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[1] The flexural rigidity or effective elastic thickness of the lithosphere, 7., primarily depends on its
thermal gradient and composition. Consequently, maps of.the lateral variability of 7, in continents reflect
their lithospheric structure. We present here amew 7, map of South America generated using a compilation
of satellite-derived (GRACE and CHAMP missions) and terrestrial gravity data (including EGM96 and
SAGP), and a multitaper Bouguer coherence technique. Our 7, maps correlate remarkably well with other
proxies for lithospheric structure: areas withshigh 7, have, in general, high lithospheric mantle shear wave
velocity and low heat flow and vice versa. In'this paper we focus on the T, of the stable platform. We find
that old cratonic nuclei (mainly Archean andsEarly/Middle Proterozoic) have, in general, high 7, (>70 km),
while the younger Patagonian Phanerozoig, terrane has much lower 7, (20—30 km), suggesting that 7, is
related to terrane age as has already been noted in Europe. Within cratonic South America, 7, variations are
observed at regional scale: welatively lower 7, occurs at sites that have been repeatedly reactivated
throughout geological history as'major sutures, rift zones, and sites of hot spot magmatism. Today, these
low T, areas are surroundeéd/by latge cratonic nuclei. They concentrate most of the intracontinental
seismicity and exhibit relativelyphigh surface heat flow and low seismic velocity at 100 km depth. This
implies that intracontinental deformation focuses within relatively thin, hot, and hence weak lithosphere,
that cratonic interiors are strong enough to inhibit tectonism, and that the differences in lithospheric
rigidity, structure, and'composition between stable cratons and sites of intracontinental deformation are not
transient, and may hayve/been maintained, in some cases, for at least 500 m.y.
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1. Introduction

[2] Continents form by the amalgamation of
terranes that have stabilized at different times
during Earth’s history. In general, old terranes
(>1.8 Ga) have a lithosphere that is thicker, more
depleted in basaltic constituents and, consequently,
more dehydrated than younger ones [Jordan, 1978;
O’Reilly et al., 2001; Hirth and Kohlstedt, 1996].
The combination of these factors is thought to
make continental cratonic interiors more resistant
to subsequent deformation [e.g., Pollack, 1986;
Hirth and Kohlstedt, 1996].

[3] A measure of the resistance to vertical defor-
mation of the lithosphere is its flexural rigidity or,
equivalently, its effective elastic thickness, 7,. A
recent map of 7, in Europe, for example, shows
that in this continent areas of high 7, are located
within older terranes (>1.5 Gyr) where the litho=
spheric thickness, as inferred from shear wave-
velocities and thermal gradient, is much greater
than in the younger terranes [Pérez-Gussinye and
Watts, 2005]. Since large 7, correlates well with
areas where the seismic and thermal lithosphere is
thick and vice versa, T, maps of gontinents may be
used not only to better understand their mechanical
properties, but also to image the_lateralyvariability
in their structure.

[4] Earth structure is commonly“imaged using
seismic velocities as a proxy fofirock temperature
and composition. On the “other ‘hand, sensitivity
analysis of 7,, indicates that it primarily depends
on crustal thickness (a compositional feature) and
parameters of power. law creep, i.e., temperature,
composition andy to/ a lesser degree strain rate
[Lowry and Smith, 1995; Burov and Diament,
1995; Lowry et al. 72000; Brown and Phillips,
2000]. Thus 7, mainly depends on temperature
and composition and could be used, in principal,
to map lithospheric structure in an analogous way
as seismic velocities are used. However, while
seismic tomography can provide an image of the
subsurface at different depths, 7, represents a depth
integral of physical properties over the lithosphere.
Despite this, 7, affords a view of the lithosphere
that complements tomography because it more
directly reflects the rheological strength than does
seismic velocity. Moreover, mapping lithospheric
structure at continent-wide scale using flexural
rigidity has become much simpler because of the
recent availability of relatively high resolution
(1 degree) global grids of satellite-derived free-air

gravity data (from GRACE and CHAMP) that can
be combined with terrestrial data.

[s] Traditionally, 7, is estimated using either
forward (space-domain based) or inverse (spectral-
domain based) methods, both of which use topogra-
phy and gravity anomalies as inputdata [ Watts, 2001].
Exact comparisonof the results obtained from differ-
ent regional 7, studiesyisnot necessarily straightfor-
ward, however, asi7, estimates are sensitive to the
dimensions of.the data window, the power spectral
estimator and.the'loading model used.

[¢] Loading models include those that assume only
surface loads such as the thrust sheets in orogenic
belts, and those that consider both surface and
subsurface loads, as for example intracrustal thrusts
and magmatic underplating. Models that only
include surface loads were used during the late
70s ‘and early 80s. While these studies yielded
reasonable results for oceanic lithosphere [Watts
et al., 1980], they produced very low estimates for
cratonic continental lithosphere (e.g., 5—10 km for
the cratonic United States [Banks et al., 1977]).
Forsyth [1985], however, noted that if subsurface
loads contribute some fraction to lithospheric load-
ing, 7, would be underestimated by considering
surface loading alone. Taking into account surface
and subsurface loading, Forsyth [1985] and a
number of subsequent studies recovered very large
T, (>60 km) values for cratonic interiors.

[7] More recently, McKenzie [2003] suggested that
long-term erosion and sedimentation over cratons
might generate internal loads with no topographic
expression. These loads would constitute noise
within the flexural model framework, as they
would represent density anomalies with no appar-
ent flexural response. McKenzie [2003] argued that
this potential noise field would bias the spectral
methods results using the coherence function and
the Bouguer anomaly (Bouguer coherence) but not
those obtained from the admittance function and
the free-air gravity (free-air admittance). Using the
free-air admittance he obtained 7, estimates in
cratons that were <25 km. However, subsequently,
it has been shown that if the free-air admittance is
formulated consistently with the Bouguer coher-
ence, both methods yield similar results (within
uncertainties) when applied to synthetic as well as
real data (see Pérez-Gussinyé et al. [2004] and
Pérez-Gussinyé and Watts [2005] for a detailed
discussion). In Europe, for example, both techni-
ques yield low 7, in young Phanerozoic terranes
and large estimates in cratons (7, > 60 km), where
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the topography is subdued and long-term erosion
and sedimentation have occurred. This suggests
that subsurface loads without topographic expres-
sion may not occur [Pérez-Gussinyé and Watts,
2005]. Consequently, most spectral methods for 7,
estimation use the Bouguer coherence function and
a loading model that includes surface and subsur-
face loading, as is done here.

[8] That 7, may depend on the dimensions of the
data window stems from two modeling limitations.
First, 7, is generally assumed to be constant within
the data windows used, such that if the data
encompasses regions with different rigidities, the
estimated 7, is a weighted average. Secondly, when
the data window is small relative to the flexural
wavelength, the 7, estimate tends simultaneously:
to be biased toward lower values and have larger
variance (see Swain and Kirby [2003], Audet and
Mareschal [2004], Pérez-Gussinyé et al. [2004];
and also section 4.1 for a detailed description).
Additionally, techniques used for power spectral
estimation affect the wavelength content ofithe
topography and gravity data eventually yielding
differences in the absolute values of ZTgwestimates
(see Ojeda and Whitman [2002] and Audet and
Mareschal [2004] for tests with differingsspectral
estimators and section 3.3 for a detailedidescription
of this effect). Despite this, relative spatial varia-
tions of 7, estimates tend’to agree between differ-
ent studies such that the Jareas found to have
highest or lowest 7, will persist for various
methodologies. Yet, comparisens of 7, in different
regions of a continent benefit from application of a
single consistent estimationsapproach, as is carried
out in this paper.

[v] In South America, the terrestrial Bouguer
gravity anomaly datascoverage is uneven and so
most previous studies have been limited to regions
where there is adequate data. Most have focused
on the Andean domain [Zassara, 2005; Stewart
and Watts, 1997; Watts et al., 1995]. An exception
are those of Mantovani et al. [2005a], who esti-
mate 7, on the basis of an empirical correlation
between tidal forcing and elastic thickness. Another
is a recent study by Tassara et al. [2007], who
used wavelet Bouguer coherence to obtain spatial
variations in 7,. The results of these two studies,
however, differ markedly: Mantovani et al.
[2005a] obtained large (7, > 70 km) estimates
over the Andean domain comparable to those in
cratonic South America. Tassara et al. [2007], on
the other hand, found 7, in the Andes to be much

lower than over the cratonic interior. This latter
study is consistent with forward modeling results
of Bouguer anomalies in the Andean domain
[Tassara, 2005, Stewart and Watts, 1997; Watts
et al., 1995].

[10] In this paper, we present a new 7, map of
South America generated using the coherence
between continent-scale grids of Bouguer anomaly
and topography ‘data ‘together with a multitaper
power spectral estimator. We focus on the results
in the stable ‘South American platform, first
describing the tectonic domains of cratonic South
America, the data sources and processing, and the
methodology employed to estimate 7,. We then
compare our results to those of Tassara et al. [2007]
and Mantovani et al. [2005a]. Subsequently, we
examine the relationship of 7, to terrane age and
other proxies for lithospheric structure such as
shear wave velocity and heat flow. Finally we dis-
cuss the spatial correlation of 7, with intraconti-
nental seismicity and its significance for neotectonic
deformation of the continental interior.

2. Tectonic Terranes of the South
American Platform

[11] The South American stable platform com-
prises Archean and Proterozoic terranes amalgam-
ated during the Trans-Amazonian (Paleo-Proterozoic),
Late Meso-Proterozoic and the Brasiliano/Pan African
orogenies [Almeida et al., 2000] (Figure 1). The super-
continents Atlantica, Rodinia and West Gondwana,
respectively, resulted from the culmination of these
three tectonic cycles [Brito Neves et al., 1999].

[12] Within the platform, the Amazonian, Sao
Francisco and Rio de la Plata cratons are the largest
cratonic blocks remnant after these cycles (Figure 1).
These blocks contain Archean nuclei as well as
fragments of Paleo-Proterozoic and Late Meso-
Proterozoic/Early Neo-Proterozoic fold belts [Brito
Neves et al., 1999]. The most extensive exposures
of Archean rocks are found within the Amazonian
and Sao Francisco cratons [Almeida et al., 2000].
The Amazonian craton is divided into the Guyana
and Guaporé¢ Shields, which consist of four differ-
ent geological terranes of Archean and Early/Middle
Proterozoic age. The Guyana shield is dissected
by a SW-NE trending graben, the Tacutu Meso-
zoic graben (Figure 1). The graben separates
blocks having different composition and age, so
probably it is a reactivated structure of Late/Middle-
Proterozoic age.

3 of 22

192
193
194
195
196

197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

214
215

216
217
218
219
220
221
222
223

224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241



'lgﬁgﬁ?,?';}éss"y 3 PEREZ-GUSSINYE ET AL.:. ELASTIC THICKNESS 10.1029/2006GC001511
" Geosystems

-10

-30
Juan Iferﬂandez \
ridge _ , ¥* Parana
flood basalts

-50

‘u -4000 -2000 0 2000 4000 6000
Topography—Bathymetry [m]

Figure 1. Topography of South America with main tectonic provinces within the stable platform. The Guaporé,
Gua, and Guyana, Guy, shields have basement of the same nature and age ranging from Archean to Early/Middle
Proterozoic. Together they form the Amazonian craton. Within the Guyana Shield, the Tacutu Mesozoic rift, TAC, is
a failed rift branch associated with the opening of the central Atlantic in Lower Jurassic times. Late Triassic flood
basalts belonging to the central Atlantic magmatic province (CAMP) are located at the northwestern end of the
Tacutu graben (approximate location shown by dashed gray line [Phipps Morgan et al., 2004]), which separates
blocks with different Archean and Proterozoic age suggesting an ancient suture that predates central Atlantic opening.
TBL is the Transbrasiliano lineament, a continental scale suture that recorded the amalgamation of the Amazonian
with the San Francisco, SF, and Rio de la Plata, RP, cratons during the Brasiliano/Pan African cycle. The location of
the Rio de la Plata craton is poorly known, and we show it with a black dotted line. The Patagonian terrane, Pat, was
amalgamated during the Phanerozoic. The red dot is the location of Asuncién in Paraguay, and the gray lines
represent dyke swarms that fed the Parand flood basalts [Hawkesworth et al., 2000]. The extension of the flood
basalts is shown with a black dashed line. Par is Parana basin; Prb is Parnaiba basin. Both basins are thought to be
underlain by cratonic lithosphere; see text. Am and Sol are Amazonian basin (east of 300°) and Solimoes basin (west
of 300°), respectively. Within the Andean domain, iso-depth contours to the oceanic slab from Syracuse and Abers
[2006] are shown with red dashed lines; numbers are depths in kilometers.
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