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Chapter 1 – Introduction 

The Sarmatian sedimentary record of the Transylvanian Basin is part of the 

topmost megasequence, and has about 1.000 m thickness on average (Krézsek and 

Filipescu, 2005). Although outcrops in a large area from the southern part of the basin, 

and several studies were focused on its geological features (see Ciupagea et al., 1970; 

Lubenescu, 1981; Popescu et al., 1995), and foraminiferal assemblages (e.g. Marinescu et 

al., 1972; Popescu et al., 1995), the facies control over the Sarmatian foraminiferal 

assemblages of the Southern Transylvanian Basin was poorly studied and understood 

until recently. Nonetheless, a detailed systematical description and illustration of the 

Sarmatian benthic foraminifera from the Southern Transylvanian Basin have never been 

carried out. 

 

The aims and objectives of this study are therefore the following: 

 

1. To analyse around 180 samples collected from sedimentologically 

interpreted Sarmatian outcrops in the Southern Transylvanian Basin in 

order to document and describe the recovered foraminiferal faunas. 

2. To analyse the biostratigraphic significance of the recovered foraminiferal 

assemblages. 

3. To characterise the sedimentological facies in terms of their 

micropaleontological content, and to provide interpretations on 

palaeoecological and sedimentological factors affecting these assemblages. 

 
Chapter 2 – History of geological investigations in the southern part of the 

Transylvanian Basin 

The geological exploration of the Southern Transylvania Basin has more than 200 years 

of history beginning with the publication of the book written by Johann Ehrenreich von 

Fichtel in 1780. This was fallowed until today by many works focusing on stratigraphy, 

palaeontology and tectonics, which results were concluded in sysnthesis written by Hauer 

and Stache (1863), Koch (1894, 1900), and Ciupagea et al. (1970). In the later years the 

most important studies focused on the tectonics, structural evolution, sedimentology and 

sequence stratigraphy of the Transylvanian Basin (e.g. Huismans et al., 1997; Ionescu et 

al., 2009; Krézsek and Filipescu, 2005; Krézsek and Bally, 2006; Krézsek et al., 2010). 
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The geophysical exploration of the Southern Transylvanian Basin have begun in 

1933 (Ciupagea et al., 1970) and had important consequences on our understandings of 

the basin’s geological features. The results of the geophysical investigations were used as 

part of studies on the tectonic evolution and geological structure of Transylvanian Basin 

i.e. Ciulvau and Bertotti (1994), Ciupagea et al. (1969), and Visarion and Velciu (1981). 

 

Chapter 3 – The geology of the southern part of the Transylvanian Basin 

 

3.1. The basement of the Southern Transylvanian Basin 

The Transylvanian and the Eastern Pannonian basins share the same basement (Csontos 

and Vörös, 2004), which consist of a stack of basement-involved thrust sheets assembled 

by the Mid-Cretaceous (Săndulescu, 1984, 1988). These imply Palaeozoic crystalline 

units (Ciupagea et al., 1970; Săndulescu and Visarion, 1978; Visarion and Veliciu, 1981), 

ophiolites or island-arc volcanics (e.g. Burchfiel, 1976; Ionescu et al., 2009) and 

associated Permian to Mid-Cretaceous sedimentary rocks (e.g. Ciupagea et al., 1970), 

similar to those outcropping in the surrounding mountains (Ciulavu, 1999). These 

combined nappes are known as Tisza-Dacia terrane (Csontos and Vörös, 2004) or as 

Inner Dacides, Transylvanides, and Middle Dacides (Săndulescu, 1984). However it is 

important to mention that the Inner Dacides are missing from the basement of the 

Southern Transylvanian Basin (see Krézsek and Bally, 2006). 

 

3.2. The sedimentary infill of the Southern Transylvanian Basin 

The sedimentary record of the Transylvanian Basin is locally more than 5 km thick and 

can be subdivided into four tectonostratigraphic megasequences: 1) Upper Cretaceous 

(extensional, gravitational collapse); 2) Paleogene (sag); 3) Lower Miocene (flexural); 

and 4) Middle to Upper Miocene (back-arc), based on regional unconformities and/or 

their correlative conformity surfaces (see Krézsek and Bally, 2006). 

The lithostratigraphic units and fossil content of these tectonostratigraphic 

megasequences are quite well known, although the Upper Cretaceous and Paleogene 

sediments outcrop only in relatively small areas (see Fig. 1), whilst the main part of the 

region is covered by Middle to Upper Miocene (see Fig. 1, and Tab. 1). The available 

outcrop data is completed by the subsurface data of about 38 deep-wells which penetrated 

below the Middle Miocene (Lower Badenian) strata (see Falk, 2007). 
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Figure 1. The geological map of the Transylvanian Basin: 1. Quternay; 2. Pannonian; 3. Sarmatian; 4. Badenian; 5. 
Lower Miocene; 6. Neogene volcanic arc (a. volcaninc rocks; b. volcano-sedimentary deposits); 7. Paleogene; 8. 
Mesozoic (a. Cretaceous; b Jurassic; c. Triassic; d. Triassic-Jurassic volcanic arc); 9. Pre-Mesozoic (a,. magmatites; b. 
metamorphites) - from Filipescu et al. (2009) 

 
Regional stage 

(Central 
Paratethys) 

Foraminiferal biozones 
(based on Popescu, 1995, 2000) 

Lithostratigraphic Units (based on Filipescu, 2001; 
Ilie, 1955; Lubenescu, 1981; Popescu et al., 1995; 

Rado et al., 1980) 
Vingard Fm. 

Pannonian 
ostracods 

Ammonia acme 
ostracods 

Săcădate 
Fm. 

Guşteriţa 
Fm. 

Ocland Formation 

Porosononion aragviensis 

B
es

s. 

Dogielina sarmatica 

Elphidium 
reginum 

Varidentella 
reussi 

Articulina 
sarmatica 

Mereşti Formation 
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Anomalinoides dividens 

Dobârca Formation 

La
te

 

Velapertina Pietroasa Formation 
Mărtiniş Formation 

 Ocna Dejului Formation 

M
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e 

Globoturborotalita druryi / 
Globorotalia transsylvanica 

Orbulina suturalis / Globorotalia 
bykovae 

Dej Tuff B
ad

en
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n 

Ea
rly

 

Praeorbulina glomerosa ?Tălmaciu 
Conglomerates 

?”Perşani 
Conglomerates” 

Table 1. Synthetic chart of Middle to Late Miocene lithostratigraphic units of Southern Transylvania. Regional stages 
based on Harzhauser and Piller (2004) and Rögl (1998a). 
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Chapter 4 – The Sarmatian in the southern part of the Transylvanian Basin 

4.1. The concept of Sarmatian 

The term “Sarmatian”, as a chronostratigraphic unit, was introduced by Suess on 5 July, 

1866 (see Suess, 1866). However his reference in the original text to Barbot de Marny 

generated a long lasting controversy regarding the priority of the definition (see Ionesi et 

al., 2005; Papp, 1974). The various interpretations and correlations of the Sarmatian in 

the Transylvanian Basin reflect the uncertainties of the Sarmatian/Pannonian boundary 

(see Krézsek, 2005) and the correlation problems between the Sarmatian of the Central 

and Eastern Paratethys. Therefore the Sarmatian of the Transylvanian Basin was 

correlated 1) with the entire Sarmatian (= Sarmatian s.l.) from the Eastern Paratethys (e.g. 

Gräf et al., 1973; Török, 1933); 2) with the Volhynian + Bessarabian (e.g. Filipescu, 

1999; Gräf et al., 1971; Popescu, 1995); and 3) with the Volhynian + Lower Bessarabian 

(e.g. Krézsek and Filipescu, 2005). 

 
4.2. Lithostratigraphy 

In the southern part of the Transylvanian Basin a few lithostratigraphic units were defined 

so far (see Tab. 1): the Dobârca Formation (Lubenescu, 1981), which conformably 

overlie the former unit in the south-western part of the Transylvanian Basin, and the 

Mărtiniş Formation (Ţicleanu in Rado et al., 1980) and Mereşti Formation (Ţicleanu in 

Rado et al., 1980) in the eastern part of the basin. 

 

4.3. Biostratigraphy 

As a consequence of the scarcity or absence of planktonic fossils within the Sarmatian 

sedimentary record, the biostratigraphic zonations proposed in different basins (or 

countries) of the Central and Eastern Paratethys are based exclusively on benthic fossils 

(e.g. Boda, 1974; Görög, 1992; Grill, 1941; Jiříček, 1972; Koiava, 2006; Kojumdgieva et 

al., 1989; Łuczkowska, 1967; Papp, 1956; Venglinski, 1975).  

In Romania the biostratigraphic zonations of the Sarmatian foraminifera in use 

was performed by Popescu (1995) on assemblages from various part of Romania, 

including the Transylvanian Basin. The mollusc zonations in use were defined by Ionesi 

et al. (2005) in the Moldavian Platform, and by Lubenescu (1981) in the Transylvanian 

Basin. 
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Chapter 5 – Material and methods 

Around 180 samples were collected for this research from 139 surface outcrops 

located in the southern part of the Transylvanian Basin. However for various reasons we 

have chosen the 31 most-significant samples for this study. This number proved to be 

sufficient for the first general characterization of the Sarmatian foraminiferal assemblages 

of the Southern Transylvanian Basin. Every outcrop was sedimentologically interpreted 

with the help of Dr. Csaba Krézsek (see in Krézsek et al., 2010), and the outcrops were 

pictured by Prof. Dr. Sorin Filipescu and Dr. Csaba Krézsek. 

The foraminiferal assemblages were used to infer on palaeoecological conditions 

based on palaeoecological indices calculated with PAST ver. 1.94b of Hammer et al. 

(2001), calcareous benthic morphogroups and recent analogies. The age of the sampled 

strata was determined based on the available biostratigraphic frameworks (e.g. Popescu, 

1995).  

Morphogroup Morphotype Foraminiferal 
groups  Mode of life Feeding habit Main genera 

S1 Planspiral with 
rounded margin 

Non-keeled 
elphidiids and 

nonioniids 
infaunal herbivore and 

detritivore 

Nonion, Elphidiella, 
Porosononion, Elphidium 
(non-keeled) 

S2 
Planspiral with 
spines and/or 

keeled 

Keeled and 
spinose elphidiids

epifaunal herbivore Elphidium (keeled) 

S3 Planoconvex 
trochospiral 

Temporary or 
permanently 

attached rotalids
epifaunal omnivore Rosalina, Discorbis, 

Schakoinella 

S4 
Planocovex or 
biconvex, low 
trochospiral 

Free rotalids infaunal ?herbivore Ammonia, Aubignyna 

S5a Enrolled 
milioline Miliolids epifaunal herbivore, 

detritivore 

Cycloforina, Triloculina, 
Pseudotriloculina, 
Varidentella S5 

S5b Partly uncoiled 
milioline Miliolids epifaunal herbivore, 

detritivore Articulina, Articularia 

S6 
Lenticular to 

flattened ovoidal 
or ovoidal 

Biseriate planspiral 
buliminids and 

unilocular lagenids
infaunal detritivore Cassidulina, Islandiella, 

Fissurina, Oolina 

S7a Flattened tapered Bolivinids infaunal ?detritivore Bolivina 

S7 
S7b Tapered and 

cylindrical 

Bi-to triseriate and
trochospiral 
buliminids 

infaunal ?detritivore 
Bulimina, Caucasina, 
Buliminella, Fursenkoina, 
Orthomorphina 

S8 
Planoconvex 

trochospiral, with
many pores 

Low trochospiral 
rotalids 

?epifaunal ? Anomalinoides, ?Lobatula

Table 2. Morphogroups and morphotypes used in this study, partly based on Corliss and Chen (1988) and Tóth and 
Görög (2008). Morphotypes and the mode of life of genera based mainly on Corliss and Chen (1988), Kaiho (1991, 
1999), and Murray (1991), whilst the feeding habit compiled after Murray (1991). 
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Chapter 6 – Results and discussions 

 

6.1. Foraminiferal assemblages and related lithofacies 

The investigated outcrops revealed the existence of different lithofacies within the 

Sarmatian of the studied area. These lithofacies usually can be recognized at more than 

one outcrop therefore we present the most important outcrops grouped according to their 

dominant sedimentological characters. The description of the presented 25 outcrops and 

the interpretation of their sedimentological features are based on own data and on Krézsek 

et al. (2010), whilst the defined 21 benthic and planktonic foraminiferal assemblages are 

based on foraminiferal abundance and diversity, along with the distribution of calcareous 

benthic morphogroups and relative abundance of the main genera. The results of this 

chapter are summerized on the Table 4. 

 
6.2. Planktonic foraminifera in Sarmatian: consequences in regional correlation, 

biostratigraphy and chronostratigraphy 

6.2.1. The Streptochilus Assemblage Biozone 

In some assemblages (e.g. mixed Bolivina-Nonion Assemblage 16; Toarcla B) several 

small Bolivina-like biseriat specimens were observed. The SEM investigation of these 

revealed features which fits very well with those of the planktonic genus Streptochilus 

and prove that several Bolivina-like foraminiferal specimens found in our in fact 

planktonics belonging to the genus Streptochilus. The occurrence of Streptochilus in the 

Upper Sarmatian i.e. strata with evolved species of genus Porosononion in shallow-water 

depositional settings (e.g. Nicoleşti) supported the separation of a new Streptochilus 

Assemblage Biozone, which was published as part of this thesis by Filipescu and Silye 

(2008). 

 

6.2.2. Chronostratigraphical consequences of the Sarmatian Streptochilus 

The presence of the Streptochilus species in the Late Sarmatian assemblages, give new 

correlation potential for the Upper Sarmatian on regional level. Moreover based on the 

FO occurrences of the identified Streptochilus globulosum and S. latum (see Boltovskoy, 

1978; de Klasz et al., 1989), the definition of the Sarmatian/Pannonian boundary should 

be revised, and it’s correlation with the Serravallian/Tortonian boundary reconsidered.  
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Figure 2. Chronostratigraphy, biostratigraphy and sequence stratigraphy of the Upper Badenian and Sarmatian in 
Romanian and the Transylvanian Basin and their correlation to the Vienna Basin. Foraminiferal biozonation in the 
Vienna Basin according to Grill (1941), Harzhauser and Piller (2004), and Rögl (1998c); biozonation in the 
Transylvanian Basin based on Filipescu (2004a), Filipescu and Silye (2008), and Popescu (1975, 1995); depositional 
sequences according to Krézsek and Filipescu (2005); global cycles based on Haq et al. (1988). The correlation of the 
Central and Eastern Paratethys stages according to Harzhauser and Piller (2004) and Rögl (1998a), whilst ages based on 
Harzhauser and Piller (2004), Hilgen et al. (2005), Lier et al. (2009), Lourens et al. (2004a, 2004b). Note the position of 
the Streptochilus Zone, drawn here after Filipescu and Silye (2008). 
 

6.3. Chronology of the Sarmatian foraminiferal assemblages 

The identified foraminiferal assemblages were sorted in time order (see Tab. 3) based on 

the occurrences of marker taxa (Filipescu et al., 2005; Popescu, 1995, 1998) controlled by 

the data on stratigraphic correlation of outcrops, depositional sequences amd subsurface 

data of the Southern Transylvanian Basin (Krézsek and Filipescu, 2005; Krézsek et al., 

2010). These data were further improved by data on stratigraphical distribution of 

ostracods (in Wanek, 1992) associated to various foraminiferal assemblages. 

Central Eastern

?HST Asmb. 1 
Feliceni

TST7 Asmb. 12 
Nicoleşti

Asmb. 13 
Nicoleşti; 

Ulieş

Asmb. 20 
Şoroştin 

3&4

Asmb. 21 
Archita2; 
Mărtiniş1

Asmb. 
17&18 
Cenade 

3&4

Asmb. 
15&16 
Toarcla 
A&B

LST7 Asmb. 2 
Berghin 1

Asmb. 14 
Noul Român

 HST6 Asmb. 
4&5   

Sărata A&B 

Asmb. 9 
Arpaşu 

Asmb. 11 
Răşinari 

TST6
Asmb. 10 

Mihai 
Viteazu 

Asmb. 6 
Buneşti 1

Varidentella 
reussi  Zone LST6 Asmb.7 

Dobârca 2

Asmb. 8 
Apoldu de 

Sus

HST5 Asmb. 3 
Dobârca 1

Dacia Asmb. 19 
Ruşi

Regional stages
Foraminiferal biozones Dep. seq.

Palaeoenvironment

Marginal Inner shelf Outer shelf Bathyal

TST5

SA
R

M
A

T
IA

N

L
. B

es
sa

ra
bi

an Porosononion 
aragviensis Zone

Streptochilus 
Zone

Dogielina sarmatica  Zone

V
ol

hy
ni

na

Elphidium 
reginum  Zone Articulina 

sarmatica  Zone

Anomalinoides dividens  Zone

Table 3. The foraminiferal assemblages and outcrops presented in this study correlated to the chronostratigraphy, 
biostratigraphy and sequence stratigraphy of Sarmatian in the Transylvanian Basin. Foraminiferal biozonation based on 
Filipescu and Silye (2008) and Popescu (1995); depositional sequences according to Krézsek and Filipescu (2005). The 
correlation of the Central and Eastern Paratethys stages according to Harzhauser and Piller (2004), and Rögl (1998). 
The palaeoenvironmental zonations of the assemblages based on the interpretation presented in Chapter 6.1. of the 
thesis 
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Figure 3. Miocene sedimentary evolution and depositional models of the Southern Transylvanian Basin (after Krézsek 
et al., 2010). The systems tract annotation follows Krézsek and Filipescu (2005). The correlation of the Central 
Paratethys and standard chronostratigraphy after Rögl (1998a) and Loursen et al. (2004b). Ages based on Hilgen et al. 
(2005), and Lourens et al. (2004a, 2004b). Note the dominance of sand-mud and sand-gravel systems during the 
Sarmatian. 

The Sarmatian sedimentary record of the Southern Transylvanian Basin was 

deposited in fluvial, marginal marine (paralic), shallow-marine ramp (lower shoreface, 

inner and outer shelf) and deep-water palaeoenvironments. These can be characterized 

with specific lithofacies and/or foraminiferal assemblages (see Tab. 4 and Fig. 3), whilst 

the genetically linked and coeval facies associations can be grouped in two depositional 

systems: 1) sand-gravel and a 2) mud-sand depositional systems (see Krézsek et al., 

2010). 

6.4.1. Palaeoenvironments and palaeoecology 

6.4. Palaeoenvironments, palaeoecology and palaeogeography 

 



Table 4. Lithofacies associations, description and interpretation of facies associations (based on Krézsek et al., 2010), microfauna (this study) and representative outcrops of the Southern 
Transylvanian Basin. The location of the outcrops is shown on the map in the Appendix 3 of the full text version. Annotations: Sa1 – Lower Sarmatian, Sa2 – Upper Sarmatian. 

Lithofacies Description Interpretation Microfauna Representative outcrop and their 
age 

Fluvial    
Massive 
conglomerates 
 

Meter-scale granule to boulder-size clast- or matrix supported 
conglomerates. Ungraded/graded ± crude horizontal imbrication, 
channelized or irregular base. 

Channel fill debris flows and 
longitudinal bedforms  

absent 

Stratified 
conglomerate 
 

Meter-scale pebble to cobble sized clast-supported conglomerates. 
Graded with planar cross-stratification or through cross-stratification. 
Frequently scoured base. 

Transverse bars or minor 
channel fills 

absent 

Sa1: Dacia 
Sa2: Ulieş 
 

Gravel lag 1-2 clast thick row of imbricated pebbles and cobbles that form 
discontinuous patches at the base of stratified sandstones or 
conglomerates 

Minor channel lag absent Frequent 

Stratified 
sandstone 

Decimetre-scale medium to coarse-grained, sandstone and pebbly 
sandstone. Fining upwards, planar and through cross-stratification, 
horizontal lamination 

Sand dunes (bar top 
assemblages), low-energy 
channel fill 

absent Frequent 

Shallow-marine ramp    
Conglomerate Decimetre to meter-scale pebble to boulder-sized clast supported 

conglomerates with a coarse sandy to pebbly sandstone matrix; 
erosional lower boundaries and highly-variable thicknesses; vaguely 
defined tabular or horizontal stratification; some may be massive and 
fining upwards. 

Distributary channels incised on 
the inner shelf (mostly upper 
shoreface) 

absent Sa2: Berghin 

Pebbly sandstones Decimetre-scale well-sorted coarse-grained horizontally stratified 
sandstones with scattered granule to boulder sized pebble lags. The 
stratification is formed by centimetre-scale fining- or coarsening-
upwards units. Large-scale low angle cross-stratification and low 
angle erosional surfaces. 

Foreshore/Upper shoreface 
pebbly sandstones. Frequently 
associated with major 
conglomerate channels and 
gravel lags 

absent Sa2: Berghin, Dobârca valley 

Coarse sandstone 
with gravel lag 

Decimetre-scale beds up to 1-2 m thick of medium to coarse grained,  
well sorted and mostly fining upwards sandstones; occasionally 
pebbly and with minor lenticular conglomerates. Tabular and swaley 
cross stratification, minor horizontal lamination. Low angle 
truncations and gravel lags are frequent. 

Large-scale upper shoreface 
dunes with gravel lags and 
minor conglomerate channels 

absent Sa1: Daia Română, Petreşti; Fişer, 
Buneşti, Dobârca valley (e.g. Dobârca 
1) 
Sa2: Mureni 

Bioclastic 
sandstone and 
shale 

Centimetre to decimetre-scale coarse to medium grained, frequently 
bioclastic sandstones alternating with centimetres thick shale; the 
sandstone/shale boundary is sharp; rare pebble lags; the upper 
surface of the sandstones is not graded; wave-current ripples, 
hummocky cross-stratification, horizontal lamination; shales are 
bioturbated.  

Minor lower shoreface sandy 
dunes with suspension fallout 
marls  

Sa1: shallow-water benthic 
foraminifera (e.g. Ammonia spp., 
Elphidium spp., Nonion spp., 
miliolids), mysids, and ostracods 
Sa2: shallow-water benthic 
foraminifera (e.g. Ammonia spp., 
Porosononion spp.) 

Sa1: Sărata A&B, Dobârca valley 
(Dobârca 1) 
Sa2: Mureni2 

 



Table 4. (continued) 
Lithofacies Description Interpretation Microfauna Representative outcrop and their age 

Marl with 
sandstone and 
conglomerate 

Centimetres-scale laminated brown and whitish marls/shales and 
ripple-laminated fine-grained sandstones that form several mater 
thick successions occasionally interbedded with centimetre-scale 
fining-upwards bioclastic sandstones and conglomerates; sandstones 
have horizontal to ripple lamination; conglomerates are massive or 
planar cross stratified 

Inner shelf close to the storm-
wave base with frequent 
tempestites 

shallow-water microfauna 
Sa1: e.g. Porosononion spp., 
Elphidium spp.), ostracods 
Sa2: e.g. Ammodiscus sp., Ammonia 
spp., Aubignyna spp., Porosononion 
spp., Nonion spp., Bolivina spp., 
ostracods 

Sa1: Buneşti 1&2, Dobârca valley (e.g. 
Dobârca 1) 
Sa2: Mureni, Ulieş, Dobârca valley, 
Feliceni (lower part) 
 

Marls with fine-
grained 
sandstone 

Centimetre-scale marls locally in alternation with minor fine-grained 
sandstone; unidirectional ripples and horizontal lamination, 
carbonate rich laminas 

Inner to outer shelf below or 
sometimes close to the storm-
wave base 

Sa1: benthic foraminifera (e.g. 
Elphidium spp., Nonion spp., 
Cassidulina spp, Bolivina spp., 
Anomalinoides dividens, miliolids), 
rare planktonic foraminifera (e.g. 
Tenuitellinata spp., Globigerina  
spp.), ostracods, and molluscs 
Sa2: rotaliids, mysids, ostracods 

Sa1: Dobârca valley (e.g. Dobârca 2), 
Arpaşu de Jos, Răşinari, Mihai Viteazu, 
Grânari, Apoldu de Sus 
Sa2: Noul Român, Mureni 2 

Fandelta    
Bipartite 
conglomerate 
and sandstone 

Decimetre to meters-scale fining-upwards, clast or matrix supported 
pebble to boulder sized massive conglomerates, with [a(p)a(i)]-type 
imbrication that form multi-storey amalgamated units. The 
conglomerates are covered by decimetre thick horizontally laminated 
or massive coarse-grained sandstones. Pebbles to boulder-sized 
imbricated lags are frequent; high-angle depositional dips. 

Bipartite flows consisting of 
lower cohesionless debris flows 
and upper turbidity currents and 
debris falls deposited on gravely 
Gilbert-type fandelta foresets 

absent Sa2: Nicoleşti (lower part), Ulieş 
 

Pebbly sandstone 
and sandstone 

Decimetre to meters-scale massive or horizontally laminated pebbly 
sandstones that fine upwards into sandstones. Frequent imbricated 
[a(p)a(i)] pebble lags and shale rip-ups; rare lenticular cross-
stratified pebble conglomerates; low angle depositional dips and 
erosional surfaces; bioturbation 

High-density turbidites or sandy 
debris flows and debris falls 
probably deposited on sandy 
fandelta low angle foresets. 
Minor conglomerate channels. 

absent Sa2: Mohu, Câlnic 

Deep-water    
Massive 
sandstone and 
conglomerate 

Several meters thick fining upwards massive coarse-grained 
sandstones with frequent internal amalgamation surfaces sometimes 
capped by low density turbidites (Tbc). Frequent shale rip-ups. The 
sandstones may be interbedded with meters-thick channelized units 
formed by pebble- to boulder-sized, clast or matrix supported, 
frequently imbricated  [a(p)a(i)] conglomerates.  

Proximal submarine channel 
fills formed by high density 
turbidites, gravely debris flows 
and some low density turbidites 

absent Sa1: Cobor 
Sa2: Archita 2 

Sandstones with 
minor marls 

Decimetre to several meter-scale Bouma-type (Tab, Tabc, and Tbc) 
sandy turbidites interbedded with decimetre thick marls. Non-
erosional parallel bed boundaries. Rare small-scale sandy channels 
and shale rip-ups. 

Submarine channels late fill or 
submarine fan lobe dominated 
by low-density turbidites and 
interbedded with suspension 
fall-out pelagics. High density 
turbidites may occur. 

Sa1: planktonic foraminifera 
(Tenuitella spp., Tenuitellinata spp., 
Globigerina spp.), rare benthic 
foraminifera (e.g. Bolivina spp., 
Oolina spp, allochtonous specimens) 
Sa2: rotaliids and ostracods 

Sa1: Felmer 
Sa2: Bârghiş, Cenade3&4, Jibert, 
Marpod, Toarcla A&B 

 



Table 4. (continued) 
Lithofacies Description Interpretation Microfauna Representative outcrop and their age 

Marls with minor 
sandstones 

Decimetre to meter scale laminated or massive marls associated 
with minor fine to medium grained Bouma-type (Tbc, Tcd) sandy 
turbidites. Non-erosional parallel bed boundaries. No rip-ups or 
channels. 

Submarine fan levee or outer 
lobe fringe; dominated by 
suspension fall-out with minor 
amount of low-density 
turbidites 

Sa1: planktonic foraminifera, benthic 
foraminifera (e.g. Bolivina spp., 
Fissurina spp. Oolina spp., 
Anomalinoides dividens, 
allochtonous specimens of 
rotaliids?), ostracods 
Sa2: ?transported benthic 
foraminifera (e.g. Elphidium spp., 
Porosononion spp.), Anomalinoides 
dividens, planktonic foraminifera 
(Tenuitellinata spp., Streptochilus 
spp.) and rare ostracods 

Sa1: Ruşi 2, Brădeni, Grânari 
Sa2: Soroştin 2&4, Vărd 

Marls Decimetre- to meter scale massive or laminated marl and 
calcareous marl. 

Pelagites, suspension fall-out on 
the basin plain 

Sa1: ?transported rotaliids, and rare 
planktonic foraminifera (e.g. 
Tenuitellinata spp., Tenuitella spp) 
and rare rotaliids 

Sa1: Grânari 
Sa2: Archita2 

Evaporite    
Gypsum Decimetre to meter thick massive (alabaster) or thinner fibrous 

gypsum beds. Sometimes associated with thin calcareous marls or 
limestones. 

Sabkha to shallow (< 5m) 
platform 

Absent Sa1: Daia Română 

 



6.4.2 Palaeogeography 

The evolution of the palaeoenvironments inferred based on the foraminiferal assemblages 

(this study) and the evolution and alternation of the depositional systems (Krézsek et al., 

2010) allowed the reconstruction of the general palaeogeography of the Southern 

Transylvanian Bain (see Fig. 4), and its connections to the open seas. 

 

Basin scale palaeogeography 

 
Figure 4. Palaeogeographic reconstructions for selected Sarmatian systems tracts of the Southern Transylvanian Basin 
(modified after Krézsek et al., 2010). The shallow-marine palaeoenvironments were established with the beginning of 
the Early Sarmatian, and persisted throughout the Sarmatian. The shelf areas were dominated by the mud-sand 
depositional system during the relative sea level transgressive and highstand system tracts. The shelves were mainly 
covered by fandeltas during the lowstands. 
 

Regional palaeogeography 
The Sarmatian is often depicted as having very restricted or no connections towards the 

open oceans, and specifically not to the Indo-Pacific region (e.g. Paramonova et al., 2004; 

Rögl, 1998b). Moreover the faunal change observable at the Badenian/Sarmatian 

boundary (e.g. Harzhauser and Piller, 2007) was explained by Rögl (1999) by a serious 

shift in the oceanic connections of the Paratethyan area from the Late Badenian 

connection to the Indo-Pacific to a very narrow and short lasting connection towards the 

Atlantic during the Early Sarmatian. In contrary, the planktonic content of the Sarmatian 

foraminiferal assemblages in the Transylvanian Basin suggest connections to the Indo-

Pacific regions during the Sarmatian, at least during the transgressive events. 
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Chapter 7 – Taxonomy 

The taxonomic work of this thesis contains the description of the 100 species, severals of 

them (e.g. Ammodiscus aff. gullmarensis, the planktonic foraminifera) described for the 

first time from the Sarmatian of the Southern Transylvanian Basin or Central Paratethys. 

The identified species of benthic and planktonic foraminifera have been arranged in 

taxonomic order following the suprageneric classifications of Loeblich and Tappan 

(1988, 1992), except the species belonging to the genera Tenuitella and Tenuitellinata 

which systematic classification follows Li (1987). Species identifications have been based 

in large part on the taxonomic works of Brestenská (1974), Cicha and Zapletalová (1963), 

Cicha et al. (1998), Didkowski and Satanovskaja (1970), Filipescu (2004b), Görög 

(1992), de Klasz et al. (1989), Li (1987), Li et al. (1992), Łuczkowska (1972, 1974), Papp 

and Schmid (1985), Popescu (1995), and Venglinski (1958). 

 

Chapter 8 – Conclusions 

This study focused on the description of the Sarmatian foraminiferal assemblages from 

the Southern Transylvanian Basin, and their significance for the reconstruction of 

sedimentary facies. The palaeogeographic significance of the recovered assemblages and 

their usefulnes for the reconstruction of the basin’s history were also inferred and 

discussed. 

The foraminiferal assemblages demostrates based on morphogroup analysis and 

recent analogies the existence of marginal estuarian or deltaic to outer shelf/bathyal 

palaeoenvironmets during the Sarmatian. Each of these can be characterized by specific 

foraminiferal assemblages, or even within the same palaeoenvironment (e.g. inner shelf) 

several sub-palaeoenvironments can be separated based on the variations observed in the 

compositiona of the foraminiferal assemblages. 

The sea-level fluctations and the evolution of the palaeoenvironments can be quite 

well modeled based on Sarmatian calcareous benthic and planktonic foraminiferal 

assemblages. The most obviously the transgressive events can be indetified. Almost every 

transgressive setting recognized based on the variations of the sedimentary facies 

correlates with the plancktonic invasions starting from the Early Sarmatian and ending 

with the Late Sarmatian (TST7). The sediments deposited by highstand system tracts can 

be characterized by well structured and abundant shelf assemblages (e.g. Arpaşu, 

Răşinari, and Sărata) or even by the appearance of marginal marine assemblages with 
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agglutinated foraminifera (e.g. Feliceni). The reworked assemblages (e.g. at Berghin) or 

hypersaline lagoon assemblages (Mihai Viteazu) can be assigned to lowstand events. 

The differences observed between the Early and Late Sarmatian foraminiferal 

assemblages as regards their species content and the relative abundance of the 

morphogroups suggests that the Early Sarmatian, probably well-ventilated Transylvanian 

Basin, changed into a basin with stratified water column and hypoxic bottom in the Late 

Sarmatian. This may have been a result of the tectonic isolations. 

Two interesting foraminiferal groups presented in this study complete our 

inventory of Sarmatian foraminifera from the Transylvania Basin. Agglutinated 

foraminifera (Ammodiscus aff. gullmarensis) related to particular deltaic Sarmatian 

palaeoenvironment and rare biseriate (Streptochilus) or trochospiral microperforate 

(Tenuitella, Tenuitellinata) planktonic foraminifera related to transgressive events. The 

later demonstrated that the open sea connections of the Transylvanian Basin (and thus of 

the Central Paratethys) persisted until the Late Sarmatian, in agreement whit data on 

fossil diatoms (see Saint Martin and Saint Martin, 2005). 

The absence of Sarmatian shallow-water carbonates (see Fig. 4) observable in 

other Paratethyan basins (see Cornée et al., 2009; Pisera, 1996) and the presence of deep-

marine palaeoenvironments are the most striking characters of the Sarmatian sedimentary 

record from the Transylvanian Basin.  
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