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From the flysch of Podgrad (Brkinl, W Yugoszlavia) 19 species and
subspecles of nannoplankton, 10 of planktonic foraminifers and 8 of
nummullilng were found. Amang the now species and subspecies Rhab-
desphaerg piriformis, Operculing marineilii similia, Nummulites brkini-
ensiy and Nummulites postbearnensis were determined. The [assililerous
strata belong to the Middle Cuisian and appear to be of the same strati-
graphice level] and fossil content as the Cuisian flysch of Ustje in Vipava

valley.
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l.Intrvduction

The flysch of south-western Slovenia is in some places rich with microfos-
sily while in others it is poor. Some of the seeclions have been studied at Gorigka
Brda (Cimerman and others, 1974), Ustje in Vipava valley (De Zanche,
Pavliovecr and Proto Decima, 1987), arnd at Postojna (Gospodarié
and others, 1087). As the flysch from differenl basins is not of the same auge ang
of the same lithalogical development cach new section is of interest. The Podgrad
lucality rich in nummulilins, planktonic foraminifers and nannoplankion resem-
bles somewhat the fossil contents of Ustje section in Vipava walley. New species
and subspecies have also becn determined,
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2. Locality
Figs. 1 and 2

Mujzibur R. Khan

An outcrop of lhe flysch occurs approximately one kilomelre (o the NNE
of Podgrad in soulth-western Slovenija (45' 317 457: 13* 08" 21"; f[ig- 1). The
flyach forms gentle slopeg or small hillocks in the topography and is often co-
vered with vegetations. The flysch overlies the Alveolina and Nummulites
bearing limestone of Early Paleogene (Paleocene-Lawer Eocene) uge. The
contact between the limestone and flysch is eovered and so is also the top of
the flysch (fig. 2).

The flysch consists mostly of shale and elaystone in alternetion with sand-
stone and minor marl, conglomerale and breccia-

The shale is greenish gray to gray, soft, splintery or friable at places, bedding
is thin te very thin. The claystone is also greenish gray to gray, nodular and
soft. The sandstone is gray, greenish gray and brown in colour which weathers
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Fig. 1. Map representing the surroundings of Podgrad
SL. 1, Zemljevid okolice Podgrada
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Fig. 2. Profile actross the lecality Podgrad
S1. 2. Profil skozi nahajaliite Podgrad

1 Limsstone with nummulites end essllinae — Apne=nec z numulitl In asillnaml
2 Clayntoneg — Gllnnyec
3 Sundstone — Pedlenjak
4 Marl — Lapor
5 Conglomcrate and breccia — Honglomerat in breta
¥ Flysch, Lower (?) and Middle Culzian — FLi$, spodnji (*) ih sredhli culsi)
J. Limestone, Lower Cuislan - Apnenee, spodngi culs
C Covered (Alluvium) — Prekriio &£ holocenskim nanosom
* Foss)! locallty — Nahajalldde tosllov

to rusty brown. It s gererally medium to thinly bedded, (ine 1o medium
grained and at places quite hard. The marl is a minor component having discon-
tinuous thin beds. The conglomerate and breceia are of intraformational type
having the form of lenses or boulders and being compoesed of argillaceous lime-
stone. The formation, in general, is fossiliferous and patrticularly the marl, con-
glomerale and brececia are rich in Nummaulites, Operculing, Assiling, Alveoling,
bivalves, echinoderms, corals elc,

Nummulites, Operculine and other fossils have been collected from the
oulcrop and the shale and marl samp.cs were taken for the determination ol
the biozone of the flysch outcrop at Podgrad.

3. Nannoplankton
Jernef Pavhé

Introduction

The significant achievements in the studies of nannoplankton along with the
ather branches af the micropaleontology have been progressed parailely with
the developments of the optical and electronic devices. At the present day this
uroup of fossil plays an important role in the field of biostratigraphic studies of
the younger Mesozoie and Tertiary beds; when beside the normal optical micre-
scope electronic microscopes are avallable.

Owing to the shorter ranges of the different species the nanneplankton is
useful for the classification of biozones. These biozones have effectively beon
used for the regional and interregional correlations due to the wide geographical
distribution of the nannoplankton, Moreaver, lately it has become very impor-
tant in the interpretations of the palecgeography, because these tiny organisms
are very susceptible 1o the changes of Lhe environments.
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Preparation of samples for observation

Standard method has been used for the preparation of the samples to
be observed under the optical microscope. Particles dispersed in water were
previowsly trealed by Lhe ulirasonic. The slides have been studied under the
oplical microscope Leitz-Ortholux.

Systematic part

Coccalithus pelagicus (Wallich)
Plate I, fig. 8a, b

1967 Coccolithus pelagicus (Wallich) — Bramlette and Wilcoxon, 102
pl. 3, figs. 13 to 15,
1871 Coccolithus pelagicug (Wallich)y — Baldi-Beke, 26
1974 Coccolithus pelagicus {Wallich) — Scherwood, I3, pl. 1, figs. 3, 4.
pl 2, fig. 2.
Elliptic placolith with tke thin and elliptic central part. A very common
fntm in the Tertiary beds without an exact stratigraphic importance.

Chiusmolithus grandis (Bramlette et Riedel}
Plate 1, fig. Pa, b

1054 Coccolithus grandis Bramlette et Riedel — Bramlette and Ricedc!.
391, pl. 38, fig. 1.
1981 Coceolithus grandis Bramlette et Riedel —Bramlette and Sullivan,
140, p. 2. figs. 1, 2 and 3.
1966 Ckiasmolithus grandis (Bramlette et Rivdel} —- Hay and others, 388,
1971 Chigsmulithus grendis {Bramlelie et Riedel}) — Scherwood, 19 pl 3,
figs. 1, 2.
Quite common among our samples. Even under the optical microscope all
characteristics of the coccolithus can be observed. Remarkable is a fine net in
the centra) part and the segmentation of both cycles.

Cyetocoecotithus neagammation Bramlelle ot Wilcoxon
Clate 1. fig. 4

1987 Cyclocuccolithus neogammation Bramlette et Wilcoxon — Bramletic
and Wilcuxon, 104, pl. 1, figs. 1 {0 3, pl. 4. [igs. 3 to 5.
1972 Cyclococcolithus neogammation Bramlette et Wilcoxon — Baldi-Beke,
pl. 2, figs. 3, 4.
Very common species in all the samples.

Pontosphaere multipora (Kamptner}
Flate 1, fig. 53, b
1951 Discotithus distinctus Bramleite et Sullivan — Bramlette and Sul-

livan, 141, pl 2, fig. 9.
1871 Discolithina multipora (Kamptner) — Baldi-Beke, 26,
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1971 Discolithina multipora {Kamptner) — Perch-Nielsen, 34, pl. 26,
figs. 15, 18, I9, 20, pl. 4, figs. 2 and 9.
1974 Pontosphaera multipora (Kamptner) — Scherwood, 30, pl. 3, figs. 15
18, 19, 20.
Eliplical discolith with numerous perforations in the central part. The per-
forations are usually wider in the venlral part and more or less round.

Pontosphaera plana (Bramlelte et Sullivan)
Plale 1, figs. 10 end 11

1961 Discolithus planus Bramlette et Sullivan — Bramlette and Sul-
livan, 143, pl 38, fig. 7.

1871 Discolithing planag (Bramlette et Sullivan) - Perch-Nielsen. 35, pl
29, fig. 4,

1974 Pontosphaera plane (Bratnlette et Sullivan) — Scherwood, 31, Pl 3,
lig. 24, pl. 5, figs. 3, 4.

Elliptical diseolith with a4 uniform plate bearing two oblong perforations.
Only sume specimens appeur in the pattera.

Blackites scebrosus (Deflandre)
Plate 1, figy, 8 and 7

1961 Rhabdosphaera scabrosa (Deflandre) — Bramlctte and Sullivan.
147, pl. 5, fig. 11,
1974 Blackites scabrosus {Deflandre) — Scherwood, 41, pl- 9, fig. 23.
The rugose surface, characteristic for (his species, can be very well observed.
The species oceurs rather frequently.

Rhabdosphaere piriformis n. sp,
Plate |, figs. 1 to 3

Derivalio nominis: After the pear-shaped form of the rhabdolyte,

Locus typicus: Podgrad.

Stratum typicum: Lower part of the Middle Cuisian, lower part of the
biozone Disvoaster sublodoensis.

Hololypus: In the »Podgrad 6« (pl. 1, fig. 3), in the collection of the
[nstitute of Geology and Paleantology. Ljubliana University,

Paratypi: In the aPodgrad 3 and 4« (pl. I, figs, 1 and 2), in the same
collection as holotypus.,

Diagnosis: Rhabdosphaera piviformis is a cone-shaped rhabdelyte with
considerably inflated process, which starts to get thicher just above the basal
plate and soon acquires its largest diameler,

Descriplion and comparisaen: The rhabdoiyle has u small basal
plate with central perforation, The process is spherically thickened just above
the basal plate. In this i{ differs from the similar species Rhabdosphaera inflata
which gets thick only at Lhe end of a short or long neck. After the thickening,
the process kecomes more and maore narrow and ends aculely pointed. In
exierior the rugose surface is abvious,



14 Mujibur R, Khan, R. Pavlovec, and J. Paviid

Distribution: The new species appears to be very abundant in the
Cuisian flyseh of Podgrad (biozones Discoaster sublodoensie).

Micranthalithus flos Deflandre
Plate 2, figs. 5, 8

1961 Micrantholithus flos Deflandre — Bramlette and Sullivan, 155
pl. 9, tig. 8.
1973 Micranthalithus flos Deflandre — Kapellos, 104, pl. 20, fig. 4.
Pentaloid with triangle segments which are slightly concave on the distal
side. The speeies occurs frequently in the samples.

Sphenglithus radians Deflandre
Plate 2, lig. 11

1961 Sphenolithuy radians Deflandre — Bramlette and Sullivan, 186
pl. 14, figs. 6, 7, 8.
1974 Sphenalithus radians Deflandre — Scherwood, 55, pl. 9, figs. 3, 4.
The species occurs frequently in the samples,

Discoaster barbadiensis Tan
Plate 3, figs. 3, 6, 9

19%4 Diseoaster barbadiensis Tan — Bramlette and Riedel, 388, pl. 32,
fig. 5.

1961 Discoaster barbadiensis Tan Sin Hok — Bramlette and Sullivan,
158, pl. 11, fig. 2.

1973 Discoasier barbadiensis Tan Sin Hok — Kapellos and Schaub,
pl. 4, figs. 2. 3.

1974 Discoaster barbadiensi¢ Tan — Scherwood, 59, pl. 8, fig. 12, pl. 10,
fig. 1.

The species has 12 to 14 rays which have biunt ends. The sutures between
the rays are very distinet. On the surface tiny hollows are scattered and they
can be noticed under phase contrast. In the cenlre there is a distinet central
elevalion — knob.

The species is abundant in Eocene beds. Often considerable variations of the
species have been abserved in our samples.

Discodster distinetus Martint
Plate 2, tigs. 1, 4, 7

1958 Discoaster distinctus Martini — Martini, 363, pl 4, fig. 7.

1981 Discoaster distinctrs Martini — Martini, 14, pl. 3. lig. 28

1973 Disconster distinctus Martini — Kapellos, 111, pl. 8, fig. 12, pl. 13

fig. 8, pl. 14, ligs. 7 to 9, pl. 18, £ig. 7.

1974 Discoaster distinctus Martini — Scherwood, 61, pl 11, figs. 8—8.
Discoaster with 6 or 7 rays which elongate and bifurcate at the end. Each

branch has a node on it. Characteristic is the central area mude of the central

knob and the rays reaching out to the legs. Authors slate considerable variations

for this species, especially in the aspeet of the rays, Xapellos (1973, 111} for
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instance records even 5 to 10 rays. Martini (1958, 363) on the other hand.
reparts in his original descriptivn the presence of 5 to 7 rays. Qur specimens
have 8 to 8 rays.

Discoaster lodacnsis Bramlelte el Riedel
Plate 2, figs, 10, 12, plule 3, fig. @

1854 Disconster lodoensis Bramlette et Riedel -- Bramlette snd Ricdel,
398, pl. 39, fig. 3.
1858 Discoester lodcensis Bramlctte et Riedel — Martini, 368, pl. 8, fig. 28.
1981 Discoaster lodoensis Bramlette et Riedel — Bramlette and Sul-
livan, 161, pl. 12, figs. 4 and 5.
1973 Discoaster lodoensis Dramlettc el Riedel — Schorwood, 84, pl. 9
fig. 16, pl. 12, figs. 1, 2.
The species is very common in flysch of Podgrad. It has 6 {o 7 pointed rays
which have on their distal sides distinet ridges running radially from the contral
knob. The rays are slightly twisled counter—clockwise.

Discoaster subludvensis Bramlette et Sullivan
Plate 2, fig. 2, plate 3. flgs. 4 and 7

1961 Discogster sublodoensis Bramlette ot Sullivan — Bramlette and
Sullivan, 182, pl. 12, fig. 6.
1973 Discoaster sublodoensis Bramlette et Sullivan - Kapellos. 113, pl. 13,
fig. 4, pl. 17. figs, 1 to 4 and 8.
1874 Discoaster sublodeensis Bramlette et Sullivan — Scherwaond, 63, pl. 9.
fig. 14,
The sperics has live or six sharply pointed rays. From a wide cenleal aren
they quickly transform into points. In the middle of the ceatral area there
is a distincl knoh,

Discoaster saipanencis Bramlette et Riedel
Plate 8, fig. 1

1954 Discoaster saipanensis Bramlette ot Riede! — Rramlcette and Ri-
edel, 398, pl. 39, fig 4.

1950 Discoaster saipanensis Bramlette et Riedel — Martini, 367, pl &
fig. 29.

1973 Discoaster seipanensis Bramlette et Riedel — Kapellos, 113 pl 19,
figs. 10, 11, pl. 20, figs. 2 to0 3, pl. 21, Digs. 4, 7, pl. 23, [ig. 4.

1974 Discoaster saipanensis Bramiette ct Riadel — Scherwood, 65 pl 9,
fig. 18, pl. 12, rig. 4.

The Discoaster has seven legs and a big central plale. Sirong sutures between
the legs can be observed running from the ecntral knob,

Marthasterites tribrachiatue (Bramlette et Riedel)
Plate 3, fig. 8

1984 Discoaster tribrachiatus Bramlette ot Riedel — Bramleiie and Ri-
edel, 396, pl. 3B, fig. 11.
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1961 Discoaster tribrachiotus Bramlette et Riedel — Bramleltle and Sul-
livan, 182, pl 13, figs. 6 1o 13,
1873 Marthasterites fribrachigtus (Bramlette et Riedel} — Kapellos, 104
pl. 6, fig. B, pl. 7, fig. 12, pl. 9, figs. 4 and 6, pl. 10, figs. 1 to 4, 6, pl. 11,
fig. 10.
The specics appears in the typical form and corresponds completely with the
samples described in the literature.

Microrhabdulus devorutys Deflandre
Plate 3, figs. 10 and 11

1959 Microrhabdulus decoratus Neflandre — Deflandre, 140, pl. 4, figs. 1
to b.
1964 Microrhabdulus decoratus Deflandre — Bramlette and Martlini.
314, pl. 6, figs. 1 and 2.
1974 Microrhabdulus decoratus Deflandre — Cimerman and others, 27, pl. 3.
lig. 8.
The rhabdulus appears in samples reworked from the Upper Cretaceous.

Neoroccolithes dubius (Deflandre)
Plate 3, Ilgs. 2 and 3

19681 Zygolithus dudbius Delflandre — Bramlette and Sillivan, 150,
Pl B, tigs. 12 to 13, 14.
1088 Neococcolithes dubius (Deflandre) — Stradner, 418, pl. 87, figs. 1 1o 3.
1874 Neococcolithes dubius (Deflandrd) — Scherwood, 70, pl. 11, fig. 20
Characteristic elliptic coccolithes with the central part in the shape ol the
letter H.

Ellipsotithus distichug (Bramlette et Sullivan)
Plate 3, fig. 8

1981 Coccolithes distichus Bramlelte et Sullivan — Bramlette and Sul-
livan 152, pl. 7, fig. 8.

1067 Ellipsolithus distichus (Bramlette el Sullivan} — Hay and Mohler
1530, pl. 201, figs. 1, 2, 3, 4, 5, pl. 202, [igs. B to 8.

The species has an elliptival form showing perforativns on both sides
of the ridge running along the longer axis. The species is referred to the biozo-
ne Discoaster multiradiatus and Marthesterites tribrachiatus. It la assumed that
the present species is reworked.

Clathrolithus ct. eilipticus Deflandre
Plate 3, #1g. 5

Very badly preserved samples have been determinated after Bramlette
and Sullivan (1881, 157), and Stradner (1869, 421).

Elliptic calearecus body with & network of pores similar to honeycombs, The
hexagonal pores are rounded by a comparatively frail clreumference and that
is probably the reason fur Llhe bad preservation of the species.

The form appears from Pualeocene to the Upper Eocene. The species has
originally been described from the Lower Lutetian.
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Table 1 — Tabela 1

Nonnoplankisnlc species frem Podgrad with the corresponding biozones
Nanoplankionske vesie iz Podgrada in ustrezne blocone

ZONATION AFTER ! ! | 9

MARTINI 1871 | ¢ - P ; P

mocone po | T y §3 g ! %

MARTINU | 3 E4 EF ke £E .S
| £§ 838 Bf 521 B§E,
SPECIES gz 4 8 Eb_‘!,‘aéiﬁz £ g
2 | & & | s a8 2 a 3 &3

Coceolithus  pafagicus
Chiosmolithus grandis

Cyelococcolithus neogammation
Fontosphaarg muitiporo

e

Ponrespharra  plona

Blockites scudrosus

Rhaddmpharro pirifarmis n. sp.

Micrantheithus flas

Sphenolithus radiens

Discoaster borbodiensis

fxscooster lodoensis

Discoaster sudiodomnus

iscocsier saipanensis

Discoaster &tinctus

Marthosherites tHdFochioius

-]
Microrhobdwius decorolus

Neococcolithes dnbius

- — - -

© Eltipsatithus distichius

Clathrolithus cf. slipticus

© Reworked species - presedimeniirane vrste

2 — Geologija 1e



Flate 1 -— Tabla 1

1, 2, 3 Rhabdosphaera piriformis n. sp.
1, 2 between crossed nicols, 3 phase ¢ontrast
1, 2 pri navzkriznih nikolih, 3 pri faznem kontrastu

§ Cyclocaccolithus nesgemmation Bramlette ¢t Wllecxon
crossed nicols
pri navzkriZnih nikolih

5a, b Pontospheera multipora (Kemptno)
a crossed nicols, b phase contrast
d pri navzkriznih nikolih, b prl faznem Kontrastu

8, 7 Blackites scabrosus (Deflandre}
hetween crossed nicels
prl navziriznlh nikolih

8a, b Coccolithus pelagicus (Wallich)
a phase contrast. b erossed nleols
¢ pri faznem kontrastu, b pri pavzkriinih nikolib

9 a, b Chigsmolithus graadis (Bratnletie el Riedel)
a crossed nicols, ® phase contrast
@ pri navzkrlznib niketih, b pri faznem kontrasiu

10, 11 Poatosphgera plana {Bramlette el Sulllvan}
10 phase eontrast, 11 crossed nicols
10 fazni kontrast, 11 pri navzkriZnih nikolih
1800 X enlarged — 18 X povedano

The phetographs of the nannoplankton made by J. Paviif.
Nanoplankton je foiografira! J. Pavsid,



Plate 1 — Tabla 1




Plate 2 — Tabla 2

1, 4, 7 Discoester distinctus Martini
phase conlrast
pri faznem kontrastu

2 Discoaster rublodoens{s Bramlelie et Sullivan
phase cantrast
pri faznem Kontrastu

3. 6, @ Disconster barbadiensis Tan
phase contrast
pri faznem kantrastu

5. B Micrantholithus flos Deflandre
5 phase conirast, B crossed nicols
5 prl faznem kontrasty, 8 pri navzkriinih nikolih

10, 12 Discoaster lvdoensis Bramiette et Riedel
phase contrast
pri faznem kontrasiu

11 Sphenolithus radiana Deflandre
crossed Nicols
pri navzkriZnih nikolih
1800 X enlarged — 1800 X povedann



Plate 2 — Tabla 2




Plate 1 — Tabfa 3

1 Discoaster saipunensis Dramle.te el Riedel
phase contrast
pri faznem kontrastu

2. 3 Neococcolithes dubius (Deflandre)
2 crossed nicols, 3 phase contrast
2 pri navzhriznih nikolih, 2 pei faznem kontrastu

4, 7 Discoasier sublodoensis Bramlete ¢t Sullivan
phase contrast
pri faznem kenlyasiu

S Clathrotithua cf. ellipticus Deflandre
phase contrast
pri faznem kealrasiu

6a, b Ellipsolithus distichus (RBramletie et Sullivan)
a crossed nicols, b phase eontrast
a pri navzkelzonih mukolih, & pri fazmem kentrastu

8 Marthasterites tribrachiafuy (Bramictte ¢t Riedel)
phase contrast
pri faznem Kontrastu

0 Discoaster lodaensis Bram.ette et Riedel
phase vontrast
pri faznem Kontrastu

10, 11 Micrerhehdulus decoratus Dellundye
crossed nicols
pri navzkriznih nikolih
1800 X enlargec — 18G0 X povedano



Plate 3 — Tabla 3
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4 Planktonic feraminifers
Mujibur R. Khan

Table 2
Globigermna linaperte Finlay

1975 a Globigerina linaperte Finlay - Bolli, 70, pl. 15, figs. 15to 17,

1982 (iobigerina linaperta Finlay — Hillebrand(, 120, pl 11, figs. 2 and 3.

1965 Globigering linuperia Finlay — Prote Decima and Zorzi, 14,
pl. 1, fig. 3.

The specics is common in the samples taken from the flysch, According to
the various authors the specics ranges from the Late Paleocene to the Early
Eacene. It has also been recorded from the Cuisian flysch of Ustie (De Zan-
che, Pavliovec and Praota Decima, 1987. 4} and from the Eocene
rocks exposed near Postojna (Gospodari¢, Kolosvéry, Pavlovec
and Proto Declma, 1987, 12). After Pavgié (1973, 143) it accurs also in
the Paleocenc part of the Podsabotin strata in SW Slovenia.

Globigerina taroubaensis Bronhimann

1957 a Globigerina taroubaensis Bronnimann — Bolli, 72, pl. 15, figs. 1—2.
1965 Globigerine taroubaeensis Bronnimann — Proto Decima and
Zorzi, 17, pl. 1, 0ig. 11.
The species is fairly common and resembles the forms described by Balli
(1857 a, 72}, Proto Decima and Zorzi (1985, 17 from the zone of
Globoreotalia aragonensis from Trinidad and northern Italy, respectively.

Globigerinae triangularis White

1957 a Globigerina triangularis White — Bolli, 71, pl. 15, figs. 12 to 14.
1885 Globigering tripnguilaris White — Proto Decime and Zorzi, 17,
pl. 1, fig. 4.

The species ranges {rom the Late Paleocene io Early Eocene. Tt has alsu
been found in the Cuisisn Nysch of Uslje (De Zanche, Paviliover and
Proto Decima, 19687, 8 as well as at Postojna (Gospodarié, Ko-
[asvadry, Pavliovec and Proto Decima, 1867, 12).

Globigerina turgida Finlay

1957 a Clobigerina turgida Finlay — Bolli, 73, pl. 135, flgs. 19—23.

1865 Globigerina turgide Finlay — Proto Decima and Zorzi, 18, pl. 1,
figs. 9—10.

1588 Gilobigering turgida Finlay — Samuel and Salaj, 134, fig. 33.

The specimens from Podgrad resemble the forms of Bolli (1857 a, 73).
Samucel and Sala (1968, 34). The species is very similar in looks with the
Clobigering taroubaensis but differs in being larger in size and somewhat more
troehoid. Bolli (1957a, 73), Proto Decima and Zorzi (1865, 18) de-
scribed the species from the Globorotalia dgragonensis zone of Trinidad and
northern 1taly. In the West Carpathians Globigerira turgida occurs In the Glo-
torotalia aragonensis crater zone and in the basal part of Turberotalia (Acari-
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nine) crasseta densa zone of Samuel and Salaj (1966, 134). The species
has also been raported from the flysch exposed al Postojna {Gospoadarié:
Kolosvary. Pavlovece and Proto Decima, 1867, 12).

Gioborntalia aragunensis Nuttal

1957 a Globorotalia aragorensis Nuttal --Bolli, 75, pl. 18, figs. 7—9.
1857 b Giohorotalia atagonensis Nuttal — Bolli, 167, pl. 38, figs. 1.
1985 Globorotalia gragonensis Nutlal — Proto Decima and Zorzi, 22
pl. 3, fig. 8, pl. 5, fig. 18.
1868 Globorotalie aragonensis aragonensis Nuttal — Samuel and Salai,
148, pl. 11, fig. 5.
1971 Globoretalia aragonensis Nuttal — Subbotina, 274, pl. 18, fig. 6 and 7.
The species is well preserved but nat common in the area. The vertical range
ul the species is generally mentioned in the literature as Early Eocene to Middle
Ewcene. After Bolli (1857 8, 75; 1957 b, 187) and Postuma (1971, 172) the
speecies ranges from the Globorotalia formosa aragonensis zone to the Globige-
rapsis kugleri zone. In the West Carpathians the species has been reported
(Samuel and Salaj, 1968, 149) from the Early and Middle Eocenc. ropre-
senting the Gioborotelia eragonensis to Turhorotglia (4carining) cressate densu
zones, Proto Decima and Zovrzi (1865, 23) deseribed the species from ‘he
Glaborotalia formoge formusa zone and Globorotalic arsgonensis zone. In
NW Caucasia the species occurs in the Early to Middle Eocene beds (Sub-
botina, 1971, 279). Globorotalic aragonensis has alse been fuund in the
Cuisian Ilysch of Ustje (De Zanche. and Proto Decima. 1867 212)
and at Poslojna (Gospodarié¢, Kolosvary, Pavlovee and Proin
Decima, 1887, 40).

Globoratalia convexa Subbotina

1857 Globorotalia convera Subbotina — Loeblich and Tappan, 18%,
pl 48, fig. 4, pl. 50, fig. 7, pl. 63, figs. 6—8, pl. 57, figs. h—b6, pl. 81. fig. 4,
pl. 83, fig. 4.

1985 Globoretalia convere Subbotina — Proto Decima and Zorzi, 24,
pl. 1, fig. 13.

1888 Turboratalie {Acarining) convexra (Subbotinn) — Samuel and Salaj.
163, pl. 18, {igs. 5 and B.

1971 Globorotalic convexa Subbotina — Subbotina, 283, pl. 17, figs. 4 to 6,

The species resembles the forms determined by Subbotina (1971, 263)
with variable dimensions of the tests,. The number of chambers in the last
whorl is generally [ive but there are alsa specimens with six chambers.

The type specics has been described from the zone with the eonical Ginhoro-
telia (Subbotina, 197, 263). Loeblich and Tappan (1937, 188) men-
tioned the species from the formations representing the biozones from Glo-
borotalia velascoensis—acuta-spiraiis subzone to Giloborotalia rex zone. In northern
Italy (Proto Decima and Zorzi. 1985, 24) the species is present from
the zone of Globorotalia pseudomenardii to the Globorotalia aragorensis znov.
Samuel and Salaj (1968, 164) described the species from the Late Pale-
ocene to Middle Eocene in West Carpathians and have placed the species in
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their zone of Gioborotaliz aequa to the zone of Turhoratalia (Acarining) crassata
densa. In western Yugoslavia the species appears in the Eocene flysch at Fo-
slojna (Gospodarid, Kolosvary, Pavlovee and Proto Deci-
ma, 1987, 44),

Glohorotalia crassaformis (Galloway et Wisslex)

1968 Turborotaliz (Acaerinine) crassate densa (Cushman, 1825) — Samu c¢] and
Salaj, 164, pl. 17, figs. 3 and 4.

1971 Acarinina crassaformis (Galloway and Wissler) — Subbolina, 290,
pl. 21, figs. 1 to 7.

The species is common in the flysch at Podgrad. The dimensions of the test
and the sizes of the chambers in different specimens are somewhat variable.
These variations were alsn mentioned by Subbotina (1971, 291) while de-
scribing the Acarinina cressaformis from the Caucasia.

The range of the specics may be disputed. It appears 0 be long for the
planktonic species as has been mentioncd by various authors from different
areds.

The halotype has been described from the Late Cretaveous and Cushman
(Subbaoltina 1971, 293) reported the species from the present sea as well
After Samuel and Salaj (1968, 185) it occurs in Early Eccene beds with
the maximum development in the early part of the Midgle Eocene layers; some
have also bren found in the lowermosl part of the Late Eocene beds in the
Carpathian region. According to them the specics belongs to the bioczones
Turborotalie { Acerinina) ¢rassate dense lo Truncorotalia rehri,

In Caucasia (Subbotina, 1071, 282) the species oocurs mainly in the
zone with the comical Glabarotalia and in the zone of Acarinine (Early Eocenc
in early part of the Late Encene).

Cloborotalia interpogita (Subbotina)

1971 Acarinina interposita Subbotina — Subbotina, 303, pl. 23, figs. 8
ta 7.

The species is common in the flysch. The Gileborotalia interposita from Pod-
grad shows variability in the convexity on the spiral side. There are somc
specimens with almest flat spiral side whereas others are markedly convex. The
ultimate chamber of some forms is smaller than the penultimate one and often
contains 8 suplementary small vesicular chamber as has been pointed aut by
Subbetina (1971, 304).

The species has been mentioned [rotm the Caucaria in the USSR and ranges
from Paleocene to Middle Encene representing the zone of compressed Gleborota-
lig 1o the same of conical Glohvratalia (Subbotina. 1871, 304).

Cloboraializ pseudotopilensis {Subbotina)

1857 Globoratelia pseudotvpilensis (Subbulina) — Lo#ablich and Tappan,
194, pl. 60, fig. 2.

1962 Gioborotalia (Acarinina) pseudovtapilensis (Subboling) — Hillebrandli,
143, pl. 14, tig. 1.
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1965 Gilvborotalie pseudotepilensis (Subbotina) — Proto Decima and
Zarzi, 28, pl 4, fig. 8.

1968 Turborotalla {Acarining) pseudotoptlensis {(Subbsting) — Samuel and
Salei, 172, pl 14, fig. 2.

1971 Acerinire psendotopilensis Subbotink — Subbotina, 204, pl. 21,
figs. 8—-9, pl. 22, figs. 1—-3.

The species is rare in the flysch of Podgrad but resembles the type species
from the Caucasia of the USSR {(Subbotina, 1971, 294).

According to Subbotina (1971, 29%) the specics occurs in the Caucasia
from the vompressed GCloboroialia to conical Globorotelia zone of Paleccenc
to Middle Eacena. [n the Central Carpathians it occurs in the same age from
the Globorotalia aequa to Globorotelia eragonensis crater zones (Samu-
¢l and Sala’, 1968, 172). According to Prolo Decima and Zorei
(1965, 28} the species ranges in northern Italy from the Globarotalia rex zone
to he . eragonensis zone, This species has alse been reported from the Nana-
falia formation (Early Eoccene) of Alabama, USA, (Loeblich and Tap-

Table 2 — Tabela 2

Plankiorle species from1 Podgrad and the corresponding hinzones
Plankionske vrsie 1z Podgrada In ustrezne blocone

ZONATION AFTER
POSTUMA 1971

BIOCONE PO
POSTUMI
1871

rex

Glabarataliq
psaucdomenardii
Globoretalic
veinicoensis
Globorotaiia
Gloporotaiio
formasa-aragonensix
Globorotatia
bulibrooks
Globiperapain
kugleri

SPECIES

linaperta

tarauboensia e

Globigetina

turgide

trianguiaria

-

aragonensis

- - — . -eme— A

convexo

N R e e i ~

crossaformis

interposite

Gieborgtatia

pseudotopiiensis

retundimarginata
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pan, 1857, 184). In western Yugoslavia, at Postojna, it has been found in the
Eocenc flysch (Gospodari¢, Kolosviéry, Pavlovec snd Proio
Decima, 1967, 12).

Globorotalia rotundimarginete (Subbotina)

1885 Glnhorofaliz rotundimarginata {Subbolina) — Proto Decima and
Zorzi, 30, pl 2, lig. 7.

1968 Turborotalic (Acarining) rolundimarginata (Subbotina) — Samuel and
Salaj, 172 pl 19, figs. 1 and 2.

1871 Acerining rotundimarginate Subbetina — Subboilina 308, pl 25
figs. 1-—3.

The species is common and closely similar to the forms of Subboti-
ra {1971, 208) and others.

According to Subbotina (1971, 309) the species occurs in the Early.
Middle and Late Eocene. It is most abundant in the early part of the Late
Eocene.

In the Carpathians the species occurs in the early part of the Late Eocene
(Samuel and Salaj, 1968, 172). Proto Decima and Zorzi {18985,
30} described this species from the zone of Glohorotalia gragarensis in northern
Italy, It has alsa been reporled from the Eacene flysch of Postojna (Gospo-
dari¢, Kolosvary, Pavlovec and Proto Decima, 1987, 13).

J Nummulitinae

Mujibur R, Khan and Rajke Paviotec

Operculina marinellii similis n. ssp.
Flate 4, figs, 1 to 4, plate 5, fig. 1

[967 Operculing cf. morinellii — De Zanche, Pavlovece and Proto
Decima, 40.

Derivatio nominis: The new subspecies resembles the Qperculing
marinellit marinellii

Holotypus: B [orm in the collection of the Institute of Geology and
Paleontology, Liubljana University, inv. no. 3838,

Paratypi: B formsin the same collection as the holotypus.

Locus typicus: 1 km north northwest of Podgrad, SW Slovenia, wesi-
ern Yugoslavia.

Stratum typicum: Lower part of the Middle Cuisian.

Diagnosis: Operculinag with the larger test and somewhat slower in-
creasing of the whorls as Operculina marineilii merinellii.

B form. The test is about 1 mm thick with a maximum diameter of 13 mm,
often with slightly elevated area at the centre which is covered by slightly
projecting bosses, almost circulur in outling with somewhat undulated outer
margin.

The septa and the marginal cord are remarkable and oceasionally the margi-
nal cord forms a distinet relief from the test surface. The number of the whorlc
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Fig. 3. QOperculina marinellii mmilis

n. ssp., B form. Podgrad No. 353y
51. 3. Opereulina marinellil sfmilis n,
ssp., obllka B. Podgrad, inv. it 3830

ih usually B to 6!’ and they increase rapidly; the septa are numerous, in the
linal whorl 33 to 35 and are usually perpendicular to the marginal cord and
nearly straight. The septa are thin and thitkened in their upper parts {fig. 3).
Well preserved tests show granulation between the scpla.

Table 3 — Tabela 3
Numerical data For ihe snbspecles Operculina marinellit similis, B form

Sample 2

Prlnecel Sa Sa Sa Se La Las L« Ls Lu
1 17 23 F1) kX 0,3—Lu 0,3 0,8 0,8 04
2 17 22 24 34 0,3—La 01 04 07 0.8
k) 18 23 29 M 0,3—Lu 0.2 0,7 0,48 0.6
4 29 85 ¢.6—1La 0,4 0,6 06
5 26 33 0,3—Lz 0,3 0,8 08
1 Holotypus

2—5 Puratypi .

S, S¢... Number of septa in the third, fourth, ... wharl
Slevila sept v tretjem, fetrtem ... zavoju

Ls, La... Height incrcase In the second, third ... whorl
Prirastek vidine v drugem, tretjem ... 2avoju

Remarks. The new Operculina belongs ta the granulated operculinas which
have granules between the septa, Hottinger (1964, 1019) put into this group
the species Operculina maorinellii merinellii from Cuisian and Operculine
praespia from Lower Lutetian. Belween the two species transitional forms
exist {O. aff. praespira). To the same group belongs also the Operculina exili-
formis (Pavlovece, 1968) from the Middle Ilerdian,

All the forms menticned above are similar regarding the course of the
wharls, the shape of the sepla and chambers, and the marginal cord. The
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Fig. 4. Diagram of Lhe whaorls at the Operculina marinellii similis and O. marineiiii
marinellif, B forma

Sl. 4. Disgram zavojev pri pedvrstoh Operculing marinellfi simills in O. marineiii
marinellii, oblike B

i Opereuling marinelill stmilie (holotypus)
2 Dpereviing arl. marnellil (Drobne & Pavloyeéc, unpublizhed)
¥ Opercrling marinellh mqeineliit (Dainelll, 1919
¢ Operetiling marizelifl marineilih (Hottinger, 19}
$ Qparculing marinetyl moringllll (Montannrl, 1914}

R Radlus, i milimeiree — Palmer, lzraien v milimetelh
B Numbey nf wharle — Stevilv zuvyjcy

Operculing exiliformic has the smallest test among all of them, while the
O. praespira has the largest. In between are the Operculina marinellii marinel-
Iit and O. marinellii similis. The maximum diameter of the type belonging to
the form Operculing marinetlii marinellii described by Dainelli (1915, 170)
is 11 mm but most common occurrences are 5 to 6 mm. The maximum diameter
of the Operculina marinelii similis is 13 mm, common being 10 to 12 mm. The
wharls (W/R, fig. 4) increase slower than those of the form described by

Dainelli (1815, 170), Hottinger (1884 1020, and Montanari (1964,
59).
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The type spocies as well aa the species mentioned by Hottinger (1864,
1020} usually have [ive whorls whereas the present subspecies generally has six.

To the subspecies Operculing marineilii similis the Operculing aff. marinelldi
is to be assigned, This form kas been found at Smréun near Slovenj Gradec,
northern Slovenia (Drobne and Pavlovece, unpublished). Tts lest has 6 Ly
whorls, the diameter of 126 mm and the same rate of the whorls increase as
the holotypus.

In the Ustje series of Vipava valley the Operculina cf. marinellii (De
Zanche, Pavlover and Proto Deccima, 1967, 40) oceurs. After
having studied lhe original material it is evident that the Operculing from
Ustje belongs to the subspecies Operculing marinetlii similis.

The new subspecies is similar to the older Operculine exiliformis, which has
somewhat thirmer marginal cord, and to the O, praespira which is larger.

Table 4 — Tabela 1

Number nf septa in Operculine marinellif similts and in some similar B forms

Qteviln sept prl podvrsti Operculing wmarineliit similis in pri nekaterlh sarednih
obllkah B

Speeics or subspecles

Vista ali podvrsta S: S« S S¢S S
Operculine marineilit similis,

Emréun (Drobne and Pavlovece, unpubilshed) 138 22 27 33

Operculing marinellil marinelli

Friull (Dainelli, 1915, pl 16, (g 28) 19 23 2
Operculing marinelitt marinelld

rHottinger, 1063, pl. & flg 10a) 25 8 31
Operculing marinelitt marinelli

{Monptanati, 1064, pl, 16, flg. 15) 15 20 28
Operculing exitiformis

{Paviovec, 1968, pl. 2 fig 3) 20 31 38
Operculina aff, praespira

{Cmi Kal, north Istrig) 20 25 31 38
Operculina praespira

{(Pavlover, 1969 pl 10 23 2 40 55

Ss, S... Number of septs in the third, faurth ... whorl
Stevila scpt v tretjem, éetrtem ... zavoju

Siratigraphic remarks, In the locality of Podgrad Operctling marinetlii simi-
lic appears in the biozone Glaborotalis formosa and Discoaster sublodoensis, thal
is in the lower part of the Middle Cuisian. To the Middle Cuisian belongs also
Operculing marinelhi similis from Smréun near Slovenj Gradec and the on
from Us:je in Vipava valley. Operculing marinelii marinellii oceurs in Friuli
together with the species Nummutites irregularis Deshayes {(Dainelli, 1915).
As the associated fauna is no: precisely detcrmined, the stratigraphic level of
Friuli locality is not clear. Hottinger (1984, 1020} too does not state the
exact scratigraphic horvizon for Operculina marinellii marinellii, whiie Kecske-
raéti {1970, 154) attributes this form to the Lower Lutetian, and Montanari
{1864, 59) even 10 the Upper Lutetian.
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Assilina laxispirg De la Harpe et Rozlozsnik

1926 Assilina plecentula Deshayes sp. vel Assiling granulosa D'Archinc var.
lgmypira n. var. -~ De la Harpeand Rezlozsnik, 92.

1951 Assilina doyvilléi Abrard & Fabre 1944 — Schaub, 212—214, figs. 323.
325—328, pl. 8, figs. 12—16.

1883 Assiline laxispira De la Harpe — Schaub, 283294, fig. 5.

1966 b Assiling lawispire De )a Harpe, 1828 — Schaub, 376, pl. 2, fig. 19.

Only une test of the microsphaerie form has been found.

The whorls grow regularly with the exception of the first three, which
increase more slowly than the others. The thin septa are flat or slightly bending
back. only in the upper part they are bent strongly. The chambers are higher
than broad and only a [ew chambers approach the isometric form. The marginal
cord increases pruportionally.

The species Assiling laxispira belongs to the Middle Cuisian,

Nummulites aquitanicus Benoist
Plate 5, tigs. 2 and 3

1851 Nummulites agquitenicus Benoist 1888 — Schaub, 182—I185, figs, 2537 —
266, pl. 7, figs. 1—13.

1866 Nummulites squitaricus Benoist, 1889 — Schaub, 371, fig. 6, pl. 3.
figs. 1622,

1973 Nummaulites aquitanicus Benoist, 1888 — Kuapellos, §8—70, figs. 111—
118, pl. 44, figs. 3—9.

B form. The test is thin and flat showing eight whorls. Its diameter is
88 mm. In the centre there are several irrcgular and clear granules which
disappear somewhere near Lthe half of the test. From there on only a little sinuous
septal lines occur. At the seplal lines trabeeules transverses can be noticed.

The whorls in the inner part of the test increase regularly. The marginal cord
is thick and eomprises in some whorls almost one half of the whorl’s helght.

The septa in the inner whorls arc slightly bent and inclined. In the outer
whorls they are bent much more. Some of the septa are bent back strongly.
All septa are coarse, the thickest being near the marginal cord.

Table 5 — Tabela 5

The number of septn In the apecies Nummulites zquitanicws, B foym
Stevilo sept prl vesti Nummulites aquitenicus, obllks B

Lacality

Nahajatisde Se Sa S4 Su Se St
Podgrad 18 22 26 25 33 3
Rossbaden (Schaub,

1951, tig. 265) 18 23% 24 30* s2*
Hottenbach (Kapelios,

1873, fig. 113y 18 24 28 30
Hallbach-Schwyberg

(Kapallas, 1073, tig. 112) 14 17 22%  og*  §0*  30%

¢ The number of the septa has been caleulated from one halt of the whoris. — Stevilo
sept je bilo preradunana 12 polovice zavojev.
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Fig. 5. Diagram af the wharls at the Nuymmulites aquita-
nicus and N. jacquoit, B forms

Sl 5. Diagram zavojev pri vrstah Nummulites aquitanicus
In N. jacquott, ablike B

I Nummulites jacquoti [(Kapellas, 175 fHg 119)
Zz Nummulites aquitaricus (Kapelloa, 1873, fIg. 118)
3 Nummulites aguitanicus, Podgrad

R Radius, In millimetces — Pnlmer, izrefen v milimetrlh
W Number of whorla . Sieyllo zrvojev

In the early whorls the chambers are heigher than broad. In the ovuter
wharls they become longer so that they are nearly isometric. The upper paris
of the chamburs are slightly arched.

Hemarks, At Ustie Nummulites jacquioti De la Harpe (De Zanche,
Pavlovec and Proto Decima, 1967, 230), has been found. It resemblcs
somewnat Nummutitey eguifaricus, butl lthe {former has numerous distinet gra-
nules on the surface, The septal lines are amoother. The whorls increase also in

the outer part (fig. 5) where the sepla are slightly straighter and the chambers
shorter.

The interesting morphological particularities have been pointed out already
by Sehaub (1951, 182—184). The tests of the Nummuliles aguitanicus from
the younger strata {from the blozone Nummaulites praelasvigatus) resemble much
more the species N. laevigatus than the typical form of N. aguitunicus. First of
all they have scmewhat lower whorls and longer chambers, even longer than the
f[orm from Podgrad. The sample on the figure 264 (Schaub, 1951) stil)
resembles a little the species Nummulites planulatus if we compare the eourse of
the whorls and ‘he shape of the chambers, The Nummuylites from Podgrad docs
not resemble this specimen, This means that the development from the species
Nummulites planulates towards N. aguitenicus and further on to N. leevigatus
proceeded in the direction of lowering the whorls and lengthening the sopta.
There is no doubt that all these nummulites are not on the same evolutionary
lne. Anyway, the species Nummulites praelaevigatus does not show the normal
continuvation nf the development as its exterior is closer to the species Nummu-
lites equitgricus while it sepla and chambers resemble more those of the
species N, faevigutus. It is also difficult to place Nummulites buatorfi Schaub
inte this evolutionary line.

3 — Gealoglja Le
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Into this group belongs alsu the specimen from Campo, Spain (Schaub,
1968b, pl. 3 and 4), determined as Nummaulites al{. aguitenicus.

Age. Schaub (Hottinger, Lettmann and Schaub, 1963)
ranges the species Nummulites aguitanicus in the transitional period from Lower
to Middle Cuisian. or into the Lower and Middle Cuisian, respectively (Schaub,
1951). He establishes this species in 1the Middle Cuisian also later on (Schaub,
1965, 129), while in the Campo profile he does not decide clearly upon the age of
this species, His similar form, the Numwmalites afl. aquitanicus, has been reporied
from the Middle Cuisian (Schaub, 1966b, 358). Lately it was Kapellos
(1973, 63—70) who made most inleresting conclusions about the age. He has
found a lot of Nummulites aquitaricus in the Lower and Middle Cuisian. Speci-
mens on plates 112 and 113 show the characteristics mentioned already by
Schaub. The Lower-Cuisian nummulites still has narrower chambers and
somewhat higher whorls, while the Middle-Cuisian one has somewhat longey
chambers and lower whorls.

Considering the equalurial section, the specimen from Podgrad could pro-
bably be attributed to another species, but its exterior is characteristic for the
Nummulites aquitanicus. Anyway, it is by no means identical with Schaub's
(1968b) Middle-Culsian specimens N. afl. aquitanicus.

The canclusion arising from all this is that the Nummulites aguitenicus lived
in the Lower and Middle Cuisian, and that it lived even a little longer than we
thought up to now.

Nummulites ustjensis De Zanche el Pavlovee
Plate 6, figs. 1 ta 3

1928 Nummulina strieta (B) Bruguiére — Rozlozsnik, 128, pl. 8, fig. 6.

1987 Nummulites ustjensis n. sp. obiika B — De Zanche, Favlovec and
Proto Decima, 232213, pl. 8, fig. 3, pl. 9, figs. 1—2, pl. 10, figs.
1—2, pl. 11, fig. 1.

B [orm. In the flysch of Podgrad cnly the micrasphaeric [urm has been found,
so that we still do not know the megalosphaeric one. The test of the B form is
very thin and has a rather sharp margin. On the surface therve are numerous
septal lines which are sltght!y bent. There are granules and also in the inter-
mediate skeleton there are no bosses,

The whorls increase normaliy up to the {ifth one, then they increase more
quickly up to the tenth whorl, After that they remain of the same heighl oc
even deerease (fig. 8). The marginal cord is rather strang and sometimes com-
prises cven more than onc third of the whorl. It grows up to the ninth whorl
then it remains unchanged till the end, or ¢ven gets thinner.

The septa are coarse. At the buses they have indistinet feet. In the first three
or fout whorls the septa are nearly flat. In the later whorls they are curved and
thickened and strongly bent back close to the marginal cord.

The chambers in the early whorls are higher than broad but some of them
are also rather isometric. In the later wharls the chambers are isemetric and
in some of them the length considerably exceeds the height.

In twoe best preserved samples she number of septa is as shown in the
table 6.
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Fig. €. Diagram of the whorls at the Nummulites ustjenms, B form.
Podgrad
Sl. 8. Diagram zavajev pri vrsti Nummulites uffjenyis, oblika B.
Podgrad
R Raciug, itb millimetres — Polmer, 12rpten v milimetrlh
W Number i whorls — Stevilo zavojev

Table 6 — Tabela 8

The number of septa in the speclesa Nummulites ustiensis, B form
Stevilo sept prl vrsti Nummulites ustjensis, oblika B

Loceality
Nahajaliite

St S S S 8 S« 5 S S S Su Sie

Paégrad 4 12 19 26

28 2% 4106 43 %3 D1 52 &6
Padgrad 20 25 38 34 34 41 B3 60 B0 68
Ustje — holotypus 1§ 20 24 36 38 40 486 54 50 B4 G8

Remarks. Podgrad is the second locality of the species Nummulites ustjensis
in Slovenia. But it has been found also in the loeality of Brusaferri near the
village Bolca (D¢ Zanche,Pavlovee and Proto Decima, 1987, 233).

From Podgrad a form has been determined which shows a more quick
increasing of the younger whorls (fig. ). Somewhat similat course of the whaorls
occurs in Nummuiites striatus Bruguiére and N. aff. uséjensis from Ustje {De
Zarche, Pavlovec and Proto Decima, 1967, 230—231, fig. ) which
we describe now as Nummulites brkiniensie n. sp.

Age. The flysch at Ustje with the species Nummulites ustjensis has been
placed in the period of transitivn belween the Lower and Middle Cuisian (De
Zanche, Pavlovec and Proto Decima, 1987, 232)

Nummulites brkiniensis n. sp.
Plate §, figs. 4 to §, plate 7, figs. 1 and 2

1967 Nummulites aff. ustjensis n. sp. — D¢ Zanche, Paviovee and
Proto Decima, 233 pl 11, fig. 2.
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Derivatio maominis: After the region of Brkint where the locality
of the holotypus is situated.

Holoiypus: Iny, nn 3844, B form, Institute for Geology and Paleonto-
logy, University of Ljubljana.

Paratypi: Inv. no. 3845, 3846, 3847, 3048, all the B forms, in the same
collection as the helotypus.

Locus typicus: The locality with nummuliting at Pedgrad, Brkini, SW
Slovenia.

Stratum typicum: Flysch, Middle Cuisian.

Diagnosis: Nummulites with a larger test, denser and highly bent septa
as in the very similar species Nummulites ustjensis.

B form, The test is thin getling slightly thicker only al the centre. The
margin is slightly rounded. On the surface there are thin, dense and rather
sinuous septal lines which often split. Sume samples show distinet trabecules
transverses.

All whorls increase regularly, the vlder vnes somewhat slowly, though the
middle ones rather quickly and the younger ones much more slowly than the
middle ones. The marginal vord is regular and slrongest in (he middle, that is
at the highest whorls.

The septa in ihe early seven or eight whorls are neariy {lat, slightly inclined
and pnly at the top highly bent. In the following whorls they are more inclined
and often regularly bent along the whole height. The chambers are usually
higher than broad, only some chambers of the early whorls are nearly isometric.
Where the chambers are longer their roof is only slightly arched while in Lhe
narrow and high chambers it is strongly arched.

The characteristic data of the new species are shown in table 7.

Table 7 — Tabela 7
Measurements of the species Nummulites drkiniensis n. sp., B form, from the localliy
Podgrad

Merilveni podaiki za vraln Nummulites brkiniensis n.sp, oblika B, Iz oshajalliia

Podgrad

mpelfek— Din W S S S¢ S Ss St S S Se Su Se S
Holotypus

inv. na. 38449 17 16 12 20 28 44 38 52 56 a4 80 58 81 106

in¥. no. 3845 114 11 3 36 40 052 €0 B0 6D

Dm Diamcter, in millimetres — Premer, izrazen v mihmetrih
W Whorls number — Stevilo zavujev

81, Sr... Number of septa in Lhe firsl, second ., whorls - Stevilo sept v pryvem,
drugem ... Zzavoju

Remarks. 1t is sometimes difficult to tell apart the species Nummulites brki-
niengig from the species N. ustjensis. At Ustje it has been already distinguished
the form Nummulites aff. ustjensis (De Zanche, Pavlovec and Protuo
Decima, 1987, 233, pl. 11, fig. 2), which was larger than the original N.
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ustjensis. There is no doubt thal this form belongs to the species Nummulites
hrkintenyis,

The species Nummulites brkiniensis differs from N. ustjensis mostly by its
larger test. Furthermore Nummulites ustjensis has less bent septa, longer
chambers and whorls increusing more regularly than in N brkiniensis,

Age. Nummulites brkiniensis has been up to now found only in the llysch
at Podgrad in the lower part of the Middle Cuisian beds and at Ustje in the
period of transition between the Lower and Middle Cuisian (D¢ Zanehe,
Pavlovec¢ and Proto Dectma, 1867).

Nummulites pastbearneasis n. sp.
Plate B, figs. 1 and 2

1967 Nummaulites ex gr. plenulotus — Gospodarié, Koelasvary, Pav-
iovec and Proto Drcima, 43, fig 4,
Derivationominis: The now spocies is similar to the species Nummy-
lites bearnensis Shaub et Scaweighauser but it is younger than N. brarnensis.
Holotypus: Inv. no 38530, B form, Institute for Geology and Palconto-
logy, University of Ljubljan:.

# b = s = - — T ~ W
o ? 2 3 . 3 v 7 § - mn
Fig. 7. Diagram of the whorls al the Nummulites postbegrnensis and
some similar B forms
S1, 7. Diagram zavojesw pri vrati Nummaulites pasihearnensiy in nekate-
rih podobnih B oblikah

1 Numrtilltes aquitenicus (Schaub, 1%31, 11g. 237
2 Nummuiites ja.cquau (De Zanche, Paviovee and Proto Decl-
ma, 137, pl.7, g 1)

T Nummaulites postdearnensis (holotypus). Podgrad
R Radlus, In millimetres — Polmar, lzrazen v milllmetrih
W Number of whorls — Stevilo zavojev
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Lacus typicus: The locality of the nummulitins at Podgrad, Brkini,
SW Slovenia.

Stratum typicum: Flysch, Middle Cuisian.

Diagnosis: Nummulites postbezrnensis has 8 larger test and the septa
are more hent than in N. bearnensis. The test is completely involute.

B form, The test is thin and it thickens a little only at the contre. The margin
is rounded. The septal Lines are somewhat sinuous and sometimes they break up
sharply ot even split.

The whorls increase quickly and regularly (tig- 7). The marginal cord is
strong and proportionally thick. The septa are slightly but regularly bent along
the whole length. Their lower parts are very thin and they get thicker in the
upper parts. At their bases there are indistinct feet. The chambers are higher
than broad and somewhat slightly arched.

The characteristics: Dm/W (test diameter: number of wherls) = /9, 11711,
D (test thickness) = 2 t¢ Amm; number of septa Si=: 18, S5 = 22, Sa = 28,
Sr= 30, Ss = 40 and S» = 42.

Remarks. Nummulites postbearnensis has been determined from differeni
localities in Slovenia. It has been found at Podgrad and Polek (bolh in Brkini,
SW Slovenia). The Nummulites ex gr. planulatus (Gospoedarid and others,
1987, 45, fig. 4) vccurring in the breccia near the railway station of Pastojha s
actually N. postbearnensis. There it appears together with the Nummulifes prae-
lurasi Douwilé which lived according to Kapellos (1973, 55) from the Lower
{o the Upper Cuisian.

The new species got its name from the specics Nummaulites bearnensiy, pre-
viously described as N, planuletus bearrensis {Schaub and Schweig-
hauser, 1951, 237—239, figs. 1—3, B—7) and later as N. becrnensis (Scha-
ub, 1980, 446). Onr forms differ from this Upper-llerdian species by their size
{test dlameter of the N. bearnensis is Dm = up o 6 mm). by the septa (in the
new species the septa are more bent thun in N. begraensis), and by the involu-
tion. According to Schaub (1980, 446) Nummulites bearnensis has evolute
younger whorls, while N. postbearnensis has a quite involute test. Considering
the involute test the new species is closer to the species Nummulites planuiatus
Lamarck which has similarly shaped test and similar course of the sepal
lines. But the typical Numwmulites planulatus has a thinner marginal cord,
higher whorls and the septa are more bent. Nummulites posthearnensis differs
also from the subspecies of the species Nummulitey plenulutus described by
Sc¢haub (1951) by the size of the 4est, the marginal cord and most frequently
also by the whorls'height.

Nummulites pastbearnensis is larger than N. jacquoii De la Harpe, has
higher whorls, more bent septa and thinner scptal lines. It differs from the
Nummulites aquitanicus by its exterior where no granules have been developed,
by its shorter chambers and by the septa which are thickened at their upper
parts. Nummulites postbearnensis has lower whkorls and denser, more bent septa
than N. erilis Douvillé,

Close to the new species is also the form from Friuli, determined by Dai -
nelli (1951, pl. 22, fig. 17) as Nummulites prickellus Iiantken. It differs from
the spevies Nummulites pustbearnemsis mostly by the more bent and denser
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sepla, The Dainelli’s form could most probably be attributed to the
species Nummaulites planulatus,

Schauh engaged himself in studying the nummulites cognated with the
speties Nummulites postbearnensis. He described the transitional form as Num-
mulites exilis-plonulotue (Schaub. 1851, 170—171, figs. 231—232). This form
resetmbles very much the species Nummuliles exilin by its quickly increasing
whorls, and by its appearance it resembles the species N, planulatus. It differs
from Lhe N, postbearnensts by the smaller test and above all by the less bent
scpta. Lateron Schaub (1960, 444—448) described the Middle-llerdian speeies
as Nummulites cuisensis D'Archiac which is very close to the species Nummu-
lites bearnensgis, Both have tests in which the younger whorl is not invelute. As
the Nummulites postbearnensis has a corpletely inveluse ‘est il is closer te the
specics N. planulgius.

Schaub {1950, 244} places the subspecies Nummulites planulatus cussacen-
#ig Schaub phylogenctically after the type N. planrulatus plenuiatns. In such
a way i: represents & transitional form towards the granulated species N
jeequoti and N, buxtorfi Schaub. [t has otherwise higher whorls then the iype-
form (Schaub, 1851, 178) but the decreasing of the whorls is a regulac ap-
pearance in the evolution {¢f. Schaub, 1862b, 288—289). The transitional
form Numsmulites exilis-planulatus has lower whorls than N. exilis. Therefore
it i3 not probable Lthat the N. planulaius cussecensis were a successor af the
N, planutatus planulatus. We prabably have here a special cvolutionary line
which might be a continuation of the ane with the Nummulites exilis-plunuia-
tus, In this case, of course, the Nummulites planulatus cussacensis Loses iis
meaning of the subspecics and beeomes an independent species Nummulites cus-
secenyis Schaub.

Nummulites rotularius Deshayes
Plate 8§, figs. I and 2

1929 Nummuling rotularie Deshayes — Rozlovzsnik, 103—106. 180 187
{partim), pl. 3, fig. 14, 19, 28,

1929 Nummuling rotularia (B) Deshayves peuciceamerate r. var. — Rozloz-
snik, 181, pl. 3, fig. 12.

1951 Nurvmnuliles rotulerius Deshayes 1838 —-Schaub, 125, fig. 111

961 Nummulites rotularius Deshayes — Nemkov and Barhatova,
69—72, pl. 6, figs. 12, 15-—19.

1967 Numwmulites rotularius Deshayes, cblika B — Te Zanehe, Pavio-
vec and Proto Decima. 221—223, pb. 2 figs. 12, plL 3, fig. 1,
pl. 4. fig. 2

1873 Nummaulites rotularius Deshaves, IR3BR — Kapellos, 82, figs. 178—185.
pl. 43, fig- 8. pl. 45, figs. 1. 2.

B form. At Podgrad only Lhe micrasphaeric form of the species Nummulites
rotularivs has been found up te now. Tac 1est thickens quickly from the margin
towards the centre so that it is not lenticular but somewhat globular. In tha
exterior there are slightly undulated or nearly flat septal lines and tather
distinct trabecules transverses.

The whaorls slowly and regularly increase {fig. 9}, but several anomalies can
be noticed. Some parts of the whorls are higher or lower than the normal ones.
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The marginal cored is often very strong and comprises rearly one half of the
whorl (plate 9, fig. 1).

The sepa are highly bent, especially in the first whorls, so that they are
nearly sickle-shaped. They are less curved in the later whorls. Everywhere they
&re inclined. The septa are thick along the whole length but they get thickest
in the upper pari.

‘The chombers are always longer than high but also some isometric ones
appear. In longer chambers the rouf is nearly flat while in the shorter ones it
is slightly arched.

Remarks. The problem of the subspecies Nummulitea rotularius prucicame-
ratus has already been discussed (Dc Zanche, Pavliovece and Proto
Decima, 1967, 223). Not long age Kapellas (1973) described the species
Nummulites rofularius from the Gumigelllysch and showed some of ‘hese
forms in figures 178 to 182, We are convinced that all presented forms do nut
belong to the species Nummulites rotularius. The variations of the characleris-
tics arc too obvious, though even Kapelloz himself meniions anomalies in
the whorls. The form of the figure 180 with its narrower chambers and quite
regularly bent septa perhaps is closer to the Nummulites from the group of
Nuymmulites planuleius or even N. praelaevigatus, Kapellos further men-
tions the lenticular forms but does not slate the dimensions and the Nummu-
lites rorulerius has & comparatively thick test. The specimen in the figure 180
{Kapellos, 1973) comes from the bed Ha 26 of the Gurnigelflysch, which
belongs, according t6 Kapellos, to the Upper Cuisian, while the characte-
ristic samples of the species Nummulitey rotularius are older.

Age. According to Hottinger, Lehmann snd Schaub (1084, pl. 2)
the species Nummulites rotularius lived sometime in the peciod of transitivn
from the Lower to Middle Cuisian, In the Schlierenflysch it has been determined
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Eig. 8. Diagram cf the whorls at the Nummulites rotula-

rius, B form. Podaracd
$l, 8. Diagram zavojev pri vrsti Nummulites rotularius,
cblika B. Podgrad
K Radius, in mllimetres — Polmer, Izraten v milimetrih
W Number of whotls — Stevilo zavojey
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in the lower part of the Middle Cuisian, that is in the ~ower part of the
bivzone, together with the species Discoaster lodoensis (Schaub. 1p85) Ka-
pelics (1973, 82), on the ather hand, fourd this nummulites in the Gurnigel-
flysch in the layers from the Lower to the Upper Cuisian. We already have
@iven our remarks to these Upper-Cuisian specimens. At Ustje in the Vipava
valley she beds with the species Nummulites votularing belongs to the period
of transition between the Lower and Middle Cuisian (De Zanche, Pavlo-
vec and Proto Decima, 1067},

Nummaulites all. partsehi teuricus De la Hatpe
Plate 4, fig. 3

At Podgrad we found enly one sample of the microsphaeric form with
a thin, lenticular test, which has a depressed margin. On its surface there are
sinuous septal lines on which granules appear scatteredly.

The whorls increase rather regularly. The marginal cord is extremely thin.
In the older whorls are the thin septa slightly inclined in the lower part while
in the upper half or third they are more apparently bent backwards. In ths
younger whotls the septa are higher drawn backwards in the upper part, so that
they are often sickle-shaped. These septa are rather irvegular. The chambers
depend on the shape of the sepia; in the alder whorls are higher than broad,
and in the younger whorls they are longer.

If we consider the described characteristics, the Nummaulifes from Podgrad
part.y resembles the species Nummulites bactchisaraiensis Rozlozsnik, and
partly the subspecies N. pertschi tauricus (fig. 9). These transitional characte-
risties are the following:

1. Considering the coiling of the whorls the Nummulites of Podgrad comes
between the species Nummulites bactchisaraiensis and the subspecies N,
partschi tauricuy,

2. On Lhe surface the granules are not placed spirally and that is the reason
for its closer similarily to the species N. bactchisaratensis.

3. The margina) cord is thin, which makes it closer to the species N. parischi
tanricus.

4. The aldcr whorls are a little higher than in N. bactchisargiensis.

5. The chambers are longer and the septa are more drawn back, which are
more characteristics for the subspecies N. partschi tauricus.

6. ‘The sepla are often irregular, which can be noticed also in the subspecics
N. pertschi tauricus,

Owing to the mentioned characteristics the Nummaulites of Podgrad is closer
to the subspecies Nummulites partschi tauricus than to the species N. bactehi-
raraiensis. In our opinion the subspecies Nummulites partschi teuricus differs so
much from the N. partschi pertschi De Ja Harpe that it shoulé be made an
independent species N. tawricus, as has already been made hy Rozlozsnik
(1929, 115).

Both forms. Nummaulites bactckisaraiensts and N, partschi tauricus, appear
in the Upper Cuisian in the bivzone N. manlredi, that is in a younger horizon
than at Podgrad.
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Fig. 9. Diagram of the wharls at the Nummulites partschi tauricns and somc similar
A {orms

SI. 8, Diagram zavojev pri podvrsti Nummulites parischi tauricus in pri nekaterih
podobnih B oblikah
1 Nummulltes bactehisaralensis (Kapellos, 1973, tlg. 220)
2 Nwamulites partschi taurléus (Kapellos, 1061, fig, 22
3 Nummulltes aff. partsehi tauricus, Podgrad

R Radlys, In millimetres — Poimer, lzralen v mlllmetrih
W Nuwmber of whorls — Stevllo zayojey

Numrmulites subdistens De la Harpe e: Rozlozsnik
Plate: 9, figs. 3 and 4

1926 Nuramulina subdistans n. sp. — De la Harpe and Rozlozsnik,
21.

1929 Nummuling subdbdistans De la Harpe — Rozlozsnik, 212, 215218,
pl. 2, figs. 18, 23, pl. 3, lig. 7, pl. B, fig. 8.

1851 Nummulites subdistans D¢ la Harpe {—Rozlozsnik) 1828, A-Form —
Schaub, 197, figs. 291—293.

1973 Nummutitez subdistans De la Harpe (—Rozlozsnik), 1926 — Kapellos,
91—92, figs. 224—229, pl. 42, fig. 14.

A form. The small nummulites has a lenticular test which glowly thickens
towards the centre. The margin is rounded and rather wide, On the surface
there are nearly straight, thin septal lines. In the centre of the test the septal
lines unite in the indistinel boss.

Test diameter is 49mm, the test has four whoris so that the relation
WiR = 422 mm This matches completely with Rozlazsnik's data (1829,
211) for the typical representalives of this species which have

Dm!R S —— 4 = —5 6
22t028 261028 32
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The specitmens described by Kapellos {1973, 1) have somewhat lower
whwtls i.¢. W/R — 4/186 ta 18, 3/1,3.

The protoconch is round and hig, M 0,45 mm. According to Rezlozsnik
(1929, 211) the protoconch diameter is 0.3 o 0.4 mm, while Kapellos (1973,
91) refers sizes 0,25 10 0,45 mm. In that case the sample from Padgrad comes
smong (hose with the biggest protoconeh,

The first whaorl is the highest. The rest increase quite slowly and the
youngest is sometimes the lowest (fig. 10). The septa in the lower part ave thin,
slightly inclined to the marginal cord and a little bent or nearly straight. In the
upper part they are strongly beat and thick. This rather remackuble thickening
kas been broughi to attention also by Rozlozsnik (1929, 218). But there are
considerable transitions from the less inclined and drawn back septa to such
which are much more inclined and curved back. The number of scpta is the
following: S — 10, Se = 26, 5a = 30. Si = 40,

The chambers are higher than broad. Where the septa are strangly sickle-
shaped the chambcers arce much longer in their upper parts. The marginal cord
is strong and comprises from one guarter to one fifth of the wharl's height.

Remarks, The species Nummulites subdistans was first described by Rozloz-
snik in 1928 after unpublished work of P. De la ITarpe. In the publication
bolh are cited as authors, though with the notes »d'aprés les manuserits inéd.ts
de ~ Prof. Philippe De la Harpe«, ard -rédige par Paul Rozlo-
zsnik«. Therefore we consider both as the authors of Lhe species Nummulites
subdistans,

To the species Nummulites subdistens cerlain nummulites are atiributed
which somelimes differ from the typical foom. Schaub (1951) described two
similar forms, Nummulites subdistans and N. afi, subdistens. The latter differs
from the typical [orm of the species Nummulites subdistans by the smaller test.

R
mem
< A
. F4
- 2
3.4
J Schaub, 1951, fig, 202 L~
? Yodgrea 1 s
3 Kapellos, 197, flg. 2264 o
R Radius, i millimetres — il
Premer, jzrazen v mliimetrih /,F" ot
W Number 6f whorls — Stevilo zayajsv 1 ot P
~s
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Fig. 10, Diagram of the wherls et the species Nummulites subdistans, A form
Sl 10. Diagram 2avoiey pri vrsti Nummulites subdestans, ublika A
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not granulated surface, lower whorls, thinner septa and smaller protoconch. The
mentioned characteristics give reason that a new species would be introduced.

Kapellos (1873) alse found some samples in the Gurnigelflysch in Swit-
zerland which he partly described as N. uff. subdisians. But this Nummulites
aff. subdistans (Kapellios, 1873, fig. 223} is not identical with the equally
described Schaub’s form (1951, figs. 294--298). The sample from the locality
of La Bi Gite (Kapellos, 1973, fig. 223) corresponds by its size with the
typical forms of the species Nummulites subdistans, but its septa are too much
sickle-shaped and not enough broken in the middle, which is a characteristie
of the Nummulites subdistnns, Iis whorls increase morc quickly than in the
typical N. subdistans. There is another point that all forms deseribed by Ka-
pellos as the Nummulites subdistans does not show characteristic features of
this species. Such are the forms originating from the Hollbach-Schwyberg sec-
tion (figs. 227 and 228}, and from the Rottenbach profile (fig. 229). All these
forms appear in the Lower Cuisian beds, or in the Upper Cuisian (= ¥, aff. sub-
distans) respectively. In our opinion the typical samples of the species Nummu-
tites subdistans oucur in the Middle Cuisian beds of the Gurnigelflysch.

Nummulites suddistens is similar to the spacies N. archiaci Schaub. 1t can be
distinguished from it by the lower whorls, smaller protaconch and less sickle-
shaped septa,

Age. The Nummaulites subdistans appears in the Schlicrenflysch (Schaub.
1865, 129) in the upper part of the Lower Cuisian and in the lower part of the
Middle Cuisian i.e. in the zone Discoaster lodoensis. Kapellos (1973, 92)
mentioned this species from the Lower and Middle Cuisian beds.

Plale ¢ — Tabia 4

Opereuling marinellit similis . ssp, 8 form — obllka B
1 inv. No. 3838, honlotvpus, Podgrad
2 inv. No. 3841, Padgrad
3 inv, No. 3842, Podgrad
4 inv. No. 384¢, Podgrad {surface — povriina)
5 inv. No, 3839, Podgrad {surface — povréina)
€ inv. No. 840, Ustje
5 X enlarged — 5 X povedanc
The photographe of the nummuliting made by M, Grm
Numulitine je fotografiral M. Grn

Plate 5 ~ Tahla §

I Operculing marinellii ximilis n. ssp., B farm — nblika B
Smréun near Slovenj Gradec (Slovenia, W Yugoslavia)
2, 3 Nummulites aguitanicus Benoist, B form — abllka B
Pedgrad, inv. Na. 3843
10 X enlarged — 10 X povedano

Plate 8 — Tahla 6

1, 2, 3 Nummulites ustjensiy De Zanche et Paviover, 8 form — oolika B. Podgrad
L inv. No. 3843
2 inv. No. 3348
3 inv, No. 3837
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4, 3, 8 Nummulites brkiniensis n.sp.,, B form — oblika B. Fodgrad
4 inv. Nu 3845
5 inv. No. 3844
4 inv. No, 3847
3 X walurged — 5 X povetans

Plate T — Tabla 7

Nummulites brkinlensiy n.sp., B form — oblika B, Podgrad
1 iny. Nu. 36848
2 inv. No. 3844 iholotypus)
3 X enlarged — 5 X povetano
'

Piate 8 — Tabla B

1 Nummulitcs postbearnensis n, sp., B torm — obllka B. Padgrad,
inv. No. 3850 {holokypus}

2 Nummaulites posibearnengis n, sp.. B form — ohblika B. Podgrad,
inv, No. 3851

3 Nummulites at?. partschi tauricus. B form — oblika B. Podgrad,
inv. No. 3855

tig. 1. 10 X enlarged, figs. 2. and 3. 5 X enlarged
sh. 1. 10 X povedana, sliki 2, in 3, 5 X puvedani

Plain $ — Tabla 9

1, 2 Nummauliites rotularius Deshayes, B farm — oblika B. Podgrad
1 inv. No, 3852, specimen wilh the thick marginal cord —
primerck z debelim zavonim robom
2 inv. No. 3853, specimen witn the thin marginal cord —
primerek 5 tankim zavuojnim robom
3, 4 Nummuiites subdistans De la Horpe, A form — oblika A. Pedgrad
inv, No. 3854
10 X enlarged — 10 X povefann
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Plate 6 — Tabla 6
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Plate 9 — Tabla 9
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6. Conclusions

The flysch as well as the underlying caleareous deds in western Yuposlavia
arc of differens age (¢f. Pavlovec. 1983). At the same time there are only
few group of beds recognized in detail or even ranged into biozones. This is.
hawever, required for slratigraphic correlation of rock sequences from different
basins. In our studies an atlempt is made to demonsirate such a correlation of
Podgrad and Ustje flysch from western Yugoslavia and of the corresponding
biozones from Pyrenees (Kapellos and Schaub, 1873) and from Switzer-
lané (Kapel.os, 1973}

In the flysch of Podgrad the Discoaster lodoensts is abundant but D. sublo-
doensis can aulso be found. As the former specics originstes fram the Middle
Cuisiah and the later appears in the lower part of the Middle Cuisian, reaching
also into the Upper Cuisian, it is possible 1o say — owing to the nannoplankion
— that the flysch of Podgrad is of Middle Cuijsian age.

The determined planktonic foraminifers (see table 3} come mostly from the
biozone Globorotalie formosa (ot . formosa-araganensis). A small number
come also from the biozone Glnborotalia bullorooki overlying the biozone menti-
oned above snd even less from the bizone Gieberotaliaz vex, underlying the
mentioned zone. Conseguently the Middle Cuisian age of the beds from Pod-
grad is proved also by the planktonie foraminifers.

Thke determined macreforaminifers indicate the following: Assiline laxispira
belongs to the Middle Cuisian. Nummulites aquitanicus is a Lower and Midadle-
Cuisian species, of the same age is also N, subdistens while N. votulerius
belongs, according to Kapellos (1973, 82) lo ihe Lower, Middle und Upper
Cuisian. Among the determined nummuliting the only Upper-Cuisian form is
Nummulites partschi teurieus, but al Pudgrad this one has not been determined
with ecectainty. Nummuliles ustjensis appears a* Ustje in the transitional beds
[rom the Lower to the Middle Cuisian (e Zanche, Pav lovec and
TProto Decima, 1967, 232).

The nummulitins thus undoubtedly indicate the Middle-Cuisian age of the
beds at Podgrad, i.e. the biozone with the species Nummulites praelacvigatus
and Asciling laxispire. Some of them (Nummulites aquitanicus, N. subdisians
and N. ustjensis} indicate more the older part of the Middle Cuisian than its
younger patrt,

All these facts lead us to the conclusion that the flysch of Pocgrad belangs lo
the older part of the Middle Cuisian, i.e. to the lower part of the biozone with
the specics Discoaster sublodoensis. This age has been proved alsu by Afueuling
forngsinii Checehia-Rispoli and A. aff. canaverit Checchia-Rispoli. We would
like to take this opportunity and ihank our colleague Dr. Ratica Drobae for
having determined these species.

The flysch of Ustje has been, by means of nannoplankton, planktenic Zora-
winifers and macroforaminifers, ranged into the period of transibion between
the Lower and the Middle Cuisian (De Zanche, Pavliovec and Protno
Decima. 1967). At Ustjc and Podgrad therc appeur live identical species
of nannoplankton, four common species of olanktonic foraminifers and three
species of nummulitins, Therefore the guestion arises, either there realiy twn
(nesiliferous horizons of different age vecur ih the fiyseh of Yugoslavia or
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Discnaster sublodoensis at Uslje has not been found. Consequenily it is very
probahle that at Ustje and at ’odgrad in Brkini the same Middle-Cuisian [lysch
hoerizon occurs, which might become an important stratigraphic level of western
Yugoslavia,

While studing the microfossils from the ncighbourhood of Podgrad we
faced again the problem af earrvelation of ‘he biozones of diZferent fossil groups.
During the study of Gorigka Brda (Cimerman and others, 1974) the biozones
were ranged somewhat differently as regards their age. This classification
proved one seif less satisfactory for the work of the neighbourhood of Podgrad,
therefore we followed the mentioned Kapellos-Schaub (1973) classifi-
cation for the presernt sludy.

These differences in the apge classification of nannoplanktonic biozones arise
mostly from different straligrapkical ranging of the nannoplanktuon bivzones.
Tudesco (Cimerman and others, 1974, 23) believes that Discoaster ¢f.
sublodaensis occurs in the younger part of profile of Gorisza Brda. Bul this
form does not indicate the biozone Discoaster sublndoensis. On the olher hand
the nummulitins from this profile puint to the voungest Cuisian i.e. biozones
Assiling maejor and Nummulites manfredi. which s a younger horizon tharn
the biozone Discoaster subledeensis, Furthermore in Goridka Brda as well a:
in Brkini several reworked nannoplanktonic forms eould be found and therelore
{he hieznnes determination is rather a difficult work.

The result af the prosent study of the flysch from Podgrad agree in respoct
of age with the binzones of Kapellos and Schaub (1873). Al Podgrad
the nummulitins biazones correspond with the nannoplankionic enes and also
with the biozones of planktenic foraminifers.

Eocenski mikrofosili iz okolice Podgrada

Mujibur . Khan, Rajko Paviovec in Jernej PavHd
Katedra za geolegijo in paleontalogijn
T niverza v Ljubljani, Liubljana, ASkerdeva 12

iz stavejdih fliznih plastl pri Podgradu v Brkinih je¢ bile dolodenih
19 vrst io podvrst nacaplanktona, 10 planktorskih faraminifer in 9 bu-
mulltln. Najdene so bile nuve yvrste in podvrste Rtabdosphaera piriformis,
Qperculing marinellii simitis, Nummalttes brkinicnsis in Nummulites post-
bearnensis. Plast: z omsammi mikrofosili pripadajo stednjemu cuisija in
se stratigrafsin ujemajo s €lisnimi plastal pri Ustiu v Vipavski dolinl.

Nahajulisde
SL1in 2

Priblizna k:lometer NNE od Pudgrada na jufnem robu Drkinov (sl. 1) je
razgal;oh spodnji del {lisa. V njem previadujeta lapor in glinovee, Ri se men/a-
vata s pe&éenjukom er muogy redkeje s konglomerator in breéo.
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Naonoplankton

Uved

Preulevan’e nanofosilov se je skupaj z drugimi mikrapaleontologkimi sku-
pinami razvijalo vzporedno z razvojem optiénih in elektronskih pripomockoy.
Ta skupina postaja vedno pomembnejsa v biostratigraliji mlajSega mezozoika
in terciarja zlasti po uvedbi rastrskega elektronskega mikroskopa v raziskovalno
tehnike, Zaradi kratke Zivljerjske dobe pusameznih vmst uporabljamo nano-
plankton za razélenitev stopenj in podstopenj rna biocone. Te biccone imajo
Siroko horizontalno razprostranjenost. V zadnjem Sasu pripisujejo ranoplankto-
nu tudi velik pomen pri prendevanju paleogeografije, ker so drobni organizmi
zelo obéutljivi za spremembe okolja.

Priprava vzorcev za opazavanje

Kckoliti so najlepSe chranjeni v glini in laporju, medlem ko so v apnencu
diagenetyko spremenjeni in Sih je pnleg tepa teiko izludditi iz kamenine. Za
pripravo vzorca potrebujemea le nekaj drobeev kamenin, ki jih raztopimoe v de-
stilirani vodi. Kalni raztopini dodamo mato nekaj kapljic vedikovega prekisa
He:0y, da se kamerinski delei med seboj Ioéijo. Vzorce smo obdelali tudi 2 ultra-
zvokom (pet minut), Z usedanjem in veékratnim prelivanjem raztopine dobimo
delce Zeljene velikosti. Pri pripravi vzorcev moramo biti zelo pazljivi, da jih nc
okuZimo z nanoplanktonom iz drugih vzorcev, Zato uporabljamo plasticne cevke
(slamice) kot pipete, ki jih po uperabi zavrzemo. Z njimi odpipetiramo del pri-
pravlicne Kalne raztopine in damo kapljico na krovao stekelce, ki jo nato po-
sudimo na vro€i ploiéi. Pri serijskih izdelavah preparatov moramo paziti, da
ploita ni prevrota in da iekodina na stekelen ne kipi. ker bi v tem primecru
lahko nanoplankton preskodil iz enega na drug preparat. Ce 3elimo izdelati
trani preparat, zalijemo prah na krovnem stekeleu s kanadskim balzamom. Pri
orientacijskem apazovanju kapljico pokrijemo z objektnim stekeleem in pre-
parat je priprav:ijen za opazovanje. Za nanadanje kanadskega baizama na objekt-
no stekeloe uporabliame za vsak vzoree posebno leseno palidico, da se¢ tako za-
varujemo pred okuzbo vzorea.

Pripravljen preparat opazujemo od 500-kratne povedave dalje. 2 optiénim
mikroskopom opazujemo nuvadno v polarizireni svetlebi ali pri faznem kon-
trastu, redkeje v navadni svetlobi, Nase veorce smo epazovali 2 mikroskopom
Leitz-Ortholux.

Sistematski del

Coccolithus pelagicuy (Wallich)

Tabla 1,5l.8a,. b

Chiasmolithus grandis (Bramletie et Riedel)

Tabla 1,s.. 9a, b

Cyclococcalithus neogammation Bramletie ot Wilcoxon
Tabla 1, sl. 4

Pontosphaera multipora (Kamptner)

Tabla 1,sl. 5a, b

Pontosphaere plena {(Bramlette ¢ Sullivar)

Takla 1, sl. 10 in 11
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Blackites scabrosus (Deflandre)

Tabla 1,sl. 6in 7

Rhabdosphaera piriformis n. sp.

Tabla 1, sl. 1 do 3

Micrantholithus flogs Defiandre

Tabla 2,51. 0in 8

Sphenolithus radiens Deflandre

Tabla 2, sl. 11

Discoaster barbadiensis Tan

Tabla 2,5l 3,6 in 9

Discogster distinctus Martini

Tabla 2,3l. 1,4 in 7

Discoaster lodoensis Bramlette ot Riedel
Tabla 2, sl. 10 in 12, tabla 3, 5). §

Discaqster sublodoensis Bramlette et Sullivan
Tabla 2, s1. 2, tabla 3,s5l. ¢in 7

Discoaster seipanensis Bramletie ct Riedel
Tabla 3, s1. 1

Marthasterites tribrochicius (Bramlette et Ricdel)
Tabla 3, st. 8

Microrhabdulus decoratus Deflandre

Tabla 3, sl. 10 in 11

Nencoccotithes dubdius {Deflandre)

Tab!a 3,sl. 2in 3

Fllipsnlithus distichus (Bramlette e Sullivan)
Tabla 3.s5l. 62, b

Cluthrolithus ¢f. ellipticus Deflandre

Tabla 3, s51. 5

Rhrabdosphaera pirifarmis v, sp.

Derivatio nominis: Po hrufkasl cbliki rabdolita

Locus tvpicus: Podgragd.

Stratum typicum: Spadaji del srednjega cuisija, spednn del biocone
Discoaster sublodoensis.

Holotypus: V preparalu ~Podgrad 6~ {tabla 1, sl. 3), v zbirki Katcdre
za geologijo in paleontalogijo univerze v Liubljani.

Paratypi: V preparatin sPedgrad 3 in 4« (tabla 1, 51 1 1in 2. v isti zbirki
kot holotip.

Diagnusis: Rhabdosphaera piriformis je konilasti rabdolit s precej na-
pihnjenim podaljskom, ki se odebeli lakoj nad bazalno plodfo in kmalu dosc?e
svo] najvecd)i premer.

Opis in primerjava: Rabdolit ima majhno bazalnu plodto s eeniralno
perforacijo. Podaljfek (konica) jo sferifna odebelien lakoj nad osnnvno plodco.
Po tem sc nova vrsta odi od podobne vrste Rhabdosphaeru inflate, ki se adebeli
zele na konou krajsega ali daljega vratu., Po odebelitvi se podaljiek hitro zoki
in konéa z ustro konico. Na zunanji strani so stene razloéno rugozne.
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Planktonske foraminiferxe

V {li3u pri Podgradu je bilo najdenih deset vrst planktonskih foraminifer,
Njihova stratigrafska rarsirjenost je prikazana na tabeli 2. Dolodene so bile
naslednje vrste:

Globigerine linaperta Finlay

Globigering taroubaensts Bronnimann
Globigerina trianguluriy White

Globigering turgida Finlay

Globorotalia aragonensis Nuilal

Globorotalia convexa Subhbotina

Globoratalia crassaformis (Galloway et Wissler)
Globerotalia interpusite Subbotina

Globorotalia pseudotopilensis (Subbotina)
Globoratalia rotundimarginata (Subboting),

Numulitineg

V nahajuliséu pri Podgradu nastopa zanimiva numulitinska favna. Daoloée-
nih je bilo devet vrst in podvrst. Med njimi so kar tri nove, vse tri pa nastopajo
ludi drugod v Sloveniji. Nasli smo naslednje numulitine :

Operculing marineilii simitis n. ssp.

Tabla 4, s]. 1 do 6, tabla 5, s5l. 1

Assiling laxispira De la Harpe et Rozlozsnik
Nummulites equitanicus Benoist

Tabla 5,s51. 2 in 3

Nummulites ustjensis De Zanche et Pavlovoe
Tabla 6, s1. 1 do 3

Nummulites brkiniensis n. sp,

Tabla 8, sl. 4 do &, tabla 7,sl.1in 2
Nummulites postbeernensis n. sp,

Tabla 8, sI. 1in 2

Nummaulites rotulariuy Deshayes

Tabla 9,sl. 1in 2

Nummulites aff. parischi tauricis De la Harpe
Tabla 8, sl. 3

Nummulites subdistons De la Harpe ot Rozlozshik
Tabla 9, s1. 3 in 4.

Operculing marinellii similis n. ssp.

Derivatio nominis: Nova podvista e podobra obliki Operculinc ma-
rinellii marinellii.

Holotypus: Oblika B v zbirki Katedre 2a geologijo in paleontologijo
univerze v Ljubljani, iny, £, 3838,

Paratypi: Oblike B v isti zbirki kot holotip.

Locus typicus: 1km NNW od Podgrada, Brkini.

Stratum typicum: Spodnji del srednjega cuisija.

Diagnosis: Od podvrste Operculing marinellit marinellit se lodi po vodii
hiSiei s 8 do 6 1/« zavoji, ki nekoliko hitreje narajéajo.
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Hisica mikrosferiéne oblike je vkrug 1 mm debela in ima premer 13 mm, Na
povriju se odraia notranja struktura. Med grebeni, ki slede septam, $o granu-
le. Zavojni rab se na povriju hidice ka%e kot maihen greben,

Zavop se hitru vifajo. Septa so gosta, v zadnjem zavoiu jih je 33 do 35
Navadno so pravokotna na zavojni rob in skoraj cavna. So tanka in se odebelijo
v zgornjem delu.

Stevilo sept in prirastki zavojev so navedeni v tabeli 3, diagram zavojev pa
na sl. 3.

Nymmulites brkiriensis n. sp.

Devivatio nominis: Po pokrajni Brkini, kjer je nakajalidde holatipa.

Hololypus: Oblika B v zbirki Katedre za geologijo in palconto.ogijo
univerze v Ljubljani, inv. 5t. 3844,

Paratypi: Oblike B v isti zbirki kat holotip.

Locus typicus: 1 km NNW od Podgrada, Brkini.

Stratum typicum: Spodnji del srednjrga cuisija.

Diagnosis: Numulil, ki se log¢i aod vrste Nummulites usijensis po vedii
higic? ter gostejiih in bolj uslofenih septah.

Tanka hisiea se le v sredini neknlikoe ndebeli, Zunanji rob hiSice je rahleo
zaokrozen. Na povriju so tanki in gosti septalni podatjski, ki so nekoliko valou-
viti. Vedkrat se cepijo. Na nekaterih primerkih so jasne »trabecules (ransverses-,

Vi zavoji se enakomerno visajo. vendar notranji nekeoliko petasneje, srednji
prece) hitreje, zunanji pa znatno manj kot srednji. Zavojnl eob je pravilen, naj-
madnejdi je v srednjik zavejih,

Septa so v notranjih sedmih ali esmih zavajih skora) ravna, malo nagnjena
in moéncje upoghjena $¢le neposredno vb yvrhw V naslednjih zavojih so belj
hagnjena in uslofena. Kamrice so vedinoma bolj visoke kat dolge, samo v no-
tranjih zavojih so pri nakaterih primerkih skoraj izometriéne. Tam. kjer so
kamrice dalj€e, je njihova streha samo male usloéena, medtem ko je pri ozkih
in visokih kamricah streha modno uslodena,

Nummulites brkiniensis je bil doslej najden samo v {lisu pr1 Podgradu in
Ustju v Vipavski dolini, torej v plasteh, ki so nasiajale v spodnjem delu sred-
njega cuisija,

Nummnlites pogthearnensis n. sp.

Derivatio nominis: Nova vrsta je podobna vrsti Nummulites bear-
nensis, vendar je mlajsa od nje,

Holotypus: Obhxza B v zbirki Katedre za geologijo in palcontologijo
univerze v Liubljani, inv. &t 3850.

Locus typicus: 1km NNW nd Podgrada, Brkini.

Stratum typicum : Spadnji del srednjega cuisiya.

Diagnosis: Nummulites postbearnensis ima vedjo hisico in bolj upognje-
na sepia kot N. beoprnensis, Hidica je popolnoma invoelutna.

Tanka hidica mikrosferiéne oblike se proti sredini malo vdebeli. Zunanji rob
ie zaokroZen, Septalni podaljski so rahlo srpasto zaviti, véasih se ustro lomijo
uli celo cepijo.

Zavoji narascajo hitro in precej enakomerno. Zavojni rob je motno in prece)
enakomerno debel,
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Septa so rahlo upognjena po vsej dolZini. V zgornjemn delu se adebelijo,
nekako v sredini se stanjsajo, tako da je njihov spodnji del zelo tanek. Na bazi
imajo neizrazito noga.

Kamrice so bolj visoke kot dolge in imajo rahlo usloden ali skornj raven
strop.

Razmerje med premerom hidice {Dm) in Stevilom zavojev (W) je 89 in 11711
Debelina higice je 2 du 2 mm. Stevilo sept od ¢etrtega zaveja naprej je hasled-
nje: Se =18, Ss 22, 8«- 28, St- 30, Sv = 40 in Ss = 42.

Pevzetek

Flis pri Pudgradu vsebuje vrsti Discoaster lodoensis in D. sublodoensiz. Prva
sega iz spodnjega v srednji cuisij, druga pa nasiopi v srednjem euisiju in sega
v zgornjega. Zato sklepame po nanoplanktonu na srednjecuisijsko starost flife
pri Podgradu.

Vse planktonske vrste iz Podgrada pripadajo bhioconi Globorotalia formose
(vzirvma G. formoesa-arayonensis), mznj jih je znanih pod to biocano in po njej.
Zato tudi plank‘onske foraminifere kazejo na scednji cuisij. Asstling laxispira
je srednjecuisijska, Nummulites aguitanicus in N, subdisians pa sta spodnje in
srednjecuisijski vrsti. N. rotularius sega %¢ v zgornji cuisij, Med numulitinami
pri Podgradu je tudi zgornjecuisijski Nummaulites partschi tauricus, vendar la
podvrsta pri Podgradu ni zanesljivo dolofena. Nummuliles ustjensis nastopa
v flifu pri Ustju na meji med spodnjim in scednjim cuisijem. Numulitine torej
kazejo na srednji cuisij, to je na biocono Assilina larispira oziroma Nummulites
praelaevigatus,

Iz vsega tega sledi, da so flisne plasti blizu Podgrada rastajule v slarejdem
delu srednjega cuisija.

Primerjava mikrofosiloy iz Podgrada in iz Ustja ka%e pet skupnih nano-
planktonskih wrst, $tiri skupne vrste planktonskih foraminifer in tri iste vrste
oziroma pudvrste numulitin. Zato je vprasanje, ali sta obe nahajalidéi res ne-
koliko razli¢ne stari (Podgrad spodnji del srednjega cuisija, Ustje prehod med
spodnjim in sredniim cuisijem), ali pa gre za isti fosiliferni flidni horizont.
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