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Ab stract: The lith o logic vari a tion and biostratigraphy of the Hi ero glyphic Beds were ex am ined in the Szczyrzyc
De pres sion, where four lith o logic com plexes were dis tin guished. The biostratigraphy is based on ag glu ti nated
foraminifera and sup ported by scarce plank tonic foraminifera. The lower part of the Hi ero glyphic Beds con tains
non-char ac ter is tic, Ypresian foraminifers, in clud ing as sem blages of small-sized Trochammina and at suc ces sively 
higher lev els rep re sen ta tives of the Bartonian Ammodiscus latus Zone and the Priabonian Reticulophragmium
gerochi Zone. The up per part of the Hi ero glyphic Beds, com posed of dark shales en riched in TOC (1–2%),
cor re sponds to the de pos its of the so-called Black Eocene, known from the Fore-Magura group of nappes.
Re de pos ited flysch rocks re sult ing from ep i sodes of sub aque ous mass flow oc cur in the lower Bartonian part of the 
sec tion.
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IN TRO DUC TION

Thin-bed ded shale-sand stone turbidites were widely
dis trib uted dur ing the Eocene in the Outer Carpathian bas -
ins. Part of these de pos its are dis tin guished as the Hierogly-
phic Beds (e.g., Ksi¹¿kiewicz, 1951, 1974; Geroch, 1960;
Bieda et al., 1963; Geroch et al., 1967; Œl¹czka, 1971;
Burtan, 1973; Morgiel and Szymakowska, 1978; Geroch
and Koszarski, 1988; Rajchel, 1990; Œl¹czka et al., 1991;
Cieszkowski, 1992; Szymakowska and Wójcik, 1992; Paul,
1993; Leszczyñski and Radomski, 1994; Wójcik and R¹cz-
kowski, 1994; Ry³ko, 2004; Cieszkowski et al., 2006a;
Golonka and Waœkowska, 2007, and ref er ences therein),
which were de pos ited in the Silesian, Skole, and the Dukla
bas ins. They were pre served in the sed i men tary se ries of the 
Silesian and Skole nappes, as well as in the Fore-Magura
group of nappes. The Hi ero glyphic Beds are char ac ter ised
by the oc cur rence of green and grey shales, interbedded
with grey quartzose sand stones. In the Silesian Nappe, they
oc cur above the Ciê¿kowice or Istebna beds and be low the
Green Shale and the Globigerina Marl (e.g., Geroch, 1960;
Bieda et al., 1963; Geroch et al., 1967; Ksi¹¿kiewicz, 1974;
Ry³ko, 2004; Cieszkowski et al., 2006a; Golonka and Waœ-
kowska-Oliwa, 2007; Golonka et al., 2013, and ref er ences
therein). The name of this dis tinct di vi sion re fers to a par tic -
u lar fea ture, which is the large num ber of hieroglyphs on the 

lower sur faces of sand stone beds (Paul and Tietze, 1879;
Geroch et al., 1967; Czaplicka et al., 1968). 

The Hi ero glyphic Beds of the Silesian Nappe in the
Szczyrzyc De pres sion are de vel oped in a spe cific fa cies.
They dis play di ver si fied li thol ogy, which only partly cor re -
sponds to the typ i cal de vel op ment re ferred to “thin-bed ded
shale-sand stone flysch” with grey-green shales. The de-
scription of these atyp i cal lithofacies and the elab o ra tion of
their biostratigraphy on the ba sis of foraminifera are the
main ob jec tive of this pa per. 

STUDY AREA

The stud ies were con ducted in the south ern part of the
Wiœnicz Foot hills of the Carpathians, SE of Kraków (e.g.,
Starkel, 1972). This area be longs to the Silesian Nappe
(Fig. 1), which con sists of deep-wa ter Ju ras sic–Mio cene,
flysch-type sed i men tary se ries. The Silesian Ba sin, dur ing
its his tory of about 150 Ma, was pe ri od i cally sub di vided
into partly indepen dent smaller bas ins, sep a rated by intra-ba -
sin el e va tions, the num ber and size of which changed over
time (e.g., Ksi¹¿kiewicz, 1962, 1977; Mahe¾, 1974; Ciesz-
kowski et al., 1985; Golonka et al., 2006, 2008, 2013; Go-
lonka and Waœkowska-Oliwa, 2007; Golonka, 2011, and ref -
er ences therein). Dur ing the Ju ras sic–Eocene in ter val, four



bas ins have been dis tin guished, in clud ing the Silesian Ba sin 
s.s., which be came a part of the Menilite-Krosno Ba sin in
the Late Eocene. Dur ing the Mio cene, as a re sult of tec tonic
move ments, the de pos its of the Carpathian bas ins un der -
went fold ing, nappe for ma tion and up lift, lead ing to the cre -
ation of the Carpathian Arc (e.g., Ksi¹¿kiewicz, 1962, 1977; 
Golonka et al., 2006; Golonka and Waœkowska-Oliwa,
2007; and ref er ences therein).

The study area is sit u ated within the Szczyrzyc Syncli-
norium (sensu Chodyñ, 2002; Chodyñ and Waœkowska-
Oliwa, 2006, Zhang et al., 2008) com posed of the Cicieñ-
Grodzisko Monocline built of Cre ta ceous and Palaeo cene
strata (Burtan, 1974, 1978, 1984), and the Szczyrzyc De -
pres sion (KuŸniar, 1924, 1935), where Palaeogene de pos its
pre dom i nate. The Szczyrzyc De pres sion con tains a con tin u -
ous sed i men tary suc ces sion of the Silesian Nappe from the
Palaeo cene part of the Istebna Beds to the Oligocene
Krosno Beds (Figs 2, 3).

The Hi ero glyphic Beds, stud ied in the Szczyrzyc Syn-
clinorium, form a me ridi on ally ori ented strip stretch ing along 
the west ern edge of the Szczyrzyc De pres sion, be tween the
vil lages of Bigorzówka and Skrzydlna. A com plete sec tion of 
Hi ero glyphic Beds, in clud ing the un der ly ing and over ly ing
strata is ex posed near Krzes³awice in the val ley of the Stra-
domka river and its trib u tar ies (N49°48'14.33"; E20°10'
25.23"), about 10 km north of Szczyrzyc (Fig. 2). The field
work and sam pling took place in 2005 and 2009 be fore the
par tial reg u la tion of a sec tion of the Stradomka River.

METH ODS

The Hi ero glyphic Beds sec tion ex posed in the Stra-
domka val ley was logged and sam pled in de tail (Fig. 3). Al -
to gether, 38 sam ples of shales were col lected. Each sam ple,
about 1 kg in weight, un der went the stan dard pro ce dure of
micropalaeontological pro cess ing. It was first mac er ated in
an aquatic so lu tion of Glau ber’s salt, and next washed on
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Fig. 1. Geo log i cal set ting of the study area on the geo log i cal map of the Pol ish Carpathians (mod i fied from ¯ytko et al., 1989).

Fig. 2. Geo log i cal map of the Krzes³awice area (af ter Chodyñ
and Waœkowska-Oliwa, 2006, mod i fied). 



meshes, 0.68 mm in di am e ter. Later, the microfossils were
sep a rated from the clastic res i due. In the micropalaeontolo-
gical ma te rial ob tained, the tests of foraminifera pre dom i nated. 
The ac ces sory com po nents in cluded fish teeth, echinoid
spines, and ostracods. The foraminiferal tests were tax o nom i -
cally de ter mined and ana lysed un der a Nikon VL 100POL
bin oc u lar mi cro scope in the De part ment of Gen eral Ge ol ogy
and Geotourism of AGH WGiOŒ. Pho to graphic doc u men ta -
tion was done us ing a Nikon Dig i tal SIGHT DS-Fi1 cam era,
and a FEI QUANTA 200 FEG sca- nning mi cro scope in the
Scan ning Mi cros copy Lab o ra tory of WGiOŒ AGH.

The pe trog ra phy of the Hi ero glyphic Beds was mi cro -
scop i cally ex am ined in 10 thin sec tions with the use of a
Nikon ECLIPSE LV 100 POL mi cro scope. Thirty sam ples
were ana lysed for car bon ate con tent, us ing the Scheibler

vol u met ric method, in the Trace El e ment Anal y sis Lab of
the WGiOŒ AGH. In 10 sam ples, the TOC con tent was ana -
lysed in the De part ment of Ge ol ogy and Geo chem is try of
the Oil and Gas In sti tute – Na tional Re search In sti tute, by
us ing Rock Eval py rol y sis.

The an a lyzed ma te ri als were de pos ited in the au thor’s
col lec tion at the De part ment of WGiOŒ AGH, in the ‘Krze-
s³awice’ sec tion.

RE SULTS

Li thol ogy

The Hi ero glyphic Beds of the Szczyrzyc De pres sion
are de vel oped as a se ries of thin-bed ded shaly-sandy turbi-
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Fig. 3. Po si tion of the Hi ero glyphic Beds in Szczyrzyc De pres sion. A. Lithostratigraphic log of the Silesian Nappe (af ter Chodyñ and
Waœkowska-Oliwa, 2006 – mod i fied). B. Lith o logic log of the Hi ero glyphic Beds with TOC and car bon ate con tent pa ram e ters.



dites, about 180 m thick, with a fairly di verse range of litho- 
logies (Figs 4, 5). Green and grey shales which form the
thick est ho mo ge neous pack ages pre dom i nate. Brown shales 
and mudstones are com mon, and dark brown shales re sem -
bling those of the Menilite For ma tion (Oligocene) and red
shales oc cur as in ter ca la tions. Sand stones are mostly grey,
thin-bed ded and fine-grained, usu ally with par al lel or wavy
lam i na tion, ac cen tu ated by darker or slightly finer grains.
They con sist mainly of quartz (Fig. 6A), and an ad mix ture
of glauconite, mus co vite, feld spar and heavy min er als. In
the ma jor ity of these sand stones beds, bioglyphs oc cur on
their lower sur faces. The sand stone beds are very di verse
with re gard to bed thick ness and grain size, as well as in the
type and abun dance of sed i men tary struc tures. Thin lay ers
of bentonitised tuffites, as well as siderites, marls, and man -
ga nese con cre tions, are ad di tional com po nents. The de pos -
its stud ied are sub di vided into com plexes char ac ter ized by
sim i lar li thol ogy. From the base, they are as fol lows: (I)
green shales, (II) green shales with sand stones, (III)
brown-grey shales with bentonites (“Black Eocene”), and
(IV) grey shales with sand stones (Figs 4, 5).

Con tact with un der ly ing de pos its
The Hi ero glyphic Beds over lie the Ciê¿kowice Sand -

stone, the up per most part of which is dom i nated by me dium-
and thick-bed ded, fine- to me dium-grained sand stones. The
tran si tion to the Hi ero glyphic Beds oc curs in an in ter val
about 3m thick. In this tran si tional in ter val, a grad ual re duc -
tion in thick ness of the sand stone lay ers, as well as an in -
crease of the thick ness and fre quency green and grey-green
shales can be ob served (Fig. 4). 

Com plex I: green shales
The lower part of the Hi ero glyphic Beds, ap prox i -

mately 70 m thick, is made up of green and grey-green
shales (Figs 4, 7A, B). These are strongly bioturbated (Fig.
6B), and rel a tively soft. Sev eral in ter ca la tions of soft red
shales, the thick ness of which is from sev eral to 40 cm, were 
ob served here (Figs 7C, 4C). The first red shale pack age ap -
pears 13 m above the base of the com plex. The higher pack -
ages of the red shales oc cur ir reg u larly (Fig. 4). The high est
ac cu mu la tion of red shale interbeddings oc curs in the up per
part of the com plex I, from 66–69 m above the base of the
Hi ero glyphic Beds. In the up per and basal parts of the com -
plex I, grey fine-grained quartzose sand stones are pres ent
(Fig. 4). The car bon ate con tent is from 0.1% to 0.3%wt of
rock and the TOC ranges from 0.04% in the red shale to
0.94% in the green shale (Fig. 3).

Com plex II: green shales with sand stones
Com plex II is about 80–90 m thick and is char ac ter ized

by the oc cur rence of green and grey-green lam i nated shales,
which are its pre dom i nant lithotype (Fig. 4). The shales con -
tain interbedded quartzose sand stones. In the mid dle and up -
per parts of com plex II, very thin-bed ded, and rarely me -
dium-bed ded sand stones oc cur, with par al lel, or par al lel and
wavy lam i na tion (Fig. 7E). In the up per most part, thin-bed -
ded lay ers of brown, me dium-hard mudstones are pres ent
(Fig. 7G); some of them con tain fine-grained sand, and a lit -
tle above them – thin-bed ded, fine-grained brown sand -

stones oc cur in iso lated lay ers. In the up per part of com plex
II (150 m above the base of the suc ces sion), var ie gated
shales are an ac ces sory com po nent (Fig. 5). These are pack -
ets of grey-green shales, thinly lam i nated by red shales (Fig. 
7F). Some of the sand stones within the var ie gated shales oc -
cur in the form of thin (up to 3 cm thick) and long (3–7 m)
lenses. The packet con tain ing var ie gated de pos its is about
5 m thick. In the up per most part of com plex II, a 22-cm- thick 
layer of soft, blue claystone, and a ho ri zon with con cre tions
oc cur. The whole com plex is bioturbated (Fig. 6D). The de -
pos its of com plex II are fairly poor in or ganic car bon, the
amounts of which fluc tu ate from 0.38% in the grey-green
shales to 0.03% in the var ie gated shales (Fig. 3).

Within com plex II, 10-m-thick cha otic de pos its of a
subma rine slump oc cur. They con tain soft (partly mac er -
ated), plas tic ally de formed green shales, which con tain cha -
ot i cally dis trib uted cob bles and boul ders of sand stones and
clasts of shales (Figs 3, 7D). Shale clasts pre dom i nate in the
slump ma trix. The sand stone clasts have pol ished sur faces
like slick en sides and are poorly rounded. The shale clasts
are elon gated, gen er ally lens-shaped and ir reg u larly dis trib -
uted, with sizes vary ing from sev eral centi metres to more
than one metre. In terms of li thol ogy, they are rep re sented
mostly by green and grey-green lam i nated shales (sim i lar to
the shales of the Hi ero glyphic Beds), as well as by grey and
dark grey shales (sim i lar to the shales of the Istebna Beds),
pack ets of thin- bed ded flysch, and frag ments of grey, quar-
tzose, fine- and me dium-grained sand stones.

Com plex III: brown and green-grey shales with
bentonites

Start ing from the 180th m above the base of the Hi ero -
glyphic Beds, the next 20 m of the sec tion is char ac ter ised by
the pres ence of dark shales, which – apart from grey-green and 
green shales – are the prin ci pal lithotype there (Waœkowska-
Oliwa et al., 2008; Fig. 7). These are thinly lam i nated shales
with char ac ter is tic brown and brown-grey colouration (Figs
6F, 8A, C), with li mo nite stain ing on the planes of joint ing.
The brown shales are interbedded with grey-green shales.

The char ac ter is tic el e ment for this com plex is the oc -
cur rence of bentonitic clays (Chodyñ and Waœkowska-
Oliwa, 2006; Figs 5, 8B). Their pyroclastic or i gin is con -
firmed by X-ray anal y ses (R. Chodyñ, pers. comm.). They
are soft, creamy or grey creamy in col our, rarely slightly
pink ish. In com plex III, bentonites oc cur in the form of thin
(1–3 mm thick) laminae, or merge with the sur round ing de -
pos its in pack ets 0.5–2 m thick. Dark and grey-green shales
con tain ing nu mer ous interbedded bentonitic laminae oc cur
in in ter vals of ten or so milli metres. Be tween these pack ets,
the bentonitic laminae ap pear ir reg u larly and much less fre -
quently.

The next lithotypes, oc cur ring subordinately in com -
plex III, are mod er ately hard, brown mudstones and sandy
mudstones, mas sive or par al lel-lam i nated (Fig. 5). Some of
them con tain mus co vite and some are marly. Apart from the 
mudstones, grey, thin- and very thin- bed ded quartzose
sandstones (with par al lel or, rarely, wavy lam i na tion), as
well as very thin-bed ded, very fine-grained, quartzose sand -
stones with a char ac ter is tic brown col our, usu ally con tain -
ing mus co vite, also oc cur there. In the up per part of the
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Fig. 4. De tailed lith o logic logs of the lower part of Hi ero glyphic Beds. In ter vals A–C are marked in the sche matic log of the Hi ero -
glyphic Beds (II).
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complex, mas sive, dark, al most black mudstones with man -
ga nese min er ali sa tion oc cur, along with very sim i lar sandy
mudstones. Also lev els con tain ing man ga nese con cre tions
were ob served (Fig. 5).

Within the Hi ero glyphic Beds, these de pos its are the
rich est in or ganic car bon. The TOC con tent is 1–2%. In
terms of car bon ate con tent, these de pos its show great di ver -
sity. As a rule, this con tent is low, from 0.2% to 0.6% wt of
a sam ple; in iso lated beds of dark, cal car e ous mudstones, it
may abruptly in crease to 14% wt of sam ple (Fig. 3).

Com plex IV: grey-green shales with sand stones
This com plex is dom i nated by grey-green, bioturbated

shales, with thin- and me dium-bed ded, fine-grained, par al -
lel-lam i nated sand stones, as well as sandy mudstones (Figs
4, 8D, E, G). The pro por tion of sand stones in creases grad u -
ally to wards the top of the sec tion and more coarse-grained
lay ers ap pear among the sand stones; ad di tion ally, a sin gle
beds of con glom er ate oc cur too. The brown mudstones and

shales are interbedded here subordinately, and brown sand -
stones oc cur spo rad i cally. In the up per most part of the Hie-
roglyphic Beds, brown shales of Menilite-type, and lenses
of sphaerosiderite were found (Fig. 8F). In the lower part of
com plex IV, the car bon ate con tent is low, and amounts from 
0.2% to 1.1% wt of the rock, while in the up per most part it
in creases to 45% wt (Fig. 3). In thin sec tions of shales, rel a -
tively nu mer ous tests of the foraminiferid Bathysiphon were 
found in the in situ po si tion, and rel a tively well pre served
tests of plank tonic foraminifera oc cur (Fig. 6F, G). The tests 
are dis trib uted ir reg u larly.

Con tact with over ly ing de pos its
The sed i men tary con tact with the over ly ing Globige-

rina Marl is well de fined in the sec tion. The tran si tion zone is
about 1.5 m thick. In the lower part, along with grey-green
shales typ i cal of the Hi ero glyphic Beds, there are sev eral
thin, iso lated beds of marls sim i lar to the Globigerina Marl
(Fig. 5). In thin sec tions, plank tonic foraminifers were obser-
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Fig. 6. Thin-sec tions of the Hi ero glyphic Beds de pos its. Scale bar = 100 µm. A. Quartzose sand stone (com plex II). B. Bioturbated
shale with Bathysiphon sp. test (com plex I). C. Var ie gated shale (com plex I); white fields are breaks in the thin-sec tion. D. Bioturbated
shale (com plex II). E. Shale with re de pos ited cal car e ous bioclasts (com plex II). F. “Black Eocene” dark shale with Bathysiphon sp. test.
G. Marl with “Globigerina-type fauna” (com plex IV). H. Globigerina Marl.



ved (Fig. 6G). The grey-green shales are re placed by brown,
thinly lam i nated Menilite-type shales, about 1 m thick. Above
the tran si tional shale in ter val, the Globigerina Marl be gins. It
is a com pact se ries of grey, hard, marly lime stones, weath er ing 
white. They form thin- and me dium-bed ded, in ter nally mas -
sive lay ers. The to tal thick ness of the Globigerina Marl is up to 
sev eral metres and they are over lain by the Menilite Beds
(Menilite For ma tion), dom i nated by brown shales.

Foraminiferal as sem blages

Num bers, struc ture, and pres er va tion
 All of the col lected sam ples con tained foraminiferal

tests. The num ber of spec i mens was di ver si fied and usu ally
var ied from 500 to 2500 per sam ple, or some times even
higher.

Ag glu ti nat ing foraminifers pre dom i nate. Their state of
pres er va tion is fairly good. Cal car e ous, plank tonic and ben -
thic foraminifera oc cur ir reg u larly. In com plexes I–III, they
were noted as ac ces sory com po nents and usu ally do not ex -
ceed 1% of all foraminifera (af). The state of pres er va tion of 
plank ton is poor; the tests show traces of cor ro sion. Cal car e -
ous benthos is slightly better pre served. Sam ple No. 2/15/06 
from com plex III (Fig. 9) is an ex cep tion. The fairly well
pre served ben thic cal car e ous fauna pre dom i nates in this
sam ple and to gether with plank ton con sti tutes 88% af. The
sub se quent sam ple, No. 39/27/06, con tains in creased num -
ber of cal car e ous foraminifera (Fig. 9) amount ing to 7.2%
af. In this part of the sec tion, there is an ev i dent in crease in
the car bon ate con tent up to 140 g/kg of rock, whereas in
com plexes I–III it ranges, as a rule, from 1 to 11 g/kg of
rock (Fig. 3). The num ber and di ver sity of plank ton in crease 

328 A. WAŒKOWSKA

Fig. 7. Out crop de tails show ing the li thol ogy of the Hi ero glyphic Beds. The ham mer (scale) is 30 cm long. A, B. Green and grey shales of
com plex I. C. Var ie gated shales in up per part of the com plex I. D. Sub ma rine slump in com plex II. E. Thin-bed ded shaly-sandy de pos its of
the com plex II. F. Var ie gated shales in up per part of com plex II. G. Green-grey shales in ter ca lated by dark shales in up per part of com plex II.



in the up per most part of the sec tion. In com plex IV, plank -
tonic forms are a com mon com po nent, and their shares
range from 1% to 2%, whereas in the top most part, in the fi -
nal metres of the sec tion, the amount of cal car e ous forami-
nifera in creases abruptly to more than 10%, with the cal car -
e ous foraminifera dom i nated by plank ton. This struc ture of
the as sem blage is ac com pa nied by a rapid and sub stan tial
in crease in car bon ate con tent, which rises dy nam i cally to a
value 16% wt of rock. In the lower part of com plex IV,
how ever, it is vari able and fluc tu ates from 0.4% to 3% wt of 
rock (Fig. 3).

Biostratigraphy
The age of sed i men ta tion of the Hi ero glyphic Beds was

es ti mated on the ba sis of the ag glu ti nat ing foraminifera.
They were dom i nated by an un char ac ter is tic cos mo pol i tan
fauna. It was pos si ble to es tab lish the time frame of sed i -
men ta tion, only thanks to the anal y sis of con tin u ous se -
quences, be cause the taxa that were strati graphic mark ers
oc curred spo rad i cally (Fig. 9). In con nec tion with the fact
that plank tonic forms oc cur highly dis persed and the bio-
strati graphic data ob tained on the ba sis of them is spot-spe -
cific, the biostratigraphic di vi sion was based on ag glu ti nat -
ing foraminifera.

Rzehakina fissistomata Zone
The foraminiferal as sem blages in the lower part of the

Hi ero glyphic Beds con tain chiefly long-rang ing spe cies
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Fig. 8. Out crop show ing de tails of the li thol ogy of the Hi ero glyphic Beds. The ham mer (scale) is 30 cm long. A. “Black Eocene” de -
pos its (com plex III). B. Thin ben ton ite lay ers in dark shales in com plex III. C. “Black Eocene” de pos its (com plex III). D, E. Thin-bed ded
turbidites of com plex IV. F. Sphaerosiderite in thin-bed ded turbidites of com plex IV. G. Me dium-bed ded sand stones in up per part of com -
plex IV.



with out strati graphic marker forms (see be low). Thus, in or -
der to es tab lish the age of the bot tom part of the Hierogly-
phic Beds, the ma te rial for anal y ses was col lected from the
up per most part of the Ciê¿kowice Sand stone, namely sam -
ple No. 31/59/06 (Fig. 9), where the fauna in cluded sin gle
spec i mens of Rzehakina fissistomata (Grzybowski). It is a
char ac ter is tic taxon with sig nif i cance as a marker for the
Palaeo cene in the Carpathian flysch (e.g., Jurkiewicz, 1967; 
Jednorowska, 1968, 1975; Morgiel and Szymakowska,
1978; Morgiel and Olszewska, 1981; Geroch and Nowak,
1984; Olszewska et al., 1996; Olszewska, 1997; B¹k, 2004;
Waœkowska-Oliwa, 2005, 2008, and ci ta tions therein). Ad di -
tion ally, a num ber of other spe cies, which are typ i cal com po -
nents of Palaeo cene as sem blages, were pres ent, e.g., Rzeha-
kina epigona (Rzehak), Caudammina gigantea (Geroch),
Caudammina ovula (Grzybowski), Hormosina cf. velascoen- 
sis (Cushman), and Glomospira diffundens Cushman et
Renz. The foraminiferal as sem blage from the up per most part
of the Ciê¿kowice Sand stone thus rep re sents the Palaeo cene
and fol low ing the in te grated zonations for the Outer Carpa-
thians, is un am big u ously clas si fied in the Rzehakina fissisto-
mata Zone (Fig. 9).

As sem blage of cos mo pol i tan foraminifera with in ter vals of
Trochammina as sem blages

In com plex I and the basal part of com plex II, the as sem -
blages con tained al most ex clu sively cos mo pol i tan, long-ran-
ging spe cies, com monly oc cur ring in the Carpathian flysch in 
the Cre ta ceous and Palaeogene, with out biostratigraphic sig -
nif i cance. These in cluded, e.g., Bathysiphon, Nothia (10–
40% af, max. 75% af), Rhabdammina and Psammosipho-
nella div. spp. (usu ally up to 10% af, max. 62%), Paratro-
chamminoides and Trochamminoides (5–10% af, max. 18%), 
Karrerulina (1–7% af, max. 13.5% af), Haplophragmoides
(2–6% af, max. 11.5% af), Recurvoides and Thalmannam-
mina (3–10% af, max. 40% af), Ammodiscus div. spp. (with
the ex cep tion of Ammodiscus latus Grzybowski; from 1–4%
of ag glu ti nated foraminifera on av er age (ag), max 15% ag),
as well as Reophax, Subreophax, Ammosphaeroidina pseudo-
pauciloculata (Mjatliuk), and Saccammina (Figs 10–12).
Among these taxa, the forms known from the Eocene, i.e.,
Eratidus gerochii Kaminski et Gradstein, Haplophragmoides
nauticus Kaminski et al. and Pseudonodosinella elongata
(Grzybowski), oc curred ir reg u larly (Figs 9, 13).

The char ac ter is tic fea ture of the as sem blages in the up -
per part of com plex I was the pres ence of nu mer ous
Trochammina (Waœkowska, 2012, 2014a) oc cur ring in
amounts of up to 80% af. An in crease in Trochammina
num ber was ob served in de pos its about 50 m thick in ter val
in the up per part of com plex I, in sev eral sub se quent sam -
ples, from 40/36/05 up to 95/65/09 (Fig. 9). In the up per
part of com plex I (sam ple 93/64/09), Saccamminoides
carpathicus? Geroch was iden ti fied. It is the in dex taxon for 
the up per Ypresian, char ac ter ised by a nar row strati graphic
range in the Outer Carpathians (e.g., Jednorowska, 1968;
Morgiel and Szymakowska, 1978; Geroch and Nowak,
1984; Olszewska et al., 1996, Olszewska, 1997, Waœ-
kowska, 2011a, and ref er ences therein). More than 10 m be -
low the de pos its with Saccamminoides carpathicus? Ge-
roch, in the mid dle part of com plex I, a sin gle spec i men of

Reticulophragmium amplectens (Grzybowski) was found
(Fig. 9). In the Outer Carpathians, it ap pears near the top of
the Lower Eocene (Olszewska, 1997) and just be low the
last oc cur rence of Saccamminoides carpathicus Geroch;
these taxa co-oc cur only in the up per Ypresian (Morgiel and 
Olszewska, 1981; Geroch and Koszarski, 1988; Olszewska
et al., 1996; Olszewska, 1997; Kaminski and Gradstein,
2005; Cieszkowski et al., 2006b; Waœkowska, 2011a, b).

In the shales with small-sized Trochammina, sin gle
planktonic foraminifera oc cur. Subbotina hornibrooki (Brö- 
nnimann), known from the early Ypresian (Pearson et al.,
2006 and ci ta tions therein), was iden ti fied in sam ple 93/63/
09 (Fig. 9). Subbotina yeguaensis (Weinzierl et Applin),
Subbotina corpulenta (Subbotina), Subbotina linaperta
Finlay, Subbotina hagni? (Gohrbandt) and Catapsydrax
unicavus Bolli oc cur in the up per most part of com plex I and 
the low er most part of com plex II (Fig. 9). These are the
so-called large plank tonic forms, char ac ter is tic of the Eo-
cene, the first ap pear ances of which have been noted in the
Lower Eocene, mostly in the up per Ypresian (Pearson et al., 
2006, and ci ta tions therein). The co-oc cur rence in one as -
sem blage (sam ple No. 93/64/09) of early Eocene Sacca-
mminoides carpathicus? Geroch, and Subbotina yeguaensis 
(Weinzierl et Applin), the time range of which is es ti mated
to be the late Ypresian–Eocene/Oligocene, to gether with
Subbotina corpulenta (Subbotina) known from the high est
Ypresian–lower Oligocene, is di ag nos tic for the up per
Ypresian age of the up per most part of com plex I. The as -
sem blage of cos mo pol i tan foraminifera oc curs in com -
plexes I and II (Fig. 9).

Ammodiscus latus Zone
In the foraminiferal as sem blage in the up per most part

of com plex II, Ammodiscus (Dolgenia) latus Grzybowski
was pres ent, ac com pa nied by nu mer ous Reticulophrag-
mium amplectens (Grzybowski), (Fig. 11). It con sti tuted up
to 20% af. Ammodiscus latus Grzybowski (Fig. 11) was an
ac ces sory com po nent, ex cept for sam ples 67/48/05 and 70/
28/05, where it con sti tuted up to more than 1.5% af. In the
Carpathian flysch, Ammodiscus latus Grzybowski is an in -
dex taxon for the Bartonian be tween the first oc cur rences of 
Ammodiscus latus Grzybowski and Reticulophragmium ge-
rochi Neagu et al. (= Reticulophragmium rotundidorsatum
(Hantken) in the older no men cla ture; see Neagu, 2011) as
re ported by Geroch and Nowak (1984), Olszewska et al.
(1996) and Olszewska (1997; Fig. 13). Haplophragmoides
parvulus Blaicher, a spe cies char ac ter is tic of the Mid dle and 
Up per Eocene in the Carpathians (Blaicher, 1961; Malata,
1981; Olszewska et al., 1996; Golonka and Waœkowska,
2011, 2012, and ref er ences therein) was an ac ces sory com -
po nent as well as Buzasina pacifica (Krasheninnikov) and
Ammomarginulina aubertae Gradstein et Kaminski. In the
up per most part of the Hi ero glyphic Beds, Spirosigmoili-
nella compressa Matsunaga oc curred (Figs 11–13). The rare
Eocene spe cies in clude Eggerelloides propinqus (Brady),
and Ammogloborotalia aff. subvesicularis (Hanzlikova)
(Figs 12, 13). The cos mo pol i tan forms (listed for com plex I)
were a per ma nent com po nent of as sem blages, in slightly
variable pro por tions. The num ber of Ammodiscus de creases,
and the pro por tions of Bathysiphon and Nothia, Haplo-
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phragmoides, Paratrochamminoides and Trochamminoides
in creased. A clear in crease in Spiroplectammina spectabilis
(Grzybowski) was noted in the up per part of the Ammodis -
cus latus Zone. A sig nif i cant drop in the num bers of Trocha-
mmina, an ac ces sory com po nent, usu ally amount ing to less
than 1% af, was ob served.

In the low er most part of com plex III (sam ple 2/15/06;
Fig. 9), plank tonic foraminifera were found. These forms,
which lasted to the early Bartonian and are char ac ter is tic of
the Early Eocene, oc curred to gether with the typ i cal Late
Eocene forms ap pear ing dur ing the late Lutetian. Jenkinsi-
nia columbiana (Howe), Subbotina crociapertura Blow,
and Acarinina bullbrooki (Bolli) had their last oc cur rences
at about 40 Ma, while Subbotina angiporoides (Horni-
brook), Turborotalia cerroazulensis (Cole), Acarinina me-
dizzai (Tourmarkine), and Pseudohastigerina wilcoxensis
(Cushman et Ponton) were noted up to about 42 Ma (Fig.
14). Globoturborotalia ouachitaensis (Howe et Wallace)
and Globigerina officinalis Subbotina ap pear dur ing 44–43
Ma (Pearson et al., 2006, and ci ta tions therein). There fore,
ac cord ing to the scale by Gradstein et al. (2012), the as sem -
blage of plank tonic foraminifera from sam ple 2/15/06 in di -
cates a late Lutetian age. In this sam ple, a rich as sem blage
dom i nated by cal car e ous foraminifera (con sti tut ing 88%
af.) was iden ti fied with ben thic foraminifera pre dom i nant,
chiefly of the gen era Cibicides, Eponides, and Globocassi-
dulina. The as sem blages of the Ammodiscus latus Zone oc -
curred in the up per part of com plex II, in com plex III, and in 
the lower part of com plex IV (Fig. 9).

Reticulophragmium gerochi Zone
In the up per most part of the Hi ero glyphic Beds, be gin -

ning with sam ple 45/30/06 (the fi nal 20 m), a sin gle Reticu-
lophragmium gerochi Neagu et al. was found (Fig. 9). Reti-
culophragmium gerochi Neagu et al. co-oc curs with Ammo-
dis cus latus Grzybowski and Reticulophragmium amplectens
(Grzybowski). An in creased tax o nomic di ver sity of ag glu ti -
nat ing foraminifera was ob served in the as sem blages.

The fi nal sev eral metres of the Hi ero glyphic Beds
showed an in creased car bon ate con tent of up to 16% wt of
the rock (Fig. 3), and – in the foraminiferal as sem blages –
the num bers of cal car e ous foraminifera in creased suc ces -
sively, with the pre dom i nance of plank tonic foraminifera.
The most nu mer ous as sem blages were found in the up per -
most part of the sec tion, just be low the Globigerina Marl, al -
though their tax o nomic di ver sity was not high and was lim -
ited to a few spe cies (Fig. 9). In the plank tonic as sem blage,

apart from long-rang ing taxa, there were forms oc cur ring
ex clu sively in the Eocene, i.e., Subbotina linaperta (Fin-
lay), Subbotina corpulenta (Subbotina), and Globigerina-
theka in dex (Finlay), as well as forms ap pear ing in the Late
Eocene, and oc cur ring com monly in Oligocene, i.e., Cata-
psydrax dissimilis Cushman et Bermudes, and Turborotalia
increbescens (Bandy) (Fig. 14). The co-oc cur rence of these
spe cies is dated as the in ter val be tween 34 and 38 Ma
(Pearson et al., 2006, and ci ta tions therein) and ac cord ing
the Geo log i cal Time Scale (Gradstein et al., 2012) cor re -
sponds to the Priabonian. The as sem blage was marked in
the up per part of com plex IV (Fig. 9).

DISSCUSSION

Biostratigraphic data

The cos mo pol i tan as sem blages in the lower part of the
Hi ero glyphic Beds do not per mit a pre cise di vi sion into
zones based on foraminifera. The foraminiferal assembla-
ges were abun dant, but the spe cies of biostratigraphic sig -
nif i cance oc curred spo rad i cally and only in sin gle sam ples
(Fig. 9). Plank tonic foraminifera, al though re ferred to the
Early and Mid dle Eocene, oc curred spo rad i cally. In ac cor -
dance with the prin ci ple of su per po si tion, the age as sess -
ment of com plex I points to the Ypresian–Lutetian. The as -
sem blages of un der ly ing de pos its, in the up per most part of
the Ciê¿kowice Sand stone, were typ i cal for the Rzehakina
fissistomata Zone, known from the Palaeo cene. The over ly -
ing de pos its con tained as sem blages with Ammodiscus latus
Grzybowski, re ferred to the Bartonian, or pos si bly to the
late Lutetian (Fig. 9). The pres ence of cos mo pol i tan as sem -
blages in a sim i lar strati graphic po si tion was found in the
Hi ero glyphic Beds by Jurkiewicz (1976), who de scribed
“the as sem blages of poor non-char ac ter is tic fauna” from the 
Silesian Nappe in an area more to the east. Geroch (1960)
also re ported the as sem blages with forms of strati graphic
sig nif i cance ex clu sively from iso lated in ter ca la tions of var -
ie gated shales. The lack of in dex forms from the lower part
of the Hi ero glyphic Beds was also noted by Ksi¹¿kiewicz
(1974).

 In the mid dle part of the in ter val with the cos mo pol i tan
fauna, the as sem blages with great num bers of Trochammina
oc cur and have the char ac ter is tics of monospecific assem-
blages. Their typ i cal fea tures in clude low di ver sity, and the
pres ence of dwarf forms (Waœkowska, 2012). Stud ies on the
small-sized Trochammina as sem blages in di cate that they de -
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Fig. 10. SEM im ages of ag glu ti nat ing foraminifera from the Stradomka sec tion of the Hi ero glyphic Beds. Scale bar = 100 µm.
A. Rhabdammina/Psammosiphonella sp. with Ammolagena clavata (Jones et Parker), sam ple s. 105/76/09. B. Rhabdammina/Psa-
mmosiphonella sp. (s. 65/46/05). C. Psammosiphonella cylindrica (Glaessner), s. 53/50/05. D. Rhabdammina/Psammosiphonella sp. (s.
43/47/09). E. Rhabdammina/Psammosiphonella sp. with at tached form of ag glu ti nated foraminifera (s. 70/28/05). F. Bathysiphon sp. with 
Ammolagena clavata (Jones et Parker), s. 14/52/06. G. Hyperammina sp. (s. 43/47/09). H. Ammolagena clavata (Jones et Parker), s.
65/46/05. I{lang1033 . Placentammina pla centa (Grzybowski), s. 45/30/06. J. Placentammina pla centa (Grzybowski), s. 39/27/06. K.
Thurammina sp. (s. 39/27/06). L. Reophax plana Halkyard (s. 65/46/05). M. Reophax sp. (s. 26/04/06). N. Reophax du plex Grzybowski
(65/46/05). O. Reophax du plex Grzybowski (s. 26/04/06). P. Pseudonodosinella elongata (Grzybowski), s. 96/66/09. R. Pseudonodosi-
nella elongata (Grzybowski), s. 64/58/05. S. Subrepohax scalaris (Grzybowski), s. 26/04/06. T. Subrepohax scalaris (Grzybowski), s.
26/04/06.
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vel oped in the Silesian Ba sin dur ing the Ypresian and their
de vel op ment re flected the spe cific con di tions of sed i men ta -
tion, which lim ited the de vel op ment of more com plex as sem -
blages (Waœkowska, 2014a). The small-sized Trochammina
as sem blages have the struc ture of recolonising as sem blages
that func tioned in deep-sea con di tions af ter the Palaeo cene–
Eocene Ther mal Max i mum cri sis (Waœkowska, 2012,
2014a). Their struc ture is rem i nis cent of the post-cri sis Glo-
mospira div. sp. as sem blages, known from the Tethys.

Next, the Ammodiscus latus Zone sensu Olszewska,
1997 was dis tin guished. In the bot tom part of com plex III,
an as sem blage dom i nated by cal car e ous ben thic foramini-
fera was found. A fairly nu mer ous fauna of plank tonic fora-
minifera (Fig. 9) con tained spe cies, such as Subbotina angi- 
poroides (Hornibrook), Acarinina medizzai (Tourmarkine),
and Pseudohastigerina wilcoxensis (Cushman and Ponton),
to gether with Globoturborotalia ouachitanensis (Howe et
Wallace) and Globigerina officinalis Subbotina that may
co-oc cur from 44 to 42 Ma (age data af ter Pearson et al.,
2006, and ci ta tions therein). In terms of its struc ture, the as -
sem blage from sam ple 2/15/06 de vi ated mark edly from typ -
i cal as sem blages oc cur ring in the Hi ero glyphic Beds. Its
main com po nents were cal car e ous foraminifera, which ap -
peared spo rad i cally in this part of the sec tion, but their tests
were fairly small and sim i lar in size. Most of spec i mens did
not ex ceed 300 µm, but some forms are larger. The state of
pres er va tion, in par tic u lar that of the del i cate plank tonic
tests, was not good: they bore traces of cor ro sion. A par tic u -
lar fea ture is the car bon ate con tent, which rises abruptly
from sev eral to 14% wt of rock (data from sam pled layer),
and then de creases again in the higher part of the sec tion
(Fig. 3). The dif fer ence in spe cies and the struc ture of as -
sem blages, as well as the state of pres er va tion, in di cate that
it is a re de pos ited fauna. It was sup plied in a sus pen sion of
car bon ate mud from shal lower ar eas. This pro cess caused
size seg re ga tion of the micro fauna, con nected with grav i ta -
tional sed i men ta tion in wa ter. In thin sec tions, car bon ate
bioclasts, mostly frag ments or, more rarely com plete small
tests of foraminifera were con cen trated in the laminae en -
riched in allogenic quartz grains and laminae with small
amounts of or a lack of quartz. The re de pos ited ma te rial was 
de rived from late Lutetian cal car e ous mud that had ac cu mu -
lated on the slopes of the Silesian Ridge, on the south ern
mar gin of the Silesian Ba sin. Thus, the re de pos ited forami-
nifers were co eval with or older than de po si tion of the Hie-
roglyphic Beds. The re de pos ited late Lutetian fauna oc -
curred within the de pos its of the Ammodiscus latus Zone, of 

Bartonian age (Geroch and Nowak, 1984; Olszewska et al.,
1996; Olszewska, 1997), al though the ab so lute age of this
zone is still un de ter mined.

The foraminiferal as sem blages from the up per most part 
of the Hi ero glyphic Beds rep re sented the Reticulophrag-
mium gerochi Zone of the Priabonian (Geroch and Nowak,
1984; Olszewska et al., 1996; Olszewska, 1997). The di ag -
nos tic form, Reticulophragmium gerochi Neagu et al., is
one of cos mo pol i tan foraminifera (Kaminski and Gradstein, 
2005), but in the Outer Carpathians it oc curs rarely, only in
tax o nom i cally di verse as sem blages re flect ing fa vour able
life con di tions.

The foraminiferal as sem blage in the up per most part of
the sec tion rep re sents an autochthonous fauna. This is sup -
ported by the grad ual in crease in car bon ates, re sult ing from
palaeoenvironmental changes and the com mon oc cur rence
of cal car e ous foraminifera and their tax o nomic re peat abil ity 
in sam ples from up per most part of com plex IV, as well as
by the much better state of pres er va tion. In com plex IV, the
cal car e ous foraminifera con sti tute a sta ble, al though mar -
ginal com po nent of the as sem blage. Up the sec tion, their
num ber and di ver sity in creased suc ces sively reach ing an op -
ti mum in the Globigerina Marl. The foraminifera oc cur ring
in this part of the Hi ero glyphic Beds in di cate an age of 35 to
38 Ma, which cor re sponds to the Priabonian. The stud ies on
the stra tig ra phy of the Globigerina Marl in di cate that sed i -
men ta tion of them took place from the end of the Eocene un -
til the Oligocene (e.g., Blaicher, 1970; Olszewska, 1983,
1984; Leszczyñski, 1997, and ref er ences therein).

Lithological vari abil ity of the Hi ero glyphic Beds

The li thol ogy of the Hi ero glyphic Beds of the Szczy-
rzyc De pres sion is highly di verse. 

The lower part (ex cept for the basal part) ex clu sively
con sists of grey and grey-green shales with out sand stones
(com plex I; Fig. 4). Their or i gin is con nected with hemipe-
lagic sed i men ta tion. In thin sec tion, they ex hib ited lam i na -
tion de formed by bioturbation. The lam i na tion is de fined by 
the dis tri bu tion of fine quartz grains.

These de pos its, Lower Eocene in age, re sem ble the
so-called “Green Shale”, which is a di vi sion as so ci ated with 
the Hi ero glyphic Beds (e.g., Cieszkowski, 1992; Lesz-
czyñski and Radomski, 1994; Leszczyñski, 1997; Waœ-
kowska, 2014b). Al though the Green Shale is sit u ated in
dif fer ent strati graphic po si tions, usu ally it over lies the thin-
bed ded flysch of the Hi ero glyphic Beds and is chiefly Up -
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Fig. 11. Im ages of ag glu ti nat ing foraminifera from the Stradomka sec tion of the Hi ero glyphic Beds. Scale bar = 100 µm. A. Pseudo-
nodosinella cf. nodulosa (Brady), s. 43/47/09. B. Pseudonodosinella cf. nodulosa (Brady), s. 45/30/06. C. Pseudonodosinella nodulosa
(Brady), s. 90/42/05. D. Ammodiscus latus Grzybowski, s. 70/28/05. E. Ammodiscus latus Grzybowski, s. 26/4/06. F. Ammodiscus latus
Grzybowski, 65/46/05. G. Ammodiscus latus Grzybowski, s. 70/28/05. H, H1. Ammodiscus cretaceus (Reuss), s. 96/66/09. I. Ammodiscus 
cretaceus (Reuss), s. 90/42/05. J. Glomospira charoides (Jones et Parker), s. 65/46/05. K. Glomospira charoides (Jones et Parker), s.
67/48/05. L. Glomospira gordialis (Jones et Parker), s. 65/46/05. M. Glomospira gordialis (Jones et Parker), s. 65/46/05. N. Glomospira
glomerata (Grzybowski), s. 64/58/05. O. Glomospira glomerata (Grzybowski), s. 64/58/05. P. Glomospira glomerata (Grzybowski), s.
64/58/05. R. Glomospira serpens (Grzybowski), s. 64/58/05. S. Glomospira serpens (Grzybowski), s. 65/46/05. T. Glomospira irregu-
laris (Grzybowski), s. 65/48/05. U. Glomospira cf. irregularis (Grzybowski), 65/46/05. V. Glomospira sp., s. 65/46/05. W. Glomospira
sp., s. 65/48/05. Y. Dolgenia sp., s. 64/58/05. Z. Dolgenia sp., s. 64/58/05).
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per Eocene in age (e.g., Bieda et al., 1963; Geroch et al.,
1967; Geroch and Koszarski, 1988; Cieszkowski, 1992).
How ever, they were not found in this strati graphic po si tion
in the Szczyrzyc De pres sion.

The mid dle and up per part of the Hi ero glyphic Beds –
com plexes II and IV – are de vel oped here mostly as
thin-rhyth mic turbidites with an in crease in car bon ate con -
tent in the up per most part (Figs 4, 5). The in creased num ber
of depositional events is marked by the oc cur rence of de pos -
its con nected with turbiditic cur rents bring ing psam mit ic ma -
te rial to the sea floor. In ten si fi ca tion of the tur bid ity-cur rent
de po si tion oc curred dur ing Late Eocene times, when the de -
pos its of com plex IV were formed.

In the up per part of the Hi ero glyphic Beds (Bartonian),
the shaly-sandy de pos its are sep a rated by the shale com plex
III, 20 m thick. Its char ac ter is tic fea tures are: the pre dom i -
nance of dark brown shales, interbedded with green shales,
a small amount of sand stones, the pres ence of bentonitic
lay ers and an in crease in TOC up to 2% (Figs 3, 5, 8).

Black Eocene de pos its

The de pos its with the pre dom i nance of brown, dark
brown, or dark-grey shale (lo cally even black) con tain ing
sand stone lay ers are marked in the Hi ero glyphic Beds of the 
Silesian Nappe in the leg ends of a num ber of geo log i cal
maps and in some lithostratigraphic stud ies (e g., Ksi¹¿kie-
wicz, 1951, 1974; Burtan, 1973; Cieszkowski, 1992;
Szymakowska and Wójcik, 1992; Paul, 1993; Leszczyñski
and Radomski, 1994; Wójcik and R¹czkowski, 1994;
Cieszkowski et al., 2006a). The Mid dle Eocene age of some 
of these de pos its was es tab lished on the ba sis of ag glu ti nat -
ing foraminifera. The Mid dle Eocene dark de pos its within
the Hi ero glyphic Beds were also doc u mented in the Dukla
Nappe, in the Cisna and Jaœliska ar eas (Œl¹czka, 1971,
Œl¹czka et al., 1991).

 In the Outer Carpathians, the most wide spread Eocene
dark de pos its are known from the Fore-Magura group of
nappes. Their char ac ter is tic fea tures in clude the pres ence of 
brown shales with laminae of grey-green shales, as well as a 
sub or di nate num ber of brown sand stone beds with mus co -
vite. These de pos its were de scribed from the Mszana Dolna
Tec tonic Win dow (Burtan, 1978; Cieszkowski et al., 1985;
Cieszkowski, 1986), as well as from the Grybów Unit un der 
the name of the Klêczany Beds (Olszewska, 1981; Po³to-
wicz, 1985; Paul and Ry³ko, 1987; Oszczypko and Wójcik,
1993). Ad di tion ally, they are known from drillings in the

Obidowa-S³opnice Unit, where they are dis tin guished as the 
Rdzawka Beds (shale-sand stone flysch) with sand stones
and con glom er ates (the Zboj Sand stones; see Cieszkowski
and Sikora, 1976, Jawor and Sikora, 1979; Cieszkowski,
1985, 2001; Cieszkowski et al., 1985) with a to tal thick ness
of up to 1300 m (Jawor and Sikora, 1979).

The age of the dark de pos its is poorly doc u mented, be -
cause of the ab sence of in dex fos sils. In the Grybów Unit,
the dark de pos its were as signed to the Palaeo cene–Eocene
(Paul and Ry³ko, 1987; Oszczypko and Wójcik, 1993), al -
though only a Mid dle Eocene age is sup ported by forami-
nifers. In the Obidowa-S³opnice Unit and in the Mszana
Dolna Tec tonic Win dow, Gasiñski et al. (1976), and Burtan 
(1978) in di cate the Eocene age of the dark de pos its, on the
ba sis of the pres ence of Reticulophragmium amplectens
(Grzybowski) in a tax o nom i cally poor as sem blage. Jawor
and Sikora (1979) re ported the Palaeo cene–Eocene from
Obidowa-S³opnice dark de pos its based on the foraminiferal
as sem blages, con tain ing Rzehakina fissistomata (Grzy-
bowski) and Reticulophragmium amplectens (Grzybowski). 
How ever, the po si tion and age of the Rdzawka Beds in the
Obidowa-S³opnice unit is dis put able. The li thol ogy, thick -
ness, and cor re la tions of geo phys i cal data in di cate that they
may be an equiv a lent of the Menilite Beds. The Lower Pala- 
eo gene fauna found there could have been re de pos ited by
sub ma rine flows, which are widely ev i denced in the
Rdzawka Beds. Con tam i na tion of sam pling by a non-stan -
dard palaeontological pro ce dure is also pos si ble (¯ytko and
Malata, 2001).

In the ref er ences per tain ing to the Carpathians, it has
be come cus tom ary to use the term “Black Eocene” for the
Eocene dark de pos its dom i nated by shales (e.g., Ciesz-
kowski et al., 1985, 2006a; Cieszkowski, 2001, 1986,
1985). In prin ci ple, apart from the Rdzawka Beds, the re -
main ing dark shales cor re spond in their li thol ogy, po si tion
and age to com plex III of the Hi ero glyphic Beds of the
Szczyrzyc De pres sion. Thus, the ep i sode of sed i men ta tion
of dark de pos its, en riched in or ganic car bon, was clearly
marked within the Silesian Ba sin in the Mid dle Eocene. The 
con cen tra tion of or ganic mat ter in deep-wa ter bas ins re -
quires spe cific con di tions and it is con nected with a lim ited
sup ply of clastic ma te rial in low-en ergy en vi ron ments. The
anoxic con di tions caused the pres er va tion of the or ganic
mat ter, pre vent ing the ox i da tion of car bon in the de pos its.

The Black Eocene de pos its in the Hi ero glyphic Beds
are eas ily dis tin guish able by their char ac ter is tic li thol ogy
with a pre dom i nance of dark shales. The first, thin lay ers of
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Fig. 12. Im ages of ag glu ti nat ing foraminifera from the Stradomka sec tion of the Hi ero glyphic Beds. Scale bar = 100 µm. A. Paratro-
chamminoides heteromorphus (Grzybowski), s. 105/76/09. B. Trochamminoides sp., s. 45/30/06. C. Trochamminoides sp., s. 45/30/06. D. 
Trochamminoides pro teus (Karrer), s. 56/57/05. E. Trochamminoides subcoronatus (Grzybowski), s. 43/47/06. F. Trochamminoides
subcoronatus (Grzybowski), s. 53/50/05. G. Spirosigmoilinella cf. compressa Matsunaga, s. 54/55/05. H. Psamminopelta gradsteini
Geroch et Kaminski, s. 69/53/05. I. Karrerulina conversa (Grzybowski), s. 43/47/06. J. Popovia beckmanni (Kaminski et Geroch), s.
59/57/05. K. Popovia beckmanni (Kaminski et Geroch), s. 59/57/05. L. Popovia beckmanni (Kaminski et Geroch), s. 65/46/06. M.
Popovia beckmanni (Kaminski et Geroch). N. Arenobulimina dorbignyi (Reuss), s. 96/55/06. O. Ammogloborotalia aff. subvesicularis
(Hanzlikova), s. 1/str/05. P. Ammogloborotalia aff. subvesicularis (Hanzlikova), s. 1/str/05. R. Ammomarginulina aubertae Gradstein et
Kaminski, s. 1/str/05. S. Trochammina cf. umiatensis Tappan, s. 90/42/05. T. Trochammina cf. globigeriniformis (Parker et Jones), s.
40/36/05. U. Trochammina cf. globigeriniformis (Parker et Jones), s. 40/36/05. W. Trochammina sp., s. 40/36/05.
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dark shales ap pear oc ca sion ally within the grey-green de -
pos its, in the up per part of com plex II, and oc cur up to com -
plex IV (Fig. 5). The next dense com plex of dark de pos its,
clas si fied as the Menilite Beds, is lo cated above the Globi-
gerina Marl. Be low the Globigerina Marl, in the up per most
part of the Hi ero glyphic Beds, Up per Eocene dark shales of
the Menilite-type oc cur interbedded. Al though de pos its of
the Black Eocene are clearly sep a rated from the dark
Menilite-type de pos its by a sec tion of grey-green shales with
sand stones be long ing to com plex IV, more than 40 m thick.
A sim i lar suc ces sion is ob served in the Hi ero glyphic Beds
sec tion of the Beskid Ma³y Moun tains (Ksi¹¿kiewicz, 1951).

Sub aque ous mass move ments

Within the Lutetian de pos its (com plex II), a sub ma rine
slump oc curs (Fig. 3). The re de pos ited ma te rial con sists ex -
clu sively of shales and sand stones, which were de rived
mostly from the Hi ero glyphic Beds. How ever, clasts from
the Istebna Beds were also rec og nized. The ma te rial is
mixed; it was most prob a bly de pos ited dur ing a sin gle ep i -
sode of mass move ment.

Ev i dence of sub aque ous mass move ments on a small
scale was ob served in the Bartonian de pos its in the low er -
most part of com plex III, where the car bon ate shale with
abun dant, cal car e ous foraminifers is pres ent. It is sandwi-
ched in thick non-cal car e ous de pos its and con tains a unique
foraminiferal as sem blage. This unique ness is ex pressed in
the tax o nom i cal com po si tion and amount of cal car e ous
forms, typ i cal of much shal lower en vi ron ments.

The sub aque ous mass move ments in the Hi ero glyphic
Beds are as so ci ated with the fi nal phase of the sec ond stage
in the evo lu tion of the Carpathian bas ins (Cieszkowski et
al., 2011). They were ini ti ated dur ing one of the ma jor
thrusting pulses of re gional tec tonic de vel op ment in the
Outer Carpathian accretionary prism, when ridge-bounded
elon gate synclinal bas ins were formed and un der went deep
sub si dence (Cieszkowski et al., 2009, Waœkowska and
Cieszkowski, 2014). Some in ci den tal redeposition oc curred 
in the Silesian Ba sin at that time (Cieszkowski et al., 2009;
Waœkowska and Cieszkowski, 2014).The larg est olisto-
strome in the Hi ero glyphic Beds of the Silesian Nappe is de -
scribed from the Ro¿nów Lake area, sit u ated to the east of
the Szczyrzyc De pres sion (Cieszkowski, 1992; Ciesz-
kowski et al., 2010; Waœkowska and Cieszkowski, 2014).

CON CLU SIONS

The Hi ero glyphic Beds within the Szczyrzyc De pres -
sion, about 180 m thick, oc cur in a stan dard strati graphic po -
si tion for the sed i men tary suc ces sion of the Silesian Nappe,
i.e. be tween the Ciê¿kowice Sand stone and Globigerina
Marl. They were sub di vided on the ba sis of li thol ogy into
four com plexes: of: I – green shales, II – green shales with
sand stones, III – brown and green-grey shales with bentoni-
tes, and IV– grey-green shales with sand stones, cal car e ous at
the top. The Green Shale be low the Globigerina Marl, known 
from the other re gions of the Silesian Nappe, does not oc cur.

The de pos its of com plex III con sist of dark shales and
mudstones with in ter ca la tions of grey-green shales and con -
tain nu mer ous bentonitic laminae. These de pos its are the
rich est in or ganic car bon (1–2% TOC). They are dated to
the early Bartonian (lower part of Ammodiscus latus Zone)
and can be as signed to the so-called Black Eocene, which is
known from the Fore-Magura group of nappes at the same
strati graphic po si tion.

Dur ing the sed i men ta tion of the Hi ero glyphic Beds,
there was an ep i sode of sub aque ous mass move ment and
resedimentation in the Mid dle Eocene. A sub ma rine slump
(com plex II), 10 m thick, con tains rocks from the Hi ero -
glyphic Beds and the Istebna Beds. The resedimentation is
marked by a unique foraminiferal as sem blage with rich cal -
car e ous plank tonic and ben thic forms and high car bon ate
con tent in the shales. The ep i sode of mass move ments co in -
cided with the sec ond phase of geotectonic re or ga ni za tion
of the Carpathian bas ins.

The age of sed i men ta tion of the Hi ero glyphic Beds was
es tab lished on the ba sis of com monly oc cur ring ag glu ti nat -
ing foraminifera. The Hi ero glyphic Beds of the Szczyrzyc
De pres sion were de pos ited from the early Ypresian un til the 
Priabonian. Be tween the Ypresian and Bartonian, as sem -
blages of cos mo pol i tan foraminifers were de vel oped, with a 
late-Ypresian in ter val when small-sized Trochammina pre -
dom i nated (com plexes I, and II). Next, the Bartonian
Ammodiscus latus Zone (com plexes II, III, and IV) and the
Priabonian Reticulophragmium gerochi Zone (com plex IV)
were dis tin guished.
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Fig. 13. Images of ag glu ti nat ing foraminifera from the Stradomka sec tion of the Hi ero glyphic Beds. Scale bar = 100 µm. A. Eratidus
gerochi Kaminski et Gradstein, s. 59/57/05. B. Eratidus gerochi Kaminski et Gradstein, s. 59/57/05. C. Buzasina pacifica (Krashenin-
nikov), s. 69/53/05. D. Buzasina galeata (Brady), s. 69/53/05. E. Buzasina pacifica (Krasheninnikov), s. 65/46/05. F. Reticulophragmium
gerochi Neagu et al., s. 64/58/05. G. Reticulophragmium gerochi Neagu et al., s. 64/58/05. H, H1. Reticulophragmium amplectens
(Grzybowski), s. 53/50/05. I, I1. Reticulophragmium amplectens (Grzybowski), s. 64/58/05. J. Reticulophragmium amplectens (Grzy-
bowski) with Ammolagena clavata (Jones et Parker), s. 67/48/05. K. Haplophragmoides nauticus Kender, Kaminski et Jones, s. 9/54/06.
L. Haplophragmoides nauticus Kender, Kaminski et Jones, s. 53/50/05. M. Haplophragmoides stomatus (Grzybowski), s. 90/42/05. O.
Haplophragmoides kirki Wickenden, s. 59/57/05. P. Haplophragmoides cf. horridus (Grzybowski), s. 90/42.05. R. Haplophragmoides
parvulus Blaicher, s. 64/58/05. S. Recurvoides sp., s. 26/04/06). T. Recurvoides walteri (Grzybowski), s. 64/58/05. U. Recurvoides walteri 
(Grzybowski), s. 39/27/06. W. Eggerelloides propinqus (Brady), s. 27/26/06.
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