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Magmatism in Ocean Basins and Mantle Dynamics
I A petrologic and geochemical approach

1. Basicconcept of magma generation and evolution

2. Some petrologic and geochemical perspectives of

mantle plumes, ocean ridges, plumedge interactions
and mantle convection
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Magmatism in Ocean Basins and Mantle Dynamics
I A Petrologic and Geochemical Approach

~

Yaoling Niu (

1. Introduction 7 Basic Concept of Magma Generation and Evolution

2. Ocean Ridge Magmatismi New Perspectives from Global MORB Data
Yaoling Niu's thought of the day:

(YN, 150CT09, Durham)
HBHEUNE, FESEBERE, FHER R EEE®” (Basic qualities: Do seriously, act honestly and plan ambitiously)

(YN, 25JUN09, Davos) - On “Earth Dynamics” (presented at the Wyllie Symposium, Goldschmidt Conference):
Plate Tectonics will not work or will not work well without seismic low velocity zone (LVZ). (cause and/or effect?)

(YN, 20JANO09, Durham)
An intelligent manager respects good workers and leaves them alone.

(YN, 150CT08, Durham)

Objectiveness and open-mindedness are requisite “twins” for insights and discoveries.
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The global ocean ridge system

Map adaptedrrom NOAA

A Thelargestmountainbelt on Earth,~ 55,000km long, circling theglobe
A The very site where oceancrust, > 66% surfaceof the solid Earth, is being
constantlycreated
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Type of Margin
Motion

Effect

Topography

Volcanic activity?

Divergent

Spreading

Constructive
(lithosphere created)

Ridge/Rift

Yes

Convergent
Subduction

Destructive
(lithosphere destroyed)

Trench

Yes

Volcanoes

Trench

Earthquakes

Transform
Lateral sliding

Conservative
(lithosphere neither
created or destroyed)

No major effect

No

Earthquakes within crust




Convergent Plate Divergent Plate Convergent Plate Intraplate/Divergent

Boundary Boundary Intraplate Boundary Plate Boundary
(Mariana, Tonga) (EPR, MAR) (Hawaii, Reunion) (Andes in South America)  (East Africa, CFB of Deccan)
. . Continental Margin Arc

Mid-Ocean Ridge Ocean Island Rift

Island Arc




Two basic processes of magmatic rocks:

1. Magma generation: Solid- Melt

2. Magma evolution: Melt- Solid



Two basic processes of magmatic rocks:

1. Magma generation: Solid- Melt

2. Magma evolution: Melt- Solid



Melting of a Rock

Temperature
>

Pressure

Solid + Liquid Superliquidus

(100% melt)

Subsolidus
(100% solid)
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Mechanisms of melt generation:
(1) Decompression(-LP, e.g., MOR, hotspots/plumes)
(2) Heating (0T, e.g., crustal melting for granite/granitoid due to basaltic
magma heating or possibly internal heating due to KU-Th heat
accumulation)
(3) Addition of H,0 (and alkalis) (LPw-0, €.9., Arcs/subduction zones)
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Mechanisms of melt generation:

Decompression-LP, e.g., MOR, hotspots/plumes)

Heating (0T, e.qg., crustal melting for granite/granitoid due
to basaltic magma heating or possibly internal heating due
to K-U-Th heat accumulation)

Addition of H 20 (and alkalis) (OPw-0, €.9., Arcs/subduction
zones)

Compression P, rare, but perhaps some carbonatite, post
collisional granitoids etc.)



Petrological Consequence dPartial Melting

Residue- Refractory: high Mg/Fe, low SiO,
(Harzburgite)

Source Rock PM

(Iherzolite) \ Melt - fusible: low Mg/Fe, high SiG
(Picrite or picritic basalt)

Applicable to other systems: Afusi

Partial meltingh t r ansf or mso one single 1 ock
(1) different compositions (2) different physical properties
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Harzburgite

Lherzdite
(Pyrolite)

Fertile & residual peridotite
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Aplagioclase (low P)
Aspinel (medium P)
Agarnet (high P)

<— Peridotite ———>
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Lherzolite =

Lherzdite
(Pyrolite)

Harzburgite + basalt

Cpx



Mg# = Mg/[Mg +Fe?*] in whole ro Mg# -Oliv, Opx (Cpx if presen}

pal

Cr#= Cr/[Cr +Al] -Spinel Al ,O; -Opx (Cpx if present)
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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
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Mechanisms of melt generation:

(1) Decompressior(-OP, e.g., MOR, hotspots/plumes)

(2) Heating (0T, e.qg., crustal melting for granite/granitoid due to basaltic
magma heating or possibly internal heating due to KU-Th heat
accumulation)

(3) Addition of H20 (and alkalis) (OPn»0, €.9., Arcs/subduction zones)




Mid -Ocean Ridges

Plate separationrinduced passive upwelling
decompression melting for MORB




Convective
(adicbat)




Magma generation at convergent plate boundaries:

Oceanicoceanic subduction Island Arcs
Oceaniccontinental subduction- Continental Arcs
Continent-continent collision zones



Oceanicoceanic OceanicContinental
(Mariana, Tonga etc. in western Pacific (Andes, South America)
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Mechanisms of melt generation:

(1) Decompressior(-OP, e.g., MOR, hotspots/plumes)

(2) Heating (0T, e.qg., crustal melting for granite/granitoid due to basaltic
magma heating or possibly internal heating due to KU-Th heat
accumulation)

(3) Addition of H20 (and alkalis) (OPn»0, €.9., Arcs/subduction zones)




Island Arcs & Continental Magmatic
N Arcs
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Subducting-slab dehydration-induced mantle wedge melting



Magmatism at transform fault zones:

No volcanismshbut a few
Nl eaky transformso with transtensi
Garrett Transform (13°S EPRHé&inian et al., 1995;Niu & Héinian, 1997)
Siqueiros Transform (9°N EPR Perfit et al, 1997)
Raitt Transform (60°S PAR,Castillo et al, 1998)




The fact that volcanismis eitherabsentor very rarein the transformfault systemss consistentwith
the fact that (1) thereis no excessheatthereavailablefor asthenospherimantlemelting (2) thereis
no excessvateravailableto trigger melting and (3) the strike-slip dominatedplate motionsdoesnot
creategravitationalvoid for large scaleasthenospheriapwelling and decompressian Having said
that, limited volcanismshave indeed been found in some leaky transformssuch as the Garrett
transform[Hé&inian et al., 1995 Niu & Hékinian, 1997, Raitt transform[Castillo et al., 1994, and
Siqueirostransform[Perfit et al., 1999 in the Pacific Thesetransformsare howevertectonically
transtensionain naturewhere suchextensioninducedpassiveupwelling and melting is evidentnot
only from the eruptedbasaltsout alsothe morphologyandorientationsof the volcanicridges




Magma generation within plates:
Mantle plumes/hotspots
Hotspots/seamount chains
Continental Flood Basalts/Oceanic plateaus

LIPs - Large Igneous Provinces



Convergent Plate Divergent Plate Convergent Plate Intraplate/Divergent

Boundary Boundary Intraplate Boundary Plate Boundary
(Mariana, Tonga) (EPR, MAR) (Hawaii, Reunion) (Andes in South America) (East Africa, CFB of Deccan)
_ _ Continental Margin Arc

Mid-Ocean Ridge Ocean Island Rift

Island Arc
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HawallarEmperor Chain



