
Kwartalnik Geologic7.ny, t. 33, nr 3/4, str. 479-494 

Wojciech MORAWSKI, Zdzislawa SARNACKA 

MorphoJogy of Quaternary substrate in the 
Warsaw area and its surroundings* 

The paper presents several morphologic features of the sub-Qualernary SUrfi:lCC 

in the Warsaw area and its surroundings. They comprise a primary sedimentary 
surface, glaciotectonic nnticlines and synclines, glacioteclonic rafts and intrusions , 
subglacial troughs, erosive cuts of the pre-Vistula. Problems concerning progress 
and age of genetic processes are discussed. 

INTRODUCTION 

The Warsaw area and its closest surroundings are a peculiar region 
for studies over Quaternary deposits and its substrate. Many thousand 
boreholes have been done for various pU!I'poses in municipa.J.-industrial 
zones whereas adjacent non~built areas aJ'e loc:ally completely devoid of 
geologic data . A geology of the Warsaw site have been already of interest 
of many authors since the end of the previous centllTY. A broad discus
s}on of this literature is presented in the explanatory text to the Geologic 
Atlas of Warsaw (M. D. Domoslawska-Baraniecka et aI., 1965) and in ex
planations to the sheets: Warsaw East (Z. Sarnacka, 1980b) and Warsaw 
West (W. Morawski, 1980b) of the Detailed Geologic Map of PolanId in 
~ scale of 1 : 50,000. The mentioned atlas comprises all the geologic data 
from Warsaw (central par,t of the described area) with such a detail that 
boreholes of the oJast 20 years 'have not resulted in significant changes, 
in a morphology of the Quaternary sUhstrate as well. A stratigraphy of 
Quaternary deposits as well as morphology of its sUhstrate have a pecu
liar place in a monography on the Pleistocene of Central Poland (S. Z. R6-
zyoki, 1967, 1972). Numerous new data on a morphology of the substrate 
in WaTsaw have been provided by works connected with a construction 
of the Lazienkowska Tract, housing estates of S!uiew and Ursyn6w and 
underground (W. Z. Naleiyty, 1972; L. Watycha, 1973; E. Brykczyilska, 
M. Brykczynski, 1974; W. Morawski, 1984). 
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Fig. 1. Morphology of Quaternary substrate 
1 - outcrops at Pliocene deposits; 2 - Pliocene deposits at depths to 2 m; 3 - contour lines 
of the top of Pliocene deposits in metres a.s.l.; 4 - anticline axes; 5 - steep escarps of the 
top surface of Pliocene deposits; 6 - geologic sections 

New ideas on genesis of deformations, being a prinqipa.] featuTe of 
a morphology of the Quaternary suhstrate in the Warsaw area, are pre
sented in papers of M. D. Baraniecka (1975b) and M. Bryk·czynski (1982). 

A ta'sk of preparation of two adjacent sheets of the Detailed Geologic 
Map of Poland in a scale of 1 : 50,000: Warsaw West (W. Morawski, 1979, 
1980 a, b) and Warsaw East (Z. Sarnaoka, 1980 a, b), undertaken by the 
Department of Geological Mapping, Geological Institute of Warsaw, 
was the next important phase in a recognition of a geologic structure 
(morphology of the Quaternary swhstrate also inclusive) in the Warsaw 
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Uksztaliowanie powierzchni podloza czwartorz~du 
1 - wychodnie osad6w pliocenskich; 2 - osady plloceiiskie na g lE:bokosci nle wiE:kszeJ nit 
2 m; 3 - poziomice stropu osad6w pllocefiskich w m n.p.m.; 4 - osle wypiE:trzen (antyklin); 
5 - strome skarpy powierzchni stropu osad6w plioceriskich; 6 - linie przekroJ6w geologicz
nych 

area and its surroWldings. Independently on cartographic-geologic works 
within this ·task, an electric logging was done at a total distance of over 
65 km {W. Morawski, 1977) and 23 resear·ch boreholes were dril:led, with 
a f.ull core collection and a total length of 2372 m, that <reached the Qua
ternary substrate. This paper comprises an analysis -of about 9400 archi
val boreholes, including about 2400 ones that passed through the Quater
nary deposits and provided with data on a location of the substrate top 
surface. All these data enabled to prepare a sketch of t he Quaternary 
substrate mor,phology (Fig. 1) and the sections (Figs 2-4). 
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PROBLEM OF THE PREGLACIAL 

It seems necessary to formulate several comments on deposi Is of the 
so-called "Preglacial" before a description of the morphology of the sub
-Quaternary surface. A stratigraphic location od' f.1uvial-lac:ustrine sedi
ments that ·overlie variegated clays and underlie glacigenic deposits of 
the Pleistocene, constitutes the problem discussed by many scientists. 
This series of sediments was described aJrld named the "Preglacial" for 
the first time by J. Lewmski (1929). The so-called "Ochota Series", des
cribed by S. Z. R6zycki (1961, 1967), was considered for the younger than 
the Pliocene and for-med the key stratigraphic horizon in the Polish 
Lowland. But S. Z. R6zycki in 1972, due to the Tertiary flora of this 
series, found it and so the whole Preglacial of Mazowsze to ibe of the 
Middle Pliocene age. 

But the following years brought the results that induce to a new out
look on this problem. Investigations in the OtwoClk: area - southeast of 
Warsaw (M. D. Baraniecka, 1975a, 1976; L . Stuchlik, 1975) supplied 
with sections of the Preglacial deposits, particul8!I"ly the one from Ponu
rzyca ihat presents an occurrence of numerous fluvia'l-lacustrine cycles. 
The analyzed flora indicates cyclic climatic variation: cold interva.Js of 
glacial type and warm ones of interglacial type, and was correlated with 
the stratigraphi~ scheme of W. H. Zagwijn (1960). 

During the preparation of the sheet Warsaw West several research 
boreholes, particulaTly at Mir6w and Opacz, provided with new sections 
of the Preglacial deposits, composed of cyclicly varying fluvial-lacustrine 
sediments with inserts of e>rganic material. These sections were correlated 
with the Ponurzyca section ('n. Morawski, L. Stuchlik, 1987). 

Summing up the earlier conclusions of A. Srodoil (1962), M. D. Ba
raniecka (1975 a), L. Stuchlik (1975, 1977), W. Morawski (1979, 1980 a, b), 
W. Morawski, L. Stuchlik (1987), B. Kosmowska-CeranO'wicz (1987), 
deposits of the so-called "Preglacial" are to be included into the Quater
nary. A ~ocation of these deposits in the Mir6w-Opacz area seems to be 
the cloosest to a primary sedimentary one. Their bot 10m occurs there on 
the Pliocene deposits at about 60-65 m a.s.l. and the top at 80-85 m 
a.s.l. On the other hand the so-called "Ochota Series" is most probably the 
raft of the Miocene deposits or a series of them, r edeposited in a secon
dary deposit. 

Therefore, the sub-Quaternary surface described in this paper, corres
ponds with the top of the Pliocene deposits and the boltom of the Quater
nary depoosits, into which the so-called "Preg.Jacial" sediments were inclu
ded, that is similarly as accepted by E. Riihle (1955). 

MORPHOLOGIC ELEMENTS OF THE SUB-QUATERNARY SURFACE 
(OF THE QUATERNARY SUBSTRATE) 

A morphology of the sub-Quaternary surface in the described area of 
the Warsaw surroundings is considerably varying (Fig. 1). A ,location of 
its highest elevations in the 8r6dmiescie area (about 113 m a.s.!.) and of 
the maximum depressions at Wilan6w (108 m b.s.!.) indicates the altitude 
difference reaching about 220 m. Such variations of the sub-Quaternary 
surface morphology results from different processes that occurred there 
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F ig. 2. Geologic section Pruszk6w-Warsaw-Os,56w 

Przekr6j geologiczny Pruszk6w-Warszawa-Oss6w 
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during various intervals of the Quaternary. Due to these processes sepa
rate morphologic elements of this surface were formed. They are to be 
described below as well as a discussion on their origin and age is to be 
presented. 

PRIMARY SEDIMENTARY SURFACE 

Basing on observations of the bottom of the Preglacial series, located 
in a primary sedimentary position on the Pliocene deposits, an accumu
lation of the Preglacial sediments transported by rivers from the south 
is supposed to have been preceded by local erosive processes. The top 
surface of the Pliocene variegated deposits have been in scarce places 
incised even to a depth of about 20 m a.s.!. as e.g. in the case of the 
valley running southwest-northeast through Ok<:cie towards Mokot6w. 
On the other hand, recent invistigations do not support the fact on occur
rence of the Preglacial deposits at greater depths in the right-bank War
saw area. A bottom sand series filling deep depressions, described by 
J . LewiiLski (1929) from single bOTeholes in Praga as the Preglacial depo
sits, initiated the theory on existence of the Preglacial Vistula incised 
in a narrow channel beneath the present sea level. Then these presumed 
Preglacial deposits became a main argument for neotectonic or glacio
tectonic theories of synclinal features runnig south-no.-th along the pre
sent channel of the Vistula. 

In a predominant part of the area where the Preglacial deposits occur 
(Wola-Mir6w, W!ochy-Opacz, Mokot6w-S!uzew-WilanOw), they cover a 
relatively smooth surface of the Pliocene deposits located at about 60-
80 m a.s.!. To simplify, this surface can be considered for the primary 
sedimentary bottom surface of the Quaternary deposits. The Preglacial 
deposits that cover this surface, lie horizontally and do not indicate de
formations whereas their sedimentary cycles can be cor'related at con
siderable fragments of the sections, In these areas, the Preglacial deposits 
are overlain by the Pleistocene ones that represent the South-Polish 
Glaciation, Mazovian Interglacial, Middle-Polish Glaciation and Eemian 
InterglaCial; the sequence in re'latively complete and undisturbed (Figs 
2-4). 

ANTICLINES AND SYNCLINES 

The so-called "Warsaw folds" are the predominant feature in a mor
phology of the substrate of the left-bank, morainic plateau part of War
saw, These structures have been described by many authors and are 
precisely located at structural maps and numerous sections in the Geo
logic Atlas of Warsaw (M. D. Domos!aw$ka-Baraniecka et aI., 1965). 
These structures are of brachyanticline and brachysyncline types, runn
nig northwest-southeast and arranged in elevations and depressions of 
the same direction (Fig. 1). The main elevation of the Pliocene deposits 
in the Warsaw area runs from Sluzew through MokotOw, Sr6dmiescie to 
Zoliborz and further. through M!ociny and Burak6w. The Pliocene out
crops occur in ZoliboTZ, Mlociny and Burak6w. The top of the Pliocene 
deposits reaches in anticlinal zones 90-110 m a ,s.!" maximum to 113 m 
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a.s.l. whereas gets lower to abput 50 m a.s.!. in synclinal zones. A strip 
with these structures is delimited in the east by the Vistula edge where
as die out rapidly at a line running along the borders of SrodmieScie 
and Wola as well as Mokot6w and Ochota . Successive sepies of similarly 
oriented folds appear already in the Ursus area and then at Pruszk6rw 
and G!!sin. The elevations there are formed by numerous outcrops of 
the Pliocene clays, reaching up to 100 m a.s.!. 

Due to electric loggings and boreholes, a similar arrangement of .anti
clines and synclines was noted in the Oia?:'ow-Babice-Klaudyn area. At 
elevations outcrops or a shallow occurrence of the Pliocene. deposits were 
noted . also· to the altitude of about 100 m .a.s.l. Within synclines a top 
of the Pliocene deposits gets lower to about 50-60 or even 30 m a.s.l. 

In the described western part of the investigated region, the anti
clines and syncl.nes in the top of variegated clays of the Pliocene have 
a significant economic importance. The Pliocene clays within · the ele
vations are exploited by brick fields. In the same time · the elevation 
zon es are· devoid of wate?:' what is highly important fo~ these areas of 
a ho?:'ticultural use. On the other hand the synclines, filled with Quater
nary deposits, are p"oductive water-bearing areas. 
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Discussion on evaluation of described Warsaw folds, with a north
west-southeast arrangement and altitude variation of about 50-60 m, 
comprises several genetic ideas. They explain the origin of these folds as: 
result of tectonic folding movements (J. Samsonowicz, 1927), sliding of 
plastic Pliocene days on an inclined surface of older bedrock and con
nected with an uplift of the Kujawy-Pomorze Anticlinorium (J. Lewm.
ski, 1929; J. Lyczewska, 1964; S. Z. Rozycki, 1972), result of glaciotecto
nic processes (S. Lencewicz, 1926) and vaHey-side glaciotectonic - ex
pansion of glacial lobes that moved along the Vistula vaHey (M. Bryk
czyilski, 1982); a shift of plastic sediments caused by seismic tremOTs 
(M. D. Baraniecka, 1975b). This discussion touches also the age of defm
mations, defined by S. Z. Rozycki (1972) fO'r the turn of the South-Polish 
Glaciation and the Mazovian Interglacial. The same period is ascribed to 
foldings of the Mazovian Phase by M. D, Baraniecka (1975b). According 
to M. Bry'kczynski (1982) folds were formed during the maxmum stadial 
I)f the Middle-Polish Glaciation. 

Such a short presentation of the discussion O'ler the oll'igin of Warsaw 
folds is to be now su.pplemented with the following remarks. The same 
orientation of folds, not only nea-r the edge of the Vistu'la vaUey but 
also several kilometres away (Prus2)kow - Ozar6w), seems to oppose 
the idea of a valley-side glaciotectonics. The mentioned f01ds dle oot 
downwards and completely disappea'r within the Pliocene sediments. 
It denies a tectonic idea that assumes a reflection of hard bedroclk dislo· 
cations within the Pleistocene sediments. Just the opposite, the foldings 
get mme intensive towards the surface what su!!gest the stimulative 
agent for foldings acted from the surface ann so, it was most probably 
the ice sheet. 

Processes of deformation development are slightly elucidated by 
observations in exposures: cut walls of the Lazienkowska Tract and pits 
done at Sh,zew and Ursynow during construction works faT new housing 
estates and underground (W. Morawski, 1984). The investigated fold 
structures many a time sho'w an asymmetry with a southward or south
westward vergence, passing into scales. Similar azimuths of compressive 
faults and of fold caTpets with considerable shifts are also nbted. In the 
same time large fold structures are accompanied by seta of fine folds 
of a tangenial stress fl'om nmth southwards m from northeast south
westwards. AU theee structures prove the action of tangenial forces that 
seem to have been connected with an ice sheet. A series of clayey-silty 
Pliocene deposits interbedded with sands as wen as a series of Pleisto
cene deposits, both highlv saturated with meltwaters coming from ice 
sheets, have been undoubtedly a specific physical body that was parti
cularly open to plastic deformations. Series of sediments occurring within 
the inner "train field ~re subjected to strains cau,ed by stress or re
treats of ice sheets. A pattern of these inner strains must have been 
connected with a rUn or also with an uplift of the Kujawy-Pomorze 
A'1ticlinorium. location and possibly fissure of the Teisseyre's line, loca
tion of axes and limbs of the Warsaw Basin. Therefm'e, the stimuli of 
stresses or glaciotectonic relaxations could result in deformations ·con
cOl'dant with a , train pattern, existin~ in the massif, 
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It seems also possible that the azimuth of bedrock structures could 
influence the directions of main ice streams flow and thus, resulted in 
such orientation of glaciotectonic deformations. 

An age of described defOTmations (Warsaw folds) is defined by nu
merous new data received from exposures in the Warsaw area: cuts of 
the I:,azienkowska Tract, excavations in new housing estates of Wa
wrzyszew, Bemowo as well as Slu;:ew and Ursyn6w. Observations in all 
these vast and deep exposures proved that Pliocene, Preglacial and 
Pleistocene (to maximum stadial of the Middle-Polish Glaciation inclu
sive) deposits were folded together during a Single episode (E. Brykczyn
ska, M. Brykczynski, 1974; W. Morawski, 1984). The fold structures are 
smoothed and covered by a thin layer (to several metres thick) of de
posits of the Masovian - Podlasie (Warta) Stadial age, mainly by a till. 
Therefore, the fold structures seem to have been formed in the Warsaw 
area during the deglaciation after the maximum stadial (relaxation) or 
>during the advance of the ice sheet of the Mazovian-Podlasie (Warta) 
·Stadial. This opinion does not exclude the existence of glacrotectonic 
deformations during the Early Quaternary but they were probably diffe
Tent from the descibed structu~es and then, got destructed or remodelled. 

GLACIOTECTONIC RAFTS AND INTRU SIONS 

Independently of the folds (described above) with a regular orienta
tion, the defoTmations are locally noted in borehole sections that many 
a time have a deep extent and seem to be accepted for glaciotectonic 
fanes. Pleistocene deposi ts contain inserts of Tertiary, mainly Pliocene, 
sediments whereas in other places a series of deformed Pliocene sedi
ments contains inserts of Pleistocene deposits, mainly tills. 

In the area of Marki-Zielonka-Turow (Fig. 2) an occurrence of Plio
cene, Miocene and Oligocene deposits (40 m thick) was noted within 
tills, moot probably of the South-Polish Glaciation age. A top of these 
sediments occurs at 28-53 m a.s.1. whereas a bottom at 11-29 m b.s.1. 
A bottom of the Quaternary sequence in this area is noted at 20-40 m 
b.s.1. These structures seem to be a large plate-like detachment of Ter
tiary deposits, connected with a glacial erosion during the South-Polish 
Glaciation and dynamic action of the ice sheet exerted on its substrate. 
Similar structures reaching several dozen metres b .s.!. were described 
by H. Ruszczyllska-Szenajch (1976) from southeastern Mazowsze. 

Slightly different structures are noted locally in single or closely 
arranged boreholes. Tills are mixed and squeezed with Tertiary deposits 
to considerable depths. For example. the borehole at Lipk6w contains 
numerous till inserts to a depth of 170 m i.e. to 86 m b.s.1. while the 
top of Tertiary deposits in this area occurs at about 40-50 m a.s.1. The 
way of development of such structures is not clear. A local "colun,nar" 
.pressure of an ice sheet could be responsible for such a deep intrusion 
of younger s ediments into older ones. M. D. Baraniecka (1975b) explains 
such structures as "tectonic depressions", formed due to compensation 
of lacking sediments squeezed out in the neighbourhood. The mechanism 
of this process is not quite clear. 
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SUBGLACIAL CHANNELS 

Deep and narrow incisions of linear north-south or northwest-sou
theast arrangement are the outstanding features of a morphology of the 
sub-Quaternary surfa,ce. They caused a particular interest of many au
thOJ"S. The ohannel Kamianek - Zoliborz is the best known from a geolo
gic literature ·of Warsaw. It ClUts ·the described area of Warsaw from north 
southwards. Its depth is as the following (starting from the north): Bia
!ol~ka 8 m b.s.l., Zeran 35 m b.s.I., Cytadela 0 m a.s.I., Wilenski Station 
12 m b.s.I., Kamionek 3 m b.s.!., Saska K~pa 0 m a.s.!., S,ekierki 10 m 
b.s.I., north of Wilan6w 26 m b.s.I., Zawady (near WH",n6w) 108 m. b.s.!. 
Further to the south this feature can be still noted at a distance of about 
18 km through J eziarna, Konstancin as far as Banliocha. To the no·rth 
a continuation (}f this deep incisi(}n is observed towards Jabl(}nna-Choto
mow as faT as the Narew Valley (J. Nowak, 1978). 

From the Wilenski Station this channel branahes northwest-north
wards to WawTZYszew (50 m~ b.s.I.) and Radiowo (47 m b.s.I.). Its further 
continuati(}n may run across Dziekanow Lesny at 43 m b.s.I. (J. Nowak, 
1978). 

Another simHar channel, ar!ranged north-south, runs in the eastern 
part of the descdbed area: at Mi"dzylesie 18 m b.s.I., Glinki 34 m b.s.I., 
with a branch to MHoona 12 m b.s.I., Rember·t6w 30 m hs.t, Ossow 40 m 
b.s.1. Its further cOU!rse is to be noted northwards and southwards at a di
stance Miqhalin - Karczew - KElpa Nadbrzeska. 

The realized investigations pointed out the foHowing characteristic 
features of the channels: 

- north-south or northwest-southeast continuation, apparently simi
lar but in fact inconsistent with axes of antiqlines and synclines of the 
Warsaw folds, locally even crossing them; 

- they are narrow: their width .. eaches seveml hundred metres usual
ly about 200 m ; 

- their depth is usually over 100 m; local deepenings (even to 200 m) 
and shaUowings are typical: differences are to over 100 rn. 

A filling (}f a described feature is very varying and locally changeable. 
At the bottom there are .usually sandy--gravel series. They were locally 
e.g. at Kamionek, descrtbed as the Preglacial series (J. Samson(}wicz, 1927) 
what has not been ·cciJ.firmed by later investigati(}ns. In the borehole at 
Wawrzyszew, a location of which was especially fixed by detailed eleqtTic 
logging (W. M(}rawski, 1977) in the axis of the channel, the bottom sandy
-gravel layer is of glaciHuvial origin (Fig. 4). The overlying infilling de
posits, noted in numerous boreholes of the right-bank Warsaw as well as 
in the WaTSaw Steelworks (Fig. 4), are composed of severai tills with 
sandy-gravel interbeddlngs and Tertiary rafts. In ,the mentioned borehole 
at Wawrzyszew, Wolumen Street, the infilling is composed of monotonous 
series of horizontaHy stratified and non-deformed fine-grained sands and 
sHts (120 m thick) of ioe-dam - gladfluvi'al origin. 

The listed data pTove that deep cuts are to be oonsidered for subgla
cial channels. The age of their formation cannot be easily deHned as they 
have developed most probably in num<?!rous stages. A stratigraphic inter
pretation (}f tills within the channels, accepted in previous pa·pers (Z. Sar
nacka, 1980 a, b), suggests their development already during the oldest 
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glaciation. At the same time they seem to have been repeatedly eroded 
during successive interglacials as well as could be several times renewed 
as subglacial channels during successive glacial periods. A more precise 
definition of the time when the described channels were formed, could 
be possible after detailed investigations and datmg of the infilling de
posits. 

The c ited data seem to reject the previously accepted ideas of : the 
Preglacial valley of the Vi13tula, erosive valley (M. D. Domoslawska-Ba
raniecka et al., 1965), deep syncline at an eastern slope of the Tertiary 
upheaval (S. Z. Rozyoki, 1972), river vaHey in connection with structural 
depressions (M. D. Baraniecka, 1975 b), glaciotectonic syncline (M. Bryk
czyilski, 1982). 

EROSIVE VALLEY OF THE PRE-VISTULA 

An eastern part of the area - the Vistula Valley - shows a comple
tely different morphologic "tyle of. the sub-Quaternary substrate than the 
folded morainic plateau of the left~bank Warsaw area. Vast zones of this 
substrate in the valley have been formed due to erosion of the Vistlila. 
Buried terraces of the Vistula (Fig. 2) cut the above described deep de
tachments of Tertiary deposits {forming rafts) as weJ.l as cut the subgla
cial ohannels filled with glacial sediments of the Early Quaternary (Figs 
2--4). These features are separated by areas with flatly eroded Bliocene 
deposits, then covered 'by ter·races af fluvial deposits of the Vistula of 
the Mazovian Interglacial age. This erosive incision reaches maximum 
to about 10 m a.s.l. Fluvial sediments of the MazoV'ian Interglacial (about 
50 m thiclk) form 4 sedimentary c)l'cles, noted from Magnuszew to W8!T
saw (Z. Sarnacka, 1976, 1978, 1982). The a~!s of this valley runs about 
5-10 km to the east from the present channel of the Vistula but its ter
races reach as far as the present morainic plateau of the left~bank War
saw area. 

The Eemian Interglacial was the successive ,phase of erosion in the 
Vistula Valley. The ohannel migrated westwards and erosion of this 
time modelled the zone within the present channel of the Vistula . The 
valley of the Eem1an Vistula was not so narrow as during the Mazovian 
Integlacial and was close to the present one. In southern part of Warsaw 
the erosive cuts of the Vistula dUlring the Eemian Interglacial reached 
a depth of 58-70 m a.s.l. (Zerzen-Mi~dzylesie) and 56-65 m a.s.!. in 
the northern part (Zielonka). 

The Eemian fluvia·l sediments are mainly composed of gravel with 
pebbles that locally overlie directly the eroded Pliocene deposits (Zeran, 
Marcelin). The Eemian erosion reached further westwards, already within 
the present plateau e.g. In Bielany a hurried terrace of the Eemian Inte.r
glacial age was found incised in Pliocene deposits to a depth of 'about 
65-68 m a.s.1. (W. Morawski, 1979, 1980 b). Depths of erosive cuts of the 
pre-Vistula during the Mazovian and Eemian interglacials prove lower 
(than now) locations of the base of erosion (E. Riihle. 1955). 

The Vistula channel from the North-Polish Glaciation and the Holo
cene'· is also worth mentioning. It locally cuts just the Pliocene deposit s 
and thus, formes aIready the Holocene relief of the mentioned sub-Qua-
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ternary surface. And so, in the Vistula Tract (Wis!ostrada) running at the 
foot of the Bielany escarp, the Pliocene clays were noted in pits under 
a thin layer of sands of the present flood terrace of the Vistula. The bore
holes as well, done in the bottom of the Vistula, prove an occuuence of 
Pliocene deposits under a several metres thick. bed of channel deposits 
of the present river. 

CONCLUSIONS 

A relatively small area of the nearest surrounding\< of the Warsaw is, 
due to extremely rich geologic documentation, the exceptionally well 
recognizable one for studies of morphology of the Quaternary substrate. 
This surface is morphologicly highly differentia·ted, with altitude chan
ges to 200 m, but also varied in its genesis and stratigraphy. 

This surface was modelled by glaciotectonic processes as well as gla
cial, subgladal, and fluvial erasion. 

Glaciotectonic processes formed belts of northwest-southeast oriented 
anticlines and synclines as well as deep detachments and intrusions of 
glaqial deposits into Tertiary ones. 

Processes of subglacial erosion formed deep channels with large longi
tudinal variations of bottom altitudes, filled then with various glacial 
sediments. 

An erosion of the pre-Vistula in a vast valley during the two sUCCes
sive, Mazovian and Eemian interglacials and the Holocene, incised its 
channel in Tertiary deposits. In the same time the older channels, filled 
with sediments, and glaciotec1:oinic str,uctures were eroded. 
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iW'ojciech MORAWSKI, Zdzislawa SARNACKA 

,UKSZTALTOWANIE PODLOZA CZWARTORZllDU NA TERENIE WARSZAWY 
I OKOLIC 

Streszczenie 

Wyniki wieloletnich badan geologicznych na terenie Warszawy zostaly w ostat

n ich latach uzupelnione danymi uzyskanymi w ramach prac prowadzonych przy 
budowie Trasy Lazienkowskiej, Wislo3trady, metra oraz nowych osiedli mieszka
niowych - g16wnie S luzewa i Ursynowa. Wszystkie te dane zostaly zestawione w 
ramach opracowywania przez PIG arkuszy Warszawa Zach6d i Warszawa Wsch6d 
S2!czeg6lowej mapy geologicznej Polski w skali 1: 50 000 i uzupelnione badaniami 
geoelektrycznymi oraz 23 wierceniami badawczymi. Zebrane dane pozwolily na 
skonstruowanie szkicu uksztaltowania podloza osad6w czwartorzE:dowych na te
renie Warszawy i jej okolic (fig. 1) oraz przek'roj6w geologicznych (fig. 2-4). 

Jako powierzchni~ podczwartorz(!dowq przyj~to strop osad6w pliocenskich -
serH pstrych il6w z mulkami 'i piaskami, natomiast seria tzw. preglacjalu zostala 
zaliczona do czwartorz~du. Uk sztaltowanie powierzc.hni podczwartorz~dowej jest 
na badanym obszarie bardzo zr6znicowane zar6wno morfologicznie --.: deniwelacje 
si~gajCl 220 m, jak i genetycznie. Jak si~ wydaje pOfozenie stropu 'osad6w pliocen
skich w rejonie WoH - W]och - Opacza oraz Mokotowa ::...- Wilanowa (6Q.;.-SO m 
n.p.m.) jest zblizooe do sedymentacyjnego - pierwotnego. Na pozostalym obsziir'ze 
ppracowanego terenu powierzchnia podczwartorz~dowa jest uksztaltowana przez 
procesy dynamiczne: tektoniczne, glacitektoniczne, egzaracyjne oraz erozji sub
glacjalnej i erozji rzecznej. Procesy tektoniczne i glacitektoniczne uformowaly tzw. 
faldy warszawskie, wypi~trzajqce ' w centrum miasta ily pliocenskie az do powierz~ 
chni terenu. Wydaje si~, i.e niezaleznie od proces6w wczesniejszyeh; gl6wne stru-
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ktury faldowe powstaly w okresie recesji ll:\dolodu stariia'lu maksymalnego zlodo
waceni.a srodkowopolskiego lub transgresji l~dolodu stadialu mazowiecko-podlas
kiego (Warty), Genez~ zaburzeil nalezy wiqzac z procesami glacitektonicznymi u
Iderunkowanymi ukladem napr~zeil wywolanym procesami tektonicznymi w glE:h
szym podlozu. Glacitektonicznq genez~ majCj r6wniez kry (porwaki) osad6w trze
ciorz~dowych oraz wcisni~cia osad6w plejstoceilskich w trzeciorz~dowe. Struktury 
~e zaburzaja, powieI;'zchni~ podczwartorz~dow~ do gl~bokosci 20-40 m p.p.m. (re
jon Marek - Zielonki - Turo'",'a) oraz ponizej RO m p.p.m. (rejon Lipkowa). W 
wyniku erozji podlodawej powstaly rynny subglacjalne tworz<ice wilskie rozci~cia 
osad6w trzeciorz~dowych a deniwelacjach dna do ponad 100 m i przebiegu N-S 
i NW-SE - ale niezgadnym z przebiegiem fald6w - si~gaja,ce ad gl~bokosci 0 m 
n.p.m. do 100 m p.p.m. Formy te prawdopodobnie powstaly wieloetapawa, lecz. 
g16wne rozciE::cia dominujC\ce w uksztaltowaniu podloza osadow czwartorzE::dowych 
nalezy wiC\zac z okresem stadialu maksymalnego zlodowacenia §rodkawopolskiego. 
We wschodniej cz~sci omawianego lerenu - w dolinie Wis'ly, decydujqcym czyn
nikiem, kt6ry uksztaltowal abecnq powierzchniE:: podczwartarz~dowil, byla erazja 
w . korycie Wi sly z interglacjalu mazowieckiego (do glE::bokosci ok. 10 m n.p.m.) 
'i eemskiego (do glE::bokosci ok. 55-65 m n.p.m.), jak r6wniez Z okresu zlodowace
nia p61nocnopolskiego i holocenu. Opisane procesy dynamiczne, kt6re uksztaUo
waly obecna, powierzchniE:: podczV\artorz~dowEl, spowodowaly r6wniez w poszcze
g6lnych obszarach znacznq, wt6rnEi r~dukcj~ pierwotnego profilu osad6w czwarta
rz~dowych. 

Boiillex MOPABCKH, 3ilSHCJIaBa CAPHAUKA 

KOH~HrYPA~H~ QETBEPTHqHOrO OCHOBAHH~ HA 
TEPPHTOPHH BAPllIABbl H EE OKPECTHOCTEfI 

PeSIOMe 

PeSYJIbTaTbl MHOrOJIeTHHX reOJIOmqeCKHX HCCJIeilOBaHHH Ha TeppHTopHH 

BapwaBbl 6blJIH sa nOCJIeilHHe rOilbl ilOnOJlHeHbl ilaHHblMH nOJlyqeHHblMH 

B paMKax pa60T npOBeileHHblX npH nOCTpoiiKe JIaseHKoBCKOii TpaCCbl, BH· 
CJIOCTpa,n,bI, MeTpo H HOBbIX >KHJIHIlI.HbIX CeJIeHHH - rJIaBHbIM 06pa30M 

CJly)!{eBa H YpCbIHOBa . Bce 3TH ilaHHble 6blJlH COCTaBJleHbl B paMKax pa3· 

pa60TKH rOCYilapCTBeHHblM reOJlOrHqeCKHM HHCTHTYTOM JIHCTOB BapwaBa 

3anail H BapwaBa BOCTOK D:eTBJlbIIOH feOJlOfllqeCKOii KapTbl OOJlbWH B 

MacwTB6e 1 : 50 000, a TaK)!{e ilOnOJlHeHbl re03J1eKTpHqeCKHMH HCCJleilOBa· 

HH"MH H 23 pa3BeilOqHblMH CKBa)!{HHaMH . C06paHHble ilaHHble CileJlaJlH BOS· 

MOlKHblM COCTaBJleHHe OQepKa KOHqmrypaUHH OCHOBaHH>l qeTBepTHqHblX 

ocailKOB Ha TeppHTopHH BaplllaBbl H ee oKpecTHocTeii (cjJHr. I), a TBK)!{e 
reOJlOrHqeCKHX pa3pe30B (cjmf. 2- 4). 

B KaqeCTBe nOilqeTBepTHqHOH nOBepxHocTH npHH>lTa KPOBJI" nJlHOueHO· 
BblX ocailKOB - cepHH necTpblx rJlHH C cyrJlHHKaMH H neCKaMH, saTO ceo 

PH" rrperJI>lUHaJla SaqHCJleHa K qeTBepTHqHOMY nepHOilY. KOHcpurypaUH" 
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no,!{qeTBepTHqHOii flOBepXHOCTH Ha IlCCJle,!{OBaHHO}1 TeppHTOpHH HBJlHeTCH 

CHJlbHO ,!{HcpcpepeHl.\HpOBaHHoii KaK MOpcpOJlOrH'leCKH - ,!{eHIlBeJlHl\HH '!{O

CTHralOT 220 M, Tal{ II reHenPleCKH. KalKerC5I, tITO nOJIO}KeHHe KPOBJIH TIJIMO
l\eHOBblx oca,!{KOB B paiioHax: BOJIH - BJlOXbl - Onaq H MOJ<OTYB - BHJlHHYB 
(60-80 M H .y.M.) noxo)!(e Ha ce,!{HMeHTal\HOHHOe - nepBllqHoe. Ha OCTaJlb 

Hoii 06J1aCTIl HCCJle,!{oBaHHoH TeppllTopHIl no,!{qeTBepTH'lHaH nOBepXHOCTb 6bl 

Jla CPOpMHpoBaHHa AHHaMIl'leCKIlMIl npOl\eCCaMH: TeKTOHllqeCKHMH, rJlHl\HTe

KTOHIl'leCKHMIl, 3K3apal\HOHHbIMIl, a TaK)!(e nO,!{Jle,!{HoH 11 pe<lHoH 3p03HH. 

TeKTOHIl'leCKHe H rJlHl\HTeKTOHH'IeCKlle npOIl,eCCbl CCPOpMHpOBaJlIl TaK Ha3bl

BaeMble BaplIlaBcKHe CKJlaAKH, BblABHraJOll(lle B l\eHTpe ropOAa nJlHOl\eHO
Bble HJIH K nOBepxHocTH. KaMeTeR, LITO He3aBHCHMQ OT paHblllHX npoueCCOB, 

rJlaBHbl e CKJlaAqaTble CTpyKTYPbl 06pa30BaJlHCb B nepHOA oTcTynaHHH KOH

THHeHTaJIbHOrO JIe,llHHKa MaKCHMaJIbHOrO CT8Jl,HaJIa ueHTpaJIbHOnOJIbCKOrO 

OJle,!{eHeHHH HJlH TpaHcrpeCCIlH JleAHHKa Ma30Bel\KO-nO,!{JlllCKOro CTa,!{llaJla 
(BapTbl ) _ feHe3HC HapYlIleHHH CJIeAyeT CBH3blBaTb C rJlHl\IlTeKTOHH'IeCKIlMll 

npoueccaMH CBH3aHHbIMH C CHCrel\-lOH HanpR>KeHHH, BbI3BaHHOH reKTOHH

qeCKHMH npoueccaMH B rJIy6oKoM OCHOBaHHH. fJIHUHTeKTOHH1.£eCKHir reHe3HC 

HMeJOT TO)!(e rJlbl6bl (OTTOp)!(eHl\bl) TpeTll'lHblX OTJlO)!(eHHii , a TaK)!(e BAa

BJleHHll nJleiiCTOI(eHOBblX ocaAKOB B TpeTHqHble. 9TH CTpyKTYPbl HapYlllaJOT 

nO,!{'IeTBepTH'IHYJO nOBepxHocTb AO rJly6HHbl 20- 40 M n .y .M. (palioH Map

KH - 3eJleHKa - TypyB). a TaK)!(e HH)!(e 80 M n .y .M . (palloH JIHIIKOBa) . 
B pe3YJlbTaTe nO'!{JleAHOH Sp031l1l 06pa30BaJlHCb nO'!{Jle,!{Hble }KeJl06bl 06-

pa3YlOll(lle Y3KHe paCCO'leHHH TpeTllqHblX oca,!{KOB C OTHOCl1TeJlbHOH Bbl

CO TOll ,!{HH ,!{O CBblllle 100 M 11 HanpaBJleHHeM C -IO H C3 -IOB - HO Heco

rJlaCHblM C HanpaBJIeHlleM CKJlaAOK - ,!{OCTHralOll(He rJly6HHbl C 0 AO 100 
M n.y.M. 9TIl CPOPMbl 06pa30BaJlHCb BepOHTHO B HeCKOJlbKHX 3Tanax, HO 

rJlaBHble paCCeqeHHH, npe06J1aAaJOll(lle B KOHcpHrypaUHIl, cJleAyeT CBH3bl 
BaTb C M aKCHMaJIbHLI r-,I CTaJlHaJIO:\-1 I~eHTpaJIbHOrO OJIeAeHeHlf5I. B BOCTOIIHOlI 

qaCTH onHCblBaHHOH TeppHTopHH - B ,!{OJIIlHe peKH BHCJlbl - npe06."a,!{a· 

JOll(HM cpaKTopOM B CPOpMHpOBaHHH COBpeMeHHoli nOAqeTBepTH4Hoii nOBepx

HOCTH 6blJla Sp03HH B pycJle BHCJIbl BO BpeMH Ma30Bel\Koro Me)!(JleAHHKO

BbH (AO r Jly6HHbl OKOJlO 10 M H.y. M .) Ii 33 M CKoro Me)!(JleAHHKOBbH (,!{O rJly-
6HHbl OKOJIO 55- 65 M H.y .M .), a TaKlKe BO BpeMl! ceBepHOnOJlbCKOro OJle

i\eHeHHH Il ro."Ol.\eHa. OnllcaHHbl e AHHaMllqeCKlle npoueccbl, KOTopble ccpop

MHpOBaJlIl cOBpeMeHHYJO no,!{qeTBepTH'IHYJO nOBepXHOCTb, Bbl3BaJlll TaK)!(e 

B OT,!{eJlbHbIX paiioHax 3Ha4IlTeJlbHYJO, BTOpH'IHyJO peAYKUIlJO nepBH'IHOrO 

pa3pe3a 'IeTBepTH'IHblX OTJIO)!(eHHH. 


