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The palynology of the Cam brian claystones and mudstones of the Góry Pieprzowe Shale For ma tion in the south ern part of the Łysogóry
re gion (Holy Cross Mts., Po land) are de scribed. These de pos its had been re ferred to the Mid dle Cam brian of the Paradoxides
paradoxissimus and Paradoxides forchhammeri Superzones. Here, rocks from 10 shal low drillings and sev eral ex po sures in the Opatów
re gion have been ex am ined. Scarce and poorly pre served acritarch as sem blages con tain sev eral forms that are in dic a tive for the Up per
Cam brian, while the gen era Acanthodiacrodium, Cymatiogalea, Stelliferidium, Trunculumarium, Nellia, Impluviculus, Calyxiella, and
Veryhachium ex cludes the pos si bil ity of a Mid dle Cam brian age. Rather, these forms sug gest the Up per Cam brian, most prob a bly its
mid dle and up per part. The oc cur rence of the rocks of this age to both north and south of the Łysogóry quartz ite outcrops in di cates tec -
tonic repetition of the geo log i cal struc ture in the Main Range of the Holy Cross Moun tains.
The dark colours of palynoflora from the Pieprzowe Moun tains in Sandomierz are iden ti cal with the colours of the Cam brian microflora
from the Łysogóry re gion, and dif fer from the bright colours char ac ter is ing or ganic mat ter in the Kielce re gion of the Holy Cross Moun -
tains. This sug gests a tec tonic relation of the Pieprzowe Moun tains with the  Łysogóry re gion rather than with the Kielce re gion, as hith -
erto thought. 
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INTRODUCTION

The Cam brian rocks that are widely dis trib uted in the Holy
Cross Moun tains have prompted much dis cus sion (Stupnicka,
1988; Pożaryski and Tomczyk, 1993; Kowalczewski, 1995;
Orłowski and Mizerski, 1995; Kowalczewski and Dadlez,
1996; Znosko, 1996), mainly concerning their stra tig ra phy.
Tri lo bites, al though long noted, come from too few lo cal i ties 
to re solve the stra tig ra phy or constrain tec tonic and
palaeogeographic models.

The most ne glected Cam brian rock for ma tion in the Holy
Cross Moun tains is the Góry Pieprzowe Shale For ma tion
(Orłowski, 1975). Mid dle Cam brian trilobites have been found,
in the Kamień Łukawski quarry and on Pączek hill (Gürich,
1892, Orłowski, 1964, 1985), but only from part of the suc ces -
sion, which achieves sub stan tial thick nesses. The rocks along the 
south ern slopes of the Main Range (Fig. 1), in cluded in this for -
ma tion, had not yielded fos sils, while lithological cor re la tion

was un cer tain. These rocks were most com monly as cribed to the
Mid dle Cam brian — to the P. paradoxissimus and P.
forchhammeri Superzones (Samsonowicz 1934; Tomczykowa,
1968; Orłowski, 1975, 1988), al though the Lower Cam brian has
also been sug gested (Czarnocki, 1947, 1957; Żak, 1962;
Kowalczewski et al., 1976; Kowalczewski, 1995). 

Since the 1960’s, acritarchs have be come in creas ingly im -
por tant in dat ing early Palaeozoic rocks. Acritarchs from the
south ern part of the Holy Cross re gion and from the Nida Ba sin 
(Vidal in: Pożaryski et al., 1981; Lendzion et al., 1983;
Moczydłowska in: Kowalczewski et al., 1984, 1987) pro vided
a de tailed Cambrian biostratigraphy, which in turn constrained
the geo log i cal struc ture. In this pa per, acritarchs are used to
date the mudstones and claystones of the Łysogóry re gion,
which up to now were de void of palaeontological doc u men ta -
tion. These studies have been en cour aged by pre lim i nary work
(Moczydłowska in: Kowalczewski et al., 1987), which out -
lined the prob lems of age and struc ture in the Main Range of
the Holy Cross Moun tains.



AIM OF STUDIES

Early at tempts at find ing acritarchs in the Góry Pieprzowe
Shale For ma tion from field ex po sures were not successful.
There fore, 10 shal low (up to 40 m) bore holes were drilled into
unweathered rock, in or der to recover stratigraphically use ful
microflora.

This sam pling took place in the south ern part of the
Łysogóry re gion, ad ja cent to the Main Holy Cross Fault and in
the Pieprzowe Moun tains (Fig. 1), which as re gards over all
struc ture are in cluded in the Kielce re gion of the Holy Cross
Moun tains.

In the west part of the area sam pled, the drill ing took place
along the south ern slopes of the Main Range, in an area lim ited
to the south by the Main Holy Cross Fault, and to the north by
the Wiśniówka Quartzitic Sand stone For ma tion (Orłowski,
1975). Four shal low bore holes: Kielce-Piaski PIG 1,
Dąbrowa-Koszarka PIG 1, Huta Nowa PIG 1, Piórków PIG 1
(Fig. 1) were drilled here.

In the Opatów re gion, where most of the sur face sam pling
was con cen trated, the to pog ra phy is lower and out crop pat tern
is not so dis tinct. Acritarchs from the Kochówka, Kania and
Opatówka val leys, and from the Kochówek PIG 1, Kobylanki

PIG 1 and Doły Oziębowskie PIG 1 bore holes were stud ied
(Fig. 2).

Around Sandomierz the rocks from three bore holes were
stud ied: Kamień Plebański PIG 1, Kamień Plebański PIG 2 and 
Kamień Łukawski PIG 1 (Fig. 1).

LITHOLOGY AND TECTONICS 
OF THE ROCKS STUDIED

The bore hole ma te rial ob tained was gen er ally poor, with
cores of ten dis in te grated. The cores are dom i nantly of dark
grey and black claystones (Fig. 3), lo cally ac com pa nied by
mudstones of sim i lar col our. Scarce, thin (up to 1 cm) sand -
stone interlayers oc cur.

All rocks stud ied are strongly tectonized (Fig. 3), with both
brit tle and plas tic de for ma tion. Where bed ding is vis i ble, dips
are var ied, and most com monly steep. Brecciation zones are
com mon, as fine, ran domly ar ranged claystone clasts bound by
fine-grained claystone de tri tus. These are gen er ally dif fi cult to
re cog nise, be cause of frac tur ing dur ing drill ing, and they were
ob tained only in the form of loose frag ments. In some drillings
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Fig. 1. Lo ca tion of the bore holes drilled, and Cam brian outcrops in the Holy Cross Moun tains

1— Czarna Shales, 2 — Ociesęki Sand stones and Kamieniec Shales, 3 — Słowiec Sand stones, 4 — Usarzów Sand stones, 5 — Góry Pieprzowe Shales (part 
of the Góry Pieprzowe Shale For ma tion), 6 — Ublinek Beds, 7 — Krajno Beds (part of the Góry Pieprzowe Shale For ma tion), 8 — Wąworków Sand stones, 
Łysogóry Quartzites (Wiśniówka Quarzitic Sand stone For ma tion), 9 — Mąchocice Beds, Łysogóry Beds (Klonówka Shale For ma tion), 10 — de pos its
youn ger that Cam brian, 11 — boreholes, in which acritarchs were found, 12 — boreholes, in which acritarchs were not found, 13 — faults, 14 Holy Cross
Fault



(Kamień Plebański PIG 2, Piórków PIG 1) the frac tur ing was
so ex ten sive, that no ma te rial was ob tained from in ter vals of
sev eral metres. Slick en sides on bed ding and frac ture sur faces
are com mon, while frac ture sur faces are of ten in clined at about
30° bed ding. Frac ture pat terns are of ten picked out by white
min er als of the alum group, which also crys tal lized as veins and 
in spaces gen er ated tec toni cally. Mi nor folds were rarely
obseved. 

All bore holes are sim i larly af fected, sug gesting that the
whole south ern part of the Łysogóry re gion and Pieprzowe
Moun tains were sub ject to in ten sive tec tonic de for ma tion.

METHODOLOGY 

200–400 g samples were mac er ated by acid dis so lu tion and
flo ta tion. Glyc er ine-gelatine prep a ra tions were made of all
mac er ates, and were stud ied in trans mit ted light. Pictures of the  
spec i mens were re corded as graphic com puter files on to a da -
ta base, and used as il lus tra tion in this pa per.

In di vid ual sam ples vary in acritarch fre quency. The least
com mon as sem blages were found in the Pieprzowe Moun tains, 
where only ca. 10% of the sam ples con tain scarce
palynomorphs. Acritarchs were most frequent in the

Kochówek-Oziębłów re gion. Along the south ern slopes of the
Main Range, acritarchs were found in only two out of four
boreholes. In the Kielce-Piaski PIG 1 bore hole, three sam ples
yielded scarce but stratigraphically use ful as sem blages of
poorly pre served palynomorphs. In the Piórków PIG 1
borehole an as sem blage yielded nu mer ous micro spores de ter -
mined by E. Turnau (pers. inf.) as mixed De vo nian and Car -
bon if er ous, to gether with individual acritarchs of Lower
Cam brian to lower Mid dle Cam brian age. The palynomorphs
are rel a tively well pre served and their colours are bright.

The acritarchs are mostly ther mally al tered, with colours
rang ing from dark brown to black. No frac tures or traces of
abra sion that could in di cate redeposition were found. The poor  
pres er va tion state mean that most de ter mi na tions are at ge neric
level.

RESULTS OF PALYNOLOGICAL STUDIES

PIEPRZOWE MOUNTAINS

Three bore holes were drilled in the Pieprzowe Moun tains.
Two (Kamień Plebański PIG 1 and Kamień Plebański PIG 2)
were drilled along the west ern limit of the Pieprzowe Moun -
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Fig. 2. Geo log i cal map of the Opatów area af ter Z. Kowalczewski (Kowalczewski et al., 1976); age in ter pre ta tion changed

1 — claystone pack age (Up per Cam brian, most prob a bly the mid dle part of the Up per Cam brian); 2 — mudstone-claystone succession (?Cam brian, age
un de ter mined); 3 — sand stone-mudstone succession (? Cam brian, age un de ter mined); 4 — mudstone-claystone succession (? Cam brian, age un de ter -
mined); 5 — sand stone-quartzite-mudstone succession (Up per Cam brian, most prob a bly lower part of the Up per Cam brian); 6 — Or do vi cian and Si lu rian;
7 — Lower De vo nian; 8 — Mid dle De vo nian; 9 — Up per De vo nian; 10 — Permo-Mesozoic; 11 — Main Holy Cross Fault; 12 — faults: a — cer tain, b —
prob a ble; 13 — bore holes stud ied; 14 — lo cal i ties of pos i tive sam ples; 15 — lo cal i ties of neg a tive sam ples
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T a  b l e  1

Oc cur rence of acritarch spe cies
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Fig. 3. Pro files of se lected boreholes

1 — Qua ter nary, 2 — Car bon if er ous, 3 — De vo nian, 4 —  Cam brian, 5 — claystones, 6 — mudstones, 7 — sand stones, 8 — brec cias, 9 — loess sands, 10
— sands, 11 — sam ples, in which no microflora has been found, 12 — sam ples, in which microflora has been found



tains es carp ment (Fig. 1), one where the flood dam reaches the
es carp ment and one in the Kamień Łukawski vil lage (Fig. 1).
These in ves ti gated the rocks on ei ther side of the old sand stone
quarry which had yielded a Mid dle Cam brian tri lo bite fauna.

All bore holes made in the Sandomierz re gion reached the
mo not o nous black claystones of the Góry Pieprzowe Shale
For ma tion (Fig. 3). These con tain lit tle or no coarser ma te rial 
or sed i men tary struc tures, per haps ex ac er bated by the steep

bed ding dip (70–90°) and there fore a small true thick ness of the 
suc ces sion stud ied.

Only one of these bore holes, on the west ern side of the
quarry (Kamień Plebański PIG 1), yielded acritarchs, which
were scarce and badly pre served (Ta ble 1). Most com mon here
are Eliasum sp. and Cristallinium cambriense (Slavikova),
with poorly pre served forms re fer able to Micrhystridium, in -
clud ing M. lanceolatum Vanguestaine. Most of these forms
show long strati graphic ranges, from the Mid dle Cam brian to
the Tremadoc, or even youn ger, though this type of as sem blage 
is most com monly found in the Mid dle Cam brian. How ever,
the acritarchs in clude Up per Cam brian forms: Calyxiella cf.
izohoriensis Golub et Volkova (Pl. I, Fig. 26) and Impluviculus. 
Both gen era oc cur no ear lier than the mid dle or up per
(Calyxiella) part of the Up per Cam brian. 

Two strati graphic in ter pre ta tions are pos si ble:
—  an atyp i cal Up per Cam brian as sem blage, dom i nated by

long-ranging forms with only a mi nor con tri bu tion of typical
Up per Cam brian acritarchs; in such a case, the up per most
Cam brian may be ex cluded, be cause char ac ter is tic “galeate”
and Diacriodae forms were al ready very com mon at that time; 

— tec tonic mix ing of the claystones in the Kamień
Plebański PIG 1 bore hole; these are strongly crum pled and
slickensided and con tain com mon brecciation lev els (Fig. 3);
Mid dle Cam brian claystones could have been tec toni cally
interleaned with Up per Cam brian de pos its.

The first of these hy poth e ses seems more prob a ble in ex -
plain ing the pres ence of typical Up per Cam brian gen era.

OPATÓW AREA

Bulk of the Cam brian claystone out crops of the Opatów
area, in di cated on the geo log i cal maps and men tioned in the
older pa pers, do not ex ist any more. In this con text, the sam ples
from the three shal low bore holes (Fig. 2) are very use ful. 12
sam ples were stud ied, and acritarchs were found in 11 of them
(Fig. 3, Ta ble 1).

Sev eral hun dred acritarchs were re cov ered. Their poor
pres er va tion and low fre quency limit as sig na tion to the Up per
Cam brian (Fig. 4), and ref er ence to the pre cise biostratigraphy
pro posed for the East Eu ro pean Craton (Volkova, 1990)
(Fig. 4) is not pos si ble. In gen eral, though, the acritarch as sem -
blages are sim i lar to those de scribed from the for mer USSR
(Volkova and Golub, 1985; Volkova, 1990).

Gen er ally pos i tive re sults have been ob tained from 4 re -
gions (Fig. 2, Ta ble 1). These are:

— Oziębłów-Kochówek re gion, in the ex treme south of the 
area stud ied,

— exposures near the Jurkowice-Pipała farm stead, 
— exposures in the val ley es carp ment at Marcinkowice,
— Karwów-Krowieniec re gion.

KOCHÓWEK-OZIĘBŁÓW REGION

The area is lo cated along the Main Holy Cross Fault zone,
be tween the vil lages of Bratków, Kobylanki and Kochówek
(Fig. 2). Rocks from three bore holes were stud ied: Kobylanki
PIG 1, Kochówek PIG 1 and Doły Oziębłowskie PIG 1
(Fig. 3), and also from ex po sures in Kobylanki and Kochówek.
Pos i tive re sults were ob tained only from the bore hole cores
(Ta ble 1), which were mainly of claystones with thin sandy
interlayers and laminae. Sedimentological  anal y sis was re -
stricted  by the poor core pres er va tion, with ma te rial ob tained
only as clasts. This prob a bly re sults both from deep weath er ing
and from strong tec tonic frac tur ing.

The poor est as sem blage was re cog nised in the Kochówek
PIG 1 bore hole (Ta ble 1). The acritarchs here have a wide
strati graphic range of Mid dle and Up per Cam brian to Lower
Tremadoc. The pres ence of Timofeevia sug gests a level not
older than the Mid dle Cam brian P. paradoxissimus Superzone
(Volkova, 1990; Lendzion and Jankauskas, 1992).

A sim i lar, but more abun dant as sem blage was found in the
Doły Oziębłowskie PIG 1 bore hole (Ta ble 1), mostly com pris -
ing forms rang ing from the Mid dle to the Up per Cam brian:
Cristallinium cambriense (Slavikova) (Pl. III, Fig. 2),
Micrhystridium div sp. with scarcer Timofeevia phosphoritica
Vanguestaine, Dictyotidium sp., Eliasum llaniscum Fombella,
Comasphaeridium sp., Polygonium div. sp., and Pterosper -
mella sp. These long-rang ing (Lower/Mid dle Cam brian to
Tremadoc; Welsch, 1986; Mar tin and Dean, 1988; Volkova,
1990; Moczydłowska, 1995) forms are ac com pa nied by
Izohoria sp., Calyxiella sp. (Pl. I, Fig. 27) and poorly pre served
forms  most prob a bly rep re sent ing Cymatiogalea sp. and
Stelliferidium sp. (Pl. I, Figs. 18, 22). These are not known from 
de pos its youn ger than Up per Cam brian.

The most nu mer ous and best pre served as sem blage was
found in the Kobylanki PIG 1 bore hole (Ta ble 1):
Cymatiogalea sp. (Pl. I, Fig. 17), Stelliferidium sp. (Pl. I,
Fig. 23), Impluviculus sp. (Pl. II, Figs. 17, 18), Veryhachium sp. 
(Pl. II, Fig. 13), Adara cf. alea Mar tin (Pl. III, Fig. 13), Eliasum
llaniscum Fombella (Pl. II, Figs. 10, 11), Lophosphaeridium
sp., Polygonium sp., Timofeevia sp. (Pl. III, Fig. 14) and oth ers.
This as sem blage sug gests a level not older than WK 2 (Olenus)
of the Up per Cam brian and prob a bly not youn ger than WK 5
(Peltura) of the Up per Cam brian (Fig. 4).

The Up per Cam brian acritarchs are ac com pa nied by a sin -
gle spec i men of Adara cf. alea Mar tin, which has been thought
to be of lower Mid dle Cam brian age (Volkova, 1990).
Moczydłowska (1998) sug gests that this form reaches the Up -
per Cam brian and this find sup ports this interpretation.

JURKOWICE-PIPAŁA REGION

This re gion in cludes the south ern Kochówka val ley, south
of Jurkowice, where the claystones and mudstones, sim i lar to
those of the Kochówek-Kobylanki re gion are ex posed. Three
of the sam ples yielded abun dant acritarchs, in clud ing a dozen
or so acritarchs of the dis tinc tive group Diacromorphitae (Ta -
ble 1, Figs. 6–8, 11, 12, 24, 25), which oc cur abun dantly not
ear lier than in the up per part of the Up per Cam brian. In sam ples  
115 and 116 a few spec i mens of Trunculumarium revinium
Vanguestaine (Pl. I, Figs. 2–5) were also found, in di cat ing the
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mid dle Up per Cam brian, i.e. the Trunculumarium
revinium-Veryhachium dumonti Superzone (Vanguestaine and
Van Looy, 1983) or WK3 T. revinium, D. caudatum Zone
(Volkova, 1990) (Fig. 4) cor re spond ing to the (3–4)
Parabolina spinulosa-Leptoplastus Zones of the stan dard tri lo -
bite zonation. This strati graphic in ter pre ta tion is con sis tent
with other ob ser va tions: 

— the “galeate” forms of Herkomorphitae group with a
broad umbo in po lar po si tion (Pl. I, Figs. 13, 14, 19) in di cate an
age not older than WK 2 of the Up per Cam brian of the East Eu -
ro pean Craton (Fig. 4), and there fore cor re spond ing at least to
the Olenus (2) Zone in the stan dard tri lo bite zonation;

— the pres ence of Veryhachium sp. (Pl. II, Fig. 14) and
?Vogtlandia sp. (Pl. I, Fig. 29); these are Up per Cam brian taxa,
which oc cur not ear lier than in WK 2 of the Up per Cam brian
(Fig. 4), i.e. in de pos its not older than the Olenus (2) Zone. 

MARCINKOWICE REGION

Here the Cam brian rocks are well ex posed, but dom i nated
by sand stones and quartzitic sand stones, while claystones and
mudstones are rare. Scarce and poorly pre served microflora as -
sem blages have been ob tained. 7 sam ples were stud ied, and
pos i tive re sults were ob tained only from 2. The as sem blages
are dom i nated by poorly pre served Timofeevia, Cristallinium
and Retisphaeridium. In di vid ual spec i mens re fer able to Up per
Cam brian “galeate” forms and Impluviculus, have, how ever,
also been found (Pl. I, Fig. 15; Pl. II, Figs. 15, 16).

KARWÓW-KROWIENIEC REGION

Four sam ples have been col lected from this re gion, two of
which con tained a poor microflora (Ta ble 1). The as sem blage
is dom i nated by com pact forms with a sur face di vided into po -
lyg o nal fields in clud ing: Cristallinium sp., Retisphaeridium
sp., Timofeevia sp., Multiplicisphaeridium sp. and
Micrhystridium sp. These in di cate a Mid dle Cam -
brian-Tremadoc in ter val.

THE SOUTHERN SLOPES OF THE MAIN RANGE 

The area is a 50 km long strip of land be tween Piórków near 
Łagów (south ern slopes of the Jeleniowskie Range) and the
north ern sub urbs of Kielce (south ern slopes of Krzemianka
Moun tain). The de pos its ad join ing the Main Holy Cross Fault
were stud ied where geoelectrical stud ies in di cated low-re sis tiv -
ity clay de pos its. The bore holes (Figs. 1 and 3) reached
unweathered Cam brian de pos its at rel a tively shal low depths
with rel a tively good core pres er va tion.

The de pos its are rep re sented by claystones with scarce

sandy in ter ca la tions. Bed ding dips are high 30–90°, and the
rocks are strongly tectonized (Fig. 3). Two out of 4 bore holes
yielded acritarchs: Piórków PIG 1 and Kielce-Piaski PIG 1,
while two (Huta Nowa PIG 1 and Dąbrowa-Koszarka PIG 1)
were bar ren.

The Piórków PIG 1 bore hole (Fig. 1) was drilled in the zone 
of the Main Holy Cross Fault. The claystones pen e trated are
thor oughly shat tered, and core re cov ery was poor. The sam ples  
from this tec tonic brec cia yielded no acritarchs (Ta ble 1,

Fig. 3). In stead, nu mer ous  per fectly pre served, bright spores of 
De vo nian and Car bon if er ous age were found (Turnau, 1996,
pers. com.). In the sam ples from be neath the brec cias abun dant
De vo nian and Car bon if er ous spores oc cur (more than 99% of
the ma te rial), to gether with in di vid ual acritarchs re fer able to
Leiosphaeridia, Lophosphaeridium  and Skiagia?, which sug -
gest a Lower Cam brian-lower Mid dle Cam brian age. Their
pres er va tion, rel a tive to those in other bore holes in the
Łysogóry re gion, is suprisingly good, with brightly col oured 
palynomorph walls. This may be due to tec tonic in ter leav ing.
Al ter na tively, the brecciated claystones at the base may rep re -
sent the De vo nian and Car bon if er ous of the Kielce re gion.

The most in ter est ing re sults came from the Kielce-Piaski
PIG 1 bore hole lo cated in the ex treme west of the area stud ied,
on drift-cov ered  out crops of dark Cam brian claystones, on the
south ern slopes of the Krzemianka Moun tain (Fig. 1). Here
(Fig. 3), typ i cally Up per Cam brian acritarchs were found:
?Stelliferidium sp. (Pl. I, Fig. 16), Nellia magna Volkova (Pl. I,
Fig. 28), Trunculumarium revinium Vanguestaine (Pl. I,
Fig. 1), ?Ladogiella sp. (Pl. II, Fig. 19), Impluviculus,
Acanthodiacrodium sp. (Pl. I, Figs. 9, 10). These forms in di cate 
at least the 3 Zone of the Up per Cam brian (Volkova, 1990)
(Fig. 4).

In the Kielce-Piaski PIG 1 bore hole, as at Opatów, the up -
per age limit is dif fi cult to es tab lish. The low pro por tion of
forms with diacroidal sym me try, the nu mer ous Cristallinium,
and the rel a tively sim ple struc ture of the Acanthodiacrodium
taxa do not sug gest very high lev els in the Up per Cam brian.
This opin ion is sup ported by the oc cur rence of a sin gle poorly
pre served spec i men of Trunculumarium, a ge nus known only
from the mid dle part of the Up per Cam brian. 

STRATIGRAPHIC SIGNIFICANCE 
OF THE  ASSEMBLAGES AND COMPARISON 

WITH OTHER AREAS

The acritarch as sem blages re cog nised rep re sent the Mid dle
Cam brian to Up per Cam brian and Tremadoc in ter val. De spite
more than 30 years of study of this in ter val, there is not yet a co -
her ent zonation. Biostratigraphical work needs to make use of
var i ous re gional zonations (Vanguestaine, 1974; Mar tin and
Dean, 1981, 1988; Vanguestaine and Van Looy, 1983;  Di Mila 
et al., 1989; Volkova, 1990; Mar tin, 1992) (Fig. 4). 

The stra tig ra phy used here is based mainly on the zones re -
cog nised by Volkova (1990) on the East Eu ro pean Craton
(Fig. 4), with which the microflora re cog nised in this study
show strong af fin ity. Use was made also of work in New found -
land and Can ada by F. Mar tin (Mar tin and Dean, 1988; Mar tin,
1992) (Fig. 4), where the strati graphic scheme de vel oped is
cor re lated with the tri lo bite zonation. In New found land, how -
ever, sub stan tially fewer acritarch taxa were de ter mined than
on the East Eu ro pean Craton.

The old est acritarch as sem blage re cog nised was in the
Kochówek PIG 1 bore hole and in out crops in the
Karwów-Krowieniec re gion. The acritarch as sem blage oc cur -
ring here, with nu mer ous Cristallinium cambriense
(Slavikova), Eliasum llaniscum Fombella, Micrhystridium
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1. Trunculumarium revinium Vanguestaine, Kielce-Piaski PIG 1. 2–5. Trunculumarium revinium Vanguestaine, Jurkowice-Pipała. 6, 8, 11.
Dasydiacrodium sp., Jurkowice-Pipała. 7, 12. Acanthodiacrodium sp., Jurkowice-Pipała. 9, 10. Acanthodiacrodium sp., Kielce-Piaski PIG 1. 13,
14.?Cymatiogalea sp., Jurkowice-Pipała. 15. Acritarcha — „galeate”, Marcinkowice. 16.?Stelliferidium sp., Kielce Piaski PIG 1. 17, 21. Cymatiogalea
sp., Kobylanki PIG 1.  18. Stelliferidium sp., Doły Oziębłowskie PIG 1. 19. Cymatiogalea sp., Jurkowice-Pipała. 20. ?Calyxiella sp., Jurkowice-Pipała. 
22. Cymatiogalea sp., Doły Oziębłowskie PIG 1. 23. Stelliferidium sp., Kobylanki PIG  1. 24, 25. ?Lophodiacrodium sp., Jurkowice-Pipała. 26. Calyxiella
cf. izohoriensis Golub et Volkova, Kamień Plebański PIG 1. 27. Calyxiella sp., Doły Oziębłowskie PIG 1. 28. Nellia magna Volkova, Kielce-Piaski PIG 1. 
29. ?Vogtlandia sp., Jurkowice-Pipała. 30. ?Vulcanisphaera sp., Jurkowice-Pipała

PLATE I
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1–4. Polygonium sp. 1, Jurkowice-Pipała. 5, 6. Polygonium sp. 2. Jurkowice-Pipała. 7. Stellechinatium sp., Kobylanki PIG 1. 8. Leiofusa sp.,
Jurkowice-Pipała. 9. Eliasum sp., Kobylanki PIG 1. 10, 11. Eliasum llaniscum Fombella, Kobylanki PIG 1.  12. Izohoria angulata Golub et Volkova,
Kobylanki PIG 1. 13.  Veryhachium sp., Kobylanki PIG 1. 14. Veryhachium sp., Jurkowice-Pipała. 15, 16. Impluviculus sp., Marcinkowice. 17, 18.
Impluviculus sp., Kobylanki PIG 1. 19. ?Ladogiella sp.,  Kielce-Piaski PIG 1. 20–22. Aranidium sp., Jurkowice-Pipała.  23, 24. Comasphaeridium sp.,
Jurkowice-Pipała

PLATE II
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1.  Cristallinium cambriense (Slavikova), Kobylanki PIG 1.  2. Cristallinium cambriense (Slavikova), Doły Oziębłowskie PIG 1. 3. Cristallinium sp.,
Kobylanki PIG 1. 4. Cristallinium sp., Jurkowice-Pipała. 5. Cristallinium sp., Marcinkowice. 6, 8. Dictyotidium sp., Kobylanki PIG 1. 7. Retisphaeridium
sp., Doły Oziębłowskie PIG 1. 9.  ?Retisphaeridium sp., Kobylanki PIG 1. 10. Cymatiosphaera sp., Kochówek PIG 1. 11. ?Cymatiogalea sp., Doły
Oziębłowskie PIG 1. 12. Retisphaeridium sp., Kielce-Piaski PIG 1. 13. Adara cf. alea Mar tin, Kobylanki PIG 1. 14. Timofeevia sp., Kobylanki PIG 1. 15.
Timofeevia sp.,Kielce-Piaski PIG 1. 16. Timofeevia cf. phosphoritica Vanguestaine, Karwów. 17. Timofeevia phosphoritica Vanguestaine,
Marcinkowice. 18. Multiplicisphaeridium sp., Jurkowice-Pipała. 19. Multiplicisphaeridium sp., Kobylanki PIG 1. 20. Heliosphaeridium sp.,
Jurkowice-Pipała. 21. Asteridium sp., Jurkowice-Pipała

PLATE III



div. sp., Timofeevia sp., Retisphaeridium sp. and oth ers (Ta -
ble 1) is dif fi cult to in ter pret stratigraphically. It may rep re sent
a broad time span of the Mid dle Cam brian, or a de pleted Up per
Cam brian as sem blage. Un til re cently E. llaniscum Fombella
would sug gest the Mid dle Cam brian. How ever, newer data
(Moczydłowska, 1995, 1998) sug gests that it is pres ent also in
Up per Cam brian de pos its. On bal ance, a Mid dle Cam brian as -
sem blage, not older than the P. paradoxissimus Superzone, is
pres ent in the Kochówek PIG 1 bore hole. It re sem bles as sem -
blages in SK 2 of the Mid dle Cam brian of the East Eu ro pean
Craton (Volkova, 1990) and the lower part of the A2
microflora in  New found land (Mar tin and Dean, 1988). How -
ever, it most re sem bles Superzone C. cambriense, Eliasum,
Timofeevia (Vanguestaine and Van Looy, 1983) (Fig. 4), cor -
re lated with the up per part of the E. oelandicus Superzone and
lower part of the P. forchhammeri Superzone. Such as sem -
blages are known from other ar eas, such as the Czech Re pub lic
(Vavrdová, 1982), Tur key (Erkmen and Bozdogan, 1981),
Mo rocco (Vanguestaine and Van Looy, 1983), Bel gium
(Vanguestaine, 1974) and Spain (Fombella, 1977, 1979). 

In the Kobylanki PIG 1, Doły Oziębłowskie PIG 1 and
Kielce-Piaski PIG 1 bore holes, as well as in the
Jurkowice-Pipała out crop, a youn ger as sem blage has been
found. This in cludes nu mer ous Cristallinium cambriense
(Slavikova) and Polygonium sp., and in di vid ual spec i mens of
P. min i mum (Timofeev), P. martinae (Moczydłowska),
Timofeevia lancarae (Cramer et Diez), Izohoria sp.,
Impluviculus sp., Cymatiogalea sp., Stelliferidium sp., Eliasum
sp., Trunculumarium cf. revinium Vanguestaine,
Micrhystridium sp. and Acanthodiacrodium sp. The gen era
Stelliferidium, Cymatiogalea, Impluviculus, Izohoria,
Acanthodiacrodium, Trunculumarium and Nellia are known
ex clu sively from Up per Cam brian and youn ger de pos its. The
gen era Impluviculus, Izohoria, Acanthodiacrodium,
Trunculumarium and Nellia oc cur not ear lier than the mid dle
part of the Up per Cam brian, and there fore, most prob a bly, the
de pos its drilled here rep re sent the mid dle or the up per part of
the Up per Cam brian. The as sem blages found in the
Kielce-Piaski PIG 1 bore hole and in the Jurkowice out crop
most com pare with the WK 3–WK 4A Zones of the Up per
Cam brian of the East Eu ro pean Craton (Fig. 4), while the
Kobylanki PIG 1 and Doły Oziębłowskie PIG 1 bore holes and
the out crops at Marcinkowice may rep re sent the WK 2–WK
4B Zones of this di vi sion (Fig. 4). 

The scarce Up per Cam brian forms found in the Kamień
Plebański PIG 1 bore hole are dif fi cult to lo cate
biostratigraphically. Calyxiella sug gests the up per part of
Peltura (5) Zone, which ap prox i mately cor re sponds with the
WK 4B Zone of the Cam brian of the East Eu ro pean Craton
(Volkova, 1990) (Fig. 4). Ear lier works by this au thor
(Volkova and Golub, 1985), though, noted this taxon also in
the Leptoplastus Zone of the stan dard tri lo bite zonation. Out -
side of the for mer USSR this form has been re cog nised on
Öland (Swe den) in the Peltura (5) Zone (Di Mila et al., 1989)
and  also in of the Ublinek PIG 1 bis bore hole (Szczepanik,
1997a), where it co-oc curs with spec i mens sug gest ing the
Cam brian/Tremadoc bound ary.

The Up per Cam brian as sem blages are quan ti ta tively dom i -
nated by taxa with long strati graphic ranges [e.g. Cristallinium
cambriense (Slavikova) and Micrhystridium div. sp.].
Polygonium is also com mon, rep re sented by small forms with
rel a tively short out growths.

The most im por tant dif fer ence vis-a-vis the plat form is the
longer strati graphic range of Eliasum llaniscum Fombella, sup -
port ing the work of Moczydłowska (1995, 1998), and the
smaller mor pho log i cal di ver sity of Cristallinium and the ear lier 
oc cur rence Polygonium.

No abun dance peaks of Timofeevia were found, that could 
in di cate the up per Mid dle Cam brian or low er most Up per Cam -
brian. Such abun dance peaks were found in claystones
interbedded with quartzites in the Wiśniówka quar ries
(Moczydłowska in: Kowalczewski et al., 1987). Deposits of
this age were prob a bly not encountered in the boreholes.

N owhere in the Holy Cross Moun tains have as sem blages
with common Raphesphaera been found; such assemblages
are  char ac ter is tic of the lower part of the Up per Cam brian, and
are com mon on the East Eu ro pean Craton and in New found -
land,  and also near to the plat form zone (Narol PIG 2
borehole).

The as sem blages re cog nised closely re sem ble to the
microfloras from New found land, Bel gian and French
Ardennes, Scan di na vian Caledonides and other ar eas
(Vanguestaine, 1974;  Mar tin and Dean, 1981, 1988;
Vanguestaine and Van Looy, 1983; Welsch, 1986; Di Mila et
al., 1989; Mar tin, 1992). 

ACRITARCH COLOUR AS A PALAEOTEMPERATURE
INDICATOR — TECTONIC IMPLICATIONS

Acritarchs found are dark brown to black, sug gest ing burial 
tem per a tures of the or der of 100–200°C (AMOCO 5+–6).
Acritarchs from Wiśniówka (out side the study area) show even 
greater termal al ter ation (AMOCO 6+–7) (Szczepanik, 1997b). 
These ob ser va tions are con sis tent with those ob served by M.
Moczydłowska (in: Kowalczewski et al., 1986), al though 
show ing a nar rower range.

The acritarchs from the Pieprzowe Moun tains thus re veal
palaeotemperatures typ i cal of the Łysogóry re gion (over

100°C), though their tec tonic set ting has in the past been linked
with the Kielce re gion. The li thol ogy, tec tonic style and
palaeothermal ob ser va tions rather, how ever, suggest con nec -
tion  with the south ern pe riph er ies of the Łysogóry re gion.
With the ge ol ogy of the east ern part of the Holy Cross Moun -
tains in mind, faults per pen dic u lar to the Main Holy Cross Fault 
may be in ferred along which the east ern part of the Łysogóry
re gion has been moved south wards.

The ex tent to which rock heat ing may have been in flu enced 
by lo cal brit tle tec ton ics (near-fault heat ing) needs con sid er -
ation. How ever, bright De vo nian spores oc cur di rectly along
the Holy Cross Fault (Piórków PIG 1 borehole). The fac tor re -
spon si ble for ther mal alteration was there fore a regional tem -
per a ture in crease caused by overburden thick ness and heat
production dur ing orogeny. 
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CONCLUSIONS

Palynological stud ies in the south ern part of the Łysogóry
unit (boreholes: Kielce-Piaski PIG 1, Doły Oziębłowskie PIG
1, Kobylanki PIG 1 and ex po sures: Jurkowice-Pipała,
Marcinkowice) doc u ment Up per Cam brian de pos its in the
south ern part of the Łysogóry re gion, and this discovery com -
pli cates the tec tonic picture of the Łysogóry re gion, and ren ders 
the hy poth e sis of a monoclinal struc ture in this area (Mizerski,
1992, 1994) improb a ble.

The acritarch as sem blages of the study area re sem ble those
from the East Eu ro pean Craton and New found land, and also
other ar eas, in clud ing the Peri-Gondwanan regions. 

Acritarchs from the Pieprzowe Moun tains show a sim i lar
pres er va tion to those from the Łysogóry re gion. The de gree of

ther mal ma tu rity suggests heat ing to tem per a tures of 100°C
and more, as in the Łysogóry re gion, but con trast ing with that
in the Cam brian rocks in the east ern part of the Kielce re gion,
which is min i mal. 

The oc cur rence of a mixed Car bon if er ous-Devonian-
 Cambrian acritarch and spore as sem blage from the Piórków
PIG 1 borehole proves Variscan or post-Variscan ac tiv ity along 
the Main Holy Cross Fault. The unaltered (bright) colours of
this microflora sug gests der i va tion of this as sem blage from the
Kielce re gion, in turn indicating an overthrust char ac ter (at least 
in the near-surface) for the Main Holy Cross Fault. 
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