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Structure of the Earth
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Lithospheric mantle
( 7 – 100 km)

Astenosphere
(~100 - 660 km)

Upper mantle

Structure of Earth’s mantle

Lower mantle
Transition zone 
(410-660 km
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Composition of Earth’s upper mantle

Upper mantle is composed of a series 
of rocks collectively termed 
PERIDOTITES

Frost, 2008



Composition of Earth’s lower mantle

Nestola et al., 2018

Presser & Sikder, 2022

Frost, 2008



How do we know the composition of Earth’s mantle?

Direct sampling by:
- Drilling and dredging of oceanic crust 
- Tectonics:
Ophiolites – oceanic mantle
Massive peridotites – Continental mantle
- Xenoliths
- Inclusions in high pressure phases

Indirect data from:
Experimental petrology
Geophyscics

Albanian ophiolites

Moroccan massive 
peridotites

Ciazela et al., 2018



Indirect data from:
Experimental petrology
Geophyscics

How do we know the composition of Earth’s mantle?

allaboutgemstones.com

xenolithDirect sampling by:
- Drilling and dredging of oceanic crust 
- Tectonics:
Ophiolites – oceanic mantle
Massive peridotites – Continental mantle
- Xenoliths
- Inclusions in high pressure phases



How do we know the composition of Earth’s mantle?

Indirect data from:
Experimental petrology
Geophyscics Frost, 2008

Direct sampling by:
- Drilling and dredging of oceanic crust 
- Tectonics:
Ophiolites – oceanic mantle
Massive peridotites – Continental mantle
- Xenoliths
- Inclusions in high pressure phases



How do we know the composition of Earth’s mantle?

Direct studies of mantle rocks:
- Geochemistry
Chemical composition „in situ” (major and trace elements) – SEM, EMP, LA-ICPMS, RAMAN, etc.

Bulk rock chemical composition – XRF, ICPMS

- Isotopic chemistry (stable and radioactive isotopes)
Bulk rocks isotopic studies 
„In situ” isotopic studies - LA-ICPMS, IRMS

- Crystallography – EBSD

- Physical properties – heat transfer, seismic properties

2 cm



How does Earth’s upper mantle evolve?

Two major processes influence the composition of the upper mantle:
- Melting
- Metasomatism

Dreamstime.com
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What do the results tell us about the mantle?

- Oceanic and Continental mantle differs between each other

- It is extremely heterogenous in terms of chemical and isotopic composition – 
marble cake model; scales of heterogeneities vary from single grains to 
continetal scale

- Crystallogrpahic structure of the mantle varies horizontally and vertically

- Thermal properties of the mantle and not very well defined – we are working 
on it!

- It is an active and constantly changing stucture that has influence on physics 
of the planet.



Mantle rocks are eager to help in testing 
fundamental physics with seismology!

Thank you for your attention!
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