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Genesis of alkaline basalts

Three endmember sources:

1. Silica-deficient eclogite/garnet pyroxenite
(Hirschmann et al., 2003; Kogiso et al., 2003; Kogiso & Hirschmann, 2006)

2. Hornblendite by hydrous metasomatism
(McKenzie& OôNions, 1995; Niu & OôHara, 2003; Pilet et al., 2004, 2005, 2008)

3. Carbonated peridotite
(Hirose, 1997; Dasgupta et al., 2007)

Â Mixed sources
(Prytulak & Elliott, 2007; Liu et al., 2008; Chen et al., 2009; Dasgupta et al., 2010éé)

Eclogite

Hornblendite carbonated
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Cenozoic basalts 

in eastern China

1. Flood basalts

2. Volcanic field of large volcanoes

3. Small and isolated volcanoes
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Cenozoic basalts in Shandong

isolated volcanoes vs. volcanic fields

basanites/

nephenilites

alkalie basalts/

basanites

24~10Ma
8.7~0.3Ma
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Incompatible elements
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Element signatures

Positive Sr anomaly

Negative K, Pb, Hf, Ti anomalies

Positive Sr anomaly

No strong K, Pb, Hf, Ti anomalies

Strongly!
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Elemental signatures

Superchondrite Zr/Hf ratios

Total alkalies > TiO2
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Inverse REE modeling

Melting degree:

<3% for the strongly alkaline

3%~10% for the weakly alkaline

The inverse modeling used here follows Feigenson et al. (2003).
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Signatures of strongly alkline basalts

Â Enriched in most incompatible elements

Â Depletion of Ti and Hf

̂low Ti/Ti* and Hf/Hf* ratios̃

Â Superchondritic Zr/Hf ratios

Source?
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Hornblendite melts?

No!

Data source: Pilet et al.,  2008 . Science
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Silica-deficient eclogite/

garnet pyroxenite melts?

Âcpx>grtĄZr/Hf ŷ+ Hf/Hf*Ź

Âcpx<grtĄ Zr/Hf Ź+ Hf/Hf*ŷ

No!

Klemme et al., 2002
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Carbonatite signature?

Yes!
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Carbonatite signature?

Yes!

Hf/Hf * =Hf N/(Sm N¦NdN) 0.5 
;

Ti/Ti * =Ti N/(Nd N
-0.055¦Sm N

0.333 ¦GdN
0.722 )

average values of carbonatites (Hoernle et al., 2002; Bizimis et al., 2003).
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Carbonated mantle?

Yes!

Carbonated peridotite (Dasgupta et al., 2007), Carbonated eclogite (Dasgupta et al., 2006),

Garnet pyroxenite (Hirschmann et al., 2003; Kogiso et al., 2003),Bimineralic eclogite (Kogiso et al.,2006), 

Hornblendite (Pilet et al., 2008)
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modeling of carbonated mantle melting

Yes!

DMM: Workman et al. (2005); Carbonatite: Hoernle et al., (2002);

Partition coefficients: Adam and Green (2006), Zanetti et al. (2004), Green et al. (2000);

Starting materials: ol, 62%; opx, 20%; cpx, 15%; and gt, 3%;
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Conclusion 1

Â Strongly alkaline basalts in Shandong are 

produced by low-degree melting of carbonated 

mantle.
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Pyroxenite source for the early basalts?

Carbonated peridotite +

secondary pyroxenite
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Anfengshan: Eclogite source?

Carbonated peridotite

Chen et al., 2009, EPSL

Carbonated peridotite + 

eclogite
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Sources of alkaline basalts

Â Geochemical perspective from Shandong and 

nearby area:

Carbonated peridotite ¤ eclogite ¤ secondary pyroxenite
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�æ �æ!

Oldoinyo Lengai, East African Rift

_the only active carbonatite volcano in the world

Photo from 

Tobias P. 

Fischer


