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VELOCIDAD DE RETROCESO (ROLL-BACK)

DE LA TRINCHERA:

Sin cuenca de retroarco

Vi VT 'S Vu Neutral

N |

Cuenca de retroarco extensional

V>Vu

Extension

_\*U..

Cuenca de antepais de retroarco

V1<Vu Compression
/F
¥'

VELOCIDADES
ABSOLUTAS ENTRE
LAS DOS PLACAS

Relative velocities:
VT = Subduction hinge roll-back
Vu = Qverriding plate

VL = Lower plate

Daly (1989)

Boutelier y Cruden 2013




foundational ideas and developments on plate tectonics

(Wegener, 1924; Elsasser, 1971; Forsyth & Uyeda, 1975; Chase, 1978;
Dewey; 1980; Royden, 1993)

Animacion: Rubén Somoza

slab pull force
(Forsyth & Uyeda, 1975)

body force due to negative buoyancy of sinking slab

Animacion: Rubén Somoza

suction force

subduction hinge

subduction zone - time 1

slab roll-back

hydrodynamic suction of the leading edge of overriding plate due
to continuous downwarping of the underlying plate at the trench




Animacién: Rubén Somoza

subduction . .
hinge retreat hidrodynamic
suction of forearc
(Elsasser, 1971)

subduction zone - time 2

slab roll-back

clah rnlinnck

Royden (1993)
AB = convergence rate

BC = subduction rate

retreating plate boundaries:
regional horizontal extension




Animacién: Rubén Somoza

fix

Animacion: Rubén Somoza
fix

V trench




Animacién: Rubén Somoza

fix

Animacion: Rubén Somoza
fix

V trench




Animacién: Rubén Somoza

fix

V trench

Animacion: Rubén Somoza
fix

V trench




Animacién: Rubén Somoza

fix

Animacion: Rubén Somoza
fix

V trench




Animacién: Rubén Somoza

fix

V trench

Animacion: Rubén Somoza
fix

V trench




V trench
<

V trench

Animacién: Rubén Somoza

fix

Animacion: Rubén Somoza

fix
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Cawood et al 2016

Actualmente se considera que roll
back es un mecanismo poderoso
para fragmentar supercontinentes

Tiempso de desarrollo de orégens
acrecionales periféricos a rodinia
coinciden con tiempos de rifting

Se considera que retroceso de
trincheras es el mecanismo que
gatilla extensién supercontinental

Plate boundary type

Coliisional boundary

‘k:__—rn ng Convergent boundary
Am \ / Rift & passive margin
@ o / ——2#__- Divergent boundary
WA™,
s =
i t
A Tarain “margn
continental lithosphere
Cawood et al 2016 Y
retreat
X B convergent rift rift convergent
Actualmente se considera que roll mergn Gl o0 fargin
. continental lithosphere under tension
back es un mecanismo poderoso alab — o
retreat retreat

para fragmentar supercontinentes

Tiempso de desarrollo de orégens
acrecionales periféricos a rodinia
coinciden con tiempos de rifting

Se considera que retroceso de
trincheras es el mecanismo que
gatilla extension supercontinental

decempression melting £ plume

11



B C A
Royden (1993)

\ | \
AB = convergence rate ‘
BC = subduction rate

Vas > Vec

advancing plate boundaries: o =
regional horizontal shortening \

Animacion: Rubén Somoza

V trench ‘:,,; V upper plate
—

12



V trench

V trench

Animacién: Rubén Somoza

V upper plate

Animacion: Rubén Somoza

V upper plate
—
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V trench

V trench

Animacién: Rubén Somoza

V upper plate
G——

Animacion: Rubén Somoza

V upper plate
—
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V trench

V trench

Animacién: Rubén Somoza

V upper plate
G——

Animacion: Rubén Somoza

V upper plate
—
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V trench

V trench
—

Animacién: Rubén Somoza

V upper plate
G——

Animacion: Rubén Somoza

V upper plate
—
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V trench
—

Animacién: Rubén Somoza

V upper plate
G——

Animacion: Rubén Somoza

V upper plate
—
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V trench
-

Animacién: Rubén Somoza

V upper plate
G——

120 to 60 Ma motion of South America
with respect to moving HS framework

10 My intervals.

Somoza & Zaffarana (2008)
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d

Somoza & Zaffarana (2008)

d

Somoza & Zaffarana (2008)

120 to 90 Ma

Vas < Vec

120 to 90 Ma

Vae < VBc

90 to 60 Ma

Vas > Vec

19



Tectonic mode switches and the nature of

orogenesis
Gordon Lister I, Marnie Forster, 2009

A slowing of roll-back (or of hinge retreat) means that the

subduction flexure may subsequently begin to be “pushed back” or be “pushed over” by the advancing orogen.
The consequence of such changes in relative motion is that orogenic belts are affected by abrupt tectonic mode
switches. The change from “push” to “pull” leads to a sudden change from horizontal extension to horizontal
shortening, potentially throughout the entire mass of the orogenic lithosphere that over-rides the subducting slab.

@ M| Vi=Vy Vs
0 km -] Terrane stack
200 km
400 km
¥y V3=V ¥y

(b) «—|  Distended terrane stack B

Cambio drastico entre orégeno arrastrado por un roll back hacia trinchera y una

trinchera que drasticamente se frena en su retroceso promueve orogénesis

Quinteros et al., 2012

1) Aceleracién de placa al aumentar longitud de segmento subducido

2) Maxima velocidad ante cambio mineralégico previo a 410 km
3) Desaceleracion brusca en 660 km por flotabilidad de losa

21

ref2-405-500
ref2-405-500-avg ———-
ref2-40s =
raf-40 - * ol
Sdrodias and Mualiar (2006

Convergence velocity (cmyr')
b

20 18 16 14 12 10 8 & 4 2 L]

Variaciones de velocidad en funcion de un ciclo subductivo

20



The role of the slab pull force in the late
Oligocene to early Miocene extensional
regime in the Central Andes (17°-46°S):
insights from numerical modeling

Fennell et al 2017

0 Ma

Antaretic
plate

20 40

Miiller et al. (2016)

B0

A partir de los 26 Ma
comienza a introducirse el
suelo oceanico en forma
ortogonal en los Andes del

Age of oceanic crus (Myr)

20100 120

The role of the slab pull force in the late
Oligocene to early Miocene extensional
regime in the Central Andes (17°-46°S):
insights from numerical modeling

Fennell et al 2017

\ L L
Late Oligocens - Early Miocens |

& (ca. 24-19 Ma)

H

g -
South American
77 Plate

A partir de los 26 Ma
comienza a introducirse el

suelo oceanico en forma
ortogonal en los Andes del
sur

Cuencas extensionales
oligocenas
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The role of the slab pull force in the late
Oligocene to early Miocene extensional
regime in the Central Andes (17°-46°S):
insights from numerical modeling

Evolution of the convergence velocity, stretching of the overriding plate and
basin depth through time. Ages of extensional basins and magmatic events
are plotted, overlapping between 23 and 20 Ma, which is in agreement with
the duration of the extensional regime estimated through our model
(references are the same than in Fig. 2). The age of the Farallén break-up

Fennell et al 2017 (~23 Ma; Londsdale, 2005) coincides with the increment of velocity and
onset of extensional deformation, which suggests a link between the stress
exerted by the slab pull force and the partitioning of this plate.

Transcurrence Extension Compression
20 o 0.99 0.8
s i.":."..:'i".a' — Stretching factor
i : magmatism — Basin depth
rA) —— Convergence velocity {0.98 0.7
TT40x V
— 16} Lo
HE oo f 097 |08
E’ 14 ﬂbi HIJ Q
= \ g | 096 & g
g gt s
© Love 3 &
> 10 { [/ 0.95 {04 5
8 [ 'l Ve % =3
[ = . |~ —
o 8 — cME o -
[ 0.94 5103
g /— \/\: 4 = g
> =
5 0.93 {02
Q
0.92 {04
F.ﬁlalllbn
break-up
0—=5 20 70 5 091 70

15
Time (Ma)

SUBDUCCION ANDINA:

Régimen neutro: Tipo Oregon

Sin cuenca de retroarco

VL VT \Vu Neutral

» Con prisma de acrecion compresivo
* Arco sin control estructural activo: ej.: Mt. Saint Helen
* Retroarco sin estructuras

Dickinson y Selley (1979)
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Tomado de Frisch et al., 2011

% Paghon i o e e

Sy v
a) uplift

Southemn
Mexico

X
subduction

== extension =

rising magma

=]

Canadian
Shield

10°]
Hizoya I

0|
—m |
| / America

Farallon
Plate

T T
150 100 50 0
agein million years

Corteza oceanica subducida muy joven como para producir deformacion?

Cascadia earthquake sources

Source Affected area

@® Subduction Zone
Deep Juan de Fuca plate W.WA, OR,

Crustal faults WA, OR, CA

W.WA, OR, CA

Subduction zone
earthquakes (1700)

M7+

M7+

M9

Max. Size Recurrence

500-600 yr
30-50 yr

Hundreds of yr?
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50°N

PACIFIC
PLATE
42°N

Mendocino
, Fault

GaribaldiVolcan

Mount Baker

Glacier Peak

Mount Ra:

Mount St. Hetens"\ ¥
Mount Adams

J
Mount Hopd: ="

Mount JEffer_‘i'lJn

|
Three Sisﬁers &
Newberry ,(micanu

Cascade Mountain Range ‘

: Crater La’m £
Qver a dozen volcanic peaks cap a v

long mountain range composed of
older volcanic rocks and their granitic
roofs. The volcanoes are in a line
because the oceanic plate has
descended to 50 miles below the
surface about 150 miles east of the
plate boundary. At that depth rock
melts into magma and the magma
rises to build volcanoes.

Corteza oceanica subducida muy joven como para producir deformacién?
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CASCADIAN RANGES
(Oregon y Washington)

» Corresponde a una cadena
volcanica terciaria a cuaternaria
con mas de 50 volcanes
activos.

« Monte St. Helen hasta Crater
Lake, al sur del Snake River
plateau.

* Arco volcanico desarrollado
por subduccién de la Gorda
Plate y Norte América con
velocidad de roll-back neutra.

* Nétese la falta de una faja
plegada y corrida en la region
de retroarco.

Gap sismico en el
retroarco

Losa subducida muy
joven para producir
deformacion?

25



Ine}i((znpia de faja plegada'\' poriida por detras del arco

CASCADIAN RANGES
(Oregon y Washington)

* Retroarco de las High
Cascade Ranges con aparatos
volcanicos cenozoicos.

* No existe una faja plegada y
corrida por detras del arco.

* El retroarco esta caracterizado
por una planicie cubierta por
material piroclastico y depdsitos
cuaternaios no deformados.

* En el centro norte de la
imagen se observa el Walker
Rim, un complejo anular de 30
km de diametro.
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Tomado de Frisch et al., 2011

subductian

ﬁ extension #

rising magma

W 3
/ America

Farallon
Plate

7 2
100 50 0
agein million years

Chen et al 2015

0 40 g°
-a subduction plate boundary s thrust
44 collision plate boundary aa. normal fault ‘,'.h

4 transform fault |#

<> extension direction
<= plate motion direction
+ slab contour
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Chen et al 2015

ﬂ 10 Ma Eurasian M 5 Ma Eurasian

\ plate \ plate

African plate African plate

Landbridge et al 2016 he New Zealand Active Faults Database

28



SUBDUCCION ANDINA:

» Régimen extensional: tipo Guatemala

La placa del Caribe se escapa al este por retroceso de la trinchera de las Antillas

"!7..) ;

2+ Reverse fault
== Strike-slip fault
+* Normal fault
== Fold axes
= Spreading ridge
. B Oceanic ridge (rise)
[ 104-15km - Magnetic
[]15-30 ] Oceanic basins
& 30-50 o Calc-alkaline volcanoes
== }'50 ! *  Alkaline volcanoes
" [ 1 Bahama Banks
* Bucaramanga Seismicity Nest
~h Plate velocity relative to South American Plate)

Taboada et al. (2000)
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R
500 km

Kellogg (2002)




SUBDUCCION ANDINA:

» Régimen extensional: tipo Guatemala

VT>\Vu Extension

Extension
q

» Sin prisma de acrecién compresivo

* Antearco y pendiente interna de la fosa con
fallas normales.

» Arco controlado por sistema de rift

» Retroarco con sistemas de hemigrabenes

Auboin (1984)

2+ Reverse fault
== Strike-slip fault
++ Normal fault
== Fold axes
= Spreading ridge
. B Oceanic ridge (rise)
|1 04-15km -~ Magnetic
[115-30 || Oceanic basins
& 30-50 o Calc-alkaline volcanoes
i *  Alkaline volcanoces
. -50 [ 1 Bahama Banks
* Bucaramanga Seismicity Nest
~ Plate velocity relative to South American Platej

Taboada et al. (2000)
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COMPLEJO DE SUBDUCCION CON EXTENSION

I m Il
[T

S R

Auboiny Von Huene (1985)

COMPLEJO DE SUBDUCCION CON EXTENSION

Auboin y Von Huene (1985)
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[ 1 04-15km
[C115-30
B 30-50
W >50

(ool HANYYY

* Bucaramanga Seismicity Nest

Strike-slip fault
Normal fault
Fold axes

Calc-alkaline volcanoes
Alkaline volcanoes
Bahama Banks

> Piate velocity relati

to South American Plate|

Taboada et al. (2000)

SUBDUCCION ANDINA:

* Régimen extensional: tipo Nicaragua

VT>\Vu

Compresidn
q

» Con prisma de acrecién compresivo

« Antearco con deformacién compresiva

* Arco controlado por sistema de rift

* Retroarco con sistemas de hemigrabenes

Extension

33



af %, s Block
P
W
Js
o 5 .
I A A i e, L
10°N 4 it gl
5N
90°W
[F=] Altwvium Honduras

[ Recent velcanic racks

[EE Ptiocene-Pleistocene valcanic racks

Coyol Gre.p

[E2] Matagalpz Group

u Tertiary rarine
sedimentary rocks
Paleczoic & 1l
Mesozoic rocks U

Lz
Costa Rica
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Lago de Nicaragua controlado.
sistemas de semigrabenes que
concentran la actividad volcani- .
ca poco evolucionada de coladas
basalticas y basandesiticas.
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Gap volcanico en Costa Rica, pequenio flat slab y levantamiento de cordillera de
Talamanca

Block
1i%
‘.’l".

10°N % va
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{Yucatan ¥

Lo Cuba = ﬁ : 20N =
Z - R =
‘_Yg

Reverse fault
Strike-slip fault
Normal fauit
Fold axes
Spreading ridge
Oceanic ridge (rise)
Magnetic anomaly
15-30 || Oceanic basins
o Calc-alkaline volcanoes

= 20-60 *  Alkaline volcanoes

=00 _ | Bahama Banks
* Bucaramanga Seismicity Nest
~ Plate velocity relative to South American Plate|

Taboada et al. (2000)

[ R

COCOS RIDGE (COSTA RICA)

Ranero et al. (2000)
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http://www.geophysik.uni-kiel.de/~geo43/research/projects/sfb574.html

Fuerte acoplamiento derivado de subduccién de Cocos ridge

PLATE

— e e et LT

268° 270" 272" 274" 276" 278" 280" 282° 284" 286" 288" 290" 292
R
500 km

Kellogg (2002)
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South American Plate

>
== Strike-slip fault
»=* Normal fauit
== Fold axes
= Spreading ridge
; B Oceanic ridge (rise)
|1 04-15km - Magnetic anomaly
[115-30 [] Oceanic basins
& 30-50 o Calc-alkaline volcances
5 ! *  Alkaline volcanoes
. -50 [ 1 Bahama Banks
* Bucaramanga Seismicity Nest
~h Plate velocity relative to South American Plate)

Taboada et al. (2000)

CUENCA MARGINAL DE INTERARCO

ISLAND ARC

CONTINENT INTERARC

BASIN TRENCH OCEAN

Allegre (1988)
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CUENCAS MARGINALES

* En el Pacifico-sudoccidental hay
una serie de arcos volcanicos que
se desarrollan en los sectores
marginales de los grandes bloques
continentales, que en su sector
trasero tienen corteza oceanica.

« Estas cuencas oceanicas las
llamo Karig (1973) cuencas
marginales que se caracterizan
por tener corteza oceanica por
detras del arco.

» Estas cuencas se llamaron
después back-arc basins, que se
conocen como cuencas de

tras arco en espaﬁol a - Active margingl basin (inter -arc basia )

EZE] 1nactive marginal basin with high heat fiow

B inoctive marginal basin with normal heat flow Karig (1973)

ALL Trench

CUENCAS MARGINALES

Dickinson (1976)
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Dunn and Martinez, 2011
Nature; Contrasting crustal production and rapid mantle transitions beneath back arc ridges

M " af. 1?510w M
o, Y

20° §p=

Pacific |
Plate

Evolucion de una cuenca de back arc a medida que se expande

Dunn and Martinez, 2011
Nature; Contrasting crustal production and rapid mantle transitions beneath back arc ridges

W 176 W 175 W

17w 176" W 175 W

[ ] e ——am
—3,000 21‘)00 -1 :)DD é 60 —40 20 L] 20 40
Depth (m) Gravity (mGal}

50
Distance (km)

Evolucion de una cuenca de back arc a medida que se expande
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Dunn and Martinez, 2011
Nature; Contrasting crustal production and rapid mantle transitions beneath back arc ridges

Corteza mas
delgada,
MORSB,
mineralogias
anhidras

Produccién de
corteza
oceanica
gruesa

Con quimica
afin al arco
(mineralogias
hidratadas)

Evolucion de una cuenca de back arc a medida que se expande

SUMATRA SUBDUCTION  JAPAN KURILES SUBDUCTION

60
20
10 o 50
20
0
\ 40
30 \x :
——
-10 4 ———
30
20
. 20 T T -
90 100 110 120 130 130 140 150 160 170 180
::232233333
EEEgmcmggééé Trench retreat
H--.Ll'.'—'—t‘l-!‘-l,.,....,.I';
oy Mo ey My ey My ey ey
Sdrolias y Muller (2006)




SUMATRA SUBDUCTION

85 90 95 100 105 110 15 120

Edad de la corteza oceanica
Velocidades absolutas

126

58883

o388

Cuencas marginales en sitios de rapido
retroceso de la trinchera por lit'sfera
antigua y movimiento divergente de placa
superior

JAPAN KURILES SUBDUCTION

130° 135" 140" 145 150° 156" 1607 165"
Edad de la corteza oceanica
Velocidades absolutas

170°

175

" 185"

Cuencas marginales en sitios de
rapido retroceso de la trinchera
por lit'sfera antigua y movimiento
divergente de placa superior

PERO EN ALGUNOS CASOS
LA PLACA SUPERIOR SE
MUEVE HACIA TRINCHERA

PORQUE ENTONCES HAY UNA
CUENCA MARGINAL??

Desarrollo de cuencas marginales...

Sdrolias y Muller (2006)
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Carminati y Doglioni, 2004

Oligocene to present migration
of the carpathians front

Dinarices, Hellenides,
50°N 4 and Taurides belts at 30 Ma

Alps—Betics balt at 30 M:
pe-Bates et qa Western border of N
SBubdutod Mosazola (7 back-arc basins
lonian ocsanic crust Carpathians L
Formiant Mosszoic (7 I Migration of the subductian
lonian oceanic orust Apannines
—— arcuate fronls. 0 200km
4 [ Asgean extension
45°N 4 ED N O Back Soa

Migration of extension

40°N 4 /Back-arc extension of the
Apenninic subduction
cress-cuts the Befics front

35°N 4 +=
e / Position of Africa
Ve ralative to Europe )
at23Ma e subduction
T T T T
10°W o 10°E 20°E 30°E

Figure 6 Main tectonic features of the Mediterranean realm, which has been shaped during the last 45Ma by a number of subduction zones and related belts: the double-vergent
Alps-Betics: the single eastwards-vergent Apennines-Maghrebides and the related western Mediterranean back-arc basin; the double-vergent Dinarides-Hellenides-Taurides and related
Aegean extension; the single eastwards-vergent Carpathians and the related Pannonian back-arc basin; and the double-vergent Pyrences

CLASIFICACION DE CUENCAS MARGINALES
i

B
* Cuencas de trasarco (back-arc basin)' Cuenca de flujo
;ermlﬁo alto, ambiente restringido, escasa C|rcu|a0|on con

PR desarrollo de una dorsal oceanica.

Fs

[

L "R

g Cuencas de interarco

X

desarrollo de una dorsal o *é a, desarrollad
ﬁb remanente o fosil. - R

N %
céanos remanentes: Cuenca de ﬂ%!,o te
ambiente restrlngldpﬁscasa mrculamo

| Nl

N

jﬂ
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EVOLUCION TECTONICA
DE LA CORDILLERA PRINCIPAL
(Sector central)

Jurassic-Early Cretaceous 150 - 115 Ma
Inner arc Cuter arc Retro-arc volcanics
Negative rollback velocity Intra-arc basin Therrnar Retro-arc
V<0

Intra-arc extension

Ramos (2000)

SISTEMAS EXTENSIONALES ASOCIADOS A SUBDUCCION

Dickinson (1976)
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SISTEMAS EXTENSIONALES ASOCIADOS A SUBDUCCION

Arco interno Arco externo

Arco fosil
0 remanente

Dickinson (1976)

CUENCAS MARGINALES

Dickinson (1976)
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CUENCAS MARGINALES

Mar de Japon

Cuenca marginal

Dickinson (1976)

SOUTH AMERICA PLATE

SCOTIA PLATE

o e Weddell Sea
ANTARCTICA PLATE -




MAGNETIC ANOMALIES OF WEDDELL SEA

USAC magnetic anomalies
ad to 1 km altitud )
e Ghidella et al. (2002)

SYNTHETIC ISOCHRONS
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Ghidella et al. (2002)
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CUENCA MARGINAL “ROCAS VERDES”
(volcanismo extensional generalizado)

North

South

Rocas Verdes back-arc basin

Olivero et al. (2001)

CUENCA MARGINAL
DE LA CORDILLERA FUEGUINA

(Early Cretaceous)
Magmatic arc Marginal back-arc Springhill platform
basin
$ g é Yahgan
turbidites
s N R ror oy oy \
""‘7‘4‘5"4\@*‘"“ - = ’)Q_v_u 7 ._I"mm R
l"""’"i,;;)\ o =l s A ] & 7y -.‘t’ws;‘m"_- il T L
L3 T A
. GONDVANA
# "
X =
‘ROCAS VERDES" MARGINAL BASIN Dalziel et al. (1974)
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CUENCA MARGINAL DE “ROCAS VERDES”

Jurasico superlor a Cretamco |nfer|or

e

i

Lrg
N OE Rrp

T e
A
o

= Depduites andricen én
CUENCA DE MALVINAS

&lto estructural de
PLATEAU DE MALVINAS

Trms
PLATAFORMA

Atenuvada SPRINGHILL
- = N = I:.|- ?{rnll(cll
CUENCA MARGINAL "
E alOtiolitg }n“ BEAGLE . "o:.u "L_'_\
|- ornos P —_—
m ARCO MAGMATICO (du-Ki)

Dalziel et al. (1974)

“ROCAS VERDES” MARGINAL BASIN
(Ocean floor basin development)

ROCAS VERDES® MARGINAL BASIN Dalried ot al. (1974)
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REGIONAL METAMORPHISM & CRUSTAL THICKENING AT 88 85 MA
CIosure of Rocas Verdes Basm

’ Herve et al. (2007)

ri

ANDES ACRECIONALES vs.
ANDES DE “TIPO ANDINO”

Andes colisionales con obduccién
de corteza oceanica y metamorfismo
de edad andina:

- Andes Septentrionales
- Andes Australes

Andes formados por subduccion
de corteza oceanica de tipo Andino
(sensu stricto):

- Andes Centrales

Ramos (1999)
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SUBDUCCION ANDINA:

* Régimen compresivo: tipo chileno

Cuenca de antepais de retroarco

Compression

» Con prisma de acrecidn bajo erosién cortical.
* Antearco con deformacién compresiva.

* Arco con magmatismo muy evolucionado

* Fajas plegadas y corridas de retroarco.

Uyeda (1982)

FAJA PLEGADA Y CORRIDA DEL ACONCAGUA

[ER7 vopositos cumemancs Bl roemocon Torane = H il

Contactn
m Formacion Santa Maria s | Formacion Auguico/La Manga

=" Comminta

BB Formackn Crsio RedensorDiamarte [ Grur Chones
Traza ce estratos

Rl Fomocion suncal B momecicn Ao Tupungaio

= | GrupoMendoza

Cegarra (1994)
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SUBDUCCION ANDINA:

* Régimen compresivo: tipo chileno con subduccién
horizontal (flat-slab)

Vi<sVu W Compression

» Con prisma de acrecion bajo erosién cortical.
» Antearco con deformacién compresiva.

* Sin magmatismo de arco.

* Fajas plegadas y corridas de retroarco.

» Antepais fragmentado (broken foreland)

Barazangi y Isacks (1976)

Evolucion de los Alpes
Argand (1916)

Histéricamente se ha identificado a las zonas de colision con la formacion de montarias

3. Y Phase insubrienne.”

-
2. Phase of Adriatic sub- 7
sidence. ih!

1. Monte Bose Phase,

T e
0. Dens Blanche Phase, N, o S "'{""IJW

9. St Bernand Phass.

& Middle Nuwmmulitds
end Lower Oligocene.
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Pero porqué se desarrollan montafias en algunas zonas de subduccién?

Respuesta: no se sabe aun!!

de montafias en zonas e
subduccmn &

" gﬁ'f' o i
’ Y
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{ Present

G T

Tor
NEOGENE AND PALEOGENE CONVERGENCE

AND MOUNTAIN BUILDING

VECTOR DE CONVERGENCIA
Y OROGENIAS CENOZOICAS

Orogenia Incaica:

* Convergencia entre la placa
de Farallon y Sudamérica hasta
los 26 Ma.

Orogenia Quechua:

* Ruptura de la placa de Farallén
en las placas de Nazcay Cocos
alos 27-26 Ma.

* Inicio de una fuerte convergen-
cia ortogonal en los Andes
Argentino Chilenos
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REGIMEN TECTONICO
Y VELOCIDAD DE CONVERGENCIA

CENOZOIC CONVERGENT RATES
Perﬂ (1 OOS) - o l]O 2[0 3[0 40 5|0 60 7C

CH!LE

, Quechua Ordfeny |

Incalc Orogeny 200~

T T T
I—-Cuechua Phass — ‘m PE“U
ut 38 Incaic| 8 ety

150

- Chile (40°S) R &
60 | TC _ipo F ; ; . &g\&\}

PARDO CASAS & MOLNAR (1988)

VECTOR:'DE CONVERGENCIA

- El régimen tectonico dependera de la
orientacién del margen continental (trin-
chera) con respecto al vector de con-
vergencia.

» Debido ala gran variacién de orientacion
del margen, en especial a ambos lados
del oroclino boliviano, es imposible co-
rrelacionar fases de igual comportamien-
to en regiones diferentes.
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Topografia

backarc basin

Asthenosphere
=

APENNINIC type  Hig g

prism foredeep foredeep

ALPINE type

H2o mm/yr

Loo mm/yr Lo mm/yr
forebelt retrobelt E-NE

foredeep i

crust

100

Asthenosphere

T = -—— -

Fig. 31. Schematic sections showing how in an Alpine setting, the subduction rate is decreased by the migration of the hinge H toward the upper plate

U, and the orogen in the final collisional stage is composed both by the upper and lower plate L rocks. In the opposed Apennin

setting, the

subduction rate is rather increased by the migration of /away from U, and the accretionary prism is made of shallow rocks of the lower plate. Note
also the shallower asthenosphere in the hangingwall, which is typical of W-directed subduction zones.

(Doglioni, 2007)

Topografia

low topography

trench subsidence >1mm/yr
20 mm/yr -80 mm/yr

elevated topography

> E-NE
==Z__

p<
trench subsidence <0.3 mm/yr
-80 mm/yr  -60 mm/yr

LOW SEISMIC
COUPLING

S=H-L 100 mm/yr
Convergence<Subduction

U backarc spreading H .._I; LT > H orogen u
== ~#decollement depth<20 km  decallement depth>30 km e

S=20 mmJ/yr

e . < HIGH SEISMIC
-  COUPLING

Convergence>Subduction

Fig. 32. Assuming fixed the upper plate U, along west-directed subduction zones the subduction hinge H frequently diverges relative to U, whereas it
converges along the opposite subduction zones. L, lower plate. Note that the subduction Sis larger than the convergence along W-directed slabs, whereas S
is smaller in the opposite case. The two end-members of hinge behavior are respectively accompanied in average by low and high topography, steep and
shallow foreland monocline, fast and slower subsidence rates in the trench or foreland basin, single vs. double verging orogens, etc., highlighting a
worldwide subduction asymmetry along the flow lines of plate motions indicated in the insert {modified after Lenci and Doglioni, 2007).

(Doglioni, 2007)
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Dorsales oceanicas podrian constituir barreras a los
elementos incompatibles (facilmente removilizables; K, U,
Th, Nb, Ta, Rb, Ba) y asi constituir una prueba de la

existencia de un flujo global del manto

“Generalmente presentan una batimetria 100-300 m mas somera, la
cual puede ser explicada relacionandola con la topografia dinamica
y el transito hacia el E de manto empobrecido luego de la fusion

parcial en la dorsal” (Doglioni et al., 2003)

NET W-WARD LITHOSPHERIC ROTATION frozen depleted asthenosphere=oceanic lithospheric mantle
Asthenospheric deple‘cionEPR AsthenospheriMcAgepIetion

SOUTH AMERICA

PACIFIC PLATE

—p undepleted ([

Slab annihilation & asthenospheric fertilization
n==slower Lith/Asth decoupling

n<=faster Lith/Asth decoupling e 1020
viscosity 1=

Fig. 29. Model for the upper mantle cycle. The lower the asthenospheric viscosity, the faster the W-ward displacement of the overlying plate. The
asthenospheric depletion at oceanic ridges makes the layer more viscous and decreases the lithosphere/asthenospheric decoupling, and the plate to
the east is then slower. The oceanic lithosphere subducting E-ward enters the asthenosphere where it is molten again to refertilize the asthenosphere.
W-directed subductions provide deeper circulation. Note that the E-directed subduction (the Andes) tends to escape out of the mantle, but it is

(Doglioni, 2009)

overridden by the upper plate (South America, after Doglioni et al., 2006a).

EPR spreading rate 128 mmiyr
Vr=(Vp+Vn)2=136 mm/yr Vn=T2 mm/yr

Vp=200 mm/yr

Melting area moving west at Vr

higher viscosity=more coupled contact

FASTER DECOLLEMENT -
INTHE WESTERN LIMB (eastern plate steadily slower)

Pacific Nazca

W

post-rift transit depleted
sphere n=10 18 Pa s




https://speakingofgeoscience.org/2016/05/18/how-did-plate-tectonics-begin/

BARRERAS NATURALES A LA VISCOSIDAD DEL MANTO
DORSAL PACIFICA

ZONA SUBDUCCION SUDAMERICA

log 10(viscosity)

3.74

282

1.90

. 0.985

0.0682

Zonas de subduccién horizontal o somera

'High-K
NORMAL-TO-FLAT SUBDUCTION low voluminous
| AND MAGMATISM ‘magmatic arc front
Mobile belt
at the orogenic

Development of brittle ductile
\\ transitions over the asthenospheric
== wedge due to high thermal flux

Fossilized imbricated fan of thrusts

: : @, Last and more distal
=M i Active thrusting ™ volcanic front
) 5 i Intermediate position
a— rorerand progression of the volcanic :'6 el vokcaross
front In
. Inner and first
= volcanic front

ma e

1 Synorogenic foreland
\ strata

s Synorogenic forearc
e sirala
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antepais

Flat slab provoca migracion del arco y consigo cambia estructura térmica de la

placa superior generando transiciones fragiles ductiles que fragmentan el

Perarnau et al 2012
Nivel de despegue de sierras Pampeanas cercano a Moho

-
& % & Slerras Pampeanas

[h}

10
Cordillera Precord.
LA
! é‘:@ ‘3:;% Sierras de Cérdoba’
Okm N - : Sierras de Cérdoba
Slerra Sierra Grande
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Atk .__g},- g
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100
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{20
ductlle or aselsmic zone 130
200 l— Moho d 40
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B  Cross-section Latitude -31,5%5 1 50
-65° -64°
300
-72° -68° -64°
Ye et al 1996
Expansion del arco en zonas de subduccion horizontal genera
transiciones fragiles ductiles sobre las cuales se expone el basamento
en el antepais
1107w oiow
1207 SIN + o
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Zonas de subduccion horizontal actuales Gutscher et al., 20
S
r"

00

100°E 120°E 140°E 160°E  180° 160°W  140°W 120°W 100°W 80°W  60°W

50° N

30" N

30" S

50" 8

62



Slab contour interval =
2

20 km

o

Tectonic Setting

< Plate boundary
% Major faults

{ -~ Slab surface (Cl 40 km)

® Denali (Mr. McKinley)
A Active volcanoes

¢y Regional surface motion

of Wrangell Block

.|‘ ]
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100°E 120°E 140°E 160°E  180° 160°W 140°W 120°W 100°W 80°W 6B0°W

5] = F : I

30° N

10° N

- 10° s

baors

50" S

northern Mariana Trench

subducting Dutton Ridge

fic Plate




100°E 120°E 140°E 160°E 180" 160°W  140°W 120°W 100°W 80°W  60°W

50°N

30" N

10" 8

30" S

50" 8

En Martinod et al., 2013

65



Correlacion actual entre zonas de colision de dorsales asismicas y flat slabs

ismic ridgg

el

© “NAZCAPLATE -

Izca as

Na.

Somerizaciones inducidas por
subduccioén y barrido de dorsales

asismicas?

Slab contour interval = 20 km

Depth to
.| Stab (km)

ges/sam_slab1.jpg

o D, N> g I, ST gl
50" -90° -85 -80° 75 -70° -65 -60° -55° -50

-90° -85° -80° -75° -70° -B5° -B0° -55

http://earth‘quak.e.usgs.gov/research/data/slab/ima




ZONAS DE SUBDUCCION
HORIZONTAL (Flat-slab):

Flat-slab de Bucaramanga
- Andes Venezolanos
Flat-slab peruano
- Andes Centrales de Perd
Flat-slab pampeano

- Andes Centrales de Argentina
y Chile

Ramos (1999)

NAZCA PLATE
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South

American L o

Inca Plate |
Plateau |

Brazilian - 10's)

Bolivian
% SubAndes

Nazca
- 20°S
Plate
- 30°S
Juan F“"‘i “'du R ‘-! j
T L T Ll T
an‘W 75 W a0

Las colisiones de dorsales asismicas inhiben el retroceso de la trinchera en los

puntos de colision (velocidad de roll back) y determinan curvaturas en el margen

40N

Kyushu-Palay P
V1 A8

Amami

Rosenbaum y Mo, 2011




Las colisiones de dorsales asismicas inhiben el retroceso de la trinchera en los
puntos de colision (velocidad de roll back) y determinan curvaturas en el margen

| Thin-skinnod
defomation

_‘_\:d-\_n_,-

Basenment thius

L

I]I'-

—

Rosenbaum y Mo, 2011

ZONA DE
SUBDUCCION
HORIZONTAL DE
BUCARAMANGA

Vargas y Mann 2013

80°W 78°W 76°W AW  I2W——TO W

SOUTH AMERICAN _
. PLATE
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]} ZONA DE
SUBDUCCION
HORIZONTAL DE

BUCARAMANGA

ZONA DE Limite sur del flat slab es una rasgadura
SUBDUCCION

HORIZONTAL DE Volcanismo se origina desde tearing!!
BUCARAMANGA

"N
Panama arc
Indenter

Caribbean plate
flat subduction

Bucaramanga
swarm (slab tear?)

A Active volcanoes
r

A Inactive volcanoes

* Bucaramanga nest
(Slab breakoff)
. Murindo nest

Vargas y Mann 2013
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2000

Taboada et al. (2000)

MECANICA DE PLACAS ENTRE SUDAMERICA Y CARIBE

SITUACION PRESENTE

Origen flat slab
Bucaramanga?

Subduccion incipiente?

Bucaramanga
“nest” of seismicity

Overlap fault zone ™ ™—

between Ecuador and N fay 1
Central Colombia segments ™
- 2 e
P W

Corredor (2003)
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Interferencia entre placas y encimamiento

Taboada et al. (2000)

MECANICA DE PLACAS

DE LOS ANDES

SEPTENTRIONALES

Wagner et al 2017

Caribbean Plate

5 . 4"Colombia

Béu— -

La otra
posibilidad es q el
tearing
represente la
verticalizacion de
la parte sur de un
gran flatslab

Ya que el arco
magmatico
parece haber
migrado en la
parte sur también
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Wagner et al 2017

Al 14-9Ma B

| Ase after Panama accretion Fu

e 1o Nazca subduction s 11
o 10

B)9-59Ma
Riiedusced aec dise to
adual slab flattens

5

C)59-4Ma
Ceasation of arc
due to flat siab

Di4-0Ma
Tear accommadates slaby

steepening and new arc

La otra
posibilidad es q el
tearing
represente la
verticalizacién de
la parte sur de un
gran flatslab

Ya que el arco
magmatico
parece haber
migrado en la
parte sur también

Wagner et al 2017

Al 14-9Ma

La otra
posibilidad es q el
tearing
represente la
verticalizacion de
la parte sur de un
gran flatslab

Ya que el arco
magmatico
parece haber
migrado en la
parte sur también
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Major Genloou.
Features of the [BM
Arc System

/ Trench
«  Frontal arc island

Volcanic island
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2012 IRIS Workshop
PULSE: The Peru Lithosphere and Slab
Experiment

L.S. et al 2012

| PULSE stations
8 CAUGHT stations

PERUVIAN FLAT SLAB SEGMENT

Shallow intracrustal seismicity
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Arco de Fitzcarraldo en el Amazonas Espurt et al., 2007
Martinod et al., 2008
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RIDGE COLLISION AND FLAT SLAB SUBDUCTION

(se necesitan dos dorsales para horizontalizar una
zona amplia!!
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Rosenbaum et al. (2005)
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Probablemente subduccion del inca plateau y quizas una extensién de carneguie

gatillé en el sur de colombia un episodio de somerizacion contemporaneo a flat
slab peruano

Echeverri et al 2016
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Probablemente subduccion del inca plateau gatillé en el sur de colombia un
episodio de somerizacién contemporaneo a flat slab peruano

MNumber of Convergence rates
analyses Somoza & Ghidella 2005
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COLISION DE LA DORSAL ASISMICA
DE CARNEGIE

Carnegie normal faults
: Malpel >
Ridge Fos FT Run at bulge
T - 05’?' _I_\ <25 Ma old
Cocos-Nazca

crust
>~..— trench axis

"flat slab"

steep ESE di

steep NE dipping pping

Gutscher et al. (2000)

T T

Cocos-Nazea seaflsor (<24 Ma)

Chimbo-Taachi
‘shear zone ———__

UN ARCO EN PROCESO DE
EXPANSON POR COLISION DE
PLATEAU DEL INCAY CARNEGIE

Scitte et al 2010

Somerizacion a partir del
Mioceno medio a superior
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-
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LA DIVERSIDAD DE L

PLAMERAS AMAZONICAS HA DEPENDIDO
DE LA INCEPCION DE LA DORSAL DE FTZCARRALDO?
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Cambios en la diversidad de palmeras regidos por incepcion de dorsal de Fitzcarraldo

Roncal et al 2015

@ NAFE clade
® FA clade
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Cambios en la diversidad de palmeras regidos por incepcion de dorsal de Fitzcarraldo
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Gutscher et al. (2000)

Alvarado et al., 2008

0 » Magnitud
T+ <35
0! 3545

i d © 4555
0 o 5565
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. El flat slab

Orlando, en preparacion Pampeano también
es producto de la
colision de dos
dorsales asismicas
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[ 26°00' |
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—27°00'
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-66° -65°
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Orlando, en preparacion

-B000 O &0

e : : g El flat slab
B L
i Pampeano también
es producto de la
colisién de dos
dorsales asismicas

Tzz
-80 -70 -60 -50 -40 -30-20-10 0 10 20 30 40
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Frontal Cordilers ™

Orozco et al
Sondeo magnetotelurico

Cuyania Terrane

Upper Crustal

CUNA ASTENOSFERICA
PRODUCCION DE MAGMAS

a2
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SISMOS DE INTRAPLACA

=
"~f: Triassic deposits _

Basamento
metamorfico

304

TASA DE LEVANTAMIENTO:

3 km en los dltimos 3 m.a. = 1 mmfa
TASA DE ACORTAMIENTO:

12 km en los dlitimos 3 m.a. = 4 mmia

Ramos et al. (2002)
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MECANICA DE PLACAS ENTRE SUDAMERICA Y CARIBE
SITUACION PRESENTE

Bucaramanga
“nest” of seismicity

Overlap fault zone
between Ecuador and

Corredor (2003)
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Los flat slabs enfrian la litosfera

Tomografia s’smica flat slam pampeano

8888 o

e

e speed
mantle wedg

(km)

100
120
140
160
180
2005

69
longitude (degrees)

55 6
Gilbert et al. (2006)

Tassara et al., 2006

Limite inferior litésfera deprimido en
flat slabs por bajo flujo térmico
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James y Sacks, 1999
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Cardona et al 2016

Ordgeno acrecional colmbiano en el K/T evento de subduccion somera por alta

flotabilidad de material acretado
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Palaeogeography

Geological cross-section

Un flat slab K en Mexico

Ortega Flores et al 2015
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Los flat slabs K/Tc Colombianos y Mexicanos tienen que ver con colisiéon de un
plateau oceanico

Hochmuth y Gohl 2017

A Obduction of LIP
fragments

P Flattenting of
subduction slab

p—4 Cessation of
subduction

Figure 1. Ovonview of the some LIPS of the Pacific Ocean and their subducied remnants and acoretion/ubduction mode.
Prisent LPs— Hoss Rise (HAL, Ontong i W auans (MaP, Tuamaota Ridge

(AL Austeal (AP N . Rl b L (P}, and g {HIK}—are marked in red, areas of
subduction are in Bight blue, which inchudes the conjugate of the Hess Rise (CoHR) and the Inca Plateau INCA). The dark
blue areas indicate areas of e fragments of th hik

h South America and West . Freviously identified joined emplaced LPs are

connected by dashed light blue ines. Present plate boundaries are marked in gray. The irsen map shows the different
subprovinces of the Manihiki Plateau and the position of the pans of Ontong Jiva Nui endrcing the Manihiki Plateau,

Hochmuth y Gohl 2017
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Hochmuth y Gohl 2017 -85 -80 75"
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Figure 3. Paleocene collision of the northeastern fragment of the Manihiki Plateau (NE) with the South American craton: (a) Plate tectonic setting at 60 Ma with
the motion path of the fragment (dotted black lines) and Pacific-Farallon spreading center (dark gray line) and fracture zones [Matthews et al,, 2011; Sandwell et al.,
2014] of the Pacific Plate are depicted in orange; subducted conjugate fracture zones on the Farallon Plate are shown in the dashed orange lines. The motion paths
that display the motion between the High Plateau of the Manihiki Plateau and the northeastern fragment have been calculated with GPlates with a starting age
of 120Ma and a time interval of 5 Ma. All motion is depicted in regard to a fixed Pacific Plate. The dashed colored lines are the extrapolated seafloor isochrones of the
subducted Farallon Plate. The shaded fragment marks the position of the northeastern fragment of the Manihiki Plateau at 83.5 Ma. Today's continental outlines
are shown in black. (b) Simplified geological map of the northern Andes after Mamberti et al. [2003] with marked Cretaceous LIP remnants (Gorgona terrane (G),
Pinion formation (P), Manabi Basin (M), and San Juan terrane (SJ)).

ANTIGUOS EVENTOS DE SUBDUCCION HORIZONTAL
Un flat slab triasico superior en mexico

Kirsch et al 2014

Anrane (Mesozoic)
- Mistica torrans (Puboozoic)

L. [FT7] Onxacuin (Midcls Amarica)
£ Mosopratonaore, -1Ga) S

the Middle to Late Triassic
= recorded by 40Ar/39Ar
¥ ages ranging from ca. 239
~..— and 219 Ma

The 40Ar/39Ar cooling ages
coincide with an apparent
hiatus in magmatic activity in
southern Mexico, which is
inferred to record a change
A Late Triassic tectonothermal event in the eastern from steep to flat subduction.
Acatlan Complex, southern Mexico, synchronous with a

magmatic arc hiatus: The result of flat-slab subduction?
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ANTIGUOS EVENTOS DE SUBDUCCION HORIZONTAL

Un flat slab triasico superior en mexico Kirsch et al 2014
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Figure 7 Tectonic discrimination diagrams for Amarillo unit amphibolites and comparative mafic igneous rocks. (A) Ti-Zr plot
after Pearce and Cann (1973). Fractionation paths for olivine (Ol), orthopyroxene (Opx), clinopyrexene (Cpx), plagioclase (Pl),
apatite (Ap), magnetite (Mt), amphibole (Am), zircon (Zr), and biotite (Bi) for F = 0.5 are from Pearce (1982). (B] Log-log plot of
Crvs.Y after Pearce (1982). Compositional fields: VAB—volcanic arc basalt; MORB —mid-ocean-ridge basalt; WPB —within-plate

basalt; OIB—oceanic-island basalt; BAB—backarc basalt; CFB—continental flood basalt; IAT—island-arc tholeiite.

ANTIGUOS EVENTOS DE SUBDUCCION HORIZONTAL

Un flat slab triasico superior en mexico

Enfriamiento subito

Formacién de cuencas en
regimenes extensionales
asociadas s a material mafico de
intraplaca

Flat slab
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Northern Mexico &
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Kirsch et al 2014
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Gravity and magnetic constraints on the

Cuenca del golfo es . . )
N Jurassic opening of the oceanic

resultado de este

. : 5
empinamiento Luan C. Nguyen and Paul Mann

This study |
Finded and Kennan (2009)
Hudec el al. (2013)
Cheisteson ot al

Cuencadel golfo es

resultado de este
empinamiento?

Gravity and magnetic
constraints on the
Jurassic opening of
the oceanic

Luan C. Nguyen and
Paul Mann

- [70Ma)
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Y quizas lo sea el CAMP y el océano atlantico norte??

Still extant large

remnants shown

as solid spots @

Early Jurassic Basalts of the
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El choi yoi es producto de
verticalizacién de un flat
slab pérmico??

Episodio del Choiyoi

El chiyoi podria ser un
empinamiento de zona de
subduccién horizontal
pérmica?
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Karoo-Ferrar-Chon Aike (183 Ma)

Antartida Oriental

South
America
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Magmatizmo dal
margen Pacifico

Cuenca
Rocas Verdes

Cuenca de
trasarco

Magmatisme de ’
infra-placa Corteza continenial

» La pluma de Karroo (actualmente Isla Bouvet) fue propuesta a
partir de la presencia de diques radiales y su posicion central
respecto a los tres brazos del rift jurasico

Storey et al., 1992

Veevers, 2004

6 30 80 e ~y(@4)

Arreglo mas bien linear de la serie de hot spots de Karoo-Ferrar a lo largo del margen
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Presence of discontinuous Precordilleras

South American plate
Nazca plate

Pacific Ocean

North Patagonian massif |
ordillera of Chubut | e

Antartic plate

Scotia plate
2'W

Closure of Mesozoic basins resulting in a fold and thrust belt
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~27-20 Mal
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Folguera and Ramos, 2010
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| 372 Ma Abarsco basr)
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Construction and destruction of the Andes

SANTA CRUZ shallow subduction zone; Late Miocene

w 3-4 Ma palasosurface
Cordillera
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o Ghi MLBA
Alto Rio Ghio F_?f\,‘_

Lava flows in decply
incised palacovalley
(PG 65-67)

s, Fluvioglacial gravels

e and fills
%,

[ censoce rutan s o = B u e

Espinoza et al., 2007
Séanchez et al., 2008

o Eiet .z_wm B SANTA CRUZ extensional relaxation; Pliocene
S Lagabrielle et al., 2007

Construction and destruction of the Andes
The Payenia shallow subduction zone in northern Patagonia

Neogene tectonic framework
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Northern Patagonian Andes
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Skinner y Clayton 2013
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Falta de correlacion entre litdsfera oceanica sobreengrosada y desarrollo de flat
slabs (mirando imagen especular a través de la dorsal Pacifica)

Existen otros procesos que conducen a flat slabs!
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| Palacco within-plate|

Discussion of orogenic and magmatic mechanisms
; ; 27-20 Ma|

60 Ma
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within-plale series

Farallén Plate

Late Oligocene-
Early Miocene mafic floods

- Latest Cretaceous to Eocene mesosilicic sequences -
Does highly buoyant oceanic crust produce shallow subduction settings?
Folguera and Ramos (2010)

After Cande y Leslei (1986)

Present

Discussion of orogenic and magmatic mechanisms

Nazca Plate

A ic Plal
Jlacenae Antartic Plate

Pliocene to Quaternary within

3
- plate volcanic rocks

:] Miocene within plate rocks
- Arc related Miocene rocks
Does highly buoyant oceanic crust produce shallow subduction settings?
Folguera and Ramos (2010)
after Espinoza et al. (2007) and Sanchez et al. (2008)
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Maksymowicz et al., 2012

d) Segments of the Southern Chile

active preading ridge
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b) Antarctic Plate :
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Heintz et al. 2005

c) Nazca Plate :

Slab window A‘r;dcan subduction type (dipping ~ 3({“)
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Zonas de subduccion horizontal actuales Gutscher et al., 2000
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L

cia de faja pleéada gorrida por detras del arco

Vancouver en su region central es una regiéon montafiosa
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http://records.viu.ca/~earle
s/split-subduction-
mar04.htm

128 W PEET .
(after Calvert, 2004) 124 W 122 W

20 km

{after Calvert, 2004)

Fig 2from Calvert, 2004; Nature, 428, p. 163-167, doi 10, 1038/nanre02372
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Deformation front Vancouver Island
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Deep recycling
of oceanic
asthenosphere
material during
subduction

Liu and Zhou
2015

A mas viscosidad
de astendsfera o
menos contraste de
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Litésfera oceanica joven tiene bajo contraste de densidades respecto de

astendsfera e induce flat slabs
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Figure 3. Scheme diagrams for asthenosphere entrainment. (a) Effects of asthenosphere viscosity and density anomalies
on the amount of entrainment. Significant (minor) entrainment refers to a layer of at least (less than) 100 km thick of
asthenosphere material translates down to more than 500 km depth, divided by the bold dark line. The thick dashed line
separates flat slab versus nonflat slab scenarios. All calculations have a convergence rate of 6 cm/yr and a subducting slab
age of 80 Ma. (b) Effects of convergence rates and slab age on the amount of asthenosphere entrainment. All calculations
presented have the asthenosphere viscosity fixed as 2 x 10" Pas and its density anomaly at —0.5%.

SLAB SUBDUCTION OF WEAK AND STRONG CRUST
AND ROLL-BACK (hipétesis de somerizaciones por interaccion con

discontinuidades de 410 y 660 km)
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Quinteros et al., 2010
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A mas altos
contyrastes de
viscosidad en
manto entre
transiciones de
410y 660 km
Losa ocednica
experimenta
flattenings y
steepenings

Cerpa et al 2014
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Periodicidad de arrugas de losa subducida sobre 660 km define movimiento

oscilatorio de losa por debajo de litésfera continental
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Cerpa et al 2014
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Cerpa et al 2015

Periodicidad de arrugas de losa subducida sobre 660 km define movimiento
oscilatorio de losa por debajo de litésfera continental
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Cerpa et al 2014
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Figure 11. (a) Temporal evolution of the slab mean dip angle taken between 100 and 160 km of depth for different mantle viscosities. {b)
Temporal evolution of the overrding plate state of horizontal siress, for different mantle viscosities
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