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Woiciech MORAWSKI, Zdzistawa SARNACKA

Morphology of Quaternary substrate in the
Warsaw area and its surroundings®

The paper presents several mworphologic features of the sub-Quaternary surface
in the Warsaw area and its surroundings. They comprise a primary sedimenfary
surface, glaciotectonic anticlines and synclines, glacictectonic rafts and infrusions,
subglaeial troughs, erosive cuts of the pre-Vistula. Probiems concerning progress
and age of genetic processes are discussed.

INTRODUCTION

The Warsaw area and its closest surmoundings are a peculiar region
for studies over Quaternary deposits and its substrate. Many thousand
boreholes have been done for various purposes in mumnicipal-industrial
zones whereas adjacent non-built areas are locally 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 century. A broad discus-
sion of this literature is presented in the explanatory text to the Geologic
Atlas of Warsaw (M. D. Dormnostawska-Baraniecka et al,, 1963) and in ex-
planations to the sheets: Warsaw East (Z. Sarnacka, 1980b) and Warsaw
West (W. Morawski, 1980b) of the Detailed Geologic Map of Poland in
A scale of 1:50,000. The mentioned atlas comprises all the geologic data
from Warsaw (central part of the described area) with such a detail that
Loreholes of the last 20 years have not resulted in significant changes,
in a morphology of the Quaternary substrate as well. A stratigraphy of
Quaternary deposits as well as morphology of its substrate have a pecu-
liar place in a monography on the Pleistocene of Central Poland (8. Z. Ré-
zycki, 1967, 1972), Numerous new data on a morphology of the substrate
in Warsaw have been provided by works connected with a construction
of the Lazienkowska Tract, housing estates of Sluzew and Ursynéw and
underground (W. Z. Nalezyty, 1972; L. Watycha, 1973; E. Brykczyniska,
M. Brykczynski, 1974; W. Morawski, 1984).
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Fig. 1. Morphology of Quaternary substrate

1 «— outcrops of Pliocene deposits; 2 - Pliocene deposlits at depths to 2 m; 3 — contour lines
of the top of Pliocene deposits in metres a.gl.; 4 — anticline axes; 5 — steep escarps of the
top surface of Pliocene deposits; 6§ — geologic sections

New ideas on genesis of deformations, being a principal feature of
a morphology of the Quaternary subsirate in the Warsaw area, are pre-
sented in papers of M. D, Baraniecka (1975b) and M. Brykczyaski (1982).

A task 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 g, b) and Warsaw BEast (2. Sarnacka, 1980 g, b), undertaken by the
Department of Geological Mapping, Geological Institute of Warsaw,
was the next important phase in a recognition of a geoclogic structure
(morphology of the Quaternary substrate also inclusive) in the Warsaw
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Uksztaltowanie powierzchni podloza czwartorzedu

1 — wychodnle osadéw pliocenskich; 2 — osady plioceiiskie na gigbokofel nle wieksze] nlz
2 m; 3 — poziomice Stropu osadéw plocenskich w m n.p.m.; 4 — osie wypletrzen (antyklin);
5 — strome skarpy powierzchnl stropu osadéw pliccedigkich; 8 — linle priekrojbw geologicz-
nych

area and its surroundings. Independently on cartographic-geclogic works
within this task, an electric logging was done at a total distance of over
65 km (W. Morawski, 1977) and 23 research horeholes were drilled, with
a full core collection and a total length of 2872 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 the Quaternary
substrate morphology (Fig. 1) and -the sections (Figs 2—4).
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PROBLEM OF THE PREGLACIAL

It seems necessary to formulate several comments on deposits of the
so-called “Preglacial” before a description of the morphology of the sub-
-Quaternary surface, A stratigraphic location of fluvial-lacustrine 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 and named the "Preglacial” for
the first time by J. Lewinski (1929). The so-called "Ochota Series”, des-
cribed by S. Z. Rbzycki (1961, 1967), was considered for the younger than
the Pliocene and formed the key stratigraphic horizon in the Polish
Lowland. But S. Z. Rézycki in 1972, due to the Tertiary flora of this
series, found it and so the whole Preglacial of Mazowsze to be 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 Otwock area — southeast of
Warsaw (M. D. Baraniecka, 1975¢, 1976; L. Stuchlik, 1975) supplied
with sections of the Preglacial deposits, particularly the one from Ponu-
rzyca that presents an occurrence of numerous fluvial-lacustrine cycles.
The analyzed flora indicates cyclic climatic variation: cold intervals of
glacial type and warm ones of interglacial type, and was correlated with
the stratigraphic scheme of W. H. Zagwijn (1960).

During the preparation of the sheet Warsaw West several research
boreholes, particularly at Mirdow and Opacz, provided with new sections
of the Preglacial deposits, composed of cyclicly varying fiuvial-lacustrine
sediments with inserts of organic matertal. These sections were correlated
with the Ponurzyca section (W. Morawski, L. Stuchlik, 1987).

Summing up the earlier conclusions of A. Srodon (1962), M. D. Ba-
raniecka (1875 g), L. Stuchlik (1975, 1977), W. Morawskj (1579, 1980 g, b),
W. Morawski, L. Stuchlikt (1987), B. Kosmowska-Ceranowicz (1987),
deposits of the so-called "Preglacial” are to ke included into the Quater-
nary. A location of these deposits in the Miréw-Opacz area seems to be
the closest to a primary sedimentary one. Their bottom occurs there on
the Pliocene deposits at about 60—65 m a.s). and the top at 80—85 m
a.5.1. On the other hand the so-called "Ochota Series” is most probably the
raft of the Miocene deposits or a series of them, redeposited 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 bottom of the Quater-
nary deposits, into which the so-called ”Preglacial” 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 morphelogy of the sub-Quaternary surface in the deseribed area of
the Warsaw surrcundings is considerably varying (Fig. 1). A location of
its highest elevations in the Srodmiescie area (about 113 m a.s.]l.) and of
the maximum depressions at Wilandw {108 m b.s.l.) indicates the altitude
difference peaching about 220 wn. Such variations of the sub-Quaternary
surface morphology results from different processes that occurred there
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Fig. 2. Geologic section Pruszkdw-Warsaw-Ossow

Przekréj geologiczny Pruszkédw-Warszawa-0Ossow

Upper Cretaceous: 1 — maris and limestones; Tertiary: Palaecgene: Ollgocene: 2 — sands, sands with gravels, clays and silis; I'ic:ene:
3 — sands, clays, silts and brown coal; Pligeene: 4 — clays, silts, sands; 5 — Pliocene, Miocene and Oligocene deposits as rafts +within
Pleistocene deposits; Pleistocene: Preglacial: 6§ — gravels, sands with gravels aad sllts; Oldest (Podlasie) Glaciatlon: 7 — glacifluvizl sands
with grawvels, 8 — tills, glacifluvial sands and lce-dam clays; Cromer Interglacial: 9 — fluvial gravels, sands with gravels, sands and silis
as well as residual gravels and boulders; Scuth-Polish Glaciation: Lo wer Stadial: 10 — tills, 11 — interstadlal, partly glacitluvial sands v-ih
gravels, 12 — ice-dam clays; Upper Stadial: 11 — lower tilis, 14 — glaclfluvial sands with gravels, 15 — lce-dam clays, silts and & uds,
18 — upper tills; Mazovian (Great) Interglaclal: 17 — fluvlal sands with gravels and silts; Middle-Polish Glaciation: Pre-maximum Sta-
dal: 18 — tills; Maximum Stadial: 19 — ice-dam clays, sills and sands, 20 — giacifluvial sands with gravels, 20 — tills; Pilica lnterstadial:
22 — fluvial lecally residual sands with gravels; Mazovien-Podlasie Stadial: 23 — jce-dam clays, silts and sands, 24 — glacifluvisl sands.
25 — tills; North-Mazevian Stalial: 26 — ice-dam clays, silts and sands; Eemian Interglacial: 27 — fluvial gravels, sands wilh giavels mid
sllts, 28 — bituminous shales, gyttjas, lake marl, peats and lake silts; North-Polish (Baltic) Glaclation: 20 — lce-dam clays and sands, 382 —
lake silts and sands, 31 — fluvial sands with gravels of suprainundation terraces of the Vistula; Holocene: 32 — light sandy-cla)._¥
munds of the lower suprainundation terrace of the Vistula, 33 — flu vial sands of the flood terrace of the Vistula, 34 — heavy clayey-s :ndy
muds (51lts) of the flood terrace of the Vistuls, 35 — humus sands and sandy muds of valley bottoms and oxbows, 36 — aeolian s. nds;
1lithologlic symbols: a — sands, b — sands with gravels, ¢ — muds, d — silts, e — clays, £ — tllls, g — peats, h — gyttjas, | — brown coal
J — marls and limestones '

e |
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Kreda gorna: 1 — margle | wapienie; trzeciorzed: paleogen: oligocen: 2 — piaski, plaski ze #*wiraml, ily i muiki; neogen: miocen: 3 —
piaski, ily, muiki i wegiel brunainy; pliocen: 4 — ily, mulki. piaski; 5 — utwory pliocenskit, miocenskie 1 oligocenskie jako kry w osadach
plejstocenskich; piejstocen: preglacjal: 6 — Zwiry, piaski ze Zwirami 1 mulki; zlodowacenie najstarsze (podlaskie): 7 — piaski ze Zwirami
wodnolodowcowe, 8 — gliny zwalowe, piaski wodnclodowcowe i lly zastoiskowe; interglacjal kromerski: 9 ~— Zwiry, piaski ze 2Zwlromi,
plaski 1 mullki rzeczne oraz 2wiry i glazy residualne; zlodow acenie poiudnlowepclskie: stadial dolny: 10 — gliny zwalowe, 11 — piaski ze Zwi-
rarnl interstadialne, czesclowo wodnoiodoweowe. 12 — ily zastoiskowe; stadiat gorny: 13 — glily zwatowe dolne, 14 — piaski ze Zwirami wod-

17 — pilaskl ze zZwiraimi

nolodowcowe, 15 — ily, mulkl I piaski zastolskowe, 16 — gliny zwalowe goérne; interglacjat mazowlecki (wielki):
1 muikl rzeczne; zlodowacenie Srodkowopolskie: stadial przedmaksym alny: 18 — gliny zwalowe; stadial maksymalny: 19 — ily, mulki j vi=s-

ki zastoiskowe, 20 — pilaskl ze #wiraml wodnolodowcowe, 21 — gliny zwatowe; interstadial Pillcy: 22 — plaski ze zwirami rzeczne, micisca-
mi residualne; stadial mazowiecko-podlaski: 23 — iy, muhki i plaski -zastolskowe, 2¢ — piaski woanolodewcowe. 25 — gliny zwalowe; stadia}
potnocnomazowlecki: 26 — jly, mulki i piaski zastoiskowe; interglacjal eemskl: 27 - 2Zwiry, piaski ze zwirami | mutki rzeczne, 28 — lupki

(baityckie): 28 — Ity i piaski zastoiskowe, 30 —

bitumiczne, gytie, kreda jeziorne, torfy I mutiki jezlorne; zlodowacenie péinocnopolskie
muikl i plaski jeziorne, 31 — piaski ze zwirami Tzeezne taraséw nadzalewowych Wisly; holocen: 3¢ — mady lekkie piaszezysto-ilaste larasu
nliszego nadzalewowego Wisly, 38 — piaski rzeczne tarasu zalewowego Wisty, 33 — mady cigzkie (mulki) ilasto-piaszezyste tarasu zalewo-
wego Wisly, 35 — piaski humusowe i namuly piasszezyste den dolinnych i starorzeczy, 38 — pilaski eollezne; a — piaski, b — plarki o2
zwirami, ¢ — mady, d — mulkl, e — Iy, f — giiny zwalowe, & — torfy, h — gytie, i — wegiel brunatny, 3 — margle i wapienie
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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 bhe
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 depasits, 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 Pliccene variegated deposits have been in scarce places
incised even to a depth of about 20 m a.sl. as eg. in the case of the
valley running southwest-northeast through Okecie towards Mokotow.
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. Lewinski (1929) from single boreholes in Praga as the Preglacial depo-
sits, initiated the theory on existenice 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 syneclinal features runnig south-north along the pre-
sent channel of the Vistula.

In a predominant part of the area where the Preglacial deposits occur
(Wola-Miréw, Wiochy-Opacz, Mokotow-Siuzew-Wilandw), they cover a
relatively smooth surface of the Pliocene deposits located at about 60—
80 m a.s.l. 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 mot indicate de-
formations whereas their sedimentary cycles can be correlated 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 relatively 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 numerocus sections in the Geo-
logic Atlas of Warsaw (M. D. Domoesiawska-Baraniecka et al.,, 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 Stuzew through Mokotéw, Srédmiescie to
Zoliborz and further, through Miociny and Burakow. The Pliocene out-
crops occur in Zoliborz, Mlociny and Burakéw. The top of the Pliocene
deposits reaches in anticlinal zones 90—110 m a.s.l., maximum to 113 m
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Fig. 3. Geologic section Sluzewiec — Wolka Zerzenska

Przekrdj geologiczny Sluiewiec — Wolka Zerzenska
Explanations as given in Fig, 2
Objasnienia jak na fig. 2

a.s.l. whereas gets lower to about 50 m a.s.l. in synelinal zones. A strip
with these structures is delimited in the east by the Vistula edge where-
as die out rapidly at a line rumning along the borders of Srodmiescie
and Wola as well as Mokotdw and Ochota. Successive series of similarly
oriented folds appear already in the Ursus area and then at Pruszkdw
and Ggsin, The elevations there are formed by numerous outcrops of
the Pliocene clays, reaching up to 100 m a.s.l. ‘

. Due to electric loggings and boreholes, a similar arrangement of anti-
clines and symclines was noted in the Ozardw-Babice-Klaudyn area. At
elevations outerops or a shallow occurrence of the Pliocene deposits were
noted. also to the altitude of about 100 m a.sl Within synclines a top
of the Pliccene deposits gets lower to about 50—60 or even 30 m a.sl.

In the described western part of the investigated region, the anti-
clines and synclines in the top of variegated clays of the Pliocene have
a significant economic importance. The Pliocene clays within. the ele-
vatiens are exploited by brick fields. In the same time- the elevation
zones are.devoid of water what is highly important for these areas of
a horticultural use. On the other hand the synclines, filled with Quater-
nary deposits, are productive 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—860 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 clays on an inclined surface of older bedrock and con-
nected with an uplift of the Kujawy-Pomorze Anticlinorium {J. Lewin-
gki, 1929; J. Lyczewska, 1964; S. Z. Rozycki, 1972), result of glaciotecto-
nic processes (S, Lencewicz, 1926) and valley-side glaciotectonic — ex-
pansion of glacial lobes that moved along the Vistula valley (M. Bryk-
czynski, 1982), a shift of plastic sediments caused by seismic tremors
(M. D. Baraniecka, 1975b). This discussion touches also the age of defor-
mations, defined by S. Z. Rézyclki (1972) for the turn of the South-Polish
Glaciation and the Mazovian Interglacial. The same period is ascribed fo
foldings of the Mazovian Phase by M. D, BRaranjecka (1575b). According
to M. Brykczynski (1982) folds were formed during the maxmum stadial
of the Middle-Polish Glaciation.

Such a short presentation of the discussion over the origin of Warsaw
folds is to be now supplemented with the following remarks. The same
orientation of folds, not only near the edge of the Vistula valley but
also several kilometres away (Pruszkéw — Ozardw), seems to oppose
the idea of a valley-side glaciotectonics. The mentioned folds die out
downwards and completely disappear within the Pliocene sediments.
It denies a tectonic idea that assumes a reflection of hard bedrock dislo
cations within the Pleistocene sediments. Just the opposite, the foldings
get more intensive towards the surface what suggest the stimulative
agent for foldings acted from the surface and 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 Stuzew and Ursynéw during construction works for new housing
estates and underground (W. Morawski, 1984). The investigated fold
structures many a time show an asymmetry with a southward or south-
westward vergence, passing into scales. Similar azimuths of compressive
faults and of fold carpets with considerable shifts are also noted. In the
same time large fold structures are accompanied by sels of fine folds
of a tangenial stress from north southwards or from northeast south-
westwards. All these structures prove the action of tangenial forces that
seem to have been connected with an ice sheet. A series of clayey-silty
Pliocene depesits interbedded with sands as well as a series of Pleisto-
cene deposits. both highlv saturated with meltwaters coming from ice
sheets, have heen undouhtedly a specific physical body that was parti-
cularly open to plastic deformations. Series of sediments gccurring within
the inner sfrain field 2re subjected to strains caused 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
Anticlinoriun. location and possibly fissure of the Teisseyre’s line, loca-
tion of axes and limbs of the Warsaw Basin. Therefore, the stimuli of
stresses or glaciotectonic relaxations could result in deformations con-
cordant with a sfrain pattern, existing in the massif. '
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Przekrédj geologiczny Moéeiska — Tarchornin — Biatoleka
Explanations ag given in Flg, 2
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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 glacictectonic deformations.

An age of described deformations (Warsaw folds) is defined by nu-
merous new data received from exposures in the Warsaw area: cuts of
the Fazienkowska Tract, excavations in new housing estates of Wa-
wrzyszew, Bemowo as well as Stuzew and Ursynow. Observations in all
these vast and deep exposures proved that Pliocene, Preglacial and
Pleistocene (fo maximum stadial of the Middie-Polish Glaciation inclu-
sive) deposits were folded fogether during a single episode (E. Brykczyn-
ska, M. Brykezynski, 1874; W. Morawski, 1884). 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 glaciotectonic
deformations during the Early Quaternary but they were probably diffe-
rent from the descibed structures and then, got destructed or remodelled.

GLACIOTECTONIC RAFTS AND INTRUSIONS

Independently of the folds (described above) with a regular orienta-
tion, the deformations are locally noted in borehole sections that many
a time have a deep extent and seem to be accepted for glaciotectonie
fones. Pleistocene deposits 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-Turéw (Fig. 2) an occurrence of Plio-
cene, Miocene and Oligocene deposits (40 m thick) was noted within
tills, most probably of the South-Polish Glaciation age. A top of these
sediments occurs at 28-—53 m a.s.l. whereas a bottom at 11—28 m b.sl
A bottorn of the Quaternary sequence in this area is noted at 20—40 m
b.s.]l. 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.sl. were described
by H. Ruszezynska-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 Lipkow contains
numerous till inserts to a depth of 170 m ie. to 86 m b.sl. while the
top of Tertiary deposits in this area occurs at about 40—50 m a.s.l. The
way of development of such structures is not clear. A local "columnar”
pressure of an ice sheet could be responsible for such a deep intrusion
of younger sediments intg 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 surface. They caused a particular interest of many au-
thors. The channel Kamionek — Zoliborz is the best known from a geolo-
gic literature of Warsaw. It cuts the described area of Warsaw from north
southwards. Its depth is as the following (starting from the north): Bia-
toteka 8 m b.sl, Zeran 35 m b.sl, Cytadela 0 m a.s.l.,, Wilenski Station
12 m h.sl, Kamionek 8 m b.s.l., Saska Kepa 0 m a.s.l, Siekierki 10 m
b.s.l,, north of Wilanéw 26 m b.s.l., Zawady (near Wilanéw) 108 m. b.s.l
Further to the south this feature can be sfill noted at a distance of about
18 km through Jeziorna, Konstancin as far as Baniocha. To the north
a continuation of this deep incision is observed towards Jablonna-Choto-
mow as fat as the Narew Valley (J. Nowak, 1978),

From the Wilenskj Station this channel branches northwesf-north-
wards to Wawrzyszew (50 m_ b.sl.) and Radiowo (47 m b.sl.). Its further
continuation may run across Dziekanow Lesny at 43 m h.sl. (J. Nowak,
1978).

Another similar chanmel, arranged north-south, runs in the eastern
part of the described area: at Miedzylesie 18 m bh.s.l., Glinki 34 m bhsl,
with a branch to Mitosna 12 m h.s.l,, Rembertéw 30 m b.sd., Ossow 40 m
h.s.l. Its further course is to he noted northwards and southwards at a di-
stance Michalin — Karczew — Kepa Nadbrzeska.

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

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

— they are narrow: their width reaches several hundred metres usual-
ly about 200 m;

— their depth is usually over 100 m; local deepenings {even to 200 m)
and shallowings are typical: differences are to over 100 m.

A filling of a descriked feature is very varying and locally changeable.
At the bottom there are usually sandy-gravel series. They were locally
e.g. at Kamionek, described as the Preglacial series (J. Samsonowicz, 1927)
what has not been confirmed by later investigations. In the borehole at
Wawrzyszew, a location of which was especially fixed by detailed elegtric
logging (W. Morawski, 18977) in the axis of the channel, the bottom sandy-
-gravel layer is of glacifiuvial origin (Fig. 4). The overlying infilling de-
posits, noted in numerous boreholes of the right-bank Warsaw as well as
in the Warsaw Steelworks (Fig. 4), are composed of several tills with
sandy-gravel interbeddings and Tertiary rafts. In the mentioned borehole
at Wawrzyszew, Wolumen Street, the infilling is composed of monotonous
series of horizontally stratified and non-deformed fine-grained sands and
silts (120 m thick) of ice-dam — glacifluvial origin,

The listed data prove that deep cuts are to be considered for subgla-
cial channels. The age of their formation cannot be easily defined as théy
have developed most probably in numerous stages. A stratigraphic inter-
pretation of tills within the channels, accepied in previous papers (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 dating of the infilling de-
posits, '

The cited data seem to reject the previously accepted ideas of: the
Preglacial valley of the Vistula, erosive valley (M. D. Domostawsaka-Ba-
raniecka et al., 1965), deep syncline at an eastern slope of the Tertiary
upheaval (S. Z. Rézyeki, 1972), river valley in connection with structural
depressians (M. D. Baraniecka, 1975 b), glaciotectonic symeline (M. Bryk-
czynski, 1982). :

ERQSIVE VALLEY OF THE PRE-VISTULA

An eastern part of the area — the Vistula Valley — shows a comple-
tely different morphologic style of the sub-Quaternary substrate than the
folded muorainic plateau of the left-bank Warsaw area. Vast zones of this
substrate in the valley have been formed due to erosion of the Vistula.
Buried terraces of the Vistula (Fig. 2) cut the above described deep de-
tachments of Tertiary deposits (forming rafts) as well as cut the subgla-
cial channels filled with glacial sediments of the Early Quaternary (Figs
2—4). These features are separated by areas with flatly eroded Pliocene
deposits, then covered by terraces of fluvial deposits of the Vistula of
the Mazovian Interglacial age. This erosive incision reaches maxgimum
to about 10 m a.s.l. Fluvial sediments of the Mazovian Interglacial (about
50 m thick) form 4 sedimentary cycles, noted from Magnuszew to War-
saw (Z. Sarnacka, 1976, 1978, 1982). The axls 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 Interplacial was the successive phase of erosion in the
Vistula Valley. The chanmel migrated westwards and erosion of this
time modelled the zone within the present channel of the Vistula. The
valley of the Eemian 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 during the Eemian Interglacial reached
a depth of 58—70 m a.s.l. (Zerzen-Miedzylesie) and 56—65 m asl in
the northern part (Zielonka).

The Eemian fluvial sediments are mainly composed of gravel with
pebbles that locally overlie directly the eroded Pliocene deposits (Zeran,
Marcelin). The Eamian erosion reached further westwards, already within
the present plateau e.g. in Bielany a burried terrace of the Eemian Inter-
glacial age was found incised in Pliocene deposits to a depth of -about
65—68 m a.s.l. (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 fromx the North-Polish Glaciation and the Holo-
eene-is also worth mentioning. It locally cuts just the Pliocene deposits
and thus, formes already the Holocene relief of the mentioned sub-Qua-
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ternary surface. And s0, in the Vistula Tract (Wistostrada) 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 occurrence of
Pliocene deposits under a several metres thick bed of channel deposits
of the present river.

CONCLUSIONS

A relatively small area of the nearest surroundings of the Warsaw is,
due to extremely rich geologic documentation, the excepticnally well
recognizable one for studies of morphology of the Quaternary substrate.
This surface is morphologicly highly differentiated, 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, subglacial, and fluvial erosion.

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

Processes of subglacial erosion formed deep channels with large longi-
tudinal variations of bottom altitudes, filled then with wvarious 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 Tertary deposits. In the same time the older channels, filled
with sediments, and glaciotectonic structures were eroded.
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Wojeiech MORAWSKI, Zdzistawa SARNACKA

UKSZITAETOWANIE PODEOZA CZWARTORZEDU NA TERENIE WARSZAWY
I OKOLIC

Streszczenie

Wyniki wieloletnich badan geclogicznych na terenie Warszawy zostaly w ostat-

nich latach uzupelnione danymi uzyskanymi w ramach prac prowadzonych przy
budowie Trasy T.azienkowskiej, Wistostrady, metra oraz nowych osiedli mieszka-
niowych — glownie Sluzewa i Ursynowa. Wszystkie te dane zostaly zestawione w
ramach opracowywanla przez PIG arkuszy Warszawa Zachéd i Warszawa Wschod
Szczegblowe] mapy geologicenej Polski w skali 1:50000 i uzupelnione badaniami
geoelektrycznymi oraz 23 wierceniami badawczymi. Zebrane dane pozwolily na
skonstruowanie szkicu uksztaitowania peodloza osaddéw czwartorzedowych na te-
renie Warszawy 1 Jej okolic (fig. 1) oraz przekrojow geologicznych (fig. 2—4).
Jako powierzchnie podezwartorzedows przyjeto strop osadéw pliocenskich —
serii pstrych iléw z mulkami | piaskami, natomiast seria tzv:. preglacjalu zostala
zaliczona do czwartorzedu. Ukszialtowanie powierzehni podczwartorzedowej jest
na hadanym obszarze bhardzo zréinicowane zarbéwmo morfologicznie — deniwelacje
siegaja 220 m, jak i genetycznie. Jak sie wydaje polozenie stropu osadéw pliocen-
skich w rejonie Woli — Wioch — Opacza oraz Mokotowa ™ Wilanowa (60-—80 m
n.p.m.) jest zbliZone do sedymentacyjnego — plerwdtnego. Na pozostalym obszarze
opracowanego terenu powierzchnia podczwartorzedowa jest uksztaltowana przez
procesy dynamiczne: tektoniczne, glacitektoniczne, egzaracyjne oraz erozji sub-
glacjalnej i erozji rzecznej. Procesy tektoniczne i glacitektoniczne uformowaly tzw.
faldy warszawskie, wypietrzajace w cenirum miasta ity pliocenskie az do powierz-
chni terenu. Wydaje sie, Ze niezaleinie od procesdw wczedniejszyth; gidéwne stru-
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ktury faldowe powstaly w okresie recesji ladolodu stadisly maksymalnego zlodo-
wacenia Srodkowopolskiego lub transgresii ladolodu stadialu mazowiecko-podlas-
kiego (Warty). Geneze zaburzen nalezy wigzaé z procesami glacitektonicznymi u-
lrierunkowanymi ukladem naprezefi wywolanym procesami tektonicznymi w gleb-
szym podtozu. Glacitektoniczng geneze majag réwniez kry (porwaki) osaddéw trze-
ciorzedowych oraz weciéniecia osaddéw plejstocefiskich w trzeciorzedowe. Siruktury
te zaburzajs powierzchnie podczwartorzedowa do gigbokodei 20—40 m p.p.m. (re-
jon Marek — Zielonki — Turowa) oraz ponizej 80 m p.p.m. (rejon Lipkowa), W
wyniku erozji podlodowej powstaly rynny subglacjalne tworzace waskie rozciecia
osadéw trzeciorzedowych o deniwelacjach dna do ponad 100 m i przebiegu N-S
i NW-SE — ale niezgodnym 2z przebiegiem faldéw — siegajace od gigbokosci 0 m
np.m. do 100 m p.p.m. Formy te prawdopodobnie powstaly wieloetapowo, lecz
gibwne rozciecia dominujgce w uksztaltowaniu podleia osaddéw czwartorzedowych
nalezy wigzaé z okresem stadialu maksymalnego zlodowacenia frodkowopclskiego.
We wschodniej czesci omawianego terenu — w dolinie Wisly, decydujgeym czyn-
nikiem, ktéry ukszialtowal obecng powlerzchnie podczwartorzedowa, byla erozja
w korycie Wisly z interglacjalu mazowiecklego (do giebokoseci ok. 10 m n.p.m.)
4 eemskiego {do glebokosci ok. 55—65 m n.p.m.), jak réwmniez z okresu ziodowace-
nia podlnocnopolskiego i holocenu, Opisane procesy dynamiczne, ktdére uksztalto-
waly obecng powierzchnie podczwartorzedows, spowodowaly réwniez w poszcze-
gblnych obszarach znaczng, wtérng redukeje pierwotnego profilu osadéw czwarto-
rzedowych.

Bofinex MOPABCKHM, 3asucaasa CAPHALIKA

KOHOHUTYPALUHA YETBEPTHYHOTO OCHOBAHHSA HA
TEPPHTOPHH BAPIIABbI H EE OKPECTHOCTEH

PeawMme

PeaynbraTel MHOTOMETHHX TeO0JOTHIECKHX HCCAENOBAHHH Ha TEPPHTOPHH
Bapiwapusl 6mliH 32 nocieAHHe oAbl AONOJHEHE! AAHHBIMH NOJYIEHHBIME
B paMkax paboT NpoBeIeHHHX RPH nocTpofke JlasenxoBcko# Tpacce, Bu-
CJAOCTpaibl, METPO H HOBBIX JKHJHIUHBIX CEJEHHH — TJaBHBIM 006pasoM
Cnyxesa n YpcoiHOBa. Bee 3TH paHHBe OHIH COCTABMAEHBI B paMKax pas-
paGorkn I'ocynapcrsennnlM [eonorwueckum MucTHTyTOoM saucTOR Bapinasa
3anan u Bapiwasa Bocrok Heranenofi Teonornueckoir Kaprar loasws B
macinrtabe 1:50000, a TaxKe ACHONHEHB TeQ3/EKTDHUECKHMH HCCJAeNOBa-
HHAMH H 23 pasBeflouHsIME CKBaxKHHaMH. CoOpaHHBIE NaHHble CAENAIH BO3-
MOXXHEIM COCTaBJeHHe OyepKa KOH(HIYpAllHH OCHOBAaHHA YEeTBEPTHUHBIX
OCajJKOB Ha TeppHTOpHH Bapuaesl B ee okpectHocTe#l (¢dur. 1), a rakxe
reoJIOrHYyeckHx paapesoe (dur. 2—4).

B kauecTBe nomueTBepPTHYHOH NOBEPXHOCTH IIPHHATA KPOBJAS [LIHOLEHO-
BulX OCAJKOB — CepHH NecTPRIX TJIHH ¢ CYIVIHEKAMH H DeCKaMH, 3aTO ce-
DHSl NperJAUHana 3auyHcJeHa K uyeTBepTHYHOMY nepHony. Kondwurypanus
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NOAYETBEPTHYHOH IIOBePXHOCTH Ha HCCJAeLOBAHHOH TEDDHTODHH SBJASETCH
CHABHO IHQQepeHUUpOBAHHOAH KaK MOPQOMOrHULCKH — NeHHBEAAIUH A0-
craraioT 220 M, Tak U reHeTHYecKH. KaXKeTcd, 4TO NMOAOXKEHHE KPOBAH TIHO-
ILleHOBHX Ocaikoe B pafonax: Bons - Baoxwr - Onau u Moxortys - BHASHYE
(60—80 M mH.y.M.) noxome Ha ceflHMEHTAallMOHHOe — NepeRunoe. Ha octans-
HON 00J1aCTH HCCNEeLOBAHHOA TEPPHTOPHH NOAYETBEPTHUHAH NOBEPXHOCTD Gbl-
fAa GOpMHpDOBAHHA NHHAMHUECKHMH TNpOLECCAMH: TEKTOHHUECKHMH, TAAIHTE-
KTOHHUECKHMH, 3K34PAllHOHHLIMH, a TaKMe TONJeNHOH H peuyHoHd 3DPO3HH.
TeKTORHMYECKHE H FAAIHTEKTOHHUECKHE NPOUECChl CPOPMEPOBAJN TAK HA3BI-
BaeMple BApIUaBCKHe CKAAjJKH, BRIABHTAKILHME B LEHTPE TOPOLA TJIHOLEHO-
BEIE MJIH K NOBEPXHOCTH, KaMercs, ITO He3aBHCHMO OT PaHBIUMX JIPOLLECCOB,
rJaBHEE CKJIafuaThle CTPYKTYpEl Ofpaz0BAJHCH B IEpPHOAL OTCTYNAaHHA HOH-
THHEHTAJABHOTD JIeJHHXa MaKCHMAJBHOTO CTagHalda ILeHTPalbHONOABCKOrQ
OJIeleHeHHS HJH TPaHCTPECCHH JeAHHKA MAa3OBEeIKO-NOAMSICKOTO CTagHala
(Bapral). I'eHeanc Hapylllenn#i ciiefyer CBS3HBATH C IMIAUHTEKTOHHUECKHMH
NpolleccaMH CBA3aHHBIMH C CHCTEMOH HANpHXKEHHH, BH3IBAHHOH TEKTOHH-
9eCKHMH IPOLECcCAMH B IiyOoKOM QCHOBRAHHU. [MALNHTEKTOHHYECKHII TeHE3HC
HMEIOT TOXE IMHGH {OTTOpPMKEHHB) TPeTHUHEHX OTJAOMEHHH, a TaiKe BIa-
BJIEHHS! IIEHCTOLEHOBHIX OCAAKOE B TPeTHUHEIE, JTH CTPYKTYpPHL HapyLWaKT
MOAYeTBEPTHYHYIC HOBEPXHOCTE A0 TIyOHHE 20—40 m n.y.m. {patfion Map-
kH — 3enedka — Typys}, a takxke guxe 80 M n.y.M. (pafion JIHuKoBa).
B peayabrare nopaenHol spo3mu 06pazoBafHch TNOEJENHEE KedoOH 00-
pasylolne y3KHe pacCOUEHHS TPETHUYHHEIX OCANKOB ¢ OTHOCHTEJNBHOH BEHI-
cotoll arg mo cBRue 100 M um HampaBaenHeMm C-IO u C3-I0B — wnHo Heco-
TJaCHLIM C HAaNpasJeHHeM CKAANOK — JOCTHrawmHe rayBuas ¢ 0 po 100
M T.y.M. 3TH $opMe 06pa3oBajJHCh BEPOATHO B HECKOJLKHX 3Tamax, HO
TlABHEIE pacceyeHus, nNpeobuajamiue B KOHQHUTYpalHH, CAEHYeT CBS3H-
BEaTh C MaxKCHMalbHLIM CTALUAJNOM LEeHTpaJbHOTO OJefeHeHHs. B BocTOYHOIM
YaCTH ONHCEIBAHHOH TEPPHTOPHE — B IOJNHHE pekH BHcasl — npeofiana-
KIHM $HaKTopoM B (POPMHDPOBAHHH COBPEMEHHOH NORYETBEPTHYHOH MOBEpX-
HOCTH OblMa 3P03Hs B pycae BHcapl BO BpeMsa Ma30BelKOr0 MeXJeLHHKO-
BbSl (Mo Ty6HHB OKoJo 10 M H.y.M.} B 33MCKOTO MEXJEeIHHKOBbR (EO Iay-
6HHEl OKONO 55—65 M H.y.M.), a Takwe BO BpeMs CEBEPHOMNOJIRCKOrO OJIe-
deHeHMs W romoieHa. Onucanipie IHHAMHYECKHE NPOIECCH, KOTCpHe cdop-
MHDOB&JH COBPCMEHHYIO [OAUeTBEPTHYHYI) IOBEPXHOCTb, BRI3BAJH TaKXe
B OTAEJEHLIX pafoHaX 3HAYHTENIbHYID, BTOPDHUHYX PeRYKIHIO TNEPBHYHOrO
paspesa UETBePTHUHBIX OTIOMEHHH.



