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The present day, active deformation associated with the growth of the
Central Andes shown by space based geodesy reveals a consistent pattern of
motion relative to stable South America nearly parallel to the direction of
convergence between the Nazca and South American plates. Using balanced
cross sections, we develop a geological velocity field showing how motion
within the plate boundary zone varied as it migrated eastward with time.
The spatial derivatives of the velocity field show the associated strains and
rotations. The geological velocity field over the past ∼ 10 Ma is similar in
both direction and rate to that found from GPS. However, that for ∼ 25 -
10 Ma is similar in direction but significantly slower. Thus it appears that the
shortening rate accelerated while the convergence rate slowed. The geolog-
ical velocity field also gives insight into the question of whether the Andes
are undergoing gravitational collapse. The GPS data show little motion
normal to the convergence direction whereas fault slip data and earthquake
focal mechanisms show such motion. Analysis of the geological velocity
field resolves this apparent discrepancy by showing that despite the parallel
motion, extensional finite strains develop locally due to differential displace-
ments. The geological velocity field suggests rotations broadly consistent
with those determined from paleomagnetic studies. Thus differential mo-
tions within the convergence-parallel velocity field have caused the Central
Andes to develop increasing curvature throughout their evolution.

INTRODUCTION

The plate boundary zone formed by subduction of the
Nazca plate beneath the continental margin of South
America is a spectacularly deformed, mountainous re-
gion dominated by the Andean Cordillera. Since the
beginning of plate tectonic analysis of mountain belts,
the Andes have been recognized as a type example of
a non-collisional or Cordilleran mountain belt [Dewey
and Bird, 1970] as opposed to the collisional type rep-
resented by the Alps and Himalaya. Their genesis re-
mained enigmatic, with igneous processes and vertical
uplift thought to have formed them [James, 1971] as
opposed to the significant amounts of horizontal short-
ening and imbrication of the crust recognised in the Alps
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and Himalaya [Argand, 1922]. It is now recognized that
horizontal shortening of up to ∼ 250 km in the Neogene
has played the most significant part in creating their
present day high-relief [Sheffels, 1990; Baby et al., 1997;
Allmendinger et al., 1997; Kley and Monaldi, 1998; Kley
1999].

The Andes stretch 6000 km along strike and signif-
icant differences exist between their northern, central
and southern portions [Kley et al., 1999]. The cen-
tral portion of the chain (∼ 10°S to 25°S) is remark-
able for several reasons. It contains the locus of maxi-
mum shortening (∼ 18°S); the fold-thrust belts exhibit
a strong curvature along strike; the Altiplano-Puna
plateau dominates much of this portion of the chain
(figure 1). In spite of its enormous area and an average
elevation ∼ 4000 m, only moderate crustal shortening is
detected within the plateau. Thrusting in this portion
of the Andes is localized further east in the Eastern
Cordillera, a thick skinned, internal portion of the belt
and the Subandean Ranges, a thin skinned, external
portion. Lying west of the Altiplano-Puna is a volcanic
arc and forearc region which exhibits little significant
shortening (figures 1, 2 and 3). In the light of these
important physiographic features, it is natural to ask
what distribution and pattern of crustal deformation
over their ∼ 25 Ma history of formation is found in the
Central Andes.

At the present day, the Andes are recognised as an
actively shortening mountain belt. Space geodesy [Lef-
fler et al., 1997; Norabuena et al., 1998; Kendrick et
al., 2001] and earthquake focal mechanisms [Dewey and
Lamb, 1992], give a better understanding of the defor-
mation field that currently shapes the Central Andes.
As shown in figure 2 deformation near the trench is
thought to be dominated by the elastic effects of the
earthquake cycle [Norabuena et al., 1998; Liu et al.
2000, 2002], whereas that in the Eastern Cordillera and
the Subandean Zone is thought to be dominated by per-
manent shortening.

Our goal in this paper is to present a velocity field
developed from geological reconstructions and compare
its predictions to those from GPS, earthquake mecha-
nisms, fault slip indicators and paleomegnetism.

Derivation of a geological velocity field

We use a geologic velocity field (figure 4) developed
by combining balanced cross sections to produce a con-
sistent map view model of shortening Kley [1999]. The
Andean block model (figure 3) shows large crustal blocks
separated by large fault zones. At the surface, not all
of the fault zones and blocks are geologically recognis-
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able, since there are a multitude of small displacement,
shallow structures forming the fold thrust belts. How-
ever, at depth, these structures amalgamate and trans-
fer their displacement to large basement faults, which
localise shortening into the broad zones seen in the
block model (figure 5).

A variety of timing constraints including fission track
[Benjamin et. al., 1987; Lamb and Hoke, 1997; Ege
et al., 2001], sedimentary ages in thrust-cut parts of
the foreland [e.g. Coudert et al., 1996; Jordan et
al., 1997; Reynolds et al., 2000], paleoaltimetry data
[Gregory-Wodzicki, 2000] and paleomagnetic rotation
data [Lamb, 2001a] also suggest that the original 25 Myr
block model can be broken down into at least two dis-
tinct phases of motion giving a two stage block model
(figures 3 and 4). The majority of Eastern Cordillera
shortening most likely occurred ∼ 25–10 Ma. Though
the EC is still active at the present day, late Neogene
shortening amounts to ≤ 20 km. The Subandean ranges
moved mostly ∼ 10 Ma-present. This jump of the locus
of shortening of the Andes has long been speculated
upon, and the balance of age data suggests it to be a
real phenomenon. Formal uncertainties in timing and
total shortening estimates are very difficult to assess.
Data on timing may be quoted with uncertainties, but
these vary according to the method being applied.

Given the volume of data now available, particularly
from the Subandes, there are tight constraints on ad-
missable cross sections. Thus, it would be difficult for
the uncertainty in total shortening to be as great as
50% as suggested by Lamb, [2000], since this would
mean that maximum shortening could be as little as
125 km across the entire chain. The tightly constrained
Subandes with a wealth of available sub-surface data
has ∼ 125 km shortening alone, and this estimate must
be fairly rigid. We present a quantitative picture of how
geological uncertainties might change shortening rate
estimates in the foreland (figure 6). Values on a sample
profile at 21°S are in a range 205–260 km, and timing
changes may yield substantially lower geological short-
ening rate estimates (though the accelerating trend over
time is always a feature). It is worth underlining that
the Andean block mosaic (figure 1) represents the most
likely case given all the geological data, and the devi-
ations from this suggested in figure 6 are substantially
less probable.

Geological displacement fields are derived for any of
the block model time intervals by matching recognis-
able points in the deformed and retrodeformed models
(figure 4). The displacement vectors (shown as veloc-
ities) are broadly parallel to slightly convergent, and
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trend close to the NUVEL-1A [DeMets et al., 1994] rel-
ative plate convergence vector for Nazca-South America
(∼ 079°). The fields have a constant direction of motion
over time, similar to the present day GPS velocities (fig-
ure 4c). A strong gradient of shortening along strike
from a central maximum (total ∼ 250 km at ∼ 18°) is
present through all velocity fields, making them sym-
metric.

SHORTENING HISTORY

The geologic velocity fields for different time periods
show an interesting phenomenon (figures 5 and 6). The
velocity field for the past ∼ 10 Ma is similar in both di-
rection and rate to that found from GPS if we ignore
the coastal sites whose motion primarily reflects tran-
sient, elastic deformation associated with the seismic
cycle in the trench. However, that for ∼ 25 - 10 Ma is
similar in direction but significantly slower. This change
is striking given that the convergence rate between the
Nazca and South American plates seems to have slowed
systematically over the past ∼ 25 Ma [Pardo-Casas and
Molnar, 1987; Somoza, 1998; Norabuena et al., 1999;
Angermann et al., 1999]. The observation that conver-
gence slowed while the shortening rate accelerated im-
plies a possible negative feedback between convergence
rate and mountain building Hindle et al. [2002].

The geologic velocity field varies systematically with
a maximum at ∼ 18° S where the Andes are the widest
and diminishing to the north and south. Hence these
data show the differential shortening which has been
proposed by Isacks [1988] to be the cause of the curva-
ture of the Andes.

CONVERGENCE-NORMAL MOTION AND

LOCAL STRAINS

The geological and GPS data showing that motion
within the plate boundary zone has been essentially
parallel to the convergence direction preclude signifi-
cant along strike motion of material within the bound-
ary zone. This result appears inconsistent with vari-
ous data suggesting motion normal to the convergence
direction. Focal mechanisms in the Altiplano suggest
some N-S extension [Klosko et al., 2002]. Geological
studies suggest that N-S extension has been a feature
in the last few Myr in the high Andes [e.g. Sebrier,
1988; Mercier et al., 1992] but was oriented E-W before
the Pliocene. Other changes of stress orientations since
the late Miocene have also been inferred from similar
studies [Cladouhos et al., 1994; Marrett and Strecker,
1999]. The observations of N-S extension have been
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used to infer convergence normal motion perhaps due
to syn-orogenic, gravitational collapse of the type ob-
served in the Tibetan Plateau where the GPS data and
focal mechanisms are consistent with geologically ob-
served extension [Molnar and Chen, 1983; Larson et al.
1999].

Insight into the apparent discrepancy can be obtained
from a geological strain field inferred from the velocity
field. Using techniques from the finite element method
[e.g. Hughes, 2000], we discretize the velocity field
across a grid and write a piecewise approximation across
the region [Hindle, 2002]. Strains are calculated over
triangular elements, and represented by the lengths of
the principal axes and their orientation. Regional pat-
terns of extension can be seen from the colour coding.
Finite strain axes orientations vary systematically along
strike and generally mirror the topography of the An-
dean fold-thrust belts [Hindle, 2002].

Plate 1 a-c shows the total finite strain in the past
∼ 25 Ma averaged over different spatial scales. Plate 1 a
shows shortening at the scale of the individual (∼ 100 km)
triangular elements. Extension in the direction of the
long axis is present in ∼ 75% of the elements. This re-
sult is surprising given that the strain axes are derived
from the displacement vector field which is essentially
parallel to the convergence. However, this extension re-
sults from small, local differences in the magnitude of
the displacement and thus does not indicate any along
strike finite displacement component. To show this, we
consider a larger scale, where heterogeneity is smoothed
to a greater degree, giving results more related to the
larger scale processes of orogenesis. Plate 1b shows
less extension in the direction of the long axis at an
intermediate scale. Three regions (Interandean Zone,
southern Eastern Cordillera, part of northern Suban-
des) show contraction in all horizontal directions, an-
other three are neutral in the long axis direction. Ex-
tension is much smaller when it occurs (≤ 20%), and
is present in both the northern and southern limbs of
the Subandes. Strain axes orientations are also more
homogeneous along strike, but still follow the trend of
Andean structures. Although the regions of plate 1 b
which show contraction are composed of smaller regions
(plate 1 a) of dominantly along strike extension, the di-
rections of extension are averaged. An analysis of the
entire Central Andes (plate 1 c) shows that strain is con-
tractional in all directions (∼ - 17% – long axis, ∼ - 46% –
short axis). The long axis of strain lies essentially along
the NUVEL-1A convergence vector. At this mountain
belt scale, contraction along strike represents movement
of the ground in this direction, since the vector field is
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convergent as can be seen from the vectors on the bor-
ders of the region which have a component along strike,
directed towards the axis of the bend.

Comparison of the different scales shows another in-
teresting effect. In general the strain axes are oblique to
the velocity field, as previously noted for curved moun-
tain belts [Hindle et al., 2000]. However, the strain axes
for the entire mountain belt (plate 1 c) are parallel and
perpendicular to the velocity field.

This analysis suggests that the extension inferred
from fault kinematic studies and focal mechanisms may
be a local manifestation of differential shortening in the
convergence direction rather than reflecting large scale
motion of material. It is worth noting that fault kine-
matic analyses do not quantify the actual deformation
absorbed due to motion on a particular set of faults
because the slip magnitude and hence strain are unde-
termined. Similarly, the earthquake mechanisms may
also reflect relatively local extension rather than the
major material displacements which are shown by the
GPS and geologic velocity fields.

Another way to view this issue is to recognise that the
brittle upper crust deforms on discrete faults, which to-
gether cause the large scale displacement field. Reches
[1978] showed that any 3 dimensional strain could be ac-
comodated most efficiently on sets of up to 4 differently
oriented fault planes with different slip senses. If the
faults are not be sampled homogeneously, the inferred
kinematic axes differ from the true strain axes. Failure
to account for differences in fault slip would also cause
discrepancies between the true strain and local kine-
matic axes. The same difficulties may result from the
short time period sampled by earthquake mechanisms.

ROTATIONS

Paleomagnetic investigations have demonstrated sub-
stantial rotations of material within the Central Andes
[e.g. Butler et al., 1992; Coutand et al., 1999; Roperch
et al., 2000]. Rotations vary as a function of both age
of the rock - older samples showing more rotation - and
position along strike of the orocline, and to a lesser de-
gree perpendicular to the bend [Lamb, 2001a]. These
data combined with assumed dilatation in the horizon-
tal plane have been inverted to provide shortening esti-
mates in the Central Andes [Lamb, 2001b] for the last
10 Ma which are broadly consistent with cross section
balancing estimates [e.g. Baby et al., 1993; Sheffels,
1995; Kley and Monaldi, 1998; Kley, 1999].

These rotations are consistent with those predicted
by the curl of the geological velocity field, which gives
the local rotation [Lamb, 1987; England and Wells,
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1991]. Determining the magnitude of the rotation in-
volves assumptions about how the upper crust deforms,
in particular the orientation of faults relative to the
shortening direction [Lamb, 2001b]. However the sign
of the curl gives the expected rotation direction (clock-
wise - positive) at a point. Moreover, larger magnitudes
should be equivalent to larger rotations. We use the dis-
crete approximation to displacements to derive the curl
at different scales as we did for strain.

At the ∼ 100 km scale, rotation is heterogeneously
distributed along the chain (plate 1 d), though less so
than for strain (plate 1a). South of the 18° bend ro-
tations are nearly uniformly clockwise. Around the
bend anticlockwise rotation dominates. The northern
limb has a mixture of clockwise and anticlockwise rota-
tion. The largest rotations are generally at the northern
and southern extremes of the study area, though there
are exceptions especially on the north side of the bend.
Even on the smaller scale, there is no obvious neutral
zone of no rotation along the bend axis. At the inter-
mediate scale (plate 1 e), the pattern is clearer, with the
north and the bend axis showing consistently anticlock-
wise rotation, whilst south of the bend is clockwise. The
largest scale shows effectively zero rotation, showing the
vector field to be symmetrical.

IMPLICATIONS FOR THE EVOLUTION OF

THE ANDES

Our analyses show the power of using a geological ve-
locity field to represent the deformation within a plate
boundary zone. The velocity field can be directly com-
pared to both the motion between the major plates and
the geodetic velocity field within the boundary zone.
Spatial derivatives of the velocity field provide addi-
tional information about specific points within the ve-
locity field. Geologic strain fields can be compared to
geodetic strain fields and those calculated by summa-
tion of earthquake moment tensors [Klosko et al., 2002].
Moreover, the geologic strain field gives insight into
other geologic observations such as fault kinematic data.
Similarly, the velocity field predicts rotations which can
be compared to paleomagnetic data. Hence, combining
the large scale geologic velocity field with various point
measurements can yield valuable insights into boundary
deformation processes.

In our view, application of this technique to the An-
des gives interesting insight into the evolution of the
mountain belt. The most striking aspect of the veloc-
ity field over the past 25 Ma is its parallelism to the
present GPS velocity field and the plate convergence
direction. The total finite strain axes (plate 1 c) are
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near parallel (short axis ∼ 060°) or orthogonal (long axis
∼ 150°) to the Nazca-South America plate convergence
vector. Presumably the mechanics of the plate inter-
face constrain material in the upper plate to shorten in
the convergence direction both on the short timescale
of the earthquake cycle and on a longer timescale. Our
analysis of long term displacements suggests that this
present day pattern repeated itself with lower rates but
identical direction over the last ∼ 25 Ma of mountain
building. Gephart [1994] noted the correspondence of
the axes of symmetry of Andean topography and the
dip of the subducted Nazca plate with the convergence
vector.

Despite the parallelism of the velocity vectors, sys-
tematic along strike differences in their magnitude have
produced the curved shape of the Andes. The corre-
sponding differential shortening has caused the arc to
grow symmetrically about the bend, its widest point
[Isacks, 1988]. Hence the Andes are a Primary Arc’,
which develops curvature progressively due to differen-
tial shortening along strike [Ferrill and Groshong, 1993;
Hindle and Burkhard, 1999]. As shown in figure 7, this
differs from the original orocline idea of Carey [1955] in
which an initially straight mountain belt is subsequently
bent. Hence the paleomagnetically observed rotations
reflect the continuing evolution of the arc.
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Sébrier, M., A. Lavenu, M. Fornari, and J-P. Soulas, Tecton-
ics and uplift in Central Andes (Peru, Bolivia and North-
ern Chile) from Eocene to present, Géodynamique 3 (1-2),
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Figure 1. The Nazca-South America plate boundary zone
in the region of the Central Andes. NUVEL1A relative
plate convergence vector for Nazca-SA is projected. The
upper plate (South America) margin is dominated by the
high relief (4–6000m) Andean Cordillera. This is divided
into several major geological provinces (forearc, volcanic arc,
Altiplano-Puna plateau, Eastern Cordillera and Subandes).
Position of detailed cross section (figure 5) is shown by black
line in foreland.

Figure 1. The Nazca-South America plate boundary zone in the region of the Central Andes. NUVEL1A
relative plate convergence vector for Nazca-SA is projected. The upper plate (South America) margin is
dominated by the high relief (4–6000m) Andean Cordillera. This is divided into several major geological
provinces (forearc, volcanic arc, Altiplano-Puna plateau, Eastern Cordillera and Subandes). Position of
detailed cross section (figure 5) is shown by black line in foreland.

Figure 2. Sketch cross section across the Andean plate
boundary zone. The active deformation of the Andes is
strongly related to the behaviour of the plate interface, es-
timated to be locked ∼ 50% [Norabuena et al., 1998]. Mo-
tion transferred to the upper plate is stored elastically in
the forearc, but deforms the eastern foreland plastically and
permanently. Thus the velocity gradient across the zone
shows permanent shortening in the east, whilst in the west
it shows elastic and recoverable deformation.

Figure 2. Sketch cross section across the Andean plate boundary zone. The active deformation of
the Andes is strongly related to the behaviour of the plate interface, estimated to be locked ∼ 50%
[Norabuena et al., 1998]. Motion transferred to the upper plate is stored elastically in the forearc, but
deforms the eastern foreland plastically and permanently. Thus the velocity gradient across the zone
shows permanent shortening in the east, whilst in the west it shows elastic and recoverable deformation.

Figure 3. Andean plate boundary zone retro-deformed, by
decomposing it into large crustal blocks (see figure 5). (a)
25Ma, most of Andean shortening pulled out of the margin,
restores motion in both the Eastern Cordillera (EC) and
Subandean Zone. (b) Intermediate stage of restoration at
∼ 10Ma, with Eastern Cordillera shortening largely accom-
plished, and only the Subandean shortening retro-deformed.
(c) Present day, showing crustal block boundaries and pos-
tions of major units, EC - Eastern Cordillera, IA - Inter
Andean Zone.

Figure 3. Andean plate boundary zone retro-deformed, by decomposing it into large crustal blocks (see
figure 5). (a) 25Ma, most of Andean shortening pulled out of the margin, restores motion in both the
Eastern Cordillera (EC) and Subandean Zone. (b) Intermediate stage of restoration at ∼ 10Ma, with
Eastern Cordillera shortening largely accomplished, and only the Subandean shortening retro-deformed.
(c) Present day, showing crustal block boundaries and postions of major units, EC - Eastern Cordillera,
IA - Inter Andean Zone.

Figure 4. Time averaged velocity vectors from the block
model (figure 2). (a) Motion confined to the Eastern
Cordillera, at∼ 5–8 mmyr−1. (b) Motion confined mostly to
Subandes at ∼ 8-14 mmyr−1. (c) GPS data from the SNAPP
experiment [Norabuena et al., 1998] - modified from Hin-
dle et al. [2002]. Dashed vectors represent points undego-
ing transient, elastic loading related to the earthquake cycle
and therefore not directly comparable to geologic shorten-
ing. (d) Motion averaged over 25 Ma. (e) The shorten-
ing gradient along strike 25 - 10 Ma and 10 - 0 Ma with bars
showing coastal (hence maximum) velocity magnitudes at
different latitudes.
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Figure 4. Time averaged velocity vectors from the block model (figure 2). (a) Motion confined to the
Eastern Cordillera, at ∼ 5–8 mmyr−1. (b) Motion confined mostly to Subandes at ∼ 8-14 mmyr−1. (c)
GPS data from the SNAPP experiment [Norabuena et al., 1998] - modified from Hindle et al. [2002].
Dashed vectors represent points undegoing transient, elastic loading related to the earthquake cycle and
therefore not directly comparable to geologic shortening. (d) Motion averaged over 25 Ma. (e) The
shortening gradient along strike 25 - 10 Ma and 10 - 0 Ma with bars showing coastal (hence maximum)
velocity magnitudes at different latitudes.

Figure 5. The relationship between block models and bal-
anced cross sections. The geologcial cross section (a) is
restored (b) to obtain the magnitudes of shortening acco-
modated by high level structures. Basement structures are
adjusted to fit the shortening magnitudes and depths to de-
tachment. (c) The deformed cross section is stripped of
the folded and faulted cover rocks and simplified to a stack
of overlapping basement blocks. Serial simplified cross sec-
tions are used to build the deformed block model. (d) The
basement blocks of the example section restored to their
original positions separated by their relative displacements.
Although not a basement thrust, the thrust front is marked
as a narrow gap to obtain the correct width of the deforming
area.

Figure 5. The relationship between block models and balanced cross sections. The geologcial cross
section (a) is restored (b) to obtain the magnitudes of shortening accomodated by high level structures.
Basement structures are adjusted to fit the shortening magnitudes and depths to detachment. (c) The
deformed cross section is stripped of the folded and faulted cover rocks and simplified to a stack of
overlapping basement blocks. Serial simplified cross sections are used to build the deformed block model.
(d) The basement blocks of the example section restored to their original positions separated by their
relative displacements. Although not a basement thrust, the thrust front is marked as a narrow gap to
obtain the correct width of the deforming area.

Figure 6. Uncertainties in geological shortening and timing
estimates through time (∼ 40 Ma). The lowermost graphs
represent summed strain rate estimates for different thrust
belt segments along a transect at 21° S. The uncertainties in
total shortening mostly arise from poorly constrained Neo-
gene shortening values in the polyphase deformed internal
parts of the thrust belt. Uncertainties in timing are due to
scarce stratigraphic control in the thick continental foredeep
fill and to the preliminary nature of thermochronologic data
bearing on the timing of exhumation. Uppermost graph
shows the variation of convergence rates over the same time
period.

Figure 6. Uncertainties in geological shortening and timing estimates through time (∼ 40 Ma). The
lowermost graphs represent summed strain rate estimates for different thrust belt segments along a
transect at 21° S. The uncertainties in total shortening mostly arise from poorly constrained Neogene
shortening values in the polyphase deformed internal parts of the thrust belt. Uncertainties in timing
are due to scarce stratigraphic control in the thick continental foredeep fill and to the preliminary nature
of thermochronologic data bearing on the timing of exhumation. Uppermost graph shows the variation
of convergence rates over the same time period.

Figure 7. Different kinematics of curved mountain belts.
(a) The Primary Arc which undergoes a progressive evolu-
tion of curvature due to differential, parallel motion of ma-
terial along strike of the belt - shown by the single stage of
displacement vectors. (b) The orocline which forms as an
initially straight chain and then undergoes secondary bend-
ing - shown as two stages of displacement vectors.
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Figure 7. Different kinematics of curved mountain belts. (a) The Primary Arc which undergoes a
progressive evolution of curvature due to differential, parallel motion of material along strike of the belt
- shown by the single stage of displacement vectors. (b) The orocline which forms as an initially straight
chain and then undergoes secondary bending - shown as two stages of displacement vectors.

Plate 1. Total finite strain and rotation for Andean short-
ening at three different scales: a-c - strain axes orienta-
tions (black crosses) with colours showing degree of exten-
sion (positive) or contraction (negative) in the direction of
the long axes; d-f - curl of the displacement function with
colours showing rotation (rates) - clockwise (positive). (a)
Strain of individual triangular elements (∼ 100 km scale)
(b) amalgamated strains of regions corresponding roughly
to major structural units of the foreland from figure 1c
(∼ 300 km scale) (c) total strain tensor for the Central An-
des (∼ 3000 km scale). Also shown is the relative orienta-
tion of the GPS/NUVEL-1A convergence vectors and the
axes of the total strain ellipse. (d) rotation (curl) ∼ 100 km
scale, (b) rotation (curl) ∼ 300 km scale (c) rotation (curl)
∼ 3000 km scale

Plate 1. Total finite strain and rotation for Andean shortening at three different scales: a-c - strain axes
orientations (black crosses) with colours showing degree of extension (positive) or contraction (negative) in
the direction of the long axes; d-f - curl of the displacement function with colours showing rotation (rates) -
clockwise (positive). (a) Strain of individual triangular elements (∼ 100 km scale) (b) amalgamated strains
of regions corresponding roughly to major structural units of the foreland from figure 1c (∼ 300 km scale)
(c) total strain tensor for the Central Andes (∼ 3000 km scale). Also shown is the relative orientation
of the GPS/NUVEL-1A convergence vectors and the axes of the total strain ellipse. (d) rotation (curl)
∼ 100 km scale, (b) rotation (curl) ∼ 300 km scale (c) rotation (curl) ∼ 3000 km scale
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