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= Subduction and Earth evolution

= Since when did subduction operate?
o Theories
o Observables

= Did subduction style change over time?




'How was Earth different in the past?
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‘ Consequences of more radiogenic heat

= Today’s surface heat flux of 80 m\W/m?:
o 50% = from radiogenic heat production
o 50% = Earth cooling
= To have Earth cooling
In Archaean, we need
a cooling mechanism
more efficient than
plate tectonics (PT)

radioactive
SOUCEs

(Sleep, 2000; Turcotte and Schubert, 2002)



Archaean mantle was 100-300 K hotter

UPPER MANTLE TEMPERATURES

Significantly hotter Archaean
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Consequences of a hotter mantle

More melting at mid-ocean ridges
= thicker oceanic crust
= thicker harzburgitic melt residue
layer

Weaker plate and mantle material: 0
= n=exp(T) 1300 1400 1500 1600 1700
= ~1 order of magnitude for every 100 K Lot (O
= Effect of dehydration strengthening?

(van Thienen & al., 2004)



‘ Consequences of more meltmg
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c- more melting 00
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‘ FEttect of basalt-eclogite transition?
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‘ Stronger Archaean plates?

15

= harzburgite = dry = strong

= plate bending more difficult?

= slower Archaean plate motion?
= fits with supercontinent ages

10
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= plate strength in cold top part

= plates bending induces faulting +
rehydration
(Faccenda et al., 2008) (Korenaga, 2006)




‘ Weaker Archa¢an platesD
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‘ Weaker Archaean plates?
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 Weaker Archacan plates?
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= For higher T .4 frequent slab break-off occurs ...
(van Hunen & van den Berg, 2008)




 Weaker Archacan plates?
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'Summary of many model calculations
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Are these subduction velocities enough to cool early Earth?




‘ Possible parameterizations of v, 4

Are these subduction velocities enough to cool early Earth?




‘ Thermal evolution the Earth
/ Heat production
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QTW)

Model 1: subduction for all T _

Flat vsubd rate:
cooling since early Archean
Cooling curve similar to Korenaga,’ 06
and Labrosse & Jaupart,’07.
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‘ Model 2: Rapid plate tectonics =2

efficient cooling = ‘thermal catastrophe’

Increasing vy pq With T,
‘Thermal catastrophe’
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‘ Model 3: Inefficient subduction =2
hotter Archaean mantle

Peak in v 4
Recent rapid cooling since Proterozoic
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‘ ObS@I’Vﬁ.tiOﬂS = Only very few old rocks are preserved.

|:| Cenozoic
[] Mesozoic
[] Paleozoic
Paleozoic-Proterozoic
Bealerozoic

" = Those rocks are often very much VY
..~ reworked: metamorphosed, altered, and  ©
- “deformed |




‘ Linear features?

Abitibi, Superior Province

Voleano-plutonic
(:) Plutonic-gneissic . High-grade gneiss

Pilbara, Australia

| M

(Calvert et al., 1995, JF Moyen, pers.comm.)



Oldest ophiolites

Oldest ophiolite 3.7 Gyrs old?

—
Oldest generally accepted
ophiolites are ~2 Gyrs old
(Jormua, Finland; Purtuniq,
Canada)

Ophiolites become wide-spread
after 1.0 Gyrs ago
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Seismic observations

= Horizontal vs. vertical motion
= Sub-horizontal dipping
reflectors suggest
fossil subduction?

Voleano-plutonic

(:) Plutonic-gneissic - High-grade gneiss

20

—30

- o’*‘b’o’o‘r&* ~a.m., - _
D 10— w’@q‘{o’q&g&o’o‘&-
R 0’
E 125 __ 'A‘AY'%"%%.&‘
14—
16—
18— b

25 km

140

Depth (km)

— 50
— B0

— 70

(Calvert et al.,

1995)



Plate tectonics in Archaean?

Paleo-magnetism

Paleo-latitudes of old continents

varied over time

Only during supercontinent
(formation/breakup) |

Data sparse!

Episodic early

plate tectonics?
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(O’Neill et al., 2007; Silver and Behn, 2008)



‘ Subduction as site for crust formation

Bulk continental crust:

= Today: andesites
o Formed in subduction zone
o Mantle wedge hydration and -melting
= Archaean: tonalite-trondhjemite-granodiorite (TTGs)

o (slab?) melting of mafic crust (Similarities with adakites?)
o Interaction with a mantle wedge?

A) Slab melting model

= Suggested
formation

. Mmicrust - [ crust
Scenarios. [Imantle lithosphere C_mantle lithosphere

[ Imantle ~4 I_Imantle
= melt -== melt

(Defant and Drummond, 1993; Foley et al., 2002, 2003; van Thienen et al., 2004; Bédard, 2006)



‘ Arc signature in Archaean TTGs?

RN
o
()

Rock / Primitive mantle
o

fluid
immobile
elements

= Modern island arcs
O Average Archaean TTG

rare-Earth
element (REE)
pattern

Rb K Ba Th U Nb Ta La Ce Pb Nd Sr Zr HFSmEu Ti GdDy Y Er Yb Lu

(JF Moyen, pers. comm.)



Rock / Primitive mantle

“Arc” signature in Icelandic dacites !?!

—
o

—
)

@ Kroksfjordur dacites
© Average Archaean TTG

Rb

K Ba Th

U Nb Ta La Ce PbNd Sr Zr HfFSmEu Ti GdDy Y Er Yb Lu

(Willbord et al., 2009; JF Moyen, pers. comm.)
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Passive Margins
UHP Terranes
Blueschist
Ophiolites
Isotopic recycling
Arc igneous rocks
Paleomagnetics

‘ Key characteristics of plate tectonics

No subduct




' Absence of UHPM by slab break-off?

Archaean

Phanerozoic

subduction of
continental crust
gives UHPM

Continental-continental convergence

=y
o ey

no subduction\
of continental
crust: absence
of UHPM

(USGS website; Wortel and Spakman, 2000; van Hunen and Allen, 2010, subm.)
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‘ Long-term episod
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Short-term episodicity in subduction?
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(van Hunen & van den Berg, 2008; Moyen and van Hunen, in prep.)
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‘ Did subduction style change over time?

Evolution flat - steep subduction (Abbott et al., 1994)7?

1.

2. A hot, weak mantle is unable to support flat subduction

200

0 ATpa=0K lcgn  AT,.=38K logn  AT,.=75K

400.

%y
-
I | 1 1 1 | 1 | 1 | 1 | | 1 1 1 ! | 1 1 1 | | 1 ‘ 1 |

- No, because:

If too buoyant, slabs won'’t subduct at all

logn

200. 400. 600. 800. 1000. 200. 400. 600. 8&00. 1000. 200. 400. 600. 800. 1000.
x{km} . x(km) . X(km)
10 'Pas I T 10”°Pas

(Abbott et al., 1994; van Hunen et al., 2004)



2)

+24

water mass (10

‘Archaean water world’

= Today: regassing > degassing

= Early Earth:

._
Lr

0.5

0.0

Q

Q
Q
Q

More volcanism = more degassing

Hotter mantle - faster slab dehydration - less regassing?
Weaker rocks - no high mountain ranges?

Buoyant oceanic lithosphere - shallow ocean basins

d. mass of free water

400 N0 2000 1000 o

time (Myb. p.)

Mear trench
hydration Fgre arc volatile

Input o

L] Al L]

—_—— -

(Wallmann, 2001; Ripke et al.,

2004; Rey & Coltice, 2009; Flament et al., 2008)
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