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Ea ch developmental phase of the Give tian to Frasnian carbonate complex of the
southern Holy Cross Mts is marked by distinctive calcareous microbiota. The
Stringocep halus bank deposits contain a very rich. we ll-preserved mi croproble­
matica (of chiefly ?alga l ori gin) domin ated by calcisp heroids . and many calcified
cyanobacteri a and green a lgae with filam entous Beoocastria; tubiform Devonos­
ca le, a nd charophyte Trochiliscus. In the la te Givetian biostromal complex more
sparse microfossil a ssocia tions occur. with the exception of locally abundant
semitextulariid foraminifera (mainly Nanicella) and tubifor rn dasyclad(?) Jansael­
la o Also in the Frasnian ba ck-reef facies . only limited and poorly preserved
calcispheroids are identified . Contrarily. re ef- and fore-reef microbiotas were
present in great profusion . Microbial mats (including calc ified cyanobacteria
Renalcis and Sphaerocodiwn), associated with locally freq uent so lenoporids and
multichambered foraminifera (Nanicella. a lso many nodosariids in the la ter Fras­
nian) played a significant deposition al role and evidence progressive shoaling
conditions within the Dyrniny reef- complex .
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Introduction

Middl e an d Upper Devoni an limes tones of so uthern Pola nd are known to
con tain ab u ndant, fre quen tly rock- b u ilding calcareous m icrofossils (e .g.
Kazmierczak 1971 , 1976 : Bilan & Golonka 1973 : Tomas 1974: Neum ann
et al. 1975) . Nevertheles s , published des criptions from the Holy Cross
Mountains a re scarce and limited mostly to their easte r n portion (e.g.
Duszynska 19 56: Ozonkowa 1961 , 19 62 a , b) .
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The present paper deals in the first order with stratigraphic and
ecologic aspects of calcareous microbiotas from the Givetian to Frasnian
stromatoporoid-coral sequence (Kowala Formation; see Racki 1993) of the
Kielce facies region. In addition. supplementary data from the paleogeo­
graphically related Siewierz area (Silesia Upland) and Kostomloty region.
as well as from the overlying Frasnian strata. are included. The study is
based not only on thin-sections. but also on isolated specimens. Despite
this. more comprehensive morphological analysis and taxonomic con­
siderations are not attempted herein.

Localities and material

The microfossils studied were derived from selected localities (see Racki
1993 for set subdivision and other details), situated mostly in the SW part
of Holy Cross Mountains. The most significant Givetian to early Frasnian
sites are Gora Zamkowa at Checiny. Gora Lgawa-Jaiwica near Bolecho­
wice and the Poslowice-Sitkowka composite sequence, all representing the
stromatoporoid-coral, mostly biostromal facies . For the lowermost unit
(viz. Early-Middle Givetian Stringocephalus Beds) there is complementary
informatione from Jurkowice-Budy (eastern part), Czarnow (Kostomloty
zone) and the Siewierz area (Silesia Upland).

Moreover, the varied Frasnian detrital limestones, mantling the Kowala
Formation, were sampled in some localities (e.g . Bolechowice-Panek, Sit­
kowka-Jazwtca, Psie Gorki) for comparative stratigraphic analysis. This
includes Kostomloty Beds at type sites that span the latest Frasnian.

More than seven hundred thin-sections have been taken for micropa­
leontological research in the course of microfacies analysis of the lime­
stone series (Racki 1993). Furthermore, a bulk of the material consists of
above two thousand completely isolated specimens. They were obtained by
washing weathered parts of compact limestones in several localities (Jur­
kowice-Budy, Kadzielnla. .Jazwtca, Szczukowskie Gorki. and others). Some
microfossils come from disintegrated argillaceous deposits (e.g. at Czar­
now and Kowala); less suitable to study specimens were recovered from
calcite residues left after chemical processing of rock samples in weakly
buffered acetic acid. Preservation of the microfossils is diverse, but gener­
ally not very good as a result of both synsedimentary and diagenetic
processes. and/or limitations of preparation techniques.

The collection of isolated microfossils is housed at the Silesian Univer­
sity in Sosnowiec (Cataloque Number GIUS 4) .

Taxonomic framework

Several unresolved problems are connected with the in micropaleontologi­
cal studies of the Devonian carbonate facies:
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Fig. 1. Shapes obtained by sectioning a n irregu larly-s hape d calcare ou s body in different
planes (see Fig. lOJ) which correspon d to sev eral 's ection genera ' of all eged foraminifera.
ba sed on Poyarkov (1979) illu striatons of typ es .

(1) Virtually all studies on microfossils are based on randomly cu t
thin-sections. This results in a quite confusing taxonomic approach
(Toomey et al. 1970; Sabirov 1980). For example, irregularly-spherical
calcareous bodies (see Fig . 9) may provide a wide variety of differently
outlined sections, corresponding to many established 'genera' and 'species'
('secto-morphs', Fig . 1). Subdivision of the most parathuramminoid 'for­
amin ifera ' relies on variations of size and shape in thin-sections only (see
also discussion and examples in Bykova 1955: p. 12; Toomey et at 1970;
Poyarkov 1979: p. 8 ; Zadorozhnyj 1987). Furthermore, many reconstruc­
tions based on thin-sections has appeared far from reality when con­
fronted with isolated complete specimens; this is well exemplified by the
case of alga Calcifolium (Skompski 1981; see also Chuvashov in Chuva­
shov et al. 1987: p. 11 for data on palaeoberesellids and umbellids).
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(2) As shown by Kazmierczak (1976), different preservational histories
of an algal species may lead to the origin of various econdary structures
(shadow fossils). Diagenetic.phenomena (e.g. micritization and neomorph­
ism) frequently cause misinterpretation of microfossils (diagenetic taxa;
Toomey et al. 1970: p. 970; Pratt 1984). For example, some usloniid
'foraminifera' (especially tubular Parastegnamina, Fig . 8C; also Poyarkov
1979: PI. 8: 9-13, 15 , and Manukalova-Grebenjuk 1974) are difficult to
distinguish from incipiently micritized molluscan shell fragments or agglu­
tinated linings of 'worm ' burrows (Andrews 1986; Vachard 1988: p. 89) .

(3) Even for many well-studied extinct microorganisms it is hard to find
modern counterparts. In consequence, their affinities remain equivocal
and opinions differ from author to author (e.g. receptaculites; Riding
1977). It is notable that living algae are classified according to such
unfossilized characters as pigments, chloroplasts, food reserves, etc.
(Wray 1977: p . 28).

All these factors result in a speculative approach to the taxonomy of the
Devonian microfossils. According to Toomey & Mamet (1979) , at least half
of the known Devonian foraminiferal genera are in a state of taxonomic
confusion and should be transferred chiefly to algae.

In this ambiguous situation the following approach is applied herein:
(1) Algae (and calcified Cyanobacteria) are reviewed only in the frame­

work of principal groups adopted from Chuvashov & Riding (1984; also
Riding 1984, 1991 a).

(2) Microproblematica, a large grouping of microfossils of doubtful, but
possibly mostly algal affinities (?also some minute calcisponges, e .g.
moravamminids sensu Vachard 1988), are subdivided into several infor­
mal groups, generally corresponding to 'foraminiferal families' of Poyarkov
(1979; see also Zadorozhnyj 1987; Loeblich & Tappan 1988), and units of
Langer (1979). The exclusion from protozoans is a result of the mentioned
proposal by Toomey & Mamet (1979) .

(3) Foraminifera are thus limited to bonafide forms classified according
with Poyarkov (1979). Only part of them, based on isolated specimens, are
treated here in more systematic manner.

Systematic review of calcified cyanobacteria and algae

Benthic microbial communities played an important depositional role in
some, particularly lagoonal, environments within the carbonate platform.
Several biosedimentary features (vari ed fenestral and spongiostromatid
fabrics, algal ooze, intermittent algal laminations, structureless coatings),
described by Machielse (1972) from the Canadian carbonate complexes
(see also 'cryptic microbial carbonates' of Riding 1991b) , are also quite
common in the Holy Cross Mountains (Fig. 2). Apart from flat microbial
mats , Widespread in restricted shelf deposits, there are also found non-fe­
nestral microbolites, associated with intershoal facies of the Late Givetian
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Fig. 2. Biosed imenta ry effects of microbial comm u n ities in the Holy Cross Mts Give tian (B-E)
a nd Frasnian (A. F). !:lA. Coated a nd partly micritized molluscan(?) s he ll fragment: upper
Sitkowk a Beds. .Jazwt ca (set H); x 50. DB . Micrite clu m ps en trappe d bet ween microsparite
layers in non -fen estral laminite; Checiny Bed s . Gora Zamkowa (s et D); x 70 . DC- E. Bevocas ­
lria- dom inated nodule horizon (E; natural s ize). its spongtos tro rna u d microfacies (D. x 5) a nd
de tails of coate d nodule periphery (C. x 40) : Strinqoceptiauis Bed s(?). Wojn owice. UFo
Str omatolit e mound . with a lmost vertically inclined lamina e; ba r scale equals 5 em ; Detrital ­
Stromato poroid Beds. Psie Gorki (set C).

Sitk6wka bank complex (Facies M-I ofRa cki 1993). Stromatolitic buildups
developed in upslope setting of the Middle Frasnian Dyminy reef (Psi e
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Gorki. Fig. 2F; Grabina, Kadzielnia; Hoffman & Paszkowski 1992) . Layered
(or complex) oncoids were rarely discovered (Sowie Gorki, set C; Miedzian­
ka, set 0), although the presence of an 'algal' nodule-bearing horizon (Fig.
2E) at the Wojnowice section (Racki 1986: Fig. 20) is remarkable.

Interpretation of the common calcispheres and some parathurammi­
noid 'foraminifera' as permineralized remnants of green algae such as
volvocaceans, is crucial for micropaleontology of the Devonian carbonate
shelves (Kaimierczak 1976). As both groups most probably contain a wide
variety of organic remains, they are discussed under 'Microproblematica'.

Skeletal calcareous algae, reviewed below, are usually not very com­
mon. Their remnants are poorly preserved and only occassionally identifi­
able to the genus level. Of these, only the Dasycladaceae and Charophyta
have, as a whole, firmly established taxonomic status.

Calcified cyanobacteria and related forms
Hedstroemia-Ortonella group.- Nodular, free masses of Ortonella-like

porostromates, up to 1 mm in size, are only rarely encountered (Fig. 3A-B).
Their taxonomic differentiation is probable in regard of varying thickness
of tubes and angle of divergence (cf. Mamet & Roux 1975a; Bourque et al.
1981) but lack of sufficient material precludes definitive determination.

Other variant of more irregularly-shaped and larger-sized (up to 6 mm)
masses, attributable to genus B evocastria, seems to be most common in
the Stringocephalus Beds (Preat & Racki in press). Variable internal
diameters of the characteristically constrained tubes in specimens from
different sites (Fig. 3C, G) suggest also a specific differentiation (cf. Mamet
& Roux 1975a; Bourque et al. 1981). Some bifurcated filament molds are
contained frequently in cry ptic mi crobial and trombolite deposits (cf.
Browne & Demicco 1988; see also spongiostromid-Bevocastria bindstone,
'MF l Ia ' of Preat & Mamet 1989), point to possibly great significance of the
a lga as sediment-binders in the lagoonal settings . At one late Frasnian
locality (Psi e Gorki , set E), fragmented tubes assignable to Hedstroemia are
recognized in laminoid mi crites.

Girvanella group.- Simple flexuous tubes of uniform diameter occur
mainly in Widespread sm all irregular nodular masses (up to 1 mm in size).
They are differently packed tangled filaments, but also isolated tubules
(see Fig. 3D) grading toward micrite rods (see also Machielse 1972; Danielli
1981). The larger-sized porostromate variants , with internal tube diame­
ters con ta ined between 25 and 40 11m. are more frequent in the Frasnian
s trata (e.g. Kostomloty, Sowie Gorki , Gora Zamkowa , Kadzielnia), and they
cou ld be attributed to G. kasakensis Ma slov 1949 according to the scheme
of Mamet & Roux (1975a) . Thin-tubed forms (14 to 30 11m), comparable to
G. problematica Nicholson & Eth eridge 1878. are known predominantly

Fig . 3 . Hedst roem ia -Ortonella (A-C . G) a n d Girvanell a to -F) calcified cyanobacte ria . Give tia n
(B-C. G) a n d Frasn ia n (A. D- F). [lA -B . Orton ella!.?) cl u sters : Kostom lot y Beds . Kos tomloty (A.
x 10 0 : set H) a n d St r inqocep lui lue Beds . Cza rn6w [B. x 12 5 : s et A). QC. G. Gen eral (G) and
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detailed view (C) of a Bevocaslria clump, Siringocephalus Beds, Bilcza-Il hill (C, x 85; set 1\)

and Jurkowice-Budy (G, x 70; set E). DO. Isolated 'gtrvanelhd' filament (?Mitcheldaenia); upper
Sitk6wka Beds, Sowie G6rki (set G); x 150. OF . Clustered parallel girvanellid tubes (?Botomi­
nella); Detrital Beds, Psie G6rki (set G): x 50.
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from the Holy Cross Mountains Givetian, mostly from the .Jazwica Member
(Poslowice, J azwica, Stokowka: Fig . 3E). However, Danielli (1981) as a
result of biometric analysis suggests that most of the girvanellid taxa do
not differ significantly in observable characteristics and should be classi­
fied ~s only one species.

Similarly-sized tubules sporadically display (e.g in the Kadzielnia Mem­
ber, Detrital Beds and Kostomloty Beds; Fig. 3F) a strictly parallel growth
habit, and the aggregates can be attributed (cr. Shuysky 1973; Tsien 1979)
to Botominella. Some loose filaments with regularly changing thickness
(Fig. 3D) are suggestive of the problematic porostromate Mitcheldeania.

Sphaerocodium group.- Discrete aggregates of fan-like branching
filaments, which have a chain-like appearance in cross-section, are a
minor component of the Givetian microbiota (Fig. 4A-B), known only from
the .Jazwtca Member and Szydlowek Beds. Instead, the crustose form of
Sphaerocodium, representing chiefly complex symbiotic intergrowths with
laminar metazoan reef-builders (mostly stromatoporoids) and microbial
mats (Flugel & Wolf 1969; Tsien 1979), occurs in profusion in the Frasnian
foreslope mounds and knolls (Psie Gorki, Szczukowskie Gorki).

Most of the identified porostromate colonies appear to be related to S.
devonicum (Maslov 1956), a widespread Devonian species distinguished by
internal filament diameters 30 and 40 urn (Chuvashov 1965; Wray 1967;
Flugel & Wolf 1969). Only the Frasnian specimens from Psie Gorki display
larger thickness of tubes typical for S. magnum Wray 1967 (Mamet & Roux
1983).

Renalcis group.- The cloud-like 'tha lli' significantly add to, and locally
dominate, the associated metazoan reef-builders in the Frasnian of the
Holy Cross Mountains (Kaimierczak 1971; Kazmierczak & Goldring 1978),
and in many other Paleozoic carbonate complexes (see review in Wray
1977; Pratt 1984). Renalcids were found as small, unattached clumps (Fig.
4C -D) or resedimented bioclasts, as well as larger free-standing masses
displaying varied growth habits, and widespread in organic buildups at
such sites as Grabina, Psie Gorki, Daleszyce and Szczukowskie Gorki; very
similar foreslope bioherms were described by Mountjoy & Riding (1981)
from Canada. Extensive incrustations of frame-building skeletons, mostly
thick-branched Stachyodes, and different-sized cavities (Fig. 4G) were
frequently observed. Most typical morphotypes comprise chambered and
saccate forms, although their mergtngs into the clotted variant are en­
countered too.

These microfossils were originally assigned to many genera (Mamet &
Roux 1983), but lotely they were reinterpretated by Pratt (1984) as
representing merely an environmentally controlled intermittent calcifica­
tion of variably growing coccoid cyanobacterial colonies, viz. diagenetic
taxa (but see Riding 1991a) . In fact, Mamet & Roux (1983; Roux 1985)
considered all renalcids as belonging to one variable species R. granosus
Volodgdtn 1932.
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Fig . 4 . Sphaerocodium (A-B) and Renalcis (C-D . G) calcified cya n obacter ia . and dasyclad algae
(E-F), Givetian (A-B . E-F) a n d Frasnian (C-D) . DA-B . Sphaerocodium aggregates (A) and
tubules (B) in cro ss section; .Jazwica Mbr., Postowice (A, x 100; set B) a n d Szydlowek Beds.
Szydlowek (B. x 180; set A). DC-D, G . Renalcis a s clumps (C-D) and encrusting masses in
void (G); upper Sitkowka Beds. Sowi e Gorki (C, x 100; set G), Kadzielnia Mbr. , Gora
Cmentarna (D. x 30; set B) and Kowala (northern hill; G. x 10). DE . Broken stem 01
VenniporellaI,?); Stingocephalus Beds. J urkowice-Budy (set E) ; x 90. OF. Cylindical palaeosi ­
phonoclad thallus (?Issinella); Stingocephalus Bed s . C or a Lgawa (set A); x 80.
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Fig. 5 . Devonoscale-Jansaella (A-E) gro u p a n d da sycl ad (F-G) ch loro phyte s: Givetian (A-E)
a nd Fra snian (F-G) . DA-B . Septate tubes of Devonoscale latarstanicae An tropov 1959 in thin
section (A-B) a n d as isolated specimen (E); St ingocephailis Beds. Sowi e G6rki (A. x ISO,set
A; E. x 140. set C). Jurkowi ce-Budy (B. x 200; set D). DC-D . Lon gitudin al section oftubiform
J ansaella ridingiMamet & Roux 1975 (C . x SO). det ail s of it s sep ta te thallus (D. x 200) : Ch ec iny
Beds. Zegzelog6ra (set A: C). lower Sitk6wka Bed s . J a Zwica (set E: D). OF -G . Different sections
a nd closeup of wall fabric of Issinella d evonica Reitlinger 1954: Kostomloty Bed s. Kostomloty
(ea stern hill: set F): x 30 (A) a n d x 120 (B).

Chlorophyta

Dasycladaceae.- Many poorly-preserved stem- and leaf-like fragments
(Fig. 4F) are observed in thin-sections from varied bioclastic lihologtes, but
only two taxa are surely recognizable in the strata under discussion.

Single s pecimen s may represent the Widespread genus Vermiporella
(Fig. 4E) . On the other hand, frequent ro ck-building tubular thalli with
fibrous-radial (finely porous) wall microstructure appear to represent the
well-known Devonian and Carboniferous species Issinella devonica Reit­
linger 1954 (Mamet & Raux 1981). The Holy Cross Mountains specimens
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(Fig. SF-G). most numerous in the Late Frasnian Kostomloty Beds (in
encrinite variety). exhibit low-angle branching tubes with diameter widely
ranging from 80 to 460 urn, and wall thickness up to 120 urn.

Devonoscale-Jansaella group.- The simple or rarely branched septate
cylindrical algae with finely porous to almost homogenous walls are
prominent skeletal constituents of some. mainly Givetian and restricted
shelf micritic microfacies.

Tubiform thalli, 60 to 80 urn in diameter. display rectangular cells
resulting from development of septa incomplete and typically much thicker
(up to 30 um) than wall (8-12/lm ; Fig. SA-B); they are similar to Devono­
scale tatarstanicae (Antropov 1959). This enigmatic Devonian microfossil
reveals distinct longitudinal (and partially transversal) microporosity on
straight. slightly conical tubes (Fig. 5E). As shown by Langer (1979.
1991a). there are conspicuous features differing Devonoscale from the
typical Carboniferous dasydad kamaenids (Skompski 1987). The speci­
mens. most common in the Stringocephalus Beds. have their walls rela­
tively thin. but comparable with those from other regions (Tomas 1974;
Langer 1979; Vachard 1988). Uniformly thick septa and walls. as well as
frequently subtriangular cross-section of the thallus of the German speci­
mens (Langer 1979). suggest. however. species differentiation within this
genus. Sporadic triangularly-shaped tubes typical for the kamaenid Trian­
gularina were found in the Late Frasnian rocks at Psie G6rki (set G).

Very common in different facies. particularly in the late Givetian to early
Frasnian (Sitk6wka Beds. Checiny Beds. Kadzielnia Member; PhIogoide­
rhynchus Level. e.g. Debska Wola: Wietrznia Beds. Skwarek 1989; for late
Frasnian occurrence see Kazmierczak & Goldring 1978). is the controver­
sial Jansaella ridingi Mamet & Roux 1975b. frequently compared with the
Carboniferous beresellid Uraloporella variabilis Korde 1950 (Riding &
Jansa 1974; see discussion in Roux 1991: p. 363). This alga is charac­
terized by straight to gently curved thalli, up to 5 mm long. with entire
septa and homogeneous. yellowish-colored wall. 5 to 20 urn in thicknes in
most cases obscured by neomorphism (Fig. 5C-D; see also Fig . lOA-C. I).
The external diameter of the tubes is mostly between 80 and 140 urn (the
whole observed range 30-250 um) and strongly varies from sample to
sample.

Rhodophyta

Solenoporids.- Massive. nodular forms (up to 3.5 mm in size). with
internal thickness of cellular filaments ranging from 12 to 30 urn (Fig
6A-B). are frequent only in the higher Frasnian detrital deposits (e.g.
Sitkowka-dazwtca, Panek. borehole Janczyce 1; Kazmierczak 1971). Obli­
terated grid-like pattern of some vertical sections suggests the presence of
Parachaetetes.
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Charophyta

Excluding the equivocal group of umbellids. the charophytes were found
only in two Givetian levels. One sample from the Jurkowice-Budy site (set
E) yielded numerous. welI-preserved non-coronulate gyrogonites (Fig. 60,
F-G) of Trochiliscus ingricus Karpinsky 1906. a characteristic species of the
late Eifelian Narova Horizon of the Russian Platform (Samojlova & Prinada
1976). They were accompanied by a single oogonia of Sycidium volborthi
volborthi Karpinsky 1906 (Fig. 6C). known also from the Givetian of the
Cracow area (Malec et al. 1987).

The higher charophyte-bearing level is confined to the Jaiwica Member,
where Karpinskia oscoliensis (Samojlova 1961) occurs not only at Poslo­
wice (Racki & Racka 1981). but probably also in Marzysz (recovered as
internal molds; Fig. 6E) .

Systematic survey of microproblematica

A vast variety of problematic calcareous microfossils was discovered in
thin sections (Figs 7-8). as welI as among isolated specimens collected in
large amounts in such sites as .Jurkowtce-Budy, .Jazwtca, Kadzielnia and
Jaworznia (Tab. 1). However, at this stage of research the latter material
is extremely difficult to classify within taxonomic categories derived (with
exception of taxa of Langer 1979) almost exclusively from thin-section
observations. Consequently, the isolated material is only illustrated (Figs
9-11) and provisionally reviewed below.

Parathuramminoids and calcispheres.- This broadly-defined group
includes remains of differently preserved phytoplankton (volvocacean
green algae including, Kazmierczak 1976; Toomey & Mamet 1979; Shuy­
sky in Chuvashov et al. 1987). several incertae sedis microfossils (like post
mortem calcified acritarchs. Kazmierczak et al. 1985; ?dasycladacean
reproductive cysts, Wray 1977), and perhaps very primitive unilocular.
partly agglutinated foraminifera (?Archaelagena) . These differently­
shaped smooth calcareous bodies having irregular variants with elongated
endings as welI as strictly globular forms require great care in any
taxonomic judgements.

The vast majority of these specimens display a uniformly homogenous
micritic cover and their size does not exceed 1.2 mm (chiefly ranges from
0.2 to 0.5 mm). Spinose spheres (with diameter below 0 .5 mm) have been
found too (see also Coen 1985: PI. 6: 13). With thin-sections, these bodies
could be assigned (Fig. 1) to several parathuramminids (Parathurammina.
Irregularina) and archaeosphaerids (Archaeosphaera). but mostly usloniid
(Bisphaera, Uslonia, Parastegnammina) 'foraminifera' in the scheme of
Poyarkov (1979), and/or both non-radiosphaerid and radiosphaerid ca l­
cispheres. The term ca lcisph ero ids is u sed to encompass this very hete­
rogenous suite .
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Fig. 6. Frasnian solenoporids (A-B). Giveti an cha rophytes (C-G). a nd a n umbellid (H). OA-H.
Poorly-pres erv ed solenoporoid nodule (A. x 30) a n d details of its celu lla r pattern (B. x 90) :
Detrital -Stromatoporoid Bed s . Sit.kowka -dazwtca [AJ, Janczyc e 1 borehole . depth 376.0 m (8).
...lC. Sycidiwn valbarthi va/barthi Karpinsky 1906 in apical view: Stingacepha/us Beds.
J urkowice -Budy [set E): x 70 . 00. F-G. Gyrogonites of Trochil iscus tnqrtcus Karpinsky 1906
in lateral [D. F) a n d apical (G) views: Jurkowice-Budy (set E): x 60. DE. Int ernal ca s t of
?Ka rp insk ia ascaliensis Samojlova 1961: .Jazwtca Mbr.. Marzysz: x 60 . OH. Umbellina in
lon gitudinal sectio n : .Jazwi ca (set B): x 70 .

Thin-section parathuramminoid 'taxa' show a progressive decrease in
frequency, and particular diversity in the studied sequence (Fig. 7), and
isolated s pecimens follow a similar trend. High diversity (21 'species') and
remarkably good preservation characterize the Early to Middle Givetian
Stringocephalus Beds. Contrarily, the Frasnian back-reef limestones con-
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Fig . 7. Stratigraphic changes in composition and 'diversity' trend of microproblematic biotas
within the Kowala Formation and overlying detrital strata. based on thin sections.

tain poorly preserved microproblematica limited to a few simple .form s . To
the most common 'genera' in almost all localities belong Archaeosphaera,
Bisphaera and Parathurammina; locally (e.g. Poslowice , sets A-Bll Ctibros­
phaeroides significantly contributes to the microbiota. Several other forms
are randomly distributed in the studied sections, although , for instance,
tuberitinids are found only in the Givetian units.

Caligellids.- These irregularly tubular to almost globular, pseudocam­
erate microfossils (?calcisponges; cf. Toomey & Mamet 1979) are rarely
observed in thin-sections, and they occur more frequently solely in the
Kadzielnia Member (above 20 per cent of all problematic foraminifera) .
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Fig . 8 . Parathuramminoid 'fora m in ifera' in thin sections; Givetian IB-C) a nd Frasnian IA. D-E).
..JA. Bispliaera malevkiensis Birina 19 48 ; upper S itk6wka Beds. Sitk6wka -Kowala (set A);
x 100. DB. Archaelagena mirabilis Poyarkov 1969; Dziewki Limestone . St ewierz (set OJ; x 150 .
...lC . Paraslegnammina pseudocamerala Poya rkov 19 69 ; Dziewki Limestone . Siewierz (set C;
x 100) . DO. Neomorphozed calcis phero id -pe loida I pa cks tone with a s ingle tik h inellid (in
ce n t ral part) ; Detrita l-Stromatoporoid Beds. Miedzian ka (set D); x 60. DE. Cribrosphaeroides
in peloida l gra ins tone; upper Sitk6wka Beds. Sitk6wka-Kowala (set D); x 50.

Probably so me elongated and ovally-shape d bodi es (Form B) represent this
grou p amo ng loose specimens (Fig. 9M-N. S).

Umbellids.- These characte ristic microfossil s (?u tri c1es of charophytes
Sycidial es . e .g. Berchenko in Ch uvashov et al. 1987: bu t see a lso Riding
1977; Roux 1991) were reported by Ozonkowa (1962b) a nd Bilan &
Golonka (1973) as com mon . locally rock- forming in the Devonian lime­
s to nes of so uther n Poland . They a re however rare ly found in the stra ta
stu died . with the .Jazwlca Member and Lagow sect ion among the most
prolific (Fig. 6H).

Moravamminids.- This dis tinctive gro u p of dubiou s sessile microfos­
s ils (Shuysky in Ch uvashow et a l. 1987: p . 79) composed of coiled a nd
elongated erect. irregularly septate portions (Fig. Ill . is a rare elemen t in
thin sections. However. iso lated tub u la r s pecimens occu r commonly in
some samples [Zebrowntca : Wietrzni a . Skwarek 1990: Siewierz, Straszak
1987) and poss ibly belong to several taxa. the widespread Morava mmina
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Fig. 9. Varieties of globular to variously-shaped m icroproblematica from the Givetian (A-D.
F-L, N-O, R, U) a n d Frasnian (E. M. P, S -T) of the Holy Cross Mts . and Debnik anticline DA-C.
Spinose form C (?Parathurammina) : StringocephalusBeds, Jurkowice-Budy (set E: A-B}.lower
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Fig. 10. Varieties of Iubiforrn mi crofossils from the Givetian (A-B. D F-I) and Frasnian (C EI
of the Holy Cross Mts. OA-C. G. I. Simple cylindrical Forms A (A-C. 1- ?d a sycla d Jansaellu
ridingl). Checiny Bed. Zegzelo g6ra (set A: A. m agnified in I): Stringocephalus Beds. Czam6w
(set C: B). Panek (set B: C). Stringocephalus Beds. Jurkowice-Budy (set E : G). OD . F-H .
Complex tubiform Form types B (D. F-G - ?moravamminids Evlania. ?Proninella) ; Stringoce­
phalus Beds. Jurkowice-Budy (set E ; D. F-G) . Stringocephalus Beds. G6ra Lgawa (set A; H).
DE . Regularly bifurcating Form C: Kadzielnia Mbr.. Kowala (set C). All x 40 except E (x 60)
a n d I (x 150).

Sitk6wka Beds. Jaiwica (set E : C). OD-T. Smooth spheroidal form (A)and transitions toward
oval -elongated and/or irregular bodies (B). comprising mostly calcispheres, u sloniids (Fig . I) .
and ?calige llids (M. N. S). Stringocephalus Beds. Jurkowice-Budy (set E : D. F. L. 0) . upper
Sitk6wka Beds . Sitk6wka -Kowala (set C; E). Stringocephalus Beds. G6ra Lgawa (s et A: G-l, N.
R). .Iazwtca (lower Sitk6wka Bed s . set E . U. set G. J : upper Sitk6wka Beds. set H. M. P. S) .
Debnik Limestone. Debnik (K). upper Sitk6wka Reds. J aworznia ('1') . All x 40 excep t C that is
x 80.
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Fig. 11. Moravamminids from the Givetian (A. C-F) a nd Frasnian (B) of the Holy Cross Mts as
isolated specimens (A-D). in transmitted light (E]. and thin-section (F); Crinoid-Coral Level.
Sowie Gorki (set C; A). Kadzielnia Mbr. , Kad zielnia (set A: B), Stringocephalus Bed s. .Jurko­
wtce-Budy (set E . C-D) . Dziewki Lim estone. Siewi erz (set B. E). a n d .Jazwica Mbr.. Poslowi ce
(set B. F). All x 40 exce pt for F that is x 90.

segmentata Pokorny 1951 , Evlania and bifurcated Saccorhina including
(see Bykova 1955; Langer 1991b) . However, repeatedly bifurcating, uni­
formly tubular Form C (Fig. 10E) might also represent a peculiar calcified
cyanophyte (Epiphyton, cr. Chuvashov et al. 1985: Fig. 3) or unknown
agglutinated foraminifera (e.g. rhabdamminid-like; Loeblich & Tappan
1988: PIs 15-16).

Labyrinthoconids.- Both genera of this 'family' (?calcisponges; ?green
algae; Mamet et al. 1982; Vachard 1988) marked by anastomosing internal
elements, described by Langer (1979, 1991a), were encountered in the
strata studied (Fig. 12A-F).

Rare, and limited almost exclusively to the Stringocephalus Beds (Jur­
kowice-Budy), is the con ica l to weakly cylindrical form Labyrinthoconus
clausmulleri (a variety of Proninella?). A more narrowly-shaped nominative
'su bs pecies ' predominates over the L. hyperconicus-variant. Their lenght
ranges from 0.45 to 1.5 mm, and width from 0 .35 to 0.6 mm.

Fan-like Eifeliflabellum opuntia are quite comm on in the microbiotas
from the Sitkowka Beds and different Frasnian limestone units . Large size
a nd sh a pe differences between asso ciations from particular localities are
remarkable. Minute (up to 0.8 mm in lenght) an d slender (?juvenile)
individuals came from the biohermal Kadzielnia Member, while the most
robust (up to 1.4 mm long and 0 .35 mm thick) , and triangular to linqui -
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Fig . 12 . Labyrinthoconids (A-C, G-I) and Spirotubus (O-F, J-K) from the Givetian (A-F, J -KI

and Frasnian (G-I) of the Holy Cross Mts . DA-C . Varieties of Labirynthoconus clausmilleri
Langer 1979; Stringocephalus Beds, Jurkowice-Budy (set E) ; x 40. DO-F, J-K. Spirotubus
tubes (O-E, J , x 30) and their ornamentation pattern (F, x 100; K. x 75) ; StringocephalusBeds,
G6ra Lgawa (set A; OJ, Stringocephalus Beds, Jurkowice-Budy (set E; E magnified in KJ,
Crinoid-Coral Level , Sowie G6rki (set C; J magnified in F). DG. I. Eifeliflabellumopuntia Langer
1979; Kadzielnia Mbr., Kadzielnia (G, x 40; set AJ, G6ra Lgawa (I. x 60; set J) . DH.
?Eifeliflabellum sp. n . sensu Langer 1979; upper Sitk6wka Beds. J aworznia; x 40 .

form in outline morphotypes (Fig. 12H) were collected in Jaiwica (set E),
.Jaworznia, and Ostrowka.

Spirotubus group.- The straight to slightly bent, tapering tubules,
mostly 'half-moon' in shape and bearing romb-like external patterns (Fig.
12G-K), are ubiquitous in most studied profiles. The best preserved
specimens were found at Jurkowice-Budy, Marzysz and Sowie Gorki (set
C). Their totallenght ranges up to 3 mm, and maximal diameter up to 0.4
mm. The specific 'tes t' fabric is frequently obscured, especially in some
shorter (below 1 mm in lenght), ovally-elongated bodies (e.g. from the
Kadzielnia Member).
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Systematic account of foraminifera

Only semitextulariid and nodosariid identified species are reviewed below.
Other foraminiferal taxa comprise sporadic earlandiids, known from the
Givetian localities only, viz . Earlandia sp. (Jaiwica, sets B, E; Stok6wka,
set C; Sitk6wka-Kostrzewa, set B) and Paratikhinella cannula Bykova 1952
(G6ra Soltysia, set A). Poorly preserved tourneyellids have been found in
the higher Kostomloty Beds (Fig. 16B).
Abbreviations .- L - test lenght, W - test width (test diameter in globular
forms), T - test thickness, Tw - wall thickness, Ts - septum thickness, a ­
umbonal angle, ~ - convexity angle (for upper part of semitextulariid test:
cf. Poyarkov 1979: Fig. 6), Nc - number of chamber in last whorl, Nw ­
number of whorls, IL -lenght (or height) index (H/W ratio), IT - thickness
index (T/W ratio), n - number of measurements.
Order Semitextulariida Poyarkov 1979
Family Semitextulariidae Pokorny 1951
Genus Semitextularia Miller & Carmer 1933
Remarks.- The genus is known only from the Late Givetian .Jazwica
Member at Marzysz. Eight specimens of Semitextularia oscoliensis Bykova
1952 with strongly serrate margins (Fig. 13A) show strong affinities with
the more narrowly outlined varieties illustrated by Bykova (1952: PI. 8: 12,
PI. 9 : 2) from the East European Platform (Givetian Staryi Oskol Horizon).

Semitextularia thomasi Miller & Carmer 1933 (Fig. 13B-C) is far more
numerous (above 80 tests). Intra-sample variability is very extensive, in
the first order in such characteristics as test shape and margin appear­
ance (L- 0.23-0.8 mm, a - 35-70, ~ - 55-150). Therefore, the wide concept
of the species proposed by Duszynska (1956) is followed herein (contrary
to Poyarkov 1979: p. 9). The species occurs in the Holy Cross Mountains
from the latest Eifelian (Skaly Beds; Duszynska 1956) through Givetian
(Jaiwica Member, Marzysz), and perhaps also in the Silesian Givetian
(Dziewki Limestone; Slewierz, set B, Straszak 1987), as well as in the
Russian Frasnian (Bykova 1952) and North American Givetian(?) to Fras­
nian (Mamet & Plafker 1982).
Family Nanicellidae Fursenko 1959
Genus Nanicella Henbest 1935
Remarks.- The bulk of the material studied comprises several hundred
isolated tests (Fig. 14A-M), which display the intra- and inter-sample
variability (Fig. 15) . Species of Nanicella (see summary in Tab. 36 in
Poyarkov 1979), based on small number of specimens and/or thin-sec­
tions, are difficult to identity.

Nanicella tchernyshevae Lipina 1950
Figs 14A-B, 15.
Remarks.- Distinctly biconvex axial profile with strongly sharped periph­
ery, relatively small size (L - 0 .35-0.63 mm] , and straight to weakly bent
septa are combinations of characteristics suggestive of assignment to the
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Fig. 13 . Late Giveti a n foraminifers of Semitextularia fro m the JaZwica Mbr. , Marzysz. DA. S.
oscoliensis Bykova 1955. DB-C. S . thomasi Miller & Carmer 1933; x 150.

species of Lipina (1950). The Holy Cross Mountains specimens (50 tests)
are generally larger-sized and possess more numerous whorls and septa
(Nc - 12-17, Nw - 2.5-3) in comparison with essentially stratigraphically
younger Russian representatives. Furthermore, a few axial sections from
the Frasnian of Miedzianka exhibit even larger sizes (L - 0.5-0.7 mm, IT­
0.33-0.39). Thus , the size differentiation might be a constant feature and
is interpreted as population responses to primarily biogeographic factors .
Distribution.- Holy Cross Mountains, Early Frasnian (upper Sitk6wka
Beds; Kowala, set B) to ?later Frasnian (Detrital-Stromatoporoid Beds;
Miedzianka, set D); East European Platform, Middle and Late Frasnian
(Semiluki to Livny Horizons; Lipina 1950; Manukalova-Grebenjuk 1974),
Ural Mountains, Late Givetian through Frasnian (Kyn to Askyn Horizons;
Bykova 1955: Tab. 2 ; Chuvashov 1965); Central Asia, Frasnian (Sabirov
1980; Zadorozhnyj 1987), ?Siberian Platform, ?Frasnian (Bogush et at
1975).

Nanicella sp. A
Figs 14C-H, M, and 1.

Material.- Above 180 etched specimens.

Dimensions.- L=0.51 mm (0.3-0.75), n= 170, W=0.43 mm (0.3-0 .6),
T=0.16 mm (0.09-0.25), IL=1.14 (1.0-1.47), IT=0.32 (0.22-0.61), Ts - 12-20
11m, Tw up to 18 11m, Nc - 12-16, Nw - 2 .5-3.

Description.- Medium-sized, evolute, slightly elongated tests charac­
terized by a narrowed, flattened to distincly biconcave axial profile with
rounded periphery. Short and high chambers (mostly 15 in last whorl) are
crowded toward apertu re and weakly recurved. The tests con sist of up to
3 whorls. About half of the mature specimens (i.e. above 0 .5 mm in height)
sh ow a peculiar appea ran ce of the last chamber in respect to it s strong
expansion. Test wall and septa a re thin.
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Remarks.- The Givetian specimens possibly represent a new species.
Functional and taxonomic value of the last chamber modification (Fig.
14C, E) remains disputable; it was also found in some specimens of
Nanicella sp. B.

Nanicella sp. A is most close to N. evoluta Reitlinger 1954 from the
latest Frasnian of Russia because of the evolute, strongly depressed test.
However, the nanicellids examined display an elongated, but not so
significantly biconcave axial profile with a more rounded periphery, and
larger number of whorls (2.5 to 3 in Polish form, and 1.5 to 2 in the
Russian one; Poyarkov 1979: Tab. 36). The closest species seems to be
Nanicella (or Rhenothyra) reifrathensis (Beckman 1950) from the Rhenish
early Frasnian (W. Langer, letter communication 1991), that is distin­
gUished by a narrowed and peripherally widely rounded test, and probably
by the presence of an inner furrow in less bent septa.
Distribution.- Holy Cross Mountains, Late Givetian (Jaiwica Member,
Poslowice. Marzysz: maybe lower Wietrznia Beds, Wietrznia-Il, set A,
Skwarek 1990) .

Nanicella Sp. B
Figs 14I-L, 0, and 15.
Material.- Above 250 weathered specimens; 10 sectioned tests.
Dimensions.- L=0.64 mm (0.32-1.0, n=230), W=0.45 mm (0.29-0.65),
T=0.20 mm (0.12-0.5), IL=1.20 (1.05-1.67), IT=0.45 (0.27-0.86), Ts - 15-30
urn, Tw - 15-35 urn, Nc - 12-20, Nw - 2-2,5.
Description.- Large (above I mm], typically strongly involute with elong­
ated tests with notably high last whorl and a more or less rounded
periphery; axial profile is frequently weakly biconvex, but with gradations
into both strongly biconvex and flat to even incipiently biconcave variants.
Bilateral asymmetry due to shift of the last whorl, as well as a distinct
enlargement of the last chamber are observed in some specimens. Cham­
bers are short and high. closely appressed. typically 18-19 in the last
whorl. Septa are bent to strongly recurved, particularly the last ones in
large specimens. The walls of the test and septa are thickened.
Remarks.- The Frasnian nanicellids, provisionally placed in this species.
show considerable variability, especially in such characteristics as axial
profile, test shape and size. and appearance of septa. This is best visible
by comparison with several samples from Kadzielnia. At least two inter­
grading morphotypes are recognizable, and each of them shows affinities
with different species (ef. Chuvashov 1965; Poyarkov 1979), known pri­
marily from the East European Frasnian: (I) a thick. strongly involute

Fig. 14 . Speci es of Nanicella from the Givetian (C-H. M) an d Frasnian (I-I-L. N-O) of the Holy
Cross Mts. ':.lA-B. Nanicella tch emysheva e Liptna 1950; upper Sitkowka Beds. Kowala (set B) :
x 75 (A) an d x 80 (B: axial cr oss sec tion ). DC. Nanicella sp . A in different vi ews (C . E -I-1. x 75).
cross-s ection (D. x 90) an d transmitted light (M . x 100) : note strongly ex pan d ed apertural
portion (C. E): JaZwica Mbr.. Marzysz (C-D. F-H . M). Poslowice (set B : E) . DI-L. O . Nanicella
sp . B in different views (I-L. x 75) an d thin -se ction (0 : x 110) : Kadzi elnia Mbr.. Kadzielnia [set
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A : I. K -LJ. Li pper Su kowk., He'ds. Sowie Gr'>rk i [s('1 t;: JJ, Dctrttal -St rum.uo porok l I ll''' ,., .
Miedzi anka (set D ; 0) . ON . Nanicella sp , C . ax ia l lToss-s('(' l ion : Detrital-St romatoporoid Beds.
Miedzianka (set DJ; x 150.
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variety with ovally-outlined axial section, resembling Nanicella bella Byko­
va 1952 and N. ovata Reitlinger 1954, and (2) an involute, more highly
variant with weakly biconvex to slightly biconcave median profile corre­
sponding to N. porrecta Bykova 1952 (Menner & Reitlinger 1971 ; Jurkie­
wicz & Zakowa 1985; Zadorozhnyj 1987; Vanchard 1988; Kalvoda 1990a)
and N. uralica Chuvashov 1965 (Vachard & Massa 1989).

The Holy Cross Mountains nanicellids are distinct in their large size and
number of chambers, thick wall and septa. The most similar, large-sized
(up to 0.77 mm) N. porrecta displays 14 to 17 chambers in the last whorl
(N. sp. B - up to 20) and a test thickness of up to 24 urn (Polish form up
to 30 urn). Their subdivision would require biometric analysis of the
topotype materials of the species mentioned above.
Distribution.- Holy Cross Mountains, Early to Middle Frasnian (Kadziel­
nia Member: Kadzielnia, Kowala hill, ?Gora Lgawa; upper Sitkowka Beds:
Sowie Gorki, set G; Detrital-Stromatoporoid Beds: Szczukowskie Gorki);
possibly also in the latest Givetian (lower Szydlowek Beds: Czarnow, set
B) and late Frasnian (Detrital-Stromatoporoid Beds: Grabina, Miedzian­
ka).

Nanicella Sp. C
Fig. 14N.
Material.- Nine isolated weathered tests, 4 specimens in thin sections.
Dimensions.- L - 0 .31-0.45 mm, W - 0.29-0.33 mm, T - 0 .25-0.30 mm,
IL - 1.10-1.15, IT=0.54, Ts - 20-30 urn, Tw - 30-60 urn, Nc - 10-13, Nw­
1.5-2.
Description.- Small-sized, involute tests characterized by a widely­
rounded axial profile, small number of whorls and chambers, and straight
to weakly bent septa. Conspicuosly thickened test wall and strongly
developed secondary deposits are the notable feature.
Remarks.- Scarce late Frasnian material comprises nanicellids resem­
bling N. sutiontca Chuvashov 1965 from the latest Frasnian of Urals.
Distribution.- Holy Cross Mountains, later Frasnian (Detrital-Stromato­
poroid Beds: Miedzianka, Panek, and Kowala, set G).

Order Nodosariida Calkins 1926
Family Nodosariidae Ehrenberg 1838
Genus Tikhinella Bykova 1952
Remarks.- The genus is well represented in the Frasnian material studied
(e.g. Olowianka. Wietrznia, Janczyce 1 borehole; Fig. 16F). Single tests
from Sitkowka-dazwica represent Tikhinella Jringa Bykova 1952; this
widespread late Frasnian nodosariid is known from the East European
Platform (Voronezh and Mendym Horizons; Bykova 1952; Chuvashov
1965: p . 43), Urals (Chuvashov 1965), Siberian Platform (Upper Kalargon
Horizon; Menner & Reitlinger 1971 : p. 31), Central Asia (Tien Shan,
Tajikistan; Poyarkov 1969), and Moravia (Friakova & Zukalova 1986;
Kalvoda 1990a). Some late Frasnian specimens from Wietrznia and Psie
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Gorki. with distinctive septal sutures (Fig. 16C) . agree with T. aequalis
Konoplina 1959 or T. multiformis (Lipina 1950) sensu Zadorozhnyj (1987) .
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Genus Eonodosaria Lipina 1950
Remarks.- At least three species are identified in the late Frasnian of the
Holy Cross Mountains, but are usually limited to infrequent specimens.
Eonodosaria evlanensis Lipina 1950 occurs in the higher Kostomloty Beds
only. but the worldwide late Frasnian (zonal marker of Zadorozhnyj 1987
and Kalvoda 1990a) species is reported from East Europe (Evlan and Livny
Horizons; Lipina 1950; Chuvashov 1965), the S iberian Platform (Menner
& Reitlinger 1971 : p. 31), Kuznetsk Basin (Zadorozhnyj 1987), Moravia
(Friakova & Zukalova 1986), Bulgaria (Jovcheva 1980), and North America
(Pfalker & Mamet 1982; Day 1990) .

1\vo remaining Russian Frasnian species, E. solida Konoplina 1959
(Jovcheva 1980) and E. stalinogorski Lipina 1950. have been found in the
Panek-Sitkowka and Psie Gorki sites (Fig. 160. I). Furthermore. poorly­
preserved specimens resembling E. kikirietisis Reitlinger 1954 occur in the
detrital strata of Kadzielnia and Miedzianka.

Genus Eogeinitzina Lipina 1950
Remarks.- Eogeinitzina rara Lipina 1950 (Fig. 16G) is the most numerous
nodosariid in the later Frasnian detrital strata of the western Holy Cross
Mountains [Sitkowka-dazwica; Psie Gorki. set G; Wietrznia), and has been
identified al so in the Silesian Upland (borehole Starczynow 1). This species
was reported from Eastern Europe (Evlan and Livny Horizons; Lipina
1950; Reitlinger 1954; Bykova 1955: Tab. 2), Tien Shan (Poyarkov 1969),
Moravia (Zukalova 1981 ; Friakova & Zukalova 1986; Kalvoda 1990a) an d
Bulgaria (Jovcheva 1980).

Eogeinitzina alta Lipina 1950 (Fig. 16H) h as been id entified at Sitkowka
only. The nodosariid s pecies is restricted to the Frasnian of East European
Platform (Lipina 1950; Konoplina 1959) , and perhaps Moravia (ef. Friako­
va & Zukalova 1986) .

Stratigraphic distribution

The calcareous microfos sil s di splay a distinctive stratigraphic pattern in
the Givetian to Frasnian limestones studied. This clos ely reflects cyclic
facies development in the Kielc e platform (Racki 1993), it probably al so
results from varying fos sili zation conditions being far more conven ien ien t
in the less oxygenated sedimen ts of the vast Givetian s helf lagoon.

The most ab u ndan t, well -preserved mi croproblematica, com prising
mainly calcispheres, parathuramminids and uslonnds . characterize the
oldest unit, the Stringocephalus Beds. The b ank-type, mi crite-rich fac ies
con tain a ls o ubiquitous en igmatic Labyrinthoconus (?and Proninella), Spi-

Fig. 16 . Late Frasn ia n m u ltich ambered for a m in ifera fro m th e Holy Cross Mts . OA. Nodosa­
riid-ri ch sparry mi crofa cies ; Det r ital Beds. Ps ie Go rki (se t G); x 60. DB. Oo lite mi crofacies
wi th a tourneyell id fragment: Kos toml oty Beds. Kos tom loty (set H); x 60 . DC . Tikh inella
aequa lis Konoplina 1959 ; Detrit a l Beds. Ps ie Gork i (set G); x 110. 00. Eo nod osariasolida Ko -
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uop lin a 1959: Detrita l-Stromatoporoid Bed s . Panek (set B): x 50. :.IE. Multisept ida corallilw
Hykova 1952 : Detrital-Stromatoporoid Beds. Janczyce I boreh ole. depth 376. 0 m : x 100. OF.
Tikhinclla s p. : Detrital Bed s . Psi e Gorki (set E): x 50. OG. Eoq eiuitzina rara Lipina 1950:
Detrital-Stroma toporoid Bed s. Sitkowk a -da zwtca (set B): x 100 . =.JH. Eoge inilzina alta Lipina
1950 : Detrita l-Stromatoporoid Bed s. Sitkowka -dazwtc a (set B): x 100. 0 1. Eonodosaria
s ta linoqorsk i Lipina 19 50 : Detrita l Beds. Psl e Gorki (set G): x 135.
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rotubus, and moravamminids such as Evlania (see Preat & Racki in press).
as well as common algae dominated by tubiform Deoonoscale, and, locally ,
profuse calcified cyanobacteria (BevOcastria, Ortonella), issinellids and
charophytes. On the other hand, foraminiferal association is scarce (mere­
ly rare Semitextularia) . In the upper part of the unit (Ambocoeliid Level),
there are minor changes in the microbiota composition, and a few new
elements (common tubular green algae Jansaeila. also umbellids) appear.

Initiation of the Sitk6wka biostromal complex in the late Givetian is
marked by local flourishing of microbiota strongly dominated by usloniids
(with many Cribrosphaeroides, Auroria, and Uslonia) . This open-shelf
episode, corresponding to the micritic-marly Jaiwica Member, was also
the acme of the charophyte Karpinskia oscolietisis, and the time of intru­
sion of many new microfossils to the Kielce region, mostly foraminifers
such as Nanicella sp. A, at least two species of Semitextularia, and perhaps
Earlandia. For the latest Givetian (lower parts of Sitk6wka and Checiny
Beds) the blossoming of tubiform dasyclads(?) Jansaella ridingi and the
appearance of enigmatic Eifeliflabellum opuntia seem to provide strati­
graphic guides .

The beginning of early Frasnian reef-type deposition was best evidenced
by an abrupt increase in the abundance and diversity of calcified cyano­
bacteria and algae (up to 14 species; e .g. solenoporids, Sphaerocodium),
and reef-building activity of the newly introduced renalcid community. The
Kadzielnia-type buildups are marked by peculiar tube-like microproble­
matica. especially caligellids (Baituganella, Petchorina) in some places, and
by the wide distribution of nanicellids (Gallnska 1984). The later Frasnian
back-reef association is (especially in the sparry-peloidal microfacies)
poorly-preserved and unvariably dominated by calcispheres (archaeos­
phaerids) comparising up to 90 per cent of the total biota.

The late Frasnian change is , however, joined with the succesive inva­
sion of advanced multilocular foraminifera comprising diversified and
abundant nodosariids (with Eoqeiniizina rara being most comm on ), tikhi­
nellids, and nanicellids (Fig. 16) . Many species are cosmopolitan and this
bio-event may be the key for a worldwide correlation of the late Frasnian
carbonate sequences (Multiseptida corallina-Eonodosaria evlanensis Zone
of Zadorozhnyj 1987 and Kalvoda 1990a; Multiseptida-Eonodosaria-Eogei­
nitzina complex of Kalvoda 1986). However, it should be emphasized that
several species occur in Moravia (Kalvoda 1990a), the Ardennes (Vachard
1988: Fig. 2), and the Holy Cross Mountains in the Frasnian as early as
the 'Pa lma tolep is' j a m iae Zone (see a ls o Day 1990 for American occurren­
ces), although they have been reported from Russia mostly from the latest
Frasnian Evlano and Liven Horizons. Lin & Hao (1982) have quoted a
somewhat similar association already from the Givetian of China.

Distribution of some characteristic foraminifera was controlled by
s trongly localized factors: Multiseptida is apparently limited to the eastern
part of the Holy Cross Mountains (Ozonkowa 1961 ; and was recently
identified al so in the borehole Janczyce 1. Fig. 16E), and the Lublin area
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ALGAE MICROPROBLEMATICA FORAMINIFERA
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Fig. 17. Succession of calcareous m icrobiota in the Holy Cross Mts Givetian and Frasnian;
depositional cycles after Racki (1993) .

(Neu m ann et a l. 1975) . On the oth er side. u ncommon arenaceous forami­
nifera. mostly Tolypammina, are found in the la te Givetian of the northern
sections [Wietrznia, Czarnow), but as high as the la tes t Frasnian (Kowala.
set H) in the southern Kielce region.

The established microbiotic sequence is summarized in Fig. 17. and
dis tingu ish ed associations are broadly defined at varying levels of taxo­
nomic coherence. according to still insufficient sampling of the thick
limestone series. Although severely controlled by facies (e.g. Bykova 1955;
Poyarkov 1979: p. 130), the microbenthic succession may allow correla­
tion of carbonate sequences (ef. Zadorozhnyj 1987; Kalvoda 1990a), par­
ticularly in borehole sections. For example. the acme of Labyrinthoconus
clausmuelleri occupies a surprisingly constant. earlier Givetian position in
the Holy Cross Mountains and Rhenish-Ardenne Massif (Langer 1979:
Vachard 1988). Future applications depend on refinement of both taxo­
nomy and ranges of the Frasnian nodosartids, and nanicellids. which are
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known from the Early Devonian (Vachard & Massa 1989) through Fras­
nian, and perhaps Famennian (Jurkiewicz & Zakowa 1986). For the
nanicellids Zadorozhnyj (1987: p. Ill) proposed planktic mode of life.

Comments on paleoecology and bio-events

The Givetian and Frasnian microbiota from southern Poland reveal many
features well-known in other Devonian carbonate complexes. The most
typical is the predominance of the calcisphere-parathuramminoid suite in
restricted-shelf and related facies (Fig. 8D-E). in both bank- and reef­
phases (e.g. Flugel & Hotzl 1971; Kazmierczak 1976). The habitats were
not normal marine ones and oligohalinity, eutrophy, or calcium overload
were invoked (Kazmierczak et al. 1985; Racki 1986), but the ambiguity as
to the biological status of the 'mon olocu la r foraminifera' hampers reliable
inferences. For example, the alleged volvocean nature of some microrgan­
isms is sugestive ofan extraordinary phytoplankton productivity. Till now,
this habitat was proposed solely for thin-walled archaeosphaerids and
Bisphaera (Bykova 1955: p. 106; see also Chuvashov 1963; Flugel & Hotzl
1971; Poyarkov 1979).

The extensive growth of microbial mats was Widespread in the most
shallow water areas, especially during shoaling interphases (Racki 1993).
and some authors (e.g. Jamieson 1971 ; Machielse 1972; Mamet & Preat
1987) proposed a proliferation of algae as the primary factor governing
lime-mud production in extensive restricted lagoonal settings.

Muddy, low-energy environments of the Givetian bank-interior areas
presumably offered the most suitable conditions for the thriving of plank­
ton, as well as for a variety of benthic microrganisms. For example, erect
simple cylindrical green-algae (Palaeosiphonocladales; Roux 1991). poss­
ibly with an outer mucilagenous coating, developed in closely-packed
thickets and baffles that stabilized unconsolidated bottom substrates.
Progressive reduction of this type associations in Frasnian back-reef areas
might result from unsuitable ecologic conditions (shallower and turbulent,
better aereated waters, probably less restricted circulation). joined with a
weak permineralization potential. Similar relationships have been recog­
nized in the Devonian carbonate complexes of North America (Toomey et
al. 1970; Kettenbrink & Toomey 1975).

Calcified cyanobacteria and algae seem to be of minor importance in the
formation of quiet-water Givetian stromatoporoid-coral buildups in the
southern Poland shelf. This is in contrast with data from the Ardennes
where phylloids, giant dasyclads and porostromatids are important buil­
ders (Mamet & Preat 1987) . The depositional role of cyanobacterial/micro­
bial accretion (ef. Pratt 1982; Riding 1991a, b) was paramount in more
open-marine, well-agitated Frasnian environments, resulting in renal­
cid/stromatolitic buildups (Hoffman & Paszkowski 1992) and metazoan­
stromatactoid Kadzielnia-type mud-mounds.
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As to unquestionable foraminifera. their thriving was clearly associated
with open-shelf biotopes . and the oldest occurrence in the Kielce Region is
within the late Givetian flooding. However. their acme corresponds to the
late Frasnian. The benthic mi crobiota, including sediment stabilizing
solenoporids and ch loro phyte (Issinella) meadows. and grain-coating
microbial mats. flourished on clear-water cu r ren t -win n owed substrates.
and even oolite shoals. as evidenced by the Kostomloty Beds. This pref­
eren ce has been reported from many Devonian carbonate complexes (e.g .
Chuvashov 1963; Toomey et al. 1970; Kalvoda 1986; Zadorozhnyj 1987).

Kalvoda (1986. 1990b) proposed climatic and eustatic oscillations as
the main factor in the Late Devonian radiation and decline even ts of the
Tethyan-type (tropic-subtropic) multilocular foraminifera (see also discus­
sion in Poyarkov 1979: p. 125). Advanced (partitioned) forms with depend­
ence on endosymbionts and/or a tendency towards K-strategy (Brasier
1988) were ecologically most sensitive. Riding (1984) stressed the import­
ance of transgressive events for the diversification of benthic calcareous
algae. es pecia lly ch lorophytes and rhodophytes. The late Frasnian to early
Famennian time interval was crucia l in the evolution of calcareous micro­
biotas within disturbed shelf ecosystems of intermittently drowned carbo­
nate shelves. For exam ple in the area studied. reef-related labyrinthoco­
nids suffered during the terminal Frasnian colla pse . Remarkably. the
rock-forming abilities of benthic microbial biota also continued to be
important in the post-extinction early Famennian time (cf. Riding 1991b:
p. 35), and the presence of such organic mounds can be inferred for some
portions of the remnant ridges in the Kielce Region (Racki 1990).
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Streszczenie

Poszczeg6lne fazy rozwojowe zywecko-franskiego kompleksu weglanowego
poludniowej czesci G6r Swietokrzyskich charakteryzuja sie specyficznym
zespolern mikroskamienialosci wapiennych. Osady lawtey stringocefalowej
zawieraja szczeg6lnie bogato reprezentowane i dobrze zachowane mikro­
problematyki (?gI6wnie pochodzenia glonowego) s iln ie zdominowane przez
kalcysferoidy (kalcysfery i pokrewne .jednokomorowe otworntce"), szereg
kalcyfikujacych cjanobakterii i glon6w zielenic, np. nitkowate Bevocastria,
rurkowate Devonoscale oraz ramienice Trochiliscus. W poznozyweckim
kompleksie biostromalnym wystepuje bardziej uboga asocjacja mikroska­
mtentalosct, poza miejscami licznymi semitekstularidami (gl6wnie Nanicel­
la), a zwlaszcza zielenicami (?Dasycladacae) Jansaella. Rowniez z franskich
facji zarafowych znane sa tylko malo zrozmcowane kalcysferoidy. Nato­
miast mikrobiocenozy rafowe i przedrafowe franu sa bardzo bogate - przede
wszystkim W cjanobakterie (np. kalcyfikujace formy Renalcis i Sphaeroco­
diumj, a miejscami tez W solenoporidy i roznorodne wielokomorowe otwor­
nice (Nanicella, W mlodszym franie - nodozaridy). Odgrywaly one znaczaca
role biosedymentacyjna i dokurnentuja progresywne splycanie biotop6w
kompleksu rafowego.
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