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A bstract: The oldest assemblage of the nonflysch marly sediments (Lower Cieszyn Shales; Tithonian) is 
dominated by calcareous benthic foraminifera. Some foraminifers are reported here for the first time (Belorusiella 
wolinensis, Geinitzinita wolinensis, Frondicularia cf. inderica, Lenticulina cf. ambanjabensis, L. ponderosa). The 
assemblages may be referred to those o f the European Platform (neritic zone), but the presence o f radiolarians 
(calcificated) suggest at least the upper bathyal environment o f Cieszyn basin.

Foraminifers o f Lower Cieszyn Shales originate from the Malm microfauna following destruction o f north 
carbonate margins o f Tethys, and subsidence o f basin o f the Tithonian age. The worldwide regression during the 
late Tithonian and early Berriasian corresponding to the Neocimmerian orogeny may be responsible for the supply 
of those neritic forms into the Cieszyn basin.

The younger microfossils from the calcareous flysch (pelitic Cieszyn Limestones; Berriasian) and shaly flysch 
(Upper Cieszyn Shales, Grodziszcze Beds and lower part o f Vefovicc Shales; Valanginian-Barremian) are 
composed of both calcareous and primitive agglutinated foraminifera reflecting an upper to middle bathyal 
environment. The foraminifera from shaly-sandy deposits -  the upper part o f the Vefovice Shales, lower and 
middle part o f Lgota Beds (Aptian-AIbian) -  consist o f arenaceous species (except for Hedbergella sp. and 
Cibicides sp.) and correspond to lower bathyal conditions. The described assemblages resemble the coeval faunas 
o f the Alpine flysch troughs.

Two low-oxygen periods in the late Berriasian-Valanginian (assemblage with Pseudoreophax cisovnicensis) 
and the early Albian (assemblage with Haplophragmoides nonioninoides) have been recognized in the Cieszyn 
basin.

A bstrakt: Większość późnojurajskich form w dolnych łupkach cieszyńskich i detrytycznych wapieniach cie­
szyńskich (tytoń), w tym również po raz pierwszy opisane we wspomnianych utworach (Belorusiella wolinensis, 
Geinitzinita wolinensis, Frondicularia cf. inderica, Lenticulina cf. ambanjabensis, L. ponderosa) wykazują 
podobieństwo do zespołów otwomicowych z obszarów platformowych. Obecność radiolarii w tych utworach 
wskazuje na głębsze środowisko basenu cieszyńskiego -  co najmniej górny batiał.

Zespoły wapiennych otwomic w dolnych łupkach cieszyńskich zostały redeponowane z brzegów północnej 
części Tetydy w czasie formowania głębokiego basenu fliszowego. Miało to miejsce w czasie regresji o zasięgu 
globalnym (tyton/berias), związanej z neokimeryjskimi ruchami górotwórczymi. Wczesnokredowa mikrofauna 
(berias-barem) jest zbliżona do fliszowych zespołów otwomicowych Karpat i Alp i wskazuje na sedymentację w 
warunkach niższej strefy skłonu.

W basenie cieszyńskim doszło do dwóch wydarzeń paleoekologicznych związanych z minimum tlenowym na 
przełomie późnego beriasu i walanżynu (zespół z P. cisovnicensis) oraz we wczesnym albie (zespól z H. 
nonioninoides).
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INTRODUCTION

T his com prehansive study  on foram iniferal assem - based  on sam ples taken  from  th e  ne igbourhood  o f  the 
b lages from  sedim ents o f  th e  S ilesian (C ieszyn) U n it is Ż yw iec tec ton ic  w indow s (L eśn ianka stream , Soła river,
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Fig. 1. Location o f the studied outcrops on the base o f tectonic 
units in the Polish Western Carpathians; (after Książkiewicz (ed.), 
1962). Outcrops: G -  Goleszów, C -  Cisownica, Lp -  Lipnik 
stream, Kc -  Kamienica, Km -  Kamienna stream, S -  Sola, Ls -  
Leśnianka stream and Leśna Skałka klippe
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Fig. 2. Lithostratigraphy of the Silesian (Cieszyn) Unit in the 
Polish Western Carpathians and position of the studied samples

L eśna  k lippe), the v ic in ity  o f  B ie lsko-B ia ła  (L ipn ik  stream , 
K am ienna stream , K am ien ica) and the C ieszy n -U stro ń  area 
(C isow nica , G o leszów ) (Fig. 1). D etailed  location  o f  o u t­
crops is p resen ted  b y  N esc ie ru k  and  W ójcik  (in print).

T he S ilesian  N ap p e  consists o f  tw o independen t te c ­
ton ic  units: C ieszyn  U n it and  G odu la  U n it in the Polish 
W estern  C arpath ians (B ieda  et al., 1963). The first un it 
w hich is stud ied  fo r m icro fossils  in th is paper rep resen ts u p ­
perm o st Jurassic  (T ithon ian ) and  L ow er C retaceous sed i­
m ents. T hey  belong  to  the fo llow ing  unform al lithostrati- 
g raphical units (Fig. 2): L ow er C ieszyn  Shales (dark-gray ish  
m arly  shales), C ieszyn  L im estones (lig th-co loured , detrital 
and  pe litic  lim estones), U pper C ieszyn  Shales (dark-grey, 
m arly  shales), G rodziszcze  B eds (grey-b lu ish  m arls and 
shales w ith  rare sandy  in tercalation), V erovice Shales 
(b lack, c lay  and siliceous shales) and L gota B eds subd i­
v ided  into three parts: a) low er -  conglom erates and th ick- 
bedded  sandstones, b) m idd le  -  th in -bedded  sandstones w ith 
variegated  shales, c) u p p e r -  b lu ish  cherts.

RESULTS

T he fo llow ing  fo ram in iferal associations com parab le  
w ith  assem blages o f  G eroch  (1966) and b iostratigraphical

zones based  upon agg lu tina ted  foram in ifera  (G eroch  & 
N ow ak, 1984), have been recogn ized  during  the p resen t 
study  (Fig. 3.)

1. Assemblage with Palaeogaudryina varsoviensis and 
Belorusiella wolinensis

T he oldest assem blage described  from  dark-gray ish  
shales in G oleszów  yield: Belorusiella wolinensis B ielecka, 
Palaeogaudryina  cf. taurica  (G orbach ik ), Palaeogaudryina  
varsoviensis (B ielecka et P ożarysk i), Geinitzinita wolinen­
sis B ie lecka  et Pożarysk i, Vaginulinopsis embaensis 
(Fursenko et Polenova), M arginulinopsis robusta  (R euss), 
Tristix temirica  (D ain), Lenticulina m ünsteri (R oem er), 
Lenticulina  cf. ambanjabensis E p ista lié  et Sigal, Frondicu- 
laria  cf. inderica  Fursenko  e t Po lenova, Trocholina sole- 
censis B ie lecka  e t P ożaryski. R ad io larians, d iatom s and 
fragm ents o f  ostracods are found  in these  deposits.

This m icropalaeon to log ical association  can be com ­
pared w ith  “M icrofauna J ” reported  from  the L ow er C ie­
szyn Shales (low er part o f  T ithon ian ) by  G eroch (1966).

2. Assemblage with Trocholina alpina and 
Paalzowella feifeli

U pper T ithonian  assem blages from  m arly  shales inter-
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cala ted  betw een  brow n shales (L ow er C ieszyn Shales) and 
detritic  lim estones (C ieszyn  L im estones) in  C isow nica is 
dom inated  by Trocholina: T. aplina  (L eupold), T. molesta  
G orbachik , T. solecensis B ielecka et Pożaryski, and Len­
ticulina'. L. infravolgensis Fursenko  et Po lenova, L. miin- 
steri (R oem er), L. ponderosa  M jatliuk, L. cf. vistulae 
B ielecka  e t Pożaryski. M oreover the p resence o f  Marginuli- 
nopsis bettenstaedti (B artenste in  et B rand), M arginulinopsis 
striatocostata  (R euss), Vaginulinopsis embaensis (Fursenko 
et P o lenova), Saracenaria alata-angularis (Franke), Paal- 
zowella fe ife li  (Paalzow ), Spirillina minima  Schacko is 
no ted  here.

A cco rd ing  to G eroch  (1966), sim ilar fo ram iniferids 
(“M icro fauna J and I”) occurred  in the L ow er C ieszyn  
Shales and  detrita l C ieszyn  L im estones o f  late T ithonian  
age, co rrespond ing  to  the low er part o f  the Pseudoreophax 
cisovnicensis Z one (G eroch  & N ow ak, 1984).

3. A ssem b lag e  w ith  Pseudoreophax cisovnicensis
P oor assem blages are found  in shales underly ing  the 

C ieszyn  L im estones in th e  K am ien ica locality . T hey consist 
o f  num erous p rim itive agg lu tinated  foram inifera from  fam ­
ily  A m m odisc idae  (Glomospira), A taxophragm iidae (Pseu­
doreophax cisovnicensis G eroch) and scarce calcareous 
ben th ic  form s belonging  to  N odosariidae , Involutin idae 
(Trocholinapaucigranulata  M oullade), and also few  radio- 
larians and ostracods.

T his assem blage is characteristic  o f  the upper part o f  
C ieszyn  L im estones o f  B erriasian  age and corresponds w ith 
the “M icro fauna II” sensu  G eroch (1966) and the upper part 
o f  the Pseudoreophax cisovnicensis Z one (G eroch & 
N ow ak, 1984). H ow ever, som e features o f  the prim itive ag ­
g lu tinated  species enab le  com parison  w ith  those from  the 
low er p art o f  the U pper C ieszyn  Shales (V alag in ian) -  “ M i­
cro fauna III” (G eroch, 1966).

4. A ssem b lag e  w ith  Praedorothia hauteriviana
Y ounger m icro fauna w hich  occur in the G rodziszcze 

B eds (L ipn ik  stream ) and  the U pper C ieszyn Shales (K a­
m ienna stream , Soła river) includes m ain ly  A taxophragm ii­
dae and scarce  N odosariidae. T he form er are assigned to: P. 
hauteriviana  (M oullade) w hich  builds its tes t o f  carbonate 
m aterial. T he latter are rep resen ted  by arenaceous species: 
Falsogaudryinella tealbyensis (B artenste in ), Pseudoreo­
phax cisovnicensis G eroch , Verneuilinoides neocomiensis 
(M jatliuk), and  Ammobaculoides carpathicus G eroch.

T he described  m icrofossils have been called  “M icro ­
fauna IV ” by G eroch (1966), and represen t the Dorothia  aff. 
hauteriviana  Z one (H au te riv ian -th e  earliest B arrem ian) o f  
G eroch and  N o w ak  (1984).

5. A ssem b lag e  w ith  Verneuilinoides subfiliformis an d  
Gaudryinella sherlocki

B arrem ian -A p tian  assem blage , typ ical o f  the low er part 
o f  the V erov ice  Shales, w as found in the v icin ity  o f  Leśna 
klippe, a t L eśn ianka and  also  at L ipnik  stream . O nly the 
noncalcareous foram inifera found there: Pseudobolivina  
variabilis (V asicek), Sherochorella minuta  (T appan), 
Verneuilinoides neocomiensis (M jatliuk), V subfiliformis 
B artenstein , Gaudryina oblonga  Z aspelova , G. filiform is
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Fig. 3. Paleoecology of foraminifera in the Cieszyn basin del­
rioensis (based on: Sliter & Backer, 1972; Książkiewicz, 1975; 
Haig,1979; Sliter, 1980). Foraminiferal assemblages with: 1 -  Pa- 
leogaudryina varsoviensis and Belorusiella wolinensis, 2 -  Tro­
cholina alpina and Paalzowella feifeli, 3 -  Pseudoreophax 
cisovnicensis, 4 -  Praedorothia hauteriviana, 5 -  Verneuilinoides 
subfiliformis and Gaudryinella sherlocki, 6 -  Haplophragmoides 
nonioninoides, 1 -  Recurvoides imperfectus, 8 -  Hedbergella del-

B erthelin , Gaudryinella sherlocki B e tten staed t (scarce spe­
cies). The above assem blage, reported  by G eroch  (1966) as 
“M icrofauna V ” from  C ieszy n -B ie lsk o  area, m ay  be co rre­
lated w ith  the Gaudryina oblonga  Z one (early  B arrem ian) 
and  Pseudobolivina variabilis—Reophax m inutus Z one (late 
B arrem ian -A p tian ) sensu  G eroch  and  N o w ak  (1984). The 
youngest association  o f  sm all fo ram in ifera  found  at L ipnik 
stream  is characteristic  o f  the m idd le  and u pper p art o f  
Lgota Beds.

6. A ssem b lag e  w ith  Haplophragmoides nonioninoides 
T his assem blage conists o f  genera lly  poo r and badly  

preserved areanaceous foram in ifera , p rinc ipa lly  L ituo lidae 
(Haplophragmoides nonioninoides) and very  rare H ip­
pocrepina depressa  V asicek, Gaudryina filiform is  B erthelin  
and  Sherochorella m inuta  T appan  m en tioned  from  the 
low er part o f  V erovice Shales (a t L ipn ik) as characteristic  
for its upper section  at the L ipn ik  stream . T he foram iniferal
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association  m en tioned  above rep resen ts “M icrofauna V II” 
(G eroch, 1966), w hich  can be co rrelated  w ith the low est part 
o f  Haplophragmoides nonioninoides Z one (early  A lb ian) o f  
G eroch  and N o w ak  (1984).

7. Assemblage with Recurvoides imperfectus
M any specim ens o f  Thalmannammina neocomiensis 

G eroch , rare specim ens o f  Recurvoides imperfectus H an- 
z likovâ, Plectorecurvoides irregularis G eroch, H aplo­
phragm oides nonioninoides (R euss) indicate an A lbian  age 
fo r th e  L go ta  B eds shales in the L ipnik  stream . M oreover 
there  occurr species: Caudammina ovula (G rzybow ski), 
Saccammina placenta  (G rzybow ski), Ammodiscus ten- 
nuisimus (G rzybow sk i), Glomospira charoides (Jones et 
Parker).

S im ilar assem blages also con tain ing  Plectorecurvoides 
alternans N o th  and  Haplophragmoides gigas minor N auss 
are know n as “M ic ro fauna  V II” sensu  G eroch (1966), and 
co rrespond  to the Plectorecurvoides alternans Z one o f  
G eroch and N o w ak  (1984).

8. Assemblage with Hedbergella delrioensis
A  very  d ifferen t assem blage w ith p lank ton ie  fo ram in i­

fera  belonging  to  H edbergella delrioensis (C arsey) and H. 
planispira  (T appan), the ben th ic  form s from  genera o f  Ci­
bicides, Gyroidinoides, som e radio larians (Dicyomitra  cf. 
multicostata  Z ittel), and  sponge spicu les w as found in sam ­
p les o f  shales from  th e  L ipnik  stream  (upper section  o f  the 
L gota  B eds) below  th e  M ikuszow ice C herts (upperm ost part 
o f  the L gota  B eds); reflec ting  an A lb ian  age.

T his type  o f  assem blage described  as “M icrofauna 
V III”, as found  by G eroch  (1966) in th in  sections o f  sand­
stones and cherts.

DISCUSSION

T he pa laeoeco log ica l in terpre tation  o f  the assem blages 
described  above is p rim arily  based on studies o f  th e  life co n ­
d itions and  bathym etry  o f  the C arpath ians flysch basins 
(K siążk iew icz, 1961, 1975). A num ber o f  deductions in this 
p ap er are also based  on m any palaeoeco log ica l analysis 
(c ited  in this paper) from  the A tlan tic  and  Pacific oceans, as 
one can  assum e th a t shallow -w ater exchange betw een  the 
N orth  A tlan tic , T e thys Sea and Pacific existed  beg inn ing  
about 150 M a (M alm ) and th a t the exchange o f  m id-depth  
w aters ex isted  at least since A p tian -A lb ian  tim es (S liter, 
1980; B artenstein , 1979).

O ther env ironm ental factors no doubt p layed  an im por­
tan t ro le  in th e  flysch basin . F o r exam ple, low  oxygen and 
oxygen-m in im um  cond itions in th e  flysch  basins at d ifferen t 
depths, (from  200 m  to  2200  m  accord ing  to  R yan  & C ita; 
1977), restric ted  c ircu la tion  due to  shallow ing  o f  the basins 
(E insele  &  von R ad, 1979), eustatic  sea level change (C oo­
per, 1977) and decreased  latitud inal and vertical tem p era­
ture g rad ien ts (clim atic changes) o r influxes o f  land-derived, 
detrita l organic  m ateria l (S ch langer &  Jenkyns, 1976; W eis- 
sert et al., 1979; W ieczorek , 1993).

A ssem blage  w ith  Palaeogaudryina varsoviensis and 
Belorusiella wolinensis (L ow er C ieszyn  Shales) orig inates

from  the M alm  m icro fauna fo llow ing  subsidence  or destruc­
tion  o f  carbonate  m arg ins during  the T ithon ian . T he w orld ­
w ide regression  during the late T ithon ian  and  early  B erri­
asian (Zeiss, 1983) correspond ing  to the  N eocim m erian  o ro ­
geny (N ow ak, 1973) m ay  be responsib le  fo r the occurrence 
o f  a  neritic  assem blage w ith  Trocholina alpina  and 
Paalzowella fe ife li  (L ow er C ieszyn  Shales and detrita l C i­
eszyn L im estones) in a C ieszyn  basin.

O lszew ska (1982) reported  ?o ldest agg lu tina ted  fo ram i­
n iferal assem blage w ith  Trochammina sp. (particu larly  T. 
quinqeloba  G eroch) a t the Ju rassic /C retaceous boundary , in 
the C ieszyn  L im estones. A ccord ing  to O lszew ska, these m i­
crofauna, p robably  rep resen t the o ldest a renaceous fo ram i­
n iferal population , w hich  se ttled  new  crea ted  flysch  en v i­
ronm ent in the O u ter Po lish  C arpathians.

In deeper, partly  hem ipelag ic  sed im ents in the upper 
part o f  the C ieszyn L im estones and low er p a rt o f  the U pper 
C ieszyn  Shales (B erriasian -V alan g in ian ), po o r and bad ly  
p reserved  assem blage w ith  Pseudoreophax cisovnicensis 
w as found  (first oxygen m in im um ). In the upperm ost part o f  
V erovice Shales and low er part o f  L gota  B eds (low er A l­
bian), assem blage w ith  Haplophragmoides nonioninoides 
w as observed. S hallow -w ater fo ram in iferids (assem blages 
w ith Praedorothia hauteriviana  and  w ith H edbergella  spp.) 
w ere transported  into the anoxic  bathyal zone -  G rodziszcze 
B eds, V erovice Shales and  L gota  B eds (M alik  &  O l­
szew ska, 1984; G eroch, 1966).

Second au tochthonous, bu t the earliest, so d iversified , 
agglu tinated  foram iniferal assem blage occurred  in the B ar- 
rem ian -A p tian  (assem blage w ith  Verneuilinoides subfilifor- 
mis and Gaudryinella sherlocki) in the upper p art o f  the 
V erovice Shales, and  again in the A lbian  (assem blage  w ith 
Recurvoides imperfectus) in the m idd le  part o f  the L gota 
B eds. T he assem blage rep resen ts the deeper bathyal zone, 
near or below  the local C C D  (F ig. 3), at a  w ater depth o f  
approxim ately  2000 m (cf., S liter, 1980; O lszew ska, 1984).

T w o ecolog ically  m ean ingfu l associa tions are  recog­
n ized  here: the M arssonella  A ssocia tion  and  th e  Recur­
voides A ssociation  sensu  H a ig  (1979). T h e ir ba thym etric  in­
terpretation  based on studies by O lszew ska (1984), S liter 
(1980), S lite r and  B aker (1972), G ordon  (1970) is g iven be­
low.

T he M arssonella  A ssocia tion  com prises agg lu tinated  
and  calcareous species. T he fo rm er are rep resen ted  by 
A taxophragm iidae (Paleogaudryina varsoviensis, Prae­
dorothia hauteriviana). A ssocia ted  ca lcareous fo ram in ifera  
belong to  the fam ilies N odosariidae  and Involu tin idae. 
T hese m icro fauna are characteristic  for ou ter sh e lf  env iron ­
m ents above the C C D .

Foram in iferal assem blage con ta in ing  h igh ly  d iversified  
N odosariidae and Trocholina  (L ow er C ieszyn  Shales, detri­
tal C ieszyn  L im estones) w ith  m inor agg lu tina ted  fo ram in i­
ferids represen ts the sub lito ral zone  -  “sh e lf  assem b lage” 
sensu  G ordon (1970).

A ssem blage com posed  m ain ly  o f  A taxophragm idae  and 
few  N odosariidae  (typ ical o f  the u pper p art o f  the C ieszyn  
L im estones, the U pper C ieszyn  Shales, th e  G rodziszcze 
B eds, and the low er p art o f  V erov ice  Shales) m ay  represen ts 
an  upper bathyal zone env ironm ent.

Recurvoides A ssocia tion  com posed  on ly  o f  silicified
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A taxophragm iidae  ( Verneilinoides filiform is, V. subftlifor- 
mis, G audiyinella sherlocki, Falsogaudrinella tealbyensis; 
V erov ice  Shales), L ituo lidae  (Recurvoides imperfectus, 
Thalmannammina neocomiensis, A m m odiscidae, Saccam - 
m idae; L gota  B eds), and  rad io larians is characteristic  o f  the 
deeper ba thya l zone (no t abyssal), close to  local C C D  (see 
H aig, 1979; O lszew ska, 1984).

T he occurrence o f  a M arssonella  A ssociation  close to 
the Recurvoides A ssocia tion  (cf., G rodziszcze B eds; M alik
& O lszew ska, 1984) m ay  sign ify  redeposition  from  con ti­
nen tal m arg ins ow ing  to  tec ton ic  activ ity , changing  eustatic  
sea level, o r changes in c lim ate  during the E arly  C retaceous 
(W ieczorek , 1993).

It is be lieved  tha t th e  Recurvoides A ssociation  reflects 
reco lon iza tion  the basin  floo r after hostile  anoxic periods 
caused by  an abundant supp ly  o f  terrigenous m aterial during 
transg ressional stages. O xygen-m in im um  associations do ­
m inated  by  p rim itive agg lu tina ted  form s are transitional to 
the Recurvoides eco log ic  type. For exam ple, a  sequence 
con ta in ing  the described  assem blages in the upperm ost part 
o f  the V erovice Shales (w ith  Haplophragmoides nonioni- 
noides) and  in the low er p a rt o f  the Lgota B eds (w ith  Recur­
voides imperfectus) m ay be an effec t o f  reco lon ization  fo l­
low ing  oxygen-m in im um  periods.

CONCLUSIONS

B enth ic  fo ram in ifera  have im portant significance for 
pa laeoeco logy  because they  are very  sensitive to  changes in 
their env ironm ent (M oullade, 1984; O lszew ska, 1984).

M any o f  the fo ram in ifera , a lready know n from  the 
L ow er C ieszyn  Shales and  th e  detrital part o f  the  C ieszyn 
L im estones, and those repo rted  for th e  first tim e from  these 
sed im ents (such as Belorusiella wolinensis, Geinitzinita  
wolinensis, Frondicidaria  cf. inderica, Lenticulina  cf. am- 
banjabensis, Lenticulina ponderosa) m ay  be referred  to the 
E uropean  p latfo rm . L ate  Ju rassic  fo ram inifera, described  
from  the stud ied  outcrops in the S ilesian (C ieszyn) U n it m ay 
be  co rre la ted  w ith  the fo ram in ifera l faunas o f  the Polish 
L ow lands (B ie lecka  & P ożarysk i, 1954; B ielecka, 1975), 
the W estern  Polish C arpath ians (B ielecka & G eroch; 1974; 
G eroch & O lszew ska, 1990), the C zech C arpath ians (H an- 
zlikovä, 1965) and the C rim ea (K uznietzova & G orbachik,
1985). T he  L ow er C retaceous assem blages described  in 
here  from  the pelitic  part o f  the C ieszyn  L im estones to  the 
L gota  B eds are com parab le  to those  o f  the flysch basins o f  
the C arpath ians and A lps. S im ilar assem blages are know n, 
in p articu lar from  the Subsilesian  and Skole units in the Po­
lish O u ter C arpath ians (K siążk iew icz  &  L iszkow a, 1959; 
B ieda et a i ,  1963; G eroch  et al., 1967; L iszkow a, 1972; 
G eroch & N ow ak , 1984; O lszew ska, 1984), C zech and S lo­
vakian C arpath ians (H anzlikovâ, 1956; A ndrusov, 1959), 
R om anian  C arpath ians (N eagu , 1962), A lps (D ecker & 
R ögl, 1988) and B etic M oun ta ins (K uhnt, 1995). Ju rassic/ 
C retaceous boundary  and L ow er C retaceous assem blages o f  
noncalcareous agg lu tinated  fo ram in ifera  are  regarded  as re­
flec ting  a deep  w ater env ironm ent in the C ieszyn  basin.

T he ca lcareous fo ram in ifera  from  the o ldest m arly  sed i­
m ents (L ow er C ieszyn  Shales and detrita l C ieszyn L im e­

stones) lived in a com paritively  shallow  neritic  zone. A s­
sem blages com prising  both ca lcareous and p rim itive  arena­
ceous species from  M arssonella/Recurvoides associations 
in the pelitic  C ieszyn  L im estones, shaly -m arly  U pper C ie­
szyn Shales, shaly G rodziszcze B eds, w ere  p robab ly  de­
rived from  the upper bathyal zone above C C D  -  com pare 
w ith “N eocom ian  facies” (B orza  et al., 1995). D uring  this 
tim e w as an increased  supply  o f  te rrigenous m ateria l to  the 
basin. N oncalcareous agg lu tina ted  form s (Recurvoides A s­
sociation) from  shaly-sandy  sed im en ts (upper p art o f  the 
V erovice Shales, L gota  B eds) fo rm ed  in low er bathyal but 
p robably  no t abyssal conditions, n ear the C C D  a t th e  latest 
E arly  C retaceous.

W hen a ttem pting  to reconstruct the palaeoenv ironm ent 
in the C ieszyn basin , it should  be rem em bered  redeposition  
o f  foram iniferids. T he assem blage w ith Hedbergella  spp. 
m ay  be derived from  the sha llow er zone o f  the basin  and  be 
enp laced  by suspension  cu rren ts in to  deeper reg ions w here 
they  accum ulated  in the L gota  B eds (G eroch , 1966). The 
calcareous benthos occurring  in the L ow er C ieszyn  Shales 
(N ow ak, 1973), the C ieszyn  L im estones (G eroch , 1966; 
G eroch  & O lszew ska, 1990) o r the G rodziszcze  B eds 
(M alik  & O lszew ska, 1984) could  be also allochthonous. 
O ther elem ent in the paleoenv ironm enta l analyses is a bar­
ren character o f  the facies. T he pelitic  C ieszyn  L im estones, 
the U pper C ieszyn  Shales (assem blage  w ith  Pseudoreophax 
cisovnicensis), the upperm ost p art o f  the V erovice Shales 
and low er part o f  the L gota B eds (assem blage w ith  H aplo­
phragmoides nonioninoides) m ay  ind ica te  a high ra te  o f  ter­
rigenous input w hich  caused  a d ram atic  rise  o f  the C C D  
(Fig. 3) and stagnation  o f  the bo ttom  w ater, e lim inating  ben ­
th ic  life (B utt, 1977; K am insk i et al., 1995).

SYSTEMATIC PALEONTOLOGY

T axonom ical designation  o f  se lec ted  species iden tified  
in sam ples from  the S ilesian (C ieszyn) un it listed in early  
chapter, is p resen ted  below . T he stra tig raph ica l range o f  
m any species o f  the L ate Ju rassic  and  the earliest C re ta­
ceous w as reported  after m any  stra tig raph ica l schem es, so 
K im m eridg ian -T ithon ian  and  B erriasian  scale and  co rre la­
tion  accord ing  to G radstein  et al. (1995) is p resen ted  here 
(Fig. 4).

Ammobaculoides carpathicus G eroch, 1966 
Fig. 5c

1959. Ammobaculitesl sp.: Geroch, p. 117, pi. 12, figs. 1-3.
1966. Ammobaculoides carpathicus Geroch: Geroch, p. 444, fig. 

13(13-22).

R em arks: Test elongate, initial part forming a streptospiral whorl; 
biserial part is poorly visible and uniserial part consists o f low and 
rounded chambers (increasing gradually).
O ccurrence: Upper Tithonian-Barremian (Polish Western Carpa­
thians); Hauterivian, ?lo\vermost Barremian (Gresten Klippen 
Belt, Eastern Alps, Austria).
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Fig. 4. Upper Jurassic (Kimmeridgian-Tithonian) and earliest 
Cretaceous (Berriasian) stratigraphie division and correlation 
(Gradstein et al., 1995)

Pseuclobolivina variabilis (V asicek, 1947)
Fig. 5k

1947. Bigenerinci variabilis VaSicek: p. 246, pl. 1, figs. 10-12. 
1966. Pseudobolivina variabilis (VaSicek): Geroch, p. 445, fig. 14 

(1-4).

R em arks: The textularoid test with, slit-like terminal aperture and 
smooth surface closely resembles the holotype.
O ccurrence: Barrcmian-Albian (Polish and Slovakian Western 
Carpathians).

Palaeogaudiyina varsoviensis 
(B ie lecka  et P ożaryski, 1954)

Fig. 5 f

1954. Neobulimina varsoviensis Bielecka et Pożaryski: p. 194, pl. 
10, fig. 50.

1966. Palaeogaudryina varsoviensis (Bielecka et Pożaryski): 
Maync, p. 12, pl. 6, figs. 5-8.

R em arks: Test elongated with triangular outline, poorly devel­
oped initial triserial stage, and biserial stage comprised of 6 cham­
bers. Aperture is terminal, comma-shaped.
O ccurrence: Uppermost Oxfordian-lower pail o f Kimmeridgian 
(Central Poland); upper Oxfordian-Tithonian (Slovakian Western 
Carpathians), Tithonian-lower Hauterivian (Outer Polish Carpa­
thians).

Belorusiella wolinensis B ielecka, 1975 
Fig. 5g

1975. Belorusiella wolinensis Bielecka: p. 313-314, pi. 3, figs. 2—4.

R em arks: The specimens are badly preserved. Test elongated, 
flattened with poorly visible initial triserial part and well-defined 
biserial part consisting o f 5 -7  pairs o f chambers. Forms with more 
chambers are frequent.
O ccurrence: Middle Portlandian (Polish Lowlands); ?upper 
Tithonian (Western Polish Carpathians).

Gaudryinella sherlocki B ettenstaed t, 1952 
Fig. 5j

1952. Gaudryinella sherlocki Bettenstaedt: p. 268, pi. 1, figs. 1-5. 

R em arks: Test is slightly elongated and curved. Triserial part is 
poorly visible, following biserial part is composed o f large and 
distinct chambers. Some specimens have uniserial part with a 
terminal aperture. Surface is rough.
O ccurrence: Hauterivian-Albian (Polish Western Carpathians).

Pseudoreophax cisovnicensis G eroch , 1961 
Fig. 51

1961. Pseudoreophax cisovnicensis Geroch: p. 159, pi. 17, figs. 
1- 20 .

R em arks: Test elongated, slighty curved and often deformed. 
Studied specimens consist o f 4 chambers in one series. Their 
surface is smooth.
O ccurrence: Upper Tithonian-Barremian, most frequent in the 
Valanginian (Polish Western Carpathians); Hauterivian, ?lowest 
Barremian (Gresten Klippen Belt, Eastern Alps, Austria).

Geinitzinita wolinensis B ielecka, 1975 
Fig. 6a

1975. Geinitzinita wolinensis Bielecka: p. 335, pi. 6, figs. 11-13. 

R em arks: Elongated lest consists o f 5 curved chambers; prolocu- 
lus spherical. The last chamber higher than the proceeding ones. 
O ccurrence: Middle Portlandian (Polish Lowlands); ?upper 
Tithonian (Western Polish Carpathians).

Lenticulina  cf. ambanjabensis E p ista lié  e t Sigal, 1963 
F ig .6b

1963. Lenticulina cf. ambanjabensis Epistalié et Sigal: p. 35, pi. 
12, figs. 3, 5-6.

R em arks: This form is comprised o f only 3 chambers in the final 
part. Differs from the holotype in its less distinctive terminal stage. 
O ccurrence: Upper Jurassic-Valanginian (Madagascar); upper 
Tithonian-Hauterivian (Crimea); ?upper Tithonian (Western Pol­
ish Carpathians).

L enticulinaponderosa  (M jatliuk , 1939)
Fig. 6d

1939. Cristellaria magna Mjatliuk: p. 52, pi. 3, figs 32a, b, 34a, b. 
1971. Lenticulina ponderosa (Mjatliuk): Mjatliuk p. 200.

R em arks: Test slightly elongated with triangular chambers (about 
9) and arcuate sutures. Apertural area is narrow and convex. 
O ccurrence: ?Upper Tithonian (Western Polish Carpathians, 
Caucasus), upper middle Portlandian (Polish Lowlands); middle 
Volgian (Russian Platform).
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Fig. 5. SEM micrographs: a. Caudammina crassa (Geroch), b. Haplophragmoides kirki Wickenden, c. Ammobaculoides carpathicus, 
d. Pseudobolivina variabilis (VaäiCek), e. Trochammina vocontiana Moullade, f. Palaeogaudiyina varsoviensis (Bielecka ct Pożaryski). 
g. Belorusiella wolinensis Bielecka, h. Gaudryina filiformis Berthelin, i. Gaudryina oblonga Zaspelovâ, j. Gaudryinella sherlocki 
Bettenstaedt, k. Falsogaudryinella tealbyensis (Bartenstein), I. Pseudoreophax cisovnicensis Geroch, m. Verneuilinoides neocomiensis 
(Mjatliuk), n. Verneuilinoides subfiliformis Bartenstein, o. Praedorothia hauteriviana (Moullade). Length of scale bars -  0.1 mm

Vaginulinopsis embaensis (Fursenko  et Polenova, 1950) 
Fig. 6g

1950. Crisiellaria embaensis Fursenko et Polenova: p. 36, pi, 3, 
figs. 9-13.

1975, Vaginulinopsis embaensis (Fursenko et Polenova): Bielecka: 
p. 338, pl. 7, figs. 4 -5; pl. 8, fig. 2.

R em arks: Test elongated, flattened on sides with characteristic

ledge-like ribs set parallel to margins along the whole length of the 
test. In the lower part o f the test the ribs form a loop.
O ccurrence: Upper Kimmeridgian, lower and middle Portlandian 
(Polish Lowlands); Tithonian (Western Polish Carpathians), lower 
and middle Volgian (Russian Platform); Portlandian (Slovakian 
Western Carpathians, Madagascar).
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Fig. 6. SEM micrographs: a. Geinitzinita wolinensis Bielecka, b. Lenticulina cf. ambanjabensis Epistalie et Sigal, c. Lenticulina ex gr. 
miinsteri Roemer, d. Lenticulina ponderosa Mjatluk, e. Marginulinopsis bettenstaedti (Bartenstein et Brand), f. Saracenaria alata-angu- 
laris (Franke), g. Vagimdinopsis embaensis Fursenko et Polenova, h. Trocholina alpina (Leupold), i. Trocholina sp., j, k. Trocholina 
molesta Gorbachik. I. Trocholina solecensis Bielecka et Pożaryski, m, n. Paalzowella feifeli (Paalzow), o, p. Hedbergella delrioensis 
(Carsey)

Trocholina alpina  (L eupold , 1935)
Fig. 6h

1935. Conscinocomts alpimis Leupold: Leupold & Bigler: p. 610, 
pl. 18. figs. 1 -1 1.

1963. Trocholina alpina (Leupold); Guillaume, pl. 3, figs 38-39,

41-43. 45-48; pl. 4. figs. 49, ?50. ?5I, 53-55.

R em arks: Large test formücal part is flat and covered with many 
granulae o f different size, poorly visible.
O ccurrence: Upper Tithonian, Berriasian, upper Valanginian. 
lower Hauterivian (Polish Outer Carpathians), Tithonian, Berri­
asian (Russian Platform).
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Trocholina solecensis Bielecka et Pożaryski, 1954 
Fig. 61

1954. Trocholina solecensis Bielecka et Pożaryski: p. 69, pl. 11, 
figs. 57a-c.

R em arks: Test shape is a low cone. Ventral part is typically very 
broad with radially sculptured margin surrouding numerous granu- 
lae.
O ccurrence: Upper Oxfordian, Kimmeridgian, lower Portlandian 
(Polish Lowlands), Tithonian (Polish Western Carpathians, Slo­
vakian Western Carpathians).

Paalzowella feifeli (Paalzow, 1932)
Fig. 6m, n

1932. Trocholina feifeli Paalzow: p. 140, pi. 11, figs. 4, 6, 7.
1965. Paalzowella ex. gr. feifeli (Paalzow); Hanzlikova: p. 94, pi.

9, figs. 20a-c, 21.

R em arks: Test trochospiral and conical, often high. Ventral side 
is covcred by a number o f radially grooves which occupy more 
than half o f this side.
O ccurrence: Lower Malm (Slovakian Western Carpathians); Ox­
fordian (Central Poland); ?upper Tithonian (Polish Western Car­
pathians).
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Streszczenie

BIOSTRATYGRAFICZNE 
I PALEOEKOLOGICZNE ZNACZENIE 

ZESPOŁÓW MAŁYCH OTWORNIC JEDNOSTKI 
ŚLĄSKIEJ (CIESZYŃSKIEJ) W POLSKIEJ CZĘŚCI 

KARPAT ZACHODNICH

A ndrzej Szydło  

Najstarsze osady margliste (tytoń) w jednostce cieszyńskiej 
(dolne łupki cieszyńskie, detrytyczne wapienie cieszyńskie) 
zawierają wapienne otwornice dokumentujące sedymentację tych 
osadów w strefie zewnętrznego szelfu. Pelityczne wapienie cie­
szyńskie, lupkowo-margliste górne lupki cieszyńskie i łupkowe 
warstwy grodziskie (neokom) są zasobne zarówno w wapienne jak 
i prymitywne, aglutynujące formy (asocjacje Marssonella/Recur- 
voiedes), które żyły w środowisku górnego, bądź środkowego ba- 
tialu w warunkach częstej dostawy materiału terygenicznego. 
Łupkowo-piaskowcowe osady (lupki wierzowskie, warstwy lgoc- 
kie) wzbogacone głównie w formy aglutynujące (zespól z Recitr- 
voides), tworzyły się w strefie dolnego batialu, w pobliżu CCD. 
Świadczyć o tym może obecność wapiennych form aglutynu­
jących (Verneuilinoides neocomiensis), wapiennego bentosu (Ci­
bicides) oraz planktonu (Hedbergella). Niemniej jednak mikro­
fauna w tych osadach mogła być redeponowana. Zespół z Hedber­
gella związany, z płytszymi strefami basenu mógł być przemiesz­
czony przez prądy zawiesinowe w głębsze partie, gdzie tworzyły 
sie warstwy lgockie (Geroch, 1966). Wapienne formy bento- 
niczne, w tym niektóre Ataxophragmiidae, występujące w dol­
nych łupkach cieszyńskich (Nowak, 1973). detrytycznych 
wapienich cieszyńskich (Geroch 1966; Nowak, 1973) i warstwach 
grodziskich (Malik & Olszewska. 1984) mogą mieć również cha­
rakter allochtoniczny.

Ubogie w mikroskamieniałości pelityczne wapienie cieszyń­
skie, górne łupki cieszyńskie (zespół z P. cisovnicensis), naj­
wyższa część łupków wierzowskich (zespół z H. nonioninoides) 
osadzały się prawdopodobnie w warunkach częstej dostawy mate­
riału terygenicznego, stagnacji przydennych wód przy podwyż­
szonym poziomie CCD.

Większość późnojurajskich form w dolnych łupkach cie­
szyńskich i detrytycznych wapieniach cieszyńskich (tytoń), w tym 
po raz pierwszy opisanych w tych osadach (B. wolinensis, G. 
wolinensis, F. cf. inderica, L. cf. ambanjabensis and L. ponderosa) 
wykazuje podobieństwo do zespołów otwomicowych z obszarów 
platformowych. Obecność radiolarii (skalcyfikowanych) wska­
zuje jednak, iż ówczesny zbiornik cieszyński reprezentował głęb­
sze środowisko -  co najmniej górny batiał. Mikrofauna wczesno- 
kredowajest zbliżona do fliszowych zespołów otwomicowych in­
nych części Karpat i Alp.




