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Abstract
The pa per is aim ing to de ter mi nate the ex tent of the north east ern arm of Koz³owicka bur ied val ley on the grounds of
own re search by means of elec tri cal re sis tiv ity to mog ra phy – ERT and avail able ar chi val re searches. On the Hy dro-
geo log i cal map of Po land, ¯yrardów sheet (Felter and Nowicki, 1998a, b) Koz³owicka bur ied val ley was dif fer en ti -
ated as an in di vid ual hydrogeological unit. The re sults of the anal y sis show that the ex tent of the struc ture, de fined by
its up per bound ary, dif fers sig nif i cantly from the one sug gested on the sheet of Hydrogeological map of Po land. Since
there was no data avail able in the north east ern part of the dis cussed arm of Koz³owicka bur ied val ley, the north ern
bound ary was de fined only based on avail able geoelectrical sound ing pro files (Czerwiñska, 1988; Topolewska, 2015). 
In or der to con firm sug gested so lu tion, geoelectrical re search by means of elec tri cal re sis tiv ity to mog ra phy (ERT) was 
con ducted. The mea sure ments were per formed along 3 pro files lo cated in the area of in ter est. The au thors would like
to point out the need of the us age of ERT in map ping and study ing bur ied struc tures that might be ground wa ter res er -
voirs. As a re sult, one ob tains quasi-con tin u ous im age of elec tri cal re sis tiv ity of the subsurface. Due to the con trast of
elec tri cal prop er ties of sed i ments, it is pos si ble to de ter mine up per and bot tom sur faces of bur ied struc tures, formed
within gla cial de pos its.

Key words: bur ied val ley, geoelectrical meth ods, elec tri cal re sis tiv ity to mog ra phy, ERT

Manu script re ceived 28 April 2016, ac cepted 17 October 2016

INTRODUCTION

Geoeletrical meth ods, based on a phys i cal prop erty of
the subsurface – elec tri cal re sis tiv ity, might be used suc cess -
fully to de ter mine the ex tent of bur ied struc tures (Black et al., 
1962; Smith, 1974; Ahmad and Schmitt, 2005, Topolewska,
2015). Elec tri cal re sis tiv ity is a phys i cal pa ram e ter that en -
ables to dis tin guish lithologies within geo log i cal me dium
(Bia³ostocki and Farbisz, 2007; Farbisz et al., 2010; Palacky,
1987; Saleh and Samsudin, 2013). How ever, elec tri cal re sis -
tiv ity ob tained dur ing mea sure ments does not in di cate un am -
big u ously type of sed i ment or soil, be cause it de pends on
many dif fer ent fac tors: inter aliamineral com po si tion (es pe -
cially, in the pres ence of clay min er als), struc tural and tex -
tural char ac ter is tics (po ros ity, par ti cles ce men ta tion, com-
paction), wa ter pres ence and its conductibility. Bur ied val -
leys are struc tures that were cre ated dur ing two phases. First,
con cave struc ture was cre ated by river or stream, and then in
the sec ond phase, it was filled up with flu vial, glaciofluvial or 
lac us trine ma te rial in sev eral sed i men ta tion cy cles dur ing
interglacials or af ter com plete deglaciation, there af ter cov -
ered by youn ger sed i ments. In West Mazovian, area that is

scarce in wa ter of pass able qual ity, this type of Qua ter nary
struc tures might be po ten tial source of wa ter sup ply (Felter
and Nowicki, 2003). Koz³owicka bur ied val ley is one of
them. It was de scribed and mapped for the first time by Felter
and Nowicki (1998a, b) on. Hydrogeological map of Po land
(MhP), sheet ̄ yrardów. The aim of this pa per is to ver ify by
means of ERT the up per bound ary of the north east ern arm of
Koz³owicka bur ied val ley which was determinated by Topo-
lewska (2015) on the grounds of own and ar chi val VES (ver -
ti cal elec tri cal sound ing) stud ies (Czerwiñska, 1988). As a
re sult, re sis tiv ity maps were cre ated. They show how the ex -
tent of the val ley changes with depth.

AREA DE SCRIP TION

Lo ca tion

The re search area was lim ited to the north east ern arm of
Koz³owicka bur ied val ley. It is lo cated in the south west ern
part of Mazovian Prov ince (Fig.1) within Grodzisk County
(circa 30 km west from War saw). Hydrogeologically, it is lo -
cated en tirely within ground wa ter body1 num ber 65, ac cord -
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ing to di vi sion into 172 parts ef fec tive from 2016 and within
an other hydrogeological unit or ground wa ter ba sin2 num ber
215a called Subniecka warszawska (Herbich et al., 2007).

Ac cord ing to the phys io graphic regionalization of Po -
land (Kondracki, 2009), the re search area is lo cated within
prov ince Mid dle Eu ro pean Plain and subprovince Cen tral
Eu ro pean Low lands. It is lo cated in macroregion Cen tral
Mazovian Plainand in mezoregion £owicko-B³oñska Plain
(Fig. 2). Lo cally, al ti tude differences reach few me ters and
are pro duced by flu vial ero sion pro cesses. North ern and
north west ern parts of the sheet ¯yrardów (re search area in -
cluded), £owicko-B³oñska Plain, are quite flat. The al ti tudes
drop slightly to wards the north and the north west (Felter and
Nowicki, 1998a, b). Koz³owicka bur ied val ley is not vis i ble
in the mor phol ogy.

Ge ol ogy

Koz³owicka bur ied val ley is lo cated in the north west ern
part of a geo log i cal struc ture called Mazovian Ba sin. It is a
con cave struc ture in the Cre ta ceous sed i ments base ment that
is over lain by thick lay ers of Paleogene–Neo gene and Qua -
ter nary sed i ments. Few geo log i cal bore holes, lo cated in ¯y-
rardów and Sochaczew, doc u mented up per bound ary of Cre -
ta ceous sed i ments at 193–197.5 m be low the sur face. The

most cru cial for this re search are Pleis to cene sed i ments. Ge -
ol ogy will be de scribed on the grounds of the geo log i cal
cross-sec tion pre sented in the fig ure 3. The lo ca tion of the
cross-sec tion line is shown on a geo log i cal map of the north -
east ern arm of  Koz³owicka bur ied val ley in fig ure 4. De -
scrip tion of ge ol ogy and geo log i cal map of the re search area
were based on in for ma tion given by Geo log i cal de tailed map
of Po land ¯yrardów sheet (Szalewicz, 1993). Strati graphic
di vi sion of Qua ter nary sug gested by Ró¿ycki (1972) and
used by Szalewicz was up dated us ing the lat est.

The old est de pos its on the cross-sec tion are dated to
Plio cene. They are lac us trine sed i ments, mainly clays and
clays with silt (Fig. 3; layer 1). They were en coun tered at the
bot tom of three out of four bore holes that were used to make
the cross-sec tion – at around 60 m a.s.l. at the ex tremes of the
line and at around 27 m a.s.l. in the cen tral part of the se -
quence. As it is shown on the cross-sec tion, they might have
been once a con tin u ous layer. Anal y sis of nearby bore holes
showed that thick ness of those sed i ments is 45–48 m. In one
bore hole, com plex of sand, gravel and re sid ual gravel dated
to South Pol ish Glaciations was en coun tered at 66 m a.s.l.
(layer 2a). It is 6 m thick. It has not been de tected in other
geo log i cal pro files. In two mid dle bore holes, at 48 and 54 m
a.s.l. a com plex com posed of flu vial sands and grav els (2b)
was en coun tered. Its max i mum, doc u mented thick ness rea-
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Fig. 1. Lo ca tion of the study area with Koz³owicka bur ied val ley ac cord ing to Felter and Nowicki (1998b). Black lines – main roads; A-2,
50, 719 – num ber ing of main roads; black ar row – in di ca tion of the struc ture on the map of Po land, grey-col ored area – Koz³owicka bur ied
val ley, dashed-line poly gon – in ves ti gated part of the struc ture, black squares – big ger cit ies in the area.
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ches 26 m in a bore hole no. 5570117. Those sed i ments con -
sti tute the fill ing of a bur ied val ley (be lieved to be a part of
Koz³owicka bur ied val ley), deeply cut into the Plio cene sub -
strate, with axis di rec tion SW–NE. It was dated to Podlasian
Inter gla cial (or Ma³opolska Inter gla cial ac cord ing to Ró-
¿ycki, 1972). In a bore hole no. 5570118, varved clay (3a)
was en coun tered at two lev els, first at around 63 m and then
at 71 m a.s.l. In the same bore hole, till (3b) was en coun tered
at 65.6 m, 75.6 m and 81.6 m a.s.l. Be tween youn gest lay ers
of till, 2-me ters thick layer of clay and silt (3c) was de tected.
Their thick ness var ies be tween 2 and 6 m. In a bore hole no.
5570108, till (3b) was en coun tered at 72.3 m a.s.l. and its
thick ness is 7 m. This de posit was thought to be a con tin u a -
tion of tills on the west ern part of the cross-sec tion. The old -
est sed i ments aged (4) to Mid dle Pol ish Gla ci ation, were
en coun tered in all four bore holes. In the mid dle ones, they
reach greater depths. Their max i mum thick ness is around
35 m. Bot tom part (4a) is built of lac us trine fine sands. Top
part (4b), in turn, seems to be of even finer frac tion. They are
clay and silt and silty sand. It is pos si ble 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 cre ated a sep a rate
layer that has no re la tion to the bur ied val ley. How ever, it ap -
pears that the top bound ary of the bur ied val ley on most re sis -
tiv ity mod els is en coun tered much closer to the sur face.They
were de pos ited dur ing Odranian Gla ci ation (ac cord ing to
Ró¿ycki, 1980) or dur ing Krznanian Gla ci ation (ac cord ing to
Lindner and Marks, 1999), which in di cate more or less same
age (Lindner and Marks, 2012).This lithologically di ver si fied
com plex to gether with a com plex of flu vial sed i ments (2b) is
be lieved to con sti tute the fill ing of Koz³owicka bur ied val ley.

A con tin u ous com plex of tills (5), in WSW part, was en -
coun tered at around 88 m a.s.l. while in ENE part – at around
94m a.s.l.. Its thick ness var ies from 6 to 16 m. In a borehole
no. 5570117, thin layer of re sid ual gravel and boul ders (6)
was en coun tered at 86 m a.s.l. Silt and clay (7a) were en coun -
tered in a bore hole no. 5570144 at 92 m a.s.l. They con sti tute
also a thin layer. Sed i ments com mon on the sur face are tills
(7b) that were found in most of the pro files. Their thick ness
max i mally reaches 16 m. They were the last de posit dated to
Mid dle Pol ish Gla ci ation (Warta Stage, ac cord ing to Lindner 
and Marks 2012) that was de ter mined in this area. Humic
sands and peat (14) dated to Ho lo cene were de tected in one
bore hole.They are usu ally at bot tom of river val leys or de -
pres sions. They are of ten en coun tered on tills (7b) and on
lac us trine sed i ments (7a).

The gen e sis of the struc ture seems to be dou ble. It was
sug gested by Topolewska (2015) that the struc ture in volved
two com plexes, bot tom one (2b) that con sisted of flu vial de -
pos its (sand and gravel) dated to Podlasian Inter gla cial and
up per one (4a–b) com posed of lac us trine de pos its (clay, silty
sand, fine sand) dated to Krznanian Gla ci ation. Though, it is
not sure if these com plexes are ac tu ally sep a rated by sed i -
ments from Sanian1 Gla ci ation (lay ers 3a–c).

Hydrogeogeology

Due to the ca pac ity of sed i ments to store wa ter, Koz³o-
wicka bur ied struc ture is one of the most im por tant hy dro-
geo log i cal units in the area. Over ly ing tills seems to be good

enough to iso late the wa ter-bear ing struc ture un der neath,
still it is char ac ter ized by poor or no iso la tion. Ac cord ing to
Balcerkiewicz (1989) and Wysocki (1996), hydrogeody-
namic pa ram e ters determinated for the whole com plex of
sed i ments of Koz³owicka bur ied val ley are fol low ing: hy drau -
lic con duc tiv ity var ies from 5 to 44 m/d (16 m/d on av er age),
transmissivity lo cally is above 1000 m2/d, po ten tial dis charge
of wells ranges from 70 to 120 m3/h and dis pos able re sources
are 280 m3/d per km2. It is one of the main aqui fers in the area
and was de ter mined as a sep a rate hydrogeological unit.

FOR MER STUD IES

Topolewska (2015) gath ered all the rel e vant in for ma tion 
on Koz³owicka bur ied struc ture, hav ing an a lyzed for mer re -
searches and added re sults and con clu sions from her own
study. She based her re search mainly on Czerwiñska’s geo-
elec tri cal (VES) stud ies (1988) which aimed to ex plore
north east ern part of the struc ture that was be lieved to be a
good ground wa ter re source. The re sults were re in ter preted
and pre sented in the form of geoelectrical cross-sec tions that
showed re sis tiv ity dis tri bu tion in the subsurface. This way, it
be came pos si ble to de ter mi nate the ex tent of the up per
bound ary of the bur ied val ley. Hydrogeological map of Po -
land by Felter and Nowicki (1998a,b) was one of the main ar -
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Fig. 2. Lo ca tion of Koz³owicka bur ied val ley on the hypsometric
map of the re gion (557) ¯yrardów (Felter and Nowicki, 1998b).



chi val stud ies that Topolewska (2015) used as a base for her
own re search. How ever, just at the be gin ning of the anal y sis
she ob served that the ex tent of Koz³owicka bur ied struc ture
pro posed by the au thors could not be cor re lated with the
geoelectrical stud ies of Czerwiñska (1988) that were be -
lieved to be the most es sen tial base for this part of the map.
Topolewska sug gested the lo ca tion of a new (up per) bound -
ary of the struc ture where east ern and west ern bound aries
were de ter mined based on re in ter preted ar chi val VES re -
search (Czerwiñska, 1988) and her own ERT mea sure ments.
Due to the lack of data, she could not de ter mine the ex act lo -
ca tion of south ern and north ern bound aries. This pa per de -

scribes the re sults from the study car ried out at the site where
north ern and west ern bound aries of the north east ern arm of
Koz³owicka bur ied val ley were sup posed to be sit u ated.

METH ODS

Since the aim of the re search was to de ter mine the lo ca -
tion of the bound ary of Koz³owicka bur ied val ley, struc ture
filled up with highly re sis tive sed i ments within low re sis tive
de pos its, geoelectrical meth ods were most suit able. Elec tri -
cal re sis tiv ity to mog ra phy (ERT) was used. Elec tri cal re sis -
tiv ity to mog ra phy method (term used i.a. by Zhou et al.,
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Fig. 3. Geo log i cal cross-sec tion along pro file line A–B (Topolewska, 2015; with slight changes).



2001; Kemna et al., 2002; Zhou et al., 2002; Daily et al.,
2004) is also called elec tri cal re sis tiv ity im ag ing (ERI) (term
used i.a. by Van Schoor, 2002; Loke and Lane, 2004; Smith
and Sjogren, 2006; Ratnakumari et al., 2012) or con tin u ous
ver ti cal elec tri cal sound ing (CVES) (term used i.a. Van
Overmeeren and Ritsema, 1988; Chongoa et al., 2011; Aning 
et al., 2014). Prin ci ples of re sis tiv ity elec tri cal meth ods, their 
ap pli ca tion and fore go ing de vel op ment were de scribed i.a.
by Dahlin (1996), Loke et al. (2013), Samouëlian et al.
(2005). 

ERT mea sure ment was per formed by means of Terra-
me ter LS, prod uct of Swed ish com pany ABEM. Along 4 ca -
bles, 21 elec trodes were placed with the spac ing of 5 m at
each ca ble. Since the pro file lines were lon ger than 400 m,
roll-along tech nic was ap plied with a gra di ent ar ray, as de -
scribed in de tail by Dahlin and Zhou (2006). The us age of
this ar ray usu ally en ables to no tice changes in re sis tiv ity
when ever hor i zon tal or ver ti cal lithological bound aries are
crossed. In or der to get closer to the tar get, which was de ter -
mi na tion of the ex tent of the val ley, ERT was ap plied along
three pro files. In con trast to VES, it gives a two-di men sional
in sight into the subsurface – in ver ti cal and hor i zon tal di rec -
tions. The re sults were in ter preted and pre sented in the form
of re sis tiv ity mod els (Figs 6, 7). They were put to gether with
ar chi val re sults (achieved by the means of ERT and VES)
and pre sented in the form of re sis tiv ity maps made at dif fer -
ent al ti tudes (Fig. 8).

RE SULTS

Mea sure ments were per formed along 3 pro files. The lo -
ca tion of the pro files is shown on a documentation map
(Fig. 5). They are marked with black lines. In ad di tion, pro -
file 1 was also plot ted on the geo log i cal map (Fig. 4). Oth ers
were un for tu nately sit u ated be yond its lim its. The pro files
were sit u ated in a way so that the west ern (pro file 1) and
north east ern (pro file 2 and 3) bound aries of the struc ture (de -
ter mined on the grounds of ar chi val ERT and VES stud ies;
light brown line on the doc u men ta tion map) could be cros-
sed. Mea surements along pro files CVES 1 and CVES 2, also
pres ent on the maps (Figs 4, 5), were done as a part of a dif fer -
ent study (Topolewska, 2015) and were pre sented in this pa -
per, since they were thought to bring es sen tial in for ma tion.
The re sults are pre sented on 3 re sis tiv ity mod els (Fig. 6). Ad -
di tion ally, re sis tiv ity mod els along CVES 1 and CVES 2 were
de scribed (Fig. 7).

In fig ure 6, three re sis tiv ity mod els are pre sented. Mea -
sure ment along pro files 1–3 were per formed in June and July
2015. On mod els, three re sis tiv ity com plexes were iden ti -
fied: highly re sis tive with higher than 75 Wm (light green,
yel low, or ange, red), mod er ately re sis tive with re sis tiv ity
range from 30 to 75 Wm (blue/green) and low re sis tive with
val ues lower than 30 Wm (blue).

Along pro file 1, highly re sis tive sed i ments (sands) con -
sti tut ing the fill ing of the val ley were en coun tered in the
south east ern part of the pro file line reach ing depths of
around 50 me ters all the way to wards the bor der till ap prox i -
mately 250 me ters from the start ing point of the pro file where 
their bot tom bound ary was found around 40 me ters be low the 
sur face. Even though, some sed i ments with re sis tiv ity of

around 70 Wm (prob a bly tills) ap pear at the north west ern ex -
treme of the pro file, it is be lieved that the val ley does not con -
tinue west wards. There is a low re sis tive elon gated area
pres ent at 250–550 m from the first elec trode that is reach ing
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Fig. 4. Geo log i cal map of in ves ti ga tion area (Topolewska,
2015). Num ber ing cor re sponds to num ber ing on geo log i cal
cross-sec tion in fig ure 3.



depths of 5 me ters. Based on in for ma tion re vealed by geo -
log i cal pro files, those are most likely tills. Un der neath the
val ley, at around 60 m a.s.l. in the north west ern part and at
around 45 m a.s.l. in the south east ern part,sed i ments with
resistivities lower than 25 Wm are lo cated. They are be lieved
to be Plio cene clays. If we look at geo log i cal cross-sec tion
(Fig. 3), up per bound ary of Plio cene clays is also lo cated at
60 m a.s.l. on both ends of the pro file line.

Those re sults en abled to re place prob a ble con tour of the
bound ary (marked with a dashed line) in the west ern part of
the struc ture (Fig. 5) with a con firmed one (marked with a

con tin u ous line). Most of the sed i ments along pro file 2 rep re -
sent low resistivities (< 40 Wm). They might be ei ther clays
with ad di tive of sed i ments with higher resistivities as tills or
sands or more prob a bly tills or tills with ad di tive of clays.
There is one spot with higher re sis tiv ity (40–60 Wm) that
stretches from 80 to 100 m (hor i zon tally) and from 85 to 70 m 
a.s.l. (ver ti cally). It might be a sand lens with lower than
usual re sis tiv ity. It can be ex plained in a way that it was af -
fected on edges by the sed i ments from the sur round ings with
lower resistivities.

The sed i ments along pro file 3 rep re sent mostly low
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Fig. 5. Doc u men ta tion map of ERT and new ERT pro files with re in ter preted VES sur vey (Czerwiñska, 1988) based on doc u men ta tion
map from Topolewska’s re search (2015).



resistivities (< 40 Wm). The same as in pro file 2, they might
be ei ther clays with ad di tive of sed i ments with higher re-
sistivities as tills or sands or more prob a bly tills or tills with
ad di tive of clays. There are three quite wide spots of sed i -
ments with higher resistivities (>40 Wm). Their up per bound -
ary is lo cated around 10 m be low the sur face. They would
con sti tute a con tin u ous layer, if it was not for two, low re sis -
tive (< 30 Wm) sites that stretch from 100 to 120 m and from
210 to 240 m and con tinue down wards. It might be the case
that first they were one layer of tills that af ter wards was
deformed and torn by Plio cene clays due to glacitectonic
events. Those re sults en abled to close the bound ary in north -
east ern part of Koz³owicka bur ied val ley and, in this way, con -
clude that the val ley does not con tinue north wards (Fig. 5).

Along the pro file CVES 1 (Fig. 7), highly re sis tive com -

plex, in ter preted as sands, spreads fromthe be gin ning of the
pro file to around 560 m that might be in ter preted as SSE
bound ary of the bur ied val ley. Un for tu nately, the NNW
bound ary was not de tected, nei ther was the trace of sed i ment
with re duced re sis tiv ity which would sug gest prox im ity of
the bound ary. The up per bound ary of highly re sis tive com -
plex was de tected at around 80 m a.s.l. and its bot tom bound -
ary – at around 56 m a.s.l. Un der neath, a mod er ately re sis tive
com plex (30–75 Wm) was en coun tered, in ter preted ei ther as
tills. At around 44 m a.s.l., low re sis tive sed i ments (<30 Wm)
were de tected. They might be in ter preted as Plio cene clays.

Highly re sis tive sed i ments along the pro file CVES 2
were found al ready around 10 me ters be low the sur face with
the bot tom bound ary around 44 m a.s.l. in the north west ern
part of the pro file and at around 50 m a.s.l. in the south east ern 
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Fig. 6. Re sis tiv ity mod els along pro file 1, 2, 3.



one. Their lat eral south east ern bor der was lo cated at 1080
me ters of the pro file line. They do not con tinue eastwards.
North west ern lat eral bor der was not de ter mined, there fore it
seems that the val ley con tin ues west wards. In or der to find
out where the bur ied val ley ends, mea sure ment along pro file
1 was per formed as a part of the re search which is de scribed
in this pa per. Highly re sis tive sed i ments of  the val ley are co-
vered and sur rounded by sed i ments with lower resistvities
(<70 Wm) which are be lieved to be tills.

As a re sult of the new sur vey, changes in the con tour of
the up per bound ary were made (Fig. 5). In west ern part, be -
tween VES pro file lines 9 and 10, the bound ary pre vi ously
was prob a ble, since it could not be con firmed by the pro file
CVES 2. It was con firmed though by pro file 1 and a dashed
line (prob a ble con tour) was re placed by a con tin u ous one. In
north east ern, on the grounds of the re sults from pro file 2 and
pro file 3, it was pos si ble to close the struc ture. The val ley
does not con tinue north wards.There is still one part of the
north east ern arm of Koz³owicka bur ied val ley where its up -
per bound ary has an un con firmed con tour. In west ern part
(Fig. 5), be tween VES pro file lines 10 and 12, the bound ary
is con ducted with an or ange dashed line. It is ad vis able to
per form more ERT mea sure ments in that site in the fu ture.

The re sults of the new re search en abled also to up date re -

sis tiv ity maps in tro duced first by Topolewska (2015). The
maps (Fig. 8) show how re sis tiv ity changes at dif fer ent al ti -
tudes (me ters above the sea level) within the north east ern
arm of Koz³owicka bur ied val ley. Sec tions were made ev ery
10 me ters from 90 to 30 m a.s.l. in the form of hor i zon tal
planes which sliced the model of the subsurface in a way so
that the re sis tiv ity dis tri bu tion at dif fer ent lev els could be
seen. They en able first to see changes in re sis tiv ity with
depth, sec ondly, to de ter mine lo ca tion of the bot tom of the
val ley and then to ob serve denivelation of the bot tom. On the
maps at 60 and 70 m a.s.l. con tin u ous struc ture built of highly 
re sis tive sed i ments is vis i ble. It is sur rounded by mod er ately
re sis tive sed i ments (around 40 Wm), in ter preted as tills. On
the maps at 40 and 30 m a.s.l., un der the val ley one can see
low re sis tive de pos its with resistivities lower than 25 Wm.
They might beinterpreted as Neo gene clays. Low re sis tive
sites at al ti tudes 80 and 90 m a.s.l. seem not be Neo gene
clays, since they do not con tinue on maps at 70 and 60 m a.s.l.
Nev er the less, they can be eas ily af fected by glacitectonic
events and then they are hardly dis tin guish able by re sis tiv ity
from tills. As we can see, the broad est ex tent of the val ley was 
cap tured at 70 m a.s.l.
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Fig. 7. Re sis tiv ity model along CVES 1 and CVES 2 (Topolewska, 2015).In fig ure 7, two ar chi val re sis tiv ity mod els are pre sented. Mea -
sure ments along pro files CVES 1 and CVES 2 were per formed in June 2014 and in March 2015. Since they are ar chi val pro files, their color
scale does not fully cor re spond to the color scale of new pro files pre sented above in fig ure 6.



The max i mum ex tent of the bur ied val ley determinated
on the grounds of ar chi val re searches (Czerwiñska, 1988;
Topolewska, 2015) and pre sented re sults dif fers. It might be
due to dif fer ent cri te ria and ways in which it was de ter mined.

In the ar ti cle up per bound ary of Koz³owicka bur ied val ley
cor re sponds to its max i mum ex tent and was determinated
based on re sis tiv ity maps at 70 m above sea level (Fig. 8).

MAP PING OF THE NORTH-EAST ERN PART OF KOZ£OWICKA BUR IED VAL LEY 99

Fig. 8. Re sis tiv ity maps at dif fer ent al ti tudes above the sea level ac cord ing to ERT and re in ter preted VES sur vey (Czerwiñska, 1988,
Topolewska, 2015) with changes



DIS CUS SION

Geoelectrical mea sure ments are highly rec om mended in 
any kind of geo log i cal or hydrogeological sur veys as a start -
ing point. They pro vide deeper in sight into the sub strate and,
this way, rough es ti ma tion of the shape and ex tent of the un -
der ground struc tures. Im por tance of the meth ods can be seen
on the ex am ple of MhP. Its qual ity is of such great rel e vance,
be cause it is treated as a ref er ence for many dif fer ent re -
searches. Un spot ted mis take may be cop ied in ev ery fol low -
ing study. The ex tent of the bur ied val ley was de ter mined by
Felter and Nowicki (1998a, b) based on 144 wells sit u ated
within 325 km2 of the sheet area. Sta tis ti cally, there are 2.26
wells per 1 km2. In prac tice, though, wells were dis persed in a 
way that most of them were clus tered around ¯yrardów, lo -
cated in cen tral part of the sheet. How ever, such a small
amount of wells, in the au thors opin ion, is not re li able to
make fur ther con clu sions. In ad di tion, it ap pears that no ex -
ist ing geoelectrical re sults were used, since the same geo-
elec tri cal re searches were taken into ac count by Topolewska
(2015) and com pletely dif fer ent re sults were ob tained. The
ex tent of the val ley dif fered. This con clu sion was proved in
the re search de scribed in this pa per. That is why broader use
of geoeletrical meth ods is rec om mended while map ping
hydrogeological struc tures, es pe cially in case of such an ex -
tended doc u men ta tion as MhP. Though geoelectrical mea -
sure ments in Qua ter nary sed i ments are mainly per formed as
a part of hydrogeological stud ies (e.g. Binley et al., 2002;
Ercoli et al., 2012; Khaki et al., 2016; Mastrocicco et al.,
2010), they can be ef fec tively used in or der to de ter mine ge -
om e try of bur ied val leys and type of the sed i ments that fill
them up.
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