Intraplate magmatism
Most of the magmas are produced on plate boundaries (mid-ocean ridges and subductions); but significant production also in intra-plate conditions.

How significant? Intraplate activity is typically discontinuous, so it is difficult to integrate on a long time period and assess its importance. 1-10% of the long-term magma flux?

Intraplate magmas are mostly linked to deep mantle “plumes”: localized zones of periodites ascent that melts near the surface (“hot spot”). Three main intraplate associations:

· In oceanic plates, Oceanic Island Basalts (OIBs) are tholeitic and (subordinate) alkaline basalts. Some differenciated alkaline lavas are found.

· In continental plates, two contrasting modes:

· Continental Flood Basalts (CFBs) are large basaltics outpoors (tholeitic), supposedely associated to the impact of “plume heads” under the lithosphere. When not erupted: large mafic intrusions (Bushveld).

· Differenciated, strongly alkaline intrusions or provinces can evolve towards the weirdest things (syenites/phonolites, nepheline syenites, carbonatites, kimberlites…). Generaly associated to continental rifts, sometimes to possible minor hotspots (?).

All or most of the intraplate magmas are products of mantle melting (sometimes differenciated). Crustal melting (above the site of plume impact), through local heating, is possible but not dominant. Remelting of the basalts can happen (and generate felsic melts).

I. OIB

A. Evolution of oceanic island

· Oceanic island are formed by “fixed” hotspots below a moving plate. They tend to form island trails, with increasing age moving away from the active volcano
· Progressive subsidence of the sea floor causes the old islands to “sink” down; in tropical climate, this is somehow compensated by coral growth, leading to atolls.

The typical volcanic evolution of an oceanic island is

· early, minor alkaline phase

· major, tholeitic shield building phase

· late, alkaline phase – possibly syn or even post erosion, and commonly evolving to (rare) differenciated alkaline (phonolites) lavas.

B. Petrology and geochemistry

Mostly basalts, either sub-alkaline (tholeitic – OIT) or alkaline (OIA) – either transitional (moderately alkaline, just above saturation) to strongly alkaline and undersaturated.

Tholeitic series form only basalts; saturated alkaline series can be bimodal (basalts and some rhyolites), and undersaturated alkaline series show the whole range, from basalts or basanites to phonolites.

Trace elements: enriched both in LILE (K, Rb, Ba, Sr…) and HFSE (Zr, Hf, U, Th). This is in strong contrast with MORBs (depleted in both) and arc related magmas (rich in LILE but HFSE depleted), and points to an enriched mantle source –different from the N-MORB source, and probably even richer than the E-MORB source.

C. Origin of OIBs

Melting of the mantle. Low melt fractions and high pressures generate undersaturated, alkali basalts (and low melt fractions concentrate incompatible elements, allowing for LILE/HFSE rich basalts). Higher melt fractions give rise to more saturated, tholeitic series, incompatible-elements poorer.

The evolution alkaline-tholeitic-alkaline reflects the progressive onset, maturing and vanishing of plume activity, with increasing, then decreasing magma volumes formed.

D. OIBs and mantle composition

Must come from a source different (more enriched) than MORBs. 

Isotopes show at least 5 or 6 different components:

· “Depleted component”: DM (or DMM), i.e. “depleted mantle” or “depleted MORB mantle”. More or less corresponds to the upper mantle (< 660 km), depleted both in incompatible elements (LILE/HFSE) and isotopically.

· Enriched components, probably mostly from the lower mantle (deep-originated mantle plumes). Chemically and isotopically enriched. Several reservoirs are described (EM I and II – probably crust recycled through subduction; HIMU; etc.). Some geographic coherence in the distribution of deep originated isotopic anomalies, but probably some mixing due to convection (“marble cake” model).
II. CFB

Continental flood basalts = trapps = large igneous provinces.

Huge magma volumes emplaced in relatively short periods (possibely some of the highest magma production rate known –over short times, ±1 Ma).
A. Petrology

Tholeitic basalts – quite similar to tholeitic OIBs or MORBs.

Generally enriched, although less than OIA, owing to higher melt fraction (dilution of incompatible elements).

Isotopically complex, typically with a large astenosphere or lithosphere component; the “original” deep mantle source is less readily interpreted, but the same systematics (HIMU, EM…) as in OIB can be done.

B. Plume head and CFB

CFB’s are thought to be related to “plume head impact”—ie, initial arrival of a plume’s head under the lithosphere. This generates large amounts of magmas.

The plume tails subsequently generates a hotspot “trail”, with successive islands.

C. CFB and layered mafic intrusions

CFB style basalts, when trapped in the crust, evolve through fractional crystallization and generates mafic layers intrusions (cf. Bushveld).
D. Bimodal magmatism in CFBs

CFB’s commonly associated with rhyolites (see Karoo). Most likely related to secondary remelting of underplated basalts; other more complex explanations are possible (dual eutectic).
E. CFB and massive extinctions

Mass extinctions in Earth’s history appear to be correlated with LIPs: role of massive volcanism in climate changes and biosphere perturbation?
Mineral resources associated with OIB/CFB magmas are found in mafic layered complexes; this is mostly due to fractional crystallization and cumulation of compatible elements rich minerals (Cr-spinel). As in ophiolites, this creates important resources in Cr, Ni, PGEs (Bushveld, Sudbury, Voisey’s Bay…).

III. Continental intraplate alkaline series

A huge diversity of rocks with unlikely mineralogies. Maybe 80-90 % of rock names for < 1% of total volume!

Contrarily to the basalts described above, hyperalkaline series can be associated with interesting mineral resources:

· incompatible elements (REE, Nb, Ta…), especially in carbonatites;

· diamonds in kimberlites

Alkaline rocks can be

· Peralkaline: they are Al deficient (or have too much Na and K), such that there is leftover Na and K after building the feldspars. Other minerals appear to accommodate the alkalis (feldspathoids, sodic amphibole/pyroxenes)
· Undersaturated, as high alkali contents will also result in silica deficient rocks (for the same reason).

They are typically formed in continental rifts (decompression melting of the sub-rift mantle) – although intracontinental hotspots are also a possibility (more likely to produce CFB’s, though).

In this case, melting of the lower crust is possible, but not quite understood.
A. Common features of continental alkali rocks

· Peralkaline and typically undersaturated

· Enriched in terms of trace elements (to crazily enriched!)

· Isotopically derived from an enriched mantle

· Generated from small to very small amounts of mantle melting, either in hotspots (although they would be more likely to generate tholeites) to rift situations.

There is a minor eutectic corresponding to phonolites, which makes their existence possible…

B. Diversity of alkaline rocks
Continental alkaline rocks can be extremely diverse in terms of their Fe-Mg contents, their degree of undersaturation, or their K/Na ratios.
1. The normal alkali magmas

Two main series: a saturated to moderately undersaturated (basalts, trachy-andesites to trachytes and rhyolites or granites, which would be A-types in this case) and a strongly undersaturated (basanites, nephelinites and phonolites). Intermediate do exist but are not that common: an effect of the thermal divide between strongly alkaline and sub- to mildly alkaline series?

The saturated series is strongly bimodal (“Daly gap”) with few intermediate terms. Several possible explanations:

· Two eutectics (basalts/granite) cause a thermal divide between the two types of magmas

· Felsic magmas and mafic magmas actually do not have the same origin, the felsic magmas might have been formed…

· Through remetling of earlier basalts, underplates

· Through melting of pre-exiting continental crust (lower crust)

Note that this question has been discussed when dealing with the source of A-type granites…

The reason for the difference between the two series is obscure… 

2. The oddities

· Carbonatites (CO2 is a minor component in most magmas –but with tiny melt fractions from the mantle, it can be concentrated to the point of becoming significant. In that case, liquid unmixing between the carbonatitic and the silicate magma can occur).

· Lamprophyres, kimberlites & co.; potassic to ultra-potassic (and relatively mafic, with significant amounts of biotite or pyroxene). Anecdotic –except that kimberlites carry diamonds from the continental lithospheric root.
