EARTH’S MANTLE

Provides thermal and mechanical energy for plate tectonics

“Graveyard” for subducted slabs- 

source of chemical heterogeneities?

Origin of mantle plumes (near mantle core boundary)

How does mantle heterogeneity survive convection?

Single layer or double layer convection?

Upper mantle

Low velocity zone (LVZ): 25 to 300 km deep 

Depth and thickness depends on geothermal gradient

Top corresponds to base of lithosphere (“plate”)

Shallow at rifts (~25 km)

Deep beneath older continental crust (300 km)

Not present beneath Archaean crust

Recognized by low S wave velocities 

Due to small amount (1-5 %) melting

Melting caused by 0.1 wt% water

Source of water hydrous minerals (mica; hornblende)

Upper mantle discontinuities

410 and 660 km discontinuities: density not compositional changes. Both defined by P wave velocity increases

410 km discontinuity: Olivine structure goes to spinel structure

Cations change from 4-fold to 6-fold co-ordination by oxygen

660 km discontinuity: spinel to pervoskite structure

Cations change from 6 to 8 and 12 fold coordination by oxygen

Lower mantle

Seismic studies:

Lower mantle beneath cratons (Brazil; Africa) colder (higher P wave vel.)

Pacific ocean; hotter- slower velocities

Mid-Atlantic ridge: hot down to 400 km

Dipping slabs beneath Japan and S. America visible at depth

Lower mantle cold slaps also visible- favors single layer convection 

D layer: near mantle-core boundary – source of mantle plumes. Hotter than normal.

Mantle plumes

Need v. deep source to produce larger plume heads (flood basalts)

Fixed relative to each other (near core)

Produced from core heat

Plumes correlate with magnetic reversals

High 187Os/188Os ratios (core influence)

GEOID anomalies

Low amplitude topographic “bumps” on Earth’s surface ~100 meters

Correspond to bumps on core-mantle boundary.

Geoid highs = less dense hotter mantle

Geoid lows = more dense colder mantle

Anomalies, core-mantle bumps, mantle plumes all related

Mantle plumes carry distinct isotopic signatures

Pangaea breakup – sinking subduction slabs 

Caused lower mantle cold spots- higher P wave velocities

Subduction due to ocean lithosphere getting older and thicker (120 my old).

Subduction reaction; gabbro to eclogite (about 100 km)

Mantle composition

Based on mantle xenoliths (kimberlite pipes; ocean islands), experimental studies, seismic velocities

Upper mantle: 58% olivine; 30% pyroxene; 12% garnet

Plagioclase lherzolite, spinel lherzolite, garnet lherzolite

Isotopic studies indicate at least 4 different mantle sources (upper and lower)

Distinct mantle reservoirs existed for 1 Ga (U/Pb studies).

Is this consistent with mantle convection?

Favors single layer convection

Different geothermal gradients result in different mantle rocks- plagioclase, spinel or garnet lherzolite

Ocean ridge, continental, and Archaean mantle different

Primitive mantle
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Depleted also in light REE, Rb, U, Zr

Restite: residue left after first melt is extracted

Depleted mantle due extraction of early continents

MORB due to melting of depleted mantle

Primitive mantle: mantle after planetary formation

Mantle lithosphere

Outer rigid layer = plate thickness

Thermal lithosphere: heat transport by conduction (rather than convection)

Elastic lithosphere:  layer behaves as elastic solid

Mantle geochemistry

Four distinct reservoirs

1. DM- depleted mantle – source of MORB

Low Sr/Sr, Pb/Pb ratios, high Nd/Nd ratios

Product of low Rb/Sr, U/Pb and high Sm/Nd ratios

2. Enriched mantle- EM1 and EM2. (ocean island source)

EM1: moderate  Sr/  Sr ratios, low   Pb/   Pb ratios

EM2: high   Sr/  Sr , moderate   Pb/  Pb ratios

Both have low Sm/Nd sources.

EM1: depleted ocean mantle and or sediments

EM2: subducted continental sediments

3. HIMU – high U/Pb and high 206Pb/204Pb

Related to enriched mantle immediately above old subducted slabs 

Source 2.0 to 1.5 Ga old

Ocean island sources

