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ABSTRACT

A sodium-rich stilbite occurs in the drusy parts of a granite porphyry, Kii Peninsula,
Japan. Chemical analysis gave SiO2 58.16, Alros 17.l7,MgO 0.74, CaO 4.08, NazO 3.60,
KzO 0.85, HzO- 4.65 and HzO+ 13.34. Sr, Ba, Rb and Cs were undetected. This corres-
ponds to K6 52 Na3 ro Ca2 e7 Mgs 57 Ale sz Si2u uu Ozz'28.87 HzO.

Unit-cell constants calcuiated from X-ray powder data are very close to those of normal
stilbite; a:13.67,b:18.16, c:Il.3l and B:129o19r. The sodian stilbite is nearly colorless
with brownish yellow tints, luster is vitreous to stightly pearly, and cleavage is {010} per-
f ec t .  Ha rdness :3 .5  and  Sp .  G r . : 2 . 18 ,  2V ( - ) : 43 .2 ,  e \X :9 " ,  q : 7 .482 ,  F :1 .489 ,
t : 1.496, 7 - a : 0.014, all + 0.002.

Hydrothermal treatment of normal calcium stilbite at temperatures between 400oC and
200'c and at water vapor pressuers between 15 and 100 atm produced wairakite at higher
pressures.

INrnonucrrorq

Stilbite is a calcium zeolite usually containing a small amount of
sodium in place of calcium, but none of them show Na) Ca in mole
ratio. The writers found a sodium-rich stilbite in the drusy parts of a
Miocene granite-porphyry. The present paper describes the mode of its
occurrence and some mineralogical properties, together with the experi-
mental data concerning the conversion of stilbite to wairakite at Iow
water vapor pressures.

OccunnBrqcB

The granite-porphyry is a member of the Miocene Kumano Acidic
Rocks (Kawano and Ueda, 1965) and widely distributed along south-
eastern Kii Peninsula, Japan (Sawatari, 1932;Harada, 1964;Aramaki and
Ilada, 1965; Aramaki, 1965).

The sti lbite locality is about 0.5 mile north of Kumano city. The
mineral is nearly colorless with a yellowish-brown tint, vitreous with a
slightly pearly luster. It occurs as sheaf-like aggregates which contain
small blades of about 5 mm in width, where phlogopitic biotite [(-)
2Y :3" -l lo, door:9.98 A, and 7: 1.601 + 0.0021 is associated with

1 Present address: Chichibu Museum of Natural History, Nagatoro 1417, Nogami-
machi, Chichibu-gun, Saitama Prefecture, Japan.
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minor laumontite and heulandite. The maximum size of aggregates is
3 cm across. Feldspars are lacking in the drus,v- parts of the granite-
porphyry.

A zonal arrangement is apparent in the druses. Laumontite is abundant
in the inner paft (2-3 mm), heulandite in the middle part (2-3 mm) and
sti lbite in the outer part free from other zeolites (2-3 cm). According to
Coombs (1961), laumontite is crystall ized under the conditions of rather

Tasln 1. Cnrrrrcar, ANarvses

SiOz
Tio,
ALOa
FezOa
FeO
MnO
Mso
CaO
NarO
KzO
HrO( - )
H,O(+)
PzOs

5 6 . 1 6
none
t 7  . 1 7
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none
0 . 1 5
r 2 0
7 .00
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6.04 (110)
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0  . 01

Total ro0.74 9 9 . 5 8 100.64 99 .68

1. Stilbite (sodium-rich) Onigajo, Mii Prefecture (Analyst, K. Harada, 1966).
2 Granite-porphyry, host rock of the sodium-rich stilbite (Analyst, K. Harada, 1966).
3. Stilbite (normal), Komuroyama, Shizuoka Prefecture (Analyst, K. Harada, 1966).
4. Komuroyama stilbite digested in 1N NaCI solution on water bath for 110 days

(Analysts, K. Tomita and K. Harada, 1967).
Note: On specimens 1 and 3, Sr, Ba, Rb and Cs were determined by x-ray fluorescent

analyses as being less than 0.116 ln weight, if present (Analyst, A. Kato, 1966).

higher P:r-,o and higher temperature than heulandite. In the light of the
above results and mode of occurrence observed by the present writers,
stalbite might have crystallized under lower Pnro, lower temperature, or
both, than heulandite did. In general, sti lbites contain a larger proportion
of HzO than heulandite.

CuBrrrca.r, ColrposrrroN

Chemical analysis of material purified by hand picking was made by
the oridinary wet method. The result is compared in Table 1 with normal
stilbite in the drusy parts of andesitic tuff breccia from Komuroyama,
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Tagata-gun, Shizuoka Prefecture, Japan, and with the granite-porphyry
host rock. The calculation of cation proportions assumes O:72 and
H2O:28 as originally proposed by Sekanina and Wyart (1936) and as
advocated by eernf (1965) to give the formulae:

K6.52Na3.3sCa2.s7Mg6.rzFe;:rFe;-+orAln.nrSizu.ur O72'28.87 HrO (Onigajo),

K6. 63Na1.s2 Caa. 17M g6. zlFeShAln. rrsiro. sr . Oz, . 28.7 2 ]F+O (Komuroyama).

Sti lbite from Onigajd contains a remarkable amount of sodium show-
ing Na) Ca in mole ratio and it also contains considerable amounts of

ro.tt-n2'P'vsrcarn..,"tr;Tr"i":"il:"ff 
ilT,rT:l"j*wrr'comrspoNDrNc

Specimens
Normal stilbite,
Komuroyama.

Sodium-rich stilbite,

Onigajo.

Optical properties
(Na light)

a : 1 . 4 9 2 + 0 . O O 2
B : 1 . 5 0 0 + 0 . 0 0 2
r : 1 . 5 0 5 + 0 . 0 0 2
7  - a : 0 . 0 1 3

2V (-; :35.6' 1-"u",
)Lrfc:2'-3' (wavy)

a : 1 . 4 8 2 + 0 . 0 0 2
0 : 1 . 4 8 9 + 0 . 0 0 2
t : | .496+0 O02
1 - e : 0 . 0 1 4
2Y (-1:43.2" 1^"un1
XAc:9'

Cleavage (010) (perfect) (010) (perfect)

Spec. gr. (mean)

Ilardness

potassium and magnesium. Such stilbite has not previously been re-
ported.

Pnysrc.q.r, PnopnnrrBs

The physical properties of the sodian stilbite are shown in Table 2
with corresponding values for normal stilbite from Komuroyama. These
properties generally agree with those of normal stilbite, but closer
observation of this mineral reveals that its refractive indices are lower,
pearly luster is stronger, and it is more britt le and softer than normal
sti lbite.

INnna.npl AssonprroN Spocrna

Infrared absorption spectra were obtained using a D5-401-S grating-
type spectrophotometer with the Nujol past method. Figure 1 shows
spectra of the sodian sti lbite and sti lbite from Komuroyama. Both
spectra are quite similar and the bands of absorption around 3435 cm-l

2 . 1 82 . t 9
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are probably due to adsorped water as indicated by comparison with
montmoril lonite data of Wolff (1965). The absorption bands around
3600 cm-r may be attributed to structurally bound water. A clear
asymmetrical absorption at 164O cm-1 due to adsorbed water is visible.
The Si-O stretching region gives the band of adsorption at 1020 cm-1,
which is in fair agreement with previous work (Milkey, 1960).

DrlrunoNrrAr, THERMAL Axar.vsns

DTA curves were taken bv an automatic thermal analyser at a heating
rate of 10'C/min. for the sodian sti lbite and the normal sti lbite from
Komuroyama.

The endothermic peak at 230"C for the Komuroyama specimen was
identical to those of previous workers (Koizumi, 1953; eernf, 1965),
whereas the sodium-rich stilbite shows a characteristic endothermic

wAvELEr{GTH y
1  5  6  7  8  I  l 0  t 2 l f t 6

3100 2800 t200 l t00 1500 1200 900 600

WAVENUi IBER CM_I
Frc. 1. Infrared absorption spectra of sodium-rich (upper) and normal (lower) stilbite.

Note: Dotted line indicates the elimination of the peak due to Nujol

l4l
C)
-

=
-
v,
=
e

I

A
a\

\

V
I

\ t \

360
t;]
0

t5
I

l  610 I \

Y
1020



1442 KAZUO IIARADA AND KATSUTOSIII TOMITA

l l r r t
0 200 f00 600 r00 rc I

Frc. 2. Differential thermal analysis curves of sodium-rich (upper)
and normal (lower) stilbites.

doublet with maxima centered at 225"C and 285oC. Of the two, the
lower temperature peak is correlated with that of the normal stilbite
(Fig.  2) .

X-nev Der.q

On selected specimens of the sodium-rich and the normal stilbite,
X-ray powder patterns were taken employing an X-ray diffractometer
and CuKa radiation, X: 1.5418 A, with a Ni-fi l ter. The cell dimensions of
the sodium-rich sti lbite were determined by trial and error as a:13.62,
6:18.16,  c : l l .3 l  and B:129"I0;  these values are very c lose to those of
normal sti lbite (Sekanina and Wyart, 1936;Mason and Greenberg, 1954).
With these cell data, the sodium-rich sti lbite can be indexed (Table3),
wi th a mean Ap:  +3.

Auouwrs oF ExcHANGEABLE Carroxs nNo
CerroN-ExcrrANGE Cepecrrres

Cation-exchange capacities and amounts of exchangeable cations
were measured by Schollenberger and Simon's method (Schollenberger

rl
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TAer.B 3. X-Rev Powonn Dare ron Sonruu-Rrcn Srrr,rrrn

1443
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and Simon, 1945). The results are shown in Table 4 and the method is as
follows:

Sodium-rich stilbite and normal stilbite u.ere pulverized in an agate mortar and 0.2 gr of
powder was mixed with 2 gr of qtartz powder, and a complete mixture thus obtained u,-as
packed into a glass tube, which is 12 cm in length and 1.3 cm in inner diameter with a stem
of 4 cm. length and 0 3 cm inner diameter. To prevent loss of the samples, absorbent cotton
was placed at the bottom of the tube. Ammonium acetate solution (pH:7.0, 1N, 100 m1)
was passed through the column for the duration between 8 and 10 hours The amounts of
exchangeable cations in the effluent were chemically determined. Then, the walls of the
tube were washed three times with 80 percent ethyl aicohol (pH:7) until leaching of am-
monium ions was not detected In the next step, the column was washed r.ith 10 percent
KCI solution to leach adsorbed ammonium ions. The volume of the efluent was made to be
200 ml by adding distilled water, and the content of leached ammonium ions in 10 ml was
determined by the distillation method.

Teem 4. CauoN Excnaxen Cepecrnes on Sootuu-l{rcn
axo Nonuer Srnenr, rN meq/100 g

ca2++Mg2+
Na+*K+

98.07  (149.18)x
r24 07 (133.09)*

r87.62 (304 32)*
58 .51  (36 .53)x

Total (282.27)4 246 t3 (340.86)*

CEC 259.45 269.03

1. Sodium-rich stilbite from Onigajo, Mi6 Prefecture.
2. Normal stilbite from Komuroyama, Shizuoka Prefecture. (Analysis by K Tomita

and T. Negishi, 1966).
x Calculated on the basis of chemical analvses in Table 1.

The ideal values of exchangeable cations calculated on the basis of
chemical analyses presented in Table 1 and the total amounts of ex-
changeable cations from the present examinations show considerable
departures. These departures might be explained in that some cations
might not have been leached from sti lbi te by the ammonium acetate
solut ion. The CEC values agree well  with experimental values of the
total amounts of exchangeable cations.

Anrrlrcr.q.r, ReprecBunNT oF Na+ non Ca2+ rN Srrr-BrrE
Srnucrunn Ar RooM PnBssunos AND AT 1000C

The start ing materiai was st i lbi te from Komuroyama. The st i lbi te
was pulverized to f ine powder, placed in a beaker (500 ml in capacity),
and warmed on a water-bath with lN NaCl solut ion for 110 days. Evapo-
ration was avoided by placing a glass plate on the top of the beaker.



SODIAN STILBITE t445

The lN NaCI solution was changed every two days. The obtained powder
was washed with pure water 6 times in a centrifuge (2500 rpm), and
examined with an X-ray diffractometer. No changes were apparent
between starting material and the treated stilbite; the latter was analysed
chemically (Table 1, Column 4). The chemical formula of the treated
material is: Cao ozNao szKo s2Mgo.rrAls.pSizo.aoOzz' 30.7 4H2O

The Na:Ca ratio of this formula is the reverse of the starting sti lbite
from Komuroyama, but the total amount of Ca, Na, K and Mg in the
treated stilbite has diminished. This may be explained by substitution
of some H+ for other cations during the experiments.

CoxvBnsrox RBactoNs or SrrLBrrE rNTo WATRAKTTE
er Low WnrEn Vepon Pnessunns

Exper'i.mental.

The starting material was stilbite from Komuroyama. It was ground into fine powder in

an agate mortar Using closed autoclave (Morey type, 500 ml), water was put into the

vessel and pressures were measured on heating. The powder was put into an open silver

crucible placed on a stainless steel stand on the bottom of the vessel to avoid mixing of

sample and water. The runs were made at heating rate 2'C/rl:rin. and were maintained

under confining pressure at temperature for 2 Io 94 hours. This type of autoclave is un-
quenchable, and it takes 3 hours at 100oC to reach room pressure and temperature. Temper-

ature was controlled automatically, and the accuracy of measurements is believed to be

within * 5"C. Pure-phase and converted-phase assemblages were obtained at water vapor
pressures between 100 and 15 atms, between 200 and 400oC, from 2 to 94 hours, and were

examined with an X-ray difiractometer immediately after cooling.

Results. Stilibite was easily converted into wairakite (Fig. 4) at water
vapor pressures less than 100 atms. The 6.82 L Hne which was discussed
by Coombs (1955) and Ames (1966) for distinguishing wairakite and
analcime was clearly exhibited and all diffractometer peaks agreed well
with previous wairakite data, shown in Table 5 and Figure 3, together
with synthesized wairakite from heulandite (at 300oC, pnzo:100 atms,
and 100 hours) and natural wairakite from Japan.

Wairakite is known to be easily synthesized from various starting
materials under rather high pressure hydrothermal conditions, as reported
by many workers (Ames and Sand, 1958; Barrer and Denny, 196l;
Koizumi and Roy, 1960). From dehydrated heulandite Coombs et a1,.,
(1959) obtained anorthite and wairakite at water vapor pressure and
370oC, at 20O0-26O0 bars 280 410'C assemblages containing wairakite,
mordenite and analcime. From chabazite they obtained wairakite and
phil l ipsite at temperatures 220o-310oC and water vapor pressure; and
from stilbite they obtained epistilbite at 370"C,5000 bars, and wairakite
at 403oC, 5000 bars. The present writers obtained wairakite from stilbite
at rather low water vapor pressures.
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t t t t t t l r l I I
6 0

D E G R E E S  2 E

Frc. 3. Selected X-ray difiraction patterns of natural and synthesized wairakites.
A: Natural wairakite from Hanawa Mine, Akita Prefecture (wall rock of the Kurokd

ore deposit of epithemal type). Specimen from Professor Y. Seki.
B: wairakite after heulandite (300'C, 100 atms and 70 hours).
C: wairakite after stilbite (300'C, 100 atms and 70 hours).
Note: S indicates peaks of stilbite surviving conversion.

5 04 03 0t o 2 0
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In nature, wairakite occurs in active geothermal areas characterized
by a steep thermal gradient (Steiner, 1953, 1955, 1958; Seki, 1966b), and
also in some metamorphic terraines (Wise, 1959; Donnery, 1962; Whet-
ten, 1965), or in some epithermal mineral deposits (Seki, 1966b). These

ATTS
I 0 0

0
100 2oo 300 t00 cc

Fro. 4. Diagram showing the conversion reaction of stilbite into wairakite at low water
vapor pressures. Ilydrothermal conversion may have taken the following form:

2Ca4AlsSi28O?2' 28I{20 + Ca8A116SL2O48. 161110 + 24SiO, + 40HrO

Stilbite Wairakite Silica Water

Since no silica lines were observed, it was assumed to be in the noncrystalline state.
Numbers represent the time in hours at confining water vapor pressures.

facts may agree well with our experimental studies, as well as with the
result by Coombs et ol., (1959).

Onrcrw oF NATURAT, Soorurvr-Rrcu SrrLBrrE

According to Shibata et a1,., (1959) and Shibata (1962), granite-
porphyry and granite rocks from the Kii Peninsula show remarkable
chemical compositions since FerOs*FeO surpasses CaO, and KzO,
NazO and MgO occur in considerable amounts, as is well represented
by the sodium-rich stilbite as well as the host rocks of the stilbite (gran-
ite-porphyry) (Table 1, Columns 1 and 2). Considerable amounts of
NarO, KrO and MgO in sodium-rich stilbite might have come from the
magma of the granite-porphyry in the fi.nal stage of the magmatic
consolidation.

tA tRAt i l TE  +  S l a+ I fATER
21
o

t0

2  7 x x  2 l
t2 2a

x
r2

t2

72 
72 12

l 2 x
f t

t2

I
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DrscussroN

Our experirnental studies suggest that almost all Ca2+, Mg2+ 41d $1+
in sti lbite should be exchangeable, which is in contrast to the wairakite-
analcime substitutions. Such replacement is possible from the stand-
point of the crystal structure of sti lbite (Gall i and Gottardi, 1966).

Since Na) Ca, a case can be made for considering the mineral a
calcium-bearing representative of the sodium analogue of sti lbite. If so,
a new mineral name might be justif ied. However there are two ways in
which Na (or Na,K) can replace Ca (or Ca,Mg) in a zeolite, either NaSi
for CaAl or Na2 for Ca.

Idealized formulae would be:

can Als sizs ozz 28H2o

Naa Ala Siaz Ozz 28H2O

Nas Alr Sizs Ozz 28HrO

In the present case the second type of replacement would appear to be
dominant. Fifty percent replacement would give:

(Na, K)a (Ca, Mg)2 Als Sizs Ozz 28HzO

c/. Onigajo (Na, K)3 s, (Ca, Mg), un Als rr Sire .ss O72 28.87HrO

On this basis, the Onigaj6 mineral is seen to have less than 50 percent
of the Naz end member, and we believe is correctly termed sodian
sti lbite. Actually a further replacement, (Na, Al) (or Na, K, Ca, Al) for
Si  has c lear ly  occurred to g ive Al>8,  Si<28.  This is  acommonphenom-
enon in zeolites.
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