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Abstract 

The characteristics of the near surface thermal regime of two 
rockwalls with different aspect in the Retezat Mountains were 
investigated using two miniature thermistors. Three one-year 
(2012-2013; 2013-2014 and 2014-2015) rock surface temperature 
time series were available for the north facing rockwall, whereas 
only two seasons were analyzed for the south facing rockwall. The 
mean annual rock surface temperature (MARST) values were with 
1.5-2°C colder on the northern rockwall compared with the 
southern steep bedrock face. Due to long daily exposure to 
sunshine, the south facing rockwall experienced more diurnal 
freeze-thaw cycles during the cold season compared to the north 
facing rockwall. Overall, the thermistor with a southern aspect 
recorded 40 and 55 more freeze-thaw cycles than the northern 
one. A greater number of effective freeze-thaw cycles were 
measured on the south facing rockwall. The maximum daily 
amplitude on the southern rockwall is three times higher than on 
the north-facing location (39.1°C compared to 13.6°C). Based on 
our findings it seems that the MARST values recorded on the 
shaded face of the steep bedrock suggest a quite likely absence of 
permafrost, whereas the MARST values at TPR indicate a quite 
certain absence of permafrost. 

Keywords:  thermal regime, rockwall, freeze-thaw cycles, 

permafrost, the Retezat Mountains   

Rezumat. Caracteristicile regimului termic la 
suprafața pereților de rocă din zona alpină a 
Munților Retezat  
Caracteristicile regimului termic la suprafața pereților de rocă având 
expoziții diferite au fost investigate cu ajutorul a doi termistori în 
Munții Retezat. În cazul peretelui cu expoziție nordică au fost 
disponibile serii temporale care au acoperit trei sezoane (2012-2013; 
2013-2014 și 2014-2015), în timp ce peretele cu expoziție sudică a 
fost monitorizat doar două sezoane. Temperaturile medii anuale ale 
peretelui sudic au fost mai scăzute cu 1,5-2°C, în comparație cu cele 
înregistrate de cel nordic. Datorită expunerii mai îndelungate la soare, 
peretele cu expoziție sudică a fost afectat de mai multe cicluri îngheț-
dezgheț față de cel nordic. Per ansamblu, termistorul instalat pe fața 
sudică a peretelui a înregistrat cu 40, respectiv cu 55 mai multe cicluri 
față de senzorul instalat pe versantul cu expoziție nordică. De 
asemenea, numărul ciclurilor îngheț-dezgheț considerate eficiente a 
fost mai mare în cazul peretelui sudic. Amplitudinea zilnică maximă a 
fost de trei ori mai mare în condiții de expunere mai îndelungată la 
soare, față de locația mai umbrită (39,1°C față de 13,6°C). Rezultatele 
obținute au relevat că în cazul sitului cu expoziție nordică absența 
permafrostului este probabilă, în timp ce în cazul sitului având aspect 
sudică absența permafrostului este sigură. 

Cuvinte-cheie: regim termic, perete de rocă, cicluri îngheț-
dezgheț, permafrost, Munții Retezat    

 

Introduction 

High mountain systems are among the most 
sensitive environments to climate change (Barsch, 

1996) and react rapidly to air temperature rising 

(Kääb et al., 2007). The consequences of 
accelerated climate change on high mountain 

systems consist also in an increase of slopes 
instability and related natural hazards (Gruber and 

Haeberli, 2007). Considering the rapidity of 

temperature increase and the impact on shifting the 
snow line or the permafrost occurrence, the 

monitoring of the geomorphological evolution of the 
alpine systems represents a priority for scientists. 

Compared with unconsolidated coarse blocks, the 

rockwalls faces react more rapidly to air temperature 
rising, since the cooling effect of the debris-covered 

slopes and the insulating snow cover effect are 
absent. The instability of rock walls is strongly 

controlled by the freeze-thaw action which induces 
rock weathering and/or by the warming and thawing 

of permafrost in regions with perennial frozen rock 

walls (Gruber et al., 2004). In the latter case high 
magnitude rock falls events (e.g., rock-ice 

avalanches, cliff falls, block falls etc.) may occur, 
involving a volume of materials of 107 m3 or more 

(Draebing et al., 2014). 

Previous studies conducted in the Southern 
Carpathians outlined the occurrence of permafrost in 

rock glaciers within the Retezat, Parâng and Făgăraș 
Mountains (Urdea et al., 2008; Vespremeanu-Stroe 

et al., 2012; Onaca et al., 2013a; Onaca et al., 

2013b; Popescu et al., 2015; Onaca et al., 2015), 
whereas the occurrence of permafrost in rockwalls is 

still questionable. However, negative mean annual 
rock surface temperatures (MARST) were pointed 

out in case of two rockwalls in the Făgăraș and the 

Parâng Mountains (Onaca et al., 2013a; Popescu et 
al., 2015), indicating that permafrost is likely to 

occur in the sub-surface of the north facing 
rockwalls situated above 2200 m.  

Since the occurrence of permafrost in the alpine 
environment of the Southern Carapthians is patchy, 

it is more likely that the frost weathering induced by 

efficient diurnal and seasonal freeze-thaw cycles 
prevail in the Southern Carpathians periglacial zone. 

Despite several recent contributions (Vespremeanu-
Stroe and Vasile, 2010; Onaca, 2013; Vasile et al., 
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2014) there is still a lack of knowledge concerning 
the near-surface thermal characteristics of the 

rockwalls in the Southern Carpathians and the role 

of the environmental factors controlling the rock 
surface temperature (RST) regime. Previous 

contributions pointed out to the role of lithology, 
snow cover and elevation, but the importance of 

aspect on RST regime was poorly evaluated.     

In this context, our study aims to: i) evaluate the 
differences between the characteristics of RST 

regime on two rockwalls in the Retezat Mountains 
with different aspect (north versus south); ii) assess 

the effectiveness degree of the freeze-thaw action 

on different aspect (north versus south) iii) evaluate 
the thermal conditions at the surface of the 

investigated rockwalls as proxy data for permafrost 

occurrence. 

Study area 

The Retezat Mountains are the highest range 

within the Retezat-Godeanu group and one of the 
highest in the Romanian Carpathians. They are 

situated in the western part of the Southern 

Carpathians (45°20’N, 22°23’E) (fig. 1) and cover 
approximately 450 sqkm.  

 

Fig.1: Location map of the studied area (the Retezat Mountains) 

 

The measurements were performed in the central 

part of these mountains, where the highest peaks 
occur (Peleaga, 2509 m and Papușa 2504 m). There 

are more than 55 peaks with altitudes above 2000 m 
within the Retezat Mountains and around 14% of 

the total area of this range lies at more than 2000 m 

(Urdea, 2000). The alpine domain, corresponding to 
the periglacial environment (cf. French, 1996) 

occupies the slopes found between 1700 and 2509 
m, representing around one third from the total area 

of this mountainous unit. A large variety of 
periglacial features were mapped in the alpine 

domain by Urdea (2000), such as: rock glaciers, 

talus slopes, debris cones, block streams, screed 

slopes, debris fields, solifluction lobes and sheets, 

patterned ground, etc. 
The landscape was shaped by small Pleistocene 

glaciers, which have not reached the foreland. 
According to Urdea (2004), the largest glacier 

descended to 1000-1100 m on Lăpușnicu Mare 

valley, with a maximum length of 18.1 km, but the 
majority of the Retezat glaciers were three times 

smaller. After the Făgăraș Mountains, the Retezat 
Mountains were the most exposed area to glaciation 

within the Southern Carpathians (with 116 km2) 
(Mîndrescu et al., 2010). As a result, the relief 

shows a typical alpine morphology, with glacial 
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cirques and troughs, glacial rock basins, glacial steps 
and arêtes with very steep walls. 

In the central part of the Retezat Mountains, the 

predominant lithology consists of granodiorites and 
granites. The tree line is situated around 1650-1700 

m, where the +3°C isotherm lies, whereas above 

2100 m, negative mean annual temperatures are 
expected. The nearest meteorological station is 

found at approximately 30 km to the south-west 

(Țarcu meteorological station), and the main 
characteristics of the regional climate are highlighted 

in table 1. 

Table 1 Climatic characteristics of Țarcu high-altitude meteorological station 

Altitude (m) Coordinates Interval of 

observations 
MAAT (°C) Precipitations 

(mm) 

Days with 

snow cover 

Days with 

T≤0 
AMinAT (°C) 

2180 45°16'50''N,  

22°32'00''E 

1961-2007 -0.5 959 190 221 -34.4 

MAAT – mean annual air temperature; AMinAT - absolute minimum air temperature 

 

Methodology 

During the last decade more and more studies 

addressed the problem of rockwalls thermal regimes 
using miniature temperature dataloggers (Gruber et 

al., 2004; Matsuoka, 2008; Vespremeanu, Vasile, 
2010; Onaca, 2013).  

The data used in this study were collected by 2 
miniature thermistors (iButton Digital Thermometers 

DS 1922L) and one UTL 3 Scientific Datalogger. The 

thermistors were placed at one or two cm depth 
inside the rock in order to measure the evolution of 

its surface temperature. We used silicon rubber to 
protect the upper part of the thermistor from water 

infiltration and to avoid direct exposure to air. The 

thermistors were programmed to perform 
temperature measurements every hour with a 

resolution of 0.065°C and a precision of ±0.5°C.  
The thermistors were placed on different aspect 

rockwalls, as follows: one facing north in the Pietrele 
Valley, below Bucura III peak and the second one 

facing south in the Bucura Valley, close to the Turnu 

Porții lake. The precise location and the main 
characteristics of the sites are specified in table 2. 

The collected data spreads over a period of three 
years in the case of the north facing thermistor 

(BUC) and over a period of two years in the case of 

the south facing thermistor (TPR). 
The third datalogger (AIR) was installed in the 

Judele glacial cirque to monitor the air temperature 
evolution between August 2012 and August 2015. In 

the case of this datalogger (AIR) readings were 
recorded every hour with a resolution of 0.1°C and a 

precision of ±0.1°C. A special cubic protection box 

made by wood was used to shelter the datalogger 
and to avoid direct exposure to solar radiation. The 

UTL3 datalogger was placed in the box, but direct 
contact with air was provided by the lateral holes, 

which were designed by the authors.  

It is important to point out that we considered a 
season of measurements the interval that starts in a 

particular day during the warm season and finishes 
one day before the same day of the next year (e.g. 

from 01.08.2012-31.07.2013); and not a calendar 

year starting from the 1st of January to the 31st 
December. 

From the row data we calculated several relevant 
indicators, such as: mean annual rock surface 

temperature, the number of the freeze-thaw cycles, 
the diurnal superficial freezing index, the seasonal 

freezing index, the daily amplitude of temperatures 

and the potential depth of frost. 

Table 2 Main characteristics of the dataloggers 

Location Type Coordinates Monitoring interval Altitude (m) Aspect Code 

Bucura III iButton 45°22'04" N 

22°52'12" E 

01.08.2012-01.08.2015 2183 North BUC 

Tăul Porții iButton 45°21'42" N 

22°51'46" E 

01.08.2012-01.08.2014 2221 South TPR 

Judele UTL3 45°21'25" N 

22°51'26" E 

01.08.2012-01.08.2015 2180 South AIR 

 

Results 

Characteristics of the RST regimes 

The characteristics of the RST values are strongly 

correlated with air temperature variation, mainly due 

to the absence of snow and debris cover and high 

conductivity of the rock blocks (fig. 2).   
Between august 2012 and august 2015, the 

mean annual temperature values from the north-
oriented location (BUC) ranged from 1.3 to 1.9°C 

(table 3) and are with 1.5-2°C colder than the 
MARST values recorded on the Turnu Porții rockwall. 
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The MARST values at the more sun-exposed location 
(TPR) are thus higher, reaching 3.9°C in 2013-2014 

season, but also appear to show larger variations 

from one season to another compared with the 
shaded location. The inter-annual variation of 

MARST was twice as high on the southern exposed 
rockwall (TPR) compared to the ±0.5°C recorded by 

BUC between 2012-2013 and 2013-2014 seasons. 
Compared with the MAAT, the MARST values 

recorded at TPR site are on average 1.2°C warmer. 

This finding highlights the influence of the direct 
solar radiation, since the rock surface temperature is 

strongly heated on the south facing rockwall 
compared with the northern one. 

 

Fig. 2: Mean daily air and near surface rock temperature (a. BUC versus air; b TPR versus air) 

 

Figure 2 gives an overview of the mean daily 
temperatures evolution on both investigated 

rockwalls during two and three year measurements 
period.  The characteristics of the four distinct 

periods of the annual RST regime are discussed to 

emphasize the differences between the shaded 
location and the south facing one and the 

interactions with air temperature variations (Hanson 
and Hoelzle, 2004). 
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Table 3 Calculated MARST values for three different 
seasons 

Sensor MARST 

 2012-2013 2013-2014 2014-2015 

BUC 1.4 1.9 1.3 

TPR 2.9 3.9 - 

AIR 1.7 2.8 2.1 

 
The A period corresponds to the interval with 

positive temperatures during the summer, 
characterized by maximum insolation. The duration 

of this interval appear to be more extended in the 

case of TPR. Due to intense insolation the maximum 
mean daily temperatures on the southern rockwall 

exceed 22°C, whereas on the northern one the 
highest values reach 14.5°C. The A period of the 

2013 summer appears to be considerably warmer 
than the corresponding interval of the other two 

seasons. Thus, the highest recorded temperatures 

were registered on the northern rockwall on 
29.07.2013 (20.6°C), whereas in case of the TPR 

site, the maximum value was reached on 
24.05.2014 (40.1°C).      

The B period corresponds to the first interval 

with diurnal freeze-thaw cycles and begins with the 
first freeze-thaw cycle (in September) and lasts for 

2-3 months. It appears to start earlier at BUC site, 
but it is more extended at the TPR site. The average 

temperature of this period ranges between 1.3 and 
1.7°C at the BUC site and 3.6 and 3.8°C at TPR site. 

The lowest temperatures recorded during B period 

reached -10.6°C. At the end of this phase, a 
significant near-surface cooling was observed at 

both investigated sites. 
However, the most intense cooling occurred 

either in December or January during the C period, 

also known as the seasonal/annual freezing. This 
phase starts at the end of November or beginning of 

December and lasts until the end of April or 
beginning of May. However, several thawing events, 

lasting 1 to 5 days may occur during winter, 
especially in the case of TPR. The average 

temperature of this period ranges between -3.6 and 

-5.8°C at the BUC site and -2.5 and -5°C at TPR 
site. 

After this interval, in spring, there occurs a 
second period with diurnal freeze-thaw cycles. The 

amplitude of these freeze-thaw cycles is lower 

compared with the autumn cycles, but the frequency 
seems to be higher, excepting the first season. The 

lowest temperatures recorded in this period were 
registered by BUC (-7.6°C). The last cycles occur on 

2.07.2013 and 4.07.2014 at TPR site, whereas in the 
case of BUC on 1.06.2013, 1.06.2014 and 

28.05.2015.  

Freeze-thaw cycles 

At both sites the temperature regime at the 

surface of the rocks revealed short-term frost-thaw 
events and annual frost cycles. Overall, a greater 

number of freeze-thaw cycles were recorded by TPR 
sensor in both seasons (table 4). In case of the BUC 

thermistor two peaks (one in the autumn and the 

second one in the spring) with freeze-thaw cycles 
could be observed in all the three seasons. 

Generally, a decreasing of the freeze-thaw cycles 
occurs on the shaded slope during the winter 

months. However, during the 2013-2014 winter due 
to a great number of days with positive maximum 

air temperatures, 24 freeze-thaw cycles were 

recorded at the BUC site.  The relatively warm 2013-
2014 winter season is the main reason for the 

greater number of freeze-thaw cycles compared 
with the previous one. At both sites the number of 

freeze-thaw cycles increased by approximately 40% 

in 2013-2014 compared to 2012-2013. These 
findings highlight the great inter-annual variability of 

thermal characteristics at the rock surface in 
periglacial environment of the Southern Carpathians, 

as it was pointed out by similar studies (Rödder and 

Kneisel 2012; Onaca et al., 2015). 

Table 4 Total number of freeze-thaw cycles and effective freeze-thaw cycles 

 Total freeze-thaw cycles Effective freeze-thaw cycles 

 2012-2013 2013-2014 2014-2015 2012-2013 2013-2014 2014-2015 

BUC 62 88 61 41 51 29 

TPR 102 143 - 55 104 - 

 
During the 2012-2013 season, the evolution of 

the number of freeze-thaw cycles revealed a similar 
pattern at both sites, with slightly greater values on 

the southern facing slope of Turnu Porții. The 

following season the similarities between the 
behaviour of freeze-thaw cycles at both sites are not 

as pregnant as in 2012-2013 season. There were 
recorded more than 20 freeze/thaw cycles per 

month in December, February, March and April by 
TPR, whereas at BUC site the maximum was 19 in 

March. September is the only month when more 

freeze-thaw cycles were recorded by BUC in both 
seasons.  

The monthly distribution of freeze-thaw cycles at 

both sites reveal that in the 2012-2013 there are 
little differences between the activity of the autumn 

freeze-thaw and spring freeze-thaw regimes, 
whereas during the following season the intensity of 

late-winter and spring freeze-thaw activity is 
considerably higher both at BUC and TPR (fig. 3). It 
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is generally accepted that the efficiency of the 
winter and spring freeze-thaw cycles is greater than 

the autumn cycles due to a higher moisture content 
within the cracks. 

 

Fig.3: The monthly distribution of freeze-thaw cycles at BUC and TPR sites 

 

In order to assess the effectiveness degree of 

each freeze-thaw cycle, we have calculated the 
diurnal superficial freezing index, described by 

Vespremeanu-Stroe and Vasile (2010). Thus, we 
have calculated the duration of each freeze-thaw 

cycle and the amplitude of the frost and considered 

effective freeze-thaw cycles only those reaching at 
least -2°C and not less than 12 h (Vespremeanu-

Stroe and Vasile, 2010). In the case of BUC, we 
found that 66% from the total amount of freeze-

thaw cycles were considered effective in 2012-2013 

season, 57% in the second season and 47% in the 

last season. Despite the greater number of recorded 
freeze-thaw cycles in the case of TPR 55% were 

considered effective in 2012-2013 and 72% in 2013-
2014 season. The monthly distribution of effective 

freeze-thaw cycles is revealed in fig. 4. It appears 

that more effective freeze-thaw cycles are possible 
to occur during the spring than during the autumn. 

The highest mean values of superficial freezing 
index related to freeze-thaw cycles are specific for 

the winter months and the beginning of spring. 

 

Fig.4: The monthly distribution of effective freeze-thaw cycles between 09.2012 and 05.2015 
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Seasonal freezing has a long duration (136 days 
at BUC and 121 at PRT) at both sites during the first 

season of monitoring, whereas in the second one it 

seems that it is much shorter at the rock surface, 
due to a great number of days with positive 

temperatures.   
Considering the fractures pattern identified at 

both sites, the thermal stress should be a major 

cause of rock breakdown (Hall et al., 2002). 
Unfortunately, the resolution of our data is too poor 

to highlight the amplitude of this process. According 
to Murton (2007), thermal shocks are efficient when 

abrupt changes (≥2°C/min) in the RST values occur. 
The amplitude of the cracking is controlled by the 

magnitude and frequency of thermal stress 
episodes. However, diurnal/hourly thermal 

amplitudes are also used to get more information on 

the short-term temperature changes at the rock 
surface. In fig. 5 the evolution of daily amplitudes at 

both sites is displayed, revealing that on the south-
facing rockwall the thermal stress is likely to be 

more effective. The maximum daily amplitude on 

the southern rockwall is much higher than on the 
north-facing location (e.g.: 13.6°C at BUC and 

39.1°C at TPR). At BUC site, the daily amplitudes 
are generally below 10°C, whereas at TPR great 

variations may occur from one day to another. 

 

Fig. 5: The evolution of daily temperature amplitudes between August 2012 and August 2014 

 

Permafrost conditions 

Due to the absence of snow cover and high 

porosity boulders mantle, the thermal conditions at 
the surface of the rockwalls could be used as proxy 

data for permafrost occurrence. MARST is generally 
used to assess the certainty degree of permafrost 

occurrence in the substrate. According to the 
instructions suggested by the Permafrost Evidences 

Database (Cremonese, et al., 2011), the MARST 

values suggest a quite certain occurrence of 
permafrost, when values lower than -2°C are 

measured, whereas values of -2 to 0°C suggest that 
permafrost presence is quite likely. MARST values 

higher than 2°C indicate a quite certain absence of 

permafrost, whereas values of 0 to 2°C suggest that 
permafrost absence is quite likely.  

According to this classification, neither of the two 
analyzed rockwalls fit into the permafrost presence 

category. Based on our findings, it seems that the 
MARST values recorded by BUC suggest a quite 

likely absence of permafrost, whereas the MARST 
values at TPR indicate a quite certain absence of 

permafrost. 

Another possible indicator of permafrost 
occurrence in the rockwalls is the multiannual 

potential depth of freezing, which should be greater 
than the corresponding depth of summer thawing. 

To estimate these, we used the modified Berggren 
equation, which is also capable to estimate the 

depth to which frost weathering is operative 

(Matsuoka and Sakai, 1999), by applying the 
formula:  

D = λ(2FiK/Lwρd)1/2, 
where D is the depth of frost (m); Fi is the 

surface freezing/thawing index (°C h); K is the 

thermal conductivity of the rock (fixed at 1,5x104 
Jm-1h-1K-1), L is the latent heat of fusion (fixed at 
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3.34 x 105 J/kg); w is the estimated water content 
(fixed at 0.03%), ρd is the dry unit weight of rock 

(fixed at 2300 kg/m3), λ is the dimensionless 

correction factor estimated at 0.95 (Popescu et al., 
2015).  

The equation allowed computing the potential 
annual thaw depth of 5.2 m at BUC and 6.1 m at 

PRT, whereas the annual frost depth ranged 

between 3.4 m (PRT) and 4.5 m (BUC). These 
findings indicate that the investigated rockwalls 

experience seasonal frost/thaw penetration to 3-6 m 
in depth. These values seem to support the quite 

likely the absence of the permafrost at BUC and 
quite certain the absence of the permafrost at TPR. 

In the Parâng Mountains the potential depth of 

freezing is greater than the summer thawing above 
2350-2400 m, where according to Popescu et al., 

(2015) permafrost is probably present in shaded 
rockwalls. This assumption seems to fit fairy well 

with our findings in the Retezat Mountains.   

Discussion 

The MARST values at the southern locations are 
1.5-2°C higher than the shaded ones and these 

values are in agreement with similar findings from 
Swiss Alps, where on the southern slopes the mean 

annual temperatures were with 1-8°C higher, than 
on northern faces (Hasler et al., 2011). At the south 

facing site, direct radiation determined higher 

daytime temperatures in the early winter than at the 
north-facing location in both years. The contrasts 

between BUC and TPR thermal regimes revealed the 
effect of aspect, as reflected in the daily amplitudes 

of rock surface temperature in all the four distinct 

periods of the annual RST regime. Earlier studies 
showed very clear that the south facing slopes 

receives substantially greater solar heating than any 
of the other aspects (Hall, 2004), but the amplitude 

of the differences between north facing and south 

facing slopes may vary considerably from place to 
place. The northern exposed rock surfaces are 

warmed by indirect solar heating and rising in air 
temperature (Hall, 2004). 

Due to long daily exposure to sunshine the south 
facing rockwall experienced more diurnal freeze-

thaw cycles during the cold season compared to the 

north facing rockwall. There were 40 and 55 more 
freeze-thaw cycles recorded at TPR site than at BUC 

site. A similar situation was described by Onaca 
(2013) in the Muntele Mic Massif, where on the 

northern face of a periglacial torr at 1664 m there 

were recorded only 30 freeze-thaw cycles, with 53% 
less than on the south facing side of the rockwall. 

The effectiveness degree of freeze-thaw cycles on 
the southern rock face seems to be greater than in 

the case of BUC shaded location, supporting the 
assumption that nowadays the microgelivation 

appears to be more active on south facing rockwalls. 
This superficial frost weathering provides shallow, 

but intensive fragmentation of rock surface, 

producing fine debris (Matsuoka, 2001). Conversely, 
the macrogelivation, capable to provide large 

boulders occur only when the rock surface is 
strongly cooled for more than few days in optimal 

moisture environments (Matsuoka, 2001). 

Because of the high inter-annual variability of 
RST regime, it is difficult to evaluate the influence of 

local conditions on rock surface temperature 
characteristics. To avoid misinterpretation, it is 

highly recommendable to monitor the evolution of 
rock surface temperatures for longer intervals. Also, 

a high temporal resolution of the sampling data 

gives the possibility to assess more carefully the 
amplitude of thermal stress episodes and the 

duration and amplitude of freeze-thaw cycles. In 
previous studies performed in the alpine 

environment of the Southern Carpathians, the 

thermal regime of rockwalls showed similar 
characteristics, but most of the studies only 

recorded the evolution of surface temperatures for 
one season. More than 100 freeze-thaw cycles/year 

were recorded at 2501 m in the Bucegi Mountains at 
one south-facing slope (Vasile et al., 2014), whereas 

in the Retezat Mountains, but on the northern 

rockwall of Turnu Porții, the total number of diurnal 
frost cycles was 24 (Vasile et al., 2014).      

The number of freeze-thaw cycles on south-
facing rockwall is very similar to the number of air 

diurnal cycles, whereas on the north exposed 

rockwall there are far fewer diurnal freeze-thaw 
cycles. However, the mean amplitude and duration 

of the freeze-thaw cycles on the southern rockwall 
are lower than the corresponding values recorded 

on the southern slopes. These findings bring more 

light into the role of aspect on MARST regime.      
According to previous studies (Ikeda, 2006), it is 

not a simple task to place exactly the MARST 
boundary between the presence and absence of the 

permafrost, mainly because of great inter-annual 
variation in the RST regime and pronounced 

influence of thermal conductivity of different types 

of rocks. However, according to the „rules of 
thumb”, MARST values lower than 0°C indicate that 

permafrost is likely to occur in the substrate (Nötzli 
et al. 2003). So far, the permafrost occurrence in 

rockwalls in Southern Carpathians was assumed only 

in two cases. Onaca et al. (2013) previously pointed 
out that shaded rockwalls situated above 2200 m in 

Căldarea Pietroasa are likely to host permafrost, 
since subzero MARST were measured for two 

consecutive years (Onaca, 2013). In the Parâng 
Mountains, Popescu et al., (2015) placed the 

altitudinal boundary between permafrost presence 

and absence at 2350-2400 m. However, if these 
rockwalls correspond to a zone of permafrost and 
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the MARST is higher than -1°C, the stability of the 
rockwalls could be extremely low, due to ice-filled 

joints melting out during the summer (Davies et al, 

2001). 
The existing MARST values recorded in the last 

few years in the Southern Carpathians at more than 
2000 m are synthesized in fig. 6. Based on the 

classification suggested by the Permafrost Evidences 

Database (Cremonese, et al., 2011) we placed the 
RST points into the categories „presence” or 

„absence” of permafrost with differing degrees of 
certainty, as described earlier. This synthetically 

representation of the existing findings provides 
baseline information on assessing the certainty 

degree of permafrost occurrence in the substrate in 

different rockwalls (fig. 6). 
 

 

Fig.6: Classification of RST points into the 
categories „presence” or „absence” of permafrost 
with differing degrees based on MARST values (1. 
BUC; 2. TPR; 3. Pietroasa N; 4. Pietroasa W; 5. 
Pietroasa E; 6. Văiuga N; 7. Văiuga W; 8. Văiuga E; 
9. Căleanu W; 10. Gruiu N; 11. Baba Mare S) 
(source: Onaca, 2013; Popescu et al., 2015; Vasile 
et al., 2014) 

 
The relationships between the geomorphologic 

evolution of rockwalls above 2000 m, RST regime, 
permafrost occurrence, and climatic changes are 

extremely complex acting at various spatial and 

temporal scales. To elucidate the existing 
uncertainties, future approaches should consider 

assessing the influence of lithology, chemical and 
biological weathering, the role of thermal shocks, the 

depth at which weathering acts and the moisture 

distribution within the substrate. For fulfilling these 
goals long-term recordings of RST at different depths 

are required, as well as monitoring the seasonal rates 
of weathering, by quantifying the mass of dislocated 

materials. In addition, a better understanding of the 

role of rock properties (thermal conductivity, porosity, 
moisture content etc.) on RST regime and rockwalls 

destabilization would be extremely helpful. 

 

Conclusions 

The analyses of the rock surface temperature time 

series at two field sites in steep bedrock revealed the 
effects of site aspect on the characteristics of RST 

regime. The results demonstrated that considerable 

differences of annual mean temperatures, number of 
freeze-thaw cycles, the percentage of effective 

freeze-thaw cycles, daily temperature amplitudes, the 
potential depth of freezing/thawing may occur 

between the radiation-exposed face and the shaded 
rock face. For the south facing rockwall, the mean 

annual temperatures are with 1.5-2°C colder, but the 

total number of freeze-thaw cycles is larger. Based on 
our findings, we assume that due to a greater 

effectiveness degree of freeze-thaw cycles on the 
southern rock face, the microgelivation appears to be 

more active at the more sun-exposed location. The 

greater thermal amplitudes measured on the 
southern face support the assumption that here the 

surface of the steep bedrock is more exposed to 
intensive heating and the potential thermal stress is 

higher. 
The positive MARST values recorded suggest the 

quite likely (in case of north facing site) and the 

quite certain (at the south facing location) absence 
of permafrost in the substrate.  
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