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paradigm of subduction orogeny...
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barely known / importance dismissed.
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Hartley and Houston 2003
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Atacama Bench =
 

plateau ~1km asl
with subdued relief,

long-standing evolution 
at very low rate
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Drainage at geomorphic threshold
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Coudurier-Curveur, Lacassin, Armijo EPSL 2015
Landscape Evolution Model with Carretier and 

Lucazeau (2005) code
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Armijo, Lacassin, Coudurier-Curveur, Carrizo, 2015North Chile Fold & Thrust Belt  (~21°S)

San Ramón Fold & Thrust Belt (~33°S)

~1400 km southward 

Armijo et al. 2010
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San Ramón Fault  - Helicopter view - R. Lacassin
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San Ramón Fault (WAT)

Two large Mw~7.5 
earthquakes in the past 

17-19 kyr

Last event ~8 kyr

ripe for another large 
earthquake…

Vargas et al., Geology, 2014
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San Ramón Fold & Thrust Belt (~33°S) 
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enlarging the view…

Bivergent diachronic growth
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3.3. Andean structural cycle during dispersal of Gondwana: from spreading
to contraction of Andean subduction margin

The Andean cycle is associatedwith the oceanic–continental Andean
subduction process that developed throughout the past ~190 Myr
(Early Jurassic to Present), which in turn is associated with the early
Jurassic fragmentation of Pangaea, followed by the long-lasting frag-
mentation of Gondwana, the opening of the Atlantic, and the westward
drift of South America (Russo and Silver, 1996; Collins, 2003; Husson
et al., 2008). The Andean orogeny is the ultimate result of the Andean
structural cycle, which is driven by subduction of the eastern plates of
the Pacific Ocean (Farallon and Nazca) under Gondwanan basement at

the west margin of South America. The first half of the Andean cycle,
during most of the Mesozoic, occurred under extension across the sub-
duction margin probably associated with negative trench rollback ve-
locity (trench retreat relative to SouthAmerica) (Husson et al., 2008;
Ramos, 2010). The secondhalf,mostly during the Cenozoic, is character-
ized by a long transitional period (null trench rollback velocity, unstable
trench) followed by the Andean orogeny, characterized by increasing
contraction across the margin and progressive mountain building,
associated with positive trench rollback velocity (trench advance rela-
tive to SouthAmerica) (Husson et al., 2008; Ramos, 2010). During the
Andean cycle, the subduction process is characterized by progressive
continent-ward migration of a conspicuous magmatic arc, which is

Fig. 8. Cenozoic evolution (post 30 Ma) of west flank piedmont of Central Andes: evidence for increasing aridity. The figure describes schematically the late evolution of the piedmont,
after completion of the main tectonic pulse of shortening and mountain building associated with significant erosion and basement exhumation of the Western Cordillera between
~50Ma and 30Ma, which is well exposed in the Cordillera Domeyko area (see text, Section 3.4, and Figs. 4 and 9–11). The early deformation has occurred by inversion of a proto-Andean
(Mesozoic) volcanic arc and back-arc basin system, which had previously formed at the subductionmargin of South America. The best evidence for the shortening has occurred by devel-
opment of a west-vergent fold-thrust belt (light green adorned with contorted stripes in darker green) associated with activity of the West Andean Thrust, indicated by double arrows
beneath the boundary between Mesozoic rocks and the Andean (Western Cordillera) basement. The overall geometry of the present-day stage is represented without vertical exagger-
ation by the section in Fig. 13. The names of stratigraphic formations are those used for units defined in North Chile. The four panels are intended to describe themain features of the pied-
mont evolutionwhile theWestern Cordillera has been slowly rising above it since 30Ma, developing a vastmonocline at its flank (Isacks, 1988; Hoke et al., 2007; Jordan et al., 2010; Decou
et al., 2011), associatedwith discrete localized thrusts at its base (Muñoz and Charrier, 1996; Victor et al., 2004; Farías et al., 2005; García andHérail, 2005). The relative degree of aridity for
each panel is shown in parentheses. Erosion since 30Ma ismuch less than immediately after the previous tectonic pulse. Lower-right panel (snapshot at ~30Ma): An erosion surface (des-
ignated Choja Pediplain: Galli-Olivier (1967)) has formed over the truncated fold-thrust structure, aswell as over exhumed basement rocks of the earlyWestern Cordillera and the coastal
region. Upper-right panel (evolution from~30Ma to 15Ma): The Central Depression Basin startswith deposition of OligoceneAzapa formation (correlatedwithMoquegua group in South
Peru (Sébrier et al., 1988; Thouret et al., 2007)) followed by series of volcanic ashes and lava flows (mainly the Oxaya ignimbrites (Muñoz and Charrier, 1996; Schlunegger et al., 2010),
correlated with the Huaylillas ignimbrites in South Peru (Sébrier et al., 1988; Thouret et al., 2007) fed by the nearby Miocene volcanic arc. Lower-left panel (evolution from ~15 Ma to
10 Ma): End of development and abandonment of the Central Depression Basin. As the Miocene volcanism stops, the El Diablo formation is deposited (Chuntacala formation in South
Peru, see Charrier et al. (2007)), followed by formation of the Atacama Pediplain (Evenstar et al., 2009). Note that formation of the Choja Pediplain completed by ~30Ma and the Atacama
Pediplain completed by ~15–10 Ma appear to mark important steps during progressive increase of aridity in Atacama, the earlier possibly representing transition from semi-aridity to
aridity; the later transition from aridity to hyper-aridity (see text, Section 2.3). Question marks associated with fault and basin in the oceanward forearc express their unknown age.
Upper-left panel (snapshot of present day): Uplift of the Atacama Bench (in yellow, identified on the flat western part of the warped Atacama Pediplain) with respect to the oceanic
base level (documented by incision of deep canyons; dashed blue). The modern volcanic arc is located 10–20 km east of the extinct Miocene volcanoes. The ~2 km vertical separation
of the Atacama Bench (and the Central Depression Basin) from the offshore terrace (and the oceanward forearc basin) is largely, but possibly not entirely, attributable to the post-
10 Ma overall Andean uplift with respect to the oceanward forearc. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)

12 R. Armijo et al. / Earth-Science Reviews 143 (2015) 1–35
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3.3. Andean structural cycle during dispersal of Gondwana: from spreading
to contraction of Andean subduction margin

The Andean cycle is associatedwith the oceanic–continental Andean
subduction process that developed throughout the past ~190 Myr
(Early Jurassic to Present), which in turn is associated with the early
Jurassic fragmentation of Pangaea, followed by the long-lasting frag-
mentation of Gondwana, the opening of the Atlantic, and the westward
drift of South America (Russo and Silver, 1996; Collins, 2003; Husson
et al., 2008). The Andean orogeny is the ultimate result of the Andean
structural cycle, which is driven by subduction of the eastern plates of
the Pacific Ocean (Farallon and Nazca) under Gondwanan basement at

the west margin of South America. The first half of the Andean cycle,
during most of the Mesozoic, occurred under extension across the sub-
duction margin probably associated with negative trench rollback ve-
locity (trench retreat relative to SouthAmerica) (Husson et al., 2008;
Ramos, 2010). The secondhalf,mostly during the Cenozoic, is character-
ized by a long transitional period (null trench rollback velocity, unstable
trench) followed by the Andean orogeny, characterized by increasing
contraction across the margin and progressive mountain building,
associated with positive trench rollback velocity (trench advance rela-
tive to SouthAmerica) (Husson et al., 2008; Ramos, 2010). During the
Andean cycle, the subduction process is characterized by progressive
continent-ward migration of a conspicuous magmatic arc, which is

Fig. 8. Cenozoic evolution (post 30 Ma) of west flank piedmont of Central Andes: evidence for increasing aridity. The figure describes schematically the late evolution of the piedmont,
after completion of the main tectonic pulse of shortening and mountain building associated with significant erosion and basement exhumation of the Western Cordillera between
~50Ma and 30Ma, which is well exposed in the Cordillera Domeyko area (see text, Section 3.4, and Figs. 4 and 9–11). The early deformation has occurred by inversion of a proto-Andean
(Mesozoic) volcanic arc and back-arc basin system, which had previously formed at the subductionmargin of South America. The best evidence for the shortening has occurred by devel-
opment of a west-vergent fold-thrust belt (light green adorned with contorted stripes in darker green) associated with activity of the West Andean Thrust, indicated by double arrows
beneath the boundary between Mesozoic rocks and the Andean (Western Cordillera) basement. The overall geometry of the present-day stage is represented without vertical exagger-
ation by the section in Fig. 13. The names of stratigraphic formations are those used for units defined in North Chile. The four panels are intended to describe themain features of the pied-
mont evolutionwhile theWestern Cordillera has been slowly rising above it since 30Ma, developing a vastmonocline at its flank (Isacks, 1988; Hoke et al., 2007; Jordan et al., 2010; Decou
et al., 2011), associatedwith discrete localized thrusts at its base (Muñoz and Charrier, 1996; Victor et al., 2004; Farías et al., 2005; García andHérail, 2005). The relative degree of aridity for
each panel is shown in parentheses. Erosion since 30Ma ismuch less than immediately after the previous tectonic pulse. Lower-right panel (snapshot at ~30Ma): An erosion surface (des-
ignated Choja Pediplain: Galli-Olivier (1967)) has formed over the truncated fold-thrust structure, aswell as over exhumed basement rocks of the earlyWestern Cordillera and the coastal
region. Upper-right panel (evolution from~30Ma to 15Ma): The Central Depression Basin startswith deposition of OligoceneAzapa formation (correlatedwithMoquegua group in South
Peru (Sébrier et al., 1988; Thouret et al., 2007)) followed by series of volcanic ashes and lava flows (mainly the Oxaya ignimbrites (Muñoz and Charrier, 1996; Schlunegger et al., 2010),
correlated with the Huaylillas ignimbrites in South Peru (Sébrier et al., 1988; Thouret et al., 2007) fed by the nearby Miocene volcanic arc. Lower-left panel (evolution from ~15 Ma to
10 Ma): End of development and abandonment of the Central Depression Basin. As the Miocene volcanism stops, the El Diablo formation is deposited (Chuntacala formation in South
Peru, see Charrier et al. (2007)), followed by formation of the Atacama Pediplain (Evenstar et al., 2009). Note that formation of the Choja Pediplain completed by ~30Ma and the Atacama
Pediplain completed by ~15–10 Ma appear to mark important steps during progressive increase of aridity in Atacama, the earlier possibly representing transition from semi-aridity to
aridity; the later transition from aridity to hyper-aridity (see text, Section 2.3). Question marks associated with fault and basin in the oceanward forearc express their unknown age.
Upper-left panel (snapshot of present day): Uplift of the Atacama Bench (in yellow, identified on the flat western part of the warped Atacama Pediplain) with respect to the oceanic
base level (documented by incision of deep canyons; dashed blue). The modern volcanic arc is located 10–20 km east of the extinct Miocene volcanoes. The ~2 km vertical separation
of the Atacama Bench (and the Central Depression Basin) from the offshore terrace (and the oceanward forearc basin) is largely, but possibly not entirely, attributable to the post-
10 Ma overall Andean uplift with respect to the oceanward forearc. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)

12 R. Armijo et al. / Earth-Science Reviews 143 (2015) 1–35
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3.3. Andean structural cycle during dispersal of Gondwana: from spreading
to contraction of Andean subduction margin

The Andean cycle is associatedwith the oceanic–continental Andean
subduction process that developed throughout the past ~190 Myr
(Early Jurassic to Present), which in turn is associated with the early
Jurassic fragmentation of Pangaea, followed by the long-lasting frag-
mentation of Gondwana, the opening of the Atlantic, and the westward
drift of South America (Russo and Silver, 1996; Collins, 2003; Husson
et al., 2008). The Andean orogeny is the ultimate result of the Andean
structural cycle, which is driven by subduction of the eastern plates of
the Pacific Ocean (Farallon and Nazca) under Gondwanan basement at

the west margin of South America. The first half of the Andean cycle,
during most of the Mesozoic, occurred under extension across the sub-
duction margin probably associated with negative trench rollback ve-
locity (trench retreat relative to SouthAmerica) (Husson et al., 2008;
Ramos, 2010). The secondhalf,mostly during the Cenozoic, is character-
ized by a long transitional period (null trench rollback velocity, unstable
trench) followed by the Andean orogeny, characterized by increasing
contraction across the margin and progressive mountain building,
associated with positive trench rollback velocity (trench advance rela-
tive to SouthAmerica) (Husson et al., 2008; Ramos, 2010). During the
Andean cycle, the subduction process is characterized by progressive
continent-ward migration of a conspicuous magmatic arc, which is

Fig. 8. Cenozoic evolution (post 30 Ma) of west flank piedmont of Central Andes: evidence for increasing aridity. The figure describes schematically the late evolution of the piedmont,
after completion of the main tectonic pulse of shortening and mountain building associated with significant erosion and basement exhumation of the Western Cordillera between
~50Ma and 30Ma, which is well exposed in the Cordillera Domeyko area (see text, Section 3.4, and Figs. 4 and 9–11). The early deformation has occurred by inversion of a proto-Andean
(Mesozoic) volcanic arc and back-arc basin system, which had previously formed at the subductionmargin of South America. The best evidence for the shortening has occurred by devel-
opment of a west-vergent fold-thrust belt (light green adorned with contorted stripes in darker green) associated with activity of the West Andean Thrust, indicated by double arrows
beneath the boundary between Mesozoic rocks and the Andean (Western Cordillera) basement. The overall geometry of the present-day stage is represented without vertical exagger-
ation by the section in Fig. 13. The names of stratigraphic formations are those used for units defined in North Chile. The four panels are intended to describe themain features of the pied-
mont evolutionwhile theWestern Cordillera has been slowly rising above it since 30Ma, developing a vastmonocline at its flank (Isacks, 1988; Hoke et al., 2007; Jordan et al., 2010; Decou
et al., 2011), associatedwith discrete localized thrusts at its base (Muñoz and Charrier, 1996; Victor et al., 2004; Farías et al., 2005; García andHérail, 2005). The relative degree of aridity for
each panel is shown in parentheses. Erosion since 30Ma ismuch less than immediately after the previous tectonic pulse. Lower-right panel (snapshot at ~30Ma): An erosion surface (des-
ignated Choja Pediplain: Galli-Olivier (1967)) has formed over the truncated fold-thrust structure, aswell as over exhumed basement rocks of the earlyWestern Cordillera and the coastal
region. Upper-right panel (evolution from~30Ma to 15Ma): The Central Depression Basin startswith deposition of OligoceneAzapa formation (correlatedwithMoquegua group in South
Peru (Sébrier et al., 1988; Thouret et al., 2007)) followed by series of volcanic ashes and lava flows (mainly the Oxaya ignimbrites (Muñoz and Charrier, 1996; Schlunegger et al., 2010),
correlated with the Huaylillas ignimbrites in South Peru (Sébrier et al., 1988; Thouret et al., 2007) fed by the nearby Miocene volcanic arc. Lower-left panel (evolution from ~15 Ma to
10 Ma): End of development and abandonment of the Central Depression Basin. As the Miocene volcanism stops, the El Diablo formation is deposited (Chuntacala formation in South
Peru, see Charrier et al. (2007)), followed by formation of the Atacama Pediplain (Evenstar et al., 2009). Note that formation of the Choja Pediplain completed by ~30Ma and the Atacama
Pediplain completed by ~15–10 Ma appear to mark important steps during progressive increase of aridity in Atacama, the earlier possibly representing transition from semi-aridity to
aridity; the later transition from aridity to hyper-aridity (see text, Section 2.3). Question marks associated with fault and basin in the oceanward forearc express their unknown age.
Upper-left panel (snapshot of present day): Uplift of the Atacama Bench (in yellow, identified on the flat western part of the warped Atacama Pediplain) with respect to the oceanic
base level (documented by incision of deep canyons; dashed blue). The modern volcanic arc is located 10–20 km east of the extinct Miocene volcanoes. The ~2 km vertical separation
of the Atacama Bench (and the Central Depression Basin) from the offshore terrace (and the oceanward forearc basin) is largely, but possibly not entirely, attributable to the post-
10 Ma overall Andean uplift with respect to the oceanward forearc. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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3.3. Andean structural cycle during dispersal of Gondwana: from spreading
to contraction of Andean subduction margin

The Andean cycle is associatedwith the oceanic–continental Andean
subduction process that developed throughout the past ~190 Myr
(Early Jurassic to Present), which in turn is associated with the early
Jurassic fragmentation of Pangaea, followed by the long-lasting frag-
mentation of Gondwana, the opening of the Atlantic, and the westward
drift of South America (Russo and Silver, 1996; Collins, 2003; Husson
et al., 2008). The Andean orogeny is the ultimate result of the Andean
structural cycle, which is driven by subduction of the eastern plates of
the Pacific Ocean (Farallon and Nazca) under Gondwanan basement at

the west margin of South America. The first half of the Andean cycle,
during most of the Mesozoic, occurred under extension across the sub-
duction margin probably associated with negative trench rollback ve-
locity (trench retreat relative to SouthAmerica) (Husson et al., 2008;
Ramos, 2010). The secondhalf,mostly during the Cenozoic, is character-
ized by a long transitional period (null trench rollback velocity, unstable
trench) followed by the Andean orogeny, characterized by increasing
contraction across the margin and progressive mountain building,
associated with positive trench rollback velocity (trench advance rela-
tive to SouthAmerica) (Husson et al., 2008; Ramos, 2010). During the
Andean cycle, the subduction process is characterized by progressive
continent-ward migration of a conspicuous magmatic arc, which is

Fig. 8. Cenozoic evolution (post 30 Ma) of west flank piedmont of Central Andes: evidence for increasing aridity. The figure describes schematically the late evolution of the piedmont,
after completion of the main tectonic pulse of shortening and mountain building associated with significant erosion and basement exhumation of the Western Cordillera between
~50Ma and 30Ma, which is well exposed in the Cordillera Domeyko area (see text, Section 3.4, and Figs. 4 and 9–11). The early deformation has occurred by inversion of a proto-Andean
(Mesozoic) volcanic arc and back-arc basin system, which had previously formed at the subductionmargin of South America. The best evidence for the shortening has occurred by devel-
opment of a west-vergent fold-thrust belt (light green adorned with contorted stripes in darker green) associated with activity of the West Andean Thrust, indicated by double arrows
beneath the boundary between Mesozoic rocks and the Andean (Western Cordillera) basement. The overall geometry of the present-day stage is represented without vertical exagger-
ation by the section in Fig. 13. The names of stratigraphic formations are those used for units defined in North Chile. The four panels are intended to describe themain features of the pied-
mont evolutionwhile theWestern Cordillera has been slowly rising above it since 30Ma, developing a vastmonocline at its flank (Isacks, 1988; Hoke et al., 2007; Jordan et al., 2010; Decou
et al., 2011), associatedwith discrete localized thrusts at its base (Muñoz and Charrier, 1996; Victor et al., 2004; Farías et al., 2005; García andHérail, 2005). The relative degree of aridity for
each panel is shown in parentheses. Erosion since 30Ma ismuch less than immediately after the previous tectonic pulse. Lower-right panel (snapshot at ~30Ma): An erosion surface (des-
ignated Choja Pediplain: Galli-Olivier (1967)) has formed over the truncated fold-thrust structure, aswell as over exhumed basement rocks of the earlyWestern Cordillera and the coastal
region. Upper-right panel (evolution from~30Ma to 15Ma): The Central Depression Basin startswith deposition of OligoceneAzapa formation (correlatedwithMoquegua group in South
Peru (Sébrier et al., 1988; Thouret et al., 2007)) followed by series of volcanic ashes and lava flows (mainly the Oxaya ignimbrites (Muñoz and Charrier, 1996; Schlunegger et al., 2010),
correlated with the Huaylillas ignimbrites in South Peru (Sébrier et al., 1988; Thouret et al., 2007) fed by the nearby Miocene volcanic arc. Lower-left panel (evolution from ~15 Ma to
10 Ma): End of development and abandonment of the Central Depression Basin. As the Miocene volcanism stops, the El Diablo formation is deposited (Chuntacala formation in South
Peru, see Charrier et al. (2007)), followed by formation of the Atacama Pediplain (Evenstar et al., 2009). Note that formation of the Choja Pediplain completed by ~30Ma and the Atacama
Pediplain completed by ~15–10 Ma appear to mark important steps during progressive increase of aridity in Atacama, the earlier possibly representing transition from semi-aridity to
aridity; the later transition from aridity to hyper-aridity (see text, Section 2.3). Question marks associated with fault and basin in the oceanward forearc express their unknown age.
Upper-left panel (snapshot of present day): Uplift of the Atacama Bench (in yellow, identified on the flat western part of the warped Atacama Pediplain) with respect to the oceanic
base level (documented by incision of deep canyons; dashed blue). The modern volcanic arc is located 10–20 km east of the extinct Miocene volcanoes. The ~2 km vertical separation
of the Atacama Bench (and the Central Depression Basin) from the offshore terrace (and the oceanward forearc basin) is largely, but possibly not entirely, attributable to the post-
10 Ma overall Andean uplift with respect to the oceanward forearc. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)

12 R. Armijo et al. / Earth-Science Reviews 143 (2015) 1–35
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Opening of Drake passage,
Antarctic Circumpolar Current,

& Peru-Chile Current

Also Schellart et al. 2007 & Schellart 2008
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Few inspiring papers about large-scale kinematics and dynamics

Russo, R.M., Silver, P.G., 1994. Trench-parallel flow beneath the Nazca Plate from 
seismic anisotropy. Science 263 (5150), 1105–1111.

Russo, R.M., Silver, P.G., 1996. Cordillera formation, mantle dynamics, and the Wilson 
cycle. Geology 24 (6), 511–514.

Silver, P.G., Russo, R.M., Lithgow-Bertelloni, C., 1998. Coupling of South American 
and African Plate motion and Plate deformation. Science 279 (5347), 60–63.

Schellart, W.P., Freeman, J., Stegman, D.R., Moresi, L., May, D., 2007. Evolution and 
diver- sity of subduction zones controlled by slab width. Nature 446, 308–311

Husson, L., Conrad, C.P., Faccenna, C., 2008. Tethyan closure, Andean orogeny, and 
west-ward drift of the Pacific Basin. Earth Planet. Sci. Lett. 271 (1), 303–310.

Faccenna, C., Becker, T.W., Conrad, C.P., Husson, L., 2013. Mountain building and 
mantle dynamics. Tectonics 32 (1), 80–93.

People:  Rolando Armijo, Robin Lacassin (IPG Paris), Aurélie Coudurier Curveur (now at EOS Singapore), 
Daniel Carrizo (U. Chile Santiago)
Thanks to G. Vargas, R. Thiele, J. Campos, R. Garreaud (U. Chile), G. Gonzalez (U. Antofagasta), F. Métivier (IPGP) - 
M. Riesner, G. Fuentes (both working on their PhD) - and many others for enlightening discussions.

Papers:  Armijo R., Lacassin R., Coudurier-Curveur A., Carrizo D., Coupled tectonic evolution of Andean orogeny and global climate, 
Earth Science Reviews, 143, 1-35, 2015.
Coudurier-Curveur A., Lacassin R., Armijo R., Andean growth and monsoon winds drive landscape evolution at SW margin of South 
America, EPSL, 2015.
Vargas G., Klinger Y., Rockwell T., Forman S.L., Rebolledo S., Lacassin R., Armijo R., Probing occurrence of large intra-plate 
earthquakes at the west flank of the Andes, Geology, 2015.
Armijo R., Rauld R., Thiele R., Vargas G., Campos J., Lacassin R., Kausel E., The West Andean Thrust (WAT), the San Ramón Fault 
and the seismic hazard for Santiago (Chile), Tectonics, 2010.

High-resolution versions of many figures as well as other infos at :  
http://www.ipgp.fr/~lacassin
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Our new model :
- elucidates structure 
of W andean flank & 
links with subduction
- suggests tectonic-
climate interactions & 
feedbacks
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