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What is an ice cave?

Ice Caves

Alpine ice caves are natural caves formed in bedrock, containing perennial
accumulations of water in its solid phase

(Perşoiu and Onac, 2012)

Because one of their main characteristics is to have ground ice older than 2 years, many
authors are prone to consider ice caves as sporadic permafrost phenomena

(e.g. Holmlund et al., 2005; French, 2007; Kern et al., 2011)
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Ice Caves

The periglacial environment – Ice Caves

As part of the cryosphere, such ice masses are linked to the climate, but they do also exist
in different kinds of environments, often at an altitude with an outside mean annual air
temperature (MAAT) well above 0 °C

(e.g. Holmlund et al., 2005; Obleitner and Spötl,2011)

 The accumulation of cold air into a cave during the winter seems to represent the main
reason for the development and preservation of cold conditions leading to a progressive
accumulation of ice

(Ford and Williams, 1989; Luetscher and Jeannin, 2004).
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Ice Caves

The periglacial environment – Ice Caves

Ice forms through different mechanisms like recrystallization of snow, refreezing
of percolating water, or with much less contribution, sublimation and deposition of cave-
air vapor
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(Luetscher and Jeannin, 2004).



Ice Caves

The periglacial environment – Ice Caves

Depending on their morphology, ice caves generally are described taking in account the 
relationships between ice formation and cave-air dynamics

classification
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Ice Caves

The periglacial environment – Ice Caves

Depending on their morphology, ice caves generally are described taking in account the 
relationships between ice formation and cave-air dynamics

classification

Static ice
caves

Dynamic ice
caves
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Ice Caves

The periglacial environment – Ice Caves

Static (SIC) and Dynamic (DIC)

SIC  quite simple air circulation system, where cold air is trapped owing to its 

higher density within a single entrance cave 
(Thury, 1861; Luetscher and Jeannin, 2004)

DIC are related to the so-called chimney effect (Balch effect), in which multiple 

entrances at different elevations produce a more complicated air flow system that 
forces air convection and is strictly dependent on seasonal effects (Thury, 1861; Balch, 
1900)

(Thury, 1861; Balch, 1900)
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Ice Caves

The periglacial environment – Ice Caves

snow

snow

WINTER

Firn and 
permanent ice

Cold air
Static (SIC)

<<0°C <<0°C
>0°C>0°C<<0°C <<0°C

Percolation
water

C3 Cave’s Cryosphere and Climate www.c3project.net



Ice Caves

The periglacial environment – Ice Caves
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Ice Caves

The periglacial environment – Ice Caves
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Ice Caves

The periglacial environment – Ice Caves
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Ice Caves

The periglacial environment – Ice Caves

Dynamic (DIC)
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Snow melting
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Ice Caves

The periglacial environment – Ice Caves

Dynamic (DIC)
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0/+1°C

+15°C

+10°C

Ice Caves

The periglacial environment – Ice Caves

Dynamic (DIC)

SUMMER
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+1/0°C

-5/+5°C

Ice Caves

The periglacial environment – Ice Caves

Dynamic (DIC)

FALL
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The periglacial environment – Ice Caves

Cryo cave climatology  (A) mainly concentrated where MAAT < 5°C ; MAAT < 2°C for ice caves
(B) P increase with altitude (R=0.96 (cryo) & 0.97 (ice))
(C) not present where MWAT>0°C; significant increase MWAT<-2°C
(D) MSAT not significant  abrupt decrease with MSAT > 13°C
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(Colucci et al., 2016 - Geomorphology)



The Canin massif – Julian Alps
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The Julian Alps 
1853 km2

west to east across the Ita–Slo border 

Carbonate massifs

Highest elevations
• Mt.Triglav slo (2864m)
• Mount Montasio ita (2754 m)
• Mount Škrlatica slo (2740 m)

Canin- Kanin

Triglav
Škrlatica

Montasio

N
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Automatic weather station (AWS) Canin (since 2012)
2203 m asl   - h 9 m
Air temperature
Relative humidity
Precipitation (liquid)
Snow height
Wind speed and direction
Soil temperature (7 depths)
Solar radiation (total and reflected)

Canin AWS - late April 2014

Canin AWS - late April 2013
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Study area and climatology Prefrontal phase

Synoptic generally prevails
Spring and early summer convection is predominant 

Ceschia et al., 1991

Low troposphere 
SE winds (Scirocco)

Julian Alps

Vrhovec et al., 2004

middle troposphere 
SW winds

>2600 mm

Cw (1800 m) = 7.2 m
(winter snow accumulation) *

>2600 mm

Isotta et al., 2013



Precipitation reconstruction 
1924-2012

Based on 5 valley weather 
station around Mt. Canin 

Colucci & Guglielmin, (2015) Int. Journal Clim.
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B  temperature reconstruction at 
the elevation of 2200 m 1851-2012

Based on 2 mountain station 
(f) Villacher Alpe (2120 m) – Austria
(e) Triglav (2514 m) – Slovenia 

Colucci & Guglielmin, (2015) Int. Journal Clim.
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Colucci (2016). Geomorphic influence on small glacier response to post Little Ice Age climate warming: Julian Alps, Europe. 
Earth Surface Processes and Landforms
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Colucci (2016). Geomorphic influence on small glacier response to post Little Ice Age climate warming: Julian Alps, Europe. 
Earth Surface Processes and Landforms

Canin Est
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Colucci (2016). Geomorphic influence on small glacier response to post Little Ice Age climate warming: Julian Alps, Europe. 
Earth Surface Processes and Landforms

Montasio West
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2.367 km2

0.383 km2

AREA

-83%
Colucci & Žebre , 2016 - Journal of Maps
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0.066 km3

0.003 km3

VOLUME

-96%
Colucci & Žebre , 2016 - Journal of Maps



The Canin massif – Julian Alps

C3 Cave’s Cryosphere and Climate www.c3project.net

Dackstein limestones
The highest karst-cave-density in the Alps



Cryo caves distribution  3068 caves > 1000 m asl
1111 CRYO caves of which 123 (11%) ICE caves
mainly between 1500-2200 m
mean el. 1838 m, median el. 1888 m Canin massif

Highest cryo cave percentage 
• 751 cryo caves
• 79 ice caves 
Median elevation 1928 m asl
 991 cryo caves considering 
also the Slovenian side of Canin
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Colucci et al., submitted
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Colucci et al., 2016 - Geomorphology

LEUPA Ice Cave
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Microclimatology
- 14 temperature monitoring sites since summer 2011  Tinytag® dataloggers (rock, ice, air)
- MAAT = -1.4°C
- Rock in Permafrost (always <0°C ; t >2 years)

Colucci et al., submitted

LEUPA Ice Cave



Mass balance
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LEUPA Ice Cave



Mass balance
Bi = slight increase until 2014
• Annual cicle (autumn minima, 

summer maxima… 2-3-cm)
• - 9 cm 22 Jul 2014 – 20 Nov 2014
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LEUPA Ice Cave



Mass balance
Bi = slight increase until 2014
• Annual cicle (autumn minima, 

summer maxima… 2-3-cm)
• - 9 cm 22 Jul 2014 – 20 Nov 2014

Be = slight increase until 2014
• Decrease already since 2013
• - 9 cm 22 Jul – 20 Nov 2014
• -4.2 cm 12 Jul – 30 Oct 2013
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LEUPA Ice Cave
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LEUPA Ice Cave

Colucci et al., 2016 - Geomorphology



Precipitation

Temperature 

859 mm

heavy precipitation events in autumn are a normal characteristic of the area (e.g., 
Manzato, 2007), but a higher than average ML produces heavy rainfalls at altitudes 
normally interested by snowfalls
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LEUPA Ice Cave
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LEUPA Ice Cave

Bertozzi et al., submitted



VASTO Ice Cave

• MAX ice thickness 8.5 m
• High debris concentration within the first 2 m
• Weak reflection coefficient at the bottom  possible frozen ground at the 

bottom ? (Koh et al. 1996)
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VASTO Ice Cave

• MAX ice thickness 8.5 m
• High debris concentration within the first 2 m
• Weak reflection coefficient at the bottom  possible frozen ground at the 

bottom ? (Koh et al. 1996)

250 MHz 800 MHz
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VASTO Ice Cave

Colucci et al., 2014, 2016

7.8 m ice core
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VASTO Ice Cave

7.8 m ice core
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Colucci et al., 2016 
The Vasto ice cave in the south-eastern Alps, Europe: 
preliminary results from an ice core analysis  
IWIC VII Postojna (Slo)



Cryogenic calcite

Cryogenic calcite deposits 

(a) Typical occurrence of 
heaps of loose crystal 
aggregates (arrows) 

(b) Close-up of cryogenic 
deposit consisting of brown 
and white crystal 
aggregates. Width
of image 5 cm. 

(c) Occurrence of loose 
brownish crystal aggregates 
intermixed with a few 
angular rock flakes on a 
boulder. Width of image 25 
cm.
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Morphology of cryogenic
calcite crystals seen under 
the FE-SEM. 
(a) Calcite raft
(b) Closeup of (a). Scale bar 
0.2 mm
(c) Stepped faces on 
individual rhombohedral 
crystals.Scale bar 0.1 mm 
(d) White crystal
Aggregate. Scale bar 0.2 mm
(e) Details of white crystal 
morphology. Scale bar 0.1 
mm
(f) Close-up of (e), revealing
chevron-type crystal habits. 
Scale bar 0.02 mm

Cryogenic calcite
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Cryogenic calcite

C3 Cave’s Cryosphere and Climate

The youngest currently known 
occurrence is from a cave in the Swiss 
Alps located at the threshold of 
modern permafrost and dates from the 
medieval period 
(Luetscher et al., 2013)

Characteristic stable isotopic  
composition with values supporting 
the model of very slow freezing and 
concomitant calcite precipitation
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1) Monlesi (CH) 
2) Leclanchè (CH)
3) Mitterschneidkar (A) 
4) Glaseis (A)
5) Eisriesenwelt (A)

Cryogenic calcite

1

2

3

4 5

Canin

First evidence in Italy
First evidence in the southern Alps
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LEUPA Ice Cave
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C3 Cave’s Cryosphere and Climate

The cavity underneath the 
permanent ice deposit in 
the Leupa ice cave. 

(a) The internal layer of 
CCCcoarse

(b) Details of the in situ-
crystals of coarser cryogenic 
calcite 

(c) loose crystals recently 
deposited on clastic 
sediments
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LEUPA Ice Cave
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LEUPA Ice Cave
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LEUPA Ice Cave
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LEUPA Ice Cave



C3 Cave’s Cryosphere and Climate

• CCCcoarse datings (U/Th)
• C14 datings
• Polline analysis
• Microbiological community  DNA
• High resolution (1mm) chemistry 

• others?
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LEUPA Ice Cave

Colucci et al., (2017)
First alpine evidence of in situ coarse cryogenic cave carbonates (CCCcoarse) GFDQ
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Morphology of calcite crystals 
as seen under SEM-EDX. 

(a) Detail of euhedral 
(rhombohedral) crystals; 

(b) Detail of euhedral 
(scalenohedral) crystals; 

(c) raft-like calcite aggregate 
consisting of calcite 
scalenohedra sometimes 
elongated in the direction of 
the vertical axis; 

(d) close-up of (c) showing a 
fractal distribution of individual 
scalenohedral crystals with 
stepped faces; 

(e) fan-like aggregate (calcite 
rose) with various intergrowths 
of scalenohedral crystals; 

(f) close-up of (e) showing a 
chevron-type habits of the 
crystals surface.
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LEUPA Ice Cave



C3 Cave’s Cryosphere and Climate

The C3 documentary

Work in progress

Stay tuned !!!
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Future challenges

- Timing of underground 
glaciation

- Relation with thermal conditions 
of the rock

- Dating methodologies

- Biology of ice caves
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Imprint: 
Elsevier

Published Date:
30th November 2017

Page Count: 
752

Contributors:
73

Covers various aspects of ice occurrence in 
caves, including cave climate, ice genesis 
and dynamics, and cave fauna

Features an overview of the paleoclimatic
significance of ice caves

Includes over 100 color images of ice caves 
around the world
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