5" HANEAAHNIO FEQI'PA®IKO XYNEAPIO

QANTITATIVE GEOMORPHOLOGICAL STUDY OF EUROTAS RIVER
DRAINAGE NETWORK (GREECE)

A. Alexouli - Livaditi

INMEPIAHYH

H epyoascio auth apopd OV TOGOTIKY) YEOUOPPOAOYIKY|] HEAETH TOV LIPOYPAPIKOD TUCTIHHTOL TOD
notapol Evpota. O Evpotag eivor o Kuptotepoc motapds e Ackoviag. [Tnyaler and to opomradio
mg Movtivelog (Acéa). Péer mpog NA S péoov pueg Koré dSlpop@oUEVNS KOGSUS Tou &ysl
drevBuvan BA-NA kat ekfdirel oto Aokavikd kOATo. H vdpoypaikt tov ekdvn neptBdiietar aro
vyNAODG opevong dyKovg, Tov Tabyeto kat Tov TTdpvava kot éxel epPadov 1799.5 km?.

To vipoypaeikd dikTuo givat £fdoung tdéng, Koid avertuyuévo. H popen tov udpoypapikon sikthou
SleEPEL GTa SNEPOPA TUNLATA TNG ASKEVNG, YTl EAEYYETUL lTd T1] YEWAOYIKT] KL TEKTOVIKI] S0OWT TOU
vrofdbpov. I'evikd napovoldlel Lop@n devopITIKoD THTOV, KVPIWE 6TO BOpelo Katl BopLloavatoriko
TUNLE KoL DTO-TOPEAANAO Ko 0pBoymdvio oTic GAres Dioels.

H rukvémta kol cuyvomTo Tou vopoypaekol SIKTHOL petafdiietal otig didpopeg Héoeig viat
emnpedletal omd TOKIAOVG mupdyoviec, orid kuplog omd T AlBohoyic. Merethbnkay Ko
a&lokoynbnkav eriong otouein mov a@opolv TOGO OTNY AVETTLEY TOV PELUATOV OGO Kl aTh
AEKGVT) amoppone Kol ard T otolyele mov mPoLkLyay eENyBnooy cLUREPHOUATE GYETIKG L& T
dnuovpyle Kot eEEMEN TOV VIPOYPAPIKOV FLKTVLOV.

ABSTRACT

In this paper the quantitative geomorphical analysis of the drainage network of Eurotas River s
presented. Eurotas is the main river of Lakonia. Eurotas springs from the plateau of Mantinca {Asca).
It flows to SE through a well developed valley of a NW - SE direction into Lakonikos gulf. lis
drainage basin is surrounded by high mountains, Taygetos and Parnon and the total area covers 1799.5
km”.

The drainage network is of the 7" order and is well developed. Its pattern is dendritic at the northern
and northeastern part and rectangular or subparallel at the other parts.

The drainage density and channels frequency is of a high variation as a result of many factors .the
most important of which is lithology. The coefficients of drainage systems and of drainage basins have
been studied and results have been reached regarding the creation and the evolution of the dramage
network.

INTRODUCTION

Eurotas river springs from the plateau of Mantinia (Asea). It flows to SE through a well developed
valley of a NW - SE direction and flows into Lakonikos gulf. Its drainage basin is surrounded by ngh
mountains, Taygetos (2.404 m) and Parnon.(1700 m) The total area of the basin is 17995 kim” and 1he
length of the main branch of the river is 82 km. The age of these rocks ranges generally from Triassic
up to Holocene with the exception of Miocene. which is absent from the Peloponnese. The lectonic
structure is very complicated and the geomorphologic evolution according to previous studies. has
gone through many cycles under variable climatic conditions. The subject under study wilt be
presented in parts

I TToGOTIKT YEMUOPPOAOYLKT] LEAETY TOV DOPOYPAPLIKOD GLOTANETOE Tov Evpdta moTopo.
2. E. M. ITohvtgyveio, Toubas Tewroyicov Emomudv, Hpowv TToivteyveiov 9, 157 73, TMokvreyvionmoin
Zwypapov.
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5° HANEAAHNIO TEQTPA®IKO YYNEAPIO

ORDERING OF THE DRAINAGE NETWORK

The ordering of the Eurotas River drainage network was made on the topographic sheets (scale |
:50.000) of the following areas: Megalopolis, Kollinae, Astros, Xyrokampio, Kalamata Sparti. Goritsa.
Gythion and Molai according to the system of STRAHLER ( 1951).For the mapping of the drainage
network aerial photographs were also used. The entire ordered drainage network is presented in fig. |.
which also shows the boundaries of the basins of the 4™ 5™ and 6™ order. The streams are indicated by
special symbols.

Eurotas River is classified to the 7th order and has three (3) tributaries of the 6" order. which arc
Eurotas river, Xagdarias river and Xerias river. In addition it has 11 streams of the 5™ order. 136 of 1he
4™ 222 of the 3™, 909 of the 2™ and 2.889 of the 1* order. Each stream of the drainage nctwork
possesses its own basin of the same order, which includes all the lower order basins. All thc mcasured
data of the streams and basins ( bigger than 4™ order) of the Eurotas River are given on tables | - 1V,
There are also 13 third order and 25 second order basins joined directly to the main channel. [( must be
emphasized here that the precision of the ordering. and of all the resultant data. is directly dependent
on the scale of the topographic maps used.

After the ordering of the Eurotas River drainage network, its quantitative analysis took place.

Geographical distribution

Geographical distribution of basins (Fig. 1,2,3), shows that the 45 4™ order basins are assymctrical ix
distributed on both sides of the main channel of Eurotas River. More precisely, of the 45 basins 12 are
located in the western part, 13 in the northern part and 20 in the eastern part. Furthermore the basins of
the eastern part join directly the main channel, that is without the interference of any 5™ order strcam.
but the basins of the northern part and some of the eastern one, join in groups and then mect thie mamn
channel through 5 or 6" order streams. In other words, many basins of the northern part belong 1o the
ncxt higher order basins, whereas these of the southern part transgress the 5™ order.In others woids
many basins of the northern and western part belong to the next higher order basins (5" or 6™). The
same figure (1) show that the 5th order basins have a peripheral setting, whereas the central arca 1s
occupied by basins of a [ower order.

The drainage pattern of the first basin of the northern part and of the basins’ majority of the castern
one is dendritic or rectangular, but that of the western basins is usually subparallel. In the nocthern and
western part the 4 order branches, have an E-W direction and in the northern part they flow 10 the
west, while in the western part they tflow to the east. In the eastern part the branches are of NE-SW 10
NNE-SSW direction.

RESULTS OF THE STATISTICAL ANALYSES

Number of streams per order.

The number of streams per order in all the basins shows a high variation. Thus in the 4" order basins
N1 varies between 9 and 253, N2 between 10 and 63, and N3 between 2 and 13. In the 5" order basms
N1 varies between 82 and 475, N2 between 26 and 104, N3 between 6 and 22, while in the 6" order
basin, N1 varics between 236 and 1121, N2 between 63 and 336, N3 between [6 and 36.

After the ordering of Eurotas drainage network, the theoretically expected number of streams has been
calculated according to the I* law of HORTON (1945), ( table I) , for the different orders. After that.
the deviations from the expected values for each order has been calculated. Positive deviation values
show the presence of less streams than the expected ones, and the negative values show more streams.
The number of streams of every order, shows great divergences among the basins of the same order. as
well as among basins of different order, (Table 1, III). Generally, less streams than expceted are
observed. In the 7" order basin of Eurotas, a deficiency of streams ranging from 35% up to 70%a 1s
observed in everv order, with the exception of the streams of the 4™ order that are 35% morc
number.
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DRAINAGE NETWORK
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Fig. 1 Map of the drainage system and the drainage basin of Eurotas river.
than theoretically expected. In the 6™ order basin, a lower percentage deficiency of streams is obscrved
in every order, with the exception of the basin A’, where a slight increase of 2™ order streams is

observed.

208

WYnoeiakn BiBAI0BAKN Oed@paacTog - TuAua MewAoyiag. A.M.O.



5° HANEAAHNIO FEQIPAPIKO ZYNEAPIO

TABLE 1. Morphometry of drainage system of Furotas river. Number of streams per order and the
bifurcation ratios.
Basin Basi Basi N1 N2 N3 N4 N5 N6 N7 EIN Rby; Rbyz Rbsy Rbys Rbss Rbyr WR Devi Devi Devi Devi Devi Devia
6th n Sth n 4th b ation atio ation atio atio tinn
% n% % 0% n% % N6
N1 N2 N ONA4 NS
1 238 72 15 3 | 329 331 480 500 3.00 403 9 10 7
378 27 5 | 39 2,89 540 5,00 443 10 -38 -13
4 52 18 4 1 39 2,89 4,50 4,00 380 5 25 -5
5 99 26 6 1 39 381 433 6,00 471 5 17 27
i 214 57 14 7 | 293 375 407 200 700 421 32 23 21
4 31 8 2 1 42 388 4,00 200 329 13 26 39
15 62 14 3 1 80 4.43 4,67 3,00 403 5 14 26
16 36 10 3 1 50 360 333 3,00 330 01 9 9
17_25 6 2 | 34 4,17 300 2,00 306 12 38 35 ;
11 475104 22 4 | 606 457 473 550 4.00 470 3 0 0 i
18 23 6 2 32 383 3,00 200 294 10 31 32 |
19 253 63 13 1 330 4,02 4,85 13,00 729 35 -19 .78
200 64 12 3 1 80 533 4,00 3,00 4,11 8 29 27 |
2) 50 12 2 | 65 4,17 6,00 2,00 406 25 27 51 |
v 122 34 5 2 ) te4 339 680 250 2,00 372 36 34 64 g
2490 24 2 1 117 3,75 12,00 2,00 592 57 31 66
23 21 6 2 | 84 350 3,00 200 283 8 25 29
13 20 6 2 1 29 3,33 3,00 2,00 278 7 22 28
22 55 11 3 1 70 5,00 367 3,00 3.89 6 27 23
A’ 1121 336 56 13 3 1530 334600 431 433 3,00 420 14 -8 24 26
v 174 40 8 2 | 225 435 500 400 2.00 384 20 29 46
25 82 19 5 | 107 432 3,80 5,00 437 2 1 14
26 58 i1 3 1 73 527 367 3,00 398 8 31 25
VI 185 44 9 3 | 242 420 489 3.00 3.00 3,77 9 18 37 |
27 029 7 2 | 39 4,14 3,50 2,00 321 43 32 38
28 30 6 2 | 40 5,00 3,00 2,00 333 19 46 40 i
29 80 20 4 1 105 4,00 5,00 4,00 433 2 7 8
Vi 82 22 5 2 1 [12 373 440 250 200 316 17 30 50
42 1w o4 2 | 21 3,50 2,00 2,00 250 10 36 20
43 38 11 2 1 53 345 550 2,00 365 22 18 45
VIII 120 26 7 3 | 157 462 371 233 3.00 342 12 35 40
30 46 9 2 | S8 5.1 450 2,00 387 21 40 48
315 4 2 1 22 3,75 200 200 258 13 40 23
32 42 10 2 1 55 4,20 5,00 2,00 373 19 28 46
B 585 138 30 10 4 768 424 4,60 3,00 2.50 4.00 367 12 24 39 26
X 138 37 7 2 | 185 3.73 529 3,50 2.00 363 20 23 47
34 63 15 4 1 88 4,20 3,75 4.00 398 0 5 0
33 052 17 3 1 73 306 567 3,00 391 13 -11 23
X 94 26 9 2 | 132 362 289 450 2.00 325 16 24 15
35 50 15 5 | 71 3,33 3,00 5.00 378 7 -5 32
3630 7 3 | 41 429 233 3,00 3219 32 6
C 236 63 16 4 2 322 375 394 400 200 2.00 314 22 35 48 59
X1 10 25 6 2 | 144 440 4,17 3,00 2,00 339 17 36 48
37 031 09 2 1 43 344 4,50 2.00 331 15 18 40
38 57 13 1 72 5,18 3,67 3,00 395 7 28 24
I 58 11 3 1 54 527 3.67 3.00 398 8 31 25
2 15 6 2 1 24 2,50 3,00 2,00 250 4 4 20
6 42 13 4 1 60 323 325 400 349 2 -7 -14
7 3210 2 1 45 320 5,00 200 340 19 13 4
8§ 42 15 4 1 62 2,80 3,75 4,00 352 3 21 -4
9 54 19 2 | 76 2,84 9,50 2,00 478 51 17 58
o 10 4 2 1 17 2,50 2,00 2.00 217 2 15 8
1L 37 4 2 1 44 925 2,00 2,00 442 57 79 55
12 9 4 2 1 16 2,25 2,00 2,00 20860 0 8 4
39 25 10 2 | 38 2,50 5,00 2,00 317 21 0 37
40 44 12 3 1 44 3,67 4,00 3,00 356 2 5 16
41 56 L1 4 1 72 509 2,75 4,00 395 9 29 -1
44 18 6 2 | 27 3,00 3,00 2.00 2,67 5 16 25
45 57 12 5 1 71 475 2,40 5,00 405 14 27 23
Tot. 2889 909 22 136 11 1 4171 3,08 4,09 1,63 12,36 3,67 3,00 466 72 58 53 -35 49 36

Mean bifurcation , Rb, range from 2,17 to 4,78, with the exception of basins |9 and 24 which have Rb
7,29 and 5,92 correspondingly. According to HORTON (1945), ideal value of Rb is 2. Values
show well developed drainage networks. Values obviously higher than 5 show a higher crcation of

streams due to lithologic or tectonic factors.

209

WYnoeiakA BiBAI0BAKN OgdppaocTos - TuAua MewAoyiag. A.lM.©.

2-5



5" HANEAAHNIO FEQI'PA®IKO YYNEAPIO

TABLE 11. Morphometry of the drainage system of Eurotas river. Streams length per order.

TBas Bas[Bas[Bas| L1 L2 L3 14 LS L6 L7 TW LI- £2- L3- L4 L35 L6-| SL- | RL RL RL RL RL RL [WRI
in [in |in jin 2L 32 W3 S 65 T
7¢h [6th |5th [4th
i 1120 63,00 18,10 41,00 6,0 2401 | 047 088 121 13,67 6.00 444[ 29 19 64 137
3]40,00 20,00 4,00 20.00 84,00 051 0,74 080 4,00 605] 29 16 29 2
4123.00 12,50 5.0 8,00 48,60| 044 0,69 128 800 1041 43 21 43 30
5{39,00 2500 9,00 13,00 86,00| 039 096 1,50 13,00 15.86] 56 21 58 44
1 1245 62,40 3090 2845 8,60 2548 [ 058 109 221 4,06 8.60 1655 20 16 2.0 208 P
14{16.00 810 4,00 2.00 30,000 0.52 106 200 200 5530 1e 22 i N
15/38.50 19.00 5.00 6,00 68.50] 0,62 136 167 600 9.64| 26 18 26 2
16i6.00 400 150 203 23.55| 044 040 030 205 3.39) 25 16 25
17| 650 2,70 190 090 12,00 026 045 0,95 0.90 | 256] 15 23 s i
1 257.0 241.7 34.70 47.20 7.80 S88.1 | 054 232 (58 11.80 7.80 2404] 13 16 37 148 T
(812,00 300 3.00 1850 36.50| 052 050 1.50 18,50 21,02[ 20 25 83 40
19]148.0 111,0 1600 400 2790 | 0.58 176 123 4,00 758) 21 15 2 pan
20/3600 7.00 500 1.00 49,00 056 058 167 100 381 14 25 14
21{17,00 7.50 4.50 23.50 52,500 034 063 225 2350 2672] 83 33 %3
v 89,50 42,60 18.10 16.00 8,10 1743 | 0,73 125 362 800 8. 27 16 28 24 16
245100 1950 800 $.00 86,50] 057 081 400 800 13.38] 25 39 25
23]27,50 13.10_ 8,10 8,00 56.70] 1,31 218 4,05 800 i5,54] 20 22 2.
1317,50 17,50 17.50 17,50 70,00 088 292 875 17.50 3004] 24 33 24 RETT
22(3600 11,00 4.00 6,50 57,50] 0,65 1.00 133 6,50 949) 32 18 32 L
A 594,0 402,7 103,7 91,65 24,50 285  [1423,| 0,53 1,20 1,85 7,05_82 285(4730] 25 2,1 3,0 1,77 2.5 147
v 124.0 60,80 26.00 14,00 12,00 2368 [ 071 1,52 3,25 7.00 1248) 23 25 23 Ty
2514800 30,00 22,00 6.00 1060 | 059 158 440 6,00 1256] 1.9 30 13 200
264000 1800 400 8,00 70,00 069 164 133 800 11.66] 32 16 32 24
Vi 115 5380 9.90 950 650 1912 | 060 122 LI0 3.7 65 1259] 20 16 20 2.07 i
27/1200 7,00 2,00 2,00 23,00 041 100 (0O 2,00 a4 18 17 18 =
281150 220 400 1,00 18,70] 038 037 200 1,00 375 14 37 14 o
29]44,00 33.00 300 6,50 86,50 0.55 1,65 075 6,50 945 32 13 32
vl [36.10 3200 530 220 7.00 82.60] 044 145 (06 1,10 7 1os) 27 16 14 273 2]
421010 500 030 1.10 16.50) 072 125 015 110 322 1S5S =l
| 43[22.00 700 500 1,10 4510 0,58 1,55 250 1.10 572 12 22 42
VII| (8200 3160 1200 800 920 3 |1458 | 068 122 173 267 9. (539] 24 19 17
30|33.00 900 600 4,00 52,00] 072 100 3.00 400 872) 18 27 1¥
311 350 250 110 1.00 8.10( 023 063 055 100 241 17 16 17
12{2500 11,00 400 3,00 43,00 060 1,10 200 3,00 670] 18 22 13 3]
B 356,6 184,2 5570 28,00 2550 10,6 |660.6 | 0,561 133 1,86 280 638 10,6(23,38] 1.8 2,0 1,7 1,87 18 | i¥6
X 79.00 27.00 9.00 11,00 4.5 1305 | 057 073 129 550 45 252 03 20 31 Y|
34/35.00 1500 500 400 59.00| 0,56 100 125 4,00 681 24 18 24 At
333200 900 300 7.00 51.00| 0,62 053 1,00 7,00 | o14] 43 19 43 L
X 5214 2200 1200 830 35 o%.14] 0,55 085 133 425 35 —{ 210[ 03 20 26 15 1 ]
3513900 1200 7.00 650 64.50) 0.78 0,80 140 650 948 32 19 32 53|
3611300 500 4.00 200 24.10] 044 071 1,33 2,00 448/ 18 22 I8 Lz
c 137,0 49,00 21,00 1950_8.05 89 (2434 058 0,78 1,31 4,88 403 890] 205] 1,8 20 238 t5 1,77 107
X1 70,00 26,60 1400 400 80 [1226 [ 064 106233 2,00 8.00 1403] 27 24 15 237 =
37(16.00 900 650 2,00 33,50 0.52 100 325 2,00 677 14 31 14 o
38[43.00 9.50 6.00 2,00 60,50/ 0,75 0,86 2.00 2,00 562) 16 22 16 { 4]
[[43.50 24,00 13.00 6,00 86,50[ 075 2.18 433 6,00 1327] 18 25 18 =
2| 900 300 250 1,00 17.50 060 083 125 1.00 368 L4 19 14
6|21,00 10,00 7,50 12.50 51,00 0,50 0,77 1.8% 12,50 1564] 50 25 5.0
7/18.,00 14,00 11,50 10,00 53,500 056 140 5,75 10.00 7| 23 39 23
844.00 20,00 12,50 11,00 8750 1,05 133 3.3 11,00 1651] 30 23 30
914000 17.00 2,00 16.50 75.50| 074 0,89 1,00 16.50 19,14] 73 16 73
10]68,20 54.00 10,60 16,50 1493 ] 6.82 13.50 530 16,50 22| 16 13 16
112500 500 1400 3.00 47,00] 068 125 700 3,00 11,93 13 46 13
12]27,50 10,00 500 3.10 4560] 306 2,50 250 3.10 1160 14 15 14
39[10,50 12,00 9,00 2.00 33,50| 042 120 450 2,00 812 13 38 13 204
40]53,00 37.00 1400 7,20 1112 | 1,20 308 467 7,20 16,15 1.8 2.1 18 Lo
41[45,00 1500 6,50 11,00 77,50| 080 136 1,63 11,00 1479] 3.9 L7 39
44] 6,00 2,90 500 100 14,90] 033 048 2,50 1,00 432] 13 41 43 By
| 45[32,00 15,00 800 8,00 63,00] 0,56 125 160 800 141 33 19 33 Inn
[ 2155, 1207, 454,7 2929 72,05 48,0 56, [3663, | 0,75 1,33 2,05 0,10 6,55 16,0[85,63] 8,02 1,99 1,0 2359 2,50 1.90] 3.00

The 2™ law of HORTON (1945) has been applied for the mean length of streams ( L), and the
divergences of the theoretically expected values have been calculated. Positive divergence valucs
indicate a length smaller than the ideal one, whereas negative divergence values show a bigger thuan
the expected length. For the calculation of the mean stream length, the cumulative mean strcam lengih
has been considered .As for the mean stream length, the following are observed. In the 7" order basin.
the divergences of the mean length of streams of all the orders are positive and range from 33%-89°,
over the theoretically expected. The same is observed as well in the basing of 6™ and 5™ order, but waih
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fewer variations. The greater positive divergences, that reach up to 54%,.is observed in the basin C" at
L5. Negative divergences are observed as an exception in the following cases: basin III, L2 and 1.4
with values -110 and -156 corresponding__],y, and basin B, L2 with value -18. Also the 45% of the 4"
order basins show mean stream length, L2 and L3 longer than the expected, and in the basin 45. L3
reaches up to 133% longer.
Streams that show negative divergence at smaller orders and positive at bigger ones, are in stage of
transition to a higher order. This results to the smoothing of the network with fewer divergences.
These branches are in a more advanced stage than these which have positive values in every order.
Negative divergences are due to lithology, because the branches are developed on impermeabic
formations. Positive divergences are due to the high inclination of the relief that are caused by recent
uplifting movements.
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Fig.2.Sketch showing the distribution of the 4™ order basins, as well as their classification according
to the drainage density (D),in km?.

Smaller number of streams shows that the drainage network has not been completed yet and it is at a
stage of evolution caused by recent uplifting movements (KRAFT, 1972). The higher deviation al the
number of streams is observed in the 4™ order basins Nr 9 and 11, while deviations of the length of the
streams are observed in many basins.

Basin area

The smallest area of 5 order basins is 75.25 km? (basin C) and the largest one is 460,15 km® (basin
A). As for the 4™ order basins the smallest is 3 km? (basin17) and the largest is 66,63 km” (basin 25).
12 basins (26.5%) have an area smaller than 10 km?, 14 basins (31%) have an area 10-20 kin®. and
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only 7 basins (15,5%) are bigger than 40 km®. The smaller basins are located in the northern and
eastern part of the basin of Eurotas river.

The basin Nr 19 covers more than the double area than the adjoining basins. These, as well as the very
big number of streams (330), the flow direction of the streams from East to West, and ihe
morphological observations, lead to the thought that it is about streams piracy of an other river afier
the headward extension of the above branches due to the uplifting movements that acted during
Pleistocene.

Fig. 3. Sketch showing the 4® order basins classified according to their channel frequency (F).
Nu/km?.

Drainage density and channels frequency

The drainage density (D) of the 7" order basin of Eurotas is 2.00 km/km?. The values of D in the 6
order basins varies from 2,94 km/km? to 3,24 kmv/km?, while in the lower order basins varies from | .03
km/km? (basin 41) to 8,72 km/km? (basin 10). The fig. 2 shows the 4" order basins classificd
according to their drainage density.

In general the drainage density is depended directly on the lithology of the underlying rocks.
However, it can be clearly recognized only where the other factors and particularly climate. altitude.
tectonic structure, area and inclination of the slopes, are uniform. The higher values are obscrved in
the basins of the smaller area. The other factors differ so much in the drainage system of Eurotas. thai
no obvious relation exists between drainage density and lithology.

1h
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The values of channel frequency (F) show a similar image to the drainage density. Its values vary for
the 6™ order basins from 3,33 N/km® to 4.28 N/km? ,for the 5™ order from 142 N/km" to 6.5
N/km?.The channel frequency values of the 4™ order basins vary from 0,99 N/km? (basin 10) o 13.3
N/km? (basin 16} (Fig. 3). The high correlation between D and F is expected because they arc detined
by the area, the total number of the streams and the total length of the them, while they are also highly
correlated. Thus, the factors which control the values of the channel frequency are more or less the
same as those of drainage density. The values of the channel frequency are almost every time higher
than those of the drainage density. An exception is observed in 13 basins, which have values of
channel frequency 12% to 89% lower than the correspondent values of drainage density.

Higher values of drainage density and channel frequency are observed in the 4™ order basins which are
included in basins II and 11, that are in the northern part. Values D1 and F1 are compared to values D
to define, if these high values are due to an increase of number or of length of 1™ order branches. The
comparison showed that F1 values are much higher in general than the corresponding D1 values of the
same basins. This is due to uplifting movements, that occurred in the area and show that the drainage
network is at a young stage of evolution because of a continuous tectonic activity.

The constant of channel maintenance has in general low values. They vary from 0,11 to 0.77. The
higher values are observed in the basins of the western part.

The correlation of D, F, D1, Fi and C shows that the basins are in an advanced young slage of
evolution because a continuous tectonic activity.

The relief roughness (Rn) shows a variety of values. Three groups according to its values can be
distinguished. In the first group are included basins with Rn lower than 0,5 in the second group those
with Rn between 0,5-1 and the third group those with Rn values higher than 1. In the first group
almost all the 4™ order basins of the eastern part which are directly joined to the main channcl of
Eurotas are included. In the second group are included the 4™ and 5™ order basins of the northern and
northeastern part. Finally high values show the basins of the eastern part. Rn is a factor that influenced
by H of the basins as well as by D. Higher values of Rn are observed in areas where both H and D arc
high. The higher Rn values show bigger inclination and length of the slopes. The domain factor in the
under study basins is the very high altitude.

The relief ratio (Rh) shows the total degree of inclination of the basin and it is an indicator of the
intention of the erosion processes that occurred and are still in progress at the slopes of the drainage
basin (STREHLER, 1964). The Rh values range from 0,03 to 0.42. The 6™ order basins has lower Rh
than that of the lower order basins which are included in them .High Rh values show an advanced
stage of evolution, while lower values show a younger one. Low Rh values show an intensive rchet
due to uplifting movements caused by tectonic activity. According to SCHUMM (1964) there is a
strong correlation between the Rh and the amount of the sediments yield at the mouth of the drainage
basin. Higher Rh values show larger quantities of sediments.

So from the circularity ratio (Cu), as from the elongation ratio (Er), is obvious that the shapc of the
basins 1s very elongated, because they are at a young stage of evolution, or they are rejuvenated due to
uplifting movements that acted in the area.
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5° HANEAAHNIO FEQIPAPIKO EYNEAPIO

TABLE 111. Divergences of the number of the streams and of the mean length of the streams of
Eurotas river.

HBasi|Basi|Bas |Basi Devia Devia Devia Devi Devi Devi Devi Devia Deviat Deviat Devia Deviat D km/ FNu/ D, LI/ F;, \lJ
n |n lin |n tion% tion% tion ation atio atio ation tion ion% ion% tion% jon% km' km’ km® ki’
Tth |6th |Sth |4th Ni N2 %N3 N4 nNS nN6 %L2 %L3- L4- L5- L6- L7-
I 9 -10 7 40 74 4 87 2,55 349 1.19 pA T
3 10 -38 -13 42 75 51 2,02 267 096 1 .R&
4 5 25 -5 56 78 61 2,37 3,66 [FE - g
] 5 -7 -27 45 30 61 2,76 4,23 T2 3.1
T 2 23 21 4 ! 6 -l 336 387 164 288
14 13 26 39 -8 53 28 246 343 1.31 o
15 5 14 26 g 77 57 311 3.64 1.75 i, S
16 1 9 9 59 -12 41 6,26 1330 4206 957
17 12 36 35 4 30 -156 17 4,00 11,33 217 N33
I 3 0 0 -110 84 54 6.31 6.50 2.76 S04
18 10 3l 32 77 43 3 596 523 1.96 176
19 35 -19 -78 -57 0 65 569 673 3.02 Slb
20 8 29 27 40 85 76 576 941 424 753
21 25 27 51 72 -1 -16 Aeb 6,77 839 219 648
v 36 34 64 19 19 45 185 174 095 |30
23 57 31 66 52 29 33 300 4,05 1.77 R T
24 g 25 29 20 37 2 156 082 076 058
13 7 22 28 23 72 51 444 184 LIt 27
22 6 27 23 44 38 0 51 28 4,69  5.7) 294 449
A 14 -8 24 26 4 16 23 271 333 129 244
v 200 29 46 9 44 14 150 142 078 140
25 2 1 -14 -18 12 38 1,59 1,61 072 eR
26 8 31 25 10 52 30 26 2,10 2,19 1.20 j.7 4]
Vi 9 18 37 4 24 15 316 399 184 308
27 13 32 38 35 -1s 73 256 433 .37 A2
28 19 46 40 55 80 31 227 473 1,39 364
29 2 -7 8 -16 45 73 18 4,74 575 241 33N
Vil 17 30 50 -58 89 4] 1.20 .63 0.33 1.26
42 0 36 20 =26 -80 49 1,07 137 060 09]
43 22 18 45 -72 44 60 36 2,61 3,01 128 230
Vi 12 35 40 7 9 44 265  7.10 1484 187
30 21 40 48 35 10 30 1,13 126 072 1.00
31 13 40 23 -59 17 1l 0,51 1,40 022 0u9s
32 19 28 46 4 12 28 2,61 333 152 28
B 1224 39 26 S8 31 63 12 20 198 231 107 176
1X 20 23 47 29 54 34 390 553 236 413
34 ¢ 5 0 19 86 73 5,69 800 337 6.07
33 13 -1l 23 75 3 -95 -2 297 4,25 1.86 3.0%
X 16 24 L5 3 76 60 310 4.7 1.65 297
35 7 -5 -32 63 17 36 469 516 284 164
. 36 9 32 6 15 42 9 332 566 181 4.4
C 27 35 48 50 32 25 7] s4 49 324 428 18 54
X1 17 36 48 25 -58 51 2.15 252 1.23 i.93
37 Is 18 40 3 16 53 372 478 1.78 3,44
38 7 29 24 36 -38 6 2,69 320 1,91 355
1 8 31 25 -42 12 54 2.22 1.87 112 1.49
2 4 4 20 10 78 65 2,69 3,69 1.38 231
6 2 -7 -14 63 =27 22 227 267 093 1.87
7 19 13 41 12 6l 51 1,65 1,38 0.55 0.9%
8 321 -4 s4 95 86 198 140 L0 095
9 51 17 58 78 66 31 1,51 1,52 0.80 1.0%
10 2 15 8 -31 -75 69 872 099 398 0.5
11 57 79 55 24 59 64 2,94 2,75 1.56 23]
12 0 8 4 42 65 39 1,29 045 078  0.26
39 21 0 37 -33 =52 73 1,33 1,50 042 0.99
40 2 5 16 -35 80 58 690 372 329 273
43 9 29 -1 47 -7 13 1,90 1,76 L10 1.37
44 5 16 25 35 -133 52 2,38 432 096 288
45 14 27 -23 22 61 78 82 83 66 1,24 1,47 (.63 LA
LEnrotas Total 72 58 53 35 49 36 41 60 100 89 91 84 37 30 47 _isil
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TABLE 1V, Morphometry of the drainage basins of Eurotas river.

Basi |[Bas|Ba |Bas Area L W Pknm Hm D F DI FI C S Er Cu Basi Total Rh= Rn= /D

n in |sin] in km® km km kivk Nu/k Lk NI/k n altim H/L  H*D
7th | 6th | 5th | 4th m m m m’ mout eter
hm m

I 94,25 19,50 8,00 47,60 2404 2.55 349 119 2,53 0,39 244 0,50 0,51 120 2284 0,12 094 |~

3 41,50 9,00 B8,204200 1651 202 2,67 096 (.88 049 1,10 036 044 140 {511 0,18 082 LA

4 2050 9,10 340 31,00 1026 2,37 3,66 1,12 2,54 0,42 268 039 0,78 (60 866 0,11 043 154

31,20 19.05 4,50 35,00 2404 276 423 125 3,17 036 423 040 0,69 120 2284 0,13 0.87 1.53

1 7575 9.90 17,20 42,90 1526 3,36 3,87 1,64 283 030 058 0,07 040 360 [i66 0,15 045 15

14 1224 500 4560 1400 960 246 343 1,31 253 041 1,09 035 0,76 420 540 0,19 0.39 140

15 22,00 6,70 535 20,00 991 3,11 3,64 1,75 2,82 032 125 041 0,66 400 591 0,15 032 .17

16 3,76 1490 2,00 10,8¢ 991 6,26 1330 426 957 016 745 0.35 0,63 500 491 0,07 .16 2.2

17 3,00 280 130 7,00 722 4,00 11,33 2,17 833 025 2,15 0,40 058 500 222 0,26 OIR 2R3

51} 93,25 13,15 i0.00 42,10 1097 6,31 650 2,76 509 016 1,32 029 0,56 360 737 0,08 (17 s

1§ 6,12 400 190 LL,00 991 596 523 (96 376 0,17 2,11 0,24 049 500 491 0,25 0.17 (K8

19 49,00 10,00 6,20 32,50 1097 5,69 6,73 302 516 0,18 1,61 033 0,53 500 3597 011 019 1.8

20 850 560 2951380 1042 576 941 424 7,53 0,17 1,90 030 0,22 500 542 0,19 0.8 1063

21 7,75 6,60 180 14,00 1082 6,77 839 2,19 645 0.5 3,67 0,55 076 490 3592 0,16 0.i6 24

v 94,00 16,50 6,70 47,20 1082 1,85 1,74 095 1,30 054 246 025 049 320 562 0,07 (38 nud

23 28,88 10,00 4,70 40,00 1082 3,00 4,05 1,77 3,12 0,33 2,13 0,50 0,56 600 482 0,11 0.36 135

24 3638 6,20 2,75 13,95 983 1,56 0,82 0,76 0,58 0,64 225 032 0,55 600 383 0168  0.63 (.53

13 15,76 630 232 21,00 1526 444 1.84 111 127 023 272 035 0,72 380 1146 0,24 034 041

22 12,25 785 400 17,60 1082 4,69 571 294 449 021 1,96 0,34 0,20 360 722 0,14 023 1.2

A 460.1_24.00 16.50 1000 1526 271 333 129 2.44 037 145 044 050 190 1336 0,06 0.56_ 1.2}

AY 1581 22,20 [2.15 60,00 1383 1,50 142 0,78 110 0,67 183 033 075 320 1063 0,06 9] 1us

25 6663 13,00 820 340 1364 1,59 1,61 0,72 123 0,63 1,59 039 0,16 720 644 0,10 086 1.0l

26 3338 9,60 5,80 2,60 1383 2,10 2,19 120 1,74 048 166 037 074 720 663 0,14  0.66 1.04

VI 60,60 10,00 740 3870 1708 3.16 3.99 184 3,05 032 735 015 026 500 1208 017 1354 1.7

27 9,00 5,10 3,00 11,50 1559 2,56 433 1,33 3,22 039 1,70 0,56 0,88 800 759 0,31 061 170

28 8,25 420 2,70 8,00 1559 227 473 139 364 044 1,56 0,56 0,63 860 699 0,37 069 2.09

29 18,25 6,50 430 17,50 1708 4,74 3575 241 438 021 1,51 056 040 860 848 0,26 036 1.2}

VII 68,56 12,35 7,40 46,20 1708 1,20 [.63 053 1,20 083 167 056 060 500 1208 0,14 142 16

30 15,38 7,10 420 18,00 1364 1,07 1,37 0.66 021 093 1,69 056 0,73 640 724 019 1.27 1.27

32 1725 6,85 4801720 1708 261 301 128 220 038 143 056 0,27 900 &8 0,25 0.65 1.5

31 3,10 3,00 1,60 12,00 1254 265 7,10 1,48 387 0,38 1,88 0,56 053 900 334 0,42 047 2.0»

YII 45,88 25,70 6,00 47,00 853 [1,i3 126 072 1,00 088 4,28 0,56 0.6/ i60 693 003 075 /i’

42 15,75 400 430 13,00 819 €51 140 022 095 194 093 0,56 032 49 329 0,20 LAY 272

43 16,50 35,50 6,30 18,00 853 2.6l 333 1,52 2,55 038 0,87 0,56 0,60 490 363 0,16 033 [ 8

B’ 3332 22.50 14.00 73.00 1708 1.98 231 1.07 1.76 0.50 1.6% 0.29 0.i18 190 (518 0,08 1,76 1,16

X 33,43 12,60 4,65 26,10 1777 3,90 533 236 413 026 2,7! 028 019 340 437 014 0§42

34 1038 935 220 20,00 1777 5,69 8,00 337 6,07 0,18 425 030 0,63 380 1197 0,19 031 141

33 17,19 B,00 3,80 19,00 1777 297 425 186 303 034 2,11 0,26 0,56 580 1197 0,22 060 |42

X 31,68 1090 4,30 46,10 1777 3,10 4,17 165 297 032 2,53 024 0,38 340 {437 0,16 057 133

35 13,75 7,50 4,45 30,00 1777 4,69 5,16 284 3,64 021 1,69 008 033 540 1237 0,24 038 110

36 725 5,10 2,60 12,00 1777 3.32 566 181 4,14 030 1,96 024 0,34 540 12372 0,35 0353 1,70

C 75,25 19,00 _5.00 41,00 1777 324 428 182 3.14 031 380 028 0,52 70 1707 009 055 132

XI 57,13 17,90 4,70 4320 1685 2,/5 252 123 1,93 047 381 040 02y 58 (627 009 .79 ||~

37 9,00 20,20 9,80 18,50 1259 3,72 4,78 1,78 3,44 027 2,06 028 0,27 290 969 0,06 0.3 1.2%

38 22,50 11,20 4,60 29,00 1685 2,69 320 191 2,53 037 243 0,17 0,32 290 1395 0,95 0.631 1.9

1 39,06 920 6,052200 392 222 187 1,12 149 045 152 022 0,54 120 272 0,04 008 (.4

2 650 340 3,10 920 485 2,60 369 138 231 037 1,10 031 0,53 90 395 0,14 018 (37

6 22,50 14,00 3,50 26,50 2404 227 2,67 093 1,87 0,44 4,00 0,27 0,37 155 2249 0,17 1.06 1.8

7 32,50 11,90 4,50 28,80 2024 1,65 1,38 0,55 098 0,61 2,64 0,38 0,78 160 1864 0,17 .23 084

8 4420 13,00 6,00 3400 2031 198 140 1,00 095 0,51 2,17 0,38 0,76 160 1871 0,16 103 071

9 50,10 17,00 7,80 4500 1784 1,51 1,52 0,80 1,08 0,66 2,18 0,12 0,43 170 1614 0,10 s 1l

10 17,13 10,70 2,80 2000 1784 872 0,99 398 0,58 0,11 3,82 0,33 0,72 260 1524 0,17 020 0.0]

11 16,00 10,060 2,00 21,00 2031 294 275 1,5 23! 0,34 500 0,19 040 260 1771 0,20 069 {194

12 35251080 8,60 29,00 i612 129 045 078 0,26 0,77 126 027 049 320 1292 0,15 1.2 (.35

39 2525 8,60 3,60 21,00 757 1,33 1,50 042 099 0,75 2,39 0,27 0,50 100 657 0,09 057 .13

40 16,13 8,50 2,20 20,00 724 6,90 2,72 329 273 0,15 3,86 042 0,76 90 634 009 0.0 054

4) 40,88 13,60 5,30 37,00 1170 1,90 1,76 1,10 137 0,53 2,57 023 047 105 1066 0,08 0.62 093

44 625 3,70 2,50 10,00 338 2,38 432 096 2,88 0,42 148 0,23 031 140 198 0,09 004  tRI

45 51,00 33,00 6,70 38,60 1136 124 147 063 1,12 08 493 029 048 47 1039 0,03 0.92 1.9

Eurotas 1799, 72.90 36,20 226,5 2404 200 232 120 1,61 0.50 2.01 033 044 0 2404 0,03 120 1,16]
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5 HANEAAHNIO F'EQIPAPIKO ZYNEAPIO

CONCLUSIONS

In this paper the quantitative geomorphical analysis of the drainage network of Eurotas River s
presented. Eurotas springs from the plateau of Mantinea (Asea). It flows to SE through a well
developed valley of a NW - SE direction into Lakonikos gulf. lts drainage basin is surrounded by high
mountains, Taygetos and Parnon and the total area covers 1799,5 km?. The drainage network is of (he
7™ order and is well developed. Its pattern is dendritic at the northern and northeastern part and
rectangular or subparallel at the other parts.

The number of streams of the different orders is generally less than the theoretically cxpceted.
showing low divergences. More streams are observed in the 6" order basins B and C.

Mean bifurcation ratio, Rb shows well developed drainage network.

The mean length of streams of all the orders is shorter than the theoretically expected in the mosl
basins, showing positive divergences. Longer mean stream length (negative divergence) is observed.
as an exception in some basins, that reaches up to 133% longer. Shorter streams, at smaller orders and
longer at bigger ones, are in stage of transition to a higher order. This results to the smoothing of the
network with fewer divergences. These branches are in a more advanced stage than these which are
shorter in every order. Negative divergences are due to lithology, because the branches are developed
on impermeable formations. Positive divergences are due to the high inclination of the relief, thal arc
caused by recent uplifting movements.

In the basin Nr 19 the big area, as well as the very big number of streams (330), the flow direction of
the streams from East to West, and the morphological observations, lead to the thought that it is about
streams piracy of an other river after the headward extension of the above branches due to the uplitting
movements that acted during Pleistocene.

The drainage density and the channel frequency show a high variation. They depend directly on the
lithology of the underlying rocks, but this can be clearly recognized only where the other factors and
particularly climate, altitude, tectonic structure, area and inclination of the slopes, are uniform.

The correlation of D, F, D1, F1 and C shows that the basins are in an advanced young stage of
evolution because of a continuous tectonic activity.

The study of the different relief ratios (Rn, Rh, Cu, and Er) show the shape and the total degree of
inclination of the basin. They are also indicators of the intention of the erosion processes that occurred
and are still in progress at the slopes of the drainage basin.
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