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Abshact

The zeolite, epistilbite, occurs primarily as a lolv temperature-alteration product of basic
igneous rocks. Chemical analyses, crystallographic data, and densities were obtained for 13
specimens. The chemical composition varies within narrow limits from the approximate com-
position CaAlrSiuO.".5ItO. Tetrahedral Si varies between 72.5 and 77.2 wt percent. Ca domi-
nates the exchangeable cations, and K is always scarce or absent. The cell constants also vary
w i t h i n n a r r o w l i m i t s : a - 9 . 0 8 9 - 9 . 1 0 2 , b - 1 7 . 7 4 1 - 1 7 . 8 0 2 , c - 1 0 . 2 0 5 - 1 0 . 2 4 2 A - , a n d p =
124.55-124.68'. The measured density varies within 2.22-2.28 g cm-*. The largest correlation
(negative) between chemical and crystallographic data occurs between (Ca f Ba) and p.
Smaller correlations occur between a and, c (positive) and between Si/(Si + Al) and (Ca * Ba)
(negative). The Dre curves of 12 of the samples can be divided into groups of differing com-
plexity. A listing of the occurrences reported in the literature is given.

Introduction

Epistilbite, described as a new mineral by Rose
(1826), is a rather common but often misidentified
zeolite. Names synonymous with epistilbite but now
obsolete are: monophane (Breithaupt, 1823), para-
stilbite (Von Waltershausen, 1853), reissite (Yon
Fritzsch, 1870), and orizite (Grattarola, 1879). Its
structure was described first by Kerr (1964), and
confirmed by Merlino (1965), Perrotta (1967 ), and,
Slaughter and Kane ( 1969 ) .

We now establish the range of chemical variation
of epistilbite and the relationships between chemical
composition and physical properties.

E. Galli was responsible for the sample collection.
X-ray diftraction work, density determination, TG
and DT analyses; and R. Rinaldi for the electron
microprobe analyses.

Description of the Samples

The samples are listed in Table 1. The most com-
mon crystal habit for our epistilbites is that of Figures
15 and 28 of Tables 141, 143 in Goldschmidt ( 1916)
Band B (Tafeln). Other habits were like hose of
Figures 2, 17, 21, 23. A different crystal habit is
that of sample no. 1 (Elba Island, Italy-"orizite")

whose crystals are often grouped in cross-shaped or
irregular aggregates: their shape, luster and color
are reminiscent of rice grains. In sample no. 12
(Furuyada, Japan) no crystal faces are recognizable
since the mineral fills completely the cavities in the
host rock. The true origin of sample no. 5 (Castle
Eden, England) is unknown (P. G.Embrey, British
Museum, personal communication). It was collected
by the late Dr. C. O. Trechmann, who lived at Castle
Eden but collected the samples from a nearby pile

of basalt fragments used as road material.
We list in Table 2 all other localities where epistil-

bite has been inferred to occur, in order to give as
complete a list as possible of occurrences and to
emphasize that the presence of epistilbite in several
of these localities is doubtful or unacceptable. We
tried to obtain samples from many other localities
(listed in Table 2), but usually we were informed
that the samples were not available in the museums
or in nature.

No sedimentary epistilbite has been reported to
occur in nature.

Experimental

Electron microprobe analyses for Si, Al, Ca, Ba,
Na, and K were carried out using an Anr instrument
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Tlsrn 1. List of Samples Herein Studied, with Their Occurrences

l l o .  L o c a L t y  o f  o c c u r r e n c e , paragenesis,  and note neference Donor ( l f  not owned
by Moddna Universl ty)

I 1

Fonte del Prete, near San
P l e r o  l n  C m p o ( I s o 1 a
d r E I b a ,  I t a l y )

G i e b e l b a c h ,  n e a r  F l e s c h
(va1ais,  Switzer land)

Finkenhi ibef,  near Glatz
f = K l o d z k o l ,  S l l e s l a
(ex-Germny, now Poland)

I \ a d a p ,  V e l e n c e  h i l l s
( c o m .  F e j 6 r ,  H u n g a r y )

Cast le Eden, near Hart Ie-
p o o l ( D u r h m  C o . ,  E n g l a n d )

Djupivogurl3 km from the
l 4 t .  B u l a n d s t i n d r l ,  ( B e r u -
f j o r C ,  I c e l a n d )

o +  + h n  f ^ ^ l  ^ f

the :4t .  Bulandst indr
( I c e t a n d )

Thelqarlrornl  =Tiegarhon],
( I c e l - a n d )

l a s t - s 1 0 e  o t  9 r 1 0 r o
( rcetand )

Farbe ls lands

Yugauara(Kanagawa Pref . ,
Japan)

Furuyada, Mitam
(Ya@nashl Pref, ,  Japm)

I(lmni, I'tatsuzokl
(shlzuoka Pref. ,  Japan)

Vitreous translucent pr isnat ic crystal 's(up to 2x1.5x3 m),
usual ly lntergrown md twinned, recal l ing the shape of r ice
grains. Note: also cal led or i 'z l - i .e.

Aggregates of white transparent Yitreous crystals (up to
1 . 5 x 0 . 5 x 2  m )  .  r t a b i t  1 5  a n d  2 6 .

l{hi te transparent crystals ln cavl t ies of mygdaloidal
r o c k .

SmaII v l t reous crystals,  perfect ly transparentr wlth
s t l l b i t e ,  s p h a l e r i t e  a n d  p y r i t e .  H a b i t  2 .

A g E r e E a t e s  o f  s m a l l ( u p  t o  1 . 5 x O . 6 x 2  m )  v l t r e o u s  t r a n s -
p i i e n i  c r y s t a l s  c o m ! t e t e l y  r i l l i n g  t h e  c a v l t i e s  l n  b a s a l E '
H a b i t  1 7 .

Iarge(up to 7x3.5x10 m) color less translucent crystals '
lntergr6rn and twinnedr ' foming irregular tabular laths.
H a b t t  2 E .

A g g r e g a t e s  o f  c o l o r l e s s ,  c f o u a l y  o r  r e d d l s h  c r y s t a l s  o n
black ol ly rock.

Aggregates of large(up to 8x2x10 m) color less, c- loudy or
L r a n s p a r e n t  c r y s t a l s ,  c o m p l e x l y  i n t e r g r o w n r  a n d  r o m l n g
irregular roof-shaped twlns, wlth mordenite on reddish
igneous rock. Habit  21.

Srel I  v l t reous trdsparent crystals in cavi t les in basalt '

L a r s e f u p  t o  4 x 1 . 2 x 6  m )  w h i L e  t r a n s l u c e n t  c r y s t a l s ,

"o.pt. ix iy 
lntergrown and twlmed. Habit  23.

w h i t e  t r a n s p a r e n t  c r y s t a l e ( u p  L 0  2 x o . 6 x 2 . 5  m ) ,  w i t h - ^
quartz ln c;vt t les i -n lgnedui rock. Habit  15 and 28.

Mllky white crystals,  with heulandite and punpel ly i te .
aggregate on el tst i tut te conpletely f t lung the cavi t ies
1 n  b a s a l t ,

Snal l  v i t reous transparent crystals,  with^chabazite and
quartz on lgneous rock, Habit  15 and 2U.

Mertlno ( 1972 )
Crattarola(1679)

Hintze (1897)

ur  -+  " -  /  r  AO" \

I,rauritz (L908)

Hlntze (l-897)

Hrntze ( 1897)

Hlntze (I897)

Slauq}Iter
and Kane(1969)

Univer3l ty of Plsa:
N o .  5 3

Unlversi ty of Bologna

Universi ty of Turln:
No, 103do

Natural  History
Mu6em, Budapest

Bri t ish Musew(Natur-
a I  H i e t o r y ) :  p a r t  B M
LgrT,722

Unlvergi ty of Turlni
N o , 9 6 3 b

Unlversi ty of Turln;
: ' lo.135Er

Mineraloglcal ,  Museun
(Unlverel ty of Copen-
hagen)

Mlneraloglcal  Museun

lUniversl ty of Copen-
naSen)

Natlonal Sclence Museun
of Toktrrc, Japan

National Science Museu
of Tokyo, Japan

National Science Museun
of Tokyq, Japan

Korzwt ( 1953)

nmber of the habitrelbFto the nwber of the f lgures 1n Tabtes 14f-143 in Band I I I (Tafeln o f  G o l d s c h n l d t ( 1 9 1 5 ) .

operated at 10 kV, 0.1 pA beam current and approxi-
mately 10 pm spot size in order to avoid damage to
or disintegration of the sample. These conditions
were selected after testing yarious settings of the in-
strument for loss of Na using one zeolite grain
mounted for this purpose. Ten readings for each
sample were taken with a counting time of 10 seconds
each. An5o synthetic plagioclase glass was used as a
standard for Si, Al, Ca, and Na; Kokomo sanidine for
K and Ba. The data was reduced following the
"Bence-Albee" method (Bence and Albee, 1968;
Albee and Ray, 1970), and by the computer program
Evrpenn vIl (Rucklidge and Gasparrini, 1969,Dept.
Geology, University of Toronto) modified by Steele
(1973, Dept. of Geophysical Sciences, University of
Chicago).

Water loss was determined on approximately 10
mg of material by means of TG analysis using a
thermal analyzer manufactured by B.D.L. (Bureau
de Liaison, Paris). Drn analyses were also executed
on a B.D.L. instrument; heating rate of 10'C per
minute, 6 uJPt sample vials, at attenuators at 200 V
and Aw attenuators at 20 mV.

Density was measured using a torsion micro-
balance and toluene, according to Berman (1939).

The cell dimensions were derived by a least-
squares refinement program applied to the diffrac-
tion bata measured on a Philips powder diftrac-
toApf$r. The instrumental settings were: Ni-filtered
CuKo, radiation (I : 1.54051) for 20 2 1'8";40
kV, 2p mA; angular speed f 

o 20 pet minute, 0.5-0'1-
0.5 slits fqt 20 < 20" and 1-0.1-1 for 20 > 2O".

Cubic Pb(NOs)z with a -- 7.8568A (see 6-0151
Jcrns card) was used as internal standard. The cell

dimensions were refined by (a) approximately deter-
mining these cell parameters from -20 lines which

could be unequivocally indexed and which were near

standard lirles; (b) calculating all dma values from
these rpppoximate parameters; (c) indexing of the

whole tracing, taking into account the observed
structure 4rnplitudes (Perrotta, 1965, Ph.D. Thesis,

University of Chicago); (d) least-squares refinement

of cell parameters using the lines indexed in step (c)'

For every sample, steps, (b), (c) and (d) were

repeqtep at least three times, every time more lines
(up to 4Q) were unequivocally indexed.
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Tanlr 2. List of Occurrences Reported in the Literature to Yield Epistilbite, But out of Reach for the Present Study

N o ,  L o c a l i t y  o f  o c c u r r e n c e ,  a n d  n o t e R e  f e  r e n c  e

I  B a y  o f  F u n d y ,  n e a r  B l o m i d o n ( N o v a  S c o t i a - C A N A D A )

2  M a r g a r e t v i l l e ,  n e a r  P o r t  c e o r g e ( A n n a p o l i s  C o , ,  N o v a  S c o t i a - C A N A D A )

3  L o h j a ( S w  F I N L A N D )

4  c i e r w i e s e ,  n e a r  H o n n e f ( R h e i n p r e r r s s e n - G E T | A N Y ) .  N o t e :  i d e n t i f i c a t i o n  u n c e r t a i n .

5  c r e i n f e n s t e i n ,  n e a r  E h r e n f r i e d e r s d o r f  a n d  S c h w a r z c n b c r g ( S a x o n y - c E R M A N y )

6  A k r o t i r i ( S a n t o r i n [ : T h e r a ] - c R E E C E ) !  N o t e :  a l s o  c a l 1 e d  R e i s s i t c ,

7  S S t o r o s ( c o m .  N 6 g r 5 d - H U N G A R y )

8  T h y r i l l ,  a t  t h e  b e a c h  o f  H v a l f r o r d ( B o r g a f i o r d - f c e l a n d ) .  N o t e :  a f s o  c a l l e d  P a r a s t i l l ; i t e .

P  T g a t - p r r r i ( N E  o t  B o m b a y - t N D I A )

1  O  P o o n a  (  I N D I A  )

I  I  S  i  n r  r ,  A l r m a d n a g a r  D s t  .  ( l l o m b a y - I N D I  A )
l 2  P a l a g o n i a ( S r c r l r a - I T A L Y ) .  N o t e :  o p t i c a l  i d c n t i f i c a t i o n  o n 1 y .

r 3  A m a g i ( 1 z u  P r e f . - J A P A N )

l 4  N i k k o  a n d  O h o r a ( J A P A N ) .  N o t e :  i d e n t i f i c a t i o n  u n c c r t a i n .
1 5  A l s o - V 5 c z a ( T r a n s r l v a n r a - R U M A N I A ,  H u n g a r y  a t  t h e  t i r n e  o f  L h e  r e F e r e n c e ) .  N o t e :  i d e n l i f i c a t i o n

u i l c c r t a l n .

1 6  f l t .  C a l v a r y ,  n e a r  N a g y S g ( T r a n s y l v a n r a - R U t r l A N 1 A ,  H u n g a r y  a t  t h e  t i m c  o f  t h e  r e f e r e n c e )

l 7  L u n d d i i r r s f j a l l ( S W E D E N ) .  N o t e i  i d e n t i f i c a t i o n  r r n c e r t a i n .
l 8  D a n n e m a r c h e  r e s e r v o i r ,  S t .  L a w r c n c e  v a 1 l e y ( I c r s e y - U K )

1 9  R a t h l i n  a n d  P o r t r u s h ( N .  I r c l a n d - U K )

2 0  S l { y e  i s l a n d ( S c o t I a n d - U K )

2 l  K i b i n s k y  a n d  L ( ) v o z e r s k y ( U S S R ) .  N o t e :  i d e n t i t i c a t i o n  u n c e r t a i n .
2 2  M t . T z k h a r a - T z k h g r q ( 1 a s n s - C a u c a s i a - U S S R ) .  N o t " r  i d e n t i f : i c a t i o n  L r n c e r t a i n .
2 3  B a y t i s  g u a r r y ,  n e a r  B e d f o r d ( N e w  Y o r k - U S A )

2 4  B c r g c n  H i l l  ( N e u  J ; r s e y - U S A ) .  N o t e :  w r o n g  i d e n t l f i c a t i o n i  t h e  m i n e r a f  i s  t h o m s o n i t e  a c c o r d i n g
t o  C o n f i e l d ( 1 9 1 1 1 .

2 5  D a n b u r y ( C o n n e c t i c u t - U S A )

2 6  L a n a k a i  h i l I s ( H a w a i i - U S A )

S m i t h ( 1 9 7 1  )
H i n t z e ( 1 8 9 7 )

D u h o v n i k ( 1 9 4 9 )

H i n t z e ( 1 8 9 7 )

T e t z n e r  a n d

E d e l m a n n ( 1 9 2 7 )

H i n t z e  (  1 8 9 7  )
E r d S r y i ( 1 9 4 2 )

I l i n t z e ( 1 8 9 7 )

H i n t z e ( 1 8 9 7  )
D a o a  (  r  9 1 4 . 1

H e y ( 1 9 3 2 )

S t , r r i a l e ( 1 9 6 3 )

W a d a  (  1 q 0 4  |

J i m b d ( 1 8 9 9 )

H r n t z e ( r 8 9 7 )

H i n t z e ( 1 8 9 7  )
t l i n t z e ( 1 8 9 7 )

H e y  a n d  l l o I r a n t
( 1 9 3 3 )

H i n t z e ( 1 8 9 7  )
t t i n t z e  (  1 8 9 7  )

F e r s m a n (  1  9 2 2 )
S m r r n o v (  1 9 2 4 )

P o u g h ( 1 9 3 6 )

P a w l o s k i ( r 9 6 5 )

D u n h a m ( 1 9 3 3  )

Tagrp 3. Electron Microprobe and TGA Analyses, and Atomic Ratios of Epistilbite

11

s i02  6 t . g

A12o3  15 ' 5

caO 6 .8
Bao  0 .O
Na2O 1 .3
K2O 0.8
H2o  14 .5

To ta l  100 .8

s r  I d .  o
A 1  5 . 5
C a  2 . 2
B a  0 . o

N a  O . 7
K  o . 3
o  4 B . o

Hzo Lt+.5

Ra  o .T7z
E b  r . 7 T

99.7 98.5

1 7 . 8  1 7 . 9
6 . 2  6 . 2
2 . 8  2 . 7
o . o  o . o

0 . 3  0 . 4
. 0 . 3  0 . 2

4 8 . o  4 8 . o

1 5 . q  1 5 . 8

o.742 o .7tt4
I . 2 O  2 . 9 I

59 .5  56 .9
] 7 . o  1 8 . 3

8 . 7  8 . 4

n . d .  0 . 0

o . 7  1 . 1

o . 2  0 . 0

$ . 5  1 6 . 0

101 .6 roo .  7

L 7 . 9  1 7 . 5

O . I  O . O

2 . 8  2 . 8
n . d .  0 . O

0 . 4  0 . 6
o . 1  0 . o

4 8 . o  4 8 . o

$ . 6  1 6 . 4

o . 7 4 8  o . 7 2 5
- 1 . 1 3  6 . 6 0

5B.o  6 r .5
1 7 . Q  1 5 . 8
7 . B  7 . 3
0 . O  n . d .

l q t q

0 , 1  0 . 0

9 9 . 7  1 0 1 . 3

1 7  . 9  1 8 , 4

6 . 2  5 . 6
) 6  t ) r

0 , 0  n . d .

4 . 9  4 . 9

0 , 1  0 , o

4 8 . o  4 8 . o

1 q  7  1 q  )

o.742 o .768
r . 9 7  O  . 2 r

57  .4  5B.T
]-7.7 16.4
8 . 4  8 . 6
o . o  0 . o
0 . 6  o . 5
o . l  0 . o

t (  ?  t q  6

9 9 . 5  9 9 . 8

L 7 . 7  1 8 . 1
6 . 4  5 . 0
2 . 8  2 . 8
o . o  o . o

0 . 4  o , 3
o .  r  o . 0

4 B . o  4 B . o

L5.7  16 .0

o . 7 3 3  0 , 7 5 2
7 . 3 4  - a . 2 5

C ? A

17-0

8 . 3
0 . 0
o . 5
0 . 8

t q  ?

5 7 . 2
i R  a

B . o
0 . 3
u . o

1 q  )

1 7 . 7
R l

o . 0

r . o

o . 1
1 t r  l

9 9 . 5

a  / . o

D 7

0 . o

1 . 0
o . o

) r a  ̂

o  .73 r

6 0 . 5
].6.9
7 . 2
0 . 1
I . 9
o . 3

1 o 2 . 1

I B .  T
6 . a

o . o

l ,  t_
o , l

4 8 .  o

o . 7 5 2
2 . 1 0

7 . 8
o . 0
t . o
0 . 0

L O . I

t oo  . 3

1 8  . 0

5 . L

z - a

0 , 0

0 . 0

4 8 . o

a o . t

59.7

Q i

n . d .
n 4

o . 0

1 6  . 0

roo .5

1 F  c

q O

) ' 7

0 . 3
o . o

4 8 . o

q 2 2

un :  Si ,z(Si+Af) .
"E = Balance error  (see passagl ia,  1970).

l4go and SrO were also tested and found absent in a1l the
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lla l(

Fro. 1. Molar plot of exchangeable cations in analyzed
epistilbites.

Results and Their Variability

The ,chemical analyses are reported on Table 3
with their balance error, 100x (Alb*-Alth*")/Alth*",
where Alto.o" : Na * K + 2Ca(molar), (Passaglia'
l97A). Mg and Sr were not detected in any sample.
The variability of the exchangeable cation content

(Ca,BalAlSis0z,

Frc. 2. Molar plot of

(lla,l()nAl$s024

SL,o,,- ( Ca,Ba) 
"ALSLO*- 

(Na,K) 
"ALSLO,.

in analyzed epistilbites.
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Tesr-e 4. Cell Parameters of Epistilbites

N o . a ( A ) U(A) c ( i ) v ( i r  )

I
2

3
4

5
6
7
8

9
1 0
1 I

1 3

9 . 0 8 8 ( i )  1 7 . 7 4 r ( r l  r o . 2 2 5 1 1 )
9 . 0 8 9 ( 1 )  r 7 , i . 5 2 ( 2 )  1 o . 2 2 6 ( 1 )
9 . 0 8 7 ( 1 )  L 7 . 7 6 6 ( 1 )  1 0 . 2 2 o ( 1 )
9 . 1 0 2 ( 1 )  L 7 . ? 7 0 ( 2 1  1 0 . 2 4 1 ( 1 )

1 2 4 . 6 8 ( 1 )  1 3 5 5 . 6 ( 1 )
r z 4 . s 7 U \  1 3 5 8 . 6 ( 2 )
1 2 4 . 5 8 ( 1 )  1 3 5 8 . 4 ( 2 )
1 2 4 , 5 5 ( 1 )  1 3 6 4 . 3 ( 2 )

1 2 4 . 5 8 ( 1 )  1 3 6 r . 7 Q )
1 2 4 . 5 8 ( 1 )  1 3 6 3 . 0 ( 2 )
1 2 4 . 6 0 ( 1 )  1 3 5 9 , 7 Q )
r z 4 . s 9 ( 1 )  1 3 6 2 , o ( 1 )

L 2 4 . 6 2 ( 2 \  1 3 5 8 . 4 ( 3 )
r 2 r . 6 r ( r )  r 3 6 0 , o ( 1 )
1 2 4 . 5 8 ( 1 )  1 3 6 1 . 4 ( 2 )
1 2 4 . 5 5 ( 1 )  1 3 5 9 . o ( 2 )
1 2 4 . 6 1 ( L )  1 3 6 3 , o ( 2 )

9 . 0 9 6 ( 1 )
9 , o 9 8 ( 1 )
9 . 0 8 8  ( r  )
9 . o 9 4 ( 1 )

9 . 0 8 8  ( 2 )
9 . o 9 5 ( 1 )
9 . o 9 6 ( 1 )
9 . 0 8 2  ( 1  )
9 . 1 0 1 ( 1 )

L 2 . 7 7 5 ( 1 )  1 0 , 2 2 9 O )
1 7  . ? 7 0 ( 1 )  1 0 ,  2 4 o  (  1  )
1 7 , 7 5 6 ( 1 )  1 o . 2 3 6 ( 1 )
t 7 , 7 7 5 ( L )  1 0 . 2 3 5 ( 1 )

1 7 , 7 4 1 ( 3 )  1 0 . 2 3 8 ( 2 )
L 7 . 7 7 8 ( r )  1 o . 2 2 0 ( 1 )
L 7 . 7 6 1 { 2 )  1 0 , 2 3 6 ( 1 )
t 7 , 8 o z ( z )  i o . 2 0 5 ( 1 )
1 7 . ' 7 6 6 ( 2 )  1 0 . 2 4 2 ( 1 )

is illustrated in Figure 1; the analyses are plotted in
terms of molecular percentages of Ca * Ba, Na,
and K. The diagram shows that the cationic com-
position of epistilbites varies very little; Ca always
dominates the exchangeable cations and K is very
low in almost all samples. The compositional range
of SiOz and AlzOs (Fig. 2) is limited to a very
restricted area between 8.8 and 9.3 Si atoms per 12
tetrahedral sites. The tetrahedral Si/Al ratio in epi-
stilbite is close to that of albite. The unit cell con-
tent can be described with fairly good approximation
by 6{Cao 5[Al Si:rO8]2.5H2O].

The water content of epistilbite ranges only from
14.5 to 16.5 molecules per unit cell. The composi-
tion of epistilbite is very close to that of stilbite and
is near that of some heulandites.

The lattice constants of the 13 samples are listed
in Table 4. A very limited variation occurs in the
lattice constants: 9.082 < a (.9.1O2A, 1'7.741' <

b < 17.802 A, 10.205 1 c I 1'0.242 A, and 124'55
< B < 124.68". The experimental error was rounded
in the table to a minimum value of 0.001A, but
was often 0.0005 A or less.

Measured densities (2.22-2.58 g/cm") and cal-

culated densities agree well (Table 5).
Drn curyes for samples no. 1,7 and 11 (Fig.3)

Tesl-e 5. Densities (g cm-") of Epistilbites

N o . g  ( n e a s ) Q  ( c a l c )  a N o .  Q  ( m e a s ) Q  ( c a l c ) a

r  a t Q

z . z 6 ( z )  2 , 2 5 4 .
z . z S G )  2 . 2 4 5

I z , z z ( t )  2 . 2 2 r
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show a gradual passage from one to the other of
the three groups. Sample no. 1 shows only two
endothermic peaks, the first one wider and deeper
with its maximum at 150"C, the second one shal-
lower with its maximum at 335oC. A very different
behavior is shown by sample no. 11. Besides the
two large endothermic peaks at 125 and 300oC,
there is a flexure at 245" C and a third endothermic
peak, less pronounced than the first two, at 340'C.
The Dre curve of sample no. 7 shows an inter- aH
mediate behavior. The flexure at245'C is no longer
present while the peak at 335'C is reduced to a
flexure. The two peaks at 125 and 305'C are always
present. All samples showed, after 900"C, the be-
ginning of an exothermic reaction. The endothermic
peaks result from expulsion of zeolitic water. The
last exothermic peak can be explained with the be-
ginning of recrystallization of the sample.

Differential thermal analysis was carried out for
all samples except no. 9 for which not enough ma-
terial was available. All curves obtained are similar
to one of the three types reported in Figure 3. Sample
no. 12 gave a curve similar to that of no. 1; no. 8
to  t ha t  o f  no .  7 ,  and  nos .  2 ,  3 ,4 ,5 ,6 ,  10 ,  and  13
to that of no. 1 1. These differences in the Dre
curves, among samples of very similar chemical com-
position and lattice parameters, could be due to
some structural peculiarity such as stacking faults
that cause a partial occlusion in the channels pres-
ent in the zeolite framework. The presence of stack-
ing faults in epistilbite has been emphasized also by
Slaughter and Kane (1969).

The different modalities of water expulsion shown
by the three samples of Figure 3 are confirmed by
the corresponding TG analyses. The samples belong-
ing to type 11 show the most complex stepwise
dehydration phenomena. Koizumi (1953) found the
same complexity in the dehydration curve of a
sample of epistilbite from Yugawara (Japan), which
is the same locality as for sample 11.

Correlation Between Chemical Cornposition
and Unit Cell Parameters

A complete correlation analysis was carried out
between the following variables: e, b, c, B, V, R,
M, B, (M + B) and H2O where Z = unit cell
volume, R = Si/(Si + Al), M = Na * K, B :
Ca * Ba, and HzO is the number of water molecules
per unit cell. In the course of this analysis every
variable was assumed in turn to be independent;
the data in Tables 3 and 4 were tested for possible
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OoC 2000 ,1000 0ltrlo 8000 1000"C

Frc. 3. Dtl curve of epistilbites (heating rate: 10'C per
minute).

correlations using the Buo 02R stepwise multiple-
regression program (Sandi and Franchi, Centro
Scientifico IBM, Pisa, Italy). The correlation matrix
is reported in Table 6. Unexpectedly, the highest

'4 
'z {s

lu
I
I
I
Co+Bo

t24,50.

FIc. 4. Plot of B(- Ca * Ba) versus p in the unit cell of
epistilbites.
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Trerr 6. Correlation Matrix between Cell and Chemical Parameters in Epistilbites
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aV: 
uni t  cel -L volurne.

bn :  s i l  (s i+Al) .
cM :  Na+K.
dB  =  c r+B" .

(negative) correlation occurs between B and B (Fig.
4). The structural meaning of this is difficult to
interpret. A negative correlation of R with a, b, c,
or Z was expected but does not occur. Lower cor-
relations, but still of some significance, occur be-
tween 4 and c (positive) and between R and B
(negative).
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