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INTRODUCTION
The name feldspar derives from the German Feldspat, aSpat, "a rock that does not contain 
ore".[6]The change from Spat to -spar was influenced by the English word spar,[7] meaning a 
non-opaque mineral with good cleavage.[8] Feldspathic refers to rocks that contains feldspar.
The alternate spelling, felspar, has largely fallen out of use
Feldspar is the name given to a group of minerals distinguished by the presence of alumina and silica (SiO2) in their chemistry.  This group includes aluminium silicates of soda, potassium, or lime. It is the single most abundant mineral group on Earth.  They account for an estimated 60% of exposed rocks, as well as soils, clays, and other unconsolidated sediments, and are the principal components in rock classification schemes. The minerals included in this group are the orthoclase, microcline and plagioclase feldspars.
[image: https://opentextbc.ca/geology/wp-content/uploads/sites/110/2015/06/feldspar-minerals.png]

Type
Mineral 
Mineral Classification
Silicate
Chemical Formula
KAlSi3O8 – NaAlSi3O8 – CaAl2Si2O8
Streak
White
Moh's Hardness
6-6.5
Crystal System
triclinic, monoclinic
Color
pink, white, gray, brown
Luster
Vitreous
Fracture
conchoidal, uneven

The feldspar group is a fairly large group with nearly 20 members recognized, but 
only nine are well known and common. Those few, however, make up the greatest 
percentage of minerals found in the Earth's crust. The following are some of the 
more common feldspar minerals: 
The plagioclase feldspars:
· Albite, (Sodium aluminum silicate) 
[image: albite]
Albite: An igneous rock composed almost entirely of albite. This specimen is from the Petaca District of New Mexico and measures about 4 inches (10 cm) across
· Oligoclase, (Sodium calcium aluminium silicate) 
[image: oligoclase]
Oligoclase: A cleavage fragment of oligoclase. This specimen is from Mitchell County, North Carolina. It measures about 4 inches (10 cm) across
· 
· Andesine, (Sodium calcium aluminium silicate) 
Andesine was named after its original occurrence in the Andes Mountains of South America. Andesine belongs to the Plagioclase Feldspar group, an isomorphous solid solution series. Albite is one member, containing sodium and no calcium. The other end member, Anorthite, contains calcium and no sodium. Andesine is an intermediary member of this series. Andesine is considered by some authorities as a variety of Albite rather than a separate mineral. The acclaimed Dana's System of Mineralogy lists Andesine as an individual mineral, whereas the IMA does not recognize it as individual mineral species, but rather a calcium-rich variety of Albite. Andesine is the primary feldspar constituent of the igneous rock Andesite.
[image: Andesine from Crestmore Quarry, Riverside County, California]
andesine


· 

· Labradorite, (Calcium sodium aluminum silicate) 
[image: labradorite]
Labradorite: An igneous rock composed almost entirely of iridescent plagioclase. This specimen was found near the town of Nain in Labrador, Canada. It measures about 4 inches (10 cm) across.
· Bytownite, (Calcium sodium aluminum silicate) 
[image: bytownite]
Bytownite: An igneous rock composed almost entirely of bytownite. This specimen is from Crystal Bay, Minnesota, and measures about 4 inches (10 cm) across.

· Anorthite, (Calcium aluminum silicate) 
[image: At the dark end of the plagioclase scale is this mineral. It has lots of calcium and little sodium.]
At the dark end of the plagioclase scale is this mineral. It has lots of calcium and little sodium. This is probably Anorthite
[image: Related image]


The K-feldspars or alkali feldspars:
· Microcline, (Potassium aluminium silicate) 
[image: Microcline Feldspar Igneous Rock - 10 Unpolished Mineral Specimens]
Microcline Feldspar
· Sanidine, (Potassium sodium aluminium silicate) 
[image: https://irocks-8e89.kxcdn.com/storage/media/80227/conversions/large.jpg]
Sanidine
· Orthoclase, (Potassium aluminium silicate) 
[image: Related image]
[image: Amazonite]
Amazonite is a blue-green variety of orthoclase. It is abundant in pegmatites in Amelia County

· The feldspars are a group of minerals that have similar characteristics due to similar structure. All feldspars have low symmetry, being only monoclinic, 2/m, to triclinic, bar 1. They tend to twin easily and one crystal can even be multiply twinned on the same plane, producing parallel layers of twinned crystals. They are slightly hard at around 6, and have an average density at 2.55 to 2.76. They have a rather dull to rarely vitreous luster. Crystals tend to be blocky. Some feldspars may be triboluminescent. 
· They have two directions of cleavage at nearly right angles. Feldspars also tend to crystallize in igneous environments, but are also present in many metamorphic rocks. 
· The general formula, for the common feldspars, is XAl(1-2) Si(3-2) O8 . The X in the formula can be sodium, Na and/or potassium, K and/or calcium, Ca. When the cation in the X position has a positive one (+1) charge such as with sodium or potassium, then the formula contains one aluminum and three silicons ions. 
· If the formula contains the positive two (+2) cation calcium, then the formula will contain two aluminums and only two silicon ions. This substitution keeps the formula balanced, because aluminum has a charge of positive three (+3) and silicon has a charge of positive four (+4). 
· Basically, the more calcium in the crystal, the more aluminum that will be needed to balance the charge. The silicons and aluminums occupy the centers of interlinked tetrahedrons of SiO4 and AlO4. 
· These tetrahedrons connect at each corner to other tetrahedrons forming an intricate, three dimensional, negatively charged framework. 
· The cations that represent the X in the formula sit within the voids in this structure. 
· The different feldspars are distinguished by structure and chemistry. The potassium or K-feldspars are polymorphs, meaning they have the same chemistry, KAlSi3O8, but different structures and therefore are different minerals. 
· The plagioclase feldspars are a set of minerals that are in a series from a sodium rich end member, albite, to a potassium rich end member, anorthite. The intermediate members of the series are given arbitrary boundaries based on their percentage of sodium or calcium. 
· Often, feldspars are simply referred to as plagioclase and orthoclase (a K-feldspar) because identification to greater precision is difficult with ordinary methods. Once identified, however, some feldspar mineral varieties are found to have distinctive characteristics or originate from a classic locality and on these bases are recognized by mineral collectors as belonging to a specific feldspar mineral. 

A. STRUCTURE AND CHEMICAL COMPOSITION 
The tectosilicates form 3 – dimensional lattices of (Si,Al)04- tetrahedra.  Each tetrahedron has four corners in common with its neighbours; this lattice continues unrestricted in 3 dimensions.  All modifications of Quartz possess this lattice.  For the tectosilicates a partly replacement of Si + Al) : 0 = 1:2, while the negative charge corresponds with the amount of Al-ions. 
[image: http://www.open.edu/openlearn/ocw/pluginfile.php/107624/mod_oucontent/oucontent/2614/7ce9680a/76df2958/s276_b1_c04_f14.jpg]
A ternary diagram showing the extent of solid solution in alkali and plagioclase feldspar at high temperatures.
 The negative bonds that become available by this, attract alkali-elements into the structure.  There are three pure end members:
                      KAISi3 08
		      NaAISi308
		      CaAI2Si2 O8
[image: feldspar mineral classification]
Feldspar mineral classification: This ternary diagram shows how feldspar minerals are classified on the basis of their chemical composition. The sequence of minerals along the left side of the triangle represents the solid solution series of the alkali feldspars. The sequence along the base is the solid solution series of the plagioclase feldspars. Triangular graph paper can be obtained from waterproofpaper.com, a GeoShops.com website.
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/0/03/Feldspar_group.svg/610px-Feldspar_group.svg.png]
Compositional phase diagram of the different minerals that constitute the feldspar solid solution.


Compared to Quartz SiO2
In nature mostly the non-pure mixtures between these end members occur.  In this the K – rich feldspars stand more or less apart, although usually a certain percentage NaAISi3O8 (10 – 25%) is present.  It is recommended not to mention just K – feldspar, but rather mention K – rich feldspar.  They are being divided according to structure and accordingly connected optical properties:
K – rich feldspars
Sanidine 		monoclinic		(high temp. mineral; in lavas)
Orthoclase	monoclinic		(low temp. variety: adularia)
Microcline	triclinic		(low temp. variety: adularia)
Anorthoclase	triclinic		(high temp. mineral; Na > K)

Plagioclase
The plagioclases form an almost perfect solid solution between the Na and Ca end members.
				0  –  10%  An albite
				10 – 30%  An oligoclase
	Plagioclase		30 – 50% Andesine
				50 – 70% labradorite
				70 – 90% An bytowni
				90 – 100% An anorthite

At high temperature the complete series is stable; at lower temperatures gradually a lower amount of Ca is possible, until at the lowest grade of metamorphosis only albite can be formed.  Moreover a large part of the series occurs in both a high temperature and a low temperature form.  The high temperature form is found mainly in vulcanites of the Na – rich end members the high-temperature form has practically only been obtained in synthetic ways.

Crystallographic axes
	
	α
	β
	γ
	(001)Λ(010)

	Monoclinic
	90°
	±116°
	90°
	90°

	K-rich feldspar; triclinic
	±90°
	±116°
	±90-92°
	±90°

	Plagioclase; triclinic
	±94°
	±116°
	±87-92°
	±94°



The structures of the monoclinic and triclinic feldspars resemble one another strongly, especially within the group of K-rich feldspars.
The difference in situation of crystallographic axes amounts at most 4o.
B.  CRYSTALSHAPE (Fig. 1)
Except from the difference in the angle (001) Λ.(010), the crystal shapes for the feldspars in the entire group are about the same.
a) Microcline and Orthoclase
Usually short prismatic and somewhat flattened crystals along (010) fig. 1Aa; also prismatic along the a- axis (pseudotetragonal, fig. Ab).  Macroscopically usually translucent or untransparent, white pink or brownish.
b) Adularia 
Often wedge shaped because of the lack of (010) fig. Ad. Often clear in veins.  It is a low temperature form and can be hydrothermal.
c) Sanidine
Mostly plate shaped along (010) fig. Ac. Transparent and little 
1) = angle between b and c axis etc.
Altered and sometimes distinct cleavage.  Beautiful occurrence in sanidine trachytes.
d) Anorthoclase
      Like orthoclase, but often elongated along c axis.
e) Plagioclase
Like orthoclase, but (001) Λ (010) = 940.  Besides mentioned shapes also elongated along b axis or platy along (010), however mainly different because of other twinning laws.  With the handles sometimes, through shining in sunlight, lamellar twins may be seen, which are not present in K – rich feldspars, or in such a tiny structure, that they cannot be noticed.  Macroscopically usually duller than K-rich feldspar.  Often white, sometimes greenish due to alteration.
NB.  In lavas small crystals occur (microlites).  Mostly they form small plates along (010) or columns along the a axis.  The plate and columnshape can be distinguished from each other by the size of their isometric section.
C. CLEAVAGE 
Feldspars have two cleavage planes that intersect at 90°. Fragments of pure feldspar crystals thus tend to form rectangular blocks with irregular ends. Feldspars have vitreous lusters and occur in opaque shades of white to gray to pink to very dark gray. Other rarer colors are also possible! 
The feldspars are divided into two main groups: Potassium feldspar ("K-spar") and plagioclase ("plag"). Both display two cleavages and an overlapping range of colors, but only plagioclase displays tiny grooves on one cleavage known as striations. The photos below show several examples of feldspar. Click on any photo to enlarge!
[image: http://www.pitt.edu/~cejones/GeoImages/1Minerals/1IgneousMineralz/Feldspars/KSpar_IrregFract.jpg]
This white feldspar shows two cleavages (top/bottom and sides) plus the fracture surface (front). 
Both plagioclase and K-spar are commonly white; the lack of striations suggests that this is K-spar.
[image: http://www.pitt.edu/~cejones/GeoImages/1Minerals/1IgneousMineralz/Feldspars/FeldsparCleavagesSml.jpg]
The salmon-pink colour is typical of K-spar. Note the two cleavage surfaces and one fracture surface. There are no striations.
Perfect cleavage along (010) and (001), although not always good visible.  The cleavage planes are macroscopically used to distinguish from quartz which doesn’t show cleavage, and to check on possibly presence of twins.  Microscopically cleavages are used to measure the extinction angles.
D.  TWINS
Twins occur in many kinds and all different kind of combinations.  Together with the optical orientation (the position of the indicatrix in the crystal) they are the most important determination characteristic of the feldspars.
We distinguish:
1. Normal laws, where the composition plane is also the symmetry plane (fig.1B I)
2. Parallel and complex laws, where the composition plane does not coincide with the symmetry plane of the twin. (fig B II).  Also reckoning with the composition plane, we get the next summary:
	Composition plane
	Normal laws symmetrical to the plane of composition
	Parallel and complex laws not symmetrical to the plane of composition

	(010) = cleavage direction
	Albite
	Karlsbad 
Ala
Albite – Karlsbad
Albite - Ala

	(001) = cleavage direction
	Manebach
	Acline
Ala

	
// b,  (001) orthorhombic section
	-------------------------------
	Pericline
_________

	(021), (021)

 45o to the cleavage
	 Baveno


	
-------------------------



The underlined twins occur more often than the not underlined; a single rare twinsort has been omitted.  The intermittently underlined laws occur mainly lamellar or polysynthetic (albite fig. BI) and are found with the triclinic feldspars only.  For the composition plane of pericline, the so – called orthorhombic section, we refer to the scetch: its position changes with the An content of the plagioclase (fig. BII).
In triclinic K – rich feldspar, mainly microcline, two mutually almost perpendicular fine – lamellar twin systems occur, forming a lattice which usually is thicker at the intersections (lattice twins, cross-hatched twins, mikroklingitterung).  For the distinction between albite and pericline – acline lamellae check section L 1.2 of this handout.
[image: http://www.open.edu/openlearn/ocw/pluginfile.php/107624/mod_oucontent/oucontent/2614/7ce9680a/646a9704/s276_b1_c04_f19.small.jpg]
A microcline (K-feldspar) crystal, viewed between crossed polars, displaying classic cross-hatched twinning (field of view 4.8 mm across).
[image: http://www.open.edu/openlearn/ocw/pluginfile.php/107624/mod_oucontent/oucontent/2614/7ce9680a/bdf3e306/s276_b1_c04_f13.jpg]
A twinned K-feldspar crystal that displays perthitic texture when viewed between crossed polars (field of view 3.25 mm across). The streaks of light-grey mineral have been exsolved.
E. OPTICAL PROPERTIES 
The refraction indices of all K – rich feldspars are significantly lower than that of canadabalsam. Of the plagioclases only albite is sometimes distinctively lower, but this mineral is optically positive, while the K – rich feldspars are optically negative.  Intermediate plagioclases have about the same RI as quartz: at 20% An ny = nO  (quartz).
Ca-rich plagioclases have a still higher ny and the difference in relief from quartz is often observed distinctly.  The birefringence varies from 0.005 – 0.013 and is hardly used for determination purposes.  K – rich feldspar has a lower birefringence than quartz and plagioclases.


The axial angle usually is large.  The K – rich feldspars are clearly negative.  Anorthoclase and audlaria often have a small axial angle, while sanidine is sometimes almost uniaxial.  2v of orthoclase ( 600) is smaller than that of microcline (800).  Albite is clearly positive.  For the others the axial angle of the plagioclases fluctuates between +800 and – 800.
This property consequently lends itself badly for determination and seems little reliable as a determination characteristic.  Various kinds of dispersion appear (see winchell for instance).   It is seldom of any use to analyse these precisely.  Especially Ca-rich plagioclases often perform distinctive extinction dispersion.
Tsuboi has developed a determination method for plagioclases, in which RI and dispersion of cleavage fragments must be measured.  The RI measurement of cleavage fragments is very useful, also without considering dispersion.  Distinction of the cleavage fragments (010) and (001) is not necessary, if nx is determined, as this is almost identical for both orientations.  (0.001 is about equivalent to 2% An).  Graph in Winchell 1951 p. 280.  Other research – workers, e.g. Foster (1955) measure the RI of glass obtained by the heating of the feldspar.  This method among others is of significance for the determination of the original composition of perthitic feldspars.  This method will not be discussed any further here.  The RI’s of high and low temperature forms are practically speaking the same.
F. OPTICAL ORIENTATION
Where the form of the indicatrix offers little hold for the determination, its still worse for the position of the indicatrix in the crystal.  Especially with plagioclases the position varies strongly with the composition.  The stereogram (fig. 2) offers a proper summary*.  
The variation of the position can be roughly considered as a rotation around the optical axis X.  It stands clear that the different members of the plagioclase series extinguish differently, and so perform different angles of extinction regarding the cleavage directions (010) and (001).  On this the most important methods of determination of the an – content are based.  We return to the subject of optical orientation when considering these methods.
In the K – rich feldspars z is oriented ┴ (010), exept for a part of the sanidine group, where y ┴ (010). In all K – rich feldspars x makes a small angle with (100).
*     The comparable fig. in Winchell (1951, p. 274) is wrongly oriented.



G. ZONALITY

This especially appears in plagioclases.  In that case zones of different.  An content appear within one crystal.  These are sometimes visible through differences in n and alteration, but mainly with crossed nicols through differences in the extinction angle.  It does not suffice then to mention one single An %.  In this case the variation width should be indicated.  Also the lapse of the zoning is important.
Zoning
The zoning is a compositional variations found in the crystals. Minerals belonging to a continuous solid solution such as: plagioclase, olivine, clinopyroxene, amphibole, typically develop a compositional zoning during growth, manifested as changes in physical properties (optical) of crystals.
Compositionally the zoning is divided into normal and reverse, while according to the variation of composition within the crystal can be divided into concentric, which can be continuous, intermittent or oscillating;
The shape of the various concentric zones may follow the shape of the crystal, and thus be generally euhedral. If it shows more or less regular patterns with embayment, in which case this is convoluted.

Sometimes the compositional zoning, rather than concentric, may be located in areas of generally triangular shape, and when the areas are slightly rounded triangular, the zoning is called "hourglass zoning" or sector Zoning.

Normal zoning

Normal zoned crystals are where the core is richer in An than the rim.  This zoning occurs especially in magmatic rocks and indicates formation at dropping temperatures.
[image: plagioclase_crystal]
Concentric zones in a plagioclase
crystal in andesite near Dillon, Montana,
viewed in cross polarized light at 100x
[image: zonaturadiagrammi1.jpg]
summary diagram of the various types of Zoning


Inverse zoning 

Inverse zoned crystals are called those of which the rim is richer in An than the core.  This zoning occurs especially in metamorphic rocks and indicates formation at rising temperature.  When, from inside to outside, the An – content alternately decreases and increases, we speak of oscillating zonal.  The throughout tendency then still cab be normal or inverse.    This zoning can be characterized by An% - diagrams (Homma, 1932; Paliuc, 1932; Palm-Lazard, 1959; Quin, 1961).  Where crystals lying closely together show a different pattern, this should indicate (Greenwood and Mc. Taggart, 1957) magmatic origin: crystals must have been able to move freely from one environment to the other.  Where the patterns are analogous, the origin could also be metamorphic.  Sometimes Karlsbad twins can be observed of which the individuals show a different zoning, originating from the center of each individual

Discontinuous zoning
Discontinuous zoning is a form of chemical zoning in which chemical zones show abrupt changes in composition. Crystals containing a homogeneous core with a zoned rim exhibit discontinuous zoning. Discontinuous zoning arises through abrupt changes in temperature and pressure, or periods of arrested crystal growth. 

Convolute zoning
Convolute zoning is a form of chemical zoning in which chemical zones are irregular in width and define re-entrant outlines. Convolute zoning often indicates resorption of a crystal by the melt or crystallisation of melt inclusions.

Sector zoning
Sector zoning is a form of chemical zoning in which the chemical zones form four triangular shaped sectors across the crystal. In three dimensions the zones have pyramidal shapes with apexes at the centre of the crystal. Sector zoning is easily mistaken for sector twinning, however, in sector twins the crystals have different optical orientation. Often crystals with sector zoning also have normal or oscillatory zoning. Sector zoning probably arises due to the different surface energies of crystal faces. 

Oscillatory zoning
[bookmark: _GoBack]The compositional changes across a plagioclase crystal are seldom perfectly regular, and in igneous rocks are frequently oscillatory in fashion, perhaps involving many tens of reversals or abrupt changes in An %.

The two main features that characterize oscillatory zoning are:

1): Abrupt changes which usually mark a sudden outwards increase in An % and which may feature corrosion of the underlying crystal surface; gradual changes of An % (either reverse or normal) in the plagioclase deposited between successive sharp breaks. The An % change at sharp boundaries varies from small to large; the gradual changes are always small (less than 10%).

2): Abrupt compositional changes require abrupt changes in the dynamic conditions of crystallization, and most re researchers now invocate magma mixing. Thus Nixon and Pearce (1987) show that repeated injection of fresh, hot, basic magma into a chamber of already differentiated and cooled magma repeatedly caused resorption n of already crystallized plagioclase.

The more gradual changes in oscillatory zoning are best interpreted in terms or local effects of disequilibrium crystallization. In this context it is important to understand that liquidus- solidus curves for pure anhydrous plagioclase (Figure 3) are depressed by the presence of other components. Water alone can depress the curves by several hundreds of degrees, and the shape of the curves changes too. 

Consider then the local environment of a crystal during magma cooling. As growth proceeds, the components not required by the plagioclase crystal increase in concentration immediately adjacent to the crystal. These components will include H20. The solidus and liquidus curves for the immediate environs of the crystal become depressed (Figure 3), and at a fixed temperature (TI) the crystallizing plagioclase composition shifts from A to B. lf, on the other hand, undercooling increases (TI to T2), perhaps as the result of an increased cooling rate, composition moves from A co C. Reverse zoning forms if undercooling decreases or residual components adjacent to the crystal face increase; normal zoning forms if undercooling increases or the residual components decrease. 

[image: zonaturadiagrammi(3).jpg]
figure  Ab-An Diagram in the presence of H2O
Oscillatory zoning is a form of chemical zoning in which the chemical zones oscillate in a regular fashion through a crystal. Chemical zones repeat at regular distance in oscillatory zoning, although there may be an overall normal or reverse sense to the change in composition. Chemical zoning exhibiting irregularly spaced repetitions is sometimes distinguished with the term multiple zoning. Oscillatory zoning is usually occurs due to growth of a crystal within convection currents in a magma chamber such that circulation causes quasi-regular changes in temperature and pressure. Oscillatory zoning is particularly common in plagioclase phenocrysts within dacites and andesites.
Development of Zoning
To better understand consider the plagioclase zoning, in which the zoning is particularly common and conspicuous. It is common because equilibration of plagioclase crystals with a melt would involve the difficult interchange of Si and Al; it is conspicuous because plagioclase is triclinic, and optical directions rapidly change position relative to crystal axes with changes of composition. 

consider the NaAlSi3O8 (albite or Ab) – CaAl2Si2O8 (anorthite or An) plagioclase system shown in Figure 2:

[image: zonaturadiagrammi(2).jpg]

H. INTRGROWTHS, SYMPLECTITIC STRUCTURES 

1. Graphic (graphic granitic) structure:  K – rich feldspar with 	quartz, sometimes plagioclase with quartz.  Micrographic (micropegmatitic, granophyric) only recognizable with the microscope.  The quartz is being noticed through its higher n and birefringence.  The quartz figures are irregular, though usually bounded by straight lines.  Their similarity with graphic signs rendered the name graphic granite where the structure was macroscopically recognizable.  The name is rather unlucky since it is mainly pegmatites which show this texture.  Also micropegmatite and granophyric are little approved of.  The structure originates from simultaneous crystallization out of the melt.  Appears often in pegmatites and granophyres and also as final crystallization phase of quartzdolerites.

2. Perthite:	Albite or oligoclase in K – rich feldspar
Microperthite: Only visible microscopically
Cryptopherthite:Only demonstrable through x – rays

Albite is being noticed through its higher n and birefringence.  Perthite is formed by unmixing during the slow cooling down of a high – temperature alkali-feldspar, which at a lower temperature is not stable anymore and falls apart into albite and a K-richer component.

After the occurrence of albite we distinguish (Anderson, 1926):  

a. String perthites:  albite appears as strings or very thin coils in K – rich feldspar.
b. Film perthites: albite is present as thin films.
c. Vein perthites
d. Patch perthites

In these two perthites albite forms irregular patterns of veins and patches.  Both types are connected transitionally.  Here it often concerns later transitions and recrystallization, so usually they are not formed through unmixing directly.  If the amounts of albite and K – feldspar are about equal we speak of mesophrthite.  If there is much more albite than K-rich feldspar we speak of anti – perthite.  Strictly speaking the name of anti-perthite should be reserved for a high – temperature Na-rich feldspar, from which at cooling down K – rich feldspar is formed by unmixing.  In the case of a patch or vein – perthite, in which locally albite is the most important component, one should rather speak of albitisation, albitized K – feldspar etc. (see fyrther on). Summary of perthites:  Palm 1957.

3.  Mymekite:

This is a later replacement of K – feldspar by albite – oligoclase, mostly on the boundary with plagioclase.  In its most typical form the oligoclase is seen spreading couldlike in the K – feldspar.  In new plagioclase drop or worm shaped quartz inclusions are present.  One of the explanations for this phenomenon rests on the fact that oligoclase, through its higher Ca-content, contains less quartz, so it can be liberated during alteration.  This structure is usually clearly distinguishable from graphic structures because of the rounded dropforms of the quartz often being oriented radially on the front of plagioclase.  In some cases distinguishing may be difficult.
4. Albitization:
a)  Replacement of K – feldspar by albite, generally at lower temperature than myremekite, evidence i.e. the lower An%.  As has been mentioned there there are transitions to patch – and vein- perthite and some authors evencall all albitization of K – feldspar perthite.  The albitization may occur in irregular patches.  Though sometimes more or less rectangular boundaries can be recognized.  Mostly the albite contains very tiny albite twin – lamellae.  These can be explained as adaption of the triclinic structure of albite to the monoclinic or almost monoclinic structure of the K-rich feldspar (remember the angle (010) and (001).  Because of the repeatedly rupture of the lamellae it sometimes seems as if the albite is composed of a set of square or rectangular formed fields.  This is called chessboard albite, and it is typical for this genesis.  It will be clear that for both the formation of myrmekite and the albitisation, Na supply is required, even if this supply is only locally.
b) Replacement of plagioclase by albite, see alteration.

5. Adularization 
This is the equivalent of albitisation; viz the replacement of plagnioclase by K – rich feldspar.  Also in this case often irregular patches, or just sharply bounded rectangles.  Often specifically the cores of the plagioclase are altered.
Supplying veins of quartz and adularia indicate later origin of adularia.  The adularia is recognizable from the rather small negative axial angle; low refraction index and birefringence.  Besides sometimes from wedgeshaped crystalforms.  Hydrothermal supply in this alteration often plays an important part.
	6.    Alteration 
Sanidine shows little alteration.  The other K-rich feldspars usually show a cloudy mass which seems to consist of kaolin.  The occurrence of sericite is much rarer.  With metasomatosis many alterations are possible; the most important of these is albitization with Na-supply.  The plagioclases mostly alter into albite and sericite (tiny scales of mica, especially muscovite).  According to Sen (1959) it here plays a part that with the decrease of the An-content also the quantity of K admitted in the lattice should decrease.  This K then might, with i.a. the liberated A1, form sericite.  Kaolin as an alteration product of plagioclase is rare, but may appear in the Na – rich part of the group.  Ca-rich plagioclase has, apart from albite and sericite, also alteration minerals like epidote, zoisite, calcite.  A finegrained mass existing of these minerals is also called saussurite.  Also zeolites appear quite frequently in Ca- rich plagioclases.  At metasomatosis alteration into adularia, prehnite (i.a. in the Vosges, France), scapolite (i.a. in the pyrenesss), tourmaline, topaz etc. occurs.  Supply in these cases is often of hydrothermal origin.
6. Occurrence 
The feldspars are the most frequently occurring minerals in the world.  Sanidine and anorthoclase only occur in acid volcanic rocks, orthoclase in lava’s and plutonic rocks and highly metamorphic rocks, microcline in plutonic rocks and under special circumstance in low metamorphic rocks, adularia in hydrothermal veins.  Plagioclase very frequent in most rock types, mainly in rather basic rocks.  The Ca-richer the rock, the An-richer the plagioclase.  The maximal allowed An – content however is defined by the physical environment during the formation (T and P).  Anorthite is practically restricted to contact metamorphic rocks.  Albite at low temperatures, e.g. in the greenschist facies and in hydrothermal veins (with quartz and chlorite).
DETERMINATION OF FELDSPARS IN THIN SECTIONS WITH SIMPLE POLARIZATION MICROSCOPE (i.e. without universal stage).
1. Determination of plagioclase with the help of lamellar albite twins in sections perpendicular to the twinning plane (010).
a) Selection of sections perpendicular to the composition plane.
The composition plane is perpendicular when it is seen as a sharp boundary, and it does not shift laterally when the tube is moved up and down under the highest magnification.  We restrict ourselves to crystals with lamellar twins, because single twins are difficult to distinguish without a universal stage.  Except for some exceptions only the albite – and the acline-pericline laws occur lamellar.
b) The distinction between albite – and acline – pericline lamellae 
If the An-content is not to high (<70%), the albite lamellae in sections perpendicular to the plane of composition should meet each of the following requirements:
2. Length fast to the composition plane. (that this must be the fact is shown in the sterogram: nz is about perpendicular to (010). See fig 2.
To determine the elongation, the composition plane is fixed in NE-position.  Blue length fast.  Yellow length slow.  
3. Symmetrical extinction to the composition plane.  This because the albite law is a normal law.  This symmetrical extinction also means that the lamellae must show the same interference colour and be equally clear when the composition plane is in the 0o or 45o position.  Of course the extinction positions must lie at either side of the composition plane.  When the composition plane of the twin is not exactly perpendicular, the extinctions are usually not symmetrical.
4. Neither of the lamellae should remain dark when rotating the stage at crossed nicols.  (Sections perpendicular to (010) are never at the same time perpendicular to an optical axis if An% < 90%.  This also can be read from the stereogram).  Acline-pericline laws can fulfil one or two of these requirements, but never all three at the same time.  So the following determination methods may only be used for albite lamellae fulfilling all three requirements.
C)  Measuring the extinction angle 
Here we always determine the angle between the short axis of the spheroid of revolution and the composition plane.  If we are dealing with an albite twin, it is recommended to measure the angle between both extinctions and divide this by two.  In this way we eliminate a possible error in the position of the corsshairs, and also the error resulting from the not exactly vertical position of the composition plane: in this case namely, one extinction angle becomes a littlebit larger and the other a littlebit smaller.  Once again the importance of determining the elongation must be stressed:  length slow means the extinction angle nX …….. composition plane > 45oand we are not dealing with the albite law.
                   d)   Determination of the An% through the maximal extinction angle perpendicular (010). (Method Michel Levy, fig 3).
	Figure 3 gives a summary of the extinction angles of the plagioclases in the zone perpendicular to (010).  Length slow only occurs right below in the graph.  When in a thin section several sections perpendicular (010) occur, from these the maximal extinction angle can be found.  If the orientation of the crystals in the thin section is random, the maximal extinction angle of the zone will be approximated closer according as more sections are studied.  The vertical tangent to the curve belonging to that angle will give for the determined maximal angle the according An%.  The method is approximating and for sure less accurate than the other methods.  However, this method allows us to see in a glance what order of magnitude and An% must be.  In zonal structure the risk is that the Ca-richest parts of the plagioclase may be considered as prevalent for the whole.
e)	Determination of the anorthite content in sections perpendicular to a.
	Here we choose one particular section, specifically that one on which also the plane (001) has a perpendicular position, i.a. where the cleave (001), making an angle of 940 with the composition plane, is visible as sharp lines (check in the same way as for the composition plane).  See fig 4.  In the albite twins the cleavage is symmetrical to the composition plane, so the twin is also visible without crossed nicols.  The orientation perpendicular to a …. Is indicated in fig 3.  The intersection of the line concerned with the extinction curve gives us the An%.
	At about 20% An the extinction angle is 0o, which means that in the section perpendicular to a the albite twin can hardly be seen.  Between o and 20% An, nx’ runs through the obtuse angle between cleavage and composition plane.  This is called negative extinction (not to be confused with negative elongation).  Over 20% An, nx’ runs through the acute angle (010) (001); this is called positive extinction.
	Positive elongation (yellow) doesn’t occur until 95% An.  So over 90% An it is not so easy anymore to distinguish between the planes (010) and (001):  at extinction angles of about 45o we may also have got acline or pericline lamellae and a transverse cleavage (010).
	When in order to determine the extinction angle we bisect the angle between the extinction position of both individuals, the determination is still fairly accurate in not completely perpendicular positions.  This is the best method of plagioclase determination since :
1) The section is pretty easy recognizable
2) The difference between + and – extinction can be seen straightaway.
3) In zonal crystal the An% of each zone can be determined separately and without problems. 
4) Positive elongation in this section doesn’t occur until at 95% An, that is at an An% which occurs very rarely.
In intermediate plagioclases the extinction angle of the section perpendicular to a is at the same time the maximal extinction angle (see fig.3).
f)   Determination of the An% in combined albite and Karlsbad twins in sections perpendicular to the composition plane (010). 
	The lamellae according to the albite law are recognizable under the rules given in b).  They are equally clear in the 0o and the 450 position with crossed nicols.  The usually simple Karlsbad twin is usually visible in at least one or both positions because of asymmetrical extinction and difference in interference colour, and thus can be distinguished. (fig.5). The method is based on the two extinction positions of the Karlsbadtwin belonging to each other, in sections perpendicular to (010).  The albite lamellae only serve to recognize the twin – since the composition plane should be (010) -, and possibly to determine the extinction angle more accurate by bisecting the angle between the albite extinctions.  The graph used for this is based on the fact that the c-axis is the twinaxis of the Karlsbad twin, which makes the plane perpendicular to the c-axis also the symmetry plane of the twin.  The position of the two individuals in fig. 3 should therefore always be on both sides at the same distance from the perpendicular bisection representing this plane.  When we fold double the graph on the line (fig 6), the position of the two individuals should coincide; this means that the extinction angles found for both individuals should run through the same point.  In this way the use of the graph is given:  The intersection point of the found extinction angles at the same time indicates the position of the section as well as the An%.  The drawn curves are used for the larger, the dashed curves for the smaller extinction angles.  The best results are obtained with not too small extinction angles that don’t differ too much from each other (i.e. in the upper right part of the graph).  This is lucky, since the Ca-richer plagioclases of magmatic rocks often contain Karlsbad twins.
	This type of graph has been introduced by …….. (1923), while other graphs for this way of determination have been designed by Winchell and Troger.  Using these graphs must be dissuaded since they don’t exhibit the section of the plagioclase.  In this way K….. graph offers the following advantages:
a. The graph can be used for both the maximal extinction angle (vertical tangent gives An%) and the extinction perpendicular to a (intersection of the drawn curve and the perpendicular to a).
b. If one of the individuals is perpendicular to a, then the 2 extinction curves and the perpendicular to a must run through the same point.  Under favourable conditions this can help us distinguishing high temperature and low temperature plagioclase: The modification which meets the requirements best is the most probable.  The HT modification however, can only occur in not too albite – rich plagioclases of volcanic rocks.
c. If, in zonal crystals, the zones continue unobstructed through the karlsbad composition plane,then the An% can be determined of each of the zones separately.  The zones show a difference in optical orientation but the crystallographic orientation is equal for all:
The intersections of the extinction angles of the different zones must be situated on a horizontal line.  This gives us an extra check on our observations and also the possibility to distinguish between HT and LT modifications, whereas as soon as the orientation is known the An-content of some of the zones can be determined with the help of one single extinction angle.  (fig. 6a).  The HT curve is wrong for very basic plagioclase (Burri, Parker, Wenk, 1967).

2.	DETERMINATION OF PLAGIOCLASE WITH THE HELP OF EXTINCTION ANGLE IN SECTIONS PERPENDICULAR TO THE INDICATRIX AXES.
	The K-rich feldspars and the Ca-poor plagioclases almost all have the same orientation (fig.1):
	nx about // a (perpendicular nx cleavage (001) and (010) visible ny about perpendicular (001) (perpendicular nycleavage (010) visible) nz about //b, perpendicular (010) (perpendicular nz  cleavage (001) visible).
	NB.  In the HT  odification of sanidine ny and nz have exchanged positions, but because of the sometimes small 2V it can not often be checked.
	In monocline feldspars nz coincides exactly with the b- axis, so the sections perpendicular to nx and ny  have parallel extinction; The cleavage planes in this group are perpendicular to one another.  The next page diagram shows the extinction angles of K – rich feldspars and albite as well for comparison.

	The characteristic angles are outlined.




	For the plagioclases, from this extinction angle, the extinction angle can be derived with fig. 9.  Here, only those sections are used perpendicular to nx and perpendicular to nz.  They show an interference colour which agrees with half of the maximal retardation.  Furthermore in Ca-poor plagioclases the section perpendicular to nx shows two and the section perpendicular to nz one cleavage direction.  On account of these characteristics it is easy to find the right sections; the selection eventually of course is done by making an interference figure.  Also if this is not completely centred the results are often still useful.  In this case also it is better to do more observations and for instance compare the results perpendicular to nx and nz.  The requisition of agreement of the results may again make a choice necessary between HT and LT plagioclases.
	Two examples:
	………………………..

	NB.  In this case one should be able to rely on a constant An% like in non-zonal plagioclases of igneous rocks. 
Continuing the graph until anorthite seems somewhat optimistic:  in plagioclases very rich in Ca, sections perpendicular to nx and nz   not offer a visible cleavage.  The method is complementary to the one in albite – karlsbad twins which can be used best for An-rich plagioclases.  The method can also be used in metamorphic rocks, in which plagioclase often has few twins.
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