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Туронски конкреционен фосфат-съдържащ пласт в района  
на село Средня (СИ България): палеонтоложки, седиментоложки  
и геохимични данни
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Abstract. The Turonian concretionary phosphate-bearing bed outcropping NE of Srednya village consists of phos-
phate concretions and abundant phosphatized fauna, showing typical features of condensation and syn-sedimentary 
reworking. Key ammonite taxa indicate mixing of Collignoniceras woollgari and Subprionocyclus neptuni zones. 
The characteristics of burrows in the bed suggest an important role of biological activity for the formation of the 
concretions. The chemical composition of the phosphate-bearing bed is compared to the average phosphorite and 
non-phosphatized limestones and sandstones from the studied section. Authigenic and terrigenous chemical con-
stituents are identified, and they correspond well to the authigenic and terrigenous fractions in the sediments. The 
PAAS-normalized patterns of the deposits reflect their high terrigenous content and imply possible post-depositional 
alteration of the primary seawater REY signal.
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Introduction

Phosphatic sediments hold great twofold value as 
a primary source of phosphorus and as noteworthy 
genesis-specific geological formations, provoking 
even small occurrences to be recorded and carefully 
studied. Some phosphatic sediments (e.g., of con-
cretionary type) are a product of stratigraphic and/or 
sedimentary condensation, which further broadens 
their significance. 

The Upper Cretaceous succession of NE Bulgar-
ia is marked by the presence of several concretion-

ary phosphate-bearing beds (CPBB) (Načev et al., 
1961; Jolkičev, 1989). This study is focused on a 
CPBB outcropping in the northwestern margin of 
the Shumen Plateau. It is of great interest because 
of the available mineralization and the presence of 
abundant phosphatized fossil fauna.

Geological Setting
The study area is set in the SE Moesian Platform 
(South Moesian Peri-Platform unit – SMPP) which 
borders the Tertiary Balkan orogen to the south 

https://doi.org/10.52215/rev.bgs.2024.85.3.89

https://doi.org/10.52215/rev.bgs.2024.85.3.89


90

(Ivanov, 2017). During the Late Cretaceous, this 
area was dominated by carbonate deposition in an 
epicontinental sea along the northern margin of the 
Tethys Ocean (Dercourt et al., 2000). The Late Cre-
taceous sedimentation in the SMPP began after a 
regional erosional hiatus that persisted until Middle 
Turonian in the region of the Shumen Plateau (Sin-
nyovsky, 1989).

Samples and methods
A stratigraphic section (Fig. 1a) is composed along 
the NW margin of the Shumen Plateau (in the vicin-
ity of the villages Novosel, Cherencha and Srednya) 
where three lithostratigraphic formations – Madara 
Fm, Mogila Fm and Dobrindol Fm (Yolkichev, 
1988) were described and sampled. Key ammonite 
taxa from the CPBB were identified. The petrogra-
phy was studied by standard optical microscopy and 
the phosphate concretions were characterized on cut 
surfaces. The mineralogy of the concretions was de-
termined via X-ray powder diffraction (XRD). The 
chemical composition of bulk CPBB, phosphate 
concretions and selected non-phosphatized sedi-
ments was examined by X-ray fluorescence (XRF) 
and LA-ICP-MS.

Results and discussion
Тhe studied CPBB crops out immediately NE of 
Srednya village and is hosted in rocks of the Ma-
dara Fm. The latter comprises medium to thick 
cross-bedded, gray to yellowish, sandy, bioclastic 
wacke- and packstones and calcareous sandstones 
(litharenites) formerly included in the Dobrin-
dol Fm (Jolkičev, 1989). Another CPBB occurs 
1.10  m above the first one. The Madara Fm is 
overlain with а sharp lithological boundary by the 
Mogila Fm which consists of massive, gray and 
white, bioclastic wacke- and packstones. The Do-
brindol Fm covers the Mogila Fm and comprises 
glauconitic, sandy, bioclastic wackestones and cal-
careous sandstones. To the east of the study area, 
an Upper Turonian CPBB marks the base of the 
Dobrindol Fm. 

The lowermost CPBB has an erosional boundary 
and varying thickness (average ~20 cm). It consists 
of phosphate concretions and phosphatized fossils 
embedded in loose calcareous sandstones. Large 
burrows, mineralized similarly to the concretions, 
are a characteristic feature (Fig. 1b). The fossils 
are mineralized or non-mineralized and comprise 
mostly brachiopods and gastropods, less ammo-
nites, echinoids, inoceramid bivalves, and scarce 
shark teeth. The specimens are mainly small-sized, 
fragmented and only occasionally well preserved. 
Key ammonite taxa were defined clearly indicating 

Turonian age of the CPBB: Collignoniceras wooll­
gari regulare, Subprionocyclus neptuni, S. bra­
neri, Lewesiceras mantelli, L. woodi and Scaphi­
tes geinitzii. The first taxon particularly proves the 
presence of the Middle Turonian C. woollgari zone, 
whereas S. neptuni is the index taxon for the Upper 
Turonian eponymous Zone. 

The phosphate concretions make up 30–35% 
of the CPBB, and hence the sediments are referred 
to as phosphate-bearing (sensu Trappe, 2001). The 
concretions range in size from ~1 mm to 10–15 cm 
and show subspherical or irregular shape. They are 
dark green to black and have abundant micrite-filled 
borings on their surface. A complex internal struc-
ture with both mineralized and non-mineralized 
burrows is observed on cut surfaces (Fig. 1c). Un-
der the microscope, the concretions and host sedi-
ments display similar composition. The siliciclastic 
grains comprise mainly quartz, schist, siltstone, and 
chert lithics, less feldspars, white mica, chlorite, 
and scarce rutile, sphene, and zircon. The fossil 
assemblage includes bryozoans, echinoderms, bra-
chiopods, bivalves, foraminifers, ostracods, plus 
siliceous sponges in some samples. Iron oxyhyd
roxides, carbonate fluorapatite (CFA), glauconite 
and locally calcite cement (Fig. 1d) are early diage-
netic phases and their amount commonly increases 
towards the periphery of the concretions. Several 
early diagenetic stages are distinguished based on 
the following evidence: traces of reworking, abrad-
ed older mineralized particles, burrows capped with 
CFA+glauconite and calcite cement laminae, coat-
ed and cracked siliciclastic grains filled with authi-
genic phases (Fig. 1e).

Bulk-rock chemical analysis of the CPBB 
shows less P2O5 (5.20 wt%), more SiO2 (40.34%) 
and slightly higher Fe2O3 (2.06 wt%) content com-
pared to the average phosphorite (Li, Schoonmak-
er, 2014). The trace elements, usually enriched in 
phosphorites (e.g., U, Pb, REE, Y, V Cr, Ba), have 
significantly lower amounts. The analyzed single 
concretions show wide compositional variations as 
some have P2O5 content (11.75–15.90 wt%) that is 
similar to the average phosphorite. Most trace ele-
ments, however, have lower values (e.g., U 21.15–
69.29 ppm, ΣREE 67.05–216.23 ppm). When com-
pared to non-phosphatic sediments, the CPBB and 
the concretions show considerably higher values 
of V, Sr, Y, REE, Pb, and U. An exception is Ba 
because phosphatic sediments contain slightly less 
Ba (avg. 94 ppm) than non-phosphatic ones (avg. 
133 ppm). On the basis of correlation coefficients, 
the chemical elements can be assigned to two groups 
– authigenic and clastic (see Fazio et al., 2007). Тhe 
first group includes Ca, P, Fe, K, V, Cr, Ni, Zn, Sr, 
Y, REE, Pb, U and corresponds to the authigenic 
phases. The second group comprises Si, Al, Ti, Nb, 
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Fig. 1. a, composite lithologic-stratigraphic log (with position of the samples) of the studied Upper Cretaceous succession outcrop-
ping in the Novosel-Cherencha-Srednya region, the chronostratigraphy is based on Synniovsky (2007) and this study; b, concre-
tions and burrows (dotted lines) in the CPBB; c, cut surface of phosphate concretion showing burrows filled with CFA and glauco-
nite; d, thin-section of a concretion showing its complex margins with several episodes of early diagenetic mineralization (arrows); 
e, thin-section of a concretion showing Fe oxyhydroxides-filled burrow capped by CFA (red arrow) and abraded older phosphatic 
particle (blue arrow); f, PAAS-normalized REY patterns of analyzed samples (single concretions with dotted lines) compared 
with average phosphorite and seawater (after Li, Schoonmaker, 2014); g, Ce/Ce* vs. Pr/Pr* diagram after Bau and Dulsky (1996), 
field I: no Ce anomaly and no La anomaly, field IIa: positive La anomaly, no Ce anomaly, field IIb: negative La anomaly, no Ce 
anomaly, field IIIa: positive Ce anomaly, field IIIb: negative Ce anomaly.
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Cd, Ba, Th and is associated mainly with the terrig-
enous fraction. Strong positive correlations between 
ΣREE and Fe (0.92) as well as between ΣREE and P 
(0.79) are identified. Post-Archean Australian Shale 
normalized REY patterns (Fig. 1f) of the samples 
reflect the differences between their terrigenous and 
authigenic mineral composition, and possibly some 
diagenetic alteration. The typical seawater positive 
Y, positive La and true negative Ce anomalies (for 
oxic waters) are well preserved only in few samples 
(Fig. 1g). Y/Ho mass ratio of the samples varies 
widely as the bulk CPBB and concretions have ra-
tio >36 (characteristic of unaltered seawater signal), 
while most non-phosphatized sediments display 
variations (12.59–30.51) indicating terrigenous or 
diagenetic influence on the REY pattern (Tostevin 
et al., 2016). 

Conclusions

The CPBB outcropping NE of Srednya and host-
ed in sediments of the Madara Fm was deposited 
during the late Middle Turonian and Late Turo-
nian. Faunal mixtures of species typical for Col­
lignoniceras woollgari and Subprionocyclus nep­
tuni zones, as well as petrographic characteristics 
of CPBB and concretions correspond to the di-
agnostic features of condensed beds. Biological 
activity appears to have played an important (if 
not major) role in the mineralization processes. 
Geochemical results reveal the complex compo-
sition and specific origin of the concretions, but 
also imply post-depositional alteration. The rec-
ognized reworking in the CPBB can be a result of 
bioturbation, but current activity seems also plau-
sible (see Föllmi, 1990). Considering that several 
eustatic events have been identified in the Mid-
dle to Late Turonian interval (Haq, 2014), and a 
cooling episode has been detected (Jarvis et al., 
2015), their role (if such) for the formation of the 
CPBB is yet to be determined.
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