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The possible existence of a circular structure in the Koscierzyna region (northern Poland) was suggested in two papers in the
1980s. The current studies were aimed at verifying this hypothesis. Analysis of a digital terrain model of the pre-Quaternary
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surface relief as well as of the present terrain revealed the existence of a large structure of ca. 50 km in diameter. Its geome-
try was established based on a model of the Neogene/Pliocene surface and identifiable lineaments. Its characteristic feature
is the presence of rim-like forms, an internal plateau, and a “high” in the centre. The structure is estimated to date from before
the Pleistocene. The circular structure has been reshaped by glacial erosion and accumulation, and is now buried under

Quaternary deposits. The existence of the Koscierzyna circular structure was confirmed by conducted studies, but my hy-
pothesis of an impact origin is still uncertain and needs to be confirmed by future research.
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INTRODUCTION

Aerial and satellite images have revealed several times the
existence of circular structures at the Earth’s surface that had
not been detected previously by traditional cartographical work.
Apart from the best-known and well-studied cases that used a
variety of methods, their origin is not yet fully clear (Saul, 1978;
Taud and Parrot, 1992; Brink et al., 1997; Turtle and Pierazzo,
1998; Riller, 2005; Juhlin et al., 2012).

The increase in interest in structures with a circular or ellipti-
cal outline took place simultaneously with the development of
new remote sensing methods based on satellite images. This
enabled the recognition of structures of considerable size, from
tens to hundreds of kilometres in diameter. The genesis of such
forms has been discussed in numerous studies. They have
been ascribed to endogenic processes such as volcano-tecton-
ics, intrusions, and salt tectonics, but also to exogenic pro-
cesses such as karstification or the impact of meteorites (Goulty
et al., 2001; Bertoni and Cartwright, 2005; Matton et al., 2005;
French and Koeberl, 2010; Alsouki et al., 2011). Several impact
structures that are known from Europe were formed under dif-
ferent conditions, and their age varies greatly, just like their
state of preservation and their sizes from relatively small to con-
siderable (Pohl et al., 1977; Stankowski, 2001; Stoffler et al.,
2001; Surroja and Surroja, 2010; Juhlin et al., 2012;
Uscinowicz, 2014).
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A number of circular forms, sometimes interpreted as im-
pact structures, can also be found in the territory of Poland. Nu-
merous examples occur in the Sudety Mountains (Doktor and
Graniczny, 1983; Przybylski and Badura, 2004), but similar
structures are also present throughout the rest of the country.
One of the best visible is the circular structure near
Koscierzyna, which was recognized from Landsat satellite im-
ages and confirmed by analysis of lineaments (Doktér and
Graniczny, 1983). Little was known thus far about this structure,
and its origin is not yet clear. Actually, only a single study was
published about this topic; it ascribed the structure to a large
meteorite impact (Doktor et al., 1989). It should be noted, how-
ever, that this preliminary interpretation was based on a fairly
general study and the identification of the origin will require con-
siderably deeper-going studies.

The presence of this circular structure with its significant di-
ameter of approx. 50 km, which is visible within relatively young
(Neogene/Pleistocene) sediments, raises legitimate questions
about its origin. Answering these questions requires a better in-
sight into the deep geological structure of the area as well as
into the changes that the bedrock may have undergone. Such
studies will lead to more understanding of the sedimentation
processes, the transformation of the substrate, and the
morphogenesis of northern Poland. The aim of the present
study is therefore to identify the lateral boundaries of the
Koscierzyna circular structure, its internal geometry, and to dis-
cuss its hypothetical genesis.

GEOLOGICAL SETTING

The study area is located in the Lake District of eastern
Pomerania (northern Poland) between 53°29'33” N and
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Fig. 1. Location of the study area

54°40'35” N, and between 17°2'06” E and 18°43'14” E (Fig. 1).
It is characterized by significant differences in the nature of the
surface features. During the Quaternary, Scandinavian ice
sheets several times covered the area and the landscape was
shaped by alternations of glaciations and deglaciations. The fi-
nal morphological features originated during the retreat of the
last Weichselian ice sheet in the investigated area, which took
place approx. 17,000-16,000 years ago (Mojski, 1980; Marks,
2010). The area under discussion can be subdivided into sev-
eral parts regarding their morphogenesis. There is a clearly visi-
ble surface of moraine upland in the northern part of the area.
Its southern boundary (range of the youngest Pomeranian
Phase) bends toward the north. There are isolated morainic
sheets in the central part of the area (SW of Koscierzyna). The
elevation of the morainic upland commonly reaches over
200 m a.s.l. and the highest top (Wiezyca Hill), 329 m a.s.l, is
located in the NE part of the area. The southwestern part of the
area also consists of a morainic upland, but is genetically linked
to an earlier phase of the Weichselian Glaciation. The central
and southeastern parts consist of a wide and relatively flat
sandy sandur plain at an elevation of 150—-180 m a.s.l. The
whole area was crossed by numerous meltwater streams (tun-
nel valleys and subglacial channels) of different sizes (Mojski,
1973, 1978a, b, 1979; Petelski, 2011), as well as by postglacial
streams (Fig. 2).

Geologically, the area consists of two main structural units
which differ particularly in terms of the deep geological struc-
ture. The crystalline basement, which is composed of Protero-
zoic rocks, ascends from a depth of ca. 4500 m b.g.l. in the NE
to ca. 8000 m b.g.l. in the SW. This results in a complex thick-
ness pattern of the Paleozoic—-Mesozoic sedimentary succes-
sion, which is several kilometres thick. The top of the Creta-

ceous, which is situated constantly at 75-120 m b.s.l., is over-
lain by Paleocene, Eocene, Oligocene and Miocene/Pliocene
sands, silts and clays interbedded with lignites. The Quaternary
overlies mainly Miocene and, locally, Oligocene sands, silts and
clays with a limnic and fluvial facies. The top surface of the Mio-
cene shows relief variations exceeding 100 m (Mojski, 1973,
1978a, b, 1979; Znosko et al., 1998; Gatgzka and Marks, 2009).
The Pliocene deposits are represented by a thin layer of fluvial
quartz-rich sands (Kramarska et al., 2015), but they are often
misinterpreted in eastern Pomerania as Miocene sands.

The Quaternary sediments are up to 200 m thick in this
area. Deposits of almost all the Pleistocene glaciations that cov-
ered the Polish Lowlands have been identified (Mojski, 1973,
1978a, b, 1979). The moraines formed by the ice sheet are
composed of sands, loamy sands and tills, while the outwash
plains (sandurs) consist mainly of sands and gravel. Erosional
valleys, channels (tunnel valleys and subglacial channels), ket-
tle-like depressions, and fluvial valleys are filled with thin (up to
several metres) Holocene organic and mineral sediments. The
Quaternary and the underlying Miocene/Pliocene deposits are
unlithified, relatively soft rocks and rocks with a low degree of
diagenesis, and their total thickness is up to 350—400 m.

MATERIAL AND METHODS

The study was based on several fundamental analytical
methods. First, the digital terrain model (DTM) was analysed
using various geoprocessing techniques, for instance: analysis
of contour lines (isohypses) and axes of valleys, identification of
slope gradient, and determination of downslope direction.

The shaded and coloured digital terrain model with a resolu-
tion of 30 x 30 m was used during the analysis with the ArcMap
software in the following way:

— first, the parameters affecting the vividness and read-
ability of the digital model were adjusted. These parame-
ters included the colour scale, contrast and contours;

— second, GIS-based features from a raster surface have
been created. These features were subsequently used
for morphological analysis and interpretation of the gen-
eral course of morpholineaments — linear topographic
features.

The next step was the analysis of archived data from 249
boreholes. The data are stored in the Central Geological Data-
base as well as in the National Geological Archive (Appen-
dix 1*). These studies were based mainly on verification of the
location of the boreholes, and of the data on the thickness of the
Quaternary succession and the lithology of both the Quaternary
and underlying sediments. This enabled the selection of reliable
archived research data that could be used as the basis for fur-
ther analysis.

Subsequently, the available drilling records were used to
prepare a map of the pre-Quaternary surface. A model of the
pre-Quaternary surface and cross-sections were prepared us-
ing Surfer 12 software. This model was generated using the
Minimal Curvature interpolation method. During the process of
space interpolation, a grid of 1000 x 1000 m, which gives 131 x
110 data rows, was created (Table 1). This process led to a
substantial density of data within the data grid, despite the irreg-
ular distribution of boreholes. As a consequence of the irregular
distribution of the data points (location of boreholes), there is
the risk that interpolation errors may occur where few data
points are available. The handling of the grid data was therefore

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/g9q.1332
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Fig. 2. Digital terrain model of the study area

The DTM was used for GIS-based analytical techniques; dashed lines indicate semicircular elements that
presumably represent the limits of the feature under discussion



208

Grzegorz Uscinowicz

Table 1

Interpolation grid information

Grid Size: 131 rows x 110 columns
Total Nodes: 14410
Filled Nodes: 14410
Blanked Nodes: 0
Grid Geometry

X Minimum: 373300
X Maximum: 482000
X Spacing: 997.24770642202
Y Minimum: 627000
Y Maximum: 757000
Y Spacing: 1000

Univariate Grid Statistics Z
Minimum: -85
Maximum: 257
Mean: 34.6462674166
Median: 28.2836027224
Variance: 3875.46858923
Standard Deviation: 62.2532616755
Interquartile Range: 82.4612850444
Range: 342
Mean Difference: 69.525882111
Median Abs. Devia- 40.7791005206
fiverage Abs. Devia- 49.0779382907
Standard Error: 0.518597143427
Skewness: 0.396258809126
Kurtosis: 3.5058194206

performed by recalculating the maximum and minimum values
of the Neogene surface level, so that they corresponded with
the actual minimum and maximum values determined from the
borehole data. Finally, the data grid was subjected to filtering
using a linear convolution filter, resulting in smoothing of the fi-
nal product.

RESULTS

SPATIAL ANALYSIS

Analysis of the digital terrain model enables identification of
linear morpholineaments (topographic features expressed in
the course of river and lake valleys, slope contours, hill ridges,
etc.), radiating from the area of the structure under consider-
ation. Lineaments of local and regional scale reach a length of
up to tens of kilometres in the study area. The lineaments are
reflected in the morphology by the course of the river valleys
and lake valleys, which are elements of the glacial relief (a sys-
tem of subglacial channels), as well as in the isohypses (Fig. 3).
The system of radiating linear morpholineaments can be re-
garded as the underlying geological structure. The structure
could predispose the subglacial water circulation that shaped
the modern course of the river and lake valleys.

Itis worthwhile to mention that, in addition to the straight lin-
eaments, it is possible to distinguish semicircular elements

(also resulting from the morphological patterns) reflecting the
partial limits of the structure under consideration. These semi-
circular patterns are controlled by the palaeostructure buried
under the Quaternary deposits. Generally, a northwestern arch
can be distinguished. Its course can be determined starting
from the southern side of the town of Bytdéw, continuing north,
and then turning to the north-east. A southern arc takes an open
form on the north side and passes the village of Brusy in a semi-
circular pattern (see Fig. 2).

The whole system of these lineaments indicates partial
boundaries of the structure with a probable diameter of ca.
50 km.

THE PRE-QUATERNARY SURFACE MODEL

The model of the Miocene surface reveals the existence of a
deep, approximately circular depression. Its approximate bound-
ary underlies the town of Bytéw and the villages of Sierakowice,
Somonino, Stara Kiszewa, Karsin and Brusy. The inner contour
of the structure can also be determined by the course of the
isohypses of 10-30 m a.s.|, which reflect the pre-Quaternary sur-
face. The outer contour can be visualized by the course of the
isohypses of 60—110 m a.s.l., which reflect the Neogene surface
(Fig. 4). The boundary of the depression can be determined only
at a general level and suggests a diameter of ~50 km. Its charac-
teristic feature is the presence of a central “high”. The “high” was
identified in boreholes showing that the top of the Neogene de-
posits occurs at an elevation of ca. 80 m a.s.l. The relatively flat
bottom of the depression reaches 85 m b.s.l. in the east, while in
the western part it ascends to ca. 60 m b.s.l. The whole structure
is slightly elongated towards the east. The morphology of this
feature is well visible on morphological cross-sections (Fig. 5);
these show the rims and the central “high”. However, the image
of the circular structure resulting from the pre-Quaternary surface
model is not entirely consistent with the boundaries visible in the
terrain. While the western borders are more or less consistent,
this is not the case for the NE and E limits. This is probably due to
the general appearance of the model.

DISCUSSION

The existence of a circular structure of significant size could
be caused by a variety of factors. In principle, it might be the ef-
fect of igneous (magmatic) intrusion in deep strata, volcanism,
or halokinesis (a salt dome). Some of these contributing factors
can produce both similar morphological patterns, characterized
by a radial lineaments system, and a circular outline of the sur-
face feature. Furthermore, the structure might, also in principle,
be a result of karstification. None of these concepts is, however,
appropriate in this case. Firstly, no indications for igneous intru-
sions have been found in this area. Moreover, it is an aseismic
zone, so it is free of significant tectonic activity. Secondly, salt
domes do not occur in this area. The salt domes located a few
tens of kilometres to the SW of the centre of the Koscierzyna
structure are related to the Mid-Polish Through (Czapowski and
Bukowski, 2010; Pietsch et al., 2012; Marzec et al., 2013).
These salt structures are characterized by elliptic
NW-SE-trending shapes. Moreover, they have a much smaller
size, ca. 1-5 km. Thirdly, karst must also be excluded for geo-
logical reasons (absence of rocks that are susceptible to disso-
lution). In summary, there are no indications suggesting that the
structure is associated with intrusion, volcanic activity, another
endogenic factor, or with an exogenic factor such as karst.
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Fig. 3. Map of morpholineaments against the background of slope-shaded relief

Dashed lines indicate the general orientation of lineaments that are interpreted as derived from the course of river

and lake valleys as well as from isohypses
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Fig. 4. Map of the pre-Quaternary surface with the limits of the circular/elliptic structure (outer contour)
and the central “high”
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Fig. 5. Morphological cross-sections through the feature
under discussion

An alternative hypothesis is an origin of the form due to a
meteorite impact (e.g., Doktor et al., 1989). The main argument
supporting this hypothesis is the system of lineaments on the
surface, radiating from the centre of the structure. The linea-
ments were recognized from Landsat satellite images (Doktor
and Graniczny, 1983). The existence of such a system has
been confirmed through DTM analysis carried out for the pres-
ent study. However, the presence of circular and radial morpho-
logical features without any other diagnostic features is not suf-
ficient to interpret it as an impact structure (Koeberl, 2004,
Reimold, 2007; French and Koeberl, 2010; Reimold et al.,
2014). The topography of the pre-Quaternary surface in the
study area is therefore an essential (although indirect) argu-
ment in favour of this hypothesis. It clearly shows the bowl-like
configuration in the Miocene/Pliocene deposits with character-
istic rim-like forms and a central “high”. These features inter-
preted from the pre-Quaternary surface can be recognized
even though the data are not optimum due to their uneven dis-
tribution. Another factor that influenced the general appearance
of the Miocene/Pliocene surface relief is the activity of Pleisto-
cene glaciers, that resulted in erosion and deposition, thus af-
fecting the original morphology of the structure. Nevertheless,
the resulting morphology corresponds well with that of
well-studied large impact forms (Grieve and Pesonen, 1996;
French, 1998; Kenkmann et al., 2014).

The impact hypothesis might become confirmed by geo-
physical studies of possibly present anomalies. An impact event
with the formation of a crater produces distinctive geophysical
features. These are reflected in the gravity and magnetic prop-
erties of the bedrock (Grieve and Pesonen, 1992). Although
there are no direct studies of this type of the proper Koscierzyna
structure, some regional geophysical investigations were car-
ried out (Guterch et al., 1999; Mitynarski, 2002; Petecki, 2008).
A magnetic anomaly has been documented in the marginal part

of the East European Craton. This positive magnetic anomaly,
described by Petecki (2008) as the “Koscierzyna anomaly”, has
its equivalent in gravimetric patterns. The centre of the anomaly
is located approximately at the centre of a circular structure, but
the depth of the source of the anomaly is uncertain (Petecki,
2008). It should be noted that magnetic anomalies associated
with large impact structures are commonly fairly variable and
unpredictable (French and Koeberl, 2010), so additional de-
tailed studies should be conducted at Koscierzyna as well.

As regards the Koscierzyna structure, a legitimate question
arises about the age of the event that led to its creation. If an im-
pact origin is hypothesized, there are two possibilities:

— the impact occurred during the Pleistocene, when the

study area was covered by an ice sheet, or;

— the impact had occurred before the area was covered by
a Pleistocene land-ice mass, i.e. during the Mio-
cene/Pliocene, at the beginning of Pleistocene, or be-
tween two successive glaciations, i.e. when no ice sheet
was present.

The first option would have given rise to indirect and uncer-
tain effects. The essential questions are then whether the ice
sheet would have been regionally melted away completely and
if the impact could have provided a morphological expression.
Perhaps, the glacier would have worked as a medium which
transfers the energy to the mineral substratum. However, the
situation is questionable and requires thorough consideration of
the astronomical (as a science concerning extraterrestrial phe-
nomena), glaciological and geological settings.

These aspects should be taken into consideration in the
second option as well, but the second case is more likely in the
author’s opinion, particularly because of the depression: the
presumed impact crater is distinguishable in the pre-Quater-
nary. Moreover, the Quaternary succession contains sedi-
ments of almost all glaciations that affected the Polish Low-
lands. This indicates that the structure was formed somewhere
in a time span from the Miocene to the pre-glacial phase of the
Pleistocene.

There are no known craters or impact palaeocraters of this
large size, established in relatively unconsolidated sediments
or rocks with a low degree of diagenesis. The issue of acquiring
and retaining the craters in young unconsolidated sediments
was raised several times (Stankowski, 2001; Stankowski et al.,
2007; Uscinowicz, 2014). However, none of the cases referred
to examples that are tens of kilometres in diameter.

The Mjginir (Barents Sea) and Silverpit (North Sea) craters
are similar to the feature under study (Stewart and Allen, 2002;
Dypvik et al., 2006). In both cases, almost horizontal unlithified
sediments were hit, and they were subject to sophisticated
studies, far more advanced than those on the Koscierzyna
structure. There are also craters with diameters of tens of kilo-
metres, which were exposed to glacial processes, but they
were formed in a much more lithified sedimentary cover or in
magmatic rocks (Juhlin et al., 2012; Schmieder and Jourdan,
2013) and thus more resistant to erosion and other processes
that affected them.

The best way to identify impact craters is to combine differ-
ent types of investigation (Table 2). The Koscierzyna structure
meets some diagnostic criteria, like the existence of its morpho-
logical patterns. There is also some rough geophysical evi-
dence, but direct geophysical studies are, unfortunately, lack-
ing. What is worse, the structure is nowadays inaccessible for
sampling (because of small amount of preserved drill core) and
it was developed in lithologies that are unlikely to show diagnos-
tic petrographic indicators of an impact as well as chemical and
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Table 2

Summary of some diagnostic criteria in the context of impact origin

Criteria Structure under discussion Comment
Morphological feature
: —_ The structure is buried under Pleistocene deposits and has un-
circular or eliptic form Yes dergone reshaping due to glacial erosion and accumulation
morpholineaments (indicating the po- Yes Lineaments visible on the surface regarded as a reflexion of
tential fracture zones? older fracture zones
Geological evidence
shock-deformation features No
(e.g., shatter cones and melt breccia)
shock microdeformation features P
(e.g., PFs, PDFs) No The problems have never been studied in the study area
meteorites, micrometeorites, No
spherules
. . . A magnetic and gravimetric anomaly has been documented dur-
Geophysical evidence Possible ing the regional geophysical investigation
Geochemical and isotopic evidence No -

isotopic signatures from the projectile. The unconsolidated sed-
iments (target rocks) might show anomalous effects of the im-
pact, butimpact structures buried under a ~200 m thick cover of
glacial and interglacial deposits are not known to have been
preserved. If future studies confirm the impact origin of the
Koscierzyna structure, this structure can be considered as
unique, shedding a new light on potential crater-forming and
crater-preservation processes.

CONCLUSIONS

New investigations, which comprise distinguishing the
morpholineaments system based on DTM, establishing a
pre-Quaternary surface model, and evaluation of available
data, allow the following statements and conclusions to be put
forward:

1. The existence of a complex circular structure at
Koscierzyna and the trends of topographic lineaments
have been confirmed.

2. Theregional lineaments radiate from the study area and
some of them take on a semicircular shape, marking the
boundaries of the buried Koscierzyna structure.

3. The analytical work and the construction of a pre-Quater-
nary surface model indicate the boundaries of the struc-
ture and its geometry. The structure is ca. 50 km in diam-
eter, has rims, an internal plateau, and a “central high”.

4. The whole structure is buried under Pleistocene depos-
its and has undergone reshaping by glacial erosion and
accumulation.

5. Some evidence points at an impact origin of the struc-
ture. The overall morphological, geological and geo-
physical evidence supports the impact hypothesis. Di-
rect petrographic, chemical and geophysical evidence
is, however, still lacking. Future studies should be car-
ried out to obtain such information.

6. If an impact is considered as the origin of the structure,
its age must be Late Miocene, Pliocene or pre-glacial
Pleistocene. This is based on the almost complete suc-
cession of Pleistocene deposits in the study area.

7. The hypothetical large-scale impact must have induced
large environmental changes, at least on a regional
scale, and this should also be investigated in the future.

8. A new potential impact structure with a diameter of tens
of kilometres would contribute to the insight concerning
the frequency of impact events of significant scale.
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