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[1] We present a new map of the spatial variations in effective elastic thickness, 7., along the Andes
estimated using Bouguer coherence. The 7, variations reflect interactions between subducting slab and
preexisting terrane structure. In the forearc, conductive cooling of the continent by the subducting slab
exerts primary control on rigidity, resulting in 7, that is highest (~40 km) where the oceanic lithosphere is
oldest and coldest (~20°S). In the central Andes, T, is relatively low (~20 km) along the volcanic chain
and the Altiplano and Puna plateaus. We interpret this weakening to reflect a high geothermal gradient
maintained by advective magmatic processes, a shallow and hot asthenosphere, and a very weak lower
crust throughout this region. East of the plateaus, high 7, delineates underthrusting of the Brazilian shield.
Finally, north and south of the plateaus, flat subduction areas are characterized by high 7, high shear wave
velocity, thick thermal lithosphere, and low heat flow, indicating that continental lithosphere there is
thicker, colder, and stronger. On the basis of these relationships we suggest that variations in slab dip along
the margin relate to variations in structure of the continental lithosphere. In particular, we propose that
upper plate structure influences the width and viscosity of the asthenospheric wedge, which control the
suction moment responsible for the subduction angle at depths >70—100 km. For example, when oceanic
lithosphere subducts beneath thin continental lithosphere, the low-viscosity asthenosphere allows the slab
to detach from the continent and sink into the mantle at normal angles. However, when oceanic lithosphere
subducts close or beneath thick and strong continental lithosphere, the asthenospheric wedge narrows and
corner flow drags high-viscosity mantle from the base of the thick (>150 km), cold continent into the
wedge. Suction forces increase with both narrowing of the wedge and its increasing viscosity. We estimate
the asthenospheric viscosity underneath thick, cold continents to be >10%° Pa s, sufficient to induce flat
subduction. Later, after prolonged hydration and weakening of the continent’s base, asthenospheric flow
into the wedge may resume, allowing the slab to sink again into the mantle at normal angles.
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1. Introduction

[2] The Andean Cordillera has resulted from
~200 Ma of continuous subduction of oceanic
lithosphere beneath the South American continent
[Jordan et al., 1983; Isacks, 1988; Allmendinger et
al., 1997; Lamb, 2000; Oncken et al., 2006]. Today,
the subducting Nazca plate is oldest (~48 Ma) at
around 20° S and decreases in age to the north and
south (Figure 1). The subducted slab is character-
ized by a geometry that changes dramatically along
strike of the plate boundary. Along most of the
margin oceanic lithosphere subducts with a typical
geometry, initially dipping ~5-30° in the mega-
thrust region near the trench before steepening at
depths of ~70—100 km into the asthenosphere.
Elsewhere slab descends at normal angles until
~70-100 km depth, where the dip shallows to
<10° and follows the base of the continent for
hundreds of kilometers inland (Figure 1) [Cahill
and Isacks, 1992]. In some instances, the edges of
the latter flat style of subduction correspond to
aseismic ridges subducting beneath the continent
(e.g., the Juan Fernandez and the Nazca ridges in
Figure 1). However, not all subducting aseismic
ridges spatially correlate with areas where subduc-
tion is flat (e.g., the Iquique and Carnegie ridges,
Figure 1). Subduction geometry also correlates with
present-day volcanic activity. Active calc-alkaline
volcanic arcs characterize areas of normal subduc-
tion geometry, while flat subduction precludes
magmagenesis and hence produces no arc volca-
nism [Jordan et al., 1983; Ramos, 1999; Gutscher
et al., 2000] (Figure 1a).

[3] The cordillera spans 8000 km of the Pacific
margin of South America and has elevations of up
to 7000 m (Figure 1). It is widest in its central part,
near the Arica bend (~20°S), and narrows to the
south and north (Figure 1). The most prominent
features of the central Andes are the Altiplano and
Puna plateaus, which together comprise the Earth’s
largest plateau formed in the absence of continent-
continent collision [Isacks, 1988; Lamb, 2000]
(Figure 1). The plateau has an average elevation of
3800—4500 m and has the greatest crustal thickness
of the Andean cordillera (up to 75 km [Yuan et al.,

2002]). It is flanked to the west by the Western
Cordillera, where the Central Volcanic Zone is
located, and to the east by the Eastern Cordillera
and Sierras Subandinas, where Neogene to present-
day shortening is accommodated (Figure 1b). Areas
of recent flat subduction delimit the southern and
northern ends of the plateau (Figure 1).

[4] Although commonly equated [e.g., Gutscher et
al., 2000], we distinguish here between flat sub-
duction in which the slab reverses its flexural
curvature to flatten at ~100 km depth and then
travels subhorizontally for hundreds of kilometers
inland, and shallow-angle subduction in which the
slab enters with relatively shallow dip that steepens
at ~70—100 km depth, from which point it sinks
into the mantle at a normal angle. Shallow-angle
subduction is more common (e.g., southern Alaska,
Costa Rica, Cascadia, and the Nankai trough) and is
associated with the subduction of young or over-
thickened, buoyant oceanic crust [e.g., Brocher et
al., 1994; Gutscher et al., 2000; and references
therein]. However, flat subduction is rare, and at
present is only well established beneath South
America, in central-southern Chile and Peru. It
may also occur in northern Colombia, in the Bucar-
amanga segment, although depth to slab is not
well constrained there (see Figure 1). Flat subduc-
tion of the Farallon plate under North America may
also have occurred during the Laramide orogeny
[Jordan et al., 1983]. A recent global compilation
of slab depths shows clearly the difference between
flat subduction and shallow-angle subduction [see
Syracuse and Abers, 2006, Figure 1]. It is worth
noting that contemporary flat subduction zones
beneath South America and the hypothesized past
flat subduction under western North America all
involve subduction of typical oceanic lithosphere
under large continental landmasses. Most other
presently active subduction zones on Earth involve
subduction of oceanic lithosphere beneath island
arcs or small continental fragments [see Syracuse
and Abers, 2006, Figure 1].

[s] Several mechanisms have been proposed for
flat subduction, including anomalous buoyancy of
the subducting slab due to young lithosphere
[Viaar and Wortel, 1976; Jarrad, 1986] or anom-
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