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Metamorphism of Basic Rocks
· The minerals present in metabasites (metamorphosed mafic rocks) vary with metamorphic grade.
· Most metabasites form by metamorphism of high-temperature igneous protoliths such as basalt.
· Low-grade metamorphism of mafic rocks commonly involves high-temperature minerals reequilibrating to lower-temperature conditions.
· Many of the minerals in metabasites have variable and complex compositions and, consequently, metamorphic reactions are continuous and do not plot as lines on phase diagrams.
· A metamorphic facies is a general range of P-T conditions that produces distinctive looking rocks.
· We differentiate facies based on the metamorphic minerals present, on rock color and fabric, and on grain size.
· A facies series is a sequence of different metamorphic zones that increase in grade across a metamorphic terrane. Facies series reflect the settings in which metamorphism occurred.
· Different minerals and mineral assemblages characterize different facies and facies series.
· Ultramafic rocks that originate as part of the oceanic lithosphere, may become serpentinites.
· Serpentinites and other ultramafic rocks may be obducted and become part of alpine peridotites and continental lithosphere.
Examples of metamorphosed rocks as a result of metamorphism of basic rocks;
	low grade

high grade
	zeolite
prehnite
pumpellyite
chlorite
epidote
actinolite
hornblende
garnet
biotite
augite
orthopyroxene
	variable Ca-Na aluminous silicates
Ca2Al2Si3O10(OH)2
Ca2(Mg,Fe)Al2Si3O11(OH)2•H2O
(Mg,Fe)5Al(AlSi3O10)(OH)8
Ca2(Fe,Al)Al2Si3O12(OH)
Ca2(Fe,Mg)5Si8O22(OH)2
amphibole with complex chemistry
(Fe,Mg,Ca)3Al2Si3O12
K(Mg,Fe)3(AlSi3)O10(OH)2
(Ca,Na)(Mg,Fe,Al)(Si,Al)2O6
(Mg,Fe)2Si2O6





Metamorphic Facies
Metamorphosed mafic rocks commonly do not develop the same foliated textures as metapelitic rocks, because mafic rocks do not contain significant amounts of micas or other platy minerals. Some metabasites develop weak foliations due to mineral alignment. Some higher-grade rocks may develop gneissic textures, but many metabasites have no foliations at all. So, for mafic rocks, the idea of matching rock types such as slate, phyllite, and schist, with metamorphic grade does not work well. Yet, metamorphosed mafic rocks do have different appearances when metamorphosed to different degrees.
The Zeolite and Prehnite-Pumpellyite Facies
Low-grade metabasites may appear as altered basalt (or other altered rocks), and distinguishing low-grade metamorphism from alteration is often impossible. With the onset of significant metamorphism, the first new minerals to form are usually zeolites – there are many different kinds. Mafic rocks generally contain plagioclase, and most zeolites have compositions related to hydrated feldspars.
The Greenschist Facies
In some geological terranes, metabasites skip the lowest facies, and the first clearly metamorphic minerals are chlorite, epidote, and actinolite. These minerals define the greenschist facies and are responsible for the green color that gives the facies its name. Greenschists may develop schistosity due to alignment of chlorite and actinolite crystals. Figure 13.11 depicts the most common assemblages. Pumpellyite and prehnite are absent from greenschists because temperatures are too high for them to be stable; albite and quartz are generally present. Chloritoid may also be present but is uncommon.
The Amphibolite Facies 
The transition from the greenschist facies to the amphibolite facies occurs at around 500 oC. The most noticeable change is the appearance of hornblende instead of actinolite. So, green, generally bladed, amphibole (actinolite) gives way to more blocky black amphibole (hornblende). Simultaneously, plagioclase gains calcium (mostly due to the disappearance of epidote) and is no longer albite. Many amphibolite facies metabasites appear to contain only macroscopic white plagioclase and black hornblende. They often have a massive structure; but gneissic foliation is sometimes present. Small to significant amounts of almandine (Fe-garnet) may be present, and in relatively aluminum-poor rocks, diopside may appear
The Granulite Facies
Granulite facies metabasites contain pyroxene and plagioclase with accessory quartz, garnet, oxides, and sometimes hornblende. Both orthopyroxene and clinopyroxene may be present, singly or together. The pyroxenes define granulite facies metamorphism of mafic rocks. Textures are generally granoblastic but some granulites exhibit gneissic banding. The minerals in granulites are the same minerals that make up most gabbros – but gabbros have igneous textures, often with tabular plagioclase and finer-grained pyroxenes between feldspar grains. Mafic granulites, in contrast, have a more equigranular mosaic texture. Hornblende and biotite are common in lower-temperature granulites, but hydrous minerals are absent from higher-temperature rocks. Figure 13.19 depicts the most typical mineral assemblages are augite-orthopyroxene-plagioclase and garnet-orthopyroxene-plagioclase, either with quartz.
Blueschists
The kind of rock that forms under blueschist or eclogite facies conditions depends on the protolith. The rock type called blueschist forms when basalt and other mafic compositions reach blueschist facies pressures and temperatures. Blueschists contain glaucophane, a distinctive blue amphibole (but despite their name, do not display schistosity). Glaucophane, an Na-rich amphibole, forms in blueschists because at high pressure, the Na-component of plagioclase reacts to make amphibole. Similarly, at high pressure, the Ca-component of plagioclase is unstable and reacts to form a pyroxene. So, high-pressure rocks commonly contain glaucophane and calcic pyroxenes that are rich in Na and Al and other nonstandard components. We call such pyroxenes jadeite if they are close to NaAl2SiO6 in composition, and omphacite if they contain significant amounts of other components. 
 Eclogites
Eclogite facies rocks have variable appearances, but the rock type called eclogite forms when basalt and other mafic rocks reach eclogite facies conditions. Eclogites are typically quite coarse-grained and often have a red-green Christmas-tree coloration/appearance. 
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