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ABSTRACT: Small, peripheral mountain glaciers that remained independent from the large ice-streams throughout the Pleisto-
cene glaciations represent an important source of paleoclimatic information in the European Alps. Here, we present new evidence 
on the evolution of the Silisia Valley and paleoglaciers on the northern side of Mount Raut (Carnic Prealps, NE Italy). The area is 
characterized by the presence of a variety of sediments and landforms, among them two generations of conglomerates and sever-
al deposits of glacigenic origin. The conglomerates are related to the infill and subsequent incision of the Silisia Valley during Plio
(?)-Pleistocene times, whereas most of the glacigenic deposits can be ascribed to glacier advances during the Last Glacial Maxi-
mum (LGM) and following Late Glacial stadials. During the LGM, the glacial system extended from the headwalls of Mount Raut 
(2026 m a.s.l.) down to an elevation of 440 m, and had an equilibrium line altitude (ELA) of 1260 m (Accumulation-Area-Balance 
Ratio method - AABR). Assuming present-day amounts of precipitation, this corresponds to a mean summer air temperature 
(MSAT) depression of 8.5 or 9.4°C (� =±2.2°C), when compared to two recent (1960-1990) climatic records in the area. Two phas-
es of glacier stabilization during the Late Glacial were inferred from frontal moraine systems at higher elevations. During the first 
one, the glaciers had an ELA of 1590 m (corresponding to an MSAT lowering of 6.2 or 7.1°C), whereas at the second one the ELA 
was at 1740 m (MSAT lowering of 5.3 or 6.1°C). Our results allow to better understand the long-term Pleistocene evolution of this 
sector of the south-eastern Alps, probably driven by the interplay between climatic fluctuations and phases of tectonic uplift. We 
further provide new insights on paleoglaciers of the last glacial cycle that may help in the validation of regional climatic models. 
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1. INTRODUCTION 
 
The reconstruction of the Alpine glacier network 

during the late Pleistocene glaciations has been at-
tempted several times through geomorphological evi-
dence coupled with chronological data (Penck & Brück-
ner, 1901-1909; Castiglioni, 1940; van Husen, 1987; 
Ehlers & Gibbard, 2004). Alpine-scale models of the last 
glacial cycle were recently performed (Jouvet et al., 
2017; Seguinot et al., 2018), but in several sectors the 
results are not consistent with the geomorphological 
evidence. Because of their location at the boundary 
between the Mediterranean and continental Europe, the 
Alps show a high climate variability (e.g., Beniston, 
2005; Isotta et al., 2014) and are affected by a wide 
range of air flows and humidity conditions, as sectors of 
the chain face a continental-type climate and others 
maritime-type conditions (Beniston, 2006). For this rea-
son, large-scale modelling studies need to be tested in 
selected areas through paleoclimatic proxies to account 

for these regionally-varying climatic conditions. Due to 
their complex geomorphological and geological structure 
(Dal Piaz et al., 2003), the external sectors of the Alps 
are particularly characterized by a large diversity of cli-
matic environments (Ivy-Ochs et al., 2021). A better 
knowledge of the Pleistocene history of these areas can 
help to understand the direct relationships between cli-
mate change, landscape evolution and the development 
of glaciers during the cold periods.  

During the Last Glacial Maximum (LGM), the Alps 
hosted the largest ice cap in Europe outside the British 
and Scandinavian ice sheets (Hughes et al., 2016; Clark 
et al., 2021 and references therein). In the pre-Alpine 
belts along the southern side of the Alps, however, also 
several small and isolated glaciers developed during the 
LGM (e.g., Carraro & Sauro, 1979; Baratto et al., 2003; 
Cucato, 2007; Forno et al., 2010; Monegato, 2012). 
Thanks to their relatively simple geometry, small glaciers 
permit accurate estimates of their equilibrium line alti-
tude (ELA) that integrate field data with numerical ap-
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proaches of glacier reconstruction (Pellitero et al., 2015, 
2016). For large and interconnected valley glaciers, on 
the other hand, ELA calculations are still problematic 
and can only work with models involving the whole 
mountain range (Kuhlemann et al., 2008; Višnjević et 
al., 2020), but without detailed field assessments. As the 
ELA is a parameter that reflects not only local settings 
but also the regional climate in glaciated areas, its cal-
culation for specific glaciers provides relevant infor-
mation for inferring robust paleoclimatic reconstructions 
(e.g., Bacon et al., 2001; Spagnolo & Ribolini, 2019; 
Rea et al., 2020). 

The present work shows, for the first time, the dis-
tribution of Quaternary deposits on the northern side of 
Mount Raut (Carnic Prealps). Due to its location, close 
to the Friulian piedmont plain, this area is specifically 
interesting for evaluating the influence of local meteoro-
logical factors, such as southerly moisture sources, on 
the evolution of former glaciations. Through mapping 
and description of the sedimentary units, both the longer
-term Pleistocene evolution of the area and specifically 
the extent of paleoglaciers during the LGM and two Late 
Glacial stages are reconstructed. The calculated ELA 
values of these glaciers are then used to estimate 
paleoclimatic parameters for the Carnic Prealps and to 
compare them with other regional climate proxies. 

2. GEOMORPHOLOGICAL AND GEOLOGICAL SET-
TING 

 
The Carnic Prealps (south-eastern European Alps) 

comprise the drainage basins of the Cellina, Meduna 
and Arzino streams and reach their maximum elevation 
in the western sector (Cima dei Preti, 2703 m a.s.l.). 
Mount Raut is located on the southern fringe of the Car-
nic Prealps and reaches an elevation of 2026 m (Fig. 1). 
Its northern and eastern sides are included in the Me-
duna catchment, while the south-western slope drains 
towards the Cellina catchment. The northern side of 
Mount Raut has three major narrow valleys, namely: 
Valine, Basson and Val Bassa (Fig. 2). All of them are 
characterized by ephemeral surface runoff because of 
the karstic landscape (Carulli et al., 2000, 2006). They 
are tributary valleys of the Silisia valley, nowadays par-
tially drowned by the artificial Ca’ Selva Lake. Pre-dam 
1:25,000 scale topographic maps show that the present-
ly submerged terminal tracts of the Valine and Basson 
valley were quite large and flat, with fluvial terraces driv-
en by the incision of the Silisia Stream. The valley 
heads are characterized by large (2.25 and 1.5 km2, 
respectively) and gently dipping plateaus, located above 
1400-1500 m and surrounded by the summit crest of 
Mount Raut. To the west, the morphology is dominated 

Fig. 1 - Topographic overview of the Mount Raut, the Silisia Valley and its location within the south-eastern Alps. For reference, also the 
extent of some following figures in the paper (Figs. 2, 6, and 7) is marked here. The underlying DEM was derived from the geoportal of 
Regione Autonoma Friuli Venezia Giulia (http://irdat.regione.fvg.it). 
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by the towering shape of Mount Castello (1923 m) and 
minor peaks towards the Clautana Saddle (Fig. 1). In 
this upper sector of the Silisia catchment, valleys are 
narrow and deeply incised. The northern side of the 
Silisia Valley comprises the steep walls of Mount Dosaip 
(2062 m) and minor and low-elevated peaks. The south-
ern slope of the Mount Raut is characterized by 800 to 
1200 m high walls dominating the nearby Friulian pied-
mont plain.  

The bedrock in the area of the Mount Raut con-
sists mainly of Jurassic limestones (Calcari Grigi and 
Vajont Limestone) overlying Late Triassic (Norian-

Rhaetian) dolostones of the Friulian carbonate shelf 
(Dolomia Principale). Carnian dolostones (Monticello 
Formation) crop out in the hangingwall of the E-W trend-
ing, south-verging Silisia thrust (Fig. 2; Carulli et al., 
2000). 

The Quaternary deposits are widely distributed and 
have been mapped only at scales from 1:50,000 to 
1:100,000 in the general geological maps of the area 
(Zenari, 1929; Carulli et al., 2000). More detailed studies 
are lacking for the Silisia Valley and the Mount Raut, 
and also the drainage basin of the Meduna is poor in 
description about the Quaternary succession. Only the 

Fig. 2 - Simplified geological map of the northern side of Mount Raut with locations of Quaternary deposits and moraine ridges. Boundaries 
of geological units and the location of the fault line are from Carulli et al. (2000).  

 
 

279 



   

 

lacustrine deposits of Lake Redona (Venzo et al., 1975; 
Cavallin & Martinis, 1981) and the complex Quaternary 
succession in the lower valley reach (Carraro & Polino, 
1976; Venturini, 1985; Venturini et al., 2013; Monegato 
& Poli, 2015) have been studied. As a result of this lack 
of detailed data, the extent of the Mount Raut paleoglac-
ier during the LGM is still debated. In the early map by 
Castiglioni (1940) only a small glacier, just reaching the 
bottom of the Silisia Valley, is shown and the Meduna 
Valley was considered ice-free. This interpretation was 
maintained in the most recent CLIMEX map (Vai & Can-
telli, 2004). Gortani (1959) reported a larger glacier in 
the Silisia Valley, merging to that flowing down the Me-
duna trunk valley. A similar large ice extent, including 
the Meduna Valley, was reported in the map by Ehlers & 
Gibbard (2004), following the review by Castiglioni 
(2004). 

The area is presently characterized by a quite high 
precipitation with constant contribution from all seasons 
(Crespi et al., 2018). The 1961-2000 climatology at Bar-
cis, according to the local meteorological observatory 
(www.meteo.fvg.it, last accessed July 9th, 2021), pre-
sents mean annual precipitation (MAP) equal to 2197 
mm water equivalent (w.e.), with January the driest 
month (116 mm w.e.) and October the wettest (287 mm 
w.e.). The impact of moist southerly winds (Scirocco) in 
the Carnic pre-Alpine sector generally leads to long-
lasting orographic precipitation and intense convective 
systems in all seasons, representing the main driver for 
such high MAP (Colucci et al., 2021). Recent (2004-
2020) mean annual air temperature (MAAT), calculated 
for the weather station of Pala D’Altei (www.meteo.fvg.it, 
last accessed July 9th, 2021), located at 1528 m about 
8.5 km to the south-west, is equal to 6.4°C, with January 
and February being the coldest months (-1.5°C) and 
July the warmest (14.8°C). A longer climatological rec-
ord has been reconstructed by Colucci & Guglielmin 
(2015) for the Mount Canin/Kanin (Julian Alps) at an 
elevation of 2200 m, representing an important regional 
source of temperature data that precedes the most re-
cent climatic warming since the 1990s.  

 
3. METHODS 

 
Field surveys in the study area were carried out 

between 2018 and 2021 to describe and map the distri-
bution of geomorphological features and Quaternary 
deposits along the northern side of Mount Raut and in 
the Silisia Valley. The mapping procedure was per-
formed on regional topographic maps at a scale of 
1:5000, with the support of LiDAR data (grid resolution 
of 1 m, survey carried on 2006) derived from the geo-
portal of Regione Autonoma Friuli Venezia Giulia (http://
irdat.regione.fvg.it). Older topographic maps (IGM at a 
scale of 1:25,000) allowed reconstructing the topogra-
phy of the Silisia Valley prior to the construction of the 
dam at Ca’ Selva.  

Based on these elevation data and on the geomor-
phological and sedimentological evidence found during 
field work, reconstructions of paleoglacier geometries 
and ELAs were carried out using recently developed 
toolboxes within ESRI ArcMap v. 10.7 (Pellitero et al., 
2015, 2016). Glacier surfaces were reconstructed along 

flowlines, extending from mapped moraine ridges or the 
lower limits of till outcrops up to the accumulation areas 
on the plateaus at the valley head. Initially, a subglacial 
shear stress of 100 kPa, characteristic of the base of 
alpine glaciers, was applied to the whole length of these 
flowlines (Paterson, 1994; Brædstrup et al., 2016; 
Pellitero et al., 2016). This value had to be additionally 
modified in some parts of the catchment, with the aim of 
better tuning the reconstructed glacier surface with the 
geomorphological evidence. Generally, the low-lying 
valley mouths required a lower shear stress (50 kPa) to 
yield realistic ice-thicknesses, which is compatible with 
the glacier overriding thicker sediment fills with low yield 
strength at these locations (Thorp, 1991; Iverson et al., 
2003). For the steep glacial troughs of the Basson and 
Bassa valleys, an additional F-factor adjustment, which 
is a function of the glacier width and thickness, was ap-
plied to account for lateral drag exerted by the valley 
walls (Nye, 1952; Benn & Hulton, 2010; Pellitero et al., 
2016).  

From the reconstructed glacier surfaces, ELAs 
were calculated using both the Accumulation-Area-
Balance Ratio (AABR) and the Accumulation-Area-Ratio 
(AAR), as frequently applied in studies on paleoglaciers 
in the European Alps (e.g., Federici et al., 2012; 
Monegato, 2012; Hofmann et al., 2019; Spagnolo & 
Ribolini, 2019). For the AABR-method, balance ratios of 
1.56 (representing a global median value) and 1.29 
(representing the median value for modern Alpine glaci-
ers) were chosen (Oien et al., 2021). For the AAR-
method, the global median value of 0.58 was initially 
used (Rea, 2009; Oien et al., 2021), but ELAs were also 
calculated for ratios of 0.5, 0.65, and 0.7 to test for the 
sensitivity of reconstructed ELAs on the choice of differ-
ent AARs.  

To facilitate paleoclimate interpretations, present-
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Fig. 3 - Mean summer air temperature (MSAT) at Canin (1961-
2020), Baldas (Mount Resettum) and Malga Valine (Mount 
Raut) (2010-2020) from Colucci and Guglielmin (2015) and 
www.meteo.fvg.it (last accessed, July 9th 2021). The data 
demonstrated the close statistical correlation between the three 
records. 
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day temperature and precipitation in the study area 
were reconstructed first. This included the 1961-2000 
MAP in Barcis and the 2010-2020 Mean Summer Air 
Temperature (MSAT) at the local weather stations of 
Malga Valine-Mount Rest (1346 m) and Baldass-Mount 
Resettum (1817 m), the latter located ca. 6 km to the 
West of Mount Raut (for location of weather stations see 
Fig. 1). In order to obtain a MSAT for the climatic period 
1961-1990, the values from the local weather stations 
were then corrected using the Canin record from Coluc-
ci & Guglielmin (2015). This was possible, as the corre-
lation between temperatures at the local weather sta-
tions and the Canin is statistically significant (for Bal-
dass R=0.95 and for Malga Valine R=0.87; Fig. 3). The 
calculated 2010-2020 MSAT at Canin is 2.2°C higher 
than the average between 1961 and 1990, therefore this 
value was added to the 2010-2020 MSAT of Baldass 
and Malga Valine to obtain the 1961-1990 value. 

The results from ELAs calculation were then used 
to reconstruct the paleoclimatic conditions during the 
LGM and Late Glacial stadials. At first, paleo-
precipitation was assumed to be equal to present-day 
records and summer temperatures at the ELA were 
calculated using the following equation from Ohmura & 
Boettcher (2018): 

 
Pa =5.87 Tsum² + 230 Tsum + 966  (1) 
S.E. =648 mm 
 

where Pa is annual precipitation (mm) and Tsum is 
summer (JJA) air temperature (°C). Applying a summer 
environmental lapse rate of 0.65°C 100 1 m, representa-
tive for the greater Alpine region (Rolland, 2003; Rubel 
et al., 2017), we calculated the temperature differences 
from the modern local weather stations. This procedure 
was equally repeated for different precipitation scenari-
os, ranging from -30% to +30% of the present-day val-
ue. 

When comparing ELAs of paleoglaciers to present 
climatic conditions, all calculated values were assumed 
to represent environmental ELAs (envELA; Žebre et al., 
2020). The envELA is the theoretical altitude at which a 
glacier can form and does not consider the effects of 
shading, avalanching, snow drifting, glacier geometry or 
debris-cover (Anderson et al., 2018). In the Alps it was 
found to be ~75-150 m higher than the regional effective 
ELA (effELA; Žebre et al., 2020), which accounts for 
these topographic effects when averaged over a longer 
climatic period (e.g., 15-30 years). 

 
4. THE PLEISTOCENE DEPOSITS IN THE SILISIA 
VALLEY  

 
Along the Silisia Valley, and on the northern side of 

Mount Raut, Pleistocene deposits are scattered; they 
can be lithologically grouped into breccias, gravels, con-
glomerates and diamictons. Some of the deposits rec-
orded in the old geological map (Zenari, 1929) are pres-
ently drowned by the Ca’ Selva Lake. Many outcrops 
are visible along road cuts. An overview about the areas 
mentioned in the description and the location of the 
deposits is given in a photograph in Fig. 4A and in a 
cross-profile through the Silisia Valley (Fig. 5). 

4.1. Breccias, gravels and conglomerates  
Conglomerates are located in several sectors of 

the valley. The cementation of these deposits is strong 
and some of them show karstic dissolution structures 
(Fig. 4B). The conglomerates are made of clast-
supported gravels, crudely bedded to horizontally bed-
ded, and characterized by sub-rounded clasts of lime-
stones, dolostones and cherts (red and black), pointing 
to a provenance from the upper catchment of the Silisia 
Valley. Lateral interfingering with angular breccias is 
visible and suggests the occurrence of local alluvial or 
talus deposits. Conglomerates mainly crop out in three 
locations: Chiavalot, Sarazin ridge, and Selva (see Figs. 
2, 4A and 5). In the Chiavalot area, conglomerates are 
about 40 m thick, with the basal boundary on the bed-
rock at 900-910 m, and the rim of the Chiavalot cliff at 
950 m, around 400 m above the lake. The deposits are 
karstified and deeply cut by local stream incisions. On 
the Sarazin ridge, the conglomerate and breccias are 
visible along the roadcut (Fig. 4C), clasts of conglomer-
ates (i.e., the unit preserved at Chiavalot) are included 
indicating the erosion of an older conglomerate body. 
The topmost conglomerates are at 775 m and the basal 
boundary can be observed at ca. 670 m, suggesting the 
presence of a former valley fill with an overall thickness 
of around 100 m. The breccia/conglomerate body is 
locally weakly cemented and intersected by several 
joints that can be likely ascribed to tectonic activity. Sim-
ilar deformed breccias are located at about 610 m, along 
the main road at the southern side of the lake. A small 
outcrop of conglomerates is located on the southern tip 
of the ridge separating the village of Selva from the val-
ley gorge downstream of the dam (Fig. 2). This deposit 
is only a few meters thick and lays on top of the bedrock 
on the western slope of the ridge. Upstream the present 
lake, at Stua, a succession of gravels and sandy gravels 
crops out (D’Agostina, 2010); these are bedded and 
gently inclined (10-20°) downstream and show a thick-
ness of about 10 m. They are interpreted as related to a 
fan delta body. 

 
4.2. Diamictons 

Along the road flanking the southern side of the Ca’ 
Selva Lake, sub-rounded boulders are common and 
outcrops of diamicton, matrix-supported, with striated 
clasts occur frequently. Clasts are sub-angular to sub-
rounded and clast petrography is mostly made of dolo-
stones and limestones, with angular chert clasts (red 
and black). Because of their sedimentary properties, 
these deposits were ascribed to glacial deposition. 

In detail, the westernmost outcrop of these diamic-
tons along the lake corresponds to the moraine of Case 
Val Bassa at the elevation of 520 m. The moraine ridge 
is ca. 300 m long and located on the left side of the val-
ley outlet between elevations 575 m and 500 m. It con-
tains mostly sub-angular to sub-rounded, large dolo-
stone and limestone boulders, few of which show stria-
tions. The overall thickness of the deposit is about 25 m. 
A similar diamicton crops out at the outlet of the Basson 
Valley at an elevation of ca. 500 m (Fig. 4E). It is also 
associated to a left lateral moraine, that is well pre-
served close to the lake and partly covered by talus. The 
right moraine flank has been remodelled and a cluster of 
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Fig. 4 - Plate of pictures taken during field work. A. View across the Lake Ca’ Selva towards the valley mouths of the Valine (in the fore-
ground), Basson and Bassa (hidden). Visible are also the Chiavalot cliff and the Sarazin Ridge, two locations at which thick conglomerate 
bodies are cropping out. B. Strongly cemented conglomerate from the Chiavalot. C. Stratified conglomerated along the roadcut at the 
Sarazin Ridge. D. The glacial diamicton at Case Staleros. E. Glacial diamicton at the mouth of the Basson Valley. F. View towards the 
upper Valine catchment and the Malga Valine, where the terminal moraine is marked by red dashed line. G. The terminal moraine ridges at 
Casera Valine with a large limestone erratic in the foreground situated on the moraine crest. H. Fluted moraines in the upper Valine catch-
ment.  
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big boulders is now partially drowned by the lake 
(D’Agostina, 2010). As well, in the lower reach of the 
Valine Valley, matrix-supported diamicton, with big boul-
ders and mostly sub-angular to sub-rounded dolostone 
and limestone clasts, crops out close to the Sarazin 
ridge, at about 600 m. Here, however, it is not associat-
ed to a clear landform, as it is the case for the outlets of 
Basson and Bassa valleys outlets.  

A thick unit of diamicton is located at Case Stale-
ros, east of the Ca’ Selva dam, where it lays on top of 
the bedrock at an elevation of 530 m. It consists of ma-
trix-supported diamicton, embedding big boulders and 
striated clasts (Fig. 4D). Clasts are angular to sub-
rounded; clast petrography indicates dominant dolo-
stones and limestones (mostly sub-rounded), with minor 
amounts of cherts. The matrix is sandy and the deposit 
is normally consolidated and weakly and spotty cement-
ed. The visible thickness of the deposit is about 25 m 
and it is associated to the moraine ridge of Stavoli Stale-
ros. Downstream from this moraine along the Silisia 
Valley, no glacial deposits have been observed.  

Several clusters of moraine ridges can also be 
recognized in the upper sectors of the Basson and Va-
line narrow valleys. A wide set of arch-shaped terminal 
moraines, up to 5 m high, is located in the Valine Valley 
at Casera Valine (1330 m) and forms a large flat area 
on the back (Fig. 4F and 4G). The moraines are made 
of diamicton, mostly characterized by angular/
subangular boulders in a sandy matrix. On the back of 
the frontal moraines two longitudinal ridges made of 
boulders can be ascribed to fluted moraines on the base 
of their downvalley elongated morphology (Fig. 4H). In 
the Basson Valley, ending with the Mount Raut head-
wall, two separated sets of moraines can be distin-
guished. The first set is located at 1050 m and consists 
of mainly of lateral moraines, while the frontal moraines 
are flat and have been reshaped by local drainage. The 
second set of moraines is located upstream in the valley 
between 1425 and 1600 m. These moraines are elon-
gated lateral ridges, while the frontal sector is character-
ized by scattered boulders in a flat area at about 1400 
m. 

 

5. GLACIER RECONSTRUCTIONS 
 
Given the abundance of glacial landforms and sed-

iments containing clast lithologies of local provenance, it 
can be concluded that the northern side of Mount Raut 
was covered by a glacial system that remained inde-
pendent from the Alpine glacier network. No dating is 
available for these glacial features. Nevertheless, it is 
possible to attribute them to glacial advances during the 
Last Glacial Maximum and subsequent Late Glacial 
stages, considering the absence of deep weathering and 
cementation that would typically characterize sediments 
related to prior glaciations. The only exception is the 
diamicton at Stavoli Staleros, which is interpreted as a 
pre-LGM glacial deposit. This is both due to its sedimen-
tary properties (i.e., spotty cementation) and its overall 
position in the valley system, more than 150 m high 
above the present course of the Silisia Stream (see 
Figs. 4A and 5). An interpretation of the Staleros mo-
raine as an LGM ice-front would require both exceeding-
ly thick ice in the Silisia Valley and extremely high post-
glacial erosion rates, both of which are not compatible 
with field evidence and glacier modeling.  

The LGM glacial network was therefore recon-
structed basing on the presence of glacial deposits and 
frontal moraines that are present at the outlets of the 
Bassa, Basson and Valine valleys. Detailed information 
on the reconstructed glaciers, including calculated ELAs 
for the LGM and Late Glacial stadials is presented in 
Tab. 1. The ELAs calculated for AABRs of 1.56 and 1.29 
do not show large differences, and are within the error 
range generally expected for ELA reconstructions (Oien 
et al., 2021). There is also a good agreement with the 
calculations using an AAR value of 0.65, while the global 
median of 0.58 results in slightly higher ELAs. Although 
for the smaller Late Glacial stages also AAR values of 
0.5 and 0.7 yield reasonable estimates, a change in 
these ratios for the LGM results in a large shift of the 
calculated ELA (AAR 0.5 =1480 m; AAR 0.7 =1140 m). 
This is likely due to the particular hypsometry of the 
Mount Raut glacier during the LGM, with very steep and 
narrow valleys present in proximity to the ELA. Because 
of these potential complications, all ELAs in the following 
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Fig. 5 - Cross-profile through the Silisia Valley including the major side valleys and sedimentary units discussed in the text. For the location 
of the profile see Fig. 1.  
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paragraphs and in the climatic interpretations are report-
ed using the AABR-method with the global median val-
ue of 1.56 (Oien et al., 2021). 

 
5.1. The Mount Raut glacier during the Last Glacial 
Maximum 

During the LGM, the glacial system of the Mount 
Raut had an ELA of 1260 m and covered an area of 
approximately 7 km2 with glacier tongues extending into 
all three main valleys on its northern side (Fig. 6). Ice 
was accumulating on the high-altitude plateaus of the 
Basson and Valine catchments up to an altitude of ca. 
2030 m. A smaller accumulation area was also located 
at the head of the Bassa Valley, although this tributary 
probably received part of its ice through transfluence 

from the neighboring Basson catchment. From the plat-
eaus, the ice was flowing northwards, constrained within 
the narrow glacial valleys. In the Bassa Valley, the maxi-
mum ice extent during the LGM is clearly delineated by 
a frontal moraine ridge, situated at an altitude of 520 m, 
indicating that the glacier advance stopped just before 
reaching the E-W trending Silisia Valley. In contrast, the 
glacier tongue coming from the Basson Valley advanced 
further downstream, as shown by the presence of glacial 
diamicton and scattered boulders around the flat valley 
mouth. The larger extent of this tributary can be ex-
plained both by the high elevations of the Basson plat-
eau, and by the fact that it received additional input from 
the Valine catchment further downstream. The infilling of 
the valley mouth with glacier ice likely led to a damming 

Fig. 6 - The reconstructed glacial system of Mount Raut during the LGM (ELA =1260 m).  



   

 

of the Silisia Stream, a hypothesis which is corroborated 
by the presence of fan delta deposits further upstream 
(D’Agostina, 2010).  

In the lower Valine Valley, clear geomorphological 
evidence in the form of a frontal moraine is lacking. 
However, scattered occurrence of glacial deposits and 
large boulders at an altitude of 500-600 m suggests that 
also this tongue extended down towards the valley 
mouth. The frontal moraine system of this lobe might 
presently be covered by the Ca’ Selva Lake or, alterna-
tively, might have already been eroded by the Silisia 
Stream before the construction of the dam. In addition, a 
smaller LGM glacier developed in the cirque northwest 
of Mount Rodolino (Fig. 6), which remained independent 
from the Mount Raut glacial system. However, no clear 
indication of its frontal position was found, which is at 
least partly due to the steepness of the terrain in this 
area.  

 
5.2. The Valine and Basson glaciers during the Late 
Glacial 

After the LGM, the glaciers of the Mount Raut re-
treated into the higher parts of their catchments. Evi-
dence for phases of glacier stabilization or re-advance 
during this time can be found as series of moraines both 
in the Valine and the Basson valleys. In the Valine Val-
ley, several well-defined moraine ridges are located at 
an elevation of around 1330 m, delimiting a small glacier 
(surface area of ca. 0.9 km²) with an ELA of 1570 m 
(Fig. 7A). Due to its higher catchment, the Basson glaci-
er must have still had a larger extent during this time, 
with its front potentially stabilizing at an altitude of ca. 
1050 m. Although patches of glacial deposits and mo-
raine ridges were found here in a lateral position, an 
evident frontal system is lacking, and it is not clear if 
these deposits relate to a distinct Late Glacial advance 
or can be ascribed to the downwasting of the LGM glaci-
er.  

Conversely, in the Basson Valley a second set of 
moraines can be found stretching down to an altitude of 
ca. 1400 m, indicating a later phase of glacier stabiliza-
tion during the Late Glacial. The Basson glacier recon-
structed for this stage covered an area of ca. 1.2 km2 
and its ELA was calculated at 1740 m (Fig. 7B). At the 

same time, the glacier in the Valine must have almost 
entirely disappeared or was preserved only as a small 
niche glacier or firn field, which could also explain the 
absence of depositional features on the upper Valine 
plateau.  

 
6. DISCUSSION 
 
6.1. The Pleistocene evolution of the Silisia Valley 
and the Mount Raut paleoglaciers  

The southern sector of the Meduna catchment has 
been affected by important drainage changes since the 
Messinian, and during the Pleistocene, several alluvial 
sedimentary units were deposited in the lower reach of 
the valley (Monegato & Poli, 2015). The tectonic evolu-
tion of the south-eastern Alps (Poli et al., 2009, 2021) 
has driven these changes. In this perspective, it can be 
assumed that also the two conglomerate units, at 
Chiavalot and Sarazin, are linked to the evolution of the 
Silisia Valley and the ongoing incision and infill during 
Plio(?)-Pleistocene time. The differences in cementation 
and weathering degree, also considering the presence 
of conglomerate pebbles in the Sarazin body, then point 
to different sedimentation of these units in events that 
pre-date the last sedimentation phase related to the 
LGM and Late Glacial. Considering the difference in 
elevation between Chiavalot and Sarazin of more than 
200 m, and the location of the Chiavalot in the footwall 
of the Silisia thrust, the progressive incision of the Silisia 
Stream probably felt the effect of the general uplift in this 
sector of the Carnic Prealps, which is related to the 
frontal thrusts of the eastern Southalpine south-eastern 
Alpine chain (Poli et al., 2009, 2021). In this respect, the 
Silisia Valley and the Mount Raut lie on the hanging wall 
of the Periadriatic thrust (Carulli et al., 2000), while the 
lower Meduna valley sedimentary stack is located be-
tween the Periadriatic thrust and the M. Jouf-Maniago 
thrust system. Three tectonic phases were described in 
the frontal sector of the Carnic Prealps (Caputo et al., 
2010; Monegato & Poli, 2015), pointing to a potential 
enhancement of fluvial incision during uplift phases, 
especially along the major cataclastic belts related to the 
tectonic structures. The infilling phases of such narrow 
tributary valleys can be ascribed to glacial damming or 
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Tab. 1 - Characteristics of the reconstructed glaciers on the northern side of Mount Raut for the LGM and two Late Glacial stages, including 
ELAs calculated for several AABRs and AARs. In red, hypothetical reconstructions due to lack of geomorphological evidence 



   

 

landslide damming. In this perspective, the Chiavalot 
unit represents the oldest sedimentary infill of the valley, 
which can be linked to the karstified conglomerates of 
the lower Meduna valley (Monegato & Poli, 2015). The 
deepening of the valley of about 200 m occurred before 
the deposition of the Sarazin unit and suggests that an 
uplift phase likely took place in the lower Pleistocene. 
The difference in elevation of about 170 m from the 
basal boundary of the Sarazin unit to the LGM deposits 
also indicates this post-depositional uplift. This influ-
enced the deep incision downstream of the dam, which 
led to the abandonment of the path through Selva and 
the preservation of the glacigenic deposits of Staleros. A 
similar deepening characterizes also the Meduna Val-
ley, which was later filled by lacustrine deposits (Venzo 
et al., 1975; Cavallin & Martinis, 1981). The Staleros 
unit itself can most likely be ascribed to a Middle Pleis-
tocene ice advance, even if no chronological data are 
available. In the lower Meduna Valley, old alluvial terrac-
es (Monegato & Poli, 2015) may represent its outwash 
deposition. 

During the LGM, glaciers in the Valine, Basson 
and Bassa catchments advanced for the last time be-
yond their valley mouths, leading to the deposition of 
frontal moraines and glacial sediments and at least tem-
porarily to a damming of the Silisia Valley upstream. 
The well-preserved fluvial terraces of Faidona (Cavallin 
& Martinis, 1981), at the confluence with the Meduna 
Valley, can probably be ascribed to deposition by melt-
waters originating from the glacial system during this 
time. From the position of the moraine ridges, however, 
it can clearly be established that the Raut paleoglacier 

itself never merged with the glacial system of the Me-
duna Valley, as it was sometimes reported in previous 
studies (Gortani, 1959; Ehlers & Gibbard, 2004). Re-
gionally, the first culmination of the LGM advance has 
been dated to around 26.5 to 23 cal ka BP, with a later 
pulse occurring at 22 cal ka BP (Tagliamento end-
moraine system, Monegato et al., 2007; Fontana et al., 
2014). This later stage also corresponds to the phase of 
maximum aggradation in the Meduna alluvial fan 
(Avigliano et al., 2002). Although no numerical dating is 
available for the Mount Raut, we hypothesize that the 
advance of the glacial system during the LGM probably 
took place during the same time span, considering the 
similar climatic setting to the Meduna and Tagliamento 
catchments.  

Following the downwasting of the LGM glaciers, 
two distinct advances of the Basson and Valine valley 
glaciers occurred during the Late Glacial. Such stages of 
stabilization have been equally recognized in parts of 
the Carnic Alps and Julian Prealps (Discenza, 2004; 
Colucci et al., 2014) and the Chiampon-Cuel di Lanis 
ridge (Monegato, 2012). In the latter case, these glaciers 
exhibit an ELA ca. 250 to 350 m higher with respect to 
the LGM, which matches the calculations for Late Gla-
cial stage 1 (LG1) in the Valine (ELA raising of ca. 330 
m). Even if this may point to a common climatic driver 
for the glacier advance, a detailed chronology for the ice
-decay in the south-eastern Alps is still lacking, which 
hampers comparisons between different mountain rang-
es or a correlation to one of the established Late Glacial 
stadials in other sectors of the Alps (e.g., Ivy-Ochs et al., 
2008).  
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Fig. 7 - The Valine and Basson glaciers during the Late Glacial. A. Late Glacial stage 1 (ELA =1570 m). B. Late Glacial stage 2 (ELA 
=1740 m). 
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several small mountain glaciers remained independent 
from the large alpine ice-streams throughout the late 
Pleistocene cold phases, including the Last Glacial Max-
imum, one of which was located on the northern side of 
Mount Raut (Carnic Prealps, NE Italy). The reconstruc-
tion of these glaciers and their ELAs reveals important 
information about the past climate.  

Our investigation shows that the LGM glacial sys-
tem of the Mount Raut covered an area of ca. 7 km². Its 
ELA (AABR) was calculated at 1260 m. Assuming levels 
of precipitation similar to today, an LGM MSAT depres-
sion of 8.5 or 9.4°C (� =±2.2°C) was calculated in re-

6.2. Paleoclimate reconstructions 
The calculated ELA of 1260 m for the LGM glacial 

system is among the lowest reported for the southern 
fringe of the Alps so far. It corresponds best with those 
calculated from other areas in the south-eastern part of 
the range, such as the Julian Prealps (ELAs =1128-
1190 m, Monegato, 2012), or the Trnovski gozd in the 
Slovenian Dinaric Mountains (ELA =1240, Žebre et al., 
2014). Already at Mount Grappa, ca. 75 km further west, 
ELAs are reported to be around 150-200 m higher than 
at Mount Raut (Carraro & Sauro, 1979; Baratto et al., 
2003). The values increase even further towards the 
central southern Alps (ELA =1535 m; Forno et al., 2010) 
or the Maritime Alps (ELA =1850 m; Federici et al., 
2012), indicating that an east-west ELA-gradient proba-
bly prevailed along the southern fringe of the Alps dur-
ing the LGM.  

Present (2010-2020) MSAT in Baldass and Malga 
Valine, which are closer in respect to the Pala d’Altei 
station, are at 12.6°C and 14.8°C, respectively. Given 
the ELA of 1260 m, and assuming present-day precipi-
tation, our calculations suggest that, compared to the 
period 1961-1990, MSAT in the Mount Raut area was 
depressed by around 9.4°C or 8.5°C during the LGM, by 
7.1 or 6.2 °C during the LG1, and by 6.1 or 5.3°C during 
the LG2, respectively (� =±2.2°C). The results for the 
LGM are consistent with regional models of atmospheric 
circulation (Kuhlemann et al., 2008) and also with chi-
ronomid-based July temperatures reconstructed at Lago 
della Costa (Euganean Hills, Samartin et al., 2016). 
With different precipitation scenarios (±30% of the pre-
sent-day value, see Tab. 2, 3, 4), MSAT depressions 
vary between 6.2°C (7.0°C, respectively) and 11.6°C 
(10.8°C, respectively). With a further reduction in precip-
itation, reconstructed temperatures are not compatible 
anymore with the aforementioned calculations from 
other proxies. This indicates that the LGM climate in the 
south-eastern Alps was very likely characterized by high 
precipitation throughout the whole LGM. These high 
amounts of precipitation, especially during autumn and 
winter (Spötl et al., 2021), allowed glaciers to expand to 
lower elevations as in other parts of the southern Alps 
and today it still ensures the preservation of very small 
glaciers in parts of the Carnic and Julian Alps (Colucci 
et al., 2021). 

 
7. CONCLUSION 

 
New evidence for the Pleistocene evolution of 

Mount Raut and the neighboring Silisia Valley is pre-
sented in this study, basing on mapping and description 
of Quaternary sediments and landforms. Detailed stud-
ies concerning the Quaternary deposits and landforms 
in the area were previously still lacking. Two bodies of 
conglomerates were found and they have been related 
to the recurring infill and incision of the Silisia Valley 
during Plio(?)-Pleistocene times, probably driven partly 
by climatic fluctuations and partly by tectonic uplift phas-
es of the south-eastern Alps. Series of moraine ridges 
and glacigenic deposits are mainly related to glacier 
advances during the LGM and following Late Glacial 
stages. 

In the south-eastern part of the European Alps, 
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Tab. 4 - MSAT depression calculated for the Late Glacial stage 
2, assuming different MAP scenarios. 

Tab. 2 - MSAT depression calculated for the LGM, assuming 
different MAP scenarios. 

Tab. 3 - MSAT depression calculated for the Late Glacial stage 
1, assuming different MAP scenarios. 
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spect to two recent (1960-1990) climatic records in the 
area. During the Late Glacial, glaciers were confined in 
the upper parts of their catchments, intermitted by two 
distinct phases of glacier stabilization, the first at which 
glaciers had an ELA of 1590 m (corresponding to an 
MSAT lowering of 6.2 or 7.1°C) and the second with an 
ELA of 1740 m (MSAT lowering of 5.3 or 6.1°C).  

These calculations are generally in line with re-
gional circulation models, indicating that glaciers in the 
south-eastern Alps received high amounts of precipita-
tion throughout the LGM. However, further research is 
needed to better understand the paleoclimatic evolution 
in the south-eastern Alps during the last glacial cycle, by 
integrating glacier-based climate reconstructions with 
numerical dating methods to better constrain the LGM 
and Late Glacial advances.  
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