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Pindos is the longest Hellenic mountain chain and as such, consti-
tutes the backbone of the Greek peninsula. It takes part of the overall
mountain system of western Balkans and it represents the continuation
of the Dinaredes trending NNW to SSE in the Hellenic mainland. In this
work, we present evidence of pre-Tymphian glaciation events on Atha-
manion Massif (Tzoumerka) in Epirus, northern Pindos.

The first evidence for such pre-Tymphian events derives from the
position of four moraine-ridge systems. Interpretation of such an em-
placement may involve two possibilities: either the presence of lateral val-
leys on a higher level, such as that of Mangano and Fuskes peaks, which
were occupied by an extensive and high glacial tongue that was able to
abandon lateral moraines in that place, or that the particular moraines
were abandoned in a landscape much different than todays with deep or
even non-existent valleys.

Since all altitude data reported from the last glaciations event are
particularly low, as well as, average reported altitudes for amphitheat-
rical valleys (cirques) are also low, we deduce that those moraines were
emplaced pre-Tymphian and subsequently were buried and protected by
slope deposits.

The moraines were probably emplaced before their valleys were in-
cised. Moraine deposits were carried to their present position and they
were subsequently solidified. These moraines have been detached from
their feeder amphitheatrical valleys and occur presently as isolated ridges
overlaid by cryoclastic breccias subjected to diagenesis.

This observation suggests that some very important changes took
place in the landscape-forming conditions: actually, the detritus of the
cryoclastic breccias was derived from the escarpment of the Mangano
and Fuskes peaks and it descended and was emplaced on the new slope
formed by the pre-Tymphian lateral moraine. In any case, a relief inver-
sion occurred. Probably this new configuration of relief, assisted by cli-
matic and hydrologic conditions, did provide sufficient stability to lead
towards the consolidation of the breccia formations.
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TIEPIAHYH: XTAMATOINOYAOE A. & TTAAMENTOAA L., Tyvn mpo —
Topgrov tayetdvikov anobécemv ota ABapavikd opn, TG 0poOCELPUS
g ITivdov, EAAGSa. (IT ISSN 0391-9839, 2017).

H Ilivdog eivor n poakpvtepn opocepd g EALAS0G kot g TéTota,
amoteAel T poyokoKaAld tng eAANVikNg xepoovicov. Eivar pépog tov
€upOTEPOV GLGTNUOTOG OPEWVDV OYKOV TV dVTIKOV Bolkaviov kot
AVTITPOCHOTEVEL TN GLVEYELD TNG OPOGELPAS TV Awvapidwv, £xovtag B/
BA mpog N/NA katevbvvon mpog tnv NIEPOTIKN YDOPa.

e avth v gpyacio, mapovoidlovue dedopéva mtpo-Topeov (Pre-
Tymphian) mayetoddv yeyovotmv mov éhafav ydpo otnv Hrepo kot
ovykekpipéva ota Abapavikd Opn g Bopetag Iivoov.

Ta mpoto otoyeio yo ™ mpo—Toueo mwoyet®dn SpacTnPLOTNTH
mpoépyovtonand T BEon TEcoapmV phyemv popévav. H eppmveia piag tétota
dnpovpyiog phyemv, mbava nepthapfavel dvo yevesiovpyieg dadkaoiec:
Eite T mopovcio kKeKMUEVOV KOMAS®V 68 LEYRADTEPO VYOUETPO, OTTMG
QUTOV TOV KOPLO®V ToL Mdyyavov kot tov Povckdv ot omoieg eiyav
KoAvPOel amd pio exteTapnévn Kot LEYAAOV TAXOVG TOYETMOIN YAMGOO M
onoio dNoVPYNGE KEKALEVEG LOPEVES GTN TEPLOYT, EITE OL GUYKEKPLUEVEG
pnopéveg dnovpyndnkav oe va mepiPdAlov TOAD O SLOPOPETIKO TOV
onuepvov, pe Pabiég N axdpo Kot [ VITAPYOVGES KOIAAOES.

Aedopévov 0Tt Ta dlabEcTLa VYOUETPIKA SEd0UEVE TV TEAEVTAI®V
TAYETOODV YEYOVOT®OV TN TEPLOYN, £ival WOUTEPMG AVETUPKY, OTMG
emiong kot ta StafEoIpo HEGH VYOLETPO TOV AUEOEATPIKOV KOIAAS®V
elvar emiong yopmAd, ocvumepaivovpe OTL Ol HOPEVES OTN MEPLOYN
dnuovpyndnkav mpo-Topeiov Kot ot ocuvvéxeln KoAvEOnKav Kot
TPOGTATELONKOV AUTTO TAEVPIKE KOPTLOTAL.

Ot popéveg mbavotato dnuovpyndnkav mpwv dnpovpyndodv ot
KOWAGdeg Tovg . Mopevikég omobéoelg amotébnkav otn mapovoa OEon
TOVG Kol PeTémerta dayeveOnkay AVTEG Ol LOPEVES AMOCTAGTNKAV OO
TIC UNTPIKES apPOEATPIKEG TOVG AEKAVEG Kot ep@avilovTal oNuepa mg
LELOVOUEVEG KOPLQOYPAUIES VITOKEILEVEG KPVOKAAGTIKMOV AOTVTOTOYMV
o omoio PBpiokoviar oe kabeotdg Swyévveonc. H  ovykekpyévn
TOPOTNPNGT] VTOMNADVEL TMOG KATOLEG TOAD ONUOVTIKEG OAAUYEG TOV
aPOpPOvV TIg GLVONKES dnptovpyiag Tov Tomiov EAafav ydpa: OvolacTikd,
TOL KOPNLLOTO TOV KPVOKAUGTIKMOV AATVTOTOY®DV TPoNnABav amd Tov Kpupvo
TOV KOPLE®V Tov Mdyyavov kat g Povokag amd 6mov peTtapEpOnke
Kot amoTtéOnKe 6To VEO Kpupvo mov dnpovpyndnke amod tig tpo- Topeiov
KEKMUEVES LOPEVES. Xe KAOE TepITTmOoN VN PEE AVAGTPOPT] TOL AVAYAVPOU.
ITBovad, oot N véa Stapdpe®on Tov avayAdYOoL, ETIKOVPOVUEVT OTO TIG
KALLOTURES KOl VOPOAOYIKES GLVONKES, Tapeiye eTopKn oTabepdTnTa Yo vl
00 ynBovLe 6N SLaYEVEST TOV AATVTOTOYDV GYTHLATIGUMV.

AEZEIE KAEIAIA: TIpo-TOugio (Pre-Tymphian), Mopéveg, Opocelpd
ITivdov, ABapavikd Opn (Tlovpépka).



INTRODUCTION AND GEOLOGICAL SETTING

Pindos is the longest Hellenic mountain chain and as
such, it constitutes the backbone of the Greek peninsula.
It belongs to the overall mountain system of western Bal-
kans and it represents the continuation of the Dinarides,
trending NNW to SSE into the Hellenic mainland. In this
paper, we will present the observations and detailed argu-
ments for pre-Tymphian glaciations events on Athaman-
ion Massif (Tzoumerka). Athamanion Massif is situated in
northern-central Pindos, between 39° 22°N - 39° 39°’N and
21° 04E - 21° 15’E in Epirus, north-western Greece
(fig. 1A). The massif consists of Eocene to Lower Miocene
sedimentary successions of the “Ionian zone”, of Triassic
to Upper Eocene sedimentary sequences of the “Gavrovo
zone” and of Upper Cretaceous to Eocene sedimentary
successions of the “Pindos zone” (fig. 1B), (Brunn, 1956;
Aubouin, 1959; Vakalas, 2003).

PREVIOUS INVESTIGATIONS

Aubouin (1961) has mapped the general area in a
1:50000 scale (Pramanda sheet).

He recognized two categories of glacial landforms:
Firstly, those above 1900 a.s.l. that were assigned to a Wiir-
mian age and secondly the moraines at altitudes between
1900-1400 a.s.l. as older than Wiirm, probably Riss. In
our case, we are using the equivalent stratigraphical terms
of glacial stages for Pindos Mountains of Vlasian and
Tymphian instead of Riss and Wiirm respectively (Hughes
& aliz, 2006).

We contest this interpretation which is solely based on
the criterion of altitude. We argue that, the same moraine
deposits mapped by Aubouin (1961) as Vlasian represent
the maximum glacial expansion during Tymphian.

Recent glacial research in the high cirques of Mt. Tymphi,
in an area adjacent to the north of Athamanion Massif, has

FIG. 1 - A. Map of Greece showing the Pindos mountain chain. The inset box shows the study area. B. Simplified geotectonic map of the Hellenides

(modified after Doutsos et al. 2006).
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FIG. 2 - Geomorphological map of the main ridge of Mount Athamanion showing the locations of the pre-Wiirmian (pre-Tymphian) moraines deposits
described in the text and the main Wiirmian (Tymphian) glacial landforms. The map wasbased on H.M.G.S. 1:50 000 topographic sheets.
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provided age-dates for lithified glacial deposits, indicating
that the earliest recorded glaciations occurred over 350.000
years agoi.e. during Middle Pleistocene, (Woodward & a/zz.,
2004; Hughes, 2004). This time framework is further sup-
ported by Smith & a/7z (1997) which suggests an Early - Mid-
dle Pleistocene age for the periglacial unit at Mt Olympus.
Ribolini & a/i7 (2011) mention a glaciation phase occur-
ring during the Middle Pleistocene near Prespa and Ohrid
lakes. This is attributed to the till found on the lakes shores
and on the mountain ranges bordering the lakes. The till
signs expanded well below the examined area of Galicia
Mountains in FYROM and that indicates an extended
phase of Middle Pleistocene glaciation in the area.

Pope et al. (2017) suggest Middle Pleistocene age for the
large glacial activity of Chelmos mountain in North Pelo-
ponnese. They also suggest that the studied smaller valley
and cirque glaciers and the boulders on the moraines of
these glacial phases are of Late Pleistocene age.

Woodward & Hughes (2011) mention an inconsistent
chronological framework for the glacial sediments and land-
form of Mount Olympus. The also suggest two major phases
of glaciation regarding Mount Tymphi, pointing to a more
complex Pleistocene history in the area than the one sug-
gested by Palmentola & a7z (1990) but without being able to
quantify the age difference between lower and higher alti-
tude moraines and the exact cold stage they formed in.

Finally, during the past decades Federici (1977, 1980)
and Kotarba & /7 (2001) carried out several investigations
on glacial landforms in this sector of the Apennines and
noted glacial deposits of Middle Pleistocene age. Federici
(1977) suggests that glacial deposits, which extend much
lower than moraines assigned to the Late Wiirmian, have
been noted in many areas of the Italian Appennines. They
are often partially cemented, are having a pink hue and are
often fragmentary, incomplete and no radiometric dating
has established their age.

Federici (1980) also reported the existence of glacial
deposits on the North sector od Apennines whose loca-

tion, morphology, lithology and weathering rate could be
explained only by previous glaciations.

Kotarba (2001) mentions that based on Uranium dat-
ing’s, carried out on calcite crystals in moraine deposits, an
ancient glaciation phase which affected the Campo Imper-
atore depression (Gran Sasso Massif) has been referred to
the late-middle Pleistocene (Riss Auct.). This glaciation (Pi-
ano Racollo Glaciation) was found to be much wider than
the Upper Pleistocene (Wiirm) one (Coppe di Santo Ste-
fano Glaciation), whose landforms and deposits are much
more evident in the area.

PRE-TYMPHIAN LANDFORMS

The Athamanion Massif is one of the most extensively
glaciated mountains of Pindos and it includes a number
of high peaks such as Kakarditsa (2429 m), Chilia Exida
(2254m), Katafighi (2098m), Strogoula (2112 m), Gerak-
ovouni (2364 m), Sxismeno Lithari (2306 m), Katafidi (2393
m), Megalolivado (2199 m) and Sklava (2088 m). Pramanda
village is located near Strogoula peak (fig. 2). In the study
area, the massif is mainly made by compact but fractured
limestones of Eocene age (Aubouin 1959), these rocks are
notoriously very conservative as regards to the morpho-
climatic relics. This is the reason why many of the glacial
circuses of Tymphian age are perfectly preserved on the
Athamanion Massif (fig. 2). On the other hand, flysch se-
quences are very easily erodible, and in some cases, only
the overlying welded moraine deposits can preserve the
buried flysch deposits.

During our geomorphological study, which was based
on mapping, field observations and measurements and
photo interpretation, we have observed along the Prama-
da-Melissourghi area, SW of the village Pramada and along
Agnada-Sgara area on the Fuskes dorsal, at altitude which
range between 1100-800 m. a.s.l., rock deposits which con-
sist of large well-striated clasts (fig. 3) and boulders in a

FIG. 3 - Photographs showing well-developed striations (indicated by arrows) on cobbles of pre-Tymphian moraines in the study area.
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FIG. 4 - Simplified section showing the pre-Wiirm (pre-Tymphian) moraine covered by crioclastic cemented and rubefatte breccias. (Not in scale)

lithified matrix of sandy poorly-sorted gravel. These char-

acteristics allow us to attribute these deposits to a moraine.

These moraine deposits are covered by a well-cemented
cryoclastic breccia (fig. 4) and have a clearly distinct lithos-
tratigraphy and morphology compared to a different type
of moraines, undoubtedly more recent, of Tymphian age.
However, the pre- Tymphian moraines are located at alti-
tudes 1100-800 m. a.s.l., clearly lower than those we con-
sider Tymphian (2000-1400 m a. s. L.). This altitude discrep-
ancy can be interpreted in one of the two following ways:
a) the valley, where these pre-Tymphian moraines are

located, was covered by a thick and extensive glacial

tongue which when it withdrew, left these pre-Tymphian
lateral moraines in situ;

b) these pre-Tymphian moraines have been emplaced in a
very different landscape than the present topography,
i.e. in very shallow valleys or these valleys were incised
later due to glacial withdrawal assisted by climatic and
hydrological conditions.

The pre-Tymphian moraines have been detached from
their feeder amphitheatrical valleys (circuses) and occur
presently as isolated ridges covered by cryoclastic breccias
subjected to diagenesis.

Pre-Tymphian moraines and the overlying breccias are
strongly welded. The fact is probably due to an intense un-
derground water circulation, as at those altitudes rainfall
amount per year is really relevant. In this condition, as the
clasts and matrix are mainly made of limestones, the cir-
culation water is rich in calcium carbonate that welds the
grains.

After all, as consequence of this process, the pre-

Tymphian moraines and breccias protect the buried flysch
that has a very low resistance to erosion. Obviously, in a
landscape of flysch, moraines and breccias form ridges. In
other terms, a geomorphic sequence of relief inversion oc-
curred, in the sense that a former valley, in which the pre-
Tymphian moraines accumulated, became a ridge.

In the study area, the detritus of these breccias was
probably derived from the escarpment of the Mangano and
Fuskes peaks and was emplaced on the new slope formed
by the pre-Tymphian lateral moraine. Probably this new
configuration of relief provided sufficient stability to lead
towards the consolidation of these breccias with climatic
and hydrogeologic conditions mitigating towards this end.

CONCLUSIONS

Despite our conclusions that the Tymphian glacial land-
forms occurred at topographic positions between 1600-
1300 m a.s.l., we suggest that altitude of occurrence cannot
constitute the unique criterion for ascribing a glacial land-
form to a certain time framework.

We have studied moraine deposits consisting of large
striated clasts in a lithified sandy gravel matrix which occur
at altitudes between 1100-800 m., a.s.l. and if morphological
and stratigraphic parameters are correctly appraised, they
have pre-Tymphian ages. Particularly the well-cemented
cryoclastic breccia cover, probably derived from the nearby
Mangano and Fuskes peaks in the study area, would be
indicative of pre-Tymphian ages for these moraine deposits.

The ‘moraines on ridges’ configuration of such pre-
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Tymphian glacial deposits may involve two possibilities
of interpretation: either the presence of a lateral valley on
a higher level, such as that of the Mangano and Fuskes
peaks, which was occupied by an extensive and thick gla-
cial tongue that was able to abandon lateral moraines in
that place, or that the particular moraines were abandoned
in a landscape much different than the present landscape
with less deep or non-existent valleys. In any case, the “mo-
raines-ridges” configuration represents a new inverse relief.
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