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Abstract: The Moracke Planine Mountains, situated in the central part of Montenegro,
were the center of intensive Pleistocene glaciation. Specific type of moraines — hummocky
ones, which have not been recorded in the southeastern Dinarides up to now, were recently
identified and investigated in western part of the Moracke Planine Mts. Moraine material
accumulated on limestone basement, where several tens of irregularly distributed
hummocks and similar number of bowl-shaped dolines have been carved already. The
hummocky moraines formed in the glaciokarst landscape where the well-developed karst
morphology has been shaped before glaciation. Pre-glacial karst morphology determined
the direction of glacier movement as well as its main morphological characteristics
(thickness and width). During the most intensive glaciation phase (MIS 12) the Lukavi¢ko-
lukovski Glacier, spread out from the central part of mountain towards west, reaching a
length of 16.5 km. Due to uneven glacier thickness, the deglaciation process led to its
breaking and separation of the lower and shorter part from the rest of the icy mass.
Stagnant state of the icy mass led to specific accumulation of moraine material in a form of
numerous hummocks, whose melting produced a bowl-shaped dolinas in-between. The
paleogeographic significance of hummocky moraines lies in the possibilities of more
detailed studies of the Pleistocene glaciers specifics that arise from their evolution in
glacio-karst conditions.
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Introduction

Pleistocene mountain glaciation has been the subject of scientific studies since the earliest
researches applied outside the Alps. The first paleoglacial exploration in the area of the
southeast Dinarides (Montenegro) was done by Jovan Cviji¢ at the end of 19! century
(Ueujuh, 1897, 1899). At the beginning of the 20 century, the opinion was expressed
about the existence of a thin ice cap west of the Moracke Planine Mts., as well as the
glacial occurrences around Kapetanovo jezero Lake (Hassert, 1901). In the central
mountainous part of Montenegro, where Moracke Planine Mts. are located, a thin ice cap
and two types of glaciers - karst and piedmont, existed during Pleistocene. From the
central part of the Moracke Planine Mts., glaciers have moved northward towards valleys
of Bijela and Tusina, southward towards Mrtvica Valley, and in direction of Niksicko Polje
on the west. The Zurim Mt. is widely accepted as one of the largest and the most
interesting center of Pleistocene glaciation on the Balkan Peninsula (IIsujiuh, 1913).

More detailed investigations in this area in respect to previous mostly general
approaches were done by Cviji¢'s student, Petar Sobajié¢ (Illo6ajuh, 1926) who concluded
that two glaciers descended from the Zurim Mt. The first one moved north-westward in
the direction of the valley of Bijela, while another one, separated into two parts, moved
westward. The first one arrived on Krnovo Plateau and Vucje, while the other one arrived
to Ivanje, favoring a formation of a series of moraines. Their thickness was variously
estimated. Cviji¢'s understanding of the thickness of the moraine in Ivanje of 100 m
(IIBujuh, 1914) was corrected to a thickness of 20 to 30 m, whereby its height of 1,180 m
a.s.l. was presented (Kayser, 1932). The obtained thickness has been verified by later
researches (Liedtke, 1962), which also reflected to splitting of the glacier that moved
towards Ivanje on two glacier tongues in the area of Blaca. The same researches
highlighted the influence of morphology of the karst plateau on the height of glaciers
descend.

Spatial distribution of glacial, fluvioglacial and moraine material was mapped and
presented in the frame of complex geological studies within the broader area (Kanesuh et
al., 1973). The on-going studies have focused on the glacier movement direction from the
Moracke Planine Mts. The obtained results were mostly in accordance with previously
gained (Radoji¢i¢, 1996). Contemporary researches of paleoglacial characteristics of the
central mountainous area of Montenegro are related to determining the chronology of
glacial phases and morphostratigraphy (Hughes et al., 2011). Absolute age of secondary
carbonate cement in glacial material was determined using 232Th/238U method. Four
glacial phases were identified. First, the most intensive, was dated to > 350 ka and has
been correlated with MIS 12 (approximately from 470 to 420 ka). The area between Veliki
Zurim Mt. and Kapetanovo jezero Lake is considered to be the center of glaciation in the
Moracke Planine Mts. This phase characterizes the existence of unique ice cap, which
spread out over the whole mountain. Although, the second glacial phase was marked by
break of the unique ice cap into several glaciers during two different stages within the
period from MIS 10 to MIS 6 (about 190 - 130 ka), it has been correlated with MIS 6.
Third phase encloses MIS 5d — MIS 2 (~ 110 — 11.7 ka). During mentioned phase, in this
area were reconstructed 15 distinct glaciers. Fourth and the last glacial phase is dated to
the period of the Younger Dryas (about 12.9 — 11.7 ka) (Hughes et al., 2011).
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Analyzing the influence of glacial process on evolution of karst poljes (Djurovi¢ &
Djurovié¢, 2015), which included a part of the Moracke Planine Mts. (Lukavic¢ko-lukovski
karst), was found that filling poljes by sediments took part in two stages. The filling
process took part through re-transporting of moraine material and the age of glacial
phases corresponds to the lowest and the oldest moraines on Durmitor Mt. (MIS 12 ~ 470
— 420 ka), i.e. to moraines in the vicinity of Zabljak (MIS 6 ~ 190-130 ka) (Hughes et al.,
2011). The last paleoglaciological researches in this area included reconstruction of glacial
phases in the western part of the Moracke Planine Mts. (Byposuh, 2020). During the
oldest and the most intensive glaciation phase, which belongs to MIS 12, the Lukavicko-
lukovski Glacier displayed a length of 16.5 km. In second phase (MIS 6) glacier was 9.5
km long, and in the third phase (MIS 5d - 2) it was reduced on 3.2 km. The youngest
glacial phase, recognized in the broader mountain area, did not left behind clear evidences
of its existence in the study area (byposuh, 2020).

Previous researches have determined a series of moraines formed by the Lukavicko-
Lukovski Glacier during several glacial phases. Majority of them considers terminal
moraines. They are the best morphologically preserved and represent the basis for
determining the extent of glaciation, as well as for determining the lower snowline.
Detailed reconstruction of glacial processes in this area is lacking reasonably as these
moraines do not allow more detailed studies of the evolution of Pleistocene glaciers.
However, the discovery of hummocky moraines in the uvala Blaca, has opened a new
possibility for detailed explorations regarding evolution, i.e. stagnant glacier phase during
the most intensive glaciation that this area has experienced.

The term "hummocky moraines" is known from the beginning of the 20t century
resembling the glacial material that was accumulated by dissected parts of a glacier
(stagnant ice) (Harker, 1901). Over time, numerous researchers have defined this term.
Hummocky moraines represent very irregular terrain consisting of numerous hills
(hummocks) (Sissons, 1974) carved by glaciers during their final retreat. According to
many researches this happened during the Younger Dryas (Sissons, 1967; Hagen &
Steerang, 1991; Ballantyne & Harris, 1994). This term also resembles moraines that
formed during the deglaciation caused by orographic barrier, which resulted in dissection
and separation of downward glacier part from its source (Clapperton & Sugden, 1977).
Hummocky moraines are connected to the ablation zone composed of stagnant ice where
disintegration of moraines took place (Clayton & Moran, 1974). One of the proposed
models for their genesis suggests that debris supplied from slopes at the glacier surface
experienced passive transport, lack of any sedimentological changes and finally
accumulation at the end of the glacier, in the zone of its advance or retreat (Eyles, 1983;
1999). Their formation is related to the rapid termination of the glacier movement as a
consequence of the sudden climate warming (Johnson et al., 1995). The way of debris
implementation into the glacier depends on its thermal regime. Colder part of glacier, at
the bottom, causes erosion under the upward warmer part (Hagen & Staerang, 1991). The
different velocities of ice movement inside glacier produced deglaciation, which enabled
debris to come into the ice mass. Most researchers have opinion that hummocky moraines
derive by melting of stagnant ice, enabling the accumulation of supraglacial (surficial)
debris under the influence of melt-water and gravity fail (collapse). In this way debris
material deserves the form of crest or hummock (Sharp, 1949). This type of moraines has
not been a subject of studies related to Pleistocene glacial morphology in Montenegro
mountains.
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Geographical position

Moracke Planine Mts. are situated in the central area in Montenegro. They represent a set
of several mountainous parts clearly morphologically differentiated by deep dolinas and
valleys. Noteworthy mountainous regions are Lola Mt. (2,032 m a.s.l.) and Veliki Zabelac
Mt. (2,129 m a.s.l.) at north, Kapa Moracka Mt. (2,226 m a.s.l.) in central part, Stozac Mt.
(2,141 m a.s.l.) and Maganik Mt. (2,139 m a.s.l.) in southern and southeastern part, and
Zurim Mt. on the west. The glaciation that covered the studied area took place from the
Zurim Mt., so this mountainous part of the Moracke planine Mits. is in the focus of this
research (Fig. 1).

High karst plateau (1,600 — 1,400 m a.s.].) dominates the western part of Moracke
Planine Mts., extending from the foothill of Zurim Mt. on the east to the Niksi¢ko polje on
the west. In its middle part is the uvala Blaca. During the most extensive glaciation the
Lukavicko-lukovski Glacier moved over this area enabling a series of moraines to
accumulate during the later stagnant phase. According to recent geomorphological
researches a part of these moraines considers hummocky ones. Coordinates of uvala Blaca
are 42° 48' 18" and 42° 48' 51" N and 19° 03' 00" and 19° 04' 02" E, at 1,230 m a.s.l.
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Fig. 1. Geographical position of the uvala Blaca
(Legend: 1- < 1,000 m a.s.l, 2 - 1,000 — 1,500 m a.s.l., 3 - 1,500 — 2,000 m a.s.L,
4 - > 2,000 m a.s.l, 5 - position of the uvala Blaca)

Methodology

Two groups of methods, field and desk, were applied in order to determine the genesis of
hummocky moraines. Field-work methods included geomorphological and sedimento-
logical methods in aim to reconstruct the extent and the intensity of glaciation, etc. Group
of desk methods incorporated remote sensing, cartographic methods etc. Geomorpho-
logical field work was implemented for analyzing the qualitative and quantitative
characteristics and spatial and chronological relationship of relief forms. Their main
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metric values were estimated (length, width, depth and height), using: measuring tape,
laser measure, altimeter and manual GPS. The collected quantitative data were used for
genetic classification of landforms and distinguishing a genetic type.

Spatial relationships between the analyzed relief elements were determined by
marshrut observation using topographic maps in scale 1:25,000 and orthophoto images in
scale 1:500. Boundaries of accumulation products (glacial, fluvioglacial, colluvial) were
outlined directly during a field-work on topographic maps in scale 1:25,000 and on
orthophoto images, in scale 1:500. The origin of sediments was determined by
morphostratigraphic analyses based on the appearance of surface features they build-up
(Frye et al., 1962), lithological criterion (Bowen, 1978), as well as based on morpho-
lithostratigraphic criterions (Hughes, 2007; 2010). Lithostratigraphic analysis (Weerts &
Westerhoff, 2007) was applied at discovered glacial accumulations, as well as the analysis
of homogeneity of glacial material and lack of bedding within it (Résinen et al., 2009).
The roundness of grains in accumulated material was analyzed according to Habakov
(Matovi¢ et al., 2019) while the degree of preservation of primary angular forms within
glacial material was estimated according to Hanacek et al. (2011).

The extent of Pleistocene glaciation was determined by using the geomorphological
mapping methods (Djurovié¢, 2009; Hughes et al., 2010; Zebre & Stepisnik, 2014).
Principles of geomorphological mapping (Markovié, 1983), as well as remote sensing of
aero- and orthophoto images (Djurovi¢ & Menkovié, 2004) were implemented during the
preparation of detailed geomorphological maps.

Geomorphological characteristics

Blaca is irregularly-shaped karst uvala. Its length in NW-SE direction is 1 km, and 1.7 km
in the SW-NE direction. It covers the area of 1.2 km2. Its NW part is opened to polje
Ivanje. Major part of uvala is dominated by moraine accumulations (Kasnesuh et al., 1973).
Throughout the central part of uvala extends a tiny and shallow stream bed, which
displays intermittent character at the beginning of uvala, and turns into temporary one at
its end due to extremely scarce surface flows. In the northern part of uvala appear few dry
and shallow stream beds, in which periodically formed streams rapidly disappear.
Southern part of uvala characterizes a number of irregularly distributed dolinas of
different size (Fig. 2). All of them shared same characteristics, being built in moraine
material. They are all wide and bowl-shaped dolinas of flattened bottom. Banks are from
leached glacial material in which prevail limestone pebbles ranging in size from few
centimeters to few decimeters. Meter-sized blocks occur infrequently. Grass vegetation
between pebbles and blocks is scanty and sporadically. Banks commonly incline at angle
15° to 20°, rising from bottom for a few meters. Flattened bottoms consist of tiny
carbonate fractions that were leached from banks and subjected to pedogenetic processes.
The developed soil ranges in thickness from 10 to 30 cm. Detailed geomorphological
analyze and Lukavicko-lukovski Glacier evolution analyze reflected on deposition of
moraine material in a form of hummocky moraines.

Hummocky moraines in south of the uvala Blaca are surrounded from west by higher
crest of the lateral moraine Pobilje, and from south by higher crest of the lateral moraine
Kobilja glava. Both lateral moraines join together on southwest into the terminal moraine
closing the southern part of the uvala Blaca (Fig. 2).
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Fig. 2. Geomorphological map of the uvala Blaca
(Legend: 1 - 7 altitude zones, 8 - terminal and lateral moraine, 9 - direction of glacier movement, 10
- dolinas between hummocky moraines, 11 - disappearing spring, 12 - intermittent flow, 13 -
ephemeral flow, 14 - distribution area of hummocky moraines)

Results and discussion

The origin of hummocky moraines is in close relationship with the Lukavic¢ko-
lukovski Glacier evolution. Glacier formed in the central part of Moracke Planine Mts. and
descended from mountains Veliki and Mali Zurim westward in the direction of polje
Ivanje (Fig. 3A).

According to preserved terminal moraines and glacial forms the three glacial phases
in the glacier evolution have been recognized. The oldest and the lowest terminal moraine
is placed in the western part of Moracke Planine Mts. and north-westward from uvala
Blaca in polje Ivanje, at 1,120 m a.sl. It has been the subject of the earliest
geomorphological researches (Illo6ajuh, 1926; Liedtke, 1962). Comparative analyses of
the lowest and the oldest moraines within the central mountainous parts in Montenegro
whose absolute age was dated by uranium-series method (Hughes et al., 2011), suggested
that their age could be related to MIS 12. Glacier did not retreat fast and constantly.
Gradual retreat during shorter episodes led to accumulation of moraine material, either
smaller or bigger, as well as of different forms. Since the maximal extension, when the
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length of glacier was 16.5 km, the short time stabilization of retreat led to formation of
terminal moraine Pobilje-Kobilja glava in the southern part of the uvala Blaca. In that
phase, the length of the glacier was 14.5 km. After the short period of stabilization, the
retreat repeated, although it was with small intensity and the glacier ended at the bottom
of uvala. The ongoing melting proceeded the stagnation of glacier, which has been
significantly controlled by well-developed and preserved karst morphology.

Uvala Uvala . 2
Polje Ivanje Uvala Blaca Uvala Konjsko Bojovi¢a luke Bojovi¢a bare Veliki Zurim Mali Zurim
(1085 m a.s.l.) (1220 m as.l) (1345 mas.l) (1425 ma.s.l) (1500 ma.s.l) (2036 ma.s.l) (1984 ma.s.l)
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Fig. 3. Longitudinal profile of the Lukavicko-lukovski Glacier (A),
development of stagnant ice (B), formation of hummocky moraines (C);
(1 - glacier, 2 - moraine material, 3 - carbonate basement, 4 - direction of glacier's movement)

Series of uvalas in the area from Lukavicko-lukovski Glacier to the uvala Blaca were
formed before glaciation, in the high karst terrain. Marginal parts of it, as well as short
segments between uvalas, remained preserved in recent relief. Such morphological
predisposition (series of linear dissected uvalas on Kkarst topography) completely
controlled morphological features of glacier. The significant width of it led to the
extensive, but relatively thin ice mass development. On the other side, the spread out of
icy mass from one uvala to another, led to uneven thickness of glacier. The glacier has
been significantly thicker in uvala than at crests between them (Fig. 3B). The small
thickness of glacier during its retreat, on the ridge between the uvala Blaca (the farthest
point that the glacier has reached) and the higher uvala Konjsko, caused dissection of the
unique glacier. Separated part of Lukavicko-lukovski Glacier existed as stagnant ice
upstream from terminal moraine Pobilje-Kobilja glava, which derived during the previous
stage of stagnation (this term refers to glacier lack of motion, i.e. being static). The way of
accumulation of moraine material is quite different at glaciers lack of motion, and the
common morphological elements in a form of terminal and lateral moraines are missing.
Further melting of stagnant ice in uvala Blaca led to accumulation of debris from its
surface (supraglacial debris) (Fig. 3C). Supraglacial debris would be shortly transported
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and accumulated by melt water, while the complete melting of glacier and gravitational
collapse tends to accumulate debris on the underlying limestone in a form of a hill or
hummock (Fig. 4).

Fig. 4. Uvala Blaca (Source: Author) (see: Fig. 2)

The thinnest particles of moraine material exposed at hummock slopes in the uvala
Blaca will be subjected to the out-washing process. The released material will gradually fill
and flatten spaces between hummocks. In the same time, carbonate basement enables
water to seep into the ground. Due to reduced intensity of following glacial phase, the area
of Blaca and hummocky moraines within, were not affected by glacial processes whereas
the above-mentioned process has continued up with more or less intensity until the
present day.

Apart from the long and intensive researches of Pleistocene glaciation in Dinarides,
the hummocky moraines were recognized and became a subject of studying in last few
years. The first researches of hummocky moraines in central parts of Dinarides were
performed during the dating of moraines in Blidinjsko Polje (Bosnia and Herzegovina)
(Ciner et al., 2019). Ridges composed of moraine material are considered to be developed
during stagnation of glacier and its interruption and division into two parts. Melting of
the downward, separated part, which turned into the stagnant ice led to local
transportation of supraglacial debris and its accumulation that will result in generation of
hummocks. The age of hummocky moraines dated by cosmogenic 36Cl yielded to 22.7 +
3.8 ka. The obtained age could be correlate with the last glacial maximum (LGM) (Ciner et
al., 2019).

In the frame of researches related to the influence of glacial processes on the filling of
karst forms in western part of the Moracke Planine Mts. (Lukavicko-lukovski karst) the
hummocky moraines in southeastern part of Dinarides (Montenegro) were analyzed for
the first time. Their main morphometric features, conditions during their formation and
genesis were taken in consideration. The obtained data reflected on their formation within
a stagnant ice during the glacier retreat. According to the previously determined age of the
oldest glacial phase, their formation is related to the period MIS 12 (Byposuh, 2020).

In the Central Taurids (Turkey), located about 50 km north from the Mediterranean
Sea, at an altitude from 2,000 to 2,050 m a.s.l. were identified 26 hummocks from
moraine material. Dating of these hummocks by cosmogenic 36Cl reflected on their
formation during the most extensive glacial phase and the last glacial maximum (LGM) -
18.0 £ 0.4 ka (Ciner et al., 2014). Hummocky moraines in the southwestern parts of
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Sweden are related to late deglaciation period. They were formed in stagnant ("dead" ice).
Melting of such stagnant ice led to relief inversion by drop of upland and its turn into a
lowland between ridges. On contrary, the accumulation of moraine material led to
formation of raised hummocky moraines (Gunnar, 2008).

According to applied researches along with the previously conducted the origin of
hummocky moraines is related to period of glacier melting and its steady state. Due to
uneven thickness the lowest part of glacier spaces apart from the main icy mass and turns
into the stagnant ice. Melting of it favored the accumulation of moraine material as
hummocks. In the karst area spaces between hummocks converted into bowl-shaped
dolinas during the postglacial (recent) period.

Conclusion

The first described and researched occurrence of hummocky moraines in the area of the
southeastern Dinarides (Montenegro) opens a new possibility of analyzing the dynamics
and character of Pleistocene glaciers, which was not possible with previous analyzes of
terminal and lateral moraines. Hummocky moraines at western part of the Moracke
Planine Mts. acknowledged the great influence of karst to the development of Pleistocene
glaciers, particularly on their evolution during the stagnant state.

© 2020 Serbian Geographical Society, Belgrade, Serbia.
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I'EHE3A IVIEMCTOIEHCKHUX BPEXKY/bKACTUUX MOPEHA
MOPAYKUX INTAHUHA (IIPHA T'OPA)

AncrpakTt: Mopauke IUIaHMHe Hajlas3e ce y LeHTpaIHoM geiny llpre I'ope. Toxom
IJIENCTOIIEHA IIPEe/ICTaBbajle Cy CHAaXKAH IieHTap anujanuje. CaBpeMeHHUM IIpOy4aBa-
BUMa y 3aa{HOM Jiely MopauKux IJIaHUHA UCTPaXKeH je crienududad o6JIMK MOPeHa, 110
cajja HeNo3HAaT Ha IPOCTOPY jyroucrouHux JluHapuza - Opexxyspkacre MopeHe. Ha
KPeUYrayKoj MO/JIO3N aKyMyJIHPaH je MODEHCKH MaTepHujayJl y KOMe Ce Hajia3u BHIIe
JleceTHHA HEMpaBWJIHO pacropeheHux Opexysbaka M CIUYaH Opoj KapJudyacTHX BpTaya.
Bpexxysbkacre MOpeHe HacTajle Cy Ha IPOCTOpPY IVIaI[HOKpaca Ha KojeM je y
TperJianujayiHoM nepuoay 6uia n06po pa3BujeHa kpaiika Mopdosoruja. IIperyanujaina
Kpamika Mopdosioryja ozpennsia je IpaBal KpeTama JIEAHUKA U HEroBe OCHOBHE
MopdoJIoIIKe KapakTepucTuke (nebspMHa u mupuHa). TOKOM HajcHakHUje dase
rnangjanje (MIS 12) w3 IeHTpajgHOr Jejla IUIAHWHE IIpeMa 3amajay MpyXao ce
JIykaBUYKO-TIyKOBCKH JIETHHUK Ha Ay:KUHHU o7 16,5 km. ¥V mpouecy Aeryanujanyje, ycien
HejeniHaKe Jle6/bUHe JIeHIKA, JOJIA3H [0 HEeroBOT IPEKU/Iamka U 0ZIBajama JomeT, Kpaher
Jlesa, oJ OCTaTKa JiefieHe Mace. YcJiesl CTAaTUYHOCTH OBOT JieJa JieleHe Mace JI0JIa3H JIo
crerudUUHOT aKyMyJIMpama MOPEHCKOI MaTepHjaja y BHAY OpojHHX Opekyspaka. Ilo
oTamamy JiefleHe Mace usMelly 6pexy/paka QopMmupaHe Cy Kapipdacre BpTave.
[Maseoreorpadcku 3Hauaj OPEKY/bKACTHX MOPEHA Oryie/ia ce y MOryhHOCTUMA AeTa/bHUJUX
Ipoy4yaBama CHenU(UIHOCTH IUIEHCTOIIEHCKUX JIEHUKA KOje IPOUCTHYY U3 HUXOBE
€BOJIyLIHje y IVIAIUOKPALIKIM YCIOBUMA.

K/byuHe peun: Opexys/pbKacTe MOpeHe, IUIEHCTOIIEHCKA IVIallfjanyja, IVIalnoKpac,
Mopauke mianuse, lipaa I'opa
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IIencToneHCKA IUTAHWHCKA TJIANUjalyja MpeMeT je HayYHUX HUCTPAKUBAMa Of] CAMUX
rmoyeTaka MpOydaBama TparoBa IVIall{jaljije BaH TPAaHUIA IUIAHWHCKOT IpocTopa AJma.
ITpBa masieorsIaruosIONIKa UCTPAKKUBakha Ha IpocTopy jyroucrounux dunapuzaa (LpHa
Topa) xpajem 19. Beka 3amoueo je Joan l[Bujuh (LIBujuh, 1897, 1899). IloueTkoMm 20.
BeKa H3HETO je MHUIUbEHEe O IOCTOjalby TAHKOT JIEAHHUYKOI ITOKpHBaya 3alafHO Off
Mopaukux IJIaHHHA Kao U IVIAllMjaTHUX 1ojaBa oko KameraHosor jesepa (Hassert, 1901).
VY neHTpasHOM IUTaHWHCKOM IpocTopy LipHe T'ope, koju obyxBata U Mopauke IIaHUHE
TOKOM IUUIEHCTOLIEHA [IOCTO0ja0 je TaHaK Jie[leH! IIOKPUBayY U Ouia cy pasBHjeHa /[Ba THIIA
JIe[IHUKA: KPAIIKU U IUjeMOHCKU. 113 neHTpasHor feja Mopaukux IUIaHWHA JIEAHUIN
Cy ce KpeTayii Ha ceBep npema jonuHu bujene u Tymiune, Ha jyr npemMa MpTBUIM U Ha
3anaz y npasiyy Huknmnhkor nospa. 3a miaHuHy JKypuMm cMmatpa ce /ia je mpe/icTaBsbaia
jemaH of HajBehux M HAjUHTEPECAHTHWjUX IUIEHCTOIEHCKUX IVIAMjaIHUX IIeHTapa Ha
Bankaruckom mosryoerpsy (IBujuh, 1913).

3a pasyuKy Off NPETXOJHHUX HCTPAKUBAMKa, KOja Cy HMaja OIIITH KapakTep,
JleTa/bHMja UCTPaKUBarha OBOT IIpocropa uaBpiino je I[Bujuher Hak, Ilerap Illo6ajuh
(Io6ajuh, 1926). YTBpaMO je ma cy ce ca mpocropa KypuMa cIyirTana JBa JIeTHHUKA.
JeaH JIeTHUK UIIA0 je IpeMa CeBepo3arajly Ka JoJuHu bujese. J[pyru JieTHUK KpeTao ce
mpeMa 3amajy, I7e ce JieleHa Maca paszBajajia y /Ba Kpaka. JefaH Kpak HIIao je [0
KpHoBa u Byuyja, a apyru g0 UBama, rae cy ¢popmupane cepuje mMopeHa. O HBUXOBO]
eb/bUHM TI0CTOje pasjMunMTa cxBaTama. l[BujuheBo cxBaraibe O Je6/PHHU MOPEHE Y
HWBamy oz 100 m (1Bujuh, 1914), KOPUTOBaHO je Ha AeO/HUHY O/ 20 70 30 M, IPH YEMY je
W3HeTa U heHa BUCHHa o7 1.180 m H.B. (Kayser, 1932). OBa 1e6/pbriHa MOpEHE MOTBpleHa
je u TokoM ciefehux ucrpaxkusama (Liedtke, 1962). OBuM ucTpakuBamUMa je yTBpheHo
Jla ce JIEAHUK KOju ce KpeTao ka VBamy Ha mpocropy Biala memao Ha /Ba JieAHUYKA
jesuka. Takolje je ykazaHo 1 Ha yTuIaj MopdoJIoruje Kpalike BUCOPAaBHYM Ha BHUCHHY 70
KOj€ Cy Ce CIIyIITaJIH JIEJHUIIH.

VY OKBUpPY KOMIIJIEKCHUX TeOJIOIIKIX HCTPAa’KUBArha IIUPET IIPOCTOPa KapTHPaH je U
TPUKA3aH MPOCTOPHU PAa3MeINTaj IJIalHjaHoT, (IIyBHOIJIAMjaJTHOT MaTepujajia |
mopena (Kamesuh u cap., 1973). YrBphuBame mpaBija KpeTama JIEAHHKA ca MOopauyKux
IUIaHUHA OWIO je TpeaMeT HapeAHUX HCTPaKUBarmba, a JOOWjeHH pe3yJiTaTH ce Y
3HA4YajHO] MepH IMoKjamajy ca pauuje npukazanuMm (Radoji¢ié, 1996). CaBpemena
HCTPAKHUBAha MAJIEOIVIANMATHIX KapAKTEPUCTHKA IEHTPAIHOT ILIAHWHCKOT IIPOCTOpa
IIpue T'ope BesaHa cy 3a yTBphuBame XpoHOJIOTrHje mianujaaHux (asa u mopdocrpa-
turpaduje (Hughes et al, 2011). AmcosyTHO JaTHparke CTAPOCTH CEKYHAApHOT
KapbOHATHOT IeMeHTa y IJIalMjaJITHOM MaTepujainy BpireHo je 232Th/238U meromom.
YrBpheHo je mocrojarme yeTupu rianujanue dase. IIpBa, HajcHAXKHUja TTanujaaHa dasa,
JlaTHpaHa je Ha BHUIIlE 0/ 350.000 rofiliHa, a KopeyucaHa je ca MIS 12 (OKBUPHO o7 mipe
470.000 70 TIpe 420.000 ToAnHA). 3a LeHTap ianujanvje Mopauykux IJIaHHHA y3UMa ce
npoctop u3Melly Besmkor XKyprma u Kaneranosor jesepa. Kapakrepucruka oBe dase je
TIOCTOjabe jeIMHCTBEHE JIETHUYKE Kalle KOja ce MPOCTHPAIA IPEKO YUTABOT IUTAHUHCKOT
npoctopa. JIpyry rianujansy ¢asy kapakTepulle pa3bujame jeZIHHCTBEHE JIEAHUIKE Kalle
U CTBapambe BUIIE JIEAHUKA KOju ¢y (opMUpaHU TOKOM ABe ofBojeHe (aze y mepuoay of
MIS 10 o MIS 6 (ox0 190.000 — 130.000 TOAWHA), aIu je KopenucaHa ca MIS 6. Tpeha
daza obyxsata MIS 5d — MIS 2 (~ 110.000 — 11.700 TOAWHA) Y KOjO] je Ha OBOM
IUIAHUHCKOM IIPOCTOPY PEKOHCTPYHCAHO 15 He3aBUCHUX JIEAHUKA. UeTBpTa U IOC/IEha
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mranyjaiHa $asa gatupaHa je Ha mepuoj Mialjer gpujaca, OKo 12.900 — 11.700 TOAMHA
(Hughes et al., 2011).

[IpuiviKOM aHaju3e yTHIdja TJIalMjaJIHOT TpOoIleca Ha €BOJIYIHjy I0/ba Y Kpacy
(Djurovi¢ & Djurovié¢, 2015), koja je obyxBaTuia u eo Mopaukux miaHuHa (JIyKaBHUKO-
JIYKOBCKH Kpac), YTBPeHO je Z1a je ZOLLIO A0 3acullama IoJba CeUMEHTHMAa Koje ce
onBujasio y naBe daze. 3acumame je H3BPIIEHO IPETPAHCIOPTOBAEEM MOPEHCKOT
MarepHjajia, a CTapoCT IIanMjaTHUX (a3a KOPECIOHANPA €A HAJHIKUM M HAjCTapUjUM
Mopenama Ha lypmuropy (MIS 12 ~ 470.000 — 420.000 TOANHA), OAHOCHO Ca MOpPeHaMa
y okosuuu JKabspaka (MIS 6 ~ 190.000 — 130.000 roauHa) (Hughes et al., 2011).
[Mocieama MaIeorIauoIIONIKAa UCTPAKUBAEbA OBOT MIPOCTOpa 00yXBaTajy PEKOHCTPYK-
nyjy ranvjanHux ¢asa samagHor gena Mopaukux 1ianuHa (Bypoeuh, 2020). Y
HajcTapujoj ¥ Hajjauoj (asu miarujanvje JIyKaBUIKO-JIYKOBCKH JIETHUK j& UMaO JIy>KUHY
orn 16,5 km u oBa daza mpunaga MIS 12. ¥ apyroj dasu (MIS 6) segHuk je 6uo ayr 9,5
km, mox je y tpehoj dasu (MIS 5d - 2) aykuHa JefHHUKAa peAyKOBaHa Ha 3,2 km.
Hajmaha rimanujansa dasa koja je yreplieHa Ha miupeM IJIAHUHCKOM IIPOCTOPY, HAa OBOM
HCTPAKUBAHOM IIPOCTOPY HIUje OCTABHJIA jacHe I0Ka3e mocrojama (hyposuh, 2020).

[IperxoAHMM HCTpasKWBamuMa yTBpljeHe cy cepuje MopeHa koje je JIykaBUYKO-
JIYKOBCKH JIETHUK (pOPMHUpAO TOKOM BuIlle IIarnujaaHux ¢aza. To cy Hajuemrhe yeoHe
mopene. OHe cy Haj6osbe MOP(OJIOIIKY OUyBaHE M IPECTAB/bAJIE CY OCHOB 3a yTBphuBa-
e obuMa TIJlanujaiiudje, Kao U 3a YTBpHUBaibe JIOWe CHEKHEe TpaHulie. JleTasbHHje
PEKOHCTPYKIMje TJIAIHjaIHAX HPWIKKA KOje Cy ce JlellaBaje Ha OBOM IIPOCTOPY CY
W30CTaJIe U3 PEeaTHUX PasJiora, jep OBe BpcTe MOpeHa He oMoryhaBajy /ieTajbHUje CTyArje
€BOJIyIIHje IUIEMCTOIEHCKUX JiefiHnKa. Mehyrum, mpoHasackoMm Gpexy/bKacTHX MOPeHa
Ha mpocropy yBate bianma orBopmie cy ce MOryhHOCTH JieTa/bHHjEr IIPOyYaBarba
€BOJIyIlHje, OHOCHO ¢a3a cTarHaIyje JIeJHUKAa TOKOM Hajjade ¢ase ruiargjanuje Koja je
3aXBaTHJIA OBAj IVIAHUHCKH IIPOCTOP.

IMTojam "GpeskysbKacTe MOpeHe" TIO3HAT je jOIIl ca oYeTKa 20. BeKa U 610 je Be3aH 3a
IalUjaTHU MaTepUjasl KOjU Cy aKyMyJIMPaJIM OZICEUEHH JIeJIOBH JienHuka (crajahu siem)
(Harker, 1901). TokoM BpeMeHa GpOjHH HCTpakuBauu AedUHHUCATH Cy OBaj IIOjaM.
BpexyspracTe MOpeHe Cy BeOMa HENpPABWIAH TEPEH CACTABJbEH Of BEJHMKOT Opoja
6pexxyspaka (xymku) (Sissons, 1974), Koju ¢y GopMHUpasu JIEIHUIM TPUIAKOM HUXOBOT
KOHAYHOT MOBJIaueka, a 6pojHa HUCTpaskKUBama Cy MOKa3aia Ja Ce TO JAEeCUJIO yV MEPUOAY
mtaher apujaca (Sissons, 1967; Hagen & Steerang, 1991; Ballantyne & Harris, 1994). OBaj
mojam feUHUIIIE ce U Ka0 MOpPeHe HACTaJIe TOKOM JlerIalijaldje JeJHUKA, T7Ie je YCIIe
Tonorpadpcke Gapujepe AOIUIO /[0 IHETOBOT IIpecellarba U OfiBajarba JIOEEr Jieyia Of
weropor usBopuinTa (Clapperton & Sugden, 1977). BpexxypkacTte MOpeHe Besyjy ce 3a
mpoctop absanuje, cactaB/beH of] crajaher Jiefja, Te ce BPIIU MPOIIEC Je3UHTErpaIyje
mopena (Clayton & Moran, 1974). Kao jeman ox mopena dopmupama OpesKy/bKaCTHX
MOpEHaA je /1a ca Ma[MHCKUX CTPaHa APOOHA J0CIIERA HA TOBPIINHY JIEJHUKA, TACUBHO Ce
TPaHCIIOPTYje, 6€3 CeAMMEHTOJIOMIKUX TPOMEHA U Ha KPajy JIEJHUKA, Y 30HHU HHErOBOT
HalpeloBala WM TOBIauerba, ce akymysaupa (Eyles, 1983, 1999). IbuxoB HacTaHak
Be3aH je 3a Op3M IpecTaHaK KpeTama JIEJHUKA KA0o MOCJIENUIle HATJIOT OTOI/baBakha
winMe (Johnson et al., 1995). Hauun yrpaljuBama 1po6uHe y JIEAHUK 3aBUCH OJ FbeTOBOT
TOIJIOTHOT PeKuMa. XJIQJHU JIE0 JIEAHUKA Hajas¥W Ce Ha JHY W HbUME JIEAHUK BPIIH
€po3Hjy, 0K ce TOILIU JIe0 Haltasu y ropweM neny (Hagen & Staerang, 1991). To moBoau
JI0 pazinuuTe Op3UHE KpeTama Jie[a y JEJHUKY [ITO U3a31Ba Y3Ay»KHE IIPUTHCKE, YMMe
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ce omoryhaBa yrpagma apobuHe y JegHuuky Macy. Hajsehu 6poj ucrpaxuBaua
MHUIIUbEba Cy a OpesKy/bKacTe MOpeHe HacTajy TOIUbEHeM cTajaher Jiefla mpu 4emy ce
BpILIN aKyMyJallMja cymparjiamndjaaHe apoOuHe (IMOBPLIIMHCKE) KOja ce OABHja IIOA,
YTHIIajeM COYHHIIE U TPABUTAI[MOHOT IPONa/iaka (KoJarmca), yuMe IpoOUHCKY MaTepyjast
3amobuja dopmy Opera winm xymre (Sharp, 1949). OBaj Tum MOpeHa A0 caja HUje
obpaljuBaH y JiuTepaTypu Be3aHOj 3a IUIEHCTOIEHCKY IJIAllUjaIHy MOP(OJIOTHjy IIaHIHA
Lpue I'ope.

Teorpadcku mosoxkaj

Mopauke IIaHHHE Hajlase ce y LEeHTPAJIHOM IUIaHHHCKOM mpoctopy LlpHe I'ope. One
MPeJICTaBJbajy CKYI BHUIIE IUIAHUHCKUX JiesioBa Me)ycoOGHO jacHO Mopdoomky usnude-
peHnuMpaHuX Ay0OKMM BayloBUMAa U jAosnHama. Of IUTAHWHCKUX JIeJIOBa W3/Bajajy ce
Jlona (2.032 m H.B.) u Bestuku 3ebenar (2.129 m H.B.) Ha ceBepy, Kana Mopauka (2.226
m H.B.) Yy lleHTpasioM feny, Croxkar (2.141 m H.B.) u MaraHuk (2.139 m H.B.) y jyKHOM U
jyroucrounom gneny u JKypum y 3amagHoM JAeny. [Jlanujanuja kKoja je 3axBaTmiia
MpOy4aBaHU IPOCTOpP Of[BHjasia ce ca mpocropa Kypuma, Te je OBaj IUIAHUHCKHU JI€0
Mopaukux maHuHa y Gpokycy ucrpakusama (Ci. 1).

3amasHuM mpocTopoM Mopaykux IDIaHWHA JOMHMHHpPA BHCOKA KpalllKa IIOBPII
(1.600 — 1.400 m H.B.). OHa ce mpyxka oj HoAHOXKja KypuMa Ha HCTOKYy IpeMa
HukmwrhkoMm mosby Ha 3amajy. Y CpeAnIIbEM JeJTy OBe IMOBPIIK Halasu ce yBaia biara.
ToxoM Hajjaue ¢ase rianujaiuyje MPeKo OBOT MPOCTOPA KpeTao ce JIyKaBUYKO-JIyKOBCKU
JenHUK. Y (a3u crarHanyje OH je Ha IPOCTOPY yBajle HATAJIOXKHO CEpPUjy MOpEHA.
CaBpemeHNM reoMOPQOIOMIKAM HCTPaXKUBabIMa YTBpYEHO je f[a jemaH /eo OBHUX
MOp€eHa MPUIIa/ia TPyu OpekyspKacTux MopeHa. KoopauHare yBasie cy: 42° 48' 18" u 42°
48'51" N1 19°03' 00" 1 19° 04' 02" E 11 1,230 m H.B.

Ca. 1. I'eoepagpcku nonodicaj yeane baaya

(JTezenda: 1 - < 1.000 m H.8., 2 - 1.000 — 1.500 M H.8., 3 - 1.500 — 2.000 M H.8.,
4 - >2.000 m H.8., 5 - noaoxcaj ysare baaya) (cmpana 28)

MeromoJioruja

IIpu pemaBamy npobsieMa reHe3e OpeKy/bKAaCTHX MOpeHa KopuiheHe Cy [Be rpyie
METO/Ia: TepEeHCKe U KabWHeTCKe. Y OKBUPY TEPEHCKHX METO/Ia U3/Bajajy ce: reoMopdo-
JIOIIKE, CEJUMEHTOJIOIKE, METO/Ie 32 PEKOHCTPYKIH]y OoOMMa M MHTEH3UTeTa TJIaluja-
nvje u ap. Kabunercke Metoze oOyxBaTHie Cy: JJAJbUHCKY JI€TEKIHjy, KapTorpadcke
MeTofe U C1. ['eoMOpGOJIOMIKMM TEPEHCKHM HCTPA)KHUBAKBHMa aHAIU3UPAHE CY
KBAaHTUTATHBHE M KBINTATHBHE KAPAKTEPUCTHKE, IPOCTOPHU U XPOHOJIOLIKU OZHOCU
obnuka pesbeda. YTBpleHe cy HHXOBE OCHOBHE METPUYKE BeJIUUMHE (Ay>KUHA, IIHPHHA,
OyOvHa W BUCHMHA), IPU YeMy Cy KOpHUIINeHH: MepHa TpakKa, JIACEPCKH Aa/bUHOMED,
BucuHOMeTap u pyuHu GPS ypehaj. HakoH nmpukyrpama KBAaHTUTATHBHUX IOAATAKa
TIPUCTYNIMJIO Ce TEeHETCKO] KiaacudUKanuju obimka pesbeda U H3ABAjaAly TI'€HETCKHX
THIIOBA.

MapumpyTHIUM OCMAaTpameM ofpel)eHH cy IPOCTOPHH OFHOCH AHAIM3UPAHUX
eneMeHaTa pesbeda kopuirhemeM Tornorpadckux kapra (1:25.000) 1 opTopOTO CHUMAaKA
(1:500). I'panune aKkymysIaTUBHUX TBOPEBHHA (IyIanujayHy, GIIyBHO-TJIANUjaTHU, KOJIY-
BHUjJIHH) yUpPTaBaHEe Cy HEINOCPEJZHO HA TEPEeHy Ha TOmOorpad)ckoj OCHOBU 1:25.000 U
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oprodoro cuumumma 1:500. Ilopeksio cegumeHnara yrBphuBaHO je Mopdocrparu-
rpadcKkoM aHAJIM30M 3aCHOBAaHOM Ha M3IJIeAy MOBPIITUHCKOT 006JIMKa KOjU OHU U3rpalyjy
(Frye et al., 1962), autosomkuM Kpurepujymom (Bowen, 1978), ka0 u MOpQOIUTO-
crpaturpadpckum (Hughes, 2007, 2010). Ha oTKpUBEeHUM IUIalMjaJIHUM aKyMyJianpjama
BplIeHa je sutocrpaturpadceka ananuza (Weerts & Westerhoff, 2007), kao u xomoreHnoct
IJIAIIjaTHOT MaTepujajia U HU30CTaHAK CJI0jeBUTOCTH y meMy (Résdnen et al., 2009).
Ananu3zupaHa je 3a0075€HOCT 3pHA aKyMYJIMPAHOT Marepujasia mpema Xabakosy (Matovié
i sar., 2019) U CTelmeH OYYBAHOCTH IPUMAapHe yriacre GpopMme IVIAlHjaTHOT MaTepHujaia
(Hanacek et al., 2011).

O6uM IUTEHCTOIEHCKe IIanujamnuje ofpehuBan je mpuMeHOM TreoMoOpdOIONIKUX
MeTozia KapTupama (Djurovi¢, 2009; Hughes et al., 2010; Zebre & Stepi$nik, 2014).
[IpunukoM u3pajie AeTa/bHUX TeoMOpP(QOJIOMKUX KapaTa NPUMEHeHU Cy NPUHIUIN
reomopdosomkor kaptupama (Markovi¢, 1983), U KaJbUHCKe AeTeKIMje aepo U OpPTO-
doro cuumaxka (Djurovi¢ & Menkovié, 2004).

TeomopdosIonIKe KAPDAKTEPUCTHKE

Buana mpezicrtassba KpaIiKy yBajay HempaBwIHOT obauka. Y mpasiyy NW-SE ayra je 1 km,
a 'y npasiy SW-NE 1,7 km u uma nospiuny 1,2 km2. Y NW ziesty oTBOpeHa je mpema mosby
UBame. Hajsehum ziesiom yBasie momuHupajy MopeHcke akymysaruje (Kamesuh u cap.,
1973). LleHTpasTHUM J1eJI0M yBaJIe IIPOTeXKe ce YCKO U IIJIUTKO KOPHUTO NMoToKa. Ha moueTky
yBaJjie IIOTOK UMa IIEPUOANYHU KapaKTep, a Ha KPajy MMOBPEMEHH, jep KPO3 0Baj JIE0 yBaJIe
MOBPIIMHCKH TOK BPJIO DETKO Teue. Y CEBEpHOM Jielly Hala3u ce HEKOJHUKO CYBHX,
IUINTKUX Koputa. Kpo3 oBa kopuTa mnepuogudyHo ce GOpPMHUpPAjy IMOTOIU KOjU yOpP30
MOHHUPY. Y jy’KHOM JieJly yBaJie je mpoctop ca Behum GpojeM HempaBUIHO pacrmopeleHux
Bpraua paznnuute Beaudune (Ci. 2). 3ajeTHIUYKA KAPAKTEPUCTUKA OBUX BpTaya je Ja Cy
cBe usrpalere y mopeHckoM Marepujaiy. To cy IIMpPOKe IUINTKE BPTaye KapjIA4acToOr
obnrka ca 3apaBmeHUM AHOM. CTpaHe Bpraua uarpaljeHe cy oz MCIPAHOT IJIANHjATHOT
MaTepujaja TIe JTOMUHHUPAjy KpeUhauyKu OOyl BEJTUYHUHE O]] HEKOJIUKO IIEHTHMeTapa
JIO HEKOJIMKO JIEIUMETAPa, a CIIOPAJUYHO Ce TI0jaBJbYjy B OJIOKOBH METAPCKUX IUMEH3H]ja.
N3meljy obsiyraka u GJIOKOBa CIIOPafIMYHO je pa3BHjeHAa OCKy[HA TpaBHA BereTalwja.
Crpane BpTaua cy Hajuenrhe Haru6a ox 15° A0 20°, a U3HAJ [HA Ce U3AMKY HEKOJIHKO
MeTapa. 3apaBieHa JIHA BpTaya cacTaBJbeHa Cy Off CUTHUX KapOOHATHUX (paKIiuja Koje
Cy cmpaHe ca CTpaHa BpPTada U Koje cy 3axBalieHe Ie[oreHeTCKUM mpoiecoM. JlebpruHa
dopmupanor 3emspurrra kpehe ce oz 10 7o 30 cm. Ha ocHOBY netasbHe reoMopdostoke
aHaM3e W aHaIn3e eBOoJyIuje JIyKaBUYKO-JIyKOBCKOT JIEMHWKA YTBPHEHO je ma je
MOPEHCKHM MaTepHjajl akKyMyJIMpaH y BUAY Opeky/bkacTux mMopeHa. OBe GpekysbKacre
MOpEHe, Koje ce Hajiaze y jy»KHOM Jiesty yBajie Biana, ca 3amajzia OKpy»Kyje BHUIIH rpebeH
uBuYHe MopeHe [loOmsbe, a ca jyra Buinu rpebeH nBuuHe MopeHe KoOusbe riiaBe. OGe
WBHYHE MOpEHE Ha jyrosamajy ce cliajajy y Ye0Hy MOPeHy 3aTBapajyhu jy»KHU 710 yBaje
buana.
Ca. 2. 'eomopgonowxa xapma ysane baaya
(VTezenoa: 1 - 7 8ucuHcke 30He, 8 - HeoHe U UBUHHe MODeHe, 9 - NPasay Kpemara nedHuKa, 10 -

epmaue uzmely 6pesicybracmix MopeHa, 11 - NOHOP, 12 - NepuoOUHHU MOK, 13 - NO8PeMeHU MOK,
14 - apean npocmupara bpexcyvracmux mopena) (cmpaa 30)
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Pe3ysTaTi U1 AUCKycHja

leHe3a O6peky/bKacTUX MOpeHa y yBaiu biania y TeCcHOj je Be3W ca eBOJIYI[HjOM
JIyKaBUYKO-JIYKOBCKOT JieAHWKAa. OBaj JiegHUK (OpMHUpao ce y IEeHTPaIHOM ey
Mopaukux IJIaHUHA ¥ KPETao ce ca mpocropa Besukor u Masior JKyprMa npema 3amnazy
ka nospy Bame (Ci1. 3A).

Ha ocHOBY ouyBaHUX YEOHHX MOpPEHA U IJIAIUjaTHUX 00JIMKA YTBPLEHO je mocTojame
Tpu mIanujaiHe ¢ase y pa3Bojy OBOT JIeHUKA. Y 3amagHoM Jiey Mopadykux IUIaHHHA
HajcTapuja W HAajHIDKA YeoHAa MopeHa ¢opMHpaHAa je Ha 1.120 M H.B., H HaJa3u Ce
ceBepo3zanajHo o7, biama, Ha mpocTopy nosba MBame. OHa je Ouiia npeaMeT HajpaHUjUX
reomopdosomnkux ucrpakubama ([llobajuh, 1926; Liedtke, 1962). YiopeaHom aHaIn30M
ca HAQJHIDKUM U HajeTapUjUM MOpeHaMa LIeHTPaIHOT ITaHuHCKor mpocTtopa Lipue T'ope,
3a Koje cy YTBpeHe amlcoJIiyTHe CTapOCTH METOOM YPaHHjyMOBHX CepHja pacraziarmba
(Hughes et al., 2011), crapoct oBe MopeHe MOxXe ce Be3atu 3a mepuoxa MIS 12. ITporec
MOBJIaYEeHa JIEJHHUKA HUje ce O/IBHjao Op30 M jeMHOKpATHO, Beh ce cTarHamuja Jemasajia
MoCTeNneHo, y okBupy kpahux dasa u3 kojux ¢y y pesbedy dbopmupane Behe win marme
aKyMyJIallFje MOPEHCKOT MaTepHjajia Pa3IMIuTe BeJIMUMHE U 00auKa. O/ MAaKCUMAJTHOT
cTagujyMa, Kaja je Ay:KuHa JieMHWKa U3HOCWIA 16,5 km, J0IUIo je /10 KpaTKoTpajHe
crabwinsalyje IoBJIavYerha, Ka/ia je Ha MPOCTOpy jy»KHOT Jieyia yBasie biana ¢gpopmupana
yeoHa MopeHa Ilo6upe - Kobusba ri1aBa, ca Ay:KMHOM JIeJHUKA Of 14,5 km. ITocie oBe
KpaTKOTpajHe cTabuau3andje J10J1a3u /10 HOBOT IIOBJIauera JieAHUKA. OBO IMOBJIAYEHE
OmI0 je MasOr MHTEH3WUTETa, a JIEAHUK Ce 3aBpIIaBao Ha MPOCTOpy AHA yBase Biama.
Venen npasper oromsbaBamka HacTaB/ba Ce IIPOIEC CTarHalyje JIeAHUKA, IPU YeMy
MPETXOHO ZI00pO pa3BHjeHa U ouyBaHa Kpalika MopdoJioruja y 3HaTHOj MepH oapelhyje
0Baj IIPOIIEC.

Ca. 3. Y30yscHu npogun Jlykasurxo-aykosckoe nredHuka (A),
gopmuparse cmajahee neda (B), cmeapare bpexcysracmux mopera (C);

(VIecenoa: 1 — nedHuk, 2 — MOpeHCKU mamepujan, 3 — kapboHamua nodnoza,
4 — npasay kpemarea nedHuxa) (cmpama 31)

On mpocropa dbopmupara JIykaBHUKO-JIyKOBCKOT JIEAHUKA, Ha 10 yBase Biama y
mperJianyjaHoM nepuoay dopMupaHa je cepuja yBaia. dopmupaHe Cy y BHCOKO]j
KpAIIIKOj OBPIIH IIPH YEMY CY ¥ CABPEMEHOM pebedy OuyBaHU HeHH 000IHH /IEJIOBU Kao
u kKpahum cermentu wusMelly yBanma. OBakBa Mopdosoiika Mpeaucnosunyja (cepuja
JIMHEApHO YCeYeHUX yBajla Ha KpaIllKoj IOBPIIKM) y TMOTIYHOCTH je OJpeausa
MOpPdOJIOIIKe KapaKTEPUCTUKE JIEAHUKA. 300T BeJIMKe IIUPUHE TOBPIIH, JieJleHa Maca ce
MIUPOKO Pa3IuBaja, IITO je OJPeUIo IheHy pPesIaTUBHO Masio nebsbuny. C Apyre cTpaHe
TIpeJTUBaIbE JieJleHe Mace U3 je[iHe yBaje y Apyry oapehyje HejemHaky nebO/pUHY JeeHe
mace. Ha mpocropy yBasa nebspbrHa JieHUKA je 3HAaTHO Beha Hero Ha nperubuma usmel)y
wux (Cn. 3B). I3 HaBeZeHUX pasjiora y Mepuojy MOBJIadyerma JIEAHUKA, Kafa je OH
Jonupao o yBasie Biana, 36or mase febpuHe JIeTHUKA Ha IPOCTOPY mperuba usmely
OBe yBajie W BuIlle yBaje KOICKO, /10J1a3Ud IO TpPeKuAarba jeIMHCTBEHOT JIETHHUKA.
V3BogHO o1 ueoHe MopeHe Ilo6upe — Kobusba IyiaBa, HacTaje y MpeTXoAHoj dasu
CTarHaiyje JeAHNKA, er3UCTUPA OTKUHYTH /€0 JIYKaBUUYKO-JIYKOBCKOT JIETHUKA V BUAY
ctajaher sema. [lom oBUM mOjMOM TOZ[pa3yMeBa Ce OTKHHYTH JI€0 JIEAHUKA KOjU Ce He
kpehe, Beh je cratnuan. [IpecTaHKOM KpeTama JieTHUKA y TIOTIYHOCTH je N3MeheH HaunH
aKyMyJIMpamba MOPEHCKOT MaTepujasia, Te U30CTajy yobuuajeHrn MOPGOJIOIIKN eIeMEHTH
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y BHJIy Y€OHUX U UBUYHUX MOpeHa. JlajbuM oranameM crajaher jsiena Ha mpocropy Biara
JIOIIUIO je [0 aKyMyJjaupama apoOWHe KoOja ce Haja3Wwia Ha HEroBoj IMOBPIIHMHU
(cymparmanujainaa apobuna) (Ci. 3C). CouyHHIIa KPaTKOTPAjHO BEPTUKAIIHO TPAHCIIOPTYje
MOBPIIMHCKY APOOWHY, aKyMyJIupa je, a MOTIYHUM OTAallalbeM JIeJHUKA IO/ YTHIajeM
TPaBUTAIIMOHOT TPOMaZialba APOOHUHCKH MaTepHjajl Ha KPEeumhauyKoj OCHOBH 3azo0uja
dopmy 6pera wiu xymke (Ci. 4).

Ca. 4. Yeana Baaya (M3eop: Aymop) (noeaedamu nezendy Ca. 2) (cmpana 32)

Ha mapunama Gpexysbaka (XyMKH) Ha MpOCTOpy yBaje biara szamounibe mpoliec
cIMparma HAjCHTHUjUX YEeCTUIla MOPEHCKOT MarepHjajia o/ KOjux cy cacraB/beHU. OBaj
MaTepujas TOCTENIEHO 3acuilia W 3apaBibyje MelyOpesky/bKacTe MpPOCTOpE, MOK
kapboHaTHa mojtora omoryhapa Zia Boia KOja ce CIMBa HACTaB/ha MOI3€MHO KPETAIbe.
360r Mamer WHTEH3UTETa HapeaHe IanujasHe ¢ase, mpocrop yBase bmana u
OpeKy/bKacTHX MOpPEHAa y 0] je BaH yTHIdja IVIAIIMjaJTHOT IIPOIeca, a IMPETXOIHO
OIIMCaHU IIponecC HaCTaBJ/ba Ce BehI/IM WJIU MalbMM MHTE€H3UTETOM A0 AaHacC.

Bes ob3upa Ha Beoma Ayr W WHTEH3WBAH IEPUOJ| MPOydaBamba ILIEHCTOIIEHCKE
mlanyjanyje Ha IpocTopy JMHapuja, OpeXky/bKacTe MOPEHEe Cy TeK y IOCHEEbHX
HEKOJIMKO TOAMHA WAeHTH(UKOBAHE M TIIOCTaje IIpeJMeT HCTpakuBama. IIpBa
HCTpaKMBarba OpEeXy/bKaCTMX MOpPEHa CpeAMINIber jeia JluHapuza BpIIeHa Cy
MPUINKOM yTBphHBamba cTapocTd MopeHa bBimaumbckor mosba (BocHa u Xeprerosusa)
(Ciner et al., 2019). 3a 6peky/bKe, cacTaB/beHe Of MOPEHCKOT MaTepHjajia, KOHCTATOBAaHO
je a cy HacTayJM MPHUJINKOM CTarHallyje JIeHWKA W HeroBOr NMpeKKa U pasfBajama Ha
nBa zena. JlomH, of[BojeHH 7ieo, TpaHcopMucaH je y crajahu sien. Tombere 0BOT Jiega
Y3POKOBAJIO je JIOKAJHU TPAHCIIOPT CymparjialdjajaHe ApoOuHe, HheHe aKyMmyJaluje U
dopmupama 6pexysbaka. CTapocT Opexy/bKacTUX MOpP€eHa JaThpaHa je kocMmorenuM 36CI1
¥ yTBpljeHa cTapocT je of 22.700 + 3.800 roguHa. Moxe ce KOpeJIUucaTH ca MOCIeqbIM
rnanujarauM makcumymoM (LGM) (Ciner et al., 2019).

Y OKBUpPY HCTpa)KHMBamka YTHIAja IJIAIIMjaJTHOT IpOIleca HA 3acUIlalkbe Kpaca y
3amagHoM Jeny Mopaukux 1iaHuHa (JIyKaBUYKO-JIYKOBCKM Kpac) NPBH IyT ce
aHAIM3UPajy OpexysbKacTe MopeHe y jyrouctounom aeny Junapuzaa (Ipua T'opa). Ipu
TOMe aHAJIU3UpPajy Ce IUXOBE OCHOBHEe MOPGOMETPHUjCKE KapaKTEPUCTHKE, YCJIOBU
HacTaHKa U reHe3a. KoHcratyje ce ma ce oHe dbopmupajy y crajahem jeny y ycaoBuma
TIOBJIaveha JiefHNKa. Ha OCHOBY IPETXO/IHO YTBpl)eHe CTapOCTH HajcTapuje TJIalfjasiHe
daze BUXO0BO opMUpabe Bedyje ce 3a mepuoa MIS 12 (Byposuh, 2020).

V¥ nenrtpanuum Taypumnuma (Typcka), koju ¢y oko 50 km ceBepHo of Cpezio3eMHOT
MOpa, Ha 2.000 [0 2.050 M H.B. YTBpheHO je mocTojame 26 Opelky/baka MOPEHCKOT
MarepHjana. Fbuxosa crapoct je matupana xocmoreHuM 36Cl u yTBpheHO je ma cy oBe
OpexyspKacTe MopeHe (opMUpaHe TOKOM Hajjaue IyianujajiHe daze ¢ Kpaja MOCJIeHET
rnanujasHor Makcumyma (LGM) (18.000 + 4.000 roguna) (Ciner et al.,, 2014). ¥
jyrozanaguom geny IllBencke Opelky/bKacTe MOpPEHE Be3aHe Cy 3a KacHU IEPHOJ,
Jeryanujanuje. YTBpheHO je Aa cy OpexyspbkacTe MopeHe dopmupane y crajahem
("mpTtBOM" nemy). Yeien Tomwbema crajaher Jiema mosia3u 10 WHBep3uje pesbeda.
OramameM Jie[la U3IUTHYTH JIEJIOBH Ce CIYIITajy U MocTajy MelyOpeKys/pKacT mpocTop, a
aKyMyJIaIijoM MOPEHCKOT MaTepujaia U3IKy ce 6pexkyspbkacte MmopeHe (Gunnar, 2008).

Ha OCHOBY H3BpPHICHHUX U IIpUKa3a paHHje HU3BPHICHUX HCTPpa*KHBakbd, HAaCTaHAK
6pe)Ky.TbKaCTI/IX MOp€Ha Besyje C€ 3a IIepuoJ; OoTolbaBama U CTaFHaHHje JIEJHUKaA. y
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yCJI0BUMa HejeZiHaKe 1e0/bHHE JIETHIKA HAjHKY /IeJIOBH JIEAHUKA Ce 0/1Bajajy Of IJIaBHe
JieieHe Mace ynMe ce ¢popmupa crajahu jez. OtamnameM OBOT JieJla MOPEHCKH MaTepujast
ce akyMysaHpa y BUAY Opexysbaka. Y yCJIOBUMAa Kpallke CpelIWHE IIPOCTOpU usMely
6perxysbaka y MOCTIJIALM]AJTHOM Ieproay (caBpeMeHOM) TpaHC(HOPMHUIILY ce Y KapJyimdac-
Te BpTaye.

3axspyuak

ITpBa onucaHa U UCTpakeHa I10jaBa OPeKY/PKACTUX MOPEHA Ha MIPOCTOPY jyTOMCTOUHUX
Juuapuna (IIpHa Topa) orBapa HOBY MOryhHOCT aHajdu3e AUHAMHKE W KapakTepa
IJIENCTOIIEHCKUX JIEIHUKA, KOje TOCA/allllbM aHaJIN3aMa YeOHHX W MBHYHUX MOpeHa
Hyuje 6uno moryhe. BpexysbkacTe MOpeHe Ha 3amaJHOM IpocTopy MoOpaukux IUTaHWHA
I0Ka3yjy KOJIUKO je OMO BEJIMKH YTHIQ] Kpaca Ha Pa3BOj IJIEUCTOLIEHCKUX JIEJTHUKA, a
1moceOHO Ha BUXOBY €BOJIYIHU)Y V (pa3u cTarHaiuje.

© 2020 Serbian Geographical Society, Belgrade, Serbia.

This article is an open access article distributed under the terms and conditions of
the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Serbia
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