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Abstract

The Neple site is located on a marginal moraine between the valleys of Bug and Krzna
rivers in the southern part of the Polish-Belarusian border area. A glacial diamicton is
overlain there by glaciofluvial sand and gravel. The glacial diamicton is laminated and,
based on petrographic examination, it was ascribed both to the Sanian 2 Glaciation
(Elsterian) and the Warta Stadial ice-sheet of the Odranian Glaciation (Saalian). The
sediments were glaciotectonically deformed during readvance of the Warta Stadial ice-
sheet. A local stress field was from the northwest and north but it partly encountered
resistance from the glacial lobe located in the present-day river-mouth of the Krzna
River. Similar glaciotectonic deformations are common also along the southwestern
slope of the present Bug River valley, demarcating the maximum extent of the Warta
Stadial (Saalian) ice-sheet in this area.
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1. Introduction for a long time (Tsapenko & Makhnach, 1959;

Baraniecka et al., 1984; Galon & Roszkéwna, 1961;
The ice-sheet limit during the Warta Stadial of the ~ Matveyev, 1995; Terpitowski & Dobrowolski,
Odranian Glaciation (Saalian, MIS 6) in eastern 2004; Marks & Pavlovskaya, 2006; Marks et
Poland and western Belarus has been debated al., 2018). This limit was demarcated based on
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geomorphological and geological investigations
(Fig. 1a). There are no distinct end moraines in
this area, but the ice-marginal zone is characterized
by glaciotectonic deformations of the underlying
sediments (Nitychoruk et al., 2007a). In the key
sites of the Mazovian Interglacial (Holsteinian)
e.g. Lipnica, Pokinianka, Mokrany Nowe (Fig. 1a),
lake sediments are not covered with Saalian glacial
deposits. This proves that the ice—sheet of the
Saalian Glaciation must have not reached these
paleolakes (Nitychoruk et al., 2007a; Marks &
Karabanov, 2017). In eastern Poland and western
Belarus, the Saalian ice sheet is represented by
a single layer of glacial diamicton that occurs to the
north of Biata Podlaska town and in the vicinity
of Brest town (Fig. 1a). End moraines in this area
were mostly eroded by glacial meltwaters, and even
more so to the east, where the scattered remains
of the glacial landscape make the demarcation of
the ice-sheet limit rather difficult (Nitychoruk,
2007a, 2007b). Numerous studies performed in
the marginal zone of the Warta Stadial ice-sheet of
the Odranian Glaciation (Saalian) in central and
eastern Poland have proved that the ice-sheet front
was unstable and, therefore, the glacial diamicton
and the glaciotectonic deformation of deposits were
described as formed in the immediate vicinity of the
ice-sheet edge (Klatkowa, 1996; Ber, 2006; Rdzany,
2009; Woronko et al., this volume). An example of
the marginal zone of this ice-sheet in eastern Poland
is the Neple area (Marks et al., 2018). The relief of
the area features distinctive hills that tower over
the plain extending to the SE and over the Krzna
River valley (Fig. 1). Previous research has shown
that they are partly built of glacial diamicton TL-
dated at 172426 ka BD, and thus correlated with
the Odranian (Saalian) Glaciation (Nitychoruk,
1994). At the same time, the hills in Neple were
recognized as dead-ice moraines (Nitychoruk et al.,
2007b). Such interpretation was based on analysis
of the topography. The hills are surrounded by
a vast oval basin, previously identified as a dead-
ice depression that is currently used by the Krzna
River. Furthermore, the outcrop in Neple shows
glaciotectonically deformed deposits building

the hills (Nitychoruk, 1994). The origin of these
deformations was associated with a static pressure
of dead-ice blocks on the substrate deposits and
with sediment deformation in their marginal zone
(Nitychoruk & Galazka, 1994; Nitychoruk et al.,
2007b). Furthermore, the performed petrographic
analysis has revealed two types of glacial diamicton
(glacial till) of different age associated with the
Sanian 2 Glaciation (Elsterian, MIS 12) and the
Warta Stadial of the Odranian Glaciation (Saalian,
MIS 6) (Galazka, 2004; Czublaetal., 2013).

The Neple site was again the object of research
performed by Leszek Marks and his team in
2014-2017. This study focused on revision of
previous results, in particular with regard to
presence of deposits that represent the Warta Stadial
of the Odranian Glaciation at Neple site, and
verifying the maximum extent of this glaciation.
Cartographic, geophysical, sedimentological and
petrographic studies, as well as drilling and OSL
age determinations were performed. The obtained
results proved that the ice-sheet of the Saalian
Glaciation in the Neple area formed a marginal
zone during its maximum extent in eastern Poland
(Marks et al., 2018). At the same time, results
of petrographic analysis of a glacial diamicton
at Neple and other sites in the Bug valley region
(Marks et al., 2018), as well as documented sites
with Mazovian Interglacial (Holsteinian) deposits
with no glacial diamicton cover located west of the
Bug River, allowed to revise the maximum extent
of the Warta Stadial ice-sheet of the Saalian (MIS 6)
in eastern Poland (Marks et al., 2018) (Fig. 1a) and
to track dynamics of this ice-sheet front during its
maximum extent.

2. Study area

The Neple site is located in eastern Poland, close
to the border with Belarus in the vicinity of Biata
Podlaska and Janéw Podlaski (Fig. 1a). It is a gravel
pit located within a narrow patch of the morainic
plateau between the Bug and Krzna River valleys.
The plateau slopes are steep and intersected by
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Figure 1. Location sketch: a) Warta/Sozh Stadial ice-sheet limit in western Poland and eastern Belarus after: W1 -
Tsapenko & Makhnach (1959) and Baraniecka et al. (1984), W2 - Galon & Roszkéwna (1961) and Matveyev (1995),
W3 - Mojski (1972) and Marks & Pavlovskaya (2006), W4 - Marks et al. (2018) (W = Weichselian); b) An aerial image
of the Neple site with the locations of geological and geophysical cross-sections indicated (cf. Fig. 3). ¢) An aerial image
of the Neple outcrop and the gravel pit with the locations of the examined logs indicated. Fig. 1a is based on SRTM-
Shuttle Radar Topography Mission and Figures 1b and 1c are based on photogrammetric photo flights no. 29_1532.

numerous gullies. The Neple site is located at the
curve of Bug River valley that changes its direction
from S-N to E-W in the vicinity of Neple and
is joined by its left tributary, the Krzna River. In
this area, the maximum limit of the penultimate
glaciation (Saalian) was identified, represented
by the Warta Stadial of the Odranian Glaciation
(Marks et al., 2018). The Neple pit is located in
the upper part of the moraine hill known as the
Kamienna Baba Mount (159.28 m a.s.l.). A two-
level excavation with a total height of 5 m was
examined at Neple (Fig. 1c.).

3. Materials and Methods
3.1 Lithological analysis

Detailed lithological analysis was performed for
all documented sedimentary profiles. Lithofacies
analysis was recorded in lithological and lithofacies
profiles with a description of lithofacies, taking into
account the nature of the contact between them
(cf. Zielinski & DPisarska-Jamrozy, 2012). In the
case of deformed sediments, directions of the fault
plane inclination were measured to reconstruct
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Figure 2. Logs of the Neple site. Lower-hemisphere projections of complementary fracture planes (black colour),
the main fault (red colour; great circles) observed in the profile Ill and azimuth and dip of deformed layers of glacial
diamicton in profile IV are shown. Locations of profiles presented in Fig. 1c. For lithofacies explanations see text.

palacodirections of the ice-sheet advance. The
statistics of the fractures and faults measurements
were analysed using the Tectonics FP software for
Structural Geology, written by Franz Reiter and
Peter Acs.

3.2 Petrography of glacial
diamicton clasts

Petrographic analysis of glacial diamicton was per-
formed to determine the qualitative and quantita-
tive petrographic composition of gravel and to
follow these changes in a regional context. The
analysis was based on the methodology presented
by Wentworth (1922), Bése (1989) and Gérska-
Zabielska (2010). The analysis was intended for

determination of areas with strong glacial erosion

and indication of transgression directions. It is
mainly used for glacial diamicton to assign it into
stratigraphic levels (Rzechowski, 1971; Lisicki,
2003). Seven samples of glacial diamicton (at least
0.015 m? each) were collected from the profiles
IT and III (Fig. 2) with a use of the furrow method.
Each time at least 300 pebbles of the 4.0-10.0 mm
fraction were analysed. They were assigned to 10
petrographic groups. Following coefficients were
determined: 1) S/C ratio of sedimentary Palaeozoic
rocks (two kinds of limestones, dolomites, shales
and quartzitic sandstones) to crystalline rocks
and quartz (from disintegrated crystalline rocks);
2) C/Ca ratio of crystalline rocks and quartz (from
disintegrated crystalline rocks) to carbonate rocks
(limestones and dolomites); 3) N/R ratio of non—
resistant (Palacozoic and Mesozoic limestones,
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dolomites and shales) to resistant rocks (crystalline
rocks and quartz from disintegrated crystalline
rocks, quartzitic sandstones, quartz and flints). The
calculated coefficients were arranged in the order
S/C, C/Ca and N/R. As such, it formed a graphic
index that enabled correlation of the analysed glacial
till with adequate stratigraphic glacial horizons
(cf. Kenig, 1998; Lisicki, 2003).

3.3 Electrical resistivity tomography
(ERT)

By compiling the probing and drilling data,
a geological section was constructed, which enabled
detailed identification of the geological structure
of the sediments. For the purpose of this study,
electrical resistivity tomography (ERT) was used,
which assures high resolution of the measurements.
Volar 96 ERT equipment by ELMES was used.
A 40 m long geophysical profile (Fig. 1c) was
performed with 40 measurements made with
electrode spacing of 1 m with a current intensity of
20-200 mA. A symmetrical geoelectric system was
applied using the Schlumberger method with AB
electrode spacing from 6 m to 62 m, and using a
registration scheme enabling continuous recognition
of apparent soil resistance within the depth range
of 1-15 m along the profile. This made it possible
to identify the variation in electrical resistivity
characteristic of different types of lithological rocks
with the direct electric current flowing through
these rocks, taking into account the conditions of
their occurrence (including flooding). The same
lithology, but with unstable water content, results
in different conductivity and resistivity readings.
In general, dry sediments have higher resistivity
compared to moist ones. The data were processed
using awa96n software, and the 2D visualization
was performed using the ZondRes2D programs of
Zond Software Company (Kaminsky & Polycina,
2016).

3.4 Luminescence dating

The Optically Stimulated Luminescence (OSL)
method determines the time elapsed from the
last exposure of sediments to daylight (Aitken,
1998) or their heating to a temperature of several
hundred C°. Determination for two samples
from the profile VI (Fig. 1c) was conducted in the
Centre of Excellence GADAM of the Institute
of Physics, Silesian University of Technology
(Moska, 2017). The material was collected in PVC
pipes according to the laboratory guidelines and
protected with black bags against light. Prior to
analysis, 125-200 pm quartz grains were digested
first in 20% hydrochloric acid, followed by
a 20 % hydrogen peroxide solution and then 40 %
phosphoric acid for 60 min. The method includes
stimulation of quartz grains with beta radiation
(*°St/*°Y) from a calibrated light source. Gamma
spectrum measurements were performed to de-
termine the annual radiation dose and each
measurement was performed for 24 h. Dose
rates were calculated following the geochemical
analysis of U, Th and K concentrations for each
sample, using the conversion factors of Adamiec
& Aitken (1998). Cosmic radiation was calculated
using the method applied by Prescott & Stephan
(1982), whereas attenuation of beta radiation was
calculated using the method provided by Mejdahl
(1979). A total of 12 aliquots were made for each
sample. Water content (WC) was calculated as
the mass of water/mass of dry sediment x100 %
(Table 1). The measurements were conducted using
luminescence Daybreak 2200 and Risg readers. The
absorbed dose was determined using the Single
Aliquot Regenerative (SAR) method according to
Murray & Roberts (1998). The final value of the
absorbed dose was determined using the Central
Age Model (CAM) (Galbraith et al., 1999) (Fig. 3).
Two samples were analysed. Samples were collected
from ripple-marked and cross-stratified sand
(Sr) of the glaciofluvial deposits (Sr). To increase
the probability of the result, both samples were
collected from the same depth.
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Table 1. Sample information, dosimetry and luminescence age. Depths are given in metres below the outcrop top.

) Cosmic Total
Field Laboratory| Sample |Depth|WC| 232Th 238 40K Bdoserate | ydoserate D,
code code coordinates | (m) [(%)| (Bakg™) | (Bakg™) |(Bakg?)| (Gykg?) (Gykg™) doserate doserate (Gy)
0,
(Gykg™) (Gykg™)
Neple_1_16|GdTL-2715(|52°07°46.9"N| 3.0 [2.1/8.13+0.42| 7.74+0.29 |317+15|0.724+0.051 [0.349+0.016| 0.148+0.015 [1.224+0.055(162.3+9.6(132.5+9.9
23°30'26.7"E
Neple_2_16|GdTL-2716|52°07'46.9”"N| 3.0 [2.0|7.82+0.33| 7.33+0.22 (298+13(0.683+0.047 |0.331+0.014|0.148+0.0015|1.165+0.051| 186+13 | 160+14
23°30°26.7"E
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Figure 3. The CAM for samples a) Neple_1_16 (GdTL-2715) and

4. Results

4.1 Lithological characteristics

A complex of glaciotectonically deformed glacial
and glaciofluvial sediments was found in the Neple
site. Three lithofacies were distinguished in 6 pro-
files (I-VI) based on the detailed sedimentological
analysis (Fig. 1¢): N1 —stratified glaciotectonically
deformed glacial diamicton (Dms), N2 — massive
gravel and gravel with sand (Gm, GSm) and
N3 — massive gravel (Gm) and glaciotectonically
deformed (Fig. 4a) horizontally stratified sand and
gravel with sand (Sh, SGh) (Fig. 2).

Lithofacies N1 is exposed in profiles I-IV and
is at least 8 m thick in profile III, ca. 4 m thick in
profiles I and I, and ca. 2 m thick in profile IV. It
is composed of stratified glacial diamicton (Dms)
that consists of three alternating lithofacies: matrix-

b) Neple_2_16 (GdTL-2716).

supported massive clayey grey glacial diamicton
(Dmm), laminated brown
glacial diamicton (Dml) and well-sorted fine sand
with a massive structure (Sm) (Figs. 2, 4a—d). The
thickness of the Dmm lithofacies ranges from

matrix-supported

2-5 cm to over 0.5 m, and its top and base layers
are usually sharp. In the profile III lithofacies N1 is
divided into subunits A and B. The subunits A and
B are intersected by a 130°/73° (220°/73°SW) fault.
The subunit A is a rhythmite with a sequence of
lithofacies: thick layers of Dmm (up to 0.5 m thick)
with sharp tops and base boundaries, thin layers of
Dml diamicton (up to 0.3 m thick) interbedded
with layers of the lithofacies Sm that are 1-2 cm
thick, or the lithofacies Sm that is composed of
layers 1-10 cm thick or oval structures of very well
sorted fine sands with dimensions ranging from
0.2 x3.0 to 4.0 x 1.0 m. Its characteristic feature is
a dense network of complementary fractures in
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Dmm diamicton (Fig. 4b) with the S setstrikes 170°
and the S, setat 150-155°, together with a presence
of gravel to a high degree of weathering. The
dihedral acute angle between S, and S| sets is ca. 20°
(Fig. 2). The dihedral acute angle between S, and S|
sets represents a double value of the shear angle (26)
(Ramsay & Huber, 1984; Dadlez & Jaroszewski,
1994). The bisector of this angle marks the position
of the maximum compression axis 6,. On the
average the angle 0 is ~30° and it means that in the
subunit A the faults represent hybrid extension/
shear conditions (Konon, 2004). Glaciotectonic
deformations (maximum compressive stress - 6,) of
sediments in the subunit A of the profile III suggest
the stress from the northwest (Fig. 2).

The subunit B forms most of all the Dml
lithofacies which consists of alternating laminae
of massive silty-clayey diamicton and silty sand,
both 1-3 cm thick. A total thickness of the Dml
lithofacies varies from a few centimetres to over 1 m
and there are intercalations of thin layers of grey
Dmm diamicton up to 0.3 m thick (Fig. 4c). Tops
and bases layers of these sediments are irregular
but sharp. These sediments form a rhythmite with
a sequence of lithofacies Dmm=>Dml=>Sm and
Dmm=>8Sm, repeated in the profile III at least 25—
30 times and deflected from its original position in
folds, most likely with large amplitude and small
radius (Fig. 4c). Similar as in the subunit A, in the
subunit B there are complementary fractures in
Dmm diamicton with two directional maxima of
0° and 40°, corresponding to S, and S, set strikes
(Fig. 4b). These glaciotectonic deformations (ma-
ximum compressive stress 6,) and intersected
by 130°/73° (220°/73°SW) fault in the subunit
B suggest the ice sheet movement from N and
NNE (Fig. 2). Similar sediments were found in
the profile IV where the layer spread ranges from
130°-132°/29°-34° (220-223°/29°-34°S), and it
corresponds to the orientation of the fault plane
identified in the N1 sediments (Fig. 2).

Results of the petrographic analysis of gravel
from the massive grey glacial diamicton (Dmm)

of the lithofacies N1 from the lower part of the
profile IIT (Fig. 2) indicate that the values of the
S/C-C/Ca-N/R coefficients are 1.02-1.01-0.97
and correlate with the petrographic lithotype
S2, typical for the Elsterian Glaciation (MIS 12)
(Lisicki, 2003). A brown glacial diamicton (Dml)
collected from the upper part of the same wall
with a southwestern exposure at an earlier stage
of pit exploitation was also analysed. Values of the
coethicients were 1.70-0.62—-1.50, corresponding
to the lithotype W of the Saalian Glaciation (MIS 6)
(Lisicki, 2003). Presence of these two types of the
glacial diamicton (Dmm and Dml) of different ages
was previously demonstrated at the study site based
on petrographic studies of Galazka (2004) and
Czublaetal. (2013).

The lithofacies N2 was documented only in the
profiles IV and VI, in the NE wall of the excavation
pit (Figs. 1c, 2). It is composed of massive gravel
(Gm), horizontally stratified gravel with sand
(Sh, SGh), massive sand (Sm) and ripple-marked
cross-stratified sand (Sr). Their bases and tops are
sharp and eroded, approximately 15 cm thick. The
sediments form a rhythmite with a sequence of
lithofacies Gm=>Sh and SGh=>Sh(Sr), repeating
ca. 15-20 times, and they are overlain by massive
sandy gravel with dispersed grain skeleton (Gm)
0.9 m thick (Marks & Karabanov, 2017). The
N2 glaciofluvial sediments in the profile VI were
OSL-dated at 132.5+9.9 (GdTL-2715) to 160+14
ka (GdTL-2716). A discrepancy between these
ages is probably due to the differences in the grain
size composition of the dated sediment, and
thus different conditions of sediment transport
(Weckwerth etal., 2013).

Profiles I, II and V reveal sediments of the
lichofacies N3 (Fig. 4), consisting of horizontally
stratified sand (Sh) and gravel (Gh) or massive
gravel with sand (GSm) and horizontally stratified
sand (Sh), ca. 15 cm thick, and occasionally massive
sand (Sm). Sediments form a rhythmite with
asequence of lithofacies Gm(Sm)=>ShlubSGm=>Sh
and are affected by glaciotectonic deformations.
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Figure 4. The Neple site outcrop: a) a deformed glacial diamicton intersected by
a 130°/73° (220°/73°SW) fault (red line) and divided into subunits A and B; b) the
network of complementary fractures in grey massive glacial diamicton (Dmm);
¢) matrix-supported brown laminated glacial diamicton (Dml) and well-sorted massive
fine sand (Sm); d) deformed glacial diamicton; e) horizontally stratified sand and
gravelly sand (Sh, SGh) and massive gravel (Gm). For lithofacies explanations see text.
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Figure 5. a) A geological cross-section of the Neple area. b) A geophysical profile across the Neple outcrop.

4.2 Electrical resistivity tomography
(ERT)

The results of electrical resistivity tomography
(ERT), penetrating to 5 m depth and drillings
allowed for detailed identification of a geological
structure in the immediate surroundings of the
Neple site (Fig. 4). The glacial diamicton (resistivity
<90 Qm) is vertically distributed in the SW wall
of the outcrop to several metres depth and it was

not found at a distance of 10 m from the SW wall
of the excavation pit (Fig. 5a, b). Low-resistivity
sediments that occur in the centre and near the
NE wall, represent a glacial diamicton forming
a fold, and the overlying sands (average resistivity
~400 Om) and sands with gravel (average resistivity
2000 Om) form upright folds. The lithofacies
N1 and N3, which are affected by glaciotectonic
deformations, are much thicker compared to those
exposed in the outcrop (Fig. 2; Fig. 5a, b).
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5. Discussion

A number of landforms and glaciotectonic
deformations occur along the left bank of the Bug
River valley from Janéw Podlaski to Neple site (Fig.
1a) and they can be associated with the maximum
ice-sheet advance of the Warta Stadial (MIS 6).
In the marginal zone of this ice-sheet, a clear
subdivision into glacial lobes was marked, similarly
as in the region of northern Podlasie (Rychel &
Morawski, 2017) and in central Poland (Klatkowa,
1996; Rdzany, 2008; Dzieduszyriska et al., 2014).
At the same time, numerous sites with biogenic
sediments of the Mazovian Interglacial with no
cover of glacial deposits can be found west of the
Bug valley and in Belarus (Gursky, 1974; Marks et
al.,2018).

The Warta Stadial ice-sheet conditions during
its maximum advance are likely preserved at the
Neple site. The stratified glacial diamicton (Dms,
lithofacies N1; Fig. 2) at the Neple site indicates
erosion of the older glacial till (glacial diamicton as
the substratum of the advancing ice-sheet advance).
The brown glacial diamicton (Dml), separating
the massive grey glacial diamicton (Dmm) and
containing well-preserved layers of very well sorted
fine sand, indicates (Fig. 4a—d) deposition in
places where the ice-sheet was decoupled from the
substrate/underlying glacial diamicton and where
basal sliding over a thin water layer predominated
(Piotrowski & Tulaczyk, 1999; Piotrowski et
al.,, 2006; Narloch et al., 2014). The increase in
pressure of subglacial waters under the ice-sheet
could result from presence of the older clayey glacial
diamicton (Dmm) of the Elsterian Glaciation
(MIS 12), eroded by the Warta Stadial ice-sheet of
the Odranian Glaciation (Saalian, MIS 6) during
its advance (e.g. Evans et al., 2006). Deformation
processes occurred in places where the brown
glacial diamicton (Dml) is more homogeneous
or the sediment has transitional features between
diamicton and sand. The thickness of the deforming
layer was probably small and did not exceed a few
centimetres.

Sediments of the lithofacies N1 and N3 are
glaciotectonically deformed. This means that the
deformations occurred after the accumulation of
the rhythmite with the Dmm=>Dml=>Sm and
Dmm=>Sm sequence of lithofacies, which forms
also a glacial diamicton of the Warta Stadial of the
Odranian Glaciation (Saalian, MIS 6), as a result of
readvance of the ice-sheet front.

This supports the results obtained by Klatkowa
(1996) and Rdzany (2008) from central Poland,
where the greatest deformation activity of the
ice-sheet of the Warta Stadial (MIS 6) was not
associated with the main glacial advance, but
took place during the cataglacial phase of this
glaciation, when short-lived surges of the ice-
sheet front occurred. A direction of glaciotectonic
deformations determined based on analysis of the
lithofacies N1 in the subunits A and B indicates
univocally that there were at least 2 ice sheet
advances from the northwest, followed by the
readvance from the north and northeast (Fig. 4).
This is proven by the character of the deformed
sediments, including presence of hybrid faults
in the subunit A, origin of which was connected
with ice sheet advance from the northwest.
Measurements of the deformation structures in
the subunit B indicate that the ice-sheet readvanced
from the N and encountered resistance by, e.g.,
the glacial lobe in the present-day river-mouth
section of the Krzna valley A formation of
complementary fractures in the massive glacial
grey diamicton (Dmm) is associated with
intensity of a local stress field from the NW. The
fault in lithofacies N1 with the azimuth of 130°
shows that the local ice-sheet advanced from
N. Faults are associated with different glaciotectonic
stages and are probably a part of a larger complex
involved in the deformation, dominated by plastic
deformation in the form of upright folds with
varying amplitude. It means thata frontal part of the
ice sheet of the Warta Stadial (MIS 6) was unstable
atits maximum extension.

A final stage of the push moraine formation
at Neple during the retreat of the Warta Stadial
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Figure 6. Location of the Neple site and ice-sheet limit of the Warta Stadial, together with the sites of the Mazovian

Interglacial deposits without the glacial cover.

ice-sheet is the accumulation of sediments of the
lithofacies N2 (Fig. 2) in a proximal part of the
glaciomarginal fan, dominated by sheet floods.
The maximum surge is recorded in massive gravel
(Gm) or massive sand (Sm), whereas subsidence
of the flood wave is reflected in the lithofacies Sh
and SGh (cf. Pisarska-Jamrozy, 2008). The ice-
sheet of the Warta Stadial (Saalian, MIS 6) was
considerably active in its marginal zone in eastern
Poland, both during its maximal advance and
retreat, whereas its front was split into several
lobes (Wlodarski & Godlewska, 2016; Rychel
et al.,, 2015; Rychel & Morawski, 2017). Due
to a presence of a large channelled depression in
the Bug valley, the landform where the Neple
site is located is composed of a glacial diamicton
that was glaciotectonically deformed in a direct

vicinity of the ice-sheet margin of the Warta
Stadial (Nitychoruk & Galazka, 1994; Gatazka,
2004; Czubla et al., 2013, Marks & Karabanov,
2017). Numerous sites with organic sediments of
the Mazovian Interglacial that are not covered by
aglacial till, are located to the south of the Bug River,
and petrographic studies of the glacial till, among
others at the Neple site, contributed to the revision
of the maximum extent of the Warta Stadial ice-
sheetin this area (Figs. 1a, 6) (Marksetal., 2018).

6. Conclusions

Petrographic studies carried out at the Neple site
have proved that the glacial diamicton is of two
different ages, representing the Elsterian and the
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Saalian (Warta Stadial) glaciations. Deformation
of the lithofacies N1 sediments (including glacial
diamicton) confirms the direction of the ice-sheet
advance from northwest and readvance from
the north and northeast and further suggests ice-
damming by a glacial lobe to the southwest within
a large depression, currently used by the Krzna
River. Most likely, deformation was connected with
a cataglacial phase of this glaciation, when short-
term activations of the ice-sheet front occurred.
Sediments of the Kamienna Baba Mount record the
ice-sheet front activity during the maximum extent
of the Warta Stadial. Geological setting of glacial
deposits in this area can be determined univocally
by their relation to the sediments of the Holsteinian
and Eemian interglacials. End moraines to the
southeast of Mielnik, glaciotectonic deformations
in the southwestern scarp of the Bug River valley at
Neple and meltwater runoff towards the southeast
suggest that a glacial lobe occurred during the
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