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Abstract. Middle Eocene foraminiferal assemblages have been analyzed from three representative sections of bathyal 
deposits cropping out along the Brodina Valley and Voroneţ Valley in the northern part of the Tarcău Nappe (Eastern 
Carpathians, Romania). The foraminiferal assemblages are dominated by coarsely agglutinated taxa characteristic 
of the “flysch – type” foraminiferal biofacies. The depositional setting was probably upper to middle bathyal, as 
suggested by the abundance of the tubular forms. The morphogroup analyses showed variations in tubular and 
infaunal morphotypes, suggesting fluctuations in the organic matter input, oxygenation, and disturbing bottom water 
currents. Based on the presence of Ammodiscus latus, Reticulophragmium amplectens, Haplophragmoides parvulus, 
Spirosigmoilinela compressa, Psamminopelta gradsteini and the high abundances of Reophax pilulifer, the studied 
deposits can be assigned to the upper part of the middle Eocene.
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INTRODUCTION

The Tarcău Nappe (Joja, 1955) of the northern Moldavides 
(Săndulescu, 1984) exposes middle Eocene deposits 
throughout a relatively large area between Suceava and 
Moldova valleys. This study focuses on three representative 
sections of middle Eocene bathyal deposits cropping out 
along the Brodina Valley (two sections: BV1 - N47.8320, 
E25.41171, and BV2 - N47.80787, E25.33287 – Fig. 1) and 
Voroneţ Valley (N47.30196, E25.52240). The reason for 
treating all three sections in one study was related to similar 
features of the foraminiferal assemblages.

The studied sections are part of the Tazlău Formation 
(Atanasiu, 1943; Ionesi, 1971) with facies variations on Brodina 
and Voroneţ valleys due to different geotectonic settings 
(Săndulescu, 1984); these facies variations can be observed 
also in the distribution of the foraminiferal assemblages.

The studied sections consist of medium-grained 
siliciclastic turbidites with Tb-c and Tc-e divisions of Bouma 
sequence corresponding to the middle part of turbiditic fans.

The objectives of this study are to describe the 
assemblages of foraminifera from the three sections; to 
create a quantitative and qualitative description of these 
assemblages; to describe their morphology and paleoecology 
in order to establish the biostratigraphy and to interpret the  
paleoenvironmental settings in the studied areas. This study 
is part of an extended research in the northern Tarcău Nappe, 
aimed to obtain a clear picture of the spatial distribution 
and evolution of paleoenvironmental parameters under the 
influence of the turbiditic flows and of the sedimentary input.

MATERIAL AND METHODS

The first studied section is located near the Brodina village 
on the upper course of the Brodina Valley (BV1 – Fig. 1). 
Eighteen samples were collected from the outcrop made of 
alternating decimetric bedded green sandstones and clays in the 
basal part and reddish sandstones and clays are characteristic 
for the upper part (Fig. 2). The second section (BV2 – Fig. 1) 
is placed upstream of BV1, between the Brodina de Jos and 
Brodina de Sus villages. Four samples were collected from 
the decimetric to metric greenish clays intercalated in massive 
sandstone banks (Fig. 2). South of the above mentioned 
sections, on the Voroneţ stream (Fig. 2), we collected two 
additional samples from the greenish mudstones intercalated 
in the sandstones of a strongly tectonized turbidite section.

Samples (250 g of sediment) were processed using the 
standard micropaleontological methods (Armstrong and 
Brasier, 2005) and collected from a 63 µm mesh sieve. Where 
possible, more than 300 specimens of foraminifera were picked. 
Primary identification was done under the stereomicroscope, 
while several specimens were examined in detail with a 
scanning electron microscope at the Electron Microscopy 
Center of the Babeş-Bolyai University. Quantitative data 
were calculated for the foraminiferal assemblages using the 
computer software PAST (Hammer et al., 2001): 

- Fisher’s α diversity index – in order to predict the number 
of species in a population which are represented by one 
individual, two individual, etc.

- Shannon Weaver index – taking into account both the 
number of species and the distribution of the individuals 
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Fig. 1. Location of the investigated sections. a: Quaternary, b: Upper Miocene, c: Middle Miocene, d: Lower Miocene, 
e: Oligocene, f: Upper Eocene, g: Paleocene - Eocene, h: Upper Cretaceous - Paleocene, i: Upper Cretaceous, j: Lower 
Cretaceous, k: Triassic, l: Mesozoic magmatites, m: Paleozoic metamorphic rocks n: faults, o: digitations, p: anticline 
(symmetrical, overturned), r: syncline (symmetrical, overturned), s: location of the investigated section (modified after 
the Geological Map of Romania, 1:200.000, Rădăuţi sheet; Joja et al., 1968).

Fig. 2. Sedimentary logs of the studied sections.
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among species (Murray, 1991). Species with low frequencies 
contribute little to the value of diversity. The maximum 
value of the diversity occurs when all species have equal 
frequencies (Buzas and Gibson, 1969).

- Evenness – in order to measure the distribution of 
individuals among the species in an assemblage.

- Simpson index (1-Dominance) – for estimating the 
probability that two individuals from an assemblage belong 
to different species.

Palaeoecological methods also included the analysis of 
agglutinated foraminifera morphogroups (Corliss, 1985; 
Jones and Charnok, 1985; Corliss and Chen, 1988; Nagy et 
al., 1995; Van der Akker et al., 2000; Kaminski and Gradstein, 
2005; Cetean et al., 2011; Murray et al., 2011; Setoyama et 
al., 2011, 2013). The lithologic log was drawn using the 
StratDraw application (Hoelzel, 2004), while the abundance 
graphics with GpalWin (Goeury, 1997). 

Tubular tests were counted as one individual each for the 
Brodina Valley 2 and Voroneţ sections, while for the Brodina 
Valley 1, where the tubular forms were fragmented, were 
counted as 3 pieces for one individual. The biostratigraphical 
interpretation is based on the agglutinated foraminifera 
zonations proposed by Morgiel and Olszewska (1981) and 
Kaminski and Gradstein (2005).

RESULTS

Composition of foraminiferal assemblages
Most samples (except for sample 3 from the BV2 section) 

contain abundant foraminifera assemblages (Appendix 1), 
with moderate to good preservation. As opposed to BV2 
(where the assemblages are made of agglutinated taxa only), 
benthic and planktic foraminifera were also identified at BV1 
and Voroneţ in lower proportions. Most common species 
are Nothia excelsa, Rhabdammina sp., Psammosiphonella 
cylindrica, Saccammina sp., Reophax duplex, R. globosus, 
R. pilulifer, Trochamminoides subcoronatus, T. variolarius, 
Reticulophragmium amplectens and Haplophragmoides 
horridus; less represented are: Ammodiscus latus, Reophanus 
berggreni, Eratidus gerochii and Haplophragmoides 
parvulus. The assemblages in all investigated sections occur 
in fine grained turbidites and are dominated by cosmopolitan 
coarse grained agglutinated taxa.

Foraminiferal morphogroups and diversity analyses
Morphogroup and diversity analyses were applied 

to middle Eocene foraminifera for palaeoenvironmental 
interpretation in the northern Tarcău Nappe. Morphogroup 
analyses are based on functional morphology stating that 
species with distinct test shapes have different habitats and 
feeding strategies (Corliss, 1985; Jones and Charnock, 1985; 
Murray et al., 2011). Jones and Charnock (1985) showed that 
the general morphology of the foraminiferal test is related to 
the preferred ecological niches, therefore foraminifera can be 
divided into morphotypes. Their scheme has been modified 
and applied in palaecological studies by further authors 
(Nagy et al., 1995; Bąk et al., 1997; Peryt et al., 1997, 2004; 
Van der Akker et al., 2000, Szydło, 2004, 2005; Lemańska, 
2005; Reolid et al., 2008; Kender et al., 2009; Cetean et al., 
2011; Murray et al., 2011; Setoyama et al., 2011; Bindiu and 
Filipescu, 2011; Bindiu et al., 2013, Setoyama et al., 2013). 

The agglutinated foraminiferal morphogroup scheme used in 
this research is based on the work of Cetean et al. (2011) and 
Setoyama et al. (2013). 

All agglutinated foraminifera morphogroups are present 
in the assemblages from the three studied sections (Fig. 3). 
M1 morphogroup (tubular forms), represented by suspension 
feeders, is poorly represented in marginal marine areas and 
very abundant in middle and lower bathyal zones. This 
morphogroup is common in deep marine environments with 
low organic matter flux (Kaminski and Gradstein, 2005; 
Cetean et al., 2011; Setoyama et al., 2011, 2013); it can be 
also very abundant in bathyal environments with high organic 
flux and low oxygen values (e.g., modern day species of the 
genus Bathysiphon – Koho, 2008 and extinct taxa including 
Nothia robusta and N. excelsa – Kender et al., 2008).

The M2 morphogroup (globular, rounded trochospiral and 
streptospiral, planoconvex trochospiral and elongate keeled 
tests) is characterized by suspension and/or deposit feeders 
from the marginal marine to abyssal environments (Setoyama 
et al., 2013). The M3 epifaunal morphogroup (flattened 
planispiral, irregular, trochospiral and streptospiral test form) 
have an active and passive feeding habit; morphotype M3a 
occurs in lagoon to abyssal environments while morphotypes 
M3b and M3c are common in deep-water environments 
(Nagy et al., 1995). The M4 morphogroup (M4a – epifauna 
and/or shallow infauna with rounded planispiral tests; M4b 
elongated deep infauna) consists of active deposit feeders, 
which are good indicators of increased organic flux (Nagy et 
al., 1995, 1997). 

A high abundance of M1 (tubular forms of Nothia 
excelsa), but low diversity (Fig. 3) was observed in sample 
8 of BV1. Morphogroups are evenly distributed in the other 
samples and the diversity is moderate (Fig. 4).

M1 morphogroup and M4b morphotype (elongate infaunal 
forms) are present in relatively high and similar proportions 
while the other morphogroups display small variations in 
BV2 and Voroneţ. The diversity (Fig. 4) is moderate (Fisher 
α: 11.31-15.36; Shannon Weaver: 2.87 – 3.29; Eveness (0.79 
– 0.85) and Simpson: 0.84-0.94).

Biostratigraphy
Based on the presence of Ammodiscus latus, 

Reticulophragmium amplectens, Haplophragmoides 
parvulus, Spirosigmoilinela compressa and Psamminopelta 
gradseini, the assemblages belong to the upper part of the 
middle Eocene in all three sections. These taxa are well 
known to have their first occurrence in the middle Eocene 
(Mjatliuk, 1970; Morgiel and Olszewska, 1981; Geroch and 
Nowak, 1984; Kaminski et al., 1988, 1989; Olszewska, 1997; 
Kaminski and Gradstein, 2005). Reophax pilulifer is present 
in relatively high proportions (13% from the assemblages) 
(mostly at BV1 and Voroneț); the bioevent is typical for 
the upper part of the middle Eocene and was also noticed 
in the Polish Carpathians (Morgiel and Olszewska, 1981; 
Cieszkowski et al., 2011). 

A relatively high number of Reticulophragmiunm 
amplectens individuals were observed at the Voroneţ 
section. The first occurrence this taxon is known as middle 
Eocene (Kaminski and Gradstein, 2005); its abundance 
defines the middle Eocene R. amplectens Zone mentioned 
by Joja et al. (1963), Agheorghiresei at al. (1967), Bratu 



48

Studia UBB Geologia, 2014-2015, 59 (1-2), 45 – 59

Bindiu & Filipescu

Fi
g.

 3
. D

is
tr

ib
ut

io
n 

(in
 p

er
ce

nt
ag

es
) o

f a
gg

lu
tin

at
ed

 fo
ra

m
in

ife
ra

 m
or

ph
og

ro
up

s.



49

Studia UBB Geologia, 2014-2015, 59 (1-2), 45 – 59

Foraminiferal biostratigraphy and paleoenvironments from the Tarcău Nappe

Fig. 4. Diversity indexes at Brodina Valley 1, Brodina Valley 2 and Voroneţ sections.

(1975), and Săndulescu et al. (1987) in the Romanian 
Carpathians, and by Geroch and Nowak (1984) in the 
Polish Carpathians. Gradstein et al. (1994) extended the 
range of the R. amplectens Zone into the late Eocene for the 
North Sea and Labrador Shelf. Unfortunately, planktonic 
foraminifera (Acarinina sp., Globigerina sp. and Subbotina 
sp.) occur only in sample 2 of the Voroneţ section and are 
poorly preserved; thus the application of the biozonations 
based on planktonic foraminifera cannot be applied for  
this study.

DISCUSSION AND INTERPRETATION

Distribution of the morphogroups in BV1 section 
showed significant proportions of M2a (globular forms of 
Saccammina, Psammosphaera), M2b (rounded trochospiral 
and streptospiral taxa – Recurvoides spp.) and M3c 
(flattened streptospiral forms of Paratrochamminoides and 
Trochamminoides) morphogroups in the basal and upper part 
of the section. 

This suggests stable palaeoenvironmental conditions 
with relatively high organic matter content and hypoxic 
condition. The hypoxic conditions are probably a result of the  
oxidation of the organic matter causing a depleting of oxygen 
in the bottom waters. Recent turbidite subenvironments 
tend to be generally hypoxic as revealed by the presence 
of high infaunal benthic species (Koho, 2008; Duros et 
al., 2011, 2013). This interpretation seems to be confirmed 
by the moderate to high values of diversity indexes in  
these intervals. 

A major change was observed in sample 8 (Fig. 3) 
where the M1 (represented by Nothia excelsa) is exclusive, 
suggesting low energy, middle to lower bathyal environments  
with low organic flux. This is confirmed by the very low values 
of the diversity recorded in sample 8 (Fig. 4). This change 
could be interpreted as deep marine paleoenvironments 
without any turbiditic flow in which the organic matter didn’t 
reach at the sea floor.

M1 (Rhabdammina sp., Nothia excelsa – Plate I) and 
M4b (Karrerullina coniformis, K. horrida, Reophax pilulifer 
- PlateII) display similar proportions and distribution in BV2, 
suggesting stable environmental conditions with moderate 
organic matter flux and oxygenation. 

Distribution of morphogroups and diversity values at 
Voroneț suggest a minor change of the organic matter flux 
and oxygenation between samples 1 and 2. While the M1, 
M2a, M3a and M4a participation and the diversity are 
moderate in sample 1, the percentage of tubular forms (M1) 
decreases as they are replaced by the M2a (globular forms) 
and M4b (elongate and subcylindrical forms) in sample 2 and 
the diversity is higher. This change suggests a higher content 
of nutrients and hypoxic conditions on the substrate for the 
second sample. Favorable conditions are also suggested by a 
higher diversity and presence of ichnofossils. 

For both BV2 and Voroneț sections a recolonisation 
of the substrate after the deposition of coarser sediments 
can be suggested by the distribution of the foraminiferal 
assemblages.

The presence of large size specimens with coarse grained 
tests and the presence of infaunal groups (Karrerulina 
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individuals, Reophax individuals – Plate II) reflect variable 
conditions in the palaeoenvironments with episodes with an 
increased supply of clastic material to the sea floor; these 
conditions are similar with those described for the same 
age deposits from the Polish Carpathians (Cieszkowski  
et al., 2011).

Bathymetrically, these foraminiferal assemblages 
are characteristic for upper to lower bathyal settings; 
the paleobathymetry is confirmed by the presence of the 
Psammosphaera irregularis, Placentammina placenta, 
Reophanus berrgreni, Eratidus gerochi, Haplophragmoides 
horridus, H. kirki taxa, reported only for this type of 
environments (Kaminski and Gradstein, 2005). Typical 
deep water agglutinated foraminifera, the dominance of 
the tubular forms and the presence of the coarse grained 
tests allow framing the assemblages into the “flysch-type” 
agglutinated foraminiferal biofacies, characteristic to the  
Carpathian basin during the Cretaceous to Oligocene 
(Kaminski and Gradstein, 2005). The very rare planktonic 
foraminifera and calcareous benthics (small percentages 
at Voroneț) also point to deep water settings, probably  
below the CCD.

CONCLUSIONS

Biostratigraphic analyses on agglutinated foraminifera 
from the Brodina Valley and Voroneţ sections (northern Tarcău 
Nappe of the Eastern Carpathians) demonstrated the late 
middle Eocene age. The micropaleontological assemblages 
have a high potential for stratigraphic correlation at  
regional scale.

The foraminiferal assemblages are dominated by 
agglutinated species with tubular forms (Psammosiphonella 
cylindrica, Nothia spp., Bathysiphon sp.), globular 
(Saccammina spp., Psammosphaera spp.), coiled (Recurvoides 
spp., Reticulophragmium spp.) and flattened streptospiral 
(Paratrochamminoides spp., Trochamminoides spp.).

The foraminiferal assemblages are typical for “flysch-
type” biofacies, characteristic to upper bathyal to lower 
bathyal settings, with turbiditic and hemipelagic deposition. 
The dominance of agglutinated foraminifera suggests 
deposition below the CCD.

The irregular morphotype distribution, combined with 
fluctuating diversity values along the sections suggest changes 
in the amount of oxygen, organic matter and energy at the sea 
floor, probably caused by the palaeoenvironmental instability 
typical for the turbiditic systems.
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Plate I. 

Fig. 1. - Nothia excelsa (Grzybowski) (Brodina Valley 1) - sample 8; 
Fig. 2. - Rhabdammina linearis Brady (Brodina Valley 1) - sample 12; 
Fig. 3. - Psammosphaera fusca Schultze (Brodina Valley 2) - sample 1; 
Fig. 4. - Ammodiscus tenuissimus Grzybowski (Brodina Valley 2) - sample 2; 
Fig. 5. - Psamminopelta gradsteini (Matsunaga) (Brodina Valley 1) - sample 12; 
Fig. 6. - Reophanus berggreni Gradstein & Kaminski (Brodina Valley 1) - sample 9; 
Fig. 7. - Saccamminoides carpathicus Geroch (Voroneţ) - sample 1; 
Fig. 8. - Hormosina velascoensis (Cushman) (Voroneţ) - sample 1; 
Fig. 9. - Paratrochamminoides heteromorphus (Grzybowski) (Brodina Valley 1) - sample 13; 
Fig. 10. - Trochamminoides grzybowskii Kaminski & Geroch (Voroneţ) - sample 1; 
Fig. 11. - Praesphaerammina subgaleata (Vašiček) (Voroneţ) - sample 2; 
Fig. 12. - Ammobaculites agglutinans (d’Orbigny) (Brodina Valley 1) - sample 7; 
Fig. 13. - Reticulophragmium amplectens (Grzybowski) - (Voroneţ) - sample 1.
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Plate II. (Scale bar - 100µm).

Fig. 1. – Rhabdammina sp. (Voroneţ) sample 1; 
Fig. 2. – Psammosphaera irregularis (Grzybowski) (Brodina Valley 2) sample 2; 
Fig. 3. – Ammodicus cretaceus (Reuss) (Voroneţ) sample 2; 
Fig. 4. – Glomospira charoides (Jones & Parker) (Brodina Valley 1) sample 17; 
Fig. 5. – Reophax pilulifer Brady (Brodina Valley 2) sample 1; 
Fig. 6. – Haplophragmoides walteri (Grzybowski) (Brodina Valley 1) sample 3; 
Fig. 7. – Ammosphaeroidina pseudopauciloculata (Mjatliuk) (Voroneţ) sample 1; 
Fig. 8. – Karrerulina coniformis (Grzybowki) (Voroneţ) sample 2; 
Fig. 9. – Karrerulina horrida (Mjatliuk) (Brodina Valley 2) sample 4; 
Fig. 10. – Reticulophragmium amplectens (Grzybowski) (Voroneţ) sample 2.
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