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Abstract. The Lower-Middle Jurassic sedimentary rocks from Northern Bulgaria represent important stratigraphic
markers and a potential source for oil and gas accumulation. Here, we present preliminary major and trace element
results for 22 sedimentary rock samples from the Bachiishte, Ozirovo, and Etropole Formations collected from the
Balkanides and the Moesian Platform in Central-northern and Northwestern Bulgaria. The three studied formations
have largely similar geochemical characteristics. The application of established geochemical proxies and compari-
son with recent and ancient sediments suggests that the samples were deposited in a shallow, high-energy environ-
ment with no water restriction. Eroding mafic to intermediate lithologies provided the sediment into the submerging
Moesian Platform. Most redox-sensitive geochemical parameters suggest an overall oxygenated environment dur-
ing sediment deposition, although specific samples show evidence for periodically dysoxic or anoxic water column

conditions.
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Introduction

The geographic distribution and facies of the Juras-
sic sedimentary rocks in Bulgaria outline a pattern
of gradual marine transgression over the Moesian
Platform from the Early (Hettangian) to Middle
(Bathonian) Jurassic (Sapunov, Metodiev, 2007).
The marine sediments were deposited in an inner
shelf setting at shallow water depths (Sapunov,
Metodiev, 2007). Notably, organic-rich Middle Ju-
rassic shales of the Etropole Formation (Stefanets
Member) containing ~1-2 wt% TOC (total organic
carbon) are the most likely source rock for the small
but numerous oil and gas fields onshore in Northern
Bulgaria (e.g., Georgiev, 2000; Botoucharov et al.,
2015, 2016, 2020); they are also a promising target
for unconventional hydrocarbon prospecting (e.g.,
Velev, 2013).

The importance of the Jurassic successions for oil
and gas exploration and for regional and global cor-
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relations resulted in detailed lithostratigraphic and
biostratigraphic studies (e.g., Donéeva, Ov¢arova,
1989; Sapunov, Metodiev, 2007), and correlations
with the Tethyan realm (e.g., Metodiev, 2008). In
contrast, data on the chemical composition of these
sediments are scarce (e.g., Metodiev et al., 2019,
2020), which hampers chemostratigraphic correla-
tions and paleoreconstructions.

Here, we present preliminary major and trace
element data for selected Jurassic sediments from
Northern Bulgaria. Our goals are: 1) to characterize
geochemically the different lithostratigraphic for-
mations; and 2) to discuss the depositional condi-
tions that prevailed during sedimentation.

Samples and methods

The study area covers the central regions of the South
Moesian Platform Margin (SMPM) and central and
northwestern parts of the Balkanides. Twenty-two

https://bgd.bg/review-bgs
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Fig. 1. a, simplified tectonic map of the studied region with sample locations, outcrop and drill core numbers (e.g., Et-15; Galatin
R-1), modified after Dabovski and Zagorchev (2009); b—e, main geochemical results and interpretations: major element contents
(Ca, Al Fe, Ti and Mn) and their oxides are in wt%, whereas trace element contents (Co, Zr, V, Ni, U and Th) are in ppm, elemental
ratios are calculated in the same units; labeled trends and thresholds on the graphs are: ¢, after Garcia et al. (1994) and Greber and
Dauphas (2019); d, after Lyons and Severmann (2006), Raiswell and Canfield (2012) and Sweere et al. (2016); e, after Jones and
Manning (1994) and Hatch and Leventhal (1992). For comparison, gray fields on b—e show data for the Upper Jurassic—-Lower
Cretaceous organic-rich shales of the Mandal and Farsund Formations, Norwegian North Sea (data from Georgiev et al., 2019).

samples from the Bachiishte (mixed lake-swamp
deposits), Ozirovo (shallow-marine carbonates and
argillites), and Etropole (marine successions, pre-
dominantly argillaceous in its Stefanets Member)
Formations were analyzed. Of these, 15 are drill-
core samples from 11 wells located in the Western
Forebalkan, central SMPM and bordering areas,
and 7 are outcrop samples from the Central Balkan
and Forebalkan, and the Western Srednogorie zone
(Fig. 1a). Most samples are shales and siltstones,
with few marls, limestones, and sandstones.

Approximately 1.5 g of sample powder was
heated to ~1000 °C to determine the loss on ignition
(LOI). The powder was then fused with Li,B,0, and
LiBO, into a glass pellet for 30 min at 1065 °C and
analysed for major element concentrations using
an EPSILON 3XLE energy dispersive X-ray fluo-
rescence (EDXRF) spectrometer at Sofia Univer-
sity “St. Kliment Ohridski”. Trace elements were
analyzed on broken and polished pellet pieces by
LA-ICP-MS at the Geological Institute, Bulgarian
Academy of Sciences. The 193 nm ArF excimer la-
ser ATLEX-Lr and ELAN DRC-e ICP-MS instru-
ments were operated in standard instrument condi-
tions as described in Peytcheva et al. (2021).

The accuracy of the results was evaluated by re-
peated analyses of an organic-rich standard NIST
2702 (marine sediment with 3.27 wt% TOC). XRF
data are within 5% of the reference values (Na, Al,
Ti), within 10% (K, Mn), and within 15% (Mg, Ca
and Fe). LA-ICPMS data are within 5% (V, Sr, Ba,
Ce, Nd), 10% (Mn, P, Co, Nb, La, Sm, Th), 15%
(Cr, Rb, TI, Pb), and 25% (Co, Ni, Zn, Cs, Ta, U);
a revised analytical procedure can lower detection
limits and further improve accuracy.

Results and discussion

The samples have a wide range of Al, Ca (Fig. 1b)
and Si contents (7.9 to 43.4 wt%; not shown) at var-
iable LOI (2.6-33.7 wt%; LOI correlates positively
with Ca contents). The negative correlation between
Ca and Al (and Si) reflects the changing proportions
of carbonate minerals and detrital clays (and sand)
in the samples (Fig. 1b). The three studied forma-
tions overlap in their major and trace element con-

tents (Fig. 1), with the Ozirovo Fm samples being
generally more carbonate-rich (Fig. 1b).

The chemical composition of sedimentary rocks
is controlled by the source and the depositional con-
ditions (paleoredox, hydrodynamic sorting, degree
of water circulation, etc.). These variables are eval-
uated using established geochemical proxies (Fig.
lc—e). The relatively high Zr/Al ratios of studied
samples suggest deposition in a high-energy (shal-
low water) environment, whereas generally low
Al,O,/Ti0O, ratios (< 30) suggest mainly mafic to in-
termediate lithologies in the source of the sediment
(Fig. lc). Relatively low CoxMn values for most
samples indicate an open-basin or an upwelling set-
ting during sediment deposition with limited water
restriction (Fig. 1d). Most of the established geo-
chemical paleoredox parameters such as the total
Fe/Al (Fig. 1d), U/Th (Fig. 1e), V/Cr and Ni/Co
ratios (not shown) argue for well-oxygenated wa-
ters during deposition of most samples, with only a
few showing evidence for dysoxic to anoxic condi-
tions (Fig. 1d, e). On the other hand, the elevated
V/(V+Ni) ratios of most samples suggest anoxic
conditions (Fig. 1e), but this may be explained by
the substantial V contents in clay minerals that can
compromise the direct application of V-based pale-
oredox thresholds (e.g., Xu et al., 2012).

Conclusions

We discuss preliminary XRF and LA-ICPMS major
and trace element data for 22 Lower—-Middle Juras-
sic sedimentary rocks from the Balkanides and the
Moesian Platform in Northern and Northwestern
Bulgaria. Drill core and outcrop samples from the
Bachiishte, Ozirovo, and Etropole Formations show
a range of major element contents consistent with
their variable shale-siltstone-limestone lithologies.
Overall, the three formations have largely similar
geochemical characteristics. Based on established
geochemical proxies and comparison with recent
and ancient sediments, we argue that the marine
successions from the three formations were deposit-
ed in a shallow, high-energy environment with lim-
ited water restriction. Eroding mafic to intermedi-
ate lithologies supplied sediment to the submerging
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Moesian Platform during the Jurassic. Most redox-
sensitive geochemical proxies suggest an overall
oxygenated environment during sediment deposi-
tion, with specific samples indicating periodic dys-
oxia or anoxia in the water column. Planned future
work based in part on these preliminary results can
improve analytical procedures and offer a more
detailed temporal and spatial resolution for recon-
structing the depositional conditions of the Jurassic
sediments in Bulgaria.
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