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1. Basic concept of magma generation and evolution 
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2. Some petrologic and geochemical perspectives of 

mantle plumes, ocean ridges, plume-ridge interactions 

and mantle convection 
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2. Ocean Ridge Magmatism  ï New Perspectives from Global MORB Data 

3. Ocean Island magmatism  ï New Perspectives from Global OIB Data 

4. Plume-Ridge Interactions ï A petrologic/geochemical perspective 
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6. Mesozoic/Cenozoic lithosphere thinning & volcanism in eastern China: A 

special consequence of plate tectonics 

5. MORB Geochemistry and Continental Crust Growth 



1. Introduction ï Basic Concept of Magma Generation 

and Evolution 
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Vs = 0  if  100%  melt present 

Vs ®  with  ¬melt  

Melt, if any, is insignificant in the mantle  

because of Vs > 0 

Magma generation: 

shallow process < 200 km 



Smithsonian Institution, Global Volcanism Program  



Å The largest mountain belt on Earth, ~ 55,000 km long, circling the globe 

Å The very site where ocean crust, > 66% surface of the solid Earth,  is being 

constantly created. 

The global ocean ridge system 

Map adapted from NOAA 



Smithsonian Institution, Global Volcanism Program  
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Two basic processes of magmatic rocks: 

1. Magma generation: Solid ­ Melt  

2. Magma evolution: Melt ­ Solid 
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Mechanisms of melt generation: 
(1) Decompression (-DP, e.g., MOR, hotspots/plumes) 

Partial Melting 

DPH2O 

(3) Addition of H2O (and alkalis) (DPH2O, e.g., Arcs/subduction zones) 

DT 

(2) Heating (DT, e.g., crustal melting for granite/granitoid due to basaltic    

      magma heating or possibly internal heating due to K-U-Th heat  

      accumulation) 
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Mechanisms of melt generation: 

 
1. Decompression (-DP, e.g., MOR, hotspots/plumes) 

2. Heating (DT, e.g., crustal melting for granite/granitoid due 

to basaltic magma heating or possibly internal heating due 

to K-U-Th heat accumulation) 

3. Addition of H 2O (and alkalis) (DPH2O, e.g., Arcs/subduction 

zones) 

4. Compression (DP, rare, but perhaps some carbonatite, post-

collisional granitoids etc.) 



Source Rock 
(lherzolite) 

Petrological Consequence of Partial Melting 

Applicable to other systems: ñfusible meltò and ñrefractory residue 

PM 

Residue - Refractory: high Mg/Fe, low SiO2 

(Harzburgite)  

Melt - fusible: low Mg/Fe, high SiO2 

(Picrite or picritic basalt)  

Partial melting ñtransformsò one single rock into two rocks: 

               (1) different compositions & (2) different physical properties  



Å plagioclase (low P) 

Å spinel (medium P) 

Å garnet (high P) 

 

Å amphiboles 

Å phlogopite 

Å baddeleyite 

Å sulfides etc.  
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Experimentally Established Mineral Compositional Systematics in 

Peridotite Melting Residues 

F (wt. %) - Extent of melting or melt extraction  

Mg# = Mg/[Mg +Fe2+] in whole rock Mg# -Oliv, Opx (Cpx if  present) 

Al2O3 -Opx (Cpx if present) Cr # = Cr/[Cr +Al] -Spinel 





Magma generation at divergent plate boundaries: 

  

 Mid -ocean ridges 

 Back arc spreading centers 

 Continental rift systems 



Global ocean ridges, backarc basins and 4 major Cenozoic Continental rifts: 
Rio Grande, Lake Baikal, East African and Rhinegraben 

Rhinegraben 

Rio Grande 

Lake Baikal 

East 

African  
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Mechanisms of melt generation: 
(1) Decompression (-DP, e.g., MOR, hotspots/plumes) 

(2) Heating (DT, e.g., crustal melting for granite/granitoid due to basaltic    

      magma heating or possibly internal heating due to K-U-Th heat  

      accumulation) 

(3) Addition of H2O (and alkalis) (DPH2O, e.g., Arcs/subduction zones) 

Partial Melting 

DPH2O 



Mid -Ocean Ridges 

Plate separation-induced passive upwelling 

 decompression melting for MORB 
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Magma generation at convergent plate boundaries: 

  

 Oceanic-oceanic subduction - Island Arcs 

 Oceanic-continental subduction - Continental Arcs 

 Continent-continent collision zones 



Oceanic-oceanic 

(Mariana, Tonga etc. in western Pacific 

Oceanic-Continental 

(Andes, South America) 

Continental-Continental collision 

(Himalaya, Tibetan Plateau) 
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Mechanisms of melt generation: 
(1) Decompression (-DP, e.g., MOR, hotspots/plumes) 

(2) Heating (DT, e.g., crustal melting for granite/granitoid due to basaltic    

      magma heating or possibly internal heating due to K-U-Th heat  

      accumulation) 

(3) Addition of H2O (and alkalis) (DPH2O, e.g., Arcs/subduction zones) 

Partial Melting 

DPH2O 



Island Arcs & Continental Magmatic 

Arcs 

Subducting-slab dehydration-induced mantle wedge melting 



Magmatism at transform fault zones: 

  
     No volcanisms, but a few  

               ñleaky transformsò with transtensional tectonics: 

               Garrett Transform (13°S EPR, Hékinian et al., 1995; Niu & Hékinian , 1997) 

               Siqueiros Transform (9°N EPR, Perfit et al., 1997) 

               Raitt Transform (60°S PAR, Castillo et al., 1998) 



The fact that volcanism is either absent or very rare in the transform fault systems is consistent with 

the fact that (1) there is no excess heat there available for asthenospheric mantle melting; (2) there is 

no excess water available to trigger melting; and (3) the strike-slip dominated plate motions does not 

create gravitational void for large scale asthenospheric upwelling and decompression.  Having said 

that, limited volcanisms have indeed been found in some leaky transforms such as the Garrett 

transform [Hékinian et al., 1995; Niu & Hékinian , 1997], Raitt transform [Castillo et al., 1998], and 

Siqueiros transform [Perfit et al., 1996] in the Pacific.  These transforms are however tectonically 

transtensional in nature where such extension induced passive upwelling and melting is evident not 

only from the erupted basalts but also the morphology and orientations of the volcanic ridges. 
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Magma generation within plates: 

  

 Mantle plumes/hotspots 

 Hotspots/seamount chains 

 Continental Flood Basalts/Oceanic plateaus  

 

 LIPs - Large Igneous Provinces 
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Hawaiian Islands 



Hawaiian-Emperor Chain 


