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Abstract

The paper is aiming to determinate the extent of the northeastern arm of Koztowicka buried valley on the grounds of
own research by means of electrical resistivity tomography — ERT and available archival researches. On the Hydro-
geological map of Poland, Zyrardéw sheet (Felter and Nowicki, 1998a, b) Koztowicka buried valley was differenti-
ated as an individual hydrogeological unit. The results of the analysis show that the extent of the structure, defined by
its upper boundary, differs significantly from the one suggested on the sheet of Hydrogeological map of Poland. Since
there was no data available in the northeastern part of the discussed arm of Kozlowicka buried valley, the northern
boundary was defined only based on available geoelectrical sounding profiles (Czerwinska, 1988; Topolewska, 2015).
In order to confirm suggested solution, geoelectrical research by means of electrical resistivity tomography (ERT) was
conducted. The measurements were performed along 3 profiles located in the area of interest. The authors would like
to point out the need of the usage of ERT in mapping and studying buried structures that might be groundwater reser-
voirs. As a result, one obtains quasi-continuous image of electrical resistivity of the subsurface. Due to the contrast of
electrical properties of sediments, it is possible to determine upper and bottom surfaces of buried structures, formed

within glacial deposits.

Key words: buried valley, geoelectrical methods, electrical resistivity tomography, ERT

Manuscript received 28 April 2016, accepted 17 October 2016

INTRODUCTION

Geoeletrical methods, based on a physical property of
the subsurface — electrical resistivity, might be used success-
fully to determine the extent of buried structures (Black et al.,
1962; Smith, 1974; Ahmad and Schmitt, 2005, Topolewska,
2015). Electrical resistivity is a physical parameter that en-
ables to distinguish lithologies within geological medium
(Biatostocki and Farbisz, 2007; Farbisz e al., 2010; Palacky,
1987; Saleh and Samsudin, 2013). However, electrical resis-
tivity obtained during measurements does not indicate unam-
biguously type of sediment or soil, because it depends on
many different factors: inter aliamineral composition (espe-
cially, in the presence of clay minerals), structural and tex-
tural characteristics (porosity, particles cementation, com-
paction), water presence and its conductibility. Buried val-
leys are structures that were created during two phases. First,
concave structure was created by river or stream, and then in
the second phase, it was filled up with fluvial, glaciofluvial or
lacustrine material in several sedimentation cycles during
interglacials or after complete deglaciation, thereafter cov-
ered by younger sediments. In West Mazovian, area that is

scarce in water of passable quality, this type of Quaternary
structures might be potential source of water supply (Felter
and Nowicki, 2003). Koztowicka buried valley is one of
them. It was described and mapped for the first time by Felter
and Nowicki (1998a, b) on. Hydrogeological map of Poland
(MhP), sheet Zyrardow. The aim of this paper is to verify by
means of ERT the upper boundary of the northeastern arm of
Koztowicka buried valley which was determinated by Topo-
lewska (2015) on the grounds of own and archival VES (ver-
tical electrical sounding) studies (Czerwinska, 1988). As a
result, resistivity maps were created. They show how the ex-
tent of the valley changes with depth.

AREA DESCRIPTION

Location

The research area was limited to the northeastern arm of
Koztowicka buried valley. It is located in the southwestern
part of Mazovian Province (Fig.1) within Grodzisk County
(circa 30 km west from Warsaw). Hydrogeologically, it is lo-
cated entirely within groundwater body' number 65, accord-

1 Polish — “jednolite czgs$ci wod podziemnych — JCWPd”
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Fig. 1.
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Location of the study area with Koztowicka buried valley according to Felter and Nowicki (1998b). Black lines — main roads; A-2,

50, 719 — numbering of main roads; black arrow — indication of the structure on the map of Poland, grey-colored area — Koztowicka buried
valley, dashed-line polygon — investigated part of the structure, black squares — bigger cities in the area.

ing to division into 172 parts effective from 2016 and within
another hydrogeological unit or groundwater basin® number
215a called Subniecka warszawska (Herbich et al., 2007).

According to the physiographic regionalization of Po-
land (Kondracki, 2009), the research area is located within
province Middle European Plain and subprovince Central
European Lowlands. It is located in macroregion Central
Mazovian Plainand in mezoregion Lowicko-Blonska Plain
(Fig. 2). Locally, altitude differences reach few meters and
are produced by fluvial erosion processes. Northern and
northwestern parts of the sheet Zyrardow (research area in-
cluded), Lowicko-Blonska Plain, are quite flat. The altitudes
drop slightly towards the north and the northwest (Felter and
Nowicki, 1998a, b). Koztowicka buried valley is not visible
in the morphology.

Geology

Koztowicka buried valley is located in the northwestern
part of a geological structure called Mazovian Basin. It is a
concave structure in the Cretaceous sediments basement that
is overlain by thick layers of Paleogene—Neogene and Qua-
ternary sediments. Few geological boreholes, located in Zy-
rardow and Sochaczew, documented upper boundary of Cre-
taceous sediments at 193—197.5 m below the surface. The

most crucial for this research are Pleistocene sediments. Ge-
ology will be described on the grounds of the geological
cross-section presented in the figure 3. The location of the
cross-section line is shown on a geological map of the north-
eastern arm of Kozlowicka buried valley in figure 4. De-
scription of geology and geological map of the research area
were based on information given by Geological detailed map
of Poland Zyrardéow sheet (Szalewicz, 1993). Stratigraphic
division of Quaternary suggested by Rozycki (1972) and
used by Szalewicz was updated using the latest.

The oldest deposits on the cross-section are dated to
Pliocene. They are lacustrine sediments, mainly clays and
clays with silt (Fig. 3; layer 1). They were encountered at the
bottom of three out of four boreholes that were used to make
the cross-section —at around 60 m a.s.1. at the extremes of the
line and at around 27 m a.s.l. in the central part of the se-
quence. As it is shown on the cross-section, they might have
been once a continuous layer. Analysis of nearby boreholes
showed that thickness of those sediments is 4548 m. In one
borehole, complex of sand, gravel and residual gravel dated
to South Polish Glaciations was encountered at 66 m a.s.lL.
(layer 2a). It is 6 m thick. It has not been detected in other
geological profiles. In two middle boreholes, at 48 and 54 m
a.s.l. a complex composed of fluvial sands and gravels (2b)
was encountered. Its maximum, documented thickness rea-

2 polish — “gléwny zbiornik wod podziemnych — GZWP”
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ches 26 m in a borehole no. 5570117. Those sediments con-
stitute the filling of a buried valley (believed to be a part of
Kozlowicka buried valley), deeply cut into the Pliocene sub-
strate, with axis direction SW—NE. It was dated to Podlasian
Interglacial (or Matopolska Interglacial according to Ro-
zycki, 1972). In a borehole no. 5570118, varved clay (3a)
was encountered at two levels, first at around 63 m and then
at 71 m a.s.l. In the same borehole, till (3b) was encountered
at 65.6 m, 75.6 m and 81.6 m a.s.l. Between youngest layers
of'till, 2-meters thick layer of clay and silt (3¢) was detected.
Their thickness varies between 2 and 6 m. In a borehole no.
5570108, till (3b) was encountered at 72.3 m a.s.l. and its
thickness is 7 m. This deposit was thought to be a continua-
tion of tills on the western part of the cross-section. The old-
est sediments aged (4) to Middle Polish Glaciation, were
encountered in all four boreholes. In the middle ones, they
reach greater depths. Their maximum thickness is around
35 m. Bottom part (4a) is built of lacustrine fine sands. Top
part (4b), in turn, seems to be of even finer fraction. They are
clay and silt and silty sand. It is possible that top part of com-
plex 4, clay and silt might be the same layer as clay and silt
(3c¢) in the west. Then they could also have created a separate
layer that has no relation to the buried valley. However, it ap-
pears that the top boundary of the buried valley on most resis-
tivity models is encountered much closer to the surface.They
were deposited during Odranian Glaciation (according to
Rozycki, 1980) or during Krznanian Glaciation (according to
Lindner and Marks, 1999), which indicate more or less same
age (Lindner and Marks, 2012).This lithologically diversified
complex together with a complex of fluvial sediments (2b) is
believed to constitute the filling of Koztowicka buried valley.

A continuous complex of tills (5), in WSW part, was en-
countered at around 88 m a.s.l. while in ENE part—at around
94m a.s.l.. Its thickness varies from 6 to 16 m. In a borehole
no. 5570117, thin layer of residual gravel and boulders (6)
was encountered at 86 m a.s.l. Siltand clay (7a) were encoun-
tered in a borehole no. 5570144 at 92 ma.s.l. They constitute
also a thin layer. Sediments common on the surface are tills
(7b) that were found in most of the profiles. Their thickness
maximally reaches 16 m. They were the last deposit dated to
Middle Polish Glaciation (Warta Stage, according to Lindner
and Marks 2012) that was determined in this area. Humic
sands and peat (14) dated to Holocene were detected in one
borehole.They are usually at bottom of river valleys or de-
pressions. They are often encountered on tills (7b) and on
lacustrine sediments (7a).

The genesis of the structure seems to be double. It was
suggested by Topolewska (2015) that the structure involved
two complexes, bottom one (2b) that consisted of fluvial de-
posits (sand and gravel) dated to Podlasian Interglacial and
upper one (4a—b) composed of lacustrine deposits (clay, silty
sand, fine sand) dated to Krznanian Glaciation. Though, it is
not sure if these complexes are actually separated by sedi-
ments from Sanianl Glaciation (layers 3a—c).

Hydrogeogeology

Due to the capacity of sediments to store water, Kozto-
wicka buried structure is one of the most important hydro-
geological units in the area. Overlying tills seems to be good

Altitude [m a.s.l.]

I 0 ) ) ) I
85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160165

Koztowicka buried valley — = investigated part of

— (according to the sheet of | | the structure
MhP (557) Zyrardow = =
. boundary between
Vel two mezoregions
Fig. 2. Location of Koztowicka buried valley on the hypsometric

map of the region (557) Zyrardéw (Felter and Nowicki, 1998b).

enough to isolate the water-bearing structure underneath,
still it is characterized by poor or no isolation. According to
Balcerkiewicz (1989) and Wysocki (1996), hydrogeody-
namic parameters determinated for the whole complex of
sediments of Koztowicka buried valley are following: hydrau-
lic conductivity varies from 5 to 44 m/d (16 m/d on average),
transmissivity locally is above 1000 m%/d, potential discharge
of wells ranges from 70 to 120 m*/h and disposable resources
are 280 m’/d per km?. It is one of the main aquifers in the area
and was determined as a separate hydrogeological unit.

FORMER STUDIES

Topolewska (2015) gathered all the relevant information
on Koztowicka buried structure, having analyzed former re-
searches and added results and conclusions from her own
study. She based her research mainly on Czerwinska’s geo-
electrical (VES) studies (1988) which aimed to explore
northeastern part of the structure that was believed to be a
good groundwater resource. The results were reinterpreted
and presented in the form of geoelectrical cross-sections that
showed resistivity distribution in the subsurface. This way, it
became possible to determinate the extent of the upper
boundary of the buried valley. Hydrogeological map of Po-
land by Felter and Nowicki (1998a,b) was one of the main ar-
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chival studies that Topolewska (2015) used as a base for her
own research. However, just at the beginning of the analysis
she observed that the extent of Koztowicka buried structure
proposed by the authors could not be correlated with the
geoelectrical studies of Czerwinska (1988) that were be-
lieved to be the most essential base for this part of the map.
Topolewska suggested the location of a new (upper) bound-
ary of the structure where eastern and western boundaries
were determined based on reinterpreted archival VES re-
search (Czerwinska, 1988) and her own ERT measurements.
Due to the lack of data, she could not determine the exact lo-
cation of southern and northern boundaries. This paper de-

Geological cross-section along profile line A—B (Topolewska, 2015; with slight changes).

scribes the results from the study carried out at the site where
northern and western boundaries of the northeastern arm of
Kozlowicka buried valley were supposed to be situated.

METHODS

Since the aim of the research was to determine the loca-
tion of the boundary of Koztowicka buried valley, structure
filled up with highly resistive sediments within low resistive
deposits, geoelectrical methods were most suitable. Electri-
cal resistivity tomography (ERT) was used. Electrical resis-
tivity tomography method (term used i.a. by Zhou et al.,
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2001; Kemna et al., 2002; Zhou et al., 2002; Daily et al.,
2004) is also called electrical resistivity imaging (ERI) (term
used i.a. by Van Schoor, 2002; Loke and Lane, 2004; Smith
and Sjogren, 2006; Ratnakumari et al., 2012) or continuous
vertical electrical sounding (CVES) (term used i.a. Van
Overmeeren and Ritsema, 1988; Chongoaetal.,2011; Aning
etal.,2014). Principles of resistivity electrical methods, their
application and foregoing development were described i.a.
by Dahlin (1996), Loke et al. (2013), Samouélian et al.
(2005).

ERT measurement was performed by means of Terra-
meter LS, product of Swedish company ABEM. Along 4 ca-
bles, 21 electrodes were placed with the spacing of 5 m at
each cable. Since the profile lines were longer than 400 m,
roll-along technic was applied with a gradient array, as de-
scribed in detail by Dahlin and Zhou (2006). The usage of
this array usually enables to notice changes in resistivity
whenever horizontal or vertical lithological boundaries are
crossed. In order to get closer to the target, which was deter-
mination of the extent of the valley, ERT was applied along
three profiles. In contrast to VES, it gives a two-dimensional
insight into the subsurface — in vertical and horizontal direc-
tions. The results were interpreted and presented in the form
of resistivity models (Figs 6, 7). They were put together with
archival results (achieved by the means of ERT and VES)
and presented in the form of resistivity maps made at differ-
ent altitudes (Fig. 8).

RESULTS

Measurements were performed along 3 profiles. The lo-
cation of the profiles is shown on a documentation map
(Fig. 5). They are marked with black lines. In addition, pro-
file 1 was also plotted on the geological map (Fig. 4). Others
were unfortunately situated beyond its limits. The profiles
were situated in a way so that the western (profile 1) and
northeastern (profile 2 and 3) boundaries of the structure (de-
termined on the grounds of archival ERT and VES studies;
light brown line on the documentation map) could be cros-
sed. Measurements along profiles CVES 1 and CVES 2, also
present on the maps (Figs 4, 5), were done as a part of a differ-
ent study (Topolewska, 2015) and were presented in this pa-
per, since they were thought to bring essential information.
The results are presented on 3 resistivity models (Fig. 6). Ad-
ditionally, resistivity models along CVES 1 and CVES 2 were
described (Fig. 7).

In figure 6, three resistivity models are presented. Mea-
surement along profiles 1-3 were performed in June and July
2015. On models, three resistivity complexes were identi-
fied: highly resistive with higher than 75 Qm (light green,
yellow, orange, red), moderately resistive with resistivity
range from 30 to 75 Qm (blue/green) and low resistive with
values lower than 30 Qm (blue).

Along profile 1, highly resistive sediments (sands) con-
stituting the filling of the valley were encountered in the
southeastern part of the profile line reaching depths of
around 50 meters all the way towards the border till approxi-
mately 250 meters from the starting point of the profile where
their bottom boundary was found around 40 meters below the
surface. Even though, some sediments with resistivity of

7b

N &
N 14
‘s“ STRUMIANB 9 | 1

7b
STARAPULAPINA o 14

WYCZOLKI
7b

12 NOWA PULAPINA
0sINY 14 5570116

15
s

14 8 5570084

)

12 7b

D,
5570144 B,%5701 0§

P =7
5570118
A~>)/55701 17 9

14 DRYBUS
9 g BARANOW 14

7b 8

8
8 14 5570113
14 14 o 9 ;'155701 63 8

8
12 8 -t "
13
. 7b . .

/ 5570162
i 14 14
13
10 12 14
5570114

5570111

5570112 38er 0445 154 12( 8

0 500 1500 m
IS I —

Legend

5] peat, peaty sediments 10  alluvial sand with gravel

14  humic sands 9 fluvial sand and gravel
gyttja, peat, clay and silt, sand

13 (lacustrine sediments)

8 fluvioglacial sand with gravel
12  eluvial sand derived from till 7b till (Odranian Glaciation)

11 diluvial sand, grave, silt and clay

upper boundary of Kozfowicka buried
valley according to the sheet of MhP
(557) Zyrardow

hydrogeological borehole
570084
5 (numbering according to HYDRO bank)

geological cross-section line

—VES2 CVES profile line

roads
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around 70 Qm (probably tills) appear at the northwestern ex-
treme of the profile, it is believed that the valley does not con-
tinue westwards. There is a low resistive elongated arca
present at 250—550 m from the first electrode that is reaching
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depths of 5 meters. Based on information revealed by geo-
logical profiles, those are most likely tills. Underneath the
valley, at around 60 m a.s.l. in the northwestern part and at
around 45 m a.s.l. in the southeastern part,sediments with
resistivities lower than 25 Qm are located. They are believed
to be Pliocene clays. If we look at geological cross-section
(Fig. 3), upper boundary of Pliocene clays is also located at
60 m a.s.l. on both ends of the profile line.

Those results enabled to replace probable contour of the
boundary (marked with a dashed line) in the western part of
the structure (Fig. 5) with a confirmed one (marked with a

continuous line). Most of the sediments along profile 2 repre-
sent low resistivities (< 40 QQm). They might be either clays
with additive of sediments with higher resistivities as tills or
sands or more probably tills or tills with additive of clays.
There is one spot with higher resistivity (4060 Qm) that
stretches from 80 to 100 m (horizontally) and from 85 to 70 m
a.s.l. (vertically). It might be a sand lens with lower than
usual resistivity. It can be explained in a way that it was af-
fected on edges by the sediments from the surroundings with
lower resistivities.

The sediments along profile 3 represent mostly low
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resistivities (< 40 QQm). The same as in profile 2, they might
be either clays with additive of sediments with higher re-
sistivities as tills or sands or more probably tills or tills with
additive of clays. There are three quite wide spots of sedi-
ments with higher resistivities (>40 Qm). Their upper bound-
ary is located around 10 m below the surface. They would
constitute a continuous layer, if it was not for two, low resis-
tive (< 30 Qm) sites that stretch from 100 to 120 m and from
210 to 240 m and continue downwards. It might be the case
that first they were one layer of tills that afterwards was
deformed and torn by Pliocene clays due to glacitectonic
events. Those results enabled to close the boundary in north-
eastern part of Koztowicka buried valley and, in this way, con-
clude that the valley does not continue northwards (Fig. 5).
Along the profile CVES 1 (Fig. 7), highly resistive com-

plex, interpreted as sands, spreads fromthe beginning of the
profile to around 560 m that might be interpreted as SSE
boundary of the buried valley. Unfortunately, the NNW
boundary was not detected, neither was the trace of sediment
with reduced resistivity which would suggest proximity of
the boundary. The upper boundary of highly resistive com-
plex was detected at around 80 m a.s.l. and its bottom bound-
ary —at around 56 ma.s.l. Underneath, a moderately resistive
complex (30—75 (Qm) was encountered, interpreted either as
tills. At around 44 m a.s.l., low resistive sediments (<30 Qm)
were detected. They might be interpreted as Pliocene clays.

Highly resistive sediments along the profile CVES 2
were found already around 10 meters below the surface with
the bottom boundary around 44 m a.s.l. in the northwestern
part of the profile and at around 50 m a.s.1. in the southeastern
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surements along profiles CVES 1 and CVES 2 were performed in June 2014 and in March 2015. Since they are archival profiles, their color
scale does not fully correspond to the color scale of new profiles presented above in figure 6.

one. Their lateral southeastern border was located at 1080
meters of the profile line. They do not continue eastwards.
Northwestern lateral border was not determined, therefore it
seems that the valley continues westwards. In order to find
out where the buried valley ends, measurement along profile
1 was performed as a part of the research which is described
in this paper. Highly resistive sediments of the valley are co-
vered and surrounded by sediments with lower resistvities
(<70 Qm) which are believed to be tills.

As a result of the new survey, changes in the contour of
the upper boundary were made (Fig. 5). In western part, be-
tween VES profile lines 9 and 10, the boundary previously
was probable, since it could not be confirmed by the profile
CVES 2. It was confirmed though by profile 1 and a dashed
line (probable contour) was replaced by a continuous one. In
northeastern, on the grounds of the results from profile 2 and
profile 3, it was possible to close the structure. The valley
does not continue northwards.There is still one part of the
northeastern arm of Koztowicka buried valley where its up-
per boundary has an unconfirmed contour. In western part
(Fig. 5), between VES profile lines 10 and 12, the boundary
is conducted with an orange dashed line. It is advisable to
perform more ERT measurements in that site in the future.

The results of the new research enabled also to update re-

sistivity maps introduced first by Topolewska (2015). The
maps (Fig. 8) show how resistivity changes at different alti-
tudes (meters above the sea level) within the northeastern
arm of Koztowicka buried valley. Sections were made every
10 meters from 90 to 30 m a.s.l. in the form of horizontal
planes which sliced the model of the subsurface in a way so
that the resistivity distribution at different levels could be
seen. They enable first to see changes in resistivity with
depth, secondly, to determine location of the bottom of the
valley and then to observe denivelation of the bottom. On the
maps at 60 and 70 ma.s.1. continuous structure built of highly
resistive sediments is visible. It is surrounded by moderately
resistive sediments (around 40 Qm), interpreted as tills. On
the maps at 40 and 30 m a.s.l., under the valley one can see
low resistive deposits with resistivities lower than 25 Qm.
They might beinterpreted as Neogene clays. Low resistive
sites at altitudes 80 and 90 m a.s.l. seem not be Neogene
clays, since they do not continue on maps at 70 and 60 ma.s.l.
Nevertheless, they can be easily affected by glacitectonic
events and then they are hardly distinguishable by resistivity
from tills. As we can see, the broadest extent of the valley was
captured at 70 m a.s.L
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upper boundary of Koztowicka buried valley
(according to the sheet of MhP (557) Zyrardow)

upper boundary of Koztowicka buried valley

(according to CVES and VES measurements)
1
\l

probable course of upper boundary of Koztowicka buried valley

incorrect route of upper boundary of Koztowicka buried valley
(verified with the new research)

Fig. 8. Resistivity maps at different altitudes above the sea level according to ERT and reinterpreted VES survey (Czerwinska, 1988,
Topolewska, 2015) with changes

The maximum extent of the buried valley determinated  In the article upper boundary of Koztowicka buried valley
on the grounds of archival researches (Czerwinska, 1988;  corresponds to its maximum extent and was determinated
Topolewska, 2015) and presented results differs. It mightbe ~ based on resistivity maps at 70 m above sea level (Fig. 8).
due to different criteria and ways in which it was determined.
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DISCUSSION

Geoelectrical measurements are highly recommended in
any kind of geological or hydrogeological surveys as a start-
ing point. They provide deeper insight into the substrate and,
this way, rough estimation of the shape and extent of the un-
derground structures. Importance of the methods can be seen
on the example of MhP. Its quality is of such great relevance,
because it is treated as a reference for many different re-
searches. Unspotted mistake may be copied in every follow-
ing study. The extent of the buried valley was determined by
Felter and Nowicki (1998a, b) based on 144 wells situated
within 325 km” of the sheet area. Statistically, there are 2.26
wells per 1 km?. In practice, though, wells were dispersed in a
way that most of them were clustered around Zyrardéw, lo-
cated in central part of the sheet. However, such a small
amount of wells, in the authors opinion, is not reliable to
make further conclusions. In addition, it appears that no ex-
isting geoelectrical results were used, since the same geo-
electrical researches were taken into account by Topolewska
(2015) and completely different results were obtained. The
extent of the valley differed. This conclusion was proved in
the research described in this paper. That is why broader use
of geoeletrical methods is recommended while mapping
hydrogeological structures, especially in case of such an ex-
tended documentation as MhP. Though geoelectrical mea-
surements in Quaternary sediments are mainly performed as
a part of hydrogeological studies (e.g. Binley et al., 2002;
Ercoli et al., 2012; Khaki et al., 2016; Mastrocicco et al.,
2010), they can be effectively used in order to determine ge-
ometry of buried valleys and type of the sediments that fill
them up.
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