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ABSTRACT

chemical analyses and crystallographic and physical data have been obtained

for 22 samples of phillipsite. Samples were carefully selected so as to cover a wide

range of chemical composition and similar data for l0 samples were taken from

literature.
Si in tetrahedra varies from 57/o to 74/o; potassium is always present, whereas

sodium and calcium may be abundant, but are sometimes very scarce' CeIl

parameters show the following ranges: o = 9871-10.007, b - l4'L55-14'340' c :

14.207-14.415 A. and B - 90". From correlation of these data a regression equa-

tion emerges which links chemical variables to eell parameters: an increase of

aluminium percentage in tetrahedra has a positive correlation with b and c, but

no influence on a, which in tu]-| is the only cell parameter correlated to the con-

tent of exchangeable cations. The indices of refraction for 25 samples show the

following ranges: o - 1.483-1.5052, P -,1.48F1 5106, and t - 1.487-1.5132- The

mean index of refraction for all the phillipsites analyzed is 1.477-L.5094. and an

increase in the index can be correlated with a decrease in both the Si/(Si + Al +
ps3+) ratio and the monovalent/total exchangeable cations ratio.

IxrnorucrroN

The zeolite "phillipsite" is very common both in sedimentary rocks
and in fissures and cavities of magmatic rocks (mainly in basalts).
The name was proposed for a mineral of Aci Castello, Sicily, by L6vy
(1825) in honor of W. Phillips, the English mineralogist. For barian
phillipsite the name "wellsite" (Pratt and Foote, 1897) is currently
used.

There are many chemical analyses of phillipsite in the literature,
but some are unreliable (see Fig. 1). Oddly enough, for such a common
mineral, the occasions on which the cell parameters have been deter-
mined. with confidence are few. Recently Sheppard et aL' (1970) gave a
new set of measurements on 12 phillipsites from deep-sea deposits,
along with their chemical analyses; their research greatly enriches the
conclusions that may be drawn from this paper.

The aims of this paper are to establish, for these minerals, the range

of chemical valiation and the correlation between their chemical forrn-
ula and cell parameters. One of us (E.G.) was responsible for sample
collection, X-ray diffraction work, density and optical measurements'
and data processing; the other (A.G.L.G') was responsible for the
chemical analyses.
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Frc. 1. Distribution of exchangeable cations reported in the literature, except
those shown in Figure 2. Solid circles = aralyses with a balance error of less than
10%; hollow circles = analyses with a balance error of more thair L0%. Tlne
figure joined by an arrow to a circle indicates the number of analyses which
overlap at that point. Sources of chemical analyses (the number in square brack-
ets preceding the author's name indicates the number of chemical analyses taken
from that literature source): [1] Barbieri.and Penta (1969); tll Billows (1920);
lll Caglioti (1927); [4] Des Cloizeaux (1862) ; t21 Di Franco (1942); t29l
Doelter (1921); [1] Dunham (1ggg); t41 IIay (196a); t7l Hintze (1892); t l l
Hoss and Roy (1960); tll Iijima and llarada (tg6g); tl] Koch (1956) ; IZI
Lacroix (1896); [] Lacroix (1910); ItI Morbidelli (1964); t2l p6csiDon6,th
and Shimo (1966); IlJ Regis and Sand (1966); [1] Rex (1962); [1] Sahama
(1962); [2J Sheppard and Gude (1968); [tI Sheppard and Gude (1969); tb]
Sheppard et al. (1970); t3l Shkabara (1950); [2] Tosto (1948); , tll Walker
(1962); [8] Zambonini (1902); [3] Zambonini (19,35).

ANer,ysrs oF ExrsrrNc DATA

An examination of all available ehemical analyses of phillipsites en-
abled us to draw the triangular plot of Figure 1; each analysis was
recalculated as a chemical formula with 32 oxygens along with its
balance error (see Passaglia, 1970). For each formula atomic coeffi-
cients of exchangeable cations were multiplied by a suitable factor so

Ca+(Mg+$r+Ba)
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as to make their sum equal to 100; they could then be inserted into the
triangular plot, the small quantities of Mg, Sr, and Ba were added to
Ca. From examination of Figure I it may be deduced that most phillip-
sites lie on a line joining the midpoints of sides Na-K and Ca-K, and
thus the following observations may be made:

1 ) one-cation phillipsites have not yet been found ;
2) phillipsites always contain a considerable amount of potassium;
3) many phillipsites are virtually lacking in sodium and many others

in calcium I and
4) the most abundant cations in phillipsites are Na, K, or Ca.

Expgnrrunnrerr AND Mprsou oF CALcur,ArrNa Cnr,r, Pene,vrprnns
The new samples studied are listed in Table l. Table 2 contains existing data

(sometimes reprocessed by computer) also used in this researsh.
Chemical analyses were perfonned as follows: SiO, and HrO gravirhetrically,

ALO' by complexometric titration; Na, K, Mg, Ca, Sr, and Ba by atomic ab-
sorption spectrometry using a Perkin-Elmer 303.

Density was measured using a torsion microbalance and tolueae, according to
Berman (193S), with fragments weighing about 80 mg.

Indices of refraction were measured on the U-stage by the Emmons double
variation method.

Powder tracings were.recorded on a Philips difiractometer (L/4" per min), using
a lead nitrate internal standard, obtaining cell parameters from the powder data of
phillipsite is an especially difrcult task owing to its psoudosymmetry (seo eernf,
1964); the monoclinic mineral is geometrically orthorhombic, (p : 90. + 01r) with
b = c, the difrerence often being less than 0.0b4. This finding is based on the
measurements performed on single crystals quoted in the literaturo (steinfink, 1g62)
and on 3 measurements performed on sample Nos. 6, 11, and 12 using precession
photographs. Thus, many peaks are really unresolved doublets, and for many
doublets two indexings are possible. current least-square procedures with fixed
indexing are unsuitable, and programs with re-indexing after each least-square
cycle can also give questionable results. We chose the following procedure:

1) first approximate determination of cell parameters from few (= 12) powder
l ines;

2) generation of all dr*r(calc) ;
3) indexing of the whole tracing taking into account the difiraction intensities

of phillipsite as listed by Steinfink (1962); and
4) least square refinement, of cell parameters using the indexing obtained in

step 3.
Often steps 2, 3, and 4 were repeated

Rnsrn rs AND THErR Venresrr,rry

We found only 10 descriptions for phillipsite in the literature having
"reliable" analyses (i.e., with the b.alance error E < t07oJ and precise
cell constants. Their analyses are listed in Table 3 with Lhe 22 analyses
performed by us. All data were processed to get atomic coefficients and
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IADLD 1 .  L IST OF SMLES

No.  Loca l i t y  o f Hab i t  and paraeenes is  Reference, i f  any

1 Acquacetosa(Rona, I ta ly ) .Abandon-  Spher ica l  rad ia l  aeeregates(about  5  m Cag l iob i (1927)

ed quar ry  o f  
"Casate  

san s i6 to r r ,  ac ross)o f  v i t reous  te ins  w i th  n i l ky  wh i -

near  h  8 ,5  on  v ia  Laurent ina  te  chabaz i te  and ca lc i te ,  on  leuc i t i te

2 Capo di Bove(Rons,Italy) Ieucitite covered by a crust built up by fratze(!8g7)

vitreous twins; it is possible to detach

eood sinele crystals

3  casa l  B f rnor1(Rona, I ta ly ) .guaF As fo r  No.  1
ry  near  h  4 ,5  on  V ia  Pont ina

4 C iv i teua San Pao lo(Rora , I ta ly )  As  fo r  No.  1  bu t  w i th  sharp  sca lenoedra

of  ca lc i te

5  va l le rano(Rona, r ta ly ) .guar ry  o f  As  fo r  No.  r
Via raurentina

6 Ac i  Cas te l lo (S tc i l ia , I ta l -y )  Rad ia l  agereeates  o f  v i t reous  tw ins ;  in  D i  Franco(1901)

cav i t ies  o f  the  basa l t Tosto (  1948 )

7 c l i f f s  fac ing  the  Rupe o f  Ac i  Rad ia l  ase .eeates ,c rus ts  o r  v i t reous  D i  F .anco( rgo l )

cas te l lo (s ic i l ia , I ta1y)  tw ins  in  cav i t ies  o f  basa l t ;  w i th  na t r r  los to (1948)

l i te  and chabaz i te

8  D ieees t  i lFarag l ioner  fac ing  Ac i -  Rad ia l  aggregates  or  c rus ts  in  basa l t i
t rezza(s ic i l ia , I ta ly )  o f ten  w i th  chabaz i te  and ns t ro l i to

9  Pa laeon ia(S ic i l ia , I ta ly )  ra ree  wh i te  tw ins  about  1  q  acrossr  D i  Franco(1901)

in  basaf t  ros to (1948)

10 togg io  tu fo  near  rakgon ia  Spher ica l  rad ia l  asereeates(about  3  m
(S ic i l ia , I ta ty ) across)o f  v i t reous  tw ins , i l i th  ana lc ine ,

chabaz i te ,  and nontnor i l lon i te  in  basa l t

11  P ian  d i  ce l1e(s .Venanzo 'Petug ia ,  Crus t  coa t ing  and f i l f i ne  the  cav i t ies  Morb ide l l i (1964)
f ta ly ) .guar ry  o f i lPodere  Pantanon o f  nyenanz i te i l

12  M. lu rgo  near  Montesa lda(Mont i  Sna l1  s ing le  c rys ta ls ,n i l ky  o .  yeUr  A l ie t t i  and

Ber rc i ,v icenza, I ta ly )  w ish ,  in  weathered pyroc las t ic  b recc ia  ear l i (1965)

13 u .Ca lvar ina(verona, I ta fy ) .  Near  Ageregates  and s ine le  c rys ta ls  in  basa l t ;
h  5  o f  Ronce-M.Ca lvar ina  road v i th  ca lcedony,chabaz i te ,ana lc i re ,a lb i te

14 Montsee io l (Lo i re ,France)  Age.eeates(sonet tuesrad ia l )o fv i t reDus
tw ins j  w i th  ca lcedony rn  basa l t

15  Pef ie r (Puy-de-D6ne, r rance)  AeereFtes  or  c rus ts  cower ins  o r  conp le-  H in tze(1897)

te ly  f iu tng  the  cav i t ies  in  the  basa l t

16  v id r ick i  h i l l  aear  K ladno Ctus t  bu i l t  up  o f  n i l ky  rad ia l  aee.eeates  Anton in (1942)
(Boh i l ia ,Czechos l -ovak ia )  o f  tw ins  cover ing  the  basa l t ;w i th  f ine

thonbohedra  o f  ca lc i te

L7 zit'sly."u" ri"ti nad Labd Asgregates of vitreous twins fiuing
(Bohmia ,czechos lovak ia )  ve ins  and cav i t ies  o f  the  basa l t

18 luba;(:Laubatr),Poland.(6eruany Asereeates of yitreous twias coverins Hrftze(1897)
before  second wor ld  war )  the  sur face  o f  cav i t ies  in  the  basa l t

19  L tubacher  Kopf  near  Asbach Crus t  o f  w i t reous  ts ins  cower ing  the  sur -  H in tze(1897)
(westetrald, Gemany)

zambon in i  (  1902)

zanbon in i (1902)

aDd cover ine  a  f ree  sur face  o f  the  basa l t

21 Richond near Melbourne sinsle vitreous twins on a free surface Eintze(rgg7)

face  o f  a  la rge  eeode in  the  basa l t jw i th

a fiqe cluster of yellow natrofite

20 TellerhSu6er near Schwarzenbere Crust of vit.eous tsins fiuine the veins
(sachsen,Gemaoy)

(v ic to r ia ,  Aus t ra l ia ) o f  the  basat t

22  Moi l i i l i  quaFy,Eono lu lu (Hara i i )  Crus t  o f  v i t reouE ts ins  in  the  cav i t ies  Dunhan(1933)

of the nepheline-De1ilite-basalt
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IABLE 2. DATA FROM LITEMTURE USED IN THIS RESEARCH (IN SOME

CASES AFTER COMPUTER-PROCESSINO)

Reference
Occurrence of phi l -Lip-

si te sampLes herein Code
described

Kind of data

rlm

narada
e t  a r .  ( 1 9 6 ? )

Sheppa.d

*--e!.  (197o)

ca]- l i  (197 1 )

I i j ina and
Harada( 1 969 )

In a basaLt of Maz6
(Ni igata Pref. ,  Japan)

In the sediments of
the Pacif ic and
Indian oceans

In a basalt  of  M.Cal=
varina({erona, I taLy)

loi ler sal !  Lake rutt
(uanu, Hawaar,,

HIX Chem.ana lys is ,  X- ray  pr

wder  da ta ,  ind ices  o f  re .

f rac t ion ,  dens i ty

Chen,ana lyses ,  X- ray  po-

wder  da ta( the  la t te r  re -

ce ived as  persona l  comu-

n ica t ion)

Chem.ana lys is ,  un i t  ce I I

d inens ions ,  ind icds  o f

re f rac t ion ,  de f ls i l ry

Chem.ana lyses ,  un i { ,  ce l -L

d imens ions

I H

a The sanp!-es bear the n@ber uEed by Sheppard 9.:!.__4. (1970), but are
preceded by Se-code.

were then plotted on two diagrams. Figure 2 shows the variability in
exchangeable cations in the manner of Figure l Careful comparison of
these figures reveals that the "new" data confirm the main features of
the cation-frequency in phillipsites as deduced from the "old" data,
However, it must be emphasized that in the present research samples
were analyzed which are richer in sodium (Nos. 6 and 8) than any
specimen analyzed before; Nos.2 and 11 represent a new record in
potassium content, if one excludes one unreliable analysis; and sample
G has a bivalent-cation content nearly as high as the highest previously
reported. In many "old" analyses of Figure 1, the sodium content is
exactly zero. Obviously this result is impossible, trut many of the
"new" data of Figure 2 show a very low sodium content. Intermediate
compositions are also extensively represented in these "new" data.

The differences in SiO2 content are shown in the triangular mole plot
of Figure 3, with Si16O32, (Ca, Mg, Sr, Ba)eAlsSiaOsz, and (Na,K)aAlg
SieOsz at its vertices. The area where points crowd together has no
particular shape or elongation, thus excluding any correlation between
R and M/ (lW * B) where

B : S i / S i * A l * F e ' * , M : N a * K ,

and

B : C a f M s * S r * B a .
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TABLE 3 .  (Cont inued)

HIK SGl  SG9 SG1O SG14 SG15 SG17 SG22 G IH

1l3l

sio
2

Al  
zo3

F"2o3

C a o

S r O

B a 0

Na 
20

K O
2 ,

u o -- ' 2 -

nro

T o t a l

4 6 , 0 3  5 5 , 2 3  5 3 . 7 8  5 3 . 4 6  5 2 . 0 5  5 4 , 0 3  5 2 . 5 4  5 3 . 8 9  4 9 . 3 0  4 3 . 9 5

2 r . 4 3  1 7 . 5 7  r 7 . 4 4  1 8 . 1 3  1 8 . 0 9  1 7 . 7 o  1 7 , 8 7  1 8 . 5 0  t 8 . 9 7  2 2 . 4 2

o . 9 9  -  0 . 1 1  O . 3 8

o .  o 0  o . 6 4  o . 3  1  o . 3 2  o . o 8  o ,  0 2  o . 5 6  0 . 6 9  O  r  O 4  0 , 4 6

5 . 7 3  0 . 5 1  ! . 2 o  7 , 2 r  o . 1 0  o . o z  o . 7 9  1 , 0 1  6 . 7 0  8 , 2 ?

o . o 0  -  o . 1 0

o . o o  o . 0 8  o , 1 0  o , 1 0  o . o o  o . o o  o . o 7  o . 2 7  4 . 3 6

3 . 1 3  4 . 3 o  3 . 8 3  3 . 8 4  5 . 5 1  5 . 6 0  5 . 3 3  4 , 3 7  0 . 3 1  1 . 8 3

5 . 5 9  7 . o 2  7 . 5 o  7 . 5 4  7 . 3 o  7 , 3 3  6 . 4 5  6 . 7 2  2 . 5 o  2 , 1 7

I r l  . z z  I t q . 6 5  { 1 5 . 8 4  { 1 5 . 4 0  f 1 6 . 8 2  l r 5 . 3 o  t 1 6 . 3 9  [ 1 4 . 5 5  
1 6 '  5 0  1 5 ' 8 0

o . 9 0  4 . 2 8

1 0 O . 1 2  1 O O . O O  1 O O . O O  1 O O . O O  1 O O . O O  1 O O . O O  l O O . O O  1 O O . 0 O  9 9 . 7 9  9 9 . 5 1

si_

A1

F e3t

C a

S r

B a

Na

K

o

2

7 0 , 2 4  r 1 . 6 5  1 1 . 5 8

5 . 6 2  4 . 3 7  4 . 4 2

o . r 7

o .  o o  o . 2 0  0  .  1 0

t . 3 7  0 . 1 2  O . 2 8

o . o o

o . o o  o . o 1  0 . 0 1

1 . 3 5  1 . 7 6  1 . 6 0

1 . 5 9  1 . 8 9  2 . 0 6

3  2 . 0 0  3  2 . 0 0  3  2 .  O O

r ! , + 6  1 1 . 3 8

o - ' ' o . u u

o . 1 o  o . 0 3

0 . 2 8  0 . o 2

o . o 1  0 . o o

1 , 6 0  2 . 3 4

2 . 0 6  2 , O 4

3 2 . 0 0  3 2 . O 0

1 1 . 5 6  1 1 . 3 9

4  . 4 6  4  . 5 6

o , 0 1  0 , 1 8

o . o 1  o . 1 8

o .  o o  o ,  0 1

2 , 3 2  2 . 2 +

2 . O O  1 , 7 8

3 2 . 0 O  3 2 . 0 O

1  1  . 4 0  1 7 . O 2  1 O . O O

L , 6 L  5 .  o o  6 . 0 1

-  o . o 2  0 . 0 6

o . 2 2  O . 0 1  O . 1 5

o , 2 3  1 . 6 0  2 . O O

-  o . o 1

o , 0 2  o . 3 8

7 , 7 9  0 . 1 3  o , 8 1

1 . 8 1  O , 7 L  O . 6 3

3 2 . O O  3 2 . O O  3 2 . O 0

1 2 . 7 8  1 0 . 3 1  1 r . 3 7  1 1 . 0 1  7 2 , 3 1  7 0 , 9 2  1 1 . 8 5  L O . 2 7  7 2 , 9 7  1 5 . 2 3

R ' 0 . 6 5  o . 7 3  o . 7 2  O , 7 L o . 7 1  O , 7 Z o . 7 !  o , 7 r  o . 6 9  o . 6 2

E o z . o 7  1 . 7 4  - o . 0 5  3 . 2 9  4 . 2 8  2 . 7 2  - 4 , t 6 1 . 5 3  2 , 9 6  5 . 5 8

The content of HzO does not show a large variation, ranging from about
15 percent to 17.5 percent.

Table 4 contains the cell parameters of all phillipsites listed in Tables
1 and 2. The cell parameters for the seven samples SG were calculated
with the procedure used for all other samples starting from the powder
data obtained from Richard A. Sheppard and Arthur J. Gude, 3rd. Al-
though these Qonstants are somewhat different from those published by
Sheppard et al. (L970), the general conclusions drawn from the two sets
of data are essentially consistent.
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The best way to see the dispersion of cell parameters is to build a
threrdimensional diagram in the space a-b-c, which is what we did.
In view of the difficulty of including such an object in this journal,
trvo projections in the planes b/a (Fig.4 top) andb/c (Fig. a bottom)
were prepared. A statistical test is not necessary to show a negative
correlation between b ar-;d a and a positive correlation between b and c.
In the space a-b-c the points are concentrated approximately in a
cylinder, the axis of which joins points 4 and SG10. The harmotomes
of Sadanaga et at. (196I), derny' and Povondra (1965), Sahama and
LeLtinen (1967), and Black (1969) plot well outside this volume.

To show the variability of the X-ray diffractometer powder patterns
we have listed in Table 5 the indexed powder patterns of four different
samples: No. 3 with low -R, rich in bivalent cations; No. 11 with low -R,
rich in monovalent cationsl No. 12 with high ft, rich in bivalent cat-
ions; and No. SG14 with high R, rich in monovalent cations. In Table
5 d(obs) values are listed in decreasing order in most cases; where ex-
ceptions occur, it is due to the order in which the indices appear in the
first column.

Ga[Mg+Sr+8al

Frc. 2. Distribution of exchangeable cations in phillipsites here studied.
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Frc.3. Mole plot of (Ca * Mg * Sr f Ba)-ALSi.O*(Na * K).Al"Si'OoSi'uO*

The measured and calculated densities are listed in Table 6. The
indices of refraction 'o, B, and y and the mean index of refraction of tlre
analyzed phillipsites are reported in Table 7, from which it may be seen
that for 25 samples a varies from 1.483 to I.5052, p varies from 1.485 to
1.5106, and y varies from 1.487 to 1.5132.

For a phillipsite from the Hawaiian Islands, the same locality as
sample No. 22, Dunham (1933) gives ,a = 1.493, F = t.497, and y -

1.500. For a phillipsite from Vesuvio (Italy) Larsen (1934) reports the
values: a = 1.498, F =1.500, and 7 : 1.503; furthermore he states that
samples from Isle of Flanders, Annerode, and Habuhswald give similar
results. For a phillipsite from Pian di Celle near San Venanzo (Perugia,
Italy), the same locality'as sample No. 11, Morbidelli (1964) gives
o = 1.4998 :L 0.0004, F = 1.503+ i 0.00M, and y - 1.5076 :L 0.0004.
All these values are very similar to the average of those phillipsites in
Table 7 for which separate ', B, and 7 values are given. The same table
lists samples for which only the mean index of refraction and not

1133
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separate @, 8, and 7 values is shown; it shows an overall variation of
between 7.477 and 7.5094 in 39 samples.

Rnr,lrroNsHrp BETwEEN Cnnurcer, CorvrposrrroN, Cnr,r, Penelrrrens,
eNo Prrysrcer, Pnoppnrrns

The data in Tables 3,4, and 7 were tested by searching for possible
correlations using the BMD 02R stepwise multiple regression program
by Sandi and Franchi (Centro Scientifco IBM, Pisa). The following
chemical variables were chosen for the correlation test: 1) n : Si/
(Si  + Al *Fe'*) ;  2) M +B,wereM : Na f  K,and B :  Ca* MS +
Sr f Ba; 3) M /(M * B); 4) H,O (number of water molecules per unit
cell); 5) PCS : | [(atomic weight of an exchangeable cation) X (its
coefficient in the chemical formula)1. The latter variable was taken into

TABLE 4. CELL PARAMETERS (A) oF THE PHILLIPSITES. ERRoR IN BMCKETS

v ( i t  )b

I

J

A

5

6
7
8
9
1 0
1 l
t 2
r J

r 4

1 6

1 8
1 0

20
2 l

HTK
SG1
SG9
SGlO
s G 1 4
SGl  5
SG17
sez2
G
1H

9 . 9 r 2 ( 4 \
9 . 9 4 s  ( 3  )
9 .87  4(4)
9 . 8 9 9 ( 2 )
9 . 8 7 e ( s )
e .  9 s s  ( 3  )
9  . 9 s 1  ( 2 )
9 . 9 7  4 ( 2 )
9  .905 (3  )

r o . o o 3  ( a )
9  . 9 3 8  ( 2 )
9 .9o7 G)
e . e z z  G )
9  . 9 4 o  ( 2 )
e . 8 8 2 ( 3 )
9 . 8 8 3 ( 3 )
e .  944 (3  )
9 . 8 7  s O )
e . 8 z  4 B )
9  . 8 7  1  ( 4 )
9 . 9 1 1 ( 1 )
9  . 8 9 1  ( 3  )
9-93o (8 )
e .926(7 )

ro.  ooz (3 )
9 .97  sG)
e.eee(4)
9 . 9 5 1 ( 3 )
9 . 9 8 o  (  2  )
e  . 9 9 4  ( 4 )
9  . 9 o 9  ( 2 )
9 . 9 6 0 ( 1 0 )

1 4 . 3 3 2 ( 5 )
1 4  . 3 o 1  ( 3  )
r 4 .306 (7  )
1 4 . 3 r 8 ( 4 )
1  4 .340 (7  )
! 4 . 2 6 7  ( s )
1 4 . 2 7 8  ( 5 )
1 4 . 2 8 6 ( 4 )
! 4 . 2 7  z ( 6 )
1 4 . 2 3 8 ( 3 )
1 4 . 3 2 1 ( 3 )
74 ,224G)
14 .263  (6 )
r4 . z t g  G )
14 .27  t  ( 4 )
r 4 . 3 1 4 ( 6 )
r 4 . z 3 z ( S )
ra,.zslG)
r 4 ,282 (4 )
1 4 . 2 7  3  ( 7  )
1 4 . 2 7 9  G )
1 4 , 3 1 2 ( 4 )
1 4 . 3 o 6 ( 1 1 )
1 4 . 1 5 5  ( 8  )
t 4 . 2zo (7 )
1 4 . 1 8 2  ( 5 )
t 4 .20s (4 )
r+ .  rg r  (+ )
t 4 . zo3Q ' t
1 4 . 1 8 r ( 8 )
14 .246 (3 )
1 4 . 3 o 0  (  1 o )

r 4 . J 7  z ( 4 )
1 4 . 4 r  1  ( 3  )
14 .362 (6 )
1 4 . 3  9 5  ( 4  )
t +  . l z 8  ( 6 )
14 .329  G)
74 .324$ )
1  4  . 2 9 8  ( 3 )
1 4 . 3 3 9 ( 5 )
1 4 . 2 8 5 ( 3  )
1 4 . 4 r 5 ( 4 )
14 .297  O)
t4 .3Le (4 )
t 4 . z 9 9 e )
r4 .322 (3 )
r 4 . 3 r r ( 6 )
1 4 . 3 3 r ( 3 )
1 4 . 3  1 3  ( 3  )
1 4 . 3 3 5 ( 4 )
1 4 . 3 o 5 ( s )
14.3 52(2)
14 .324  U )
r + . s s + ( r o )
t 4 . z o 7  g )
74 .246 (5 )
1 4 , 2 4 7  $ )
14 .278  (3 )
r + . z s s ( a )
t 4 . z 5 4 ( z )
1 4 . 2 5 5  ( 5 )
r4 .3zz  Q)
1 4 . 3 o o ( 1 0 )

zo4r.7 Or)
2049 .  6  ( 8  )
z o z 8 . 7  ( 1 4 )
2040 .3  ( 8  )
zozg  . 8  ( 14 )
2 o 3 5 . 1 ( 1 0 )
2 0 3 5 . 2 ( 8 )
2037 ,3 (7 )
2 0 2 7 . o ( L r )
2 0 3 4 . 5 ( 8 )
2 0 5 r  . 6 ( 7  |
2o r4  . 7  ( 7  )
zo3r.T Gr)
zo2! .o (6)
202o .8  (8  )
2024 . S (12)
2 0 2 8 . 2 ( 9 \
2020 .3 0 )
zozr. SO)
2 0 1  5 . 4  ( 1 3  )
2 o 3 r . r ( 5 )
2027 .7 o')
zo36;3 (23)
1 9 9 6 .  r  ( r 9 )
zozT .z (12)
zor6 .z (9)
2 0 2 8 . o ( 9 )
2 0 1 3 . o ( 8 )
2o2o.4  (  5  )
2o2o .3 ( 13 )
zozz.src)
20z6.7 OS)
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10.o0

I
a(t)

3C0
a

a
SG22' SOI'I

.to17
a

sG10

scl5
a

a
14

.sG1

t7

o13

EF
9 .

tro' - . ' t  
!e

20

IH
a

]
olt

a
HIK

1
a

^^ ''l
tta

.16 J.
a
3

I
"<ll

13. .21

'9 .19g
a

G

14..12

.10
.sG14

sczz.s9l5.sctz

Ecro tscg

6 t .  
. ,  . 22

15 18
. .16

fo .s 'lH

. 5

sGr
14..20 .

10  _b (A )+  14 .20

Ftc.4. Variation of cell constants of phillipsites. (a): a/b plot. (b): c/b ploL.



1136 GALLI AND GHITTONT

TABLE 5. X-MY DIFFRACTIoN POWDER DATA oF SAMPLBS Nos. 3, 11, 12, AIID SG14

SG1 41 1

h k t I . d .  ( i )
r c D S

r a  d .  ( A )
= rcos I A d .  ( A )

- D S
I A d .  ( A )

T O S

1 0 1
o o 2
o 2 0
o 7 2

o 2 2
2 0 0
1 0 3
1 1 3
1 3 1
2 0 2
2 2 9
o 3 2

o 1 4
7 4 1
3 0 r
o 2 4
o 4 2
1 3 3

3 2 r
2 0  4
2 + O
0 3 4
2 7 4
1 0 5
r 4 3
r r 5
r J r
2 2 4
2 + 2
J  T J

3 3 1
o 5 2

3  2 3
o 4 4
4 0 0
3 4 1

4 7 2
2 4 4
o 5 4
3 4 3
2 r 6

1 6 3
2 2 6
2 6 2
r o 7
5 0 1
1 7  |
3 5 3
4 2 4

r t  E . 1 4 0
v s  7 . 1 8 0
v s  7 . 7 5 8
n  6 . 4 2 5
n  5 . 3 7 9
n  5 . O 7  1
m s  4 , 9 3 6
n  4 . 3 0 3

) )
J  s  I  4 .L re

) *  )+ .oos

w  3 . 6 9 1
w  3  . 4 8 3
s  3 . 2 7 6

v s  3 . 1 3 4
w  3  . 0 9 4
m s  2 , 9 3 0

) )
f w  |  2 .  9 o o

w  2 , 8 7 0
w  2 . 8 4 8

) ' l
l "  1 2 . 7 s 4

v s  2 . 7 0 6
v s  2 . 7 O O
s  2 . 6 9 3
s  2 .  6 8 8'r )

|  ' s  , 2 . 6 6 0
) )

i l  2 , 5 7 3
n w  2 . 5 3 7
m w  2 . 5 3 2
w  2 . 4 7 0

n  2 . 3 4 0
w  2 . 2 9 8

w  2 , 2 3 8
m w  2 . 1 5 8

w  2 . O 7  6

) )
I  

w  
|  

2 . o s 6

w  2 . 0 0 6
w  1 . 9 5 4 0

w  8 . 1 9 2
s  7 . 1 8 9
s  7 . 1 5 0
m w  6 , 4 3 0
n  5 . 3 9 1
m w  5 . 0 8  2
n  4 . 9 7 0
m w  4 , 3 2 7\ )

f s  f 4 , 1 3 6

\ )
f . w  t  4 . o 8 9

w  3 . 9 7 9

w  3 . 4 9 4
s  3 . 2 8 2

I
> s)
)
> v s)

s

;
m

m

l
)

mw

3 . 9 5 2  4

3 . 6 7 7  m w
3 .468 mw
3 . 2 5 8  s
3 , 2 7 3  m s

3 . 1 3 8
3 . 0 8 9

" 'natu

m

)
l n s

\
l d

8 . 1 5 0  m

7 . 1 s 6  l :
6 . 3  9 0  n s
5 . 3 6 2  m s
5 . 0 4 5  m s
4 , 9 6 0  n
4 . 2 9 3  m

) \ )
l 4 . L o 6  J "  t

) + . o o e  ) "  )

8 . 1 9 5
7  , 140

6 . 3 8 5
5 . 3  6 2
5 . 0 3 6
5 .OOO
4 . 2 9  5

+ . 1 1 2

4 ,o92

3 . 9 4 8
3 . 9 3 8
3 . 6 7 7
3  , 4 6 r

3 . 2 4 5

w  3 . 0 9 9

:_ 
' ' '  

_"

.  s  2 . 7 4 3
e  2 . 7 3 8

' l \

I  s  12 .690

I  "  I  r . o e e) )

1". ),-,l ' lf r .  1 3 . 2 1 1
) )

s  3 . 1 4 8
w  3  . 1 0 6

"  
z ' 9 4 2

) -  1, .v, ,
m  2 . 8 7  5

n
m

)
I

> v s
)

m

h s

)
l s

fr

fi

m

m

MU

mw

mw

mw

2,  563
2 . 5 3 4

2 . 4 7  6
2 . 3 8 7
2 , 3 3 3
2 . 3 0 6
2 . 2 5 O
2 . 2 2 5
2 . r  5 8

2 . O 6 8

2 . o 5 5
2 , O 4 9
1 . 9 9 8 6
1  . 9 6 3  5
1  , 9 7  2 1

i"' I,,,,) ,  
, , u

|  2 . 7  6 4

2 . 7  L 8
\
I  

2 . 7o3

2 , 6 9 4
2 . 6 7  9
2 . 6 7  3

2.  58r

5  , 5 3 9
2 .487
2 , 3 9 b
2 . 3  4 7
2 . 3 L 8

2 .240
2 .  r 7 O
2 '138

2 . 0 9 r

I  z .ooz
2 . O r 7
1 . 9 6 8 4

)
l "
I*.
)

| " . z n z
2 . 6 9 5

l z .as

1, u,,
w  2 . 5 5 9
w  2 . 5 4 8
w  2 . 5 1 5

,  " . in,w  2 . 3 3 3

w  2 . 2 4 6
u  2 . 2 2 0
w  2 . L 6 2

l n w  , 2 . 0 7 4) )
m w  2 . 0 5 6
n w  2 . 0 5 0
w  1 . 9 9 9
w  r - 9 7 7 6

) "  ) , . n u , ,
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TABLE 5. (Cont inued)

LL37

L 1 t 2 S G 1 4

h k 1 1 a
d .  ( A )

I . d .  ( i )
rcDS

I A d .  ( A )
n b s

I U d .  ( A )
- b s

hw

m

)
I

l n
I

m

n
m

m s
m

m 8

m s
m

mw

'l
> v s)
)> s)

m s
m s

s

s

m s

m s

l
|  7  .4329
)

|  . 4 1 2 4
7  . 4 0 4 5
1 , 3 8 6 6
1  . 3  8 0 3
r . 3 7 8 +
1  . 3  6 5 8
1 . 3 6 1 6

)
r 1 . 3 3 7 4

7 .3307
r . 2 8 4 r

L . 2 7 3 5
1 .2668

m

m s

s
'l

I

l n
I

3  6 r .
5 2 1
o 5 6
o o 8
o 8 0
4 4 4

4 0 6
4 6 0
o 6 6
o 3 8
4 2 6
4 6 2
6 0 0

3 6 5
6 2 2 -
3  4 7
3 8 1
o 9 2

r 2 9
1 9 3
3  5 7
6 2 4
6 4 2
5 6 3
r 4 9
? 1 0

o  1  1 0
5 0 7
o 2 1 0
o 1 0 2
6 4 4
o 3 1 0
3 9 3
6 0 6
6 6 0
3 4 9
o 4 1 0
o 1 0 4
3 9 5
2 4 r O
7 0 5

o 8 8

w  l . 9 I O 7
w r  ,88-51
w  1 . 8 3 5 2

I  .  1 1 . 7 8 8 s

- -

n  1 . 7 L 9 6
n  7 . 7 1 4 3

! .  1 1 . 6 8 4 2) )
n  1  . 6 6 8 0
n  1  . 6 6 5 4
v s  7 . 6 4 4 4

s  1 , 6 0 3 4

: :

f^  l r .s387
I  '  ! r . +eso) )

)  "  ) t . + o s +

1 . 9 1 9 9
r .897  4
1  . 8  4o5
1 , 8 0 1 4
|  .7 904
r . 7 7  5 2'I

l L  ' 7 3 2 3
)

|  . 7  2 6 2
|  . 7  2 2 6
L . 6 9 2 6
1 . 6 8 5 6

1 .  6550
1  . 6 5 0 0
1 ,  6088

t . 5 7 0 0

r . slss
7  . 5 4 2 6
7 . 5 4 4 5

! r . + 9 z l))
J 1 . 4 7 2 !

|  . 456+
1  . 445  6

1 ,9060
1 . 8 9 0 4
|  .8252
1 .78  64
r . 7 7 7 4
7 . 7  6 6 8

1  . 7  ! 7 8
7 , 7 r 4 8
1  . 6 8 0 2
r . 6 7 2 4

r . 6 5 L 2
1 . 6 3 6 9
L  . 5 9 7  5
1  .  57oo

1  . 5 5 7 0
1 . 5 4 3 E
1 . 5 3 3 6

I t , + a z s)
I t . a o o a)

1 . 4 3 4 3
1  . 4 2 4 5

\ t . t z z z)
1 . 4 O I 4
|  . 3 9 4 5
1 . 3 8 1 8
1  . 3 6 9 4
L , 3 6 6 4
7 . 3 5 7 2

t . r i -sr

r  . 2 6 0 4

L .8236
r . 7 8 4 5
| , 7 7  5 1
1 . 7 7 3 0

'l
I
1 r . 7 2 2 7
)

7 . 6 7 8 0

1 . 5 3 8 4

n s
ms
m

m s

! . .)
! .)

w

w  I . 4 4 r 5  w

I
l m
I)

n  1 . 4 O 9 O  w
m w  1 . 4 0 3 6  w

N  1 , 3 7 9 9  m s

n  r . J / 5 5  w
n s  1 . 3 7 2 0  m w

w
w

)
? n u)

v
m

n  1 . 2 8 4 1
mw

A ] - L  d a t a  w e r e  o b t a i n e d  f l i t h  d i f f r a c t o m e t e r  m e t h o d  ( C u K q r N i - f i L t e r ) :  N o s . 3 ,

11, and 12 by the authors, with lead ni trate as internal standard (Cubic,

a  =  7 . 8 5 6 8  A ,  c a r d  6 - 0 1 5 1  o f  t h e  J C P D S ) ;  S G 1 4  b y  s h e p p a r d  a n d  G u d e ,  w i t h

f luor i te as internal standard.
6vs, very strong; ms, medium to 6troog; m, medium; mw, mediun to weaki

w, weaki w, very weak.
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TABLE 6. DENSTTTES (e."*-3) oF pHrLLrpsrrES

N o .N o . p ( m e a s )  D ( c a 1 c ) a q (meas )  ! ( ca l c ) "

1

2

4

5

6

7

8

9

1

1

1

1

1

1

1

1

2

3
n

6

2  , 2 7  ( r )

z . 2 r  ( 2 )

2 . 2 0 ( z )

z  . 2 r  ( z )

2 . 2 4 G )

z .  L 6 ( ! )

2 . 1 8 ( 1 )

z . t 7  G )

2 .  1 9  0 )

2 . 1 5 ( 1 )

2 . 2 0  ( t )

2 . 1 2 ( r )

2 " 1 5 ( 1 )

2  .  t 4 ( r )

2 . 1 7  ( r )

2 . 1 4 G )

2 . 2 L 8

2 . 1 9 6

2  . 2 4 2

2 , 2 9 4

2 . 2 5 8

2 . t 9 2

2 . 1 5 8

2 . 1 5 6

2 . 1 8 0

2 . 1 6 8

2 . L 3 6

z . L 7 O

2 . 1 5 4

2 . r 9 8

2 . 2 1 2

L 7  2 . 1 9 ( r )  2 . 1 5 6

1 8  2 . 1 8 ( 1 )  2 . 1 9 8

1 9  2 . 1 8  ( 1  )  2 . 1 7 8

2 0  2 . 2 O ( r )  2 . 2 0 8

2 L  2 . t 7  ( r  )  2 . 1 6 8

2 2  z . z z ( t )  2 . 2 4 2

H f K  2 . r 9  2 . 1 8 2

S G 1  n .  d .  2 .  1 O 8

S c 9  n . d .  2 . t L 8

S G 1 O  n . d .  2 . 1 2 0

S G 1 4  n . d .  2 . 1 5 2

S G 1 5  n . d .  2 . L 2 o

SG1T  n .d .  2 .140

s G 2 2  n . d .  2 . O 9 O

G  2 . 2 1  ( r )  2 . z o o

r H  2 . 2 5  2 . 2 1 8

'D(calc) was obtained on the basis of 64 oxygens per
unit cell

account only in the case of the indices of refraction, for the likelihood of
its having any effect on cell dimension was ruled out.

The correlation between cell and chemical parameters, as given in
Table 8, shows a close eorrelation between a and M / (M * B) , and also
between b and c and .B = Si/ (Si + Al + Fe3.). The same table also
shows the regression equations with the greatest significance (level of
probability higher than 99 percent) of cell parameters as functions of
-E and M/(M + B), and vice versa. The signifi.cance of the regression
equations is given by the F-ratio values (= ratio between mean square
of regression and mean square of residual). In order to give a compre-
hensive yet simple picture of the reliability of these correlations Fig-
ure 5 has been drawn, which is a diagram with .R as the abscissa and
M/@ * B) as the ordinate. Each specimen is represented by two
points joined by a bar; the coordinates of one point are deduced from
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IABLE 7. INDICES OF REFRACTION OF P}ULLIPSITES. ERRORS -TN DRACKETS

Mean index

1139

1
2

3
4

6

7 '. 8

9
1 0
1 1

7 2
13
r 4
r 5
l 6
r 7

t -  1 8 1
1 9
20
2 l

HIK
sG1
SG9
SGlO
s G 1 4
SGl 5

sG22

IHA

1 . 5 0 o 6  ( 5 )
1 .49 | ] ^2 (5 )
1 . 4 9 8 4  ( 5 )
r . 4 9 9 2 ( 5 )
1 . 5 o o o ( 5 )
1 . 4 9 0 2 ( 5 )
1 . 4 9 3 7  ( s )
1 . 4 9 3  6  ( 5  )
1 . 4 9 s 9  ( s )
t . 4 9 2 9 ( 5 )
1 . 4 9 6 6 ( 5 )
1 , . 4 9 5 8  ( 5 )
r . 4962 (5 )
r . 4 8 6 4 ( 5 )
1 . 4 9 8 6 ( s )
1 . 5 0 5 2 ( 5 )
1 . 5 o o o  ( 5 )
1 . 5 0 2 3  ( 5 )
1 . 5 0 o 2 ( 5 )
1  . 5049  (5  )
1 . 4 9 5 2 ( 5 )
I  . 5043  (5 )
1 . 4 8 3  ( 2 )

.

1 . 4 9 7 8 ( s )
r . 4 9 3

1 . 5 0 2 9  ( 5 )
1 . 4 9 3 o ( s )
1  . 5 o 4  2  ( 5 )
1 . 5 0 3 3 ( 5 )
1 . 5 0 3 0 ( 5 )
1 . 4 9 3 o ( 5 )
1 . 4 9 8 8  ( 5 )
1 . 4 9 8 9 ( 5 )
7  . 4992 (5 )
1  . 4 9 4 5  ( 5  )
r . 5 0 2 0  ( 5 )
7  . 4 9 7  9  ( 5 )
1 . 4 9 8 9 ( 5 )
1  . 4 8 9 o  ( 5  )
1 . 5 0 1 4  ( 5  )
1 . 5 0 9 0 ( 5 )
1 . 5 o 3 4  ( 5  )
1 . 5 0 6 4 ( 5 )
1 .  so34  ( s )
1 . 5 r o 6 ( 5 )
1 . 4 9 8 6 ( 5 )
1 . 5 0 7 2  ( 5 )
1 . 4 8 s ( 2 )

:

:
1 . 5 0 2 6 ( 5 )

1 . 5 1 3 2 ( 5 )
1 . 4 9 8 o ( 5 )
1  . 5 o 8 5  ( 5  )
1  . 5 0 9 5  ( 5 )
1  . 5 1 o 2  ( 5 )
1 . 4 9 8 o ( 5 )
1 . 5 0 1 3  ( 5  )
1 . 5 o o 1 ( S )
1 . 5 0 2 4  ( 5  )
1 . 5 o 0 1  ( 5 )
1 . 5 0 7 2 ( 5 )
I  . 5 0 5 0  ( 5 )
1 . 5 0 5 8 ( 5 )
7 . 4 9 5 2 ( 5 )
1 . 5 0 7 3  ( 5 )
1 . 5 i 1 1 ( 5 )
1 . s o 4 6 ( s )
1 . 5 1 3 3 ( 5 )
1 . 5 o 4 6 ( 5 )
1 . 5 1 2 8 ( 5 )
1 . 5 o o 8 ( 5 )
7 . 5 7 2 2 ( 5 )
1 . 4 8 7  e )

:

-

1 . s 0 4 7 ( 5 )
1  . 4 9 5

1  . 5 0 5 5
r , 4 9 3 7
1 , 5 0 3 7
1 .50.40
7  . 5 0 4 4
1 . 4 9 3 7
t  . 4 9 7  9
7  . 497  5
7  . 4991
1 . 4 9 5 8
1 . 5 O 1 9
r , 4 9 9 5
1 . 5 O o 3
t . 4 9 0 2
L f5o24
1  . 5084
1  . 5 0 2 6
1 . 5 0 7 3
7 . 5 9 2 7
1  : 5 o 9 4
1 . 4 9 8 2
r . 5 o 7 9
1 . 4 8 5
r . 4 8 2
1 . 4 8 3
1 . 4 8 4
L . 4 7 7
r . 4 7 8
r  . 4 8 0
1 . 4 8 3
1 . 5 0 1 7
1 . 4 9 4

'Iijima and Harada (1969) give the values: a - I 486-1.500,
and 7 - .1.488-1.502

the chemical analysis, the coordinates of the other point are deduced
from the cell parameters by means of the regression equations of Table
8. For two-thirds of the specimens the bar is short enough to guarantee
reasonable accuracy in the deduction of chemical composition from
X-ray diffractometer powder data. For one-sixth of the specimens the
bar is somewhat longer, and for the remaining sixth it is very long in
comparison with the whole area. It is worth noting (see Table 4) that
the three specimens with more uncertain parameters (error ) 0.007 A)
are HIK, SGl, IH, which all belong to the group with a long bar in
Figure 5. This does not mean, however, that parameter error is the only
cause of the error in the chemical variables. In the case of a large dif-
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fetence, it should be pointed out that the error in ordinate is always
larger than the error in abscissa, or, in other words, the accuracy for
,R (calc) is better than that lor M / (M + B) (calc), as aheady shown
by the standard error given with the regression equation in Table 8. It
is clear, therefore, that data deduced from cell parameters (and hence
from X-ray diffractometer powder data) are no substitute for chemical
analysis, although they can be usefully applied for a rough determina-
tion of the chemical composition or for the selection of specimens with
extreme composition.

Strangely enough, although harmotomes were not included in the
correlation tests, these regression equations apply to them fairly well.
For instance, the minerals of eernj' and Povondra (1965) with B(obs) 

":0 .72 ,M/ (M *  B)  (obs)  :0 .32 ,  a  :9 .83 ,  b :  14 .17 ,  andc :  14 '34  (A)
gives.R(calc) :0.75 andM/(M * B) (calc) :0.33.

In our personal opinion the correlation between cell parameters and
chemical variables as evidenced by our data appears worse than it
really is. This is due both to the difficulty of obtaining precise data
from natural specimens, which are never completely homogeneous, and
to the difficulty, already mentioned, of obtaining accurate powder pat-
terns,

Hay (1964) found that a decrease in the index of refraction of
natural phillipsites is accompanied by an increase in the Si/Al ratio.
Gude and Sheppard (1966) reported that the optical parameters of

TABTE 8. CORRETATION MATRTX BEIWEEN CELL AND CHEXICAL PARAUETERS

(rop),  AND REcREssroN EquATroNs (BorroM)

u/ (u+9) '2o

R

M+B

u/ (u+B-)

o ' 5 3 8

-o.932

- 0 . 7 3 0

1 . O 0 0

o .23O

o . 3 7 0

o . 3 3 6

-o .5zr

1 .  OOO

o . 7  2 2  - o , 3  6 1

_ 0 . 4 4 3  0 . 6 3 7

- 0 , 3 1 7  0 . 4 0 4

0 . 3 0 5  - 0 . 5 3 3

o , 6 2 7  - o .  1  1 5

1 . o o o  - o . 6 3 8

1 . O O O

9- :  g .8294S +  0 .14540[H/ ( r ' r+B) ]

b  =  1 4 . 8 7 9 2 8  -  o . 9 3 7 9 8 ( R )

9  :  1 1 . ? 8 7  5 8  -  o . 7 1 8 3 6 ( R )

F - r a t i o  =  3 2 , 6 8 4

F - r a t i o  =  1 9 7 . 3 9 5

F - r a t i o  -  3 4 . 2 1 8

1 3 . 7 1 o 3 O  -  o . 9 6 1 9 8  q +  O . 0 4 6 6 2  6  =  R  f  O . O 1 8 2

-  34.srs78 + 3.58600 e.  = ty l (U+B_) l  r  0.14s4
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^{.

si
Si+ ll+tc

Frc. 5. The correspondence between observed and calculated values of -R and
M/(M + B) is shown. The observed values, deduced from chemical analyses,
are shown as pointed circles; the calculated values, deduced from cell parameters
a, b, and c by means of the regression equation of Table 8, are shown as points;
the two marks for the same specimen are joined by a solid bar.

zeolites depend on the Si/Al ratio, on exchangeable cations and on

the degree of hydration. Sheppard et al. (1970) wrote that "an at-
tempt was made, without success, to correlate the main indices of
refraction with the Si/Al ratio of the deep-sea phillipsites." Further-
more, they showed that a decrease in the indices of deep-sea phil-
lipsites is accompanied by an increase in NazO and suggested that an
increase in the barium content can be correlated with an increase in the
index of refraction.

The o, p, and y and mean indices of refraction of phillipsites listed
in Table 7 were correlated with the above-mentioned chemical vari-
ables. The correlation matrices obtained f.or a, p, and 7 and the mean
indices are given in Tables 9 and 10, respectively. From the comparison
of these two correlation matrices the following deduction can be made:
no signifi.cant correlation was found (Table g) in the case of lhe 25
samples for which separate ,o, B, and y values are available. We meas-
ured the indices of refraction for all 25 samples with the exception of
HIK and IH. Analysis of the mean index of refraction, extended to in-

I
M

M+B
I

0.05
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clude those samples for which only this value is available, revealed
(Table 10) that it is negatively correlated with R and M / (M + B)
and positively correlated, albeit less markedly, with HzO. None of these
seven new measurements wasmade by us.

The regression equation with the greatest significance (level of
probability higher than gg percent) for the mean index of refraction is:

Mean index : 1.58408-0.10798(R)-0.024571M/(M + B)l

F-ratio : 41.490

Comparison of the two matrices also shows the close negative correla-
tion of R with PCS. An attempt to correlate e, p, and y and the mean
index with weight percent BaO and Na2O, respectively, was unsuccess-
ful.

IABTE 9. CORRELATION MATRIX BETWEBN INDICES OF REFRACTIONd,P,

AND Y A\E CHEMICAL PAMMETERS FoR 25 SAMPLES

& M+D U/ (rg+91 H"o lc_g

g  - 0 . 3 7 4  - 0 . 1 4 8  - 0 . 4 9 6  0 . 2 3 3  0 , 2 6 0

F  - o . r s e  - o . o 9 2  - o . 4 4 g  - 0 , 1 6 9  0 . 3 1 3

Y  
- 0 . + r :  - o . o 9 2  - o . 4 7 6  0 . 2 7 3  0 . 3 5 4

R  1 . o o o  - 0 . 6 8 4  _ o . z o 4  _ o , t z g  _ 0 . g 6 8

{ + B _  1 . o o o  0 . 8 3 0  - 0 . 2 0 5  0 . 6 3 4

u/ (L+p)

"ro
P C S

1 . O O 0  - O . 3 9 1  O . 2 O 2

1  . O 0 0  - 0 .  2 0 9

TABLE 10. CORRELATION MATRIX BETWEEN MEAN INDEX OF REFRACTION

AND CI1DMICAL PAR.AMETERS FOR 32 SAMPLES

& UiB_ U/ (U+9) Hza 3c-E-

Y " 1 '  - o , 7 o 2  - o . o o 8  - 0 . 6 8 9  0 . 5 5 1  0 . 5 3 3

&  1 . o o o  - 0 , 5 2 1  0 . 3 0 5  - 0 . 5 3 3  - 0 . 8 3 7

u + E  1 . o o o  0 . 6 2 7  - 0 . 1 1 5  0 . 6 0 4

Lrl (E+g) 1 . ooo -o . 63 8 -o.08 6

H _ O  1 . 0 0 0  0 . 1 2 2
z

P C S  1 . O O O
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CoNcr,usron

These results point to the existence of a wide variation in the chemi-
cal composition of the phillipsite mineral group. The percentage of Si
in tetrahedra ranges from {7 percent to 74 percent, the exchangeable
cations being exclusively mbnovalent in some samples (deep-sea phil-
lipsites), but up to 70 percent bivalent in other samples. Phillipsite is
one of the few zeolites where potassium may be the most abundant
exchangeable cation. Some feature of the chemical composition can be
deduced from the cell parameter; the degree of confidence of this de-
duction is sufficient for a rough determination of the chemical composi-
tion of the phillipsite under examination.
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