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Fig. 15. Precipitation in the Vistula catchment on 15—19 July 1970 (PowédZ%... 1972)
Isohyets (in[mm]): 1—to 50, 2—51-100, 3—101-150, 4—151-200, 5—201-250, 6—251-400

on the cross section of the Vistula channel is the assumption that dur-
ing the overbank discharges of a probability of @;,% ponds were form-
ed. The rate of the propagating waves of the largest peak discharges
from the sources to the water level gauge in Zawichost is variable. It
depends on the channel nature and cross section. Values of 6.8 m3s ~!
were recorded in the source section and of 2.2 m®s ~! in the Sandomierz
Basin. Downstream of Zawichost, in the middle Vistula reach, the na-
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Fig. 21. Channel pattern changes of the Vistula and Sola rivers in the O$§wiecim
Basin due to channel correction undertaken in the 19th and 20th centuries
(acc. to Galarowski 1986)

1—channel in 1855, 2—channel either in 1875 or in 1903, 3—channel either in 1934 or in 1954,
4—channel either in 1974 or in 1975, 5—ponds, 6—Holocene valley floor, 7—edges of Pleisto-
cene plateaus

5 — Evolution of the Vistula River.., http//rcmorgpl
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Fig. 22, Changes in the Vistula channel pattern in the gap in the Polish Uplands
in the 19th and 20th centuries (acc. to Galarowski 1986)
l—-water-filled channel and oxbow lake, 2—sandy bars
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Fig. 24. Changes in the Vistula channel pattern near TorusA in the 19th and 20th
centuries (acc. to Koc 1972)

1—tree-covered islands (“kepy”) partly connected with the flood plain, 2—sandy bars rising

above mean water level, 3—oblique sandy bars (partly extending underwater in the river),

4—river banks prior to the river regulation, 5—erosional edges of the stabilized bars (“kepy’’),
6—regulated river banks, transverse dams (spurs), 7—planned zone of river regulation
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Fig. 27. Extent of: c—the 1982 ice-jam-induced flood near Plock (acc. to Banach
1983), b—the 1934 rain-induced flood in the Sandomierz Basin (based on IMGW
data); and frequency and duration of inundation of the flood plains in the middle
reach (near Sandomierz) and in the lower reach (near Torun) of the Vistula—a

1-ijnundated area, 2-sandy bars and Islands in the Vistula Valley near Plock at mean water
level, 3-dlkes, 4-place, where water spilled over the dikes

where sandy bars, islands and some regulation structures occur, tend
to hinder the travel of floes in spring. This favours the formation of
ice-jams. Strong currents accompanying the ice-jams produce either
erosional troughs or sandy bars on the flood-plain (Karabon 1980).
Retention reservoirs and small dams which hinder the travel of floes
may induce ice-jam floods. In January, 1982 a large ice-jam which for-
med at the Vistula outlet to the Wloclawek reservoir caused the rapid
rise of the water level and crevassing of the dikes in many places (Grzes,

Banach 1983). As a result, an extensive reach of the Vistula Valley floor
became flooded (Fig. 27C).
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Fig. 28, Grain size of the Vistula channel deposits (acc. to Kociszewska-Musial 1969, 1970, recalculated and suplemented)
A—content of grains coarser than 2 mm, A;—extreme h\ul&.// ﬁCiﬁnﬁEglpde—very well, W—well, M—moderate; P—poor, VP—

very poor),

C—mean grain

size M,,

D—abrasion of quartz

grains 0.60—0.75 mm fraction (I—angular,

II—partly rounded,

III—rounded)
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Fig. 29. Sketch showing the exposed geological structure of the upper Vistula
catchment and sample sites
Carpathian Foreland: 1—Palaeozolcum, 2—Mesozolcum, 3—Tertiary; the Car-
pathians: 4—magmatlc and metamorphle rocks, together with Werfenian quartzites,
5—limestones, §—sandstones and shales, 7—limit of the Southern Polish Glaciation; material
taken from: terraces—8, bars—9, channel bed—10

of flysch sandstones. The amount of quartz is small, but it gradually
increases as the grain-size decreases (Rutkowski 1977). In the southern
part of the Polish Carpathians flysch sandstones and quartz are the
only gravel components (Fig. 30A). In the west, within the Sota, Skawa,
and Raba catchments, associated with the sandstones and quartz may be
cherts derived from the Mikoszowice beds. In the east, within the Wislo-
ka, Wislok, and San catchments, there occur cherts derived from the
menilite beds (Fig. 30B). At the Carpathian margin glacial material is
found. Consequently, there appears an admixture of other components
(Fig. 30C). In the Dunajec Valley an important component are granites
and quartzites of Tatric origin, and limestones derived from the Tatra
Mts and the Pieniny Klippen Belt (Fig. 30D; Nawara 1964).

The upland material is represented mainly by flints and silicified
limestones (treated in conjunction with flint). The amount of flint is
greatest in the coarsest fraction (Fig. 30E—J). The Holocene deposits
of the Vistula are practically lacking in limestones because of weathering
and dissolution (Rutkowski, Sokolowski 1983). In part, the upland belt
also supplied quartz, and some sandstones and quartzites.
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It appears that the pollution by heavy metals is of anthropogenic
origin. Thus, it is an effective stratigraphical indicator. Along the in-
dustry-dominated reach of the Vistula more than 99% of both cadmium
and lead, and more than 90%9 of zinc are supplied by the industry

(Helios-Rybicka 1986).
SEDIMENT TRANSPORT IN THE VISTULA DRAINAGE BASIN

SUSPENSION TRANSPORT

In 1956—1965 the average rate of suspended sediment output of the
Vistula catchment to the sea was 7.0 tonnes/km?-:yr (Branski 1975).
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Fig. 32. Regional differences in the suspension transport rate within the Vistula
catchment (on the basis of research results 1956—1965 which have been elaborated
by Branski, 1975, and compiled by Maruszczak, 1984)
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prevailing in the cultivated land, ie without greater sources of munici-
pal and industrial water pollution. Table 5 lists the total amounts of
solutes transported, ie together with the polluted water components.

r— //f ?* = =
PESE i

‘ | - X
0 100km 4 m——'%?
)y

L

Fig. 34. Spatial variability of solute discharges from cultivated land within the
Vistula catchment (by H. Maruszczak and M. Wilgat; the principles vide H. Ma-
ruszczak, in print)

Assessments of average rates are based upon measurements of the mineralization of stream
water, 1976—1985: 1—up to 40 tonnes/km? yr, 2—40—60 tonnes/km?® yr, 3—60—100 tonnes/km? yr,
4—in excess of 100 tonnes/km! yr. Beyond the boundary of Poland the extrapolated values
correspond to both geological structure and relief

On comparison with suspended sediment, the amount of solutes trans-
ported by a river is a rather good indicator of the chemical denudation
rates. The general solute concentration in the Vistula drainage basin
is low. Consequently, the deposition of various types of calcareous tufa
takes place sporadically and on a small scale.

It appears that the general rate of solute discharge from the Vistula
catchment to the sea is indicative of both natural chemical denudation
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Fig. 35. Spatial variability of denudation rates and sediment supply by tributaries
into the upper Vistula

Denudation rates (tonnes.yrt. km-?): 1— <20, 2— <90, 3—150—270, 4—200—1000; hydrometric
profiles revealing a systematic tendency toward channel downcutting. Rate of suspended

sediment supply R by tributaries into the Vistula: 6—average value (1961—1980), 7—value of
sediment supply by the Carpathian tributaries devoid of dams, 8—sediment supply by the
Przemsza River (except coal dust), 9—divide of the Vistula drainage basin. Relationship bet-
ween average annual volume of suspended sediment derived from the Carpathian catch-

ments R and area of arable cultivation within the catchments GO, and average annual
stream discharges Q

In years with high flood occurrence the suspended sediment discharge
within the Beskidian catchments may be 10 times as great as the solute
discharge. In dry years the total rates of fluvial transport become re-
duced, and the ion transport is dominant (Froehlich 1975, 1982). Similar
relations have been stated in the middle reach of the Vistula (Falkow-
ski 1967). In the high-mountain and upland karstic watersheds the ion
transport always predominates.

Many years of record of both fluvial processes and sediment depo-
sition in the reservoirs showed that in the Carpathian tributaries of the
Vistula suspended sediment comprises 85-—95%0 of the total mechanical




qu.—._. 4&) i, < "%M ¢ Rg 4oy ,‘\'l Vrmat LR o ]‘lh‘l‘ 4% l'lg‘ﬂ
ekl th-w dlwment 5 Bt ol a4 wr Tie meteal g gte.
5“; mu‘“ﬂ Sarite= ,-4‘ h,;['.' = “# i I" e "4"‘ ;'lfcflﬁ ﬂtl‘ikl"

o 1 ’“"IEru- P vt fo= sha el als ol the YR J‘!‘jfw nw\tm
I T ﬁi\hrbrﬂ‘; qtnn:rqu!-‘h‘ T amertie! MR sl
l

L] Ip,“l

I'VF
& A e againg thdm D Tl wablt e e ) i —-'r" Fie ot \, A
I

oEis J-'é-vlrh A'ﬁi afhardics ity , of lk"‘tiﬁltuw q\mm\-z o
o= wrif wrmlb \E\M.mkmm ek Wy gt img m-m.
"‘tJ Ja R J‘lé‘rﬂ» = “‘l‘f uirl'l“""" ey ki 4”“‘?“
v rl» 2ho” r#b#'ﬂl: ‘h'mw

. ".\ﬁ.héqdﬁﬁ-rhyl"l |

iq'?ur Torsas wnmevpr dos nnl oAb
“"!-q"f pnim i i EWW%W’ ‘the anchion ol we-
— .&.ﬂM #wﬂagw afe ’('ﬁﬁ"wﬁ m.h"ﬂ"

"’:‘.“"".'."\“’m ik far ¥ ...m.'m. R RIS .a"': BRI Y

abeetgbll oy ekt by}

Www&*wm-m&mm STk A RN e
G S ke ‘%“‘WM?M-&

SR~ P v.\‘ﬁ; *

lqr'c'«: e'r‘uﬂg-k

: u:mm mmmﬂnm

http://rcin.org.pl



B!y ]
40

Cva

201

10

http://rcin.org.pl



|Goczalkowice
reservoir ". ’
_-'~«J‘

dam reservoir

N = C - % ad ™ N e EY X !)’

http://rcin.org.pl







£ ok i

et Bl o
WO s
e letre.



Zal. do pozycji “Evolution of the Vistula River Valley...”

ISBN 83-04-03618-5, PL ISSN 0209-1585

0,

b
Eez] [mm]r
=

o o O ko—'f
0% 3 |eas:i9

=

[iiiie (] e
[sz:]

o’ 1'ﬁﬂ!]

o Bl oo a_!n._.a__'.'o
20 R A T

—— e S

m asl 1409

1201

1001 2

260 1 2 3 4 S B 7 8 9 0 n
H' m as.l.
sk i 150
140 130
1204 10
90
100 o
g 2
5
g
mas.l.
220
200
180+
0
m asl
24
220 3 A I m T
°I-°-_._ 2 o.é_u:':'_'f;s" __-.ol,,_q-._'s‘.:‘q L0 ._Io:-o.--g;y
s i e e i
T w3 o« b od T

0 1 2 3 4 5 6 Tkm

0 10 20 30km

o [ ) s B

==i7 W]s g Ii,ﬂ '),-911‘4&12

. Ay KAZIMIERZ

Fig. 38. Geomorphological map and sections across the upper Vistula River Valley (compiled of various data by L. Starkel)

Key of map (a): | plateau edges, 2 loess-covered, pre-upper Vistulian terrace, 3-upper Vistulian terrace, 4-Late Glacial terraces. 5 Holocene alluvial plain, 6-lowest flood-plain, 7-alluvial fans, 8 terrace edges,
9 former river , 10-palaeoch Is, 11 -dunes, 12-location of cross-sections
bedrock (pre-Neogene), 2-soft bedrock (Neogene), 3-gravels, 4-sands, 5-silt and “mada”, 6-alluvial loams (“mada”), 7-peat and other palacochannel fills, 8-glacio-lacustrine
deposits, 9-till, 10-deluvial loams, 11-aeolian sands, 12-loess, 13-gravel horizons
Cross-sections: A-A’ (acc. to Niedzialkowska et al 1985), B-B' (acc. to Klimek 1987), C-C" and D-D' (acc. to Rutkowski 1987), E-E’ (acc. to Kalicki and Starkel 1987), F-F' (ace. to Gebica and Starkel 1987), G-G' (acc. to
Sokolowski 1987). H-H' facc. to Pozaryski 1955), J-J' (acc. to Sarnacka 1987) 4

Key of cross i (b): 1

Zaktad Narodowy im. Ossolinskich — Wydawnictwo PAN, Wroclaw 1990
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Fig. 39. Geomorphological map and sections across the upper Vistula River Valley (compiled of various data by E. Wisniewski)

deposits, 3-Ciechomice level, 4-level formed of sand and silt (deglaciation phase), S-outwash plain, 6-esker, 7-terrace (ca 20-10 ka BP), 8-Holocene
alluvial plain, 9-dunes, 10-lakes, 11-terrace heights, m a.s.l, 12-location of cross-sections

Key of cross-sections: a—pre-Quaternary bedrock, b-glacial till, ¢ sand and gravels, d-sili und muds, e alluvial loams (*mada”™). [ organic deposits. g glacio-lacustrine clays, h-aeolian sands, i gravel horizons (lag
deposits), ) river; E-Eemian, V-Vistulian, H-Holocene

Cross-sections: A-A’ and B-B’ (based mainly on Baraniecka and Konecka-Betley 1987), C-C' (acc. to Wisniewski 1987), D-D' (based on Florek et al. 1987), E-E' and F-F” (acc. to Wisniewski 1982), G-G’ (ace. to
Niewiarowski and Tomeczak 1973), H-H' (acc. to Niewiarowski 1987), I-I' and J-J' (acc. to Drozdowski 1982)

Zaklad Narodowy im. Ossolinskich — Wydawnictwo PAN, Wroclaw 1990 Wroclawska Drukarnia Naukowa.
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o4

X-acc. to Niedziatkowska et al (1985), I1-1-acc. to Klimek (1985) and unpublished data, 11-2 acc. to Rutkowski (1987), 11-3 acc. to Kalicki and Starkel (1987}, 1l-4-acc. to Gebica and Starkel (1987), 11-6-based on
Sokotowski (1987), 1I-7-acc. to Mycielska-Dowgiallo (1977), 1-4-acc. to Poiaryski (1955), 11-§ acc. to Sarnacka (1987), 11-9 based on Bar:

iecka and K
Wisniewski (1987), 11-10b-acc. to Florek er al. (1987), 1-5-acc. to Wisniewski (1982) publ. in Starkel (1983), 11-11 acc. to Tomczak (1987), I-6-ace, to Tomezak (1982), 11-12-based on Niewiarowski (1987), I-7 acc. to

Betley (1987) and Biernacki (1975), 11-10a-acc. to
Drozdowski (1982)
1-bedrock, 2-gravels and sands (ch

| facies), 3-alluvial loams (overbank facies), 4-oxbow-lake facies and their organic deposits, 5-lag subfacies, 6-till, 7-varved clays, § aeolian sand, 9-slope deposits,
10-loess-like silt, 11-number of valley reach (¢f Figs. 3 and 6)
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Fig. 42. Radiocarbon dated sequences of the Late Glacial and Holocene fluvial deposits in various valley reaches of the Vistula and its tributaries
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Nre

SORTING

Fig. 44. Abrasion index (Wo) and sorting index (3;) of selected alluvial facies
in different valley reaches of the Vistula and Wisloka (acc. to Starkel et al 1982;
Myecielska-Dowgiatlo 1978; Florek et al 1987)

WK-a—Wistoka channel lag facies, WK-b—Wistoka central bars, WK-c,—Wisloka overbank
facles (Subatlantic), WK-c,—Wisloka overbank facies (early Holocene), WT-a,—the Vistula
at Tarnobrzeg—either channel lag facies or braided river (Pleniglacial), WT-a,—above site—
channel lag facies of the meandering river (Holocene), WT-b,—above site—central bars of
the braided river, WT-b,—above site—central bars of the meandering river, WP-b,—Plock
Basin—central bars of the meltwater-built sandur plains, WP-b,—above site—central bars
of the Late Glacial braided river, WP-b;—above site—central bars of the Holocene river
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Fig. 45. Changes in sedimentological parameters of the Vistulian and Holocene
fluvial deposits in the Plock reach of the Vistula Valley (acc. to Florek et al 1987)

A—transport directions in the cross-bedded central bar deposits; B—depths and sequence

of palaeochannel fills of differing age (s—sand, m—mud, g—gyttja, p—peat); C—abrasion

index (Wo) and percentage of the well rounded grains (y); D—heavy minerals; E—domi-

nant facies in different periods (ch—channel, ob—overbank, cf—channel fills, tf—tributary
fan); F—location of various deposits examined
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Fig. 46. Geological sketch map showing the Vistula River Delta

1—dune sand building up the Vistula Spit, 2—sand forming the Vistula Spit, 3—'‘mada’, 4—

sandy channel facies deposits, 5—loamy-peaty deposits, 6—peat, 7—lacustrine deposits, 68—

gyttja, 9—fan-forming sand, 10—morainic plateau, 11—deltaic sediments deposited over the
last century

average depth of 5—15 m. In places they are up to 20 m deep, eg in the
vicinity of the present Vistula mouth. This depth, however, has been
calculated from the sub-Holocene surface upwards. The real depth must
have exceeded the above values because the palaeochannels are often
carved into a cover of Holocene deposits, 5—10 m thick.

The sub-Holocene surface which shows a little transformed glacio-
genic relief is found in two relatively high areas. One of these lies on
the north-eastern side of the delta apex at several metres below sea
level. Holocene deposits are less than 10 m thick there. The other is
perpendicular to the former area and extends at a somewhat greater
depth. In both areas the Holocene series is directly underlain by till dat-
ing from the Vistulian. Furthermore, deposits belonging to this stage
are generally forming the sub-Holocene surface. In places Holocene
sediments rest on the Eemian marine deposits. It is probable that the
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Fig. 48. Gdansk—Elblag geological cross-section

1—Eemian marine deposits, 2—till of Vistulian age, 3—fluvioglacial and limnoglacial depos-
its of Vistulian age, 4—lower lithostratigraphical unit of the Holocene, 5—upper litho-
stratigraphical unit of the Holocene, 6—selected bore-holes
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EMBANKMEN

Fig. 53. The delta topography by taking as example its southern part, 5 km to the
south of Tczew

1--Vistula channel, 2—morainic plateau, 3$—alluvial fans, 4—edge of morainic plateau, 5—
fluvloglacial deposits of Vistullan age, 6—till of Vistullan age, 7—Holocene biogenous de-
posits, 8—sand with gravel occurring in the base of Holocene deposits

It also is necessary to reconstruct the location of the palaeochannels
in order to recognize the morphogenesis of the delta. The attempt en-
closed (Fig. 55) shows palaeochannels which are visible in the present
relief and in the stream courses, and channels which have been proved
to occur within the sub-Holocene surface (cf. Fig. 47). The latter palaeo-
channels have developed in different periods—since the beginning of
the Holocene, perhaps since the Late Glacial, until the beginning of the
Atlantic period. At that time accumulation of the lower cover came to
an end. There is a discrepancy between channels belonging to both
generations.
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Fig. 54. An example of the Vistula Spit topography including aeolian features
l—metres above sea level, 2—selected dune ridges, 3—closed kettles

AN OUTLINE OF THE DELTA AREA EVOLUTION

As the Scandinavian inland ice wasted down by the end of the Pome-
ranian phase, a glaciogenic relief came into existence in the delta
area. This relief was similar to that of the adjacent morainic plateau.
Among the deposits then forming a certain role was played by the loamy-
-clayey sediments. These represent shallow depression fills and thaw
moraines. The deposits discussed have been long recognized and exam-
ined in detail by Roszko (1969). However, results of the new detailed

http://rcin.org.pl
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Delta
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Fig. 62. Various stages of river pattern changes which took place during the degla-
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Table 6. Parameters of palaeochannels in different reaches of the Vistula and its tributaries (after various authors)

Catch-

19th century

Palaeochannel parameters W/R [m] and'#C datings

. & " ment Ri\{er lAlluvizl i and braided/ large mean- medium small Medium-sized
Riyer yalCyhreac area gra:ilent Bl present-day straight (Late ders (Late meanders meanders r}:)'eand.crs
[km?] (%1 {km] channel Glacial) Glacial) (Eoholocene) (Holocene) (historical)
Vistula --Oswiecim (II-1) 5000 0.4 3—4 M—-B/R - —
640 130—300
7210+150
2940+ 70
170 50—100 120—200
Vistula—Cracow Gate (II-2) 7500 0.4 0.4—4 M/R 490 100—300 300—420
6700130 (till 18th c.)
4410180
21004-80
100 50 70—120
Vistula—Nowa Huta 8500 0.25—0.3 4—6 M/R 11920+ 170 600—700 200—300 400—500
(I1-3) 96604110 6255+40
5190470
A > 135 30—65 45—80
Vistula —Grobla Forest 8800 0.1-04 6—8 M/R 98404140 740 120—240 175—390
(11-4) 8760490 5420+110

5090+110

94T



40—160 300
Vistula—dowstream of 24000 0.28 2.5—-6.5 B/R 150—630 700
Dunajec mouth (11-6) 6400140 17th c.
32704200
Vistula—Tarnobrzeg (11-7) 31000 6—17 B/R 11640+100 9070+90  1795+35
Vistula-gap (1-4) 50000 0.24 2-5 B : (ATLSA)
Wistoka —Debica (I-2) 3200 0.63 4—6 B/R 100—120 30—60 100
400—700 80—180 240—360
11100-+125 1040495 18th c.
101304115
1304350 80—120 30470 120
San—lower reach (1-3) 16000 0.28 28 B/R 320—1100  200—300 80—180 300
10800100 90904100  7080+90  (till 18th c.)
10590+130 8560+£100 6670100
10300+ 140 51704+ 50
3380+90
760+ 60
90 10—30
Pilica— Przedbérz 2500 05 07-27 B 500 30—100
130304200 8890460
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Fig. 66. The palaeohydrology of Polish lakes and mires during the last 12,000 years

(Ralska-Jasiewiczowa 1987)

established in masses. At that time, the density of lake occurrence in
Poland was greatest, being similar to that of Finland. Ever since 2/3 of
the former lake surface in Poland has already diminished (Kalinowska
1961). During the Late Glacial lakes were nourished by both precipita-
tion and water resulting from the melting out of both ground ice and
buried ice. At that time, lake levels varied in height. Levels of both
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In the light of palaeolake studies marked and intricate paleohydro-
logical changes took place in the Vistula catchment during the Late
Glacial and Holocene. There is still a need for further complex studies.

THE MALACOFAUNA PRESERVED IN LATE GLACIAL
AND HOLOCENE DEPOSITS WITHIN THE VISTULA CATCHMENT

In the Vistula catchment marked changes in the malacocoenoses took
place during the last 15,000 years. These changes were controlled by
the evolution of both climatical and palaeogeographical conditions, and
by the increasing influence of man’s activity over the last millenia.
Molluscan assemblages are incorporated in the different genetic types
of deposits dating from different phases of the Late Glacial and Holo-
cene (Fig. 67). In profiles representative of long spans of time those

PL-0D BLALYD|PBBO; AT | SB | SA

72— L
) i S TEurd

R ——

S IO 7ssrersssrrsrerirrrrsreres 2
- - — - <))l P
7 77, e 2277 72227 S

ka BP

Fig. 67. Stratigraphical ranges of the main types of deposits containing
a malacofauna

PL-OD—Pleniglacial—Oldest Dryas, BL-AL—Bpglling—Allerod, YD—Younger Dryas; Holocene

phases: PB—Preboreal, BO—Boreal, AT—Atlantic, SB—Subboreal, SA—Subatlantic; types of

deposits: L—loess, C—freshwater chalk, T—calcareous tufa and travertines, F—fluvial de-

posits (channel facies deposits and abandoned channel fills), M—‘“mada", P—fossil soils,
S—slope deposits, K—landslide deposits; ka BP—age, thousand years

assemblages are forming malacological sequences which allow us to
reconstruct both types and development of the habitats, the nature of
the vegetation cover and the course of sedimentation on the valley floors,
on the hill slopes and at the toe of slopes.

During the period preceding the phase of warming that characterized
the Late Glacial (Belling——Allered) loess sedimentation came to an end
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Fig. 69. Energy of the depositional environment, course of the carbonate deposition and the composition of stable isotopes in tufa

http://rcin.org.pl










SOUTHERN POLAND
STRATIGRAPHY Rate of Reconstructed
ka BP deposition temperature ,
(Starkel,1977b)| - e, -1 -10 -9 A'%0(PDB)
__S_A.;‘L_1 0 5178 105 t°C
SA, [1
e = S—A_1 iy el ¥ - (:)
\,
e “.
2 v
_____ =& -
SBy \\
5 N
AT, 5 7
_____ < 6 I's
AT \
¥t N .
AL, b o
______ /
Aly + 8 c:
)
,/
BO Ly ,’
i Sy {
[ PB1_ - 10 [
YD

http://rcin.org.pl









ﬁ (888} ImiS puw - ——— T
Dmese-osin) N~/ S =T M

— e .
A SUOHELEA |RjuIRy e
—_— —_— LY
[ JOBNE ey ¥ R K
(¥884 221moipuexaly ) 8 \”l/ Dy i< S -:-
_ wsn|jow Uopeseq | B~ ST e T
suoneLIeA Ajipluny ~ e
IELSHN. - o TN RS R ——
(L8614 2o1maiser —oxs|ny) W q g N Y N
Su0z1IOY 3Buryd uomjabep Z % Z Z N % % Z
7 + ~ ~ .
(LBE) 1ASmMON®MON)  {~ s~ L ~ ghasibe ,/ s
[ Buiyowal jo Ausuauy  {| S~ Sl LS NS Sewd </
|
(S864 |aie1S) /‘ ]
sumiyiediey U1 Ajiaigoe V n r“ %
PIISPUR| JO SISEY G = 5 S
(LesL 1w inpzed y) |4 N o~ =R 77\
|99 3xe = o Nl AR
812509 Uesw jo eBuwyd Y\ \ e o
N
Il~ - e
P e il
(1861 ToIMISR[- XS |8Y ) N ﬂmﬂu
19A8] 19)Em 3xE) Ui 3BuRyD
- — — e ——— e — — _ - —
| (€861 194m1S) Aouanbeyy _—~ . L =
oo ~AJIAI1oR (RIAN (4 /\/ o LY {\//\\ e S ~
T a ("dap jo s 3 s
=~ | uBiy smouw) ﬂ r \ S
7 mmnn ! kBiaua sajem vy ENY /’\\/ - /a\\/
ShSer
SA3EF
SINE
28 ¢ (taway) oyv o -
034" | aBuwy)
| =

(L86) MsuRZOY)
e whzensg
oV 10 bBueyy *

(paBuey> »:zm_.a
QLLEL 1anmS Jaye)

| S
|
| AyauiBijesisormwi|d

¥L61 1913 pniauey

dasihey © -~ & © © WIS s R

o To=s =T erEs SRR LS

- hftp://rcm.ofg.b



n.“lh- )

=

_ e

PILS

e bans e

e

L V'if

o SAL
gorgeg ol




SEA TRAN.S:GRESSIQN

[T
< 2 3
3 g : :
x: : : :
: : + E
arta o5 |
_ '
L]|O W L A N D SyidyiaOder LOWLAN "S
PERIGLACIAL GLACIATED
8
>
5 |Ntema ~Dvina
Q Tisa i
e
: -
! Q
MITS MjoJu N T A I NS
GLAC. N SLLATC )AL TAE D

- http://rcin.org.pl



P
i

LS LI . s SR GEY (Rl UBCR= i o
—n m*IOJOEInUZwMT A;a e % ! late .’L;..‘-
iy . " 2 4 )

i

W S L
e Y e L

I 3 i A
PPN T

o =P'~f- & iy
fa e X
7L TNIRSE, ([
i ,._.-p..l A
whlie v t_.., P = r;r;'x‘uzj’us
4 sl e S )

oS e HJ.J&‘ ;m:'.‘:af LS
Tt N s H-‘:"“l"""*ﬂ.‘& _‘.""‘ar*-m.ﬂ Aty gy
1l by Hbl-iah‘-—" . o —J#t.'h-;.hm_ ‘.‘q-» fv‘, e pn s
oS o ,a.-t--'d‘ﬂg o Rt | B m_!-m = ’Pr'.a {‘1}.-9 "a\-‘-
R ol ettt *:ﬂ*'-"-'f*# e Seqily,

e .q._. ‘.‘l ff' - ..‘..‘ v .--J.,ta“ .‘ r‘._p.t.-‘-r.;:ﬂ n q:m.u..
. ~

N AT Thg Tl Sl T g e S
‘ ..| \: ..-oﬂ n. ot __B.l.. hﬂﬂﬂ.{ 4“ G _ '3\‘& m *’.l I’}f" =
ﬂ-ﬁtnc"n" L s *"*"ﬁ’t It e e
0 N T e e v. { N m‘-*-.-' e P “'b“"
(o Wha by | “"n""-'p nilyy @ botuheer offehe Kaae: “inf# 2
#wmw.v s e A o s T T fw" L

plt (e MENR sioiso e af Bowsah et iy & Al sV -clen
s Sonos St Ty Bh e B4 3visiad. fhca r‘ﬂr p
AT T e R ""*"ﬂ:"““? o
S TR AT et .,.-nv.-~—~§‘~r¢ﬂ.ﬁ .
g—-:-«u g Ao 2 errdlioiall ,.h-Jaé ,f-d\fi-f
T il g S g g g e JP“Z
e e A A el
ST T T S, e g syt ,!A';‘.‘-
W”—'ﬁ"f‘»‘«h Al_L'fn‘.’ gy g A et e e griatgd

j 1. srerppmnd s.m r.?@ e l’!’ﬂ“wj"i' =

; 1"-
http.//rcin.org.pl_mm P ——




PT u\l
"'b\,"!j‘,w' ¥

!
el g
,.:‘.r.—..zi.’:" e e ?a.- !

ral s AR | e “’«‘._*'T """“
v.n'.r'.t-: w gt
- ] ;-’.T, b "i 4 (‘- )
i L & ey ¢
i Rt

) PR o T T ‘5
"‘HT uﬁrij.‘]}' n

I;'

.

4195
t

»
4

u-;um,- o

. -
-
'
Y Y
Rt
i N
p--
“
24
+ LA Y 1
¥
Pl Tl







197

showing synchronous course of hydrological changes
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Fig. 73. Correlation of various palaeogeographical elements in Central Europe,

occurrence) are reflected in changes in both channel patterns and the
character of sedimentation (Starkel 1984b). Those changes proceeded
downvalley (Vistula, Rhine), whereas the lowland river systems slowly
responded to changes. The effects of climatic cooling which expressed
itself in both reduced evaporation rates and groundwater table rises
are more distinct than the floods. The Atlantic period, formerly acknow-
ledged to be the time of great wetness, appeared to be an intricate
period. Between 7 and 5 ka years BP, the rates of peat growth (Ralska-
-Jasiewiczowa, Starkel 1988) and lake level rise (Gaillard 1985) decreas-
ed. Rivers were also active. According to Lockwood (1979) and Frenzel
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