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Abstract
This paper presents silicified agglutinated foraminifera collected together with conodonts from the Kowala Quarry in the
Holy Cross Mountains and for the first time from the Wapnica Quarry in the Sudetes. The rich fauna was obtained by dissolving samples of the Wocklumeria Limestone with dilute formic acid. Twenty-three species representing 10 genera of
foraminifera have been identified, among them 8 species are common to both sections. Numerous conodonts indicate the
Upper expansa to Middle praesulcata zones of the uppermost Devonian. This part of the studied sections yields two different foraminiferal associations for the each of the sections: a saccaminid association in the Kowala Quarry and a Hyperammina association in the Wapnica Quarry.
Keywords: Agglutinated Foraminifera, conodonts, Famennian, Holy Cross Mountains, Sudetes.

INTRODUCTION

RESULTS

Until present, uppermost Devonian silicified agglutinated
foraminifers from Poland have been poorly studied. A diverse assemblage was documented by Olempska (1983)
from the Kowala locality, Jurkiewicz (Jurkiewicz &
Żakowa, 1983) from the Jabłonna IG I borehole, and Malec
(Żakowa et al., 1985) from the Kowala 1 borehole in the
Holy Cross Mountains. Most species belong to the genera
Hyperammina, Thurammina and Tolypammina. The stratigraphic position of this fauna corresponds to the upper part
of the hemisphaerica-dichotoma ostracod zone and the costatus conodont zone. Olempska (1983) acquired her collection while macerating specimens for the description of ostracods from this locality. The foraminifers were separated
by washing the soft clayey shales with water, and in part, by
dissolving calcareous intercalations in acetic acid. Moreover, Olempska (1983) noted that the tests obtained by dissolving samples in acid were generally less damaged.

Kowala Quarry

The present work is a study of the foraminiferal fauna from
the Wocklumeria Limestone, which is composed of red and
grey micritic limestones, having a typical nodular appearance in several layers. The stratigraphic position of the foraminifers is determined precisely by means of conodonts
identified from the same samples.

The study area is located in the southern part of the Kielce
Region in the Holy Cross Mountains, Poland (Fig. 1). Strata
with the Devonian/Carboniferous boundary interval have
been recognized by Czarnocki (1989). He noted the presence of shale with Imitoceras lying on marly limestone of
the Wocklumeria Genozone. The first conodonts from this
interval were studied from the Kowala 1 borehole by
Nehring-Lefeld (Żakowa et al., 1985, Nehring-Lefeld,
1990) and later by Malec (1995, 2014) in an exploratory
trench dug in the vicinity of Kowala, and by Dzik (2006) in
the Kowala Quarry. Deposits of the uppermost Famennian
from the Kowala Quarry were studied by the present author
for conodonts and the co-occurring agglutinated foraminifers. The investigated interval is approximately 8 m thick,
occurs in the northern wall of an active quarry and consists
of a rhythmic succession of micritic nodular limestone
(wackestone and mudstone) and marly shale (Fig. 2). In the
lower part of the succession, the rocks are cherry-red, but in
the upper part – olive-green in colour. Specimens of
Wocklumeria sphaeroides and Epiwocklumeria applanata
have been noted here (Woroncowa-Marcinowska, 2011).
Bioturbation surfaces at the base of the cherry-red lime-
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samples.

Wapnica Quarry
Famennian strata are exposed in the abandoned Wapnica
Quarry at Dzikowiec (Ebersdorf in German literature) within the Bardo structure, Western Sudetes, southern Poland.
The late Famennian part of the section was studied near the
northern corner of the quarry (Fig. 4). The Main Limestone
(ca. 40 m thick) gradually becomes nodular upsection and
then passes into the Clymenia Limestone. Schindewolf
(1937) assigned this limestone to the Wocklumeria Zone.
The stratigraphy of the Clymenia Limestone was investigated by means of cephalopods by Schindewolf (1937),
Lewowicki (1959), Weyer (1965), Korn (1993, 2005), and
Dzik (1997, 2006). Lewowicki (1959) after Schindewolf
(1937) ascertained the lack of the upper part of the
Wocklumeria Genozone. Conodonts extracted from the
limestone of the Wocklumeria Zone were listed by Freyer
(1965), Chorowska (1979), Chorowska & Radlicz (1987),
Dzik (1997, 2006), and Dopieralska et al. (2006).
The Wocklumeria Limestone is composed of grey and red
micritic limestone, having a typical nodular appearance in
several layers (Fig. 5). The conodont assemblage recovered
Figure 1. Geological sketch-map of the western part of the Holy during the present study allowed to define the stratigraphic
Cross Mts. (B), showing the location of the Kowala section
range of the unit as encompassing the Upper expansa to
(Kowala Quarry) and its location on the map of Poland (A).
Lower praesulcata zones. The fauna is very similar in its
taxonomic composition to faunas from the Kowala Quarry
stones are present and display channels of various type. The in the Holy Cross Mountains and to faunas from the
succession is limited by two black shale horizons. The low- Rhenohercynian shelf. The uppermost part of the carbonate
er black shale horizon – the Kowala Black Shale (KBS) is series in the Wapnica Quarry succession is represented by
25 cm thick (Marynowski & Filipiak, 2007), whereas the the Gattendorfia Limestone (about 1.5 m thick) that belongs
upper one – recognised as an equivalent of the global to the Gattendorfia crassa Zone (Weyer, 1985). The
Hangenberg Black Shale (HBS) – is about 100 cm thick and Wocklumeria Limestone and the Gattendorfia Limestone
are separated by black shale with black layers of limestone
occurs about 8 m above the lower shale.
within them (all are 20 cm thick), which can be ascribed to
The studied interval, represented by the Wocklumeria Geno- the Middle to Upper praesulcata zones. Eighteen limestone
zone limestones and shales (Czarnocki, 1989) yields a cono- samples were processed with acid, nine of which yielded
dont assemblage (Fig. 2) that indicates the Upper expansa silicified foraminiferal faunas (Fig. 6). The foraminiferal
and Lower to Middle praesulcata zones of Ziegler & Sand- assemblage includes forms with free tests such as Hyperamberg (1984). The KBS corresponds to the Upper expansa mina, Reophax, Paratikhinella, Lagenammina, and SepZone. Samples collected between the two black shale hori- tatournayella (Plates 3, 4), as well as sessile forms, such as
zons also provide sufficient foraminifer fauna (Fig. 3). The Tolypammina and Moravammina (Pl. 4, H). The material
foraminiferal assemblage includes forms with free tests such includes also foraminifers of the genus Tolypammina, with
as Hyperammina, Reophax, Psammosphaera, Pseudoastro- tubes that are generally open on the side of the substrate on
rhiza, Thurammina, Paratikhinella, and Septatournayella which they grew (Pl. 3, G, Pl. 4, E, K). The assemblage is
(Plates 1, 2), as well as sessile forms, such as Tolypammina dominated by species (6) of Hyperammina, which occur in
and Moravammina?. The study material includes also many nearly all samples.
foraminifers, mostly of the genus Tolypammina, with tubes
that are generally open on the side of the substrate on which DISCUSSION
they grew (Plate 1, D, F). Paratikhinella cannula, Tolypammina rotula and Hyperammina stabilis occur in nearly all Based on the abundance of the extracted data, and following
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Figure 2. Stratigraphic column and distribution of conodonts near the Devonian/Carboniferous boundary in the Kowala Quarry.

Herbig (2006) and Balthasar & Amler (2003), two faunal
associations can be distinguished among the foraminiferal
faunas, which are named after their occurrence in two sections as the Kowala Association in the Kowala Quarry and
the Wapnica Association in the Wapnica Quarry near

Dzikowiec within the lower part of the Wocklumeria Limestone. The Kowala Association contains a high abundance
of forms with free tests, such as Psammosphaera, Pseudoastrorhiza, and Thurammina, and sessile forms, such as
Tolypammina. This association shows a strong similarity at
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Conodont zonation in the Kowala Quarry
Number of sample (see fig. 2)
Thurammina quadritubulata Dunn
Psammosphaera sp.
Hyperammina carinthiaca Ebner
Hyperammina eichhoffi Olempska
Tolypammina bransoni Conkin, Conkin et Canis
Hyperammina stabilis Blumenstengel
Thurammina tubulata Moreman
Tolypammina rotula Gutschick et Treckman
Paratikhinella cannula (Bykova)
Thurammina tubulata fixa Langer
Reophax northviewensis Conkin et Conkin
To. gersterensis Conkin et Conkin
To. irregularis Blumenstengel
Thurammina sp.
Septatournayella chappelensis (Gutschick, Weiner
et Young)
S. rauserae Durkina
Tolypammina sp.
Hyperammina rockfordensis Gutschick et Treckm.
?Moravammina constricta Eickhoff
Pseudastrorhiza conica Gutschick, Weiner et
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Figure 3. List of foraminiferal species from the Kowala Quarry in the Holy Cross Mountains in reference to conodont zones.
Figure 4. Sketch-map of the Wapnica Quarry at
Dzikowiec (B) and its location on the map of Poland (A).
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Figure 5. Stratigraphic column and distribution of conodonts near the Devonian/Carboniferous boundary in the Wapnica Quarry at
Dzikowiec.

the generic level to the assemblage of the saccaminid biofacies of Herbig (2006), who described similar foraminiferal
associations. In terms of palaeobathymetry, the saccaminid
biofacies refers to the upper slope (Fig. 7). Compared with
the Kowala Association, the Wapnica Association resembles Herbig’s (2006) Hyperammina biofacies, where the

species of Hyperammina are numerous, but species of
Psammosphaera, Pseudoastrorhiza, and Thurammina were
not found. In terms of palaeobathymetry, the Hyperammina
biofacies refers to the lower slope (Fig. 7).
Analysis of the conodont biofacies in the Kowala section
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Conodont zonation
Wapnica Quarry in Dzikowiec
Number of samples (see Fig.7)
Hyperammina stabilis Blumenstengel
Paratikhinella cannula (Bykova)
Tolypammina sp.
Hyperammina supergracilis Blumenst.
Tolypammina rotula Gutschick et Treckman
Hyperammina carinthiaca Ebner
H. kablleitensis Blumenstengel
Septatournayella chappelensis (Gutschick, Weiner et
Young)
Lagenammina thuringica Blumenst.
Hyperammina casteri Conkin
Reophax northviewensis Conkin et Conkin
Moravammina? constricta Eickhoff
Hyperammina bulbosa Gutschick et Treckman
?Thuramminoides sphaeroidalis Plummer
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Figure 6. List of foraminifer species from the Wapnica Quarry at Dzikowiec in reference to conodont zones.

Figure 7. Palaeobathymetric distribution of agglutinated foraminifers during the Late Famennian (after Balthasar & Amler, 2003, modified).

(Woroncowa-Marcinowska, 2015) focuses on the relative
distribution of eight genera: Bispathodus, Branmehla,
Mehlina, Polygnathus, Neopolygnathus, Palmatholepis,

Pseudopolygnathus and “Siphonodella” =Eosiphonodella. A
palmatolepid-bispathodid-branmehlid biofacies [Pa-Bi (Br)]
characterises the interval between the upper expansa and the
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Middle praesulcata zones (Fig. 2). Branmehla and
“Polygnathus” (= Polygnathus + Neopolygnathus) are highly abundant in the upper part of the upper expansa Zone [Po
-Br (Pa)]. Bispathodus decreases in abundance in the middle
of this interval, whereas the Branmehla suprema Group
predominates and has its maximum in the lower part of the
middle praesulcata Zone. In the Kowala section, the change
of the conodont biofacies is strikingly similar to the contemporary biofcies from the Rhenish Massif and Carnic Alps
(Kaiser et al., 2008) and indicates insignificant oscillations
of relative sea level. The taxonomic composition of the conodont assemblage from the Wapnica Quarry at Dzikowiec
is similar to the assemblage from the Kowala Quarry. The
latter section lacks the uppermost part of the succession,
corresponding
to
the
Wocklumeria
sphaeroides-
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Epiwocklumeria applanata Zone [Pa-Bi (Br)] (Weyer,
1965), i.e., the upper part of the Lower praesulcata to the
lower part of the Middle praesulcata zones. Worth noting is
the fact that within the interval encompassing the Upper
expansa to Lower praesulcata zones in both localities occur
similar conodont assemblages but different foraminifer assemblages, which more precisely point to the palaeobathymetry of their environment.
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Plate 1. Taxonomic definition of the foraminiferal associations recognised in the uppermost Devonian from the Kowala Quarry (see
Fig. 2, samples 2-7). Sample 2: A – Thurammina tubulata Moreman; B – Pseudastrorhiza conica Gutschick, Weiner et Young; C –
Paratikhinella cannula (Bykova); D – Tolypammina rotula Gutschick et Treckman. Sample 3: E – Paratikhinella cannula (Bykova);
F – Tolypammina sp. Sample 4: G – Hyperammina rockfordensis Gutschick et Treckman; H – Thurammina sp. A Blumenstengel; I Tolypammina rotula Gutschick et Treckman. Sample 5: J – Hyperammina eickhoffi Olempska; K – Thurammina tubulata Moreman;
L – Moravammina? constricta Eickhoff. Sample 6: M – Paratikhinella cannula (Bykova); N - Tolypammina irregularis Blumenstengel. Sample 7: O – Paratikhinella cannula (Bykova); P – Tolypammina irregularis Blumenstengel. Scale bars = 100 µm.
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Plate 2. Taxonomic definition of the foraminiferal associations recognized in the uppermost Devonian from the Kowala Quarry (see Fig.
2, samples 9-10). Sample 9: A, B – Thurammina quadritubulata Dunn; C - Thurammina tubulata fixa Langer; D – Reophax northviewensis Conkin et Conkin; E - Tolypammina gersterensis Conkin et Conkin. Sample 10: F – Hyperammina eickhoffi Olempska; G, H – Thurammina tubulata Moreman; I – Tolypammina bransoni Conkin, Conkin et Canis; N – Paratikhinella cannula (Bykova). Scale bars = 100
µm.

260

Woroncowa-Marcinowska

Plate 3. Taxonomic definition of the foraminiferal associations recognized in the uppermost Devonian from the Wapnica Quarry (see Fig.
5, samples 1, 2, 6). Sample 1: A – Hyperammina stabilis Blumenstengel; B – Tolypammina bransoni Conkin, Conkin et Canis; C-E –
Paratikhinella cannula (Bykova). Sample 2: F – Hyperammina supergracilis Blumenstengel; G – Tolypammina bransoni Conkin,
Conkin et Canis; H, I – Paratikhinella cannula (Bykova). Sample 6: J – Hyperammina stabilis Blumenstengel; K – H. kablleitensis
Blumenstengel; L – H. carinthiaca Ebner; M – Lagenammina thuringica Blumenstengel; N – Septatournayella chappelensis (Gutschick,
Weiner et Young). Scale bars = 100 µm.
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Plate 4. Taxonomic definition of the foraminiferal associations recognized in the uppermost Devonian from the Wapnica Quarry (see Fig.
5, samples 7, 29, 30,14). Sample 7: A – Hyperammina casteri Conkin; B, C – Hyperammina stabilis Blumenstengel; D – Reophax northviewensis Conkin et Conkin; E, G – Tolypammina bransoni Conkin, Conkin et Canis; F – Paratikhinella cannula (Bykova); H – Moravammina? constricta Eickhoff. Sample 29 (located as sample 7 in a neighboring section): I – Hyperammina stabilis Blumenstengel; J –
H. carinthiaca Ebner; K – Tolypammina irregularis Blumenstengel. Sample 30 (located 30cm above sample 29): L – Hyperammina supergracilis Blumenstengel; M – H. stabilis Blumenstengel; Q – H. carinthiaca Ebner. Sample 14: N – Hyperammina casteri Conkin; O,
P – ?Thuramminoides sphaeroidalis Plummer. Scale bars = 100 µm.

