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The pa per give a biostratigraphic in ter pre ta tion of the Emsian to Eifelian in the Łysogóry and Kielce re gions of the Holy Cross Moun -
tains, based on the dif fer ent groups of microfossils: miospores, cono donts, ostracods and foraminifers. Four miospore zones were iden ti -
fied in the up per most Pragian, Emsian and low er most Eifelian: Verrucosisporites polygonalis–Dibolisporites wetteldorfensis (PW),
Emphani sporites annulatus–Brochotriletes bellatulus (AB), Emphani sporites foveolatus–Verruciretusispora dubia (FD) and
Acinosporites apiculatus–Grandispora pro tea (AP). In the Łysogóry re gion, the Emsian and low er most Eifelian com prises four cono -
dont zones: serotinus, patulus, partitus and costatus, three ostracod as sem blages and sev eral foraminifer as sem blages. In the Kielce re -
gion, de pos its from the Emsian/Eifelian bound ary in ter val yield cono donts from the patulus and partitus zones, two ostracod
as sem blages and as sem blages of ag glu ti nated foraminifers. The joint biostratigraphic anal y sis al lows a ten ta tive cor re la tion of the
lithostratigraphic units from both ar eas. It also pro vides in de pend ent con trol/cal i bra tion on the dif fer ent biostratigraphical sys tems. The
Pragian/Emsian bound ary is lo cated in the lower part of the Barcza For ma tion and in the lower part of the Haliszka For ma tion, whereas
the Emsian/Eifelian bound ary lies in the up per part of the Grzegorzowice For ma tion and in the up per part of the Winna For ma tion. 
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INTRODUCTION

The pa per sum ma rizes the biostratigraphic in ves ti ga tions
over the last 40 years based on palynomorphs, cono donts,
ostracods and foraminifers in the up per most Pragian, Emsian
and low er most Eifelian of the Holy Cross Moun tains (HCM),
Po land (Fig. 1). The rich but of ten un or dered ma te rial from
pub lished pa pers and un pub lished ar chi val re ports has been
sys tem atized (Ta ble 1) and com pleted with new palynodata ob -
tained by the au thor from the Kielce re gion. This led to the first
at tempt at com pre hen sive biostratigraphic cor re la tion be tween
Kielce and Łysogóry re gions. The sig nif i cance of miospores in
the biostratigraphy of the de pos its from this part of the up per
Pragian–lower Eifelian in ter val, de vel oped in terrigenous fa -
cies, re sults from their pres ence in rocks that are com monly
bar ren of ma rine fauna. 

Microflorsal stud ies of the Lower De vo nian in the HCM
were started by Jakubowska and con tin ued by Turnau,
Fijałkowska-Mader and Filipiak (for ref er ences see Ta ble 1).
As a re sult, a palynostratigraphic scheme in ac cor dance with
the spore zonation of Streel et al. (1987) has been worked out
for the up per Pragian, Emsian and lower Eifelian of the HCM. 

For the up per Emsian and lower Eifelian of the HCM, de -
vel oped as ma rine clay and car bon ate fa cies, the palynological
anal y sis has been sup ple mented by cono dont, ostracod and
foraminifer data com piled by Adamczak and Malec (for ref er -
ences see Ta ble 1).

LITHOSTRATIGRAPHY

In the Łysogóry re gion, the low er most part of the Lower
De vo nian suc ces sion is rep re sented by the up per part of the
Bostów For ma tion, struc tur ally be long ing to the late Cal edo -
nian com plex (Malec, 1993, 2001, 2006; Kowalczewski et al.,
1998; Kozłowski, 2008). In this area, de pos its of the Bostów
For ma tion in clude a strati graphic gap en com pass ing the up per
Lochkovian and lower Pragian over lain by a Variscan suc ces -
sion com posed of the “old-red” fa cies of the in for mal Barcza
and Zagórze for ma tions rep re sent ing the up per Pragian and
Emsian (Czarnocki, 1950; Łobanowski, 1971, 1981, 1990;
Szulczewski and Porębski, 2008; Malec, 2010). The Ems -
ian-Eifelian bound ary suc ces sion en com passes eight var i ous
lithological units of the Grzegorzowice For ma tion occuring



across the Łysogóry re gion be tween the up per Emsian clastic
de pos its of the Zagórze For ma tion and the lower Eifelian
dolomites of the Wojciechowice For ma tion (Czarnocki, 1950;
Pajchlowa, 1959). These are: the Bukowa Góra Claystone
Mem ber, the Kapkazy Sand stone Mem ber and the Zachełmie
Mudstone and Sand stone Mem ber in the west ern part of the
Łysogóry re gion and the Warszówek Dolmite Mem ber, the
Godów Marl Mem ber, the Wydryszów Lime stone Mem ber,
the Rzepin Do lo mite Mem ber as well as the Dąbrowa Lime -
stone Mem ber in the east ern part of the Łysogóry re gion
(Malec, 2005; Fig. 2).

In the Kielce re gion, the Lower De vo nian suc ces sion com -
posed mainly of clastic de pos its and sub or di nate claystones
and lime stones, en com pass ing the low er most Pragian and
Emsian, lies un con form ably with a strati graphic gap on var i ous 
lithological units of the lower Pa leo zoic (Czarnocki, 1936;
Kowalczewski, 1971; Tarnowska, 1976; Głazek et al., 1981;
Szulczewski, 1995; Turnau and Tarnowska, 1997). The
terrigenous de pos its were sub di vided into in for mal
lithostratigraphic units by Tarnowska (1976, 1981, 1987, 1988, 
1995), i.e. the Haliszka and Winna for ma tions, with three sub -
or di nate units at the rank of mem bers: lower sand stone mem -
ber, mudstone mem ber and up per sandsone mem ber. Above
the Winna For ma tion oc cur: the py rite-bear ing and si der it ic
claystone mem ber; the do lo mite mem ber; the Dąbrowa Lime -
stone Mem ber and the bioturbated do lo mite mem ber (Gürich,
1896; Czarnocki, 1951; Tarnowska, 1976; Narkiewicz and
Olkowicz-Paprocka, 1983; Malec, 1993; Fig. 2). 

PALYNOLOGY

MATERIAL AND METHODS

A to tal of 190 sam ples for palynological anal y sis were col -
lected by the au thor from the up per most Pragian, Emsian and
low er most Eifelian from 11 core sec tions of the Borków 1,
Bostów PIG 1, Duża Skała 5, Dyminy 2, Haliszka 1, Poręba 1,
Poręba 2, Winna 1, Winna 2, Wszachów 4 and Zaręby 2 bore -
holes (Fig. 1). 132 sam ples con tained palynomorphs. The sam -
ples were sub ject to the mac er a tion tech niques de scribed by
Orłowska-Zwolińska (1983) in the Strati graphic Lab o ra tory of
the Holy Cross Branch of the Pol ish Geo log i cal In sti tute in
Kielce. Sam ples were crum bled me chan i cally and then treated
with fol low ing re agents: HCl, HF in the cold state and heavy
liq uid with a spe cific grav ity of 2.1.

The stud ies were sup ple mented with re sults ob tained by
Jakubowska (1968, 1971, 1972, 1974) from the Emsian–low er -
most Eifelian of the Zaręby 2, Haliszka 1, Dyminy 2, Cedro 1,
Napęków 1 and Belno 1 bore holes, by Turnau (1994, 1995a, b)
from the up per Pragian–low er most Eifelian of the
Modrzewie 2A, Modrzewie 4, Dąbrowa D4, Dąbrowa D5 and
Dyminy 2 bore holes, by the au thor (Fijałkowska-Mader et al.,
1997; Fijałkowska-Mader, 2011) from the up per Pragian–low er -
most Eifelian of the Tarczek 1, Tarczek 1A and Tarczek 2 bore -
holes as well as by Filipiak (2011) from the Emsian–lower
Eifelian of the Dyminy 2A, Chełmowa 3, Jeziorko 1,
Kowalkowice 1, Modrzewie 2A, Tarczek 1 and Tarczek 1A
bore holes, the Bukowa Góra Quarry and the Zbrza I trench.
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Fig. 1. Lo ca tion of the sec tions in ves ti gated on a sim pli fied geo log i cal map of the Pa leo zoic core of the Holy Cross Mts. (af ter Filonowicz, 1961)
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 Pa per/un pub lished re port
Chronostra-

tigraphic
unit

Biostratigraphic

method
Bore holes/out crops (o)

Jakubowska (1968) Emsian palynomorphs Zaręby 2

Jakubowska (1971, 1972) Emsian palynomorphs Belno 1, Cedro 1, Dyminy 2, Haliszka 1, Napęków 1

Jakubowska (1974) Emsian–
l. Eifelian

palynomorphs Borków 1, Borków 2, Cedro 1

Turnau in: Malec et al. (1990) Emsian palynomorphs Goleniawy IG 1

Turnau (1994, 1995a, b);
Turnau in: Fijałkowska-Mader et al. (1997);
Turnau in: Kowalczewski and Turnau (1997);
Turnau in: Turnau and Tarnowska (1997)

u. Pragian–
l. Eifelian

palynomorphs Dąbrowa D4, Dąbrowa D5, Dyminy 2,
Modrzewie 2A, Modrzewie 4, Zdobiec 1

Fijałkowska (1995a, this pa per) u. Pragian–
l. Eifelian palynomorphs

Borków 1, Duża Skała 5, Dyminy 2, Haliszka 1,
Poręba 1,Poręba 2, Winna 1, Winna 2, Wszchów 4,

Zaręby 2

Fijałkowska (1995b)
Fijałkowska-Mader in: Fijałkowska-Mader et al. (1997);
Fijałkowska-Mader (2011)

u. Pragian–
l. Eifelian

palynomorphs Tarczek 1, Tarczek 1A, Tarczek 2

Filipiak (2009, 2011)
u. Emsian–
l. Eifelian palynomorphs

Bukowa Góra (o), Chełmowa 3, Dyminy 2,
Jeziorko 1, Kowalkowice 1, Modrzewie 2A,

Tarczek 1, Tarczek 1A, Zbrza (o) 

Malec (1984b) l. Eifelian cono donts Zaręby 2

Malec (1986a, 1989)
u. Emsian–
l. Eifelian cono donts Chełmowa 3, Jeziorko 1, Wierzbontowice 1,

Grzegorzowice (o)

Malec (1990a) u. Emsian cono donts Modrzewie 2A

Malec (1986b, 1992, 1993)
u. Emsian–
l. Eifelian cono donts

Dyminy 2, Kowalkowice 1, Porzecze IG 5A, Stara
Góra IG 1, Zaręby 2, Grzegorzowice (o), Kielce (o), 

Zbrza (o)

Malec (2001, 2002, 2005)
u. Emsian–
l. Eifelian cono donts

Chełmowa 3, Jeziorko 1, Kowalkowice 1,
Modrzewie 2A, Tarczek 1, Wierzbontowice 1,

Bukowa Góra (o), Grzegorzowice (o), Godów (o),
Rzepin (o), Wydryszów (o)

Adamczak (1968, 1976) u. Emsian ostracods Grzegorzowice (o), Wydryszów (o)

Malec (1979, 1980, 1992)  Emsian ostracods Porzecze IG 5A

Malec (1984c) u. Emsian ostracods Chełmowa 3, Jeziorko 1, Wierzbontowice 1,
Grzegorzowice (o)

Malec (1986a) u. Emsian ostracods Chełmowa 3, Jeziorko 1, Wierzbontowice 1,
Grzegorzowice (o)

Malec (1986b) l. Eifelian ostracods Wola Zamkowa 2

Malec in: Tarnowska and Malec (1987) l. Eifelian Dąbrowa D5

Malec (1989) l. Eifelian ostracods Kielce (o), Grzegorzowice (o), Zbrza (o)

Malec (1990a)
u. Emsian–
l. Eifelian ostracods Modrzewie 2A

Malec (1990b) u. Emsian ostracods Bukowa Góra (o)

Malec in: Malec et al. (1990) Emsian ostracods Goleniawy IG 1, Lekomin IG 1

Malec (2002, 2003a, 2007, 2008)
u. Emsian–
l. Eifelian ostracods

Chełmowa 3, Jeziorko 1, Kowalkowice 1,
Lekomin IG 1, Modrzewie 2A, Tarczek 1,

Wierzbontowice 1, Bukowa Góra (o), Godów (o),
Grzegorzowice (o), Rzepin (o), Wydryszów (o)

Duszyńska (1959) u. Emsian foraminifers Wydryszów (o)

Malec (1979, 1984a)
u. Emsian–
l. Eifelian foraminifers Porzecze IG 5A

Malec (1984b) l. Eifelian foraminifers Zaręby 2

Malec (1984c) u. Emsian foraminifers Chełmowa 3, Jeziorko 1, Wierzbontowice 1,
Grzegorzowice (o)

Malec (1986b) l. Eifelian foraminifers Dąbrowa D5, Wola Zamkowa 2, Kielce (o),
Miedziana Góra (o)

Malec in: Tarnowska and Malec (1987) u. Emsian foraminifers Dąbrowa D5

Malec in: Malec and Studencki (1988) u. Emsian foraminifers Kielce (o)

Malec (1992) u. Emsian foraminifers Dąbrowa D5

Malec (2002, 2003b)
u. Emsian–
l. Eifelian foraminifers

Chełmowa 3, Jeziorko 1, Kowalkowice 1,
Modrzewie 2A, Tarczek 1, Tarczek 1A,

Wierzbontowice 1, Bukowa Góra (o), Godów (o),
Grzegorzwice (o), Wydryszów (o)

T a  b l e  1

Reivew of the biostratigraphic study of the up per Pragian–lower Eifelian in the Holy Cross Moun tains



RESULTS

In to tal 184 spore spe cies were rec og nized in the up per
Pragian, Emsian and low er most Eifelian of the HCM; the spe cies 
be long to 49 gen era, of which 20 are re corded in Po land for the
first time (Ta bles 2 and 3; Ap pen dix). Three new spe cies, one
new va ri ety and one com bi na tion were cre ated by the au thor.

DESCRIPTIONS OF NEW FORMS

Hystricosporites brevispinosus sp. nov.
(Fig. 3G)

H o l o t y p e. – Mu seum of the Pol ish Geo log i cal In sti -
tute – Na tional Re search In sti tute, Holy Cross Mts. Branch
3073/94, Fig ure 3G.

T y p e  h o r i z o n. – Lower De vo nian, up per Emsian,
Winna For ma tion.

T y p e  l o c a l i t y. – Borków 1 bore hole, depth 38.7 m,
Kielce re gion of the HCM.

D e r  i  v a  t i o n  o f  t h e  n a m e. – brevis [lat.] short,
spina [lat.] spine; forms with short spines.

D i a g n o s i s. – Suturae ac com pa nied by folds, con tact
ar eas laevigate, char ac ter is tic short spines ended with small
hooks and an chors.

D e s c r i p t i o n. – Amb cir cu lar; suturae straight, ex -
tend ing at 2/3 of ra dius, ac com pa nied by 10 µm high and
4–6 µm broad folds. Con tact ar eas laevigate, about 2/3 of ra -
dius in ex tent. Exine 4–10 µm thick, laevigate, dis tally and
equatorially sculp tured with ir reg u lar cone-shaped spines, di -
lated at the base and ended with small hooks or an chors,
3–12 µm high and 4–8 µm basal di am e ter.

S i z e. – Spore body di am e ter: 110–114 µm, size with
spines: 125–130 µm (holotype 114 and 129 µm re spec tively) (3 
spec i mens mea sured).

C o m p a r i s o n. – The spe cies dif fers from other spe -
cies of Hystricosporites in shorter and more mas sive spines.

O c c u r r e n c e. – Po land, HCM: up per Emsian.
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Fig. 2. Corrrelation of lithological pro files of the up per Pragian
 to Eifelian in the Holy Cross Mts.

bdm – bioturbated do lo mite mem ber, BGCM – Bukowa Góra Claystone
Mem ber, DLM – Dąbrowa Lime stone Mem ber, dm – do lo mite mem ber,
GMM – Godów Marl Mem ber, KSM – Kapkazy Sand stone Mem ber, lsm –
lower sand stone mem ber, mm – mudstone mem ber, pscm – py rite-bear ing
and si der it ic claystone mem ber, RDM – Rzepin Do lo mite Mem ber, usm –
up per sand stone mem ber, WDM – Warszówek Do lo mite Mem ber, Wf –
Wojciechowice For ma tion, WLM – Wydryszów Lime stone Mem ber,
ZMSM – Zachełmie Mudstone and Sand stone Mem ber
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T a  b l e  2

Strati graphic ranges of se lected miospores in the lower Pragian to Eifelian in the Kielce re gion of the Holy Cross Mts.

Com bined af ter: Jakubowska (1968, 1971, 1972, 1974); Turnau (1994, 1995a, b); Fijałkowska (1995a, this pa per); Turnau and Tarnowska (1997);
Filipiak (2011); zones: PW – Verrucosisporites polygonalis–Dibolisporites wetteldorfensis, AB – Emphanisporites annulatus–Brochotriletes bellatulus,
FD – Emphanisporites foveolatus–Verruciretusispora dubia, AP – Acinosporites apiculatus–Grandispora pro tea; subzones: Su – Dictyotriletes
subgranifer, Fov – Emphanisporites foveolatus, Pra – Samarisporites praetervisus, Min – Rhabdospories minutus, Cor – Hystricosporites corystus, Pro
(P) – Grandispora pro tea, Vel – Grandispora velata, Mac – Acinosporites macrospinosus
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T a  b l e  3

Strati graphic ranges of se lected miospores in the up per Pragian to Eifelian in the Łysogóry re gion of the Holy Cross Mts.

Com bined af ter: Turnau in: Malec et al. (1990); Turnau (1994, 1995a, b); Fijałkowska (1995b); Fijałkowska-Mader et al. (1997); Kowalczewski and
Turnau (1997); Filipiak (2009, 2011); Fijałkowska-Mader (2011); ex pla na tions as in Ta ble 2



Verrucosisporites rariverrucosus sp. nov.
(Fig. 3J)

H o l o t y p e. – Mu seum of the Pol ish Geo log i cal In sti -
tute – Na tional Re search In sti tute, Holy Cross Mts. Branch
3383/94, Fig ure 3J.

T y p e  h o r i z o n. – Lower De vo nian, up per Pragian,
Haliszka For ma tion.

T y p e  l o c a l i t y. – Zaręby 2 bore hole, depth
1192.1 m, Kielce re gion of the HCM.

D e r  i  v a  t i o n  o f  t h e  n a m e. – rarus [lat.] sparse;
forms with sparse ver rucae.

D i a g n o s i s. – Suturae weekly vis i ble, sparse, ir reg u lar 
ver rucae. 

D e s c r i p t i o n. – Amb subcircular; suturae straight,
ex tend ing from the ra dius, poorly vis i ble. Con tact ar eas de lim -
ited by fine curvaturae. Exine 3–4 µm thick, cov ered with ir -
reg u lar ver rucae, 2–4 µm in di am e ter.

S i z e. – 50–96 µm (holotype 80 µm; 4 spec i mens mea -
sured).

C o m p a r i s o n. – The large size of the spores and
sparse, ir reg u larly spaced ver rucae dis tin guish this spe cies
from V. polygonalis Lanninger and V. grumosus (Naumova)
Taug.

O c c u r r e n c e. – Po land, HCM: up per Pragian–lower
Emsian).

Verruciretusispora dubia 
(Eisenack, 1944) Rich ard son et Rasul, 1978,

 var. multituberculata var. nov.
(Fig. 3L)

H o l o t y p e. – Mu seum of the Pol ish Geo log i cal In sti -
tute – Na tional Re search In sti tute, Holy Cross Mts. Branch
3271/95, Fig ure 3L.

T y p e  h o r i z o n. – Lower De vo nian, up per Emsian,
Winna For ma tion.

T y p e  l o c a l i t y. – Dyminy 2 bore hole, depth
138.0 m, Kielce re gion of the HCM.

D e r  i  v a  t i o n  o f  t h e  n a m e. – Multum [lat.]
many; forms with nu mer ous tubercula.

D i a g n o s i s. – Suturae well de vel oped, curvaturae
perfecta, nu mer ous ver rucae.

D e s c r i p t i o n. – Amb subtriangular; suturae straight,
ex tend ing at 5/6 of ra dius, ac com pa nied by 6 µm broad folds.
Con tact ar eas de lim ited by curvaturae perfecta, about 5/6 of ra -
dius in ex tent. Exine 3–5 µm thick, sub-grained in the con tact
ar eas, dis tally and equatorially sculp tured with nu mer ous ver -
rucae 1–4 µm high and 4–10 µm in basal di am e ter.

S i z e. – 147–150 µm (holotype 147 µm; 2 spec i mens
mea sured).

C o m p a r i s o n. – The larger num ber and den sity of the
ver rucae dis tin guish this spe cies from V. dubia (Eisenack)
Rich ard son et Rasul.

O c c u r r e n c e. – Po land, HCM: up per Emsian.

Dictyotriletes delicatus sp. nov.
(Fig. 4C)

H o l o t y p e. – Mu seum of the Pol ish Geo log i cal In sti -
tute – Na tional Re search In sti tute, Holy Cross Mts. Branch
3308/95, Fig ure 4C.

T y p e  h o r i z o n. – Lower De vo nian, up per
Pragian–lower Emsian, Haliszka For ma tion.

T y p e  l o c a l i t y. – Wszachów 4 bore hole, depth
55.5 m, Kielce re gion of the HCM.

D e r  i  v a  t i o n  o f  t h e  n a m e. – Forms with thin,
del i cate muri.

D i a g n o s i s. – Suturae weekly vis i ble, del i cate muri
form ing po lyg o nal or oval net.

D e s c r i p t i o n. – Amb subcircular to subtriangular;
suturae straight ex tend ing to 3/4 of ra dius, weekly vis i ble, ac -
com pa nied by 2 µm broad folds. Exine 2–4 µm thick, dis tally
and equatorially sculp tured with del i cate, 0.5–3 µm broad and
1–2 µm high muri, which form an ir reg u larly po lyg o nal or oval
net work with mesh di am e ter of 0.5–7 µm.

S i z e. – 54–58 µm (holotype 54 µm; 3 spec i mens mea -
sured).

C o m p a r i s o n. – Smaller and more ir reg u lar meshes
of the net work dis tin guish his spe cies from D. subgranifer
McGregor, whereas the thin ner exine and more del i cate muri
dis tin guish it from D. nigratus Naumova.

O c c u r r e n c e. – Po land, Kielce re gion of the HCM:
up per Pragian–lower Emsian.

PALYNOSTRATIGRAPHY

In the sec tion stud ied four Oppel zones of Streel et al.
(1987) are iden ti fied: the Verrucosisporites polygonalis–
Dibolisporites wetteldorfensis (PW) Zone, the Emphani -
sporites annulatus–Brochotriletes bellatulus (AB) Zone, the
Emphani sporites foveolatus–Verruciretusispora dubia (FD)
Zone and the Acinosporites apiculatus–Grandispora pro tea
(AP) Zone. More over six in ter val zones of Streel et al. (1987),
de ter mined by the au thor as subzones, were rec og nized: the
Dictyotriletes subgranifer (Su) Subzone in the up per most part
of the PW Zone, the Emphanisporites foveolatus (Fov), the
Rhabdosporites minutus (Min) subzones in the FD Zone, the
Hystricosporites corystus (Cor), the Grandispora pro tea (Pro)
subzones and the Grandispora velata (Vel) in the AP Zone
(Ta bles 2 and 3). 

The Su Subzone of the PW Zone was de scribed in the
Kielce re gion as as sem blage I in the Haliszka For ma tion from
the Cedro 1 (at the depth of 51.4–96.5 m) and
Dyminy 2 (168.1–184.8 m) bore holes (Jakubowska, 1972).
Fijałkowska-Mader (1995a, this pa per) de ter mined this
subzone, in de pos its be long ing to the Haliszka For ma tion in the 
Haliszka 1 (145.7 m), Zaręby 2 (1186.9–1199.9 m; Fig. 5),
Wszachów 4 (55.1–55.5 m), Borków 1 (139.1–118.4 m) and
Dyminy 2 (184.6–168.5 m) bore holes. Turnau (Turnau and
Tarnowska, 1997) dis tin guished it within the Haliszka For ma -
tion in the Dyminy 2 (168.5 m) bore hole (Turnau, 1995a, b).
Filipiak (2011) de scribed this subzone in the Dyminy 2
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Fig. 3. Api cu late spores from the up per Pragian–lower Eifelian of the Holy Cross Mts.

A – Apiculiretusispora arenorugosa McGregor, Haliszka 1 bore hole, depth 53.5 m; B – A. brandtii Streel, Tarczek 2 bore hole, depth 393.0 m;
C – A. plicata (Allen) Streel, Haliszka 1 bore hole, depth 53.5 m; D – Dibolisporites eifeliensis (Lanninger) McGregor, Haliszka 1 bore hole, depth 53.5 m;
E – D. verrucosus (Kedo) comb. nov., Tarczek 2 bore hole, depth 130.8 m; F – D. wetteldorfensis Lanninger, Haliszka 1 bore hole, depth 80.2 m;
G – Hystricosporites brevispinosus sp. nov., Borków 1 bore hole, depth 38.7 m; H – H. corystus Rich ard son, Poręba 1 bore hole, depth 69.8 m; I – H.
mitratus Allen, Tarczek 1 bore hole, depth 151,7 m; J – Verrucosisporites rariverrucosus sp. nov., Zaręby 2 bore hole, depth 1192.1 m;
K – Verruciretusispora dubia (Eisenack) Rich ard son et Rasul, Dyminy 2 bore hole, depth 138.0 m; L – V. dubia Rich ard son et Rasul var. multituberculata
var. nov., Dyminy 2 bore hole, depth 138.0 m; scale bar – 10 µm
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Fig. 4. Murornate spores from the up per Pragian–lower Eifelian of the Holy Cross Mts.

A – Acinosporites lanceolatus Streel, Poręba 1 bore hole, depth 69.8 m; B – A. lindlarensis Riegel var. lindlarensis McGregor et Camfield, Borków 1 bore -
hole, depth 35.7 m; C – Dictyotriletes delicatus sp. nov., Wszachów 4 bore hole, depth 55.5 m; D – D. emsiensis (Allen) McGregor, Zaręby 2 bore hole,
depth 1192.1 m; E – D. subgranifer McGregor, Wszachów 4 bore hole, depth 55.1 m; F – Brochotriletes bellatulus Steemans, Zaręby 2 bore hole, depth
2116.1 m; G – B. foveolatus Naumova, Borków 1 bore hole, depth 86.5 m; H – B. hudsonii McGregor et Camfield, Tarczek 2 bore hole, depth 327.9 m;
I – Emphanisporites annulatus McGregor, Haliszka 1 bore hole, depth 80.2 m; J – E. foveolatus Schultz, Winna 2 bore hole, depth 16.9 m; K – E. radiatus
(Schultz) Jakubowska, Dyminy 2 bore hole, depth 138.0 m; L – E. schultzii McGregor, Haliszka 1 bore hole, depth 76.5 m; scale bar – 10 µm
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Fig. 5. Oc cur rence of se lected spores in the Poręba 1 and Zaręby 2 bore holes (Kielce re gion)

CS – chronostratigraphy; SZ – spore zones and subzones af ter Streel et al. (1987), for ex pla na tions see Ta ble 2; 
LS – lithostratigraphy af ter Tarnowska (1995); L – li thol ogy af ter Tarnowska (1995); ex pla na tions as in Fig ure 2



(169.0–157.2 m) bore hole. It cov ers the lower part of the
Haliszka For ma tion and in some bore holes (Wszachów 4,
Dyminy 2) also its up per part. In the Łysogóry re gion, the
subzone was de scribed in the lower and mid dle part of the
Barcza For ma tion in the Tarczek 2 (327.9–399.9 m; Fig. 6) and 
Modrzewie 4 (59.0–30.4 m) bore holes (Fijałkowska-Mader et
al., 1997) and in the Bostów PIG 1 (140.1–198.0 m) bore hole.
The pyroclastic ho ri zon T1 de scribed by Tarnowska (1983,
1988, 1995, 1999) lies within this subzone. 

Be side the in dex taxa – Verrucosisporites polygonalis,
Dibolisporites wetteldorfensis (Fig. 3F) and Dictyotriletes
subgranifer (Fig. 4E) the char ac ter is tic taxa of this subzone are: 
Breconisporites breconensis, Retusotriletes opuleus,
Dibolisporites apsogus, Tholisposrites chulus var. chulus
(Fig. 7A), Brochotriletes hudsonii (Fig. 4H) and Amicosporites 
streeli (Fig. 7F). The spore as sem blage is dom i nated by spores
of the gen era Apiculiretusispora, Leiotriletes and
Emphanisporites.

The as sem blages of the AB Zone were de scribed by
Jakubowska (1971, 1972, 1974) in the Haliszka For ma tion
from the Cedro 1 (43.5–51.3), Dyminy 2 (157.0–157.3 m),
Borków 1 (93.7–139.5 m) and Haliszka 1 (125.0–138.8 m)
bore holes, as well as by Turnau (1995a) from the Dąbrowa D4
(124.5 m) and Dąbrowa D5 (109.0–112.4 m) bore holes.
Fijałkowska-Mader (1995a, this pa per) iden ti fied this zone in
the Kielce re gion in the up per part of the Haliszka For ma tion in
the Borków 1 (93.7–139.2 m), Dyminy 2 (157.1 m), Haliszka 1 
(125.8 m), Winna 2 (49.7–62.7 m), Wszachów 4 (44.0 m) and
Zaręby 2 (1153.0–1173.5 m; Fig. 5) bore holes. Filipiak (2011)
re corded this zone in the Dyminy 2 (151.0 m) bore hole. The
pyroclastic ho ri zon T2 de scribed by Tarnowska (1983, 1988,
1995, 1999) lies within this zone. In the Łysogóry re gion the
zone was iden ti fied in the up per part of the Barcza For ma tion
and in the lower part of the Zagórze For ma tion (re ferred ear lier
to the Tarczek For ma tion; see Fijałkow ska-Mader et al., 1997)
in the Tarczek 2 (141.1–284.6 m; Fig. 6) and prob a bly in the
Modrzewie 3 (130.0–137.2 m) bore holes (Turnau, 1995a;
Fijałkow ska-Mader et al., 1997). Re cently this zone was re -
corded by the au thor in the Bostów PIG 1 (39.0–129.0 m) bore -
hole.

Be side the in dex taxa – Emphanisporites annulatus
(Fig. 4I) and Brochotriletes bellatulus (Fig. 4F) the char ac ter is -
tic taxa are Procoronaspora spinulosa, Dibolisporites
nodosus, Dictyotriletes emsiensis (Fig. 4D), Oculatisporites
mirandus (Fig. 7L) and Coronaspora mariae (Fig. 7D). The
as sem blage is dom i nated by spores rep re sent ing the gen era
Apiculiretusispora, Retusotriletes and Emphanisporites.

Jakubowska (1972, 1974) de scribed an as sem blage that
cor re sponds to the Fov Subzone of the FD Zone in the Winna
For ma tion from the Belno 1 (140.0–147.0 m), Napęków 1
(81.4–87.2 m), Borków 1 (72.2–86.5 m), Borków 2
(38.3–55.0 m) and Cedro 1 (26.1–26.6 m) bore holes in the
Kielce re gion. Turnau (1995a) iden ti fied an as sem blage of this
subzone in the Winna For ma tion in the Dyminy 2 (150.9 m)
bore hole. Fijałkowska-Mader (1995a, this pa per) rec og nized
this subzone in the lower sand stone mem ber and in the base of
the mudstone mem ber of the Winna For ma tion in the Duża
Skała 5 (57.0–65.2 m), Dyminy 2 (150.8 m), Haliszka 1
(76.8–92.0 m), Poręba 1 (126.7 m; Fig. 5), Winna 2

(16.9–43.6 m) and Zaręby 2 (1119.5–1131.0 m; Fig. 5) bore -
holes. In the Łysogóry re gion the subzone oc curs in the up per
part of the Zagórze For ma tion in the Tarczek 2 (130.8 m;
Fig. 6) and prob a bly Modrzewie 3 (98.1–127.0 m) bore holes
(Fijałkowska-Mader et al., 1997). 

Be sides the in dex taxa – Emphanisporites foveolatus
(Fig. 4J) and Verruciretusispora dubia (Fig. 3K) char ac ter is tic
are spe cies first ap pear ing in the Pragian and hav ing their last
ap pear ance in the HCM within this subzone, such as
Apiculiretusispora brandtii (Fig. 3B), Dictyotriletes emsiensis,
Calyptosporites biornatus (Fig. 8A), Camptozonotriletes
aliquantus (Fig. 7J), Hystricosporites porrectus, Grandispora
cf. endemica (Fig. 8E), and Emphanisporites schultzii
(Fig. 4L). The dominat taxa are spores be long ing to the gen era
Retusotriletes, Apiculiretusispora and Emphanisporites.

The as sem blage from the up per part of the FD Zone, which
can rep re sent the Subzone Min, oc curs in the lower part of the
mudstone mem ber of the Winna For ma tion in the Haliszka 1
(65.2–69.4 m), Poręba 1 (111.1 m; Fig. 5) and Duża Skała 5
(45.0 m) bore holes in the Kielce re gion (Fijałkowska-Mader,
1995a, this pa per). Filipiak (2011) de scribed this subzone in
the Dyminy 2 (147.0–149.0 m) bore hole. In the Łysogóry re -
gion, Turnau (1995a, b) de scribed the as sem blage from the FD
Zone in the lower part of the Zagórze For ma tion in the
Modrzewie 2A (282.9–320.4 m) bore hole. 

The as sem blage dif fers from that of the Fov Subzone in the
slightly higher abun dance of the monopseudosaccite forms rep -
re sent ing the gen era Grandispora and Calyptosporites.
Dibolisporites capitellatus and D. pseudoreticulatus are char -
ac ter is tic taxa.

The Cor Subzone of the AP Zone was de scribed by
Jakubowska (1972, 1974) as as sem blage II from the up per part
of the Winna For ma tion in the Borków 1 (28.3–36.0 m),
Borków 2 (24.4–24.7 m), Cedro 1 (24.0–24.8 m) and Dyminy 2 
(137.2–142.1 m) bore holes. Turnau (1994, 1995a) de scribed
this subzone in the Dyminy 2 (145.0 m) bore hole.
Fijałkowska-Mader (this pa per) rec og nized this subzone in the
up per part of the mudstone mem ber of the Winna For ma tion in
the Haliszka 1 (53.1–55.0 m) and Borków 1 (28.4–35.7 m)
bore holes. In the Haliszka 1 bore hole the subzone was iden ti -
fied at the top of the pyroclastic ho ri zon T3 (see Tarnowska,
1999) at a depth of 53.5 m and in the con glom er ate bed, con -
tain ing intraformationally re worked ma te rial of the pyroclastic
ho ri zon T4 (Turnau, 1995a; Tarnowska, 1999), in the
Dyminy 2 bore hole. In the Łysogóry re gion the subzone was
iden ti fied in the up per part of the Zagórze For ma tion and in the
lower part of the Bukowa Góra Mem ber of the Grzegorzowice
For ma tion in the Tarczek 1 (149.2–230.2 m; Fig. 6) and
Modrzewie 2A (216.7–278.8 m) bore holes (Turnau, 1995a, b;
Fijałkowska-Mader et al., 1997). 

Be side the in dex taxa, Acinosporites apiculatus,
Grandispora pro tea (Fig. 8F) and Hystricosporites corystus
(Fig. 3H), char ac ter is tic taxa are Grandispora
douglastownense (Fig. 8D), G. eximia, Hystricosporites
porrectus, Ancyrospora loganii (Fig. 8I), A. eurypterota and
Acinosporites lanceolatus (Fig. 4A). The as sem blage is dom i -
nated by spores of the gen era Grandispora, Hystricosporites
and Emphanisporites. 
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Fig. 6. Occurence of se lected spores in the Tarczek 1, Tarczek 1A and Tarczek 2 bore holes (Łysogóry re gion)

LS – lithostratigraphy af ter Malec et al. (1995); L – li thol ogy af ter Malec et al. (1995); spores af ter Fijałkowska (1995b); E. – Emsian; 
G.F. – Grzegorzowice For ma tion; ex pla na tions as in Fig ures 2 and 5
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Fig. 7. Patinante, cingulate and zon ate spores from the upper Pragian–lower Eifelian of the Holy Cross Mts.

A – Tholisporites chulus (Cramer) McGregor var. chulus Rich ard son et Lis ter, Winna 2 bore hole, depth 16.9 m; B – Chelinospora cf. favosa (McGregor et
Camfield) Steemans, Haliszka 1 bore hole, depth 80.2 m; C – Stenozonotriletes irregularis Schultz, Haliszka 1 bore hole, depth 78.2 m; D – Coronaspora
mariae Ro dri guez, Haliszka 1 bore hole, depth 145.7 m; E – Amicosporites jonkeri (Riegel) Steemans, Tarczek 1 bore hole, depth 187.8 m; F – A. streeli
Steemans, Tarczek 2 borehle, depth 327.9 m; G – Clivosispora sp., Zaręby 2 bore hole, depth 1192.1 m; H – Kraeuselisporites gaspensis McGregor,
Tarczek 2 bore hole, depth 284.6 m; I – Membrabaculisporis cf. radiatus (Naumova) Arkhangelskaya., Haliszka 1, depth 53.5 m; J – Camptozonotriletes
aliquantus Allen, Zaręby 2 bore hole, depth 1159.8 m; K – C. caperatus McGregor, Tarczek 2 bore hole, depth 285.2 m; L – Oculatisporites mirandus
Arkhangelskaya, Haliszka 1 bore hole, depth 20.2 m; scale bar – 10 µm



The Pro Subzone of the AP Zone was dis tin guished in the
Kielce re gion in the up per sand stone mem ber of the Winna
For ma tion in the Poręba 1 (69.8–74.7 m; Fig. 5) and Winna 1
(67.3 m) bore holes (this pa per). Filipiak (2011) de scribed this
subzone in the up per sandsone mem ber of the Winna For ma -
tion, py rite-bear ing and si der it ic claystone mem ber and do lo -
mite mem ber from the Zbrza I trench. It was also noted in the
up per part of the Bukowa Góra and Kapkazy mem bers, and in
the lower part of the Zachełmie Mem ber of the Grzegorzowice
For ma tion (pre vi ously re ferred to the Tarczek Claystone Mem -
ber) in the Tarczek 1 (43.9–130.8 m), Tarczek 1A (45.0 m;
Fig. 6) and Modrzewie 2A (126.4–215.3 m) bore holes
(Fijałkowska, 1995b; Turnau, 1995a, b; Fijałkowska-Mader et
al., 1997; Fijałkowska-Mader, 2011; Filipiak, 2011). More -

over Filipiak (2009, 2011) iden ti fied this subzone in the
Bukowa Góra Mem ber in the Bukowa Góra Quarry, in the
Bukowa Góra and Wydryszów mem bers in the Chełmowa 3
(81.0–136.0 m) and Jeziorko 1 (88.0–179.0 m) bore holes and
in the Wydryszów Mem ber in the Kowalkowice 1
(156.0–194.0 m) bore hole in the Łysogóry re gion. The ab sence 
of Ancyrospora kedoae and A. nettersheimensis in the some as -
sem blages de scribed by Filipiak as Pow Subzone may in di cate
the Subzone Cor.

In com par i son to the Cor Subzone, the abun dance of spores
rep re sent ing the gen era Grandispora and Hystricosporites is
higher, whereas spores be long ing to Emphanisporites and
Dibolisporites dis ap pear within the Pro Subzone.
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Fig. 8. Monopseudosaccite spores from the Emsian and lower Eifelian of the Holy Cross Mts.

A – Calyptosporites biornatus (Lanninger) Rich ard son, Zaręby 2 bore hole, depth 1161.6 m; B – C. heisdorfensis Riegel, Zaręby 2 bore hole, depth
1161.6 m; C – C. radiatus Riegel, Wszachów 4 bore hole, depth 55.1 m; D – Grandispora douglastownense McGregor, Dyminy 2 bore hole, depth 138.0 m; 
E – G. cf. endemica (Tchibrikova) Tchibrikova, Borków 1 bore hole, depth 35.5 m; F – G. pro tea (Naumova) Moreau-Benoit, Tarczek 1A bore hole, depth
38.5 m; G – G. velata (Eisenack) Playford, Poręba 1 bore hole, depth 69.8 m; H – Ancyrospora kedoae (Riegel) Turnau, Tarczek 1 bore hole, depth 96.2 m; I 
– A. loganii McGregor, Tarczek 1 bore hole, depth 109.5 m; scale bar – 10 µm



The Vel Subzone of the AP Zone was re corded by Filipiak
(2011) in the Dąbrowa Lime stone Mem ber in the Dyminy 2
(96.0–110.0 m) bore hole, Dąbrowa Lime stone Mem ber and
bioturbated do lo mite mem ber in the Zbrza I trench in the
Kielce re gion as well as in the Zachełmie Mudstone and Sand -
stone Mem ber in the Tarczek 1A bore hole at a depth of
38.0–28.0 m by the au thor (Fijałkowska, 1995b; Fig. 6) and at
17.0–23.0 m by Filipiak (2011) in the Łysogóry re gion.

CONODONTS

In the Łysogóry re gion, mid dle and up per Emsian as well as 
lower Eifelian cono donts have been doc u mented within the
Zagórze For ma tion and in the Grzegorzowice For ma tion. The
old est Lower De vo nian cono donts Icriodus sp. are found in the
mid dle part of the Zagórze For ma tion in the Modrzewie 2A
bore hole (Malec, 1986a, 1990a). Four cono dont zones were
dis tin guished in the suc ces sion from the Emsian/Eifelian
bound ary in ter val in the Grzegorzowice For ma tion of the
Łysogóry re gion, i.e. serotinus, patulus, partitus and costatus
(Malec, 2001, 2002; Nehring-Lefeld et al., 2003b; Figs. 9–11
and Ta ble 4). 

Cono donts char ac ter is tic of the serotinus Zone have been
doc u mented in the lower part of the Grzegorzowice For ma tion. 
Here, the Warszówek Do lo mite Mem ber yields the sub spe cies
Icriodus corniger ancestralis Weddige and the spe cies I.
rectirostriatus (Bultynck). The bound ary in ter val be tween the
Warszówek Do lo mite Mem ber and the Godów Marl Mem ber
con tains Caudicriodus cf. culicellus culicellus (Bultynck). The
lower part of the Warszówek Do lo mite Mem ber in the
Wydryszów trench con tains I. corniger ancestralis Weddige
(Malec, 2001, 2002; Fig. 11). In the De vo nian stratotype sec -
tion I. corniger ancestralis oc curs in the up per inversus and
serotinus zones and does not cross the top of the lat ter zone
(Weddige, 1977; Requadt and Weddige, 1978; Weddige and
Requadt, 1985). The range of C. culicellus culicellus
(Bultynck) spanes the up per inversus and serotinus zones,
whereas I. rectirostriatus (Bultynck) spanes the serotinus and
patulus zones (e.g., Bultynck, 2003). The co-oc cur rence of
I. corniger ancestralis and I. rectirostriatus in di cates the
serotinus Zone.

Cono donts of the patulus Zone have been rec og nized in the
lower and mid dle part of the Grzegorzowice For ma tion
(Malec, 1986a, 2001). The spe cies I. rectirostriatus oc curs
within the Bukowa Góra Claystone Mem ber in the
Grzegorzowice out crop (Fig. 10) and the Bukowa Góra Quarry 
as well as within the Bukowa Góra Claystone Mem ber and the
Wydryszów Lime stone Mem ber in the sec tions and in the
Chełmowa 3, Jeziorko 1, Kowalkowice 1, Modrzewie 2A and
Wierzbontowice 1 bore holes. Cono dont such as C. culicellus
altus, I. corniger leptus Weddige, I. werneri Weddige,
Polygnathus cooperi cooperi Klapper, P. costatus cf. patulus
Klapper and P. linguiformis bultyncki Weddige are re corded
mainly in the Wydryszów Lime stone Mem ber and to a lesser
ex tent in the Bukowa Góra Claystone Mem ber and the Rzepin
Do lo mite Mem ber. The as sem blage is as signed to the patulus
Zone based on the pres ence of C. culicellus altus (e.g.,

Bultynck, 2003) as well as the com mon oc cur rence of I.
rectirostriatus and I. werneri. The first taxon dis ap pears in
stan dard De vo nian sec tions at the Emsian/Eifelian bound ary in
the low er most part of the partitus Zone, whereas the sec ond
taxon is known from the lower part of the patulus Zone
(Weddige, 1977, 1982; Bultynck, 1985; Feist et al., 1985;
Belka et al., 1997). 

Cono donts of the partitus Zone have been doc u mented in
the Grzegorzowice sec tion and in the Kowalkowice 1 bore hole, 
in the lower part of the Dąbrowa Lime stone Mem ber (Malec,
1986a, 1993, 2002). The lime stones con tain P. linguiformis
bultyncki, I. werneri and I. corniger leptus that are pres ent also
in the older mem bers of the Grzegorzowice For ma tion. The as -
sem blage com prises also taxa rep re sented by Polygnathus
costatus partitus Klapper, Ziegler et Mashkova, Icriodus
retrodepressus (Bultynck) and I. corniger corniger Wittekindt. 
The co-oc cur rence of the lat ter three taxa is re corded in the
low er most Eifelian in the partitus Zone (Weddige, 1977,
1982). The sub spe cies P. costatus partitus, the in dex taxon of
the partitus Zone was noted in the lower part of the Dąbrowa
Lime stone Mem ber in the Grzegorzowice For ma tion (Fig. 10).

Cono donts of the costatus Zone are re corded in the up per
part of the Dąbrowa Lime stone Mem ber in the Grzegorzowice
For ma tion (Malec, 2001, 2002). The pres ence of I. amabilis in
this as sem blage places the up per part of the Dąbrowa Lime -
stone Mem ber into the costatus Zone (Fig. 10). In the lower
Eifelian suc ces sions, the spe cies ap pears for the first time in the
low er most part of the costatus Zone (Bultynck, 2003). 

In the Kielce re gion, up per Emsian and lower Eifelian
cono donts have been ob served in sev eral bore holes (Dyminy 2, 
Porzecze IG 5A, Zaręby 2, Stara Góra IG 1) and in ex po sures in 
the Zbrza and Kielce (Fig. 9 and Ta ble 5). The old est De vo nian
cono donts are re corded in the lower part of the py rite-bear ing
and si der it ic claystone mem ber in the Stara Góra IG 1 bore hole
(Malec, unpubl.), which yielded I. rectirostriatus. Lower
Eifelian cono donts I. retrodepressus are de scribed from a do lo -
mite bed from the mudstone mem ber of the Winna For ma tion
in the Zaręby 2 bore hole (Malec, 1984b). They oc cur also in the 
lower part of the Dąbrowa Lime stone Mem ber in the Zbrza and 
Kielce suc ces sions and in the Porzecze IG 5A bore hole
(Fig. 12), where they form an as sem blage com pris ing
I. retrodepressus, I. corniger corniger and I. werneri (Malec,
1992, 1993), char ac ter is tic of the partitus Zone (Weddige,
1977, 1982; Bultynck, 2003). 

OSTRACODS

In the Lower De vo nian of the Łysogóry re gion, ostracods
were ob served in the Zagórze For ma tion and the
Grzegorzowice For ma tion (Adamczak, 1968, 1976; Malec,
1984c, 1990b, 2002; Nehring-Lefeld et al., 2003a). The up per -
most part of the lat ter unit con tains also lower Eifelian
ostracods (Malec, 1989, 2002; Figs. 9–11 and Ta ble 6). The
old est ostracod as sem blage has been doc u mented in the
Modrzewie 2A bore hole, in dark grey claystones of the mid dle
part of the Zagórze For ma tion (Malec, 1990a). The tax o nomic
com po si tion of this as sem blage is most sim i lar to ostracod as -
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sem blages de scribed from the Tentakulitenschiefer (Ho ri -
zon III) in the De vo nian of Thuringia, point ing to the up per part 
of the Nowakia cancellata tentaculite Zone (Zagora, 1968;
Zagora and Zagora, 1986), ly ing within the inversus Zone of
the mid dle Emsian (see Ol i ver and Chlupac, 1991).

Nu mer ous ostracod as sem blages have been de scribed from
the up per Emsian of the Łysogóry re gion (Adamczak, 1968,
1976). Four lo cal ostracod zones have been dis tin guished in the 
up per Emsian of the Grzegorzowice For ma tion (Adamczak,
1976): Kozlowskiella corbis (C), Bairda cultrijugati–
Bairdiocypris lamellaris (CL), Arikloedenia magna (M) and

Poniklacella abnormis (Ab.; Ta ble 6). Three in for mal, youn ger 
ostracod zones have been dis tin guished in the up per mem bers
of the Grzegorzowice For ma tion (Malec, 2002, 2003a), i.e.
Kozlowskiella spriestersbachi (S), Bythocyproidea po laris (P)
and “Acratia” (Ac.). The first zone is marked by the FAD of
Kozlowskiella spriestersbachi (Dahmer), doc u mented in the
up per most Emsian at the top of the Rzepin Do lo mite Mem ber
in the Grzegorzowice For ma tion (Fig. 10). The zone yields also 
large leperditicopids rep re sent ing the ge nus Herrmannina. The 
lower bound ary of the sec ond zone is marked by the FAD of
Bythocyproidea po laris (Gürich), along with the ostracod as -
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Fig. 9. Biostratigraphy of the up per Pragian to Eifelian in the Holy Cross Mts.

* – bound ary sug gested by Filipiak (2011); other ex pla na tions as in Fig ure 2 and Ta ble 2
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Fig. 10. Co-occurence of se lected microfossils in the Grzegorzowice out crop (Łysogóry re gion)

CZ – cono dont zones af ter Kaufmann (2006); LS – lithostratigraphy af ter Malec (2005); L – li thol ogy af ter Malec (2002); 
cono donts af ter Malec (2002); ostracods and foraminifers af ter Malec (1984c); Kapkazy Sandst. M. – Kapkazy Sand stone Mem ber;

Rzepin Do lo mite M. – Rzepin Do lo mite Mem ber; other ex pla na tions as in Fig ures 2 and 5



sem blage found in the lower part of the Dąbrowa Lime stone
Mem ber, which is as signed to the partitus Zone. The lower
bound ary of the “Acratia” Zone is marked by the ap pear ance of 
an abun dant ostracod as sem blage of the ge nus Acratia in the
up per part of the Dąbrowa Lime stone Mem ber, as signed to the
lower part of the costatus Zone (Malec, 2002).

At the base of the Bukowa Góra Claystone Mem ber in the
Wierzbontowice 1 bore hole Zygobeyrichia onusta

(Kummerow) was found (Malec, 1986a, 2002), a spe cies char -
ac ter is tic of the up per Emsian of the Eifel Hills and the Rhenish 
Schiefergebirge (Becker and Groos-Uffenorde, 1982;
Groos-Uffenorde, 1982a). In the Eifel Hills, it oc curs in the
Wetteldorf and low er most part of the Heisdorf for ma tions
(Groos-Uffenorde, 1982b), as signed to the serotinus and low -
er most part of the patulus zones in ter val (Weddige and Ziegler,
1977; Weddige et al., 1979; Weddige, 1982, 1988). 
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Fig. 11. Co-occurence of se lected microfossils in the Wydryszów out crop (A) and Wydryszów trench (B) (Łysogóry re gion)

Zf – Zagórze For ma tion; Godów Marl M. – Godów Marl Mem ber; other ex pla na tions as in Fig ure 10



In the Kielce re gion, ostracod as sem blages have been rec og -
nized in the up per Emsian and lower Eifelian (Fig. 9 and Ta ble 7).
The up per Emsian taxa, oc cur ring in the patulus cono dont Zone
are re corded in the Porzecze IG 5A bore hole (Fig. 12) in the west -
ern part of the area (Malec, 1980, 1992). The spe cies
Kozlowskiella spriestersbachi (Dahmer), char ac ter is tic of the up -
per most Emsian, is re corded in the Kielce re gion in the Zbrza sec -
tion, in the lower part of the marly shales be tween the do lo mite
mem ber and Dąbrowa Lime stone Mem ber (Malec, 1995). Abun -
dant ostracod as sem blages from the low er most Eifelian, typ i cal of
the Bythocyproidea po laris ostracod Zone, oc cur in the Dąbrowa
Lime stone Mem ber in the Dąbrowa D5 bore hole and in the Zbrza
sec tion and in the py rite-bear ing and si der it ic mem ber in the Wola
Zamkowa 2 bore hole (Malec, 1986b, 1989, 1995). 

FORAMINIFERS

Abun dant foraminifer as sem blages oc cur in the up per
Emsian of the Łysogóry re gion (Fig. 9 and Ta ble 8; Duszyńska, 
1959; Malec, 1984c, 2002, 2003b, 2007, 2008;
Soboń-Podgórska and Tomaś, 2003). The foraminifers are rep -
re sented mainly by ag glu ti nated spec i mens of the gen era
Ammodiscus, Amphitremoida, Hemisphaerammina, Hyper -
ammina, Lagenammina, Psammosphaera, Reophax,
Saccammina, Saccarena, Sorosphaera, Stegnammina,
Thurammina, Tolypammina and Webbinelloidea (Duszyńska,
1959; Malec, 1984c, 2003b, 2007, 2008). Rare foraminifers
with cal car e ous shells be long to the spe cies Pseudopalmula
palmuloides Cuchman et Stainbrook, P. polonica Duszyńska,
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T a  b l e  4

Strati graphic ranges of se lected cono donts in the Emsian/Eifelian bound ary in ter val from the Łysogóry re gion of the Holy Cross Mts.

W. FM. – Wojciechowice For ma tion, ZAGÓRZE FM. (Z. FM.) – Zagórze For ma tion; com bined af ter: Malec (1986a, 1989, 1990a, 1993, 2001, 2002, 2005)

T a  b l e  5

Strati graphic ranges of se lected cono donts in the Emsian/Eifelian bound ary in ter val 
from the Kielce re gion of the Holy Cross Mts.

WINNA FM. – Winna For ma tion; com bined af ter Malec (1984b, 1986b, 1992, 1993); other ex pla na tions as in
Fig ure 2
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T a  b l e  6

Strati graphic ranges of se lected ostracods in the Emsian and Emsian/Eifelian bound ary in ter val from the Łysogóry re gion of the Holy Cross Mts.

Com bined af ter: Adamczak (1968, 1976), Malec (1984c, 1986a, 1989, 1990a, b, 2002, 2003a), Malec et al. (1990); ostracods zones: C –
Kozlowskiella corbis, CL – Bairdia cultrijugati–Bairdiocypris lamellaris, M – Arikloedenia magna, Ab. – Poniklacella abnormis, S – Kozlowskiella
spriestersbachi, P – Bythocyproidea po laris, Ac. – “Acratia”; other ex pla na tions as in Ta ble 4



P. aff. extremitata Bykova and Semitextularia thomasi Miller
et Carmer. The most di verse foraminifer as sem blages oc cur in
the low er most mem bers of the Grzegorzowice For ma tion
(Bukowa Góra, Warszówek, Godów and Wydryszów mem -
bers) in the Grzegorzowice and Wydryszów out crops (Figs. 10
and 11). The lower Eifelian part of the Grzegorzowice For ma -
tion (Dąbrowa Lime stone Mem ber) is dom i nated by
Webbinelloidea similis Stew art et Lampe, whereas
Hyperammina spec i mens oc cur rarrely.

In the Kielce re gion, ag glu ti nated foraminifers from the up per
Emsian and low er most Eifelian were rec og nized in De vo nian sec -
tions from the west ern and cen tral part of the area in the py -
rite-bear ing and si der it ic claystone mem ber (Fig. 9 and Ta ble 9).
They are dom i nated by nu mer ous morphotypes of W. similis
Stew art et Lampe dis tin guished by Conkin and Conkin (1970),
with small amounts of spec i mens of Amphitremoida,
Hyperammina, Lagenammina and Saccammina (Malec, 1986b,
1992; Malec and Studencki, 1988). An as sem blage with a sim i lar
tax o nomic com po si tion was de scribed from the do lo mite mem ber 
and the Dąbrowa Lime stone Mem ber in the Porzecze IG 5A bore -
hole (Malec, 1979, 1984a; Fig. 12). Di verse morphotypes of W.
similis Stew art et Lampe were ob served in a do lo mite bed oc cur -
ring within the mudstone mem ber of the Winna For ma tion in the
Zaręby 2 bore hole (Malec, 1984b), dated to the lower Eifelian
partitus Zone based on cono donts.

BIOSTRATIGRAPHIC CORRELATIONS

The cor re la tion be tween stan dard palynological zones and
stan dard cono dont zones in the stratotype re gions is of ten in di -
rect and should be treated as ten ta tive, par tic u larly at the
Pragian/Emsian bound ary and in the Emsian (Turnau et al.,
2003). The bound ary be tween the PW and AB zones can not be
de ter mined be cause the base of the AB Zone is cor re lated to the 
Emsian (Streel et al., 1987), but at this time it was not clear in
which for ma tion in the Eifel and Ardenne re gions the Emsian
bound ary is placed. There fore the base of the AB Zone could
be cor re lated only roughly to the lower part of the dehicens
Zone, which is cor re lated to the up per part of the kitaabicus
Zone (Kaufmann, 2006) and the top of the AB Zone to the
lower nothoperbonus Zone (Turnau et al., 2003; Fig. 9).
Filipiak (2011) cor re lated the top of AB Zone to the up per most
gronbergii Zone. The age of the AB Zone is early Emsian. The
intercalibration of youn ger spore zones with cono dont zones
was given by Streel et al. (1987) for the Eifel re gion. The Fov
Subzone of the FD Zone is cor re lated with the up per part of the
nothoperbonus Zone. The two re main ing subzones Pra and
Min cor re spond to the inversus and lower serotinus zones. The
Cor Subzone of the AP Zone cor re lates with the up per
serotinus and lower patulus zones and is late Emsian in age.
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T a  b l e  7

Strati graphic ranges of se lected ostracods in the Emsian/Eifelian bound ary in ter val from the Kielce re gion
of the Holy Cross Mts.

Com bined af ter Malec (1979, 1980, 1986b, 1989, 1992); Tarnowska and Malec (1987); ex pla na tions as in Ta ble 5
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Fig. 12. Co-occurence of se lected mi cro- and macrofossils in the Porzecze IG 5A bore hole (Kielce re gion)

C – cono donts af ter Malec (2002); ostracods and foraminifers af ter Malec (1979, 1984c, 1992); B – brachi o pods af ter 
Malec (1984c); strata oc cur in the re versed po si tion in the Porzecze IG 5A bore hole; other ex pla na tions as in Fig ure 10



The Pro Subzone cor re lates with the up per patulus Zone and
with the low er most part of the partitus Zone. The
Emsian/Eifelian bound ary is placed within this subzone. The
Vel Subzone is cor re lated with the up per part of the partitus
Zone and the lower part of the costatus Zone.

A co-oc cur rence of cono donts of the patulus Zone with
spores of the Pro Subzone was re corded in the Bukowa Góra
Claystone Mem ber of Bukowa Góra Quarry, in the

Wydryszów Lime stone Mem ber of the Chełmowa 3 (81.0 and
93.0 m) and Kowalkowice 1 (156.0, 166.0, 178.0 and 194.0 m)
bore holes as well as in the Bukowa Góra Claystone Mem ber
(164.0 and 179.0 m) and Wydryszów Lime stone Mem ber
(88.0, 112.0 and 125.0 m) of the Jeziorko 1 bore hole (e.g.,
Filipiak, 2011) and Wydryszów Lime stone Mem ber of the
Modrzewie 2A (81.0, 89.0, 97.0 and 109.0 m) bore hole in the
Łysogóry re gion. Cono donts of the partitus Zone co-oc cur
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T a  b l e  8

Strati graphic ranges of se lected foraminifers in the Emsian/Eifelian bound ary in ter val from the Łysogóry re gion
 of the Holy Cross Mts.

Com bined af ter Duszyńska (1959), Malec (1984c, 2002, 2003b, 2007, 2008); ex pla na tions as in Ta ble 4

T a  b l e  9

Strati graphic ranges of se lected foraminifers in the Emsian/Eifelian bound ary in ter val 
from the Kielce re gion of the Holy Cross Mts.

Com bined af ter Malec (1979, 1984a, b, 1986b, 1992), Tarnowska and Malec (1987), Malec and Studencki (1988);
ex pla na tions as in Ta ble 5



with spores of the Vel Subzone in the Dąbrowa Lime stone
Mem ber of the Dyminy 2A (96.0, 99.0, 102.0, 106.0 and
110.0 m) bore hole and Zbrza I trench (e.g., Filipiak, 2011) in
the Kielce re gion.

Three main ostracod as sem blages have been re corded in
the Emsian and lower Eifelian of the Łysogóry re gion. The old -
est is pres ent in the mid dle part of the Zagórze For ma tion, the
mid dle one oc curs in the lower part of the Grzegorzowice For -
ma tion, in the up per part of the serotinus Zone and in the
patulus Zone from the up per Emsian, and the youn gest in the
up per part of the Grzegorzowice For ma tion, within the partitus
Zone and in the lower part of costatus Zone of the lower
Eifelian. In the Kielce re gion, two main ostracod as sem blages
have been dis tin guished at the Emsian/Eifelian bound ary: in
the up per Emsian patulus Zone and in the lower Eifelian
partitus Zone. In both re gions, the up per Emsian and lower
Eifelian ostracod as sem blages have a sim i lar tax o nomic com -
po si tion. 

In the up per Emsian of the Łysogóry re gion, in the up per
part of the serotinus Zone and in the patulus Zone there oc curs
a rich as sem blage of mainly ag glu ti nated foraminifers with mi -
nor cal car e ous foraminifers. In the Kielce re gion, ag glu ti nated
foraminifers have been doc u mented in the up per Emsian
patulus Zone within the py rite-bear ing and si der it ic claystone
mem ber as well as in the lower Eifelian lime stones of the
Dąbrowa Lime stone Mem ber. 

CONCLUSIONS

1. Four palynozones: PW, AB, FD and AP have been iden -
ti fied in the up per most Pragian, Emsian and lower Eifelian in
the HCM and cor re lated to lithostratigraphical units. In the
Łysogóry re gion the mid dle and up per part of the Barcza For -
ma tion is paly no logi cal ly dated to the Su Subzone of PW Zone
and the AB Zone (up per Pragian–lower Emsian), the lower part 
of the Zagórze For ma tion is dated to the AB Zone and the Fov
Subzone of the FD Zone (lower Emsian), the up per part of the
Zagórze For ma tion can be cor re lated to the Min Subzone of the 
FD Zone and the Cor Subzone of the AP Zone (up per Emsian).
The Grzegorzowice For ma tion is dated to the AP Zone and its
subzones: the lower part of the Bukowa Góra Claystone Mem -
ber to the Cor Subzone (up per Emsian), the up per part of the
Bukowa Góra Claystone Mem ber, the Wydryszów Lime stone
Mem ber, the Kapkazy Sandsone Mem ber and the lower part of
the Zachełmie Mudstone and Sand stone Mem ber to the Pro
Subzone (up per most Emsian–low er most Eifelian) and the up -
per part of the Zachełmie Mudstone and Sand stone Mem ber to
the Vel Subzone (lower Eifelian). In the Kielce re gion the up -
per part of the Haliszka For ma tion is cor re lated to the Su
Subzone and the up per part to the AB Zone. The lower sand -
stone mem ber of the Winna For ma tion is dated to the Fov
Subzone of the FD Zone, the mudstone mem ber can be cor re -
lated to the Min and Cor subzones, the up per sand stone mem -
ber of the Winna For ma tion as well as the py rite-bear ing and si -
der it ic claystone mem ber, the do lo mite mem ber and the low er -
most part of the Dąbrowa Lime stone Mem ber are dated to the
Pro Subzone. The up per part of the Dąbrowa Lime stone Mem -

ber and bioturbated do lo mite mem ber can be cor re lated to the
Vel Subzone.

2. There are no dif fer ences in the tax o nomic com po si tion of 
miospore as sem blages char ac ter iz ing par tic u lar zones and
subzones be tween the Łysogóry and Kielce re gions. The older
as sem blages are strongly dom i nated by api cu late spores, rep re -
sent ing the Rhyniophyta, Trimerophyta and Pteridophyta. In
the youn ger as sem blages the num ber of pseudomonosaccate
spores in creases, which are the first rep re sen ta tives of the
Progymnospermophyta. 

3. Four cono dont zones have been dis tin guished in the
Emsian/Eifelian bound ary in ter val of the Grzegorzowice For -
ma tion in the Łysogóry re gion: two in the up per Emsian – the
serotinus and patulus zones, and two in the lower Eifelian – the
partitus and costatus zones. In the Kielce re gion the patulus
Zone have been rec og nized in the up per Emsian and the
partitus Zone in the low er most Eifelian.

4. The co-oc cur rence of miospore subzones and cono dont
zones was doc u mented in the fol low ing lithostratigraphic units: 
the up per part of the Bukowa Góra Claystone Mem ber and the
Wydryszów Lime stone Mem ber (Pro Subzone and patulus
Zone) and the Dąbrowa Lime stone Mem ber (Vel Subzone and
partitus Zone).

5. The Emsian and lower Eifelian suc ces sion of the
Łysogóry re gion con tains three main ostracod as sem blages: the 
old est within the mid dle Emsian, the sec ond in the up per part of 
the serotinus Zone and in the patulus Zone and the youn gest in
the partitus Zone and in the lower part of the costatus Zone. In
the Kielce re gion, two ostracod as sem blages have been iden ti -
fied in the Emsian/Eifelian bound ary in ter val, in the patulus
and partitus zones. In both re gions the up per Emsian and lower
Eifelian ostracod as sem blages are char ac ter ized by high tax o -
nomic sim i lar ity. 

6. Within the up per Emsian in the up per part of the
serotinus Zone and in the patulus Zone of the Łysogóry re gion
oc curs a rich and di verse as sem blage of ag glu ti nated
foraminifers with mi nor cal car e ous foraminifers. In the Kielce
re gion, ag glu ti nated foraminifers have been doc u mented in the
py rite-bear ing and si der it ic claystone mem ber of the up per
Emsian in the patulus Zone and in the lower Eifelian Dąbrowa
Lime stone Mem ber. In both re gions, lower Eifelian car bon ates
are char ac ter ized by the pres ence of an abun dant but low-di ver -
sity foraminifer as sem blage com pris ing mainly multicellular,
con vex shells of Webbinelloidea similis Stew art et Lampe. 

7. Joint anal y sis of palynological and microfaunal data show
that the Pragian/Emsian bound ary lies within the lower part of
the Barcza For ma tion in the Łysogóry re gion and in the lower
part of the Haliszka For ma tion in the Kielce re gion. The
Emsian/Eifelian bound ary in the Łysogóry re gion lies in the up -
per part of the Grzegorzowie For ma tion, in the lower part of the
Dąbrowa Lime stone Mem ber and Zachełmie Mudstone and
Sand stone Mem ber. In turn, in the Kielce re gion, this bound ary
is lo cated in sev eral dif fer ent lithological units re lated to dif fer ent 
contemoporary fa cies realms in this re gion: in the up per part of
the mudstone mem ber and in the up per part of the up per sand -
stone mem ber of the Winna For ma tion, just as in the py rite-bear -
ing and si der it ic claystones mem ber, in the do lo mite mem ber and 
in the lower part of the Dąbrowa Lime stone Mem ber. 
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8. Pyroclastic ho ri zons T1–T4 de scribed in the Lower De -
vo nian of the Kielce re gion by Tarnowska (1999) are cor re -
lated with the fol low ing palynological zones and subzones: T1
with the Su Subzone, T2 with the AB Zone, T3 and T4 within
the Cor and Pro subzones of the AP Zone. 
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APPENDIX

Listing of spores en coun tered in the up per Pragian–lower Eifelian de pos its of the Holy Cross Moun tains

Acanthotriletes polygamus Naumova

Acanthotriletes similaris Kedo

Acanthotriletes teniuspinosus Naumova

Acanthotriletes sp.

Acinosporites acanthomammillatus Rich ard son

Acinosporites apiculatus (Streel) Streel

Acinosporites bellus (Arkhangelskaya) Steemans

Acinosporites crassus Riegel

Acinosporites lanceolatus Streel (Fig. 4A)

Acinosporites lindlarensis Riegel

Acinosporites lindlarensis Riegel var. lindlarensis McGregor et Camfield
(Fig. 4B)

Acinosporites lindlarensis var. mi nor Riegel

Acinosporites macrospinosus Rich ard son

Acinosporites műnstereifelensis (Franke) Streel

Acinosporites obnubilus Turnau

Acinosporites sp.

Amicosporites cf. infraornatus Ro dri guez

Amicosporites jonkeri (Riegel) Steemans (Fig. 7E)

Amicosporites cf. lobatus (Ro dri guez) Steemans

Amicosporites streeli Steemans (Fig. 7F)

Amicosporites sp.

Anapiculatisporites acerosus (Naumova) Lanninger

Anapiculatisporites echinatus (Hoffmeister, Staplin et Malloy) Lanninger

Anapiculatisporites petilus Rich ard son

Anapiculatisporites sp.

Anaplanisporites extremus McGregor et Camfield

Ancyrospora ancyrea var. ancyrea Rich ard son

Ancyrospora eurypterota Riegel

Ancyrospora kedoae (Riegel) Turnau (Fig. 8H)

Ancyrospora loganii McGregor (Fig. 8I)

Ancyrospora nettersheimensis Riegel

Ancyrospora sp.

Aneurospora sp.

Apiculatisporis erinaceus (Waltz) Moreau-Benoit

Apiculatisporis microconus Rich ard son

Apiculatisporites perpusillus (Naumova) McGregor

Apiculatisporites sp.

Apiculiretusispora arenorugosa McGregor (Fig. 3A)

Apiculiretusispora brandtii Streel (Fig. 3B)

Apiculiretusispora densicoronata Tiwari et Schaarschmidt

Apiculiretusispora leberidos McGregor et Camfield

Apiculiretusispora mi nor McGregor

Apiculiretusispora plicata (Allen) Streel (Fig. 3C)

Apiculiretusispora sp.

Archeozonotriletes sp.

Breconisporites breconensis Rich ard son, Streel, Hassan et Steemans

Breconisporites sp.

Brochotriletes bellatulus Steemans (Fig. 4F)

Brochotriletes foveolatus Naumova (Fig. 4G)
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Brochotriletes hudsonii McGregor et Camfield (Fig. 4H)

Brochotriletes rarus Arkhangelskaya

Brochotriletes robustus (Scott et Rouse) McGregor

Brochotriletes sp.

Calamospora atava (Naumova) McGregor

Calamospora microrugosa (Ibrahim) Schopf, Wil son et Bentall

Calamospora microrugosa (Ibrahim) Schopf, Wil son et Bentall var. mi nor
Moreau-Benoit

Calamospora nigrata (Naumova) Allen

Calamospora pannucea Rich ard son

Calamospora sp.

Calyptosporites biornatus (Lanninger) Rich ard son (Fig. 8A)

Calyptosporites decorus Tiwari et Schaarschmidt

Calyptosporites heisdorfensis Riegel (Fig. 8B)

Calyptosporites radiatus Riegel (Fig. 8C)

Calyptosporites sp.

Camarazonotriletes sextantii McGregor et Camfield

Camptozonotriletes aliquantus Allen (Fig. 7J)

Camptozonotriletes caperatus McGregor (Fig. 7K)

Camptozonotriletes sp.

Chelinospora concinna Allen

Chelinospora cf. favosa (McGregor et Camfield) Steemans (Fig. 7B)

Chelinospora retorida Turnau

Chelinospora sp.

Cirratriradites variverrucatus McGregor

Cirratriradites sp.

Clivosispora verrucata var. convoluta McGregor

Clivosispora verrucata var. verrucata McGregor

Clivosispora sp. (Fig. 7G)

Convolutispora ce re bra Butterworth et Wil liams

Coronaspora mariae Ro dri guez (Fig. 7D)

Coronaspsora sp.

Corystisporites sp.

Cymbosporites fuscus Turnau

Cymbosporites paulus McGregor et Camfield

Cymbosporites pro teus McGregor et Camfield

Cymbosporites cf. senex McGregor et Camfield

Cymbosporites yorkensis McGregor

Cymbosporites sp.

Densosporites sp.

Dibolisporites antiquus (Kedo) Arkhangelskaya

Dibolisporites apsogus (Tchibrikova) Tchibrikova

Dibolisporites bullatus (Allen) Rich ard son

Dibolisporites capitellatus (Tchibrikova) Arkhangelskaya

Dibolisporites conoides Moreau-Benoit

Dibolisporites echinaceus (Eisenack) Rich ard son emend. McGregor

Dibolisporites eifeliensis (Lanninger) McGregor (Fig. 3D)

Dibolisporites gibberosus (Naumova) var. ma jor (Kedo) Rich ard son

Dibolisporites jakubowskae Fijałkowska-Mader

Dibolisporites nodosus Turnau

Dibolisporites pseudoreticulatus Tiwari et Schaarschmidt

Dibolisporites quebecensis McGregor

Dibolisporites radiatus Tiwari et Schaarschmidt

Dibolisporites rarispinosus Fijałkowska-Mader

Dibolisporites subgibberosus (Naumova) Turnau

Dibolisporites cf. triangulatus Tiwari et Schaarschmidt

Dibolisporites verrucosus (Kedo) comb. nov. (Fig. 3E)

Dibolisporites wetteldorfensis Lanninger (Fig. 3F)

Dibolisporites sp.

Dictyotriletes delicatus sp. nov. (Fig. 4C)

Dictyotriletes emsiensis (Allen) McGregor (Fig. 4D)

Dictyotriletes favosus McGregor et Camfield

Dictyotriletes cf. grandis Lanniger

Dictyotriletes mi nor Naumova

Dictyotriletes nigratus Naumova 

Dictyotriletes subgranifer McGregor (Fig. 4E)

Dictyotriletes sp.

Emphanisporites annulatus McGregor (Fig. 4I)

Emphanisporites decoratus Allen

Emphanisporites epicautus Rich ard son et Lis ter

Emphanisporites erraticus (Eisenack) McGregor

Emphanisporites foveolatus Schultz (Fig. 4J)

Emphanisporites mcgregori Cramer

Emphanisporites micrornatus Rich ard son et Lis ter

Emphanisporites micrornatus Rich ard son et Lis ter f. micrornatus
Steemans et Gerrinne

Emphanisporites minutus Allen

Emphanisporites neglectus Vigran

Emphanisporites novellus McGregor et Camfield

Emphanisporites obscurus McGregor

Emphanisporites orbicularis Turnau

Emphanisporites partitus Lanninger

Emphansporites patagiatus Allen

Emphanisporites pseudoerraticus Schultz

Emphanisporites radiatus (Schultz) Jakubowska (Fig. 4K)

Emphanisporites rotatus (McGregor) McGregor

Emphanisporites schultzii McGregor (Fig. 4L)

Emphanisporites sp.

Enigmophytospora sim plex Virgan

Enigmophytospora sp.

aff. Foveolatitriletes sp.

Grandispora aculeata Fuglewicz et Prejbisz

Grandispora arduinnae (Riegel) Knight

Grandispora diamphida Allen

Grandispora douglastownense McGregor (Fig. 8D)

Grandispora cf. endemica (Tchibrikova) Tchibrikova (Fig. 8E)

Grandispora eximia (Allen) McGregor et Camfield

Grandispora inculta Allen

Grandispora macrotuberculata (Archangelskaya) McGregor

Grandispora megaformis (Rich ard son) McGregor

Grandispora micronata Tiwari et Schaarschmidt

Grandispora naumovii (Kedo) McGregor

Grandispora pro tea (Naumova) Moreau-Benoit (Fig. 8F)

Grandispora sanctaecruciensis Fijałkowska-Mader

Grandispora velata (Eisenack) Playford (Fig. 8G)

Grandispora sp.

Granulatisporites sp.

Hystricosporites brevispinosus sp. nov. (Fig. 3G)

Hystricosporites corystus Rich ard son (Fig. 3H)

Hystricosporites gra vis Owens

Hystricosporites microancyreus Riegel

Hystricosporites mitratus Allen (Fig. 3I)

Hystricosporites porrectus (Balme et Hassel) Allen

Hystricosporites sp.

Iberospora sp.

Kraeuselisporites gaspensis McGregor (Fig. 7H)

Kraeuselisporites sp.

Leiotriletes adnatoides Potonié et Kremp

Leiotriletes marginalis McGregor

Leiotriletes microrugosus (Ibrahim) Naumova

Leiotriletes minutissimus Naumova

Leiotriletes ornatus Ischenko

Leiotriletes pagius Allen

Leiotriletes priddyi Potonié et Kremp

Leiotriletes rotundus Naumova

Leiotriletes sim plex Naumova

Leiotriletes sphaerotriangulus (Losse) Potonié et Kremp

Leiotriletes tecta Moreau-Benoit

Leiotriletes sp.

Lycopodiacidites ogygius McGregor

Membrabaculisporis cf. radiatus (Naumova) Arkhangelskaya (Fig.7I)

Oculatisporites mirandus Arkhangelskaya (Fig. 7L)

Perotrilites sp.

Procoronaspora spinulosa Turnau et Jakubowska
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Procoronaspora sp.

Punctatisporites confussus Rich ard son

Punctatisporites sp.

Retusotriletes actinomorphus Tschibrikova

Retusotriletes biarealis McGregor

Retusotriletes communis Naumova 

Retusotriletes concinuus Kedo 

Retusotriletes dilutus (Hoffmeister) Rich ard son et Lis ter

Retusotriletes distinctus Rich ard son

Retusotriletes dubiosus (Eisenack) Rich ard son emend. McGregor

Retusotriletes goensis Lele et Streel

Retusotriletes greggsi McGregor

Retusotriletes infrapunctatus Schultz

Retusotriletes maculatus McGregor et Camfield

Retusotriletes microgranulatus (Vigran) Streel

Retusotriletes ocellatus McGregor

Retusotriletes opuleus Turnau

Retusotriletes pychovii Naumova

Retusotriletes pychovii Naumova var. ma jor Naumova

Retusotriletes rotundus (Streel) Streel

Retusotriletes rugulatus Riegel

Retusotriletes semizonalis McGregor

Retusotriletes sim plex Naumova

Retusotriletes cf. tenerimedium Tchibrikova

Retusotriletes triangulatus (Streel) Streel

Retusotriletes warringtoni Rich ard son et Lis ter

Retusotriletes sp.

Rhabdosporites langii (Eisenack) Rich ard son

Rhabdosporites cf. parvulus Rich ard son

Rhabdosporites cf. scamnus Allen

Rhabdosporites sp.

Rugulatisporites sp.

Samarisporites rhenanus Riegel

Samarisporites sp.

Sinuosisporites sp.

Stenozonotriletes furtivus Allen

Stenozonotriletes incessus Allen

Stenozonotriletes irregularis Schultz (Fig. 7C)

Stenozonotriletes minimus McGregor et Camfield

Stenozonotriletes sim plex Naumova

Stenozonotriletes sp.

Tholisporites chulus (Cramer) McGregor var. chulus Rich ard son et Lis ter
(Fig. 7A)

Tholisporites divellomedium (Tchibrikova) Turnau

Tholisporites salantaicus (Arkhangelskaya) Turnau

Tholisporites sp.

Verrucosisporites grumosus (Naumova) Taug

Verrucosisporites polygonalis Lanninger

Verrucosisporites rariverrucosus sp. nov. (Fig. 3J)

Verrucosisporites sp.

Verruciretusispora dubia (Eisenack) Rich ard son et Rasul (Fig. 3K)

Verruciretusispora dubia (Eisenack) Rich ard son et Rasul var.
 multitubrcu lata var. nov.

Verruciretusispora sp.
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