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This pa per de scribes re sults of an ex per i ment aimed mainly at ob tain ing ran dom thin-sec tions of iso lated spec i mens of
planktic foraminifera de ter mined to a spe cies level. Twenty spe cies of up per most Paleocene-Mid dle Eocene planktic
foraminifera from pe lagic var ie gated marls of the Fore-Magura Thrust Sheet have been cho sen for this ex per i ment. These
planktic foraminifera be long to the gen era Chiloguembelina, Turborotalia, Acarinina, Morozovella, Muricoglobigerina,
Subbotina and Parasubbotina. Their SEM im ages, stereomicroscope pho tos of iso lated spec i mens, and the ex per i men tal
thin-sec tions along with their sys tem at ics and strati graphic ranges are pre sented. 

Key words: Paleocene-Mid dle Eocene planktic foraminifera, ran dom thin-sec tions, ex per i ment on iso lated spec i mens,
Fore-Magura Thrust Sheet.

INTRODUCTION

The study of planktic foraminifera in thin-sec tions is some -
times the only pos si ble tool to date lithified pe lagic sed i ments.
In case of sin gle rock sam ples of un known prov e nance, it can
be a very dif fi cult task, par tic u larly when cross-sec tions of
microfossils are rare and ac ci den tal. This prob lem gave rise to 
an idea of pre par ing ran dom sec tions across nu mer ous and
well-de ter mined iso lated spec i mens of planktic foraminifera
that can be used in thin-sec tion anal y ses of sed i men tary
rocks. The re search re quired very rich as sem blages of
planktic fora minfera. Such as sem blages were found in the
Fore-Magura Unit de pos its of the Pol ish Outer Carpathians
(POC; Malata, 2013). 

The Fore-Magura Unit (see Burtan and Sokołowski, 1956;
Książkiewicz, 1972), or the Fore-Magura Thust Sheet (F-MTS)
ac cord ing to Żelaźniewicz et al. (2011), oc curs in a nar row belt
in front of the Magura Nappe in the west ern part of the POC
(Fig. 1). Its de pos its dis play some fa cies af fin i ties to both the
Magura Ba sin ex pressed by the Up per Cre ta ceous flysch-type
Bi o tite Beds, and the Silesian sed i men tary do main in di cated by
the sim i lar de pos its of the up per most Eocene and Oligocene
(Fig. 2). The char ac ter is tic and dis tin guish ing fea ture of the
F-MTS is the pres ence of the Up per Cre ta ceous–Eocene
deep-wa ter pe lagic marls. 

MATERIAL AND METHODS

For the pur pose of this work, 15 sam ples abun dant in
planktic foraminifera were cho sen from five sec tions of
Paleocene–Eocene marls of the F-MTS, SW of Żywiec (Fig. 1).
The most nu mer ous spec i mens of par tic u lar gen era were se -
lected from each of these 15 as sem blages and then de ter mined 
to a spe cies level. Each taxon iden ti fied must have been rep re -
sented by a con sid er able amount of spec i mens (at least 10 but
usu ally 30–40). Those spec i mens, which best fit ted to the de -
scrip tions of par tic u lar spe cies, were pho to graphed in re flected
light us ing a Sony A330 dig i tal cam era mounted on a Nikon
SMZ 1500 stereomicroscope. Then, scan ning mi cro pho to -
graphs were also taken us ing a Hitachi S-4700 Scan ning Mi cro -
scope. Ap prox i mately 500 spec i mens of planktic foraminifera
were ex am ined in our ex per i ment. 

Af ter com plet ing the pho to graphic doc u men ta tion of the
spec i mens, thin-sec tions were pre pared ac cord ing to our ex -
per i men tal pro ce dure. Sev eral spec i mens of par tic u lar spe cies
were ran domly put on the stan dard mi cro scopic glass slide and
then im mersed in ep oxy resin (Araldyte 1000-Struers). Such a
prep a ra tion was dried for a few hours at a tem per a ture of ~50°C 
in the lab oven un til it was com pletely hard ened. In the next
step, the slides were hand-ground us ing con sec u tively 1500,
2500 and 4000 abra sive pa pers, down to the thick ness ap pro -
pri ate for the ob ser va tions in the trans mit ted light mi cro scope
(Nikon ECLIPSE 50i). Fi nally, they were me chan i cally pol ished
to elim i nate abra sive grooves. More than twenty mi cro scopic
slides were pre pared in this way. Each of these slides con sists
of sev eral cross-sec tions of par tic u lar spe cies, dis play ing var i -
ous and ran dom ori en ta tions of spec i mens. 
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The se lected planktic spe cies rep re sent two types of
morphologies – multichambered biserial and multichambered
trochospiral. The lat ter con sists of gen era dis play ing dif fer ent
shapes, i.e. Acarinina and Morozovella types as well as
Subbotina type, in clud ing forms with glob u lar cham bers and
more or less spher i cal tests. Draw ings and names of dif fer ent
sec tions, used in the text, are pre sented in Fig ure 3.    

PRESENTATION OF RESULTS

Fol low ing the pat tern of pi o neer ing work of Postuma (1971)
and Premoli Silva et al. (2003), twenty spe cies of planktic

foraminifera are pre sented in the form of scan ning mi cro scope
im ages, ste reo scope mi cro scope pho to graphs of iso lated spec -
i mens, and sev eral best cross-sec tions, cho sen from the ex per -
i men tal slides pre pared for each spe cies (Figs. 4–23). 

SYSTEMATICS AND REMARKS
ON EXPERIMENTAL THIN-SECTIONS

Chiloguembelina trinitatensis 
(Cushman and Renz, 1942)

(Fig. 4)
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Fig. 1. Tec tonic sketch-map of the west ern part of the Pol ish Outer Carpathians with the po si tion 
of sec tions stud ied in the Fore-Magura Thrust Sheet (af ter Malata et al., 1996; 

Lexa et al., 2000, sup ple mented)

Fig. 2. Strati graphic log of the Fore-Magura Thrust Sheet
 (north ern zone ac cord ing to Burtan and Sokołowski, 1956) 



 Gümbelina trinitatensis n. sp. – Cushman and Renz (1942): 4, pl. 2,
figs. 8a, b.
Chilogumebelina trinitatensis (Cushman and Renz) – D’Hondt and
Huber (1999): 92, pl. 13, figs. 11, 16; pl. 70, figs. 8–10. 
Chiloguembelina trinitatensis (Cushman and Renz) – Huber et al.
(2006): 475, 476, pl. 16.2, figs. 1–5.

S t r a t i  g r a p h i c  r a n g e. – Lat est Paleocene–Early
Eocene (P5–E3 zones; Berggren and Pearson, 2005; Pearson
et al., 2006). 

R e  m a r k s. – One of the char ac ter is tic fea tures of this
spe cies is an arch-like ap er ture with a lip, sym met ri cally cen tered 
such as shown in Fig ure 4D. The char ac ter is tic fea tures of the
spe cies are vis i ble in most of the sec tions. In Fig ure 4I, al most all
cham bers are pre served in the sec tion, but in the oth ers, the ini -
tial parts of tests are miss ing. Fig ure 4K–M rep re sents cuts that
are ax i ally shifted to wards the edge of tests. Spe cies iden ti fi ca -
tion can be based on the sec tions in Fig ure 4F, I.

Chiloguembelina wilcoxensis
 (Cushman and Ponton, 1932)

(Fig. 5)

Gümbelina wilcoxensis n. sp. – Cushman and Ponton (1932): 63, Pl. 8,
fig. 17.
Chiloguembelina wilcoxensis (Cushman end Ponton) – Olszewska et
al. (1996): 105, pl. 35, fig. 5.

S t r a t i  g r a p h i c  r a n g e. – Late Paleocene–Early
Eocene (P4b–E4 zones; Berggren and Pearson, 2005;
Pearson et al., 2006); in the POC, re ported from the late Early
Eocene (Olszewska et al., 1996).

R e  m a r k s. – Fig ure 5A, B, D, E shows the ap er tures
cov ered by small, ad di tional cham bers of slightly ir reg u lar
shape. In Fig ure 5G, J, L, the el e ments of the ad di tional cham -
ber cov er ing ap er tures are pre served. Fig ure 5F, N rep re sents
ju ve nile spec i mens. 
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Fig. 3. Glos sary to ex per i men tal sec tions through biserial and trochospiral mor phol ogy 
of foraminiferal growth (A – af ter Flügel, 2004)

A – biserial: 1 – ax ial sagittal, 2 – ax ial oblique; B – trochospiral (Acarinina type): 1 – transversal dor sal, 2 – ax -
ial, 3 – transversal oblique; C – trochospiral (Subbotina type): 1 – transversal ven tral or dor sal, 2 – ax ial, 3 – rel -
ict ax ial, 4 – transversal oblique; D – trochospiral (Morozovella type): 1 – transversal ven tral or dor sal, 2 – ax ial, 
3 – transversal oblique; a – axis of cham ber coil
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Fig. 4. Chiloguembelina trinitatensis (Cushman and Renz)

A – SEM im age of iso lated spec i men; B – de tail of sur face of test A (scale bar = 25 mm); C, D –
stereomicroscope pho tos of iso lated spec i mens; E–M – trans mit ted light pho tos of ex per i men tal

thin-sec tions of Ch. trinitatensis; scale bars = 100 mm
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Fig. 5. Chiloguembelina wilcoxensis (Cuchman and Ponton)

A, B – SEM im ages of iso lated spec i mens; C – de tail of sur face of test B (scale bar = 25 mm); 
D, E – stereomicroscope pho tos of iso lated spec i mens; F–N – trans mit ted light pho tos 

of ex per i men tal thin-sec tions of Ch. wilcoxensis; scale bars = 100 mm



Spe cies iden ti fi ca tion can be based on the sec tions in Fig -
ure 5F, G, H.

The sec tions of both spe cies of Chiloguembelina show great
sim i lar ity, but cham bers of Ch. wilcoxensis seem to in crease
more rap idly and the traces of this small ad di tional ap er ture-cov -
er ing cham ber are usu ally pre served in most of its ax ial cuts.

Turborotalia frontosa (Subbotina, 1953)
(Fig. 6)

Globigerina frontosa n. sp. – Subbotina (1953): 84, pl. 12, fig. 3. 
Turborotalia frontosa (Subbotina) – Olszewska et al. (1996): 112, pl.
40, figs. 13, 14.

S t r a t i  g r a p h i c  r a n g e. – Late Early–Mid dle Eo -
cene (E7–E11 zones; Berggren and Pearson, 2005; Pearson et 
al., 2006); in the POC: Mid dle–early Late Eocene (Olszewska
et al., 1996).

R e  m a r k s. – This spe cies is rel a tively easy to iden tify
due to its gen eral shape, num ber of cham bers, and a char ac ter -
is tic extraumbilical ap er ture with a dis tinct lip (Fig. 6B, D), but
the ran domly-ori ented sec tions do not re veal di ag nos tic fea -
tures of the spe cies. In Fig ure 6G, H, rem nants of ap er ture lips
are vis i ble; in Fig ure 6H, I, the sec tions ex hibit the test sur face
tex ture pre sented in a SEM im age (Fig. 6C).

Acarinina bullbrooki (Bolli, 1957)
(Fig. 7)

Globorotalia bullbrooki n. sp. – Bolli (1957): 167, pl. 38, fig. 5.
Acarinina bullbrooki (Bolli) – Olszewska et al., 1996: 113, 114, pl. 36,
figs. 10, 11.
Acarinina bullbrooki (Bolli) – Berggren et al. (2006): 269, 271, 272, 275, 
276, pl. 9.6, figs. 1–16.

S t r a t i  g r a p h i c  r a n g e. – Lat est Early-early Mid dle
Eocene (E7–E11 zones; Berggren and Pearson, 2005;
Pearson et al., 2006); in the POC: lat est Early Eocene–Mid dle
Eocene (Olszewska et al., 1996).

R e  m a r k s. – The con cept of this spe cies has been ap -
plied in our study ac cord ing to Berggren et al. (2006). Ob tained
cuts (Fig. 7I–K) are more or less transversal to the axis of
cham ber coil. Fig ure 7J and H shows the trans verse dor sal
(Fig. 3) and Fig ure I trans verse ven tral sec tions (see also
Flügel, 2004: fig. 10.23). Fig ure 7L rep re sents ax ial cut ting,
transversal or �me rid i o nal� in re la tion to trochospiral coil, dis -
play ing the flat spi ral side and the fi nal cham ber con vex ity at the 
um bil i cal side. Fig ure 7M shows only rem nants of the test with -
out any char ac ter is tic fea tures. Spe cies iden ti fi ca tion can be
based on the sec tions in Fig ure 7H, J.

Acarinina cf. esnaensis (LeRoy, 1953)
(Fig. 8)

Globigerina esnaensis n. sp. – LeRoy (1953): 31, pl. 6, figs. 8–10 (fide
Ellis et Messina, Cat. of Foram.).
Acarinina esnaensis (LeRoy) – Berggren et al. (2006): 286-289, pl.
9.11, figs. 1–12.

S t r a t i  g r a p h i c  r a n g e. – Late Paleocene–Early
Eocene (P4b–E5 zones; Berggren and Pearson, 2005;
Pearson et al., 2006). 

R e  m a r k s. – The gen eral shape of spec i mens cor re -
sponds to the de scrip tion of the spe cies and the pic ture of the
holotype in Berggren et al. (2006). The char ac ter is tic tex ture of
the test sur face is not vis i ble due to diagenetic oblit er a tion. Fig -
ure 8G, I, K, M and O pres ents trans verse dor sal sec tions, while 
the oth ers are oblique. In gen eral, the thin-sec tions dis play the

shape and mor phol ogy of iso lated spec i mens. Spe cies iden ti fi -
ca tion can be based on the sec tions in Fig ure 8G, M, O.

Acarinina pentacamerata (Subbotina, 1947)
(Fig. 9)

Globorotalia pentacamerata n. sp. – Subbotina (1947): 128, pl. 7, figs.
15–17 (fide Ellis et Messina, Cat. of Foram.).
Acarinina pentacamerata (Subbotina) – Berggren et al. (2006): 296,
297, pl. 9.15, figs. 1–16.

S t r a t i  g r a p h i c  r a n g e. – Late Early Eocene (E5–E7 
zones; Berggren and Pearson, 2005; Pearson et al., 2006).

R e  m a r k s. – Most of the ex per i men tal sec tions point to
the ran dom po si tion of the spec i mens, transversal to the trocho -
spiral axis, re sult ing in more or less oblique cut tings. Fig ure 9I
shows 52 cham bers of the last coil on the spi ral side; this is the
most com plete sec tion. In Fig ure 9L, K, the test sur face tex ture
is vis i ble even in the in com plete “re sid ual” sec tion. Spe cies
iden ti fi ca tion can be based on the sec tion in Fig ure 9I.

Morozovella aragonensis (Nuttal, 1930)
(Fig. 10)

Globorotalia aragonensis n. sp. – Nuttal (1930): 288, pl. 24, figs. 6–8,
10, 11 (fide Ellis et Messina, Cat. of. Foram.).
Morozovella aragonensis (Nuttal) – Olszewska et al. (1996): 118, 119,
pl. 38, figs. 17, 18.

S t r a t i  g r a p h i c  r a n g e. – Early–Mid dle Eocene
(E5–E9 zones; Berggren and Pearson, 2005; Pearson et al.,
2006); in the POC – late Early–Mid dle Eocene (Olszewska et
al., 1996).

R e  m a r k s. – Most of the ex per i men tal sec tions dis play
in com plete �re sid ual char ac ter” with no di ag nos tic fea tures of
the spe cies. Fig ure 10H shows an ax ial sec tion of the con i cal,
trochospiral test, and the sec tions in Fig ure 10I, J, L most prob -
a bly re veal rem nants of the spi ral sides. 

Morozovella cf. caucasica (Glaessner, 1937)
(Fig. 11)

Globorotalia aragonensis Nuttall var. caucasica – Glaessner, 1937: 31, 
48, pl. 1, fig. 6a–c (fide Ellis et Messina, Cat. of Foram.).
Morozovella caucasica (Glaessner) – Berggren and Pearson, 2006:
354–358, pl. 11.4, figs. 1–16.

S t r a t i  g r a p h i c  r a n g e. – Late Early–ear li est Mid -
dle Eocene (E6–E8 zones; Berggren and Pearson, 2005;
Pearson et al., 2006). 

R e  m a r k s. – The pro trud ing part of the last cham ber on
the um bil i cal side is a char ac ter is tic fea ture of the spe cies. Most 
of the sec tions dis play ran dom cuts but more or less trans verse
to the axis of trochospiral coil. Fig ure 11H, K, R shows trans -
versal sec tions of the flat tened spi ral side; Fig ure 11H, R dis -
plays a thick mar ginal keel. Fig ure 11N shows an ax ial sec tion
with the dis tinctly high last cham ber. Spe cies iden ti fi ca tion can
be based on the sec tions in Fig ure 11H, K, R. 

Morozovella gracilis (Bolli, 1957)
(Fig. 12)

Globorotalia formosa ssp. gracilis – Bolli (1957): 75, pl. 18, figs. 4–6 (fide 
Ellis et Messina, Cat. of. Foram.).
Morozovella gracilis (Bolli) – Berggren et al. (1999): 61, 62, pl. 54, figs.
13–15.
Morozovella gracilis (Bolli) - Berggren and Pearson (2006): 366, pl.11.8,
figs. 1–16.
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S t r a t i  g r a p h i c  r a n g e. – Late Paleocene–Early
Eocene (top P5–E5 zones; Berggren and Pearson, 2005; Pear -
son et al., 2006); in the POC – late Early Eocene (Olszewska et
al., 1996).

R e  m a r k s. – The sec tions dis play all the cham bers of
the last coil on the um bil i cal side and the mar ginal keel. Fig ure
12G and H shows slightly oblique ax ial sec tions. Fig ure 12N il -
lus trates trans verse dor sal cut. In Fig ure 12G and I, the spec i -
mens are obliquely cut, but all the cham bers of the last coil are

vis i ble due to the con vex ity of the older (in ner) coils. Spe cies
iden ti fi ca tion can be based on the sec tions in Fig ure 12G, M.

Morozovella lensiformis (Subbotina, 1953)
(Fig. 13)

Globorotalia lensiformis n. sp. – Subbotina, 1953: 214, pl. 18, fig. 4, 5. 
Morozovella lensiformis (Subbotina) – Olszewska et al., 1996: 119, pl.
37, figs. 15, 16.
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Fig. 6. Turborotalia frontosa (Subbotina)

A, B – SEM im ages of iso lated spec i mens; C – de tail of sur face of test B (scale bar = 25 mm); 
D, E – stereomicroscope pho tos of iso lated spec i mens; F–I – trans mit ted light pho tos of ex per i men tal 

thin-sec tions of T. frontosa; scale bars = 100 mm
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Fig. 7. Acarinina bullbrooki (Bolli)

A–C – SEM im ages of iso lated spec i mens; D – de tail of sur face of test B (scale bar = 25 mm); 
E–G – stereomicroscope pho tos of iso lated spec i mens; H–M – trans mit ted light pho tos 

of ex per i men tal thin-sec tions of A. bullbrooki; scale bars = 100 mm
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Fig. 8. Acarinina cf. esnaensis (LeRoy)

A–C – SEM im ages of iso lated spec i mens; D – de tail of sur face of test A (scale bar = 25 mm);
E, F – stereomicroscope pho tos of iso lated spec i mens; G–P – trans mit ted light pho tos 

of ex per i men tal thin-sec tions of A. cf. esnaensis; scale bars = 100 mm
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Fig. 9. Acarinina pentacamerata (Subbotina)

A, B – SEM im ages of iso lated spec i mens; C – de tail of sur face of test B (scale bar = 25 mm); 
D, E – stereomicroscope pho tos of iso lated spec i mens; F–L – trans mit ted light pho tos of ex per i men tal

 thin-sec tions of A. pentacamerata; scale bars = 100 mm
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Fig. 10. Morozovella aragonensis (Nuttal)

A–C – SEM im ages of iso lated spec i mens; D–F – stereomicroscope pho tos of iso lated

spec i mens; G – de tail of sur face of test C (scale bar = 25 mm); H–N – trans mit ted light

photosof ex per i men tal thin-sec tions of M. aragonensis; scale bars = 100 mm
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Fig. 11. Morozovella cf. caucasica (Glaessner)

A–C – SEM im ages of iso lated spec i mens; D – de tail of sur face of test A (scale bar = 25 mm);
 E–G – stereomicroscope pho tos of iso lated spec i mens; H–R – trans mit ted light pho tos 

of ex per i men tal thin-sec tions of M. cf. caucasica; scale bars = 100 mm
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Fig. 12. Morozovella gracilis (Bolli)

A, B – SEM im ages of iso lated spec i mens; C – de tail of sur face of test A (scale bar =25 mm); D, E –
stereomicroscope pho tos of iso lated spec i mens; F–L – trans mit ted light pho tos of ex per i men tal
thin-sec tions of M. gracilis; M, N – stereomicroscope pho tos of ex per i men tal thin-sec tions of M. gracilis; 

scale bars = 100 mm
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Fig. 13. Morozovella lensiformis (Subbotina)

A, B – SEM im ages of iso lated spec i mens; C – de tail of sur face of test A (scale bar = 25 mm);
D, E – stereomicroscope pho tos of iso lated spec i mens; F–R – trans mit ted light pho tos of ex per i men tal 

thin-sec tions of M. lensiformis; scale bars = 100 mm



S t r a t i  g r a p h i c  r a n g e. – Mid dle Early Eocene
(E4–E6 zones; Berggren and Pearson, 2005; Pearson et al.,
2006); in the POC, re ported from the Early Eocene (Olszewska
et al., 1996).

R e m a r k s.  – In spite of diagenetic oblit er a tion the char ac -
ter is tic muricate sur face tex ture is vis i ble both on iso lated spec i -
mens (Fig. 13C) and in some sec tions (Fig. 13F, G). In Fig ure
13F and G trans verse dor sal cut tings sim i lar to those of M.
aragonensis can be rec og nized. Fig ure 13N and P shows
trans verse dor sal cut tings, and Fig ure 13O de picts a sec tion
transversal to coil axis through the cen tral part of a test.

Morozovella marginodentata (Subbotina, 1953)
(Fig. 14)

Globorotalia marginodentata n. sp. – Subbotina (1953): 212, 213, pl.
17, fig. 14–16; pl. 18, figs. 1–3. 
Morozovella marginodentata (Subbotina) – Olszewska et al. (1996):
120, pl. 37, figs. 1, 2.

S t r a t i  g r a p h i c  r a n g e. – Lat est Paleocene–Early
Eocene (P5–E5 zones; Berggren and Pearson, 2005; Pearson
et al., 2006); in the POC – old est Early Eocene (Olszewska et
al., 1996).

R e  m a r k s. – The spe cies with a very char ac ter is tic thick
and broad pe riph eral muricocarina. Due to mod er ately con vex
spi ral side, most of the cuts are oblique. The sec tions in Fig ure
14E, G and M dis play pe riph eral ca rina (keel). Fig ure 14H
shows trans verse um bil i cal cut. Spe cies iden ti fi ca tion can be
based on the sec tion in Fig ure 14H.

Morozovella subbotinae (Morozova, 1939)
(Fig. 15)

Globorotalia subbotinae n. sp. – Morozova (1939): 80, pl. 2, fig. 16, 17
(fide Ellis et Messina, Cat. of Foram.).
Morozovella subbotinae (Morozova) – Olszewska et al. (1996): 120,
121, pl. 37, figs. 11, 12.

S t r a t i g r a p h i c  r a n g e. – Lat est Paleocene–Early
Eocene (P5–E5 zones; Berggren and Pearson, 2005; Pearson
et al., 2006); in the POC – Early Eocene ex clud ing its youn gest
part (Olszewska et al., 1996).

R e m a r k s.  – Most of the ex per i men tal sec tions do not
dis play di ag nos tic fea tures of this spe cies, how ever, the sec tion 
in Fig ure 15O can be used for spe cies iden ti fi ca tion. Wall sur -
face tex ture is well-vis i ble on iso lated spec i mens (Fig. 15D, G).

Muricoglobigerina senni (Beck mann, 1954)
(Fig. 16)

Sphaeroidinella senni n. sp. – Beck mann (1954): 394, pl. 26, fig. 2 (fide 
Ellis et Messina, Cat. of. Foram.).
Muricoglobigerina senni (Beck mann) – Olszewska et al. (1996): 122,
pl. 42, figs. 13, 14.

S t r a t i  g r a p h i c  r a n g e. – Late Early–Mid dle Eoce -
ne (E6–E13; Berggren and Pearson, 2005; Pearson et al.,
2006); in the POC – late Mid dle Eocene (Olszewska et al.,
1996).

R e  m a r k s. – Re cently, this spe cies has been placed in
the gen era Muricoglobigerina (Olszewska et al., 1996),
Subbotina (Pearson et al., 2006) and Globigerinatheka
(BouDagher -Fadel, 2012). In this pa per, we ac cept its ge netic
des ig na tion to Muricoglobigerina. In the adult stage, its wall is
cov ered by a thick cal cite crust, which is shown in Fig ure 16D,
E. The sec tions in Fig ure 16F and K dis play a �sacculifer type”
of test sur face (Pearson et al., 2006). Spe cies iden ti fi ca tion can
be based on the sec tions in Figure16F, M and O, show ing the
char ac ter is tic com pact and glob u lar mor phol ogy of its test. 

Subbotina corpulenta (Subbotina, 1953)
(Fig. 17)

Globigerina corpulenta n. sp. – Subbotina (1953): 76, pl. 9, fig. 5.
Subbotina corpulenta (Subbotina ) – Olsson et al. (2006): 129, 130,
133, pl. 6.7, figs. 1–14.

S t r a t i  g r a p h i c  r a n g e. – Mid dle Eocene–Early
Oligocene (E7–O1 zones; Berggren and Pearson, 2005; Pear -
son et al., 2006); in the POC – Late Eocene (Olszewska et al.,
1996).

R e m a r k s.  – The spe cies is char ac ter ized by a lobulate
test, usu ally with 4 glob u lar cham bers in ul ti mate whorl, and by
the fre quent pres ence of bulla-like cham ber cov er ing um bil i cal
area. Due to a more or less spher i cal test, thin-sec tions ran -
domly cut sin gle cham bers that are not di ag nos tic for tax o nomic 
as sign ments. In Fig ure 17G, the sec tion dis plays a char ac ter is -
tic cancelate (hon ey comb-like) sur face tex ture. 

Subbotina eocaena (Gümbel, 1868)
(Fig. 18)

Globigerina eocaena n. sp. – Gümbel (1868): 662, pl. 2, fig. 109a, b
(fide Ellis et Messina, Cat. of. Foram.).
Subbotina eocaena (Gümbel) – Olsson et al. (2006): 134, 137, 138, pl.
6.9, figs. 1–16.

S t r a t i  g r a p h i c  r a n g e. – Early Eocene–ear li est
Oligocene (?E6–O1 zones; Berggren and Pearson, 2005;
Pearson et al., 2006); in the POC – lat est Early–Late Eocene
(Olszewska et al., 1996).

R e  m a r k s. – Ran domly ori ented sec tions are usu ally
transversal to the whorl axis. In Fig ure 18H and I, “rub -
ber/sacculifer”-type wall tex ture (Pearson et al., 2006) of the
sur face is vis i ble. In Fig ure 18L and M, the sec tions dis play a
gen eral shape of a test. Spe cies iden ti fi ca tion can be based on
the sec tions in Fig ure 18G, L, M.

Subbotina hagni (Gohrbandt, 1967)
(Fig. 19)

Globigerina hagni n. sp. – Gohrbandt (1967): 325, pl. 1, fig. 1–3.
Subbotina hagni (Gohrbandt) – Olsson et al. (2006): 142, 145, pl. 6.11,
figs. 1–17.

S t r a t i  g r a p h i c  r a n g e. – Mid dle–Late Eocene
(E7–E16 zones; Berggren and Pearson, 2005; Pearson et al.,
2006); in the POC – Mid dle–Late Eocene (Olszewska et al.,
1996).

R e  m a r k s. – S. hagni is sim i lar to S. eocaena, and its
sec tions dis play some sim i lar i ties. How ever, they are mainly
transversal, usu ally cut ting only some of the cham bers. Its sec -
tions re veal “sacculifer” – type wall tex ture.

Subbotina linaperta (Finlay, 1939)
(Fig. 20)

Globigerina linaperta n. sp. – Finlay (1939): 126, pl. 13, fig. 56 (fide Ellis 
et Messina, Cat. of. Foram.).
Subbotina linaperta (Finlay) – Olsson et al. (2006): 149, 150, 153, 154,
pl. 6.14, figs. 1–16.

S t r a t i  g r a p h i c  r a n g e. – Late Early–Late Eocene
(E5–E16 zones; Berggren and Pearson, 2005; Pearson et al.,
2006); in the POC – Paleocene–Eocene (Olszewska et al.,
1996).

R e m a r k s. – Its thin-sec tions (Fig. 20F–O) dis play
“sacculifer”-type wall tex ture (Pearson et al., 2006). Most of the
cross-sec tions re veal char ac ter is tic fea tures of this spe cies.
The sec tions dis play var i ous di rec tions of cut tings, both ax ial
(Fig. 20J) and transversal (Fig. 20O), and they show a gen eral
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Fig. 14. Morozovella marginodentata (Subbotina)

A, B – SEM im ages of iso lated spec i mens; C, D – stereomicroscope pho tos of iso lated spec i mens; 

E–P – trans mit ted light pho tos of ex per i men tal thin-sec tions of M. marginodentata; scale bars = 100 mm
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Fig. 15. Morozovella subbotinae (Morozova)

A–C – SEM im ages of iso lated spec i mens; D – de tail of sur face of test A (scale bar = 25 mm); E–H –
stereomicroscope pho tos of iso lated spec i mens; I–P – trans mit ted light pho tos of ex per i men tal 

thin-sec tions of M. subbotinae; scale bars = 100 mm



672 Weronika Baliniak and Ewa Malata

Fig. 16. Muricoglobigerina senni (Beck mann)

A, B – SEM im ages of iso lated spec i mens; C – de tail of sur face of test B (scale bar = 25 mm); 
D, E – stereomicroscope pho tos of iso lated spec i mens; F–O – trans mit ted light pho tos

 of ex per i men tal thin-sec tions of M. senni; scale bars = 100 mm



char ac ter of the spe cies test. Spe cies iden ti fi ca tion can be
based on the sec tions in Fig ure 20F, G.

Subbotina cf. roesnaesensis Olsson and Berggren, 2006
(Fig. 21)

Subbotina roesnaesensis n. sp. – Olsson et al. (2006): 157, pl. 6.16,
fig. 1–15.

S t r a t i  g r a p h i c  r a n g e. – Lat est Paleocene–early
Mid dle Eocene (P5–E10 zones; Berggren and Pearson, 2005;
Pearson et al., 2006). 

R e  m a r k s. – Lack of dis tinct wall tex ture in com par i son
with the other spe cies of Subbotina. Cut tings are usu ally ran -
dom with some in cli na tion to be transversal.

In Fig ure 21M the sec tion shows a dis tinct ap er ture. Ex per i -
men tal cut tings of this spe cies dis play sim i lar i ties to other spe -
cies of Subbotina.

Subbotina triangularis (White, 1928)
(Fig. 22)

Globigerina triangularis n. sp. – White (1928): 195, pl. 28, fig. 1 (fide
Ellis et Messina, Cat. of Foram.).
Subbotina triangularis (White) – Olsson et al. (1999): 30, 31, pl. 26, figs. 
1–13.

S t r a t i  g r a p h i c  r a n g e. – Late Paleocene (Olsson
et al., 1999).

R e  m a r k s. – In the thin-sec tions the wall tex ture shows
some sim i lar i ties to S. roesnaensis. The cross-sec tions are ran -
domly ori ented with out any pref er en tial po si tion of spec i mens,
re sult ing from its over all mor phol ogy. Spe cies iden ti fi ca tion can
be based on the sec tions in Fig ure 22E, G and K.

Parasubbotina inaequispira (Subbotina, 1953)
(Fig. 23)

Globigerina inaequispira n. sp. – Subbotina (1953): 69, pl. 6, fig. 1. 
Parasubbotina inaequispira (Subbotina) – Olszewska et al. (1996):
141, 142, pl. 15, fig. 1.

S t r a t i  g r a p h i c  r a n g e. – Early Eocene–ear li est
Mid dle Eocene (E1–E8 zones; Berggren and Pearson, 2005;
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Fig. 17. Subbotina corpulenta (Subbotina)

A, B – SEM im ages of iso lated spec i mens; D, E – stereomicroscope pho tos of iso lated spec i mens; 

F–I – trans mit ted light pho tos of ex per i men tal thin-sec tions of S. corpulenta; scale bars = 100 mm
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Fig. 18. Subbotina eocaena (Gümbel)

A–C – SEM im ages of iso lated spec i mens; D, E – stereomicroscope pho tos of iso lated

spec i mens; F – de tail of sur face of test B (scale bar = 25 mm); G–O – trans mit ted light

pho tos of ex per i men tal thin-sec tions of S. eocaena; scale bars = 100 mm
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Fig. 19. Subbotina hagni (Gohrbandt)

A–C – SEM im ages of iso lated spec i mens; D, E – stereomicroscope pho tos of iso lated

spec i mens; F – de tail of sur face of test B (scale bar = 25 mm); G–N – trans mit ted light pho -

tos of ex per i men tal thin-sec tions of S. hagni; scale bars = 100 mm
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Fig. 20. Subbotina linaperta (Finlay)

A, B – SEM im ages of iso lated spec i mens; C – de tail of sur face of test A (scale bar = 25 mm); 
D, E – stereomicroscope pho tos of iso lated spec i mens; F–O – trans mit ted light pho tos 

of ex per i men tal thin-sec tions of S. linaperta; scale bars = 100 mm
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Fig. 21. Subbotina cf. roesnaesensis (Olsson and Berggren)

A–C – SEM im ages of iso lated spec i mens; D–E, G, H – stereomicroscope pho tos of iso lated 

spec i mens; F – de tail of sur face of test B (scale bar = 25 mm); I–O – trans mit ted light pho tos 

of ex per i men tal thin-sec tions of S. cf. roesnaesensis; scale bars = 100 mm
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Fig. 22. Subbotina triangularis (White)

A, B – SEM im ages of iso lated spec i mens; C, D – stereomicroscope pho tos of iso lated spec i mens; 

E–O – trans mit ted light pho tos of ex per i men tal thin-sec tions of S. triangularis; scale bars = 100 mm
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Fig. 23. Parasubbotina inaequispira (Subbotina)

A, B – SEM im ages of iso lated spec i mens; E – de tail of sur face of test A (scale bar = 25 mm); 
C, D – stereomicroscope pho tos of iso lated spec i mens; F–M – trans mit ted light pho tos of ex per i men tal 

thin-sec tions of P. inaequispira; scale bars = 100 mm



Pearson et al., 2006); in the POC – youn gest Late Paleo -
cene–Early Eocene (Olszewska et al., 1996).

R e m a r k s. – The wall tex ture shows some sim i lar i ties to a
�sacculifer”-type, com monly oc cur ring in the ge nus Subbotina.
The cut tings are ran dom due to glob u lar cham bers and do not
dis play the char ac ter is tic test mor phol ogy, how ever, show ing
some over all sim i lar i ties to some spe cies of Subbotina (Fig.
23F). Spe cies iden ti fi ca tion can be based on the sec tion in Fig -
ure 23F.

SUMMARY

The orig i nal method ap plied for thin-sec tion on iso lated
spec i mens of planktic foraminifera, us ing ep oxy resin (Araldyte
1000-Struers), ap peared to be suf fi ciently ef fec tive in the
course of the first ex per i ment of this kind.

The qual ity of ex per i men tal thin-sec tions in re spect to di ag -
nos tic fea tures of a par tic u lar spe cies much de pends on the
gen eral test mor phol ogy, re sult ing in the ran dom but pref er en -
tial po si tion of spec i mens im mersed and then hard ened in ep -
oxy resin.  

Ran dom cut tings of var i ous taxa, ex hib it ing mor pho log i cal
re sem blance, re sult in sim i lar fig ures that show no mor pho log i -
cal cri te ria nec es sary for the de ter mi na tion to a spe cific tax o -
nomic level. In our ma te rial, this re fers par tic u larly to the group
of Subbotina. 

Based on the ex per i men tally ob tained cross-sec tions we
can con clude that tax o nomic iden ti fi ca tion, at least to the ge -
neric level, is pos si ble.

Di ag nos ti cally best sec tions have been ob tained for the
biserial spec i mens of elon gated, flat tened “wedge–shape” tests 
of Chiloguembelina, which have a nat u ral ten dency to ax -
ial-sagittal ori en ta tion of plane cuts. 

Oblique thin-sec tions of trochospiral tests with globige -
riniform coil ing, which are gen er ally biconvex and lobulate
(round–shaped group), such as Subbotina and Parasubbotina,
usu ally cut a smaller num ber of cham bers, but dis play glob u lar
shapes of cham bers and cancelate sur face tex ture. Trans -
versal sec tions, more cen trally sit u ated, show a char ac ter is tic
lobulate out line of their tests.  

Trochospiral tests with a trun cated cone shape and flat tened
dor sal side re veal nat u ral ten dency to get into po si tion re sult ing in 
sec tions more or less transversal to the axis of coil ing. Their trun -
cated cone shape is usu ally pre served in oblique sec tions; how -
ever, sec tions of tests rep re sent ing such mor phol ogy are of vari -
able qual ity. Pe riph eral mar gins with dis tinct murico carina, which
is char ac ter is tic of ma jor ity of spe cies within the Morozovella ge -
nus, are pres ent in most of their sec tions. The out lines of tests of
both types of acarinids, with an gu lar and rounded cham bers, are
dis played in their trans verse dor sal sec tions.

SEM im ages of iden ti fied spe cies show con sid er able dia -
genetic oblit er a tions that, in most cases, blur the pri mary and
char ac ter is tic tex ture of test sur faces while in some thin-sec -
tions these tex tural fea tures are better pre served (e.g., Subbo -
tina hagni).

The sec tions from our ex per i ment re veal that their di ag nos -
tic qual ity could have been higher if the spec i mens of par tic u lar
spe cies used in a sin gle slide had been of sim i lar sizes. In case
of con tin u a tion of such ex per i ment, me chan i cal ground ing of
slides should also be tested. 
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