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CryoCryo-nival modeling system.
system.
Case study: Făgăraş and Piatra Craiului Mountains
Alexandru NEDELEA, Anca MUNTEANU, Răzvan OPREA,
Laura COMĂNESCU, Robert DOBRE
Cryo-nival modeling system. Case study: Făgăraş Mountains and Piatra Craiului Mountains. During Upper
Pleistocene, the study areas were lying below the snow line, where periglacial processes were extremely active.
Supporting evidence in this respect is given by the presence of old periglacial deposits, most of them stabilized by soils
and vegetation. These deposits are accompanied by scarps present at all elevations, from the alpine and subalpine zones
to the forest altitudinal belts. The high mountain steps, generally lying above 1800 m altitude, represent a specific
morphosculptural area. The most obvious relief forms which are present here are the Borascu erosion level, with a large
extension, as well as the glacial cirques, troughs and arêtes situated around the main peaks (Moldoveanu, Vanatoarea lui
Buteanu, Negoiu) and on the sides of the ridges that connect them. This study has employed topographic maps of the
region at 1:25000 and 1:50000 scales, aerial photographs at 1:50000 scale, the Negoiu, Cumpana, Zărneşti geological
maps at 1:50000 scale, as well as satellite imagery. At the same time, relief forms have been mapped in the field and
simple measurements of slope processes that develop above tree line have been undertaken. As far as the climatic data
are concerned these have been provided by the nearest weather stations: Balea, Cumpana, Curtea de Arges and Omu
Peak.
Key words: cryo-nival modeling system, castellated rocks, gelifracts, solifluction, striated soils, Făgăraş Mountains,
Piatra Craiului Mountains.

1. Introductory and methodological aspects
During the Upper Pleistocene, the study area was
lying below the snow line and consequently
periglacial processes were prevailing. The most
obvious traces of their morphogenetic activity are
the scarps that develop at various altitudinal levels,
as well as the old periglacial deposits, stabilized by
soils and vegetation, which are found in the Fagaras
Mountains (talus slopes, deluviums, eluviums,
patterned grounds and striated soils). But the
appearance of Carpathian periglacial province has
suffered significant alterations during postglacial
era. Thus, the forest has climbed by more than 1000
m, with local variations imposed by topography and
soils. At more than 1750-1800 m altitude, above the
climatic tree line (within the province of alpine and
subalpine grasslands and rocky lands), a cryonival
level has come into existence (Bălteanu, Călin,
1996). Here, the climate is cold (although the
temperatures are not as low as during the
Pleistocene) and one can notice the existence of two
seasons
(Niculescu,
2005).
Under
the
circumstances, cryonival processes discussed above
occur at lower altitudes, but without being
dominant. For instance, gelifraction brings its
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contribution to the formation of some local
lithological scarps within the forest level, whereas
solifluction is active only above 1500 m. This
altitude is roughly followed by the annual isotherm
of 30C, which is considered not only the lower limit
of these processes (Urdea, 2000), but also the upper
climatic limit of beech tree (Nedelea, Oprea et. al.,
2009).
The study relies on the analysis and
interpretation of the information coming from
various sources: topographic maps of scales
1:25000 and 1:50000, aerial photographs of scale
1:5000, geological maps of scale 1:50000 (the
sheets Negoiu, Cumpana and Zarnesti) (1972, 1985)
and the climatic data recorded at several weather
stations (Balea, Cumpana, Curtea de Arges, Omu
Peak). At the same time, various mappings of
terrain features have been accomplished in the field,
as well as some measurements regarding the slope
processes that carry on above the tree line.

2. Factors controlling landform development
The direct or indirect climate impact on
morphogenesis is capital and it manifests itself
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towards the direction of the intensity of time and
space association of the intensity of some processes.
Therefore it is considered that of all climate
parameters the temperature and the precipitations
are playing a primordial role. Fagaras and Iezer
Mountains are characterized by a high erosive
dynamics for many reasons:
• the region is characterized by massive rainfall
and low temperatures, but the massive
snowfalls;
• the instability of the region is tightly bound to
the sloping grounds, the type of rock, but
mostly by the climatic conditions, water and
snow being the important agents;
• once with the growing of altitude the
frost/defrost alternancy rhythm grows in
intensity and in frequence; few summer or
autumn shower rains enrich the water
contribution from the superficial formations and
cause slope processes;
• the wet snow avalanches have the most
important role in the dynamic of the versants in
this sector and they begin in April at 1800 m on
the Southern slopes and in May on the Northen
slopes; on the Southern slopes they correspond
to the frequence of the frost /defrost alternation
while on the Northen ones they correspond to
the maximum quantity of precipitations;
• high declivity and long length of the versants
lead to a vertical zonality of the
morphodynamic processes, in this way
inevitably conditioning the morphogenesis;
• in the mountain periglaciar enviroment, the
morphogenesis is commanded by the action of
the cold;tant than the versant`s declivity, which
doesn`t have to be very high to allow the
appearance of periglaciar processes; the cold
inhibates the chemical processes and favorises
the mechanical ones;
• the slope influences the efficacity of the
freezing, thus, the more poweful the cold and
the slope are, the fastest the transportation
processes aproach the slide rocks flow passing
through the stages of gelicreeping and
gelifluction;
• high on the ridges we need to take in account
the shape and the display of the walls in regard
with the changes of the wind;
• the absence of the vegetal carpet can lead to the
appearance of cryoturbation, gelireptation and
gelifluction processes;
• the nature of human activities also influences
the erosive dynamics

The ridges, plateaus and high peaks lying above
1800 m make up a distinct morphostructural area.
This includes the Borascu erosion surface (20002200 m), the glacial cirques and troughs (specific
for the Fagaras Mountains) (Chardon, 1984) and the
ridges that come off the main peaks (Moldoveanu,
Vanatoarea lui Buteanu, Piscul Baciului, Vf.
Ascutit).
The present climate of alpine grasslands is
milder than it used to be during the Pleistocene.
However, in comparison with the lower areas it is
harsh and humid, with annual average temperatures
of 00C, or even lower (– 0.20 C at Balea Lake and –
2.50 C at Omu Peak), in the high areas and on the
main summits (Nedelea, Oprea et. al., 2009) (fig.1).
Precipitation reaches more than 1200 mm per year,
almost half of the amount falling in solid form. The
number of frost days depends on the altitude. For
instance, at Balea Lake weather station are recorded
on an average about 200 frost days per year, while
at Omu Peak, which lies higher, the number grows
to 260 days per year. The freeze-thaw cycles, more
frequent during transition seasons, and the daily
temperature variations are responsible for landscape
degradation by frost shattering processes. The
detached blocks accumulate at the base of the slopes
as screes or aprons of debris (Caldarea Pietroasa,
Marele Grohotis, Martoiu, Funduri).
The prolonged duration of snow layer (between
slightly more than 120 days per year at Balea Lake
and 217 days per year at Omu Peak) brings its
contribution to the shaping of land, especially on
the lee sides, that is opposite to the prevailing winds
directions (west, northwest, and southwest). The
snow settling at the base of the cliffs that surround
the catchment areas of the valleys (Podragu, Podul
Giurgiului, Doamnele, Fundul Caprei, Lancii,
Urzicii, Padina Inchisa, Martoiu, Padinile
Frumoase) has resulted in the formation of nival
cirques and niches. The rocks are represented by
gneisses, paragneisses, micaschists, crystalline
limestones, limestones and conglomerates. These
are rather fissured, which explains why they are so
prone to frost shattering. At the same time, the
rocky bare lands lying on peaks and ridges (Podragu
Ridge, Arpaselul Ridge, Balea Ridge, South Ridge,
Timbalelor Ridge, etc.) encourage land degradation.
In addition, local topography is also shaped by
denudation processes with recurrent character.
Thus, beside the cryonival processes one can also
notice gravitational processes, surface erosion,
gullying and torrentiality.

Cryo-nival modeling system. Case study: Făgăraş and Piatra Craiului Mountains
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Figure 1 Peltier diagrams for Bâlea meteo station (Cristea and Gheorghe, 2009)

3. Cryonival
landforms

processes

and

the

resulting

Above climatic tree line, all the ridges and
slopes stay most of the year under the influence of
freeze-thaw action, nivation and aeolization. The
analysis of climate data from the Lacauti weather
station (1776 m) shows that with the exception of

the last decade of July and the first half of August
the rest of the year is under the influence of
periglacial processes (Popescu, Ielenicz, 1981).
Thus, glacial-nival processes are specific for the last
decade of November, the whole December, January
and February and the first two decades of March,
while the dry gelival regime is common for the
remaining intervals.

Figure 2 a, b Castellated relief in the Fagaras (a) and Piatra Craiului (b) mountains
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3.1. The landforms created by freeze-thaw
processes. The castellated relief is represented by
prominent landforms (Figure 2 a, b) developed
mainly in the area of gelival cirques, especially in
the November-April interval or even until May.
Beside the freeze-thaw action, the aeolization also
plays an important part in their formation. These
landforms can be grouped into two categories: on
the one hand the periglacial edges, ridges and arêtes
(Arpaselul Ridge, Vistea Edge, Padina Popii Edge,
Trei Tancuri Edge, Sunny Edge) and on the other
hand the crags and needles (Raiosului Crags,
Crapaturii Needle, the Crag from the Pulpit, Goat
Crag). An important part in the carving of
landforms is played by the bedrock. Thus, in the
Fagaras Mountains the gelival rocks (quartzitic
micaschists, ocular gneisses, highly faulted and
fissured crystalline limestones) and the steep grades
of geological strata, brought to a vertical position
within the main ridge, encourage the gelifraction
processes (Nedelea, 2005). In the Piatra Craiului
Mountains, the needles and crags show a
considerable density on the western, northwestern
and northern slopes, especially because of the
stratigraphic differentiations and the vertical
position of limestone strata (Constantinescu, 1994).
In the Fagaras Mts., screes are found mainly
inside the glacial cirques, at the base of steep slopes
and retreat scarps. The most important scree
deposits are lying at the base of the south-facing
scarps (the side of the Arpaselului Ridge to the
Fundul Caprei, where the scree is 980 m long),
southeasterly-facing ones (the side of the Raiosului
ridge to the Raiosu valley, where the scree is 1.3 km

long) and east-facing slopes (under the Lespezi
peak, to the Caltun valley). These screes are made
up of big angular blocks of micaschists and
limestones detached through the widening of faults
and joints. The deposits are organized in various
forms (Figure 3 a): mobile screes, rock streams,
specific for the sharp ridges that separate glacial
cirques, as well as old and fossilized screes of
periglacial origin. On the lands slanting 25 – 450
scree particles move by rolling, while on steep
slopes where declivity exceeds 450 they simply
collapse. At gradients less than 30 – 350, the screes
begin to acquire a stable poise.
The screes in the Piatra Craiului massif (Figure
3 b) are spread on vast areas. They are made up
especially of limestone fragments of various sizes.
The most important alignment of such screes, which
lies on the Western Side of the mountains, is 20 km
long and develops on a northeast-southwest
direction, between Piatra Mica and Pietricica. The
maximum width of approximately 2 km is specific
for the section lying between the Ursilor and
Crapaturii valleys. Nearly 80% of these screes are
stabilized by soils and vegetation. To the west,
about 60% of the screes are loose and extremely
active, especially in the area of the Marele Grohotis
(The Big Scree) (Figure 4). As far as the Eastern
Side is concerned, one can see a train of debris
developed at the foot of the slopes underlain by
limestones. This rests upon the conglomerates,
being stabilized to a large extent by soils and
vegetation. On the limestones lying at the base of
the slopes debris cones develop, whereas along the
valleys rock streams are present.

Figure 3 a, b Screes on the northeastern side of the
Izvorul Caprei massif (a). Marele Grohotis (The Big
Scree) in the Piatra Craiului Mts. (b)

Figure 4 Mobile scree

Cryo-nival modeling system. Case study: Făgăraş and Piatra Craiului Mountains

The study of gelifracts has emphasized only the
dynamics of surface deposits (Munteanu, 2009). On
the eastern slope, gelifracts have a lower dynamics
in comparison with the western slope, excepting the
upper part of the talus cones and the gelifracts that
have been carried away by avalanches. In the
central part of the slope, one can notice
approximately the same features, the only
differences being represented by the extension of
headwaters section, which increases from north to
south, according to the development of the whole
macroslope. The highest complexity and the biggest
fragments are specific for the areas affected by
transverse faults (Martoiu, Grind, Funduri). On the
west, the areas occupied by Quaternary deposits are
much more extensive, due to the presence of
vertical strata that form the very steep and highly
dissected calcareous monolith of the western flank
of the syncline. The screes are longer,
predominantly looking like rock streams along the
valleys and talus cones at the base of the slopes.
Their common feature is that they show a vast talus
at the lithological contact. The differentiations that
exist between the two macroslopes are conspicuous
on the long profiles, too, which exhibit clearly
different lengths and gradients of the transportation
sectors: on the east they are long, with grades of
approximately 300, while on the west they are short
and steep, with gradients higher than 450.
One of the biggest scree accumulations on the
northeastern side of the Piatra Craiului Mts. is the
Hornul Gainii (The Chiken Chimney). In fact, these
area shelters four main chimneys and several
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secondary ones, which dissect the limestones.
Around them rises the gelifracts detachment zone,
for which the chimneys represent the transportation
paths (Figure 5). Hornul Gainii is situated in the
Curmatura catchment, at altitudes ranging from
1600 m to more than 1900 m. It stretches 300 m
from east to west and another 200 m from north to
south. The gradients range from 100 in the ridge
area to 900 in the middle part, where calcareous
slope lies. The scree deposit in the Hornul Gainii
area covers 13,555 m2, of which active screes
occupy 4,800 m2, the stabilized ones 8,500 m2 and
the semi-stabilized screes 155 m2 (Munteanu,
2009).
The deposit, which develops at the base of the
calcareous slope, is made up of rock fragments
fallen from above. In fact, this is a talus cone,
narrow in the upper part and growing larger
downstream. Its narrowness in the upper part is
explained by the presence of two calcareous edges
that flank the scree deposit. Upstream of these
edges there are several chimneys that shelter scree
accumulations along their thalwegs, which in the
end join the talus slope lying downstream. The
southern chimney (141 m long) is dominated by
semi-stabilized talus slopes, while the northern one
(51 m long from the top to the confluence) by active
screes. However, both chimneys have gradients that
average 450. The active talus lies in the central part
of the main cone. It has an elongated appearance,
narrower in the upper part, wider in the middle, and
narrow again to the base. Due to its high mobility,
vegetation is absent.

Figure 5 Scree distribution in the Hornul Gainii
(The Chicken Chimney)(Piatra Craiului Mts.)
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Other periglacial microforms common for the
two mountain massifs are the solifluction trails and
earth hummocks. Solifluction occurs in the areas
delimited by the annual isotherm of 30C (usually
lying above 1500 m altitude), on surfaces trending
from 30 to more than 300, which are underlain by
thicker regolith and deeper soils. In the Capra and
Buda catchments, such relief microforms are found
above the tree line, generally on slopes with
easterly, westerly and southerly aspect. Earth
hummocks are circular mounds, 0.2 – 0.5 m high
and 0.5 – 1 m in diameter. Their development is due
to vertical displacement of soil by frost heaving
(Figure 6), under wet and cold conditions that
seasonally encourage ice formation. This seasonal
ice deeply penetrates the earth hummocks and the
lateral pressure of the ice combined with the
existing vegetation (usually tufts of )ardus stricta)
(Bălăceanu, 1970) exacerbates or maintains these
forms from one year to another. In the Fagaras Mts.,
they are spread on the Paltinu plateau, the Naneasa
and Raiosu – Museteica summits, the western side
of the Vistea Mare – Moldoveanu peaks, as well as
on Coastele Mt. and the eastern slopes of the Tarata,
Corabia and Buda peaks (Nedelea, 2005). In the
Piatra Craiului Mts. solifluction trails and earth
hummocks can be seen on the southern slope of the
Pietricica Ridge (Plaiul Nou, Plaiul Mic), in the
glades lying along the syncline axis and on the
southern slope of Piatra Mica (Munteanu, 2009). As
far as the Fagaras Mts. are concerned, periglacial
microforms also include striated soils (in the
Orzaneaua Mare cirque) and patterned grounds (in
the Raiosul and Orzaneaua Mare cirques).
3.2. The landforms created by snow action.
Nivation is defined as the complex action exerted
by the snow on the surfaces on which it
accumulates over a long period of time. Through its
weight, the snow puts great pressure on the land and
when begins to move will erode its surface. More
than that, the platform or slope deposits will settle
under the pressure exerted by the long stagnation of
snow layer and, with the active contribution of
dissolution processes, microdepressions, as well as
nival niches and cirques, come into existence. Their

occurrence is encouraged by the previously
existence of some negative microforms. The best
conditions for the development of nivation
processes are found on the shadow slopes (with
northern and northeastern aspect), where snow can
last longer, more often than not from year to year.
The occurrence of snow avalanches is possible
especially in the February-April interval, when
snow layer thickness is significant and snow
cohesion is weakened by the rising temperatures.
All escarpments are scarred by avalanche chutes on
which the snow persists until April or even longer
(as in the case of the north-facing slopes). During
the year, the action of avalanches alternates with
torrential erosion.
)ival microdepressions develop at the base of
gently inclined slopes, in talus deposits, saddles and
torrential catchment areas or on interfluvial surfaces
with low declivities. In the Fagaras Mountains such
microforms have been spotted on the Borascu
Platform (under the Ciocanul, Piscul Negru and
Podragu ridges) and on the bottom of glacial cirques
and troughs (Capra, Caltun, Paltinu, Izvorul
Moldoveanu). )ival niches are placed both on
slopes and within torrential catchment areas (which
seasonally function as avalanche chutes) at
elevations that usually exceed 1600 m. They come
into existence due to the long stagnation of snow
cover over the respective areas. Nival niches show
steep slopes and bottoms frequently capped by
mobile scree, which indicate the presence of
gelivation processes and suggest the intensity of
their action (Nedelea, Oprea et.al., 2009). Such
forms can be seen on the headwaters of some
streams in the Fagaras Mts., such as the Izvorul
Moldoveanu, Orzaneaua Mare and Orzaneaua Mica,
Buda, Izvorul Podul Giurgiului and Fundul Caprei.
In the Piatra Craiului Mts., one can see nival
depressions lying at the confluence of several
valleys, both on the western side (Hotarului,
Sindrileriei, Padina lui Raie, Padina lui Calinet,
Vladusca, Spirlea, Valcelul Urzicii) and on the
eastern one (Padinele Frumoase,
Padina
Brusturetului, Martoiu, Vladusca, Grind). Likewise,
the presence of avalanche chutes and deposits
cannot pass unnoticed (Munteanu, 2009).

Figure 6 Frost heaving
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4. Conclusions
The investigations undertaken in the Fagaras and
Piatra Craiului mountains have led to several
conclusions regarding the cryonival shaping system.
Thus, slope instability is correlated with the
gradient systems, climatic and lithological
conditions and human impact. The maximum
frequency of cryoclastic processes is reached above
1800 m altitude, where screes are very active. As
far as the movement of snow masses is concerned,
the prime role in the slope dynamics is played by
wet snow avalanches. These begin in April on the
sunny and semi-sunny slopes and in May on the
shadow and semi-shadow ones. On the sunny slopes
the avalanches are somewhat linked to the
frequency of gelival cycles, while on the shadow
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slopes they correlate with the pluviometric
maximum. The high declivities of the rocky walls
encourage both gelifraction processes and the
accumulation of screes in the subalpine and even in
the mountain levels.
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