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T

he observations on which the present paper is based have been
made in the course of the writer's examination of the feldspar

deposits of Norway.

The specimens exarnined represent upwards of

300 localities of pre-Cambrian pegrnatites, for the most part situated
in southern Norway.

Of each specimen two or more thin slides

have been prepared; some large specirnens have also been exarnined
on polished surfaces, and chemical analyses have been made of a
considerable number of perthites and of a few other feldspars.

A more detailed report on these observations and their bearing
on petrologic problems will be included in
the pegrnatites to be published later.

a

general description of

This pap�r contains an outline

of the results arrived at regarding the genesis of the feldspars, more
especially the perthites, occurring in the pegmatites referred to and
brief statements of the facts and conclusions supporting these results.

I. Remarks on Theories of Perthite Formation.
Current Theories.
No complete review of the literature on perthite theories will
be given in this paper; such reviews have been cornpiled by several
previous writers, and most papers on the subject contain numerous
references2.
t

An elaboration of a part of a paper on pegmatites and feldspar read befare
the Norwegian Geological Society on the 8th of March 1928.

2

See for instance:

Wenglein, Otto,

O ber

Perthitfeldspathe:

Inaugural-Disser

tation der Kgl. Christian Albrechts-Universitat zu Kiel, 1903.

Herzenberg R.,

Beitrage zur Kenntnis der Kalinatronfeldspate: Inaugural-Dissertation, Kiel 19 11.
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It may suffice here to make a few remarks on the state of the
perthite problems at the present moment.
It has been commonly recognized for some time that perthites
may have been formed largely through three different processes:
'
simultaneous crystallization, exsolution, and replacement, but with
regard to the role played by each prccess, opinions have differed
widely.
Previously the process of simultaneous crystallization was empha
sized (primary perthite), the replacement process being recognized for
special types only (secondary perthite), and the process of exsolution
being just vaguely hinted at, but not actually considered.

After the

appearance of the theories of VoGT 1 the exsolution process has been
much favoured as explanation of all common types of perthite, while
the replacement process seems to have retained its role as explana
tion of special types, such as chess-board perthites.

(However, no

clear definitions of the distinguishing features of the types seem to
have been given).

In his last contribution to the discussion of per

thites VoGT2 emphasizes strongly the process of exsolution as the
cause of all ordinary perthites, at the same time granting that some
perthites (not defined) have been formed by hyd rothermal processes,
but renouncing, as it seems, the process of simultaneous crystalliza
tion previously advocated by him.

Remarks

on

Feldspar Diagrams.

Both the exsolution theory and the hypothetical phase rule dia
gram of VoGT to which the theory is attached have gained recogni
tion by a majority of recent writers, who either have adopted VoGr's
original diagram or have suggested modifications of it3.
A Iling, H. L., The mineralography of the feldspars, I and
193-294, 1921, and 31, 282 -305 and 354-375, 1923.
Feldspar diagram:

Il:

Some of

Journ. Geo l., 29,

Vogt, J. H.L., On the

Det Norske Videnskaps-Akademi i Oslo, Skrifter, I, Mat. 

Naturv. Kl., No. 4, 1926.
1

Vogt, J. H. L.,

Physikalisch.chemische

Eruptivgesteinen:

Gesetze

der

Tscherm. Min. Petr. Mitt., 24, 437,

Krystallisationsfolge

in

19C6.

See also several later papers by the same writer.
2

Reference above (pa per from

3

Among publications in which adherence to Vogt's ideas is more or less ex
plicitly

stated,

the

follownig

l
may

history of igneous rocks, p. 258,

be

1909.

referred to:

Harker, A., The natura!

Schwa n tke , A., Entmischungen labiler

isomorpher Mischungen in d e r Feldspatgruppe:

Sitz. Ber. Ges. Bef. ges. Natur-
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these mod iflcations are considerable, and VoGT himself has suggested
rather important changes of the d iagram in his last paper teferred
to above (p. 117).

In the original d iagram there was a wid e hiatus

in the range of mutual solubility of potash feldspar and sod a feid 
spar.

In the last publication it is left undecided whether there is a

very small hiatus or no hiatus at all.

Common to all the modi

flcations of d iagrams that have been suggested are the lines in dicating
a decreasin g mutual solubility between potash feldspar and sod a feid 
spar by falling temperature, the very clue to the explanation of the
exsolution phenomenon .
All these modiflcations of hypothetical feldspar diagrams have
been largely based on the interpretation of analytical d ata compiled
from various sources, and the changes in the con ceptions of them
are perhaps d ue just as much to modified interpretation s as to fresh
observation s necessitating changes.
Although these d iagrams, as stated , have been more or less
recognized by man y pertrologists they have not been unanimously
accepted . Serious objections against VoGT's original diagram were for
instance ra ised by U SSING 1 and BELJANKIN 2 who both, from different
points of view, maintained that the quantitative relations of the d ia
gram did

not hold true.

The recent mod iflcations, although they

seem to meet some of these criticisms, d o not alter

d iagrams

enough to make them lose their nature of hypothetical graphic inter
pretations of analytical d ata.

It seems to the present writer that,

notwithstanding the great stimulance which the appearance of these
d iagrams have given to the feldspar in vestigations, their importance
as expressions of actual phase relations has been exaggerated .

The

d iagrams have been exceedingly useful in the d iscussions by ren
d ering complicated relations intelligible, but it seems that the quanwiss. zu Marburg,Jan. 1909. Tschirwinsky, P., Quantitative mineralogische und
chemische Zusammensetzung der Granite und Greisen, p. 511, Moskau 1911.
Warren, C. H., A quantitative study of certain perthitic feldspars:
Acad. Arts and Se., 51, No. 3, 1915. Makinen,
Geo!. Foren. Forhand!., 39,
p. 117.

121-184, 1917.

E.,

O ber

Alling,

Pro c. Am.

die Alkalifeldspate:

papers referred to on

Winchell, A. N., Studies in the feldspar group: journ. Geo!., 33,714

-727, 1925.
I

Ussing, N.V.,

Geology of the country around julianehaab:

Meddelelser om

Grønland,38, 148, 1911.
2

Beljankin,

D.,

Ausscheidungsfolge

der

Feldspathe in den Granitgesteinen:

Ann. Inst. Polytechn. Pierre le Grand il Petrograde, 22, 259 -277, 1914.
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titative relations ascribed to them must be uncertain at best. Many
other varieties of diagrams might be suggested; these would be ob
viously speculative, but not more so than some of the diagrams
published, and they might explain the facts equally well as these
or better.
This point of view seems so much the more justified as the
experimental evidence bearing on the phase relations of alkali feld
spars 1 plainly shows that these relations can not be expressed as
simply as presumed in the hy pothetical diagrams.
Another matter of importance in this connection is that toth the
experimental and the hypothetical diagrams deal with dry melts only,
while the alkali feldspars, at !east those of the pegmatites, according
to universally recognized ideas, must have been formed in the pre
sence of c0nsiderable amoums of vo1atile constituents; they may in
most cases be more naturally regarded as produced by crystallization
from hydrothermal solutions than from feldspar melts2.
In view of this state of the matter the writer has thought that
it might be of interest to attempt a discussion of �ome of the feid
spar problems 0:1 the basis of a complete emancipation from hypo
thetical phase rule diagrams.
Summary of Modified Perthite Theories.

One of the objects of the present paper is to show that a pro
cess involving a recry stallization produced by circulating so!utions
and a replacement of more or less of the mi c r o
in contraction
cline by albite, also effected by circulating solutions, has p1ayed an
important part in the formation of all ordinary perthites of the grani
tic pegmatites. It is shown th1t the properties of thermal expansion
peculiar to soda-potash feldspar afford a physical explanation of the
cracks. The \vriter also maintains that the process of exsolution in
the solid state, although perhaps always a concurrent cause, has
played a relatively subordinate part in the formation of perthites.
It is further shown that the process of simultaneous cry stallization
must be taken into considcration.


1
2

Morey, G. W., and Bowen, N. L., The melting of potash feldspar: Am. journ.
Sei. 4, 1�21, 1922.
See: Niggli, P.: Zeitschr. Kryst., 57, 376, 1922.
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Stated in a few words the sum of the results of the writer is
that the perthites as they now appear, cannot be regarded as pro
ducts of simple magmatic cry stallizations modified by exsolution
processes and incidental replacements; the y are formed through a
complex series of processes, all imposed on the feldspar as a natura!
consequence of the evolution of the pegmatite, and among these the
processes of recry stallization and repl2cement occurring at various
stages seem to be dominating.
The evidence supporting these views
is largely found in the textural features of perthites and other asso
ciations of feldspars.
These textural features have been little used in the discussions
of the genesis of perthites from granitic pegmatites. MAKINEN has
given interesting descriptions of such textures and has drawn im
portant conclusions from them 1, and there are, of course, numerous
scattered descriptions and illustrations2, but there is no such general
treatment of the problems attached to the textural features of per
thites from granitic pegmatites as there is of the corresponding
problems of perthites from syenite pegmatites and nephelinc syenites.
BRøGGER's dcscriptions of feldspars from sy enite pegmatite in south
em Norway3 and UssrNG's descriptions of feldspars from nepheline
syenites in Greenland 4 are unique in this respect.
Before describing the textural features and discussing the parti
cular genetic problems a section will be devoted to a general dis
cussion of the problems of c:mtraction cracks.
t
2

3
4

Makinen, Eero, Die Granitpegmatite von Tame!la: Bull. Comm. Geo!. Finlande,
No. 35, p. 12, 1913.
See for instance the papers referred to on p. 145.
Brøgger, W. C., Die Mineralien der Syenitpegmatitgange der Si.idnorwegischen
Augit- und Nephelinsyenite: Zeitschr. Kryst. 16, .521-564, 1890.
Ussing, N.V., Mineralogisk petrografiske Undersøge!ser af Grønlandske Nefe
linsyeniter: Meddelelser om Grønland, 14, 1 1C6, 1894. This paper also
contains a most interesting summary of textural features and genetic problems
of perthites in general.
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Il. Thermal Contraction as a Cause of Perthite
Formation.
A few remarks are first made regarding earlier ideas pertaining
to the problem of contraction cracks in its bearing on perthite
formation. Then a summary is given of the existing data on the
thermal expansion properties of alkali feldspars, and finally the
various phases of the problem of contraction cracks are di�cussed
somewhat in detail.
Previous Opinions.

As early as 1885 LEHMANN 1 sug g ested that perthites were formed
in connection with contraction cracks. The albite was supposed to
have originatect outside the perthite and to have been deposited in
the cracks after these had been widened by corrosion. The presence
of contraction cracks in sanidines of Javas was pointed out. Mention
was also made of experiments showing how cracks could be produ
ced artificially by rapidly chilling adularia which had been heated to
a hig h temperature2.
Although the phenomenon of contraction cracks thus has been
well known the theory that the perthites may owe their origin to
such cracks seems never to have been generally accepted. At first
recourse was had to an explanation that postulated a corrosion of
the potash feldspar a lo ng directiolis corresponding to the trend of
the perthite interg rowths3 and a simultaneous deposition of albite.
This theory seemed to hold its g round beside the theory claiming
a primary formation of perthites i. e. a simultaneous g rowth of potash
feldspar and soda feldspar. Then came the exsolution theory and
with the simple explanations afforded by it, it soon overshadowed
l

2

3

Lehmann, J., Ober die Mikrolin- und Perthitstructur der Kalifeldspiithe und
deren Abhangigkeit von iiufleren, z. Th. mechanischen Einflilssen: Jahresber.
Schles. Ges. vater!. Cultur, 63, 92-100, 1895, and 64, 119, 1886.
In the same paper the close association of the microcline with perthite veins
was emphasized. The microcline twinning was considered secondary, formed
by a!teration (Umlagerungl of orthoclase under the influence of mechanical fore es.
See for instance: Sauer, A., Neubildung von Albit in granitischen Orthoklasen:
Zeitschr. Deutsch. Geo!. Ges., 40, 146, 1888.
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th� others. At present the contraction theory seems to have been
generally discarded as an obsolete idea.
reasons for the rejection of this theory may have
One of
been that no adequate physical explanation of the formation of con
traction cracks in the fddspars of slowly cooled rocks like g ranites
and pegmatites was given. At the time of LEHMANN's paper the
properties of thermal expansion of the feldspars were imperfectly
known, although quantitative data had been published ( see below) ,
and even after the appearance of rather definite data no one seems to
have utilized these properties for the explanation of contraction cracks.
Data on Thermal Expansion of Feldspar.

The first determination of the thermal expansion of feldspar
appears to have been made by FIZEAU 1. On adularia from St.
Gotthard the direction of maximun expansion was found to Iie in
the plane of the symmetry at an angle of +
48' with (001).
Along the two directions perpendicular to this maximum axis, in the
plane of symmetry and parallel to the b-axis, respectively, the ex
pansions were found to be negative, i. e. there was a con traction on
heating. Determinations on a feldspar from Eifel g ave similar results
( angle of direction of maximum expansion with (001)
+ !9° IS').
=

The values of the coefflcients of expansion were given for +

40

C,

C.
the temperature rang e of the determinations extending to +
Determinations by BECKF.NKAMP2 on adularia from Pfitschthal
for a temperature rang e up to 200" C confirmed FIZEAu's rcsults
with reg ard to the orientation of the main axes of expansion, the
axis of maximum expansion being found in the plane of symmetry
at an ang le of + 20o with (001) and the axis of minimum expan
sion parallel to the b-axis. However, the values of the coefficients
of expansion were different from FIZEAU's, and they were all positive.
In a series of determinations by 0FFRET3 on sanidine from Eifel
the temperature range was extented to 300° C. The direction of
I
2
3

Fizeau, H., Ueber die Ausdehnung starrer Korper: Pogg. Ann., 135, 383 390,
1868.
Beckenkamp, j., Ueber die Ausdehnung monosymmetrischer und assymmetri
scher Krystalle durch die Warme: Zeitschr. Kryst., 5, 452 461, 1881.
Offret, A., De la variation, sous l'influence de la cha1eur, des indices de
refraction de quelques especes minerales, dans l'etendue du spectre visible:
Bull. Soc. Franc. Min., 13, 641-644, 1890.
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minimum expansion was found to coincide with the b-axis and that
of the maximum expansion to Iie somewhere near the a-xis in
agreement with FIZEAu's and BECKENKAMP's data, but the figures for
the coefficients of expansion ( all positive) gave only small dilference s
for the different directions.
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Figs. l and 2.
Thermal expansion of adularia from St. Gotthard (l) and .. yellow
orthoclase" (microcline perthite) from Arendal 12).
Horizontal axes: Temperatures
in degrees C. Vertica l axes: Expansion in p et., A parallel to a-axis, B parallel to
b-axis, C perpendicular to (001). ( Afte r K6zu and Saiki).

The last and most comprehensive determinations of the expan
sion properties of feldspar were made by Kozu and SAIKI 1. These
investigators determined the thermal expansion of six different alkali
1

K6zu, S., and Saiki, S., The

T6hoku Imp. Univ., Ser. Ill,

thermal expansion of alkali-feldspars: Sei. Rept.
Vol. Il, No. 3, pp. 203-238, 1925.
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feldspars ranging in composition from 9 1.5 K-f, 4. 1 N a-f, 0.3 Ca-f
to 56. 1 K-f, 42 .7 Na-f, 1.2 Ca-f, at temperatures between O" and
1 100° C. No determinations of the orientation of the main axes of
expansion were made. On five of the specimens the expansions
were determined in three directions, viz. those of the a-axis, the
b-axis and a direction perpendicular to (00 l). On one of these
specimens, a moonstone from Cey lon, additional determinations were
made in directions perpendicular to the plane of schillerization and
along this plane in the direction of its intersection with (00 l). On
the sixth specimen measurements were made only in the direction
perpendicular to (00 l). In all cases the expansions were determined
by first heating the specimen to Il 00 °, making measurements at
regular temperaturr: intervals, and then cooling it, repeating the
measurements at the same intervals. The values obtained by cooling
generally differed considerably from those obtained by heating, the
measurements in all cases indicating a permanent expansion after the
completed cooling 1. Some of the results of K6zu and SArKr will
appear from Table l and Figs. l and 2. From the data obtained ( see
the fable) no simple relations between the expansion and the com
position of the feldspar can be derived, unless it be that the diffe
rences between the three main expansions will decrease with in
creasing amount of soda feldspar. - In perfect accord with measure
ments of previous investigators it was found that the direction along
the a-axis always bad a far greater expansion than the other directions
measured. The b-axis usually represented the direction of minimum
expansion, but the ratio between the values for this direction and
the direction perpendicular to (00 l) were sometimes changing in the
course of the temperature range Oo 1100°, and for certain inter
vals the direction perpendicular to (00 1) would represent the minimum
expansion. It is a noticeable fact that in the case where the expanI

The explanation of this may be, as indicated by K6zu and Saiki, that solid
solutions were formed between the potash feldspar and soda feldspar. As a
matter of fact the discrepancies between the to sets of values were far greater
for the perthitic specimens, in which such solutions could take place, than
for a specimen of apparently homogeneous adularia. However, some of this
permanent volume change may also be due to an actual melting of a part of
the feldspar at the contacts between potash feldspar and soda feldspar, the
melting temperatures of pure mixtures of the feldspars lying somewhat below
1100° C.
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T a b l e l.
Thermal expansion o f alkali feldspars o n heating.
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Adularia, St. Gotthard.
Microcline perthite (amazone stone), Pikes Peak.
Moonstone, Ceylon.

IV.

Microcline perthite ("orthoclase"), Arendal.

V.

Perthite, Kutsuwatori.

Average of determinations on two different specimens.

+ Measurements :f intersection between plane of schillerization and

(001).

§ Measurements j_ plane of schillerization.

sion was also determined in the direction perpendicular to the plane
of schillerization the value obtained for this direction was almost
identical with that for the direction of the a-axis. The orientation
of this plane of schillerization is not explicitly stated, but there is
no reason to doubt that it has had the usual position parallel to the
b-axis and forming an angle of --;- 7 2 with (00l ).
o
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Summary of data.

The determinations reviewed in the foregoing paragraphs, although
there are many discrepancies between individual results, demonstrate
concordantly the following relations which are those of immediate
interest in the present case:
l . The direction of maximum expansion in the alkali feldspars
Iies in the plane of syrnmetry (all these feldspars for the present
purpose being considered monoclinic) and forms an angle of + 18 o
to + 20 with (00 l).
2. The direction of minimum expansion is usually that of the
b-axis, while the direction of the mean expansion Iies in the pl ane of sym
metry and perpendicular to the direction of maximum expansion i. e.
forming 6 8 with the c-axis in the obtuse angle � (-;- 70" to ;-72"
with the a-axis). In some cases these two expansion axes change posi
tion, the mean axis then coinciding with the crystallographic b-axis.
3. The maximum expansion is usually very considerably greater
than the expansion in other directions.
Explanation of Contraction Cracks based on slow Cooling.
Remarks on cracks formed by rapid cooling.

The formation of cracks in a rapidly heated or chilled body
is a well known phenomenon of relatively simple explanation. Such
cracks ar e formed because some parts of the body (say the exterior
will expand or contract more rapidly than other parts (the
interior) which are lagging behind in heating or cooling. It is a!so
evident that when such a body is anisotropic with regard to thermal
expansion the orientation of the main axes of expansion will assert
itself as one of the factors deterrnining the direction of the cracks.
Contraction cracks can be formed by rapid cooling only in
bodies having the following properties: A fair!y large coefficien t of
expansion in at !east one direction, a relatively low heat conductivity,
and a tensile strength that is not extremely high. In such a body
a rapid cooling will produce a rather steep temperature gradient and
consequently a tensile stress large enough to overcome the tensile
strength of the body .
The properties mentioned characterize most silicate glasses and
silicate minerals, thus also the feldspars. lf a heated feldspar be
chilled rapidly enough, therefore, it is certain to crack, as can be
easily demonstrated by experiments.
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Natura! cracks are not due to rapid cooling.

Naturally forrned co:-�traction cracks which have been frequently
observed in th; feldspar phenocrysts of certain Javas l canno t be
supposed to 0\Ve thcir orig in to ten sions arisen throug h rapid
cooling. Phys irally speaking the cooling of a lava is slow2, and
there is hardly any reason for suspecting that the ternperature g radient
existing in a phenocryst has ever been larg e enoug h to produce
considerable tensions in it, a necessary condition for the forrnation
of co:1tractio:1 cracks. We rn u s t assurne tint such cracks h:lVe been
forrned not becaus e of any rapid cooling but in spite of the slow
cooling of the lava.
In view of the irnportance that the writer, in subsequent sections
of the present paper, has attached to the forrnation of con traction
cracks in the feldspars of slowly cooled rocks it is considered appro
priate to discuss the process sornewhat at leng th at this place. It
rnust be emphasized, however, that such a discussion at the present
moment cm only be tentative, stated in qualitative terms without sup
port of exact figures. The foundation upon which a detailed discussion
of the problems would have to be based, viz. a thoroug h knowlegde of
the thermal and elastic properties of feldspars and other rock-forming
minerals, is mostly missing . A mathematical analy sis that mig ht turn
out to involve rather complicated problems would also form an im
portant part of such a discussion.
However, a few conclusions of
interest may be drawn by elementary reasoning on the basis of the
meag re information at hand.
l
2

For a picture of such cracks see: Rosenbusch-Wi.ilfing-:\Iligge, Mikr. Phys.
d. Min. u Gest., I (2), fifth ed., Table 23, Fig l, 1927.
Attention may be called to the well known experience that recent Javas have
retained temperatures above red heat near their surface for years after their
extrusion. Experimental data corroborate this field experience. (See: Bowen,
N. L., Diffusion in silicate melts: Journ. Geol. 21, 308, 1921). The rate of
cooling in the interior of even a thin lava flow may be of the order of magnitude
of O, l 0 C. per da y. This may be compared with experimental data for annea
Iing of various silicate glasses:
rate of cooling from about 4 to 24 C per
hour is slow enough to prevent any stress worth mentioning from arising in
glass slabs of thicknesses from l O to l cm, (See: Wright, F. E., The manu
facture of optical glass: U. S. Ordnance Department Document No 2037,
188, 1921). The conclusion that considerable tensions do not arise in pheno
crysts as a consequence of cooling at the natura! rate in a lava thus seems
justified.

A

°
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Conditions for the Formation of contraction Cracks
by slow Cooling.

Throughout the following discussion it is presumed that the
cooling of the feldspar is slow enough to prevent any appreciable
stress arising within it as a consequence of temperature gradients.
One condition for the formation of contraction cracks in a slowly
cooling body is that the free contraction of the body in one or several
directions be restrained by some exterior force. Considering again
a feldspar crystal in a cooling ro::k this restraining force may be
produced by the adhesion between the feldspar and the matrix 1
surro:.tnding it and by the squeezing effect
exerted by the matrix when its average con
traction is greater than at !east the mini
mum contraction of the feldspar. It is also a
:
condition
that this restraining force be larger
!
than the tension arising along the boundary
faces of the feldspar because of its preven
tion from contracting. Another necessary
premise is that at !east the maximum coefficient of expansion of the feldspar is lar
Fig. 3.
Sketch indicating
ger than the average coefficient of expanpossible cracks produced on
sion of the matrix.
cooling in an isotropic body
whose sides are flrmly ad
On the basis of the foregoing statements
hering to a non-contractwe discuss a few simple cases of formation of
ible matrix.
contraction cracks in feldspar by slow cooling.
-

Feldspar crystal in a non-contractible matrix.

Discussion of hypothetical case.
The simplest conceivable
case would be that of a crystal of feldspar imbedded in a perfectly
rigid, non-contractible matrix to which the phenocryst would adhere
inseparably along the contact faces. In such a case contraction cracks
would be formed on cooling as soon as the tension arising on ac
count of the checked contraction exceeded the tensile strength of the
t

The term matrix is here used simply to denote the surroundings of the parti
cular individual of feldspar considered, no matter whether the>e sur.-oundings
consist of a vitreous or crystalline groundmass or a coarsegrained aggregate
of minerals.
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Figs. 4 and 5.
Sketches indicating formation of cracks on cooling in an alkali
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feldspar. lf the feldspar were isotropic with regard to thermal ex
pansion the first crack would form along a closed face separating
a shell that would adhere to the groundmass and a core that would
be free to contract on cooling and thus without further incitement
to cracking. Tension would remain in the shell which would con
tinue cracking in the way sketched in Fig. 3. As the feldspar, how
ever, is very far from having an isotropic thermal expansion the
first cracking is not likely to separate a free core, but will rather
produce a number of parallel cracks. These will have an orientation
transversal to the direction in which the tensile stress will first ex
ceed the tensile strength of the feldspar. It is a reasonable assump
tion that this state will be attained in the direction of maximum
expansion before it is attained in other directions, but this is not a
foregone conclusion. It is true that the direction of maximum expansion will most likely be also the direc
tion of maximum tensile stress on cooling,
but it is equally reasonable to suppose that
Fig. 6.
part of Fig. 5
the tensile strength of the feldspar in the
illustrating, in exaggerated
same direction must be maximum or very
proportions, the possible bi
nearly so. As there are no figures available
concave shape of slabs forfor the tensile strength of feldspar in various
med by cracks across the
directions
a further discussion of this phase
feldspar perpendicular to the
direction of maximum exof the problem is of little use. However,
pansion.
no matter in which direction these first
cracks may be formed, it seems obvious
that their appearance will modify the conditions for the further for
mation of cracks. This is illustrated in the sketches, Figs. 4 and 5,
based on the conjectural assumption that the first cracks run in
a direction perpendicular to (Ol O) and to the direction of maximum
expansion, i. e. forming about --;-7 0° with (001) . After the formation
of these cracks the parali el slabs of the feldspar that Iie between
the cracks will continue being restrained along their outside faces
but will be free along the faces formed by the cracks (excepting the
slabs lying outside the cracks at the end of the feldspar; these will
be free along one face but restrained along the others). We con
sider what may happen on continued cooling.
Suppose the slabs formed by the first cracking be thin com�
pared with their lateral extensions. They will then be able to con
tract in the middle without cracking, thus forming slightly biconcave

A
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bodies in the way indicated in Fig. 6 with a vast exaggeration of
the concavity 1). Between this second set of cracks there will be
formed still shorter cracks and so on. Thus on con tinued cooling
always shorter and more densely crowded cracks will arise, all be
ginning at the exterior contact face and gradually waning inwards.
This process will continue throughout the period of cooling.
Sooner or later the tensile strength may be overcome also in other
directions, and cracks may be formed accordingly in directions trans
versal to that of the first cracks. It may be assumed that cracks
transversal to the direction of the mean expansion will first arise.
These will have an orientation perpendicular to (O l O) and at a small
positive angle with (00 l ). (These cracks are not indicated on the
figures). By these two systems of cracks the feldspar is divided
into a number of rectangular Iaths extending between the two faces
of (O l 0). If now the tensile stress in the direction of minimum ex
pansion (the b-axis) also exceeds the tensile strength, cracks will
finally be formed parallel to (O l 0), but after the first crack across
each lath the tensile stress in the longitudinal direction of the lath
is permanent!y relieved and no more cracks parallel to (O l O) will
appear on further cooling because each part of the lath is now free
to contract towards the end adhering to the matrix.
Summarizing the discussion, we see that under the conditions
assumed, cracks must be formed in the feldspar in various directions,
and that one of these, the direction perpend1cular to the axis of
maximum expansion, coincides with one of the more prominent
directions of orientation of perthite intergrowths. The ·formation of
the cracks in several stages is also a noticeable result.
Rocks approaching the conditions assumed.
Conditions ap
proaching those of feldspar crystals cooling in a non-contracti ble
matrix may obtain in rocks composed of feldspar and quartz joined
to a compact aggregate in which the quartz forms a matrix or rigid
skeleton surrounding the feldspar. The cooling must then be sup
posed to take place in the tem perature interval of high-quartz, i. e.
for atmospheric pressure in the interval
C. It is a rather
insignificant matter whether the quartz is finegrained or coarsegrained
l

That crystals of feldspar have a considerable flexibility at high temperatures
has been demonstrated cx peri m en t al ly Day, A. L, Allen, E. T., and lddings,
J. P., The isomorphism and thermal properties of fel dspar: Carnegie Inst. of
Wash., Publ. No. 31, p. 51 and Pls. 14 16, 1905.
.
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Fig. 7.
Diagram illustrating the thermal expansions of quartz and K-Na feid
spar. Constructed on data by K6zu and Saiki, using only the figures for hea
ting and not those for cooling. For quartz the mean expansion is calculated
from the expansions in the two principal directions, otherwise the points are
plotted directly from the tables of K6zu and Saiki. For feldspar the figures in
the last two columns of Table l of the present paper are used.

in relation to the size of the feldspar individuals. A necessary con
dition is that the rock must be in the zone of fracture in the Earth's
crust where open cracks may persist.
When such a rock cools within the temperature range stated
the quartz will not contract, but will rather expand a little, while
the feldspar will suffer the normal contraction peculiar to it. The
relations between the expansions of quartz and feldspar appear from
the diagram Fig. 7.
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Suppose now that the adhesion between the feldspar and the
surrounding quartz can more than balance the tensile stresses arising
in the feldspar on account of restrained contraction, and also that
!hese stresses exceed the tensile strength of the feldspar in certain
directions. The conditions are then present for the formation of
cracks very much in the way indicated in the hypothetical case dis
cussed. Before drawing any further conclusions we may attempt
some estimates of the important relations mentioned: first the ad
hesion between the feldspar and the quartz and then the stresses in
the feldspar in their relations to the tensile strength and the adhesion.
The . adhesion between feldspar and quartz.
There are no
direct data bearing on what may be called the strength of the con
tact between feldspar and quartz, but some information may be
gained by reasoning on the basis of certain properties of quartz
feldspar bearing rocks.
We know that when a granite is ruptured its fracture surface
will seldom, if ever, expose the contact faces between quartz and
feldspar, but ":ill usually show incidental fracture faces across the
individual grains of these minerals. In the feldspar the fracture will
often follow the cleavages, but it also occurs along irregular faces;
in the quartz it seems to have a quite indeflnite course.
Microscopic examinations of thin sections also show that the cracks deve
Joping in granites during the grinding of the sections are by no
means more frequent along the contacts between feldspar and
quartz than along other lines outside the cleavage directions of
feldspar or other cleavable minerals.
These simple facts demonstrate that even in the present state
of the granite the quartz and the feldspar are rather flrmly bound to
gether. The conclusion is warranted that the binding force, the strength
of the contact, always exceeds the tensile and shearing strength of
the granite, otherwise the contacts would be frequently exposed on
rupturing the rock.
When this is the case with the granite as it
now appears after having passed through geological periods with
stresses and changes of temperature we may conclude that the strength
of the feldspar-quartz contacts has been still higher in the undis
turbed granite at high temperatures.
On the strength of granites there are numerous data. An ave
rage flgure for the shearing strength is 1 70 kg cm 2• The average
·

·
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strength of the quartz-feldspar contacts thus may be supposed to have
at !east this magnitude1•
Tensile strength of feldspar.
We have no data for the tensile
strength of feldspar in different directions, nor any other direct deter
mination of this property for feldspar. For an estimate of the average
tensile strength we may, however, use the data for feldspathic rocks.
The tensile strength of trachyte, a rock composed chiefly of alkali
feldspar, is 40 kg cm 2, the same as the average for granite, and
this value may be taken as the average for feldspar.
Now we may reason that although the maximum tensile strength
may be considerably larger than the average it can not be of an
altogether different order of magnitude. We know that the elastic
properties of feldspar, thus also the tensile strength, may be refer
red to a system of three main axes perpendicular to each other. It
is easy to see, then, that in a rock consisting of grains of feldspar
of random orientation the usual equation for average physical pro
perties must hold true for the average tensile strength, Sm, in relation
to the tensile strengths in the directions of the three stress axes of
the feldspar, S1, S 2, and S3:

Thus the maximum tensile strength, Sl! cannot be more than three
times the average strength,
and in that extreme case the mean and
minimum tensile strengths, S2 and S3, respectively, would both be
nought. But we know that even the minimum tensile strength of feid
spar must be considerable, and therefore the maximum strength
cannot be three times the average, but must have a magnitude
between 40 and 120 kg cm 2.
For use in the subsequent discussion we make the following
assumptions with regard to the tensile strength of feldspar, based
on the reasoning outlined above: l) The maximum tensile strength
obtains for the direction of the maximum thermal expansion (Iying
parallel to (O10) at an angle of about + 20° with (00 l) and has a
I

International Crit. Tables, Vol. Il, p. 49, 1927. The average compressive and
tensile strengths are 1500 and 40 kg cm 2, respectively.
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value between 50 and 90 kg cm Z. 2) The mean tensile strength is
in a direction of the b-axis and has a value between 20 and 30 kg cm- 2.
3) The minimum tensile strength is in a direction perpendicular to
the two former directions and has a value between lO and 20 kg cm 2.
Estimates of stresses.
Estimates of the stresses arising in the
feldspar on account of the restrained contraction together with estimates
of the relations between the stresses and the amount of cooling may
be made in the way indicated in the following paragraphs.
We know the thermal expansion properties both of the feldspar
and the quartz for the temperature interval considered (8702 575 C);
the data plotted in Fig. 7 may be used for our purpose. We also
know the volume compressibilities of feldspar and quartz i. e. the
change of volume attending a change of hyårostatic pressure 1, but
we do not know the linear compressibilities in various directions.
In attempting to estimate the cooling necessary to bring about
tensile stress required for cracking we first try to get an idea
of the magnitudes of the linear compressibilities along the main axes
of thermal expansion.
In view of the great similarity between
the expansions or contractions attending temperature variations and
the expansions or contractions attending variations in hydrostatic
pressure the following assumptions may be made, although they are
not strictly correct 2: The main axes of elastic compression may be
supposed to coincide approximately with the main axes of thermal
expansion, and the axial ratios for the compressibilities may be
reckoned as equal to the axial ratios for the thermal expansion. On
these assumptions and using the data for the volume compressibility
of feldspar given by ADAMS and WILLIAMSON 1 we can calculate the
linear compressibilities for the main axes.
We find the following values: l) Along the axis of maximum
expansion an increase in pressure of l 000 kg. cm 2 will produce a
decrease in length of about 0. 1 2 pct. 2) Along the axis of mean
expansion the corresponding figures will be 1 000 kg
and 0.03 pct.,
and 3) along the minimum axis l 000 kg. cm 2 and 0.02 p et.
o

l

2

Adams, L. H., and Williamson, E. D., The compressibility of minerals and
rocks at high pressures: Journ. Franklin Inst. , 195, 475 529, 1923.
See: Niggli, P., Lehrbuch d. Mineralogie, p. 198, 1920.

·
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T a b l e 2.
Tensile strength
kg cm 2.
Direction of max. therma1 expansion
" mean
"
" min.
"

l Cooling

50-90
30-10

(C") necessary to
produce stress equal to
tensile strength
3--6

1.5-0.5
1.5-0.8

On the basis of these figures and the figures for the tensile
strengths given before (p. 134) we can now estimate the amount of
cooling necessary to produce cracks transversal to the main axes of
expansion. It is assumed, then, that the tensile stress arising on
account of the restrained contraction corresponds to the pressure
necessary to compress the feldspar by the amount equal to the
contraction that would result from the cooling if the feldspar could
contract freely. We disconsider both the thermal expansion and the
elastic volume change of the quartz. The results are stated in
Table 2.1 The figures arrived at have no other significance than showing
contrary to the writer's expectations
that under the circum
stances considered even inconsiderable changes in the temperature
may produce stresses in the feldspar large enough to make it crack.
Feldspar in a contracting matrix.

General remarks. - We next discuss the formation of cracks
when the feldspar is surrounded by a contracting matrix which has
an average coefficient of expansion lower than at !east the maximum
coefficient of expansion of feldspar. Otherwise the conditions may
be about the same as postulated in the preceding discussion.
We may consider a phenocryst of homogeneous alkali feldspar,
with the expansion properties or the average given in Table l, and
t

The figures in the last column of this table may be taken to show that cracks
will first be formed transversal to the direction of the mean thermal expansion
(because the cooling required for cracking is less than in the other directions),
then transversal to the minimum axis and finally transversal to the maximum
axis. This is at variance with assumptions made in a previous section, but
it must be emphasized that neither these assumptions nor the resu1ts of the
table are claimed to be correct, and the writer makes no apology for not
trying to construct an agreement.
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having well developed faces of (00 l) and (O l0), enclosed in a fine
grained groundmass of the same mineral at a high temperature, say
1000° C. the entire aggregate forming a compact rock free from
stress. The groundmass may be dealt with as an. isotropic homo
geneous mass with thermal expansion equal to the mean value ob
ta ining for the feldspar.
We assume that this rock be slowly cooled. In the direction
of the axis of maximum expansion the phenocryst would then, if
free, contract much more rapidly than the groundmass, but in the
directions of the two other axes it would contract more slowly. The
consequence is that a compressive stress will be exerted by the
groundmass on the faces (00 1) and (0 10), and a tensile stress will
arise in the direction of the maximum expansion of the feldspar.
Thus cracks may be formed transversal to the latter direction, but
not transversal to the other d irections in which there is a com
pression.
Effect of compression on orientation of cracks.
The exact
direction of the cracks must be determined by the direction of the
resultant tensile stress the components of which are the compressive
stress transversal to the axis of maximum expansion and the tensile
stress along this axis. If the compressive stress be negl igible the
contraction cracks are l ikely to have an orientation perpendicular
to (0 1 0) and forming an angle of about -7- 70° with (00 1). If, how
ever, the compressive stress rises to the order of magnitude of the
tensile stress, then the orientation of the cracks must be considerably
changed. The effect of the compressive stress along the b-axis will
be to give the cracks an or ientation at an oblique angle w ith (0 10)
instead of perpendicular to this face. In the same way the effect
of the compressive stress perpendicular to (00 l) is li keiy to be a
decrease in the angle between the cracks and (00 1) compared with
its value ( -7- 70 ) when t his stress is inconsiderable.
Friction effect of compression.
Another effect of the com
pressive stress exerted by the groundmass is the squeezing of the
feldspar, as in a vice, along the faces of (00 1 ) and (0 10). This will
be an important factor in restrain ing the cooling contraction by
friction on the contact faces. It has been stated before (p. 133) that
the adhesion along the contacts between feldspar and quartz may
be sufficient alone as a restraining force. The combined adhes ion
and friction may then safely be figured to produce a restra ining
c

138

OLAF ANDERSEN

force many times as large as necessary for arresting the contraction
along the a-axis (or more correctly the axis of maximum expansion)
and thus creating the conditions for the formation of cracks. The
reasons supporting this assertion may be stated briefly.
Even without the adhesion a suf ficiently large restraining force
might in certain cases be produced by friction alone. This can be
easily shown by simple calculations that will not be specified here.
An important factor in such calculations is the coefficient of friction
assumed for the contact. Under ordinary experimental circumstances
this coef ficient will be around 0.5 for smooth faces of bodies like
feldspar. In other words one half of the load applied to the contact
face will constitute the friction force. If now the adhesion be also
considered this will have the effect of multiplying the coefficient of
friction by a large figure. The friction force then resulting will be
many times as large as necessary to balance the tensile stresses
along the contact and thus to check contraction along these faces.
Width of cracks. - An idea of the possible width of the ori
ginal contraction cracks may be gained by estimating the probable
total contraction of the feldspar and the probable number of cracks
formed. We base the estimate on the presumptions given for the
case discussed in this section, a phenocryst in a groundmass of feid
spar coo!ing from 1000 to O o C.
The total contraction along the axis of maximum expansion for
the temperature interval considered may be reckoned as 1 pct., the
approximate difference between the contraction of the feldspar and
that of the groundmass. Thus on a distance of l mm. the total
width of the cracks may be about 0.01 mm.
For an estimate of the number of cracks per mm we can hardly
make more than a guess. If, however, we go ahead of our con
clusions and venture the assertion that perthite veins have been
formed directly in contraction cracks, then we have at !east a start
ing point for the guess. We find that the number of perthite veins
per mm varies between 0.5 and l O, these figures thus being also
the numbers guessed at for the original contraction cracks.
Thus the result of the estimate is that the width of the original
cracks may have been of the order of magnitude 0.02 0.001 mm.
These results would have been somewhat different if the relations
obtaining when the feldspar is enclosed in a non-contractible matrix
o
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had been used as a basis for the estimates, but in view of the un
certainty of all such estimates it is not considered necessary to
enter any further into the matter.
Modifying conditions.

In the preceding discussion we have made, explicitly or tacitly,
a number of assumptions regarding the conditions necessary for the
formation of contraction cracks in feldspar by slow cooling. Some of
these may hold true under any circumstances, others may need
modifications if the process of contraction cracks be applied directly
to the solution of genetic problems. We may now discuss briefly
some of these modifying conditions.
Injluence of high pressures and temperatures.
The combined
effect of high pressures and high temperatures on mineral systems
has not yet been studied experimentally, and a general discussion
of the problem is out of the question.
A hydrostatic pressure high enough to bring the rock in the
zone of flowage in the Earth's crust must prevent the formation of
open cracks in the minerals, although tensile stresses may arise.
Thus high pressure, in general, must tend to minimize the effect of
the tensions formed as a result of the unequal contractions.
There are no data on the effect of high temperatures on the
elastic properties of minerals, but there are a few data on this effect
for metals, showing for instance that the tensile strength of metals
decreases rapidly with rising temperature. If we are justified in making
comparisons between bodies as dissimilar as metals and silicate mine

rals, therefore, we conclude that the tensile strength of the feldspar
will decrease materially with rising temperature. This will increase
the effect of the tensile stresses arising from the cooling inasmuch
as cracks may be formed more easily than when the tensile strength
is higher, but as the thermal expansion is not essentially higher the
influence of the high pressure will assert itself in making the cracks
narrower.
The conclusion is that high pressures even in combination with
high temperatures tend to impede the formation of contraction cracks
in the feldspar. This conclusion is of considerable interest, because,
if correct, it shows that the formation of perthites in connection with
contraction cracks must be limited to rocks arising at moderate depths.
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Contraction cracks in equigranular rocks.
In the cases dis
cussed it has been assumed that there was a distinct difference
between the feldspar considered and the surrounding matrix, the
point being that the matrix could be regarded as an isotropic body
with kno wn thermal expansion properties different from those of the
feldspar. A most important problem is now to find out what influence
it may have if this difference is not present, in other words if the
rock is of the ordinary equigranular type.
According to statements in the preceding discussion (p. 1 33) the
bonds between the minerals in an ordinary rock like granite must
be strong enough to withstand any tensile stress that may be the
consequence of restrained contractions. On cooling, a most intricate
set of tensile stresses will arise in the individual grains of such a
rock, because each grain will be subjected to a restraining influence
from its neighbouring grains, these being either different minerals
or the same mineral in different orientations. An actual calculation of
such stresses, even if simplifying assumptions were made, would involve
problems of formidable complexity. Th!lt these stresses, however,
frequently will exceed the tensile strength of the feldspar and thus create
cracks may be safely concluded on the basis of simple reasoning.
We may for instance consider a "rock" consisting of cubes of
feldspar joined in the way indicated in Fig. 8. The edges of each
cube are supposed to be parallel to the principal axes of thermal
expansion of the feldspar, and, for the sake of simplicity, the medium
and minimum axes are considered equal. On the assumption of a
strong bond of adhesion between the cubes, contraction cracks must
be formed in each cube when the "rock" is cooled from a tempe
rature at which it is perfectly compact. The cracks will run in a
direction transversal to the axis of maximum expansion, because in
each grain the contraction will be restrained in the direction along
this axis. That the stresses arising in this way exceed the tensile
strength of the feldspar is obvious if the results arrived at in the
preceding discussion are correct.
From this ideal "rock" we may arrive at an actual rock by
assuming variations in the outlines and orientations of the grains
and also considering the influence of other minerals than feldspar.
It needs not be pointed out in detail that these changes cannot
suddenly remove the restraining influence exerted on any individual
grain of feldspar by the adjoining grains. They must, however, effect
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modifications in the directions and magnitudes of the stresses that
cause the cracks. In the feldspars of natura! rocks, therefore, the
cracks cannot be identical in all grains; if minute details of orientation
and size of the cracks be considered it is rather conceivable that they
should exhibit an almost infinite number of variations.
Thus the
conclusion that contraction cracks may be formed also in the feldspars
of equigranular rocks seems well founded.
Contraction cracks in quartz-feldspar rocks.
The modifying
influence of quartz in rocks like granite or granitic pegmatite, the
main constituent of which is feldspar, needs a few words of discussion.
It has been pointed out already (p. 131)
o
that for the temperature interval870 -575 C
the quartz may be regarded as a non-contractible
body which is most effectively restraining the
contraction of the feldspar. However, as soon
os the cooling has passed below the inversion
temperuT a
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feldspar and other feldspars included in the writer's investigations
are given in Table 3 and also plotted on a diagram, Fig. 91• It is
striking how large a proportion of the compositions Iie within the
relatively small range stated above and indicated by the black area
in the diagram. This fact is worthy of emphasis because it must be
considered in the discussion of the genetic problems.
In addition to perthites nearly all the pegmatites considered carry
more or less plagioclase, usually an oligoclase, rarely andesine, and
quite frequently one or several varieties of albite. Only in a few

Fig. 9. ---

Diagram showing chemical compositions of alkali feldspar from granitic
pegmatites of Norway (analyses listed in Table

3).

pegmatites of this type does the amount of plagioclase outweigh that
of perthite. The plagioclase usually contains an admixture of potash
feldspar present as antiperthitic intergrowths o f microcline.
The microcline of the perthites is usually cross-twinned, but with
many variations in the coarseness and fabric of the twin texture.
U ntwinned microcline is also often seen, but orthoclase has not been
observed except as small crypto-twinned areas of cross-twinned
microcline.
l

The analyses Nr. l, 9,

12,

20,

23, 26,

27, 28, 29,

the writer on material selected by him.

31,

and 32 are made for

The remaining numbers represent

commercial analyses communicated to the writer.

Of such analyses only those

made by known chemists have been included, and the writer has samples
of all the feldspars included, most of !hese being identical with the samples
submitted to the chemist for analysis, a few only representing duplicates from
the localities named.
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IV. Types of Associations of Feldspar in Granite
Pegmatites from Norway.

Before describing definite examples of perthites and other asso
ciations of feldspar an outline is given, in connection with a tentative
scheme of classification, of the types that are of general occurrence
in the specimens studied. As the classification is based on textural
features only, without regard to genetic theories, the classes are de
noted by purely descriptive terms.

l. S t r i n g p e r t hi t e.
In many of the perthites considered in this paper a part of the
albite forms very small, rather regular strings in the microcline. Seen
in sections paralle! to (Ol O) these strings, which Iie parallel to the
section plane, form fairly straight lines at an angle of around --;- 73°
with (00 l). The cross sections of the strings are usually rounded,
often elliptic, shading into lenticular forms. Most of them have a
diameter of the order of magnitude 0.01 0.00l mm or less. Their
length may be 0.1 1.0 mm or more.
The strings are associated with finely twinned microcline the
texture of which is not the ordinary cross-twinning, but a peculiar
variety that will be described in connection with some of the examples.
The amount of albite present in the string perthite seems to be
fairly constant. Exact figures cannot be ascertained, but it is a fair
estimate, that it Iies between

20 and 30 percent of the total string

perthite.
This type of perthite is, in the writer's opmwn, formed by
exsolution in the solid state at an early stage in the evolution of
the feldspar.
2.

F i l m p e r t h i t e.

The majority o f specimens examined show, with high o r medium
magnification, some thin films of perthitic albite running in a direc
tion perpendicular to (O l O) and at an angle of about--;- 7Y with (00 l ) .
Sometimes thin films also run in other directions, such as a direc
tion forming a small positive angle with (00 1) and possibly approach
ing the position of a low hemipyramide of the type (Il n) or, rarely,
in directions apparent! y approaching a prism face (Il 0). The thick-
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ness of the films hardly ever exceeds 0.0 1 mm, and is usually much
less; the length of the films in the sections may be several mm.
The microcline of the film perthite is one of the common types,
cross-twinned with variable texture, or single, the same types as are
a1so associated with the vein perthite. The thin films usually appear
between the much broader and less regular veins.
The albite present as films in the microcline constitutes a very
small part of the perthite, only a few percent.
The writer is inc1ined to regard also the film perthite as formed
by a process of exsolution, but probably at a later stage (lower
temperature) than the string perthite, and possibly in connection with
contraction cracks.
3. Ve i n p e r t h i t e .

Nearly all perthites of granite pegmatites contain an abundance
of perthitic albite which is distinctly different from that of the pre
ceding types. This albite forms veins of considerable size in the
microcline. Sometimes the veins have a fairly regular trend, forming
sheets intercalated between sheets of microcline. Frequently they run
roughly paralle! to the ( 100) face, but not seidom in other directions,
such as the directions of the prism faces ( 1 1 0), and often quite
irregularly without approximation to crystallographic faces with rea
sonable symbols. Often the albite also forms intricate networks of
arborescent or anastomosing veins in the microcline, and such veins
may be shading into the quite irregular patch-works that form the
albite parts of an other type described below. The veins usually
have a width of the order of magnitude O.l mm, but they may be
more than l mm wide. They are generally several mm long, and
often they run across the entire section.
The amount of albite present in the veins will usually vary
between about 1 0 pct. and about 40 pct. of the total feldspar, but
for specimens in which string perthite is abundantly present the
amount may be less than 10 pct. and for types shading into patch
perthites it may be considerably larger than 40 pct.
This vein type of perthite the writer regards as formed in con
nection with the opening of contraction cracks giving access to circu
lating solutions derived from the same pegmatite magma from which
the initial crystallization of the feldspar took place. The most regular
veins probably represent the beginning stages of this process, marked
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by recrystallization with little replacement. The irregular networks
passing into patches of albite, on the other hand, may represent later
stages when the solutions have worked their way farther from the
initial cracks and much of the microcline has been replaced by al bite.
4. Pa t c h p e r t h i t e.
At a number of occurrences are found perthites shading into
the regular vein perthites on the one hand and into pure a1bite on
the other. This patch perthite, as it may be called, would hardly
deserve the rank of an individual type if the classification were based
on genetic theories; it would then be classed with the vein perthite.
I ts textural features, however, merit a separate place for it in the
present scheme.
Most charasteristic of the patch perthite are the irregular contact
faces between the microcline and the albite. However, even in this
type there is a noticeable tendency towards regularity inasmuch as
the patches of albite are frequentiy elongated in the direction of the
b-axis when seen in sections parallel to (00 1) and are decidedly
elongated roughly parallel to the c-axis in sections parallel to (0 1 0).
In the latter sections rectilinear parts of the conta et lines often form
an angle of about-;- 65° with (00 1).
The impression of irregularity is accentuated by the great varia
tion in the relative amounts of microcline and albite as already
indicated. When the microcline prevails the albite forms coarse veins
in it; when the albite prevails the microcline forms scattered islands,
and as the islands become smaller and fewer the perthite passes into

nearly pure albite.
Characteristic of the albite in the patch perthite are the short
lamellæ of albite twins arranged in the peculiar way that has given
rise to the term chess-board albite.
This type of perthite has been commonly recognized as a pro
duct of replacement. The islands of microcline are evidently to be
regarded as relics of the original main feldspar which is now for the
greater part replaced by albite.
5. I n t e r l o c k i n g p e r t h i t e .
In a class of perthites of rare occurrence in the granitic pegma
tites the two feldspars penetrate each other in bodies with sinuous
and slightly interlocking contact faces. There is a noticeable tendency
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toward an extension of the contact faces in the direction of the (O l O)
face. Likewise are the directions of the (001) face and that of a verti
cal prism distinctly represented in the contacts.
The plagioclase of this perthite is an andesine and the potash
feldspar a microcline containing thin films of pure albite in the usual
perthitic orientation. The bulk composition of the perthite appears
from analysis Nr. 29, Ta ble 3.
This perthite is, in the writer's opinion, formed by simultaneous
crystallization of andesine and a soda bearing microcline. The latter
was originally homogeneous, but exsolution on cooling gave rise to
the films of al bite now present in it.
6. An t i p e r t h i t e .
In a great num ber of specimens the feldspar consists of a plagi
oclase containing a small amount of microcline (about 3 11 pct.) in
antiperthitic intergrowths, which are sometimes regularly distributed,
but often irregularly scattered in the plagioclase. The intergrowths
have a variable orientation, but they frequently run in a direction
approximately parallel to the c-axis, then forming either regular
lamellæ or strings of more irregular cross sections.
These antiperthites have pro ba bly been formed by a simultaneous,
rhythmical crystallization from solutions that were steadily saturated

with plagioclase and at intervals also became saturated with micro
cline. Processes of resorption and replacement may have accompa
nied the general process of rhythmical growth. Quite exceptionally
a process of exsolution may have played a part in the formation of
certain of these intergrowths.
7. Ve i n s o f mic r o c l i n e.

Many specimens of ordinary perthite from widely scattered
Iocalities contain small veins of microcline running in irregular direc
tions through the main microcline, the feldspar of the veins having
the same crystallographic orientation as the surrounding feldspar.
The veins are visible under the microscope, because they have a twin
texture different from that of the surrounding microcline and also
usually contain some fine!y dispersed "dust" not seen outside the veins.
Al bite of the vein perthite penetrates the microcline veins, while
al bite of the string perthite or film perthite is never observed in them.
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These veins must represent recrystallization products in irregular
cracks in the microcline. They have been formed at a stage pre
ceding that of the formation of vein perthite and most likely by the
action of circulating solutions.

8. Pl a t y a l b i t e i n c o n j u n c ti o n w i t h m i c r o l i n e.
A platy variety of al bite (cleavelandite) is observed at several
localities as radiating aggregates forming veins in microcline or some
times surrounding apparently euhedral crystals of microcline. The
al bite plates often show signs of mechanical deformation, while the
adjoining microcline is undisturbed, enclosing detached al bite plates
or filling small interstices between the plates.
The most probable explanation of these relations seems to be
the following: The microcline has grown from a solution in which
small crystals of platy albite were suspended, and some of these
have been included in the microcline during its growth (see below).
Toward the close of the crystallization of microcline the platy al bite
has been accumulated in densely crowded aggregates that were forced
into flssures in the microcline or were enclosing euhedral crystals of
the growing microcline. The last growth of the microcline would then
include plates of albite and flll the interstices between the plates.
9.

Po i k i l i t i c a l b i t e i n c o n j u n c t i o n w i th a l b i t e
o f t h e v e i n p e r th i t e .

Albite o f the same platy variety as described above is observed

in numerous specimens as scattered poikilitic inclusions of random
orientation in the microcline. Very often this poikilitic albite is pene
trated by al bite of the vein perthite.
These relations have a considerable bearing on genetic problems.
They seem to establish the fact that vein perthites can not have
been formed by exsolution in the solid state but that they must have
been formed in connection with cracks giving access to circulating
solutions as indicated before. These solutions would at first attack
both the microcline and the poikilitic al bite enclosed in it; later they
would become saturated with al bite and would give rise to the deposi
tion of the perthitic veins.
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V. Descriptions of Examples and Discussions
of Genetic Problems.

The various types of textural relations just indicated do not often
occur separately in individual specimens; usually two or several types
are seen together, and there are gradations between some of them.
For these reasons the demonstrations of examples will not be ar
ranged strictly in accordance with the tentative scheme of classification,
but will rather be attached to descriptions of actual specimens.
Optical data and other details that have no immediate bearing
on the problems considered will not, as a rule, be included in the
descriptions. When, for instance, albite and microcline are mentioned
without allusion to their composition or extinction angles it is implied
that their properties do not deviate materially from those of the
ordinary, pure minerals.
String Perthite, Film Perthite, and Vein Perthite.

The examples described in this section are selected merely to
demonstrate the most characteristic textural features of string per
thites, film perthites, and vein perthites. They are not meant in any
way to represent all the various types existing of these perthites 1•
Their number might be many times multiplied without Jack of varia
tions sufflcient to justify ihe establishment of types. It should be
pointed out, however, that such types would not in all cases repre
sent individual occurrences; indeed a number of variations that might
well form the bases for types could easily be found in the same
occurrence, even in the same specimen or the same thin section.
In all cases it is the vein perthites that are the more variable, while
the string perthites and film perthites show only few variations. This
uniformity of the string perthites and film perthites and variability
of the vein perthites should be born in mind when the genetic
problems are considered.
E x a m p l e l.
A specimen from Stene, Sannidal, near Kragerø shows charac
teristic relations between string perthite and vein perthite (Pl. I, Fig. !,
A and B). The string perthite occupies the main part of the speci1

Some of the types are demonstrated by illustrations in a previous publication:
Andersen,

Olaf,

Feltspat

Pl. Ill, IV, and V, 1926.

I:

Norges

Geologiske

Undersøkelse,

Nr. 128 A,
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men, but scattered through it are smaller or larger bodies of vein
perthite. The striking difference between the two appears from the
microphotographs.
The microcline of the string perthite is finely twinned, but with
a twin texture different from that of the microcline in the vein
perthite. In sections parallel to (00 l) it is seen with high magnifica
tion that two sets of relatively coarse microcline lamellæ, together
having a plaited fabric, are interwoven into the finely grated main
microcline of the string perthite. The lamellæ of the two sets Iie
symmetrically in relation to (O lO) and form an angle of about 13
with one another, that is about + 6, 5° and -7- 6,5°, respectively, with
(010). The lamellæ with positive
have negative extinctions
and vice versa, the average extinction angle being about 14°. Through
the microcline run thin strings of albite visible in sections parallel
to (00 l) as dots with elliptic cross sections of average diameters
0.003 x 0.006 mm, and in sections parallel to (010) as streaks forming
-7- 72S' (average) with (00 l). The strings are parallel to (O10); their
apparent length in the section may exceed l mm, but is generally
much less.
The amount of albite present as strings is determined on the
basis of areal measurements under the microscope to be about 24
percent of the total string perthite.
The vein perthite is composed of ordinary cross-twinned micro
cline penetrated by rather regular veins of albite.
In sections
parallel to (00 l) the extinction of the microcline is 16 o; the albite
veins usually run in directions roughly perpendicular to (O l0), but
also in directions forming 60° 70° with (010) (Pl l, Fig. l A).
They are seldom more than O.l mm wide and a few mm long
(in sections parallel to (00 l)). The larger veins are distinctly zonal
with lower extinction angle in the central parts (about + 2°) than in
the marginal parts (about + Y). They are twinned on the albite law.
They usually contain small grains of quartz and sometimes a little
muscovite.
In sections parallel to (010) (PL I, Fig. l B) the veins
·
also appear to be fairly regular, running in the directions of -7- 68o
to -7- 75° with (001).
Between the veins are seen (with high magni
fication) a few very thin, short spindles of albite perpendicular to
(010) and forming angles of around -7- 73 with (001), the spindles
being longer in the
lO) section than in the (001) section.
The
extinction angles on (010) are: For the microcline + 6°, for the albite
o

.

°
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of the films, the narrow veins, and the marginal parts of the larger
veins + 19° (6 Ca-f, 94 Na-f ) , for the central parts of the larger
veins+ 12o (14 Ca-f, 86 Na-f ) .
The total quantity of visible albite in the vein perthite is found
by microscopic measurements to be about 13 percent, a much lower
figure than that found for the albite in the string perthite.
In the present example ( Pl. l , Fig. l B) it is particularly well
demonstrated how certain sharply defined zones in the microcline
are entirely devoid of visible albite, forming "cul-de-sacs" between
areas with films and veins of albite.
This specimen is an aventurine feldspar, and it is a feature
worthy of notice that the hematite scales producing the aventurization
are seen in the string perthite, exclusively, and not in the microcline
or albite of the vein perthite 1• This observation has a certain bearing
on genetic ideas to be discussed in a subsequent section.
E x a m p l e 2.
Another specimen from Stene, Sannidal shows the relations be
tween film perthite and vein perthite. Here the entire specimen is
a vein perthite, the film perthite occurring between the veins only
and in the same kind of microcline as these, and string perthite
being absent.
The microcline is of the cross-twinned type, but it is easily seen
on the microphotograph that the two sets of twin individuals do not
balance each other, now one and now the other set prevailing. In
places small areas of single microcline are shading into finely twin
ned areas.
The albite of the film perthite appears like thin streaks in sec
tions both parallel to (001) and to (010). The films are sensibly
perpendicular to (010) and form angles of about-; 72° with (001).
It is to be noted that they have the same direction (PI. I, Fig. 2 A )
no matter whether they pass through an area of finely twinned micro
cline or through either one of two individuals in twin position. The
films are rarely more than 0.0 l mm thick, but their lateral extension
may be considerable, up to a few mm. Twinning is not observed
in the films.
1

It is a general rule in aventurine perthites !hat the

finely twinned string

perthites, and not the other types, are the hosts of the hematite sea! es.
Andersen, Olaf, On aventurine feldspar:

Am. Journ. Sei., 40, 351, 1915.

See:
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The quantity of the films in relation to the total feldspar be
tween the veins is found by approximate measurements with the
microscope to be about 7 percents.
The greater part of the albite in the specimen considered forms
vein perthite. In sections parallel to (00 l ) (Pl. l, Fig. 2 A) the general
trend of the veins is roughly perpendicular to (O10), but there are
many irregularities. A direction forming around 60° with (010) set;ms
to be distinguishable. The albite of the veins is regularly twinned
on the al bite law; it is zonal with extinction angles like those of the
preceding example.
In sections parallel to (010) the veins show
a noticable tendency toward running in the direction of the c-axis,
at an angle of about --;- 64" with (00 l), but the deviations from this
direction are numerous and often considerable.
The extinction
angles correspond to a composition 6 Ca-f, 94 Na-f for the margi
nal parts of the veins and 14 Ca-f, 86 Na-f for the central parts,
the same as in the foregoing example.
The thickness of the veins
seldom exceeds O. l mm; but their lateral extension may be several
mm in either direction.
The quantity of albite present as veins is found by microscopic
measurements to be about 12 pct. of the total vein perthite, counting
with the total perthite also the small albite films lying between
the veins.
A fact to be especially noted in this example is that the films
and the veins of albite seem to be perfectly independent of each
other with regard to arrangement although they both run in the
s am e kind of microcline.
Ex a m p l e 3 .
A specimen from Lyngrot (Gloserhei feldspar quarry), Froland
near Arendal shows relations between string perthite and vein per
thite similar to those demonstrated in Example l , but with variations
in several details (Pl. I, Fig. 3 , A and B).
Also in this case the microcline of the string perthite is very
finely twinned, but it contains no plaited lamellæ and is shading
imperceptibly into the more coarsely twinned microcline of the vein
perthite, the regular cross-twinning of which is seen in the micro
photograph.
The albite strings are very fine, their thickness never
exceeding 0. 01 mm, while their length may be 0.5 1 mm. They
have distinctly lenticular or spindle shaped cross sections as seen
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with high magnification in sections paralle! to (00 l). These cross
sections may attain a length up to 10 times their width.
The
strings run in the same direction as noted in Example l, that is
parallel to (010) and at an angle of about7 73c with (001).
The amount of albite visible as strings is determined by micro
scopic measurements to be about 28 pct. of the total string perthite.
The albite of the vein perthite has in the present example a
.
rather irregular course. Some veins run nearly perpendicular to (O l O),
some nearly parallel to the same face, but the majority of the veins
have a tendency toward running at oblique angles with (010).
In sections paralle! to (00 l) many of the veins have a course
forming between 40° and 70c with (010) as seen in the microphoto
'
graph (PI. I. Fig. 3 A). The extinction angle of the albite in these
sections is about + 2 5 and that of the microcline 16 .
I r: sections paralle! to (O lO) the outlines of the veins are ra ther
irregular (PI. I. Fig. 3 B), but the tendency of many of the veins
toward running in a direction approximately parallel to the c-axis
is unmistakable. Several measurements along the most regular parts
of the veins have given angles of 7 65 to 7 70 with (00 l). The
veins are usually 0.1 0.2 mm wide and may be several mm long.
The extinction angle of the albite in the veins is + 19 (6 Ca-f, 94
Na-f), and that of the microcline surrounding the veins + 5'.
The
albite veins are found by microscopic measurements to occupy 7.3
pct. of the total perthite.
In the present example the film perthite is not conspicuous; its
albite forms very thin, regular films of the usual orientation perpen
dicular to (010) and at an angle of7 73° with (001), and occupies
about 6 pct. of the total film perthite.
The bulk composition of the present perthite is according to
analysis ( Table 3, Nr. 19) 0.7 Ca-f, 24.0 Na-f, 75.3 K-f. These figures,
in conjunction with those obtained from the microscopic measure
ments, permit a calculation of the relative amounts of film perthite
and string perthite. As film perthite is then counted all the feldspar
lying between the albite veins and not being string perthite. For
the composition of the albite the figures of the analysis are used.
The results are that the perthite consists of about 39 pct. film per
thite (of composition 6 Na-f, 94 K-f ) and 54 pct. string perthite (of
composition 28 Na-f, 72 K-f) , the remaining 7 pct. being the albite
of the perthitic veins. In these computations the insignificant amounts
,

o

'
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of Ca-f are disregarded. The small amounts of soda feldspar possibly
present as invisible intergrowths or in solid solution are considered
equally distributed in the entire microcline.
The perthite here considered is an aventurine feldspar, and it
is se en that its hematite seales are present only in the string perthi te.
E x a m p l e 4.
In a specimen from Stene, Sannidal (collected in the same quarry
as the specimens of Examples l and 2) it is seen how the string
perthite gradually passes into vein perthite. Between the veins some
film perthite is visible (Pl. Il, Figs. l and 2).
The strings of albite that merge into veins lose their rounded
cross sections, become lenticular and increase in size; they often
form veinlets that gather in parallel trends and finally converge to
the ordinary veins. At the same time the twin texture of the micro
cline of the string perthite also changes, the finely cross-twinned or
crypto-twinned microcline with the plaited lamellæ giving way to the
more coarsely cross-twinned type of the vein perthite.
The other features of this example are largely the same as in
the preceding examples.
The textural relationship between string perthite and vein perthite
demonstrated in this example is a point of importance in the genetic
considerations.
Exa m p l e S.
A specimen from Hundholmen, Tysfjord (Northern Norway)
shows a rather coarse development of vein perthite, but only traces
of extremely fine film perthite (not visible on the photographs) and
no string perthite. (Pl. Il, Fig. 3 , A and B).
The microcline is throughout of the regularly cross-twinned type;
its extinction angles are ISe on (001) and +Se on (010).
In sections
parallel to (001) the albite veins run in directions forming 60°-70°
with (O10) and in sections parallel to (O l O) in directions between
-- SOo and -- 70° with (001). In the latter sections the rectilinear
parts of the albite veins very often form about -- 6S with (00 l).
The shape and dimensions of the veins appear from the micro
photographs. The extinction angles of the albite are + 3,S on (001)
and + 21 on (010) corresponding to a very pure albite (4 Ca-f,
96 Na-f).
o

o

o
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The quantity of albite visible in the veins is about 24.5 pct. of
the total perthite, as determined by microscopic measurements.
The fine films of albite, visible only with high magnification,
run regularly in the usual direction perpendicular to (O lO) and at an
angle of about .. 73 o with (00 l). Their thickness hardly exceeds
0.001 mm, and their length in the (0 10) section is perhaps a few
hundredths mm. The quantity of these films is probably not more
than l pct. of the perthite outside the veins.
E x a m p l e 6.
A specimen from Åvesland, Evje (PI. Il, Fig. 4, A and B) is com
posed of a coarse vein perthite with film perthite between the veins
and without string perthite.
The micro�line is twinned, but one individual is dominating
forming large areas of single microcline alternating with areas of
cross-twinned microcline where the lamellæ of the second individual
are rather insignificant. Its extinction angles are + 15 on (001)
and + 5o on (010).
The albite films are rather short in sections paraIlel to (00 l),
being hardly ever more than 0.2 mm long. Their course is not so
strictly rectilinear as in the previous examples although they always
run in a direction very nearly perpendicular to (O l 0).
The amount of visible films is determined with the microscope
to be about 4 pct. of the perthite between the veins. In sections
parallel to (010) they run in directions forming about .. 73 with
(00 l) and attain lengths of up to a few mm. Their thickness is up
to 0.01 mm.
The albite veins of this specimen are unusually large, being
often more than l mm thick and several cm long. The veins have
rather irregular outlines, but their general trend is unmistakably in
the direction of the (100) face. In sections parallel to (0 10) the recti
linear parts of their outlines run rather regularly in the direction of
this face. An average value for measurements along these parts is
'
an angle of .. 66o with (001). The albite is regularly twinned on
the albite law; extinction angles+ 3 o on (001) and + 21 on (010)
corresponding to a very pure albite (4 Ca-f, 96 Na-f).
The amount of albite in the veins is determined by measure
ments with the microscope to be 25 pct. while the analysis (Table 3,
Nr. 20) shows 26,4 pct. When allowance is made for small amounts
o

c)

o
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of film albite (about 3 pct. of the entire feldspar) there will be a deficit
in the amount of Na-f calculated from the analysis compared with
the amount found by measurement. The difference (about 1.5 pct.)
is not much greater than the errors attending the determinations.
The significance of this is to show that the amount of invisible albite
in this perthite must be very low.
A feature worthy of notice in this specimen is that the film
perthite and vein perthite are both of a coarse type and that the
film perthite is of a type transitional to string perthite.
E x a m p l e 7.
A specimen from Malmtangen, Langø, Skåtøy, near Kragerø,
represents a perthite very rich in albite (Table 3, Nr. 28). It is a
very coarse vein perthite with film perthite between the veins. No
string perthite is present. (Pl. Ill, Fig l, A and B).
The microcline is coarsely cross-twinned with one individual
dominating; it has extinction angles + 16° on (001) and+ 5° on (010).
The albite films form short spindles hardly more than 0.01 mm.
wide and O.l mm. long. They run in a direction approximately
perpendicular to (O10) and at an angle of-;- 72o with (00 l ). A few
short films also run in a direction very nearly parali el to (00 l).
The amount of albite films is determined by microscopic measure
ments to be about 9 pct. of the feldspar intercalated between the
perthite veins.
The albite veins are extremely coarse, sometimes as much as
2 mm wide (usually 0.5 1 mm) and several cm long. The albite
is regularly twinned on the albite law. Its extinction angles are
on (O l 0) corresponding to a composition
+ 2.5 ') on (00 l ) and + 19
6 Ca-f, 94 N a-f. The veins run fair! y regularly, having a trend
approximately perpendicular to (010) in sections parallel to (001)
and forming angles of around-;- 65° with (001) in sections parallel
to (010).
The amount of albite veins is found by microscopic measure
ments to be 35 pct. Adding to this figure the 6 pct. representing
the amount of albite present in films (reckoned in pct. of the total
feldspar) we obtain 41 pct. visible albite in this perthite. The analysis
gives 42 pct; thus. there is only a very small amount of invisible
soda feldspar in the microcline.
o
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Characteristic of this specimen, as of many similar specimens,
is that the veins always contain fairly regularly arranged bodies of
quartz running along the central parts of the veins. In many of the
veins relics of microcline also run regularly alongside the vein for
shorter or longer distances.
Su m m a r y o f o b s e r v a t i o n s o n Ex a m p l e s l t o 7.
Relations similar to those described are observed, although with
numerous variations of details, in all the specimens of ordinary
perthites examined. It is evident, therefore, that the classes here
denoted as string perthites, film perthites, and vein perthites, respectively,
are of common occurrence, and there can be no doubt that the
conclusions based on the examples described may be applied to
perthites in general.
The observations show plainly that there are characteristic per
sistent differences between the c!asses, the most important being the
following:
The albite intergrowths of vein perthites are variable with regard
to size, outline, and orientation, but are always relatively large and
show decided tendencies toward the shapes of regular veins, commonly
running in directions approaching the ( l 00) faces, ( at angles around
+65" with (001)).
The string and film perthites alike show few variations from
the standard type which is that of thin strings of perthitic albite
running parallel to (010) at an angle of about + 73 � with (001) or
thin films running at the same angle with (00 l) and being perpen
dicular to (010). The most essential differences between these two
classes, besides the difference in the cross sections of the inter
growths, are that the string perthite is always associated with a
peculiar, finely twinned microcline, and its albite strings are present
in considerable quantities (20 30 pct.) , whereas the film perthite occurs
in the same kind of microcline as the vein perthite and contains
relatively small amounts of albite films.
C o n c l u s i o n s r e g a r d i n g Ex a m p l e s l t o 7.
The problem most immediately suggesting itself is the establish
ment of correlations between each textural class on the one hand
and the corresponding genetic process on the other. The writer's
views regarding these correlations have been intimated already in
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the section on textural types (pp. 149 153 ). The complete evidence
supporting these views can only be given in connection with descriptions
of further examples, but a statement of those conclusions that may
be based on the examples already described will clear the way for
the subsequent discussion and is therefore given at this place.
The observations summarized must be regarded as conclusive
evidence for the assertion that the perthites have been formed as a
result of several processes. There is no conceivable reason why
there should be textural differences unless there have also been
genetic differences. It is a reasonable postulate, at !east, that each
well defined textural class corresponds to a definite mode of genesis.
The presence of perthitic intergrowths of several classes in the
same specimen, as shown in the examples, must prove that the
perthites after their initial crystallization have gone through several
processes leading to changes at !east in their textures. The fact that
in many cases none of the processes has obliterated the textural
features of the others shows that they may be regarded as over
lapping stages rather than distinctly separated steps in the evolution
of the perthites.
The genetic processes to be considered in connection with the
examples described are the exsolution process for the string and film
perthites and the recrystallization and replacement process for the
vein perthites.
Remarks on exsolution processes.
Exsolution is commonly
resortet to as explanation of textural features observed in ore minerals,
and in such cases there are experimental verifications of the explan
ation 1. In all cases it is characteristic that one of the phases forms
strings, spindles, or films of regular outline and orientation in the
other.
It has also been proved experimentally that soda feldspar may
be dissolved in potash feldspar to a considerable extent by prolonged
heating somewhat below the melting temperatures2. It is true that
these experiments failed to produc.· visible perthite intergrowths in
homogeneous soda-potash feldspars that were heated for a long time
t
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at high temperatures, but it has been proved by x-ray analyses 1
that homogeneous soda-potash feldspar may form cryptoperthite on
heating slightly below its melting temperature.
All these data combined show, in accordance with the original
theory of VoGT, that perthite formation by exsolution is not only
possible, but that it is a necessary consequence of the variations
which the solubility of soda feldspar in potash feldspar undergo when
the temperature changes. It must be considered an established fact
that this solubility is great, perhaps unlimited, at temperatures ap
proaching the melting temperatures of the feldspars and that it is
decreasing rather rapidly on cooling. Thus a homogeneous potash
soda feldspar saturated with soda feldspar at high temperatures, must
separate into two solid phases when cooled under conditions of
equilibrium, i. e. when slowly cooled.
It only remains to be shown, then, that the perthite formed by
exsolution is of the string type or film type and not of the vein
type. There is no conclusive experimental evidence in support of
this assertion, but the fact that the only perthite so far produced
experimentally 1 is a submicroscopic cryptoperthite is at any rate in
accordance with it.
It is a reasonable assumption that the albite
separating from a homogeneous solid solution must form much finer
intergrowths than that deposited by the aid of circulating liquid
solutions. It must also be concluded that the albite formed by ex
solution will always gather in regular bodies. In other words the
exsolution perthite must be expected to have· rather permanent
textural features. These features are likely to be more variable in
perthites formed through the action of solutions circulating in cracks
in the feldspar, because in that case the determining factors are sub
jected to many changes.
These arguments may suffice to demonstrate that the string
perthites and film perthites in all probability owe their origin to
exsolution processes and also that the vein perthites have not been
formed in that way.
It has been intimated already
Exsolution of string perthite.
that the string perthite may represent an early stage in the perthite
t
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formation. The fact that this perthite is always relative! y· rich in
albite intergrowths suggests that it has been formed by exsolution
on cooling of a homogeneous feldspar that was able to carry much
albite in solid solution, i. e. from a feldspar at a high temperature.
The frequent occurrence of aventurine lamellæ of hematite in string
perthite, and the general absence of such lamellæ from vein perthite
and film perthite, are also facts of interest in this connection. Accord
ing to a commonly accepted theory these hematite lamellæ have been
formed by exsolution on cooling from a high temperature. At any
rate it has been proved experimentally that the lamellæ are very
persistent on heating up to a high temperature at which they dissolve
in the feldspar, reappearing on cooling 1• These facts support the
idea that the string perthite with which the hematite lamellæ are
always associated has been formed at a high temperature.
String perthite shading into vein perthite.
The observations
related in the descriptions of the examples show plainly that there
are textural transitions between string perthites and vein perthites
( see especially Example 4). The most natura! interpretation of this
relation is that the vein perthite is formed through an intensive process
of recrystallization which has involved both the microcline and the
albite strings. The microcline has lost its peculiar fine twinning and
has attained the appearance of the ordinary cross-twinned type with
relatively coarse lamellæ. At the same time the albite strings have
first become veinlets, usually with lenticular cross sections, and then
they have gathered in larger veins of the type that forms the bulk
of the albite in all ordinary perthites. In some examples (such as
Examples l and 3) this process has stopped at an early stage, most
of the string perthite being intact. In other examples the process
has lasted long enough to change nearly all the perthite, only relics
of string perthite being left ( see Example 4). But also those per
thites in which no trace of string perthite is visible may have ori
ginated as string perthites, the recrystallization in such cases being
complete, producing a vein perthite with its associated film perthite.
( Examples 2 and 5). The many transitions from the mixed per
thites with strings, veins, and films of albite to typical vein perthites
without strings form a strong support of this idea.
l
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Exsolution of film perthite.
With regard to the film perthite
it must be emphasized in the first place that the albite films are
always present in small amounts. This suggests that the feldspar
from which these films separated has been able to carry in solid
solution only small amounts of albite, in other words that the
separation has taken place at a relatively low temperature. Then it
that the film perthite is always closely associated with
must be
the vein perthite inasmuch as the films occur betwen the veins
and in the same kind of microcline as that adjoining the veins. The
veins have never been observed cutting the films, and there is no
reason, therefore, to believe that they may be younger. Thus the
films may well be supposed to have separated by exsolution after
the recrystallization of the microcline in which the veins and films
occur and after the formation of the veins themselves.
A fact to be considered is the coincidence of the orientation of
the albite films of the film perthite with the direction in which the
most prominent contraction cracks must be formed according to the
views maintained in this paper. It is possible that such cracks have
played a part also in forming the film perthite; it needs only be
assumed that there has been little or no activity of circulating
solutions in these cracks and that the arrangement of albite in their
direction thus is brought about largely by exsolution in the solid
state towards the cracks. It is perhaps not even necessary to assume
that actual cracks have been present to account for the very definite
orientation of the albite films; the existence of tensional stresses
perpendicular to the direction of the films may have been a sufficient
cause for the albite to separate in definitely oriented films.
Formation of vein perthite.
A fact that cannot be over
looked when considering the genesis of the vein perthites is that
the bulk composition of these perthites varies only within rather
narrow limits. Attention has been called to this fact by VoGT 1 who
uses the average composition of perthites from granitic pegmatites
as a figure determining the limit of solubility of soda feldspar in
potash feldspar at the temperature of crystallization of these pegma
tites. The additional evidence of the analyses published in this paper
( see Table 3 and Fig. 9) together with a considerable number of other
not used by VoGT2 corroborates VocT's results with regard
l
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to the average compositon o f the perthites from granitic pegmatites
and with regard to the surprisingly small variations in the compo
sition of specimens from even widely separated localities. The "central
figure" obtained by VoGT is 25 pct. soda feldspar in the perthites
from granitic pegmatites; the corresponding figure obtained by the
writer is about 23 pct. In ahout 90 pct. o f the analyses the deviation
from this average figure is less than l O pct. on either side.
This relative constancy in composition apparently speaks in
favour of the view held by VoGT that these perthites owe their
origin to processes of exsolution. However, reasons to be given
later speak decidedly against the idea that the albite of the perthite
veins has been transported to its present place in the solid state.
An explanation reconciling these seemingly incompatible views may
be the following: It may be granted that the material now present
in the veins has been largely derived from the feldspar itself, either
from an originally homogeneous soda-potash feldspar or from an
older perthite (string perthite ) formed by exsolution. But the means
by which the characteristic textural features o f the vein perthites
have been produced cannot have been the process o f exsolution
alone. It must be supposed that complex recrystallizations have
taken place, the determining factors o f these being the cracks and some
fluxing agents at play in the cracks. The exact procedure of these re
crystallizations is not easily conceived o f, and the writer has no sug
gestions regarding details. Suffice it to state that the recrystallization,
as pointed out before, must have been a thorough process, since various
textural p ec u li ari ti es, described in the foregoing, seem to show plainly
enough that also the microcline at far distances from the veins has
suffered changes.
It is obvious that a necessary condition for any fluxing activity
in the cracks is an open communication between the cracks and the
magmatic solutions from which the fluxing agents must be supposed
to come. This condition cannot always have been fulfilled; many
of the cracks must have remained closed for a considerable time;
some may never have given access to circulating solutions of any
kind. And during the very last stages of the formation of contraction
cracks, at a time when the temperature has been relatively low and
the magmatic activity has been waning, there has been less circu
lation of solutions although cracks may have been formed as long
as the the cooling continued. These cracks in which there has been
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no fluxing activity cannot have formed initial veins; their directions
must be exactly as determined by the stresses due to restrained
thermal contraction, and if any albite has found its way into them
this must have been brought about by diffusion in the solid state
from the feldspar surrounding the cracks, i. e. by exsolution into
the cracks. Thus in all probability there will be a marked difference
between these "dry" cracks and those in which fluxing, resorbing,
and replacing solutions have circulated. As already intimated the
former may represent perthite films while the latter represent veins.
The variations in the composition of the perthites may be easily
accounted for by this explanation on the basis of contraction cracks and
circulating solutions. In the first place the variations in the compo
sition of the original feldspar will be the cause of corresponding
variations in the resulting perthite. Then the solutions circulating
in the cracks may produce changes by removal and addition of
material: replacement. Usually the replacement process will add soda
feldspar to the perthite, but it is quite possible that also in some
cases soda feldspar may be removed and potash feldspar added.
Some of the perthites described in the foregoing that have a deficit
of vein albite compared with the amount of albite present in the
string perthite associated with the veins ( Examples l and 3) or com
pared with the "central figure" (Example 2) may be explained by
assuming such a removal of soda feldspar. The examples with more
vein albite than the "central figure", on the other hand, ( Example 7)
is most likely explained as formed by an addition of soda feldspar.
The fact that these perthites sometimes pass into typical chess-board
albites ( Examples 8 1O) is a reliable verification of this explanation.
A point of importance in this discussion is the tendency of the
contact faces between the microcline and the albite of the veins to
ward coinciding more or less with definite, common crystal faces,
faces of growth, of the feldspar. This shows that the conditions oh
taining during the crystallization of the veins cannot have been radically
different from those that determine the crystallization from solutions.
This fact, that the directions of crystal faces, which do not
coincide with the directions of contraction cracks, assert themselves
in the contact faces of the two feldspars, is apparently at variance
with the idea that the contraction cracks have initiated the formation
of perthite veins. In sections parallel to (O l the most prominent
direction of the veins is that forming -:- 64° to -:- 68u with (001)
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while the direction of the fine films or strings forms --;- 72" to
--;-74° with (00 1). 1 The latter direction coincides very nearly with
the direction expected for contraction cracks formed under con
ditions specified in a previous section of the paper. It should be
noted, however, that there are transitions between these two direc
tions and it is worthy of emphasis that the direction of the veins
seems to change with their size. The narrower the veins are the
more cl �sely do their direction coincide with that expected for con
traction cracks. The broad veins never run in this direction.
This
relation is naturally explained on the assumption that the veins were
initiated in contraction cracks, and that the cracks have been gradu
ally widened by corrosion effected by circulating solutions. The rede
position of feldspar in these widened cracks would then naturally
tend to establish the ordinary crystal faces of the feldspar. Thus in
sections parallel to (O l 0) the direction approaching the c-axis of the
feldspar would obviously become noticeable.
In conclusion Ussing's views regarding the formation of vein
perthite are summarized. Ussing describes the "secondary feldspars"
and states in translation 2:
"When there is only one feldspar of secondary origin !his is always albite. Such
a new-formed albite is not only of frequent occurrence in the feldspars of Green
land, but also a large number of perthites from granitic pegmatite dtkes owe their
most conspicuous properties to this albite.

All observations show consistently that

in these cases the new-formed albite occurring is entirely produced by the action
of circulating

solutions;

cracks

or an
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either the al bite has simply been deposited as filling of
of

potash feldspar to soda feldspar has laken place along
It is hardly possible to decide in all cases which of

formation has produced the al bite; in most cases, however,

the albite may have been formed through alteration of an original potash feldspar,
which may have been pure or soda bearing."

It is seen that these views have many points in common with
those maintained in the present paper.
I
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Patch Perthite.

Of the type here called patch perthite there are numerous varie
ties. It is not, however, necessary to describe more than a few
examples as, for obvious reasons, no great regularity can be expec
ted in these perthites whose existence is supposed to be due to
replacement.
E x a m pl e 8.
A specimen from Midt Gumø, Skåtøy, near Kragerø shows in
the same thin section a characteristic transition from a perthite with
irregularly branching veins to a patch perthite consisting of nearly
pure albite with scattered islands of microcline. These relations are
well illustrated in the microphotographs (Pl. II l, Figs. 2 and 3) and
need no detailed description.
In Fig. 2 is seen a vein perthite consisting of practically single
microcline with narrow veins that for the most part run regularly
in a direction nearly perpendicular to (O 10). Besides these regular
veins, and forming extensions of them, a number of patches of albite
are also visible. Although these patches may be said to have rather
irregular outlines it is distinctly seen that straight-lined parts of their
edges fre quently run in a direction parallel to (010), while the di
rection per pendicular to (O l O) is also faintly indicated.
In Fig. 3 it is seen how the regular veins disappear and the
pa tches become very irregular, enc!osing patches of microcline with
just as irregular outlines.
E x a m p l e 9.
Another specimen showing a stage of vein perthite passing into
patch perthite is illustrated in Pl. I l l, Fig. 4. This specimen is from
Tangen, Skåtøy, near Kragerø.
A narrow vein of recrystallized microcline (of a type that will
be described in detail in a following section) is cut by the albite
veins. The main microcline is regularly cross-twinned; it contains
many inclusions of euhedral crystals of albite and also some inc!u
sions of quartz.
E x a m p l e 10.
Still another specimen from Tangen illustrated by the micro
photographs Pl. I l l, Fig. 5 and Pl. IV, Fig. l , shows transitions
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from a well advanced stage (Pl. Ill, Fig. 5) of patch perthite, (yet
with distinct vein-like outlines of the albite bodies) to a ty pical chess
board albite ( Pl. IV, Fig. l) with a few scattered islands of microcline.
In the Jatter picture no traces of veins are left, but it is distinctly
seen that the arrangement of the chess-board albite suggests the
general trend of perthite veins.
Platy Albite and Microcline.

In some pegmatites the peculiar variety of albite commonly
called cleavelandite is observed.
Ex a m p le I l .
The most typical occurrence is the old feldspar quarry at Tan
gen near Kragerø. The main mineral is a microcline perthite rather
rich in albite. Besides, there are at !east two varieties of albite not
belonging to the perthite, one of these being the platy cleavelandite.
This is a very pure albite, its composition being 0.9 K-f, 98.4 Na-f,
0.7 Ca-f (Table 3, analysis Nr. 32). It occurs in radiating masses
of thin crystal plates, tabular parallel to (0 10), forming multiple twins
alternating on the albite law and the Karlsbad law. The plates may
have lateral extensions from l mm or less up to a few dm and may
be as much as a few mm thick.
An inspection of hand specimens and polished surfaces (Pl. V,
Figs. l and 2) shows platy albite ap parently penetrating the micro
cline in veins from which tabular crystals radiate into the microcline
(Fig. l) and microcline apparent! y forming euhedral crystals in ag
gregates of platy albite (Fig. 2).
An off hand interpretation of these relations would be that the
platy albite is altogether younger than the microcline; that it has in
part replaced the microcline in veins and in the scattered crystal
plates radiating from the veins and in part enclosed older euhedral
crystals of microcline. However, microscopic examination reveals
other facts that modify this interpretation.
A microphotograph of a thin section cut across a contact between
a microcline crystal and an aggregate of platy albite, (the same sped
men that is shown in Pl. V, Fig. 2) is shown in Pl. IV, Fig. 2. It
is seen that the platy albit e forms perfectly euhedral crystals in the
microcline, some of these crystals being entirely detached from the
aggregate surrounding the microcline.
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E x a m p l e 12.
Further information is obtained from an other specimen repre
senting a rather broad and coarsegrained vein of platy albite in
microcline. Pl. I V, Fig. 3 shows a thin section of a part of this
vein. A feature to be noted is the strong bends seen in several
of the albite plates. In Pl. IV, Fig. 4, which is from an other part
of the same thin section, is seen a crystal of platy albite bent so
much that the directions of its two ends form about 30° with each
other. In contact with this strongly deformed albite is microcline
that shows no trace of deformation. Similar observations are made
elsewhere in the same section and in other sections.
Co n c l u s i o n s .
The conclusions that may be drawn from these relations be
tween platy albite and microcline are the following:
In the solution from which the microcline first crystallized, small
crystals of platy albite have been suspended, and some of these
crystals have been caught by the microcline dur.ing i ts growth, forming
poikilitic inclusions of random orientation. Thus the two feldspars
have crystallized simultaneously, but under conditions that were not
favouring parallel intergrowths or extensive solid solutions, and at
first the microcline has been dominating. It may be reasonably as
sumed that at !east some of the crystals of platy albite have been
formed away from that part of the pegmatite where they later be
came enclosed in the microcline; some kind of eddies may ha ve
brought solutions with suspended albite in contact with the growing
microcline. This may have retarded the crystallization of the micro
cline and present! y sto pped it; finally some of the microcline may
even have been resorbed. At this stage, at which the microcline had
largely, but not completely, finished its growth, the continuous growth
of platy albite had produced a "crystal mush" consisting of densely
crowded crystals of albite surrounded by a small amount of solution,
the entire mixture forming a viscous mass. Parts of this mass sur
rounded the euhedral crystals of microcline which now reached the
closing stage of their crystallization, continuing their growth for a
while after being enclosed in the aggregate of platy albite. Other
parts were forced into fissures in the microcline, this motion pro
ducing the deformation of the albite plates described. The remain
ing liquid has probably first resorbed some of the microcline, but
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at the same time some albite must have crystallized from it. The
final stage was the crystallization of a small amount of microcline
which in this case formed interstitial masses between the partly de
formed crystals of albite.
Thus the simple textural relations described above show that
the processes leading to the formation of the pegmatite here selected
as example must have been rather complex from the very outset. 1
Observations described below reveal further complications.
Poikilitic Intergrowths and Vein Perthites.

In a number of specimens from widely scattered localities micro
scopic examination shows interesting relations between poikilitic
intergrowths of albite in microcline on the one hand and albite be
longing to the common vein perthite on the other. Specimens from
the feldsp ar quarry at Tangen furnish the best examples also of
these relations.
Ex a m p l e 13.
Pl. I V, Fig. 5 shows a specimen in a section parallel to the
basal cleavage of the microcline. A twinned, tabular crystal of
albite forms an inclusion in microcline wi thout having any de finable
crystallographic orientation in relation to its host. There is every
reason for believing that this crystal, and similar ones observed in
other parts of the section and in other specimens, belong to 'the
generation of platy albite (cieavelandite ) described above. This poi
kilitic albite is also at several places in co n tac t with albite belonging
to the ordinary vein perthite. It is plainly seen that the poikilitic
albite has euhedral outlines against microcline, whereas it has ir
regular outlines against the vein albite, the latter eating into it where
ever there is a contac t.
Ex a m p l e 14.
The poikilitic albite does not always show euhedral outlines;
in fact it is often anhedral in relation to the surrounding microcline.
I
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This is shown in PI. I V, Fig. 6 and Pl. VI, Figs. l and 2 which all
represent specimens from the same locality (Tangen) as example 13.
In these photographs both euhedral and anhedral inclusions of albite
in microcline are seen. The poikilitic albite is frequently penetrated
by albite of the vein perthite. Other specimens, not photographed,
show inclusions of quartz penetrated in the same way by perthitic
albite veins. 1
In PL VI, Fig. 2 there is visible, besides the albite of the poi
kilitic inclusions and that of the vein perthite, also a third variety,
an albite of the film perthite forming very narrow black streaks in
the photograph.
C o n c l u s io n s.
The relations described show plainly that the albite of the vein
perthite must have been formed after the poikilitic albite and after
the crystallization of the microcline host. The explanation, that the
veins have been formed by the action of solutions entering through
cracks, immediately suggests itself. A formation by simultaneous
crystallization is hardly possible, and the remaining alternative, a
formation by exsolution in the solid state, is also highly improb
able. It is not conceivable how the latter process could produce
veins of albite through older poikilitic albite or through quartz.

Microcline Veins, Perthite Vei os, and Quartz Veins.

Veins of turbid microcline running through ordinary microcline
and cut by perthite veins are seen in a considerable number of
specimens, but as these microcline veins usually are very fine, they
easily escape detection. An ordinary example which also shows
quartz veins is described below.
E x a m p l e 15.

PI. VI, Figs. 3 and 4 represent two microphotographs from the
same thin section of a specimen from the old feldspar quarry at
Landsverk, Evje, north of Kristiansand. The specimen is a brecJ
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ciated perthite with only slightly displaced fragments cemented by
quartz veins and by veins of recrystallized microcline. Veins of
quartz and microcline like those shown in the photographs are seen
in numerous places in the section and in many other specimens from
the same locality.
The host microcline is cross-twinned, while the vein microcline
is composed largely of one individual containing scattered patches of
a very irregularly twinned microcline of a type described in connec
tion with the next example.
The turbid appearance of the microcline veins is caused by finely
disseminatect inclusions the nature of which cannot be definitely
determined. Most of them seem to form irregularly flattened bodies
arranged in a direction roughly parallel to one of the prism faces
(l 10) of the microcline. Their thickness is less than 0.002 mm and
their length in the section hard!y more than 0.0 l mm. They are
colourless, apparently isotropic and have a refractive index consider
ably lower than that of the microcline. Bubbles are not seen in any
of them and in all probability they are solid bodies. The properties
mentioned would agree with fluorite, which is the only mineral with
such properties known from the granitic pegmatites.
The microcline
veins also occasionally contain quartz and small amounts of epidote.
The microcline veins are penetrated by perthitic albite veins
(PI. VI, Fig. 3) which cut across them and frequently send short
offshoots along them. It is seen in places (not shown in the photo
graphs) that the vein microcline has partly euhedral outlines against
the vein albite.
The relations between the perthitic albite veins and the quartz
veins are the following: The albite veins protrude into the quartz
veins with extensions that have euhedral outlines against the quartz
(PI. VI, Figs. 3 and 4). Of crystal faces determinable in the section
are seen (IlO), (l lO), and (010). These extended euhedral parts of
the veins have the same extinction, 4o on (001), as the main parts,
but differ in a few respects: They consist largely of single indivi
duals, occasionally with stray lamellæ in twin position, whereas the
main parts of the veins contain fairly regularly twinned albite. The
extended parts are also somewhat turbid from inclusions of a similar
kind as those of the vein microcline, while the albite of the main
parts is practically clear. The boundaries between the two parts of
the albite veins run parallel to the sides of the quartz veins.
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The quartz of the veins is rather coarsegrained, one indivi �ual
usually filling the entire width of the crack and extending for several
mm along the crack. Some of these veins form extensions of
microcline veins, occupying the same cracks as these, and in some the
sides of the veins are lined with microcline of the vein type. Occasion
ally the quartz veins also contain a little epidote.
C o n c l u s i o n s.
The relations described are interpreted in the way stated below:
Some time after the crystallization of the microcline, at a stage
preceding that of the perthite veins, cracks were formed, presum
ably through the influence of exterior mechanical forces, and into
these cracks came solutions (or superheated vapours) effecting the
recrystallization of the microcline. Usually the cracks soon become
filled with the recrystallized microcline, but in some cases solutions
seem to have lingered in them for a considerable time and kept
parts of them open to be filled later with quartz (which to a small
extent was accompanied by epidote). The quartz bearing solutions
have probably been identical with and simultaneous with those that
deposited the quartz veins, because the perthite veins bear the same
relations to the quartz filled parts of the microcline veins as to the quartz
veins. These perthite veins were formed after the microcline veins
i. e. after the microcline bearing parts of these veins, but probably
before the quartz bearing parts of them. They were at any rate
formed before the quartz veins, because the albite veins are cut off
along the cracks of the quartz veins. But the solution that deposited
the quartz in the veins also contained albite and became saturated
with that mineral before they became saturated with quartz. This
albite crystallized on the fracture faces of the perthitic albite veins
and formed the euhedral extensions seen in the photographs. Only
then were the cracks cemented by the compact quartz that is now
filling them.
Thus, in brief recapitulation the processes demonstrated by the
present example are: l) Formation of cracks in the microcline
through exterior stresses and recrystallization of microcline in veins
along the cracks. 2) Formation of contraction cracks cutting the
microcline veins and deposition of albite in these cracks. 3) For
mation of another set of cracks through exterior stresses, these
cracks cutting the perthitic albite veins. 4) Crystallization in these
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cracks first of euhedral albite in parallel continuation of the fractured
albite veins and then of quartz.
The agent bringing about the corrosions, recrystallizations and
depositions involved in these processes must have been dilute solu
tions or superheated vapours of magmatic origin.
Microcline with variable Twin Texture.

Some specimens similar to those described in the preceding
example and from the same locality (Landsverk, Evje) show peculiar
twin textures occurring in c)ose association with microcline veins.
These specimens are all perthites which have been more or less
fractured by exterior stresses, the cracks being represented by
microcline veins. The displacements of the fragments are insignificant.
In the following description these veins and their surroundings will
be considered in connection with a selected example.
E x a m p l e 16.
The microphotograph of Pl. VI, Fig. 5 shows a curved vein of
"dusty" microcline surrounded by several varietetes of clear micro
cline. No albite or other minerals are seen within the area of the
photograph. The entire specimen within the field of view may in
fact be regarded as composed of two individuals of microcline in
twin position on the albite or per icline law.
On close ins pection at !east three textural varieties of microcline
may be distinguished in this specimen. These are: l) A cross
twinned or crypto-twinned variety. 2) A variety with large patches
of single individuals in twin position. 3) A turbid variety forming
veins or irregular patches and usually having a granular twin texture.
As the relations of these varieties have a bearing on the genetic
problems they will be described somewhat more closely.
The cross-twinned microcline is seen across the picture at its
upper margin and across the lower half of the picture on either
side of the vein. In the dark patch at the lower left the twinning
is very fine, to a large extent a crypto-twinning. In the other parts
of the cross-twinned areas the twinning is coarser and the microcline
is shading into the next variety. This coarsely cross-twinned micro
cline and the crypto-twinned patches form isolated parts surrounded
by the single microcline (with patches in twin position) which forms
the bulk of the specimen.
Norsk Geo!. Tidsskr. X.
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The single patches of microcline, which, as stated, form the main
part of the specimen, also occupy the marginal parts of the microcline
veins. Characteristic of this variety is that it has a clear appearance
and that the contacts between the individuals in twin position are
marked by sharp lines without transitional zones of crypto.twinned
microcline such as is characteristic of the first variety. With high
magni fication the irregularity of the contact lines will be conspicuous,
but when seen over larger areas with low magni fication the fabric
of twinning very strikingly suggests that of the cross-twinned
microcline.
The microcline veins are well represented in the cur ved vein
seen in the photograph; but microcline of the same kind as the
central part of this vein is also seen in several places outside the
vein, forming irregular patches in the other varieties of microcline
or forming narrow seams along the twinning contacts of the cross
twinned variety. The zonal structure of the vein is a feature worthy
of notice. As stated already the border zone contains the same
variety of microcline as that occupying the main parts of the speci
men. It is distinctly seen in the photograph that there is a sharp
line of contact between this border zone and the cross-twinned
microcline which is cut by the vein.
The central part of the vein is composed of a turbid microcline
with a finegrained granular twin texture. In mode of occurrence and
appearance this microcline is identical with the vein microcline de
scribed in the preceding example. lts turbidity is caused by numerous
small inclusions of the same kind as described before.
The clear
microcline of the vein borders ha ve sharp contacts against the turbid
microcline of the central parts of the vein, sometimes showing euhedral
outlines against it. In sections parallel to (0 10) the contact lines be
tween the two varieties usually have an irregular course, but for
considerable distances they are straight-lined, and then parallel to
the c-axis. Several measurements gave values between + 62° and
+ 66°, average + 64°, for the angle between these straight-lined parts
and (00 1).
All varieties of microcline are cut by coarse perthitic albite veins
(not visible on the photograph ) with rather irregular outlines, but
running in directions roughly perpendicular to (0 10>.
A microphotograph from another section of the same specimen
is shown in Pl. VI, Fig. 6. Excepting a few small specks of per-
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thitic albite also this picture shows nothing but microcline. The main
microcline, which is largely one individual, is traversed by veins of
turbid microcline which is mostly in twin position to the main
microcline. The same turbid microcline also forms the cementing
material between the fragments of the slightly brecciated specimen.
Co n c l u s i o n s.
The relations described show that the microcline has g·Jne
through several processes of recrystallization. The original microcline
is the cross-twinned variety, but even this, according to previous
statements, may have been formed by an older recrystallization.
This cross-twinned or in places crypto-twinned variety now merely
forms relics in the main microcline which is the single or coarsely
twinned v ariety. In the recrystallization process giving rise to the
latter variety solutions entering through capillary cracks may have
been active. It is also possible that the twin texture of the original
variety has facilitated the circulation of the solutions inasmuch as
capillary spaces may have arisen along the twin boundaries. The
presence of recrystallized microcline along the twin boundaries give
support to this idea. The general arrangement of the individuals of
the co arsely twinned variety in patterns that have the same appear
ance as those seen in the cross-twinned variety, but have sharp
and irregular contact lines, form evidence for the conclusion that
the coarsely twinned variety is a product of recrystallization from
the ordinary cross-twinned variety.
Some time during this stage
of recrystallization exterior stresses have caused the formation of
irregular cr ac ks in the microcline, and along these cracks the re
crystallization distinguishing the microcline veins h as taken place.
First a coarsely twinned microcline variety has grown out from the
sides of the cracks, this differing in no essential respect from the
m ain microcline outside the veins. Then the variety with fine,
granular twinning has crystallized in the central p arts of the veins
and in scattered irregular patches in the coarsely twinned variety or
in narrow fringes along the twinning boundaries of the ordinary
cross-twinned variety.
The peculiar texture illustrated in the present example cannot
be explained as due to recrystallizations in the solid state. It is
hardly conceivable th at such features as those of the veins and of
the relics of cross-twinned microcline could be produced in that manner.
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Although it is dif ficult to explain the exact nature of the process in
any case the very complexity of these textures and the general re
lations between the different varieties strongly suggest the action of
fluxing agents.
Microcline Veins in Pure Microcline.

E x a m pl e 17.
In an old feldspar quarry at Haugen (Haugefjell), Evje, north
of Kristiansand is found a peculiar variety of non-perthitic microcline
associated with ordinary microcline perthite and the usual pegmatite
minerals. The composition of this microcline appears from the ana
lysis (Table 3, Nr. l). It is the most potassic feldspar known from
the granite pegmatites of Norway.
In the sections (Pl. VII, Fig. l , A and B) no veins or other perthi
tic intergrowths of albite are seen except with high magnification, but
irregular veins of microcline are conspicuous. Thus the greater part
of the 6.2 pct. albite shown by the analysis to be present in the
microcline must have the form of a solid solution or of submicro
scopic inclusions.
The course of the microcline veins appears from the micro
photographs. In the section paralle! to (O l O) it is seen that the larger
veins have a decided tendency toward running in a direction approxi
mately paralle! to the c-axis or also paraliel to (00 l) while some
narrow veins form a small positive angle with (00 I). In the section
parallel to (00 l) the veins run in directions at large angles with (O l O)
or more or less parallel to this face.
The material of the veins is for the greater part a very turbid
microcline, either finely twinned with a granular fabric of the twin
ning or sometimes composed largely of one individual. The veins
also contain some quartz. The turbidity is caused by numerous
inclusions of the same nature as those described in Example 15 with
the difference that the inclusiors are more densely crowded in the
present example and the veins, therefore, darker.
The amount of microcline veins present in the specimen is found
by microscopic measurements to be about Il pct.
Co n c l u s i o n s.
The textural features of this unique type of microcline are not
easily interpreted. A tentative explanation is indicated below.
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The general trend of the microciine veins, especially when seen
in the section parallel to (O l 0), is about the same as that of the
albite veins in ordinary perthites. This fact may be taken to show
that somehow there is a genetic relationship between perthitic albite
veins and these microcline veins. A simple relation may be estab
lished by explaining also the microcline veins as formed in connec
tion with contraction cracks in the same way as the perthitic albite
veins. It may be assumed, then, that at the time of the formation
of such cracks the original feldspar has been exce ptionally poor in
soda. Thus there wou1d be little or no separation of albite by ex
solution on cooling or by the action of fluxing agents in the cracks.
The only important effect of the fluxing agents would be to cause
a recrystallization of microcline along these cracks. Besides con
traction cracks also more incidental cracks formed through exterior
stresses may have played a part in the formation of the microcline
veins exactly as in the formation of certain albite veins or quartz
veins or in the formation of the microcline veins described in previ
ous examples.
As an alternative explanation it may be assumed that the original
felds par, as usual, contained a considerable amount of albite, but that
most of this was leached out during the recrystallization.
No matter whether any of these ex planations be recognized it
seems certain that the features characteristic of the microcline con
sidered are not those obtained in the original crystallization of the
feldspar; they are of "secondary" origin and most likely they have
been imparted to the microcline at a late stage.
Perthite with Interlocking Texture.

Ex a m p l e 1 8 .
I n a felds par quarry o n the island Frøyna, Søndeled, near Risør,
a part of the granitic pegmatite consists of a peculiar perthite, con
taining microcline, andesine, and albite. Microcline and albite, joined
to a film perthite, form the one main part and andesine the other 1.
The bulk composition of this perthite is, according to a chemical
analysis (Table 3, Nr. 29) 25.4 Ca-f, 37.7 Na-f, 36.9 K-f. Some of
the properties of the constituent phases are stated in Table 5. The
I
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T a b l e 4.
Areal measurements o f proportions o f phases in perthite from Frøvna,
calculated as weight percent.

l

Microcline perthite .........

I

l

44.4

Andesine ..................

54.5

Quartz .................... .

05

Muscovite ....... .........

0.6

.

.

Calcite ....................

Ta b l e

Il

Mean

43.0

43.7

55.3

54.9

0.9

0.7

0.6

0.6

0.2

O.l

5.

Properties of individual phases of perthite from Frøyna.
Composition,
weight pct.

Extinction Extinction
(001)
(010)

Ca� f
Andesine ...............
Microcline perthite ... .
.

{

-

Microcline
Perthitic
al bite films

l

+

3"

16c

l

+

11°

+ 5.3 °

-:- 18

l

l

K�f

Na-f

43

57

-

-

9

91

7

93

l

-

extinction angles re present the average figures of a considerable
number of measurements (10 20). The com position of the micro
cline is computed in the following way: First the total composition
of the microcline perthite is calculated on the basis of the analysis
and the measurements given in Tables 4 and 5. The figures thus
arrived at are l Ca-f, 14 Na-f, 85 K-f. From this is subtracted 6
pct. albite found by microscopic measurements to be the amount
present as visible films. The rest, 9 Na-f, 91 K-f, thus re presents
the microcline with its content of invisible albite (solid solution or
submicroscopic intergrowths).
The andesine is homogeneous exce pt for incidental cracks con
taining a little muscovite and calcite, and an indication of zonal growth
with borders slightly more sodic than the central parts.
The micro
cline perthite is a film perthite with extremely fine intergrowths of albite.
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The textural features are illustrated in the microphotographs
PI. VII, Figs. 2, A and B, and Fig. 3.
In sections paralle! to (00 l ) the conta et lines between the ande
sine and the microcline perthite are rather irregularly curved, the
two feldspars forming slightly interloc king bodies. A tendency toward
running in a direction parallel to (010) is noticeable in the contacts.
The direction perpendicular to (010) is also distinctly observed and
occasionally the direction of prism faces may appear.
The ande
sine is regularly twinned on the albite law. The twin lamellæ do
not, as a rule, continue across intervening areas of microcline. The
two sets of lamellæ seem to be fairly well balanced.
The micro
cline is regularly cross-twinned wi th the lamellæ on the albite law
more pronounced than those on the pericline law. It is seen in
numerous places (but not well illustrated in the microphotograph)
that the lamellæ on the albite law in the microcline correspond to
lamellæ in the adjoining andesine, the lamellæ of the one phase
forming, as it were, a continuation of those of the other phase, ex
tinguishing on the same side of the twinning contact.
In the micro
cline very fine films of albite are visible running in a direction
perpendicu1ar to (O l 0).
In sections parallel to (010) the directions of (001) and the
c-axis are distinctly noticeable in the conta et lines; otherwise the
contacts are irregular. For the direction approaching the c-axis
an angle of -o- 65 with (00 l ) was obtained as the average of seve
ral measurements.
The perthitic albite in the microcline forms
thin spindles or films running very closely in a direction at -o- 72"
with (001) (average of a large number of measurements ranging
between -o- 71" and -o- 73°). A few films also run in a direction form
ing from + 14 to + 20 with (00 l ) . The thickness of the films never
exceeds 0.003 mm and is usually less.
Occasionally irregular veins of albite are seen running in micro
cline along the contacts against andesine. Cracks traversing the entire
feldspar are not uncommon; they are filled with a finegrained mass
of sericite; sometimes also larger flakes of muscovite, grains of
quartz, and small patches of calcite occur.
Besides the microcline
in parallel intergrowths with andesine there are also a considerable
number of unoriented inclusions of microcline in the perthite; this
is of the same type ( film perthite) as the main microcline.
u

o

o
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The relations of the present type of perthite seem to be best
interpreted by assuming that the intergrowths have been formed largely
through a rhythmical, simultaneous crystallization of andesine and a
homogeneous soda bearing microcline with subsequent exsolution of
albite from this microcline to form a film perthite. This rhythmical
crystallization may have involved brief periods of resorption of one
of the feldspars with subsequent recurrent crystallization of the same
feldspar or replacement of the one feldspar by the other. However,
it is not strictly necessary in the present case to postulate any re
sorption process in order to explain the most essential features of
the perthite considered; the discussion of this process is, therefore,
set aside for a subsequent section ( see p. 20 l).
Ussing's views on simultaneous crystallization.
The process
of formation of perthitic intergrowths through simultaneous rhythmical
crystallizations has been most thoroughly discussed by USSING 1 in
connection with descriptions of alkali feldspars from nepheline sye
nites of Greenland. The following passage, cited in translation from
UssiNG's own summary gives the essential points of his ideas:
"When potash and soda feldspar silicates crystallize simultaneously from
the same magma only certain conditions, seldom obtaining, permit the separation
of the two silicates in individual cry sta ls of microcline and albite; !hese conditions
may probably be defined by attributing to the magma a special state permitting
rapid crystallization and also by assuming same flow in the magma during the
crystallization.
Generally both feldspars separate in mixed crystals, the directions of the
vertical axis (?) and the clinopinacoid being common to all molecules within a crystal
of !his kind. The mixed crystals are either homogeneous: soda orthoclase (soda
microcline) or inhomogeneous: perthite (with the subdivisions microperthite, crypto
perthite); the former are connected with the latter through transitions and may be
regarded as perthites (cryptoperthite) in which the individual lamellæ of potash and
soda feldspar have been reduced to imperceptible dimensions.
The slower the rate of diffusion necessary for the crystall ization (and depending
on the state of the magma) is, the smaller the dimensions of the individual parts
of the two feldspars in the inhomogeneous mixed crystals (perthites) will be, and
the more !hese perthites will approach the homogeneous state. The perthite struc
ture is, therefore, generally coarser in nepheline syenite than in syenites and
granites. However, as the consistency of the magma during the separation of the
feldspar depends, not only on the cheMical composition, such as we find it in the
l

Paper referred to on p. 120.
pp. 98-100.

See especialiy pp. 88-94 and the summary

THE GENESIS OF FELDSPAR FROM GRANITE PEGMATITES

185

so!idified rock, but also on the temperature and the amount of water present, there
is no necessary dependency between the fineness of the perthite strucrure and the
systematic place of the rock.
lnasmuch as the feldspars have been formed in the way mentioned above
the faces of intergrowth between the two feldspars in the perthites are of two kinds:
faces formed between consecutively crystaDizing parts of the two feldspars and faces
formed between simultaneously crystallizing parts. By combinations of both kinds
of faces of intergrowth the individual parts will obtain apparently irregular outlines.
The first kind of faces of intergrowth follow the crystal faces (in the feldspars
of the nepheline syenites, therefore, o ften the clinopinacoid which here is the lar
gest crystal face) and they are more strongly developed the coarser the perthite
structure is. The faces of intergrowth of the second kind do not correspond to
any crystallonomic face, but- in the same way as the faces of intergrowth of the
peric!ine twins - their position depends on the crystallographic elements and the
mutual orientation of the t wo feldspars; they assert themselves more strongly the
finer the perthite structure is, being especially prevalent in the cryptoperthites.
Their directions are probably subject to small variations produced by changes in
the crystallographic elements of the two feldspars; apart from this they depend only
on the twinning of the two feldspars. In the simplest case, where the potash feid
spar is an orthoclase and the albite consists of quite thin twin lamellæ, they run
of the orthoclase; in the case represen
approximately along the orthodome
ted by the cryptoperthites from the Julianehaab region, where the potash feldspar
must be supposed to be a regularly t winned microcline, they follow approximately
along the two pyramid faces (86T) and (861), these being faces of intergrowth for
each one of the t wo microcline individuals; in cases where both feldspars are
more irregularly t winned also other faces of intergrowth, not particularly known,
may occur."

It is perhaps not at once apparent from the above brief sum
mary that according to UssiNG 's ideas the process giving rise to such
a texture as that of the microcline-andesine perthite here considered
must be a simultaneous, rhythmical crystallization; but from state
ments in the detailed descriptions and discussions this is clear enough.
Apart from the idea that resorptions may to some extent modify
the process of rhythmical crystallization, the explanation of the ande
sine-microcline perthite indicated below is in general agreement with
UssiNG's views although differing in the terms used 1•
Remarks on rhythmical crystallization. The simultaneous cry
stallization of the two original feldspars, soda bearing microcline and
andesine, must have taken place from a liquid with which the two
feldspars were, generally speaking, in equilibrium. Suppose that a
perfectly stationary equilibrium obtains, with no changes whatever in
l

Ussing's paper was published be fare the introduction of the phase rule ter
minology in petrology.
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any of the phases or in their relative amounts, thus no crystalliza
tion or resorption of any kind, taking place. The slightest change
in temperature or pressure or in the composition of the liquid may,
then, produce either a crystallization or a resorption of one feid
spar or of both, or a crystallization of one and a resorption o f
the other.
We disregard the other possibilities and assume that the system
andesine-microcline-liquid be subjected to a change tending to pro
duce a crystallization of both feldspars and that the conditions are
favourable for the formation of parallel intergrowths of distinctly
separated parts o f considerable size: coarse perthites. As soon as
this crystallization begins, diffusion currents in the liquid will tend to
replenish the material trans ferred to the growing crystals from the
liquid immediately adjoining them. We consider, for instance, the
microcline part of the growing perthite at a moment when the liquid
in contact with this part is saturated with both feldspars. At first
microcline will separate on the crystal already present, the liquid
thus becoming relatively richer in andesine and poorer in microcline.
Jf the microcline, as presumed, has a relatively large surface its
growth will demand a supply of material from a considerable volume
of the Iiquid. Unless the liquid has an excessively high fluidity a
state may then be reached at which the diffusion can no langer keep
pace with the growth; the liquid in contact with the crystal will cease
being saturated with microcline and the crystallization of the micro
cline must stop. At the same moment the andesine will begin cry
stallizing in parallel orientation with the microcline and this will
continue as long as the diffusion is able to keep the liquid which
is in contact with the crystal saturated with andesine. When the
andesine can no langer crystallize, microcline will again separate and
so forth. The contact faces between the two feldspars "may be
compared with the boundary faces between individual Iayers in zonal
crystals and are more stri kingly characterized as faces of deposition
than as faces of intergrowth." (UssiNG).
Intergrowths formed in this way must obviously have contact
faces largely along the faces of growth of the feldspar. Subject to
disturbances, due perhaps to occasional periods of strictly simultane
ous growth of the two feldspars, possibly to resorptions interrupting
the crystallization, or to more incidental causes, the faces of growth
will be parallel to the principal crystal faces of the feldspar.
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The predominant crystal faces in the feldspars of granitic peg
matites are usu ally (00 l), (O10), ( l O l), (110); these faces, therefore,
must be expected to be represented to some extent in the contacts
between the two feldspars of perthites formed by a rhythmical cry
stallization.
From the description of the example here considered it appears
that the directions of these crystal faces are actually represented
in the contact lines observed in the thin sections.
It is also worthy of notice that the patterns of the contact faces
in the present example have many points of similarity with those
observed in certain micro-perthites from nepheline syenites which
BRØGGER 1 and UsSING2 both regard as primary perthites, formed
by simultaneous crystallization of potash feldspar and soda feldspar.
Remarks on alternative explanations.
A few remarks may
be made at this place with regard to alternative explanations of the
microcline-andesine perthite.
The type of intergrowth seen in the present example c_an hardly
be considered formed by exsolution in the solid state from an ori
ginally homogeneous lime-soda-potash feldspar. In the first place
there is no evidence to show that a homogeneous feldspar of the
composition of the present example can exist under any conditions.
It is true that there are examples of potash-oligoclases (e. g. from vol
canic rocks at Mt. Erebus3) and also of potash bearing andesines (e. g.
from mangerites in Jotunheimen 4) . The former is homogeneous and the
latter is an antiperthite with fine spindles of potash feldspar, pre
sumably formed by exsolution from a homogeneous feldspar. In
both cases, however, the amount of potash feldspar in relation to the
plagioclase is considerably less than in the example here considered.
The potash oligoclase from Mt. Erebus contains only half as much
potash feldspar ( 18 p et.) as the andesine perthite of our example.
The amount of potash feldspar present in the andesine antiperthite
from Jotunheimen is probably still less. Then also the coarse, intert

2
3

4

See the paper referred to on p. 120, pp. 554� 556 and Pl. XXIII, Figs. l, 2,
and 4.
See the paper referred to on p. 120, pp. 21-42 and Pl. l, Figs. l and 2.
Mountain. E. D., Potash oligoclase from Mt. Erebus, Antarctic etc.: Min. Mag.,
20, 331-345, 1925.
Goldschmidt, V. M., Geo!. Petr. Studien im Hochgebirge des si.idlichen Nor
wegens:
skrifter l. Mat. Naturv. Kl. No. 2, 39, 1916.
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woven texture of the present example forms a sharp contrast to
the regular film or string texture of the perthites that may be most
reasonably considered formed by exsolution and thus speaks against
such a mode of origin for the present perthite. Thus there seems
to be no reason for believing that the perthite considered has been
formed by exsolution from an originally homogeneous feldspar.
Neither the other alternative, a formation entirely through re
placement of micr ocline by andesine, seems very probable. There
is little similarity between the texture of the present perthite and the
texture of the numerous examples of patch perthites, whose origin
through replacement must be considered well established. These latter
perthites always show great irregularities in the distribution and out
lines of the plagioclase (albite ) phase and are always more or less
closely associated with true vein perthites. The characteristic constant
features of the present example and the absence of vein perthite,
therefore, speak against a formation through replacement.
Thus the theory here adopted, a simultaneous, rhythmical cry
stallization of andesine and a homogeneous soda-potash feldspar,
seems to afford the most probable explanation of this peculiar type
of perthite. It may need emphasis that this simultaneous crystal
lization is not identical with a eutectic crystallization in the proper
physico·chemical sense of the term. The crystallization would be
eutectic if the feldspar phases separated at a constant temperature
and pressure from a dry melt of the same composition as the average
of the feldspar, whereas a simultaneous crystallization needs not be
restricted to this exceptional case which is perhaps never realised
in nature. Simultaneous crystallization may take place from any
kind of solution that by any process whatever, such as cooling,
eva poration, or change of pressure, becomes saturated simultaneously
with all the solid phases entering into the combination considered.
In the present case the crystallization of the two original phases has
probably taken place at a relatively low temperature from a solution
rich in volatile constituents. This is an assertion not easily proved,
but the following facts speak in favour of it: The relatively low
content of soda feldspar in the microcline indicates that the tempe
rature of crystallization has been low. The coarsegrained texture
points toward a high fluidity of the liquid from which the crystal
lization has taken place. The perthite is intimately associated with
ordinary perthites and other minerals belonging to a granite pegma-
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tite. These facts are most naturally interpreted by assuming an
ordinary pegmatitic crystallization for the perthite considered.
Exsolution of albite in microcline.
After the simultaneous
crystallization of the two original phases the andesine phase has
remained largely unchanged whereas the microcline phase has gone
through a process of exsolution on cooling, separating albite in the
usual form and orientation of a film perthite.
This combination of three phases: microcline, andesine, and
albite, cannot have been the original result of a simultaneous cry
stallization of the three phases under conditions of equilibrium;
according to all our knowledge of the phase relations of feldspars
two separate phases of plagioclase cannot coexist in equilibrium.
The most probable explanation is, therefore, the one suggested,
although alternative explanations might be thought of.

Antiperthites.

Antiperthitic feldspars are very common in the pegmatites here
considered. Practically all the plagioclases occurring in these peg
matites contain small amounts of potash feldspar in the form of
oriented perthitic intergrowths of microcline. Although they may vary
with regard to composition and texture only few types of anti
perthites can be distinguished. Those occurring in granitic pegmatites
will be demonstrated by the few examples described in the following 1.
Ex a m p l e 19.
An antiperthite whose plogioclase is a rather pure albite is re
presented by a specimen from Risøen, Skåtøy, near Kragerø. The
composition of this feldspar is, according to an analysis ( Table 3,
Nr. 31), 3.2 Ca-f, 93.1 Na-f, 3.7 K-f.
The antiperthitic intergrowths of microcline of this specimen
may be grouped in several classes as will appear from the descripl

For descriptions of interesting antiperthitic feldspars from other types of rocks
see for instance the following papers: Quensel, P., The alkaline rocks of
Almunge: Bull. Geo!. Inst. Uppsala, 12, 143 and 166, 1914. Barth, T., Die
Pegmatitgange der kaledonischen lntrusivgesteine im Seiland-Gebiete: Det
norske videnskapsakademi i Oslo, Skrifter I, Mat. Naturv. Kl., 1927, No. 8.
pp.
65. See also papcr by Goldschmidt referred to on p. 187.
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tions of the thin sections. ( Pl. VII, Fig. 4 and Pl. VIII, Fig. l,
A and B).
In sections parallel to (001) ( Pl. VII, Fig. 4 and Pl. VIII, Fig. l A)
the albite is finely twinned on the albite law with lamellæ of one
individual prevailing. In a few places of the sections rectangular
areas are also twinned on the pericline law, the lainellæ of the latter
twinning being broader and less regular than those of of the albite
law. The extinction angle of the albite is 3.5
The antiperthitic
intergrowths of microcline appears in these thin sections in several
forms and orientations described below.
l. Straight films of micro
cline approximately perpendicular to (010) run across the entire
width of single albite lamellæ without, as a rule, crossing the
twinning boundaries. When they exceptionally pass from one albite
lamella to an adjoining lamella (without perceptible change of direction)
they invariably change their optical orientation at the twinning
boundary, the microcline in these films never being twinned as
long as it remains in the same albite lamella. The extinction
direction of the microcline has always a sign opposite to that of
the enclosing albite lammellæ. The thic kness of the microcline
films does not exceed 0.00 2 mm. Owing to this small size their
extinction angle cannot be exactly measured, but it is certainly
not far from the normal value; approximate measurements gave 15
The microcline in these films is usually somewhat turbid from minute
2. Somewhat coarser less regular, but fairly straight
inclusions.
lamellæ of microcline run in a direction of -;- 45 but never in a
direction of + 45 with (O l 0), the directions being denoted by the
usual signs for the extinction directions of albite lamellæ. Thus at
the twinning boundaries these microcline lamellæ change directions
by an angle of 90 at the same time changing extinction directions,
the microcline of these lamellæ also being single within the same
albite lamella. The sign of extinction of this microcline is, however,
always the same as that of the surrounding albite lamella. The
extinction angle is approximately IS but as this microcline is very
turbid, owing to densely crowded, minute inclusions, exact measure
ments are not possible. The width of these microcline lamellæ may
reach 0.01 mm and their length O.l mm. In places this type of
microcline intergrowths pass into the next type. - 3. Veinlike inter
growths run approximately parallel to (010) or form more irregular
patches with no determinable orientation of their contact lines against
°.

°.

°,

o
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the albite. Their microcline is usually clear but occasionally also
somewhat turbid. It consists of single ind ividuals with small scattered
patches in twin position. The larger individuals always have extinction
directions of the same sign as the albite lamella enclosing them,
but in places where they are enclosed by several lamellæ there is
no sign of a connection between the regular twinning of the albite
and the incidental twinning of the microcline; usually the microcline
is absolutely untwinned even though it may be in contact with a
number of twin lamellæ of the albite. lts extinction angle is 16 o
indicating a pure microcliri.e without admixture of soda feldspar as
solid solutions or invisible intergrowths. These veinlike intergrowths
may be up to 0.05 mm thick and occasionally a few mm long.
As stated above these veins are sometimes connected with the
lamellar microcline intergrowths whose directions in the sections
parallel to (00 l) form + 45 with (O10).
4. A few veinlike inter
growths of microcline run in such a way as to suggest their con
nection with incidental cracks formed through the influence of ex
terior stresses.
In sections parallel to (010) (PI. VII, Fig. l B) the extinction
angle of the albite is found to be + 19.5 corresponding to a com
positon of 5 Ca-f, 95 Na-f, whereas the analysis demands about
3 Ca-f, 97 Na-f. The disagreement is probably due to small vari
ations in the composition, the analysis representing a much larger
sample than the thin sections. That such variations are present is
apparent from the subsequent description. The various intergrowths
of microcline have characteristic outlines and orientations that permit
correlations with those seen in sections parallel to (001).
l. Some
extremely tine and conspicuously straight-lined films run in a direction
of +
with (001). The thickness of these films is of the same
order of magnitude as those of group l. in the sections parallel to
(001) and the films are seen to have a position perpendicular to the
plane of the section. There is no doubt, therefore, that these two
sets are traces of the same group of microcline intergrowths, namely
very thin, plane films running in a direction very nearly perpendi
cular to (010) and forming an angle of + 75" with (001). This is
_
a position not far from a form like (60 l). The length of these films
in the section is sometimes as much as a few mm.
2. Some
spindles or lamellæ of turbid microcline run in a direction of about
+ 68 with (00 l) having very nearly the same thicknesses as the
o

°,

o
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oblique lamellæ of group 2. seen in sections parallel to (00 1) and
no doubt identical with these. The position of these lamellæ does
not correspond to any crystallographic face with reasonably simple
indices, but is somewhere near the vertical prism (2.30). The length
of these lamellæ in the section may be as much as l mm.
3. A
number of scattered patches of microcline no doubt correspond to
the veins of microcline of group 3. in the section parallel to (00 l ) .
They sometimes have straight-lined edges at an average angle of
about -7- 66" with (00 1) and parallel to (00 1), but have otherwise
rather irregular outlines.
In one of the sections parallel to (00 1) it is seen that the albite
has been exposed to considerable stresses after its crystallization.
In a zone about 0.5 mm wide across the entire section the twin
lamellæ are strongly curved, in places deviating nearly 45 o from
their original direction. This deformation, which is accompanied by
small fractures, has exerted no influence whatever on the twinning
of the albite or the distribution of the microcline intergrowths.
Excepting their hending and occasional cracks the twin lamellæ run
undisturbed through the deformed zone, and the microcline inter
growths are exactly the same inside the zone as outside, except
that their orientation changes with the hending of the albite lamellæ.
In order to determine the amount of potash feldspar present
·

as solid solution or invisible intergrowths in the albite, areal measure

ments have been made under the microscope. The measurements
give 3 pct. microcline while the analysis gives 3.7 pct. Thus 0.7 pct.
potash feldspar is present as solid solution or invisible intergrowths.
Even though this figure may not be more than approximately correct
it shows at any rate that the amount of invisible potash feldspar
must be insignificant.
In one of the sections parallel to (010) the albite shows a number
of very fine irregular veins of a composition slightly more sodic
than the main part of the 'specimen. The extinction angle of this
vein albite is + 2 1.3 corresponding to 3 Ca-f, 97 Na-f, while that
of the main individual in this section is + 18,3 corresponding to
7 Ca-f, 93 Na-f. These figures, compared with those computed from the
analysis and those obtained in other sections, show that there are
variations in the composition of the plagioclase and they also demon
strate how alterations may take place along cracks formed by ex
terior stresses.
c,

°,
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E x a m p l e 20 .
A specimen from the old feldspar quarry at Landsverk, Evje,
is an albite with antiperthitic intergrowths of microcline forming
rather irregular, vein-like bodies. (Pl. VIII, Fig. 2, A and B).
A section pa ralle! to (00 l) shows that the albite has a regular
twinning with fairly well balanced lamellæ on the albite law and with
extinction angle 3.5
The entire section is divided into a number
of irregular areas, the albite in adjoining areas having a slightly
different orientation and different systems of twin lamellæ (Fig. 2 A).
It is chiefly along the contacts of these areas that the vein-like
microcline occurs. No fractures or other signs of mechanical deforma
tion are seen in connection with these contacts; they evident! y mark
original faces of growth, although they do not coincide with any
crystal faces. The microcline is rather coarsely cross-twinned but
with lamellæ on the albite law prevailing over those on the pericline
law. Its extinction angle is about 15
In a section parallel to (010) (Fig. 2 B) the extinction angle of
the albite is + 172, corresponding to 8 Ca-f, 92 Na-f, and that of the
microcline is + 5 .
Some of the intergrowths form lamellæ up to
l mm long and 0.03 mm wide and frequently having a direction
of + 66 with (00 l). Most of the intergrowths in this section, how
ever, form patches, which sometimes have straight edges parallel to
with (00 l). The microcline of the intergrowths
(00 l) and at +
is usually clear but sometimes turbid from minute inclusions.
The amount of visible antiperthitic microcline in this specimen
is found by microscopic measurements to be about 3 pct. The speci
men also contains about 0.2 pct. muscovite.
8•

�.

"

o

Ex a m p l e 21.
A specimen from Urdal feldspar quarry, Dalholt, Landvik, near
Grimstad, consists of an antiperthitic albite-oligoclase of the composition
10.2 Ca-f, 84.4 Na-f, 5.4 K-f1 (Table 3, Nr. 30).
This specimen (Pl. VIII, Fig. 3, A and B) does not show so
many variations in the form and orientation of the microcline inter
growths as the preceding example.
I

Computed from the analysis without correction for impurities, such

as

musea

vite, that influencc the amount of potash feldspar obtained.
Norsk Geol Tidsskr. X.
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In a section parallel to (00 l) it is seen that the greater part of
the specimen consists of a single individual, only a small fraction of
it containing a few barely visible lamellæ in twin position on the
albite law. The extinction angle is about 2 °.
The microcline inter
growths (Fig. 3 A) form rather straight lamellæ, rarely as much as
0.03 mm wide and 0.3 mm long, oriented in two main directions, one
at.. 52° to .. 63° (average .; 57") and one at+ 82c to+ 87 (average
+ 85°) with (OI 0), these directions denoted by the signs of extinction
for the
There are also a few somewhat larger patches
of microcline intergrowths of less regular outlines. In all the micro
cline intergrowths one individual is dominating, usually without any
twinning, but occasionally with some fine cross-twinned lamellæ inter
spersed in the main individual. The extinction of the main individual
is invariably positive (in relation to the positive extinction of the
albite-oligoclase), with an angle of about !6°. This is the value for
a pure soda-free microcline.
It is seen that the intergrowths of
the two main orientations are closely associated with each other and
with the patch-formed intergrowths, and there seems to be no ground
for dividing thern into several groups. The microcline is usually tur
bid from minute inclusions, but sometimes almost clear.
In the section parallel to (O l O) the extinction angle of the albite
oligoclase is+ 13.5 and that of the microcline intergrowths + 5.3 °.
The extinction angle of the albite-oligoclase corresponds to a com
position of about 12 Ca-f. 88 Na-f, in perfect agreement with the
chemical analysis. The intergrowths (Pl. V I I I, Fig. 3 B) generally form
more or less regular lamellæ, most of them running in directions
forming from .. 60° to...;- 65° with (001). The patch-formed inter
growths have partly straight edges parallel to these directions and
sometirnes also parallel to (001).
The lamellar intergrowths may
be as much as l mm long by 0.03 mm wide in this section, the patch
formed intergrowths often measuring a few tenthts mm in either
direction.
This section shows a number of narrow veins of albite
in parallel intergrowth with the albite-oligoclase, but distinguished
from it on their larger extinction angle, + 18.3°, placing their composi
tion at 7 Ca-f, 93 Na-f. These veins run throughout the section, same
times for long distances paralle! to the cleavage (00 l), but mostly in
quite indefinite directions, in places forming finely branched networks.
They attain a width of 0.05 mm, but are usually much narrower,
often barely visible with high magnification. Besides albite they cono
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tain some muscovite and a little epidote.
These veins do not always
cross the microcline intergrowths where they meet them; sometimes
they pass by them, forming narrow, indistinct rims of·albite around
the microcline intergrowths.
Areal measurements under the microscope give 3 pct. microcline
present as antiperthitic intergrowths and 0.6 pct. muscovite. These
amounts call for 0.58 pct. K20 while the analysis gives 0.9 1 pct.
The difference, 0.33 pct. K20, corresponds to 1.9 pct. potash feid
spar, and this, then, is the quantity entering into solid solution or
invisible intergrowths in the albite.
Ex a m p l e 2 2.
A specimen from Lerviken, Sannidal, near Kragerø, shows charac
teristic features of the antiperthitic intergrowths. The plagioclase of
this specimen is an albite-oligoclase (Pl. IX, Fig. l, A and B).
A section paralle! to (00 l) shows regular twinning of the albite
oligoclase with well balanced lamellæ on the albite law; extinction
angle 2.5°.
In a part of the section (Fig. l A) a considerable portion
of the microcline intergrowths form roughly square patches arranged
exactly along the twin boundaries of the albite-oligoclase, seldom
measuring more than 0.02 >< 0.03 mm, the langer side often being
nearly perpendicular to (0 10). Sometimes these patches have lamellar
extensions running across the twin lamellæ of the albite-oligoclase
approximately at right angles (from + 87° to+ 87°) to (OI O). A few
such microcline lamellæ also run in a direction of + 56° with (0 10).
In an other part of the section the small microcline patches along

the twin lamellæ of the albite-oligoclase are entirely absent; instead
there are a number of larger vein-like bodies of microcline with
jagged outlines running across the entire section at variable but always
large angles with (O l0). Frequently these veins are divided into dis
connected patches arrayed in the direction of the veins. There is no
essential difference between these patches and those lying along the
twin lamellæ of the albite-oligoclase. The microcline in all these patches
and vein-like bodies is always cross-twinned with an extinction angle
of 16 °. The twin lamellæ on the al bite law in the microcline fre
quently coincide in width and direction with lamellæ of the albite
oligoclase, but the two feldspars then extinguish on opposite sides
of the twinning plane. - Narrow veins, cutting the albite-oligoclase
and all the varieties of microcline intergrowths mentioned, run across

196

OLAF ANDERSEN

the section at several places. They are chiefly filled with microcline,
but also contain some epidote and quartz. The microcline in these
veins is clear and consists largely of one individual without any
regular twinning. That this microcline and the accompanying epidote
and quartz represent fillings of cracks is certain, since twin la mellæ
of the albite-oligoclase, cut by the veins, are slightly displaced
along them.
In a section parallel to (0 10) the albite-oligoclase has an ex
tinction angle of + 14 °, corresponding to a composition 12 Ca-f, 88
Na-f. The extinction angle of the microcline is+ 6°.
The micro
cline lamellæ are oriented chiefly in two directions, at-;- 67° and
-;-54 °, with (00 l). The lamellæ of the latter direction usually form
relatively short branches running out from those of the former
direction. The length of the lamellæ may be several mm; their
width never exceeds 0.05 mm.
The narrow veins with micro
cline, epidote and quartz, are also seen in this section. They run
irregularly at indefinite angles with (00 l). Where they cut the inter
growths the microcline of the veins merges without visible contact
lines into that of the intergrowths.
A few extremely narrow veins,
usually running along cleavages of (00 l) cut across all other veins
and intergrowths. They are filled either with muscovite or with nearly
pure albite (extinction angle about 20°).
The amount of microcline visible in antiperthitic intergrowths in
this specimen is found by several measurements under the micro
scope to be l 0.6 pct.
Ex a m p l e 23.
In an other specimen from Lerviken (Pl. IX, Fig. 2, A and B), in
which the plagioclase host is also an albite-oligoclase, the antiperthitic
texture is somewhat different from that of the preceding example.
In a section paralle! to (00 l) no trace of twinning is seen in
the albite-oligoclase. Its. extinction angle is about 2 The microcline
intergrowths (Fig. 2 A) consist Iargely of lamellæ forming+ 87'' and
+ 70° or ; 55' with (0 10), the two former sets prevailing. One set
of lamellæ often forms branches on the other. The thickness of the
Iamellæ does not exceed 0.05 mm, while their Iength may be as much
as 2 mm, those in the+ 55c direction always being shorter than the
others. The microcline of the lamellæ is finely cross-twinned, the
individual with negative extinction (in relation to that of the albite°.
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oligoclase ) dominating. Most of the lamellæ are somewhat turbid
along the margins from minute inclusions, but clear in the middle.
Besides these larnellæ there are a number of patches of rather regu
larly cross-twinned microcline attaining dimensions of a few mm in
length and width. The microcline in these intergrowths is clear and
has an extinction angle of 17
It contains some very fine perthitic
albite spindles running in a direction perpendicular to (O l0).
Some
narrow veins of comparatively pure albite (determined in sections
parallel to (O l O)) run irregularly through the albite-oligoclase, also
cutting the microcline intergrowths. They are distinctly visible because
they have a ligther interference colour than the surrounding albite
oligoclase (see Fig. 2 A).
In a section paraliel to (OI 0) the extinction angle of the albite
oligoclase is determined at + 1 1°, fixing its composition at IS Ca-f,
The inter
85 Na-f. The extinction angle of the microcline is + 5°.
growths have the shapes of lamellæ also in this section (Pl. IX,
Fig. 2 B). Most of them form about + 6T with (00 1), some form
+ 32 and a few + 83 with (00 l). Their length in this section may
be up to a few mm.
The patch formed intergrowths have fairly
straight-lined edges at + 68 with (00 l) and para Ilel to (00 l). The
perthitic albite spindles contained in them form + 74 with (001) and
have an extinction angle considerably larger than that of the albite
oligoclase. Their small size forbids an exact determination, but the
angle is not far from + 20° indicating a rather pure albite.
This
section also shows a number of very fine veins of albite running
irregularly in various directions through the albite-oligoclase and cutting
sharply across the microcline intergrowths. The extinction angle of
this vein albite is about + 17°, corresponding to a composition of
8 Ca-f, 92 Na-f.
The amount of microcline present as intergrowths in this speci
men is found by microscopic measurements to be l 0.5 pct.
°.

c
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Ex a m p l e 24.
A specimen from Hatholmen, a little island SSE ofjesper, Skåtøy,
near Kragerø, is an oligoclase with rather large antiperthitic inter
growths of a microcline film perthite. (Pl. IX, Fig. 3, A and B).
In a section parallel to (001) (Fig. 3 A) it is seen that the oli
goclase is fairly regularly twinned on the albite law with extinction
angle l
However, there are also frequently irregular boundaries
0•
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between portions in twin position to each other.
The microcline
is rather coarsely cross-twinned with the lamellæ on the albite law
dominating over those on the pericline law; its extinction angle is
15
It forms patches with irregularly tongued outlines against the
oligoclase, the patches having a tendency toward elongation in a
direction paralle! to (O l O), sometimes measuring more than 0.5 mm
in that direction. The perthitic albite in the microcline forms very
thin films or spindles running in a direction perpendicular to (O l 0).
Numerous inclusions of quartz and muscovite are seen in this
section.
In a section para Ilel to (O l O) the oligoclase has an extinction
angle of+ 8°, corresponding to a composition 18 Ca-f, 82 Na-f. The
extinction angle of the microcline is + 6° and that of the albite films
is about + 20°, indicating a rather pure albite.
In this section
(PI. IX, Fig. 2 B) the contact lines between the oligoclase and the
microcline run for appreciable distances in the direction of (00 l) and
have also straight-lined edges at an angle of --;- 64 with (001). The
perthitic albite in the microcline forms straight films at--;- 73 o with
(001). In places pure albite also forms rims around the microcline
patches at their contacts with the oligoclase.
The amount of microcline (film perthite) visible in this specimen
is found on measurement with the microscope to be 6.7 pct. The
amount of albite visible as films in the microcline is estimated, on
the basis of approximate measurements, at l O pct. The microscopic
measurements also gave 2.6 pct. quartz and 1.6 pct. muscovite pre
sent as inclusions.
°.

o

S u m m a ry of d a t a o n a n t i p e r t h i t e s.
Comparing the results for all the examples described it is apparent
that no sharp lines of distinction can be drawn between the various
examples. There is no obvious connection between the composition of
the plagioclase host and the amount and arrangement of the antiperthi
tic microcline.
It is a noteworthy fact that among the antiperthitic
plagioclases the purest albites are missing. Thus neither the platy albite
(cleavelandite) nor the albite of the perthite veins or the druses contain
any traces of antiperthitic microciine.
The most calcic antiperthite
among the examples contains 18 pct. Ca-f. ( However, among the speci
mens examined, but not included in the examples, is also an antiperthitic
oligoclase containing about 30 pct. Ca-f.)
The amount of antiper-
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thitic microcline present in the specimens examined varies between
3 and 10.6 pct. In the cases where a determination of the amount
of invisible potash feldspar has been possible this amount is insigni
fkant (0.7 pct. and 1.9 pct.).
The microcline of the intergrowths
is usually cross-twinned, but may be almost untwinned. It is fre
quently turbid from numerous inclusions too minute for determination.
lts optical properties do not indicate any appreciable admixture of
soda feid spar in solid solution. Neither do the optical properties
indicate any amount of solid solution of potash feldspar worth men
tioning in the plagioclases, in accordance with the analytical results.
The microcline intergrowths occur either as thin lamellæ of de
finite orientation or as larger, more irregular bodies whose contact
faces against the plagioclase show tendencies toward orientation in
the directions of crystallographic faces. Many of the regular lamellæ
are oriented paralle! to a plane whose line of intersection with (00 l)
forms +55° to +ST with the a-axis (traces of (010)) and whose line
of intersection with (010) forms +64o to +68° with the a-axis
(traces of (001) ). The positioh of this plane coincides approximately
with that oft he common crystal face (1 To), which for albite would
. claim the angles 55 52' and 63" 23', on (001) and (010), respectively.
An other, less numerous set of lamellæ has a plane of orientation
whose line of intersection with (001) forms
to +57° with the
a-axis and whose line of intersection with (O l O) forms +32c with
the a-axis. This plane has a position not far from the crystallo
graphic faces (Ill) whose lines of intersection with (001) and (010)
(for albite) would form 55° 52', respectively 29° 25', with the a-axis. The
very thin and straight lamellæ (in Example 15 only) forming nearly
right angles with the a-axis on (001) and �75 on (010) approach
the position of a face (60 l) which is not an existing crystal face.
The bodies of antiperthitic microcline that in sections parallel to
(00 l) form patches arranged along the twinning boundaries of the
plagioclase or form veins across the twin lamellæ, have in sections
parallel to (010) frequently straight-lined contacts against the plagio
clase in directions parallel to (001) or forming +64o to +68o with
this face.
In the cases where the microcline of the antiperthite is
itself a film perthite the albite films form angles of about + 73° with
the a-axis on (010) and about 90" on (001) corresponding to a po
sition near the crystallographic face (70 l ), a form not occurring as
an actual crystal face.
o
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Many of the specimens contain veinlets cutting the plagioclase
and the microcline intergrowths. Some are filled largely with micro
cline othcrs largely with a plagioclase considerably richer in albite
than the main plagioclase; all contain small amounts of epidote or
muscovite, sometimes also a little quartz.
C o n c l u s ion s r e g a r d i n g a n t i p e r t h i t e s.
The antiperthites always occur in close association with ordinary
microcline perthites and with other common minerals of the granitic
pegmatites. The genetic processes leading to the formation of the
antiperthites, therefore, cannot have been essentially different from
those that have given rise to the formation of certain types of perthites
described in previous sections. The perthite that has most in com
mon with the antiperthites is the andesine-microcline perthite de
scribed as Example 18. This perthite may well be regarded as an
antiperthite unusually rich in microcline. Jf the large microcline
bodies of this perthite were proportionally reduced so as to corre
spond in size with those of the common antiperthites, the texture
arrived at would not be essentially different from the textures of
many of the antiperthites. The most natura! explanation of these .
antiperthites, therefore, is one that involves the essential points of the
explanation applied to the special type of perthite mentioned: a
si multaneous, rhythmical crystallization of potash feldspar and pla
gioclase, accompanied by occasional resorption of one phase and
its replacement by the other phase. The points that may be empha
sized in support of this explanation are summarized below.
The descriptions show that the antiperthitic microcline bodies
are commonly arranged along twinning planes or along other direc
tions that mark faces of growth of the plagioclase. These same di
rections are also often prominent in the contact faces between the
individual microcline hodies and the surrounding plagioclase. Thus
the directions of the crystallographic forms (00 1), (010), (Ill) and
(l l O) are easily recognised in the sections. The variable sizes and
shapes and the irregular distribution of the microcline intergrowths
in many specimens are other features of importance.
All these
features point decidedly toward a formation of the anthiperthites
here considered by rhythmical crystallization of the two feldspars
modified by resorptions and replacements. The phenomenon of simul
taneous rhythmical crystallization has been discussed in a previous
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section (pp. 184 189). The resorption and replacement phenomena
may be briefly considered at this place.
Remarks on resorption processes. In earlier discussions of such
processes as crystallization from magmatic solutions it was tacitly
assumed that the only cause of the crystallization worth consider
ation was the cooling and the only effect of this cooling was cry
stallization. With our present knowledge we must also consider
other factors than cooling; thus heating and changes in pressure
and in the composition of the solution cannot be disregarded. We
also know that cooling will not always bring about crystallization.
The reac tion principle 1 affords ample explanations of resorptions
taking place in the course of a normal magmatic cooling. Even in
the simplest systems, in which the liquid ·is a dry melt of a mixture
of the solids, such reactions (resorptions) may take place. In com
plex systems involving liquid phases in which volatile constituents
play an important part
systems like those representing pegmat ite
crystallization
reactions on cooling are likely to be still more
easily realised. 2 Thus from the point of view of physico-chemical
petrology there seems to be no reasonable objection against the as
sumption that resorptions have played a part in the genesis of anti
perthites even though crystallizations have been the determining
processes.
Among the particular textural features of the antiperthites that
demand this special explanation by resorption processes are the
following: In several specimens the microcline bodies have most
variable sizes and very irregular outlines; they are also irregularly
distributed in the plagioclase; sometimes they form scattered "islands"
exactly like those observed in the patch perthites and the existence
of which must be due to resorptions of the microcline and its replace
ment by albite, the "islands" being relics of the microcline.
The transitions seen in the antiperthites, between the irregular
relics and the more regular smaller intergrowths, show that in all
I

For

a

brief

explanation

of the reaction principle see: Andersen,

system anorthite-forsterite-silica:

Am. Journ. Sei., 39, 449 451,

u:i!s.

The
For a

thorough discussion see: Bowen, N. L., The reaction principle in petrogene

1922.

sis: Journ. Geo!., 30,
2

See especially: Niggli, P., Die leichtfli.ichtigen Bestandteile im Magma, Leipzig

1920.

See also

(e. g. pp. 324 and

various chapters in

2 Aufl.,

1923).

Boeke-Eitel,

Phys.-chem.

Petrographie
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probability there are genetic connections between these various modi
fications of antiperthitic microcline bodies. While it seems most
reas onable to explain the regular, small intergrowths by the process
of rhythmical crys tallization, it is more difficult to account for the irregu
lar bodies by the same pr ocess alone. The process of simultaneous
rhythmical crystallization, such as it is outlined above (pp. 184 189),
has consisted in oscillations between a state characterised by growing
microcline and stationary plagioclase and another state characterised
by growing plagioclase and stationary microcline. Now these stationary
stages of the microcline and plagioclase may be replaced by stages
of resorption without any essential change in the process. Indeed,
if the possibility of any such oscillations be granted it seems reason
able that the culmination points should be represented by one feid
spar dissolving and the other one crystallizing rather than by one
feldspar at rest and the other one crystallizing, provided only that
the total effect of the processes of resorption be less than the total
effect of the processes of crystallization (otherwise no final solidifi
cation would result ).
If these rhythmical crystallization
resorption processes have
the character of very regular oscillations they will explain the micro
cline bodies arranged along twinning planes as well as other inter
growths of regular form and distribu tion, but they will hardly explain
the larger, irregular microcline bodies of incidental distri bution. These
latter must be accounted for by assuming more considerable changes
in the equilibrium relations between the liquid and the crystals than
those likely to be produced in the regulary oscillating process, or
they may be due to changes in pressure or to temporary raises in
the temperature. Such apparently incidental changes are not at all
improbable considering the many irregular features observed in the
pegmatites.
Variations in amount of microcline.
A feature of the anti
perthites calling for a few words of discussion is the variation in the
amount of microcline present in them and the fact that this amount
is always low. Considering the antiperthites as formed largely by
simultaneous crystallization it might be argued that the ratio between
the two feldspars ought to be fairly constant. This argument would
be correct if the ratio between the solubilities of the two feldspars
were the same in the liquid (pegmatite solution ) from which the
actual crystallization has taken place as in the dry melt of the feid-
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spars, and if the conditions governing the crystallization were in all
cases identical.

Thus the ratio between the two feldspars would at

any rate be constant if the feldspars formed a eutectic and were
soluble in the pegmatite solution in the exact ratio of the eutectic
composition.

There is no reason to believe, however, that the con

ditions under which the crystallization has taken place have not been
subject to considerable variations.
of

resorptions

be

left

Even if the modifying influence

out of consideration, therefore,

we

cannot

expect a constant ratio between the two feldspars.

Microcline lamellæ possibly formed by exsolution.

Besides

the microcline intergrowths formed by the processes indicated in the
preceding discussion the descriptions also show a case (Example l 9)
of antiperthitic films that may have been formed in a different way.
These are extremely thin, plane films running very regularly in a
direction (approximately paralle! to

(60 l)) that

with faces of growth of the feldspar.

has nothing in common

It is possible that these films

form exsolution bodies 1; their total amount in the specimen is very
insignificant, certainly only a fraction of one pct. Possibly these films
may also be explained in connection with contraction cracks, but a
discussion of this possibility is futile for Jack of data on the thermal
expansion properties of plagioclases.
The numerous veinlets filled with "secondary''

microcline and

albite and also containing epidote, muscovite and quartz, show that
even after their final formation the antiperthites must have been in
contact with solutions from which both albite

and microcline could

crystallize.

VI. Summary of Results regarding Genesis of Feldspars
in Pegmatites.
In brief recapitulation the writer's results with regard to the
genesis of the more important feldspars of the granitic pegmatites
examined are those stated in the following paragraphs.
I

Antiperthites from other occurrences than granitic pegmatites and differing
essentially in composition and texture from !hose described in this paper have
been explained as formed through exsolution processes.

See

Barth,

paper

referred to on p. 189, and Goldschmidt, paper referred to on p. 187. See also
Vogt, Th., Om eruptivbergartene på Langøen, Vesterålen, Norges Geo!. Unders.,
Nr. 53, V I, 16, 1909.
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l)

At first there may have been a large! y simultaneous crystal

lization of

soda-potash feldspar and

plagioclase from a magmatic

solution rich in volatile constituents, the two feldspars, however, as
a rule not forming intergrowths but separating in individual crystals.
The soda-potash feldspar may have been a homogeneous variety; the
plagioclase has usually been of a soda rich
albite.

type,

sometimes pure

Very commonly there have been formed antiperthitic inter

growths at t his stage by a rhythmical, simultaneous crystallization of
plagioclase and small amounts of potash feldspar in parallel orien
tation.

The phenomenon of exsolution giving rise to the string per

thite has been going on at an early period of this stage, and resorp
tion and replacement phenomena may have begun to play a part.
Occasionally there has been a simultaneous (not eutectic) crystalliza
tion of considerable amounts of both feldspars, the plagioclase in the
few examples of this kind being an andesine.
This first stage constitutes the main crystallization of the feid
spar.

At the close of the stage when the crystallization had produced

a solid rock consisting chiefly of feldspar and quartz, the cooling,
then beginning, would give rise to the first contraction cracks in the
alkali feldspar.

2)

The first stage may pass gradually over into a stage charac

terized by a more active process of resorption and replacement. The

platy variety of albite

( cl eav elandite )

occurring in some of the peg

matites, may belong to this stage although its crystallization may have
begun earlier.

A peculiar recrystallization of the microcline along

incidental mechanical cracks has been going on during t his stage and
has probably continued to the next stage.

Sometimes t his recrystal

lization has not been confined to cracks but has involved considerable
parts of the feldspar.

The effect of the recrystallization has always

been to destroy the regular cross-twinning of the microcline, either
single microcline
produced.

or

microcline

with an irregular twinning being

Accompanying the recrystallization of microcline in cracks

is a deposition of some albite and quartz, and insignificant amounts
of epidote or muscovite in the cracks.
In an exceptional case the recrystallization of the microcline has
proceeded along cracks than run in the usual direction of perthitic
albite veins.

The example showing this relation is a microcline very

poor in soda-feldspar and almost devoid of visible albite. It is possible,
however, that this particular recrystallization belongs to a later stage.
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A constant feature of this stage, as of the following stage, is the
continued formation of contraction cracks.

Through many of these

cracks communication with the remaining magmatic solutions have
been established and the various fluid or gaseous emanations

( here

for the sake of brevity included in the term circulating solutions)
derived from the magmatic solution have exerted their influence on
the feldspar with which they may have come in contact.

At first

they have had a resorbing action, dissolving principally microcline,
but also to some extent albite of poikilitic inclusions and occasionally
inclusions of quartz.

Then they have effected, or at !east facilitated,

the recrystallization of the microcline, and they have been the agents
of a replacement by which microcline as a rule, has been carried
away to be more or less replaced by albite. The replacement at this
stage has not been carried to the extreme of removing all microcline;
it has been confined to the production of perthitic veins of albite.
During the closing periods of this stage the formation of film
perthite through exsolution
cracks

possibly into secluded

contraction

may have begun, and this process may have continued

also throughout the next stage.

3)

The

third

stage is characterized chiefly by the extensive

replacement of microcline by albite, giving rise to such a peculiar
feldspar as the chess-board albite

and to the beautiful crystals of

albite growing into

cavities and often covering the outside faces of

microcline

This replacement process is probably only an

perthite.

intensified continuation of the process leading to the formation of the
perthite veins.

The results indicated
by

ScHALLER

confirm views maintained by HESS and

inasmuch

I

as

they

demonstrate

that

processes

Of

recrystallization, resorption, and replacement have played a part al
most throughout the period of evolution of the granitic pegmatites.
But the present results do not confirm the view maintained especi
ally

by

HESS,

that such bodies as pegmatites have been formed

exclusively by replacement processes.
1

Hess, F. L., The natura!
120, 1925.
Sei., 10,

history

Schaller W. T.,

of pegmatites: Eng. and Min. Journ. Press,

The genesis of lithium pegmatites:

279, l 925.
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Explanation of Plates.
All the pictures, except Pl. V, Figs. l and 2, represent microphotographs, and all of
are laken with crossed nicols. Where the two pictures
these, except Pl. VII, Fig. l
side by side are marked A and B they represent oriented sections of the same
specimen of feldspar, A parallel to (001) and B parallel to (010). In both pictures
the direction of the a-axis is !heil vertical. - The two photographs of polished
specimens on Pl. V are made by S. Worm Petersen, all the microphotographs are
made by the writer.
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Fig. l.
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with white

ve ins

of

pe rthite has the appe arance of a gritty, gray surface .
microcline is black and the albite of
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the ve ins is white .

A note worthy

fe ature is the pitch black are as totally de void of pe rthitic albite .
Fig.

2.

about 18.

Microcline
Ve in and

a moire appe arance .

pe rthite from Ste ne , Sannidal.

film pe rthite .

Se ction A:

The

Magnification
microcline has

The perthitic albite forms white ve ins and ( e spe ci

ally in the uppe r half of the picture) narrow white stre aks.

Microcline black.
Fig. 3.
Froland.

Microcline pe rthite from Glose rhe i fe ldspar quarry, Lyngrot,

Magnification about

Microcline

Se ction B:

Albite white.

of vein perthite

pe rthite ve ins white.

18. Ve in and string perthite .
e ither

black or distinctly grated.

String perthite gray, foggy.

cline of ve in perthite black.

Albite veins white .

Se ction A:
Albite of

Se ction B: Micro
String pe rthite grayish.

PI. Il.
Fig.

l.

to

Microcline perthite from Stene, Sannidal.
Magniflcation about

Section parallel

18. Vein, string, and Eim perthite.

It is

seen how the white albite veins, running obliquely upwards to the left,
form the continuation of patches of string perthite.
Fig.

2.

An enlarged part of Fig.

l.

(See Fig.

2)

Magniflcation about

52.

In

the grated microcline some thin Elms of albite are visible.
Fig. 3.

Microcline perthite from Hundholmen, Tysfjord.

Ecation about
veins white.

18. Vein perthite.
Section B:

Fig. 4.
about

18.

Section A:

Microcline black.

Al bite veins white.

Microcline perthite from Åvesland, Evje.
Vein and mm perthite.

indication

of grating.

the veins

some

Albite

thin films of

Albite veins white.

veins

Magni

Microcline grated. Albite
Magniflcation

Section A: Microcline black with
white;

albite.

twinning

Section B:

Films of albite visible.

visible.

Between

Microcline black.

Pl. Ill.
Fig.

l.

Microcline

Magnification

about

20.

cline coarsely grated.
Albite veins white.
Figs.
Sections

2
parallel

perthite

Vein and

Fig. 4.

l).

perthite.

Malmtangen,

Albite veins white.

Between

the veins

Section B: Microcline

Microcline perthite from

Midt Gumø,

1).

17.

Magnification

about

Microcline black.

Microcline

crysta1lized

black
The

microcline.

12.

Vein

perthite

grated.

or

narrow

veins

black.

cut

The white spot at

from

Section para1lel

passing

Albite of
by the

Skåtøy.

Transition

Albite white.

Microcline perthite from Tangen, Skåtøy.
ahout

Skåtøy.

some very thin films of albite.

to

!Vlagnification

showing twinning.

Langø,

Section A: Micro

3.

vein perthite to patch perthite.
to

from

film perthite,

into

patch

the veins gray,

albite veins

is

re

the top is poikilitic albite;

the other white spots are quartz.
Fig. 5.
to

(00 l).

Microcline perthite from Tangen, Skåtøy.

M1gnification about

board albite.

12.

Microcline dark gray,

albite twinning.

Patch perthite;
grated.

Section parallel

transition

to chess

Albite lighter gray showing

The white and black spots are quartz.

PI. IV.
Fig.
to

(00 l).

the

Chess- board albite from Tangen, Skåtøy. Section parallel

l.

1Vlagnification

chess-board

albite

about
four

12.

Transition

oriented

from

patch perthite.

In

relics of grated microcline and a

few inclusions of quartz (white).
Fig. 2.

Platy albite and

oriented section.

microcline from Tangen, Skåtøy.
about 14.

of microcline perthite (the gray area at

Un

Boundary between a crystal

the lower right corner) and an

aggregate of small crystals of platy albite.
Fig. 3.

Platy albite

from Tangen,

Skåtøy.

Unoriented

section

of a coarse aggregate. Magnification about 14. Strongly bent crystals are
seen

at

several

Fig. 4.

places, thus in lower
Platy albite and

oriented

section.

strongly

curved

right and upper left quadrants.

microcline from Tangen, Skåtøy.

Magnification about 2 1.
plate

of

albite

and

Along

the

upper

Un

margin a

adjoining it a patch of interstitial

microcline without deformation.
Fig. 5.
Section

Vein perthite with poikilitic albite from Tangen, Skåtøy.

paralie!

to

(00l).

Magnification

Vein albite gray with visible twinning.
across the picture is poikilitic albite.
Fig. 6.

Microcline grated.

White and black spots are quartz.

Vein perthite with poikilitic albite from Tangen, Skåtøy.

Section parallel to
albite white.

about 18.

Large twinned crystal obliquely

(010). Magnification about Il. Microcline gray. Vein

In Iower left quadrant a poikilitic inclusion of albite pene

trated by vein albite.

Pl. V.
Fig.

l.

Veins

of

platy

specimen from Tangen, Skåtøy.
Fig. 2.
platy albite.

albite

in microcline perthite.

Polished

Natura! size.

Crystals of microcline perthite

included in aggregate of

Polished specimen from Tangen. Skåtøy.

cline perthite, Ab platy albite Q quartz,

Size 2

Ph phenacite.

:

l. M micro

Pl. VI.
Fig.

Vein perthite with poikilitic albite from Tangen, Skåtøy.

I.

Section parallel to
Albite veins
or white.

light

Magnification

(001).
gray.

about

Microcline grated.

I l.

Poikilitic albite distinctly twinned, black, gray

Some of the irregular black, gray or white spots are quartz.

At several places is vein albite infringing on poikilitic albite.
Fig. 2.
Skåtøy.
gray.

Vein and film perthite with poikilitic albite from Tangen,

Section parallel to

Vein

and

mostly twinned.
Fig. 3.
microcline.

film

The

black.

Poikilitic

albite

Microcline

Il.
white

or

gray,

At several places vein albite penetrates poikilitic albite.
Microcline perthite with veins of quartz and recrystallized

Specimen from Landsverk, Evje.

Magnification about
white.

Magnification about

(O l O).

albite

broad vein

the right and

Section para Ile!

to

(00l).

1 4. Microcline gray, indistinctly grated. Albite veins
to

the

left

is filled with quartz.

The vein to

some narrow veins alongside the quartz vein contain re

crystallized microcline.
Fig. 4.

Microcline

perthite

and

quartz

vein.

Specimen

from

Lands verk, Evje.
Section parallel to (00 I).
Magnification about 21.
Microcline perthite to the right. Quartz vein to the left.
Crystals of
albite

forming

quartz

vein.

continuations of perthitic
These

crystals

are

albite

slightly

veins

turbid

protude into

compared

with

the
the

vein albite.
Fig. 5.
Evje.

Section

Microcline with variable
parallel

to

(00 l).

twin

Magnification

texture from
about 22.

Landsverk,
The picture

shows nothing but microcline (see text).
Fig. 6.
cline.

Brecciated microcline with veins of recrystallized micro

Specimen from Landsverk, Evje.

!argest fragment.

Magnification about

Section parallel to

12.

(00 l) of the

A few of the smallest white

specks represent albite veins, the rest of the section is microcline.

Pl. VII.
Fig.

Microcline with veins of recrystallized microcline.

l.

imen from Haugen,
of

the

black

Evje.

spots

The grayish veins

Magnification about

represent

through

in them.

without nicols.

produced

Most

in grinding the section.

the grated microcline are mostly filled with

recrystallized microcline with a
also seen

voids

Spec

Section A:

14.

No albite

granular twin
is visible.

texture;

some quartz is

Section B:

Photographed

The gray patches and veins represent turbid, recrystal

lized microcline.
Fig. 2.

Andesine-microcline

Magnification
Andesine
are

about

dark

quartz.

gray with
Section

perthite

Section A:

lO.

lamellar

B:

from

Microcline

twinning.

Microcline white.

The

Frøyna,
light

Søndeled.

gray,

grated.

small white specks

Andesine gray.

At the

lower left corner a patch of unoriented microcline.
Fig. 3.
Fig. 2 B.
black.

A large scale picture of a part of

Section

parallel to

Micrccline gray.

Magnification

lO).

The very

thin white

the section shown in
about 40.

lines in

Andesine

the microcline

represent perthitic albite films.
Fig. 4.
about 45.

Antiperthitic albite from Risøen, Skåtøy.
Section

Pl. VIII. Fig

l A.

parallel

to

(OO l).

Microcline black.

Photograph

of

MagniHcation

same

section

as

Albite gray with lamellar twinning.

Pl. VIII.
Fig. l.
about 45.

Antiperthitic albite
Section A:

Microcline

black.

Microcline

black

Albite
or

dark

from Risoen, Skåtøy.

Magnification

Photograph of same section as Pl. VII, Fig 4.
gray

with

gray.

lamellar

Also

the

twinning.

very thin

Section
streaks

B:

running

obliquely downwards from left to right are microcline.
Fig. 2.
about 45.

Antiperthitic albite from Landsverk,
Section A:

Evje.

Magnification

Albite gray, the left half with lamellar twinning.

Microcline black or white, grated.

Section B: Al bite light gray. Micro

cline black o: dark gray patches

the lower half of the picture).

White

spots are quartz.
Fig. 3.

Antiperthitic albite oligoclase from Urdal feldspar quarry,

Dalholt, Landvik.

Magnification about 45.

oligoclase light gray.

Sections A and B:

Microcline black or dark gray.

Albite

Pl. IX.
Fig.

Antiperthitic

l.

Magnification about 45.
twinning.

albite oligoclase

from

Lerviken,

Sannidal.

Section A: Albite-oligoclase gray with lamellar

Microcline black or faintly grated, mostly forming small patches

along

twin lamellæ

gray.

Microcline black or dark gray.
Fig. 2.

Antiperthitic

Magnification
Microcline

of albite oligoclase.

about

black

45.

Section B:

albite-oligoclase

from

Sections A and B:

or dark gray.

Albite-oligoclase

Lerviken,

Sannidal.

Albite-oligoclase

gray.

The light vein in section A represents

"se :ondary" al bite.
Fig. 3.

Antiperthitic oligoclase from Hatholmen, Skåtøy.

fication about 45.
twinning.

Magni

Section A: Oligoclase light gray, showing lamellar

Microcline black and white, grated.

Section B: Oligoclase

medium gray.

Microcline darker gray, showing white streaks

(film perthite) .

Black and white specks are mostly muscovite.

of

albite

