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Abstract. We address the possible link between the age of subducting oceanic lithosphere and growth
of elevated cordilleras versus extension-dominated arc regions. Singularity exists in South America:
the lowest elevated Andean segments are found in Patagonia where the active Chile Ridge enters
the trench. Subduction of active ridge triggers thermal doming, crustal extension and attenuation
of former cordilleras. At the Antarctica–South America connection, three active ridge subductions
induced the disruption of a former continuous cordillera during the opening of Drake Passage. Active
ridge subduction induces lithosphere thermal erosion and related crustal extension in the upper plate.
Evolution of regions worldwide experiencing ridge subduction confirms this hypothesis.
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1. Introduction

Subduction of oceanic lithosphere beneath conti-
nental lithosphere is able to generate high relief
cordilleras, such as the Andean belt in South Amer-
ica and the Sierra Nevada, Coastal Ranges, Rocky
Mountains and Alaska Mountains in Northern Amer-
ica. However, with along many subduction zones
worldwide, the continental lithosphere overriding
the subducting oceanic lithosphere does not carry

∗Corresponding author.

high elevation belts. This is well observed for exam-
ple, along the subduction zones of Alaska Peninsula,
Aleutian Islands, Kuril Islands and Ryukyu Islands
as well as along the overall Indonesia convergent
boundary.

Explanations for such contrasting styles of the
continental lithosphere overriding subducting
oceanic lithosphere have long been proposed but
are still a matter of debate. Classifications based
on various characteristics describing the behaviour
of the upper and lower plates suffer many excep-
tions [Shemenda, 1992, 1994, Uyeda, 1982, Uyeda
and Kanamori, 1979]. At a global scale, differences
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Figure 1. Present-day slab windows and probable location of areas affected by Cenozoic slab windows
beneath SE Asia to Antarctica Peninsula [Dickinson and Snyder, 1979, Johnston and Thorkelson, 1997,
Gorring and Kay, 2001, Sisson et al., 2003, Madsen et al., 2006, Breitsprecher and Thorkelson, 2009,
Whittaker et al., 2007, Thorkelson et al., 2011, Müller et al., 2008, 2016 for predicted SE Asian slab window].

of topography between western and eastern Pacific
cordilleras can be assigned as a function of subduc-
tion polarity, related slab retreat/advance and force
balance [Doglioni et al., 1999, 2007]. For Vander-
haeghe and Duchêne [2010], the topography of the
overriding plate is the consequence of the crust-
lithospheric mantle ratio resulting from the inter-
action between slab kinematics and the degree of
crust-mantle coupling/decoupling. Moreover, by
looking at the force balance, mechanisms involving
mantle drag beneath the upper plate can represent
a prime role to the deformational regime at subduc-
tion zones [e.g. Husson, 2012]. Another point of view
is to attempt to correlate simple parameters. For
example, correlating the topography of the continent
at a given active margin boundary with the age of the
corresponding subducting oceanic lithosphere pro-
vide contrasted results [Garfunkel et al., 1986, Heuret
and Lallemand, 2005, Heuret et al., 2011, Jarrard,
1986, Sdrolias and Müller, 2006]. In addition, lateral
changes of rheology due to progressive variations in

the age of the subducting lithosphere are difficult
to integrate into analogic or numerical experiments
[DeLong et al., 1979, DeLong and Fox, 1977, Groome
and Thorkelson, 2009, Uehara and Aoya, 2005]. More
specifically, the situations involving the subduction
of active spreading ridges leading to the opening
of an asthenospheric slab window beneath a conti-
nental margin, although studied in detail [Thorkel-
son, 1996, Thorkelson and Taylor, 1989], have not
been integrated into a model depicting the complete
evolution of subduction cordilleras.

The purpose of this article is to examine the role
played by the subduction of active spreading ridges
on the evolution of subduction belts, with a focus
on the processes leading to the attenuation and dis-
appearance of the cordillera reliefs (Figure 1). We
first discuss correlations between two parameters
which may simply describe ocean-continent subduc-
tion zones. For a given transect across a subduction
zone, these parameters are: (1) the mean elevation of
the continent of the upper plate and, (2) the age of the
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subducting oceanic lithosphere at trench. We point
to a major singularity arising when considering this
simple correlation at the global scale on one hand,
and at a more regional scale, on the other hand.

Resolving this singularity at the scale of the An-
dean belt leads us to emphasize the role played by the
subduction of active spreading ridges and the open-
ing of slab windows in the progressive decrease of
the elevation and volume of the cordillera. We finally
test the idea that a causal link exists between lower-
ing and disappearance of subduction cordilleras re-
liefs and opening of slab windows due to spreading
ridge subduction by discussing a number of situa-
tions worldwide.

2. Correlating the cordillera topography with
the age of the subducting oceanic litho-
sphere: the singularity

At the scale of the entire peri-Pacific subduction
boundaries, there is a negative correlation between
the elevation of the continental crust over the sub-
ducting oceanic lithosphere (corresponding to the
forearc to the back-arc region) and the age of the
oceanic lithosphere at the trench for a given tran-
sect (blue dotted line with a correlation coefficient
R2 = −0.16, Figure 2). Without considering tran-
sects located close to modern subducting spreading
ridges, low elevation subduction belts are found in
the west Pacific regions where the descending litho-
sphere is of Mesozoic age (Figure 2). High elevation
cordilleras such as the Andes, the Western American
Cordillera and the Alaska belt, are found along the
eastern Pacific regions where the subducting litho-
sphere is Cenozoic in age (Figure 2). However, at a
more regional scale, when considering the relations
between the elevation of the Andean crust and the
age of the oceanic lithosphere at the trench, the neg-
ative correlation is changed into a positive correla-
tion (red dotted line with a correlation coefficient
R2 = 0.59 on Figures 2, and 3). This constitutes a sin-
gularity that needs to be solved. Indeed, the highest
and widest elevation of the Andes, corresponding to
the Altiplano-Puna region, occurs where the oceanic
lithosphere is the oldest (Eo-Oligocene) (transects
S15 and S16 Figures 2 and 3) and by contrast, the
lowermost segments of the Cordillera, in Central
Patagonia, occur at the site of the Chile Triple junc-
tion (CTJ), where the oceanic lithosphere is zero Ma

in age, that is where the Chile spreading ridge en-
ters the trench (transect S19 Figures 2 and 3). South-
ward of the CTJ, the Andes disappear completely into
the ocean due to the opening of the Scotia Sea dur-
ing the Neogene [Eagles, 2003, Eagles et al., 2005,
2006, Lagabrielle et al., 2009, Livermore et al., 2005,
2007]. This occurred following a period of rifting
that affected the Antarctica–South America connec-
tion where a high subduction cordillera existed [Ea-
gles and Jokat, 2014, Ghiglione and Ramos, 2005,
Ghiglione et al., 2016, Kraemer, 2003, Vérard et al.,
2012]. In the following section, we will show that the
attenuation and complete disruption of this former
Cordillera occurred in relation with the subduction of
several active spreading ridges.

3. Resolving the singularity along the Andean
Cordillera

At present, the Andes are actively growing in the re-
gions north of the Chile Triple Junction and south of
the Cocos–Nazca–Mid-America trench junction [e.g.
Allmendinger et al., 1997, Gregory-Wodzicki, 2000,
Isacks, 1988, Jordan et al., 1983, Ramos, 1989]. Ac-
tive eastward verging thrusts develop in the frontal
regions of the Andes where the Amazonian litho-
sphere is underthrust beneath the Andean litho-
sphere [Taboada et al., 2000]. The resulting con-
tinental plateau, formed in response to the initia-
tion of westward South America continental (or Ama-
zonian block) collision, stretches for North–South
1800 km-long and attains a width of 350–400 km.
Westward verging thrusts also develop in the western
Andean belt [Armijo et al., 2015]. Current uplift oc-
curs with the highest values recorded in the central
Andes, in the Altiplano-Puna regions [e.g. Gregory-
Wodzicki, 2000, Husson and Sempere, 2003, Perkins
et al., 2016]. The Altiplano-Puna Andean plateau
was uplifted primarily because of crustal thicken-
ing produced by horizontal shortening of a thermally
softened lithosphere [e.g. Allmendinger et al., 1997,
Gerbault et al., 2005] with a recent evolution linked
to gravity-driven crustal channel [Husson and Sem-
pere, 2003]. Uplift in the region of the Altiplano be-
gan around 25 Ma, coincident with increased con-
vergence rate and inferred shallowing of subduc-
tion; uplift in the Puna commenced 5–10 million
years later [Sempere et al., 1990, Allmendinger et al.,
1997, Charrier et al., 2013]. Therefore, the current
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Figure 2. (A) Peri-Pacific overview showing continental topography (Digital Elevation Model, GTOPO30)
and age of the oceanic lithosphere [from Seton et al., 2020]. 19 transects were selected from Indonesia
to southern South America. Max/mean/min topographic profiles of each 19 transects were extracted
and are available on Supplementary files. (B) Correlations between age of the oceanic lithosphere at
trench and the surface area S of the overriding plate domain along the 19 selected transects. The surface
area S was extracted from mean elevation of the 19 selected transects from peri-Pacific region (using the
midpoint Reimann Sums method). Surface area of transects across the Andean Cordillera are represented
with red stars. Green (from west Pacific to Aleutian regions) and orange (east Pacific regions) boxes
represent the peri-pacific correlations between topography and age of the oceanic lithosphere. The
blue dotted line corresponds to the negative correlation observed along the peri-Pacific regions with a
correlation coefficient R2 =−0.16. The red dotted line corresponds to the positive correlation described
between the Andean Cordillera topography and the age of the subducted oceanic lithosphere at trench.
The correlation coefficient R2 = 0.56 was calculated using red stars.

topography of South America is a recent feature and
contrasted morphological changes have occurred
along various segments of the Andean cordillera dur-
ing the last 50 Ma.

An overview of the average evolution of the to-
pography of the Andean orogen highlights that an
important decrease of max and mean elevation oc-
curs starting from 35° S (Figure 3). At the site of
the present-day Chile Triple Junction, the mean to-
pography of the Andean belt is reduced. Here, the
cordillera lacks central high relief and the average el-
evation reaches a few hundred meters [Figure 3 and
see Scalabrino et al., 2010 for more details]. It is
demonstrated that the uplift of the Central Patag-

onia Cordillera occurred from 25 to 15 Ma in re-
sponse to compressional deformation of the arc do-
main [Blisniuk et al., 2005, Lagabrielle et al., 2004,
Ramos, 1989, Thomson et al., 2001]. Eastward verg-
ing frontal thrusts bring the external units of the
Cordillera over molasse deposits of the Pampa re-
gions (Figure 4A). After this period linked to the
break-up of the Farallon plate [Londsale, 2005] in-
ducing the acceleration rate of the subduction of the
Nazca plate [Somoza, 1998, Pardo-Casas and Mol-
nar, 1987], the interval 16–14 Ma was characterized
by the tip of a long segment of the SCR entering
the Chile trench at around 55° S [Cande and Leslie,
1986]. In the Patagonian Cordillera, the compression
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Figure 3. The positive correlation between the Andean topography and the age of the oceanic lithosphere
at trench. (A) Maximum (red line) and mean (gray area) elevations of the Andean Cordillera in 1° latitude
bins (with 100-km width). Yellow line represents the seafloor age (Myr). The location of the Chile
Triple Junction (CTJ) corresponds to the yellow star. (B) Andean topography (Digital Elevation Model,
GTOPO30) and seafloor age [from Seton et al., 2020, Sdrolias and Müller, 2006]. The trench is represented
by thick line with triangles. Red dotted line limits the Andean topographic front [from Horton, 2018].
Relative plate velocities from DeMets et al. [1990].

resumed and a major phase of erosion resulted to the
rapid peneplanation of the eastern side of the frontal
belt (Figure 4B). To the west, low-temperature ther-
mochronology studies show that the late Cretaceous
topographic evolution of the Cordillera was governed
by complex feedbacks between deep geodynamic
processes [Georgieva et al., 2019, Guillaume et al.,
2013] with climate [Thomson et al., 2010, Willett
et al., 2020], transcurrent deformation along the dex-

tral strike-slip Liquiñe-Ofqui Fault Zone (LOFZ) [e.g.
Cembrano et al., 2002] and upper crustal shortening
along NW–SE thrusts related to the LOFZ [Georgieva
et al., 2016, Stevens Godard and Fosdick, 2019]. The
occurrence of remnants of glacial deposits and land-
form perched surfaces preserved in the central and
eastern parts of the cordillera also suggests higher el-
evations at this time [Lagabrielle et al., 2010, Scal-
abrino et al., 2010, 2011].
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Figure 4. Lithospheric-scale model of circum-
Pacific cordilleras evolution during active
spreading ridge subduction from a “classical
cold” subduction stage (A) to a “hot” subduction
stage (B–D). After a compressional stage linked
to arrival of high bathymetric features close
to the trench (A), regional thermal uplift, or
related-uplift dynamic topography, represents
the first impact of uprising of hot asthenosphere
flows through the slab-window (B–C). Exten-
sional to transtensional deformation associated
with variability of magmatism comprising volu-
minous OIB intraplate activities substantiates
the thermal erosion and the weakening of the
continental lithosphere above and around slab
window pathways (D).

From 15 to 3 Ma, large alkaline plateau basalts
were erupted in the eastern Patagonia Cordillera (Fig-
ure 4C) [Espinoza et al., 2008, Gorring et al., 1997,
2003, Ramos and Kay, 1992]. These major magmatic
events are likely linked to the development of a tear
in the Nazca slab [Guivel et al., 2006], followed by the
development of the Patagonian slab window [Gorring
and Kay, 2001, Bourgois and Michaud, 2002, Breit-
sprecher and Thorkelson, 2009, Espinoza et al., 2010,
Lagabrielle et al., 2004, Russo et al., 2010]. During
this period, no significant tectonic and arc magmatic
activities are known in the cordillera domain, but
the overall elevation of the cordillera remained high
south of CTJ (Figure 4C). As depicted in Figure 4C,
Scalabrino et al. [2010] suggest that synchronously
to alkaline magmatism, thermal uplift was able to
maintain high elevation plateau, creating conditions
for major eastward glaciers dynamics as shown by
7 Ma to 3 Ma till deposits interbedded with alka-
line lavas [Lagabrielle et al., 2010, Mercer and Sut-
ter, 1982]. Thermal doming, or dynamic topography
according to some authors, is interpreted as the first
consequence of the presence of hot materiel beneath
the upper plate [Ávila and Dávila, 2018, 2020, Guil-
laume et al., 2009, Scalabrino et al., 2010].

The cessation of the tectonic activity along the
Patagonian Cordillera coincides with the collision
and subduction of the Chile Spreading Ridge, which
started at 14 Ma at the site of the present-day Tierra
de Fuego. Negative tectonic inversion of the front
of the Cordillera occurred recently in Central Patag-
onia as a response to the presence of very young sub-
ducted segments of the Chile Ridge buried at depth
[Scalabrino et al., 2010, 2011]. This frontal inver-
sion is accompanied by the subsidence of internal
asymmetrical basins limited by normal faults, inside
the cordillera itself (Figure 4D). According to Scal-
abrino et al. [2010, 2011], extensional tectonics play
an important role in the attenuation of the reliefs of
the cordillera (Figure 4D). Extension was triggered
by the presence of hot mantle belonging to the sub-
ducted Chile Ridge lithosphere moving eastward be-
neath the southern tip of the South America Plate.

South of the present-day Chile Triple Junction, ge-
ological studies revealed that the Andean Cordillera
started growing in earliest Cenozoic times, that is
well before the current Central Cordillera of Chile–
Peru–Bolivia which was at that time with elevations
close to sea-level (Figure 5A) [e.g. Armijo et al., 2015,
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Figure 5. Early Tertiary (A) and present-day (B) configurations of the South American plate and West
Antarctica Peninsula. (A) Paleoelevation of South American plate and supposed continental connection to
the West Antarctica Peninsula at 60–50 Ma [from Boschman, 2021, Ghiglione, 2016, Reguero et al., 2013, Riley
et al., 2023]. Cross section A–A′ represents the large-scale 2D structure of the Andean magmatic arc and back-
arc domains [simplified from Armijo et al., 2015] and the cross-section B–B′ is a proposed structural view of
the former elevated Cordillera (including the Cordillera Darwin) connecting the South American plate to the
West Antarctica Peninsula [after Cunningham, 1993, 1995, Ghiglione, 2016, Ghiglione et al., 2016, Ronda
et al., 2019]. (B) Present-day elevation of the Andean and the West Antarctica Peninsula. Cross section C–
C′ corresponds to the actual tectonic structure of the Andean belt at 21° S [after Armijo et al., 2015], cross
section D–D′ illustrates the present-day setting of the Drake Passage and Scotia Sea back-arcs domains.
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Boschman, 2021, Gregory-Wodzicki, 2000, Horton,
2005, Jordon et al., 2010, Lamb et al., 1997, Sempere
et al., 1997]. Exhumation of the internal part of the
Cordillera Darwin in Tierra del Fuego initiated dur-
ing the Eocene, indicating that there was a larger
cordillera belt at the site of the current tip of south-
ernmost South America (Figure 5A) [Coutand et al.,
1999, Cunningham, 1993, 1995, Fosdick et al., 2011,
Ghiglione et al., 2016, Müller et al., 2021, Ronda et al.,
2019]. At present, the Central Andean Cordillera re-
gions expose highest elevation and the widest belt
(Figure 5B), while to the south, remnants of the
former Southern Andean Cordillera form restricted
parts of the end of South America continent and
are still exposed along the Antarctic Peninsula (Fig-
ure 5B). Plate reconstructions of the South America–
Antarctica region involve frequent interplay between
ocean lithosphere subduction and accretion at young
spreading centers since Mesozoic times. Based on
a compilation of various regional kinematics mod-
els gathered from the literature, Figure 6 shows the
evolution of the interactions between trenches and
ridges to the south of South America. The current
Drake Passage area was the site of the subduction
of at least three active spreading ridges (Figure 6)
and its mantle is now characterized by a strong ther-
mal anomaly. Tomography models reveal a zone of
strongly attenuated P and S waves extending from
the CTJ to the Antarctica Peninsula [e.g. Ben Man-
sour et al., 2022, and references herein]. The open-
ing of the Drake Passage at 33 Ma (Figure 6), in re-
sponse to seafloor spreading along the Scotia Ridge
[Lagabrielle et al., 2009, and references herein], cross-
cut the Southern Andean Cordillera leading to two
separated strongly attenuated remnant cordilleras.
The volume and elevation of the former continuous
cordillera remain unknown, but comparison with
some portions of the current Andes north of the Chile
Triple Junction can be proposed (Figure 5A–B).

4. A theoretical model of “active continental
margin orogenic cycle”

The evolution of the Antarctica–South America con-
nection leads us to highlight a causal link between
the sites of opening of slab windows and the atten-
uation and disappearance of a former continuous
cordillera. Situations involving more than one ridge
subduction in one single region are rare on Earth, but

they cannot be neglected. We will comment in Sec-
tion 5 the case Sundaland that has been concerned by
the subduction of two ridges leading to widespread
extension in the upper plate. Most of the situations
however involve the subduction of one ridge. Here
we attempt to design a theoretical evolution for ac-
tive continental margin with cordillera which focuses
on the variations of slab forces before, during and af-
ter the subduction of a single spreading ridge seg-
ment (Figure 7). We assume that the ridge intersects
the trench at a low angle.

The evolution can be divided into three stages.
During stage 1 (cartoons 1 and 2, Figure 7), the ridge
remains far from the trench and the age of the ocean
lithosphere decreases oceanward from the trench.
We assume that slab pull is efficient as a large amount
of relatively old lithosphere is descending in the sub-
duction zone. Therefore, coupling at the subduction
interface is supposed to remain high during stage
1 and a compressional regime develops in the con-
tinental plate triggering the construction of an ele-
vated cordillera. Analogue models have shown that
an increase of shortening is observed in the over-
riding plate during the subduction of increasingly
young oceanic lithosphere in the case the overriding
plate moves toward the trench faster than slab retreat
[Salze et al., 2018].

During stage 2, the ridge enters the trench (car-
toon 3, Figure 7). Now, the oceanic lithosphere gets
older seaward. Interplate coupling decreases due to
rapid thermal weakening at the plate interface; in a
same sense, slab pull force is greatly reduced because
a slab window opens beneath the forearc domain.

During stage 3, the oceanic lithosphere is older
oceanward (cartoons 4 and 5, Figure 7). The slab-
window continues to develop and migrates beneath
the upper plate. A high thermal regime occurs
beneath the continental lithosphere and the over-
riding plate records long-wavelength thermal dom-
ing as suggested by field studies in the Patagonian
Cordillera (cartoon 4, Figure 7) [Scalabrino et al.,
2010, 2011]. In cartoon 5, the slab-window is largely
opened and a thermal erosion occurs at the base
of the continental lithosphere. The tectonic regime
of the cordillera is now dominated by local to re-
gional extension with negative inversion of the main
thrusts.

After a few millions of years, the slab window
opens largely and the asthenospheric mantle is able
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Figure 6. Schematic kinematic reconstructions of South America–Antarctica since 60 Ma, showing rela-
tions between active spreading ridges subductions and Scotia Sea back arc expansion. General stereo-
graphic projection (using GMT software), after Scalabrino et al. [2009].
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Figure 7. Multi-stage theoretical model of con-
tinental margin evolution during and after ac-
tive spreading ridge subduction and slab win-
dow formation (see comments in text).

to flow from the oceanic domain through the window
to maintain a large thermal anomaly beneath the up-
per plate, favoring thermal erosion. In addition, slab
pull is reduced to almost zero and the coupling at the
interface might still be low. These parameters main-
tain low tectonic coupling at the subduction inter-
face.

Numerical models designed to investigate the ef-
fects of the complete subduction of an oceanic plate
suggest that the arrival of a mid-ocean ridge at the
trench is preceded by a slab detachment due to

a reduction in strength and negative buoyancy of
the approaching oceanic lithosphere and the loss of
transmission of the slab pull force to the surface [Bur-
kett and Billen, 2009, Wu et al., 2022b]. In terms of
mantle dynamics, a complex mantle circulation be-
gins beneath the upper plate. Laboratory models
of mantle dynamics through slab gaps highlight that
lateral, poloidal and toroidal flow patterns affect a
large part of the subduction zone which may result
on some variations of the spatio-temporal behavior
of the overriding plate [see Guillaume et al., 2010,
Király et al., 2018, 2020].

A remarkable feature displayed by large peri-
Pacific subduction boundaries is their geographi-
cal stability over hundred millions of years. This is
well demonstrated for the successive Ecuador–Peru–
Chile arcs that moved only some dozen of kilome-
ters apart from an average position on the western
side of South America [e.g. Ancellin et al., 2017]. For
this reason, during their long evolution, the Andean-
type cordilleras are able to record all types of mar-
gin morphologies and structure [Allmendinger et al.,
1997, Armijo et al., 2015, Oncken et al., 2006, Ramos,
2009, 2014, Russo and Silver, 1996]. Indeed, during
its Mesozoic–Cenozoic evolution, the Andes region
changed from a very low elevation area dominated
by marine sedimentation to a 400 km wide upris-
ing continental plateau, that reached an elevation of
3500–4000 m during a relative short period of about
20 Ma (see Figure 5A–B) [e.g. Armijo et al., 2015]. In-
versely, we recalled above that around 33 Ma, south-
ernmost South America underwent progressive sub-
sidence and completely disappeared below sea-level
in relation to the opening and widening of the Drake
Passage (Figure 5B). This implies that at the geolog-
ical scale, the reliefs of subduction cordilleras are
not stable features, they may change from elevations
close to sea level to very elevated plateaus that in turn
may resume to sea level elevations. We thus evidence
an “active continental margin orogenic cycle” includ-
ing birth, growth, attenuation and disappearance of
subduction cordilleras. Part of this cycle is controlled
by the subduction of active spreading ridges.

5. Discussion: what about the rest of the
world?

In the following, we will explore how geological con-
straints around the world allow to confirm that sub-
duction of active spreading ridges triggers significant
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changes in the behavior of the upper plate continen-
tal lithosphere, inducing notably subsidence and at-
tenuation of former cordilleras.

5.1. North East-Pacific: from Aleutian-Alaska to
Central America

The North-Eastern Pacific margin is integrated into
a long-lived history of oceanic subductions beneath
continental lithosphere involving oceanic plates
or micro-plates since the Mesozoic. Most of these
continental active margins exhibit high-elevation
cordilleras in response to magmatic and tectonic
crustal thickening. Through time, compressional
shortening was not the unique factor of tectonic evo-
lution of the North-Eastern cordilleras as evidenced
by several phases of extensional deformation related
to the complex and long-term subduction of spread-
ing ridges. In this section, we describe how active
spreading ridge subductions during the Cenozoic
induced particular changes in the tectono-magmatic
evolution of cordilleras from Aleutian-Alaska to the
Central America region.

5.1.1. Subduction of active spreading ridges along the
North-Eastern Pacific since the Cenozoic

During the Cenozoic, the northwestern margin of
North American plate (including the East Aleutian
arc, Alaska, British Columbia and Oregon) was the
site of multiple active spreading ridge subductions
[Breitsprecher et al., 2003, Fuston and Wu, 2020,
Madsen et al., 2006, Müller et al., 2008, 2016, Sis-
son et al., 2003, Sisson and Pavlis, 1993, Thorkel-
son et al., 2011]. Cenozoic plate kinematic recon-
structions highlight three subductions of oceanic
plates/microplates located northward of the Pa-
cific plate, namely the Resurrection, the Kula and
the Farallon plates (Figure 8) [e.g. Fuston and Wu,
2020, Madsen et al., 2006]. These plates were sepa-
rated by four spreading axes: the Kula/Resurrection
Ridge (KRR); the Resurrection/Farallon Ridge
(RFR), the Kula/Farallon Ridge (KFR) and the Pa-
cific/Farallon Ridge (PFR); all of them were progres-
sively subducted beneath the North American plate
(Figure 8).

5.1.2. Aleutian-Alaska

The Alaska active continental margin offers a
clear example of the transition between an elevated

subduction cordillera, the Alaska belt, to a low eleva-
tion belt, finally passing to a succession of volcanic
islands forming the Aleutian arc [Jicha et al., 2004].
The significance of such a rapid transition between
a high elevation cordillera to an island arc is not yet
explored and no evidence of dramatic crustal exten-
sion was reported at the Alaska western border, in
the transition to the Bering sea. Due to the geom-
etry of the NW–SE KRR with respect to the arcuate
active margin, the KRR/North America triple junc-
tions followed two different configurations (Figure 8):
a high-angle intersection from the Aleutian to the
Sanak-Baranof (Alaska) margins from 80–55 Ma and
a low-angle intersection along the northern British
Columbia between 50–35 Ma [Breitsprecher et al.,
2003, Cole and Stewart, 2009, Farris and Paterson,
2009, Fuston and Wu, 2020, Kusky et al., 1997, Mad-
sen et al., 2006, Sisson et al., 2003].

Together with the CTJ region, the eastern Aleu-
tian arc has long been a reference for studies of slab
window effects. It has been shown that slab win-
dow opening has a profound influence on continen-
tal margin magmatism with the formation of mantle-
derived magmas intruding accretionary wedges. The
upwelling of suboceanic mantle beneath a continen-
tal margin triggers the generation of magmas by par-
tial melting of overlying crustal rocks and/or by de-
compression melting of the upwelling mantle [Cole
and Stewart, 2009, Cole et al., 2006, D’Orazio et al.,
2001, Sisson et al., 2003, Sisson and Pavlis, 1993].

When considering the tectonic evolution of
cordilleras, it is important to point that the Aleutian
arc region and southern Alaska slab window volcan-
ism was coincident with HT-LP metamorphism and
crustal extension [Bradley et al., 2003, Groome et al.,
2003, Iwamori, 2000, Sisson et al., 1989, Underwood
et al., 1999]. Zones of local extension developed
within arc-front, forearc, and accretionary prism
settings. For example, the late Paleocene to Eocene
Caribou Creek volcanic field (Southern Alaska) was
erupted in a zone of extension that trended orthog-
onally to the continental margin (Figure 8) [Bradley
et al., 2003, Cole and Stewart, 2009]. Infra-arc tec-
tonic extension caused long-arc differences in the
nature of crystallization, facilitated by changes in the
thermal and density structure of the subarc litho-
sphere [Singer and Myers, 1990, Singer et al., 1992].
Cole and Stewart [2009] note that in order for basalts
or gabbros to retain their mantle signature, the mafic
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Figure 8. Cenozoic plate configuration around the northwestern American margin and synthesis of
tectono-magmatic events at 70 Ma, 50 Ma and 30 Ma. Positions of active spreading ridges and slab
windows come from Madsen et al. [2006] and Fuston and Wu [2020]. KRR: Kula/Resurrection Ridge; KPR:
Kula/Pacific Ridge; RFR: Resurrection/Farallon Ridge; KPR: Kula/Pacific Ridge; PFR: Pacific/Farallon
Ridge.
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magmas need pathways to reach shallow crustal
levels. These pathways are more easily formed dur-
ing crustal extension. Crustal extension was also
described in the Alaskan back-arc domain coeval to
alkaline magmatism right above the slab-window
(Figure 8) [Bradley et al., 2003]. Locally, HT-LP meta-
morphism was associated with Metamorphic Core
Complex exhumation as shown around the central
margin of Alaska [53–50 Ma Chugach MCC, Pavlis
and Sisson, 1995, Sisson and Pavlis, 1993].

5.1.3. Northern American Cordillera

After a Mesozoic–Early Cenozoic complex evolu-
tion of terrane accretions along the Northern Amer-
ica Cordillera [see Clennett et al., 2020, for a syn-
thesis], the entire Northern American active mar-
gin has been subjected to spreading axis subduc-
tions. Synchronously to the eastward subduction
of the KRR along the Alaskan margin, the RFR en-
tered the subduction along the Northern American
Cordillera (Figure 8) [e.g. Fuston and Wu, 2020]. The
related triple junction migrated northward close to
the Vancouver Island [Madsen et al., 2006, Fuston
and Wu, 2020]. Since Late Eocene–Oligocene times,
multiple slab-windows related to KRR, RFR and KFR
subductions have developed inducing a composite
large-scale pathway for asthenospheric flows still ob-
servable beneath British Columbia (Figure 8) [Breit-
sprecher et al., 2003, Severinghaus and Atwater, 1990,
Madsen et al., 2006, Thorkelson et al., 2011]. A com-
posite slab-window is also responsible of the break-
off of the Resurrection slab [the “Yukon” slab ac-
cording to Fuston and Wu, 2020] forcing the dynam-
ics of the British Columbia margin to switch from
a convergent to a transcurrent lithospheric bound-
ary at 40 Ma (the Queen Charlotte dextral fault sys-
tem). Today, the Juan de Fuca oceanic plate (a rem-
nant of the Farallon plate) intersects the continental
margin with two related triple junctions, the Explorer
Triple junction close to Vancouver Island and the
Mendocino triple junction north of the Californian
state.

Before slab-window interactions, the North Amer-
ican Cordillera was the site of a complex magmatism
evolution inducing two main igneous domains from
west to east and separated by a North–South Sr–Nd
isotopic limit: the western Cordillera mainly domi-
nated by mantle magmas and the eastern Cordillera
with crustal magma affinities [Kistler and Peterman,

1973, Leeman et al., 1992]. The Cenozoic-Quaternary
influence of hot asthenospheric flow through slab-
window and/or gaps is well evidenced by studies
of magmatic products from the forearc and back-
arc domains. During Eocene–Oligocene times, the
voluminous forearc magmatism of the Canadian
Cordillera bears tholeiitic and alkalic signatures and
was emplaced in an extensional/transtensional set-
ting (Figure 8) [Barnes and Barnes, 1992, Davis et al.,
1995, Hamilton and Dostal, 2001, Thorkelson et al.,
2011]. More inland, the Cenozoic Canadian mag-
matism varies from north to south. Intraplate mag-
matism signature is localized along a major part of
the British Columbia Cordillera, whereas the Cas-
cadian Arc exhibits a typical calc-alkaline charac-
ter (Figure 8) [Thorkelson et al., 2011]. A key fea-
ture of the Cenozoic magmatic evolution occurred
at ca. 47 Ma with the cessation of arc-like mag-
matism switching to an intraplate activity from Late
Oligocene to Holocene [Edwards and Russell, 2000,
Madsen et al., 2006, Thorkelson et al., 2011]. This
transition occurred during the development of the
Northern Cordillera slab-window, below a 1500 km-
long transect from south British Columbia to the
northwestern tip of Canada. Along this last region,
adakitic magmatism was emplaced just above the
slab-window edge (Figure 8) [e.g. Thorkelson et al.,
2011]. The Northern American Cordillera is also char-
acterized by a change in the deformation regime. Un-
til early Cenozoic times, a compressional regime was
responsible for crustal thickening, metamorphic core
complex (MCC) initiation and Andean Altiplano-like
cordillera [Coney and Harms, 1984]. This stage is
followed in Cenozoic times (starting in the Eocene)
by tectonic extension inducing thinning of the crust
and denudation of MCC [Coney and Harms, 1984].
The present architecture of the British Columbia and
Washington region derives mainly from this Eocene
extensional event [Parrish et al., 1988]. For Edwards
and Russell [1999], the Northern Cordilleran Volcanic
Province can be considered as a northern Basin and
Range model where MCC are associated with HT-BP
metamorphism (Figure 8). This is the case for the
Early-Middle Eocene complexes of the Leech River
(south of Vancouver Island) [Groome et al., 2003] and
the Challis–Kamloops (south of British Columbia and
northwest of United States) where magmatism oc-
curred during the formation of a pull-apart basin and
MCC exhumation [Breitsprecher et al., 2003, Parrish
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et al., 1988]. Finally, high heat flow and thin litho-
sphere of the northern Cordillera [60–52 km, Harder
and Russell, 2006] demonstrate the impact of the
thermal erosion of the lithospheric mantle linked to
hot mantle upwelling.

5.1.4. California and Basin and Range

South of the Northern Cordillera, the California
margin was also deeply affected by active spread-
ing ridge interaction. During the Oligocene, the
PFR entered the subduction (Figure 8) and a PFR-
related transform fault collision (probably) led to
the initiation of the transcurrent dextral fault system
of San Andreas [Atwater, 1970, Dickinson and Sny-
der, 1979, Severinghaus and Atwater, 1990]. From
30 to 15 Ma the progressive opening of a slab win-
dow led to subsequent active mantle upwelling be-
neath the western United States. Two triple junc-
tions, the Mendocino and Rivera triple junctions,
then migrated in opposite directions along the con-
tinental margin in relation with the growth of the San
Andreas transform fault. The slab window continued
to widen as both triple junctions propagated north
and south. This process explains the shutdown of
the previous magmatic arc as the San Andreas Fault
developed.

Fernandes et al. [2019] realized a synthesis of
Cenozoic topographic evolution of Northwestern
and Western America coupling stratigraphic and ge-
omorphic markers. They highlight a series of uplift
pulses characterized by a total of more than 2 km
high long-wavelength surface uplift. Correlations
between thermochronology, magmatism and syn-
tectonic sedimentation analysis also suggest that a
Late Mesozoic regional compressive regime evolved
toward a regional extensional regime also described
northward by Coney and Harms [1984] [see Fer-
nandes et al., 2019, for references]. This overall ex-
tensional deformation is well documented in the
Basin and Range Province where Late Oligocene?–
Miocene MCC formed (Figure 8). These features
accommodate considerable amounts of horizontal
displacements in the middle crust along low-angle
normal faults. In the upper crust, normal faulting
with high angle faults control the formation of nu-
merous grabens and subsiding basins infilled by syn-
extensional sediments [Faulds et al., 1990, Faulds and
Varga, 1998, Malavieille, 1987, Varga et al., 1996, Wer-
nicke, 1981, 1985, Wernicke et al., 1987, Wernicke,

2009]. This area was also subjected to mid-Miocene
intensive intraplate eruption from the Colorado River
Plateau [Dickinson, 1997, 2006, Roberts et al., 2012,
for references] to the south of California [Cole and
Basu, 1992, Wilson et al., 2005].

Dickinson [1997] and Dickinson and Snyder [1979]
first pointed to the correlation between extensional
tectonics in the Basin and Range Province and the
opening of the slab window beneath western North
America. They suggest that upwelling asthenosphere
heated the base of the lithosphere and caused its
weakening. The hypothesis of a hot mantle anomaly
is enhanced by the regional-scale uplift that does
not involve crustal thickening [Lewandowski et al.,
2018].

Therefore, the dynamic topography observed
in California and surrounding areas reflects long-
term thermal anomalies driven by asthenospheric
upwelling through slab-windows or related-slab-
window gaps. These deep processes have induced
the thinning of the lithosphere [ca. 70 km; Klölcling
et al., 2018] via thermal erosion of the lithospheric
mantle and extensional deformation of the upper
plate since middle Cenozoic. We must note that in
the Basin and Range region, the extensional tecton-
ics applied to a former collisional orogen having a
thickened crust. This allowed the continental crust to
return to a former thickness of 30 km by extensional
collapse [Dewey, 1988, Coney and Harms, 1984].

Comparisons between the northern and south-
ern cordilleras of North America finally confirm that
the context of active ridge subduction impacts a
large panel of characteristics of the overriding plate.
Switches from convergent to transcurrent boundary
conditions (transcurrent strike-slip systems of Queen
Charlotte and San Andreas Faults) associated with
hot asthenosphere flowing through slab window fa-
vor extension of cold lithosphere. In this context, the
variability of extension styles affecting the cordilleras
is controlled by the rheological and thermal state of
the overriding crust [Buck, 1991, Rey et al., 2001].

5.1.5. Baja California

The Baja California and western regions of Mex-
ico mainlands (from Sonora to Jalisco) belong to
the southern part of Laramide orogen. During
Cretaceous to Eocene times, they experienced a
magmatic-tectonic evolution in relation to the sub-
duction of the Farallon plate beneath the northern
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Figure 9. Cenozoic plate configuration around the Central American margin and synthesis of tectono-
magmatic events at 20 Ma, 10 Ma and 5 Ma. Position of the active spreading ridges from 20 Ma and
5 Ma come from Bourgois and Michaud [2002], Johnston and Thorkelson [1997], Morell [2015]. PFR:
Pacific/Farallon Ridge; CNR: Cocos/Nazca Ridge; SAF: San Andreas Fault; SAM: South American Plate.

America plate, involving variability of subduction
rates and slab dips [Coney and Reynolds, 1977, En-
gebretson et al., 1985, Ferrari et al., 2006, Keith,
1978]. Progressive eastward subduction of oceanic
plates was also responsible for the middle Miocene to
Present recycling of the East Pacific Ridge (EPR) be-
neath Baja California and Mexico, where the Mexico
triple junction has migrated to the south with trench-
parallel slab window opening (Figure 9) [Bourgois
and Michaud, 2002, Michaud et al., 2006]. Dur-
ing the early Pliocene, the fragmentation of the Pa-
cific plate leading to the creation of the Rivera plate,
induced a jump of the triple junction, which is
now located southeastward [Bourgois and Michaud,

2002, Michaud et al., 2006]. Contemporaneously to
the Basin and Range Province, Baja California and
the western Mexican region were affected by Late
Oligocene–Late Miocene continental-scale extension
responsible of OIB-type magmatism in the upper
plate and of the initiation of Metamorphic Core Com-
plex exhumation (Figure 9) [see Calmus et al., 2015,
for references]. The overall regions experienced a
major alkaline magmatic event, dated from 11 Ma
to present, with volcanics emplaced along an E–W
trending corridor from Jalisco to Mexico City [Ferrari
et al., 2006]. To the northwest, the Gulf of Califor-
nia corresponds to a 1300 km-long corridor extend-
ing from the southern tip of the San Andreas Fault
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to the Mexico triple junction to the south. On the
western flank of the Gulf of California, the presence
of bajaites with adakitic magmatic affinities, suggests
subduction of a very young oceanic lithosphere (Fig-
ure 9) [Aguillón-Robles et al., 2001]. Based on these
results, Bourgois and Michaud [2002] propose that
the slab window development beneath southern Baja
California and mainland Mexico (30° to 18° N) re-
sulted from the subduction of the East Pacific rise.

Oblique rifting in the Gulf of California and ex-
tensional deformation in the surrounding regions of
Mexico were accentuated from 12 Ma to 6 Ma (Fig-
ure 9) [Stewart and Roldán-Quintana, 1994, Stock
and Hodges, 1989]. Crustal extension is correlated
with a regional scale uplift [e.g. Calmus et al., 2015,
Ferrari et al., 2013, Mark et al., 2017] with a notable
increase of uplift rates (0.1 to 0.2 mm/yr) starting
at 15 Ma [see Stephenson et al., 2014, for a synthe-
sis]. Recent extension, local uplift and alkaline mag-
matism are associated with high surface heat flow
from 83 mW/m2 to 90 ± 27 mW/m2 [Ziagos et al.,
1985, Pérez-Campos et al., 2008], suggesting a man-
tle origin for these surface processes. As indicated
by Bourgois and Michaud [2002], oblique rifting and
oceanic seafloor spreading in the Gulf of California
occur right above the slab window related to the sub-
duction of the EPR (Figure 9). During its southeast-
ward migration, this window allowed upwelling of
asthenospheric flows inducing progressive weaken-
ing of the continental lithosphere and subsequent
increase of extension and magmatism in the upper
plate.

5.1.6. Central America

Central America, and more specifically Costa
Rica and Panama, are the site of the interaction
of multiple plates including the North American,
South American, Cocos, Nazca and Caribbean plates.
The Cocos–Nazca spreading system initiated at
around 25 Ma [Hell, 1977] and progressively sub-
ducted beneath the Central America (Figure 9).
Thus, between 10 Ma and 2 Ma, Central America was
swept by a restricted slab window, the Panama slab-
window, related to the buried Cocos–Nazca spread-
ing axis (CNR, Figure 9) [Johnston and Thorkel-
son, 1997, Thorkelson et al., 2011]. At present,
the corresponding triple junction corresponds to
a trench–trench–transform configuration where the
subduction of the Panama Fracture Zone forced

the northeastward movement of the slab-window
[Johnston and Thorkelson, 1997]. Magmatic inter-
actions of the Panama slab window on the Costa
Rica/Panama areas and on the Caribbean plate are
well-documented. Here, late Miocene to Pleistocene
dacites and rhyolites rocks with adakitic signatures
located in the forearc of Panama and southern Costa
Rica correspond to the trailing edges of the slab-
window (Figure 9) [Johnston and Thorkelson, 1997].
OIB-type magmatic activity is also observed onland,
on the Caribbean plate whereas Nicaragua, El Sal-
vador and Guatemala lavas display arc compositions
(Figure 9). Therefore, the Panama slab window cor-
responds to a pathway for voluminous flows of en-
riched sub-slab peridotite into the arc and back-arc
domains [Johnston and Thorkelson, 1997]. Based
on geochemistry analysis of hydrothermal fluids,
Bekaert et al. [2021] confirm that the Panama win-
dow allows eastward intensive asthenospheric flows
coming from the Galapagos hot spot. This observa-
tion correlates with seismic anisotropy data showing
W–E trending flows beneath the Caribbean plate
[Russo and Silver, 1994]. Tectonically, the evolution
of the region results from several phases of deforma-
tion related to: (1) the subduction of the Cocos plate,
(2) the subduction of the ridge-transform system of
Nazca–Cocos, (3) the opening of the Caribbean basin
and, (4) the subduction of the aseismic Cocos ridge.

In central America, an epeirogenic uplift event
occurred between 10 and 6 Ma with north-striking
late Miocene–Holocene grabens (Figure 9) disrupt-
ing a middle-Miocene ignimbrite layer [Rogers et al.,
2002]. These authors attribute this event to an
upwelling of mantle asthenosphere through a tear
linked to the slab detachment during the Cocos ridge
collision. Nevertheless, the uplift and the trench-
orthogonal extensional deformation are synchro-
nous with the slab-window development beneath the
southern Central America (Figure 9). In such a con-
figuration, voluminous mantle flows from the Gala-
pagos hot-spot may have disrupted the thermal state
of the upper plate further north and east from the
predicted slab-window position. Finally, this region
is governed by complex interactions of subduction
processes, involving normal subduction, recycling
both spreading and aseismic ridge in a short time.
In consequence, the 4D evolution of the mantle dy-
namic beneath Central America and its impacts on
the upper plate remain difficult to fully assess.
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5.2. West-Pacific: from the Philippine Sea plate
to the Kuril arc

The West Pacific active margins include subduction
of oceanic lithosphere beneath both continental and
oceanic lithosphere. The continental active mar-
gins forming the easternmost edge of the Eurasia
plate are characterized by relatively low elevation re-
gions and the lack of prominent active compressional
cordilleras (Kamchatka, Kuril, Japan). By contrast to
the margins of North and South America, the West-
ern Pacific continental margins exhibit a number of
back-arc basins resulting from the extension of the
continental crust and/or intra-arc tearing, and sub-
sequent localized accretion of oceanic crust. These
basins show complex histories, but opened gener-
ally in a short time span, between 30 to 10 Ma [Park
et al., 1990]. In this section, we first describe the
subduction of the Izanagi–Pacific Ridge (IPR) be-
neath the Eurasian margin during Cenozoic times.
We further focus our discussion on some local and
regional geological consequences of the IPR sub-
duction and its migration through the Philippine-
Borneo region, the South China Sea, Japan and Kuril
regions.

5.2.1. Subduction of the Izanagi–Pacific Ridge and
Wharton Ridge along the Eurasian margin

During Mesozoic to Cenozoic times, the Eurasian
margin along East Asia was affected by extensive sub-
duction along an up to 6000 km long active margin
[Müller et al., 2016, Torsvik et al., 2019] including sev-
eral related processes including trench retreat, slab
roll-back and subduction of active spreading ridges.
Process of spreading ridge subduction has been de-
scribed for several decades especially in the regions
surrounding Japan coastlines. Here, two opposites
reconstructions of interaction between the Asian
margin and active spreading ridge have been pro-
posed involving the Izanagi–Pacific Ridge (IPR). The
first one, suggested by Maruyama et al. [1997], cor-
responds to a frontal ridge–trench interaction where
the IPR intersects the Asian continental margin at a
high angle. The related trench–trench–ridge triple
junction migrated from south to north from Late Cre-
taceous to Eocene times. The second one, based on
large-scale reconstructions of the Pacific hemisphere
starting at 140 Ma [Müller et al., 2008], hypotheses

that the western part of the Pacific floor was cre-
ated by a NNE–SSW, 3000 km-long spreading ridge
that kept remarkably parallel to the active margin of
Eurasia between 110 and 70 Ma. In this reconstruc-
tion (Figure 10), a low-angle ridge–trench interaction
was proposed where the IPR entered the subduction
zone in one piece between 60 and 50 Ma [Whittaker
et al., 2007, Seton et al., 2015, Wu and Wu, 2019].
This implies that the entire border of the Eurasian
plate was concerned by the opening of a mega-slab
window continuously widening beneath the conti-
nent as subduction continued. In addition, high-
resolution tomography records of East Asian man-
tle as well as numerical modelling of mantle struc-
ture and dynamics provide spectacular images of a
large slab-window opened between the Izanagi and
Pacific plates following the early Cenozoic subduc-
tion of the active IPR [Wu et al., 2022a]. Recent kine-
matic models confirm the low-angle Izanagi–Pacific
ridge–trench interaction with Eurasia at 50 ± 10 Ma
but limit the ridge subduction between Korea, Japan
and the Russian Far East [Wu et al., 2022a] instead
of Müller et al. [2008] models that involve the en-
tire East Asian margin from Borneo to Kuril areas
(Figure 10). An active spreading subduction process
is also noted along the southwestern tip of the East
Asian margin. From Late Cretaceous to Early Eocene
periods, the northeastward subduction of the Whar-
ton Ridge (WR), an active spreading ridge between
Indian and Australian plates (Figure 10), led to the
development of a slab window beneath the Sunda-
land [Whittaker et al., 2007]. The entire region was
concerned by two opposite-vergent subductions of
spreading axis: the IPR with a southwest vergence
and the Wharton ridge with a northeast vergence
(Figure 10).

5.2.2. The Philippine and Borneo area

The Philippine and Borneo Region (PBR) was
affected by a long-lived subduction process since
Mesozoic times causing complex and spectacular
opening of back-arc extensional basins together with
various magmatic signatures on the upper plate [see
Burton-Johnson and Cullen, 2022, for references].
The rifting history of South China Sea region, in-
cluding Philippine and Borneo, shows the initia-
tion of extensional deformation lasting from 62 Ma
to 45 Ma [Cullen, 2010, Zhang et al., 2020]. This
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Figure 10. Cenozoic plate configuration around the Southeast Asian margin and synthesis of tectono-
magmatic events at 70 Ma, 50 Ma and 30 Ma. Position of active spreading ridges at 70 Ma come from
Müller et al. [2008], Whittaker et al. [2007]. IPR: Izanagi/Pacific Ridge; WR: Wharton Ridge; RFE: PSP:
Philippine Sea Plate; Russian Far East; SCB: South China Block; ECSB: East China South Block; PRMB:
Pearl River Mouth Basin; QDNB: Qiongdongnan basin.
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event is well documented in the Dangerous Grounds,
where Paleocene to Middle-Eocene extensional
deformation causes continental rifting between
Vietnam, Indonesia and Borneo Islands (Figure 10)
[e.g. Burton-Johnson and Cullen, 2022]. To the east,
rifting started from 50 to 40 Ma and was responsible
for the extension in the Celebes and Sulu basins (Fig-
ure 10), followed by initiation of oceanic spreading at
45 Ma and 35 Ma respectively [e.g. Burton-Johnson
and Cullen, 2022]. The early Cenozoic intraplate rift-
ing event in this region is well documented by: (1) re-
gional geology, (2) geochemical evolution character-
ized by low volumes of OIB magmas, and (3) geo-
physical data. Burton-Johnson and Cullen [2022]
suggest that slab retreat is a dominant process able
to trigger extension in the Celebes and Sulu basins
and exclude extrusion, mantle plume or slab pull of
the Proto-South China Sea subduction. Their model
of extension during the Cenozoic period also shows
that an active spreading ridge center interacted with
the eastern margin of SE Asia during the Eocene
but do not discuss its impact on the evolution of
the overriding plate. Kinematic reconstructions by
Müller et al. [2008] show that the PBR was affected
by the Early Cenozoic subduction of the NE–SW IPR.
In this configuration, the IPR interacted with the
SE Asian margin southeast of Borneo and migrated
northeastward inducing the progressive opening of
a large slab-window beneath the PBR (Figure 10).
Together with IPR recycling, the Wharton Ridge sub-
ducted leading up to the opening of a slab window
beneath the southern tip of Borneo region (Fig-
ure 10). Rising of hot material during this time in-
duced dynamic uplift with basaltic magmatism in
Borneo and Indochina and surrounding extensional
basins since the Early Cenozoic [Fyhn et al., 2009,
Roberts et al., 2018, Yan, Q. et al., 2018]. It is impor-
tant to point that in such reconstructions, the entire
region was the site of a complex subduction process
involving a double opposite-vergent subduction of
active spreading ridges (IPR to the east and Wharton
to the west) from 65 to 45 Ma (Figure 10). This sit-
uation was responsible for the opening of a double
opposite slab-window allowing upwelling of a large
amount of hot asthenospheric mantle, triggering in
turn the initiation of lithospheric extension in the
upper plate, coupled with intraplate OIB-type mag-
matism during late Cretaceous to Early Cenozoic
times.

5.2.3. South East China

During Permian to Early Cretaceous times, South
East China was marked by the development of
subduction-type orogens, locally thickened by ac-
cretion of mantle-derived magmas. Emplacement
of large amounts of Mesozoic granitoids in South
East China was accompanied by thermal soften-
ing and gravitational instability allowing extension
of the crust [Faure et al., 2016]. Therefore, during
Middle Jurassic to Late Cretaceous times, the Pacific
coastal region of China was characterized by Basin
and Range type province, notably in the South China
block (SCB). But this widespread Mesozoic exten-
sional event cannot be related to any documented
slab window development beneath the region [Faure
et al., 2016, Wang and Shu, 2012].

During the Late Cretaceous-Cenozoic, the tec-
tonic evolution of the South China domain was con-
trolled by successive stages of subduction of the Pa-
cific lithosphere including the subduction of the IPR
beneath the Eurasia active margin (Figure 10) [e.g.
Brown et al., 2022, Wang et al., 2022]. A recent anal-
ysis of present residual topography indicates an ab-
normal hot mantle beneath the entire East Asian
margin [Hoggard et al., 2017, 2021]. This hot anom-
aly has produced local to regional dynamic uplift
and subsidence, evidenced by a series of geologi-
cal records as follows. (1) To the south, the north-
ern margin of the South China Sea experienced up-
lift events since the Eocene coupled with syn-rift tec-
tonic subsidence [e.g. Brown et al., 2022]. This is the
case for the Pearl River Mouth Basin (PRMB) where
Suo et al. [2020] describe an Early Eocene narrow
rift followed by a Late Eocene wide rift governed by
detachment faults (Figure 10). (2) Suo et al. [2020]
also suggest that the East China Sea Basin (ECSB) lo-
cated several hundred kilometers to the northeast,
recorded a similar evolution in relation to hot as-
thenospheric flows (Figure 10). (3) South West of
the PRMB, the Qiongdongnan basin (QDNB) was af-
fected by an uplift of approximatively 1 km from
30 Ma to 25 Ma [Xie et al., 2006, Zhao et al., 2021]
with a lack of compressional deformation [Clift and
Sun, 2006]. Here, intraplate volcanism was em-
placed synchronously during the uplift event [e.g.
Brown et al., 2022]. During this period, local narrow
to wide rift-related basins developed, concentrating
syn-extension sediments (Figure 10) [Clift and Sun,
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2006, Wang et al., 2021]. (4) Northward, the South
China Block (SCB) experienced a Miocene km-scale
uplift inducing a regional erosional event at this time
[Cullen et al., 2010, Morley, 2016, Pubellier and Mor-
ley, 2014, Wang et al., 2017, Li and Zou, 2017, Wang
et al., 2021, Yan, Y. et al., 2018]. Similarly to other re-
gions, this uplift is associated with intraplate alkaline
volcanism and is interpreted as a consequence of hot
asthenospheric flow below the SCB. (5) The multi-
stage extension event evidenced in this region was
also revealed at the scale of the South China Sea by
apatite fission track studies [Wang et al., 2022]. The
thermal history modeling reveals successive cooling
stages: a rapid cooling process during ca. 80–50 Ma,
a slow cooling process during ca. 50–35 Ma and an-
other rapid cooling process during ca. 35–12 Ma. The
slow cooling stage can be linked to the subduction
of the Izanagi–Pacific spreading ridge [Wang et al.,
2022].

Based on Pacific plate kinematic reconstructions,
Müller et al. [2008] propose an interpretation of the
interaction of the IPR with the South Asian mar-
gin, showing a mega-ridge subduction between 70
and 50 Ma (Figure 10). We saw that the main event
recorded in the upper plate continental region in re-
sponse to this kinematic event corresponds to lo-
cal and regional dynamic uplift associated with OIB
volcanism. In addition, extensional deformation
across the entire region is responsible for major rift-
related basin opening, testifying for tectonic sub-
sidence from Eocene to Late Oligocene times (Fig-
ure 10). At a large scale, the stratigraphic records indi-
cate a Late Eocene–Oligocene N–S regional scale up-
lift up to 3,000,000 km2 affecting Eastern China and
the northern margin of China Sea [Brown et al., 2022]
with westward migration towards the South China
Block during the Miocene. In addition, OIB mag-
matism observed from Indochina to the South China
Block and extending northward to China and Ko-
rea, illustrates the prominant role of asthenospheric
flows during Cenozoic times (Figure 10).

To sum up, we may conclude that at 60 Ma, the IPR
subducted with a low angle beneath the continental
Asia upper plate leading to the progressive develop-
ment of a large slab-window beneath the South East
Asian margin (Figure 10). This large window prob-
ably served as a major pathway for Pacific astheno-
sphere to flow beneath the entire East Asia during
Middle to Late Cenozoic [Brown et al., 2022]. Today,

there is no evidence of the 3D geometry of this win-
dow, nevertheless as reported above, recent geophys-
ical studies indicate abnormal hot asthenopheric
mantle below the upper plate [Zhao et al., 2021]. We
are well aware that the Late Cenozoic to Quaternary
regional deformations across the South East Asian
margin can be attributed to additional subduction
processes such as trench retreat and slab roll-back
with far-field consequences of the Indian collision.
However, based on this review, we may claim that
correlations between uplift, intraplate volcanism and
extensional deformation above the IPR slab-window
during Cenozoic times can be attempted.

5.2.4. Japan

Along the Eurasian margin, the Japanese Islands
and associated southern Russian Far East (RFE) rep-
resent a well-preserved testimony of subduction his-
tory since Mesozoic times [e.g. Müller et al., 2016].
The Japan and the Kuril basins located northeast of
the Japan islands are currently concerned by the sub-
duction of the Pacific plate whereas the Okinawa and
South China basins located south of Japan are con-
cerned by the subduction of the Philippine Sea plate.
This was not the case at the beginning of the Ceno-
zoic when most of the margin was affected by the
subduction of the Izanagi and Pacific plates (Fig-
ure 10), before the growing up of the Philippine Sea
plate at 50 Ma [Lallemand, 2016, Liu et al., 2022, Wang
et al., 2022, Wu and Wu, 2019].

During Late Jurassic–Cretaceous times, the Japan-
ese Islands were characterized by an Andean-type
cordillera where distributed igneous rocks and accre-
tionary prisms developed in relation with subduction
processes [Taira et al., 2016, Wakita et al., 2013]. The
Japan Sea opened in the Early Miocene in a broad
pull-apart zone between two major NNE–SSW dex-
tral strike-slip shear zones [Jolivet et al., 1994, Lalle-
mand and Jolivet, 1986]. The first one extends from
north Sakhalin to Central Japan along 2000 km and
accommodated 400 km of displacement, the second
one, between Korea and SW Japan, accommodates
displacement of about 200 km. Here, the exten-
sional domain between these two transcurrent faults
forms the back-arc region of Japan with a westward
spreading propagation inside the pull-apart region
(Figure 10). The basin of the Japan Sea can be viewed
first as a back-arc basin opened in relation with the
subduction of the Pacific plate [Otofuji et al., 1985,
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Uyeda and Kanamori, 1979, Van Horne et al., 2017],
but additional processes can be involved, notably
because oceanic back-arc spreading is not parallel
but orthogonal to the trench direction [Sato, 1994,
Yamamoto, 1991]. For some authors [see review in
Mantovani et al., 2001] crustal extension occurred in
the wake of the Japan arc, which was forced to bend
by extrusion between compressional boundaries in-
volving the Okhotsk block and Eurasia. According
to Jolivet et al. [1994], internal deformation of Asia
due to collision of India has also to be considered.
For Tatsumi et al. [1989], the back-arc extension of
the Japan Sea occurred between 21 Ma and 14 Ma
in response to an asthenospheric injection into the
mantle wedge due to a change in the dip of the sub-
duction. Evidence comes from the migration of the
arc that can be traced to the surface. During the
Oligocene (ca. 30 Ma), the volcanic front was located
along the western coast of the present Northeast
Japan and migrated about 200 km trenchwards at
23 Ma, before the opening of the Sea of Japan. There-
fore, the angle of the subduction became steeper
during the period of 30–23 Ma. The Tatsumi et al.
[1989]’s model does not involve slab tear nor slab
window opening. However, it shows similarities with
slab window configuration but upwelling comes from
above the slab and does not originate in part from
the sub-slab region. The forearc region of north-
ern Japan underwent spectacular tectonic erosion
revealed by the subsidence of a regional subaerial
unconformity and normal faulting that started 22 Ma
ago [Von Huene and Lallemand, 1989].

Interaction of the IPR with the Japanese margin
has been documented for several decades at a re-
gional, in particular along the NE–SW accretionary
belt of Shimanto (Figure 10). This accretionary wedge
is composed of Cretaceous to Neogene sedimentary,
magmatic and metamorphic units that record some
typical influences of slab-window related to active
spreading ridge subduction. The most spectacular
event includes: (1) near-trench MORB-type magma-
tism, (2) abnormal fore-arc thermal event with OIB
volcanism, (3) adakites intrusions, (4) HT-BP meta-
morphic events, (5) gap in sedimentation along the
forearc and, (6) erosion at the trench wedge [Hib-
bard and Karig, 1990, Iwamori, 2000, Kinoshita, 2002,
Maeda and Kagami, 1996, Osozawa, 1992, Sakaguchi,
1999, Wu and Wu, 2019]. From a tectonic point of
view, the Shimanto belt is characterized by a progres-

sive switch of deformation, from a Paleocene–Early
Eocene compressional stage allowing the growing
up and the thickening of the prism, to an erosional
stage of the margin followed by the collapse of the
prism with extensional faulting [e.g. Iwamori, 2000,
Osozawa, 1992, Raimbourg et al., 2013, 2014, 2017,
Uehara and Aoya, 2005]. This evolution was princi-
pally governed by the subduction of the IPR below
the Japanese margin.

Landward from the southern margin of the Japan
Sea to the Sakhalin Peninsula (Russian Far East), a
compilation of magmatic records from Cretaceous to
Eocene times highlights the impact of the IPR sub-
duction and the development of the related slab-
window (Figure 10). For instance, Wu and Wu [2019]
assign the magmatic gap from 56 to 46 Ma along the
NE Asian margin to the IPR subduction. After this
hiatus, Late Eocene igneous activities bear a more de-
pleted mantle signature with respect to older rocks,
consistent with hot-depleted mantle circulation into
the mantle wedge allowed by slab-window [Wu and
Wu, 2019]. Dynamic topography effects are also re-
ported in the upper plate. This is the case for the
Sangliao basin at the northern margin of the Japan
Sea (NE China) where an Early Eocene regional un-
conformity was identified [Song et al., 2014, Wang
et al., 2013]. Apatite fission-track dating also suggests
intense uplift related to heat upwelling during Early
Cenozoic times, from 65 to 50 Ma, in this region [Pang
et al., 2020].

Finally, our compilation of geological data shows
that the tectonic and magmatic events affecting
the Japan margin during the Cenozoic are globally
asynchronous and did not occur during the first
stages of the subduction of the IPR (Figure 10). In-
deed, dynamic uplift occurred from 65–50 Ma to
45 Ma, the magmatism gap was bracketed between
56 and 46 Ma and depleted mantle-related magma-
tism was emplaced since from 46 Ma. As shown pre-
viously, back-arc basins opening occurred during the
Oligocene–Miocene times, but some authors suggest
that they may have initiated in the Late Cretaceous–
Early Eocene [Schellart and Lister, 2005]. There-
fore, back-arc basins appear to be 30–20 Ma younger
than the IPR subduction and do not coincide ex-
actly with the initiation of slab-window opening be-
low the region. Such a time offset between ridge sub-
duction and continental lithosphere extension can
be interpreted as a late response of a thick Eurasian
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lithosphere (Andean-type orogen) at the time of the
IPR subduction. The thermal effect of asthenospheric
mantle flowing through the IPR slab window may
be delayed due to thermal inertia. In some cases,
thermal erosion, weakening of the upper plate litho-
sphere and related extensional deformation could
occur some million years after ridge subduction.

5.2.5. Kuril basin and Okhotsk sea

The Kuril basin is located in the easternmost part
of the Eurasian margin, and opened between 30–
26 Ma and 15 Ma north of the Kuril arc, in a triangular
domain with one side along the Sakhalin–Hokkaido
shear zone [Baranov et al., 2002, Kimura and Tamaki,
1985, 1986]. These mid-Eocene to Early Miocene ex-
tensional basins were constrained to open mainly
in a North–South direction [Fournier et al., 1994,
Schellart et al., 2003, Vaes et al., 2019, Worall et al.,
1996]. From the Kuril basins and the Okhotsk Sea
to the north, we found no mention that these back-
arc basins might have opened in relation to spread-
ing ridge subduction and subsequent slab-window
at depth. However, some geological records around
the Okhotsk Sea testify for interactions between hot
asthenospheric upwelling and the upper plate (Fig-
ure 10). The first evidence corresponds to the Eocene
OIB to adakite-like signature rocks observed in the
region of the Okhotsk Sea [Emelyanova et al., 2020]
and also found in the eastern part of Kamchatka
Peninsula, northeastern China and Honshu Island in
Japan [e.g. Emelyanova and Lelikov, 2016]. For these
authors, these magmatic products are the conse-
quence of the uprising of hot mantle through a slab-
window related to the break-up of the Pacific plate.
From the northeastern China margin to the western
margin of Okhotsk Sea, apatite fission-track analysis
suggests important reheating of the crust during Late
Paleocene to Eocene as a consequence of rapid up-
welling of asthenospheric mantle [Pang et al., 2020].
Mid-ocean ridge basaltic (MORB) intrusion into fore-
arc sediments (Figure 10), high heat flow and regional
uplift have been also recorded from the region sur-
rounding the Russian Far East [Kimura et al., 2019,
Wu and Wu, 2019].

Considering the Pacific plates reconstructions of
Müller et al. [2008], the IPR intersected the Kuril
trench from 60 to 50 Ma leading to the develop-
ment of a hypothetic slab-window beneath the en-
tire region (Figure 10). Models of Müller et al.

[2016] and Wu et al. [2022a] also include the complex
subduction of the Kula spreading ridge, spatially lim-
ited to the northern Russia region during Cretaceous
and Early Cenozoic times. Therefore, here again,
the Late Cretaceous–Eocene tectono-magmatic evo-
lution of the Asian margin could result from ridge
subduction inducing development of one or several
slab-window beneath Russian Far East. However,
as observed in the Japan region, one must point to
a timing offset since the extensional/transtensional
events in the Kuril region are 30 Ma younger than the
first impact of the IPR in the trench.

Finally, to sum up, we may consider that the NE
Asian margin and Russian Far East back-arc basins
developed during Oligocene and Miocene times, but
extensional/transtensional events localizing narrow
to wide rift systems may have initiated earlier during
Late Cretaceous/Paleocene times (Figure 10). This
implies that back-arc basin openings at the western-
northwestern tip of the Pacific rim were roughly syn-
chronous, suggesting a regional rather than a local
process. The subduction of the long IPR system, sub-
parallel to the trench, and the related opening of a
mega-slab window could be a good candidate for
such a regional mechanism. The Late Cretaceous–
Eocene initiation of extension in the upper plate
could be the result of the direct weakening of the
lower crust induced by the uprising of hot materiel
through slab window near the trench. Further dy-
namic uplift and thermal doming followed by alka-
line magmatism as well as opening of the back-arc
basins during the Neogene could represent the ef-
fects of a long-lasting thermal erosion of the regional
lithosphere with decreased mantle wedge viscosity,
at a much larger scale.

5.2.6. Sunda-Java

The Sunda-Java area is part of the Sundaland
(including Sumatra, Borneo, Java and Indonesia), a
complex domain located to the southern tip of the SE
Asian margin. Since the Paleozoic period, Sundaland
has been affected by several accretion of terranes
from Gondwana and South China [e.g. Hall, 2002].
Along the Sunda-Java margin, Jurassic to Cretaceous
subduction complexes including ophiolites and arc-
type magmatism illustrate long-lived subduction
processes [e.g. Clements and Hall, 2011]. Associated
with this magmatism, compression recorded in the
upper plate was the main factor of the growing up of
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this Andean-type cordillera until 80 Ma [Whittaker
et al., 2007, Zahirovic et al., 2014, for references].
This tectono-magmatic evolution ended close to the
Late Cretaceous–Paleogene boundary with a drastic
change from regional compression to initiation of
back-arc opening.

As shown previously in Section 5.2.2, the entire re-
gion was subjected to Late Cretaceous initiation of
active spreading ridge subduction (Figure 10). The
first one is west-verging and involves the IPR subduc-
tion, the second one is east-verging and involves the
Wharton spreading ridge (Figure 10). The latter inter-
action is well-documented in plate kinematic recon-
structions by Whittaker et al. [2007] who infer sub-
duction of the active Wharton ridge between 70 and
43 Ma. This subduction induced the progressive NW–
SE migration of a slab-window from southeastern tip
of Java and Sumatra (60–45 Ma) to the Central Suma-
tra (45–30 Ma) (Figure 10).

Sundaland is characterized by the presence of
back-arc basins, most of them having recorded ex-
tensional deformation from Early Eocene to Late
Oligocene [Hall, 2002, Heine et al., 2004, McCourt
et al., 1996]. In addition, to the south, the Java
Sea experienced extensional deformation from 60
to 45 Ma, inducing the Makassar back-arc spread-
ing ridge (strait located between Borneo and cen-
tral Sulawesi) [Letouzey et al., 1990, McCourt et al.,
1996]. According to Whittaker et al. [2007], slab-
window opening is predicted beneath this region be-
tween 70 to 45 Ma with a stationary position and
thermal weakening of the upper plate. As a result, de-
creased mantle wedge viscosity associated with this
slab-window exacerbated Palaeogene extension and
active rifting in the Java Sea region, and enabled
Sumatran continental extension to continue at 50–
35 Ma (Figure 10). According to Schellart and Lis-
ter [2005], this event was preceded by a regional up-
lift during the Late Cretaceous–Paleogene. Back-arc
spreading opening continued during Middle to Late
Cenozoic times in response to advance of the upper
plate and to slab roll-back processes. To the north-
west, Sumatra area has experienced compressional
deformation from 15 Ma to present due to the sub-
duction of high bathymetric reliefs of the inactive
Wharton Ridge [Whittaker et al., 2007].

At the scale of Sundaland, analysis of geologic
records onland confirms the Late Cretaceous–
Paleogene regional uplift event, without evidence of

compression nor tectonic thickening [e.g. Clements
and Hall, 2011, Hall and Nichols, 2002, Morley, 2016,
Pubellier and Morley, 2014, Roberts et al., 2018]. As
shown by AFT thermochronology dating, the region
comprised between Indochina and Java, (i.e. up to
5,600,000 km2) recorded a long-wavelength uplift of
600±200 m, inducing a regional sedimentary hiatus,
ending close to 50 Ma in southern Sumatra-Java to
37 Ma in Central Java [e.g. Clements and Hall, 2011].

6. Conclusion

The time-space evolution of subduction cordilleras
is attributed to a diversity of geodynamic processes
acting at convergent margins. Understanding the
evolution of overriding plate regime requires deci-
phering the interaction of various physical parame-
ters [see Heuret et al., 2011, Lallemand et al., 2005,
Schellart, 2008, Stern, 2002]. Indeed, the cordilleras
are sensitive to the subduction polarity and slab re-
treat/advance dynamics [Doglioni et al., 1999, 2007].
In the case of slab retreat episodes, asthenospheric
mantle upwelling cause dynamic topography [e.g.
Husson, 2006]. On the other hand, the switch from
Altiplano-like topography to collapsed orogen is
closely related to the thermo-mechanical state of the
overriding plate [Vanderhaeghe and Duchêne, 2010,
Vanderhaeghe and Teyssier, 2001, Vanderhaeghe,
2012, Wang and Currie, 2023] and lateral boundary
conditions which might alter the tectonic/gravity
force balances [e.g. Vanderhaeghe et al., 2003]. All
these characteristics can draw and include them-
selves in a global orogenic cycle of deformation
and magmatism [e.g. DeCelles et al., 2009, Wilson
et al., 2005]. Notwithstanding, in this review, we are
able to identify the process of active spreading ridge
subduction as an important factor controlling the
tectonic and magmatic status of the upper plate at
convergent margins. Since the early days of the Plate
Tectonics theory, it has been recognized that elevated
subduction cordilleras develop over young subduct-
ing oceanic lithosphere (Chile type subduction). By
contrast, continental regions experiencing subduc-
tion of old oceanic lithosphere are devoid of high
relief cordilleras as examplified by the topography
of the Aleutians, Kuril, Japan and Indonesia areas.
In this paper, we show that in reality, when looking
at subduction boundaries in detail, such correla-
tions between the age of the subducting lithosphere



24 Bruno Scalabrino et al.

and the elevation of the continental upper plate suf-
fers from significant exceptions. This singularity is
illustrated by the active margin of South America
where the lowest elevated segments of the Andean
Cordillera are found in Patagonia over very young
oceanic lithosphere, including the active spreading
Chile Ridge.

Based on the Central Patagonia example, we sug-
gest that the subduction of an active spreading ridge
triggers thermal doming followed by crustal exten-
sion and attenuation of a former elevated cordillera.
In addition, plate reconstruction of the Antarctica–
South America connection shows that the subduc-
tion of three active spreading ridges in this region
induced the attenuation and disruption of a former
continuous cordillera and led to oceanic spreading in
the Scotia basin during the opening of the Drake Pas-
sage. Thus, the concentration of several subducting
ridges in a given region largely increases the mech-
anism of thermal erosion of the continental litho-
sphere of the upper plate, in turn causing large-
scale crustal extension giving place in some cases to
oceanic spreading in a back-arc environment.

Large amounts of crustal extension leading to ex-
humation of metamorphic core complexes are well
documented along North America (Basin and Range,
Columbia, Alaska). Processes of lithosphere thermal
erosion at a regional scale accompanying crustal ex-
tension ending by back-arc basin opening are largely
distributed in the East Asian region in relation to
the subduction of the Izanagi–Pacific and Wharton
ridges during the Cenozoic.

Our review of active margins worldwide confirms
that a variety of situations of active spreading ridge
subduction induces a variety of slab-window open-
ing, with geometry varying from isolated gate to
mega-pathway. The impact of hot asthenosphere
flowing through these different windows generates
thermal erosion of the lithospheric mantle, heat-
ing and weakening of the crust and in turn vari-
ous patterns of extensional structures with narrow
orthogonal rift (attenuating the relief), to regional
back-arc spreading of the overriding plate (causing
the full decay of former cordilleras). Active spreading
ridge subduction also impacts the tectonic bound-
ary conditions when the ridge enters the trench. In
some cases, plate boundary conditions drastically
changed during the Cenozoic with free subduction
boundaries related to the development of transcur-

rent fault systems. Nevertheless, we are well aware
that our model of cordillera attenuation is not de-
signed for all cases of ridge subductions and still suf-
fers unexplained situations. Firstly, all active conti-
nental margins may have developed without a grow-
ing cordillera. This was the case for the Andean mar-
gin before the Neogene and probably for Sundaland
and Japan in the late Cretaceous where testimonies
of a previous elevated cordillera are not reported.
Secondly, attenuation of cordillera reliefs by exten-
sional tectonics may occur in relation to processes
that do not involve active ridge subduction, such as
slab roll-back, slab break-off, and tectonic erosion of
the margin. Thirdly, in some regions, we evidenced a
10–30 Myr long time span between the first impact
of the ridge at the trench and the initiation of the
thermal erosion driving the weakening of the upper
plate lithosphere by asthenosphere flows through the
opened window. This applies to the East Asian mar-
gin where the subduction of the IPR mega-ridge is
not followed immediately by large-scale lithosphere
extension. The reasons for such delays likely relate to
the thermo-mechanical properties of the entire sys-
tem that need further investigations. Nevertheless,
our model of attenuation and decay of subduction
cordilleras might explain some aspects of the evo-
lution of numerous convergent margins throughout
Earth’s history.
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