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Abstract Calcareous nannofossil investigations were carried out on successions cropping out in an expanded section
situated in the Romanian Carpathians bend area (nearby the Pucheni village, Dambovita River basin). Nannofossil
biostratigraphy indicates a Santonian - late Maastrichtian age for the investigated deposits. The studied red and varie-
gated sediments are correlated with similar deposits occurring in the bend region of the Romanian Carpathians.
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INTRODUCTION

Upper Cretaceous marine red beds are known to occur in
many regions of the Mesozoic Tethyan Realm, starting to
be sedimented from the latest Early Cretaceous interval to
the end of the Cretaceous (Hu et al., 2012). In some Eu-
ropean Tethyan regions, such as central Italy (Premoli-
Silva et al., 1976; Arthur and Fischer, 1977) and Eastern
Carpathians (Sandulescu et al., 1981), the red beds cross
the Maastrichtian/Paleogene boundary and occur up to
the Eocene.

Cretaceous marine red beds were identified by geologists
since the 19" Century. Stur (1860) and Giimbel (1861)
described this kind of lithology from the Western Carpa-
thians (the Puchov beds) and the Eastern Alps (the
Nierental beds). In Romania, Popovici-Hatzeg (1898)
identified the “red marls” in the Carpathian bend region.
The term CORBs (Cretaceous Oceanic red beds), illus-
trating the marine Cretaceous red sediments, was firstly
used by Wang et al. (2004, 2009) and Hu et al. (2005),
and became widely applied in global correlation. CORBs
are Cretaceous reddish to pinkish to brownish sedimen-
tary rocks (generally limestone, marl, shale, and/or chert)
deposited in pelagic and hemipelagic marine environ-
ments (Hu et al., 2005; Scott et al., 2009), but also in tur-
bidite facies (Wagreich & Krenmayr, 2005; Wagreich et
al., 2009) As mainly pelagic/hemipelagic deposits,
CORBs usually contain rich planktonic assemblages,
mostly foraminifers and calcareous nannofossils, allow-
ing an accurate biostratigraphy.

In Romania, CORBs are known to occur in the Carpathi-
an region, from the Albian up to the Maastrichtian
(Melinte-Dobrinescu et al., 2009; Melinte-Dobrinescu &
Roban, 2011, 2014). A particular occurrence of CORB is
situated in the Romanian Carpathian bend region. The red
marine beds of this region were the first CORBs reported
in Romania (Popovici-Hatzeg, 1898), being described as
““Senonian red marls’® (Protescu, 1915), ‘“‘Gura Beliei
Beds’’ (Bancild, 1958), ‘‘couches rouges’ (Murgeanu et
al., 1963), ‘““‘Gura Beliei Marls’’ (Stefanescu, 1971) and
Gura Beliei Formation (Melinte & Jipa, 2005).

The red marls of the Gura Beliei Formation were consid-
ered to be ‘Senonian’ in age, based on the occurrence of
the belemnite genus Belemnitella (Popovici-Hatzeg,

1898). Later, Tocorjescu (1963) and Neagu & Georgescu
(1991) attributed a Campanian—Maastrichtian age, based
on foraminifer biostratigraphy. A latest Campanian-
earliest Paleocene age was reported by Melinte & Jipa
(2005) for the Gura Beliei Formation, based on calcare-
ous nannofossil investigations in the lalomita Valley.
This work is focused on the biostratigraphical and deposi-
tional aspects of the red marine beds, cropping out in the
Romanian Carpathian bend area. Palaeoenvironmental
considerations of the Upper Cretaceous strata are also
presented herein.

MATERIAL AND METHODS

The investigated deposits are exposed along a large natu-
ral outcrop (Latitude: N 45°11°18.2”; Longitude: E
25°15°57.3”), towards W of the Pucheni village, in the
Déambovita County. The studied succession is 178 m in
stratigraphic thickness (Fig. 1).

For calcareous nannofossil investigations, a detailed sam-
pling at 25 cm was realized. Nannofossil analysis were
carried out using an Olympus LM (light microscope), at
1200x magnification. Taxonomic identification follows
Perch-Nielsen (1985) and Burnett (1998). For nannofossil
biostratigraphy, the CC zones of Sissingh (1977), emend-
ed by Perch-Nielsen (1985) and the UC zones of Burnett
(1998) were used.

RESULTS

Lithology

In the studied sections (Fig. 2 and Fig. 3), several succes-

sions were distinguished (older first):

(i) 87 m-thick variegated (red and white) marlstones
and claystones (Fig. 3A); cm up to dm thick glauco-
nite sandstones are also present, mainly towards the
base of this succession, along with very thin, 4-5 cm
tuff beds. The aforementioned lithology forms parts
of the Plaiu Formation described by Stefanescu
(1971; 1995). The hemipelagic Plaiu lithological
unit overlies the Dumbravioara unit, made by varie-
gated (grey, green and black pelites, locally red)
marlstones and siltstones.
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Fig. 1 Location of the studied section in the Romanian Carpathian bend region.

(i) The next interval (Fig. 3B) is represented by 68 m
of red marlstones and claystones within thin-cm
sandstones that represent the red marine beds of the
Gura Beliei Formation. Commonly, pyrite concre-
tions occur.

(iii) The upper part of the section exposes 23 m of grey-
green succession of marlstones and claystones, in-
terbedded with cm up to dm-thick sandstones (Fig.
3C). This rhythmic alternation represents a shaly
turbidite facies. Hence, the red marine beds van-
ished at the top of the studied outcrop. This type of
lithology was not encountered so far in the area
where the uppermost Cretaceous red beds are
known to occur as post-tectonic cover of the Molda-
vides and Outer Dacides. In all other sections expos-
ing the Gura Beliei Formation in the Dambovita,
Ialomita and Prahova river basins (Fig. 4 and Fig.
5), on a territory about 250 km?, the CORBs are fol-
lowed by the violaceous marlstones and claystones
of the Sotrile Formation, i.e., its Lower Member
(Stefanescu, 1995; Melinte & Jipa, 2005). The later
authors identified the Cretaceous/Paleogene bounda-
ry towards the top of the Gura Beliei unit, while the
Lower Member of the Sotrile Formation is Paleo-
cene up to Eocene. Based on these data, we propose
herein, for the aforementioned succession, a new
lithostratigraphical unit, namely the Pucheni For-
mation, with the stratotype in the studied section.

Biostratigraphy
The investigated succession contains rich and diversified
nannofossil assemblages, proving that the deposition took

place above CCD. This finding agrees with previous
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studies, which assume a palaeodepth of the Gura Beliei
red beds to be around 200 m (Stefinescu, 1995).

The preservation is generally good, as over 75 % of the
total encountered specimens may be recognized at species
level. Rarely, overgrowth and dissolution of nannofossils
were observed. No reworked nannofossils from older
deposits were observed, as the investigated sediments are
mostly pelagites/hemipelagites.

The nannofossil assemblages are dominated by Watznau-
eria barnesiae and Micula spp. that jointly sum up 50—
70% of the assemblages. In general, W. barnesiae is con-
sidered to be a reliable proxy for the diagenetic alteration
of Cretaceous calcareous nannofossil assemblages, when
its relative abundance exceeds 40% (Roth & Krumbach,
1986). In the investigated samples of Pucheni, the relative
abundance of W. barnesiae is between 15 and 25%, indi-
cating that there was not a significant diagenetic altera-
tion of the nannofossil assemblages.

In the lower part of the studied succession, within the
Plaiu Formation, the FO (first occurrence) of Calculites
obscurus was recorded. This nannofossil event marks the
boundary between CC16 and CC17 biozones, and took
place within the UC12 zone, respectively (Fig. 2), placed
in the Santonian stage (Burnett, 1998). The next nan-
nofossil events are successive FOs of Arkhangelskiella
cymbiformis (marking the base of UC13 biozone) and
Broinsonia parca parca that indicates the base of CC18
and, respectively of UC14 biozones (Fig. 2). The Santo-
nian-Campanian boundary is hence situated in the Plaiu
Formation, within the CC17 and respectively UC13 nan-
nofossil zones, as in other Alpine and Carpathian regions
(Monechi & Thierstein, 1985; Wagreich et al., 2010).
Within the Campanian sediments of the Plaiu Formation,
successive FOs of Broinsonia parca constricta and Cera-
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Fig. 2 Lithology and biostratigraphy of the investigated upper Cretaceous sediments in the Pucheni section. Legend: 1
- red marlstones and claystones; 2 - white marlstones and claystones; 3 - grey marlstones and claystones; 4 - sand-
stones; 5 - FO (first occurrence of a nannofossil); 6 — LO (last occurrence of a nannofossil). CC nannofossil zones of
Sissingh (1977), emended by Perch-Nielsen (1985); UC zones of Burnett (1998).
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Fig. 3 Photographs of the exposed sediments in the Pucheni section. a variegated marlstones and claystones of the Plaiu For-
mation; b red marlstones and claystones of the Gura Beliei Formation; c the shaly turbidites of the Pucheni Formation (top of

the studied section).

tolithoides aculeus were observed, indicative for the
boundary between the biozones CC18/CC19 and
CC19/CC20 and respectively UC14-UC15 biozones. The
FO of C. aculeus (=base of CC20) is the youngest nan-
nofossil event recorded in the variegated marlstones and
claystones of the Plaiu unit.

The next lithological unit, the Gura Beliei Formation,
extends in the late Campanian-late Maastrichtian interval,
covering the CC20 up to CC25 biozones and, respective-
ly UC14-UC15 up to UC20a. Within this interval, a high
speciation and high extinction rate in terms of nannofossil
was encountered, i.e., 13 bioevents, as follows (Fig. 2):
FO of Uniplanarius sissinghi, FO of Uniplanarius trifi-
dus, LO of Broinsonia parca constricta, FO of
Lithraphidites praequadratus, followed by successive
LOs of Eiffellithus eximius, Uniplanarius gothicus, Uni-
planarius trifidus, Reinhardtites anthophorus, Broinsonia
parca constricta, Tranolithus orionatus and Reinhardtites
levis. Towards the top of the Gura Beliei unit, the FO of
Lithraphidites quadratus, succeeded by the FO of Micula
murus, were identified.

The Campanian-Maastrichtian boundary is placed, at
Tercis-les-Bains (Landes, France), which is the global
stratotype (GSSP) of the Maastrichtian stage, in terms of
nannofossils, between the LO of Eiffellithus eximius and
LO of Uniplanarius (=Quadrum) sissinghi (Gardin et al.,
2001). In agreement with these data, the Campa-
nian/Maastrichtian boundary is situated in the investigat-
ed section approximately in the middle part of the Gura
Beliei Formation, between the LO of Eiffellithus eximius
and LO of Uniplanarius sissinghi. The later bioevent is
coeval with the LO of Uniplanarius gothicus (Fig. 2).
The FO of Nephrolithus frequens (= the base of CC26
and respectively UC20b) is located towards the top of the
Gura Beliei Formation. The youngest nannofossil event
observed in the studied section, i.e., the FO of Micula
prinsii, is located already in the overlaying Pucheni For-
mation. This bioevent is placed at the top of the Maas-
trichtian (Perch-Nielsen, 1985; Burnett, 1998; Lamolda et
al., 2005).
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DISCUSSION

Palaeoenvironmental changes

The Santonian part of the investigated section is charac-
terized by a high abundance of Micula spp. (Fig. 6), nan-
nofossils considered as warm-water taxa (Wind, 1979;
Pospichal and Wise, 1990; Thibault & Gardin, 2006).
Thus, the Tethyan character prevails in the Santonian
studied interval. Starting from the Santonian/Campanian
boundary interval, Ahmuellerella octoradiata, Gart-
nerago spp., Kamptnerius magnificus and Arkhan-
gelskiella cymbiformis, which are considered as high-
latitude taxa, with greater affinity to cool surface waters
(Svébenicka, 1995; Lees, 2002; Thibault et al., 2016)
commonly occur in the encountered assemblages. The
mixed Tethyan and Boreal character of the nannofossil
assemblages of those times may be related to short sea-
level highstand in late Santonian times, followed by a
distinct lowstand at the Santonian-Campanian boundary
(Haqg, 2014; Thibault et al., 2016).

From the upper Campanian, i.e. above the FO of Cerato-
lithoides aculeus, a high abundance of the Tethyan spe-
cies, i.e., Micula spp., along with common presence of
Ceratolithoides and Uniplanarius taxa, was recorded.
Previous investigations focused on the uppermost Creta-
ceous successions from both Tethyan and Boreal realms,
based on isotope fluctuations (Odin & Lamaurelle, 2001;
Jarvis et al., 2002; Thibault et al., 2012) indicate that the
late Campanian interval is characterized by increased
513C isotope values and high surface water temperature.
This palaeoclimate modification is showed both by the
nannofossil assemblages recorded herein and in the li-
thology. The Tethyan character of the assemblages domi-
nated throughout. The occurrence of prevailing red marl-
stones and claystones in the Romanian Carpathian bend
region from the upper Campanian is probably linked to
the persistence of an arid climate, allowing the accumula-
tion of red soils on emerged coastal plains in some areas;
transgressions of those times implied redeposition of se-
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Fig. 4 Positions of sections in the Romanian Carpathian bend region, i.e., between the Dambovita, Ialomita and
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Carpathians

(@‘ LEGEND
6N ° [ Moldavides
SN
QO
«@(bé\\\ B outer Dacides
2 l:l Median Dacides
Southern

Areal ochrfence of the
ura Beliei Formation

Transilvanides

0 50

100knt
| | |
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Dacides and Moldavides nappes. Geological map modified after Sandulescu et al. (1981) and Sandulescu (1984).

diments rich in Fe-hydroxides in the marine environment,
generating the red beds of Gura Beliei type.

Possibly, the global cooling that is assumed to character-
ize the early Maastrichtian interval (Barrera and Savin,
1999; Jarvis et al., 2006) is responsible for the disappear-
ance of several Tethyan nannofossils, such as Uniplanar-
ius gothicus, U. sissinghi and U. trifidus towards the base
of the Maastrichtian; the later two species show a very
short range, within the late Campanian - early Maastricht-
ian interval. We assume that these species, appearing
during the warm late Campanian, did not adapt to the
palaeoclimate shift settled at the base of the Maastrichti-
an.

As elsewhere (Burnett, 1998), a high extinction rate was
observed in the lower Maastrichtian deposits of the stud-
ied Romanian section, probably linked to a short recovery
of the surface water temperature. Therefore, lower Maas-
trichtian assemblages are dominated by taxa mostly con-
fined to low to middle paleolatitudes, such as the species
of the Micula, Cylindralithus, Ceratolithoides, Semiholo-
lithus and Lithraphidites genera (Perch-Nielsen, 1985;
Lamolda et al., 2005; Thibault and Gardin, 2010).

At the end of the Maastrichtian, several species more
related to high paleolatitudes (Lees, 2002; Mutterlose et

al., 2005; Thibault et al., 2012), such as Ahmuellerella
octoradiata, Arkhangelskiella maastrichtiana, A. cym-
biformis, Biscutum constans, Kamptnerius magnificus,
Nephrolithus frequens and Prediscosphaera stoveri show
an increased frequency in the uppermost part of the stud-
ied section, evidencing a mixed character of the nan-
nofossil assemblages, including Tethyan and Boreal taxa.
A recent reevaluation of the Cretaceous sea-level varia-
tions (Hag, 2014) indicates that below the Cretaceous-
Paleogene boundary a transgression took place, just after
the upper Maastrichtian lowstand (sequence boundary)
KMa5 (66.8 Ma). We may assume that the occurrence of
the uppermost Maastrichtian mixed Boreal and Tethyan
nannofossil assemblages in the Pucheni section is linked
to this global eustatic event, leading to pulses of cold
surface-water at low to middle palaeolatitudes.

Correlation

The red beds of the Gura Beliei Formation represent the
post-tectonic cover of the Eastern Carpathians structures,
such as the Ceahlau and Bobu nappes of the Outer
Dacides, as well as the Teleajen and Macla nappes of the
Inner Moldavides. This unit crops out in a limited area
(Figs. 4 and 5), on around 350 km?, at the southern end of
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Fig. 6 Upper Cretaceous calcareous nannofossils from the Pucheni section. All microphotographs at LM (light microscope),
crossed-nicols; scale bar in microns. a Micula decussata Vekshina, 1959; Santonian, Plaiu Formation; b Micula con-
cava (Stradner in Martini & Stradner, 1960) Verbeek, 1976; Santonian, Plaiu Formation; ¢ Micula murus (Martini, 1961)
Bukry, 1973; Maastrichtian, Gura Beliei Formation; d, e Micula prinsii Perch-Nielsen, 1979; upper Maastrichtian, Pucheni
Formation; f Lithraphidites quadratus Bramlette & Martini, 1964; upper Maastrichtian, Gura Beliei Formation; g Uniplanarius
sissinghi (Perch-Nielsen, 1986) Farhan 1987; upper Campanian, Gura Beliei Formation; h Reinhardtites levis Prins & Sis-
singh in Sissingh, 1977; lower Maastrichtian, Gura Beliei Formation; i Ceratolithoides aculeus (Stradner, 1961) Prins & Sis-
singh in Sissingh, 1977; upper Campanian, Plaiu Formation; j Micula swastica Stradner & Steinmetz, 1984; upper Maastrichti-
an, Pucheni Formation; k Tranolithus orionatus (Reinhardt, 1966a) Reinhardt, 1966b; lower Maastrichtian, Gura Beliei For-
mation; | Broinsonia parca parca (Stradner, 1963) Bukry, 1969; lower Campanian, Plaiu Formation; m Arkhangelskiella cym-
biformis Vekshina, 1959; lower Campanian, Plaiu Formation; n Gartnerago segmentatum (Stover, 1966) Thierstein, 1974; up-
per Maastrichtian, Pucheni Formation; o Uniplanarius gothicus (Deflandre, 1959) Hattner & Wise, in Wind & Wise 1983; up-
per Campanian, Gura Beliei Formation; p Eiffellithus eximius (Stover, 1966) Perch-Nielsen, 1968; upper Campanian, Gura Be-

liei Formation.

the Eastern Carpathians, a region also known as the Ro-
manian Carpathian bend area.

The studied Santonian-Maastrichtian interval is mainly
characterized by pelagic to hemipelagic sedimentation.
Towards the upper part of the Gura Beliei Formation,
within the upper Maastrichtian, cm-thick sandstones are
intercalated, being observed in sections from the basins of
Prahova and Ialomita (Melinte and Jipa, 2005). In those
areas, according to the above mentioned authors, the Cre-
taceous/Paleogene boundary is placed at the top of the
Gura Beliei Formation (Fig. 7). In Prahova and lalomita
valleys, the red marls of the Gura Beliei unit are followed
by Paleocene-Eocene turbidites deposits of the Sotrile
Formation, starting with successions of mainly viola-
ceous pelites and very thin sandstones, grading up to
sandy turbidites. Trace fossils, such as Belorhaphe and
Paleodictyon gomezi have been described from this unit
(Brustur, 1993). Hence, the upper Maastrichtian pelagic
to hemipelagic sedimentation was replaced by shaly tur-
bidites at the end of the Maastrichtian, grading up to
sandy turbidites in the upper Paleocene up to the Eocene.
As concerning the variegated (white and locally red)
marlstones and claystones of the Plaiu Formation, the
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most complete succession of this unit is probably exposed
in the western part of its spatial occurrence (Fig. 5 and
Fig. 7). In the Izlaz Valley section (near Laicai, in the
Dambovita basin), the integrated biostratigraphy based on
foraminifers and nannofossils indicates a late Santonian
to late Campanian age (Cetean et al., 2011). In the
Pucheni section, the Plaiu Formation extends from the
Santonian up to the base of the late Campanian, as the FO
of Ceratolithoides aculeus took place at the top of the
unit (Figs. 2 and 7). In the eastern part of the areal occur-
rence of this unit, i.e. the Ialomita and Prahova basins, the
base of Plaiu Formation is situated in the early Campa-
nian (Melinte & Jipa, 2005).

The base of the Gura Beliei Formation overlying the
Plaiu Formation ranges into the late Campanian, above
the occurrence of Ceratolithoides aculeus (Melinte &
Jipa, 2005 and this paper), while in other sections (i.e.,
the westernmost occurrence in Laicai-Cotenesti area) the
base was found younger (late Campanian, above FO of
Uniplanarius trifidus, Cetean et al., 2011). The integrated
biostratigraphy of the Gura Beliei upper part (Neagu,
2016) indicates that this unit extends within the Campa-
nian - Maastrichtian interval, based on the co-occurrence
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Fig. 7 Litho- and biostratigraphic correlation of the uppermost Cretaceous variegated sediments exposed in the Romanian Car-
pathians belt. For lithological legend see Fig. 2; the age assignment in the section lzlaz after Cetean et al. (2011), section
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of macrofaunas such as Belemnitella carpathica and In-
oceramus salisburgensis, and foraminifer biozones Glo-
botruncana elevata (early Campanian), Globotruncana
ventricosa (late Campanian), Globotruncanita calcarata
(latest Campanian with Belemnitella carpathica), Glo-
botruncanella havanensis (early Maastrichtian), Gansser-
ina gansseri (earliest Maastrichtian) and Abatomphalus
mayaroensis (latest Maastrichtian). According to Neagu
(2016), in the section exposed on the lalomita Valley at
Pietrosita, the red clays of the Gura Beliei Formation are
characterized by the occurrence of the planktonic fora-
minifer zone with small Globigerina indicating the base
of the Paleocene (early Danian age). A similar age was
found based on nannofossils (Melinte & Jipa, 2005), in
the Pietrosita section and eastern part of Gura Beliei ex-
posures (i.e., Talea and Gura Beliei in Prahova Valley),
where the Cretaceous-Paleogene boundary is situated at

the top of the Gura Beliei. The boundary was identified
based on successive blooms of Thoracosphaera spp. and
Braarudosphaera bigelowii (lowermost Paleocene events
— Lamolda et al., 2016) and isotopic fluctuations (Bojar et
al., 2009). In the Pucheni section, Gura Beliei Formation
ends in the upper Maastrichtian (top of CC25 and respec-
tively UC20a, in terms of nannofossil biostratigraphy),
while the uppermost Maastrichtian is characterized by the
sedimentation of the grey-whitish shaly turbidites of the
Pucheni Formation.

CONCLUSIONS

Calcareous nannofossils investigations of the Upper Cre-
taceous sediments cropping in the Romanian Carpathian
bend allow an accurate age assignment of several units,

as follows:
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- The Plaiu Formation, a pelagic to hemiplegic
unit made by white marlstones and claystones
locally interbedded with red ones, extends with-
in the Santonian to lower/upper Campanian
boundary interval.

- The Gura Beliei Formation, a pelagic to hemi-
pelagic unit made by red marlstones and clay-
stones (CORB facies), covers the upper Campa-
nian-upper Mastrichtian depositional interval.

- The Pucheni Formation, made by shaly turbid-
ites, extends in the topmost Maastrichtian.

The regional correlation points out that the base and the
top of the red beds belonging to the Gura Beliei For-
mation are diachronous. Therefore, the base is placed in
the lower Campanian or within the upper part of this
stage, while the top is located in the upper Maastrichtian
or in the early Paleogene (towards the base of the Danian
stage). As the red beds are supposed to be accumulated in
a marine basin, where terrigenous influx of nearby coastal
areas periodically penetrated, the diachronicity may be
related to the global eustatic sea-level changes, leading to
periodic denudation of red soils. The global eustatic sea-
level changes may be enhanced by the regional ones in
correlation with the tectonic activity of the Romanian
Carpathian region, where, in the latest Cretaceous, signif-
icant movements (i.e., Laramian ones) occurred.
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