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Cambrian deposits of the Lublin basin — sublithofacies of heterolithic deposits and mudstone. A. Bioturbated, mud-dominated het-

erolithic deposits (Lopiennik IG1 well, interval 5064.0-5068.7 m). B. Massive mudstone (Lopiennik IG1 well, interval 4872.2-4881.2 m).
C. Wavy- and lenticular-bedded mudstone (Biatopole IG1 well, interval 2716.5-2720.6 m). D. Parallel-laminated mudstone (Biatopole
IG1 well, interval 2716.5-2720.6 m). E. Bioturbated mudstone (Lopiennik IG1 well, interval 4760.0-4769.0 m); after Stadnik et al.

(2017), modified.

recognized. In the upper offshore and occasionally in the
lower offshore deposits, classic sequences of storm deposits
occur. Their lower surface is commonly erosive. They usu-
ally begin with normal graded sandstones containing clasts
(mainly mud clasts), which pass upward into fine- and very
fine-grained sandstones, initially parallel-laminated (Sh),
and in their upper part with classical hummocky cross strat-
ification (SI), and ripples of wave origin at the top. This se-
quence was commonly observed in the offshore deposits,
although the complete sequence is not always preserved.

In the deposits of the Lublin Basin, transitions between
the lower and upper offshore occur, indicating multiple os-
cillations of sea level. In these sequences, transitions to the
lower shoreface also were observed.

In the offshore deposits, there are sequences represent-
ing sandy tidal ridges. They consist of fine-grained psammite,
with an admixed fraction of medium- and coarse-grained sand.
They include cross-lamination, usually of the low-angle type.

The offshore deposits are observed in almost all cores,
mainly in the Radzyn Formation and in the Kostrzyn Forma-
tion. The greatest thickness is observed in the Lopiennik IG1
core, where a complex approximately 145 m thick occurs.

DISCUSSION

Mechanism of sedimentation

In the Lublin Basin, after the relatively long period of ma-
rine sedimentation on the Baltica shelf, the Ediacarian trans-
gression began. The sedimentary complexes of this time
span vary considerably in terms of lithology (Fig. 2) and
sedimentological analysis suggests that they belonged to the
entire spectrum of shallow-marine associations from tidal
flats to offshore sequences. These associations correspond

to particular sedimentary environments. One of the main
factors responsible for such a variety of environments is the
dynamic variable energy of the environment depending on
undulation and the range of sources of allogenic material.

In general, tidal flats are characterized by variable dy-
namics of the environment, within a relatively short dis-
tance of the coastal zone. Depositional sequences represent
the result of high sensitivity of sea-level changes and envi-
ronmental energy (Prothero and Schwab, 1996). A sequence
that displays a transition from sand to mud denotes a gradu-
al decrease in energy. In the lithological record, it is charac-
terized by a fining-upward sequence (Prothero and Schwab,
1996). Accordingly, the sandy tidal flat passing into mixed
flat, and muddy tidal flat formed in low-energy conditions
(Johnson and Baldwin, 1996). Such sequences are com-
mon in the Cambrian tidal-flat deposits of the Lublin Basin.
The lower-rank, similar cycles show the record of individu-
al tidal layers, i.e. deposits that are the product of individual,
daily tides.

The occurrence of herringbone cross-bedding in sand-
stones, with opposite inclinations of the laminae, associated
with bipolar palaeoflow directions (Johnson and Baldwin,
1996), and in the heterolithic deposits, lenticular and wavy
lamination, reveal an episodic increase in environmental
energy. The presence of reactivation surfaces and silt dia-
pirs in the cross-bedded, heterolithic tidal-flat deposits is the
result of the rhythmic oscillation of tidal currents and the
flaser bedding reflects fluctuations in flow velocities (Nio
and Yang, 1991). A dynamically variable image of the tidal
flat is presented by the tidal channels preserved in the sandy
flat sequence.

The environment of barrier and lagoon includes the zone
between the shoreface and tidal flat. It consists of barrier,
partly exposed lagoon, and inlets that provide water ex-
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Fig. 7.

Depositional environments of the Lublin Basin against the background of lithostratigraphic scheme; the range of environments

corresponds to their thicknesses in individual logs; after Stadnik ef al. (2017), modified.

change (Galloway and Hobday, 1983), as well as various
sand bodies (see Jaworowski, 1997). For a passive conti-
nental margin, transgressive barriers are typical, forming
relatively low, narrow and elongated strips, separating the
shoreface from the lagoon (Hiscott, 1982; Galloway and
Hobday, 1983). They often migrate, being exposed or pe-
riodically submerged, with their stability dependant on the

supply of clastic material and the amplitude of tides (Prothe-
ro and Schwab, 1996). Barriers/sand bodies are composed
mainly of lithofacies of porous and well-sorted sandstones,
up to several metres thick. Characteristic features include
coarsening-upward trends and meshing with the lagoonal
facies, inlets within the tidal flat and dune sands (Prothero
and Schwab, 1996), what is preserved in sections studied.
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Distribution of facies and palacoenvironments in the Cambrian formations of the Lublin Basin on the edge of the Eastern

European Platform. A. Mazovia/Kaplonosy formations (lower part of the early Cambrian). B. Radzyn Formation (upper part of the early
Cambrian). C. Kostrzyn Formation (middle Cambrian); after Stadnik ez al. (2017), modified.

Thin intervals of lenticular and parallel lamination, as well
as low-angle cross-lamination and hummocky cross-strati-
fication within the lagoonal environment indicate the occa-
sional transport in the traction of the finest, non-cohesive
fractions and the influence of storm waves. The different
degree of bioturbation in lagoonal deposits suggests deposi-
tion in a hypoxic basin, cut off from the open sea (Prothero
and Schwab, 1996).

During the Cambrian, the Lublin Basin was dominat-
ed by sedimentation in a shoreface environment. It was
common especially during the middle Cambrian, but also
in the early Cambrian. Coastal deposits were created with
the action of diversified wave energy. Depending on the
environmental energy, the coastal zone is subdivided into
the lower shoreface with relatively low wave energy (near
the fair-weather wave base), the middle shoreface located
in the wave breaking zone, with significant environmental
energy, and the high-energy upper shoreface (surf zone).
The differential dynamics of these subenvironments, de-
termined by the waves and the currents induced by them,
significantly affect the types of lithofacies that form in
these zones.

One of the diagnostic features of the lower shoreface is
sandstones with HCS, which forms between the fair-weath-
er wave base and the storm wave base (Walker and Plint,
1992), or during the strong waves of intense storms, when
unidirectional current velocities are around 5-10 cm/sec
(Plint, 2010). A high degree of bioturbation is frequent in
this environment (Prothero and Schwab, 1996; Pember-
ton et al., 2012). The amount decreases towards the outer
shoreface. The outer shoreface zone is subject to intensive
erosion processes on various scales, which are most inten-
sified in the upper shoreface. Advanced erosional processes
in the swash zone usually lead to their destruction (Prothe-
ro and Schwab, 1996), which is reflected in the remnant of
lithological record in the material studied. Multiple grading
changes within subenvironments indicated as transitions
from the lower to middle and rarely upper shoreface are as-
sociated with cyclic ingressions.

The offshore is an area (Pemberton et al., 2012), which
consists of the upper and lower zones. The upper offshore is
the area below the fair-weather wave base (Pemberton et al.,
2012). It includes the part of the seabed that can be reached
by storm waves. The deeper part, up to the storm wave base
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is known as the lower offshore. Here, storm waves appear
less frequently, usually during very strong episodic storms.
The characteristic lithofacies of this environment are related
to relatively slow sedimentation, interrupted by storm peri-
ods. The presence of heterolithic deposits indicates a reduc-
tion in environmental energy and the thick mudstones re-
flect slow deposition from suspension (Reineck and Singh,
1977). Parallel lamination in the mud-dominated heterolith-
ic deposits is the result of the supply of storm material that
interrupted the slow, pelagic deposition (Walker and Plint,
1992) and the small lenses are the result of low-energy cur-
rents (Johnson and Baldwin, 1996).

In the deposits of the Lublin Basin, transitions between
the lower and upper offshore occur, indicating multiple os-
cillations. In these sequences, transitions to the lower shore-
face also appeared. Intertonguing of the lower shoreface and
upper offshore deposits is common in shallow-sea environ-
ments, hence in some models of shallow-marine environ-
ments a transitional zone also is distinguished and placed
between the typical lower shoreface and upper offshore de-
posits (Reading and Collinson, 1996).

Facies model of the Lublin Basin

The oldest Cambrian deposits in the Lublin Basin repre-
sent part of the Wlodawa Formation, the sedimentation of
which began in the Ediacaran and continued into the ear-
liest Cambrian (Fig. 7). These deposits with the lower part
of the Mazovia Formation correspond to the synrift phase
of basin development. They originated mainly within the
environments of lagoons, barriers/barrier islands, tidal flats
and shoreface (Parczew 1G10, Radzyn 1G1). The lagoon-
al environment is represented by fine-grained lithofacies,
with dominant black mudstones, subordinate sandstones, as
well as characteristic ichnofaunal assemblages (Lendzion,
1989a; Bromley, 1996). Barrier sequences are represented
mainly by sandstones, usually porous and cross-bedded,
with variable amounts of mud admixtures. The thickness
of deposits originating during this period varies, increasing
from the northwest toward the southeast in the Lublin Ba-
sin (Poprawa and Pacze$na, 2002). This is consistent with
the rift system developed along the western edge of Bal-
tica (Paczes$na, 2006). The greatest thickness of sediments
is noted in the central part of the basin, where at the end
of rift activity the Parczew-Radzyn depocenter developed
and was connected with the presence of a syndepositional
fault (Pacze$na, 2006). The authors noticed the environment
of shoreface with the predominance of medium-grained,
cross-bedded sandstones with glauconite.

In fact, the transition of the basin to the post-rift phase
(Poprawa and Pacze$na, 2002; Pacze$na, 2006b) did not in-
troduce dynamic changes within environment and the trans-
gression still progressed slowly and gradually. At this time
(the final phase of the Mazovia Fm.), the unification of the
sedimentation within the area analyzed was under the influ-
ence of a very wide range of tidal flats. A significant impact
of tidal-flat deposition affected the upper part of this forma-
tion. The tidal-flat deposits pass upwards into deposits of the
barrier/sand bodies zone. These deposits first appear in the
southwestern and western parts of the basin (directions are
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compatible with the current position in the structure of the
East European Platform). In the highest part of the forma-
tion, unification of sedimentation within extensive tidal flats
is observed (Fig. 8A).

Multiple fluctuations in sea level (Haq and Schutter,
2008) have been noted within the Mazovia Formations as
well as within the lower part of the Kaplonosy Formation.
Subenvironments of the tidal flat, which are sensitive to
sea-level changes (Prothero and Schwab, 1996), show cy-
clic migrations from the muddy to the sandy tidal flat. They
are replaced by sandy, barrier-like complexes (Buséwno
IG1; Fig. 7) or upper-/middle-shoreface sequences (Busow-
no IG1, Biatopole IG1, Lopiennik 1G1, Kaplonosy IG1;
Fig. 7), and in the northern part of the basin by the low-
er-shoreface sequences (Parczew 1G10). The general rate
of the transgression was rather slow, in the opinion of the
present authors slower in relation to the assumption made
by Poprawa and Pacze$na (2002), who suggested deposition
in the upper offshore environment at that time. The deepest
environment the present authors found in the Parczew IG10
core and classified as lower shoreface occurring in the low-
er part of the Mazovia Formation (the interval is so short
that is below the resolution adopted for Figure 7). For an
open shallow-shelf environment in the Wtodawa Formation
(Paczes$na, 2008) the present authors also have no evidence.

In the next stage, shoreface sedimentation occupied the
Lublin Basin region. The complexes typical for that en-
vironment, together with sequences corresponding to the
environment of barriers or other sandy forms, occur in the
middle and upper part of the Kaplonosy Formation. The fi-
nal sedimentation phase of the Kaplonosy Formation and
the beginning of sedimentation of the Radzyn Formation
(the upper part of the lower Cambrian) was followed by a
deepening of the basin (Fig. 7). The accommodation capaci-
ty of the basin increased towards the southwest as a result of
regional subsidence (Poprawa and Pacze$na, 2002). In this
interval, deposits representing the transition zone between
the lower shoreface and the upper offshore were created
(Kaplonosy 1G1, Parczew 1G10) as well as the upper and
lower offshore (Lopiennik IG1, Bialopole IG1, Radzyn IG1,
Busowno 1G1; Fig. 8B). The maximum depth and lateral
range of the Iapetus Ocean on the Baltica shelf in Lubin
Basin is recorded.

The greatest thickness of the offshore deposits of the
Radzyn Formation was about 114 m in the Lopiennik IG1
borehole; in other sections the thickness varies between
56 and 25 m. In all cores, migrations of the environments
connected with episodic shallowing and the transitions to
the upper offshore and even the lower shoreface were noted
(Fig. 7).

From the middle Cambrian, the rate of subsidence de-
creased, leading to changes in the accommodation capaci-
ty of the basin (Poprawa and Pacze$na, 2002). The middle
Cambrian deposits, which are represented by the Kostrzyn
Formation, indicate a regressive trend in all sections an-
alyzed (Fig. 7) and the shallower environments were ob-
served. The Lublin Basin was dominated by deposits of
the shoreface environment and locally by barrier-like de-
posits, and other sand bodies (Lopiennik 1G1, Kaplonosy
IG1, Radzyn 1G1) or tidal-flat deposits (Lopiennik 1G1,
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Bialopole IG1, Busowno IG1) (Fig. 8C). The regressive cy-
cle in comparison with the directly preceding transgressive
cycle marks a much more dynamic and shorter time inter-
val. The middle Cambrian deposits contact directly with the
Ordovican and Carboniferous (see the Radzyn IG1 core).
The stratigraphic gap is connected with advanced erosion,
which took place in a land environment located along the
Baltica coastal zone.

The general model of facies evolution in the Cambrian of
the Lublin Basin establishes a transgressive-regressive cycle
as the superordinate. The identification of sedimentary envi-
ronments and their migration fit this trend. However, in the
opinion of the present authors, the course of transgressive
processes took place at a different rate than that suggested in
earlier studies (Poprawa and Paczes$na, 2002; Pacze$na and
Poprawa, 2005; Pacze$na, 2007, 2008). Within the general
trangressive-regressive trend, the multiple trangressions and
regressions of second- and third-order are recorded. Their
ranges are much smaller and usually include migration
within neighbouring environments or subenvironments.

CONCLUSIONS

In the Cambrian deposits of the Lublin Basin, four litho-
facies were distinguished and characterized in detail. With-
in them, 16 sublithofacies were recognized as characteristic
associations for such sedimentary subenvironments as tidal
flats, barriers and lagoons, shoreface and offshore. A range
of variations within them was assigned to relevant subasso-
ciations.

Analysis of the distribution and variability of individual
environments in the Cambrian interval indicates the dynam-
ic development of the coastal zone within the Lublin Basin.
In the lower Cambrian, there was a transgressive trend from
lagoonal deposits to lower offshore deposits, and in the mid-
dle Cambrian a regressive trend ended with land emergence.
For the Cambrian interval of the Wlodawa Formation and
the lower part of the Mazovia Formation, a brackish depo-
sitional environment (lagoons, barriers and tidal channels)
was inferred. The upper part of the Mazovia Formation
passes into muddy to sandy tidal flat environments

The overlying deposits, belonging to the Kaplonosy For-
mation, represent diverse, shoreface environments, which
in the Radzyn Formation pass into the environment of the
upper and lower offshore. These deposits indicate the max-
imum depths and the maximum extenr of the Lublin Basin
during the Cambrian.

In the Kostrzyn Formation, deposited in the middle Cam-
brian, a change in the sedimentation regime and the pres-
ence of shallow environments of the shoreface and locally
tidal flats was observed. Within the general trangressive-re-
gressive trend, the multiple trangressions and regressions of
second- and third-orders are recorded.
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