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Abstract. This study investigates an Upper Cretaceous concretionary phosphate-bearing bed (CPBB) from the 
Dobrindol Formation near Povelyanovo (Devnya), NE Bulgaria. The CPBB is defined as a phosphate-bearing 
bed due both to its matrix-supported fabric and low P2O5 content. Petrographic, mineralogical and geochemical 
analyses reveal structural differences between the host sediments and individual concretions, variable authigenic 
mineralisations within the concretions and generally low trace element contents. Calcareous nannofloras from the 
host sediments indicate a middle–late Coniacian age (nannofossil zone UC10), while poorly preserved assemblages 
within individual concretions may suggest older age of phosphatic concretion formation.
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Introduction

In Bulgaria, phosphate sedimentary rocks, mainly 
phosphatic concretionary beds, have been described 
from several stratigraphic intervals in the Jurassic 
and the Cretaceous (Nachev, 1988). This paper is 
focused on an Upper Cretaceous concretionary 
phosphate-bearing bed (CPBB) outcropping west 
of Povelyanovo (Devnya), NE Bulgaria. Although 
this occurrence seems too thin to be of commercial 
interest, the study is provoked by the significant 
value of sedimentary phosphate rocks as geochemi-
cal and palaeoenvironmental indicators (e.g., Slan-
sky, 1986; Trappe, 1998), together with the lack of 
detailed and recent investigations into the lithology 
and geochemistry of the sediments. Furthermore, 
the well-established episodic nature of phospho-
rite deposition through geologic time (e.g., Föllmi, 
1996) makes constraining the precise age of phos-

phate sediments particularly important. In view of 
this consideration and the need to assess the genesis 
of the phosphatic concretions, nannofossil age de-
terminations were carried out on both the host sedi-
ments and individual concretions.

Geological setting and section

The study area is located within the South Moesian 
Peri-Platform Subsidence (SMPPS; sensu Ivanov, 
2017). During the Late Cretaceous, the southern 
sector of the Moesian Platform was a part of the 
northern margin of the Peri-Tethys (sensu Dercourt 
et al., 2000), a region characterised by the vast de-
velopment of shallow epicontinental seas, and thus 
widespread carbonate sedimentation.

In the SMPPS, the Upper Cretaceous strata over-
lie a regional unconformity. The studied section is 
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located at the western end of Povelyanovo, Devn-
ya (43°12′48.94″ N; 27°38′28.48″ E; see Fig. 1a). 
The investigated sedimentary succession here be-
gins with the Dobrindol Formation (Yolkichev, 
1988), with the CPBB as its basal bed (Fig.  1b). 
The lower part of the unit, including the CPBB, 
has been assigned a late Turonian age by Jolkičev 
(1989) and Sinnyovsky (2015), whereas Sultanov 
(2007) referred the CPBB to the middle Coniacian. 
The Dobrindol Formation (Fm.) is overlain by the 
limestones of the Venchan Fm. (Yolkichev, 1988), 
which has been attributed to the lower Santonian 
(Sinnyovsky, 2015).

Material and methods

Eight samples were collected to characterise the 
CPBB: one composite sample (comprising concre-
tions and their host sediment; Pov-24-1) and five 
individual concretions (Pov-II a, b, d, e, f) from the 
CPBB; one sample from the sediments immediately 
above the concretionary bed (Pov-24-2); and one 
sample (Pov-24-V) from the limestones of the Ven-
chan Fm., approximately 15 m above the CPBB. 
The latter sample was selected to compare the pet-
rographic characteristics and geochemical signature 
of the CPBB with that of seemingly glauconite- and 

Fig. 1. a, Tectonic sketch map (after Ivanov, 2017), with outcrop and subcrop occurrences of Upper Cretaceous sedimentary rocks 
(after Dabovski et al., 2009); b, Field photograph of the Povelyanovo Section with CPBB (arrow) at the base of the Dobrindol Fm.; 
c, d, Cut surfaces of phosphatic concretions, showing variations in authigenic mineralisation; e, General texture of the limestones 
of the Dobrindol Fm., showing abundant glauconite pellets and some phosphatic particles (plane-polarised light [PPL], sample 
Pov-24-2); f, General texture of the studied phosphatic concretions, with glauconite and iron oxide/hydroxides filling intraparticle 
porosity (PPL, sample Pov-24-IIb); g, PAAS-normalised REY patterns of analysed samples, compared with average phosphorite, 
seawater and riverine water (Li, Schoonmaker, 2014, and references therein)
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phosphate-free limestones. The matrix from sam-
ples Pov-24-1 and Pov-24-2, together with the cores 
of the phosphatic concretions, were investigated for 
their calcareous nannofossil content.

Petrography, mineralogy and geochemistry

Phosphatic concretions were examined on cut sur-
faces (Fig.  1c, d), using a Leica S9i stereomicro-
scope. Micropetrographic observations (Fig. 1e, f) 
were conducted, using a Leica DM750P polarising 
light-microscope, and limestones were classified 
according to the scheme of Dunham (1962).

Powder X-ray diffraction (XRD) analyses 
were performed at the Geological Institute, using 
a HUBER Image Plate Guinier Camera G670 (Ge 
monochromator, pure Cu Kα1 radiation, 2θ range 
4–100°), and at the XRD Laboratory of the Faculty 
of Geology and Geography, Sofia University, using 
a Bruker D8 Advance diffractometer (filtered Co 
Kα radiation, 2θ range 4–80°).

Major oxide contents were determined at the 
Faculty of Geology and Geography, Sofia Univer-
sity, using an EDXRF Epsilon 3XLE spectrometer 
on fused pellets, prepared with LiBO2 and Li2B4O7 
as fluxes.

Trace element contents were determined by 
laser ablation inductively-coupled plasma mass 
spectrometry (LA-ICP-MS), employing an NWR 
UP193FX laser ablation system coupled with a 
PerkinElmer ELAN DRC-e ICP-MS, on the fused 
pellets obtained from the XRF analyses. Elements 
below the limit of detection were subsequently ana-
lysed in pressed powder pellets. A plot based on the 
geochemical data is depicted in Fig. 1g.

Calcareous nannofossils

Nannofloras were examined in simple smear-
slides, made following a standard technique (Bown, 
Young, 1998). They were viewed at 1250× magnifi-
cation, using an oil-immersion objective lens (100×) 
on a Zeiss Axioscope 5 transmitting light-micro-
scope. Observations were made in cross-polarised 
light (both with and without the gypsum plate) and 
in phase contrast. Micrographs were taken, using a 
Zeis Axiocam 208 digital camera, and were there-
after uniformly enlarged to 2000× magnification. 
Select calcareous nannofossil taxa are depicted in 
Fig. 2.

Preservation was estimated, using the follow-
ing categories: very poor (i.e., highly depauperate 
assemblages and a large number of specimens are 

difficult/impossible to identify reliably); and mixed 
poor to moderate (i.e., a large portion of specimens 
are easily identifiable, even though calcite dissolu-
tion and/or secondary overgrowth have modified the 
appearance of certain taxa and/or features; the re-
maining specimens are either broken or difficult to 
identify due to severe calcite dissolution). Investiga-
tions were performed over four traverses (three cen-
tral and one random, lest rare taxa be overlooked). 
Relative abundances of species are referred to in 
the text as follows: common (1–5 specimens per 
field of view [FOV]); frequent (one specimen per 
2–25 FOVs); rare (one specimen per 26–50 FOVs); 
very rare (one specimen per traverse); and present 
(1–3 specimens per sample).

Taxonomic concepts generally follow those of 
Perch-Nielsen (1985) and Burnett (1998), although 
more recent papers (Young, 2023) have also been 
taken into account. Full descriptions, with author-
ship, of all calcareous nannofossil taxa discussed 
herein can be found on Nannotax3 (https://www.
mikrotax.org/Nannotax3/maindb/Mesozoic_nanno-
fossils). Biostratigraphic interpretations are based 
on the UC zonation scheme of Burnett (1998).

Results and discussion

Sedimentary features

The studied CPBB lies with an unconformable 
boundary above the Barremian (Sinnyovsky, 2015) 
grey, thin-bedded marlstones of the Gorna Oryaho-
vitsa Fm. The CPBB has a thickness of 0.25 m and 
an erosional upper boundary. The bed contains 
about 30–40% phosphatic concretions (hence de-
fined as phosphate-bearing rock sensu Trappe, 
2001) embedded in whitish to pale yellow, sandy, 
glauconitic, fine-grained limestones. Unlike other 
Upper Cretaceous phosphatic concretionary beds 
exposed within the SMPPS, the Povelyanovo bed 
lacks phosphatised macrofauna (see Vetseva et al., 
2023, 2024, and references therein). The concre-
tions range from <1 cm to >10 cm (predominantly 
5–6 cm) in diameter and show no apparent sorting 
or preferred orientation. They vary from subspheri-
cal/ellipsoidal to irregular, typically green to dark 
green. A distinct feature is the presence of borings 
and burrows on their surfaces, occasionally filled 
with white micrite. On cut surfaces, the concretions 
display an inhomogeneous internal structure with 
irregular authigenic mineralisation, comprising apa-
tite, glauconite, pyrite and iron oxides/hydroxides 
(Fig.  1c, d). Compositional variations are closely 
associated with burrows and borings, and minerali-

https://www.mikrotax.org/Nannotax3/maindb/Mesozoic_nannofossils
https://www.mikrotax.org/Nannotax3/maindb/Mesozoic_nannofossils
https://www.mikrotax.org/Nannotax3/maindb/Mesozoic_nannofossils
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Fig. 2. Select calcareous nannofossil species identified in this study. Micrographs were taken in cross-polarised light, unless indi-
cated otherwise. Scale bar is the same for all images. Abbreviations: GP, gypsum plate; PC, phase contrast
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sation commonly increases towards the margins of 
the concretions.

The limestones of the Dobrindol Fm. above the 
CPBB are also fine-grained, whitish, glauconitic 
and sandy, with massive structure, common bur-
rows and indistinct stratification, containing scat-
tered small phosphatic concretions (diameter <1 cm, 
rarely larger) and ruditic fragments of inoceramid 
shells. The total thickness of the Dobrindol Fm., 
including the CPBB, is 2  m. The Dobrindol/Ven-
chan Fm. boundary is a lithological transition, with 
a flat, sharp, erosional surface marking the base of 
the transition. The limestones of the Venchan Fm. 
are white, chalk-like, thin-bedded, displaying faint 
parallel lamination.

Micropetrography and mineralogy

Both the limestones of the CPBB and the overly-
ing limestones of the Dobrindol Fm. are classi-
fied as sandy, glauconitic, bioclastic wackestones/
packstones (Fig.  1e). The microfossil assemblage 
is dominated by planktonic (and subordinate small 
benthic) foraminifera, echinoderm fragments and 
bivalve shells, with occasional ostracod shells, less 
common calcareous dinocysts, scarce siliceous 
sponges and rare phosphatic bone or teeth frag-
ments. Terrigenous grains are primarily quartz, mi-
nor white mica, chlorite, feldspars, schist lithics and 
rare zircon grains. The calcite matrix is structurally 
inhomogeneous, exhibiting mild recrystallisation 
and minor porphyrotopic dolomitisation. Micritisa-
tion of foraminiferal tests and partial silicification 
of inoceramid bivalve shells are observed. Glauco-
nitic pellets, silt to medium sand-sized, vary from 
yellowish-green to, more commonly, dark green. 
Authigenic euhedral pyrite crystals and aggregates 
occur in both samples. Intrabioclastic porosity is 
filled by granular calcite and, more rarely, by apa-
tite or glauconite. Small phosphatic concretions in 
the samples exhibit variable texture, composition 
and style of authigenic mineralisation. Concretions 
with glauconite-filled cracks and broken or abraded 
concretions are also observed.

All samples from the individual concretions 
are classified as foraminiferal-calcareous dinocyst 
wackestones with less common small benthic fo-
raminifera, echinoderm fragments, ostracods and 
rare phosphatic bone or teeth fragments. The con-
cretions contain fewer and generally finer terrig-
enous grains (of the same composition as described 
above) and possess a more homogeneous micritic 
matrix, mildly affected by recrystallisation. Apa-
tite occurs as cryptocrystalline matrix impregna-

tion, intraparticle cement, burrow linings and infills 
(Fig.  1f). Glauconite is present as pellets, matrix 
impregnation, pore infillings, burrow linings and 
halos, and is often mixed with apatite. Authigenic 
pyrite aggregates commonly surrounded by iron ox-
ide/hydroxide halos are observed in all concretion 
samples. The XRD analyses indicate mineralogical 
composition of the concretions, dominated by cal-
cite and a mineral of the apatite group, with subordi-
nate quartz and a mineral of the mica group. Pyrite 
and hematite were also detected in some samples.

The sample from the Venchan Fm. is a silty fo-
raminiferal wackestone. The micritic matrix is also 
recrystallised and dolomitised. Occasional silt-sized 
glauconite pellets and phosphate particles (bone 
fragments), as well as intrabioclastic pores filled 
with glauconite or apatite, are observed.

Geochemistry

Phosphorites are traditionally defined as sediments 
containing ≥18 wt% P2O5, while sedimentary phos-
phate rock deposits typically range between 10 wt% 
and 35 wt% P2O5 (Pufahl, Groat, 2017). XRF anal-
yses of the bulk CPBB indicate a P2O5 content of 
4.9 wt%, whereas in individual concretions it varies 
between 7.2 wt% and 13.4 wt%. Sample Pov-24-2 
contains a similar P2O5 content of 3.08 wt%, while 
in Pov-24-V it is markedly lower (0.10 wt% P2O5). 
Compared to the average phosphorite (Li, Schoon-
maker, 2014, and references therein), both the con-
cretions and the bulk CPBB contain significantly 
less ΣREY (108.5 ppm in sample Pov-24-1) and U 
(7.9 ppm in sample Pov-24-1), and low to negligible 
amount of other trace elements commonly enriched 
in phosphorites (e.g., Mo, Zn, Cu, Cr and Th).

Most of the terrigenous oxides and elements 
(sensu Fazio et al., 2007), including SiO2, TiO2, Sc, 
Zr and Th, exhibit the expected moderate to strong 
positive intercorrelations and show negative cor-
relations with the authigenic oxides and elements 
(e.g., CaO, P2O5, V, U). Moderate to strong posi-
tive correlations are established between P2O5 and 
V, Ni, Zn, Sr and U, whereas no correlations were 
found between P2O5 and CaO, Y and REEs. The to-
tal sum of REY correlates only with V (r = 0.77).

The PAAS-normalised REY patterns of the 
samples are generally flat, displaying slight posi-
tive La and more pronounced Y anomalies (except 
for sample Pov-24-V, which has negative Y/Y*), 
and minor negative Ce anomalies (Fig. 1g). When 
plotted on the discrimination diagram of Bau and 
Dulski (1996), most samples fall within the true 
negative Ce/Ce* field, whereas others (Pov-24-2, 
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Pov-24-V) fall into the apparent Ce/Ce* field (due 
to La anomalies). The Y/Ho mass ratios of all sam-
ples, apart from Pov-24-V (Y/Ho<25), exceed 36, 
which together with the pronounced Y anomalies 
and seawater-like LaN/NdN ratios (0.97–1.56) indi-
cates a largely unaltered seawater REY signature 
(cf. Shields, Stille, 2001; Tostevin et al., 2016).

Calcareous nannofossils

Samples Pov-24-1 and Pov-24-2 yielded almost 
identical nannofloras of mixed poor to moderate 
preservation, with 72 species identified. Common 
Watznaueria barnesiae (Black) Perch-Nielsen and 
spines of Prediscosphaera spp. dominate the assem-
blages. The most frequently observed taxa include 
Prediscosphaera cretacea (Arkhangelsky) Gartner, 
Retecapsa spp., Helicolithus trabeculatus (Górka) 
Verbeek, Zeugrhabdotus bicrescenticus (Stover) 
Burnett, Eiffellithus eximius (Stover) Perch-Niels-
en, Cribrosphaerella ehrenbergii (Arkhangelsky) 
Deflandre, Microrhabdulus decoratus Deflandre 
and Lucianorhabdus maleformis Reinhardt. In sam-
ple Pov-24-2, Reinhardtites anthophorus (Deflan-
dre) Perch-Nielsen, Amphizygus brooksii Bukry 
and Ahmuellerella octoradiata (Górka) Reinhardt 
are also frequent. Of biostratigraphically significant 
species, Quadrum gartneri Prins and Perch-Nielsen 
(rare), Lucianorhabdus quadrifidus Forchheimer 
(rare), Lithastrinus septenarius Forchheimer (rare), 
Zeugrhabdotus biperforatus (Gartner) Burnett (rare 
to very rare), Broinsonia parca (Stradner) Bukry 
subsp. expansa Wise and Watkins (very rare) and 
Micula staurophora (Gardet) Stradner (very rare) 
have been documented. As no specimens of Lithas-
trinus grillii Stradner were observed, the studied 
assemblages have been assigned to UC10 (middle–
upper Coniacian). Note, however, that very rare 
specimens of Lucianorhabdus cayeuxii Deflandre 
have been recorded in both samples. The base of 
this species was used by Burnett (1998) to define 
the lower boundary of the upper Coniacian UC11c. 
It has, nevertheless, been reported that, in Bulgarian 
sections, this event predates base Micula stauropho-
ra and is early Coniacian in age (see discussion in 
Granchovski et al., 2024).

The five examined phosphatic concretions yield-
ed very poorly preserved and much less-diverse as-
semblages. As a result, only 23 species have been 
identified. Watznaueria barnesiae is the most fre-
quently observed taxon, followed by Tranolithus 
orionatus (Reinhardt) Reinhardt, Eiffellithus exi-
mius, Eiffellithus turriseiffelii (Deflandre) Rein-
hardt, Retecapsa spp. and Helicolithus trabecula-

tus. In two of the samples (Pov-IId and Pov-IIf), 
Zeugrhabdotus biperforatus, whose base draws the 
base of UC9b, is present. Due to the scarcity and 
very poor preservation of calcareous nannofossils in 
the phosphatic concretions studied, the authors have 
refrained from making biostratigraphic interpreta-
tions, although our data suggest that the concretions 
may have been formed earlier than the host rocks. 
This assumption will be tested further by investigat-
ing a larger number of phosphatic concretions.

Conclusions

The studied CPBB at Povelyanovo section is defined 
as a phosphate-bearing rock in terms of both fabric 
and P2O5 content. The established textural and facies 
contrasts between the host limestones and the phos-
phatic concretions highlight differences in the envi-
ronmental conditions under which they were formed. 
Geochemical analyses reveal generally low contents 
of P2O5, ΣREY, U and other trace metals compared to 
average marine phosphorites, while the REY patterns 
largely preserve a seawater-like signature. Calcare-
ous nannofossil assemblages from the matrix of the 
CPBB allow assignment to nannofossil zone UC10 
(middle–upper Coniacian). The very poor preserva-
tion and low taxonomic diversity of the nannofloras 
from the studied five phosphatic concretions hamper 
reliable biostratigraphic interpretations, although our 
data suggest that the phosphatic concretions may 
be older than the host sediments. More studies are 
needed to better constrain the precise conditions and 
timing of phosphogenesis.
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