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Problem For Extensional Models:

»95% of models are amagmatic

»95% of plate separation Is by dikes
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Labrador Sea

Openin
Phase 1 Pering
(62-58 m.y.)

e Hot mantle plume
e Mainly continent-based magmatism
at widespread localities

» Picrites and high-Mg basalts common

Phase 2
(56 m.y. on)







Rifting and Magmatism:
A Chicken and Egg Problem

Petrologic View: Rift Chicken lays magmatic eqg

« Lithosphere »
1.Stretch lithosphere and thin it

R R

2.Pull up asthenosphere and melt it

Mechanical View: Magmatic Egg grows into Rift

1.Intrude lithosphere and heat it

o —~ -

2.5tretch weakened lithosphere
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WHITE AND MCKENZIE MAGMATISM AT RIFT ZONES
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Plan View of Tensile Crack vs. Shear Crack
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Diking and Faulting Mechanics

How Dikes Make Faults

-Force for splitting plates

-Straight rifts/ridges = magmatic

-Amount of magma to rift
Segment-Scale Dike Observations

- Krafla, Icland 1975-1984

- Afar, Ethiopia 2005




Minimum Stress Difference for Fault Slip Minimum Stress Difference for Opening Dike

Fault Magma Filled
Stress y Crack Stress

r. = rock density
sv(2)=T,92

(Lt -
WO s = hv@ - W42

Sv(@)=r,92
S@) =P =r. 9z




Heat Flow = 40 mW/m?2

200 400 600 800 1000
Stress Difference (MPa)
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Limits on Magmatic Rifting
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Big Unknowns about Dike at Rifts/Ridges:

»\What controls dike length?

»\What controls dike width and frequency?

Need to look at active dikes




~ Initiation of Magmatic Continental Rifts:
-~ Howl I\/Iuch Magma Is Enough?

Roger Buck -Jiab_-alala:s‘ Ran an and Mark Behn EI
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Surface Heat Flow (mW m_g)
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Magma Injection Weakens Lithosphere

Weak Lithosphere Extends Tectonically

Sometimes a Pulse of Extrusion Makes a VVolcanic Margin




Intrusion of giant dikes explains:

1. Opening of rifts in normal continental areas
2. Reduced subsidence during magmatic rifting

3. No opening of rifts where mantle lithosphere is
thick: Cratons or old oceanic crust

4. Only a few kilometers of magmatic rifting may
weaken lithosphere enough for extension to
continue at moderate stress levels

5. Magma does not have to reach the surface to affect
rifting. Need seismics to ‘see’ magma
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Big Challenges for Extensional Modeling

» 3D Dike and fault propagation

» Distance of dike propagation

» Effect of dike stress changes on fault patterns

» Thermal effect of diking




