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SUMMARY. Surface microtopography of habit laces, and 
internal textures of corresponding growth sectors of 
adularia from the Rhonegletscher, Switzerland, and the 
Seikoshi mine, Japan, were studied by means of optical 
polarizing microscopy, reflection interference contrast, 
electron microscopy, and infra-red absorption spectro- 
scopy. Thin sections parallel to the growth plane were 
prepared from the specimen whose as-grown face was 
pasted on a glass slide. Most internal textures seen 
optically in the thin sections correlated well with the 
growth patterns for both specimens (fig. i). Thin foils 
prepared by ion-thinning from the Rhonegletscher adu- 
laria show, under the electron microscope, coexisting 
heavily cross-hatched areas giving diffuse diffraction 
spots and homogeneous areas giving sharp diffraction 
spots. As a whole, adularia from the Seikoshi mine gives 
more homogeneous and much weaker cross-hatching 
than the Rhonegletscher specimens. Also, infra-red 
absorption spectra, which correlate very well with the 
A1/Si ordering and the optics, show that the I i io} growth 
sector consists of triclinic disordered K-feldspar and the 
{ooi} and {iOl} sectors monoclinic high or low sanidine 
or orthoclase. 

These observations indicate that the characteristic 
internal textures seen on all optical micrographs are 
formed during the process of crystal growth, and are not 
due to monoclinic--triclinic transition. Although the 
transition process has taken place to a slight extent, the 
original growth textures remain well preserved through- 
out geological time. It is suggested from these observa- 
tions that the degree of Al/Si ordering is mainly controlled 
by the different rates of growth and the different two- 
dimensional atomic arrangements exposed on the various 
growth surfaces. The higher the growth rate the more 
disordered are the phases that form. The symmetry of the 
two-dimensional atomic arrangement is kept during 
growth regardless of the degree of ordering; {ool} and 
{ io I } growth sectors whose crystal surfaces are parallel to 
b-axis are monoclinic, and the {I io) sector whose surface 
is inclined to the b-axis is triclinic. 

ADI.JLARIA, a low-temperature feldspar with 
composition KA1Si3Os, occurs in two main var- 
ieties, one transparent and occurring in Alpine 
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fissures to which the name adularia is usually 
applied, the other sub-transparent, occurring as a 
gangue mineral in hydrothermal ore deposits, 
called valencianite. 

Mallard (I876) found that apparent single crys- 
tals of  adularia were actually composed of  a 
rhombic centre showing extinction parallel to (o I O) 
and four-sectored rims having extinction angles of  
2-3 ~> from (OIO). The (I IO) and (Tio) sectors showed 
simultaneous extinction in the positive direction 
and the ( i to)  and (ITo) sectors in the negative 
direction. The (I I o) and (I io) sectors were related 
by the albite twin law, as were the ([IO) and ([ io)  
sectors. Thus the 'core'  is monoclinic and the "rims' 
triclinic. 

Barth (1928 , I929) described microcline-like 
cross-hatching in adularia crystals. K6hler (i928) 
measured extinction angles on a number of  adu- 
laria crystals and suggested that adularia might 
have crystallized as a monoclinic phase and then 
transformed to microcline. Chaisson (195o) mea- 
sured extinction angles, 2V, and the optic orienta- 
tion of  adularia crystals from several localities, and 
found that smaller crystals (-~ I-2 ram) show, in 
general, wholly or nearly monoclinic optics, where- 
as crystals larger than 3 mm commonly showed 
extinction angles that increased towards the edges 
of  the crystal. Chaisson also observed that the optic 
planes of  the centres of  some crystals were essen- 
tially normal to (OLO) whereas those of  sectors near 
the edges were approximately parallel to (OLO). In 
going from monoclinic to triclinic adularia, the 
orientation of  the optic plane changes to that of  
high sanidine rather than microcline. As the boun- 
dary plane separating the two sectors was not a 
common growth face in adularia, Chaisson 
thought that the textures were not formed during 
crystal growth. 

Using X-ray methods, Laves (I95O) studied 
thin sections of  the same specimens described by 



454 M. AKIZUKI AND I. SUNAGAWA 

Chaisson. He found that the 'core" of the crystal 
was monoclinic (7* = 9 ~ 5') and that the "rims' 
were distinctly triclinic. 

Bambauer and Laves (I96o) studied adularia 
from Val Casatscha, Switzerland, by optical and X- 
ray methods. In the same crystal there were por- 
tions showing essentially high sanidine optics (axial 
plane ~]b(OlO), 2V-~ 5o ~) and microcline optics 
(axial plane approximately _k (oIol, 2V ~- 5o1. A 
continuous series of intermediate optical orienta- 
tions was observed between these two extremes. 
The latter workers interpreted the observed optical 
textures in terms of original growth as sanidines 
and later transformation to microclines with differ- 
ent degrees of AI/Si order. 

Ansilewski (I961) suggested that the texture 
originates in the process of crystal growth, because 
it is difficult to explain the optical properties and 
orientation by the transition from orthoclase to 
microcline. Also Steiner (197o) inferred from the 
geological evidence that the cooling rate of the 
adularia he studied was too great for the relation- 
ship to be explained by transition into microcline, 
and came to a similar conclusion. 

Our opinion is that most previous workers had 
given too little attention to growth features in 
adularia. Therefore, we attempted in this study to 
correlate the optical properties, the internal tex- 
tures, and the growth features observed on the 
surfaces of crystal faces of adularia from Alpine 
mineral fissures and valencianite from epithermal 
veins, so that the role of the growth process in A1/Si 
order-disorder may be re-examined. 

Furthermore, the structure and texture were 
studied using infra-red absorption spectra, which 
arc known to correlate well with the structural 
states of potassium feldspar (Hafner and Laves, 
I957), and electron microscopic observation. 
McConnell (1965) proposed that the line cross- 
hatching seen optically and under the electron 
microscope was due to the phase transition from 
monoclinic to triclinic symmetry. 

We have published elsewhere (Akizuki and Suna- 
gawa, I975) a paper devoted almost entirely to 
optical observations. In the present paper the 
subject is treated as a whole including, for more 
easy reference, some of these optical observations. 

Specimens. Studies were made of adularia crys- 
tals collected from Alpine mineral fissures at 
Rhonegletscher, Switzerland, and of valencianite 
crystals from epithermal Au-Ag-quartz veins at 
the Seikoshi mine, Shizuoka Pref., Japan. 

The adularia crystals from Rhonegletscher, 
Switzerland, are x-5 cm in length, and show stout 
prismatic habit consisting ofm { I lo}, x {ioi }, and c 
{ooI} faces. Crystals are transparent, and their 
surfaces are flat, showing no evidence of split 

growth, which is different from the specimen of 
the Seikoshi mine. Their compositions 
[Or88.5Ab10.sAn0.2Cn0.s [Cn refers to Celsian)] 
were obtained by means of wet chemical analysis. 
The specimen is non-perthitic, typical microclinic 
textures were not found optically, though a few 
weakly cross-hatched regions were seen around 
very small inclusions under the polarizing micro- 
scope. 

The valencianite crystals from the Seikoshi mine 
occur in cavities and are the latest stage products of 
the veins, growing on quartz crystals. From the 
homogenization temperatures of two-phase inclu- 
sions in quartz crystals associated with valenci- 
anite, it is estimated that the valencianite crystals 
are formed at relatively low temperatures, probably 
between I60 C to 200 ~'C or less. The crystals are 
subtransparent and are t 2 cm in length, show- 
ing stout prismatic habit consisting of m {iIO} 
and x {iOl} faces, the {ool} face being absent. 
Their compositions are estimated to be 
Or9,.5Ab~.oAno+ on the basis of a partial chemical 
analysis. The crystals are non-perthitic and chemi- 
cally homogeneous within I~ e r r o r  by electron 
probe microanalysis. 

Methods. The surface microtopographs of crys- 
tal faces were studied by means of a reflection-type 
interference contrast microscope, which can reveal 
growth steps of the order of I /~ on the sur- 
face. Various forms of growth pyramids were 
seen on crystal faces, from the analysis of which 
one may conjecture the growth process of the 
crystal. 

Special sections were prepared in some cases 
parallel to or perpendicular to the as-grown face so 
as to correlate growth features (surface microtopo- 
graphs of crystal faces) with internal textures as 
well as with optical properties. These sections were 
observed under the polarizing microscope with the 
universal stage to measure zV values and extinction 
angles. Sections parallel to (OlO), which is not a 
habit face, were also prepared to investigate internal 
textures. The crystals from both localities consist of 
sector type textures, which correspond to growth 
regions of each of the habit faces. Thus they are 
called in this paper sectors of { io I }, {001 }, { I I 0 }, 
and {oIo}, according to the corresponding growth 
faces.  

Following optical microscopic investigation, 
each growth sector was separated from the thin 
sections, and was studied by means of infra-red 
absorption and transmission electron microscopy. 
The domains in each sector that correspond to 
individual growth hillocks were too small to be 
separated for infra-red study. Thin foils for elec- 
tron microscopy were prepared by means of ion 
bombardment. 
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GROWTH FEATURES AND INTERNAL 
TEXTURES 

Adularia from Rhonegletscher, Switzerland 

Characteristics of the crystals are: 

A large number of growth hillocks are seen on 
the surfaces of {iOI}, {OOI}, and {IIO} faces, 
suggesting rapid growth at least at the latest stage 
of growth. 

The crystal consists of a more or less optically 
homogeneous central portion and thin optically 
inhomogeneous rim portions. This shows an 
abrupt change of growth conditions at the latest 
stage of growth, which corresponds to the fea- 
ture described above. 

The crystal consists of four {IIO} sectors, an 
{ooi}, and a {~oi} sector. The {iio} sectors are 
optically triclinic and are in fourling twin relations, 
while both {ooi} and {ioi} sectors are principally 
monoclinic, and these are similar to those observed 
by Chaisson (195o). 

The characteristics of each growth sector and 
habit face are described below in some detail: 

{iol}  sector. On the (~oI) face, a few large 
growth pyramids about i mm in diameter and 
several hundred #m in thickness are seen to coexist. 
The large pyramids are in trapezoidal form, with 
monoclinic symmetry, the minute ones are rounded 
(fig. Ia). Population of the minute pyramids is 
I x IOs/Cm 2, which is abnormally high for natural 
crystals, and as high as for synthetic crystals, 
suggesting high growth rates at the latest stage of 
growth. 

FIG. I. Corresponding reflection interference-contrast (a) 
and polarized (b) micrographs of UoI). Rhonegletscher. 
The b-axis is horizontal. Numerals in circles show 2V, 
values and the suffixes the angles between the optic plane 

and (oIo). 

A thin section parallel to the {ioi} face was 
prepared from the specimen whose as-grown face 
was pasted on a slide glass. Fig. Ib shows a 
photomicrograph under crossed polars of the same 
area as in fig. Ia. Clear one-to-one correlation is 
seen between the two photographs, especially for 

the large growth pyramids. The large growth 
pyramid consists of four side faces. Under the 
polarizing microscope (fig. ib), the area corre- 
sponding to the large growth pyramid is divided 
into four domains, which have different optic 
axial angles: two opposite wing-like domains show- 
ing 2V~ 34 ~ and optic plane nearly 2 {OIO) whose 
extinction angles deviate 2 ~ from (O IO), i.e. they are 
optically triclinic and are in the relation of albite 
twinning to each other, whereas the largest domain 
shows 2V~ 53 ~ with the optic plane normal to (o I o), 
and is optically monoclinic, and the lower domain 
shows varying zV values from 34 ~ to 53 ~ with the 
extinction angle changing gradually from 2 ~ to o ~ 
from (OLO). Although similar correlation may be 
found for smaller and rounded growth pyramids, 
the resolution of optical microscopy is too low to 
detect this. However, the average optics of the areas 
corresponding to minute growth pyramids are 
aV~ 53 ~ and optic plane L (OLO). It should be noted 
here that this optical heterogeneity is seen only 
within the thin rim portion of the crystal (down to 
0"o5 mm depth from the surface) and that the inner 
portion is more or less optically homogeneous with 
zV values from 60 ~ to 62 ~ except that in some cases 
there appear bands parallel to b that have 2V~ 
= 38-52~ 

{ooi} sector. The (ooi) surface is covered by 
some large rhombic growth pyramids, which are 
less than about I cm in diameter andabout  I mm 
in thickness. The rhombic pyramids consist of 
narrowly spaced growth layers, and in some cases 
the layers are so narrowly spaced as to result in 
smooth-sided vicinal faces. The pyramids have 
pointed summits, suggesting that they were formed 
around line defects. 

Under the microscope, the thin section prepared 
in a similar manner to that in the previous case 
shows rhombic domains that have one-to-one 
correlation with the growth pyramids on the sur- 
face, though the correlation is not as good as in the 
sectors of {IOI} and {IIO}" the domains corre- 
sponding to large and thick growth pyramids are 
easily seen, but the domains corresponding to 
thinner layers are not clear. Since zV values are not 
measurable on the (ooI) thin section, correlation 
was not established between the optical properties 
and growth features in this case. The inner portion 
is more or less optically homogeneous, with 2V 
values in the range of 2o 3 ~176 and optic plane A_ 
(010), though a few bands parallel to the b-axis 
develop in it. 

{Ho} sector. The {ti0} faces are covered by 
many larger growth hillocks bounded by [00I], 
[ i  I0], and [I i I] directions, and they are less than 
several mm in diameter and less than about I mm in 
thickness. 
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In the [OOI] direction, the side vicinal faces 
consisting of steps of growth layers have steep 
slopes, whereas in the [ i  Io] and [ I i  1] directions, 
they are gently inclined. These hillocks are com- 
posed of prismatic patterns elongated parallel to 
the c-axis (fig. 2a). The rhombic patterns bounded 
by [o01] and [2 m] are formed by the pile of growth 
layers coming from a few growth centres. The thin 
section prepared from the specimen whose as- 
grown face was pasted on a slide glass shows that 
there is one-to-one correlation between growth 
hillocks and optical domains and that the area 
corresponding to the side vicinal faces has different 
optics from the central area (fig. 2b). The optics of 
the {IIO} sector are plotted in fig. 7A. 

the external outline of the face. They are less than 
about 3 mm in diameter and less than about o'5 mm 
in thickness. They are in most cases pyramidal with 
pointed summits. Under the polarizing microscope, 
rhombic domains are seen in this section, and they 
show one-to-one correlation with the growth pyra- 
mids on the {2Ol} surface, as in the case of the 
Alpine crystals. 

FIG. 2. Corresponding reflection interference-contrast (a) 
and polarized (b) photomicrographs of O IO). Rhone- 
gletscher. Arrows show the corresponding positions. The 

c-axis is vertical. 

Valencianite from the Seikoshi mine, Japan 

A thin section normal to c-axis of this specimen 
shows that the crystal consists of {I IO}, {oIo}, and 
{ioI} sectors; within each sector finer textures are" 
seen under the polarizing microscope (fig. 3)- Areas 
ml and m2 in fig. 3 are {IIO} sectors that are in 
albite twinning relation each other, and these are 
similar to those observed by Chaisson (195o). The 
{ I I O} areas are composed of the lamellae parallel to 
{i i0}, and show different optical extinction angles 
from place to place. The area x in fig. 3 is the {10I} 
sector and is composed of many rhombic patterns, 
which correspond to the growth hillocks on the 
{i01} surface. The extinction angles within the 
rhombic pattern change gradually from place to 
place. The orientations of the areas bl and b2, 
which are {oio} sectors, are identical with those of 
the areas ml and m> respectively. 

Oriented thin sections parallel to (I I0), (0 I0), and 
(To O faces were prepared, and their optical pro- 
perties were measured, along with a comparison 
with external forms of crystals and surface micro- 
topographs of (IIO) and (iOI) faces. Detailed 
descriptions of  each sector are: 

{iOl} sector. Most growth pyramids on the {ioi} 
face are rhombic in form, and are homologous with 

FIG. 3. Polarized optical photomicrograph of adularia 
from the Seikoshi mine showing growth sectors x, m, b in 

thin section (ooi). The b-axis is vertical. 

The {iOI} sectors in the thin sections (IIO) are 
seen in the upper parts of  fig. 4 in which fine growth 
lamellae are seen running parallel to the edges 
appearing at the upper portions of the figures, and 
these edges correspond to the growth face {ioI}. 
The area shows very wavy extinction. This is 
considered to be due to the split growth and to the 
fact that the growth hillocks on the {ioI} face 
contain both {IIO} and {oto} domains. 

The optic plane is normal or nearly normal to 
(o I o) in the area above the dotted line in fig. 4, and is 
parallel or nearly parallel to (oIo) below the line. 
The angle 2V decreases gradually with distance 
from the edge and becomes zero at the dotted line, 
and again increases gradually going inwards from 
the line, as can be seen from the values indicated in 
fig- 4. The optic angle and the orientation of optic 
plane measured on thin sections UOl) and (I IO) are 
plotted in fig. 5. The arrows in fig. 5 show the 
change of optics during crystal growth. 
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FIG. 4- Polarized photomicrograph showing the {IIO} 
and {~o[} sectors in thin section (IIO). Seikoshi mine. 
Numerals in circles show 2V~ values and the suffixes the 
angles between the optic plane and (OLO). The c-axis is 

vertical. 
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FIG. 5. Range of optical variations in the {~oI} and {OIO} 
sectors of adularia from the Seikoshi mine. The optics of 
{~oI} and {OLO} sectors are shown by open circle and 
cross, respectively. Curved line shows the optical varia- 

tion in fig. 7. See the text for details. 

FIG. 6. Reflection interference-contrast photomicrograph 
of (I [o) surface (A), and polarized photomicrograph of 
(IiO) sector in thin section (IIo) (B). Seikoshi mine. 
Numerals in circle and suffixes are the same as in fig. 4. 

{OIO} sector. The {OIO} faces are not  seen as 
habit faces, but  the sectors appear in the section 
(ooI). The {OLO} sectors marked bl  and b 2 in fig. 3 
gradually diminish in size with distance from the 
centre, i.e. as growth proceeds. 

The orientations of the areas bl  and b2 in fig. 3 
are identical with those of the areas m 1 and m2 
respectively, and both areas are in the relation of 
albite twinning. Similar relation is also seen in the 
individual small rhombic patterns in the (ioD 
section, as indicated by arrows (fig. 3). The optic 
angle and the orientation of optic plane measured 
on the (io[) thin section are plotted in fig. 5. 

{IIO} sector. The {IIO} growth surfhces are 
characterized by the development of many stout 
prismatic, rhomboidal  hillocks and striations para- 
llel to c-axis (fig. 61). The thin section parallel to 
(~ IO) (fig. 6B) clearly shows that the crystal consists 
of a large number  of rhomboidal  domains. 
Although the photograph shown in fig. 6B re- 
sembles very much the surface microtopograph of 
the face, this is not  the reflection photomicrograph 
of the surface but  the micrograph (polarizing 
microscope) of a thin section both of whose 
surfaces are polished. Some domains consist of  a 
central area surrounded by several strips; the 
central area corresponds to the area formed by the 
growth layers parallel to (i IO), and the strips to the 
portions formed by the pile-up of edges of growth 
layers from the (I [o) face, i.e. vicinal side faces on 
each growth hillock. For simplicity, these vicinal 
faces are indexed (IO0), (OIO), (iO I), (OOI), ( I I I ) ,  and 
(I2I) respectively, as schematically shown in fig. 7. 
The {IIO) sectors in the thin section prepared 
normal  to the c-axis are composed of the lamellae 
parallel to (~ io) (fig. 3), and show different optical 
extinction angles and axial angles from place to 
place. 

The optic angles and the orientations of optic 
planes measured at various points in the section 
(I IO) are indicated in fig. 6B and plotted in fig. 7 B. In  
most of the {~ IO} sector the optic plane changes in 
varying degree around the a-axis of the indicatrix 
from the orientation parallel to (oIo), through the 
intermediate state, to the orientation normal  to 
(oIo). This variation corresponds to the variation in 
the inclination of vicinal faces, as can be seen in fig. 
7B. The area consisting of growth layers parallel to 
the growth face (I ~o) has the optic orientation of 
high sanidine. The areas (o IO), (i 2 I), (io i), etc., i.e. 
the areas corresponding to the vicinal side faces on 
the growth hillocks, have inclined optic planes. The 
greater the inclination of the side vicinal faces of 
growth hillocks, the more the optic plane is in- 
clined, in a clockwise manner  until  it reaches to the 
position normal to (oIo). In  general, therefore, zV 
values plot on the curved line in fig. 7B. However, 
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pyrite-chlorite veins, were also studied for refer- 
ence. Both growth features, internal textures, and 

-7o ~6o optical properties were essentially similar to those 
!5o observed in the crystals from the Seikoshi mine. 

INFRA-RED ABSORPTION 

Hafner  and Laves (I957) made a detailed compari-  
son of  natural and synthetic K-feldspars using two 
well-resolved IR absorption bands at I5-5-[5.8 #m 
and I8"3 I8"7 #m. Mart in (I968) gave infra-red 
patterns for K-feldspars synthesized hydro- 
thermally from gels. 

Fig. 8 shows data of  infra-red absorption of  
adularia from Rhonegletscher and Seikoshi mine, 

~v. together with those of  the maximum microcline 
7o from the Otome mine, Japan;  orthoclase (2V~ 
6o = 65 ~ from Tavetsch, Switzerland, and low sani- 
50 dine (Or6s.TAb24.sAna.s) from Taizi, Japan. The 
40 specimen from the Otome mine is maximum micro- 
3~ cline without albite. 
2o Most  of  the data on Disentis adularias by Hafner 
I o and Laves ([957) and on hydrothermally synthe- 

sized K-feldspars by Mart in U968) plot on the 
trend in fig. 8 though some data measured by 
Hafner  and Laves deviate slightly from this trend. 
Judged from fig. 8, adularias from both Rhone- 
gletscher and the Seikoshi mine are more dis- 
ordered than the orthoclase from Tavetsch. The 
A1/Si ordering shown by IR absorption is in 
accordance with that indicated by observed 2V and 

FIG. 7. Variation in 2V~ values and indicatrix rotation 
around a-axis within the {i IO} sector. Figs. A and B are 
those of adularia from Rhonegletscher and the Seikoshi 
mine, respectively. Symbols show the position in each 
domain, and they correspond to the vicinal side faces on 
the growth hillocks. The symbols and the corresponding 
positions are schematically shown in the lower part of the 
figure. Although the portions surrounding the central 
area are indicated by low index faces, these are actually 
vicinal faces. Open circles of fig. A show the optics, which 
were measured on thin section roughly parallel to (ioI). 
As the texture seen in such section is lamellae formed by 
stacking of the hillocks, the corresponding positions are 

not clear. 

some deviate from the line; these are the values 
measured in the areas (too), (ooI), and (hkl). The 
reason for this deviation is not clear at present. In 
addition, there are two points, indicated by arrows 
in fig. 7B, that deviate from their expected positions, 
i.e. on the microcline side of  the figure. These two 
values are measured on a well-developed (i2 [) face 
appearing on the side vicinal faces of  growth 
hillocks on (i io).  Valencianite crystals from the 
Chitose mine, Hokkaido,  Au-Ag-qua r t z  veins, and 
from the Ani mine, Akita Prefecture, chalcopyrite- 
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FIG. 8. Relation between two IR absorption peak wave- 
lengths for different sectors in adularia. M: Microcline 
from the Otome mine, Japan. Or: Orthoclase from 
Tavetsch, Switzerland. R: Adularia from Rhonegletscher, 
Switzerland. S: Adularia from the Seikoshi mine, Japan. 

Sa: Sanidine from Taizi, Japan. 
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optical orientations. The {oot} and {i01} sectors in 
adularia from Rhonegletscher are more ordered 
than the {iIo} sector. Tile specimens from the 
Seikoshi mine are more disordered than those from 
Rhonegletscher, especially so their {t IO} sectors, 
which are the highest sanidine, comparable with K- 
feldspar synthesized hydrothermally by Martin. 

The {OOI} and {ioi} sectors of  adularia from 
both localities are optically monoclinic and the 
{ I IO} sectors are triclinic. It follows from this that 
AI distributes differently at Sil(o) and Si,(m) sites, 
in spite of  the fact that the structure is highly 
disordered so that equal distribution of  A1 would be 
expected at Sil(o) and Si,(m) sites. Therefore the 
{iIO} sector can be called triclinic disordered K- 
feldspar. 

TRANSMISSION ELECTRON MICROSCOPY 

Adularia from Rhonegletscher 

The {To1} sector. The inner port ion consists of  
both fine cross-hatchings and homogeneous areas 
under the electron microscope. Electron-diffrac- 
tion spots from the area with fine cross-hatchings 
exhibit cross-streaks, whereas they are sharp with 
no streaks in the homogeneous area. The boundary 
between the two areas is sharp, as can be seen in 
fig- 9. 

FIG. I o. Electron micrographs showing the texture of the 
inner part of the { I I O} sector. Rhonegletscher. Note the 
sharp boundary between coarse and fine lamellae parallel 
to the b-axis. A is bright field image and B dark field image 

due to the o:~o diffraction spot. 

observed under the electron microscope shows fine 
cross-hatchings whose fineness varies fi'om place to 
place. The fine lamellae corresponding to growth 
bands are seen in the sector with fine cross- 
hatchings (fig. I 1); they are not  always parallel to 

FIG. 9. Electron micrograph and electron diffraction 
pattern showing the coexistence of homogeneous and 
cross-hatched areas in adularia from Rhonegletscher. The 

b- and b*-axes are horizontal. 

The {ool} sector. Electron microscopy of  the 
inner port ion is similar to that of  the {iol} sector, 
and consists of  domains showing coarse or fine 
cross-hatchings (fig. io) as well as homogeneous 
domains. 

The {IZO} sector. Thin foils for electron micro: 
scopic observation were prepared from the thin 
section normal to the c-axis. The {IIO} sector 

FIG. 1 I. Electron micrograph showing the texture of the 
{IIO} sector. Rhonegletscher. The fine growth bands 
parallel to the (1 IO) are seen in the cross-hatched area. 



460 M. A K I Z U K I  AND I. S U N A G A W A  

(I IO), and when they deviate, they may be corre- 
lated with the growth bands parallel to the vicinal 
faces of  the growth hillock. Since these lamellae 
become invisible when g = hko, the Burger's vector 
should be parallel to the c-axis. 

Adularia from the Seikoshi mine 
In general the valencianite type adularia from 

the Seikoshi mine shows a more homogeneous 
appearance or much weaker cross-hatching under 
the electron microscope than the Rhonegletscher 
specimen, though sometimes domains showing 
coarse cross-hatchings are found in the homo-  
geneous area. 

Many dislocations elongated in the direction 
roughly normal  to the growth face (I to) are seen in 
the (t~o) sectors with or without very fine cross- 
hatchings. Fig. I2 shows two types of  dislocation 
taken under two diffraction conditions. Disloca- 
tion A, which is parallel to [I3O]* , is out of  contrast 
for g = 13o and weak for g = IIO. Dislocations B 
and C, which are roughly parallel to [I IO]*, are out 
of  contrast for g = IIO and distinct for g = IiO. 
Dislocations A, B, and C are therefore of  edge type. 
Dislocation D, which is normal  to [I IO]*, is out  of  
contrast  and distinct for g = ~3o and g = I Io .  It  
may be of  screw type. 

FIG. 12. Electron micrographs of dislocations in the { l I O} 
sector. Seikoshi mine. The two photographs of the same 
area show that the dislocations elongate in the growth 
direction, i.e. normal to the (Ixo). The dislocations 
labelled A, B, and c are out of contrast for the I IO 
reflection. The dislocation labelled D is out of contrast for 

the i io  reflection. 

DISCUSSION 

In the present study, most internal textures seen 
optically in the thin sections correlate well with the 
growth patterns, for both Alpine adularia and 
hydrothermal valencianite. This indicates that the 
characteristic internal textures seen on all optical 
micrographs are formed during the process of  

crystal growth and are well preserved throughout  
geologic time. There is evidence that transforma- 
tion has taken place to a small extent, but such 
changes have not  gone far enough to destroy the 
original textures. Bambauer  and Laves concluded 
that adularia grew originally as monoclinic crystals 
and later transformed gradually to more triclinic 
ones with different degrees of  A1/Si order, and that  
the characteristic internal textures of  adularia are 
formed by the transformation process and not  by 
growth process. They concluded this on the basis of  
their investigations on the thin sections prepared 
perpendicular to (ooi) and (ioo) or parallel to (ooI), 
(IOO), and (OLO), and not parallel to the growth 
faces, (IIO) and (ioI). With such sections it is 
difficult to make exact correlation between growth 
features and internal textures. 

The crystals grow by piling up the many hillocks 
existing on the growth surface. These are from 
several #m to several mm in width and from several 
/~m to about I mm in thickness. As the optical 
properties are different from domain to domain 
made by crystal growth on vicinal faces of  the 
hillocks, growth features can be seen in the thin 
section of  the inner port ion of  the crystal under the 
polarizing microscope. A thin section that is not  
parallel to the growth plane shows the growth 
lamellae as seen in fig. 4, and a thin section parallel 
to the growth plane shows growth domains similar 
to growth hillocks on the surface as seen in figs. I, 2, 
and 6, so that the correlation between growth 
features and internal texture is difficult with the 
former and easy with the latter. Also, Bambauer 
and Laves did not  consider the rim ofadular ia  from 
Switzerland, at which a one-to-one correlation can 
be seen easily under the polarized microscope. 

The cross-hatching that is formed in the process 
of  phase transition is not  evident in our transmis- 
sion electron microscope work, except very faintly 
in some areas of the crystal f rom the Seikoshi mine, 
and is found Coexisting with more or less homo-  
geneous areas in the crystals from Rhonegletscher. 
F rom these, it is safe to conclude that the valen- 
cianite crystals from the Seikoshi mine have 
not experienced severe transition since they were 
formed, and that adularia crystals from Rhone- 
gletscher have experienced transition to some ex- 
tent, but not  so much as to destroy the original 
textures. 

Now, on the basis of  the above, let us consider 
the variation in optics of  these crystals. Since 
adularia (valencianite, too) grew under non-equili- 
brium conditions, it is possible for changes of  the 
ordering of  A1/Si to occur during crystal growth, by 
two mechanisms: 

Growth speed. The higher the growth speeds, the 
more disordered the phase. A possibility of  the 
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effect of  growth speed upon the optics was sug- 
gested by Laves (I952), who mentioned that the rate 
of growth is high enough so that the ordering force 
is overwhelmed during crystallization, thus form- 
ing a more or less disordered A1Si30 8 framework. 

The area grown parallel to stable growth planes 
such as (IIO), (ooI), and (ioI)  will be more dis- 
ordered than the areas grown on the side vieinal 
faces of growth hillocks on the same crystal face, 
since the rate of advance of growth layers is high- 
est along the stable face, and slower for those of 
bunched growth layers forming side vicinal faces. 
This is so in the case of  the (I I o) face of valencianite 
from the Seikoshi mine as can be seen in fig. 7. 

It is also seen in figs. 4 and 5 that the structure is 
more ordered in the later-formed parts of the 
crystals. This is attributed to the fact that the 
growth speed on the UoI) face is high at the initial 
stage, and diminishes later. If  growth layers ad- 
vance at constant rate, the same ordering of A1/Si in 
a monoclinic or triclinic structure can be expected, 
which will result in an optically homogeneous 
crystal. The internal homogeneous port ion seen in 
Rhonegletscher specimens must have been formed 
in such a manner. 

Now, let us compare the optics of the {IIO} 
sector of adularia from Rhonegletscher and of 
valencianite from the Seikoshi mine (fig. 7) as well 
as the optics of adularia from Val Casatscha, 
Switzerland, measured by Bambauer and Laves 
(I96o). The 2V values decrease in the order of  
Rhonegletscher, Val Casatscha, and the Seikoshi 
mine when the optic plane is II (o I o), and increase in 
the same order when it is L (olo). Although the two 
curves for valencianite from the Seikoshi mine and 
adularia from Val Casat-scha have similar trends, 
the former shows higher 2V values on the high 
sanidine side, i.e. highest sanidine optics, and such 
optics were not  found on the latter specimen. Many 
domains of valencianite from the Seikoshi mine 
show the optics of high sanidine side (optic plane [[ 
(o I o)), and many domains of adularia from Rhone- 
gletscher, especially {oox} and  {ToI} sectors, show 
the optics of microcline (optic plane approxi- 
mately • (o I O)). These results show that the degree 
of A1/Si ordering of the two adularias from the 
Swiss Alps is greater on the average than for 
valencianite from the Seikoshi mine, the Rhone- 
gletscher specimens being the most ordered. 

Difference of  the two-dimensional atomic arrange- 
ment on growth surfaces. The ,difference of the 
atomic arrangement exposed on the (IIO), ([oI), 
and (ooi) surfaces will affect the ordering in non-  
equilibrium growth conditions. Irrespective of 
growth speeds and degree of order, the symmetry 
of each sector is maintained. The {IIO} sector  
is triclinic; {OOI}, {IOl} sectors are monoclinic. 

To explain the above the structure of monoclinic 
feldspar is projected parallel to (oo I) as shown in 
fig. 13. In monoclinic disordered K-feldspar, i.e. 
sanidine, AI distributes equally at the two sites 
Sil(o) and Sil(m), whereas the two sites are not  
equivalent in a triclinic crystal. In  fig. 13, one Sil (m) 
and two Si 2 sites are on the same sheet parallel to 
the (I I O), and Si 1 (o) sites join the neighbouring two 
sheets. Contrariwise, Sil(o) and two Si 2 sites are on 
the same sheet parallel to the (I To) plane, and Sia(m) 
sites join the neighbouring two sheets. The Sil(o) 
and Sil(m) sites are thus not  equivalent on the (I IO) 
and (i io) planes. 

(a) 
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FIG. 13. Atomic structure of monoclinic potash feldspar 
viewed normal to (ooI) (modified from Deer et al., I963). 

In contrast, Sil(o) and Sil(m) sites in the (oo I) and 
( ioi )  planes that are on the same plane parallel to  
the b-axis are equivalent, as can be seen in fig. 13 . It  
follows from this that the (I IO) and (I~O) sectors 
should become triclinic, the (oo I) and (I o~) sectors 
monoclinic. 

Finally, it should be emphasized that unless 
adularia grows under non-equil ibrium conditions, 
these characteristics, i.e. sector textures, their op- 
tics, their ordering states, and monoclinic (o0I), 
(~oI) sectors and triclinic (I io), (ITO) sectors, will 
not  be formed. I f  it had grown under equilibrium 
conditions, the crystal should be maximum micro- 
cline since this is the assumed stable form at low 
temperatures. 
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