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AssrRAcr

The compositions of natural pollucites knowu
uatil recently cover the range Polln, - Pollrg. The
finds of Cs-rich analcimes fill most of the gap
Pollo - Pollo. The largest of the three remaining
ga.ps is tbat at the pollucite end, Poll62 - Pollroo.
The following nomenclature is proposed for the
analcime-pollucito series: analcime for Pollo -
Poll"; cesian analcime for Po[s+oll6s; sodian pol-
lucite for Poll5s - Polles, and pollucite for Pollr5 -
Poll1e6.

The stoichiometric relations in most analyz,ed
analcime-pollucites are compatible with the re-
quirements of Beger's (1969) structure model: Cs
* HrO - 1, Na ( IIrO, Cs f Na < 1, Al < 1
and Si/Al ) 2 (all per 6 oxygens of anhydrous
subcell). Most of the HsO contents are higher
than predicted by Nel (1944; Na/HO - 1) but
lower than expected by Neuvonen & Vesasalo
(1960; HuO - Na f 2X excess Si over 2). The
tetrahedral composition Alo.eoSiz.ro is ratler con-
stant in all members of the series, independent
of the Na/Cs/HzO ratios. The average content of
0.90 univalent cations fits the tetrahedral content
of Alo.ro.

The unit cell edge 13.64-l3.7LL seems to be
rather constant, but the intensities of z-ray pow-
der diffraction reflections show coosiderabre
variations with the change in the Na * HgO and
Cs contents. All sodian pollucites are isotropic
and produce cubic r-ray diffraction patterns, but
the cesian analcimes show sectorial birefringence
and splitting of those reflections that are doubled
in monoclinic wairakite.

Tho relations between chemical composi{ion
and physical properties in the whole series follow
the trends established earlier for sodian pollucites,
but require a re-examination to provide more
reliable determination curves.

INmooucnoN

This study was prompted by the discovery of
Cs-rich analcime in the Tanco pegmatite at Ber-
nic Lake, southeastern Manitoba. Several sam-
ples were studied simultaneously by R. V.
Gaines and J. Ito, and by the present author,
and the result$ were summarized by the latter
(dernjt 1972), T\e compositions of these sam'
ples fall into the Na-rich half of the analcime-
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Frc' 1. Population of the analcime-pollucite series as known from natural specimens. Upper part:

chemically analyzed specimens shown in terms of Poll; lower part: refractive indices of cesian anal-
cimes and pollucites. The Poll and z scales are correlated only very approximately, using z - 1.486
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ums - isotropic sodic pollucites; white columns ---. birefringent cesian analcimes from Bernic Lake.
The shortest columns in each graph represent the beight equal to one sample.
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pollucite series, and populate it almost com-
continuous at least in terms of chemical com-
pletely (Ftg. 1). The existence of such a series,
position, has been assumed impossible struc-
turally (Newnham 1967; Henderson & Taylor
1,9691, and other earlier authors), but is compa-
tible with tle structure proposed by Beger
(r96e).

This latter structure model, with cubic sym-
metry and space group la3d, has the analcime
tetrahedral framework with cesium in the large
voids around the 1,6b equipoint (at r/B,r/a,/a).
The water molecules populate the same large
voids that are not occupied by cesium. The so-
dium cations are located in equipoint 24c (X

Y+, /a, 0), between the water molecules. The
water molecules and the sodium cations occupy
the same positions as they do in analcime, but
they occur only in randomlydistributed clusters
whose outer members are restricted to water
molecules.

This structure model is compatible with some
peculiarities of pollucite stoichiometry, some of
which have been recognized earlier: in contrast
to the idealized formula (Cs,Na)AlSigOs' .xHrO,
the actual compositioors shows Cs * H:O = 1,
Na ( HzO, Cs * Na ( 1, and Si/Al> 2.

The purpose of the present study was (1) to
re-examine the populatiton of the analcime-pol-
lucite series in light of the recent find of cesian
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analcimas; Q) to check the crystallochemical
requirements of Beger's strucfirre on a broader
scale; and (3) to re+xamine the relations be-
tween chenical composition and physical prop-
erties in the series.

Corr,rcnoN eNo TnserrurNr on Dera

Chemical analyses, refractive indices, densi-
ties, and rrnit cell edges were collected from tle
literature, and x-ray powder diffraction data
recorded for differenl members of the series.
The chemical analyses were recalculated to
atomic coutents on the basis of 6 oxygens per
anhydrous subcell; these are given along with
physical properties in Table 1. For simplicity,
the chemistry of individual specimens is shar-
acterized by their molecular percentage of the
pollucite end member ("Poll') calculated as
the atomic ratio Cs X 100/(Cs + Na + K + Rb
* Ca * Mg). The minor components K, Rb,
Ca, and Mg are arbitrarily grouped with Na.

Rb and K could be grouped with Cs, because
of the large size of Rb and the preferred oc-
currence of K in tbe L6b equipoint sites of
anhydrous compounds. The pollucite percentage
based on this grouping is shown in Table 1 as
the 'CRK' index, (Cs a Rb * K) X 10O/(Cs+
Na + K a Rb * Ca * Mg). flowever, the Rb
and K contents are very small in all samples
and tle crystallochemical role of K in pollucite
is uncertain. Thus the simpler Poll index is used
in this study; it can be seen in Table 1 that the
differences between the Poll and CRK indices
are small, except for samples 5, 13 and 15.

Names of species and varieties are used in
this study, and suggested for general use, in the
following way: analcime for Pollo<i cesian anal-
cimo for Pollr.roi sodian pollucite for Pollso.ss; and
pollucite for Pollso-roo.

Cnuvrrcer, Colvr posrttor.q

Population of the onalcime - pollucite series
As shown in Figure 1, the classic pollucites

cover the Pollua - Poller rangg, and a separate
group of Na-richer minerals shows compositions
between Pollas and Poll". The few chemically
analyzed cesian analcimes from Bernic Lake are
scattered over the earlier gap Pollo - Pollns.
Judging from the refractive indices measured on
101 specimens, the cesian analcimes range con-
tinuously from about Pollo to Pollre. Thus there
seern to be just three relatively small gaps re-
maining at present: Pollo -Poll., Pollus-Poller,
and Pollez - Polloo. Only continued study of
nafural specimens will show if one or more of
them are true. lt is particularly interesting to
note that, so far, no natural pollucite has been
found with less then 18 mol. 7o analcime. The
first gap, Pollo - Pollr, seems to be populated by
synthetic phases (Dr. T. Iiyama, personal comm.
r972).

Si/ Al ratio

The slight deviation of the Si/Al ratio from
the idealized value of 2 in several pollucites was
recognized by Richmond & Gonyer (1938) and
by Nel (1944). Hwrever, both authors did not

2.60
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si/ar
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20 40 60 80 roo
Po l  I

Fro. 2. Si/Al plotted against Poll. Note the concentration of most data
Ircints witltln the narrow si/Al range 2.22-2.44. Dashed vertical lines
indicate possible error in Si/Al for analyses in which these components
were not directly determined (cf. (ernf 19721.
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realize how persistent this deviation was, and
how constant its magni.tude was, in all pollucites
known to the dates of their respective studies.

Figure 2 shows the plot of the Si/Al ratios
against the Poll contents. It is evident that the
spread of the Si/Al values is well-centered
aroun{ 2.33, i.e. Alo.soSir.ro, and two thirds of
them lie between 2.22 (Alo.sssi,.or\ and 2.44
(Alo.ezSiz.u). This ratio appears to be indepen-
dent of the Na and Cs contents. Thus the tetra-
hedral framework composition (AL.eoSir.roOu)r.no
can be considered typicat for the whole series,
undergoing only minor variations in individual
members. As shown in the introduction. such
a tetrahedral composition is required by the
Beger structure model.

Presumably pure ferric analogues of pollucite
were synthesizcd by Kopp er al. (1963), Kume
& Koizumi (1965), and Kopp & Clark (1966),
but natural pollucites are known to carry neglig.
ible Fe (sample 17 in Table 1).

Cationic content

As in the previously-known sodian pollucites,
Na and Cs are also the most important cations
in the cesian analcimes. K, Rb, Mg, and Ca are
present only in very subordinate quantities
(maximum atomic contents only 0.11, 0.05,
0.04, and 0.05, respectively, per 6 oxygens).
Figure 3 shows the atomic contents of Cs
plotted against those of Na plus minor cations;

Ftc. 3. Atomic contents of Cs plotted against those
of Na plus all minor cationi (t Na).-Most data
follow very closely the line connecting Nau.oo
and Cso.s6, in accordance with the averaee tetra-
hedral Al content of .90.
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all the data closely follow the line connecting
the 0.9O points, in accordance with the average
anionic charge of -0.90. Deviations are caused
by either slight variation in the Si/Al ratio, or
by cationic deficiency which is rather common
in zeolitic minerals (and may be apparent only
because of lack of information about the pos-
sible H+ and/or IIaO+ contents). Formulas
with high alkali excesses over Al (up to around
0.10) suggest faulty chemical analyses.

H"O

The variations in the content of HzO, not
considered in detail by Richmond & Gonyer
(1938), were related to the Na content by Nel
(L944) lrt a simple way: the molecular content
of HzO equals the atomic content of Na (al-
though his general formula does not reflect this
relation properly): Cst-Na"-rAlr-rSig+gOo.rHgO.
Neuvonen & Vesasalo (1960) have proposed a
variation of the HzO content in pollucite with
the Si content, as found for analcime by Saha
(1959): the molecular content of HrO equals
the atomic content of Na plus twice the excess
of Si over 2 : Csr-"-rNa,Alr-gSir+gOe.(t* 2y )I4rO.

The Na/HsO ratios derived this way are, how-
ever, lower than those expected in the Na *
HzO clusters in Beger's structure. Figure 4
shows that most Na/HrO ratios determined for
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Hzo

Frc. 4. Atomic contents of Na plotted against
molecular contents of H2o. Dashed line (zero
to black triangle) follows Nel's assumption
(number of HzO molecules equals that of Na
cations). Solid line (0.2 to black square) fol-
lows Neuvonen's & Vesasalo's proposal (num-
ber of HsO molecules equals that of Na plus
twice the excess of Si over 2). Most data are
scattered between the two lines.

1.0
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natural analcimelollucites plot between the
lines based on Nel's and Neuvonen's & Vesasa-
lo's. proposals, and thus approach closely the 1.520
range expected in Beger's structure. It must be
kept in mind that the analytical error in deter-
mination of water in pollucite tends to lead to
somewhat lower-than-actual contents of HzO
(Baner & McCallum 1953), and particularly the l.5OO
HrO contents of Cs+ich members of the series
should be influenced bv this error.

r480
3 . O O

2 .60

r T f T - r t l l l t r r l
,60 .70 .80 .90 1.00 ll0 1.20

Cs+Hp
Frc. 5. Frequency of the Cs * H"O contents in

analcime-pollucites. Note that the distribution
is not normal around 1.00 but frequencies are
higher for slightly lower values.

As shown in 'Figure 5, most of the Cs + HrO
contents per 6 oxygens of anhydrous subcell are
close to 1. This fact, first pointed out by Nel
(L944), is one of the characteristics following
from the Beger structure model. In accordance
with the lower-than-actual H:O contents ex-
pected in most analyses, the distri'bution of Cs
f HzO totals shown in Figure 5 is not normal
around 1.00, but frequencies are higher for
slightly lower values.

General lormula

The stoichiometric relations discussed above
conform with the general formula proposed by
Beger (1969), which reads (after reduction to
the presently used subcell) CsNagAl"+sSi*-eoo'
(1-r)H,O.
Beger's limitation 2y > L-x - y may be comple-
mented by the empirical restriction of rfy to
- O.90.

Pxysrcer PRoPERTIEs

Refractive index and density

Both these characteristics are known to in-
crease with increasing Cs content. Their plots

2 .20
20 40 60 80 loo

Pol l

Frc. 6. Refractive indices and specific gravities
plotted against Poll. The best fit lines are
visual estimates, anchored at the analcime end
of the series at 1.486 arld 2.25 (see Table 1).

against mol. /q Poll, shown in Figure 6, show
a considerable scatter of data at the Cs-rish end
of the series, which becomes, however, much
less evident in a plot of re versus density, shown
in Figure 7. This suggests that in many studies
either the material used for checking the phys'
ical properties was not representative of the
bulk material used for chemical analysis, or the
determination of alkalis was not accurate. Since
no data are available for a synthetic pollucite
with Alo.soSir.ro, atrd those known for other com-
positions deviate from expected values so rnuch
that they are evidently not reliable (Kume &
Koizumi 1965; Kopp & Clark 1966;Kopp et al.
1963; Plyushev 1959), it is not possible to
anchor the lines in Figures 6 and 7 at the Poll
end of the scale in a similar way as at the Anal
end (which was calculated from data by Saha
7959, L96L). The slope of these lines is only
a visual estimate.

Isotropic and anisotropic phases

All sodian pollucites described in the literature
and examined to date by the author are isotro-
pic, but the newly-discovered cesian aaal-
cimes from Bernic Lake show sectorial birefrin-
gence (eernf 1972). Analcime, of course, is
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? n n

2 . 8 0

2 . 6 0

2 . 4 0

2.20
t490 t.500 1.5 I 0 t .520 1.530

Ftc. 7. Densities plotted against refractive indices,
The line of best fit is visually estimated, vrith
the 2,2517.486 values for pure analcime used
as the only fixed point (see Table 1). Note that
tho correlation between these two physical
properties is distinctly better than that between
them and Poll (Fig. 5).

known to be both isotropic and anisotropic
(Coombs, 1955; Knowles e/ a/. 1965; and
others).

Unit cell edge.

Saha (1959, 1961) found a rather broad varia-
tion of a with changes in the Si/Al ratio in
analcime. This suggests that in the natural Anal-
Poll series with its restricted SiTAl range a
should be almost constant, provided the influ-
enco of the widely-changing Na/Cs ratio is
negligible. The range of a values quoted in liter-
ature is indeed only L3.64-L3.71.4. A more
detailed discussion of these relations is not pos-
sible at present, as the available data come from
different authors and were obtained by different
(and frequently unspecified) methods. It would
not be surprising if the actual range of a was
much smaller.

X-ray powder dillraction data

The relative intensities of x-ray powder dif-
fraction reflections show considerable varia-
tions in the Anal-Poll series. Similar to the
variations in alkali-rich beryls, recognized by
Evans & Mrose (1966) and treated quantitative-
ly by Bakakin et al. (1970), the substitution (and
different allocation) of heavy Cs for Na influ-
ences profoundly the diffraction and absorption
of .r-rays in these minerals. Figr,rre 8 shows r-
ray powder diffraction patterns recorded under
identical conditions for a series of samples with
different Poll contents. Besides the increase in

intensity of reflections 32L,44O,532,63L, and
721, and. the decrease in that of.21L,22O,4O0,
422, 43I, 52L, 6N and 8OO with increasing Poll
content, the sodian pollucite patterns are gen-
erally weaker.

The r-ray powder diffraction patterns of op-
tically isotropic sodian pollucites display cubic
symmetry 'but those of the anisotropic cesian
analcimes from Tanco show a broadening of
the same reflections (422, 521, 640, and 800)
tlat are doubled in the anisotropic, monoclinic
wairakite CaAl,SLO.a'2HzO (Seki 1966, 1971;
Seki & Okt 1969: Harada et aL 1972).

Survrrvranv eNp CoNcrusroNs

The preceding review establishes the natural
analcime-pollucite group of minerals as an al-

I  I  t  |  |  1 . .

o6T 10 30 m m'2e

Fro. 8. X-ray powder diffractograms of five
members of the analcime-pollucite series, taken
under identical conditions. Reflections showing
changes in intensity with changing chemical
composition are indexed in those "end"-mem-
ber patterns towards which their intensity in-
peak is at about two thirds of its true inten-
creases. The cut-off height of the analcime 400
sity.

P o l l  =  l 9 . B
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most continuous isomorphous series. Only three
small gaps seem to be present but these may
disappear with continued research. Ths most
prominent is that at the pollucite end of the se-
ries; the cesium-richest members in existence
are sodian pollucites with more than 18 mol. 7o
analcime.

The following nomenclature is proposed for
the analcime-pollucite series: analcime for Follo-
Polls, cesian analcime for PolL - Poll"o, sodian
pollucite for Pollso - Poll"o, pollucite lor Pollss -
Polloo.

Ths stoichiometric relations derived from all
published chemical analyses comply with the
basic requirements of Beger's (1969) structure
model: Cs * HzO - 1; Na { H:O. and thus
Cs * Na ( 1, which necessitates Al < 1 and
Si/Al > 2. Most of the analyses show Al very
close to O.90 and Si/Al very close to 2.33.

The sodian pollucites are isotropic in accord-
ance with the cubic space group la3d estab-
lished by all structure refinements performed
to date. However, the cesian analcimes are
anisotropic, and their x-ray powder diffrac-
tion data are similar to those of monoclinic
wairakite. A more detailed work on some of
these Na ) Cs phases may be useful to estab-
lish the possible structural causes of the ani.
sotropism; these may be rather delicate and
difficult to detect, as in the case of isotropic
and birefringent analcimes (Knowles et al.
1965).

The relations between chemical composition
and physical properties in the whole series
follow the patterns established earlier for so-
dic pollucites. However, the presently avail-
able data show a rather wide scatter. A re-
examination of refractive index, density, and
a vs. chemical composition is being carried
out at our Department.

To verify the continuity of the analcime-
pollucite series, all ne,ry finds of different
members of the series should be checked for
their physical properties, and thoroughly ex-
amined if close to the gaps shown in Figure
1. This applies particularly to analcimes with
possible low Cs contents from Li-rich pegma-
tites (Neuvonen & Vesasalo 1960; Rijks & v.
d. Veen 1972), and to late hydrothermal "pol-
lucites" from vugs (e.g. Ilichmond & Gonyer
1938: Miikovskf 1955; demf 1972).
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