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Skayias (1978) presented in a report chemical analysis of water samples 
of 12.1 lwrstic springs from the Peloponnes together with a hydrogeologica/ 
description of the spring sites. Jn this paper, we evaluate these hydrochemi
cal data by means of statistical and graphical methods. The results are in
terpreted with respect to the hydrogeological origin and the hydrodynamics 
of the spring water. 

The prindples of the geological situation of the Peloponnes peninsula 
and of the groundwater bearing formations are described. 

No special hydrogeological evaluation of the springs in detail is made, 
but attention is given to the overall phenomena which can be drawn out of 
the evaluation of the chemical data. 

From the computerized hydrochemical data, various graphs were plotted 
automatically showing the data under different aspects. 

As a result can be shown that a clearly defined group of samples with 
higher relative values of Mg and SO, is bound to a contact of the ground
water with metamorphic phyllites. 

Roughly 80% to 85% of all springs at the Peloponnes located lower 
than about .10 m a. s. l. show more or less salt water intrusion from the sea. 

No other major source of salt in the groundwater of this region seems to 
exist than the sea water. Only some springs related to phyllite formations 
show a special chemical composition which have, however, no practical 
consequence in terms of its aptitude as drinking water. 

1. INTRODUCTION 

SKAYIAs (1978) (') presented in a report chemical analysis of water 
samples of 121 karstic springs from the Peloponnes together with a hydrogco-

( *) Institute of Geology and Mineral Exploration, Athens (Greece) 
(''*) Bundcsansta!t fi.ir Gcowisscnsch<tftcn und Rohsiorfc, Hannover (Fed R\'p. Germany) 
i1) SKA YJAS S. D.: l n11c11tory of Karstic Sprin,~ of Greece. f. Pefoponncs-Zahynt!tos-Kef fa/ Ii 11ia_ Inst. G cology 

and Mining Research, Report. Athcn 1978. 



50 S. D. SK1\YIAS K_ THIPPLER H. V!EHllUFF 

logical description of the spring sites. In this paper, we evaluate these hydro
chemical data by means of statistical and graphical methods. The results are 
interpreted with respect to the hyclrogeological origin and the hydrodynamics 
of the spring water. The work has been clone in the frame of a scientific colla
boration project dealing with Groundwater Technology in karstic aquifers. 

1. 1. Geological background 

The Neopaleozoic metamorphic basement of the Peloponnes is represent
ed by two different lithologic series of rocks. The older one is consisting by 
holocrystalline rocks of high metamorphism (marbles, sipolincs, gneisses) 
while the overlying is characterized by medium metamorphic rocks of epi
zonic character (phyllites, quartzitcs, etc.). These crystalline schists are found 
mainly in Parnon and Taigetos. 

Mesozoic carbonate sedimentation lasted from the Triassic up to the Cre
taceous - Eocene. These heds have a great extension all over the Peloponnes. 
The Mesozoic sediments lie on Neopalcozoic and cover it transgressively. Ly
ing on the Permic phyllites, the beds of Triassic have been affected by a gen
eral metamorphism during the Alpic orogenesis. Lithologically the Mesozoic 
of the Peloponncs is mainly consisting of limestones, dolomites, cherts and 
clayey schists and ophiolites. The age of the ophiolithic complex characteriz
ing the sub - Pelagonian zone is Jurassic. 

During the Paleotertiary (Eocene - Oligoccnc), flysch sediments were depo
sited. The deposition of flysch in the various geotectonic zones differs in lime. 

During the Ncotertiary, sediments of molasse type and of considerable 
thickness were deposited. They include marls, argiles, sandstones, conglome
rates, inarly limestones, etc. 

The most important neogene basin of the Peloponnes is that of Megalopo
lis where thick beds of lignite occur. Other neogene basins of smaller extent 
are found in the departments of Korinthia, Ilia, etc. 

The most recent Cenozoic sediments are of Quartenary age. They arc cha
racterized by the low grade or the complete lack of cohesiveness. These sedi
ments arc distinguished according to their composition and their origin in ba
sin deposits, elouvial mantle, slope debris, cones of debris, fans, and terraces. 
Their existence is closely connected with the geomorphological evolution of 
the area and the cycles of geomorphogenesis. 

The most important deposits of old and recent Quaternary in the Pelo
ponnes are found in the coastal area from Korinthos to Patras and from Ky
parissia to the basins of Kalamata, Skala, Argos, etc. The sediments of the Me
galopolis basin, according to recent studies, have been formed from the Oligo
cene till the Pleistocene. 

The quaternary deposits are of great hyclrogeological interest because 
they constitute rich aquifers which can be developed by wells. However, natu
rally flowing springs usually originate from karstic aquifers built up by limes
tone or dolomite. 
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1. 2. General remarks on the hydrogeological situation of the springs 

Jn his report, Skayias gives a complete description of each spring includ· 
ing a schematical hydrogeological cross·section. All springs are related to a 
karstic aquifer with different contacts to other formations like talus fans, 
phyllites and flysch. They differ mainly with respect to the topographical alti· 
tudes of the recharge areas and of the spring sites which both may influence 
the hydrological and chemical characteristics of a spring: the original chemi· 
cal content of the infiltrating water varies with the topographical setting of 
the recharge area, and, the lower a spring site is located, the greater is the pos· 
sibility of mixing the spring water with sea water. In this paper, no special 
hydrogeological evaluation of the springs in detail is made, but attention is gi· 
ven to the overall phenomena which can be drawn out of the evaluation of 
the chemical data. Also, we do not elaborate on discharge fluctuations, the 
hydrological balance and watershed analysis. 

2. GRAPHICAL DISPLAY OF THE DATA 

From the computerized hydrochemical data, various graphs were plotted 
automatically showing the data under different aspects (see figures No. 1 to 8). 

All springs which are not identified with respect to their elevation or are lo· 
cated below 1 m above mean sea level are assigned to 1 m elevation. This rnani· 
pulation was necessary to cope with the logarithmic scale used in the plots. 

2. 1. Altitude versus concentration or quantity 

The majority of the springs is located at altitudes between 100 and 1000 
m above sea level (Fig. 1). Their discharge varies mainly between 20 and 200 
rn3/h. With decreasing altitude, the discharge seems to increase slightly. 

The total dissolved solids (TDS in ppm) increase with decreasing altitude, 
also (Fig. 2). There is a limit at about 700 ppm which is not exceeded by 
springs located higher than 10 m (mostly 5 · 7 m) above sea level. 

The distribution of the sodium (Na) cations shows in general the same re. 
lation to the elevation of the spring as TDS (Fig. 3). However, it is clearly vis· 
ible that the content of Na starts to increase slowly already at greater alti· 
tudes, the reason of which will be discussed later. Fig. 4 shows that magnes· 
ium cations (Mg) split into two families: 

1) one family shows a relation to the altitude similar to that of sodium, 
2) the other family is a cluster called A. The springs of cluster A are iden· 

tified and given in a list aside of the graph. 
Calcium cations (Ca) show no clear relation to the altitude (Fig. 5). It is 

more or less constant at a value of about 100 ppm. 
As Fig. 6 shows, bicarbonate (HC03·anion) varies very little, not exceed· 

ing a limit of about 300 ppm with dependency from altitude only in the up· 
permost elevations, where it increases with decreasing topographical levels. 

Sulphate (SQ,.anion) and chloride (CJ.anion) show clear relations with 
the altitude (Fig. 7, 8), similar with sodium and magnesium. They start with a 
small increase of the ion content with decreasing altitude of the springs down 
to a level of about 5 m a. s. I., from which it raises strongly with further ap. 
proach to the sea level. 
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2. 2. Concentration versus total dissolved solids 

The cation content of sodium (Fig 9) shows a very clear tendency. Two 
families are present: 

1) a cloud with low sodium and TDS content and 
2) nearly a straight-line function of increasing sodium and TDS content. 
Magnesium concentration shows the similar trend as the sodium ions 

(Fig. 10); but in the case of low concentrations, three different families can be 
observed: 

1) low magnesium content, representing most typical carbonatic karst 
waters, 

2) medium magnesium content (dolomitic karst waters), 
3) high magnesium content, which can be assigned to groundwater from 

phyllites. 
Fig. 11 shows the calcium-ion (Ca) versus TDS. For low values of TDS, a 

clear upper boundary with a linear relationship between calcium content and 
TDS is shown. This is the chemical indentification of karst groundwater. The 
chemical pattern of those springs plotted below this straight line probably is 
influenced by other hydrogeological formations. 

The relation between hydrogencarbonate (bicarbonate) concentration 
and TDS (Fig. 12) is very similar compared with the relation between calcium 
and TDS; however, with increasing TDS starting from a TDS of about 600 
ppm, the Ca-content increases slowly, while the HCO,-anion keeps constant 
from that point. 

Both sulphate (Fig 13) and chloride (Fig. 14) show a strong linear depen
dency from TDS like magnesium and the sodium ions at concentrations of 
more than 800 ppm TDS. At lower concentrations, sulphate tends to be over
represented while the chloride content is lower than it could be expected 
from the above mentioned relation. 

2. 3. Triangle diagrams 

Two triangle diagrams (Type Piper) for the anions and the cations, respec
tively, are shown in Fig. 15. 

The anions triangle pattern shows that the set of samples contains two fa. 
milies. One family with high HCO, content belongs to those water samples 
coming from karst formations. A second family shows a high chloride concen
tration. These samples probably contain sea water. 

The cation triangle pattern reflects the anion pattern; however, three 
groups of samples can be identified with relatively high concentration of mag. 
nesium cations. These three groups have been described already in Fig. 10. 

3. INTERPRETATION 

3. 1. Remarks on the quality of the data 

Since in Greece the hydrological year can clearly be devided into a dry 
and a wet season, it must be expected that the chemical composition of karst 
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TABLE l - Calculated contamination of spring water by sea water in O/o 

I TDS I K I Mg ' Ca ' 504 I Cl Na ' No. Sping ' ' ?vlean 
No. ~- \n % 

cor % cor WG cor 0/o cor 0/n cor O·o cor % cm u,,, 

I 
1 4 23000 58 425 97 836 63 291 I 36 l790 56 12680 58 6900 59 59 

2 2 22400 57 384 87 758 57 .355 12250 ' ·1-·-1- 1722 54 56 6730 57 I 56 
3 88 18200 46 259 59 659 50 271 3.~ 1436 " 9962 45 5485 47 47 
4 3 17700 45 .308 70 607 46 28.3 35 ! 365 n 9732 H 5330 45 45 
5 30 16800 42 190 l3 53.f 40 l 79 22 1248 39 9341 42 5285 45 41 
6 23 16000 40 140 32 280 21 566 71 2079 65 8065 37 4870 41 44 

7 124 l·i ! 00 36 230 52 525 40 170 21 1128 35 7533 34 4480 38 37 

8 1 11950 30 228 52 403 31 263 33 881 28 6363 29 34.J.5 29 31 

9 117 11..\00 29 151 34 39J 30 174 22 868 27 6256 28 3420 29 29 
10 55 10900 28 118 27 333 25 126 16 820 26 6029 27 3445 29 26 

11 90 9200 23 118 27 316 24 142 18 726 23 5033 23 2755 23 23 
12 123 8300 21 132 30 284 22 90 11 630 20 4608 21 2530 22 21 

13 60 7600 19 97 22 2-34 18 106 L) 565 18 4182 19 2320 20 19 
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water varies with the season in which the samples have been taken. However, 
the data evaluated in this paper have been collected all over the year. Due to 
the relatively small number of samples, it was not possible to differentiate 
them with regard to the collection date. In consequence, the interpretation 
does not reflect any seasonal effects on groundwater chemistry, but treats the 
variations statistically. 

3. 2. Hydrogeological interpretation 

There are three different sources of the chemical content of groundwater 
which can be observed in the spring samples of the Peloponnes: 

1) the precipitation 
2) the aquifer 
3) the sea water. 
From the aquifer, mainly the ions Ca, Mg, HCO, and SO, can be derived. 

It is quite clear, that the content of Ca and HC01 depends on the amount of 
limestone dissolved by the groundwater, and that the Ca/Mg ratio depends to 
great extent on the dolomitic parts of the aquifer (family II on Fig. 10). 

As a result can be shown that a clearly defined group of samples with hig
her relative values of Mg and SO, (family III in Fig. 10, family A in Fig. 4 and 
in the triangle diagram) is bound to a contact of the groundwater, according 
to the hydrogeological cross-sections drawn by Skayias, with metamorphic 
phyllites. 

The figures 1 to 8 show a clear increasing amount of the chemical compo-
nents with decreasing altitudes of the spring sites. This may be due to the dif
ferent travel times and ways of the groundwater from the recharge areas to 
the various spring sites: the longer the way, the more solids may be dissolved 
from the aquifer. 

However, the slowly increasing chloride content with decreasing altitude 
is not necessarily connected with a dissolution of the rock dependent on the 
residence time, but may more likely depend on the altitude of the recharge 
area and I or on the distance from the sea, thus reflecting in the varying chlo
ride content of the precipitation. This effect can be observed only at samples 
originating from spring sites located higher than about 10 m a. s. I. 

Below this level, the spring water usually is, with varying degree, contami
nated by sea water. Out of the samples collected on Peloponnes, 31 are from 
positions lower than 10 m above sea level. Four spring sites are below sea le
vel, so that no water sample could be taken. 22 of remaining 27 are inf. 
luenced by sea water of different quantity starting with 600/o (spring site No. 
4) down to about 20/o (spring site No. 21; see table I). Nearly no salt water in
trusion can be determined at the springs No. 68, 111, 112, 113 and 120, in 
spite of being situated lower than JO m a. s. I. 
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4. CONCLUSIONS 

Whether the springs are contaminated by sea water or not depends on the 
special hydrodynamic conditions (pressure drop near the spring mouth, pipe 
connection to the sea, etc.) which can not be worked out in detail in this in
terpretation. Since no deterministic relation can be given between sea water 
intrusion and the hydrologic parameters of a spring near the sea, no forecast 
can be done with regard to the quality of spring water for a special or newly 
found spring. No other major source of salt in the groundwater of this region 
seems to exist than the sea water. Only some springs related to phyllite forma
tions show a special chemical composition which have, however, no practical 
consequence in terms of its aptitude as drinking water. 

With the aim to better using the sea water contaminated springs by ma
naging the discharge and the chemical quality, it would be necessary to study 
the variations in time of the discharge and water quality and the relation bet
ween them. 




