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Chapter I. Introduction 
 

 Fossil foraminifera became the main subject of this thesis as we started to 

study the turbiditic sequences in the southwestern part of the East Carpathians, as a 

part of the collaboration between the OMV Petrom and the Department of Geology of 

the Babeş-Bolyai University. For a better stratigraphic characterization of the 

Oligocene – Miocene transition in the southern part of the East Carpathians, several 

characteristic sections exposing the Oligocene – Lower Miocene bituminous anoxic 

facies in the East Carpathians were chosen. The outcrops are located in the Bizdidel 

Valley, near the town of Pucioasa (Dâmboviţa district) and the Teleajen Valley, in the 

vicinity of Gura Vitioarei – Vălenii de Munte localities (Prahova district).  

 The initial objective was to study fossil foraminifera assemblages from the 

Oligocene – Lower Miocene interval, but in order to make a better characterization of 

the depositional environments, in the Pucioasa section we studied older (Cretaceous) 

and younger (Pontian) sediments as well.  

 Although the area was studied before, the facies control over the foraminifera 

assemblages was poorly studied and understood so far. Therefore, the aims of the 

present study are the following:  

1. To document and describe the recovered foraminifera assemblages, including 

a taxonomic analysis.  

2. To reassess the biostratigraphy of the studied geological units based on 

micropaleontological assemblages.  

3. To reconstruct the paleoenvironments in the southern part of the Eastern 

Carpathians during the Cretaceous to Miocene based on micropaleontological 

and sedimentological data.  

4. To compare the micropaleontological assemblages and inferred 

paleoenvironments between the investigated sedimentary basins in order to 

gather a better image on the basinal evolution. 



Chapter II. Geology of the studied area 
 

 The Carpathian folded area includes deformed remnants of the Tethyan 

oceanic crust and of its continental margins; it is the result of several tectonic events 

that took place in the Cretaceous and Miocene (Săndulescu, 1994).  

 The East Carpathians can be divided in the Inner and Outer zones (Fig. 1). The 

outer part of the East Carpathian folded chain consists of cover nappes (Săndulescu et 

al., 1981), which are sedimentary allochtonous bodies overthrust progressively above 

the foreland (European, Scythian and Moesian Platform) (Săndulescu, 1984). 

 The studied area encompasses Upper Cretaceous to Miocene deposits that are 

outcropping in the Bizdidel Valley, near Pucioasa (Dâmboviţa district) and Oligocene 

– Lower Miocene deposits outcropping in the Teleajen Valley, near Gura Vitioarei 

(Prahova district). During this interval, the epiclastic sediments were supplied by two 

main sources: the foreland in the east (external source), and the “cordilleras” or the 

already structured (mostly Cenozoic) internal units of the East Carpathians in the west 

(internal sources) (Săndulescu, 1994). Therefore, one of the main reasons of this study 

was to compare the microfossil assemblages and sedimentary paleoenvironments from 

distinct basins in order to get a better image on the basinal evolution.  

 The investigated Upper Cretaceous sediments belong to the Moldavides, more 

specifically to the “variegated clays” nappe (Ştefănescu, 1995), while the Oligocene – 

Lower Miocene deposits are developed in the Tarcău Nappe (Rusu et al., 1996). 

 



 
Figure 1. The geological map of the East Carpathians (after Bădescu, 2005) 

 



Chapter III. Previous research in the studied area 
 

 The idea of a structure in overthrust nappes of the East Carpathians goes back 

to the beginning of the 20th century and was issued by Uhlig (1907), who worked out 

a comprehensive monograph of the whole Carpathian Mountain Range (1903) (fide 

Marinescu, 1972).  

 Mrazec and Popescu-Voiteşti (1912) support the idea of the Carpathian 

“Flysch Zone” being a structure of overthrust nappes, mainly based on the numerous 

geological investigations they carried out in the valleys of the East and South 

Carpathians.  

 Systematic geologic studies where also carried out by Mrazec and Teisseyre 

(1902, 1907); whilst Teisseyre, (1911) compiled the first geologic map of the Vălenii 

de Munte area (fide Preda, 1925).  

 Athanasiu (1907) introduced to the literature the definition of the Middle 

Eocene Tarcău Sandstone (fide Dumitrescu, 1952 and Pătruţ, 1955).  

 The definition of the “Pucioasa beds” was given by Mrazec in 1911 (fide 

Mrazec and Popescu-Voiteşti, 1912) for the marly deposits outcropping above the 

Fusaru Sandstone, near the Pucioasa locality.  

 The Fusaru Sandstone was separated for the first time in the Carpathians by 

Popescu-Voiteşti in 1909 (fide Popescu-Voiteşti, 1911); it was named after the Fusaru 

Peak (731 m) in the Ialomiţa Valley (Dâmboviţa district), from its typical outcroping 

area.  

 Popescu (1952) defined for the first time the Pucioasa Formation with Fusaru 

Sandstone, and attributed it to the Oligocene.  

 Definition of the Tarcău Nappe as a plurifacial unit was given by Dumitrescu 

(1948, 1952). Although the sedimentary deposits forming the Tarcău Nappe are 

Cretaceous to Oligocene, the Eocene Tarcău Sandstone facies is the one that 

characterizes this unit (Dumitrescu, 1952).  

 With the second half of the 20th century, geologic investigations become more 

specific, focusing on micropaleontological, sedimentological and tectonic aspects of 

the East Carpathians.  

 



Chapter IV. Material and methods 
 

 109 samples of claystones (approximately 500g/sample) were collected on 

four occasions (October and November of 2009, March and June of 2010) from the 

banks of the Bizdidel stream, a tributary of the Ialomiţa River. Additionally, 46 

samples were collected from the Teleajen River valley on two occasions (July and 

October of 2010). 12 samples were supplied by the exploration division of OMV 

Petrom; unfortunately, none of these samples presented a micropaleontological 

content. The micropaleontological sampling was correlated to the sedimentological 

characters, with the help of Dr. Emanoil Săsăran and Răzvan Bercea, in order to 

obtain a more reliable image on the depositional environment.  

 The micropaleontological samples were processed according to standard 

micropaleontological methods: 1. sediment samples were dried; 2. 250 g from each 

sample was boiled in tap water, with one tablespoon of sodium carbonate (Na2CO3) 

added; 3. samples were washed over a 63 µm brass mesh sieve, to remove the clay 

content; 4. the resulted residue was dried; and if necessary, it was treated with 0,3% 

hydrogen peroxide (H2O2) to further disintegrate the clay minerals; 5. the treated 

material was washed again and dried.  

 All foraminifera > 63 µm were picked from the dried wash residue. The 

picked individuals were mounted on lightly glued cardboard microslides, then were 

sorted by species and counted.  

 Methods used in this study include paleoecological quantitative indices 

(relative and absolute abundance, generic dominance), agglutinated foraminifera 

biofacies, agglutinated foraminifera morphogroups, calcareous benthic morphogroups, 

planktonic / benthic (P/B) ratio and benthic foraminifera oxygenation index (BFOI). 

The benthic foraminifera assemblages were used to make estimations on 

paleoecological conditions. Interpretations of the fossil record depend largely on 

comparison with modern ecology (Murray, 2006); therefore direct comparisons 

between the fossil material and a selection of papers describing the ecology of modern 

environments was used to document paleoenvironmental changes in the studied area.  

 



Chapter V. Results 
 

5.1. Pucioasa section (Bizdidel Valley) (Fig. 2) 
 

 The sedimentary facies and associated micropaleontological content were 

analyzed as part of a project funded by OMV Petrom; therefore the results will be 

presented according to the report of Filipescu et al. (2010). 

 

 
Figure 2. Geological map of Pucioasa showing the sampled interval in the Bizdidel Valley (after 

Ştefănescu et al., 1988) 
 



5.1.1. Upper Cretaceous 

 

 Gray-brown clays and grey sands with high muscovite content are outcropping 

in the beginning of the studied section. The locally developed coarse deposits 

(conglomerates, microconglomerates, sandstones, and mudstones) have lenticular or 

sheet geometries, with erosional bases and display oblique structures, horizontal 

laminations and deformational structures. 

 In the northern part of the studied section duplications of the lithological 

structures were observed. The Upper Cretaceous grey sandstones and mudstones are 

alternating with the Eocene variegated clays. 

 The Cretaceous planktonic foraminifera assemblage is rich in small 

Heterohelix spp. and Macroglobigerinelloides spp. in addition to Globotruncana arca 

and Rugoglobigerina rugosa. Even if we did not record the zonal marker, according to 

Premoli-Silva and Verga (2004) the assemblage identified in the grey sands from the 

northern portion of the investigated section in Bizdidel Valley, corresponds to the late 

Maastrichtian Abathomphalus mayorensis Zone, the Interval Zone from the FO of 

the nominal taxon to the extinction of most Cretaceous planktonic foraminifera. 

 Calcareous nannoplankton is also diagnostic for the Late Cretaceous, and 

indicates a post Campanian age (CC18 Broinsonia parca parca Biozone) (Bălc in 

Filipescu et al., 2010). 

 The agglutinated foraminifera assemblages identified in the Upper Cretaceous 

samples resembles the “flysch-type” assemblage (FTA) described by Kaminski and 

Gradstein (2005) from bathyal slope environments. Morphogroup analysis of 

agglutinated foraminifera reveals oxic environments for the Upper Cretaceous in 

Bizdidel Valley. Based on morphogroup analysis the calcareous benthic foraminifera 

assemblages reveal an oxic environment for the Late Cretaceous in Bizdidel Valley. 

 

5.1.2. Paleogene 

 

 Variegated (red-green) claystones and marlstones outcrop in the northern part 

of the Pucioasa section; intercalated between the Upper Cretaceous grey sandstones 

and mudstones. These finer sediments are strongly affected by tectonics and 

diagenesis: horizontal laminations, secondary coloring, and nodular structures could 

be observed.  



 The planktonic foraminifera identified in the samples B03, B89, B99, B100, 

and B102 show clear affinities towards an Eocene age. The genus Globigerinatheka 

first appears close to the early/middle Eocene boundary (Tourmakine and 

Luterbacher, 1985, Sexton et al., 2006). The identified Subbotina species are global in 

low to high latitudes (Pearson et al., 2006), but an increase in abundance of high-

spired subbotinids is recoded in the late Eocene (Premoli-Silva et al., 2003).  

 The late Eocene age is also supported by the calcareous nannoplankton 

assemblages indicating the NP19 Zone with Istmolithus recurvus (Bălc in Filipescu et 

al., 2010). 

 Morphogroup analysis of agglutinated foraminifera revealed oxygenated 

bottom waters, with low to moderate organic matter flux during the Eocene. The 

agglutinated foraminifera assemblage identified in the variegated clays resembles the 

“flysch-type” agglutinated foraminifera biofacies (FTA) described by Kaminski and 

Gradstein (2005). These are typical for the Paleogene turbiditic formations in the 

Carpathian area. The morphogroup analysis of calcareous benthic foraminifera 

revealed the dominance of the epifaunal morphotypes, considering the studies of 

Corliss and Fois (1990) this could indicate deep-water environments. 

 

5.1.3. ? Oligocene to Miocene 

 

 The lithology changes downstream the section from variegated clays to sandy-

shaly turbiditic sediments of the Pucioasa Formation. The oldest deposits of the 

Pucioasa Formation outcrop in the core of an anticline and are part of the Fusaru 

Sandstone (between samples B42 to B54). They are represented by turbidites filling 

submarine channels and hemipelagites. The levee and overbank deposits occur at the 

base of the succession (samples B45, B46, and B47) and consist of fine to medium-

grained sands with clay and silt intercalations. Approximately 300 m upstream of 

sample B14, the outcropping sediments suggest a deltaic environment (samples B31, 

B32, B33, B54, and B55). A rich organic facies (Pucioasa-type bituminous shales) 

was identified towards the upper part of the succession in the north (samples B104, 

B120, B121, and B122). Downstream, a lagoonal-evaporitic facies with gypsum and 

organic rich clays and bioturbated marls were identified (samples B79-B83). The silt 

and silty clays between samples B66-B70 are rich in fossils, mainly bivalves and 

ostracods, indicating shelf environments and a Pontian age.  



 The dark grey laminated marls of the Pucioasa Formation revealed poor fossil 

foraminifera assemblages, but however characteristic for the depositional 

environment. Many of the calcareous foraminifera tests are partially or entirely 

pyritized as a consequence of poor oxygenation. 

 Beside the long ranging planktonic foraminifera (Tenuitella clemenciae, 

Tenuitellinata juvenilis, Tenuitellinata selleyi, Globigerina lentiana, Globigerina 

praebulloides, Globigerina officinalis, Globigerina ouachitaensis, and Turborotalia 

quinqueloba) that are frequent in the Central Paratethys (Rögl and Nagymarosy, 2004; 

Roetzel et al., 2006) several typical Lower Miocene taxa were found (Globoquadrina 

dehiscens, Globigerinoides primordius, and Globigerinoides quadrilobatus) (Popescu, 

1999; Spezzaferri, 1994). According to Popescu and Crihan (2011) Turborotalia 

quinqueloba is frequent in Lower and Middle Miocene of the Paratethys, while 

Globoquadrina dehiscens and Globoquadrina langhiana occurs until the early Middle 

Miocene (lower Badenian) deposits in Romania.  

 Calcareous nannoplankton confirms the Early Miocene age by the presence of 

Sphenolithus belemnos (NN3 Zone) and Helicosphaera ampliaperta (NN4 Zone) 

(Bălc in Filipescu et al., 2010). 

 The presence of tenuitellid foraminifera suggests open marine connections 

with the Indo-Pacific area (Filipescu and Silye, 2008; Beldean et al., 2012). 

 Morphogroup analysis of the agglutinated foraminifera assemblages in 

samples B106, B105 and B56a (Fig. 3) revealed the dominance of the flattened 

planispiral and streptospiral morphotypes (e.g. Ammoanita ruthvenmurrayi, 

Ammosphaeroidina pseudopanciloculata, Conglophragmium irregularis, Glomospira 

charoides) classified in the M3a morphogroup. The agglutinated foraminifera 

assemblages indicate deep-water, possible bathyal environments.  

 Calcareous benthic foraminifera assemblages reflect dysoxic conditions; deep 

infaunal species, tolerant of low oxygen conditions, dominate the calcareous benthic 

foraminifera assemblages between samples B33 – B84 in the Pucioasa Formation. 

According to Bernhard (1986) the dominant foraminifera from Miocene anoxic 

assemblages include Bolivina, Fursenkoina, Uvigerina and Valvulineria. Virgulinella 

is also restricted to dysoxic environments. 
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Figure 3. Relative abundance of agglutinated foraminifera morphogroups in Miocene assemblages 

from Bizdidel Valley 
 

 The ostracod fauna identified in the southernmost samples (that are not part of 

the Pucioasa Formation) indicates a late Pontian (Late Miocene) age (Wanek in 

Filipescu et al., 2010).  

 

5.2. Gura Vitioarei section (Teleajen Valley) 
 

 Gura Vitioarei section (Fig. 4) is dominated by alternating clay and sandstone 

turbidity flows. A bentonised volcanic tuff layer (Vălenii de Munte Tuff), located at 

the lower part of the studied section is intercalated in the turbidites. Black bituminous 

shales marke the top of the studied sedimentary interval. Incomplete Bouma 

sequences, debris flows, high density flows, convolute structures in sandstones 

(frequent and typical for this outcrop), climbing ripples, and also deformational 

structures in volcanic tuff, are common in the investigated siliciclastic deposits. 

 The investigated fine sediments in the Gura Vitioarei section revealed very 

poor foraminifera assemblages. Foraminifera tests are often pyritized or poorly 

preserved. Siderite crystals were found in several samples. Bituminous shales are 

present and indicate reduced oxygen conditions.  

 



 
Figure 4. Geological map of Gura Vitioarei showing samples location in the Teleajen Valley (after, 

Murgeanu et al., 1967) 
 

 No index taxa were identified among the plantkonic foraminifera assemblages. 

Based on the stratigraphic ranges proposed by several authors (Popescu and Crihan, 

2011; Rögl, 1994; Rögl and Nagymarosy, 2004; Spezzaferri, 1994) the identified 

planktonic taxa (Globigerina ciperoensis, Globigerina ottnangensis, Globigerina 

steiningeri, Globigerinella obesa) suggest a Lower Miocene age for most of the Gura 

Vitioarei section.  

 Based on the occurrences of Preorbulina glomerosa glomerosa and 

Globigerinoides bisphericus in sample GV2b, Globorotalia praescitula in sample 



GV2, Globoquadrina altispira in sample GV4, Globorotalia bykovae in sample 

GV29, an early Badenian age cannot be excluded, even if the number of specimens is 

very low and the preservation is poor.  

 A more reliable age assumption is given by calcareous nannoplankton 

assemblages. Quantitative analysis shows a high abundance of Helicosphaera 

ampliaperta, also sporadic occurence of Discoaster variabilis and Sphenolithus 

heteromorphus, which places the studied interval in the top of Biozone NN4 (late 

Early Miocene to early Middle Miocene). This gives a new interpretation on the age 

of the investigated section. 

 The agglutinated foraminifera are assemblages are diagnostic for deep-water 

turbiditic settings. Local abundance of Glomospira charoides was recorded in sample 

GV17. The presence of calcareous benthic foraminifera characteristic for shallow 

waters (e.g. Ammonia, Asterigerinata and Elphidium) does not fit the depositional 

environment. Additionally, the tests of calcareous benthic specimens (Bulimina, 

Uvigerina, Pyrgo, and Lenticulina) are corroded and damaged. All these could 

indicate that the calcareous benthic specimens were transported from the shallower 

environments by the turbidity currents. 

 Similarities and differences were observed between the foraminifera 

assemblages from Pucioasa and Podu Morii formations. Similarities consist in the 

strongly reduced benthic assemblages, and the partially or entirely pyritized 

calcareous foraminifera tests, as a consequence of poor oxygenation. The Pucioasa 

Formation is distinguished from the Podu Morii Formation by the presence of 

calcareous benthic assemblages adapted to low oxygen conditions. Agglutinated 

foraminifera were identified in both formations; the assemblages are similar and 

diagnostic for deep-water turbiditic environments. 

 



Chapter VI. Taxonomy 
 

 More than 250 species of foraminifera have been identified from the 

Cretaceous to Miocene sediments in the southwestern part of the Eastern Carpathians. 

The identified agglutinated foraminifera are arranged in taxonomic order by following 

the suprageneric classification of Kaminski (2004), while for the calcareous 

foraminifera the classification of Loeblich and Tappan (1988, 1992) was used. 

 Species identifications are based mainly on the work of Kaminski and Geroch, 

1993, Kaminski and Gradstein, 2005, Bolli et al., 1994, Cicha et al., 1998, Popescu, 

1975, Premoli-Silva et al., 2003; Premoli-Silva and Sliter, 2002; Premoli-Silva and 

Verga, 2004, Pearson et al., 2006, Kennett and Srinivasan, 1983. 

 



Chapter VII. Conclusions 
 

 This study focused on the description of fossil foraminifera assemblages from 

the southernmost part of the Tarcău Nappe (East Carpathians) and their significance 

in the reconstruction of the Paleogene and Neogene marine paleoenvironments. 

 In the Pucioasa (Bizdidel Valley) section, micropaleontological and 

sedimentological data permitted the identification of three distinct paleoenvironments, 

in Upper Cretaceous to Miocene formations. 

 During the Late Cretaceous and Late Eocene deep-water settings with 

turbiditic complexes prevailed, with well-oxygenated bottom waters and slightly 

oligotrophic conditions. The paleoenvironmental situation changed in the Early 

Miocene, hypoxic conditions and high organic input suggest restricted environments 

and isolation of the basin.  

 In the southernmost part of the investigated section in Bizdidel Valley the 

ostracod assemblages, characteristic for the late Pontian (Late Miocene), revealed 

shallow marine paleoenvironments. 

 Based on biostratigraphic data and tectonic measurements duplications of the 

lithological structures were revealed in the northern part of the investigated section: 

the Upper Cretaceous grey sandstones and mudstones are alternating with the Eocene 

variegated clays. 

 Micropaleontological and sedimentological data from Gura Vitioarei (Teleajen 

Valley) section permitted the identification of deep water environment with turbiditic 

deposits in the Podu Morii Formation, with small planktonic foraminifera and reduced 

benthic assemblages indicating high surface productivity and dysoxic bottom 

conditions. 

 Planktonic foraminifera assemblages (supported by calcareous nannoplankton) 

reveals new possibilities in refining the biozonation for the southernmost part of the 

Tarcău Nappe. Changes in the marine paleoenvironments could be inferred as well, 

based on sedimentological features and benthic foraminifera assemblages.  
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