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Abstract

This paper presents organic sediments age analysis in Odra river valley in Stubice, western
Poland. In this middle reach of Odra valley reach the uppermost fluvial deposits contain
several alternate layers of organic sediments. These deposits have been mostly interpreted
as the Holocene fluvial (floodplain) sediments, even if visible admixture of organic matter
is not observed. However, there is also another hypothesis. Geotechnical studies
conducted in several locations in Stubice, have questioned this interpretation. The main
argument was the values of preconsolidation ratio in the range of 0.8 to 5.4, which may
suggest, that the analysed sediments were covered by an ice sheet. Also, based on the
presence of a clay layer devoid of organic matter impurities in the top of organic deposits,
the second one presumes an interglacial (possibly Eemian) age of the discussed
fluvial/organic sediments (peats and silts). To verify these hypotheses, six samples from
six different boreholes drilled in the Odra river valley, in the centre of Stubice were
collected. The results of “C dating and its interpretation allowed to determine the age of
the tested material. All analysed samples from Stubice (Odra river valley) were formed
within the last 10,000 years - in Preboreal, Atlantic and Subboreal. Such a result
contradicts the earlier stratigraphic interpretations.

2 Corresponding author: Adam Mickiewicz University, Institute of Geology, Bogumita
Krygowskiego st. 12, 61-680 Poznan, Poland, e-mail: malgorzata.szczepaniak@amu.edu.pl,
tel. +48618296004.



184 Agnieszka Helena GONTASZEWSKA-PIEKARZ, Matgorzata SZCZEPANIAK

Keywords: alluvial deposits, radiocarbon dating, Holocene, Stubice, Odra river valley

1. INTRODUCTION
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Fig. 1. Location of Stubice area (A) and boreholes with sample points (B) in Stubice,
Odra river valley (map B from geoportal.gov.pl, access 27.01.2017)

Frequent investigations of the shallow subsoil (~10 m below ground level) for
construction needs in Stubice (Odra river valley), revealed several layers of sand,
gravel and typical organic sediments (peats) and silty-clayey layers mixed with
varying contents of organic matter (alluviums). The fluvial systems are very
sensitive to environmental changes and in Pleistocene and Holocene in central
Europe especially climatic changes were very dynamic. This is the reason that
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thickness of the analysed deposits was varied. Due to the Stubice location (in the
weakly meandering Odra river valley), the sediments (according first hypothesis)
are most frequently identified as Holocene fluvial mud soils ([36] floodplain
facies sediments) even without a distinctly visible organic matter. It should be
noted that in Shubice area in fluvial sediments there is no radiometric dating or
palynological evidence confirming these assumptions [36]. Geotechnical
investigations performed in several locations shed doubts upon this interpretation,
which was described in details by Kotowski and Krainski [18, 19]. The authors
found a silty layer without any admixtures of organic matter in the ceiling of
organic sediments. They interpreted this layer as a glacial-limnic sediments (ice-
dammed silt). Next (based on the geotechnical properties of the sediments and
their depth and thickness) they proposed a hypothesis of a possible interglacial
origin of the organic sediments situated below (the second hypothesis in that
paper - Pleistocene age of the deposits).

However the floodplain sediments in river valleys can consist fine-grained (silty
and clay) and also sandy and thicker sediments [40] and also even in a young
floodplain sediments they can be characterized by different thickness and depth
[14, 15]. Taking into account very dynamic climatic changes in Pleistocene in
Europe and a couple of fluvial periods in Holocene, without radiometric dates or
other environmental (i.e. palynological) evidence there is no possibility to
conclude about the age of the mentioned sediments in Odra river valley in Stubice
[15, 30, 32, 34].

Thus, the literature and other technical studies report two different interpretations
as to the age of the formations. It was the reason for undertaking an attempt of
final solution of organic sediments age problems based on radiocarbon dating.

2. REGIONAL SETTING AND GEOLOGICAL BACKGROUND

Stubice is located on the Odra river valley (Fig. 1) i.e. vast majority of the town
area (the centre including; on the area of Lubusz breakthrough of the Odra river)
and the Lubusz Upland plain (its most eastern part), which is separated from the
Odra river valley with a distinct morphological edge (to be more specific — on the
area of Torzym plain; 22).

The Odra Valley itself (where Stubice is located) is of a strict erosive nature.

In the basement of the town, Miocene sediments are found. These sediments are
glacitectonically deformed (the so called "Stubice Arc"). The Arc is continued on
German territory [16, 17]. The deformations are not visible in the morphology of
the area. The Miocene roof in the centre of Stubice is situated at approximately
70 ma.s.l. [17], or 30 m a.s.l. — according to a detailed geological map of Poland
(1:50000), sheet Stubice [36], whereas on the German side — outcrops of lignite
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are found on the surface of the ground. According to Urbanski and Winter [37],
sands and tills of San glaciation analysed 15 km north-east of Stubice are
glaciotectonically deformed too.
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Fig. 2. Geological background of Stubice region according to Kotowski and Krainski
[18], changed and simplified; Explanations: 1 — sands of Vistulian glaciation;

2 — tills of Poznan phase of Vistulian glaciation; 3 — interstadial sands; 4 - tills of Leszno
(Brandenburg) glaciation; 5 — sands of Eemian interglaciation; 6 — tills of Odranian and
Warthanian glaciation with interbeddings of sands and clays; 7 — sands of Mazovian
interglaciation; 8 — Miocene, 9 — anthropogenic soils, 10 - sampling points, ? unknown

Kotowski and Krainski [18] claimed that over deformed Miocene sediments lay
sands of the Mazovian (Holsteinian) interglaciation. Tills of Odranian
and Wartanian glaciation are upper-lying sediments. They are local bipartite
(Fig. 2). Above them sands of Eemian interglaciation origin were identified, with
peat and alluvium interbeddings. The thickness of this interglacial deposits ranges
from several to a dozen of metres. Above that, there are tills and sands of Vistulian
glaciation (Leszno (Brandenburg) and Poznan phase, on the area of the upland
plain exclusively), as well as Holocene sediments, related to the Odra river.
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Fig. 3. Geological background of Stubice region according to Urbanski [36], changed
and simplified. Explanations: 1 — fluvial sands and gravels (river bottom valley),
2 — fluvisoils; 3 — peats, 4 — limnic silts and clays; 5 - fluvial sands and gravels - flood
terrace (floodplain) , 6 — peats; 7 - fluvial sands and gravels - overflood terrace;
8 - limnic silts and silty sands; 9 — glaciofluvial sands and gravels; 10 — tills of San 1
(Elsterian) glaciation; 11 — clays, silts, sands, lignite

Urbanski's interpretation [36] is different. He claims that the tills overlying the
Miocene sediments belong to San I glaciation. The tills are covered by sandy
sediments connected to the Vistulian glaciation, and locally also by silts
of Eemian glaciation. Pleistocene sediments are covered by river sediments
of Holocene origin, about 10 m thick (Fig. 3).

The whole area was repeatedly covered by glaciations, and due to the type
of sediments and glaciotectonics, the geological structure of the whole region
is complicated [24,36].

3. PREVIOUS VIEWS ON GEOLOGY OF SLUBICE REGION

Among the surface sediments on the investigated area, fluvial sediments of the
Odra river are prevailing (deposits which infills oxbow lakes and flood basins).
Due to the location of Stubice in a large river valley, these deposits are mostly
interpreted as the Holocene floodplain facies, even if visible admixture of organic
matter is not observed.

However, the stratigraphic interpretations of the sediments are different. Most
of the shallow geological structure data comes from the geotechnical drilling.
The fluvial sediments are described there as a peat, mud or silty clay. Kotowski
and Krainski [ 18] hypothesized that silty clay can be interpreted as a glaciolimnic
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sediments. The consequence of this is to recognize underlying organic sediments
(peat and alluvium) as interglacial ones. Similar sediments were documented in
Radoéwko (few kilometres from the town, NE from Stubice). In this area , the
presumed pre-Holocene age of sediments was confirmed by palynological data
[37] the Upper Wartanian Glaciation, the Eemian Interglacial and the Early
Vistulian Glaciation. Gontaszewska [10, 11] also assumed a presence of remnant
in the Stubice area, which is built by the older sediments that leaned against
erosional activity of the Odra river. Also, the analysis of geological-engineering
parameters of the mentioned non-organic sediments indicate that the organic
sediments formerly described as fluvial are older than Holocene [19, 20]. One of
them was the value of the preconsolidation ratio in the range of 0.8 to 5.4, which
may suggest that in the past the analysed sediments were covered by an ice sheet
[3]. Additionally, the matter composing the peats and the underlying alluviums is
well decomposed. On this basis, Kotowski and Krainski [18] assumed that a part
of the silty and clayey sediments from the Stubice area to be of glaciolimnic
nature. Visible lamination and low organic matter content could be also an
evidence for this hypothesis. However, fluvisol (genetically young soil in fluvial
deposits) can also be characterized by lamination and low organic matter content.
Interpretations relating the age of the peats which were bored in Odra river Valley
at the depths of 6 to 10 m (11.0 to 15.0 m a.s.l.) are based on the analogous
sediments found in the area of Frankfurt am Oder, where the same sediments were
bored in the Odra river Valley at similar depths. The radiocarbon age of the
sediments was established at 11,840+70 BP [4]. Therefore, Urbanski [36]
considered peat from Stubice as the same age. This age may correspond to the
warm and moist global interstadial - Allerad at the end of the last glacial period.
The use of such analogy may by misleading in this case. Bearing in mind the
meandering character of a river, sediments similar in lithology may be formed
within a valley throughout the period of thousands of years (Odra oxbow lakes on
the same area and the same level can be of different ages - as a results of a long
term sedimentation over a thousands of years).

The above doubts and significant differences in interpretation of the sediments
age described in Odra river Valley in Stubice contributed to the decision of further
research related to the determination of their radiometric age.

4. MATERIAL AND METHODS

From over a dozen of accessible and described by author soil profiles in the Odra
river valley, six different profiles were selected for probing and dating. The
location of the boreholes was shown on the Figure 1 B. The sampling areas had
been geotechnically investigated earlier by the authors. Also Kotowski and
Krainski [18, 19] analysed similar sediments form Stubice area. The investigation
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was performed for engineering design purpose, and their profile was marked in
details (Fig. 4). The authors assumed that all six selected profiles had to fulfilled
one condition: more than one layer of the organic sediments (peats or alluvium)
had to occur in the profile.
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Fig. 4. Simplified profiles of the six boreholes with marked type of soils [according to
31] and depth of the radiocarbon dated samples (Stubice 1 to 6).
Soil fraction: Gr — gravel, Sa — sand, Si — silt, Cl — clay, Or — organic,
Mg — anthropogenic soil

The drillings were performed with a hammer probing, with 60 mm diameter. The
samples were taken from the deepest layers of the known organic sediments
(depth of 5 to 7 m below ground level). Samples derived from the central part
of the organic layer of each analysed stem were subject to the analysis in order
to avoid contamination. A 1 cm® sample was cut out in such a way that the edge
of the stem was not taken to the analysis, to protect the sample from containing
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sediments from overlying layers which could influence proper dating. The tested
samples did not reveal any organic samples, which could be macroscopic
observed (except peats), and the sediment was homogeneous. The samples were
described according to Polish Standards PN-EN ISO 14688 [31] on the names
for soils. The authors assumed that the searched dates should not determine
the beginning or the end of sedimentation but should allow whether the sediments
are of Holocene origin or whether they come from the last interglaciation and thus
should be treated as of Pleistocene origin. The profiles of the performed boreholes
are shown in Figure 4 and Table 1.

All sediments in the selected six profiles were analysed by using standard
macroscopic methods (visual and manual techniques) in a geotechnical laboratory
of the University of Zielona Gora. All previous studies of the boreholes in Stubice
were conducted for engineering geology. It was the reason the samples were
described to meet the standard PN-EN ISO 14688 Geotechnical investigation and
testing - ldentification and classification of soil [31].

To solve the age problem of organic sediments - the chosen sediments were
radiocarbon dated using the AMS technique (1.5 SDH-Pelletron Model "Compact
Carbon AMS") in Poznan Radiocarbon Laboratory. The procedure of '*C dating
of organic material consists of the following stages: chemical pretreatment (acid-
alkali-acid), production of CO,, graphitisation, '*C measurement and calibration
of obtained *C age [1, 2, 12]. AMS technique allows analysing very small
samples (<1 mg of carbon) [7] which is very important in fluvial deposits which
can contain very small amount of carbon.

5. 14C DATING RESULTS

The profiles of the performed boreholes were found to contain various types
of soils (Fig. 4). They contain peats, alluviums, silty clays, medium and coarse
sands and gravel. The total largest thickness of the organic sediments (peats and
alluvium), where the samples for radiocarbon dating were derived from, occurs
in profile Stubice 3 and reaches almost 3 m (Fig. 4). The smallest thickness was
found in profile Stubice 5. In the case of profile Stubice 6, the bottom of organic
sediments was not drilled through.

In the discussed area (the Odra river valley), the age of similar, shallow organic
sediments is mainly interpreted as Holocene or late Allered [4]. However, not
everywhere (e.g. in Stubice) their age was confirmed.
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Table 1. AMS '“C dating results for organic sediments in Stubice together with
calibrated dates (calibration with OxCal v4.2.4 Bronk Ramsey 2013, and IntCall3
atmospheric curve, [35]).

Sample Lab. no. Profile name |Localisatio| Type of | age |Cal. Age 95.4%
name (street) n of the soil (BP) conf. intervals
sample in | according (BO)

profile PN-EN
(depth in ISO

m) 14688

Stubice 1 | Poz-49367 | Niepodleglosci 7.0 peat 9540 +60 [ 9180-8725

Stubice 2 | Poz-49368 |Kochanowskiego| 7.0 OTBANC 14790 +35|  3650-3385
clayey silt

Stubice 3 | Poz-49369 | Niepodleglosci 2 6.0 peat [9310+ 60| 8725-8345

Stubice 4 | Poz-49370 Wandy 6.0 OTEANIC 19670+60|  6600-6390
clayey silt

Stubice 5| Poz-49372 | Wawrzyniaka 5.5 organic |7250+40| 6220-6030

Stubice 6 | Poz-49373 Chopina 5.0 silty clay 19520 £ 50| 9140-8710

The results allow to determine the age and to identify all the dated sediments
as Holocene (Table 1, Fig. 5). The difference in the age between the particular
radiocarbon dates obtained in this investigations amount at 5 ka (samples Stubice
2 and Stubice 6, Table 1, Fig. 5). A precise interpretation of results may
be difficult due to the reservoir effect, where the real age of the sample may
be different from the radiometric age (e.g. fluvial type sediments) by ~400 years
in the marine environment, and up to 2,000 years in the inland waters environment
such as lakes or rivers [9, 38]. The reservoir age corrections are important issue
in many different types of research [27, 29]. In the inland reservoirs, the
carbonates which affect water flowing into the reservoir can be the source of that
effect. In this case, the close neighbourhood of glacial sediments to the Odra river
(Fig. 1 B) may affect to it. Tills, containing CaCOj3 (although inconsiderable
amounts - several percent) could be the source of CaCOs. However the bed of the
Odra River consists of fluvioglacial sands, which cannot be the source of
carbonates. Therefore, the reservoir effect seems to be negligible here. Due to this
fact, the obtained data referring to the age of the investigated sediments are
interpreted cautiously but they confirm the Holocene origin of the sediments.
Radiocarbon dating results for chosen six samples of different sediments are
presented in Table 1, Fig. 4 and calibrated '*C measurements are shown in a
graphical form on Figure 5.
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OxCal v4.2.4 Bronk Ramsey (2013); r:5 IntCal13 atmospheric curve (Reimer et al 2013)
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Fig. 5. Calibration in graphical form of the Stubice samples
(Calibration program OxCal v4.2.4)

6. INTERPRETATION AND DISCUSSION OF THE RESULTS

The analysed sediments are likely to have originated in similar environmental
conditions but in a different period of time. In the turn of the Pleistocene and
Holocene, braided river valleys in central and western Poland changed their
sedimentation style from coarse-grained (sandy-gravelly) aggradation to finer
deposition (sandy, silty) due to activity at younger meandering rivers [21].
Organogenic sediments are typical for Holocene. Considering that in Holocene
the Odra River meandering was changing its location, the thickness of sediments
can be different. In addition, taking into account climatic fluctuations, the flood
events [5, 32-34] and the dynamics of the rivers decline in this time, it was
possible to create a numerous oxbow lakes. This is why the analysed samples
from Stubice, derived from the same depth, represent different time periods.
To exemplify the issue it is enough to mention two dated samples: Stubice 2
and Stubice 4, (from the same depth and located next to each other) which are
of different age. Their lithology (organic clayey silt and organic silt) suggests
the floodplain origin as a result of a long-term sedimentation over a thousands
of years. According to Ferguson and Brierley [6] floodplain classification
the mentioned sediments can be related to the vertical accretion sandy floodplain
or muddy floodplain. Such facies is usually represented by muds, peats and silty
and sandy sediments.

In the case of studied sediments (samples Stubice 1, 3 and 6), it may be assumed
that they are Preboreal sediments which originated in a cold climate (subarctic)
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(Table 2). However, it should be noticed that in terms of lithology they are
different. The sediments of a “silty clay” type (sample Stubice 6), reveal features
characteristic for a bimodal age (Fig. 5). However, for establishing approximate
age it is not a hindrance. In the case of samples Stubice 1 and 3, the analysed
sediment was peat. The sediments of samples Stubice 4 and 5 (organic clayey silt
and organic silt) were formed ~2000 years later in different climate conditions.
On the basis of the radiocarbon age, they were identified as Atlantic. The climate
was then warmer and moister, like in Preboreal [25, 30, 32-34]. The youngest
sample (Stubice 2), indicates Subboreal chronozone, when the climate changed
again, was warm and dry [25, 39]. It is characteristic that the age of the samples
do not corresponds to the depth of their location (e.g. sample Stubice 1 versus
Stubice 2, and Stubice 5 versus Stubice 6; Figs. 4, 5).

Table 2. Age and chronozones in Holocene in analysed samples in Stubice, Odra river
valley (chronozones after Walanus and Nalepka [39] and their age in calibrated years
before AD 2000 and BP (after [23, 25, 26, 39]).

Sample Type of soil 4o age of |Chronozone [ Boundaries in Boundaries in
name according PN- | samples (BP) S calendar years conv.
EN ISO 14688 before AD 2000 Radiocarbon
vears BP
Stubice 1 peat 9540 +60 Preboreal 10 150-11 700 9 000-10 000
Stubice 2 °rgamscﬂflayey 4790+35 | Subboreal | 2 600-5 800 2 500-5 000
Stubice 3 peat 9310+ 60 | Preboreal 10 150-11 700 9 000-10 000
Stubice 4 °rgamscﬂflayey 7620 £60 | Atlantic 5 800-8 900 5000-8 000
Stubice 5 organic silt 7250 =40 Atlantic 5 800-8 901 5 000-8 000
Stubice 6 silty clay 9520 + 50 Preboreal 10 150-11 700 9 000-10 000

The results obtained in the dating procedure indicate that all the analysed
sediments were formed within the last 10,000 years (Tab.1 and 2; Fig. 5). Such
a result contradicts the earlier stratigraphic interpretations: 1) it was assumed that
a "remnant" in the Odra valley is built out of sediments of Eemian interglacial
origin [10]; 2) the possible analogy of sediments occurring within a few dozen
kilometres from Stubice (in Radéwko), where the age was established as older,
than Holocene [4, 37]. The results of radiocarbon dating are contrary to the
interpretation of geotechnical analysis - the values of the preconsolidation ratio
[18-20] and to the Gontaszewska [10] previous assumptions. Probably the high
value of preconsolidation ratio was not necessarily connected with glaciations in
this area but with other environmental changes [13], not considered by Kotowski
and Krainski [20] in their previous investigations. Among the changes in the
Holocene environment in central Poland couple fluvial periods and significant
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changes in river system in this area should be mentioned [33, 34] as an influence
on the height of this indicator.
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Fig. 6. A proposal of Holocene sediments stratigraphy of the Odra river valley
in Stubice (it is assumed that individual layers of sediments do not have continuity
in the entire analysed area, which is a results of the variability of the meandering river
valley, description of the sediment like in Fig. 4).
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Based on obtained 14C dating results and high variability of sediments in the
riverbed, stratigraphy for the studied layers in this paper was proposed (Fig. 6).
The proposal of stratigraphy of sediments from the Stubice region is a research
hypothesis which requires further research.

7. CONCLUSIONS

Two hypotheses were verified by radiocarbon dating of six different organic
samples from different depth in Odra valley. The first hypotheses was that
deposits have been mostly interpreted as the Holocene fluvial sediments.
However geotechnical studies and values of preconsolidation ratio have
questioned Holocene interpretation. That is why another hypotheses presumes an
interglacial (possibly Eemian) age of the discussed fluvial/organic sediments.
Despite similarities between the organic sediments from the areas of the Odra
river valley in the neighbourhood of Frankfurt am Oder and Stubice (similar
composition), their radiocarbon ages are different. Similar organic material in the
Stubice area interpreted as a Late Glacial or Eemian sediments are of Holocene
age. The analysed sediments are the record of intensive accumulation of Odra
river channel. The radiocarbon date diversity in the profile at the same depth may
be due to the meandering character of the river in the Holocene which migrated
on the valley floor. Taking into account climate fluctuation, which intensified in
the Holocene and increasing fluvial activity, the increased thickness of river
sediments is justified. The attempt to compare the analysed sediments to deposits
from the neighbouring areas should be rejected.

The measurement error, bimodality of a part of results (Fig. 5), as well as the
reservoir effect of the method do not allow equalizing the age of the mentioned
sediments. For sediments from German side, the age (without calibration) may
be determined as Allerad interstadial (the end of the last glaciation). The diversity
of sediments derived from similar depths in the area of Stubice (ex. in borehole
Stubice 1 and Stubice 2 in the same depth - 14 m a.s.1. there are various sediments
differing by almost 5000 years, Fig. 4) makes searching for any similarities to
sediments from neighbouring areas useless (also from areas of the Valley of the
Odra river on German territory).
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