ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/258996294

Chilean flat slab subduction controlled by overriding plate thickness and
trench rollback

Article in Geology - January 2012

DOI: 10.1130/G32543.1

CITATIONS READS
80 591
3 authors:
vlad constantin Manea Marta Perez-Gussinye
Universidad Nacional Auténoma de México Universitat Bremen
93 PUBLICATIONS 1,680 CITATIONS 70 PUBLICATIONS 1,789 CITATIONS
SEE PROFILE SEE PROFILE

Marina Manea
Universidad Nacional Autdnoma de México

76 PUBLICATIONS 1,051 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et National Laboratory for Advanced Scientific Visualization View project

et Analysis of Geothermal Reservoirs View project

All content following this page was uploaded by Marta Perez-Gussinye on 05 February 2016.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/258996294_Chilean_flat_slab_subduction_controlled_by_overriding_plate_thickness_and_trench_rollback?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/258996294_Chilean_flat_slab_subduction_controlled_by_overriding_plate_thickness_and_trench_rollback?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/National-Laboratory-for-Advanced-Scientific-Visualization?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Analysis-of-Geothermal-Reservoirs?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vlad_constantin_Manea?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vlad_constantin_Manea?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidad_Nacional_Autonoma_de_Mexico?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vlad_constantin_Manea?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Marta_Perez-Gussinye?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Marta_Perez-Gussinye?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universitaet_Bremen?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Marta_Perez-Gussinye?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Marina_Manea?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Marina_Manea?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidad_Nacional_Autonoma_de_Mexico?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Marina_Manea?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Marta_Perez-Gussinye?enrichId=rgreq-3ab140f0dd5d221c1b501aff730800b3-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk5NjI5NDtBUzozMjU4MjEyNDA3NTgyNzNAMTQ1NDY5MzI0NTU4Nw%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Downloaded from geology.gsapubs.org on December 29, 2011

Geology

Chilean flat slab subduction controlled by overriding plate thickness and
trench rollback

Vlad C. Manea, Marta Pérez-Gussinyé and Marina Manea

Geology 2012;40;35-38
doi: 10.1130/G32543.1

Email alerting services click www.gsapubs.org/cgi/alerts to receive free e-mail alerts when new
articles cite this article

Subscribe click www.gsapubs.org/subscriptions/ to subscribe to Geology

Permission request click http://www.geosociety.org/pubs/copyrt.htm#gsa to contact GSA

Copyright not claimed on content prepared wholly by U.S. government employees within scope of
their employment. Individual scientists are hereby granted permission, without fees or further
requests to GSA, to use a single figure, a single table, and/or a brief paragraph of text in subsequent
works and to make unlimited copies of items in GSA's journals for noncommercial use in classrooms
to further education and science. This file may not be posted to any Web site, but authors may post
the abstracts only of their articles on their own or their organization's Web site providing the posting
includes a reference to the article's full citation. GSA provides this and other forums for the
presentation of diverse opinions and positions by scientists worldwide, regardless of their race,
citizenship, gender, religion, or political viewpoint. Opinions presented in this publication do not reflect
official positions of the Society.

Notes

© 2012 Geological Society of America F
THE
GEOLOGICAL
SOCIETY

OF AMERICA



Downloaded from geology.gsapubs.org on December 29, 2011

Chilean flat slab subduction controlled by overriding plate thickness

and trench rollback

Vlad C. Manea'*, Marta Pérez-Gussinyé?, and Marina Manea'

'Computational Geodynamics Laboratory, Centro de Geociencias, Campus Juriquilla, Universidad Nacional Auténoma de México,

Querétaro, México

’Department of Earth Sciences, Royal Holloway, University of London, Egham Hill, TW20 OEX Egham, UK

ABSTRACT

How flat slab geometries are generated has been long debated. It has been suggested that
trenchward motion of thick cratons in some areas of South America and Cenozoic North
America progressively closed the asthenospheric wedge and induced flat subduction. Here we
develop time-dependent numerical experiments to explore how trenchward motion of thick
cratons may result in flat subduction. We find that as the craton approaches the trench and
the wedge closes, two opposite phenomena control slab geometry: the suction between ocean
and continent increases, favoring slab flattening, while the mantle confined within the closing
wedge dynamically pushes the slab backward and steepens it. When the slab retreats, as in
the Peru and Chile flat slabs, the wedge closure rate and dynamic push are small and suction
forces generate, in some cases, flat subduction. We model the past 30 m.y. of subduction in the
Chilean flat slab area and demonstrate that trenchward motion of thick lithosphere, 200-300
km, currently ~700-800 km away from the Peru-Chile Trench, reproduces a slab geometry
that fits the stress pattern, seismicity distribution, and temporal and spatial evolution of
deformation and volcanism in the region. We also suggest that varying trench kinematics may
explain some differing slab geometries along South America. When the trench is stationary
or advances, the mantle flow within the closing wedge strongly pushes the slab backward and
steepens it, possibly explaining the absence of flat subduction in the Bolivian orocline.

INTRODUCTION

Flat slab geometries have been commonly
attributed to the extra buoyancy provided by
the subduction of young oceanic lithosphere, as
suggested for Alaska (Jarrard, 1986), or anoma-
lously thick crust of aseismic ridges, as proposed
for South America (e.g., Gutscher et al., 2000).

Figure 1. Relationship A
between observed data
and subduction style
along Andean subduc-
tion zone. A: Onshore:
thermal lithosphere-as-
thenosphere  boundary
(LAB), defined as depth
to 1300 °C (Tassara et al.,
2006); flat subduction ar-
eas coincide with thick
continental lithosphere.
Red dashed line indicates
western extent of Rio de
la Plata craton (RPC),
estimated to be >200 km
thick from magnetotellu-
ric studies (Booker et al.,
2004; Favetto et al., 2008).
SP—Sierras Pampeanas
(dark gray), P—Precordil-
lera (light gray). Offshore:
oceanic crustal thickness

e

While this explanation may hold when the over-
riding plate is oceanic, where flat subduction
occurs at depths of <~100 km, it is problematic
in the flat subduction zones of South America,
where the slab entrance angle is normal and
flattening only occurs at depths of 2100 km
and extends for hundreds of kilometers inland

4000

Bathymetry-Topography (m)

(Fig. 1). At these depths, the light, thick basaltic
crust should transform into denser, heavy eclog-
ite, therefore negating the buoyancy required
for flattening, unless basalt remains metastable
at larger temperatures and depths (van Hunen
et al., 2004). In addition, recent analogue and
numeric experiments show that moderate-sized
buoyant ridges, such as those observed today
on the Nazca plate, are not able to induce flat
slab segments of the dimensions observed in
South America (Martinod et al., 2005; Gerya et
al., 2009). Although a spatial correlation exists
between the flat slab areas and the locations of
aseismic ridges (the Nazca and Juan Fernan-
dez Ridges), not all aseismic ridges subducting
beneath South America spatially correlate with
flat subduction segments (Fig. 1; Skinner and
Clayton, 2010). Also, the Iquique Ridge is as
thick as the Juan Fernandez Ridge (Tassara et al.,
2006), yet subducts beneath the Central Andes
where the subduction angle is normal (Fig. 1).
Moreover, subduction of the Juan Fernandez
Ridge during the Late Miocene did not produce
any flat slab segment (Martinod et al., 2010).
Other significant examples of aseismic ridges
not associated with flat subduction include the

B

derived from gravity modeling (Tassara et al., 2006). IQR—Iquique Ridge, JFR—Juan Fernandez Ridge, NR—Nazca Ridge. B: Three-dimensional
view of Nazca and South American plates showing contours of depth in kilometers to Wadati-Benioff zone (Syracuse and Abers, 2006). Red,
blue, and white arrows are present plate velocities (V) along the Peru-Chile Trench and of Nazca (NAZ) and South American (SAM) plates in
Indo-Atlantic hotspot reference frame. East-west transparent bar shows modeled area. CR—Carnegie Ridge, CHR—Chile Ridge.

*E-mail: vlad@geociencias.unam.mx; vlad_manea@yahoo.com.
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Carnegie, Cocos (Michaud et al., 2009), and
Tehuantepec Ridges (Manea and Manea, 2008).

Flat subduction may also result from an
increase in the nonhydrostatic pressure forces
related to subduction driven flow within the
asthenospheric wedge (Stevenson and Turner,
1977). The latter force, known as suction, acts
toward preventing the slab from sinking into
the mantle. Suction increases with subduction
velocity, narrowness, and viscosity of the man-
tle wedge (Stevenson and Turner, 1977; Manea
and Gurnis, 2007), but the effect of variations
in the shape of the mantle wedge generated by
the varying thickness of the overriding litho-
sphere has not been considered. This may be
important in South America and in the Cenozoic
subduction of North America, where cratons
are or were located relatively close to a trench
(Pérez-Gussinyé et al., 2008; Humphreys,
2009) (Fig. 1). O’Driscoll et al. (2009) found
that a 250-km-thick cratonic root 300 km away
from the trench resulted in twice the suction
force compared to a rootless model. However,
because they did not model the time evolution of
subduction they could not demonstrate whether
this would result in slab flattening.

The trenchward motion of South America has
also been proposed to promote flat subduction
(van Hunen et al., 2004), but why it develops
only in some areas is not clear. Here we show
time-dependent numerical experiments, which
for the first time explore the influence of both
the overriding plate thickness and trench motion
on the subduction angle.

NUMERICAL MODELING STRATEGY
AND RESULTS

Our numerical experiments are designed to
reproduce the development of the Chilean flat
subduction zone, where the geometry of the
slab (Alvarado et al., 2009) and temporal and
spatial evolution of volcanism (Ramos et al.,
2002; Kay and Abbruzzi, 1996) are relatively
well known (see the GSA Data Repository').
We use a three-dimensional (3-D) finite element
model for a spherical domain (Tan et al., 2006),
with the following boundary conditions: top and
bottom boundaries are isothermal, and the lat-
eral boundaries are reflective, the top boundary
has an imposed velocity boundary condition,
the bottom is free slip, and the sides are reflect-
ing (Fig. DR2 in the Data Repository). In our
experiments, we systematically varied the ini-
tial distance from trench to craton, d™™, and its

cr?

thickness, & _, to accommodate uncertainties in

!GSA Data Repository item 2012018, geodynamic
modeling constraints, numeric modeling procedure
and results, and supplementary figures and movies, is
available online at www.geosociety.org/pubs/ft2012
htm, or on request from editing@geosociety.org or
Documents Secretary, GSA, P.O. Box 9140, Boulder,
CO 80301, USA.
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these parameters (Fig. 2A; the final results of all
experiments are in Fig. DR3). The value of &
varies between 150 km and 350 km, within the
range of magnetotelluric (Booker et al., 2004;
Favetto et al., 2008) and conductive lithosphere
thickness estimates (Tassara et al., 2006) for
the Rio de la Plata craton. Parameters like plate
age (Sdrolias and Miiller, 2006), surface plate
velocities (Schellart et al., 2007), Andean short-
ening and trench erosion rate (Kley and Mon-
aldi, 1998), and the extent of the low-viscosity
wedge are relatively well known, considered
to be constraints, and are kept constant. Note
that inclusion of trench erosion and Andean
shortening leads to differing trench and conti-
nent velocities, and that the trench in the flat
slab area in Chile has been retreating for the
past 25 m.y. (Schellart et al., 2007), a key fac-
tor in our results. In these simulations we kept
wedge viscosity to a constant reference value of
10% Pa s, because it represents the threshold at
which the slab decouples from the overriding
plate when the upper plate does not have a cra-
ton, and best reproduces the slab geometry south
of the flat slab, where the slab is steep and there
is no craton (Fig. 1A). Our conclusions also
hold for smaller wedge viscosities (Section 2.1
and Figs. DR5 and DR6 in the Data Reposi-
tory). In our reference model we keep the same
kinematic boundary conditions as above, but
do not include a craton in the upper plate. This
experiment shows a decrease in the entrance
angle from 45° to 30°, but no flat subduction
occurs (Fig. DR4A). Thus, the large trenchward

velocity of the continent, combined with trench
retreat, is not able to generate flat subduction.

When a craton is included in the upper plate,
d™ and h greatly influence the slab geom-
etry (Fig. 2A; Fig. DR3). When the craton
approaches the trench the suction increases
and tends to flatten the slab. When the d™™ is
large, >1100 km, suction forces do not increase
enough to generate flat subduction (Fig. DR3).
Some combinations of 4 and d™ generate flat
subduction (Fig. 2A). In these cases, because
the slab is retreating, the rate of wedge closure
is relatively small so that the increase in suction
forces, which flatten the slab, is larger than the
dynamic backward push by the mantle flow in
the wedge that tends to steepen it.

We have defined the parameters that best fit
the Chilean flat subduction zone according to
two criteria: the slab geometry, as given by the
slab earthquake data (Booker et al., 2004), and
the present distance of the Peru-Chile Trench
to craton, ~800 km (present craton location at
~64°W; Favetto et al., 2008). To allow for varia-
tions along the flat subduction segment we con-
sider a best-fitting distance of ~800 + 100 km
(Fig. 2A; Fig. DR3). Note that the final distance
between trench and craton is not a simple func-
tion of d" and the imposed surface velocities.
When the advancing craton meets the flatten-
ing slab at depth, where the velocities are not
prescribed, the craton is deformed and pushed
backward (Movie DR2 in the Data Repository).
Figures 2B-2D show the final geometries after
30 m.y. of evolution for 3 of the best-fit cases.

80°
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Figure 2. A: Domain diagram showing style of subduction as function of craton depth and
initial distance from trench. Gray domain indicates models where slab geometry after 30 m.y.
of evolution best fits present-day slab geometry and craton to trench distance (64°W = 1°) in
flat slab region of Chile. B, C, D: Temperature and geometry after 30 m.y. of evolution of three
best-fitting models for flat slab domain in A. Dashed black lines represent craton shape; lo-
cations (in degrees; white lettering) of craton edge in each model are indicated.
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SPATIAL AND TEMPORAL EVOLUTION
OF UPPER PLATE DEFORMATION AND
VOLCANISM

Figure DR4 shows the evolution of upper
plate deformation for our reference model
without a craton (A—C) and during slab flatten-
ing for one of our best-fit models (D-F). In our
reference model, oceanic lithosphere subducts
beneath thin continental lithosphere and the
slab detaches from the upper plate and subducts
at normal angles (Movie DR1). The negative
pressure above the slab indicates the extent and
magnitude of the suction; it is localized close
to the trench and is smaller than the slab nega-
tive buoyancy (Fig. DR4B). In our best-fitting
model, the negative pressure in the wedge is dis-
tributed along a wider segment of the slab, pre-
venting it from sinking into the mantle and gen-
erating flat slab subduction (Fig. DR4E). In both
cases the descending slab is in extension while
the upper plate is in compression, in agreement
with stress tensor orientations in the Chilean
flat slab subduction zone (Alvarado et al., 2009;
Fig. DR8). However, whereas in the reference
model the upper plate maximum shear stress is
concentrated close to the trench, in our flat slab
model it is distributed over a much broader area
further inland (Figs. DR4E and DR4F). Figure
DROA shows how the maximum shear stress in
the upper plate migrates landward as the slab
progressively flattens. The landward migration
of the maximum shear stress in the upper plate
starts from 20 to 15 Ma, which is consistent with
broadening of deformation from the Cordillera
Principal to the Precordillera during this period
(Kay and Abbruzzi, 1996) (Fig. DRS). From 15
Ma the slab continues to flatten and the maxi-
mum shear stress region broadens further land-
ward. By ca. 5 Ma, the maximum shear stress
region extends as far as 65°W, which coincides
with the location of the Sierras Pampeanas,
where basement deformation occurred from
ca. 5 to 2 Ma (Ramos et al., 2002). Upper plate
compressional seismicity currently occurs in a

Figure 3. A: Evolution
since Early Miocene of
temperature field. B: Evo-
lution since Early Mio-
cene of degree of melt-
ing in mantle wedge. C:
Distance from trench
to surface projection of
maximum mantle wedge
melting for our best fit-
ting model (Fig. 2B). Dur-
ing each time interval sur-
face projection of model
maximum degree of melt-
ing and highest mantle
wedge temperature
coincide well with loca- 1000

tions of active volcanoes. 0
FA—Farellones Arc, AA—

0 Ma

Aconcagua, CT—Cerro de las Tortolas, C—Calingasta, VH—Vacas Heladas,
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Temperature (° C)

broad area from the Precordillera to the Sierras
Pampeanas (Ramos et al., 2002), in agreement
with the area of maximum present shear stress
in our best-fitting model (Fig. DR4F). Thus
our modeling shows that slab flattening results
in the development of compressional tectonics
along hundreds of kilometers inland, as sug-
gested for South American flat slabs (Ramos
et al., 2002; Davila and Astini, 2007) and early
Cenozoic compression in western North Amer-
ica (De Celles, 2004).

The best-fitting models also reproduce well
the spatial and temporal evolution of volcanism
in the Chilean flat slab (Ramos et al., 2002; Kay
and Abbruzzi, 1996). Figure 3 shows the evo-
lution of the temperature field and the wedge
melting degree for one of our best fitting mod-
els. During the Early Miocene (20-15 Ma), the
narrowing of the wedge has not yet affected vol-
canism, as inferred from observational studies
(Ramos et al., 2002; Kay and Abbruzzi, 1996).
By 12-10 Ma (Middle Miocene), flattening is
underway, and the mantle wedge shrinks, result-
ing in broadening of the magmatic arc into the
Precordillera. The maximum melting region in
the wedge migrates eastward ~100 km (Fig.
3C), in accord with the recorded migration of
the volcanic arc toward the Sierra Pampeanas
(Ramos et al., 2002). The surface projection of
the highest degree of wedge melting at 10 Ma in
our model coincides with the location of volca-
nic activity for this period (Kay and Abbruzzi,
1996). The main shallowing phase takes place
in our modeling ca. 5-6 Ma and is character-
ized by an eastward expansion of the magmatic
front (Fig. 3C) and a further reduction in mantle
wedge volume and temperature, which prob-
ably explains the cessation of volcanism at the
Cordillera Principal and Precordillera between
7 and 6 Ma (Kay and Abbruzzi, 1996). The tem-
perature in the wedge by 5 Ma is low enough
to inhibit melting and subsequent volcanism,
consistent with the observed cessation of mag-
matism by 4.7 Ma (Kay and Abbruzzi, 1996).

1000
600 1200 0.0

INFLUENCE OF TRENCH MOTION AND
CONCLUSIONS

We have shown that the trenchward motion
of normal thickness overriding lithosphere with
velocities adequate for the Chilean flat slab area
during the past 30 m.y., accompanied by trench
retreat, is not enough to generate flat subduction
in this area (Figs. 4A—4C). We speculate that
steep subduction north and south of the Peru
and Chilean flat slabs, respectively, where the
Peru-Chile Trench retreated for the past 30 m.y.,
results from the absence of a craton sufficiently
close to the trench (see Perez-Gussinye et al.,
2008, their figure 6¢). For the Chilean flat slab
area we have found that only the combination
of trenchward motion of thick cratonic litho-
sphere with trench retreat is able to reproduce
the temporal and spatial evolution of slab flat-
tening and its associated upper plate deforma-
tion and volcanism (Figs. 4D—4F). In addition,
we have tested the trench motion influence on
the development of flat subduction. Our models
show that when the trench is stationary in time
and space, the increase in suction due to craton
trenchward motion and wedge closure is smaller
than the dynamic backward push on the slab by
the mantle in the narrowing wedge, and the
slab does not flatten (Fig. DR7). We expect that
this dynamic push will be larger in the case of
trench advance (Figs. 4G—4I), and may explain
the absence of flat subduction in the Bolivian
orocline, where the Peru-Chile Trench has been
nearly stationary or advanced little since 25 Ma
(Schellart et al., 2007).
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Figure 4. A-C: Conceptual models for evolution of subduction of oceanic lithosphere be-
neath trenchward-moving continent without a craton (CN craton; TN trench). D-F: Models
for evolution of subduction of oceanic lithosphere beneath trenchward-moving continent
with a craton. G-I: Models for evolution of subduction of oceanic lithosphere involving
trench advance (continent with craton). Note that when there is a craton in upper plate and
trench retreats, dynamic push is relatively small, due to diminished rate of wedge closure;
result is that suction dominates and slab Battens (DBF). However, when trench advances
(GBI), dynamic push on slab surface will increase as rate of wedge closure increases, push-
ing slab backward and hindering slab Battening.
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