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Benthic foraminiferal morphogroups from the Paleogene of the Republic
of Macedonia — characterization and paleoecological significance
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Abstract. Behthic foraminiferal assemblages belonging to clayey-carbonate-sandy successions of Late Eocene—Early Oligocene age
from seven sedimentary basins of central (Vardar Zone) and eastern part (Serbian-Macedonian Massif) of the Republic of Macedonia
were analyzed. The foraminiferal data, obtained from 13 sections (146 samples studied), allowed the definition and illustration of 11 mor-
phological groups (morphogroups or morphotypes) based on the test shape and the nature of test coiling (i.e. chamber addition): rounded
trochospiral (RT), plano-convex trochospiral (PT), biconvex trochospiral (BT), milioline (M), rounded planispiral (RP), lenticular (L),
tapered and cylindrical (T/C), spherical (S), flattened tapered (FT), tube-shaped (T), and heteromorphous (H). The present article aims to
expand the paleoenvironmental analysis by combining of the morphological features with inferred life-style (epifaunal, shallow infaunal
and deep infaunal) and feeding strategy (suspension feeder, deposit feeder, herbivores, etc.) of the foraminifera. Comparison of our mor-
phogroup system to modern and fossil ones is outlined accordingly. Generally, the investigated assemblages are slightly dominated by
morphogroups characteristic for shallow (shelf) environment.

Keywords: benthic foraminifers, morphogroups, paleoecology, Paleogene, Republic of Macedonia.

Pesiome. Ananusupanu ca 6eHTOCHH (GopaMHHH(PEPHH aCOIMALNHN OT MNIHHECTO-KapOOHATHO-IIECHUINBH IIOCIISIOBATETHOCTH C KbC-
HOEOIIEHCKO-PAaHHOOJIMIOIIEHCKA Bb3pacT OT 7 CeIMMEHTHH OaceiiHa oT nenTpannara (Bapnapcka 3oHa) n u3roynarta yact (CpbOcko-
Maxkenoncku MacuB) Ha Peny6imka Makenonns. @opamuHudepHuTe TaHHY, HOJydeHu oT 13 paspesa (146 aHanmsupanu npodu), mos-
BoJuxa JeMHUPAHETO W WirocTpupaneTo Ha 11 mopdonoxku rpymu (Mopdorpynu mwin MopdoTHIIOBE) Bb3 OCHOBA Ha (opmara Ha
4yepyrnkara U HauMHa Ha 3aBUBAHETO M (T. €. J0OaBSIHETO HAa HOBM KaMepH): 3aKpBbIiIeHa KOHHIHOCIIHPAIIHA, INIOCKOM3IBKHATA KOHUIHO-
CrupajHa, IBOMHOM3IbKHAIA KOHUYHOCIMPAIHA, MIJIMOIUIHA, 3aKPBIJIeHA IIOCKOCIIUPAIHA, JINOBHUIHA, 3a0CTPEHA U IIMINHAPUYHA,
CIUIECHATa 3a0CTpeHa, TphoecTa n xerepomopdHra. Hacrosimara craTus ¥Ma 3a el a pas3liupy MaJe0eKOoJIOKKUS aHAIN3 4pe3 KOMOH-
HHUpaHe Ha MOP()OIOKKUTE XapaKTEPUCTHKU C MPEANOaraeMusi HAYWH Ha JKHBOT (emudayHa, munTka nHbayHa U Ib100Kka HHayHa)
U HauMHA Ha XpaHeHe (MPUIBHHU OHO(UITPATOPH, THHESIH, PACTUTEIHOSIHN U 1p.) Ha dopamunupepure. IIpemioxenara cxema e
CBIIOCTaBEHA C ONMHCAHN ChbBPEMEHHHU U (ocHIHM acormaryy. Karo 110, M3y4eHuTe acol[haliii ca JOMUHUPAHH ci1abo ot Mopdorpyry,

XapaKTepHH 3a INTUTKOBOHA (11en(hoBa) 0OCTaHOBKA.

Kmiouoeu oymu: 6enrocuu hopamunudepu, mopdorpymu, naneoekonorus, [Tageoren, Pemy0Oirka Makenonus.

Introduction

It is widely known that benthic foraminifers are one
of the most useful fossil groups for interpretation of
ancient marine environment. Attempts to use these
microfossils for paleoenvironmental conclusions have
been made since the end of the 19th century when
agglutinated foraminifers from the Carpathians were
involved in the studies (Grzybowski, 1898), but the
real initial steps in the elucidating of the paleoeco-

logical significance of foraminiferal test morphology
are dated from the 60s, 70s and 80s of the 20th cen-
tury (Bandy, 1960, 1964; Chamney, 1976; Severin,
1983). After that various articles, concerning mainly
the depth influence, were published (see Boltovskoy
et al., 1991; Murray, 1991, 2006). The morphogroup
concept was introduced by Jones and Charnock (1985)
and further developed in great number of works based
both on modern and fossil assemblages (e.g. Corliss,
1985, 1991; Bernhard, 1986; Corliss, Chen, 1988;



Koutsoukos et al., 1990; Nagy, 1992; Tyszka, 1994;
Khare et al., 1995; Nagy et al., 1995, 2009; Bak et al.,
1997; Bak, 2004; Szydto, 2005; Reolid et al., 2008;
Motamedalshariati et al., 2010; Alperin et al., 2011,
and others) by involving data about parameters like
temperature, salinity, oxygen levels, carbonate disso-
lution, substrate, nutrition, dissolved oxygen, illumi-
nation, pollution, life-style and feeding strategies.
The Paleogene sedimentary rocks (Upper Eocene—
Lower Oligocene — Maksimovic et al., 1954; Mitrovic-
Petrovi¢ et al., 1990; Stojanova, 2008; Stojanova et
al.,, 2011, 2012, 2013; Stojanova, Petrov, 2012) of
the Republic of Macedonia, cropping out in the cen-
tral and eastern part of the country, and divided into 7
sedimentary basins in 2 tectonic zones (Fig. 1), con-
tain diverse benthic foraminiferal microfauna (the
studied specimens have been obtained from 13 sec-

tions: Vojnik, Nemanjici, Ezevo Brdo, Kadrifakovo,
Chardaklija, Karaorman, Madzarica, Hadzi Jusufli,
Krivolak, Rabrovo, Dedeli, Crna Skala, and Stuka,
as their lithology, fossil content and age have been
discussed in the works of Maksimovic¢ et al., 1954;
Stojanova, 2008; Stojanova et al., 2011, 2012, 2013;
Stojanova, Petrov, 2012). A total of 65 species (picked
up from 146 samples) have been recorded and de-
scribed taxonomically previously (Dzuranov et al.,
1999; Valchev et al., 2013a, b). This high taxonom-
ic diversity led us to do the first step for estimating
the paleoecological significance of the foraminiferal
assemblages — a definition of eleven groups of tests
based on characteristic features of their morphology
(Valchev, Stojanova, 2014). The present article aims
to expand the paleoenvironmental analysis by combin-
ing of the morphological features with inferred life-
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Fig. 1. Sketch with the location of the Paleogene basins in Republic of Macedonia and the studied sections (after Dumurdzanov
et al., 2005, modified by Valcheyv et al., 2013b, with new data)

1, distribution of Paleogene sediments; 2, tectonic boundary (WMZ, Western Macedonian Zone; VZ, Vardar Zone; SMM, Serbian-
Macedonian Massif); 3, basin boundary; 4, basins (SKB, Skopje-Kumanovo; OPB, Ovche Pole; TB, Tikvesh; VGB, Valandovo-
Gevgelija; DBB, Deve Bair; DB, Delchevo; SB, Strumica); 5, section

@ur. 1. Ckuna ¢ pa3snpocTpaHeHUueTo HA MajieoreHckuTe 0aceiiHu B Pemy0iauka MakeaoHusi 4 u3yyeHUuTe paspesu (mo
Dumurdzanov et al., 2005, ¢ u3menenus ot Valchev et al., 2013b 1 HoBUM 1aHHHK)

1 — pa3npocTpaHeHHe Ha MaJeOreHCKUTe CeAMMEHTHH CKau; 2 — TeKToHCKa rpannna (WMZ — 3amagHomake10HCKa 30Ha, VZ —
Bapnapcka 3ona, SMM — CpbOcko-MakenoHckn MacuB); 3 — OaceifHoBa rpanmna; 4 —6aceiinu (SKB — Ckoncko-Kymanoscku, OPB
— Oguenoscku, TB — Tukseniku, VGB — Banannoso-I'esrenuiicku, DBB — JleBebanpcku, DB — [lenuescku, SB — CTpymMuukn);
5 — pazpe3



style (epifaunal, shallow infaunal and deep infaunal)
and feeding strategy (suspension-feeders, deposit-
feeders, herbivores, etc.) of the foraminifera. Com-
parison of our morphogroup system to modern and
fossil ones is going to be outlined accordingly.

Description of the morphogroups

A morphogroup is an aggregation of forms with simi-
lar test morphology, independent of systematic rela-
tionships (Murray, 1973, 2006). According to several
authors (e.g. Naggy, 1992; Reolid et al., 2008, and
others) using morphological categories in paleoen-
vironmental analyses may be preferred over the use
of formal species identifications because: 1) the mor-
phological approach enables reliable comparisons to
be made among assemblages of different ages, reduc-
ing the effect of taxonomical divergence caused by
biological evolution, 2) identifications of species are
not required, and 3) using a small number of morpho-
groups instead of a large number of species reduces
the amount of data to be analyzed.

On the basis of external test morphology (test
shape) and the nature of test coiling (i.e. chamber ad-
dition), we have already (Valchev, Stojanova, 2014)
defined 11 morphological groups (morphogroups or
morphotypes). In this article they are described and
illustrated in details (see Plates I-I1I). Additional data
about their inferred life-style and feeding strategy
(based on published data from modern and fossil as-
semblages, e.g. Jones, Charnock, 1985; Corliss, 1985,
1991; Corliss, Chen, 1988; Nagy et al., 1995; Reolid
et al., 2008; Alperin et al., 2011; Murray et al., 2011,
etc.) are given here.

1) Rounded trochospiral morphogroup (RT). It in-
cludes species with trochospiral mode of coiling and
broadly rounded periphery (Plate I, 1-7): Baggina sub-
conica (Terquem), Valvulineria jacksonensis Cushman,
Anomalinoides acutus (Plummer), 4. danicus (Brotzen),
and A4. welleri (Plummer). This morphogroup compris-
es epifaunal active herbivores, detrivores, omnivores
and bactrivores. It corresponds to rounded trochospiral
morphogroup of Corliss and Chen (1988) and morpho-
group M2 (partly) of Szydto (2005).

2) Plano-convex trochospiral morphogroup (PT).
It is represented by examples with trochospiral
tests, having flat spiral side and narrowly rounded
to sharp periphery (Plate I, 8-19): Cibicides carina-
tus (Terquem), C. lobatulus (Walker and Jakobs), C.
tallahatensis Bandy, C. ungerianus (d’Orbigny), C.
cf. westi Howe, Cibicides sp., Gyroidinoides solda-
nii (d’Orbigny), Pararotalia audouini (d’Orbigny),
and P. subinermis Bhatia. The listed taxa are epifau-
nal grazing herbovores; primary weed fauna. This
morphogroup is similar to plano-convex morpho-
group of Severin (1983), Corliss and Chen (1988),
morphogroups G of Reolid et al. (2008) and CM1 of
Motamedalshariati et al. (2010).

3) Biconvex trochospiral morphogroup (BT). It
contains species with trochospiral mode of coiling and
biconvex morphology, characterized by sharply angled
to narrowly rounded periphery (Plate I, 20-22, Plate I1,
1-6): Trochammina deformis Grzybowski, Eponides
minima Cushman, Eponides sp., Cibicidoides sp.,
Heterolepa dutemplei (d’Orbigny), and H. perlucida
(Nuttall). Epifaunal active herbivores, detrivores and
omnivores are included here. Our morphogroup cor-
responds to the morphogroup of the same name of
Corliss and Chen (1988), morphogroups D (partly) of
Jones and Charnock (1985), A-4 (partly) of Tyszka
(1994), 4-a (partly) of Nagy et al. (1995), D (partly) of
Reolid et al. (2008), D1 (partly) of Nagy et al. (2009).

4) Milioline morphogroup (M). It consists of spe-
cies with flattened tests, elliptical outline and milioline
chamber arrangement (Plate II, 7-12): Spiroloculina
communis communis Cushman et Todd, Quinguelo-
culina juleana d’Orbigny, Quinqueloculina sp., Trilo-
culina angularis d’Orbigny, T. gibba d’Orbigny, Hau-
erina sp., and Pyrgo bulloides (d’Orbigny). The rep-
resentatives of this morphogroup are epifaunal active
deposit-feeders, detrivores and herbivores. It could be
correlated to milioline morphogroup of Corliss and
Chen (1988), as well as morphogroup I of Reolid et
al. (2008).

5) Rounded planispiral morphogroup (RP). It in-
cludes compact tests with planispirally arranged cham-
bers and broadly rounded periphery (Plate 11, 13—17):
Nonion graniferum (Terquem), Nonionella winniana
Howe, Mellonis affine (Reuss), and Pullenia quinque-
loba (Reuss). Shallow infaunal active deposit-feeders
and detrivores are included in this morphotype. This
morphogroup is similar to the morphogroups of the
same name of Severin (1983) and Corliss and Chen
(1988), and partly to flattened ovoid morphogroup of
Corliss and Chen (1988).

6) Lenticular morphogroup (L). Species from this
group display biconvex morphology with sharply an-
gled or keeled periphery (Plate 11, 18-20): Lenticulina
cf. wilcoxensis (Cushman, Ponton), Lenticulina yag-
uatensis (Bermudez), and Lenticulina sp. This mor-
phogroup is represented by epifaunal to deep infaunal
(predominantly the second one), active deposit-feed-
ers and grazing omnivores. It corresponds to morpho-
groups B (partly) of Jones and Charnock (1985), C8
of Tyszka (1994), M6 of Szydto (2005), K of Reolid
et al. (2008), flattened multilocular morphotypes of
Nagy et al. (2009), CM3 of Motamedalshariati et al.
(2010).

7) Tapered and cylindrical morphogroup (T/C). It
is represented by forms with round, oval or triangular
cross section, and parallel or subparallel sides (Plate
II, 21-26, Plate 111, 1-7). Rectilinear and straight uni-
serial, biserial and triserial tests are included in this
morphogroup: Marssonella indentanta (Cushman et
Jarvis), Textularia bronniana (d’Orbigny), Textularia
minuta Terquem, Nodosaria ewaldi Reuss, Nodosaria
sp., Glandulina ovula d’Orbigny, Bulimina sculptilis
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PLATE I

Rounded trochospiral morphogroup (RT)

1, 2. Baggina subconica (Terquem, 1882): 1, Delchevo basin, Crna Skala section, upper flysch unit, sample 5, SEMx150; 2, Ovche Pole
basin, Nemanjici section, upper flysch unit, sample 7, SEMx180.

3. Valvulineria jacksoensis Cushman, 1933: Delchevo basin, Crna Skala section, upper flysch unit, sample 24, SEMx270.

4. Anomalinoides acutus (Plummer, 1926): Delchevo basin, Crna Skala section, upper flysch unit, sample 24, umbilical view, SEMx180.
5. Anomalinoides danicus (Brotzen, 1940): Ovche Pole basin, Nemanjici section, upper flysch unit, sample 13, umbilical view, SEMx280.
6, 7. Anomalinoides welleri (Plummer, 1926): Tikvesh basin, Krivolak section, upper flysch unit, sample 3: 6, spiral view, SEMx150;
7, umbilical view, SEMx190.

Plano-convex trochospiral morphogroup (PT)

8. Cibicides carinatus (Terquem, 1882): Ovche Pole basin, Chardaklija section, upper flysch unit, sample 1, umbilical view, SEMx126.
9, 10. Cibicides lobatulus (Walker and Jakobs, 1798): Tikvesh basin, Hadzi Jusufli section, upper flysch unit, sample 7: 9, spiral view,
SEMx180; 10, umbilical view, SEMx160.

11, 12. Cibicides ungerianus (d’Orbigny, 1846): 11, Delchevo basin, Crna Skla section, upper flysch unit, sample 24, spiral view,
SEMx200; 12, Ovche Pole basin, Nemanjici section, upper flysch unit, sample 3, umbilical view, SEMx160.

13. Cibicides tallahatensis Bandy, 1949: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 3, umbilical view, SEMx143.
14. Cibicides cf. westi Howe, 1939: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 3, umbilical view, SEMx150.

15, 16. Cibicides sp.: Tikvesh basin, Krivolak section, upper flysch unit, sample 6: 15, umbilical view, SEMx160; 16, spiral view, SEMx180.
17. Gyroidinoides soldanii (d’Orbigny, 1826): Ovche Pole basin, Madzarica section, upper flysch unit, sample 12, umbilical view,
SEMx220.

18. Pararotalia audouini (d’Orbigny, 1826): Ovche Pole basin, Chardaklija section, upper flysch unit, sample 2, SEMx143.

19. Pararotalia subinermis Bhatia, 1955: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 4, SEMx203.

Biconvex trochospiral morphogroup (BT)

20. Trochammina deformis Grzybowski, 1898: Delchevo basin, Crna Skala section, upper flysch unit, sample 2, SEMx150.
21. Eponides minima Cushman, 1933: Valandovo-Gevgelija basin, Rabrovo section, upper flysch unit, sample 2, umbilical view, SEMx170.
22. Eponides sp.: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 10, spiral view, SEMx200.

TABJIMIIA I

3akpbriieHa KOHHYHOCIMPAJIHa Mopdorpyna

1, 2. Baggina subconica (Terquem, 1882): 1 — [lemueBcku Gacelin, paspes LlpHa ckana, ropHa ¢iuuka 3agpyra, npoda 5, SEMx150;
2 — OBuenosicku Oaceiit, paszpe3 Hemanuu, ropHa ¢uniika 3aapyra, npoba 7, SEMx180.

3. Valvulineria jacksoensis Cushman, 1933: JlemueBcku 6aceii, paspe3 LipHa ckana, ropHa ¢uinmka 3aapyra, npo6a 24, SEMx270.

4. Anomalinoides acutus (Plummer, 1926): lenyeBcku Oaceiin, paspe3 LlpHa ckana, ropHa ¢uuimika 3aapyra, npoda 24, ymMOuIMKaaIHa
crpana; SEMx180.

5. Anomalinoides danicus (Brotzen, 1940): Ouenosncku Gaceiin, pazpe3 Hemanuu, ropua ¢aumika 3aapyra, npoba 13, ymOunukanna
crpana; SEMx280.

6, 7. Anomalinoides welleri (Plummer, 1926): Tuxsewku Oaceiin, pa3pe3 Kpusonak, ropna ¢uiniika 3aapyra, npoba 3: 6 — cnupanHa
crpana, SEMx150; 7 — ymbunukansa ctpana, SEMx190.

ILrockou3mMbKHANAa KOHMYHOCIHPAJIHA MOp(orpyna

8. Cibicides carinatus (Terquem, 1882): Ouenosncku 6aceiin, pazpes Yapraxius, ropHa Quiika 3aapyra, npoda 1, ymOuiukaina crpasa,
SEMx126.

9, 10. Cibicides lobatulus (Walker and Jakobs, 1798): Tuksemku 6aceiiH, paspe3 Xamxu HOcydiu, ropHa ¢uuinka 3aapyra, npooda 7:
9 — crimpanna crpana, SEMx180; 10 — ymOunukanua ctpana, SEMx160.

11, 12. Cibicides ungerianus (d’Orbigny, 1846): 11 — JleimueBcku Oaceiin, pa3pe3 LipHa ckana, ropHa ¢umiika 3aapyra, npooa 24, crupas-
Ha ctpana, SEMx200; 12 — Ouenoscku Oaceiin, paspe3 Hemaniu, ropua duunika 3aapyra, npoda 3, ymounukaina crpana, SEMx160.
13. Cibicides tallahatensis Bandy, 1949: OBuenoicku OaceiiH, paspe3 Uapnakius, ropHa ¢uuiika 3aapyra, npoda 3, ymMOmiInKkaiHa cTpa-
Ha, SEMx143.

14. Cibicides cf. westi Howe, 1939: OBuenosncku OaceiiH, paspe3 Yapaakius, ropHa ¢uuinka 3aapyra, nmpoda 3, yMOMIMKaIHa cTpaHa,
SEMx150.

15, 16. Cibicides sp.: TuxBeuku 6aceiit, paspe3 Kpusonak, ropaa ¢aumika 3aapyra, npoda 6: 15 — ymOunukansa crpana, SEMx160;
16 — cnmpanna crpana, SEMx180.

17. Gyroidinoides soldanii (d’Orbigny, 1826): OBuenoscku Oaceiit, pazpe3 Mapkapuiia, ropHa QIuinka 3aapyra, npoda 12, ymouamuka-
Ha cTpana, SEMx220.

18. Pararotalia audouini (d’Orbigny, 1826): OBuenosncku Gaceiin, pa3pe3 Yapaaknus, ropHa ¢ummika 3aapyra, npoda 2, SEMx143.

19. Pararotalia subinermis Bhatia, 1955: Opuenoncku 0aceiin, pazpe3 YUapmaknusi, ropHa ¢uuiika 3aapyra, npoda 4, SEMx203.

JIBoiiHOM3TbKHA/IA KOHHYHOCHIHPAaIHa Mopdorpyna

20. Trochammina deformis Grzybowski, 1898: JlemueBcku 6aceiin, paspes LlpHa ckana, ropHa dumka 3aapyra, npoba 2, SEMx150.

21. Eponides minima Cushman, 1933: Banannoso-I eBrenuiicku 6aceiiH, pazpe3 Pabposo, ropHa ¢uumika 3aapyra, mpoda 2, yMOHIHKaIHa
crpana, SEMx170.

22. Eponides sp.: OBuenoncku Oaceitn, pa3pe3 Hemanim, ropHa ¢uuiika 3aapyra, npoda 10, cnupanna ctpana, SEMx200.

Scale bar — 100 pm
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PLATE 11




PLATE II

Biconvex trochospiral morphogroup (BT)

1, 2. Cibicidoides sp.: 1, Ovche Pole basin, Nemanjici section, upper flysch unit, sample 4, spiral view, SEMx200; 2, Tikvesh basin, Krivolak
section, upper flysch unit, sample 3, umbilical view, SEMx140.

3, 4. Heterolepa dutemplei (d’Orbigny, 1846): Delchevo basin, Crna Skala section, upper flysch unit, sample 5: 3, spiral view, SEMx120;
4, umbilical view, SEMx130.

S, 6. Heterolepa perlucida (Nautall, 1932): Valandovo-Gevgelija basin, Rabrovo section, upper flysch unit, sample 15: 5, umbilical view,
SEMx150; 6, spiral view, SEMx180.

Milioline morphogroup (M)

7. Spiroloculina communis communis Cushman et Todd, 1942: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 1, SEMx137.
8. Quinqueloculina juleana d’Orbigny, 1846: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 3, SEMx137.

9. Quinqueloculina sp.: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 5, SEMx115.

10. Triloculina angularis d’Orbigny, 1850: Delchevo basin, Crna Skala section, upper flysch unit, sample 6, SEMx180.

11. Triloculina gibba d’Orbigny, 1846: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 3, SEMx150.

12. Pyrgo bulloides (d’Orbigny, 1826): Tikvesh basin, Hadzhi Jusufly section, upper flysch unit, sample 3, SEMx180.

Rounded planispiral morphogroup (RP)

13. Nonion graniferum (Terquem, 1882): Ovche Pole basin, Chardaklija section, upper flysch unit, sample 4, SEMx287.

14, 15. Nonionella winniana Howe, 1939: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 4: 14, SEMx126; 15, SEMx203.
16. Mellonis affine (Reuss, 1851): Valandovo-Gevgelija basin, Rabrovo section, upper flysch unit, sample 15, spiral view, SEMx230.

17. Pullenia quinqueloba (Reuss, 1851): Delchevo basin, Crna Skala section, upper flysch unit, sample 16, spiral view, SEMx140.

Lenticular morphogroup (L)

18. Lenticulina cf. wilcoxensis (Cushman and Ponton, 1932): Ovche Pole basin, Kadrifakovo section, upper flysch unit, sample 6, SEMx340.
19. Lenticulina yaguatensis (Bermudez, 1949): Ovche Pole basin, Chardaklija section, upper flysch unit, sample 3, SEMx170.
20. Lenticulina sp.: Tikvesh basin, Krivolak section, upper flysch unit, sample 2, SEMx180.

Tapered and cylindrical morphogroup (T/C)

21. Marssonella indentanta (Cushman et Jarvis, 1928): Ovche Pole basin, Nemanjici section, upper flysch unit, sample 3, SEMx200.
22. Textularia bronniana (d’Orbigny, 1846): Ovche Pole basin, Chardaklija section, upper flysch unit, sample 4, SEMx156.

23. Textularia minuta Terquem, 1882: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 4, SEMx178.

24. Nodosaria ewaldi Reuss, 1851: Valandovo-Gevgelija basin, Dedeli section, upper flysch unit, sample 6, SEMx65.

25. Nodosaria sp.: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 6, SEMx200.

26. Siphonodosaria adolphina (d’Orbigny, 1846): Ovche Pole basin, Nemanjici section, upper flysch unit, sample 16, SEMx110.

TABJIMIIA 1T

JIBoiiHOM3NMbKHAIA KOHMYHOCIIMPAJIHA Mopgorpyna

1, 2. Cibicidoides sp.: 1 — OBuenoincku 6aceiin, paspe3 Hemanmu, ropHa ¢imika 3aapyra, npobda 4, cimpansa crpana, SEMx200; 2 — Tuxsermkn
Gaceiin, paspe3 Kpusounak, ropna dumiika 3aapyra, npoba 3, ymounukaina ctpana, SEMx140.

3, 4. Heterolepa dutemplei (d’Orbigny, 1846): JlenueBcku Gaceiin, paspes LlpHa ckana, ropua ¢auiika 3aapyra, npoda 5: 3 — crupaina cTpaHa,
SEMx120; 4 — ymOunuxanna crpana, SEMx130.

5, 6. Heterolepa perlucida (Nautall, 1932): Banannoso-I'esrenmiicku 6aceiin, paspe3 Pabposo, ropua ¢ummka 3aapyra, npoba 15: 5 — ym-
Oommmkansa ctpana, SEMx150; 6 — cimpainna ctpana, SEMx180.

Musmnoauasa mopgorpyna

7. Spiroloculina communis communis Cushman et Todd, 1942: OBuenoscku Oaceiin, pa3pe3 Yappaxiuus, ropHa ¢inmka 3aapyra, nmpoda 1,
SEMx137.

8. Quinqueloculina juleana d*Orbigny, 1846: OBuenoincku Oaceiin, pazpes Yapaakius, ropHa ¢unmika 3aapyra, npoba 3, SEMx137.

9. Quinqueloculina sp.: OBuenosncku Gaceiin, paspe3 Yapraxiaus, ropua ¢iammka 3agpyra, npoda 5, SEMx115.

10. Triloculina angularis d°Orbigny, 1850: [leimueBcku Oaceiin, pazpe3 LpHa ckaia, ropua ¢immka 3agpyra, npoda 6, SEMx180.

11. Triloculina gibba d*Orbigny, 1846: OBuenoscku 6aceiin, paspe3 Yapaakius, ropaa ¢Juiika 3aapyra, npoda 3, SEMx150.

12. Pyrgo bulloides (d’Orbigny, 1826): Tuxseuiku 6aceiin, paspes Xampku HOcydun, ropua dunumka 3aapyra, npoda 3, SEMx180.

3akpbIiieHa IIOCKOCIHPATIHA Mopdorpyna

13. Nonion graniferum (Terquem, 1882): OBuenoscku 6aceiin, paspe3 Yapmaxius, ropaa ¢iuiika 3aapyra, npobda 4, SEMx287.

14, 15. Nonionella winniana Howe, 1939: Ouenoncku OaceiiH, pa3pe3 Yappaknus, ropHa Qaumka 3ampyra, npoda 4: 14 — SEMx126;
15 — SEMx203.

16. Mellonis affine (Reuss, 1851): Banannoso-I'eBrenuiicku 6aceiin, paspe3 Pabposo, ropua ¢uumika 3aapyra, npoda 15, ciupaina crpana,
SEMx230.

17. Pullenia quinqueloba (Reuss, 1851): [lenmueBcku O6aceiiH, paszpes LpHa ckana, ropHa dauiika 3aapyra, mpoda 16, cnupainna crpana, SEMx140.

JlemwoBuana mopdorpyna

18. Lenticulina cf. wilcoxensis (Cushman and Ponton, 1932): OBuenoncku Gaceiin, paspe3 Kaapudaxoso, ropra ¢numka 3aapyra, mpoba 6,
SEMx340.

19. Lenticulina yaguatensis (Bermudez, 1949): OBuenosncku 6aceiin, paspe3 Yapaaxius, ropHa ¢iuiika 3aapyra, npoda 3, SEMx170.

20. Lenticulina sp.: TukBeuku 6aceiin, paspe3 Kpuonak, ropua ¢uumika 3aapyra, npoda 2, SEMx180.

3aocTpeHa M HWIMHAPHYHA Mopdorpyna

21. Marssonella indentanta (Cushman et Jarvis, 1928): OBuenoscku 6aceiin, pa3pe3 Hemaniu, ropua diummka 3aapyra, npoba 3, SEMx200.
22. Textularia bronniana (d*Orbigny, 1846): OBuenoncku Oaceiin, paspe3 Yapaaxuus, ropHa ¢amumka 3agpyra, npoda 4, SEMx156.

23. Textularia minuta Terquem, 1882: OBuenoncku Oaceitn, pa3pe3 Yapaakius, ropHa ¢umika 3aapyra, npoba 4, SEMx178.

24. Nodosaria ewaldi Reuss, 1851: Banannoso-I'eBrenuiicku 6aceiin, paspes lenenu, ropua ¢uumnika 3aapyra, npoda 6, SEMx65.

25. Nodosaria sp.: OB4enoncku Oaceiin, pa3pe3 Hemannu, ropra duumika 3aapyra, mpoda 6, SEMx200.

26. Siphonodosaria adolphina (d’Orbigny, 1846): OBuenoncku Oaceiin, pazpe3 Hemannu, ropra ¢ummixa 3agpyra, npoda 16, SEMx110.

Scale bar — 100 um
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PLATE III

Tapered and cylindrical morphogroup (T/C)

1. Glandulina ovula d’Orbigny, 1846: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 5, SEMx400.

2. Bulimina sculptilis Cushman, 1923: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 6, SEMx300.

3. Bulimina trigona Terquem, 1882: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 4, SEMx186.

4. Fursenkoina dibollensis (Cushman et Applin, 1926): Ovche Pole basin, Chardaklija section, upper flysch unit, sample 3, SEMx101.

5. Caucasina eocenica Chalilov, 1958: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 6, SEMx240.

6. Caucasina tenebricosa Pishvanova, 1960: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 14, SEMx300.

7. Chilostomelloides balkhanensis (Dain et Chalilov, 1952): Ovche Pole basin, Nemanjici section, upper flysch unit, sample 3, SEMx250.

Spherical morphogroup (S)

8. Saccammina placenta (Grzybowski, 1898): Tikvesh basin, Hadzi Jusufly section, upper flysch unit, sample 1, SEMx150.
9. Globulina gibba d’Orbigny, 1826: Tikvesh basin, Krivolak section, upper flysch unit, sample 7, SEMx170.

10. Guttulina irregularis (d’Orbigny, 1846): Tikvesh basin, Krivolak section, upper flysch unit, sample 5, SEMx200.

11. Lagena humifera Bandy, 1949: Ovche Pole basin, Chardaklija section, upper flysch unit, sample 4, SEMx221.

12. Lagena striata (d’Orbigny, 1839): Ovche Pole basin, Chardaklija section, upper flysch unit, sample 4, SEMx221.

13. Favulina hexagona (Williamson, 1848): Ovche Pole basin, Nemanjici section, upper flysch unit, sample 5, SEMx340.

Flattened tapered morphogroup (FT)

14. Spiroplectinella carinata (d’Orbigny, 1846): Valandovo-Gevgelija basin, Dedeli section, upper flysch unit, sample 12, SEMx120.
15. Spiroplectinella dentata (Alth, 1850): Tikvesh basin, Hadzi Jusufly section, upper flysch unit, sample 3, SEMx130.

16. Palmula budensis (Hantken, 1875): Ovche Pole basin, Nemanjici section, upper flysch unit, sample 5, SEMx180.

17. Bolivina cf. antegressa Subbotina, 1953: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 8, SEMx140.

18. Bolivina cf. cookei Cushman, 1922: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 8; SEMx250.

19. Bolivina gracilis Cushman and Applin, 1926: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 6, SEMx185.

20. Bolivina nobilis Hantken, 1875: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 12, SEMx325.

21. Bolivina reticulata Hantken, 1875: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 12, SEMx250.

22. Bolivina scalprata Scwager, 1883: Ovche Pole basin, Nemanjici section, upper flysch unit, sample 10, SEMx250.

Tube-shaped morphogroup (T)

23. Bathysiphon sp.: Tikvesh basin, Krivolak section, upper flysch unit, sample 1, SEMx110.
24. Hyperammina sp.: Tikvesh basin, Hadzi Jusufly section, upper flysch unit, sample 2, SEMx150.

Heteromorphous morphogroup (H)
25. Percultazonaria fragaria (Gimbel, 1868): Ovche Pole basin, Nemanjici section, upper flysch unit, sample 10, SEMx110.

TABJIMIA 11T

3aocTpeHa M HWIMHAPHYHA Mopdorpyna

1. Glandulina ovula d’Orbigny, 1846: OBuenoncku 6aceiis, paspe3 Hemannu, ropra ¢numka 3axpyra, npoda 5, SEMx400.

2. Bulimina sculptilis Cushman, 1923: OBuenoscku 6aceiit, paspe3 Hemanuu, ropua ¢uuiika 3aapyra, npoda 6, SEMx300.

3. Bulimina trigona Terquem, 1882: OBuemnosncku OaceiiH, pa3pe3 Uapnakius, ropHa (miika 3aapyra, npoda 4, SEMx186.

4. Fursenkoina dibollensis (Cushman et Applin, 1926): OBuenoncku OaceiiH, pazpe3 Yapaakiusi, ropHa ¢uuiika 3aapyra, npoda 3, SEMx101.
5. Caucasina eocenica Chalilov, 1958: Opuenosncku O6aceiiH, paspe3 Hemaniu, ropHa ¢uuiika 3aapyra, mpoda 6, SEMx240.

6. Caucasina tenebricosa Pishvanova, 1960: OBuenosncku 6aceiit, pa3pe3 Hemanuu, ropra duunika 3aapyra, npo6a 14, SEMx300.

7. Chilostomelloides balkhanensis (Dain et Chalilov, 1952): OBuenoncku 6aceiin, paspe3 Hemanuu, ropra ¢immika 3aapyra, mpoba 3, SEMx250.

Cdepuuyna mopdorpyna

8. Saccammina placenta (Grzybowski, 1898): Tuxsewku 6aceiin, paspe3 Xamku FOcydnu, ropra duumika 3aapyra, mpoda 1, SEMx150.
9. Globulina gibba d’Orbigny, 1826: Tuxsemku 6aceiin, pa3pe3 Kpusonak, ropna ¢uimika 3agpyra, npoba 7, SEMx170.

10. Guttulina irregularis (d’Orbigny, 1846): TuxBewku 6aceiin, paspe3 Kpusonak, ropra ¢uumika 3aapyra, mpoba 5, SEMx200.

11. Lagena humifera Bandy, 1949: OBuenoicku 6aceiin, paspe3 Yapuaxivs, ropHa ¢imiika 3aapyra, npoda 4, SEMx221.

12. Lagena striata (d’Orbigny, 1839): Ouenoncku Oaceiin, paspe3 Uapaakius, ropHa ¢nuimka 3aapyra, npoda 4, SEMx221.

13. Favulina hexagona (Williamson, 1848): OBuenoncku OaceiiH, pazpe3 Hemaunuu, ropHa ¢unmika 3aapyra, npoba 5, SEMx340.

CnrecHaTo-3a0cTpeHa Mopdorpyna

14. Spiroplectinella carinata (d’Orbigny, 1846): Banannoo-I eBrenuiicku 6aceiin, paspes lenenu, ropHa ¢aumka 3agpyra, mpoda 12, SEMx120.
15. Spiroplectinella dentata (Alth, 1850): Tuxsewku 6aceiin, paspe3 Xamxu HOcyduu, ropra ¢ummka 3aapyra, npoda 3, SEMx130.

16. Palmula budensis (Hantken, 1875): OBuenoncku 6aceiiH, pa3pe3 Hemaniy, ropHa ¢uuiika 3aapyra, npoda 5, SEMx180.

17. Bolivina cf. antegressa Subbotina, 1953: OBuenosncku 6aceiin, pa3pe3 Hemanuu, ropra duuika 3aapyra, npoba 8, SEMx140.

18. Bolivina cf. cookei Cushman, 1922: Opuenoncku 6aceiin, pa3pe3 Hemanuu, ropraa ¢mika 3aapyra, npoba 8, SEMx250.

19. Bolivina gracilis Cushman and Applin, 1926: Osuenoncku 6aceiin, pazpe3 Hemanuu, ropra ¢uunmika 3aapyra, mpoda 6, SEMx185.

20. Bolivina nobilis Hantken, 1875: Ouenoncku Oaceiin, pazpe3 Hemanim, ropra ¢amnmka 3aapyra, npoba 12, SEMx325

21. Bolivina reticulata Hantken, 1875: OBuenoncku Gaceiin, paspe3 Hemaniu, ropua ¢uumika 3aapyra, npoda 12, SEMx250.

22. Bolivina scalprata Scwager, 1883: OBuenonckn 6aceiin, paspe3 Hemanim, ropxa ¢ummnika 3aapyra, npooa 10, SEMx250.

Tpboecta mopdorpyna

23. Bathysiphon sp.: Tukseniku 6aceiin, pazpe3 Kpusomak, ropua ¢uuiika 3aapyra, mpoda 1, SEMx110.
24. Hyperammina sp.: TukBemxu 0aceiin, pazpe3 Xawku IOcyduu, ropHa ¢uumika 3aapyra, npoda 2, SEMx150.

XerepomopgpHa Mopdorpyna
25. Percultazonaria fragaria (Gimbel, 1868): OBuenosncku baceiin, pazpes Hemanim, ropua ¢uniika 3aapyra, npoba 10, SEMx110.

Scale bar — 100 pm
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Cushman, B. trigona Terquem, Fursenkoina dibol-
lensis (Cushman et Applin), Caucasina eocaenica
Chalilov, C. tenebricosa Pishvanova, Siphonodosaria
adolphina (d’Orbigny), and Chilostomelloides bal-
khanensis (Dain and Chalilov). The morphogroup
includes shallow to deep infaunal deposit-feeders,
detrivores and bacterial scavengers and could be cor-
related to elongate-flattened and tapered morphogroup
of Severin (1983), tapered/cylindrical one of Corliss
and Chen (1988), morphogroups B (partly) of Jones
and Charnock (1985), 3-b (partly) of Nagy (1992) and
Nagy et al. (1995), A-8 of Tyszka (1994), M4 (partly)
of Szydto (2005), C3 (partly) and J1 (partly) of Reolid
et al. (2008) and Nagy et al. (2009), CM2 (partly) and
AGM2 (partly) of Motamedalshariati et al. (2010).

8) Spherical morphogroup (S). It contains species
of unilocular and inflated planispiral or trochospiral
multilocular tests (Plate III, 8-13): Saccammina pla-
centa (Grzybowski), Lagena humifera Bandy, Lagena
striata (d’Orbigny), Globulina gibba d’Orbigny, Gut-
tulina irregularis (d’Orbigny), and Favulina hexago-
na (Williamson). The foraminifera, included here, are
shallow infaunal detrivores or deposit-feeders. The
S-morphogroup is close to spherical morphogroup of
Corliss and Chen (1988), morphogroups B (partly)
of Jones and Charnock (1985), 2-a (partly) of Nagy
(1992), A3 of Bak et al. (1997), M3 (partly) of Szydto
(2005), B (partly) of Nagy et al. (2009).

9) Flattened tapered morphogroup (FT). This
group includes uniserial, biserial and palmate tests,
with ovate to compressed in cross section, and par-
allel to subparallel sides (Plate 111, 14-22). It is rep-
resented by Spiroplectinella carinata (d’Orbigny), S.
dentata (Alth), Palmula budensis (Hantken), Bolivina
cf. antegressa Subbotina, B. cf. cookei Cushman, B.
gracilis Cushman and Applin, B. nobilis Hantken, B.
reticulata Hantken, and B. scalprata Schwager. This
morphogroup is characterized by shallow infaunal
detrivores and scavengers and it is correlated to the
morphogroup of the same name of Corliss and Chen
(1988), morphogroups 3-b of Nagy et al. (1995), AS of
Bak et al. (1997).

10) Tube-shaped morphogroup (T). This group
combines examples with simple morphology — straight
or curved single tubes having flattened or rounded
cross section (Plate III, 23, 24), and agglutinated
wall (e.g. Bathysiphon sp., and Hyperammina sp.).
Epifaunal suspension-feeders are represented here.
Our morphogroup corresponds to morphogroups A of
Jones and Charnock (1985), 1-a of Nagy (1992) and
Nagy et al. (1995), A-1 of Tyszka (1994), Al of Bak
etal. (1997), A of Reolid et al. (2008).

11) Heteromorphous morphogroup (H). It in-
cludes forms showing two or more types of chamber
arrangement (Plate 111, 25): Percultazonaria fragaria
(Glimbel). Shallow infaunal active deposit-feeders
and grazing omnivores correlated here to morpho-
groups M5 of Szydto (2005) and J2 of Reolid et al.
(2008).
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Distribution of the morphogroups

The morphogroups, described above, does not demon-
strate uniform distribution in the studied area (Fig. 2).
Only two of them — milioline (M) and tapered and cy-
lindrical (T/C), are presented in all sections, while the
heteromorphous (H) (established in Nemanjici section
only) and the tube-shaped morphogroup (T) (recorded
in Hadzi Jusufli and Krivolak sections) are the rarest
ones. The other morphogroups were found in at least
six sections. The greatest variety of test morphologies
is observed in Nemanjici and Krivolak sections, where
10 and 9 morphogroups respectively were described.
On the other hand, Karaorman and Stuka sections (two
and three morphogroups respectively) are with lowest
variety of test morphology. The other studied sections
include 5 to 8 morphogroups.

As could be seen from the distribution of the mor-
phogroups along the sections (Figs. 3-9) there is no
strongly dominating one. For example the most char-
acteristic morphotypes in Nemanjici section (the most
diverse one from test morphology point of view) are
tapered and cylindrical (T/C), plano-convex trochos-
piral (PT) and flattened tapered (FT) morphogroup,
which are recorded in all samples. Krivolak section
represents structure with lower abundance of speci-
mens and main contributors milioline (M), flattened
tapered (FT) and plano-convex trochospiral (PT) mor-
phogroups. Ezevo Brdo, Madzarica and Kadrifakovo
sections are dominated by plano-convex trochospiral
(PT), tapered and cylindrical (T/C) and milioline (M)
morphogroups, but with low specimen abundance,
while in the other studied sections the morphogroups
are represented mainly by single specimens and there-
fore there is no dominating one.

Discussion

The dominating morphogroups from the most rep-
resentative sections — Nemanjici (T/C, PT, FT) and
Krivolak (M, FT, PT), are recorded predominantly in
shallow-water environments in modern (e.g. Corliss,
Chen, 1988; Khare et al., 1995; Alperin et al., 2011,
and others) and ancient seas (e.g. Szydto, 2005; Reolid
et al., 2008; Setoyama et al., 2011, and others). For
example, PT-morphogroup is typical for inner to
middle shelf conditions, FT-morphogroup maxi-
mum abundance ranges from middle to outer shelf.
M-morphogroup is composed entirely of porcelaneous
tests also characteristic for inner to middle shelf. The
peak of T/C-morphogroup is in the upper bathyal
realm, but it is abundant on the shelf as well.

The epifaunal-infaunal data shows that both groups
of tests are equally presented in the Paleogene of the
Republic of Macedonia. Such a ratio is characteristic
for inner to middle shelf conditions.

Generally, the low specimen abundance in the ma-
jority of the sections is an obstacle to make interpreta-
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Fig. 2. Distribution of the morphogroups in the studied sections
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tion about parameters like temperature, salinity, oxy-
gen levels, carbonate dissolution, substrate, nutrition,
dissolved oxygen, illumination, and pollution.

The occurrence of planktonic foraminiferal speci-
mens in the investigated sections is very rare and
uneven — totally 110 specimens in eight sections
(Stojanova et al., 2013), as despite Nemanjici section,
where planktonics occur in almost all samples, in the
other seven sections they are represented by single
specimens only. Thus, the ratio of planktonic/benthic
foraminifera (P/B ratio) is very low (<5%) and it is
typical for inner shelf environment.

Additional data for the paleoenvironmental condi-
tions during the Late Eocene—Early Oligocene could
be obtained from the preservation of the foraminiferal
specimens as well as the presence of larger foraminif-
era and macrofauna. As a whole, the majority of the
foraminiferal tests is badly preserved and deformed,
which is typical for littoral to sublittoral conditions
or due to turbidity flow. On the other hand, nummu-
litids, corals, shallow-water molluscs — Crassatella,
Pecten, Natica, etc. (Maksimovi¢ et al., 1954; Canovic,

19681, 196912, 1970f3; Kemenci, 1968f*), and echin-
ids (Mitrovic-Petrovi¢ et al., 1990) have been previ-
ously found. This fact is another proof for inner shelf
environment.

Conclusions

In the Paleogene sedimentary rocks (Upper Eocene—
Lower Oligocene) from the central and eastern part of

! Canovi¢, M. 1968f. Mikrobiostratigrafsko proucavanje sedi-
mentne serije u profilu busotine Kurjacka Reka -1 (Makedonija). Nafta
Gas, Sector za istrazivanje, Novi Sad, 19 p.

2 Canovi¢ M. 1969f. Rezultati od mikropaleontoloskih ispitivanja
sedimentne serije u busotini Ovée Polje-1 (Makedonija). Nafta Gas,
Sector za istrazivanje, Novi Sad, 38 p.

3 Canovi¢, M. 1970f. Rezultati mikropaleontoloskih ispitivanja iz
busotine TV-1 (Makedonija). Nafta Gas, Sector za istrazivanje, Novi
Sad, 11 p.

4 Kemenci, R. 1968f. Izvestaj o sedimentaloSkim ispitivanjima
Jjezgrovanih naslaga iz busotine KR-1 (Makedonija). Nafta Gas, Sector
za istrazivanje, Novi Sad, 17 p.
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Fig. 7. Distribution of the morphogroups established in Krivolak and Rabrovo sections (legend on Fig. 3)
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Dedeli Section
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®@ur. 8. PaznpocTpanenue Ha ycranoBeHuTe Mopgorpynu B pazpe3u Jdexeaun u Lpua ckana (;1erenna na gur. 3)

Fig. 8. Distribution of the morphogroups established in Dedeli and Crna Skala sections (legend on Fig. 3)



Stuka Section

(_

Fig. 9. Distribution of the morphogroups established in
Stuka section (legend on Fig. 3)

@ur. 9. PasnpocTpaHeHne Ha ycTaHOBeHHTe MOpP(dorpynu B
paspes Lllyka (;1erenga Ha dur. 3)

the Republic of Macedonia we defined and illustrated
eleven morphogroups by arranging taxa according to
morphological features (external test morphology —
test shape and the nature of test coiling — chamber ad-
dition), combined with microhabitats (epifaunal, shal-
low infaunal and deep infaunal) and feeding strategies
(suspension-feeders, herbivores, bacterivores, omni-
vores, etc.). Generally, the investigated assemblages
are slightly dominated by morphogroups characteris-
tic for shallow (inner shelf) environment, but the low
specimen abundance led us to the conclusion that the
foraminiferal data yielded from the majority of the
sections are not reliable for paleoecological implica-
tions. Therefore, additional foraminiferal data (pres-
ervation of benthic foraminiferal tests, P/B ratio) as
well as data from other fossil groups have been used
to confirm our results.
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