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ABSTRÀCI

The occurrence of pollucite is restricted to rare-

element granitic peg:matites which have attained the highest

degree of atkali fractionation. Pollucite also is a natural

anal-ogue for the phases involved in containment of 1-35Cs

and 137gs nuclear wastes. Poor covariance of compositional

and physicat parameters (particularly refractive index)

prornpted a re-examination of the analcime-pollucite series

by the electron microprobe technique' This approach was

suj_tabl-e to investigate both the compositional

heterogeneity, and the fine-grained minerals derived by the

atteration of Polluci-te.
pollucite occurs late in primary consolidation of

rare-element granitic pegmatites, and crystallizes at near-

sol- idus temperatures. This early pollucite is

compositíonalIy homogeneous and cubic and disordered with

Si/AIratiosaShighaS2.6.ThecRK[:1-00(Cs+Rb+

K) /cation suml of this pollucite centers on 80 and ranges

fromTotogo.Theprímary,homogeneouspoltucitehas

Iocalty evol-ved to a blebby mosaic of alternating Na-

enriched. and Cs-enriched domains, crosscut by Cs-rich

veinlets (t quartz ) rirnmed with Na-rich pollucite ' These

textural features result from re-equilibration along a

solvus, broadening wiÈh d.ecreasing temperature' and

controlled by three principal mechanisms: (i) exsolution

l-v



into Nâ, Si-enriched and Cs, Al--enriched compositions,

(ii) liberation of sioz leading to alkati cation- and

Al-enriched pollucite with si/41 ratios approaching 2-o,

and (iii) cation exchange of Na* and Cs* in an unchanged

(Al_, si) framework. The f irst two mechanisms dominate at

high temperature (4OO to 2OO'C) in an apparent mass

balance. In contrast, ât low temperature (Iess than 2OOoC)

the third mechanism dominates and produces Na-enriched

potlucite, to analcine with apparent loss of cs*'

Three stages of alteration are recognized: (i) coarse

polygonat veining (2 to l-o mm wide) of variable mineralogy

(albite, microcl-ine, quartz, amblygonite, Iepidolite) which

is fracture-filling in pollucite bodies larger than 1n;

( ii) thin braided to sub-parallel veins ( 0. 1- to l- - 0 ntm

wide) of fine-grained mica and spodumene. These foÌl-ow

grain boundarj-es, fractures, and (l-oo) cleavage traces of

pollucite, are a crystallization product of l-ate fluids

(possibly from the pollucite), and are conmon to al-I

pollucite segregations larger than 5 cm; and (iii) Iate

stage replacement assemblages. spherical aggregates (lnn

size) of adularia (+ cs-rich pollucite J mica to Rb-

dominant mica + albite t an AlSi-bearing mineral) to Rb-

dominant adularia locally replace pollucite. Later cation

exchange results in analcime formation. Latest replacement

is by clay minerals, some cs-bearing, consisting mainly of

montmorillonite-type smectites, illite, and kaol-inite.
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CHAPTER ].

INTRODUCIION

Minerals within the analcime-poIl-ucite series

(NaAl-Si2O6.H2o-csAIsi2O6) are restricted in occurrence to

the most fractionated granitic pegmatites of the rare-

element class. Primary pollucite crystallizes at near-

solidus temperatures in the central parts of these

pegrmatites (Cerny ]-982). In contrast, cesían analcime

occurs in low-temperature "afpine-veinrr assemblages

(terminology of Ginsburg l-960) of leaching cavities and

fissures in pegmatites bearing the prirnary pollucite (cerny

L972) .

The occurrence of pollucite is central to models of

rare-element granitic pegmatite petrogenesis and internal

evolution. vlith extreme values of electronegativity and

cation radius, and high volatility, cesium is concentrated

by fractionation processes in granitic mag¡mas into a

residual melt. Pollucite is not stabilized in a pegimatitic

melt until the final stages of consolidation' Pol-Iucite'

therefore, tends to accumulate interstitially to the

commonly associated mineral-s quartz, spodumene, petalite,

andfeldspars(Dlrmkov]-953).Largeramountswillsegregate

into pods and l-enses, and into larger ' essentially

monomineralic bodies near the central parts of pegimatites'

Analcime-po1]ucitemineralsareofimportanceto



nuclear ï¡Iaste containment; they form on hydrated waste-

glass surfaces, in low-temperature hydrothermal reactions

of several- waste forms with basalt and shale, and in

ceramics prod.uced by calcination of waste sludges.

Pol-lucite has also appeared as a phase in titanite-based

nuclear waste ceramics (SYNROC formulations) (Buykx et aI.

1990). Pollucite is a natural analogue of phases involved

in the containment of 1-35gs and 1-37Cs nuclear wastes' The

chemistry, stability, and alteration of pollucite and

cesian analcirne are thus of considerable interest.

The relative ease of al-teration of pollucite preserves

a record of late stage, Iornl temperature hydrothermal

processes v¡ithin complex granitic pegmatites. The

alteration products are often too fine-grained for optical

identification, and alteration veins too thin for X-ray

identification. Nevertheless, they are significant to

nuclear waste management. They have not yet been

investigated on the scale of the electron microprobe; this

constituted an important part of the present study.

The main purpose of the present study is to examine in

detail by electron microprobe, the extent and character of

the compositional heterogeneity in pollucite'



CHAPTER 2

PREVTOUS ITORK

2.1- Bulk chemistry and physical properties

pollucite was first discovered on the island of Elba

in 1-846 by Breithaupt, and since then nearly 80 localities

have been reported. Pollucite from EIba was the first to be

analysed (weIts 1891- reviews the early determinations of

the composition), and to date 7L bulk, wet chemical

analyses of pollucite from at least 48 different localities

have been published (Table 2.ta to 1, Appendix 1-) . The

specific locality is not known for some of the samples.

In Figure 2.1--1a, a histogram of bulk compositions of

pollucite is given, based on these 7L analyses. The

composition is expressed as cRK = 1-OO (Cs + Rb + K) /cation

sum (cerny Lg74). Compositions of secondary cesian analcime

are not incl-uded in the histogram. For most pollucite, the

cRK rangies from 70 to 90, and the distribution centers near

CRK 80. A few localities are rich in Na+'

si/AI ranges from 2.o to 2.6, and is scattered with

respect to cRK (Fig. 2.1--1-b). This scatter is reflected in

a plot of AI (+ Fe) atoms p'f'u' (per formula unit)

againstcRK(Fig.2.:--2).withindividualAl(+Fe)

values, the sum of cation charges is also plotted. The

charge imbalance (usual1y an alkali cation deficiency
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relative to AI) appears to be }argest for pollucite with

CRK

obtained in a single study (Kha1ili & von Knorring L976)

and may contain some systematic error.

The extent of substitution of the minor cations Li+ t

aK*, Rb*, and caz* is shown in Figures 2.L-3a to d,

function of CRK. Other cation substitutions are

(maxima reported, âs wt.å:0.63 M9o,0.1-0 Feo, o.06

O.08 SrO, O.07 BaO, O.Ol-1- T12O, O.32 Pb2O, O.22 CeO).

P5+ substitution for si4+ can be substantial- up to

O.4I wt.å PZOS; however, other framework substitutions are

smal-l- (maxima reported, âs wt.å : 0.20 Fe2O3, O.04 TLO2t

O.OOI-2 Ga2O3). In determinations of minor constituents by

Ahrens (L945, Lg47 ) and Carobbi & Minguzzi (l-948) elements

below lower linits of detection are Cu, Ni, Hg, Gê, Sil, Sc,

In, 49, y t Lâ, Bê, and W. Pollucite may also contain He

(0.053 mm3/g, Cherdyntsev & Kozak Lg4g) and Ar (Ginsberg et

aI. L975).

The plots of density, and index of refraction against

cRK (Fig. 2.L-4a and b) of pollucite show considerable

scatter. The lines shown are calculated using the

Gladstone-Da1e relationship for compositions between ideal

NaAIsi2oø'Hzo and csAlSi2o6r with si/Al : 2.o, and si/Af :

2.2, 2.4, and 2.6 assuming Cs + Na: AI, and Na: HZO- A

ceIl edge of l-3.68 Â, was used (Martin & Lagache 1-9751 . A

specific refractive energy of K : 0.298 for channel Hzo in

AS

smaII

MnO,
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cordierite (Bloss & Armbruster L982), and K : 0-226 for

tetrahedrally co-ordinated AI (Eggleton L99L) was used

aÌong hlith Kn values given in Mandarino (L976) -

Pol l-ucite tends to be disordered, hlith random

occupancy of A1 in the tetrahedral sites of the cubic

(Ia3d) tectosíIicate structure proposed by Beger (l-969). If

the framework is fully ordered, the symmetry must be ress

than cubic, and a Si/Al ratio of 2.o is required.

2.2 Compositional- heterogeneity

The first authors to note discontinuities in the

analcime-pollucite series were Neuvonen & Vesasalo (1960),

in a study of the Luolamäkí peg:natite in Finland. They

observed the co-existence of birefringent analcime and

cubic pollucite, and reasoned that a clearly defined

miscibility gap exists between these two minerals. In

addition, the index of refraction they measured on Èwo

pollucite grains differed (L.5142, and L-5223 + 0.0005).

Simpson (L974) observed index of refraction to vary between

i_.51_95 and L.5202 within a single hand specirnen of

pollucite from Tanco, Manitoba. cerny & simpson (1-978)

observed index of refraction to vary between L.5L72 and

l-.5238 in Tanco pollucite and found a very poor correl-ation

with Cs content.

In optical studies of synthetic analcime' Barrer et
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aI. ( i-9S3 ) found irnmiscibility between the pairs Na* and

K*, Na* and Rb*, and Na* and tl+, but curiously not between

Na* and Cs*. It is possible that the suggested unmixing of

a domain structure v¡as on a very fine scafe for Na* and

Cs-.

cerny (1'97 4) reviewed the chemistry and physical

properties of mineral-s in the analcime-pollucite series and

contributed new analysis of cesian analcime. Minerals in

the series conform to the broad requirements of Begerrs

(1-969) structural model; however, poor covariations of bulk

chemical composition and physical parameters, particularly

refractive index, I¡/ere noted. Sinilar results are given in

reviews of pollucite by Feklichev Q975) and Felrdman &

pleskova (l-978). Repeated analyses, and analyses of

different samples of pollucite from the same locality (e.9.

Tin Mt. in Tables 2.La to 1) show differences in

composition beyond experimental error. Dr. Scott Ercit

(personal communication 1988) exarnined pollucite by

electron microprobe, and revealed a relatively wi-de range

of compositions within the scale of a few rnillimeters.

2.3 The alteration of Pollucite

A diagnostic feature of

hand specimen from quartz

narrot¡¡, subparallel grey or

pollucite distinguishing it in

is the widespread presence of

purple veinlets characteristic
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of many locatities. The alteration of pollucite has been

noted by many authors (Landes ]-925, NeI 1-944, Ginsburgl

L946, Neuvonen & Vesasalo 1-960, Melentyev l-961-, Nicke]

L961,, Vlasov L966, Aramakov et aI. L975, Khalili & von

Knorring L976, Smeds & Cerny 1989), and examined as to the

sequence of alteration by others (Quensel 1938, Quensel

L945, Shaub & Schenck L954, Cerny & Simpson 1-978). On the

basis of these investigations, Cerny (L979, L982)

constructed a generalized alteration sequence. The

consistency of this atteration sequence allowed recognition

of clay pods pseudomorphous after pollucite even at

localities with no relicts of the original mineral (Cerny

1-e78).

shaub & schenck (L954) observed in thin sections of

pollucite from Lithia, Massachusetts, fracture filling but

not replacement by any of the (spodumene and rnica) vein

minerals. Cooper (L964) suggested that lepidolite veining

within the large pollucite body at Bikita was derived from

a rrresidual liquorrr by simultaneous crystallization of

pollucite from a number of internal points. If this is the

case, some of the rralterationrr products of pollucite may

instead coexist, perhaps in equitibrium, with pollucite.
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CHAPTER 3

COTJ.ECTION AI{D IREATI{ENT OF DATA

45 thin sections $rere examined, representing 36

specirnens from 24 localities in Africa and the United

States. A CAI,IEBAX SX-50 electron microprobe $tas used, and

the rrPAPrr procedure of Pouchou & Pichoir (l-985) was applied

to data reduction. Back-scattered electron imaging was used

to select points for analysis.

For pollucite, ma j or element concentratíons \ÄIere

measured using 1-5 kV, 2o.O trA, beam size 5 ¡,lil, and count

times of 20 s (background l-O s) . Standards used T¡Iere

pollucite (AI Ko, Si Ko, Cs Ld), and albite (Na Ko)' Minor

elements v/ere deterrnined using 1-5 kV, 40 nA' beam size 5

ljilr and count times of 50 s (background 25 s). standards

used were rubidian microcline (Rb Lc), orthoclase (Fe Ko

and K Ka), anorthite (ca KCI), hornblende (Mg Ka), and

vanadium diPhosPhate (P Ko).

For analcime, ma jor element concentrations l^tere

measured using l-5 kv, l-o nA, beam size 20 ¡¿m, and count

times of 20 s (background 1-O s) . Standards used vlere albite

(Na Ko, AI Ko, Si Kc), and pollucite (cs Lo)' Minor

elernents were determined using 1-5 kV, 10 DA, beam size 20

lJil, and count times of 50 s (background 25 s). standards

ï/ere the same as those for pollucite minor elements.

Result.s of the analysis l^/ere recalculated to atomic
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contents on the basis of six oxygens per anhydrous subcell'

The rrCRKrr index vtas calculated as 1OO (Cs + Rb + K) /cation

sum (cerny 1_974) | v¡here cation sum : (Li) + Na + Ca + Mg +

Cs + Rb + K. The index is based on assignment of the large

cations cs*, Rb*, and K+ to the l-6b site and Li*, Na*,

Ca2*, NI12I and any other minor cations to the smaller 24c

site in Beqerrs (l-969) crystal structure model of

pollucite. The CRK index is thus a crysÈallochemical

indicator of the molar proportion of pollucite in the

analcime framework, separating those cations behaving

structurally as sodium, from those behaving structurally as

cesium.

The assignment of minor cations to l-6b or 24c' \llras

verified for the relatively abundant Rb+ and Ca2t in

potlucite from High Grade Dyke, Manitoba (Teertstra et al'

L992a). The validity of including Rb+ in the 16b site, and

Ca2* in the 24c site was tested by comparing the closeness

of the alkati cation sum (in ptots of Na vs Cs), to AI

values, for various assignments of Rb+ and of Ca21 to 16b

and 24c. When Rb+ \^ras assigned to L6b, and CaZ* to 24c,

cation sums fit closer to Af values than when Rb+ was

assigned to 24c or ca2* to l-6b.
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3.l- The ASTM 4POLL standard

The American Society for Testing Materials (ASTM)

pollucite standard consists of several grains in a pol-ished

mount located in standard block 4. Unpublished results of

wet chemical analysis were supplied (4POLL in Table 2.1-I).

Counting pararneters (for CS, AI, and Si) v/ere derived

mainly from one grain, and 2I complete analyses were

collected between september 1989 and August L99L. From the

other grains, 1- analysis of homogeneous pollucite and 5

analyses of compositionally heterogeneous pollucite \¡Iere

collected during a single run.

3.1-.1 Textural rel-ationships and alteration

only two of the poÌIucite grains are entirely

homogeneous. some are cross-cut by diffuse veinlets of cs-

rich pollucite l- to 1-5 pm in width. These cs-rich veinlets

contain at their core quartz grains l- to 5 ¡¿m in size. The

pollucite is cross-cut by veins of mica and (Iater?)

spodumene (25 ¡rm wide) , and spodumene (75 ¡'m wide) ' The

alteration products are l-ater than the cs-rich veinlets'

Adjacent to the alteration products, the pollucite is

enriched in Na*.
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3.L.2 Compositional trends

A ptot of A1 + Fe + P vs. Si, both atoms p.f.u- (per

formula unit) is shown in Figure 3.1--l-. The data fit close

to a l-ine of slope -1.00, âs expected for the single

tetrahedral site. This suggests that atl- the minor elements

substituting for Si have been determined. Plots of A1 + Fe

+ P vs. Si hlere inspected for all localities, but not

duplicated here. fn the standard and al-l- the unknowns, the

atomic sum of the tetrahedral cations I¡/as always slightly

above 3.00, based on 6 oxygens. Deviation of the trend from

a slope of -1-.00, ot data points with poor fit to the

theoretical line, indicates substitutions for Si of

elements other than AI, Fê, or P, and this v/as not

observed. Any data with unusually poor fit were discarded,

only if there was a possibifity of any analytical problems

(e.g. overlap hrith other minerals, obvious sample burning,

operator error).

A plot of Na (+ Ca + Mg) vs. Cs (+ Rb + K), both atoms

p.f.u., is shown in Figure 3.L-2. The data deviate from a

trend characteristic of constant A1; the sum of the alkali

cations, and consequently 41, increase with enrichment in

Cs*. Additional scatter in the data is due to the

substitution of cation(s) which coul-d not be analysed for

(e.g. Li+ or some form of H+), possible substitution of a

single cation into both 24c and l-6b sites, and analytj-cal
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the average Al : 'O.beO of the homogeneous pollucite.
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error. No further plots are given for the other localities,

as information from this plot is essentially maintained in

plots of sum of cation charqes vs. CRK.

A plot of si/AI vs. CRK is shown in Figure 3.1--3a. The

homogeneous pollucite has Si/AI from 2.43 to 2.56 and CRK

f rom 7 a .2 to I o . 6; the averagie, and additional

representative compositions are given in Table 3.1--1. The

Na-enriched pollucite has CRK as low as 67.6, and Si/AI in

the same range as the homogeneous pollucite. Cs-rich

veinlets have Si/AI as lou¡ as 2.29 and CRK as high as 92.O.

A plot of AI (+ Fe), and sum of cation charges, both

atoms p. f . u. vs . cRK is shown in Figure 3 . l--3b. Two trends

are apparent; one in which AI increases with CRK' and one

in which AI is constant with CRK. The latter trend is

defined by the Na-enriched pollucite. The sum of cation

charges f ollows bel-ow the AI trends.

The average composition of the homogeneous pollucite

(Table 3.l--1-) shows excellent agreement $tith the bulk

compositions of 4POLL in Table 2.LL, and therefore r¡Ias used

as a reference standard. The compositions of pollucite from

unknown localities, measured relative to 4POLL, varies

within the range indicated by the one-sigma standard

deviations given in Table 3.1--l-.
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Table 3.1--l-: Composition of ASTM 4PO11 standard.

No. 27 Average

sio2
.A'12O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

47.L7
L6.07

0. o1-
0.33
1,.82
o.02
0.58

3L.44
0.00
o. o0

48.40
L6.07

o. 00
o.32
1.80
o. 03
0. 56

3L.54
0. ol_
o. 00

48.79
t6.95

o. 00
o.12
3. OO

o. 05
o. 00

28.24
o. 00
o. 00

43 .47
L6.02

o. oo
o. oo
o.7 4
o. oo
0.58

38.l_3
o. ol_
o. oo

47.46
16.15

0. o0
0.31
1.84
o. 01
o. 56

3L.72
o. oo
0.00

(.37)
( " 1-1)

. 02)

.06)

. o1)

.0s)

.3e)

Si
AI
Fe
P
Na
K
Rb
Cs
Ca
Mg

97.43

2.L42
0.861_
0.000
0. 0l_3
o. l-61
o. 00L
o. 01_7
o. 609
0. oo0
o. oo0

Al + Fe 0.861-
X charges O.787
sí/Al 2.48e
cRK 79.6

98.7L

2. 158
0. 845
0. 000
o. o72
0. 156
0. 002
0. ol-6
o. 600
o. ooo
o. 000

0.845
o.773
2.555
79.9

97 .L5

2.L40
o.87 6
0.000
0. 005
o.255
0. 003
o. 000
o.529
o. 000
o. 000

o.876
o.787
2.443
67 .6

98.66

2.O94
0.91_6
0.000
o. 000
o. 069
0. 000
0. 0t-8
o.749
o. ooi_
o. oo0

0.91_6
0.878
2.287
92.O

98. 06

2.L44
0.860
o. 000
o. 0t_2
o.L62
0.000
0. o1-6
0.611-
0. ooo
o. 000

.60)

.010)

.006)

(.003)
(.006)

(.002)
(. o07)

0.860 ( . oo6)
o.78e ( .01-o)
2.4e3 (.02)
7e.6 (0.5)

::::::::::::::::::=:::::::::::::::::==:::::::::::::=::::::

27 . Homogeneous pollucite
4. Hornogeneous, high Si/AI.
6. Na-enriched homogeneous pollucite.
2. Cs-rich veinl-et.
Average of homogeneous pollucite (N : 22).
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3.2 Qualifying statements

The following comments examine the scope and intent of

the present study, the analytical methods, and aspects of

the representation of compositional range.

Preliminary results on material frorn other localities

indicate that the data included here are typicat and

represent the full range of phenomena. Consequently the

data from other localities are not included here. Other

work, which tempered the following discussion, likewise is

not included here: x-ray single crystal and powder

diffraction studies, synthesis in the analcime-pollucite

series, examination and analysis of secondary cesian

analcime, and. MAS NMR spectroscopy of natural minerals and

synthetic phases in the series. Exhaustive Iiterature

reviews of studies on the natural minerals, synthesis of

related phases, and relevant studies involving nuclear

waste containment infl-uenced the present study.

Two analytical programs v/ere necessary for determining

compositions across the analcime-pollucite series; one for

analcime and cesian analcime (cRK

pollucite (cRK

analcime, seems to give correcÈ atomic ratios (Si/41 and

CRK), but incorrect oxide weights and a large monovalent

cation deficiency relative to AI because of sample burning.

Na-enriched (cation-exchanged) pollucite \^Ias found in some
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samples to be susceptibJ-e to sample burning even at

relatively high cRK (60 to 80). The analcime program, used

on pollucite, gives oxide weights whích are too high (for

Al and Si), but a smaller apparent cation deficiency

(retative to A1) than the pollucite progiram.

Many of the figures lack data for compositions in the

range CRK 40 to 60. This is, in part, a result of the

analytical difficulties mentioned above. As well-, the most

Na-enriched compositions occur closest to fractures and

alteration veins, and irnrnediately adjacent to the margins

of Cs-rich veins (Fig. 4.3-4 and Fig. 4.5-1-b). Because of

this increasingly small exposure they are of Iimited

accessibility even to the small-est useful beam size of 5

pm.

The compositional diagrams do not necessarily

represent the abundance of any particular composition or

textural- feature. These graphs may thus be used to define

compositional- trends but not to determine mass balance of

reactions.

The l_evels of grey cannot be correlated between

dif f erent back-scattered electron images. frlithin individual

BSE images, the considerable difference in electron density

between Na and cs usually dominates the grey level-. A

secondary influence is produced by changes in Si/AI ratio,

because of the variatíon in cation contents with AI (e.g.

see Table 4.5-2 compositions with identical CRK but
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different Si/At ratios and BSE grey leve1s) -

The images hrere chosen primarily to represent the

textural f eatures typical of individual localities r' a

second.ary emphasis was placed upon documentation of unusual

features. This emphasís detracts from the importance of

localities in which most of the pollucite is

compositionally homogeneous an interesting feature in

itself. For some localities a small- sample size has lirnited

the range of observations.
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CHAPTER 4

trOLLUCITE FRO}{ AERICÃ,

4.1- Benson # L' Zimbabwe

The Benson pegrmatites are l-ocated in the north Mrtoko

region of Zimbabwe. Pollucite occurs in the footwall of the

core zo¡¡e of Benson # !, as rounded masses 3 or 4 ft. in

diameter. The masses are surrounded by spodumene; in thin

section they enclose corroded spodumene laths. Veins of

lepidotite criss-cross the pollucite. Pollucite occurs

also in Benson # 4 | in the footwall- of the core zone in

association with spodumene and arnblygonite (Hornung & von

Knorring 1-962) .

Bulk cornpositions determined by Khaliti & von Knorring

(Lg76) are given for Benson # l- (No. 70 in Table z.]-L) and

for Benson # 3 (No. 28 in Tab1e 2.1-e).

Sample numbers: PA-023 (V.T- King) and PA-079 (O'von

Knorring); 2 thin sections, 34 analyses.

4.L.1- Properties, associations and alteration

A schernatic alteration sequence is sho$in in

4.4-L, âs a guide to the following comments.

In hand specimen, the pollucite is white in

with some small transparent grains up to 0.5

Figure

colour,

mm in
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diameter. The pollucite contains mauve lepidotite veins up

to 5 mm in width, which are very irregular in thickness and

continuity. Additional Iepidolite grains are dispersed

throughout the pollucite. One side of the hand specirnen is

stained rust-red and weathered to crumbly fine (1 mm) sand-

sized round grains of Po1lucite-

In thin section, the pollucite grains contain

abundant tiny acicular inclusions arranged in a three-

dimensíonal rectangular grid, which may have crystallized

at the same time as the pollucite (Fiq. 4.L-2). Other

scattered, abundant inclusions are spodumene and quartz

grains (1 to 3 mm in size), which may have crystallized

near the end of pollucite crystallization, ot replaced

pollucite. Lepidolite veins (+ quartz t albite) appear to

follow grain boundaries of the pollucite, outlining

polyhedral areas of pollucite. The lepidotite veins may

have been a product of late crystallization, âs they only

locally appear to replace the pollucite. Adularia is not

abundant, but replaces polJ-ucite along the surface of the

lepidolite veins.

4.I.2 Textural relationshiPs

The pollucite

slightly Cs-enriched

grains of Pollucite

is compositionatly homogeneous, vtith

pollucite cementing grain boundaries;

form 5 to L2 sided PolYhedra, 1-00 to
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3OO pm in size (Fig. 4.1-3a) . The abundant acicular

inclusions ( 10 to l-5 ¡rm in diameter) within grains show

abundant Al- and P (unknown mineral). Lepidolite, quartz,

and some albite occur along the grain boundaries of

pollucite. The adularia contains mica and small (1- to 2 Pm)

round grains of pollucite.

Veinlets of Cs-rich pollucite + quartz tend to follow

grain boundaries, or cut across, parallel to the edges of

the polyhedra. The veinlets are 5 to l-0 pm in width, and

are not abundant. Rare}y, a blebby structure developed,

closely associated with the Cs-rich veinlets which crosscut

it. A blebby structure, containing grains of quartz and the

AlP mineral, is also developed adjacent to some spodumene

grains (Fig. 4.l--3b) .

4.L.3 Compositional trends

A plot of Si/AI vs. cRK is shown in Figure 4.1--4a. The

homoqeneous pollucite has Si/41 from 2.45 to 2.53 and CRK

from 82.7 to 84.4; the average and additional

representative cornpositions are given in Table 4.1,-L and 2.

Pollucite cementing the grain edges and junctions has a

slightly Lower Si/AI and a slightly higher CRK than the

homogeneous pollucite. The Na-enrj-ched blebs have the same

Si/Al- as the homogeneous pollucite, and a slightly lower

CRK. Cs-enriched bl-ebs have Si/Al as low as 2.32 and CRK as
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hiqh as 91.3. Cs-rich veinlets have si/41 as l-ow as 2.28

and cRK as high as 93. A plot of AI (+ Fe) and sum of

cation charges vs. cRK is shown in Figure 4.L-4b. The sum

of cation charges follows a trend of Al increasing with CRK'



30

Fig. 4.1-3. Back-scattered electron (BSE) images of
Benson # 1 pollucite. a) The pollucite consists of
interlocking 5- to 12-sided polyhedra, rrcementedrr with
Cs-rich pollucite. The dark grains are quartz. b) Cs-
enriched blebs near lath spodumene (dark). To the top is
a 'large, area. of spodumeñe. Within the pol-Iucite are
grains of spodumene and quartz.
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Cs-richer



32

Table 4. 1--l-: Cornposition of pollucite from Benson # t,
Zimbabwe.

No. 22 25

sio2
AI2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

47 .72
1_5.85

0. o0
0. l-9
L.43
0. ol-
0.95

33.1_5
0. ol-
0. oo

46.96
l_6. 11

0. 00
0. 18
1-.51_
o. 01_

0.85
33.L2

0. o0
o. o0

46.94
L5.42

0. o0
0. l-8
1.50
0. o1_

0.88
32.7 4

o. 01
0. oo

46.80
1-5. 89

o. oo
o.L2
1. 30
o.02
o.97

34.2t
0. 00
0. 00

47.45
1_6. 10
o.02
0. 15
L.64
o. 0l-
0. 69

32.94
o. ol_
0. o0

sum

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

A1+Fe
X charges
si/A1
CRK

99.3L

2.459
0.845
0.000
o. 007
o.L26
0.001
0.028
o.639
o. ooo
o. 000

o. 845
0.800
2.534
84.2

98.75

2.L47
0.866
0. 000
0.007
0. t_34
o. 001_
o.026
o.644
o. ooo
0.000

0.866
0.81_l_
2.453
83 .4

98.07

2 .1-51,
0.855
o. 000
o. 007
o. l_33
0. 001
o.026
o. 640
o. ooo
0. ooo

o. 855
0.806
2.497
83.4

99.3L

2.:l.46
0. 860
o. 000
o. 005
0. 1l-5
0. 001_
0. 029
o.669
o. ooo
o. ooo

0.860
0.81-8
2.486
85.9

99.02

2 .1-47
0.859
0. 001
0. 006
o.]-44
o. 001_
0.020
0.636
o. ool_
o. ooo

0.860
0.809
2.48L
81.9

2. Homogieneous Pollucite grain.
22. Homogeneous Pollucite grain-
6. Homogeneous pollucite grain, adjacent to 7.
7. cs-eñriched t.riple junótion of three poltucite grains.
25. Na-enriched bleb, between 24 and 26 of Table 4.L-2.
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Table 4.1--2: Composition of pollucite from Benson # L'
Zimbabwe.

No. Averag'e24 26 20 2L

sio2
412o3
Fe2O3
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

46.28
l-6.09

o. 00
o. 04
t_. 36
o.02
0.80

34.27
0. o0
0. oo

44.39
L6.21,

0. o0
o. 00
0.81_
0. 02
o.72

37.67
0.00
0. oo

45.97
t-5. 85

o. 00
o. 00
l-. 08
o. oo
o. 83

35.57
0. oo
o. oo

44.03
16.L9

0. o0
0. 03
o .64
0.02
o.78

38. OO

o. 0l-
o. oo

47 "35 (.23)
L5.e2 (.12)
0.00
0.]-e (.02)
L.4e (. 04)
0. o1_

0.87 (.os)
33.r-1 (.18)

0. ol_
o. oo

sum 98.85

si 2.L36
A1 0.875
Fe 0.000
P 0.002
Na O.L22
K 0. o0l-
Rb o.o24
Cs 0.675
Ca 0.000
Mg 0.000

A1 + Fe 0.875
X charges 0.823
si/Ar 2.435
cRK 85.2

e8. es (.32)

2.152 (. oo4)
0.853 ( .005)
0. 000
o. 000
o.l-32 (.oO4)
0. 000
o.026 (.002)
o.642 ( . o0s)
0. ooo
o. oo0

0.853 ( . oo5)
0.807 (.005)
2.503 ( .018)
83.s (0.4)

99.81

2.1,O5
0. 906
0. 000
0.000
0. 075
0.001-
o.o22
o.7 62
o. ooo
0.000

0.906
0.860
2.324
91_.3

99.3L

2.L40
0.870
0.000
0. 000
o.o97
0. oo0
o.o25
o.707
o. 000
o. 000

0.870
o.829
2.460
88.2

99 .69

2.LO1,
0.910
0. 000
0.001_
0. 059
0.001
o.024
o.773
o. 001-
0. 000

0.91-0
0.860
2.307
93.7

:==::=::=:::=:==:::=::==::=::=:::::=: - ----

24. Cs-enriched bleb.
26. Cs-enriched bleb.
20. Cs-rich veinlet.
2L. Cs-rich veinlet.
Average of homogeneous potlucite (N : 20).
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4.2 Bikita, Zimbabwe

The Bikita pegrnatite is l-ocated in the Fort victoria

area, Zimbabwe. The geotogy of the Bikita area has been

described by Tyndale-Biscoe (L952). Some aspects of the

Bikita mining operations hlere described by symons (1-961) '

The polÌucite bodies here are possibly the largest in the

world.

Inoutcrop,thepolluciteiscutintoacoarse
polygonal mosaic by veins of lepidolite 2 Eo 3 cm wide. The

lepidolite veins are whoIly contained by the potlucite

bodies, and do not extend into the adjacent rock or

included bodies. One large poJ-tucite body encloses sharply

bounded blocks of petalite (1-.5 n in size), microcline (1'5

m), and lepidolite and quartz (6 rn). The pollucite ore

contains an estimated 4oeo quartz and other minerals

(cooper Lg64) . The bulk ore \,Ías found to contain albite

(L6Z),Iepidolite(1-3å),quartz(42),spodumene(1?)and

petalite (r-å) (Dean & Nichols L962) '

PoI lucite f rom Bikita r¡tas used in a particle

desorption mass spectrometry study (summers & scheikert

le86).

Bulk compositions were determined by cooper (L964)

(No. 9 in Table 2 . 1-b) and Khalili & von Knorring (]-97 6)

(No. 27 in Table 2-Le).

Samplenumbers:P4.021-(D.H.Garske),PA-o28(c.
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Guillemin) and PA-o1-8 eucryptite (4.J. Anderson); 3 thin

sections,30 analYses.

4.2.1 Properties, associations and alteration

A schematic alteration sequence is shown in Figure

4.2-L, âs a guide to the fotlowing comments'

In hand specimen, the pollucite is white in colour and

vitreous to greasy in lustre. Lepidolite veins cutting

the pollucite are up to 1- cm in width. Additional

lepidolite is dispersed throughout the pollucite.

SubparaÌIe1 very thin white veins braid around smalI

eyelets of transparent pollucite up to 2 mm wide and l- cm

Iong. Embedded in the polJ-ucite along with the thin white

veins are abundant round aggregates of minerals, 1 to 2 mm

in size.

In thin section, the pollucite contains rounded

grains(1to2nn)ofspodurnene(slrrnplectiticwithquartz),

quartz , and lepidolíte. The pollucite is f illed t¡¡ith

abundant micro-inclusions. Crosscutting the pollucite are

wide lepidolite veins which are fracture-filIing.

Po1lucite is replaced l-ater by veins of fine-grained mica

(lepidolite?) at rnost l nm in width. The mica in these

thin veins is partially replaced by fine-grained

Spodumene. The veins are overgrovln by spherical, granular

aggregates (r- to 2 mm in size) of adul-aria and albite in
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POLLUCITE

coarse-grained veins:
Iepidolite

fine-grained veÍns:
mica (Iepidotite?)
spodumene

adularia + afbite

Fig. 4..2=L. Sehemat,ic alteration sequence for Bikita,
Zimbabwe.
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equal amounts.

4.2.2 Textural relationships

The pollucite has only relatively small areas which

are compositionally homogeneous. The areas are at most 5

nm in size; they have slightly different compositions and

distinct boundaries.

Much of the pollucite has broken down into a blebby

mosaic of Na- and Cs-enriched domains 50 to 3OO ¡rm in

size. Quartz qrains (1 feldspars) are associated with this

mosaic. These domains are roughly rectangular in shape,

with convex scallops along the margins. The shapes appear

to have been created by replacement of successive domains,

which are usually (but not always) more Cs-enriched. As a

resul-t of this complex series of replacements, the texture

of the blebby pollucite ranges from brecciated to schollen

or raft (Fig. 4.2-2a and b).

The blebby mosaic is crosscut

two types. Early veinlets are 5 to

Cs-rich veinlets of

pm in width, contain

by

20

no quartz, and are fracture-filling. These are crosscut by

quartz-containíngr veinlets 1 to 10 pm in width, which are

more Cs-rich, and braided to web-like. Locally (in areas

consisting only of the quartz-containing Cs-rich veinlets

in a matrix of homogeneous pollucite), the veinlets have

paral-tel to sub-paral-1e1 orientation. Some late
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Fig. 4.2-2. BSE images of Bikita poltucite. a) and b)
Multiple generations of Cs-enriched blebs in a matrix of
Na-enriched blebs or remnants of homogeneous pollucite.
Quartz grains are most closeÌy associated r¡ith the Cs-
enriched pollucite.
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Fig. 4.2-2. c) and d) Cs-rich veinlets in areas of
homogieneous pollucite. Later generations tend to be more
Cs-rich and quartz-containing.
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crosscutting veinlets are Na-rich (Fig. 4.2-2c and d).

The pollucite is rich in cs* adjacent to some

spodumene and quartz grains, and also near the

nica/spodumene veins. Pollucite inclusions within the

adularia/albite aggregates are afso Cs-rich.

4.2.3 Compositional trends

A plot of si/Al vs. cRK is shown in Figure 4.2-3a. The

hornogeneous pollucite has Si/AI from 2.52 to 2.64 and cRK

from 79.4 to 82.L; the average and additional

representative compositions are given in Table 4.2-L and 2.

The Na-enriched blebs have Si/AI slightty higher, and cRK

slightly lower than the average of the homogeneous

pollucite. Cs-enriched blebs have si/AI as low as 2.39 and

CRK as high as 89.2. Cs-rich veinlets have Si/41 as low as

2.27 and CRK as high as 93.5.

A plot of AI (+ Fe) and sum of cation charges vs. CRK

is shown in Figure 4.2-3b-. The sum of cation charges

follows a trend of A1 increasing with CRK.
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Fig. 4.2-3. Compositional trends for Bikita, Zimbabwe. a)
Si/Al vs. CRK, and b) AI (+ Fe), and sum of cation
charges vs. cRK. Slmbols as in Figure 3. l--3; Cs-rich
pollucite inclusion in spodumene (S).

80
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Table 4.2-1:
Zimbabwe.

Compos it ion of pollucite from Bikita,

27L72LNo.

Sio2
A'12o3
Fe2O3
Pzos
Na2O
Kzo
Rbzo
Cs2O
CaO
Mgo
Hzo

48.L6
15.89
0.00
0.03
L.42
0. 00
o .49

33.74
0. 01
0. 00

50.36
L6.2L

0. oo
o.37
L.75
0. 0l_
o. 99

30.37
o. 00
0. 00

49.LO
t-6. 19

0. 00
o.37
1.81
0"03
0.58

30. 35
0. 02
o. o0

47.OO
l_6.39
o"oo
0.38
L.46
o.02
1. 07

33.60
0. 00
0.00

45.L6
L6.02

o. oo
0. 00
o.97
o. 02
o.32

36.47
0. 03
o. ol-

si
AT
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum

A1+FE
X charges
si/A1
CRK

98 .69

2 .1"56
0.857
0. 000
0.001-
o.126
0. 000
0. ol-5
0. 659
o. oo0
0.000

0.857
o.799
2 .5L7
84.3

1-OO. O6

2.L80
o .826
0. ooo
0. 0t_4
0. l-46
0. 001_
o.o27
0. 560
o. 000
0. 000

o .826
o.735
2 .638
80. 1_

98.44

2.465
o.842
o. ooo
0. 014
0. l-54
0. 001_
0. 0L7
o .57]-
o. oo1
o. 000

o.842
o.7 45
2.573
79.L

98.92

2.L28
0.875
0. ooo
0. 01,5
o.L29
0. 001
0.031_
0.630
0. 000
0. ooo

0.875
o.790
2.433
83.8

98.99

2.L25
0.888
o. ooo
0. 000
0. 089
0.001_
0.01_0
o.732
o. ool_
o. 000

0.888
0.833
2.393
89.2

2. Homogeneous pollucite.
6. Homogeneous pollucite.
2L. Na-enriched bleb.
L7. Cs-enriched bleb.
27. Cs-enriched bleb.
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Tar'l-e 4 .2-2 z

Zimbabwe.
compos it ion of potlucite from Bikita,

No. 1_6 25 Average

sio2
AI2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

47 .55
l_6. o8

0. o0
0. 1_3

1.40
0. 03
1. 01_

33.26
0. 01
0. 00

47.L3
1-5.89

o. 00
o. 03
L.42
0. 00
o.49

33.74
o. ol_
0. 00

43.85
16.39
o.02
o.02
0. 60
0. 03
0.48

38.08
o. o1
0.01

44.36
46.23

0. 00
0. 00
o. 66
0. 0l_
0.54

38.2L
0. 00
0. 00

4a .e4 ( 1. 1)
1-6. 1-8 ( . 08 )

o. 00
0.35 (.07)
r_.6e (.08)
0. 01-
o. es ( .06)

3]-.37 ( .87 )
o. 00
o. 00

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum 99 .47

2.r52
0.858
o. ooo
0. oo5
o L23
0.002
o.o29
o.642
0. 000
0. ooo

A1 + Fe 0.858
: charges O.796
si/A1 2.5Oe
cRK 84.6

99 .46

2. O94
o.922
0. ool_
o. 001_
0. 055
0. 002
o. 01_5
o.775
0.000
0. 000

o.922
o.847
2.27L
93.5

adjacent to a
pollucite (N

98.69

2.L56
o. 857
o. 000
0. 001
0.126
0.000
0.015
o. 659
o. 000
0. 000

0.857
o.799
2.5L7
84.3

1_OO. O0

2.LO6
0.908
o. 000
o. ooo
o. 060
0. 000
0. o1_7
o.773
0. 000
o. ooo

0.908
0.850
2.3L8
92.9

99.51-

2 .1,6L
o.842
o.000
0. o1-3
o.L45
0. 000
o. o27
0.591-
o. 000
0. 000

o .842
o.7 64
2.57
8l-. 0

(.37)

(.014)
(.012)

(.oos)

(.025)

. 01-2 )

. o22)

.05)
1. 0)

16. Cs-enriched bleb.
3. Cs-rich veinlet.
4. Cs-rich veinlet.
25. Cs-rich pollucite
Average of homogeneous

spodumene grain.
: 7).
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4.3 Helikon, Narnibia

The Hel-ikon Mine is located on Farm Okongava, Ost No"

72, near the town of Karibib, Narnibia. Massive pollucite is

associated with lepidolite, petalite, and amblygoníte. It

is traversed by lepidolite (and some quartz) veins 4 mm in

thickness, as wel-l- as by numerous thin t^¡hite veins up to 1

nm thick cornposed of an extremely fine-grained clay-like

mineral (NeI 1,944) .

Pollucite from Helikon was used in a differential

thermal- analysis study (Heysteck & Schni-dt l-953)

Bulk analysis were determined by Ne1 (L944) (No. 1-5 in

Table 2.Lc) and by Khalili & von Knorring (L976) (No. 63 in

TabLe 2.1k). Ahrens (L945) determined (as wt.å) (0.54)

Rb2o, (0.021-) Li2o, (o.49) K2o, (0.01-l-) T12o and (0.0012)

Ga2O3.

Sample numbers: PA-029 (J.S. White, U.S.N.M. R 8270),

PA-o77 (o. von Knorring), and PA-l-25 (G. Friedrich); 3 thin

sections, 46 analyses.

4"3" l- Properties, associations and alteration

A schernatic alteration sequence is shown in

4.3-L, âs a guide to the following comments.

In hand specimen, the pollucite is white to

colourless, containing gellmy grains up to 5 ilrm in

Figure

Iocally
size. A
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POLLUCITE

Fiq. 4.3-L.
Nanibia.

fracture-f itling veins :
quartz F--ì.-¿ml-CrOCIJ-ne (
al-bite I

coarse-grained veins:
lepidolite

fine-grained veins:
mica (J-epidolite?)
spodumene

cl-ay

adul-aria

mineral-s

Schematic alteration sequence for .Helikon,
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vein of grey to slightly pink lepidolite crosscuts the

pollucite; the vein is of even width (3 mrn), and pinches

out within the pollucite. Some srnalI fl-akes of mauve

lepidolite are scattered through the pollucite. Subparallel

grey veins up to l- nm wide are spaced about 5 iltm apart.

Fracture surfaces are coated with buff clay minerals.

Associated with the clays and also scattered throughout the

polJ-ucite are thin dendritic coatings of a black (Mn-

bearing?) mineral.

In thin section, pollucite is crosscut by a vein of

coarsely grained quartz, about l- cm in width. The quartz

vein is cut by coarsely grained microcl-ine (t quartz t
mica), variable in width from 0.5 to l-.5 cm. The

microcline, and some pollucite, are replaced by al-bite.

Lepidolite associ-ated with a coarse (3 nn) vein overgrov/s

the quartz, microcline, and albite. Later fine-grained mica

veins are replaced in part by spodumene, then overgrohrn by

adularia. Adularia also occurs as rounded crystalline

aggregates fully embedded in the pollucite.

4.3.2 Textural relationships

The pollucite is compositionally heterogeneous to a

high degree. Homogeneous areas are still present, but have

mm-scale gradations of Na-enrichnent, which are not visible
in individuaÌ BSE images. The heterogeneous pollucite is
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associated with grains of quartz (t an Al-P-bearing mineral

t spodumene) (Fig. 4.3-2a and b). The pollucite has a well-

developed blebby structure. The blebs have an internal

zonation (resembling an hourglass) parallel to the margins.

The blebby structure is crosscut by Cs-rich veinlets (+

quartz) (pig. 4.3-2c). À single very large (30 to 5o pm

wide) Cs-rich veinlet is present in apparently homogeneous

pollucite (Fig. 4.3-2d).

4.3.3 compositional trends

A plot of Si/Al vs. cRK is shown in Figure 4.3-3a. The

apparently homogeneous pollucite has a Si/Af from 2.5o to

2.57 (average 2.539 + O.0l-8) and A1 (+ Fe) content of 0.848

+ .oo4 atoms p.f .u.. The cRK varies from 64.5 to 75.L.

Representative compositions are given in Table 4.3'L and

4.3-2. Na-enriched blebs have si/Al and CRK slightly lower

than the most Na-rich homogeneous pollucite. Cs-enriched

btebs have an average Si/41 near 2.4O and CRK ranging from

64 to 80. Cs-rich veinlets have a range of Si/Af from 2.35

to 2.49 and CRK from 7O to 85.

The locality is unusual in its near-constant Si/AI of

the homogeneous pollucite with decreasingr CRK. A traverse

of Si/At, and cRK (Fig. 4.3'4) across the large

Cs-rich veinlet of Figure 4.3-2d is revealing, however: the

apparently hornogeneous pollucite shows a decrease in CRK
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and a stight increase in Si/AI as the veinlet is approached

over a relatively large distance. Pollucite in the core of

the veinlet has a similar cRK (but lower Si/AI) as

homoqeneous pollucite 200 pm from the veinlet. Potlucíte up

to 50 ß¿m from the vein is recrystall-ized; pollucite 50 to

more than 2oo ¡/m from the vein is either cation exchanged

or recrystallized but rnaintaining a constant Si/Al in

either case. From Fig. 4.3-1-, it is apparent that the Cs-

rich veinlet must have developed in situ by gaining cs*

simul-taneous with the enrichment in Na* of the homogeneous

pollucite. Pollucite with Si/AI 2.54 and the highest cRK

(74) (No. L2 in Tabl-e 4.3-1-) rnay be most representative of

the original homogeneous pollucite.

A plot of Al- (+ Fe) and sum of cation charges vs. cRK

is shown j-n Fig. 4.3-3b. The AI (+ Fe) content ís

relatively constant with CRK; the sum of cation charges

increases slightly with CRK.
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;
€.r1l%

w

Fig. 4.3-2. BSE images of Helikon potlucite. a) Cs-rich
pollucite next to a large, lightly zoned mica grain. At
photo center, âD adularia grain with increasing Rb from
core to rim. b) Top half is an area of rnica/quart-z

, . intergrowth, bottom half is a mica/pollucite
intergrowth, grading to area of pollucite.
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Fig. 4.3-2. c) Blebby mosaic of pollucite showing internal
zonation of domains, crosscut by quartz-containing Cs-
rich veinlets of typical size. d) Àn unusually large Cs-
rich veinlet, itself containing parallel small quartz-
containing Cs-rich veinlets. An B-W compositional
traverse is given in Figure 4.3-4.
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Fig. 4.3-3. compositional trends for Helikon, Namibia. a)
Si/Al vs. CRK, and b) AI (+ Fe), and sum of cation
charges vs. cRK. Symbols as in Figiure 3.1-3.
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Table 4. 3-1:
Narnibia.

Composition of pollucite from Helikon,

302534L2No.

sio2
Al2o3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

48.56
L6.22

0. 00
0.33
2.38
o. oo
o.22

30 .67
o. oo
0. oo

49 .89
a6 .64

0. 0l-
0.33
2.93
0. o1-
0. 04

28.74
o. o0
o. o0

50. 54
L6.93

0. 01_

0.33
3.29
0. 02
0. oo

27 .39
o. o1_

0. 01

50. 38
L7.L2

0. 00
o.32
3. 63
0. 02
o. 00

26 .56
o. o1_

0. 00

50.43
L6 .71

0. o1
o.37
3.36
o. 03
0. 00

27.36
o. 03
0. oo

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum

AT+FE
t charges
si/A1
CRK

98.29

2.L50
0.848
o. 000
o. 013
0.205
0. ooo
o. oo6
0.580
o. 000
o. 000

0.848
o.791
2 .535
7 4.L

98 .59

2.1,56
o.847
0. 000
0. 01_2
o.245
0. 001
0. 001
0.530
0. 000
0. 000

o.847
o.777
2.545
68.5

98.51-

2.1-54
0. 850
0. 000
0. 012
o.272
0. 001
0. 000
0.498
o. ool_
o. oo0

o. 850
o.773
2.533
64.6

98.03

2 .1-45
0. 859
0. 000
0. 0l_2
o.299
0.001_
0. 000
o.482
o. ooo
o. ooo

0. 859
o.742
2.496
6t_. I

98.30

2.L56
o.842
0. 000
o. 0l_4
o.279
0. o02
o. 000
o .498
o. 001_
o. 000

o .842
0.781_
2.563-
64.L

L2. Na-enriched.
6. Na-enriched.
34. Na-enriched.
25. Na-enriched bleb.
30. Na-enriched pollucite next to Cs-enriched veinlet.
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Table 4.3-2:
Namibia.

Composítion of pollucite from Helikon,

3220L6261_ 1_No.

sio2
412o3
Fe2O3
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

46.4L
r_6.53

o. 00
0.33
1_.88
o"02
o.24

33.35
0. 02
0. 00

48.88
\7.23
o"oo
0. 15
3.39
0"01_
o. 00

28.3L
0. 02
0. 00

47 .53
t_6.56

0. 03
o .1_2
2.24
0. 0t_
0. 07

32.38
o. ot-
0. 00

45.26
L6.36
0"00
o. 02
L.37
o"o1-
o. 10

35.90
0. 0t_
0. 00

49.O4
1,6 .7 0
0"00
o. oo
2 .84
o"02
o. oo

29.91
0. 03
0. 00

Si
A1
Fe
P
Na
K
Rb
Cs
CA
Mg

98.77

2.TT3
o. 887
o. oo0
o. o1_3
o. l_65
o. ool-
0. 007
o.647
0. 001-
o. ooo

0.887
o.822
2.383
79.8

98. OO

2 .726
0.883
o. ooo
o. 006
o.246
o. ool-
o. 000
o .525
0. o0l-
o. ooo

98.94

2.L33
o.87 6
o. 001
o. 004
0. l_95
0. 000
0. 002
o.620
0. 000
0. 000

99. O3

2.LL3
0.900
o. 000
0. 001
o.L24
o. ool_
0. 003
o.7L4
0. 001_
o. ooo

0.900
0.845
2.348
85.2

98.53

2.L52
0.863
o. 000
0. 000
o.242
o. ool-
0. 000
0. 560
0.001_
0. 000

0.863
0.804
2.493
69.8

A1+FE
X charges
si/A1
CRK

0.883 0.877
0.814 0.8r-6
2.407 2.434
64 .7 7 6.L

l-l-. Cs-enriched bleb.
26. Cs-enriched bleb.
L6. Cs-enriched bleb.
20. Cs-rich veinlet.
32. Cs-rich veinlet.
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4.4 Morrua Mine, Mozambique

The Morrua Mine is located in the Alto Ligonha area,

Mozambique. Bulk compositions v/ere determined by Khalili &

von Knorring (L976) (No. 69 in Table 2.1-I).

Sample number: PA-03 2 (o. von Knorring) ,'

section, 26 analyses.

L thin

4.4.L Properties, associations and alteratj-on.

A schematic alteration sequence is shown in Figure

4.4-L, âs a guide to the fotlowing comments.

In hand specimen, the pollucite is white but contains

some transparent genmy eyelets up to 5 nm in size. The

pollucite is penetrated by a 2 Eo 3 mm wide vein of mauve

lepidolite. Veins of fine-grained whíte mica are mostly l-

mrn thick, but locally up to 5mm. Fractures ín the pollucíte

contain a buff to white clay mineral, associated with a

black dendritic (Mn-bearing?) mineral and red (hematite?)

staining.

In thin section, the wide lepidolite vein contains

analcime (t quartz, apatite, and spodumene). Lepidolite in

the core of this vein is relatively coarse-grained; towards

the vein marqins finer grains are randomJ-y oriented in the

analcime. The smalLer veins of fine-grained mica are later;

they also contain analcime, and are partially replaced by
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spodumene. Adularia occurs along both surfaces of the fine-

grained mica veins, and as spherical aggregates completely

embedded in the pollucite.

The pollucite contains a three-dimensional rectangular

grid of hollow (leaching?) channels, about l-0 pm wide,

later than the adularia (Fig. 4.4-2). The poltucite

inmediately adjacent to these channels is enriched in Na*.

4.4.2 Textural relationships

The bulk of the pollucite shows a slight breakdown to

a blebby structure. The blebs are rectangular in shape,

variable in size from 10 to 3OO ¡.lr, and internally

heterogeneous (Fig. 4.4-3a). The margins of the Na-enriched

domains have the highest Na* content; the margins of the

Cs-enriched domains have the highest cs* content (Fig. 4.4-

3b). Pol-lucite inclusions in spodumene are Cs-rich.

Along contacts with most of the alteration products,

and also the hollov¡ leaching channels, the pollucite

grades quickly towards analcime compositions over a

distance of less than l-0 &m.

4.4.3 Compositional trends

A plot of Si/AI vs. CRK is given in Figure 4.4'4a. The

homogeneous pollucite has Si/41 from 2.42 to 2.53 and CRK
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from 86. O to 88.4; the average and additional

representative compositions are given in Tab1e 4.4-1'. The

slight breakdown of this pollucite is seen in Figure 4.4-

4b, AI (+ Fe), and sum of cation charges vs. CRK, as an AI-

enrichrnent trend. An anal-ysis of the Na-enriched pollucite

near one of the hollow channels shows a direct loss of cs*

for Na* íncrease, with no change in si/At ratio.
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Fig. 4.4-3. BSE images of Morrua pollucite.
slight heterogeneity of Ihomogeneousrl
incipient development of Na-enrichgd and
domains

a) and b) A
poJ-lucite:
Cs-enriched
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Fiq. 4.4-4. Conpositional trends for Morrua Mine,
Mozambique. a) Si/AI vs. CRK, and b) AI (+ Fe), and sum
of cation charges vs. CRK. Strrryrbols as in Fig:ure 3.1--3;
inclusion of Cs-rich pollucite in spodumene (S).
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?
ç
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Table 4.4-1: Composition of pollucite from Morrua Mine,
Mozambique.

No. 2L Average22l_620

sio2
Al2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

45.37
l_5.91
0"00
o. oo
1. 04
0. 06
o.34

35.28
0.06
o. 00

46.49
L5. 66

0. 00
o. 00
l_. l_0
o"06
0.36

34.59
o. 05
o. 0l_

48.02
l_6. 16
0"00
o.L2
t_.81_
0"02
o.22

32.46
o. 06
0. 00

42.90
76.25
0"00
0. 00
o .64
0. 07
o. l_4

34.49
o. 03
0. 00

45.e2 (.42)
15.78 (.]-2)

0. oo
o. oo
r_.06 (.0s)
0"05 ("02)
0.34 (.02)

34.78 (.18)
0.05 (.01)
o. oo

Si
AI
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum 98. 06

2.L33
0.881
o. 000
0. 000
0. 094
o. oo4
o. 0l_o
o.707
o. oo3
o. 000

A1 + Fe 0.881-
X charges 0.821
si/Al 2.42r
cRK 88.1_

98 . 31_

2.L57
0.856
0. 000
o. 000
0. 099
0. 004
o. ol_1-
o.684
0. 002
o. ooo

0.856
0.804
2 .521,
87 .3

98.75

2.L60
0.856
0. 000
0. 000
0. 158
0. 001
0. 006
o.623
0. oo3
0.000

0.856
o.793
2 .522
79.7

98.53

2.085
0.930
o. 000
0. 000
0. 060
0. 004
0. 004
o.798
0. o02
0. 000

0.930
0.870
2.24L
92 .8

e7.e7 (.35)

2.L45
0.869
0. 000
0. 000
o.o97
o. 003
o. ot-o
o. 693
o. 003
o. ooo

(.007)
.008)

.004)

.00i_)

. ool-)

.011)

.001)

0.86e (.008)
0.80e (.009)
2.468 (.030)
87.7 (0.6)

20. Hornoqeneous pollucite grain, lohr Si/41.
1-6. Homogeneous pollucite grain, high Si/Al.
22. Na-enriched pollucite near leaching channel.
21-. Cs-rich pollucite incl-usion in spodumene vein.
Average of hornogeneous pollucite (N = 22) .
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4.5 Muiane Mine, Mozambique

The Muiane mine is 1ocated i_n the Alto
Mozambique. Bulk compositions r¡¡ere determined

von Knorring (7976) (No. 67 in Table 2. j-1).

Ligonha area,

by Khalili &

1- thinSample number: pA-035 (O. von Knorring);
section, 28 analyses.

4.5.7 Properties, associations and alteration

rn hand specimen, the pollucite is white in corour and

resinous in lustre, and. contains some transparent vitreous
grains 2 to 3 mm in size, and a crystal of spodumene l_ cm

in size. The pollucite is cut by a pink to grey veins of
lepidolite 2 to 3 mm wide. Fracture surfaces of the
pollucite are lightry coated with white to buff clays
associated with a slight red staining (hematite?) and. smalr

amounts of a brack dendritic (Mn-bearing?) minerar.
rn thin section, the crystal of spodumene is fresh,

contains a small amount of quartz, and. does not appear to
reprace the pollucite. The polJ-ucite contains scattered
quartz grains a maximum of l- nm in size. The pink veins
contain lepidolite + quartz (t apatite); grain size
decreases from core to margin where apatite is most.

abundant. The width of the vein is constant, it appears to
be fracture-fi11ing, and it. terminates by pinching out
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within the poì-lucite.

4.5.2 Textural relationships

Local- areas of pollucite up to 5 nlm in size and free

from inclusion consist of compositionally and texturally
hornogeneous pollucite. One area of homogeneous pollucite

has a distinct composition. Much of the pollucite, however,

has broken down to a blebby structure; some areas of the

pollucite consist entirely of Cs-rich blebby domains. The

domains are 25 to 1-OO f/m in size, and rounded to hourglass-

like and elongate in shape. They are internally
heterogeneous, containing zones paraIJ-el to the margins.

Complex replacement of some zones by others, usually but

not necessarily more Cs-rich, has produced a raft texture

in what seems to be remnants of the homogeneous pollucite
(Fig . 4.5-1-a) . The Cs-rich veinlets (+ quartz) are most

abundant near the homogeneous pollucite, but also cross-cut

the blebby structure. They locally show Na-enrichment of
the adjacent pollucite at their margins (Fig. 4.5-l-b).
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Fig. 4.5-1-. BSE images of Muiane pollucite. a) Blebby
mosaic showing internal zonation of blebs and
association with quartz grains (darkest). b) Na-rich
rims of quartz-contaj-ning Cs-rich veinlet, cutting blebs
and hornogeneous pollucite, but all in turn are cut by
Na-enriched pollucite along a fracture.
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4.5.3 Compositional trends

A plot of Si/41 vs. CRK is shown in Fig. 4.5-2a. The

homogeneous pollucite has Si/Al from 2.53 to 2.58 and cRK

from 7 8 .2 to I o. o; the average and additional

representative compositions are given in Tabl-es 4.5-1- and

2. The Cs-enriched blebs have Si/AI as low as 2.41, and cRK

as high as 85.5. Two adjacent blebs with the same CRK but

dif f erent Si/.A,1 r^/ere found to have noticeably dif f erent

brightness in a back-scattered electron (BSE) image (see

Tab1e). Similarly, the internal zonation of the Cs-enriched

bl-ebs seems to consist of slight variations in si/Al with

constant cRK. Analysis of Na-rich pollucite adjacent to a

Cs-rich veinlet gave Si/AI 2.52 and cRK 76.o.

Cs-rich veinlets have Si/AI as Iow as 2.3O and CRK as high

as 90.3.

A plot of AI (+ Fe), and sum of cation

is shown in Figure 4.5-2b. The sum of

follows a trend of Al- increasing with cRK.

charges vs. CRK

cation charges
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2.7 5

2.50

S¡/AI

2-25

Al "

sum of
catíon o
charges

"aq,
o

a
âô
^oo

B

E

Fig. 4.5-2 Compositional trends for Muiane Mine,
Mozambique. a) Si/at vs. CRK, and b) AI (+ Fe), and sum
of cation charges vs. CRK" Slnnbo1s as in Figure 3.1-3.
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Table 4.5-1: Composition of pollucite from Muiane Mine,
Mozambique.

No. 2723 28

sio2
AI2o3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

47.09
L6.32

o. 01_

o.24
1.56
0. ol-
o.L7

33.91-
0.00
o. 00

47.53
L6.25

0. 00
o.26
7.66
0. 01_

o. 1_8

34.01_
0. 00
o. o0

48 .56
1_6. 06

o. 00
o.25
1,.79
0. 0l_
o.24

32.09
0. o0
0. o0

48.81_
t_6. o6

0. ol-
o .21,
t_.86
o. 0r_
0. l_6

3l_ . 78
0. 00
0. o0

49.09
L6.54

o. oo
o.23
2.L5
0. 0l_
o. 04

30.95
0. 01
o. 00

Si
AT
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum

A1+Fe
X charges
si/A1
CRK

99.30

2.L35
0.873
o. 000
o. 009
o.L37
0.000
0.005
0.656
0. 000
0. 000

0.873
o.797
2.447
82.9

99.90

2.L40
0.863
o. 000
0. 0l_0
o.1-44
0. 001
0.005
o. 653
o. 000
o. ooo

0.863
0.803
2.480
82.O

99.00

2 .163
0.843
0. 000
0. 010
0. 155
0. 000
0. 007
0. 6l_o
0. 000
0. 000

0. 843
o.77L
2 .567
80. 0

98.91

2.L68
0.841-
0. 000
0. o08
0. l_6r_
0. 000
0. 005
o.602
0. 000
0. 000

0.841-
o.7 67
2.579
79.L

99.02

2.]-55
0.856
0.000
0. 009
0. t_83
0. 001-
o. 001
o.579
0.001_
o. ooo

0. 856
o.7 66
2.51,8

::::!2:2::::::
23. Homogeneous area of pollucite with high CRK.
27. Homogeneous area of pollucite with high CRK.
5. Homoqeneous poJ-Ìucite grain.
1. Homogeneous pollucite grain.
28. Na-rich pollucite adjacent to Cs-rich veinl-et.
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lable 4.5-2: Composition of pollucite from Muiane Mine,
Mozambique.

No. Average15L4

sio2
AI2o3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

45.95
r-6. l_9

0. 01-
o.24
1_. 31
o. 00
o.25

34.72
o. 00
o. 00

45.79
1_6. 35
o.02
o.23
t_.33
o. 00
0. l_6

35.22
0. 01
0. oo

46.1-8
16.13

0. oo
o. o0
r-.33
0. oo
o. 14

35.33
0. 00
0. 00

44.24
1_6.36
o.02
0. oo
0.89
o. o1_

o.22
37.44

0. 00
0. 00

48.65 ( "21)r-6.16 (.06)
0.00
o.24 ( . 03
1.8e (.07
o. oo
0.1_6 (.07

32. 04 (.20
0.00
o. 00

sum

Si
AI
Fe
P
Na
K
Rb
Cs
Ca
Mg

Al+Fe
X charges
si/A1
CRK

98.68

2.L23
o. 882
o. 000
o. 010
o. l_l-8
0. ooo
o. 008
0.685
0. 000
0. 000

0.882
0.81-0
2.408
85.5

99.09

2.LL6
0.891_
o. 001_
0. o09
o. 119
o. oo0
0. oo5
o.694
0. 000
0. 000

o.892
0.818
2.375
85.5

99.L2

2.L35
o.879
o. 000
o. 000
o. 119
0. ooo
o. oo4
o. 696
o. 000
0. 000

o.879
0.819
2.428
85.5

99.20

2.LOL
0.91_5
0. oo1
o. 000
o. 082
0. ooo
o. 007
o.759
o. 000
0.000

0.91-6
o.847
2.295
90. 3

99. l_5

2.L6L
0.846
o. 000
0. oo9
o.L62
o. 000
o. o05
0. 607
0.000
0. 000

0.846
o.773
2 .555
79.O

(.2e)

(.004)
(.004)

( . ool-)
(. oo6)

(.002)
(.005)

.004)

.005)

. 01-6 )
0.6)

7. Cs-enriched b1eb.
1-4. Cs-enriched bIeb,
15. cs-enriched bleb,
8. Cs-rich veinlet.

Iow Si/AI but same CRK as l-5.
high Si/AI, but higher BSE Ievel.

Average of homogeneous pollucite (N : 10).
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26

4.6 Neinein, Namibia

The Neinein Mine is located about 30

the omaruru district, Namibia.

Sample numberz PA-L24 (G. Friedrich)

analyses.

km south of Uis,

fn

¡ 1, thin section,

4.6.1 Properties, associations and alteration

In hand specimen, the pollucite'is white in colour,

and dull in l-ustre. It contains some scattered white to

slightly green flakes of mica (lepidotite?) 1- nm in size.

Fracture surfaces are coated with buff c1ays.

In thin section, the pollucite contains some scattered

quartz grains up to o. 5 Ítm in size. Fine traíns of

microinclusions are present, oriented perpendicufar to

cross-cutting veins of fine-grained mica. The mica veins,

up to 1 cm long and less than 0.5 nm wide' are partially

replaced by spodumene.

4 "6.2 Textural relationships

About half of the pollucite is compositionally

homogeneous. Elongate Cs-enriched bl-ebs associated with

quartz are aþundant (Fig. 4.6-1) . The blebs are up to 50 ¡'ln

wide and 3oo pm in length. Some Cs-rich veinlets + quartz
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Fig. 4.6-1-. BSE image of Neinein
enriched blebs in an area
cross-cut by poorly developed
veinlets "

pollucite. Elongated Cs-
of hornogeneous pollucite,
quartz-containing Cs-rich
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crosscut the blebby structure. Mica veins crosscut the

heterogeneous poIÌucite.

4.6.3 Compositional trends

A plot of Si/41 vs. CRK is shown in Figure 4.6-2a. The

homogeneous pollucite has Si/41 frorn 2.51 to 2.58 and CRK

from 73.O to 74.2r' the average and additional

representative compositions are given in Table 4.6-L. The

Cs-enriched blebs have Si/41 as low as 2.35 and CRK as high

as 78.3. The Cs-rích veinlets have Si/At as low as 2.33 and

CRK as high as 79.5.

A plot of Al (+ Fe), and sum of cation charges vs. CRK

is shown in Figure 4.6-2b. The sum of cation charges

foll-ows a trend of AI increasing with cRK.
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Fig. 4.6-2. Compositional tren{s f-or_uginein Mine, Namibia.
a) si/AI vs.- cRK, and b) A1. (+..Fe), and sum of cation
cirarges vs. cRK. Slmbols as in Figure 3'1-3'
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Table 4.6-1-: composition of pollucite from Neinein Mine,
Namibia.

No. Average26231-8

Sio2
AI2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

50.24
L6.9L

0. 01
0.33
2.28
o. oo
0. oo

29.35
0. ot_
0. 0l_

46.6L
].6.84
0. 01
o.27
2.LL
o. 0l_
0. oo

32.22
0. 01
0. oo

46.47
L6.7L

0. 00
0.30
L.98
o.02
0. 00

32.62
0. 01_

0. oo

46.00
L6.77

0. 00
o. 14
1.88
0. 00
o. o0

33.39
o. ot-
o. oi_

50. 38
l_6. 86
o.02
0.31_
2.32
0. 0L
o. oo

29 .43
0. ot-
0. ot_

.47 |

.07)

.01)

. o1)

.04)

.15)

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum 99. 1_5

2 .1,60
0.857
0.000
o.oL2
0.190
0.000
0. ooo
0. 538
o. o0t_
0. 001_

Al + Fe 0.857
X charges O.732
si/At 2.52L
cRK 73.7

98.08

2.LLO
0.899
0. 000
0. 0l_1_

o. 1_86
o. 000
0. 000
o .622
0.001_
o. 000

0.899
o.8l-0
2.346
7 6.9

98.06

2. Lr_l_
0.895
0. 000
o.oLz
o.L75
0. oo1
0.000
o. 633
0. 001_
0. 000

0.895
0.81_1
2.358
78.3

98.l-9

2 .1,O9
0.906
0.000
0. 005
o .1,67
o. 000
0. 000
o.652
0. 001_
o. oo0

0. 906
o.822
2.327
79.5

99.33

2.L62
0.853
0. ool-
0. 0l_l_
o. l_93
0. 001_
0. 000
0.539
0.001-
o. 001_

(.4e)

(.007)
(. oos)

(.002)
(.004)

(.005)

0.853 ( .005)
0.735 (. oo6)
2.535 (.O27)
73.5 (0.4)

l-8. Homogeneous pollucite grain.
23. Cs-enriched b1eb.
8. Cs-enriched bleb.
26. Cs-rich veinlet.
Average of homogeneous pollucite (N : 10).
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CHAPTER 5

POI,LUCITE EROM Tffi IINITED STATES

5.1- Brown Derby I 7t Colorado

Sample nurnber: PA-O8O (P. Cerny); 4 thin sections,
grain mount, 15 analyses.

5. 1. 1 Properties, associations and alteration

A schematic al-teration sequence is shown in Figure.

5. l--1- r âs a guide to the following comments. In hand

specimen, the poÌIucite is white to colourless. It is
crosscut by veins (f- to 2 mm wide) of coarse-grained pink

to grey mica (lepidolite?). Sets of smaller (at most i_ nm

wide) subparallel veins containing finer-grained mica are

spaced l- to 3 mm apart and braided around eyelets of
pollucite. White to buff clays have replaced the pollucite,
locally entirely, leaving the early mica veins intact.

In thin section, the pollucite contains scattered
grains (up to 1 nm) of mica. An irregular vein of
microcline seems to be earlier than the coarse-grained mica

veins. AIl the mica veins contain analcime (t quartz).

Surf aces of the veins are overgrol¡rn with adularia (t
albite t quartz). Clay mineral-s replace pollucite along

fractures and mineral- contacts.
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POLLUCITE

Fig. 5. l--1. Schematic
L, Colorado.

fracture-f ilting veins :
microcline

coarse-grained veins:
J-epidoì-ite (+ anaì-cime + quartz)

fine-grained veins:
mica (+ analcime)

adularia (+ albite + quartz)

clay mineral-s

alteration sequence for Brown Derby #
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5.1.2 Textural relationships

The pollucite is mostly homogeneous. Irlithin 1-00 to 3OO

pm from the alteration minerals, hovJever, there are steep

gradations towards Na-enriched compositions. Some Cs-

enriched blebs are present, ês are Cs-rich veinlets (+

quartz).

5. 1.3 Compositional- trends

A plot of Si/41 vs. CRK is shown in Figure 5. L-2a. The

homogeneous pollucite has Si/Al from 2.52 to 2.59 and CRK

from 77 .4 to 79. O; the average and additional
representative compositions are given in Table 5. l--1-.

Qualitative analysis of the Na-enriched areas indicates

CRK as low as 43 and Si/AI within the same range as the

homogeneous pollucite. The Cs-enriched blebs have Si/Af as

1ow as 2.4O and CRK as high as 83.2. The Cs-rich veinlets
have Si/AI as low as 2.32 and CRK as high as 87.8.

A plot of A1 (+ Fe), and sum of cation charges vs. CRK

is shown in Figure 5.1-2b. For the Na-enriched pollucite
(CRK less than 7O) the sum of cation charges decreases with

constant 41, due to sample burning. For CRK greater than

7O, the sum of cation charges follows a trend of AI

increasing with CRK.
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Table 5.1--1: Composition of pollucite from Brown Derby,
Colorado.

No. AverageL4l_3

sio2
AI2o3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

47.94
r.5.7 4
o. oo
o. l_o
l_. 89
0. 00
o.27

31.84
0. 0l_
0. 00

50.7 4
76.99

o. o0
o. 10
3 .58
0. 03
0.1-4

25.74
0. 03
0. 0l_

46. 0t_
1,6.29

0. 01
0. L0
t.72
0. 00
o .1,4

33 .64
0. 00
o. 00

44.35
L6.24

o. ol_
o.07
L.1,2
0. 00
o.23

36.44
0. 01
0. 00

47.73
15.88
0.00
0. 08
l-. 9s
0.00
o.24

31. 58
0.00
0. 00

( .24)
( .11)

(.02)
.06)

.04)

.32)

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

97.79

2.L69
0.839
o. ooo
o. o04
0. 1-66
0. 000
0. 008
0. 615
0.000
0.000

Al + Fe 0.839
X charges 0.788
si/A1 2. s8s
cRK 79.O

96.75

2 .1,64
0. 854
0. 000
0. 004
o.296
o. oo2
0. 004
o.457
0. oo2
0. 000

0.854
o.7 63
2.535
60.8

97.90

2.r25
o. 886
o. ooo
0. 004
0. 1_54
0. 000
0.004
o.663
0.000
0. 000

0.886
o.82L
2.397
8l_. 3

98.43

2.LO3
0.908
o. ooo
0. 003
0. 104
0.000
0.007
o.737
o. ooo
o. ooo

0.908
o.847
2.3L6
87.8

97.47

2.L63
0.848
o. ooo
0. 003
0.171
o. 000
0. 007
o. 61-O
o. ooo
0. 000

0.848
o.789
2 .55L
78.3

(.25)

(.005)
(.007)

(.oos)

( .00r-)
(.o07)

(.007)
(. o07)
(.025)
(0.7)

2. Hornogeneous.
9. Na-enriched.
l-3. Cs-enriched bleb"
L4. Cs-rich veinlet.
Average of homogeneous pollucite (N : 4).
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5.2 Tin Mountain, South Dakota

The Tin Mountain pegmatite is located in the central
part of Sec. 35, Twp. 3 S, Rge. 3 E, Custer County, South

Dakota. It is one of the pegmatites around the Harney peak

granite, described by Schwartz (1-930) and more recently by

Irfalker (1-986) . Pollucite is found in the core zor'e with

quartz, spodumene and lepidolite, and in the adjacent

albite, quartz and spodumene zone. At least four separate

masses have been found, and about 45OOO kg mined. A large

amount of this had 32 wt.å Cs2O, but some was so altered as

to contain only 1 wt.å Cs2O (Kennedy l-938).

BuIk compositions r¡rere determined by Connolly & OrHara

(L929) (quoted in Schwartz l-930; No. 4 j-n Table 2.La),

Welts & Stevens (1-937 ) (No . L2 in Table 2.1-b) and Roberts &

Rapp ( 19 65) (No . 46 in Tabl-e 2 . 1-h) . Alrrens (7947)

determined minor el-ements (as wt. å) : (0. 006) Li2O, (0.1-9)

R2o, (O.25) Rb2O, (0.001-9) T12O and (o.oo05) Ga2o3.

Sample numbers: PA-008, PA-O22t PA-025 and PA-034 (D.

Garske) , PA-127 (P. Cerny) , and PA-l-36 and PA-l-37 (M. Wise,

U.S.N.M. 97634 and 95890); 6 thin sections, 40 analyses.

5.2.1 Properties, associations and alteration

A schematic al-teration sequence is shown in Figure

5.2-L, âs a guide to the following comments. In hand
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specimen, the pollucite is white in colour, and has a

greasy to earthy lustre. It contains some spodumene grains

up to 3 cm in size. Veins of coarse-girained tepidolite up

to 5 Ítm wide cross-cut the pollucite, as well as a few

grey, fine-grained sub-parall-e1 veins up to l- mm in width.

Most of the pollucite is altered to buff clays, along

fractures and penetrating throughout. A black dendritic

(Mn-bearing?) rnineral occurs in sma1l amounts along

fracture surfaces. Locally the pollucite is completely

replaced by clay minerals (distinct in terms of col-or:

white to buff, green, and orange-red) Ieaving the early

veining intact.

In thin section, the pollucite contains scattered

grains of muscovite, quartz and some albite, üP to l- ntm in

size. Abundant micro-inclusions are present throughout the

pollucite. The wide lepidolite veins contain quartz. The

fine veins are nostly mica, Iocally replaced by spodurnene.

Adularia is present along surfaces of the veins and as

aggregates embedded in the pollucite. CIay minerals replace

the pollucite cornpletely in some areas.

5.2.2 Textural relationshiPs

only locally are areas of the pollucite homogeneous.

Most of the pollucite has considerable enrichment in Nat,

with compositions grading well towards analcime (Fig. 5.2-
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2a). Much has broken down to a blebby aggregate consisting

mostly of Cs-enriched domains, and some Na-enriched domains

or remnants of the homogeneous polllucite (Fig. 5.2-2b' c

and d). Cs-rich veinlets containing quartz (+ spodumene in

some cases) are present but not particularly abundant (Fig.

5.2-2e and f) . A single Na- and Si-rich veinlet crosscuts

a Cs-rich veintet (Fiq. 5.2-2q). Quartz within the coarse

Iepidolite vein contaj-ns round inclusions of pollucite.

5.2.3 Compositional trends

A plot of Si/Al- vs. CRK is shown in Figure 5.2-3a. The

homogeneous pollucite has Si/AI from 2.31 to 2.48 and CRK

f rom 7 4 .8 to I l- . 4 ; the average and additional

representative compositions are given in Tables 5.2-L and

2. Na-enriched compositions have CRK extending to near end-

member analcime, with the same Si/AI as the homogeneous

poltucite. Na-enriched blebs have Si/AI and CRK within the

same range as the homogeneous pollucite. Cs-enrj-ched blebs

have Si/41 as low as 2.27 and cRK as high as 86.4. Cs-rich

veinlets have si/AI as low as 2.24 and CRK as high as 90.8.

The unique Nâ, Si-rich veinlet has Si/AI as high as 2.68

and CRK as low as 76.3. A plot of A1 (+ Fe), and sum of

cation charges vs. CRK is shown in Figure 5.2'3b. The sum

of cation charges foltows a trend of increasing AI with CRK

for CRK greater than 70, but constant with CRK less than 70.
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Fig. 5.2-1-. Schematic atteration sequence for Tin Mountain,
South Dakota.

Fig. 5.2-2. BSE images of Tin Mt. pollucite. a)
strong rranalcimizationtr associated with clay
The highest Na contents are near veinlets of
cs-rich compositions which contain trains
grains.

An area of
mineraÌs.

relatively
of quartz
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Fig. 5.2-2. b) and c) Internally zoned, blebby mosaics.
Dark grains are quartz.
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Fig. 5.2-2. d) Remnants (dark) of homogeneous pollucite
within domains of Cs-enriched blebs. e) Mu1tiple
generations of cs-rich veinlets crosscut a homogeneogs
area.
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Fig. 5.2-2. A veinlet of Cs-rich pollucite containing
grains of spodunene and quartz in an area of homogeneous
pollucite. f) ê J-ater(?) veinlet of Cs-rich pollucite,
fracture-fílli¡g. g) Further along this veinlet, a later
veinlet of Na- and Si-rich pollucite.



86
2.75

a$.1

N

09

o9ê
ô

(þ

A
^Àô Lrn

ü5

^^-Y\ i<ì--v \)rl-¡-l

'Ëo

e
o
o
eo

,-*

&5
N

NN

AI

sum of
cation
charges

o 20 40 60 80 100

CRK

Fig. 5.2-3. Compositional trends for lin Mountain, South
Dakota. a) Si/Af vs. CRK, and b) AI (+ Fe), and sum of
cation charges vs. CRK. Syrnbols as in Figure 3.1--3.
Poilucite inclusion in quartz (A). Na- and Si-rich'veinlet (N).

o



87

Table 5.2-1: Composition of pollucite from Tin Mt., south
Dakota.

No. 46 L6 3l_ 2633

sio2
AI2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

54.25
19. 35

0. 02
o. 04
9.70
0. 06
0.00
1,.27

3:91

47.43
L6.44

0. o0
0.30
2.3L
0. 02
0. 00

31. 00
0. 00
0. oo

46.63
15.95
0.00
0.36
l_. 66
o.0l_
o.72

3L.7 6
0. 00
o. 00

49.21,
1-5.60

0. 00
0. 00
2.OL
o. 01_

o .67
29.50

0. o0
o. 00

45.75
L6.45

o. 00
0.14
2.OL
o. ol-
0. oo

32.39
0. o1-
o. 00

Si
A1
FE
P
Na
K
Rb
Cs
Ca
Mg

sum

A1+FE
X charges
si/Ar
CRK

90.96

2.LL5
0. 889
o. 001_
0.001_
o.733
0. oo3
o. 000
o.1,25
o. ool_

0.890
0.864
2.379
L4.9

97.49

2.L34
0.871_
0. 000
0. 0l-r-
0.201-
0. ool_
0. 000
0. s95
o. ooo
0.000

0.871-
o.797
2.448
74.8

97.09

2.]-39
o.862
o. 000
0. 014
o.L47
0. 001-
o.o22
o.621"
0. 000
o. 000

o.862
o.790
2.48L
81_.4

97.02

2.L96
0.821
0. 000
0. 000
o.L7 4
o. 000
0.020
o. 561_
o. oo0
o. 000

0.821
o.754
2.675
7 6.9

96.7 6

2.LL6
0.896
o. 000
0. oo6
0.1_80
0.000
0. ooo
o. 638
0.000
o. 000

0.896
0.81-8
2.36t
78.0

46. Na-enriched.
L6. Homogeneous
3l- . Homogeneous .
33. Nâ, Si-rich veinlet.
26. Na-enriched bleb.
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Table 5.2-2: Composition of pollucite from Tin Mt., South
Dakota.

No. Averaget- l_42

sio2
AI2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

49 .4L
L7 .20

o. o1_

o.37
3.1_0
o.02
o. o0

27 .25
0. 00
0. 00

43.97
16.31

0. 00
o.02
L.25
0. 00
0. 05

36.L2
o. o0
0. o0

42.88
1,6.24
0.01
0. 00
o.87
0. 00
0. 05

38.69
0. oo
0. 00

45.22
l_6.06

o. 01
o.26
L.7 4
0. 0l-
o. 00

33.28
0. 00
0. 00

46.25 (.63)
L6.2L (.22)
o. oo
o.3o (.04)
L.e2 (.23)
0. 00
o.25

32.04 (.65)
0. 00
0. 00

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

97 .36

2.L35
o.87 6
0.000
o. o1_4
o.259
0. 001_
0. ooo
0.502
0.000
0.000

AI + Fe 0.876
X charges O.7 63
si/Al 2.437
cRK 66.0

97.73

2.098
0. 91_8
0. 000
o. 001_
0. 1_l-5
o.000
o. o0l-
0.735
0. 000
0. o00

o. 9t_8
0.852
2.286
86.4

98.73

2.O82
o.929
0. 000
o. ooo
0. 081_
0. 000
o. ool-
0.802
0. 000
0. 000

o.929
0.884
2.24L
90.8

96.58

2.LL7
0.886
0. 000
0. 010
0.158
0.001_
0. 000
o.664
o. 000
0. 000

0.886
o .824
2.39L
80. I

97.03

2.L25
0.878
o. 000
0. 01_2
o. l_66
0. ooo
0.007
o.628
0. ooo
0. 000

(.36)

(.or_2)
(.013)

(. oo1)
(.o27)

(.055)

0.878 (.013)
0.806 (.o44)
2.422 ( .048)
78.8 (2.3)

2. Na-enriched.
9. Cs-enriched bleb.
1-3. Cs-rich veinlet.
L4. Pollucite grain in
Average of homogeneous

quartz.
pollucite (N : 9).
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5.3 Strickland Quarry, Connecticut

The Strickland Quarry is located near portland,

Connecticut amongl the spodumene pegmatites of the

Middletown district.
SampIe number: PA-l-38 (M. Wise, U.S.N.M. 1-L252S) ¡ i_

thin section, I analyses.

5.3.1- Properties, associations and alteration

In hand specirnen, the pol lucite is white to
colourless, and vitreous in lustre. Very thin veins

crosscut the pollucj-te; these have a slight red (henatite?)

staining.

In thin section, abundant micro-inclusions foll-ow

around small areas (up to 1 run) of pollucite. Thin veins (3

nm Iong, 3O ß¿m wide) of fine-grained mica (t quartz)

contain smal-l- amounts of Cs-rich pollucite. Later veins (z

cm long, l- mm wide) of medium-grained mica tocally contain

analcirne.

5.3.2 Textural relationships

Most of the pollucite is homogeneous. LocalIy the

po1J-ucite is Na-enriched particularly near fractures. Rare

Cs-enriched blebs are present, âs are Cs-rich pollucite
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veinl-ets containing smalI grains of quartz.

5.3.3 Compositional trends

A plot of Si/Al vs. CRK is shown Ín Figure 5.3-1-a. The

homogeneous pollucite has Si/41 from 2.54 to 2.59 and CRK

f rom I i- . 1- to 8a .7 ; the average and additional

representative conpositions are given in Tab1e 5.3-1-.

Qualitative analyses indicate the Na-enriched compositions

have CRK as low as 58 and Si/AI within the same range as

that of the homogeneous pollucite. The Cs-enriched blebs

have Si/41 as low as 2.48 and CRK as high as 84.L. the Cs-

rich veinl-ets have Si/41 as low as 2.39 and CRK as high as

86.4.

A plot of A1 (+ Fe), and the sum of cation charges vs.

CRK is shown in Figure 5.3-l-b. The sum of cation charqes

follows a strong trend of increasing AI with CRK.
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92

Table 5.3-1-: Composition
Quarry, Connecticut.

of pollucite from Stri-ckland

No. Average

sio2
412O3
Fe2O3
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

47 .38
15.58
o.02
o.2L
L.64
o. oi-
o. 09

33. OO

0. oo
o. oo

47.L2
L5.77

0. o0
o.20
4.64
o.02
o.a7

32.90
o. o0
o. o0

46. 00
1,5.73
0.00
0.20
t.47
0. 03
o.L7

34.L6
0. 00
o. oo

44.96
L5.94

0. 01
0. 01
L.26
o. ol_
o. 1_5

36.l-5
0. o0
0. o0

47.2L (.2e)
L5.64 (.08)
o. oo
0.]-e (.02)
L.67 (.03)
o.02
o.r_5 (.04)

32.7e (. L6)
o. o0
0. 00

Si
AI
Fe
P
Na
K
Rb
Cs
Ca
Mg

97.93

2.1,63
0.838
o. ool_
o. oo8
o. 145
0. oot_
0.003
o.642
0. 000
o. oo0

A1 + Fe 0.839
X charges O.79L
si/Al 2.58r-
CRK 8L.7

97 .86

2.L56
o.849
o.000
o. oo8
0. 145
o. ool_
o. oo5
o.64L
0. 000
o. ooo

o.849
o.792
2.539
8L.7

97 .77

2 .1_39
0.863
0.000
0. 008
0.133
0.002
0.005
o.677
0.000
0. 000

0.863
0.81_6
2 .480
83.8

98.48

2.L23
0.887
0. 000
o. 000
o. l-l_5
o. ooo
o. oo5
o.728
0. 000
0. 000

0.887
O. B4B
2.392
86.4

97.67

2.L60
0. 843
0. 000
o. oo7
o. l-48
o. oo1
o. 004
o. 640
0. 000
0. 000

(.28)

(.002)
(.006)

(.003)

(. oor_)
(.004)

0.843 ( . oo6)
o.7e3 (.oo4)
2.56r (.023)
81.4 (0.3)

:::::::::::::-__ __-::::::::::::::::::::::::::_____

1. Homogeneous.
9. Homogeneous.
4. Cs-enriched b1eb.
2. Cs-rich veinlet.
Average of hornogeneous pollucite (N : 5) .
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5.4 Walden Gem Mine, Connecticut

The Ïrlalden Gem Mine (a.k.a. Gotta-[rlalden) is located

near Portl-and, Connectícut about l-5OO m north of the

Strickland pegmatite.

Sample number: PA-1-39 (M. Vüise, U. S.N.M. R 1,6708) ì 1

thin section, 7 analyses.

5.4.L Properties, associations and alteration

In hand specimen the pollucite is clear and colourless

with a vitreous lustre. It is cut by a l-ens-shaped vein of

a grey to pink fine-grained mineral. Very smal-I amounts of

buff clays occur along fracture surfaces.

In thin section, the vein contains mica and quartz +

analcime. The tip of the lens is extended to a thin vein.

Small round aggregates of adularia extend from the vein and

are also ernbedded in the pollucite.

5.4.2 Textural relationships

The pollucite is almost entirely homogeneous; near

some fractures it is slightly enriched in Na+.
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5.4.3 Compositional trends

A plot of Si/AI vs. CRK is shown in Figure 5.4-1a. The

homogeneous pollucite has Si/41 from 2.54 to 2.60 and CRK

from 77 .9 to 82.9; the averaqe and additional_

representative compositions are given in Table 5.4-L. The

Na-enriched compositions have CRK as Iow as 7O.7 and the

same Si/41 as the homogeneous pollucite.

A plot of Al (+ Fe), and sum of cation charg'es vs. CRK

is given in Figure 5.4-1b. A1 is constant with CRK. The sum

of cation charges decreases with decreasing CRK, due to
sample burning of the Na-enriched pollucite.
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96

Table 5.4-l-: Composition of pollucite from Walden Gem Mine,
Connecticutt.

No. Average

sio2
AI2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

47 .38
1_5. 58

o. 02
o.2L
1,.64
0. 01
o. 09

33.00
0. 00
o. o0

47 .1-2
1,5 .7 7

0. 00
o.20
L.64
o.02
o .1"7

32.90
0. 00
0. 00

46. 00
15.73

0. 00
o.20
L.47
o. 03
o.L7

34.L6
o. oo
o. oo

44.96
45.94

0. 0l_
0. 01
r.26
o. o1_

0. 1_5

36.1_5
0. 00
o. oo

47 .2L (.2e)
L5.64 (.08)

o. 00
0. 1e (. 02)
L.67 (.03)
0. 02
0.1_5 (.04)

32.7e ( .16)
o. 00
o. 00

si
Al_
Fe
P
Na
K
Rb
Cs
Ca
Mg

97 .93

2.1,63
0.838
0. 001
0.008
0. 145
0. ool_
o. oo3
o .642
0. 000
o. 000

Al + Fe 0.839
X charges O.79L
si/Al 2.58A
CRK 8L.7

97.86

2.L56
0.849
0. 000
0.008
0. 145
0. 001_
o. oo5
o.64L
o. ooo
o. 000

0.849
o.792
2 .539
81,.7

97 .77

2.L39
0.863
o. 000
0. 008
0.133
o. 002
o. 005
o.677
o. ooo
o. ooo

0.863
0.816
2.480
83.8

98.48

2.1,23
0. 887
0. 000
0. 000
o. 1_1_5

0. 000
0. 005
o.728
0. 000
o. oo0

0.887
0.848
2.392
86.4

97.67

2.L60
0.843
0. 000
0. 007
0. 1-48
o. 001_
o. 004
0.640
o. 000
o. ooo

(.28)

(.002)
(.006)

(.003)

(. oor-)
(.004)

0.843 ( .006)
o.7e3 (.004)
2.56L (.023)
81.4 (0.3)

1-. Homogeneous.
9. Homogeneous.
4. Na-enriched.
2. Na-enriched.
Average of homogeneous pollucite (N:5).
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5.5 Leominster, Massachusetts

Pollucite T¡ras discovered in 7937 in one of a series of
ledges of spodumene pegrrnatites extending into the town of
Leominster. frregular masses up to 3 cm in diameter are

associ-ated with spodumene, quartz, feldspars, amblygonite,

green tourrnaline, and topaz. Bulk compositions T¡rere

determined by Richmond & conyer (l-938) (No. 44 in Tabte

2.1-h). In Massachusetts, pollucite is also known from the

Barrus pegrrnatite in the town of Goshen (Shaub & Schenck

L954). Sample number: PA-020 (J.S. White, U.S.N.M. J_03386);

2 thin sections, 20 analyses.

5.5.1 Properties, associations and alteratj-on

fn hand specimen, the pollucite is white to colourless

and granular in texture. ft is associated with quartz,

spodumene, white mica, microlite(?), apatite, and green

tourmaline.

In thin section, the pollucite occurs adjacent to and

interstitially with lath spodumene (synplectitic with
quartz), quartz, and feldspar. The pollucite is cut by thin
(0.5 mm wide) subparallel veins of fine-grained mica which

pinch out within the pollucite. Scattered small grains of
quartz are present in the polJ-ucite. Minor adul_aria is
present along surfaces of the mica veins.
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5.5.2 Textural relationships

The pollucite is mostly homogeneous but is enriched

in Na+ adjacent to the veins of mica. LocaIIy the
pollucite is cut by Cs-rich veinlets (+ quartz). A j_OO 

¡¿m

wide band of cs-rich pollucite contains a 2s ¡lm wide band

with even higher cs contents imrnediatery adjacent to some

of the lath spodumene. Quartz adjacent to the poJ-lucite

contains round pollucite incl-usions up to 50 pm in size.
The pollucite is cs-rich at contacts with aduraria grains.

5.5.3 Compositional trends

A plot of Si/Al vs. CRK is shown in Figure 5.5-l_a. The

homogeneous pollucite has si/A] from 2.47 to 2.s3 and cRK

from 79.3 to 82.o. Na-enriched pollucite has cRK as low as

66 and the same si/41 as the homogeneous polrucite. The cs-
rich veinrets have si/Al as row as 2.34 and cRK as hiqh as

88.9. The cs-rich pollucite adjacent to spodumene laths has

Si/AI as low as 2.24 and CRK as high as 92.2.

A plot of Al (+ Fe), and sum of cation charges vs.
cRK is shown in Figure 5.5-l-b. The sum of cation charges

follows a trend of A1 increasing with cRK, except for the

Na-enriched pollucite, urhere AI is constant with CRK.
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Tab1e 5.5-1: Composition
Massachusetts.

of pollucite from Leominster,

18l_oNo.

sioz
AI203
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

46.53
l_5.96

o. oo
o.22
1_. 60
0.01
o. 1-9

32.78
0.00
0. 00

47.23
l-5.95

0. 01
o.21
1, .82
0. 01-
o. 08

3a.7 4
0. 03
0. o0

47.L7
1-5.80

0. 00
o.25
4"75
0. 00
o.L4

32.29
o. ol-
o. oo

48.81-
l-6.86

0. o1
0.21
3.1_3
0. 04
0. oo

27 .82
o. 03
0. 00

43 .61,
15. 83

o. 00
o. oo
1_. 02
o. 00
0. 1_5

36.74
0. 00
o. oo

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum

A1+Fe
X charges
si/A1
CRK

97 .30

2.L L
0.866
0.000
0.009
o.l_43
0.001_
0. 006
o.643
0.000

0.866
o.793
2.473
82.0

97.08

2.L52
0.857
0.000
0. 008
0. 1-61-
0. o0l-
o. oo2
o.6].7
0. 001_
o. 000

0.857
o.782
2.5L3
79.3

97 .4L

2.L54
0.850
0. ooo
0.010
0. t_55
o. 000
o. 004
o.628
0. 000
0. 000

0.850
o.787
2.534
80. 3

96.90

2.L39
0.871_
o. ooo
o. oo8
o.266
o. 002
o. 000
0.520
0. 001
0. 000

0.871_
o.790
2.456
66.2

97.36

2.LOg
o.902
0.000
0.000
o.096
o. ooo
0. 005
0. 758
o. ooo
0. 000

o.902
0.859
2.338
88.9

1-. Homogeneous.
l-0. Homogeneous.
1-8. Homogeneous.
8. Na-enriched.
4. Cs-enriched veinlet.



Table 5.5-2: Composition
Massachusetts.

of pollucite from

l_01_

Leominster,

No. t-31-2L7 Average

sio2
A.12o3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

46.26
L6.07

0. 0l-
o.20
L.99
o. oo
0. 19

3l- . 85
0. 01
o. 00

42.63
l_5.96
o.02
0. 00
0.93
o. 03
o. i_4

37 .6r
0. 01
o. o0

44.8t
l-6. ol-

o. oo
o. 06
L.40
0. 0l_
o. 09

34.99
o.02
0. 00

42 .53
l_5. 98

0. 0t_
0. 0t-
o.7L
o. ol-
0. o8

38.54
0. 02
o. oo

46.64 (.38)
r_s.84 (.08)

o. 00
o.23 (.05)
L.7L (.07)
o. ol_
0.16 (. 08)

32.4e ( .3e)
o. o0
o. oo

Si
AI
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum 96.58

2.L32
0.873
0. ooo
o. oo8
o.L78
0.000
o. oo6
o.626
o. o0l_
0. 000

AI + Fe 0.873
E charges 0.81-1-
si/Al 2.442
cRK 77.9

97 .34

2.088
o.92L
0. 001_
o. 000
o. 088
0. oo2
0. o04
0. 785
o. ooo
0. 000

o.922
0. 881_
2.268
89.9

97.39

2.\48
0.893
0. 000
o. 002
o.L29
0. ool-
0. 003
0.705
o. ool_
o. ooo

0. 893
0.840
2.373
84.5

97 .87

2.O87
o.925
o. ooo
o. oo0
o.o67
0. 000
0. oo3
0.806
o. 001_
0. 000

o.925
0.878
2.257
92 .2

97.09

2.146
0.859
o. ooo
o. oo9
o.L52
o. ool_
0. 005
o .637
0. 000
0. 000

0.859
o.795
2.499
80.9

(.27)

(.005)
(. oos)

( . ool_)
(.005)

( . oo1_)
. o1r-)

.00s)

.008)

. 0]_e )
0.8)

L7. Inclusion in quartz.
5. Inclusion in adularia.
L2. !,iide Cs-rich band next to spodurnene.
1-3. Thin Cs-rich band next to spodumene.
Average of homogeneous pollucite (N : 8)
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5.6 Mt. Rube1lite, Hebron, Maine

The locality of the historic second find of pollucite
in the world was Mt. Rubellite (C. Francis, personal

communication 1991-), and not Cusham Farm or the Owlrs Head

property (both mined by W.D. Neville, both reportedly
pollucite localities). Pollucite v/as found in two cavities,
one with etched quartz, the other within a pile of c1ay.

Iriells (l-891) determined bulk compositions (No. 4L in
Table 2.Ig and No. 55 in Table 2.L)). More than 5OO g of
fresh materj-al was available to Wel-Is, associated with
quartz, cesian beryl, and psilomelane. The pollucite is
clear, colorless, vitreous, and contains only a single

embedded crystal of quartz. Perpendicul-ar to fracture
surfaces is a series of parallel holes of rectangular

cross-section. Fleischer & Ksanda (L940) determined

dehydration curves of this pollucite (L.46 wt.å HZO).

Sample numberz PA-o74 (J.S. Vühite. U.S.N.M. 96627)¡ l-

thin section, LL analyses.

5.6.l- Properties and cornposition

The pollucite is clear and inclusion-free, colourless,

and vitreous in lustre. It is compositionally homogeneous,

with Si/41 from 2.37 to 2.4O and CRK from 85.2 to 87.3; the

average and typical compositions are given in Tab1e 5.6-l-.
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Table 5.6-1-: Composition of pollucite from Mt. Rubellite,
Hebron, Maine.

No. 1 2 Average

sio2
.A'12O3
Fe2O3
Pzos
Na2O
Kzo
Rbzo
Cs2O
CaO
Mgo
Hzo

45.02
16.06

o. oo
o. o0
L.26
o.02
o. 04

35.79
0. 00
0.00

45.40
16. l-9

0. 00
0. 00
1-. 38
0. 03
0. 04

35.85
o. oo
0. 00

45.07
15.98

0. oo
0. 00
L.28
0. 02
o.02

36.04
0. 00
0. 00

44.90
16.07

o. 00
0. 00
1,.22
0. 04
o.02

35.79
0.00
0. 00

45.0e ( .20)
1-6.1_3 (.24)

o. 00
0. 00
L.24 (.06)
o. 04 ( .01)
0.02 ( .01)

37 .78 (.22)
o. oo
o. oo

Si
AI
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum 98.1,9

2.L22
o.892
o. oo0
o. ooo
0. l_l_5
o. ool_
0. 001_
o.7L9
o. oo0
o. ooo

A1 + Fe 0.892
Ð charges 0.837
si/Al 2.380
cRK 86.2

98.90

2.L21,
0.891
0. 000
0.000
o.L25
0. 002
0. 001_
o.7]-5
0. 000
o. 000

0.891_
0.843
2.38L
85.2

98.4L

2.r23
0.888
0. 000
0. 000
o.tL7
0.001-
0.001_
o.724
0. 000
0. 000

0.888
0.843
2.392
86. 1_

98.04

2 .1_2L
0.894
o. oo0
o. 000
0. l_l_l_
o. o02
0. 001_
o.72L
0. 000
o. ooo

0.894
0.835
2 .371,
86.7

98.26

2.L23
0.891_
0.000
0. 000
0. l_14
0. 002
0. 009
0.71-8
0. 000
0.000

( .32)

(.003)
(.003)

(.005)
( .00r_)

(.006)

0.891- (.003)
0.835 ( .007)
2.382 ( .010)
86.4 ( o. 6)

1. Homogeneous.
2. Homogeneous.
3. Homogeneous.
4. Homogeneous.
Average of homogeneous pollucite (N : 11).
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5.7 Mt. Marie, Paris, Maine

Sample number: PA-076 (D. Garske); 1 thin section, 15

analyses.

5.7.1- ProperLies, associations and alteration

In hand specirnen the pollucite is white in colour with

a greasy lustre. A few thin (f- mrn) veins of mica crosscut

the poll-ucite as well as a set of very thin subparallel

veins spaced 1- to 3 mm apart. A light coating of buff clays

occurs along fracture surfaces and near veins.

In thin section, the mica veins are irregular in width

and diffuse. the pollucite has abundant micro-inclusions,

and a few grains of spodumene. Apatite is associated with

the clays.

5.7 .2 Textural relationshiPs

The pollucite is mostly homogeneous. It is Na-enriched

near fractures. Cs-enriched btebs are rare. Diffuse Cs-rich

veintets (Fig. 5.7-1a) are associated with small grains of

quartz (t spodumene t mica). The pollucite contains some

elongate lens-shaped grains (up to 1-50 pn) of Cs-rich

pollucite, surrounded by Na-enriched poltucite (Fig. 5.7-

lb) .
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Fig. 5.7-L. BSE images of Mt. Marie pollucite" a) Diffuse
Cs-rich veinlets and guartz grains in a large area of
homogeneous pollucite. b) Cs-rich grain with strongly
Na-enriched rims in a large area of homogeneous
pollucite.
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5.7 .3 Compositional trends

A plot of Si/AI vs. CRK is shown in Figure 5.7-2a. The

hornogeneous polJ-ucite has Si/AI from 2.52 to Z.SB and CRK

f rom 7 7 .7 to 7 9 . 5 r' the average and additional
representative compositions are given in Table 5.7-L.

Qualitative analyses of the Na-enriched pollucite indicate
cRK as low as 71.6 and Si/41 within the same range as the

homog'eneous pollucite. Cs-enriched blebs have Si/AI as low

as 2.34 and CRK as high as 82.5. Cs-rich veinlets have

Si/41 as l-ow as 2.27 and CRK as high as 96.8.

A plot of AI (+ Fe), and sum of cation charges vs. CRK

is shown in Figure 5.7-2b. The sum of cation charges

follows a trend of AI increasing with CRK.
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Table 5.7-l-:
Paris, Maine.

Composition of pollucite from Mt. Marie,

No. l-8 L9 13 Average

sio2
.A'12o3
Fe2O3
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

47 "82
l_6. 00

0. o0
o.22
1.89
0. ot-
o. oo

3l_ . 89
0. 00
0. 00

44 .89
15.91_

0. 0l_
0. 04
1_. 06
o. 00
0. 00

37.00
0.00
0. 00

45.37
1,6.49

0. 00
0. 18
t_. 61
o.02
0.00

34.33
0. 00
0. 00

43.75
L6.34

0. 00
o.26
7.2L
o. oo
o. 05

36.37
0. oo
0. 00

47.98
l_6. 01_

0. 00
o.27
l_.91
o. 02
0. o0

3l- . 86
o. o0
0. 00

.40)

. o6)

.03)

. o6)

. o1-)

(.221

sum

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
M9

A1+FE
X charges
si/Al
CRK

97.84

2.L56
0.850
o. 000
0. 009
0. l_66
o. ool_
o. ooo
0. 61-3
0. 000
0.000

0.850
0.780
2.537
78.8

98.9L

2 .122
0.887
o. 000
0. 002
o.o97
o. ooo
o. ooo
o.7 46
0. 000
0.000

0.887
o.842
2.393
88.5

98. 00

2.108
0.903
o. ooo
o. oo7
o. 145
0. oo1
o. ooo
o. 680
o. 000
0. 000

0.903
o.826
2.335
82 .5

97.99

2.086
o.9t-8
o. ooo
0. 0t-o
0. 1-t_3
o. ooo
o. oo1
o.739
0. 000
0. 000

0.918
0. 853
2.272
86.8

98. O6

2.L56
o. 848
0.000
0. oi-o
o.L67
0. 001_
0. 000
0. 611-
0. ooo
0.000

0.848
o.779
2.543
78 .6

(.35)

(.004)
(.005)

( . oo1)
(.005)

. oo5)

.oo5)

.004)

. o2L)
0.7 )

18. Hornogeneous.
7. Cs-rich grain.
L9. Cs-enriched bleb.
l-3 . Cs-rich veinlet.
Averaqe of homogeneous pollucite (N : 5).
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5.8 Merrill Mine, Paris, Maine

The sample hras mis-labelled as Merritt mine, but is
probably from the nine of Loren B. Merrill, ât Mt. Mica.

The composition is the same as poltucite from Mt. Marie,

however, the associated mineral-s are different.
Sample number: PÀ-033 (I. Cerná, M48); l- thin section,

1-6 analyses.

5.8 . 1- Propert j-es, associations and alteration

In hand specimen, the pollucite is white, granuÌar,

and crumbly. It is associated with Iight blue

cleavelandite, is crosscut by very thin white veins, and

is associated with smal-l- amounts of buff cIays.

fn thin section, the pollucite occurs between grains

and as fracture-fitlings of the atbite. It is cut by veins

of coarse-grained mica. Later fine-grained mica veins are

partially replaced by spodumene and pinch out within the

pollucite segregation.

5.8.2 Textural relationships

About half of the pollucite is compositionally

homogeneous. This half contains later Cs-enriched blebs,

crosscut by quartz-containing Cs-rich veinlets. The
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pollucite between al-bite laths is Cs-rich and shows

symplectitic intergrowth with quartz (Fig. 5.8-1a and b).

5.8.3 Compositional trends

A plot of Si/AI vs. CRK is shown in Figure 5.8-2a.

The homogeneous pollucite has Si/AI from 2.53 to 2.59 and

CRK from 75.7 to 78.8; the average and additional
representative compositions are given in Tabl-e 5.9-i_. The

Cs-enriched btebs have Si/Al as low as 2.43 and CRK as high

as 82.6. The Cs-rich veinlets have Si/41 as low as 2.33 and

CRK as high as 90.1. The Cs-rich pollucite symplectitic
with quartz has Si/AI as low as 2.29 and CRK as high as

89. r_.

A plot of A1 (+ Fe), and sum of cation charges vs. CRK

is shown in Figure 5.8-2b. The sum of cation charges

follows a trend of Al- increasing with CRK.
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Fig. 5.8-1-. BSE images
rich pollucite in
quartz.

Merril-l pollucite. a) and b) Cs-
syrnplectitic intergrowth with

of
a
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Fig. 5.8-2. compositional trends for Merrill Mine, paris,
Maine. a) Si/AI vs. CRK, and b) Al (+ Fe), and sum of
cation charges vs. CRK. Slaubols as in Figure 3.1-3.
Cs-rich pollucite in a synplectitic intergrowb.h with
quartz (T).
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Table 5.8-l-: Composition of pollucite from Merrill Mine,
Paris, Maine

No. 5 AverageL4 l_0

sio2
AI2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

48.26
1_5. 98

0. 00
o.22
2.00
o. 00
0. 00

30.73
o.02
o. 00

46.67
15.84

0. oo
o.07
L.7 4
0. 0l_
0. 00

33.95
0. 01_

0. oo

43.29
l_6. 08
o.02
o.07
l_. 01
0. 06
0. 00

37.7L
0. oo
o. ol_

43.7L
l_5.88

0. o0
0. ol_
0.91_
0. 0l_
0. 00

38. t_9
o. 03
0. oo

48.38
16. 03

0. 00
0. l_9
2.O4
0. o1-
0. 00

31.05
0. 04
0. 00

.52)

.08)

. 08)

.07)

(.8L)
(.04)

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum

AI+FE
X charges
si/Ar
CRK

97 .2L

2.1-64
0. 845
0. 000
o. 009
o.17 4
o. 000
o. 000
0. 588
o. ool_
o. ooo

0. 845
o.764
2.56L
77.L

98.29

2 .1-47
0.858
0. 000
o. 003
o. 1-55
0. 001_
o. 000
o .666
o. ool_
o. 000

0.858
o.824
2.502
81_. 0

98.25

2.O90
0.915
o. 001-
0. 003
0.095
0. 004
0.000
o.777
o. ooo
o. ooL

0.91-6
0. 878
2.284
89.l_

98.7 4

2 .1,O5
o.902
0.000
0. 000
o. 085
o. 001-
o. 000
0.785
o. oo1
o. 000

o.902
o.872
2.334
90.l-

e7 .75 ( .30)

2.l.64
0. 845
0. 000
o. 007
o.L77
0. oot-
o. 000
0.593
0. oo2
0. ooo

o. 845
o.774
2.56L
7 6.9

.006)

.005)

.003)

.005)

.020)

(.005)
(.or_4)
(.020)
(L.2)

5. Homogeneous.
1,4. Symplectitíc with quartz.
10. Syrnplectitic with quartz.
8. Cs-rich veinlet.
Average of homogeneous pollucite (N : 6).
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5.9 Dunton Gem Quarry, Newry, Maine

The pegmatite of the Dunton Gem euarry (a.k.a. NeviIIe
tourmaline rnine) was described by Fraser (l-930). The

porlucite is closery associated. with spodumene and is
fracture-fil-Ied by quartz (Fairbanks t92B). A L.7 carat
Itbrilriant-cutrr gem of poì-lucite, described by spencer

(1-934) with n: l-.51- and D = 2.86, probably came from this
popuÌar colJ-ecting locality. The polrucite-bearing crooker

and Kinglet pegrmatites are rocated 1oo m north, and j-oo m

southwest, respectivery, of the Dunton quarry (shaub l-940).

Sample No.: PA-038 (V. King); 2 thin sections, 30 analyses.

5.9.1- Propertíes, associations and alteration

rn hand specimen, the portucite ranges from white r¡¡ith
a greasy lustre to clear and colourless with a sub-vitreous
luster. Extremely thin sub-paraÌrel white veins, spaced

irregurarLy, cut the porrucite into slabs up to 3 mm thick.
rn thin section, the white porrucite contains abundant

micro-incrusions, not present in the crear colorless
poJ-lucite. An irregular vein of coarse mica + quartz cross-
cuts the pollucite, as well as thin veins of fine-grained
mica. clay minerals, associated v¡ith fine-grained quartz,

apatite and spodumene replace pollucite arong fractures.
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5.9.2 Textural relationships

The homoqeneous pollucite has mm-sized areas r¡¡ith

distinct compositions. Locally, the potlucite is híghly
enriched in Na*, particularly alongi fractures and near

veins. The most Na-enriched compositions are associated

with small- grains and veins of apatite (Fig. 5.9-1-a) .

Locally, a well-developed blebby matrix consists of Na- and

Cs-enriched domains. The blebs are elongate and l-amellar

(Fig. 5. 9-l-b) . These are cross-cut by Cs-rich veínlets,
which have a flame structure (Fig. 5.9-1-c).

5.9-3 Compositional trends

A plot of Si/41 vs. CRK is shown in Figure 5.9-2a. The

homogeneous pollucite has Si/AI from 2.36 to Z.5S and CRK

from 80.2 to 87 .3; the average, and additional
representative cornpositions are given in Tables 5.9-i- and

2. The highly Na-enriched compositions have an average

Si/41 of 2.35. The Na-enriched blebs have Si/AI as high as

2.5L and CRK as Iow as 75.6. The Cs-enriched blebs have

Si/41 as low as 2.35 and CRK as high as 85.3. The Cs-rich

veinl-ets have Si/AI as low as 2.27 and CRK as high as 89.6.

A plot of A1 (+ Fe) , and sum of cation chargies is shown

in Figure 5.9-2b. The sum of cation charges follows a trend

of near-constant AI with CRK for all the pollucite.
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Fig. 5.9-t. BSE images of Dunton pollucite. a) Area of
strong rranalcimizationtr associated with clay minerals.
the compositions most enriched ín Na are near veinlets
of apatite (bright). Note upper right: some of the clays
have enrichment in Cs. b) Larnmelar intergrowth of Na-
and Cs-enriched blebs.
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Fig. 5.e-1-.
replacing
fractures.

c) Flame structure
homogeneous pollucite
Note enrichment in Na

of Cs-rich veinlets
from the surface of

along l-ater fractures.
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Table 5.9-1: Composition of pollucite frorn Dunton Gem

Quarry, Ner¡rry, Maine.

No. 6 l-o 27 21.

sio2
AI2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

47 .3L
L5.7 6
o.02
o.37
1_.39
0. 01
0. 39

33.58
0. 00
o. 00

46.53
L5.69

0. 01
0.34
1. l-3
0. 05
0. 60

34.30
0. 0l-
0. oo

44.77
1_6. 09

0. 0l_
o .1-7
1. 31
0. 0l_
0. 08

35. 60
o. 01
0. 00

54.78
19.83

0. 00
0. oo

10. 18
o.07
0. 02
6 .69
o.07

52.05
l_9.00
0.01
0. 07
8.48
o.02
o. 00

LL.7 O

o. 05

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum

AT+FE
: charges
si/A1
CRK

98.83

2 .1,52
0.845
o. o0l_
o. ol_4
o.L23
0. 001-
o. oLz
o.652
0. 000
o. ooo

0.846
o.787
2 .548
84.4

98.64

2 .l.46
o. 853
0. oo0
o. ol-3
o. l-ol-
0. 003
0. 0l_8
o.674
0. 000
o. oo0

0. 853
o.796
2 .5L7
87 .3

98.04

2.LTL
0. 894
0. 000
0. o07
0. L19
0. 001
o. 002
o.776
0. 000
0. ooo

0.894
0.838
2.360
85. I

9L.63

2.LO7
0.898
0. 000
0. 000
o.759
0.003
o. 000
0. 1_l-o
0. 003
0. 000

0.898
0.878
2.345
1_2.9

9L.37

2.LOL
0.905
0. ooo
o. oo2
o.664
0.001
o. 000
o.202
0. 002
0. oo0

0.905
0.870
2.323
23.3

6. Homogeneous.
9. Homog'eneous
1-0. Homogeneous.
27. Na-enriched.
2L" Na-enriched.



Table 5.9-2:
Quarry, Newry,

Cornposition
Maine.

of pollucite from

L20

Dunton Gem

No. 25 L2 15 Average

sio2
AÌ2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

47 .73
L6.78

o. oo
o. o6
4 .54
o. 04
0. 00

25.08
0. 00

44.33
l-6.38

o. 02
0. 28
2.L9
0. 02
o. ol_

30.77
o. ol-
0. 00

45.41_
L6.34

o. oo
0. 18
t.7 4
o. oo
o. oo

34.23
o. oo
0. 00

43 .52
L6.27

o. 00
o.22
0.98
0. ol_
0. 00

38.45
0.00
0.00

46.5L
1,5 .87

0. 0r_
0.32
4.43
o.02
0.35

33.88
0.00
0.00

(. eo)
(.16)

(.07)
(.24)

(.2L)
(1.0)

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum 94.23

2.L2L
o.879
o. ooo
0. 002
o.392
o. 002
o. 000
o.475
0. 000

Al + Fe 0.879
X charges 0.869
si/A1 2.4L5
cRK 54.9

98. OL

2.L49
0.858
0. 001
o. o1-1-
o. 189
o. ool-
0. 000
0. 584
0. 000
0. 000

0. 859
o.77 4
2 .506
75.6

97 .90

2.1,LL
0.895
0. 000
o. oo7
o. 1-58
o. 000
0. 000
o.679
0. 000
0. 000

0.895
0.836
2.358
8L.2

99 .46

2.O82
o.91"7
0.000
0.009
0.091_
o. ool-
o. ooo
0.785
0. 000
0. 000

o.917
o.877
2.269
89. 6

98.39

2.L38
0.860
o. ooo
o.0l_2
o.L27
0. o0t_
o. 0L1_
o. 648
0.000
0. 000

.37 )

.014)

. o1_8 )

.oo3)
(.020)

(.006)
( . ozL)

0. B6o ( .0r-8)
0.803 (.ol_8)
2.487 (.066)
84.2 (2.6)

25. Na-enriched.
t2. Na-enriched bleb.
l-5. Na-enriched b1eb.
4. Cs-rich veinlet.
Average of homogeneous pollucite (N : 6).
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5.10 Locality X, oxford County, Maine

often Maine specímens T¡/ere labelled in a general

fashion to disguise the locatity. This specimen probably

came from the Dunton Gem mine, Newry, a popular collecting

Iocality (c. Francis, personal communication l-991-). Bulk

ore from Oxford Co. r¡tas found to contain albite (52 Z) ,

muscovite (r-5å), spodumene (53) and apatite (22) (Dean &

Nichols 1,962) .

Sample number: PA-030 (V. King); 2 thin sections, 1-

grain mount, L4 analyses.

5.1-0.1 Properties, associations and alteration

In hand specimen, the pollucite is white to clear and

colourless. It contains scattered grains of pink rnica l- mm

in size. CIay minerals are present on fracture surfaces

assocíated with smatl amounts of a (Mn-bearing ?) mineral.

In thin section.. the colourless pollucite contains

only mica grains. The white pollucite has scattered

quartz, mica, and spodumene grains, and abundant micro-

inclusions. Thin j-rregular mica veins contain later

spodumene.
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5.L0.2 Textural relationships

The clear and colourless pollucite is al-most entirely

homogeneous, hor,üever, near fractures ít is slightly

enriched in Na+. The pollucite which is white in colour has

onty local homogeneous areas, crosscut by Cs-enriched

blebs assocj-ated with quartz grains (Fig. 5. 1-O-1-a) . The

blebs are cross-cut by Cs-rich veinlets + quartz. Cs-rich

pollucite occurs near the mica veins, however, the veins

seem to cross-cut the Cs-rich veínl-ets (Fiq. 5.1-o-l-b).

5.l-0. 3 Compositional trends

A plot of Si/AI vs. cRK is shown in Figure 5.1-o-2a.

The homogeneous pollucite has Si/AI from 2.45 to 2.55 and

CRK from 77.4 to 82.9; the average and additional

representative compositions are given in Tab1e 5. 1-0-1-. The

Cs-enriched blebs have si/AI as 1ow as 2.34 and CRK as high

as 89.5. The Cs-rich veinlets have Si/41 as low as 2.29 and

CRK as high as 92.8.

A plot of A1 (+ Fe), and sum of cation charges vs. CRK

is shown in Figure 5.10-2b. The sum of catj-on charges

follows a trend of increasing A1 with cRK.
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Fig. 5.1-0-1-. BSE images of Locality X, Oxford Co.. a) Mica
vein (dark) crosscutting Cs-enriched bleb. b) Mica vein
with Cs-rich pollucite crosscutting(?) Cs-rich veinlets
in homogeneous pollucite. Brightest specks are tin
polish.



]-24

2.7 5

2.50

S¡/AI

2.25

Al .

sum of
cation o
charges

a
ÂA

AÀ^
aaoo

o

€

q¡c
t 

at""

o$o 
o

o
o

Btro
EI

to 
cRK

Fig. 5.10-2. Compositional trends for
Co., Maine. a) Si/41 vs. CRK, and b)
of cation charges vs. CRK. SymboJ-s as

ooc
o

Locality X, Oxford
Àl (+ Fe), and sum
in Figure 3.l--3.



t25

Table 5.1-O-1: Composition of pollucite from Locality Xl
Oxford County, Maine.

No. Averagea2l_3

sio2
Al-2o3
Fe2O3
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

46 .84
L6.25
0"02
0.34
l_. 98
0"02
0. l_o

32.02
o. o1-
o. 00

47.36
L6. 02
0. o0
0. ol-
1_. 56
0.03
o. 55

33.37
o. o1_

0. 00

44 .40
l-6. 09
0"01
o. oo
o.97
0.03
0.54

36.89
o. o0
0. oo

43.3L
l_6.03

0. 00
o. 03
0. 66
0. o1_

o. 54
38.l_0

0. oo
o. o0

47.65 (.4s)
16.10 (.0e)

0. 0l_
o.27 ( . 11)
1_.83 (.L7)
0. 02
0.36

32.L! (.60)
o. 00
o. oo

sum

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

AI+FE
E charges
si/A1
CRK

97.s7

2.L30
0.871_
o. 001
0. 013
o.L75
o. ool_
o. 003
o.62L
o. 000
o. 000

o.872
0.800
2.446
78.2

98.92

2.L54
0.859
0. 000
0. ool_
o.L37
o. oo2
0.016
o.647
o. ooo
0. ooo

0.859
0.802
2 .507
82.9

98.92

2 .1,1_O
o. 901_
0. 000
0. 000
0.090
o. 002
o. o1-7
o.748
0. oo0
0. ooo

0.901_
o.857
2.342
89.5

98.70

2.096
0.91-5
0. 000
0.001
o.062
0. ool-
o. 01_7
o.786
0. 000
o. 000

0.91_5
0.866
2.292
92.8

98 .21,

2 .746
o.857
0. 000
o. 01_1
o. l_60
0.001_
o. ol_l_
o.624
o. 000
o. ooo

0. 857
o.797
2.505
79.8

(.63)

(.01_t_)
(. or_o)

(.004)
(. or-s)

(.006)
(. ol-7)

(.01_o)
( .0r-0)
(.040)
(1.e)

3. Homogeneous.
13. Homogeneous.
12. Cs-enriched bleb.
7. Cs-rich veinlet.
Average of homogeneous pollucite (N : 7).
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5.1-1- BB # 7, Norway, Maine

Despite being termed

pegmatites in the area are

communication 1-991-) .

Sarnple number: PA-026

analyses.

no other mines or

Francis, personal

ffnumber 7t, ,

numbered (C.

(V. King) ; l- thin section, I

5 . l-l- . 1- Properties, associations and alteration

rn hand specirnen, the porrucite is white to clear and.

col-ourless. some thin grey veins are present, âs is some

buff cray. rn thin section, the pollucite is crosscut by

mica + spodumene veins. rt is repraced by smal-l granurar

aggregates of adularia.

5.LL.2 Textural relationships and composition

The pollucite is almost entirely homogeneous. Some Cs-

rich veinlets are present. Na-enriched pollucite occurs

along fractures, grading into the homogeneous porrucite
over a distance of l-ess than s pm. The homogeneous

pollucite has si/Ar from 2.3o to 2.33 and cRK from 94.1 to
86. i-; the average and additional representative
compositions are given in Table 5.11_-l_. The Cs-rich

veinlets have si/al as low as 2.25 and CRK as high as 97.9.
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TaþIe 5.1-1-t-: Composition of pollucite from BB # 7, Norway,Maine.

No. l_ Averag,e

sio2
A12O3
Fe2O3
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

44.69
L6.44

0. 00
1,.4L
r.24
o.02
l-. 05

33.07
o. 00
o. oo

0. 00
7.37
1,.28
0. 01_

1. 00

o. 0l_
o. oo

0"01_
o.94
L. L7
0. ol_
0. 65

0. 00
0. o0

43.84
l_6.51_

0. 0t-
1. l-0
l-. 09
o. 01
o. 53

35.28
0. o0
o. o0

44.90 44.73
76.34 16.35

44.76 (.a7)
L6.43 (.07)

0. 00
r_.36 (.03)
L.32 ( . 07)
0. ol_
0.93

32.ee ( . 07)
o. 00
o. oo

33.10 34.88

sum

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

97.9L 98.01 98.75 98.37 97.8A (.27)
2.062 2.O6e 2.o78 2.0s5 2.064 (.003)0.894 0.887 0.8e5 o.9t-3 0.8e3 i . OO: )0.000 0. 000 0. 000 o. ooo o. ooo0.0s5 0.0s3 0.037 O.O44 0.053 (.001_)0.i_i_l_ 0.11_4 o.l-05 o.oee o.j_1_8 i.oozi0. o0l- 0. 001 0. ooo o. ool_ o. 001_0.031 O.O29 O.O2O O.0l_6 0.028 (.004)
o. 6sl_ o. 6so o. 6el_ o. 705 o.64s i . OO¡ i0. 000 0. 001_ 0. 0oo o. o0o o. ooo0.000 0. 000 0. 0oo o. ooo o. ooo

AI + Fe 0.894 0.8s7 0.995 O.9 j-3 0.893 ( . oO3 )x. charges o.794 0.796 o. 81-6 0.82r- o .7sa ( . ooz )si/Al 2.306 2.332 2.32L 2.252 2.3LL ( .012)
:T::::=:::33:1=::::313=::::. 4:1:=:=:.. . :::=:::3:L=Iil',
L. Homogeneous.
8. Hornogeneous.
3. Cs-rich veinlet.
4. Cs-rich veinlet.
Average of homogeneous pollucit,e (N = 6).
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5.A2 Locality X, Norway, Maine

Besides BB #

locality is at the

km southwest of
communication 199 j_)

different from BB

Cobble Hilt.
Sarnple number:

I analyses.

7 | the only other Norway pollucite
northwest corner of Cobble HiII about 3

Mt. Marie (C. Francis, personal
. The composition of this specirnen is
# 7, so this may be a specimen from

PA-031- (I. Cerná, li47) ¡ l_ thin section,

5.L2.1_ Properties, associations and alteration

fn hand specimen, the pollucite is clear and
colourless, and vitreous in lustre. rt is crosscut by two
sets of thin white veins, intersecting at an angle of about
30". The veins are sub-paralrer and spaced i_ to 3 mm apart.

rn thin secti-on, the porrucite contains a grain of
quartz 4 mm in size. An irregular vein of microcline (+

mica + tourmaline) is present. one set of the veins contain
a core of nedium-grained mica (1 albite) grading to
coarser-grained mica towards margins of the veins. The

veins have a constant width of up to i- nm and run for
severar- cm in length before pinching out within the
polÌucite. The rater, second. set of vei-ns contains onry
very fine-grained mica.
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5.L2.2 Textural relationships and composition

The pollucite is almost cornpletely homogeneous. Some

Cs-rich veinlets + quartz are present.

The homogeneous pollucite has Si/41 from 2.39 to 2.47

and CRK from 8l-.0 to 81"5; the average and additional
representative compositions are given in Table S.LZ-L. The

Cs-rich veinlets have Si/AI as Iow as 2.37 and CRK as high

as 84.4.
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Tab1e 5 . 1-2-1- : Cornposition of pollucite from Locality X,
Norway, Maine.

No. 25 Average202622

sio2
412O3
Fe2O3
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

46.29
L6.20

o"o1_
0. 3l-
L.64
0"04
0.30

32.6s
o. 02
o. ol_

47.05
L5.96

o. oo
0.33
L.69
o. o1_

o.26
32.37
o.02
o. o1_

44.90
l_5.96

0"01_
o. 02
1. l_8
0. 03
o.29

35.42
o. 02
0. 00

45. s3
1_6. t-0

0. oo
0.31-
l_. 4l_
o.02
o.27

34.33
o.02
o. oo

47.77 (.14)
L6.02 (.05)

o. 00
0.33 ( . 01)
L.66 (.01)
o. 02
o.29

32.52 ( .20)
o.02
o. 00

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

A1+FE
: charges
si/Ar
CRK

97.47

2.I27
0. 878
0. 000
0. 0l-2
o.l-46
o. 002
0. oo9
o.640
0. 001_
0. 00r-

0.878
0.81_3
2.392
81-.5

97.69

2 .144
0.857
0. 000
0. 0l_3
o.L49
o. 000
0. o08
o.629
o. ool-
0. 000

o. 857
0.801-
2.466
8l-. 0

97.82

2.L23
0.889
o. 000
o. ool_
0.108
0. 002
o. 009
o.7]-4
0. 001_
0. ooo

0.889
0.836
2.385
86. 9

97 .97

2.LLg
0.883
0. 000
0. 0r_2
o.L27
o. 001
o. 008
0.681_
0. 001_
o. 000

0.883
0 . 831_
2.368
84.4

97 .62

2.L38
0.863
o. 000
o. ol_3
o. l_48
o. ool_
o. o09
o.634
o. 001_
o. oo0

0. 863
0. 807
2.443
8L.2

(.26)

(.003)
(.004)

( . ool-)
(.003)

(.002)
(.003)

(.004)
(.003)
(.01_3)
(0. 1)

22. Homogeneous.
26. Homogeneous.
20. Cs-rich veinlet.
25 . Cs-rich veinl-et.
Average of homogeneous pollucite (N : 6).
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5.1-3 Locality Y, Norway, Maine

Sample number: PA-078 (I. Cerná, Do M-number); 1 thin
section, 18 analyses. The specific locality of this sample

is not known. Its association, alteration, and compositíon

are different from BB # 7 and Locality Y, Nor\^/ay, Maine.

5.1-3.1 Properties, associations and alteration

fn hand specimen, the poltucite is col_ourl_ess with a

vitreous lustre. ft is associated with 1- cm cleavelandite,
and slightly altered by buff clays. It is crosscut by

white veins l- to 3 mm in width.

In thin section, the pollucite contains a l-mm vein of
coarse-grained mica (lepidolit.e?). Later veins 0.5 to 3 mm

wide of fine-grained mica, are partially replaced by

spodumene. The spodumene is coarse-grained, and al_tered

near grain margins to a symplectitíc intergrowth with
quartz (Fig. 5.1-3-1). Bands of pollucite l- mm wide adjacent

to the spodumene veins has a high index of refraction and

abundant micro-inclusions. The veins are overgror/ì/n by

adularia, light brown in thin section.

5.L3.2 Textural relationships

Most of the pollucite is homogeneous. It is slightly
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enriched in Na* near fractures. Some Cs-rich veinlets +

quartz (Fig. 5.1-3-2a) are cross-cut by later veins of mj-ca

(+ spodumene) . Pol-l-ucite adjacent to spodumene is Cs-rich

and contains grains of quartz and a KAlSi-bearing phase, 1-

to 3 pm in size (Fig. s.13-2b).

5. l-3 . 3 Compositional trends

A plot of Si/AI vs. CRK is shown in Figure 5.1-3-3a.

The homogeneous pollucite has Si/Al- from 2.49 to 2.55 and

CRK from 84.5 to 86.6; the average and additional
representative compositions are given in Tabl-e 5.1-3-l-. The

Na-enriched compositions have CRK as low as 8L.7 and Si/41

in the same range as the homogeneous pollucite. The Cs-rich

veinlets have Si/Al as low as 2.26 and CRK as high as 94.2.

Pollucite adjacent to spodumene has Si/AI as low as 2.2O

and CRK as high as 96.2.

A plot of Al (+ Fe), and sum of cation charges vs. CRK

is shown in Figure 5.1-3-3b. The sum of cation charqes

follows a trend of A1 increasing with CRK.
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Fig. 5.L3-2. BSE images of Locality Y, Norway pollucite. a)
Veinlets of quartz-containing Cs-rich pollucite. b) Cs-
rich pollucite containing guartz and a KÀlsi-bearing
mineral adjacent to lath spodumene.
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Table 5.1-3-1: Composition of pollucite from Locality Y,
Norway, Maine.

No. Average18

sio2
AI2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

46.72
L5.77

0. 00
o.22
L.37
0. 02
o.24

34.1-3
0. 00
o. oo

47 .39
l-5.80

0. 03
o.21
1_.63
o. 02
0. 10

32.94
0. 0l_
o. oo

42.7r
t-6. 0l_

0. 0l_
0. 00
o.54
o.02
o.2L

39.97
o. 00
0. oo

42.OO
L6.24

0. 0l-
0. 00
0.36
0. 0l_
o.24

40.04
o. oo
o. oo

46.7 6
]-5.76

0. o0
0.21-
L.32
o.02
o.26

33.82
o. 01_

o. o0

.35)

.04)

.0s)
(.08)

(.02)
(.28)

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum 98 .46

2 .148
0.854
o. 000
0. 009
o.]-23
0. 001_
o. 007
o .669
o. 000
o. ooo

AI + Fe 0.854
X charges O.799
si/AI 2 .51-4
cRK 84.7

98. 1_3

2.L57
0.848
o. 001_
o. 008
o.L44
0. ool_
o. 003
0.639
0. 000
o. ooo

0.849
o.787
2.543
81,.7

99 .46

2.086
o.922
0. 000
0. 000
0. 052
0. 001-
0. oo7
0.833
o. ooo
o. ooo

o.922
0. 892
2.263
94.2

98.90

2.07L
o.943
o. oot-
0. o0l_
o. 034
o. ool_
o. oo8
0.841_
o. ooo
o. ooo

o.944
0. 884
2.]-95
96.2

98.l-5

2.LsL
0.854
o. 000
o. 008
0. 1-l_8
o. o0l-
o. 008
o .657
0. 000
o. ooo

(.2e)

(.006)
(.006)

(.002)
(.007)

( . oor_)
( . o24)

0.8s4 (.006)
0.807 (.o32)
2.5L8 ( .075)
85.r_ (0.8)

1. Homogeneous.
2. Na-enriched.
6. Cs-rich veinlet.
l-8. Cs-rich adjacent to spodumene.
Average of homogeneous po1J-ucite (N : 6).
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5.I4 OId Tom Mt., Greenwood, Maine

The specific localíty for this sample from OId Tom Mt.

(a.k.a. Uncle Ton Mt.) is the Emmons mine.

SampIe number: PA-13 4 (M. Iriise, U. S . N. M. L261-52) i 2

thin sections, L4 analyses.

5.1,4.1- Properties, associations and alteration

In hand specimen, the pollucite is white to
colourless. It is crosscut by very thin, sub-parallel white

veins.

In thin section, the veins are irregular and contain

mica. Round aggregates of adularia replace the pollucite,
adjacent to the mica veins.

5.L4.2 Textural relationships

The pollucite is most.ly homogeneous. It is slightly
Na-enriched near fractures. Sporadic quartz-containing Cs-

rich veinlets are present ( Fig. 5. 14-l-) . Pollucite
adjacent to and included within the adularia is Cs-rich.
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5. l-4.3 Compositional trends

A plot of Si/Al_ vs. CRK is shown in Figure 5.1,4-2a.

The hornogeneous pollucite has si/Al from 2.47 to 2.s3 and

cRK from 85.2 to 87.8; the average and additional
representative compositions are given in Table 5.14-j-. The

Na-enriched compositions have cRK as low as 76.3 and the
same si/41 as the homogeneous porrucite. The cs-rich
veinlets have si/Ar as low as 2.3s and cRK as high as 92.3.

Porlucite inclusions in adularia have si/A1 as low as z.j_o

and CRK as high as 97.2.

A plot of AI (+ Fe), and sum of cation charg'es vs. CRK

is shown in Figure s.r4-2b. The sum of cation charges

forrows a trend of increasing Ar with cRK, except for the
Na-enriched pollucite, in which Al is constant with cRK.
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Fig- 5.14-i-. BSE image of ord Ton polrucite. veinret of cs-rich porlucite within homogeneous portucite. polrucite
is enriched in Na along a fiacture.
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Fig. 5.L4-2. Composit,ional trends for Old Tom Mt.,
Greenwood, Maine. a) Si/Al vs. CRK, and b) Al (+ Fe),
and sum of cation charges vs. CRK. Syrnbols as in Figure
3.1--3. Inclusions of Cs-rich pollucitã in adularia f Ál .
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Tab1e 5. 1-4-l-: Composition of pollucite from Old Tom Mt,
Greenwood, Maine.

No. t4 Average

sio2
A12O3
Fe203
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

46.52
l-5. 87

0. oo
0. 35
L. t7
o. 05
0. 61_

33.66
0. 00
0. 00

47.56
l_6. o5

o. 00
o.32
2 .1,3
0. o1_

o.02
31.04

0. 00
0. 00

44 "20
L5.73

o. oo
0. oo
0. 69
o. 04
o. 55

36.64
0. 00
0. 00

40.36
L6 .27

o. o0
o. oo
o.26
0. 06
0. 00

41. 0l_
0. 00
0. o0

46.60 ( .41)
1s.86 (.08)

0. 00
0.31 (.03)
L.20 (.0e)
o. 09
0.60 (. 03)

33.80 (.2e)
0. 00
0.00

si
AT
Fe
P
Na
K
Rb
CS
Ca
Mg

sum

Al- + Fe
: charges
si/A1
CRK

98.22

2.L L
0.860
0. oo0
0. 01_4
0. t_04
0. 003
0. 01_8
0. 661_
0.000
0. 000

0.860
0.785
2.489
86. 8

97 .L3

2.L48
0.856
o. 000
o.oL2
0. l_86
0. 000
0. 001
0.598
0. 000
0. 000

0.856
0.785
2 .51,4
7 6.3

97 .85

2.L24
0.891_
o. oo0
o. 000
0. 064
o. oo2
0. 0l_7
o.75L
0. 000
o. 000

0.891
0.833
2.385
92.3

97.97

2.O43
0.886
o. 000
0. ooo
o. 026
o. 004
0. 000
0.886
0. 000
0. 000

0. 886
0.915
2.LOA
97 .2

e8.47 (.47)

2.a42
o. 859
0. 000
0. o1_2
0.l_07
0. 005
0. 018
o. 663
0.000
0. 000

0.859
o.793
2.493
86.5

(.007)
. oo6)

. ool_)

.o0e)

.006)

.004)

(.007)
(.01s)
( . o24)
(1.0)

2. Hornogeneous.
5. Na-enriched.
14. Cs-rich veinlet.
9. Inclusion in adularia.
Average of homogeneous polluciÈe (N : 6).
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5.1-5 Locality X, Greenwood., Maine

This sampJ-e is likely from old Tom, Greenwood, as the
arteration and composition are so simirar to that rocarity.

sample number: pA-006 (c. Frondel, Harvard 92864) ¡ i_

thin section, 12 analyses.

5.15.1- Properties, associations and alteration

rn hand specimen, the porlucite is colourress and has

a vitreous rustre. rt contains a mica grain, and a 2 mm

white grain.

rn thin section, the white grain is identified as a

round granurar aggregate of adularia, embedded in the
porluci-te. The polrucite contains a very thin vein of fine-
grained mica.

5.L5.2 Textural- relationships

The pollucite is
Cs-enriched blebs

Pollucite adjacent to
Cs-rich.

rnostly hornogeneous. It contains some

and Cs-rich veinlets (+ quartz).
and enclosed in the adularia grain is
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5.l-5. 3 Conpositional trends

A plot of Si/41 vs. CRK is shown ín Figure 5.1_5-l-a.

The hornogeneous pollucite has si/Al from z.4g to z.s6 and

cRK from 87.7 to BB.4; the average and additional
representative compositions are given in Tabre 5.1_5-1. The

cs-enriched blebs have si/Ar as low as 2.46 and cRK as high
as 93.0. The cs-rich veinlets have si/Ar as low as 2.4o and

cRK as high as 92.9. polrucite incrusions in aduraria have

Si/Al as low as 2.16 and CRK as high as 99.0.

A plot of AI (+ Fe), and sum of cation charges vs. CRK

is shown in Figure 5 . l-s-t-b. The sum of cation charges

fol-lows a trend of increasing Al with CRK.
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Fig. 5.15-1. Compositional trends for Locality X,
Greenwood, Maine. a) Si/Al vs. cRK, and b) AI (+ Fe),
and sum of cation charges vs. CRK. Synbols as in Figrure
3.1-3. Inclusions of Cs-rich pollucitè in adularia fÃl.
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Table 5.1-5-1: composition of polrucite from Locarity x,
Greenwood, Maine.

No. 27 Average2L22t7

sio2
AI2O3
Fe2O3
Pzos
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo
Hzo

46.36
L5.66

o. 00
0.36
l_. o1-
o. 0l_
o .52

34.L4
0. o0
0. o0

44.47
1_6. O6
o.02
o. 00
o.62
o. o1-
o.46

37.49
0. ot-
0. 00

44.36
l_5. 69

0. 00
o. 02
0. 66
0. 01
0.56

37 .92
0. oo
0. o0

41_ . 05
L6.17

0. 02
0. oo
0. 10
o. 04
o.37

41_ . 05
0. oo
0. 00

46.72 ( .48)
1s.82 ( . 11)

0. o0
o.34 ( . 01)
r_.06 (.03)
o. 01
0.s3 (.0s)

34.33 (.241
0. oo
0. oo

Si
A1
Fe
P
Na
K
Rb
Cs
Ca
Mg

sum 98. 06

2 .1,47
0.854
0. 000
o. 01_4
0.091_
0.001-
o. 0l_6
o.67 4
o. 000
o. oo0

A1 + Fe 0.854
X charges O.782
si/Al 2.5L3
cRK 88.4

99.1,4

2 .]-1,6
0.900
o. 001-
o. ooo
0. 057
0. 000
0. ol-4
o.7 60
0. ool_
0. 000

0.901
0.833
2.350
93.0

99.2L

2.L22
0.884
0. 000
o. 001_
o. 061
0. ooo
0. 0l_8
o.77 4
0. 000
o. 000

0.884
0.853
2.400
92 .8

98 .82

2.058
o.879
0. 001_
o. 000
0. oo9
o. 002
0. ol_2
o.879
o. 000
0. oo0

o.880
0.901_
2.L55
99.O

98.81_

2 .1_46
0.856
0.000
o. 013
o. 094
o. 001-
0. oi_6
o.672
o. 000
o. ooo

(.47)

(.007)
(.008)

.00r-)

.oo2)

. o0i_)

.008)

0. Bs6 ( .008)
o.782 (.008)
2.5O7 ( .030)
88.0 (0.3):::::::::::::::=::::::::::::::::::=:::::::::::::::::::::::

L7. Homogeneous.
22. Cs-enriched bleb.
2¡.. Cs-rich veinlet.
27. Inclusion in adularia.
Average of homogeneous pollucite (N = 5).
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5.1-6 Locality Y, Greenwood, Maine

the Tamminen quarry (Ch. 5.L7) is only l-50 m north of

the Harvard quarry at the base of Noyes Mt.. Landes (1925)

described a quartz pseudomorph after pollucite from the top

of Noyes Mt.. From the base of Noyes Mt., Richmond & conyer

(1938) described massive pollucite and crystals of

"polluciterr replacing petalite. The crystals are a

secondary generation, in this sample not directly
contacting the primary pollucite is described here. This

sample is probably from the same material analysed by

Richmond & Gonyer (1938) (No. 62 in Table 2.1k) . Ahrens

(L947 ) determj-ned in pollucite from Greenwood (as wt. å) :

(0.1_6) KzO, (0.68) Rb2O, (0.008) Li2O, (O.OOl_9) T12O,

(O.O0O5) Ga2O3 and trace Sr.

Sample number: PA-005 (C. Frondel, Harvard 94630) ¡ 1-

thin section, 1- grain mount, 16 analyses.

5 . l-6 . 1- Properties, associations and alteration

In hand specimen, the pollucite is white to
colourless. In thin section, the pollucite is cut by an

j-rregular vein of microcline, l- to 2 mm wíde. Later veins

of fine-grained mica are partly replaced by fine-grained

spodumene.
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5 . t6 .2 Textural rel-ationships

The pollucite contains relatively large homogeneous

areas. Near fractures and veins the polrucite is enriched

in Na*. Locally the pollucite contains a brebby matrix of
Na- and Cs-enriched domains. Rarely, very thín
Cs-rich veinlets are present.

5. 1-6.3 Compositional trends

A plot of Si/41 vs. CRK ís shown in Figure 5.16-1a.

The homogeneous portucite has si/Al from 2.46 to 2.sL and

cRK from 75.8 to 80.6; the average and additional
representative compositions are given in Tabre 5.j-6-1. The

areas enriched in Na+ have cRK as row as 67.0 and si/Al in
the same range as the homogeneous porlucite. Na-enriched

blebs have si/Ar as high as 2.44 and cRK as l-ow as 69.9.

cs-enriched brebs have si/Ar as low as z.J,B and cRK as high
as 82 . i-.

A plot of A1 (+ Fe), and sum of cation charges is
shown in Figure 5.1-6-1b. The sum of cation charges follow a

trend of A1 constant with cRK, except for the cs-enriched
breb which has high 41. The Na-enriched pollucite shows an

apparent alkali deficit due to sample burning.
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L49

Tabl-e 5. l-6-1-: Composition of pollucite from Local-ity Y ,
Greenwood, Maine.

No. Average35363032

sio2
Ä'12o3
Fe2O3
Pzos
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo
Hzo

47 "57
T6.19

0. 00
0. 34
1_.86
o. ot-
o.29

32.1"5
o. 00
0. 01

50"54
i_7.05

o. 00
0.35
2.87
0. 01_

0. oo
27.L3

o. ol_
0. ol-

48 "78
L6.99
o.02
0.36
2 .67
o.02
0. 00

28.20
o. oo
o. 00

43.32
L6 .82

0. 00
0. l_9
L.7T
o. 01
o. 00

35.79
o. 00
o. 00

47.64 ("34)
16.30 ( .16)

o. o0
0.34 (.02)
1-.ee (.]-7)
o. ol-
o. l-o

3l-.e5 (.52)
o. oo
o. 00

sum 98.4t

si 2.L43
Al 0.859
Fe 0.000
P 0. o1-3
Na O.L62
K 0. 001_
Rb 0.009
Cs 0.61-8
Ca 0.000
Mg o. ooo

A1 + Fe 0.859
E charges O.789
si/AI 2.4e4
cRK 79.5

97 .96

2.L58
0.858
o. 000
0. 0l_3
0.238
0. 000
0.000
o.494
0.000
o. 000

0.858
o.732
2 .5L5
67.5

97.02

2.L37
0.878
0. 001
o. ol-3
o.227
o. 001_
0. ooo
o .526
o. 000
0. ooo

0.878
o.754
2.435
69.9

97.84

2.067
o.943
o. 000
0. 008
0. l_58
0. 001-
0. 000
o.726
0. 000
o. 000

o.943
0. 886
2 .1,86
82.L

98.35

2.L40
0.863
0. 000
0. 013
o.L7 4
o. o0l_
o. oo3
o .6L2
0. 000
0. 000

0.863
o.789
2.480
78.O

(.28)

(.005)
(. oos)

(. ool_)
(.or_4)

(.or_3)

(.005)
(.005)
(.0r_8)
(1.8)

32. Homogeneous.
30. Na-enriched.
36. Na-enriched bleb.
35. Cs-enriched bleb.
Average of homogeneous pollucite (N : 7)



1_50

5.L7 Tamminen Quarry, Greenv/ood, Maine

Pollucite in this locality is furly altered (M. wise,
personal communj-cation 1991). An earrier pit is present to
the north, also call-ed the Tarnminen, but is very small and

barren.

Sample number: pA-135 (M. Irlise, U.S.N.M. 1,26627) ì j_

thin section, J- grain mount.

5.L7.1- Associations and alteration

rn hand spec5-men, the porlucite pseudomorphs are

associated with light blue albite grains, unartered and l-cm

in size. Thin near-paraller veins ress than 0.5 nm wide

spaced 2 Eo 4 nm apart are preserved in a matrix of white
to buff clays.

rn thin section, the veins consist of fine-grained
spodumene and nica(?). They are localty overgrovrn by

aduraria(?). Between the veins, extremely fine-grained
radial cl-usters of spodumene (r- to 3 pm size), guartz, and

clay mineral-s pseudomorph the original pollucite.
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5.1-8 Locality X, Maine

Sarnple number: PA-O1_2 (C. Guillernin); 1 thin section.

5. 1-8. 1 Associations and alteration

The pollucite is associated with quartz, and veined by

quartz. Later veining by microcline is partty replaced by

arbite (+ mica), and. fine-grained spodumene. This earÌy
veining is preserved within clay pseudomorphs after
porlucite. As weIl, a 35 ¡rm sized round grain of K-feldspar
in the associated quartz seems to be a pseudomorph after
pollucite, because it bears the sub-rounded morphology of a

Èrapezohedral(?) crystat of pollucite.



]-52

CHAPTER 6

DISCnSSION

6. 1- Quality of the results

The quality of individuar probe analyses may be judged

by comparison to results of bul-k anaryses of poltucite frorn

the same locarity. Knowledge of Li+ contents (from burk
compositions) is useful for estimates of atkali cation
charge barance relative to Al. cornparison of individual-
oxide weights is al-so useful, but generally not as valuable
as the sum of oxide weights (near l-oo). The probe resurts,
however, do not incrude either Li+ or Hzo contents. rn
these analysesr no strong reration of the oxide totat to
Na* content or cRK is found (e.g. see Herikon data); this
could be due, however, to different volatilization
dependent upon the composition and history of the sample.

The most cs-rich pollucite has total_s near j_oo suggesting
it, is anhydrous.

The overal-l- quality of the probe resurts may be

judged by comparison with burk analyses from a number of
locarities. Average oxide weights of homogeneous polrucite
(as determined by electron microprobe) are plotted against
bulk (wet chemical) analyses reported in the riterature.
Rel-ative to burk compositions, probe sio2 is systematicarty
higher by l- to 2 wL.z (Fig. 6.r--1a). Ar2o3 is lower by o.5
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to 1.0 wt-å (Fig. 6.i--r-b); however, a very linited weight
range v/as f ound in the primary polrucite ( i-6 . o t o .2)
suggesting that the wet chemical methods exaggerate A12o3

contents. The determination of Al by wet chemical methods

is dependent upon comprete reaction in the method used,

among other uncertainties. rf these assumptÍons are
correct, probe si/Ar ratios should be preferred to those
based on wet chemical determinations of burk samples.

Results for both cs2o and Na2o generally agree with
burk cornpositions (Fig. 6.L-2a and b) suggesting no

systematic shift in cRK. Each analytical approach has

inherent difficulties in determination of accurate
quantities (bulk wet determination of Ar2o3, probe

voratirization of sarnpre); thus it is difficurt to decide
which method yields better resurts. rt should be stressed.,

however, that despite any error in absolute determination,
the data of this study are internalry comparable to the
4POLL standard within the ranges of precision quoted in
Table 3 . i--1.
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Bulk
s¡c2
wt.o/o

Probe

18
Bulk
Al2o3
wt.%

17

Probe
6. 1--l-. Bulk compositions from the riterature vs. averageprobe compositions of the homogeneous porlucite, as wt.åoxide. a) SiO2, and b) AI2O3.
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Bulk
Naro
wt.o/o

Bulk
csro
wt.o/o

30

6,L-2. BuIk compositions
probe compositions of
oxide. a) Na2O, and b)

Probe

Frobe

from the literature vs. average
the homogeneous pollucite, as wt.?

Cs2O.
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6.2 Composition of the prinary pollucite

The range in cRK of the homogeneous pollucite is
given in Figure 6.2-La for the African and u.s. rocalities.
Most l-ocal ities have CRK near g0, however, the
distribution seems to be birnodal. one group has cRK from 74

to 82 with most tocalities nearest go. A second group has

cRK centeri-ng on 85 and as high as Bg. No prirnary poll_ucite
with cRK less than 70 r¡ras found. The histogram of bulk
compositions is duplicated (frorn Fig. 2.1--1-a) in Figure
6.2'Lb. Extensive enrichment in Na* (such as observed at
Tin Mt. ) could have affected some of the bulk
determinations, particuÌary those with cRK less than 70.

A prot of si/Al- vs. cRK is given in Figure 6.2-2a. The

range of si/Al (2.3 to 2.6) is smatler than that found in
burk analyses (2 . o to z .6) . v,Iithin individuar locarities
the homogeneous pollucite has a range of si/Ar ratios (Fig.
6.2'2b) up to 0.1-9 and a range of cRK up to 6.6. There does

not appear to be any zoning within individuar sampres of
pollucite (or variation among samples from the same

locarity); however, mm-sized homogeneous areas of distinct
composition are observed at some rocatities. This could be

a feature of primary growthr or at some localities
íncipient breakdown to a very coarse blebby mosaic.

A plot of Na (+ Ca + Mg) vs. Cs (+ Rb + K), both atoms

p.f.u., is shown in Figure 6.2-3. Most, of the data are
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a

CRK

100

6-2-L- - Histogrem . of porÌucite cornpositions. a) Averagedprobe conpositions of the homogeãeous poJ_rucíte, and b)wet chernicar butk determinationã fron the literature.
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6 -2-2. Plots of si/Ar vs. cRK for the homogeneouspollucite- a) average varues shown as points, ãnd b)expanded scare showing the ranges in si/Àr and cRKwithin each locality.
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distributed near a l-ine of constant AI. A plot of A1 (+

Fe), and sum of cation charg'es, both atoms p.f .u. vs. CRK

is shown in Figure 6.2-4. Further evidence for a bimodar

distribution is found here: the pollucite with cRK greater

than 82 has higher A1 than the less cs-rich polrucite. The

sum of cation charges follows this trend of Al. The average

Al- is 0.858 and the sum of cation charges is O.7gL. The

average arkali cation deficÍt rerative to A1 is 7.Bz (or
O.067 monovalent atoms p.f.u. ). This deficit may be

accounted for by only o.4 wt.å Li20, possible presence of
some form of H*, presence of cations not sought, and/or

feature(s) of the analytical method.

Compared to bulk analyses, probe resul-ts show

significant differences in the amounts of minor cations.
PZOS subst j-tution r¡¡as found to be signif icant (Fig.
6.2-5a), up to l-.4 wt.å. The mechanism is likeIy p5+ + AI3+

: 2si4+ (the berl-inite substitution in feldspars). Rb20

contents (Fig. 6.2-5b) were up to 0.93 wt.å. Fe, K, Ca-, and

Mg r^/ere rarely above detection rirnits. Fe could have been

introduced in burk analyses during sample preparation.

Poll-ucite hras observed in thin section to contain abundant

fine-grained inclusions of other minerals (rnainly quartz,

spodumene, micas, feldspars, and apatite), and. these must

have influenced some of the burk determj-nations. cerny &

simpson (L978) noted at Tanco abundant thin veins vrere ran

obstacle for obtaining reliable (burk) compositionat datar.
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Pzos
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6.2-5. Contents of minor cations
the homogeneous pollucite. a)

as wt.å oxide vs. CRK for
PZOS , and b) frZO "
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6.3 Associations and compositional buffering

The most conmon association of pollucite is with
spodumene and quartz. Less intimate associations are with
albite, microcrine, lepidolite, and amblygonite. Even ress
frequent are direct contacts with petalite, tourmaline,
mica, apatite, and beryr. porr-ucite is arways anhedral and

interstitial to these mineral-s and has not been observed to
replace them. Rarely, porlucite is observed to reprace
margins of incl-uded grains of spodurnene. segregations of
poÌlucite are usually monominerarj-c; however, they are
penetrated by arteration assemblages. pollucite is thus
considered a late product of primary, near-solidus
crystallization, in agreement v¡ith its overalr Location
within pegmat,ite bodies, and with experimental evidence
(cf . Henderson & Martin l_985).

Textural and other evidence for a primary rather than
a late metasomatic origin of Tanco pollucite r/ìras discussed
in cerny & simpson (1,978). rn contrast, the euhedral
crystals which reprace petalite (Greenwood B of Richmond &

Gonyer 1-938) and pollucite (Afghanistan, Rossovskiy ag77)

are probabry cesian analcime, a late hydrothermal product
(cerny 1,972). The consistent paragenetic position of
pollucite with other primary phases, and. the lirnited
composì-tional range of homogeneous pollucite, suggests a

constrained range of conditions consistent with a primary
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rather than late metasomatic origin.
Primary, single-phase pollucite contains an average zo

no]" å anarcime (range i,2 to 26) , and si/Ar ratios are
within the range 2.3 to 2.6. This rimited range suggests
that the compositions of primary pollucite are strongry
buffered.

The Na* contents of pollucite may be control-red by an

equiribrium with co-precipitating arbite, and with Na-rich
fluids which later crystallize fine-grained al_bite.
sebastian & Lagache (l-990) suggest that in an equilibrium
betr¡een pollucite and arbite the cs/Na ratio of the
coexisting f Ìuid is buf fered, to o. l-i- at 450 oc, o .22 at
600oc and o.23 at 75ooc. Their data (reported in bul_k

anaJ-yses of pollucite + quartz) , however, suggest a

complete sorid solution in porrucite at 600 and 7sooct and

a miscibility gap at 45ooc. The consistency of their cslNa
(fIuid) ratio at 600 and 750oc seems to indicate that the
composition of the pollucite is not strongly dependent

upon ternperature, but rather, is more dependent upon the
Cs/Na ratio of the co-existing fIuid.

The si/Ar ratios of primary pollucite may be buffered.
to a maximum value in an equilibriurn with quartz. rn
laboratory synthesis of porlucite at 4so to 2sooc from geI
cornpositions of varying si/Ar ratio, Barrer et ar. (l_953)

showed that the starting gel has a maximum si/Al ratio of
2.5 before quartz coexists with potlucite (for si/Ar less
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than 2.o, csAlsio4 appears). This roughly corresponds with
the maxirnum si/Ar ratio (2 . 6) of prirnary poltucite.
compositions with si/Al ratios greater than 2.o are

favoured by a disordered (cubic) framework (Teertstra et
al. r992b). This factor may induce porlucite to approach a

linit of thermodynamic instabirity and the observed maximum

Si/A.l ratio before liberation of SiO2.

6.4 Petrological aspects of primary pollucite

Porl-ucite was estimated to crystallize in the range

600 to 3o0oc (cerny L979), and v¡as found to be a solid.us
phase in experiments with granitic bulk compositions at 620

to 540oc (Henderson & Manning aggL, Henderson & Martin
1-985). The temperature of precipitation of primary
pollucite in natural B-, F-, Li-, H2o-enriched. pegmatitic
melts is probably sornewhat below this range.

Pol-lucite most commonly occurs in spodumene

pegnnatites, but also in pegnnatites containing petarite, and

petalite and spodumene, suggestive of a relatively low

pressure of formation (cf. phase diagram of London j_990).

Pol ]ucite-bearing lepidorite pegrmatites also tend to
intrude sharlow, low-pressure loci r- within a pegrmatite

group or fierd, pollucite is found in the low-pressure
pegrnatites (smeds & cerny i-989). Based upon paragenesis of
lithium al-uminosilj-cates in relatively werl-studied
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pegmatites (e.9. eikita, Zimbabwe or Tanco, Manitoba), a

P-T crystallization path can be d.efined, and the pressure

during magrmatic crystaltization may be estimated to be in
the range 2 to 4 kbar (London l-990). The pressure during
crystallization of primary pollucite is probably in the
l-ower end of this range.

At some stage during the evorution of a pegrmatitic

melt, eventuar attainment of minimum cs/Na and cs/K ratios
may be necessary before pollucite crystalJ-ization is
triggered. Alkati fractj-onation is arso indicated by a

decreasing K/Rb ratio as cs content of K-feldspars
increase (smeds & cerny l-989), indicating fractionation of
Rb with Cs in pollucite-bearing pegmatites.

rn the view of solodov (1966) an initial concentration
of l-.0 wt.å cesium is required in a bul-k pegmatitic mel-t in
order to crystallize pollucite. very smarl amounts of
pollucite, however, ilay crystallize from a tate, highly
fractionated fruid derived by internar evorution of the
pegrmatitic mel-t. rn this view, the presence of porrucite
does not necessarily indicate a high overall- cs2o content

of the starting pegmatitic mert. rf a minimum cs/Na (fluid)
ratio must be attaÍned (eventuarly) to trigger pollucite
crystarrization, then the mere presence of pollucite, whire

stirl indicating advanced fractionation, d.oes not suggest

that an rrul-timaterr degree of fractionation has been

attained in the starting melt. Instead, this may be
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indicated by the amount of pollucite crystallized rerative
to the bulk of the pegunatite.

fn this study, the pollucite bodies larger than l_m

are Benson # 1- (CRK 83.5) , Bikita (Bl-. O) , HeIikon, Brown

Derby (78"3), Tin Mt. (78.8), and Dunton (84.2). The

smal-l-est segregations are Leominster (90.9), Hebron (86.4) ,

and probably also many of the other u.s. l-ocarities. There

is no obvious relationship between the size of the
pollucite body and its cRK. smatl amounts of relatively cs-

rich pollucite perhaps crystarlized from very Na-rich
parent fluids, if the size of later fine-grained albite
units is any estimate of low cs/Na ratios. rn contrast,
large pollucite bodies are not necessarily Cs-rJ_ch;

however, the parent fluids probabry had high cs/Na ratios.
No studies are available on these pegrmatites which report
the burk composj-tions. rf the above assumptions are

correct, then the cs/Na ratio of the parent fluid does not

exert a strong inf l-uence on the Cs content of the
porlucite. conversely, the composition of the pollucite
does not seem to indicate the overall Cs/Na of the
pegmatitic melt.
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6.5 Stabil-ity relations of pollucite

Analcime merts incongruentry to arbite, nepheline and

J-iquid above an invariant point at 665oc and 4.7s kbar
(Peters et al. L966) to 6s7oc and 5.i-5 kbar (Kirn & Burley
L972) (rig - 6. s-1) . The stabiJ-ity f ierd of anatcime is
considerabry decreased when ín equiribríurn with quartz
(Canpbell & Fyfe 1-965; Liou L97A; Senderov & Vorobryeva

1983) and by increasÍng temperature (Saha 1"96I) (pig. 6.5-
2'). rncreased contents of cs may expand the stabirity field
(Fig- 6.5-3). rf this is the case, then cesian analcime

probably has a larger stabirity fierd than analcime, and

sodian pollucite is the preferred (stabre) phase under the
pressure and temperature conditions of a pegrmatitic meIt.
The more cs-rich prirnary polrucite cornpositions may have

crystallized at higher pressure than the 1ess cs-rich polrucite.
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6.5-2. Stability field of analcime,
quartz, from the literature.
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6.6 Features of the subsolidus re-equilibration

After crystallization, the primary homogeneous

pollucite has localIy re-equilibrated to Na- and Cs-

enriched compositions, manifested as a variety of
crosscutting textural features. The features of the

compositional heterogeneity are described below, first in
terms of the typicar textures, then in terms of unusual

features and the relationships to alteration products.

The degree of re-equilibration varies markedly between

localitíes; however, a consistent sequence is observed: the

homogeneous pollucite has locally evolved to a blebby

mosaic of alternating Na-enriched and cs-enriched domains,

crosscut by veinlets of Cs-rich pollucite (t quartz)

rimmed by Na-rich pollucite (Fig. 6.6-1).
The domains are 20 to 300 ¡lm in size and rangle from

ovoid or hour-grass in shape to l-ammerrar with bifurcating
tips (sinilar to the perthite texture of feldspars). The

cornpositions of the Na-enriched domains do not range far
from that of homogeneous pollucite. rn some local-ities the

blebs are a1r cs-enriched relative to the homogeneous

pollucite. some blebs have a comprex internal- zonation,

mostry consisting of slight variation in si/Ar ratj-o r¡¡ith

constant cRK; these seem to be features of growth. Later
generations of blebs are usually (but not always) more Cs-

enriched; successive repracement creates a brecciated to
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schollen texture containing rafts of
homogeneous pollucite.

Na-enriched or

EarJ-y generations of cs-rich veinlets are mostry

fracture-fil1ing and do not contain quartz. They are l-o to
20 Á¿m wide, and are crosscut by rater generations of
quartz-containing cs-rj-ch veinrets usually less than l_o pm

wide. The later veinlets are usuarly (but not always) more

cs-rich, and appear Lo have developed in situ. Both

generatj-ons of veinlets are continuous in length on a scal-e

of cm; the maximum width observed is 50 IJm. Na-rich
pollucite rims both generations of veinrets, but the rims

are partj-curarty pronounced adjacent to the rater cs-rich
veinlets. Na contents and si/Al of the Na-rich rims are

highest adjacent to the margins of the cs-rich veinlets,
and decrease over 30 to 3oo pm into the homoqeneous

pollucite (Fig. 4.3-4) .

rn the bl-ebs and veinlets, contents of minor cations
(Rb, P, Câ, and K when present originalJ_y in the
homogeneous polrucite) tend to decrease or remain constant
but only rarely increase. No clearly defined trend has been

found for the redistribution of the minor cati_ons relative
to the composition, type t oy generation of the textural
feature.

The larger veinrets of cs-rich polrucite, besides

containing quartz grains, also locatry contain ferdspars,
micas, and Alsi-bearing minerars (which are arso generarly
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associated r¡/ith cs-rich blebs). Grains of quartz 10 to 30

pn in size frequentry have rims of cs-rich porrucite, and

are surrounded by Na-rich pollucite, gradingi over 5 to 50

pm into the homogeneous pollucite. cs-rich porrucite has

been observed in a symplectitic relationship with quartz,
and as cs-rich bands (up to l-mm wide) adjacent to spodumene

grains. An unusuar feature observed. at only a single
rocality is one Na- and si-enriched veinret within Tin Mt.
pollucite (Figs. 5.2-2g and 5.2-3) .

Pollucite occurs as inclusions in adjacent primary
phases. This potlucite is usualry more cs-rich than the
homogeneous pollucite. Fracture-fillings in spodumene are

conmon, and porlucite is arso present along creavage traces
of micas. rn quartz, round inclusions are conmon,

particularly nearest to the contact with the main

pollucite. some crystals of pollucite in quartz seem

euhedral, showing several flat faces in cross-section.
The subsoridus re-equilibration occurs before most of

the alteration of pollucite, as the alteration products
generally cross-cut the brebs and veinrets. Veins of
lepidorite and quartz, fine-grained mica and spodumene, and

overgrowths of adularia usualÌy contain incrusions of
pollucite. The inclusions (as well as pollucite adjacent to
the arteration products) are progessively more cs-rich with
lat,er alteration (e.9. Fig. 5.5-la).
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6.7 Petrological aspects of the re-equilibration

The blebby mosaic appears to have developed from

homog'eneous pollucite strictly by local rnigration of Hzo,

Nâ, Cs, 41, and Si. Likewise, veinlets of Cs-rich low Si/aI
porrucite appear to be invorved in a mass-baLance with
adjacent Na-rich high si/Al pollucite. This mass balance is
controlled by three principal mechanisms (Fíg. 6.7-L) , the
first two being dominant:

(i) exsolution into Nâ, Si-enriched and Cs, Al_-enriched

compositions,(Na*Csy)A1*-.'."sia-*-yoo.xH2o->

(Na*-.,.rcsy-z-n)A1x+y-nsig-x-y+no6. (x+z) H2o +

(Na*-"Csy+z+n) Alx+y+nsi¡-*-y-rrO 6' (x-z) HZO,

where 0

(ii) liberation of Sio2 as quartz, Ieading to Si-poor, but

al-kali cation- and A1-enriched pollucit,e,
(Na*Csy) Al-x+ys i 3 -x-yoø 

. xH2o

(na*Csy) Alx+ysi3-x-y-mO6-2m. xH2O + mSiO2

whereo<y+m<I,si/A1
(iii)catíon exchange which modifies the Na/cs ratio but

does not affect Sí/41 ratios,
(Na*Csy) AIx+ySi3 -x-yOe 

. xH2O

(Na*a"Csy+z) Al¡aySi3-x-yOe ' (x-z) H2o +

(Na*..,'-"Csy-z) Alx+ysi3-x-yoo ' (x+z) Hzo

where 0

The above features are compatible with an exsolution
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S¡/AI

6.7'L. schematized representation of the conpositional
trends of si/Ar with cRK, for homogeneous porrücite with
compositionar range (H) . Numbers 1; 2, 3 córrespond withsubstitution mechanisms (i), (ii), (iii); equations for
which are given in Chapter 6.7.
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CRK

6.7-2. schematic solvus in the anarcime-polJ_ucite series:A- temperature rangie of possibre stabre, homogeneous,
hy¡gersorvus porrucite. B- ternperature range of possibre
netastable, homogeneous, subsolvus pollucite.
c- synthetic conposition of sebastian & Lagache (t-990)relative to. composition of naturar prirnary þorruçite A;B, and possible co-existing Na-rich composition cf.
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process involving a niscibility gap between Na- and Cs-

enriched compositions which broadens with decreasing

temperature (Fig" 6.7-2). Irnmiscibifity is suggested by the

data of sebastian & Lagache (l-990) in their experiments at
450oC. At 600 and 750oC their data indicate a complete

solid solution between analcime and pollucite.
In Fig. 6.7-3 the trends of Si/Al with CRK are plotted

for all the localities. In individual- Iocalities, the

relation between si/Ar and cRK has been noted as a trend
towards a Si/41 ratio of 2.O as CRK approaches j-OO.

Localities in which the primary pollucite has a high CRK

have a steeper trend towards this composì-tion. A trend of
AI to a value of 1-. 0 near CRK l_00 predicts end-member

pollucite with a simpJ-e formula of CsAISi2O6 as reported in
most high-temperature synthesis (e.g. Martin & Lagache

L975). rn this study, compositions near this formula have

been found at Locality Y, Norl¡¡ay, Maine, and Locality X and

Old Tom, Greenwood, Maine (Teertstra & Cerny, in prep. ) .

The associations of Cs-rich polÌucite with a variety of
silicates (described above) also suggests a local_

equilibriurn between porrucite and sirica. The si/Ar ratio
of the pollucite seems to have a maximum val-ue which is
strongly dependent upon the CRK. Studies of analcime by

Khundadze et al. (L97O) and Senderov & Khitarov (L97l-)

showed that crystals with Si/Al near 2.O were most

therrnodynamicaÌly stable. The most cs-rich porlucite which
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S¡/AI

6 .7 -3. Trends
localities.

of Si/AI with for examined



has Si/Al near 2.O ilây,

thermodynamically stabJ-e. The

stoichj-ometry suggests that
ordered.

1-8i-

Iike analcime, be the most

composition fixed at integral
the crystals are potentially

6.8 The alteration of pollucite

Pollucite, which is cornpositionarly homogeneous, tends
to not have any incrusions and is colorless wíth a vitreous
to sub-vitreous rustre in hand specimen. compositionarly
heterogeneous porlucite has abundant inclusions, is white
in colour (terrned a rfporcelanous varietyr in some Russj-an

literature), and has a greasy to earthy or dull_ lustre in
hand specimen. rt is also optically inhomogeneous in thin
section. Poll-ucj-te from bodies larger than l_ m v/ere arr
found to be compositionalJ-y heterogeneous, even though

smalr fresh-looking grains may be extracted from crushed

specimens. Fresh, homoqeneous pollucite was found rnainly in
smal-I (less than 5 cm) segregations which contained only
smarl amounts of al-teration products. Na-exchangied,

analcirnized pollucite has a greasy lustre, and is
associated with clay minerars. A significantly l_ower

density rnay be noticed, even in hand specimen, compared to
fresh poJ-lucite. rn thin section the índex of refraction
decreases noticeably towards veins, fractures, and clays.

Three consecutive stages of alteration r¡/ere recognized
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by Cerny & Simpson (L978) at Tanco, Manitoba: (i) coarse

veining, usually polygonal, fracture-filling and more

abundant near the margins of bodies, (ii) pervasive fine
veining, braided to subparallet, and (iii) replacernent

assemblages. This pattern hords for all other locarities of
polrucite that r¡rere examined and described in suf f icient
detail-. Aspects of one or more alteration styles could be

observed even on the materiar avail-able for the present

study, Ìirnited as it was in some cases. The coarse veining
is not usually represented in hand specimens, but has been

well-described in the Iiterature at out-crop scale.

Coarse veining is present only in large pollucite
bodies, greater than l- m in size. The veining is fracture-
filling and related to sequences of rate crystallization of
otherwise mostly primary phases (quartz, fine-grained
albite, lepidolite, rnicroctine, amblygonite). Only localIy
is the veining metasomatic and replacing pollucite
(particurarly in the case of microclíne). The microcrine is
non-perthitic, compositionally homogeneous, usually
untwinned, and free from inclusions. compositions of the

microcline from different locarites are sj-mirar: Locality
X, Maine has no Fe, M9, Sr, Ba or Ti, but (as wt.å),
Na2O 1-. 08, CaO 0. 00, Cs2O 0. 04 , P2OS O .26 ¡ Rb2O O. 0O;

Locality X, Greenwood, Maine

( 0.9i-, 0. 00, 0. 30, 0.50, 0. 8L) ; and Helikon

(O.21,, 0.00, 0.30, 0.41, l-.1-3). The microcline from Helikon
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has rocal extreme enrichment in Rb, with atomic contents of
Rb > K. Homogeneous polì-ucite seems to have co-existed with
al-bite veins and not to have cation-exchanged to Na-

enrj-ched cesian analcime compositions as suggested by cerny

& Sirnpson (1,978) at Tanco. Lepidolite veining is fracture-
filling and does not seem to have replaced pollucite, but

rather may be a product of l_ate crystallization.
Fine braided to subparallel veining is characteristic

of most localities where pollucite has segregated into
masses greater than 5 cm in size. The veins foll-ow

fractures and fill interstices along grain boundaries, and

only rarely repJ-ace pollucite from these surfaces. They

vary from continuous with even width (earty veins up to 5

rnm, later veins up to 1- nrn) to dispersed and irregular.
They are always observed to pinch out within the pollucite,
and do not connect with external_ bodies (such as

lepidolite). The veins contain mica (lepidolite?) + quartz

which decreases in grain size from core to margin. Later

veins consist of fine-grained mica which either
crystallized with, or vras replaced by, fine-grained
spodumene. Grains of mica (or spodumene) are often oriented
perpendicular to the vein. The spodumene is symplectitic
with quartz, and locally retains outl-ines of earlier
euhedra, and may f orrn its o$rn set of veins. Some of the

veins contain Cs-rich pollucite, some contain analcime, and

some neither, separated from pollucite by a sharp contact.
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The above observations suggest that the veins are not true
replacements but instead are products of tate
crystallization, in possible equilibrium with pollucite.

Pol-Iucite is most comrnonly replaced by adularía,
analcime (t apatite), and clay minerals. These are

described in sequence below.

Adularia metasomatically replaces pollucite along

surfaces of the earlier veins and as spherical aggregates

( O . 5 to l- . O mrn) fulty embedded in the pollucite. The

aduLaria contains abundant inclusions, most commonry of cs-
rich pollucite, micas, albite and AlSi-bearing phase(s).

Aduraria concentrates Rb, especially towards the margins of
its grains where it has atomic contents of Rb

Qualitative analysis of the micas índicates equaJ- atomic

contents of Ar and si. At locarities where the adularia is
enriched in Rb, the micas usually are as werlr- the enriched

micas have atomic contents of Rb > K.

Analcime replaces pollucite by cation exchange (terrned

here enrichment in Na* or anarcimization). This anarcime

has si/41 ratios in the same range or srightly lower than

in the homoqeneous polrucite. Rb2o and pzos contents are

decreased; however, contents of CaO and KZO (and rarely
Fe2o3) are increased. The cation exchange is most advanced

near fractures and clay minerars. rt may extend into the
pollucite over a scale of cfr, leaving no pollucite with
originaJ- cornposition, or may only be Iocal. It is
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associated $/ith the reaching (or dissolution) of porlucite
near clays, 1ocaIIy in the form of thin hoIIow
capillaries. The capillaries are furry embedded in the

analcime or extend from vein and aduraria surfaces.

Observed in thin section, they locaJ_Iy form a three-
dimensional, rectangurar (grid) rerationship to each other,
suggesting dj-ssolution along preferred crystalrographic
directions (probably { 1i-1} aJ-ong 6-membered rings, oE

possibly {1-00} along 4-membered rings).
Argillic replacement of pollucite by white to buff

crays is most extensive near the margins of polrucite
bodies. rt l-eaves the earrier veining and inclusions
intact, producing clay pseudomorphs after pollucite. It
replaces also the analcime containing hol-Iow capilraries.
Some of the clays are Cs-rich; however, the bulk of the Cs

content of the porlucite has been dispersed. Based upon

powder X-ray diffraction, some of the clays are of the

illite group, and expanding-type smectites (perhaps

montmoril-lonite). These observations are partry confirmed

by electron microprobe examination, showing presence of K,

A1 and Si in a hydrous phase; however, in some samples

there is additional presence of Na and Mg, suggest,ing solid
sol-ution towards chl-orite. which of these clays are cs-rich
is not known they may be polymineraric mixed-layer
sequences of the above clay minerals, in any case future
study of individual grains is required for identification.
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6.9 Petrological interpretations of the alteration

The coarse veining is probably related to relatively
high-temperature fluids associated with crystallization of
Iate primary phases. These phases include fi_ne-grained

albite which may have buffered the prirnary cornpositions of
pollucite. Most of the veining cannot be considered a true
a l-terat ion of pollucite, as there is onÌy marginal

metasomatic replacernent of pollucite. Only some of the

lepidolite veining may be fracture-filling, and is
therefore only tentatively grouped with the coarse veining.

Most of the lepidolite veining may be consid.ered a

product of late crystallization after much or alt of the
pollucite has crystallized. The veins become thinner with
time and more fine-grained, and the veining does not leave

the pollucite body. It is followed closely by spodumene

crystallization, either initially fine-grained or later
altering to a fine spodumene-quartz symplectitic
intergrowth.

Bodies of pollucite are often brecciated in
appearance, however, the fractures do not extend into
adjacent or included assembl-ages. The fractures contain

minerals of the ear1y, coarse veiníng. on a microscopic

scale, however, even the fine veining follows fractures,
grain boundaries, and traces of a poor cubic cleavage.

One reason for this conmon style of alteration could
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be a contraction of polJ-ucite with decreasing temperature.

Taylor & Henderson (1968) found a maximum rate of thermal

expansion of synthetic CsA1Si2O6 up to zOOoCt above which

there vras no increase in cell volume. Richerson & Hummel

(1972) gave similar results and found a greater thermal

expansion in cubic analcime than in poÌlucite. Based upon

these experiments, thermal- contraction of bodies of natural
sodian pollucite may initiate internal fracturing, probably

at temperatures below 2OO,C (Fig.6.9-1).

Crystallization of adularia rnay, like the fine braided

veining, be considered a product of crystallization of
residual pegmatitic fl-uids. In contrast to the veining, the

adul-ar j-a does not follovi fractures, cleavage traces or

grain boundaries, but instead metasomatically replaces

pollucite. The habit of the crystals indicates high

nucleation and crystaJ-Iization rates. These conditions,
combined with low crystallízation temperatures (of about

300 to 250oC) favour metastable precipitation of highly
disordered crystals (Cerny & Chaprnan l-986) .

The cation exchange of pollucite to Na-enriched

compositions (analcÍmization) generally occurs before, but

is associated with, the alteration of pollucite to clays.

Barrer (1-950) treated pollucite with various salt solutions
and inferred from index of refraction measurements that
there vras little or no Cs* exchange. Later, Komarneni et
aI. (L978) showed a Iow cation exchange capacity at 25oC
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6.9-L. Thermar expansion of anarcime and porrucite, cerr
vorume vs- t,emperature, from the literature. (Ar,si)04
tetrahedra initiarry rotate to form a less-colrapieá
framework; once the great,est extension is reachedfurther expansion rat,es are linited. slrorbors: Tayror &
Henderson 1968 csArsi2o6 (squares); Richerson a, ttunner
L972 NaA1Si2O6 (circJ_es) , and CsA1Si2O6 (triangles) .'
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(sinilar to that of ferdspars) that hras probably due to
surface phenomena and not crassic ion exchange processes.

More recently, however, Komarneni & lrlhite (l_9gl_)

demonstrated substantial cation exchange at, 3oooc using

brine solutions with high activity of Na+, K*, and. ca2*.

Cerny (1,974) studied clay pods of il1ite + kaolinite +

smectites psuedomorphous after pollucite and inferred that
this association formed at very low temperatures, likery
under hydrothermar conditions. under these conditions, the
source of the fluids could be an open bimetasomatic

exchange between pegmatite- and wall-rock-derived fluids
(London 1990). Even though this may be the dominant

mechanism of both anarcimization and clay formatj-on of most

polrucite localities, the mechanism by which weathering and

supergene weathering degrades pollucite remains to be

examined both experimentalty and in natural specimens.
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6.10 Rel-evance of pollucite to nuclear waste containment

Analcime-poJ-lucite minerars are natural analogues to
phases invorved in the long-term containment of nuclear
wastes. rn studies so far, onry synthetic polrucite (with
formura csA1si2o5) has been considered as the host for
137cs (Strachan & Schu1z |g7g, Haaker & Ewing i-9g1) , and

only specificalJ-y for containment of high-revel
reprocessing wastes. A number of methods for synthesis of
porrucite are available (Hogan & Risbud 199j-, Garragher &

Mccarthy 1-981-, Martin & Lagache L975, and Richerson &

Hummel L972 contain additional references). Firing of gels,
sÌudges, and calcined sludges also crystarlize pollucj-te
as a coÍrmon product. cs* reacts directly with a number of
Alsi-bearing precursers at high temperature to produce

pollucite (e.9. Mukerji & Kayal L97s, plyushchev l-959). At
high temperature, hor,,rever, the high volatility of Csf

creates problems of loss and contamination (odoj et ar.
L979). Pollucite has appeared in syNRoc formul-ations

(titanite-based high-lever waste ceramics; Mccarthy &

Davidson L975, Mccarthy L977, Buykx et al. j-990) which are

supposed to incorporat.e cst in a limited soIíd solution
within hollandite-type phases.

Phases with intermedi-ate compositions within the
anarcime-pollucite series are conmon products of hydration
and hydrothermal arteration of nuclear waste glasses (Bates
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et aI. 1-982 and 1983, Caurel et al. 1-987 and 1990,

McCarthy et aI. L978, and many others) . As well, the phases

crystallize i-n hydrothermal reactions of calcined sludges

and ge1s, Cs-loaded zeolites (Mirnura et aI. 1990) and

cIays, and from a variety of waste forrns in reactions with
basalt and shales.

Cesian analcime may have certain advantages over

pollucite as a waste form. A variety of Iow-temperature

methods exist for synthesis (Barrer & Hinds t-953, Barrer &

McCal-Ium l-953, Saha 1-959, Balgord & Roy 1,97L, Borer & Meier

L971, Barrer & Sieber L977, Ueda & Koizumi 1,979). Analcime

is readily crystallized, and stable under a wide range of
conditions, and concentrates Cs during crystallization
(Keith et aI. l-983 , Berg l-968, Barrer et al. l-953 ) . The

resulting waste form will have lower rractivityrt because of

Iow Cs/Na ratios, and may have a decreased volume compared

to other low-leve1 or medium-leve1 waste forms.

This study of natural pollucite has revealed many

features relevant to the use of analcime-pollucite phases

as nuclear waste hosts. Sí/41 ratios are typíca1Iy 2.3 to
2.6. The crystals are disordered (required by the cubic

structure for the above ratios) and are probably

thermodynamically less stable than crystals with Si/Al
ratios near 2.O. Pollucite has a maximum Si/Al ratio near

2.6 in the presence of quartz or other silicates, which

decreases with CRK upon re-equilibration. End-member
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polruci-te has si/Al near 2. o , and may therefore be

thermodynamically stable, and. is potentialry ordered.
A high-ternperature sorid sorution exists between

anarcime and pollucite above about 5oooc. subsolvus re-
equiribration produces pollucite with Na-enriched and

cs-enriched compositions (i sio2) and does so in an

apparent mass balance which seems to preserve cs within the
resulting mineral assemblage.

of greatest concern to nuclear waste containment
using analcime-pollucite host phases, are the replacement
assemblaqes: (i) replacement by adularía, (ii) cation
exchange to analcime rocal-Iy accompanied by reaching
(dissolution) and (iii-) repracement by cÌay minerals.

Àt some localities, aduraria replacement has been

extensive. Locarry, the polrucite is cs-rich around the
adularia and the cs* content may have been preserved, as

Na* seems to be mobilized preferentiaì-ly. Repracement of
pollucite by adul-aria can be presumed to be a relatively
high-tenperature process, associated with fine braided
veining of mica + spodumene (3oo to 25ooc; cerny & chaprnan

l-986). This temperature is wíthin the upper range estimated
for a waste package: about zsooc for spent fuer and l_sooc

for reprocessed waste packages (Mccright l-99i-) . The peak

temperature depends upon many factors; age and amount of
the waste, isotopic content, degree of (re)processing, and

depth and thermal characteristics of the site.
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Most localities of pollucite are, at least slightly,
Na-enriched along fractures. The extent of cation exchange

varies considerably among different localities; sodium

metasomatism may advance locally to total cation exchange,

generating analcime. EarIy experiments showed that
pollucite has no capacíty for ion exchange, similar to
that of feldspars (Barrer l-950) , or a very low capacity,
probably due to surface phenomena and not classic ion

exchange processes (Komarneni et al. I97B). More recent

studíes have, hor,,/ever, demonstrated cation exchange of Na+,

K*, and ca2+ (Komarneni & Irlhite 19g1).

Leaching rates of the potlucite are of a sirnilar order

of magnitude as the cation exchanger âs dissolution is
closely associated with the analcimization. Locally,
dissol-ution creates a three-dirnensional rectangular grid of
hollow capillaries within the pollucite.

Replacement of pollucite by clays acts to disperse

most of the Cs content (this study, and Cerny l_979). Even

residual Cs contents on the clays are significant, however,

as these indicate a mechanism for some degree of
retardation of rnigrating cs*. These clays coul-d be studied

as natural analogues to minerals used as backfil1, and

present in the host rock of waste sites. For example,

illite has been shown to be a sorbent for Cs* in grouted

waste injection into shales, but there are no stud.ies of
cs-rich clay minerars in the literature. The conditions of
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replacement of pollucite by cÌay minerars, whether arkarine
or acidic, needs to be established indeed, conditions of
all- the above processes require experimental investigation.
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CHAPTER 7

CONCLUSIONS

This study has advanced understanding of minerals in
the analcime-porlucite series in several key areas. The

subj ect r^ras approached f rom a variety of perspectives :

l-iterature reviews, synthesis, x-ray díffraction studies,
MAS NMR spectroscopy, optical petrology, crystal chemistry
and morphology. Results from use of the el_ectron microprobe
technique, however, proved most usefur- in revearing the
essential features of the seri-es. The following sections
emphasize the ner¡/ f inds while summarizing what is known

about the minerals.

7.l- The primary pollucite

The occurrence of porlucite is restricted to comprex

rare-erement granitic peg'matites which have attained a high
degree of alkali fractionation. The most fractionated
pegrmatites had high cs/Na and cslK ratios in the parent
mert and crystarlized rarge arnounts of pollucite. other
l-ess fractionated pegrmatites eventually attained high
enough cs/Na and cs/K ratios during late stag.es of internal
evorution of the parent mert to crystallized smaII amounts

of pollucite. porlucite occurs rate in primary
consolidation of the pegmatites, and forms near the centrar
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parts of the pegrmatites, interstitial to spodumene and

quartz and closely associated with arbite, microcline,
lepidolite, anbtygonite and petarite. The conditions of
polrucite crystallization are about 4oo to 55ooc and z to 4

kbar.

Primary, single-phase polrucite has a composition
within the range cRK 70 to 90 (rnost at 80) and si/Ar ratios
of 2.3 to 2.6 (most near 2.6). within a locality cRK ranges

by up to 6.6 and si/Ar by up to o.2. of the minor cations,
only Rb2o (up to i_.0 wt.å) and pZos (1.s wt.?), and

probably also Li2o (0.4 wt.å) are significant. contents of
K2o' cao, M9o, Fe2o3 are less than 0.1 wt.å. pollucite may

a]so contain smal_l amounts of Bâ, Sr, pb, Cê, Ti, Tl and

Ga. contents of these cations are mostly lirnited by

geochemical scarcity, hohrever, amounts of K and ca rnay also
be linited by solubility and stabirity rel-ations with
pollucite.

Na* contents of primary porrucite are buffered to an

average 20 moI. å anarcime (range 1-2 to 26) by Na-rich
fluids in equilibriun with arbite. The cs* content of the
pollucite does not seem to be controlled by cs/Na ratios of
the parent fl-uid, but more by p-T conditions. Analcime is
not stabre in a pegrmatitic melt in the presence of quartz,
however, suggiesting that incorporation of significant
amounts of cs* enlargres the stability field of analcime to
higher temperatures and pressures.
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Si/41 ratios of primary pollucite are buffered to near

2.6 (range 2.3 to 2.6) by Si-rich fluids in equilibrium
with quartz (and probably also with other Si-rich phases).

Compositions with high Si/.A,1 ratios are favoured by a

disordered framework (a feature required by the cubic

structure), even though Si/41 ratios of 2.O are most

therrnodynamically stable.

7 .2 The subsolidus re-equilibration

Primary, single phase pollucite has locally evolved to
a mosaic of alternating Na-enriched and cs-enriched zo to
300 pm domains, crosscut by 1 to 50 ¡¿m wide veinl_ets of
quartz-containing Cs-rich pollucite rirnmed by Na-rich
pollucite. An overall positive correlation of Ar contents

with cRK is noted, such that the most cs-rich compositions

have rohr si/Ar. The brebby mosaic appears to have deveroped

by strictly local migration of H2O, Nâ, Cs, and AI from the

homogeneous pollucite. Likewise, veinlets of Cs-rich low

Si/Al pollucite appear to be involved in a mass balance

with adjacent Na-rich hiqh Si/41 pollucite. The mass

balance is controlled by three principal rnechanisms, the

first two being dominant: (i) exsolution into Nâ, Si-
enriched and Cs, Al-enriched compositions, (ií) Iiberation
of SiO2 as quartz, leading to Si-poor, but cation and AI-
enriched pollucite, and (iii) cation exchange which
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modifies the Na/cs ratio but does not affect si/Ar.
The above features indicate a re-equilibration of

primary pollucite with decreasing' ternperature into a tv¡o-
phase subsolwus assemblage of Na- and cs-rich compositions.
very Na-rich (analcine) cornposit,ions wilr be stable only
with decreasing pressure and (thus) have not been observed.
very cs-rich compositions have cRK near 100 and si/Ar near
2.o. The integral stoichiometry of csArsi2o6 is reported
in high-tenperature synthesis but a natural- occurrence has
not been reported untiÌ nohr. This composition may be most
thermodynamical-ry stable and is potentiarly ordered.

7.3 The al-teration of pollucite

Pollucite does not seem to replace any of the minerals
it. is associated with, but instead contains arteration
assembrages. rn fact veining is so cornmon that, it is used
as a diagnostic fierd toor to distinguish porlucite from
massive quartz. The arteration occurs in three consecutive
stages: (i) coarse veining, usualry polygonal, fracture-
filling and more abundant near the margins of bodies, (ii)
pervasive fine veining, braided to subparaI1e1, and (iii)
replacement assemblages .

The coarse veining is present only in pollucite bodies
larger than i- m, the veining is fracture-fitring and only
J-ocal]y metasomatic, and is related to sequences of late
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crystallization of the primary phases quartz, fine-grained
albite, microcl-ine, lepidolite, and amblygonite. The

fractures may be rerated to thermal contraction of the
pollucite below 2OOoC.

The fine braided veining is characteristic of
localities where the pollucite has segregated into masses

larger than about 5 cm; it follows fractures, grain
boundaries and a poor cubic cleavage of poJ-lucite. Earry

veins consist of coarse-grained lepidorite and quartz (+

spodumene); later veins consist of finer-grained mica and

spodumene. The veins are not true repracernents but instead

are products of late crystallization, in possible

equilibriun with pollucite.

Pollucite is most commonly replaced by adularia,
anarcime, and clay minerals. Aduraria (+ mica + albite +

Arsi-bearing phases) metasomaticalry repraces pollucite
along surf aces of veins and as ( o . 5 to l-. o rnrn) spherical
aggregates fully embedded in the pollucite. The aduraria is
enriched in Rb, locally with atomic contents of Rb > K. The

associated mica follows the Rb-enrichment trend of the

adularia and also locally has Rb

repraces porlucite by cation exchange and is associated

with cray mineral-s and leached areas of pollucite and

hol-row acicurar channels. The rate of framework

dissolution is thus similar to the rate of cation exchange,

both of which are mechanisms for the dispersal of cs from
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pollucite. Margins of porlucite bodies are repraced by clay
minerals (mainry illite, montmorillonite, kaolinite) which
also di-sperse most of the cs. sorne of the cray minerals are
cs-rich, however, and requíre further investigation.

7.4 Inplications for nuclear waste containment

Phases within the anal-cime-poÌlucite series may be

useful as hosts for nuclear wastes, particularry L35cs and
137cs. The synthetic phases are prone to metastable
formation with high si/Ar ratios, especiarly in si-
undersaturated systems (i.e. no quartz present), so should
be crystallized with si/Al ratios near 2.o for rnaximum

thermodynamic stability. For crystallization at low
ternperature, eíther cesian anarcime (row cs/Na ratios) or
sodian pollucite (near end-member with high cs/Na ratios)
shourd be usedr ërs mid-sol-vus conpositions are probably
less stabre. Long-term containment shourd be within a

conpatible host rock in which the minerars are stabre, to
prevent formation of replacement assemblages. To prevent
cation exchange the groundwater shourd have only row

cat j-onic contents, especiarly of Na. As a rbuilt-inrl
deterrent to cation exchange, a waste crystal courd have a
core of polrucite and a rin of analcime. This is
potentially stable and reduces a high geochemical gradient
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f avouring dJ-spersal of cs+.

7.5 Recommendations for future research

verification of compositional_ data produced by the
erectron microprobe technique, are required for sio2
contents and posssibry also for Ar2o3. The cause of the
possible alkali catíon deficiency rerative to A1 requires
investigation; these are the presence of other cations
including Li*, possible role of some form of H*, or AI
over-estimates. comparison to synthetic phases may be

useful. Judging quality of the anarytical results depends,

in part, upon determination of H2o contents. carcuration of
index of refraction is greatly infruenced by measurements

of Hzo or the model- used to estimate H2o, and the Kn value
of specific refractive energy. Determinations of H2o,

density, and index of refraction are required to better
establish determinative curves for the anarcime-polJ_ucite
series.

synthesis of polrucite is required to ansvrer many of
the questions posed by this study. lrihat are the maximum

si/Ar ratios as rerated to the cRK, in possible equiribriurn
with quartz or other silicates? rs pollucite with si/At of
2-o most thermodynamicaJ-Iy stable? rs there in fact no

sorid solution towards wairakite (ca) or reucite (K), as

suggested by the compositions of naturar porì_ucite? Are
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contents of Mg or Fe l-imited only by geochemical scarcity
at the time of porlucite crystarrization? what are the
extents of Li*, Rb*, and p5+ substitution? comprete

definition of the solvus is required., as are studies of the
stabirity of porrucite. No synthesis of sodian porlucite
has been published, and the composition of this porlucite
in equilibrium with arbite as a function of temperature,
pressure, and cs/Na of co-existing fluid needs to be

established.

The conditions of teaching, cation exchanqe, and

alteration to clays needs to be established. The mechanisms

of weathering of porrucite under surface conditions
requires investigation as werr. Additionar studies of the
al-teration products are urgentry required. This study has

shown the existence of Rb-dominant aduraria and associated
Rb-doninant micar so far not investigated in detaiÌ but
representing potential nehr minerar species. The structure
and composition of cs-bearj_ng clay minerars needs further
study. These are essentiar to the containment of
radioisotopes in waste package backfilr, subseabed

disposal, grouted waste injection, contaminated soirs, host
rock, and direct disposal in clays. Arnong the al_teration
products \Ä/as noted Klr{n-bearing (melane) minerals which are
natural anal-ogues to horrandite-type phases used to contain
cs* in some syNRoc formurations; though in smal-r amounts, a

carefur study of these minerals could be rewarding.



203

REFEREHCES

Agomor, 4..K., Gordi-yenko, V.V. & Lazarenkov, V.G. (l_9g6):
Pollucite from pegrmatites of Ghana, and. indicators of
cesium mineralization in granitic pegrmatites. Mineral.
Zn'. 8, 85-91_. (in Russian)

Ahrens, L.H. (i-945) : euantitative spectrochemical
examination of the minor constituents in pollucite. An.Mineral. 30 t 6L6-622.

(Le47 a) : Analysis of the minor constituents in
An. Mineral . 32, 44-5L.pollucite.

(1-947b): The determination of geologic age by means
Rb. Trans. Proc. Geol.of the natural radioactivity of

Soc. South Africa 5O, 23-54.

Aramakov, I.G., Zyuzt, S.D., MelentyeV, G.8., Remez, V.K.
& Cherepivskaya, G.A. (1975): New data on pollucite-
bearing pegmatite of Kazakhstan. Dok1. arãa. Nauk ussR,
22O, 1_l_3-t-l_6.

Babaev, K. L. & Okulov I.N. (1,972) z pollucite in
creavel-andite pegmatite at a locality in central Asia.Uzbekiston SSR Fanlar Akad. DokI. 29, 50-51_. (in
Russian)

Balgord, W.D. & Roy, R. (L97]-) z Crystal chemical
relationships in the analcite farniry. r-. synthesis andcation exchange behavior. Adv. chem. ser. 1ol I L4o-L47.

Barrer, R.M. (i-950) : ron-exchange and ion-sieve processes
in crystalline zeolites. J. Chen. Soc. (London)
2342-2345.

Baynham, J.W. & McCallum, N. (t_953): Hydrothermal
chemistry of silicates. part v. compounds sLructurally
rel-ated to analcite. J. Chem. soc. (London) I4035-404L.

& Hinds,
analcite and
l-879-1_888.

L. (l-953): Ion exchange in crystals of
Ieucite. J. Chem. Soc. (London)

& McCal_lum, N. (l_953): Hydrothermal chemistry of

-silicates. 

part rv. nu¡idium and caesium
aluminosilicates. J. Chem. Soc. (London), 4O2g-4O35.



204

& sieber, üI. (L977): Hydrothermal chernistry of
--Efricates. part 2L. Zeolites from reaction of l_ithiumand cesium ions with tetramethylammonium aluminosilicatesolutions. J. chem. soc., oarton Trans. 1o, l_o2o-1026.

Bates, J.K., Jardine, L.J. & Steindler, M.J. (L982) zHydration aging of nucl-ear waste glass. scíence zie,
51_-54.

waste
Steindler, M.J. (t_983):
glass by hydration. fn

Nuclear lrlaste Management VI . D. G.
Hol-land, Ner,rr York, B3-90.

Beger{ R.M. (1969): The crystal structure of polrucite. z.Kristallogr. L29, 2BO-3O2.

Bennington, K:O., Beyer, R.p. & Johnson, G.K. (l_9g3):
Thermodynamic properties of pollucite (a cesium-aruminum-silicate). u.s. Bureau l¡ines Rept. offnvestigations RI 8729, l_-t_8.

Berg{ c.w. (J-968): secondary alteration in ecrogites fromkimbertite pipes. Am. Minèra1. 53, l_336-l_346.

Alteration of nuclear
Scientific Basis for
Brookins (ed.). North-

Bl-oss, F. D. & Arnbruster , T. ( L9B2) :constants for HZO and COZ in cordierite.
2O, 55-58.

Borer, H. & Meier, w.M. (r97L): crystall_ization of zeoliticaruminosilicates in the sys_tem-Li2o-Na2o-Ar2o3-sio2-H2o
at l-OOoC. Adv. Chem. Ser. 1O1, L22=126.-

Breithaupt, J.F.A. (1846): pogg. Ann. ggt 43g.

& Prattner, K.F. eBaT)z castor and pollux, two ner{--iînerals (frorn the rsland of Elba). Am. J. sci. rrr 3r
430.

Gladstone-Da1e
Can. Mineral.

Buykxt W.J.t Levins, D.M., Smart, R.St.C., Snith, K.L.,Stevensr G..T., .lvatson, K.J. & [rlhite, T.J. (]-990) IProcessi-ng impurities as phase assembrage nodifiers intitanite nuclear waste cefamics. J. An. ceram. soc. 73,
2L7 -225 .

campbelÌ, A. s. & Fyf e, !{. s. (r-965) : Analcime-albiteequilibria. An. J. Sci. 263, go7-8 j_6.



205

Carrobi, G. & Minguzzi I c. (l-948): I costituenti minori
della pollucite elbana e della petalite delltElba e di
Utö (Svezia). Accademia nazionale deí Lincei, Atti s.8,
4, f.6, 653-658. (in ltalian)

Caurel , J., Beaufort, D. & Vernaz, E.Y. Q987)z Mineral
phase identification along two profiles from the LWR
French reference glass: Use of an x-ray position
sensitive detector. fn Scientific Basis for Nuclear
Iriaste Management XI. (M.J. Apted & R.E. Ialesterman,
eds.). M.R.S., Pittsburgh, Penn., 663-672.

_, Vernaz, E. & Beaufort, D. (l-990) : Hydrothermal
leaching of R7T7 borosilicate glass. In Scientific Basis
for Nuclear Waste Management XIII. (V.M. Oversby & P.W.
Brown, eds. ) . M.R.S. Pittsburgh, Penn., 309-31-8.

Cerny, P. (1972): The Tanco pegrmatite at Bernic Lake,
Manitoba. VIII. Secondary minerals from the spodumene-
rich zones. Can. Mineral. 11, 7L4-726.

(Le7 4) z The present status of the anal-cime-
Can. Mineral. L2, 334-341.pollucite series.

(1-978): Alteration of pollucite in some pegrrnatites
of southeastern Manitoba. Can. Mineral. L6, 89-95.

(L979) z Pollucite and its alteration in geological
occurrences and in deep-burial radioactive waste
disposal. In Scientific Basis for Nuclear Waste
Managiement I (c. J. McCarthy, ed. ) P1enum Press, New
York, 23I-236.

(1-982): Mineralogy
Granitic Pegrrnatites in
ed.). Mineral. Assoc.
l-49-1-61-.

of rubidiun and cesium. In
Science and fndustry (P. Cerny,
Can., Short Course Handbook I,

(7982): The Tanco pegmatite at Bernic
southeastern Manitoba. In Granitic Pegrnatites in
and Industry (P. Cerny, ed. ) Mineral. Assoc. Can.
Course Handbook 8, 527-543.

Lake,
Science
, Short

& Chapman, R. (1986): Adul-aria from hydrotherrnal
vein deposits: extremes in structural state. Can.
Mineral. 24, 7L7-728.

& Simpson, F.M. (l-978): The Tanco pegrmatite at
X. Pollucite. Can. Mineral. L6,Bernic Lake, Manitoba.

325-333.



206

cherdyntsev, v.v. & Kozak. L.v. (1,949): The origin ofexcess He in some minerals. Dokl. Akad. Nauk s.s.s.R.69, 829-832. (in Russian)

connolly, J.p. & of Hara, c.c. (1,929) z The minerar wealth ofthe Bl-ack Hil_l_s. S. Dakota School Mines Bull. 16,
26L-264.

cooper, D.G. (L964)z The geology of the Bikita pegrmatite.
Geol. some ore Deposits southern Africa. 2o d,+1-aæ.

Dean, K. c- & Nichors, r. L. (1,962) : concentration ofpollucite ores. u.s. Bur. Mines Rept. rnvest. Rr-594o,
l_-t_0.

Durnev, V. F. , Melent tyev, G.B. , Sokolov, V.A. , pokrovskiy,
Ye.N. & cherepivskaya, G.A. (r-973): First polrucite inpegrmatite of the Parnirs. Dokl-. Akad. Nauk ussR 2a3t 1Bo-
l_83.

Dymkov, Yu.r. (t-953): Morphology of porrucite deposits andtheir grenesis. Trudy tr{ineralog. l,tuzeya Akad. ñaux sssR.5r L32-L45. (in Russian)

Eggreton, R.A. (l-991-): Gladstone-Dare constants for themajor erements in silicates: coordination number,polarizabirity, and the Lorentz-Lorentz relation. can.Mineral. 29, S2S-532.

Erämetsä, o. & sihvonen, M.L. (1,973) | studies on theextraction of cesium from pollucite. suom. KemistilehtiB 46, L3-L7.

Fairbanks, E. E. (t-928) : The importance of pollucite. An.Mineral. 13 t 2L-25.

Feklichev, v.G. (J,97s): Determination of the mineralogicalcomposition features of the pollucite-analcime groupaccording to their physical properties. Mineral. sb.(Lvov) 29, 28-32. (in Russian)

Felfdman, L.G. & pleskova, M.A. (L979): The problem of thechemistry of pollucite. Nowye Dannye o t',lineralakh sssR26, 1-46-L6O. (in Russian)

Filippova, Yu.I. 11970): A nehr paragenetic type oftantal-um- and cesium-bearing pegmatite. Dokl. ekad. Nauk
ussR L92, L23-126.

Fleischer, M. & Ksanda, c.J. (r-940): Dehydration ofpollucite. Ain. Mineral . ZS, 666-672.



207

Foote, H.W. (l-896): On the occurrence of pollucite,
mangano-columbite and microlite at Rurnford, Maine. An.
J. Sci. L, 457-459.

Fraser, H.J. (1-930): Paragenesis of the Newry pegmatite,
Maine. Am. Mineral. L5, 349-364"

Gallagher, S.A. & McCarthy, G.J. (1981-): Preparation and
x-ray characterization of pollucite (CsA1Si2oø). J.
Inorg. NucI. Chem. 43, L773-t777.

Ginsburg, A.I. (1-S Qz Pollucite in the pegrmatites of the
Ka1bin Ranqe (Kazakhstan). Dok1. Akad. Nauk USSR 52,
335-337 .

(1-960): Specific geochemical features of the
pegrmatitic process. Rep. 2l-st f nt. GeoI . Cong . L7 ,
l-l_l_-t_2l_ .

, Panteleev, A.I. & Pleskova, M.A. (l-975) : Concerning
the content of excess argon in pollucites. Geokhirniya
12, 1794-1799. (in Russian)

Gossner, B. & Reindl, E. (1-932): Uber die chemische
zusanmensetzungT von cordierit und poIlucit. Zentralbl-.
J. Mineral. Geol. Paläont. À, 330-336. (in Gernan)

Haaker, R.F. & Ewing, R.C. (i-981-): Natural analogues for
crystalline radioactive waste forms, Part II: Non-
actinide phases. fn Scientific Basis for Nuclear Waste
Managernent III . (J. G. Moore, ed. ) Plenum Press, Ne!,r
York, 299-306.

Henderson, C.M.B. & Manning, D.A.C. (l-984): The effect of
Cs on phase relations in the granite system: stabíIity
of pollucite. Nat. Env. Res. Council, Progr. Exper.
Petrology 25, 4I-42.

& Martin, J. (1985) : Continuity from magmatic to

-hydrothermar 

processes in granite systerns. rn 2nd
International Symposium on Hydrothermal Reactions.
Program with Abstracts, Penn. State Univ., Penn., 24-25.

Heysteck, G.R. & Schmidt, S.R. (l-953): The technique of
differential thermal analysis and its application to
some South African minerals. Trans. Geol. Soc. South
Africa 56, I49-t76.

Hogan, M.A. & Risbud, S.H. (1-99L): Gel-derived amorphous
cesium-alurninosilicate powders useful for formation of
pollucite glass-ceramics. J. Mater. Res. 6, 21-7-2L9.



208

Hornung, c. & von Knorring, O. (L962) z The pegmatites of
the North Mtoko Region, Southern Rhodesia. Trans. Geol.
Soc. S. Africa 65, l-53-l-80.

Kastler , M. A. (1,926) : Contribution a 1 'étude de ta
pollucite. Compt. Rend. LA2, 1285-t-286. (in French)

(L927): Traitement de la pollucite (ninérai de
caesium) et préparation de chlorure de caesium. 8u11.
Soc. Chin.  Lo 428-434. (in French)

Keith, T.E.C, Thompson, J.M. & Mays, R.E. (t_983): Selective
concentration of cesium in analcime during hydrothermal
alteration, Yellor¡rstone National park, Irlyoming. Geochim.
Cosmochim. Acta 47, 795-804.

Kennedy, J.J. (1938): The alkali rnetal cesium and some of
its salts. Chem. Revs. 23, LS7-L63.

Khalili, H. & von Knorring, O. (a976): poll_ucite from some
African and Scandinavian pegrmatites. Inst. Afr. Geol.,
Leeds Univ. Ann. Rept. L976. 59-60.

Kim, Ki-T. & Bur1ey, B.J. (J-971-): phase equilibria in the
systern NaAlSi3Og-NaAISiO4-H2O with special emphasis on
the stability of analcits. Cãn. J. Earth Sci. gl
31_1-3 3 7 .

Komarneni, S., McCarthy, G.J. & GaIlagher, S.A. (1-978):
Cation exchange behavior of synthetic cesium
al-uminosilicates. Inorg. NucI. Chem. Letters 14,
I73- 1,77 .

& IVhite, W.B. (l-981-): Stability of poltucite in
hydrothermal fluids. In Scíentific Basis for Nuclear
Vtaste Management ffI. (J.G. Moore, ed. ). plenum press,
New York, 387-396.

Khundadze, 4.G., Senderov, E.E. &
Experimental data on composition
Geokhimiia 5r 588-600.

Kuwano (1970): Pollucite from Nagatare, Fukuoka prefecture,
Japan. Chigaku Kenkyu 21, 4I6-42L. (in Japanese)

Landes, K.K. (L925): The paragenesis of the granitic
pegmatites of central Maine. Am. Mineral. 1O, 3SS-379.

Liou, J.G. (L97L): Analcine equilibria. Lithos 4, 3Bg-4O2.

Khitarov, N.I. (1970):
of synthetic analcimes.



209

LJ-u, F. & Shan, J. (1-990): Rare metals pegrmatite andsarine minerals in xinjiang uygur Autonornous Region,
China. In l-sth General Meeting I.M.A. , June , LggO,
Beijing, Field Trip Guidebook TOOB (1-18).

London, D. (1990): rnternar differentiation of rare-erement
pegrrnatites; A synthesis of recent research. fn Ore-
bearing granite systems; petrogenesis and rninerarizíngprocesses (H.J. Stein & J.L. Hannah, eds. ) GeoI. Soc.
Am., Special Paper 246, 35-50.

Mandarino, J.4.. (1,976) z The Gladstone-Dare rel_ationship-
Part r: Derivation of nehr constants. can. Mineral. L-4,
498-502.

Martin, R.F. & Lagache, M. (1975): cerl edges and infrared
spectra of syntheti-c leucites and pollucites in the
system KAISi2O6-RbAISi2O6-CsA1SiZOe. Can. Mineral. 13,
27 5-281,.

Mccarthy, c.J. (1,977) z High lever waste ceramics: Materials
considerations, process simulation and product
characterization. NucI. Technol. 32, gZ-98.

& Davidson, M.T. (i.975)
f. Crystal chemistry and
Ceram. Soc. 54, 782-785.

, hlhite, W.8., Roy. R., Scheetz, 8.8., Kornarneni, S.,
Smith, D.K., & Roy, D.M. (1-978) z Interactions beùween
nuclear waste and surrounding rock. NaÈure 273, 21,6-2a7.

Mccright, R.D. (1991): container materials for high-revel
waste at the proposed Yucca Mountain site. rn scientific
Basis for Nuclear [rlaste Management xrv. MRS, pittsburgh,
Penn. | 249-260.

Melentyev, c.B. (t-961-): The first finding of poltucite inthe granitic pegmatites of sayan Mts. Dokl. axaa. Nauk
ussR L4L, L287-t289.

Mimura, H., Shibata, M. & Akiba, K. (1990): Hydrothermal_
reactions of zeolites loaded with cesium or strontium.
J. Nucl . Sci . Technol . 27 , 1,67 -t7 3 .

Miskovsky, J. (1955): pollucite occurrence in pegmatite atPuklice. Acta Musei Moraviea Brno 4o, 87-92. (in czech)

( r_e60 )

: Ceramic nuclear waste forms:
phase formation. BuII. tun.

: Complements to the mineralogy of the lithium
at Jeclov, near Jihlava. Acta Musei Moraviea

2s-30. (in Czech)
pegmatite
Brno 45,



2LO

Mukerji, J. & Kayal, P.B: (I975): Reaction of CsNO3 and
RbNO3 with natural aluminosilicates. Mat. Res. Butl-. 1O,
LO67 -LO7 4 .

NeI, H.J. (1-SA ): Pollucite from Karibib, South West
Africa. Am. Mineral. 29, 443-451-.

Neuvonen, K. J. & Vesasalo, A. ( l_960) : pollucite from
Luolamäki, somero, FinÌand. Bult. comm. Geor. Finrande
188, 1_33-1-48.

Nickel, E. H. ( l-961) : The rnineralogy of the Bernic Lakepegrmatite, southeastern Manitoba. Dept. Mines Tech.
Surveys, Mines Branch Tech. BuII. T-8. 2O, j--39.

Odoi, R., Hilpert, K. & Gerads, H. (1979): fnvestigations
of the volatility of cesium from aluminosiricates by
mass spectrometry. rn scientific Basis for Nucrear I,rlaste
Management f . (G.J. McCarthy, ed. ) " pl_enum press, New
York | 227-229.

Okulov, E.N. & Vinner, L.f . Q973)z New find of pollucite
in rare-metal pegmatites of central Asia. rn rssled.
ObI. Prikl. Mineral. Kristallokhim. (D.A. Mineev, yu.A.
Pyatenko & V. c. Feklichev, eds. ) 107- j-09.

Panasenko, E.B. & Goroshchenko, ya.G. (l_970): Reaction ofpollucite with limewater solutions aE 22O oC. ZLr. prikl.
Khim. (Leningrad) 43, L470-L474. (in Russian)

Peters, T.J. I Luthl w.c. & TuttJ-e, o.F. (l-966): The rnelting
of analcite solid solutions in the systern NaAlSiO4-
NaAlSi3OA-HZO. An. Mineral_. 51, 736-753

Pisani, M.F. (t_864): compt. Rend., Acad. sci., paris 18,
7 L4-7 L6 .

Plyushchev, V.E. (1959): High-temperature synthesis ofpollucite. Zapiski vsesoyuz. Mineral. obshchestva 88,
L52-1,56.

& Shakhno, I.V. (1958): Interaction of pollucite with
a mixture of cal-cium oxide and carcium chtoride. Nauch.
Doklady Vysshei Shkoly, Khim. i Khim. Technol_. 785-788.
(in Russian)

Pouchou, J.L. & Pichoir, F. (l_985): ilpApil (phi-rho-Z)
procedure for improved quantitative microanalysis. rn
Microbeam Anarysis (J.T. Armstrong, ed. ) san Francisco
Press, San Francisco, 1_04-l-06 .



2LL

Quensel, P. (l-938): Minerals of the Varuträsk pegrnatite.
XIII. Pollucite, its vein material and alteration
products. Geol. Fören. Föhr. 60r 6L2-634.

(l-945): Minerals of the
Further alteration products
Föhr. 67, 549-554.

Varuträsk pegmatite" XXXVI.
of pollucite. Geol. Fören.

Richerson, D.!{. & Hummel, F.A. (1,972): Synthesis and
thermal expansion of porycrystalrine cesium minerars. J.
Am. Ceram. Soc. 55, 269-273.

Richrnond, W.E. & Gonyer, F.A. (1938): On potlucit.e. tun.
Mineral. 23, 783-789.

Roberts, W.L. & Rapp, G.R. Jr. (t_965): Mineralogy of the
Black Hi11s. S. Dakota School Mines 8u11. 1g, IS6-L57.

Rossovskiy, L.N. (L977): First find of pollucite and its
crystals in Afghanistan. DokI. Akad. Nauk USSR 236
1_57-1_60.

Saha, P. (1-959): Geochemical_ and x-ray investigation of
natural and synthetic anal_cites. Am. Mineral . 44,
3 00-3l_3 .

- (1961-) : The systern NaAlSiO4 (nepheline) -NaAISi3oB(albite) -HZO. Arn. Mineral. 460 859-884.

Sakurai , K., Kato, A., Kuwano, N. & Nagashimi, K.
(1-972): Chernical studies of minerals containing rarer
erements from the Far East District. LXV. porlucite from
Nagatare, Fukuoka Prefecture, Japan. Bull. Chem. Soc.
Japan 45, 8l-2-81_3.

_, Bunno, M., Aoki, M. & Suzuki, y. (L977): Some
minerars in lithium pegnnatite from Myokenzan, rbaraki
Prefecture. Ganseki Kobutsi Kosho Gakkaishi 72, 13-27.

Sa1tykov, V.S. (t-959): Analysis of minerals containing rare
erements carried out by the chernicar laboratory of the
Institute of Mineralogy, Geochemistry, and
crystalochemistry of Rare Erements of the ussR Academy
of sciences in ]-954-1-957. Trudy rnst. Mineral., eeokhirn.
i Kristallokhim. Redkikh Elementov, Vosprosy Mineral.,
Geokhim. i Genezisa Mestorozhdenii Redkikh Erementov 2,
L89-2O7. (in Russian)

Schwartz, G.M. (l-930) : The Tin Mountain spodumene mine,
Black Hi1ls, South Dakota. Econ. GeoI. ZS, 275-285.



2L2

Sebastian, A. & Lagache, M. (J-990): Experimental study of
the equilibriun between pollucite, albite and
hydrothermal fluid in pegmatitic systems. Mineral. Mag.
54, 447-454.

Senderov, E.E. & Khitarov, N.I. (L97L): Synthesis of
therrnodynamically stable zeol_ites in the Na2O-Al2O3-
SiO2-HZO system. Adv. Chem. Ser. I-Ol-, L49-LS3

& Vorobryeva, I. G. ( l_983 ) : Experimental
stability of analcj-me in the presence of
Akad. Nauk. U. S. S.R. 275, 1-79-L82.

Shaub, B.M. (l-940): On the origin of some pegmatites in the
town of Newry, Maine. Æn. Mineral. 25, 674-698.

& Schenck,
Massachusetts.

Simpson, F.M. (L974) z The Mineralogy of pollucite and Beryl
from the Tanco Pegrrnatite at Bernic Lake, Manitoba. M.Sc.
thesj-s, Univ. Manitoba, Ìriinnipeg, Manitoba.

Smeds, S.-4. & Cerny, P. (t_989): poll_ucite from the
Proterozo;-c petalite-bearing pegmatites of Utö,
Stockholm archipelâ9o, Sweden. Geol. Fören. Föhr. 111,
36t-371,.

Solodov, N.A. (l-966): Relationship between ionization
potentials of elements and the concentration necessary
f or the formation of their ohrn minerals. DokI. Akad.
Nauk U.S.S.R. 165, L77-t9O.

Spencer, L.J. (1-934): Pollucite, a new gem stone.
Gemmologist 3, 263-264.

SÈrachan, D.M. & Schul_2, W.W. (L979) | Characterization of
pollucite as a material for long-term storage of cesium-
L37. Ceram. Bul-l-. 58, 865-877.

Summers, W.R. & Schweikert, E.A. (l_986): Application of
particl-e desorption mass spectrometry to the
characterizat,ion of minerals. Anal. Chem. 58, 2L26-2L29.

Symons, R. (l-961): Operation at Bikita Minerals (private),
Ltd., Southern Rhodesia. Bull. Inst. Mining Met. 6'6J-,
1,29-172.

Taylor, D. & Henderson, C.M.B. (t_968): The thermal
expansion of the leucite group of minerals. An. Mineral.
53,7476-L489.

study of the
quartz. Dokl.

B.J. (l-954): Pol-lucite from Lithia,
An. Mineral. 39, 66t-664.



2]-3

Teertstra, D.K., Cerny, P. & Chapman, R. (1992a):
compositionar heterogeneity of pollucit,e frorn High Grade
Dyke, southeastern Manitoba. Can. Mineral. in press.

_, Sherriff , B.L. & Cerny, p. (L99Zb): MAS NMR study of
naturar and synthetic members of the analcime- porlucite
series, with irnprications for nuclear waste conLainment.
Can. Mineral. submitted.

Tyndale-Biscoe, R. (L952) z The geology of the Bikita tin-
field, Southern Rhodesia. Trans. Geol. Soc. S. Africa
54, t1--25.

Ucakuwun, E.K. (1-981-): The pegrmatites and granitoid rocks
of the Dryden area, northwestern Ontario. M.Sc. thesis,
Univ. Manitoba, I^Iinnipeg, Manitoba.

ueda, s. & Koizumi, M. (L979) z crystallization of anarcime
solid solutions from aqueous solutions. Am. Minera1. 64,
t72-L79.

V1asov, K.A. (ed. ) (L964) z Geochemistry and mineralogy of
rare elements and genetic types of their deposits. VoI.
If, Míneralogy of Rare Elements. Moscoh¡, Engl.
Translation, Jerusalern 1-966.

hlalker, R.J. , Hanson, G.N. , Papike I J.J. , OtNeil, J.R. &
Laul, J.C. (l-986): Internal evolution of the Tin
Mountain pegrmatite, Black Hi11s, South Dakota. An.
Mineral. 7L, 440-459.

I¡le1ls, H.L. (1-891-): on the composition of porlucite and its
occurence at Hebron, Maine. An. J. Sci. III 4L, 2L3-
220.

I{ells, R.C. & Stevens, R.E. (L937) z The analysis ofpollucite. Ind. Eng. Chem.; AnaI. Ed. 9, 236-237.



.APPEI{DIX I-
214

Table 2.]-a: compositional data, unit cerr contents andphysical properties of pollucite from the literature.
No.

sio2
Al2O3
Fe2O3
Pzos
Li2O
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo,
H2o-
Hzo-

5I.27
L9.70

48.81_
L8.29
o. l_1_

49.23
1-8.61-
0.45

47.88
L7.96

0. 14

48.08 44.03
L7 .20 L5.97
o.32 0.68

o. 80
3.58

22.90
o.7 6

trace
0.93

0.34
3 .62
0.50
1.30

25.69
o.37
o. 19
l_. t_0
0. 00

o.43
3.20
0. 59
o. oo

22.80
o.23
0. 63
3.28
o. 00

o.t2
3.58
1. 06

o.42
3.1_0
l_. 00

3 .88

23 .46
t_. 04
0.38
3 .45
o.37

26.6L
o .57

trace
2.79

34.07
0. 68

2.40

sum

A1+Fe
: charges
Si/A1
cRi<*

n
D

IOO.24 100.32

2.O82
0.943

0 . 131_
o.282

o.397
0.033

o.943
0.849
2.208
47.O

2.075
0.91_6
o. 003

0. 058
o.298
o.o27
0.036
o.466
o. o1,7
0. 0i_2

o.920
o.942
2.264
52.8

99.51-

2.076
o.925
0. 0r-4

0. 073
o.262
o.o32
o. 000
0.41_0
0. 0l-1_
0. 040

0.939
0.880
2.244
53.3

99 . 44 1-00 . 04 t_01 . 71-

Si
AT
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

2 . 071,
o.923
o. 004

0.021 0.074
0.300 0.262
o. 059 0.056

0.433
0. 048
0. 025

o.920
o. 958
2.262
55.5

2.O95 2.O5L
0.883 0.877
o.ol_0 0.o23

0.351_

o.494 0.677
o.o27 0.034

0.894 0.900
0.939 L. 095
2.372 2.279
60. 3 6l_.8

L.527
2.89::::::::::::::::::::::::::=:::::::::::::::::::::::::::::::

* cRK : 1-00 (cs + Rb + K) /cation sum; atomic contents based
on a subcell with 6 oxygens in anhydrous formula.
1. Unknown 1ocaIity, U.S.S.R. (also pb2O O.3O wt.?;
Saltykov l-959)
2. Far East, U.S.S.R. (Vlasov L964)
3. Siberia, U.S.S.R. (aIso MnO O.06 wt.?; Vlasov 1964)
4. Tin Mt. , Custer Co. , South Dakot.a (Connolly & O rHara
L929; quoted in schwartz l-930 and in Roberts & Rãpp l-965)5. Ungursay f 3, Kalbin Range, eastern Kazakhstan, U.S.S.R.(also trace Be, Sr, Sn, MD, Ga; Ginsburg 1946)
6. San Piero in Campo, Elba, Italy (pisani l_864)
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Table 2.]-b: Cornpositional data, unit cell contents and

physical properties of pollucite from the liÈerature.
No. 1"21- 1_10

sio2
Ä.12o3
Fe2O3
Pzos
Li2O
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo,
H2o-
Hzo-

48. OO

1_9. 60

o.25
2 .56

47 .92
t8.7L
trace

3.15

47.09
L7 "4L

0.30
0.41
3.02
2.00
0.91

26.60
0. 00
o. 00
2.20

40.71
1_9 " 69
o.32

0.80
1. 09
o.7 4
0.81-

31-.35
L.46
o.43
2.24

46.30
l_8. oo
trace

0. oo
trace

-3. O

trace
trace
30.50
trace

2.30

45.66
L6.64
o.22

o.22
2.L2
0. 13
0. 00

3l_.80
0.36
o.29
2.L7
o.42

27.LO
0.50

l_. 83

,,--?2

2 .55

sum

A1+FE
X charges
si/A1
CRK

n
D

100. 1_9

2.058
0.990

o. 043
o.2L3

o.495
0.023

0.990
o.799
2.O78
63.8

99 .53

2.O87
0.960

o.266

0.505

0.960
o.77L
2.I73
65.5

99.94

2.069
0. 901_

o. o1_l_

o.072
o.257
o.]-]-2
0. 025
0.498
0.000
0. 000

0.901_
o.966
2.295
65.9

99 .67

l_.895
1. 080
0. 01r-

0. 150
0. 098
o.o44
o.o24
o.622
0. 073
0.030

1 . 091_
L. L49
4.754
66.2

4.522
2 .881_

2.076
o. 951_

o. 000

o.261,

0.583

o. 95i_
o.844
2.L82
69.L

2.088
0.897
o. 007

0 . 041_
0. l_88
0. 008
0. 000
o.620
0. 01-8
0.020

0.904
0.938
2.328
69.9

99. OO l_00. 13

si
A1
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

7 " Unknown locality, U.S.S.R. (also
Saltykov 1-959)

Pb2O 0.35 wt. ?;

8. Sayan, U.S.S.R. (Felrdman & Pleskova J-978; mineralogy of
this occurrence is described in Filippova L97O)
9. Bikita, Fort Victoria area, Zimbabwe (Cooper L964)
10. Siberia, U. S. S. R. (aIso MnO O. 06 wt. å; Feklichev 1-975)
1-1. An American localíty (Kastler L927)
L2. Tin Mt., Custer Co., South Dakota (also FeO O.l_O wE.Z,
no Ti; Vlells & Stevens L937)



216
Table 2.1c: Compositional data, unit cel-I contents and

physical properties of pollucite from the literature.
1-8t716l-5L4l-3No.

sio2
AJ-2O3
Fe2O3
Pzos
Li2O
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo,
H2o-
Hzo-

46. 03
]-7.76
o.02

46.00
19.00

45.70
L7 .20

o. oo

46.48
L7 "24

45.98 47 .29
L7 "23 l-6 " 00
0.08 0 " 60

0. l_6
2.08
1-.81_
0. 61

28.88

3:31
2.74

2.OL

3l- . 41
0.39
o.72

trace
2.80

as Rb
l_. 30

30.20
o. 00
o. oo
2 .66

2.25

3:13
30 .62

2.32

o.34
2.09
0. 39
o.22

3L.45
o. 09

2.49
0. 14

2.2L

30.77
o.32

1,.45
0. 03

sum

A1+Fe
X charges
si/A1
CRK

1_00. 13

2 . 071,
o.942
o. 001

o.o29
o . 181_
0. l_04
o.0l_8
0.554
0. 001

o.942
o.879
2.L99
70.6

1.520

99.53

2.O34
0.990

o.L72

o.592
o. ot-9
o.o47

0.990
0.896
2.O54
7L.3

99.86

2.O87
o.926
o. ooo

o.248
as Rb
o.038
o. 588
o. ooo
0. 000

o.926
o.87 4
2.254
74.6

4.517
2.865

2.LO4
o.920

0. l_98
0. 034

0.591_

o.920
0.823
2.287
7L.8

o.062
o. t-84
0.023
o. 006
o. 608
0.004

0. l-93

o.592
0.016

99.51 l_00.20 99.58

Si
A1
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

2.085 2.L33
o.92L 0.851_
o. 003 0. 020

o.923 0.870
o.892 0.856
2.264 2.508
7t-.8 72.1_

n
D

i-3. Nagatare, Fukuoka Prefecture, Japan (also MnO O.OL
wt.å; Sakurai et a1. L972; mineralogy of this oecurrence is
described in Kuwano L97O)
L4. Unknown locality (Plyushchev & Shakhno l-958)
l-5. Helikon, near Karibib, Namibia (also trace Tl, Ga; no
B, MD, Sr, Pb, Ti, V, Crì NeI 1944)
16. San Piero in Campo, Elba, ftaly (Rarnmelsberg l-880,
quoted in Wells 1-891)
a7. Myokenzan, Ibaraki Prefecture, Japan (Sakurai et aI.
te77 )
l-8. Northwestern European U.S.S.R. (also FeO 0.53 wt.Zî
Felfdman & Pleskova 1978)
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Table 2.1d: compositional data, unit cell contents andphysical properties of pollucite from the l-iterature.

No. 2a20l-9 242322

sio2
À12o3
Fe2O3
Pzos
Lj-2(o^
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo,
H2o-
Hzo'

43.76
1,6 .7 5

0. t_5

2.05

o. 53
33. 03
0.90
0.28
2 .46

45 .56
l-6. 1_5

o. 06

0. 15
2.30
0. 50
0.36

30.91
o. 05
0. 08
2.36
0. 02

45.25
1_6 " 38

o "77

2.28
0. l_9

32.3L

2_',-?
2.66

45.81
1_7.38

0. 06
o.2L
0. 049
L.97
o.32
0.82

30.38
L. 02
o.L2
2.L9

0. 28
l_. 98
o.L7
o.77

30.60
0.04
o. 003
2.LL
o. 08

0.43
L.7 4
0. 16
o.7 4

32.20
0. ol_
o. 003
L.73
0. 04

47.80 46.09
L5.70 l-6.38

o. 01_ 0. ot-

A1+FE
X charges
si/Ar
CRK

n
D

99.96

2.O53
o.926
0. 005

o. 186

0. 016
o. 66i_
o. 045
0.020

0.931_
0.995
2.2L7
72.9

l_. 518
2.916

2.LLO
0.881_
0. 002

0.028
o.207
0. 030
0. 01_l_

0. 6i_0
o. oo3
o. 006

0. 883
0. 901_
2.394
72.9

2.084
o. 889
o.026

o.204
o. 0l_L

o. 635
0.036

0.91_5
o.920
2.344
73.O

l_00.39

2.O65
o.924
0. 002
0. 008
0. 009
o.172
0. 019
o.o24
0.584
o. 049
0. o09

o.926
0.91_5
2.236
73.L

0. 05l_
o.L7 4
o. o1_0
o.o22
0. 590
o. o02
o. ooo

o .837
0.850
2 .583
73.3

o.079
o. 1_55
o. o1_o
o.o22
o.629
0. ool_
o. 000

0. 885
0.896
2.388
73.8

98. 60 l_00. 56 99.54 99.53

2.1,60 2.LL2
0.836 0.885
0.000 0.000

Si
Al_
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

2.896 2.88
L.5L7 I.520
2.84 2.85

19. Kazakhstan, U.S.S.R. (also MnO O.05 wt.å; Feklichev
1,e7 5)
20. Henan # 2, China (Liu & Shan 1990)
2L. San Piero in Campo, Elba, Italy (Gossner & Reindl Lg32)
22. Kazakhstan, U.S.S.R. (Aramakov et aI. L97Sl
23 and 24. lanco, Bernic Lake, Manitoba (cerny & simpson 197g)



218
Table 2.1e: compositionar data, unit cerr contents andphysical properties of pollucite from the literature.

302928272625No.

sio2
A12O3
Fe2O3
Pzos
Li2O
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo,
H2o-
Hzo-

46.22
L5.97
o. 1_4

46.22
i_5.84

o. 01

45.73 48.22
17.98 t7.94

46.50 45.48
L6.7 6 l_6. O1-

o.25 0. l-t_

0. l_5
2.30
0.50
o.27

31_ . 15

0. 1s
2.20
0. 50
0.45

32.L7
o. 09

0. 015
7.37
o. 03
o.2L

32.57
o. l_9

o. 538
L. 07
0. 04
o. 34

30.41_
o.20

2.23

';.¿;0.30

o. i-5
2.LO
o. 59
o.45

31_. 60

0. 09
2.32
0. t_0

2.58
o.24

2.28
0. 08

2.50
0. 0l_

2.07
o. 02

o .54

sum

A1+Fe
: charg'es
si/A1
CRK

n
D

2.]-25
0.865
0.005

0.028
0.205
0.029
0. 008
o. 6t-1_

0.870
0.881-
2 .456
74.5

2.L26
0.859
o. oo0

0.028
0. l_96
o.o29
o. 0l_3
0 . 631-
0. 004

0.881_
0.906
2.47 6
7 4.7

2.072
0.960

o. 003
0.1-20
0. 002
0. 006
o .629
o.o92

0.960
o.945
2.L58
74.7

2.LLO
o.925

o. 095
0.091_
o. 002
o. 0l_0
o .567
o. 009

o.925
o.784
2.281_
7 4.8

o.904
0. 856
2.354
7s. o

99 . s8 1_00. l_L l-00.59 l_oo.3l- 99.20 99.09

Si
A1
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

2.1-08 2.]-L2
0.896 0.876
o. oo8 0.004

o. l_96
o. 028
0. l_89
0.035
o. 01_3
o .626o. 631_

o. 0l_5
0. 006

0.880
0.903
2.44O
75.L

L.5I77 l_ . 5l_1_1
2.880 2.923

25. Hubei, China (Liu & Shan l-990)
26. Henan # 3, China (Liu & Shan 1990)
27. Bikita mine, Fort Victoria area, Zimbabwe (Khariri &
von Knorring L976)
28. Benson # 3t Mttoko area, Zimbabwe (Khalili & von
Knorring L976)
29. Northwestern European u.s.s.R. (Ferrdman & pteskova
1.e7 8)
30. Henan # I, China (Líu & Shan i_990)
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Table 2 . ]-f : cornpositionar data, unit cerl contents andphysicar properties of pollucite from the literature.

No. 3433323l_ 3635

sío2
À1203
Fe2O3
Pzos
Li-2C
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo,
H2o-
Hzo-

44.33
L8 .44
0.20

o. l_3
r.7 6
0. t_5

32.14
0.298
0.20
L.77

46.90
t7 .28
0.33

o. l_8
l_. 95
o.82
2.13

29.LO
o.L4
o. 08
l_. 06

46.28
1,6 .7 L

0. 0l_
o.25
o.25
L.87
0. 51_

l_. 60
30.77

0. 00
o. oo
1-. 80
o. oo

45.82
16. O0

0. 05

46.92 43.54
L7 .27 l_6.90

0. 08

0. 01_8
2.23
0.43
l_. 38

31_. 2 0

3:91

3:13

o.20
L.27

0.85
30.80
0.45
0. t_8
1.53
0. 02

0. l_3
2.t1-
o.42

trace
36.03

1-. 59

99.42 99.97 l-00. 02

2. O98
o. 893
0. 000
0. ol_0
0. 046
o.L64
o.295
o.o47
0. 595
0. oo0
o. oo0

0.893
0.881-
2.350
7 6.2

1.52L8

99 .48 99 .57 LOO.72

si
AI
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

AT+FE
X charges
si/A1
CRK

n
D

2.030
0. 995
0.007

o.o24
0. 1-56
0. oo9

o.628
0. 0l_5
o. ol_4

l-. 002
0. 873
2.040
75.3

2.O90
0.908
0. 011-

0. 032
0. t_69
o.o47
0. 061_
0.553
o. 032
o. oo5

0. 9l_8
0.885
2.303
75.6

0. 003
0. l-99
0. 038
0. 041-
0. 6l_1_

o. 003

0.868
0.898
2.430
77 .L

0.036
0. L1_l-

0. 025
0.590
o.o22
0. o1_2

0.91-6
0. 828
2.305
77 .3

2.O54
0.940

0.025
o. 1_93
0. 025

o.725

0.939
0.968
2.486
77.5

2.LO4 2.LO6
0.866 0.91_4
0.002 0. 003

L.524
2.9L7 2.849 2.94 2.98

31. Koktokay # 3 | Xinjiang region, China (Liu
32. Unknown locality (panasenko & Goroshchenko

& Shan 1-990)
Le7 O)33. Varuträsk, Sweden (euensel 1938)

34. South Ghana (Agamor et al. j_986)
35. Sayan, U. S. S. R. (aJ_so trace TI, Cü, Ti, Gâ, Ge;
Melentyev 1961-)
36. Black Mt., Rumford, Maine (Foote l-896)
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Table 2.19: compositional data, unit cerr contents andphysical properties of pollucite from the literature.

424T40393837No.

sio2
A12O3
Fe2O3
Pzos
Li2O
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo,
H2o-
Hzo-

45.26
15. 95

45.04 44.60
1-5.88 l_6.36

0. 06 0.01

44.50
L5 .82

o. 0l_
0. l_4
o.2L
t_. 63
0. 08
0. 34

35.73
o.28
0. 03
t.62
0. o6

43 .59

'1:13

o. 04
2.03
0.51_
0. 00

3s.36
o.22

45.40
L5.28

0. 0l-
o. 07
o. 03
1_.77
o .1,2
0.36

32 .05
0.20
0. 04
1,.92
o. 06

o.25
1.7 0
0. 68
0.45

32.7!
o. 08

o. 1_5

1-.81
0. 59
o.62

3I.43
0. 09

o .1,7
L.7 0
0.50
o.22

31,.57
0. 03

1.86
o. 1_6

4.7 4
o.20

2.L9
o .24

AI+FE
X charges
si/A1
CRK

n
D

99.t9

2.L]-1
o.877

o.o47
0. l_54
0. 041_
o. ol_4
o. 651
0. oo4

o.877
0.913
2.408
77 .5

0.028
0. l_65
0.035
o. o1-9
o .629
o. 005

0.881
0.886
2.407
77 .6

0. 032
0. 155
0.030
0. 007
o.634
o. 002

0. 908
0.861_
2.3]-3
78. 0

2.096
0. 878
0. 000
0. 006
0. 040
o .1,49
0. 005
o. 010
o.71,9
o. 014
0. o02

0.878
0. 955
2.387
78.2

1.523
2.954

2 . 071,
o. 918

0. 008
0. l_87
0. 031
o. ooo
o.7L6
o. o1_1-

o.9l_8
o.964
2.257
78.4

2 .1,44
0.851
o. 000
0. 003
0. 006
o .1,62
0. 007
0. o1l_
o.645
o. ol_o
o. 003

0. 851_
0.857
2 .52L
78 .6

97 .7 0 98 . 02 1"OO .26 98 .1,4 97 .38

Si
Al_
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

2.LLs 2. t-01_
0.879 0.908
0.002 0. 000

1_.525 l-. 5l_8
2.97 2.922:::::::::::::::-::::::::::::=::::-::::::::::::::::::::::::

37. Shanxj-, China (Liu & Shan 1990)
38. Henan # 4 | China (Liu & Shan 1990)
39. Xinjiangr, China (Liu & Shan l_990)
40. Tot Lake, near Dryden, Northwestern ontario (ucakuwun
i_e8r-)
4L. Hebron, Maine (IrIel1s t_B9l_)
42. Tot Lake, near Dryden, Northwestern ontario (ucakuwun,
r_e81_)
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Table 2.l-h: Compositional data, unit ceII contents andphysical properties of pollucite from the literature.

48474643 44 45No.

sio2
41203
Fe2O3
Pzos
Li2O
Na2O
Kzo
Rb2o
Cs2O
CaO
Mgo,
H2o-
Hzo-

45. 10
L5.44
o.L7

0. 085
l_. 84
o.24
0. 18

34. 00
o. t_9
o. 02
3. O0

45.20
t-6.98

2.O4

3:!1
33.02

45.02
L6.32

0. 08
o.22

1, .94
o.22
0.20

32.34

46.60
l-8.50

47.42
L6.02
0. ol-

43.75
t6.77

0. 006
2.00
1. O0
o.25

32. OO

o.29
1_.30
0.10
o. 68

32 .57
0. 06
0. 01
L.37
o. 04

0.03
2.O6
0.33

trace
=2_?u-

L.572.O4 3. l_o 3 .45
o.37

Si
A1
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

sum

Al+Fe
X charges
si/A1
CRK

n
D

1,OO.27

2.1,25
0. 858
o. 006

o. ol_6
0. l_68
0. 014
o. 006
o.71,2
0. 010
0. 001_

0.863
0.938
2.478
78.9

99.89 99.47 1-O3.36

2.065
o.966

0. 001
o .1,7 4
0.057
o. 007
o. 605

o.966
o.842
2.L37
79.3

99 .87 LOO .7 6

2.O89
o.925

0. l_83
0.036

o. 651-

o.925
0.870
2.259
79.O

2.L03
0. 899
o. 003
0. 009

o.L7 6
0.01-3
0. 006
o .644

0. 899
0.839
2.34L
79.L

2. 150
0.856
0. ooo

0. 053
0. 1_14
o. 006
0.020
0.630
o. 003
0. 00r_

2.065
0.933

0.006
0. 189
o.020

o.729

1, .522 L.520
2.92 2.89

0.856 0.933
0.830 0.944
2 .51,2 2 .2L4
79 .3 79 .4

L.523 ----
2.87 2.98

43. Ku1am field, Afghanistan (Rossovskii 1977)
44. Leorninster, Massachusetts (Richnond & Gonyer j_938)
45. Altai region (FeIrdman & Pleskova L97B)
46. Tin Mt., Custer Co., South Dakota (Roberts & Rapp !965;
values for Li2O and Rb2O from Ahrens L947)
47. Tanco, Beinic Lakel Manitoba (Cerny & Simpson j,g7})
48. Black Mt., Rumford, Maine (Foote l_896)



222Table 2.1i: Compositional data, unit cell contents and
physical properties of pollucite from the literature.

5453525l_5049No.

sio2
.A'12o3
Fe2O3
Pzos
Lí20
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo,
H2o-
Hzo-

46.79
L7 .99
o.02

o. l-3
L.7 4
2.to
l_. 59

27.54
0. 03

trace
?_'_'_

45.37
16.96

o. 06

l_.90
o. 61

32 .5L

;:;;
o .1,2

44.32
L7.L3

o. 10
0. 16
0.05
t.64
o.42
0. 07

33.85
o.22
o.02
1.90
0. 11

47.65 46.L8
t7 .L4 L6.92
0.08 0.03

45. 60
l_5.70

0. 08
L.36

32.37
o.29
0. 1_1_

1_. 06
0.80

1,.7 0
1-. 1_l_

o.22
29.OO

o. 03
0. 03
2.30

1_. 90
o. l_0
0.50

34.50

;:;;

o.
o.

sum

si
A1
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

l-00.73

2.078
o.942
0. ool_

0.023
0. 150
o. l_l_9
0. 045
o.552
0. 001_

o.942
o .862
2.207
79.7

99.92 r-00. l_l_ aoo.26

2.L25
0. 901_
o. 001_

ol-4
1_18

o. 61_5
0.0L4
o. 007

o.902
o.790
2.359
80. r_

2.O95
o.923
o. oo2

0. 170
0.036

0. 640

o.925
o.846
2.270
79.9

L.52L
2.896

2.063
0.936
0. 003
0. 006
o. 009
0.1_48
o. 025
o. 002
o.672
0.011_
0. 001-

o.943
0.890
2.:l.95
80. 1_

97.52

2 .1,L5
0.91-3
o. 001

o. 1_51_

0. 065
0.007
0.566
0. 002
0. 002

99.80

2 . t31_
o. 865

o.L72
o. oo6
o. 01_5
0. 688

AI+Fe
si/A1
CRK

o.9L4 0.865
o.796 0.881_
2 .3L6 2 .464
80.5 80.5

L.520
2 .88

descri-bed in Okulov

the occurrence is

n
D
:::::::::::::: =: =::::::::::::: =: =:::::::::::::::::::::::::
49. Nagatare, Fukuoka Prefecture, Japan (Sakurai et al.
Le77 )
50. Jeclov, Czechosl-ovakia (Miskovsky l-960; described in
Miskovsky l-955)
51. Viitaniemi, Eräjärvi, Finland (also Tio2 o. oi_, Feo
O.1-0, MnO O.Ol- and CeO O.22 wt.å; Erärnetsä & Sihvonen L973)
52. Northwestern European U.S.S.R. (Sosedko L954, quoted in
Melentyev 1-961)
53. Central Asia (Babaev & Okulov L972;
& Vinner L973\
54. Buckfield, Maine (Cerny t974¡
described in Landes 1,925)



223
Tab1e 2.1-j: Compositional data, unit cell contents andphysical properties of pollucite from the IiÈerature.

6059585756No. 55

sio2
AI2O3
Fe2O3
Pzos
Li2C_
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo,
H2o-
Hzo-

43 .48
t6.4L

il;
1,.72
o.47
o. oo

36.77
o.2L

44.89
L6.29
o. o6
0.28

45.46
t_6.30

0. 08

45.60
L7.60

0. 01
o.4L
0. 009
1. 65
0. ol_
o.73

32.43
o. 00
0. 00
l_.91-
0. 00

43.90 44.70
1_6. 60 t_4.90
0.20

L.7 6
0.33
o.64

33.13

L.7 4
0.35
o.78

32.46

!_?'-

35. 63
0.45

o. 05
L.7 4
0.06
l_. 00

36.20

l_. 53 2.87 2.84 L.49 L.44

sum

Si
A1
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

A1+Fe
t charges
si/A1
CRK

n
D

2.070
o.92L

o. 006
0. l-59
o. 005
o. 000
o.7 46
o. 0l_t_

o.921_
o.937
2.248
81. 1_

1,.525
2.97

2.O97
o.897
0. oo2
o. 0t_l-

0.159
0.020
0. 019
0. 660

0.899
0. 858
2.338
81,.4

2.11,6
o. 894
o. 003

0. 157
0.021
0. 023
o.644

o.897
o.844
2.366
8L.4

2.O73
0.943
o. 000
o. ol_6
0. 002
0. 145
0. 001_
o.o2L
o.629
o. 000
o. 000

o.943
0. 800
2.L98
81.5

L.522
2 .832

aoo.62 aoo.29 1_OO. 35 100. 39 99 .79 1_00. 09

2.075
o.925
0. oo7

2.L35
0.839

0.1_39
0. 010
0. 1_61
0.036
0 . 031-
o.7370.718

0.023

0.932 0.839
0.903 0.942
2.244 2.546
8l_. 6 8l_.9

4.520
2.88

55. Hebron, Maine (IrIelJ-s 1B9l_)
56. Sayan, U. S. S. R. (Fel r dman & Pl_eskova L97B)
57. Altai region (Felrdman & Pleskova L97g)
58. Luolamäki, Somero, FinJ_and (Neuvonen & Vesasalo 1960)
59. Northwestern European u.s.s.R. (Felrdman & pleskova
Le78)
60. Tanco, Bernic Lake, Manitoba (Nickel L96l)
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Tabre 2.]-k: compositional data, unit cell contents andphysicai- properties of pollucite from the literature.

6664636261 65No.

sio2
A1203
Fe2O3
Pzos
Li2q^
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo,
H2o-
Hzo-

46.LT
1_6. O9

0.01_
o.32
o.27
I.52
o. 07
0.95

32.90
0. ol-
o. 01
1,.69
o. 01

44.28
1-6.32

45.65
!6.L6

42.
1"7 .
0.

53
1-5
19

44.95 45. 00
77.44 L7.t5

1.59
o. 38

35.83
o. 13

o. 018
L.44
o. 03
o.23

34 .49
o. 06

o. 006
1. l-5
0.20
0. l_4

36.98
o. 61
o. 08
i_.36
0. 03

o. 075
L.20
o. 03
0.33

34. O1_

o. 05

2.L7
o. 02

0. 056
1_.20
o. 03
o. 1-8

34.59
0. 04

2.07
o.34

1,.62 2.46
o. o1_

si
A1
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

sum

AI+FE
X charges
si/A1
CRK

n
D

99 .95 l-00.15 l_00. 53 1,oo .42 1_00.20 l-00.58

2.083 2.O92
0.953 0.940

2.LL6
0.870
0.000
o.oL2
0.050
0.l-35
o. 004
0. 028
o.644
0. 001_
o. ool_

0.870
0.813
2.432
82.9

2.O92
0.909

o.]-46
o.o23

o.722
o. 007

0.909
o.904
2.302
83.0

1- .52
2.97

2.]-25
0.886

0. oo3
0.130
o. 002
o. oo7
o.694
o. 003

0.886
o.842
2.397
83.8

2.O24
0.978
0. 007

0.001_
o. 106
o. 0l_2
o.004
0.751_
0 . 031-
0. 006

0. 985
0. 948
2.069
84.2

0. o1_4
0. 108
o. 002
o. 010
o.672
o. 003

o. o1-i_
0. 108
o. 002
o. 005
0.686
o. 002

r-e83 )

Knorring

Knorring

Knorring

0.953 0.940
0.81-0 0.81_4
2.I87 2.226
84.6 85.2

L.5L73 1.522 1.5169 1-.5143
2.848 2.95 2.867 2.869

6l-. Tanco, Bernic Lake, Manitoba (Bennington et aI.62. Greenwood A, Maine (Richmond & Gonyer l_939)
63. He1ikon, near Karibib, Namibia (Khalili & von
re7 6)
64. Pamirs (Durnev et aI. L973)
65. Luolamäki, Somero, Finland (KhaIiIi & von
Le7 6)
66. Varuträsk, Skelleftea, Sweden (Khali1i & von
te7 6)



Table 2 . l-1 : Compositional data, unit
physical properties of pollucite from the

^ô 
F//\ce11 contents and--"

l-iterature.

4POLL7770696867No.

sio2
412o3
Fe2O3
Pzos
Li2O
Na2O
Kzo
Rb2O
Cs2O
CaO
Mgo,
H2o-
Hzo-

45. 03
L7.35

45.14
l_6. l_3

45.12
l-8.87

45. 1_0

1-8.07
43.56 47 .06
1_8. 53 l-6. 06

o. o22
L.24
0. 03
o. 1_t_

34.89
0. 03

0. 037
r.20
0. 03
o.25

35.52
0. 04

o. 037
L.20
0. 03
o.29

32.93
0. 06

o. 037
1. 05
0. 04
o.4r-

33 .49
0. l_t_

o.028
1_. 11
0. 03
o. 08

35.00
0. 02

o.43
L.75
o.12
o.77

31.81-

r.78
0. 10

2.02
0. 1_0

L.72
0. r-t-

l_. 89
o.24

!.94
0. 05

L.79

sum

si
A1
Fe
P
Li
Na
K
Rb
Cs
Ca
Mg

A1+FE
X charges
si/A1
CRK

1_00.56 l-00.34 100.33

2.086 2.L20 2.O37
o.947 0.893 1-.004

100.32 99.79

2.O33 2.l_36
r_. 0l_9 0. 859

l-0o.40

2.07L
o.978

0. 004
0. 1l_l_
0.002
0. 003
0. 689
o. 002

o.942
0.81_3
2.202
85.6

o. 007
0. 109
0. 002
o. 008
O.7IT
0. 002

0.893
0.841
2.37 4
85.9

0. o07
o. l_05
0. 002
0. 084
o.634
0. 003

l-. 004
0.838
2.O29
86. 3

o. 007
0. 094
0. oo2
o. ol_2
0. 656
o. 005

o.978
0.781_
2.].L9
86.4

0. 005
0. 101_
o. 002
0. 002
o.697
0. oo1

o.079
0. 1_54
0. oo7
0.023
o. 616

n
D

L.5149 7.5L62 l_.5153
2.908 2.886 2.924

1.5135 1-.51_45
2.886 2.898

l_. 019 0. 859
o.809 0.878
1_. 995 2.486
86.8 73 .5

67 - Muiane Mine, Alto Lígonha area, Mozambique (Kharili &
von Knorring L976)
68. Namacotche Mine, Alto Ligonha area, Mozambique (Khariri
& von Knorring L976)
69 - Morrua mine, Alto Ligonha area, Mozambique (Khalili &
von Knorring L976)
7O. Benson # I, M'toko area, Zimbabwe (KhaIili & von
Knorring l-97 6')
7J'- viitanemi, Eräjärvi, Finland (Khaliri & von Knorring
te7 6)
4POLL. unpublished AsrM 4POLL standard, rocarity unknown.




