











Some geophysical proxies for the LAB

Eaton et al., Lithos, 2009
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Global Free-Air Gravity Field

No consistent correlation with cratons
--> |arge-scale isostatic equilibrium

http://www.gfz-potsdam.de/pb1/op/grace/results/grav/g003_eigen-cg01c.html
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Models of formation of cratonic keels

A. Single B. Stacking/accretion C. Arc accretion and
large plume of oceaniclithosphere thickening

W o

Vertical scale exaggerated

Lee, 2006
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The Isopycnic Paradox

A. Single B. Stacking/accretion C. Arc accretion and
large plume of oceaniclithosphere thickening

YW o

Vertical scale exaggerated

e Given cooling that has occurred since formation, if
cratonic mantle keels are presently in an isopycnic

state then they must have deviated from isopycnicity
in the geologic past

Lee, 2006
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2D Thermal Modeling
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Secular Cooling Parameters
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Mareschal et al., CJES, 2000
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Mantle Density and Velocity Calculation

Following James et al. (2004):
(K)py = K +(0K /0P)AP +(9K ; /0T )AT
Up = u+@u/dP)AP+(du /T )AT .

Ppr = P(1-0AT + AP/K ).
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Mantle Density and Velocity Calculation

Following Jones et al. (2009):

Isotropic velocities of polycrystalline aggregates are computed using
the geometric mean of the Hashin-Shtrikman extremal bounds.

Archean Proterozoic Fertile
Olivine 79% 65% 55%
Orthopyroxene 13% 16% 25%
Clinopyroxene 2% 9% 15%
Garnet 6% 10% 5%
Mg # 93 91 88.5

Earthscope LAB 2011

Modal compositions after Darbyshire and Eaton, 2010
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Dynamic LAB depth

e Depth of LAB
adjusted every 5 Ma

e New (mechanical)
LAB placed where
strain rate exceeds
5x10-16 51

Depth (km)

e Since Tis held at
the adiabat, LAB is
therefore both a
thermal and a
mechanical
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350

400

450

500
200 400 600 800 1000 1200 1400 1600 1800 2000

Distance (km)

Earthscope LAB 2011 2011/09/20



e |[sostatic elevation relative to x = 2000 km is used as a
proxy for keel buoyancy

e Compensation depth selected based on deepest part of
LAB

e Surface erosion is neglected

* Sub-sea basins are assumed to be filled with sediment (p
=2.4g/cm?3)
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Mantle Creep Calculations

n m —(E + PV) Olivine flow-law parameters
. 02 d r RT
€E = Al— | |= COH e from Korenaga & Karato (2008);
H b shear stress a free parameter

0 Shear stress obtained

f cdz = Av subject to condition that Av

. =4 cm/year (constant), z, =

0
400 km

where

€ = max(é dis,dry > édis,wet) + max(é dif ,dry » édz’f,wet)

Eaton et al., Lithos, 2009
I
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Case 1: Archean Plume

Surface heat flux
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Case 1: Archean Plume
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Case 2: Archean Slab “Sandwich”

Surface heat flux
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Case 2: Archean Slab “Sandwich”

Surface heak flux
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Case 2: Density / Isostacy

Isostatic Elevation
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Case 2: Shear Stress / Viscosity
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Case 2: Shear Stress / Viscosity
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Archean versus Proterozoic Isostacy

Isostatic elevation versus time at centre of keel
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SRF Examples - Thermal Equilibrium

Temperature (C)
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SRF profile, “Archean” lithosphere

SRF - compositional contrast at LAB
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SRF at x =0, “Archean” lithosphere
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SRF at x =1000 km, “Archean” lithosphere
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SRF at x = 0, “fertile” lithosphere
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SRF at x =1000 km, “fertile” lithosphere
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SRF profile, “fertile” lithosphere

SRF - no compositional contrast at LAB
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Conclusions (l)

Isopycnicity is inherently ephemeral

* Cratonic keels that are isopycnic today must have been
buoyant in the geologic past

* Cratons may be slowly foundering at ca. 500 m per Ga as
a result of secular cooling
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Conclusions (ll)

Cratons “forget” their initial thermal state after
ca. 1l Ga

* |t is not possible to distinguish endmember formation
models (plume versus slab) based on present-day thermal
structure

* However, it may be possible to determine the initial
thermal state based on early unroofing signatures
(epierogeny)
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Conclusions (lll)

Cratonic keels that formed in the Proterozoic are
intrinsically more dense than Archean cratons

* Proterozoic example: Hudson Bay

e Archean example: Kaapvaal
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Conclusions (IV)

Preservation of cratonic keels requires a large,
persistent viscosity contrast between the lithosphere
and asthenosphere

* This can be achieved by making the lithosphere dry (1 ppm H/Si)
and the asthenosphere wet (100 ppm H/Si)

* What about H diffusion (cf. Demouchy, EPSL, 2010)?
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