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Although the Andes and the Alps are extremely 
diverse in terns of size, internal architecture, comple-
tion of a Wilson cycle, etc. the Alps may have shared 
a common early pre-collisional stage of evolution 
during the Cretaceous with that of the Cenozoic An-
des. In both cases, consumption of oceanic crust 
was reflected by various modes of upper plate de-
formation. Although the latter has been obscured in 
the Alps owing to subsequent collision, its traces are 
well preserved in the Eastern and Southern Alps. 
Yet, direct comparison between both orogens indi-
cates a substantial difference: Alpine deformation, 
including also subsequent collision was essentially  
focused on the forearc domain of the Adriatic plate 
(although no real arc is present with exception of the 
Colli Euganei). The Alps have virtually grown by con-
tinuous material addition through mainly basal accre-
tion to the former forearc system. In contrast, nearly 
all of the Andean deformation seems to be confined 
to the backarc domain. Only minor deformation has 
affected the South American forearc during Ceno-
zoic plateau building with very diverse styles from 
southern Peru to southern Chile. The mechanisms 
responsible for these features are gradually emerg-
ing from various ongoing research initiatives and 
may provide clues for understanding the early evolu-
tion of the Cretaceous Alpine orogen. 

In the case of the Alps initial stacking of the Aus-
troalpine nappes during subduction of the Penninic 
Ocean was succeeded by extensional collapse and 
crustal thinning of the internally shortened forearc 
during the Late Cretaceous Gosau stage with sub-
stantial subsidence of the depositional surface (e.g. 
Schmid et al., 1996). This evolution has been inter-
preted to reflect a stage of subduction erosion upon 
collision of the active margin with the approaching 
oceanic spreading system (Wagreich, 1995). Other 
authors have argued that the kinematic evolution of 
the former upper plate may have been related to 
slab rollback (e.g. Froitzheim et al., 1997). However, 

these processes are extremely difficult to reconstruct 
for fossil systems. In contrast, systematic analysis of 
forearc kinematics at the Circum-Pacific convergent 
margins by Heuret and Lallemand (2005) has re-
vealed the fundamental role of upper plate motion 
versus motion of the oceanic hinge line for deforma-
tion.  

A detailed analysis of kinematics in the South 
American margin system reveals two main kinematic 
domains (see Hoffman-Rothe et al., 2005, for de-
tails). In southern Peru and northern Chile nearly the 
entire forearc is under extension, collapsing towards 
the trench with significant mass wasting at its base 
(Adam and Reuther 2000). The slope is steep with 
no accretionary prism existent and a trench fill of 
less than 500m. The offshore forearc has subsided 
by up to several km since the Middle Miocene while 
a coastal Cordillera is uplifting at a very slow rate. 
Supported by the observed landward migration of 
the volcanic arc since the Jurassic (some 200 km) 
this set of observations has been interpreted to re-
flect long-term basal erosion of the upper plate by a 
rough sediment-starved oceanic plate (Rutland, 
1971). 

In contrast, the southern Chilean margin reveals 
a narrow accretionary wedge, thick trench fill (> 2 
km) steep slope only at the upper plate tip, a slowly 
uplifting coastal Cordillera and dominantly shortening 
kinematics within the wedge. This kinematic mode is 
typical of slow accretion with most of the sediment 
subducted towards greater depth. This kinematic re-
gime has only started in the Pliocene with some ac-
celeration of rates since. From a study of erosion of 
the Main Cordillera it becomes obvious that trench fill 
with significant rates has also only started during that 
period and was controlled by Southern hemisphere 
glaciation starting around 7 Ma. A series of analogue 
experiments clearly demonstrates that the difference 
in behaviour of these two contrasting styles is in ef-
fect dominantly controlled by the trench fill thickness. 
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Hence, we argue that the Cenozoic climatic evolu-
tion of the Andean margin and its meridional trend 
through various climate zones was instrumental in 
determining the various mass flux modes at the 
margin and its kinematic response. 

On a short-time scale, accumulation of this kine-
matic mode can be seen to be partly related to the 
style of seismicity. The extent and degree of seismic 
coupling play a major role in force transmission as 
well as in the generation mechanism of great inter-
plate earthquakes with nearly all interplate 
megathrust earthquakes (magnitudes >8) occurring 
in the seismogenic coupling zone between the con-
verging plates. Despite the key role of the coupling 
zone for plate tectonics, the processes that shape it 
and its relation to surface deformation are poorly un-
derstood. Project TIPTEQ (From the incoming plate 
to megathrust earthquakes) is currently analyzing 
the seismotectonic deformation and its control in 
southern Chile, the site of the 1960 Chile earth-
quake. The vision of our integrated study is a quanti-
tative understanding of megathrust earthquake 
seismicity in subduction zones and its relation to 
processes at depth and at the surface, and between 
incoming plate and epicentre. We have started with 
a series of experiments that are designed to image 
the processes operating at the seismogenic plate in-
terface and their effect for surface deformation.  

 First results clearly show that upper plate defor-
mation is governed by various transients. Besides 
the well known observation of an elastic strain cycle 
observed by GPS during the seismic cycle, we note 
that permanent deformation is probably accumulated 
during key parts of this cycle as well as during tran-
sients with longer periods. Local upper plate faulting 
appears to occur either during the postseismic re-
laxation stage (Northern Chile) or during the in-
terseismic accumulation stage (Southern Chile) and 
only rarely during the coseismic events. Along most 
of the Chilean coast discontinuous uplift is recorded 
by terraces and uplifted strandlines. Only restricted 
areas occurring above segments preferentially slip-
ping with very large events may show local subsi-
dence. In addition, activation of faults in the forearc 
may encompass the entire domain until the arc, at 
distances of the faults of more than 100 km from the 
seismogenic coupling zone.  

Based on these first observations, we conclude 
that the forearc system tends to be close to self-
organized criticality, reacting in complex mode with 
highly complex kinematics from surface to depth at 
different time scales. This observation does not allow 
standard separation of kinematic regimes or their re-
gional correlation, a consequence that may also be 
valid for other tectonic settings. These kinematic 
variations and the transients related are poorly un-

derstood but probably a future key to understanding 
strain accumulation in the brittle crust. Hence, in the 
present day Andean forearc as well as in the Creta-
ceous Alpine system we may be facing a complex 
system of coupled processes responsible for defor-
mation that primarily include the interaction of the 
climatically controlled trench fill evolution, the upper 
plate structural heterogeneity and various transients 
related to the seismic cycle as well as to changes in 
accretion mode. These may – in conjunction with 
other aspects – ultimately be the cause for making 
the Alps a forearc orogen as opposed to the Andean 
backarc orogen.   
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