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+ry
PoX,Lucite and beryl are two of the cconomicatly anO petro-

logically Ínportant nineraLs ln the lanco pegoat'it,c, Bernic lake,

Manitobq.

One hundred and thirüy sfx polluciùe sanples were coLX.ected

fron the eastern poLlucite body and the Lsolated pods of pol.lucite

1n ühe western portLon of the pegnatite. The refractive fndex (gr)

uaa measured on aLL sanpLes. SanpX.es were scLected for partial

or ftrLL chentcal analysis on the baels of g and location. three

sanpl-es uero chemf.cal,þ analysed in fuLl- and theLr density and untt

cell denet-rsions were deterntned. lhe polluelte from the lanco peg-

natitc uas found to fit the previously establlshed positlve correlatLons

beüwecn g, dcnslty and rÊ.1 CsAO. Iü was noted that the sanp!.es

from the western isolsted pods of poLlueite had, in general¡ a highen

g than those fron the eastern pollucite body indicating they are

richer ln Cor0. Alteration products of pollucite occur as thln velns

and spherlcaL nassec, and aonsist of spodunene, nica and clay nineraLs.

Ona hrrndred and thlrteen beryl saryLes were collected

from thc wall zone, lower internedíate uone, ccntral inüernedlate

sone and ühe Lepidolite zonc of the pegmatfto. The refþactive index

(u,¡) of eaah sample nac measured, and on the basis of rr¡ and locatlon

eanples were gelected for fuX.l or partial chenlcal anal¡rsis. DeneLtles

and unlt aeLl dinensions were moqaured for the ühree oaryLes vhlch

uere ehemicaLly analyaed in fulX.. Beryls fron the lanco pcgmatite

appoar to ftt the esüablished positlve correLations between density

and ã R 0. Zordng in the beryl crystals ruas checkcd by syetcnatically

meqcuring rrr from the center to the outcrmost edge of thc cr'¡rsüal.

-vti-



In nany caaos the crystalc were found to be iratensel¡r zoned. Zoning

of bcryL with respect to znzo and r^.r was ax.so noted in the pcgnqtlte

and lt appeqrs, ln general, that the aR20 q¡{ ur increaae tonards

the ccnter of thc peBmatite.

'-''-.-.-.'....-.

- ïLIJ -
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(a)

Thlo ctudy deals rrith the ntneraloglcal doscrlption of

po!,lueite (fOeatty CgA1S12O6 for pure syntïretlc pollucltc) en¿ beryl

llanarat Tnl-r¡rdrraLtlnra

-t -

(faeally BorAþSlr01g) fron tho Tanco pegnatltc, BernLc Ï.^ke, south-

castern Manitoba.

A colld soXution sorles e¡clstc betrscn anal.cl-ne (Ral$faO6'He0)

and poltucttc (Ge cnd nenber). the gencrax formuLa for pollucite as

güatcd by Beger (rg0g) rs

1) c"rfl"l¿t",rft4e-*-fg6 ' (16-x)8a0, where 2v z L6-xzv

or

2) c"rO-JT4115,-r¡Ê!z*-vag6' sao, where 2và x¡v'
The ltnlüaüions @f 2y) L$-x> y for foræula 1 nay be coryXmented bry

the cuptrlcal restrlctLon of #y-.90 (ier4lrfgT[). Tablc I states

some of the physLcal and cryatallographic charactcrLgùlcs of pot-Luelto.

According to Begcn (fg6g)t

nPoX.lucltc haa the analolne flanework trtth ühc ceglum atome
oecupying the large volds Lrr the f,raneworkr-as inlttaLt-y
cgggesùeã Uy Naray-Ss4bo. The rnter nolecule¡ occupy the
kiãe voldi sf thls same seù whloh arc not oceuplcd by the
eesLun atoms' the sodiun atons qre located Ln equlpoLnt 2$cn

at +, L/8,ø, 1n thc posf.tlons betneen the rEtcr moleculeg.
Ttre raiei moleculea and the codiun atoms occupy thc sane
poslt!-ons as they do t¡r arulcirne, but thcy oecur onl-y ln
randonfy dlst¡:.ibütcd clusters of atone whosc outer manberc

are reclricted to wster molecules.rr

Flgurc 1 shows the alr¡mtnoeLLlcate ftanework of pott-trcltc proJected

on (OOl). fire aXuninoslLicatc fragflork !s conposed of l¡-, 6- and

S.aenbered loopa of tetrahedra wl¡ich are nomal to f,, 5 anA ühe trso-

fold rotat,ion a'.isr reapectlvíàfy. Figures 2 and 3 shor the location



TÂBI,E I Physical and CrystallographÍc Characteri.etics of PolLucite

(afber Deer et al., L962).

Cubic

n=1.5L72-L.5238

D 2.89L4 - 2.9093 H 5å

Cleavage: foolJ ver1r poor.

1\rinning: I oofì, [rfo] lametlar.

Colour: ïrlhite, pi*, gray or eolourless.

Unitcell! a-ß.7:A
Z = L6. Space group 143d.

-2-

TABLE II PlrysicaL and CrysùaX.Xographic Characterf.stice of Beryl

(after Ðeer et aL., L962)

Hocagonal (-)

€. x.565 - L.59o

t^t.L.567 - 1.599

T= 0.004 - 0.008

Dispersion: Itleak. D 2.66 - 2.9) H ?å-S

Cleavage: [0001J imperfect.

l\rlnning: Rare t oî lSLhrJ, [uãoJana(¡oir3 (e)

Colour: Col-ourless, white, blulsh green greenish yetlowr yeLLowt

blue, rose; usually colourless in thln section.

Pl-eochroism: In thick sections, weakXy pl-eochroÍ-c: G.g. enerald nay

ghow t¡¡ yellowli¡sh grecn, 6 sea green.

Unit cel-ls a 9.188Â, c 9 L89Å, c/a l.oOOld

Z = 2. Space group C6/mce.
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Figure 1. ProJection

Cs and H20

four cells

ci¡cles at

on (OOt) of thc atuninosilieate framenork and

positions in pollueitc. The lorer halves of

are shown, 0c and H20 are representGd by sol.id

1/8e and etippled clrcles a¡ 3/8c (Begen, L969).

i



of the 0s and llr0, and l{a atoms in poll-ucite respectlvely. fn pol_X-ucite

the 16 large volds ftX.led by Cs and HaO ane each fbaned by tno 6-nmbered

loops of tetrahedra centred on the three-fold arfs and by three 8-nenbered

loops related by the three-foX.d rotatlon (Beger, Lg6g).

Pollucite is of particular lnterest as 1t is onc of tha

naJor knorn eeononlc sourc€s of ceeirrm. IìIith reeent developments in
thc use of cg as tn ênerry soureê (nagnetolrydrodynanicc), ceslun has

beeome a vc[.¡r lnportant eLe¡nent.

Thc pollucite zone of the Taneo pegmattte røpresents the

rwldts Xargest knonn pollucite depostt.

_ l+-

(Si60lS)'pl{A0, nhcrc n € 0-L and p € 0.2-0.8 (H.nzburg in Ðeer et a1..,

1962). lable II statcs some of thc ptrysical and crystaLlographlc

characteriatfcs of berÌfl, The beryl structure is made up of hmgonal

rfngs of 6 SiOU tctrahedra (Ëgure 4). These rl-nge are stacked one

above another having their eentens on tho he¡nd a:rfs. hrithin the

rings trto of, thc o:q¡gcn atons in each sto4 group arc shared by st04

on caeh gf.de thus glvlng the mctasilieate raüLo (S1:O*113). Mirror

plancs ln thc unlt cel-t- are et O, e/2, c and the hemgonal rings lÍe
rrtth thc silieon and shared o:ç¡gcn aüoms on these planee¡ beüncon

them lie the A1 and Be atone, each Â1 coordinated triüh an octahedraL

group of ó o:rygen atome ond each Bc aton sunoundcd by 4 orqygen atons

in a dietorbed tetrahedron, Gations such as N"*1, C"*1, H*1, K*1,

Rb*X, 0a€ and ÌtrrO nolecules nay subsbltute lnto the hollon ehannele.

Vorqa et al. (Lg6il shoucd that tha cations and H20 moleculeg in the

channels L[e in the plane of thc A1 and Be atons and that Li. na¡r eub-

stitute for Be in the tatrahedrat gites. Substltutlons of atkalls,

especially the larga 0s caùlon lnto the ehannel cauacs an inerease Ln

The general formula of beryl may be stated as nf,tng-¿oAXa
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polluctte shovlng four cells. Solid black cireles aL L/$e,

hcarry stlppLcd oircX.ea at, J/9e, Ltght stip,pled cLrales at

5/S c and open clrclcs at 7/8c (Bcger, L969).

, H -tD------tD-'---r----Yeo'ooo,o-o-o'o- o o o aic'o'aoo
o:- cj o o Io'o''aooo-o'c-o'a a o o!o' _c' o o o

-=ttsl -_----- }-_ -O-----loacca
O a a.O O O O OiooooocaÐoooooaa a o o 3 o e oioooao--{---- o-----o-''-a

,,

Etgure 3. ProJcetlon on (OOt ) of the Na qtone in poll-ucite, Four

ceX.ls are ahorn. Z coordLnates ere in eighths (c.g, 5 signifles

5/sc). (Bcgen, L969).
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Figure [. fhe structure of beryt (eçftSfe0fa). Beflection pLanes

are at heíghts 0, 50, 10o. (BraEB st ai.. , L965).

<- a.9.19,4----->

frf-"-



the g dincnsion, the g dinension not belng affectcd. Bakakl-n €t al-.

0çAg) conflrned that Il nqy subetttutc dlrectþ for Be in thc tcùrq-

hcd¡al sltec, This isonorptjous substitutlon of I.i for Be in the tøùra-

hcdral síte incr€ases parameter c, (eatati" et aX.., f.g?A). EeryLa

showlng substltutlons of Li for Ee are ealled t-bcryl.c (Lø,e. beq¡la with

tetrqhedral subetf.tuüions). Bakakln et al. (fçZO) also note the

e¡dstence of o-ber"¡rfs (f,e. bcrSr!.s rlth oaùahcdral eubstltutions) in

uhleh',,Al is partially replaced by Fe, IÍg, Mn, Se, ctc.. Sueh gubctitu-

tLons for A1 ln o-beryls increases paranctor ê.

Thc beryX. fro¡n the Tanco pcgnatitc ie of intercst slnce

X.ittle mineralogieel rrcrk hae bcen dsnc on it and slncc thc belyl nay

be e¡ctraetcd econonícElly as o ffrture b¡Broduct of thc prccent tantalun

oxfde conccntrât1on.

(u) nrstoqr

the lanco (Bcrnie lake) pegnatitc is Xocated sn thc north

shore of the mst part of Bernlc lake, about 110 rrtt ee norühaasù of

tüinnipag (nfeure 5), În L9fpt clalns rene steked on ttre nòrthteat

ghore of tsennl"c lake, by Jack lthtt Îln lfincs LirÉtod, on thc basig of

srnall surface out,croppings aontalrring cassiterÍte. The Tanco pcgnEtite,

being unorçoscd, ïas discovcred accidentally durlng drilllng ry Consolldated

Tin lt{lnes 0o. I,td. in L9Ð. The propcrty ras latcr taken ovar, ln 1954r

by Montgarl¡ &gloratlone Lfuaited, nsn Chæalloy Htncnals tinlted.

Chernq!"loy stoeþllod varLous nincrals and narkcüed nlnor amounts of quartz.

the nlne ms ¡bandoned in 1962 and alX.orcd to ÍLood. In L96? îantalun

Mining Corporatfon of Oanada Ltd, (Tanco) rco¡renad the nLne and bcgan

nlning and conocntrating tantalun oride ninerals. At prcscnt the TantElun

Minlng 0orporation ,ùs.-lÈonedqtratlng 550 to¡rg of tantal.un o:ddc nlnsralc
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a dâÍr haa ntned and is conslderíng the econonic aspects of concenLratlng

beryl¡ spodumene and anblygonite ae bgryroducts. Prcsent studies are

being done oä the posoibllity of ùheeecononlc r€covcry of galliun.

(c) General CeoLory

tho Tanco pegrnatite Lles near tho southrúestcrn edge of the

Superior Frovince Ln Manitoba, the broader nelghbourhood of the pagmatltc

ls underlatn W an east-regt trendLng belt of nctasedlments and ncùanolcanLes

of the Rlce lqkc &oup (Dqyies, L955i Davics ct aL,, L962). Aceording

to Penner and Clark (fîZf ), the Tanco pegmatite ie appnod.nately 2.6 by.

ol,d. Ttre pegm¿tite bodLes north and south of the beXt (Fieure 5) are

aLso approdmateXy 2.6 by. old. The Tanco pcgnatlte fitts a subhorizontal

fþaetu¡re rftlch crogscuts the eehlstosity of thc a,ryhiboX.tte corurtry rocks.

The flat-ryfng tabular pagpattte nangeg ln thickness flom 60 to 280

feet, hac an eêst-ïest ctrLke, and a Low angl.e of <llp to the north.

The totaL dimcnsione of the pegnatlte have not yet been determtned, but

it ie aå X.oast L300 feet r¡lde and 4000 feet long.
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(Preu¡e 6b):

Border zonø (t)

The pegmatlte ie coryosed of nl¡ne zones (0rouee anO íernf , Lg72)

walL zonc (e) -

- 1s coryoscd nalnly of flne-gralned albite and

quartz vith abundant tor¡¡malLne. Thie zonc forms

an outer sheLL a few inchce thick around the inncr

uoDeg.

ie an albite, quartz, mtcrocllne-perthite zono

wlth abundant tou¡maLl¡e. the zone is ehell-l-lke

in shape and contains large (up to one foùt across)

nicroctLna-perthite cryeüals ln fine-graincd aLblta

and quartz.
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Figure 6a. PLan of the Tanco nlne showiag the posLtion of eross-secùLon A-Ar (afber Grouse

ana íennf, Lnz).
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Fignre 6b. A N-S (l-lt¡ seetl'on of the Tanco pegnatlte.

(afber Crouse ana ðernf, Lg72).

'FEET

ir,:.?i...
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Alblti"c aplitc ao"e (3) - an atbita and quartu zone (60 teet thíck)

appearlng as thin fstded layers and a¡

small tiscontlnuous bodios Loeated tlong

the contact sf the footmll portion of

thc mtt zone (Z) vlth thc ovenl.ying

internediate aones or along thc contaets

of thc lowen (À) anA thc unrper {.5)

intemedlatç zones,

Idtçr íntcrmcdiatc aone (A) - a microc!.ine-porthita, alblte, qnarta,

spodumene ¿one rrlth abundEnt aubþgoniüe.

lhe zone Ls conposed of tw d-neral

asecmblagec: X) large nioroellne-perthlte

crystals Ln ¡aeditrn-gralned ol.bite and

quartz vith nlca and spodume¡s * quartz

intsrgrørvthei 2) large quartz pods

vith anblygonite End spodr:mene * quartz

aggregates.

Upper intermediate aone (l) - a sporlumene, quarta, anblygonite zone

with petallte. Thl-s zone is teurüurally

and conposÍtionally homogeneous; ft
' eontains spodr¡ltono rs tabular crystals or

as quarte * qlodurnene inüer:gronths

after pctallte.

0entral íntcrmcdiate zone (6) - a nlcrocllne-perthitc, aLbiter eusrtz

cone rrfth abundant berl¡l and wodgf.nltc

(<fÐ (Crouoe and 0erny, L9?2) and ls

nade up of three asscnblagesr

-L2-



_L3_

X) nedtr¡n- to coarse-gralncd ntcrocl:lnc-pcrthlte

rcith ninor quartz, beryL, spodrrmene¡ alblte,

muscovlte and rodglnite¡ 2) rounded patches and

rarres of bXt¡igh albltic aplLte and dûsscnlnated

tantah¡n oddee¡ 3) efayleh to enoþ quartz pods

nlth rhite to bXulsh beryl accumu!.ated along lts
contaetE rriüh fetdspar-rich aescnbX.ages. BeryX-

bcarLng pods are nost abundar,rt in the upper parts

of thts !ono.

doea not form a centnal core a! Ln most pegmatLtes

but appcara as sevc¡ral leno-shaped bodies

dissenlnatcd at random i¡r dlffercnt locatlons.

FoLXucltc aoaa (8) - le conryroaed of làntlor¡!.ar or globui.ar bodics

of nacaiv€ poLLueite in the upper parts of the

pegnatlte - fn the upper lnternediatc zonc (5)

and ,betïêcn thc oentral intcrnedlaüc (6) and the

haneing watl øf the border (1) ana rqff (2) zones.

Iepidollt,c zone (g) - is eoryoscd of trd.--nuscovLto a¡rd appcars as

tro flat-ryfng eaat-rvegü trendlng eXongated sheerbs

and as scveral smallor bodics al.X. tn the central

Lnternedlaüe zone.

The Tanco pegnatite le a produ.ct of advanccd di.ffercntLation

of a grantülc magmar tnd la acooryanled by ninor lntroductions of K, H,

Quarta zone (7) -

F, B, P, and It20 into the anphibolite country rock (Ì'Irlght, X963).
t

Aecording to ðerrrl and Crouce (tglz) tones (f)r (e) and parb or (4) rna¡r have

forned by lnitial qqgmatlc crysta!.1izaùion. 6.*í and Orouse (1972) also

state that resurgcnt bo1l1ng took plaae du:rlng the formation of zonea (À)



and (6). Resrrrgent boiling during the formatlon of zone (4) fon¡ed a sodic

r:csLdual nagma rhleh cryeùalLtzed ae albltic apLite (l) in the Lower parû

and a H, K, Si-rich super-crlticaL fluid ¡trleh gave rioe to the coaise-

grained upper lnteinedLatc zone (5). Ttre poLtucite zonc nÍ¡¡r represenü a

monomlneralic separation in thc upper Lntemedfate zone (5). The !"cpidotLte

zone ls a metaconatic zone whlch forncd at the er¡tcnse of the cøntral

i¡¡ùermcdLate zone (6).

_x4_

(d) Frevtous mrk

Detalled rrork hEe besn done on poX.lucltc and beryl fron na¡ry

looaLiüfcs. Ttre rrcrk done on the Tanco poLlucitc and beryl ls, horevcrt

ncgLlgfble td.th thc ecepülon of a recent paper by Dr. P. Cnen,ú (ffZ¡)

on nThe Present Status of the Ârraf,slnc-PollucLte Seriesrr. that Papen

suppor.t,e the vtcus prcsented b¡r Begen (fg¿E) in hie reporù on trÎhe Or'¡rst'aL

Structr¡re aad Che¡r,i caL 0oryosition of Polluciten. OÈher Papêrs doaling

ntth tho crystal stmcüure, phyeicat propertl.es and catLon exchanges ln

polIuclüe and analci"ne lnclude. thooe by: Barren et al. (t95t)r lnes

(tg66), Beger and Bucrgcr (rg6Z) a¡rd Nenr¡han (rg6Z). Qucnsor (rg¡6) rn

his paper on the Varuträek peguatiùe reporbs on the pollucite and bq¡Vl

fþon that pegmatttc, Ginsberg (fg¡$) and Me!-entyev (f96f) respectlvely

report on the pollucitc fbon the Kalbi¡ Range (Eastern Kazakustan) and

fþon the granito pcgnatltcs of S¿yqn Mor¡ntains.

Slgniflcant rork rag done on the caül-on and rntcn nolecul-e

posltlone in the chawrcls of beryl by Vorna ct aL. $geÐ¡ they also

ouggeoted the poesibl.e substitutlon of Ll for Be. Bakakin eü al. $969)

conffuned the substituüion of I,i for Be and propoeed ühat Ll substltuted

directþ into the tetrahedral Be sltes. A Later paper by Bakakln et al.

(fçZO) pointed out the eud.stenco of sL:r t¡pes of beryl.



Several pepers have bcen pubX.ishecl in the last fen ycars dealing

with the mtnerele of the Tanco pegmatitc (0an. Itfin., Vol. 11, part 3, L972).

Thesc papêrs deal with the gcneraL gcologl;end ¡:q¡¡genêees of ühe peguatite,

the Ta oxide minerals, anblygonite-nontcbrasltc, petalíte and spodumene,

K felds,pars, Li-Eb-Cs mleao, eucr'yptite, anrS secondary nlncrals fron the

spotlurnene rloh sone (inelu¿ing secondary cesian-beryl anrt cesian-ana!.cine).

_L5_

(e) Present Strldy

Tho presont study of yrollucite and bcryl fron the Taneo p6gãl-

tfta ¡ras begun in May, Ig72. Saurplce nere co!.lecùeC fron seetions of drí1L

cores at the nine and fron arcac 1n the nine. Many of, ùhc undcnground

Bollrcite eanplec had been colleeted by Dr. 0enry, B. Good anri the uriter

in thc Gurnmer af 1.97L. A more detailerl rlescription of the pol"lucite anri

beryl sanpLes vill bo foun4 in the folloùd.¡rg chapters dealing apceifieaLþ

with each of thcsc mlncr¡ls.

( f ) Expert¡nental t{ethods

the refractfve lndlcee ï€ra mêasured flrst on all sanples.

Sauples rere thon seloeted for partial shæ!.cal anal.ysls on the basLs of

their refractf.ve l"ndl-ces qnd their locatlon in the pegnattte. thr€o sanplee

of poLlucitc and threc samples of bcryl nere selccted for conplerbe chmical

analysis and a detailed mlneraX.ogicaL strady on the baels of their refractLve

indicee. These sanples tere selected to rcpreAent one Sanple of hlght

low, and avorage refraetLve indeoc.

RefÞactive Índq

The refraetf.vc indiees of all the polluclte and be¡yl oarpl.ee

üero maasured by the imncrsion ncthod, using a nonoehromatlc yellw Light



fllter in a darkened rom. Imcroion l-iqufds lterc ¡afurcd to obtrln a geriêt

of llquids ylth increnente of 0.001 (e.g. L.52A, L.52L, L.522t etc,).

the fourth decinal. place rns eetlnated fron thc degree of movcmcnt of the

Beeke li.ne.

I![ost Tanco polh.rclte eonsists of clcar glacsy eyelets cmbcdded

in a braldcd wlrlta matrl-x. the refraetLve lnde* of each pollucltc sanple

rea m€aaurcd on the clear eyol.ets cxcqt where only nl-l.ky natcnlal rnc

avaiX.able, fhe horaogene'rby of thc polX.ucLtc üae tesùed on four sauples

by seX.ecting several clear eryelete fron each and measurf.ng their refractLve

indLccg.

The r¡r refÞactÍvc indor ü¡s meacrrred for the beryl sanplec.

Zonlng in be4¡1 rn¡ checked by neasuring the w of a serice of gralnc

separated along eentre-to-surface trEverseg on suitabl.c cq¡sùals. lhege

travenses rrerc onicntcd parallel and perpendicular to tho e axts of ühe

crSrstal.

-L6-

Sample g€paratlon

Clear cyclats of poltucitc were obtained for rcfÞactivc inder

study by pieklng them out rÉth a dlssecüÍng pin. Materlal for chæieal

analyscs snd rntneralogical study ìÈs separated by hand, undcr the blnocular

microteopc, fnon erughed portions of thc SanpLee. Þaing of bcryl Yêre

separated for ehenical and nlneraloglcal sÈudlqs ln a sinl[ar my.

Density

The dcnslties of the thnae polluci.te and the ttlrce beryl camplee

rere mGasured usLng the Beman balanee rLth toluenê as the diaplaeem'9nt

ltquid, Threo to four separate gralns rrcre takcn fron each sarnple and tlo

or thrco welghlngs uere naäe on each of the¡e gralns. The denelty of the

salryta rns found flrst by flndlng the avarage denelty of the tro or three



ueighings on eaeh grein and then averaging thc denslties of the three

to fivc grains fþon that sanple. the refþactÍve inde* of eaeh earyle rns

ehecked, by the imcnelon mothod, on e mi:rbu¡r.e of eßrshed naücniaL fron

the three to flve gtatns uscd Ín the dcnslty dctcrninatlon.

Unlt cell dLmansione

-L7 -

Portiona. of the three pollueita qnd the threc beryl sanplec for

rhlch tho dcnsitLes had ql.r€ady been meagurod uare ground in an agaüc

nortar. CsF, ìËo addcd as an intcrnal standard and glaos sllde mourttc

ïìere run on thc x-raÍ porder diffracto¡retcr usÍng 0u/tli radlation. The

polluclte samplos üarG lun at àoge /ún., ';irl1oa/h/o' Ttre ber"x¡l oarrylac

ïere run at toae /øn., Lwo/8/o,ehanging ro Loo/S/a at 3l+o2e ln order

to regolve thc hlgh 2O peEko, Each sanple rns x-rsfod thrae tlne¡ rots-

tlng thc slldc in thc campLe holdcr insteed of remountlng thc pouder.

The 2o values of the polllrcitc and bcryl refLeetíone rePe correctcd

aecordlng to the variation 1n ttrc C¿F reflections rith thc vsLueg otated

in ponder áíffraetton flle. lhe rcadings fron the thrce reeords of each

seuçlc rere than averaged. Uaf.ng avaragc values of 2I the unlt aeLl

dlnensiona ïrre rcflncd using the self-indcxing lcast-EGluares p¡ograB by

Evang et al. (L96r) nodlfled by D. E. Applcman.

Chmf$"y

I\renty-nine poiltlneitc and nineteen bcryl eemples uere selccted

for partlal ehønleal analysilr on the baels of their refþactive indlces

and thcilr locatton ln the peguatlte. Par{f.al chemleal analyelg of thc

pollueltc and bcryl cnryleo ¡Ës dona by aüonlc absorTtÍon spectrooeolty

for Gao, þ0, Har0, HZO, Rbr0.,and 0ar0. Thrcc pollucLto and thrco bcryl

canplec celccted on thc bacls of thcLr refbactl-vc indf.cqs ùo rcprcsent

an eyorage ac ilell as thc e¡rbræe high and thc erùrcmc X.ou valuos of the



obscrved Índlces, were analysed 1n f\Xl.

the vari-ous o¡cldee rGFo!

X-ray fluoresecnce cpectnography

Atonl c absorptlon speetroseopyi'

-18-

Cheni-cal analyaer rretre perforned by r-rsl flurooscence, atonlc

absorption cpcetroscopy and gravinetry in the chenical analysls laboratory

of the Dcrpattment of Earùh Seiencee, Univcrsity of l![anitoba.

fþþ--ecctions

Slr of the pollucíte sanptcø, colLected undenground, uana seleeùed

for thl.n section study of tha alteraÈisn products of, polluclte. I\m thtn

scctlons of each canple nene made: one of 30 my. and ono of approri.nately

6O q¡r..

l(-ray dffftactlon of altcration produets

Ciravlmetry

The ncthods ueed to arulycc for

SiO2r 41203r Fe203

Ëzo' lfaao, K20' abeor oltor caOt

Mg0, MnO, BeCI, total Fc as FeZ%

Four pollucite senples ìrorè eolX.scted fron the ninc duryc for

a study of the ¡lterEtion products of the polLueitce. These earylcs ìtèro

thlnly s!-iced and the vefne of al"teretion pr.oductg tere rqarated fron the

elfee5r using pticrs lnd a dicsectfng pin. The nateniqX üas thcn ground in

an agate mortar qnd nrn on the r-rily pordør diffractoneter ueLng Cu/Ni

radiation at |oae /ún,, ßOA/I+/A. Standard dl-ffraetograns of spodumene,

poL1-uclte anrl quartz u€rc prepared to ald 1n the ldentl-flcatLon of the

alteration puoducte,

EzO-, H20+



(a)]:"t'na"otron

FolX-uclte oeeurs in two general loaatLoag in the Tanco pegnaù1t,e:

a) ulc¡a of pollucite in zone (5) and b) zorla (S) whlch eonsists of a

largo eaetern poX.luclte body and isoteted pods of pollueite in the

wcstern part of the pegmatite. T?¡eac coryonentg of zonc (8) are Located

betteen ùhe central internedi.ate zonc (6) and thc hqqgirl8 vnall portLon

of ùhe border (f) snO rraff (2) aonca. ltre naJorlty on the canpleg otudied

vcrc coLLected fron the eastern poX-Lueite body elthcr by underground

aanpËng or by saryling of dritl coreo, SanpX.ea fron the vcctcrn pods

of pollracite ucrc eolleetcd nostly fron drl,ll cores wtüh the cxception

of a fcw sanples eotlecùed fro¡n the weeüern tantalun ore aone rampr latc

ln ùhc nlnter o¡r ft973, by Er. Genny.

A total of 9@ polLucite aanples werc eolLeeted fron drill coro8.

Table III and Figure ? (tn nap pockct) show thc elevatlon of, the eore

samplee and the drllt hole col!.ars retp€ativeþ. Forty-six addltlsnal

sanpX,cc were eol.lectcd underground by Ðr. @erl¡r, B. Good and ühe rriter

fbom the castern pollucitc bod¡r. ltresc forty-gix samplee rere coLlcctcd

in verÈieaX profilco through the eaatcrn pollucltc (ta¡X.e III). Four

aanpX,cc rere collectcd fron thc mlne dunps by Ðr. 0erny for the süudy

of ühe alteration products of thc pollucite. Oae sanple rna eollecücd'

by Dr. Cerny frø an isolated pod of potluclte in the wcstcrn taatalt¡n

orc 20B6 raÐ[).

The scaond'4ry,'ccgian-an¡lclnes that oceur tn the lanco pcgoattte

rerc not lncluded ac part of thc preaent study. A brlef rcvLff of thece

sccondary cealaa.-analcf"nes ls given, houcvon, in a latcr secùlon of thle

chapter.

-L9-
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TABIE IIT

Bef?activa rndiees anc! Footage Ín Feet of pollucite sanptes

u19DPoot. n
62.0 1.5ÏSo
62.5 L.5L85
69.0 L.5Lg2
65.7 L.5200
66.0 L.|,zaz
66.6 L. 52aÐ
67.Ð

"l 7h.2 1.5200
75.5 L.5204
77.4 L5L98
81,0
8,+.0 L.52AO
{1.2 L.5Lg2
88.5 L.5Lg2
92.0 1.5195
93.5 L.52A5
95.O L.5L72
95.8 L.5L72

,i r': : i.:.:ì,:a:¡ìJ.)i¡ì :r
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834Foot. n
Lt+?.5 t.¡1ts
Lh9.5 L.5205
L52.A L.52a2
L57.5 L.5æ5
L62.5 L.5205
L67. 

' 
L.52N

L72.5 L.52L2
L77.5 L.52A2
Lgt.o L.5208
187.0 L.52t2
Lgl.5 L.522A
L95.0 L.52D4
L95.5 L.52AO
2tJ2.O L.52Ol+
2A5.A 1.5180
2Ð6.6 L.52e2
2Lg,a L.52Lh

Eastcrn Pollucite Boff

EUt
Foot. n
20?.2 L.5ã36
208,0 L.5235
209.L L.5228
210,4 L.52p-5
2L2.6 L.52t5
215.0 L.52f,6
2L7.A L.52A8
2X.8,0 L.52L6
219.0 L.52A2
220.0 L.52L4
22L.9 L.52Og
223.A L.52L2
22h.9 L.52A2
226.2 L.52Lø
226.9 L.52LO
2n.9 1.5208

uFoot. n
18g.0 t.slga
L92.O X.5180
L96.A 1.5162
2A2.5 L.52ÐA
zÐ5.5 L.52oa
2A6.5 L.52A5
2L3.8 L.52O6
2L7.O L.52O5
22L.3 L.52ñ
224.A L.5?p/2
225.6 L.52a5
226.5 1.5209

M20
Fbot. R

L77.5 L" 5ãaa
178,0 L.5220
L78.9 L.5238
L79.5 L.5238
18o,5 L.5236
181.2 L.5206
L83.5 L,5222
184,0 L.5232

ueFoot. n
L63.s L.sãLs
t6&.0 L.5?f,g
r6h.5 L.52L2
L65.O L.52L2
L65.5 L.5206
L66.O L.52A2
230.8 L.52Og
231.0 L.52O8
23L.8 L.52L2
232.3 L.52Lø
292.5 L.5208

f.
Foot" n
202.0 r.5ãf/2
202.5 L.52Da
2a3"D L.5205

Wcstcrn fgol¡ted Poels of PotlucLtc

P-1#t r.5aoÐ#z 1.r2oo#3 t.jaoo
#t+ L.5206
#j L.5zLh

_u_
Foot, n
x.8À.0 1.5ã00

Sanples Gollected Undcrground

¿
Foot. n
26b.a r. fãoo

#t
#z
#s
#l+

#5
#6

P-2

f,,5?00
L.52AO
L.52A5
L.520'
L.5208

R-2#t r, Saorr#z L.5Lg5
#3 L. slga
#t+ L. |.lgt+
#s 1.5aoo
#6 L. l,2æ

P-1
#t L. f,zao
#z L.ïL9B
fi t.5zoo
#h L. l,zl,j
#5 L. i¡zag#6 L.5zaø
fr x.,52oo

R-À

IL
Foot. n
2a4J L.5T2o
2A5.9 L.5æ6
247.5 L.5228
2a7.8 L.5208
2ø9.ø L.52O5

#t
#z
#3
#l+

#¿

ri$=-?.

L.52Ôø

L.52L5
L.522Ð
L.52Ln
r.5190

P-À
#t t.jl8o
#z L. i]Ågi#3 L.5zøo
#h L.l,¡:gz
#5 1.5200
#6 L. r,æf,

#t
#e
#3
#t,

#¿

L.52aô
L.'N)A
1.5200
L.522A
1.5ã10
L.5L9l+

#t
#z
#3
#l+
#5
#6

n;}1
r56189úl
L.5220
L.5Ð5
x.5200
1.5200
L.5LgA



(u) Generat Süudy

Phyeicat and optical

The poLluclte sanrpl.ee col.lected fþon the eaeterlrr polLucLte

body are nassLve and have a bnaided (aug€n) tcxtr¡re folrued by tiny

eyeleta (a - fO r!tr,, ¿yg¡6glng about 3 m. in Length) of clear po!.tuclte

in a nllþ whitc natrix usuaLl.y conüaninated by other nlnerals (see page 35).

PoLlucÍte samples coLlccted fron the lsolated pods in the western part

of the pegmatlto ehc,tr no or \rerT poorl.y deveLoped eyel.cüs of clear polluoite

and are generaLþ of a grglsh or nt!"lry rtrlte col.our.

fn plane polarized Light the cyelets are cLear and the natrlx Ls

cLoudy, Both ühe eyeX.ets and the naürür are, howoven, iootropic. Refractlne

lndÍees rere measured on the clear eyeLeto of al.X, the pollucLte eanplee

and ! rns found to vary from L.5L72 lo L.5238, the avenagc belrg L.52Ol+.

Figure I shoÌrs thc values of n for the various sampLes as retL aB the

proflLes of the variations in g riühin the various drlll holeg. These

proflles show that the varlation in g in the vertical profilee is relatf.noþ

snal¡. and that the caetern poLluctte body itseLf, is not noticeabþ zoned.

In gome dritl holeg (u 39, M 5 and B 3ts) thcre appears to be onþ a sX.ight

Íncreaee of ¡ tornrd the center of the body.

Figure 9 sho¡rc a histogran of the number of saryLes coll-ected

versì¡B the value of !, for the whoLe pegnatlte, the eaeterrn polt-ucÍte body

and the isoLated pods flon the westerrn psrt of the pegnatite. hon Figrrrc

9 wc can eec that nost of the polLucite sanples have n in the range of

I.520 to L.52L. Figurc 9 also shows that the pollucf.te saryles from the

eaotern poLXucite body shor a sl'qiLar relationship (i.e. g for nost sarylea

Ls i-n thc range of 1.520 to 1,.52L), and that for the poLlueite fron the

-2L-
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fiLgurc 9. Hlstogra¡r chowtng tl¡c varlatlon of n i.n X35 psllucltc caryl.ec.
The atl-ppled arcas lndÍeate thc caryles fron the eaetern poLlucit,c
body, the areas narked þ dlagonal llnes Lndlcatc ùhc oanplco flon
the lustenn isolatcd pods of polluoLte, antt thc outX.incc lndiaate
ühe total nunbcn of aaryle¡ rlthln a glven rango of g. E. g. for
eanples rith rr=l.inr-- L.rL85 a total øf 5 earylcs renc collected,
all *r¡re fron the easùern pollucltc b{f,.

1.517 1.518 r.519 t,520 1.521 1,522 t.523



TABTE EV

Eonogcncity Test on PollucLte by BofÞactlve Indq

(ectlnated srror t .oool*)
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\.nwr"
&sln #

-\
P3 6 R45

B12

2lB.O

u39

77.O

ftatn #1

&aúa #2

&ain #3

(hain #4

Cþaln #5

x.5196

1.5â00

L.5Væ

t.5202

1.5208

L52a6

L.529'l+

1,5208

L.52A8

1.5205

L.52l¡

Lç52L8

L.'2L5

L.5Lg8

L.5Lg5

1.5292



*26 *

nFigurc 10, I{clght percentage of cs20 vs,¡ifor po!.lucite fron t-hc Talrco
pegn¡tlLe. Dotã tn clrõleo lõprescfot thc saryleo fron the
Weoücrn lsolatcd ¡rode.



westenn pods no salryle hag I lower then 1.520. Thcoe nogtc¡:n poda contafn

three of the fíve senples nlth n 1n the rar€e of 1,524 and trc of thc three

aenpX.es wlth n in the rrange of 1.5A3 (['¿gure 9).

The number of speclnens emninod f¡on the ïestcrÐ pods ls nuch

suuLler than that fron the èåstcrr¡ pollueite boff. lteverthclcss lt scqn¡

üo be lange enough to conclude that the nect€rn pollucitc podo show a dls-
tLnetly hlgher avcrago valuc of n.

Four ealrpX-es were sol.ected for a homogcncLty tcst and ncre found

to bc of faLrly conetant g throughout thc sanpl.e. ?able IV ehons thc rc-
sults of ths homogencity teet.

Par.tial chæical anelv¡ir

Sanples for partial chemicaL analysia ne're serparated on thc basls

of n and Loeation. Sanplcs rtre geX.ccted to represent high, 1o¡r and averagÈ

values of 3 as rrcll as to rqresent both the eagtcrn poltucite body and

the rcstarn LsoLated podo of poltueLte, The sarylee rrcne analysed for
Csr0r Na20, Ka0r RbA0, äAo and CaO. The rcsuLts of the anelyses are shorm

on lable v utrrch also shoüs thc valuc of ¡ for thc oanplea lnalysed.

Elgure 10 shows thc dlrect relationohip betwacn n and thc aesLun content

of pol-lueite.

In gencral lt can be eeen, fþon Table V and Flguna 10, that the

samples fron the ïestcrn lsolated pode have a elfghtly lorrur ccgf.r¡m

contcnü (Ðô6 rrü,É csrO on the average) conpared to that of thc sanplee

-n-

fron the eastcrn pollucltc body (3t.æ v+,.fr 0sr0 on thc average). ?hls

1s not ntrat onc uould e*pect froq thc average value of ¡ uhieh ls the sane

(I -- 1.5204) for both the analyaod pollucite sauples f¡rom both the eacterr,r

pollueite body and thc xecücrn lsolatcd pode of pollucite. One can alco

see that the cesiun eontent of:[the pol.lucitc f-s fahly eonstant throughòut

ühe eastern polluclte body.



ÎABIE V

Pertlal Ch¿ni.eaL Analysls for FollucttcË

Sanple

Ift¡nbcr

-28-

RT.-6
Rl -¡.
R2-3
M,-6
R3-4
nå-a
Pl-5
P2-4
P3-2
PA - 1'r
P4-4
F4-6
BStl - W.5.
B3l+ - L57.5

834 - 206.6
H5 - X92øo
lü5 - ffi5.5 ^^
H5 - 226.5t
W - L63.5
w -.L65.5 -
lJ39 - 62.6i
tú39 - ?5.5"

f)-(t
o
ú
a,
È
u
f
o
o-
C
L
G,
{-
o(t
rd

I{ù.f of Hdes Ânalyscd

uä0

0.tr16
0.089
o-056
o.151
@.Lt2
0.090
o.1gg
o.lx.é
0.084
o.847
0.151
4.235
0.179
o.Lyl
4.5L9
o-091
ø.379
o.?Ef
o.696
0.645
a.565
a.66'l
a.7n

Na¿o

1.85
1.8f1
L.70
1.68
L.65
1.e15
1.64
l-.gl
L.?2
L.56
L.73
L.63
1.84
r.76
L.l+7
t.6g
1.4CI
r.33
2.OO
1.30
L.t+3
L.g6
L.73

K'zø

1.21
o.r2
@.52
9.37
0.09
0.05
o.lx
t.L5
o.07
ø.47
0.15
0.19
0.0Íl
0.10
o.23
o,10
o.ô9
0.17
@.1+5

0.18
@.æ
0.18
ø.23

Bbz0

1.tr/
0.71
o.gh
o.g6
ø.79
@.w
O.fl
o,8tl
g.?2
ø.h2
0.85
0.74
o.80
L.1@
ø.5b
ø.7t
@.7?
9.75
O.rl0
ø.?E
o,tx!
0.¡ú
CI.96

0o2O

1¡lI
0

a.

FT
ù.7
Ð-l

S,ï

30.L5
32.90
32.65
31.50
34.X0
33.35
33.04
39.2t
33.ø4
26.&
32.1+@

32,00
3L.52
92.@
28.91
32.r+o
29.28
29.33
2É1.10
30.53
3L.67
æ.67
3L.tl

üeo - ng.5
I'fæ - 18L,2
u - 205.9Íf
U - eO9.Oü?
t - ?ßi.gfüt
E - ffi2.5

Cao

0.02&
0.046
o.ü/å
o.08rl
0.043
0.018
ø.955
o.o2g
a.@25
0.045
o.o2g
0.034
0.061
@.029
0.060
o.vl6
0.o37
0-058
a.w
0.049
O.Olr1
9.100
@.9/o

E

1.5190
L.5L85
L.5190
L.522A
L.',?fr@
1.5198
L.52tl+
L.5?,05
1.5198
1.5180
L.5L92
L.5205
1.5185
1.5245
L.522@
1.5208
1,5190
L.52A2
1.5208
L.52L8
L.52e/6
1.51æ
1.5204

o.533
a.Llz
@.365
0.719
1.0[þ
0.560

* Aaalyscs dot¡c by n. fl111., B. Ghapnan and K. RanLalr chæiota¡ Ðept,.

q,rof E¡tth Sclcnccg, ttrnivcroity of Marlltoba.

f't0ortaúnatcd rrtth epodunenc.

1t Contaninatcd rrlth elbftc.
firOontarql natcd ryith t-foldcpar.

L.h5
1.5t1
L.57
t'.',l6
L.12
L.\5

0.24
o.35
o.75
L.3g
o.[n
9.15

o.n
0.83
o.75
o.43
o.5l
o.67

31.0O
3@.7@
29.6'l
28.r3
26.t+@

3L.75

@.ø26
0.033
0.ofÍ2
0.lx&
o.170
o.gf4

L.5238
L.5292
L.52@,6
L.5æ5
L.52æ
L.r2@/A



lablc V tr.rdieatee that thcre Ls no res,ular chargc ln flq contolrt

of thc polXucLte rlth looation¡ only 1oeal inegular vEi.btatlons arc

evidenü. Thc trtgh Na contenür arc rcf[aeted by lou valueo of g and lor

cecLun eontents for thosa oanples, the high t{a contcats of eone canpler

na¡r bc due to the prcscnce of l4urf.ttce sueh as Na feldaparc. The

preseRee of such feldspare rna eoaflrued by x-ray pwder dLff,racti.on.

sarytec P4-1r U39-62.5, V3945.5, E-ZW.Or 834-1fr/.5, V5-226.5,

Mh-165.5 and W-L63.5 (rrftn ar¡onalor¡sly high Id. contsrts) rerc checkcd

by x-ray porder dlffractfsn. the earyl.eo were found to be atLghtþ con-

tEntnatcd r¡lth spodunone.

_29_

(c) ruff lfineraXssical, study

thc three eanplcr (ntZ-226.2, W2-2f/7.2 and v39-95.8) destlned

for filll ntnsralogicaL aùudy rrorc sclccùcd to rcprcscnt spccl.ucne rrlth

high, Lor and evorqge values of g¡ the locatLon of, thc carylca rn¡ aot

eoneldercd.

Densfty and rcfraetfvc Lndox

At cqn bc oean frm Table VI rhlch also shors the valuec of 4 for tlle

eaqrles. ït l¡aa been provcn by prcvLous rcsGarchcrc (suet, 
"" 

l"r#, Lnh)

that thc dcneLty of polluclte is dtrcetþ proportional to g. It I'c

concltrdcd that ttrero aro not sufflalent aanples present to accurateþ

drarr a graph of dcnsity ys. E r?¡cn onc cot¡ctders the large error in

neasmring dcnslty of very gnall grains (?-12ng.) on the Bernan balance.

F:LgurË lt ehøs the graph of denslty vo. g (1""oí, Lglù rtth the ülrrce

rarytes fron tha ¡lneserÊ study cuperinqnsed. lablc VI shorrc thc vaLucs

of g neaourcd on a ni¡rtr¡re of graÍ.as used to meAüurc thc denslty.

tho dæaltlec of, thc earyles varLed fron 2.903 tø 2.9O9 g/æ.
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?AtsIE VT

Fblt ehGnlcal Analyses for Poltuelte

ALzø1,

1t2.2@

U.g)

o.oL2

o.À3

L.74

0¿,16

o.?l+

,2.Oh

nil
o.@3

0.010

L.73

o.o&

93.9\

2.gog3

L.52Lø

1.5204

l+h.O5

L5.O2

0.0129

@.59

L.50

0.;89

o.67

30.20

ntl
0.011

0.060

L.67

0.04

9h.TL

2.9ø37

L.5236

CcrO

BGO

t{s9

Ga0

t¡In0

lI20+

He0'

F

Pzoj

lTlotal

Denolty

!!

0h*k
onE

u.g. D.

l+2.3O

u.53

0,008

o.28

L.88

O¿17

ø.77

32.\@

ntt

0.0o3

0.037

1.91

@.0À

46.28

L6.7L

0.01

ø.25

L.gl

o.51

1.60

34.77

0.00

0.00

o.oo

r.80

O¡@

o.03

9.25

l+3.5L

L6.3O

o.05

1.6t1

o-48

36.10

o.22

L.50

99,84

¡ll¡.28

L6.32

l.59

0.38

35.9t

0.13

L.62

1.
3.
+.

Varutrack pcgnatlte (Qtreaccl, L956) 2. Hebron, l{atne (Beger, L969)
lannni¡6¡ quar.¡'y, l{aine (tsegcr, L969)
A ehcck on $ for one of the five gfains r¡sed to dertomtne the denclty gf BI2-
207.2 showed g= L.5222 - L.522h. Thle grain also showed a lower denslty
to ùhc rest of thc grelns.

9l+,33

L3.672
t.o0l.

L.5231+

L3.6?2+
1.001

100.08

L.5n2

L.rnø

L3.674

x.00.L5
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fhe prcccnt study.
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IIrr{t- aatt ¡lln¡no{anc

the untt, coll din€nsLons of the three poll-ueltc Énryloû ehomf.cally

analysed in fulL (see lable VI) wcre fouÌd to tie wtthtn the prev{.ouoly

egtabliahed rango of a = L3.6\ - IJ,?IA (dr*#, Lnh).

The reaultc of thc full chælcat arÉlyscs to date werc very ln-
accurate and dld not toteL l0o üt.1. the problen ls noet probably duc

Ùo.the sflica and alunlna contents 1þLch óeein Lou for al.l thrce saryleso

The dtccrcPanry in the sLliea and ah¡niaE contc¡rts rÌrlch arc falrly eonetart

for poLluclte indicaüe that the oanples n¿Ur be contaninatcd nlth other

ninerala and that the elkelL contcnte arc not üo be trustod. Table Vf

shong üho rcsults for the saryles flon thc lanco pcgaatlte ae ïcl!- a¡ tho

rcsults of anafyscs of the pollucltes fnon other pegnatttet. Iü yttt bG

noted that 1n alX oùher pollucltcs the sll.lca and aXr¡mina eontcnts aro

hlghct ühan those of the pollucXtes fþon the laneo pegnatLte.

(d) Seconaary Cesian-analelnog

-32-

Although cccondary aeclm-analcincs tcre not a paÉ of the prcscnt

str;rdy, a brief aeeou¡¡t of the flndtngs of Dr. p. lerú (tnz) rd.ll norr be

prcaenÈed. the csclaa-analcines presenü Ln zonc (5) of the pcgnatLte arc

the resuût of tha alteratton of spoduneno and quartz f.ntcrgronths &tch
also yielded othcr rare nincralc ln trnusual areenblagoe: cesian beryl and

Llthtophosphate ín various conbÍnatlons wlth cookeite, adularla, albtte,

apatiter cÔtcf.te, quartz and clay mlnerals. Figure 12 chorrs the eequcnccs

of, crystalLlzatlsn of t'hc four eesl¡¡a-ånalalme bcarrqg asecnblages. All
thesc scqucncea nerc found ln elosc ncighbotrrhood of thc poLlucLtc zone

(g). lable lftl shws thc ehcnicaL onaiþsitlon and physlaal propertLca



ChenicaL Composition and Physfcal Properûf-es of Cesian Analcimel+
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41203

Ca0

Naao

Kao

Rbz0

Ca20

H2o+

TABI,E VII

54.85

2a'l6

0.05

L0.30

0,40

0.01

6. oo

7.5L

o.4r

gg.8

L.l+92

L3.69h
t.ool
2.35

552.LO

17.ó0

Ø.13

6'tr6

0. Lg

0.06

18.00

l+.h5

0.14

99.t3

1.500-
L.5øg

L3.693
t.oo3

2.63

52.93

L9.27

0.06

9.29

0.19

n.d.

10.50

7.76

100.o0

I.l+9ç
L.l+97

n. d.

n.d.

o.27

4.91

x.84

0.11

1¿1.90

n.d.

n.d.

L.5A5

L3.681+
t 00l

2.6A

%

a([)
t--':ri9 

o

Sp.gr.

L.545

L3.685
J.003

n.d.

n.d.

n. d,

7.5

o.2

0.01

7.9

n. d.

n.d.

L.l+93-
L.l+96

Afber íott/ (tglz).

Anal,yetg: sanple 635 - Dr. -Jr¡n Ito (Harvard Unlversity)¡ othcr spccLnens
- K. Ranlal and B. U. Hin (D6pt. of Earth Scienceo, Uiúicretty oi UanttoUa).
-,,ii,,,;:1,
$angle 2 : L calculated fron ühe nfurburo rith cucryplte j2 quoüed by
by Cerry (tglzà), asauning the Alg.9Si2.t tet¡rahcdräl eonterit ac foimd 1r! ,,i,,1.i
oanples I and 2.

Saryle 2 - 2 sltght,ly contamlnated by guartz.

Sanple 63568 sttghÈly contamlnated by quartr aad by a phåse tnsoluble
in hoü HNO3+llF.

ú
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Filgure 12. Fara8cntic s€quences of secondartrr ntnerals ln flve ]rydrotheraal

aocenblagca fÞom the r,rpper intcrmsdtate soac (j) of tho Tanco

pegnatltci dached l:lae - cr,¡¡etalLizaËion of snal.l anounta coner¡rrent

rith prcdipitatlon of another najor phaae; ¡rx - cùchiag and corrosion

(after Gerrry, L9?2).

^¡(

-xx



of fLvc aanples. Aecordlng tr dcrtl (tnz),
fhe che¡nieaL coryosltLon of saryles Lr't:E and 2 - I shorr¡ a

good -correlatlon rrlth the gcncral poll.ucltc fomulac proposed by
Nel (x944) ana l{euvonen and vesqearo (rç6o), vlron re"älcirtated
to 6 orygens ¡r€r antrydrous f,sruula:

saryle 1 (}Ia ,rcc.loK.oa) (Al..trstr.o9)06 o.gi Hzo

sanple 2. (Na'5l0s.3eK.Ol) (At.rrStr.15)06 O.6l ttr20

ganplc 3 (*1ut"ra) (lr.ros1e.1o)o6 t.o t{20

It vag also noùed by dernf (tnZ) ùt¡aù the refractlve Lndcx and dcnsity

of these aecondarSr ccela¡r-analcf.mes arc lntcrmediaùe bctwcen those of poLluelte

gnd enalel¡e and shor poeltlve corretaùlon rith the 0s-content. T5e

cr'¡rstaLs are soned (refrqctr.ve Indcx incncaofng torards the eenter of
the crystal) and anicotnopÍ.c, conelsttng of sevcral radiEl aectors rrtth

unlform e¡rblnetLon.

Ttrcsc secondary ceciarranalclnes l:le in the qnalcf-ne-rleh gap

ln thc polluaite-analelne rorios.
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(e) Alteratton hoduete

Thorc arc t¡vo basle üypeo of aXtcratlon of, the Tanco pollucitea.

the fLrst t¡pe occrrrs as eoÍlrse veins (0.5 to X.5 cn. thlok) of albltc,
mlcroctlner euâFts, spodraneae and poLluoite. Thêse coarrG neLns ouü thc

pollucf.üe tn a poþgonal moch.

The seco¡rd t¡le of aXtcnatil¡on appGars as fLne velnlets (< I m.
to 2 m. thtck) and small ahpherLcaL nagees (approdnateLy t to 3 m. in
dlanetcr) ln the nlllry polLucf.tc matrfuc. The velns and spherÍeel nasso! trsro ii ,i,,",,

found to be Eosrtl.y apodurnenc ofbcn ri.med rrlth flne-gralncd color¡rl,csc

Etca. Host of the vel-ns contaln aoue pollucits and ntnor anounts of quartz

rith thc epodtrneno. Oùher velns appcared to be coryleteþ nade up of

flne-Sralncd colou¡Lcça nloa. Clay mlnerqlsïerG prcseat in sone of thc



spherlcal nassos of, alteratLon pr.'oducts of the polLucite. lracos of elniLar

ctråy mineraLs rcro also notcd lr¡termtttentty throughout thc pollueito natrlx.
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(a) Introductlon

Sanplcs of beryL coLlected underground and fron drtll coneg Ln

the eastorn part of the pegmatite arc al.l fi:o¡n the centrat internedLatc

zone (6). In zone (6) ttrc beryl crystale appoar along the contact,s of the

bLuish atbitic apllte rrith gray-snaky quartz pods or Ln a nedir¡n- to Goâra€-

gral-ned ntcrocX.lne-penthlüe. Core saryX.es of beryl fron the reotern

portion of the pcgmatltc arc flon the lower Lntcmediate zone (&) anA tnc

wall zone (2). Gore saryleE fron the central portlon of the pegmaùite are

moctþ fbom the walX- zone (Z) rftn some from the l-oner Lnternediate zone

(4), One eanplc was co!.lectcd fron the l.epidotite zone (9).

Sevenüy-eevcn eorc sanplcs of beryl, were coLlected. ,.Bable VIII

shows the rcfractivc indices (.^, ) qnd tho footage of thc sanplcs trlthln

each drltl hole. Figure ? (Ín nap pocket) shors the locatlon of the d¡rill

holes. Ten sanpLes all fron the aentraL lnternedlate zone (6) were coLlccted

undergrowrd. Early tn L974 Dr. Gerny coll,ected another 20 sanpLes from

underground (3 tton ühe fl,epLdol:lte zone (9) and X7 fron the wcsterrr central

intermcdiqte zone (6)). Elgure X3 (fn n¿p pocket) shors the sarryLe Location

for the beryls eollected underground fron the eastern ccntraL lnùernediate

zone (6). An additlonaL t3 sanpX.es vere provided by Dr. Oerr,¡r.

Sccondary cesl-an beryle thqt ocer¡r in the lancs pegnatLte wcre

not included as part of the present study. A bricf revl-cu of the flnds

of Ðr. 0erny (WZe) in a prerrious study of these ccsian ber'¡¡ls is glven

1n a later portLon of thls chapter.

-t;:
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(b) General Study

PhysicaL and optlcal propcrû1es

Beryl fron the Tanco pegnatite oecurs as J.rregular shaped grains
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as uel'l- eB ïeLl-forned crystals (tire largêst, to date, neasuring 5å inctres

in dianeter). The crystals shor weLl developed hcxaþnat prlsns, basal

pinacoids and rarcþ pyrramidaX. facets. l{any of the cryatale are stout stury-
l!-ke prÍemaùic crystals or thick tabular crystaLs paraLtel to I ooofJ . gne

sanple colleeted by Dr. Cerrry ehowed beryl in the forn of a nassive yeiR.

The coLorlr of the Tanco beryt f.o generalXy white or nilþ although paLe

grcenLsh and pínkish as weLl- as eoLor¡rLeas berXrX.s are preaenü. The naJorlty
of the beryl sanplce studiad rere found to contqin vew flne grained

incl-usions of ¡riea oricnted parallet to the basal parttng ln the beryL

crystals.

The refraatÍve inder (s,r) was neaaured for all the beryL sanplec,

on chips separated from the surfacee of the grains and cryetals, and rne

found to vary fro¡n L.580a - L.f.g|,g (Ta¡te VIII).
llgure t4 (a - c) shows histograms of the nrrnber of sanples v€rsug

uJ for thc beryL sanpLes fÞon thc varlous zonGs. Figurc 14 c ohows the

hlstogran for alL the beryL sanpLes col.Iected. Fnom Figure X4 (a and b) we

can see that zone¡ (¡) and (6) (east) show a nærimum of aanples Ìrith wt= L.593

whereas the na¡Í¡ar:n of saryl.es from zone (6) (west) short¡/= L.5g2. All thc

sampLes examined fron the lorver internedf-ate zons (4) trave uJ= L.593*(Fígure

14a). Beryls fron zone (Z) are subdfvided into plnk and grat accordÍng ùo

the colour of the host f,eLds¡rr¡r. Those samples, referrcd to ae zone (z)

(flnk) wcre found assoeiated rith quartz, prisnaùic tou¡maline crystals and

q fine-gralncd granular plnk albttic feldepar. nre sanpLes referrcd
to ae zonc (a) (gray)-wete found qssocLated rlth a dark gray coqrse-

,+ the nr¡nber of earytcs colleeted fron zonc (4) is snall (sfx). rhere-

fore, the apparent tr.r = L.593 for aLl sarryLes nay be greatþ reduced ff
ltore ssmpX.es rure avaiX.àbLe.
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grained albtte (cleavelandlite) and vcry finc needlôllke tournallne

crystals. Ttre najority of the gray caryLes have wã L.593Ø. Ttre

eanples from zone (Z) ean aleo be dtvlded aceording to thclr positlon

in that zone i.€. rhether they cane from the hangfng rall or footwall

portion. Atl tho ænples fnon the halrging rlall arc pink uhile those

fron ühe fooùwall. are pink or gray.

'ir,i, thc average wae cal,culatcd fron each zoRe!

zone (z) (pink) L.5glg

zone (2) (gray) L.tigz3

zone (4) L.i9a9

zone (6) (oasr) L.5gzL

zonc (6) l6ucËt) L.5gL8

zone (9) L.Sg3t+

Thene appcart to be an inerease in u¿ fron zone (2) to zone (g) nn

fron the outarmost zone ssnpled to the innernost zof,le sanpled (bearing

in ntnd the crron eoncerned with the ayêragê r¡¡ for zone (4) aad

aacuming the bigh averagc w3,L.5923 for zone (2) (eray) to be due

to locaLlzed condltl.one fn the pegnatlte).

Gorrelation of t -r rrlth zonatlon ln the pegn¿üite lo conpli-

cated, horrever, by ühe f.nteneo øonLng rtthtn the erysüals. The nefi.ac-

tlvc lndex ( w ) ma checkcd Ln croes-gêGtlons of lt suttablc cr5rstals,

It nas found thaù the vaXue of t^¡ lncreaged fron the centc¡r of ùhe

crystal to Xtc surfqco. In one c*træc casG (, rarlcd fron L.5859

at ühe center of thc crystaL to L.593L on the outermost cdge of the

cryctaX. (a dt ctance of 45 m. ). In another earylc r^r varfed firon

L.595 near its centcr to t. 5922 on the ouüer edge (a dlstancc of

X? m. ). FÍgura X5 (a - g) shore skerÈehe¡ of gme of the crystaX.a

gtudled for zordng.
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// /'/ 
,'.'2f

-44-

Lt9-398.6

5mn.

3 n-.
8 rt¡r.,

I

2

3

4

1,5842
1,5 I50
1.5852
1,587 6

d
>)ry1.

A-229.2
1 1.5842

3 ¡.a. a

^ 2 1.s8ó5
z ,''Â' <

^ 3 r.5 8ó0
J ¡nr. (4 t.s8ó0

u lo- ll.5

r t.5931
I3n¡"- .2 r.s9289¡¡ - .3 1.s 884

8 ra,.. (
41,5862

8 ¡nr. 15 r.5859

Fígure x5a-9. sketches of beryl crystals aùudtcd for zoning shorfng

the ehange of tr-/ through the cqrctal over a neasured

dlgtqnee. To be contl¡ued.

b

7 trz 
r/

/,/
,/ ,/

,/ 
/rl

BLM -2

8nr
8*¡^'
6'^'-,
7*n.
7 ¡^^,

I
1

2
t3

4

5

6

r.5 9 34

1.59 32

1,5920
1,5902
'1.5922

r.5 930



-\5-

t./

,//

,/ '/

1

2

3

4

5

6

r.5 93 0

1.5 92 8

1.592 4

r.59 I 4
1,59 2 8

1,5934

//,

íc
a
5

o
3

L 19-49 52
1 1.5928
2 1.5922
3 r.s8 82
41.5864
5 1,59r I
6 1.59 20

f

Ftgure 15a-8. - cor,rtLnued.

2)

3.

BLM 2A pink
r t.Èszz

7aa.t 2 1.5902
Saa 13 1.5 900
5næ< 4 1.5895



Âs a ¡regult of the zonlng yithln the crysbels, carc üaB

takcn to take gralns for refractivc lndq moesurenent fþon the ouùer

edge of ühe crystats so that coryarlson o"f t, for beryls fÞom dlffercnt

zoncs rould nake sensc* (1.e. would not invol-w changce lnw due üo

crystal zonLng). It nas, horevcr, dtfflcult to tcl.l- ln rone casêB

lf a glven surface on ¡¡!r irregular shaped gratn ln a core sanplc rac,

f.n fact, the outcrnoot sr¡nface of that grain. Ttle ar¡erage valuce

oft^.l mentioncd earLier nay havc becn st:lghtly aff,eoùad by zonJ.ng,

Partlal chentcaX. anelysls

-h6-

Sanplee of hLgh, lon and averago values of u.,r ucrc sclecùed

for partial ahemfcal analyelc. The caryles yore also selccùed t,o

rcpreeent zones (z), (¡), and (6). lfatental for analyslc ïas taken

fron the arca f.rmediatcþ around the point rhere c^¡ had been mcas¡rrcd

Ln an atteryt to keep thc cffeets of zoning to a ninf-num. Table lf,

shoüB the rcsults of the anaþses as rcll as the value of w for each

oam¡lLc.

lncrease ln ì^/ ftm the or¡te¡. Eones torards the inner zones of thc

pegnatlte le parallcX.cd, thcrcfore, by a slml!.ar laereasc l¡¡ E B2O

åc eau.:it-bc::¡scen frm lable I[ and Figure 16. Ior or hLgh val,ues of

The velue of Sngo ls proportlonal to r-r,r (ftgure 16). lhe

ãRAO tn à;ggf,ven uone nalr be duc to cryetal zonLng. Ia general UBAO

lncreasca towa¡rds the centor of the pagnatite as can bc saen fron the

folloning avcragcË valuc¡ (in rrt.f) of ZR20: rrall zone (Z) h.tZ,

X.owcr intermediatc zone (4) 4.7?, ceatnal lnternedlatc sone (6) 5.to

and LepldoLite zone (9) 6.h8. ÏËthf¡ the ccntral latorscdlaùe zone (6)

r$ Av€rage vaXueg of Z R 0 tnclude I RaO of those saryles ftlly analyccd

(tEule x).
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rt
Fl{l
rl

sanple

lft¡nber
Zonc

Qd.dee Ln lft,l 2%o
-+
CaO (JGaO r2o l{aAO IÅ¿O Bb20 Gero

T - 2J+l+.1+

lfil0 - 3U+.2
r,l-3 - 555.9
w - 399.a
L9 - 3æ.1+
Lg - 393.0
Il9 - 998,6
r,[9 - 5LO.5
r,1g - h95.2
It6 - 5L2.O

^ - 
2æ.2

U9 - 281+.&
!19 - 257.5
921 - 2.0
ulo - 5.7
G62 - 405.0
#s
Zonc(6) Oontect
Vcia

wan (a)
warl (a)
warr (a)
warr (2)
wan (a)
wan (a)
tun (2)
wau (2)

L. Inter.([Ð,;
t. Inüæ. (4)

tfaxt (2)
wau '(2)
wail (a)

0. Intcr. (6)
0'. Inter.(6)
G,; Inüer.(6)
G'. rntcr. (6)
G. Inten,(6'Ð)
c. Intcr.(6)

o.g/8
9,o50
9.o95
0,034
o.05?
0.109
0,013
0.018
ø.o23
4.135
o.035
o.o3o
0.o28
0.015
0.015
o.ol}5
0.015
a.675
o.o4o

ø.o22
0.o49
ø.067
o.o32
a.o57
o.o37
0.024
0.o34
ø.943
0.149
0.o29
o.ø52
o-03x-
ø.lla
0.029
o.o50
0.038
o.034
o.031

L.76
L.63
L.62
L"53
l.{!9
l.5el
L.26.
L.g2
1.É&
x..86
L.t2
1.30.
1.48
1.t16
L.?6
1.60
1.20
2.O2
L.52

L.L3
1.10g.n
L.Vl
1.lt}
1.02
o.6g
1.08
L.L9
1.09
0.70
o.69'
o.T2
t.27
1.06-
1.05
a.g5
L.2L
L.A

0.o44
o.056
4.o25'
o.o57
o.o6L
0.o53
o.o34
0.058'
o.056
o.065
0.036
o.036
ø.ø35
0.104
0.97o
0.0ó6
0.066
O.O5l+
0.061

2.39
2.23
o.1Íl
2.66
2.gL
2.53
O.l+5
2."1L,
2.59
2.67
o.55
a.\7
o.50
3.06.
2.9)
2.#
2.69
3.00
2.79

6.LL6
5.LL5
2.2n
5.383
6.155
5.3Ð
2.hL6
5.æo
5.6æ,
5.969
2.670.
2.579
2.794
6.ng
5.261+
5.67L
h.gll
6.993
5.692

L.ãgfø
L.5925
1.5æ0
L.5g3g
L.5929
L.5930
1.58r/8
L.5926
L.5úå,
1.5930
L.589.2
L.58t-&,
1.5816
L.5g2g
L.rg3a
L.5934
L.5932
L.593t
L.5930



o B-18&B
:

a

I
rs
I

3

r 590

1 580

1 570

E R2O

Figurc 16. Rcftsctlvc lndq (.^, ) vs. ElrO for beryL (af,ücn Ëelfftenàv, L96h) vXth positions of the bcuyLa
firom thc prcsent etudy erqrcrl-ñpoaed. Saryles Ln efroles arc those that warc chcntcaLþ analyeed

o u to-il.5

Ln full.



ÎABTE X

Fult Chenfcal Analyaee for Belyl flon the Tanes Pegnatiüc and Obhe¡r Fcgnatltes

s1%

41203

raa%

Ëeo

*"ao

Kao

Bb2o

0otO

E€O

uso

Ca0

lfn0

Hzo*

Hao-

Hoa

Ign. Ioec

Total

?øna

ÐcneÍty

(^/

(..., chCck

-h9-

u10

LL.5

62.35

n.50

o.0269

0.9Él

1.38

0.046

9.VlL5

2.N

LL.66

o.@1

0.007

0.@14

L.96

0.08

,l.u
o.r. (6)

2.7t$2

L.5859

L.5ú5-
L.5ú7

9.2116
g.0oo9
9.2237
3.005

n

L88.6

62.00

a.7r
o.olgg

L.t3

1.68

a.266

o.1o8g

3.Tl

L!-.32

0.017

0.03o

o,oo43

2.06

o.07

n-.r,

I¿p. (9)

2.78t2

L.5g4A

L.5936-
t.5938

g.aLW
!.@83
9.2L62
9.005

#3x

62.V7â

y|.505

O,0'7&l¡

L.395

L.7l+2

o.w3

ø.ø61l,2

3.0&5

11,704

o.@3

ø.rzl

0,00o5

2.L92

o.ø52

,i.,,
G.r. (6)

2.77/,&

1.5ggo

L.5@2

9.2l¿;9
t.@og
9.2ÀS8
1.0099

x.

6L.28

xfl.25

a.t2

L.33

it il.86

a.65

@.til

L.W

LA.W

0.10

o.03

' 2.72

99.n

2

62.ï7

L?.\5

Ttr.

1.16

0.96

o.L6

3.01

LL.56

0.12

o.01

2.22

99.#

4

62.L7

4.90

0.08

L.33

¡..28

o.Lg

o.05

4.60

10.88

o,05

o.03

CI.01

1.8À

o.ol

100.02

u.c.þ. tl

c

To bc eontlnued.
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2.

4.

l$

Magarltrar lfadagaecar (garakta cË a1., LgTo).

MorganLücr Tonrbcuia, I{ozanbiquc (Bakam" c,t a1., X9Z0).

ïcllonlgh ürans, arant beryl, [ota Pen. (ga¡rakfn sù al., LflA).

Wt.frs of caryle #3 arc thoss co¡rectcd for eontanl¡ratLon by quarte

(scc fablc XfV).

-5Q-

TABIE ï - co¡lti.nued



onc caa toê, flon Table IX, ttrat the bcryl is f¿trly honogenouo rJ.th

rcfercnce to 8n O and L¡-J rlth only the odd ir'¡.egtrlqr varlatfonr pFo-

babþ duc to aryoùaL 2snlng.

The intense zoning vtthtn the crycûals nâkcs an acolratc

corrclatlon of tBzo Frd r.¡-¡ dlffleult. T[ro value of Dþo probabþ

rcprcoonte the svGrage of trc or moro uoRGs rathcr than only the onc

Eoac rqtnrcscntcd by the valus of r¡.¡. îh€ problæ of erTctal aonlng

-5L-

conpllcaües the apparcnt aonlng 1n:n2o conüønte sf thc bcryts in the

pegn¿tLte clnac lt la dlfflcult to be gurc that thc ¡anc zonc fron

crystaL to erycÈal. 1s belng oon¡lared.

(c) t\rlt- .I{ineralogleal stuff

Thrcc eanplcc rore sclceücd for f\lx. nlnenax.ogLcal sùudyr

onc of Ìrigh u,1,, lule8.e), or¡c of lorr¿(UXø-11.5à,rflnd one of Êtrerage t¡.,/

ffl).
Dcnsity and rcfþaqtivc Lndq

rhc denatty ao ucaeu¡red on the !Þ* oarylcc wae found to

rn bc seen fÞoß TabLe I rrhleh also

Llsts the wfor caeh eaqlle. Tabte X shøs the values of r¡robtalned on

a nt¡sturc of the gçåtn¡ r.lged to BcEsurc the denslty.

The density of boqyl ie propo¡rtf.onal to u¡(Eteurc ry). Agaln¡

hotruven" wB l'un lnto thc problen of cryctal zoning. Sinee the denclty

Lg dlreoùþ pnoportlonat to ur, the de¡rgLty rÌ111 inereaee tomrdg the

outor cdgea of the crystal. slncc the dencitiee shoür ln ?able x and

used in Etgure 17 arc avêragêü of the dcnsltles of sevcral g¡alas, an

oGnpr 1o tnüroduced Lnto thc corrqlatlon of r¡.¡and denelty for it ic
difficulÈ to say lf all the grainc uscd to noasure thc dcrnslty canc



(')l

E
€
ò

:tr
È
(n
C
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2.90

2.85

2,80

2-7 5.

2.70

i

:

ll
vr.Àtl
t:

ì
i

1

:

:

:

:

1.570 r.580
ut

r.590 r.óoo

fron the p¡æeat study BupeF-Elgure 17. Deasiùy vs. (A,rfor bæyl (afücr Bcuc, 1960) rrlth the æWler

lqrosed.

'8-188.8



Son the sonc of thaù particular rr,f . Exaninatlon of TabLe X rvill show

that the nfurùure of gralna trsed to neasure the dmslty rag not hono-

genous for oaryles ttlo-x.L.5 and 8-18É.8 and that for saryle #3 tne

nJ:rture ras not fbon ühe zone of the crSretal for whieh the orlginal

u,, üaa neagurèd.

-53-

the unlt ccLl dlneneions of the ührce beryl eanples che'¡rf ca!.Iy

analysed tn firll aro lieted ln Table X. It 1e dlffLcult to correlatc

the Lncrease Ln the c di-mension and EB2o sinco tihþ,:rÊãrg€ anount

(anfroxinately 3 grans) of sanple nceded for fi¡ll chernfcal analycls

obvloucly rcprcseats a n¡:Éure of nore than one zone in the bcryt

crXrstal.

L\rll chcnical analysis

cell-

the resuXts of the full,chenLcal æraþecs of the Taaco beryls

aq weli. as the anaþscs of beryls fron orÈhe¡ pegnatlter are shown in
lable X. Table XI chstts the calcutatl.on of the caülon contents of the

three tanco beryls on thc basls of 36 o:rygcns per unlt ceLl. Table &II

shovs a fi¡rther correctlon of thc catlon contents of Tabte XI based

on 6 or 12 sLllcons glnae lt is assumed ùhat the siliea conüent of ber$

is constant and ldcal.

Oatlonc auah as Na, Csr H, K, Rb and Ca, and mol,coulee of

HoO enter the hollow channels in the bc¡rrl aü¡ucture. sonè I.i nay¿

aubstltute for Be in the tctrahcdral Be eltes (gatqfin et al., Lg6g).

The subsùituüioa of a unlvalent eatLon into ühc Bc sites balaaees the

chargc Lntroduced þ the €ntqf of r¡nivaLcnt and divalent eations Lnto

the hollou ehanneLs. Ahrmtnr¡n na¡r be parülaLty replaced to a nlnor

degree by Fe, Mg and l&r. Table xlrr shows tho fornuLas derivcd for

thc three lanco beryl.a rith the varf.otrs catlons ln their respectívc



CaX.eulatLon of 0aù1on Gontents of Berl¡l Based on 36 @gens per Untt CeLl

Oclde

-54-

si%

Ahor

Fer03

Hao

¡aao

[ao

Rb20

CeUO

BeO

wt.l

TAEIB XT

69.29

t7.76

o.927

0.994

1.400

0.046

o.472

2.506

IL.g33

0.o01

0.00?

0.0014

1.989

0.081

u10 - L1.5

Molec.
\^/t.

60.04

101.96

Llg.VA

29.88

6t.gg

94"20

196.96

281.161

25.4L

40.31

56.08

?0.9å

L8.02

x8.02

MoL.Ratlo
x 100

105.31

L7.t&

0.016

3.33

2.26

0.048

0.039

0.89

47.3L

o.002

o.012

0.001

(u.oÀ)

('(" .4i)

Aù.Ratio
xL@

uso

0a0

!m

I{20+

Hzf

zLO.62

52.25

0.048

3.33

2.26

o.o48

0,038

0.89

l+7.3L

0.002

0.012

0.001

,1.x1+00ð)

(0.4¡)

At. EatLo
Cat.x X00

105.31,

3l+.&

0.03

6.65

l+.52

o-096

o.g/6

L.7g

NJL
0.00Ê.it

0.012

0.001

22.97

o.ggg

CatLon
@ontent

LL.g67

3.959

0.004

a.756

a.5t3

o.oLl

0.009

9.202

5.376

0.0092

0.oox.

0.0001

2.5O8

0.102

36 = .Ll363l+5
316,81

3L6.8L

1o ba contlnued.
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Qcide

sio2

lho¡
F"e%

H¿o

ga2o

Kzo

nb20

CoaO

B60

ÎABLE lL[ - continued

wb.18

62.Lgg

n.766

0.018

L.L33

L.685

CI.266

o.xog

3.280

LL.g56

0.017

0,030

0.004

2.066

0.070

B - lgg.g

MoLec.
I¡It.

60.04

x01.96

L59.70

29.88

61.98

9l+.2O

x.66.96

281.L8t

25.Ot

l+O.3L

56.08

7A.94

16.02

18.02

Mol,Ratlo
xl@

Lø3.5L

L7.l+2

o.oll

3.79

2.72

o.28

o'056

x.L6

h5.hL

o.oò

o.o5

0.005

(u.l*?)

(0.39)

At. Ratio
x 10O

¡{90

Gq0

247.ø2

52.27

4.433

3.79

2.72

0.2É

0'o58

1,.16

45.1í

O.OIr

0.05

0.0o5

(rr.4z)

(o.39)

[fnO

tzo*

Hzo-

At. Ratio
Cat.x lOO

x03.51

3l+.85

o.422

7.58

5.\4

a.56

ø.n

2.33

l+5.4L

0.04

0.05

0.005

22.93

0.78

0aüÍon
Content

11.911

4.010

0.003

o.gl3

o.626

0.065

0.otr3

o.268

5.225

0.0o5

0.006

0.001

2.639

0.089

36 = .tL5tT66
3Ut.g35

312.935
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Qrlde

sio2

Alao¡

F%%

LÍ,20

Na2O

Kao

Ebzo

0stO

BGO

TABIE II, - coritlnued

w.l

63.540

t 6.820

0,072

L.æ3

L.673

o.069

0.069

2.928

¡.t.2À3

o.0o3

0.120

0.0008

2.W:6

0.o50

MoLec.
r{t.

#3

60.04

tol.g6

L5g.7A

2g.gg

6x.gg

9l+.28

L86.96

281.18X.

25.OL

l+O.3L

56,08

70.91+

L8.02

18.02

Þfol.Ratio
x 100

LOl.7l+

L6.50

o.05

l+.33

2.14

0.07

0.04

1.04

4t+.95

0.@7

o.2x.

0.00L

(n.69)

(0.a8)

At. RatLo
x 100

Ì{so

Gao

21X.Àg

49.49

0.L4

l+.33

2.70

0.07

0.01+

1.0À

N+.95

0.007

0,21

0.001

(u.69)

(0.28)

m
H2o*

Hzo-

At. Rqtlo
0at.x X@

ta5.?l+

32.99

0.09

9.65

5.40

0.15

o.07

2.08

4l+.95

0.007

0.21

0.001

23.37

ø.55

0atÍon
Contcnt

L2.LO6

3.n7
o.0lo

o.99L

0.6180

0.017

0.008

o.238

5.W
0.001

O.AU+

0.0001

2.676

0.063

.1Xtr48À5 3lil,.l+5



TABIE TII

Calculatlon of Gation OontcnÈû Bascd on Sl

uLo - IL.5 B - 1€l€l.g #3

0rLde
Cation Back Gatlon Back

Otrl,c. Contcat Calc.
Oontcnü o¡¡ L25i T on 6 Sl

Catlon Baek 0ation Back
Oalc. Gontent ealc.

Co¡rtcnt on X2Si T on 6 Si

Catlon ;, Badc Gation Baok
Glac. Oontont Calc.

0o¡rtent on l"2Sl T on 6 Si

s102

412%

Fea%

Ëeo

Na2o

%o

Bb20

oaro

Be0

¡4gO

0a0

I&¡O

ttt.
Heo-

LL.967

3.959

o.oorf,

o-756

o.5L3

o.CILl.

o.009

o.202

5.376

0.0002

0.001

o.0001.

2..5O8

0.102

LL.gggg

3.9699

o.0040

0.7581

CI.5t4À

0.0110

o.00go

0.2026

5.3908

0.0002

0.0010

0.0001

2.5x¿9

{'r0,1023

5.9935

L.g7g5

0.0080

4.37æ

a.2565

o,0055

o.oo45

0.1010

2.6880

0.0001

o.ooo5

o.0o@5

L.2540

o.o51o

5.99W5

1.9849

o.0020

s3?9a

o.2572

0,0055

0.0045

o.xou¡

2.6951+

o.0001

0.0005

0.0m5

L.257h

0,051t

lX.91X

,+.010

0.003

o.g73

o.626

o.065

o.013

0.269

5.225

0.005

o.006

o.@l

2.639

o.o8g

LL.WggT

b.43995

o.oo3o

ø.8795

a.63t7

a.o65hg

o.ol3L

o.?læ

5.26LO

o.0o5o

0.00@

0.0010

2.65g]7

o.ogg7

5.9555

2,0O50

o.0015

a.4365

ø.3t39

o.ag25

0.0065

0.tr340

2.6t2.5

o,oo25

o.@3o

0.0050

L.3Lg5

O.0l¡45

5.ggg8

2.OLgn

0.0015

O.t+398

@.3L53

o.0327

o.0065

o.1350

2.63m

CI.00a5

o.oo30

0.0005

L.3æl+

0.04À8

12.106

3.777

0,010

a.ggL

0.618

0.0L7

o.Go6

a.238

5.U7

0.001

0.023

0.0001

2.676

a.063

LL.ggggS

3.7h39

0.0099

g.gæ3

o.6L26

o.oL6g

ìf.0o7g

a.2359

5.1019

0.00CI99

o.0238

0.om9

2.6526

0.0624

6.a53O

1.8885

0.0050

o.t$55

o.3ho5

o.oog5

0.0040

o.Lxgo

2.5735

o.ooo5

0.0120

0.00005

1.3360

0,0315

5.999n

L.glLgS

o.00495

o.l+912

o.3375

o.@34

o.@396

ø.tl7g5

2.55095

CI.ooo49

o.ol.xg

o.0ooo4

L.3263

o.o3L2

-& =L.AOTII 6 =L.@ãzi ,2 -- L.OO7tfl 6 = L.0f,fl¿IúIxil9-xr. ßs LZ = O.9912À, 6 .= fÐ'9'lL¿¡'

Lffi 6-0530

I
\¡t{
I



TABI,E XIII
Ur¡Lt Cell Contcnt and Site Fopulatlon of the lanco BelyX-c FolX.orring the CrysùalLoch.qücal InterpretatLon of Bakakln ,

€r at. (ryZo)

saryle

l{unber
A2 t3 r¿å,e Rn

ut0
Ll.5

A1 Fe Mg Mn
3.959 0.004 0.0002 0.0001

Bc I,i.
5.376 A.621+

sio
LL.ï16 36

Na 0g I¿ K Rb Ca HeO
4.5L3 A.2O2 0.132 O.OLL O.0Og 0.001. '- L,25h

B

188.8
AT. Fe Mg l{n

4.0t0 0.003 0.005 0.001 Be I¿
5.225 ø.775

st0
LL.gLL 36

Na 0s I¿ K Rb Ca H.,O
0.626 0.268 O.Ogg A.065 O.OUI 0.006 ' LrSLg

#3 Al Fe Mg l-fn
3.988 0.0¡.X. 0.00L 0.0001 Be I,t

5.1+35 O.565
sio

La.OO 36
Na 0s Lf K Rb Ca H^O

0.619 Q.25L .481 O.O1g O.OO8 O.O25 
t L.tL3

nt0
LL.5 A1 Fc Hg !{n

L.985 O.OO2 0.0001 O.O0OO5
Be I¿

2.695 O.3O5
sl ô

6x8
lÍa Ce I"i K Rb Ca H.,O

0.257 0.101 O.O?4 0.æ6 0.005 O.OOO5 
o 0.629

B
188.8

Al Fe lfg Un
2.O2 0.002 O.OO3 O.OO05

Be I,1
2.632 ;368

sl 0
,ïï.6 18

Na 0s I,i. K Rb Ca HoO
CI.9L5 0.735 O.gl2 0.033 o.0o? O.OO3 ' 0.665

#3 Al Fe }fg !{n
L.ggg 0.006 0.0005 o.ooæJ

Be ff.
2.7L8 @.292

sto
6.00 18

l{a Ca I,1 K Rb Cq H-O
0.326 A.L26 0.241 O.OO9 O.OO&, O.Ol3 

o 
O.TVI

I
\'ro
I



TABTF XIV

Oorrection of Caüion Content for Bcryl #3 tør Quartz Gsnüagtnaülor¡ by Setting Si 4 and the Coaüent of the

Octahedral Al Eitee to 4.

t,
Vtì\o:
tl

0:clde CatLon

Gontcnt

Gsrreetrd
€at. Oont.
x. l+ 3.788

Atonlc ¡rb.
of

Cations

Mslec. llt.
of

eatlons

l{olcc. tt.
of

@gcnc

Mol,ec. wt.
of

tclde

utrt.l o¡d.de
Gorrccùed
to tOO ut,.%

Axa%

*rnr
Msg

I'fn0

B€O

Heo

si02

Na20

CsaO

Kao

Rb20

Ca0

J-
Hzo'

Hao-

3.?77

0,0t0

0.001

0.0001

5.U7

o-99r

12.1CI6

0.619

o'a38

0.017

0.008

0.024

2.676

0.063

3.988

0.011

0.001

o.0001.

5.1+35

x.046

12.000

ø.653

a.25L

0,01_8

0.008

9.o25

2.926

0.067

26.9æ,

55.847

2l+.312

5h.938

9.OLz

6.939

28.086

22.990

L32.9O5

39.LOz

85.U7

l+0.08

1"006r:

1.008

LÛ7.60l*

0.01À

0.024

o.005

48.980

7.258

337.O32

L5,An

33.359

8.703

o.6g)

1.002

2.848

o.06?

995.706

o.262

0.0x.5

0.o01

86.95h

8.367

383.976

5.223

2.007

ø.lJ+3

o.063

o.399

22.606

4.535

203.3LO

o'876

o.o3g

0.006

L35.931+

L5.625

?21.008

20.235

35.366

0.846

o.746

1.40X

25.1+5h

o.6a2

L7.505

0.?94

0.003

0.0005

11,704

L.3\5

62.o78

L.7l+2

3.445

o.o73

0.064

o.t21

2.L92

o.o52

1.16X.4r+8 199.7085



posütions with refer€nce to thc bcryL etrtreür¡ro.

rìx¡minatLon of the citlcon content of saryle #3 (faUfe Xf)

auggeets t,hls sanpl.e nay bc eontantnated by quartz. The conüaptnatlon

of eanple #3 by quartz nae eonfirned by the appearanco of snall. quarta

peaks on powder diffrsctlon pattenns illn on the sample. The saryle ïì¡s

corrected for quartz contanlnqtion by setting ühe cation conter¡t of

slllcon equal to L2 and thar setttag the oation content of the ocùatredral

alr¡ninr¡n sites equaL to l+ instead of 3.?88 as it is in labLe lE. Ihe

other catÍong rere adJucted proportionaLl.y to the inorea¡e in the

aluninr¡n cor¡tent. Table &[V shows the results of thie eorrection for

quantz co¡rtanrl naùlon.
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Fi.gure LB shows a plot of deneity yersus ER20 for the three fully

anaþsed Tanco be4¡1a.

analysed beryls) alao

samplcs.

Both denslty and srare proporÈional to lR 0 fBeug, t96O).

(0) SeeondarÌy Cesiqn Beryls

The fol-lowing are the rcsult,s of resoarch done by Dr. P.

iorí $nZ). The oceumênce of ocsian beryl is rare, the beryt betng

found only in aeocnblago l of zone (5) (eee li.gure 12 in Ohapter II).
Accordlng to ferra/.,(tglz),

nlt forns eÍthcr larger crystals (upr,:üo 4 x 12 nn. ) ¡rith eolor¡rlees
core overgrotn by a pale pink zone, or saaLl eolourless priems
(op,rto X.5 x 6 nn.) tr,at secu to have erystaLtized later than
the larger crystals. Both typea of beryX arc deeply eorrodedt
and the etchLng grooves and crosscuttlng fraetr¡¡reg are usuaLXy
fill-ed nlth cLay mlnerals.tr

The pf,ilkr'onrtsh zone of the û.argen cqystale showe hlghcr

ref¡raetlve indiceo than thc colonrLess core and the colourless prLsms

trilgure 16 ( ãR 0 versus w for ühe partlalXy

shons the vaLues of 8R O for ühe fulty analyscd
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TABTE ]ff

Ptryeicat Properties of Ceslan Bêtyt (after l" f , LnZ)

Sanple Nr¡mber L w €.-w a-ß) cG)

X--tCorcoolourlesg

Rin plnk

L - 2 CIot-ourless

L.5g

L.596

L.602

L.596

t.604

1.610

0.007

0.oo8

0.008

9.2L76 t .0099

9.2L32 t ,ooo7

9.21469 É .oo2o

9.251+L I .ool3 I
O.
¡\t
I



of the sccond generation hatre

chemlcal analJsis of the plnk

O.OX. Ca0, 0.12 FeO, 0.02 MnO,

and 7i.16 CorO. These contents

in labXe XV.

_63_

even hLgher Lndlces (Ta¡Le XV). Partlal

outer zone showed 9.58 rvb.l Be0, 0.32 trGO,

L.6. Itl2O, X..30 l{azor 0.90 L0, o.1g Rb2o

agree with the unit ceLL dlnensions shorn



c

(a) Poltuclte

lhe cestcr"n poLlucltc body of thc Ta¡rco pegnatite appcars

to be fairXy homogcnous and frBe of large ecaLe lnternal zonf-r,rg ac

indLeated by both the ¡:.efþactive indiceg and thc ceaLr¡n content wÌ¡lch

drop only sÉghtly tornrd thc outer margins of the polX-ucl.te body.

Accordtng to 0rouge ana ierní (tylZ),

ttThe XocatÍon of these [polLucltc] bodics i¡ the uppêr parts of
the pegn¡titc, ln ühe uppor Lntermedíate zonc (5), suggests that
t'hey night reprcsent nononl-meral scgrcgatlons trlthtn thig zone.
thLs Lc rupported by the ¡rrescner of coarse and LrreguXar rgraphlctt
lntcrgrorbhs of petalJta and pollucite, and by üome aecu¡tftilatlon
of anbfygonlte.contcbreclte and mar,rganoan apatlte along the
boundarlcs of the polXuclte bodiec. the aX.legcd poLlucltc rcplaeing
cpodrrnene obscrvo{ þ Wrlght (L9$) is pnobably + latc secondáry
ccsian analeLne (dcrrf, Lfllzb)i polLuclte s€€rïs to be conitcryoraneous
rtth petaLlte utrich brokc dorn to epoduene * quartz onty later.rl

the uniformlty of thc polluclte na¡r elso eupport thc concept of, nono-

mine¡rallc scparatlon.

lhe polluoite fron the isolated pods alrpar¡rc to havc a elightly

-61+-

loren ocslr¡m content (29.36 vt,.l 0sr0) tftan the pollucLte fron the

eaatcnn pollueltc body (3t.Ð flb.ß OoUO). ltrese pods na¡r also bc snall

mononlRcrallc oeparatlons eince they shor no mctaconatle effecùs along

ühc contacù Ìrith thc encloelng zone (5).

thcne are bagically trþ types of altoratl-ons of thó pollucite.

Thc flrst t¡rpc appeart as vqlns 1 to 2O m. thlck cuùting the nassÍve

potluclte in a poXygonal netnork. Thesc vains aro coryosed nocùLy of

epodunener euâr'ùzr polluoLte, microcl.ine and aXbite. ÎÌreac coatrae

vcûns appear to be f,racture fllLinge and not of metasonôttc origin.

The cccond type of altcretlon a¡ryoars ¡s flne vetng or patches Ln the

ntXlty pollucltc groundnass. The fine vclns and paüohss are coryosed of



flne-graincd cpodumene (rrtttr minor quartz) and a¡rc ueually nlmed rrith

colot¡¡leca ¡rlca. somc veina rgre notcd to bc coryLetcxy ffltcd onty

vith colourless ntca. Sone of the cphcrical. måsses eontained clay

mincraler traces of wtrlch rprc also notcd iaternlùtently throughort

thc nllJcy pollucltc maürlx. the smatl-scâle vcfns and patchcs of

alteration are bcllevcd to be meùasonatie in orlgin becEuse thry nepLace

pollucito arotmd flssures.

_65_

(u)

According to ðcrn/ (tnZ), the attcration of spodunene *
quartz intergrowühc ytelded sone ratre ntnerals, euch as secondary

Cs-analcLme and cecondary Cs-beryX. tn rathêr unusual aescnblagco.

Secondarn Ceslan ânalci-ue

(c) Bc¡yt

In zsne (6) ttrc bcryls oeenr along the qoataets of fLne-gn'alned

bluLsh albltic apllte and anoþ to gnaylch qua¡tz pods, and Ín a ncdLl¡n-

to coarøe-grained nlcrocl:lne-pe¡thltc. Sevcral of thc beryl oarylec

also appearcd aseoclated wlth a grcenleh niea.

As shown ln Ohapüer III, of thlc rcport, the refþactiw

indcrt¡/(and ln genaralER o) of the beryls incrcaqes ftom the outcr

lonos to the inner zonea of the pegnatS-te. ThLs increase ln 8Br0

end rclÞaetlvc tnde¡r(wJtørarda the center of thc pcgnattte auggcsts

that ln tho lqter stagec of dtffcrentiation the fluld fþon rhich the

pegnatlte orTotalllzod ¡ne emichcd i¡r alkallg.

Thc beryl eryatals are strongX¡r zoned hevlng thc hlghest

valuc of t¡.r Ln ùhe ouùeruoet zonos sf tlle cryeùal. fhus the otrternogt

zoncs arc tso¡rc alkalf-rich suggeeting that the fXuid flon uhich thcy

crystal.tlzed was more alkalt-rieh 1n thc laten sü¿ggs of lts dlf,fercntia-

tfon.



(q)

Sraondary aceian bcryls found i¡ the upper lnternedlate zonc

(5) tomed as a reeult of laüs altcnatLon of epodunonc and quartz

aggregatec. llgurc 12 in Ohapter II shotrs the sequonce of cr1¡staLllzatlon

(aceording to dernf, L972) of thc one assæblage fot¡nd to eontaln

thccc rqrs secondarìf ceslan berylc.

$econdary 0csian Ber:rls
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(a) Poltueitc

Ttrc poLluclte zone of tt¡c Tanco pcgm¿tltc ls ùho worLdrs

Largcaü depoef.t of pollucite. the pollucite at tho Taneo pegn¿üite

-6?_

contaíns on thc evcragc 32 v+,.1Ge20. Ttre poLluef.te naSr be of eeonomtc

clgnificance, 1n the ftrturc, if procGssaa s¡reh as nagnetoþdrodyuantes

beoome rrldcþ usGd.

!{agnatohydrodynapl-cs Ís a nethod of gencratrng eleeùrlclüy

by direet hcat coaverçisn ln rtrlch eesfu¡m aoùs as an LonlzLr¡g agent

in a hellr¡n plasma rhich Lo paæed at high spped through a nagacû,ic

ficl.d, An elcctrlo curræt can be drern off to run a gerrcnator. At

preecnt, rcseareh to bcing donc on thc appllcatlon of nagaetohydrodynanlce

on a largc sealc.

Obhcn usos sf casium L¡¡clude the Unlted Statcs (bvcrrmqrtts

Firefly proJect in uhich a cannl-stcr of ceeLun ls exploded in the

Lonosphore. lbe vaporiscd eesfu¡n ia lontsccl by the hoat of tllc ryloalon
and df.cpcrees formlng qn clccüro¡r cloud, f,oru rtrich clgnaLs na¡r bc

bounccd back to thc sarth rrlthf.n a radfu¡s of 700 nlles fton thc latmchLng

sltc. GesÍ,um has aloo bccn ussd Lu electror,úe (lon) engLncs for spaee

proprulcion. In tcsù¡ nun try thc UnLtod Stateo Govcr.nnent thcse enginea

rcro found to run for X?IOOO hours (approrl-nately 2 ycars).

Thc pol!.reeLtc fron the Tanco pcgn¿tttc chona rogularXy dlc-

pcrced vctníng and altcnetlono uhleh lousr thc aesLun content. Thls

lorrcrirlg of, the acslnn cor¡tqrt of thc l¡ol!.uclte sedna relatlvtly unl.n-

portant frm an ccononio vi.anpolnt bacauac the grade of thc orc stlll
ræaina high (aUout, 25 r*.f eaaO). What la i-qortant, howcvcr, La the



alse of the pollucltc body and the fact that the potluel,üc zone ia esgcn-

tially purG nassivc pol,luaLtc rûrlch could be nlned easlþ and uould

necd l:lttle fr¡r'thcr separation.

(¡) ¡eryr

Beryl ln the Taneo pegnatlte ocourg in zoncc (f)r (Z) a¡ra

(9) Uot reaches na¡inun coneentratlon ln the ccntral latcrnedlate zone

(6). lhc cub¡tLtution of Li for Be tn the beryl, hwcver, lqcrt the

BeO conte¡rt of these beryle thus affceting thetr poscLbXe cconøilc

ln$¡ottance.

Beryl could be cqrùracted econouiealþ as a b¡ryroducù of tho

scparatlon of ta¡rtalun d.dc nlncrals in preaent operatlon. If a

ouitsble flotatÍsn nethod for the soparatioa of beryl rere foundr it
nay pooeJ.bly be thc angrer to the separation of thc bcryl for cconomic

trÐurpogGt. .
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Figure $. the Tanco nlne ehoring.tþe.locatLon of bcryl saryles collecte{
undenground fþom zone (6) (east). Baced on nape-of the i
lqntalum Mini-ng Corlporqtlon of Canada Ltd..
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Figure ?.' Pl-an of thc Tanco nlnc ehorrlng the eastern poll-ucltc body.
gollars of drlll holee aarylcd for poLlucitc arc lndieated
by a clrcle, those sarylcd for beryl. by a cros8 and-those
säryled for'bcr-¡rl and polluclte by a croas and clrcXe. Based

on lnaPs of the TantaXr¡n Mtning Corporation of Ganada Ltd"
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Figure 7. PI-an of thc Tanco nlne choring the eaeterr,r poltueltc body.
0o11ars of drill holee aaryl.cd for poLXucltc are lndleated
by a circle, those sarylcd for ber¡rl. by a crose and those
saryled for berlyl and polluef.te by a crosa and clrcle. Based
on naps of the lantal.r¡n Mlntng CorporatLon of Canada Ltd..
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