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Abstract. Longitudinal profiles of 14 Carpathian rivers were analysed and
compared with their theoretical analogues. It was found that there is a distinct
relationship between the shape of theoretical profile of the river and the deep
structure of the Carpathian substratum, the location of the main dislocation zones
and the areas subjecting to young tectonic movements.

INTRODUCTION

The studies of stream long-profiles are very common in many geolo-
gical, geomorphological and hydrological works. The term ,,equilibrium
profile” was widely explained by Sternberg (1875), Baulig (1925), Mackin
(1948), Holmes (1952), Hack (1957) and others. -

According to Baulig (1925) the topographical stream long-protfile reaches
that of equilibrium when the river flows across a continuos alluvial
cover, without dissecting or aggrading it. Makkaveev (1955) states that
the ,,normal” stream long-profile could be considered as a profile formed
during the most probable compensation of exogenic movements by chan-
nel processes. Scheidegger (1961) pointed out that in the case of dyna-
mic equilibrium of flow the rate of erosion equals the rate of accumula-
tion. According to Leopold and Langbein (1962), the ,,equilibrium profi-
ie” of the graded river is the profile of maximum probability and the
one in which entropy is equally distributed, constituting a kind of the
isotropic curve.
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‘Table 1

Selected formulae using to express longitudinal river‘s profile

Wybrane wzory stosowane w obliczaniu profilu podtuznego rzeki

formula

explanations

author

y = a = klog/p - %/

y - elevation of the given point
of profile above base level

a, k - constant, p - total length
x = distance from the mouth

JeFeNe Greén
/1934/

S = soexp/—aL/

S -~ river gradient, L - distance
from sources, So - river gradient
at the mouth, a - constant

S. Shulits
/1941/

Y = A exp/-k kyt/

Y - elevation of the given point
of profile above base level
Ao'k1’k2 -~ constant, +t - time

AN, Strahler
/1952/

X = I/p/H x = distance from sources J.T. Hack
Logx = 1o L - tota% lengt?, % - elev?tlon 71957/
H= of the given point -of profile above
logp base level, p = L/L+1
2 - . . .
jl_ - 19%h h elevation of the given point W.E.H, Culling
at cdL2 of profile above base level /1960/
t - time, L - total length
¢ = constant
x . . .
H= Ho/p/ H - elevation of the given point L.B. Leopold
of profile above base level W.B. Langbein
H, - elevation of the initial point 71962/
X = distance from sources
P = Ho/1+Ho
y = C-klog/x+a/ + y = elevation of the given point 0.7, Jones

+ b/x+a/ of profile above base level 71970/
X - distance from sources
¢,k,a,b = constant
H=C -~ kinL H = elevation of the given point J.7. Hack
of profile above base level 71973/

L - distance from sources
¢yk -~ constant
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The mathematical model of the ,,equilibrium profile” was many times
improved (see Table 1). It was based on the channel equilibrium theory
and the general diffusion equation (Green 1934, Strahler 1952, Culling
1960, Scheidegger 1961, Jones 1970, Hack 1973). There were also nume-
rous attempts to simulate stream long-profile by computer, using the
.random-walk” method (Leopold, Langbein 1962; Harbaugh, Bonham-
-Carter 1970). The given results seemed to support Penck’s (1894) state-
ment that ,equilibrium profile” cannot be strictly expressed by a mathe-
matical equation.

In this article a formula coming from the diffusion equation was ap-
plied. This formula describes the theoretical ,,equilibrium”, or quasi-equi-
librium, profile of the Carpathian rivers (cf. Fig. 1). The main purpose
of this paper is to test a usefulness of the mentioned formula for dra-
wing a conoclusion connected with the sign and the intemsity of young
tectonic movements.

The logitudinal profiles of 14 main Polish Carpathian rivers were ana-
lysed. Nine of them had the VIth order (Olza, Wista, Sota, Skawa, Po-
prad, Biala Dunajcowa, Ropa, Jasiotka, Ostawa), three — the VIIth (Ra-

. ) Table 2

Parameters of the investigated Carpathian rivers
Parametry badanych rzek karpackich

helght m a.s.l. parameters of the K-stretch
river order length = headwater mouth mean

' km slope distance elevation length
%o from above the %
headwater mouth
. : % M 2eSele |

0lza 6  91.95 860 190  7.29 27 360 18.6
Wista 6 41,80 528 255  6.53 54 305 27.9
Sota . 6 89,25 830 225 6,78 24 445 40,0
Skawa 6 91.98 725 219 5.50 9 500 3644
Raba’ 7 124,80 790 180 4,89 2y 390 42,1
Dunajec V4 271.79 1750 170 581 16 630 554
Poprad® , 6  63.85 470  292,5 2.78 . . .
Biala 6 100,95 775 185 5.84 24 305 45,7
Ropa 6 83,17 750 223 6034 21 415 42,9
Wisoka 8 160,55 587 15445 2469 28 255 49k
Jasiotka 6 . 7835 800 220 740 37 350 40,7
Wistok 7 204,08 825 1675 3622 18 285 64,6
Ostawa 6 76.10 725 292,5 5.68 22 515 27.1
San 8

421,70 880 138 1.76 28 340 45,7

1 = from the junction of the Czarna and Biata Wiselka to the Goczatkowice Lake
2 - from state boundary to the mouth -
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ba, Dunajec, Wislok) and two — the VIIIth (Wistoka, San). A stream
order was defined on topographic maps 1 : 100 000, according to Horton-
-Strahler’s method (see Table 2), but long-profiles were collected from
1:25000 maps.

The Carpathian rivers long profile studies were carried out only
within the Eastern Carpathians, both during the 1930s and recently as
well (Teisseyre 1938, Gofshtein 1964, Sobakar, Somov, Kuznetsova 1975).
The results of these investigations indicate the differentiation of the
youngest tectonic movements. From the Western Carpathians area we
have only a work concerning the Podhale region rivers (Zuchiewicz 1979).

METHODS

The methods of tectonic analysis of the stream long-profile on the
basis of diffusion equation (Shulits 1941, Scheidegger 1961) were applied
by Ivanov (1951) .and further developed by Meshcheriakov (1965) and
Volkov (1964, 1977). The formula of the theoretical stream long-profile
is as follows: ' :

ho = (Hmax - Ho) (é)n

The construction of this profile is shown in the Fig. 1. The works of
Ivanov (1951) and Zuchiewicz (1979) give a full description of this con-
struction. The geometrical analogue of the river’s profile has two points,
at the headwater and at the mouth, in common with the topographical

— '
HMU’ v
- Q/Qe=n ==

('

o= (HmaxH) (fll—)n

—
~
-~
-
—

Fig. 1. Principles of plotting of the theoretical longitudinal rivers profile, according
to Ivanov’s method. 1 — topographical profile, 2 — theoretical profile
Fig 1. Zasady konstrukcji teoretycznego profilu podtuznego rzeki metods Ivanowa:
1 — profil rzeczywisty, 2 — profil teoretyczny



— 315 —

profile. In comparison with profiles calculated by Leopold and Langbein
(1962) and Hack (1957, 1973), it is one of its most important advantages.
The exponent n equals, in most cases, 1 to 3. Ivanov (1951) stated that
the comparison of these two profiles, the topographical and the theore-
tical one, allows to distinguish several stretches, in which the topographi-
cal profile runs over the theoretical ome. The first might be connected
with uplifted areas, the latter — with the lowered ones. This opinion
seems to be connected with the Hettner’s (1910) previous point of view.
According to Chernysheva (1979), the stream long-profile reflects the
total Holocene movements but it cannot reflect recent, instrumentally
measured, movements of the earth surface. It comes from the fact that
the changes in the river network appear later in comparison with the
changes in tectonic pattern (cf. discussion in Starkel 1978). In other
words, morphogenetic processes are not directly controlled by uplifting
or sinking.

The longitudinal profiles of the investigated rivers are shown on the
dirnensionless diagrams (see Fig. 2). This method, firstly applied by Le-
opold, Wolman and Miller (1964) makes it possible to compare rivers of
o different order and length.

In order to draw this diagram it is necessary to put on the Y axis
the ratios H/=H, the elevation of a point of the profile above the mouth,
and on the X axis the ratios L/2L, the distance of a point of the pro-
file from the headwater divided by the total length (cf. Figs. 1, 2). The
obtained diagram permits an analysis of profile concavity and also a pre-
cise determination of the degree of river maturity makes possible.

As a measure of profile concavity I applied a ratio li, calculated by
dividing the length of the stretch K by the length of the height of the
triangle (Fig. 2), whose one side was the diameter of the diagram. Expe-
rimental investigations of the shape of river profile during tectonic dia-
gonal upheaval (Makkaveev 1955, 1978) revealed several regularities. In
spite of the intensity of the uplift, the increase of the mean river gra-
dient (S) caused a translation of the K-stretch towards waterheads. Du-
ring the rapid uplift this translation was very small but during the slo-
wer one — it was longer. There was introduced (Makkaveev 1978) a ,,bot-
toin erosion ratio” (Ex) for mountaineous rivers which allows to compare

~streams of different orders. It was calculated as a fraction of the distan-
ce of the K-stretch from the headwater and the total stream length.
. The zone of maximum erosion dissection lies in the middle river course
but with the increasing slope it moves towards the headwater. The pro-
{ile concavity, measured by the 1., grows with the decreasing intensity
of uplifting movements. The position of the K-stretch marks the boun-
dary between river-bed modelled by intensive bottom erosion and the
downstream situated zone of lateral channel migration. The latter one
reveals the predominance of accumulational processes. With the slow
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Fig. 2 a, b, c¢. Dimensionless: diagrams of longitudinal Carpathian rivers profiles.
K — stretch measuring profile’s concavity, H — elevation difference between the
headwater and the mouth, L. — total length. I — Miocene and other foreland

beds, 2 — Skole nappe, 3 — Sub-Silesian nappe, External Flysch, 4 — Silesian
nappe, 5 — Dukla folds, units in the tectonic windows below the Magura nappe,
Fore — Magura nappe, 6 — Magura nappe, 7 — Pieniny Klippen Belt
Fig. 2 a, b, c. Diagramy bezwymiarowe profilow podtuznych rzek karpackich. K —
odcinek obrazujgcy wkleslosé profilu, H — roéznica wysokosci miedzy zrodiami
a ujsSciem, L — lgczna dlugo$é cieku, 1 — miocen i inne utwory przedmurza, 2 —
plaszczowina skolska, 3 — plaszczowina podS$lgska, flisz zewnetrzny, 4 — plaszczo-
wina S$lgska, 5 — faldy dukielskie, jednostki okien podmagurskich, tuska przed-
magurska, 6 — plaszczowina magurska, 7 — Pieniniski Pas Skalkowy

rate of uplift of a given drainage basin the length of the ,erosional
reach” gets shorter, i.e. the K-stretch moves towards the headwater. On
the contrary, during the intensive upheaval the length of the mentioned
reach gets slightly longer.

RESULTS OF MEASUREMENTS

The lengths of analysed rivers vary from 40 to 420 km, and the
eievation differences between headwaters and mouths reach 432—1570 m.
The stream mean gradients are between 1.8%o0 and 7.4%. Wislok and Du-
najec reveal the greatest value of the profile concavity (Ix) and Oslawa
and Wista — the smaller.

Wista, Jasiotka and Biala Dunajcowa show the highest values of the
bottom erosion index. These rivers are characterized by the presence of
the longest river-bed sections modelled by bottom erosion processes. The
lowest indexes belong to Skawa and Dunajec. There is no distinct rela-
tionship between the index E; and: the mean stream gradient (S), the
river length (L) and the measure of profile concavity (lx). A weak linear
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relationship seems to appear between H, the elevation difference be-
tween the headwater and the mouth, and E; and I.

These data lead to the conclusion that the VIth order rivers have
lower degree of maturity while the VIIth order rivers reached a high
degree.

Table — Tabela 3

Correlation coefficients among chosen parameters of the Carpathian rivers
Zalezno$ci miedzy wybranymi parametrami rzek karpackich

S (%) I (%) L (km) - H (m)
Er (%) +0.01 —0.38 —0.25 —0.38

Ik (%) —0.41 X +0.44 +0.54

The position of the K-stretch close to the headwater for all investi-
gated rivers seems to indicate slow upheaval movements within the
higher parts of considered drainage basins.

ANALYSIS OF THE THEORETICAL PROFILES

The results of calculations (cf. Table 4) are shown in the figures 3, 4
and 5. The distribution of river reaches showing ,,+” or ,,—’ values of
h: — h, were compared with geological (Sokotowski 1954, Swidzinski
1954, Ksigzkiewicz 1962, Fusan et al. 1967), tectonic (Unrug 1979), geo-
tectonic (Dewey, Bird 1970; Slaczka 1975; Ksigzkiewicz 1977; Poltowicz
1978) and neotectonic (Kowalski et Liszkowski 1970; Wyrzykowski 1971)
maps. Downstream stretches of all investigated rivers reveal ,,— values
of h, — h,. This fact might be connected with overthrusting movements
of the Flysch nappes on to the area of the Carpathian Foredeep or with
the backward thrusting of the platform under the Carpathian orogene.

Only Skawa’s downstream stretch, between Makéw Podhalanski and
the mouth, is characterized by negative values. This is probably caused
by:

a) the presence of Skawa’s large dislocation zone which runs along
the river course and, '

b) the extremely high (923 m) thickness of autochtonous Miocene de-
posits (Ottnangian — Karpatian) which appear in Sucha Beskidzka (Slacz-
ka 1976).

The shape of the theoretical stream profile hardly reflects lithological
differentiation of the Flysch deposits (cf. Fig. 5). But main faults and
overthrusts, however, are very distinctly pronounced in these profiles.
Interrelationship between profiles breaks and the distribution of dislo-
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cation zones are clearer in the Eastern Carpathians. In the Western Car-
pathians large wrench faults (Unrug 1979) delineate boundaries between
river reaches having ,—" or ,,+” values of h, — h; in the south and
the positive ones in the north. R .

The fractures within the Carpathian basement (Skawina — Skoczow,
Kurdwanéw — Zawichost, Zywiec — Sambor) are connected with the
stream reaches showing positive values of h, — Ro. n

The profile of Skawa reveals a sudden change of slope and very
high positive value of differences of h, —h, within the ,negative” reach.
It lies just at the point where two large left strikeslip faults, W — E
and NW — SE, cross each other. Boundaries of the positive reach in
the middle river course are marked by faults cutting the Carpathian
substratum: Kurdwanéw — Zawichost and Zywiec — Sambor.

In the Eastern Carpathian these relationships get to be more compli-
cated. The negative values of h, —h, refer to facture zones (Krynica —
Jasto. Dubiecko — Giraltovee) orientated SW — NE. The highest positi-

ve values, however, link the following dislocations: Tarnéw — Nowy
Sacz (Biala), Jasto — Krynica (Ropa) and Tyczyn — Bardejov (Jasiotka).
The sharp increase of the positive values of h, — ho in the Wisloka

profile can be seen between Jasto and Wréblowa ‘where the river passes
between two wrench faults. In the Jasiotka profile, between Zawadka
Rymanowska and Jasliska, there appear distinct disturbances connected
with the Dubiecko — Bardejov dislocation zone. The boundaries between
river reaches showing ,,+” values of h, — h, in the north and ,—" in
the south, mark the southern extent of the Pericarpathian deep crustal
fracture (Pericarpathian lineament — cf. Sikora 1976) and the zone of
regional gravimetric minimum (Slaczka 1975), as well. The ,positive”
values correlate with the greater thicknesses of the earth’s crust within
the fracture area (Sikora 1976). : .

Tn the Western External Carpathians, rivers crossing the structures
uplifted during the Quaternary period, are characterized by ,,positive”
values of h, — h,, eig. Sota within the Beskid Maly morphostructure,
Skawa in the section which lies at the prolongation wof the axis of the
Beskid Wysoki uplifted elevation, Raba north of Myslenice.

The interrelationships between neotectonics and the shape of Ivanov’s
profile are most clearly visible in the profiles of the Dunajec and Po-
prad. The ,negative” values of h, — h, characterise Dunajec river-bed
stretches within the lowered Nowy Targ Basin!, within the river-gap
at Niedzica, which lies in the zone of the large transversal depression
of the Pieniny Klippen Belt (Grochocka 1968) and within the Nowy
Sacz Basin, as well. The extremely low, negative values of h, — ho

1 The Nowy Targ and Nowy Sacz Basins belong to the intermontane depressions
filled by thick Neogene and Quaternary deposits. They have been lowered since
the Miocene period.
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Table 4

Theoretical proﬁles of the Carpathian rivers
Teoretyczne profile rzek karpackich

river order components of Ivanov’s equation
}gnax = HO /m/ o o
Olza 1-6 " 670.0 . 4,34003
Wiska 5«6 273,0 213104
Sota - ) 205.0 1.72226
Skawa 3-6 - 301.0  1.26614
Raba C 4= 38340 - 2463599
Dunajec 6~7 410.,0 . 2,05630
Poprad ' 6 177.5 - 0697390
Biala 3-6 395.0 2.79811
Ropa. 3-6 31905 . 1 079607
- Wistoka 4-8 3185 ' 3465343

Jasiolka 3~6 385.0 = 2.47325
Wistok 3-8 377.5 ‘ 399374
Ostawa 4-6 312,5 1.49322
San 5«8 565.,0 2.79632

appear near the town Nowy Sacz where the highest thickness of Mio-
cene deposits in the whole Nowy Sacz Basin occurs (Oszezypko 1973).

The positive values of h, — h, appear along the Dunajec river-bed
within the antecedent Pieniny river-gap and also within the Beskid Sa-
decki Range where the interrelationship between the topographical and
the theoretical profiles reflects the block structure of this range. The
boundaries of particular blocks are connected with the dislocations di-
stinguished by Tokarski (1979) in this part of the Magura nappe. ’

The ,,+” values shows also the Dunajec’s theoretical profile dowmn-
stream of Rozndéw, ie. to the north of the isoline of maximum distur-
bances of the Carpathian planation surfaces (Klimaszewski 1965). Extre-
mely high values appear near Wojnicz.

The refraction geophysical profile running N — S and crossing the
Nowy Sacz Basin reveals the presence in the surroundings of the town
Nowy Sacz, of a strong negative gravimetric anomaly (—40 mgal), which
could refer to the southern boundary of the Epivariscan platform. This
border zone seems to be dowmsucked to the south, beneath the depth
of 14 km (Slgczka 1971, 1975). To the north, however, the Carpathian
substratum rises reaching near Zakliczyn the depth of 4 km. It is pro-
bable that this event can be correlated with the change of the sign of
h, — ho from ,—" to ,,+".
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The topographic profile of Poprad runs above the theoretical one along
the antecedent river-gap within the uplifted longitudinal elevation of the
eastern part of the Beskid Sgdecki Range. The negative values of h, — h,
mark the southern (SE) boundary of the Nowy Sacz Basin. -

East ‘of Dunajec, the morphostructures subjected to the differentiated
neotectonic movements are marked less distinetly in the rivers’ profiles
(Besko basin, Bieszczady and Stonne Mts. elevations — see Fig. 3, 4).
The Jaslo — Sanok Depression, lowered during the Quaternary, is mof
reflected in the longitudinal theoretical profiles of Jasiotka, Wistok and
San. The reasons for that are not clear. The main fracture zones are
also weakly pronounced in the stream long-profiles. It can be suggested
that the high thickness of the Flysch deposits supresses the tectonic im-
pulses of the substratum. In the Polish Eastern Carpathians there appears
a zone of maximum Flysch thicknesses which reach the depth of 10.5 km
to the SSW of Krosno. This zone is located beneath the Central Car-
vathian Depression (Slaczka 1975). Further to the south, the crystalline
substratum of the Carpathians probably rises up. Within the Western
Carpathians, however, the small thicknesses of the Flysch deposits (3 —
5 km) do not cause this type of extinction. , A

Along the West Carpathian border the increase of positive values of
h, — h, and the weak decrease of these values to the east of Dunajec
can be seen. - o '

The tectonic windows of Zywiec and Grybow (cf. Figs. 3, 4, 5) are
marked in the long-profiles by a remarkable decrease of negative values
of h, — ho. The tectonic window of Mszana in an exception because of
its location within the recently uplifted structure (Kowalski, Liszkowski
1970). '

The distribution of the river-bed stretches which reveal positive or
negative values of h, — h, seems to be connected also with the pattern
of isolines of the velocity of recent vertical crustal movements (Wyrzykow-
ski 1971). If this pattern is compared with geotectonic maps it is possible
to draw an interesting conclusion. The southern boundary of the zone
which links ,negative” stretchés of- the investigated rivers presumably
follows the boundary of the extent of the Badenian sedimentary basin
(Pottowicz 1978). The northern border of the ,,— zones, however, marks
the extent of the Ottnangian deposits. This ,negative” zone extends to
the north of the Cretaceous — Tertiary subduction (Dewey Bird 1970,
Ksigzkiewicz 1977) of the Euroasiatic plate. The above remarks lead to
the statement that the area of mnegative values of h, — h, within the
Polish Carpathians marks the zone of the ,,Carpathian block (sensu Sikora
1976). This zone extends between the Peripieninian lineament to the
south and the Pericarpathian one to the north. The Carpathian block is
the place where the cordilleras were probably downsucked and where



B

— 325 —

the nappes of the External Carpathians were probably rooted. Along the
Pericarpathian lineament an abrupt upheaval of thrust planes of higher
units on to lower ones can be observed. Today it is marked by the
presence of tectonic promontories and outliers. The extent of the plat-
form substratum is located far under the overthrust flysch not farther,
however, than the axis of gravimetric minimum that runs parallel ‘to
the Pericarpathian lineament, somewhat south of it. The boundary be-
tween the basement nonregenerated by alpine orogeny and the basement
partly under alpine regeneration is represented here (Slagczka 1975). This
zone reveals the tendency to the downward movements.

There are several geophysical data allowing a conclusion that in the
Carpathians there occur transversal lineaments. According to Mahél et
al. (1673) these lineaments run along the following lines: Banska Bistri-
ca — Zazriva — Zywiec, PreSov — Gorlice, Vihorlat — Sanok and Mu-
katevo — Przemysl (cf. Fig. 4). The disruptions and disturbances of the
axis of the Carpathian gravimetric minimum are located along these lines
and cause that surprising phenomenon that the ,negative” Jasto — Sa-
nok Depression structure is so weakly reflected in the profiles of Wislok,
Ostawa and San. ' \

It is also possible that the zone of positive values of h, — h, in th
long-profiles of the East Carpathian rivers (Tarnow — Przemysl) is con-
nected with the presence of the Mid-Polish aulacogene which seems to
be continued under the Carpathian Foredeep and the Carpathians them-
selves (Pozaryski, Zytko 1979).

FINAL REMARKS

The method of analysis of the stream long-profile, presented above,
has been used almost exclusively for the plain rivers. In my opinion
this method may be useful for the interpretation of the neotectonics of
young folded mountains.

The location of the topographic prfile above the theoretical one
could indicate the uplifting tendencies. Rapid changes of the values of
h, — h, may indicate the presence of the activitated Tertiary and the
older fracture zones.

The greater depths to the Moho discontinuity within the Carpathians,
connected with deep crustal fractures, are strongly correlated with the
change of the sign of young movements from ,—" to ,,-F7’. The special
distribution of the ,,negative” reaches of the East Carpathian rivers the
extent of the zome of maximum Flysch thicknesses. The sign of values
h, — h, seems to reflect the tectonic tendencies of the deep Carpathian
substratum and the pattern of isolines of the recent vertical crustal mo-
vements as well.

2 — Rocznik PTG 50/3—4
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STRESZCZENIE

Przeanalizowano profile podtuzne 14 wiekszych rzek Karpat polskich
i poréwnano je z ich profilami teoretycznymi (fig. 3, 4, 5, tab. 1, 2)
obliczonymi metodg Ivanowa (1951). Konstrukcje profilu teoretycznego
przedstawia fig. 1.

Profile podiluzne zestawiono na diagramach bezwymiarowych (fig. 2),
uniemozliwiajacych analize wklestosci profilu. Stwierdzono staby stopien
dojrzalosci ciekdéw rzedu VI (semsu Strahler) i daleko posunietg dojrza-
tosc rzek VII rzedu.

Przedstawiona metoda analizy profilu podiuznego, stosowana dotych-
czas prawie wylacznie dla rzek roéwninnych, moze by¢ przydatna w in-
terpretacji neotektoniki mlodych gor faldowych. Polozenie profilu rze-
czywistego powyzej teoretycznego (fig. 5, tab. 4) zdaje sie Swiadczy¢
o tendencjach wypietrzajgcych, ponizej — o ruchach obnizajgcych. Sko-
kowe zmiany wartosci odchylen miedzy profilem rzeczywistym a teore-
tycznym wskazujg na obecno$¢ odmiladzanych dyslokacji — zaréwno
trzeciorzedowych, jak i starszych. Zwiekszonym migzszo$ciom skorupy
ziemskiej Karpat, zwigzanym z glébokimj rozlamami, odpowiada zmiana
znaku milodych ruchéw tektonicznych z ujemnego na dodatni.

Specyficzne rozmieszczenie odcinkéw rzek o odchyleniach ,,ujemnych”
wyznacza zasieg maksymalnych migzszo$ci fliszu, na péinoc od krawedzi
subdukeji kry euroazjatyckiej.



