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1. eastward mantle rotation implying
westerly directed flow of lithosphere

2. orogens, subduction zones and rifts
show an “E-W” global asymmetry

w

Doglioni et al 1999, 2003
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eastward mantle rotation

tectonic "equator"

and tectonic equator

Bostrom, 1971; Doglioni 1990

3. plate tectonics is tuned
by Earth’s rotation

i "westward drift of the lithosphere" = (02-w1)
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Scoppola et al 2006
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interdependence between

<&

¢ oceanic spreading process

’0

» upper mantle differentiation

\/

¢ plate kinematics driven by the westward drift of the
lithosphere
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integration in space and time of
» geophysical data on oceanic plates and asthenosphere
> petrological data on mantle (\w300 km depth) and basalt

» structural data on oceanic detachment faults
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plate asymmetry on both sides of spreading ridge
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= plate thickness: thinner E
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westward ridge migration and oceanic spreading ?

VA, VB=plate velocity

Vr=ridge migration westward drift (Vr) of ridge
Vr=(VA+VB)/2 Vr > hS synchronous but faster than
hS=half spreading oceanic half-spreading (hS)
hS=(VA-VB)/2
w E
Vr=5 cm/yr
<_

Va=g cmyr Plate A Plate B VB=2 cmyyr

hS 2™
MM

velocities relative to asthenosphere
_—
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upper asthenosphere asymmetry
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40° 7 :

-150° -100° -50° 0° 50° 100° 150° = LVZ mainly below oceans
» ‘“solid+incipient melt” area

= length: larger W
= thickness: higher W
= Vs (Vu/p): slower W
» lower uW-ward
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upper asthenosphere (LVZ) = decoupling level

between lithosphere and lower asthenosphere
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t1. plate spreading >
* plate uplift + rift melting area
* *residual E-asthenosphere

t2. westward ridge drifting =

* migration of melting area
with Vr > hS

* lower “refertilisation +
thickening + subsidence”
of E-plate (B)

t1

t2

w

VA = 66 mm/yr

Lithosphere

Vr = 46 mm/yr E

hS =20 mm/yr
VB =26 mm/yr

ridge
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“Enroute” forana
plate spreading model

integrating our updated knowledge
on mantle petrology
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3GPa,

90-100 kmu‘ 100°C 1475°C

i’-‘-';- 1430-1450°C

I plate A: strongly re-enriched
harzburgitic mantle

- plate B: barely re-enriched
harzburgitic mantle

- mantle vapour-saturated solidus =100 km

\ detachment faults

path & direction of mantle
transfer by spreading

half-spreading residues

¢ ( strongly re-enriched in plate A

» D barely re-enriched in plate B
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density + rigidity

how eastern plate B becomes less dense anc

plate A? Loosing Fe and cooling becomes more viscous viscous

VA Vr VB €
- — <—‘ i
‘ hS " 100km
ST
E&GPa, ~ "'“m-un------h@lnu-.--....1000{“

1430-1450°C 1430-1450°C Low Velocity Zone

» atspreading axis = mantle residue accretion at base of lithosphere (= 30km) + basalt upwards percolation
- mantle thickening and mantle residue refertilisation

» asVr>hS - refertilisation and thickening are much less significant in the eastern limb (plate B)

< plate A mantle: secondary lherzolite

< plate B mantle: barely refertilized harzburgite
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why a plate thickness between 80 and 100 km ?
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‘ Vr > hS |hS
e —
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path & direction of mantle half-spreading residues
transfer by spreading

¢ ¢ strongly re-enriched in plate A

» D barely re-enriched in plate B
\ detachment faults
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» Residues successively transferred upwards and laterally at hS rate within the mantle lithosphere

» As Vr > hS = bending of the path followed by the mantle transfer towards the surface

» As asthenosphere moves “eastward” relative to the lithosphere, the westward drift of the lithosphere is
necessarily slowed down at its base, inducing a TOP to DOWN DECOUPLING within the mantle lithosphere

» DETACHMENT FAULTS, large offset low-angle faults capping the eastern (rarely western) side of oceanic
mantle core complexes (OCC), are effects of top to bottom asymmetric lithospheric mantle shear
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= Vs rather
homogeneous

= ~ 180 km thick

-180 -150

100

200
230

300

-120

lower

-90

asthenosphere

410

1300°C

partial melting

horizontal ultra low viscosity

Vg=4.6-4.8 km/s
lower asthenosphere

4.5 50 55

absolute velocity

geother

200 km

antle solidus

100

200

300

Chalot-Prat F., Doglioni C. & Falloon T., 2017.

Lithos, 268-271, 163-173

Thybo 2006 and Riguzzi et al. 2010

20



lower asthenosphere is the N-MORB mantle source

 below 7 GPa/230 km
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W-ward

* thicker (130 vs 100km)

» more developed (2/3 in
volume)
* Vs (Vu/p) slower

> lower rigidity
because of incipient melting

decoupling and shear heating
- T°C /30-120°C
> Aincipient melting
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upper asthenosphere is the OIB mantle source

W_

. /0
. 1000 1200 1400 1600 0.2 04
= alongintraplate . — ' : ' 0
# =
geotherm : N %%. i
e . 2 e i
> “solid + incipient = . 2 o [ oo
melt (0.05-0.1%)” - ‘\% KA@“‘. Lherzolite
: .10 IRRTU WMORB
» garnet to spinel — A B \‘- 80
. D(? < LAB Mo v LoD lmmeee—=3»{ 100 =
lherzolite o | X Asthenosohere F119 £
. I B t - =<,
» TE enriched — P Sty hEe e
Q 4_ B . with L 130 N
— . S I R incipientmelt |, ©
7 SN 1150
O 57 2 N V2 e O
DL— > % “\lln
6- EANE 200
2\ |
5590
y A S —— S N - \\p ---------- SR o 230
1
| -250
. ______________———

Chalot-Prat F., Doglioni C. & Falloon T., 2017. Lithos, 268-271, 163-173

from Green et al 2014, modified



1.5% at shallower depth
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along intraplate
geotherm

» “solid +incipient

melt (0.05-0.1%)”

with shear heating
(up to 120°C)

» melting increases up to
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e 6
= 5 1490°C

3GPa, 90-100 km 131 00°C

150km 1 . e
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7 GPa, 230 km H49'o"c el

T

~ 9GPa, 300 km

—> oblique, and not vertical, mantle ascent from lower to upper
asthenosphere

—> 2 # paths of transfer according to the entrance angle
» main path = very low entrance angle

» single path = more opened entrance angle
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100 km
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*{u . n 6

v P

7 GPa, 230 km H49C

9 GPa, 300 km

» main path = very low entrance angle trajectory
* emerging rather far laterally (> 500 km) from the ridge

* barely deviated in passing below the ridge

<> OIB mantle sources
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3GPa, 90-100 km 1700°C

150 km SR i 2 1430-1450°C 8
el stieecy Zone ™0
7 GPa, 230 km 14 '9'o‘c -1 ;

9 GPa, 300 Kim ses——

» single path = more opened entrance angle trajectory
* emerging at a shorter distance from the ridge (< 500 km)
* induced by isostatic suction of the migrating spreading ridge

<~ the one producing MORB, permanently renewed because of the
westward drift of lithosphere
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3GPa, 90-100 km 1700°C P

150km 1 . 2 1430-1450°C Low Velocity Zone
ISty Zone 3 > . 5 6
7 GPa, 230 km 490( e | ' = : 2’y o I 450" 190°C

9 GPa, 300 Kim ss——

o somewhat Fe-depleted, but above all fluid-depleted

> rigidity pincrease and density p decrease

higher rigidity of the eastern LVZ = higher coupling with
overlying plate B = slower velocity plate B
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strong mechanical effects of “westward ridge migration + plate spreading’ on lateral
and upwards mantle transfers, = on mantle partial melting and percolation/reaction

processes = on mantle differentiation ... and in turn on plate spreading !
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v" higher mantle refertilisation of the western plate

mantle lithosphere

v’ intra-mantle decoupling inducing detachment faults

and exhumation of core complexes

asthenosphere

< eastward strongly oblique mantle upwelling from
lower asthenosphere & MORB genesis

< eastward slightly oblique mantle upwelling of

upper asthenosphere & oiB genesis
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It is the asymmetry
that generates the phenomenon
PIERRE CURIE
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