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Aasrnecr

Beryl occurs in 4 out of 9 zones and replacement
units of ths Tanoo pegmatite. The major accrrmula-
?ions are in the wall zone and centnal intermediate
zme, and they are concentrated in the footwall
parts of the peematite. Sii paragpnetic varieties of
primary beryl ars recognize4 but most have the
samo rangp of chemical composition and may be
genetically related. The alkali contents of the ma-
jority of primary beryl are among the higest known
(IRgO about 6 to 7 wt. Vo, including 2.5 to 3,75 wt.
% CssO)l the secondary beryl in the hydrothermal
alteration assemblages is extremely enriched in al-
kalis, with tRO up to 11.05 'wt. Vo, including 7.16
vrt. Vo CssO. All beryl varieties display strong com-
positional zoning, with alkali contents increasing
outwards. Compositions of three fully analyzed
5emples conform to be Besss+ Li*t* * Rl+.r*ur
substitution mechanism established by Bakakin et aL
The persistent association of beryl with albitetmus-
coyite indicates a late metasomatic origin during
albitization which also carries tantalum mineraliza-
tion.

SorvrrvrenB

Dans la pegmatite de Tanco, on trouve du b6ryl dans
quatre zones et unit6s de remplacement sur neuf. Il
s'accumule surtout dans la zone des 6pontes et la
zono centrale interm6diaire; il se trouve concentr6
dans la paroi inf6rieure do la pegmatite. Des six
vari6t6s parag6n6tiques du b6ryl primaire recormues
ici, Ia plupart se situent dans le m6me domaine de
oomposition chimique, et il se peut qu'elles soient
g6n6tiquement apparent6es. Les teneurs en m6taux
aloalins y sont parmi les plus 6lev6es que I'on con-
naisse (IRzO -6 d 7Vo en poids, y compris 2.5 i
3.75Vo de CszO). Ir b6ry1 secondaire des assem-
blages d'alt6ration hydrothermale est encore plus
riche en alcalins (tRlo jusqu'd ll.05Vo, y compris
7.l6Vo de CszO). Tous les cristaux de b6ryl sont
fortemen't zon6s, la teneuf en alcalins augmentant
vers la p6riph6rie. Trois 6ch,antillons ont 6t6 soumis
Dr l'analyse chimique compldte; celle-ci confirme le
m6canisme de remplacement du b6ryl par les alca-
lins 6tabli par Bakakin et aI. l-,a persistance de I'as-
sociation b6ry1-albite, avec ou sans muscovite, indi-

*Centre for Precambrian Studies, Publication No. 18.
tPresent address: 75 Linden Ave., Winnipeg, Man.
R2K OM7

THE TANGO PEGMATITE AT BERNIC LAKE, MANITOBA. IX, BERYLg

P. dERNY AND F. M. SIMPSONI

Depttment of Enth Sciences, Universtty of Manitoba, Winniryg, Canada R3T 2N2

quo une origine m6tasomatique t3rdive, au co-urs. de

falbitisation, qui est accompapEe d'une min6ralisa-
tion en tantale.

(Traduit Par la R6daction)

INtnoPucrroN

Very limited data on beryl from lh-9 Ja.nco
o"n-ulit" have been collected and published to

aaL. fnysical properties of some frimary -19ck-
formine iarieties were quoted in an unpublished
report bv eernf & Ferguson (1971),.and-.sef--o-f,c'a-ty 

6"wtt Gxceptionilly enrich ed in - alkalis

were iescri'bed by dernf (1972). Physical- prop-

teries suggested ihat the primary beryl is also

rich in aft-alis, and that its composition is rather

variable. A systematic study of compositional
variations in ihe Tanco beryl was desirable in

order to contribute to the knowledge of the gen-

eral geochemistry and petrology 9t the Pegqa-
tite. ihe potential economic significance. of the
primary beryl was another factor stimulating this

investigation.
This study, a continuation of a series of pa-

pers on the'Tanco pegmatite started 1\ \97,2,
iraws most of the data from a M.Sc' thesis by

the second author (Simpson 7974)' These are
partly revised, supplemented by additional in-

tor-Ltion collected since the cornpletion of this

thesis, and re-interPreted.
Tatte t presentJ a brief review of the char-

acteristics of inAividuat zones of the pegmatite,
arranged in the appropriate order of crystalliz'
ation. Crouse & Cernf (1972) give a more de-
tuilud p"ttographic account and cross-sections of

the deiosit ihowing the zoning Pattern' A l9"O-
tudinai section through the Tanco pegmatite is

also shown by dernf & Simpson (in prep')'

Slvpr-rNo AND EJGERTMENTAL METHoDS

A total of 135 beryl specimens was collected
underground and from drill cores. Suites from

"on".-(2), 
(6), and (9) are believed to be fairly

represeniative of the beryl populations-in their
asiemblages. Beryls from zones (4) and (5) repre-
sent all specimens found in them so far'
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1.545 n q, r .590

place was estimated from the intensities of the
Becke lines.

Density was determined on a Berman balance,
using toluene as the displacement liquid. Three
to four separate grains were taken from each
hand-separated sample, and two to three read-
ings were taken of each.

Readings from three X-ray powder diffracto-
grams, calibrated with fluorite admixture to the
beryl samples (a 5.462O4), were averaged and
then processed by the Evans et al. (1963) least-
squiues program, modified by D. E. Appleman,
to obtain unit-cell dimensions.

Chemical analyses were performed mostly by
atomic absorption spectroscopy; X-ray fluores-
cence spectrography was used for SiOz, AlrOs.
and FezOg, and water contents were determined
gravimetrically.

Dtsrnrnurrou ewp Cnen-ecrERrsrlcs oF
Bpnyr, Typps

Six different types of primary rock-forming
beryl, and one secondary variety, can be distin-
guished according to their location in the pegma-
tite, their coloro crystal habit, nrrl, and alkali
contents. Histograms of nol frequencies found in
the different types, assumed to be indicative of
alkali contents, are shown in Figure 2. In this
Figure, and the descriptions which follow below,
the beryl types are designated by zone numbers

z o n e

s u r f o c e

o u ler

rn le rme diote

l n n e r

cor  e

Frc. 1. Increase in n6, indicative of general increase in 2pr+ and HzO,
from cores (solid circles) to surfaces (arrowheads) of several beryl crys-
tals from different zones of the Tanco pegmatite (zone numbei given
in parentheses after the sample symbol). Center-to-surface distinces
alhitrarily divided into five zones. Irngths of traverses range between
15 and 45 mm.

All 135 beryls collected were checked for
thefu na;42 specimens were selected for partial
chemical analyses, and 3 samples considered
representative for the beryls in the Be-rich zone
(6) were chosen for a detailed mineralogical
study.

Most beryl crystals show strong compositional
zoning, invariably with the alkali content in-
creasing outwards (Fig. 1). Refractive index nal
was thus checked on the outermost parts of
beryl crystals, to achieve a standard oi homo-
geneity in comparing the populations. Material
separated for partial and full chemical analvses
also came from surface parts of crystals (except
for a few cores which were sepirated inten-
tionally). Despite this effort, it is probable that
some values of. na are lower than those repre-
sentative of the outermost crystal zones, and ihat
some chemical analyses reflect contamination
of the outermost material by alkali-poorer ad-
jacent zones. Both types of error ;ffect geo-
chemical considerations as well as correlations
of physical properties with chemistry. Although
the latter correlations are difficult to adiust. the
influence of the errors on geochemical "coriela-

tions can be reduced by averaging within cogene-
tic specimen groups.

The refractive index n@ was determined by
the immslsien method, using a Na-light source.
A series of immersion liquids with 0.001 incre-
ments was prepilred, and the fourth decimal

Lt9-398.6 (2)

BE- il (9)

T W L - t ( 9 )
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1o)''o , Sr , , ,
--N

4J+(45)X-15, .--s, N\Ns, ,  ,  r

(s ) s-s
(21-27

1.580 t 590 r .600 1.610

Frc. 2. Frequencies of the refractive index rto in the surface zones of beryl
crystals fiom various zmes of the Tanco pegmatite. Number of samples
measured follows the hyphen after zone symbol. The shortest columns
equal one samplo (".g., 

-alt 
those in line (5)S). Note the coincidence of

mixima in zones (4,5), (6), and (9), and the extremely high values in
(5)S.

TASLE I. ZOItilG OF THE TNCO PEGTiIATITE

ilrin constltuarts Characterlstlc subordlnlts
and rccessory mlnerrls

Avirage Bao Totll rang€ Preddlnant range
cmtent of Beo (rt. g) of Beo (rt, C)
(rt. t)

Tertunl and
structurrl
ch!r!cterlstl cs

( l )  border
zone

(2)  ra l l
zone

( 3 )  a l b i t l c
apl i te

(4) lde|lnter-
nedlat€ z@e

(5 ) uppe|inter-
redlate zone

(6)  en t ra l
i n temedi at€
zme

(7)  quar tz
zone

{8)  po l luc l te
zone

3 0 %  w i t h l n  0 . l l - 0 . 1 9

28% over 0.20

5 0 %  w i t h i n  O . 2 O - O . 2 9

rlblte, qurtz t0mllner lplt lte

alblta, qusrtz, toumallne. EIIL
mscovlte. Ll-mscr
v l te ,  m ic rcc l lne-
Erthlte

albite. quartz muscovlte' Ta-dide
n lnera ls ,  (apat t te ,
touEs llne )

mlcrucl ine-Frthi te, Ll-mscovl te' I l t i lo-
a l b l t e . q u l r t z r  p h t l l t e ( ( l e p l d o l l t e ,
spd@ne, mbly- Ftal I t€. Ta-oxide
gont te  n tnera ls ) )

sDod@e.qu i r tz ,  po l luc l te '  l l th loph l l i te ,
ffilyc-fi-fti nlcrocl lne-perthl te'

(a lb i te ,  L l -muscov l te ) ,
((petallte' eucn/Pttte,
Ta-ox lde  mlnera ls ) )

nl crocl I ne-perti l  te, beryl . (Ta-oxlde mlnera ls,
quar tz ,  a lb i te r  cass l te r l te r l l th loph i l t te ,
muscovlte apatlte' ((zlrcon-hafnon,

I lrentte,- lpodmone,
sulphl des))

9Cg4i ((spod@ongamblygmtte))

polluclte quartz. spodumsne( (p€ta-
l l fe ,  mscovr !e r  lep loo-
l l te ,  a lb i te ,  m lc roc l ine ,
apat t te ) )

fine-9rr lned
ap l  l t l c

medlm-gralnedr east€m hanglng-wdll part:
alant K-feld- 0.07
ipar crystals esstern f@tBall pdrt:

0 .15  0 .00-0 .56
uestern foot all Part:
0.20 0.00-0.72

flnc-gralned,
rounded blebs
and mdu latlng
I ayeF

redlum to c@rse 0.05
gralned, lnho-
mc9eneous

g ian t  c rys ta l  0 .02
s lze  o f  mJor
and subordlnot€
mi nera ls

flne-to-nedim eastem Part:
g ra lned,  0 .15  t r . -1 .02
lnhmqeneous res temPar t :-  

0 . 1 0  0 . 0 0 - 0 . 3 1

mon6 lnera l l c

alnost mono-
mlnera l  i c

( 9 )  l e p i d o l i t e  L l { u s c o v l t e .
l e D l d o l l t e .  m l c r e
c-H-n-6--p-6iEli te

a lb t t€ ,quar tz ,bery l ,  f ine-gra lned
(Ta-oxide nlnerals. cass- netasmtic unlt
iEriEli lmruriafnon)) replactng zone (6)

Zons  ( l )  and (2 )  she l l - l i ke  conent r i c ,  a l l  o ther  zones  layer -shaped.

8e0 @ntents based on drll lcore assays by the Tantalun l l intng Corporatlm of Canada, Ltd.
(R. A. Crouse, prlvate cmulcatlon,1975). Segnsts of lndlvldual zones ultJr different Beo contents quoted sep!rately.

Erept zone (6), al I spod@ne secoidary after petal lte.

Underllned mlnersls occur in €@noic quantlt les ln the glyen zones; mlnerals in parentieses occur ln very sDal' l to trace anounts.
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as well as letters suggestive of additional promi-
nent characteristics.

(2) - greenish to white beryl from the wall
zone (2), mostly associated with muscovite,
quartz and albite. Columnar prismatic (tength to
width ratio 6:1. to 3:7, max. length about 8 cm),
usually without terminslisa. Greenish color is
particularly characteristic of bervl from near
the wall-rock amphibolite. Highly variable nai
high values are typical of beryl from the grey-
colored albitefquartz matrix which is wide-
spread in western footwall parts of the pegma-
tite, whereas most low-refracting berylJ c-ome
from the beige albite * clear to whitish quartz I
muscovite assemblage, which is more common
in all other parts of zone (2).

(1,5) - white beryl from the lower and up-
per intermediate zone (4) and (5), associated wiih
cleavelandite veinlets in quaftz, amblygonite, and
aggregates of spodumene*quartz after petalite.
Short columnar priunatic (ength to width ratio
2:1, to 1.5:1, max. length about 10, cm), or in
?lmost anhedral grains. Both groups of samples
in Figure 2, centered, at ncrl 1.588 and 1.j93,
contain specimens from both zones. Since these
zones show gradual mutual transitions, and do
not display any distinct differences in the prop-
erties of their beryls, the latter are treated as a
single type.

(4,5)X - is a subtype of the preceding one,
rather than a distinct variety. This subtype is
associated with grey qvartz, grey albite, apatite,
and triphytte near amphibole xenoliths enclosed
in zones (4) and (5). White, columnar prismatic

Qength to width ratio 8: 1 to 3: 1, max. length
about 6 cm), with no terminal crystal faces.
Refractive indices fall within the same range as
those of the higher-refracting group of beryls
4,5).

(6)E - colorless, white, or faintly pinkish
beryl of the eastern wing of the central interme-
diate zone (6). Bands of beryl crystals usually
separate feldspar-bearing assemblages from
quartz pods; larger accumulations which overlie
contorted layers of albitic aplite are exceptional
(FiC. 3). Beryl is short columnar (max. lengtl
about 2O cm) or thick tabular (max. diameter
about 18 cm) parallel to basal pinacoid (length
to width ratio 2:1 to 0.15:1). Prominent {0001}
and faces of first and second-order bipyramids ii
combination with prism. Mostly high nol; the
sporadic low values shown in Figure 2 are sus-
pected to represent inner zones. Many samples
have extreme compositional zoning (cl. specimen
BLM-ZA in Fig. 1).

(6)W - milky white to very pale pinkish beige
beryl of the western part of the central interme-
diate zone (6). Associated mainly with white
albite veinlets randomly penetrating grey micro-
cline and qtrartz. Less frequently in direct asso-
ciation with banded streaks of albite*wodginite
*microlite. Mostly anhedral equidimensional
grains, rarely stubby prismatic with poorly de-
veloped prism faces. Most values of na are the
same as those of beryl (6)E, but some exceed the
upper limit found in (6)E (Fig. 2).

(9) - pinky beige beryl of the lepidolire re-
placement zone (9), associated with albite, mi-

Frc. 3. Two lobes of fine-grained albite (whitish, bottom) with stringers of Ta_oxide minerals along their
upper margirs (discontinuous black lines) overlain by subhedral beryl (white) in a muscovite -f quartz
matrix (mottled grey). Eastern zone (6) of the Tanco pegmatite. The hammerhead is 20 cm long.
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crocline, and quartz that are largely replaced by
fine-grained lithian muscovite and lepidolite.
Subhedral short prisrnatic to thick tabular and
whitish in eastenr parts of this zone, but mostly
anhedral and more colord in its western parts.
The ranges of zcrl coincide with those of beryls
(6)E and (6)W.

(5)S - tiny crystals of colorless to pink sec-
ondary beryl from zone (5), associated with
qtrattz, albite, adularia, cookeite, cesian anal-
cime, and apatite, lining leaching cavities in
spodumenef quartz pseudomorphs after petalite
(eernf 1972). Colurr'nar prismatic Qength to
width ratio 5:1 to 3:1, max. length about L2
mm), terminated with basal pinacoid. Frequently
somewhat corroded. Some crystals show the
highest refractive indices recorded for the spe-
cies (n4rr:1.610; Fig. 2).

In general, beryl seems to be absent in border
zone (1), albitic aplite (3), quartz cores (7), and
pollucite bodies (8). The largest concentrations
are found in both parts of zone (6), and in the
western footwall parts of zone (2) which is partly
transitional here into zone (4). Although beryl
is more difficult to recognize in zones (4) and
(5), it seems to be relatively rare. Within the
zones (2), (4) and (5), the most conspicuous local
concentrations of beryl are found near the wall-

rock amphibolite or around its xenoliths inside
the peematite.

The only type of beryl affected by late pro-
cesses is that in eastern zone (6). Deep corrosion
and leaching of this beryl type leaves the asso-
ciated quartz, albite, and muscovite intact, but
no secondary Be minerals or other hydrothermal
phases have been encountered. The only low-
temperature Be rnineral found to date is the
secondary beryl (5)S which shows no obvious
spatial relationship to the corroded primary
beryls of zone (6).

Ar-xer-r DrsrnrsurloN

Partial analyses of 42 beryl specimens (Iable
2, Fig. 4a,b) confirm that the variations in aar
are caused solely by variable alkali contents.
Several analyses for FeO, MnO, and MgO
showed that these components are lower than 0.2
wt. Vo, even in the greenish beryls (2). Thus,
their influence on n(D can be neglected, at least
in evaluation of the alkali variations of large
beryl populations.

Figure 4a,b shows that the alkali contents of
tho Tanco beryls closely follow the general
trends established for pegmatitic beryl (Cernf
1975). In the Na/Li versus Cs plot of Figure 4b,

I D J Li
wi .%

\%,
/

z

3.O Cs.  w l .  %

I O  2 O  3 . O  C s . w t . %

Fro. 4. Alkati contents of the primary Tanco beryls plotted in the Li versus
Cs (a) and Na/Li versus Cs (b) diaerams. Heavy general trend lines after
dernf (1975). Compositional fields of beryls flom ildividual pegm.atite
zones marked by zone symbol followed by number of samples exam[ed.
Note the stretching of zone (2) whose population starts at very low alkali
contents and almost reaches the widely overlapPing fields of zones
(4,5), (6), and (9). The coincidence of tle general trend with tbe Tanco
data is good.

( a 5 f 9
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TABLE 2. CHEIiIICAL C0MP0SITION ND n, 0F THE TANCO BERyLs

Sample d Ll20 Na20 KZl Rb20 CsZo Tlzoe Na/Lt lqo nu
(2]  L l3-5s5.9

Ll9-398.6
n9-28p..4
M9-257.5
Fr229.2

M20-31 4.2
1-244.4

(4)  Lre-495.2
L l6 -512 .0

(s)  BE-8
8E-5
BE-9

(4,5)X L9-393.3
I q-?oo n
L ' , t9 -510.5
L9-388.4

(6)E +BLM-2A!|
++BLH-2AP

BLJ',|- I
* ru l0 -  l  I  .5

VEIN
u l  0 - 5 . 7
c52-405.0
Bt.tit- t c
coNT-6
BE- I

*BE-3
u 2 1 - 2 . 0

(5) lJ  T-15
r-23
r-24
T-  l8

(9) +T!lL-lA
#Tl,tL- I B

T-  10
Il{L-4
IUL.3
I EL-Z

Tl,tL-5
**B-188.8

(5)S #+SCN- l

.29 1.62 .067

.68 1.26 .021

.69 1.30 .052

.72  t . 48  . 031

.70 1.32 .029

.78 1.44 .027
1 .10  1 .63  . 049
l . l 3  1 ,76  . 022

. U Z J  . I U

.034 .45

.036 .47

. u J a  . 5 u

.036 .55

.034 .93

. u c o  a . z s

.044 2.38

. u l o  a . a J

. u o 3  z . o l

. u o J  a . o J

.087 2,90

.065 2.70

. u i J  4 . 5 5

. 057  2 .66

.058  2 .71

.061  2 .91

.061 .46
,100  3 .20
,095 2.32
.072  2 .51
.068 2.60
.061  2 .78
.070 2.83
.065 2.86
.089 2.96
.054 3.09
.091  3 .01
.064 3.04
.104  3 .06
.054  2 .W
.079 3.49
.082 3.68
.075 3.79
. i l 7  t . 84
.121 3.  13
.079 2.50
.154  2 .53
.134  2 .56
. 1 0 9  2 . 6 1
.  l  l 2  2 .95
.109  3 .28
. 1 8  7 . 1 6

8 .95  2 .18
2 .96  2 .45
J . U |  Z . a a

3 .29  2 .77
3.01 2.64
2 .95  3 .21
2 .37  5 .06
2.49 5.34
2 .47
2 . 7 2

( r . s80 )
1.5878
( l . s8 r4 )
(1 .58 r5 )
r .589,
I .590-
1.5912
( 1.5e0 )

2 . 5

1 . 0

1 . 1 9
1 . 0 9

1 . 0 3
l . l l
1 . 0 4

1.84  .043
1 . 8 6  . 1 4 9

1 .02  1 .58  . 037
1 .07  1 .53  . 032
1 .08  1 .92  . 034
l .  l 7  1 . 8 9  . 0 5 7
.59  r . l 0  . 066

1 . 2 2  l . 5 t  . 2 3 0
.97  1 .25  . 043
.99  1 .40  . 046
.95  1 .20  . 038

l . l 7  1 . 5 2  . 0 3 1
1 .06  1  , 26  . 029
r . 05  t . 60  . 050
1 . 2 1  l . 5 l  , 1 2 0
1 .21  2 .02  , 034
1 .08  1 .34  . 061
1 .34  1 .74  . 073
1 .27  r . 46  . 270
1 .03  1 .70  . 03 t
I  .20 I  .50 ,027
1 .2s  1 .50  . 057
1 .29  1 .80  . 041
.89  t .  14  . 065

I  . 03  1 .60  . 073
1.01 1.40 .026
.92  t . t 2  . 370
.95 1.30 .200
.95 1.22 .043

r . 04  t . 28  . 068
l . 13  1 .69  . 265
l . 61  1 .30  . 80

r . t c  . u t J'I 
.64 .062

1 . 4 8  . 0 3 7

4 .5
7 n

3 . 0
6 . 2

1 l

4 .0

3 . 2

5 . 8

2.36 5.33 1,592
2.40 5.80 1.593
2 .27  5 ,32  t . 5923

s.56 ( r.s864)
5 . 8 3  1 . 5 9 3

5 .22  1 .593
5 .35  t . 533
5.80 t .5926
6 .  l 0  1 .593

2.48
2 ,28

2 . 2  2 . U
2 .56
2.98 2.28 t .584'1.98 

6.26 1.5922
2 .06  4 .58  t . 591
2.25 5.02 1.589
2.02 4.86 1.5932
2 .01  5 .56  1 .593
1 .90  5 .25  1 .593
2 .44  5 .63  1 .593
1 .99  s .89  1 .5925
2 .66  6 .32  I . 593  1
1 .98  5 .58  1 .5935
2 .07  6 .26  1 .591
I . 84  6 .15  I , 5928
2 .63  5 ,79  1 .593
r .99 6.  30 I  .5935
I  . 91  6 .57  I  . 594S
2 .22  7 .00  1 .5952
2 .04  4 .05  t . 590
2 .53  5 .94  1 .5935
2 .21  5 .02  1 .592
1 .94  s .09  I . 59 )
2 . 1 8  5 . 1 4  t . 5 9 1
2 .05  4 .93  r . 591
1 .96  5 .45  1 .5925
2 .38  6 .47  1 .5935
1 .29  n .05  I  . 504

Analys ts .  R .  M.  H l l l  and  R.  Chapnan (Dept .  Ear th  Sc iences ,  Un iv .  o f  Man l tobe)
Zone sJmbols :  

12) -wa l1  zone;  (4 )  lower  in temedta te  zone i  (5 )  upper  ln temedta te  zone i
(1 , r r^  -  conEacts  o t  zones  (4 )  and (5 )  w i th  anph lbo l l te  xeno l i ths ;
(6 )E -  eas tern  par t  o f  cen t ia i  in tem6a ia te  ,o i " ;  (o )w _ 'we iGrn- ia r t  o r
cent ra l  in temed ia te  zone i . (9 )  -  metasdnat ic  tep ia i i t i te  ,on" i  (S)5  - -  

-

secondary beryl fron Zone (S).
*  Tha l l im de teml .na t ions .by  C.  Da l la l re  (Labora to t re  de  G6och ln ie  Ana. ly t ique ,  Eco lePo ly techn ique,  l4on t rea l ) ;  da ta  g lven ln -ppn.
* *  Fu l l  ana lyses  o f  these spec inens  ar r  g lven  ln  Tab le  3 .
+ Cores and + surfaces of crystals BLM-2A and .Iri, l l- l

+++ From remy (1972) i  con ta tns  9 .58  Beo,0 .32  Mgo,  o .o l  cao ,0 . . t2  Feo,  o .o2  Mno (wt .  ? l
( ) Refractive.lndlces quoted rn papentheses ',ere probably detemrned on material notrepr€senta t ive  o f  the  chemica l l y  ana lyzed sampie .

a small but persistent shift can be observed to-
wards higher-than-average Cs contents at any
given Na/Li ratio. Characteristically, beryl (i)
covers a wide range of relatively low alkali con-
tents and high Na/Li ratios; beryls from the
other zones are clustered in a small region of
high Li and Cs, and low Na/Li. Histograms of
nal ftequencies in Figure 2 suggest that the com-
position of beryl from zones (6)E, (6)W, and
(9) may be much more unifonn than indicated
by the relatively few analyzed specimens plotted
in Figure 4.

Beryls (4,5) and (4,5)X fall within a very small

field on each of the graphs. They are close to,
and are partly superposed on, the (6)E and (9)
fields, but have lower Cs and higher Na/Li.

The alkali contents of most of the primary
beryls from Tanco are among the highest known:
I RrO reaches 7 wt. Vo and C$sO contents ex-
ceeding 3 wt. Vo are rather common. These beryl
compositions reflect the extreme enrichment of
their parent plgmatite in rare alkalis, partic-
ularly cesium (Cernf & Simpson in prep.).

Because of lack of pure material, only one
partial chemical analysis of a secondary beryl
(5)S is available (SCN-I in Table 2; Cern!
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Frc. 5. Some minor alkali correlations in the Tanco beryl. Cs versus Rb is very poor, K and Rb show a
possibly bimodal trend (see text for comments). Tl displays a widely scattered positive correlation with
Cs, but a well-defined increase with Rb.
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1972). It shows the second highest alkali con-
tents recorded in beryl. Another sample of sec-
ondary beryl with na l.6lo should have alkali
contents at least as high as those of the alkali-
richest crystal knowno which has zor 1.6O8 and
11.3 wt. Vo CszO (Evans & Mrose 1966).

The Rb content of the Tanco beryls shows a
rough positive correlation with K and Cs (Fig.
5a,b). The K/Rb ratio appears to change from
values predominantly lower than 1 at low con-
centrations to higher than 1 at high concentra-
tions of both elements. K seems to be preferred
to Rb in Cs-rich beryls, as also found by Boro-
vik-Romanova & Sosedko (1958). This trend is
also shown by secondary beryls (K/Rb=4 in
SCN-l). However, KzO values in excess of 0.1
wt. Vo arc characteristic mainly of beryl (9), and
a possible contamination by microscopic mica
must be taken into consideration. In Figure 5a,
a relatively dense band of K/Rb values (1 con-
tinues well under the scattered plots with K/Rb
)1, and it may be more representative of the
true K/Rb relationship.

The Rb/Tl trend is defined rather well, but
Cs/Tl shows a broad scatter (Fig. 5c,d). Sam-

1234
C  s , w t .  %

ples richest in Rb generally have lower Rb/Tl
ratios (100 to 150) than specimens poor in T1
(200 to 300). However, all Rb/T1 ratios fall
within the usual range of values for terrestrial
magmatic rocks (65-300; Albuquerque & Shaw
r972).

MrNenelocv oF Tm.EE SPncrlreNs

Three samples considered representative of
beryls with intermediate, low, and high r-al were
selected for a detailed study: inner parts of crys-
tal U10-11.5 (na 1.586), outer parts of crystal
B-188.8 (na L.594), and outer parts of sample
BE-3 (na 1.589). Averages of the bulk of the
analyzed material were found to deviate by
+0.003, -0.000a, and *0.002, respectively. This
shift was evidently due to inadvertent contamin-
ation from adjacent crystal zones. The data ob-
tained are summarized in Table 3 and Figure 6.

Chemical analyses show compositions typical
of beryls enriched in rare alkalis, except sample
BE-3 which has a high SiO'/Al"Os ratio. X-ray
diffraction revealed about 1 wt, lo quartz in this
sample. Atomic contents conform well to the the
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1.590 n, 1.600

Frc. 6. A section of tho Schaller-Slevens graph (after Nonon et al, 1958)
correlating BeO content and density of beryl with its zr. For Tanco
beryls, crosses indicate the maximum variation of the measured values
for the density versulr r?o plot and solid dots with horizontal bars show
tho range of rqp for the BeO vorsus 116 graph. Density is not available for
sample SCN-I.

substitution 6gglanis6 Bep2+ Liryl+ * Rt+o"oo",
esrablished by Bakakin et al. (1969,1970). This
node of alkali substiution was also confirmed
by structure refinement (Ilawthorne & dernf
1977). Most of the available Li enters the Be
tetrahedra. Both recalculated analyses show
channel alkalis in excess of the amouni necessary
to balance the Be/Li substitution; this excess
balances the slight deficiencies in Si and Al.

Comparison of density, n@, aad BeO content
is shown in Figure 6. Considering the somewhat
inhormsgeasqus nature of the analyzed samples,
the matgh with trend-lines averaged by Schaller
and Stevens from data on about 100 bervls
(Schaller et al. l962,Norton et ql, 1958) is good.
The plot of BeO versus n@ for secondary beryl
SCN-I falls fairly close to the extrapolation of
the Schaller et aL curye.

Unit-cell dimensions determined fe1 ffoe lnlk
of the chemically analyzed naterial compare well
with those expected from the graphs of Bakakin
et al. (1970). The low values of a are about equal
in all three specimens and reflect the almost ideal
Al population of octahedral sites, whereas c is
closely dependent on the Be deficiency and al-
kali substitution.

In general, the correlation of chemical com-
position with unit-oeil dimsasier. is very good,
because both were established on the same ma-
terial. The fit of compositional versus optical
data is satisfactory only when the almosi full

range of zar is considered. Attempts to correlate
the measured specific gravities with any other
property lead to the worst results, notably be-
cause the differences among materials used for
different determinations are the largest.

EcoNorrtrc CoNsmnnerroNs

The BeO contents of different zones of the
Tanco pegmatite quoted in Table 1 indicate that
tho deposit contains more tran 1,000,00O short
tons of beryl-bearing ore which averages O.22
wt. Vo BeO. However, the feasibility of beryl
extraction may be adversely affected by several
factors:

(i) In the footwall part of western wall zone
(2), which contains the largest reserve of Be in
the pegmatite, beryl is presenfly the only econo-
mically interesting mineral. I-ow-cost extraction
of beryl as a by-product of existing concentra-
tion processes would be possible only in zone
(6), which is mined for tantalum oxide minerals.

(ii) Beryl crystals cannot be hand-cobbed be-
cause of their small size. The wide range of den-
sities (2.7O to 2.8O) present in crystals and their
seEments from a single pegmatite zone precludes
separation by heavy media, The densities overlap
those of mica and/or feldspar intergrown with
qu:artz. Flotation would be the only means of
effective concentration of beryl.

(iii) A ,marketable beryl concentrate should be
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highly purified to conform to the minimum BeO
specifications of most consumers. The high al-
kali content of the Tanco beryl makes it a pos-
sible source of cesium (1,5-Z,S wt. % CsaO), but
considerably reduces its BeO content (from about
13 wt. Vo BeO in much more common alkali-
poor beryl to about ll,5-12.O ,ttt. Vo BeO in
Tanco sarnples).

GBocgeMrcel AND Penecexerrc RelerroNs

In most beryl-bearing zones the average con-
tent of BeO is higher than the critical concen-
tration of 0.018 wt. Vo Be (O.O50 wt. Vo BeO)
derived by Solodov (1971) as minimal for crys-
tallization of beryl Cfable 1). In fact, BeO in
the beryl-rich zones ranks among the highest
known in granitic pegmatites of the Tanco type
(compare with Solodov l97l). In beryl-poor
zones (4) and (5), BeO averages are marginal
to the above value but locally can be expected
to be distinctty higher than critical.

The BeO assays quoted in Table 1 and dis-
cussed above cznnot be taken as directly indi-
cative of the percentage of beryl present. In
pegmatites with high Nb, Ta, Ti, Zr contents
there is a well-established tendency towards dis-
semination of Be in rock-forming minslals, p4in-

ly micas (Beus 1960; Solodov 7971), and dis-
persed Be may amount to 6% of. total Be in the
pegmatite.

The association of all beryl varieties with
albiteimuscovite is persistent. In wall zone
(2), beryl is disse.minated in an albite*quartz
(* lithian muscovite) assemblage. Veinlets of
cleavelandite accompany beryl in zones (4) and
(5).In tle western part of zone (6) and in the
lepidolite bodies (9), beryl follows veinlets of
fine- to psdium-grained albite. In the lower
parts of the eastern wing of zone (6), beryl is
concentrated above tle arcs and lobes of albitic
aplite (3) (Fig. 3), and in the muscovite:Lalbite
which pervade K-feldspar and quartz.

The composition of beryt is variable in wall
zone Q). It ranges from alkali-poor to alkali-rich
with high Cs-contenl which is the type predomi-
nant and rather unilorm n all other zones (Figs.
2,4).

The above characteristics are consistent with
the distribution of beryl found in 5imilar pegma-
tite types by Beus (1960), Solodov (1971), and
others. These authors relate the crystallization
of most beryl types w.rth albitrzation proceeding
at various but generally late stages of pegmatite
consolidation. The uniform composition of a
part of beryl in zone Q) and of practically all
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beryl in other zones speaks for a common origin
of all these fypes (subject to minor variations in
shape and color caused by differences in local
environment of crystallization). The high alkali
and Cs contents, together with the close associa-
tion with albite and muscovite, favor a late
crystallization durihg albitic metasomatism*.

The properties and distribution of beryl
strongly indicate that the concept of albitic
aplite (3) as a product of crystallization from
residual sodic melt (Crouse & Cernf 1972\
should be reconsidered. This spectacular banded
and undulating sodic aplite is absent in the re-
cently opened western part of the deposit. How-
ever, the rilestern part of zone (6) is penetrated
by a mesh of abundant alibte veinlets which carry
the same type of Be,Ta,Sn,Zr-Hf mineralization
as that associated with the eastern albitic aplite
(3) (unpublished data by E. E. Foord, J. Siivola
and the first author). Thus the difference be-
tween the two albite types may be purely tex-
tural, and zone (3), judged by Hutchinson (1959)
and Wright (1963) to be metasomatic, could be
identical with the "saccharoidal albite" of Rus-
sian authors (Zalashkova 1957; Beus 1960; Gins-
burg 1960). This concept of beryl formation
during late metasomatic events would also couple
Be precipitation with the Ta, Nb and Ti mineral-
ization whose metasomatic character was recog-
nized earlier (Grice et al. 1972). Recent ob-
servations suggest that mosto if not all, minerals
of Nb,Ta,Ti,Zr-Hf,Sn and evidently also Be, in
the Tanco pegmatite belong to a single mineral-
ization stage. This conforms to the conclusions
of Cameron er al. (1949), Beus (1960), and
others, derived from countless pegmatite occur-
rences. The common migration and precipitation
patterns of Be,Nb,Ta,Ti, and Zr can be explained
by the amphoteric nature of all these metals
which are transported mainly in the form of
complex anions of about the same stability @eus
1957, 1960).

The nature of the wall zone (2) whose eastern

*Beryl associated with albite veinlets in the lepido-
lite replacement unit (9) shows the same properties
as that found in central intermediate zone (6). This
zone provides a matrix from which the lepidolite
unit orieinates by Li- and F-metasomatism (Wright
1963; Crouse & Cern;i 1972). lt is highly probable
that the beryl of zone (9) iso along with much of
tho quartz, 'albite and accessory minerals, a relict
from the earlier assemblage of zone (6). No recrys-
talTization and change in chemistry due to lepido-
Iite metasomatism, similsl to those described by
Beus (1960), have been observed. The only notice-
ablo change occurs in coloring, from white to pink-
ish beige.

footwall has been exposed by recent mining also
becomes questionable. The presence of two mus-
covite varieties, two beryl types, and possibly
two types of albite, suggests that some parts of
this zone may be of metasomatic origin, corres-
ponding to the quartzfmuscovite replacement
complex (frequently beryl-bearing) recognized
by, for example, Jahns (1953), Beus (1960),
Ginsburg (1960), and Solodov (1971). This
metasomatic assemblage frequently occurs in the
outer zones of granitic pegmatites, correspond-
ing to the wall zone (2) of the Tanco body.

One conspicuous deviation of the beryl dis-
tribution from the pattern predominant in most
other localities deseryes notice. The Tanco peg-
matite carries most of its beryl in the footwall
and central parts, whereas the most common loci
of beryl accumulation in other pegmatites are
the upper margins of quartz cores and the hang-
ing-wall parts of the outer zones (Beus 1960;
Solodov 197I). A similar "anomalous" footwall
concentration of beryl is also found in the Bikita
deposit in Rhodesia (Cooper 1964). This only
emphasizes the general similarity between the
Tanco and Pikita pegmatites recognized earlier
(Crouse & Cernf L972). Unfortunately, the in-
formation on beryl from the analogous Varu-
triisk pegmatite (QuenseI 1937, 1956) is too
sketchy to provide a meaningful comparison \rith
the Tanco deposit.
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