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Abstract 

The shaping of a coast is the result of the interaction of ground and marine factors. 
To study the formation mechanism of the coast, it is necessary to study both the 
characteristics of the source from which the transported materials originate, that is 
the rivers discharging in it, and the characteristics of the receiver of these materials, 
that is the coastal zone. The results of such a study contribute to the application of a 
administrative action plan to this system, based on the principles of the integrated 
administration and the viable evolution. 
In this work the dynamics that shapes the coast ofAg. Varvara are examined. To this 
purpose, both the natural supply mechanism of the Ag. Varvara 's coastal zone with 
materials from the Voulgaris river and the settlement mechanism of these materials 
are under investigation. The most significant factors influencing the characteristics 
of the Voulgaris river - which is the main materials supplier of the coast - and 
shaping the evolution of the Ag. Varvara 's coatal zone, are the catchment area as 
well as the interactions taking place in it, the type and the quantity of the transported 
material, (geological factor), the tectonic movements influencing the shaping of the 
area, and finally the climatic conditions. 

The geomorphologic-morphotectonic analysis points to the fact that, while there is 
substantial supply of material to the river bed, only a small percentage of that is 
being transported to the coast. This is attributing to the diminished transportation 
capability of the river. Other factors contributing to this are the longer than expected 
length of the river bed, its small slopes, an the low rainfall level in the area. 
Key words: transported materials, Voulgaris river, Ag. Varvara coast, Lesvos, 
Greece. 

Περίληψη 

Η διαμόρφωση μιας ακτής είναι αποτέλεσμα της αλληλοεπίδρασης χερσαίων και 
θαλάσσιων παραγόντων. Για την μελέτη του μηχανισμού διαμόρφωσης της ακτής 
απαιτείται τόσο η μελέτη των χαρακτηριστικών της πηγής προέλευσης των φερτών 
υλικών, που είναι τα υδατορέμματα και οι ποταμοί που εκβάλλουν σ 'αυτήν, όσο και η 
μελέτη των χαρακτηριστικών του αποδέκτη αυτών των υλικών, που είναι η παράκτιος 
ζώνη. Τα αποτελέσματα μιας τέτοιας μελέτης συμβάλλει στην εφαρμογή ενός 
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διαχειριστικού σχεδίου δράσης του συστήματος αυτού, στηριζόμενο στις αρχές της 
ολοκληρωμένης διαχείρισης και της βιώσιμης ανάπτυξης. 
Στην παρούσα εργασία μελετάται η δυναμική που διαμορφώνει την ακτή της Αγ. 
Βαρβάρας. Για το σκοπό αυτό διερευνάται αφενός ο φυσικός μηχανισμός τροφοδοσίας 
της παράκτιας ζώνης της Αγ. Βαρβάρας, με υλικό από τον ποταμοχείμαρρο Βούλγαρη 
και αφετέρου ο μηχανισμός διευθέτησης του υλικού αυτού. Οι σημαντικότεροι 
παράγοντες που επηρεάζουν τα χαρακτηριστικά του ποταμοχείμαρρου Βούλγαρη -ο 
οποίος είναι και ο κύριος τροφοδότης της ακτής με υλικό- και διαμορφώνουν την 
εξέλιξη της παράκτιας ζώνης της Αγ. Βαρβάρας, είναι τα γεωμετρικά χαρακτηριστικά 
της ^άνης απορροής και του υδρογραφικού δικτύου, το είδος και η ποσότητα του 
υλικού που μεταφέρεται (γεωλογικός παράγοντας), οι τεκτονικές κινήσεις που 
επηρεάζουν το ανάγλυφο της περιοχής και τέλος οι κλιματικοί παράγοντες. 
Από την γεωμορφολογική-μορφοτεκτονική-ιζηματολογική ανάλυση προκύπτει ότι ενώ 
υπάρχει μεγάλη προσφορά υλικού στην κοίτη, μικρό μόνο ποσοστό αυτού μεταφέρεται 
στην ακτή. Αυτό οφείλεται στη μειωμένη μεταφορική ικανότητα του ποταμού. Σ'αυτό 
συντελεί το μεγαλύτερο από το αναμενόμενο μήκος της κοίτης του ποταμού, οι μικρές 
κλίσεις της και οι ελάχιστες βροχοπτώσεις που πέφτουν στην περιοχή. 
Λέξεις κλειδιά: μεταφερμένα υλικά, ποταμός Βούλγαρης, ακτή Αγ. Βαρβάρας, 
Αέσβος, Ελλάδα. 

1. Introduction 

The Voulgaris river flows in the western region of the island of Lesvos. It's catchment area is 
81.81 Km2 and the river's main stream has a length of 14 Km. The drainage network is of the fifth 
order according to Horton and it has a dendritic and radial pattern. Noteworthy are the drainage 
network's asymmetry and its dislocation towards the west (Fig. 1). The river Voulgaris flows into 
the coast of Ag. Varvara, which has an E-W direction and a length of about 1 Km. East of the 
coast of Ag. Varvara lies the gulf of Gavatha and to its west the cape of Paleokastro. 

Figure 1 - Drainage network map of the Voulgaris river's basin 
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The highest altitude (700 m) at the catchment area of the Voulgaris river as well as the steepest dip 
of the relief (20 %) are found at the south-east end of the basin where a dense drainage network as 
well as strong and in depth erosion are present (Fig. 3). The mean dip of the catchment area is 
about 8 %. 

Figure 2 - Morphological section along the Voulgaris river 

Elevation Profile Elevation Profil* 

Elevation P-ofile Elevation Profile Elevation Profil! 

B3-B3' 

Figure 3 - Transverse and longitudinal morphological sections of the Voulgaris river's 
catchment area 
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According to the geological maps of scale 1:50,000 (Hecht 1972, 1975), to Katsikathos et al. 
(1982, 1986) and Pe-Piper (1978), the area under investigation mainly consists of the recent 
volcanic sequence which in turn consists of alkaline basaltic effusions of lower Pliocene age, as 
well as of quarternary depositions. In some places, acid pyroclastic materials (ignimbrites, 
rhyolites etc) of the lower volcanic sequence are present. These formations found in the structure 
of the area under investigation generally belong to those which are easily eroded. In general, 
Lesvos is characterized by the presence of a mantle of rock-waste generally having considerable 
thickness and spreading on top of greatly fragmented rocks, which favour the formation of an 
abundant drainage network. This creates favourable conditions for extensive erosion and the 
production of transported materials accumulated on the lower parts of the slopes and drifted by the 
river (Alexouli-Livaditi et al. 2002). Three main fault systems are also remarked: one in NE-SW 
direction, which is the main cracks direction, one in NW-SE direction across which the longest 
cracks length is found, and finally one in N-S direction (Katsikatsos et al. 1982). 

The western region of Lesvos belongs to the climatic type of semi-dry with low rainfall level 
during the winter and potential évapotranspiration between 855 and 995mm (Karras 1973) 

From the meteorological data of the Hellenic National Meteorological Service station (the rainfall 
data are for the period 1969-1989 and those for the wind for the period 1955-1997) it appears that 
the summer in the island is hot and very dry while the winter is mild. There is a small surplus of 
water during the winter and during the rainy period streams are formed which supply the coasts 
with quantities of sediments. The average yearly rainfall for the period 1968-1989 was 657.7 mm, 
while the month with the highest rainfall was January (133.3 mm) followed by December (117.2 
mm), February (96.8 mm), and March (80.3 mm). The months with the lowest rainfall were 
August (2.7 mm) and July (3.0 mm). The winds more frequently present during the whole year are 
the north winds (25.23 %) especially during the months of July and August. They are followed by 
the NW winds (13.35 %), the south winds (11.22 %) and finally the NE winds (9.80 %). There is 
also a considerable amount of calmness (15.17 %). The winds are generally mild, with a force of 
2-4 Beaufort. 22 % of the winds have a force of 2 Beaufort followed by those of 4 Beaufort (21,4 
%) and 3 Beaufort (20,9 %) (Fig. 1). The area under investigation is affected, due to its geographic 
position, by the waves created by the N-NW and west winds. 

2. Methodology 
For the present study, géomorphologie and geologic observations were carried out in the 
investigated area, while 19 samples collected across the coastline and three more from the river 
bed close to the river mouth. Laboratory analysis was carried out on all samples, like grain-size 
analysis, separation of light and heavy minerals in the 2-3 Φ fractions and definition of the 
mineralogical phases. This was followed by geomorphological analysis of the drainage network 
and the catchment area of the Voulgaris river during which data were collected, a data base was 
created, the data were processed and maps were constructed with the use of Geographic 
Information Systems (G.I.S). The quantitative analysis of the drainage network was done next, 
including: a) the calculation of the «bifurcation ratio», according to Horton 1945. The stream 
ordering of the drainage network has been done according to Strahler' s (1957), b) the calculation 
of the «length ratio», according to Horton 1945, c) the calculation of the deviations of the real 
number and the real length of streams from the corresponding ideal values (Horton 1945), and d) 
the calculation of the «hypsometric integral» and «hypsometric curve», a parameter that expresses 
the denudation stage of a catchment area (Strahler 1952). The «hypsometric curve» shows in a 
simple way the distribution of the relief mass inside the basin. 

During the geomorphological analysis, the directions of the streams per order as well as the faults 
were counted while rose diagrams were constructed and the "asymmetry factor" AF according to 
Hare and Gardner (1985) and the "transverse topographic symmetry factor", T, according to Cox 
(1994) were both calculated. 
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3. Geomorphological analysis 
The géomorphologie analysis studies the evolution of the catchment area of the Voulgaris river, 
the area where the weathering - erosion processes take place, resulting in materials transporting to 
the coast. For this reason, the parameters which form and influence the extent of the area and its 
morphology are calculated, as these data are necessary in order to study the mechanism supplying 
the coast of Ag. Varvara with materials. The morphotectonic structure of the catchment area is 
also examined as it is associated with erosion and deposition processes. 

3.1. Quantitative analysis of the drainage network 
The quantitative analysis of the drainage network was performed using the classic method by 
Horton (1945) and Strahler (1957). The drainage network of the river Voulgaris is of the 5th order 
and it includes 352 streams of the first order, 80 of the second, 18 of the third and 6 of the fourth 
order. At this stage, the quantitative analysis, as it was already mentioned, includes the calculation 
of the bifurcation ratio, the streams length ratio, and the percentage deviation of the real values of 
the number of streams from the ideal ones. 

According to Shreve (1966) and Leopold and Langbein (1962), when the mean value of the 
bifurcation ratio (RB) of a drainage network is equal to the "theoretical" bifurcation ratio 
(R-B,TH=4,00) then, the drainage network is a dynamically balanced one, where the erosion, 
transportation and deposition processes alternate. For the drainage network under investigation, the 
mean value of the bifurcation ratio is RB =4,46 (Table 1 ), a value which is higher than the 
"theoretical" one, meaning that the drainage network is in an unstable dynamically balanced state. 
This is due to the elevation of the relief attributed to the neotectonic processes taking place in the 
greater area under investigation, which may be amplified by a possible turgidity resulting from 
volcanic action. 

The above are confirmed by the bifurcation ratio's value of the lower orders streams (Rß(i/2)=4,40), 
which is higher than the value of the "theoretical" ratio, as well as by the even higher value of the 
higher orders ones (RB(4/5)=6,00). It must be noted that the former value is more related to the 
erosion processes, while the latter value mainly to the deposition but also to the transportation 
ones. The transportation processes mainly take place during flooding phenomena when at the same 
time the drainage of solid materials increases, an observation ascertained on the spot. Similar 
opinions are also expressed by Lykoudi and Zarris (2004). 

Table 1 - Bifurcation ratio (RB) and Length ratio (RL) 

Stream order 

J St 

2 nd 

3rd 

4 * 

5 th 

Mean value 

Bifurcation ratio (RB) 

-

RB(i/2) = 4.40 

RB(2/3) = 4.44 

RB(3/4) = 3.00 

RB(4/5) = 6.00 

RB = 4.46 

Length ratio (RL) 

-

RL(2/I)=1.63 

RL(3/2)=2.11 

RL(4/3)=1.83 

RL(5/4)=6.37 

RL =1.86 

Another morphometric parameter, investigated in the present study, is the length ratio and in 
particular the one concerning the main river bed (stream of the 5th order) over the streams of the 
immediately lower order. This is because, as it is already mentioned, there are two processes 
taking place on the Voulgaris' main river bed, those of transportation and deposition. The length 
ratio of the higher order streams of the drainage network under investigation has a high value 
(RL(5/4)=6,37) (Table 1). This is due to the long stretch of the stream of the 5th order to which the 4th 
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order streams merge, with the latter having a satisfactory stretch. Therefore, the main river bed 
receives significant quantities of transported materials, and because of the long stretch of the river 
bed these materials are mainly deposited and transported during intense flooding phenomena. 

Table 2 shows the deviations, in percentage, of the real values of the number of streams from the 
ideal values of the Voulgaris River. The small but negative deviation values show that only a small 
number and streams length is needed for the total real number of streams to reach the ideal values. 
This means that the drainage network did not have the time to develop the necessary number of 
streams with their corresponding length allowing the normal drainage of the catchment areas. As it 
is already mentioned, this is due to reformation of the drainage network from intense neotectonic 
actions together with a possible turgidity of the area due to volcanic action resulting in a deep 
erosion of the river's stream. It is also noted that the deviation value of the 4th order number is 
positive and relatively high. This shows that the 4th order streams are greater in number than the 
ideal stream number but they have an almost ideal length as indicated by the small deviation of the 
length value (Table 2). Consequently, the streams of this order, because of the higher number, can 
transport big quantities of transported materials to the river bed. Finally, it is noticed that the 
Voulgaris river bed has a length almost over than double that of the ideal one (length deviation of 
the 5th order stream=237.13 %), meaning that the river bed is able to receive a significant quantity 
of transported materials. As explained in chapter 3.2. the big length of the river bed results from its 
shift towards the west, especially of the central part, hence the increase of its course (Fig. 3). 

Table 2 - Deviation of the real number, stream lengths from the ideal ones (%) 

Stream order 

1th 

2 th 

3 r d 

4 r d 

5 rd 

Stream number 

-11.13 

-9.89 

-9.55 

34.50 

0.00 

Mean stream length 

0.00 

-12.20 

-0.13 

-1.68 

237.13 

In Figure 4, the "hypsometric integral" (HI) of the Voulgaris river's catchment area is shown, 
indicating the denudation stage of the basin. From the shape of the curve, it is concluded that 
material is transported from the top of the basin (position A) and deposited towards the bottom of 
it, more at position Β and less at position C, while even less is transported to the coast (position 
D). This means that the basin is still capable of transporting materials to the coast since it is not in 
an advanced stage of denudation. 

Figure 4 - Hypsometric curve 
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3.2. Morphotectonic analysis 

The morphotectonic analysis studies the influence of the endogenous forces (tectonic, volcanic) on 
the formation of the earth relief. Their influence is impressed on the form of the drainage network. 
In the framework of this study the morphotectonic analysis includes: a) the correlation of the 
streams directions per order with the directions of the faults in the greater area under investigation 
and b) the definition of the asymmetry factor (AF) and the symmetry factor (T) of the drainage 
network. 

The effect of the neo-tectonic action on the drainage network is noticeable, even at the present day, 
and it is confirmed by the directions of the streams which follow those of the faults (NE-SW and 
NW-SE) (Fig. 5). Consequently, the active tectonic of the Voulgaris river's catchment area 
designates the course of the river, hence the erosion and deposition processes taking place in the 
basin. These directions indicate that the drainage network is controlled mostly by the neo-tectonic 
action of the faults with directions NE-SW, and NW-SE (Alexouli-Livaditi and Lykoudi 2002). 

Figure 5 - Rose diagrams for all the orders streams of the of the Voulgaris' river drainage 
network, as well as the faults' rose diagram of the island of Lesvos 

Figure 5 - Asymmetry Factors of the Voulgaris river [Asymmetry factor (AF) (Hare and 
Gardner 1985) and Tranverse Topographic Symmetry Factor (T) (Cox 1994)] 

The single-slope structure of the catchment area of the Voulgaris river, calculated with the help of 
the asymmetry factor AF according to Hare and Gardner (1985) and the transverse symmetry 
factor Τ according to Cox (1994), indicates that the drainage network of the Voulgaris river is 
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expanded on a tectonically active area. A possible rotation of the block-faulting results in an 
asymmetric expansion of the drainage network, therefore in a shift of the river bed towards the 
west, hence in the increase of its length as it is confirmed (Fig. 4). This is confirmed by the rose 
diagrams too (Fig. 5). 

Table 3 - Asymmetry factor AF (Hare Gardner 1985), transverse symmetry factor Τ (Cox 
1994) and asymmetry direction 

Voulgaris R. Basin 

Asymmetry 
Factor 
(AF) 

33.6% 

Transverse Topographic 
Symmetry Factor 

(T) 
0,51 

Asymmetry 
Direction 

240° 

4. Sedimentary analysis 

It is important to know the current state of the coastal zone which is the final recipient of the 
river's transported materials, so that useful data for the mechanisms which disperse these materials 
can be derived. 

The sedimentary study of the Ag. Varvara coast includes grain-size and mineralogical analysis of 
the coast sediments. 

4.1. Evaluation of the results of the grain-size analysis 

Evaluating the results of the grain-size analysis it is concluded that the sediments of the Ag. 
Varvara coast have a sandy texture. Based on the «mean size» fluctuating between 0,967 and 
1,847 Φ (mean value of the «mean size»= 1,483 Φ) (Table 4) and according to Folk (1974) the 
sediments of the Ag. Varvara coast belong to the lithological type of the medium-grain-size sand. 
From the grain-size analysis it is also ascertained that 56 % of the samples analyzed are 
characterized as well sorted and the remaining 44 % as moderately well sorted (Table 5). 

According to Folk (1974) such grain-size data are indicative of an environment at a high 
hydrodynamic condition and poor supply of sediments. The N-NW and west strong winds 
blowing during the biggest part of the year in the area are responsible for high hydrodynamic 
energy, while the poor supply of sediments is linked to the low rainfall level and the petrologie 
structure of the rocks in the surrounding area, where the volcanic rocks are predominant. 

The classification of the analyzed samples according to their skewness (SKI) shows that 78 % of 
the sand samples exhibit near symmetric skewness and 22 % fine positive skewness. This means 
that the highest percentage of the sand sediments have normal distribution and only 22 % have a 
positive distribution, a fact denoting that only a small percentage of fine-grain-size material has 
been removed by waves and long shore currents from the sedimentation area (Spencer 1963). The 
kurtosis values of the granulous curve of the analyzed samples denote that their majority (67 %) is 
classified as mesokurtic - that is the sorting of the sand sediments is good in all size classifications 
- and secondary platykurtic and leptokurtic. 

Typical accumulative curves of sand samples are presented in Figure 6. 

4.2. Mineralogical analysis 

The separation in light and heavy minerals done for fractions 2-3 Φ of sand samples from the Ag. 
Varvara coast confirms that the coast sand is particularly rich in heavy minerals. The percentage 
«mean value» of the heavy minerals participation is 69.201 % and this high percentage must be 
related to the fact that the Voulgaris river falls into the coast and deposits material, rich in heavy 
minerals, probably transported from distant areas. Much higher (93,833 %) is the percentage of the 
heavy minerals participation in samples taken from deep in the river bed. 
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Figure 6 - Representative accumulative curves of sand samples of Ag. Varvara coast 
(S=sample) 

Table 4 - The range and mean value of the mean size Mz standard deviation σι skewness SKI 
and kurtosis KG of the sand of Ag. Varvara coast 

Coast 

AG. VARVARA 

Mz 

Range 

Φ 

0.967- 1.847 

Mean 
value 

Φ 
1.483 

σι 
Range 

Φ 

0.311 -0.593 

Mean 
value 

Φ 

0.453 

SKI 
Range 

-0.099-0.113 

Mean 
value 

0.023 

KG 

Range 

0.794- 1.259 

Mean 
value 

0.973 

Table 5 - Classification of the sand samples according to their standard deviation (σ,), the 
skewness (SKI) and to their kurtosis (KG), according to Folk (1974) 

coast 

σι 

SKI 

KG 

AG. VARVARA 

Well sorted 
Moderately well sorted 
Fine skewness 
Near symmetrical skewness 
Platykurtic curves 
Mesokurtic curves 
Leptokurtic curves 

% 

56 
44 
22 

78 
22 
67 
11 

Table 6 - Quantitative composition in percentage of the sand samples of Ag. Varvara coast 
in light and heavy minerals at the fractions 2 - 3 Φ 

Coast 

AG. VARVARA 

R. VOULGARI 

Light minerals 

range 

0.000-100.000 

0.000-10.150 

mean value 

30.799 

6.167 

heavy minerals 

range 

0.000-100.000 

89.850-100.000 

mean value 

69.201 

93.833 
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The dominant heavy minerals are mainly magnetite, hornblend, augite and biotite. The 
participation percentage of the magnetite fluctuates between 25 % and 60 %, while that of the 
hornblend is higher than 10 %. The minerals haematite and limonite participate at a lower 
percentage not higher than 10 % and 5% respectively. 

The light minerals identified in the sand of the Ag. Varvara coast (Table 7) are plagioclase which 
are dominant (65 %), the quartz, participating with a significant percentage (15 %-30 %), the K-
feldspar with a small percentage between 1 % and 15 % and the clay minerals, illite, chlorite, and 
smectite, probably products from the weathering of the feldspars. 

All the identified minerals are products from the erosion of the volcanic rocks (mainly rhyolites, 
dacites, andésites) in the surrounding area and therefore they reflect their petrology. 

The high percentage of plagioclases in the sand of the Ag. Varvara coast, as well as the presence 
of ferromagnesian heavy minerals at a considerable percentage - that is minerals unstable during 
the erosion - characterizes the sand as an immature sediment from a mineralogical point of view. 
This means that the natural erosion plays a significant role in the erosion of the minerals of the 
surrounding ground and thus the chemical processes needed for the formation of mature 
mineralogically sediments are restricted. This opinion is enhanced by the presence of a small 
percentage of the secondary clay-minerals illite, chlorite and smectite. 

Table 7 - Qualitative mineralogical composition of sand samples of Ag. Varvara coast 

Light mineral 

Coast 

AG. VARVARA 
RIVER VOULGARI 

++++ [65 < %] 
+++ [30-65%] 
++[15-30%] 
+ [1-15%] 

Ν 

S 

σ ++ 

U 
Ο 

OX) 
ce 

α, 
++++ 

++++ 

Ix 

α 
S« 

•Ό 

Ι 

* 
+ 

* The number of the symbols + gi\ 
in percentage at the fractions 2 - 3 c 

υ 

υ 
+ 

es the app 
E). 

M 

+ 

roximatel 

ω 

*c 
Ξ 
U 
+ 

ai 

+ j 

a> 

ε ίΛ 

+ 

y minerais content 

5. Conclusions 

From the geomorphologic-morphotectonic analysis of the drainage network and the catchment 
area of the Voulgaris river, it is concluded that the drainage network is in an unstable dynamically 
balanced state, as indicated by the relatively high mean value of the bifurcation ratio. This is due to 
the elevation of the relief attributed to the neotectonic processes taking place in the greater area 
under investigation, which may be amplified by a possible turgidity resulting from volcanic action. 
The elevation of the relief, results in an in depth erosion of the lower order streams of the drainage 
network and the substantial supply of materials to the Voulgaris main river bed. This is indicated 
both by the high value of the bifurcation ratio and the length ratio of the higher orders streams 
(RB(4/5)=6,00 & RL(5/4)=

:6,37) and also by the positive deviation value of the fourth order's number 
of streams (34,50 %). It is also noted that Voulgaris river bed has a length which is more than 
double than of the ideal one (length deviation of the 5th order stream = 237,13 %), meaning that the 
river bed is able to receive a significant quantity of transported materials. The big length of the 
river bed is due to its shift towards the west, especially the shift of the central part, hence the 
increase of its course. 

However, the shape of the hypsometric curve indicates that the catchment area is not in an 
advanced denudation stage, since part of the materials from the top of the basin, where the supply 
is substantial due to intense erosion, is being transported and deposited on the bottom of the basin. 
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The percentage of the material being transported and deposited on the coast is even less. 
Therefore, the catchment area is still substantially capable in supplying material to the coast. The 
data from the sedimentary analysis also point to the fact that the sullpy of materials to the coast is 
small. 

Summarizing, it is concluded that although the supply of materials to the river bed is substantial, 
only a small percentage of that is transported to the coast. This is attributing to the diminished 
transportation capability of the river. Other factors contributing to this are the longer than expected 
length of the river bed, its small slopes, an the low rainfall level in the area. 
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