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Context, Scope, and Objective of the Report 
 
The principal objective of the following report is to identify, highlight and disseminate information 
about the uncovered glaciers, rock glaciers, and periglacial environments that exist in the Diaguita-
Huascoaltinos Indigenous Territory.   
 
The report is intended for non-glacier-experts with the objective of educating and disseminating 
basic information about a complex issue that is generally reserved for specialized academics. It is a 
work that aims to inform public policy and help promote greater community participation in 
protecting these natural resources that are critical to ecosystems. It is our attempt to “democratize” 
glaciers.  
 
The Diaguita-Huascoaltino territory (see orange polygon in the following image) is located in the 
Republic of Chile, in the Third Region, approximately between the geographic latitudinal 
coordinates 28’ 34” S and 29’ 30” S and the international border with Argentina.  
 
We would like to highlight the hydrological value of 
glaciers, rock glaciers and periglacial environments, 
due to their role as  water basin regulators. The recent 
Argentine National Glacier Protection Law, inspired by 
a draft bill in Chile that failed to become law in the mid 
2000s, protects these ecologically valuable resources 
of. Currently in Chile, glaciers and periglacial 
environments are not legally protected as “glaciers”.  
 
In this report we show how many glaciers there are in 
the region, where they are located and where frozen 
ground of the mountain periglacial environments is 
located - a task which until the present only specialized 
scientists could carry out, but which now can be found 
by anyone with new and easily accessible technology 
and minimal training. We call special attention to the 
importance of registering this little-known water 
resource.  
 
This report aims to bring attention to the already-visible 
risks and impacts to these glaciers and periglacial 
environments brought on by anthropogenic activity, 
such as extractive industry activity in the area, 
particularly mining projects that are underway in the 
territory. These include Barrick Gold’s Pascua Lama 
project, and El Morro, owned by Goldcorp. There are 
several other areas that show past identified and 
unidentified mining activity that has affected glacier 
resources. In addition, there are numerous other mining 
projects that are outside of the Diaguita-Huascoaltino area, but sufficiently close to the territory as 
to deserve further study of eventual glacier impacts, particularly to uncovered white glaciers, which 
could be harmed by suspended dust from industrial activity. There are numerous such projects just 
across the border in the province of San Juan, Argentina, which could affect glaciers in the territory 
if winds blow in a westerly direction.  
 
Our objective is not to offer a detailed scientific study about ice resources in the area, but rather to 
present a preliminary work to identify these resources. Until now, no study has offered a full public 
inventory of these glaciers in a manner that is accessible and understandable by the general public. 



 5 

There is currently not enough information about glacier presence and impacts in the area for public 
officials to properly protect and lower risks to these resources.  
 
We know that extractive companies like Barrick Gold have contracted experts to produce full 
inventories of these glaciers, but up to the present, Barrick Gold has not shared this information 
with the public or with the Chilean government. For example, Barrick Gold only refers to of a 
handful of glaciers in the project area. In contrast, we’ve already inventoried more than 400 glaciers 
in the Diaguita-Huascoaltino territory, many of which are in Barrick’s influence zone at Pascua 
Lama, or in Goldcorp’s zone of influence at El Morro. We’ve carried out this inventory with limited 
access to satellite images of the area which we can obtain via Google Earth. However, both mining 
companies have much more up-to-date images of the region and of these resources. Providing 
these images to the public would be an important service in supporting the protection of glaciers.  
 
The Chilean DGA (the General Water Department) is also carrying out an official glacier inventory 
for the entire country. At the close of this report, we obtained a copy of this official work in progress 
and were able to compare our findings with the official glacier inventory underway in the Huasco 
River basin. Our comparison revealed at least 100 ice bodies that have not yet been inventoried. 
This difference should be studied and the official inventory completed, in order to properly and 
adequately protect this important hydrological resource.  
 
Our inventory of ice bodies and contributing upstream waterway basins in the Diaguita-
Huascoaltino territory is a “preliminary” inventory that must be completed with the necessary 
scientific studies of the area in order to verify specific details and characteristics of the glaciers and 
other ice reserves in the territory. Without a doubt, the inventoried bodies are glaciers and frozen 
grounds with important quantities of ice and water of enormous hydrological value. A local site 
study would reveal precise data on these ice bodies, such as the health of the glaciers, the 
presence of periglacial environments, their hydrological content, activity, movement, etc.  
 
We would like to clarify, nonetheless, that a site visit is not necessary to verify the mere presence of 
these ice resources, as they are clearly visible via images available today on Google Earth.  
 
The inventory presented in this study was carried out by the author of this report, representing the 
Center for Human Rights and Environment (CEDHA), a non-profit organization based in Córdoba, 
Argentina. Early versions of our inventory were reviewed by Alexander Brenning of the University of 
Waterloo, Canada. Brenning offered constructive recommendations to the inventory. There were 
also two other glacier expert professionals who offered support in the inventory but who preferred to 
remain anonymous. Additionally, we made numerous consultations with regional and international 
expert glaciologists on the periglacial environment and on the type of rock glaciers present in the 
study area. The author of this report received training on the periglacial environment and how to 
conduct glacier inventories from diverse international courses. The author has previously published 
numerous glacier inventories and studies on the impacts of extractive industry activity on glaciers 
and periglacial environments. These can be found in the bibliographical references at the end of 
this report.  
 
We chose to inventory glaciers in the Huasco, El Tránsito, and El Carmen river basins, as these are 
the principal river systems in the Diaguita-Huascoaltino territory. In this report, we also map the 
multiple waterways visible in satellite images that are borne directly from glacier melt and periglacial 
environment sources. In some cases, we map ice bodies that are outside the Diaguita-Huascoaltino 
territory, because these bodies melt into waterways that subsequently enter into the indigenous 
territory. This is the case for select ice bodies immediately to the North and to the South of the 
territory. The identification of periglacial environment was carried out utilizing the global mapping 
systems developed by the University of Zurich. This mapping is visible free of charge from the 
university and visible on Google Earth.  
 
All errors in this report are solely attributable to CEDHA and the author. 
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Definitions and Typologies  
This inventory registers both uncovered and covered perennial (persistent) ice bodies visible via 
satellite imagery, regardless of form or dimension. As for covered glaciers and rock glaciers, the 
inventory does not distinguish between these two typologies. Also, we do not distinguish between 
what may be active or inactive rock glaciers (this distinction concerns the movement of ice). We 
should note however, that none of the glaciers (cryoforms) that we identify in this report are void of 
ice, and we have purposefully left out ice forms that clearly do not show activity or that may be rock 
formations that are fossil remnants of past glaciers or rock glaciers. As such, we presuppose that all 
of the glaciers in this inventory contain ice and are hence important hydrological reserves and 
contribute to the water basin regulation to which they pertain.  
 
In regards to the definition of “glacier”, in order to produce comparison of analysis with the Chilean 
regulatory and legal framework, and since there is no “glacier law” in Chile that establishes a legal 
definition of a “glacier”, we utilize the definition found in the Política Nacional de Glaciares de Chile 
(the Chilean National Glacier Policy), published in 2008 by the CONAMA—the National 
Environmental Commission. The CONAMA establishes the definition of a glacier as (unofficial 
translation): 
 

“all perennial ice mass, formed by the accumulation of snow, no matter its dimensions or form. 
Glaciers can present flow by deformation, base slide, and/or sliding of sub-glacial sediment. …  
 
The most common types of glaciers in Chile include ice fields, foothill glaciers, valley, mountain, 
cirque, crater; in addition to glacierets and covered glaciers or rock glaciers” .  
 

 
Additionally, we employ a clarification (with an important caveat) taken from the La Chilean National 
Glacier Strategy. This clarification on the definition states:  
 
“We understand the concept of glacier in the context of the Strategy as:  
 

All ice surface and permanent snow generated on ground, that is visible for a period of at least 2 
years and in an area greater than 0,01km² (one hectare). This includes any rock surface with viscous 
flow evidence, product of high present or past ice content in the subsurface.”  National Glacier 
Strategy p.VIII.  
 

Our clarification on this last point of the definition concerns “viscous flor”, since we consider that 
there can be perennial ice mixed with debris that does not present flor. Some experts refer to these 
bodies of ice as inactive rock glaciers, while others do not refer to glaciers but rather moraines with 
ice content. Whatever the choice, these bodies of rock and ice were at one point glaciers or rock 
glaciers, and are presently in a process of progressive degeneration. They can contain important 
quantities of ice for many years (dozens or even hundreds of years) and as such, they can be 
important hydrological reserves. Since this report does not register geoforms that might contain ice 
but that are not moving, the reader should take into account that our inventory may be leaving out 
significant hydrological reserves. As such, the true hydrological reserve present in ice in this 
territory is probably much greater than what we are inventorying. One of the reasons that we do not 
register these bodies is simply that with satellite imagery it is not always possible to determine 
which bodies contain ice and which do not.  
 
We should also clarify that in some cases, the images available on Google Earth are not up to date 
(although generally they are not older than 2008). This implies that to date, the ice bodies may have 
been modified, either smaller or larger than they were in 2008.  
 
There is no definition of the term “periglacial environment” to be found in official Chilean 
documentation. The periglacial environment, however, is a critical hydrological resource in cold 
areas. The periglacial environment corresponds to the science of geo-cryology (a mix of geological 
and ice sciences), and is a fundamental component of frozen mountain environments. Their 
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hydrological value is incalculable, and we can presume that its water content is exponentially 
greater than the hydrological value of rock glaciers that are in periglacial environments. In  the new 
Argentine National Glacier Law, periglacial environments are protected by law as a public good at 
the same level as glaciers, precisely because they have large hydrological value and because they 
are water basin “regulators”.  
 
CEDHA recently published a report on mining and the periglacial environment in Argentina, with an 
extensive and educational easy-to-understand description of this critical water resource. The 
intension behind this report is to provide interested stakeholders and public officials with a useful 
and practical definition of the periglacial environment that can be used for resource protection.1 In 
this report on the Diaguita-Huascoaltino Indigenous Territory, we reproduce some sections of our 
periglacial environment report.  
 
For this work in particular we define the periglacial environment in the following way:  
 

The Periglacial Environment, very roughly, is the area where because of low temperature of the 
environment, generally near 0˚ Celsius or less, the earth is frozen. This freezing could be at the 
surface, on top of the surface, and/or beneath the surface. The Periglacial Environment is important 
because if there is humidity in the earth, this humidity freezes (it is transformed to ice). And if there is 
ice in the periglacial environment, it is a water reservoir, and if this ice melts temporarily or definitely, 
this ice is converted to water. Periglacial Environments can exist in areas where there is no humidity 
in which case there is no ice and in such a case it is not a water reservoir. There can be areas in the 
Periglacial Environment that are permanently frozen (all the time), and others that cyclically unfreeze, 
which generates a cyclical and seasonal provision of water.  

 
Rock glaciers are part of the periglacial environment, but it’s important to note that there can exist a 
periglacial environment without glaciers! In this case, the ground is frozen and may have ice in its 
interior, but there is no rock glacier on site.  
 
It’s also important to clarify that the periglacial environment is not the area around a glacier, which 
is a common error presumed by many due to the etymological root composition of the word (peri = 
around, and hence we erroneously presume that periglacial environment is “around the glacier”). 
The periglacial environment is the area of the mountain where almost the entire mountain is frozen 
and the ice it contains functions as a water reservoir. As the lower areas of the periglacial 
environment melt, they act as water basin regulators, releasing meltwater as temperatures rise at 
the fringes.  
 
Lastly, we recall that the objective of this report is to identify ice in mountain areas, because it is a 
very important water reserve that actively contributes to local water basins.  
 
 
The Inventory  
 
The reader can download CEDHA’s glacier inventory for the Diaguita-Huascoaltino Indigenous 
Territory simply by downloading the following KMZ file which is viewable in Google Earth. By 
opening this file, in a few seconds the glaciers will appear onscreen as blue-colored polygons.  
 
This file can be modified; the reader can add glaciers or other information such as markers of other 
natural resources or infrastructure, and it can be shared with others.  
 
In the report’s annex section, we offer a list of the inventoried glaciers in an excel spreadsheet, with 
each glacier identified by name and precise location coordinates. These coordinates can be entered 
into Google Earth or Google Maps to view the glacier.  

                                                
1 For actual report see: http://wp.cedha.net/wp-content/uploads/2012/11/El-Ambiente-Periglacial-y-la-Mineria-en-la-
Argentina-English.pdf  
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We also reproduce the inventory carried out by the DGA (Dirección General de Aguas). The reader 
can very easily compare our inventory with the official inventory in progress by the DGA. The DGA’s 
inventoried glaciers appear as violet colored markers.  
 

Link to CEDHA’s glacier inventory to view in Google Earth:  
http://wp.cedha.net/wp-content/uploads/2012/12/Glaciares-Huascoaltinos-Google-Earth-Polygons.rar 
 
Link to the DGA’s glacier inventory to view in Google Earth:  
http://wp.cedha.net/wp-content/uploads/2012/12/Glaciares-Huasco-por-el-CONAMA.rar  

 
 
The CEDHA inventory registered 423 ice bodies in the Diaguita-Huascoaltino territory and 
immediate upstream basins, including uncovered white glaciers and rock glaciers. The CEDHA 
glacier inventory incorporated some ice bodies registered by the DGA.2 Of the 423 ice bodies, 118 
are uncovered white glaciers while 305 are rock glaciers. We could not distinguish if some of the 
rock glaciers were actually debris-covered glaciers, in which case they would have more ice content 
than rock glaciers.  
 
There is a considerable difference between CEDHA’s inventory and the DGA inventory, which 
registers fewer glaciers (341 ice bodies). CEDHA’s inventory includes 82 more ice bodies than the 
official work in progress (mostly due to a greater number of rock glaciers identified by CEDHA). 
Since this is a significant number, we suggest that the DGA examine CEDHA’s inventory and 
consider incorporating the additional ice bodies.  
 
The glaciers in the indigenous territory are located between 3,600 meters and 5,800 meters above 
sea level, with the following particularities:  
 

- rock glaciers:    between 3,600m - 5,100m approximately 
- uncovered glaciers:    between 4,100m - 5,800m approximately  

 
In the following image we can see the totality of CEDHA’s inventoried glaciers and their relation to 
the Diaguita-Huascoaltino territory, as well as where the majority are concentrated. Most are in the 
Northeast, Southeast and East Central quadrants of the indigenous territory. The meltwater from 
these glaciers contributes directly to the territory’s rivers and streams.  
 
Numerous glaciers also exist immediately across the border in Argentine territory, but these have 
not been included in this inventory. CEDHA has produced an inventory that does include these 
glaciers.  
 

                                                
2 The official Chilean DGA inventory registered 341 bodies of ice. Of these, 104 are uncovered (categorized as Mountain 
Glaciers or Glacierets) and 237 are rock glaciers. The reader can download the KMZ file to see these glaciers on Google 
Earth at: http://wp.cedha.net/wp-content/uploads/2012/12/Glaciares-Huasco-por-el-CONAMA.rar  
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Location of glaciers in the Diaguita-Huascoaltino Indigenous Territory.  
 
In the next image, we see the area’s principal visible hydrological systems and their relationship to 
these glaciers, noting the direct correlation between the glaciers and the waterways that are 
traversing the territory.  
 
Among these waterways, we identify those that have some direct or indirect relationship with a 
glacier of any type. In the exercise we can identify a number of rivers and streams. These include 
the following rivers: El Estrecho, Cholloy, El Tránsito, Conay, El Carmen, Potrerillos, El Toro, El 
Huasco, La Ortiga, Río Seco de los Tronquitos, de las Tres Quebradas, Río Blanco, del Toro, 
Pachuy, Valeriano, Laguna Grande, Laguna Chica, los Barriales, Primero, del Medio, Apolinario, 
and the Sancarrón. 
 
The streams include: Blanco, de Pachuy, de Valeriano, Cantaritas, Ojos de Agua, Chanarcillo, 
Tinajillas, de Corral, Tombillos, del Pozo, Chacay, de Zepedo, Chacarcito, La Plata, and Pinte. 
Additionally, we’ve identified at least 140 other unnamed streams and waterways that are also born 
at the foot of glaciers.  
 
 

N 
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Waterways in the Diaguita-Huascoaltino Territory that have direct relationships with glaciers in the area.  
 
In the following two images we can appreciate with more detail the precise location of the bodies of 
ice and their associated waterways that are borne at these frozen reserves at the two extreme ends 
of the territory. The reader can visit these by entering the following coordinates in Google Earth:  
 
Northeast (28°41'04.63" S  69°47'30.15" W) and  
Southeast (29°14'22.37" S  70°04'23.47" W)  
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Glaciers and waterways in the Northeast sector of the Diaguita-Huascoaltino Territory 
       
 

 
Glaciers and waterways in the Southeast sector of the Diaguita-Huascoaltino Territory.  
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Uncovered Glaciers & Rock Glaciers - Diaguita-Huascoaltino Territory 
 
Below we reproduce various images of some of the glaciers in the indigenous territory. In the first 
image we see rock glaciers in the Southeast quadrant of the indigenous territory. These glaciers 
contribute their meltwater directly into the water basins of the territory, specifically to the Estrecho, 
Chollay, El Transito and El Huasco rivers. One can see these glaciers by entering the following 
coordinates on Google Earth:  
 
29 15 15.48 S, 70 01 25.49 W   
 
We should clarify that the rock glaciers are not the white snow that is visible in the image, but rather 
the bodies that show curved grooves that appear beneath the snow, similar to lava flow descending 
the mountainside. There are various glaciers in this image; three of them are outlined for easier 
identification.  
 

 
Rock glaciers in the Pascua Lama project area, in Indigenous territory. They are typical hydrological reserves.  
 
In the following image, which the reader can see in Google Earth at  
28 38 16.53 S, 69 46 2.11 W, we see uncovered glaciers in the Northeast quadrant of the Diaguita-
Huascoaltino territory. The principal and largest of these glaciers is approximately 1 ½ km long. It is 
a massive water reserve for the region, contributing meltwater to the lake Laguna Grande, and 
subsequently to the Laguna Grande, Conay and Transito rivers, which ultimately feed the region’s 
most important waterway, the Huasco River. A very conservative estimate on the water content of 
this glacier reveals that if we were to extract the water of the glacier for human consumption, ALL of 
the residents of the city of Chile’s capital city of Santiago would have their daily drinking water 
needs satisfied for over a year. But if we consider the daily consumption of the Alta del Carmen 
population in the Diaguita-Huascoaltino territory, the glacier would provide these inhabitants with 
daily drinking water for over 6 centuries! That’s a lot of water! 
 

1 
2 

3 
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A single glacier could provide the indigenous community of Alto del Carmen with 6 centuries of drinking water.  
 
In the next image we see rock glaciers (left) and multiple uncovered white glaciers (right), typical of 
the territory.  
 

   
 
It is noteworthy to mention that the thickness of the rock glacier in the first image above (which is 
difficult to gauge in the breadth of its magnitude) is well over 40 meters (that’s about 130 feet 
thick!). This glacier that contributes water to the Estrecho, Chollay and Transito rivers, can be seen 
at:  
 
29°14'44.48" S  70°02'56.18" W 
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Rock glacier has a thickness of approximately 40 meters (about 130 feet).  
 
In the following image, we see the inside of a “covered” glacier. From this image we clearly see the 
enormous quantity of ice found inside of covered and rock glaciers The hydrological value of this 
body of ice is revealed by the lagoon that forms at the foot of the glacier. Rock glaciers have higher 
rock content than covered glaciers but still can be up to 80% ice in some cases. Covered glaciers 
have a fine layer of debris covering the surface. The subsequent image is of the Ortigas rock glacier 
as seen from above.  
 
  

 
Source: Castro 2012 
 
The following image is of the Ortigas rock glacier in the Huasco Valley. The picture was taken by JP 
Milana and reproduced in the book y Chilean Glaciers (or Glaciares Chilenos in Spanish) by 
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Borquez et.al. 2006. Note that we do not see ice or snow in this photo. The glacier and the massive 
ice content are entirely covered by rock debris. This beautiful rock glacier can be seen at: 29° 
24.419' S  70° 2.812' W  
 
 

 
 

In the image on the left, we 
see glacier experts working 
on the Morenas Coloradas 
covered glacier in Mendoza, 
Argentina. We note again that 
on the surface only rock is 
visible, while below there is 
evidence of a solid and 
massive ice core, an 
enormous hydrological 
reserve.  
 
 
Visit this site on Google Earth at:  
32°56'55.02" S  69°22'33.23" W 
 
 

 
 
 

 

Covered Morenas Coloradas glacier has ice core (Source: Gallardo/Trombotto) 

Photo of the Ortigas 1 Rock Glacier, Huasco Calley III Region, Chile 

Source: JP Milana 
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In the following image, reproduced from the book Glaciares Andinos (2011), we see the majestic 
Guanaco Glacier in the background, with an important natural glacier lake at the foot of glacier 
valley, . This glacier contributes its meltwater to the El Carmen and Huasco rivers.  
 

 
 

The Guanaco Glacier, in the Rio Huasco Basin, Atacama Region of Chile 

Source: Chile Sustentable 2006.  
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The lakes of the Diaguita-Huascoaltino territory are fed by the meltwater from this part of the 
Central Andes. The contribution of glaciers and periglacial environments to these natural lake water 
reservoirs is especially important during the months following spring. In the next image we see the 
Laguna Grande, a majestic Huascoaltino lake, at the foot of numerous glaciers and rock glaciers of 
the Northeast quadrant of the territory.  
 
 

 
Laguna Grande, a natural lake, formed by the seasonal meltwater from glaciers and periglacial environments.  
Source: Ex umbra in solem; the place of this picture is at: 28°44'00.89" S  69°54'24.45" W 
 
In the following Google Earth image, we can see the direct relationship between the lake and 
upstream glaciers of the high Andes Mountains.   
 

  

Laguna Grande 

Glaciers that feed the lake 
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The Periglacial Environment in the Diaguita-Huascoaltino Territory 
 
Let’s recall the definition of the periglacial environment:  
 
The periglacial environment, very roughly, is the area where because of low temperature of the environment, 
generally near 0˚ Celsius or less, the earth is frozen. This freezing could be at the surface, on top of the 
surface, and/or beneath the surface. The periglacial environment is important because if there is humidity in 
the earth, this humidity freezes (it is transformed into ice). And if there is ice in the periglacial environment, it is 
a water reservoir, and if this ice melts temporarily or definitely, this ice is converted to water. Periglacial 
Environments can exist in areas where there is no humidity in which case there is no ice and in such a case it 
is not a water reservoir. There can be areas in the periglacial environment that are permanently frozen (all the 
time), and others that cyclically unfreeze, which generates a cyclical and seasonal provision of water.    
 
 
In regards to the periglacial environment, Juan Pablo Milana, says wisely, 
 

“what we really want to know is the funcionality of periglacial environments, as water reserves and 
basin regulators.” (Milana, Hielo y Desierto, p.122)  

 
Darío Trombotto Liaudat, another renowned geologist that has studied periglacial environments in 
Argentina, indicates in one of his works describing the periglacial environment of the region (he 
refers in particular to rock glaciers, one of the principal and key elements of the periglacial 
environment):  
 

“[rock glaciers] are certainly the most significant geoforms of the Andes. For decades their enormous 
hydrological value for the Central Andes have been mentioned. …. The snow that penetrates the 
active layer and its’ freezing creates a storage system for water in these mountain areas. In the 
summer time, the active layer melts and its discharges into the rivers increases. …. The frozen areas, 
with permafrost or ice with rock debris cover of the Central Andes, as in other South American 
cryogenic regions, are more important water sources than glacier areas.” (Trombotto (2000) p. 46.  
 

A portion of the water contribution of periglacial environments is derived from rock glaciers that are 
found in the area. These rock glaciers are an element of the periglacial environment (although they 
are not the only element). While much of the ice in a rock glacier may be permanently frozen, active 
(moving) rock glaciers contain a superficial layer, called the active layer. The ice of the glacier is 
water in reserve, while the cyclical melting of the active layer is what makes the glacier function as a 
water basin regulator.  
 
For example, another expert in periglacial environments, Lothar Schrott, calculates that a single 
rock glacier, the “Dos Lenguas” (or Two Tongues) in San Juan, Argentina discharges some 18,000 
to 28,000 liters per hour, or 2-3% of what a mining project like Veladero of Barrick Gold consumes. 
(Schrott, 1994, cited in Trombotto 2000, p.47)  
 
(You can see the Dos Lenguas rock glacier at: 30 14 51.83 S, 69 47 5.46 W) 
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Forest/Flora Line 

Rock Glaciers 

Uncovered 
Glaciers 

The periglacial environment is generally found in a strip of land delimited by geographical and 
topographical characteristics and temperature. This strip is located between the glacial zone and 
the treeline (or the flora line, considering that there may not be trees in the area, but rather shrubs 
or plants, etc.) We recall that Corte indicated in his research that the periglacial environment is 
1,600 meters wide, and in the Central Andes runs from 3,200 meters to 4,800 meters. The edges of 
this strip can intermix with adjacent areas, but essentially, these are the limits of the periglacial 
environment. (see the following graph).  
  
 

 

Glacial Zone 

Periglacial Environment 

Forested Area 
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The  “Dos Lenguas” Rock Glacier in San Juan Argentina has been extensively studied. See at: 30 14 51.83 S, 69 47 5.46 W 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In very dry and hot areas, as in the Central Andes, it may be hard to understand how rivers can 
continue to carry water when the snow has melted, the rain has gone and no ice is visible. Rivers in 
this area contain water even during prolonged drought. In these areas, where mountains can 
exceed 3,000 to 4,000 meters in height, it’s very possible that the earth holds and conserves ice 
below the surface. The slow melting of this ice when the heat of summer increases ambient 
temperatures, particularly at lower elevations just beneath the freezing line, contributes water to the 
basins. In such areas, we are lucky to find periglacial environments! 
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Frozen ground saturated in ice.  
Source. BGC (Casale, p.41) 
 
To reiterate, the periglacial environment is an area where earth and rock is at 0˚C or less, and 
where there may be extensive ice reserves beneath the surface of the earth. And when there is ice 
present, it serves as a water reservoir, playing an important and crucial role in local downstream 
ecosystems. This is a strategic hydrological resource that we must protect.  
 
As a central theme in our debate, it is important to understand that we must be particularly 
concerned with periglacial environments that contain ice, since this ice is a water reserve that will 
be used during critical times by nature, when nature needs the water most.  
 
 
 

 
Image: Frozen ground with high ice content. Source. JP Milana 
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Periglacial Environment in en San Juan – high ice content. Source: JP Milana 
 
The debate around the need to protect glaciers is ultimately a debate about water protection . 
These hydrological reserves of high mountain environments, including reserves that are far greater 
than just the visible glaciers, are fundamental resources for the survival of our ecosystems, 
especially in arid regions.  
 
As is evident in these images, nature is intelligent, and has learned how to capture winter snow 
inside of the Earth. Largely unknown until very recently, these incredible images of sections of 
frozen ground reveal their rich icy core.  
 
The idea that there could be a glacier beneath the surface of the Earth was only known to a handful 
of people. In the last few years, the fear of anthropogenic climate change tendencies and the 
impact of industrial activity (including the Lama, Codelco Andina, Pelambres, El Pachón, Filo 
Colorado, Los Azules, El Altar, Famatina mining projects) on ice resources has deepened this 
debate  
 
We can identify the obvious. If someone places an ice body before us, we know that it is a water 
resource. But if we’re shown lands without clear evidence of ice, it is more difficult to understand the 
presence of a water reservoir beneath our feet. It is also difficult (although not impossible) to identify 
these hydrological resources if they remain unknown.  
 
In the following pages, we offer and explore some of the characteristics and tools that we can use 
to identify these very significant hydrological resources, and begin to take action to protect this 
critical resource.  
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Slope with “gelifluction” identifiable by curved grooves probably indicate the presence of frozen ground in motion. Source BGC/Casales p.55 

 
 
Some other elements characteristic of the periglacial environment.  
 
Dario Trombotto Liaudat, an expert in periglacial environments, tells us that the periglacial 
environment reveals “the occurrence of deep permafrost” … with the “possible presence of 
subterranean ice trapped and preserved …for long periods”.  (unofficial translation) He also adds 
that the grounds are “dominated by freezing processes, with cyclical freezing and melting” and  
“with the presence of solifluction/gelifluction on the surface”. Trombotto is telling us that the ice can 
be a significant depth below the surface and that both the rock and ice is part of this periglacial 
environment that may be moving. Additionally, he reveals a characteristic that will be important for 
the identification of the periglacial environment. We will focus on this below.  
 
Trombotto calls attention to a difference between the exposure of the slopes in the Andes (North vs. 
South), which affect the presence of permafrost. Southern facing slopes can more easily contain 
permafrost, depending on altitude and micro climates in the area. Trombotto also indicates a key 
point of the discussion, which is that water may exist at temperatures below zero, and as such, says 
Trombotto, while “all permanently frozen ground (always frozen) is permafrost … not all permafrost 
is permanently frozen.” For this reason he clarifies that “permafrost must not be considered 
permanent, since climate changes during geological history or those caused by man, can cause an 
increase in surface temperature and affect them.” In this regard, permafrost is an unstable resource, 
contributing water depending on the conditions of the moment.   
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Trombotto tells us that rock glaciers are elements or cryoforms of the periglacial environment, and 
that they are amongst the most important of the Central Andes. He says:  

The rock glacier is a cryoform that presents evidence of past or present movement. The rock glacier 
is a cryogenic mountain permafrost mesoform, supersaturated in ice that, if active, is moving 
downslope by gravity, reptation, and deformation. 

 
 
He also clarifies a point that is very important to understanding the hydrological value of these 
cryoforms,  
 

“Rock glaciers don’t form where there is not sufficient humidity in order to form interstitial ice that 
permits the deformation and movement of the cryoform”.   
 

 
Essentially, the presence of water/humidity is key for the formation of rock glaciers. Where there are 
rock glaciers, there is water.  
 
The periglacial environment contains several ground/surface layers which can be either active or 
inactive, depending on their dynamism. The active layer (the most superficial layer) has freezing 
and melting cycles. That is, the ice that forms in the wintertime and in the colder months melts in the 
warmer months. This function of the glaciers is what we refer to as “the regulation of water basins”, 
where water that has been stored for many months as ice in the colder months is slowly released 
as water in the drier warmer months. This is a very natural cycle to ensure that ecosystems have 
water year round. Without these fascinating cyclical ice and water processes we would not have 
water during the dry summer months! 
 
 

Can we Identify Periglacial Environments with Satellite Imagery?  
 
Yes we can. There are some clues, although we cannot always see them.  
 
First, we need to debunk the position taken by some that suggest that we cannot identify the 
periglacial environment utilizing satellite imagery. This affirmation is simply NOT true. The freezing 
of the earth and of water generates fissures on the surface, and also orders rocks in particular 
patterns on the surface which systematically repeat themselves. The order of these patterns is 
precisely what we can identify as distinctive, and these can be seen from very far above the ground, 
including in satellite images.  
 
Luis Lliboutry, the renowned expert on Chilean glaciers, remarked as early as 1950, in his 
monumental publication Snow and Glaciers of Chile, (unofficial translation) that 
 

‘The periglacial characteristic that most intrigues geologists …are the ground structures, 
networks of rock regularly disbursed, in polygons on the terrestrial plain, lines on inclined 
grounds”. (Lliboutry 1956, p. 208) 

 
In the following image, we see how frozen grounds in Salbard, Norway order superficial rocks in a 
very particular manner, in this case in multiple rings. This has to do with the physical properties of 
the freezing of the grounds and its effect on the rocks.  
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Frozen grounds that leave ordered superficial rocks in the form of rings. Source: Hannes Grobe.  
 
In the next image, in an area near the Pascua Lama in the indigenous territory of the Diaguita 
Huascoaltinos (see: 29°17'46.99" S  70°06'37.90" W), we see many rocks falling downslope on a 
mountainside. We note however, that the rocks are not scattered randomly about, but rather 
ordered in a distinct pattern. These are frozen grounds and the ordered rocks belong to a rock 
glacier.  
 

 
Rocks ordered in frozen grounds of the Diaguita-Huascoaltino indigenous territory. source: Google Earth 
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There are certain conditions where we cannot identify the presence of periglacial environments 
utilizing satellite images, but in other cases we clearly can see it. Furthermore, in many cases we 
can infer the presence of periglacial environments, as there are certain elements of the periglacial 
environment that we can see (such as rock glaciers), or the ordering of rocks in a particular manner. 
The presence of these elements permits us to conclude with certainty that we are indeed in a 
periglacial area.  
 
One of these elements is the presence of rock glaciers.  
 
Rock glaciers exist in areas where the ground is permanently frozen, and are one of the elements 
of the periglacial environment—but not the only one. Rock glacier experts such as Barch and/or 
Haeberli established during the 1970s an “indirect” methodology to identify periglacial areas 
(permafrost) utilizing periglacial forms (such as rock glaciers).  
 
Another strategy is to record certain characteristics that are typical of periglacial environment areas 
denoting the presence of frozen grounds.  
 
 
 
Wrinkles Can Denote Ice  
 
JP Milana tells us that “the most common morphology that serves to identify [frozen grounds] is the 
formation of ‘wrinkles’ in the ground.” These wrinkles form because of the movement of the ground, 
possibly due to the plasticity of the ice and the downward inclination of the ground. (Milana, Hielo y 
Desierto, p.122) 
 
The three following photographs are indicative of how satellite images can help us identify frozen 
grounds. The first picture is an actual image of the site; the second is an image showing us what 
these same wrinkles (at the same site as the photo) look like on Google Earth. We can clearly see 
these wrinkles in satellite imagery. It is true that we cannot determine with precision whether there 
is ice in the earth at the site, but the visual is nonetheless very revealing and merits further study of 
the site in question.  
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Photograph of wrinkles located in a periglacial environment. Photo: JP Milana 
 

 
 
Image viewed in Google Earth confirms these characteristics of the periglacial environment are visible on Google Earth.  
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The next image is of frozen grounds, with an active permafrost layer in the south area of the 
southern Diaguita-Huascoaltino territory. The reader can see this on Google Earth at:  
29°17'52.47" S  70°10'46.34" W. This periglacial environment drains meltwater to the Potrerillos y 
and El Carmén rivers.   
 

 
Active permafrost in Diaguita-Huascoaltino territory. Typical wrinkles of ground are visible v’ia Google Earth.   
 
We could have imagined the presence of active permafrost if we had consulted the University of 
Zurich’s global permafrost map. This map (see below) the same area appears in purple tone 
(indicating the high probability of frozen grounds).  
 
 

 
Global permafrost mapping by the University of Zurich indicates the high probability of frozen grounds. 
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Water Accumulation at the Foot of Periglacial Environments  
 
Where there is a periglacial environment that functions as a regulator of water basins, due to its 
cyclical freezing and melting of its active layer, it is very probable that we will find water in the form 
of small lagoons/lakes and slim waterways in the lower areas of the periglacial environment, in the . 
In the following image, in the proximity of the Pascua Lama mining project, we see a lagoon at the 
foot of a rock glacier descending into the gorge. The lagoon drains to the Valeriano River. The 
presence of these lagoons is typical at the foot of periglacial environments. If these lakes are frozen 
in during the summer, it’s very possible that the ambient temperature is at or below zero, and may 
indicate a periglacial environment. If we see freezing and melting, it is possible that we are in 
discontinuous permafrost areas.  
 
 

 
Lake forms at the foot of a periglacial environment in huascoaltina indigenous lands 
See on Google Earth at: 29°08'25.41" S  69°55'05.00" W 
 

 
The Encierro Lagoon (see arrow) at the foot of various rock glaciers in huascoaltina lands 
See on Google Earth at: 29°03'50.82" S  69°49'57.54" W 
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Technical Methods to Identify Periglacial Environments 
 
In addition to the typical characteristics we’ve cited that help us visually identify periglacial 
environments, there are two methods that can be utilized to identify frozen grounds in high 
mountain areas.  
 
These are: 1) identifying rock glaciers and 2) using an automatic model method.  
 
Method 1: by Identifying Rock Glaciers 
 
Arturo Corte gives us a key element to identify periglacial environments in a given area. He says 
(referring to the Central Andes):  
 

“For the Central Andes between 20˚ - 35˚ South, it is possible to clearly trace the limit between the 
gro-cryogenic and para-geocryogenic area. In these regions, the lower geocryogenic limit coincides 
with the lower limit of sporadic mountain permafrost, which is defined by the lower limit of active rock 
glaciers.” (Corte 1983, p.265) 
 
“The lower limit of rock glaciers has been used to establish the lower limit of mountain permafrost …. 
rock glaciers are indicators of permafrost near 0˚C in their lower sections and cold permafrost in 
higher sections.” (Corte 1983, p. 124)  

 
In simple terms, look for the lower limit of rock glaciers and that’s where the periglacial environment 
begins. This is a relatively simple task, since rock glaciers generally have a typical form with a 
visible tongue that is easily identifiable and that ends in an abrupt 30-40˚ slope. We offer three 
images of three different rock glaciers that are easily identifiable by the non-expert! The arrows 
point to the lower limits of the rock glacier, where the frozen ground begins. 
 
Trombotto, in very recent publications, reaffirms this methodology. “The activity of rock glaciers, 
permit us to identify the presence of permafrost in the Andean subsoil.” (Trombotto 2009) 
 

   
Rock Glacier                            Rock Glacier                               Rock Glacier 
29°09'45.85" S  69°55'15.03" W   29°08'26.07" S  69°55'18.45" W   29°04'48.08" S  69°56'04.60" W 
 
 
 
 
 
 
 
 
 
 
If we take this example to a specific area, for instance in the vicinity of a mining project where we 
would like to know if there are frozen grounds (periglacial environment), what we need to do is 

The lower limit of Active Rock Glaciers is where the Periglacial Environment begins 
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inventory all of the visible rock glaciers, registering the low points of each can compare these low 
points. At approximately this altitude we can expect to find the periglacial environment.  
 
We should be cautious however, since the periglacial environment can vary from one micro-area to 
another. We might find for example, that the lowpoint of rock glaciers in one vicinity, or mountain 
cirque, is slightly different from that of another nearby slope. That is, the low point may not be 
consistent throughout the area. It may be that a given periglacial environment exists at an altitude 
that is only pertinent to a specific rock glacier of the area.  
 
This exercise obviously has a significant margin of error, also because there may be periglacial 
environments where we do not necessary find a rock glacier. Using satellite imagery it can be hard 
to identify these periglacial environments, especially when the rock glaciers present don’t manifest 
the typical characteristics, such as having a formed tongue or abrupt edge and  slope at the end. 
Inactive rock glaciers may also confuse the analyses, as it does not indicate the presence of a 
periglacial environment. However, in general, the particular characteristics of rock glaciers do give 
us ample clues to determine the likely presence of periglacial environments in a given area, without 
having to physically visit to the site. We can still draw many conclusions from the images visible via 
satellite, and also prepare the grounds for further studies of a given area.  
 
 
Example: 
 
We can take the case of the Los Azules mining project by McEwen Mining in the province of San 
Juan, Argentina. The project, which is perfectly visible via Google Earth, is located approximately 
at:  
 
31°06'09.88" S  70°13'12.44" W  
 
In the following image we see 6 rock glaciers, identified with colored polygons in the image. We see 
that en in typically abrupt and slanted manner in the glacier tongue.  
 
We can see these rock glaciers on Google Earth by going the following coordinate:  
 
31°02'58.09" S, 70°15'12.76" W 
 
From left to right, we register the altitude of the lower limits of each:  
 
Glacier (1): 3,830 m  
Glacier (2): 3,865 m 
Glacier (3): 3,820 m 
Glacier (4): 3,800 m 
Glacier (5): 3,740 m 
Glacier (6): 3,730 m 
 
In this micro-area of the project, we see that glaciers appear at 3,730 meters. We can infer hence 
that the periglacial environment also begins at this altitude, or at least that anywhere near these 
glaciers we can find frozen grounds beginning at 3,730 meters.  
 
What does this imply for a public official that is reviewing the due diligence of McEwen Mining 
relative to environmental impacts? Minimally, the official should ensure that the company is carrying 
out proper glacier impact studies and due diligence at the project site in the areas located at or 
above 3,730 meters.    
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Los Azules mining project: We can identify the periglacial environment zone by the lower limit of rock glaciers.  
 
 
 
Method 2: Utilizing a Global Permafrost Map  
 
The University of Zurich, in Switzerland, has developed a scientific model that processes existing 
elevation and temperature data of the entire planet, with which they can determine the probability of 
the existence of permafrost in any given area. This is in essence, a global permafrost map! The 
mapping tool can be downloaded easily and free of charge at:   
 
http://www.geo.uzh.ch/microsite/cryodata/pf_global/GlobalPermafrostZonationIndexMap.kmz  
 
The downloadable file has a “.kmz” extension, which is visible in Google Earth. Its use is very 
simple and practical. Once loaded on Google Earth (you simply open the document from the 
Google Earth menu bar), any site visited on Google Earth automatically loads the permafrost map. 
The permafrost mapping is superimposed on the Google Earth image.  
 
The program may take a few moments to load when opened for the first time at a site. Once you’ve 
loaded the permafrost layer on a Google Earth image, you’ll see an image like the following, which 
shows to the Pascua Lama mining project area (a project by Barrick Gold). In the panel on the left 
you will see several folders belonging to the mapping program, and you may check the boxed next 
to the folders to activate the legends and layers of the map. Remember that if you DO NOT want to 
see the permafrost map any longer, you must uncheck the box! The areas in purple/violet are high 
probability permafrost areas. Our glacier inventory of the Diaguita-Huascoaltino indigenous area, 
carried out before obtaining this mapping tool, confirms that this mapping tool very accurately 
identifies periglacial environment areas with periglacial geoforms. Note that all of the glaciers 
mapped in the next image are inside the automated permafrost mapping.       
 
 

Glacier 1 
3839 m 

Glacier 2 
3865 m 

Glacier 3 
3820 m 

Glacier 4 
3800 m 

Glacier 5 
3740 m 

Glacier 6 
3730 m 
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                  Pascua Lama project (Barrick Gold): Google Earth’s fade tool permits making transparent images and overlays.  

 
 
 
Also in Google Earth’s left panel, the user may choose to utilize the “fade” tool to overlay permafrost 
images with the existing Google Earth image. The above image uses this fade function to combine 

Button and lever to fade mapping 
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the actual terrain with the permafrost mapping information. To activate this fade tool, remember to 
click on the small square tile that appears in the lower left area of the Google Earth left panel. (see 
the yellow circle in the previous image). 
 
In the next image, we can see where there are frozen grounds in the Diaguita-Huascoaltino 
indigenous territory. According to the model, the areas in purple/blue are the colder areas, and have 
a higher probability containing frozen grounds. The yellow zones indicate areas where we are likely 
to find frozen grounds under favorable conditions (as for example in southern facing mountain 
sides) and the green zones are areas of uncertainty; frozen grounds may or may not exist, 
depending entirely on the climatic conditions at the particular site.  We’ve included our glacier 
inventory (as blue polygons) and we see that the permafrost mapping predicted very precisely 
where the glaciers might be. Almost all of the glaciers that we found are in the areas where the 
University of Zurich map predicted! 
  
 

 
Frozen grounds of the Periglacial Enviornment in Diaguita-Huascoaltino Indigenous Territory 
 

In the image to the left, we see the 
Pascua Lama mining project area. 
An extensive periglacial environment 
exists at this project site, containing 
permanently frozen grounds that 
could be enormous hydrological 
reserves. In fact, a recent study 
carried out by the CEC permanently 
monitored ground temperature at 
Pascua Lama, found that 
“permafrost exists (<-1˚C) at all 
three monitored sites”. 
 (CECs 2012, p. 16).  

The Pascua Lama mining project is fully in a frozen grounds area 
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We also find frozen grounds in the area of Goldcorp’s El Morro mining project. In this case, the 
project is located in the green (indicating uncertainty) or yellow (permafrost presence only in 
favorable conditions) zones of the permafrost map, In this case, we are unable to draw conclusions 
from the mapping concerning the existence of frozen grounds, but we can conclude that we are in 
an area where there might be frozen grounds present under favorable conditions. When we consult 
the El Morro EIA, we can effectively see that there are frozen grounds in the project area.  
 

 
Frozen grounds surround the El Morro mining project (Goldcorp) 
 
We can also find nearby projects which appear to be abandoned or not identified which are also 
located in frozen grounds within the Diaguita-Huascoaltino Indigenous territory. The following image 
is such an example. Mining activity is concentrated at the yellow marker.  
 

 
Permafrost mapping reveals Periglacial Environment at a mining activity site.  
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The Periglacial Environment and Its Importance to Ecosystems 
 
The glacier expert Corte tells us that the Incas, the original indigenous settlers of the area, learned 
to use frozen grounds for refrigeration. They would store edibles in the earth at altitudes where the 
frozen ground offers natural yearlong refrigeration. Those of us that live in cold environments may 
do this by leaving our perishables or drinks outside a window for example. The outdoor ambient 
temperature in such areas is perfect for free sub zero refrigeration.  
 
But perhaps the most important characteristic of the periglacial environment is not the constantly 
cold temperatures that conserve organic material, but the water they provide to downstream 
ecosystems.  
 
 

The lower limits of these environments are 
in cyclical melting and freezing processes. 
These cycles of freezing and unfreezing 
are especially important in very dry 
climates such as in the Central Andes. In 
these “unstable” areas of the periglacial 
environment, the ambient humidity freezes 
with a drop in temperature and unfreezes 
when the temperature rises, slowly 
releasing ice in water form. This is what 
we call the “regulation” function of the 
system. We can imagine the periglacial 
environment acting like a large faucet in 
the mountain. Nature closes the faucet in 
the winter to accumulate snow, and then 
slowly opens it when the temperature 
rises and the melt waters taper into the 
spring, melting the grounds slow enough 
to last through the warmer months. This 
gives us a constant flow of water for the 
entire year instead of releasing it all in the 

late spring and summer.   
 
Corte speaks of the “drainage” of frozen ground areas (permafrost). He says wisely, “The drainage 
of a permafrost area takes place through the active layer. The snow melts … if there is a higher 
temperature in summer that can melt the ice in the permafrost, it then flows through the active layer; 
which is very thin, approximately a few decimeters, the flow can be very significant” (Corte 1983, 
p.306). This is precisely the reason that it is so important to protect the periglacial environment. 
 
The periglacial environment is both a hydrological reserve and a water basin regulator! 
 
In some specific cases, this freezing and melting cycle occurs during a single 24-hour period! At 
night, the water in a stream freezes, and during the warmer hours of the day it melts, producing a 
significant flow. Certain areas of the periglacial environment have the same daily cycle, freezing at 
night and providing water during the day as certain areas melt.  
 
These cycles can also be seasonal; they occur over entire seasons, freezing in winter and melting 
in the spring or summer over a period of several months.  
 
It may also be that this process occurs on a single mountain slope or portion of a mountain range, 
depending on its hemispheric exposure. In the southern hemisphere, entire South facing slopes are 

Periglacial environments regulate water flow like a faucet 
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colder, At sufficient altitudes (3,000-4,000 meters in the Central Andes), can go through similar 
cycles.  
 
The next image offers us a schematic representation of this process for a mountainous periglacial 
environment area. We have cut the mountain open, in order to depict graphically how these cold 
areas are distributed. This situation would be typical for a summer month, at an altitude of 
approximately 3,200-4,800 meters. This could hypothetically be a mountain in the Diaguita-
Huascoaltino indigenous territory. Despite the summer warmth, the South facing slope remains at a 
average yearly temperature of 0°C or less, because it is in the shade. For this reason we see that 
there are rock glaciers (in dark blue) and frozen grounds of the periglacial environment (light blue). 
There may be lower areas that cyclically freeze and melt (up to several times per year). These are 
areas of discontinuous permafrost and can be significant contributors of melt water. Note that the 
North sides of the mountain may also have ice in the form of glaciers, but in this example, it would 
be discontinuous permafrost, since it could only survive for a short time at temperatures above 0°C. 
It is probably that this ice will disappear long before the end of the summer.       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We should keep in mind that this image is merely a “generic” case, useful as an example, but the 
actual situation may be very complex. There can also be significant areas with permanently frozen 
grounds on North-facing slopes in the Southern Hemisphere, particularly at higher altitudes! 
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The geologist and glacier expert Ana Lia Ahumada, who has studied the periglacial environments of 
provinces such as Jujuy, Catamarca and Salta, stresses the fundamental role that these bodies of 
ice and frozen grounds play for organized life. 3  (unofficial translation) 
 

The percentage of ice in rock glaciers varies between 40% and 60%. For this reason they are 
considered important reservoirs of fresh water in high areas and regulators of the hydrological cycle in 
arid and semi-arid regions, where Argentina’s Northeastern inter-mountainous valleys are located. 
 
[several basins of the Northeastern rock glaciers] are related to the generation of hydroelectric energy 
or to the distribution of agricultural irrigation water and fresh water. [Others] provide permanent water 
to the productive valleys of the highlands. In synthesis, we can say that rock glaciers: 
 

• Are found at the head of energy generating water basins, agricultural water basins, and 
potable water basins. 

• Are the regulating source of hydrological resources for populations in high mountain 
regions in border areas of the country and constitute for this reason, high strategic value.  

• Permit the establishment of populations and production in the high and inter-mountainous 
valleys with the use of ancestral knowledge deriving in original cultures and the cultivation 
of agricultural products autochthonous of these altitudinal levels … 
 

It is necessary to carry out an inventory of these rock glaciers not only because of these previously 
mentioned reasons, but also because of the risks presented by Global Climate Change and the 
increasing need of freshwater projected for the XXI Century. These are motives that increment the 
need to register these bodies of strategic importance as hydrological resources. 
 
The glacier inventory, in general, is a necessary tool for the prevention of disasters, for the 
development of territorial planning, for the evaluation of vulnerability, for management, legislation 
and for the economy of water.     
 

Corte stresses that in places like the Puna, the daily freezing and melting of rivers plays a 
fundamental role in the conservation of water during periods of the year where most water flow 
regulation is needed (this is the function protected by the Glacier Law, called “water basin 
regulator”). 
 

“Catalana (1927) described the Puna region rivers, that “run with the clock” : They begin to flow at 10 
in the morning and they dry up at 4pm. These daily river flows of the Puna region rivers are due to the 
freezing of sources during the night and their functioning during the day. … The frozen sources 
produce during the dry season in the Puna, during the winter, that is when the resource is most 
needed. In planning relative to this resource, the cryogenic factor is of great importance.”  (Corte 
1983, p.351).   

 
While studying the Central Andes, 
Marangunic (one of the most experienced 
Chilean glaciologists) and Corte (an 
indisputable reference on glaciers) have 
proven the enormous hydrological 
importance of rock glaciers periglacial 
environments. According to Marangunic 
(1976), “we can expect that a rock glacier of 
one km² provides a flow of 30 liters per 
second. (Corte 1983, p.349).  
 

Trombotto’s, a cryogeologist, summarizes 
the work of Schrott 1994, revealing some 

                                                
3 See: http://www.glaciares.org.ar/categorias/index/nota-noa  

The Dos Lenguas Rock Glacier in San Juan Argentina, 
contributes 5-8l/s 
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impressive data on the hydrological contribution of rock glaciers:  
 
 

§ The Dos Lenguas rock glacier discharges between 18,000 and 28,800 liters per hour (or 5-
8 l/s); you can see this rock glacier on Google Earth at:  
30 14 51.83 S, 69 47 5.46 W  (see photo above); 

§ The high basin of Agua Negra, with 2km² of rock glaciers, contributes some 180,000 liters 
of water per hour (or 50 l/s); see at:  
30°10'30.16" S  69°47'53.84" W 

§ The basin of the Morenas Coloradas, containing rock glaciers and permanently frozen 
grounds, is the source of the Vallecitos river and releases  1,818,000 liters per hour (or 505 
l/s). It is vital to the population of the city of Mendoza; see at:  

§ 32°57'15.00" S  69°22'16.75" W 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This complex system of rock glaciers and periglacial environment (Agua Negra), contributes some 180,000 l/hr.  
San Juan Argentina; see: 30°10'30.16" S  69°47'53.84" W 

 
We’ve heard on some occasions that glaciers or rock glaciers do not contribute water, because the 
falling snow evaporates (sublimates). That is, that the snow passes from a solid state to a gaseous 
state, without ever converting to water; that it vanishes into thin air. We must emphatically debunk 
this idea. There is clear evidence by numerous experienced scientists who have studied Andean 
glaciers for their entire professional lifetimes (Marangunic, Milana, Ahumada, and others) that refute 
these ideas categorically. Those that suggest that glaciers only evaporate base their theories on 
hypothetical examples with essentially impossible assumptions, such as that glaciers are in perfect 
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state of equilibrium. Glaciers and periglacial environments are generally in continuous 
disequilibrium, sometimes adding net ice to their volume, sometimes reducing their volume with 
excessive melt. In fact, climate change is altering glacier equilibrium, encouraging increased 
melting due to ambient warming.  
 
Corte tells us that covered glaciers and snow are not like the ice in a rock glacier of the periglacial 
environment:  
 

“Rock cover must play an important role in the provision of water for various reasons: the irregular 
and blocky surface serves to trap snow, and as such, this snow melts between the blocks and is 
recrystallized below. Likewise, the movement of the cover must melt snow inside the same rock 
glacier. In this way the loss by sublimation and evaporation, that are so important in these dry regions, 
are impeded in these bodies.” (Corte 1983, p.350)  
 

A last important point from the Corte studyis his estimation that rock glaciers are fed by water and 
snow that comes from higher up on the rock glacier. For this reason, all ice bodies are important, as 
are the snow patches, perennial ice, etc. mixed with rock debris above the ice body. This is why 
impacts to these resources that are above the rock glacier and of the periglacial environment 
should be avoided.  
 
Furthermore, in regards to the idea that glaciers “sublimate” (that they go directly from a solid state 
to a gaseous state without passing through a water form) instead of melting, the skeptics omit 
another aspect: the sublimation of ice may not contribute water in a direct manner through melting, 
but sublimation does contribute to the atmospheric humidity. This humidity returns to the ground in 
the form of condensation such as nighttime dew or as rain, helping. to propagate the natural 
hydrological cycle of the glacial system. Lastly, we must address another dimension of the myth 
that glaciers do not contribute water. Sublimation is only one part of the transformation of ice; fusion 
(melting) also occurs. In lower latitudes, both processes (sublimation and melting) occur.  
 
It is simply untrue that the ice in periglacial environments (in rock glaciers for example) or the snow 
that accumulates on the surface evaporates and does not contribute to the hydrological content of 
the ecosystem. Quite the contrary, glaciers and rock glaciers directly and indirectly contribute to 
water basins in very significant ways.  
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We see frozen grounds in the next picture and the rivers that are born in these grounds, directly and indisputably contributing to the river 
systems of the Aconquija mountains in Catamarca Province. It should be noted that nearly all of these are rock glaciers, not uncovered ones! 
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In the same way, we see by combining the permafrost generated by the University of Zurich with 
our glacier inventory in the image below of the area surrounding Barrick Gold’s Pascua Lama 
mining project that the glaciers, rock glaciers and rivers born in the area are precisely in periglacial 
zones (permafrost). There is a clear and direct relationship between periglacial areas and 
waterways! 
 

 
Clear interdependence between rives and periglacial areas surrounding the Pascua Lama mining project by Barrick Gold. 
 
 

Mining Risks to Glaciers and Periglacial Environments 
 
Why is it unadvisable to carry out mining activities in periglacial environments? 
 
Mining impacts to glaciers other geocryogenic resources (ice resources) occur for many reasons, 
often stemming from the way in which mining is carried out in periglacial areas, including:4  
 

• Modifications to mountain sides whose particular shape and environmental conditions lead 
to the accumulation of snow and ice, the transport and accumulation of rock fragments, and 
the existence of the thermal condition of permafrost, which in turn allow for the formation of 
ice-rich permafrost and ultimately rock glaciers;  

• Disturbance of the delicate steady-state creep of the rock-ice mixture, which may lead to 
the collapse of the structure and ultimately the destruction of the rock glacier; 

• Explosions which may alter and collapse ice structures or destroy necessary glacier 
containment valleys;  

• Introduction of roads onto, adjacent to, or near rock glaciers, which can lead to 
modifications in meltwater discharge into the rock glacier, possibly reducing or inhibiting 

                                                
4  compare Brenning, 2008; Kronenberg, 2009; Brenning & Azócar, 2010 
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temporary and permanent water storage in the rock glacier, and modifying the surface heat 
flux which may possibly affect any underlying ice structure;  

• Deposit of residues, waste rock, and other solids on the rock glacier surface which can lead 
to an acceleration of the rock glacier’s flow and eventually to its collapse;  

• Contamination of the rock glacier’s surface, leading to color changes and material cover 
change, and subsequent temperature absorption changes, which could in turn lead to ice 
melt and eventual collapse;  

• Contamination from the deposits made on the surface of the rock glaciers, leading to acidic 
chemical and heavy metal drainage (acid rock drainage, ARD) into the ice and water of the 
rock glacier, and possible permafrost degradation related to the heat created by these 
geochemical processes.   

 
 
Given the information we’ve presented, it is wrong to carry out activities that affect the natural 
condition or the function of the periglacial environment.  
 
Periglacial environments saturated in ice function as water basin regulators. For this reason, they 
have a strategic hydrological value and are important to the equilibrium of ecosystems in arid areas. 
Mining contaminates the ground and the waterways through the direct dumping of toxic material like 
cyanide in waterways; through acid mine leakage from sterile waste piles and leaching ponds; or 
simply by moving earth containing high levels of minerals. This affects the quality of the water in 
frozen grounds. Exploratory phases of mining projects can also affect periglacial environments (in 
many cases more so than extractive phases) principally due to the mass movement of earth, 
altering the function of periglacial environments and resulting in their progressive deterioration.  
 
The waterproofing of leach ponds carried out by mining companies to avoid acid drainage are not 
always secure; they can break, crack, or allow contaminating acid pass through membranes into 
the environment. Such accidents are quite common, and if they take place in periglacial 
environments, would compromise water reserves.  
 
But there are still other important reasons why mining should not take place in periglacial 
environments, such as the effects of activity on the thermal and geophysical properties of the 
grounds. Frozen grounds, particularly those in discontinuous permafrost areas, are permanently 
changing their physical properties: expanding, contracting, freezing and unfreezing, releasing and 
trapping water. All of these changes cause subsequent changes in the physical structure and 
stability of the ground. We should recall that the volume that ice occupies is greater than the volume 
occupied by the melted water of that ice. We need only to think about a bottle of liquid placed in the 
freezer, which expands and explodes due to the pressure as the water increases to the slightly 
larger ice volume. Ice in frozen grounds experiences the same thermal and geophysical process. 
Water in the ground filters into cracks and expands when frozen, creating gaps that empty when the 
water melts, and then the cycle begins anew, thereby greatly altering the ground’s physical 
properties.  Expanding ice breaks up rock into smaller pieces. For this reason, the active layer of 
permafrost moves downhill along the surface, because of the slope of mountainsides, and the 
lubrication that occurs at the base of the glacier! 
 
It is because of these processes of freezing/melting and the resulting expansion/contraction that we 
see so many small rocks in cold high mountain environments. They’ve been broken over hundreds 
or thousands of years by these cycles.  
 
We should also consider that any weight placed on the surface of the ice also generates pressure 
on the ice structure and equilibrium, and if this weight is sufficiently important (such as the millions 
of tons of sterile rock placed on rock piles) it generates pressure and a possible thermal change 
(due to the weight) on the structure.  
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Mining Activity and Glaciers in the Diaguita-Huascoaltino Territory 
 
In the next image we see the entire Diaguita-Huascoaltino indigenous territory, including the 
glaciers and the rock glaciers we’ve inventoried and the principal mining projects inside the territory. 
These are Pascua Lama (Barrick Gold) and El Morro (Goldcorp)—both located inside the yellow 
ovals—in addition to other mining activity that is occurring or that has occurred in the area which we 
have been unable to identify. We also see the multiple mining projects underway on the Argentine 
side of the border (just above the yellow and orange line). Near the territory in Argentina, there are 
some thirty mining projects underway, either in extraction or exploration phases.  
 
 

 
Diaguita-Huascoaltino Territory, mining, glaciers and rivers.  
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Pascua Lama (Barrick Gold) 
 
In the next image we see a 3D view of the area surrounding Barrick Gold’s Pascua Lama project. 
We are looking westward from the project. We can see the Pacific Ocean in the background of the 
image. In this view we can appreciate the geographical relationship of the many glaciers near the 
project to the principal project sites (pit, waste dumps, etc—which are in red/purple polygons). We 
also see the breadth of Pascua Lama’s activity within the Diaguita-Huascoaltino territory.  
 

 
The Pascua Lama project (Barrick Gold) is in the heart of rich glacier and rock glacier areas nestled in the 
Diaguita-Huascoaltino territory.  
 
There are more than 100 glaciers directly in the impact zone of the Pascua Lama project. We can 
appreciate in the next image how close these glaciers are (within 10km) to the heart of the project, 
close enough to be impacted by the dust and other activity caused by mining operations.  

 
Glaciers near Pascua Lama (Barrick Gold) and to the access roads from Alto del Carmen to the mine site.  
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CEDHA is carrying out a complete inventory of the glaciers affected by Barrick Gold at the Pascua 
Lama and Veladero projects (Veladero is just across the border in Argentina), and along the 
extensive access roads to the mine sites (from Alto del Carmen on the Chilean side, and from 
Tudcum on the Argentine side. In total, there are more than 300 glaciers that are in Barrick’s impact 
zone. In their many impact studies and communications, Barrick refers to a mere handful of glaciers 
within their impact zones. 
 
In the next image, we see the high basin and birth of the Estrecho River—a light blue colored line 
that begins in the Estrecho Glacier where one of the waste piles with toxic debris will be located.  
The waste pile is marked as a red colored polygon. The Estrecho River runs to the West, flowing 
into the Transito River, which contributes an enormous amount of water to the region.  
 

 
Glaciers at direct risk due to the Pascua Lama (Barrick Gold) mining activity.  
 
The previous image leaves no doubt about the direct relationship between mining activity at Pascua 
Lama and glaciers in the Diaguita-Huascoaltino indigenous territory. Firstly, we note the proximity of 
the uncovered ice bodies that are already contaminated due to the activity underway at the site. 
This contamination is largely due to the movement of grounds while preparing the project as well as 
the carbon emissions from the high transit in the area from Barrick’s operations. Also, the projected 
North waste pile site contains a rock glacier. This rock glacier will be destroyed by Barrick’s 
activities at Pascua Lama.  
 
In the following image, which the reader can visit on Google Earth at:  
 
29 09 52.55 S, 70 01 08.35 W,  
 
We see how a road has been run right through a glacier. Presumably, this is a road introduced 
during the mining exploratory phase. The road plows indiscriminately through at least two rock 
glaciers on its way up the mountainside. These glaciers contribute their melt water to the Blanco 
River.  

Estrecho Glacier 

Waste Pile 
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Mining exploratory roads cut into at least two rock glaciers near Pascua Lama.  
 
In the following series of photos (taken from the book Chilean Glaciers, Golder Associates, 
2005), we see the progressive reduction of glacier size of the Toro 1 and Toro 2 glaciers, 
adjacent to the Pascua Lama pit area. The image reveals the introduction of roads 
alongside and through the glaciers (see the third image on the right side). These roads 
have clearly been introduced to carry out exploratory activity at Pascua Lama. We know 
that Barrick Gold has drilled through this ice in search of gold. We also see the 
appearance of excavation marks above the glacier and a noticeable shrinking of the ice 
bodies.  
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Barrick Gold found gold underneath these glaciers. We can easily conclude that if they found gold, 
it is because they drilled through the ice to take samples. In the early stages, Barrick Gold did not 
even consider these ice bodies to be glaciers or take into account their importance as hydrological 
reserves. Instead, their plan was to destroy and move the ice bodies to get at the precious metals 
beneath. Their proposal was to “dynamite” and use “bulldozers” to destroy these glaciers. When 
downstream communities (including the Diaguita-Huascoaltinos) found out about this absurd plan, 
they immediately expressed their firm opposition, arguing that Barrick Gold should not destroy 
glaciers to get at gold. Water is evidently far more valuable to the ecosystem and to agriculture and 
the inhabitants of the region than the gold extracted from the site.  
 
Barrick tried to argue that Toro 1, Toro 2 and the Esperanza glaciers were not actually glaciers and 
that their hydrological value and contribution were insignificant. These glaciers can be seen on 
Google Earth at: 29° 19.875' S  70° 1.350' W 
 
According to Barrick Gold, these glaciers were too small to be considered glaciers. Recently, 
studies focused on the Pascua Lama project, which Barrick Gold has permitted to take place at the 
project site, have shown that contrary to common belief, at this site, small glaciers may be 
contributing more than larger glaciers to water provision. (Gascoin et.al. p.1105).  
 
However, Barrick Gold lost their battle with the community and with the Government of 
Chile, finally admitting that Toro 1, Toro 2 and Esperanza were indeed glaciers. The next 
step by the company nonetheless astounded many. To the surprise of many, Barrick Gold 
proposed a frankly unbelievable Glacier Management Plan, which essentially proposed to destroy 
these glaciers by dynamite and bulldozers in order to get at gold underneath the ice. This absurd 
idea to dynamite the glaciers was not approved by the Chilean government so at present, Barrick 
Gold is not permitted to extract gold from beneath the Toro 1, Toro 2, and Esperanza glaciers. 
 
In the next image, from 2005, we can see an area near Toro 2.  
(see on Google Earth: 29°19'47.39" S  70°01'28.08" W)  
 
We notice multiple roads introduced by Barrick Gold on, adjacent to, and through the Toro 2 
Glacier. Simply traversing these areas, combined with the suspension of dust lifted into the air from 
the road work while constructing these roads represent  one of the main impacts . These are not the 
only glaciers affected; there are also other glaciers in the area impacted due to the winds that 
prevail at the site. Further below we reproduce an image of the Toro 2 glacier today, which vividly 
shows this impact.  
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The Toro 2 Glacier is visibly impacted by numerous exploratory roads introduced by Barrick Gold.  
 
When Barrick Gold released their Glacier Management Plan, concern arose in Argentina over the 
activities already underway at Barrick’s Veladero project, which is almost a geographical 
continuation of the Pascua Lama project. Persons familiar with Barrick Gold’s operations at 
Veladero knew that the company destroyed a glacier on the access road to Veladero. The 
Conconta Pass, which Barrick utilized as the route for an access road to the gold mining project, 
contained numerous uncovered and covered glaciers. Two of these, the Almirante Brown Glacier 
and the North Glacier, fell victim to the access road.  
 
The IANIGLA’s glacier experts, Leiva and Cabrera, note in their study of these Conconta Pass 
glaciers the significant deterioration of the two glaciers on Barrick’s Veladero access road in San 
Juan province:  
 

“As to the glaciers, a factor to consider is the possible alteration of the ablation conditions 
(melting conditions) due to the road use and the resulting albedo change that could occur 
due to the contamination by dust. Despite the very consolidated road surface due to the 
frequency of heavy truck passage, due to periodic maintenance that takes place and due to 
the freezing of grounds, and because the area is below and downwind of the glaciers, this 
issue merits further study, since it may present a direct effect on the glaciers.” (Cabrera and 
Leiva, 2008, p.49) 

 
The impact to glaciers near high transit roads utilized by industry is caused by the suspension of 
dust into the air, that contaminates the glaciers by changing their melting point. 
 
In a recent study by the Centro de Estudios Cientificos (CECs) of Chile the authors measureed 
sediment and dust on the glaciers and glacierets nearby to Pascua Lama, including measurements 
taken at the Estrecho, Los Amarillos, Amarillos, Guanco and Ortigas Glaciers. They reveal a 
particularly high result in what they call “the Pascua Platform”. The authors note:   
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“[these results] clearly derive from the fact that these are areas where constant movement 
and adding of rock material particular to mining activity occurred”. Further down they 
conclude: “we found increases in four (of five) bodies of ice”. (CEC. 2012-study on 
sediments and dust. P.12).  

 
The next image taken clandestinely by a Barrick Gold worker shows this dust suspension at the 
mine site area caused by Barrick Gold’s project preparatory work at Pascua Lama, on the Chilean 
side of the project. There is clearly a significant amount of dust generated in the area surrounding 
various bodies of ice, including the Estrecho Glacier. We can see this site on Google Earth at:  
 
29 17 52.34 S, 70 0 50.37 W. 
 

 
Dust from Pascua Lama alters and melts glaciers – The Estrecho Glacier 
 
This dust settles on the ice, darkening it, and changing the albedo (reflective capacity). In so doing, 
it changes the absorption rate of heat, which accelerates glacier melt. We can presume that the 
albedo change in such cases is detrimental to uncovered glaciers, presenting a great risk. Over a 
short time, we can see the presence of this dust inside the glacier’s body. Lines of contamination 
appear in glacier sections, showing the ambient contamination that has occurred over the years 
following each snowfall. Below is an image of the interior of the Estrecho Glacier, which clearly 
shows this contamination process. The result is the acceleration of glacier melt. This is undeniably 
occurring to glaciers in the impact area of the Pascua Lama mining project. 
 
Communities living in areas near Veladero (on the Argentine side of the project), particularly near 
the Veladero access road in Tudcum (San Juan Argentina), often comment that the glaciers have 
been retreating rapidly since Barrick Gold arrived to the area.  In the case of the Conconta Pass 
Glaciers, which are more than 100km from Pascua Lama, but are nonetheless greatly affected by 
the high transit of trucks on the access road, locals have noticed the darkening of rivers of the area, 
presumably from earth movement, atmospheric contamination and resulting mineral drainage to 
local streams caused by road work.  
 
The CECs in Chile carried out a study on the mass balance of several glaciers affected by Barrick 
Gold (available only in Spanish). This study measures the quantity of ice contained in glaciers. The 
conclusions of the study during the last period for the Estrecho, Guanaco, Ortigas 1, Ortigas 2, Toro 
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1, Toro 2, and Esperanza Glaciers, indicate that the mass balance for these glaciers is negative, 
which means that they are melting and loosing volume. 
 
This loss could be due to a general increase in the ambient temperature, or to the abrupt changes 
in the microclimates of the area of the project, caused by the great amount of industrial activity 
carried out by the nearby mining project. A fine cover of dust on the surface of the ice would 
increase the temperature of the glaciers and accelerate glacier melt. The CECs study, along with 
recent images of Toro 1 and Toro 2, show that these glaciers are completely covered by debris. To 
reiterate, there is an extraordinary accumulation of debris (dust), that is undeniably covering the 
glaciers. In this case, the technical experts note that:   
 

[We register] “… a recent covering of the glacierets Toro 1 and Toro 2. …  ”.  CEC Mass Balance 
Study, 2012. p. 36.  

 
The company argues that the loss of mass of the glaciers nearby Pascua lama is due to natural 
climatic trends. But is this really so? Can we assume that the massive movement of hundreds of 
trucks each month on the projects’ access roads and the thousands of explosions in the area from 
mining activity are not creating micro climates that change the local temperature? Can we assume 
that debris deposits on the ice do not change the albedo, resulting in increased melting? 
 
The following images are further illustrate this matter. They are taken at the heart of the Pascua 
Lama project. We see the magnificent Estrecho Glacier, noting the size of the front of the glacier 
compared to the person standing near the ice. We are surprised by the accumulation of 
contamination in the body of the glacier visible in the image, manifested as lines in the ice. These 
are caps of contaminants that remain on the ice in between snowfalls. It is evident from the image 
that this impact occurs regularly and cyclically, in an accumulative fashion, storing the contaminants 
in the Estrecho Glacier, as well as in other glaciers of the area.  
 
 

 
Recent satellite images of these glaciers reveal the extent of the impact caused by industrial activity 
taking place on the ice, around the ice and in the ice. The impacts are undeniable. Studies are 

Debris levels appear on the front of the Estrecho Glacier, in the 
Huasco Valley – Third Region, Chile 
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already showing that these glaciers are retreating. The contamination layer is extensive. In the 
following image we see the extensive road work introduced by Barrick Gold.   
 

 
Extensive roadwork introduced by Barrick Gold at Pascua Lama  
impacts glaciers with dust. See at: 29° 19.284' S  70° 1.364' W 
 
We’ve already mentioned the impacts on the surface of the ice due to dust settlement. The images 
below of the once uncovered Toro 1 and Toro 2 glaciers, the two glaciers closest to the project’s pit 
site at Pascua Lama, confirm our supposition. These recent photos of the Toro 1 and Toro 2 
Glaciers, found in the CECs recent study on mass balances of the glaciers, show that the dust 
covers the total surface of both glaciers. Due to preparatory activities at Pascua Lama, Toro 1 and 
Toro 2 have ceased to be uncovered glaciers!  They are now fully covered by contamination.  
 

 
     Debris from mining activity at Pascua Lama already covers the Toro 1 and  
      Toro 2 Glaciers. Source: CECs. 2012. 
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   Debris from mining activity at Pascua Lama already covers the Toro 1 and  
   Toro 2 Glaciers: Source: CECs. 2012 
 
In the next image taken this year by an anonymous photographer, we see a close-up of the Toro 1 
Glacier, showing how practically the entire surface is covered by debris contamination. The source 
is undoubtedly the activity occurring at the Pascua Lama mine site.  
 
 

 
The Toro 1 Glacier at Pascua Lama adjacent to the pit, has been completely covered by debris 
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Leiva and Cabrera, both contracted by Barrick Gold to conduct measurements of glaciers in the 
vicinity of Barrick Gold’s activities, in particular to glaciers along the Conconta Pass, do not credit 
Barrick Gold with the destruction of the Almirante Brown Glacier and the North Glacier (severed by 
Barrick Gold). However, they clarify at the beginning of their report that “this report does not 
constitute an environmental impact assessment but rather a series of measurements and 
conclusions relative to the state and possible evolution of the mentioned glacial bodies”.5 This is a 
curious statement but has important ramifications. It is an important clarification because it allows 
us to understand what their study is really telling us. Barrick and several public officials have 
referred to this study to suggest that there are no impacts to glaciers. However, these glaciologists 
were sent to take measurements of glaciers, and not to give an opinion over the environmental 
impact caused by Barrick Gold’s activities to the glaciers. 
 
The book, Glaciares Andinos (Andean Glaciers in English) published by Chile Sustentable (2011, 
pp.81-84), shows clear evidence from clandestine photographs of the total destruction of the Norte 
and the Almirante Brown Glaciers, resulting from road work carried out by Barrick Gold. 
 
Barrick Gold systematically states that they are not impacting glaciers, making reference to the 
studies carried out by Leiva and Cabrera in orderto justify their works, even though they contracted 
these glaciologists to specifically NOT carry out an environmental impact assessment on glaciers. 
The authors nonetheless warn of the possibility of this impact, and the need for further studies, 
particularly on the anthropogenic activities taking place in the area, in regards to the albedo change 
(the reflective capacity of the glacier) resulting from the dust emitted into the atmosphere through 
explosions and the increased transit for mining operations . These can have significant impacts on 
the glacier. This is confirmed by recent studies by those carrying out monitoring activities at Pascua 
Lama on the Chilean side of the Andes (the CECs for example).  
 
It is perhaps appropriate to focus on the Conconta Pass case and the impacts caused by Barrick 
Gold to the Almirante Brown and Norte Glaciers, because the type of impacts caused to these 
glaciers are be similar to impacts observed on the Chilean side of the project. Furthermore, the 
impacts caused by mining roads can help predict to the future of the Diaguita-Huascoaltino 
indigenous territory.  
 
Below is an image taken by Google Earth in 2007 of one of the aforementioned glaciers after the 
initial impact made by Barrick Gold when they introduced the road. We do not have images of the 
glacier prior to the impact.  
 
In this image (which can be seen at: 29 58 21.70 S, 69 37 48.35 W), we see the two glaciers: the 
Almirante Brown and the North Glaciers, alongside the clear presence of the mining access road, 
built by Barrick Gold to reach the Veladero mine site.  
 
In recent reports, the authors Leiva and Cabrera tell us that the lower portion of the Almirante 
Brown Glacier is dying. A check on Google Earth reveals that sadly, this lower section of the 
glaciers is already dead. The following image from 2006 is one of the older images we have 
showing this glacier, when there were two bodies of ice present. The three yellow circles denote the 
two sections of the Almirante Brown Glaciers and the North Glaciers.  
 
 

                                                
5 Monitoreo de Glaciares del Paso de Conconta. Iglesia, San Juan. Argentina. De Gabriel Alberto Cabrera y Juan Carlos 
Leiva y Colaboradores. Conicet. 2008. P.1 
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The Almirante Brown and North Glaciers, may have at one time been united. Today they are dying, likely  
due to the introduction of the Veladero mining project access road built by Barrick Gold.  
 
While we do not have absolute proof from previous images, we can logically deduce several points. 
First, it is evident that the two glaciers, Almirante Brown (above and to the left) and Norte (above 
and to the right), came together in the lower portion of the glaciosystem, what is referred to in some 
studies as the “Almirante Brown Inferior”. In this image, the road that dissected these ice bodies 
already exists. This ice came together to form a single glacier below the road line. The gorge 
formed in this area where the glacier was located is more than 100 meters deep (that’s more than 
300 feet) in some areas, so we can conclude that the thickness of this glacier in certain areas was 
very significant. We can go further and assume that at some time in the past, perhaps not long ago, 
this might have been a single glacier, and it was Barrick Gold’s road that separated the ice into 
three distinct glaciers.  
 
What is certain is that the road introduced by Barrick Gold cut the lifeline to the glacier, leading to its 
demise. This glacier, named “Lower Almirante Brown” by those who began studying it only after 
Barrick’s dissection of the glacier (into the Lower and Upper Almirante Brown Glaciers), was 
effectively strangled by the road. In their report, Leiva and Cabrera publish a series of photographs 
taken at yearly intervals when they began their studies on the glacier (after the Barrick road was 
introduced). These photos show a very alarming sequence, whereby this glacier’s surface and 
volume was dramatically reduced in only a few years. We recall that Barrick Gold only sent in the 
glacier specialists after the public outcry over the impact to the glacier by the access road. Before 
public responses to the impact, Barrick Gold did not seem to care about the destruction of this 
glacier. The company simply did not consider opening a road through a glacier to be an example of 
poor judgment and poor business practice. The company clearly did not care that it would destroy 
the lifeline to much of the glacier, and that ultimately an entire section of the glacier, if not the whole 
glacier, would perish because of the road. 
 
While Leiva and Cabrera do not attribute the reduction and eventual disappearance of the glacier to 
the road (we recall that it was not in their terms of reference to evaluate impact causes), it seems 
reasonable to conclude that the irresponsible placement of this road could not lead to any result 
other than the ultimate destruction of the glacier.  
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The following image came to us anonymously from workers who worked at the Veladero mine. Our 
source affirms that this image is of the moment when the road was constructed. In the image, 
Barrick Gold brings in bulldozers to cut open the Almirante Brown Glacier, creating the artificial 
division into the “Upper” and “Lower” portions of the glacier. Surely Barrick Gold has images from 
before this roadwork that it could share with the public so we could be better informed about what 
occurred to this glacier and the state of this ice body before the intervention. However, it is common 
Barrick Gold practice to withhold sensitive information, including the full glacier inventories that they 
have contracted out to consultants. They do not share these with either the Argentine or Chilean 
government, and certainly not with affected communities.  
 
We invite and strongly encourage Barrick Gold to share these images with the public.  
  

 
Barrick Gold’s bulldozers cut through and destroy the Almirante Brown Glacier at the Conconta Pass. 
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Below we see a series of photographs published in the Leiva and Cabrera study. We note the road 
cutting through the Almirante Brown Glacier in its most sensitive area: the accumulation area where 
it absorbs new snow. We can suppose that this illogical placement of the road eventually and 
unavoidably lead to a reduction in the glacier’s volume. Unsurprisingly, this is what happened, and 
we see the evidence from the available photographs taken yearly at the site. The reduction is 
colossal. Notice the thickness of the glacier even at its smallest proportion near the end of its 
existence. (16 meters or nearly 50 feet!) 

 
Near complete reduction of the lower portion of the Almirante Brown Glacier at the edge of Barrick Gold’s 
access road. 
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The last image of the series (May 3, 2008) reveals a body of ice that has practically disappeared 
when compared to its thickness in the previous image, and to the 2006 Google Earth image. In the 
last image published by the authors, the ice was still 16 meters thick (about 50 feet), suggesting 
that in the first image the ice would have been about 50 meters thick (approximately 150 feet). We 
cannot know how much ice this glacier had before the introduction of the road, but if we consider 
the depth of this crevasse, it could have exceeded 50 meters. The authors indicated in their report 
that by 2008 the lower section of the Almirante Brown Glacier could eventually disappear. While 
Barrick has not yet published recent images of the glacier (and no one can enter this territory 
without Barrick Gold’s permission), we can still visit the glacier via Google Earth. A recently posted 
image on Google Earth (see: 29°58'36.97" S  69°37'37.13" W) reveals what we feared. The lower 
section of the Almirante Brown Glacier has already fully disappeared (see the following image).  
 

 
The lower section of the Almirante Brown Glacier, at the Conconta Pass, has disappeared completely as a 
result of the introduction of Barrick’s Access Road to the Veladero Minein San Juan. (image 2011) 
 
There are more than 50 glaciers (uncovered glaciers and rock glaciers) less than 10 kilometers from 
the heart of the Pascua Lama project, taking into account only glaciers on the Chilean side of the 
project. Evidently, the uncovered white glaciers are at risk from Barrick Gold’s atmospheric 
contamination. Rock glaciers impacted by road rock may also be at great risk of melting, size 
reduction or disappearing due to extractive and/or exploration/preparatory activity. The extensive 
impact is visible for the Toro 1, Toro 2 and the Esperanza glaciers. 
 
Barrick Gold has a complete inventory/registry of the glaciers in the vicinity of the Pascua Lama and 
Veladero projects, but the company does not share this inventory with the public. They should. 
They should also carry out detailed studies of the company’s impacts on all of the glaciers in their 
influence area. Without studies to determine impacts, we are left without adequate information.  
 
Finally, we should note that there is an extensive periglacial environment in the Pascua Lama 
project area. In the following image we see just how extensive and compromised this environment 
is by activities at Pascua Lama. All of Pascua Lama’s principal activity is located in the coldest parts 
of the mountain, as mapped by the University of Zurich’s permafrost mapping model. These are 
visible in the image as the purple and violet areas.   
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Pascua Lama in the midst of frozen grounds (permafrost) shown in the image in purple and violet colors.  
 
Barrick Gold systematically denies that they have had an impact on glaciers and the periglacial 
environment, despite the fact that numerous studies show precisely that. Pascua Lama will continue 
to impact periglacial environments that are in the project area. 
 
One of the risks of working in periglacial environment zones is the instability of the ground, due to 
cyclical freezing and melting of water content in the ground. This cyclical freezing and unfreezing 
causes continuous movement of the ground, which presents a considerable challenge for the 
engineering of industrial work. In the case of Barrick Gold, we already have examples showing that 
the company has not taken into account the risks of working in periglacial environments. According 
to Juan Pablo Milana, a well-known specialist in periglacial environments, the Argentine Veladero 
project (adjacent to Pascua Lama) suffered a colossal landslide of one of its waste piles because 
they situated the pile on the periglacial environment. 
 
Milana argues that Barrick Gold decided to place the pile on frozen grounds, despite having been 
warned that it could not do so without the risk of landslides. Milana warned the local government of 
San Juan that this was a dangerous decision, since the ground would be in continuous movement 
and alteration, and could collapse. The rock pile, resting on a mountainside, could fall. At some 
point between the end of 2007 and early 2008, this is exactly what occurred. The landslide was 
larger than a small town, collapsing well over a 1000 feet. It could have been tragic. The details of 
the accident are included in a report Milana prepared for the government.6  The images of the 
landslide are visible on Google Earth, using the time tool. We reproduce here the sequence of 
images that show this enormous collapse of sterile rock.  
 
The reader can see the before and after images, utilizing the time tool in Google Earth at the 
following coordinate:  
                                                
6 Ver: http://wp.cedha.net/wp-content/uploads/2011/10/Landslide-at-Veladero-Juan-Pablo-Milana.pdf (Spanish ONLY); 
CEDHA has prepared a summary report in English of this collapse utilizing Milana’s information, which can be downloaded 
at: http://wp.cedha.net/wp-content/uploads/2011/10/Special-Report-waste-pile-collapse-ENGLISH.pdf    
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29°22'45.00" S  69°57'40.58" W  
 
The waste pile, says Milana,  
 

“should be designed to remain stable, since acid drainage must be controlled, and an accidental 
movement of a rock pile not only implies risks to workers, but an alteration of original planning of the 
construction, and a clear impact to the environment.”  

 
Milana suggests that the presence of frozen grounds in the area surrounding Veladero, specifically 
at the site where the collapse occurred, could have been a major determinant in the structural 
failure of Barrick Gold’s waste pile. He severely critiques Barrick Gold’s technical team for their 
design flaw:  
 

“The fact that the rock pile collapsed speaks very poorly of the engineering applied at Veladero, since 
these are engineers tasked with determining the stability of the talus and with ensuring that the slopes 
do not exceed the critical angles for the type of material and related water saturation. What I think has 
occurred is that the necessary water-proofing of the rock pile to avoid acid drainage, was not done, 
and as a result, the material absorbed (acid) water and became fluid, and partially slid downhill, 
fortunately not for a considerable distance, otherwise it would have reached the lixiviation valley.”   

 
His critique continues, warning the population of San Juan,  
 

“For this reason, I hope that this will be an opportunity to raise awareness of the population of San 
Juan, that there are important dangers (for example, the collapse of the lixiviation dam), and we don’t 
have the necessary safety elements downstream from these mining operations to guarantee the 
safety of the population. It also teaches us that the applied engineering of this project [Veladero] is 
faulty, and as such we can conclude that this or other worse accidents could recur in the future, 
indicating the NECESSITY of independent controls.”   
 

In the next image we see the rock pile in 2007, before the collapse. The pile is a grey color, in 
contrast with the brown of the surrounding mountain. We have indicated the pile with a yellow oval. 
Note the marker placed by Milana at the lower limit of the pile.  
 
 
 
 

 

Lower Limit 
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In the next image we see the pile after the collapse, with the lower limit significantly lower than the 
previous image. This difference is well over a 1,000 feet, a colossal collapse.   
 

 
 
Various studies contracted by Barrick Gold confirm the presence of extensive ice in the Pascua 
Lama project area. Given Barrick’s record at Veladero, it is doubtful that the infrastructure and 
project activity at the Pascua Lama project will be situated soundly and safely.  
 
Let’s consider for example what BGC Engineering, a consultant firm working for Barrick, says about 
ice at the site. BGC carried out permafrost studies for Barrick Gold in 2009, focusing on the area 
around Pascua Lama. The following table perfectly summarizes the deplorable situation in terms of 
stability and security of the future work areas for the project. The study does not consider the 
implications of acid drainage contamination or any other direct contamination of frozen grounds. 
The table very precisely summarizes the frozen ground content in the various work zones for the 
Pascua Lama project, including the pit area and the rock pile sites. They are permafrost, according 
to BGC. Their water content automatically classifies them as a periglacial environment, serving as 
water reservoirs that regulate the water basins downstream. In Argentina, periglacial environments 
are protected by law. In Chile, they are not. 
 

Lower Limit 2007  

Lower Limit 2008  
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In the fourteen test samples taken, evidence was found of permafrost with an active layer of 
between 0.4 meters and 2.6 meters (1.3 – 8.5 feet). There is an estimated 23% humidity in the 
surface ice. The permanently frozen ground (or the permafrost) reaches a thickness of up to 270 
meters in depth (886 feet). The frozen grounds in the project area begin at 4,000 meters above sea 
level and it is possible to find frozen grounds beginning at 4,200 meters on the south-facing 
mountainsides and at 4,800 meters on the north-facing mountainsides. Above 5,100 meters, it is 
probable that permanently frozen ground (permafrost) reaches a thickness greater than 320 meters 
(1,050 feet). 
 
IANIGLA Glacier expert Lidia Espizua reflects on the permafrost situation in her work on Pascua 
Lama and Veladero (citing Trombotto and other authors), especially in regards to the presence of 
discontinuous permafrost, that is, grounds that freeze and melt (acting as water basin regulators). 
She states that in the area she studied, which is only a small portion of the project influence area for 
Pascua Lama, there are some 300 hectares (741 acres) of discontinuous permafrost. According to 
Espizua, this represents 17% of the discontinuous permafrost in the Turbio Stream (Espizua, p.44). 
Espizua says  that the pits at Pascua Lama (Penelope West and East), the subterranean and 
superficial transveyor belt and the mining roads , would affect 170 hectares of discontinuous 
permafrost (420 acres)—that is, 420 acres of periglacial environment. 
 

Tabla de informe técnico sobre Pascua Lama revela extensor ambiente periglacial en riesgo 

Pit Area 

Waste Pile 
Area 

Possibly all of the 
Area is 
Permafrost 
All of the Area is 
Permafrost 

Esperanza Pit 

Nevada Pit 

All of the Area is 
Permafrost 

Majority of the Area is 
Permafrost 
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In the following image, we see clearly the conflict caused by Barrick Gold’s waste pile site (the red 
polygon) on the Chilean side of the border, located in the mountain valley underneath the Estrecho 
Glacier. We can also see a prominent rock glacier inside the rock pile site. This placement is illegal 
in Argentina according to the National Glacier Law. Barrick would have to move the waste pile site if 
the company were to comply with the Argentine Glacier Law. In Chile, for the moment, the 
plcaement would be permitted. We know that where there are rock glaciers, there is periglacial 
environment. Barrick Gold once again commits the same mistake as in Veladero, locating a rock 
pile waste site on very unstable ground. This site can be seen at: 29° 18.126' S  70° 1.750' W.   
 

 
Rock glacier in rock waste pile site chosen by Barrick Gold at Pascua Lama.  
 
The frozen grounds of the periglacial environment are water reservoirs and are an extremely 
important component of the natural ecosystems that depend on the cyclical melting of the ice 
contained in these grounds. They must be protected given their high value in terms of their 
hydrological contribution. This means that any activity taking place in periglacial environments, for 
example mining activity currently taking place without effective evaluation or control, must be strictly 
structured, controlled and monitored. ,. In terms of engineering and design, any project, 
construction work or use of the periglacial environment, present enormous challenges and risks to 
infrastructure located on such grounds, particularly areas saturated in ice. The placement of a rock 
pile on frozen grounds saturated in ice is extremely dangerous from an engineering standpoint due 
to the risk of landslides, such as what occurred at Veladero. If mining activity is to advance at a site 
with periglacial environments, detailed studies need to be carried out to determine the water content 
and water contribution of such grounds.  
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El Morro (Goldcorp) 
 
The El Morro mining project by Goldcorp (see: 28°37'53.27" S  69°53'16.36" W) is in the advanced 
exploratory phase and ready to move into the preparatory/extraction phase. It is also in a glacier 
and periglacial environment area. Unlike Pascua Lama, the El Morro project is not nestled amongst 
uncovered glaciers. Nonetheless, we can see uncovered glaciers and rock glaciers within a 10-15 
kilometer radius from the heart of the El Morro project. This places the project well within an area 
that should be carefully studied for glacier impacts. The distance to uncovered glaciers is short 
enough to put uncovered glaciers at risk should dust from the activity at El Morro find its way 
(through prevalent winds) to the glaciers. Land mass movement could also affect glaciers by 
generating significant dust, as we have seen at Barrick’s Pascua Lama project. E Morro’s access 
roads also have the potential to harm glaciers.7 
 
The Environmental Impact Study for the El Morro project, presented to the government of Chile, 
includes a geomorphological map that locates the project in the periglacial environment.8  
Furthermore, the authors have included in the EIA an explanatory framework document for the 
periglacial environment,9 clearly alluding to the fact that the project contains periglacial 
environments. We reproduce this map from El Morro’s EIA below.  

                                                
7 see: https://www.e-seia.cl/archivos/b63_20081114.174448.pdf  
8 see: https://www.e-seia.cl/archivos/9e9_20081115.104855.pdf  
9 see: https://www.e-seia.cl/archivos/275_20081115.093407.pdf  
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If we enlarge the map’s legend we see a clear reference to the existence of frozen grounds with 
movement. The legend reads (unofficial translation):  
 

 “colluvial perigliacial area: gelifraction; generally formed by significant accumulation at the base of the 
slope and talus”; 
 
“mixed alluvial-periglacial deposits with modest transport and roll”;  
 
“straightline and homogenous slopes with potent periglacial debris cover”;  
 
“slope or talus affected by gelifraction and with colluvial periglacial cover”;  

 
These references confirm the presence of active ice (periglacial environment with an active layer). 
These are important hydrological resources that contribute directly to the regulation of water basins 
and rivers. 
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But we don’t only depend on these studies offered by the company to determine the presence of 
periglacial areas. Anyone could have easily and quickly determined that El Morro is in periglacial 
environment by simply consulting the University of Zurich global permafrost map. In the following 
image we can see the permafrost presence at the El Morro site, which is cited as an area of 
uncertainty. The map reconfirms what the EIA study by the company suggests. There are in 
extensive areas where permafrost occurs in favorable zones. In the permafrost mapping we can 
also see the relationship between glaciers and the Diaguita-Huascoaltino territory.  
 
 

 
 
In the El Morro EIA, in section 6.3 on Natural Risks, the authors indicate that one of the risks could 
come from  
 

“instability from snow and avalanches on the pit (ceiling avalanches). The same could occur 
with the risk declared of avalanches of debris, associated both to gravel of the Atacama and 
to periglacial deposits.”10 

 
At the very least, detailed studies should be carried out by the companies that wish to operate and 
carry out activities on these grounds. They should include not only a mapping of the 
permafrost/frozen grounds, but also hydrological studies to determine the contribution of glaciers 
and periglacial environments to local water systems. Wind studies are also necessary to determine 
the affects of activity on dust suspension and the possible impacts to the surface of glaciers, 
including glaciers along the nearby border and transboundary area (glaciers in Argentina). We have 
already seen the extensive damage caused in Argentine localities near the border from erupting 
volcanoes in Chile. Similar damage could occur to Argentine glaciers from dust suspension 
produced at El Morro.  
 
 
 
 
Other Mining Projects in Glacier and Periglacial Environment Areas 
 

                                                
10 Ver: https://www.e-seia.cl/archivos/26e_20081115.093407.pdf , p.40 
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We have also identified other mining activity but are unable to determine if it is the remnants of past 
activities or currently active projects. However, we can see that is has taken place in areas 
containing rock glaciers as well as uncovered glaciers. One example is at: 29°31'22.34" S  
70°09'33.77" W 
 
In the following two images we can see exploratory roads (left) with a superimposed permafrost 
map layered over the same area. We should determine if this activity has impacted periglacial 
environments and whether there is water content at the site. The images available on Google Earth 
do not permit us to determine if there are rock glaciers or frozen grounds saturated in ice in the 
areas where this mining activity has occurred.  
 

  
Comparison of permafrost mapping reveals frozen grounds in area that has received mining activity.  
 
In the following images we see another site some 10 km to the South of Pascua Lama, which also 
shows evidence of past mining activity. This site is also located in periglacial environment areas of 
the Diaguita-Huascoaltino indigenous territory.  
 
The site can be seen at: 29°24'44.62" S  70°00'26.55" W  
 

  
Another comparison with permafrost mapping reveals periglacial environments in a mining zone.  
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 Law, Policy and Institutions to Protect Ice  
 
Chile has no law to protect glaciers or periglacial environments. The Dirección General Water 
Department (DGA) admits that there are faults [in the regulatory framework] in the protection of 
glaciers such as the lack of a legal framework in legislation, a basic definition, and a special statute 
to conserve this resource and define its characteristics.” (unofficial translation) see: (National 
Glacier Strategy, p.XII)  
 
The DGA extends this description of the defenselessness of glaciers to the topic of water, stating 
that the “Water Code in its present state, is not applicable to snow cover or to glaciers, and as such 
does not attribute power to control eventual interventions on glaciers or their surroundings”. 
(National Glacier Strategy, p.XII) 
 
Glaciares Chilenos: Reservas Estratégicas de Agua Dulce (translated as: Chilean Glaciers: 
Strategic Fresh Water Reserves),the very illustrative book by Bórquez, Larraín, Polanco and Urquidi 
published in 2006, notes that “glaciers are not included in any Law [referring to the National Water 
Code], they are in a grave legal vacuum, that has driven to their indiscriminate intervention in some 
areas of the country.”  Nonetheless, while legal instruments may still be lacking, there are diverse 
tools in public policy and state institutions that have been established to address this topic.  
 
In 2008, Chile adopted the National Glacier Policy of the CONAMA11, which establishes the 
principle policy with regards to the public protection of glaciers. With the adoption of this public 
policy, Chile also reformed the Environmental Impact Study regulatory framework, introducing the 
need to present information on glacier impacts in cases where “the execution of works or activities 
that imply the alteration of the characteristics of a glacier”.  
 
The same year, the Unit of Glaciology and Snow of the National Water Department (DGA) of the 
Public Works Ministry (MOP) was created, and assigned the task of carrying out and creating the 
Public Glacier Inventory for Chile.12 Also in 2008, glaciers were incorporated into the National 
Climate Change Action Plan. In 2009, Chile drafted the National Glacier Strategy13, produced by the 
Centro de Estudios Científicos (CECS) of the General Water Department (DGA) that describes, 
defines, and enumerates the characteristics and functions of glaciers.  
 
The National Glacier Strategy helps interested parties complete the necessary steps used to seek 
compliance from public and private parties to ensure glacier protection and avoid eventual risks or 
impacts to glaciers. The strategy consists of glacier studies, baseline assessments, volume and 
water contribution measurements, etc., which in turn permit informed decision making in regards to 
protecting and avoiding anthropogenic impacts from activities near glaciers. The implementation of 
this policy in cases such as the Diaguita-Huascoaltinos could be used to understand the risks and 
impacts to the glaciers in this area.  
 

 
 

                                                
11 see: http://wp.cedha.net/wp-content/uploads/2012/10/CONAMA-2008-Pol%C3%ADtica-Glaciares-Versi%C3%B3n-Final-
Agosto-2008.pdf  
12 One can make information requests through the following link:  
a) http://www.dga.cl/productosyservicios/formularios/Paginas/default.aspx  
b) http://www.dga.cl/orientacionalpublico/Paginas/default.aspx  
c) www.dga.cl/Formulario Solicitud de Información, Denuncias, e inscripciones  
13 see: http://wp.cedha.net/wp-content/uploads/2012/11/estrategiaGlaciares.pdf  
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Conclusions 
 
The Diaguita-Huascoaltino indigenous territory is rich in glacier resources. This includes uncovered 
glaciers (white glaciers), covered glaciers, rock glaciers and periglacial environments. All of these 
resources are important hydrological reserves. They also help regulate water basins. These ice 
resources are at risk for three principal reasons:   
 

§ Anthropogenic climate change 
§ Industrial activity such as mining 
§ Ignorance of their existence and of their hydrological value 

 
We know that climate change has been threatening humanity now for several decades and that 
changes in temperature and the resulting disequilibria affects us in a devastating manner. The 
worrying reality is that only 2% of our planet’s water is freshwater and 75% of this water is held in 
glacier ice, most of this at the poles. This means that is the water left for human consumption is 
actually quite small. Given these circumstances, we should be especially concerned with the 
conservation of our water resources. We should protect and conserve it, and ensure that we have it 
around for many years to come. Areas that are especially arid, such as the Central Andes, are 
especially sensitive to climate changes. We see a general receding of the mountain ice in these 
areas. For this reason, we should take all measures within our reach to protect this resource. We 
can do it, and yet, at the end of the day we are doing too little to protect our glaciers.  
 
Dietrich Barsch, a well known rock glacier and periglacial environment expert warns us:  
 

The cryogenic belts … are especially endangered. Unfortunately, our knowledge of these geosystems 
is very limited. …. This requires extensive geomorphic knowledge of the of the landforms. …  Meltin 
of [frozen grounds] would destabilize these areas and cause hazards …. High mountain environments 
are still often not really understood … to a wider public. … the high mountain environment forms a 
geosystem governed by delicate balances. Today it is under increasing human pressure …. Our 
present knowledge of high mountain environments or high moundtain systems is still very incomplete. 
In this situation, it is important to evaluate all information which exists about possible indicators of 
parts or of principal elements of these systems. (Barsch, 1996. pp.1-2)  

 
This report is an attempt to begin revealing basic but essential information regarding these 
resources, their location, the principal risks they face and the impacts to the resources. It is a first 
step towards the protection of these cryogenic forms. 
 
Chile today has no legal framework to guarantee the protection of their ice resources. 
Unfortunately, the companies that have impacted and continue impacting glaciers and periglacial 
environments are not taking steps to avoid this impact.  
 
While an official national glacier inventory is underway, there is still no complete registry in Chile of 
the nation’s glaciers, rock glaciers, or periglacial environments. Worse still, the periglacial 
environment is practically ignored in legislation and regulations. There is no official inventorying of 
periglacial areas, nor is there any official report listing or identifying glaciers in the Diaguita-
Huascoaltino territory.  
 
Glaciers and periglacial environments represent a fundamental hydrological resource for the 
Diaguita-Huascoaltino territory. Both the State as well as companies operating in the area, and 
other organizations working to protect environmental resources should take note of this little known 
resource and the risks posed by anthropogenic activity in the area.   
 
We suggest the following:  
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1. Firstly, we recommend that a complete inventory be conducted of the glaciers in the region, 
and that the inventory include not only uncovered glaciers, but also covered glaciers, rock 
glaciers and periglacial environments.  

2. Second, we strongly encourage the Chilean Congress to reconsider the passage of a 
National Glacier Protection Law. Chile has been a pioneer on this topic, drafting the very 
first Glacier Protection Bill ever, that unfortunately failed to pass. It is very important that in 
order to adequately protect this very delicate resource, Chilean legislative representatives 
reconsider this bill.  

3. Thirdly, we recommend that companies operating in glacier areas and in periglacial 
environments establish voluntary policies to protect glaciers and periglacial environments, 
and that they introduce appropriate management systems to guarantee the protection of 
these hydrological resources. In addition, they should publish the information in their 
possession about the resource, repair past damage and avoid any future damage to 
glaciers and periglacial environments.  

4. Finally, we would like to emphasize that the Diaguita-Huascoaltino community has a very 
important glacial and periglacial resource in its territory. Chilean society, as well as global 
society with any relationship to this territory should help preserve this resource for the good 
of the community and for the ecosystem value it represents.  
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Annex: Links / References 
 

§ Ley Nacional Argentina sobre la Protección de Glaciares 
http://www.cedha.net/wp-content/uploads/2011/04/ley-glacieres-definitiva.pdf  

 
§ Inventario de Glaciares Realizado por CEDHA, Visible en Google Earth  

http://wp.cedha.net/wp-content/uploads/2012/12/Glaciares-Huascoaltinos-Google-Earth-
Polygons.rar 

 
§ Inventario de Glaciares Realizado por Dirección General de Agua (Chile) 

http://wp.cedha.net/wp-content/uploads/2012/12/Glaciares-Huasco-por-el-CONAMA.rar 
 

§ Política Nacional de Glaciares de Chile 
http://wp.cedha.net/wp-content/uploads/2012/12/Política-Glaciares-Abril-2009.pdf  

 
§ Estrategia Nacional de Glaciares de Chile 

http://wp.cedha.net/wp-content/uploads/2012/12/estrategiaGlaciares.pdf 
 

§ Catastro, exploración y estudio de glaciares en Chile central / Ministerio de Obras Públicas, 
Dirección General de Aguas, Unidad de Glaciología y Nieves (2 tomos); Realizado por 
Geoestudios Ltda. 

 
§ Mapeo Global de Permafrost – Universidad de Zurich 

http://www.geo.uzh.ch/microsite/cryodata/pf_global/GlobalPermafrostZonationIndexMap.kmz 
 

§ Capacitación sobre Glaciares – Aspectos Legales y Sociales (Curso PNUMA) 
 

§ Informe de PNUMA - “Ice and Snow” – 2007 
 

§ Glaciares de Argentina (IANIGLA) 
 

§ Nuestros Glaciares (Provincia de San Juan) 
 

§ World Bank on Glacier Water Use by Communities 
 

§ UICN: Publicación sobre Marcos Legales respecto a Glaciares (UICN) 
 

§ Destrucción Minera de Glaciares 
 

§ Impacto Climático en Glaciares 
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Annex: CEDHA’s Glacier Inventory (CEDHA) 
 
To see these glaciers in Google Earth, download the following .kmz file at the following link:  
http://wp.cedha.net/wp-content/uploads/2012/10/Glaciares-Huascoaltinos-Google-Earth-
Polygons.rar  
 
Alternatively, the reader can enter any of the coordinates cited for any of these glaciers in the 
Google Earth search box or in Google Maps. This will take the reader directly to the glacier in either 
of these programs. The precise point will be a central point in the glacier.  
 
The nomenclature used by CEDHA in our inventory also acts as a geographical reference for the 
glacier. For example, Glacier 2837-6944 can be found by entering the following address in Google 
Earth or Google Maps, which is derived from the numbers in the glacier name. While not exact, the 
destination will be very close or at the glacier.  
 
28 37 S, 69 44 W 
 
In the case of this glacier, entering this address in Google Earth or Google Maps places us at 
approximately 180 meters from the glacier! 
 
 
  Glacier Name                 Type           Coordinate       Elev (mts) 
Glaciar 2835-6942 Blanco 28 35 9.76 S, 69 42 6.72 W 4815-5480 
Glaciar 2835-6945 Blanco 28 35 54.43 S, 69 45 25.16 W 4935-5255 
Glaciar R 2836-6942 Roca 28 36 51.59 S, 69 42 49.09 W 4630-4750 
Glaciar R 2836-6942 (b) Roca 28 36 27.64 S, 69 42 31.51 W 4720-4760 
Glaciar 2836-6944 Blanco 28 36 6.05 S, 69 44 30.26 W 4875-5250 
Glaciar 2836-6945 Blanco 28 36 57.01 S, 69 45 31.45 W 5425-5240 
Glaciar R 2837-6942 Roca 28 37 26.83 S, 69 42 57.48 W 4520-4750 
Glaciar 2837-6943 Blanco 28 37 6.83 S, 69 43 13.85 W 4690-4920 
Glaciar 2837-6943 (b) Blanco 28 37 25.00 S, 69 43 51.48 W 4960-5120 
Glaciar R 2837-6943 Roca 28 37 56.07 S, 69 43 19.94 W 4465-4750 
Glaciar R 2837-6943 (b) Roca 28 37 37.31 S, 69 43 4.62 W 4495-4580 
Glaciar 2837-6944 Blanco 28 37 1.73 S, 69 44 15.04 W 5190-5370 
Glaciar 2837-6944 (b) Blanco 28 37 11.13 S, 69 44 47.28 W 5165-5290 
Glaciar 2837-6944 (c) Blanco 28 37 59.23 S, 69 44 55.58 W 5255-5385 
Glaciar 2837-6945 Blanco 28 37 25.41 S, 69 45 37.24 W 5080-5355 
Glaciar 2837-6946 Blanco 28 37 7.22 S, 69 46 17.24 W 4840-5180 
Glaciar R 2838-6943 Roca 28 38 2.64 S, 69 43 55.40 W 4635-4740 
Glaciar R 2838-6943 (b) Roca 28 38 19.08 S, 69 43 56.64 W 4460-4615 
Glaciar R 2838-6944 Roca 28 38 43.45 S, 69 44 20.55 W 4340-4805 
Glaciar R 2838-6944 (b) Roca 28 38 56.18 S, 69 44 33.13 W 4365-4660 
Glaciar 2838-6946 Blanco 28 38 16.53 S, 69 46 2.11 W 4970-5475 
Glaciar 2838-6946 (b) Blanco 28 38 21.24 S, 69 46 43.38 W 5420-5515 
Glaciar 2838-6947 Blanco 28 38 27.43 S, 69 47 36.63 W 5480-5580 
Glaciar R 2838-6949 Roca 28 38 34.94 S, 69 49 52.08 W 4200-4270 
Glaciar R 2838-6949 (b) Roca 28 38 54.38 S, 69 49 7.84 W 4490-4720 
Glaciar R 2838-6949 (c) Roca 28 38 42.06 S, 69 49 11.12 W 4540-4670 
Glaciar 2839-6944 Blanco 28 39 21.45 S, 69 44 42.18 W 4305-4970 
Glaciar R 2839-6947 Roca 28 39 47.06 S, 69 47 45.96 W 4360-4835 
Glaciar R 2841-6948 Roca 28 41 58.14 S, 69 48 45.84 W 4140-4325 
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Glaciar 2842-6947 Blanco 28 42 38.80 S, 69 47 56.91 W 4855-4920 
Glaciar 2842-6948 Blanco 28 42 55.27 S, 69 48 10.86 W 4855-5150 
Glaciar R 2842-6948 Roca 28 42 26.90 S, 69 48 44.59 W 4430-4530 
Glaciar R 2842-6948 (b) Roca 28 42 33.97 S, 69 48 43.84 W 4470-4610 
Glaciar R 2842-6949 Roca 28 42 53.36 S, 69 49 0.80 W 4525-4660 
Glaciar R 2842-6949 (b) Roca 28 42 23.26 S, 69 49 4.39 W 4120-4550 
Glaciar 2843-6948 Blanco 28 43 26.68 S, 69 48 21.71 W 4740-5010 
Glaciar 2843-6948 (b) Blanco 28 43 11.12 S, 69 48 24.72 W 4990-5180 
Glaciar 2843-6948 (c) Blanco 28 43 7.03 S, 69 48 3.84 W 4700-5050 
Glaciar 2843-6948 (d) Blanco 28 43 17.92 S, 69 48 11.33 W 4735-5040 
Glaciar R 2843-6949 Roca 28 43 11.43 S, 69 49 12.59 W 4550-4660 
Glaciar R 2843-6949 (b) Roca 28 43 23.21 S, 69 49 19.57 W 4490-4660 
Glaciar R 2843-6949 (c) Roca 28 43 46.75 S, 69 49 34.13 W 4510-4640 
Glaciar 2844-6944 Blanco 28 44 43.12 S, 69 44 37.16 W 4725-4980 
Glaciar 2844-6944 (b) Blanco 28 44 16.51 S, 69 44 59.34 W 4655-5010 
Glaciar 2844-6945 Blanco 28 44 37.42 S, 69 45 49.44 W 5000-5135 
Glaciar 2844-6945 (b) Blanco 28 44 37.09 S, 69 45 7.90 W 4980-5110 
Glaciar 2844-6946 Blanco 28 44 5.39 S, 69 46 10.95 W 4975-5120 
Glaciar R 2844-6949 Roca 28 44 12.33 S, 69 49 59.11 W 4335-4410 
Glaciar R 2844-6949 (b) Roca 28 44 9.73 S, 69 49 47.18 W 4415-4725 
Glaciar R 2844-6950 Roca 28 44 56.36 S, 69 50 51.29 W 4170-4290 
Glaciar 2845-6944 Blanco 28 45 56.51 S, 69 44 59.51 W 4320-4965 
Glaciar 2845-6944 (b) Blanco 28 45 48.98 S, 69 44 42.33 W 4700-4910 
Glaciar 2845-6946 Blanco 28 45 24.62 S, 69 46 53.80 W 4960-5340 
Glaciar 2845-6947 Blanco 28 45 31.10 S, 69 47 57.14 W 4960-5290 
Glaciar 2845-6947 (b) Blanco 28 45 45.18 S, 69 47 12.52 W 5060-5420 
Glaciar 2845-6948 Blanco 28 45 24.50 S, 69 48 11.75 W 5090-5190 
Glaciar 2845-6948 (b) Blanco 28 45 23.77 S, 69 48 24.18 W 5040-5135 
Glaciar R 2845-6948 (b) Roca 28 45 51.92 S, 69 48 30.60 W 4490-4660 
Glaciar R 2845-6949 Roca 28 45 39.62 S, 69 49 21.91 W 4525-4690 
Glaciar R 2845-6949 (b) Roca 28 45 53.60 S, 69 49 5.42 W 4425-4610 
Glaciar 2845-6950 Blanco 28 45 59.05 S, 69 50 2.79 W 4340-4380 
Glaciar R 2845-6950 Roca 28 45 7.36 S, 69 50 12.92 W 4385-4460 
Glaciar 2846-6945 Blanco 28 46 23.00 S, 69 45 43.47 W 4540-4650 
Glaciar R 2846-6945 Roca 28 46 18.78 S, 69 45 28.26 W 4475-4550 
Glaciar R 2846-6945 (b) Roca 28 46 13.32 S, 69 45 35.71 W 4520-4625 
Glaciar R 2846-6947 Roca 28 46 43.62 S, 69 47 59.33 W 4440-4600 
Glaciar R 2846-6949 Roca 28 46 18.06 S, 69 49 32.83 W 4305-4425 
Glaciar R 2846-6949 (b) Roca 28 46 22.44 S, 69 49 44.16 W 4180-4250 
Glaciar R 2852-6945 Roca 28 52 28.16 S, 69 45 38.98 W 4555-4690 
Glaciar R 2852-6946 (b) Roca 28 52 0.86 S, 69 45 24.61 W 4390-4470 
Glaciar R 2852-6947 Roca 28 52 54.76 S, 69 47 52.58 W 4080-4290 
Glaciar R 2852-6947 (b) Roca 28 52 48.41 S, 69 47 52.43 W 4140-4240 
Glaciar R 2853-6945 Roca 28 53 4.36 S, 69 45 23.01 W 4635-4735 
Glaciar 2853-6946 Blanco 28 53 46.97 S, 69 46 30.24 W 4700-4910 
Glaciar 2853-6946 (b) Blanco 28 53 35.27 S, 69 46 32.04 W 4910-4980 
Glaciar R 2853-6946 Roca 28 53 54.28 S, 69 46 18.83 W 4700-4760 
Glaciar R 2853-6946 (b) Roca 28 53 39.99 S, 69 46 22.28 W 4775-4830 
Glaciar R 2853-6947 Roca 28 53 38.13 S, 69 47 48.44 W 4005-4240 
Glaciar R 2854-6946 Roca 28 54 4.51 S, 69 46 34.78 W 4680-4710 
Glaciar R 2854-6947 Roca 28 54 54.29 S, 69 47 1.01 W 4475-4685 
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Glaciar R 2854-6947 (b) Roca 28 54 20.67 S, 69 47 24.67 W 4380-4445 
Glaciar R 2854-6947 (c) Roca 28 54 32.30 S, 69 47 16.06 W 4430-4540 
Glaciar 2855-6946 Blanco 28 55 37.68 S, 69 46 54.27 W 4500-5130 
Glaciar 2855-6946 (b) Blanco 28 55 36.44 S, 69 46 13.58 W 5200-5275 
Glaciar 2855-6947 Blanco 28 55 37.48 S, 69 47 5.33 W 4860-5060 
Glaciar R 2856-6946 Roca 28 56 52.20 S, 69 46 20.57 W 4240-5085 
Glaciar R 2856-6947 Roca 28 56 33.56 S, 69 47 7.51 W 4130-4385 
Glaciar R 2856-6947 (b) Roca 28 56 47.03 S, 69 47 26.24 W 3975-4110 
Glaciar R 2856-6957 Roca 28 56 5.48 S, 69 57 41.19 W 4360-4500 
Glaciar R 2856-6957 (b) Roca 28 56 49.37 S, 69 57 23.84 W 4145-4400 
Glaciar R 2856-6958 Roca 28 56 41.18 S, 69 58 44.97 W 4550-4700 
Glaciar 2857-6945 Blanco 28 57 58.81 S, 69 45 59.39 W 5325-5560 
Glaciar R 2857-6958 Roca 28 57 33.73 S, 69 58 45.37 W 4355-4415 
Glaciar R 2857-6958 (b) Roca 28 57 35.14 S, 69 58 59.36 W 4300-4460 
Glaciar R 2857-6959 Roca 28 57 15.36 S, 69 59 5.67 W 4525-4590 
Glaciar R 2858-6946 Roca 28 58 18.62 S, 69 46 54.96 W 4090-4700 
Glaciar R 2858-6946 (b) Roca 28 58 36.08 S, 69 46 47.15 W 4330-4710 
Glaciar R 2859-6956 Roca 28 59 37.09 S, 69 56 2.25 W 4280-4515 
Glaciar R 2859-6956 (b) Roca 28 59 41.23 S, 69 56 50.22 W 4390-4570 
Glaciar R 2859-6957 Roca 28 59 50.57 S, 69 57 5.46 W 4310-4530 
Glaciar R 2859-6958 Roca 28 59 8.30 S, 69 58 41.91 W 4130-4230 
Glaciar R 2859-6958 (b) Roca 28 59 10.00 S, 69 58 0.15 W 4395-4520 
Glaciar R 291-6948 Roca 29 1 57.39 S, 69 48 23.54 W 4325-4625 
Glaciar R 291-6956 Roca 29 1 15.79 S, 69 56 48.48 W 4220-4510 
Glaciar R 291-6958 Roca 29 1 31.80 S, 69 58 8.33 W 4145-4365 
Glaciar R 292-6955 Roca 29 2 58.18 S, 69 55 41.43 W 4105-4130 
Glaciar R 292-6956 Roca 29 2 17.61 S, 69 56 10.94 W 4080-4260 
Glaciar R 292-6956 (b) Roca 29 2 24.28 S, 69 56 50.78 W 4335-4415 
Glaciar R 292-6957 Roca 29 2 15.03 S, 69 57 11.45 W 4310-4355 
Glaciar R 292-6958 Roca 29 2 42.94 S, 69 58 9.96 W 4215-4295 
Glaciar R 293-6948 Roca 29 3 22.81 S, 69 48 56.34 W 4390-4815 
Glaciar R 293-6956 Roca 29 3 12.74 S, 69 56 35.10 W 4110-4260 
Glaciar R 293-6957 Roca 29 3 1.13 S, 69 57 35.36 W 4125-4315 
Glaciar 294-6948 Blanco 29 4 51.72 S, 69 48 14.62 W 5350-5750 
Glaciar 294-6948 (b) Blanco 29 4 40.71 S, 69 48 11.73 W 5565-5720 
Glaciar R 294-6949 Roca 29 4 21.45 S, 69 49 28.05 W 4260-4620 
Glaciar R 294-6949 (b) Roca 29 4 20.12 S, 69 49 12.84 W 4580-4680 
Glaciar R 294-6956 Roca 29 4 41.15 S, 69 56 44.11 W 4130-4220 
Glaciar R 294-6956 (b) Roca 29 4 32.23 S, 69 56 17.39 W 4080-4150 
Glaciar R 294-6956 (c) Roca 29 4 53.21 S, 69 56 2.35 W 4000-4185 
Glaciar 295-6948 Blanco 29 5 42.84 S, 69 48 18.45 W 4830-5300 
Glaciar 295-6948 (b) Blanco 29 5 1.49 S, 69 48 6.63 W 5515-5845 
Glaciar R 295-6948 Roca 29 5 57.84 S, 69 48 27.62 W 4645-5065 
Glaciar R 295-6949 Roca 29 5 21.94 S, 69 49 28.49 W 4240-4500 
Glaciar R 295-6950 Roca 29 5 20.76 S, 69 50 8.12 W 3935-4250 
Glaciar R 295-6956 Roca 29 5 52.63 S, 69 56 47.03 W 4000-4225 
Glaciar R 295-6956 (b) Roca 29 5 25.46 S, 69 56 9.15 W 4240-4390 
Glaciar R 295-6956 (c) Roca 29 5 17.05 S, 69 56 23.35 W 4200-4250 
Glaciar R 295-6956 (d) Roca 29 5 18.04 S, 69 56 30.37 W 4220-4305 
Glaciar 296-6948 Blanco 29 6 59.55 S, 69 48 3.44 W 5200-5770 
Glaciar R 296-6949 Roca 29 6 12.21 S, 69 49 0.49 W 4550-4800 
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Glaciar R 296-6949 (b) Roca 29 6 10.35 S, 69 49 17.07 W 4425-4560 
Glaciar R 296-6955 Roca 29 6 5.50 S, 69 55 56.53 W 4145-4250 
Glaciar R 296-6955 (b) Roca 29 6 50.95 S, 69 55 23.50 W 4170-4290 
Glaciar R 296-6955 (c) Roca 29 6 5.12 S, 69 55 47.28 W 4130-4200 
Glaciar R 296-6955 (d) Roca 29 6 6.11 S, 69 55 40.56 W 4085-4195 
Glaciar R 296-6956 Roca 29 6 22.53 S, 69 56 11.22 W 4240-4290 
Glaciar R 296-7011 Roca 29 6 33.14 S, 70 11 3.28 W 4040-4130 
Glaciar R 297-6948 Roca 29 7 17.17 S, 69 48 51.48 W 4640-4970 
Glaciar R 297-6948 (b) Roca 29 7 35.54 S, 69 48 34.73 W 4795-4955 
Glaciar R 297-6955 Roca 29 7 1.49 S, 69 55 56.15 W 4310-4490 
Glaciar R 297-6955 (b) Roca 29 7 46.18 S, 69 55 46.36 W 4515-4570 
Glaciar R 297-6955 (c) Roca 29 7 10.87 S, 69 55 58.37 W 4300-4460 
Glaciar R 297-6955 (d) Roca 29 7 14.40 S, 69 55 44.64 W 4275-4400 
Glaciar R 297-6955 (e) Roca 29 7 33.44 S, 69 55 25.70 W 4390-4450 
Glaciar R 297-6955 (f) Roca 29 7 48.18 S, 69 55 12.73 W 4260-4310 
Glaciar R 297-6955 (g) Roca 29 7 21.40 S, 69 55 13.47 W 4310-4340 
Glaciar R 297-6956 Roca 29 7 52.25 S, 69 56 43.56 W 4270-4390 
Glaciar R 297-700 Roca 29 7 10.42 S, 70 0 13.78 W 4060-4095 
Glaciar R 297-700 (b) Roca 29 7 1.46 S, 70 0 19.38 W 4120-4190 
Glaciar R 297-700 (c) Roca 29 7 15.94 S, 70 0 2.01 W 4010-4040 
Glaciar R 297-701 Roca 29 7 41.45 S, 70 1 2.25 W 4160-4320 
Glaciar R 298-6954 Roca 29 8 26.22 S, 69 54 59.04 W 4150-4220 
Glaciar R 298-6955 Roca 29 8 19.91 S, 69 55 51.73 W 4370-4530 
Glaciar R 298-6955 (b) Roca 29 8 24.87 S, 69 55 12.98 W 4170-4345 
Glaciar R 298-6955 (c) Roca 29 8 52.24 S, 69 55 55.64 W 4420-4540 
Glaciar R 298-6955 (d) Roca 29 8 56.67 S, 69 55 4.39 W 4065-4315 
Glaciar R 298-6955 (e) Roca 29 8 5.75 S, 69 55 15.30 W 4195-4260 
Glaciar R 298-6956 Roca 29 8 27.95 S, 69 56 36.94 W 4310-4430 
Glaciar R 298-702 Roca 29 8 37.93 S, 70 2 46.52 W 4220-4290 
Glaciar R 298-702 (b) Roca 29 8 37.30 S, 70 2 51.97 W 4200-4250 
Glaciar R 298-703 Roca 29 8 32.54 S, 70 3 28.67 W 4215-4280 
Glaciar R 298-704 Roca 29 8 38.92 S, 70 4 8.99 W 4330-4390 
Glaciar R 299-6954 Roca 29 9 23.37 S, 69 54 59.75 W 4115-4165 
Glaciar R 299-6955 Roca 29 9 3.88 S, 69 55 47.33 W 4305-4435 
Glaciar R 299-6955 (b) Roca 29 9 3.03 S, 69 55 56.72 W 4345-4425 
Glaciar R 299-6955 (c) Roca 29 9 7.80 S, 69 55 33.77 W 4250-4295 
Glaciar R 299-6955 (d) Roca 29 9 48.14 S, 69 55 19.06 W 4225-4390 
Glaciar R 299-6955 (f) Roca 29 9 32.93 S, 69 55 32.34 W 4315-4410 
Glaciar R 299-6955 (g) Roca 29 9 19.02 S, 69 55 28.31 W 4260-4370 
Glaciar R 299-6955 (h) Roca 29 9 50.57 S, 69 55 34.29 W 4385-4430 
Glaciar R 299-6955 (i) Roca 29 9 49.89 S, 69 55 41.67 W 4410-4440 
Glaciar R 299-6956 Roca 29 9 7.08 S, 69 56 7.37 W 4370-4525 
Glaciar R 299-6956 (b) Roca 29 9 52.95 S, 69 56 17.30 W 4500-4630 
Glaciar R 299-6956 (c) Roca 29 9 42.65 S, 69 56 2.06 W 4460-4520 
Glaciar R 299-6956 (d) Roca 29 9 21.63 S, 69 56 48.77 W 4480-4560 
Glaciar R 299-6957 Roca 29 9 40.00 S, 69 57 39.48 W 4315-4420 
Glaciar R 299-6957 (b) Roca 29 9 11.08 S, 69 57 9.74 W 4280-4535 
Glaciar R 299-700 Roca 29 9 53.60 S, 70 0 53.79 W 4180-4280 
Glaciar R 299-701 Roca 29 9 48.58 S, 70 1 39.55 W 4260-4373 
Glaciar R 299-701 (b) Roca 29 9 55.30 S, 70 1 7.39 W 4085-4195 
Glaciar R 299-701 (c) Roca 29 9 49.17 S, 70 1 16.78 W 4200-4305 
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Glaciar R 299-702 Roca 29 9 15.68 S, 70 2 4.65 W 4265-4365 
Glaciar R 299-703 Roca 29 9 41.75 S, 70 3 47.66 W 4040-4140 
Glaciar R 299-703 (b) Roca 29 9 39.81 S, 70 3 48.58 W 4050-4170 
Glaciar R 299-705 Roca 29 9 50.72 S, 70 5 8.47 W 3700-4160 
Glaciar R 299-705 (b) Roca 29 9 32.50 S, 70 5 9.60 W 3680-4260 
Glaciar R 299-7013 Roca 29 9 9.13 S, 70 13 53.01 W 4110-4200 
Glaciar R 299-7013 (b) Roca 29 9 2.47 S, 70 13 24.92 W 4110-4225 
Glaciar R 299-7014 Roca 29 9 36.58 S, 70 14 10.48 W 4205-4320 
Glaciar R 299-7014 (b) Roca 29 9 13.48 S, 70 14 11.83 W 4180-4290 
Glaciar R 299-7015 Roca 29 9 50.33 S, 70 15 5.95 W 4295-4325 
Glaciar R 2910-6954 Roca 29 10 8.36 S, 69 54 48.88 W 4225-4380 
Glaciar R 2910-6955 Roca 29 10 11.74 S, 69 55 39.31 W 4250-4500 
Glaciar R 2910-6955 (b) Roca 29 10 17.99 S, 69 55 37.95 W 4325-4430 
Glaciar R 2910-6956 Roca 29 10 16.72 S, 69 56 41.50 W 4475-4775 
Glaciar R 2910-6956 (b) Roca 29 10 43.22 S, 69 56 45.50 W 4740-4930 
Glaciar R 2910-6956 (c) Roca 29 10 29.52 S, 69 56 18.77 W 4540-4655 
Glaciar R 2910-6956 (d) Roca 29 10 52.99 S, 69 56 14.10 W 4760-4930 
Glaciar R 2910-6957 Roca 29 10 42.67 S, 69 57 11.16 W 4850-4965 
Glaciar R 2910-6958 Roca 29 10 23.15 S, 69 58 40.03 W 4430-4550 
Glaciar R 2910-6959 Roca 29 10 50.71 S, 69 59 29.61 W 4520-4680 
Glaciar R 2010-700 Roca 29 10 50.27 S, 70 0 21.72 W 4100-4250 
Glaciar R 2010-700 (b) Roca 29 10 50.44 S, 70 0 58.06 W 4205-4240 
Glaciar R 2910-701 Roca 29 10 10.79 S, 70 1 53.26 W 4075-4115 
Glaciar R 2910-701(b) Roca 29 10 19.03 S, 70 1 27.21 W 4025-4085 
Glaciar R 2910-702 Roca 29 10 13.67 S, 70 2 4.91 W 4085-4190 
Glaciar R 2910-7013 Roca 29 10 22.41 S, 70 13 38.88 W 4130-4220 
Glaciar R 2910-7014 Roca 29 10 53.81 S, 70 14 43.74 W 4550-4605 
Glaciar R 2910-7014 (b) Roca 29 10 12.61 S, 70 14 49.34 W 4500-4520 
Glaciar R 2910-7015 Roca 29 10 45.94 S, 70 15 30.31 W 4360-4425 
Glaciar 2911-6957 Blanco 29 11 57.48 S, 69 57 12.01 W 4090-5295 
Glaciar R 2911-6958 Roca 29 11 3.74 S, 69 58 30.32 W 4470-4715 
Glaciar R 2911-6958 (b) Roca 29 11 3.79 S, 69 58 48.14 W 4440-4590 
Glaciar R 2911-6959 Roca 29 11 51.11 S, 69 59 17.28 W 4100-4210 
Glaciar R 2911-6959 (b) Roca 29 11 36.46 S, 69 59 13.29 W 4155-4240 
Glaciar R 2911-700 Roca 29 11 3.05 S, 70 0 32.89 W 4060-4115 
Glaciar R 2911-700 (b) Roca 29 11 49.97 S, 70 0 7.85 W 4145-4250 
Glaciar R 2911-700 (c) Roca 29 11 4.20 S, 70 0 21.46 W 4025-4155 
Glaciar R 2911-7014 Roca 29 11 12.79 S, 70 14 33.78 W 4415-4500 
Glaciar R 2911-7015 Roca 29 11 22.63 S, 70 15 16.16 W 4220-4260 
Glaciar R 2912-6957 Roca 29 12 5.28 S, 69 57 56.46 W 4305-4465 
Glaciar R 2912-6958 Roca 29 12 32.57 S, 69 58 20.29 W 4005-4070 
Glaciar R 2912-703 Roca 29 12 47.99 S, 70 3 46.97 W 4340-4430 
Glaciar R 2912-703 (b) Roca 29 12 35.20 S, 70 3 3.07 W 4125-4265 
Glaciar R 2912-703 (c) Roca 29 12 48.05 S, 70 3 56.76 W 4340-4500 
Glaciar R 2912-7013 Roca 29 12 28.42 S, 70 13 35.96 W 4275-4490 
Glaciar R 2913-6957 Roca 29 13 58.14 S, 69 57 45.66 W 4050-4100 
Glaciar R 2913-6958 Roca 29 13 27.76 S, 69 58 22.50 W 3970-4090 
Glaciar R 2913-6959 Roca 29 13 43.64 S, 69 59 28.06 W 4130-4230 
Glaciar R 2913-700 Roca 29 13 52.78 S, 70 0 4.44 W 4315-4405 
Glaciar R 2913-702 Roca 29 13 41.88 S, 70 2 52.70 W 4395-4700 
Glaciar R 2913-702 (b) Roca 29 13 40.43 S, 70 2 24.43 W 4175-4415 
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Glaciar R 2913-702 (c) Roca 29 13 54.87 S, 70 2 47.20 W 4390-4580 
Glaciar R 2913-7013 Roca 29 13 13.17 S, 70 13 43.67 W 4090-4205 
Glaciar R 2913-7013 (b) Roca 29 13 8.61 S, 70 13 60.00 W 4265-4385 
Glaciar R 2913-7014 Roca 29 13 13.90 S, 70 14 4.21 W 4250-4340 
Glaciar R 2914-6956 Roca 29 14 26.57 S, 69 56 44.51 W 4275-4355 
Glaciar R 2914-6957 Roca 29 14 16.96 S, 69 57 17.07 W 4100-4140 
Glaciar R 2914-6957 (b) Roca 29 14 56.04 S, 69 57 52.48 W 4295-4465 
Glaciar R 2914-6958 Roca 29 14 52.79 S, 69 58 36.75 W 4590-4660 
Glaciar 2914-6959 Blanco 29 14 58.74 S, 69 59 42.71 W 5225-5275 
Glaciar R 2914-6959 Roca 29 14 7.97 S, 69 59 52.84 W 4260-4440 
Glaciar R 2914-700 Roca 29 14 19.45 S, 70 0 26.00 W 4440-4550 

Glaciar R 2914-702 
Barriales Roca 29 14 39.62 S, 70 2 57.18 W 4160-4400 
Glaciar R 2914-703 Roca 29 14 34.63 S, 70 3 18.36 W 4260-4330 
Glaciar R 2915-6956 Roca 29 15 12.34 S, 69 56 46.88 W 4210-4280 
Glaciar R 2915-6957 Roca 29 15 29.13 S, 69 57 56.89 W 4344-4415 
Glaciar R 2915-6957 (b) Roca 29 15 30.24 S, 69 57 31.06 W 4280-4320 
Glaciar R 2915-6957 (c) Roca 29 15 36.79 S, 69 57 25.80 W 4245-4370 
Glaciar R 2915-6958 Roca 29 15 2.66 S, 69 58 45.83 W 4630-4820 
Glaciar R 2915-6958 (b) Roca 29 15 47.66 S, 69 58 6.71 W 4410-4500 
Glaciar 2915-6959 Blanco 29 15 30.23 S, 69 59 10.81 W 4930-5095 
Glaciar 2915-6959 (b) Blanco 29 15 23.05 S, 69 59 47.13 W 4935-5120 
Glaciar 2915-6959 (c) Blanco 29 15 24.38 S, 69 59 29.04 W 4890-5130 
Glaciar 2915-6959 (d) Blanco 29 15 11.50 S, 69 59 24.16 W 5150-5190 
Glaciar R 2915-701 Roca 29 15 34.77 S, 70 1 7.87 W 4200-4530 
Glaciar R 2915-701 (b) Roca 29 15 24.05 S, 70 1 23.44 W 4150-4550 
Glaciar R 2915-701 (c) Roca 29 15 10.13 S, 70 1 49.29 W 4100-4230 
Glaciar R 2915-703 Roca 29 15 12.13 S, 70 3 3.97 W 4050-4085 
Glaciar R 2915-704 Roca 29 15 13.08 S, 70 4 7.25 W 4125-4165 
Glaciar R 2915-704 (b) Roca 29 15 20.59 S, 70 4 7.97 W 4030-4135 
Glaciar R 2916-6958 Roca 29 16 4.68 S, 69 58 22.83 W 4555-4710 
Glaciar 2916-6959 Blanco 29 16 7.34 S, 69 59 13.90 W 4970-5130 
Glaciar R 2916-700 Roca 29 16 42.00 S, 70 0 24.39 W 4700-4830 
Glaciar R 2916-700 (b) Roca 29 16 20.44 S, 70 0 57.75 W 4340-4425 
Glaciar R 2916-701 Roca 29 16 10.58 S, 70 1 20.57 W 4290-4360 
Glaciar R 2916-701 (b) Roca 29 16 26.10 S, 70 1 26.72 W 4370-4525 
Glaciar R 2916-702 Roca 29 16 53.07 S, 70 2 48.18 W 4060-4390 
Glaciar R 2916-7010 Roca 29 16 43.77 S, 70 10 11.35 W 4550-4650 
Glaciar R 2916-7014 Roca 29 16 57.89 S, 70 14 24.33 W 4540-4650 
Glaciar 2917-6959 (d) Blanco 29 17 2.55 S, 69 59 34.22 W 5310-5410 
Glaciar 2917-701 Blanco 29 17 37.24 S, 70 1 38.16 W 5060-5260 
Glaciar 2917-701(b) Blanco 29 17 46.94 S, 70 1 52.82 W 4895-5000 
Glaciar R 2917-704 Roca 29 17 54.74 S, 70 4 51.28 W 4340-4410 
Glaciar R 2917-705 Roca 29 17 3.76 S, 70 5 39.54 W 4235-4335 
Glaciar R 2917-705 (b) Roca 29 17 45.87 S, 70 5 17.63 W 4350-4450 
Glaciar R 2917-705 (c) Roca 29 17 5.62 S, 70 5 56.45 W 4325-4415 
Glaciar R 2917-705 (d) Roca 29 17 19.13 S, 70 5 37.56 W 4370-4465 
Glaciar R 2917-706 Roca 29 17 49.84 S, 70 6 32.58 W 4080-4450 
Glaciar R 2917-706 (b) Roca 29 17 49.67 S, 70 6 9.05 W 4310-4440 
Glaciar R 2917-706 (c) Roca 29 17 38.26 S, 70 6 43.43 W 4320-4530 
Glaciar R 2917-707 Roca 29 17 44.01 S, 70 7 33.91 W 4465-4355 
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Glaciar R 2917-708 Roca 29 17 41.80 S, 70 8 33.77 W 4380-4440 
Glaciar R 2917-708 (b) Roca 29 17 19.77 S, 70 8 47.49 W 4165-4420 
Glaciar R 2917-709 Roca 29 17 26.42 S, 70 9 41.52 W 4530-4630 
Glaciar R 2917-7012 Roca 29 17 14.81 S, 70 12 35.46 W 4015-4080 
Glaciar R 2917-7013 Roca 29 17 57.20 S, 70 13 18.37 W 4300-4425 
Glaciar R 2917-7013 (b) Roca 29 17 8.19 S, 70 13 54.79 W 4380-4480 
Glaciar R 2917-7013 (c) Roca 29 17 31.01 S, 70 13 12.25 W 4100-4180 
Glaciar R 2917-7014 Roca 29 17 24.52 S, 70 14 23.34 W 4350-4500 
Glaciar R 2917-7016 Roca 29 17 38.09 S, 70 16 47.27 W 3850-4165 
Glaciar 2918-700 (Amarillo) Blanco 29 18 16.65 S, 70 0 3.34 W 5050-5310 
Glaciar R 2918-701 Roca 29 18 11.60 S, 70 1 46.49 W 4160-4360 
Glaciar R 2918-703 Roca 29 18 36.43 S, 70 3 57.05 W 4275-4500 
Glaciar R 2918-704 Roca 29 18 4.96 S, 70 4 30.46 W 4285-4430 
Glaciar 2918-705 Blanco 29 18 34.60 S, 70 5 19.36 W 4860-5075 
Glaciar R 2918-707 Roca 29 18 51.11 S, 70 7 56.21 W 4220-4330 
Glaciar R 2918-708 Roca 29 18 58.13 S, 70 8 15.51 W 4110-4390 
Glaciar R 2918-708 (b) Roca 29 18 45.19 S, 70 8 54.05 W 4350-4630 
Glaciar R 2918-708 (c) Roca 29 18 43.86 S, 70 8 42.91 W 4340-4500 
Glaciar 2918-709 Blanco 29 18 8.31 S, 70 9 53.93 W 5140-5200 
Glaciar 2918-709 (b) Blanco 29 18 51.21 S, 70 9 53.43 W 4760-4840 
Glaciar R 2918-709 Roca 29 18 47.82 S, 70 9 15.18 W 4365-4500 
Glaciar 2918-7010 Blanco 29 18 34.35 S, 70 10 55.85 W 4540-5000 
Glaciar 2918-7010 (b) Blanco 29 18 33.34 S, 70 10 53.90 W 4540-4970 
Glaciar 2918-7011 Roca 29 18 53.77 S, 70 11 20.16 W 4570-4675 
Glaciar 2918-7013 Blanco 29 18 52.72 S, 70 13 11.39 W 4530-4605 
Glaciar R 2918-7013 Roca 29 18 40.67 S, 70 13 58.05 W 4430-4535 
Glaciar 2919-701 (Toro 2) Blanco 29 19 56.52 S, 70 1 35.16 W 4860-5190 

Glaciar 2919-702 
Esperanza Blanco 29 19 51.55 S, 70 2 12.58 W 4990-5100 
Glaciar 2919-702 (b) Blanco 29 19 31.77 S, 70 2 56.41 W 4760-4990 
Glaciar 2919-702 (c) Blanco 29 19 46.59 S, 70 2 37.31 W 4870-5010 
Glaciar 2919-702 (d) Blanco 29 19 49.28 S, 70 2 30.28 W 4920-5010 
Glaciar R 2919-703 Roca 29 19 59.19 S, 70 3 37.53 W 4285-4440 
Glaciar R 2919-704 Roca 29 19 29.31 S, 70 4 51.53 W 4360-4600 
Glaciar R 2919-704 (b) Roca 29 19 47.61 S, 70 4 1.06 W 4300-4350 
Glaciar R 2919-709 Roca 29 19 45.24 S, 70 9 23.93 W 4300-4590 
Glaciar R 2919-7010 Roca 29 19 10.23 S, 70 10 7.07 W 4340-4410 
Glaciar R 2919-7010 (b) Roca 29 19 44.29 S, 70 10 22.35 W 3965-4030 
Glaciar R 2919-7011 Roca 29 19 21.52 S, 70 11 9.64 W 4285-4415 
Glaciar 2919-7012 Blanco 29 19 48.22 S, 70 12 34.19 W 4580-4600 
Glaciar R 2919-7014 Roca 29 19 48.50 S, 70 14 12.32 W 4135-4375 

Glaciar 2920-700 
Estrecho Blanco 29 20 54.18 S, 70 0 52.15 W 5000-5300 
Glaciar 2921-701 Blanco 29 21 39.39 S, 70 1 19.38 W 5080-5090 
Glaciar 2921-702 Blanco 29 21 30.82 S, 70 2 9.69 W 4890-5090 
Glaciar 2921-703 Blanco 29 21 22.87 S, 70 3 39.03 W 4100-5100 
Glaciar 2921-703 (b) Blanco 29 21 5.65 S, 70 3 17.46 W 4860-5040 
Glaciar R 2921-703 Roca 29 21 57.93 S, 70 3 59.00 W 4525-4660 
Glaciar 2921-704 Blanco 29 21 5.42 S, 70 4 5.04 W 4915-5030 
Glaciar 2921-704 (b) Blanco 29 21 9.25 S, 70 4 26.35 W 4650-4970 
Glaciar R 2921-704 Roca 29 21 29.32 S, 70 4 23.74 W 4395-4500 
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Glaciar 2921-706 Blanco 29 21 23.72 S, 70 6 15.23 W 4415-4515 
Glaciar 2922-704 Blanco 29 22 51.63 S, 70 4 4.04 W 5025-5125 
Glaciar R 2922-707 Roca 29 22 52.65 S, 70 7 1.64 W 4340-4430 
Glaciar R 2922-7010 Roca 29 22 26.53 S, 70 10 16.41 W 3615-3810 
Glaciar R 2922-7010 (b) Roca 29 22 23.98 S, 70 10 11.78 W 3590-3770 
Glaciar 2923-700 (c) Blanco 29 23 27.62 S, 70 0 42.60 W 5280-5300 
Glaciar 2923-701 (b) Blanco 29 23 18.77 S, 70 1 0.64 W 5350-5360 
Glaciar 2923-701 (c) Blanco 29 23 34.89 S, 70 1 22.94 W 5060-5310 
Glaciar 2923-701 (d) Blanco 29 23 0.44 S, 70 1 17.74 W 5330-5340 
Glaciar 2923-702 Blanco 29 23 34.42 S, 70 2 11.98 W 4900-5300 

Glaciar 2923-702 (b) 
Ortigas 2 Blanco 29 23 41.87 S, 70 2 33.32 W 4980-5250 

Glaciar 2923-703 
Ortigas Blanco 29 23 20.46 S, 70 3 11.18 W 4770-5220 
Glaciar 2923-703 (b) Blanco 29 23 26.28 S, 70 3 54.84 W 4810-4895 
Glaciar 2923-704 Blanco 29 23 16.75 S, 70 4 17.08 W 4640-4880 
Glaciar 2923-704 (b) Blanco 29 23 16.09 S, 70 4 39.20 W 4745-4840 
Glaciar R 2923-704 Roca 29 23 27.31 S, 70 4 15.09 W 4510-4640 
Glaciar R 2924-6959 Roca 29 24 8.27 S, 69 59 45.94 W 4455-4605 
Glaciar R 2924-6959 (b) Roca 29 2458.10 S, 69 59 45.65 W 4370-4460 
Glaciar 2924-700 Blanco 29 24 3.93 S, 70 0 45.35 W 4800-5180 
Glaciar 2924-700 (b) Blanco 29 24 27.94 S, 70 0 52.37 W 4930-5235 
Glaciar 2924-700 (c) Blanco 29 24 18.95 S, 70 0 54.50 W 5190-5230 
Glaciar R 2924-700 Roca 29 24 8.64 S, 70 0 0.30 W 4585-4660 
Glaciar R 2924-700 (b) Roca 29 24 17.31 S, 70 0 16.11 W 4560-4765 
Glaciar 2924-701 Blanco 29 24 39.23 S, 70 01 5.41 W 5050-5265 
Glaciar 2924-701 (b) Blanco 29 24 58.20 S, 70 1 30.82 W 5150-5325 
Glaciar 2924-702 Roca 29 24 26.78 S, 70 2 51.55 W 4570-4665 
Glaciar R 2924-702 Roca 29 24 8.07 S, 70 2 14.95 W 4805-4915 
Glaciar R 2924-702 (b) Roca 29 24 7.36 S, 70 2 16.27 W 4805-4900 
Glaciar R 2924-703 Roca 29 24 3.47 S, 70 3 2.17 W 4520-4680 
Glaciar R 2924-703 (b) Roca 29 24 16.58 S, 70 3 44.41 W 4355-4400 
Glaciar R 2924-704 Roca 29 24 16.14 S, 70 4 16.04 W 4230-4280 
Glaciar R 2925-6958 Roca 29 25 43.80 S, 69 58 54.70 W 4105-4195 
Glaciar R 2925-6959 Roca 29 25 48.35 S, 69 59 55.44 W 4435-4520 
Glaciar R 2925-6959 (b) Roca 29 25 41.02 S, 69 59 44.42 W 4380-4490 
Glaciar R 2925-6959 (c) Roca 29 25 46.14 S, 69 59 26.29 W 4100-4280 
Glaciar R 2925-6959 (d) Roca 29 25 46.34 S, 69 59 33.63 W 4210-4310 
Glaciar R 2925-6959 (e) Roca 29 25 42.48 S, 69 59 20.55 W 4110-4195 
Glaciar R 2925-6959 (f) Roca 29 25 43.59 S, 69 59 8.60 W 4075-4095 
Glaciar R 2925-700 Roca 29 25 42.43 S, 70 0 40.92 W 4560-4650 
Glaciar 2925-701 Blanco 29 25 7.21 S, 70 1 52.49 W 5060-5200 
Glaciar 2925-702 Blanco 29 25 23.35 S, 70 2 27.81 W 4845-4130 
Glaciar R 2926-6959 Roca 29 26 27.76 S, 69 59 5578 W 3940-3950 
Glaciar R 2926-6959 (b) Roca 29 26 12.97 S, 69 59 40.21 W 3960-4035 
Glaciar R 2926-6959 (c) Roca 29 26 0.86 S, 69 59 30.10 W 4050-4105 
Glaciar R 2926-6959 (d) Roca 29 26 26.69 S, 69 59 42.55 W 3970-4090 
Glaciar R 2926-700 Roca 29 26 46.74 S, 70 0 13.84 W 3880-3950 
Glaciar R 2926-700 (b) Roca 29 26 59.29 S, 70 0 28.79 W 3815-3900 
Glaciar R 2926-700 (c) Roca 29 26 30.71 S, 70 0 10.32 W 3900-3990 
Glaciar R 2926-700 (d) Roca 29 69 12.62 S, 70 0 48.61 W 4105-4250 
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Glaciar 2926-701 Blanco 29 26 33.73 S, 70 1 45.11 W 4815-4840 
Glaciar 2926-705 Blanco 29 26 16.72 S, 70 5 37.03 W 4472-4625 
Glaciar 2927-6958 Blanco 29 27 22.39 S, 69 58 33.50 W 4770-4815 
Glaciar R 2927-6959 Roca 29 27 36.29 S, 69 59 15.13 W 4340-4475 
Glaciar R 2927-6959 (b) Roca 29 27 12.09 S, 69 59 49.51 W 4340-4465 
Glaciar R 2927-700 Roca 29 27 25.21 S, 70 0 32.81 W 3810-3840 
Glaciar R 2927-700 (b) Roca 29 27 14.45 S, 70 0 16.31 W 3975-4230 
Glaciar R 2927-703 Roca 29 27 11.66 S, 70 3 1.97 W 4410-4520 
Glaciar 2929-6957 Blanco 29 29 47.26 S, 69 57 11.70 W 4790-4905 
Glaciar 2929-6959 Blanco 29 29 58.71 S, 69 59 45.94 W 4850-4955 
Glaciar 2929-6959 (b) Blanco 29 29 47.49 S, 69 59 19.98 W 4905-5020 
Glaciar R 2929-709 Roca 29 29 46.93 S, 70 9 4.08 W 4050-4230 
Glaciar 2930-6957 Blanco 29 30 4.26 S, 69 57 8.00 W 4855-4900 
Glaciar 2930-6957 (b) Blanco 29 30 2.11 S, 69 57 32.25 W 4920-5000 
Glaciar R 2931-702 Roca 29 31 40.07 S, 70 2 30.63 W 3985-4290 
Glaciar R 2931-703 Roca 29 31 18.44 S, 70 3 25.62 W 4120-4210 
Glaciar R 2931-706 Roca 29 31 56.39 S, 70 6 59.03 W 4285-4370 
Glaciar R 2932-708 Roca 29 32 37.51 S, 70 8 26.31 W 4035-4390 
Glaciar R 2933-7019 Roca 29 33 11.73 S, 70 19 56.89 W 3755-3870 
Glaciar R 2933-7021 Roca 29 33 55.52 S, 70 21 36.62 W 4190-4245 
Glaciar R 2933-7021 (b) Roca 29 33 56.29 S, 70 21 20.91 W 4040-4140 
Glaciar R 2936-7017 Roca 29 36 38.96 S, 70 17 39.55 W 4080-4300 
Glaciar 2939-6956 Blanco 29 39 33.71 S, 69 56 28.95 W 4550-4725 
Glaciar 2939-6956 (b) Blanco 29 39 43.96 S, 69 56 52.16 W 4640-4685 
Glaciar 2939-6956 (c) Blanco 29 39 53.32 S, 69 56 59.88 W 4580-4675 
Glaciar 2939-6956 (d) Blanco 29 39 23.17 S, 69 56 39.11 W 4525-4745 
Glaciar 2939-702 Blanco 29 39 50.20 S, 70 2 30.72 W 4730-4810 
Glaciar 2939-702 (b) Blanco 29 39 45.32 S, 70 2 32.06 W 4740-4820 
Glaciar 2939-702 (c) Blanco 29 39 31.33 S, 70 2 32.15 W 4565-4820 
Glaciar R 2939-7015 Roca 29 39 36.77 S, 70 15 57.73 W 4305-4520 
Glaciar 2940-6955 Blanco 29 40 57.21 S, 69 55 3.26 W 4695-4870 
Glaciar 2940-6956 Blanco 29 40 20.56 S, 69 56 49.02 W 4430-4670 
Glaciar R 2940-6958 Roca 29 40 4.06 S, 69 58 32.49 W 4095-4150 
Glaciar R 2940-701 Roca 29 40 46.70 S, 70 1 49.73 W 4375-4545 
Glaciar 2940-702 Blanco 29 40 1.74 S, 70 2 36.18 W 4770-4850 
Glaciar 2940-702 (b) Blanco 29 40 14.01 S, 70 2 48.08 W 4780-4850 
Glaciar R 2940-702 Roca 29 40 53.04 S, 70 2 14.71 W 4175-4365 
Glaciar 2940-703 Blanco 29 40 18.72 S, 70 3 7.83 W 4605-4840 
Glaciar 2940-703 (b) Blanco 29 40 20.96 S, 70 3 33.33 W 4400-4680 
Glaciar 2941-6955 Blanco 29 41 19.00 S, 69 55 27.30 W 4545-4815 
Glaciar R 2941-701 Roca 29 41 4.28 S, 70 1 38.51 W 4200-4370 
Glaciar R 2941-7013 Roca 29 41 38.83 S, 70 13 38.15 W 4440-4690 
Glaciar 2944-701 Blanco 29 44 30.44 S, 70 1 38.96 W 4395-4930 
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Annex: DGA Glacier Inventory 
 
The inventory carried out by the General Water Department (DGA) is below. This inventory 
registers 341 bodies of ice, amongst these, mountain glaciers (25), glacierets (79), and rock 
glaciers (237).  
 
The reader can download a KMZ file to see the location of these galciers at:  
http://wp.cedha.net/wp-content/uploads/2012/12/Glaciares-Huasco-por-el-CONAMA.rar  
 
CEDHA has inventoried some 88 additional glaciers to the DGA inventory. Furthermore, there are 
some differences between the CEDHA inventory and the DGA inventory. For example, the CEDHA 
inventory in some cases identifies a glacier as a single rock glacier, whereas the DGA subdivides 
the glacier into various smaller glaciers, with different root zones contributing ice to multiple 
glaciers. This latter subdivision is probably the correct methodology and would hence increase 
considerably the number of glaciers in the CEDHA inventory.  
 
Another technical aspect to consider is that the DGA registers in the following table, the location of 
glaciers utilizing as UTM system of coordinates. To view this ice bodies utilizing Google Earth, the 
reader must first convert these coordinates to degrees, minutes and seconds. Below we offer an 
internet site where the reader can make this conversion.  
 
 
Internet site to convert UTM to Latitude/Longitude (decimal) 
http://www.nearby.org.uk/coord.cgi?p=19J%2C425262%2C6798090&f=full 
 
Format: 19J,424423,6797320  
The conversion of this coordinate is: Lat: 28.949877S Long: 69.775559W 
 
In Google Earth, chose the option format Lat/Long Decimal 
And enter: -28.949877, -69.775559 
 
Internet site to convert Latitude / Longitude Decimal to Latitud / Longitud Minutos/Segundos 
http://www.jeepreviews.com/wireless-gps-
coordinates/?datum=83&zone=19J&east=400948&north=6752840 
 
Color Code:  
 
YELLOW: Glaciers in common between the DGA and CEDHA inventories 
RED: Additional glaciers not in the DGA inventory found by CEDHA  
VIOLET: Glaciers registered by the DGA that CEDHA considers are not glaciers 


