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Abstract: The analysis of longitudinal profiles can provide extremely useful information about the
involvement of geological (lithology, structure, tectonics) and geomorphological controlling factors in the
evolution of hydrographic networks. Depending on the characteristics of the controlling factors involved,
several anomalies may appear along the longitudinal profiles, related to the existence of sectors with steeper
gradients. The present study aims to identify and analyse the origin of the anomalies along the longitudinal
profiles of 115 rivers in the Trotus catchment, located in the central-eastern part of the Eastern Carpathians.
These anomalies, depending on their appearance, are named knickpoints and knickzones. These anomalies
were identified on the basis of established indices such as the SL or SL/K index. The values of these indices
were ranked according to several criteria (maximum values, mean values, standard deviation) in order to
finally choose the thresholds above which these anomalies were evident along the longitudinal profiles
analysed. The most evident anomalies, corresponding to the highest values of these indices, were precisely
located along the profiles and then analysed according to several geological and geomorphological control
factors (e.g., elevation classes). For most of these anomalies, a close relationship with the existence of
lithological features with appreciable resistance to erosion or tectonic thrust lines was determined. The
superposition of the Trotus Basin over the Carpathians flysch (made up of several thrust nappes) and the
Carpathian Molasse explains very well the localisation and origin of these anomalies.
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1. INTRODUCTION

The river system is one of the most effective
agents responsible for sediment redistribution
through specific erosion, transport, and deposition
processes (Mukteshwar, 2019). Fluvial modelling, in
turn, is strongly sensitive to tectonic and lithological
controlling factors (Ghosh, 2023). Fluvial incision
can be approached based on longitudinal river
profiles. This is a plot constructed on the basis of
elevation and river channel length, from the
headwater to the stream mouth (Anton et al., 2014).
The analysis of longitudinal profiles can provide
valuable information on how geological factors have
influenced the fluvial processes responsible for the
current appearance of the valleys, thus creating a
history of the geomorphological evolution of the area
(Kirby et al.,, 2003; Radoane et al, 2003).
Longitudinal river profiles are considered to be the

result of the interaction between fluvial incision,
lithology, tectonics, and base level change (Snyder et
al., 2000; Duvall et al., 2004). All these controlling
factors can lead to local distortions of longitudinal
profiles, known as knickpoints and knickzones. A
knickpoint is referred to as a slope break in a channel
or a change in bed elevation. Knickpoints develop
when crossing a hard lithology, a tectonic line, an
injection site of coarse sediments, at tributary
junctions (Ambili & Narayana, 2014; Bowman,
2023). A knickzone is a local segment, usually up to
several kilometres long, with a higher gradient,
sandwiched between lower gradient segments
(Hayakawa & Oguchi, 2009). Knickpoints and
knickzones provide valuable information regarding
the lithological control, active erosion mechanism,
tectonic uplift, and sea level change due to
palaeoclimatic variation (Das, 2018).

Among the variables that characterise the

385



longitudinal profiles of rivers, the one that takes into
account the variations in channel gradients seems to
be the most commonly used. In this sense, the method
for analyzing longitudinal profiles developed by
Hack (1973), called Stream Length Gradient Index or
SL Index (or Hack Index), proposes a quantitative
parameter in numerical form, which can indicate
whether a river is in equilibrium to its
geomorphological context (Monteiro & Corréa,
2020). This index represents the available stream
power at a given point along a river bed (Pérez-Pefia
etal., 2009). Along the river the SL index can register
different values, which can be mainly attributed to: (i)
erosion resistant lithology; (ii) presence of coarse
sediment deposits in the river channel; (iii) active
tectonics; (iv) changes in the base level;, (v)
confluence with tributaries; (vi) anthropogenic
activities; (vii) mass movements affecting the river
bed (Seeber & Gornitz, 1983; EI Hamdouni et al.,
2010; Martinez et al., 2011; Troiani et al., 2014). It
has been shown that there is a very good correlation
between SL index values and the degree of erosion
resistance of the rocks in which the river has
deepened (Troiani & Della Seta, 2008). Thus, it has
been observed that higher SL index values coincide
with erosion-resistant rock areas or with bed sections
with large-sized sediments, which effectively protect
the river bed against fluvial erosion (Alipoor et al.
2011; Radoane et al., 2017). The high SL index
values recorded in areas with low erosion-resistant
lithologies may be an indicator of active tectonics
(Keller, 1986; Mishra, 2019). The high SL index
values correspond to those sharp changes in the
channel bed slope previously described and called
knickpoints.

The Hack's SL index and other related indices
have been quite often used to detect and explain
various disturbances present along the longitudinal
profiles of rivers: Seeber & Gornitz, 1983; Chen et
al., 2006; Goldrick & Bishop, 2007; Troiani & Della
Seta, 2008; Font et al., 2010; Troiani et al., 2014,
Pérez-Pefia et al., 2009; Troiani et al., 2017; Viveen
etal., 2021; Roy et al., 2025.

In Romania, so far, there are only two papers
that have strictly addressed the issue of longitudinal
profile anomalies by means of the SL index, namely
Radoane et al., 2017; Cruceru et al., 2025. The former
analysed the longitudinal profiles of some important
rivers in the Eastern and South-Eastern Carpathians
and the latter analysed the profiles of some rivers in
the sector Iron Gates of the Danube.

The present study focused on analysing the
steepness of the main stream channels in the Trotus
River basin, in relation to the structure and lithology
of the deposits cut by the hydrographic network. The

main objectives were: (i) to quantify the SL index and
other correlated indices associated with the
longitudinal profiles of the Trotus and other 114
tributaries; (ii) to represent the spatial variability of
the SL index and correlated indices (SL/K, for
example) characteristic of the analysed profiles; (iii)
to establish classes and threshold values for defining
outliers for a given river; (iv) to locate and
characterise the main knickpoints and knickzones in
lithological and structural context.

2. STUDY AREA

The Trotus River basin is located in the east-
central part of the Eastern Carpathians (Figure 1). The
Trotus fault, over which part of this basin overlaps, is
an important transition zone, in terms of the
behaviour of rivers North and South of it (Radoane et
al., 2003; 2017).

The substratum on which the Trotus River
basin is grafted belongs to four distinct structural and
lithological units: the marginal syncline, the
Carpathian flysch, the peri-Carpathian molasse and
the foredeep (s.str.) zone. More than 57% of the total
area (4350 km?), located in the upper and middle
basin, is underlain by rocks belonging to the
Carpathian Flysch (sandstones, conglomerates, marls,
and clays). The East-Carpathian Flysch comprises
five nappes named, from west to east, as follows:
Ceahlau, Teleajen, Audia, Tarcau and Vrancei;
23.3% of the surface area belongs to the pericarpathic
molasse domain, characteristic of the middle basin-
lower basin transition zone (marls, clays, sands,
sandstones); on 17.5% of the surface area occur
Quaternary deposits, with the largest extension in the
lower course (gravels, sands, loess deposits); 1.7% of
the surface area belongs to the crystalline-Mesozoic
zone, located in the upper course, characterised by the
presence of crystalline schists, intrusive rocks,
limestones and conglomerates (Dumitriu, 2014,
2020).

Based on the information on rock hardness,
relative relief and the gradient of longitudinal profiles
(Dumitriu 2014) separated three lithological groups
with different erosion resistance, namely (Figure 1):
(i) a lithological group with high resistance to
erosion (comprises the areas with resistant and very
resistant rocks to erosion in Figure 1), it extends over
about 1680 km? (about 38% of the basin area) and
overlaps the western and central part of the
Carpathian Flysch area, holding the largest area
within the mountain basins of the Oituz, Slanic,
Dofteana, Uz, Ciobanus and Asau rivers; (ii) a
lithological group with moderate resistance to
erosion - covers about 22% of the entire basin area
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Figure 1. (a) Location of the study area in Romania and the Eastern Carpathians; and (b) main hydrographic network and
lithological groups according to erosion resistance (Dumitriu, 2014).

and is characteristic of the upper Trotus River basin,
upstream of the confluence with the Sulta river; (iii)
a lithological group with low resistance to erosion
(about 40% of the basin area), occupies the entire area
of the Quaternary deposits and most of the Molasse,
except for a few small areas where a series of more
resistant deposits occur.

3. MATERIALS AND METHODS

The necessary data (elevation and length of the
river at a given point) for the longitudinal profiles
were extracted from 1:25000 topographic maps. In
order to be comparable, the real longitudinal profiles
were reduced to unity in order to obtain a
dimensionless size (as H/Ho - L/Lo - ratio of altitude
- ratio of distance), capable of eliminating possible
errors introduced by the differences in scale of river
length in relation to altitude (Radoane et al, 2003).
115 longitudinal profiles were constructed and
analysed with the extracted data (40 profiles of 1V™
order rivers in the Strahler system; 57 of V" order
rivers; 15 of VI order rivers; 2 of VII™ order and 1
of VIIIM order - Trotus). The choice of these
longitudinal profiles for analysis was made
considering the length of the rivers, the surface of the
basins, the structural and lithological complexity of
the drainage basins, etc.

The SL index (Stream-Length gradient index),
which indicates deviations from an equilibrium or
"ideal" longitudinal profile caused by tectonic,
lithological, climatic or anthropogenic factors, was
calculated using the formula proposed by Hack
(1973) (Figure 2):

SL = (AH/AL)L (1)

where AH and AL are the difference in height
and length between two points and L is the total
length, measured from the divide (or from the river
source) to middle of that two points.

SL= (AHIALKL g
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Figure 2. Stream Length gradient Index parameters.

Low values of SL index may reflect either an
area with active tectonic subsidence (Viveen et al.,
2012) or the presence of rocks with low erosion
resistance (Zibret & Zibret, 2014). High values of SL
index may indicate either an area with strong tectonic
uplift or the sectioning of erosion-resistant rocks
(Alipoor et al., 2011). Theoretically, in a
lithologically homogeneous catchment, the SL index
will be approximately constant (Anton et al., 2014).

The SL/K index (where SL represents the Hack
index and K represents the index in the semi-
logarithmic form) proposed by Seeber and Gornitz
(1983), who adapted the methodology initially put
forward by Hack (1973) to understand the
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equilibrium relationship between landform elements
based on the analysis of drainages and their
longitudinal profiles (Monteiro & Corréa, 2020), was
also calculated:

K =AH/InLj - In Li @)

where i and j refer to two points along the
drainage profile and InL is the natural logarithm of L.
In this study the K index was calculated for the entire
longitudinal profile, in which case equation (3) was
used:

K=AH/InL 3)

where InL is the natural logarithm of the length
of the longitudinal profile between the source and the
confluence. In this case K index is also called SLtal
index. The SL/SL ratio was calculated, where the SL
index values of each section were divided by the K
index value calculated for the entire longitudinal
profile. Ghosh (2023) calls this index the Normalised
Stream-Length gradient index (NSL). When the values
of this ratio are less than 2 (SL/K < 2), the section
would be close to the ideal profile expected for the
elevation difference and the channel length. When the
ratio is greater than or equal to 2 (SL/K > 2), the sector
is considered steep or abrupt. When the value is higher
than 10 (SL/K > 10), the sector is considered very steep
or very abrupt (Seeber & Gornitz, 1983). For sectors
with values equal to or greater than 2, applying a
similar methodology, Etchebehere et al. (2006) and
Martinez et al. (2011) attributed the term "anomalous",
being the stretches with values between 2 and 10
classified as second order anomalies and segments
with values equal to or above 10 as first order
anomalies (Monteiro & Corréa, 2020).

The slope gradient index (S) describes the
change in SL index between chosen segments and
shows where the highest rates of SL changes are
located. This index can be calculated using the
following equation (4):

S = (Aslope/AL)L 4)

where Aslope is the difference in slope between
two adjacent segments. AL is the mid-point between
the lengths of two segments, L is the length of the
channel from the point of interest where the slope
gradient index is calculated to the source of the
channel. The dimensionless values of S can be
positive or negative. Positive values indicate change
from a steep to a less steep segment, and negative
values indicate an increase in segment steepness for a
constant gradient S = 0 (Ambili & Narayana, 2014).

An issue often discussed in the literature is the
threshold values of the SL index above which one can
talk about those longitudinal profile anomalies called
knickpoints. The threshold values differ from author

to author and these were considered the SL index
values lying above: the mean value of the SL index;
the standard deviation value (+1SD) (Das, 2018).

In this paper, SL values higher than the mean
on a basin-by-basin basis were considered as
anomalies. As presented by Aringoli et al. (2014) the
anomalies of each longitudinal profile were divided
into three different classes according to the standard
deviation of the SL index values. The first class
includes the values comprised between the average
SL and one standard deviation values (1SD); the
second class, SL values comprised between one
standard deviation and two standard deviation values
(2SD); the third class includes values greater than two
standard deviations. Regarding the first class, it was
observed that in some situations the average SL index
values are greater than SD, so in these cases there will
be only two classes, namely: one comprised between
1SD and 2SD, and the second one that includes values
greater than 2SD. By using the same data (mean and
standard deviation of SL index values) for
classification, the method proposed by Das (2018)
seems to have more conclusive results.

In many papers, the classification of SL index
values has been based on the classes proposed by El
Hamdouni et al. (2008), classes that reflect the degree
of tectonic activity or the erosion resistance of rocks.
The three classes are: class 1 (SL>500), class 2
(300<SL.<500), and class 3 (SL<300).

4. RESULTS AND DISCUSSION
4.1. Longitudinal profiles

The first step in analysing the SL index values
is to produce longitudinal profiles of the rivers
included in the study. A total of 115 longitudinal
profiles were constructed for rivers from order IV to
order VIII in Strahler system (Figure 3).

The intrinsic characteristic of a river bed is to
evolve towards a longitudinal equilibrium profile, i.e.
one with an equilibrium bed slope (an equilibrium
bed slope) that allows the river to transport exactly
the sediment load supplied from the upstream (Gao et
al., 2020).

The shape of a river's longitudinal profile can
provide a huge amount of information about the
river's evolutionary stages. Among the parameters
describing the shape of a longitudinal profile, the
coefficient of concavity (Ca) seems to be the most
important. This index was calculated (following the
method presented by Radoane et al., 2003) for all 115
longitudinal profiles analysed. The concavity
coefficients ranged between: 0.625 (Frumoasa, in the
Tazlau river basin) and 0.142 (Basca, in the Uz river
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Figure 3. Normalised longitudinal profiles of the analysed rivers: (a) longitudinal profiles of IV" order rivers; (b)
longitudinal profiles of V" order rivers; (c) longitudinal profiles of VI order rivers; (d) longitudinal profiles of VIIt"

order (Tazlau and Uz) and VIII"" order (Trotus) rivers.

basin) for rivers of order IV; between 0.616 (Apa Lina,
in the Uz river basin) and 0.140 (Ugra, tributary of the
upper Trotus River) for rivers of order V; between
0.584 (Schit, in the Tazlau catchment) and 0.044
(Barzauta, in the Uz catchment) for rivers of order VI;
0.700 - Tazlau and 0.190 - Uz for rivers of order VII.
The longitudinal profile of the Trotus River has a
concavity coefficient of 0.480. According to R&doane
etal. (2003), the values of the concavity coefficient can
be interpreted as follows: if its value is close to 0, the
form of the profile is close to a straight line; if its value
is close to 1.0, the profile is L-shaped.

Wheeler (1979) observed that there is a
positive correlation between the concavity of
longitudinal profiles and their length, and Leopold
and Langbein (1962) showed that longitudinal
profiles are straighter when their length is shorter.
The rivers analysed in the present study, as in the
examples presented by Larue (2011), do not show
very strong correlations between the concavity
coefficient of the longitudinal profiles and their
length or gradient, probably because tectonic and
lithological controlling factors were more strongly
manifested (Figure 4). The significant role of these
controlling factors is also confirmed by Gailleton et
al. (2021). For rivers that dissect rocks with lower
erosion resistance, the concavity of the longitudinal
profiles is more pronounced (generally with values

above 0.500) and the anomalies given the presence of
high gradient sections quite small.
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Figure 4. Correlation between the concavity coefficient of
longitudinal profiles and their length.

4.2. Stream-length gradient index (SL) -
Trotus River

In the case of the Trotus River, the extreme
values of the SL index ranged from 1150 (at the
contact between the Flysch and the Molasse zone) to
50 (near the springs), with an average value of 342
(Figure 5a). Only in 19% of the analysed segments
did the SL index values exceed the threshold of 500
(proposed by EI Hamdouni et al., 2008), cases in
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which a strong involvement of tectonic and
lithological factors is considered.
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Figure 5. (a) SL index values along the longitudinal profile
of the Trotus River. Location of main knickpoints
according to some tectono-lithological elements.
Knickpoints are determined by considering values more
than 2SD (standard deviation); (b) SL/K ratio values along
the longitudinal profile of the Trotus River according to the

three characteristic classes.

In general, the highest values of the SL index
coincide with thrust faults located at the demarcation
of the Carpathians flysch nappes or in the area of
lithological contacts where rocks with high erosion
resistance occur (Figure 5a). This situation has also
been described for other rivers crossing mountainous
areas (Harkins et al., 2005; Anand & Pradhan, 2019).
The lower values of SL index seem to be associated
with segments dominated by rocks with lower erosion
resistance or characterised by low tectonic activity,
which is consistent with the observations made by
Hack (1973).

4.3. Stream-length gradient index (SL) -
tributaries

In the case of the IV"" order tributaries, the
highest SL index value (1850) was recorded for the
longitudinal profile of the Bagca River in the Uz River
basin. The segment where this value was recorded is
located within the erosion-resistant rock area. The
lowest value of SL index (24) belongs to a segment
along the Gutinas River, a tributary of the Trotus in

the lower course, where rocks with low erosion
resistance predominate. The mean value of SL index
values recorded for the fourth order rivers was 235.
Only about 10% of the analysed segments had SL
index values above 500, the threshold value for high-
gradient sections (Figure 6a). 17% of the SL index
values fell into class 2 (300<SL<500) and the
remaining 73% into class 3 (SL<300).

For V" order rivers, a total of 1067 segments
were analysed, of which about 8% fell into class 1
(SL=500), 15% into class 2, and 77% into class 3. Of
the values included in class 1, almost 60% were
located in the middle and upper reaches basins at
elevations between 600-1000 m. The mean SL index
value for the 1067 segments was 220. The maximum
value of SL index (1020) was recorded for a segment
of the Sopan River (right tributary of the Trotus River
in the Comanesti Depression) and corresponds to an
insular area with erosion-resistant rocks (Figure 6b).
The minimum value (8) belongs to a sector of the
Orasa River (tributary of the Tazlau River), whose
basin entirely overlaps the area of rocks with low
erosion resistance.

For the VI" order rivers, out of the 724
segments analysed, 16% were in class 1 (67% of these
values were in the middle and upper reaches at
altitudes between 600-800 m), 23% in class 2, and
61% in class 3. The mean SL index value for this
category of rivers was 300. The maximum value was
1730 and it was recorded in the lower course of the
Ciobanus river, in a sector with highly erosion-
resistant rocks (Figure 6¢). The minimum value (9)
belongs to a sector in the upper reaches of the Rachitis
river in the Tazlau basin, which is grafted on weakly
resistant rocks of the Carpathian Molasse.

In the case of the two VII™ order rivers, the
maximum values are 974 for the Uz river (value
recorded in the middle course at an altitude of 640 m)
and 694 for the Tazlau river (in the lower course at an
altitude of 230 m) (Figure 6d). The mean SL index
values emphasise the tectono-structural
characteristics of the two basins: 400 in the case of
the Uz River and 192 in the case of the Tazlau River.

By analysing the geological maps, it was
observed that the highest SL index values (generally
above 500) recorded for the rivers analysed in this
study correspond, as in very many other examples in
the literature (Kale & Shejwalkar, 2008; Taloor et al.,
2023; Roy et al., 2025), to sections with erosion-
resistant rocks or active tectonic lines.

4.4, SL/K index

This index is used for a more accurate
determination of anomalies along longitudinal profiles,
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Figure 6. (a) SL index for V" order rivers in the Strahler system; (b) SL index for V™ order rivers; (c) SL index for VI
order rivers; (d) SL index for VII™ order rivers. The green vertical lines represent the class boundaries proposed by El

Hamdouni et al. (2008).

called knickpoints/knickzones. It was found that first-
order anomalies of this index (values greater than 10)
have a very high rate of correspondence with the field
realities (Monteiro & Corréa, 2020).

The SL/K index is considered to be very
sensitive to small deviations from the graded profile,
which can be caused by different controlling factors,
among which lithology plays an important role (Kirby
& Whipple, 2012; Viveen et al., 2021). In the case of
this index, in the first-order anomaly class (SL/K<10)
we have many fewer values than in the first-order
class of the SL index (SL>500) (Figure 7). For
example, for fourth-order rivers in class 1 of the SL
index, we have 70 sectors, while in the SL/K<10
class, we have only 30 segments, but much more
evident along the longitudinal profile. Another
eloquent example is the Trotus River, where class 1
of the SL index comprises 20 segments, and class 1
of the SL/K index only one sector, namely the one
located at the contact of the Marginal Fold with the
Pericarpathian Nappes. Along the longitudinal profile
of the Uz River, the SL/K index shows 4 values above
10 (while the SL index had 18 values in class 1), all
recorded in the middle course (3 at altitudes between
600-700 m and one at an altitude of about 500 m).

For all the 115 analysed rivers, the maximum
value was 34 and was recorded for a segment along

the Basca River in the Uz river basin (described in SL
index) (Figure 7a).

In most situations, the localisation within
longitudinal profiles of SL/K index values greater
than 10 confirms the conclusions presented in the
literature that lithological and tectonic factors have
the greatest influence in shaping these anomalies
(Seeber & Gornitz, 1983; Colombo et al., 2000; Patel
etal., 2022). However, not in all cases do these factors
rank first in terms of the cause of anomalies along
longitudinal profiles (Mishra, 2019; Das et al., 2025).
In some studies, the mean value of SL/K, relative to
the entire longitudinal profile, has also been
considered (Gu et al., 2019). For example, the mean
SL/K index values calculated for the rivers of order
VIl and VI (Uz - 5.2, Tazlau - 2.1, and Trotus - 3.1)
accurately reflect the complexity of longitudinal
profiles in terms of their anomalies (Figure 7d).

4.5, Classification of SL and SL/K index
values

The interpretation of the results is also highly
dependent on the categorisation of the obtained values
into certain classes reflecting the influence of control
factors. In this study, four classifications were used,
namely: those proposed by EI Hamdouni et al. (2008),
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proposed by Seeber & Gornitz (1983).

Avringoli et al. (2014), and Das (2018) for SL index
values; the classification proposed by Seeber & Gornitz
(1983) with the additions made by Etchebehere et al.
(2006) and Martinez et al. (2011) for SL/K index.

Another method used in this study to detect
knickpoints and knickzones anomalies is the one
proposed by Das (2018). That method proposes a
threshold value of the SL index. The threshold was
considered to be the result of the sum of the mean of
the SL index values and their standard deviation
(mean + 1 SD). Above this threshold value, all the
sectors were considered as longitudinal profile
anomalies. The highest values of this threshold were
recorded in the middle course (Basca - 754; Ciobanus
- 716; Uz - 664; Sugura - 645), where a mosaic of
petrographic entities is delimited by thrust tectonic
fault lines (Figure 8a,b,c).

By analysing the SL and SL/k index values
according to lithological and structural conditions, it
was found that the most evident anomalies of the
longitudinal profiles are in class 1 of the classification
presented by Seeber & Gornitz (1983) and above the
threshold value given by mean+1SD. Under these
conditions, the analysis of knickpoints and knickzones

anomalies, lithologically and structurally, referred to
SL and SL/K index values higher than these two
thresholds. For the classification proposed by El
Hamdouni et al. (2008), no obvious correlations with
lithology or tectonics were found for all SL index
anomalies included in class 2. Obvious lithological or
structural explanations were found for all SL index
anomalies with values greater than mean + 1SD. For
this reason, this classification was chosen to discuss the
nature of the anomalies along the longitudinal profiles.
However, there were also a few anomalies, localised in
areas of uniform, low erosion resistant lithology, which
could not be fully explained.

By applying the classification method
proposed by Aringoli et al. (2014), it was possible to
rank the number of anomalies according to the
altitudinal stages (Figure 8d). For example, for rivers
of order VI, VII, and VIII, class 1 (>2SD) anomalies
at altitudes of 540 and 640 m were recorded for 8
rivers (representing 45% of the rivers of these orders).
These obvious anomalies are localised along the
longitudinal profiles of the following rivers: Valea
Intunecoasd (the anomaly at 540 m, located at the
contact of the Hasmas Syncline - with the Ceahlau
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Figure 8. The threshold value of the SL index resulting from the sum of the mean value and the standard deviation
(mean+1SD) (calculated according to the method proposed by Das, 2018): (a) for rivers of IV order in Strahler system
- 1.Comiat; 2. Bothavas; 3. Boros; 4. lavardi; 5. Salamas; 6. Aldamasg; 7. Cotumba; 8. Delnita; 9. Agaras; 10. Burda Noua;
11. Cristes; 12. Asaul Mic; 13. Eghersec; 14. Basca; 15. Copuria; 16. Valea Mare; 17. Izvorul Alb; 18. Izvorul Negru; 19.
Larga; 20. Cucuieti; 21. Caraslau; 22. Lesuntul Mic; 23. Zboina; 24. Marmora; 25. Geamana; 26. Brusturatul; 27.
Frumoasa; 28. Ludasi; 29. Zemes; 30. Piltinis; 31. Valea Rea; 32. Butucari; 33. Berzunti; 34. Véereni; 35. Belci; 36.
Gutinas; 37. Garbovana; 38. Caiuti; 39. Secu; 40. Balca Tulbure; (b) for rivers of V" order - 1.Ugra; 2. Garbea; 3.
Bolovanis; 4. Sant; 5. Camenca; 6. Ciughes; 7. Sugura; 8. Agds; 9. Solintari; 10. Supan; 11. Valea Lupului; 12. Izvorul
Negru; 13. Izvorul Alb; 14. Agastin; 15. Urmenis; 16. Plopul; 17. Oreg; 18. Romanul; 19. Apa Lina; 20. Tiganca; 21.
Ciunget; 22. Doftenita; 23. Galean; 24. Caracldu; 25. Halos; 26. Manciuc; 27. Lesuntul Mare; 28. Bucies; 29.Halosul
Mic; 30. Halosul Mare; 31. Halosul Ciubotarului; 32. Curita; 33. Bucium; 34. Paraul Negru; 35. Soimu; 36. Ghidion; 37.
Frasini; 38. Coman; 39. Cucuieti; 40. Solont; 41. Boul; 42. Pietrosu; 43. Ruja; 44. Calmus; 45. Cernu; 46. Buda; 47.
Nadisa; 48. Strdmba; 49. Orasa; 50. Moreni; 51. Lupul; 52. Helegiu; 53. Barsanesti; 54. Bogdana; 55. Popeni; 56.Balca;
57. Domosita; (c) for rivers of VI™, VII™, and VIII™ -1. Valea Intunecoasd; 2. Valea Rece; 3. Tirhaus; 4. Sulta; 5.
Ciobanus; 6. Asau; 7. Barzauta; 8. Dofteana; 9. Slanic; 10. Oituz; 11. Casin; 12. Schit; 13. Tazlaul Sarat; 14. Rachitis;
15. Paraul Mare; 16. Uz; 17. Tazliu;18. Trotus; (d) number of anomalies per elevation step for rivers of VI, VI, and
V1™ order, resulting by applying the method proposed by Aringoli et al. (2014). The red vertical lines represent the class
boundaries proposed by EI Hamdouni et al. (2008).

Nappe; Asau (at 640 m, in the section area of a fold
in the Tarcau Nappe); Barzauta (at 540 m, it presents
the same situation as in the case of Asdului); Slanic
(with anomalies both at 540 m and at 640 m, related to
the lithostructural complications due to the presence of
the Tarcau and Vrancei nappes); Casin (at 540 m, an
anomaly at the contact between the Vrancei nappe and
the Pericarpathian molasse); Schit (tributary of the
Tazlau, at 640 m, an anomaly arising from a similar
situation to that of Casin); Trotus (at 640 m, closely
related to the contact between the Audia and Tarcau
nappes; at 540 m, an anomaly in the contact sector
between the Tarcau and Vrancei nappes).

4.6. Knickpoint and knickzone anomalies

The anomalies with the highest values of SL
and SL/K index, and which are well highlighted in the
longitudinal profile of the studied rivers, were
analysed in terms of possible relationships with
lithology and tectonics. All these sectors of abrupt
slope change in the longitudinal profiles, called
knickpoints or knickzones, were localised on each
profile (Figure 9).

Along the longitudinal profile of the Trotus
River, 7 more important knickpoint sectors have been
identified (Figure 5 and 9 a,b,c): (i) at the altitude of
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Camenca; 6. Ciughes; 7. Sugura; 8. Agas; 9. Supan; 10. Urmenis; 11. Plopul; 12. Bogdana; 13. Popeni; 14. Balca; 15.
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720 m, located at the contact between the Ceahlau and
Teleajen nappes; (ii) at the altitude of 595 m, at the
contact between the Teleajen and Audia nappes; (iii)
at the altitude of 528 m, in the contact sector between
the Audia and Tarcau nappes; (iv and v) at 460 and
440 m, at the entrance and exit of the Trotus from the
Comanesti Depression, due to lithological changes;
(vi) the most important, at 240 m altitude, in the
transition sector between the Carpathian Flysch and
molasse zones; (vii) at 140 m altitude, in the transition
zone towards the pericarpathic piedmont (Radoane &

Radoane, 2005).

In the case of the tributaries of the Trotus River,
the main knickpoint anomalies are located either at the
contact of the main thrust nappes (Sulta, Ciobanus, Uz,
Slanic, Oituz, etc.), or in the contact sectors of
lithological features with different erosion resistance
(Tarhaus, Ciughes, Camenca, Agas, Asau, etc.).

For a number of longitudinal profiles, a series
of anomalies were observed at different altitudinal
levels within a lithological group with similar erosion
resistance. For example, in the case of the rivers Asau
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and Uz, in the sector where they cross the Tarcau
Nappe. In this case, it is possible that, in addition to
lithology, a series of structural elements (folds type
anticline and syncline) are of particular importance in
the occurrence of such anomalies.

As far as the Tazlau River is concerned, since
its basin mostly overlaps the area of rocks with low
erosion resistance and the number of notable
anomalies is lower. The most important one is located
at an elevation of about 230 m and also seems to be
related to an anticlinal structural element. The second
knickpoint is located in the Flysch area (at an
elevation of 800 m) and seems to originate from a
contact between two thrust nappes.

It is difficult to determine the exact cause of
these anomalies using solely geological maps,
especially if they are located in sectors where a
lithological contact and a fault thrust also occur. In
these cases, we mainly attributed these anomalies to
the lithological factor. The comparison of the results
obtained with the field situation will be another stage
of this study.

5. CONCLUSIONS

Analysing the anomalies along the longitudinal
profiles of rivers is of particular importance in
determining the main stages of evolution of the river
network and the controlling factors that have
influenced this evolution. These anomalies were
guantified, localised and described on the basis of SL
index values and other associated indices commonly
used in studies of this kind. For this study, 115
longitudinal profiles (of the Trotus River and 114
tributaries) were analysed. The first step of the
analysis was to determine the spatial variability of the
SL index and other associated indices. Among the
associated SL indexes, the SL/K index was
emphasised in this study, as it allows a more accurate
determination of knickpoints/knickzones anomalies.

The values obtained were categorised
according to the criteria described in the literature.
Some of these criteria were sometimes slightly
adapted to the analysed situation. The highest values
(usually placed in class 1 of these classifications)
were considered as longitudinal profile anomalies and
consequently analysed in terms of lithological and
tectonic controlling factors.

Along the longitudinal profile of the Trotus
River, 7 knickpoint sectors were identified, all of
them mainly due to the presence of lithological
features with high erosion resistance. A number of
these sectors are located on the path of thrust faults,
so that it is rather difficult to separate the two
controlling factors. The presence of the 5 thrust

nappes, each containing rocks with different degrees
of erosion resistance, seems to have favoured the
occurrence of these anomalous sections along the
longitudinal profiles of the analysed rivers.
Similarly, in the longitudinal profiles of the
tributaries analysed, a correlation could be
established between the location of most of the
identified anomalies and the lithological and tectonic
controlling factors. The presence of such anomalies
in areas with low erosion-resistant rocks was more
difficult to explain, but the cases were rather isolated.
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