STRUCTURAL CHANGES AT ROOM TEMPERATURE
OF HEATED ANORTHOCLASES

DOV BAHAT*

ABSTRACT

Anorthoclases that had gone through structural changes due to heat treatments showed
gradual reverse transformations at room temperature. These reverse transformations
are attributed to slight displacements of alkali cations in the strained crystals. The
present results seem to support Baskin’s suggestion (1956) that the monalbite — analbite
transformation takes place from nuclei. The persistency of monalbite nuclei at room
temperature appears to be a good measure of the original relative disorder states of the
anorthoclases.

INTRODUCTION

Anorthoclases from various volcanic cones in Victoria, Australia
(Edwards, 1938) were investigated by the x-ray powder method: (a)
before, (b) immediately after removal from the furnace, and (¢) at time
intervals after heat treatments at different temperatures. The heat
treatments were applied to various portions of the same mineral at
temperatures between 500 and 1,050°C, each heat treatment for 24 hours.

The x-ray diffraction patterns were obtained on a Philips wide-range
goniometer, using Ni filtered copper radiation, and a scanning speed of
1° of 26 per minute, with a chart speed of 400 mm/h. Two or three records
of each specimen were taken in the range 20 = 19.5°-32°, each time with
a fresh dry mount of the same material. The estimated error was =4-0.015°
or less. Each of the feldspars was chemically analyzed in duplicate for
potassium, sodium, and calcium. The alkalis were determined by flame
photometry, and calcium was determined by a titrimetric method with
E.D.T.A. and calcein mixture indicator.

Results for the various anorthoclases studied were qualitatively differ-
ent for treatments up to 1,000°C, but they were qualitatively the same
and quantitatively different for heat treatments at 1,050°C. The feldspars
from Mts. Franklin and Anakie are fairly well known to feldspar investi-
gators, and the observed results for these specimens are compared in
Table 1 with 26 calculated data, computed from Carmichael & Mackenzie
(1964). In addition, an anorthoclase from Mt. Porndon (not investigated
before) which is structurally fairly similar to the feldspar from Mt.
Anakie is indexed as well (Table 1).

*Present address: Research and Development Laboratories, Corning Glass Works,
Corning, New York,
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F1G6. 1. X-ray powder patterns of unheated and heated anorthoclases from

Mt. Franklin.

A—Unheated anorthoclase, the same pattern was obtained from the same
feldspar 48 days after heat treatment at 900°C for 24 hours. (A small
arrow shows an additional reflection due to unmixing.)

B—An anorthoclase immediately after being heated at 900°C for 24 hours.

REsuLts

When the feldspar from Mt. Franklin was heated at 525°C for 24
hours, no change from the original x-ray pattern occurred. When treat-
ment at 575°C was applied, there was already a significant change.
There was a pronounced sharpening of the (111), (111), (130), and (130)
reflections. This sharpening was slightly increased at higher temperatures,
and at 900°C the sharpening (and intensifying) of the reflections was
completed and a small reflection at 260 = 23.09° disappeared. The same
sample that had been heated at 900°C was re-examined after 8, 80, and
48 days, and the x-ray patterns obtained indicated a gradual return to the
original pattern of the unheated feldspar (Fig. 1). Return was completed
within 48 days. The same heat treatment was applied to the feldspar
from Mt. Anakie. X-ray patterns indicated that apart from slight
sharpening of the reflections, this feldspar was not significantly affected
by heat treatments even at 1,000°C for 24 hours.

After being exposed to a heat treatment at 1,050°C for 24 hours, all the
anorthoclases showed characteristically the following properties: (a)
very low intensity and a wide broadening of most reflections, (b) very
high intensity of the reflection (131) and a low intensity of reflection (131),
but reflections generally stayed in the original locations without a signifi-
cant change in spacing. When the same samples were examined again by
x-rays 5 months after the heat treatment, the patterns obtained were
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F16. 2. X-ray powder patterns of heated anorthoclase from Mt. Porndon at

1,050°C for 24 hours.

A—An anorthoclase immediately after the heat treatment.

B—The above feldspar 5 months after the heat treatment. This pattern is
similar to the pattern of the unheated sample with the exception that in
the latter reflections (181) and (131) have similar intensities. The first
reflection on the right side of the figure is due to a (101) reflection of an
internal standard KBrO; (26 = 20.205).

different. They were characterized by the tendency to acquire their
original structure before the heat treatment. These structural changes
were especially emphasized in the feldspar from Mt. Porndon (Fig. 2).

DiscussioN

By observing the reflections of the feldspar from Mt. Franklin, one can
see a small extra reflection in the x-ray pattern of the original sample
(260 = 23.09°) and in the x-ray pattern of the sample when examined
48 days after the heat treatment. This reflection does not appear in the
x-ray pattern taken immediately after the heat treatment. Since this
reflection does not appear in the calculated data, it is obvious that it
indicates a secondary unmixed phase. It is concluded that an unmixing of
this feldspar occurs during 48 days after the heat treatment at room
temperature. Observations on structural changes of feldspars at room
temperature at time intervals after heat treatments in the laboratory are
not common. Such an observation was made by Brown (1960). He
noticed very slow structural changes in albite at room temperature.

Baskin (1956) discussed the significance of the appearance of smeared
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x-rayed reflections indicating the development of a mosaic structure in
heated albite. This phenomenon was attributed to a partial trans-
formation of analbite (high albite with triclinic symmetry) to a mon-
albite (high albite with monoclinic symmetry). Upon completion of the
transformation the x-ray reflections became sharp again, the mosaic
structure disappeared. By observations made on the intensities of the
x-ray reflections of the feldspar which had been heated, Baskin reached
the conclusion that a crystal does not go through the displacive trans-
formation from analbite to monalbite as a unit, but rather from a number
of nuclei.

In analogy to Baskin’s observations, it is considered that the anortho-
clases, when heated up to 1,000°C, perform two rapid displacive trans-
formations at the appropriate temperatures (Mackenzie 1952, and Laves
1952) when heated and when cooled down. After being heated up to
1,050°C, however, the displacive transformation with the decrease of
temperature is not complete. This is indicated by the smeared reflections
and by the difference in the intensities of the reflections shown by the
Victoria anorthoclases. It can take five months or more for the trans-
formation to the original structure to complete at room temperature.
At 1,050°C apparently the displacive transformation is not governed by
the anorthoclase structure, but it is rather strongly affected by monalbite
nuclei.

Studies on triclinic-monoclinic transformations in albite that were
carried out by Grundy et al. (1967) and Hall & Quareni (1967) indicate
that some albites may become monoclinic before melting and some may
not. Grundy et al. (1967) found that by synthesizing albite at tempera-
tures close to the melting point or by prolonged heating of natural or
synthetic albites at temperatures close to the melting point, a high Al/Si
disordering may be acquired and a triclinic-monoclinic transformation
may be achieved before melting. Brown (1960, 1967) found that mono-
clinic albite is capable of existing at room temperature, if the crystal
contains a large proportion of potassium in it. Soldatos (1965) described
a natural monoclinic cryptoperthitic sodium feldspar modification in a
potassium feldspar (sanidine) host. It is, therefore, conceivable that in the
anorthoclases that have been exposed to 1,050°C, a certain amount of Na
feldspar nuclei could maintain monoclinic symmetry at room temperature
for several months. The fact that there are almost no variations in tri-
clinicity [(131)-(131)] but only changes in reflection intensities seems to
support Baskin’s suggestion that the structural transformation takes
place from nuclei. Not all parts of the crystal have the same readiness
for transformation, but as soon as the transformation occurs, it is instant-
aneous. Therefore, no gradual changes in triclinicity are observed. This is
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to be distinguished from the diffusive transformation which occurs
between microcline and sanidine. The latter transformation has a slow
rate with lattice angles showing intermediate states between those of the
maximum triclinic microcline and those of the monoclinic sanidine.

It was mentioned above that structural changes at room temperature
were quantitatively different for the various Victoria anorthoclases. The
persistency of the monalbite nuclei in the feldspar from Mt. Porndon
immediately after the heat treatment at 1,050°C appears to be higher than
in the other anorthoclases. The suggested explanation for this is the
following: The anorthoclases are generally disordered feldspars, but they
are disordered to different extents. It is possible that the anorthoclase
from Mt. Porndon is more disordered than the others and as such it hasa
more effective analbite — monalbite transformation at 1,050°C, and
therefore, immediately after the heat treatment, more monalbite was
quenched. Probably, by a long heat treatment of the anorthoclases the
disordered state would be equalled and consequently the effectiveness
of the analbite — monalbite transformation would be the same. In the
natural anorthoclases the effectiveness of the analbite — monalbite
transformation (due to a short heat treatment) seems to be a good measure
for their relative order/disorder states. Accordingly, the anorthoclase
from Mt. Porndon is more disordered than the anorthoclase from Mt.
Anakie, and the latter feldspar is more disordered than the feldspar from
Mt. Franklin, as the intensity ratios of the 131/131 reflections immedi-
ately after the heat treatment at 1,050°C for 24 hours are 15/1,11/1, and
6.5/1 respectively (Table 1). From the experiment performed by Hall &
Quareni (1967) on Brown's (1960) feldspar, it is inferred that the presence
of potassium in the crystal was not responsible only for the existence of
the monoclinic albite at room temperature, but it was also the required
condition for the transformation of triclinic albite to monoclinic albite in
the first place. Also, in relation to the new definition of high albite
proposed by Grundy et al. (1967), it may be added that at the presence of
a certain minimum amount of potassium (which is not yet known) a
transformation of triclinic albite to monoclinic albite before melting, may
take place even if the triclinic albite is not completely disordered. The
chemical data on the Victoria anorthoclases (T'able 2) indicate, however,
that there is no direct correlation between the intensity ratios of the
131/131 reflections (immediately after the heat treatment at 1,050°C for
24 hours, Table 1), which are believed to indicate various order/disorder
states, and the potassium proportion in the anorthoclases. The decrease of
triclinicity [(131)-(131)] on the other hand is reasonably well correlated
with the increase of orthoclase content of the anorthoclases (Table 2), as
could be expected (Carmichael & Mackenzie, 1964).
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TABLE 2. ANORTHOCLASES: CHEMICAL ANALYSES

1 2 3

CaO 1.44 1.87 1.12
Na.O 8.35 8.29 8.85

9 3.75 3.23 3.33
Feldspar Components

wt. %)

An 7.10 9.28 5.52
Ab 70.65 70.15 74.88
Or _ 22.16 19.09 19.68
131-131 1.18 1.35 1.28

Nos. 1, 2, and 3 indicate anorthoclases from Mts. Franklin,
Anakie, and Porndon, respectively. Triclinicity is reproduced
from Table 1 on natural unheated anorthoclases.

Because of lack of enough energy, it is unlikely that the structural
changes at room temperature described above are due to Al/Si ordering.
It is, however, conceivable that due to a structural strain in the crystal a
slight displacement of the alkali cations (mostly or solely sodium)
would occur even at room temperature and cause a structural change.
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