree of its
maturity are also indicated by the Vitrinite Reflectance In-
dex R,, obtained by measurements of reflectance (Robert,
1985) and by CAI — Conodont Alteration Index (Narkie-
wicz & Nehring-Lefeld, 1993).

Palaeotemperatures in epi-Caledonian Platform
(Koszalin—Chojnice Zone)

The studied samples reveal marked variations in colour
of palynomorphs (Figs 15, 25, Table 14). Colour of identifi-
able specimens from various boreholes, taken from similar
depths, varies from bright-yellow in borehole Brda 3
(Szczepanik, 2000) to brown in boreholes Nowa Karczma
1, and Polskie Laki PIG 1 (Table 14).

This change in colour, hence also in the temperature of
heating, shows a regular trend. The palynological material
in the boreholes situated in the NW part of the region (e.g.,
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Table 14 Table 15

Palaeotemperatures in the epi-Caledonian Platform Palaeotemperatures in the East European Platform
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boreholes Jamno IG 1, Skibno 1, Miastko 1) shows heating
to temperatures of ca. 50-80°C (early oil window), while in
the SE of the region (e.g., boreholes Nowa Karczma 1,
Chojnice 5) palacotemperatures attained about 100°C (con-
densate window). However, it should be noted that the dark-
est palynomorphs come from boreholes Chojnice 5 and
Polskie Laki PIG 1, which not only lie farthest to the east,
but also the palynomorphs reached there the greatest depths.
The samples from both boreholes were taken from depths
greater by 2,000 m than in the neighbouring boreholes. The
much darker colour may be thus related also to the higher
geothermal gradient, which changes in this area (at the mar-
gin of the East European Platform) to the values of ca.
2-2.5°C per 100 m (Majorowicz, 1982). Nevertheless, a
greater thermal engagement of the SE part of the Koszalin—
Chojnice Zone seems to be corroborated by the fact of ele-
vated value of sediment heating, to ca. 100°C (condensate
window), shown by palynomorphs from the neighbouring,
shallower borehole Nowa Karczma 1.

Thus, it seems likely that the sediments from which
palynological samples were taken in the NW part of the re-
gion were much less heated than the sediments from the SE
part. The difference in palacotemperatures determined us-
ing the TAT AMOCO scale amounts to ca. 50°C.

The Vitrinite Reflectance Index R,, obtained from
reflectance measurement values for the NE part of the
Koszalin—Chojnice Zone, varies from 0.73 to 0.91%, dem-
onstrating that maturity of the organic matter corresponds to
the main phase of oil generation (palacotemperatures
50-100°C). The values for the SE part of the discussed areca
equal 1.78-1.8%, thus they correspond to palacotempera-
tures varying within the range 70—170°C, the main phase of
gas generation (Grotek, 1999).

East European Platform

Two zones with different lithology of Upper Ordovician
sediments differ also in palacotemperature record (Fig. 23).

Western part of the Peribaltic Syneclise

The palynological record in the Leba area is quite dif-
ferent from that in the neighbouring areas. They are dark in
colour (black or grey); palacotemperatures had to exceed lo-
cally 150°C (Fig. 23). Such conditions did not favour
palynomorph preservation.

Similar determinations of the degree of organic matter
heating were obtained for the Leba area using the Vitrinite
Reflectance Index R, (reflectance measurements, Grotek,
1999). The R, values vary in this area from 1.12 to 2.30%,
pointing to organic matter maturity corresponding to the
carly to late phase of gas generation and maximum tempera-
tures of 70—180°C. The CAI for the Leba area equals 3 and
thus corresponds to the phase of condensate generation and
palaeotemperatures of 110-200°C (Nehring-Lefeld et al.,
1997).

Eastern part of the Peribaltic Syneclise

Palynomorphs from the boreholes Sokolica 1 (Fig. 1),
Olsztyn IG 1 and Gotdap IG 1 (Gorka’s collection, Fig. 6)
feature bright colours. With the overburden thickness simi-
lar in all boreholes, the palynomorphs are from bright do
dark-yellow, indicating a low degree of heating of the stud-
ied sediments. The lowest palacotemperatures are indicated
by sediments from borehole Sokolica 1 (not exceeding
50°C, immature stage). The degree of thermal maturity in
other boreholes of the area indicates an interval of 50-80°C
(early oil window; Fig. 23, Table 15).

Similar values of temperature are indicated by coeffi-
cient R,, whose value for the sediments of borehole Olsztyn
equals 0.5%, corresponding to thermally immature organic
matter and temperatures approaching 50°C, and the CAI co-
efficient equal 2, pointing to temperatures of 60-140°C
(Nehring-Lefeld et al., 1997).

Therefore, the palacothermal histories of the eastern
and western parts of the Peribaltic Syneclise were clearly
different, as is shown by the evidence of palacotemperature
difference of more than 100°C.
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Western slope of the Mazury Anteclise (Plock—Warszawa
Trough)

The borehole Szczawno 1 is situated in the Plock— War-
szawa Through. The borehole Torun 1, is situated ca. 70 NE
from it, in a SE prolongation of the Koszalin—Chojnice
Zone. Both boreholes are similarly distant from the platform
margin; the borehole Torun 1 on the SW side of the Teis-
seyre—Tornquist Zone (TTZ), the borehole Szczawno 1 on
its NE side. Results of palynological analyses were similar
in both boreholes. They are discussed here jointly because
of some palynological similarities and interfingering of the
mentioned units.

The colour of palynomorphs changes from dark-brown
to black in borehole Torun 1, indicative of heating to ca.
100-150°C (gas window, Figs 23, 25, Tab. 15). Palyno-
morphs from borehole Szczawno 1 are still darker. They
feature dark colour and display characteristic, brittle struc-
ture that suggests palacotemperatures of at least 150°C
(transition between gas window and overmature). Overbur-
den thickness in both boreholes is great (above 4,000 m) but
similar, hence, it does not disturb comparison.

The R, index for the area of borehole Szczawno 1
equals 3%, that is corresponds to the phase of condensate
generation and temperatures 190-300°C. The CAI index at-
tains the value of 5 and it corresponds to temperatures
300—400°C (Nehring-Lefeld et al., 1997).

The palacotemperatures obtained using the R, and CAI
indices are much higher than those at which palynomorphs
are preserved and much higher than those indicated by the
TAI scale. So, the results obtained for borehole Szczawno 1
using the three methods are different. The difference may be
caused by the fact that the TAI method was used just for
sediments from borehole Szczawno 1, while the R, and CAI
data come from borehole Polik IG 1 distant by 15 km, even
if both boreholes lie within the same interval of the R, and
CAI values (Nehring-Lefeld ef al., 1997).

A comparison of material from both boreholes is ham-
pered by different ages of the palynomorphs and different
depths from which the samples were taken. Samples from the
studied interval of borehole Torun 1 are most likely Ashgill
in age and they come from a depth greater than 5,300 m.
Samples from borehole Szczawnol are Caradoc in age and
they come from a depth greater than 4,300 m. However, tak-
ing into account that conditions at both sites were similarly
favourable for acritarch preservation and that the degree of
sediment heating was similar at both sides of the TT Zone in
the Koszalin—-Chojnice Zone (Szczepanik, 2000), it may be
accepted that determination of similar palacotemperatures in
boreholes Torun 1 and Szczawno 1 is not erroneous.

Podlasie Syneclise

Palynological material comes from boreholes Zebrak
IG 1, Mielnik IG 1 and Strabla (Gorka’s collection of the
acritarchs, Fig. 13). Palynomorphs from individual bore-
holes differ only slightly in colour, which is a proxy for sed-
iment heating (Figs 12, 23; Table 15).

The data on heating indicate that sediments in borehole
Zebrak 1G 1 were subject to slightly higher temperatures
(50-80°C, early oil window) than those in boreholes Strabla
and Mielnik IG 1 (less than 50°C, immature stage).

Table 16
Palaeotemperatures in the Holy Cross Mountains and in
the Matopolska Block
HCM Matopolska Block -
Lysogory Region HCM Kielce Region Regli:n
)
3z AR
TAI AMOCO | ,|2| & & 5|5 s
IR R E A ETE
EHEIEIE IR RS
HEEE SRS EFINES
>150°C |
overmature
100 - 150°C
gas window
I 90 - 100°C +
% condensate window
=
Q
=3 80 - 90°C
E oil window +
50 - 80°C
o +
early oil window
<50°C F|F|F il

The index R, for the whole area of Podlasie is lower
than 1, corresponding to immature organic matter and tem-
peratures of 50—80°C. The value of CAI index attains 3 for
borehole Zebrak IG 1 (temperatures 110-200°C, phase of
condensate generation) and 1 for boreholes Strabla and
Mielnik IG 1 (Nehring-Lefeld et al., 1997), corresponding
to temperaturesof 50-80°C and immature organic matter.

Palaeotemperature values obtained for borehole Zebrak
IG 1 using the CAI method are higher than those obtained
using the TAI method for the same borehole by at least ca.
30°C.

Thus, a similar phenomenon is present in the Podlasie
area as in the Peribaltic Syneclise. The farther east from the
platform margin, the lower is the degree of sediment heat-
ing. It should be noted, however, that overburden thickness
in borehole Zebrak IG 1 is greater by 1,000 m than in bore-
hole Mielnik IG 1, and this certainly caused the darker col-
our of the studied material.

Holy Cross Mountains (Lysogéry Fold Zone)

The palynomorphs found in the Lysogory Region are
destroyed, usually dark-grey brown to black in colour, in-
dicative of heating of sediments to temperatures up to
150°C — transition between the gas window and overmature
(Figs 23, 25, Table 16). The degree of heating decreases
eastward and near Opatow (Pobroszyn outcrop) it does not
exceed 100°C (condensate window — 90-100°C, bright-
grey brown colour). The overburden thickness in both bore-
holes does not exceed few hundred metres. Similar palaco-
temperature values, indicative of overheating (overmature
window), are marked in material from borehole Janowice
IG 1 (Szczepanik, 2007).

The easternmost outcrop, Pobroszyn, situated at a simi-
lar distance from the line of the Holy Cross Overthrust as
boreholes Wilkow IG 1 and Bukowiany IG 1, features the
lowest degree of heating and the highest content of rela-
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Table 17
The species compositions in Avalonia, Baltica and Malopolska Block
Avalonia Baltica Ma];(ig gll(ska
Palynomorphs Riigen England Poland Gotlandia Estonia Poland Poland
Servais, 1994 | Turner,1984 K_Ch area, Gorka,1978 Uutc?la & this paper this paper
this paper Tynni, 1991
Baltisphaeridium longispinosum + + + + + + +
Baltisphaeridium plicatispinae + + +
Goniosphaeridium polygonale + + + + +
Multiplicisphaeridium irregulare + + + + +
Ordovicidium elegantulum + sp. + + + + + +
Ordovicidium heteromorphicum + + + + +
Ordovicidium nudum + + + + + + +
Orthosphaeridium vibrissiferum + sp. + + + +sp.
Peteinosphaeridium brevispinosum + + +
Polygonium gracile + + + + +

tively slightly damaged palynomorphs among the whole
material from the Lysogory region.

Malopolska Block

Kielce Fold Zone (Kielce region)

Boreholes Zbrza 2 and 3, situated in the western part of
the region, feature the presence of bright-yellow material
and palacotemperatures lower than 50°C (immature stage;
Fig. 23, Table 16). Similarly pale-yellow are palynomorphs
from the central (Niestachow) and eastern (Zalesie Nowe,
Bardo Stawy) parts of the region; hence, their degree of
heating was similar (Fig. 25). Palynological material from
boreholes Ublinek 1 and Wiostow 1 (Szczepanik, 2007),
and from Zalesie and Szumsko Kolonia 2 boreholes (Trela
& Szczepanik, 2009) also represents the eastern part of the
region and displays yellow colour of palynomorphs.

Palynomorph colouring indicates thus that the whole
southern region was subject to very slight heating, not ex-
ceeding 50°C .

In summary, palynological characteristics of the Holy
Cross Mountains show marked differences between the
northern (Lysogory Fold Zone) and southern (Kielce Fold
Zone) regions (Fig. 23). The degree of heating in the north
is at least 100°C greater than in the south. It varies also
within the region, decreasing from more than 150°C in the
west (Wilkow IG 1) to ca. 100°C in the east (Pobroszyn). In
the southern region, the degree of heating seems to be uni-
form over the whole area; palacotemperatures do not exceed
50°C (immature stage) in all the studied boreholes. Speci-
men colours demonstrate different geological histories of
both regions of the Holy Cross Mountains.

Similar conclusions can be drawn by comparison of
vitrinite reflectance coefficient R, in the northern (Wilkow
IG 1 and Pobroszyn) and southern (Zalesie Nowe) regions.
The value of coefficient R, for borehole Wilkéw IG 1,
depth 768.5 m, is 3.53%, and for the outcrop Pobroszyn —

3.2%, indicative of palaeotemperatures greater than 200°C;
data from Zalesie Nowe, where R,=1.0 (Grotek, 2005), in-
dicate palacotemperatures slightly above 60°C.

Nida region

Material from the Nida region (borehole Strozyska 5,
Figs 23, 25, Table 16) features a similar colour of specimens
in all samples, yellow and dark-yellow, indicative of sedi-
ment heating to temperatures not exceeding 80°C (early oil
window).

In the central part of the Nida region, geothermal de-
gree and gradient were measured. The mean values of geo-
thermal gradients for the whole measurement zones vary
from 1.72°C/100 m to 2.96°C/100 m (Jurkiewicz &
Szczerba, 1976). No data on the CAI and R, coefficients for
borehole Strozyska 5 have been published.

In summary, the highest temperature values received
with TAI method (150°C approximately and more) appear
in the region of the TESZ Zone (Fig. 23). It is the result of
tectonic activity during the Caledonian orogenesis. Similar
temperatures are registered from the Lysogory Fold Zone
(northern part of the Holy Cross Mountains); concerning
the temperatures in the Lysogdry Fold Zone these are re-
lated to the TESZ zone and the western part of Baltica.

The lowest palaeotemperatures (lower than 50°C) are
registered within the Polish part of the East European Plat-
form, in the area, which has not been affected by transfor-
mations of Caledonian orogenesis. Palacotemperatures
lower than 50°C are also registered from the Kielce Fold
Zone.

The Kielce Fold Zone with palacotemperatures lower
than 50°C and the Nida region with palacotemperatures in-
dicating warming of 50-80°C are showing individual char-
acter of the Malopolska Block in comparison with the
northern part of the Holy Cross Mountains and the south-
eastern edge of the East European Platform.
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AREAS OF AVALONIA, BALTICA
AND MALOPOLSKA BLOCK
IN THE LIGHT OF OBTAINED
PALYNOLOGICAL DATA

The areas of Avalonia, Baltica and the Matopolska
Block were placed close to one another during the Late Or-
dovician time (Fig. 24), at similar latitude and in the same
climate zone. Consequently, the palynomorph assemblages
from these three areas have similar species compositions
(Table 17).

More distinct are differences related to the degree of
thermal maturation (Fig. 23). Within the epi-Caledonian
Platform, Ordovician sediments are related to an early
Palaeozoic terrane of Gondwanan origin, known as Eastern
Avalonia (Tait et al., 1997; Pharaoh, 1999; Jaworowski,
2000; Samuelsson et al., 2002). The palynological assem-
blage present over the whole area displays similar degrees
of heating, about 50-100°C.

Within the East European Platform (Baltica), palynolo-
gical material indicates marked differences. The highest
palacotemperatures are indicated in material from the Leba
area and the Warsaw—Plock Trough (above 150°C). The de-
gree of heating decreases eastward from the margin of the
Baltica palacocontinent, hardly attaining 50°C.

The area described as the Matopolska Block is also
complex in the geological and palynological sense. It in-
cludes the southern (Kielce) region of the Holy Cross
Mountains and the Nida region. The degree of heating is
similar in both regions — ca. 50°C.

A marked difference related to the frequency of palyno-
morphs is shown between the Avalonia, Baltica and the
Matopolska Block. Generally, assemblages from the Ava-
lonia and the Baltica are palynologically poor, their fre-
quency is low (ca. 10-50 forms per slide), while the fre-
quency from the Matopolska Block (in the same, richest
graptolite Zones gracilis - multidens) varies from 45 to 320
identified specimens per slide (Fig. 12).

The diversity of palynomorphs in a one sample within
the graptolite Zones gracilis - multidens is also highest in
material from the Matopolska Block (13-25 identified spe-
cies). In other regions, the diversity fluctuates between 3
and 13 identified species. The compositions of the studied
palynological assemblages from the Matopolska Block is
similar to the compositions of the Llanvirn — Caradoc
palynological assemblages from the Upper Silesian Block
(Gtladysz et al., 1999; Jachowicz, 2005).

In summary, the Matopolska Block is palynologically
different from the epi-Caledonian Platform and from the
Baltica in the degree of thermal maturation (the same, ca.
50°C in the whole region), palynomorph frequency, and in
the higher diversity of palynomorphs.

CONCLUSIONS

1. Palynological analysis of the Upper Ordovician ma-
terial from the studied regions proved that palynomorphs
are useful for palynostratigraphical studies of the strata
within this age interval. Though they do not display rapid

succession and are not present in all facies, they enable un-
questionable division into two assemblages of different age:
the Caradoc Assemblage I and the Ashgill Assemblage II.
Additionally, two groups of palynomorphs in some cases,
when frequency is high, allow one to distinguish two
subassemblages — Ila and IIb. Well expressed is also a dif-
ference in composition of the assemblages from the Ordovi-
cian and Silurian boundary zone. A distinction of the Upper
Ordovician from the Lower Silurian sediments on this
ground should be easy.

2. Transformations in coalification of organic matter
and the degree of its thermal maturity indicate temperature
to which sediment was heated and thus allow to restore ther-
mal history of the basin. The results obtained in all the stud-
ied regions using the TAI method are similar to the results
obtained using the Vitrinite Reflectance Index R, and index
of conodont colour alteration CAI. Palaeotemperature char-
acteristics of the Holy Cross Mountains show marked dif-
ferences between the northern (Lysogoéry Fold Zone) and
southern (Kielce Fold Zone) regions. The palacotemperatu-
res show individual character of the Matopolska Block
(the same, ca. 50°C in the whole region) in comparison with
the northern part of the Holy Cross Mountains, SE margin
of the East European Platform, and the epi-Caledonian Plat-
form.

3. A comparison of palynomorph frequencies in coeval
sediments does not reveal big systematic pattern within in-
dividual geological regions and between them. A marked
difference between them is discernible: 4 — between the ma-
terial from the Caradoc and Ashgill. Generally, the Caradoc
material is many times richer (both in quality and quantity)
than the Ashgill material. Many Ashgill samples were paly-
nologically barren. The lower frequencies in the Ashgill
sediments may be also attributed to the appearance of
ice-sheets in the Southern Hemisphere during Late Ordovi-
cian time; B — between the material from the Matopolska
Block and from the East European Platform and the epi-Cal-
edonian Platform. The palynomorph frequencies in the
Matopolska Block are much higher than those in the others
regions. Higher is also the diversity of palynomorphs in the
Matopolska Block.

4. The areas of the Avalonia, Baltica and the Mato-
polska Block were situated on the same latitude and in the
similar climatic zone during the Late Ordovician. As a re-
sult, the palynomorphs, which have been found in those ar-
eas, do not show any essential differences regarding species
composition. Practically, no species have been found in sed-
iments of this age whose occurrence would indicate low or
high latitudes. Most species are cosmopolitan. Information
obtained from the analysis of assemblage composition do
not allow to draw palacobiological conclusions based on
them.

5. No diacromorph acritarchs (e.g., Acanthodiacro-
dium) were found in the epi-Caledonian Platform and in the
East European Platform, while acanthomorph acritarchs are
numerous. The presence of representatives of the genera
Acanthodiacrodium (typical Middle Ordovician forms, and
not recorded in post-Llanvirn strata) in the Upper Ordovi-
cian in the Holy Cross Mountains strongly suggests sedi-
ment reworking and connection with a cold Mediterranean
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Province at high latitudes of the Southern Hemisphere, with
predominance of diacromorph acritarchs.
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Appendix
List of identified taxa

The identified acritarch taxa are reported in the follow-
ing list (in alphabetical order). Taxa marked with an asterisk
(*) are shown in Figs 15-22.

Actinotodissus cf. crassus Loeblich et Tappan, 1978
Acanthodiacrodium sp.

Aremoricanium rigauae Deunff, 1955

Aremoricanium deflandrei Henry, 1969*

Baltisphaeridium annelieae (Kjellstrom) Bockelie et Kjellstrom,

1979 Baltisphaeridium bramkaense Goérka, 1979
Baltisphaeridum calicispinae Gorka, 1969*

Baltisphaeridium dasos Colbath, 1979*

Baltisphaeridium microspinosum Eisenack, 1954
Baltisphaeridium multispinosum (Eisenack) Eisenack, 1969*
Baltisphaeridium lancettispinaeGorka, 1969*
Baltisphaeridum longispinosum (Eisenack), Staplin et al., 1965
Baltisphaeridum pachyacanthum Eisenack, 1965
Baltisphaeridum plicatispinae Gorka, 1969*
Baltisphaeridum podboroviscensis Gorka, 1969*
Baltisphaeridium pseudocalcispinum Goérka, 1980
Baltisphaeridium ritvae Kjellstrom, 1971

Baltisphaeridium cf. heizelinii Stckmans et Williere, 1969*
Baltisphaeridium cf. nanninum Eisenack, 1965*
Baltisphaeridum cf. varsoviensis Gorka, 1969*
Baltisphaeridium cf. trabeculaespinae Gorka, 1969*
Baltisphaeridum sp.*

Cymatiosphaera cf. canadensis Deunff, 1954
Cymatiosphaera sp.*

Cymatiogalea sp.

Dactylophusa cf. ctenista (Loeblich) Sarjeant ef Stancliffe, 1994*
Diexallophasis remota (Deuntf) Playford, 1977

Domasia sp.*

Dorsenidium cf. undosum Wicander et al., 1999*
Exculibrachium cf. concinnum Loeblich et Tappan, 1978*
?Frankea cf. sartbernardensis (Martin) Colbath, 1986
Goniosphaeridium connectum Kjellstrom, 1971
Goniosphaeridium gracileVavrdova, 1966*
Goniosphaeridium mochtiense (Gorka) Kjellstrom, 1971
Goniosphaeridium cf. christianii Kjellstrom, 1976*
Goniosphaeridium sp.*

Gorgonisphaeridium cf. frequensGorka, 1987*
Gorgonisphaeridium sp.

Gyalorhetium sp.*

Leiosphaerids

Leiofusa cf. fusiformis (Eisenack) Eisenack, 1938
Liliosphaeridium cf. kaljoi Uutela et Tynni, 1991*
Lophosphaeridium sylvanium Playford et Wicander, 2006*
Micrhystridium stellatum Deflandre, 1945

Micrhystridium sp.*

Multiplicisphaeridium bifurcatum Staplin et al., 1965*
Multiplicisphaeridium irregulare Staplin et al., 1965%*

Multiplicisphaeridium cf. cornigerum Uutela et Tynni, 1991*

Multiplicisphaeridium cf. raspa (Cramer) Eisenack et al., 1973

Multiplicisphaeridium cf. ramusculosum (Deflandre) Lister, 1970

Multiplicisphaeridium sp.

Micrhystridium sp.*

Navifusa ancepsipuncta Loeblich, 1970*

Navifusa cf. punctata Loeblich et Tappan, 1978

Navifusa sp.*

Ordovicidium elegantulum Tappan et Loeblich, 1971%

Ordovicidium heteromorphicum (Kjellstrom) Loeblich ef Tappan,
1978*

Ordovicidum nudum (Eisenack) Loeblich et Tappan, 1978*

Ordovicidium cf. nanofurcatum (Kjellstrom) Uutela et Tynni,
1991

Ordovicidium sp.*

Orthosphaeridum vibrissiferum Loeblich et Tappan, 1978*

Orthosphaeridum cf. insculptum Loeblich, 1970*

Orthosphaeridum cf. rectangulare Eisenack, 1963

Orthosphaeridium sp.*

Pachysphaeridium robustum (Eisenack) Fensome et al., 1990*

Pachysphaeridium sp.*

Peteinosphaeridium accinctulum Wicander et al., 1999*

Peteinosphaeridium trifurcatum (Eisenack) Staplin et al.,1965*

Peteinosphaeridium velatum Kjellstrom, 1971*

Peteinosphaeridium cf. bergstroemii Staplin et al., 1965*

Peteinosphaeridium cf. micranthum (Eisenack) Eisenack et al.,
1973

Peteinosphaeridium sp.

Polonosphaeridium francinae (Goérka) Gorka,1987*

Polygonium gracile (Vavrdova) Sarjeant et Stancliffe, 1994*

Polygonium cf. polyacanthum (Eisenack) Sarjeant et Stancliffe,
1994

Polygonium sp.

Pterotoshaerula sp.

Solisphaeridium sp.*

Tyllignasoma sp.

Veryhachium lairdi (Deflandre) Deunff 1954 ex. Loeblich, 1970

Veryhachium reductum (Deunff) Downie et Sarjeant, 1965

Veryhachium trispinosum (Eisenack) Stockmans et Willicre, 1962
group

Veryhachium cf. augustum Deunff, 1977

Veryhachium cf. hamii Loeblich, 1970

Veryhachium ct. oklahomense Loeblich, 1970

Veryhachium ct. subglobosum Jardinié et al., 1974

Veryhachium sp.*

Villosacapsula irrorata (Loeblich et Tappan) Fensome et al., 1990

Villosacapsula sp.*

Vulcanisphaera cf. imparilis Rasul, 1976

Vulcanisphaera sp.
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