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Anstnact

Samples of pollucite from two localities have been studied under the microscope and
by means of r-rays before and after dehydration. This study is further evidence that the
water present in the mineral is not an essential part of the crystal lattice. The shape of
the dehydration cun'e is not, in this case at least, a reliable means of deciding the role of
rvater in a mineral.

Pollucite still remains, nearly a hundred years after its discovery by
Breithaupt in 1846, the only mineral which contains the rare alkali
cesium as an essential constituent, the CszO content being as high as 36
per cent. Although pollucite has been considered to be of very rare oc-
currence, there is good reason to believe that it will be found at many
more localit ies than the ten from which it has so far been reported:
Hebron, Rumford, Buckfield, Greenwood, Mt. Mica and Newry in
Maine; Leominster, Mass.; Tin Mountain, South Dakota; San Piero
on the isle of Elba; and Varutrdsk, Sweden. Massive pollucite is ex-
tremely difficult to distinguish from qu'artz in the field. It has no cleavage
and has nearly the same hardness and luster as quartz. Under the micro-
scope, however, it is readily distinguished, being isotropic. It is of con-
siderable interest to the geochemist that at all the localities listed above,
pollucite occurs in pegmatites rich in lithium minerals, although pollucite
itself contains very little lithium. fn other lithium-bearing pegmatites,
its presence has probably been overlooked.**

Pollucite was long thought to be of fixed composition, but recently
Richmond and Gonyer (5) showed that the composition is variable, and
suggested the formula (Cs, Na)1a1,A11a1,Si3a_"Qs6.nIJ2O, with c:0, 1,
or 2, andwith n variable between 4 and 9. The observed water content,
which varies from 1.5 to 3.8 per cent, increases as sodium replaces cesium
in the mineral. The dehydration of pollucite was studied in 1936 by
Strunz (6), who considered that the dehydration curve (reproduced in
Fig. 1) obtained by him on material from EIba was that of a typical
zeolite, indicating that the water present (2.6 per cent in his sample)
was not bound in the crystal lattice. He confirmed this by the observa-
tion that an n-ray powder photograph of material dehydrated at 500o
was identical with that taken on the original sample. He found, how-

* Now at the U. S. Geological Survey, Washington, D C.
*+ Dr W. 

'I. 
Schaller informs us that pollucite, in very small amount, has been identilied

from Pala and Mesa Grande, California. Here, as in the other pegmatites, it is associated
with beryl containing cesium and with lithium minerals



667DEH T/DRATION OF POLLUCITE

o t00 200 300 400 500 600 700 800
T E M P E R A T U R E  O C

Frc. 1. Dehydration curve of pollucite.

transparent and of ideal purity. The sample from Elba (No. R2952 of
the U. S. National Museum) was also transparent but contained a small
amount of very fine grained material present along cracks. The sample
was eas;ly purified by floating off the forei6Jn material in bromoform, and
was then dried at 110o.

In the dehydration experiments, a weighed amount of the powdered
mineral was placed in a platinum crucible and heated in an electric
furnace, the temperature being held constant to * 5". When the loss in
weight was less than 0.02 per cent over a 24-hour period, the tempera-
ture was raisect.

Our results are given in Table 1 and Fig. 1, Strunz,s results being also
given for comparison. Both samples we studied showed practically no

ever, that the mineral, unlike typical zeolites, did not, after dehydra-
tion, take up water on exposure to air saturated with water vapor.

The dehydration of pollucite seemed worthy of further study, since
Strunz's results are in disagreement with observations by Wells (7),
who reported that material from Hebron lost only 0.01 to 0.03 per cent
at 170o. We have carried out dehydration experiments on two samples
of pollucite, one from Hebron, Maine, and one from Elba, and have
studied the product of dehydration under the microscope and by r-rays.
The sample from Hebron (No. 2677 of the Brush Collection of Yale
University) was part of the material analyzecl b1' Wells. ft was fresh and
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loss in weight below 300" and were completely dehydrated at 640o. In the

temperature range 300-640", most of the loss in weight at each tempera-

ture occurred in the first twenty-four hours, but the sample continued to

lose weight slowly. It seems probable that pollucite could be dehydrated

completely at 450o or lower, but that a long time would be required. We

cannot account for the difference between our results and those of

Strunz, especially since he used a very short period of heating at each

temperature.
Tler-n 1. Dehr.dration of pollucite
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The dehydration curves of Fig. 1 seem at first sight to indicate that

the water in pollucite is "bound" or "combined" water. Certainly the

course of dehydration is not what would be expected of a typical zeohte-

Nevertheless, the optical and f-ray studies show that the water may be

expelled without appreciably changing the surrounding lattice. The re-

fractive index of the mineral is lowered by dehydration-from 1.523 to
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1.513 for the Hebron material, and from 1.520 to 1.506 for the EIba

material. This lowering of refractive index is rnost easily explained by

assuming that the water in pollucite occupies interstitial space in the

crystal lattice. When the mineral is dehydrated, the water is replaced

by air, and the refractive index of the mineral is lowered. The change in

refractive index is greater for the EIba pollucite, as would be expected
from the higher water content.

Rotation powder spectrum photographs of dehydrated samples of pol-

lucite from Hebron and from EIba were found to be identical with those

of the original material and with each other, and also with that obtained

from a crystal of pollucite from Greenwood, Maine. This was a portion

of the materiat studied by Richmond and Gonyer (5). The same lines are
present in each powder photograph, and no change in the intensities or
in the spacings of the lines could be detected.

Changes of the crystal lattice have been observed when some zeolites
are dehydrated, but no such effects were observed with pollucite. The
length of the cell edge calculated from the measurements of the lines of
the powder spectrum photographs is 13.69010.0054. Previously, others
have repor ted 13.68 (2) ,13.71 (6) ,  13.66 ( I ) ,  13.74 (3)  and 13.65 (5) .

For future identification of pollucite by the r-ray powder method, the
planar spacings df n and the relative intensities of the lines are recorded
in Table 2. Strunz (6) has recorded intensities of the powder spectrum
lines, but his table is incomplete.

According to the r-ray work by Strunz (6) and by Naray-Szabo (3),

the structure of pollucite is very close to that of analcime. Pollucite is,
then, zeolite-like in structure in that the water is not an integral
part of the crystal lattice. It differs somewhat from most zeolites in
(t) the very low water content, (2) the difficulty of dehydration, and (3)

the difficulty of rehydration. This last point is rather interesting. We
have kept a sample of pollucite, which had been dehydrated at 500o, in
contact with water vapor at room temperature for over six weeks. fn
agreement with Strunz's result, there was only a very slight gain in

weight, which was lost on heating at 110o. No change in refractive index
was observed.

It seemed possible, however, that water might be put back into the
mineral under pressure. We have carried out experiments in which the
dehydrated mineral was heated at 400-500" with water in a bomb. As
we had hoped, the pollucite was partly rehydrated by this treatment.
It had been thought by us that the mineral might be partly decomposed
with the formation of claylike alteration products, similar to those which
have been observed at Tin Mountain and at Varutrdsk. No such de-
composition was observed in our experiments, the pollucite remaining
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Taer,r 2

Planar spacings and relative intensities of the r-ray- diffraction lines of pollucite taken
with fiItered Cu-K radiation. (These are frorn our measurements on samples of pollucite
from Hebron, EIba and Greenwood, s'hich gave identicai values.) The specimen was ro-
tated during the exposure, and a circular camera, calibrated with NaCl, and having a radius
oI 57.22 mm . was used. Estimated intensities of the difiraction lines are based on a scale
of ten, ten being the intensity of the strongest line.
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* Indices based on a cubic lattice.



DEHYDRATION OF POLLUCITE

transparenl" and isotropic.'fhe refractive indqx of the material rose with
increasing hydration. Recently, Norton (4) has reported a single experi-
ment in which pollucite was heated in a bomb with water and carbon
dioxide. No change was observed by him, but as the refractive index of
the material was not determined, it is possible that some dehydration
occurred in his experiment.

The two most interesting of our experiments, summarized in 'I'able 3,
were carried out to test the reversibil i ty of the dehydration. The pro-

T.tsr,r 3. Rehydration experiments
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* This experiment rvas kindly carried out for us by Dr. EarI Ingerson of the Geophysical

Laboratory.

cedure used was to place two small platinum crucibles, one containing a
known weight of partially dehydrated pollucite, the other containing a
known weight of fresh pollucite, side by side in a small bomb with water.
After the bomb had been heated at the desired temperature, it was
cooled, the crucibles were removed, dried at 110o, and reweighed, and the
refractive indices of the samples were determined.

It seems probable from the data in Table 3 that the hydration experi-
ments represent equil ibrium conditions. Nevertheless, it is somewhat
puzzling that such high pressures are required for partial rehydration of
the mineral at 500o. Assuming that the experiments in Table 3 do repre-
sent equilibrium conditions, the two samples of pollucite studied require
a pressure of at least 400 atmospheres to rehydrate them to their original
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condition at .500o. One mfuht reasonably expect thal ii Lhese samplcs
were placed at 500o under atmospheric pressure, the dehydration would
be extremely rapid, even explosive. Actually, dehydration proceeds
rather slowly and no decrepitation was noticed.

The rehydrated material does seem to lose its water somewhat more
rapidly than the original material. Sample A of Table 3 showed the
following loss in weight when heated (24 hours at each temperature):
120o 0.00,  220" 0.06,300" 0.23,420" 0.89,  53O" I .29,620" 1.36 per  cent .

The differences in behavior between pollucite and analcime are prob-
ably largely due to the fact that the very large cesium ion occupies much
of the "Iree" space in the pollucite structure. This steric effect would
account for the low water content and for the difficulty of dehydration.
The increase in water content of pollucite as sodium replaces cesium is
in accord with this idea. One would expect that the samples with high
sodium content would be dehydrated more readily. Unfortunately, none
of the samples available to us had over 2 per cent water. Dehydration
experiments on material with 3.5-4 per cent water would be of great
interest.
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