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Convection in the Earth
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Lithosphere:
“The Tectonic
Plates”




Lithosphere:

“Based on
Seismology”
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180.0 Ma
Middle Jurassic

Source: Dietmar Muller,
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id-ocean ridage




George Shor, Maurice Ewing and Russell W. Raitt



1950-1959: worldwide oceanic crust with bathymetry < - 250 m
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1970-1979: worldwide oceanic crust with bathymetry < - 250 m
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1980-1989: worldwide oceanic crust with bathymetry < - 250 m
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Generation of Earth’s Oceanic Crust

Ocean Axis of I'I‘Iid-lﬂt'E-’ﬂn ridge

. Seawater sinks,
Ccean Spreading % Spreading  heats up, and rises
sediments T as hot springs

From Press & Siever l | | |
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Oceans and Continents: Plate Tectonics

trench

mid-ocean ridge

lithosphere




reflection point

Probing
Oceanic
Lithosphere
With
Seismic
Waves
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Mid-Ocean Ridge —.  Hotspots

Depleted/Anhydrous
ertile/Hydrous
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Oceanic Lithosphere Thickens by Cooling

Age of Oceanic Lithosphere (Ma)
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Comparing Oceanic vs. Continental
Lithospheric Cooling
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Accretion of Fragment of Oceanic Crust
(Ophiolite)

=% S% J"

Continental £V o)

—) Oceanic crust % Y

y crust v/
West Lithosphere [ .

87

y

East



Penrose Ophiolite Model 1972
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Global Ophiolite Distribution by Age
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Lower Continental Crust and Upper Mantle
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Oceanic Plateaus




so'c B
) : 11o'w
70°E S B
: i 2 j - ‘ K
S 8 Canada lday \
80°E Basin A
) 140°w
100°E h
110°E h

160 170°E
3 500

1 400E 150°E

130°E
1000 km

120°E
1000 500




Depth (km)

Vilkitsky Trough

Mendeleev Rise Chukchi Basin

Arctic-2005

Chukchi Plateau

=W
= % U

150

200

250 300 350 400 450 500
Distance along the profile (km)

550

600 650

700

750



Distance along the profile (k

& 8 @

(uny) yadaq




62°N

60°N

58°N

56°N

52°N

I " -
y ~Pac:fc Platet.;.' : .
..A .d" g 50N

— 48°N
165°E 170°E 175°E 180° 175°W 170°W 1 65°W 160°W 155°W

=

-8000 -7000 -6000  -5000  -4000 -3000  -2000  -1000 0

Seafloor (m)



Island Arc: Mafic lower crust
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Typical Stable Continental Crust: Platform

Depth (km) Vp Vs I
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Island Arc: Mafic lower crust 4
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Precambrian Shields
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Global Seismic Refraction

(Mooney, 2005, Treatise on Geophys.
Prodehl and Mooney, 2012, GSA Memoir)




Measuring Crustal Velocities and Thickness
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Typical Stable Continental Crust: Platform

Depth (km) Vp Vs I
P (km/s) (km/s) (g/ccm)
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Source: Mooney et al., 1998
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Seismic Reflection
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Source: Mooney et al., 1998
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Global Seismic Refraction

(Mooney, 2005, Treatise on Geophys.
Prodehl and Mooney, 2012, GSA Memoir)
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*°The Electrical
Lithosphere



#

Seismic dara P Seismic lithosphere (TBL) J

L

P—

Thermal data Thermal lithosphere (TBL)

Xenolith data P |Petrological lithosphere (CBL)

Electomagneti )[Electri::al lithosphere (TBL) J
data

Gravity data j[ Elastic lithosphere (MBL) ]




Source: Mooney et al., 1998




Geo-electrical and Seismic Data
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2-D model: Main result — variation in LAB
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Lithospheric thickness varies along the profile, with the thickest part from just south of
Kimberley -> north of Pretoria
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*The Seismological
Lithosphere
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Seismicity of the Eart

T T | e

Villasefior, Benz and Engdahl (Fall AGU, 2007)




Adam Dwiewonski, Harvard University, 1936 - 2016




Woodhouse and Dziewonski, 1984

Vs at 100 km; blue is positive, red is negative




Tomographic Model
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100E and Woodhouse, 1999




S-wave Anomaly 50 Km
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S-wave Anomaly 100 km
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S-wave Anomaly, 150 km
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S-wave Anomaly 200 km
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S-wave Anomaly 250 km
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* Petrologic Constraints on
Lithospheric Roots beneath
Continents
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Model for Archean Lithospheric Evolution
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Model for Proterozoic Lithospheric Evolution

ARCHEAN PROTEROQOZOIC (1.5 Ga)
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New Model of the Gravity Field (CHAMP, & GRACE)(
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* EXTRA SLIDES
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Model for Proterozoic Lithospheric Evolution
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dVs (m/s) across N. America at 175km Depth

Latitude

-160 -140 -120 -100 -80 -60
Longitude



S-wave Anomaly, 150 km
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The Central Andes

T 2m0 320 3e0

(Oncken, 2006)
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Dehydration reactions in subduction zone
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A) relamination of subducted
sediment

relaminant

delaminant

Hacker et al.,
2011



C) relamination of crust removed
by subduction erosion
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upper crust
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{
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relaminate
delaminant

Hacker et al.,
2011



Mantle Structure
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Source: Forte and Mitrovica (2001)



Propagation of Seismic Waves Through
the Earth’ s Interior
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Heat Flow Data for Continents

Source: Artemieva and Mooney, 2000



Age of Continents




Lithospheric Structure:
Seismic Anisotropy

100 km

= » 200 km
= ==z -7
—~ — — 300 km
- Layer 1 frozen-in anisotropy Present-day flow-
- Layer 2 frozen-in anisotropy related anisotropy

Yuan and Romanowicz, Nature, 466,
1063-1068, 2010

A global survey
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Global Heat Flow Data

Number of
heat flow
measurements
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Global heat flow data:

Paleoclimate corrections

can be 30-40%.
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Lithospheric Thermal Thickness

Steady State Thermal Conductivity
0°T/oz2=-AlK
at z = 0: T=0

+ Assumption

A(z) = A, exp(-z/ D)

Qo=0+A,-D
A, — surface radioactivity k- thermal conductivity
Q, - surface heat flow T- temperature

g - reduced (mantle)heat flow D — characteristic depth



Estimated Temperature at 50 km Depth
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Source: Artemieva and Mooney, 2000



Lithosphere Thermal Thickness
as the Depth to 1300° C

Source: Artemieva
and Mooney, 2000
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Source: Steven
Dutch,
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“Standard Model” of the Earth

Sir Harold Jeffreys Keith Edward Bullen
e (1906 - 1976)



Fishwick s 2009 reglonal models
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2-D model: Main result — variation in LAB

.| P {ohim.m}

10000
Ti87
5179

Lithospheric thickness varies along the profile, with the thickest part from just south of
Kimberley -> north of Pretoria



“Standard Model” of the Earth
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Temperature profile inside Earth
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Mid-Ocean Ridge — Hotspots

Crust
( s . Depleted/Anhydrous s
Yty T - ertile/Hydrous b
i / ' Alignment of

N Volatiles? ing? Melt? Asthenosphere
3 Small-scale Sharp G

Convection? 1-3% melt Weak G

Coincident at the LAB or Velocity Gradient

Boundaries? ‘I T No melt

South Pacific Superswell Hawai'ian Plume

Schmerr, 2012, Science




