Basalts

In general: 
< 54 wt. % SiO2



< 12% MgO




> 6% Al2O3 + CaO

Mineralogy: Plagioclase + Pyroxene 
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 Olivine 
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 magnetite

Plagioclase ranges from Albite (Na-rich) to Anorthite (Ca). 

Olivine ranges from Fayalite (Fe-rich) to Fosterite (Mg)

An-rich plagioclase. forms early.  

Mg-rich olivine also forms early.

Types of basalt

1) Mid-ocean Ridges basalt (MORB)

2) Ocean Islands (e.g. Hawaii)

3) Ocean island arcs

4) Continental flood basalt

MORB

Very homogeneous in composition

Average mid-Atlantic Ridge major elements

SiO2 
49.2

 Al2O3
15.8

FeO

9.2, 

 MgO
8.5

CaO

11.1, 
Na2O
2.7

K2O

0.26

P2O5

0.15

TiO2

1.4, 

MnO
0.16

Mg# = Mg/(Fe +Mg) = 0.6

Tholeiite fractionation trend on AFM diagram

Composition on plag-olivine-pyx diagram

Phase Plagioclase- pyroxene phase diagram 

REE element composition: Light REE depleted

Mantle source also depleted in LREE

(depleted by previous extraction of continents)

87Sr/86Sr < 0.703 (low Rb/Sr ratio)

Low Rb/Sr caused by extraction of continents 

Origin of MORB

Two stage process:

1) partial melting (10-20% melt) of depleted mantle at shallow depth

2) Crystal fractionation of plagioclase + pyroxene

Ocean island basalts

e.g. Hawaii, Azores, Tristan da Cunha, 

Bermuda (volcanic reef), Ascension 

Rapid eruption (0.1 km3/yr)

Higher K2O compared to MORB (alkali rich)

Incompatible elements (large size, large charge; favor liquid): Th, U, Zr, Ce, Rb, K

X 2-5 meteorites in Island basalts – enriched source

MORB only X 1-2 meteorites- depleted source

REE- light REE enriched- incompatible element

· enriched source

Island basalts Rb/Sr = 0.03; predict high 87Sr/86Sr

MORB: 


= 0.01;  predict low 87Sr/86Sr

Island basalts: high Zr (200-1000 ppm)

MORB

low Zr (15 – 150)

Xenoliths: garnet peridotite  (> 60 km deep)

Origin: melting of deep mantle (not depleted in incompatible elements)

Olivine fractionation gives wide range in compositions

Island arc basalt

Ocean-ocean subduction- no continental crust

Show large range in composition:

Basalt, Andesite, Dacite, Rhyolite (48 – 78 SiO2)

E.G. Papua new Guinea- Australian-Pacific plate

Arcs: 87Sr/86Sr > 0.703

MORB: < 0.703

Origin debated

1) Slab melting at different depths 
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 sediment

2) Mantle wedge melting plus dehydration water

Tertiary Continental Flood Basalts

Columbia River province (WA)

Deccan Traps India

Quartz bearing basalt-
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 olivine basalt 
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 andesite

Higher SiO2    = 53-56 Wt.%

Tholeiite trend similar to MORB 

(fractionation of olivine/pyroxene)

Light REE enriched- enriched source

High variable 87Sr/86Sr  = 0.703-0.715- high Rb/Sr ratios

Origins:

Crystal fractionation of olivine and pyroxene

Partial of mantle

Mixing with lower continental crust
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