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Ab stract: Palynological stud ies have been done to com pare the Up per Or do vi cian strata in var i ous geo log i cal
units of north ern and cen tral Po land (epi-Cal edo nian Plat form, East Eu ro pean Plat form, Ma³opolska Block and
Holy Cross Moun tains–£ysogóry Fold Zone and Kielce Fold Zone). Two dis tinct palynological as sem blages have 
been dis tin guished in the stud ied ma te rial: the Caradoc as sem blage I and the Ashgill as sem blage II (with two
sub-assemblages IIa and IIb), thus dem on strat ing use ful ness of the Up per Or do vi cian palynomorphs for biostrati-
graphy. Ther mal ma tu rity of or ganic mat ter was stud ied us ing the TAI method. The palynological anal y sis,
palynostratigraphy, and es ti mates of ther mal ma tu rity were done with the aim at palynological char ac ter iza tion of
three an cient units: the Avalonia, Baltica and the Ma³opolska Block, all now par tic i pat ing in struc tures of the
pres ent-day geo log i cal units of north ern and cen tral Po land.

Key words: palynological as sem blages, palynostratigraphy, palaeotemperatures, Up per Or do vi cian, Po land.

Manu script re ceived 20 January 2010, ac cepted 1 December 2010

IN TRO DUC TION

This pa per pres ents a palynological re con nais sance of
the Up per Or do vi cian de pos its (Darriwilian, Sandbian,
Katian and Hirnantian) in var i ous geo log i cal units of north -
ern and cen tral Po land that were parts of Palaeozoic con ti -
nents. Dif fer ences be tween the palynomorph as sem blages
are pre sented and in ter preted.

The stud ied ma te rial co mes from: the epi-Cal edo nian
Platform (Koszalin–Chojnice Zone), East Eu ro pean Plat -
form (Peribaltic Syneclise, Podlasie Syneclise, Lublin Syn-
clinorium), Holy Cross Moun tains (£ysogóry Fold Zone)
and the Ma³opolska Block (Holy Cross Moun tains–Kielce
Fold Zone and Nida re gion; Fig. 1).

These four re gions be longed in Late Or do vi cian time to
palaeogeographically sep a rate realms: Avalonia, Baltica
and the Ma³opolska Block (Torsvik & Rehnström, 2003).
Sam pling of four units with dif fer ent geo log i cal his tory pro -
vided op por tu nity for dem on stra tion of dif fer ences and sim -
i lar i ties be tween the palynomorph as sem blages in these
units and for draw ing strati graphi cal and palaeo eco logi cal
con clu sions.

Pre vi ous palynostratigraphical and palaeo geo graphi cal
stud ies of the Up per Or do vi cian in these ar eas were only
frag men tary, ex cept for the Koszalin–Chojnice Zone. No
data of that type have been pub lished for the Nida re gion
(Ma³opolska Block) and the Lublin Synclinorium (East Eu -
ro pean Plat form), and no study ex ists that would com pile
and com pare ev i dence from all these units to gether.

The ma te rial used for the study co mes mainly from
deep bore holes drilled by the Pol ish Geo log i cal In sti tute
(Instytut Geologiczny) and En ter prise for Pe tro leum Pros -
pect ing (Przedsiêbiorstwo Poszukiwañ Naftowych) in the
1960s and 1970s. The ma te rial is unique; most of the tested
cores have been de graded or no more ex ist.

For the bore holes stud ied by Górka (1969, 1979, 1980), 
Szczepanik (2000), Trela and Szczepanik (2009), data from
which were used in this pa per, no ta bles with iden ti fied
palynomorphs are pre sented here, but only ref er ences to the
re spec tive pub li ca tions. The names of these bore holes are
shown in ital ics in the fig ures.

PRE VI OUS PALYNOLOGICAL STUD IES
ON THE UP PER OR DO VI CIAN

OF PO LAND

Palynological stud ies of the Up per Or do vi cian (Cara-
doc, Ashgill) have be gun quite re cently and are rather lim -
ited, both in Po land and world wide. Pub lished palynolo-
gical data for this strati graphic in ter val are lim ited to the ar -
eas of West ern Pomerania (Bednarczyk et al., 1999; Szcze-
panik, 2000; Wrona et al., 2001), Peribaltic Syneclise
(Górka, 1969, 1979, 1990), Podlasie (Górka, 1969, 1980),
and the south ern re gion of the Holy Cross Moun tains
(Jagielska, 1962; Stempieñ, 1990; Kremer, 1998, 2001;
Trela et al., 2001; Masiak et al., 2002; Szczepanik, 2002;
Masiak et al., 2003; Trela & Szczepanik, 2009). Dat ing of



these strata was hith erto based mainly on graptolites, bra-
chiopods and lithological anal ogy (e.g., Bednarczyk, 1964,
1971b; Podhalañska & Modliñski, 2006; Trela, 2006a, b).

Ear li est re sults, pre cur sory on the Eu ro pean scale, were
pre sented by Jagielska (1962). Her work deals with the
palynomorphs of the Arenig and Caradoc of the area near
Brzeziny and Zbrza in the south ern part of the Holy Cross
Moun tains. The pa per in cludes short de scrip tions and draw -
ings of the iden ti fied spec i mens. Forms known and now
identified in the Up per Caradoc strata of this area can be
rec og nized on the draw ings (e.g., micrhystrids, multiplici-
sphaerids, baltisphaerids and leiosphaerids), but in most
cases un equiv o cal iden ti fi ca tion of di ag nos tic tax o nom i cal
char ac ter is tics is pre cluded by the small size of the draw -
ings. Ob so lete no men cla ture pres ents an other dif fi culty in
the use of the pa per.

The suc ces sive pa pers on palynology of the Up per Or -
do vi cian strata, pub lished al ready in the 1970s and later, in -
clude stan dard de scrip tions and pre cise draw ings and pho -
to graphs of palynomorphs. The qual ity and size of the il lus -
tra tions re strict their use ful ness for com par i sons. The ma te -
rial from these pa pers is used and de scribed in the chap ter
ded i cated to microphytoplankton in the four geo log i cal
units de scribed here, in the part deal ing with com par i sons
and in con clu sions.

MA TE RIAL AND METH ODS

The Up per Or do vi cian ma te rial that was a sub ject to
palynological stud ies co mes from 40 bore holes and ex po -
sures, whose lo ca tion is shown in Fig. 1. Twenty six of them 
were stud ied per son ally by the au thor, who col lected and
ana lysed 292 palynological sam ples. The other 14 bore -
holes stud ied by Górka in years 1969, 1979, 1980, 1990
(Olsztyn 1, Pas³êk IG 1, Kêtrzyn IG 1, Go³dap IG 1, ¯ebrak
IG 1, Strabla, Mielnik IG 1), Szczepanik (2000; Jamno IG
2, Karsina 1, Brda 3, Nowa Wieœ 1, Chojnice 5) and Trela & 
Szczepanik (2009; Zbrza trench Szumsko Kolonia 2) were
used for the pur pose of palynological com par i sons. The
bore holes sam pled by the pres ent and other au thors are
marked in Fig. 2. The palynological sam ples were taken
mainly from grey, dark-grey and black claystones and
mudstones and from ar gil la ceous in ter ca la tions among
lime stones.

Rock sam ples were dis in te grated ap ply ing the stan dard
method (Wood et al., 1996), us ing ace tic, fluoric and fum -
ing ni tric ac ids and heavy liq uid (zinc chlo ride of den sity
ca. 2.2g/cm3). Cover glasses were glued with a glyc er ine
and gel a tine jelly or Elvacite glue. The to tal num ber of
slides amounted to 690 (two from each sam ple, ad di tion ally
one, two or three from each pos i tive sam ple, de pend ing on
the amount of ma te rial). The slides were of the size of a
cover glass that is 24 × 24 mm.

Only 73 of the now stud ied sam ples (of 291 taken) con -
tained iden ti fi able palynomorphs. Ad di tion ally used data
came from 20 positives palynological sam ples de scribed by
the au thor in the last years (Ma³opolska Block, Holy Cross
Moun tains–Kielce Fold Zone, Bardo Syncline – 10 sam -
ples, Masiak et al., 2003; Holy Cross Moun tains–£ysogóry
Fold Zone, Pobroszyn – 6 sam ples, Bednarczyk & Stem-
pieñ-Sa³ek, 2010; Niestachów – 4 sam ples, Stempieñ,
1990).

Palynomorph fre quency has been cal cu lated in a uni -
form way for all sam ples (ex cept for Jamno IG1 and
Miastko 1). The or ganic res i dues ob tained af ter com plete
dis so lu tion of 5 grams of rock were sup ple mented to a vol -
ume of 4 ml with methyl al co hol. For each slide, 0.5 ml of
well-mixed so lu tion were counted. From each sam ple level,
arith me tic mean was cal cu lated from one slide. The num ber
of all palynomorphs de ter mined in one slide is ac cepted as
100%. This pro ce dure al lows for com par i son of palyno-
morph num bers in var i ous slides.

In gen eral, the Up per Or do vi cian ma te rial sub ject to
palynological sam pling is scarce and poorly pre served.
Only few of the pos i tive sam ples do in clude multispecific
palynomorph as sem blages. Many spec i mens of acritarchs
lack or na men ta tion.

In those spec i mens, in which it has been pre served,
such el e ments as the type of con tact of ap pend ages with
vesiculum, struc ture of ap pend ages and struc ture of their
ter mi na tions – the most im por tant di ag nos tic fea tures – are
oblit er ated. Be cause of this state of pres er va tion, acritarch
iden ti fi ca tions are in most cases given in open no men cla -
ture, which se ri ously im parts the cer tainty and pre ci sion of
strati graphic in ter pre ta tion. This does not con cern the ma te -
rial from bore holes Stro¿yska 5 (Nida re gion, Ma³opolska
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Fig. 1. Lo ca tion of bore holes and out crops (1–38): 1 – Jamno
IG2, 1a – Jamno IG1, 2 – Skibno 1, 3 – Karsina 1, 4 – Miastko1, 5
– Brda 3, 6 – Nowa Wieœ 1, 7 – Nowa Karczma 1, 8 – Chojnice 5,
9 – Polskie £¹ki PIG 1, 10 –Toruñ 1, 11 – £eba 8, 12 – Bia³ogóra
1, 13 – Bia³ogóra 2, 14 – Dêbki 2, 15 – Piaœnica 2, 16 –
Koœcierzyna IG 1, 17 – Pas³êk IG 1, 18 – Olsztyn 1, 19 – Sokolica
1, 20 – £ankiejmy IG 1, 21 – Kêtrzyn IG 1, 22 – Go³dap IG 1, 23 –
Szczawno1, 24 – ¯ebrak IG 1, 25 – Mielnik IG 1, 26 – Strabla, 27
– Tarkawica 1, 27a – Wierzbica 1, 28 – Wilków IG 1, 29 –
Bukowiany IG 1a, 30 – Pobroszyn, 31 – Zbrza trench, 32 – Zbrza
2, 33 – Zbrza 3, 34 – Niestachów, 35 – Bardo Stawy, 36 – Zalesie
Nowe and 37 – Szumsko Kolonia 2, 38 – Stro¿yska 5. The bore -
holes sam pled by au thor are marked by bold let ters
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Block), Miastko 1 and Jamno IG 1 (Koszalin–Chojnice
Zone), Sokolica 1 (east part of the Bal tic Syneclise) and
Zbrza 2 and Zbrza 3 (Ma³opolska Block, south ern part of
the Holy Cross Moun tains), which is better pre served and
more di ver si fied. The Lublin Synclinorium re gion has not
been dis cussed, as it did not con tain any pos i tive palynolo-
gical sam ples.

Palynological ma te rial from “rich” bore holes and paly-
nological in for ma tion from the oth ers, pro vide base for con -
clu sions on stra tig ra phy, palaeotemperatures and palaeo ge -
ogra phy of the Up per Or do vi cian in Po land.

List of neg a tive sam ples (to gether 218 neg a tive sam -
ples):

1. Epi-cal edo nian Plat form: bore hole Skibno 1 (sam ples
S.1.1, S.1.7 – S.1.9), bore hole Nowa Karczma 1 (sam ples
NK.1.1–NK.1.4, NK.1.8, NK.1.11, NK.1.17, NK.1.18).

2. East Eu ro pean Plat form: bore hole £eba 8 (sam ples
£b.11, £b.13–£b.23), bore hole Bia³ogóra 1 (sam ples B.1.7,
B.1.8, B.1.10, B.1.14, B.19–B.1.23, B.1.28), bore hole Bia-
³ogóra 2 (sam ples B.2.2–B.2.11), Dêbki 2 (sam ples D.2.1–
D.2.11), Piaœnica 2 (sam ples P.2.7–P.2.10), Koœcierzyna IG 
1 (sam ples K.10–K.36), bore hole Sokolica 1 (sam ples
So.1–So.1.8, So.1.14), bore hole £ankiejmy IG 1 (sam ple
£a.1), bore hole Szczawno1 (sam ples Sz.1.1–Sz.1.5, Sz.1.8,
Sz.1.9, Sz.1.11–Sz.1.13, Sz.1.15, Sz.1.18, Sz.1.23,
Sz.1.24), bore hole Tarkawica 1 (sam ples Ta.1.1–Ta.1.13)
and Wierzbica 1 (sam ples Wie.1.1–Wie1.12).

3. Holy Cross Moun tains: bore hole Wilków 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), bore hole Bukowiany IG 1a (sam ples Bu.1.1 –
Bu.1.46).

4. Ma³opolska Block: Zalesie Nowe (sam ples Z.1,2,
Z.5), Bardo Stawy (sam ple BS.1), bore hole Stro¿yska 5
(sam ples St.5.1, St.5.4).

The palynological sam ples are stored in the In sti tute of
Geo log i cal Sci ences, Pol ish Acad emy of Sci ences (ING
PAN) in War saw.

GEO LOG I CAL SET TING

Epi-Cal edo nian Plat form (Koszalin–Chojnice Zone)

The Koszalin–Chojnice Zone lies SW from the mar gin
of the Pre cam brian East Eu ro pean Plat form (Fig. 1). The
Palaeozoic sed i men tary cover in cludes Or do vi cian sed i -
ments iden ti fied in many bore holes, drilled mainly in the
1960s and 1970s (Tomczyk, 1968; Modliñski, 1968, 1978,
1987; Bednarczyk, 1974; Dadlez, 1978, 1982a, b, 1993,
2000).

The crys tal line base ment of the Or do vi cian strata in the
Koszalin–Chojnice Zone is sup posed to be an Early Palaeo-
zoic terrane de rived from Gond wana, de scribed as East ern
Avalonia (Tait et al., 1997; Pha raoh, 1999; Jaworowski,
2000; Samuelsson et al., 2002). The Lower Palaeozoic dis -
plays some sim i lar i ties to the frag ments of the Cal edo nian
belt of Eu rope known, among oth ers, from bore holes in
Rügen (Servais & Katzung, 1993; Franke, 1994; Servais,
1994; Dadlez, 2000; Jaworowski, 2000; Podhalañska &
Modliñski, 2006).

The Up per Or do vi cian sed i ments to gether with the Si -
lu rian ones form the older Palaeozoic se quence. This se -
quence, com posed mainly of shales (dark-grey and grey
clayey-muddy sed i ments with scarce sandy, dolomitic and
si der it ic in ter ca la tions; e.g., Krzemiñski & Poprawa, 2006)
and in tensely folded, is over lain with an an gu lar un con -
formity by the youn ger Palaeozoic se quence. The thick ness
of the strata above the Or do vi cian at tains lo cally 4,000 m.

The Up per Or do vi cian in the Koszalin–Chojnice Zone
is doc u mented with graptolites of the teretiusculus - graci-
lis, multidens Zone and clingani Zone (Podhalañska & Mo-
dliñski, 2006). Other groups of fos sils, such as frag ments of
brachi o pods and trilobites, chitinozoans and var i ous trace
fos sils, oc cur spo rad i cally (Bednarczyk, 1974; Wrona et al., 
2001; Podhalañska, 2007). Pro pos als of for mal di vi sion
were pre sented af ter Bednarczyk (1974), partly mod i fied
and sup ple mented by Podhalañska and Modliñski (2006;
Fig. 4). Cor re la tion with global scheme is shown in Fig. 3.

East Eu ro pean Plat form

Palynological ma te rial de rived from the SW part of the
East Eu ro pean Plat form co mes from the Peribaltic Syne-
clise (west ern and east ern parts of the Peribaltic Syneclise,
west ern slope of the Mazury Anteclise and Podlasie Syne-
clise). The Pre cam brian base ment is built up by the Lower
Palaeozoic, Me so zoic and Ter tiary sed i ments and be longed
to the Bal tic palaeo-ba sin in Or do vi cian time (Pokorski &
Modliñski, 2007). Or do vi cian sed i ments have been reached
only by bore holes.

The Up per Or do vi cian in the East Eu ro pean Plat form is
de vel oped gen er ally as shaly glauconitic, shaly-cal car e ous,
cal car e ous and cal car e ous-dolomitic de pos its, though fa cies 
dif fer be tween the west ern and east ern parts. The litholo-
gical de scrip tions of cer tain bore hole sec tions are to be
found e.g. in Tomczyk (1962), Tomczykowa (1964), Bed-
narczyk (1968, 1971a, 1996a, 1998, 1999a), Bednarczyk et
al. (1996), Podhalañska (1980, 1999, 2003a, b, c), Przy-
by³owicz (1980), Modliñski and Szymañski (1997) and Mo- 
dliñski and Szymañski (2008). The Up per Or do vi cian sed i -
ments are over lain, also with sed i men tary con ti nu ity, by
graptolite shales of the low er most Si lu rian. Pro pos als of
for mal lithostratigraphic di vi sion for the west ern part of the
Peribaltic Syneclise were pre sented af ter Modliñski and
Szymañski, (1997; Fig. 5), and for the east ern part – af ter
Modliñski and Szymañski (1997) and Bednarczyk (1999;
Fig. 6).

Some of these rocks yielded abun dant ma rine fau nas,
such as: graptolites (Podhalañska, 1980; Podhalañska &
Modliñski, 2006), trilobites and in ar tic u late brachi o pods
(Bednarczyk, 1968; Modliñski, 1988), ostracods, cono donts 
(Nehring, 1969; Bednarczyk, 1998), and Hirnantia fauna
(Podhalañska, 1980, 1999, 2003b). The sed i ments are doc u -
mented with graptolites of the teretiusculus - persculptus
graptolite zones. Pro pos als of for mal biostratigraphic di vi -
sion for the west ern part were pre sented partly af ter Pod-
halañska (1980, 1999) and Podhalañska and Modliñski
(2006), and for the east ern part af ter Bednarczyk (1999a).

The to tal thick ness of the Up per Or do vi cian sed i ments
in the Pol ish part of the East Eu ro pean Plat form var ies from
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12 to 1,200 m. A palaeothickness map of the Mid dle-Up per
Or do vi cian de pos its is shown in Modliñski et al. (1999).

Two par al lel bio- and chronostratigraphic schemes are
used for the Up per Or do vi cian se quences of the Bal tic Ba -
sin, be cause of the fa cies vari a tion (graptolite claystone fa -
cies in the west ern part of the East Eu ro pean Plat form and
mainly car bon ate fa cies in the east ern part of the plat form).
These are the clas sic Brit ish scheme, based on suc ces sion of 
plank tonic graptolites, and the Baltoscandian scheme based
on suc ces sion of trilobites and brachi o pods in the sec tions
of Es to nia and cen tral Swe den (e.g., Männil, 1966). Cor re -
la tion with the global scheme is shown in Fig. 3.

Holy Cross Moun tains

The di vi sion of the Holy Cross Moun tains into two re -
gions with dif fer ent geo log i cal his tory (the north ern one –
£ysogóry Fold Zone and the south ern re gion – Kielce Fold
Zone) had al ready been in tro duced by Czarnocki (1919,
1928, 1950) and Tomczyk and Turnau-Morawska (1967).
Au thors of more re cent works on the Up per Or do vi cian
strata (Bednarczyk, 1981; Lewandowski, 1993; Dzik &
Pisera, 1994; Modliñski & Szymañski, 2001; Narkiewicz,
2001; Trela, 2006a) also use a two-fold di vi sion (Fig. 8)
into a fairly uni form north ern re gion (£ysogóry Fold Zone)
and a more dif fer en ti ated south ern re gion (Kielce Fold
Zone). The south ern re gion (Kielce Fold Zone) con sti tutes a 
part of the Ma³opolska Block (Po¿aryski, 1991).

Var i ous di vi sions, of ten tra di tional, are still used for the 
Or do vi cian of the Holy Cross Moun tains. They of ten do not
fully con form to the rules adopted in the Rules of Pol ish
Strati graphi cal Clas si fi ca tion, Ter mi nol ogy and No men cla -

ture (Alexandrowicz et al., 1975) and the Pol ish Strati -
graphi cal Code (Racki & Narkiewicz, 2006).

Holy Cross Moun tains–£ysogóry Fold Zone (£ysogóry
Re gion)

The Or do vi cian sed i ments in the £ysogóry Fold Zone
have been reached by bore holes and by out crops. The Up -
per Or do vi cian de pos its in this re gion are de vel oped mainly
as lime stones, marly lime stones, marls, grey and dark-grey
claystones, siltstones, grey-green marly mudstones and
sand stones (Fig. 9). Pro pos als of for mal di vi sion were pre -
sented among oth ers by Bednarczyk (1996b) and Trela
(2006a).

Some of these rocks yielded abun dant ma rine fau nas,
such as graptolites (e.g., Tomczyk, 1957; Tomczykowa,
1968), in ar tic u late brachi o pods (Bednarczyk, 1981) and
trilobites (Tomczykowa, 1968; Tomczykowa & Tomczyk,
2000).

The Or do vi cian sed i ments from the £ysogóry re gion
are doc u mented with graptolites of the teretiusculus, graci-
lis and multidens + clingani graptolite zones. Pro pos als of
for mal biostratigraphic di vi sion were pre sented by Bednar-
czyk (1971b).

Ma³opolska Block

The Ma³opolska Block lies be tween the East Eu ro pean
Plat form, Carpathian Foredeep, and the Kraków–Silesia
Monocline. Palynological ma te rial de rived from the Ma³o-
polska Block co mes from the Holy Cross Moun tains
(Kielce Fold Zone; Kielce Re gion) and from the Nida re -
gion). Tec tonic po si tion and evo lu tion of the Ma³opolska
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Fig. 3. Up per Or do vi cian global and re gional se ries and stages, Brit ish and Baltoscandian graptolite zones (ac cord ing to Coo per &
Sadler, 2004; Webby et al., 2004; Podhalañska & Modliñski, 2006, and Modliñski & Szymañski, 2008)
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Block with the Kielce Fold Zone were pre sented by Lewan-
dowski (1993), Stupnicka et al.(1998), Dadlez et al. (1994), 
and Cocks and Torsvik (2005).

Holy Cross Moun tains–Kielce Fold Zone (Kielce Re gion)
The Kielce Fold Zone is usu ally di vided into three ar eas 

be cause of the fa cies vari abil ity: the west ern (Zbrza Anti-
cline, Brzeziny, Mójcza), cen tral (Bardo Syncline) and east -
ern (Miêdzygórz, Lenarczyce) ar eas. The fa cies con trasts in
the Kielce Re gion, re lated to tec tonic ac tiv ity and vari able
sub si dence rate, were pre sented in de tail by Trela (2005a, b).

The Up per Or do vi cian from the west ern area – the
Zbrza Anticline – be gins with graptolite shales and clay-
stones that di rectly over lie the Cam brian strata (Deczkow-

ski & Tomczyk, 1969). The claystones are over lain by Ash-
gill grey ish-yel low cal car e ous mudstones. The Si lu rian de -
pos its over lie these sed i ments (Trela et al., 2006).

In the cen tral area, the Up per Or do vi cian (Ashgill)
strata are de vel oped as marly shales with bentonites (Chle-
bowski, 1971; Przyby³owicz & Stupnicka, 1991) and very
fine-grained sand stones and claystones (Bednarczyk, 1981;
Masiak et al., 2003; Trela, 2005a; Trela & Szczepanik,
2009).

The sed i ments are doc u mented with graptolites of the
gracilis - multidens + clingani graptolite zones (Tomczyk
& Turnau-Morawska, 1964; Deczkowski & Tomczyk,
1969; Trela, 2005a) and by graptolites of gen era Normalo-
graptus and Glyptograptus (Kremer, 2001). Trilobites (Kie- 
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Fig. 5. Sim pli fied lithostratigraphic sec tions and cor re la tion scheme of the Up per Or do vi cian sed i ments from the west ern part of the
Peribaltic Syneclise (£eba area). Biostratigraphy partly af ter Podhalañska (1980, 1999). Lithostratigraphy af ter Modliñski & Szymañski
(1997), biostratigraphy af ter Bednarczyk (1998, 1999a) and Podhalañska (1999). For ex pla na tions of lithostratigraphic sym bols – see
Fig. 4

Fig. 6. Sim pli fied lithostratigraphic sec tions and cor re la tion scheme of the Up per Or do vi cian sed i ments from the east ern part of the
Peribaltic Syneclise af ter Modliñski and Szymañski (1997) and Bednarczyk (1999b), biostratigraphy ac cord ing to Bednarczyk (1999a).
For ex pla na tions of lithostratigraphic sym bols – see Fig. 4



lan, 1956, 1960), cono donts (Dzik, 1999) and brachi o pod
fauna of Hirnantia type (Tem ple, 1965; Bednarczyk, 1981)
were found in the Bardo Syncline, in the so-called Dalmani- 
tina beds. Pro pos als of for mal biostratigraphic di vi sion were
pre sented by Deczkowski and Tomczyk (1969; Fig. 10).

Nida Re gion
The base ment of the Me so zoic rocks of the cen tral part

of the Nida re gion is known from twelve deep bore holes
drilled by the Pol ish Geo log i cal In sti tute and En ter prise for
Pe tro leum Prospection, Kraków, in years 1965–1970. Only
three bore holes did reach Or do vi cian strata. The to tal thick -
ness of the Or do vi cian de pos its equals ca. 140 m. These
sed i ments are mostly sand stones, lime stones and mudstones 
(Jurkiewicz, 1975, 1991; Modliñski & Szymañski, 2001)
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Fig. 7. Sim pli fied lithostratigraphic sec tion from the P³ock –
War saw Trough (bore hole Szczawno 1). Lithostratigraphy af ter
Modliñski and Szymañski (2008). Biostratigraphy ac cord ing to
Bednarczyk (1971c). For ex pla na tions of lithostratigraphic sym -
bols – see Fig. 4

Fig. 8. Di vi sion of the Holy Cross Mts. and lo ca tion of bore -
holes and out crops with the Up per Or do vi cian de pos its

Fig. 9. Sim pli fied lithostratigraphic sec tions and cor re la tion scheme of the Up per Or do vi cian from the Holy Cross Mts. (£ysogóry Fold 
Zone). Lithostratigraphy af ter Trela (2006a), biostratigraphy af ter Bednarczyk (1971b). For ex pla na tions of lithostratigraphic sym bols –
see Fig. 4



with pre dom i nance of lime stones in bore hole Stro¿yska 5
(Fig. 11). The lithological de scrip tions of this bore hole sec -
tion are to be found in Tomczyk (1963), Bednarczyk et al.
(1968), and Modliñski and Szymañski (2001). Or do vi cian
strata in this re gion are cov ered with Palaeozoic and Me so -
zoic sed i ments.

The lime stones pen e trated in bore hole Stro¿yska 5 pro -
vided nu mer ous brachi o pods (Hirnantia fauna) and cono -
donts. Pro pos als of di vi sion were pre sented by Bednarczyk
et al. (1968).

PALYNOLOGICAL CHAR AC TER IS TIC
OF OB TAINED MA TE RIAL

Epi-Cal edo nian Plat form

Jamno IG 1
Two sam ples from bore hole Jamno IG 1 (J.1.1 and

J.1.2) were taken for palynological stud ies (Fig. 4). Both
dis play sim i lar spe cies com po si tion and be long to multidens
graptolite Zone. Long-rang ing small forms, up to 40 µm in
di am e ter, in type of Goniosphaeridium, Micrhystridium,
Multiplicisphaeridium, Polygonium, and Veryhachium, pre -
vail among the iden ti fied spec i mens. They are ac com pa nied 
by much less nu mer ous var i ous baltisphaerids and ortho-
sphaerids with vesiculum di am e ters of ca. 50–70 µm and
large ap pend ages, broad at base (Ta ble 1). The high est fre -
quency, up to one hun dred iden ti fi able spec i mens per slide,
was re corded in sam ple J.1.2 (Fig. 12).

The de scribed palynomorph as sem blage is usu ally well
pre served and di ver si fied.

Skibno 1
Nine sam ples were taken for palynological stud ies from 

bore hole Skibno 1, (Wrona et al., 2001). Five of them
proved paly no logi cal ly pos i tive (Fig. 4).

Sam ples S.1.3–S.1.6 pro vided a poor as sem blage of
dam aged long-rang ing palynomorphs. They in clude only
sin gle goniosphaerids, multiplicisphaerids, micrhystrids,
solisphaerids and veryhachiids, as well as spo radic balti-
sphaerids.

A rich, well pre served as sem blage was found in only
one sam ple – S.1.2. (multidens zone; Wrona et al., 2001: see 
fig. 2, pl. 5, 6). The iden ti fied palynomorphs in cluded quite
nu mer ous long-rang ing small acanthomorphs, up to ca. 35
µm in di am e ter, from gen era Goniosphaeridium, Gorgonio- 
sphaeridium, Multiplicisphaeridium, Micrhystridium, Soli-
sphaeridium, and Veryhachium. They are ac com pa nied by
an ad mix ture of forms from gen era Baltisphaeridium,
Ordovicidium, Peteinosphaeridium with di am e ters ca. 65
µm and large thick ap pend ages, and by sin gle, pos si bly re -
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Fig. 10. Sim pli fied lithostratigraphic sec tions and cor re la tion scheme of the Up per Or do vi cian from the Holy Cross Mts. (Kielce Fold
Zone). Lithostratigraphy and biostratigraphy af ter Deczkowski and Tomczyk (1969), Trela (2006a) and Trela and Szczepanik (2009). For
ex pla na tions of lithostratigraphic sym bols – see Fig. 4

Fig. 11. Sim pli fied lithostratigraphic sec tion from the Nida Re -
gion (bore hole Stro¿yska 5). Lithostratigraphy and biostratigraphy 
af ter Bednarczyk et al. (1968). For ex pla na tions of lithostrati-
graphic sym bols – see Fig. 4
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de pos ited, spec i mens of ge nus Actinotodissus (Table 2).
This sam ple also fea tured the high est fre quency of 60 iden -
ti fi able spec i mens per slide (Fig. 12) and no di ver sity. Most
specimens are fairly well preserved.

Miastko 1
Three sam ples for palynological in ves ti ga tion were

taken from bore hole Miastko1 (M.1.1–M.1.3; Fig. 4). All
the sam ples proved paly no logi cal ly pos i tive and they in -
clude the same palynomorph as sem blage. Mainly long-
rang ing small forms (di am e ters os cil late be tween 15 and 45
µm) of gen era Goniosphaeridium, Micrhystridium, Polygo- 
nium and Veryhachium have been iden ti fied (Ta ble 1), sin -
gle in dex forms, with large di am e ters (60–80 µm) and
equally large ap pend ages, be long ing to gen era Baltispha-
eridium, Ordovicidium and Orthosphaeridium (Stempieñ-
Sa³ek, 2006). Fre quency in sam ple M.1.1 and M.1.3 equals
60 iden ti fi able forms per slide; in sam ple M.1.2 it at tains 80
(Fig. 12).
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Ta ble 1

Palynomorphs from the epi-Cal edo nian Plat form

 Miastko 1 Jamno IG 1

Sample No / depth (m)
M.1.1
2730.0

M.1.2
2733.0

M.1.3
2740.0

J.1.1
2746.0

J.1.2
2747.0

Graptolite zone teretiusculus multidens

Phytoplankton Assemblage Assemblages I

Baltisphaeridium calcispinae + + + +

Baltisphaeridium lancetispinae + + +

Baltisphaeridium dasos +

Baltisphaeridium longispinosum +

Baltisphaeridium plicatispinae + +

Baltisphaeridium cf. calcispinae +

Baltisphaeridium sp. + + + + +

Dorsenidium cf. undosum +

?Frankea cf. sartbernardensis +

Goniosphaeridium connectum + + + +

Goniosphaeridium sp. + + + + +

Kryptospory + +

Leiofusa cf. fusiformis +

Leiosphaeridia + + + + +

Liliosphaeridium cf. kaljoi +

Lophoshaeridium sylvanium +

Multiplicisphaeridium
bifurcatum

+ + +

Multiplicisphaeridium cf.
irregulare

+ + + +

Multiplicisphaeridium sp. + + + + +

Micrhystridium stellatum + +

Micrhystridium sp. + + +

Navifusa sp. + + +

Ordovicidium elegantulum + +

Ordovicidium nudum +

Ordovicidium sp. + + +

Orthosphaeridium cf.
insculptum

+ + +

Orthosphaeridium sp. +

Peteinosphaeridium velatum +

Peteinosphaeridium cf.
trifurcatum

+

Polygonium gracile + + + + +

Polygonium cf. gracile + +

Polygonium sp. + + +

Solisphaeridium sp. + +

Veryhachium europeanum + + + +

Veryhachium lairdi + + +

Veryhachium trispinosum + + + + +

Villosacapsula cf. irrorata +

Villosacapsula sp. + +

Ta ble 2

Palynomorphs from the epi-Cal edo nian Plat form

Skibno 1

S.1.2
1727.5

S.1.3
1732.0

S.1.4
1746.0

S.1.5
1839.4

S.1.6
1913.0

Graptolite zone multidens gracilis

Phytoplankton Assemblage Assemblage I

Actinotodissus crassus +

Baltisphaeridium cf. calcispinae + + +

Baltisphaeridium sp. + + +

Goniosphaeridium splendens + +

Goniosphaeridium sp. + + + +

Leiosphaeridia + + +

Multiplicisphaeridium cf.
bifurcatum

+ +

Multiplicisphaeridium cf.
irregulare

+ +

Multiplicisphaeridium sp. + + +

Micrhystridium cf. stellatum + + +

Micrhystridium sp. + + + + +

Ordovicidium elegantulum +

Ordovicidium heteromorphicum +

Ordovicidium nanofurcatum +

Ordovicidium nudum +

Ordovicidium sp. + + + +

Solisphaeridium sp. + + +

Veryhachium reductum +

Veryhachium europeanum + +

Veryhachium lairdi +

Veryhachium trispinosum + + + +

Veryhachium sp. + + + +



Nowa Karczma 1
Twenty sam ples were taken for palynological stud ies

from bore hole Nowa Karczma 1 (NK.1.1–NK.1.20; Fig. 4).
Twelve of them proved paly no logi cal ly pos i tive. Only few
of the pos i tive sam ples (NK.1.9, NK.1.12, NK.1.13,
NK.1.15) con tain multispecific palynomorph as sem blages
(Ta ble 3). As sem blages in all sam ples are sim i lar in com po -
si tion and they in clude rep re sen ta tives of the fol low ing
groups pres ent in greater num bers: micrhystrids, multiplici-
sphaerids, veryhachiids (15–45 µm) leiosphaerids and ordo- 
vicids (ca. 60 µm). Baltisphaerids oc cur only spo rad i cally.
Ad di tion ally, sam ples NK.1.10, NK.1.12, NK.1.13 and
NK.15 in clude sin gle brown cryptospores. The fre quency of 
spec i mens is low (Fig. 12), from 3 (sam ples NK.1.5 and
NK.1.7) to about 30 spec i mens per slide (sam ples NK.1.6,
NK.1.12 and NK.1.15).

Polskie £¹ki PIG 1
The ma te rial for palynological stud ies from bore hole

Polskie £¹ki PIG 1 co mes from four sam ples (Fig. 4). All
sam ples proved paly no logi cal ly pos i tive, though palynolo-
gical ma te rial in the slides is poor, both in quan tity and qual -
ity (Stempieñ-Sa³ek, 2007; fig. 4). All sam ples in clude the

same palynomorph as sem blage, best rep re sented in sam ple
P.£.1.2. The as sem blage con sists mainly of small form (di -
am e ters up to ca.  40 µm) be long ing to gen era Goniospha-
eridim, Micrhystridium, Multiplcisphaeridium, Solisphaeri- 
dium, and greater ones (di am e ters ca. 60 µm), be long ing to
baltisphaerids, ordovicids and leiosphaerids (Ta ble 4). Sam -
ple P.£.1.2 has the great est fre quency of palynomorphs, up
to 40 spec i mens per slide.

Toruñ 1
Two sam ples were taken for palynological stud ies from

the Up per Or do vi cian strata in bore hole Toruñ 1 (T.1.4 and
T.1.5; Fig. 4) from sed i ments with poor palaeontological
ev i dence (Tomczyk, 1980; Podhalañska & Modliñski,
2006). Both sam ples were pos i tive, though ma te rial in them
dis plays a high deg ra da tion and a low spe cies di ver sity.
Both have sim i lar spe cies com po si tion and sim i lar fre -
quency of ca. 20 iden ti fi able spec i mens per slide (Fig. 12).
Pre vail ing are forms of Goniosphaeridium, Multiplici-
sphaeridium, and Micrhystridium types (Ta ble 5), with
vesiculum di am e ters up to 40 µm. Sam ples con tain sin gle
spec i mens of Baltisphaeridum cf. heizelin and small Balti-
sphaeridum sp.
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Ta ble 3

Palynomorphs from the epi-Cal edo nian Plat form

Nowa Karczma 1

Sample No / depth (m)
NK.1.5
2260.0

NK.1.6
2262.0

NK.1.7
2263.0

NK.1.9
2475.5

NK.1.10
2488.0

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.1.20
2761.7

Graptolite zone multidens + clingani gracilis

Phytoplankton Assemblage Assemblage I

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. + + + + + +

Leiosphaeridia + + + + +

Ordovicidium cf. elegantulum +

Ordovicidium cf. nudum +

Ordovicidium sp. +

Peteinosphaeridium sp. +

Polygonium gracilis + +

Veryhachium lairdi + +

Veryhachium trispinosum + +

Veryhachium sp. + + +



East Eu ro pean Plat form
£eba 8

Thir teen sam ples have been col lected for palynological
stud ies from bore hole £eba 8, but only one of them (sam ple
£.12 from the Ashgill) proved paly no logi cal ly pos i tive
(Fig. 5). This sam ple is dated on the grounds of the Hirnan-
tia fauna. It in cludes, how ever, dam aged black acritarchs
(up to six per slide). Some of them re sem ble in out line
Micrhystridium, Solisphaeridium and Veryhachium forms.

Bia³ogóra 1
Palynological study of bore hole Bia³ogóra 1 was done

on 23 sam ples (Fig. 5). Three of them (B.1.9, B.1.25 and
B.1.26; Ta ble 6) proved paly no logi cal ly fairly well doc u -
mented (more than 5 palynomorphs per slide; Fig. 12). The
other sam ples con tain re mains of sin gle hardly iden ti fi able
palynomorphs (B.1.11, B.1.12, B.1.13, B.15–18, B.1.24
and B.1.29). Sam ple B.1.9 from the bound ary zone be tween 
the Ashgill and Caradoc in cludes baltisphaerids, gonio-
sphaerids, multiplicisphaerids (di am e ters 25–45 µm, ca.
60% of the palynomorph as sem blage), and orthosphaerids
(Table 6).

Veryhachiids oc cur only spo rad i cally (only two spec i -
mens were iden ti fied). This is the best pre served phyto-
plank ton as sem blage in the whole sec tion. The as sem blage
in sam ples B.1.25 and B.1.26 is sim i lar in com po si tion to
that in sam ple B.1.9. The dif fer ence con sists in slightly
greater fre quency of the forms of Baltisphaeridium and
Ordovicidium types with large di am e ters (60–75 µm) and
large ap pend ages, as well as in the lower fre quency of small
acanthomorphs (di am e ters 18–35 µm), such as Multiplici-

sphaeridium and Goniosphaeridium in the sam ples from
greater depth (ca. 40%). Fre quency var ies from 3 (sam ples
B.1.11) to 25 (sample B.1.9) specimens (Fig. 12).
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Ta ble 4

Palynomorphs from the epi-Cal edo nian Plat form

Polskie £¹ki PIG1

Sample No / depth (m)
P£.1.1
4327.5

P£.1.2
4390.5

P£.1.3
4391.5

P£.1.4
4426.5

Graptolite zone clingani

Phytoplankton Assemblage Assemblage I

Baltisphaeridium cf. calicispinae +

Baltisphaeridium sp. + + +

Goniosphaeridium sp. + + +

Multiplicisphaeridium cf.
bifurcatum

+

Multiplicisphaeridium sp. +

Navifusa sp. +

Micrhystridium cf. stellatum +

Micrhystridium sp. + + +

Ordovicidium cf. nannofurcatum +

Ordovicidium sp. +

Orthosphaeridium sp. +

Leiosphaeridium sp. + +

Solisphaeridium sp. + + +

Veryhachium sp. +

Vulcanisphaera sp. +

Ta ble 5

Palynomorphs from the epi-Cal edo nian Plat form

Toruñ 1

Sample No / depth (m)

T.1.4
5583.0

T.1.5
5584.0

Ashgill

Phytoplankton Assemblage Assemblage IIa

Baltisphaeridium cf. heizelinii +

Cymatiosphaera sp. + +

Goniosphaeridium sp. + +

Multiplicisphaeridium cf. bifurcatum +

Multiplicisphaeridium cf. irregulare + +

Multiplicisphaeridium sp. + +

Micrhystridium cf. stellatum +

Micrhystridium sp. + +

Pachysphaeridium sp. +

Veryhachium sp. + +

Villosacapsula sp. + +

Ta ble 6

Palynomorphs from the East Eu ro pean Plat form

Bia³ogóra 1 £eba 8

Koœ-
cie-

rzyna 
IG 1

Sample No / depth (m)
B.1.9

2630.0
B.1.25
2664.7

B.1.26
2665.5

£.1.2
2660.0

K.10
4393.9
K.13

4394.2

Graptolite zone gracilis - clingani Ashgill Ashgill

Phytoplankton
Assemblage

Assemblage I Ass. IIa Ass. II

Baltisphaeridium sp. + + + +?

Goniosphaeridium sp. + + +

Leiosphaeridia + + +

Multiplicisphaeridium cf.
bifurcatum

+

Multiplicisphaeridium cf.
irregulare

+

Multiplicisphaeridium sp. + +

Micrhystridium cf.
stellatum

+

Micrhystridium sp. + + + + +

Ordovicidium sp. + + +

Orthosphaeridium sp. + + +

Polygonium cf. gracile +

Solisphaeridium sp. + + +

Veryhachium trispinosum +

Veryhachium sp. + +



Bia³ogóra 2
Ten sam ples from bore hole Bia³ogóra 2 were used for

palynological stud ies. All sam ples proved paly no logi cal ly
bar ren (Fig. 5).

Dêbki 2
 Eleven sam ples were taken for palynological stud ies

from bore hole Dêbki 2 (Fig. 5). All sam ples proved paly no -
logi cal ly bar ren.

Piaœnica 2
Five sam ples were taken for palynological stud ies from

bore hole Piaœnica 2 (Fig. 5). All sam ples proved paly no -
logi cal ly bar ren.

Koœcierzyna IG 1
Twenty seven sam ples were paly no logi cal ly stud ied

from bore hole Koœcierzyna IG 1 (K.10–K.36). All were

taken from the Ashgill sed i ments. Nearly all of them proved 
paly no logi cal ly bar ren; only sam ples K.10 and K.13 con tain 
frag ments of small spiny palynomorphs (most likely Micr-
hystridium and Veryhachium). Dis tin guish ing of as sem -
blage was not pos si ble, but the com po si tion of palyno-
morphs (e.g., lack of baltisphaerids) may sug gests the pres -
ence of As sem blage II.

Sokolica 1
Six teen sam ples (Fig. 6) were taken for palynological

stud ies from bore hole Sokolica 1. Seven of them con tained
de ter mi na ble palynomorphs (S.9–S.13 and S.15, S.16).

Sam ples S.9–S.16 come from sed i ments dated on cono -
donts (anserinus - super bus zones; Bednarczyk, 1999a) at
the Caradoc graptolite zones gracilis - clingani. The sam -
ples, ex cept the bar ren one S.14, con tain a quite rich and di -
ver si fied palynological as sem blage with well pre served
specimens. They in clude nu mer ous long-rang ing small
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Ta ble 7

Palynomorphs from the East Eu ro pean Plat form

Sokolica 1

Sample No / depth (m)
So.1.9

1761.0-1762.0
So.1.10

1762.01763.0
So.1.11

1763.0-1764.0
So.1.12

1764.0-1765.0
So.1.13

1765.0-1766.0
So.1.15

1768.0-1769.0
So.1.16

1769.0-1770.0

Graptolite zone gracilis - multidens gracilis

Phytoplankton Assemblage Assemblage I

Baltisphaeridium annelieae + + +

Baltisphaeridium multispinosum + + + + +

Baltisphaeridium cf. calicispinae + + +

Baltisphaeridium cf. plicatispinae + +

Baltisphaeridium cf. nanninum + + +

Baltisphaeridium cf.
trabeculaespinae

+ +

Domasia sp. + + + +

Excultibrachium cf. concinnum + +

Goniosphaeridium polygonale + +

Goniosphaeridium sp. + + + + +

Multiplicisphaeridium bifurcatum + + + +

Multiplicisphaeridium cf.
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. + + + +



acanthomorphs, up to ca. 40 µm in di am e ter, be long ing to
gen era Domasia, Goniosphaeridum, Micrhystridium,
Multiplicisphaeridium, Navifusa, Polygonium, and Veryha-
chium. They are ac com pa nied by large Caradoc forms of
gen era Baltisphaeridium and Ordovicidium (di am e ters up
to ca. 75 µm).

The com po si tions of as sem blages in sam ples S.9–S.16
are all sim i lar, in the list of spe cies in cluded in them (Ta ble
7). They dif fer mainly in quan ti ta tive pro por tions of the spe -
cies. Fre quency of palynomorphs is the high est in sam ples
S.9, S.11 and S.15 (up to 130 spec i mens per slide (Fig. 12)
and the low est in sam ples S.10 and S.16 (ca. 30 specimens
per slide).

Tak ing into ac count the nearly iden ti cal qual i ta tive
com po si tion and usu ally sim i lar quan ti ta tive com po si tion, it 
may be sug gested that all the pos i tive sam ples from bore -
hole Sokolica 1 con tain the same palynomorph as sem blage,
which cor re sponds prob a bly to the char ac ter is tics of As -
sem blage I, though big ad mix ture of Si lu rian forms as
Domasia is doubtful.

£ankiejmy IG 1
One sam ple taken for palynological stud ies from bore -

hole £ankiejmy IG 1 (Fig. 6) proved paly no logi cal ly bar ren.

Szczawno 1
Twenty four sam ples were taken from bore hole

Szczawno 1 for palynological stud ies (Sz.1.1–Sz.1.24; Fig.
7). Ten of them (Sz.1.6–Sz.1.22 ex cept of: Sz.1.8, Sz.1.9,
Sz.1.11– Sz.1.13, Sz.1.15 and Sz.1.18) proved paly no logi -
cal ly pos i tive.

The compositions of as sem blages in all sam ples are si-
milar, quite rich in spec i mens and taxa. Long-rang ing small
forms, up to 40 µm, in type of Goniosphaeridium, Micrhy-
stridium, Multiplicisphaeridium, pre dom i nate among the
iden ti fied spec i mens. Only slightly less nu mer ous are var i -
ous baltisphaerids and ordovicids with vesiculum di am e ters
of ca. 50–65 µm. No spec i mens from ge nus Veryhachium
were found there (Ta ble 8). The great est fre quency of paly-
nomorphs, up to 60 spec i mens per slide, was found in sam -
ples Sz.1.6, Sz.1.10, Sz.1.14 and Sz.1.19, the low est fre -
quency (10 spec i mens per slide) – in sam ples Sz.1.7 and
Sz.1.22 (Fig. 12). This spe cies com po si tion cor re sponds to
the characteristics of Assemblage I.

Holy Cross Moun tains–£ysogóry Fold Zone

Wilków IG 1
Palynological stud ies of bore hole sec tion Wilków IG 1

were made on 41 sam ples (Figs 8, 9). Twelve of them con -
tained palynomorphs. Sam ples W.1.14–W.1.41 come from
sed i ments palaeontologically proven to be long to the Cara-
doc. Only 12 of them (W.1.18–26, W.1.33, W.1.40,
W.1.41) in cluded palynomorphs. The sin gle iden ti fied paly- 
nomorphs be long to acritarchs and leiospherids. Sam ple
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Ta ble 8

Palynomorphs from the East Eu ro pean Plat form

Szczawno 1

Sample No / depth (m)
Sz.1.6
4406.0

Sz.1.7
4406.5

Sz.1.10
4411.0

Sz.1.14
4415.0

Sz.1.16
4416.3

Sz.1.17
4416.7

Sz.1.19
4418.3

Sz.1.20
4419.0

Sz.1.21
4420.5

Sz.1.22
4423.8

Graptolite zone multidens? gracilis

Phytoplankton Assemblage Assemblage I

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. + + + + + +



W.1.24 is rich est in palynomorphs. This sam ple in cludes,
be sides some leiospherids, sin gle spiny palynomorphs be -
long ing to gen era Micrychstridium, Multiplicisphaeridium
and Verychahium (Ta ble 9). The great est fre quency, in this
sam ple amounts to ca. 15 de ter mi na ble forms per slide (Fig.
12). The com po si tion of palynomorph as sem blage may sug -
gests the pres ence of poor As sem blage I.

Bukowiany IG 1a
Fourty-nine palynological sam ples (Bu.1–Bu.49) were

taken from bore hole Bukowiany IG 1a (Figs 8, 9). The ver -
ti cal sep a ra tion be tween suc ces sive sam ples was 10–15 cm.
Nearly all sam ples proved paly no logi cal ly bar ren. Only
sam ples Bu.15–Bu.18 and Bu.31 did pro vide sev eral in de -
ter min able palynomorphs each. No palynological con clu -
sions may be based on them.

Pobroszyn
Six palynological sam ples (Figs 8, 9; sam ples P.1–P.6)

were taken from the out crop at Pobroszyn (Trela et al.,
2001: pack age E; Bednarczyk & Stempieñ-Sa³ek, 2010).
Four of them con tained palynomorphs. Palynomorphs in
these sam ples rep re sent one, lit tle dif fer en ti ated as sem blage 
con sist ing of spec i mens that oc cur in ap prox i mately equal
num bers (Ta ble 9). The great est fre quency amounts to ca.

40 de ter mi na ble spec i mens per slide in sam ples P.5 and P.6
(Fig. 12). This spe cies com po si tion cor re sponds to the char -
ac ter is tics of the As sem blage I.

Ma³opolska Block

Zbrza 2
Two sam ples were taken (Z.2.1 and Z.2.2) from bore -

hole Zbrza 2 (Figs 8, 10). The acritarchs in these sam ples
dis play great spe cies di ver sity. They are nu mer ous and most 
of them are quite well pre served. Sim i lar palynological as -
sem blages are pres ent in both sam ples. Small palynomorphs 
with di am e ters up to 40 µm, such as Micrychstridium, Mul-
tiplicisphaeridium or Veryhachium, are ac com pa nied by
baltisphaerids, ordovicids, orthosphaerids and peteino-
sphaerids (Ta ble 10). Fre quency in both sam ples is high and 
ap proaches 100 spec i mens per slide (Fig. 12). This spe cies
com po si tion cor re sponds to the char ac ter is tics of As sem -
blage I.

Zbrza 3
Five palynological sam ples were stud ied from bore hole 

Zbrza 3 (sam ples Zb.3.1–Zb.3.5). The deep est sam ple,
Zb.3.5, co mes from the gracilis Zone (Fig. 10). Only ma te -
rial from a broad depth in ter val 17.5–30 m was avail able for 
this sam ple. The depth of the sam ple prov e nance can not be
pre cisely de ter mined. The sam ple con tains a palynomorph
as sem blage that is ex cep tion ally rich in spe cies and spec i -
mens and in cludes the forms listed in Ta ble 11.
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Ta ble 9

Palynomorphs from the Holy Cross Moun tains

Wilków IG 1

Pobroszyn
Sample No / depth (m)

W.1.24
704.2-705.5

W.1.26
711.5-713.0

Graptolite zone multidens + clingani
multidens +

clingani

Phytoplankton Assemblage Assemblage I
Assem-
blage I

Actinotodissus  cf. crassus  +

Acanthodiacrodium sp. +

Balltisphaeridum sp. +

Cymatiogalea sp. +

Goniosphaeridium sp. + +

Gorgonisphaeridium sp. +

Leiosphaeridia + + +

Multiplicisphaeridium  cf.
ramusculosum

+

Multiplicisphaeridium  cf. raspa +

Multiplicisphaeridium sp. + + +

Micrhystridium sp. + +

Polonosphaeridium cf.
francinae

+

Polygonium cf. gracile +

Tyllignasoma sp. +

Veryhachium trispinosum +

Veryhachium sp. + + +

Vulcanisphera cf. imparilis +

Ta ble 10

Palynomorphs from the Ma³opolska Block

Zbrza 2

Sample No / depth (m)
Z. 2.1
15.5

Z.2.2
16.0

Graptolite zone gracilis

Phytoplankton Assemblage Assemblage I

Baltisphaeridium bramkaense +

Baltisphaeridium longispinosum + +

Baltisphaeridium ritavae +

Baltisphaeridium lancettispinae +

Baltisphaeridium plicatispinae + +

Baltisphaeridium pseudocalicispinum + +

Goniosphaeridium cf. splendens +

Goniosphaeridium polygonale + +

Multiplicisphaeridium bifurcatum + +

Micrhystridium stellatum +

Micrhystridium sp. +

Ordovicidium nudum +

Orthosphaeridium sp. +

Peteinosphaeridium sp. +

Polonosphaeridium francinae +

Polygonium gracile +

Veryhachium spp. +



Fauna equally rich in well pre served forms is pres ent in
sam ple Z.3.4, com ing from the bound ary of graptolite zones 
gracilis and multidens (Fig. 9, Ta ble 11). Note wor thy in the
palynomorph as sem blage is the pres ence of cryptospores in
this sample.

Palynomorphs from sam ples Zb.3.1, Zb.3.2 and Zb.3.3
(shales be long ing to graptolite zones Diplograptus multi-
dens; Fig. 10), are some what less di ver si fied. They all rep -
re sent the same, one palynological as sem blage, though the
in di vid ual sam ples dif fer in spe cies com po si tions and fre -
quen cies. The poor est palynological ma te rial is pres ent in
sam ple Zb.3.2 (Table 11).

A re la tion be tween the sam ple depth and the com po si -
tion of the palynomorph as sem blage was ob served in the
sam ples from this bore hole (the most nu mer ous amongst the 
bore hole sam ples from Zbrza) with de creas ing sam ple
depth. The pro por tion of acritarchs with short ap pend ages
de creases, from 70/100 at the depth 17.5–30 m in sam ple
Zb.3.5, to 35/100 at the depth 6–8 m in sam ple Zb.3.1. Fre -
quency of palynomorphs is gen er ally high, up to 150 spec i -
mens per slide. The great est fre quency in sam ples Zb.3.4
and Zb.3.5 amounts to ca. 300 de ter mi na ble forms per slide, 
the low est one (ca. 80) was noted in sam ple Zb.3.2 (Fig.
12). The palynomorph in ven tory in di cates their attribution
to Assemblage I.
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Ta ble 11

Palynomorphs from the Ma³opolska Block

Zbrza 3

Sample No / depth (m)
Zb.3.1
6.0-8.0

Zb.3.2
8.0-10.0

Zb.3.3
10.0-14.0

Zb.3.4
14.0-17.0

Zb.3.5
17.5-30.0

Graptolite zone gracilis, multidens + clingani

Phytoplankton Assemblage Assemblage I

Aremoricanium deflandrei +

Aremoricanium cf. rigaudiae +

Baltisphaeridium calicispinae + + +

Baltisphaeridium lancettispinae + + +

Baltisphaeridium plicatispinae + + + +

Baltisphaeridium podboroviscensis +

Baltisphaeridium pseudocalicispinum +

Baltisphaeridium cf. varsoviensis +

Dactylofusa cf. ctenista +

Goniosphaeridium polygonale + +

Goniosphaeridium sp. + + + + +

Kryptospory + +

Liliosphaeridium cf. kaljoi +

Micrhystridium stellatum +

Micrhystridium sp. + + + +

Multiplicisphaeridium bifurcatum + + +

Multiplicisphaeridium cf. irregulare + +

Navifusa sp. +

Ordovicidium elegantulum + +

Ordovicidium heteromorphicum + +

Ordovicidium nudum + + +

Ordovicidium sp. + + + +

Orthosphaeridium sp. + +

Peteinosphaeridium cf. micrthantum + + +

Polygonium gracile + +

Veryhachium lairdi + + + +

Veryhachium reductum + +

Veryhachium trispinosum + + + + +

Veryhachium cf. subglobosum + +

Veryhachium sp. + +

Villosacapsula cf. setosapellicula +



Niestachów
Five palynological sam ples were taken from clayey-

muddy shales (Stempieñ, 1990; fig. 2, pl. 1, 2). Four of them 
in clude palynomorphs (Fig. 10, Ta ble 12). The sam ples
with palynomorphs dif fer in com po si tion. All con tain the
same two sep a rate acritarch as sem blages. The first of them,
most likely re de pos ited, in cludes typ i cal Or do vi cian forms
(e.g., Ordovicidium nudum, Ta ble 12). The sec ond as sem -
blage in cludes Si lu rian palynomorphs (e.g., Tylotopalla
tappanae). Fre quency of palynomorphs amounts from ca.
40 (sam ple N.1) to 80 (sam ple N.2) de ter mi na ble forms per
slide (Fig. 12). Dis tin guish ing of assemblage was not
possible here.

Zalesie Nowe, Bardo Stawy
Ma te rial for palynological stud ies came from 12 pos i -

tive sam ples from ex po sures at Zalesie Nowe and Bardo
Stawy (Fig. 10). Long-rang ing, lit tle dif fer en ti ated and cos -
mo pol i tan forms were iden ti fied from the ex po sure at
Zalesie. They are ac com pa nied by sin gle Acanthodiacro-
dium sp., small Baltisphaeridium sp., Ordovicidium sp. and
by Si lu rian forms, such as Diexallophasis remota, Diexallo- 
pha sis sp. and Navifusa sp. Sin gle Acanthodiacrodium sp.,
Orthosphaeridium sp. and Diexallophasis sp. and cos mo -
pol i tan forms have been de ter mined from ex po sure Bardo

Stawy. The num bers of de ter mined spec i mens per slide vary 
in the Zalesie Nowe bore hole from 15 to 110, and in Bardo
Stawy – from 4 to 18 (Masiak et al., 2003). The palyno-
morph in ven tory (Z.6 Z.12) in di cates their at tri bu tion to As -
sem blage IIb.

Stro¿yska 5
Palynological stud ies in bore hole Stro¿yska 5 were

based on five sam ples (St.5.1–St.5.5; Fig. 11) taken from
sed i ments, dated with brachi o pods and cono donts at the Up -
per Ashgill (Bednarczyk et al., 1968). Only one sam ple
(St.5.5) in cludes a rich as sem blage of well pre served
palynomorphs (Ta ble 13) with nu mer ous small, long-rang -
ing and cos mo pol i tan acanthomorphs with ad mix ture (ca.
15%) of gen era baltisphaerids, peteinosphaerids and ordo-
vicids. They were de ter mined as be long ing to 9 gen era and
12 spe cies, in clud ing nu mer ous baltisphaerids. This sam ple
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Ta ble 12

Palynomorphs from the Ma³opolska Block

Niestachów
N.1 N.2 N.3 N.4

Redeposited ass., Ass. I?

Acanthodiacrodium cf. ubui + +

Acanthodiacrodium sp. + + +

Baltisphaeridium annelieae + + + +

Baltisphaeridium dubitum + + +

Baltisphaeridium plicatispinae + + + +

Cymatiosphaera heloderma + +

Dasydiacrodium sp. + + +

Diexallophasis remota + + + +

Leiovalia scaberula +

Leiovalia tenuissima + +

Micrhystridium acerbum + + + +

Micrhystridium sp.

Multiplicisphaeridium denticulatum + + + +

Multiplicisphaeridium ramusculosum + + + +

Multiplicisphaeridium rusticum + +

Ordovicidium nudum + + +

Polygonium gracile + +

Tylotopalla tappanae + + + +

Veryhachium europaeum + + +

Veryhachium lairdi + + + +

Veryhachium reductum + + + +

Veryhachium trispinosum + + + +

Villosacapsula cf. imparilis +

Ta ble 13

Palynomorphs from the Ma³opolska Block

Stro¿yska 5

Sample No / depth (m)

St.5.2
3032.0-
3033.0

St.5.3
3033.0-
3034.0

St.5.5
3091.6-
3093.6

Ashgill

Phytoplankton Assemblage Ass. II b
Ass. IIa? /

I ?

Baltisphaeridium cf. annelieae +

Baltisphaeridium cf. calcispinae +

Baltisphaeridium cf. lancetispinae +

Baltisphaeridium sp. +

Diexallophasis sp. +

Goniosphaeridium cf. polygonium +

Goniosphaeridium cf. christianii +

Goniosphaeridium sp. + + +

Gorgonisphaeridium  cf. frequens +

Gyalorhethium sp. +

Multiplicisphaeridium sp. + +

Micrhystridium stellatum +

Micrhystridium sp. + + +

Ordovicidium sp. +? +

Pachysphaeridium robustum +

Peteinosphaeridium accinctulum +

Peteinosphaeridium cf. bergstroemii +

Peteinosphaeridium cf. micranthum +

Peteinosphaeridium trifurcatum +

Peteinosphaeridium cf. velatum +

Peteinosphaeridium sp. +

Polonosphaeridium francinae +

Veryhachium lairdi +

Veryhachium trispinosum +

Veryhachium sp. + + +

Villosacapsula sp. +



also fea tures the great est fre quency of palynomorphs, up to
150 spec i mens per slide (Fig. 12).

It is not pos si ble to de ter mine ex actly the po si tion of
this as sem blage. The palynomorph in ven tory in di cates their 
at tri bu tion to As sem blage I, prob a bly to the Caradok–
Ashgill boundary interval.

Palynomorphs were also pres ent (though scarce in spe-
cimens and taxa) in sam ples St.5.2 and St.5.3. These sam -
ples con tain only sin gle, small cos mo pol i tan acantho-
morphs with sin gle Diexallophasis sp. and Ordovicidium
sp. The palynomorph in ven tory from sam ples St.5.2 and
St.5.3 may in di cate their at tri bu tion to Subassemblage IIb.

PALYNOSTRATIGRAPHY

Palynomorphs as a strati graphi cal tool sat isfy sev eral
cri te ria of guide fos sils: are wide spread geo graph i cally, are
easy to iden tify, chem i cally and me chan i cally re sis tant, ca -
pa ble of strati graphic con den sa tion and redeposition, and
are mi cro scopic in size. How ever, in the Up per Or do vi cian
se quences they do not pres ent a rapid suc ces sion of spe cies
and they are abun dant in some fa cies only. Con se quently,
they are not a sen si tive strati graphic tool, though in those
sec tions that lack other guide fos sils, they can be an im por -
tant source of in for ma tion. In dic a tive of age are whole
palynomorph as sem blages with char ac ter is tic forms of a
short strati graphi cal range.

Two palynological as sem blages have been dis tin -
guished in the stud ied ma te rial (Fig. 2). A pre cise plac ing of 
the bound ary be tween these as sem blages was not pos si ble,
be cause of the rel a tively scarce palynological ma te rial in
com par i son to other re gions and be cause of in com plete
avail abil ity of drill ing core. A cor re la tion of these as sem -
blages with the global, Brit ish and Baltoscandian strati -
graphic di vi sions based on graptolites is pre sented in Fig. 3.
A cor re la tion of these as sem blages with the palynostratigra- 

phic di vi sion, pro posed from the epi-Cal edo nian Plat form
by Szczepanik (2000) is presented in Fig. 14.

The as sem blages in tro duced here are of as sem blage
char ac ter. They are not for mally de fined as the au thor feels
that their num ber of sam ples and their di ver sity are not suf -
fi cient. In the fol low ing text, the units are de scribed in
ascending order.

PALYNOMORPH AS SEM BLAGES FROM UP PER OR DO VI CIAN 39

Fig. 13. Sim pli fied lithostratigraphic sec tions and cor re la tion scheme of the Up per Or do vi cian from the Podlasie Syneclise.
Lithostratigraphy and biostratigraphy af ter Modliñski and Szymañski (2008). For ex pla na tions of lithostratigraphic sym bols – see Fig. 4

Fig. 14. Cor re la tion scheme of the Up per Or do vi cian lo cal
palaeontological zones and palynological as sem blages in the
epi-Cal edo nian Plat form and the Holy Cross Moun tains



As sem blage I

The pres ence of As sem blage I was as cer tained in 24
bore holes (Fig. 2). Twelve of them are de scribed in this pa -
per, 12 come from the ma te rial doc u mented by Szczepanik
(2000), Trela and Szczepanik (2009), and Górka (1969,
1979, 1980, 1990).

The lower bound ary of the As sem blage I is not known.
The As sem blage I (Ta bles 1–4, 6–11) con tains mainly
long-rang ing, small and nu mer ous acanthomorphs (e.g.,
goniosphaerids, micrhystrids, veryhachiids) with di am e ters
of ca. 30–35 µm (65–70% of pop u la tion) and con cur rent
with them, but much less nu mer ous, as an ad mix ture of
15–20%, baltisphaerids char ac ter is tic of the Caradoc, with
di am e ters of ca. 65 µm and large, broad at base, ap pend ages 
(e.g., B. calicispinae, B. plicatispinae or B. longispinosum
and B. lancetispinae). They are ac com pa nied by, of ten nu -
mer ous, large peteinosphaerids, ordovicids and by sin gle
orthosphaerids (Figs 15, 16, 19–21). Sin gle cryptospores
were found in some bore holes, es pe cially those sit u ated in
the SE part of the epi-Cal edo nian Plat form (e.g., Miastko 1,
Nowa Karczma 1).

Palynomorphs are highly di ver si fied (nearly 30 spe -
cies), nu mer ous and slightly de graded. Fre quency of forms
is usu ally high, some 60–80 spec i mens per slide (ex cep tion -
ally more than 300 in Zbrza anticline; Fig. 12). In many
cases, the ad mix ture of the large forms of “Baltisphae-
ridium-type” is greater in sed i ments dated at the teretius-
culus, gracilis and multidens zones than in clingani Zone;
e.g., in the sed i ments of the Nowa Karczma 1 bore hole:
22% in the gracilis Zone (sam ples NK. 12, NK. 15) and
15% in the clingani Zone (sam ples NK. 5 and NK. 6). Sim i -
lar pro por tions are pre served in the sed i ments from the
bore hole Szczawno 1 (sam ples Sz. 22 and Sz. 7). This is
not, how ever, a rule, hence we can not say that As sem blage I 
is divided into two subassemblages.

The up per bound ary of the As sem blage I is marked by
the dis ap pear ance of the forms of “large baltisphaerids”
type with long ap pend ages, broad at base.

The cono dont and graptolite data (Bednarczyk, 1971,
1974; Podhalañska & Modliñski, 2006; Trela, 2006b) in di -
cate that the As sem blage I cor re sponds to the graptolite
zones, from the up per teretiusculus Zone to clingani and
partly linearis zones (Figs 2, 3); these are the up per most
Llanvirn and the en tire Caradoc (Dariwillian to Katian).

The palynomorph as sem blages char ac ter is tic of the As -
sem blage I con tain nu mer ous spe cies, which are also known 
from other re gions and per mit in ter re gional cor re la tions
(Fig. 3).

The As sem blage I dis tin guished in the epi-Cal edo nian
Plat form is prob a bly the equiv a lent of the part of the zone C, 
zone B, and a part of the zone A de scribed by Szczepanik
(2000; Fig. 14). Com mon 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 pre cise com par i son and di vi sion in side
the As sem blage I is not pos si ble be cause the def i ni tion of
zones A, B and C is based on a quan ti ta tive anal y sis of
palynomorph as sem blages rather than on the strati graphi cal
ranges of in di vid ual forms and be cause of too scarce au -
thor’s palynological ma te rial. Ad di tion ally, the bound aries
be tween the palynomorph as sem blages A, B and C are not
distinctively indicated.

The As sem blage I is sim i lar, in due of both con tent and
fre quen cies, to the de scribed and doc u mented by Trela and
Szczepanik (2009) from the Stawy For ma tion in the Up per
Caradoc strata of the Holy Cross Moun tains, the Bardo Syn- 
cline (Fig. 14). Com mon 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-
rang ing and cos mo pol i tan spiny acritarchs (e.g., Micrhi-
stridium, Multiplicisphaeridium, Veryhachium). As sem -
blage from Stawy For ma tion was cor re lated by Trela and
Szczepanik (2009) with pre-gla cial as sem blage, de scribed
by Vecoli and Le Hérissé (2004), and Vecoli (2008).

A sim i lar com po si tion as in the As sem blage I (the large
forms of baltisphaerids, ordovicids, peteinosphaerids, ortho-
sphaerids and veryhachiids and small, long-rang ing and cos -
mo pol i tan spiny acritarchs) is also char ac ter is tic for as sem -
blages of the Up per and Mid dle Or do vi cian from other re -
gions with com mon spe cies, such as: Baltisphaeridium longi- 
spinosum, Ordovicidium elegantulum (Fig. 16K), Peteino-
sphaeridum trifurcatum (Fig. 22L), Goniosphaeridium con-
nectum (Fig. 15H), Navifusa ancepsipuncta (Eng land – Tur-
ner, 1984); Baltisphaeridium annelieae, B. ritvae, Gonio-
sphaeridium connectum (Swe den – Kjellströem, 1971); Bal-
tisphaeridium dasos (Fig. 15C), Baltisphaeridium heinze-
linii, B. nanninum (Fig. 5D; East-Eu ro pean Plat form – Uutela 
& Tynni, 1991); Baltisphaeridium nanninum, Ordoviciu-
nium elegantulum, Polygonium gracile (Fig. 15N; Raev-
skaya et al., 2004); Baltisphaeridium pachyacanthum, B.
longispinosum, Polygonium gracile (north ern Gond wana –
Vecoli & Le Hérissé, 2004); Dorsenidium undosum Fig.
16D), Ordoviciunium elegantulum, and Polygonium gracile
(north west ern China – Li et al., 2006).
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Fig. 15. Caradocian phytoplankton (As sem blage I), bore hole Jamno IG 1, sam ple J.1.2; A. gen eral view, mag ni fi ca tion ×100, B.
Baltisphaeridium dasos, C. Baltisphaeridium cf. dasos, D. Baltisphaeridium lancettispinae, E. Baltisphaeridium cf. calcispinae, F, G.
Baltisphaeridium cf. plicatispinae, H. Goniosphaeridium cf. connectum, I. 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 µm and it re fers to all pic tures ex cept for A
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As sem blage II

The youn ger as sem blage II (Figs 2, 17, 22, Ta bles 5, 6,
11, 13,) is more dif fi cult to iden tify, though two sub-as sem -
blages in some of the sam ples can be dis tin guished within it: 
IIa and IIb.

As sem blage II was dis tin guished in the Toruñ 1, £eba
8, Koœcierzyna IG 1, Stro¿yska 5 bore holes, and in the
Bardo Stawy and Zalesie Nowe out crops.

Subassemblage IIa
As sem blage IIa was dis tin guished in Toruñ 1 and £eba

8 bore holes, and prob a bly palynomorphs from St.5.2 and
St.5. 3 in Stro¿yska 5 bore hole may also be long to its (Figs
2, 17, 22). The lower bound ary of Sub-as sem blage IIa is de -
fined by the ap pear ance of forms of the ”small baltisphae-
rids-type” in place of the ”large baltisphaeridium-type”.

Only small, long-rang ing and cos mo pol i tan, spiny acri-
tarchs (di am e ter ca. 30 µm, e.g., Multiplicisphaeridium cf.
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Fig. 16. Caradocian phytoplankton (As sem blage I), bore hole Miastko 1, sam ple M.1.2; A. gen eral view, mag ni fi ca tion ×100, B, C.
Baltisphaeridium calcispinae, D. Dorsenidium undosum, E. Goniosphaeridium sp., F. Navifusa sp., G. Liliosphaeridium cf. kaljoi, H.
Lophosphaeridium sylvanium, I. 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 µm and it re fers to all pic tures ex cept for A

Fig. 17. Ashgillian phytoplankton (As sem blage II), bore hole Toruñ 1, sam ple T.1.4; A. gen eral view, mag ni fi ca tion ×100, B. Balti-
sphaeridium heizelinni, C, D. Cymatiosphaera sp.,  E, F. Goniosphaeridium sp., G, H. Micrhystridium sp., I. Pachysphaeridium sp., J, K.
Veryhachium sp., L. cryptospore. Length of scale bar is 10 µm and it re fers to all pic tures ex cept for A



bifurcatum, Micrhystridium cf. stellatum, Micrhystridium
sp., Goniosphaeridium sp., Veryhachium sp.) are char ac ter -
is tic for this as sem blage. Ad di tion ally, there oc curs a small
ad mix ture (ca. 15%) of forms of the “small baltisphaerids”
type with di am e ters 40–50 µm and nar row, spiny ap pend -
ages (e.g., Baltispaeridium cf. annelieae: Ta ble 13, Fig. 22
B; B. cf. heizelinii: Ta ble 4, Fig.17B and Baltisphaeridium

sp.; Ta ble 13). The num ber and di ver sity of the palyno-
morphs are usu ally smaller than 50 specimens per slide
(Fig. 12).

The up per bound ary of As sem blage IIa is marked by
the dis ap pear ance of forms of the ”small baltisphaerids”
type and the ap pear ance of the first, sin gle Si lu rian forms, as 
e.g., Diexallophasis.
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Fig. 18. Caradocian phytoplankton (As sem blage I), bore hole Sokolica 1, Figs A and G from sam ple So.1.12, the oth ers – from sam ple
So.1.11; all mag ni fi ca tion ×600, ex cept when in di cated: A. gen eral view, mag ni fi ca tion ×100, B. Baltisphaeridium multispinosum, C.
Baltisphaeridium cf. trabeculaespinae, D. Baltisphaeridium cf. nanninum, E. Domasia sp., F. Excultibrachium cf. concinnum, G.
Micrhystridium sp., H. Navifusa ancepsipuncta, I. Navifusa sp., J. Orthosphaeridium vibrissiferum. Length of scale bar is 10 µm and it re -
fers to all pic tures ex cept for A

Fig. 19. Caradocian phytoplankton (As sem blage I), bore hole Szczawno 1, sam ple Sz.1.6; A. gen eral view (×100), B. Baltisphaeridium
cf. calcispinae, C, D. Baltisphaeridium sp., E. Goniosphaeridium cf. connectum, F. Micrhystridium sp., G. Multiplicisphaeridium cf.
cornigerum, H. Multiplicisphaeridium irregulare, I. 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 µm and it re fers to all pic tures ex cept for A
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The cono dont and other fau nal data (Bednarczyk,
1971a, 1974; Podhalañska & Modliñski, 2006; Trela,
2006b) in di cate that the As sem blage IIa cor re sponds to
graptolite zones from complanatus to lower part of ex tra-
ordinarius and, in the up per part, to the Dalmanitina beds
and the lower Hirnantian fauna. It rep re sents the lower part
of the Ashgill (Figs 2, 3).

The com po si tion of the As sem blage IIa ap pears to be
sim i lar to that from the Wólka For ma tion in the Zbrza
trench in the Holy Cross Moun tains (Kielce Re gion), de -
scribed from Ashgill by Trela and Szczepanik (2009; Fig.
14). Com mon palynomorphs are “small baltisphaerids-
type” (Baltisphaeridium sp., Fig. 22C) and small, cos mo -
pol i tan spiny acritarchs (e.g., Pachysphaeridium sp., Fig.
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Fig. 20. Caradocian phytoplankton (As sem blage I), bore hole Zbrza 3, sam ple Z.3.5; A. gen eral view, mag ni fi ca tion ×100, B, C.
Aremoricanium deflandrei, D–F. Baltisphaeridium calcispinae, G, H. Baltisphaeridium plicatispinae, I. 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 µm and it re fers to all pic tures ex cept for A



17I, Veryhachium sp.). As sem blages from the Wólka For -
ma tion is cor re lated by Trela and Szczepanik (2009) with
the pas sage be tween pre-gla cial and gla cial as sem blages de -
scribed by Vecoli and Le Hérissé (2004), and Vecoli
(2008).

Sub-assemblage IIb
Sub-as sem blage IIb was dis tin guished in the sed i ments

of the Ma³oplska Block, in clud ing Zalesie Nowe and Bardo
Stawy out crops, and in the Stro¿yska 5 bore hole (sam ples
St.5.2 and St.5.3 Fig. 2, Ta ble 13; see also Masiak et al.,
2003). The lower bound ary of the Sub-as sem blage IIb is de -
fined by the ap pear ance of the first, sin gle Si lu rian forms, as 
e.g., Diexallophasis.

This sub-as sem blage con tains mainly long-rang ing,
small and nu mer ous acanthomorphs (e.g., goniosphaerids,

micrhystrids, veryhachiids) with di am e ters of ca. 30–35 µm,
con cur rent with the Si lu rian pre cur sors such as Diexallo-
pha sis (Zalesie Nowe, fig. 10 in Masiak et al., 2003; Bardo
Stawy, Stro¿yska 5, Ta ble 13). Forms of the “small balti-
sphaerids-type” nearly com pletely dis ap pear here.

The fre quency of forms is usu ally low, but vari able
(Fig. 12). In the out crop Bardo Stawy, it does not ex ceed 15
palynomorphs in the rich est slide; only three sam ples from
out crop Zalesie Nowe ex ceed 20 palynomorphs per slide
(Z.6, Z.9, Z and Z.11), but in the rich est sam ple Z.9 from the 
mucronata Biozone (Masiak et al., 2003) it at tains 110
forms per slide.

The up per bound ary of the Sub-as sem blage IIb, an
equiv a lent to the lower bound ary of the Si lu rian, is al ready
not vis i ble in the stud ied ma te rial, but it is marked by the
mass ap pear ance of nu mer ous spe cies of Diexallophasis,
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Fig. 21. Caradocian phytoplankton (As sem blage I), bore hole Zbrza 3, sam ple 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., I. Veryhachium trispinosum, J. cryptospore. Length of scale bar is 10 µm and it re -
fers to all pic tures



Domasia, Multiplicisphaeridium, Opilatalla and Tyloto-
palla and by much greater fre quency of palynomorphs, up
to sev eral hun dred or more spec i mens per slide (Masiak et
al., 2003).

The fau nal and microfaunal data (Bednarczyk, 1971a,
1974, 1981; Podhalañska & Modliñski, 2006; Trela, 2006b) 

in di cate that the Sub-as sem blage IIb cor re sponds to grapto-
lite zones from the up per extraordinarius Zone to perscul-
ptus Zone (Figs 2, 3), that is the up per most Ashgill (Hirnan- 
tian with out its lower part).

Sub-as sem blage IIb seems to be the equiv a lent of the
as sem blage de scribed by Trela and Szczepanik (2009) from
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Fig. 22. Ashgillian phytoplankton (As sem blage II), bore hole Stro¿yska 5, sam ple St.5.5; A. gen eral view, mag ni fi ca tion ×100, B.
Baltisphaeridium cf. annelieae, C. Baltisphaeridium sp., D. Goniosphaeridium cf. christianii, E. Gorgonisphaeridium cf. frequens, F.
Gyalorhethium sp., G. Micrhystridium sp., H. Pachysphaeridium robustum, I. 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 µm and it re fers to all pic tures ex cept for A



the Zalesie For ma tion (Zbrza trench and bore hole Szumsko
Kolonia 2, Holy Cross Moun tains, Kielce Re gion, Fig. 14).
Com mon palynomorphs are Multiplicisphaeridium, Poly-
go ni um, Verychachium and Diexallophasis. The Sub-as -
sem blage IIb dif fers from the as sem blage from the Zalesie
Fm. in fre quency of palynomorphs, which is many times
higher. As sem blages from the Zalesie Fm. were cor re lated
by Trela and Szczepanik (2009) with gla cial as sem blage de -
scribed by Vecoli and Le Hérissé (2004) and Vecoli (2008).

A sim i lar com po si tion as in the Sub-as sem blage IIb,
long-rang ing, small and nu mer ous acanthomorphs con cur -
rent with the Si lu rian pre cur sors, such as Diexallophasis,
Domasia, and Tylotopalla (Niestachów and Szumsko
Kolonia 2 bore hole), is also char ac ter is tic for as sem blages
of the Up per Or do vi cian strata from other re gions (e.g.,
Prague Ba sin, Kosov For ma tion, Dufka & Fatka, 1993;
south ern Ap pa la chians, As sem blage A, Colbath, 1986;
north east Libya, Hill & Molyneux, 1988; Vecoli & Le
Hérissé, 2004; Vecoli, 2008). They have been also noted in
the Up per Asghill by Fensome et al. (1990) and Paris et al.
(2000).

Sum ming up, though pre ci sion of palynomorphs as
strati graphic tools is lim ited, the acritarchs from As sem -
blage I and As sem blage II in all of the men tioned re gions
are gen er ally un doubt edly a use ful strati graphic marker for
the Caradoc and Ashgill cal car e ous-clayey facies.

More di verse and prob lem atic is the palynological ma -
te rial from the Nida re gion in the Ma³opolska Block (bore -
hole Stro¿yska 5). It was taken from strata palaeontolo-
gically proven as of Ashgillian age. How ever, the low er -
most sam ple (St.5.5; Fig. 11) in cludes, be sides small spiny
long-rang ing palynomorphs of lim ited strati graphi cal value
(mostly Goniosphaerids), a marked ad mix ture of some what 
larger (45–60 µm) forms of Baltisphaeridium and Peteino-
sphaeridium types (up to ca. 15%). Such a com po si tion,
cou pled with the high fre quency (up to 150 spec i mens per
slide; Fig. 12) may sug gest the at tri bu tion of the palyno-
morphs to As sem blage I (or bound ary zone be tween as sem -
blages I and II), which is pres ent in the Caradoc strata in all
other re gions. The de gree of deg ra da tion of both small and
larger forms is sim i lar and no other char ac ter is tics sug -
gested redeposition of the ma te rial, though such pos si bil ity
can not be com pletely ruled out. An as sem blage from the
sam ple St.5.5 seems to be the equiv a lent of the as sem blage
de scribed by Trela and Szczepanik (2009) from the Stawy
For ma tion (Kielce Re gion, Holy Cross Moun tains), palaen-
tologically dated as the up per Caradoc. Com mon palyno-
morphs are, among oth ers, Peteinosphaeridium trifur-
catum (Ta ble 13, Fig. 22L) and Baltisphaeridium lancetis-
pinae (Table 13).

The higher sam ples (St.5.3 and 5.2) are much poorer
and do not in clude the ad mix ture of “large” and “small”
Baltisphaeridium. They rep re sent the Subassemblage IIb.

In bore hole Stro¿yska 5 there are two palynological as -
sem blages: an older one, tran si tional, from the bound ary be -
tween the Caradoc and Ashgill (iden ti fied in sam ple St.5.5), 
and the youn ger, def i nitely Ashgill, Sub-as sem blage IIb
(pres ent in sam ples St.5.3 and St.5.2). Thus, the sed i ments
in sam ple St. 5.5, hith erto re garded as the Up per Ashgill
(Bednarczyk et al., 1968), should be ac cepted as some what

older, at least the Lower Ashgill. How ever, palaeontologi-
cal ev i dence from the same depth in ter val of 3,091.6–
3,093.6 m (Orbiculoidea radiata, Lingulella sp., Nicolella
sp. and Eostropheodonta hirnantiensis) un equiv o cally dem -
on strates the Upper Ashgill age.

Less prob lem atic is also ma te rial from the Sokolica 1
bore hole in clud ing a big ad mix ture of Domasia and Navi-
fusa. Ge nus Domasia con sti tutes prob a bly a con tam i na tion
from the over ly ing Si lu rian or up per most Ashgill strata.

Some what dif fer ent is the sit u a tion in ex po sure
Niestachów. Ma te rial for palynological stud ies was col -
lected from claystone-mudstone in ter ca la tions be tween the
lay ers of the Up per Si lu rian sand stones (Tomczyk, 1956;
Filonowicz, 1971) and it was re de pos ited from the Or do vi -
cian claystone-mudstone sed i ments (Stempieñ, 1990). The
place of orig i nal de po si tion could not be identified.

PALAEOBIOGEOGRAPHY

The stud ies us ing Or do vi cian palynomorphs for palaeo- 
biogeographical pur poses be gan in the 1970s (Cramer &
Diez, 1972, 1974, 1977; Vavrdova, 1974; Mar tin, 1982).
Two prov inces were then dis tin guished: a cold Med i ter ra -
nean Prov ince at high lat i tudes of the South ern Hemi sphere, 
with predominance of diacromorph acritarchs, and the
warmer Bal tic Prov ince at low lat i tudes, in the belt be tween
the trop ics, with pre dom i nance of acanthomorph acritarchs.
This di vi sion, which is dis tinct for sed i ments from Arenig to 
Llanvirn, is still used (Servais et al., 2003, 2004, 2005;
Servais & Wellman, 2004), though with small mod i fi ca -
tions (ex ten sion of the Med i ter ra nean Prov ince to the peri-
Gondwanan Prov ince). The max i mum sep a ra tion of con ti -
nents was prob a bly at tained at that time (Cocks, 2001;
Scotese, 2001; Cocks & Torsvik, 2002, 2006).

In Late Or do vi cian time, a real sep a ra tion of con ti nents
was much smaller than in the Mid dle Or do vi cian (Fig. 23).
How ever, in the Late Or do vi cian (from Late Llanvirn/Early
Caradoc to Ashgill) the dif fer ences be tween prov inces be -
gan to di min ish (Hill & Molyneux, 1988; Mar tin, 1968,
1974, 1980, 1988; Li & Servais, 2002; Le Hérissé & Vecoli, 
2003; Vecoli & Le Hérissé, 2004, Yin & He, 2000; Li et al.,
2006), and cos mo pol i tan, small and long-rang ing spe cies
are pres ent (Dufka & Fatka, 1993; Molyneux & Paris, 1985; 
Vecoli, 1999; Xiang & Fang, 1999; Li et al., 2006). Prac ti -
cally, no spe cies are found that would be un equiv o cally lim -
ited to low or high lat i tudes. Many of these spe cies ap pear in 
many geo graph ical lo ca tions. For ex am ple, Multiplici-
sphaeridium bifurcatum and M. irregulare noted in Po land
in the epi-Cal edo nian Plat form are ubiq ui tous (e.g., Po land,
Up per Silesian Block: Jachowicz, 2005; Es to nia – Uutela &
Tynni, 1991; North Amer ica and Eu rope – Wicander et al.,
1999, Playford & Wicander, 2006; Tarim Ba sin, China – Li
et al., 2006). Ordovicidium elegantulum, which is pres ent in 
the epi-Cal edo nian Plat form and in the Kielce Re gion of the 
Holy Cross Moun tains, is also noted in many ar eas world -
wide (e.g., Oklahoma – Tappan & Löeblich, 1971; Eng land
– Turner, 1984; Es to nia – Uutela & Tynni, 1991; Gotland –
Eiserhard, 1992; Tarim Ba sin – Li et al., 2006). Polygonium 
gracile, noted in most Pol ish Up per Or do vi cian as sem -
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blages, is com mon world wide (e.g., in Eu rope – Vavrdova,
1966; Sarjeant & Stancliffe, 1994; in China, Tarim Ba sin –
Li et al., 2006).

Nev er the less, a small vari a tion is pres ent in the Pol ish
Up per Or do vi cian sec tions from var i ous re gions. So, no
diacromorph acritarchs (or sin gle, un cer tain only; Szcze-
panik, 2000, bore hole Chojnice 5) were found in the epi-
Cal edo nian Plat form and in the East Eu ro pean Plat form,
while acanthomorph acritarchs are numerous.

Sin gle diacromorph acritarchs were found in the Holy
Cross Moun tains, in both the north ern re gion (out crop Po-

broszyn: Acanthodiacrodium sp., Actinotodissus cf. cra-
ssus), and the Kielce Re gion (out crop Bardo Stawy and Za-
lesie Nowe: Acanthodiacrodium sp., Niestachów: Dasy-
diacrodium sp. and Acanthodiacrodium cf. ubui). How ever, 
the num bers of diacromorph acritarchs are small in both
cases (13 spec i mens in to tal). Diacromorph acritarch (e.g.,
Acanthodiacrodium angustum, Acanthodiacrodium sp.,
Actinotodissus formosus) were also found in the Zbrza
trench and the Szumsko Kolonia 2 bore hole (Trela &
Szczepanik, 2009), too. A lot of diacromorph acritarchs
(var i ous Acanthodiacrodium) were found in the Up per Sile- 
sian Block in Lanvirn and Caradoc strata (Jachowicz,
2005). Diacromorph acritarchs (Actinodissus crassus) were
also found in the Up per Or do vi cian strata from the South ern 
Ap pa la chians (Colbath, 1986).

The pres ence of rep re sen ta tives of the gen era Acantho-
diacrodium (typ i cally Mid dle Or do vi cian forms, and not re -
corded in the post-Llanvirn strata) strongly sug gests sed i -
ment re work ing in the Up per Or do vi cian in the Holy Cross
Mountains.

The scarce data are not suf fi cient for any gen eral
palaeogeo graphic con clu sions. It may be only con cluded
that the up per most Or do vi cian ma te rial from the Holy Cross 
Moun tains in cludes diacromorph acritarchs, char ac ter is tic
of the Med i ter ra nean and Peri-Gondwanan Prov inces that is 
for high lat i tudes and cold climate, at that time.

PALAEOTEMPERATURES
IN PALYNOLOGICAL RE CORD

Ob ser va tions of palynomorphs in dif fer ent four units
re veal a large vari a tion in col our of the spec i mens, from
bright-yel low through dark-yel low, brown and dark-grey to
black, de pend ing on the de gree of heat ing. Tem per a tures, to 
which sed i ments with palynomorphs were heated, are de ter -
mined us ing the method of Ther mal Al ter ation In dex (TAI). 
The method con sists in the com par i son of palynomorph col -
our with one of stan dard col our scales. A six-grade scale
TAI AMOCO, mod i fied by Engelhardt et al. (1992), was
used in this study (Fig. 24).

Trans for ma tions of or ganic mat ter and the de gree of its
ma tu rity are also in di cated by the Vitrinite Reflectance In -
dex Ro, ob tained by mea sure ments of reflectance (Rob ert,
1985) and by CAI – Cono dont Al ter ation In dex (Narkie-
wicz & Nehring-Lefeld, 1993).

Palaeotemperatures in epi-Cal edo nian Plat form
(Koszalin–Chojnice Zone)

The stud ied sam ples re veal marked vari a tions in col our
of palynomorphs (Figs 15, 25, Ta ble 14). Col our of iden ti fi -
able spec i mens from var i ous bore holes, taken from sim i lar
depths, var ies from bright-yel low in bore hole Brda 3
(Szczepanik, 2000) to brown in bore holes Nowa Karczma
1, and Polskie £¹ki PIG 1 (Ta ble 14).

This change in col our, hence also in the tem per a ture of
heat ing, shows a reg u lar trend. The palynological ma te rial
in the bore holes sit u ated in the NW part of the re gion (e.g.,
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Fig. 23. Late Or do vi cian palaeogeographic re con struc tion af ter
Scotese and Mc Kerrow (1999) and Li and Powell (2001)

Fig. 24. Map of palaeotemperatures in palynological re cord. For
names of bore holes and out crops see Fig. 1
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Fig. 25. Ther mal Al ter ation In dex (TAI) in the ex am ined bore holes



bore holes Jamno IG 1, Skibno 1, Miastko 1) shows heat ing
to tem per a tures of ca. 50–80°C (early oil win dow), while in
the SE of the re gion (e.g., bore holes Nowa Karczma 1,
Chojnice 5) palaeotemperatures at tained about 100°C (con -
den sate win dow). How ever, it should be noted that the dark -
est palynomorphs come from bore holes Chojnice 5 and
Polskie £¹ki PIG 1, which not only lie far thest to the east,
but also the palynomorphs reached there the great est depths. 
The sam ples from both bore holes were taken from depths
greater by 2,000 m than in the neigh bour ing bore holes. The
much darker col our may be thus re lated also to the higher
geo ther mal gra di ent, which changes in this area (at the mar -
gin of the East Eu ro pean Plat form) to the val ues of ca.
2–2.5°C per 100 m (Majorowicz, 1982). Nev er the less, a
greater ther mal en gage ment of the SE part of the Koszalin–
Chojnice Zone seems to be cor rob o rated by the fact of el e -
vated value of sed i ment heat ing, to ca. 100°C (con den sate
win dow), shown by palynomorphs from the neighbouring,
shallower borehole Nowa Karczma 1.

Thus, it seems likely that the sed i ments from which
palynological sam ples were taken in the NW part of the re -
gion were much less heated than the sed i ments from the SE
part. The dif fer ence in palaeotemperatures de ter mined us -
ing the TAI AMOCO scale amounts to ca. 50°C.

The Vitrinite Reflectance In dex Ro, ob tained from
reflectance mea sure ment val ues for the NE part of the
Koszalin–Chojnice Zone, var ies from 0.73 to 0.91%, dem -
on strat ing that ma tu rity of the or ganic mat ter cor re sponds to 
the main phase of oil gen er a tion (palaeotemperatures
50–100°C). The val ues for the SE part of the dis cussed area
equal 1.78–1.8%, thus they cor re spond to palaeotempera-
tures vary ing within the range 70–170°C, the main phase of
gas gen er a tion (Grotek, 1999).

East Eu ro pean Plat form

Two zones with dif fer ent li thol ogy of Up per Or do vi cian
sed i ments dif fer also in palaeotemperature re cord (Fig. 23).

West ern part of the Peribaltic Syneclise
The palynological re cord in the £eba area is quite dif -

fer ent from that in the neigh bour ing ar eas. They are dark in
col our (black or grey); palaeotemperatures had to ex ceed lo -
cally 150°C (Fig. 23). Such con di tions did not fa vour
palynomorph pres er va tion.

Sim i lar de ter mi na tions of the de gree of or ganic mat ter
heat ing were ob tained for the £eba area us ing the Vitrinite
Reflectance In dex Ro (reflectance mea sure ments, Grotek,
1999). The Ro val ues vary in this area from 1.12 to 2.30%,
point ing to or ganic mat ter ma tu rity cor re spond ing to the
early to late phase of gas gen er a tion and max i mum tem per a -
tures of 70–180°C. The CAI for the £eba area equals 3 and
thus cor re sponds to the phase of con den sate gen er a tion and
palaeotemperatures of 110–200°C (Nehring-Lefeld et al.,
1997).

East ern part of the Peribaltic Syneclise
Palynomorphs from the bore holes Sokolica 1 (Fig. 1),

Olsztyn IG 1 and Go³dap IG 1 (Górka’s col lec tion, Fig. 6)
fea ture bright colours. With the over bur den thick ness sim i -
lar in all bore holes, the palynomorphs are from bright do
dark-yel low, in di cat ing a low de gree of heat ing of the stud -
ied sed i ments. The low est palaeotemperatures are in di cated
by sed i ments from bore hole Sokolica 1 (not ex ceed ing
50°C, im ma ture stage). The de gree of ther mal ma tu rity in
other boreholes of the area in di cates an in ter val of 50–80°C
(early oil win dow; Fig. 23, Ta ble 15).

Sim i lar val ues of tem per a ture are in di cated by co ef fi -
cient Ro, whose value for the sed i ments of bore hole Olsztyn
equals 0.5%, cor re spond ing to ther mally im ma ture or ganic
mat ter and tem per a tures ap proach ing 50°C, and the CAI co -
ef fi cient equal 2, point ing to tem per a tures of 60–140°C
(Nehring-Lefeld et al., 1997).

There fore, the palaeothermal his to ries of the east ern
and west ern parts of the Peribaltic Syneclise were clearly
dif fer ent, as is shown by the ev i dence of palaeotemperature
dif fer ence of more than 100°C.
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Ta ble 14

Palaeotemperatures in the epi-Cal edo nian Plat form

Ta ble 15

Palaeotemperatures in the East Eu ro pean Plat form



West ern slope of the Mazury Anteclise (P³ock–Warszawa
Trough)

The bore hole Szczawno 1 is sit u ated in the P³ock– War- 
szawa Through. The bore hole Toruñ 1, is sit u ated ca. 70 NE 
from it, in a SE pro lon ga tion of the Koszalin–Chojnice
Zone. Both bore holes are sim i larly dis tant from the plat form 
mar gin; the bore hole Toruñ 1 on the SW side of the Teis-
seyre–Tornquist Zone (TTZ), the bore hole Szczawno 1 on
its NE side. Re sults of palynological anal y ses were sim i lar
in both bore holes. They are dis cussed here jointly be cause
of some palynological sim i lar i ties and interfingering of the
men tioned units.

The col our of palynomorphs changes from dark-brown
to black in bore hole Toruñ 1, in dic a tive of heat ing to ca.
100–150°C (gas win dow, Figs 23, 25, Tab. 15). Palyno-
morphs from bore hole Szczawno 1 are still darker. They
fea ture dark col our and dis play char ac ter is tic, brit tle struc -
ture that sug gests palaeotemperatures of at least 150°C
(tran si tion be tween gas win dow and overmature). Over bur -
den thick ness in both bore holes is great (above 4,000 m) but 
sim i lar, hence, it does not disturb comparison.

The Ro in dex for the area of bore hole Szczawno 1
equals 3%, that is cor re sponds to the phase of con den sate
gen er a tion and tem per a tures 190–300°C. The CAI in dex at -
tains the value of 5 and it cor re sponds to tem per a tures
300–400°C (Nehring-Lefeld et al., 1997).

The palaeotemperatures ob tained us ing the Ro and CAI
in di ces are much higher than those at which palynomorphs
are pre served and much higher than those in di cated by the
TAI scale. So, the re sults ob tained for bore hole Szczawno 1
us ing the three meth ods are dif fer ent. The dif fer ence may be 
caused by the fact that the TAI method was used just for
sed i ments from bore hole Szczawno 1, while the Ro and CAI 
data come from bore hole Polik IG 1 dis tant by 15 km, even
if both bore holes lie within the same in ter val of the Ro and
CAI val ues (Nehring-Lefeld et al., 1997).

A com par i son of ma te rial from both bore holes is ham -
pered by dif fer ent ages of the palynomorphs and dif fer ent
depths from which the sam ples were taken. Sam ples from the 
stud ied in ter val of bore hole Toruñ 1 are most likely Ashgill
in age and they come from a depth greater than 5,300 m.
Sam ples from bore hole Szczawno1 are Caradoc in age and
they come from a depth greater than 4,300 m. How ever, tak -
ing into ac count that con di tions at both sites were sim i larly
fa vour able for acritarch pres er va tion and that the de gree of
sed i ment heat ing was sim i lar at both sides of the TT Zone in
the Koszalin–Chojnice Zone (Szczepanik, 2000), it may be
ac cepted that de ter mi na tion of sim i lar palaeotemperatures in
bore holes Toruñ 1 and Szczawno 1 is not er ro ne ous.

Podlasie Syneclise
Palynological ma te rial co mes from bore holes ¯ebrak

IG 1, Mielnik IG 1 and Strabla (Górka’s col lec tion of the
acritarchs, Fig. 13). Palynomorphs from in di vid ual bore -
holes dif fer only slightly in col our, which is a proxy for sed -
i ment heat ing (Figs 12, 23; Ta ble 15).

The data on heat ing in di cate that sed i ments in bore hole
¯ebrak IG 1 were sub ject to slightly higher tem per a tures
(50–80°C, early oil win dow) than those in bore holes Strabla 
and Mielnik IG 1 (less than 50°C, im ma ture stage).

The in dex Ro for the whole area of Podlasie is lower
than 1, cor re spond ing to im ma ture or ganic mat ter and tem -
per a tures of 50–80°C. The value of CAI in dex at tains 3 for
bore hole ¯ebrak IG 1 (tem per a tures 110–200°C, phase of
con den sate gen er a tion) and 1 for bore holes Strabla and
Mielnik IG 1 (Nehring-Lefeld et al., 1997), cor re spond ing
to temperaturesof 50–80°C and immature organic matter.

Palaeotemperature val ues ob tained for bore hole ¯ebrak 
IG 1 us ing the CAI method are higher than those ob tained
us ing the TAI method for the same bore hole by at least ca.
30°C.

Thus, a sim i lar phe nom e non is pres ent in the Podlasie
area as in the Peribaltic Syneclise. The far ther east from the
plat form mar gin, the lower is the de gree of sed i ment heat -
ing. It should be noted, how ever, that over bur den thick ness
in bore hole ¯ebrak IG 1 is greater by 1,000 m than in bore -
hole Mielnik IG 1, and this cer tainly caused the darker col -
our of the studied material.

Holy Cross Moun tains (£ysogóry Fold Zone)

The palynomorphs found in the £ysogóry Re gion are
de stroyed, usu ally dark-grey brown to black in col our, in -
dic a tive of heat ing of sed i ments to tem per a tures up to
150°C – tran si tion be tween the gas win dow and overmature
(Figs 23, 25, Ta ble 16). The de gree of heat ing de creases
east ward and near Opatów (Pobroszyn out crop) it does not
ex ceed 100°C (con den sate win dow – 90–100°C, bright-
grey brown col our). The over bur den thick ness in both bore -
holes does not ex ceed few hun dred metres. Sim i lar palaeo-
tem per a ture val ues, in dic a tive of over heat ing (overmature
win dow), are marked in ma te rial from bore hole Janowice
IG 1 (Szczepanik, 2007).

The east ern most out crop, Pobroszyn, sit u ated at a sim i -
lar dis tance from the line of the Holy Cross Overthrust as
bore holes Wilków IG 1 and Bukowiany IG 1, fea tures the
low est de gree of heat ing and the high est con tent of rel a -
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Ta ble 16

Palaeotemperatures in the Holy Cross Moun tains and in
the Ma³opolska Block



tively slightly dam aged palynomorphs among the whole
ma te rial from the £ysogóry region.

Ma³opolska Block

Kielce Fold Zone (Kielce re gion)
Bore holes Zbrza 2 and 3, sit u ated in the west ern part of

the re gion, fea ture the pres ence of bright-yel low ma te rial
and palaeotemperatures lower than 50°C (im ma ture stage;
Fig. 23, Ta ble 16). Sim i larly pale-yel low are palynomorphs
from the cen tral (Niestachów) and east ern (Zalesie Nowe,
Bardo Stawy) parts of the re gion; hence, their de gree of
heat ing was sim i lar (Fig. 25). Palynological ma te rial from
bore holes Ublinek 1 and W³ostów 1 (Szczepanik, 2007),
and from Zalesie and Szumsko Kolonia 2 bore holes (Trela
& Szczepanik, 2009) also rep re sents the east ern part of the
re gion and dis plays yel low col our of palynomorphs.

Palynomorph colour ing in di cates thus that the whole
south ern re gion was sub ject to very slight heat ing, not ex -
ceed ing 50°C .

In sum mary, palynological char ac ter is tics of the Holy
Cross Moun tains show marked dif fer ences be tween the
north ern (£ysogóry Fold Zone) and south ern (Kielce Fold
Zone) re gions (Fig. 23). The de gree of heat ing in the north
is at least 100°C greater than in the south. It var ies also
within the re gion, de creas ing from more than 150°C in the
west (Wilków IG 1) to ca. 100°C in the east (Pobroszyn). In
the south ern re gion, the de gree of heat ing seems to be uni -
form over the whole area; palaeotemperatures do not ex ceed 
50°C (im ma ture stage) in all the stud ied bore holes. Spec i -
men colours dem on strate dif fer ent geo log i cal his to ries of
both regions of the Holy Cross Mountains.

Sim i lar con clu sions can be drawn by com par i son of
vitrinite reflectance co ef fi cient Ro in the north ern (Wilków
IG 1 and Pobroszyn) and south ern (Zalesie Nowe) re gions.
The value of co ef fi cient Ro for bore hole Wilków IG 1,
depth 768.5 m, is 3.53%, and for the out crop Pobroszyn –

3.2%, in dic a tive of palaeotemperatures greater than 200°C;
data from Zalesie Nowe, where Ro=1.0 (Grotek, 2005), in -
di cate palaeotemperatures slightly above 60°C.

Nida re gion
Ma te rial from the Nida re gion (bore hole Stro¿yska 5,

Figs 23, 25, Ta ble 16) fea tures a sim i lar col our of spec i mens 
in all sam ples, yel low and dark-yel low, in dic a tive of sed i -
ment heat ing to tem per a tures not ex ceed ing 80°C (early oil
win dow).

In the cen tral part of the Nida re gion, geo ther mal de -
gree and gra di ent were mea sured. The mean val ues of geo -
ther mal gra di ents for the whole mea sure ment zones vary
from 1.72°C/100 m to 2.96°C/100 m (Jurkiewicz &
Szczerba, 1976). No data on the CAI and Ro co ef fi cients for 
bore hole Stro¿yska 5 have been published.

In sum mary, the high est tem per a ture val ues re ceived
with TAI method (150°C ap prox i mately and more) ap pear
in the re gion of the TESZ Zone (Fig. 23). It is the re sult of
tec tonic ac tiv ity dur ing the Cal edo nian oro gen esis. Sim i lar
tem per a tures are reg is tered from the £ysogóry Fold Zone
(north ern part of the Holy Cross Moun tains); con cern ing
the tem per a tures in the £ysogóry Fold Zone these are re -
lated to the TESZ zone and the western part of Baltica.

The low est palaeotemperatures (lower than 50°C) are
reg is tered within the Pol ish part of the East Eu ro pean Plat -
form, in the area, which has not been af fected by trans for -
ma tions of Cal edo nian oro gen esis. Palaeotemperatures
lower than 50°C are also reg is tered from the Kielce Fold
Zone.

The Kielce Fold Zone with palaeotemperatures lower
than 50°C and the Nida re gion with palaeotemperatures in -
di cat ing warm ing of 50–80°C are show ing in di vid ual char -
ac ter of the Ma³opolska Block in com par i son with the
north ern part of the Holy Cross Moun tains and the south-
east ern edge of the East Eu ro pean Platform.
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Ta ble 17

The spe cies com po si tions in Avalonia, Baltica and Ma³opolska Block

Palynomorphs

Avalonia Baltica
Ma³opolska

Block

Rügen
Servais,1994

England
Turner,1984

Poland
K-Ch area,
this paper

Gotlandia
Górka,1978

Estonia
Uutela &

Tynni,1991

Poland
this paper

Poland
this paper

Baltisphaeridium longispinosum + + + + + + +

Baltisphaeridium plicatispinae + + + +

Goniosphaeridium polygonale + + + + + +

Multiplicisphaeridium irregulare + + + + + +

Ordovicidium elegantulum + sp. + + + + + +

Ordovicidium heteromorphicum + + + + +

Ordovicidium nudum + + + + + + +

Orthosphaeridium vibrissiferum + sp. + + + + sp.

Peteinosphaeridium brevispinosum + + +

Polygonium gracile + + + + +



AR EAS OF AVALONIA, BALTICA
AND MA£OPOLSKA BLOCK

IN THE LIGHT OF OB TAINED
PALYNOLOGICAL DATA

The ar eas of Avalonia, Baltica and the Ma³opolska
Block were placed close to one an other dur ing the Late Or -
do vi cian time (Fig. 24), at sim i lar lat i tude and in the same
cli mate zone. Con se quently, the palynomorph as sem blages
from these three ar eas have sim i lar spe cies com po si tions
(Ta ble 17).

More dis tinct are dif fer ences re lated to the de gree of
ther mal mat u ra tion (Fig. 23). Within the epi-Cal edo nian
Plat form, Or do vi cian sed i ments are re lated to an early
Palaeozoic terrane of Gondwanan or i gin, known as East ern
Avalonia (Tait et al., 1997; Pha raoh, 1999; Jaworowski,
2000; Samuelsson et al., 2002). The palynological as sem -
blage pres ent over the whole area dis plays sim i lar de grees
of heating, about 50–100°C.

Within the East Eu ro pean Plat form (Baltica), palynolo-
gical ma te rial in di cates marked dif fer ences. The high est
palaeotemperatures are in di cated in ma te rial from the £eba
area and the War saw–P³ock Trough (above 150°C). The de -
gree of heat ing de creases east ward from the mar gin of the
Baltica palaeocontinent, hardly attaining 50°C.

The area de scribed as the Ma³opolska Block is also
com plex in the geo log i cal and palynological sense. It in -
cludes the south ern (Kielce) re gion of the Holy Cross
Moun tains and the Nida re gion. The de gree of heat ing is
sim i lar in both re gions – ca. 50°C.

A marked dif fer ence re lated to the fre quency of palyno- 
morphs is shown be tween the Avalonia, Baltica and the
Ma³opolska Block. Gen er ally, as sem blages from the Ava-
lonia and the Baltica are paly no logi cal ly poor, their fre -
quency is low (ca. 10–50 forms per slide), while the fre -
quency from the Ma³opolska Block (in the same, rich est
graptolite Zones gracilis - multidens) var ies from 45 to 320
iden ti fied spec i mens per slide (Fig. 12).

The di ver sity of palynomorphs in a one sam ple within
the graptolite Zones gracilis - multidens is also high est in
ma te rial from the Ma³opolska Block (13–25 iden ti fied spe -
cies). In other re gions, the di ver sity fluc tu ates be tween 3
and 13 iden ti fied spe cies. The com po si tions of the stud ied
palynological as sem blages from the Ma³opolska Block is
sim i lar to the com po si tions of the Llanvirn – Caradoc
palynological as sem blages from the Up per Silesian Block
(G³adysz et al., 1999; Jachowicz, 2005).

In sum mary, the Ma³opolska Block is paly no logi cal ly
dif fer ent from the epi-Cal edo nian Plat form and from the
Baltica in the de gree of ther mal mat u ra tion (the same, ca.
50°C in the whole re gion), palynomorph fre quency, and in
the higher di ver sity of palynomorphs.

CON CLU SIONS

1. Palynological anal y sis of the Up per Or do vi cian ma -
te rial from the stud ied re gions proved that palynomorphs
are use ful for palynostratigraphical stud ies of the strata
within this age in ter val. Though they do not dis play rapid

suc ces sion and are not pres ent in all fa cies, they en able un -
ques tion able di vi sion into two as sem blages of dif fer ent age: 
the Caradoc As sem blage I and the Ashgill As sem blage II.
Ad di tion ally, two groups of palynomorphs in some cases,
when fre quency is high, al low one to dis tin guish two
subassemblages – IIa and IIb. Well ex pressed is also a dif -
fer ence in com po si tion of the as sem blages from the Or do vi -
cian and Si lu rian bound ary zone. A dis tinc tion of the Up per
Or do vi cian from the Lower Si lu rian sed i ments on this
ground should be easy.

2. Trans for ma tions in coalification of or ganic mat ter
and the de gree of its ther mal ma tu rity in di cate tem per a ture
to which sed i ment was heated and thus al low to re store ther -
mal his tory of the ba sin. The re sults ob tained in all the stud -
ied re gions us ing the TAI method are sim i lar to the re sults
ob tained us ing the Vitrinite Reflectance In dex Ro and in dex
of cono dont col our al ter ation CAI. Palaeotemperature char -
ac ter is tics of the Holy Cross Moun tains show marked dif -
fer ences be tween the north ern (£ysogóry Fold Zone) and
south ern (Kielce Fold Zone) re gions. The palaeotemperatu-
res show in di vid ual char ac ter of the Ma³opolska Block
(the same, ca. 50°C in the whole re gion) in com par i son with 
the north ern part of the Holy Cross Moun tains, SE mar gin
of the East European Platform, and the epi-Caledonian Plat- 
form.

3. A com par i son of palynomorph fre quen cies in co eval 
sed i ments does not re veal big sys tem atic pat tern within in -
di vid ual geo log i cal re gions and be tween them. A marked
dif fer ence be tween them is dis cern ible: A – be tween the ma -
te rial from the Caradoc and Ashgill. Gen er ally, the Caradoc
ma te rial is many times richer (both in qual ity and quan tity)
than the Ashgill ma te rial. Many Ashgill sam ples were paly -
no logi cal ly bar ren. The lower fre quen cies in the Ashgill
sed i ments may be also at trib uted to the ap pear ance of
ice-sheets in the South ern Hemi sphere dur ing Late Or do vi -
cian time; B – be tween the ma te rial from the Ma³opolska
Block and from the East Eu ro pean Plat form and the epi-Cal -
edo nian Plat form. The palynomorph fre quen cies in the
Ma³opolska Block are much higher than those in the oth ers
re gions. Higher is also the diversity of palynomorphs in the
Ma³opolska Block.

4. The ar eas of the Avalonia, Baltica and the Ma³o-
polska Block were sit u ated on the same lat i tude and in the
sim i lar cli ma tic zone dur ing the Late Or do vi cian. As a re -
sult, the palynomorphs, which have been found in those ar -
eas, do not show any es sen tial dif fer ences re gard ing spe cies
com po si tion. Prac ti cally, no spe cies have been found in sed -
i ments of this age whose oc cur rence would in di cate low or
high lat i tudes. Most spe cies are cos mo pol i tan. In for ma tion
ob tained from the anal y sis of as sem blage com po si tion do
not al low to draw palaeobiological conclusions based on
them.

5. No diacromorph acritarchs (e.g., Acanthodiacro-
dium) were found in the epi-Cal edo nian Plat form and in the
East Eu ro pean Plat form, while acanthomorph acritarchs are
nu mer ous. The pres ence of rep re sen ta tives of the gen era
Acanthodiacrodium (typ i cal Mid dle Or do vi cian forms, and
not re corded in post-Llanvirn strata) in the Up per Or do vi -
cian in the Holy Cross Moun tains strongly sug gests sed i -
ment re work ing and con nec tion with a cold Med i ter ra nean
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Prov ince at high lat i tudes of the South ern Hemi sphere, with
predominance of diacromorph acritarchs.
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Ap pen dix
List of iden ti fied taxa

The iden ti fied acritarch taxa are re ported in the fol low -
ing list (in al pha bet i cal or der). Taxa marked with an as ter isk 
(*) are shown in Figs 15–22.
Actinotodissus cf. crassus Löeblich et Tappan, 1978
Acanthodiacrodium sp.
Aremoricanium rigauae Deunff, 1955
Aremoricanium deflandrei Henry, 1969*
Baltisphaeridium annelieae (Kjellström) Bockelie et Kjellström,

1979 Baltisphaeridium bramkaense Górka, 1979
Baltisphaeridum calicispinae Górka, 1969*
Baltisphaeridium dasos Colbath, 1979*
Baltisphaeridium microspinosum Eisenack, 1954
Baltisphaeridium multispinosum (Eisenack) Eisenack, 1969*
Baltisphaeridium lancettispinaeGórka, 1969*
Baltisphaeridum longispinosum (Eisenack), Staplin et al., 1965
Baltisphaeridum pachyacanthum Eisenack, 1965
Baltisphaeridum plicatispinae Górka, 1969*
Baltisphaeridum podboroviscensis Górka, 1969*
Baltisphaeridium pseudocalcispinum Górka, 1980
Baltisphaeridium ritvae Kjellström, 1971
Baltisphaeridium cf. heizelinii Stckmans et Williere, 1969*
Baltisphaeridium cf. nanninum Eisenack, 1965*
Baltisphaeridum cf. varsoviensis Górka, 1969*
Baltisphaeridium cf. trabeculaespinae Górka, 1969*
Baltisphaeridum sp.*
Cymatiosphaera cf. canadensis Deunff, 1954
Cymatiosphaera sp.*
Cymatiogalea sp.
Dactylophusa cf. ctenista (Löeblich) Sarjeant et Stancliffe, 1994*
Diexallophasis remota (Deunff) Playford, 1977
Domasia sp.*
Dorsenidium cf. undosum Wicander et al., 1999*
Exculibrachium cf. concinnum Löeblich et Tappan, 1978*
?Frankea cf. sartbernardensis (Mar tin) Colbath, 1986
Goniosphaeridium connectum Kjellström, 1971
Goniosphaeridium gracileVavrdova, 1966*
Goniosphaeridium mochtiense (Górka) Kjellström, 1971
Goniosphaeridium cf. christianii Kjellström, 1976*
Goniosphaeridium sp.*
Gorgonisphaeridium cf. frequensGórka, 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) Lis ter, 1970
Multiplicisphaeridium sp.
Micrhystridium sp.*
Navifusa ancepsipuncta Löeblich, 1970*
Navifusa cf. punctata Löeblich et Tappan, 1978
Navifusa sp.*
Ordovicidium elegantulum Tappan et Löeblich, 1971*
Ordovicidium heteromorphicum (Kjellström) Löeblich et Tappan,

1978*
Ordovicidum nudum (Eisenack) Löeblich et Tappan, 1978*
Ordovicidium cf. nanofurcatum (Kjellstrom) Uutela et Tynni,

1991
Ordovicidium sp.*
Orthosphaeridum vibrissiferum Löeblich et Tappan, 1978*
Orthosphaeridum cf. insculptum Löeblich, 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 Kjellström, 1971*
Peteinosphaeridium cf. bergstroemii Staplin et al., 1965*
Peteinosphaeridium cf. micranthum (Eisenack) Eisenack et al.,

1973
Peteinosphaeridium sp.
Polonosphaeridium francinae (Górka) Górka,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. Löeblich, 1970
Veryhachium reductum (Deunff) Downie et Sarjeant, 1965
Veryhachium trispinosum (Eisenack) Stockmans et Willière, 1962

group
Veryhachium cf. augustum Deunff, 1977
Veryhachium cf. hamii Loeblich, 1970
Veryhachium cf. oklahomense Löeblich, 1970
Veryhachium cf. subglobosum Jardinié et al., 1974
Veryhachium sp.*
Villosacapsula irrorata (Löeblich et Tappan) Fensome et al., 1990
Villosacapsula sp.*
Vulcanisphaera cf. imparilis Rasul, 1976
Vulcanisphaera sp.
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