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Palaeoenvironmental changes in the Transylvanian Basin during the Early Miocene
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The evolution of the Transylvanian Basin during the Early Miocene has been reconstructed from the succession of
palaeoenvironments inferred from sedimentological trends and the succession of specific foraminiferal assemblages from
Lower Miocene Tihau section in the northwestern Transylvanian Basin. Planktonic foraminifera suggest a Burdigalian age
and record sea level changes, climatic and productivity events. Benthic foraminifera offer data on the palaeoenvironmental
evolution, with a large-scale progradational (coarsening up) sedimentary succession influenced by regional tectonics. The
succession of depositional events includes: (1) transgressive coarse grained deposits with typical Mediterranean assem-
blages of bivalves in beach environments; (2) a glauconitic facies which can be associated with the maximum flooding sur-
face of the transgression; (3) sedimentation continued on a narrow shelf influenced by deltas during the highstand; (4) the
influence of regional tectonics and subsequent filling with turbidites associated with fan deltas.
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INTRODUCTION

The Paratethys (Laskarev, 1924), as a large epicontinental
sea extending from Central Europe to Central Asia since the
Oligocene, gradually transformed into an inland sea and finally
into a series of giant lakes because of ongoing continental colli-
sion that shaped the Alpine—Himalayan orogenic belt (Rogl,
1998). Tectonic deformations during the Neogene caused par-
ticular evolution of Paratethyan sub-basins and a progressive
isolation from the open ocean, which induced endemism of the
biota. The Transylvanian Basin, one of the major basins of the
Central Paratethys, preserves characteristic stratigraphic fea-
tures but faces the same bio- and chronostratigraphic difficul-
ties in correlation with the standard zones and stages. Recent
attempts to improve the correlation criteria for the Miocene of
the Transylvanian Basin, with implications for the Paratethyan
stratigraphy, were carried out by Krézsek and Filipescu (2005),
Filipescu and Silye (2008), Beldean et al. (2010), Krézsek et al.
(2010), Vasiliev et al. (2010), Filipescu et al. (2011), and de
Leeuw et al. (2013).

One of the representative areas for the Lower Miocene is
the northwestern Transylvanian Basin (Fig. 1), where diverse
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palaeoenvironmental settings (from continental to shallow- and
deep-marine — Popescu, 1975; Popescu et al., 1995; Filipescu,
2011) controlled the distribution of fossil assemblages. Due to
this facies complexity and limited connections to the ocean, ap-
plication of the existing biozonation (Popescu, 1975; Beldean et
al., 2010) proved difficult in some cases. For this reason we de-
cided to look more carefully into the relationship between the
types of sedimentary facies and their micropalaeontological
content, as clues for palaeoenvironmental reconstruction and
for identification of improved correlation criteria.

The Lower Miocene sedimentary record of the Transylvanian
Basin reaches up to 1000 m and has been preserved mainly in
the flexural basin developed in front of the thrusting Pienides
(Krézsek and Bally, 2006). Borehole data and regional interpre-
tations (Dicea et al., 1980; Krézsek and Bally, 2006; Tischler et
al., 2008) indicate a large-scale shallowing upward trend. Sev-
eral lithostratigraphic units were described for coexisting particu-
lar sedimentary paleoenvironments (Fig. 2).

The superposition of the particular lithofacies was produced
due to the initial transgression (basin formation) and subse-
quent regression (uplift of the Pienides; Beldean et al., 2012).
The studied section from Tihau displays parts of the Lower Mio-
cene Corus, Chechig, and Hida formations.

MATERIAL AND METHODS

Nineteen samples were collected from fine siliciclastic sedi-
ments from the Chechis and Hida formations (Fig. 3) near the
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Fig. 1. Position of the studied area in the Transylvanian Basin (left) in the context of the Central Paratethys;
detailed geological map (right) and location of the studied outcrop (modified after Beldean and Filipescu, 2011)

Tihau locality (Lanii Valley, Salaj County — 47°12'20.96"N,
23°20'34.32E; Fig. 1). Seventeen samples were recovered
from a continuous succession (Fig. 3), while two of them were
collected from a lower outcrop (Fig. 3). The sedimentological in-
terpretation relies on outcrop measurements and observations.

Standard micropalaeontological preparation methods were
applied on 250 g of sample (boiling in tap water with one table-
spoon of sodium carbonate — Na,CO3; — for approx. 1 hour,
washing over a 63 ym brass mesh sieve and drying); when nec-
essary, the sediment was treated with 0.3% hydrogen peroxide
(H20,) to further disintegrate the clay minerals. More than 300
foraminifera were picked from the >63 um fraction. Primary
identification was done under a stereomicroscope, while sev-
eral specimens were examined in detail with a scanning elec-
tron microscope at the Electron Microscopy Center of the
Babes-Bolyai University. The foraminifera were identified at
species-level (if possible), sorted, and counted.

Planktonic foraminifera were used to estimate the water
palaeodepth by calculating the planktonic/benthic (P/B) ratios
based on the relation: P/B = 100(P/P + B) (Murray, 1991).

Complementary data were used to reduce the possible dis-
tortions introduced by transport and redeposition (Van der
Zwaan et al., 1990; Van Hinsbergen et al., 2005).

Some quantitative data were calculated for the benthic
foraminiferal assemblages using the computer software PAST
(Hammer et al., 2001) in order to obtain palaeoecological proxy
records:

— Fisher’s alpha diversity index, which remains constant
regardless of the number of individuals and high values
indicate high species diversity (Murray, 1991);

— Shannon index that takes into account both the number
of species and the amount of individuals within species
(Murray, 1991);
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Fig. 2. The correlation between the Lower and Middle Miocene biozones based on the foraminifera and calcareous
nannoplankton with the lithostratigraphic units in the Transylvanian Basin (after Beldean et al., 2012)

Standard absolute ages are from Gradstein and Ogg (2004)
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Fig. 3. Sedimentary log of the studied section, position of samples and univariate statistics such
as the P/B ratio, percent of agglutinated foraminifera, percent of epifauna and infauna microhabitats,

and diversity indices (Fisher alpha and Shannon indices)

C - clay, Si - silt, S — sand, P — pebble
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— the relative abundance of agglutinated taxa (Murray,
1991);

— the relative abundance of epifaunal (usually abundant in
well-oxygenated environments) and infaunal (able to live
with low oxygen contents) taxa was used to estimate
bottom water oxygen (Jorissen, 1999);

— the relative abundance of most important benthic
foraminifera species, genera or groups with similar
palaeoecological affinities was used to characterize the
palaeoenvironmental evolution.

The classification of the benthic foraminifera in epifaunal or
infaunal, and as oxic, suboxic or dysoxic indicators was based
on literature data and the morphology of the test (e.g., Corliss
and Chen, 1988; Corliss and Fois, 1990; Sen Gupta and
Machain-Castillo, 1993; Kaiho, 1994, 1999; Kouwenhoven and
Van der Zwaan, 2006; Jorissen et al., 2007; Kaminski, 2012).

The palaeoclimatic significance of certain planktonic
foraminifera species was deduced based on direct information
from the literature (e.g., Li et al., 1992; Spezzaferri, 1994, 1995;
Spezzaferri and Cori¢, 2001; Spezzaferri et al., 2002; Rogl and
Spezzaferri, 2003; Bicchi et al., 2003, 2006; Pearson et al.,
2006; Alegret et al., 2008).

RESULTS

SEDIMENTOLOGY

The Corus Formation. The transgressive deposits belong-
ing to the Corus Formation are represented by well-sorted thick
packages of sandstones alternating with centimetric/decimetric
conglomerates containing shell lags with large molluscs (espe-
cially pectinidae) typical for the littoral areas (Moisescu and
Popescu, 1980).

The sandstones are characterized by cross- and parallel
lamination (subaqueous dunes). The transition from the sand-
stones belonging to the Corus Formation to the bioclastic
silty-sandy clays with glauconite (approx. 2.5 m thick) of the
Chechis Formation is gradational or sharp (Fig. 3). The
glauconite deposits are grading upward into grey mudstones
(samples TH1 and TH2).

The Chechis Formation. Mudstones dominate the
Chechis Formation, although decimetric intercalations of orto-
and paraconglomerates were observed (Fig. 3). The base of
the coarse grained deposits is weakly erosional while the top
becomes gradational. The extraformational pebbles are
rounded to sub-rounded, suggesting feeding of the fan deltas
by fluvial systems.

A glauconite rich interval is very characteristic for the lower
part of the formation. Glauconite is well-known to be associated
with periods of transgression and low deposition or even ero-
sion of sediment (e.g., Rech-Frollo, 1963; McRae, 1972; Van
Houten and Puruker, 1984; Harris and Whiting, 2000; Gonzalez
et al., 2004). Cattaneo and Steel (2003) associated the maxi-
mum flooding surface (MFS) with condensed sections showing
reduced oxygen values, high organic matter content, authigenic
material (e.g., glauconite), abundant and diverse plankton, and
low amounts of benthic foraminifera. Leckie and Olson (2003)
associated the glauconite rich fine-grained deposits with the
MFS, while Miller et al. (1997) associated the shelly sands with
glauconite with transgressive systems tracts (TST) deposited in
inner-middle neritic (0 to 100 m) environments. Other authors
related the MFS with: grey-brown clays with glauconite

(Danielsen et al., 1997), glauconite bearing deposits
(Christensen et al., 1995), glauconite with peak abundances of
Uvigerina (Browning et al., 1997), peaks in total organic carbon
(Miller and Lohmann, 1982) during times of maximum flooding
(Loutit et al,, 1988), or condensed sections containing
glauconite and/or siderite (Posamentier and Allen, 1999;
Catuneanu, 2006). Concentration of glauconite and increasing
numbers of planktonic foraminifera were used to point to the
MFS and the beginning of Highstand Systems Tracts in the
Miocene of the Vienna Basin (Kovac et al., 2004).

The Corus Formation was associated with the first Miocene
marine transgression in the Transylvanian Basin (Popescu et
al., 1995; Filipescu, 2011). The glauconite facies from the base
of the Chechis Formation was reported by Suraru (1967) in the
Corus—Cristoltel area. For all reasons mentioned above, we as-
sumed that the glauconitic level clearly identified at Tihau and in
other occurrences of the Chechis Formation corresponds to the
maximum flooding surface of the first Early Miocene transgres-
sion.

The Hida Formation. Turbiditic sedimentation, specific for
the Hida Formation, was observed in the middle and upper part
of the studied section (Fig. 3). These sediments are character-
ized by intervals with sands/fine gravels or sandstones with car-
bonate cement alternating with marly-clays. Complete and in-
complete Bouma sequences, erosional and deformational
structures were recognized suggesting the deposition of the
turbidites in mid-fan settings.

FORAMINIFERAL ASSEMBLAGES

Foraminiferal assemblages are abundant in the studied
section and the preservation of the individuals varies from mod-
erate to good. Among the identified foraminifera species, 35 are
agglutinated benthic, 123 calcareous benthic, and 40 are plank-
tonic (Appendix 1%).

Benthic foraminifera are well-represented along the section
(Fig. 4), both in the Chechis and Hida formations. The benthic
assemblages are more diverse in the mudstones of the Chechis
Formation and less abundant and diverse in the fine turbidites
of the Hida Formation (samples T13 to T17; Fig. 3).

Planktonic foraminifera are relatively well-represented in
samples T1 to T17 (Fig. 3). The common species are:
Globigerina angulisuturalis, G. anguliofficinalis, G. bollii, G.
bulloides (Fig. 5D), G. ciperoensis, G. dubia, G. falconensis, G.
gnaucki (Fig. 5C), G. lentiana (Fig. 5A), G. officinalis, G.
ottnangiensis, G. praebulloides, G. tarchanensis, G. wagneri,
Globoturborotalita woodi (Fig. 5E), Globigerinoides trilobus
(Fig. 5F and G), Glob. quadrilobatus (Fig. 51), Paragloborotalia
continuosa, P. semivera, Tenuitellinata angustiumbilicata, T.
pseudoedita, and T. juvenilis.

Planktonic foraminifera. The planktonic assemblages
from Tihdu are mostly dominated by species indicating
cold-temperate water and high primary productivity
(Globigerina group; Globoturborotalita woodi; Tenuitellinata,
Tenuitella, and Catapsydrax species — Li et al., 1992,
Spezzaferri, 1994, 1995; Spezzaferri and Cori¢, 2001;
Spezzaferri et al., 2002; Rogl and Spezzaferri, 2003; Bicchi et
al., 2003, 2006; Roetzel et al., 2006). Warm-temperate surface
waters are suggested by the presence of Globigerinoides (e.g.,
Globigerinoides trilobus, G. primordius, G. quadrilobatus) and
Paragloborotalia (e.g., Paragloborotalia continuosa, P.
semivera) groups, and the species Globigerina ciperoensis
(Spezzaferri, 1994; Rogl and Spezzaferri, 2003; Bicchi et al.,

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/g9q.1245
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Fig. 4. The percent (relative to total benthic abundance) of most important benthic foraminifera species, genera and groups with
similar palaeoecological affinities for samples T1-T17

2003; Amore et al., 2004). A surface water warming trend was
identified in samples T2-T7 (Chechis Formation), with gradu-
ally increasing amounts of Globigerinoides trilobus and a de-
crease in the abundance of Globigerina ottnangiensis. The
abundance of Globigerinoides trilobus abruptly drops in the fol-
lowing samples. The development of planktonic assemblages
was probably influenced by a change in either the productivity
or temperature of surface waters.

The deposition of the Chechis Formation was generally cor-
related with an Eggenburgian warming interval (characterized
by the Parvamussium duodecimlamellatum—Pecten hornensis
Biozone, NN2 — Discoaster druggi Biozone and also by the M1
and M2 plantkonic foraminifera zones — Nicorici et al., 1979;
Moisescu and Popescu, 1980; Chira et al., 2000). Based on
microflora assemblages, Petrescu et al. (2000) characterized
this interval as developed in a warm, subtropical climate. Cool-
ing episodes in the Transylvanian Basin were recorded only for
the Ottnangian (Moisescu and Popescu, 1980; Chira et al.,
2000). The warming trend identified at Tihau probably approxi-
mates the event documented by palynological data by Tabara
and Chirila (2012) for the middle part of the Eggenburgian.

The good representation of the cool-temperate surface water
planktonic species at Tihau may be also related to other palaeo-
ecological factors such as primary productivity. Nevertheless, the
scarcity of Mediterranean elements and the lack of low latitude
planktonic foraminifera in the Corus and Chechis formations
mentioned by Popescu et al. (1995) suggest complex
palaeogeographic settings due to the geotectonic evolution.

Planktonic foraminifera are generally absent or scarce
across much of the inner and middle shelf and their abundance
rapidly increases across the outer shelf and upper slope (e.g.,
Phleger, 1951; Grimsdale and van Morkhoven, 1955; Bandy,
1956; Gibson, 1989; Van der Zwaan et al., 1990; Leckie and
Olson, 2003). The planktonic/benthic ratio could be influenced
by various factors, such as variations in salinity, productivity, ox-
ygenation and connection with the world oceans (e.g., Ulleberg,
1974; Naidu and Malmgren, 1995; Van Hinsbergen et al.,
2005). Although, the planktonic/benthic ratio is not only related
to water depth, we consider it as an indicator of changes in
paleobathymetry. The planktonic/benthic ratio is poorly repre-
sented in the sediments (samples TH1 and TH2) above the

glauconite rich deposits, while the remaining samples (T1-T12)
belonging to the Chechis Formation display frequent oscilla-
tions between 20 to 70%. In the upper part of section (the Hida
Formation, samples T13-T17) the P/B ratio (between 40-70%)
displays an increasing trend followed by a decrease (Fig. 3).

Biostratigraphic analysis revealed the presence of the
planktonic species Globigerinoides trilobus (samples T1-T12
and T14, T15; Fig. 5F and G), which can be associated with the
Globigerinoides trilobus Biozone (Aquitanian—-Burdigalian) of
Popescu (1975). Additionally, according to Cicha et al., (1998)
the stratigraphic range of the species Globigerina ottnangiensis
(samples TH2-T12 and T14-T17; Fig. 5B) and Globigerina
dubia (samples TH2-T4, T7-T12 and T14-T16) in the Central
Paratethys is Eggenburgian—Karpatian. Therefore, based on
the identified planktonic foraminifera species, the studied inter-
val can be assigned to the Burdigalian.

Benthic foraminifera. lva (1971) described a foraminiferal
assemblage from the type section of the Corus Formation, but
foraminifera have not been described from this unit at Tihau.

Samples TH1 and TH2 were recovered from the base of
Chechis Formation (Fig. 3). The low diversity benthic assem-
blage from the lowermost sample (TH1; Fig. 3) is characterized
by Reticulophragmium venezuelanum (Fig. 6l), Budashevaella
multicamerata (Fig. 6G), Textularia spp., Neugeborina longi-
scata, Uvigerina spp., and very rare planktonic foraminifera.
According to Murray (2006), the agglutinated genus Textularia
is an epifaunal form that prefers hard substrates with a depth
range up to 500 m. Additionally, Kaminski et al. (2005) included
Budashevaella multicamerata in the M2b morphogroup of shelf
to deep-marine agglutinated foraminifera, while Nagy et al.
(2000) reported the same species as dominant in outer neritic
to upper bathyal settings. Reticulophragmium venezuelanum
has been found in deep-water settings of Angola, Cameroon
(Seiglie and Baker, 1982; Preece, 1999), Venezuela (Preece,
1999), and India (Govindan, 2004). The calcareous Uvigerina
from the same sample appears rarely in settings shallower than
100 m and it is also found in low-oxygen environments
(Spezzaferri et al., 2002; Rogl and Spezzaferri, 2003). Based
on the depth range of the constituent species, the sediments
corresponding to sample TH1 were probably deposited in a
transitional environmental between the outer neritic and upper
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Fig. 5. Planktonic foraminifera from the Tihau section, Chechis Formation

A — Globigerina lentiana Rogl, sample T4; B — Globigerina ottnangiensis Rogl, sample T5; C — Globigerina gnaucki Blow
& Banner, sample T10; D — Globigerina bulloides d’Orbigny, sample T10; E — Globoturborotalita woodi (Jenkins), sample
T4; F — Globigerinoides trilobus (Reuss), sample T7; G — Globigerinoides trilobus (Reuss), sample T7; H — Catapsydrax
unicavus (Bolli), sample T8; | — Globigerinoides quadrilobatus (d’Orbigny), sample T5; A—E, G-I — apertural view; F — spi-
ral view; all scales represent 100 um
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Fig. 6. Benthic foraminifera from the Tihau section
(Chechis Formation - A, C, E-0, Q-R and Hida Formation - B, D, P)

A — Bathysiphon taurinensis Sacco, sample TH1; B — Nothia robusta (Grzybowski), sample T14; C — Ammodiscus
miocenicus Karrer, sample T4; D — Psammosphaera fusca Schultze, sample T14; E — Saccammina grzybowskii (Schu-
bert), sample TH1; F — Haplophragmoides carinatus Cushman & Renz, sample TH1; G — Budashevaella multicamerata
(Voloshinova), sample TH2; H — Reticulophragmium acutidorsatum (Hantken), sample T3; | — Reticulophragmium
venezuelanum (Maync), sample T4; J — Karrerulina apicularis (Cushman), sample TH1; K — Gaudryinopsis
beregoviensis (Venglinskyi), sample T3; L — Spirorutilus carinatus (d’Orbigny), sample T4; M — Vulvulina haeringensis
(Gumbel), sample T5; N — Bigenerina agglutinans Cushman & Ellisor, sample TH2; O — Textularia laevigata d’Orbingy,
sample T1; P — Cylindroclavulina rudis (Costa), sample T14, Hida Formation; Q — Karreriella chilostoma (Reuss), sample
T5; R — Semivulvulina deperdita (d’Orbigny), sample T5; A-R — side views; all scales represent 200 um
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bathyal. The very low species diversity of the benthic assem-
blage and dominance of these agglutinated foraminifera sug-
gest a stressed palaeoenvironment, possibly characterized by
intervals of high primary productivity and low-oxygen conditions
at the bottom waters.

Sample TH2 (Fig. 3) exhibits a higher diversity of the ben-
thic assemblage, with agglutinated and calcareous forms, sug-
gesting more stable conditions on the substrate. Calcareous
benthic forms are represented by the highly dominating
Uvigerina popescui (indicator of high primary productivity —
Fig. 7C), Amphicoryna (A. armata suggesting suboxic bottom
water), Lenticulina (L. calcar, L. inornata), Marginulina (inner to
outer neritc M. hirsuta — Culver, 1988; Fig. 8R), and
Sphaeroidina (S. bulloides) species, and the less epifaunal oxic
forms such as Cibicidoides pseudoungerianus. Spirorutilus
carinatus (Fig. 6L.) belongs to the M2c morphogroup of aggluti-
nated foraminifera (Kaminski et al., 2005) and is typical for the
shelf environment. The agglutinated forms (Budashevaella
multicamerata, Haplophragmoides spp., Spirorutilus carinatus)
together with calcareous benthic foraminifera suggest a possi-
ble shallowing of the depositional environment to an outer
neritic setting characterized by high primary productivity and
episodic oxygen depletion in bottom waters.

Marine assemblages observed at the base of the second
outcrop (T1, T2; Figs. 3 and 4) indicate shallow-marine environ-
ments, with the highest species diversity indices for the Tihau
section. Spirorutilus carinatus, Semivulvulina pectinata, and
Vulvulina haeringensis (Fig. 6M) can be mentioned among the
most abundant agglutinated forms. Calcareous benthic forms
are represented by oxic species (e.g., Cibicidoides pachy-
derma — Fig. 70; C. ungerianus, Lobatula lobatula, Heterolepa
dutemplei — Fig. 7R), low-oxygen indicators as Bulimina and
Bolivina (Figs. 7A and 8S), and shallow-water taxa such as Am-
monia beccarii (Fig. 7U), Asterigerinata planorbis, species of
Elphidium (Fig. 7S) and miliolids (Parker, 1948; Bradshaw,
1957, 1961; Bandy and Arnal, 1960; Haake, 1977; Scott et al.,
1980; Poag, 1981; Albani and Serandrei Barbero, 1982;
Jorissen, 1987; Walton and Sloan, 1990; Murray, 1991;
Almogi-Labin et al., 1992, 1995; Pawlowski et al., 1995;
Debenay et al., 1998; Alve and Murray, 1999; Buck et al., 1999;
Debenay and Guillou, 2002; Hayward et al., 2004; Mendes et
al., 2004; Spezzaferri et al., 2004; Pippér and Reichenbacher,
2010). The increase in shallow-water taxa and abrupt decrease
in Uvigerina species (which is rarely <100 m — Ro&gl and
Spezzaferri, 2003) compared to the samples below suggest a
shift to oxygenated, low primary productivity middle-neritic
(50—-100 m) environments. The stable, well-oxygenated envi-
ronment probably enabled the diversification of the assem-
blages. Furthermore, the P/B ratio of this interval (between
20-35%) supports the middle neritic depositional setting.

The following samples (T3, T4; Figs. 3 and 4) contain a high
proportion of deep-water (bathyal to abyssal) agglutinated
foraminifera (Govindan, 2004; Kaminski et al., 2005) such as
Reticulophragmium venezuelanum, R. acutidorsatum (Fig. 6H),
R. rotundidorsatum, Karrerulina conversa and fewer shelf-type
taxa. Calcareous benthics are represented by species of
Uvigerina (Fig. 7), Cibicidoides, Lenticulina (Fig. 8) and speci-
mens of Hansenisca soldanii. The P/B ratio is higher compared
to the older samples (45-55%). These assemblages probably
originated in an outer neritic to upper bathyal environment.

The P/B ratio peaks in sample T7 (Fig. 3), probably by reach-
ing the deepest environments on the shelf. The presence of
miliolids and Ammonia beccarii (Figs. 3 and 4) is probably related
to transportation of benthic foraminifera from shallower depths.

The uppermost samples collected from the Chechis Forma-
tion (T9-T12; Figs. 3 and 4) suggest a trend of oxygen deple-
tion (Bulimina and Bolivina species) and high primary productiv-
ity (Melonis pompilioides, Valvulineria complanata, Uvigerina
popescui, Praeglobobulimina ovata — Fig. 7B), even if episodes
of well-oxygenated substrates were present.

The onset of turbiditic sedimentation of the Hida Formation
(T13-T17) changed the composition of the foraminifera assem-
blages, which became less abundant and diverse, mostly domi-
nated by agglutinated benthic foraminifera (Fig. 3). These are
represented by tubular (M1 morphogroup — e.g., Bathysiphon
taurinensis Fig. 6A, Hyperammina spp., and Rhizammina spp.),
rounded planispiral (M4a morphogroup — e.g., Cyclammina
cancellata, Haplophragmoides spp., Reticulophragmium
acutidorsatum, R. rotundidorsatum), rounded trochospiral (M2b
morphogroup — e.g., Budashevaella multicamerata, Cribrosto-
moides spp.), flattened planispiral (M3a morphogroup — e.g.
Ammodiscus miocenicus — Fig. 6C; Popovia spp.), and elon-
gate subcylindrical (M4b morphogroup — e.g., Cylindroclavulina
rudis Fig. 6P) forms. Shallow-water taxa are rare (e.g.,
Vulvulina haeringensis). These forms are characteristic for an
upper bathyal depositional setting.

Calcareous benthic forms are represented by species of
Cibicidoides, Lenticulina, specimens of Hansenisca soldanii,
Melonis pompilioides, Praeglobobulimina ovata, Uvigerina
popescui, U. graciliformis, Valvulineria complanata, and rare
Bulimina, Bolivina, and Stilostomella (Fig. 7L and M) species
(Fig. 4). The presence of Ammonia beccarii and other calcare-
ous benthic species in samples T15-T17 may be an evidence
for advancing shallower environments due to an increased
progradation. The initial deepening trend followed by shallowing
is confirmed by the P/B ratio (Fig. 3), with higher values in the
lower Hida Formation (samples T13 and T14) and a subse-
quent gradual drop (samples T14-T17).

SUCCESSION OF PALAEOENVIRONMENTS

The interpretation of sedimentological trend and succession
of foraminifera assemblages allowed the reconstruction of
palaeoenvironments succession in the Chechis and Hida For-
mations. The lowermost benthic foraminifera assemblage from
the Chechig Formation (sample TH1; Fig. 3) indicates an
outer-neritic to upper bathyal palaeoenvironment (character-
ized by high primary productivity) for the sedimentary succes-
sion above the interval with glauconite representing the maxi-
mum flooding surface. The sediments above the glauconite can
be associated to the Highstand Systems Tract deposited during
the late stage of the relative sea level rise. A shallowing of the
depositional setting (outer neritic) was observed in sample TH2.
This trend was also observed in sample T2, where the
palaeoenvironment was probably characterized by a 50—100 m
palaeodepth. Shallow environments were characterized by a
good oxygenation of the bottom waters and a low primary pro-
ductivity. The upper part of the Chechis Formation (samples
T3-T12) is characterized by minor palaeodepth oscillations oc-
curring in an outer neritic environment (an aggradational stack-
ing pattern of the parasequences), and episodes of high pri-
mary productivity. Bottom waters were relatively well oxygen-
ated and probably alternated with episodes of oxygen deple-
tion. In the uppermost part of the Chechis Formation, benthic
foraminifera assemblages suggest intense high primary pro-
ductivity and enhanced oxygen depletion in the bottom waters.
The frequent environmental shifts in the Chechis Formation
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Fig. 7. Benthic foraminifera from the Tihau section (Chechis Formation)

A — Bulimina striata striata d’Orbigny, sample T2; B — Praeglobobulimina ovata (d’Orbigny), sample T4; C — Uvigerina
popescui Rogl, sample T4; D — Uvigerina posthantkeni Papp, sample TH2; E — Uvigerina continuosa Lamb, sample TH1;
F — Uvigerina graciliformis Papp & Turnovsky, sample TH1; G — Uvigerina acuminata Hosius, sample T8; H — Uvigerina
farinosa (Hantken), sample T5; | — Lapugyina schmidi Popescu, sample T2; J — Fursenkoina acuta (d’Orbigny), sample
T2; K — Siphonodosaria consobrina (d’Orbigny), sample T1; L — Stilostomella adolphina (d’Orbigny), sample T2; M —
Stilostomella bradyi (Cushman), sample T2; N — Siphonina reticulata (Czjzek), sample T5; O — Cibicidoides pachyderma
(Rzehak), sample T8; P — Cibicidoides pseudoungerianus (Cushman), sample T8; Q — Nonion commune (d’Orbigny),
sample T7; R — Heterolepa dutemplei (d’Orbigny), sample T8; S — Elphidium ortenburgense (Egger), sample T7; T —
Chilostomella oolina Schwager, sample T4; U — Ammonia beccarii (Linné), sample T7; Q, S, T — side views; O, P, R, U —
spiral views; all scales represent 100 pm
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Fig. 8. Benthic foraminifera from the Tihau section (Chechis Formation)

A — Sigmoilopsis colomi (Glagon & Magné), sample T2; B — Sigmoilopsis ottnangensis (Cicha, Ctyroka & Zapletalova),
sample T5; C — Sigmoilopsis schlumbergeri (Silvestri), sample T3; D — Laevidentalina elegans (d’Orbigny), sample TH2;
E — Grigelis pyrula (d’Orbigny), sample T4; F — Dentalina acuta d’Orbigny, sample T5; G — Pseudonodosaria discreta
(Reuss), sample T8; H — Lenticulina gibba (d’Orbigny), sample TH2; | — Lenticulina cultrata (Montfort), sample TH2; J —
Lenticulina subpapillosa (Nuttall), sample T2; K — Lenticulina budensis (Hantken), sample TH2; L — Lenticulina
reniformis (d’Orbigny), sample T3; M — Lenticulina sp., sample T8; N — Frondovaginulina tenuissima (Hantken), sample
T7; O — Marginulinopsis tenuis (Bornemann), sample T2; P — Pyramidulina catesbyi (d’Orbigny), sample T2; Q —
Marginulina similis d’Orbigny, sample T8; R — Marginulina hirsuta d’Orbigny, sample TH2; S — Bolivina antiqua
d’Orbigny, sample T5; T — Siphogenerinoides vasarhelyi (Hantken), sample T8; A-T — side views; all scales represent
200 pm



Palaeoenvironmental changes in the Transylvanian Basin during the Early Miocene revealed by the foraminifera assemblages 177

were probably the result of changing rates between relative sea
level and sedimentary input from the land (sedimentation asso-
ciated with fan deltas on a narrow shelf). The sedimentary log
and succession of assemblages confirms the transition to the
progradational stacking pattern during the late highstand.

The regional tectonics influenced the sedimentation trend
starting with the deposition of Hida Formation. The tectonic thrust
of the Pienides (Krézsek and Bally, 2006) produced a deepening
(upper bathyal) of the environments from the lower Hida Forma-
tion, as suggested by deep-water agglutinated foraminifera as-
semblages (similar to those described by Filipescu and Beldean,
2008; Beldean and Filipescu, 2011; Beldean et al., 2011) and by
the onset of the turbiditic sedimentation. The shift to a clear
progradational stacking pattern is demonstrated by the
shallowing interval from the middle part of the formation, where
calcareous benthic forms become significant. The transport from
shallower environments and progradational trend become stron-
ger in the upper part of the formation.

CONCLUSIONS

The Early Miocene succession of palaeonvironments ob-
served in the Tihau section is related to the particular evolution
of the Transylvanian Basin under global and regional control.

The biostratigraphic study enables the correlation of the
sediments with the Globigerinoides trilobus Biozone of
Popescu (1975) indicating a Burdigalian age for the deposits.

A potential warming event during the second part of the
Eggenburgian (Chechis Formation) has been observed based
on the temperature preferences of planktonic foraminifera as-
semblages. This event shows correlation potential to global
events, although a calibration is almost impossible by planktonic
foraminifera only. Additionally, the presence of small sized plank-
tonic foraminifera suggests episodic high primary productivity.

Frequent shifts between middle neritic to upper bathyal
palaeoenviromnents were observed in the Chechis Formation,
while an upper bathyal depositional setting was restored for the
Hida Formation. The distribution of the calcareous benthic

foraminiferal assemblages throughout the section indicate fluc-
tuations in primary productivity and bottom water oxygenation.
The sedimentology of the studied section together with
foraminiferal assemblages allowed the delineation of the evolu-
tion of the sedimentary basin:
— the coarse grained littoral deposits of the Corug Forma-
tion represent the first term of Early Miocene marine
transgression in the Transylvanian Basin;

— the glauconite facies from the base of the Chechis For-
mation can be associated with the maximum flooding
surface;

— the deposition of the sediments belonging to the middle
and upper part of the Chechig Formation produced on a
narrow shelf, probably under the influence of prograding
deltas during the subsequent highstand;

— the turbiditic sedimentation specific for the Hida Forma-
tion probably was also associated to the highstand sys-
tems tract, but influenced by regional tectonic control
(uplifting of the Pienides to the north).

The studied section provides an overview on the distribution
in time and space of the foraminiferal assemblages and sedi-
mentary environments from the northwestern Transylvanian
Basin; it provides criteria for facies correlation and allows the re-
construction of a part of the regional evolution under tectonic
control.
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