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Abstract: Num mu lites-Discocyclina bioclastic packstone and Discocyclina rudstone oc cur in the transgressive
se quence of the Mid dle–Up per Eocene de pos its in the Tatra Mts. The suc ces sion of the stud ied fa cies is a di rect
re sponse to a rapid en vi ron men tal change, re lated to pro gres sive deep en ing. Fa cies tran si tion from Num mu lites-
Discocyclina bioclastic packstone of prox i mal mid-ramp to Discocylina rudstone of dis tal mid- and outer-ramp is
an ex em plary re cord of a de po si tion dur ing deep en ing con di tions. In creas ing of di ver sity of the ge nus Discocy-
clina, de creas ing of di ver sity of other foraminifera up the sec tion and ver ti cal vari a tion of orthophragminid mor-
photypes from the ovate- through sad dle- to the disc-shaped tests are re lated to deep en ing and shad ow ing of the
depositional en vi ron ment.
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 IN TRO DUC TION

The symbiont-bear ing larger ben thic foraminifera
(LBF) are a good in di ca tor of oligotrophic, trop i cal shal low
ma rine car bon ate depositional con di tions, es pe cially in
terms of their en vi ron men tally sen si tive depth dis tri bu tion
and mor phol ogy. An anal y sis of the mor phol ogy of larger
foraminiferal tests pro vides a good tool for palaeoenviron-
men tal re con struc tions (e.g., Reiss & Hottinger, 1984;
Hallock & Glenn, 1986; Hottinger, 1997; Hallock, 1999;
Geel, 2000; Hohenegger, 2004, 2005, 2009). The dis tri bu -
tion pat terns of re cent LBF were in ves ti gated as the en vi -
ron men tal in di ca tors in re spect to depth, light lim i ta tions,
type of sub strate and en ergy re gime (Hohenegger & Yor-
danova, 2001; Beavington-Penney & Racey, 2004; Jorry et
al., 2006). Dis tri bu tion of the re cent LBF is strongly in flu -
enced by light level and by wa ter en ergy (e.g., Larsen,
1976; Larsen & Drooger, 1977; Hallock et al., 1986;
Hallock, 1979,1985; Hohenegger, 2009; Hallock & Pomar,
2008). The for mer fac tor strongly af fects symbiont bear ing
LBF and determinates the shapes of LBF tests.

Orthophragminids (in clud ing gen era Discocyclina,
Nemkovella, Orbitoclypeus and Asterocyclina – sensu Less,
1987) ex tinct at the Eocene/Oligocene bound ary and they
have no pres ent-day rep re sen ta tives. How ever, Discocy-

clina can be re garded as homeomorphs to recent Cyclocly-
peus (Hohenegger & Yordanova, 2001), whose hab i tat and
en vi ron mental re quire ments are well known.

Knowl edge on the palaeo ec ol ogy of orthophragminids
re fers mainly to their mor phol ogy, palaeobathymetric dis tri -
bu tion and fau nal as so ci a tions (Fermont, 1982; Ferrandez-
CaÔadell & Serra-Kiel, 1992; Ferrandez-CaÔadell, 1998).
Ac cord ing to Fermont (1982), the tests of Asterocyclina and 
Discocyclina be come more flat tened with in creas ing depth.
Discocyclina test mor phol ogy is strongly en vi ron men tally
in flu enced, mainly due to ad ap ta tion of the foraminifera to
endosymbiotic al gae (Ferrandez-CaÔadell, 1998).

LBF are char ac ter is tic fea tures of Eocene car bon ate de -
pos its in the Tatra Mts (Bieda, 1963; Olempska, 1973;
Kulka, 1985). Num mu lites, that are widely known as a pala-
eoenvironmental in di ca tor (Beavington-Penney & Racey,
2004; Beavington-Penney et al., 2006), con sti tute the most
char ac ter is tic com po nents of these de pos its. None the less,
Discocyclina are dom i nant com po nent in some fa cies of
these de pos its. They may be also a very im por tant and use -
ful tool for palaeoenvironmental re con struc tions of Eocene
de pos its (e.g., Æosoviæ et al., 2004; Bassi, 2005; Nebelsick
et al., 2005).



A few ex am ples of ap pli ca tion of Discocyclina test
mor phol ogy as a palaeoenvironment in di ca tor are known
(Æosoviæ & Drobne, 1995; Geel, 2000; Jach et al., in press).
The pur pose of the study is the ap pli ca tion of changes of
orthophragminid mor phol ogy, di ver sity and abun dance in
the as sem blage of LBF as palaeoenvironmental in di ca tors.

GEO LOG I CAL SET TING

The shal low wa ter Eocene de pos its are part of the so-
called Cen tral Carpathian Palaeogene com plex (Passendor-
fer, 1959). The Mid dle–Up per Eocene de pos its crop out
along the north ern mar gin of the Tatra Mts (south ern Po -
land; Fig. 1). Gen er ally, these de pos its il lus trate pro gres sive 
deep en ing of depositional en vi ron ment (Roniewicz, 1969;
Kulka, 1985; Olszewska & Wieczorek, 1998; Bartholdy et
al., 1999). The Eocene se quence com mences with con glom -
er ates com posed of bed rock clasts (Fig. 2), cov ered by lit to -
ral extraclastic packstone with Num mu lites brogniarti
D’Archiac et Haime, which is lo cally capped by num mu lit ic 
bank fa cies with Num mu lites perforatus (Montfort) of the
Early Bartonian SBZ 17 (shal low ben thic zone ac cord ing to
Serra-Kiel et al., 1998). These de pos its are, in turn, cov ered
by Discocyclina-bear ing fa cies com pris ing Num mu lites-
Discocyclina bioclastic packstone with Num mu lites perfo-
ratus (Montfort), Num mu lites puschi D’Archiac, of the
Early Bartonian SBZ 17 zone, and Discocyclina rudstone
con tain ing in the up per most part Discocyclina augustae
Van der Wejiden and Operculina aff. alpina Douville of the 
Late Bartonian SBZ 18. The rudstone is over lain by glau-
conitic marls with globigerinids (Alexandrowicz & Geroch, 
1963; Olszewska & Wieczorek, 1998; Olszewska, 2009).
The up per most part of the sec tion is formed by organode-
tritic lime stones and con glom er ates. These de pos its rep re -
sent Priabonian SBZ 19 zone on the ba sis of Operculina
alpina Douville, Heterostegina reticulata Rütimeyer and
Num mu lites fabianii (Prever). The car bon ates are succee-
ded by an about 2.5 km thick com plex of Oligocene turbi-
ditic de pos its (Radomski, 1959).

Discocyclina-bear ing fa cies, es pe cially the tran si tion
from the Num mu lites-Discocyclina bioclastic packstone to

Discocyclina rudstone, is a re cord of an abrupt trans gres -
sion (Fig. 2). Discocyclina-bear ing fa cies (Num mu lites-
Discocyclina bioclastic packstone and Discocyclina rud-
stone) oc curs at sev eral lo cal i ties, such as the Str¹¿yska
Val ley, Spadowiec Val ley, Pod Capkami Quarry, Olczyska
Val ley, Jaszczurówka, and the Ch³abówka Stream in the
Tatra Mts (Fig. 1). The most rep re sen ta tive, com plete and
rel a tively well doc u mented sec tion crops out in an aban -
doned Pod Capkami Quarry (Fig. 1; Bieda, 1963; Alexan-
drowicz & Geroch, 1963; see also Bartholdy et al., 1995,
1999). This sec tion was se lected for de tailed anal y sis (GPS
co or di nates: N49°16.746’, E19°58.361’).

MA TE RIAL AND METH ODS

The stud ied Pod Capkami Quarry sec tion con tains Dis-
cocyclina-bear ing fa cies, which crops out on the north ern
slope of Ma³a Krokiew (Fig. 1). The sec tion was analysed
bed-by-bed with de tailed sam pling. Pol ished slabs and thin
sec tions were pre pared for microfacies and palaeo eco logi -
cal anal y sis.

Since most of the Num mu lites-Discocyclina bioclastic
packstone sam ples have been col lected from hard lime -
stones, the microfacies and micro fauna were stud ied mainly 
in thin sec tions. Sam ples of rel a tively poorly ce mented
Discocyclina rudstone were disaggregated and washed in
or der to ex tract the LBF tests, es pe cially for iden ti fi ca tion
of Discocyclina spe cies (sensu Neumann, 1958). Spec i mens 
of foraminifera were picked from the res i due and pol ished
or split to ob tain equa to rial sec tions of the tests.

Bio met ric anal y sis of LBF is based on the thick ness to
di am e ter (T/D) ra tio. The LBF were de ter mined from ax ial
or nearly ax ial sec tions, and orthophragminid from Disco-
cyclina rudstone ad di tion ally were de ter mined from iso lated 
forms. A ra tio of small megalospherical A-forms to large
microspherical B-forms was iden ti fied only when equa to -
rial sec tions were pos si ble to be ob served, that is on the ba -
sis of tests iso lated from the Discocyclina rudstone.

Sam ples and thin sec tions are housed at the In sti tute of
Geo log i cal Sci ences of the Jagiellonian Uni ver sity.
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Fig. 1. Geo log i cal sketch map of the Pol ish part of the Tatra Mts (af ter Bac-Moszaszwili et al., 1997, sim pli fied)



RE SULTS

Discocyclina-bear ing fa cies com prises Num mu lites-
Discocyclina bioclastic packstone cov ered by Discocyclina
rudstone. The Num mu lites-Discocyclina bioclastic pack-
stone, up to 1.5 m thick, is dis tinctly bed ded (Figs 2, 3A). It
is com posed of nu mer ous small Num mu lites sp., spher i cal
in ax ial sec tion, ac com pa nied by ovate or fusiform-shaped
orthophragminids – rep re sen ta tives of Orbitoclypeus sp.
and Asterocyclina sp., sad dle-shaped Discocyclina sp., ro -
bust and spher i cal tests of Num mu lites perforatus (Mont-
fort), as well as flat disc-shaped Num mu lites cf. maximus
(Archiac), with max i mum di am e ter up to 11 cm (Fig. 3B),
and di ver si fied rotaliids, such as: Asterigerina sp. and Am-
phistegina sp. Be side foraminifers, very rare coralline al gae
and tubes of Ditrupa sp. oc cur. Ma trix rich in abun dant bio-
clastic de bris, mainly num mu lit ic, is com monly ob served
(Fig. 3C). The bioclasts are of ten frag mented and abraded.
The orthophragminid tests in this fa cies dis play the av er age
T/D (thick ness/di am e ter) ra tio of 0.4–0.5. The con tact with
the over ly ing Discocyclina rudstone is sharp (Fig. 3A).

The Discocyclina rudstone, up 2 m thick, is built al most 
ex clu sively of the macrospherical forms of Discocyclina
(A/B ra tio 21/1). The lower part of the rudstone is dom i -
nated by sad dle-shaped Discocyclina pratti (Michelin);
more over, disc-shaped Discocyclina sella (D’Archiac) and
Discocyclina sp. (Fig. 3D, E), as well as not nu mer ous
ovate-shaped Asterocyclina sp. and Orbitoclypeus sp. oc -
cur. The lower part of the rudstone con tains Discocyclina
tests with the av er age T/D ra tio of 0.2–0.25. In its up per
part, the orthophragmind tests be come thin ner and flat tened, 
dom i nated by disc-shaped Discocyclina sella (D’Archiac),
with sin gle Discocyclina augustae Wejiden and Disco-
cyclina ra di ans (D’Archiac), and less nu mer ous sad -
dle-shaped Discocyclina sp. (Fig. 3F, G). The up per part of

the rudstone con tains Discocyclina tests with the av er age
T/D ra tio of up to 0.2. The tests are hor i zon tally ori en tated,
densely packed, com monly with stylolitic con tacts, with
rare signs of frag men ta tion or abra sion. In the up per part of
the Discocyclina rudstone, the lack of abraded de tri tus is
ob served (Fig. 3F). The up per most part of the Discocyclina
rudstone con tains glauconite grains, in some cases with rel -
ics of plank tonic foraminifera.

DIS CUS SION

Depositional en vi ron ment

The Num mu lites-Discocyclina bioclastic packstone
com prises high-di ver sity LBF com mu nity with nu mer ous
spher i cal, ovate and mas sive tests of Num mu lites and Disco- 
cyclina. Such a test mor phol ogy strongly re flects eco log i cal
and phys i cal con di tion of rel a tively shal low photic-zone
and high-en ergy re gime. The observed mod er ate abra sion
(outer wall partly miss ing and dam aged), re work ing and
frag men ta tion of the tests sug gest allochthonous biofabric
of Num mu lites and Discocyclina (Racey, 2001; Beavin-
gton-Penney, 2004; Beavington-Penney & Racey, 2004;
Beavington-Penney et al., 2006). In turn, micrite-rich fab ric 
and di verse fauna as sem blage of var ied palaeo eco logi cal
modes sug gest redeposition from shal lower parts of the
ramp to the deeper set ting (cf. Afzal et al., 2011). All this
ev i dence that the dis cussed Num mu lites-Discocyclina bio-
clastic packstone dis plays fea tures typ i cal of de po si tion in
the prox i mal mid-ramp set ting dom i nated by in tense rede-
po si tion pro cesses.

The overlying Discocyclina rudstone is al most ex clu -
sively com posed of Discocyclina tests with dom i na tion of
megalospherical A-forms (the ra tio A/B forms is 21/1).
According to Aigner (1985), strong dom i na tions of the
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Fig. 2. Synthetic section of Eocene de pos its in the Tatra Mts – left col umn. Right col umn – de tailed sec tion of the stud ied de pos its in
the Pod Capkami Quarry
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Fig. 3. Discocyclina-bear ing fa cies, Bartonian, Pod Capkami Quarry sec tion. A. Pod Capkami Quarry sec tion – gen eral view. The
lower mas sive part of the sec tion formed by Num mu lites-Discocyclina bioclastic packstone; while the up per part is built up of dis tinctly
bed ded Discocyclina rudstone. B. Num mu lites-Discocyclina bioclastic packstone com posed of var i ous small and spher i cal Num mu lites sp. 
and sad dle-shaped Discocyclina sp. as well as Orbitoclypeus sp., Asterocyclina sp., and Discocyclina sp., Num mu lites cf. maximus
(Orbigny); scan of the thin sec tion. C. Num mu lites-Discocyclina bioclastic packstone; scan of the thin sec tion. D. Discocyclina rudstone
gen eral view; polished slab. E. Discocyclina rudstone – lower part of the fa cies. The rudstone, be sides sad dle-shaped Discocyclina sp.
tests, is com posed of nu mer ous ovate-shaped Orbitoclypeus sp. and small, spher i cal Num mu lites sp.; scan of the thin sec tion. F. Disc-
shaped Discocyclina sella (D’Archiac) tests hor i zon tally ori en tated and densely packed, with stylolitic con tacts; thin sec tion. G. Disc-
shaped Discocyclina sella (D’Archiac) tests hor i zon tally ori en tated and densely packed, with stylolitic con tacts; thin sec tion



A-forms is typ i cal of parautochthonous de pos its. Hottinger
(1997) re garded such an as sem blage with dom i nance of
megalospheric forms as an in di ca tor of mar ginal depth
range of the pop u la tion. Low-di verse foraminifera com mu -
nity of Discocyclina rudstone fa cies is caused by strongly
oligotrophic con di tion (Æosoviæ & Drobne, 1995; Racey,
2001; Æosoviæ et al., 2004; Bassi, 2005; Afzal et al., 2011).

The Discocyclina rudstone as sem blage is parautochtho- 
nous, which is proved by test-sup ported fab ric, scar city of
micrite and well pre served Discocyclina tests (cf. Aigner,
1985; Racey, 2001; Yordanova & Hohenegger, 2002).
Anal o gous fa cies was de scribed as de pos ited in dis tal mid-
ramp and outer-ramp set tings (Pappazoni, 1994; Racey,
2001; Afzal et al., 2011). Prob a bly, low de gree of tests
abra sion and scarce oc cur rence of micrite are an ef fect of in -
tense win now ing, be low the storm wave base (Aigner,
1982), which leads to con cen tra tions of Discocyclina tests
(Fig. 3F, G). Thus, the test-sup ported fab ric seems to be an
ef fect of win now ing and slower sed i men ta tion rate (Aigner, 
1982; Bassi, 2005).

Gen er ally, tran si tion from the highly-di verse LBF com -
mu nity dom i nated by Num mu lites and Discocyclina to the
low-di verse com mu nity dom i nated by Discocyclina re flects 
suc ces sive deep en ing of the depositional en vi ron ment and
low er ing of en ergy re gime. Thus, the Discocyclina-bear ing
fa cies marks pro gres sive deep en ing from prox i mal mid-
ramp set ting to dis tal mid- and outer-ramp. It is ad di tion ally
sup ported by oc cur rence of rare plank tonic foraminifera in
the up per most part of Discocyclina rudstone.

Variation of orthophraminid test mor phol ogy

Along with the above dis cussed changes in the LBF
com po si tion, the changes of orthophragminid morphotypes
is vis i ble in the stud ied sec tion. The ver ti cal tran si tion of
orthophragminid morphotypes is clearly re corded up the
stud ied sec tion, whose low er most part is dom i nated by ovate- 
and fusiform-shaped orthophragminids (Discocyclina sp.,
Orbitoclypeus sp., Asterocyclina sp. Ovate and fusiform
shape tests with thick wall re flect shal lower en vi ron ment
with char ac ter is tic high en ergy and high light con di tions
(e.g., Hohenegger, 2009).

The sad dle-shaped tests of Discocyclina dom i nate in
the up per part of Num mu lites-Discocyclina packstone and
in the lower part of Discocylina rudstone. The sad dle-
shaped tests of Discocyclina have al ready been in ter preted
by Bieda (1963) who sug gested that this mor phol ogy of
tests is an ad ap ta tion to in crease in the ad her ence ca pa bil ity
of the test to plants. Ac cord ing to Olempska (1973), sad -
dle-shaped tests are a phys i cal ad ap ta tion to the ir reg u lar i -
ties of the sub strate. How ever, based on the re cent ob ser va -
tions of un du late Cycloclypeus, it seems more prob a ble that
the sad dle-shape of the tests is an ad ap ta tion to deeper
euphotic zone. The sad dle-shaped tests al low better ab sorp -
tion of sun light, which strikes on the sur face of the test at
the dif fer ent an gle (Ferrandez-CaÔadell & Serra-Kiel, 1992; 
Ferrandez-CaÔadell, 1998; Beavington-Penney & Racey,
2004; Beavington-Penney et al., 2006). Thus, this morpho-
type seems to be better adapted to a dim en vi ron ment than to 

shal low photic-zones where oval-shaped tests dom i nate
(Hottinger, 1983; Hallock & Glenn, 1986; Hallock, 1999).

In the up per part of Discocyclina rudstone, flat, disc-
shaped tests dom i nate. Such tests sug gest low en ergy and
very low light en vi ron ment. Ex tremely flat disc-shaped
tests, in the dis cussed case T/D ra tio (up to 0.2), are char ac -
ter is tic for in di vid u als liv ing close to the ex tremes of their
char ac ter is tic depth range. The ten dency to flat ten ing of
disc-shaped tests and thin ning of their walls is con nected
with re quire ments of al gal endosymbionts of the LBF. Ex -
tremely flat disc-shaped tests of Discocyclina and their thin
trans par ent hyaline walls al low light pen e tra tion into the in -
te rior of the tests (Hottinger, 1997; Renema, 2005; Hohe-
negger, 2009). Mor pho log i cal re sem blance be tween Eocene 
Discocyclina and re cent Cycloclypeus sug gests sim i lar eco -
log i cal con di tions. Cycloclypeus spe cies are ob served in the 
deep est part of the photic zone, ac cord ing to Pomar (2001)
in oligophothic zone.

The above in ter pre ta tion based on vari a tion of ortho-
phragminid morphotypes is con sis tent with the above dis -
cussed gen eral trend of ver ti cal fa cies vari a tion be ing a re -
cord of deep en ing, low er ing en ergy and grad ual shad ow ing
of the depositional mi lieu. Thus, orthophragminids seem to
be a good and sen si tive in di ca tor of palaeoenvironmental
con di tions.

CON CLU SIONS

1. The Nummulites-Discocyclina bioclastic packstone
rep re sents prox i mal mid-ramp set ting, whereas the Disco-
cylina rudstone typ i fies the dis tal mid-ramp and outer ramp.

2. The Discocyclina fa cies in the Pod Capkami Quarry
sec tion is a model ex am ple of LBF com mu nity re sponse to
trans gres sion re cord. It is ex pressed in ver ti cal change of
orthophragminids morphotype from ovate through sad dle-
to disc-shaped tests.

3. Discocyclina test mor phol ogy is en vi ron men tally
strongly con trolled. Shal lower set tings are char ac ter ized by
ovate-ro bust tests. Such test mor phol ogy is re lated to good
il lu mi na tion con di tion and higher en ergy re gime. Flat tened
sad dle-shaped or flat tened disc-shaped tests are as so ci ated
with de po si tion in dim set ting and rel a tively lower en ergy
re gime.

4. Orthophragminids seem to be a good and sen si tive
in di ca tor of palaeoenvironmental con di tions.
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