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Tomographic Model

Van Heijst, Ritsema, 

and Woodhouse, 1999



S-wave Anomaly 50 Km

Steve Grand

Univ. Texas - Austin



S-wave Anomaly 100 km



S-wave Anomaly, 150 km



S-wave Anomaly 200 km



S-wave Anomaly 250 km

Steve Grand

Univ. Texas - Austin



The Lithosphere

Mooney et al., EPSL, 2012





Seismology

Provides

Accurate and 

Reproducible

Earth Models

Lithosphere-

Asthenosphere

Boundary

Schaeffer and 

Lebedev,2015



Imaging Deep Mantle Plumes

French and Romanowicz, Nature, 2015



Pacific Core-Mantle Boundary

& Hawaiian Plume

French and Romanowicz, Nature, 2015



Precambrian Cratons

Source: Artemieva and Mooney, 2000



Model for Archean Lithospheric Evolution



Model for Proterozoic Lithospheric Evolution





Global heat flux 



Sea Floor Age

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

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


“Standard Model” of the Earth





Temperature profile inside Earth



Thermal evolution of the Earth

Present Temp.

Past Temp.

Future Temp.

Fe melting curve



Secular decrease in radioactive decay

Artemieva et al., 2017, Earth Science Reviews

Oldest 

crust

Present

Artemieva et al., 2017



Temperature profile inside Earth

Thermal boundary layers



Temperature profile inside Earth

1250 -1400 oC 

(cooling of lithosphere)



Temperature profile inside Earth

1250 - 1400 oC (cooling of lithosphere)

1600 - 1800 oC (phase transition temp.

from mineral physics)



Temperature profile inside Earth

5000 - 5300 oC 

(mineral physics)

1250 - 1400 oC (cooling of lithosphere)

1600 - 1800 oC (phase transition temp.

from mineral physics)

dT ~ 800 - 1800 oC 



S -wave Anoma ly 200 km



Model for Archean Lithospheric Evolution



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





Precambrian Lithospheric



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, JGR, 2000



Estimated Temperature at 100 km Depth

Source: Artemieva and Mooney, JGR, 2000



Estimated Temperature at 150 km Depth

Source: Artemieva and Mooney, JGR, 2000



Question:

Is the thermal lithosphere 

similar to the seismic 

lithosphere?



Lithosphere Thermal Thickness 

as the Depth to 1300 °C

Artemieva and 

Mooney, 2000



S-wave Anomaly 200 km









Li et al. (in preparation) 



Li et al. (in preparation) 





The

End


