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Young continent LAB: ~6% velocity drop in < ~30 Km (N. America and Australia)

> 5°C/km temperature gradient (Faul and Jackson, 2005)

Velocity gradient too localized in depth to be defined by temperature alone;
indicates contrasts in volatiles or melt at LAB

Sub-cratonic LAB:

Some regions ~4% velocity drop in > ~60 km
Others more localized vertical gradients

Temperature alone sufficient in places, volatiles or melt in asthenosphere needed
to localize LAB in others

Temporal Geotherm Variations
Lower Crust Enrichment at 137.5x Bulk Mantle
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Cratonic mantle formation models
Imbrication of oceanic lithosphere

Plume melting

=

s = 0%

Chemically depleted layer over thermal

Lee et al. (2011)
boundary layer Yuan & Romanowicz (2010)

= Basalt or komatiite
Depleted peridotite

I Felsic crust

= Arc pyroxenites
Ambient mantle

Accretion of sub-arc mantle
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Whitmeyer &
Karlstrom (2007)

1.82-1.80 Ga

Continued shortening across

[0 1515 Ca mwoned Archmancrunt | Trans Hudson orogen; closure of
=:z::::__"f:’“ Great Falls Tectonic Zone and
[ 2520 Ga mogeoctinat sesimens Vulcan Zone; accretion of Medicine

DQSG;NMM
(Whitmeyer and Karistrom, 2007)

Hat Block, and Wyoming Province



Whitmeyer &
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Accretion of Archean(?)
Grouse Creek Block

B 2012 Go et oo and Selway Terrane;
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1.76-1.72 Ga

Accretion of Mojavia(?)
and Yavapai Province,
as a Banda Sea style
assembly of arcs
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Earthquake at 80 km depth (Mw=4.8)
Wyoming, Sept. 2013

Sevier Thrust .
Sp CCP stack (Hopper et al., 2013) Wyoming Craton
’ Belt
| | | | | | | | | | | |
a) |_ —— ——— o
g e Global
25
. CMT
£
=
3100~
S5
150
175
200 .
118 A 116 115 A A13 112 M A10 109 08 A07 106 105 A4
Distance Along Profile {(km)
; T T I
B 23200 |
0.15 01 1.05 0 0.05 01 0.15
RF amplitude
I
25
T 50
= 75
£
£ 100
S 125
150 A
200 > —— ’ ’
118 A7 116 115 114 413 112 A1 110 109 108 107 106 105 A04
Distance Along Profile (km)
.- | | | |
4 405 41 415 42 425 43 435 44 4.45 45
Vs (km/s)

Shear wave velocity tomography (Obrebski et al., 2011)
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» Mantle with pre-existing fine-grained shear zone

» Viscous deformation leads to shear heating instability &
rapid displacement

* Preferred conditions for instability: 600°- 800°C

 Consistent with xenocryst geotherms for Wyoming craton
mantle at ~80 km (Griffin et al., 2004)



Conclusions

Cratonic lithosphere-asthenosphere boundary

» Velocity gradient typically more gradual (>60 km) than beneath
younger continental regions (<30 km); consistent with purely thermal
gradients

* In some regions velocity gradients are more vertically localized,
suggest zones with higher volatiles or melt in asthenosphere

Layering within cratonic mantle

« Many forms: isotropic velocities, azimuthal anisotropy,
8 discontinuity, scattered/reflected wave discontinuities

« Layering in azimuthal anisotropy suggests multi-stage formation

* Widespread mid-lithospheric discontinuity at ~70-100 km

» Dipping discontinuities suggest accretion of paleo-slabs

« 2013 Wyoming earthquake at 80 km depth = runaway shear instability
in fined-grained mantle at 600°- 800°C?



