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Abstract.— The present paper deals with the results of an environmental iso-
topic study in western Thessaly valley, carried out during the period 1968 - 1971.
The isotdpes used are 180, D, Tritium, ©#C and #C. By the interpretation and
evaluation of these results useful informations as regards the source of recharge,
the recharge mechanism and the dynamics of the flow system of the valley
are provided.

1. INTRODUCTION

From 1968 to 1971 a demonstration study on the use of environ-
mental isotopes in the hydrological investigation of the Western Thes-
saly Valley, Greece, was carried out in collaboration by IAEA, N.R.C.
Democritus and Greek Institute for Geology and Subsurface Research.

The Western Thessaly Valley is a large northwest-southeast tren-
ding mearly flat plain about 70 km long and 30 km wide and ranging
from about 90 to 120 metres above sea level.

The major stream, the Pinios River, flows from NNE to SSW and
further from W to E. The upper (northwestern) part of the Western
Thessaly Valley is called the Kalambaka Basin and its hydrogeology has
been described in detail by G. A. KALLERGIS [1].

The problems indicated for study by isotopes were the relation
between unconfined and confined aquifer systems, their recharge area
and, if possible, the velocity of underground water movement.
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30 PAYNE AND OTHERS

2. GEOLOGICAL AND HYDROGEOLOGICAT, CONDITIONS
OF THE AREA

2. 1. GEOLOGICAI, CONDITIONS

Western Thessaly valley represents a part of the «mesohellenic
trench» which has been formed by the «tardi» tectonic events of the
main Alpidic orogenic phase (middle upper Eocene) during the stage of
expansion of the elastic tensions of it.

This «trench» has been emplaced between the Pindic Cordilliera,
consisted by sentimentary rocks of Triassic- Eocene age of Pindic geo-
syncline and the Pelagonic and the Subpelagonic Cordilliera. The Pindic
Cordilliera was already entirely emerged in the middle Focene though
the Pelagonian and Subpelagonian Cordillieras emerged during the
Maestrichtian KFocene respectively. The Subpelagonic Zone, developed
between the Pindic geosyncline and the Pelagonic ridge, comprises
sediments of a transition facies between pelagic and reef one and ophio-
lites as well.

The age of the Subpelagonian formations is Triassic-Eocene. The
Pelagonic Zone comprises reef sediments of ILatest Paleozoic (?) to
Maestrichtian age affected by metamorfism.

The bedrock of the clastic sediments of the fill of the vallev and
the margin of it as well is consisted by formation of the above mentioned
three isopic zones. The Pindic and Subpelagonic Formations (carbonaceous
roks - shales - cherts - ophiolites - flysch) cover, mainly, the NN Western
Western and Southern margins of the valley. The Pelagonic formations
{marbles-schists-gneisses etc.) cover the NEastern margins of the valley.
In such a «rocky environment» installed the «mesohellenic trench» which
was filled by Focene-Bourdigalian formations of marine, continental and
fluviatil facies, of total thickness, over 1500 m. These formations
comprise organogenic limestones, marbles, conglomerates and sandstones.

After the «trench» was filled by the above mentioned formations
(Bourdigalian) begun the deposition of terrestrial and/or fluvioterrestrial
clastic material. By this way a thick sequence of Plio-pleistocenic-Olocenic
clastic deposits (pebbles, cobbles, sands of different grain size, clays,
silts and mud in varions, each time, percentages of mixture), These
clastic deposits are more or less coarse close to the margins of the valley
(tans of Pinios river and its tributaries). In these locations pebbles,
gravels, and coarse sand predominate.

“These clastic deposits become towards the center of the valley less
coarse to fine (silts, clays alternated with medium to fine sands). In these
Plio-pleistocenic Olocenic formations important aquifers are formed.
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2.2. HYDROLOGICAL CONDITIONS

The entire lower part of the W' Thessaly valley is occupied by
fluviotorrential Plio-Pleistocenic-Olocenic clastic material the size of
which diminishes from N to S and from W to E. The fans of Pinios river
and its tributaries (Portaikos, Pamissos, Sophaditis, Enipefs) are consisted
from coarse loose clastic deposits without considerable vertical grain
size changes. Here, importand unconfined aquifers are formed. Towards
the center of the valley not only horizontal but also vertical changes of
the grain size of the clastic deposits take place.

This results alternation of strata consisted from coarse (medium-fine
sand) and fine (silts-clays) material. In this region a perched insignifi-
cant unconfined aquifer and successive confined aquifers, are in hydraulic
connection with the unconfined aquifers of the fans of Pinios river and
its tributaries.

In the transition zone where the marginal unconfined aquifers
change into the successive confined ones some springs (Mikron and Me-
galon Kephalovrisson Springs) are manifested.

Such manifestations (alluvial springs) are also observed in other
places of the valley (Springs of Pouliana, Gilanthi etc.).

In the margins of the valley occur some karst springs (Diava, Mo-
rava, Voula, Klocotos, Pili, Mouzaki Karst Springs etc.).

3. GENERAL COMMENTS ON THE APPLICATION
OF ENVIRONMENTAL ISOTOPES

A concise summary of the use of environmental isotope techniques
in hydrological problems is given in references [2] and [8]. More detailed
discussions are contaided in an IAEA Guidebook [3]. A brief definition
of environmental isotopes (from PAYNE [2]) follows:

«Envitonmental isotopes may be defined as those isotopes, both
radioactive and stable, which occur in the environment in varying con-
centrations and over which the investigator has no direct control. At
present, the commonly used environmental isotopes are the stable isoto-
pes deuterium and oxygen-18 and the radioisotopes tritium and carbon-14.
The first three isotopes are part of the water molecule and as isotopic
tracers constitute the only real water tracers available to the hydrologist.
All other water tracers are present in a dissolved form and, therefore,
are subject to loss by precipitation, adsorption and exchange.»

To the four commonly used isotopes mentioned above we should
add the stable isotope carbon-13. When it is used in conjunction with
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carbon-14 and geochemical data, it is frequently possible to improve the
accuracy of time relationships or «ages» from the carbon-14 results.

3.1. OXYGEN-18 AND DEUTERIUM

The hydrogen and oxygen stable isotope variations found in natural
waters often provide evidence of the waters’ origin or source. Refe-
rences [3, 8] include a number of comments regarding the application of
these stable isotopes to hydrologic studies. Craig [4] and Dansgaard [5]
present more dedailed discussions regarding the principles underlying
the occurrence of the oxygen and hydrogen stable isotopes within the
hydrologic cycle.

The stable isotopic composition of groundwaters is commonly close
to that of the precipitation which infiltrates as recharge. In general,
stable isotope variations in more or less contemporaneous groundwaters
are most readily related to: 1) differences in temperature of condensation
and, hence, often to variations in the altitude at which recharge from
precipitation occurs; and 2) distance inland from oceanic sources of
moisture. However, in old groundwaters (more than a few thousand years)
the oxygen-18 and deuterium variations may result from paleoclimatic
differences, especially temperature and moisture variations related to
the last major glaciation, which ended about 10,000 or 12,000 years ago.

If part or all of the recharge is from a surface water body (river,
lake or local pond) instead of infiltration of precipitation, the oxygen-18
and deuterium are ordinarily «enriched» (i. e. they have a positive or less
negative deviation from the standard, SMOW) because of preferential
evaporation of the «light» ('O and 'H) isotopes. Thus it is possible to
differentiate between directly infiltrtated precipitation and infiltration
from surface water bodies that have been subjected to evaporation.

3.2 TRITIUM

Tritium analyses of groundwater samples provide useful information
about the age or residence time, and thus the probable time of recharge
of the sampled water if it is less than 3 or 4 decades old. In older waters
tritium has been reduced by radioactive decay below the limit of detection.
Many examples of the use of tritium data in hydrological problems are
discussed in reference [3].

In general, the residence time indicated by the tritium content of
a groudwater sample corresponds to the elapsed time between the occur-
rence of recharge — that is the time when the rainfall enters the soil
and unsaturated zone — and the sample collection time. This is nor-
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mally the same as the age of the water sample. Such residence time or
age representations are approximate only and whereas they are probably
reliable as relative age indicators between groundwaters of different
localities or different water-bearing zones, they should not be taken as
denoting the exact age of a water sample. This is largely because the
constant or steady state conditions for recharge assumed for such a
representation do not in fact normally occur in nature and because the
movement of water underground may be highly irregular. Despite these
imperfections, it is often useful to examine the residence time or age
indications suggested by tritium data in combination with other isotope
and (or) hydrogeological information.

Tritium in the atmosphere is derived from two sources. The first
is from cosmic radiation and it accounts for a concentration of about
10 T.U.! in precipitation on a world-wide basis (see ref. [3], p. 7). The
second is a mam-made influence —thermonuclear bomb testing between
1952 and 1963, which introduced very large amounts of tritium into the
atmosphere (up to 10,000 or more T. U. in places in the northern hemi-
sphere).

In the Western Thessaly Valley, the tritium contents of ground-
water samples range from zero to more than 300 T.U. In general, tri-
tium is found in the groundwaters sampled from springs or wells near
the edges of the valley but is absent (or below a readily detectable
amount, 1 I'. U.) in most boreholes in the middle of the valley?. Varia-
tions in tritium contents of groundwater samples may occur in the fol-
lowing somewhat oversimplified ways:

a) Spatial variations of precipitations from year to year; local areas
might have received unduly large amounts of precipitation in contrast
to others receiving little — during the period when infiltration could
occur — at times when the tritium concentration in the atmosphere was
unusually high.

b) Local variations of infiltration amounts resulting from soil and
vegetation differences.

¢) Local variations in permeability and (or) thicknesses of the unsa-
turated zone causing differences in the time required for the high tritium

1. 1 T.U. (tritium unit) = 1 atom of tritium per 10'¢ hydrogen atoms.

2. The presence of measurable tritium in a sample from a deep aquifer
borehole that is not located in the aquifer recharge zone, indicates some type
of contamination: a) leaks through the casing from a shallow aquifer; b) during
sample collection; or c) during the sample analysis. Ordinarily, the latter is
detectable from the results of other analyses made at or about the same time,
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concentrations of the late thermonuclear bomb test period (1962 -1964)
to reach the unsaturated zone.

Although it is not strictly accurate to designate a single year to
mark the onset of contribution from bomb testing to tritium input, be-
cause the effects built up gradually through several years in the 1950s
and were affected by local differences in the physical environment, for
convenience in the following discussions the year 1953 has been used to
represent the beginning of the influence of bomb tritium. On the basis
of the above generalizations, certain ranges of tritium contents may be
related to the residence time or mean age of groundwaters sampled
within the past 3 or 4 years; these ranges are as follows:

a) 0-3 T.U. —Time-since-recharge ranging from about 15 to 35
or more years (greater than about 3D years for samples having no
detectable tritium).

b) 3-30 T.U.— Recharge occurring mainly in the early part of
the bomb-testing period.

¢) Greater than 30 T.U.— Recharge occurring in the latest part of
the thermonuclear testing period or after it.

The matching of the above ranges of tritium concentration to
recharge times ignores possible mixing effects, such as a certain amount
of very recent (last few years) recharge mixed with recharge from more
than about 35 years before the sample collection date. It is also based on
an assumption of a prethermonuclear or natural level of atmospheric
tritium of 10 T.U. (see p. 7, ref.) [2], which may not be correct for the
Thessaly region. When «age» for a water sample is referred to subse-
quently in this report, it is with reference to the sample collection date
rather than to the present date.

3.3. CARBON ISOTOPES

The carbon isotopes {(carbon-12, carbon-13 and carbon-14) are useful
in hydrogeological interpretations mainly because carbon-14 (like tritium)
is a radioactive isotope which decays with time. Carbon-14 has a half-
life of 5,730 years and thus is useful in studying the hydrological condi-
tions related to waters that are several millenia (rather than a few decades
as for tritium) old. Unadjusted radiocarbon ages determined from car-
bon-14 contents alone are ordinarily greater than true ages because part
of the total dissolved carbon species is derived from non-biogenic carbon
containing no carbon-14. Taking this into account, the «age» may be
adjusted if reliable geochemical data are available.
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4. RESULTS OF THE ENVIRONMENTAL DATA -DISCUSSIONS,
INTERPRETATIONS AND EVALUATIONS

4.1. AVAILABLE ISOTOPE DATA

The sampling programme carried out in the Western Thessaly
Valley covers the period of October 1968 to July 1971 and includes
selected rainfall stations, lysimeters, streams, springs and drilled wells.
Periodic samples collected from these sources were analysed for environ-
mental isotopes. All isotopic analyses were carried out in the Isotope
Laboratory of the IAEA in Vienna, with the exception of deuterium
which was analysed in the Geophysical Isotope Laboratory of the Uni-
versity of Copenhagen. The results of the isotopic analyses from ground-
water sources (sampled at wells and springs) are given in Table 4 and
isotope data from precipitation stations, lysimeters and streams are given
in Table 5. Sampling points in the project area are shown on Maps 1
and 2 together with the results of the isotopic analyses.

The accuracy of the 180 results given is about 4+ 0.2%4 and for
dueterium analyses is reported to be + 29, . The error terms asso-
ciated with tritium and YC analyses are given together with the results
of individual analyses performed.

4.2. DISCUSSION OF ISOTOPE DATA

4.2.1. Isotope data on precipitation.

Periodic samples of precipitation have been collected at two precipi-
tation stations (Chrisomilia and Meteora) and also at four lysimeter sta-
tions (Kephalovrisso, Paleomonastiron, Pouliana and Sarakina). In the
~ first block of Fig. 1, 880 values of all rainfall samples for each lysi-
meter station are shown. A wide range of variations between —2.4%,
and — 12.79%,, is obsevred in the §30 content of rain over the project
area. The time variation of the 880 content of rainfall for each preci-
pitation station and for three of the lysimeter stations is given in Fig. 2.
The most common feature observed in Fig. 2 is the seasonal variation
of the 880 content of rainfall. Depleted values during the winter months
and relatively enriched values during the summer months are due to the
known dependence of the stable isotopic composition of rain on the
temperature at the time of condensation. The only year for which sam-
ples are available for all months is 1969, and the plot of 880 versus 8D
for this year is shown on Fig. 3 for the two rainfall stations. Since
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annual variations in the stable isotopic composition of rainfall at a given
location are rather small and seasonal variations are rather uniform,
it is quite reasonable to assume that the stable isotopic composition of
rainfall as given in Fig. 8 (in Figs. 2 and 1 as well) can be used to
define the rainfall input into the project area
in terms of its stable isotopic composition. Ascan
be seen in Fig. 3, it is possible to distinguish between December to
April rains and May to November rains. All the points in Fig. 3 are
spread around the normal meteoric line (8D = 880 + 10) (None of the
samples for which both D and O analyses are available show the usual
influences such as those resulting from evaporation).

The tritium values available from rainfall stations are shown on
Fig. 4 together with those of the rivers. The tritium content of the rain
during summer months is about 300 T'. U. and about 50-80 T. U. during
winter months in the last three years.

4.2.2. Isotope data on lysimeters.

Periodic samples of rainfall and percolate from four lysimeters in
the project area have been collected. While rainfall samples collected at
these lysimeters, together with those collected from precipitation sta-
tions, would enable the definition of the isotopic composition of rainfall
input to the project area, the samples collected from lysimeter percolates
are a useful means of determining the isotopic
composition of that part of rainfall which directly
infiltrates from the surface. The second block on Fig. 1
shows the 80 values of all available samples from each lysimeter per-
colate. Time variations of the 880 content of lysimeter percolates are
shown on Fig. 2 together with the 30 content of rainfall observed in
each lysimeter. As can be seen from Figs. 1 and 2, there is less time
variation in the 80 content of percolate compared to that of rainfall,
which is certainly due to the storage effect of each lysimeter which
results in smoothing of monthly inputs of rainfall. The available isotope
data on lysimeter percolates can be used as an approximate index of the
isotopic composition of direct infiltration occurring from the surface.
Sarakina and Kephalovrisso are the two lysimeters from which a rea-
sonable amount of percolate samples are available. Sarakina lysi-
meter on the northern part of the project area

has a mean 880 value of —174%, for its perco-
late and Kephalovrisso lysimeter has a mean
value of —81%, Thus, these values could be

adopted as the expected mean 8®0O composition
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of a possible direct surface recharge into the
groundwater in the northern and central part
of the Thessaly Valley. It should be noted that the plots
of 880 versus 8D for those samples where both results are available on
lysimeter percolates are well distributed around normal meteoric lines
and there is no evaporation effect observed as shown in Fig. 5.
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4. 2. 3. Isotope data on rivers.

Periodic sampling of the Pinios River and its tributaries Pamissos
and Portaikos, were carried out. All available 80 values from the rivers
are shown on the fourth block of Fig. 1. Considerably less spread of 3%0
values of rivers compared to that of rainfall is evidently due to the sto-
rage effects involved in the rainfall-runoff process. T'he combined effect
of storage involved in the base flow component and channel storage
involved in the direct runoff component, together with overall mixing,
results in a more uniform isotopic composition of river flows and the
wide fluctuations of the $%0 input from rainfall are smoothed out. The
time variations of 880 in the three rivers are shown on Fig. 6. It should
be noted that Portaikos and Pamissos rivers have very similar 880
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contents and similar time variations whereas Pinios River has a slightly
depleted 80 content as can be seen on Figs. ! and 6. The second plot
on Fig. 6 shows three-months moving averages for the 3%0 content of
each river. This type of plotting eliminates wide fluctuations from one
month to another, but preserves the seasonal variation. As can be seen
from Fig. 6, the curve for the Pinios River is always above the other
two and clearly indicates its comparatively depleted 88O content. This
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should be due to the geographic and topographic orientation of their
drainage areas. The drainage areas of the Pamissos and Portaikos rivers
must have comparable altitudes whereas the Pinios River must be drai-
ning either higher altitudes or, if they should have their drainage areas
located at similar altitudes, the relative contribution of higher altitudes
must be a larger proportion for the Pinios River than for the Pamissos
and Portaikos rivers. T'he mean 8®0 content of the Pam-
issos and Portaikos rivers 1is —8.7%, whereas
the Pinios River has a mean 3%0 content of
—92%y. These values can be adopted as means
of studying the possible contribution of these
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trivers to the recharge of the aquifers in the
Thessaly Valley. Plots of 880 versus 3D for river samples are
given in Fig. 7. All the points are quite close to the meteoric line and
they are grouped between the rains representing two different seasons,
as should be expected. The time variation of the tritium content in
these rivers is shown on Fig. 4, together with that of rainfall. The abo-
ve mentioned smoothing effect can be clearly seen on Fig. 4, also that
the rivers have a rather uniform tritium content of about 150-200 T. U,
except in December 1969, when the direct surface component was pro-
bably the major part of the river flow due to higher rainfall occurring
in that month.

4, 2. 4. Isotope data on springs and wells.

The isotope data collected from groundwater sources include widely
scattered wells tapping different horizons and various springs in the
project area. The stable isotopic composition of these sources enabled
the study of the recharge mechanism and the source of recharge in the
groundwater basin of the Thessaly Valley. Tritium and ¥C samples col-
lected from these sources have been used to study the hydrodynamics of
the system and enabled the evaluation of transit time involved in the
groundwater movement. Discussions presented in the above paragraphs
were aimed at the determination of indices for the isotopic composition
of various possible contributing components to the flow system of the
Thessaly basin. Thus, a detailed discussion of the isotope data from
springs and wells and findings of the isotope study based on the inter-
pretations and evaluations will be given in the next part.

4.3. INTERPRETATIONS AND EVALUATIONS

4.3.1. General remarks on the representativity of samples.

In sampling groundwater reservoirs from boreholes, especially
where more than one (or several) water-yielding horizons have been
tapped, it is not ordinarily possible to know which layer contributes
most of the water to the sample. Thus, ideally in trying to relate the
isotopic compositions of samples from different boreholes to each other,
an attempt to evaluate the probable mixing of water from different
layers should be made.

The discharge of springs in areas of large or moderate topographic
relief normally represents a mixture of a sizeable part of an aquifer.
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A spring located on alluvial plains, on the other hand, may be dischar-
ging mostly from a few horizons and may, or may not, yield waters of
a composition similar to that of springs nearby boreholes that yield
primarily from deeper layers. Springs that yield primarily from only
shallow upper horizons, llowever, would be expected to show seasonal
variations in isotopic composition in comparison to those where the
discharge represents a mixture of most of the saturated thickness of
the alluvial aquifer.

4. 3. 2. Isotope data on wells and springs - Interpretations and
evalutations.

4.5.2.1. Springs.

The locations of sampled springs are shown on Map 1 together with
380 and tritium values for each spring. The location of rainfall stations,
lysimeter stations and sampling points for streams are also shown on
Map 1 together with their mean 8%0 values discussed in the above
paragraphs.

In the third block of Fig. 1, 880 values of all springs are shown.
Most of the springs have 880 values between — 8.0 to — 9.0%4 while
a few have more enriched and a few have more depleted values which
reflects either the altitude of their respective recharge areas or their
source of recharge, or both. The 80 versus 8D plot for those spring for
which both analyses are available is shown on Fig. 3. The relatively
small variations of 880 values observed in springs as compared to that
of rainfall (see Figs. 1 and 3) are again due to the storage effect asso-
ciated with springs where the wide fluctuations of rainfall input are
smoothed out. A more quantitative interpretation of the isotope data
requires that consideration be given to various factors such as location,
altitude, etc. of each spring. A plot of 8%0 versus altitude for springs
located in the western part of the project area is shown in Fig. 8. The
stable isotopic composition of a spring generally reflects the integrated
effect of rainfall input occurring at altitudes higher than that of the
spring. Springs included in this plot are those located in the western
mountaneous region or at the foothills where the most probable recharge
is from adjacent highlands. The line defining the relationship between
880 content and altitude, as given in Fig. 8, is developed from values
of springs Kappa, Porta Panayia, Kotroni, Tirna, Xiloparikon, Amaradon,
and has a slope of —0.2%y per 100 m which is close to the generally
observed altitude effect. The springs in the northern mountaneous region,
namely Vassiliki, Theopetra and Chimadio also agree with the line given
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in Fig. 8. Similarly, the springs Zografia, Rousson and Rousson Hill in
the southern part of the area are close to the line. Thus, the 880 versus
altitude relationship developed from springs located in the mountaneous
highlands, or at the foothills where the only contributing recharge is
most probably from the adjacent Liighlands, can be taken to be valid for
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the northwestern Thessaly area (Kalambaka basin) and the line given
on Fig. 8B can be used to study the altitudes of recharge sreas for other
springs located in the valley.

As can be seen from Fig. 8, the 8®*0 value of Kria Vrissi Spring at
850 m altitude is too much off the line and, apparently, this is due to
different sampling times of the spring. Considering the very high tritium
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contents of all the springs shown on Fig. 8, the transit time of the water
recharging these springs must be very short and thus, the 8%0 content
of the Kria Vrissi Spring reflects input that occurred close to its time of
sampling which differs from all others in the area. The 8®0 content of
springs Gorgoyirion and Morava, which are significantly depleted com-
pared to those at comparable altitudes in the same area, is evidence for
their recharge area being at higher altitudes. The line given in Fig. 8
indicates that the altitude of the recharge area is higher than 800 m for
Gorgoyirion Spring and 1200- 1300 m for Morava Spring.

For the springs located in the alluvium valley, the same type of
evaluation can be made regarding the altitude of their respective recharge
areas. However, the use of 8®0 versus altitude relation given in Fig. 8
assumnes that the only contributing recharge is laterally from the adja-
cent highlands. For springs which are located close to the foothills in
the valley, such an assumption might be valid, but for springs located
near the center of the alluvium valley, a possible contribution of recharge
directly from the surface or from the rivers must also be taken into
account. Considering, for example, the group of springs Gomphi-A,
Gomphi-B and ILazarina, their similar 880 value of about —8.59
would indicate that their recharge areas are at an altitude higher than
600 m, as a lateral contribution from the adjacent mountaneous region.
Considering their location between the tributaries Pamissos and Portaikos,
a possible contribution of these streams or a possible direct recharge
through the surface cannot be excluded. However, of these two other
possible contributions, if there is any, the rivers must be the more pro-
bable one in view of the rather depleted values of these springs compa-
rable to that of the rivers. Thus, any hypothesis of a river contribution
to these springs would enable the following evaluations to be made:

a) assuming that the 80 content of a spring in the alluvium, where
the recharge is only from the adjacent highlands, would be abut — 7.9¢/y
as observed in the Kappa Spring (which is close to these three springs),

b) knowing that the tributaries Pamissos and Portaikos have a
mean 80 content of —8.7Y%,

the values observed in the Gomphi and Lazarina Springs, which is
about —8.59%, would result in 80°%/, of river contribution to these springs.
As can be seen from the above example, a realistic interpretation of
the 3'®0 values observed in the springs located in the alluvium valley
would require a more detailed hydrogeological knowledge of the area.
Any convincing hydrogeological evidence to eliminate contribution from
rivers would then result in the interpretation given earlier regarding
their recharge areas being located at altitudes higher than 600 m. Similar
considerations apply to other springs in the project area. The §%0
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value of —~8.49%,, observed in spring Mega Pouliana, which is quite close
to the Portaikos River should be evidence of a probable contribution
from the river. The most probable interpretation for springs Charmaina
and Loxadha with their 880 values of —8.4%, and — 8.2%, is that their
recharge areas are higher than 500 and 400 m respectively. Spring Voula
on the eastern part of the basin, being located close to the foothills of
the nortern mountaneous region would have to have its recharge area
at an elevation higher than 700 m. (Actually there are two samples col-

TABLE 1.

Samp.le Tritium in Deuterium | Oxyggn -18
collection U %00 9/ 50
Date U+ ltrom SMOW from SMOW
| |

Mega-Kephalovrisson

12.11.68 161 4+ 6 — 44 —6.8%)
9. 8.71 | 224416 . —8.2
30. 4.71 231 4 13 —838
29. 571 - 2254 8 . —8.7
20. 7.71 222 + 9 8.8
9.10.71 223 + 10 3

Micro-Kephalovrisson

12. 9.68 260 + 9 — 56 - —8.86
12.11.68 252 4+ 9 — 55 —8.8
9. 3.1 192 + 8 — 8.1
29. 5.71 212 + 8 — 8.5
9.10.71 187 4 10

lected from this spring at different times. The value of —0.8%, from
the first sampling is used since that is the one having a sampling time
corresponding to the others. The significant change in the 8¥0 content
should be due to the rapid response of the spring to rainfall input as
evidenced by its high tritium content). The §%0 values observed in
springs Mega - Kephalovrisson, Micro-Kephalovrisson and Dipotamos,
which are all located in the central part of the alluvium valley, are of
particular interest. Table 1 shows the 8%0 and tritium data from the first
two which are located not far from where the generally coarse - grained
and unconfined valley fill of the upstream section grades into finer
valley fill containing confining beds.
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Considering the location of these springs and the rather depleted
380 content, all possible contributing components should be considered,
namely :

a) recharge from the northern highlands,
b) recharge from the Pinios River,

¢) local recharge as direct infiltration of the rain falling on the
coarse alluvium fill.

The stable isotopic composition of each of the above possible con-
tributing components has already been defined in previous paragraphs.
That is:

a) Using the 80 versus altitude relationship developed in Fig. 8,
it is possible to determine the average altitude of their recharge area if
the first hypothesis should be the only contributing component.

b) The mean 8¥0 content of the Pinios River is determined
to be —9.29,.

c) Direct recharge occurring from the surface has a mean §'%0
content of — 7.4% as obtained from the Sarakina lysimeter percolate, and
—8.19%,, as obtained from the Kephalovrisso lysimeter percolate. Howe-
ver, considering that any direct recharge of these springs should mainly
be on the northern part of the valley, the Sarakina lysimeter is more
representative and, in view of the fact a much higher number of samples
was collected from the percolate, its mean 3%0 value of — 7.4%,, should be
used to represent the stable isotopic composition of the direct recharge.

Therefore, knowing the stable isotopic composition of these three
springs, on the other hand, the relative importance of different recharge
components can be studied.

As can be seen from Table 1, Mega-Kephalovrisson has a mean $%0
content of — 8.62%,, (excluding the sample of 12.11.19683) and Micro -
Kephalovrisson has a mean %0 value of — 8.5%,,. The only sample avai-
lable from the Dipotamos Spring has 880 = — 9.0%/,,.

If the first component isthe only one responsible for
recharg