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Ansrnl,cr

Herschelite, defined as a Na-rich zeolite with the chabazite structure, has been studied
with optical and scanning electron microscopy, X-ray powder diffraction, and electron-
microprobe analysis. Herschelite consists of a combination of { 1010}, {0001}, and { 101 I }
forms, showing hexagonal symmetry 6/mmm. The three corresponding sectors show dif-
ferent textures between crossed polarizers, though they are chemically homogeneous. The
(1010) face consists of fine striations normal to the c axis, and the corresponding sector
shows fine polysynthetic twins normal to the c axis. The (0001) face is covered by small
chabazite crystals with three rhombic {l0ll} faces that are related by twofold rotation
twins, and the {0001} sector shows a fibrous texture normal to the (0001) face. Some
herschelite crystals show a biconvex lens-like form, whose surfaces consist of fine chabazite
crystals with three rhombic {l0Il} faces. Thin sections show a fibrous texture that cor-
responds to the fine crystals on the surface. Some herschelite crystals have a gmelinite rim
whose (0001) surface consists of a spiral growth pattern. Herschelite consists of triclinic
sectors with fine-scale twinning, and single herschelite crystals do not occur.

INrnoouctroN

Chabazite is a rhombohedral, Ca-rich zeolite consisting
of AABBCC sequences of six-membered rings, whereas
gmelinite is a hexagonal, Na-rich phase and consists of
AABB sequences. Herschelite from Sicily, Italy, was de-
scribed as a distinct species by Levy (1825). The crystals
show a flat form parallel to the (0001) face or a biconvex
lens-like form (Levy, 1825; Ulrich, 1870; von Lasaulx,
l88l). Although herschelite and chabazite give essential-
ly identical X-ray powder patterns, the minerals are
chemically distinct. Mason (1962) redefined herschelite
as a zeolite with the chabazite framework and Na > Ca.
Nawaz and Foy (1982) suggested that herschelite was an
independent mineral as well. Also, Passaglia (1970) dis-
cussed the chemical composition of chabazite. The par-
allel growth of chabazite and gmelinite structures is com-
mon in herschelite. Chabazite crystals are triclinic between
crossed polarizers (Akizuki, l98lb) and by X-ray analysis
(Smith etal.,1964;Mazzi and Galli, 1983). Phacolite, a
variety of chabazite, is rich in Ca and shows complicated
internal textures and triclinic symmetry between crossed
polarizers (Akizuki and Konno, 1987). The crystal forms
ofherschelite and phacolite are, however, different.

The objective of the present study is to describe the
texture ofherschelites from three localities and to discuss
the origin of the optical sectors and twinning using the

general mechanism previously suggested by Akizuki
( l  e86).

ExprmrvrnNrAl DETATLS

Herschelite crystals from three localities (Sicily, Italy;
Melbourne, Australia; and Hayata, Saga Prefecture, Ja-
pan) were examined by scanning electron, phase-contrast
optical, and polarized-light optical microscopes. The
crystals consist of growth sectors that correspond to the
crystal faces. The sectors can be observed in thin section
between crossed polarizers. Also, the crystals were stud-
ied by powder and single-crystal X-ray methods. The
chemical compositions of herschelite and coexisting
gmelinite were determined using a Hitachi x-oso electron
microprobe fitted with an EeMA zzoo energy-dispersive
X-ray analyzer. HrO was obtained by a Rigaku Ther-
moflex rc for powdered samples of 10-20 mg. FerOr,
MgO, BaO, and SrO contents were negligibly small for
all specimens, except the Sicily herschelite, for which
semiquantitative analyses indicated 0.14.2 wto/o BaO.
Differences in chemical composition could not be rec-
ognized among growth sectors of each specimen. The Ca/
(Ca + Na + K) ratio is 0.10-0.36, and the crystal struc-
ture is that of chabazite. Therefore, the specimens studied
here are classified as herschelite.
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Fig. 1. (A) Crystal form (srrra). (B) A high-magnification pho-
tograph of(000 1) face. The ( 1 010; faces exhibit striations normal
to the c axis, and the (0001) face shows triangular crystals. Her-
schelite from Aci Castello, Sicily, Italy. See text for details.

DnscnrprroN oF HERSCHELTTE SpECIMENS

The herschelite crystals from all three localities are Na
rich and have the chabazite structure. The crystals show
growth sectors with twins. The {0001} sectors consist of
fibrous crystals that are parallel or nearly parallel to the
c axis and that are related by a rotation twin around the
c axis. The {1010} sectors, however, consist ofpolysyn-
thetic twins of platy crystal parallel to (0001). The her-
schelite crystals are optically triclinic, although the {0001 }
sector, which consists of the fibrous crystals, is uniaxial
or biaxial with a small 2V value, because of fine twins.
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Sicily specimens

The specimens from Aci Castello, Sicily, Italy, the type
locality of herschelite, are about 350 pm in diameter and
200 pm in thickness. The form is hexagonal, consisting
ofprism faces {1010} with rough striations and a basal
face (0001) with a rough growth pattern (Fig. lA). Their
crystal form is slightly different from that in Gottardi and
Galli (1985, p. 178). Figure lB shows a highly magnified
photograph of the (0001) face, which consists of fine tri-
angular crystals. The fine crystals are related by a twofold
axis parallel to the c axis, that is, by twinning. The her-
schelite crystals consist of { 1010} and {000 I } sectors be-
tween crossed polarizers. The {0001} sector shows fine
twins, which correspond to the fine triangular crystals.
The {1010} sector consists of fine polysynthetic twins
parallel to (0001), which correspond to the striations on
rhe 0010) face.

Melbourne specimen

The crystal from Melbourne, Australia, is about 5 mm
in diameter and 2 mm in thickness. The form is biconvex
lens-like with small (2021) and (1012) faces and shows
hexagonal 6/mmm symmetry. The (2021) laces are
smooth with some growth steps obvious under the optical
microscope and the srrvr. The (1012) faces and convex
lens-like face are covered with fine crystals with three
rhombic (1011) faces seen under the srvr at high magni-
fication. The orientations of the fine crystals are related
by a twofold axis parallel to the c axis.

The thin section parallel to the c axis was taken through
the center of the crystal. The section shows a platy crystal
parallel to (0001) in the center of the crystal, and the
fibrous texture is elongated toward the surface with fine
crystals from both sides of the plate. The platy crystal
consists of a single twin of chabazite structure, and the
surface of the platy crystal corresponds to the smooth
(2021) face. No prism faces were observed on the crystals.
The plate shows sharp extinction, and it is suggested that
the crystal is triclinic, though the area with fibrous texture
exhibits wavy extinction.

Hayata specimens

In Hayata, Saga Prefecture, Japan, amygdule minerals
are distributed in basalt, and ofthem chabazite and cal-
cite are the most common minerals. The calcite and cha-
bazite with rhombic faces were crystallized first, and her-
schelite, thomsonite, and natrolite followed (Ishibashi,
1974). Phacolite (a variety of chabazite) and gmelinite
are also found in the area.

Specimen 1. The crystal is I to 2 mm in diameter and
shows a biconvex lens-like form with (2021) faces, which
show hexagonal 6/ mmm symmetry. X-ray analysis shows
only the chabazite structure without ttre gmelinite struc-
ture. In the spr'r, the convex lens-like faces consist of a
parallel growth of fine chabazite crystals with three (l0l 1)
faces (Fig. 2A). The (2021) faces have some striations
parallel to (0001).



Fig.2. Herschelite (specimen 1) from Hayata, Japan. (A) Fine
crystals with three (1011) faces on the convex lens-like growth
surface (sura) and (B) the intemal texture in the thin section cut
parallel to the c axis (between crossed polarizers).

Thin sections cut parallel to the c axis were taken
through the center of the crystal (Fig. 2B). The core con-
sists of a penetration twin of chabazite with rhombohe-
dral form, from which several polysynthetic (0001) twins
develop in the direction normal to the c axis, resulting in
a platy crystal, though Figure 2B does not show the core.
The platy crystal produces the (202 l) face on the crystal
surface. Fine fibrous crystals are developed on both sides
of the plate; they are elongated approximately normal to
the convex lens-like surface. The platy crystal shows ir-
regularly wavy extinction between crossed polarizers.

Specimen 2. Specimen 2 shows (0001), (l0Il), and
(1010) faces under the sEM and consists only ofchabazite.
Figures 3,A. and 38 show (0001) and (l0i l) faces rhat are
covered by fine crystals with three (l0Il) faces. Figures
44' and 48 show sketches of the crystal surface and in-
ternal texture. The (10i l) faces consist of triangular gowth
patterns whose orientations are alternately opposite on
the six macroscopic {101 l} f,aces, that is, rhe six tlOil}
sectors are related by sixling twins. The (0001) face is
depressed as compared with the { 101 I } faces, and it con-
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Fig. 3. Herschelite (specimen 2) from Hayata, Japan. (A) Low-
magnification sw photomicrograph. (B) High-magnification ser"r
photomicrograph. The crystal consists of (0001), (10I 1), and
(1010) faces. The (0001) face is covered with fine crystals with
rhombic (1011) faces. Fig. 3B consists of the (0001) face with
fine rhombic (1011) faces (right), and the (101 l) face with a
growth-step pattem (left). The growth patterns suggest that each
{ I 0I I } sector is single, whereas the {000 1 } sector is finely twinned.

sists of crystals related by a twofold rotation twin parallel
to the c axis. The (1010) faces consist ofstriations parallel
to the (0001) face. The thin section cut parallel to the c
axis shows the {0001}, t l0I1}, and {1010} sectors (Fig.
4B). The {0001} sector shows fine fibers nearly normal
to the (0001) face, which coffespond to the fine crystals
on the (0001) face, and the { l0I0} sector consists offinely
polysynthetic twins parallel to (0001).

Specimen 3. The crystals are smaller than 2 mm in
diameter and consist ofa combination of {0001 }, { l0I I },
and { 1010} forms, that is, the gmelinite form. The (0001)
growth face shows complicated spiral patterns with low
steps (Fig. 5A). The (1011) face consists of some trian-
gular growth hillocks with fine steps parallel to the crystal
edge between two pyramidal faces. The (1010) face con-
sists of fine striations parallel or normal to the c axis.

The thin sections cut in the direction normal or parallel
to the c axis were examined on a universal stage. The thin
section parallel to the c axis consists ofsix kinds ofsectors
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Fig. 4. Herschelite (specimen 2) from Hayata, Japan. (A) A
schematic sketch ofa growth pattern on the (0001) (center) and
( 101 l) (rim) faces. (B) A schematic sketch of the thin section in
which the c axis is vertical. The {000 I } sector consists of fibrous
crystals that are related by a rotation twinning parallel to the c
axis. The {1010} sectors consist ofpolysynthetic twins parallel
to (0001). The six {1011} sectors are related by sixling twins.
Each {101-1} sector (a and A), which is single, shows wavy ex-
tinction between crossed polarizers.

(Fig. 5B); thin rim A shows light interference colors, and
the other sectors (B to F) show dark ones. X-ray analyses
(precession method) show that rim A has the gmelinite

structure and the other sectors (B to F) have the chabazile
structure. Electron-microprobe analyses show that the rim
with the gmelinite structure (analysis 6, Table 1) is richer

TABLE 1. Chemical composition and formulae on the basis of
24 oxygens of herschelites and 48 oxygens of gmelin-
ite
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Nofe; Samples are as follows: (1 ) Aci Castello, Sicily, ltaly. (2) Melbourne,
Australia. (3) Specimen 1; Hayata, Saga Prefecture, Japan (4) Specimen
2t Hayala, Saga Prefecture, Japan. (5) Specimen 3; Hayata, Saga Pre-
fecture, Japan. (6) Specimen 3 (gmelinite); Hayata, Saga Prefecture, Ja-
Dan.

' Balance error.
. '  F:  Ca/(Ca + Na + K).

Fig. 5. Herschelite (specimen 3) from Hayata, Japan. (A)
Spiral growth features on (0001) under a phase-contrast optical
microscope. (B) The internal texture in the (1010) thin section
(c axis is vertical) between crossed polarizers. See text for details.

in Na than the other sectors with the chabazite structure
(analysis 5, Table l). Rim A is thicker on the (0001) and
(101 l) faces than on the (10I0) face and has more or less
uniform extinction between crossed polarizers. Sectors B
and C have convex lens-like interfaces and a fibrous tex-
ture that is elongated in the direction nearly normal to
the interface. The interface between B and C is shown by
white dashed lines in Figure 58. The {1011} sector D
with fibrous texture grows on sector C. The {1010} sector
E consists of polysynthetic twins parallel to (0001), which
produce fine striations normal to the c axis on the (1010)
face. Core F shows (0001) polysynthetic twin lamellae,
although a penetration twin of rhombohedral chabazite
crystals is observed in core F in some thin sections. The
{000 I } sectors B and C with a fibrous texture are optically
uniaxial or biaxial with a small 2V., although the tl0l0]
sector is optically triclinic and shows various 2V values.

DrscussroN

Both herschelite and phacolite have a penetration-
twinned core of chabazite structure, from which a singly
twinned or polysynthetically twinned plate develops par-
allel to (0001) (Akizuki and Konno, 1987). Crystal
growths, however, are different on the twinned plate be-
tween herschelite and phacolite. In herschelite, fibrous
crystals with the chabazite structure develop in the direc-
tion parallel or nearly parallel to the c axis, resulting in a
fibrous texture with a convex lens-like surface. whereas
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in phacolite, fine twin rods develop in directions normal
to the c axis.

Chabazite with rhombohedral form is triclinic between
crossed polarizers (Akizuki, 1981b) and in X-ray analysis
(Mazzi and Galli, 1983). The triclinic property is attrib-
uted to the ordered arrangement of (Al3+,Si4+) ions (Maz-
zi and Galli, 1983), which occurs on the surface during
crystal growh (Akizuki, 1981b; Akizuki and Konno,
1987). Also, the ordered arrangement of the (Al3+,Si4+)
ions causes the herschelite structure to have triclinic sym-
metry. The {0001} sector consists of finely twinned crys-
tals with the chabazite structure, and therefore the sector
is optically uniaxial or biaxial with a small optic axial
angle.

Chabazite consists of AABBCC sequences, and gmelin-
ite has AABB sequences. The twinned chabazite stmcture
(AABBCCBBAA) has the gmelinite sequence (BBCCBB)
along the (0001) twin boundary. Since herschelite with a
fibrous texture was produced during rapid crystal growth,
the crystals could not exclude the Na ion during growth,
resulting in a Na-rich zeolite with the chabazite structure.
If the crystal had grown slowly under the conditions at
which chabazite grows, Na ions would been excluded from
the crystal, and Na-poor chabazite with the rhombohe-

t34l

dral form would have been produced. If gmelinite se-
quences (AABBAA) are locally produced in herschelite
during growth, the twinned chabazite structure will be
produced. Because offine-scale twinning, the prism faces
developed on herschelite. If chabazite is produced in a
Ca-rich solution at a high growth rate, the crystal will
grow in a phacolite form. Since phacolite is rich in Ca,
gmelinite sequences are not produced in the crystal dur-
ing growth, and the prism faces do not develop on the
crystal. Ca-rich gmelinite will be produced by the same
mechanism.

The finely twinned crystals are produced on the (0001)
face, resulting in the {000 I } sector with a fibrous texture.
Since the gmelinite rim of the Hayata specimen 3 grows
on the finely twinned chabazite crystals, crystal imperfec-
tions such as a spiral dislocation are abundant in the rim,
and therefore the (0001) surface has complicated spiral
growth patterns.

Zeolites grow at low temperatures, and therefore the
electrostatic charges ofAl3+, Sia+, and alkali ions are bal-
anced two dimensionally along a growth step on the sur-
face. If a tetrahedral site forms after an alkali ion occupies
the channel, an Al3+ ion will preferentially occupy the
tetrahedral site. If, on the other hand, a tetrahedral site
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Fig. 5-Continued.
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forms before an alkali ion occupies the channel, a Sia+
ion will occupy the tetrahedral site. If the growth steps
are inclined to the mirror or the glide plane, the two sym-
metry-related sites in a crystal will not be equivalent on
the surface. Thus ordering will occur, and the symmetry
of the crystal will be reduced; therefore, the mirror plane
changes into the twin plane. A three-dimensional crystal
structure grows by a piling up of the two-dimensional
structures, and therefore, the ordered arrangements ofthe
(Al3+,Si4+) ions are different from sector to sector, re-
sulting in parallel-grown polycrystals showing different
symmetries. The structures are frozen after the growth,
because of low temperature. If the growth steps on the
crystal face are circular, the (Al3+,Si4+) order will vary
along the steps, and a wavy optical extinction will be seen
between crossed polarizers (i.e., Akizuki and Sunagawa,
1978; Akizuki, 1986; Akizuki and Nishido, 1988).

Similar to herschelite, stilbite is not a single phase, but
consists of an orthorhombic {001} and a monoclinic
twinned {ll0} sector (Akizuki and Konno, 1985). The
orthorhombic stilbite structure grows only on the (001)
face, and the monoclinic stilbite structure is produced
only on the (l l0) face, resulting in the sectoral structure.
Neither orthorhombic nor monoclinic stilbite crystals can
exist independently in nature, that is, stilbite shows no
single crystal form. Also, analcime that shows a so-called
optical anomaly consists of cubic and tetragonal sectors
that are produced on the different vicinal faces of the
(2ll) surface (Akizuki, l98la). Tetragonal analcime has
no single crystal form. Chabazite consists of triclinic
twinned sectors that occur on the vicinal faces on the
(101 l) surface (Akizuki, 198 lb) and thus has no triclinic
single-crystal form. These zeolites consist of many sectors
showing different symmetries or sectoral twins.

Herschelite has the chabazite structure and gmelinite
composition, and therefore it has been thought that her-
schelite formed single (untwinned) crystals. Herschelite,
however, consists of triclinic sectors with fine-scale twins
without exception, and single herschelite crystals do not
exlst ln nature.
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