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Plate Tectonics
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Plate Tectonics
Sites of magmatism
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Plate Tectonics
Sites of magmatism
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Plate Tectonics
Two types of crust
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Plate Tectonics
Two types of crust




Mineralogy & Composition

high [SiO2], Quartz
low density SiOs
O
%
b Orthoclase
KAISizOs
Plagioclase
(Na,Ca)(Si,A)AISi2Osg
Pyroxene
2 (Fe,Mg,Ca)2Si>Os
Q]
=
ow [SiO3]. Olivine
high density (Fe,MQ)2Si04

Photo Credit:
Rob Lavinsky



Bimodal Topography

Required for efficient silicate weathering




Silicate Weathering Feedback

CO2 + CaSiO3 = CaCO03 + SI0»

Silicate
Weathering R S




Bimodal Topography
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Bimodal Topography
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Production & Evolution of Continental Crust
Why is continental crust less dense than oceanic crust?
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Production & Evolution of Continental Crust

Fundamental guestion:

 How long has plate tectonics been operating on Earth”



Proposed initiations of plate tectonics

Present Suggested onset time

of plate tectonics

Phanerozoic

0.54 Gya

<— ~0.85 Gya (Hamilton 2011)
<— ~1 Gya (Stern 2005)

Proterozoic

2.5 Gya

<— ~2.8 Gya (Brown 2006)

<— >3 Gya (Condie & Kroner 2008)
<— >3.1 Gya (Cawood et al. 2006)
<— ~3.2 Gya (Van Kranendonk et al. 2007)

<— >3.6 Gya (Nutman et al. 2002)

<— >3.8 Gya (Komiya et al. 1999)

4.0 Gya <— ~3.9 Gya (Shirey et al. 2008)

<— >4.2 Gya (Hopkins et al. 2008)

4.5 Gya

Korenaga, 2013
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Average lemporal Trends

Vostok Temperature Record
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Average lemporal Irends
Change over time can resolve process

Vostok Temperature Record
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Average lemporal Trends
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Sample Locations

~66,000 samples via EarthChem, ~2500 via K. Condie, ~1500 via J-F. Moyen




Weighted Bootstrap Resampling Monte Carlo Analysis

Low weight

n 1 :
e | 5. (e )

Minimizing sampling bias by sample weighting



Welighted Bootstrap Resampling

|

WeicHTeD | Resampled 100-200 Ma [ ]
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xample: basaltic KoO content

Weighted Bootstrap Resampling Monte Carlo Analysis

Estimated mean

Resampled data

Raw data
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Temporal trends in basalt geochemistry (43-51% SiO»)
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Temporal correlation with Great Oxidation Event

La/Yb Enrichment

Na»>O Enrichment
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Fundamental guestion:

 How long has plate tectonics been operating on Earth”



Ux melting
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Fluld solubllity
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Element mobillity in slab fluids

MOBILITY (%)
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Expectation for subduction initiation at 2.5 Ga

Slab fluid input
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Nb / Th

Average basalt Nb/Th Proportion of samples with Arc-like Nb/Th
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MOBILITY (%)

Mobility in slab fluids Average basalt Rb/Nb
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THI (Fe, / Feg)
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Tholeiitic vs. Calc-Alkaline Differentiation
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Conclusions

Fundamental guestion:

 How long has plate tectonics been operating on Earth”



Conclusions

Fundamental question:

 How long has plate tectonics been operating on Earth”

Throughout the entire preserved rock record



La/Yb Enrichment

Na»O Enrichment

Crustal differentiation?
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Results from:

» Keller & Schoene (2012) “Statistical geochemistry reveals disruption in secular lithospheric evolution about 2.5 Gyr ago”
Nature 485, 490-493

e Keller et al. (2015) “Volcanic—plutonic parity and the differentiation of the continental crust * Nature 523, 301-307

e Keller & Schoene (in preparation) “Geochemical evolution of basalts preserved in the continental crust throughout Earth
nistory”
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Simulation results

High-silica melts can leave a low-silica cumulate
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(GPa)

Pressure

Simulation results
Differentiation at the base of the crust may help
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Temporal correlation with Great Oxidation Event
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