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Introduction 

 

The present work deals mainly with the foraminifera assemblages of the 

Oligocene and Lower Miocene deposits from the north-western border of the 

Transylvanian Basin. The aim of this approach was to bring additional contributions 

to the knowledge of foraminifera assemblages and to reconstruct the evolution of the 

paleoenvironments based on quantitative analysis of foraminifera assemblages, 

sedimentology and geochemistry. 

The objectives of the present study were: 

o To document the foraminifera assemblages recovered from the Oligocene 

Vima Formation and Lower Miocene Chechiș and Hida formations, including 

their taxonomic overview. 

o To identify planktonic foraminifera representative for regional (e.g. Popescu, 

1975; Popescu & Brotea, 1989) and global biostratigraphic zonations (e.g. 

Berggren et al., 1995; Wade et al., 2011) in order to calibrate the identified 

assemblages to the stratigraphic framework. 

o To identify paleoclimatic events based on planktonic foraminifera 

assemblages and to check their potential for correlation with local or global 

events. 

o To quantitatively and qualitatively analyze the benthic foraminiferal 

communities in order to restore the history and evolution of the investigated 

paleoenvironments. 

o To identify changes in species composition of foraminifera assemblages as a 

response to local paleoecological factors such as primary productivity, organic 

matter flux to the sea floor, bottom water oxygenation and bottom water 

temperatures. 

o To conduct additional geochemical analyses on sediments recovered from the 

Vima Formation for a better paleoenvironmental reconstruction. 
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Chapter I. 

Geology of the studied area 

The Transylvanian Basin became a sedimentation area during the Late 

Cretaceous (at the end of the Alpine tectonics). The post-tectogenetic cover of the 

Late Cretaceous to Early Oligocene interval comprises normal and brackish marine 

and continental deposits characterized by alternating marine and continental 

settings. The sedimentary fill accumulated during the Late Oligocene to Early 

Miocene interval is dominated by marine and continental-lacustrine terrigenous 

deposits (Rusu et al., 1996).  

 

Chapter II. 

Previous micropaleontological studies in the north-western Transylvanian 

Basin 

Paleontological studies of the Oligocene and lower Miocene formations from 

the Transylvanian Basin focused on different groups of fossils (such as molluscs, 

ostracodes and foraminifera). Most researches on foraminifera are mainly focused 

on taxonomy and biostratigraphy (e.g. Popescu, 1971; Popescu & Iva, 1971; 

Popescu, 1975) of benthic and planktonic foraminifera, while recent papers include 

paleoecological and paleogeographic interpretations (e.g. Filipescu & Beldean, 2008; 

Beldean et al., 2010; Beldean & Filipescu, 2011; Beldean et al., 2011; Beldean et al., 

2012).  

 

Chapter III.  

Material and methods 

A series of micropaleontological and geochemical analyses were conducted on 

samples collected from Oligocene and Lower Miocene outcrops from the north-

western Transylvanian Basin, for a proper paleoambiental and biostratigraphic 

characterization. Following collection and standard micropaleontological 

preparation of samples, foraminifera assemblages were identified and data 

interpreted. Additionally, geochemical analyses were carried out on selected 

samples in order to gain more information on certain paleoecological factors.  
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Chapter IV.  

Results and discussions 

4.1. Fântânele section  

Three outcrops of the Vima Formation (N47,41477 E23,82699; N47,41356 E 

23,82637 and N47,41195 E 23,82692 - Fig. 4) located at Fântânele (Maramureș 

county) were sampled in mudstones and sandstones (Fig 5).  

4.1.1. Biostratigraphy 

The identified planktonic foraminifera have long stratigraphic ranges (Fig. 6). 

However, the presence of Chiloguembelina cubensis together with Paragloborotalia 

opima allows the placement of samples FA1 to FA11 in the Oligocene Zone O4 (G. 

angulisuturalis / C. cubensis Concurrent-range Zone) of Wade et al. (2011). The co-

occurence of Paragloborotalia opima and Globigerina ciperoensis (Fig. 6) in samples 

from the FB section suggest the deposition of these sediments during the Late 

Oligocene (Zone O5 - P. opima Highest-occurrence Zone of Wade et al., 2011).  

We consider planktonic foraminifera to be indicative of the age of the deposits 

(O4-O5 zones of Wade et al., 2011). The assessment of the Rupelian-Chattian 

boundary (placed in NP 24) is difficult because of the lack of index species; its 

position could be roughly estimated based both on planktonic foraminifera and 

calcareous nannofossil biozones between the first and the second outcrop. 

4.1.2. Paleoclimate and paleoecology of planktonic foraminifera 

The purpose of reconstructing the paleoclimatic curve based on planktonic 

foraminifera is to identify tendencies of temperature changes in the surface waters 

related to the climate.  

Based on the visual analysis of the climatic curve (Fig. 7) and the abundance of 

various temperature indicators, we presumed that the surface water temperatures 

in the Fântânele section ranged between cool and temperate values. The number 

and intensity of the oscillations towards temperate waters increase in the third 

outcrop, indicating a possible warming in the Chattian. Our climatic curves from the 

Fântânele section reflect similar environmental conditions with the studies from the 

Paratethys: cool-temperate surface waters with possible influences from the North 

Sea Basin during the Rupelian slightly shifted to warmer temperatures in the 
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Chattian. It is possible that planktonic foraminifera from the Fântânele section 

reflect stronger influences from the north during the Rupelian, while the warmer 

surface waters from the Chattian were potentially related to the new 

paleogeographic configuration of the Paratethys (increased influence from the 

Mediterranean Sea and Indian Ocean due to the progressive closing of the Upper 

Rhine Graben in the late Oligocene - Martini, 1990; Gebhardt, 2003) and the 

beginning of the Late Oligocene Warming Event (Zachos et al., 2001). 

 

 

Fig. 4. Geological map and location of the outcrops in the investigated area (modified after 
Beldean & Filipescu, 2011; detailed map redrawn after Giușcă & Rădulescu, 1967).  
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Fig. 5. Simplified lithology and position of the samples in the outcrops from the Fântânele 
section.  
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4.1.3. Paleoecology of benthic foraminifera 

The species composition of the benthic foraminiferal assemblages from the 

Fântânele section reflects many environmental changes that occured during the 

Oligocene of the north-western Transylvanian Basin. The difference in distribution 

and diversity of benthic foraminiferal communities has the potential to point out 

changes such as water depth, salinity, bottom-water oxygenation or organic carbon 

flux to the sea floor (Murray, 1991; Murray, 2006). Paleoecology interpretations and 

the statistical treatment of the samples from the Fântânele section were combined 

in the following section. 

4.1.3.1. Cluster FA-I (Haplophragmoides carinatus assemblages - Fig. 8) 

The cluster contains two samples (FA2 and FA29, Fig. 8) entirely dominated 

by agglutinated foraminifera (Fig. 10). There are several potential hypotheses to 

explain the presence of exclusively agglutinated foraminiferal assemblages: the 

presence of cool, aggressive, undersaturated in calcium carbonate waters as 

suggested by Spezzaferri et al. (2002); the oxidation of rapidly deposited organic 

matter in early diagenesis, which releases carbonate-dissolving acids in deep-sea 

turbiditic environments (Jones, 1999); or high sedimentation rates and low oxygen 

conditions as suggested by Kender et al. (2008).  

Certain assemblages from the Fântânele section are entirely composed of 

agglutinated forms. The species composition of such assemblages cannot be 

explained with a depositional setting below the CCD level, because 

paleobathymetrical estimates point to a potential upper bathyal (slope) setting. 

There are many environmental factors that could have influenced the species 

composition of the agglutinated foraminifera assemblages from the Fântânele 

section. We suggest that low-oxygen conditions, basin stratification, water masses 

undersaturated in calcium carbonate, and possibly periodical higher sedimentation 

rate due to turbidity currents occurred in an upper bathyal-setting.  

4.1.3.2. Cluster FA-II (Transitional assemblages - Fig. 8) 

This represents mixed benthic assemblages, where the agglutinated 

foraminifera are dominant. Tubular agglutinated forms are abundant in the majority  



 

   11 

 

Fig. 6. Occurrence of planktonic foraminifera throughout the Fântânele section. Central 
Paratethys stages taken from Rögl (1998), biozonations from Popescu & Brotea (1989), 
Berggren et al. (1995), Wade et al. (2011). Dark grey horizontal stripes represent sedimentary 
hiatus between the outcrops. Black filled rectangles represent the presence of species in 
samples. CRZ-Concurrent-range Zone, HOZ- Highest-occurence Zone. 
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Fig. 7. Climatic curves for the Fântânele section. The curves represent the algebraic 
sum of abundance (%) of warm-water indicators (positive values) and abundance (%) 
of cool-water indicators (negative values) following Spezzaferri (1995). 
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Fig. 8. Dendrogram representing the hierarchical agglomerative clustering based on the Bray-
Curtis Similarity matrix of the benthic foraminifera, FA sample series, first and second 
outcrops, Fântânele section. Dashed line represents the similarity cut-level. 
 

 

Fig. 9. Dendrogram representing the hierarchical agglomerative clustering based on the Bray-
Curtis Similarity matrix of the benthic foraminifera, FB sample series, third outcrop, Fântânele 
section. Dashed line represents the similarity cut-level. 
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of the samples (Fig. 13) and are specific to tranquil bathyal and abyssal 

environments. 

 The mixed assemblages included in the FA-II cluster resemble the “flysch-

type” assemblages described by Gradstein & Berggren (1981). Samples included in 

this cluster are scattered throughout the section and represent the transitional 

assemblages between the outer shelf-upper slope environment and the benthic 

communities found in upper-middle bathyal settings associated with turbidity 

currents. 

The clusters FA-I and FA-II represent probably the deepest depositional 

settings of this section where cold deep waters might have hampered the 

development of calcareous taxa. The increased abundance of tubular agglutinated 

foraminifera in cluster FA-II suggests slope settings, with episodes of higher and 

lower flux of organic matter, relatively well oxygenated bottom waters and different 

current regimes (possibly associated with turbidites). 

4.1.3.3. Cluster FA-III (Mixed assemblages - Fig. 8)  

It contains most of the FA samples. The assemblages are of mixed nature and 

composed of benthic calcareous and agglutinated foraminifera. The highest values of 

the P/B ratio (up to 60%) are always associated with samples included in this 

cluster (Fig. 10). The depth range of the species in these assemblages indicate a 

shallower (outer shelf) depositional setting compared to the deeper benthic 

assemblages from previous clusters (Clusters FA-I and FA-II). This hypothesis is also 

enforced by the presence of species that are abundant on the outer shelf such as 

Bulimina schischkinskayae. The good representation of all three microhabitats (Fig. 

10) suggests good oxygenation of the bottom waters with possible intervals of high 

primary productivity and pulselike flux of organic carbon to the seafloor and this 

might have resulted in the development of the infaunal forms associated with high 

primary productivity and consequent short episodes of low-oxygen availability on 

the sea-floor (the periodic high abundance of low oxygen tolerant taxa - Fig. 13). In 

contrast with the low-diversity communities described in previous clusters, these 

show a more stable environment with high species diversity (Fig. 10). 
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Fig. 10. Graph representing the microhabitat of benthic foraminifera (percent of epifauna, 
epifauna-shallow infauna and infauna), percent of planktonic foraminifera, percent of 
agglutinated foraminifera, the Shannon-Wiener diversity index and the Fisher alpha diversity 
index from each FA sample, all three outcrops, Fântânele section. 
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4.1.3.4. Cluster FA-IV (Bulimina schischkinskayae assemblage - Fig. 8) and FA-V 

(Bolivina – Bulimina - Fursenkoina assemblages - Fig. 8) 

Clusters FA-IV and FA-V (Fig. 8) contain high proportions of infaunal low-

oxygen tolerant taxa (Fig. 13); based on the depth range of the constituent species, 

these suggest an outer shelf setting.  

With the exception of sample FA36, where the presence of epifaunal forms 

(Fig. 10) could be an indicator of episodes with well oxygenated bottom waters, the 

species composition of the benthic assemblages suggest low dissolved oxygen 

content at the water-sediment interface.  

Sea-level changes and tectonic activity (Tischler et al., 2008) during the late 

Rupelian - early Chattian from the north-western Transylvanian Basin probably 

influenced the water depth and, consequently, the development of benthic 

communities in outer shelf to upper bathyal settings. Main environmental factors 

that shaped the species distribution and diversity of the assemblages are bottom 

water oxygenation, primary productivity, organic carbon flux to the sea-floor and 

sediment input. The complex interaction of these factors and related depth changes 

resulted in well oxygenated environments with episodes of high primary 

productivity and, consequently, low oxygen content on the outer shelf and the 

unstable conditions associated to turbidity currents in a calcium-carbonate 

undersaturated upper slope setting. 

4.1.3.5. Cluster FB-I (Transitional and mixed assemblages - Fig. 9)  

The cluster represents the transition to intervals with infrequent foraminifera 

(Fig. 15, light grey stripes). The mixed assemblages within cluster FB-I (Fig. 9) are 

mostly dominated by agglutinated foraminifera (Figs. 14 and 15). The presence of 

abundant coarse-grained agglutinated foraminiferal tests in these samples may 

suggest episodes with higher current regime. The benthic assemblages (Fig. 9) could 

suggest a transitional setting to shallower depths (increased microfossil dilution in 

the following sediments indicate high sediment supply) and episodes of oligotrophic 

and tranquil environment (suggested by tubular agglutinated foraminifera) with 

low organic flux (Kaminski & Gradstein, 2005), disturbed by a higher current  
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Fig. 13. Graph representing percent abundance of the most important species, genera or groups with similar 
paleoecological affinities from each FA sample, all three outcrops, Fântânele section. White filled horizontal 
rectangles represent sedimentary hiatus between the outcrops. 
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regime, followed by re-colonization of the sediment and consumption of the newly 

transported organic matter by the Reophax species. 

Alternatively, the tubular agglutinated foraminifera and Reophax species 

coexisted in an environment with low organic matter flux, where the increasingly 

refractory organic matter deeper in the sediment was the food source for the 

infaunal benthic forms (Jorissen et al., 1995).  

4.1.3.6. Cluster FB-II (The Bolivina-Fursenkoina assemblages - Fig. 9) 

Samples have low diversity indices (Shannon-Wiener between 1 and 2, and 

Fisher alpha between 1.5 to 4.7, Fig. 14) and are characteristic for the base, middle, 

and top parts of the outcrop. Well represented bolivinids (Fig. 15) are indicators of 

high organic carbon flux to the sea floor (e.g. Thomas et al., 2000; Grunert et al., 

2010; Hess & Jorissen, 2009; Fenero et al. 2012) and suggest low oxygen conditions 

(e.g., Murray, 1991, Bernhard & Sen Gupta, 1999). In the case of Fântânele section, 

we suggest that the absence of low-oxygen intolerant taxa (such as Cibicidoides or 

Heterolepa) and the high abundance of low-oxygen tolerant taxa such as Bolivina 

dilatata dilatata, Bolivina dilatata hyalina, Bulimina schischkinskayae indicate 

predominantly low bottom water oxygenation (Rögl & Spezzaferri, 2003; Murray, 

2006). Periodic high primary productivity at the water surface may have triggered 

the delivery of phytodetritus to the sea-floor and the consequent spreading of 

Alabamina, Epistominella species and of the opportunistic species such as 

Fursenkoina mustoni, Fursenkoina halkyardi and Fursenkoina schreibersiana (De 

Man, 2006).  

4.1.3.7. Cluster FB-III (High diversity mixed assemblages - Fig. 9)  

This cluster displays the highest Fisher alpha (6.8-17.7) and Shannon-Wiener 

(1.6-3) diversity indices in FB. The high abundance of low-oxygen tolerant taxa such 

as the Bolivina dilatata group, species of Fursenkoina, Uvigerina, Praeglobobulimina, 

and Chilostomella indicate low bottom water oxygenation (Spezzaferri et al., 2002); 

periodically, low dissolved oxygen occurring in eutrophic conditions could have 

been the controlling factor in the species distribution of the assemblages. The high 

flux of organic matter to the sea-floor was inferred based on the presence of 

Uvigerina (Rögl & Spezzaferri, 2003). 
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Fig. 14. Graph representing the microhabitat of benthic foraminifera (percent of epifauna, epifauna-
shallow infauna and infauna), percent of planktonic foraminifera, percent of agglutinated foraminifera, 
the Shannon-Wiener diversity index and the Fisher alpha diversity index from each FB sample, third 
outcrop, Fântânele section. Dark grey rectangle represents barren samples while light grey rectangles 
represent samples with infrequent foraminifera. 
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4.1.3.8. Clusters FB-IV and FB-V 

These clusters contain the highest P/B ratio in this outcrop (Fig. 14). The 

microhabitat preferences of benthic foraminifera (Fig. 15) suggest a mesotrophic 

environment (Jorissen et al., 1995).  

The following depositional environments were differentiated in the third 

outcrop: (1). The deepest environments on the shelf (Clusters FB-IV and FB-V) 

characterized by increased abundance of planktonic foraminifera. (2) The outer 

shelf (Clusters FB-II and FB-III) is characterized by seasonal high primary 

productivity and the alternation of higher (Cluster FB-III) and lower (Cluster FB-II) 

dissolved oxygen content in the cold bottom waters (Fig. 12); (3). The transitional 

environment to shallower water depths (Cluster FB-I, Fig. 12) is characterized by 

oligotrophic conditions occasionally disturbed by higher current regime. (4). 

Shallower environments (samples FB9-FB15) characterized by coarse-grained 

sediments and high sediment input, where foraminifera assemblages with low 

abundance and diversity indicate well-oxygenated bottom waters and current 

activity.  

4.1.4. Foraminifera assemblages and potential applications to sequence 

stratigraphy for the Fântânele section 

Three high-frequency sequences (HFS1-HFS3) have been separated in the first 

outcrop and another three in the third outcrop (HFS4-HFS6) based on lithological 

observations on the outcrop and fossil content (Figs. 5 and 13). The succession of 

high frequency sequences from the FA outcrop indicates progressive shallowing.  

Although stratigraphic sequence surfaces necessary to identify systems tract 

boundaries (Cătuneanu, 2002; Zecchin & Cătuneanu, 2013) are absent, the 

progradational stratal stacking pattern of the identified high-resolution sequences 

may suggest the affiliation of these deposits to a late highstand systems tract. 

The eustatic sea-level curve of Haq et al. (1987) displays at the Rupelian-

Chattian boundary (TA4.5 – TB1.1 cycles) a major sea-level drop. The highstand 

systems tract suggested by the HFSs at Fântânele, which was biostratigraphically 

demonstrated as part of the early Chattian, highlights the possible influence of the 

tectonic control in the area. Tischler et al., (2008) also pointed out that the  



 

   21 

 

Fig. 15. Graph representing percent abundance of the most important species, genera or groups with similar paleoecological 
affinities from each FB sample, third outcrop, Fântânele section. 
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progradation phases of sand-dominated siliciclastics do not match the eustatic sea-

level curve of Haq et al. (1987) and that the convergence of ALCAPA and Tisza-Dacia 

plates resulted in a late Rupelian to Burdigalian flexural foredeep development. 

4.1.5. Total Organic Carbon (TOC) and benthic foraminifera assemblages 

The parameters determined by the Rock-Eval 6 equipment for the FA1-FA38 

samples are presented in Table 4. Values of TOC1 content range between 0.38 -1.34  

wt % with an average of 0.76 wt %, while the S22 parameter ranges between 0.4 – 

2.67 mg HC3/g sample indicating variable source rock potential. HI4 values are from 

57 to 231 mg HC/TOC and an average around 135 mg HC/g TOC, while OI5 values 

range between 33-99 with an average around 53. The TOC values of the investigated 

samples from the Fântânele section suggest poor to good petroleum potential 

(ranging between 0 – 2 wt %), the S16 values fall in the poor petroleum potential 

category, while the S2 values (ranging between 0 – 5 mg HC/g rock) indicate poor to 

fair petroleum potential (Peters & Cassa, 1994). All of the Tmax7 values are below 

435˚ C suggesting immature stage of thermal maturity for oil (Peters & Cassa, 1994). 

The S2 vs. TOC diagram (Pyrolizable Hydrocarbons versus Total Organic Carbon) 

The organic matter of sedimentary deposits may have two sources: continental 

and marine (Nuńez-Betelu & Baceta, 1994). The corrected regression line (Fig. 16) 

suggests that samples from the Fântânele section fall in the marine and terrestrial 

organic matter type fields (Type II and Type III kerogen fields). 

The Hydrogen Index versus the Oxygen Index (Fig. 16) 

Most of the investigated samples from the Fântânele section fall in the type II 

organic matter that is oil and gas prone, while a number of samples fall close to the 

type II - type III boundary curve (type III kerogen is gas prone). 

                                                 
1 TOC - Total Organic Carbon (weight %). 

2 S2 - Hydrocarbons with potential of release after maturation (mg hydrocarbons / g rock). 

3 HC - Hydrocarbons. 

4 HI - Hydrogen Index (mg HC/g TOC). 

5 OI - Oxygen Index (mg CO2/g TOC). 

6 S1 - Quantity of free hydrocarbons (mg hydrocarbons / g rock). 

7 Tmax - Maturity parameter. 
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Benthic foraminifera and organic matter 

The distribution of benthic foraminifera assemblages is strongly related to 

organic carbon flux to the sea floor and oxygenation of bottom waters. The purpose 

of the tentative correlation of benthic foraminifera assemblages and organic matter 

content is to determine additional information regarding the controlling 

paleoecological factors (e.g. influx of organic matter to the sea floor related to the 

variability of primary productivity, bottom water oxygenation, current activity). 

At the Fântânele section, the organic matter of terrestrial origin represents an 

important constituent in many samples, therefore the total amount of TOC is 

partially related to sediment supply from the continent. The sediment supply also 

increases nutrient input at the surface waters enhancing primary productivity and 

the availability of organic matter of marine origin. It is not excluded that the organic 

matter of terrestrial origin is an important component in samples with kerogen type 

II (marine origin). The higher TOC values from the Fântânele section are probably 

the result of combined factors: the availability of organic matter and special 

environments (low bottom water oxygenation) that favored the preservation of 

organic matter. There is evidence of high primary productivity also in samples with 

lower TOC values. In this case, the organic matter probably has been deposited 

during or followed by episodes with well-oxygenated bottom waters. The low TOC 

values of coarse-grained samples containing dominating agglutinated foraminifera 

could be the result of low flux of organic matter or higher sediment supply in 

relation to the deposition of organic matter. The type of organic matter is 

considered responsible for the composition of the benthic foraminifera assemblages. 

For example, several authors (e.g. Koho, 2008; Phipps, 2012) suggested that 

calcareous taxa are strongly favoured by abundant supply of fresh phytodetritus, 

while agglutinated forms are less dependent on fresh food input. These assumptions 

were confirmed by Jannink et al., (1998) and Schumacher et al., (2007), who 

observed a clear increase in the proportion of agglutinated taxa from 200 to 1000 m 

depths. At Fântânele, probably the species composition of benthic foraminifera 

assemblages, dominated by agglutinated forms, may also be related to decreased 

labile organic matter arriving at the seafloor at greater depths. 



 

   24 

 

Table 4. Rock-Eval 6 pyrolysis data of samples FA1-FA38 from the Fântânele section.
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4.1.6. Phosphorus (P) content of the Fântânele section 

The aim of the phosphorus content analysis is to obtain additional information 

on paleoecological factors such as primary productivity (organic bound P), sediment 

input (detrital P), and bottom water oxygenation (authigenic P, iron bound P, organic 

bound P). 

Samples taken from Fântânele (FA1-FA38 and FB1-FB70) were analyzed for 

their phosphorus (P) content using the five-step sequential extraction method 

(SEDEX method - Ruttenberg, 1992; Ruttenberg et al., 2009). The development of 

such sophisticated sequential extraction method allows differentiation between 

different buried phosphate phases, which are preserved in sediments (Ruttenberg, 

1992; 1993). This method separates solid phosphate phases such as loosely sorbed P, 

iron-bound P (iron and manganese oxyhydroxides), authigenic P (carbonate 

fluorapatite – CFA, and phosphorus associated to fish debris, to calcium carbonate, 

and smectite), detrital P (associated to igneous, metamorphic and sedimentary 

apatites) and organic P can be distinguished (e.g. Ruttenberg, 1992).  

The variations in the concentrations of various phosphorus phases among the 

three studied outcrops (samples FA1-FA38 and FB1-FB70) are displayed in figures 18 

and 19 together with TOC concentrations (only for FA samples). 

In the FA sample series, iron-bound phosphorus represents the most abundant 

form (on average 40% of total phosphorus) followed by authigenic phosphorus (32% 

on average). Detrital and organic-bound P represent 16% and 10% out of total 

phosphorus, respectively (Table 6). In the FB sample series, iron-bound phosphorus 

represents the most abundant form (on average 50% of total phosphorus), while 

authigenic, detrital and organic phosphorus represent 26%, 16% and 6.8%, 

respectively (Table 6).  
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Samples  

Loosely-

bound P 

(μmoles 

P/g) 

Iron-

bound P 

(μmoles 

P/g) 

Authigenic 

P (μmoles 

P/g) 

Detrital P 

(μmoles 

P/g) 

Organic P 

(μmoles 

P/g) 
F

A
 s

a
m

p
le

s 

Minimum 

value 
0.0194 5.1333 1.2225 1.4482 1.1957 

Average 0.0484 6.6892 6.5837 2.9307 1.8768 

Maximum 

Value 
0.1162 9.8793 35.2341 6.6846 10.4412 

Average % 0.2689 40.0801 32.5959 16.1741 10.8809 

F
B

 s
a

m
p

le
s 

Minimum 

value 
0.0003 8.8964 0.5160 1.4883 1.0565 

Average 0.0634 12.8086 7.2926 4.6768 1.7189 

Maximum 

Value 
0.6585 33.7057 

20.6177 

 
22.2960 2.7682 

Average % 0.22 49.99 26.13 16.86 6.80 

Table 6. Concentrations and percentages of phosphorus phases from Fântânele section.  

 

4.1.7.  Geochemical data (total organic carbon and phosphorus phases) and benthic 

foraminifera assemblages 

The analysis of phosphorus phases and total organic carbon content contributed to 

the understanding of the main local paleoecological factors controlling the species 

composition of benthic foraminifera assemblages.  

Higher sediment supply from the continent, as suggested by detrital P, oxygenated 

the environments and enabled the development of diverse benthic foraminifera 

assemblages in the shallower environments on the shelf. There is evidence for high 

primary productivity; nevertheless the oxygenated bottom waters inhibited the 

preservation of organic matter (low TOC and low organic bound P) increasing the potential 

amount of dissolved P for authigenic P formation. 

On the outer shelf, the relatively high organic matter concentration related to high 

primary productivity (also suggested by organic bound P) represents the controlling factor 
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Fig. 18. Graph showing content of Total Organic Carbon (wt %), Iron (in µmoles Fe/g) and sedimentary phosphorus phases  (Loosely-bound P, 
Iron-bound P, Authigenic P, Detrital P and Organic-bound P expressed in µmoles P/g) for the FA sample series from the Fântânele section. 
White bands represent outcrop delimitations.
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Fig. 19. Graphic representation of important foraminifera groups or genera and of phosphorus phases of the FB1-FB70 samples from the 
Fântânele section. Horizontal grey rectangles represent intervals with infrequent foraminifera.
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of benthic assemblages developed in oxygen-depleted environments that lack currents that 

oxygenate the bottom waters. 

In deeper environments (upper bathyal) the development of benthic foraminifera 

assemblages was mainly influenced by organic carbon flux to the sea floor and the physico-

chemical properties of the water masses. Here, the dominance of agglutinated foraminifera 

assemblages is possibly related low organic carbon flux (low TOC content), mixed quality 

of organic matter (terrestrial or degraded and marine) and calcium carbonate 

subsaturation (low mineral carbon and authigenic P content).  

The variability of local paleoecological parameters is probably in strong connection 

with the complex interaction of eustatic sea-level fluctuations, regional tectonics, 

climatic events and the paleogeographic configuration of the Transylvanian Basin in 

the context of the Paratethys. These influenced water depth, sediment supply and 

consequent primary productivity and bottom water oxygenation. 

 

4.2. Gălpâia section 

Twenty-seven samples were picked from the Lower Miocene Chechiș Formation near 

the Gălpâia village (N 47,08154 E 23,1413; Fig. 21) for foraminiferal analysis and 

paleoenvironmental reconstruction. 

The studied outcrop interval consists of massive dark grayish mudstones with very 

rare intercalations of fine sandstones lamina (Fig. 22). Nodules and carbonaceous 

material have also been identified. Some levels are characterized by moderate 

bioturbation (vertical/horizontal burrows). Regular, yellowish/reddish cm thick 

altered mudstones develop along the studied outcrop (Fig. 22). 

4.2.1. Biostratigraphy 

Planktonic foraminifera assemblages are well represented throughout the 

Gălpâia section. The presence of the planktonic species Globigerinoides trilobus (in 

samples G1-G4, G12-G15, G19, G23, and G26-G27) enable the correlation with the 

Early Miocene (Aquitanian-Burdigalian) Globigerinoides trilobus Biozone of Popescu 

(1975). According to Cicha et al., (1998), the stratigraphic range of the species 

Cassigerinella globulosa (Egger) and Globigerina ottnangiensis Rögl is Eggenburgian-

Karpatian, while Paragloborotalia semivera (Hornibrook) is of Egerian-Eggenburgian 
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Fig. 21. Geological map and location of the Gălpâia section and the studied outcrop (modified after 
the Geological Map of Romania, 1:200000, Sheet Cluj; Petrescu & Drăghici, 1964; Beldean & Filipescu, 
2011). 
 

age. Based on the identified planktonic foraminifera species and their distribution, 

the age of the deposits form the Gălpâia section is probably Eggenburgian. 

4.2.2. Planktonic/Benthic ratio and paleoecology of planktonic foraminifera 

The increasing trend of the P/B ratio (34-66%) from the base of the outcrop (samples 

G1-G9) could indicate gradual deepening of the environment from a possible middle neritic 

(50-100 m) to outer neritic (100-200 m) or upper bathyal setting (>200m). Following this 

interval, the curve representing the percentage of planktonic forms of the subsequent 

samples (G10-G25) displays relatively constant values with a slight decrease towards the 

top of the outcrop (64-54%). In the youngest sediments (samples G25-G27) the P/B ratio 

(53-59%) slightly increases. The abundance of planktonic foraminifera from the second part 

of the outcrop suggests slight oscillations of the water depth. 
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Fig. 22. Sedimentary log of the studied outcrop from the Gălpâia section and position of samples. 
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The planktonic foraminifera from Gălpâia are dominated throughout the section by 

cool-temperate water indicators. Episodes of warming tendency at the surface waters are 

indicated by the increase in abundance of Globigerinoides trilobus (samples G12-G15). 

Furthermore, episodes of high primary productivity are indicated by the small-sized 

microperforate forms (e.g. Tenuitella), small five-chambered globigerinids (e.g. Globigerina 

ottnangiensis, G. tarchanensis) and the Globigerina group.  

4.2.3. Statistical treatment and paleoenvironments of benthic foraminifera 

assemblages  

 

Fig. 23. Dendrogram representing the hierarchical agglomerative clustering based on the Bray-
Curtis similarity matrix of the benthic foraminifera. Horizontal dashed line represents the 
similarity cut and vertical dashed lines represent delimitations of the resulted clusters. 
 

Cluster 1  

Benthic foraminifera assemblages from Cluster 1 suggest episodes of higher 

energy currents, well-oxygenated environments and intervals of high primary 

productivity. The oxygenated, stable environment and flux of organic matter to the 

sea floor enabled the development of well-diversified benthic assemblages on an 



 

   33 

outer shelf setting. Increase in P/B ratio, tubular agglutinated forms, the bathyal-

abyssal M2a morphogroup and the decrease of shelf-type agglutinated foraminifera 

indicate a gradual increase in water depth for Cluster 1.  

Cluster 2 

It is possible that the paleoenvironments inferred within Cluster 2 are 

characterized by longer episodes of oxygenated bottom waters with lower energy of 

currents in which epifaunal oxic taxa and tubular agglutinated forms developed. 

Primary productivity indicators are less abundant and might suggest shorter 

episodes of high primary productivity. The small increase of deep infaunal forms 

(Bolivina and Bulimina species) could be related to changes in water depth or the 

consumption of refractory organic matter during the more oxygenated intervals. 

Increased water depth is also supported by the agglutinated foraminifera 

morphogroups. 

Cluster 3 

This whole interval (G15-G23) is characterized by oscillations of episodes with 

higher current energy, high primary productivity and tranquil episodes with lower 

organic input. Following this interval, the agglutinated foraminifera dominate the 

assemblages with greatest abundance represented by the tubular agglutinated 

forms. This might be related to deepening of the environment, where the 

development of calcareous taxa is inhibited. Such changes in paleobathymetry could 

also be suggested by the complete disappearance of the shallow water agglutinated 

foraminifera (morphogroup M2c represented by Vulvulina haeringensis, 

Spiroplectammina carinata and Spirorutilus carinatus) in sample G18, and the 

general increase of the  

bathyal-abyssal M2a morphogroup starting with sample G15. 

4.2.4. Succession of paleoenvironments of the Gălpâia section 

Based on the processed data, the sediments from the base of the outcrop 

were probably deposited in a middle?-outer neritic paleoenvironment characterized 

by episodes of higher energy (poor representation of tubular agglutinated 

foraminifera and the presence of the genus Cibicidoides), well-oxygenated bottom
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Fig. 24. Graph representing the P/B ratio, percent of agglutinated foraminifera, percent of calcareous benthic foraminifera, the microhabitat 
of benthic foraminifera (percent of epifauna, epifauna-shallow infauna and infauna), the Fisher alpha diversity index, and the Shannon-
Wiener diversity index for the Gălpâia section. 
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Fig. 25. Graph representing percent of abundance of the most important genera or groups with similar paleoecological affinities for the 
Gălpâia section. 
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 waters (suggested by Cibicidoides) and intervals with enhanced primary 

productivity (the good representation of Uvigerina and Praeglobobulimina species). 

Planktonic/benthic ratio suggests gradual increase in water depth, while 

planktonic foraminifera species support the existence of episodes of high primary 

productivity probably as a consequence of high nutrient flux from the land. Increase 

in water depth (outer neritic setting) in the middle part of the outcrop probably 

resulted in changes in bottom water current energy (increased abundance of 

tubular agglutinated foraminifera).  

At the sea floor, changes in primary productivity are indicated by the 

decreasing Uvigerina specimens and increased tubular agglutinated foraminifera, 

typical for environments with low organic carbon flux. As a consequence, because of 

the shorter intervals of primary productivity, the episodes of oxygenated bottom 

waters became longer. In these environments, the epifaunal benthic forms probably 

consumed the labile organic matter, while the deep infaunal foraminifera fed on 

refractory organic matter (more Bolivina and Reophax species).   

The upper part of the outcrop is characterized by oscillations in 

paleoecological factors such as the intensity of bottom water currents and primary 

productivity. The increase in the lowermost samples of this part of shallow water 

agglutinated foraminifera might indicate oscillation in water depth (slight 

shallowing). Following this interval, the complete disappearance of typical shallow 

water agglutinated foraminifera (species of Spirorutilus, Vulvulina and 

Spiroplectammina), the increase of bathyal-abyssal indicating agglutinated forms 

and the decrease in abundance of calcareous benthic forms might suggest the 

transition to an upper slope environment in the uppermost part of the outcrop. 

Transport of some foraminifera species from shallower environments could also be 

noticed. 

The origin of the fine sand laminas might be related to storm activity, 

alongshore drifts or delta influences (the presence of coal material). The delta 

influence could support the nutrient flux to the marine environment (and  
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Fig. 26. Graph representing the percent of agglutinated foraminifera morphogroups 
defined by Kaminski, Gradstein & collaborators (2005). Percent of each morphogroup is 
calculated relative to the total abundance of agglutinated foraminifera. 
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seasonal high primary productivity) and periodic higher current energy and 

consequent oxygenation of the bottom water. This influence might have diminished 

during deposition of the sediments from the middle of the outcrop concomitant with 

the increase in surface water temperatures. According to Krézsek & Bally (2006), in 

the studied area (central parts of the Transylvanian Basin) a shelf/delta 

environment existed during the Early Miocene. The basin was characterized by 

wedge-like deposits that thickened towards the Pienides and thinned towards the 

forebulge area. 

 

4.3. Tihău section 

The studied section from Tihău displays parts of the Coruș, Chechiș and Hida 

formations. Nineteen samples were collected from fine siliciclastic sediments from 

the Chechiș and Hida formations near the Tihău locality (Lânii Valley, Sălaj County - 

47°12'20.96"N, 23°20'34.32"E, fig. 28). Seventeen samples were recovered from a 

continuous succession (samples T1-T17, fig. 30), while two of them were collected 

from a different outcrop below these (samples TH1 and TH2, fig. 29).  

4.3.1. Sedimentology  

The transgressive deposits belonging to the Coruș Formation are represented 

by well-sorted thick packages of sandstones alternating with centimetric / 

decimetric conglomerates containing large molluscs (especially pectinidae) typical 

for the littoral areas (Moisescu & Popescu, 1980). The sandstones are characterized 

by cross- and parallel bedding (subaqueous dunes). The transition from the 

sandstones belonging to the Coruș Formation to the bioclastic silty-sandy clays with 

glauconite (approximately 2.5 m thick) of the Chechiș Formation is gradational or 

net (Fig. 29). Above the deposits with glauconite, the sediments are characterized by 

gray clays (samples TH1 and TH2). 

Decimetric intercalations of orto- and paraconglomerates were observed in 

the mudstones of the Chechiș Formation (Fig. 30). The base of the coarse grained 

deposits is weakly erosional while the top becomes gradational. The 

extraformational clasts have rounded to sub-rounded forms suggesting feeding of 

the fan deltas with fluvial sediments. 
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Fig. 28. Geological map and location of the studied outcrop (modified after Beldean & 
Filipescu, 2011). 1 - Paleogene, 2 - Shallow marine Lower Miocene (Coruș and Chechiș 
formations), 3 – Deep marine Lower Miocene (Hida Formation), 4 – Badenian (Middle 
Miocene), 5 - Sarmatian (Middle Miocene), 6 – Metamorphics, 7 - Quaternary.  

 

 Turbiditic sedimentation, specific for the Hida Formation, was observed in the 

middle and upper part of the studied section (Fig. 30). These sediments are 

characterized by intervals with sands/fine gravel or sandstones with carbonate 

cement alternating with marly-clays. Complete and incomplete Bouma sequences, 

erosional and deformational structures were recognized suggesting the deposition of 

turbidites in mid-fan settings.  

4.3.1. Biostratigraphy and paleoecology of planktonic foraminifera 

Planktonic foraminifera assemblages are relatively well represented in the 

sedimentary succession corresponding to samples T1-T17, while the first outcrop 
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contains low abundance of planktonic forms (samples TH1 and TH2). The presence 

of Globigerinoides trilobus (in samples T1-T12 and T14-T15) enables the correlation 

with the Globigerinoides trilobus Biozone (Aquitanian-Burdigalian) of Popescu 

(1975). According to Cicha et al. (1998) the stratigraphic range of the species 

Globigerina ottnangiensis and Globigerina dubia in the Central Paratethys is 

Eggenburgian-Karpatian. Based on the identified planktonic foraminifera species, 

the sediments of the studied outcrops were probably deposited during the 

Burdigalian. 

Similarly with the Gălpâia section, the planktonic assemblages from Tihău are 

mostly dominated by cold-temperate water and high primary productivity 

indicating species or groups (such as small-sized five-chambered globigerinids; 

Globoturborotalita woodi; Tenuitellinata, Tenuitella, and Catapsydrax - Li et al., 1992; 

Spezzaferri, 1994; Spezzaferri, 1995; Spezzaferri & Ćorić, 2001; Spezzaferri et al., 

2002; Rögl & Spezzaferri, 2003; Bicchi et al., 2003; Roetzel et al., 2006; Bicchi et al., 

2006).  

 

Fig. 29. Lithology of the Coruș and of the base of the Chechiș formation and position of the 
samples collected. 
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Fig. 30. Graph showing the lithology of the second outcrop (Chechiș and Hida formations), 
position of samples and univariate statistics such as the P/B ratio, percent of agglutinated 
foraminifera, percent of epifauna and infauna microhabitats, the BFOI index, and diversity 
indices (Fisher alpha and Shannon-Wiener indices). 
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Fig. 31. Graph showing the percent (relative to total benthic abundance) of most important benthic foraminifera species, genera or groups 
with similar paleoecological affinities for samples T1-T17 from the Tihău section.
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 Warm-temperate surface waters are suggested by Globigerinoides (e.g. 

Globigerinoides trilobus, G. primordius, G. quadrilobatus) and Paragloborotalia (e.g. 

Paragloborotalia continuosa and P. semivera) groups, and the species Globigerina 

ciperoensis (Spezzaferri, 1994; Rögl & Spezzaferri, 2003; Bicchi et al., 2003; Amore et 

al., 2004). Intervals with surface water warming tendency were identified in samples 

T2-T7 (Chechiș Formation), where the species Globigerinoides trilobus is better 

represented compared with the rest of the samples.  

A more detailed paleoclimatic study based on palynological data from the 

Miocene (Țabără & Chirilă, 2012) revealed an increase followed by a drop in the 

mean annual temperatures in the middle part of the Eggenburgian. Probably the 

warming tendency identified in the Gălpâia and Tihău sections can be correlated with 

the event mentioned by Țabără & Chirilă (2012). 

4.3.3. Succession of paleoenvironments from the Tihău section 

The lowermost benthic foraminifera assemblage from the Chechiș Formation  

(sample TH1, fig. 29) indicates an outer-neritic to upper bathyal paleoenvironment 

(characterized by high primary productivity) for the sedimentary succession above 

the level with glauconite, considered here as the maximum flooding surface. The 

sediments were probably deposited during the subsequent Highstand Systems Tract 

characterized by the late stage of the relative sea-level rise. A shallowing of the 

depositional setting starting with sample TH2 (outer neritic) has been interpreted. 

This trend continues until sample T2, where the paleoenvironment was probably 

characterized by a 50 - 100 m paleodepth. Shallowing of the environment was 

followed by good oxygenation of the bottom waters and low primary productivity. 

The upper part of the Chechiș Formation (samples T3-T12) is characterized by minor 

paleodepth oscillations occurring in an outer neritic environment, and episodes of 

high primary productivity. Bottom waters were relatively well oxygenated and 

probably alternated with episodes of oxygen depletion. In the uppermost part of the 

Chechiș Formation, benthic foraminifera assemblages suggest intense high primary 

productivity and enhanced oxygen depletion in the bottom waters. The frequent 

environmental shifts in the Chechiș Formation were probably the result of changing 



 

   44 

rates between relative sea level and sedimentary input from the land (sedimentation 

associated with fan deltas on a narrow shelf).  

The studied part of Hida Formation was deposited in an upper bathyal setting 

suggested by deep-water agglutinated foraminifera assemblages.  A shallowing 

interval in the middle part of the formation might be inferred by the presence of 

calcareous benthic forms. The transported calcareous benthic foraminifera from 

shallower environments in the upper part of the formation may suggest a stronger 

progradational trend of the sediments. 

During the Early Miocene, the northern part of the Transylvanian Basin 

developed as a flexural basin due to the thrust of the Pienides (Krézsek & Bally, 

2006). The prograding turbiditic sediments of the Hida Formation, developed under 

regional tectonic control, contain deep-water agglutinated assemblages, similar to 

those described by Filipescu & Beldean (2008), Beldean & Filipescu (2011), and 

Beldean et al., (2011). 

 

Chapter 5.  

Systematic taxonomy 

Identification of foraminifera was mainly based on the works of Bhatia 

(1955), Batjes (1958), Larsen & Dinesen (1959), Kümmerle (1963), Grossheide & 

Trunkó (1965), Popescu & Iva (1971), Popescu (1975), Sztrákos (1979), Reiser 

(1987), Spezzaferri (1994), Cicha et al. (1998), Horváth (2003), and Kaminski, 

Gradstein & collaborators (2005). Classification of calcareous foraminifera is based 

on the suprageneric classification of Loeblich & Tappan (1988), while the 

classification of Kaminski (2004) was used for the agglutinated forms. 

 

Chapter VI.  

Conclusions 

The main objective of the present study was to follow the environmental 

changes in the marine environments along the Upper Oligocene to Lower Miocene in 

the Transylvanian Basin, based on the analysis of fossil foraminifera assemblages. 
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The study focused on the Oligocene Vima Formation and Lower Miocene Chechiș and 

Hida Formations in order to reconstruct some of the local paleoenvironmental 

parameters that were controlled by the evolution of the Transylvanian Basin. 

Taxonomic investigation resulted in a detailed record of the foraminifera 

species, which were illustrated in the attached plates. Their signification for 

paleoenvironmental and paleoclimatic reconstructions was discussed based on 

modern and ancient analogs, with additional, very useful support of statistical and 

geochemical data. 

Benthic and planktonic foraminifera were studied from three representative 

outcrops of the Vima Formation from Fântânele section. Based on the studied 

assemblages, we concluded that the investigated section was deposited during the 

late Rupelian to early Chattian, more precisely the O4 (G. angulisuturalis/ C. cubensis) 

and O5 (P. opima) planktonic foraminifera biozones of Wade et al., (2011). 

Paleoclimatic data provided by planktonic foraminifera suggest cool to 

temperate surface waters for the late Rupelian, indicating a possible boreal influence 

from the North Sea, while a warming tendency towards temperate surface waters 

was observed for the Chattian. The observed climatic change might be coeval either 

with the beginning of the Late Oligocene Warming Event (Zachos et al., 2001) or the 

result of increased influence from the Mediterranean Sea.  

Paleoambiental reconstructions based on the Oligocene benthic communities 

from the north-western Transylvanian Basin indicate repeatedly changing 

paleoecological parameters. Paleobathymetry estimates suggest oscillating water 

depths due to relative sea-level changes, from outer shelf to upper bathyal 

environments. The outer shelf was controlled by seasonal primary productivity, as 

suggested by temporarily developped eutrophic conditions and local abundances of 

digitate planktonic foraminifera Globigerinella roegelina, which produced variable 

oxygen content on substrate. The bathyal settings evolved mainly in oligotrophic 

conditions, with fluctuating sediment input due to turbidity currents, periodic low-

oxygen content induced by water column stratification, and undersaturated waters in 
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calcium carbonate. Benthic foraminiferal assemblages suggests cold bottom water 

temperatures for the whole Fântânele section. 

The identified high-frequency sequences in the 1st and 3rd outcrop are related to 

short-term relative sea-level oscillations. The dynamic shifts of the foraminifera 

assemblages between environments correlate with water depth fluctuations and 

associated paleoecological factors. The aggradational to progradational stacking 

pattern of the high-frequency sequences makes possible the association of these 

deposits to a high stand systems tract.  

Geochemical data suggest that the composition of benthic foraminifera 

assemblages was controlled by the interaction of paleoecological factors such as 

water depth, sediment supply, current activity, primary productivity and organic 

carbon flux to the sea floor, quality of organic matter, and the physico-chemical 

properties of water masses. 

The paleoenvironmental reconstruction for the Fântânele section shows the 

particular development of the north-western Transylvanian Basin in the context of 

the Paratethyan evolution during the Oligocene. Inferred upper Rupelian and lower 

Chattian sea-level changes do not coincide with the eustatic sea-level changes at 

global level (Haq et al., 1987), thus highlighting the effects of the paleogeographic 

evolution of the Paratethys under the geotectonic influence. Possible episodic 

isolations of the basin and regional tectonic activity (emplacement of the Pienide 

Nappe) influenced the paleobathymetry and the interplay of local paleoecological 

factors such as sediment supply to the basin, primary productivity and oxygen 

content of bottom waters.  

For the Chechiș Formation investigated at Gălpâia, the biostratigraphic study 

of planktonic foraminifera pointed out that the age is Eggenburgian. The 

paleoambiental reconstruction based on planktonic and benthic foraminifera 

assemblages indicates a general deepening of the environment from middle-outer 

shelf to possibly upper bathyal. Deltaic influences may be suggested by the 

occurrence of benthic foraminifera originating in shallower environments, with 

strong bottom currents, high oxygen levels and high primary productivity. Increase 
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in water depth resulted in decrease of bottom water energy and a retrogradation of 

the environments, with consequences on primary productivity and consequent drop 

organic matter flux to the sea floor. The possibly upper bathyal environment was 

characterized by oscillating paleoecological factors such as bottom water energy and 

primary productivity.  

A more complete image on the Lower Miocene could be restored from Tihău 

section. The biostratigraphic data enable the correlation of the deposits with the 

Burdigalian Globigerinoides trilobus Biozone of Popescu (1975). 

Palaeoenvironments inferred based on foraminiferal assemblages suggests for 

the Chechiş Formation frequent shifts between lower shoreface to upper bathyal, 

while for the Hida Formation an upper bathyal depositional setting. The distribution 

of benthic foraminiferal assemblages throughout the section indicate fluctuations in 

primary productivity and bottom water oxygenation. 

The correlation between the sedimentology and foraminifera assemblages 

allowed the delineating of the evolution of the sedimentary basin:  

1. The coarse grained deposits of the Coruş Formation represent the first term 

of marine transgression in this area;  

2. The glauconite facies from the base of the Chechiș Formation can be 

associated with the maximum flooding surface;  

3. The sediments belonging to the middle and upper part of the Chechiş 

Formation deposited on a narrow shelf, probably related to the onset of deltas during 

the early highstand;  

4. The turbiditic sedimentation specific for the Hida Formation continued 

under regional tectonic control (flexure and uplifting of the Pienides to the north), in 

deeper settings during the highstand and preogressively shallower settings during 

the subsequent falling of the sea-level. 

Planktonic foraminifera assemblages within the Chechiș Formation from both 

sections (Gălpâia and Tihău) potentially indicate a warming tendency of surface 

waters, possibly related to a warming event that took place during the second part of 

the Eggenburgian (Țabără & Chirilă, 2012).  
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The succession of paleoenvironments enables the large-scale reconstruction of 

relative sea-level fluctuations for the studied sections. The global eustatic sea level 

(Haq et al., 1987; Hardenbol, 1998) coincides only partially with the reconstructed 

sea-level curve highlighting the importance of regional tectonics also responsible for 

the generation of high order cycles. Therefore, this study provides an overview of the 

temporal and spatial distribution of the foraminifera assemblages and of the 

evolution of the paleoenvironments in the Oligocene and Miocene of the 

northwestern part of the Transylvanian Basin. It also provides criteria for local and 

regional facies correlation and allows the reconstruction of parts of the basin’s 

history under the control of the Pienides’ dynamics. 
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