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orderdsorder structure and the internal texture of stilbite
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Abstrrct

stilbite crystals from three localities (Eyi Ju, North Korea, Bomeki, Japan and Poona,

India) consist of various growth sectors. With regard to X-rays, the {001} sector is ortho-

rhom'bic, whereas the {110} sector is monoclinig though the crystals are chemically homoge-

neous. Optical study shows that stilbite is triclinic throughout the crystal. The relationship

between the orthorhombic and monoclinic symmetries may be explained by orderdisorder of

tetrahedron rotations which occur during gowth. Small deviations from monoclinic sym-

metry may be due to Al/Si ordering. The sector twinning is explained by growth ordering.

Introduction

Stilbite is a common zeolite; the chemical formula
is (Na,K),(CaMg)n*rAl,* r*2ySi2s-'-2rO7r' 28HrO with
a < 4.89 and -2.22 < y < +0.33 (Passaglia et al.' 1978).
There is no compositional gap between stilbite (a mono-
clinic sodium-rich phase) and stellerite (an orthorhombic
sodium-poor phase).

In some minerals, the symmetry as determined by optics
is lower than that determined by X-ray diffraction. Such an
optical property has been called an oPtical anomaly.
Langeman (1886) studied the optics of stilbite, and found
that it is triclinic. However, stilbite has been considered to

be monoclinic in X-ray work; Breck (1974) reported the
space group C2lm, and Slaughter (1970) and Galli (1971)

reported the space groups C2 or Cm. Langeman (1886)

observed sectors corresponding to the crystal macro-faces
and recogrfzed the triclinic nature of stilbite, but did not
observe the surface growth patterns and corresponding do-
mains within the sectors. Based on studies of the relation
between surface feature and internal texture, Akizuki and

Sunagawa (1978), Akizuki et al. (1979), Akizuki (1981a' b)
and Akizuki (1984) have explained the optical properties

and internal textures of some minerals by atomic ordering
produced on side faces ofgrowth steps, suggesting a gener-

al mechanism for sector growth.

Optical observation

Both the Bomeki and Eyi Ju specimens were obtained
from the same hand specimens that were analyzed by wet
chemical methods. The Poona stilbites were analyzed by

one of the present writers (Konno) (Table 1). Some optical
observations of Bomeki stilbite were carried out by Aki-

zuki (19E0). Different authors have used different crystal

settings for stilbite, and even in the usual settings for mon-
oclinic stilbite and orthorhombic stellerite, the crystal axes
are not comparable (Kerr, 1977). Figure 1 shows the orien-

tation used in the present study. In some figures, the a-axis
parallel to the crystal elongation is oriented in the vertical

direction, because the a-axis is common through the sector,
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whereas the c-axis-directions are not the same throughout

the crystal due to reflection twinning parallel to (001)'

Monoclinic stilbite is bounded by the (010)' (001), (110)

and (T0t) faces, and each face has growth hillocks or stri-

ations. A sector is produced by crystal growth on each face,

whereas a domain is produced by crystal growth on the

vicinal face of the growth hillock or striation; thus a sector

consists of many domains. If the crystal symmetry is re-

tion twin plane occurs parallel to (010) as well' Orientation

of the vicinal face on the crystal face is controlled by the

crystal class mmm of the orthorhombic lattice; correspond-

ing domains are related by the three refle9ti91 twin oper-

ations. Optical vibration directions of the {110} and {101}
sectorsl are shown in Figure 1. The {001} sectors consist of

fine twin lamellae parallel to the (001) face, and extinction

directions incline only 0.5" to the a-axis in the Eyi Ju and

Poona specimens.
Thin sections cut in various directions were examined

the surface features and internal textures are similar'
(010) face: the surface of stilbite is composed of many

small, thin stilbite crystals grown parallel to the (010) face'

whose form is similar to the macro-crystal' The small stil-

1 Throughout this paper, the Milter indices refcr to monoclinic

axes, though the interaxial angle f observed by X-ray methods is

that of the pseudo-orthorhombic lattice (Passaglia et al'' l97E)'
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Table l' chemical analyses, refraclive indices (a, p, y) and crystal correlate to the large m and small ag(ll0) faces, and extendsizes of stilbite through fine growth zoning parallel to the (110) face.

',, ,i,, ,,'r, 
--F 

'n:'::l':';;":::1T'?"n"i#'fi:f:"':"r'$i"i:
Ar2o3 15.4r 16.13 ,r.rl 

g.ro:th on the (010) face, and in the repetition of tw; yicin-
rioz nd ,u' 

al faces inclined symmetrically with respect to the (010)
Fe2o3 nd dd face. The vicinal face is distinctly observed in both poona
Mno nd nd and Eyi Ju specimens (Fig. 5), and the face angle is about

9o. The striations are simple and fine in both poona and
Mco 0.06 nd nd Eyi Ju specimens, whereas they are somewhat rough in the
cao 7.s7 7.7s 7.s4 Bomeki specimen.
Na2o o'24 o.42 1.08 {001} sector: the (010) thin section shows fine twinningKzo o'os 0.03 0.r0 parallel to (001). The extinction in the (010) section, whici+nzo 18'54 !2'as 16.23 inclines 0.5" to the a-axis, is sharp in both poona ana evi-Hzo s'8e 1.e3 Ju specimens, whereas it varies within 4" in the Bomeki

T 0 1 6 1  1 0 0 . 3 4  9 9 . 8 9  9 9 . 5 5

0  I . 4 8 5  !  I . 4 8 8  L . 4 9 2
B r .4sz  g  j  r .+so  1 .soo
I  r . 4 9 5  o  1 . 4 9 8  1 . 5 0 2

o  !  1 . 4 8 9

u 
i  i  r . rse

t 6 t.4gt indicated in Figure 6; the orientation in other sectors is
similar to this.

cryatal
size (cm) r.rxu.)xl 3x0.5x2 1x0.3x 17ot) face: the (101) face occurs on the specimens from0'3 Bomeki and Eyi Ju, but not on the specimen from poona.

The (101) face of Bomeki stilbite is divided into several
1 .  E y i  J u  s t t l b i t e  ( K o z u  e r  a l , ,  1 9 3 7 )

( N a o .  a z K o .  o  I  )  ( C a q .  o q l t g o .  o q ) A 1 e .  a  o S T z z , q s o t z . 2 9 . 5 E z o

2 .  P o o n a  s t i l b i t e

( N a o .  a  e K o .  o z  ) C a r  .  g  g A l  g .  o  e  S l z  z .  o  g  O 7  2 .  2 9 . 9 6 H 2 O

3. Bomeki st i lb lre (Tantguchl and Abe, lggl)

( N a r  .  o  o K o .  o e  ) C a r  .  o z A l e .  g  e  S l z  e .  g  g  O z  z .  2 8 , 9 g H z O
(11O)m

) o

bite crystal consists of two large vicinal faces with sym_
T"1l"ul 

growth steps parallel to m and E(110) faces (i.ig.
2). No growth center is observed on the surface, suggesting
a two-dimensional growth mechanism.

{010} sector: in thin section, the symmetrical vicinal
faces produce two corresponding domains, whose extinc_
tion directions incline about 1.5. (poona specimen) to the
a-axis, and are in (001) reflection twin relation with each

striations parallel to the c-axis.
{1 10} sector: the section normal to the a-axis shows four

equivalent {110} sectors, as shown by Langeman (lgg6).
Figure 4 depicts the internal texture of thJ{ll0} sector
observed in the (010) section. Roughly vertical, ihici stripes

=(OO1)o

Fig. 1. Schematic sketch of a (010) section of Eyi Ju stilbite.
This shows growth sectors and the relation between crvstal orien-
tations of monoclinic stilbite (m) and orthorhombic siellerite (o).
The (fi)l)- and (-t0l)- are normal to the plane of the figure,
whereas (110)- is inclined to the plane ofthe figure. The {ll0} and
{T0l} sectors, which are indicated by solid and dasheA hnes, are
optically symm€trical with each other. The {001} sectors consist of
the fine reflection twins parallel ro (001). Optic vibration directions
which are symmetrical with respect to the twin plane are repre_
sented on the figure.
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Table 2. Na + K content, interaxial an$e p, extinction angles

and2\ values of stilbite
sector was not observed, because this {010} s€ctor consists

of various kinds of domains. The interaxial angles p are

the angles shown in Table 2 are average values'

Table 3 shows sodium and potassium contents and the

interaxial angle p in the {001} and {110} sectors ofthe two

Poona specimens (A and B). Sodium and potassium con-

tents arJ the same in both sectors within error, and elec-

tron microprobe analyses show that the specimens from

the three localities are chemically homogeneous through

the sectors. Although Passaglia et al. (1978) suggested that

stilbite is chemically heterogeneous, the stilbite crystals

studied by us are chemically homogeneous, and structur-

ally heterogeneous. Table 2 shows that the interaxial angle

B decreases as the sodium content decreases, and that the
'an$e 

p of the {001} sector is smaller than that of the {110}

Fig. 2. Reflection interference photomicrograph of small stilbite

oyr,i"l, grown parallel to each other on (010)' The surface consists

oi t*o ni"inul faces with symmetrical steps parallel to m and

1q(f 10). The e-axis is vertical. Poona stilbite'
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a-(0L0) qtd b-(101) are exti.nctin aqles fm 4-ei8 on (010)

md frcm b-mLs on (101) ,ectiil,' respeetiuely'

blocks without growth hillocks, whereas the face of Eyi Ju

stilbite consists of one or two blocks that have growth

hillocks with two curved vicinal faces.

comblike pattern with each other (Fig' 1)' The section

normal to the a-axis shows a rhombic {101} sector (Lange-

man, 1886, Fig.27), in which some indistinct domains are

observed.

X'raY and chemical enalyses

The {001}, {110} and {101} sectors were separated from

the thi& sections normal to the a-axis or parallel to (010)'

and the 204 and 2d diffraction peaks (in the pseudo-

-20roz), the pseudo-orthorhombic interaxial angles p

were 
-calculat.d 

ftom the equation (90' + 2/66L: fl

t 0.05")of Passaglia et al. (1978). The p-angle of the {010}
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Fig. 3. Cross polariznd photomicrograph of a thin section
parallel to (010). The domains (m and m) correspond to rhe vicinal
faces of the small crystals on (010), as shown in Fig. 2. The a_axis
is vertical. Poona stilbite.

sector. According to the chemical formulae of the three
specimens (Table 1), the substitution of sodium
(+potassium) for calcium is negligible.

Discussion

in X-ray studies, the true symmetry of the (average) unit
cell is triclinic. Correlation between surface gowth features
and internal textures suggests that the internal textures
were produced during growth. The optical properties and
internal texture may be interpreted by the atomic order_
disorder growth sector mechanism suggested by Akizuki
(1981a) for analcime.

Orthorhombic-monoclinic structures
In the crystal structure of stilbite (Fig. g), calcium ions

are near the middle of the channels; they are coordinated
by eight water molecules and do not bond to the frame_

HrO molecules at the crystal surface, will have a direct

influence only on the Si(2) and Si(5) sites during growth,
and these will be preferentially occupied by aluminum ions.
The Si(5) site shares two oxygens with an adjacent sodium
ion, whereas the Si(2) site is linked to one such oxygen.
This might suggest the aluminum occupancy of Si(5) to be
greater than that of Si(2). Galli and Alberti (1975) suggest_
ed that the Si(5) site is preferentially occupied by alu_
minum.

The principal difference between the orthorhombic and
monoclinic structures involves the tetrahedra directly
linked to the sodium ions (Fig. 8); these are rotated in a
clockwise manner in the monoclinic structure relative to
their configuration in the orthorhombic structure. Galli
and Alberti (1975) suggest that the cause of the rotation is
repulsion between sodium and calcium ions. Consequently
it is necessary to consider the effect of sodium on the
growth of stilbite. In stilbite, the two sodium ions bond to
two O(2) oxygens and some HrO molecules, and not to
O(l) oxygens (Fig. 8). Thus the immediate surroundings of
sodium are different on the (110) and (l1l) faces, that are
equivalent in orthorhombic stellerite. The local charge bal_
ance will be diflerent on the two faces of stilbite, and a
more balanced atomic arrangement may develop during
growth. If the clockwise-rotated structure shown in Figure
8 is produced on the m(110) face, the counter-clockwise
rotated structure will occur on the symmetrical m(ll0) face,
resulting in monoclinic, twinned {110} sectors (Fig. 3). Be_
cause the tetrahedra Si(5a) and Si(5b) have equivalent envi_
ronments with respect to calcium ions on the (001) face of
the orthorhombic structure, the clockwise and counter-

Fig. 4. Cross polarized photomicrograph of m{1t0} sector in
thin section parallel to (010). The m and m{ll0} faces'and corre-
sponding domains are seen. The a-axis is veriical. poona stilbite.
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Fig. 5. Cross polarized photomicrograph of a {001} sector in thin section normal to the a'axis. The (001) face, which is normal to the

paper, kinks at some places shown bythin arrows, and the s€ctor twin plane corresponds to the kink' The thick arrows show contact

planes of parallel growth crystals. The b-axis is horizontal. Poona stilbite.

to the a-axis.

(Galli, 1971). If orthorhombic cells without sodium are pro-

duced at growth steps, the following monoclinic cells may

rotate either clockwise or counter-clockwise' Thus, in the

{001} sector, the rotation direction of the monoclinic cells

b""oa.. more disordered as the numbr of orthorhombic

cells (without sodium) increases. The interaxial angle p of

the pseudo-orthorhombic lattice closes to 90" in all sectors

as the sodium content decreases, and furthermore the angle

B of the {001} sector becomes smaller than that of the

{110} sectors in the same crYstal.' 
These ideal symmetries are in agreement with those ob-

served by X-ray diffraction and optical microscopy' Stel-

lerite is orthorhombic. The diffraction pattern of a whole

stilbite crystal shows a mixture of monoclinic and orthor-

hombic phases. If the powder pattern is made using a
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Fig. 7. X-ray diffraction peaks of {001} and {ilO} sectors in
two different specimens from Poona India.

sector of the large crystal, the pattern will be monoclinig
orthorhombic or mixed. No chemical difference is observcd
between the {001} and {110} sectors. passaglia et al. (1979)
noted orthorhombic, monoclinic or mixed stilbite from
many localities, and suggested that the stilbite is chemicallv

Table 3. Sgdium and potassium contents & internal angle in the
{001} and {110} sectors oftwo diff;rent poona stilbite crystals (A

Fig. 8. Part of the structure of stilbite projected along the b_
axis. Numbers adjacent to calcium and sodium give the heights of
the atoms in thousandths of a cell edge. Rotations of the- tetra_
hedra and sodium atoms are shown by curved arrows. Repulsion
between sodium and calcium ions is shown by straight arrows.
Also, schematic internal texture is shown below. The m and
m(l 10) are inclined to the plane of the figure, whereas c and (001)
are normal to the plane of figure. Modified from Galli and Alberti
(r97s).

l!.
o
o

0 .03  90 .05 "
0 .  03  90 .490

o .02  90 .05 .
0.02 90.49"

heterogeneous. We suggest that stilbite is chcmically homo-
geneous but structurally heterogeneous.

Triclinic structure

Small deviations from monoclinic symmetry may be ex-
plained by the following mechanism. According to the
ideas of Akizuki (1981a), the Si(2) and S(5) sites each split
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into two sites during growth. Assuming growth to be in the

b-direction in Figure 8, the S(5a) tetrahedron forms after

the two sodium ions during growth, whereas the S(5b)

forms prior to the sodium ions. This suggests that the

Si(Sa) site will be preferentially occupied by aluminum due

to the local effect of the sodium ions. On the other hand'

the Si(Sb) site will be occupied by silicon, because the site is

produced before the sodium ions. If the crystal gtows on

!0(110), the Si(2a) site will form after the sodium ions and

will be occupied by aluminum ions; the Si(2b) site is

formed before the sodium ions and will be occupied by

silicon. Due to the Al/Si ordering at both the Si(2) and Si(5)

sites, the C2lm symmetry is reduced to Cl in domains

corresponding to the symmetrical vicinal faces on (010)

(Fig.2).
Figure 9 shows a partial view of the stilbite structure

normal to the a-axis; only the Si(2) and Si(5) tetrahedra are

shown. Growth steps normal to the figure are indicated by

the letters A and B. If the crystal grows on step A, alu-

minum ions will preferentially occupy the Si(2a), Si(2d) and

Si(5b) sites under the influence of the sodium ions, and

silicon ions will occupy the Si(2b), Si(2c) and Si(5a) sites'

Also, the aluminum occupancy may be different between

the Si(2a) and Si(2d) sites, because the immediate sur-

roundings are different with respect to the Na between the

two site; on the surface, and the diad axis disappears from

the structure. Thus the {001} sector may triclinic C1 and

the domains corresponding to the symmetrical vicinal faces

A and B are in a twin relation (Fig. 5). Galli (1971) suggest-

ed that in stilbite, the Si(5) site splits into two sites, Si(5a)

and Si(5b).
The {10U sector is similar to the {001} sector, and the

structure. is orthorhombic or nearly orthorhombic' The

(010), which is a perfect cleavage plane, cuts a minimum

number of Si-O-Si and Ca, Na-O bonds (Galli, 1971)'

growth splitting occurs in the direction normal to the (010)

plane during growth, and strain decreases'

Conclusion

The {T01} and {001} sectors show orthorhombic sym-

metry d'ue to the disordered rotation of tetrahedra which

o"",r. ott the side faces of steps formed during growth' The

{110} sector is monoclinic due to the ordered rotation of

thr tum. tetrahedra. Furthermore, the stilbite structure re-

duces to triclinic symmetry, because an ordered arrange-
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