
Geo log i cal Quar terly, 2021, 65: 29
DOI: http://dx.doi.org/10.7306/gq.1601

Terreneuvian acritarch as sem blages 
of the Holy Cross Moun tains – a new ap proach

Zbigniew SZCZEPANIK1, * and Anna ŻYLIŃSKA2 

1 Polish Geo log i cal In sti tute – Na tional Re search In sti tute, Holy Cross Branch, Zgoda 21, 25-953 Kielce, Po land 

2 Fac ulty of Ge ol ogy, Uni ver sity of War saw, Żwirki i Wigury 93, 02-089 Warszawa, Po land 

Szczepanik, Z., Żylińska, A., 2021. Terreneuvian acritarch as sem blages of the Holy Cross Moun tains – a new ap proach.
Geo log i cal Quar terly, 2021, 65: 29, doi: 10.7306/gq.1601

As so ci ate Ed i tor: Michał Zatoń

Rock sam ples from four bore holes and three ex po sures lo cated in the south ern pe riph er ies of the Holy Cross Moun tains in
Po land, from strata rep re sent ing the lower Cam brian Czarna Shale For ma tion have been stud ied paly no logi cal ly. A rel a tively 
nu mer ous and well-pre served low er most Cam brian microfloral as sem blage cor re sponds to co eval as so ci a tions known from
dif fer ent palaeocontinents. Our new data en ables re in ter pre ta tion of the biostratigraphy of the Czarna For ma tion, a thick rock 
unit ba si cally de void of macrofossils. The rocks ana lysed rep re sent the Terreneuvian and com par i son with other lower Cam -
brian suc ces sions in di cates the mid dle and up per part of this old est Cam brian se ries. The dis cov ery of Variosphaeridium
gen. nov. sup ple ments in for ma tion about the di ver sity of low er most Cam brian microfloral as sem blages. The Fimbriaglo -
merella membranacea–Globosphaeridium cerinum As sem blage Zone is in tro duced; it has a tran si tional char ac ter be tween
the Asteridium tornatum–Comasphaeridium velvetum and Skiagia ornata–Fimbriaglomerella membranacea as sem blage
zones dis tin guished by Moczydłowska (1991) and iden ti fied on most Cam brian palaeocontinents. 
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INTRODUCTION 

The age of the old est rocks in the Pa leo zoic suc ces sion of
the Holy Cross Moun tains has at tracted in ter est for over a cen -
tury, with strati graphic po si tions in ferred rang ing from the
Riphean to the Holmia-bear ing strata of the Cam brian (Szcze -
panik and Żylińska, 2016 with a re view and ref er ences therein).
This rock suc ces sion, as signed by Orłowski (1975) to the
Czarna Shale For ma tion, gen er ally yields very few macro -
fossils, with none of them be ing age-di ag nos tic; there fore,
microfossil as sem blages are used to de ter mine the stra tig ra phy 
of this suc ces sion. Re cent age eval u a tion based on stud ies of
acritarch as sem blages in the Czarna For ma tion ex posed
around Kotuszów pointed to a mid dle to late Terreneuvian age
of the strata (Szczepanik and Żylińska, 2016). This study sup -
ple ments and fur ther de vel ops the pre vi ously pub lished data by 
ana lys ing acritarch ev i dence from the south ern pe riph er ies of
the area, and ad dresses con tro ver sies re lated to the chrono -
stratigraphic po si tion of the acritarch as sem blage zones in a
global con text. 

GEOLOGICAL SETTING

The Holy Cross Moun tains (Fig. 1), com pris ing low,
WNW–ESE -ori ented hills in south-cen tral Po land, are com -
posed of an al most com plete suc ces sion of non-meta mor -
phosed Pa leo zoic rocks. They were formed in the di rect vi cin ity
of the Teisseyre-Tornquist Zone that marks the south west ern
mar gin of the East Eu ro pean Craton (EEC), which in the Cam -
brian com posed the Baltica palaeocontinent. The Pa leo zoic
rocks are sur rounded by strata of the Perm ian-Me so zoic mar -
gin to the north, west and south-west, and by Neo gene (Mio -
cene) strata of the Carpathian Foredeep Ba sin to the south and
south-east. The study area is lo cated to the south of the main
Pa leo zoic out crop of the Holy Cross Moun tains, with Cam brian
rocks ex posed or en coun tered in shal low bore holes and ex po -
sures in the vi cin ity of Zbrza, Straszniów and Kotuszów (Figs. 1
and 2). In this part of the Holy Cross Moun tains, the Cam brian
suc ces sion is rep re sented by the Czarna Shale For ma tion,
which com prises mostly claystones and siltstones with rare
sand stone interbeds, of thick ness es ti mated at 600–700 m or
even 800 m (Orłowski, 1975; Kowalczewski et al., 2006). This
unit con sti tutes the base ment in most of the south ern pe riph er -
ies of the Holy Cross Moun tains. It may be ac cessed by shal low
bore holes or in small ex po sures within mi nor inliers of Pa leo zoic 
strata sur rounded by Me so zoic or Neo gene de pos its (Figs. 1
and 2). Lack of in dex macrofossils cou pled with the lack of tri lo -
bite re mains re sulted in as sign ing the Czarna For ma tion to an
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in ter val pre ced ing the first oc cur rence of trilobites in most re -
gional strati graphic in ter pre ta tions; a pre cise age in di cat ing the
mid dle and up per Terreneuvian based on the anal y sis of
acritarch as sem blages was re cently sug gested for strata ex -
posed around Kotuszów (Szczepanik and Żylińska, 2016).

MATERIAL

A to tal of 61 rock core sam ples, from three shal low bore -
holes lo cated in the Zbrza inlier, i.e. Zbrza PIG 1, Zbrza PIG 2,
and Zbrza PIG 3, the Straszniów PIG 1 bore hole, and from
three ex po sures (A, B and C) lo cated in the Kotuszów inlier
(Figs. 1 and 2) were sub ject to palynological anal y sis.
Acritarchs were re corded in 32 sam ples, though di verse as -
sem blages which could be used for biostratigraphic anal y sis
were ob served in only 25 of them. Microfloral as so ci a tions ob -
served in in di vid ual slides were of gen er ally low abun dance,
with the num ber of ob served acritarchs (de ter mi na ble at least
to ge nus level) vary ing from sev eral to ~50 in one slide. In
some slides from Zbrza PIG 2, the as sem blage was abun dant
but dom i nated by forms rep re sent ing only one taxon, i.e.
Leiosphaeridia sp. (Ta ble 1 and Ap pen dix 1*). The de gree of
ther mal ma tu rity of the acritarchs ana lysed is high, cor re -
spond ing to stages 5+ to 6 of the AMOCO ther mal scale. The
acritarch wall col our is gen er ally brown though with vari a tion
de pend ing on the wall thick ness, the thicker el e ments be ing
darker. In some cases, very thin-walled spec i mens are yel -
low-or ange in col our (e.g., Fig. 3D, L, M, Y). Acritarch pres er -
va tion is mod er ately good; gen er ally the out line of in di vid ual

spec i mens is well-pre served, whereas the fine el e ments of the 
sculp ture are of ten ef faced, which ham pers pre cise de ter mi -
na tion, es pe cially in the case of smaller forms (e.g.,
Asteridium) or of those in which the di ag no sis is based on the
pres ence or char ac ter of very fine mor pho log i cal el e ments
(e.g., Coma sphaeridium). In some acritarchs (e.g., Figs. 3Y
and 4H), growth of py rite crys tals has de stroyed the
palynomorph walls. A char ac ter is tic fea ture of the ma te rial
ana lysed is large vari abil ity in palynomorph abun dance. Sam -
ples col lected from rocks rep re sent ing the same li thol ogy and
sit u ated close to one an other may dif fer greatly with re gard to
microflora abun dance. This seems to be the re sult of a vari -
able pri mary abun dance of the microphytoplankton, be cause
there are no dif fer ences in li thol ogy, fos sil iza tion pro cess, or
meth od ol ogy of lab o ra tory anal y sis. 

METHODOLOGY

The sam ples were sub ject to clas si cal palynologic mac er a -
tion. Sam ples weigh ing ~100 g were mac er ated first in cold hy -
dro flu oric acid, next in hot hy dro chlo ric acid, fil tered on 15 mm
mesh mem branes, and mac er ated once again in cold hy dro flu -
oric acid. The re sid uum ob tained was next cen tri fuged in heavy
liq uid. Later, glyc er ine-gel a tine prep a ra tions were made, which
were ana lysed in bright-field mi cros copy (Olym pus BX51 mi cro -
scope) at mag ni fi ca tions be tween 300 and 1200. The acritarch
spec i mens re cog nized were doc u mented as graphic files with
the help of a microcamera at tached to a com puter.  
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Fig. 1. Geo log i cal sketch-map of the Pa leo zoic of the Holy Cross Moun tains with lo ca tion of the bore holes 
and ex po sures stud ied (af ter Orłowski, 1975, 1992, mod i fied)
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SAMPLING AND LITHOLOGICAL DATA

ZBRZA PIG 1

This bore hole was drilled in the cen tre of Zbrza Vil lage
(Fig. 2A). Be low Or do vi cian strata there is a 43.3 m thick suc -
ces sion of grey mudstones, be com ing green ish-grey to wards
the top. Clayey shales dom i nate in the suc ces sion, with nu -
mer ous beds of grey siltstone up to 2 cm thick and oc ca sional
thin beds (3–6 cm) of quartzitic sand stone. The sand stones
dis play boudinage struc tures and are strongly frac tured,
whereas the siltstones and clayey shales are strongly folded
and in clude nu mer ous slick en sides. Dips vary from 10 to 70°,
with steep dips be ing prev a lent. The en tire suc ces sion shows
in tense tec tonic de for ma tion. Ten sam ples were col lected
from the core; de ter mi na ble acritarchs were found in five of
them, at depth lev els 109.9, 115.0, 124.0, 128.0 and 133 m
(Ta ble 1 and Ap pen dix 1).

ZBRZA PIG 2 

This bore hole was drilled ~200 m to the west of the Zbrza
PIG 1 bore hole (Fig. 2A). A 71 m thick suc ces sion of green and
dark grey mudstones with rare thin beds of siltstone and sand -
stone was en coun tered at the bot tom of the bore hole. Some
heterolithic siltstone-sand stone in ter vals are pres ent. The suc -
ces sion is in tensely de formed. Dips vary from 30° to al most ver -
ti cal, most com monly 60–70°. Out of seven sam ples col lected
from this core, acritarchs were rec og nized in six; in the case of
two sam ples, how ever, the acritarchs were very few and with out 
strati graphic sig nif i cance. A rel a tively rich and mod er ately pre -
served palynomorph as sem blage was col lected from five sam -
ples, at depth lev els 20.2, 51.2, 57.0, 63.0 and 69.0 m (Ta ble 1
and Ap pen dix 1).

ZBRZA PIG 3 

This bore hole was drilled ~200 m to the south-west of the
Zbrza PIG 2 bore hole (Fig. 2A). Be low Or do vi cian rocks there
are 38.7 m of green ish-grey and grey mudstones, in some
cases rep re sented by siltstone-claystone heterolithic strata.
The suc ces sion con tains rare beds of siltstone and sand stone,
2–20 cm thick. The en tire suc ces sion is in tensely de formed.
Dips vary from 20 to 85°. Eight sam ples were col lected, out of
which only one (at depth level 99.2 m) con tained mod er ately
pre served acritarchs (Ta ble 1 and Ap pen dix 1).

STRASZNIÓW PIG 1

This bore hole was drilled in the north west ern part of Gumie -
nice Vil lage, close to the road lead ing to Pierzchnica, within a
site re ferred to the no lon ger ex ist ing Straszniów Vil lage. The lo -
cal ity is sit u ated di rectly to the south-west of Słońce Hill, con sid -
ered by Kowalczewski (1990) to be built of Holmia-age rocks. A
189 m thick suc ces sion rep re sented by in tensely de formed
mudstones oc curs be low an 11 m thick cover of Neo gene(?)
mot tled clays. The suc ces sion is dom i nated by green ish-grey
claystones with nu mer ous thin interbeds of siltstone and rare
interbeds of grey quartzitic sand stone with abun dant cal cite
veins. Dips are usu ally very steep. The rocks show nu mer ous
slick en sides and in clude shear zones sev eral metres thick. The
rocks ana lysed seem to be most in tensely de formed among the 
sec tions stud ied. A to tal of twenty sam ples was col lected; only
seven con tained acritarchs, and only one, at depth level 36.0 m, 
yielded re cog nis able acritarch as sem blages. Com pared to the
other suc ces sions ana lysed, the as sem blage from Straszniów
PIG 1 is char ac ter ized by a higher de gree of ther mal al ter ation
(dark brown col our); most prob a bly this is re lated to the very in -
tense de for ma tion of rocks in this bore hole. This con clu sion is
con sis tent with the ob ser va tion that, com pared to the other
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Fig. 2A – sketch map of the Zbrza area show ing the lo ca tion of the Zbrza PIG 1, PIG 2
and PIG 3 bore holes; B – sketch-map of the vi cin ity of Kotuszów, to show

 the ex po sures stud ied (af ter Szczepanik and Żylińska, 2016, slightly mod i fied)
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T a  b l e  1

Dis tri bu tion of acritarch taxa rec og nized in par tic u lar bore holes and ex po sures, ar ranged from the west 
to the east of the study area
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Leiosphaeridia sp. + + + + + + +

Cyanophyta + + + + +

Comasphaeridium molliculum Moczydłowska and Vidal, 1988 + + + +

?Comasphaeridium sp. + + +

Comasphaeridium sp. + + + + +

Granomarginata squamacea Volkova, 1968 + + + + +

Lophosphaeridium sp. + + + + +

Pterospermella sp. + + + +

Comasphaeridium velvetum Moczydłowska, 1991 + + +

?Globosphaeridium sp. + + +

Glo bus gossipinus Vidal, 1988 + +

Glo bus sp. + +

Comasphaeridium brachyspinosum (Kiryanov) Moczydłowska and Vidal, 1988 + +

Pterospermella velata Moczydłowska, 1988 + +

Asteridium sp. + + +

Synsphaeridium sp. + + + +

Pterospermella solida (Volkova) Volkova in Volkova et al., 1979 + +

Pterospermella vitalis Jankauskas in Volkova et al., 1979 + + +

Pterospermella cf. inordinata Jachowicz-Zdanowska, 2013 + +

Gen. nov. A + +

Granomarginata prima Naumova, 1960 + + + +

Lophosphaeridium tentativum Volkova, 1968 + + +

Comasphaeridium strigosum (Jankauskas) Downie, 1982 + + cf.

Pulvinosphaeridium sp. + + +

?Fimbriaglomerella sp. + +

Lechistania magna Jachowicz-Zdanowska, 2013 + +

Asteridium tornatum (Volkova) Moczydłowska, 1991 cf. +

?Ichnosphaera sp. + +

Leiomarginata sim plex Naumova, 1960 + +

Pterospermopsimorpha sp. + +

?Pterospermopsimorpha sp. + +

Pulvinosphaeridium antiquum Paškevičiene, 1979 +

Variosphaeridium sanctacrucensis gen. et sp. nov. +

Comasphaeridium agglutinatum Moczydłowska, 1988 +

?Dictyotidium sp. +

Fimbriaglomerella cf. minuta (Jankauskas) Moczydłowska and Vidal, 1988 +

Granomarginata sp. +

Leiovalia sp. +

Lophosphaeridium truncatum Volkova, 1969 + + + + +

Fimbriaglomerella membranacea (Kiryanov) Moczydłowska and Vidal, 1988 + + + +

Lophosphaeridium dubium (Volkova) Moczydłowska, 1991 cf. cf. +

Asteridium lanatum (Volkova) Moczydłowska, 1991 cf. +

Ichnosphaera cf. delicata Jachowicz-Zdanowska, 2013 +

Heliosphaeridium cf. dissimilare (Volkova) Moczydłowska, 1991 +

?Pulvinosphaeridium sp. +

?Liepaina sp. +

Cymatiosphaera sp. + +

Heliosphaeridium longum (Moczydłowska) Moczydłowska, 1991 + +

Globosphaeridium cerinum (Volkova) Moczydłowska, 1991 +

Tasmanites sp. +

Gen. nov. B +

?Leiosphaeridia sp. +

Aliumella baltica Vanderflit in Umnova and Vanderflit, 1971 +

Ichnosphaera sp. +

Heliosphaeridium sp. +

?Heliosphaeridium sp. +



Zbigniew Szczepanik and Anna Żylińska  / Geological Quarterly, 2021, 65: 29 5

Fig. 3. Acritarchs from the Czarna For ma tion in the Holy Cross Moun tains

A–C – Pulvinosphaeridium antiquum Paškevičiene, 1979, Zbrza PIG 2 (A – 20.2 m, slide 6327; B – 51.2 m, slide 6628; C – 63.0 m, slide
6630); D–G – Pulvinosphaeridium sp. (D, E – Zbrza PIG 2, 20.2 m, slide 6327; F – Kotuszów A, slide 4992; G – Straszniów PIG 1, 36.0 m,
slide 6597); H, I – Leiomarginata sim plex Naumova, 1960 (H – Straszniów PIG 1, 36.0 m, slide 6597; I – Zbrza PIG 2, 51.2 m, slide 6628); J, K
– Pterospermopsimorpha sp. Straszniów PIG 1, 36.0 m, slide 6597; L, M – Leiovalia sp., Zbrza PIG 2 (L – 69.0 m, slide 6631; M – 57.0 m,
slide 6629); N – Asteridium cf. lanatum (Volkova) Moczydłowska, 1991, Straszniów PIG 1, 36.0, slide 6597; O, W–Y – Leiosphaeridia sp.,
Zbrza PIG 2 (O – 51.2 m, slide 6628; W–Y – 69.0 m, slide 6631A); P – Asteridium cf. tornatum (Volkova) Moczydłowska, 1991, Zbrza PIG 2,
20.2 m, slide 6327; Q, R – Glo bus gossipinus Vidal, 1988 (Q – Zbrza PIG 2, 57.0 m, slide 6629; R – Zbrza PIG 1, 124.0 m, slide 6362); S, T –
Granomarginata prima Naumova, 1960, Zbrza PIG 2, S – 69.0 m, slide 6631; T – 57.0 m, slide 6629; U, V – Granomarginata squamacea
Volkova, 1968 (U – Zbrza PIG 1, 128.0 m, slide 6363; V – Zbrza PIG 3, 99.0 m, slide 6295); Z – Synsphaeridium sp., Straszniów PIG 1,
36.0 m, slide 6597; scale bars equal 10 mm
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Fig. 4. Acritarchs from the Czarna For ma tion in the Holy Cross Moun tains

A – ?Dictyotidium sp., Zbrza PIG 2, 69.0 m, slide 6331; B–D – Lophosphaeridium tentativum Volkova, 1968, Zbrza PIG 2, 63.0 m, slide 6330;
E – Lophosphaeridium truncatum Volkova, 1969, Kotuszów C, slide 4990n; F – Lophosphaeridium dubium (Volkova) Moczydłowska, 1991,
Kotuszów C, slide 4990n; G – Lophosphaeridium cf. dubium (Volkova) Moczydłowska, 1991, Zbrza PIG 3, 99.0 m, slide 6695; H, I –
?Globosphaeridium sp. (H – Zbrza PIG 3, 99.0 m, slide 6295; I – Zbrza PIG 1, 115.0 m, slide 6360A); J – Comasphaeridium brachyspinosum
(Kiryanov) Moczydłowska and Vidal, 1988, Zbrza PIG 1, 128.0 m, slide 6363; K, L – Comasphaeridium velvetum Moczydłowska, 1991 (K –
Kotuszow A, slide 4992; L – Zbrza PIG 2, 57.0 m, slide 6629); M, N – Comasphaeridium agglutinatum Moczydłowska, 1988, Zbrza PIG 2 (M –
20.2 m, slide 6327; N – 57.0 m, slide 6629); O, P – Comasphaeridium molliculum Moczydłowska and Vidal, 1988 (O – Zbrza PIG 2, 63.0 m,
slide 6630; P – Kotuszów C, slide 4990n); Q, R – Pterospermella cf. inordinata Jachowicz-Zdanowska, 2013 (Q – Kotuszów C, slide 4990n, R 
– Zbrza PIG 2, 69.0 m, slide 6631); S, T – Pterospermella velata Moczydłowska, 1988 (S – Zbrza PIG 1, 128.0 m, slide 6363; T – Zbrza PIG 2,
63.0 m, slide 6630); U – Pterospermella solida (Volkova) Volkova in Volkova et al., 1979, Zbrza PIG 2, 51.2 m, slide 6628; V – Pterospermella
vitalis Jankauskas in Volkova et al., 1979, Zbrza PIG 2, 51.2 m, slide 6628; W – Pterospermella sp., Kotuszów A, slide 4992. X – Tasmanites
sp., Kotuszów B, slide 4989; scale bars equal 10 mm



bore holes, this suc ces sion has yielded the larg est num ber of
bar ren sam ples, which may be the ef fect of heat ing and com -
plete car bon iza tion of or ganic mat ter in the nu mer ous shear
zones. 

EXPOSURES IN THE KOTUSZÓW AREA

KOTUSZÓW A

This small ex po sure is lo cated to the south of Kotuszów Vil -
lage, on the west ern side of the road be tween Kotuszów and
Kurozwęki (Fig. 2B). Ol ive-green mudstones are oc ca sion ally
ex posed along a small em bank ment of a dirt path near the main 
road. The thick ness of the rocks ex posed does not ex ceed 1 m.
This ex po sure was noted in our pre vi ous pa per (Szczepanik
and Żylińska, 2016) as Lo cal ity 1. Three sam ples were col -
lected, how ever, only one con tained a low abun dance (~30
spec i mens on the slide) but tax o nom i cally di verse as sem blage.

KOTUSZÓW B

This ex po sure oc curs on the east ern em bank ment of the
Czarna River val ley. It is lo cated di rectly along the dirt road,
~50 m to the east of the bridge across the Czarna. Along ~10 m
of the em bank ment is ex posed a suc ces sion of grey-brown ish
mudstones, con tain ing thin but abun dant sand stone interbeds.
This ex po sure was noted in our pre vi ous pa per (Szczepanik
and Żylińska, 2016) as Lo cal ity 3. Three sam ples were col -
lected in close vi cin ity to each other, but a low abun dance as -
sem blage was rec og nized in only one of them. 

KOTUSZÓW C

This is a small ex po sure of grey mudstones in the em bank -
ment of a lo cal pond lo cated in the north ern part of Kotuszów,
close to the cem e tery (Fig. 2B). Due to poor ex po sure, a more
pre cise lithological char ac ter iza tion is not pos si ble. It was noted 
in our pre vi ous pa per (Szczepanik and Żylińska, 2016) as Lo -
cal ity 4. A sin gle sam ple yielded a low-abun dance and poorly
pre served as sem blage.

OUTLINE OF ACRITARCH BIOSTRATIGRAPHY 
IN THE LOWERMOST CAMBRIAN

The first at tempts to use lower Cam brian acritarch as sem -
blages in biostratigraphy date from the late 1970s (Volkova et
al., 1979, 1983). As a re sult, six acritarch ho ri zons (Rovno,
Lontova, Talsy, Vergale, Rausve and Kibartu) were dis tin -
guished in the west ern part of the East Eu ro pean Craton
(EEC). Later these re gional units were adopted also for the
lower Cam brian of Scan di na via as the Rovnian, Lontovan,
Dominopolian, “Ljubomlian”, Vergalian-Rausvian and Kibar -
tian stages (Niel sen and Schovsbo, 2011). Many pro pos als for 
lo cal and re gional biostratigraphic schemes were based on
this ini tial sub di vi sion (e.g., Vidal, 1981; Hagenfeldt, 1989;
Eklund, 1990; Jankauskas and Lendzion, 1992). The ini tial
con cept was best de vel oped and de scribed by Moczydłowska
(1991), who dis tin guished five acritarch zones on the Lublin
slope of the EEC (Fig. 5), of which the first three: Cyano -
bacteria–Leiosphaeridia (the up per part of which cor re sponds

to the Rovnian), Asteri dium tornatum–Comasphaeridium vel -
ve tum (cor re spond ing to the Lontovan) and Skiagia orna -
ta–Fim bria glomerella membra na cea (cor re spond ing to the
Dominopolian) rep re sent the low er most Cam brian. The zones
dis tin guished, de fined as as sem blage zones, re flect two ex -
plo sive microplankton ra di a tions in the ear li est Cam brian and
al low dis tinc tion of three types of acritarch microflora (Moczy -
dło wska, 1991; Vidal and Moczy dłowska -Vidal, 1997). The ap -
pear ance of a char ac ter is tic suc ces sion of acritarch as so ci a -
tions, sep a rated by ep i sodes of rapid tax o nomic ra di a tion,
seems to be clearly rec og nized glob ally in ar eas with lower
Cam brian rocks (e.g., Palacios and Vidal, 1992; Pala cios and
Moczydłowska, 1998; Jachowicz -Zdanowska, 2013; Palacios
et al., 2017, 2020), re gard less of the con tro ver sies re lated to
the use of acritarch as sem blages as iso chronous tools for
chronostratigraphic cor re la tion (e.g., Land ing et al., 2013;
Geyer, 2020; Peng et al., 2020). In gen eral, there is a lib eral
ap proach to rec og niz ing acritarch as sem blages, which in the
orig i nal scheme of Moczydłowska (1991) were dis tin guished
as for mal as sem blage zones: the tax o nomic com po si tion of
these as sem blages of ten does not re flect the abun dance and
di ver sity as de scribed in the orig i nal con cept. A more con ser -
va tive ap proach to iden ti fy ing acri tarch as sem blage zones
seems more ap pro pri ate to en sure better cor re la tion.

RESULTS OF ACRITARCH ANALYSIS

The Zbrza PIG 2 as sem blage is the rich est both in di ver sity
and abun dance. 

ZBRZA PIG 2

The as sem blage is dom i nated by rep re sen ta tives of Leio -
sphaeridia (Fig. 3O, W–Y), Comasphaeridium (Fig. 4L–O),
Granomarginata (Fig. 3S, T), Leiomarginata (Fig. 3I), Leiovalia
(Fig. 3L, M), Lophosphaeridium (Fig. 4B–D), and Ptero sper -
mella (Fig. 4R, T–V). Acritarchs rep re sent ing Pulvino sphaeri -
dium (Fig. 3A–E), Glo bus (Fig. 3Q), Asteridium (Fig. 3P) and
Variosphaeridium gen. nov. (Fig. 6E–M) are much rarer. Sin gle
forms, re call ing Dictyotidium (Fig. 4A), Ichnosphaera (Fig. 7D),
Fimbriaglomerella (Fig. 7J, Q) and a new un iden ti fi able taxon
(Fig. 6A) have also been noted in the as sem blage. Frag ments
of Cyanophyta (Fig. 6Q, R, T) are rel a tively nu mer ous.

The tax o nomic com po si tion of the microflora in the sam -
ples is sim i lar, al though the abun dances of in di vid ual as sem -
blages vary con sid er ably. Among all the suc ces sions ana -
lysed, rocks from Zbrza PIG 2 con tain the most abun dant
acritarch as so ci a tion. 

The acritarchs rec og nized cor re late well with those de fin ing
the Asteridium tornatum–Comasphaeridium velvetum Zone on
the Lublin Slope of the EEC (Moczydłowska, 1991). Both in dex
taxa are pres ent (Figs. 3P and 4L), as well as nu mer ous other
forms char ac ter iz ing the zone in other ar eas, e.g. Coma -
sphaeridium agglutinatum (Fig. 4M, N), Granomarginata prima
(Fig. 3S, T) and Pterospermella velata (Fig. 4T). Typ i cal el e -
ments of this as sem blage in Zbrza PIG 2 are the newly rec og -
nized Variosphaeridium sanctacrucensis gen. et sp. nov. (Fig.
6E–M; see Sys tem atic Part) and the stratigraphically in dic a tive
Pulvinosphaeridium antiquum (Fig. 3A–C), which is noted for
the first time in the Holy Cross Moun tains and which has also
not yet been noted in the suc ces sions of the East Eu ro pean
Craton (e.g., Moczydłowska, 1991).
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Moczydłowska (1991) noted the pres ence of such an as -
sem blage in strata rep re sent ing the Platysolenites anti quissi -
mus Zone en com pass ing the up per part of the Rovnian and the
Lontovan, i.e. a larger part of the Terreneuvian. The ob ser va -
tions of Palacios et al. (2017) in New found land in di cate that
their As sem blage 3 (Asteridium in ter val zone) with a tax o nomic
com po si tion sim i lar to that of the Asteridium tornatum–Coma -
sphaeridium velvetum Zone is pres ent only in the Ran dom For -
ma tion, con sid ered to cor re spond to the up per part of Cam brian 
Stage 2. Be low, in the Fortunian of the stratotype sec tion on
Burin Pen in sula in New found land oc curs a less di verse micro -
flora, in which Leiosphaeridia is ac com pa nied only by Grano -
marginata (Granomarginata in ter val zone).

In Brunovistulicum (Up per Silesia and Brno blocks), Jacho -
wicz -Zdanowska (2013) dis tin guished two dis tinct microfloral
zones in the Terreneuvian. The older as sem blage zone (BAMA 
I Pulvinosphaeridium antiquum–Pseudo tasmanites) en com -
passes acritarchs with a “Vendian” out line, com posed of large,
mor pho log i cally sim ple forms with Pulvinosphaeridium anti -
quum, the in dex spe cies for the Terreneuvian. The youn ger as -
sem blage zone (BAMA II Asteridium tornatum–Coma sphae -

ridium velvetum) is cor re lated with the same zone dis tin guished 
in the EEC. The pres ence of the lat ter zone in Brunovistulicum
is lim ited, how ever, to a sin gle, low-di ver sity sam ple from the
Menín bore hole on the Brno Block (Jachowicz-Zdanowska,
2013). It is thus dif fi cult to cor re late the BAMA II in ter val with the
high-di ver sity as sem blage from Zbrza PIG 2. In turn, the lat ter is 
gen er ally com pa ra ble to the sub se quent zone dis tin guished by
Jachowicz-Zdanowska (2013), i.e. the BAMA III Ichno sphaera
flexuosa–Comasphaeridium molliculum Zone. Al though the
Zbrza PIG 2 as sem blage does not con tain Ichno sphaera or
Skiagia (rep re sen ta tives of the lat ter ge nus ap pear in strati -
graphically youn ger strata in the Holy Cross Moun tains, see
Szczepanik and Żylińska, 2016), prac ti cally all char ac ter is tic
taxa, in clud ing the in dex taxon Comasphaeridium molliculum
(Fig. 4O) and Lechistania magna (Fig. 7H), the zonal in dex of
BAMA III, can be found here. More over, our as sem blage con -
tains also Pulvinosphaeridium antiquum, which in Bruno vistu -
licum oc curs only in BAMA I. 

In the acritarch zonation of Jankauskas and Lendzion
(1992), the Granomarginata prima Zone is de fined by the pres -
ence of a low-di ver sity microfloral as sem blage com posed
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Fig. 5. Chronostratigraphic po si tion of the Terreneuvian and Cam brian Stage 3 acritarch as sem blage zones of the Holy Cross
Moun tains against the in ven tory of microfossil as sem blages in co eval strata of west ern Avalonia (New found land and New Bruns -
wick), Baltica (Finnmark and Lublin Slope of the EEC) and Brunovistulicum, with Bal tic re gional stages mod i fied af ter Niel sen and
Schovsbo (2011); chronostratigraphic in ter pre ta tion of zones dis tin guished by other au thors fol lows de tailed lit er a ture stud ies;
geo chron ol ogi cal ages af ter Peng et al. (2020) 
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Fig. 6. Acritarchs from the Czarna For ma tion in the Holy Cross Moun tains

A, B – Gen. nov. A (A – Zbrza PIG 2, 20.2 m, slide 6327; B – Kotuszów B, slide 4989); C, D – Gen. nov. B, Kotuszów B, slide 4989; E–M –
Variosphaeridium sanctacrucensis gen. et sp. nov., Zbrza PIG 2, E–J – 57.0 m, slide 6629 (K, L – 63.0 m, slide 6630, M – 20.2 m, slide 6327);
N – Cymatiosphaera sp., Kotuszów B, slide 4989; O – ?Leiosphaeridia sp., Kotuszów B, slide 4989; P – ?Liepaina sp., Kotuszów A, slide
4992; Q–T – Cyanophyta (Q, T – Zbrza  PIG 2, 57.0 m, slide 6629; R – Zbrza PIG 2, 63.0 m, slide 6630; S – Zbrza PIG 1, 124.0 m, slide 6362);
scale bars equal 10 mm
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Fig. 7. Acritarchs from the Czarna For ma tion in the Holy Cross Moun tains

A – Ichnosphaera cf. delicata Jachowicz-Zdanowska, 2013, Straszniów PIG 1, 36.0 m, slide 6597; B, C – Ichnosphaera sp., Kotuszów C,
slide 4990; D – ?Ichnosphaera sp., Zbrza PIG 2, 69.0 m, slide 6631; E–G – Globosphaeridium cerinum (Volkova) Moczydłowska, 1991,
Kotuszów B, slide 4989; H, I – Lechistania magna Jachowicz-Zdanowska, 2013 (H – Zbrza PIG 2, 69.0 m, slide 6631; I – Kotuszów A, slide
4992n); J, K – ?Fimbriaglomerella sp. (J – Zbrza PIG 2, 63.0 m, slide 6630; K – Kotuszów C, slide 4990n); L–P – Fimbriaglomerella
membranacea (Kiryanov) Moczydłowska and Vidal, 1988 (L – Kotuszów C, slide 4990n; M – Kotuszów B, slide 4989, N – Zbrza PIG 3,
99.0 m, slide 6295; O, P – Kotuszów A, slide 4992); Q – Fimbriaglomerella cf. minuta (Jankauskas) Moczydłowska and Vidal, 1988, Zbrza
PIG 2, 51.2 m, slide 6628; R – Cymatiosphaera sp., Kotuszów C, slide 4990n; S – Aliumella baltica Vanderflit in Umnova and Vanderflit, 1971, 
Kotuszów B, slide 4989n; T, U – Heliosphaeridium longum (Moczydłowska) Moczydłowska, 1991 (T – Kotuszów C, slide 4990n, U –
Kotuszów B, slide 4989n); V – Heliosphaeridium cf. dissimilare (Volkova) Moczydłowska, 1991, Straszniów PIG 1, 36.0 m, slide 6597; W –
Heliosphaeridium sp., Kotuszów C, slide 4990n; X – Asteridium tornatum (Volkova) Moczydłowska, 1991, Kotuszów A, slide 4992; Y –
Asteridium lanatum (Volkova) Moczydłowska, 1991, Kotuszów B, slide 4989; scale bars equal 10 mm



mainly of the in dex taxon and sim ple Leiosphaeridia. It re sem -
bles thus the as sem blages de scribed by Jachowicz -Zdano -
wska (2013) from Brunovistulicum (BAMA I) and by Palacios et
al. (2017) from New found land (Granomarginata in ter val zone).
Ac cord ing to Jankauskas and Lendzion (1992), the richer
micro floral as sem blage of the Asteridium tornatum–Coma -
sphae ridium velvetum Zone rec og nized by Moczydłowska
(1991) was sup posed to be a lo cal as so ci a tion com posed of
forms with a re stricted geo graphic range, char ac ter is tic of the
Lublin Slope of the EEC and oc cur ring in their Granomarginata
prima Zone. How ever, these con clu sions are not cor rect. Both
the in dex taxa of the Asteridium tornatum–Comasphaeridium
velvetum Zone, as well as most ac com pa ny ing spe cies, are
widely dis trib uted in lower Cam brian rocks around the world
(Moczydłowska, 1991; Vavrdová et al., 2003; Vavrdová, 2006;
Jachowicz-Zdanowska, 2013; Palacios et al., 2017, 2020).
Anal y sis of avail able biostratigraphic data in di cates that the
Asteridium tornatum–Comasphaeridium velvetum Zone should 
be cor re lated not with the en tire Terreneuvian, but only with its
up per part, roughly cor re spond ing to Stage 2. The as sem blage
from Zbrza PIG 2, with a tax o nomic com po si tion di rectly cor re -
spond ing to that of Moczydłowska (1991) may be thus con sid -
ered to rep re sent Cam brian Stage 2. Such a sug ges tion is sup -
ported by the pres ence of Pulvinosphaeridium antiquum, con -
sid ered as an in dex spe cies for the Terreneuvian, and in the
EEC known so far only from the up per part of the Lontovan
(Paške vičiene, 1980). A re study of data for par tic u lar bore holes
in the Lublin Slope of the EEC (Moczydłowska, 1991: pp. 91,
93) shows the pres ence of very low-di ver sity microfloral as sem -
blages at the base of the Asteridium tornatum–Coma sphae -
ridium velvetum Zone, cor re spond ing to the Granomarginata
as so ci a tions of Jankauskas and Lendzion (1992) and Palacios
et al. (2017). Like wise, in sam ples from bore holes sit u ated to
the south of the lo cal i ties ana lysed there oc cur very low-di ver -
sity acritarch as sem blages that may prob a bly cor re spond to the 
Granomarginata as so ci a tions. 

ZBRZA PIG 1

The as sem blage rec og nized is dom i nated by Leio sphae -
ridia sp. (Ta ble 1 and Ap pen dix 1). Pres ent are also Grano -
marginata squamacea (Fig. 3U), var i ous spe cies of Ptero -
spermella, in clud ing P. velata (Fig. 4S), char ac ter is tic of the
Asteridium tornatum–Comasphaeridium velvetum Zone, as
well as Comasphaeridium div. sp. (Fig. 4J), Lophosphaeridium
sp., Granomarginata div. sp. (Fig. 3U), ?Globosphaeridium sp.
(Fig. 4I), Synsphaeridium sp., Glo bus gossipinus (Fig. 3R), and
nu mer ous thread-like Cyanophyta (Fig. 6S, Ta ble 1 and Ap pen -
dix 1). Such a microfloral as sem blage points to an early Cam -
brian age of the suc ces sion. It is very close to the as sem blage
of the clas si cal Asteridium tornatum–Comasphaeridium velve -
tum Zone rec og nized on the Lublin Slope of the EEC (Moczy -
dło wska, 1991). The Zbrza PIG 1 as sem blage is, how ever, of
low abun dance, with the ex cep tion of the sam ple from depth
level 128 m, and the pres er va tion of the acritarchs is rather
poor; most of them are not as sign able at ge nus level. It is sim i -
lar to the as sem blage from Zbrza PIG 2 (see above), but the
tax o nomic com po si tion is dis tinctly poorer. De spite that, the
taxa rec og nized al low for the iden ti fi ca tion of the Asteridium
torna tum–Coma sphaeridium velvetum Zone (Moczydłowska,
1991) and as sign ment of the rocks ana lysed to the up per
Terreneuvian (Fig. 5). 

ZBRZA PIG 3

The as sem blage rec og nized is char ac ter ized by low abun -
dance and low di ver sity (Ta ble 1 and Ap pen dix 1). As in the as -
sem blages de scribed above, the most abun dant are rep re sen -
ta tives of Leiosphaeridia, Comasphaeridium and Grano margi -
nata (Fig. 3V). Among forms with biostratigraphic sig nif i cance
oc curs one spec i men of Fimbriaglomerella membrana cea (Fig.
7N). This taxon, which is not pres ent in any other Zbrza bore -
hole, may point to a slightly youn ger age com pared to the as -
sem blages dis cussed above. A sim i lar, slightly youn ger age of
the strata may be in ferred from a sin gle spec i men of ?Globo -
sphaeridium sp. (Fig. 4H). De spite Fimbriaglo merella membra -
na cea be ing the in dex taxon of the Skiagia ornata–Fim bria -
glomerella membranacea Zone (Moczydłowska, 1991), the as -
sem blage in which it oc curs dif fers sig nif i cantly from the char ac -
ter is tics of this zone in other ar eas (Moczydłowska, 1991;
Jachowicz-Zdanowska, 2013; Palacios et al., 2017, 2020). The
very low tax o nomic com po si tion of the as sem blage does not al -
low for an ex plicit as sign ment of the microflora to any known
palynological zone. The sin gle oc cur rence of F. membranacea
may only sug gest that rocks from Zbrza PIG 3 might be slightly
youn ger than the strata from the other two Zbrza bore holes.
This sug ges tion is also sup ported by the find ing of Lopho -
sphaeridium cf. dubium (Fig. 4G, Ta ble 1 and Ap pen dix 1), ob -
served by Moczydłowska (1991) in rocks rep re sent ing the
Skiagia ornata–Fimbriaglomerella membranacea Zone. 

STRASZNIÓW PIG-1

Only two sam ples con tain a rel a tively abun dant acritarch as -
sem blage; five re main ing sam ples con tain only strongly de -
graded sphaeromorphs, prob a bly rep re sent ing Leiosphaeridia
sp. Spec i mens of small acritarchs rep re sent ing Leiosphaeridia,
Asteridium (Fig. 3N), Synsphaeridium (Fig. 3Z), Pterospermo -
psimorpha sp. (Fig. 3J, K), Leiomarginata (Fig. 3H) and Helio -
sphaeridium (Fig. 7V), of ten in the form of col o nies com posed of
sev eral in di vid u als (Fig. 3N, Z) are rel a tively nu mer ous. The sin -
gle spec i men of Ichnosphaera cf. delicata (Fig. 7A, Ta ble 1 and
Ap pen dix 1) al lows cor re la tion of this as sem blage with the Ichno -
sphaera flexuosa–Comasphaeridium molliculum Zone (Jacho -
wicz -Zdanowska, 2013), al though it is much less di verse than the 
as so ci a tion de fin ing this zone in Brunovistulicum. Pulvino sphae -
ridium sp. (Fig. 3G, Ta ble 1 and Ap pen dix 1) is pres ent. Rep re -
sen ta tives of this ge nus have been de scribed only from the old -
est Cam brian microfloral as so ci a tions. There fore rocks from
Straszniów PIG 1 in di cate an in ter val tran si tional be tween the
BAMA I Pulvinosphaeridium anti quum–Pseudo ta smanites Zone
and the BAMA III Ichnosphaera flexuosa–Coma sphaeridium
mollicu lum Zone, and should be as signed to the up per
Terreneuvian. 

KOTUSZÓW A

This as sem blage is dom i nated by sphaeromorphs re ferred
to Leiosphaeridia sp. They are ac com pa nied by mor pho log i -
cally di verse Comasphaeridium (Fig. 4K), Granomarginata,
Lophosphaeridium and Pterospermella (Fig. 4W) (Szczepanik
and Żylińska, 2016: pl. 1). Gen er ally the tax o nomic com po si tion 
of this as sem blage is very sim i lar to the as so ci a tion rep re sent -
ing the Asteridium tornatum–Comasphaeridium velvetum Zone
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dis tin guished by Moczydłowska (1991) on the Lublin Slope of
the EEC, and com monly rec og nized in other ar eas (e.g.,
Vavrdová et al., 2003; Vavrdová, 2006; Jachowicz-Zdanowska, 
2013; Palacios et al., 2017, 2020). The pres ence of both zonal
in di ces was ob served in the sam ples (Figs. 4K, 7X, Ta ble 1 and 
Ap pen dix 1). How ever, the as sem blage con tains also Fimbria -
glomerella membranacea (Fig. 7O, P, Ta ble 1 and Ap pen dix 1), 
which is the in dex taxon of the stratigraphically youn ger Skiagia
ornata–Fimbriaglomerella membranacea Zone (Moczydło -
wska, 1991). Such a microfloral as sem blage seems tran si tional 
be tween the two zones. Acritarchs known from the Zbrza bore -
holes are pres ent, i.e. Pulvinosphaeridium sp. (Fig. 3F), Lechi -
stania magna (Fig. 7I), and a spec i men re sem bling Liepaina
(Fig. 6P) in gen eral out line.

KOTUSZÓW B

As in all ear lier de scribed cases, the as sem blage is dom i -
nated by sphaeromorphs as signed to Leiosphaeridia sp. (Fig.
6O). How ever, this as sem blage con tains also nu mer ous rep re -
sen ta tives of Lophosphaeridium and other taxa (Szczepanik
and Żylińska, 2016: pl. 2). For the first time in the suc ces sion
ana lysed, there ap pear forms with slightly lon ger, spine-like
sim ple pro cesses, rep re sent ing Globosphaeridium cerinum
(Fig. 7E–G, Ta ble 1 and Ap pen dix 1). The sam ple con tains also 
poorly pre served spec i mens of Fimbriaglomerella membrana -
cea (Fig. 7M). Other forms ob served in the as sem blage in clude
Tasmanites sp. (Fig. 4X), Cymatiosphaera sp. (Fig. 6N),
Aliumella baltica (Fig. 7S), Heliosphaeridium longum (Fig. 7U),
Asteridium lanatum (Fig. 7Y), and forms rep re sent ing so far un -
des cribed acritarch gen era (Fig. 6B–D). Such an as sem blage
points to an im pov er ished Skiagia ornata–Fimbriaglomerella
membranacea Zone (Moczydłowska, 1991) with out rep re sen -
ta tives of Skiagia.

KOTUSZÓW C

The as sem blage rec og nized has a tax o nomic com po si tion
sim i lar to that de scribed from Kotuszów B (Ta ble 1 and Ap pen dix 
1). Com mon are Lophosphaeridium div. sp. (Fig. 4E, F),
Comasphaeridium div. sp. (Fig. 4P), Heliosphaeridium div. sp.
(Fig. 7T, W), Cymatiosphaera sp. (Fig. 7R) and Pterospermella
div. sp. (Fig. 4Q; Szczepanik and Żylińska, 2016: pl. 3). Of
biostratigraphic sig nif i cance are Lophosphaeridium dubium (Fig.
4F), Fimbriaglomerella membranacea (Fig. 7L), ?Fimbria glo -
merella sp. (Fig. 7K) and Ichnosphaera sp. (Fig. 7B, C). Such a
com po si tion may in di cate the pres ence of the BAMA III Ichno -
sphaera flexuosa–Comasphaeridium molliculum Zone (Jacho -
wicz-Zdanowska, 2013) or an im pov er ished Skiagia orna ta–Fim -
briaglo merella membranacea Zone (Moczydło wska, 1991) with -
out rep re sen ta tives of Skiagia.

BIOSTRATIGRAPHIC ANALYSIS

MICROFLORAL ASSEMBLAGES

In gen eral, three types of low er most Cam brian microfloral
as sem blage have been rec og nized in the sam ples ana lysed.
The old est as sem blage from Zbrza PIG 1 and Zbrza PIG 2 rep -
re sents the typ i cal Asteridium tornatum–Comasphaeridium
velve tum Zone, with a full tax o nomic in ven tory for this in ter val,

in clud ing the zonal in di ces, and ad di tion ally with Pulvino sphae -
ridium antiquum, the in dex spe cies for the Terreneuvian
(Paške vičiene, 1980; Jachowicz-Zdanowska, 2013), which was 
not ob served in as sem blages from the Lublin Slope of the EEC
(Moczydłowska, 1991). 

A stratigraphically youn ger microfloral as sem blage oc curs
in Kotuszów A and Zbrza PIG 3. The as sem blage, al though
less abun dant, is gen er ally sim i lar to the old est microflora, but
dif fers in the pres ence of Fimbriaglomerella membranacea, the
in dex taxon of the fol low ing Skiagia ornata–Fimbriaglomerella
membranacea Zone, and acritarchs rep re sent ing Lopho -
sphaeridium with well-de vel oped sculp ture el e ments, i.e. L.
truncatum and L. cf. dubium. How ever, the tax o nomic com po si -
tion of this as sem blage is much less di verse than the clas si cal
Skiagia ornata–Fimbriaglomerella membranacea as sem blage
zone as de fined by Moczydłowska (1991). Anal y sis of the com -
po si tion of as sem blages con sid ered as equiv a lent to that zone
shows that the zonal in dex Fimbriaglomerella membrana cea is
not al ways pres ent in them (e.g., Jachowicz-Zdanowska, 2013). 
In the Lublin Slope suc ces sion (Moczydłowska, 1991), the in -
dex taxon was noted solely at depth level 1892 m of the
Parczew IG 1 bore hole, where the pres ence of Skiagia was not
ob served. Like wise, in the Kościerzyna IG 1 bore hole in the
Pomerania area, Fimbriaglomerella membranacea ap pears
strati graphically ear lier than rep re sen ta tives of Skiagia (Szcze -
panik, 2000: ta ble 1). A sim i lar case seems to be pres ent in the
suc ces sion from the Holy Cross Moun tains stud ied herein. Al -
though de tailed stud ies can not be per formed due to the large
thick ness of the lower Cam brian strata, strong fold ing, and lack
of con tin u ous sec tions, it has been ob served that Fimbriaglo -
merella clearly pre dates Skiagia in the suc ces sion. There fore,
the as sem blage rec og nized seems tran si tional in char ac ter and 
rep re sents a sep a rate biostratigraphic unit at the base of the
Skiagia ornata–Fimbriaglomerella membranacea Zone. Apart
from Kotuszów A, a sim i lar microflora has been rec og nized in
Zbrza PIG 3, where a slightly im pov er ished as sem blage with
Fimbriaglomerella sp. is pres ent. Other taxa that ap pear in this
as so ci a tion, dis tin guish ing it from the as sem blage char ac ter is -
ing the Asteridium tornatum–Comasphaeridium velvetum
Zone, in clude Lophosphaeridium truncatum and Lopho sphaeri -
dium cf. dubium.

The next char ac ter is tic microfloral as sem blage was dis tin -
guished in Kotuszów B and C. It con tains more spec i mens of
Lophosphaeridium and Comasphaeridium and has a pro por -
tion ally lower con tri bu tion of Leiosphaeridia sp. The taxa rec og -
nized in clude: Fimbriaglomerella membranacea, Globosphaeri -
dium cerinum, Lophosphaeridium dubium, L. truncatum and
Ichnosphaera sp. In the EEC and in other ar eas with lower
Cam brian strata, these forms are char ac ter is tic of the Skiagia
ornata–Fimbriaglomerella membranacea Zone, but the as sem -
blages from Kotuszów do not con tain rep re sen ta tives of
Skiagia. This taxon, rep re sented by the spe cies S. ornata and
S. orbiculare, was rec og nized in stratigraphically youn ger strata 
of the Cam brian suc ces sion in the Holy Cross Moun tains, in ex -
po sures lo cated to the north of the sites dis cussed herein
(Kotuszów Lo cal ity 5 of Szczepanik and Żylińska, 2016) and in
shal low bore holes lo cated to the north of Kotuszów (Kowalcze -
wski et al., 1987). Thus, as in the case of the ear lier as sem -
blage, the microflora from Kotuszów B and C is tran si tional be -
tween the Asteridium tornatum–Comasphaeridium velvetum
and the Skiagia ornata–Fimbriaglomerella membranacea
zones ac cord ing to the orig i nal def i ni tion of Moczydłowska
(1991), and ad di tion ally con tains taxa new for this in ter val, i.e.
Globosphaeridium cerinum, Lophosphaeridium dubium, Ichno -
sphaera sp. and Aliumella baltica. 
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As our ob ser va tions are re stricted to in di vid ual, iso lated
sec tions, it would be in con sis tent to treat the two tran si tional as -
sem blages as two sep a rate biostratigraphic zones. Anal y sis of
the microflora tran si tional be tween those characteriszing the
Asteridium tornatum–Comasphaeridium velvetum and the
Skia gia ornata–Fimbriaglomerella membranacea zones al lows
to dis tin guish a new as sem blage zone, i.e. the Fimbria glo -
merella membranacea–Globosphaeridium cerinum As sem bla -
ge Zone (Fig. 8). 

The establishment of the ge nus Ichnosphaera (Jachowicz -
-Zdanowska, 2013) poses some dif fi cul ties as re gards the iden ti -
fi ca tion of par tic u lar biostratigraphic zones in the lower Cam -
brian. In some cases its syn on ymy in cludes forms as signed ear -
lier to Skiagia. An in trin sic fea ture of Skiagia is the pres ence of
fun nel-shaped ter mi na tions of the pro cesses. In poorly pre -
served ma te rial, how ever, when the ter mi na tions of the pro -
cesses are de stroyed, Skiagia may be con fused with Ichno -
sphaera. For ex am ple, such doubts arise when ana lys ing the
spec i mens from New found land as signed to S. ornata and S.
orbiculare (Palacios et al., 2017: fig. 6g, h; 2020: fig. 4a, b, d, e),
in dic a tive of the Skiagia ornata–Fimbriaglomerella membrana -
cea Zone, which re sem ble rather Ichnosphaera than Skiagia.
Ad di tion ally, if the spec i mens from the lower part of the Lower
Mem ber of the Duolbagáisá For ma tion of the Digermulen Pen in -
sula as signed by Palacios et al. (2020) to Skiagia may be re in ter -
preted as Ichnosphaera, then they clearly also pre date the ap -
pear ance of trilobites in that for ma tion (Palacios et al., 2020: fig.
2). Our ob ser va tions in the Cam brian suc ces sion of the Holy
Cross Moun tains in di cate that forms with out char ac ter is tic fun -
nel-shaped ter mi na tions of the pro cesses (Ichnosphaera) ap -
pear much ear lier than the typ i cal Skiagia. Jachowicz- Zda -
nowska (2013) cor re lated her BAMA III Ichnosphaera flexu -
osa–Comasphaeridium molliculum Zone with the Skiagia orna -
ta–Fimbriaglomerella membranacea Zone, but in di cated also
that spec i mens of Skiagia are only spo rad i cally rep re sented in
BAMA III among the nu mer ous spec i mens of Ichnosphaera
(Jachowicz-Zdanowska, 2013: p. 31). In some bore holes in Up -
per Silesia, e.g. Piotrowice IG 1, the ap pear ance of Ichno -
sphaera ev i dently pre dates Skiagia (see Jachowicz- Zdano wska,

2013). Tak ing this into ac count, as well as the fact that the BAMA
III as sem blages also yield taxa char ac ter is tic of the Asteridium
tornatum–Comasphaeridium velvetum Zone, e.g. Comasphae -
ridium velvetum, C. agglutinatum and Ptero sper mella velata, it
should be con sid ered that at least the lower part of BAMA III may
cor re spond to the newly pro posed Fimbria glomerella membra -
nacea–Globosphaeridium cerinum As sem blage Zone. This con -
clu sion is sup ported by the oc cur rence of Ichnosphaera sp. and
Lechistania magna, noted in this in ter val in Up per Silesia
(Jachowicz-Zdanowska, 2013) and in the in ter val ana lysed from
the Holy Cross Moun tains (Zbrza PIG 3 and Kotuszów A). 

CHRONOSTRATIGRAPHIC POSITION
OF THE MICROFLORAL ASSEMBLAGES 

A sep a rate is sue is the pre cise chronostratigraphic po si tion
of the lower Cam brian acritarch zones. Par tic u larly sig nif i cant is
the chronostratigraphic po si tion of the base of the Skiagia
ornata–Fimbriaglomerella membranacea Zone, which in its clas -
si cal def i ni tion is sup posed to be close to the first ap pear ance of
the Schmidtiellus mickwitzi Zone trilobites. In the Pol ish part of
the EEC, where the Skiagia ornata–Fimbria glomerella membra -
nacea Zone was orig i nally de fined (Moczy dłowska, 1991; how -
ever, the au thor re lated the Skiagia ornata–Fimbria glomerella
membranacea Zone to an in ter val ‘equiv a lent to the Schmi -
dtiellus mickwitzi Zone’), so far there are no tri lo bite finds point ing 
to the Schmidtiellus mickwitzi Zone, whereas the acri tarch as -
sem blages of the Skiagia ornata–Fimbriaglomerella membrana -
cea Zone oc cur sub stan tially be low the first ap pear ance of
trilobites in the suc ces sion (see e.g., Pacześna, 2008; Fig. 5). In
Baltica, the old est trilo bites ap pear in the Lükati For ma tion of the
Dominopolian re gional stage in Es to nia (e.g., Ahlberg et al.,
1986; Schoene mann et al., 2017), in beds with Volbortella tenuis, 
con sid ered as rep re sent ing the Domino polian re gional stage, in
the Ukra ine (Volyn) (Kiryanov and Chernysheva, 1967), and in
beds cor re spond ing to the up per part of the Dominopolian stage
in the Norretorp Mem ber in Scania (S Swe den) (e.g., Berg ström

1973). Niel sen and Scho vsbo (2011) have also
shown that in Scan di na via the Skia gia or -
nata–Fimbriaglo merella mem bra na cea Zone in 
its lower part cor re sponds to the tra di tional
Ruso phycus Zone, but be cause it is not clear
whether the Ruso phycus isp. trace fos sils were
made by trilobites or other ar thro pods, they
sug gest that it is un cer tain whether the Ruso -
phycus Zone cor re sponds to the Terre neuvian
or Cam brian Se ries 2. Moczydłowska and Yin
(2012) used ra dio met ric data to in di cate that
the as sem blages of the Skiagia or nata–Fim -
bria glome rella membrana cea Zone ap peared
ear lier than the first trilobites, i.e. al ready in the
late Terreneuvian. 

Fol low ing these data, the chronostrati gra -
phic po si tion of the newly pro posed Fimbria -
glo merella membranacea–Globo sphaeri dium
ce ri num Zone cor re sponds to the mid dle and
up per Terreneuvian (Cam brian Stage 2) and
clearly pre dates the FAD of trilobites con sid -
ered as a marker of the Terreneu vian/Cam -
brian Se ries 2 bound ary. The age of the older
Asteridium tornatum–Comasphaeridium vel -
ve tum As sem blage would point to the bound -
ary in ter val be tween the Fortunian and Cam -
brian Stage 2. 
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Fig. 8. Ranges of the acritarch taxa re cog nized with ref er ence to the newly
pro posed as sem blage zone

White bar re fers to lack of data, grey bar re fers
to doubt ful as sign ments 



CONCLUSIONS

1. Well-pre served acritarch as sem blages have been re cog -
nized in the Cam brian rocks from the south ern pe riph er ies of
the Holy Cross Moun tains in Po land. The as sem blages con tain
taxa known from other ar eas in the world char ac ter ized by the
pres ence of lower Cam brian rocks. Ac cord ingly, the pre vi ously
sug gested Terreneuvian age of the rock suc ces sion, ex tremely
poor in macrofossil re mains, has been con firmed.

2. The rec og ni tion of Pulvinosphaeridium antiquum, not
noted pre vi ously in the Holy Cross Moun tains or the Pol ish part
of the EEC, al lows for di rect age as sign ment of the as sem blage 
char ac ter is ing the Asteridium tornatum–Comasphaeridium
velvetum Zone to the Terreneuvian. More over, the pres ence of
acritarchs rep re sent ing Variosphaeridium gen. nov. ex pands
the hith erto re cog nized di ver sity of the old est acritarch as sem -
blages from the Cam brian.

3. Anal y sis of the palynological data ob tained al lows in tro -
duc tion of the Fimbriaglomerella membranacea–Globosphaeri -
dium cerinum Zone, of tran si tional char ac ter be tween the pre vi -
ously re cog nized Asteridium tornatum–Comasphaeridium
velve tum and Skiagia ornata–Fimbriaglomerella membranacea 
zones. The pres ence of the new tran si tional zone in the study
area may be linked with larger thick nesses of the low er most
Cam brian re sult ing in lower con den sa tion of the suc ces sion
com pared to other ar eas with equiv a lent strata.

SYSTEMATIC PALAEONTOLOGY

Ge nus Variosphaeridium n. gen.

T y p e  s p e  c i e s. – Variosphaeridium sanctacrucensis
n. sp.

D e r  i  v a  t i o n   o f   n a m e. – From Latin varius, di verse, 
with ref er ence to the very vari able shape of the pro cesses.

Variosphaeridium sanctacrucensis n. sp.
(Fig. 6E–M)

D e r i v a t i o n   o f   n a m e. – The spe cific name, sancta -
crucensis, is a Latin ised ref er ence to the Holy Cross Moun tains
as the re gion of the find.

H o l o t y p e . – Fig. 6G – OS PGI – 6629 – X40.
M a t e r i a l. – 26 well-pre served spec i mens.
T y p e  l o c a l i t y. – Po land, Holy Cross Moun tains,

Zbrza PIG 2 bore hole, Czarna Shale For ma tion.
D i  a g  n o  s i s . – Acritarchs with an oval, rarely elon -

gated out line, with a unilayer ves i cle wall. Nu mer ous pro -
cesses (8 to >30) with wide bases and trunks. The pro cesses
vary in shape, but usu ally one type is dom i nant on a sin gle
spec i men. Pro cesses with wide bases and very ir reg u lar
shapes, from sim ple to multibranched. Trunks of the pro -
cesses are straight, of even width along their en tire length.
Tips of the pro cesses are usu ally rounded, with sec ond or der
pro cesses, form ing shapes re sem bling fin gered hands, spiny
clubs or cyl in ders. A char ac ter is tic fea ture of the pro cesses is
their sig nif i cantly large width. In ex treme cases the width at -
tains the same val ues as the length and in ef fect the pro -
cesses be come cube-shaped. The num ber of pro cesses is in -
versely pro por tional to in creas ing pro cess di men sions, i.e.
smaller pro cesses are more nu mer ous and larger pro cesses
are less nu mer ous. The ves i cle sur faces are quite thick, usu -
ally smooth, of ten with swell ings and foldings. Walls of the pro -
cesses are thin and smooth. Bases of the pro cesses are hol -
low and com mu ni cate with the in ner cav ity of the ves i cle. 

R e  m a r k s. – The char ac ter is tic unique type of the pro -
cesses dis tin guishes Variosphaeridium sanctacrucensis gen.
et sp. nov. from all other acritarch spe cies. 

Di men sions (N = 20):

  Length of cen tral ves i cle: 28–50 mm;
  Width of cen tral ves i cle: 22–38 mm;
  Num ber of pro cesses: 20 to >40;
  Width of pro cesses: 4–10 mm;
  Length of pro cesses: 6–12 mm.

Pres ent re cord: Terreneuvian, Czarna Shale For ma tion.
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