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Abstract. Paleozoic (Silurian and Devonian) cherts from Western Bulgaria occur in three tectonic units: Svoge, 
Lyubash-Golo Bardo and Morava. The SiO2 content in these rocks varies from 76.06% to 96.02%. The silica source 
and depositional settings of the cherts have been interpreted based on the received geochemical major element data. 
The calculated Si/(Si+Fe+Al+Ca) ratio and Al–Fe–Mn diagram plotting at non-hydrothermal field suggest that most 
of silica in the cherts is biogenic or both biogenic and terrigenous in origin. On the other hand, all studied siliceous 
samples plot into the field of the continental margin sediment environments on the Fe2O3/TiO2 vs. Al2O3/(Al2O3+Fe2O3) 
diagram. The calculated MnO/TiO2 ratio also indicates deposition in continental shelf or slope environments.
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Introduction

The studied Silurian and Devonian cherts crop out 
in the Srednogorie (Svoge and Lyubash-Golo Bar-
do Units) and the Morava-Rhodope (Morava Unit) 
Zones (Dabovski, Zagorchev, 2009) (Fig. 1a). In 
these units, the siliceous deposits associate with 
shales, sandstones, siltstones and rarely presented 
carbonates. The previous sedimentological interpre-
tations, concerning Paleozoic cherts from western 
Bulgaria have been made by Yanev (1985, 1991a, 
b), who regarded them as biohemogenic open-shelf 
and flysch deposits. A hydrothermal origin has also 
been suggested to some cherts from Svoge and Lyu
bash-Golo Bardo Units (cf. Yanev, 1991a). The pre-
vious published geochemical data of Silurian and 
Devonian siliceous rocks from Western Bulgaria are 
presented by Spasov (1960a, b) and Yanev (1985), 
but their interpretations are very scarce.

The aim of this study is to investigate the source 
of silica of these Paleozoic cherts and to interpret 

their depositional environment (continental margin, 
pelagic or ridge-proximal) based on the received 
geochemical data.

Material and methods
In the present work we have studied Paleozoic cherts 
from the Svoge Unit (Sv1, Sv2 and Sv3), Lyubash-
Golo Bardo Unit (Kr2 and Kr3) and Morava Unit 
(Kr4 and Kr1) (Fig. 1a).

Whole-rock major element analyses of the 
cherts by X-ray fluorescence (XRF) were per-
formed on EDXRF, Epsilon 3XLE, Omnian 3SW 
instrument at the University of Sofia St Kliment 
Ohridski. XRF analyses were conducted on fused 
disks of powdered material from the chert sam-
ples. The fused pellets were prepared by mixing 
approximately 1 g of sample with 3 g of lithium 
metaborate (LiBO2) and 6 g of lithium tetraborate 
(Li2B4O7) flux. The analytical errors for major ox-
ides are within the range of 1%.
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Results and discussions
Sources of silica 
The SiO2 content in the studied cherts varies from 
76.06% to 96.02%. It is lower in samples Sv2 and 
Kr3 (76.06% and 78.04%) and higher in samples 
Sv1, Sv3, Kr1, Kr2 and Kr4, where ranges from 
89.86% to 96.09% (average 92.13%). The calcu-
lated Si/(Si+Fe+Al+Ca) ratio in the Silurian and 

Devonian cherts ranges from 0.79 to 0.97 (average 
0.90) and indicates that most of silica is biogenic 
in origin. According to Ruiz-Ortiz et al. (1989) 
typical radiolarian cherts have Si/(Si+Fe+Al+Ca) 
ratio values between 0.8 and 0.9. In this study, 
Sv2 and K3 cherts from the Svoge and Lyubash-
Golo Bardo units are distinguished with lower Si/
(Si+Fe+Al+Ca) ratio values (0.79 and 0.81) in com-
parison with the other cherts (0.92–0.97), indicating 

Fig. 1. (a) Simplified tectonic map with location of the studied samples (after Angelov et al., 2010a, b; 2011; Marinova et al., 
2010a, b; Milovanov et al., 2006 a, b); (b) Al–Fe–Mn diagram (after Adachi et al., 1986) of the Silurian and Devonian cherts from 
western Bulgaria; (c) Fe2O3 /TiO2 versus Al2O3/(Al2O3 + Fe2O3) discrimination diagram (after Murray, 1994). All studied Paleozoic 
cherts are plotted into continental margin field.
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a possible mixed biogenic and terrigenous (clastic) 
source of silica. 

The Al–Fe–Mn ternary diagram is proposed 
by Adachi et al. (1986) to characterize the origin 
(hydrothermal and non-hydrothermal) of siliceous 
rocks. All of the studied chert samples are plot in 
the field of non-hydrothermal cherts or close to Al-
apex (Fig. 1b) (cf. Boncheva et al., 2021).

Depositional environments 
A set of depositional chemical criteria have been 
proposed to recognize a continental margin, pelagic 
and ridge-proximal chert environments (Murry et 
al., 1991; Murry, 1994). Thus, Al2O3 and TiO2 con-
tents are indicative of terrigenous input and Fe2O3 is 
enriched in metalliferous ridge-proximal sediment 
settings. In this study, all cherts plot into the field 
of the continental margin sediment settings on the 
Fe2O3/TiO2 vs. Al2O3/(Al2O3+Fe2O3) discrimination 
diagram (Fig. 1c).

According to Sugisaki et al. (1982), the MnO/
TiO2 ratio in cherts lower than 0.5 is related to con-
tinental shelf and slope deposits, while the values 
higher than 0.5 are characteristic of deep basin set-
tings. All of the studied cherts have MnO/TiO2 ratio 
lower than 0.5 (0–0.3), indicating deposition in con-
tinental shelf or slope environments.

Conclusions

Most of the Paleozoic cherts of the Svoge, Lyubash-
Golo Bardo and Morava Units have a high content 
of SiO2, indicating biogenic origin of silica. The 
estimated Si/Si+Al+Fe+Ca ratios and Al–Fe–Mn 
diagram plotting at non-hydrothermal field also 
support this suggestion. In samples Sv2 and Kr3 
the input of terrigenous material was also impor-
tant, and a mixed biogenic/clastic source of silica 
can be suggested. The plotted chert data on Fe2O3/
TiO2 vs. Al2O3/(Al2O3+Fe2O3) diagram indicate sed-
imentation in the continental margin environment. 
The estimated MnO/TiO2 ratios are also typical for 
continental shelf and slope deposits. Based on the 
received data and the previous published paleogeo-
graphic studies (cf. Yanev, 2000; Yanev et al., 2005; 
Boncheva et al., 2010), we can conclude that the 
studied Silurian and Devonian cherts from Western 
Bulgaria have been formed in slope and outer-shelf 
settings on the passive margin of peri-Gondwana.
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