
PERMANENT CHANGES IN THE OPTICAL 

ORIENTATION OF FELDSPARS 

EXPOSED TO HEAT 
BY 

T O M. F .  W. B AR T H  

4 FIGURES IN THE TEXT 

T
he present paper contains optical data obtained on various feld

spars during heat treatment. 
The experiments were carried out by heating ordinary thin sec

tions in a nichrome furnace. The changes in the optical properties 
caused by the heat were observed with a petrographic microscope 
provided with a Federow stage. 

The writer is indebted to Dr. Olaf Andersen of the Research 
Laboratory of the U. S. Steel Corporation, Kearny, New jersey, for 
a specimen of the single microcline from Evje (see experiment No. 9). 

I. Previous Work. 

The natura! soda feldspar has been encountered in one modi
fkation only, the triclinic albite. No data whatsoever have been set 
forth so far indicating the existence of a monoclinic modiflcation 1, but 
Merwin 2 has shown that an abrupt change in the birefringence of 
natura! albite takes place around 900c. 

Two different forms of the natura! potash feldspar are known: 
the monoclinic orthoclase, and the triclinic microcline. 

The relationship between these two forms will not be fully dis
cussed in this paper. It should be mentioned, however, that various 

t The statement of the existence of a monoclinic soda feldspar (later called 
barbierite) by Barbier and Proust is based on an erroneous chemical analysis 

and on inadequate crystal measurements (Bul. Soc. chim. France (4) 3, 894, 

1908). The only soda feldspar optically monoclinic so far observed is an albite 

from Sei!and which, however, is manifestly made up of submicroscopically 

twinned triclinic units. (Cf. Barth, Zeitschr. f. Krist., 69, 476, 1929). 

2 H. E. Merwin, journ. Wash. Acad. Sei., I, 59, 1911. 
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attempts have been made to transform one form into the other by 
heat or pressure treatment. Orthoclase has usually been regarded 
as the high-temperature modification. Thus Merian I, Wahl2, and 
Miikinen 3 tri ed to heat microcline in order to in vert it, but in vain. 
Merwin 4 also states that microcline is stable to its mel ting point. 

More recently Dittler and Ki:ihler5 have claimed, however, that 
microcline does invert if heated long enough (more than 500 hours). 
Jf these last experiments were conclusive, it would mean that ortho
clase is the only stable modification at elevated temperatures. However, 
Dittler and Ki:ihler did not start with homogeneous feldspar, but with 
perthite. It is known that the two phases in perthite slowly inter
diffuse6 at high temperatures into mixed crystals of anorthoclase 
which have never been shown to represent high-temperature modi
fications of either microcline or albite. Determinations of inversions 
or any change in physical properties of such homogenized perthites 
have therefore but little significance; the y are, at best, on ly measures 
of rate of diffusion. 

Il. Monoclinic Alkali Feldspar. 

The now well-known phenomenon of so-called permanent change 
in the optic axial angle of sanidine was first noticed by Descloizeaux 7, 
and subsequently stud i ed by various oh ter scientists. 8. 

From these experiments we learn that the optic angle of certain 
monoclinic potash feldspars decreases with increasing temperature, 
and if the temperature goes above a certain limit an abrupt change, 
which is irreversible, takes place. 

I A. Merian, Neues jahrb. f. Min., 188 4, I, 193. 
2 W. Wahl, Ofversikt Finska Vet. Soc. Forh., 50, 19 06. 
3 E. Makinen, Geo!. For. Forh. 39, 137, 1917. 
4 H. E. Merwin, journ. Wash. Acad. S ei., I, 59, 1911 . 
5 E. Ditt1er and A. K6h1er, Tschermak's Mitt., 38, 229, 1925. 
6 Cf. (a) S. Kozu and M. Suzuki, Science Reports University Tohoku, ( Ill) I, 

19, 192 1; (b) S. Kozu and Y. Endo, Idem, p. l; (c) S. Kozu and M. Masuda, 

Idem, 3, l, 1926. 
7 Descloizeaux, Co mpt. Rend., 53. 64, 1861. 
s (a) Hugo Werner, "Einflun der Warme auf opt. Eigenschaften von Adular und 

Sanidin". Diss. Kiel 191 0 (lncludes references to previous pa pers); (b) S. Kozu 
and K. Seto, Science Repts., University Tohoku, (Ill) I, 25, 1921; (c) S. Kozu 
and M. Suzuki, Ide m, p. 233, 19 23; (d) Ide m, 2, 187, 1925. 
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Table I presents new experiments on different monoclinic potash 
feldspars heated for various lengths of time. 

Ta b l e  I. Heating of orthoclase at 1000° 

Duration a: t�.' a: tt.' ofheating 2 Vrx in (0 0 1) in (01 0) in hours 

l.  Orthoclase, o 5 0  o 6 
Madagascar 3 25 o 6 

2. Adularia, o 6 1  o 7 
Simplon tunnel 18 5 0  o 6 

140 36 o 7 
45 0 30 o 5 

3. Orthoclase, o 48 o· 8 
Tahiti 18 48 o 8 

24 48 o 8 

4. Anorthoclase, o 58 o 8 

Society Islands 20 58 o 8 

5. Orthoclase o 64 o 10 

perthite, 25 0 6 4  o 10 
Feda 4 00  64  o 8 

7 0 0  69 o 1 0  

6. Antiperthite, 

l 
o 66 o 7 

Se iland 300 63 o 8 
650 5 4  o 10 

1. Orthoclase from Finarantsoa, Madc!gascar, is a typical highly 
transparent gem orthoclase with a yellowish hue. It corresponds to 
the original description of the yellow Madagascar orthoclase by 
Lacroix 1• The indices of refraction in sodium light are: IX= 1.523, 
y= 1.529. Yellow orthoclase from Madagascar has been stud i ed 
chemically by Seto2. A peculiarity of this feldspar is the high con
tent of FeO, which is supposfd to be present in the molecule 
FeAI2Si208 (Fe-feldspar), forming solid solution with the other feid
spar molecules. All the yellow orthoclases seem to be similar in 
composttwn, and always low in soda. Four different specimens 
analyzed by Seto gave: 0.44, 0.42, 0.38, and 0.34 per cent Na20. 

t A. Lacroix, Compt. Rend., 155, 672, 19 12. 
2 K. Seto, Science Repts., Tohoku Univ. (Ill) I, 219,  1923. 
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2. Adularia, Simplon tunnel. The experiments on adularia from 
the Simplon tunnel, Switzerland, as listed in Table I, are graphically 
brought out by Fig. l. It is worth noticing that the duration of 
heating appreciably affects the optical properties. It was already 
evident from Kozu's experiments on adularia from St. Gotthard that 
equilibrium had not been attained in any of his runs, the longest 
duration of which was 6 1/2 hours. 

100 200 300 400 hours 

Fig. l. Adularia from the Simplon tunnel. The curve shows the slow decrease of 
the optic axial angle when this mineral is heated at 1000°. Ordinate: axial angle 

in degrees, abscissa: time in hours. 

Now it is seen that even after 450 hours this adularia has not 
come to equilibrium. 

It should also be QOticed that although the shape of the optic 
indicatrix is radically altered, its position always remains constant. 

3. Orthoclase from Tahiti is an optically homogeneous trans
parent phenocryst in an alkali basanite. The indices of refraction, 
measured in sodium light, are: oc= 1.524, y= 1.530. 

4. Anorthoclase from a felsophyric trachyte, Society Islands, 
shows the following optical propefies for sodium light: oc= 1.528, 

y= 1.535; extinction on (001) is 0°, but in some places narrow and 
long al bite twins have developed whose extinction on (00 l) is l o a -14 °, 

After heating, the crystal has exactly the same appearance. A chemical 
analysis of this mineral has previously 1 been made. The composition 
corresponds to: 

t T. F. W. Barth, Am. journ. Sei., 21, 396, 1931 . 
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Or ......... . 
Ab 
An ......... . 

Mol 
per cent 

29 
6 8  

3 

6 1  

5. Orthoclase perthite, Feda, Norway. This mineral is best 
described as a guttate1 perthite, small drops of albite (composition 
12 An) being embedded in a matrix of orthoclase. The perthitic 
drops make up 15 to 20 per cent of the mineral (see Table Il), 
consequently a bo ut l O per cent al bite is in solid solution in the 
orthoclase. The refractive indices of the orthoclase are (sodium light) 
oc= 1.521, y= 1.527. After the heat treatment the perthite became 
homogeneous, but, as seen from Table I, the value of the optic 
angle remained about the same as it was before heating. A chemical 
analysis and a recalculation in terms of the usual mineral molecules 
are given in Table IL 

Ta b l e  I I. Composition of orthoclase perthite, Feda, N. W. of 
Flekkefjord, Norway (Barth analyst). 

Analysis Ort ho- Al bite A nor- Ba- Sr- Di ff. 
el ase thite feldsp. feldsp. 

' 
Si O o . . . . . . . . . . 6 3.86 44.8 0  16.72 1. 78 0.46 0. 12 -0.02 
Al203 • . . . . . . . . .  !9.82 12.70 4.74 1.51 0.3 8 0.09 +0.40 
Fe2032 ......... 0.24 - - - - - +0 .24 
Mg O . . . . . . . . trace - - - - trace 
Ca O . . . . . . . ... 0.83 - 0.83 - - -
BaO ........... 0.57 - - 0.57 - -
SrO . . . . ... . .. . 0.09 - - - 0.09 -
Na .o . . .. . . . .. . 2.8 8 2.88 - - - -
K.o ........... 11.71 11.71 - - - - -

Su m .......... 1 100.293 1 69.21 l 24.34 l 4.12 l 1.41 l 0.30 l 

t This ter m has previously been proposed and defined by me. Cf A m. Mineral., 

15, 130, 1930. 
2 Total iron oxide, expressed as Fe203. 
3 In the su m mation is included: H20-II0°=0.21, loss on ignition=0.0 8. 
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6. Antiperthite, Seiland. This antiperthite is met with in nephe
line-syenitic pegmatites in the island of Seiland, northern Norway. 
A more elaborate study of this interesting mineral has been published 1 •  
As distinct from the aforementioned perthite from Feda the Seiland 
perthite did not become homogeneous during heating. Although some 
diffusion probably has taken place, both the albite and the orthoclase 
phase have nevertheless remained (cf. p. 7 1  ). The data in Ta ble I 
refer, however, only to the orthoclase p hase. It seems reasonable 

Affected 

lo0 
"o l 

by heat 

o 
" o 

Not affected by 

o o 

heat :1t 10oo• 

Fig. 2. Graphical representation of Tables lli and IV. 

.\ .. 
that the slight change of the optical constants of the mineral is due 
chiefly to the diffusion. A chemical analysis of this mineral has been. 
published 1• The compo�ition expressed in terms of mineral mole
cules is: 

Weight 
per cent 

Orthoclase . . . 26 .3 
Albite . . . . . . . . 6 8.7 
Anorthite . . . . . 3.0 
Ba-feldspar . . . 1.0 
Sr-feldspar . . . . 0.2 
Fe-feldspar . . . 0.4 

Conclusions. 

The preceding data indicate that not all kinds of alkali feldspar 
will show a permanent change of the optic axial angle when heated 
at 1000°. Taking all available data together it seems to be a general 
rule that the more potassic the feldspar the bigger the change. The 
compilations in Ta bles Ill and I V and Fig. 2 bring out this fact. 

l To m. F. W. Barth, Pegmatitgange i m  Seiland Gebiete. Vid. Akad. Skr., Nr. 8, 
Oslo, 1927. 
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T a b  le  I Il. Composition of monoclinic alkali feldspar showing 
permanent change of the optic axial angle on heating1• 

Sanidine,2 Adularia,2 Orthoclase,2 
Ei fei St. Gotthard Madagascar 

Or ............... 77 88 85 
Ah ............... 2 2 9 4 
An ..... .... . . . . . .  3 

Fe-feldspar ........ Il 

T a b  l e  IV. Composition of monoclinic feldspars whose optic angle 
is not appreciably affected when heated at 1000° . 

Or . .... .... .. .. . 
Ah ............. . 
An .. ... ....... . . 
Ba-feldsp . . .. ... . . 
Sr-feldsp. . . . . . . . . l 

.., .., 
c c o o 00� 
c .., 
gu 

::E 

73 
24 

3 

.., "' 
� "' O -a  o .., 
'€� 
o 

70 
24 

4 
1.4 
0.3 

.., .., 

� � "' .... 
c o 
o :::O::: o 
::E 

6 2  
33 

5 

Ill. Microcline. 

45 
53 
1.6 

26 

69 

3 
l .  O 
0.2 

29 

68 

3 
0.18 
0.07 

Most microclines show two sets of lamellar twinning, causing 
the well-known cross-hatching to appear on the base. But untwinned 
microcline, also, though rare, has been found in various rocks. In 
the pre-Cambrian gneisses and pegmatites of southern Norway, for 
instance, one can find such simple microcline relatively often. 

t On a sanidine fro m  Betteldorf analyzed by Werner (see p. 58, footnote 8 a) 

containing Or71Ab29, the axial angle is said to be radically changed when the 
mineral is heated l hour at 1000°. 

In addition to these experi ments on che mically analyzed orthoclases a 
good many experi ments on unanalyzed material indicate that if potassic ortho
clases are beated the optic angle generally undergoes a per manent change. 

2 See p .  58, footnote 6 a. 
3 See p. 58, footnotes 6 a and 8. 
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In the following experiments both twinned and simple microcline 
have been used. 

In the introduction it was mentioned that diffusion takes place 
readily in the alkali feldspars when heated to l 000°, and since 
microcline almost always occurs as perthite and not in homogeneous 
crystals, it was impossible to get quite homogeneous preparations. 
The best thing to do was to bring thin sections of coarse perthite 
rapidly up to about 1000° and immediately afterwards quench them, 
the feldspar thereby cracking up along the perthite lamellae, so that 
the more homogeneous areas between the lamellae could be picked 
out and used. However, even this groundmass is never perfectly 
homogeneous; there is always some fin el y distributed perthite present, 
especially film perthite 1• When heated, this perthite becomes dis
solved of course in the microcline substance, the optical properties 
of which are thereby changed. But since the amount of the perthite 
is very small (estimated in all cases to be between 2 and 5 per cent), 
the alteration of the optical properties caused by the diffusion would 
seem to be slight. 

Since it has been claimed that microcline inverts to orthoclase 
if heated long enough,2 three specimens, one twinned and two un
twinned microclines were heated for several hundred hours. 

7. Microcline from Moi, Rogaland. A thin section 11 (001) shows 
that this perthite is very fin el y twinned; in places the twins are so 
extremely small that the microcline has a foggy appearance; in other 
places the microcline gra ting appears distinctly. O ne would think 
that these almost submicroscopically small twins would have a good 
chance to invert to orthoclase; but after 330 hours at l OOOu no 
change could be seen. The same indefinite extinction, the same 
areas of foggy appearance, and the same areas of distinct microcline 
grating were seen. 

8. Microcline from Movig. A brief description of this microcline 
perthite and its mode of occurrence is on record3. The microcline 
is essentially untwinned, but a few lamellae in twin position to the 
main individual are occasionally seen. The extinction on (001) is un-

t The na mes of the perthites are here used as by O. Andersen in his sche me 
of classification of perthites. (Norsk. Geo!. Tidsskr. JO, 116, 1928.) 

2 E. Dittler and A. Kohler, Tscher mak's Mitt., 38, 229, 1925. 
3 To m. F. W. Barth, Neues Jahrb. r. Min. Abt. A, Beil . Bd. 58. 1928, p. 397. 
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dulating, the maximum value of the angle before heating being 
about 15°. 

After 400 hours heating at 1000° the mineral has the same 
appearance as be fore. Possibly the extinction on (00 l ) has become 
still more undulating, but the maximum value of the extinction angle 
is still 15 °. 

9. Microcline from Landsverk, Evje. Sections of this feldspar 
show that it is untwinned. On (00 l) it has a somewhat variable 
extinction: 16 o -20° in pa te hes. This feldspar has previously been 
studied by O. Andersen and an analysis of it has been published 1• 
The composition is: 

Weight 
per cent 

Or . . . . . . . . . . 71.7 
Ab ........... 28.2 
An........... O.l 

A microscopic determination showed that 26 per cent albite is 
present as perthitic lamellae in this mineral. After 600 hours heat
ing at 1000°, the mineral is still triclinic; the extinction on (001) 
varies from 1 2° to 16°. 

To verify these results two more experiments were made. 
Again both twinned and untwinned microcline were used. In the 
untwinned crystal the optic angle was determined, but in the twin
ned crystal the 1amellae were prohibitively narrow for any axial 
measurement. Table V gives the results. 

It is seen that neither of these microclines has inverted to ortho
clase. The slight change in the optical properties of the microcline 
from Skede after 700 hours heating is in all probability due to 
diffusion of the film perthite into the microcline substance, and can 
hardly be indicative of an initial inversion. In the microcline from 
SOdal, which has only a trace of perthitic inclusions, the extinction 
on (001) remains perfectly constant. 

t Norsk Geo!. Tidsskr. 1 0, 11 6, 19 28; specimen No. 505. A typical microphoto
graph of it is given by O. Andersen as Fig. 21 in "Feltspat l" Norges Geol. 
Undersøk. No. 128 A, 19 2 6. 

Norsk geo!. tidsrkr. XII. 5 



66 TOM. F. W. BARTH 

T a b  l e  V. Heating of m icrocline at 1000°. 

Dura ti on a: a.' a: a.' 

of heating 2 Vcr: in ( 0 0 1) in (010) 

10. Microcline. o - 17 8 
Soda! 25 0 - 17 7 

400 - 16 7 
70 0 - 17 8 

Il. Microcline, o 84° 17 8 
Skede 5 0  84 17 8 

25 0 84 13 8 
400 80 13 7 
700 64 8 8 

10. Microcline from Sodal 1 km north of Kristiansand is met 
with in idiomorphic crystals in a coarse-grained facies of a granite. 
It is unusually free from perthitic inclusions. The highest index of 
refraction measured on cleavage plates pa ralle! to (00 l) is y'= 1.530. 

11. Microcline from Skede, found in a pegmatite dike on a 
little island just outside Kristiansand harbor, is a simple microcline 
without twinning of any kind. It is a coarse vein perthite, but with 
some film perthite between the veins. 

IV. Albite. 

The heating experiments on albite are computed in Table VI. 
All measurements indicate that the position of the indicatrix 

remains essentially unchanged, whereas the optic axial angle prob
ably is slightly raised. 

T a b l e  VI. Heating of albite at 1000°. 

12. Albite, Seiland Before heating 
After 75 h. 

Extinction 

j_ (0 0 1) and (010 ) 
2 Vy 
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Ext . in Ext. in 2Vy (00 1) ( 01 0) 

13. Albite. Kragerii Befare heating 4 20 75
° 

After 1 00 h. 4 1 9  80
° 

" 25 0 h. 4 18 80
° 

" 55 0 h. 4 1 9  82
° 

12. Albite antiperthite, Seiland. An analysis of this feldspar 
has been published by j. Schetelig 1. 

The composition is: 

l Mol 
per cent 

Or . . . . . . . . . . 6.2 Ab.......... . 87.1 An . . . . . . . . . . 5.2 
Ba-feldsp. . . . . 0.3 
Sr-feldsp. . . . . . 0.3 

13. The platy albite from Skåtoy, Kragero is microscopically 
homogeneous. An analysis has been published by O. Andersen2. 

The composition is: 
====r=== 

Weight 
per cent 

Or . . . . . . . . . . 0.9 
Ab ... 98.4 An........... 0.7 

V. Plagioclases. 

A few experiments have been carried out on oligoclase and labra
dorite. 

14. Oligoclase from a plumasite dike, Seiland. This mineral 
is antiperthitic with irregular patches of orthoclase, and plates of 
muscovite in a groundmass of acid oligoclase. After 48 hours heat
ing at l 000 a a zone of monoclinic anorthoclase had developed around 

t 
A . Hoel and J. Schetelig, 

"
Nepheline-bearing Pegmatitic Dykes in Seiland". 

Festskrift til professor Amund Helland. Kristiania 191 6. 
2 Norsk Geol. Tidsskr. 10, 1 16, 1 928; specimen No. 731. 
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each patch of orthoclase (see p. 70 f. f. ), but the oligoclase substance at 
some distance from these patches was almost unchanged. The mea
surements gave: 

Before heating . . .. .. . . . . . . . . .. . . .. . .  . After heating . . . .. . .. . . . . . . . . . . . . . . .  . 

2Vy 

92 
1 06 

Extinction 
in (001 ) 

2 
2 

Extinction 
in (01 0) 

1 2 
10 

A analysis of this mineral has previously been published 1• 
The composition is: 

l Mol 
per cent 

Or . . . . . . . . . . 4.3 Ab . . . . . . . . . . .  84. 2  
An . . . . . . . . . . .  11 .5 
Ba-feldsp.. . . . . 0.05 

15. Plagioclase from pegmatite, Eitland2• 

Before heating . . . . . . . . . . . . . . . . . . . . .  . After 50 hours at 1000
° 

. . . . . . . . . . . . .  . 

2Vy 

83 
90 

a: a.' 

in (001) 
a: a.' 

in (010) 

1 5  
IS 

The measurements, on unheated material, of the optic angle and 
of the two extinction angles correspond to l O An, l l An, l l An 
respectively. A measurement of the highest index of refraction in 
(00 l) gave y'= 1.542, and corresponds to l O An. 

t Tom . F. W. Barth, Pegmatitgange im Seiland Gebiete. Vid. Akad. Skr., No . 8, 
Oslo, 1927. 

2 A petrographic investigation of these occurrences of feldspar has been published 
(Tom. Barth, Genesis d .  Pegmatite im Urgebirge l. Neues Jahrb. f. Min . Abt. A, 1928, p .  385). The geographic names used above are fully explained in 

said paper. 
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010 

Fig. 3. Stereographic projection of Jabradorite from Klovsteinen. O = a.. + = �. 
6 =y, O optic axis. 

O 
pen plots: before heating. Solid plots: after heating 

at 1000° for 300 hours. 

16. Plagioclase from pegmatite, Prestegårdsskogen 1• 

Before heating . . . . . . . . . . . . . . . . . . . . . . l 
After 48 hours at 1000° . . . ... . .. . .. .  . 

2Vy 

90 
98 

a: a.' 

in (001) 

2 
2 

a: a.' 

in (010 ) 

6 
6 

The optical properties of the unheated material correspond to 
about 16 An. 

17. Labradorite, Klovsteinen, Sondeled. Several heating ex
periments the duration of which varied from 48 hours to 300 hours 
were carried out on this mineral. These experiments show definitely 
that a pronounced change of both the position and shape of the 
optical indicatrix takes place. These changes are shown by the pro
jection (Fig. 3). 

There is no chemical analysis of this mineral, but all the optical 
properties of the unheated mineral are in excellent agreement with 
the composition 52 An, 48 Ab. 

l See footnote 2 on preceding page. 
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• 

o 

001 

o 

l 

• 

100 

Fig. 4. Stereographic projection showing the direction of the change of the optical 
elements, as diffusion takes place. Open plots: optical elements of a perthite la
mella (about 13 An) in the microc!ine perthite from Skede (Experiment nr. Il). 

Soli d plots: the same place in the perthite lamella after interdiffusion hact' taken 
place at 1000 ° for 700 hours. 

Appendix. 
Diffusion. 

When perthite is heated diffusion takes place. The contact be
tween the perthitic inclusions and the groundmass first becomes in
distinct and hazy, and then, as diffusion goes on, a zone of anortho
clase develops synantetically between the albite and microcline phases. 

When heated at 1000° this effect is obviously visible after 200 
hours. When heated at 600c there is not the slightest indication of 
this effect even after 700 hours. 

The optical properties of the original albite phase are much 
more radically changed by the diffusion than are those of the 
microcline phase. After 12 hours or less the positive optic axial 
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angle of albite is appreciably increased 1, and it keeps on going up 
and up, passes 90° and usually comes to a stop at 120'-125° 
(corresponding to a negative angle of 60°-55°). The position of.the 
indicatrix is simultaneously alte red. It soon assumes a monosym
metrical position, although small deviations from this are frequently 
seen, just as we find in the natura! anorthoclases. 

The original microcline substance is also changed by diffusion. 
The negative optic angle decreases (from around 80" to around 50°) 
and the extinction on (00 l) also decreases - the indicatrix thus 
approaching a monosymmetrical position, but rather seldom, even 
after 700 hours heating at l 000°, are true monoclinic properties 
exhibited. Typical examples of the effect of the diffusion are shown 
by the stereographic projections in Fig. 4. 

It is obvious that the perthites do not always become homo
geneous after 700 hours heating. Generally it can be said that the 
more albitic the perthite the more difficult it is to homogenize it. 
In about 700 hours not too coarse perthites with about 30 per cent 
(or less) albite become essentially homogeneous at 1000° C. But in 
the aforementioned Seiland perthite the two original phases are still 
present (see experiments 4 and 5). This does not mean, however, 
that a homogeneous feldspar of this composition is unable to form; 
for the aforementioned natura! anorthoclase from the Society Islands, 
which is homogeneous, has in all probability been formed at a 
temperature appreciably lower than 1000°. 

The composition of these two feldspars follows: 

Or Ab An l B�- Sr-
feldsp. feldsp. 

Homogeneous anorthoclase. Society Islands . .  29 68 3 0.18 0.06 
Antiperthite, Se iland, not homogeneous after 

700 h., 1000° . . . . .. . ...... . .. . .... . . ... . 26 70 3 l. O 0.2 

l This is partly due to the fact that the optic axial angle of pure albite is slightly 

increased on heating (see p. 66). 
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Summary. 
When orthoclase is heated the optic axial angle usually decreases 

slow ly; in the case of an ad ula ria (experiment 2) it took 450 hours 
at 1000° to change the angle from 61 o to 30°. The absolute amount 
of the change seems to depend on the composition of the feldspar; 
generally the more potassic the feldspar the bigger the change. In 
all cases the position of the optic indicatrix remained unchanged. 

The optical properties of microcline are not changed by such a 
heat treatment. Microcline does not invert to orthoclase. 

Except for a slight increase of the axial angle the properties of 
albite and oligoclase are not changed on heating; but in labradorite 
an appreciable alteration of both the position and shape of the optical 
indicatrix has been observed. 

When perthites are heated at 1000° diffusion takes place; a mixed 
crystal of apparently monoclinic symmetry ( = anorthoclase) develops 
on the contact between the original albitic and potassic phases. 
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