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Convection in the Earth



What is the

Lithosphere?



Lithosphere:

“The Tectonic 

Plates”



Lithosphere:

“Based on

Seismology”





Seafloor spreading

Source: Dietmar Muller, 
Sydney University



http://terra.rice.edu/plateboundary/index.html

http://pubs.usgs.gov/gip/dynamic/dynamic.html


Mid-ocean ridge



George Shor, Maurice Ewing and Russell W. Raitt

Marine Geophysicists in 1960’s









Oceanic Crust



Oceanic 

Intrusion and differentiation of 
mantle-derived basalt

From Press & Siever

Generation of Earth’s Oceanic Crust



Columnar Basalt, Japan (2014)



Columnar Basalt, Japan (2014)

Hiroo Kanamori



Oceans and Continents: Plate Tectonics



Probing

Oceanic

Lithosphere

With 

Seismic

Waves



Schmerr, 2012, Science



Schmerr, 2012, Science



Schmerr, 2012, Science



Oceanic Lithosphere Thickens by Cooling



Comparing Oceanic vs. Continental

Lithospheric Cooling



Accretion of Fragment of Oceanic Crust 
(Ophiolite)



Penrose Ophiolite Model 1972

 Basalts, commonly 
pillowed

 Mafic sheeted dike 
complex

 Gabbroic complex with 
cumulus peridotites, 
pyroxenites

 Ultramafic complex

Dick, Natland and Ildefonse 2006



Global Ophiolite Distribution by Age



Evolution of the

Oman Ophiolite

Oceanic CrustArabian Plate



Semail 

Thrust

Mantle
Crust

Arabian Basement

Oman Ophiolite



Ivrea-Verbano

Zone,  Italy



Lower Continental Crust and Upper Mantle

at the Ivrea Verbano Zone (IVZ)





Oceanic Plateaus 









Island Arcs



Island Arc: Mafic lower crust



Typical Stable Continental Crust: Platform



Island Arc: Mafic lower crust



Precambrian Shields



Global Seismic Refraction
(Mooney, 2005, Treatise on Geophys.

Prodehl and Mooney, 2012, GSA Memoir) 



Measuring Crustal Velocities and Thickness







Source: Mooney et al., 1998



Typical Stable Continental Crust: Platform



The Crust



Source: Mooney et al., 1998





Seismic Reflection
3.0 Ga Crust: Yilgarn, 10GA-YU3

Zibra et al., GSWA Record 2013/6, pp. 87-95



Source: Mooney et al., 1998



Balling 2000

northern Gulf of Bothnia

5

8



Global Seismic Refraction
(Mooney, 2005, Treatise on Geophys.

Prodehl and Mooney, 2012, GSA Memoir) 



82 km





•The Electrical 
Lithosphere





Source: Mooney et al., 1998



Geo-electrical and Seismic Data



2-D model: Main result – variation in LAB

S N
100

200

300

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

?





•The Seismological 
Lithosphere



Mantle
Structure





Adam Dwiewonski, Harvard University, 1936 - 2016



Woodhouse and Dziewonski, 1984
Vs at 100 km; blue is positive, red is negative



Tomographic Model

Van Heijst, Ritsema, 

and Woodhouse, 1999



S-wave Anomaly 50 Km



S-wave Anomaly 100 km



S-wave Anomaly, 150 km



S-wave Anomaly 200 km



S-wave Anomaly 250 km



The Lithosphere



• Petrologic Constraints on 
Lithospheric Roots beneath 
Continents



Precambrian Cratons

Source: Artemieva and Mooney, 2000



Model for Archean Lithospheric Evolution



Bleeker and Davis, 

CJES, 1999

Slave
Province

Kimberlite

Discoveries



Northern Slave
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Spinel Pd

Spinel-Garnet

peridotite

Sheared Pd

Mantle eclogites Mantle petrological

studies of 

composition. 

Diamond-bearing 

massive

Barren massive

Barren foliated

Eclogite types



Model for Proterozoic Lithospheric Evolution





New Model of the Gravity Field (CHAMP, & GRACE)(

Schwintzer et al. (2004)



The Lithosphere



Thank You!



• EXTRA SLIDES
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Schaeffer and Lebedev, 2015



Schaeffer and Lebedev, 2015



S-wave Anomaly 200 km



Model for Proterozoic Lithospheric Evolution





S-wave Anomaly, 150 km



Intraplate EQ and the Lithosphere



The Lithosphere



Melts and fluids

The Central Andes    (Oncken, 2006)



Dehydration reactions in subduction zone 

Ranero et al., 2004



Hacker et al., 

2011



Hacker et al., 

2011



Mantle Structure

Source: Forte and Mitrovica (2001)



Propagation of Seismic Waves Through 
the Earth’s Interior



Fishwick’s 2009 regional models

2009: 8200 paths

2-stage surface wave inversion 

method

1) fundamental + first four 

higher models: period range 

50-120 seconds

2) 1.5 degree splines

Includes data from GFZ 

stations in NW Namibia





Southern African 
(or Kaapvaal)
Seismic
Experiment



Heat Flow Data for Continents

Source: Artemieva and Mooney, 2000



Age of Continents



Lithospheric Structure:
Seismic Anisotropy

A global survey 

Yuan and Romanowicz, Nature, 466, 

1063-1068, 2010



Station Distribution: Continuous Real-time

~1,300 station      ~5,000 channels     *2,000 stations; on-demand

(Effectively respond to all Mw5+ events world-wide)



red colors – high values, 
blue colors – low values

Global Heat Flow Data

Artemieva, Thybo, Shulgin, 2015, GR



red colors – high values, 
blue colors – low values

Global heat flow data:

Artemieva, Thybo, Shulgin, 2015, GR

Paleoclimate corrections
can be 30-40%.



red colors – high values, 
blue colors – low values

Artemieva, Thybo, Shulgin, 2015, GR



red colors – high values, 
blue colors – low values

Artemieva, Thybo, Shulgin, 2015, GR



red colors – high values, 
blue colors – low values

Artemieva, Thybo, Shulgin, 2015, GR



red colors – high values, 
blue colors – low values

Artemieva, Thybo, Shulgin, 2015, GR



Steady State Thermal Conductivity

∂2 T / ∂z2 = - A / k

at z = 0: T = 0

Q0 = - k · ∂T / ∂z

+ Assumption

A(z) = A0 · exp(-z / D)

Q0 = q + A0 · D

A0 – surface radioactivity k- thermal conductivity

Q0 - surface heat flow T- temperature

q - reduced (mantle)heat flow D – characteristic depth

Lithospheric Thermal Thickness



Estimated Temperature at 50 km Depth

Source: Artemieva and Mooney, 2000



Lithosphere Thermal Thickness 

as the Depth to 1300 °C

Source: Artemieva 

and Mooney, 2000



Thank  You!



Seismic
Waves

Source: Steven 

Dutch,

University of 



Keith Edward Bullen
(1906 - 1976)

Sir Harold Jeffreys

(1891 – 1989)

“Standard Model” of the Earth



Fishwick’s 2009 regional models

2009: 8200 paths

2-stage surface wave inversion 

method

1) fundamental + first four 

higher models: period range 

50-120 seconds

2) 1.5 degree splines

Includes data from GFZ 

stations in NW Namibia



2-D model: Main result – variation in LAB

S N
100

200

300

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

?



“Standard Model” of the Earth



Temperature profile inside Earth

Mantle adiabatic

gradient

1400 - 1500 oC (cooling of lithosphere)

1600 - 1800 oC (phase transition temp.

from mineral physics)



Temperature profile inside Earth

5000 - 5300 oC 

(mineral physics)

1400 - 1500 oC (cooling of lithosphere)

1600 - 1800 oC (phase transition temp.

from mineral physics)

dT ~ 800 - 1800 oC 

Layered convection



Temperature profile inside Earth

Thermal boundary layers



Schmerr, 2012, Science


