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24.1. INTRODUCTION

The Carpathian Mountains represent a key region for the

understanding of the spatial link between the eastern part

of the Scandinavian Ice Sheet and Alpine glaciers. Since

the second half of the nineteenth century, many authors

have discussed the question of the origin and significance

of the glacial landforms and the Pleistocene glaciation in

the Romanian Carpathians. From a historical point of view,

the research on the Romanian glacial relief and the effect of

Pleistocene glaciation in this part of Europe has taken place

in four distinct periods (see Urdea and Reuther, 2009 for a

comprehensive bibliographical list).

Since the previous chapter, presented in Ehlers and Gib-

bard (2004), new evidence has been collected on the glacial

landforms in the Romanian Carpathians, and consequently,

new ideas concerning the extension of the Pleistocene gla-

ciations in this area have emerged. However, glacial geo-

morphological studies have still not been undertaken in

many mountain areas, especially for the middle mountains

of the Carpathian arch, or the knowledge of the glacial geo-

morphology and stratigraphy are only recorded in a general

way. Although many doctoral theses have focused on the

geomorphological aspects of different mountain areas

(Ancuţa, 2005; Nedelea, 2006; Murătoreanu, 2009) in the

period since our previous paper and have included a chapter

on the glacial relief, unfortunately, the authors have not

tackled the problem of the Pleistocene glaciation evolution,

or this problem is presented in a rather general manner, for

example, for Iezer Mountains by Szepesi (2007), or for Pia-

tra Craiului Massif by Constantinescu (2009). In addition,

the same situation applies to papers that discuss the glacial

relief of some mountain areas (e.g. Simoni and Flueraru,

2006; Simoni, 2008).

Although the existence of Pleistocene glaciers in the

Romanian Carpathians was pointed out over 125 years

ago—in the Northern Carpathians (Tietze, 1878) and in
the Transylvanian Alps (Lehmann, 1881, 1885)—for the

remaining mountain areas reaching maximum altitudes

below 2000 m a.s.l., the problem is still controversial.

The situation is even more surprising because, during the

Pleistocene, glaciers descended to 1050–1200 m a.s.l. in

the highest Romanian mountains. Examples include the

Southern Carpathians (Făgăraş, Retezat, Parâng)—also

called the Transsylvanian Alps—and the Rodna Mountains

in the Eastern Carpathians.

Moreover, even the existence of the Pleistocene glacia-

tions in the middle mountains of Central Europe and South-

Eastern Europe has been accepted unequivocally, for exam-

ple, the Bavarian Forest (Raab and Völkel, 2003), Bohe-

mian Forest (Vočadlová and Křižek, 2005), Krkonoše

(Giant) Mountains (Carr et al., 2007), Risnjak Mountains,

Croatia (Bognar and Prugovečki, 1997), etc. For some of

the Romanian geomorphologists, this concept is presented

in an unsatisfactory way (Naum, 1957a; Mac et al., 1990).

In consequence, the authors focused on some problematical

Romanian mountain areas for their investigations, includ-

ing the Eastern Carpathians, Southern Carpathians and

the Apuseni Mountains. The aim of this chapter therefore

is to present a synthesis including the new observations

and images concerning the presence and extent of Pleisto-

cene glaciers in some mountain areas of the Romanian Car-

pathians (Fig. 24.1; Table 24.1).
24.2. THE SETTING

The Carpathians are a distinct part of the Alpine-Himalayan

orogenic chain, and form the backbone of Romania’s relief,

being situated in the central part of the country (Fig. 24.1).

The Carpathians are included in the northern branch of the

European system of the Alpides and are the results of Meso-

zoic and Cenozoic continental collision. They take the form

off several Nappe complexes and thrust sheets. In the
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FIGURE 24.1 Position of the Carpathian Mountains in Romania and location of the mentioned area: 1, Maramureş Mountains; 2, Ţibleş Mountains;

3, Suhard Mountains; 4, Giumalău Mountains; 5, Călimani Mountains; 6, Bistriţei Mountains; 7, Ceahlău Massif; 8, Piatra Mare Massif; 9, Neamţu

Mountains; 10, VâlcanMountains; 11, Capra-BuhaMassif; 12, Latoriţei Mountains 13, Căpăţânei Mountains; 14, LeaotaMountains; 15, BihorMountains;

16, Vlădeasa Mountains; 17, Muntele Mare Mountains.

Quaternary Glaciations - Extent and Chronology306

Author's personal copy
Apuseni Mountains, Southern Carpathians and in the cen-

tral axial area of the Eastern Carpathians, in particular,

the metamorphic rocks associated with numerous granitoid

plutons characterise the chain. By contrast, sedimentary

rocks occur in the marginal zones. In the south-eastern part

of the Apuseni Mountains and on the eastern side of the

Eastern Carpathians, the Flysch zone represents a promi-

nent tectonic unit. In addition, in the southern part of Apu-

seni Mountains and on the western side of the Eastern

Carpathians, to the Transsylvania Basin, Mio-Pliocene vol-

canic rocks and deposits are present (volcanic chain). A

complex inner fault system is connected to the appearance
of a series of tectonic basins. Although the mean elevation

of these mountains is 840 m a.s.l., only 34% of the chain has

altitudes exceeding 1500 m. However, there are 11 peaks

higher than 2500 m a.s.l., the highest peak being Moldo-

veanu, at 2544 m a.s.l. in the Făgăraş Mountains. In the high

area of the Romanian Carpathians, the landscape includes

evidence of glacial sculpture, with cirques, steep slopes

and U-shaped valleys, associated either with sharp peaks

or with ridges. This typical alpine landscape of central part

of the Făgăraş, Retezat, Parâng and Rodnei Mountains

includes either rounded mountain tops or interfluves, inte-

grated on some levelled surfaces with true peneplains, the



TABLE 24.1 Identity of Investigated Mountain Areas

Mountain Groups Mountains Latitude/longitude Maximum altitude (m)

Eastern Carpathians

1. Maramureş Mountains 47�5303600N; 24�2702000E 1957

2. Ţibleş Mountains 47�3102200N; 24�1501100E 1853

3. Suhard Mountains 47�3002000N; 25�0503100E 1937

4. Giumalău Massif 47�260100N; 25�2900400E 1857

5. Căliman Mountains 47�0801200N; 25�0304600E 2100

6. Bistriţei Mountains 47�0702300N; 25�4003200E 1853

7. Ceahlău Massif 46�5702300N; 25�5604700E 1907

8. Piatra Mare Massif 45�3205900N; 25�3804500E 1843

9. Neamţu Mountains 45�280400N; 25�4104200E 1923

Southern Carpathians

10. Vâlcan Mountains 45�1802900 N; 23�1505600E 1868

11. Capra-Buha Massif 45�2504100N; 23�3403000E 1927

12. Latoriţei Mountains 45�2302400N; 23�4403300E 2055

13. Căpăţânii Mountains 45�1903900N; 23�5004800E 2130

14. Leaota Mountains 45�1902100N; 25�1805900E 2133

Apuseni Mountains

15. Bihor Mountains 46�2602600N; 22�4101600E 1849

16. Vlădeasa Mountains 46�4603400N; 23�4403300E 1836

17. Muntele Mare Mountains 46�2902900N; 23�4101300E 1825

Chapter 24 New Evidence on the Quaternary Glaciation in the Romanian Carpathians 307

Author's personal copy
latter characteristic of the Godeanu, Ţarcu, Şureanu, Cin-

drel, Latoriţei, Căpăţânii, Leaota or Vâlcan Mountains.

At the beginning of twentieth century, Martonne (1907)

described three peneplains in the Southern Carpathians,

Borăscu at 1800–2200 m a.s.l., Râu Şes at 1400–1600 m

a.s.l. and Gornoviţa at 1000–1200 m a.s.l. In the sedimen-

tary area of the mountain massifs, structural and karstic

landforms typically occur.

The climatic conditions that occur in the high zone of

the Romanian Carpathians are cold, with the mean annual

air temperature of 3 �C at Cozia (1577 m a.s.l.), 1.0 �C at

Vlădeasa (1836 m a.s.l.), 0.2 �C at Bâlea-Lake (2038 m

a.s.l.), �0.5 �C at Ţarcu (2180 m a.s.l.) and �2.5 �C at

Omu (2505 m a.s.l.), where the absolute minimum temper-

ature can reach �38 �C. The mean annual precipitation is

8442 mm at Cozia, 1151.3 mm at Vlădeasa, 1246 mm at

Bâlea-Lake, 1180 mm at Ţarcu and 1280 mm at Omu, the

continentality index Gams (CIG) reaching values over

50�. The thickness of the snow layer can range between

50 and 370 cm and is highly variable depending on the wind

action. About 60–75% of the precipitation falls as snow,
and the snow cover in the region lasts between 150 and

210 days each year.

24.3. METHODOLOGICAL ASPECTS

The complex Pleistocene cold events have seen the build-up

of ice at many scales in the Carpathian Mountains, depend-

ing upon the intensity of freezing, the availability of snow

fall, etc. This has resulted in a range of glacier types: niche

glaciers, cirque glaciers, valley glaciers, snow fields, ice

aprons, wall-sided glaciers, mountain ice caps and plateau

ice fields. Therefore, although the presence and develop-

ment of glaciers depend on the snow accumulation-melt

balance, which is related to the regional climatic character-

istics that control precipitation and temperature (in particu-

lar, latitude and air masses), the topographic setting is of

paramount importance in determining the location, extent,

shape and evolution of each glacial body. Thus, the com-

bined effects of altitude, exposure to incoming solar radia-

tion, slope and mean curvature may explain the main part of

the observed variations, related to in the equilibrium-line
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altitudes (ELAs) of different glaciers in the same region

(López-Moreno et al., 2006).

Reconstructing the former glaciers requires field inves-

tigations, detailed geomorphological mapping and the anal-

ysis of landforms and sediments. The most accurate

methods also require that there should be sufficient geomor-

phological evidence, usually lateral–terminal moraines,

trimlines, striated bedrock, roches moutonnées and erratics,

to allow the extent and the form of Pleistocene glaciers to be

reconstructed. Special attention is to be paid to the recon-

struction of atypical or small glacial entities, including

ice aprons, wall-sided glaciers, avalanche-cone glaciers,

firn and ice fields. Because these smaller bodies occur in

extreme settings or particular topographic or climatic situ-

ations, they have an equally minor morphological role.

They also have a discrete ‘morphological fingerprint’ in

the landscape. Based on the authors’ field experience, they

consider that the differentiation of discrete, incipient glacial

forms; the identification of a small semicircular scarp; an

incipient trimline with a knickpoint; a sudden break of

slope; and the presence of the knickpoint in the lower part

of the longitudinal profile of this hollow are required. They

do not ignore the fact that various types of pre-glacial land-

scape, such as funnel-shaped valley heads, gullies and

ravines, have provided the conditions necessary for the

early stages of enlargement and modification by snow

patches and niche glaciers, which may have eventually

led to cirque formation (Grove, 1961). In consequence,

the less well developed features are considered to be tran-

sitional forms between nivation hollows and incipient

cirques.

Although the glacial features are easy to recognise in the

main part of the alpine area of the Romania Carpathians,

their identification at low altitude and in the more vegetated

terrain is more difficult. Frequently, glaciation has often

only left weak traces and, in many regions, the original gla-

cial landforms have been greatly changed by postglacial

processes. For the reconstruction of Pleistocene glaciers

in this geomorphological and biogeographical context,

the largest problem remains the identification of terminal

moraines, which may or may not be present. Scree, debris

flows and landslide deposits, and, sometimes, fluvioglacial

and fluvial deposits and landforms, which occur along the

valley walls and floor, may be mistakenly interpreted as

moraines. In the absence of unequivocal glacial deposits

and erosion features, or erratics, the evidence of glacial

advance at the lowest elevations must be used to determine

the glacial terminal position. This is often where the change

from a U- to V-shaped valley cross-section is found. How-

ever, while the glacial extents in some valleys have

undoubtedly been misidentified, orthorectified aerial pho-

tographs and Landsat images can be used to determine

the transition from a glaciated to a fluvial landscape

throughout the Romanian Carpathians.
Therefore, the database for the glacial geomorphology

and topographic information has been compiled using topo-

graphic maps (1:25,000), aerial photographs (1:10,000),

digitally orthorectified aerial photographs (2005 edition,

0.5 m resolution) and satellite images (2003 edition,

2.5 m resolution). The contours were created digitally from

the digital elevation model (DEM) using Adobe Illustrator

software and geo-referenced using ESRI ArcView

software.

The glaciers have been reconstructed to estimate their

areas, lengths, volumes and palaeo-ELAs. Following field

investigations and mapping, the reconstructions were based

on moraine elevations and the apparent upper elevation

limit of glacial features, as determined by glacially sculpted

bedrock on the valley walls. The ELA of each palaeo-gla-

cier was estimated using a toe-to-headwall altitude ratio or

THAR (cf. Porter, 2001). The toe (minimum) and headwall

(maximum) elevation for each glacier was determined,

and the ELA was calculated as 0.45 of the vertical

distance from the toe to the headwall (ELA¼ lowest eleva-

tion of glacierþvertical range� ratio). The area, length and

ELA of each palaeo-glacial unit were determined by over-

laying the mapped glacial extents on the best available

topographic maps 1:25,000 produced by Direcţia Topogra-

fică Militară.

Taking into account that the volume–area scaling rela-

tionship gives both a practical and physically based method

for estimating glacier volume (Bahr et al., 1997), the vol-

ume (V) of each palaeo-glacial entity was calculated, based
on Fox (1993) equation V¼0.048 S1.36 (Klein and Isacks,

1998).

24.4. THE ARGUMENTS

Contrary to the ideas promoted during the 1960–1980s and

are still advocated by some workers (e.g. Ielenicz and Pătru,

2005), the present authors (Urdea, 2000, 2004; Urdea and

Reuther, 2009) consider that the Pleistocene glaciation

was more extensive. For example, the north slope of the

Rodnei Mountains, in the Pietroasa Valley, is an area in

which controversial glacial geomorphological features are

found; morainic deposits with a huge gneiss erratic were

found at 950–1050 m a.s.l. (Fig. 24.2). Here, the area is

dominated by the Palaeogene sedimentary deposits (flysch)

of the Maramureş Depression (Sawicki, 1911; Sı̂rcu, 1978).

Geomorphological investigations in the Bistra Mărului

valley (Ţarcu Mountains) have also recorded more exten-

sive Pleistocene glaciers than were previously known. This

extent has been demonstrated by huge erratic and lateral and

terminal morainic deposits, with striated boulders

(Fig. 24.3). The reconstruction of the upper part of these

Bistra Mărului glaciers (Fig. 24.4), corresponding to the

proposed maximum configuration of the Pleistocene gla-

ciers, occurred at 1150 m a.s.l. This contrasts with the



FIGURE 24.2 Erratic boulder in Pietroasa Valley (Rodnei Mountains).

FIGURE 24.3 Striated boulder in the morainic deposits in the Bistra Marului Valley (Ţarcu Mountains).
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earlier opinions that the palaeo-glaciers of this area des-

cended to 1310–1350 m a.s.l. In addition, the Varângu-

Frâncu glacier covered an area of 6.88 km2 and the Dalciu

glacier 3.46 km2, orientated towards the north-west. The
geomorphological features of the Pietrele Albe-Nedeia area

suggest that both mentioned glaciers were in connection

with the Pietrele Albe-Bistricioara plateau glacier, which

covers over 5.5 km2.



FIGURE 24.4 The reconstructed Pleistocene glaciers on the 3 DEM in the upper part of Bistra Mărului Basin (Ţarcu Mountains).
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Glaciation that extended further than that previously

recorded has also been demonstrated on other mountain

massifs, including in the eastern part of the highest moun-

tain of the Romanian Carpathians, Făgăraş Mountains

(Urdea and Reuther, 2009).

24.5. EASTERN CARPATHIANS

The Eastern Carpathians are aligned north–south, with their

highest area in the north half (the Rodna Mountains—

2303 m a.s.l., Călimani Mountains—2100 m a.s.l.). Evi-

dence for Quaternary glaciation on these highlands has been

known since the nineteenth century but, apart from some

areas of the Rodnei, Maramureş and Călimani Mountains,

it has remained understudied and poorly dated. This area

has been the focus of some recent investigations.

Geomorphological evidence of past glaciation in the

Maramureş Mountains has been known since the work by

Zapalowicz (1886). However, the deposits remain poorly

dated, or their interpretation has been controversial. For
example, witness the conflicting views of Sawicki (1911)

versus Sı̂rcu (1963), or the work on glacial landforms by

Mac et al. (1990) or Mı̂ndrescu (1997, 2001–2002).

Based on the identification of fundamental geomorpho-

logical features of this mountain area, the authors distin-

guish between the north-east area, an external part

situated along the Ukrainian border, with the highest point

at Pop Ivan (1940 m a.s.l.), and inner massifs, Farcău

(1957 m a.s.l.), Mihailec (1918 m a.s.l.), Pietrosu Bardăului

(1850 m a.s.l.), Toroiaga (1930 m a.s.l.) and Cearcănu

(1846 m a.s.l.), well individualised by deep valleys.

In the ‘external area’ (including the Ukrainian slope),

the authors have reconstructed 89 glacial entities, with a

total area of 23.05 km2. Of these, the Jupania glacier was

the largest (3.32 km2), with a maximum length of 4.4 km,

reaching down to 1205 m a.s.l., followed by the Kvasny gla-

cier (2.11 km2), which descended to 1050 m a.s.l.

The ‘inner massifs’ hosted glaciers especially on the

northern slopes. The Farcău–Mihailec Massif supported

14 glacial entities covering 7.9 km2, the Pietrosu Bardăului
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with 10 glacial entities covering 2.54 km2, the Toroiaga

with 17 glacial entities covering 73.33 km2 and a newly

identified area, the Cearcănu, with 11 glacial entities cov-

ering 3.5 km2. Based on the authors’ work, the total

palaeo-glaciated area on Maramureş Mountain reached

40.32 km2.

Another area which has been the focus of considerable

discussion (Athanasiu, 1899; Sawicki, 1911; Someşan,

1933; Naum, 1957b, 1970; Sı̂rcu, 1964) is the Călimani

Mountains, the highest volcanic area of Romania, with

the highest peak Pietrosu reaching 2100 m a.s.l. Based on

geomorphological analysis, 79 individual palaeo-glacial

bodies have been reconstructed: 50 niche glaciers, 14 ice

aprons, 14 cirque and valley glaciers and 1 plateau glacier.

Of these, 45.4% were orientated towards the north, which

covered a total area of 44.35 km2 (Table 24.2). The largest

valley glaciers are present in the inner part of the volcanic

caldera, in particular, the Pietricelu-Reţiţiş, which covered

an area of 3.03 km2 and a maximum length of 3.3 km, des-

cending to 1350 m a.s.l. The surface of the upper volcanic

shield was occupied by an ice-cap-plateau glacier, with a

surface area of 22.7 km2, with some short outlet ice-tongue

glaciers descending from it (Straja, Iezer-Puturosu, Voivo-

deasa and Secu).

In the Ţibleş Mountains, in the Eastern Carpathians, the

presence of glacial landforms is still under discussion. A

part of the Northern Group of the Eastern Carpathians

(Fig. 24.1) is orientated west–east and reaches 1842 m at

Ţibles Peak. Much of the research on this area disregards

the existence of glacial landforms, (e.g. Coteţ, 1973; Posea

et al., 1974), while others very briefly mention the past

occurrence of Pleistocene glaciers in the area. For example,

Kubijovici (1934) comments, ‘on the northern slope of the

Ţibles we may find picturesque glacial landforms,’ and

Morariu (1942) states, ‘Ţibleş had some glaciers, which

are noticeable especially on the Maramureş slope, in the

wide valleys with glacial aspect situated under the peak,’

while others consider them to be nothing more than nival

landforms (Posea, 1962). More recent research confirms

the existence of two glacial cirques under the ridge between

the Ţibleş and the Arcer peaks. These cirques are orientated

towards the north-north-east (M. Mândrescu, personal com-

munication 2005), whilst two glacial niches, located north

of Arcer (1830 m a.s.l.), are orientated towards the north.

Based on the authors’ palaeo-glacial reconstruction, the

Ţibleş Mountains hosted 13 glaciers, that is, 6 ice aprons,

6 niche glaciers and firn fields and 1 valley glacier. The lat-

ter, Izvoru Fundăului, descended to 1250 m a.s.l. and

reached a total length of 1.6 km, the total surface of the gla-

ciated area being estimated ca. 2.26 km2.

Recently, 10 individual palaeo-glacial entities, that is, 7

niche glaciers and 3 ice aprons, have been recognised des-

cending from the highest peak, Omu (1932 m a.s.l.), in the

Suhard Mountains (Urdea and Reuther, 2009). The biggest
were the niche glaciers Zimu, 0.74 km2, and Valea Ursului,

which climb down northwards, to 1420 and 1430 m, respec-

tively (Table 24.2). The reconstructed surface of all these

glaciers amounts only to 2.36 km2.

Until recently, the Giumalău Mountains (1857 m a.s.l.)

were considered to not have been glaciated (Lesenciuc,

2006). However, by careful geomorphological examina-

tion, glacio-nival niches have been recognised along both

sides of the main north–south-orientated ridge, above

1660 m, the glaciated surface here amounting to only

0.779 km2.

Also, until recently, the Bistriţei Mountains were also

considered not to have been glaciated. It is now considered

that the Budacu Mountain (1853 m a.s.l.), the main valley

head (Borca, Borcuţa, Neagra, Ortoiţa), situated below

the main ridge, between Budacu Peak (1859 m a.s.l.) and

Muntele ı̂ntre Borci (1831 m a.s.l.), hosted small niche gla-

ciers. The largest of these glaciers achieved areas of

0.66 km2, Borcuţa, and 0.53 km2, Borca. However, other

valley heads in the area have the character of nivation hol-

lows. The maximum total surface of the glaciated area is

estimated to have been 2.13 km2 (Table 24.2).

The Ceahlău Massif (1907 m a.s.l.) lies in the middle

part of the Eastern Carpathians. According to Macarovici

(1963), the Ocolaşu Mare plateau, at 1750–1900 m a.s.l.,

was covered by ice in the Pleistocene. However, because

the evidence for glacial activity was considered equivocal

for the main part of the Eastern Carpathians, Sı̂rcu (1964)

excluded the Ceahlău Massif from the glaciated area.

Because the contact between the uppermost structural

plateau and structural cliffs and walls is rounded in some

areas and is continued with a U-shaped profile, the authors

consider that the entire plateau was occupied by ice fields,

spreading across 0.84 km2. These ice fields continued

across the abrupt area of the ice aprons, wall-sided glaciers,

avalanche-cone glaciers (included in the wider category of

cliff glaciers: sensu Lewandowski and Zgorzelski, 2004),

simple niches and U-shaped niches in the rock wall, filled

with snow and ice. A total of 20 glacial entities with a total

surface of 3.67 km2 have been reconstructed in this range

(Table 24.2).

With a maximum elevation of 1843 m a.s.l., the Piatra

Mare Massif is, from the general geological and geomor-

phological point of view, similar but smaller than the Ceah-

lău Massif. The presence of glacial landforms was never

considered here, although nivation niches have been iden-

tified and mapped (Mihai, 2005). The morphological fea-

tures suggest the occurrence of nine small niche glaciers

and ice aprons/avalanche-cone glaciers and one plateau gla-

cier that occupied a total surface area of 1.17 km2.

Situated in the neighbourhood and not much higher in

altitude, the Gârbova-Baiul Mountains are also included

in the unglaciated Romanian Carpathians; only nivation

landforms were recognised here (Niculescu, 1981). In the



TABLE 24.2 Summary of the Reconstructed Pleistocene Glaciers of Some Mountain Units of Eastern Carpathians

Area

No. of

Glacial

Entities

Surface (km2)

Average/

Overall

ELA

THAR0.45

ELA

STDEV

ELA THAR0.45

Volume (106m3)

Average/Overall

Longest

Glacier

(km) Aspect (%)

Type of

Glacial

Entitiesa
N (North) S (South)

1. Maramureş
Mountains

141 0.31 40.32 1561 80.14 1534 1565 15.34 1644.9 4.4 N-22.2; NE-12.2;
E-10.7; SE-7.9;
S-15.8; SV-7.2;
V-15.8; NV-7.9

80 n.g.; 36 i.a.; 24 g.;
1 p.g.

2. Ţibleş
Mountains

13 0.18 2.26 1573 51.8 1550 1606 5.33 69.4 1.6 N-15.3; NE-38.4;
S-30.7; SV-7.7; V-7.7

6 i.a.; 6 n.g.; 1 g.

3. Suhard
Mts.

10 0.23 2.36 1641 47.43 1621 1641 7.23 77.2 – N-10; NE-10; E-10; SE-
10; S-10; SV-20; NV-
30

7 n.g.; 3 i.a.

4. Giumalău
Massif

10 0.07 0.79 1673 47 1637 1673 1.57 15.7 – N-10; NE-30; E-10; SE-
10; SV-10; V-30

10 n.g.

5. Căliman
Mountains

79 0.56 44.35 1714 75.45 1674 1714 12.84 2986.8 3.3 N-22.7; NE-16.4;
E-10.1; SE-10.1;
S-8.8; SV-7.6;
V-16.4; NV-6.3

50 n.g.; 14 i.a.; 14 g.;
1 p.g.

6. Bistriţei
Mountains

10 0.21 2.13 1657 46.15 1665 1657 6.89 68.9 – N-10; NE-10; E-10; SE-
10; S-20; SV-20; V-10;
NV-10

10 n.g.

7. Ceahlău
Massif

20 0.18 3.67 1655 83.75 1544 1655 5.82 116.4 0.7 N-5; E-35; SE-5;
SV-5; V-25; NV-20

6 n.g.; 12 i.a.; 1 g.;
1 p.g.

8. Piatra Mare
Massif

10 0.117 1.17 1712 56.04 1627 1712 1.27 11.5 – N-44.4; E-11.1;
SE-11.1; S-11.1;
SV-22.2

6 i.a.; 3 n.g.; 1 p.g.

9. Neamţu
Mountains

23 0.2 4.67 1670 41.02 1651 1670 6.31 145.2 1.9 N-13; NE-8.6; E-13;
SE-17.4; S-4.3;
SV-4.3; V-26; NV-13

22 n.g.; 1 g.

Count 315 0.25 101.52 1627 58.75 1587 1627 6.95 5136 4.4 N-16.8; NE-15.6;
E-12.2; SE-9; S-11.2;
SV-9.1; V-14.5;
NV-16.7

194 n.g.; 77 i.a.;
41 g.; 3 p.g.

an.g., niche glacier; i.a., ice apron; g., glacier; p.g., plateau glacier.

Author's personal copy
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northern half of this area, the NeamţuMassif reaches a max-

imum elevation of 1923 m at the Neamţu Peak. Here, the

morphology of the valley heads situated along of the main

interfluve, the Paltinu Peak (1900 m a.s.l.) to the Rusului

Peak (1903 m a.s.l.), suggests that, in Pleistocene glacial

periods, they hosted 22 niche glaciers and/or firn fields,

and on the northern slope of the Paltinu Peak a small valley

glacier (0.64 km2, 1.9 km length), which descended to

1400 m a.s.l., with a total surface of 4.67 km2.

24.6. THE SOUTHERN CARPATHIANS

Although the Southern Carpathians, or the Transylvanian

Alps, show the most obvious glacial relief, with typical

alpine landforms, in some areas, an indistinct glacial topog-

raphy leaves the evidence of the Pleistocene glaciations

somewhat controversial or it is reduced to the traces of

small cirque glaciers. This area includes mountains that

reach altitudes of over 2000 m a.s.l., including the Leaota,

Căpăţânii and Latoriţei mountains, and therefore, special

attention has been given to these areas in recent

investigations.

In the Leaota Mountains (2133 m a.s.l.), the previous

research by Nedelcu (1964) and Murătoreanu (2009) recog-

nised only small glacial cirques and two glacio-nival cir-

ques. Based on the morphological features identified by

the authors, 39 individual palaeo-glacial entities have been

reconstructed, that is, 29 niche glaciers, 9 ice aprons and 1

valley glacier, Mitarca (0.67 km2, 1.7 km), 51.13 % orien-

tated to the north. These ice bodies together covered an area

of 7.54 km2 (Table 24.3).

Although they achieve altitudes higher than 2000 m, the

Căpăţânei (Nedeia Peak—2130 m a.s.l.) and Latoriţei

Mountains (Bora Peak—2055 m a.s.l.), previous research

byMartonne (1907) and Călin (1987) only recognised small

glacial cirques on the eastern slope of the Ursu Peak

(2125 m a.s.l.), one glacial cirque on eastern slope of the

Frătoşteanu Peak (2053 m a.s.l.), and other four glacio-

nivation cirques.

In cases where glacial landforms are less clearly

expressed, detailed analysis offers a new basis for palaeo-gla-

ciological reconstruction. Thus, in the Căpăţânei Mountains,

104 glacial entities—63 niche glaciers, 32 ice aprons and 9

cirque and valley glaciers—situated generally from west to

the east along the main interfluves and having formed a total

surface of 27.49 km2 (Table 24.3) have been reconstructed.

The largest glaciers were firn fields situated on the south

slope of the Cosa-Ursu Mountain, with a surface of

1.31 km2. It is important to mention that in the TârnovuMas-

sif and Buila-Vânturariţa Massif, dominated by a calcareous

ridge, with expressive cliffs, the ice-aprons, avalanche-con-

glaciers and very small composite forms have been typical.

For the Latoriţei Mountains, investigations suggest that

in Pleistocene cold periods, they hosted 15 cirque and
valley glaciers, 20 niche glaciers and/or firn fields and 12

ice aprons, on a total surface of 4.67 km2. The largest valley

glaciers were present on the northern slope,Miru (2.66 km2,

4 km), which descends to 1340 m, and Puru (1.78 km2),

which descends to 1470 m a.s.l.

An interesting situation is that of Capra-Buha Massif,

situated in the north-eastern part of the Parâng Mountains.

Reaching a maximum elevation of 1927 m a.s.l., the mor-

phology is dominated by rounded interfluves. The existence

of glacial landforms here had never been considered. Pre-

sent investigations demonstrate that the morphology of

the valley heads, situated along the main interfluve,

Tomeşti (1861 m a.s.l.)–Capra (1927 m a.s.l.)–Buha

(1905 m a.s.l.)–Cotu Ursului, suggests that, in the Pleisto-

cene, the area hosted eight glacial niche glaciers and/or firn

fields; one small valley glacier, Buha Mică (0.31 km2,

1.2 km) on the northern slope of the Capra Peak, which des-

cended to 1480 m; and one small cirque glacier, Cotu Ursu-

lui (0.31 km2, 0.8 km). All glaciers and firn fields covered

an area of 2.09 km2 in this area.

A new interpretation of the less well developed features,

the discrete and incipient glacial forms on the eastern part of

the Vâlcan Mountains, the Straja Peak (1868 m a.s.l.)–

Drăgoiu Peak (1690 m a.s.l.) area, indicates that 19 glacial

entities—18 very small firn fields/niche glaciers, one ice

apron-avalanche-cone glacier, Baleia (0.66 km2), which

descends to 1210 m—orientated mainly to the north, with

a total surface of 3.86 km2, occurred here.

24.7. THE APUSENI MOUNTAINS

The Apuseni Mountains are the lowest range in the Roma-

nian Carpathians. Here, only three peaks higher than

1800 m a.s.l., and the issue of Pleistocene glaciation was

again not considered, except for on the Bihor Mountains,

and the southern part of the Vlădeasa Mountains, the high-

est mountains, with an altitude of 1849 m a.s.l. at Curcubăta

Mare Peak or Bihor Peak and 1836 m a.s.l. at Vlădeasa

Peak. The presence of glacial landforms was first debated

by Szadeczky (1906), although the frontal moraines, that

he described near Stâna de Vale, are in reality a mixture of

scree and alluvial fan deposits (Martonne, 1922). Sawicki

(1909) described a glacial cirque at the NE of Curcubăta

Mare Peak, although Martonne (1922) and later Berindei

(1971) considered such landforms to be of cryo-nival origin.

However, Mac et al. (1990) identified a glacial cirque under

Bihor Peak which generated a 1–1.5 km long glacial valley.

Recent investigations have confirmed the latter interpre-

tation and enabled the precise configuration of the total

extent of Pleistocene glaciation in this mountain area

(Fig. 24.5). During the global Last Glacial Maximum, the

total surface occupied by the ice here was 4.31 km2. The

glacial entities, 1 valley glacier, 3 ice aprons and 14 niche

glaciers, were orientated especially towards the east



TABLE 24.3 Summary of the Reconstructed Pleistocene Glaciers of Some Mountain Units of Southern Carpathians

Area

No. of

Glacial

Entities

Surface (km2)

Average/Overall

ELA

THAR0.45

ELA

STDEV

ELA THAR0.45

Volume (106m3)

Average/Overall

Longest

Glacier

(km) Aspect (%)

Type of

Glacial

Entitiesa
N
(North)

S
(South)

10. Vâlcan Mts. 19 0.19 3.86 1497 82.65 1516 1522 5.73 108.8 – N-15.8; NE-5.3;
E-15.8; SE-10.5;
S-15.8; V-21.1;
NV-15.8

18 n.g.; 1 i.a.

11. Capra-Buha
Massif

10 0.2 2.09 1718 42.28 1710 1745 5.96 59.6 1.2 N-30; NE-10; E-
10; S-20; SV-10;
NV-20

8 n.g.; 2 g.

12. Latoriţei Mts. 47 0.42 20 1701 60.07 1705 1697 18.87 887 4 N-25.5; NE-10.6;
E-4.3; SE-19.1;
S-29.8; SV-6.4;
NV-4.3

20 n.g.; 12
i.a.; 15 g.

13. Căpăţânii Mts. 104 0.26 27.49 1689 89.38 1669 1690 9.84 1024 1.3 N-22.1; NE-5.8;
E-8.7; SE-11.5;
S-17.3; SV-7.7;
V-4.8; NV-22.1

63 n.g.; 32
i.a.; 9 g.

14. Leaota Mts. 39 0.19 7.54 1719 70.45 1714 1705 5.98 233.4 1.7 N-30.8; NE-7.7;
E-5.1; SE-7.7;
S-5.1; SV-10.3;
V-20.5; NV-12.8

29 n.g.; 9 i.
a.; 1 g.

Count 219 0.25 60.98 1664 68.96 1662 1671 9.27 2312.8 4 N-24.2; NE-7.3;
E-7.8; SE-11.9;
S-17.8; SV-7.3;
V-7.8; NV-16

138 n.g.; 54
i.a.; 27 g.

an.g., niche glacier; i.a., ice apron; g., glacier; p.g., plateau glacier.

Author's personal copy



FIGURE 24.5 The reconstructed Pleistocene glaciers on the 3 DEM model of the Bihor Mountains.
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(38.9%) (Table 24.4). This depended on the pre-glacial

relief with the main ridge orientated north–south, and the

accumulation of the drifting snow, blown by westerly

winds. The cirque on the Bihor Peak continues into a glacial

valley, the Valea Cepelor, which is covered with erratic

blocks, down to about 1340 m a.s.l. Remains of morainic

arcs are found at 1675, 1630, 1550 and 1340–1350 m and

allow the reconstruction of the fluctuation of the glacier

which reached a maximum surface area of 0.71 km2.

Glacial landforms in Vlădeasa Mountains were first

identified here by Szadeczky (1906) and Sawicki (1909)

who described a glacial cirque on the north-eastern slope

of the Buteasa Peak (1792 m a.s.l.). Modern investigations

confirm these glacial features, and the reconstructed glacier

achieved a surface area of 0.53 km2 and was 1.5 km in
length and descended to 1310 m. The writers have also

recognised glacial features in the Vlădeasa Peak area and in

Bohodei Peak (1654 m a.s.l.)–Cârligatele (1694 m a.s.l.)–

Brăiasa (1692 m a.s.l.). Four glacial entities have been dif-

ferentiated in the Vlădeasa Peak, situated along the main

interfluve, especially on the eastern slope. The largest

one of these, the Valea Zănoghii, covered an area of

0.72 km2 and descended to 1340 m. The glacial and niva-

tion forms on the Bohodei Peak–Cârligatele–Brăiasa are

cut into the flat Cârligata peneplain and are the expression

of the strong influences of topographic conditions. These

landforms occur on the opposite margins of the highest pla-

nation surfaces, that is, on sites leeward of the prevailing

winds from the west and north-west. They also occur in

positions exposed towards the south to south-west. Of these



TABLE 24.4 Summary of the Reconstructed Pleistocene Glaciers of the Highest Mountain Units of Apuseni Mountains

Area

No. of

Glacial

Entities

Surface (km2)

Average/

Overall

ELA

THAR0.45

ELA

STDEV

ELA

THAR0.45 Volume (106m3)

Average/Overall

Longest

Glacier

(km) Aspect (%)

Type of

Glacial

EntitiesaN (North) S (South)

15. Bihor
Mountains

18 0.23 4.31 1500 106.5 1523 1609 7.59 136.7 1.5 N-16.7; NE-5.6; E-
38.9; S-11.1; SV-5.6;
V-16.7; NV-5.6

14 n.g.; 3 i.a.; 1 g.

16. Vlădeasa
Mountains

15 0.44 6.63 1500 64.7 1482 1505 17.99 268.8 1.3 N-13.3; NE-13.3; E-
13.3; SE-33.3; S-6.7;
SV-6.7; V-13.3

8 n.g.; 3 i.a.; 4 g.

17. Muntele Mare
Mountains

3 3.71 11.15 1622 9.19 1622 228.17 684.5 1.5 N-100 1 n.g.; 1 g.; 1 p.g.

Count 36 0.46 22.09 1540 60.13 1542 1557 84.58 1090 – N-20; NE-8.6; E-
25.7; SE-14.3; S-8.6;
SV-5.7; V-14.3; NV-
2.9

23 n.g.; 6 g.; 6 i.a.;
1 p.g.

an.g., niche glacier; i.a., ice apron; g., glacier; p.g., plateau glacier.

Author's personal copy
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reconstructed glaciers, mainly comprising niche glacial/firn

fields, two Cârligatele and Valea Voiosu, occupied over

1 km2 in area.

An interesting situation is that of the Muntele Mare

Mountains, with a maximum elevation of 1825 m a.s.l.

The morphology of these uplands is dome shaped as a result

of a peneplain cut in the granitic bedrock. Given the

medium–high altitude of this mountain area, the existence

of some glacial landforms was never considered and,

indeed, evidence of glaciation is much less well represented

morphologically. But, the presence of some very flared val-

ley heads on the margin of the plateau level continuing as

small U-shaped valleys (Creţoaia, Vânătu, Valea Mare,

etc.) suggests that a plateau glacier extended here across

9.7 km2, with outlet glaciers descending down the valleys

over all sides of the mountain. The longest glacier, Vânătu,

had a length of 1.5 km, and a total glacier area of 11.15 km2

(Table 24.4).
24.8. GLACIER ORIENTATIONS

An important characteristic of the reconstructed glaciers in

the areas discussed here is their orientation, or aspect. It is

clear that for each massif of the Romanian Carpathians,

asymmetry is a typical feature (Fig. 24.6). This is expressed

as a pronounced west–east asymmetry in the Eastern Car-

pathians and the Apuseni Mountains, and a less pronounced

north–south asymmetry in the Southern Carpathians. The

west–east asymmetry arises from the general north–south

orientation of the main interfluves, in conjunction with

the position in respect to the main westerly to north-west-

erly winds and associated precipitation. These directions

correspond to that determined from examination of longitu-

dinal and barcane dunes of Würmian age that occur in

south-west of the Romanian Plain, more exactly in the Olte-

nia Plain (Coteţ, 1957). However, the major part of the

study areas are dominated by rounded and gentle summit

interfluves, a factor that on windward slopes would favour

drifting snow (cf. Evans, 2005).
FIGURE 24.6 Radar plots of the reconstructed Pleistocene glaciers aspect
For the Southern Carpathians, the north–south asymme-

try arises from the north–south asymmetry of the relief, with

the main interfluves orientated east–west. This orientation

is connected with a tectonic asymmetry, as well as to the

north–south climatic asymmetry.

In fact, the asymmetry can be explained through the role

of the pre-glacial relief. In particular, the direction of the

main interfluves represents the ideal area for the initiation

of glacial cirques. A particular importance is not only their

configuration, the widespread of the round-shaped inter-

fluves, the latter having been inherited from peneplains,

but also the development degree of the reception basins.

These basins have a semi-funnel form, which was favour-

able for snow accumulation and for the processes of glacial

ice formation.
24.9. PROBLEMS OF AGE ASSIGNMENT

More recently, an attempt has been made to develop an

improved temporal framework for the glaciations of the

Romanian Carpathians. This has involved the application

of cosmogenic dating of boulders from moraines located

in the Pietrele valley (Retezat Mountains) using 10Be (Reu-

ther, 2005; Reuther et al., 2007). Two major glacial

advances, M 1 and M 2 (the Lolaia and Judele-Jieţ glacia-

tions in local terminology), have been previously recog-

nised (Urdea, 1989, 2000). The most extensive M 1

advance reached an elevation of 1035 m a.s.l. in the Retezat

Mountains, some 250 m below the terminal moraines of the

younger M 2 advance.

The timing of the M 1 advance is uncertain, but it

occurred either during the Early Würmian Substage, that

is, approximately marine isotope stage (MIS) 4, or during

the Rissian (�MIS 6) glaciation. This correlation is based

on the relative chronology derived from pedological inves-

tigations (Reuther et al., 2004). The exposure ages show

that the younger M 2 glacial advance (the Judele-Jieţ)

was deposited during the Würmian late glacial at

16.8�1.8 ka in the Retezat Mountains and 17.9�1.6 ka
aggregated into eight principal directions.
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in the Parâng Mountains. Two exposure ages constrain the

time of an additional younger glacial advance (M 3) during

the Younger Dryas Stadial. This advance, that deposited the

moraine between two massive boulders (horizontal distance

350 m), falls in the period between the deposition of the

older (13.6�1.5 ka) and the younger (11.4�1.3 ka) of

the two boulders situated at 1851 and 1902 m a.s.l,

respectively.

For the mountains situated in the northern part of the

Eastern Carpathians, the development of the late glaciers

is correlated to the period of cooler and drier conditions

between 12.9 and 11.5 cal. ka. This development is repre-

sented by palaeontological and sedimentological evidence

in the Preluca Ţiganului, Gutâi Mountains, situated at

730 m a.s.l. These conditions are interpreted from the recur-

rence of an open landscape with only scattered trees of

Betula, Larix, Salix and Pinus (Feurdean, 2005).
It should be noted that in the eastern part of the Făgăraş

Mountains, in the upper part of the Dejani valley cirques,

four stadial moraines situated between 1860 and 2010 m

occur. Two of these moraines are connected to rock glaciers

that represent the latest part of the last glaciation (Urdea and

Reuther, 2009). These events are tentatively associated with

the cooling episodes characterised by an increase of Pinus
and Artemisa pollen during the Younger Dryas-Preboreal

interval (LPAZ 6, LPAZ 7 and LPAZ 8) in Avrig marsh

(600 m a.s.l.) in the Făgăraş depression (Tantău et al.,

2005). In addition, oxygen and carbon stable isotope

records from two stalagmites from Bihor Mountains indi-

cate a cold and dry climate between 12.6 and 11.4 (11.7)

ka. BP, that is, during the Younger Dryas Chron (GS-1).

The 18O profiles also indicate three short, cold intervals dur-

ing the early Holocene at 11.0–10.6, 10.5–10.2 and 9.4–

9.1 ka (Tămaş et al., 2005).
24.10. RECONSTRUCTED PLEISTOCENE
ELAs

Palaeo-ELAs, which are sometimes referred to as the snow-

line, were estimated by using the toe-to-headwall altitude

ratio (THAR), with a THAR ratio of 0.45. To explore the

nature of intra-regional ELA variability, we have consid-

ered different groupings of glaciers and computed both

mean ELA and standard deviation (Tables 24.2–24.4).

At 17 sites in the Romanian Carpathians, estimates of

average ELA are 1610 m, with an average standard devia-

tion of 62.61. Analysing the characteristic values for each

Romanian Carpathian branch, the authors find that there

is a low amount of intra-regional variance in the ELA, with

values ranging over 100 m, from a minimum value of

1540 m for the Apuseni Mountains, to a maximum of

1664 m, for Southern Carpathians. Most of the variance

in ELAs can be explained by the climatic conditions—the
differences between the western part, more humid, and

the eastern part, and between the south and the north,

cooler—and by the local topographic context (cf. Nesje,

1992).

Examination of all the 570 reconstructed palaeo-gla-

ciers with ELAs derived from this study shows an important

intra-regional variability in reconstructed ELAs. For exam-

ple, within the Eastern Carpathians investigated areas, the

values range from 1561 m in Maramureş Mountains and

1714 m in Călimani Mountains, or within the Southern Car-

pathians, between 1497 m in the Straja area (Vâlcan Moun-

tains), situated in the western part, and 1719 m in the Leaota

Mountains, situated in the eastern part. Because the ELA

value of Straja is the lowest value of all reconstructed

ELAs, this can be explained by the topographic-climatic

conditions of the composite palaeo-glacier, ice apron and

avalanche-cone glacier, orientated towards the north, on a

shaded area. The concept of the local topographic temper-

ature-precipitation-wind-ELA (TPW-ELA) can be applied

to the particular situations described here, and the cirque

glaciers may have existed well below the regional temper-

ature-precipitation-ELA (TPELA) (Dahl and Nesje, 1992).

Taking into account the westwardly air masses circula-

tion during the Pleistocene time (Mı̂ndrescu et al., 2010), in

the authors’ opinion, in Apuseni Mountains, the contrast of

the west to eastern trend in the ELA values—1500 m for the

Bihor and Vlădeasa and 1622 m for Muntele Mare—is best

explained also by precipitation patterns, with 1631.5 mm at

Stâna de Vale (1102 m a.s.l.), situated on the western slope,

and only 843 mm at Băişoara (1385 m a.s.l.), situated on the

eastern slope and affected by foehnic air masses.

If the averageELAsvalues specific for the north and south

slopes are compared, it can be seen that, in all the Carpathian

ranges, the valuesgenerally rise to the south (Figs. 24.7–24.9).

Those that are the exceptions, that is, theBudacuMassif in the

Eastern Carpathians, the Latoriţei and Leaota Mountains in

the Southern Carpathians, have a morphological peculiarity,

imposed by the pre-glacial landforms.

Sawicki (1911) estimated the full-glacial snowline on

the Maramureş Mountains to lie at ca. 1500 m, for the

Mihailec-FarcăuMassif. This is close to the value estimated

by Sı̂rcu (1963) at 1550 m, at ca. 1480 m for Pop Ivan Mas-

sif, and at 1750 m and at ca. 1700 m for the deglaciation

period (Zeit des Rückzuges), derived using the Kurowski

method.

In the Retezat Mountains, the reconstructed ELAs,

derived using the accumulation area ratio AAR(0.75)

method, for the M 2 and M 3 glacial advances in the Pie-

trele-Nucşoara area, were modelled to 1770 and 2030 m

(Reuther et al., 2004).

In addition, estimated ELAs for the last two glacial

stages of Răchitiş and Pietrosu glaciers of Călimani Moun-

tains (Kern et al., 2006) occurred at 1840 and 1915 m and at

1850 and 1925 m, respectively.



FIGURE 24.7 The full-glacial north and south values of ELAs for the reconstructed Pleistocene glaciers of the Eastern Carpathians.

FIGURE 24.8 The full-glacial west and east values of ELAs for the reconstructed Pleistocene glaciers of the Southern Carpathians.
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24.11. CONCLUSIONS AND OPEN
QUESTIONS

On the basis of the results presented and recent investiga-

tions, the Pleistocene glaciation pattern in the Romanian

Carpathians was more extensive and complicated than
previously thought. In all, 570 glacial entities (glaciers,

niche glaciers, ice aprons, plateau ice fields and firn fields)

have been reconstructed in the 17 mountain ranges of the

Romanian Carpathians (9 in the Eastern Carpathians, 5 in

the Southern Carpathians and 3 in the Apuseni Mountains).

The most frequent surface orientation of these glacial



FIGURE 24.9 The full-glacial west and east values of ELAs for the reconstructed Pleistocene glaciers of the Apuseni Mountains.

FIGURE 24.10 Stadial moraines and periglacial landforms in the Mija cirque (Parâng Mountains, Southern Carpathians).

Quaternary Glaciations - Extent and Chronology320

Author's personal copy



Chapter 24 New Evidence on the Quaternary Glaciation in the Romanian Carpathians 321

Author's personal copy
entities was consistently towards the north, north-east and

north-west, 42.7%, differentiated by each branches: 49%

in the Eastern Carpathians, 47.5% in the Southern Car-

pathians and 31.5% in the Apuseni Mountains.

Under the general climatic conditions during Pleisto-

cene cold periods, the development of glaciers in the Roma-

nian Carpathians was controlled by the pre-glacial relief,

the orientation of the main slopes and interfluves—which

had a direct influence on the appearance of the specific

topographic–climatic conditions—and the magnitude of

climatic continentality.

What is particularly certain is that glaciation in the

Romanian Carpathians was more widespread in the Pleisto-

cene than was previously considered and that it had several

distinct stages throughout the region. The first radiometric

dating from the Pietrele Valley (Retezat Mountains) indi-

cates that, when sufficient numerical dating is available,

the timing and extent of the Pleistocene glaciation in Roma-

nian Carpathians will be unravelled. However, it will be

possible to draw comparison between the most glaciated

areas of Romania and, in consequence, construct an image

of the evolution of the Quaternary glaciation in this part of

the Alpine-Himalayan orogenic chain.

A comprehensive understanding of the extent and evo-

lution of Pleistocene glaciation requires a detailed geomor-

phological analysis and mapping, connected to

lithostratigraphical and chronological studies, based on sur-

face exposure dating using cosmogenic radionuclides, pal-

ynological analysis and radiocarbon dating. This approach

will also include the research on the Würmian late glacial

and early Holocene (Fig. 24.10). Future international co-

operation will help in solving the dating problems and clar-

ify some open questions.

The Carpathians Mountains still hold much promise for

research into all forms of glacial and periglacial

geomorphology.
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