GGY  4070 – METAMORPHIC PETROLOGY
METAMORPHIC MINERALS
The following pages give the diagnostic optical properties and some information on occurrence of the most important metamorphic minerals, and are intended for use in thin section study of metamorphic rocks.  Opaque oxides and sulfide are omitted.
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1.
Graphite:
Hexagonal, Opaque.  Platy crystals with platy tabular cross 


sections, or as thin flakes or disseminated scales.  Coarse crystals show 


crinkled edges.  Occurs in carbonaceous sediments subjected to contact 


or regional metamorphism.

2.
Corundum:
Trigonal, Uniaxial ****), but may show anomalous biaxial 


character.  Low birefringence.  Usually colourless with pale blue or red 


areas randomly distributed.  Tabular to primatic, **** crystals common, 


with good parting and lamellar twining.  Occurs in silica-poor hornfelses 


and occasionally in pelitic regional metamorphic rocks.
3.
Rutile:
Tetragonal.  Uniaxial (+).  Birefringence very high, but 


interference colours generally not seen because of reflection and strong 


colour.  Usually red brown, amber, or yellow brown.  Slender acicular or 


prismatic crystals, or as tiny subhedral grains.  Colour, shape, and very 


high relief are diagnostic.  Distinguished from hematite by deep red colour 


and flaky form of the latter.  Common accessory in metamorphic rocks.

4.
Spinel:
Isometric.  Almost always euhedral to subhedral cubes or 

octahedral.  Colourless to green.  High relief.  Form, isotropic nature and 

colour are diagnostic.  Occurs in both contact and regionally

metamorphosed limestones and in some pelitic schists.

5.
Periclase:
Isometric.  Euhedral cubes or octahedral, or anhedral grains.  

Colourless.  High relief.  Excellent cleavage.  Diagnostic features:  form, 

isotropic nature, relief, cleavage.  Also, commonly altered to brucite.  

Rare, but occurs in some high temperature contact metamorphosed 

carbonate rocks.

6.
Brucite:
Trigonal.  Uniaxial (+).  Colourless.  Platy or scaly masses. 
Moderate birefringence, may show anomalous reddish brown or deep 
brown first-order colours.  Cleavage length – fast.  Mica-like in appearance but distinguished from muscovite by lower birefringence and anomalous interference colours.  Also resembles some serpentine minerals, but these are length-slow Talc has higher birefringence.  Occurs as an alteration of periclase, and in serpentinites.
7.
Calcite:
Trigonal.  Uniaxial (-).  Very high birefringence and perfect 

rhombohedral cleavage are distinctive.  Also, relief varies markedly as stage is rotated.  Multiple twinning is common.

8.
Dolomite:
Trigonal.  Uniaxial (-).  Distinguished with difficulty from 

calcite, but the following features may help to distinguish them:

Calcite




Dolomite
1.
colourless



1.
colourless or may be 
stained by Fe-oxide.  Zonal structure frequent.

2.
twinning common


2.
twinning less common

3.
twin lamellae parallel the long
3.
twin lamellae are parallel 


diagonal of crystal rhombs, or

both to the long and short


are oblique to it.



diagonals of crystal 

rhombs, and may form a rectangular grid (never seen in calcite).
9.
Aragonite:
Orthorhombic.  Biaxial (-).  Colourless.  High Birefringence 
like calcite but distinguished from it by biaxial nature and lack of 
rhombohedral cleavage.  Occurs in high P/lowT regional metamorphic rocks.
10.
Olivine:


a.
Forsterite.  Orthorhombic.  Biaxial (+), colourless.  In metamorphic 

rocks usually equant, rounded, subhedral to anhedral.  Fairly high relief, high birefringence.  Poor cleavage, but curving fractures are common.  Distinguished from pyroxenes by poor cleavage, somewhat higher birefringence and relief, and partial alteration to serpentine.  Occurs in high grade contact – metamorphosed carbonate rocks and in magnesian schists.


b.
Fayalite.
Biaxial (-).  Orthorhombic.  Similar to forsterite, but 

may show yellow colour.  Rare, but may occur in Fe-rich metasediments.

11.
Garnet:
Isometric.  Generally isotropic but can show weak 

anomalous birefringence.  Very high relief, no cleavage.  Commonly euhedral, with 6-sided dodecahedral or 8-sided trapezohedral habit.  Inclusions common, may show zonal arrangement.  Also occurs as polygonal aggregates.  Different types may be distinguished on basis of colour and occurrence:

a.
Almandine
-  colourless to pink.  The typical garnet of regionally 

metamorphosed pelitic schists.  Also present in gneisses, amphibolites.
b.
Spessartine  -  colourless.  Found in contact and regionally 

metasediments.


c.
grossularite – colourless.  Found in contact and regionally 
metamorphosed impure calcareous rocks.


d.
andradite – light brown.  Typically occurs in contact 

metamorphosed impure calcareous rocks.


Garnet somewhat resembles spinel, but the octahedral form of the latter 

distinguishes it from garnet.  Weak anomalous birefringence or pinkish 

colour in some garnets are diagnostic.

12.
Andalusite:
Orthorhombic.  Biaxial (-).  May be colourless or pleochroic 

from red to yellow or pale green.  Colour may show variations such as 

zones, irregular darker patches.  Occurs in coarse columnar aggregates or 

euhedral crystals with nearly square cross sections.  May show cross-like arrangement of carbonaceous inclusions (Chiastolite).  Good cleavage – longitudinal sections show one cleavage, cross sections show two cleavages at right angles.  Fairly high relief, low birefringence (to first-order yellow).  Coloured pleochroic variety resembles hypersthene, but andalusite is length-fast, hypersthene is length-slow.  Distinguished from scapolite by low birefringence biaxial character.  Occurs in contact-metamorphosed pelitic sediments and in some regional metamorphic terranes subjected to relatively low pressure.
13.
Silimanite: 
Orthorhombic.  Biaxial (+).  Colourless.  Usually occurs in 

long prismatic crystals or in felted masses of curving fibers (fibrolite).  

Fairly high relief.  Has cleavage, but not always seen in thin section.  

Distinguished from andalusite by fibrous form, higher birefringence (up to 

second-order blue), and length-slow crystals or fibers.  Occurs in high-

grade pelitic metasediments.

14.
Kyanite:
Triclinic.  Biaxial (-).  Colourless to pale blue with weak 

pleochroism.  Commonly prismatic, as broad elongate plates or blades.  Crystals are often bent.  Perfect (100) cleavage, imperfect (010) cleavage and conspicuous parting (001), crossing elongate crystals at nearly right angles.  High relief.  Birefringence (up to first-order red) is intermediate between andalusite and sillimanite.  Distinguished from andalusite and sillimanite by inclined extinction in some orientations.  Distinguished from andalusite by length-slow character.  Cross fractures are also distinctive.  In high-grade pelitic metasedimentary rocks, also in some eclogites.
15.
Staurolite:
Orthorhombic.  Biaxial (+).  Pale yellow, with pleochroism from nearly colourless to yellow-brown.  High relief, weak birefringence (maximum colour is first-order yellow to red).  Poor cleavage.  Commonly euhedral or subhedral with 6-sided  basal sections or short prismatic crystals.  Poikiloblastic (“sieve”) texture very common.  Combination of yellow colour, pleochroism, form, sieve texture, and weak birefringence make staurolite easy to identify.  Can resemble tourmaline, but the latter is uniaxial.  Typically occurs in medium-grade regionally metamorphosed politic sediments.

16.
Chondrodite:
Monoclinic.  Biaxial (+).  Colourless to various shades of yellow or brown, with pleochroism.  Occurs commonly as subhedral crystals, often more or less rounded, with tabular forms, or as large anhedral, crystals.  Multiple or single twinnng common.  Fairly high relief, fairly strong birefringence (to green or red of second-order).  Similar to olivine, but distinguished from it by pleochroism (when present).  Also distinguished from olivine by well-developed twinnng (twinning can occur in olivine, but twin lamellae are broad, ill-defined).  Pleochroism may be similar to that of staurolite, but the latter has much paragenesis.  Also may resemble tourmaline, but latter metamorphosed impure calcareous rocks.  Humite (orthorhombic) and clinohumite (monoclinic) are related minerals with similar optical properties.

17.
Sphene:
Monoclinic.  Biaxial (+) Usually colourless, neutral, or pale grey brown.  Some varieties have deep yellow, orange brown pleochroism.  Very high relief, extreme birefringence (high-order white, but usually masked by total reflection).  Often occurs as euhedral crystals with distinctive wedge shapes.  Also occurs as clusters of small round grains, and as granules along the cleavage of altered biotite.  Distinguished by form, colour, and very high relief and birefringence.  Widely distributed accessory in metamorphic rocks.
18.
Lawsonite:
Orthorhombic.  Biaxial (+).  Colourless.  Typically forms euhedral crystals with rhombic or rectangular sections, occurs as needles.  Fairly high relief, moderate birefringence (up to second-order blue).  Good (001) and (010) cleavages, fair (110) cleavage.  Polysynthetic twinning is common.  Distinguished from clinozoisite and zoisite by twinning, two good cleavages, higher birefringence, and lack of anormalous interference colours.  May be confused with prehnite, but latter has higher birefringence and poorer cleavage.  Distinguished from scapolite by biaxial character.  Occurs in high P/low/T regional metamorphic rocks, commonly associated with glaucophane.
19.
Epidote Group:
All species have high relief, good cleavage in one direction, and typically occur in elongated, prismatic to bladed crystals or in columnar aggregates with subparallel or radial arrangement.  Also may occur as finely to coarsely auhedral grains.


a.
Zoisite – orthorhombic.  Biaxial (+).  Coourless.  Birefringence weak 

to moderate (up to first-order red).  May have anomalous deep blue interference colours.  Rarer than clinozoisite and epidote, but occurs in some schists and in contact and regionally metamorphosed impure calcareous rocks.


b.
Clinozoisite – monoclinic.  Biaxial (+).  Colourless.  Birefringence 

weak (middle first order).  Interference colours are anomalous – gray is somewhat blue, and yellow has a distinct greenish tint.  Distinguished from zoisite by nature of intereference colours.  Occurrence basically same as epidote.

c.
Epidote – monoclinic.  Biaxial (-).  May be colourless, but commonly yellowish-green and pleochroic.  Colour may be irregularly distributed. ***********from zoisite and clinozoisite by (-) optic sign, higher birefringence, and, in some cases, colour may be confused with clinopyroxene, but distinguished from latter by anomalous interference colours, (-) optic sign, and single direction of cleavage.  Common and widespread metamorphic mineral in both contact and regional metamorphic environments.  Found in impure calcareous rocks, metabasaltic rocks, and in slates, schists, amphibolites.
d.
Piedmontite – Monoclinic.  Biaxial (+).  Strong pleochroism with vivid pink, red, and violet colours is diagnostic.  Occurs in low-grade phyllites and schists, but much less common than clinozoisite and epidote.

20.
Pumpelleyite:
Monoclinic.  Biaxial (+), rarely (-).  Colourless to 

yellow, green or pale brown with pelochroism.  Birefringence weak to 

moderate (maximum from first-order yellow to second-order blue).  Prismatic sections show parallel extinction.  Usually bladed, lathlike, or fibrous, often in radial aggregates.  May be confused with members of the epidote group.  Distinguished from zoisite by lack of anomalous interference colours and monoclinic form, from epidote generally by optic sign, lower birefringence, and lack of anomalous interference colours.  May be difficult to distinguish from clinozoisite, but latter shows anomalous interference colours.  Occurs in very low grade regional metamorphic rocks (prehnite-pumpelleyite facies) and in high P/low T of the blueschist facies.

21.
Idocrase (vesuvianite):  Tetragonal.  Iniaxial (-).  Generally colourless to neutral, but may show colour zoning or irregular colour distribution in large crystals.  High relief.  Weak birefringence (low first-order gray).  Interference colours are sometimes anomalous gray green, purple, or deep blue.  Some varieties show anomalous biaxial character.  Usually forms short, rectangular prisms, also anhedral or fibrous.  Resembles zoisite and clinozoisite, but is generally uniaxial.  Occurs in contact-metamorphosed impure calcareous rocks.
22.
Prehnite:
Orthorhombic.  Biaxial (+).  Colourless.  Birefringence moderate to rather strong (maximum colour from low to upper second order).  Abnormal tints may appear.  Extinction is often wavy or may be incomplete.  Cleavage good in one direction (001).  Fairly high relief.  Occurs as prismatic or tabular crystals or masses.  Often forms a heaf-like aggregates with “bow-tie” structure.  Combination of single good cleavage, optical properties and common wavy extinction is diagnostic also “bow-tie” structure when present.  May resemble lawsonite, but latter has lower birefringence and better cleavage.

23.
Cordierite:
Orthorhombic.  Biaxial (-), rarely (+).  Generally colourless.  Relief low  (n very similar to Balsam).  Weak birefringence, about same as quartz, with maximum colour straw yellow of first order.  Poor cleavage, but may have distinct (001) parting upon alteration.  Often anhedral or in ill-defined porphyroblasts commonly containing abundant inclusions.  Also as short, stumpy pseudohexagonal prisms.  Sector or polysynthetic twinning often present.  Zircon or apatite inclusions show pleochroic haloes.  Often resembles quartz, but differs from it in large optic angle.  When twinned polysynthetically it strongly resembles plagioclase.  However, pleochroic haloes around inclusions are diagnostic.  Also, cordierite characteristically shows dusting by fine opaque material, and is commonly altered to a characteristic micaceous product (pinite) which is colourless, greenish, bluish, or yellowish.  Occurs in contact – metamorphosed politic sediments and in some regional metamorphic terranes subjected to relatively low P.
24.
Tourmaline:  Trigonal.  Uniaxial (-).  Some types show gray, blue, green, olive, purple, or black colours, generally with marked pleochroism.  Others are colourless or pale yellow, with weak pleochroism.  Birefringence moderate to strong, high relief, no cleavage, but irregular fractures are common, often normal to c.  In prismatic crystals with trigonal or hexagonal cross sections, often with curved sides.  Also forms acicular or fibrous crystals.  Colour and ****resemble those of biotite and hornblende, but tourmaline is distinguished from these by lack of cleavage.  Also, biotite has birdseye extinction and hornblende shows inclined extinction.  Found in some schists and gneisses, in metamorphosed limestones, and in hornfelses.

25.
Orthopyroxene:  Orthorhombic.  High relief.  Cleavage in two directions at nearly right angles (in longitudinal sections cleavage in one direction parallel to mineral outline).  Generally distinguished from clinopyroxenes by parallel extinction, but sections cut oblique to c will show inclined extinction.  Also have lower birefringence than clinopyroxenes.  Occur as subhedral to euhedral short prisms, or as shapeless anhedral grains (the latter is common in metamorphic rocks).

a.
Enstatite – Biaxial (+).  Colourless.  Birefringence weak, with 

maximum colour first-order pale yellow.  Rare in metamorphic 
rocks.

b.
Hypersthene – Biaxial (-).  Clolourless or neutral to pink or pale 

green, with pleochroism.  Birefringence may be slightly higher than 

enstatite (up to red of first order).  Pleochroism may resemble andalusite, but latter is length-fast, whereas hypersthene is length-slow.  Occurs in high-grade contact and regional metamorphic rocks.  A characteristic mineral of the granulite facies.
26.
Clinopyroxene:  Monoclinic.  Biaxial (+).  Typical pyroxene cleavage, as 

in orthopyroxenes.  Stumpy prisms or anhedral crystals.  Inclined 

extinction typical, but note that a few sections will always give parallel extinction.

a.
Diopside – colourless, pale green, or bright green.  May show weak 

pleochroism.  Maximum interference colour upper second order.  

Occurs in contact and regionally metamorphosed impure calcareous rocks of hornblende hornfels, pyroxene hornfels, amphibolite, and granulite facies.  Also in high-grade basic rocks.

b.
Augite – colourless, pale greenish, pale brownish.  May show weak 

pleochroism.  Maximum interference colour middle second order.  

Distinguished with difficulty from diopside, but occurrence helps here.  Diopside is the characteristic clinopyroxene of metamorphosed impure calcareous rocks.  Augite occurs in some high-grade gneisses (granulite facies).


c.
Hedenbergite – colourless to pale green or pale brown.  May be 

pleochroic.  Distinguished from diopside and augite by higher relief, 

lower birefringence (maximum colour first-order violet).  Occurs in contact metamorphosed impure calcareous rocks, and in Fe-rich regionally metamorphosed sediments.


d.
Jadeite – colourless to green, sometimes pleochroic.  Maximum 

interference colours about middle second order.  Occurs as granular, columnar, or fibrous aggregates.  Paragenesis distinguishes it from the above pyroxenes.  Distinguished from actinolite by larger extinction angle (30 - 36°).  Occurs in high – P rocks of the blueschist and eclogite facies.

27.
Wollastonite:  Triclinic.  Biaxial (-).  Colourless, or may be turbid.  Usually 
in columnar or fibrous aggregates.  Several cleavages.  Longitudinal sections give parallel or almost parallel extinction.  Rather weak birefringence (maximum colour orange of first-order).  Fairly high relief.  Very similar to remolite, but latter has typical amphibole cleavage, higher birefringence, and inclined extinction.  Occurs in contact – metamorphosed impure calcareous rocks.
28.
Amphiboles:  Characterised by two directions of perfect cleavage which 

make an angle of 56° and 124° with each other and are seen together in 

cross sections.  In general crystallize in fairly elongate prisms, acicular needles, or fibrous crystals.  All have fairly high relief.

a.
Anthophyllite – orthorhombic.  Biaxial (+) or (-).  Colourless to weak 

pleochroism in shades of tan.  Typically in elongated prismatic crystals, or fibrous.  Interference colours to low second order.  Parallel extinction distinguished it from other amphiboles.  Commonly found in regionally metamorphosed ultrabasic rocks.  Also present in other contact – and regionally metamorphosed rocks.

b.
Cummingtonite – Monoclinic.  Biaxial (+).  Colourless or faint 

grayish brown, possibly with weak pleochroism.  Birefringence to middle second order.  Occurs as prismatic bladed or fibrous crystals in parallel or radiating aggregates may be curved.  Sometimes intergrown with hornblende or anthophyllite.  Polysynthetic twinning with very narrow twin lamellae is very characteristic.  Although tremolite may occasionally show similar twinning).  Distinguished from tremolite by optic sign.  Similar to anthophyllite, but the latter has parallel extinction and does not show twinning.  Occurs in both contact and regional metamorphic rocks, most commonly found in amphibolites where it is associated with hornblende.

c.
Grunerite – Monoclinic.  Biaxial (-).  In general very similar to 

cummingtonite, but differs in optic sign and has lower extinction 

angles.  Occurs in metamorphosed Fe-rich sediments.


d.
Tremolite – Monoclinic.  Biaxial (-).  Colourless.  Interference 

colours to low or middle second order.  Crystals are columnar to fibrous; also forms stubby crystals or granular aggregates.  Differs from actinolite in lack of pleochroism.  Wollastonite has same general appearance (see description for Wollastonite).  Occurs in contact and regionally metamorphosed impure calcareous rocks.


e.
Actinolite – Form optical properties similar to tremolite.  

Distinguished from tremolite by pale green to deep green to bluish green colour and pleochroism.  Distinguished with difficulty from pale green hornblende, but the latter in many cases has higher extinction angles and generally shows lower birefringence.  A typical mineral of the greenschist facies, also in high P/low T rocks associated with glaucophane.

f.
Hornblende – Monoclinic.  Biaxial (-).  Generally strongly coloured 

and markedly pleochroic, with various shades of green, yellow, and brown, occasionally blue.  Prismatic crystals, usually with poorly developed terminations but with good 6-sided cross sections.  May be fibrous.  Maximum interference colours about middle second order, but are commonly modified or even masked by the strong colour.  Colour and pleochroism are generally distinctive.  Distinguished from biotite by perfect (001) cleavage, parallel extinction, and birdeye extinction of latter.  Very abundant metamorphic mineral.


g.
Glaucophane – Monoclinic.  Biaxial (-).  Deep blue and violet 

colours and strong pleochroism are distinctive.  Maximum 

interference colours to upper first order, but strong colour modifies 

or masks the intereference colours.  Occurs as elongated, euhedral to subhedral prisms or in columnar to fibrous aggregates.  Found in high P/low T rocks; gives blueschists their colour Riebeckite is similar, occurs in alkalic granite gneiss and in Fe-rich metasediments.
29.
Serpentine:
Orthorhombic.  Biaxial (-) or (+).  Colourless, pale green, 

pale yellow.  Low relief, low birefringence (maximum colour first order yellow, usually gray of first order).  Fibrous masses, fibro lamellar aggregates, often showing undulatory or mottled extinction.  Distinguished from micas by low birefringence; may be confused with some chlorites.  Distinguished from brucite by abnormal interference colours and higher birefringence of the latter.  In serpentinites; also occurs in forsterite marbles.

30.
Pyrophyllite:
Monoclinic.  Biaxial (-).  Colourless.  Low to moderate relief, strong birefringence.  Extinction parallel or almost parallel to perfect (001) cleavage.  Shows birdseye extinction.  Occurs as fine-grained matted or flaky aggregates.  Also as tabular, elongate crystals which may be curved.  Radial structure is common.  Difficult to distinguish from talc or sericite when fine grained; larger crystals may be distinguished from these minerals by higher 2 V.  Occurs in some mica schists, but relatively uncommon.

31.
Talc.
Monoclinic.  Biaxial (-).  Colourless.  Moderate relief, very strong birefringence.  Extinction parallel or nearly parallel to perfect (001) cleavage.  Commonly occurs as fine grained ****aggregates or foliated masses; more rarely as larger tabular crystals which may be curved.  Euhedral crystals unknown.  Distinguished from phlogopite by birdseye extinction and very low 2V of latter; from brucite by higher birefringence and lack of anomalous interference colours.  Muscovite has higher 2V.  When in fine-grained scaly aggregates cannot be distinguished from sericite, but in this case the association can generally be used:  if the mineral replaces femag minerals it is probably talc, if it replaces feldspar or alumino-silicates it is probably sericite.  Occurs in magnesian schists derived by metamorphism of ultrabasic rocks, and in low-grade contact-metamorphosed impure calcareous rocks.
32.
Muscovite.  Monoclinic.  Biaxial (-).  Generally colourless; occasionally slightly pleochroic in shades of light green or brown.  Relief not parked; high birefringence.  Extinction practically parallel to perfect (001) cleavage with birdseye mottling.  Occurs as thin tablets with perfect basal cleavage; pseudohexagonal perpendicular to c.  Also in fine grained scaly aggregates (sericite), typically replacing other minerals.  For distinction from talc and brucite, see under those minerals.  Phlogopite has slight pleochroism more commonly than muscovite; colourless phlogopite may be distinguished from muscovite by its very low 2V.  Occurrence is also helpful.

33.
Paragonite is optically indistinguishable from muscovite, but is much less common.  Muscovite is very common in slates, schists, gneisses, etc.  Sericite replaces a variety of metamorphic minerals such as feldspar, kyanite, andalusite, cordierite, and corundum.

34.
Phlogopite:
Monoclinic.  Biaxial (-).  Fair relief; high birefringence.  Colourless or pleochroic in shades of pale yellow, pale green, pale brown, pink.  Perfect (001) cleavage and birdseye extinction as in other micas.  Typically in euhedral to subhedral, pseudohexagonal thick tablets on short prismatic crystals.  For distinction from muscovite see above.  Biotite generally has much stronger pleochroism and darker colour, but optical properties between the two are gradational.  Occurs in higher grade contact and regionally metamorphosed dolomites.

35.
Biotite:
Monoclinic.  Biaxial (-).  Strongly pleochroic in shades of brown or green.  Fair relief, strong birefringence, but the strong colour of the mineral may mask the interference colour.  Perfect (001) cleavage and birdseye extinction.  Occurs as tabular, euhedral crystals, anhedral ragged shreds, or flaky aggregates.  Basal sections cut perpendicular to c show pseudohexagonal outlines and no pleochroism.  Hornblend and tourmaline may show similar colour and pleochroism; see description of these minerals for distinction from biotite.  Green biotite is distinguished from chlorite by its higher birefringence.  Also resembles stilpnomelane.  Widespread in contact and regional metamorphic rocks.  Widespread in contact and regional metamorphic rocks.
36.
Chlorite:
Monoclinic.  Biaxial (+) or (-).  Colourless to green; commonly pleochroic.  Fair relief.  Low birefringence (up to first-order red).  Some types show very low birefringence and anomalous shades of blue, brown or violet.  Occurs as thin to thick plates with perfect (001) cleavage and pseudohexagonal cross sections, or as fine-grained scaly masses.  Distinguished from talc and micas by low birefringence.  Anomalous interference colours of some chlorites are distinctive.  Serpentine may have similar form, but generally shows weaker pleochroism.  Common low-grade metamorphic mineral.  May occur as a replacement of higher grade *** minerals such as biotite.
37.
Stilpnomelane:
Monoclinic.  Iaxial (-).  Strongly pleochroic in shades of yellow, green, brown.  Moderate to high relief, high birefringence.  Perfect (001) cleavage.  Occurs as thin micaceous plates in some cases arranged in radial or sheaflike aggregates.  Easily confused with biotite but may be distinguished from it by:

1. less perfect basal cleavage

2. imperfect cleavage perpendicular to basal cleavage

3. lack of birdseye extinction

4. higher birefringence in some varieties (may range up to high-order white)

5. more intense pleochroism in some varieties, with very dark shades of brown approaching black in colour.

Association may also help in ********************** which is confined to lowergrade rocks of the prehnite-pumpelleyite, greenschists, or blueschist facies.

38.
Chloritoid:
Monoclinic or triclinic.  Biaxial (+) or (_).  Colourless, green, 

or gray green, and usually somewhat pleochroic with shades of green, blue, and yellow.  High relief, weak to moderate birefringence (up to low second order).  May have anomalous interference colours.  Perfect (001) cleavage, imperfect (110) cleavage.  Multiple lamellar twinning common.  Occurs in pseudohexagonal tabular crystals, often with an hour glass zoning.  Distinguished from chlorite by higher relief, less perfect cleavage and lack of birdseye extinction.  Combination of high relief, low birefringence, pleochroism, twinning, and in some cases zoning, is very distinctive.  Fairly common in relatively low-grade regionally metamorphosed pelitic sediments; often forms porphyroblasts.
39.
Quartz:
Trigonal.  Uniaxial (+).  Colourless.  Low relief, weak 

birefringence (up to first-order white with a slight tinge of yellow).  Cleavage usually absent, but may show on the edge of the slide.  Anhedral in metamorphic rocks; may form interlocking polygonal aggregates.  Commonly shows undulatory extinction and a biaxial figure with low 2V, due to strain.  Low relief and birefringence, and absence of alteration, cleavage, on twinning is distinctive.  May be confused with corderite or scap lite; for distinction see descriptions of these minerals.  Ubiquitous in metamorphic rocks.

40.
Feldspars:
For details consult an optical mineralogy text.  All feldspars are colourless, with low relief and low birefringence (gray and white of first order).  Untwinned feldspars may be distinguished from quartz by presence of cleavage in several directions and by optical properties such as high 2V.  Alteration is also often helpful – in plane light feldspars often have a faint dusty appearance, while associated quartz is completely clear.  Microcline is usually distinguished from other potash feldspars by grid from twinning, with individual twins showing spindle shapes.  Plagioclase is easily recognized when it shows polysynthetic twinning, but this is often absent in metamorphic rocks.  Feldspars typically form anhedral grains in metamorphic rocks, or may occur as subhedral porphyroblasts.
41.
Scapolite:
Tetragonal.  Uniaxial (-) Colourless.  Low relief.  Birefringence varies with composition and maximum interference colour ranges from first-order yellow to high second order. (100) cleavage distinct, (110) cleavage less distinct.  Anhedral or in bladed crystals, with cleavage parallel in general to the length of the crystals.  Also is bladed aggregates; may be poikiloblastic.  Scapolite with low birefringence is distinguished from feldspars by unixial character, straight extinction , and absence of twinning, from quartz by optic sign, presence of cleavage, and alteration (scapolite is often altered to muscovite); and from cordierite by unixial character, cleavage, and absence of twinning.  Scapolite with higher birefringence may be confused with muscovite but is length-fast and lacks birdseye extinction.  Occurs in a wide range of contact and regionally metamorphosed rocks.
42.
Zeolites:
Many species, but in general characterized by low relief and low birefringence; colourless.  Many occur in fibrous forms, sometimes with radiating structure.  Occur in very low-grade regionally metamorphosed rocks (zeolite facies).
