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O®OCWIIEH T'JTAIUJAJIEH PEJIJE® U IIEPUT'JIALTUJAJTHU TTIOJABHU
HA OCOI'OBCKHUOT IINMIAHUHCKHN MACHUB

Usuia MUJIEBCKU

U3BOA

Bo 0Boj Tpyn ce npe3eHTHpaHW HajHOBUTE CO3HAHH]a 3a TIANMjaTHATE W TEePHIJIa-
[IjaJTHATE T0jaBU KOM ce yTBpAeHU Ha OCOTOBCKHOT TUTaHMHCKH MacuB (Pyen, 2252 m), Hax
1700 m u.B. OcoOeHO BHUMaHWE € MOCBETCHO HAa HAJBHCOKHTE JEJIOBH Ha MaKeIOHCKATa
CTpaHa OJ] MacHBOT, KaJie C€ YTBPJACHH WHTEpeCHH (DOCHIIHU M PELICHTHHU IEePHTIIALNjaTHH
[I0jaBU: HUBAIMOHH I[UPKOBH, HUBAIIMOHH HUILU, COMU(PIYKIIHOHH ja3HIU U JP.

Kayunu 300poBu: riencToneHa rianyjanyja, IMPKOBY, NepUIJIaLHjalyja
FOSSIL GLACIAL LANDFORMS AND PERIGLACIAL PHENOMENA
ON THE OSOGOVO MOUNTAIN MASSIF
Ivica MILEVSKI'
ABSTRACT

In this paper the latest research on glacial and periglacial landforms is presented,
noted on the Osogovo mountain massif (Ruen 2252 m), above 1700 m altitude. Significant
attention is given to the highest part of the mountain where there are recognised interesting

fossil and recent periglacial phenomena: nivation cirques, solifluction tongues, etc.

Key words: glaciation, cirques, periglaciation, solifluction

BOBE/ INTRODUCTION

OCOTOBCKMOT MacHWB TIpPETCTa- The Osogovo mountain massif
ByBa MapKaHTHa IIIaHMHCKa Mop¢o-  is a large mountain structure which ex-
CTPYKTypa Koja TJlaBHO ce mpotera Bo  tends in the north-east part of the Re-
CeBEpPOMCTOUHHOT el Ha PemyGmuka  public of Macedonia (1102.2 km?) and
Maxenonuja (1102,2 km?), a co momana  the southwest part of the Republic of
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MOBpPIIMHA MPOJIOKYBa Ha TEPUTOPH-
jara Ha PenyOnuka Byrapuja (433,3
km?). HajBucok BpB e Pye co HaaMop-
cka BucourHa o 2252 m. [Tokpaj Hero,
ymre 9 BpBa ce moBucoku ox 2000 m:
Man Pyen (2206 m), LlapeB Bps (2085
m), Yoseka (2047 m), Kanun Kamen
(2043 m), Coxkox (2038 m) u mp. Cro-
pexn Toa, OCOroBCKHOT MacHB € Hajroje-
Ma ¥ HajBUCOKA TUIAHWHA BO MCTOYHHOT
nen Ha PenyOnuka Makenonuja u 9-ta

110 BUCOYMHA BO AprKaBaTta.
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Bulgaria (433.3 km?). The highest peak
is Ruen which is located at an altitude
of 2252 m. Besides this peak, there are
nine more peaks higher than 2000 m:
mal Ruen (2206 m), Carev Vrv (2085
m), Choveka (2047 m), Kalin Kamen
(2043 m), Sokol (2038 m), and so on.
Accordingly, the Osogovo mountain
massif represents the largest and the
highest mountain in the east part of the
Republic of Macedonia and 9-th moun-
tain in the country.

i
vanit S5 T

L .
I.ur:-n W

o i 0 a
g e & P L s
5:%‘*'”3} 'fljl‘ifr*
! A

(h%

Crnuxka 1. I'eorpadceka monox6a Ha OCOrOBCKHOT MacHB M Ha BUCOKOIUTAHMHCKATa 00J1acT cO
TIePUTJIAIIH] aJTHH T10jaBU
Figure 1. Geographical location of the Osogovo massif and of the high-mountain area with
periglatial phenomena

On BKymHaTta NOBpUIMHA Ha
wianuHara, 7,08 km® nexar wag 2000
m H.B. 1 Toa: 1,15 km® oxomy Ilapes
Bps, 5,62 km® oxomny BpsoT Pyen u 0,31
km® Ha ucTok kaj BpsoT Yoseka (2047
m). MMajku ja BO mpeaBuj rojemara
BUcOYMHA Ha OCOTOBCKHMOT MAacHB, JIO-
THYHO € J1a Ce OUeKyBa Toj Ja oun 3ada-
TEH CO TJALMjaJHU MPOLECH KOM OCTa-
BUJIC OJIpEelIeHHU Tpard Bo peijedor. Io-
paHELIHUTE HCTPaKyBama OCOOCHO Ha

Out of the total space of the
mountain, 7.08 km? lie above 2000 m
altitude, including: 1.15 km® around
Carev Vrv, 5.62 km® around the peak
Ruen and 0.31 km’ to east at the peak
Choveka (2047 m). Taking into consi-
deration the big height of the Osogovo
mountain massif, it is logical to expect
that it experienced glacial processes
that led certain traces in the relief. The
former investigations, especially of the
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MaKeJIOHCKHOT JeJ Ha MacHBOT, HE TO
MOTBpAMIIE HHUTY TO JEMaHTHpalle Toa
(Konzes, 1960; ManakoBuk AHJIOHOB-
ckn, 1979; Manakosuk, 1980). Ha Oy-
rapckara CTpaHa OJf MacHBOT, JIumueH-
oepr u Ilomos (1966) ykaxyBaar Ha
MOCTOCH¢ Ha IUPKHO-JOJUHCKA TJIAIlH-
jammja. OBUE KOHCTATallUH TTOJOIHA CE
HajgononHeTn o Bemues et al. (1994) u
Bemues (1995) co ananmu3uTe Ha MOpEH-
CKHOT MaTepujal BO [ONIMHATa Ha pP.
buctpuna.

Bo ocranarara koHcynTHpaHa
JTUTepaTypa, He ce cpekaBaaT APYTH I0-
JIaToIy 3a penjeHu Tparu oJ1 IMICHCTO-
neHaTa rianujanuja Ha (OCOTOBCKHOT
Macus. Moxebu Toa € mopaau Onu3u-
HaTa W 3acTalieHOCTa Ha TUIHWYEH Tia-
HyjajeH penjed Ha COCETHHTE TMOBUCO-
KM I1aHuHU Puna u [upus.

[lepurianujanauor pemjed Ha
OCOroBCKHOT MacHB MCTO Taka € ciabo
uctpaxyBaH. EnunctBeHo JlunuenOepr
u [lonoB (1966) cnomenyBaatr mocToe-
€ Ha JABHHCKH KOPUAOPH W TIEepHUria-
IUjaTHA KaMeHHW TpOoMau Ha Oyrapcka-
Ta CTpaHa, UCTOYHO O] BpBOT PyeH, He
NaBajKu TIOJETATHHM ITOJATOIM 34 HUB.
Benues et al. (1994) ru momosHyBaat
MPETXOHUTE aBTOPU U CIIOMEHYBaaT
110jaBa Ha KaMEHU PEKH, CHITAPCKH ja3u-
II1 ¥ TPEBHU TE€PACH OKOJYy BPBOT PyeH.

OOCUJIEH I'NTALIMJAJIEH PEJIJED
HA OCOI'OBCKHMOT MACHB

On pacnojoXINBaTa JIMTepary-
pa ce 3abenexxyBa JeKa UCTPaKyBadUTE
TJIABHO JIaBaaT Pa3IMYHU MUCICHA BO
OJTHOC Ha TIOCTOCHETO Ha Tpard o Tiia-
nujameH penjed Ha OCOTOBCKHOT Ma-
cuB. 3aroa ce BPIICHU COICTBEHU HC-

Macedonian part of the massif, neither
confirmed nor denied that (Kondev,
1960; Manakovic, Andonovski, 1979;
Manakovic, 1980). Lillienberg and Po-
pov (1966) point out the existence of
cirque-valley glaciation at the Bulga-
rian side of the massif. These stateme-
nts were complemented later by Vel-
chev et al. (1994) and Velchev (1995)
with the analyses of the moraine mate-
rial at the valley of the Bistrica River.

In the rest of the consulted
literature, there is not a mention of
other data about relief remnants of the
pleistocenic glaciation of the Osogovo
mountain massif. Perhaps that is due to
the proximity and representation of a
typical glacial relief of the higher nei-
ghbouring mountains Rila and Pirin.

The periglacial relief of the
Osogovo mountain massif is also insu-
fficiently researched. Lillienberg and
Popov (1966) are the only one who
mentions the existence of the avalan-
che corridors and periglacial stone
heaps at the Bulgarian side, east of the
peak Ruen, without giving any further
information about them. Velchev et al.
(1994) complement the previous auth-
ors and mention the appearance of sto-
ne rivers, thalus tongues and grass terr-
aces around the peak Ruen.

FOSSIL GLACIAL RELIEF AT THE
OSOGOVO MOUNTAIN RANGE

The available literature notes
that the researchers mainly give diffe-
rent opinions about the existence of
glacial relief remnants at the Osogovo
mountain range. For these reasons,
individual research have been carried
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TpakyBamba BO KOHM HAjrOJIeMO BHUMa-
HUE € IOCBETEHO Ha penjedoT OKOIy
Pyen (2252 m) xane 5,62 km® nexar
Hax 2000 m =1.B. 1 LlapeB Bps (2085 m),
Kaje Haj Taa Bucounna ce 1,15 km®.
HajBucoxoto nmoapadje Ha Oco-
TOBCKHOT MacHWB OKONy BpBOT PyeH, ce
Haora Ha camaTa Jp’KaBHa TpaHHIA I10-
Mmery Maxkenonuja u Byrapuja. On co-
qyBaHHUTE TPard BO peljedoT Mmpousiie-
ryBa JieKa MPOCTOPOT CEBEPHO U CeBe-
pOMCTOYHO OX BpBOT Pyen (Ha Oyrap-
cKaTa cTpaHa), Oun 3adaTeH co ruienc-
TOIleHa Tanyjanuja. Toa ce MITUTKA IH-
PKOBH, KPaTKH BaJlOBH W MOPEHH, KOU
Ce jaByBaaT BO HM3BOpHINHATA YEJICHKA
Ha pekaTa buctpuria, Ha HaIMOpCKa BU-
counnHa Hax 1700 m. OBae MoXar fa ce
M3IBOjaT 3 MWpKa, HAPEACHH CIeH N0
JIpyr BO HamopemHudku mpaser. On
HUB, Haj700pO € U3pa3eH IUPKOT CeBep-
HO on BpBoT Pyen (UTM34 625389,
4668818). OBOj TUIMTKO BCEYEH LUPK
“Ma TMONYKpyxHa (opMa, CO MPEYHUK
ox okoxy 500-600 m u cobupHa MOBp-
muHa on 0,8 km’. Pamkara Ha LHUPKOT
ce Haora Ha 2150-2252 m H.B., a moj-
HOxjeTo Ha 2020 m H.B. 1 Ojlaro ¢ Hak-
JIOHETO KOH ceBep. THUIMHIHO 3apaMHETO
JHO W IMPKOB IMpar OTCyCTBYBaaT, a
MIPUYUHH 3a TOA C€ MajlaTa MOKHOCT Ha
CHE)XKHO-MPa3HUTE MacH KOM Ce HaTpy-
MMyBaJie BO IUPKOT, HUBHUOT clab epo-
3uBeH e(eKT U epOAMOMITHHOT T'eOJIOMI-
KH COCTaB Ha OBOj JeNI OJl TEepPEeHOT.
CtpaHuTe Ha UUPKOT ce€ CTPMHH, 0co0e-
HO Ha 3amaj KoH PyeHckoTo Ouio, kaae
JEIYyMHO C€ BCEUEHH BO TPAHUTOWIHU
kapru (cia. 2). Ox MUPKOT KOH CeBeP, 10
nonuHara Ha ['maBHa Peka (1eBHOT W3-
BOpHIIeH Kpak Ha bucrpuna), mpomo:-
JKyBaJI KpaTOK JICTHUYIKU ja3WK KOj Ce
CHYIITaNl JO HaJMOpPCKAa BHCOYMHA O]

out that draw the attention to the relief
around Ruen (2252 m) where 5.62 km®
lie above 2000 m altitude, and Carev
Vrv or Sultan tepe (2085 m) where
1.15 km’ lie above that altitude.

The highest region of the Oso-
govo mountain range is located at the
very state border between Macedonia
and Bulgaria. The preserved remnants
in the relief show that that part north
and northeast of the peak Ruen (at the
Bulgarian side) experienced a Pleisto-
cene glaciation. These are shallow cir-
ques, short glacial valleys and morai-
nes which appear at the source head-
gear of the Bistrica River at an altitude
over 1700 m. Three cirques can be dis-
tinguished here, arranged next to each
other in a parallel direction. Out of the-
se cirques, the one north of the peak
Ruen is the most expressed (UTM34
625389, 4668818). This shallowly cut
cirque has a semi-circle form with a
diameter of about 500-600 m and a
collective surface of 0.8 km®. The rim
of the cirque is located at 2150-2252 m
altitude, and the foothill at 2020 m,
and it is mildly inclined towards north.
A typically levelled bottom and a cir-
que threshold are absent, and the rea-
sons about that are the small power of
the snowy-icy masses which have
accumulated in the cirque, their weak
erosive effect and the erodible geologi-
cal composition in this part of the te-
rrain. The sides of the cirque are steep,
especially towards north to the Ruen
ridge where there are partly incised
into granite rocks (Fig. 2). A short gla-
cier tongue continued from the cirque
to north along the valley of the Glavna
River (the left source branch of the
Bistrica River), and it lowered down to
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1670 m. ITomefy 1850 u 1670 m H.B.
JICTHUYKHOT ja3UK U3TPAIHIT BAJIOB JOJIT
okomy 1,5 km, Bo koj ce couyBaHu 2
MOpeHH: ToHrckara Ha 1670 m, a moBH-
cokara Ha 1850 m (JIunuenbepr u Ilo-
moB, 1966; Bemues et al., 1994).

an altitude of 1670 m. The glacier ton-
gue built a U-shaped valley long about
1.5 km between an altitude of 1850 m
and 1670 m where two morains have
been kept: the lower one at 1670 m,
and the higher one at 1850 m

(Lillienberg and Popov, 1966; Velchev
et al. 1994).

Crmka 2. ['mammjanen nupk ceBepHo o BpBoT Pyen, Ha 2020 m H.B.
Figure 2. Glacial cirque north of Ruen peak, on 2020 m a.s.1.

Bropuor mupk € Ha UCTOK H
MaJIKy oHUCKO of mperxoganoT (UTM
34 626534, 4669298). Ima ceepHa 10
ceBepo3anagHa ekcrnosunuja. Hajeuco-
KHOT Jien (paMKa) Ha OBOj IUPK € Ha
2100-2200 m, a HaBEJHATOTO TOIHOXK]E
(6e3 Tunmuen mpar) ¢ Ha 1900 m H.B.
[Ipeunukor Ha nupkoT u3Hecysa 400-
500 m, a coOupHaTa MOBPIIIMHA € OKOIY

The second cirque is towards
east and a bit lower than the previous
one (UTM34 626534, 4669298). It has
a north to northwest exposition. The
highest part (rim) of this cirque is at
2100-2200 m, and the steep down foot-
hill (with no typical threshold) is loca-
ted at an altitude of 1900 m. The dia-
meter of the cirque is estimated at 400-
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0,5 km®. CTpaHHTE HE Ce MHOTY CTPMHH
M BCEUEHH C€ TJIABHO BO KPHCTAJECTH
Kapnu. JIeHWYKHOT ja3uK MPOAOIIKY-
BaJl Ha CEeBep OF IHUPKOT, MO JecHaTa
nputoka Ha ['maBHa Peka u ce crymiran
1o 1700 m uH.B. McTHOT M3rpagwn man
BanoB nomery 1800 u 1700 m H.B, co
nomwkuHa ox 1 km u MopeHcku mare-
pujan Bo Hero (JlumuenGepr u Ilomos,
1966).

Cropen JlmnmuenGepr u [lomos
(1966), yenauTe MOPEHH Ha OBHC JBA
Mpa3HUKa JEHeC HE CE COYyBaHH, TYKY
caMo cragujarauTe MopeHu Ha 1700,
1850 m 2000 m, xom ykKaxyBaaT Ha
MOCTENEHO TOBJIEKYBambe Ha Mpa3HHUILIHU-
te. On apyra crpaHa, Bemues et al.
(1994) nmoxaxyBaaT AeKa UYETHUTE MO-
PEHH Ha HEKOTAITHUTE MPAa3HUYKHU ja3H-
oY ce Jocta A00po u3pa3eHu (BHCOKH
ox 40-60 m) u ce Haoraar Ha 1670 m
kaj 3amagauoT U 1700 m kaj HCTOYHUOT
MOTOK Ha p. buctpuna (T.e. Ha HEj3UHU-
oT u3BopuieH kpak ['maBHa Pexa). Han
YyerHaTa MOpeHa, Ha okomy 1850 m e
CTaJjalHa MOpEeHa Koja € 100po couy-
BaHa. Bropara craaujanHa MopeHa € Ha
okoiry 1900-2000 m, Bo cammTte IHp-
KOBHU M PEYHCH IIEJIOCHO € epOorpaHa.

Tpetnot, Hajcnabo codyBaH IH-
PK € BO U3BOPHUIIHUOT Jie] Ha YepHa Pe-
Ka (meceH M3BOpUIIEeH Kpak Ha buctpu-
na). ima ceBepHa ekcro3uiyja, co mpe-
yark o 300 m u coOupHa MOBpIIMHA
ox 0,6 km* (UTM34 627127, 4670292).
PamkaTta Ha IMPKOT € Ha BHCOYMHA OX
2050-2100 m, a mMOJHOXKjETO HAa OKOIY
1850 m u.B. OBIIe HEMaA Tparyu Ha THITH-
YeH BaJIOB, a YeIHATa MOpPEHa CIOopen
Benues et al. (1994) e va 1780 m H.B.

Kako mro ce riena on mpet-
XOJTHHUOT TIpHKa3, 6e3 oryies Ha 3acTare-
HOCTa Ha Tparu O] riamnujajicH peijed

500 m, and the contribution area is
around 0.5 km’. The sides are not so
steep and they are incised mainly into
crystalline rocks. The glacier tongue
continued north of the cirque along the
right tributary of the Glavna River, and
it lowered down to an altitude of 1700
m. The same built a small U-valley
between an altitude of 1800 m and
1700 m one km long, and a moraine
material inside (Lillienberg and Popov,
1966).

According to Lillienberg and
Popov (1966, the frontal moraines of
these two glaciers are not preserved
today, but only the stadial moraines at
1700 m, 1850 m, and 2000 m that point
out to a gradual retreat of the glaciers.
On the other hand, Velchev et al.
(1994) prove that the frontal moraines
of the former glacier tongues are very
well expressed (high from 40-60 m)
and are located at 1670 m at the west
and 1700 m at the east stream of the
Bistrica River (i.e. its source fork the
Glavna River). Above the frontal mora-
ines, there is a stadial moraine at arou-
nd 1850 m which is well preserved.
The second stadial moraine is at about
1900-2000 m in the very cirques, and is
almost completely eroded.

The third cirque, which is the
most badly preserved, is located at the
source part of the Cherna Reka (right
source branch of the Bistrica River). It
has a north exposition with a diameter
of 300 m and a contribution area of 0.6
km® (UTM34 627127, 4670292). The
rim of the cirque is located at a height
of 2050-2100 m, and the foothill is
located at an altitude of about 1850 m.
There are no remnants of a typical U-
shaped valley here, and according to
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CEBEPOUCTOYHO O] BPBOT PyeH, Tue He
ce MHOTY 1m00po (jacHO) MOp]OJIOmKH
u3pazenu. Toa e mocneauua on epoau-
OWJIHHOT TEOJIOIIKH COCTaB (KpHCTaje-
CTH Kapmu) BO KOj OwWie HW3TrpajcHH
(IWTO OBO3MOXHIIO HMHTEH3MBHA IIOCT-
TIalyjajiHa JAeCTPyKIMja), T0Toa Moro-
jieMaTa KOHTHHEHTAIHOCT, TTOBHUCOKATa
cHexHa rpanuua u ap. Cnopen Bemues
(1994), rnaumjanmaute GopmMu He ce
no0po u3paseHu Bo penjedoT Ouumejku
ranujanyjaTa He OWiIa BHPMCKA TYKY
nocrapa T.e. MUHJeEINCKa. Toa ro 3akiy-
YyBa Bp3 OCHOBa Ha KOMIIapanyja Ha
nonox0aTa, BUCOYMHATA U CTAPOCTa Ha
MOPEHHTE Ha PeNIaTHBHO OJMCKHUTE TUIa-
HuHU Puna w [upun. MHaky, mrTo ce
OJTHECYBA JI0 JIOKAJIHATA CHE)KHA TPaHU-
11a, ACTaTa ja MpecMeTaBMe 10 METOAOT
Ha Hofer (1879) u Toa kako aputme-
TUYKa CpelrHa MMOMery BHCOYMHATA Ha
YeJIHUTe MOPEHHN U rOpHaTa paMKara Ha
nupkoBute. Criopeq oBaa METOZa, BUCO-
YUHATa Ha JIOKaJTHaTa oporpadcka cHe-
)kHa TpaHuma m3HecyBa 1950-2000 m
H.B.

3a pa3nuka oX HajBUCOKHTE Jie-
JIOBM Ha MAacHBOT Ha OyrapckaTa cTpaHa
(ceBepHO on BpBOT PyeH), kame € moT-
BPIEHO IOCTOEHE Ha (OCHIIeH Tiauu-
janen pemjed, cocrojoara okony Llapes
BpB u uzBopumHuot aen Ha Kpusa Pe-
Ka e nmouHakBa. FiMeHo, 0BOj MMpoCTOp €
MOHU30K Of MPETXOIHHUOT, a BeKe € Ka-
KaHO JIeKa JIOKajgHata oporpadcka cHe-
JKHA TpaHUIla BO M3BOPHINHATA YEIICHKA
Ha p. buctpuna ce Haora Ha BHCOYMHA
on 1950-2000 m. Hax oBaa BmcounHa
no IlapeB Bpe (2085 m), mexu mana
nospmmza (1,5 km?®), Ha Koja Temko
MOXen na ce (opmmpa U 3aApKyBa
Mpa3HuK. Ha 3amagnarta ctpana Ha u3-
BopulHata dyeneHka Ha Kpusa Peka,

Velchev et al. (1994) the frontal mora-
ine is located at an altitude of 1780 m.

As it can be seen from the pre-
vious review, regardless of the availabi-
lity of remnants of glacial relief north-
east of the peak Ruen, they are not very
well morphologically expressed. That is
a consequence of the erodible geologi-
cal structure (crystalline rocks) where
they were built (that enabled intensive
postglacial destruction), then the grea-
ter continentality, the higher snow bor-
der, etc. According to Velchev (1994),
the glacial forms are not so well expres-
sed in the relief because the glaciation
was not a Wurm one, but Mindel. That
he concluded from the comparision of
altitude and age of the moraines of near
Rila and Pirin. In regard to the local
snow border, it is calculated after the
method of Hofer (1879) as an arithme-
tic middle between the height of the
headgear moraines and the upper rim of
the cirques. According to this method,
the height of the local orographic snow
border is estimated at an altitude of
1950-2000 m.

Unlike the highest parts of the
Osogovo massif at the Bulgarian side
(north of the peak Ruen) where the
existence of a fossil glacial relief has
been confirmed, the situation around
Carev Vrv and the source part of the
Kriva Reka is different. Namely, this
location is lower than the previous one,
and it has already been stated that the
local orographic snow border at the
source headgear of the Bistrica River is
located at a height of about 1950-2000
m. There lies a small surface (1.5 km?)
above this height up to Carev Vrv
(2085 m), where a glacier could hardly
form and keep. At the west side of the
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o rpederot momery Llapes Bps (2085
m) u Kamma Kamen (2043 m), e dop-
MHUpaHa eNUIcecTa Jenpecrja co mpey-
HuK of 80 m u mmabounHa ox 15-20 m.
Cropen 00IMKOT, OBaa I0jaBa HaJIUKY-
Ba Ha Man eMmOpuoHaseH mupk (ci. 3).
Cenak, OTCyCTBOTO Ha LHPKOB Mpar H
MOPEHCKH MaTepHjall O]l eJHa CTpaHa,
Kako M HaaMmopckaTa BucoumHa (1900-
1980 m H.B.), KOja € Ha caMaTa CHEXHa
rpaHWIla, yKaxKyBa Jieka ce paboTu 3a
m00po pa3BUCH HUBAIMOHCH (CHE)KHUY-
k1) nupk. Bo mpunor Ha mperxoaHaTta
KOHCTaTaldja € W Toa ITO o0yiacta Ha
XpaHewke Ha OBOj IIMPK € MHOTY Maja
(0,1 km®), a Hej3MHATA rOpHA TPAHHIIA €
Ha 2000 m H.B. Toa cexako He OWIO
JIOBOJTHO 32 HABEjyBambe M aKyMyJIallyja
Ha CHEroT BO TMOTOJEMH KOJIHYECTBa,
TYKYy caMo 3a (JOpMHUpame Ha CHEXXHUK,
KOj HEMaJl COOJIBETHA Maca 3a TO3Ha-
YajHO JBIKCHE KAaKO Mpa3HUIMTE BO
W3BOpHILHATA YeJieHKa Ha buctpuna.

On mpeTxomHOTO MPOMW3JIEryBa
IeKa Ha 3amagHaTa (MakeIoHCKa) CTpa-
Ha 07 OCOTOBCKHOT MAacuB, 3a pa3iuKa
ol ucTtouHaTa (Oyrapckara), He ce 3ac-
TaleHn TUOWUYHH (opMH Ha (ocuieH
TTanujalieH penjed, WK maK THe He MO-
Kar Ja ce yTBpAAT Bp3 OCHOBAa Ha Je-
HerrHata Mopdoiiorija Ha TepeHoT. [e-
HEpaIHO, TparuTe O] IJICUCTOIeHATa
rnanujanuja Ha OCOrOBCKHOT MacuB ce
cnabo u3pazeHu Bo pemnjedor. 3a Toa
Ma TOBEKe MPUIHHH: epOTUOMIICH (He-
OTIOPEH) TEOJIOUIKH COCTaB (IIKPHUIILIH,
MUKAIIUCTH), HEMOT0JeH WHHLHUjaJIeH
pemjed (XumcoMmerpuja, EKCIIO3UIUH,
HAaKJIOHW), WHTCH3WBHHU (IIyBHO-ICHY-
JAlMOHU TPOLIECH, MAJIOTO KOJIHYECTBO
Ha BPHEXHU MOPaji KOHTHHEHTAIHOCTA
Ha MacuBOT H JIp.

IITto ce ogHecyBa 10 BUCHHATA

source headgear of the Kriva Reka,
below the reef between Carev Vrv
(2085 m) and Kalin Kamen (2043), an
elliptical depression has been formed
with a diameter of 80 m and a depth of
15-20 m. According to the shape, this
phenomenon looks like a small embryo
cirque (Fig. 3). However, the absence
of a cirque threshold and a moraine
material on the one hand, as well as the
latitude (1900-1980) which is at the
very snow border, points out that it is a
well-developed nivation (snow) cirque.
In support of the previous statement is
the fact that the area of feeding of this
cirque is very small (0.1 km?), and its
upper limit is at an altitude of 2000 m.
Of course, that was not enough for
drifting and accumulation of snow in
large quantities, but only for formation
of a snowdrift that did not have an
appropriate mass for a significant mo-
vement as the glaciers in the source
headgear of the Bistrica River.

The previous statements show
that the western (Macedonian) side of
the Osogovo Massif, unlike the Eastern
(Bulgarian) side, does not possess any
typical forms of fossil glacial relief, or
they cannot be confirmed based on the
current morphology of the terrain. In
general, the remnants of the Pleistocene
glaciation of the Osogovo Massif are
insufficiently expressed in the relief.
There are more reasons for that: ero-
dible geological composition (schist’s,
mica-schist’s), unsuitable initial relief
(hypsometry, expositions, inclinations),
intensive fluvial-denudation processes,
the small quantities of rainfall due to
the continentality of the massif, etc.

With regard to the height of the
snow border, it has been calculated
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Ha CHEXXHATa TpaHWIla, Taa € TpecMe-
TaHa crnopen JBe Meronu. IlopaHo e
CIOMHATO fAeka Mo MeTofoT Ha Hofer
(1879) ce moOmBa neka oporpadckara
cHexxHa rpaHunia Ha OCOTOBCKHOT Ma-
cuB Owia Ha okomy 1950-2000 m H.B.
Cexkako Ha 3alaJHATE U jy>KHUTE EKCIIO-
3HIUK Taa OWiIa MMOBUCOKO, A 3aToa TY-
Ka HeMa Tpard O] TJianujajicH peljed
(ocBen mopenarta kaj Llapes Bps). Ilo
MetonoT Ha Messerli (1966), Bp3 ocHo-
Ba Ha TMalleoTeMIIepaTypHaTa pEeKOH-
CTpyKIMja € Jo0ueHa BUpMCKATa KIIH-
MaTcKa CHe)KHa rpanuma (Tab. 1).

using two methods. It has previously
been mentioned that the use of the
Hofer method (1879) resulted in the
orographic snow border of the Osogovo
Massif being at an altitude of 1950-
2000 m. Of course, it was higher at the
western and southern expositions so
that here there are no any remnants of a
glacial relief (except the moraines at
Carev Vrv). The Wurm climatic snow
border has been calculated using the

Messerli method (1966) based on
palaeo-temperature reconstruction
(Table 1).

Ta6ena 1. PeuentHa u BUpMcKa pacrpenenda Ha TemrepaTypute Ha OCOrOBCKHOT MAacHB,
1o BUcouymnHa (m), Bo °C

Table 1. Contemporary and Wurm temperature zonation by altitude on the Osogovo massif
in °C

Pen. 1800 | 1900 | 2000 | 2100 | 2200 | 2300 | 2400 | 2600 | 2800 | 3000 | 3200 | 3300 | 3400
Jan. 4.0 4.4 4.7 5.1 5.4 5.8 6.1 6.8 7.5 8.2 8.9 9.3 9.6
Jyn. 13.8 13.2 12.6 12.0 11.4 10.8 10.2 9.0 7.8 6.6 5.4 4.8 42
Ton. 5.1 4.6 4.1 3.6 3.1 2.6 2.1 1.1 0.1 0.8 1.8 2.3 2.8

Wiirm 600 | 800 | 1000 | 1200 | 1400 | 1600 | 1700 | 1800 | 1900 | 2000 | 2100 | 2200 | 2252
Jan. 133 | 14.1 14.8 15.5 16.2 16.9 17.3 17.6 18 18.3 18.7 19.0 19.2
Jyn. 11.0 9.6 8.4 72 6.0 4.8 4.2 3.6 3.0 2.4 1.8 1.2 0.9
Ton. 225 | 3.25 4.2 5.2 6.2 7.2 7.7 8.2 8.7 9.2 9.7 10.2 10.4

On MepHHTE TOKa3aTeian ce
TJieia IeKa pelieHTHaTa KIIMMaTcKa CHe-
JKHA TpaHHUIlAa ce Haora Ha okomy 3400
m (CpeHo jyJicKa TeMIepaTypa IMOHHUC-
ka ox 4,5°C). Ilo ucrara metona, BUpM-
CKaTa KJIMMAaTCKa CHEXHAa TpaHuIa Ou
owina Ha 1700-1800 m, a monHarta rpa-
HHUIIA Ha TJIANHAjaTHAOT penjed, Ha OKO-
ay 1950-2000 m (okomy 200-250 m mo-
BHCOKO O] KIIMMAaTCKaTa CHEXXHA TPaHH-
na; Gavrilovi¢, 1970). Toa 3Haun meka
BHCHHATa Ha CHE)KHATA TPAHMIIA CE TIOK-
JIOIyBa CTIOPEIl JABETE METOIU U OAro-

The measurement indicators sh-
ow that the recent climatic snow border
is located at 3400 m (middle-July
temperature less than 4.5°C). Using the
same method, the Wiirm climatic snow
border would be at 1700-1800 m, and
the lower limit of the glacial relief at
about 1950-2000 m (about 200-250 m
higher than the climatic snow border;
Gavrilovic, 1970). That means that the
height of the snow border overlaps
according to the two methods and
corresponds to the calculated 1950-
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Bapa Ha goomenute 1950-2000 m (1970
m). Crmopen Bemdaer (1995) Taa Bmco-
YMHA OJroBapa Ha MHHEJICKA, a HE Ha
BHpMCKa Tan@jamyja U € CIWYHa CO
MUHJIEJICKaTa CHE)KHA TpaHWIAa HAa HC-
TouyHaTa cTpaHa Ha Puna (ma 1900-1950
m).

NEPUT'JTALIMIJAJIHU PEJIJE®HU
OOPMU

[Toxpaj ctomenatute hopmu Ha
¢docuneH rinauujanen penjed, BO HajBU-
COKHTE JICTIOBM Ha MAacHBOT ce 3a0ele-
JKaH! TIOBEKE TCPUTIIAIUjaTHA T0jaBU
KOU TO0 COYMHYBaaT KapaKTEPUCTUYHU
Me30 ¥ MHKpPO (GopMH momery ropHata
MPUPOJIHA MIYMCKa TpaHMIAa U KIUMAT-
ckara cHexkHa rpanunia. OBoj T.H. IepH-
TJIallijaJieH 10jac, MPETCTaByBa IIPEO-
nHa (KpUOHHMBAJIHA) 30HA Momery iy-
BHjaJIHATA U TJIallHjajHaTa 30Ha.

HuBanuoHnu nepurJjanujajiHu
¢dopmu

On HUBaLMOHWTE TEPUIJIALM-
jamau hopmu Kou ce cpekaBaat Ha Oco-
TOBCKHOT MacHB, MIOMapKaHTHU CE€ HH-
Bal[MIOHUTE LUPKOBH, HUBAIIHOHUTE B[I-
TaOHATHHY (HUIIN) W JJABUHCKUTE KOPHU-
JOpH.

HuBanunonnTe HMpKOBH MO CBO-
JOT M3TIIeA HANMKyBaaT Ha IJIAIH]jaHU-
T€ IUPKOBHU, CO TOA IITO IO TUMEH3IUU-
T€ c€ MOMaJH, MOMJIMTKH M CO MAJKY
unu 6e3 MopeHcku Mmarepujan. Hacra-
HyBaaT cO MpPa3HO W XEMHCKO pacrara-
€ IITO TO BPIIAT CHEXXHUIIUTE BP3 Kap-
MECTH Macu KOU C€ MOJ OApeleH Hak-
JIOH, TITO 3HAYM JIEKa CE MOJIUTEHETCKU
¢dopmu  (Gavrilovié, 1970). Cnopen
KomgakoBcku (1999), tue ce mpoaykt

2000 m (1970 m). According to
Velchev (1995), that height correspon-
ds to the Mindel, and not to the Wiirm
glaciation, and it is similar to the Min-
del snow border at the eastern side of
Rila (at 1900-1950 m).

PERIGLACIAL RELIEF
LANDFORMS

Besides the mentioned forms of
a fossil glacial relief, a phenomenon of
multiple periglacial occurences has
been noted at the highest parts of the
mountain which constitute the characte-
ristic mezzo and micro forms between
the upper natural forest border and the
climatic snow border. This so-called
periglacial strip represents a transitive
(cryonival) zone between the fluvial
and the glacial zone.

Nivational periglacial
forms

Out of the nivational periglacial
forms that can be found at the Osogovo
massif, the following are among the
more famous: nivation cirques, nivation
hollows and avalanche corridors.

The nivational cirques are
similar to the glacial cirques in their
look in that the dimensions are smaller,
shallower, and with little or none
morraine material. They are formed by
icy and chemical decomposition made
by the snowdrifts on the rocky masses
that have a certain inclination, which
means that they are polygenetic forms
(Gavrilovic, 1970). According to
Kolchakovski (1999), they are a
product of nivation, solifluction and
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Ha HUBAaIWjaTa, COMU(IyKINjaTa U ILITy-
BHOHUWBAIIH]aTa.

Hajronem u mMopdonomku Haj-
n00po m3pazeH € CHOMEHAaTHOT HHBa-
LHMOHEH IUpK ceBepHO on llapes Bps
(2085 m), k0j MO HEKOM MOP(QOIOMIKH
KapaKTepUCTHKH HAJIMKyBa Ha Mall eM-
OpuoHaneH mupK. M3rpanen e Bo mpe-
KaMOpPUYMCKH MHKAIIMCTH, Ha 3amaj-
HaTa CTpaHa OJ M3BOPHIIHATA YEJICHKA
Ha Kpusa Peka, Ha HagMOpcka BUCOYU-
Ha ox 1900-1980 m (UTM 34; 619760,
4665284). Ima nctouyHa eKCHo3uuja 1
amdureaTpaieH oOJIMK, CO MPEYHHK O]
okony 80 m u anmabounna ox 15-20 m.
[TogHOXjeTo Ha IHMPKOT € TUTUTKO H3-
J1abeHO O] CHEXHOMpa3HaTa Maca Koja

ce MCTUCHYBAJIa 1O/ Te)KWHATA HA HaBe-
aHWOT cHer (ci. 3).

pluvionivation.

The biggest and morphological-
ly the best expressed is the previously
mentioned nivation cirque north of
Carev Vrv (2085 m), which resembles a
small embryo cirque in some of its
morphological characteristic. It is built
in Precambrian mica-schist’s, at the
western side of of the source headgear
of the Kriva Reka at an altitude of
1900-1980 m (UTM34; 619760, 4665
284). It has east exposition and an
amphitheatre shape with a diameter of
about 80 m and a depth of about 15-20
m. The foothill of the cirque is
shallowly deepened from the snowy-icy
mass which was pressed out under the
weight of the drifted snow (Fig. 3).

Cnmka 3. HuBammonen mupk cesepHo ox Llapes Bps
Figure 3. Nivation cirque north of Carev Vrv

Cnopej:[ moyjoxoara u COYyBa-
HOCTa, CO31aBakbCTO Ha OBOj HHUBaIlMO-

Taking into consideration the
position and the preservation, the
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HEH IUPK € TOBP3aHO 332 BHUPMCKHOT
rranyjan. Jlobpara mopdoiorika pas-
BHCHOCT TIOPa/IM KOja HAJIMKyBa Ha Mall
TIanyjajceH IUPK € YCJIOBEHa CO pell-
jedHaTa IpeAMCIIOHUPAHOCT U OJIM3UHA-
Ta Ha CHEeXXHaTa rpaHuna. /leHec cHex-
HaTa Maca He ce 3aJ[p)KyBa MpeKy Iiena
TOJIMHA TYKY CaMO OJi HOeMBPH J0 Kpa-
JOT Ha jyHHU. 3aTOa HEj3MHUOT SPO3UBCH
e(eKT e 3HAYUTEITHO MOMaJl U € U3pa3eH
camMo BO 3HMMCKHOT JIeN OJ TOJHMHATA
(TmaBHO BO BHJ Ha XEMHCKa €po3Hja).
IMopagn KOHCTaHTHaTa BIIAXHOCT, Ha
JTHOTO OJ1 IIUPKOT UMa TycTa TpeBHA Be-
reranyja, a (QyHKIMOHHpPA U IIOCTOjaH
u3Bop of koj ce popmupa Kpusa (Kos-
ja) Peka.

OnpelieHr HETUITUYHU TPATH OJ1
HUBAIMOHEH IIHPK CE COYYBaHH [Y)KHO
on Lapes Bps (2085 m) koH Ouioto
Kutka, ma mmpokuot (200-400 m), 3a-
paMHET OCTaTOK OJT MHHIMjaJTHaTa (IIy-
BHOJICHY1anmoHa mospil. OBJie, Ha Ha-
Mopcka BucounHa ox 1990 m mo 2040
m, CPEANITHUOT (HAJIIMPOK) /e Ha Ou-
JIOTO € CHM)KEH CO epo3ujara LITo ja Bp-
mena CHEeXXHaTa Maca IMPH HEj3HHOTO
JIBIDKEHHC TPEKY TPAHUTOUIHATA TTOI0-
ra. Eponupanure napuynma ¥ OJOKOBH
CE TPAHCIIOPTUpAJTIC U aKyMyJUpale BO
MMOHUCKHOT Jen Ha Ommoro (1990 m
H.B.) BO BHJI Ha HU30K MOPEHCKHU OEIEeM.

Ha ucrounure mamuau Ha OHIo0-
To KuTkKa, KOHCTaTUpaHU ce yIITE He-
KOJIKY TIOTOJIEMH HHBAI[HOHH ITUPKOBH
Ha HagMopcka BucounHa on 1800-1980
m. BeymHocT THe ce TOMUHAHTHH MOP-
(hOCKYNITYpHH €IEMEHTH BO OBOj IPOC-
TOp, KOM MY JlaBaaT KapaKTepUCTUYCH
m3rnen Ha penjedor. Cure HaBeIACHU
HUBAIMOHU ITUPKOBU CE HM3TPAJICHU BO
BUPMCKHOT TIEPHOJ, TIOJ JICjCTBO Ha
MaJu CHEXKHUYKH KPIU U MPETCTaBy-

creation of this nivation cirque is
connected with the Wiirm glacial. The
good morphological development due
to which it resembles a small glacial
cirque is conditioned with the relief
predisposition and the proximity of the
snow border. Today, the snow mass
does not maintain over the whole year,
but from November to the end of July
only. For that reason, its erosive effect
is significantly smaller, and it is expres-
sed only in the winter part of the year
(mainly in the form of chemical ero-
sion). Due to the constant humidity,
there is dense grass vegetation at the
bottom of the cirque, and an everlasting
source that forms the Kriva (Kozja)
Reka, functions, too.

Certain atypical remnants of
nivation cirque have been preserved
south of Carev Vrv (2085) towards the
ridge Kitka at the wide (200-400 m),
flattened remains of the initial fluvial-
denudation surface. Here, at an altitude
from 1990 m to 2040 m, the middle
(the widest) part of the ridge is lowered
down by the erosion made by the snow
mass during its movement through the
granite bedrock. The eroded pieces and
blocks have been transported and
accumulated in the lower part of the
ridge (altitude of 1990 m) in the form
of a low moraine embankment.

There have been noted a few
larger nivation cirques at an altitude of
1800-1980 m at the eastern slope of the
ridge Kitka. In fact, they are dominant
morphosculptural elements in this spa-
ce that give a characteristic look to the
relief. All of these stated nivation cir-
ques have been built in the Wiirm
period with the activities of small snow
patches and represent fossil relief
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BaaT (GocwiHu penjebpru dpopmu. [lpu
TOQ, CHEXXHHULUTE BpILIEIC WHTCH3WBHA
eposuja, MpocieieHa O MPa3HO, XeMH-
CKO pa3opyBame M KOpas3uja Ha HaKIo-
HETHTE NaJIMHH.

forms. In addition, the snow rocks did
intensive erosion followed by icy,
chemical destruction and corrosion of
the inclined slopes.

Crnuka 4. HuBanimoHu upKOBH Ha UCTOYHATA cTpaHa Ha Omioro Kurtka
Figure 4. Nivation cirques on the east side of Kitka ridge

IMokpaj HHBaMOHW [UPKOBH,
BO HajBUcCOKUTEe JenoBu Ha Ocoros-
cknoT MacuB 3alenexaHa € mojaBa Ha
MOBeKe Maji HuBanuoHu Hummu. Toa ce
IUTUTKH, U3J0JDKEHU, OTBOPEHHU WM 3a-
TBOPEHH BJIAOHATHHU KOM CE€ CpeKaBa-
aT Ha BUCOKOIUTAHMHCKHUTE OWMJIa W Hac-
TaHyBaaT CO MPa3HOCHEKHUYKA €pPO3Hja
(Milivojevi¢ & Nesic, 2002). Ilmutkn
HUBAIIMOHU B/JIAOHATUHY (HUIIW) HUMa
ma omwroro Kurka, na Kaaun Kamencko-
T0 Omito u momery llapes Bps n babuna

In addition to the nivation cir-
ques, several small periglacial hollows
have been noted in the highest parts of
the Osogovo massif. They are shallow,
lengthened, open or closed depressions
that can be seen at the high mountai-
nous ridges and are formed by icy-sno-
wy erosion (Milivojevic and Nesic,
2002). Shallow nivation hollows (nic-
hes) can be found at the ridge Kitka, at
the Kalin Kamen ridge and between
Carev Vrv and Babina Chesma (1834
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Yemma (1834 m), Ha HaAMOpPCKA BHCO-
guHa ox 1810 m mo 2050 m. Hajuecto
“MaaT HENpaBUJIHA TeoMeTpucka Qop-
Ma, CO MPEYHHK OX OKoiy S5-15 m, a
mrabounaa 10 1 m. @opmupanu ce Ha
3apaMHETH WM TEPEHU CO Majl HAKJIOH
(mo 20°). OBrue HUBAIMOHW HHWIIH, BO
MoroJieM JieNl OJl TOJAWHATAa CE€ CYBHU
(ocBen nBe kxaj Llaper Bps), a Ha THOTO
MPETeHO KaMEHJIWBH WM CO pETKa
TpEeBHA BereTalyja.

Ha ucrounara ctpana Ha Omio-
1o Kutka, motoa oxony IlapeB Bpg,
Pyen m Man Pyen, Ha Hagmopcka
BucounHa ox 1800-2000 m, 3abenexa-
HU C€ HEKOJIKY JIABUHCKU KOPUAOPH, CO
nomxuaa o 200-300 m. Toa ce mumTkn
B/UIA0HATHHU BO peijedoT, BO MpaBell
Ha HajronemMuoT mnan. Hacrtamame co
CypHyBame Ha JaBHHHUTE (HHUBAIHO KO-
PO3UBHOKOPA3UBHO JIEjCTBO) JOIK CTp-
MHUTE IJIAaHWHCKYM CTPaHH CO HAKJIOHHU
on 30-50°. bunejku naBuHUTE OOWYHO
T'0 TMPOJIONIKYBAaT CBOETO IBMKEHE KOH
MMOTHOKj€TO, Ha HEKOM MeCTa HHBHHU
Tparu MOXar Ja ce 3a0eyexar U BO BH-
COKHTE JICIIOBH HA ITYMCKHOT I10jac, BO
BHJ Ha IIYMCKH JIABUHCKH KOPHIODH.
Cenak, ucture ce cnabo U3pa3eHu Mo-
paad MaloTO KOJMYECTBO HA CHEXHH
BpPHEXXH BO MOIPAYje€TO Ha MACHBOT.

KpuokjiacTH4HO-rpaBUTAIMOHU
¢dopmu

KpuoxiacTu4HO-TrpaBUTAIIOHU
dbopMu co Mamu OUMEH3MH ce 3a0e-
JIe)KaHW BO HAJBUCOKHOT el Ha PyeH-
ckoto Omno u okony llapeB Bps, Han
1900 m H.B. OBIe, KOMIIAKTHUTE HH-
TPY3UBH KOH T NMPOOUBAAT IIKPUJILIUTE
C€ OTKpHUEHW Ha TIOBpIIWHATA W TIOJ-
JIO)KHU Ha CHJTHO TeMIepaTypHO (Mpas-

m) at an altitude of 1810 m to 2050 m.
They most often have irregular geo-
metric form with a diameter of about 5-
15 m, and depth of up to 1 m. They are
formed at flattened terrains or terrains
with a mild inclination (up to 20°).
These nivation hollows are dry during
most of the year (except two at Carev
Vrv), and they are predominantly stony
or with sparse grass vegetation at the
bottom.

There have been noted several
avalanche corridors long between 200-
300 m at the eastern side of the ridge
Kitka, then around Carev Vrv, Ruen
and Mal Ruen, at an altitude of 1800-
2000 m. They are shallow recesses in
the relief in the direction of the biggest
fall. They were created by a collision of
the avalanches (nivation-corrosive-cor-
rasive activity) along the steep moun-
tain sides with inclinations of 30-50°.
Because the avalanches usually conti-
nue their movement towards the foot-
hill, their traces can be seen at some
places in the high parts of the forest
strip in the form of forest avalanche
corridors. Nonetheless, the same are
badly expressed due to the small quan-
tity of snowfalls within the region of
the massif.

Cryoclastic-gravitational
forms

The cryoclastic - gravitational
forms with small dimensions have been
noted at the highest part of the Ruen
ridge and around Carev Vrv, at an alti-
tude of over 1900 m. Here, the compact
intrusives that penetrate the schist’s are
discovered on the surface and they are
under strong temperature (frost) des-
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HO) pasopyBame. [Ipum ToOa, KpyTuTe
Kaprmy HamyKHyBaaT, ce pacrmaraaT H
pa3apoOyBaaT Ha OJIOKOBH W TIOMAJIH
napunmba. Ha manm HakiIoHM, pacmai-
HATHOT MaTepHjaJl OCTaHyBa Ha CaAMOTO
MECTO BO BHJI HAa MOpE 0J Kapmnu (OJIOK
MopHmba). Oco0eHO € MHTepecHa Moja-
BaTa Ha Majo0 MOpE OJ TI'PaHUTOUIHH
Kapnu jyrozamnagHo ox Man Pyen (2206
m), Ha noBpmuHa ox 4000 m” (80 m x
60 m) u HagMopcka BucounHa o 2120
m (ci. 5). MopeTo of Kapnu e TpercTa-
BEHO CO TPaHUTHH OJIOKOBH CO TOJie-
muHa 10 0,5 m’, Ge3 TpEeBHA BeTeTallyja,
MOKPHEHH CaMO CO MOB U JIMIIAN.

truction. During this destruction, the
crude rocks crack, decompose and cra-
sh into blocks and small pieces. The
decomposed material remains at the
same place in the form of a “rock sea”
(seas of block) with small inclinations.
The appearance of a small sea of grani-
te rocks southwest of Mal Ruen (2206
m) covering a surface of 4000 m’
(80x60 m) and an altitude of 2120 m
(Fig. 5) is particularly interesting. The
rock sea is represented with granite
blocks up to 0.5 m® in size, without any
grass vegetation, covered in moss and
lichen only.

Crnuka 5. Mope ox xapmnu (TpaHuTH) jyro3amnagao og Mai Pyen (2206 m)
Figure 5. Rock sea (granites) southwest of Mal Ruen (2206 m)

Ha noronemu HakI0HH, pacna-
HAaTHOT KaprecT MaTepujasl IMoJ BiMja-

At greater inclinations, the de-
composed rocky material slides gradu-
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HUE Ha KpUOTYpOaIMoHM mporecH (0]-
Mp3HYBambe, 3aMp3HyBambe, TPaBUTAIIU-
ja), IOCTETeHO Ce JU3ra JO0JK Hajroje-
MHOT TIaJ] BO BUJ Ha KaMEHHU CTPYH. 3a
pasiuka oJ cumapure, Kaj KaMeHHTE
CTpyW HEMa TO4YMJa, HUTY pa3apoOeH
MaTepHjaj HACTaHAT MPH TpKalame Ha
omokoBute (Gavrilovi¢, 1970). Bo wuc-
TPAKYBAHHUOT MPOCTOP, KAMEHU CTPYH
Ce jaByBaaT CEBEpO3amaJHO OJ BPBOT
Man Pyen (2206 m), Ha HaAMOPCKa BU-
counHa miomery 2200 m u 1700 m. Ca-
MHOT BPB € U3rpajicH of MajJ NpoOuB Ha
IBPCTH KBapIUTATUTH, KOH ce 3adaTeHu
co MpasHo pacnarame. [Ipu Toa, oJ1 oc-
HOBHATa Kapria ce 0/IBOjyBaaT 0JOKOBH
Y Mapuuiba KO Ce JIN3raaT BO TPYIIH, BO
mpaBel] Ha HajroJeMUoT HakiioH. Kame-
HUTE CTPYH HE C€ BO BWJ Ha HEIPEKU-
HAT mojac (Kako KaMEeHH TOTOIM WIIH
peKM), Iopaan Majara IoBpITHHA (MOK-
HOCT) Ha KBapIUIaTHTUTE OJl KOU CE CO3-
JaBa pacmajHaT Mmarepujan. BoenHo,
HCTIPEKUHATHOT T0jac YKaXyBa Ha Mpo-
MEHa BO WHTCH3UTETOT Ha KPUOHUBAJI-
HOTPABUTAIMOHUTE TMPOIECH, TJIABHO
KaKo MMOCJIeUIa Ha KITUMATCKUTE OCITH-
naruu. 3abenexaHo € jaeka Gopmaliu-
ure (Tpymnure, KyIUIITAaTa) OJf KapIecT
MaTepHjaj, TpHu JHu3rame J00uBaar Jia-
4yeH (moTkoBuuecT) o0uK. [lprunHa 3a
TOAa € IITO JIM3TamkeTO € HajOp30 BO cpe-
JUITHAOT JIeNT KaJie MMa HajMHOTY Kap-
MECT MaTepHjall.

Bo oagHoc Ha pelieHTHaTa ak-
TUBHOCT Ha KaMeHuTe cTpyH, Gavrilovi¢
(1970) cmeTa neka Toa ce popmu Hace-
JICHH O]l TUICHCTOIICH, KOTa 3aIll04HAJIO
HUBHOTO (popMuUparme, HO He ja HCKIY-
yyBa MOXHOCTA JICKa U JICHEC HEKOU OJ1
HUB ce akTUBHHU. [Ipenm3Hara criopenba
Ha Qororpapcku cHuMKH on 1997 u
2004 roxuHa (cn. 6), MoOKaxa JeKa Ka-

ally along the greatest fall in the form
of rock flows under the influence of
cryoturbation processes (frosting, melt-
ing, gravity). Unlike the talus-cones,
there are neither talus at the rock flows
nor a decomposed material formed du-
ring the rolling of the blocks (Gav-
rilovic, 1970). There are rock flows
within the investigated area northwest
of the peak Mal Ruen (2206 m) at an
altitude between 2200 m and 1700 m.
The peak itself is built up of a small in-
trusion of solid quartzlatites that exp-
erience icy decomposition. At the same
time, blocks and pieces have separated
from the primary rock, and they slide in
groups in the direction of the greatest
inclination. The rock flows are not in
the form of a continuous strip (as rock
rivers) due to the small surface (deep-
nes) of the quartzlatites which create a
decomposed material. Also, the inter-
rupted strip points out to the change of
intensity of the cryonivation — gravitati-
onal processes, mainly as a consequen-
ce of the climatic oscillations. It has
been noted that the formations (the gro-
ups, the piles) from rocky material get
arch (horseshoe) shape. The reason for
that is the fact that the sliding is the
fastest in the middle part where there is
a lot of rocky material included in the
process.

With regard to the recent acti-
vity of the rock flows, Gavrilovic
(1970) argues that they are forms inhe-
rited from the period of Pleistocene
when their creation began, but he does
not exclude the possibility that some of
them are active even today. The precise
comparison of photographic shots made
in 1997 and 2004 (Fig. 6) showed that
the rock flows at Mal Ruen did not
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MEHHTE CTpyH Kaj Man PyeH, 3a oBoj
MIEPHUOJ PEYHCH BOOIIITO HE CE IOMeC-
Tne (MeryceOHO, BO OJHOC Ha Maka-
JAMCKHOT TIaT WM CIIOpPE]] TeOMETPH-
ckara opma).

Toa 3HauMm Jexka BO aHAIH3H-
PaHUOT TEpUOJa He OWiie aKTUBHU WIIH
MaKk HUBHOTO IBI)KEHE € TOJKY Majo
(HEeKOJIKy JleceTHIH Sm), ITo Ha (HoTo-
rpaguuTe HE MOXE Ja ce 3a0CIeKH.
Cropenoenata (hoToMeTpyja Ha HEKOJI-
Ky JIM3Tadyk¥l OJIOKOBH ITOKPaj KaMEHUTE
CTPYH yKakKyBa Ha JIBIXKCH-C O]l OKOIY
20 sm 3a mepuomor 1997-2004 romuHa.
Ox Tyka, MOXHO € U KaMEHHUTE CTPYyH
Jla ce MIOMECTHJIE 32 TOJIKaB M3HOC, IITO
HEe MOXe Ja ce 3abemexu Ha Qoro-
rpadunre. Ox npyra cTpaHa, OJpeacHH
Mopdoromku Tparu (Opasmu, mempe-
cuM, HAOpYKaHO 3EMjUINTE), OCOOCHO
Kaj OnJeIHHUTE OJIOKOBU IIOKpaj Kame-
HUTE CTPYH, TOKaXyBaaT JeKa Bo OJuc-
KO MUHATO THE Ce JIu3raie (JBIKee) 3a
MHOTY ToroJieM u3Hoc. Toa 6uno uspa-
3€HO 32 BpEeMe Ha IMOJIAHH U TIOBJIaXKHU
nepuoau kako mro Oowmie 1950 m 60-
TUTE TOAWHU, WU BO MAJIOTO JEJEHO
Bpeme Bo XVI u XVII Bek, kora mpo-
cedHaTa TeMmIiieparypa Bo EBpoma Omia
okoiry 2°C TIOHHCKa OJ JICHEITHAaTa
(Lamb, 1977).

[Tokpaj kameHu cTpyu, Ha HCTa
JoKamHOCT (OKOdy BpBOT Man PyeH),
3a0enekaHu ce MOBEKe JECETHUI JIH3-
radky OJIOKOBH KOM C€ PaclpOCTPaHeTH
Ha 3alajHi ¥ CEeBEpO3aragHi eKCIO3H-
Y, HaaMopcka BucoduHa ox 1900 m
1m0 2200 m u TepeH co HaKJIOH on 25-
35°. ImaaT penaTUBHO MaJId TUMCH3HH,
Taka IITO HajrOJIEMUOT UMa JIOJDKHHA |
m, mmpuHa 0,7 m u Bomymern 0,8 m’.
HacranyBaaT co Mpa3HO pacmarame Ha
TPaHUTOUHU KapIld U KBapIUIATUTH BO

move at all within this period (reci-
procally, with regard to the macadam
road or according to the geometric
form).

That means that they were not
active or that their movement was so
small within the analysed period (seve-
ral tens of sm) that cannot be seen in
the photographs” The comparative pho-
tometry on several sliding blocks next
to the stony currents points out to a
movement of about 20 cm within the
period from 1997-2004. Thus, it might
be possible that the stony currents had
moved for the same amount which
cannot be seen on the photographs. On
the other hand, certain morphological
traces (furrows, depressions, wrinkled
land), particularly with the specific
blocks next to the stony currents, show
that they were sliding (moving) in the
recent past for a much greater amount.
That was expressed during colder and
more humid periods, such as 1950s and
1960s, or in the “Little Ice Age” in the
XVI and XVII centuries when the ave-
rage temperature in Europe was about
2°C lower than the temperature today
(Lamb, 1877).

Besides the rock flows, there ha-
ve been noted several tens of ploughing
blocks at the same locality (around the
peak Mal Ruen) which have been spre-
ad at western and northwest expositions
altitudes from 1900 m to 2200 m and a
terrain with an inclination of 25-35°.
They have relatively small dimensions
so that the largest is 1 m long, 0.7 m
wide, and a volume of 0.8 m®. They are
created with an frost decomposition of
granite rocks and quartzlatites close to
the peak and their occasional sliding
through the mountain (depending on
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OnM3MHa Ha BPBOT M HUBHO NOBPEMEHO
(BO 3aBHICHOCT Off KIMIMAaTCKUTE YCJIOBH)
JM3ramke HU3 TaHHaTa.

IMopamn nw3ramero, HajYECTO
HaJ1 OJIOKOBUTE Ce Haora IUIMTKa Opasna
CcOo JoKMHA of 2-6 m, a mpej HUB €
JIAYeH 3eMjUuIlleH OeieM, KOoj HacTaHa
CO TypKame (HaOpUKyBame) Ha 3EMjUIII-
teto mpen 610koT. O6uuHO Opazanute u
JayHUTEe OeJeMH ce TOrojeMu (Iowu3-
pa3eHu) KOJKY € IOTOJIeM JIN3TadKHOT
OJIOK.

the climate).

Because of the sliding, most
often there is a shallow rill over the
blocks long from 2-6 m, and there is a
hand land embankment in front of them
that was created with pushing (wrink-
ling) of the land in front of the block.
Usually, the rills and the arch embank-
ments are bigger (more expressed) if
the sliding block is bigger.

Crnmka 6. Kamenu ctpyu ceBepozamnanno ox Man Pyen (2206 m) cnukanu:
A. apryct 1997 roguna; B. aBryct 2004 roguna
Figure 6. Rocky flows northwest of Mal Ruen (2206 m) shoted:
A. August, 1997; B. August 2004 year

Han momanwre nusrauku Oio-
koBH (20-40 sm) BOOMIITO HE ce jaByBa
Opaszma, Tyky camo Hm30K (10-20 sm)
3eMjulIeH OeeM BO YENHHOT JAed, KOj
yKa)KyBa Ha IPOIEecOT Ha ju3rame. Hu-
CKHUTE, IJIOYECTH OJIOKOBH BO UCIHHOT
JIeTT JITyMHO C€ TMOKPUECHHU CO 3eMjHIl-

Rills does not appear at all over
the smaller sliding blocks, but only a
short land embankment (10-20 sm) in
the front part that points out to the
sliding process. The short, tile blocks at
the front part are partly covered in land
where they are plunged, i.e. dived or
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Te, BO KOE CE 3apUCHHU T.C. HypHATH WU
noronaty. [loronemure nm3radku 0J0-
KOBHU CO3/1aBaatr Joaru Opasmu (4-6 m),
KOM KOH OJIOKOT TOCTEIEHO CE MPOIIIH-
pyBaaT, a BO HalpeuyeH Npecek uMmaar
IUINTOK KOHKaBeH m3rien. Cropen us-
renot (CBeXXHWHATA) HA Opa3guTe W Ha-
OpYKaHOTO 3EMjHIITE, OYHTIICIAHO € Jie-
Ka BO MEpUOAOT Ha HCTpaKyBamara,
JU3TalkeTo Ha OJIOKOBUTE OWMJIO HE3Ha-
yurenHo. J[oka3 3a Toa e m criopende-
HaTa (hOTOMETpHUja Ha HEKOJKY CIIM3HA-
™1 Onoka 3amamHo oj Man Pyen, Ha
HaJgMoOpcKka BucounHa of 2145 m mo
2090 m.

sinked. The larger ploughing blocks
create long rills (4-6 m) that gradually
widen towards the block, and they have
a shallow concave look in a cross-secti-
on. According to the look (the freshne-
ss) of the rills and the wrinkled land, it
is obvious that the sliding was insigni-
ficant in the period of investigations.
The comparative photometry of several
slid blocks west of Mal Ruen at an
altitude of about 2145 m to 2090 m also
proves that.

Cnmka 7. JImsrauku 6ok 3amagHo og Man Pyen
Figure 7. Sliding (ploughing) bock west of Mal Ruen

AmnanusaTa nokaxa jAeka BO OJ-
HOC Ha 3aJHUHCKUOT TepeH, OJIO0KOBUTE
Bo mepuoaoT aBryct 1997 asrycr 2004

The analysis showed that with
regard to the background terrain, the
blocks have moved just 20-30 sm in the
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roauHa, ce nomectmwie camo 20-30 sm.
BepojaTHo BO MHMHATUTE IOCTYICHH HU
MOBJIAYXKHU TICPUOJIN, KPHUOTCHO-TPABH-
TallMOHUTE IPOICCH OUJIe MOMHTECH3MB-
HH, a CO Toa ¥ Op3MHAaTa Ha IBUXKCHC Ha
JIM3TauKUTE OJIOKOBH.

Kpuocoaundaykunonun
nepurianujajHu popmm

Bo oBaa rpynma Ha penjedHu
dbopmu, cropen KomgakoBcku (1996)
cnaraaT: CTPYKTypHH (Mpas3HHU) TOYBH,
KaMEHHU TIPCTEeHH, KAMEHHU JICHTH, KaMe-
HU TIOJIUTOHH, TPEBHU MOTWJIKH, KAMEHU
jasuiy, moj3e4yku OyCeHH M TPEBHHU Te-
pacu. Milivojevi¢ (2003) Bo oBaa rpyma
(dbopmu yIiTe TH HaBeyBa CONMUMITYKIH-
OHHUTE ja3uIU U COMUMIYKIMOHUTE OpU-
ku. Ox cute HUB, Ha OCOTrOBCKHUOT Ma-
CUB Ce KOHCTAaTHUPaHW TPEBHU Tepacu U
HEKOJIKY cOMupIyKInonn ja3uru. [Ipu-
YMHA 3a OTCYCTBO Ha OCTaHaTHTE (op-
MU € ToMajaTra BUCOYMHA Ha MacCHBOT,
HAKJIOHUTE W €KCIO3UINHUTE HA WHUIIH-
jaTHHOT penjed, epOAMOMITHHOT Teo-
JIOUIKH COCTaB M KIMMATCKHUTE KapakTe-
PUCTHKH (ITOMajo KOJUYECTBO Ha BpHe-
KW M BJIara BO TI0YBAaTa).

Bo wucTpaxxyBaHHOT TpoCTOp,
SIMHCTBEHO Tonpadje kame ¢ 3aberne-
JKaHa TojaBa Ha TPEBHH TEpacH € JOJIK
HCTOYHATa cTpaHa Ha Omioro Kutka, Ha
HaagMmopcka BucounHa ox 1900-1990 m.
Co3naneHn ce Ha UCTOYHH E€KCIIO3UITUU
co man HakioH (15-20°). Mmaar Hempa-
BUJICH W3TJIENl, CO MPOMEHJIMBA IIHPO-
yrHA Ha 3apaMHeTHOT aen (15-40 cm),
noneka AoibkuHaTa uM u3HecyBa 20-30
m. 3apaMHETHOT JAENl CE€ COCTOU Of
pa3apoOeH rpaHUTOUICH MaTepHjal, Koj
W TOHAaTaMy € MOJIOKEH Ha MpPas3HO
pasopyBame U yCuTHyBame. OCBEH CITo-

period from August 1997 to August
2004. Probably, the cryogenic-gravitati-
onal processes were more intensive in
the past colder and more humid peri-
ods, as well as the speed of movement
of the sliding blocks.

Cryosolifluctional periglacial
landforms

According to Kolchakovski
(1996), this group of relief forms in-
cludes: structural (frost) soils, stone rin-
gs, stony tracks, stone polygons, grass
hillocks, stony tongues, crawling turfs
and solifluction terraces. Milivojevic
(2002) includes in this group the soli-
fluction tongues and the solifluction
lobes. Out of all these, grass terraces
and a few solifluctional tongues have
been found at the Osogovo massif. The
reason for the absence of the other
forms is the smaller height of the ma-
ssif, the inclinations (slopes) and the
expositions (terrain aspects) of the
initial relief, the erodible geological
structure and the climatic characteris-
tics (small quantity of rainfalls and
humidity in the soil).

The only region in the inves-
tigated area where it has been noted the
appearance of a solifluction terraces is
the along the eastern side of the ridge
Kitka, at an altitude of 1900-1990 m.
They are created at eastern expositions
with a small inclination (15-20°). They
have irregular look, with a changeable
width of the flattened part (15-40 cm),
whereas their length is estimated at 20-
30 m. The flattened part consists of
crashed granite material which is fur-
ther subject to frost crashing and cho-
pping. Besides the mentioned solifluc-
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MEHAaTUTEe TPEBHU TEepacH, Ha CEBEPO-
3alaJiHUTe MAJAWHU 10X BpBOT PyeH
(2252 m), 3abenexaHu ce “eMOpHOHA-
HA~ TPEBHU TepacH, Kaje BereTaIrcKa-
Ta IOKPUBKA HE € LIEJIOCHO PAacKUHATa,
TyKy € Opaszecto HaOpUYKaHa HOPMaJTHO
Ha HajTOJIEMHUOT TaJ.

Ha mnaxsoHerure naauHu Ha
OCOroBCKMOT MacuB, Ha HaaMOpPCKa
BucounHa o 1700-2050 m, xako pe3yn-
TaT Ha COJMQIYKLIUOHUTE IIPOLECH,
(dbopMupaHN ce HEKOJIKY COTH(ITYKINO-
HU ja3ulii, OCOOCHO M3pa3eHH BO M3BO-
pumHaTa deneHka Ha Kpusa Peka. Haj-
TOJIEMHOT OJ] HUB C€ Haora CEBEPHO O
Hapes Bps (2085 m). Toj uma ceBepHa
eKkcros3uija U € (GOopMHUpaH ToMery
IBaTa KpaTKM W3BOPUIIHU Kpaka Ha
Kpusa Pexa (Ko3zja Peka). IlouetHnot
T.€. HajBHCOK JIe]l Ha ja3ukoT ¢ Ha 1980
m H.B., & 4eJIOTO T.€. MOJHOX]ETO € Ha
1660 m H.B., Taka IITO BKyITHaTa BH-
CHMHCKa pa3nuka u3HecyBa 320 m, a
nomkuHata okosy 450 m. Ilpoceunara
IMUpPOYMHA Ha ja3WKoT m3HecyBa 150-
200 m, MokHOCcTa Ha 3adareHara maca
oX 5-15 m, a BKYITHHOT BOJIYMEH € NpOo-
neHer Ha okomy 600.000 m’. ITo crpa-
HHUTE, CONMUGIIyKINOHHUOT jasWK € 3ace-
YeH co Opa3au M Majii JOJTYHIba KO Ce
CIylUTaaT A0 JOJUHKHUTE Ha M3BOPHIL-
Hurte norouu Ha Kpua Peka. Bo moyer-
HUOT JeJ, TOJA IMOTKOBHYECTaTa Tpara
(Opa3ma), TepeHOT € CierHaT W J0cCTa
BIIaXKEH, OWIIEJKM CHE)KHATa Maca TyKa
ce 3a/pKyBa Hajaouro (CeBepHa, 0CojHa
EKCITO3UIIHja).

IToxpaj HaBeacHaTa TOjaBa, BO
u3BopuIIHaTa yejeHka Ha Kpua Peka
ce KOHCTaTHpPaHU C€ YIITE HEKOJKY
TTOMaJT¥ COMUGIYKITMOHHA ja3uid (ciI. 8),
co pomwkuHa on 200-350 m. 3a HUBHO
(dopmupame 0ll TOIEMO 3Hauewe Ownie

tion terraces, there have been noted
“embryo” terraces at the northwest slo-
pes below the peak Ruen (2252 m)
where the vegetation cover is not com-
pletely torn apart, but it is furrowed and
wrinkled normally at the greatest fall.

Several solifluction tongues ha-
ve been formed at the inclined slopes of
the Osogovo Massif at an altitude of
1700-2050 m as a result of the solifluc-
tional processes, especially expressed at
the source headgear of the Kriva Reka.
Most of them are located north of Ca-
rev Vrv (2086 m). It has a north expo-
sition and has been formed between the
two short source branches of the Kriva
Reka (Kozja Reka). The initial, i.e. the
highest part of the tongue is at an
altitude of 1980 m, and the forehead,
i.e. the foothill is located at an altitude
of 1660 m, so that the total height
difference is estimated at 320 m, and
the length about 450 m. The average
width of the tongue is 150-200 m, the
power of the covered mass is 5-15 m,
and the total volume is estimated at
600.000 m’. The solifluction tongue is
cut in rills and small glens by the sides
which lower down to the valleys of the
source streams of Kriva Reka. The
terrain is dismounted and quite wet in
the initial part, under the horseshoe
trace (furrow) because the snow mass
here is kept the longest (north, shaded
exposition).

Besides the above-mentioned
phenomenon, several smaller soliflucti-
on tongues have been found in the sour-
ce headgear of the Kriva Reka (Fig. 8)
long from 200-350 m. The frosting and
mealting in the soil and the surfaced
shuddered layer of the mica-schist’s,
the great inclination of the terrain (35-
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3aMp3HYBAkbETO U OJMP3HYBAHETO BO
3EMjHIITETO W TOBPIIMHCKHOT pacTpe-
CHUT CJI0j HA MHKAIIHUCTUTE, TOJIEMHOT
HaKJIOH Ha TepeHoT (35-45°), BnaxkHOC-
Ta Ha 3eMjUILITETO Ha OBUE OCOJHU EKC-
MO3HUIIMHU | JIP.

45°), the humidity of the soil of these
shaded expositions, etc. were of great
importance for their formation.

Carev Vrv (2085 m)

Cruka 8. ConnduyKInoHH ja3uiy BO U3BOPHIIHATA YesneHKka Ha KpuBa Peka
Figure 8. Solifluction tongues in the source area of Kriva River

3AKJIYUYOK

3a BpeMe Ha IUICNCTOIIECH, BUCO-
KOIUTAHUHCKUTE mpeaenu Ha (Ocoros-
CKHOT MacuB, Owie 3adareHu co ciaabu
TJIalyjaTHy ponecH. Bo M3BOpUIIHUOT
nen Ha p. buctpuna (Ha OyrapckuoT aen
Ol MAacHBOT, CEBEPOMCTOYHO OJl BPBOT
Pyen, 2252 m), mpasnunure Ouie o
JNOJNMHCKH THI W OCTaBHJIE Tpard BO
penjedoT BO BUA HA IMUPKOBH, KPATKH
BaJIOBH 1 MopeHu. OBze ce hopMupanu
3 mupka Ha BucounHa o 1850-2000 m,
BCCUCHU TJIABHO BO KPHCTAJIECCTH KapITH.
Mpa3HHYKHTE ja3HIy TPOAOJDKYBase
KOH IMOJTHOX]jeTo 70 okoxry 1700 m H.B.
Kajie ce aKyMyJIupaJie YeITHUTE MOPEHH,

CONCLUSION

During the Pleistocene, the high
mountainous regions of the Osogovo
massif experienced weak glacial pro-
cesses. The source part of the Bistrica
River (in the Bulgarian part of the
massif, northeast of the peak Ruen,
2252 m) the glaciers were of the valley
type and left traces in the relief in the
form of cirques, short U-valleys and
moraines. Three cirques were formed
here at the height of 1850-2000 m, in-
cised mainly in crystalline rocks. The
glacial tongues continued towards the
foothill to latitude of about 1700 m
where the forehead moraineswere accu-
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a TI0 TIaT C€ M3TPaJIeHu 2 KPaTKU BAIOBU
monru 1-1,5 km. Opn couyBanuTe MOp-
(OJIOIIKH €IEeMEHTH U OJ1 TaJICOKIMMAT-
CKaTa pEeKOHCTPYKIMja, BHCHHATa Ha
JoNHaTa CHe)kHa rpanuna Ha Ocoros-
CKHOT MacuB € ofapeneHa Ha 1950 mo
2000 m H.B. 3a paznuka on PyeHckuor
nen, okony Llapes Bps (2085 m), Hema
Tpard oj TianujaieH penjed, Wiu maxK
UCTHTE C€ HaKHATHO YHHIITEHH CO Tie-
pUTIIaAjaTHd ¥ (hIIyBHOCHYAIIMOHN
mporiecu. MHaky, cimabaTta 3acTameHoCT
Ha rrnanujagaute perjeprun Gopmu Ha
MacHUBOT € TOpaJfl HEeroBata KOHTHHEH-
TaJHOCT ¥ MaJIOTO KOJIMYECTBO HA BPHE-
U, Masiata BucounHa Hajg 2000 m (Han
CHE)KHaTa IrpaHHLa), HEOTOAHUOT UHU-
nyjameH pemjed, EpPoTUOMIHAOT TEo-
JIOITIKX COCTaB U JIp.

Ilokpaj ¢opmu Ha rnanujaieH
penjed, BO HAjBHCOKUTE [CIIOBH Ha
macuBoT (Hax 1700 m H.B.) ce KOH-
CTaTUPaHH MOBEKE MEpUTIIAlN]jaHHU T10-
jaBU M TOa: rojeM HHUBALMOHEH LUpPK
cesepHo ox I{aper Bps (2085 m), moToa
HEKOJIKY HHMBAallMOHU LUPKOBH, JaBUH-
CKM KOPHIOPH M TPEBHH TEpacu Ha UC-
ToYHaTa cTpaHa Ha Ownoto Kutka, mo-
BeKe HUBAIMOHH HHUIIM W MOPHEA O]l
Kapnu o1 BpBoT Main Pyen (2206 m) u
jyxuo on IlapeB BpB, kaMeHu cTpyHm U
cim3HaTH OJIOKOBHM 3amagHo oja Man
Pyen, nonru conudayKkunoHu jasuuy Bo
n3BOpHINHaTa yereHka Ha Kpusa Pexa u
np. Kpymaure nepurianujanan Gopmu,
KaKO HUBALMOHU LUPKOBH U COMUQITYK-
LUOHY ja3sul{ C€ CO3JaJIeHH 3a BpEMe
Ha BUPM, a KAMEHUTE CTPYH, CITU3HATH-
Te OJOKOBM M TPEBHUTE TepacH MOKa-
KyBaaT PELIEHTHA aKTHBHOCT.

mulated, and on the way there two
short U-valleys were built, long 1-1.5
km. The height of the lower snow
border line at the Osogovo massif is
determined at an altitude of 1950-2000
m from the preserved morphological
elements and from the paleoclimatic
reconstruction. Unlike the Ruen part,
there are no remnants of glacial relief
around Carev Vrv (2085 m), or the sa-
me have additionally been destroyed by
periglacial and fluvial-denudation pro-
cesses. Also, the weak coverage of the
glacial relief forms at the massif is due
to its continentality and the small
precipitation, the small height above
2000 m (above the snow border), the
inadequate initial relief, the erodible
geological composition, etc.

Besides the forms of the glacial
relief, there have been noted several
periglacial phenomena in the highest
parts of the massif (above 1700 m
altitude), such as: a large nivation cir-
que north of Carev Vrv (2085 m), then
several nivation cirques, avalanche cor-
ridors and solifluction terraces at the
castern side of the ridge Kitka, several
nivation hollows, and rock seas below
the peak Mal Ruen (2206 m) and south
of Carev Vrv, rock flows and ploughing
blocks west of Mal Ruen, long soliflu-
ctional tongues in the source headgear
of the Kriva Reka, etc. The huge peri-
glacial forms, such as nivation cirques
and solifluctional tongues have been
made during a Wiirm, and the rock
flows, the ploughing blocks and the
solifluction terraces show a recent acti-
vity.
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