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P. 3rpUMu, n. CKeHoe, 11. 3omo - H3omonHOe uccneooeaHue 
ceR:Ju OxpuocKozo u IlpecnaHcKozo o3ep. B IOro-aoCTO'iHOH 
AJI6aHHH, OKOJIO rocy)lapcTBeHHOH rpaHHl.lbl C 6hiBWeH 
IOrocnaacKo.H MaKe)lOHCKOH Pecny6JIHKOH HaxO)lJITCJIIOI'O
Jana)lHbie 'iaCTH JlByx oJep. ITpecnaHcKoe OJepo pacnoJJO)I(e
HO a 850 m Ha)l ypoaHeM MOpll, a OxpHJlCKOe- B 69 5 m Ha)l 
ypoaHeM MOpll. Me)l()ly HHMH npoxo)lHT ropHal!Uenh ManH 
TaTe - ranH'iHUa. 0Ha CJIO)I(eHa npeHMymeCTaeHHO Kap6o
HaTHbiMH nopo.naMH, B KOTOpblX pa3BHTbl KapcTOBb!e flOJIJI. 
rocy)lapcraeHHaJI rpaHHUa npOXO)lHT 'iepe3 TY 'iaCTb OxpHJl
CKOI'O oJepa, KOTOpa.ll H3BeCTHa KaK TyweMHWT- Ca. HayM. 
B 3To.H LJacTH paJMemeHbi KpynHbie BO.llliHhie HCTO'iHHKH. 
CLJ.HTaeTCJI, '!.TO OHH BblBO.llJIT Ha noaepxHOCTb npOHHKaiO
UlHe '!.epe3 Kapcr BO,Ubi ITpecnaHcKoro OJepa. 

Ami HJletrmQ>HKauHH npoHcxo)l()leHHJI BOJl an6aHcKHx Ty
weMHWTCKHX HCTOLJHHKOB 6biJJH npoae)leHbl HCCJie)lOBaHIDI 
)leHTepHJI H 0 18. floJiy'leHHb!e pe3yJibTaTbl flOKaJaJIH, 'ITO 
52% BOJlhi TyweMHWTCKHX HCTO'IHHKOB CBJl3aHo c ITpecnaH
CKHM 03epOM, a 42% npe.UCTaBJieHa HHQ>HJibrp3UHOHHb!MH 
BO)laMH, KOTOpble llOCTynaJOT 'tepe3 KapCTOBb!e paHOHbl B 
ropax ManH Tare- ranHLJHUa. 

Abstract. Two big lakes are located in southeastern Albania, 
near the border with Former Yugoslav Republic of Macedonia 
(FYROM), Prespa Lake at elevation 850 m above sea level 
(a.s.L), and Ohrid Lake at elevation 695 m a.s.l.. Mali Thate
Galichica Mountain, which is constructed mainly of carbon
ate karstfied formations, separates them. In the Tushemisht -
Sveti Naum sector of Ohrid Lake, situated on both sites of Al
banian-FYROM border, big springs issue that are supposed 
to be fed by Prespa Lake by the underground karst flow 

Environmental isotope data of Deuterium and Oxygen- 1x 

have been used to identify the origin of the recharge of 
Tushemisht springs situated in Albanian territory. The results 
of this study indicate that 52 % of the mean discharge of 
Tushemisht springs is recharged from Prespa Lake, and 48 % 
of their discharge is recharged from the infiltration of the pre
cipitation in Mali Thate- Galichica Mountain. 
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Introduction 

In southeastern Albania, near the border with 
FYROM, there are located Ohrid and Prespa 
lakes, constituting a common hydraulic system. 
The elevation and the surface of Ohrid Lake are 
respectively 695 m a.s.l. and 348 km2

, while the 
elevation and the surface of Prespa Lake are re
spectively 850 m and 274 km2• Between both 

lakes is located Mali Thate - Galichica Mountain 
with the highest peak 2287 m a.s.l. Because this 
mountain is constructed of carbonate rocks, and 
the level of the lakes has a difference of about 155 
m, a hypothesis is formulated that the Tushemisht 
and Sveti Naum big karst springs issuing in the 
southern edge of Ohrid Lake are recharged at 
least partially by Prespa Lake. 

Cvijic ( 1906) has formulated the hypothesis for 
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the po. sibi lity of the recharge of the Sveti Naum 
and Tushemisht springs by Prespa Lake. Many 
hydrogeologists for water balance calculations of 
the Ohrid Lake - Prespa Lake system hydrologic 
system use this hypothesis, and the contribution 
of Prespa Lake to the Ohrid Lake has been evalu
ated. The calculations result very different. 
Through the estimation of the Prespa Lake water 
balance, Todorov ki, Kirovski ( 1974) have calcu
lated that the discharged in Ohrid Lake water 
quantity is about 7 to I 0 m3/s, or about 218* I 06 to 
320* I 06 m3/year. According to the monograph 
"Hydrology of Albania" (AAS, 1984) the same 
parameter is calculated to be 16.3 mJ/ or 
5 13* I 06 m-'/s. Anovski et al. ( 1988) using the iso
tope balance evaluation have calculated that the 
underground outflow from Prespa Lake basin to 
the Ohrid Lake through Mali Thate - Galichica 

Mountain is 9.46 m-'ls or 298* I 06 m-'/year. In the 
same study have been evaluated that 42 % of the 
mean discharge of Sveti Naum Spring represents 
the contribution coming from Prespa Lake. 

The present study is referred to the environ
mental isotope data of this area col lected in Alba
nian territory during the period 1989 - 1990 and 
analyzed in the Isotope Laboratory of IAEA -
Vienna. The published i otope data from the 
Macedonian territory are also used for the com
parison. 

Geology 

The area under study is part of the inner alpine
folded area effected by extensional tectonics 
since Pliocene (Aiiaj, 1999; Arsovski, 1997). 
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Fig. I. Hydrogeological map of the area of the Ohrid and Prespa lakes. /. Porous aquifers: I - Quaternary gravel; 
2- Quaternary gravel to sand, boulders; 3 - Quaternary gravel and clay. I/. Karst aquifers: 4 - Eocene conglomerate sandstone; 
5- Upper Cretaceous stratified limestone; 6- Upper Triassic- Lower Jurassic massive limestone; lll. Fissured aquifers: 
7- Aquitanian conglomerate and clay; 8 - intrusive rocks; IV. Fissured low-productive aquifers: 9- Pliocene clay, sandstone 
and conglomerate ; I 0 - Oligocene conglomerate and sandstone; II - Oligocene sandstone and clay; V. Practically non
aquiferous rocks: 12- Pliocene - Quaternary clay. VI. Special signs. 13 - Spring average discharge up to I 00 1/s ; 14 - Spring 
average discharge between I 00 and I 000 1/s; 15- Spring average discharge more than I 000 1/s; 16- Main groundwater flow 
direction; 17 - Direction between water loss and water resurgence 



During the Pliocene- Quaternary the studied area 
embraced strong and progressive general uplift
ing, while the depression areas suffered mainly 
subsidence and partially uplifting. Most signifi
cant result of this tectonic sti le is the formation of 
big Mali Thate - Galichica Mountain horst. On 
both sides of this horst are p laced big graben 
structures; Prespa Lake graben on the east, and 
Ohrid Lake and Korcha field grabens on the west 
(Fig. I). Mali Thate - Galichica anticline struc
ture dips to the west by angles 40-45°, and to the 
east by angles about 30°. Some regional North -
South oriented tectonic faults are developed in it. 
This mountain is constructed mainly of Upper 
Triassic - Lower Jurassic massive and thick lay
ered limestone, in small areas overlaid by Upper 
Cretaceous limestone. Small outcrops of Eocene 
conglomerate and limestone conglomerate are 
developed mainly in the southern part of the area. 
The Pliocene deposits represented of clay, sand
stone and conglomerate fi ll most of the bottom of 
Prespa Lake and of some small outcrops are de
veloped along the lake-side. 

Hydrogeology 

The main hydrogeological features of the area are 
shown in Fig. I , which is elaborated from the 
"Hydrogeological Map of Albania" , scale I :200 
0000 (AHS, 1985). Let us try to make the water 
balance calculation of karst massif contributing 
to Tushemisht and Saint Naum springs. The total 
surface of the karst massif feeding these springs is 
evaluated to be roughly about 350 km2

• 

According to the precipitation data from the 
Albanian and FYROM territories the average 
yearly precipitation in the study area vary from 
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about 700 mm to more than 900 mm (AAC, 1975; 
Ristevski et al., 1997). Using the correlation be
tween the precipitation and elevation, the average 
yearly precipitation of Mali Thate - Galichica 
Mountain is found to be about 900 mm. The effi
cient infiltration of the precipitation in this area, 
calculated by the well-known method of Kessler 
(Kessler, 1967) resulted to be 48 % of the pre
cipitation or about 432 mm. According to the di
rect field measurements, the effective infiltration 
in Triassic limestone of Kastoria area of Western 
Macedonia constitutes about 55 % of the precipita
tion (oral communication of A. Stamos, hydro
geologist of IGME in Kozani - Greece), corre
sponding to 495 mm for the studied area. Accepting 
the measured value of the infiltration as more reli
able, the total karst groundwater resources of Mali 
Thate- Galichica massif which drain to Ohrid Lake 
results about 5.5 m~/s or 173* I 06 m~/year. 

In Ohrid Lake also is drained partially the 
Prespa Lake. This is facilitated by the big differ
ence of the elevations of these lakes (about 155 
m), and by the presence of the kars t massif of 
Mali Thate- Galichica able to transmit big water 
quantities. In the ponor called "Zaver", just on 
the Prespa Lake-side, near Gollomboch village 
(in Albanian territory), the intensive loss of the 
lake water into the karst basin can be observed 
(Fig. I). Comparing the lake's level and the karst 
groundwater level measured in a drilled well lo
cated in Alarup village, the average hydraulic gra
dient in the direction Liqenas - Tushemisht (Fig. 
2) results to be about 0.0075. 

Karst groundwater feeds two groups of springs. 
The first group is that of Tushemisht - Saint 
Naum sector. The Tushemisht spring's groups 
drain in a· line length about 3 km, extending from 
Zagorchan village to Tushemisht up to Albanian-
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Fig. 2. Hydrogeological cross-section in Mali Thate Mountain. I - karstitied limestone; 2- sandstone and clay; 3 - karst water 
level ; 4 - direction of karst water flow; 5 - spring; 6 - drilling well; 7 - altitude of karst water level or of surface water (in m 
above sea level) 
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FYROM border. Their average discharge is about 
2.5 m3/s, or 79* I 06 m3/year. The mean discharge 
of Sveti Naum spring is about 5.58 m3/s or 
175* I 06 m/year (Anovski et al., I988). An un
known water quantity is being drained on the bot
tom of Ohrid Lake. The second group of springs, 
total discharge about 0.5 m3/s, issue in Devoll 
River Valley in Albanian territory, near the vil
lages Golloborda, Manchurishta and Proger, in 
Devoll River Valley. Their recharge area is lo
cated in the southern sector of Mali Thate Moun
tain and it is excluded from the above-mentioned 
groundwater resource calculations. 

Environmental isotope study 

Methods of environmental isotopes are based on 
the isotopic fractionation of natural waters from 
different geographic origins and of a different hyd
rogeological nature (IAEA, I968 and I98I; Bradley 
et al., I972; Payne et al., I978). The environmental 
isotopes in hydrology are used mainly on problems 
related to the origins of water systems (measure
ments of stable isotopes of hydrogen-D and oxygen-
180) and on problems of dynamics of water systems 
(measurements of radioactive isotopes ofhydrogen
T and carbon-14C). 

The local precipitation and Prespa Lake water 
are examined as some recharge potential source 
to the Mali Thate groundwater. The mean eleva
tion of infiltration area (groundwater recharge 
area) is expected to be higher than the Prespa 
Lake elevation. The altitude effect of the isotopic 
composition of the meteoric water is used for the 
identification of waters coming from different 
potential groundwater recharge sources of Mali 
Thate area. 

The sampling locations of the present isotopic 
program, and their corresponding numbers, are 

Table 1 
Analytical data from Albanian territory 

shown in Fig. l. There are sampled both group of 
springs, that of Tushemisht and that of Devoll 
Valley, as well as Ohrid and Prespa lakes. There 
are also sampled some local springs, necessary 
for the determination of the altitude effect. Dur
ing the period 1989-1990, 5 to 12 samples are 
analyzed for every sampling point. The samples 
are analyzed mainly in the laboratory of IAEA in 
Vienna and some of them are analyzed in the In
stitute of Nuclear Physics of Tirana. The analyti
cal errors are I 71 for 8D, and 0.1 71 for 8 180 . 

Analytical data 

Results of isotopic analyses and the elevation of 
sampling points are presented in Table 1. In Table 
2 are presented the analytical data of some water 
points and of the precipitation of the studied area 
on the territory of FYROM (Anovski et al., 
1988). From the comparison of both tables, some 
small discrepancies are obvious. The ·8 180 71 and 
8D 71 index for the Ohrid and Prespa lakes have 
respective difference of 11 %, and of 9.5 %. The 
same indexes for the big springs located near the 
Albanian-FYROM border differs, too. The in
dexes of Tushemisht group of springs result to be 
about 15 % higher than those of Sveti Naum's 
spring. 

Discussion and interpretation 
of isotope data 

The plot of 8 180 71 versus 8D 71 for all observa
tion points, according to the data of Tables 1 and 
2 is presen.ted in Fig. 3. For Ohrid and Prespa 
lakes are used only the analytical data from the 
Albanian territory (Table 1 ). The local meteoric 
water line described by the precipitation, and the 

Point Sampling point I ~evation 81KO%o 8D%o Deuterium excess 
number (d) 

I Ohrid Lake 695 -3.84±0.43(7) -32.78±2.70(4) -2.06 
2 Prespa Lake 853 - 1.72±0.12(9) - 21.84± 1.06(9) -8.08 
3 Tushemisht Spring I 696.5 - 5.73±0.07(6) -44.37±0.68(3) +1.47 
4 Zagorchan Spring 698 -5.98±0.07(5) -43.70±1.77(4) +3.66 
5 Tushemisht Spring 2 696 - 5.80±0.07(6) -43.93± 1.02(3) +2.47 
6 Piskupat Spring 700 -9.31±0.06(5) -61.80±0.60(4) +12.68 
7 Big Golloborda Spring 840 -9.76±0.07(7) -63.85±0.69(4) +14.23 
8 Small Golloborda Spring 880 -9 .03±0.04(7) -61.68± I. 73(5) +10.56 
9 Manchurishta Spring 848 - 9.87±0.07( 12) - 65.64±1.09(6) +13.32 
10 Progri Spring 850 -9.20±0.04(11) -62.14±0.75(5) +11.46 
II Devoll River, in Proger 853 - 8.87±0.52(5) -59.65±0.159(5) +11.31 

( .. ) Number of analyzed samples 
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Fig. 3. 0 1XQ versus oD plot of waters from the Ohrid and Prespa lake areas 

springs Big and Small Golloborda, Manchu
rishta, Biljana and Galichica resulted as below: 

cSD = 8*cS180 + 14 

The slope of the local meteoric water line is 8, 
the same as this of world meteoric water line, but 
the intercept, which represents the deuterium ex
cess-d, is 14 instead of 10 as of the world mete
oric water line. This is an indication that the 
study area belongs to the Eastern Mediterranean 
"anomalous" area with higher values of deute
rium excess, which maximal values are reported 
to be about +22 /1 (Gat, Dansgaard, 1970; Gat, 
Galai, 1982; Leontiadis et al., 1988; 1997). 

The plot of a180 /1 versus cSD /1 for Ohrid and 
Prespa lakes and for the big springs of Sveti 
Naum, Tushemisht and Proger is also presented 

Table 2 

in Fig. 3, and the correlation function resulted as 
below: 

cSD = 5.4*cS180 + 12.4 (r = 0.999) 

Generally, an isotopic relationship with a slope 
of -8 is expected for fresh precipitation of all 
types, as well as for surface waters not subject to 
excessive evaporation relative to input. A slope 
ranging from about 4 to 6 is attributed to waters 
with a significant rate of evaporation relative to 
input (Craig, 1961, Craig et al., 1963). In the 
present case, the low slope of cSD-cS180 relation
ship of the groundwater is attributed to intensive 
evaporation of the Prespa Lake. Mixing in differ
ent proportions of the precipitation and of Prespa 
Lake water constitutes the isotopic composition 
of the springs falling in this line. The end members 

Analytical data from FYROM territory (Anovski et al., 1988) 

Point Sampling point Elevation 511'0%o 5D%o Deuterium excess 
number m (d) 

I Sveti Naum, precipitation 695 - 8.35 - 52.9 +13.90 
2 Stenje, precipitation 853 - 8.53 - 55.4 +12.87 
3 Velestovo, precipitation 1100 - 8.74 -55.4 +14.82 
4 Ohrid Lake 695 -3.4±9.7 -35.4±9.7 - 8.2 
5 Prespa Lake 853 -1 .9±0.30 - 24.8±9.6 - 9.6 
6 Galichica Spring 1250 - 10.6±0.6 - 70.3±5.4 +14.5 
7 Biljana Spring 697 - 10.1±0.5 -68.5±4.0 +12.3 
8 Sveti Naum, Spring 697 -6.9±0.3 -49.7±3.0 +5.5 
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of this line are Prespa Lake (indexes ~180 =-I .72 /1 
and ~D = -21.84 /1), and the precipitation repre
sented by the intercept of both graphic lines in Fig. 
3 (indexes ~180 = -10.20 /1 and ~D = -70.60 /1 ). 

The springs taken into consideration in Fig. 3 
can be qualified into two groups: a) the springs 
Tushemisht I, Tushemisht 2, Zagorchan, Sveti 
Naum and Prager are recharged by Prespa lake; b) 
the springs Big Golloborda, Manchurishta, 
Piskupat, Biljana and Galichitsa are not fed at all 
by Prespa Lake. 

The spri ngs of Tushemisht-Zagorchan sector, 
though located in a spring line length 3 km, have 
practically the same isotopic composition (Table 
I). This is an indication of the good mixing of the 
karst water of Mali Thate- Galichica Mountain. 
For this spring group the isotopic indexes' values 
of Tushemisht Spring 2 have been accepted as 
representative values. 

The possible contribution of the Prespa Lake to 
the water of Tushemisht Spring group is estimated 
using the following system of two equations: 

Q *C + Q *C = n *C I I pp'<oo 

Ql + QP= Qo 

Where, Q
1 
=amount of water leaking from Prespa 

Lake 
C1 = d 180 concentration in the water of Prespa 

Lake, (-1.7271) 
Q = amount of precipitation 
cr = ~ 180 concentration in precipitation, 

(-1 0.20 /1 ) 
Qo = mean discharge of Tushemisht springs, 

(2.5 m-'/s) 
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C = ~ 180 concentration 1n Tushemisht 
0 

springs (-5.80 /1) 

Solving the system of equations resulted that 
Prespa Lake water contribution consists of 1.3 
m3/s, or 52 % of the mean discharge of 
Tushemisht springs. The contribution of the infil 
trated precipitation in Mali Thate - Galichica 
Mountain constitutes 1.2 m-'/s equal to 48 % of 
the mean discharge of the springs. The contribu
tion of Prespa Lake to Tushemisht springs results 
about 10 % higher than the contribution to Sveti 
Naum Spring (Anovski et al., 1988). The total 
contribution of Prespa Lake water to Tushemisht 
and Sveti Naum springs is about 3.65 m·1is or 
115* I 06 m3/year, and the contribution of the pre
cipitation to those springs is 4.45 m3/s or 
140.3* I 06 m3/year. 

Progeri spring results also enriched in isotopes 
(Fig. 3), probably by the Small Prespa Lake water 
(Fig. 1 and Table 1 ), but this contribution cannot 
be estimated because of the uncertainty of isoto
pic concentration of the lake water. 

The key to the determination of the altitude of 
the recharge area of the groundwater is the alti
tude effect of stable isotopic composition of pre
cipitation. The altitude effect was determined 
based on three so-called local springs for which 
the recharge area could be defined on 
hydrogeological grounds, and from two precipi
tation stations situated in FYROM territory. The 
plot of ~180 /1 vs. mean recharge altitudes of 
springs with well-defined recharge areas and vs. 
altitudes of precipitation stations is presented in 
Fig. 4. The following regression line was ob
tained using the elevation as dependent variable: 

H(m) = -2 14*~180 71 - I 053 

Where, H = mean recharge elevation, or el
evation of precipitation station. 

An altitude effect for ~u10 /1 of 0.47 71 per I 00 
m changes in mean recharge elevation was ob
tained. According to the literature data the alti 
tude effect for ~180 /1 vary from 0.15 71 to 0.5 71 
per I 00 m (IAEA, 1980; Kallergis et al., 1983; 
Leontiadis et al., 1983, 1986; Payne et al., 1978). 
Using this gradient, the mean recharge altitude 
effect some big springs have been calculated 
which resulted as follows: Manchurishta spring -
1060 m; Big Golloborda spring- 1037 m; Biljana 
spring - 1350 m. The mean elevation area of the 
infiltrated precipitation in Mali Thate- Galichitsa 
Mountain results to be about 1200 m. 



Conclusions 

I. Environmental isotope techniques was used to 
demonstrate the origin of two group of springs 
issuing from the Mali Thate- Galichica karst ma
ssif; the Tushemisht springs located on Ohrid 
lake-side near the Albanian - FYROM state bor
der, and that of Devoll valley springs located on 
the western edge of Korcha plain. 

2. The isotope data have demonstrated that 
Tushemisht springs water is constituted of about 
52 % by Prespa Lake water and of about 48 % by 
the infiltrated precipitation in Mali Thate - Gali
chitsa karst massif. Anovski et al. ( 1991) have es
timated that about 42 % of Sveti Naum 's spring 
water is recharged by Prespa Lake and about 
58 % from Galichica karst massif. 

3. The springs of Devoll Valley, Manchurishta 
and Golloborda result not to be fed by Prespa 
Lake. Progeri spring results also enriched in iso
topes, probably by the Small Prespa Lake water 
but this contribution cannot be estimated because 
of the uncertainty of isotopic concentration of the 
Small Prespa Lake water. 

4. The altitude effect for the 0180 /1 resulted 
0.47 /1 per I 00-m changes in mean recharge area. 
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