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Abstract 
The paper presents a general overview of ten years of research on karst phenomena in the Patagonian 
glaciers carried out by La Venta association. 
 

Криокарст южного Патагонского ледяного поля 
В статье представлен обзор десятилетних исследований карстовых явлений на Патагонских 
ледниках, выполненных ассоциацией Ла Вента. 

 
Introduction 

The Hielo Continental, in the extreme South of 
Argentina and Chile, is a huge field of glaciers, the third 
widest one in the world. Its largest portion is represented by 
the Hielo Continental Sur, which covers roughly 350 km of 
glacial field from latitude 48° 20′ to 51° 30′ S, with an 
average width of 30-40 km; its total area reaches 13.000 
km2. 

It is drained by 48 glacier tongues; the main one is the 
Pio XI glacier, with a surface of 1250 km2; Viedma, Upsala 
and O’Higgins glaciers have surface areas of more than 700 
km2 each. Grey, Tyndall and Moreno glaciers have a 
surface area between 250 and 300 km2 each. 

For the most part, these glaciers (46 out of 48) are of 
“calving” type that is ending into water, either a fjord or a 
lake. All the glacier studied by our expeditions are of this 
type: Grey, Viedma and Tyndall glaciers end in their 
homonymous lakes, Upsala and Moreno in Lago Argentino, 
Pio XI glacier in the Pacific Ocean.  

 
General situation 

 
The global temperature increase of the atmosphere, 

responsible for the general reduction of tropical and sub-
polar ice surface, is a fluctuation of the actual interglacial 
period, but it has probably been accelerated in the last few 
years by human activities. Due to this warming all the Earth 
eco-systems are changing, and among them the glaciers. 
Calving glaciers are particularly sensitive to this warming 
due to their mass loss in the front and their gentle slope in 
the lowest parts. 

Only the Pio XI and Moreno glaciers are quite stable; all 
the others are retreating, with strongly negative mass 
balances.  

The general reduction of Viedma, Tyndall and, above 
all, Upsala glacier is impressive. On the whole HCS a 
global loss of 40 km3 of ice in the last 8 years has been 
estimated. 

Actually, the positive mass balance of Pio XI comes 
from the global warming, that has strongly increased sea 
evaporation and wind intensity; these factors lead to heavier 
precipitations on this glacier, that is very exposed to moist 
western winds. This is the reason why the eastern side of 
this part of the Andes is very dry; all the rainfalls take place 
on the main range. 

Expeditions 
So far, members of our La Venta association have 

carried out eight expeditions on the glaciers that originate 
from the Hielo Continental Sur. 

1991, Marconi Glacier, 8 people for 5 days 
1994, Perito Moreno Glacier, 3 people for 15 days 
1995, Perito Moreno Glacier, 22 people for 18 days 
1997, Viedma Glacier, 6 people for 10 days 
2000, Tyndall Glacier, 18 people for 15 days 
2004, Upsala Glacier, 14 people for 16 days 
2004, Grey Glacier, 11 people for 16 days. 
2005, Pio XI, 3 people for 18 days. 
Overall, these researches required more than 1300 

days/man. 
Here we report the status of each of the glaciers we 

surveyed or plan to survey, including a brief description of 
their specific problems. 
 

Perito Moreno Glacier 
This glacier was the subject of a survey in 1994 and of 

an expedition in 1995, when we shot a documentary and 
several short films. 

Quite renown, the glacier is characterized by a wide 
feeding basin, which is drained by a relatively small and 
short tongue. Glacial moulins are numerous and often 
impressive. The main drain (Rio Malbec) sits at the centre 
of the tongue and falls into a huge moulin, which cannot be 
explored because the waterfall has a flow of several cubic 
meters per second. The moulin, however, is formed several 
times in a single season, leaving a series of relict shafts 
downstream the active sinking. One of these (the Coltrane) 
has been explored, revealing a depth of 60 meters and 
awesome tunnels that extend for about two hundred meters. 

The absorption of the river takes place just upstream the 
widely flowing areas that precede the edge. It is likely that 
the river cannot penetrate the surface before that point 
because the evenly moving ice at the centre of the tongue is 
extremely compact. 

The other glacier moulins, on the other hand, tend to 
show up all along the tongue, but along the sides, where the 
ice flows with different rates and therefore creates a higher 
permeability. The most interesting point, though, is the 
formation of horizontal, near-the-surface (epidermal) caves. 
A stream flowing almost parallel to the Malbec on its 
hydrographical   right   side  sinks  below   the  surface,  but  
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Fig. 1. General map of investigation area
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remains pretty close to it flowing at a depth of 5-20 meters. 
We were able to explore and map 1150 meters of gallery, 
making it the longest glacial cave in the world. Dye 
tracking proved that the river flows for at least the same 
distance under the ice before surfacing and merging with 
the Malbec. The left side of Rio Malbec also shows strong 
evidences of epidermal flows, but was not explored. 
 

Viedma Glacier 
This glacier was the subject of a heavy survey in 1997, 

which however could only access the sector around the base 
camp, placed at the Hielo Continental refuge. The area was 
also observed from the air in 1995 and 2004. 

It is one of the mightiest glaciers, possibly the most 
spectacular of all. There are many moulins, but the 
superficial layer is very irregular and creates a wide range 
of environments. It’s almost triangular, irregular geometry, 
with a huge absorption basin and a nunatak in the central 
part, also contributes to divide it into several sectors. These 
sectors are often separated by zones characterized by seracs 
and very difficult to overcome, besides crushing the 
hydrographical network.  

Generally, absorptions happen rather quickly, in small-
sized moulins. In the centre of the tongue, however, there is 
a big river that likely disappears in the pre-extension area at 
the end of the tongue. The areas close to the central nunatak 
also appear to be very interesting. We found evidence of the 
existence of epidermal conduits. 

Approaching the area is very hard; people and materials 
must be air-transported by helicopter. In certain areas 
moving on the ice can be difficult. The base camps have to 
be far from the operation areas. 

At present, this is the most promising glacier. It will 
take one or two expeditions, which will see the explorers 
spread out on several sectors, given that the glacier is very 
wide and hard to cross. 

 
 

Upsala Glacier 
This glacier was surveyed by air in 1995 and was 

reached by an expedition in 2004. In the past few years it 
experienced an almost catastrophic shrinking; we calculated 
that the ice level has decreased of about 100 meters in the 
last 15 years, thereby losing tens of cubic kilometers of 
water. Scientific literature indicates how the crisis in the 
mass balance has been worsened; during its slow receding 
in the 1990’s the glacier lost the support of two islets that 
used to sit at its forefront, preventing it from “sliding 
down” into the lake. Once that support gave in, the whole 
tongue moved downhill. Such massive slippage led to the 
formation of crevasses perpendicular to the flow direction, 
as far back as 12 km from the front of the tongue! 

This has completely wiped out the internal and external 
hydrographic networks. In practice, once we managed to 
overcome huge technical difficulties and reached the 
internal areas, we found many traces of karst phenomena, 
which were, however, completely fragmented by the 
crevasses. The only karst areas can now be found upstream 
the cracks and in small areas at the forefront of the left 
tongue. The former can be found at the height of the 
Laguna Azul upstream, the only zone in which the glacier 
can be crossed. 

 
Fig. 2. At the limit of Perito Meccanico cave exploration 

in Perito Moreno Glacier 

 
Fig. 3. A large moulin in Perito Moreno Glacier 
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Fig. 4. A general view of lasts 15 km of Upsala glacier 

 
 
 

There, several mid-sized rivers fall into unimpressive 
moulins. Because of the rather slow flow rate of the ice 
there are no relict moulins and therefore we were not able 
to carry out any significant exploration. 

Of much greater interest are the small caves that formed 
in the left tongue, which at the present melting rate will 
have a short life span. They are rather superficial karst 
forms, with massive, if short, conduits that appear to have 
formed mostly at the bottom of old lakes. These caves 
turned out to be of high interest because they allowed us to 
see the draining micro-structures occurring inside the 
glacial ice mass. 

Its large size makes it hard to reach it, and the base 
camps are far from the operation areas. Also, moving 
around on its surface is extremely difficult. 

The glacier does not present any karst interest, if not for 
targeted studies.  

 
Grey Glacier 

This glacier was the subject of an expedition in 2004. It 
is very similar to the Upsala and indeed the researches have 
been focused on the orographic left side of the tongue. It 
too is undergoing a regression phase too, but not as 
dramatic as Upsala. The left tongue has a draining network 
that is almost fan-shaped; small rivers flow in valleys of 
remarkable size, which are, however, quite flattened. They 
fall into moulins that are rather wide but relatively shallow 
and have a tendency to get filled with water (indeed, on the 
surface one can often find abandoned, filled-up moulins). 

We explored and mapped 17 caves, which were as deep 
as 70 meters but not very long. The superficial karst 
phenomenon is even more intense than in the Upsala, 
especially in the main tongue.  

It is a glacier easy to reach, and base camps can be set 
close to the operation areas; this glacier also has areas that 
cannot be crossed.  

The middle part of the main tongue is still unexplored, 
due to the presence of seracs that could not be crossed. In 
the future we could consider a survey using a helicopter. 

 
 

Tyndall Glacier 
This glacier was the subject of an expedition in the year 

2000. Its surface is rather regular and the whole ablation 
area is crossed by a series of three parallel rivers, similarly 
to what happens in the Perito Moreno but on a much larger 
scale. The rivers fall into huge moulins, in which the water 
levels vary depending on the feeding flow, a phenomenon 
we then found also in the Grey Glacier.  

We followed the water level during a 24-hours cycle in 
the Vicecapo moulin. The water level ranged from –10  
to –105 m. The loading curve allowed us to indirectly 
determine for the first time that the draining is located 140 
meters below the surface. This value matched the forecast 
obtained with the numerical models for glacial karst, 
conversely to the common glaciology hypothesis according 
to which the draining would take place at the rock bed. 

There are also many moulins completely filled with 
water, which sometimes are really massive. They appear to 
be very deep and it would be interesting to determine their 
shape down below, as this would allow us to verify the 
numerical model that predicts the evolution of these 
deposits. There are also many examples of superficial or 
near-surface karst forms, but we did not find any trace of 
epidermal conduits of significant length.  

It is quite difficult to reach this glacier. Besides, the 
operation area is far from the base camp. Moving around on 
the glacier is generally easy, although the rivers are 
basically impassable. 

From an explorative point of view the picture is 
complete enough. However, a more precise knowledge of 
the spectacular phenomenon of filling and draining of the 
moulins would be of interest, as it can provide direct 
information about the structure of the sub-glacial draining. 
An automatic monitoring system will then be needed. 
Another interesting chapter is represented by the eventual 
dives in the huge water reservoirs originated by the moulins 
filling. 
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Pio XI Glacier 
The glacier was surveyed during April 2005 by three 

cavers, from the southern front up to the fork at the 
northern ice stream, but also a general view of the glacier 
surface was taken from the hill on its right side. The glacier, 
that is increasing since 1945 with some surges phenomena, 
is extremely difficult for human approach. During the eight 
days of permanence it was only possible to penetrate for a 
few hundred metres, due to impassable crevasses and ice 
edges. This strong tectonization does not allow the 
formation of wide catchments areas able to create 
significant water streams and then karstic sinking forms, 
other than very small and marginal caves. 

 

 
Fig. 5. Interesting almost superficial karst forms 

near the western front of Grey Glacier 
 
The main problems are due to the extremely rainy 

weather and to the tectonized ice surface. Also the advance 
on the glacier sides is very difficult due to areas covered by 
vegetation, peat and marshes.  

The only large cavities are formed at the exit of 
subglacial rivers and at the contact with rock, but the 
danger of frequent ice collapses prevented any sort of 
exploration. 

The glacier does not show any interest for karst forms, 
at least in the terminal huge ice fields. 
 

Other glaciers 
There are many other smaller glaciers that are 

nevertheless very large in comparison with the alpine ice 
tongues, like the O’Higgings or Jorge Montt glaciers, but 
the only one explored in the past was the Marconi glacier, 
presenting significant karst forms. 

Conclusions 
The expeditions we have carried out so far allow us to 

draw a rather comprehensive picture of the logistics and 
enigmas of the glaciers that flow down from the Hielo 
Patagonico Sur. 

It turned out that each glacier has its own peculiarities, 
due to the different orientation, shape of the bed, rate of 
response to climate variations, ratio between the 
accumulation and ablation surfaces. 

The only general rule we can provide for these glaciers 
is tat, they are actually very small structures, compared to 
the areas they drain, which can reach surprisingly low 
altitudes. In Patagonia’s climate a valley glacier could exist 
only at an altitude of 1500 meters above sea level, whereas 
with their configuration they can reach areas where one 
would not expect to find natural ice. This is what allows the 
existence of landscapes such as those created by the Grey 
or by the Perito Moreno, huge rivers of ice flowing between 
the woods. 

This also means that the glacial karst that there exists, 
tightly linked to the intensity of the ablation, is a very 
extreme phenomenon and therefore these glaciers are a 
sanctuary for this kind of research. Furthermore, these 
glaciers have their front immersed into water and this 
allows a very dangerous but crucial kind of research: the 
systematic search of springs in the front areas, at the water 
level. Common knowledge has it that the water flow in 
glaciers happens at the contact surface between ice and 
rock. Our researches, on the contrary, have demonstrated 
that most of the water flow takes place at a depth of 100-
150 meters, i.e. through conduits inside the glacier’s core. 
These flows inevitably end up in contact with the rock in 
glaciers with a ground front, but not in those with a water 
front, where the flow must continue at the level of the 
internal aquifer until it ends in the lake at a moderate depth. 
Patagonia glaciers highlight such phenomenon, which until 
now has only been hypothesized. 

They are glaciers with intense fusion processes and a 
favourable geometry. Yet, in these final remarks we must 
stress how completely surprised we were by the variation 
existing between the shape and features of the draining 
network. We had not foreseen it at all; as the climate 
appeared to be quite similar amongst them, their huge size 
supposedly prevented the insurgence of the variability 
linked to the shape of the glacial bed and the feeding areas 
seemed to be similar. We therefore expected that the 
features of the draining network and of the caves would be 
comparable. We were wrong, since every glacier is unique; 
having understood this has been the most important result 
of the researches we have carried out so far. 

The reasons for such variability can be different and we 
can only make hypothesis. 

The first one is that locally we have significant 
meteorological variation; the climate homogeneity around 
the Hielo Continental is likely deceptive and derives from 
the ridiculous inadequacy of the weather stations localized 
in the territory. 

Besides, these are very thick glaciers (much more than 
500 meters) and therefore the side walls can influence the 
sliding strains; as a consequence, this brings to a 
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dependence on the valley shape, even in several kilometre 
wide glaciers.  

Furthermore, we began studying the glaciers in the most 
unfortunate moment in the whole millennium, when a 
planet-wide climate crisis is being demonstrated. Because 
of this, the glaciers we are watching are not in equilibrium 
but rather in the middle of a crisis, of a transition. If, on one 
hand, this makes the researches even more interesting, 
interpreting the results is quite difficult because during 
transitional phases phenomena that would normally be 
marginal become blown out of proportion. 

What’s more, the homogeneity of the feeding areas is 
only apparent, as every tongue actually drains specific 
zones of the Hielo Continental, which are quite different in 
their feeding and sliding. 

Finally, we note that the ice found in each tongue differs 
greatly in its age and history; this leads to differences in the 
physical and mechanical properties. The most obvious 
effect of such “anomaly” is on the colour of the Patagonia 
glaciers, but the most relevant one is most likely their 
permeability, which will have to be specifically studied. 
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