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A rescue plan for the geological record of the Santa Cruz River 
Valley (The Condor Cliff and La Barrancosa damming Projects). 

 
 
Introduction 
 

The first feasibility study for dam constructions to generate hydroelectric power 
in the Santa Cruz River Valley (SCRV) area was carried out in the early 1950s. The 
project was resumed in 1976 and considered the emplacement of four dams, one in the 
La Leona River Valley, called ñLa Leona Damò and three in the upper and middle 
SCRV, from west to east: ñCondor Cliffò, ñLa Barrancosaò and ñLos Linderosò dams. 
More recently, because of technical and perhaps economic problems, the original 
project was reduced to the construction of two of the projected dams: La Barrancosa 
and Condor Cliff (Figure 1). In 2009, the dam constructions in SCRV area were 
included in the Argentine National Program of Hydroelectric Plants (Programa Nacional 
de Obras Hidroeléctricas), which guarantees the completion of the project in the next 
couple of years. In late 2010 the project was awarded to a group of national firms, but it 
was then reversed, calling for a new awarding to take place this year (2012). The future 
dams were renamed: ñPresidente Néstor Kirchnerò (Condor Cliff) and ñGobernador 
Jorge Cepernicò (La Barrancosa). 

There is no doubt that Argentina, where more than 60% of the energy is 
generated by combustion of natural gas or diesel-oil and fuel-oil, requires alternative, 
renewable and less contaminant energy sources. The construction of hydroelectric 
power plants presents an attractive substitute and the undammed Santa Cruz River, 
with a 790 m3/s water discharge, looks to be an interesting opportunity. This and other 
advantages like the irrigation of wide arid areas of the Patagonian steppe, the two new 
bridges that will connect the central-south with the central-north part of the Santa Cruz 
Province, and the possible touristic development, makes the damming project very 
attractive. But, despite the strength and opportunity offered by this project, there are a 
number of environmental impacts to be considered. The flooding of large areal 
extensions, which is typical in these types of lowland river dams, is the major impact to 
be addressed. As it is known, the altitude of the reservoir provide the means to 
estimate the viability of a hydroelectric project and determine the degree of 
environmental impact that might affect the fluvial ecosystem, the surrounding grazing 
areas, any human settlements - including archeological sites -, as well as key 
geological sites, among other elements that will be inundated and/or modified. In the 
case of Condor Cliff the highest estimated reservoir water level of about 187 m asl, and 
in La Barrancosa of ~118 m asl determines that a large amount of the fluvial 
ecosystem and the neighboring grazing lands (333 and 220 km2, respectively), though 
no large human settlements, will disappear below the water (Figure 1). Nevertheless, 
the maximum water level of operation in Condor Cliff dam is still in debate, and a 
possible connection of the dammed lake with Lago Argentino (185 m asl) is still being 
considered. In this case, a coastal sector of El Calafate, a touristic village located in the 
south-central part of Lago Argentino and some estancias (farms) located at only fairly 
elevated areas could be partially flooded. An additional problem that arises because of 
the possible Lago Argentino water level rise is the accelerated collapse of freshwater 
calving glaciers such as Perito Moreno, Spegazzini, and Upsala (Figure 1). 
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Geological rescue plan 
 

Although in this type of megaproject the feasibility studies include the so-called 
ñrescue tasksò, which involve biological, archeological and geological research works, 
in the best case they comprise only a quick superficial examination of these topics. 

Concerning our specialty in Earth science, the dam construction will flood many 
critical geological sites that preserve unique elements to understand the latest 
Cenozoic paleoenvironmental, stratigraphical, paleontological, and glacial history of the 
region. Even the historical landmarks of Darwinôs classical geological descriptions, 
obtained during his journey with Fitz Roy along the SCRV in April 1832 (Darwin, 1842), 
will disappear. 

 

 
Figure 1.- Satellite images showing the (A) present pre-dams situation and (B) post-dams 
flooded land reconstruction, with location of the future dams (black pointing arrows) and the 
flooded area (in blue, within the red frames showing the location of Figures 4 and 8). Maximum 
lake level and reservoir area are: in Condor Cliff 187.5 m asl and 333 km

2
, and in La 

Barrancosa 118.3 m a.s.l. and 220 km
2
 respectively. 
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Consequently it is crucial to generate a Rescue Plan to save as much as 
possible from the geological record that otherwise will be lost forever. The main 
objective of the rescue plan is to: 

 
alert and entrust the scientific community to save as much as possible from the 
last 30 million years of Santa Cruz River Valley geological history, before these 
sites and records become flooded by ñCondor Cliffò and ñLa Barrancosaò dam 
reservoirs. 

 
The additional specific objectives are to: 
 

1. call for all researchers and institutions interested in participation and provision 
of funds for this Rescue Plan, 

2. arrange the work strategy based on all the participants knowledge about the 
menaced areas, focusing on the detection of any critical sites, 

3. perform field work to describe and sample all the previously determined 
localities and any newly discovered geological sites, 

4. create a georreferenced database containing all the obtained data and all of the 
field information of the collected samples, to be used by the wider scientific 
community. 
 
In accordance with the first specific objective (ñécall for all researchers and 

institutionséò) it is essential to attract the attention of as many scientists as it is 
possible to take part in the Rescue Plan, considering that each described landform, 
stratigraphic section and samples collected could have a significant value for future 
research in different disciplines. 

The Rescue Plan does not involve the analyses, final interpretation, and 
publication of the acquired data and samples. Instead an archive containing the 
landform, profiles, and original sample location and description will be generated. 
Changes and additional actions will be discussed during the second stage of the plan 
(ñéarrange the work strategyéò). 

The following text is only a brief overview of some of the geological issues that 
this area provides. 
 
 

Geological framework 
 
The Santa Cruz River Valley (SCRV) geological history goes back 30 million 

years when a shallow sea occupied the region (leading to the Monte León Formation). 
About 12 million years ago the sea level dropped giving way to a fluvial landscape and 
biome similar to the present African savanna, where large now extinct mammals (now 
buried in the Santa Cruz Formation) lived. Volcanic episodes accompanying the 
uplifting of the mountains, accumulated ash layers between the marine and fluvial 
sediments. 

About 7 million years ago, after and during the previously described marine and 
fluvial aggradation episodes, the extra-Andean cordillera was rising towards present 
elevations. At the same time a new feature appeared in the piedmont region of the 
SCRV; large ice tongues penetrated the Patagonian lowlands as a consequence of the 
Cordilleran elevation and climate change forcing as the Late Cenozoic ice age 
intensified. The glacier advance was accompanied by basalts erupting on the east 
Andean and extra-Andean regions. Since this first Patagonian glaciation the ice 
masses reached at least five different times into the upper SCRV, leaving its footprints 
in the extra-Andean landscape. 

Considering both river dam-reservoir locations, Condor Cliff dam (333 km2) will 
mostly affect Plio-Pleistocene glaciogenic landforms; whereas La Barrancosa dam (220 
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km2) will be mainly affecting Tertiary sedimentary and pyroclastic sequences of Santa 
Cruz Formation. 
 
 
1.- Condor Cliff dam 
 
1.1.-Tertiary sedimentary and volcanic rocks 
 

As we mention above, there are minor early Miocene outcrops of Santa Cruz 
Formation menaced by the Condor Cliff dam-reservoir. 

Partially documented exposures are located along the southern shore of the 
SCRV, cut in the small hills and in the deep gullies entrenched in the Arroyo Verde 
glaciofluvial terrace (S1, Figure 2). Other, more than 100 m, thick stacked Tertiary 
sediment exposures are located along the northern cliff of the SCRV (S2, Figure 2). 
Some of these outcrops were preliminary described and sampled (e.g., Darwin, 1842; 
Strelin and Tauber, unpublished) but much more detailed field work is necessary to 
document this important geologic record (Tauber, 2008). 

 

 
 
Figure 2.- Satellite image (A) before and (B) after Condor Cliff dam construction. See text for 
S1, S2, and S3 sites explanation. 

 
The epiclastic and pyroclastic Santa Cruz Formation sequences are generally 

covered by gravel of the ñPatagonian Shingle Formationò and/or Plio-Pleistocene lavas 
flows (S2, Figure 2 and Figure 3). The calcined contact with the lava flows reaches 
normally to more than 300 m (asl). But one important exception was recognized very 
close to the future Condor Cliff dam emplacement, where the basalts drop to 200 m 
altitude (asl). At this site known as ñRinc·n de las Vacasò the basaltic lava covers pillow 
lavas and pyroclastic palagonite-breccias and tuffs (S3, Figure 2) which rest on top of 
the Santa Cruz Formation. These outcrops are indicating a deep Pliocene 
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entrenchment of the former SCRV, and seem to be a key locality for the study of the 
Pliocene-Early Pleistocene SCRV evolution. Immediately north of Rincón de las Vacas, 
on the opposite side of the SCRV, Darwinôs (1842) historical Condor Cliff section is 
located. This section was later visited and reinterpreted by Mercer et al. (1975) and 
Strelin and Malagnino (2009) (Figure 3). Similar to Rincón de las Vacas in the south, 
Darwinôs section is located at the place were Condor Cliff dam will be anchored on the 
northern side of SCRV. 
 

 
 
Figure 3 - Condor Cliff according to (a) Darwin's interpretation (1842), (b) Mercer et al. (1975), 
and (c) Strelin and Malagnino (2009). 1) Santa Cruz Formation, 2) San Fernando Terrace 
alluvium (Strelin et al., 1999), 3) Condor Cliff Basalts, 4) Erratic blocks of the Estancia La 
Fructuosa Moraine (Strelin,1995), 5) post Pliocene gravel strata (Mercer et al., 1975). 
 
 

1.2.- Late Tertiary and Quaternary landforms and deposits 
 
The Late Tertiary and Quaternary landforms and deposits menaced by the 

Condor Cliff dam reservoir are mainly of glaciogenic origin. As it is shown in the map of 
Figure 4, five main glacier advances with corresponding moraine ridges and outwash 
plains are distinguishable in the upper SCRV. 

The 1st and oldest ñPampa Alta morainesò and the 2nd, eastward more 
expanded, ñLa Fructuosa morainesò, will remain above the flooding level of both dams. 
The 3th ñCerro Fortaleza morainesò will be slight impacted, while the 4th ñArroyo Verde 
morainesò and 5th ñEl Tranquilo morainesò, separated by the ñPaleolago Argentino 
landforms and depositsò, will be markedly affected by the dam-reservoir. 
 
Pampa Alta moraines 

Pampa Alta moraines and corresponding glaciofluvial plains are located at high 
elevations, 1000 to 500 m asl, on top of the northern and southern water divide of the 
SCRV. These moraines represent the oldest glacier advance that reaches the Andean 
piedmont. They were deposited before the entrenching of the SCRV, probably during 
the Late Miocene to Early Pliocene (Strelin and Malagnino, 2009). 

 

La Fructuosa and Chuñi Aike moraines 
La Fructuosa moraines were deposited by the most eastward expanded 

glaciation. The lateral moraine deposits reach the top of the valley slope and decline 
eastward were they are clearly channelized in the SCRV. The Chuñi Aike moraines 
were probably deposited by a later readvance of the glacier during the same glaciation. 
In both cases, only the lateral moraines, incorporating large erratic blocks, are 
preserved (S1, Figure 5). La Fructuosa and Chuñi Aike frontal moraines were later 
reworked by fluvial and lacustrine erosion. A glacial-lake bursting event was also 
involved in the landscape degradation. The main road that climbs up the Pampa Alta 
on the southern slope of the SCRV cuts through glaciolacustrine deposits linked to this 
glaciation. Preliminary palaeomagnetic studies of varved sediments yield normal 
polarity (Strelin et al., 1999) indicating that they are less than 780,000 years old. 
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Figure 4 - (A) Landforms generated during the glacier advances that shaped the upper SCRV. 
(B) In blue is the planned Condor Cliff dam reservoir, showing to what extent the different glacial 
landforms will be flooded. Note that the increase of Lago Argentino area is because of the 
possible 2 m rise of the lake. The red frames are indicating the location of Figures 2, 5, 6, and 7. 

 
 
Cerro Fortaleza moraines (Ante-penultimate Glaciation) 

The Cerro Fortaleza moraines and outwash deposits reach 70° 46' west 
longitude. They are essentially restricted to the main SCRV, intersecting remnants of 
the even older moraines, outwash, and the Rincón de las Vacas basalts. Large erratic 
blocks cover the lateral moraines which remain well shaped to close to their frontal 
position. Landforms and exposures are well preserved allowing a good reconstruction 
of the glaciated area (S2, Figure 5). During the glacier fluctuation or recession, several 
glacier lakes formed, generating noticeable lacustrine deposits assigned to the mainly 
silty deposits known as "Complejo Limoso". The main outcrop of ñComplejo Limosoò is 
located on the active river-cliff, shaped on the right (South) side of SCRV (S3, Figure 
5). Evidence of glacier proximity was established by the presence of flow-till 
interbedded with the ñComplejo Limosoò lacustrine silts. 
 
 



7 

 

 
 
Figure 5 - Satellite image (A) before and (B) after Condor Cliff dam construction. See text for 
S1, S2, and S3 sites explanation. 
 
Arroyo Verde moraines (Penultimate Glaciation) 

The Arroyo Verde moraines are separated into two moraine systems: the 
Arroyo Verde 1 moraines, which show a large proximal glacifluvial aggradation favored 
by the valley narrowness. During several glacial readvances the abandoned older 
moraine deposits were ñsubmergedò by younger glacifluvial sediments. The second 
moraine system, Arroyo Verde 2 moraines, was deposited during a minor glacier 
readvance, followed by a rapid glacier recession and formation of a glacial-lake 
(Paleolago Argentino). This old glacial lake left behind well-shaped landforms such as 
raised beaches, bars, spits, lagoons and deltas (S2, Figure 6). A catastrophic draining 
(out-bursting) occurred after Arroyo Verde 2 moraine deposition generating large 
gravely bars and other megaflooding related landforms (S1, Figure 6). Clay and silty 
glacier-lake underflow and overflow deposits testify to the presence of this large water 
body close to the river section known as ñPrimer Laberintoò (S3, Figure 6). 
 
El Tranquilo moraines (Last Glaciation) 

El Tranquilo moraines involve three moraine systems El Tranquilo 1, El 
Tranquilo 2, and the Puerto Bandera moraines. The first two systems are located east 
of Lago Argentino whereas the third, Puerto Bandera moraines, enclose the different 
branches without reaching the east part of the main lake. Puerto Bandera moraines will 
not be affected by the damming of SCRV. The external El Tranquilo 1 moraines involve 
at less 7 larger ridges and judging by associated deformed landforms, it is possible that 
during formation of these moraines a part of the glacial-lake Paleolago Argentino still 
existed. Channeled and partially deformed outwash and lodgment till deposits are 
exposed in the present Santa Cruz River cliffs (S1, Figure 7). The second moraine 
system, El Tranquilo 2, shows 8 well preserved terminal moraine ridges and sediment 
exposures in which typical glacial-transgressive/regressive sediment sequences are re- 


