SUMMARY

Drill core material from the Biatopole IG 1 exploration
borehole provided a rich set of data for biostratigraphic, chro-
nostratigraphic, lithostratigraphic, sequence stratigraphic, se-
dimentological and facies, ichnological, as well as paleontolo-
gical and tectonic investigations.

Another group of research included analytical studies, ma-
inly geochemical investigations of organic matter and extru-
sive volcanic rocks, petrographic examinations of clastic, vol-
canic and carbonate rocks and organic matter, as well as mine-
ralogical and petrophysical studies. A full set of hydrogeolo-
gical tests and geophysical well logs was carried out in this
borehole.

The drilling was stopped at a depth of 3017.6 m in the Edia-
caran Stawatycze Formation (unpierced) represented by vol-
canogenic rocks: amygdoidal basalts (melaphyres) and mas-
sive and subaphiric basalts.

The Stawatycze Formation is overlain by a 203.6-m thick
series of Upper Ediacaran deposits encountered at a depth of
2814.0-3017.6 m. They are represented by siliciclastic estu-
arine sediments of the Biatopole, Lopiennik and Wtodawa
formations composed of interbedded sandstones, mudstones
and claystones. The base of the Cambrian and of the Terre-
neuvian is defined based on the first occurrence of trace fossil
Trichophycus pedum (Seilacher), thereby indicating the posi-
tion of the Ediacaran/Cambrian boundary. It is in accordance
with the standard boundary defined by the International Com-
mission on Stratigraphy.

The Cambrian rocks occur at a depth of 2239.5-2814.0 m
(574.5 m) and are represented by a clastic series of sandstones
with interbeds of claystones/mudstones containing thin sand-
stone intercalations. They were deposited in a shallow-marine
basin, in the shoreface and offshore zones. This was an open
shore with a strong influence of waves and minimal effect of ti-
des or their lack. Petrographic microscope examination showed
that the sandstones are represented mainly by very fine- and
fine-grained quartz arenites (including orthoquartzites), occa-
sionally by quartz wackes and in one case by a subarkose.
There are also calcareous claystones clayey siltstones and silty
claystones. The sandstones are texturally and mineralogically
mature. Dispersed pyrite is observed in many samples. Glau-
conite is present at the top and base.

The Ordovician deposits occur at a depth of 2131.5-2239.5 m
(108.0 m) and are represented by the lower Tremadocian
through the lower Ashgillian. The Tremadocian is bipartite:
the lower part of the sequence is composed of mudstones and
bituminous claystones, whereas the upper part is represented

by oligomictic quartz sandstones. The lower portion of the sec-
tion is represented by the lower Tremadocian corresponding
to the stage of Pakerort of the Baltic region. Correlation of
the well logs to those from other boreholes of the Lublin re-
gion indicates that the Arenigian deposits are represented by
the lower part of the Uherka Limestone Formation composed
at the base of a glauconitite bed and limestones with glauconi-
te. The upper unit of the formation is represented by brown-
-red limestones and marly limestones corresponding to the upper
Arenigian, coeval with the stage of Volkhovian in the Baltic
region. The Darriwilian (Llanvirn) deposits are represented by
the middle part of the Uherka Limestone Formation, compo-
sed mainly of organodetrital limestones. Correlation of the wi-
reline logs with those from other boreholes of the region su-
ggests that the deposits correspond to the stages of Kunda
through Lasnamagi and the stage of Uhaku of the Baltic region.
The Sandbian-Katian (Caradocian) deposits include the up-
permost part of the Uherka Limestone Formation and the Udal
Claystone Formation. The uppermost part of the Uherka Li-
mestone Formation is considered lowest Caradocian, corre-
sponding to the stage of Kukruse in the Baltic region. It is re-
presented by organodetrital and marly limestones with clay-
stone interbeds.

This part of the Caradocian, which corresponds to the sta-
ges of Oandu—Rakvere in the Baltic region, is represented by
the Udal Claystone Formation composed of dark grey and
grey claystones with infrequent interbeds of mudstones, marls
and marly limestones. The Katian (Ashgillian) deposits are re-
presented by the Kodeniec Limestone Formation composed of
grey and brown-red marly and organodetrital limestones inter-
bedded with marls and claystones.

The Silurian deposits (539.0 m thick) occur at a depth of
1592.5-2131.5 m. They pass into the Lower Devonian without
a break in sedimentation. The Silurian succession is represen-
ted mainly by claystones and mudstones with subordinate li-
mestone interbeds. Wenlock, Ludlow and Pridoli deposits are
present in this section. The lowermost Silurian, Llandovery, is
absent. The Wenlock deposits are in contact with the upper-
most Ordovician. The uppermost Silurian (Pridoli) is overlain
by the lowermost Devonian. The dominant fossils include
graptolites, trilobites, brachiopods, cephalopods, bivalves,
eurypterids and placoderms.

The Devonian in the Biatopole IG 1 borehole is represen-
ted only by its lower series (depth 1031.84-1592.50, thickness
560.66 m). Three lithological complexes were identified in
the Lower Devonian of the Radom—Lublin region. They are
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correlated throughout the whole area on well logs. The Sycy-
na Formation is represented mostly by dark grey claystones,
locally marly or dolomitic, containing interbeds of organode-
trital limestones. The Czarnolas Formation is represented by
dark grey silty claystones and mudstones, rhythmically inter-
bedded by grey quartz sandstones. The Zwolen Formation is
composed of variegated, brown, green and grey silty claysto-
nes, occasionally mudstones and sandy mudstones containing
carbonate concretions. Less common are claystones interbed-
ded with quartz sandstones. Stratigraphy of the Lower Devo-
nian section is based on palynological (miospores), microfau-
nal (ostracods) and macrofaunal (trilobites and tentaculites)
evidence.

The Carboniferous deposits (516.34 m thick) occur at
a depth of 515.5-1031.84m. The chronostratigraphic bounda-
ries are placed based on the correlation of depositional sequ-
ence boundaries with the marker section and with the global
and Western Europe divisions of the Carboniferous. This allo-
wed for more precise stratigraphy and resulted in the correc-
tion of the position of the boundaries. The Carboniferous de-
posits are represented by limestones, marls, claystones, mud-
stones, sandstones, Stigmaria soil, coals, and carbonaceous
claystones and mudstones. During the relative sea-level low-
stand, the deposition occurred in river channels and floodpla-
ins. During the periods of sea-level rise and highstand, shal-
low-water deltaic and shallow carbonate and clay shelf envi-
ronments developed.

The Jurassic succession is represented only by Upper Ju-
rassic deposits. They were found directly upon Carboniferous
rocks at a depth of 479.0-515.4 m (36.4 m thick). The Upper
Jurassic is represented only by Oxfordian deposits and likely
lowermost Kimmeridgian rocks. The Zakrzew Formation is
represented by grey sandy siltstones, calcareous at the top,
non-calcareous at the bottom. They contain foraminifers, spon-
ge spicules and skeletal elements of echinoderms and sea ur-
chin spines. There are occasional interbeds of grey fine-grain-
ed quartz sandstones. The lowermost part of the Jasieniec For-
mation is composed of white to grey pseudo-oolitic or organo-
detrital limestones, with the remains of corals, snails, biva-
lves, and with oncoids. Mudstones and conglomerates are
very rare.

The Cretaceous succession occurs at a depth of 0.5-479.0 m
(478.5 m in thickness). It includes the upper Albian and all
Upper Cretaceous stages from the Cenomanian through
the upper Maastrichtian. The Cretaceous lithological section
is typical of the whole Chetm—Hrubieszow region. The Lower
Cretaceous is probably represented by upper Albian marly
sandstones with phosphorite concretions. The Cenomanian is
composed of marls at the bottom, passing upwards into lime-
stones and chalk. The undivided Turonian—lower Coniacian
interval is entirely represented by chalk facies. The interval
corresponding to the middle and upper Coniacian and Santo-
nian is composed probably of predominant marly chalk-like
limestones. The Campanian—Maastrichtian interval is repre-
sented by marly chalk and chalk-like limestones. The Cretace-
ous carbonate-dominated deposition occurred in a relatively
quiescent tectonic setting in an epicontinental basin of low

and mostly stable subsidence rate, with the dominant facies of
chalk and chalk-like limestones.

The Ediacaran—Upper Jurassic succession contains a va-
riable, mostly small amount of organic matter, ranging from
0.1 to 0.3%. Elevated concentrations (0.9-1.7%) are observed
in Carboniferous and Upper Jurassic layers, and (0.8-0.9%) in
some strata of the Ludlow and Caradocian. Lower Paleozoic
and Lower Devonian organic matter is represented by vitrini-
te-like material (solid bitumens and zooclasts). Liptinite mate-
rial is present in trace amounts, mainly in the Silurian. Bitumi-
nous impregnations are commonly observed in these rocks.
The Carboniferous—Jurassic deposits contain abundant hu-
mic-sapropelic material composed primarily of vitrinite ma-
cerals accompanied by liptinite and inertinite. Thermal matu-
rity of organic matter, determined based on vitrinite and/or vi-
trinite-like material reflectance (R,), increases relatively con-
stantly down in the vertical section of the succession from
0.50% R, at a depth of 503.0 m (Upper Jurassic) to 1.79% R,
at a depth of 2893.0 m (Ediacaran). This corresponds to
the transition from the early stage of liquid hydrocarbon gene-
ration (Upper Jurassic), through the main (Carboniferous
0.65-0.75% R,) and late phase of oil generation (Lower Devo-
nian, 0.87-1.02% R,; Silurian—Pridoli, 0.9—1.07% R,), phase
of wet gas and condensate generation (Silurian—Llandovery,
Ordovician—Caradocian, 1.22-1.26% R,), to the main phase
of gas generation (Ordovician—Caradocian, Ordovician, Are-
nigian 1.32-1.38% R,, Lower Cambrian and Cambrian Edia-
caran, 1.70-1.79% R,).

The results of geochemical studies performed in the Biato-
pole IG 1 borehole indicate that only the top parts of Visean
deposits and the lower parts of Namurian rocks contain suffi-
ciently enough amount of organic carbon to be considered so-
urce rocks for hydrocarbon generation. The remaining rocks
are “very poor” or “poor” source rocks. The Cambrian rocks
contain a very small amount of labile components, whereas
the Ordovician and Silurian deposits, excluding the Upper Si-
lurian (Pridoli), show considerable amounts of epigenetic bi-
tumens. The organic carbon-rich Carboniferous rocks contain
greater amounts of syngenetic bitumens. The highly altered
lower Paleozoic organic matter is of sapropelic type. Organic
matter from the Carboniferous strata is of sapropelic and hu-
mic type and shows a low degree of alteration. The weakly al-
tered Upper Jurassic organic matter is mainly of humic type.

Several phases of rapid burial, separated by periods of stag-
nation or tectonic uplift, have been interpreted from the analy-
sis of the Biatopole IG 1 section. In the period spanning
the Ediacaran-Middle Ordovician, syn-rift and post-rift subsi-
dence led to the deposition of a thick sedimentary cover of
around 1000-1100 m. During the Late Silurian development
of'a Caledonian foredeep, a very rapid burial event took place.
At the end of the Devonian and in the Early Carboniferous,
tectonic uplift occurred, associated with the Bretonian defor-
mation phase. It resulted in a partial removal of Devonian se-
diments. The next phase of rapid burial took place in the late
Visean—Westphalian. The Stephanian and Early Permian were
again the periods of uplift and erosion. Stagnation or slight
uplift occurred from the Late Permian to the Early Jurassic.
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The two main phases of Mesozoic burial occurred during
the Late Jurassic and Late Cretaceous.

The Biatopole IG 1 well was drilled on a tectonic block re-
cognised within the Paleozoic succession. This block is boun-
ded by faults rooted in the Precambrian basement, which are
interpreted as reverse faults, active during early and late Car-
boniferous times. As a result, two major unconformity surfa-
ces developed: sub-Carboniferous and sub-Jurassic.

The best reservoir rocks are the Middle Cambrian sandsto-
nes. The Silurian, Ordovician and Lower Cambrian deposits
have no reservoir properties. The Middle Cambrian deposits

are saturated with Ca—Na—ClI water, very prospective for hy-
drocarbon accumulation. A direct indicator of the possibility
of hydrocarbon accumulation is the presence of free high-met-
hane gas in the brine. Formation tests proved that the Middle
Cambrian reservoir horizons are characterised by favourable
conditions for hydrocarbon accumulation.

The main drilling objective of the Biatopole IG 1 well was
to provide data on the stratigraphy, lithology, facies and tecto-
nic setting of the lower Paleozoic and Ediacaran succession in
south-eastern Poland.
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