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GLACIAL MORPHOLOGY OF THE SARA MOUNTAINS

Abstract: The paper defines and presents the forms of glacial relief formed, most likely,
during the last Pleistocene glacial maximum (LGM). A graphic and textual presentation of
almost all glacial forms is given on the entire territory of the Sara Mountains, on both sides
of their main ridge, from Ljuboten in the NE to the source tributaries of the Radika River
in the SW. Based on the height position and spatial development of glacial forms, the
height of the snow line (ELA) was determined, glacier types were determined and defined,
which is shown on two overview maps representing Pleistocene glacial morphology and
reconstructed Pleistocene glaciers referring to the last Pleistocene glacial (MIS-2). Since
these are the youngest glacial morphological traces on the Sara Mountains, they are the
best preserved today.
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Introduction

The Sara Mountains are one of the highest mountains in the Balkan Peninsula. They are
located in the extreme south of Serbia, on the border of Serbia with North Macedonia
(Fig. 1). The direction of this mountain is NE-SW, transverse to the general direction of
the Dinarides and the Vardar Zone. It stretches for about 60 km, from the Kacanik Gorge
in the NE to the source tributaries of the Radika River in the SW.

On the ridge of the Sara Mountains, with an average altitude of 2,000 to 2,200 m,
going from NE to SW, the following peaks stand out: Ljuboten (2,498 m), Piribeg (2,522
m), Bistra (2,640 m), Crni vrh (2,584 m), Kobilica (2,526 m), Kara-Nikola (2,409 m) and
Kodina glava (2,204 m). From peak Koéina glava, the Sara Mountains bend to the south
and break into several peaks, ridges, and slopes that descend towards Polog, Mavrovo
Lake, and the Radika River Valley. In this mountain complex, Rudoka with Titov vrh Peak
(2,748 m), the highest on the Sara Mountains, and Vraca (2,582 m) stand out.
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Fig. 1. Geographical location of the Sara Mountains

During the last Pleistocene glacial, when significant cooling occurred, the highest
parts of the Sara Mountains, with over 1,900 and 2,000 m above sea level, were covered
with constant snow and ice. In the permanent snow zone, with the constant accumulation
of new snowfall, glaciers were formed which played a significant role in the morphological
shaping of the relief of the Sara Mountains. By the direct action of glaciers, characteristic
glacial forms (cirques, glacial valleys, moraines, etc.) were made, which still exist in the
relief, although the glacial process has not been active for a long time.

Research methodology

The identification of the forms of the glacial relief on the Sara Mountains was performed
by desk and field research. In the phase of desk research, first, a review of literature data
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was performed with special reference to glacial relief data, followed by the analysis of
topographic material, geological maps, and detailed stereoscopic analysis of aerial photos.
Based on the results obtained by desk research, a preliminary conception of the Sara
Mountain’s glaciation was created and field works were planned.

In the fieldwork phase, the data obtained through the desk research were checked,
and new data were collected through direct field observations. Based on all data collected
in the desk and the field, the final concept of the Sara Mountains glaciation was made. It
is applied the methodology of comparative analysis and mathematical relations of
morphometric elements of reconstructed glaciers, which are conditioned by equilibrium
line altitude (above and below) of the positive snow balance (ELA) in the final phase
(Munuojesuh, 2019). The application of several methodological approaches, as well as
quantitative and qualitative geomorphological analysis, resulted in reconstructed glaciers
and their dynamic processes during the Dryas, the last global cooling in the Pleistocene.

The first data on glacial traces on the Sara Mountains were given by Cvijié (1911). As
early as 1890, he noticed cirques on the eastern side of peak Ljuboten at an altitude from
1,600 to 1,650 m. However, since it was not known until then that glaciation existed in the
Balkan Mountains, Cviji¢ was not sure of their glacial origin. Seven years later, in 1897,
when he found reliable traces of old glaciers on Rila Mountain, Bulgaria, he was
convinced that glaciation was also present in other high mountains of the Balkan
Peninsula. He first established that on the Sara Mountains in 1900, when he confirmed
fluvioglacial material in Sirini¢, and ramparts of moraine material in the Ropot Brook. On
the way to Prizren, in 1910, Cviji¢ crossed the Sara Mountains over peak Kobilica and on
that occasion noticed three cirques on Kara-Nikola at an altitude from 2,105 to 2,250 m.

Apart from Cviji¢, glacial traces on the Sara Mountains were studied by other
researchers (Hukosmh, 1912; Mwmiojesuh, 1937; Manaxos, 1938/39; PagoBanosuh &
Hukonuh, 1959; Menkovié, 1977/78; 1990; 1994; Menkovi¢ et al., 2004; Kuhlemann et al.,
2009). The glacial relief of the Sara Mountains was presented in a doctoral dissertation
(Menkovié, 1988) which was not published, but its data were used in complex-
multidisciplinary research of the NW part of the Sara Mountains: "The Municipality of
Strpce, the Sirini¢ District — the Characteristics of the Natural Environment” (1990) and
"The Mt Sara Districts of Gora, Opolje and Sredska — the Characteristics of the Natural
Environment" (1994). Glacial morphology was presented in two abovementioned special
monographs, which dealt with the characteristics of the natural environment, vol. 37/1
and 40/1, published by the Geographical Institute "Jovan Cviji¢" SASA (Serbian Academy
of Sciences and Arts). In these monographs, the glacial relief was shown only on the NW
side of the Sara Mountains, while in the SE it remained unpublished. Therefore, the
authors decided to present the glacial relief in its entirety, on the entire territory of the
Sara Mountains in this paper.

Glacial relief

The term glacial relief includes forms genetically exclusively related to the direct action of
glaciers. Based on their distribution, it was concluded that they were developed in the
highest parts of the Sara Mountains, above the altitude of 1,900 and 2,000 m, on both
sides of their main ridge. However, on the NW side of the Sara Mountains, the glaciation
was stronger, the snow line was lower, cirques and glacial valleys were more numerous
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and larger in size than in the SE, and the frontal moraines descended up to 1,200 m of
today's altitude. Considering that the NW side of the Sara Mountains is shady and
receives larger amounts of precipitation, which come from the west, then this
development of glaciation was quite logical.

On the NW side of the Sara Mountains, glacial relief forms have been developed in
the basin areas of rivers Lepenac, Prizrenska Bistrica, and Plavska reka, i.e. in the source
parts of their Sara Mountains tributaries, just below the highest peaks and ridges. In these
parts of the Sara Mountains, almost all cirques are exposed (open and inclined) to the
north.
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Fig. 2. Glacial morphology in the Lepenac River Basin (Menkovi¢ et al., 2004)

In the Lepenac River Basin, forms of glacial relief were found in the right Sara
Mountain’s tributaries of the Lepenac River, in the river valleys of the Suva reka,
Blatestica, Murzica, Bolovanska, Kaludjerska reka, and the Ropot Brook. The cirques were
developed in the source of the mentioned rivers, just below the Sara Mountains ridge, on
the stretch from Bistra Peak (2,640 m) in the SW to Ljuboten Peak (2,498 m) in the NE.
Coming out of the cirques, the glaciers descended below the snow line and slowly,
sometimes cascading, moved through the preglacial river valleys all the way to the place of
melting, where they deposited large amounts of moraine material. Taking into account the
size of the cirques and the position of the lowest (frontal) moraines, the strongest
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glaciation in the Lepenac River Basin was in the river valleys of Suva reka, Blatestica, and
Murzica (Fig. 2).

Fig. 3. Cirque of Jezerska ¢uka (Photo: Menkovié, Lj.)

Three cirques have been developed in the Suva reka River Basin: one is located below
Bistra Peak, at the source of the left branch of the Suva reka River, the other is in the right
branch, located between peaks Bistra (2,640 m) and Jezerska ¢uka (2,604 m), and the
third below Jezerska ¢uka Peak (Fig. 3).

Fig. 4. Cirques of the Durlov potok Brook (Photo: Menkovié, Lj.)

In the source part of the Blatestica River, below the elevation of 2,510 m, a larger
branched cirque was formed, of kilometer dimensions, with several lateral smaller
cirques, of hectometer dimensions, and in the MurZica River Basin two, also branched
cirques, were formed below Piribeg Peak (2,522 m) and Livadica Peak. The first is in the
Durlov potok Brook (Fig. 4), and the second in the Berevacki potok Brook. Cirques in the
source parts of the mentioned watercourses are of hectometer and kilometer dimensions,
glacial valleys 2 to 3 km long, and relatively well-preserved frontal moraines; two in two
separate valley branches of the Suva reka River, which descend to 1,370 and 1,320 m,
respectively, and one in the valley of Blatestica River, which descends to the altitude of
1,200 m.
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In the highest part of the right branch of the Suva reka River, where the Pleistocene
glacier formed a cirque depression, later after the glacier melted, a lake basin was formed.
Since the basin is filled with water, JaZinacko jezero Lake was formed, located in the
cirque of the same name at the altitude of 2,135 m (Fig. 5). At maximum water level, the
lake is 177 m long, 114 m wide, and 12.5 m deep - the deepest lake on the Sara Mountains
(Yyxuh, 1999).

Fig. 5. Jazinacko jezero Lake (Photo: Menkovié, Lj.)

In the source parts of the rivers Bolovanska reka, Kaludjerska reka, and Ropot, in
morphologically less pronounced cirques, smaller glaciers were formed which, judging by
the position of the moraine, melted just below the cirques. All cirques are open and
inclined to the north, except for the Livadica, in the source part of the Kaludjerska reka
River, which is exposed towards the NE. At the bottom of the cirque, at 2,173 m a.s.l,, the
glacier dug a glacial lake known as Strbacko or Livadi¢ko jezero. Its area is about 20,740
m?2, length 228 m, width 120 m, and depth up to 7.30 m (Krivokapié, 1969).

The cirque in the source part of the Ropot Brook is exposed to the north. Its bottom,
inclined in the same direction, descends from the altitude of 2,000 to 1,000 m. At the
bottom of the cirque are young, relatively well-preserved moraines that were deposited by
the Ropot potok Glacier, most likely in the last glacial stage of the Younger Dryas. The
frontal moraine is below the cirque, whose lowest point is at the altitude of 1,450 m.

On the eastern side of Ljuboten Peak, in the source tributaries of the Straska reka
River, two morphologically weakly expressed cirques with moraines were found. These
cirques were noticed in 1890 by Cviji¢, during his first trip to the Sara Mountains. Both
cirques were carved in Triassic marble limestones, one below the top of Ljuboten, at
1,800-2,000 m, and the other below the elevation of 1,960 m, at 1,600-1,800 m.

On the NW side of the Sara Mountains, which belongs to the Prizrenska Bistrica
River Basin, glacial relief is developed in the higher parts of the left tributaries of the
Bistrica River. The cirques are located just below the Sara Mountains ridge, from Bistra
Peak in the NE to Kara-Nikola Peak in the SW. Based on the observed cirques, moraines,
and other characteristic forms of glacial relief, it can be considered that the strongest
glaciation took place between Bistra Peak and Velika Konjuska Peak, at the source of the
Bukoravacka reka River, a left tributary of the Prizrenska Bistrica River. The very
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branched cirque of the Bukoravacka reka River, which consists of several smaller cirques,
is entirely exposed to the north. It is characterized by a cascading bottom and steep rocky
sides, sometimes high over 100 m. At the bottom of the cirque, walls of moraine material,
rocky sections (former ice falls), and roches moutonnées were noticed. The glacier dug the
bottom of the cirque in places and formed basins of small glacial lakes, of which only
Golemo jezero Lake, located below the rocky section of Velika Konjuska Peak, has been
preserved, at the altitude of 2,400 m. The other lakes have disappeared, but their
abandoned basins are recognizable. Downstream from the cirque, which ends in a steep
section (icefall) 100-150 m high, the glacier moved along the valley of the Bukoravacka
reka River, which is transformed into a glacial valley 2-3 km long. At the end of the glacial
valleys, the frontal moraine was formed, one of the most impressive and best-preserved
moraines on the Sara Mountains (Fig. 6), which descends to the altitude of 1,300 m,
almost to the riverbed of the Prizrenska Bistrica River. The Bukoravac frontal moraine is
intersected by the postglacial valley of the Bukoravacka reka River on two downstream
bent ramparts almost equal in size. Their length is about 1,700 m, and their height 50-70
m.

Fig. 6. Frontal moraine of the Bukoravacka reka River (Photo: Menkovié, Lj.)

In the source of the Sarti¢ka reka River, between Velika Konjuska Peak and Crni vrh
Peak (2,584 m), two cirques with moraines were developed. The larger cirque, about 2 km
wide, is located below Crni vrh Peak, and the smaller-hanging one, up to 500 m wide, is
on the NW side of Velika Konjuska Peak. The lowest moraines in the valley of the Sarti¢ka
reka River descend to 1,250 m.

In the source part of the Petrasnica River, below Crni vrh Peak, a smaller cirque
(about 500 m in diameter) with moraines was developed. The moraines under the cirque
were not found, they were probably eroded.

Below the western, steep rocky side of Crni vrh peak, in the valley of the Dupnicka
reka River, moraine material has been noticed, which indicates that during the later
Pleistocene glaciers, there was also a glacier here.

There were also glaciers on the northern and northeastern sides of Kobilica Peak
(2,526 m), in the Ljubinjska reka River Basin. Four cirques with moraines were found.
Morphologically, two cirques of hectometric dimensions stand out, carved in Triassic
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limestones, just below the highest peak of Kobilica (2,526 m). Below the cirques, there
were steep rocky sides through which the glaciers, coming out of the cirques, collapsed to
the foot of Kobilica Peak, where the moraine material melted and was deposited.

In the source tributaries of the Manastirska reka River, on the NE side of Kara-Nikola
Peak (2,402 m), three cirques were developed, up to 500 m in diameter, open and
inclined to the NE. All Kara-Nikola glaciers moved towards the NE, towards the valley of
the Manastirska reka River, and judging by the position of the moraine material, they
melted at different altitudes, from 1,600 to 1,800 m.

In the Plavska reka River Basin, glacial relief was found in the highest parts of its left
tributaries, the Brodosavska reka, Radeska, Brodska and Restili¢ka reka.

In the source part of the Brodosavska reka River, above 2,000 m a.s.l., a cirque with a
diameter of about 1,500 m was formed, which is open and inclined to the north. At the
bottom of the cirque, the moraines remained only in places, while downstream from the
cirque they were eroded and deposited in Opolje in the form of a floodplain fan of
kilometers in size.

In the valley of the Radeska reka River, in its two source tributaries, two cirques were
developed. In the right source tributary, on the slope Bitir-Rades, a larger cirque was
formed, with a diameter of 1-1.5 km. The cirque is exposed to the north. Its western side is
steep and rocky, and the bottom is wavy and covered with moraines that descend to the
altitude of 1700 m. In the left tributary of the Radeska reka River, a smaller cirque, 200-
300 m in diameter, was located below the top of Koc¢ina glava Peak (2,204 m).

In the valley of the Brodska reka River, on its left side, a large number of hanging
cirques were developed, with a diameter of 100 to 1,000 m, open and inclined to the east.
The moraine material was also found in the highest part of the Brodska reka River Basin,
above 2,000 m. However, it was not established in the downstream part of the valley,
although it was assumed that part of the saddle glacier descended from the NW of the
Rudoka peak foothills and moved along the valley of the Brodska reka River almost to the
mouth of the Duska reka River.

In the highest part of the Duska reka River Basin, the right tributary of the Brodska
reka, a complex - branched cirque was developed, located between Cubriéevo and DZini-
beg peaks (2,610 m). The steep and rocky sides of the cirque are open to the NW. The
cascading bottom of the cirque with rocky sections (ice falls) is covered with moraine
material, which descends to 1800 m in the form of disorganized ramparts of the bottom
moraine.

In the valley of the Restilicka reka River, on its right side, there are several hanging
cirques (500-1,000 m in diameter) with moraines. In its highest parts, the glacial tongue,
which descended from the NW foothills of Vraca Peak, left behind moraines, moraine
material, and roches moutonnées. Two cirques, 1-2 km in diameter, with moraines and
roches moutonnées, were also developed in the left nameless tributary of the Restilicka
reka River.

Northwest of Vraca Peak, in the area of mountains Zlipotocka planina and
Globo¢nicka planina (2,058 m a.s.l.), a large number of hanging cirques with moraines in



a diameter of about 500 m were observed. All observed cirques were developed on shady
sides.

On the SE side of the Sara Mountains, from Tetovska Pena River to Ljuboten Peak on
the NE, the glacial relief is less developed. It is observed in the source parts of the Sara
Mountains rivers, the left tributaries of the Pena River and the Vardar River. Glaciers,
formed just below the highest peaks and ridges of the Sara Mountains, formed smaller
cirques, hectometer to a kilometer in size. Judging by the position of the moraine
material, they mostly melted just below the cirques, that is, below the equilibrium line
altitude of positive snow and ice balance (ELA), and glacial valleys are rarer concerning
the NW side of the Sara Mountains.

In the source parts of the left tributaries of the Pena River, there are a large number
of smaller, hanging cirques with extremely steep sides, 100-200 m high. In the relief, two
cirques made in the source parts of the Skakalska reka River and Karanikolicka reka River
stand out. Both cirques are open to the NE and end in rocky sections 50-100 m high.
Downstream of the section, glaciers descended and moved to the SE. Moraine material
was disposed of in cirques and under cirques. The lowest moraines below the Skakal
Cirque descend to the altitude of 1,500 m, and below the Karanikolica Cirque to the
altitude of 1,700 m. At the bottom of the Skakal Cirque, at the altitude of 2,300 m, there is
a glacial lake with a diameter of about 80 m, and in the cirque of the Karanikolicka reka, a
glacier dug two glacial lake basins. The smaller lake or Mali djol is located at the altitude
of 2,290 m, and the larger one, Veliki djol, at the altitude of 2,180 m (Fig. 7). The area of
the smaller lake is 6,590 m2 and the larger 25,040 m2. The maximum depth of the smaller
lake is 1 m and the larger one 7.2 m. (hykwuh, 1984). Both lakes are divided by moraines.

In the source part of the Brodacka reka River, below the Carevo gumno Peak, the
cirque was not morphologically distinguished, but the presence of material indicates the
glacial origin by the rounded corners of the fragments of rocky crushed stone material and
larger blocks. This means that the detected moraine material indicates that the highest
part of this river had been probably glazed.

On the SE side of the Sara Mountains, from the Brodecka reka River to the NE,
glacial relief forms were developed below peaks Crni vrh, Bistra, and Jezerska ¢uka.
Between peaks Crni vrh, Kucibaba and Bistra, a cirque was formed in the source part of
the Bistrica River, a left tributary of the Vardar River. In the cirque of the Bistrica River,
open to the east, the moraine material was preserved only at the bottom of the cirque, at
the altitude of 2,100-2,200 m.

A smaller cirque with moraines, up to 500 m in diameter, was developed at the
source of the Causica River, the left tributary of the Bistrica River. The cirque is located
south of Jezerska ¢uka Peak, at an altitude of 2,300-2,500 m.

In the source of the Jezerska reka River, the right tributary of the Gabrovnica River,
just below Jezerska cuka Peak, a larger cirque was formed, 1-2 km in diameter. The
bottom of the cirque is located at an altitude of 2,100-2,300 m. It is inclined to the SE and
covered with moraines that descend to the altitude of 1,900 m. At the bottom of the cirque
below Jezerska ¢uka Peak, there is a small, shallow nameless inter moraine lake.



Fig. 7. Veliki djol Lake in the cirque of the Karanikolicka reka River (Photo: Menkovié, Lj.)

From Jezerska ¢uka Peak to Ljuboten Peak, in the morphologically weakly expressed
cirques of the rivers Beloviska, Livadicka, and Ljubotenska reka, shapes resembling
moraines were observed. However, based on several parameters it cannot be concluded
that they are of glacial origin. In the source part of the Beloviska reka River, the assumed
moraines descend up to the altitude of 2000 m, and in the source parts of Livadi¢ka River
and Ljubotenska reka River to the altitude of 1,700 m.

Judging by the stated forms of galactic relief, it can be considered that during the late
Pleistocene, the strongest glaciation took place in the area of peaks Vraca and Rudoka. In
the area of these and surrounding mountains, which represent the highest parts of the
Sara Mountains, Pleistocene glaciers played a significant role in the morphological
formation of the relief.

Two glaciers, kilometers in size, existed NW of Vraca and Rudoka peaks, on a vast
area, above the altitude of 2,000 m, which essentially represents the saddle between the
upper Mazdraca River Basin in the SE and the Brodska and Restilicka reka rivers in the
NW. Considering that they were formed on the saddle, they are defined as the saddle
glaciers, but since they break into several glacial tongues, which gravitate in different
directions, they also show certain characteristics of the plateau type. This applies in
particular to the NW glacier of Vraca. It is known, however, that the plateau glaciers do
not have cirques, moraines, and other characteristic forms of glacial relief, so the former
glaciers NW of Vraca and Rudoka were defined by the place of origin, i.e. by the saddle on
which they were formed.

The saddle glacier, with an area of about 10 kmz2, was formed NW of Vraca on the
saddle at an altitude of above 2,000 m. This glacier carved several semicircular cirques on
the NW side of Vraca with steep rocky sides 100-250 m high. Smaller glacial tongues
separated from the mentioned glacier were moving in various directions. One glacial
tongue descended towards the NW, towards the valley of the Restelicka reka River, the
other towards the west, where it broke into three smaller glacial tongues, one of which
moved towards Lukovo polje and descended to the altitude of 1,780 m, and the other two
towards the valley of Crni kamen River, where based on the position of the lowest
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moraines, they melted at the altitude of 1,750 m and 1,800 m respectively. And finally, a
smaller glacial tongue separated from the saddle glacier, which crossed the narrow pass of
Vraca into the valley of the left nameless tributary of the Mazdraca River, where,
according to the position of the lowest moraine, it descended to the altitude of 1,800 m.

The saddle glacier Vraca left behind various forms of glacial relief. Apart from the
cirques, carved on the NW side of Vraca, the entire saddle where it existed was covered by
walls of moraine material with occasional occurrences of roches moutonnées and small
inter moraine lake basins of meter to decameter dimensions. These lakes are mostly
periodic. Many have dried up, and some of them have been turned into peat bogs. The
moraine material was also preserved in the source part of the Restili¢ka reka River, while
it eroded in its downstream part.

The saddle type of glacier, of kilometer dimensions, also existed NW of Rudoka. It
was formed on a saddle, at the altitude of 2,200-2,400 m. From the saddle glacier from
the NW foothills of the Rudoka, glacial tongues moved in two directions. The larger glacial
tongue moved towards the NW, towards the valley of the Brodska reka River, and the
smaller towards the SE, where it descended towards the Mazdraca River through the
valley of the Tivka voda River, all the way to the altitude of 1,800 m. The saddle glacier
NW of Rudoka, as well as the previous glacier NW of Vraca, left behind cirques, moraines,
roches moutonnées, and rare occurrences of inter moraine lakes that have mostly dried
up, and some of them have been turned into peat bogs. The largest peat bog, of
hectometer dimensions, located on the NW Rudoka saddle, is the source of the Tivka voda
River, a left tributary of the Mazdraca River. The moraines remained on the saddle and in
the valley of the Tivka voda River, while they eroded in the valley of the Brodska reka
River.

In other parts of the mountain complex Rudoka and Vraca, valley glaciers and
hanging or cirque glaciers played a dominant role in shaping the glacial relief. Cirques,
glacial valleys, moraines, and other forms of glacial relief were formed by the immediate
action of these glaciers.

On the north side of Dzini-beg Peak, above the altitude of 2,200 m, the cirque of the
Tetovo Pena River was formed. The bottom of the cirque, open and slope to the north, was
developed in two levels, at the altitude of 2,200-2,280 m and the altitude of 2300-2400
m. The sides of the cirque rise above the bottom for another 100-150 m. The former
glacial valley of the Pena River is below the cirque, which was largely reshaped after the
retreat of the glacier, and today has the shape of a normal river valley. The moraine
material has been only preserved on the flattened parts at the floors of the cirque bottom,
while it mostly eroded in the downstream part of the valley.

Morphologically, the cirques with glacial valleys formed in the valleys of the right
tributaries of the Pena River - Krvasijska, Lesnicka, and Kazanjska reka rivers stand out.
The Krivasija Cirque was carved under Titov vrh Peak, LeSnica in the area of Le$nica, and
Kazanj on the northern side of Ceripasina planina Mountain. All the mentioned cirques
and glacial valleys are exposed to the north. Their common features are the semicircular
shape of the cirque, 1-1.5 km in diameter, cascading bottoms and steep rocky sides, the
relative height of 100-400 m. The moraine material was found in cirques, while in the
glacial valleys, below the cirques, it remained only in the valley of the Kazanjska reka
River, at the altitude of 1,900 m.
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Two cirques were formed in the source part of the Pal¢iska reka River. One, larger
and higher (2,200-2,300 m), formed on the east side of Rudoka, and the other, smaller
and lower (2,100-2,300 m), on the SE side of CeripaSina planina Mountain (2,525 m).
Both cirques are open and inclined to the east. Moraines were found in both cirques and
below them, up to the altitude of 1,950 m.

North of the mentioned cirques, on the eastern side of Ceripa$ina planina Mountain,
above 2,200 m, another smaller cirque was formed, up to 500 m in diameter. A rocky
section is below the cirque (icefall), 80-100 m high, and a moraine material that descends
to the altitude of 1,750 m is below the section.

Several cirques developed in the source branches of the Bogovinska reka River. There
are two in the left prong; one SE of Titov vrh Peak, about 500 m wide, and the other,
larger (up to 2 km in diameter) between peaks Titov vrh and DZini-beg. Both are open to
the east. Cirque SE of Titov vrh is the highest on the Sara Mountains. The absolute height
of its bottom is 2,400-2,600 m. To the east, the cirque ends with a rocky section, and
below the section, moraines extend up to the altitude of 2,100 m. The height of the second
cirque is 2,200-2,400 m. The moraine material in it has been only preserved on the
flattened parts of the bottom.

The source headwater of the Jezerska reka River (right source branch of the
Bogovinska reka River) is basically a larger branched cirque (over 2 km in diameter)
exposed to the east. Based on the morphology of the cirque, it can be concluded that
smaller glacial tongues, from the peripheral parts of the branched cirque, descended
radially towards Bogovinsko jezero Lake, which is located in the lowest part of the cirque,
at the altitude of 1,960 m. This glacial lake, with an approximate area of about 66,880 mz2,
is the largest on the Sara Mountains. According to Krivokapi¢ (1969), the length of the
lake is 452.5 m, width 225 m, and depth 2.20 m. In the northern part of the cirque, below
Dzini-beg peak, a glacier dug another lake basin (Belo jezero Lake), which is three times
smaller than Bogovinsko jezero Lake. Both lakes are divided by moraines, which have
been also observed in the valley below Bogovinsko jezero Lake, where they descend to the
altitude of 1800 m.

In the basin area of the Mazdraca River, i.e. in the source parts of its tributaries, a
large number of cirques with moraines was found. In some valleys of the left tributaries of
the Mazdraca River, the moraine material was brought by glacial tongues that overflowed
from the neighboring saddle glacier from the NW foothills of Rudoka and Vraca.

In the source part of the Mazdraca River, SW of Vraca, there is a larger glacier which
probably descended lower than the altitude of the remaining moraine material shows.
Namely, during the Pleistocene, a glacier was formed in the preglacial source of the
Mazdraca River, which excavated a larger cirque, up to 3 km in diameter, and several
smaller ones, with a diameter of about 500 m. All cirques are open and leaning towards
the NE, in the direction of the Mazdrada River runoff. The sides of the cirque have been
partially preserved, as well as the moraine material that remained only on the flattened
parts at the bottom of the cirque.

In the source part of the river Matina, a left tributary of the Mazdraca River, a cirque
with a diameter of 500 to 1,000 m was formed. This cirque, which goes deep into Rudoka,
to below the peak of Borislajec (2,652 m), is exposed to the NE. The bottom of the cirque,
inclined in the same direction, has two levels: lower 2,120 to 2,260 m and higher 2420 to
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2,500 m. In the lowest part of the cirque, at the altitude of 2,120 m, Crno jezero Lake was
formed with a total area of 33,520 m2. Its length is 248 m, width 185 m, measured depth
is 2.20 m. It is assumed, however, that it is deeper than Bogovinsko jezero Lake
(Krvokapi¢, 1969). The lake was divided by a wall of moraine material, and below it is a
very steep valley up to the altitude of 1800 m. In the downstream part of the river valley of
the Matina, below a large slope, a frontal moraine was formed, which descends to the
altitude of 1,460 m.

In the Jelovljanska reka River Basin, glacial relief forms were developed only in its
source part, above the altitude of 2,000 m. Morphologically weakly expressed cirques
with moraines are open and inclined towards the SE, i.e. in the direction of the
Jelovljanska reka River runoff. Judging by the development of cirques and moraines in
them, in the source part of the Jelovljanska reka River, there were mostly hanging
glaciers, which melted just below the cirques, i.e. below the former glacial snow line.

South-west of Vraca, two cirques were developed, exposed to the NW. One is in the
source part of the Cafa Kadis River, the left tributary of the Radika River, and the other is
in the valley of the AdZina reka River, a left tributary of the Cafa Kadis River. In the valley
of the Cafa Kadis River, the moraine material descends to the altitude of 1,760 m, while in
the valley of the AdZina reka River it has eroded. On the shady, northern valley sides of
the mentioned rivers, there are smaller, hanging cirques, 100-150 m in diameter.

Stereoscopic analysis of aerial photographs and field research showed that the
following types of glaciers participated in the morphological shaping of the glacial relief of
the Sara Mountains: hanging, developed in smaller cirques just above the snow line, valley
in preglacial river valleys, and saddle formed on the saddle NW and Rudoka and Vraca.
Cirques, glacial valleys, moraine and other characteristic forms of glacial relief were
formed by the direct action of the mentioned glaciers. Based on their spatial development,
two overview maps were made: a map of glacial morphology (Fig. 8) and a map of
reconstructed glaciers (Fig. 9), referring to the youngest glacial maximum of Pleistocene
glaciation on the Sara Mountains. The first map shows the main ridge of the Sara
Mountains, cirques, glacial valleys and moraines, and the second, in addition to the main
ridge, shows the glacial snow line, the permanent snow zone, cirques, reconstructed
glaciers, and the direction of glaciers.

The height of the snow line on the Sara Mountains was conditioned by the exposure
of the mountainsides to the position of the sun. For example, on the shady (northern and
northwestern) side of the Sara Mountains, the height of the snow line during the MIS-2
glacial, with some deviations, was about 1900 m, and on the sunny (southern and
southeastern) ranged from 2,000 to 2,200 m of today's altitude. When determining the
height of the snow line, the position of the lowest cirques, formed immediately above the
glacial snow line, was also used.

Finally, the question arises, when did the Pleistocene glaciation play a significant role
in the morphological shaping of the Sara Mountains relief, and were there only one or
more glaciations? Based on the preservation of moraine material and individual
moraines, almost all previous scholars link the formation of glacial forms on the Sara
Mountains to the period of the last glacial maximum, i.e. to the Wiirm (I[Bujuh, 1911;
Huxkonuh, 1912; MunojeBuh, 1937, etc.).
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The authors of this paper also link the development of glaciation and the formation of
glacial forms on the Sara Mountains to the period of the MIS-2 glacial and its three Dryas
interglacial phases (Gibbard & Cohen, 2008). They decided on this period based on the
opinions of previous researchers, the preservation of certain frontal moraines, especially
moraines in cirques, and laboratory results obtained by analyzing samples collected on
the Sara Mountains, where the age of postglacial material is determined, which is
approximately 10-20,000 years relative to the present (Kuhlemann et al., 2009).
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Fig. 8. Map of glacial morphology

Since the frontal moraines descend the lowest, they can be considered to be the
oldest. Glaciers deposited them when glaciation on the Sara Mountains reached its
maximum. The moraines in the higher parts of the Sara Mountains, when it comes to
glacial valleys, for example, are relatively younger than the frontal moraines and can be
associated with stage of glazing, and the moraines in the cirques, which are best
preserved, probably belong to the last interglacial of the Younger Dryas.

At the end of the Pleistocene and the beginning of the Holocene, the glaciers finally
withdrew from the Sara Mountains, and the glacial process was replaced by other, new
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processes - fluvial, slope, and periglacial. Due to the new processes, the forms of glacial
relief have been more or less reshaped - eroded or covered with the accumulation material
of modern morphological processes, primarily slope and periglacial.
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Fig. 9. Map of reconstructed glaciers
Conclusion

The observed glacial forms undoubtedly indicate that during the Pleistocene, in the period
of the last glacial maximum MIS-2, three interglacial phases (the Oldest, Older, and
Younger Dryas) alternated in the Dryas glacial. At that time, the highest parts of the Sara
Mountains above the altitude of 1,900 and 2,000 m were under constant snow cover,
which resulted in the formation of glaciers that played a significant role in the
morphological formation of the relief. Glaciers were formed above the glacial snow line
(ELA), in the so-called zone of "Permanent snow and ice". The most favourable parts of
the terrain for their formation were the river valleys just below the highest peaks and
ridges of the Sara Mountains, from Ljuboten Peak in the NE to the source tributaries of
the Radika River in the SW. Cirques, glacial valleys, moraines, and other characteristic
forms of glacial relief were formed by the direct action of glaciers.
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Based on the location and mutual relation of glacial forms, the concept of the former
glaciation development on the Sara Mountains was created. Namely, it was determined
that during the final stage of the Pleistocene, glaciation took place on both sides of the
main ridge of the Sara Mountains. Based on the development and number of glacial
forms, the glaciation on the NW side of the Sara Mountains was stronger than in the SE.
The strongest, however, was SW of Tetovska Pena River, in the mountainous area of
Rudoka and Vraca.

Based on the spatial development of glacial forms, two overview maps were made: a
map of glacial morphology and a map of reconstructed glaciers. The types of glaciers
(hanging, valley, and saddle) and the height of the glacial snow line were determined,
which, with certain deviations, was on the NW side of the Sara Mountains at about 1,900
m, and on the SE at the altitude of 2,000 and 2,200 m.

Based on the preservation of moraine material and some frontal moraines, especially
moraines in cirques, earlier researchers of the Sara Mountains connect the formation of
glacial relief to the period of Wiirm (according to the Alpine division of the Pleistocene),
while recently a new stratigraphic division of the Pleistocene into marine isotopic stages
(MIS) has been adopted. The authors of this paper also link the development of glaciation
and the formation of glacial forms on the Sara Mountains to the modern division of the
Pleistocene.

© 2021 Serbian Geographical Society, Belgrade, Serbia.
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I'VIAIIMJAJTHA MOP®OJIOTHJA ITITAP-IIVJTAHUHE

Axncrpakr: Y paay cy nedbuHICAHN U IPUKA3aHU OOJIMIIM TJIAIUjaTHOT pebeda HACTaIH,
HajBEepOBATHUj€, TOKOM HOCJIEIHET IIEUCTOIEHCKOT ITanyjanujaiHor Makcumyma (LGM).
JaT je rpadvuYKM U TEKCTyaJHU NpPUKa3 TOTOBO CBUX IVIAIMjATHUX OOJIMKA Ha IIEJI0j
teputopuju lllap-mianuHe, ¢ 00e CTpaHe BEHOT IJIABHOT rpebeHa, o7 Jbyborena Ha CU 1o
W3BOPHUIIHUX MpuUTOKa Pajguke Ha J3. Ha OCHOBY BHCHHCKOT IIOJIOJK@ja U IPOCTOPHOT
pasBuha rianujanHux obirka, oxpelhena je Bucuna cuexkue rpanune (ELA), yrephenu cy
U fedUHUCAHU TUIIOBU JIEJHUKA, INTO je NPHUKA3aHO Ha J[Be IIperjieJlHe KapTe, Koje
MpUKa3yjy IUIEUCTOIEHY IJIanujaaHy MopQOJIOTHjy U PEKOHCTPYHCaHE IUIEHCTOIeHe
JIeJHUKe, IITO Ce OTHOCH Ha 33JibU IUanujasn mieucronena, (MIS-2). Ilomro ce paau o

Hajwiahum rranujasHaM MopGosomKIM TparoBuMa Ha Illap-ItaHUHM, OHM Cy AaHAC
Haj60spe OUyBaHU.

Kspyune peuwn: [llap-mianyuHa, THIOBY JIEIHUKA, IIUPKOBY, BAJIOBH, MOPEHE

1 m.milivojevic@gi.sanu.ac.rs (ayTop 3a KOpeCcHOHEHIH]Y)
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YBog

[lap-mwiaHuHa cHa/a y pes HAjBUIINX IUIaHWHA BaskaHckor mosyocrpBa. Hanmasu ce Ha
kpajieM jyry Cpbuje, Ha rpanunu Cpbuje ca CeBepanom Maxkeznonujom (Ci. 1). ITpasar
npyskamba oBe ianuHe je CH-J3, mompeuad Ha TeHepaIHU ITpaBall mpy»Kama J[nHapua
u Bapgapcke 3oHe. IIpoctupe ce Ha Ay:KUHH o7 0kO 60 km, ox Kauanuuke xiucype Ha
CU o uzBopumHux nputoka Pajguxke Ha J3.

Ha rpebeny Illap-miaHuHe, IpOceUYHe HaMOPCKe BUCHHE 2.000 /10 2.200 m, uayhu
on CU ka J3, BucuHoM ce uctuuy JbyboreH (2.498 m), ITupuber (2.522 m), Bucrpa
(2.640 m), Lipuu Bpx (2.584 m), Kobwruna (2.526 m), Kapa-Huxosna (2.409 m) u
Kouwnna rasa (2.204 m). Ox Kounte riase [llap-1taHuHa MoBUja IpeMa jyry u pazouja
ce y BUIIlE BPXOBA, rpebeHa u Koca Koje ce crymTajy ka Ilosory, MaBpOBCKOM je3epy U
nmoiuHY Paguke. Y OBOM IJIAaHMHCKOM KOMILIEKCY ToceGHO ce uctudy Pyzoka ca TuroBum
BpxoM (2.748 m), HajBuimuM Ha I[lap-tutanuny, u Bpana (2.582 m).

Ca. 1. I'eoepagcku nonoxcaj Illap-naavune (cmp. 2)

TokOoM TOCJIeIbET IIalujajia MIEUCTOIeHa, Kajia je HACTYIIHUII0 3HavajHo 3axialerse,
HajBui fesou [llap-miaHuHe, ca IPeKo 1.900 U 2.000 M Ha/JIMOPCKE BUCUHE, OUIIH CY
ITOKPUBEHU CTAJTHUM CHETOM U JIeZIOM. Y 30HH BEYUTOT CHEra, CTAJTHIM HarOMUJIaBambeM
HOBHX [13/IaBUHA CHera, (OpMHUpaAHU Cy JIEAHUIU KOjU Cy MMAaJId 3HAYAjHy YJIOTY Y
Mopdostomkom obukoBawy pesbeda [lap-mnanute. HemocpeHUM /1€jCTBOM JIeIHUKA
usrpaljeHu cy KapaKTepUCTUYHY IVIAIjaTHU 061uIn (IMPKOBHY, BAJIOBU, MOPEHE U 1P.) ¥
pesbedy joll yBeK MPUCYTHH, UAKO TJIAIIHjaJIHU MIPOIIEC OZaBHO HUj€ aKTUBAH.

MeromoJioruja uCTpasKUBambha

Npentudukanuja obrKa riianujaasor pesbeda Ha [lap-rianuHu 00aB/beHa je KaOuHeT-
CKUM M TEPEHCKHUM IIyTEM HCTpakuBamba. Y a3y KaOMHETCKUX UCTPasKMBaba, HAjIIpe je
00aBJbeH TpEIJIe]] IUTEPATYPHUX TOZATaKa ca MOCEOHUM OCBPTOM Ha IMOJIATKE O TJIAIH-
jamHOM pesbedy, a MOTOM aHajW3a TOHOrpadCKOr MaTepujajia, TeOJIOIIKUX Kapara u
JleTaJbHA CTEPEOCKOIICKA aHAIu3a aepocHuMaka. Ha ocHOBy pesysitaTa Jo0HjeHUX Kabu-
HETCKHM UCTpa’KHUBamhUMa CTBOPEHA je MpeJTMMUHApHA KOHIIeNIHja o miarnujanuju lap-
IUTAaHUHE U TUIAHUPAHU TEPEHCKU PAZIOBH.

VY daszu TepeHCKHX pasioBa 00aB/bEHA je MMPOBEpa oaTaKa JoOUjeHUX KaOMHETCKUM
IyTeM HCTPA’KMBalba, a HEMOCPETHUM TEPEHCKUM OCMAaTpamhMMa MPUKYIJbEHH Cy HOBH
nozaamy. Ha 0CHOBY CBHUX TOf[aTaKa, IPUKYIUBEHUX y KaOMHETY U Ha TepeHy, popMupaHa
je KoHauHa KoHIennuja o rianujanuju Illap-naHuHe, Ha K0joj je y 3aBpIIHOj dasu
TpUMeReHa METOI0JIOTHja KOMIIApATUBHE aHAIN3€ U MATEMATUYKKUX OTHOCA MOPGhOMeT-
PHjCKUX eJleMeHaTa PEeKOHCTPYHUCAHUX JiefAHuKa, (MuinBojeBuh, 2019), KOjU Cy yCIOB-
Jb€HU PABHOTEIKHOM JIMHUJOM (M3HAJ U WCIION), O3UTHUBHOT cHe:kHOT OmnaHca (ELA).
IIpuMeHa BHUIIlE METOAOJIONIKMX MPHUCTYIA, KA0 W KBAHTUTATUBHE M KBAJUTATHBHE
reoMopdOJIOIIKe aHATU3e, OO Ce /IO Pe3yJITaTa PEKOHCTPYHUCAHUX JIEHUKA U FhUXO-
BUX JUHAMUYKUX [IPOIleca TOKOM JIpHjaca, 33 IbeT TJI00aTHOT 3axsialjerba y IJIEUCTOIEHY.

ITpBe nopatke o rnanujaaHuM TparosuM Ha Illap-mnanuau aao je Ipujuh (1911). OH
je jomr 1890. roguHe Ha MCTOYHOj cTpaHu JbyboTeHa 3amasmo IUPKOBE Ha HAIMOPCKO]
BHCHUHH 07 1.600 710 1.650 m. MeljyTum, momto [0 TaAa HUje OWIO MO3HATO /A je Ha
6asIKaHCKMM IIaHMHAMa IocTojasna riarujanuja, [IBujuh Huje 6Mo curypaH y HBHXOBO
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mranyjanHo mopeksno. CezmaMm roxuHa KacHuje, 1897. TofuHe, Kaja je Ha Puwiu, y
Byrapckoj, yrBp/ivo moy3ziaHe TparoBe CTapux Iyiedepa, O¥o je curypaH /ia je riaryjanje
6II0 U Ha OCTAJIMM BHCOKHMM IUTaHMHaMa BankaHckor mosyoctpsa. To je Hajmpe, 1900.
ropuHe, yrepauo Ha Illap-miaHuHu, kaza je y Cupunuhy xoHcTaToBao GJIyBHOIJIAIN-
jasHM Matepujas, a y Pomor moroky OezemMe MopeHCKOr Marepujasia. Ha myrty 3a
ITpuspen, LBujuh je 1910. roguse mpemao Illap-mianuHy npeko Kobwiuile u ToM
npmiukoM Ha Kapa-Hukosnu npuMeTHo Tpu IUpKa Ha Ha/IMOPCKOj BUCHHH O] 2.105 /10
2.250 m.

Ocum lIBujuha ranujante TparoBe Ha Illap-TUIaHUHU HpOyYaBaIM Cy U APYTH
uctpakuBaun (Hukosuh, 1912; Mwiojesuh, 1937; Masnaxos, 1938/39; PagoBanoBuh &
Huxkonuh, 1959; Menkosuh, 1977/78; 1990; 1994; Menkovié et al., 2004, Kuhlemann et
al., 2009).

Cnanujanau pesbed Hlap-niaHuHEe IPUKa3aH je U Y OKBUPY IOKTOPCKE JIMCEpTaIHje
(Menxkosuh, 1988) koja Huje MyOIMKOBaHA, AU HEHH MOAAIM CY KOPUIITNEHHU IPWINKOM
KOMILIEKCHOT—MYJITUAUCIUILINHAPHOT HeTpakuBamwa C3 neina llap-manune: "Ommru-
Ha [tpome (1990)" u "lllapmianuncke :xyme: 'opa, Omosbe u Cpezacka (1994)".
CnarnujanHa mopdosoruja je mpukasaHa y JiBe mocebHe MoHorpaduje, kKoje obpalyjy
OJJIVIKE TIPUPOJIHE CPEAIUHE, Kib. 37/1 U 40/1, y uznamy 'eorpadckor uHcTHTyTa "JOBaH
[ujuh" CAHY. Y nomeHyTHM MOHOTpadHjaMa IanujarHu pesbed je MpruKa3aH caMo Ha
C3 crpanu lllap-nnanuHe, 10K je Ha JU ocTao y pykomucy. AyTopu cy, CTOra, OJITyYUJIN
Jla ce TUIalUjaJiHu pesbed MpUKaKe y IEJ0CTH, Ha 1eJioj Teputopuju [llap-mianune.

Tiaamujanuau pesbed

IMox mojmoM ranujanuu pesbed obyxBaheHU cy 0OIUIM T€HETCKH BE3aHU HUCKJBYUHBO 32
HEIIOCPEJTHO /1ejCTBO JieAHUKA. Ha OCHOBY FbUXOBOT PacIpoCTpamemha KOHCTATOBAHO je /1a
Cy pa3BUjeHH y HajBUIIUM JiesioBuMa Illap-naHuHe, u3Ha/ 1.900 1 2.000 M H.B., U TO C
obe cTpaHe IeHOT IIaBHOT Tpebena. Meljytum, na C3 crpanu llap-iaHuHe raanujagja
je 6wia jaua, CHe’KHA TPAHHIA HUKA, IIUPKOBU U BaJIOBU OpOjHUjU 1 BehuX JUMeH3Hja ¥
onHocy Ha JU, a yeoHe MOpeHe cwiase U 710 1.200 M JIaHAIIKE HA/IMOPCKE BUCHHE. AKO
ce uma y Buay 7a je C3 crpana Illape ocojua u ia no6uja Behe kommumHe nasaBuHa, Koje
JloJiase ca 3arajia, OH/ia je OBaKaB Pa3Boj Iiaryjamnuje 610 cacBUM JIOTHYAH.

Ha C3 crpauu Illap-mianuHe, OOJHIM IValdjaJiHOT pesbeda €y pasBUjeHH Y
cauBHUM nozpyvjuma Jlenenma, ITpuspencke Bucrtpune u IlnaBcke peke, OJHOCHO Y
U3BOPUIIHUM JIEJIOBUMa HUXOBHUX IIAPCKUX IIPUTOKA, HEMOCPETHO HCIIO/ HAjBUIIHX
BpXOBa U rpebeHa. Y oBuM JiesioBuMa Illap-miaHWHE TOTOBO CBH ITUPKOBU CY €KCIIOHUPA-
HU (OTBOPEHU M HATHYTH) IIPEMA CEBEPY.

Ca. 2. I'nayujanua mopgonozuja y causy Jlenenya (Menkovié et al., 2004) (cmp. 4)

V¥ cauBy JleneHna o6y mIanpjaTHOr pejbeda cy KOHCTATOBAHU y JIECHUM MIap-
ckuM Ipurtokama Jlenenna, y nonuHama Cyse peke, biartemrrure, Mypskune, bososan-
cke, Kayhepcke peke u PorioT moroka. IlupkoBH cy pa3BUjeHH y N3BOPUIITHUM YeJIeHKA -
Ma HaBeIeHUX PEYHUX TOKOBA, HemocpegHo ucnoy rpebena Ilape, Ha mote3y ox Buctpe
(2.640 m) na J3 no Jbyborena (2.498 m) Ha CU. Mznazehu u3 nupkosa, JIEAHUILH Cy Ce
CILyLITAJIX UCIIO/, CHEXKHE TPaHUIle U I10JIaraHo, IIOHeT/Ie CJIallOBUTO, KPeTaIu IIperJiay-
jaJHUM peYHUM JOJMHAMa CBE JI0 MeCTa OTallama, I7Zie Cy OJJIarajd BeJINKe KOJIMYUHE
MopeHcKor Mareprjaia. Cynehu Mo BeIMUMHY IIUPKOBA U MOJIOXKAja HAJHIDKUX (YEOHHX)
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MOpEHA, Hajjada rianujanuja y causy JlemeHnna 6uia je y monumHama Cyse peke, Biarern-
ture u Mypxkure (Ci. 2).

Ca. 3. Tupx Jesepcke wyke (Pomo: Menxosuh, /b.) (cmp. 5)

Y ciuBy CyBe peke pasBHjeHa Cy TpHU LHMPKA: jelaH ce Hajdazu ucrnon bucrtpe, y
U3BOPHUIITY JIeBOT Kpaka CyBe peke, IPyTH je ¥ IeCHOM Kpaky, cMeliTeH usmel)y Buctpe
(2.640 m) u Jesepcke uyke (2.604 m), u Tpehu ucnoz Jezepcke uyke (Ci1. 3).

Ca. 4. ITupkosu /lypaosoe nomoxa (Pomo: Menkosuh, /b.) (cmp. 5)

Y u3BOpHUIITHOM /ety Biarertuile, ucmos Korte 2.510 m, usrpaljex je Behu pasrpasar
UPK, KUJIOMETAPCKUX JUMEH3H]ja, ca BHUIlE OOYHUX MambHX IUPKOBA, XEKTOMETAPCKUX
JUMeH3Uja, a y cIuBy MypsKulle 7iBa, Takolje pasrpaHaTa IUpKa, uarpal)eHa HCIIOf
IMupubera (2.522 m) u JIuBaaure (2.491 m). IIpsu je y lypsosom motoky (Ci. 4), a ApyTu
y bepeBaukom.

[IMpPKOBY Y U3BOPHUIITHUM /I€JIOBUMA ITOMEHYTUX PEYHHUX TOKOBA CY XEKTOMETAPCUX U
KHJIOMETAPCKUX IUMEH3Hja, TIallijaIHA BaJIOBH 2 10 3 km ay:KuHe, U PeJIaTUBHO 00p0
ouyBaHe YeOHe MOpEHE; /IBe y /iBa mocebHa jjonHcKa Kpaka CyBe peke, Koje ce CIyIITajy
J10 1.370, OZTHOCHO 1.320 M, ¥ jeiHa y IOJUHY BiaTenrTuile, Koja criasu /10 1.200 M H.B.

V HajBumem Jeny gecHor kKpaka CyBe peke, TIJie je IUIEHCTOIEHCKH JIEHUK
(opmupao MUPKHO yayOJbeHE, KACHUjE 0 OTalamy JIeQHHKA, (OpMUpaH je je3epcKu
6acen. ITomro je 6aceH HCIyeH BOIOM, GOPMUPAHO je JAKUHAYKO je3epo, CMEIITEHO Y
HCTOMMEHOM — jaKHHAYKOM ITUPKY, Ha HajAMOpPCKoj BucuHHU 2.135 m (Ci1. 5). Jesepo je
PH MaKCHMAJHOM BOJOCTalby Iyrayko 177 m, MHMPOKO 114 m, a Ay6oko 12,5 m -
Hajayosbe Ha [Mlap-mwianuau (hykuh, 1999).

Ca. 5. Jaxcunauxo jesepo (domo: Menxosuh, Jb.) (cmp. 6)

Y us3BOpHIIHUM JleJloBUMa bosioBaHcke peke, Kanyhepcke u Pomor moToka, y
Mopdostomky crabuje U3pa’keHUM MUPKOBHUMA, (POPMUPAHU Cy MarbH JIEAHUIIU KOJU CY
ce, cyaehu 1Mo moJI0Kajy MOpeHa, oTarnaayd HEMOCPEHO UCIO UPKOBa. CBU IIUPKOBH CY
OTBOPEHH W HATHYTHU IPeMa CEBEPY OCUM JIMBAIUUKOT, ¥ U3BOPHUIITHOM Jeny Kamyhepcke
peke, koju je ekcrionupas npema CU. Ha Hy 1upka, Ha 2.173 W H. B., JIEIHUK je U31youno
IJIaldjaiHO je3epo mo3HAaTo mox HaswBoMm IlItpbauko wuaum JluBaguuko. Hberosa
MOBPIIIMHA j€ OKO 20.740 m2, ay:KWHa 228 m, mIUpUHE 120 m, a AyOWHaA [0 7,3 M
(Krivokapié¢, 1969).

[[upk y U3BOPHUIIHOM ey POIOT MOTOKA je eKCIIOHUpaH Impema ceBepy. Hberoso
JIHO, HATHYTO Y HUCTOM IIPaBIly, CIyINTa ce Of 2.000 70 1.900 m H.B. Ha gHy nupka cy
MJIaJie PEJaTHBHO A00pPO OdyBaHe MOpDeHe Koje je JieMHUK PoIoT IOTOKa OJJI0KHO,
HajBepOBaTHMUje, y MOCIeAbeM IIAMjaTHOM cTaaujaty Miahu apujac. cnon nupka je
YyeoHa MOPEHA, YHja ce HajHIPKa TauKa Hajlazy Ha 1.450 M H.B.

Ha wucrounoj crpanm JbyboreHa, y wu3BOpUIIHUM mpuTtokama Crpallike peke,
KOHCTaTOBaHa cy /Ba Mopdosioniku c1abo uspakeHa Iupka ca MopeHama. OBe IUPKOBE
je 1890. roguue mpumetro 1[Bujuh, mpuIrKoM cBOT mpBOT H3Jiacka Ha Illap-muiaHuHy.
O6a nupka cy usnybsbeHa y TPHjaCKMM MePMepPAcTUM KpeumalluMa, jelaH HCIOJ BpXa
JbyboTeHa, Ha 1.800-2.000 M, a PYTH UCIIOJ] KOTE 1.960 m, HA 1.600-1.800 m.

Ha C3 crpanu Illap-nnaHuHe, koja mnpumaza ciauBy IlpuspeHcke bBucrtpure,
IanyjatHu pesbed je pa3BUjeH y BUIIUM JIeJIOBUMA JIeBUX NpuToka bucrpure. Ilupkosu
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cy JonupaHnu ucnop camor rpebena Illape, ox bucrpe vHa CU o Kapa-Huxkone Ha J3. Ha
OCHOBY KOHCTAaTOBAaHMX ITMPKOBA, MOPeHA U JAPYI'MX KapaKTePUCTUYHUX O00JIMKA IJIaIlU-
jasHoT pesbeda, MOoXKe ce CMaTpaTH /la ce Hajjaua rianujanuja ofsujaia usmely buctpe u
Benuke Komytike, y u3Bopumty bykopaBauke peke, jieBe nputoke [Ipuspencke bucrpu-
ne. Beoma pasrpanar nmupk BykopaBauke peke, Kora 4uHe BUIIEe MamHUX IIUPKOBA, Y
LeJINHU je eKCIOHWpaH IipeMa ceBepy. OmiuKyje ce KacKaJHUM JHOM H CTPMHM
CTEHOBUTHUM CTpaHaMa, MECTUMHYHO BHCOKHM U IIpeko 100 m. ITo AHY nupKa 3amnakeHu
cy OemeMH MODEHCKOr MaTepujaja, CTEHOBUTH ofceny (HeKaJalllbU JIeAONaAH) U
MyTOHUpaHe cTeHe. JIeHUK je MeCTUMHYHO U3AyOHo AHO nupka u dopMmupao baceHe
MaJuX TJIAlMjaTHUX je3epa, off KOjUX je O4yBaHO caMo ['0s1eMo je3epo Koje ce Hayiasu
ucnoy, cTeHoBUTOr o7iceka B. Komymike, Ha 2.400 m H.B. OcTasia jesepa cy HecTasa, anu
ce IbUXOBH HAITyIITeHN OaceH!U jacHO IIperno3Hajy. Hu3BoIHO o7 nMpKa, KOju ce 3aBpIIaBa
CTEHOBUTHUM OZICEKOM (JIeZ[oTIaJIoM) BHCOKHM 100-150 m, JIEJHUK ce KpeTao JOJIMHOM
BykopaBauke peke KOjy je mpeobJIHKOBao y IIalyjaiHi BajioB Ay:kuHe 2-3 km. Ha kpajy
BasioBa (popMHpaHa je ueoHa MOPEHA, jeJTHA O7] HAjUMIIO3aHTHUJUX U HAjOOJbe OUyBaHHUX
mopeHa Ha Ilap-manwau (Ci. 6), kKoja cwiasw 70 1.300 M H.B., CKOPO /0 KOpHUTa
IIpuspencke bucrpumne. BykopaBauka yeoHa MOpeHa je IpecedeHa IOCTIJIAIIN]aJTHOM
JonuHOM BykopaBauke peke Ha JBa HHU3BOJHO IOBHjeHA OeZleMa TOTOBO jeHAKa IIO
BesnunHU. IbrxoBa y’k1Ha je 0KOo 1.700 m, a BUCHHA 50-70 m.

Ca. 6. Yeona mopena Byxopasauke pexe (Pomo: Mewnkosuh, /b.) (cmp. 7)

¥ usBopuruty Illaptuuke peke, uamelly Bennke Komyiike u L{pHor Bpxa (2.584 m),
pasBujeHa cy /iBa [[UpKa ca MopeHaMma. Behu nupk, mupuse oxo 2 km, Haiasu ce ucnox
LlpHor Bpxa, a MambH-BUcehH, mupuHe 10 500 m, Ha C3 cTtpanu B. Komymike. Hajamxe
MopeHe y nonuHu llapTiryke peke cuiase 10 1.250 m.

YV usBopuiHoMm Jiesny peke Ilerpamnuie, vcmos LIpHOT Bpxa, pa3BUjeH je Mamby UPK
(y mpeuHHKy of OKO 500 m) ca MopeHaMa. MopeHe WcHoj, ITUpKa HUCY KOHCTAaTOBAHE,
BEPOBATHO Cy epo/loBaHe.

Ucnop 3ananne, ctpMe creHOBUTEe cTpaHe lIpHOr Bpxa, y gosuHU JlylIHUYKE peke,
3anakeH je MOPEHCKH MaTepHjasl KOjU yKasyje ia je TOKOM KaCHUjUX TJIaljajia IIeucTo-
IIeHa U OBJIE TI0CT0ja0 JIETHUK.

Ha ceBepHOj u ceBepouctouHoj crpanu KobGwiuie (2.526 m), y ciuBy JbyOumcke
peke, Takohe cy mocrojanu JyenHunu. KoHcTaTOBaHA Cy YeTHPU IUPKA ca MOpeHaMa.
Mopdoromku ce mOceOHO HCTUUY JiBa XEKTOMETAapCKHUX JUMEH3Wja, U3ZAy0JbeHa y
TPUjaCKUM KpeumalliMa, HEeIOCpPeAHO HCIOoJ HajBuiier Bpxa KoOwinune (2.526 m).
Viciof nupKoBa Cy CTpMe CTEHOBHUTE CTpaHe HU3 KOJUX Cy ce JIeAHUIH, u3nasehu us
OMPKOBA, CTPOIOIITABAIN 0 MOAHOXKja Kobwiune, rae cy ce oramajayd M OZJIaraau
MOPEHCKH MaTepHjal.

¥ usBopumHuM mpuTokama MaHactupceke peke, Ha CU crpanu Kapa-Huxkose (2.402
m), pa3BHUjeHa Cy TPU LUPKa, IPEYHUKA 10 500 m, oTBOpeHa u HarHyta npema CU. CBu
KapaHUKOJIMYKY JIEAHUIN Kpetanu cy ce npema CU, ka goynuHM MaHacTupcke peke, a
cyznehu 1o mosioxkajy MOPEHCKOI' MaTepyjajia OTalaId ce Ha Pa3jInIUTHM HaJAMOPCKUM
BHCHHAaMa, o7 1.600 10 1.800 m.

V¥ cauBy IlnaBcke peke IyanujasHu pesbed je KOHCTATOBAH Y HAJBUIIKMM JIeJIOBUMA
BEeHUX JIEBUX IpUTOKa bponocascke, Panenike, bpoacke u Pecrunnuke peke.
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VY wusBopumHOM jene BpozocaBcke peke, m3Hax 2.000 m, usrpahen je nmpk
MPeYyHUKA OKO 1.500 m, KOjU je OTBOPEH M HATHYT IpeMa ceBepy. Ha HY nupka MopeHe
Cy ce 3ajpiKajie caMO MECTUMUYHO, /IOK Cy HU3BOZHO Off IIPKa €PO/IOBaHe U JIEIIOHOBAHE
y Onospy y BUAy IUTaBUHCKE JIeTle3€e KHIOMETapCKUX AMMeH3Hja.

VY nonunu Panelnke peke, y ieHe JIBe H3BOPUIIIHE IPUTOKE, pa3BHjeHA Cy /IBa IIMPKa.
VY necHOj M3BOPUILIHOj MPHUTOLM, Ha maaAuHU Butup-Panem, usrpahen je sehu mupk,
mpeyHuka 1-1,5 km. Ilupk je ekcrioHupaH mIpeMma ceBepy. IberoBa 3amajzHa cTpaHa je
CTpMa U CTEHOBHUTA, a THO BaJIOBUTO U IIOKPHBEHO MOpPEHAMa KOje Cce CIIyLITajy Z0 1.700
m. Y JieBoj mputonu Pajiellike peke 3ala’keH je MambH LIUPK, IPEYHHKA 200-300 m,
JionupaH ucnoz camor Bpxa KounHe riage (2.204 m).

VY monunu Bpojicke peke, Ha IEHOj JIEBOj CTpaHM, pa3BujeH je Behu 6poj Bucehmx
LIPKOBA, IPEYHUKA 100 10 1.000 M, OTBOPEHHX U HATHYTHUX IIPeMa UCTOKY. MopeHCKU
MaTepHjas je KOHCTaTOBAaH M y HajBUIIEM JiesTy Bpojicke peke, u3Haz 2.000 m. Mehjytum,
y HHU3BOAHOM JieJly [IOJIMHE HHUje KOHCTATOBaH, HMAKO Ce IIPETIOCTaB/ha Jia je Jieo
mpece/INHCKOT JieiHnKa ca C3 nopHoXkja Pyoke cruta3uo U Kperao JojauHOM Bpopcke
pexe ckopo 7o yirha Jlymike peke.

VY HajBuiem ey Jlyiike peke, ecHe IpuToke Bposicke peke, pa3BHjeH je CIOKEH —
pasrpaHaT nMpK, cmemrteH usmely Uybpuwhesa u Ilunu-6era (2.610 m). Crpme u
CTEHOBUTE CTpaHe LUpKa cy oTBopeHe Ipema C3. KackagHO JHO UpPKa ca CTEHOBUTUM
ozncenuMa (JiefionaiuMa), MOKPUBEHO je MOPEHCKMM MaTepHjajioM, KOjU ce CIyIITa JI0
1.800 m y BUJIy /1e30pTaHU30BaHUX OeieMa IIOJUHCKE MOPEHe.

VY nonunu PecTwsinuke peke, Ha EbEHO] ZIECHO] CTPAHH, ITOCTOje HEKOJIHKO BHcehUx
nupKoBa (IpeyHHKa 500-1.000 M) ca MopeHama. Y HEHUM HajBHUIINM JIeJIOBHUMA
JIETHUYKHU je3UK, Koju ce ciymrao ca C3 moHoKja Bpaile, octaBuo je 3a coboM MopeHe,
MOPEHCKH MaTepujasl 1 MyTOHHPaHe cTeHe. /[Ba IMpKa, IpeYHuKa 1-2 km, ca MopeHama
¥ MyTOHHPAHHUM CT€HAMa, Pa3BHjeHa Cy U Y JIeBOj 6€3UMEHOj IPUTOIU PecTiInyKe peke.

CeBeposamazHo oz Bpame, na mpocropy 3numnorouke u [JI060YHUUKE IJIAaHUHE
(2.058 m), 3anaxeH je Behu 6poj Bucehux nMupKoOBa ca MOpeHaMa y IIPEYHUKY O OKO 500
m. CBM KOHCTAaTOBaHU IUPKOBH CY Pa3BHjE€HU HA OCOjHUM CTpaHaMa.

Ha JU crpanu [lap-mianune, ox TetoBcke Ilene o Jby6orena Ha CU, rianujaaHu
pesbed je, cnabuje pa3BujeH. 3anakeH je y H3BOPUIIIHUM JIeJIOBUMA IAPCKUX PeKa, JIEBUX
npuroka [lene u Bapaapa. Jlemuuiy, popMupaHy HEMOCPEAHO HCIIO, HAjBUIIIUX BPXOBA
u rpebena Illape, 06IMKOBaIN Cy Mame IUPKOBE, XeKTOMETAPCKUX JI0 KIJIOMETapCKIX
nuvensuja. Cyzehu 1o 1oJ1ojkajy MOPEHCKOT MaTrepujasia, OHU Cy ce, Behum zesiom,
oTamajd HENOCPEIHO HCIOZ LHUPKOBA, Tj. HCIOJ DPABHOTEXKHE JIMHUjE IO3UTHBHOT
6mnanca cuera u sena (ELA), Te cy mranujasau BasoBu pehu y oxHocy Ha C3 cTpany
[Map-nnanune.

¥ “3BOpUIIHUM JieI0BUMA JieBUX IpuToKa IleHe nocroje Behu 6poj mamux, Bucehux
OHMPKOBAa ca M3PA3UTO CTPMHUM CTpPaHaMa, BUCOKHM 100-200 m. Y pesbedy ce moceGHO
HCTHYY JiBA IUPKY u3rpaljeHa y U3BOpUIIHUM JesoBuMa Ckakayicke u Kapanukommake
pexe. O6a nupka cy orBopeHa mpema CU u 3aBpIiaBajy ce CTEHOBUTHM OJiCELIFIMA
BHCOKHUM 50-100 m. HU3BOZHO 01 07iceKa JIeIHUIY Cy Ce CIYLITAIU U KpeTanu npema JU.
MopeHCKH MaTepHjal Cy OJIarayii y IIUPKOBHUMA M HCIOA IupKoBa. HajHm:ke MopeHe
HCIOJ, CKAKAJICKOT ITMpPKa CHJIa3e 0 1.500 m, a UCHox nupka KapaHukoindke peke 10

23



1700 m. Ha AHy cKakajcKor LIHpKa, Ha HAJAMODPCKO] BUCHHH 2.300 M, HAaJa3u ce
IJIAljaJTHO je3epo NpevyHHKa OKo 80 m, a y IupKy KapaHuKoiudke peke JIEAHUK je
u3aybuo ABa TJanujaiHa jesepcka GaceHa. Mame jesepo win Manu hosm Hamasu ce Ha
2.290 m, a Behe, Bestnku o, Ha 2.180 m (Ca. 7). IToBpiinHa Mamber je3epa je 6.590 m2, a
Beher 25.040 m2. MakcumasiHa AyOWHA Mamber jesepa je 1 m, a Beher 7,2 m. (hyxkuh,
1984). O6a jesepa cy mperpaljena MopeHama.

Ca. 7. Beaukxu Boa y yupky Kaparuxoauuxe pexe (domo: Menxosuh, /b.) (cmp. 10)

¥ uzBopuiHoM zeny Bponauke peke, ucrnon LlapeBor rymHa, UK HUje MOPGOIIONI-
KM H3Pa)KeH, i MPHCYCTBO MaTepHjasia, KOju 1o 3aobspeHoIrhy yryoBa dparmeHaTa
CTEHOBUTOTI JPOOMHCKOT Marepujajia U KpPYNHHUjUX OJIOKOBA yKasyje Ha JIEJTHHYKO
MOpEKJI0. 3HAUM /1a /IETEKTOBAaH MOPEHCKH MaTepHjas yKasyje Aa je HajBHILIN JIe0 OBe
peKe, BepOBaTHO, OO 3arjieuepeH.

Ha JU crpanu Illap-mianune, o bponeuke peke nmpema CH, o6JIMIN TJ1alHjaTHOT
pespeda cy passujeru ucnoz LpHor Bpxa, bucrpe u Jesepcke uyke. 3mel)y LipHor Bpxa,
Kyunb6abe u Buctpe 006JIMKOBaH je IUPK y HU3BOPHUIIHOM JieJly peke bucrpuile, jieBe
nputoke Bapnapa. ¥ nupky bucTpuile, OTBOPEHOM IIpeMa HCTOKY, MOPEHCKH MaTepHjal
je odyBaH caMo IIpH JIHY IIUPKa, Ha 2.100-2.200 m H.B.

Mamu n¥pK ca MOpeHaMa, IPEYHIKa /10 500 M, pa3BUjeH je y u3Bopumrty Yaymune,
JeBe mpuToke bucrtpune. I{upk ce Hamaszu jy:kHO of Je3epcke 4yke, Ha HAJMOPCKO]
BUCHHU 2.300-2.500 m.

VY u3BoOpHUIITHO] YeseHIU Je3epcKe peKe, JleCHe NMPUTOKe ['aOpOBHUIE, HEIIOCPETHO
ucnoz Jezepcke uyke, 00JIMKOBaH je Behu nUpK, IpeyHnka 1-2 km. /IHo IupKa ce HajIa3u
Ha 2.100-2.300 m. HarHyTo je nmpema JU 1 mOKpuBEHO MOpeHaMa Koje CHUJIase 10 1.900
m. Ha pguy nupka wucmoxn Jesepcke dyke, HaJIa3W Cce Maio, IUIUTKO 0Oe3WMeEHO
MehyMOpeHCKO jezepo.

On Jesepcke uyke o Jbyb6oreHa, y MOpdOJIOMKH ¢1a60 M3pa’kKeHUM LHPKOBHMA
Benosuiike, Jluaguuke u JbyboTeHCKe peKe, 3ama)KeHu cy OOJIHIM Koju moxacehajy Ha
MOpEeHe, Te ce He MOXKE Ha OCHOBY BHINIEe IIapaMeTapa 3aK/BYYHUTH Ja Cy IVIAIUjaIHOT
nopeksia. Y U3BOPUIIHOM Jiely BesioBuilike peke IpeTHIOCTaB/beHE MOPEHE Ce CIIYIITajy
JIo 2.000 M, a U3BOPUIITHUM JiesioBuMa JIuBaguuke u JbyboTeHCcKe 710 1.700 m.

Cynehu o xoHcTaTOBaHHUM OOJIMIMMA TJIANMjaTHOT pesbeda MOXKe ce CMaTpaT Ja
ce TOKOM KAaCHOT IUIEHCTOIleHA Hajjaya Ivialdjanyja OJBHjasia y mHoApydjy Bpane u
Pymoke. Ha mpocTopy OBHX M OKOJIHUX IUIAHWHA, KOje NPEJCTaBJbajy HajBUIIE JET0BE
[lap-ntanvHe, IUIEHCTONEHCKU JIEAHUIM CY UMaJIA 3HAYAjHY YJIOTY Y MOP(MOJIOIIKOM
061MKOBamy pesbeda.

JIBa JyleHUKA, KMJIOMETApCKUX JUMeEH3Hja, eraucroBasia cy C3 on Bpare u Pyznoke,
Ha IIPOCTPAHO]j MOBPIIY, HAAMOPCKE BUCHHE IIPEKO 2.000 M, KOja y CYIITHHY IIPE/CTaBIba
npecezTHy u3Mely ropmer ciusa Masapade Ha JU u Bponcke u Pectuinuke peke Ha
C3. C o63upom Jia cy popmMupaHU Ha IpeceyInHY, AedUHUCAHU CYy KA0 MPECeIMHCKI
JIENHUIY, QJIM IOWITO ce pa3bujajy y BUIe JIEAHWYKUX je3WKa, KOjU TPABUTHUPA]Y Y
pa3sHUM IpPaBIMMA, IIOKa3yjy U H3BECHE KapaKTepPUCTHKe IUIaTockor tuma. OBO ce
noce6HO omHOCcH Ha JsiegHuK C3 oz Bpare. [TozHaTo je, MmeljyTuM, /1a TJIATOCKH JIEAHUIII
HeMajy IMPKOBE, MOPEHE U IpyTe KapaKTePUCTHUYHE 00JIMKe TUIalijaiHoT pesbeda, ma cy
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Hekapamu seaaui C3 ox Bparte u Pyznoke neduHUCcaHN IO MECTY HAaCTaHKA, OHOCHO
10 TIPeCeIIMHY Ha K0joj ¢y hopMUpaHHu.

ITpeceqIHCKY JIEHUK, MOBPLIHHE AeceTak km2, ¢dopmupan je C3 ox Bpame, Ha
TpeceJINHU HaJIMOPCKe BHCHHE H3HAJ 2.000 m. OBaj yieqHuK je Ha C3 crpanu Bpare
U3yOU0 HEKOJIUKO MOJIYKPYKHUX IIMPKOBA €4 CTPMUM CTEHOBHUTUM CTpaHaMa BHCOKHM
100-250 m. OJ IOMEeHyYTOT JIeIHUKA O/IBajaIH Cy Ce MamU JIEJHUYKH je3UIlH KOjU Cy ce
KpeTajy y pa3HUM IIpaBIuMa. JefaH JIeJHUYKY je3UK ce cIIymTao npema C3, Ka JOJIUHU
Pectuinuke peke, Apyru IpeMa 3amajy, I7ie ce pa3brjao y Tpu Mamba JieJHHUKA je3UKa,
Ol KOjUX ce jefaH KpeTao Ipema JIykoBoM IOJby M cHiasuo 1o 1.780 m, a Apyra jBa
mpema gonuHu LIpHOT KaMeHa, Te cy ce, cyZehu Mo MOJIOXKAjy HAjHMKUX MOpPEHA,
oTamajau Ha 1750 m, OJHOCHO Ha 1.800 m H.B. VI Haj3aj of IIpeceAIMHCKOT JeIHUKA ce
0/IBajao jefaH Marby JIEAHUYKHU je3UK KOjU Ce IPEKO YCKOT MpeBoja Bpaie npebanusao y
JIOUHY JieBe Oe3uMeHe NMpUTOKe Mazzapade rie je, IpeMa I0JIOKajy HajHUXKe MOpPEHE,
cm1a3uo 0 1.800 m.

[IpecenynuHCcKY JieTHUK Bpartie je octaBrO 3a cOG0M pas3InyuTe OOJTHKE TJIAlHjaTHOT
pespeda. Ocum 1upKoBa, u3ayo/peHux Ha C3 ctpanu Bparie, 1iesty mpeceyinHy Ha K0joj je
€r3uCTOBa0, IMOKPUBAjy OeeMU MOPEHCKOr MaTepHjajia ca MEeCTUMHYHUM II0jaBaMa
MYTOHUPAHHX CTEHA M MaINX Me)yMOPEHCKHX je3epCKIX OaceHa MeTapCKUX 0 JeKaMe-
Tapckux AuMeHsuja. OBa jesepa cy MaxoM epuojicka. MHora cy npecaxia, a HeKa Off lbUX
MpeTBOpeHa y TpeceTHInTa. MOpPEHCKM MaTepujaj je OYyBaH U y H3BOPHUIIHOM eIy
PecTiuinuke peke, 10K je Y €HOM HI3BOHOM JIEJIy €PO/IOBaH.

ITpeceyIMHCKY THII JIEJHUKA, KIWJIOMETAPCKUX AMMEH3M]ja, ersucrosao je u C3 ox
Pynoke. ®opMupaH je Ha IpeceiIMHY, HAIMOPCKE BHCHHE 2.200-2.400 m. Op mpecen-
JIMHCKOT JiefHuKa ca C3 mopHoKja Pynoke JIeTHUYKY je3UIH Cy ce KPeTasH y JiBa IIpaBIa.
Behu nemuunuky jesuk ce kperao npema C3, ka mouHu bpojicke peke, a mawbu npema JU,
rae ce ponuHOM TuBKe Boze ciymrTao ka Maszapauu, cse 710 1.800 m. IIpecemyimHcku
nenauk C3 ox Pymoke, kao u mperxonHu Jyennuk C3 ox Bpaiie, ocraBuo je 3a cobom
IMPKOBE, MOPEHe, MyTOHHUpAHE CTEHE W pPeTKe IojaBe MeyMOpPEHCKHUX je3epa Koja cy
MaxoM IIpecaxjia, a HeKa Off IWUX IpeTBOpeHa y Tpeceruinta. Hajsehe Tpecermirre,
XeKTOMETApCKUX JIUMEeH3Hja, Koje ce Haysaszu Ha npeceanuau C3 on Pynoke, npezncrasipa
uspopuiite TuBke Boze, jieBe nputroke Masgpadye. MopeHe cy ce 3aaprkale Ha
TIpeceZUTNHY U y 7osnHYu THBKe BOJIE, IOK Cy Y caMoj ToJIMHU Bpozcke peke epomoBaHe.

VY ocranum Jiesi0oBUMa IIAHUHCKOT KOoMILIeKkca Pynoke u Bpanie soMuHaHTHY yiiory y
06IMKOBabY IVIALMjaTHOT pejbeda NMaTU Cy ZOJIUHCKU M BUCeNU WV HUPKHU JIEAHIIIH.
HenocpenHuM [1€jcTBOM OBHUX JIETHUKA OOJIMKOBAHU Cy IUPKOBH, BAaJIOBH, MOpDEHE U
JIPyTH OOJIMIIY [JIALHjJTHOT pesbeda.

Ha ceBepHoj crpanu IIuHu-6era, u3Hajg 2.200 m, OOJIMKOBaH je IUPK TeToBCcKe
ITene. /IHO UpKa, OTBOPEHO W HATHYTO IIPEMA CeBepy, Pa3BUjEHO je y JBa HHUBOA, HA
2.200-2.280 m # Ha 2.300-2.400 m. CTpaHe IUPKa ce U3HA/ AHA U3AMIKY 32 joll 100-150
m. Vcrox nupka je HeKaJallmy IJIANUjayHUu BajoB IleHe, KOju je IOcje MOBJIadYermha
JIENHUKA y BEJINKO] MepH IPeobJINKOBaH, Te JaHAC UMa O0JIMK HODMaJTHE PEYHE JIOJIUHE.
MopeHCKH MaTepHjal je OUyBaH caMO Ha ITOI0OBHMA ITUPKHOT JIHA, IOK je Y HU3BOLHOM
JleJly nosuHe, BehuM /1eJ10M, epoIOBaH.

Mopdosomku ce MoceOHO UCTUIY UPKOBU Ca BAJIOBHMA OOJIMKOBAHU y JOJIMHAMA
necHux nputoka Ilene - Kpamujcke, Jlemuuuke u Kazamcke peke. KpuBalliujcKu MUPK
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je usnybspeH ucmop TutoBor Bpxa, JlemHuuku y npeneny JlemHune, a Kazamcku Ha
ceBepHOj cTpaHu llepunamuHe mwiaHuHe. CBU IOMEHYTH LMPKOBH U BajJOBU CY
€KCIIOHUPAHU IIpeMa CeBepy. 3ajeZlHIUKe KapaKTEPHCTHKE Cy UM: MOJIYKPY:KHU OOJIUK
LUPKOBA, MpeyHHKa 1-1,5 km, KackajHa JHA M CTPMe CTEHOBUTE CTPAHE, PeJIaTHBHE
BHUCHHE 100-400 m. MOpeHCKH MaTrepujaj ce Haja3! y IUPKOBUMA, JIOK CE Y BJIOBUMA,
KCTIOZ IMPKOBA, 337[PKA0 caMo y ToauHU Kazarmbcke peke, Ha 1.900 m H. B.

VY usBopuiHoM fesy Ilamuniiike peke oGJIMKOBaHA Cy /Ba IupKa. JemaH, Behu u
Buiu (2.200-2.300 m), U3rpaljeH Ha MCTOYHO]j CTpaHU Py/ioKe, a APyTH, Makbu U HUXKHU
(2.100-2.300 m), Ha JU crpanu llepunamuue mwianuHe (2.525 m). O6a 1UpKa cy
OTBOpEHAa M HarHyTa Ka MCTOKy. MopeHe cy KOHCTaTOBaHe y oba IUpKa U UCIOJ IHHUX, 10
1.950 m H.B.

CeBepHO 07 TIOMEHYTHX ITUPKOBa, Ha KMCTOYHO] cTpanu llepumaiivHe IIaHUHE,
HM3HAJ 2.200 M, OOJIMKOBAH je jOII jelaH Maky LIMPK, IIPEYHHKA /10 500 m. Mcrnoy rupka
je creHOBUT ofcek (J1ef0man), BUCOK 80-100 m, a WCHOJ OJICEKA MOPEHCKH MaTepHjas
KOjH Ce CIIyIITa [0 1.750 m H.B.

VY u3BOpUINHUM KpalnuMa BOroBUHCKEe peke pa3BUjeHO je BHIIE IIUPKOBA. Y JIEBOM
Kpaky ce Hasase ;Ba; jeman JU ox TutoBor Bpxa, MIMPOK OKO 500 M, a Apyrd, Behwu
(mpeunuka 70 2 km) usmeljy TutoBor Bpxa u [lunu-6era. 06a cy oTBOpeHa MpemMa HCTOKY.
upk JU ox TutoBor Bpxa HajBuid je Ha Illap-nlaHUMHU. AICOJIyTHA BUCHHA HETOBOT
JIHa je 2.400-2.600 m. [upk ce IIpemMa HUCTOKY 3aBpIIIaBa CTEHOBUTHM OZCEKOM, a HUCIOJ,
OZiceKa ce IMPOCTHPY MOpeHe [0 2.100 m. BucuHa apyror nmupka je 2.200-2.400 m.
MopeHCKH MaTepHjal y lbeMy je OUyBaH caMo Ha 3apaBEHeHUM JIeJIOBHMA JHA.

W3BopuiHa yesjeHka Je3epcke peke (leCHU U3BOPHUIIHU Kpak BoroBwHCKe peke) y
CYIITHHM [IPEICTaB/ha Behu pasrpaHaT NUpK (IpevyHrKa Mpeko 2 km) Koju je eKCrioHupaH
Ka uctoky. Ha ocHOBY MopdoJIoTHje IupKa MOXKe ce 3aKJbYIUTH Ja CY Ce MabH JIETHUIKI
jesuiy, ca 060IHUX JIeJIOBA pa3TPaHATOT IIUPKA, PAAMjaTHO CIYIITIN Ka BOroBUHCKOM
je3epy Koje ce HaJia3W y HAjHUKEM JleJly IIUPKa, Ha 1.960 m. OBO TUIAIHjaJIHO je3epo,
npubJIMKHE TOBpIIMHE OKO 66.880 m2, Hajeehe je ma Ilap-rutanuuau. [1o momammma
Kpusokanuha (1969), my>kuHa jesepa je 452,5 m, IMIUPUHA 225 M, a AyOuHa 2,2 m. Y
CEBEPHOM JIeJy IIUPKa, uction [InHu-6era, JeTHUK je U3MyOUo joII jenaH jedepcku baceH
(Beno jesepo), koje je Tpu myra Mame ox BoroBumHckor. O6a jesepa cy mperpaljena
MOpeHaMa, Koje Cy 3arakeHe U Y JIOJTUHH UCIIo/] BOrOBUHCKOT je3epa, Tie ce CIYIITajy 710
1800 m.

VY ciuBHOM noapy4jy Masapade, OZHOCHO Y H3BOPUILIHUM /I€JIOBUMA HE€HUX IIPUTO-
Ka, KOHCTAaTOBaH je Behu 6poj mupKoBa ca MOpeHaMa. Y HEKUM JI0OJIHHAMA JIEBUX IIPUTOKA
Maspayde, MOPEHCKH MaTepyjas je JOHET JIEAHUYKUM je3UINMa KOJU Cy Ce IPEeIHBATIH
U3 CyCeJIHOT IpeceITHHCKOT JenauKa ca C3 mopHokja Pynoke u Bpare.

V¥ usBopumiHoMm ey Maznpade, J3 ox Bpare, ersucrosao je Behu ysieqHUK KOju ce,
BEPOBATHO, CIYIITA0 HIDKE HEro INTO TO ITOKasyje HAJMOPCKA BHCHHA 320CTAJIOT
MOpeHCKOT Marepujaia. HamMe, y mperyianyjaaHoj U3BOPUINHOj YeseHKH Maszapade je
TOKOM IUIeHCTOIeHa (OPMUPAH JIEAHUK KOjU je u3y0oro Behu 1upK, mpeyHuKa 1o 3 km,
U HEKOJIMKO MArbHX, Y IPEYHUKY OZ OKO 500 m. CBU IMPKOBU Cy OTBODEHH M HATHYTH
npema CU, y npasny ortunama Masgpade. CTpaHe IUPKOBA CY A€JIMMHUYHO OUyBaHe, Kao
¥ MOPEHCKH MaTeprjajl KOjH Ce 33/IpKao caMo Ha 3apaBI-EHUM JIeJIOBHMA JHA IIHpPKa.
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VY usBOpHIIHOM Jlesly peke MartuHe, jieBe npuToke Masapaue, 00JIMKOBaH je IUPK
MpeyHUKa 500 /0 1.000 m. OBaj nupK Koju Ayboko 3aynasu y Pymoky, o ucmox Bpxa
Bopucnajers (2.652 m), ekcionupat je npema CH. /THo 1iupka, HarHYTO Y UCTOM IIpaBILy,
¥Ma JIBa HUBOA: HIKHU 2.120 10 2.260 M U BUIIH 2.420 70 2.500 M. Y HajHIKEM eIy
LMpPKa, Ha 2.120 m, popmupaHo je LIpHO jesepo ykymHe moBpiunHe 33.520 m2. Hberosa
Iy’KUHA je 248 m, mupuHa 185 m, M3MepeHa aybuHa je 2,2 m. Ilpermocrasba ce,
mehytum, nma je myospe on Borosuckor (KpBokamuh, 1969). Jezepo je mperpaleno
6eZleMOM MOPEHCKOT MaTepHjaja, a HCIIo/ KOTa je BeoOMa CTpMa JI0JIMHA CBe 10 1.800 m
H.B. Y HU3BOJHOM JleJly JIOJIMHE peke MaTuHe, UCIOJ BeJiMKe CTpMUHeE,OpMHUpPaHa je
yeoHa MOpeHa K0ja ce CIIyLITa /10 1.460 m.

V¥ cnuBy JesoB/baHCKe peke OOJIMIM IJIalMjayJHOT pesbeda Cy pasBHUjeHH caMoO Y
HEeHOM H3BOPUIIIHOM JieJly, U3HaJ 2.000 m. Mopdosiomku c1abo u3paskeHu HUPKOBU ca
MOpeHaMa OTBOPEHHU Cy U HarHyTtu npema JIU, ogHOCHO y IpaBly OTUIamka JeJl0oB/baHCKe
peke. Cynehu mo pasBHjeHOCTH LHMPKOBA M MOpPEHA y IbHMA, Yy WU3BOPHIIHOM JEJIy
JeJIOB/bAaHCKE PEKe CY ersvCTOBAJIM, IIPETEXKHO, BucehU JIEAHUIH, KOjU Cy Ce OTalad
HeIIOCPeIHO HCIIO/] INPKOBA, OTHOCHO HCIIOZ, HeKaIalllibe IJIAlMjaTHe CHEXKHE TPAHUILE.

JyrozanazHo of Bpare pa3BujeHa cy iBa IMPKa eKcrioHupaHa npema C3. JemaH je y
uzBopuiHoM zeny hada Kaaumi, neBe nputoke Paguxke, a Ipyru y J0JIUHU ATINHE PEKe,
sneBe nputoke hada Kagum. ¥ monuuu hade Kapum MopeHCKH MaTepHjaj CHIa3d 0
1.760 m, 10K je y JOJWHU AlIMHE peke epozioBaH. Ha ocojHUM, ceBEPHUM IOJIMHCKUM
cTpaHaMa [TOMEHYTHX PeKa 3alakKiHU Cy MabHy, BUcehr IMPKOBY, IPEYHKKA 100-150 m.

CTepeoCcKOIICKOM aHAJIN30M aePOCHHMAaKa U TEPEHCKUM HCTPaKHBambUMa KOHCTATO-
BaHO je /1a cy y MOpQOJIOIIKOM OOJIMKOBamYy IiianujaaHor pesbeda llap-miaHuHe yuecT-
BOBaIH cJiefiehyl THIIOBU JIEAHUKA: Brcehn, pa3BUjeHH Yy MakbUM [[UPKOBUMA HEITOCPELHO
W3HAJ, CHEXXHe TpaHHUIle, JOJIMHCKU Yy IperIalyjaHIM PEeYHUM JIOJIMHAMa U IIpecesi-
suHCKH (popmupanu Ha npeceayuau C3 ox Pymoke u Bpare. HemocpeHUM JiejcTBOM
MIOMEHYTHX JIeAHUKAa (OpMHUpaHU Cy LOHUPKOBH, BAJIOBU MODEHE U JADYTHM KapakTe-
puctuuHu obnuum rianujatHor pesbedpa. Ha OCHOBY HHXOBOI MPOCTOPHOr paspuha
ypahene cy aBe mpersieqHe KapTe: Kapra mianujanHe mopdostoruje (Cn.8) m kapra
pexoHcrpyrcanux jegauka (Ci1. 9) Koja ce oAHOCH Ha HajMIal)u TIanujaTHd MaKCHMyM
IUIencToneHcke riaanujanuje Ha [Mlap-ianuHu. Ha npBoj KapTu MpUKa3aHU Cy: TJIABHU
rpeben Illap-miaHvHe, IUPKOBH, BAJIOBU U MOPEHE, a HA JPYT0j, OCUM TIJIaBHOT TpebeHa,
NpUKa3aHU Cy: I[JIalWjajJlHA CHEeXXHA TPaHHIA, 30HA BEYHUTOI CHEra, IUPKOBH,
PEKOHCTPYHCAHH JIEIHUIIN U CMeP KpeTarba JIEAHUKA.

Ca. 8. Kapma 2nayujanne mopgonozuje (cmp. 14)

Bucuna cHexxHe rpaHune Ha Illap-raHuHU OWIa je yCIOB/b€HA EKCIO3UIIjOM
IUIAHWHCKUX CTPaHa IIpeMa IOJIOXKajy cyHua. Tako Ha mpuMep, Ha OCOjHO]j (CeBepHO] U
ceBepo3anasHoj) crpaHu Illlap-mylaHWHe, BHCHHA CHEXXHE TpaHUIE je TokoM MIS-2
mIanyjana, y3 U3BecHa OCTyNama, Omja Ha OKO 1.900 m, a Ha IPHUCOjHOj (Jy’KHOj U
JYTOMCTOYHOj) KpeTasia ce 07, 2.000 10 2.200 m JaHAaIlkhe HaZIMOPCKe BucuHe. [Iprinkom
onpehuBama BHUCHHE CHEXXHE IDaHHIE KOPUIINEH je W II0JI0XKAj HAJHIDKHX IHUPKOBA,
dopMUpaHUX HENOCPEAHO U3HA] IIAl[UjaTHe CHEIKHE TPaHUILE.

Ca. 9. Kapma pexoHcmpyucarux nedHuka (cmp. 15)

Ha xpajy, mocrasspa ce muTame, Ka/ia je IJIEUCTOLeHCKa [Ialyjalija uMaja 3HaJuaj-
HUJy yJsI0Ty y MopdoonkoM obinkoBamy pesbeda Illap-nnanuHe, u Aa ju je 6u10 camo
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jenHe wiau Bulle anujanuja? Ha OCHOBY OYYBaHOCTH MOPEHCKOT MaTephjajia u
[OjeIMHUX MOPEHA, TOTOBO CBY PAaHUjU UCTPAKUBAYU HACTAHAK IJIAIMjaHUX 00JIMKA Ha
[lap-rtaHWHK Be3yjy 3a MEPUO] IOCIEAET TIAINjaTHOT MAKCUMYMa, OMHOCHO 38 BUPM
(IIsujuh, 1911; Hukomwuh, 1912; Muojesuh, 1937 u 11p.).

Pa3Boj mranujanuje U cTBapame manujasHux obnuka Ha Illap-miaHuHU, ayropu
oBora paja, Takohe Be3dyjy 3a mepuox MIS-2 rianujasa ¥ TPU HErOBe JApHjacKe
unrepriainujaaue dase (Gibbard & Cohen, 2008). 3a oBaj mepuo; €y ce ompeAeTIn Ha
OCHOBY MUIL/beHa PaHUjUX KCTPAXKMBAYa, OUYBAHOCTU IIOjeZJMHUX YEOHHX MOpEHa,
moce6HO MOpeHa y IHMPKOBHUMA, U JIaOOPATOPHjCKHUX pe3yiaTaTa AOOUjeHHX aHAIU30M
y3opaka NpuKymbeHHXx Ha Illap-maHuUHU TAe ce ofpelyje crapocT mocTryianuiaHOT
MaTepHja, KOja OKBUPHO M3HOCH Off 10-20.000 TOJ. y ofHocy Ha cajammocT (Kuhlemann
et al., 2009).

C 063upoM Ha TO J]a ce YEOHEe MOPEHE CIIYIITajy HAJHIKE MOXKE Ce CMaTpaTH /a Cy
OHe HajcTapuje. JIeAHUIY CH BX OZIaraIu Ka/ia je mianujanyja Ha [Ilap-miaHuHu JT0CTH-
IJ1a CBOj MakcuMyM. MopeHe y Bumum jgesnosuma Illape, kajja cy BaJIOBU y MUTAaby Ha
MpUMep, peJaTUBHO cy Miiale o YeOHHX M MOTY Ce Be3aTH 3a CTajujajiHa 3arjiede-
paBama, a MOpPEHe y IUPKOBHUMA, KOje Cy Haj0oJbe OUyBaHe, BEPOBATHO IPUIIAIA]Y
TocJIeilheM HHTepIUIanyjaty Mialer apujaca.

Kpajem mtencroneHa 1 OYeTKOM XOJIOLleHa eqHunu ce ca [llap-rianrHe KOHAYHO
TIOBJIave, a IVIAIUjaJTHU MIPOIIEC CE CMEbYje APYTUM, HOBUM IIpoIiecuMa — (QJIyBHjaTHUAM,
MaINHCKUM ¥ TEPUIVIAIUjaIHUM. [[ejcTBOM HOBHX IIpolieca OOJIUIM TJIAIHjaTHOT
pepeda cy y Behoj win Marm0j Mepu IPeobIUKOBAHU — €POJIOBAHY WU IPEKPUBEHU
aKyMyJIallMOHUM MAaTepHjaioM caBpeMeHHX MOpPQOJIOOMIKUX IpoIeca, Ipe CBera,
MAZMHCKUM U [IEPUTJIALIjATTHIM.

3axk/pydyak

KoHcTaToBaHU TJIaMjaIHU OOJIUIM HECYMIPHBO YKa3yjy Aa Cy TOKOM ILIEHUCTOIEHA, y
Tepuoay 3aer ianujaHor Makcumyma MIS-2, y riranujany fiprjaca, CMEBHBAJIO CE TPU
uHTeprianujatde ¢ase (Hajerapuju, crapuju U Muahu apujac). Taga cy HajBUIIHU J€JI0BU
lap-mwianuHe U3HAZ 1.900 ¥ 2.000 M H.B. OWIN MOJ CTAJTHUM CHEKHHUM MMOKPHUBAYEM,
IITO je UMaJo 3a nocyuenuny GopMHUpame JIeJHUKA KOjU Cy MMaI 3HAYajHY YJIOTY Y
MopdosIomKoM O6GJIUKOBalky pesbeda. JlegHunu cy GopMUpaHU H3HAM TJIAlHjaJTHE
cueske rpanune (ELA), y 30HM T3B. "BeunTor cHera u Jieza". HajmoBos/bHUjU J1€7TOBH
TepeHa 3a IUXOBO (opMuparme Owie Cy peuHe uejeHKe HEMOCPETHO WCIOM HajBUIIUX
BpxoBa u rpebena Illap-mianune, ox Jbyborena Ha CU 10 M3BOPHUIIIHUX PUTOKa Pannke
Ha J3. HemocpeaHuM /1ejCTBOM JIeHUKA OOJIMKOBAHM Cy IUPKOBH, BAJIOBH, MOPEHE U
JIPYTU KapaKTePUCTUYHHU O0OJIMIU IJIallkjaIHOT pesbeda.

Ha ocHoBy nosnoxaja u MelycoGHOr ofHOca TIJIAIMjaJIHUX OOJIMKA CTBOPEHA je
KOHIIeNIHja 0 pa3Bully Hekaaauime mianujamnyje Ha Illap-mianuHy. YTBph€EHoO je, HauMe,
Jla ce TOKOM 3aBpIIHOT CTaJMjyMa IUIEUCTOIleHA, IJIalyjanuja ofBHjaia ¢ obe cTpaHe
m1aBHOT rpebeHa Illap-tianube. Cyznehu mo pasBujeHOCTH M OPOJHOCTH TIJIAIUjaJTHUX
obnuka, rmanujanuja je Ha C3 crpanu Illape 6mna jaua y omnocy Ha JU. Hajjaua je,
mehyTum, 6wna J3 ox TetoBcke Ilene, y TutaHUHCKOM TTOApPYyYjy Pymoke u Bparie.
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Ha ocHoBy mpoctopHOr pa3suha riangjaaHux obsinka ypaljeHe cy /iBe IperyiefiHe
KapTe: KapTa IJanujaine Mopdosiorije u KapTa peKOHCTPYUCAHUX JIEAHUKA. YTBpheHu
Cy TUIIOBHU JieAHUKA (Brcehu, TOMMHCKY U IIPECeJIMHCKI) ¥ BUCHHA TJIal[HjajiHe CHEIKHE
TpaHUIIE KOja je, y3 U3BECHA OZCTynama, Ha C3 crpanu Illap-mianvHe 6mia HA OKO 1.900
m, a Ha JV Ha 2.000 1 2.200 m H.B.

Ha ocHOBY OYyBaHOCTM MOPEHCKOT MaTepHjajla U IOjeAMHHX YEeOHHX MOpeEHa,
moce6GHO MOpeHa y IUPKOBHMMA, paHuju HcTpakuBaum Illape HacTaHaK IUIAllHjaTHOT
pesbeda Besyjy 3a mepuos BupMa (IO ajIICKOj MOJIENU IUIEHCTOIEHA), 0K je Y 3a/heM
nepuony npuxsaheHa HoBa crpaturpadcka Iozesna IIEHCTOIeHa Ha MOPCKE H30TOICKE
craaujyme (MIS). PazBoj mianmjanuje U crBapame ManujasHux obauka Ha [lap-
IIJIAHUHY, ayTOPHU OBOT Pasia Takole Be3yjy 3a caBpeMeHy IO/IeTy IIEUCTOLEHA.
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