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The Dumre area, lo cated in Cen tral Al ba nia, is dis tin guished by a land scape whose main fea tures con sist of low al ti tude, mo -
saic and ir reg u lar re lief, and the pres ence of a large num ber of de pres sions with lakes. These fea tures re sult from karst de -
vel op ment re lated to the pres ence of a tec toni cally af fected dome of Tri as sic evaporite rocks, mainly gyp sum. Gyp sum
karstification has op er ated since the Plio cene, and the pres ent-day geomorphological ap pear ance of the area in di cates an
ad vanced, ma ture stage of karst de vel op ment. Signs of this ma tu rity in clude the wide spread oc cur rence of large de pres -
sions, many of which are wa ter-filled, form ing lakes, the oc ca sional pres ence of gyp sum hills in the form of mo nad nocks, a
thick �coat ing� of re sid ual sed i ments largely iso lat ing the karstic gyp sum sub strate from pre cip i ta tion and sur face wa ters, and 
the frag men tary pat tern of a de graded river net work. The karst char ac ter of the re lief is largely �cam ou flaged� by clastic
terrigenous and re sid ual de pos its of con sid er able thick ness which cover the gyp sum and form a caprock. At the pres ent
stage, the caprock is be ing strongly re shaped and eroded. Chem i cal anal y ses show a mean dis solved gyp sum con tent of
1.9 g/l and mean dis solved NaCl con tent of 0.4 g/l. The mean flow rate of sub aque ous springs is cal cu lated as 1.84 m3/s. The
den sity of gyp sum is 2.3, and that of rock salt is 2.17, thus the to tal vol ume of gyp sum dis solved each year is 47,420 m3 and of 
rock salt 10,680 m3, mak ing a to tal vol ume of dis solved ma te rial re leased by the sub aque ous springs in one year of 58,100
m3. This cor re sponds to a cu bic void of side length 38.7 m. 
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INTRODUCTION

Evaporitic rocks such as gyp sum, anhydrite and salt oc cur
be neath ~25% of the con ti nen tal sur face (Ford and Wil liams,
2007). Karst as so ci ated with gyp sum and anhydrite oc curs on
all con ti nents and on many is lands. It oc cu pies sig nif i cant ar -
eas in Eur asia, North Amer ica and Af rica (Klimchouk and
Andrey chouk, 1997). In Eu rope, the larg est ar eas of gyp sum
karst are within the East Eu ro pean Plain. In West ern Eu rope,
ar eas of gyp sum karst cover smaller ar eas, but ex am ples are
nu mer ous, es pe cially in Cen tral Eu rope and South ern Eu rope. 
In Cen tral Eu rope and the Brit ish Isles, gyp sum karst de vel ops 
mainly in Perm ian and Tri as sic rocks, while in South ern Eu -
rope it is mainly in the Neo gene (Messinian) and, to a lesser

ex tent, in the Tri as sic. In Al ba nia, Tri as sic gyp sum oc curs in
sev eral ar eas.

Al ba nia is sit u ated on the west ern part of the Bal kan Pen in -
sula, on the east ern coast of the Adri atic and the Ionian seas.
The karst land scape in Al ba nia cov ers 6750 km2 or 24% of the
coun try’s ter ri tory, which are rep re sented mainly by car bon ate
rocks. Evaporite rocks cover 260 km2, com pris ing 1.7% of the
Al ba nian ter ri tory. They are rep re sented mainly by gyp sum and
form two karst ar eas: Korab is in the north east ern part of the
coun try and Dumre is in its cen tral part. Both ar eas are char ac -
ter ized by spe cific geo log i cal, tec tonic, geomorphological and
hydrogeological con di tions. While the Korab area is a part of the 
in ner tec tonic zone, the Dumre area is an evaporite dome lo -
cated in the cen tral part of the Pre-Adri atic De pres sion. The re -
lief of this area rep re sents a hilly pla teau with karstic land scape
dis tin guished by the pres ence of ~80 karstic lakes and by ac tive 
re cent sub si dence (Fig. 1). 

The for ma tion of the Dumre evaporite dome, and the age
and re la tions of the gyp sum de pos its to the sur round ing rocks
rep re sent one of the key prob lems for the re gional ge ol ogy of
Al ba nia and par tic u larly for oil prospection (Plaku, 1966;
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Gjikopulli, 1968; Plaku and Murataj 1974; Velaj, 2001). The ge -
ol ogy of the area is also pre sented in most geo log i cal books
and maps of Al ba nia (Me¸o and Aliaj, 2000; Xhomo et al., 2002; 
Aliaj, 2012). The geo mor phol ogy of Dumre has been de scribed
(Kabo, 1990; Kristo, 1994, 2002; Qirjazi, 2019), while in ter est in
the en vi ron men tal prob lems of this area has in creased dur ing
the last 20 years (Parise et al., 2004, 2008; Sala, 2009; Cane et
al., 2010). The hydrogeology of the Dumre area has not been
stud ied in de tail but some im por tant data are pro vided by the
Hydrogeological Map of Al ba nia at 1:200,000 scale (Eftimi et
al., 1985). 

The physiognomic and land scape dis tinc tive ness of the
area is the re sult of its de vel op ment in spe cific tec tonic and
geo log i cal con di tions. The karst char ac ter of the  land scape is
largely �cam ou flaged� by clastic terrigenous de pos its of con sid -
er able thick ness, which cover the gyp sum and form a caprock – 
a sec ond ary for ma tion of car bon ate and clay de pos its that ac -
cu mu lated in situ ow ing to the gyp sum karstification. The loose
caprock de pos its are prone to ero sion and the ac cu mu la tion of
ero sional prod ucts. These pro cesses, due to the re sid ual ma te -
rial they re dis trib ute, have in gen eral smoothed the land scape.
They also al low re ten tion and ac cu mu la tion of wa ter in de pres -
sions, and thus the ag ri cul tural uti li sa tion of the land (plough -
lands in the de pres sions and on gen tle slopes, pas tures on
steep, more rocky slopes).

Due to the par tic u lar geomorphological char ac ter is tics of
the area – a gen tle to pog ra phy, ex ten sive de pres sions, the
pres ence of nu mer ous ir reg u lar-shaped lakes (Fig. 1), the

sparse par ent rock (gyp sum) ex po sures, caves, and “fresh” col -
lapse sink hole – the karstic na ture of this area was long �con -
cealed� from re search ers. The grad ual trans for ma tion of the
sink holes into lakes and the ac cu mu la tion of re sid ual ma te rial
above the karstified gyp sum dur ing the Plio cene and Pleis to -
cene re sulted in the grad ual dis ap pear ance of typ i cal karst fea -
tures from the area, whereas ero sion and sed i men ta tion in the
caprock suc ces sion re sulted in the de vel op ment of the physio -
gnomic fea tures of an ero sive land scape.

Nev er the less, karst plays a de ci sive role in the de vel op ment 
of the area. We de scribe here our pi lot re search into this land -
scape, and draw at ten tion to the po ten tial for more de tailed
stud ies of the area.  

STUDY AREA

The area stud ied is a com pact and oval in shape, extendijng
for 17 km N–S and 13 km E–W, and cov er ing ~170 km2. The
east ern and south ern bound aries run along the val ley of the
Devoll River, while the north ern and west ern bound aries are geo -
morpho logical, char ac ter ized by changes to higher re lief land -
scapes un der lain by flysch-like and molasse strata. The south -
west ern bor der is de ter mined by the bank of the Thana res er voir
con nected by a re charge ca nal to the Devoll River. The area lies
some 35 km from the Adri atic Sea. Ad min is tra tively, the Dumre
area is al most en tirely lo cated within Elbasan County. 
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Fig. 1. Lo ca tion (right) and to pog ra phy (left) of the Dumre area (de fined by a red line)



The al ti tude of the area grad u ally and ir reg u larly de creases
from 160–240 m a.s.l. in the north to 30–200 m in the south. It is
dif fi cult to de fine the �sta tus� of the area hypsometrically and
geomorphologically. In gen eral, it com prises a slightly raised
hilly plain sur rounded by eroded up lands. 

Most of the area is ag ri cul tural (Fig. 2). A sig nif i cant part of
the land is used for pas tures, some of the land is tree-cov ered,
and a very small per cent age of the land is waste land (in the few
places where gyp sum is ex posed).

The Dumre evaporite dome is lo cated along the Lushnje -
-Elbasan transtensional strike-slip zone (Fig. 3A). The evapo -
rites have in truded into Oligocene flysch de pos its from the
Perm ian-Lower Tri as sic evaporite suc ces sion through the
strike - slip zone of Dumre (Aliaj, 1999; Me¸o and Aliaj, 2000;
Velaj, 2001; Xhomo et al., 2002). The Dumre diapir has in -
truded from the east as an overthrusted diapir of “mush room”
shape with a chim ney ex tend ing from the east ern side, from
Cerrik to Kuçova (Plaku and Murataj, 1974; Xhaçka, 1981).
The west ern flank of the Dumre dome is thrust not only onto
Oligo cene flysch, but also onto Mio cene and Plio cene
molasse, show ing that the Dumre diapir is ac tive and is char -
ac ter ized by gen eral up lift that be gan in Plio cene times (Aliaj,
2012; Fig. 3B).

The Dumre evaporite dome is com posed of gyp sum, an hy -
dride and ha lite, with scarce in ter ca la tions of dolomitized lime -
stone and dolostone, reach ing an over all thick ness of >6000 m
(Plaku and Murataj, 1974). It is cov ered by caprock con sist ing
of cal car e ous and do lo mite brec cias (Fig. 4). As seen on the

land sur face, the caprock is com posed of gyp sum with sub or di -
nate lime stone or do lo mite brec cia, sand stone, clays, vol ca nic
tuffs, quartzites and other lithologies. In some places, Plio cene
lime stone has been de pos ited over the caprock. As seen in
some ero sional ex po sures at the tops of hills, the caprock thick -
ness reaches some tens of metres, but it is be lieved that in de -
pres sion ar eas its thick ness ex ceeds 100 m.

The gyp sum rock seen in rare ex po sures in gyp sum hills
has a coarsely crys tal line struc ture. The crys tals are cha ot i cally
ar ranged and reach some centi metres long. The spaces be -
tween crys tals are filled with clayey-car bon ate ma te rial that is
vis i ble to the na ked eye. This fa cil i tates rapid weath er ing and
dis in te gra tion of the rock, and the ac cu mu la tion of loose ma te -
rial at the foot of the hills. We in fer that the re sid ual clay ma te rial
may be an im por tant source of the for ma tion and ac cu mu la tion
(by ero sional re dis tri bu tion) of clay de pos its in the bot toms of
val leys and es pe cially – in de pres sions. The con se quence of
this was the ap pear ance of a weakly per me able layer of clay de -
pos its in the bot toms of the de pres sions and the for ma tion of
per ma nent lakes. This was an evo lu tion ary pro cess which con -
tin ues to day.

The Dumre area has a typ i cal Med i ter ra nean plain cli mate
(Cli mate of Al ba nia, 1980). The av er age an nual rain fall var ies
around 1050 mm and is un evenly dis trib uted through the year.
About 70–80% of rain fall oc curs dur ing the Oc to ber-March pe -
riod (Fig. 5). The an nual av er age air tem per a ture of the area is
15.1°C. 
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Fig. 2. Pho to graphs of the Dumre area: bird’s eye view (A, B – by drone) and land scape (C, D)

The bot toms of the de pres sions are filled with nat u ral (karst) lakes (A and B); some of the res er voirs lo cated at the bot tom
of the val leys (shown in pho tos C and D) are of ar ti fi cial or i gin (ponds) 

(pho tos by: A, B – A. Klimchouk, C, D – V. Andreychouk)



RESEARCH METHODOLOGY

The study of the land scape of the mas sif com prised map -
ping em ploy ing GIS tools and field ob ser va tions. The di vi sion of 
the area into geomorphological units was per formed “man u ally” 
ac cord ing to the cri te rion of ho mo ge ne ity of the land scape, on
the ba sis of clear vi sual dif fer ences be tween the units on de -
tailed top o graphic maps at a scale of 1:25,000, orthophotos,
sat el lite pho tos, and drone pho tos. The units dis tin guished
units and cor re spond ing types of land scape (i.e. unit bound -
aries and their top o graphic char ac ter) were checked dur ing
field work within se lected transects through the mas sif in var i ous 
di rec tions.

Then, the typologically ho mo ge neous geomorphological ar -
eas dis tin guished were sub jected to nu mer i cal anal y sis in or der 
to cal cu late ba sic pa ram e ters and in di ca tors, and to gen er ate
ap pro pri ate mod els and maps.

The fol low ing maps and orthoimages were ac quired for the
pur pose of the study:

– 1:25,000, 1:50,000 and 1:100,000 scale top o graphic maps;
– orthophotomaps and sat el lite im ages (Land Sat-8,

Santial-2); 
– data for the NMPT Dig i tal Area Cov er age Model (DEM and

DSM);
– 1:50,000, 1:100,000, 1:200,000 scale geo log i cal maps;
– 1:50,000 scale hy dro graphic maps;
– Corinne maps of land man age ment and ur ban iza tion, for -

ests and land use;
– the matic maps for dig i tal data pro cess ing.

The fol low ing GIS soft ware was em ployed to pro cess the
data ac quired: Global Map per, QGIS, SAGA, MapInfo, and
ArcGIS. This soft ware was used for com pi la tions of the the -
matic maps and spa tial anal y ses re lated to the in ven tory and in -
ter pre ta tion of karst fea tures. Based on DSM im ages, de tailed
anal y ses of in cli na tions and slope ex po sures, as well as pre cise 
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Fig. 3. Geo logic-tec tonic map of the Lushnje-Ebasan transversal fault zone (A) 
and a cross-sec tion through the Dumre evaporite dome (B) (sim pli fied 

from the Geo logic Map of Al ba nia 1:200,000; Xhomo et al., 2002)



cal cu la tions re gard ing the di men sions of the ob jects, were per -
formed. Spa tial data were pro cessed us ing the fol low ing pro jec -
tions: EPSG 4326, EPSG 6870, EPSG: 28404 (Pu³kovo 1942),
and Gauss-Kruger zone 4.

The orthophoto data ob tained, of 20 cm pixel ac cu racy on
both RGB and CIR chan nels, came from 2015–2016. Mo sa ics

of super-high res o lu tion orthoimages from the Co per ni cus in for -
ma tion ser vices were also uti lized. In ad di tion, data from
LandSat8 were used for gen eral vi su al iza tion; out put for mat:
GeoTIFF, UTM pro jec tion (out put data: WGS 84). Nu mer i cal
data for the DTM (Dig i tal Ter rain Model) and DSM (Dig i tal Sur -
face Model) came from 2015–2017, the pixel size on the model
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Fig. 4. Some ex am ples of the soil cover (caprock) and weath er ing prod ucts pres ent within the Dumre area

A – soil pro file formed on the gyp sum weath er ing prod ucts; B – blocks of car bon ate oc cur ring in the caprock, ar ti fi cially 
ac cu mu lated dur ing road con struc tion; C – ce mented caprock brec cia; D – ce mented caprock brec cia with karst 

and ero sional voids (pho tos by: A – V. Andreychouk, B–D – R. Eftimi)

Fig. 5. Av er age monthly pre cip i ta tion and tem per a ture at the Belsh me te o ro log i cal
sta tion (Cli mate of Al ba nia, 1980)



is 0.1 m (DTM) and 0.1–0.2 m (DSM). More over, the EU Dig i tal
El e va tion Model (EU-DEM), which com bines data from var i ous
sources (Co per ni cus on SRTM and ASTER data), was em -
ployed for gen eral pur poses.

A data set for a DSM with a hor i zon tal res o lu tion of ~30 me -
ters (1 arc sec ond) was also used, ob tained with the Pan chro -
matic Re mote-Sens ing In stru ment for Ste reo Map ping (PRISM), 
from the ALOS sat el lite (World 3D – 30 m – AW3D30).

The nu mer i cal data ob tained were used to gen er ate the
DTM and DSM mod els and for fur ther anal y ses (slope, as pect,
LS fac tor, plan cur va ture, closed de pres sions, to tal catch ment
area, val ley depth mod ule, rel a tive slope po si tion, flow di rec -
tions, and oth ers). 

The field re search was car ried out in 2010–2019 and in -
cluded geomorphological ob ser va tions and sam ple col lec tion
for lab o ra tory tests of their chem i cal and el e men tal com po si -
tion, wa ter sam ples from karst lakes and springs, and sam ples
of rock for ma tions and soils from caprock and gyp sum (from ex -
po sures).

In May 2019 and in No vem ber 2020, 4 wa ter sam ples were
col lected from the Black Lake (1 sam ple) and springs (3) on the
north-west bank of the Thana Lake, with si mul ta neous mea -
sure ment of wa ter tem per a ture, pH and air tem per a ture. Wa ter
was placed in plas tic 0.5 l con tain ers and trans ported and
stored at low tem per a tures (2–7°C) un til anal y sis. The wa ter’s
chem i cal com po si tion was de ter mined at the lab o ra tory. All
sam ples were fil tered through a stan dard mem brane fil ter (pore
size 0.45 µm). Fil tered sam ples were placed into two poly eth yl -
ene con tain ers. The sam ple des tined for the cat ion anal y sis
was acid i fied with ni tric acid down to pH <2. 

The chem i cal com po si tion of the wa ter, in clud ing macro-
and microelements, was de ter mined by two Perkin Elmer spec -
trom e ters lo cated at the cer ti fied Hydrogeochemical Lab o ra tory 
at the Uni ver sity of Sci ence and Tech nol ogy in Kraków; Elan
6100 ICP-MS, Plasma 40 ICP-OES. The sul phur con cen tra tion
was con verted into SO4 con cen tra tion. The con cen tra tions of
HCO3 and Cl were de ter mined by ti tra tion.

RESULTS

GEOMORPHOLOGICAL FEATURES 
OF THE AREA

HYPSOMETRY AND THE HILLY CHARACTER 
OF THE LANDSCAPE

The area rep re sents a hilly plain slightly ris ing from south to
north. The high est point of the en tire area is Pognit Hill
(242.0 m), lo cated in its north ern part, 2 km west of Belsh.
There are many other hills whose el e va tions range above 200
m (Fig. 6). They have more or less round or oval shapes and
are fairly evenly dis trib uted through out the area. Some el e va -
tions are topped with rocky peaks com prised of ex posed gyp -
sum, whereas the lower slopes of the hills are gently in clined.
The av er age al ti tude above sea level of the en tire area is
131 m. The low est point (~25 m) is the bank of the Thana res er -
voir at the south ern edge of the area (Fig. 6)

The hills are sep a rated from each other by de pres sions of
var i ous sizes and by val leys of per ma nent rivers and in ter mit -
tent streams. The de pres sions, es pe cially the large ones, are
filled with wa ter. The ma jor ity of the flooded de pres sions are
closed, but there are also �semi-closed� ones, merg ing with
other ad ja cent de pres sions. Di am e ters of ma jor de pres sions
range from 1 to 3 km. Open and blind val leys also oc cur along

the lin ear forms i.e., river val leys. The hypsometric pat tern of
the area is il lus trated in Fig ures 6 and 7. 

The re lief be tween top o graphic highs and lows usu ally
ranges from 20�80 m, lo cally up to 130 m. The gyp sum sub -
strate of the area, the iso met ric shape of the el e va tions and de -
pres sions, the closed char ac ter of the lat ter, and the gen eral
out line of the land scape, in di cate the ba si cally karstic na ture of
this hilly land scape. At the pres ent stage, it is be ing strongly
mod elled and de stroyed by on go ing ero sive pro cesses, but
nev er the less it re tains the ba sic fea tures of a ma ture karst land -
scape.

The iso met ric na ture of the el e ments of the land scape de -
scribed, namely hills and de pres sions, and their fairly even spa -
tial dis tri bu tion are re flected in the char ac ter of the in cli na tion of
the hills and val ley slopes and their ex po sures, which show a
gen er ally sim i lar pat tern (Fig. 8).
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Fig. 6. Hypsometric map of the Dumre area

Fig. 7. Per cent age of the area el e va tion above sea level



KARST LANDSCAPE

A char ac ter is tic fea ture of the karst land scape of this area is 
a clear dom i nance of large forms, both con vex (el e va tions) and
con cave (de pres sions) (Fig. 9H). Be cause the gyp sum is iso -
lated from the sur face by a re sid ual caprock layer of a thick ness 
of a few to sev eral tens of metres, with lim ited ex po sure, there is 
al most no bare ex posed karst in the area, with the ex cep tion of
the top parts of the higher hills (Fig. 9E, F) where the gyp sum is
un cov ered and ex posed to the di rect in flu ence of rain wa ter. In
such places, there are var i ous types of karst grooves on the
sur face of the gyp sum, the size, shape, na ture, and ex pres sive -
ness of which de pend on the de gree of weath er ing of the gyp -
sum rock, its struc ture, in cli na tion, size of the ex po sures, and
the pres ence or ab sence of veg e ta tion (mosses, li chens, al gae, 
and grass). Within the >10 rock mas sifs, there are small caves
up to sev eral metres deep/long (Fig. 9G) that are relicts of
larger caves de stroyed by de nu da tion or youn ger fea tures re -
lated to the wid en ing of crev ices by in fil tra tion or pro cesses tak -
ing place on the slopes of the mas sifs (weath er ing, de com pres -
sion, delamination, grav i ta tional dis place ment of rock blocks,
etc.). The shapes of the gyp sum mas sifs make it pos si ble to
clas sify them as monadnock forms (Fig. 9E, F).

Smaller forms, such as sink holes, are rare (Fig. 9A, B). The
caprock layer cre ates a dense cover that pre vents the for ma -
tion of sink holes on the sur face. The ex cep tions are places
where rel a tively large cav i ties oc curred be neath the caprock,
which con se quently re sulted in the col lapse of the ceil ing. Sink -
holes thus formed turned over time into lakes with steep shores. 

Black Lake, lo cated in the very south of the area (cf. Fig. 14E)
where the thick ness of the caprock layer is re duced, may serve
as a good ex am ple. Nev er the less, due to the large size of the
lake, its for ma tion was most likely phased and may have in -
volved sev eral sink hole events close to each other, sep a rate in
time.

An other rea son for the rel a tively scarce oc cur rence of sink -
holes may be the cur rently hin dered flow of ground wa ter, both
lo cal, to wards in di vid ual de pres sions, and re gional, to wards the
val leys in the south, due to the frag men ta tion of the re lief and
the de pos its fill ing the de pres sions, and there fore a weak cur -
rent de vel op ment of un der ground karst (see Dis cus sion sec -
tion). Col lapses oc curs from time to time all over the area
(Tafilaj et al., 1998; Qirjazi, 2019; Fig. 10).

For ex am ple, a fun nel-shaped pit was formed at Fierza vil -
lage on Jan u ary 1998 (Fig. 10A); in the vil lage of Shales in 2009 
a ver ti cal pit was formed with a depth of 15 m and di am e ter of
3 m, and an other pit was formed in the gar den of the Belsh hos -
pi tal. A col lapse pit with a depth of 5 m and di am e ter of nearly 2
m formed in the for est near Grekan vil lage in March 2018 (Fig.
10B). In the south ern sec tor of the Dumre area sink holes are
much more fre quent than in its north ern part and may reach a
den sity of 15–20 per square kilo metre (Kristo, 2002, Parise et
al., 2008). Among var i ous types of karst haz ards (Klimchouk
and Andreychouk, 1996; Andreychouk and Tyc, 2013), the
great est threat within the Dumre area is the for ma tion of sink -
holes. Nev er the less, there is a need for a com pre hen sive as -
sess ment of en vi ron men tal haz ards that may be pres ent in the
area from karst de vel op ment (see Parise et al., 2015).
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Fig. 8. Charts of the in cli na tion of the ter rain within the Dumre area (A) and of the slope ex po sures (B) 
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Fig. 9. Some char ac ter is tic el e ments of the karst re lief of the Dumre area

A, B – sink holes (the same form seen from dif fer ent per spec tives); C – de pres sion de vel oped within an other larger one; D – large
flat-bot tomed de pres sion; E, F – gyp sum hills; G – small cave on the up per slope of a gyp sum hill cov ered with gypsophilic veg e ta -
tion; H – typ i cal view of the south ern part of the Dumre area with gyp sum hills and de pres sions be tween them (pho tos by: A, B – A.
Klimchouk, C, D, E, G and H – V. Andreychouk, F – R. Eftimi)



The most char ac ter is tic and prom i nent el e ments of the
karst land scape of the area are de pres sions. These vary in size
and shape – from small, oval, 50–100 m di am e ter, some with
su per im posed caprock sink holes at their bot toms, to large
forms, 1–2 km and more in di am e ter, with com plex ir reg u lar
shapes. The small de pres sions are par tially closed, whereas
the larger ones are lo cally in te grated with the river net work. The
de pres sions serve to col lect rain wa ter and the sur face run off.
Hence their bot toms, in clud ing the bot toms of the lakes, are
clay-cov ered. The clay blan ket ef fec tively pre vents the in fil tra -
tion of lake wa ter. This re sults in rel a tively sta ble wa ter lev els in
the lakes and a clear cor re la tion be tween lake level changes
and weather and cli mate fac tors.

These char ac ters of the land scape of the study area, and
the size and pro por tions of par tic u lar land forms, are well il lus -
trated in a top o graphic map from its south west ern part (Fig. 11).

HYDROLOGICAL FEATURES OF THE AREA

RIVER NETWORK

The cha otic, hilly na ture of the land scape, the pres ence of a
large num ber of par tially or fully closed de pres sions and the in -
fil tra tion of some rain wa ter into the per me able sub strate de ter -
mine the na ture of the flu vial net work. Within the area, the net -
work is much sparser in com par i son to the sur round ing ar eas
(Fig. 12A), a re sult of the subsurface karstic drain age of sur face 
wa ter. Karst ponors that in ter cept the wa ters of per ma nent or
in ter mit tent wa ter courses are very rare. In the ar eas stud ied,
ponors were not found. How ever, in places where caprock is
poorly con sol i dated and weakly ce mented, it does not con sti -
tute a bar rier to in fil tra tion of wa ter into deeper parts of the
evaporite mas sif.

Within the area, wa ter courses do not form an un in ter rupted
net work but oc cur spo rad i cally, cre at ing their own mini-catch -
ments that de vel oped around ma jor de pres sions. Most of wa -
ter courses, es pe cially the small ones, are tem po rary, oc cur ring

dur ing pe ri ods of in creased pre cip i ta tion. Their length ranges
from 0.5 to 2.0 km. Per ma nent wa ter courses that are fed mainly 
by ground wa ter are lon ger (2.5 km and more). They are pres ent 
at the pe riph ery of the Dumre area and are in te grated into the
net works of the sur round ing ar eas (Fig. 12A).

The low est den sity of the net work and its most frag men tary
char ac ter oc cur in the cen tral part of the area. The den sity in -
creases to wards the pe riph er ies, as does the num ber of per ma -
nent wa ter courses. Through out the en tire area, es pe cially in its
cen tral and north ern parts, the dry bot toms of ma jor de pres -
sions are in ter sected by ir reg u lar chan nels. Sin gle ca nals con -
nect ing ad ja cent de pres sions (lakes) are com mon. In sev eral
places, at the bot toms of the de pres sions lo cated at higher al ti -
tudes, dams have been built and res er voirs cre ated to col lect
rain wa ter and wa ter from in ter mit tent or per ma nent wa ter -
courses.

In Fig ure 12B, the catch ments of the high est rank within the
study area are out lined. At this level, they are in te grated into the
re gional river net work. Nev er the less, as the im por tance of wa -
ter sheds de creases, more and more closed catch ments oc cur
within larger catch ments.

LAKES 

There are 121 lakes in the study area, cov er ing a to tal area
of 667.38 ha (Ta ble 1). The lakes are fairly evenly dis trib uted,
though larger ones are lo cated in the cen tral and north ern parts
(Fig. 13). The area of the lakes var ies widely: from 0.01 to
94.8 ha. The larg est wa ter bod ies (ex clud ing the res er voir lo -
cated at the south west ern bor der of the area and oc cu py ing the
flat bot tom of the river val ley) are lakes Çestije (94.84 ha),
Seferan (84.86 ha), and Merhoje (59.6 ha) in the cen tre of the
area (Fig. 13). Fif teen of the lakes are rel a tively large, with an
area >10.0 ha (Ta ble 1). The lakes dif fer in shape: small lakes
are usu ally round or oval, while larger ones, es pe cially the larg -
est that fill the flat tened bot toms of large de pres sions, have
com plex shapes (Figs. 13 and 14). The lon ger axes of larger
lakes are usu ally ori ented SW–NE and NW–SE.
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Fig. 10. Ex am ples of re cent col lapse sink holes which formed in the study area
in the last few de cades

A – a col lapse doline in the cen tral part of Fierza vil lage, 38 m deep and 7 m in di am e ter,
formed in Feb ru ary 1998; B – a col lapse doline 5 m deep and nearly 2 m in di am e ter 

in the for est near Grekan vil lage, formed in March 2018 (pho tos by P. Qirjazi) 



More than 80 lakes are of karstic or i gin. Karst lakes usu ally
fill closed de pres sions and are round. They oc cupy an area of
660 ha and are char ac ter ized by highly vari able morphometric
pa ram e ters. 38 lakes con sid ered as large are deeper than 10
m, and cover ar eas be tween 3 and 100 ha. Some of the larg est
lakes of the Dumre area oc cupy merged de pres sions. Karst
lakes sit u ated at dif fer ent el e va tions have no un der ground con -
nec tion (Qirjazi et al., 1999) be cause the lake bot toms are
sealed with prac ti cally im per me able de pos its.

The lakes are rain-fed spo rad i cally dur ing the rainy sea son
also by ground wa ter. In sum mer, the lake lev els de crease due
to evap o ra tion and es pe cially due to wa ter con sump tion for ir ri -
ga tion. 

The lake lev els show great vari a tion. In deed, no lakes have
the same wa ter level. The wa ter ta bles of in di vid ual lakes are at
al ti tudes vary ing from 30 to al most 200 m and they show no cor -
re la tion with the size of the lakes or the bas ins in which they are
lo cated (Fig. 15). 

As the area is highly pop u lated (170 peo ple/km2) and is
used for ag ri cul ture, i.e. land cul ti va tion in the val leys and de -
pres sions, cat tle-breed ing on farms, and sheep-farm ing (on the
slopes of the less rocky hills), the lake wa ters are widely uti lised
for ag ri cul tural pur poses. Ir ri ga tion ca nals, sin gle or form ing
small net works, run from larger lakes sit u ated in large, flat-bot -
tomed de pres sions (Fig. 13). The ag ri cul tural use of the wa ter
and the lo ca tion of the vil lages – in many cases on the lake
shores, con trib ute to high lev els of pol lu tion of the lake wa ters.
Gen eral field ob ser va tions leave no doubt as to the poor con di -
tion of the wa ter in most of the lakes, es pe cially the large, more
ac tively used ones, and those with vil lages ad ja cent to the
shore (Parise et al., 2008; Cane et al., 2010).

The var ied de gree and na ture of wa ter pol lu tion may be in di -
cated, inter alia, by the lake col our. Within the larger lakes,
eutrophication takes place on a large scale, which is clearly vis i -
ble in the pho tos and orthophotomaps. 
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Fig. 11. Char ac ter is tic ex am ple of top o graph i cal map (scale 1:100,000) of the SW part 
of the Dumre area (A) and its lo ca tion on the ortophotomap (B)

The long side of the rect an gle mea sures 1 km

Fig. 12. Flu vial net work (A) and main wa ter sheds and catch ments (B) of the Dumre area

In A, karst lakes and ar ti fi cial res er voirs have been re moved for a better dem on stra tion 
of the spo radic and sparse char ac ter of the net work
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T a  b l e  1

Morphometric pa ram e ters of lakes within the Dumre area (lakes with area >1 ha)

No Name of
the lake

Al ti tude
[a.s.l. m]

Area
[ha]

Area
[m2]

Cir cuit
[m]

SI Shape 
In dex

FD Fractal
Dimension

The lon gest 
axis [m]

SSPI Shape In dex
Shumma

1 Çestia 108.01 94.84 948351.3 5721.65 1.7 1.26 1896.35 0.58

2 Seferan 124.01 84.86 848586.7 6037.69 1.8 1.28 1731.88 0.60

3 Merjoja 110.03 59.60 596023.0 3675.41 1.3 1.23 1337.29 0.65

4 Ma rina 149.73 38.25 382534.3 4704.71 2.1 1.32 1146.68 0.61

5 Dega 106.03 36.36 363647.9 4002.10 1.9 1.30 1635.52 0.42

6 Kashta 100.01 30.61 306132.8 2384.71 1.2 1.23  733.55 0.85

7 Belshi 154.00 27.26 272618.1 2446.81 1.3 1.25  896.47 0.66

8 Paraska 108.03 27.10 270993.1 2235.07 1.2 1.23  744.02 0.79

9 Plevica 146.01 22.04 220401.7 2124.00 1.3 1.25  752.16 0.70

10 Çerraga 116.01 20.65 206479.9 2579.72 1.6 1.28  735.58 0.70

11 Ar ti fi cially filled  ? 148.01 16.17 161700.3 2240.67 1.6 1.29  803.75 0.56

12 Turbollt Plane 102.56 15.22 152245.8 2104.57 1.5 1.28  739.09 0.60

13 Dorbini 133.14 11.67 116685.8 1371.80 1.1 1.24  474.08 0.81

14 Thate 102.42 11.22 112159.4 1626.35 1.4 1.27  568.56 0.66

15 Tomthi 119.31 10.33 103322.3 1646.59 1.4 1.28  596.64 0.61

16 Izba 111.77 9.85 98509.6 1422.68 1.3 1.26  477.11 0.74

17 Ulza 105.63 7.32 73220.3 1545.86 1.6 1.31  502.00 0.61

18 Kuq 131.05 6.67 66669.9 1018.72 1.1 1.25  324.38 0.90

19 Miloshi 71.74 5.86 58564.0   895.04 1.0 1.24  280.65 0.97

20 Gropa Madhe 49.98 5.85 58524.6   931.57 1.1 1.25  343.4 0.80

21 Black Lake 30.74 5.84 58428.5   980.73 1.1 1.26  338.76 0.81

22 Mulliza 111.90 5.58 55829.5 1557.06 1.9 1.35  435.59 0.61

23 Gurresi 124.94 5.40 54011.8   913.12 1.1 1.25  297.82 0.88

24 Omli 148.57 5.23 52261.5   872.02 1.1 1.25  272.24 0.95

25 Civiles 128.58 5.11 51112.9   997.90 1.2 1.27  365.13 0.70

26 Bazi 152.17 4.73 47301.0 1140.95 1.5 1.31  445.22 0.55

27 Mullinja 113.72 4.41 44136.0   945.79 1.3 1.28 348.09 0.68

28 Dragoti 28.08 4.26 42630.1   935.58 1.3 1.28 307.24 0.76

29 Gjermulla 118.11 3.96 39620.9   783.44 1.1 1.26 287.31 0.78

30 Pocilave 164.80 3.84 38396.1   929.42 1.3 1.29 215.29 1.03

31 Bicit 76.15 3.20 32031.6   822.41 1.3 1.29 263.88 0.77

32 Trija 2 103.82 3.17 31741.1   738.50 1.2 1.27 214.61 0.94

33 Trija 134.96 2.97 29718.7   634.83 1.0 1.25 188.77 1.03

34 Katundi 99.85 2.92 29245.2   695.49 1.1 1.27 288.03 0.67

35 Rimonit 131.88 2.84 28385.1 758.37 1.3 1.29 216.35 0.88

36 Gropa Selmanit 142.46 2.81 28138.4 875.66 1.5 1.32 275.47 0.69

37 Tudes 85.88 2.73 27275.2 731.46 1.2 1.29 285.64 0.65

38 Forca Fogel 149.28 2.58 25801.9 643.28 1.1 1.27 237.05 0.76

39 Gjate 140.96 2.52 25243.3 634.31 1.1 1.27 209.71 0.86

40 Trija 103.94 2.36 23616.1 735.64 1.4 1.31 220.14 0.79

41 Godes 121.70 2.19 21889.4 551.52 1.1 1.26 136.52 1.22

42  Tem po rary lake 97.00 2.18 21765.0 730.33 1.4 1.32 294.6 0.57

43 Kamecit 133.86 2.06 20598.5 534.07 1.0 1.26 163.50 0.99

44 Forces 118.89 1.95 19510.3 631.01 1.3 1.31 189.78 0.83

45 Gjazes 115.37 1.83 18281.3 537.68 1.1 1.28 188.77 0.81

46 Kashaj 113.60 1.82 18162.0 502.60 1.1 1.27 148.49 1.02

47 Rezervoir 120.37 1.72 17214.9 642.48 1.4 1.33 271.73 0.54

48 Rezervoir 147.27 1.71 17068.5 840.90 1.8 1.38 329.18 0.45

49 Golloces 155.75 1.63 16332.5 512.81 1.1 1.29 184.35 0.78

50 Xhiklazit 197.86 1.62 16232.1 608.14 1.3 1.32 158.74 0.91

51 Liqene 163.88 1.59 15902.1 698.73 1.6 1.35 188.7 0.75

52 Gjoli Turbullt 130.90 1.56 15636.5 575.34 1.3 1.32 203.09 0.69

53 Gropa Madhe 61.92 1.45 14539.9 554.50 1.3 1.32 150.6 0.90

54 Plain 150.73 1.43 14344.2 512.08 1.2 1.30 152.92 0.88

55 Tem po rary lake 100.52 1.28 12787.3 423.90 1.1 1.28        0.1604 795.70    

56 Liku 128.01 1.16 11634.3 412.09 1.1 1.29 145.46 0.84

57 Trojas 140.96 1.11 11099.8 415.18 1.1 1.29 114.59 1.04



KARST AQUIFER AND SPRINGS

The hydrogeology of the Dumre area is con trolled by the
pres ence of the karstified gyp sum de pos its over lain by a
caprock layer. The caprock is rep re sented by var i ous ma te ri als, 
from cul ti vated soil lay ers to ce mented con glom er ates with
vary ing de grees of lithification (Fig. 4), but is nor mally quite per -
me able. The caprock thick ness at the top of gyp sum hills is usu -
ally lim ited, up to sev eral metres, but in creases to a few tens of
metres in the de pressed ar eas. Easy in fil tra tion re sults in the
gen eral ab sence of sur face flow, ex clud ing the nearly 10 km
long Ververrica River in the southeast ern part of the gyp sum
pla teau (Fig. 16). The in fil trated wa ter moves more or less ver ti -
cally across the vadose zone in the up per part of the caprock
un til it reaches the phreatic zone de vel oped in its lower part and
at the top of the gyp sum de pos its (Fig. 17B). 

The dom i nant ground wa ter flow di rec tion in the Dumre pla -
teau is to wards the Thana ar ti fi cial lake lo cated in the south ern
edge (Figs. 16 and 17A). Dis charge oc curs through small and
large springs com monly ar ranged along the lake shores, and
subaquatic springs. 

Small springs (Fig. 17A, C) dis charge through the caprock
de pos its. Dis charges of in di vid ual small springs vary from <0.1
to ~1.0 l/s, but along the spring lines at ~200 to 400 m the to tal
dis charge can reach 10 to 30 l/s. 

Large springs (Fig. 17C, D) em a nate from caprock con sist -
ing of ce mented but fis sured and karstified car bon ate blocks of
a to tal thick ness 20–40 m. The springs ap pear and dis ap pear
ac cord ing to the fluc tu a tion of the Thana Lake level, the yearly
am pli tude of which is 8 to 10 m (Fig. 17B). 

Subaquatic springs flow into Thana Lake and two of them,
shown in Fig ure 17A, are eas ily vis i ble; one is at a dis tance of
4–5 m from a large shore line spring, and the other one ef fuses
sev eral hun dred metres away from the shore. Their dis charge is 
thought to be highly vari able. The ob served large vari abil ity of
the shore line springs’ dis charge re flects the sea sonal vari a tion
of the rains, but is also in flu enced by the con duit na ture of per -
me abil ity of the gyp sum-caprock aqui fer.

The qual ity of sur face and ground wa ter of the Dumre gyp -
sum pla teau has not been greatly stud ied. Ta ble 2 show the
re sults of four chem i cal anal y ses, from three springs and
Black Lake (Ta ble 2). Microcomponents that have con cen tra -
tions smaller than the sen si tiv ity of the anal y ses (Be2+, Fe2+,
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Fig. 13. Lakes of the Dumre area

There are 121 wa ter bod ies within the area, most of which are as so ci ated with karst; 
on the fig ure above 57 lakes of karst or i gin >1 ha in area are shown; 

num bers are ex plained in Ta ble 1



Mn2+, Ag+, Zn2, Cu2+, Ni2+, Co2+, Pb2+, Hg2+, Se2+, Sb3+, Al3+,
Cr3+, V5+, Zr4+, As3+, Tl4+, W6+, Br-, I-, and CO3

2 -) are not  in -
cluded in the ta ble.

Up to some 25 years ago, anthropogenic pres sure has not
been sig nif i cant in the study area; even the wa ter of Belsh Lake
was used for drink ing (Parise et al., 2008). The de vel op ment of
tour ism and the in ten si fi ca tion of ag ri cul ture has re sulted in
heavy pol lu tion by anthropogenic liq uid wastes, her bi cides, and 
pes ti cides (Cane et al., 2010). Nev er the less, the to tal dis solved
sol ids (TDS)  in the wa ter of most of the lakes is <300 mg/dm3

(Cane et al., 2010). The only ex cep tion is Black Lake, lo cated
near Thana Lake and at the same el e va tion. The Black Lake

wa ter rep re sents a mix ture of at mo spheric pre cip i ta tion and the
Dumre area ground wa ter drain ing into it, re sult ing in TDS val -
ues reach ing 1700 mg/l (Ta ble 2).

The wa ter of small springs drain ing from the caprock of the
pla teau are weakly min er al ised; the TDS val ues are
~300–400 mg/l and the hydrochemical fa cies is mostly
HCO3-Ca. Small springs are usu ally used for vil lage wa ter sup -
ply. The wa ter qual ity of the springs flow ing into Thana Lake is
quite dif fer ent: the wa ter con duc tiv ity var ies from 1900 to 3400
µS/cm and the wa ter chem i cal type is SO4-Ca, but with in -
creased con cen tra tion of Cl ions (200–250 mg/l) and Na ions
(140–150 mg/l). This shows that the rock mass host ing the
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Fig. 14. Some ex am ples of nat u ral lakes that oc cupy karst de pres sions within the Dumre area

A–C – bird’s eye view by drone; D–F – land scape view (pic ture E is Black Lake) 
(pho tos by: A–C – A. Klimchouk, D, F – V. Andreychouk, E – R. Eftimi)
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Fig. 15. Wa ter ta ble lev els in the lakes of the Dumre area in re la tion to their sur face

Fig. 16. Hydrogeological map of the Dumre gyp sum dome (Eftimi et al., 1985)



Dumre aqui fer con tains dis persed NaCl or salt bod ies. So lu tion
of NaCl salt is thought to cause the for ma tion of karstic po ros ity
in the up per gyp sum lay ers in the bound ary zone with the
caprock. The tem per a ture of the springs is 15–16°C, which is
equal to the av er age yearly air tem per a ture of the study area.
This dem on strates the shal low cir cu la tion of the ground wa ter of 
the Dumre area.

DISCUSSION

WATER CIRCULATION AND CHEMICAL DENUDATION

Of key im por tance for un der stand ing the mech a nism(s) of
karst de vel op ment in the study area is the de ter mi na tion of the
na ture and spec i fic ity of the wa ter cy cle, with par tic u lar em pha -
sis on the wa ter-rock in ter ac tion. So far, the lack of spe cial ised
re search and spe cific data in this area does not al low the con -
struc tion of quan ti ta tive or qual i ta tive mod els of wa ter cir cu la -
tion. There fore, the con sid er ations pre sented be low are pre lim i -
nary.

The study area is fed al most ex clu sively by me te oric wa ters. 
From the east and south, the area is lim ited by river val leys that
set lo cal ero sion bases, and from the north and west by hill
ranges rather than by de pres sions, the ori en ta tion of which ex -
cludes sig nif i cant amounts of sur face wa ter in flow. No per ma -
nent river flows into the study area from these sides. Due to
these cir cum stances, the re charge in the area is en tirely
autogenic.

Due to a large num ber of closed de pres sions, an sub stan tial 
part of the pre cip i ta tion wa ter is stored in lakes. The frac tions of
evap o ra tion, ab strac tion, and in fil tra tion can be only ap prox i -
mately es ti mated at this stage of study.

An im por tant fea ture of the Dumre area is the dif fer ent el e -
va tion of the wa ter ta ble be tween in di vid ual lakes (Ta ble 1). At
the same time, the dif fer ence in el e va tion reaches sev eral tens
of metres or even 100–160 m. It is ob vi ous that the el e va tion of
the wa ter ta ble in the lakes cor re lates with the gen eral in cli na -
tion of the re lief to wards the south, as il lus trated by the hy po -
thet i cal pro file in Fig ure 18. How ever, it com monly hap pens,
and seems to be a rule, that even in lakes ad ja cent to each
other the dif fer ence in el e va tion is sig nif i cant (Qirjazi, 2019).
This is par tic u larly ev i dent in the case of a �clus ter� of a dozen
lakes in the east ern part of the area that form a fairly com pact
spa tial group, in which lev els of the wa ter ta ble dif fer by sev eral
tens of metres. This clearly in di cates that the wa ter lev els in the
lakes do not di rectly cor re spond to the wa ter ta ble within the
karst aqui fer, but point to the large di ver sity of lo cal con di tions of 
wa ter ac cu mu la tion in the de pres sions, and its re ten tion
therein.

The only rea son of this, as well as for the oc cur rence of the
lakes within the karst area, above the karst aqui fer, may be the
pres ence of ef fec tive iso la tion of the wa ter body by a clayey
layer in the lake bot toms. As noted ear lier, the caprock mass,
com pris ing much re sid ual dis persed ma te rial, may by source of
clays ac cu mu lat ing in the lake bot toms. The other source could
be clayey ma te rial which has been sup plied from the flysch hills
(ranges) sur round ing the Dumre area. Which ever it was, the
weak per me able layer in the lake bot toms ef fec tively iso lates
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Fig. 17. Springs dis charg ing from the Dumre gyp sum pla teau in the Thana ar ti fi cial lake

A – lo ca tion of springs; B – the prin ci pal dis charge scheme of large springs; C – the area of small lin early ar ranged springs; 
D – a large spring, a part of a lin ear se ries of springs (pho tos by R. Eftimi) 
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T a  b l e  2

Hydrochemical pa ram e ters of un der ground (1–3) and sur face (Black Lake) wa ters 
from the south ern part of the Dumre area

Pa ram e ter, com po nent Unit Sam ple no. 1 Sam ple no. 2 Sam ple no. 3 Black Lake

Sam pling date – 13.11.2020 13.12.2020 13.12.2020 09.05.2019

Ana lysed – 15.01.2021 15.01.2021 15.01.2021 23.05.2019

Tem per a ture °C   15.7 15.7     15.7      12.5

pH –-      6.78         6.78         6.84         7.49

Eh mV   167    164 161 163

To tal dis solved sol ids (TDS) mg/dm3   2636.2    2626.5 2622.0 1735.4

Min er ali sa tion M mg/dm3    2824.8     2812.2 2809.2 1907.9

To tal hard ness (Ho) mg CaCO3/l   1819.0     1825.0 1792.4 1041.4

Car bon ate hard ness (Hw) mg CaCO3/l   309.2      304.4   306.8    282.8

Non-car bon ate hard ness (Hn) mval/l    30.20       30.41       29.71       15.17

EC (25) µS/cm      3410        3410 3420 2300 

H2SiO3 mg/dm3       21.09         21.33       21.09         2.34

SiO2 mg/dm3       16.23         16.41       16.22         1.80

Na+ mg/dm3       148.9          151.0   150.7    139.9

K+ mg/dm3        3.15           3.17         3.00         4.25

Li+ mg/dm3         0.051           0.050           0.051           0.043

Ca2+ mg/dm3 612.9    613.9    602.0    333.6

Mg2+ mg/dm3     70.42       71.25       70.55       50.80

Sr2+ mg/dm3       9.16         9.20         9.05           6.214

Fe2+ mg/dm3     <0.01       <0.01       <0.01          <0.005

To tal cat ions mg/dm3 844.7   848.7   835.5   535.3

Cl- mg/dm3 247.3   244.7   245.3    193.0

Br- mg/dm3   <0.1     <0.1     <0.1     <0.2

I- mg/dm3    <0.01       <0.01       <0.01     <0.2

SO4
2- mg/dm3 1313.0  1304.0 1311    829.0

HCO3
2- mg/dm3 377.2   371.4   374.3    345.0

CO3
2- mg/dm3  <0.5     <0.5     <0.5     <0.5

NO3
- mg/dm3    21.17       21.57       21.26         1.50

PO4
3- mg/dm3          0.0277             0.0134             0.0115       <0.02

BO3
3- mg/dm3      0.29         0.27         0.28        1.07

HBO2 mg/dm3      0.22         0.20         0.21         0.79

To tal an ions mg/dm3 1958.8   1942.0 1952.4 1369.5

To tal anal y sis mg/dm3 2803.5   2790.7 2728.9 1904.8

Hydrochemical type – SO4-Ca SO4-Ca SO4-Ca SO4-Ca-Na

Fig. 18. Hy po thet i cal pro file il lus trat ing the di ver sity of wa ter  ta bles in the lakes and show ing the level 
of ground wa ter in clined to wards the south



them from the gyp sum sub strate, leav ing them perched above
the ground wa ter ta ble (Fig. 18). 

Nev er the less, there are lakes, mainly in the ex treme south
of the area, the low est sit u ated and ad ja cent to the ar ti fi cial res -
er voir, which are un doubt edly di rectly as so ci ated with the karst
aqui fer in the gyp sum. The fact that they re flect the sur face of
karst wa ters is in di cated by their geomorphological (steep
banks) and hy dro log i cal con di tions (they cor re late with the wa -
ter  ta ble in the Thana res er voir), as well as by the high sul phate 
ion con tent (Ta ble 2). Blake Lake, lo cated a short dis tance from
the shore line of the res er voir, is the best ex am ple of such a lake 
(Fig. 17A). 

The wa ter bal ance and chem i cal de nu da tion within the
Dumre area can be ac cessed in the fol low ing way. As allogenic
sur face flow is miss ing, the wa ter bal ance can be de fined as:

P (pre cip i ta tion) = ef fec tive in fil tra tion (Ief) +
evapotranspiration (E) 

Ap ply ing the Turc method (Turc, 1954; Bonacci, 1999), the
com po nents of the bal ance are:

  P = 1054 mm/year (equal to 179.18 x 106 m3/year, 
or 5.69 m3/s);

  Ief = 586 mm/year (equal to 99.62 x 106 m3/year, 
or 3.16 m3/s); 

  E = 468 mm/year (equal to 79.56 x 106 m3/year, 
or 2.53 m3/s).

As de fined by bal ance in ves ti ga tions (Vogli, 1980), about one 
third of the in fil trated pre cip i ta tion, rang ing to 33.20 x 106 m3/year
(or 1.02 m3/s), goes to re charge the lakes of the gyp sum pla teau.
The rest of the ef fec tive in fil tra tion com prises the to tal ground wa -
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Fig. 19. The lakes in the cen tral part of the Dumre area on the orthophotomap

A, B – rel a tively small lakes oc cu py ing sink holes and large so lu tion dolines; 
C – an ex am ple of larger lakes oc cu py ing the bot toms of karst de pres sions 



ter re sources for the en tire Dumre area, es ti mated at) 67.42 x
106m 3/year (or 2.14 m3/s. Sup pos ing that the to tal dis charge of
all non-sub aque ous mainly fresh springs is 0.3 m3/s, the to tal dis -
charge of the sub aque ous springs (known and un known) is es ti -
mated at 57.96 x 106 m3/year (or 1.84 m3/s).

Based on the re sults of the chem i cal anal y ses the mean dis -
solved gyp sum is 1.9 g/l and mean dis solved NaCl is 0.4 g/l. The
mean flow rate of the sub aque ous springs is cal cu lated at 1.84
m3/s. The den sity of gyp sum is 2.3, and that of rock salt is 2.17
(Chiesi et al., 2010), thus the to tal vol ume of dis solved gyp sum
per year is 47.420 and 10.680 m3 for salt. These val ues al low one 
to quan tify the to tal vol ume of dis solved ma te rial re leased by the
sub aque ous springs in one year: 58.100 m3. This would cor re -
spond to a cu bic vol ume of 38.7 m along each side. 

MORPHOGENESIS AND EVOLUTION 
OF KARST FORMS

The land scape de vel op ment of the Dumre area is com plex.
Dur ing its evo lu tion un der con ti nen tal con di tions since the Plio -
cene, morphogenetic fac tors have changed. There is no doubt,
how ever, that a lead ing role was played by karst pro cesses, al -
though their par tic i pa tion in shap ing the land scape may have
been dif fer ent at dif fer ent stages.

The con tem po rary char ac ter is tics of the land scape, i.e. low
hypsometry, mod er ate denivelations, dom i nance of large el e -
ments – both con vex (hills) and con cave (de pres sions) – the
monadnock char ac ter of gyp sum out crops, the flat tened bot -
toms of ma jor de pres sions, the lack of ac tive ponors in the val -
leys of the rivers and streams, and the pres ence of a large num -
ber of lakes, col lec tively point to its ma ture char ac ter. Due to a
sig nif i cant de gree of cover of the gyp sum sub strate by re sid ual
weath er ing ma te rial, as well as the re sult ing iso la tion of the
karstic sub strate from the di rect im pact of pre cip i ta tion and sur -
face wa ters, the dis so lu tion pro cesses cur rently oc cur al most
ex clu sively at depth, in the karst aqui fer zone  within the gyp -
sum. These re sult in the for ma tion of cav i ties, which are re -
vealed from time to time in the form of small sink holes in
caprock de pos its and in the bot toms of old de pres sions. By
con trast, widely un der stood ero sive pro cesses play a dom i nant
role in shap ing the land scape. In the sur face zone, karst pro -
cesses per se take place only within the out lier gyp sum hills.

The most char ac ter is tic el e ments of the land scape are de -
pres sions of var i ous types and sizes, of ten filled with wa ter and
form ing lakes (Fig. 19). The bas ins of all the lakes are of karst
or i gin, and the larger the lake, the more com plex has been its
his tory. The for ma tion of the small est and prob a bly the youn -
gest lakes can be clearly ex plained by col lapse/sub si dence pro -
cesses. Such a gen e sis is in di cated by their round shape, con -
sid er able depth and steep banks. In the for ma tion of larger
lakes, the pro cesses of slow dis so lu tion of the gyp sum sub -
strate may have been im por tant, if not de ci sive. As for the bas -
ins of the large lakes in ex ten sive de pres sions, these have a
com plex and multi-stage gen e sis, in which var i ous pro cesses
and fac tors par tic i pated at var i ous stages of de vel op ment. At
the be gin ning, the lead ing fac tors were dis so lu tion, ground sub -
si dence, and col lapse of the roofs of the form ing karst cav i ties,
with sub se quent evo lu tion ary merg ing of ad ja cent dolines, ero -
sional shap ing, and ac cu mu la tion of inwashed ma te rial. Sig nif i -
cant num bers of de pres sions within the study area; their closed
char ac ter in most cases, a large sur face of weath ered hill
slopes, and the lack of larger rivers drain ing the area mean that
there is a pro gres sive ac cu mu la tion of inwashed re sid ual ma te -
rial within the area, mainly in the de pres sions. This re sults in a

grad ual rise of their bot toms, a de crease in the rel a tive depths
of the val leys, and an in crease in the thick ness of the in sol u ble
cover over the gyp sum sub strate.

These fac tors are cur rently con du cive to the re ten tion of
rain wa ter within the area and the for ma tion of lakes, and partly
also to the re vival of the river net work de graded by karst. Over
time, these trends would lead to a de crease in the depth but an
in crease in the size of the lakes, their merg ing and over flow into
other catch ments, thus form ing new wa ter courses. 

Nev er the less, at any given stage, sig nif i cant re sources of
sur face wa ter ac cu mu lated in the lakes fa cil i tate ra tio nal land
cul ti va tion, pri mar ily for ag ri cul ture. As for ground wa ter, re gard -
less of the con sid er able re sources, the qual ity of karst wa ter
(too high min er al iza tion) sig nif i cantly lim its the pos si bil i ties of
their use. 

CONCLUSIONS

The Dumre area of Cen tral Al ba nia is dis tin guished by a
spe cific geomorphological land scape, whose main fea tures in -
clude low al ti tudes, a mo saic char ac ter, ir reg u lar ity, and the
pres ence of a large num ber of lakes. These fea tures are a con -
se quence of the de vel op ment of karst re lated to the pres ence of 
a tec toni cally con di tioned �stock� of Tri as sic evaporites. Gyp -
sum karstification has been on go ing since the Plio cene and the  
pres ent-day geomorphological char ac ter of the area points to
an ad vanced, ma ture stage of karst evo lu tion. The wide spread
prev a lence of large de pres sions, a sig nif i cant num ber of which
are filled with wa ter (lakes), the oc ca sional pres ence of gyp sum
hills in the form of mo nad nocks, a thick �coat ing� of re sid ual de -
pos its largely iso lat ing the karstic gyp sum sub strate from the in -
flu ence of pre cip i ta tion and sur face wa ters, the in ter mit tent na -
ture of a de graded river net work, and oth ers signs in di cate that
karst is ma ture in the area.

This study re veals the con di tions of the de vel op ment of the
gyp sum karst in the area and de ter mines its main fea tures and
spa tial pe cu liar i ties. How ever, the study is pre lim i nary in na ture, 
to at tract re search ers’ at ten tion to an ex tremely in ter est ing re -
gion, de tailed study of which can pro vide valu able in for ma tion
not only re gard ing karst sci ence but also for re gional ge ol ogy,
hy drol ogy, hydrogeology, and geo mor phol ogy. The prin ci pal
tasks for fur ther re search in clude:

– de ter mi na tion of the thick ness and struc ture of the caprock
through geo phys i cal stud ies ac cord ing to a se lected grid of
pro files;

– in ven tory of karst forms and their clas si fi ca tion ac cord ing to
size, shape, wa ter level, or i gin, and eco nomic uti li sa tion;

– de tailed field stud ies within gyp sum mo nad nocks – de ter mi -
na tion of the de gree and char ac ter of their karstification, or -
ga ni za tion of mon i tor ing el e ments (benchmarks, mark ers,
mini-me te o ro log i cal sta tions, etc.);

– for mu la tion of the wa ter bal ance for the en tire area in the an -
nual and sea sonal cy cles, as well as for se lected el e ments
(catch ments, de pres sions);

– mon i tor ing of karst springs in or der to de ter mine the amount 
of chem i cal de nu da tion and its sea sonal vari a tions;

– de tailed stud ies of the lakes, in clud ing pol lu tion of their wa -
ters.
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reviewers: J. Ur ban and B. Ridush for their in sight ful anal y sis of
this manu script. Their sug ges tions were very valu able and con -
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