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Abstract: Two older of the three diatom-rich horizons in the Menilite—Krosno series of
the Skole nappe, and their diatoms, are described. Futoma horizon occurs in lower part of Meni-
lite Beds. It consists mostly of laminated diatomites and diatomaceous shales. It is more than 10 m
thick in'some small areas (SSE of Rzeszow, W and E of Przemys$!) and very thin or absent in between.
It was accumulated in local depressions of the basin slope, during a period of basin shallowing.
The diatom assemblage is almost autochtonous, shght]y redistributed by bottom currents, carrying
also some freshwater diatoms. It is neritic-sublittoral, indicative of an Early Oligocene age.
Piatkowa horizon occurs at the transition between Menllité and Krosno Beds, in the Niebylec
shales. It consists of many thin, laterally discontinuous turbidite shales with diatoms, dispersed
within few tens of metres (or less) of the host strata. Diatom assemblage is allochtonous, neritic-
-sublittoral interpreted as latest Oligocene-earliest Miocene in age.

Key words: diatoms, diatomites, laminated d_iatomites, black shales, stratigraphy, taxa
descriptions, bottom currents, turbidity currents, Oligocene, Lower Miocene, Northern Carpathians,
Poland.
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INTRODUCTION

Diatom-rich rocks occur at several horizons in Tertiary deposits of the Skole
nappe, the external tectonic and facies unit of the Polish Outer Carpathians (Kot-
larczyk, 1958, 1966, 1982; Zgiet, 1961, 1963; Jerzmanska & Jucha, 1963). They
occur mainly in the youngest Oligocene—Lower Miocene, part of the Skole nappe
sequence (distinguished informally as the Menilite—Krosno series) at three main
horizons: (i) Futoma horizon in the lower part of the Menilite Beds, (ii) Pigtkowa
horizon at the transition between the Menilite and Krosno Beds, mainly in the
Niebylec shales, and (iii) Leszczawka horizon in the top part of the Krosno Beds
(Fig. 1).

3 Present address: Department of Biology, Mount Allison University, Sackville, NB, EOA
3CO Canada.
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Fig. 1. Stratigraphical position of diatom horizons in area of Blazowa and Bircza (after Kotlar-
czyk, 1985, slightly modified). I — brown clayey;siliceous shales (/ — unit 1, Jamma member;
BN — unit 6, Borek Nowy member), partly with thin intercalations of sandstones (R — unit 4,
Rudawka member); 2 — cherts (K — unit 2, Kotow member) and siliceous marls (D — unit 3,
Dynow member); 3 — thick bedded quartzarenites; 4 — grey marly shales; 5 — normal flysch;
6 — thick bedded calcareous sandstones; 7 — tuff horizons (numbers after Sikora et al., 1959);
8 — diatom horizons and their stratigraphical extents; 9 — olisthostromes; 10 — nannoplank-
ton zones

Two types of diatom-rich rocks are distinguished: diatomites (> 40 volume
per cent of diatom frustules and/or their fragments) and diatomaceous shales
(< 40%). Some diatom frustules and poor diatom assemblage were occasionally
found in black, bituminous, argillaceous-siliceous shales, the distinctive lithology
of the Menilite Beds.
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Other microfossils (foraminifers and nannoplankton) are very rare in the Me-
nilite Beds, so that precise biostratigraphic correlation or zonation of these strata
is impossible. Diatoms have been successfully used for biostratigraphical purposes
in many sequences (Barron, 1975; Dzinoridze et al., 1976; Hajos, 1976; Makarova &
Kozyrenko, 1966; Proshkina-Lavrenko et al., 1974; Sawamura & Yamaguchi, 1963;
Schrader & Fenner, 1976), including the shales of the Maikop series of the Cau-
casus (Sheshukova-Poretskaya & Gleser, 1962), very similar to the Menilite shales.
The occurrence of diatoms has been considered potentially useful for the biostrati-
graphy of the Menilite-Krosno series in the Skole nappe.

This paper presents the descriptions of the Futoma and Piatkowa horizons
and their diatom assemblages. Diatom taxa were determined by I. Kaczmarska.

The stratigraphical use of diatoms must be based on well defined assemblages
rather than on individual taxa. For this reason the interpretation of the age and
environmental conditions of deposition of the diatom-rich horizons are based on
abundant taxa, i.e. those occurring in greatest numbers.

SAMPLING

The diatom-rich rocks are very similar to the argillaceous-siliceous shales ty-
pical of the Menilite Beds and for this reason it is difficult to identify them in the
field. The consistent position of the diatom-rich rocks in the lithological succession
helped to locate them in the outcrops.

Detailed sampling was done in all sections where diatom-rich rocks were
observed macroscopically, or where their presence was expected from the position
in the lithological succession. Samples for maceration and sometimes also for thin
sections, were taken from all layers of shales similar to the diatom-rich shales. In the
Piatkowa horizon all layers of black (or dark) shales were sampled. In total
259 samples were taken from both horizons.

They were all disintegrated and placed in water-glycerine suspension. The pre-
sence of diatom frustules and their fragments was checked under a microscope.
In the Futoma horizon 69 preparations, out of 117, included diatoms. For the
Piatkowa horizon, this proportions is 52 of 142. The Pigtkowa horizon was found
in 11 sections of the 24 investigated.

Water-glycerine preparations and thin sections were used to determine the ver-
tical extents of the diatomite horizons in each section (see Figs 3, 5). Permanent
slides for detailed investigations were made of 29 samples with diatoms; 12 from
the Futoma and 17 from the Piatkowa horizon.

LABORATORY TREATMENT

The studied rocks were strongly lithified and contaminated, so that satisfactory
slides could not be obtained by the use of standard methods. Special methods had
to be applied and these are described below.
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For the soft diatomites and diatom-bearing shales a combination of the methods
described by Jouse (1966) and Mandra et al., (1973) was used. Samples of few grams
of disintegrated rock were left in distilled water for 1/2 to 1 month, then decanted
and treated with 109, HCL and left for one or two days. Then the samples were
washed several times in distilled water until the pH became neutral, heated several
times on water bath, treated with 59, sodium carbonate and heated while a few
mililitres of 309, H,O, were being cautiously added. The solution was kept boiling
for several tens of minutes, then cooled, decanted and several times washed in distil-
led water. The more resitant samples, which still contained non-disintegrated rock
fragments, were divided in two parts. The part with non-disintegrated material
was boiled in 29, solution of NaOH for 5 minutes, then quickly cooled and washed
in distilled water to prevent dissolution of the slightly silicified frustules in the
alkaline medium. After each decantation and washing, decanted water was checked
up under a microscope (at magnification 600 times or more) if all frustules settled
down.

The diatomaceous shales, and also some diatomites included fine mineral par-
ticles, which obscured details of diatom frustules and precluded their identifica-
tions. The finest particles were eliminated by decantation, repeated up to 70 times.
The heavier particles were eliminated by flotation which was used also for samples
containing small numbers of diatoms.

Hard diatomites were prepared in a somewhat different way. The samples were
treated with distilled water, then with HCI, and washed in distilled water until the
pH of the liquid was neutral, just as described above. Then the samples were treated
with 30% H,0,, mildly warmed several times, cooled and each time decanted.
If nonmacerated particles still persited in the solution, they were separated from the
sample and boiled in 109, NaOH or KOH from 10 to 30 minutes. The further pro-
cedure was the same as for the soft samples.

Three permanent slides were made from each residuum by fixing it in pleurax —
a highly refractive medium.

Other methods of maceration were also tested, but appeared less useful. For
instance the methods used by Filipescu & Krestel (1959) for the Carpathian diato-
mites, consisting in repeated freezing and defreezing, or impregnation (e.g. with
Na,So,), crystallization and later solution of the crystallizing substance, appeared
highly destructive for the diatom frustules.

FUTOMA HORIZON

LITHOSTRATIGRAPHY AND DISTRIBUTION

The outcrops of this horizon occur near Btazowa, SSE of Rzeszow (Fig. 2),
The outcrop at Futoma has been first described by Jerzmanska & Jucha (1963).
The possibility of occurrence of diatom-rich rocks in the outcrops at Brzezowka.
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Borek Nowy and Hermanowa was suggested by J. Badak and B. Kawalec (personal
communications). The lithostratigraphic succesion within the lower part of the Me-
nilite Beds in this area includes the following lithologic units (from bottom to top,
in brackets are given informal names used for these units in Kotlarczyk, 1985):
1) black shales (Jamna member), sometimes with intercalations of sandstones and
conglomerates (Siedliska member), 2) cherts intercalated with black siliceous
shales (Kotéw member), 3) hard, partly silicified marls, light-coloured when weat-
hered (Dynéw member), 4) black shales with interbeds of ripple-laminated sandsto-
nes (Rudawka member), 5) light-coloured diatomites and diatomaceous shales with
intercalations of cherts, sandstones and shales (Futoma member), 6) siliceous
paper-shales with thin layers of cherts (Borek Nowy member). The more resistant
chert and marl horizons are useful markers in the field.

The diatomite-bearing unit 5 is well individualized in the area about 10 km
around Blazowa. Its thickness is more than ten metres in the centre of this area
(Futoma, Borek Nowy) and decreases to a few metres at its periphery (Hermanowa,
Brzezéwka). Farther away from Blazowa, this unit quickly disapears, and only
thin intercalactions (from a few to more than ten centimetres in thickness) of dia-
tom-rich rocks (e.g. at Malawa) replace this unit in the sequence. These intercala-
tions include the same diatom assemblage in all sections, and can be thus considered
as one diatom horizon, named Futoma horizon. Probably to this horizon can also
be included the thin intercalations of diatom-bearing shales found in Dobra, Roz-
pucie, Kroscienko, Srednia and other localities (Kotlarczyk, 1982). Other areas
where the Futoma horizon has been found are situated west and south of Przemysl.
The diatomites described from the vicinities of Dobromil (Gruzhiy & Ripun, 1970)
also can be attributed to this horizon. The above data indicate that the Futoma ho-
rizon is widely distributed over an area of about 1.500 km?.

Lithological sequences in the most important studied outcrops of the Futoma
horizon are shown in Fig. 3 where the boundary of the lithological units 5 and 6
is accepted as datum. The Futoma horizon is best developed in Futoma and its
type section is exposed in a field road running along a hill crest between Futoma
and Ulanica (Fig. 4). The beds are dipping 10—30° towards SWW. The chert in-
tercalation at the base of the Futoma horizon is situated about 13 m above the
top of the Dyndw marls. The Futoma horizon is about 13 m thick, of which the
diatom-rich rocks, grouped in 3 complexes, occupy ca. 8 metres. The uppermost
complex of diatom-rich rocks reveals features indicative of submarine slumping.

The thickness of the Futoma horizon is much lower in the investigated sections
near Blazowa. In Borek Nowy in a slope east of the road to Rzeszow, some 800 m
south of the post office, a sequence, 6 m thick, of the upper part of the Futoma
horizon is exposed. A layer, 1.5 m thick, of diatomite mudflow, bearing granite
granules and pebbles, occurs at the top of this sequence. The thickness of the Fu-
toma horizon in Hermanowa is about 3.5 m, including about 2 metres of white,
light diatomites. In Brzezéwka (both escarpments of the field road to Bordwki)
the section of the Futoma horizon includes numerous thin — and some as thick
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FUTOMA BOREK N. HERMANOWA BRZEZOWKA
[STRATOTYPE]
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Fig. 3. Lithological columns of Futoma horizon. /—7 — diatom-rich rocks: I — finely, wavy
laminated, white shales; 2 — thickly laminated beige shales; 3 — platy, laminated light brown
shales; 4 — diamictites; 5 — coarsely disintegrating, light brown shales; 6 — non-laminated,
soft light brown shales; 7 — pale greenish-beige, sometimes indistinctly laminated shales; 8§ —
brown clayey-siliceous, hard shales (menilite shales), a — soft, brown or green shales; 9 —
cherty shales; 10 — laminated and non-laminated beige cherts; /I — light quartz sandstones;
12 — sandy laminae and ripples; I3 — olistholite of Dynéw marl; /4 — frequency of diatoms:
a — rare, b — frequent, ¢ — abundant; I5 — locations and numbers of investigated samples;
16 — boundaries of Futoma horizon
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as 1.5 m — intercalations of brown cherts with white laminae. The cherts é__r;d dia-
tomaceous shales replace the diatomites in this section. The horizon is here 9 m
thick, and 5.5 m of this are the diatom-rich rocks.

” -~
FUTOMA GORNA ™ __

ULANICA

ﬁ 1 \2\\3 0 200 m

aaia i)

Fig. 4. Location of type section of Futoma horizon. I — type section; 2 — main roads; 3 —
field roads

About 30 km SE of Btazowa, at Malawa (exposure near a chapel by the Bir-
cza—Malawa road), the Futoma horizon is reduced to a few thin layers of porcel-
lanite and white laminated diatom-rich shale. These rocks occur ca 3.5 m above
the top of the Dynoéw marls (unit 3). In the same area, 8 km east, in the section
of the Menilite Beds in Krepak near Korzeniec (Fig. 2), only a layer one centimetre
thick was found, of white shale composed of diatomite micorclasts.
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LITHOLOGY OF DIATOM-RICH ROCKS

The Futoma horizon is mainly composed of diatom-rich rocks and of rocks
which originated by diagenetic transformation of original diatom-rich sediments:
porcellanites, siliceous shales and cherts, also of siliceous-argillaceous shales with
scarce diatoms, and of subordinate sandstones (Fig. 2). Characteristic features of
this horizon are the total lack of calcium carbonate, and their colour, lighter than
of the surrounding lithological units.

The weathered diatomites are cream-white, light to dark beige, sometimes
greenish beige or light brown. They are light (ca. 1 g/cm?), porous, brittle and smear-
ing. Examinations of thin sections reveal that one lithological variety may
include rocks with either more or less than 40%, of diatoms in rock, so that macro-
scopical distinction of diatomites from diatomaceous shales is impossible. For
this reason both types are considered together in the description of lithological va-
rieties of the diatom-rich rocks in the Futoma horizon. Seven lithological varieties
of diatom-rich rocks have been distinguished on the grounds of their macroscopic
lithologic features:

1) finely laminated, white or beige, with slightly undulating laminae of sub-
millimetric thickness, differing in their shade of colour, with good thin fossility;

2) thickly laminated, light and dark beige, with horizontal lamination (a lighter
lamina, several millimetres thick occurs every few, rarely few tens of millimetres),
splitting into plates;

3) indistinctly laminated, white and greenish beige, sometimes dark beige (each
several millimetres occur poorly visible lighter laminae), with faint fissility, some-
times of scaly type;

4) non-laminated beige and light brown, light, porous, friable;

5) coarsely splitting brown or dark brown, with large content of clay minerals,
non-laminated, heavier, more compact and more resistant than the former varie-
ties, frequently with shell-like fracture;

6) platy, differing from the former only by its splitting into scale-like plates
1—3 cm thick, and by frequent laminae of fine quartz and glauconite sand;

7) layers of mudflows, beige, falling into blocks, rich in quartz sand and lithic
fragments.

There are no regularities in the vertical sequence of these rock types.

SEDIMENTOLOGICAL OBSERVATIONS

The most conspicuous sedimentary feature in the Futoma horizon is the var-
ve-like horizontal lamination of the diatom-rich rocks. The light laminae — white
or light beige — are more constant in thickness than the dark laminae — beige
or pale brown. In the finely and wavy laminated varieties of diatomites, the light
laminae are thickner than the darker, while in the thickly laminated varieties they
are much thinner. The light laminae are composed mainly of diatom frustules and
their fragments, binded by opaline cement. The dark laminae, besides the diatom
frustules include significant admixture of clay minerals, quartz and glauconite
silt. Flakes of clay minerals parallel the laminae; also other terrigenous material



152 J. KOTLARCZYK & I. KACZMARSKA

is often accumulated in laminae or lenses (ripples of various size). Some diatomite
laminae are thinning laterally; some are bent beneath ripples which sunk by loading,
other are partly washed out, and some, sporadically, reveal ripple structure. Postde-
positional interruptions of laminae are frequent. Evident grading was not observed
in sandstones, siltstones or diatomites.

The described features of the very fine-grained sediments suggest their succes-
sive deposition from slow bottom currents. These currents temporarily moved the
biogenous material accumulating at the bottom and occasionally supplied some
terrigenous material, mainly quartz silt and fine sand. Permanent deposition could
be limited to local depressions perched on the basin slope. In the remaining area,
diatom frustules either did not accumulate at all or did only sporadically (e.g.
Malawa); the sediment could be winnowed away (e.g. at Krepak near Korzeniec).

Layers of mudflow deposits and submarine slumps occur in the higher part
of the Futoma horizon.

FREQUENCY DISTRIBUTION OF DOMINANT TAXA
IN STUDIED SAMPLES AND POSSIBILITIES
FOR LOCAL STRATIGRAPHY

Individual dominant taxa occur with different frequency in the studied slides
(min. 3 slides from each sample). A semiquantitative, S-rank scale has been used
to compare the frequency of their occurrence (Table 1).

Each of the four most numerous among the 30 dominant taxa (Actinoptychus
senarius (Ehr.), Chaetoceras compressus Land., Odontella cornuta (J. Brun.) Schra-
der, Paralia sulcata (Ehr.) Cleve), occurs in each sample. The frequencies of some
taxa (Grammatophora sp., Pyxilla prolongata Brun., Rhizosolenia sp., Stephano-
pyxis turris (Grer. et Arn.) Ralfs) oscillate in the section. Other dominant taxa ap-
pear or disappear in different parts of the section.

In the type section, the diatomite layers include the most diversified diatom
assemblages, comprising usually about 20 dominant taxa (Table 1). In samples
from diatomaceous shales, the numbers of taxa are much lower. Apart from
the type section, the same diatom assemblage was found in all studied sections
in the vicinity of Blazowa (Fig. 2), and only five taxa from this assemblage have
been found in Malawa, 30 km to SE (Fig. 1).

Within the generally uniform composition of the diatom assemblage, some
vertical changes have been ascertained. Comparisons of the composition of the dia-
tom assemblages in the nearest investigated layers of the stratotype section indicate
that similarities become greater upwards. This may suggest progressive stabiliza-
tion of the biocenosis during its development. However, taking into account the
most frequent (4 +-++4 and -+ in Table 1) taxa, we find greater differences
both in the lower (between samples 4 and 6) and in the upper (between samples
14 and 18, 18 and 21) parts of the section. Combinatorical comparison of the layer
groups (each to each) reveals greatest differences of the number of common taxa
between the bottom and top layers, and between layer 21 and the middle part of
the section.
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The vertical differences in the composition of the diatom assemblages have
been also used to verify the lithological correlation of the other sections with the
stratotype. The greatest similarities, coupled with the smallest number of differences
are found in the following couples of samples (for sample location see Fig. 3):
BN7 — Fl14, H29 — F14, B29 — F18, H29 — BN7. These results generally agree
with the lithological correlation.

Two sub-assemblages have been distinguished in the type section, characteristic
for the lower and upper part, respectively.

For the lower part of the section characteristic-are: Chasea ornata, Actino-
ptychus senarius var. tamanicus, Paralia sulcata var. crenulata, Odontella fimbriata,
Thalassiosira baltica and Xanthiopyxis oblonga. The upper part of the section is cha-
racterized by Chaetoceros robustus, Hyalodiscus scoticus, Sceptroneis grunowii and
Xanthiopyxis papillosus. However, in all other sections, few specimens of the taxa
characteristic for the lower part of the horizon occurred in the upper part of the
section (see Fig. 3 and Table 1).

ECOLOGY AND AGE OF THE DIATOM ASSEMBLAGE

The diatom assemblage in the Futoma horizon (Table 2) is indicative of neritic-
-sublittoral environment and it lacks oceanic pelagic taxa. Besides stenohaline ones
there occur taxa which can live also in brackish water (Hyalodiscus scoticus, Rapho-
neis amphiceros, Thalassiosira baltica), one known from brackish and fresh water

Table 2
Environment and age of dominant taxa in Futoma horizon
g _ @ Biotope Age
2SCs 2 o g 2 z B
Name of taxon SEoG8|lo % & B 8 % g o 8§ 8
[ =R~ ] = 1= v = = - S ° =] ° =1
5385 £ 8§ £|8 8 g & 8 2 3
HEEE |z 3 & Alg = 2 0o @ & O
1. Actinocyclus loczyi
Pant. -+
2. Actinoptychus sena-
rius (Ehr.) Ehr. M + 4+ + + + 4+ -+
3. A. senarius var. ta-
manicus (Jouse)
Hajos M 4+  + +
4, Cestodiscus inter-
sectus Brun M +
5. Chaetoceros com-
pressus Laud. M + + + +
6. Ch. robustus !
Makar. M + + +
7. Chasea ornata Ha-
jos et Stradner M + + +
8. Coscinodiscus cf.
subtilis Ehr. MBF + +
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cd. table 2
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Pseudopodosira
wittii (Schulz)
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Pyxilla prolongata
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Rhaphoneis amphi-
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. Rhizosolenia sp.,
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Ralfs
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wii Anissim.
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(Coscinodiscus subtilis) and one typically fresh water taxon (Melosira praeislandica).

The fishes found in the diatomites are exclusively neritic-sublittoral forms.
This character of fossils suggests deposition in a shallow sea, possibly in vicinity
of a river mouth, during the Early Oligocene stage of the general shallowing of
the basin (cf. Kotlarczyk & Jerzmanska, 1976).

The diatom assemblage in the Futoma horizon is not indicative of precise age
of its host deposits. Most taxa are long-ranging, usually known from the whole
Tertiary. About one third of the taxa are not hitherto known from strata older than
Neogene, while five taxa are considered not younger than Oligocene (Table 2).

Here, the upper limits of the stratigraphical extents of the Palaeogene taxa are
considered more significant for the conclusions regarding the age. The lower li-
mits of the stratigraphical ranges of the well studied Neogene taxa are frequently
lowered with the increasing number of studies on the Palaeogene assemblages
(e.g. the extent of Thalassiosira baltica and some other taxa must be extended down-
wards as a result of our study). The Palaeogene age of the diatom assemblage in
the Futoma horizon is suggested by Chasea ornata, Melosira architecturalis, Odon-
tella fimbriata, Pseudopodosira wittii and Pyxilla prolongata. The lack in this ac-
semblage of the forms, which accompany P. wittii in the Upper Eocene deposits
in nearby localities in Ukraine (Triceratium barbadensis and Melosira oamurensis),
suggests the age not older than Early Oligocene.

The diatom assemblage in the Futoma horizon is a very distinctive one, not
similar to any hitherto described Oligocene assemblage. Some similarities occur
to the diatoms described from the deposits of the Norvegian Sea by Dzinoridze
et al. (1976). These authors distinguished Pyxilla prolongata zone in the lowermost
part of Oligocene. The nominal species of this zone occurs in relatively large num-
bers in all samples from the Futoma section. It should be noted however, that other
authors place Pyxilla prolongata zone in the Upper Oligocene (McCollum, 1975;
Gombos, 1976; Weaver & Gombos, 1981; Gombos & Ciesielski, 1983).

Other species common with the Norvegian Sea assemblage include M. architec-
turalis and X. oblonga (Dzinoridze et al., 1976) as well as Sceptroneis grunowii and
Trochosira spinosa (Schrader & Fenner, 1976). The assemblage from Futoma has
three Palaeogene taxa in common with the Upper Eocene—Lower Oligocene as-
semblage of the SW Pacific Ocean (Hajos, 1976), one long-ranging taxon in common
with the Upper Oligocene assemblage of Mangyshlak (Zhuze, 1978), and two long-
-ranging taxa in common with the Maikop Bedsof the Shibik area, considered as Lo-
wer Miocene (Sheshukova-Poretskaya & Gleser, 1962).

PIATKOWA HORIZON

LITHOSTRATIGRAPHY AND DISTRIBUTION

The Pigtkowa horizon does not constitute a separate lithologic unit. It occurs
within transitional strata between the Menilite Beds and the Krosno Beds, in their
part traditionally named Niebylec shales. The Piatkowa horizon occurs in the part

3 — Annales Societatis 3-4/87
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of the Niebylec shales which consists of alternations of grey marly shales and cal-
careous sandstones typical of the Krosno Beds, with subordinate layers of black
and brown, rarely green, siliceous-argillaceous shales and rare intercalations of
non-calcarous sandstones, both characteristic of the Menilite Beds. Characteristic
for this strata are lenses of ferrugineous dolomite and layers of pyroclastic rocks,
recognized as a marker horizon (tuff horizon IV of Sikora et al., 1959).

There are several tens of brown shale layers in the studied sections near Btazowa
and Niebylec (Figs 2 and 5) and all are diatomaceous shales. Towards S and SE
the number of diatom-rich layers decreases and the diatom content diminishes.
Individual diatom-rich layers have been found, and their diatoms studied, at loca-
lities £ubno, Dabrowka Starzenska, Jutna, Temeszow, Kr¢pak (Fig. 1). Only in
the last two sections the diatoms were numerous. Diatoms have been also found
in the sections Szklary, Brzuska, Blazowa—XLeg II, Przylasek, Widaczoéw. In many
investigated sections (Btazowa—Przedmiefcie, Btazowa— Wola, Borek Stary, Nie-
boréw I and II, Dynéw, Karoldwka, Leszczawa, Golcowa I and II, Barycz) no
diatoms at all were found at the position of the Pigtkowa horizon.

The areal extent of the Piatkowa horizon is about 1.000 km?2. Its type area is
situated near Blazowa and Niebylec. There the intercalations of diatomaceous
shales may appear in the lower and middle parts of the Niebylec shales (Piat-
kowa) only in the middle part (Blazowa—ZLeg), or throughout the whole thick-
ness of the Niebylec shales (Niebylec). The vertical distance between the extreme
diatom-rich layers varies from 21 to 90 metres, respectively, and the total thickness
of the diatom-rich layers within the interval makes up 1 to 8 per cent of the interval
thickness. Away of the type area, the diatom-rich layers appear either only in the
lower part of the Niebylec shales (Krgpak, Jutna, Temeszow) or in the middle
and higher parts (Dabréwka). Lithology of the diatom-rich layers, their vertical
sequence, and the lithology of the accompanying rocks are highly variable laterally,
even between closely spaced sections (see e.g. sections Pigtkowa and BlaZzowa in
Fig. 5).

The Piatkowa horizon has no fixed position in the lithological sequence. The
diatom horizon itself is defined as the totality of the thin diatom-bearing layers
which are intercalated within the Niebylec shales. Each diatom-bearing layer is
of a limited areal extent, but their occurrence in the section is vertically restricted
and represents a short time of diatom deposition.

There is no regularity in the mutual succession of the diatomaceous shales
and the pyroclastic layers. The latter occur as well amidst the diatomaceous shales
(Blazowa—ZYLeg, Piatkowa) as beneath them (Niebylec), or above them (Dgbrowka
Starzeniska). Although there is no direct proof that all the tuff layers belong to tuff
horizon IV, and their lithology is different in different localities, but their occur-
rence within the same lithological division suggests their isochroneity (Zgiet, 1963).
This would corroborate the oppinion on the limited lateral extent and no fixed
vertical position of the individual diatom-rich layers.

The Pigtkowa horizon is best developed in the Piatkowa I section which
is accepted as the horizon type section. The section is exposed in the escarpment
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of a hill-crest field road between Ulanica and Pigtkowa, running from the bench
mark 413.7 towards the road to Rzeszéw (Figs 5, 6). The beds are overturned and
dip at 75—80° to NE. The diatomaceous layers are grouped in two clusters separated
by a vertical distance of 12 m. The lowermost diatom-rich layer is situated 11 metres
above the top of the Menilite Beds. The individual diatom-rich layers are 5 to 42 cm

PIATKOWA 1

[STRATOTYPE]}
{m] t — =
’ N —— e =N
| =
‘| L s ESe i B2
3 t 9 :
a0 " ‘ e B [ ot %J 12
: | ‘
7 ——
8
9 NIEBYLEC
10 | [mlo
n EZ"L- = 0
12 BLAZOWA- LEG TR 0
13 - -
14 = w©
15

PIATKOWA 11 = - 50
* = 60
17 ) = L7°
18 z =
I. - r 80

19 - o0
20 : I - 100
. = 1o
22 I +120
23 0
Z‘W -140
2 L150

Fig. 5. Lithological columns of Pigtkowa horizon. I — intercalations of pyroclastic rocks; 2 —
diatomaceous shales, @ — diagenetic chert; 3 — calcareous Krosno sandstones; 4 — ochre-
yellow, porous, diatom-poor shales; 5 — ankerite lenses; 6 — grey marly Krosno shales; 7 —
greenish clayey shales; 8 — brown clayey-siliceous shales (menilite shales); 9 — non-calcareous
quartzous sandstones (Kliwa type); /0 — calcareous Krosno mudstones; /1 — frequency of dia-
toms: g — rare, b — frequent; 12 — hypothetical sequence of strata in Niebylec section (recon-
struction); ovals with numbers locations and numbers of investigated samples



160 J. KOTLARCZYK & I. KACZMARSKA

Potok

Jurkowka

LA‘_‘LAA AJJl ' J

Fig. 6. Location of type section of Piatkowa horizon. Explanations as in Fig. 4

thick; their total thickness is about 2.5 m. The same outcrop zone of the Niebylec
shales with diatom-rich intercalations was studied by Zgiet (1961, 1963) in prospec-
tion trenches. Natural exposures are scarce. Another section (Piatkowa II), inclu-
ding only the lower part of the Niebylec shales is exposed in the field road running
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from the altitude mark 389 m to Pigtkowa village, some 1,600 m west of the strato-
type. It includes four thin (3—11cm) layers of diatom-rich shales, with total
thickness of 35 cm (Fig. 5).

The lower part of the Piatkowa horizon is more completely exposed at Blazo-
wa—Leg locality, about 2 km away, in the opposite limb of a syncline. In the es-
carpment of the field road running from the store by the road to the bench mark
354 m, there are exposed 13 layers of diatom-rich rocks. They are up to 44 cm
thick; their total thickness is about two metres.

At the periphery of the type area, in Niebylec, the number of the diatom-rich
layers (see Fig. 5) is much lower (5—6), they are thinner (3—25 cm) and much more
distant from one another (each 10 to 40 m). This section is now poorly exposed,
south of the town, in a field road running to the hill 395. It was described earlier
(Blaicher & Nowak, 1963; Nowak, 1979) but without mentioning the diatom-rich
layers.

LITHOLOGY OF THE DIATOM-RICH ROCKS

The diatom-rich intercalations differ from the host rocks by their darker brown
colour, dark beige with a violet shade when weathered, and higher porosity. These
layers are well visible against the ash-grey or light-grey background of the marly
and clayey shales.

Five lithological varieties have been distinguished on the grounds of litholo-
gical features of the weathered diatomaceous shales: (1) non-laminated, beige or
brown, compact (the most frequent); (2) spotted and banded, beige-brown, with
the spots and bands irregular, sometimes lenticular (up to 1 cm in size), sometimes
very small (size of a comma); shales are brittle, friable and porous; (3) parallel
laminated, brown, silty; white and beige laminae are up to 0.5 mm thick; (4) graded,
brown or beige; (5) clayey, brown or black, coarsely disintegrating into blocks, so-
metimes indistinctly laminated, often slightly calcareous.

Diatom-poor shales found in the section of the Pigtkowa horizon resemble
macroscopically the last variety. Sometimes they are yellow-ochre in colour.

SEDIMENTOLOGICAL OBSERVATIONS

Intercalations of the diatomaceous shales are usually structureless. The spots,
sometimes observed, are probably due to weathering and are porosity controlled.
Only in one case, in the section Blazowa—ZYEe¢g, the pattern of the light spots seems
to suggest that these may be feeding channels. Thicker layers of diatomaceous shales
are distinctly graded, and sometimes display Bouma sequences. Some sequences
are incomplete: DE, CD, BC; they occur in thinner layers. Macroscopically discer-
nible sedimentary structures occur in 25—409, of diatomaceous shales. The descri-
bed features indicate deposition by turbidity currents, as was suggested earlier by
Zgiet (1963). Light-coloured, quartzous non-calcareous sandstone occurs at base
of some diatom-rich layers. Its petrographical type, similar to that of the Kliwa
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sandstones, suggests the same provenance i.e. from the northern (external) margin
of the Skole basin.

There are no regularities in the contacts of the diatomaceous shales with other
rocks, including the pyroclastic layers.

Diagenetic silicification of the diatom-rich rocks was occasional, only at two
localities (Niebylec, Blazowa Wola) individual thin layers of black cherts, adhering
to black shale layers, have been found.

The Niebylec shales were laid down in a deep-sea environment, where biogenic
and terrigeouns material was supplied by turbidity currents from the shallower zones
of the basin.

FREQUENCY DISTRIBUTION OF DOMINANT TAXA
IN STUDIED
SAMPLES AND SECTIONS

The content of diatom frustules in the studied samples was variable and the
amount of mineral contaminations was significant. For this reason all samples were
subject to flotation before the preparation of slides. This resulted in fragmentation
of delicate frustules, so that the semiquantitative analysis, similar to that done for
the Futoma horizon, was not attempted. The information about the 31 dominant
taxa is of different type than given in Table 1 for the Futoma horizon. Symbols in
Table 3 denote the degree of confidence in the identification of the genera and spe-
cies.

The preservation of diatom frustules in the diatomaceous shales was generally
worse than in the diatom-rich rocks of the Futocma horizon, and in the shales with
scarce diatoms it is poor or very poor. Some fragments found in the areas with
the diatom horizon incompletely developed were determinable to the species, while
in some sections (Eubno, Jutna, Temeszow and Niebylec) only genera could be
determined.

The proportion of diatom-bearing layers to the total number of investigated
black layers in individual sections was as follows: Lubno — 1:4, Dabrowa
Starzeniska — 2:8, Temeszow — 1:3, Jutna — 1:6, Krgpak — 2:7, Brzuska — 2:11,
Szklary — 1:3, Golcowa — 0:9, Bachdérz — 0:5.

The diatom assemblage in the Piatkowa horizon is distinctive and uniform,
both vertically and laterally (Table 3). Usually 18 to 27 taxa were found in indivi-
dual layers of the diatomaceous shales after flotation; in individual layers of the
siliceous-argillaceous diatom-poor shales, from one to eleven taxa were found.

ECOLOGY AND AGE OF DIATOMS IN PIATKOWA HORIZON

The diatom assemblage in the Piatkowa horizon is indicative of neritic-coastal,
marine, normally saline environment (Table 4) but provides no indications on pa-
aleoclimate. The assemblage consists mainly of taxa with robust frustules. It re-
presents thus not a complete thanatocoenose but only its heavier fraction, that of
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medium-sized frustules. This is due to sorting during their transportation by the
turbidity currents. This transport mechanism explains also the neritic composi-
tion of the assemblage and its decreasing diversity to the south and south-west.
The appearance of more numerous diatoms in the area of Krepak seems related
to the deposition by an independent system of turbidity currents.

A slight lateral differentiation of the diatom assemblages appears between the
peripherally situated sections and those in the type area. It consists in greater mu-
tual similarity of the assemblages from the sections situated east of the meridian
of Blazowa.

The diatom assemblage of the Piatkowa horizon is not precisely indicative
of age. More than half taxa are long-ranging Palacogene-Neogene forms; some
of them range from Cretaceous till present (Table 4). A third part of the taxa are
reported from Neogene, two only from strata older than Neogene (Pseudopodosira
wittii, Stephanopyxis turris v. arctica) and some other taxa are rcported from the
Oligocene/Miocene boundary strata (e.g. Actionoptychus senarius, Cocconeis vi-
trea). Taking into account that lower limits of the stratigraphical ranges of many
Neogene taxa are lowered with time (see p. 157), the taxa known in the literature as
appearing only in Miocene are not conclusive for a Miocene age. The indications
of Oligocene age are also inconclusive. The most justified appears the conclusion that
the assemblage of the Piatkowa horizon dates from the Oligocene/Miocene boun-
dary time, i.e. from the Eggerian. The data from other groups of fossils studied in
the Niebylec shales are also inconclusive. According to Nowak (1979) and Nowak
et al. (1985), planktonic foraminifers indicate an Early Miocene age, while Kotlar-
czyk (1985), basing on calcareous nannoplankton, dates these strata at the latest
Oligocene. Conclusive paleontological data on the position of the Oligocene/Mio-
cene boundary in the Skole unit sequence are still absent.

The assemblage from Piatkowa has no equivalents in the described assembla-
ges from the uppermost Oligocene—lowermost Miocene. It has only ten taxa in
common with the Eggerian assemblage from Wallern which includes more than
one hundred taxa. Three of the common taxa have not been reported from the
deposits older than Late Oligocene (Rehakova, 1975). There are four'taxa common
with the Upper Oligocene assemblage from Mangyshlak (Zhuze, 1978; and if the
subspecies are excluded, there are seven common species) of which two have
a narrow range (Actinoptychus thumii and Raphoneis gemmifera). Only three taxa
are common with Lower Miocene assemblage from the Shibik area (Sheshukova-
Poretskaya & Gleser, 1962), one of them unknown in strata older than Mio-
cene (Thallasionema obtusa). These data corroborate our conclusion on the age of
the Piatkowa horizon.

FINAL REMARKS

Both diatom-horizons are related to the facies of brown and black bituminous,
argillaceous — siliceous shales, and both represent the same, neritic-sublittoral, type
of biocoenosis. They are separated by the nearly whole thickness of Menilite Beds.
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The separation is equivalent to the nearly whole duration of the Oligocene i.e.
about 12.9 m.y. (cf. Berggren et al., 1985). The analysis of about 30 dominant taxa
from each horizon revealed that the assemblages differ significantly. Only three
long-ranging and one Palaeogene (Pseudopodosira wittii) taxa are common for both
horizons. The horizons can be easily identified, even in assemblages reduced to
only a few taxa.

One of the reasons for the differences in the composition of the diatom assem-
blages in both horizons is the marked difference in age. Another reason are the
different origins of diatom taphocoenoses in both horizons. The assemblage of
the Futoma horizon is almost autochthonous, partly redistributed on the basin
bottom. The diatoms of the Pigtkowa horizon are allochthonous. The turbidity
transport resulted in winnowing of the taxa with finer and lighter frustules. The
difference between the two horizons consists also in the presence of few brackish
and fresh-water taxa in the Futoma horizon.

A possibility for a more detailed biostratigraphic division of the Futoma horizon
is suggested by its slow deposition during a long time (about 10 metres during one
million years), accompanied by slight, but noticeable qualitative and quantitative
changes in the composition of the assemblage. There is no vertical compositional
variation in the Pigtkowa horizon, probably due to the mixing by turbidity currents.
The duration of the Piatkowa horizon deposition is tentatively estimated at 100—
200 thousand years. .

The appearance of the neritic-sublittoral assemblage of the Futoma horizon
coincides with the shallowing of the depositional basin of Menilite Beds, registered
in fish assemblage (IPM—2 zone of Kotlarczyk & Jerzmanska, 1976; Jerzmanska &
Kotlarczyk, 1981).

The patchy development of the Futoma horizon, with limited zones of maximum
development separated by areas where the horizon is thin or absent, reflects lateral
differences in the conditions of deposition in the basin. The investigated diatom-
-rich deposits were laid down in local depressions of the basin slope with a very
small supply of sand, in a sea which was possibly shallowed; perphaps within the
zone of fluvial influence reflected in the supply of the fresh-water taxa.

Similar areal restriction of the Piatkowa horizon and the limited lateral extents
of individual layers, are in this case related to the limited areal extent of the turbi-
dity currents which carried the diatoms from the neritic uzone to the deeper parts
of the basin.

The diatom assemblages permitted approximate dating of both horizons, pro-
ving in this way that diatoms can be effectively used for stratigraphical purposes
in the Carpathian flysch.

SYSTEMATIC DESCRIPTIONS

This chapter contains descriptions of selected most abundant diatoms from
the Futoma and Piatkowa horizons.
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Division: Baccillariophyta

Class: Centricae

Melosira architecturalis Brun, 1892 (in Schmidt et al., 1874—continuing)
PL.LI: 1,2

Description: Frustule flat. Valves flat, 30 —48 um in diameter. Margin of valve shows radial
striae, 8—10 striae in 10 um, extending up to the half of the valve diameter. Striae punctate. Puncta
less distinct toward the valve margin, more sparse and less regularly distributed toward the centar.

Occurrence. Futoma horizon.

Melosira pracislandica Zhuze, 1952
Pl. I: 3, 4

Description: Frustule cylindrical, 7—12 yum in diameter, 9—18 um in height, thick-walled,
strongly silicified, oriented mostly in girdle view, arranged in long, thread-like colonies. Valves
flat, covered with irregularly distributed puncta which become coarser near valve margin. Collumn
short. Mantle short, shows elongate, slightly spiral rows of puncta, 10—11 rows in 10 gm, which
are also arranged in transversal rows, 12— 13 rows in 10 zm.

Occurrence: Futoma horizon.

Melosira clavigera Grunow, 1882 (in: Van Heurck, 1882)
Pl. VII: 7

Description: Frustule drum-shaped. Valves nearly flat, with a gradually arching central part.
Diameter 55—83 ym. Ornamentation consists of radial, wedge-shaped striae, narrowing toward
the center of valve. The outer part of striae differs from the inner one by the presence of an oval
structure resembling alveolus. The edge of the valve is occupied by a band of fine, hexagonally
distributed puncta, 18 —20 puncta in 10 zm. Central area usually hyaline.

Occurrence: Piatkowa horizon.

Melosira omma Cleve, 1885
Pl. VII: 8

Description: Valves slightly convex, most strongly in the central part. Diameter 30—37 um.
Outer edge shows short striae, 10—12 in 10 zm. Center of valve occupied by thick, radial striae
(probably hollows with thickened edges), narrowing markedly toward the center and showing
broader, bluntly rounded ends; 5 striae in 10 um. Central area usually small, probably due to small
size of available specimens (smaller than indicated on the original illustrations).

Occurrence: Piatkowa horizon.

Paralia sulcata (Ehrenberg) Cleve, 1873
Pl II: 1, 2,4, 5

Description: Short cylindrical frustules found as single valves and fragments of filamentous
colonies. Valve 8§ —20 um in diameter. Edge of valve undulate. Marginal chambers small, 5 in
10 #m, Larger specimens show fine puncta in the front of the chambers. Center of valve shows
either long, radial striae reaching nearly the center, or short radial striae which do not extend onto
the hyaline central area, or concentrically distributed thickenings. Mantle covered with parallel
punctate rows, 24 puncta in 10 um, separated by narrower and broader hyaline bands.

Occurrence: Futoma and Piatkowa horizons.

Paralia sulcata (Ehrenberg) Cleve, 1873 var. crenulata (Grunow) Frenguelli 1924
Pl. II: 3
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Description: Valves 15—20 um in diameter, differing from the type specimens in having stron-
gly undulating valve edge, which makes an impression that marginal chambers occur beyond the
valve margin.

Occurrence: Futoma horizon.

Paralia sulcata (Ehrenberg) Cleve, 1873 var. biseriata Grunow, 1884
Pl. VIII: 6

Remarks: This species differs from the type specimens in having two concentrical rings of
chambers on the valve margin, 6 chambers in 10 um.
Occurrence: Piatkowa horizon.

Pseudopodosira witti (Schuliz) Vekshina, 1961
Pl I: 5—7

Description: In girdle view, frustule shows characteristic stepped valve face, so that it appears
to consist of two flat discs superimposed one upon another. The smaller disc often reveals hollows-
-like variable ornamentation. Valves circular, 23—32 um in diameter. A marked ring of delicate
puncta, 20 in 10 um, arranged in a hexagonal pattern, present at valve margin.

Occurrence: Futoma and Piatkowa horizons.

Pseudopodosira sp.
Pl. VIII: 1

Description: In girdle view, frustule in the shape of bi-convex lens. Valve 23 —40 um in diame-
ter, consisting of two parts: a gradually domed peripheral part and a superimposed, highly domed
central part. The latter extends 1/3 to 1/2 of the valve diameter. Central dome, 10—15 um in dia-
meter, free of ornamentation. Marginal part of valve covered by more or less regularly distributed
thick protrusions. Outer edge bears fine spines, 8—10 in 10 zm, which are visible in the girdle
view while in valve view they appear as puncta.

Comparison: In structure and ornamentation the valves under description correspond most
closely to the genus Pseudopodosira Jouse. They also resemble to high extent the form described
by Ehrenberg (1845) as Hyalodiscus laevis, whose outer margin is ornamented by puncta, which
are seldom visible under light microscope.

Occurrence: Piatkowa horizon.

Coscinodiscus cf. subtilis Ehrenberg, 1843
Pl II: 6, 7

Description: In girdle view, valve drum shaped, 30— 69 ym in diameter, arching regularly
nearly to the center which has a shallow, concentric depression or a convexity. Surface of valve
covered with polygonal areolae which vary in size from 9—13 in 10 um in the central part to 14—20
in 10 zm in the outer part. Areolae arranged in straight radial rows gathered in fasciae, 4 to a dozen
or so on each valve, Some of the longest rows show in their innermost part a concentric rather than
radial arrangement of the areolae. Marginal areolae fine, set apart from the valve face orna-
mentation. At the boundary between adjacent fasciae there occur marginal processes.

Comparisons: This taxon resembles C. subtilis, especially C. near subtilis (van Landingham,
1964). 1t is distinguished from the type specimens by the finer ornamentation and the presence
of concentric convexities and large marginal processes.

Occurrence: Futoma horizon.

Coscinodiscus marginatus Ehrenberg, 1843
Pl IX: 1
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Description: Frustule in the shape of a cylinder. Valve circular, nearly flat, 30— 140 um
in diameter. Marginal zone broad, markedly striated, 4— 6 striae in 10 um. Entire surface of valve
covered with a net of areolae arranged in irregular, radial and concentric rows. Areolae of similar
size over the entire valve, 1.5—3 areolae in 10 um in the center, 3—4 at the margin. Depending
on focus, the areolae circular or polygonal, with pronounced foramen or a net-like membrane which
is either complete or preserved only ncar the areola margins. Central area and rosette missing.

Occurrence: Piatkowa horizon.

Coscinodiscus argus Ehrenberg, 1838
Pl IX: 7

Description: Valve slightly convex, especially in its central part, 36— 96 um in diameter. Valve
ornamentation not uniform. Central area of variable size and irregular shape; in some specimens
it appears as a gap between central areolae. Central rosette missing. Areolae, arranged in radial rows,
decrease in diameter to the distance of about 2/3 radius from the center, 3—4.5 arcolae in 10 um
near center and about 6— 7 near 2/3 radius. Tangential, spiral rows particularly well marked within
area covered by larger areolae. The outer ring consists of 2 rows of fine areolae, 8—9 in 10 um.

Occurrence: Piatkowa horizon.

Coscinodiscus papillosus Hajos, 1968
Pl. IX: 2

Description: Valve highly convex, 12—31 um in diameter, covered with radially orientated
rows of areolae. Rows of areolae do not extend to the valve center, where there is an irregular cen-
tral area. Areolae of variable size, large in the center, 5—6 in 10 um, becoming finer marginwards
where they are arranged in striae, 10— 13 striae in 10 xm.

Occurrence: Piatkowa horizon.

Cestodiscus intersectus Brun, 1891
Pl. I1: 8

Description: Frustule bi-convex in girdle:view. Valve gradually arching towards its center
which is often depressed. Valve, 17—40 um in diameter, covered with marked radial striae com-
posed of rounded polygonal areolae. In valve center the striae are often shortened irregularly,
and there occurs a small, irregular central area. Tangential arrangement of areolae poorly
developed. Areolae large in the center, 10—12 in 10 um, diminishing in size outwards to 18—20
in 10 um. Between the fine marginal areolae there occur a few (4—12) processes.

Occurrence: Futoma horizon.

Actinocyclus loczyi Pantocsek, 1892
PI. III: 10, 11

Description: Frustule drum-shaped in girdle view. Valve 55— 81 um in diameter, has a strong
central convexity. Ornamentation consists of circular, large areolae, 10—12 in 10 pum. Larger spe-
cimens show a central areolar pore (Pl. III: 11). Areolae occur in straight radial rows arranged
in fasciae. Central area of variable size, circular, with 2— 3 areolae in the middle. Wide valve face
margin composed of fine, radially distributed areolae, 15—17 in 10 um. Between fasciae there occur
marginal processes surrounded by radially arranged hyaline areas.

Occurrence. Futoma horizon.

Actinocyclus aff. cholnokyi van Landingham, 1967
Pl. VI1I: 11

Description: Valve flat, 21— 64 um in diameter, with short mantle. Margin of valve covered
with small areolae, 10—12 in 10 um, arranged hexagonally. Between areolae there occur processes
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spaced at distance of a dozen or so areolae. The remainder of valve covered with radial rows of
areolae, 4— 5 in 10 um. Spiral rows are less distinctly marked than the radial ones. In valve center,
areolae less densely packed. Central area small, irregular, usually having about 1—3 free areolae.
Valve center sometimes slightly depressed.

Occurrence: Piatkowa horizon.

Actinocyclus octonarius Ehrenberg 1838
Pl. VII: 12

Description: Frustules drum-shaped in girdle view, Valve 29—82 yum in diameter, convex,
with the highest convexity in the center. Valve covered with large, circular areolae arranged in
straight radial rows occurring in fasciae. Each fascia bounded mostly by a marked, long hyaline
rib. Central area circular, or variable size, having 2—3 free areolae in the center. Marginal zone
covered with hexagonally arranged areolae, 18—23 in 10 um.

Occurrence: Piatkowa horizon.

Actinocyclus octonarius Ehrenberg 1838 var. tenella (Brebisson) Hustedt 1929
Pl. VII: 9

Description: Frustule drum-shaped in girdle view, less silicified than the type specimens. Dia-
meter 30—42 um. Valve flat, divided into 4—6 sectors which are defined by distinct radial rows
of areolae. Within the sectors, areolae arranged in tangential rows. Marginal part of valve very
narrow, finely punctate. The margin radially striated, about 20 striae in 10 gum. Central area mis-
sing.

Occurrence: Pigtkowa horizon.

Actinocyclus octonarius Ehrenberg, 1838 var. sparsa (Gregory) Hendey 1904
Pl. VII: 10

Description: Valve slightly convex, 20— 36 um in diameter, covered with fasciae of areola
rows of variable size. Fasciae separated by rows of radially arranged areolae extending nearly from
the center to the margin of the valve, Surface of fascia filled more or less completely by radial and
tangential rows of areolae, These rows are normally less packed near the center of valve, and there,
the fasciae are very distinct. Areolae rows separating fasciae do not extend to the center of valve.
Central area circular, with 2—3 free areolae. Areolae of the same size over the entire valve, 5—6
in 10 um, only at the valve margin, they are smaller, and arranged in striae, 14— 17 striae in 10 gm.
Pseudonodulus invisible.

Occurrence: Piatkowa horizon.

Thalassiosira cf. baltica (Grunow) Dstenfeld 1901
Pl. II: 13, 14

Description: Frustule drum-shaped in girdle view, Valve slightly convex, 18 — 30 #m in diameter.
Ornamentation consists of rounded-polygonal areolae. Margin of valve covered with tangential
rows of areolae, convex towards the center of the valve. Radial pattern of areolation poorly
developed. Valve center shows areolae assembled in a chequred pattern. Areolae finer at the margin,
21—26 in 10 um, coarsening inwards to 14 —18 in 10 um. Margin of valve covered with numerous
labiate processes characteristic of this genus. They appear as darker dots at smaller magnifications
in the light microscope. Central labiate process not yet observed.

Comparisons: This taxon is distinctive from all known species of Thalassiosira in the ornamen-
tation of valve center. The distribution of processes and the crnamentation of valve margin are
somewhat also similar in 7. baitica (Makarova, pers. comm.).

Occurrence: Futoma horizon.
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Trochosira spinosa Kitton, 1871
Pl. III: 1—4

Description: Ellipsoidal frustules found either as single specimens or as bead on a in thread-like
colonies. Valve circular or oval, 10—13 um in diameter, covered with radial to slightly spiral rows
of puncta, 28 in 10 um. Center of valve shows a distinct ring of processes holding fast frustules
in the colony. Margin of valve often reveals a centrifugal costa, beyond which there begins valve
mantle. The latter shows the same ornamentation as the valve itself.

Occurrence: Futoma horizon.

Hyalodiscus radiatus (Meara) Grunow, 1880 (in Cleve et Grunow 1880).
Pl. VIII: 2

Description: In girdle view, frustule lens-shaped, 36— 58 um in diameter. Valve circular, slight-
ly convex. Margin of valve rather narrow (especially in larger specimens), covered with radial
rows of areolae, about 16 rows in 10 um. Umbilicus relatively large, 20— 36 xm in diameter, often
irregularly punctate.

Remarks: Beside typical forms, numerous other valves were found, showing a more delicate
ornamentation (17—18 rows in 10 xm) typical of H. radiatus var. arctica Grunow. Nevertheless,

these valves are here assigned provisionally to H. radiatus, since they were encountered in frag-
ments only.

Occurrence:. Piatkowa horizon.

Hyalodiscus scoticus (Klitzing) Grunow, 1879
Pl. 1II: 8, 9

Description: Frustule drum-shaped in girdle view. Valve hemispherical, 21 —32 um in diame-
ter. Central part finely punctate to about half the width of the valve. Marginal zone covered with
hexagonally arranged areolae, 24 —28 or more in 10 gum. The boundary between central and mar-
ginal zones marked by an irregular line. Margin of valve denticulate. Marginal rim narrow, hyaline,

Occurrence. Futoma horizon.

Stephanopyxis turris (Greville et Arnott) Ralfs, 1861 (in Pritchard, 1861)
Pl. III: 5—7

Description: Frustule cylindrical (assemblages from Piatkowa horizon) or ellipsoidal (assem-
blages from Futoma horizon), in some cases composed of valves of different height. Valve 27—48 ym
in diameter (Piatkowa horizon) or 50—80 #m (Futoma horizon), 12— 38 «#m in height (Piatkowa
horizon) or 30— 60 x#m (Futoma horizon), varying in convexity and shape, bell like or with bul-
bous, inflated top. Valve and mantle covered with polygonal (mostly hexagonal) areolae, 2.5—5
in 10 um (Pigtkowa horizon) or 3—4 in 10 um (Futoma horizon), often distributed hexagonally.
At about half of the valve diameter, there occurs a ring of spines. Most are broken off and traces
of spine bases can only observed.

Occurrence: Futoma and Piatkowa horizons.

Stephanopyxis turris (Greville et Arnott) Ralfs, 1861 (in Pritchard, 1861) var. arctica
Grunow, 1884

Pl. VIII: 3

Description: Valve strongly convex, 32—-40 um in diameter. Entire valve surface covered
with polygonal areolae which often reveal a perforated sicve membrane, 3—4 areolae in 10 xm.
Remarks: The present specimens are smaller than those described by Grunow; they also
differ from the type specimens in having strongly deflected hyaline edge of the mantle.
Occurrence: Piatkowa horizon.

4 — Annales Societatis 3-4:87
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Stephanopyxis turris (Greville et Arnott) Ralfs 1861 (in Pritchard, 1861) var. in-
termedia Grunow, 1884
Pl. VIII: 4

Description: Valve 19—45 um in diameter, more robust and having thicker walls between
areolae than the type specimens. About 3— 4 areolae in 10 um. Mantle margin can be slightly de-
flected, hyaline (transparent) edge missing. No spines were observed.

Occurrence: Piatkowa horizon.

Step%anopyxis corona (Ehrenberg) Grunow, 1882 (in Van Heurck, 1882)
Pl. VIII: 5

Description: Frustule sphaerical, 28— 68 pm in diameter. Valve circular, flat with low mantle.
Valve covered with circular areolae arranged hexagonally in decussating rows so that tangential
rows are more pronounced than radial ones, 3— 5 areolae in 10 um. Valve mantle shows the same
areolation pattern. Two valves of a frustule differ in the ornamentation: one has distinct, large
spines arranged in a dense ring occurring close to the valve margin (free ends of the spines branch
off two- or three times), the other has the entire surface covered by randomly distributed spines
of variable size.

Occurrence: Piatkowa horizon.

Actinoptychus senarius (Ehrenberg) Ehrenberg, 1843
Pl. IV: 1-5

Description; Frustule drum-shaped in girdle view. Valve 20—83 uym in diameter. Surface
of valve divided into 6 sectors alternately depressed and elevated. Sectors covered with a net of
polygonal (mostly hexagonal) lumina. This ornamentation much better marked on the elevated
sectors, 3—6 lumina in 10 um. Sectors are also covered by fine, radially arranged puncta, 16—24
puncta in 10 um on the elevated sectors, 10— 15 in 10 um on the depressed sectors. Elevated sectors
have labiate processes which occur in the middle of sector base (Piatkowa assemblages). Central
area circular, smooth, Valve margin shows puncta having the same density distribution pattern as
that on the depressed sectors.

Occurrence: Futoma and Piatkowa horizons.

Actinoptychus senarius (Ehrenberg) Ehrenberg var. tamanicus (Jouse) Hajos, 1968
PL IV: 6—7

Description: Frustule drum-shaped in girdle view, 26—42 um in diameter. Valve as in
nominate variety covered with a net of costae, 4—5 lumina in 10 um, and with radially distri-
buted puncta. About 20 puncta in 10 sam over the entire surface of the valve. Valve face with
two elevated and two depressed sectors.

Remarks: This species is distinctive from typical valves of A. senarius v. ramanicus in poorer
differentiation of two elevated and two depressed sectors.

Occurrence: Futoma horizon,

Actinoptychus thumii (A. S.) Hanna, 1932
Pl. VIII: 8

Description: Frustule in the shape of a bi-convex lens, 40— 70 um in diameter. Valve surface
divided into 6 sectors of the same ornamentation, areolae fine 10 in 10 pm on the sectors and the
valve face margin. Areolae in hexagonal pattern when in focus. Central portions of sectors with no
ornamentation. Elevated sectors have one, centrally located labiate process surrounded by a hyaline
area. Central area irregular, smooth.

Occurrence: Piatkowa horizon.
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Cymatogonia amblyoceras (Ehrenberg) Hanna, 1932
Pl. X: 1

Description: Valve triangular, length of side 43— 69 um. Valve divided into sectors, 3 depres-
sed and 3 elevated, devoid of processes. Valve covered with large, tightly packed polygonal
areolae which are arranged in radial rows and secondarily in a roughly concentric pattern
around the center. Central pore visible in the areolae. Center of valve shows a small, irregular
central area.

Occurrence: Piatkowa horizon.

Xanthiopyxis diaphana Forti, 1913
Pl X:3

Description: Frustule flat, short. Valve elongate, linear, broadly elliptical, with rounded ends.
Length 15—44.2 um, width 5—15.5 um. Valve covered with vague, irregularly distributed puncta.
Margin of valve shows a transparent silica band, typical of this taxon.

Remarks: Smaller forms than those of the type material were also found in this assemblage.

Occurrence: Pigtkowa horizon.

Xanthiopyxis oblonga Ehrenberg, 1844/1845
Pl. IV: 8,9

Description: Valve elliptical-elongate, convex, with widely rounded apices. Length 20—22 um,
width 7.5—11.0 um. Entire valve surface covered evenly with short or long, sharp-pointed spines.
Center of valve often shows coarse, widely spaced puncta.

Occurrence: Futoma horizon.

Xanthiopyxis papillosus Hajos, 1968

Description: Valve elliptical-elongate, with widely rounded apices. Length 16—22 um, width
14—16 pm. Valve covered with long, sharp-pointed spines, usually 2—4 spines in 10 zm.
Occurrence: Futoma horizon.

Chasea ornata Hajos et Stradner, 1975
PLV:12

Description: Valve elliptical, with blunt, widely rounded ends. Length 20—25 um, width
16—17 um. Center of valve has a small, marked dome. Valve surface covered with randomly scat-
tered fine puncta. Margin of valve shows marked coarse puncta (spines?), about 2—8 in 10 zm.

Occurrence: Futoma horizon.

Hemiaulus sporalis Strelnikova, 1974
Pl.V: 4

Description: Frustule lenticular in girdle view, Valve slightly convex, ovate, sometimes with
slightly pointed ends. Length 24—100 um, width 14—40 um. Center of valve covered with rows
of puncta arranged radially or randomly. Valve margin carries spines which sometimes form
arcuate costae, 2—4 in 10 um.

Occurrence: Futoma horizon.

Hemiaulus cf. malleolus Pantocsek, 1886
Pl. V: 5-7

Description: Frustule short-elliptical, 8—15 um in diameter, with a high mantle (7— 17 um).
Center of valve slightly downwarped or convex. Horns 24— 33 um in length, straight, slightly
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arcuate, or flexuous to irregularly curved. Horns terminated with single spines, in each specimen
spines of the same length. Valve covered with randomly distributed areolae of variable size.
Areolae show a vague radial pattern near the base of the horns. About 4—6 areolae in 10 zm
on the valve, 6--8 in 10 um on horns.

Remarks: The specimens observed in this assemblage are highly variable in the shape and the
ornamentation pattern. They seem to show the closest affinity to H. malleolus, H. curvatulus and
H. pungens. From H. curvatulus these specimens are distinctive in the larger size, subtler ornamen-
tation and the inward location of the spines. From H. pungens they differ in the smaller size, the
presence of straight horns, rapheless valve and the central location of the spines.

Occurrence: Futoma horizon.

Odontella cornuta (Brun) Schrader, 1976
Pl. VI: 5, 7

Description: Frustules large, seldom complete, observed only in girdle view. Valve elliptical,
57 um long, with a high mantle (up to 27 um) and several girdle bands. Center of valve flat.
Apices show two short bow-shaped horns. Between the horns 4 setae, two long (longer than the
horns) and 2 short (of the horn height). Setae most often straight, bow-shaped or rarely undulated.
Fine, circular areolae, 14—18 in 10 um, regularly distributed over the entire valve. Areolae
arranged in straight parallel rows on the girdle bands and at the valve margin. Encountered frag-
ments of valve show a radial areolation, while horns a spiral one.

Occurrence: Futoma horizon.

Odontella fimbriata (Greville) Schrader, 1976
Pl. VI: 6, 8

Description: Observed specimens were all in girdle view. Valve 15— 17 um in diameter, with
a high mantle, about 20 um in height. Width of girdle bands equals mantle height. Short horns (10—
16 um) deflected arcuately toward the valve center. Between horns on the valve there occur 2 setae,
which are mostly bow-shaped, seldom nearly straight, markedly longer than the horns. Center of
valve slightly concave. Fine, circular areolae, 14—16 in 10 um, fill regularly valve face, margin,
mantle and girdle bands. Areolae arranged in straight, parallel rows on valve margin and girdles,
in slightly spiral rows on horns, and in radial rows on valve face. Transversal raphae lacking.

Occurrence: Futoma horizon.

Triceratium condecorum Ehrenberg, 1844/1845
Pl. VI: 1, 2

Description: Frustule flat. Valve triangular, sides straight, 38— 50 yum long, apices bluntly
rounded and finely punctate. The remainder of valve surface covered by polygonal areolae, 6—7
in 10 #m at valve margin and 5 in 10 #m near center. At valve margin areolae arranged in straight,
short radial rows. Valve center usually domed, has less orderly distributed areolae showing a more
concentric arrangement than that near the margin. Center of valve shows single fine puncta between
areolae. Central area either vaguely marked or missing.

Occurrence: Futoma horizon.

Triceratium tesellatum Greville, 1861
Pl. VI: 3, 4

Description: Frustule flat. Valve triangular, has straight, sides 15—17 gm long, with sharp-
-pointed finely punctate apices. The remainder of valve covered with round, polygonal areolae,
9in 10 1m, arranged radially at valve margin and concentrically near the center. Valve center domed,
lacking central area.

Occurrence: Futoma horizon.
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Chaetoceros compressus Lauder, 1864
Pl. V: 8—10

Description: This species was observed in the form of spores only. Setae belonging probably
to specimens of this species were found occasionally. Spores provided with valves of different con-
vexity, smooth, sometimes having 2— 3 small spines located in the center of epivalve. The latter
is normally more convex and has an edge of quite coarse granules at its margin. Spore 6—~21 um
in height, 10—16 um in width. Specimens larger than those originally described were also found.

Occurrence: Futoma horizon.

Chaetoceros robustus Makarova, 1962
Pl. V: 11—13

Description: This taxon was observed as spores only. Epivalve convex, covered with nu-
merous spines. Some of them are markedly high. The margin of the valve has 1 —2 rows of puncta
which in some specimens are very fine. Hypovalve less convex, covered more or less regularly
with spines. Valves 10— 18 um in diameter, 6— 10 #m in height.

Occurrence: Futoma horizon.

Rhizosolenia sp., type of setae Rh. setigera Brightwell, 1858
Pl. VII: 1, 2

Description: This taxon is represented only by parts of valve faces and setae. Ornamentation
of valve face extfemely fine, 26—30 puncta in 10 um. Setae sinuous, irregular or S-shaped,
43—59 um long, having a central canal which widens markedly in the middle of the seta. Tip of
seta in the form of a short solid spine.

Remarks: The setae observed in this assemblage are distinctive from the setae of known spe-
cies of Rhizosolenia in having more curved shape and from R#, setigera in being longer.

Occurrence: Futoma horizon.

Pyxilla prolongata Brun, 1893
Pl. VI: 9—11

Description: Frustule high-cylindrical. Valve with very high processes. Only fragments of
valves were encountered. Processes 6— 10 um in diameter, up to 135 um in length, covered with
slightly rounded, polygonal areolae, 3 in 10 um. Areolae arranged in linear and spiral rows, 4 in
10 um. Terminal part of processes partly devoid of ornamentation, partly covered with small puncta
arranged as densely as the areolae. Four hyaline spines of variable size are situated on tips of pro-
cesses.

Occurrence: Futoma horizon.

Biddulphia longispina (Grunow) De Toni, 1894
Pl. VIII: 7

Description: This species occurs only as broken parts of valves. Valve apices in the form of
horns, up to 30 um high. Valve flat between the horns. Middle part of valve shows a hyaline keel
bearing 6 spines higher than the horns. Spines have a central canal. The keel is thicker in places,
forming costae, 6—8 in 10 um. Valve covered with relatively coarse areolae, 12 in 10 um.

Remarks: These fragments remind of the genus Biddulphia. No complete frustule of this dia-
tom has been reported so far in the literature.

Occurrence: Piatkowa horizon.

Class: Pennatae
Sceptroneis grunowii Anissimova, 1949 (in Proshkina-Lavrenko, 1949—1950)
Pl. VI: 12, 13
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Description: Valve lanceolate, gradually tapering, with capitate apices. Length 24—48 um,
width 5.0—5.9 um. Transverse striae perpendicular, 9— 10 striae in 10 gm, composed of coarse
areolae, 2—5 in the stria. Axial area missing. Central area vague, extremely narrow.

Occurrence: Futoma horizon.

Rhaphoneis amphiceros Ehrenberg, 1844
Pl VII: 3

Description: Valve broadly elliptical or lanceolate, with more or less extended, acute apices.
Length 33— 62 um, width 15— 18 um. Transverse striae thick, 6—7 in 10 xm, having coarse areolae
arranged in rows which are parallel to the valve margin. Axial area narrow lanceolate.

Occurrence: Futoma horizon.

Rhaphoneis gemmifera Ehrenberg, 1844
Pl IX: 5

Description: Valve broadly lanceolate, with elongated, bluntly rounded apices. Length 35—
60 um, width 20—25 um. Valve covered with coarse areolae, 4 in 10 um, arranged in radial rows
and sometimes in secondary longitudinal rows parallel to the valve margin. Axial area very narrow
near the apices, gradually widenning into a lanceolate central area.

Remarks: The type specimens of this species have finer areolae.

Occurrence: Piatkowa horizon.

Thalassionema aff. obtusa (Grunow) Andrews, 1976
Pl IX: 6

Description: Valve needle-shaped, gradually narrowing into rounded apices. Length of valve
40—87 um, possibly larger, as complete valves were observed only exceptionally. Valve widest
in middle part (4.5—6 ;m). Valve margin shows thick, short striae, 9—10 in 10 um.

Remarks: The specimens in this assemblage are distinctive from typical forms in being
longer and always irregularly twisted (teratological?). Slightly bent valves were reported, but
not figured, by Sheshukova-Poretskaya (1967). The observed specimens are strongly silicified
and this feature makes them similar to T. robusta Shrader (1969) from which they differ in being
longer and narrower.

Occurrence: Pigtkowa horizon.

Grammatophora marina (Lyngbye) Kiitzing, 1844
Pl. X: 6

Description: Frustule rectangular in girdle view, Each girdle band bears one long, usually straight
septa, sometimes the septa is slightly undulated near the apices. Valve elongate, nearly linear, 60—
92 um long, 7—16 um wide. Apical parts bluntly rounded. Striae fine, 18—20 in 10 xzm, puncta
distributed hexagonally.

Occurrence: Piatkowa horizon.

Grammatophora sp.
Pl. VII: 4—6

Description: Valve elliptical-lanceolate, tapering gradually to sharp, elongated apices. Length
14—18 um, width 3—7 um. Transverse striae markedly punctate, 10— 12 puncta in 10 gm. Axial
area very narrow. Central area not differentiated. In girdle view, the septae show a central,
drop-like termination.
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Remarks: This taxon is similar in size to Rhabdonema minutum Kiitzing (1844), but the pre-
sence of two septae is sufficient for its assignement to the genus Grammatophora.
Occurrence: Futoma horizon,

Cocconeis praecellens Pantocsek, 1886
Pl. IX: 3

Description: Valve broadly elliptical, 47—56 um long, 30—37 um wide. Epivalve covered
with transverse radial striae, 11 —14 in 10 #m, disrupted by two or more, narrow, hyaline bands.
Striated band at the middle valve bears globular thickenings arranged in longitudinal rows. Striated
bands arranged parallel or in an undulatory fashion to the valve margin. The most central lon-
gitudinal band is in some specimens disrupted in the central area. Axial area broadly or narrowly
lanceolate, or in the shape of an “8”. Central area not differentiated. Hypovalve (preserved only
on fragments) less silicified, showing similar though finer ornamentation, about 24 striae in 10 xm.

Occurrence: Piatkowa horizon.

Cocconeis vitrea Brun, 1891
Pl IX: 4

Description: Frustule broadly elliptical, 43—78 xm long, 30—48 um wide, Epivalve co-
vered with transverse radial striae disrupted by wide, lanceolate, ornament-free arcas. This results
most often in the formation of four longitudinal bands of transverse striae, each band having
in the center a longitudinal row of puncta, 11—12 puncta and striae in 10 um. Axial area broadly
lanceolate, passing gradually in to an undifferentiated central area. Ornamentation of hypovalve
(preserved in fragments) shows that transverse striae are not disrupted with ornament-free sectors.
Striae composed of a single row of fine puncta, 18 striae in 10 um.

Occurrence: Piatkowa horizon.

Diploneis nitescens (Gregory) Cleve, 1894
Pl X:5

Description: Valve broadly elliptical, with gradually tapering apices. Length 42—109 ym,
width 30—44 um. Central nodule relatively large, ovate, having at its base wide processes, which
taper rapidly towards the valve apices. Striae short (6—7 in 10 um), show two alternate rows
of puncta. The costae and striae extend to about half of the valve width. Remainder of valve
occupied by very broad longitudinal canals, divided into longitudinal chambers of the same width
as the striae, perforated with irregularly scattered puncta.

Occurrence: Piatkowa horizon.

Diploneis szontaghii (Pantocsek) Cleve, 1894
Pl. X: 4

Description: Valve elongate-elliptical, with wide, bluntly rounded apices. Length 39—50 um,
width 20—21 ugm. Central nodule large, square. Axial area at the central area distinct and re-
latively wide. Canals narrow. Striae seem to consist of two large alveoli. Striae and costa equal
in width 5—6 in 10 gm.

Occurrence: Piatkowa horizon.

Pleurosigma normanii Ralfs var. marylandica Grunow, 1880 (in: Cleve et Grunow,
1880)
Pl X: 2
Description: This taxon was observed in the assemblage only as fragments of most robust
central parts of valves. Length of the observed fragments up to 106 um, width 20—41 gm. The

shape of the raphae indicates that the valves may be slightly S-shaped. Axial area narrow. Central
area small, circular. Valve covered with rows of circular, hexagonally arranged aroelae. Longi-
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tudinal and transverse rows of areolae show the same density, 15— 16 rows in 10 um. Transverse
rows become more conspicuous close to the valve margin and the raphae, but their density remains
unchanged.

Occurrence: Pigtkowa horizon.
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Streszczenie

DWA POZIOMY OKRZEMKOWE
W OLIGOCENIE—DOLNYM MIOCENIE(?)
POLSKICH KARPAT ZEWNETRZNYCH

Janusz Kotlarczyk & Irena Kaczmarska

Abstrakt: W serii menilitowo-kro$nienskiej jednostki skolskiej wystepuja trzy poziomy
ze skatami bogatymi w okrzemki., Dwa starsze — poziomy z Futomy i z Piatkowej — sa najlepicj
rozwini¢te w okolicach Blazowej. Poziom z Futomy zbudowany jest gléwnie z laminowanych dia-
tomitow i tupkoéw diatomitowych ze §ladami redepozycji przez prady denne. Poziom z Piatkowej
wystepuje w tupkach z Niebylca w postaci wielu cienkich wkiadek turbidytowych bogatych w okrzem-
ki, osadzonych w glebszej czesci basenu. Okrzemki obu poziomoéw pochodza glownie ze Srodowiska
nerytyczno-litoralnego. Wiek poziomow mozna odnie$¢ na podstawie analizy okrzemek odpowied-
nio do wczesnego oligocenu oraz do pogranicza oligocenu i miocenu.
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W plaszczowinie skolskiej polskich Karpat Zewnetrznych rozpoznano trzy
poziomy z okrzemkami (Fig. 1, 2; Kotlarczyk, 1982, 1985). Dwa nizsze, opisane
W tej pracy, zwigzane s3 z facja bitumicznych, ilasto-krzemionkowych tupkéw me-
nilitowych. Poziom dolny — z Futomy — wystepuje w dolnej czesci warstw meni-
litowych, poziom wyzszy — z Pigtkowej — w serii przejsciowej od warstw meni-
litowych do krosnieniskich. Oba poziomy sg reprezentowane przez wiazki cienkich
warstewek skal diatomitowych i tupkow z okrzemkami, ktore rozprzestrzenione sa
odpowiednio na obszarze 1500 i 1000 km?,

Poziom z Futomy wystgpuje od kilku do kilkunastu metrow nad marglami
dynowskimi 1 wykazuje lokalne zgrubienia m. in. w rejonach Blazowej i Przemysla—
Dobromila. W obszarze Blazowej sumaryczna miazszo$¢ poziomu waha si¢ od kilku
do kilkunastu metrow (Fig. 3), w tym na same skaly diatomitowe przypada okoto
3/4 profilu. Cechg charakterystyczng skat diatomitowych poziomu z Futomy jest
ich laminacja, giéwnie gruba plaskorownolegla, rzadziej drobna falista. Powstala
ona najprawdopodobniej w wyniku sedymentacji réznobarwnych mutéw okrzem-
kowych (zawierajacych zréoznicowana domieszke itu i pylu kwarcowego), przeno-
szonych pradami dennymi. Skaly diatomitowe sa w strefie wietrzenia jasne — be-
zowe lub biate, lekkie, porowate, mazace palce. Makroskopowo nie da si¢ odroznic¢
typowych diatomitéw, w ktdrych pancerzyki okrzemek i ich detrytus stanowia po-
nad 409, objetosci skaty, od tupkow diatomitowych, w ktorych ilos¢ ich moze spasc
nawet do kilku procent na korzy$¢ spoiwa opalowo-ilastego. Obok skat diatomito-
wych w ogniwie z Futomy wyst¢puja jasnobrazowe tupki ilasto-krzemionkowe z o-
krzemkami (od paru procent w objetosci skaly), biate porcelanity, diagenetyczne
rogowce, a takZe jasne piaskowce kwarcowe. Poza obszarami z dobrze wyksztal-
conym poziomem wystgpuja tylko tupki z okrzemkami, rzadziej tupki diatomi-
towe.

Opracowano metod¢ sporzadzania preparatow dostosowana do stopnia dia-
genezy diatomitow karpackich. Najdokladniej przebadano profil typowy (Futoma,
Fig. 3, 4), za$ pojedynczymi probami trzy dalsze profile w rejonie Blazowej (Borek
Nowy, Hermanowa, BrzezOwka) oraz jedno stanowisko (Malawa) spoza tego
obszaru. W ocenie czg¢stosci wystgpowania taksondw w probie zastosowano klasy-
fikacj¢ rangowa. Zespol taksonéw dominujacych, tj. wystgpujacych we wszystkich
preparatach jest dos¢ stabilny w czasie 1 w przestrzeni, cho¢ pojawiajq si¢ nieznaczne
réznice miedzy skrajnymi warstewkami poziomu (Tabela 1). Zesp6l okrzemek
reprezentuje $rodowisko nerytyczno-sublitoralne, pelnomorskie, z nieznaczna do-
mieszka (3 taksony) gatunkoéw brakicznych i stodkowodnych (Tabela 2). Niezie
zachowanie okryw taksonow nawet delikatnie wysyconych krzemionka przemawia
przeciwko ich allochtoniczno$ci, cho¢ nie wyklucza przemieszczenia poziomego
w obrebie obszaru depozycji. Nieco wigcej niz potowa (17) dominujacych taksonow
znanych jest z mlodszego paleogenu, z czego okolo 2/3 (10) sigga do neogenu,
a okolo 1/3 nie przekracza gornej granicy oligocenu (6) badz eocenu (1). Pozostale
znane sa dopiero z osadéw miocenskich (9) lub wspdlczesnych (1), ale wobec sta-
bego rozpoznania zespotdw oligocefiskich nie moga przesadzaé o wieku. Najpewnie)
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zespol mozna datowa¢ na dolny oligocen. Najbardziej zblizony dont jest zespét opi-
sany przez Dzinoridze et al. (1976) z dolno(?)oligocenskich osadéw Morza Nor-
weskiego (zona Pyxilla prolongata, umieszczana jednak przez niektorych autorow
w gornym oligocenie). Pewne podobieistwo wykazuje nasz zesp6t do zespotu z gor-
noeocenskich osadéw Ukrainy, nie zawiera jednak typowych taksondéw gorno-
eocenskich.

Poziom z Piatkowej rozwinig¢ty jest najpelniej rowniez w rejonie BlaZzowej,
a takze koto Niebylca. Poszczegdlne warstewki brazowofioletowych tupkdw dia-
tomitowych o grubosci do 44 cm (i tacznej grubosci okoto 2,6 m) tkwigce wsrod
szarych osadow ilasto-marglistych sa bardziej od siebie oddalone niz w poziomie
z Futomy, przy czym skrajne warstewki dzieli odleglo$¢ od 22 m w Blazowej do
90 m w Niebylcu (Fig. 5). Poziom obejmuje zatem zmienna, niekiedy znacznag
cz¢$¢ tupkow z Niebylca. Dalej ku E i SE liczba wkladek tupkéow diatomitowych
zmniejsza si¢ gwattownie, a w konicu ich miejsce zajmuja wkladki lupkdw brazowo-
czarnych z okrzemkami (Fig. 2). Wyksztatcenie wkladek diatomitowych, ich liczba,
a takze polozenie wzglegdem IV horyzontu tufowego (Sikora et al., 1959) zmienia
si¢ istotnie na obszarze wystgpowania (Fig. 5, 6). Czg$¢ warstewek tupkéw diatomi-
towych (25—409,) wykazuje struktury sedymentacyjne typowe dla turbidytow.
Eupki diatomitowe sa malo porowate, zbite i zailone. Przygotowanie preparatow
wymagalo wzbogacenia, przeto analiza podtilosciowa nie mogla by¢ zastosowana.

Zespot okrzemek jest stabilny, nawet w przypadku zubozenia liczby taksonow
do kilku (Tabela 3). Uformowatl si¢ on wylacznie z taksondw o grubych i wigkszych
okrywach, charakterystycznych dla strefy nerytyczno-sulitoralnej (Tabela 4). Okry-
wy drobniejsze i lzejsze zostaly najwidoczniej przeniesione pradami zawiesinowymi
dalej ku S i SE, poza rozpoznany obszar wystgpowania poziomu. Okreslenie wicku
zespolu natrafia na duze trudnosci. Oprocz form dlugowiecznych (14) i niezidenty-
fikowanych wiekowo (3), znaleziono 10 taksonow nie cytowanych dotychczas
z osadow starszych od miocenu i 2 taksony nie siggajace powyzej gornej granicy
oligocenu (Tabela 4). Zespdt z Piatkowej ma 4 (fub 7, jesli nie uwzgledni¢ odmian)
taksony wspodlne z gdrnooligocenskim zespolem Mangyszlaku (Jouse, 1978) i trzy
taksony wspolne z dolnomiocenskim zespolem rejonu Szybik (Sheshukova-Poret-
skaya & Gleser, 1962), za$ z flora egerienu Waller (Rehakova, 1975) dziesigé ele-
mentdw wspdlnych. Podobnie niejednoznaczne datowania daja inne skamienialosci:
nannoplankton — najwyzszy oligocen (Kotlarczyk, 1985), plankton otwornicowy —
najnizszy miocen (Nowak et al., 1985). Najprawdopodobniej zespol z Piatkowe;j
reprezentuje wiek pogranicza oligocenu i miocenu.

Czas, jaki uptynal pomiedzy osadzeniem sie obu zespoldéw (prawie caly oli-
gocen), byl wystarczajacy, aby doprowadzié do prawie zupetnego zréznicowania
zespolu okrzemek (wspolne sa tylko 4 taksony dlugowieczne). Fakt ten, przy sze-
rokim rozprzestrzenieniu poziomow, pozwala na wykorzystanie okrzemek w stra-
tygrafii serii menilitowo-kro$nienskiej.

Quasi-autochtoniczny, plytkowodny zesp6t okrzemek z Futomy wskazuje na
splycenie zbiornika menilitowego. Sptycenie to bylo juz wczesniej sygnalizowane
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na podstawie analizy zespoléw ryb poziomu z Futomy i warstw sasiadujacych
(Kotlarczyk & Jerzmanska, 1976) i prawdopodobnie laczy si¢ z globalnym obnize-
piem poziomu oceandw w oligocenie.

EXPLANATIONS OF PLATES

Descriptions of figures are followed by names of sections and sample numbers, All magnifications
1860, unless otherwise stated.

Plate I
1, 2 — Melosira architecturalis, one specimen, different focus; Futoma, 6
3, 4 — Melosira praeislandica; Futoma, 10
5, 6, 8 — Pseudopodosira witti, one specimen, different focus; Futoma, 6
7 — Pseudopodosira witti; Futoma, 6
Plate II
1, 2 — Paralia sulcata; Futoma, 4

2
3 — Paralia sulcata var. crenulata; Futoma, 4
4 — Paralia sulcata, fragment of colony; Futoma, 4, 4300 x
5 — Paralia sulcata, outer surface of valve; Futoma, 4, 4000

6, 7 — Coscinodiscus cf. subtilis; Futoma, 6

8, 9 — Cestodiscus intersectus, one specimen, different focus; Futoma, 21
10, 11, 12 — Cestodiscus intersectus; Borek Nowy, 1

13, 14 — Thalassiosira cf. baltica, one specimen, different focus; Futoma, 4

Plate III
1 — Trochosira spinosa; Futoma, 10
2, 3 — Trochosira spinosa; Futoma, 14
4 — Trochosira spinosa, outer part of valve; Futoma, 4, 7600 x
5, 6 — Stephanopyxis turris, one specimen, different focus; Brzezowka, 29, 750 x
7 — Stephanopyxis turris; Futoma, 18, 750 %
8 — Hyalodiscus scoticus; Futoma, 18
9 — Hyalodiscus scoticus; Futoma, 21
10 — Actinocyclus loczyi; Brzezéwka, 29, 750 X
11 — Actinocyclus loczyi, center of areolae shows pores; Futoma, 4
Plate 1V
1 — Actinoptychus senarius, outer surface of vale; Futoma, 4, 3000
2 — A. senarius, net of external costae on elevated sector of valve; Futoma, 4, 5400 x
3, 4, 5 — Actinoptychus senarius, one specimen, different focus; Futoma, 10
6, 7 — Actinoptychus senarius var. tamanicus, one specimen, different focus; Borek Nowy, 1
8, 9 — Xanthiopyxis oblonga, onc specimen, different focus; Futoma, 14
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Plate V

Chasea ornata, one specimen, different focus; Futoma, 10

Hemiaulus cf. malleolus, internal surface of valve; Futoma, 4, 2800 x

Hamiaulus sporalis; Hermanowa, 29
Hemiaulus cf. malleolus; Futoma, 8
Hemiaulus malleolus; Borek Nowy, 7

Chaetoceros compressus, one specimen, different focus; Futoma, 14

Chaetoceros compressus; Futoma, 14

Chaetocerus robustus, one specimen, different focus; Hermanowa, 29

Chaetoceros robustus; Brzezdwka, 29

Plate VI

Triceratium condecorum; Futoma, 14, 750

Tyiceratium tesellatum, one specimen, different focus; Futoma, 18

Odontella cornuta; Futoma, 6
Odontella fimbriata; Futoma, 4
Odontella cornuta; Futoma, 10, 750 x
Odontella fimbriata; Futoma, 4, 750X
Pyxilla prolongata; Futoma, 18

Pyxilla prolongata; Futoma, 4, 750 x
Pyxilla prolongata; Futoma, 4
Sceptroneis grunowii; Futoma, 14
Sceptroneis grunowii; Futoma, 10, 750X

Plate VII

Rhizosolenia sp., seta type Rh. setigera; Futoma, 4
Rhaphoneis amphiceros; Futoma, 6

Grammatophora sp.; Futoma, 4

Melosira clavigera; Piatkowa 1, 4, 1000x

Melosira omma; Piatkowa I, 1, 2500 x

Actinocyclus octonarius var. tenella; Pigtkowa I, 12, 750X
Actinocyclus octonarius var. sparsa; Piatkowa I, 12, 750
Actinocyclus aff. cholnokyi; Blazowa—Leg, 1, 1500
Actinocyclus octonarius; Futoma, 4, 1500X

Plate VIII

Pseudopodosira sp.; Piatkowa 11, 5, 2500 %
Hyalodiscus radiatus; Piatkowa I, 1, 750%
Stephanopyxis turris var. arctica; Piatkowa 1, 12, 750X

Stephanopyxis turris var. intermedia; Blazowa—Yeg, 1A, 750X

Stephanopyxis corona; Piatkowa I, 12, 750 %
Paralia sulcata var, biseriata; Piatkowa 1, 12
Biddulphia longispina; Piatkowa 11, 5, 1500 x
Actinoptychus thumii; Piatkowa I, 9, 750x

Plate IX

Coscinodiscus marginatus; Piatkowa I, 4, 1500
Coscinodiscus papillosus; Pigtkowa I, 11, 1500 x
Cocconeis praecellens; Piatkowa I, 9, 750
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— Cocconeis vitrea; Piatkowa I, 1, 750

— Rhaphoneis gemmifera; Blazowa—¥eg, 1A, 1000x
Thalassionema aft. obtusa; Piatkowa 1I, 9, 1100x
— Coscinodiscus argus; Blazowa—Leg, 1, 1500 X

S~ SV RN
|

Plate X

— Cymatogonia amblyoceras; Piatkowa II, 11, 1000x

— Pleurosigma normanii var. marylandica; Btazowa—Leg, 12, 750 %
— Xanthiopyxis diaphana; Blazowa—Leg, 1, 2500 x

Diploneis szontaghii; Piatkowa I, 12, 750 X

— Diploneis nitescens; Piatkowa 1, 1, 750%

— Grammatophora marina; Piatkowa II, 5, 750%

OV h N =
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