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This thesi s ciescrii¡es the resulis oí a s-uutLy of abcuL 2Ig

sneciriiens of the arnbl;,gonítt? - riioÍltebyasj-ie series" LiA-l_po.F -'4
: -: ¡f ñ^ /n;r\lr'ili'Ot(Uli,t, trifh ]JJ s;oeciniens froin the Tanco pegraatite ancl Lhe ïerüâin-

der fron oiher worlci localit,ies. ?he invesiiga'r,ion had t.,.¡o nore cr less

se-rai'a*"e objectives, one being a study of the v¿iri-ations of ceriain ph;r-

sical properties r,¡rth variabl-e F/CI.I ratios r+'i'bhin'r,he ser.ies, ancì. the

other being a siudy of ì:he chenical- var-i ation in ai-,biygoni-r,e - i.ronteì:ra-

sites from ciiffere:rt zcnes rdfÌlin the ianco iregriLatir,e.

The variatj-ons oÍ ph;tsical oroaeriies i,ith i,'/Ofi r"r;t,io trreï€

studietl on 15 iirc;nbevs of the airrbl-ygoniie - ¡nontebr.¿lsiie series varying

frorl l-.4 to Il-"S;á !-. Specifrc gra.rJ-ty increases l.rith F-content, Ío1lo-rine

cJ-osel¡' a straight line coi'r.n?c''-ing the encì-l::.eirrbers valiles o! 2,gB foy'

ino;rtebrasitr= and 3.1-1 for. anlb'1 .¡goni,,e. The ref¡acNiv¡_= in¿e:r UÍincreases
f::o¡n l. J86 for e.iÌ;l-ygoni-te '.o L"64t+ for" nonbebrasite" Ðiffer.ential_ iher_

nal- analysis sho"'¡ed a regular variatior r..-ith I-contenr i¡: the:rositions
of the -lrincinal- enclotherins on the ÐT;1, curv'es. The proCucts after heat,ing

to I00Co C have been identifieC as Li,l"C.,, LÍ^FO, anci th:,ee fori,Ls of+<.{ ) +
¿'l Pi'Li fire irutual ;ooriions of -,,¡hi cl: vary lcith the ir-conients of ùhe or.i-
ginal phase" Unit cel] Ciiilensions showed non-l-inear. variaNions froin I'-:rich

fo F-.ooor i:lelllllers. ;i, cha¡'L fo:'the indir.ec*u esl,irriation oÍ tire ï'-conren¡s
ì - ¡- l^-l '.,-^.^i r ^Ìrl aÍlr)ry8onil,e - l-itoniebrasites i,¡as consiructerj. using cl gro-ù,J of six ;,\ol,rcier

::eíiections rvìiose 2oo ûuÌioq angl s5 vary most consi:icuoush,j the accuracy-

is regarderi as + c,5 ' F. ùf these ;rh;rsicar proper'uies, r-xzy 1¡oçoe;. dif-
fraclograms ai-e conside¡:ei *,,o yie-lcl the nost accurate estirnate of ir-contents.
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For the seconij '.;¿l.t of ihe stud¡r, L57 sl:ecirnels cf the ;:.i.ibi.'r-

gonite * nontebrasiies in the Tanco ce¿--L:,+"ite l"¡ere .¡i-ra;red anii their F*

conlirnts ç:sfirn¿ieri, lwelve we:'e anal¡rzed Íor F an,1 Jj rrre:e anal¡rzsd ¡ç¡

iia^O, li.rO ancì ilaC. ,rll of iÌie last 35 specinerrs were founi.'bo con'íain

negligible a¡ro'¿nls of the Lhree oxj-Ces" 'ihe a.:irblygoaile - rion',,ebrasite

Õîe1ir-s :,.i'ìnl:¡ in thlee zoneS o:' ììr-l¡ia¡f'Í (-.?-r,<;tall i zpl,ion - ¡nd nnne hä"svuv ¿r u :i:;!¡¡!,¡ ¿r¡ vrr: :r.i*¡ n/

been found in presr::oed nelasomatic units. -ln the spociuilene - atrkai-i

felcisirar" - albite - euart.z, infenileclia:le zone, tvhiter pinic and yeilow

arnblygoni-te occurs r"¡ith f f¡'o,-¡r ó.¡l to /+.0)å. In the l-ar:er spotiu,tene -
n¡:rt.ry. - lrl ì¡:l'i f el dsn¡y,) i nt.enre¡'ìi pi',p. z,one- r.:hr r- - ^''Lì --- '-'i + ^! +,-e ..-,:ì-1,e ej{o lJ¡8onl-le - lnonle-

brasite is r'-icher in F, coiriaining 7"L - 5"t+i; F. In the s|ill iater'

nrr:nl v î^yÞ r¿hi nh i c onrrlrl-.i nnrì iro;r rhe r)revi oJs z,one , the ¡l-conterrt

decreases gradual-ly to ó" 4 - l+"5, . ,;itìrin eacìr inciiv-idual zone' singre

blocks of a::rblygonite sliow.? cj-ec::ease of up Ì,o i"9;i ítt F-conient cÌu-i'ing

their gro'/¡¿h; this decrease is uslially accoìlÌfenieo ìly a. r:ol-our variation

ilroi:r pink tÌrroqgh r¡hiie to yelJ-o',+" In ä.1-l- zanest thu p:'imary i-nrblygonite

- nontebrasj-te is freouen'r,I;'r r:placei by a polysynthetically li'rinned,

F-poor niontebrasite (1 ."3 - 4"L';; ¡'), the loss in F-content fro¡i the

parenf nineral being as lnuch as 4,Afr,
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PART I" GEIföRAL II'JTRODUOTIOi'I

CTíÁPTJ'R Ï A. I}JTRODUCTIOI.I ÅI.TD A.C!fi\jOT&EDGTþïI]1'ÏTS

1A-l-"ïntrcduction

This study begun as an investigation of the amblygonite -

- montebrasÍte rcinerals ((ür}üa)¿fPoâ(Fr0H)) fu the Tanco (ctra:na11oy)

pegmatite at Bernic Lake, S. 3. l{anitoba, with the prinary goal of

invesbigating their occuruence and distribution in this pegmatite,

and to establ-ish the changes in the chenicaÌ composition of these

minerals, especially with reference to F : (0H) ratÍos, during the

evolufion of the pegmatite" This research is a parb of a general

mineralogical stucì)r of the Tanco pegmatite deposi-t, being carrj-ed out

at the Department of Earth Sciences, Uni-versity of l,ianitoba,

From the very begiruning, a need for indirect esti-mates of the

(¡'r0ll) content had been felt because of the large amount of ¡naterial

',,¡hich needed to be exa¡rined" The )i-ray powder dÍffraction rvork was

very pronising in this respect, since the powder patterns showed

striking differences in d-spacings of some reflections due to different

F-contents" The paper published by A" A. I{ossr g" Eo Fejer, and P' G'

.ilmbrey in the faJ-L l-969 fuLty confirmed this opinion, This Ðaper provided,

the basic idea vdrich has been worked on in this study, but did not

render the present r.¡ork usel-ess. In the present investigation the,-{*ray

powder diffraction study has been continued on a more detailed and.

wider basis, and accompanied by single-crystal '{-raying, deterr¡dnation
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of s:reci-fic grarity, and differential thennaL analysì s"

Thus bhere were t'¡ro main objectives of this s+,udy; (f ) to

correlate the physical oroperties quoted above r'¡ith l--contenbs ancl to

establ-ish a simple reliable nethod for esti¡rating the F-contents, and

{z) to study the distribution of arablygonite - montebrasite in fhe

Tanco pegmatite and to establ ish the changes in the cheraical composi-tion

of these phases during the evolution of the pegmatite,

The correl-atj-on of physical- uroperties r'rj-th the F-contents i-s

j.ntrodueed in the following Chapter I A, and discusseci in part rr.
Part rrf contains the paz'agenetj-cal- and geochentcar treatnent of

aroblygonite - montebrasite in the Tanco (ctrennattoy) pegmatite, r..rith a

general intr.oduction to this problem presented in Chapter T ts.
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éroblySonite and rlontebrasite are phosphates of }ithirun and

arunin'iun r+ith resr:ective for¡nu-l-ae l,iillPo,F a¡rd. tiAlp0, (cg;. Table I
4I!

gives e sÌrmtnary of the characteristics of al I i,he rninerals of this
group known to date, to crovide a quick reference to their proper't,ies,

The first mineral of this group, am.blygonite, rvas investigateC

and narned in I8L7 by tsreithaupt by couplingthe Greek i,¡ords arnblys (¡funt)

and goni (angle). i'iontebrasiLe v,¡as first described considerably later,

in 1B?1, by Ðes ûloizeaux, and named after its t¡rpe locality in Honte-

bras, Prance. The name hebron-lte has been used for. rrenbers witli an

intermediat,e composilion, that is, rv-ith air F/OH ra.tio cl_ose to l, but

i,he terrr seerns to be rather unnecessary.

Several nflnes have been applied to sociiu¡û-rich montebrasite,

nanely natronamblygonite, frernontite and natror-nonùebrasite. The nomen-

clature proposed by Palache et al, (lgSl), accepted b¡' Strunz (:-g:-7),

and shovm in Table I, seerns to be the most r^ridely accepted, rdnereas the

later prrrposal by Strunz (7966) seer,',s to be oversimplified and burdened

by an obsolete tern: he uses arnbl¡rgonite for the in¡hol-e (nrOU) series,

and natronanblygoni te for the sodium-rich montebrasj-tes - a terrn re jecteC

already by Schaller in 1914,

Tavorite, a rare ferric

relatively recentl;r (ii-niUerg and

lq5?)^ nnrJ sinne its occurrenqesL// I / +eç vvvur¡v¡¡vvet

nuit,e di fferent, fron those oÍ the

inember of the group, has been founC-

cPecora, L954, L9r5; $trurz anC Fisþer

paragenesis and mode of origin are

other members of the group important
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, . - !. - /-,-/, \(surunarizeci fron Falache et al. (f951) and flasov ef al. (1964) if not inoicated otherr^rise7

Lir.!1P04F

LiAfPû4(oH)
(l',ta,l,i- )mEoU(n, oil )

f,iFeP04(0H)

Crystal system and Class

llnit ceII dimensions

,funblygonite

l,lontebrasite

Tavorite

^*L.] ---^--,'t ^(1rtru¡JÉurrr uç

montebrasite

natrc;montebrasite
tavorite

Structure :

. *¡in'li¡ìn. vr ¿v*¡¡¡+v g

^ /ç \

q ]a

(natronamblygonite, frernont:ite) (t )

*-l*^^^.:,1 ^'l i
PfrléuufLl@r !

' /'\ c (l)Do\/{/ o'
7.2L 5"C6

7.L7 5"C4

not detennineci

The unit ceLl contains 2 molecules of Li-ÀLPJ, (ttruU). loth alr¡.¡¡inurn atons are octahe-
clrally coordinateci to { ox;¡gens and 2 (ErO;i)*atoms and. lie j-n two snecia} positions,
one in the comers of the unit ceII, and. the olher in Orårå-. p is tetrahedrally
coordinated, surrounded by 4 oxygens. The position of Li can t¡e considered as in the
centre of a trigonal dipyra.rnid fon:ed by 4 o>rygens and. I (RrOU) ator:r.

C{"

r14" o"
't l i (o

/ì

Oê ÁO

c)7 qo

o(")-
4"1 :r.o

!o.



Ta'ble I - continued

Ilabit :

ürystal fonns :

lwinning :

tleavage :

equant ancl short prismatic [OfO]crvsta]s rar:e, ]arge cleavable iilasses, cib]u:mar aggre-
^^+ ^êv-d uçp

ïiardness :

at least 19 fornis knor"¡n

Snpni fi n or.rwi í.r¡ "E)¿ u v & v/

comrlon on 1ÍI, rare lanellae on III

tustr :

-l f\fì ^onfan{4vv _|jv¿ ¿ vv v,

brittle

Oolour :

-l /)ã-o

IIO good., C)Il Oistinct, OOI i-rnperfect; fracture uneven to conchoicÌal;

3 "11
3 "OLv -

anblygonite
3.ll natronamblygonite

vÍtreous to greasy

r,¡aterclear to nr-ilky r+hj-te, creanly rthite, yellot'u, beige, salnon pink, greenish, pale
rr-ìnlcl.. ør.âr¡- hz,nr,rnish^:'ìr,¡¡vs in pale shades; transparent lo transluceni.v¿v{uu, ei¡sJ ¡¡, L4¡'eJf - : . ..

Tavorite - creenÍsh to l¡ello'in' (6J.

2.98 ¡nontebrasipg '3"30 tavorite \"/



-L'able I - continued

OpticeJ properties : .d

/, \
.'Imblygonil,e\al I"572
t-ontebrastr"(lo) L.605
ldatronmontebrasÍte $) t. 59 4

flh omi et w,¡ .
rLtvtt¡¿e vL J

üccurrences :

Optical orientation varies r,'¡ith changes in chemical composition i:ut is n<¡t Ìmown for
the v¡hole anblygonite - rnontebrasj-te serÍes.

'/è y

I (r.17 I Ã.,:l)!. /v I L c /¿ ¿

L.62t \,636
a /^^ - /1 F¡ ht )< t ht \Løvv) L6v1/

(t) r-or de',ails ani; history see Palache et al . (L95L), Ileinrich

(e) lass et aI. (1969)

(3 ) rarache et al. (L9l+3)

(4) .¡.xt,rapolated fronldinchell and -'¡,linchell (fç¡f )

as indicateC by the forrriulae, a continuous series seens to
and montebrasite; natro*aontebrasj-te never approaches the
not show any appreciable solid solutions r¡ith others"

mainly in Li-bearin-g granitic pegtnatltes;
and in sl:ecie.I a:nblygonite - Sn-suJ-phide

sign

/+)

2V

läediu¡ir

Iarge
large

al-so iir high-te:irperature tin veins, greisens,
denos'r'Ì.s: t,¡wol i f.e r¡re i n rcr"'na.tites.

exist betrveen atrtblygonite
end-ne¡rber; tavorite does

and corey (L955), Íitrunz (tçSl), strunz (l¡65;

(5) Pal-ache et al. (rg5l, r:.82d.)

lÁ) i.¡ncìircno ,'''d" Pecora {Lg55), Strunz anC\*/ /''' 
r..is,h;; lijsl I



Íor this study, it has not been investigated here"

In a nineral species or series shovring ionic substitutions,

the relation between the chenical corr¡osition and physical properties

i s always of prÍrna.ry interest to nineralogists, and these relationships

have been studied in the amblygo:ri-te - monfebrasj-te group" The substi-

tution of fluorine and hycì.ro>qrl is oí priroary lmportance in this group,

but the sodiun-L percentage i:r lithium sites can also attain considerab'l e

values. Hot+ever, specintens w"ith appreciable anounts of sodium (over

abou.t L"5l IiaZA) are rare; rnoreover, they occur usually i-n smal} grains

insuffìcient for complete investigation, and are usually partly aIt,ered,

Thus the investigation of this substitution and its effect on physical

properties has not been studied during this investigation, (llith the

exception of specific gravity and refractive indices which increase

rçith the I'ta content of nrontebrasite, other properties do not seetn to be

appreci-ably influenced according to Palache et al.(fç¡f )rmd l"ioss et aI.

lroLo\Ì
\L/v/ )þç

The variati-on of refractive inciices and 2V with the F/OFI ratio

has been studied by several investigators, the last and nost widely useC

graph being that by 'r,Iinchel] and ,¡finchet1 (1951), from an earl-ier paper

by,i. iiT. ',ünchell in L926" Hov;ever, it is based:nainly on old ciata, it

shows a considerable scatter of the piotted points, and it has raised

some objections fron other authors (Ginzburg I95O). it is evicient that

this graph needs updating, and a stud¡r of changes in the optical orien-

ta*,.ion 'rrith VOH ratio is also d.esirable, lhe present dala being disse-

ninated thruugh the literature, and being only fragirental in naNure
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(Palache et al ,rL9l+3; I{eI, L9l+6; riolborth, tg5L; loruckij, tg66). ¡

rj.efailed optj cal study røs not feasible during the presenf study

because of tiirre restrictions, although sorne ïieesureiJìents of the refrac-

tive indices l/ have been performed, as a fono of check on the specific

gravity values (Chapter II ts - 2t II 3 - 3)" liov;ever, the rnaterial

analyzed here i-s suitable for such an j:lvestigation, and it would

provi-de

h-reCause

d

of

valuable tool for coinpositional eotj¡nates, particu-ì-arly

the very smal-l amount of lnaterial necessary.

Specific gravity has been al-so relateC to the F/OH substitu-

tions (ühapter II B - 2). I)etennination of the specifj-c graviiy is not

as valuable for an indi-rect estinate of a Y/AU ratio as the refractive

indices, sirrce the amount of material necessary is nruch largerr the

nethod. is not so sensitive, and the rietermination is affected by aite-

ra.tions and/or prinary inclusions" The specific gravities raeasured- du-

ring this study are presented and. discussed in Chapter if B - e.

Distinction within the anblygonite - montebrasj-te series by

1l-ray diffraction has been used by Pough and Henderson (1945), Fisher

(fg¡g), Ðd more recently by Quensel QçaZ) and }iittrick and Hope

(tg6l), on the basis of both porvder and. sÌngle crystal data. However,

the data published by these authors iiC not cover the whole substitu-

tional series, they ofien involved intensity estimates, and some have

not been based on chernically analyzed speci:r,ens" The fuIl potential of

Lvhe T"-T3g por.rder diffraction rnethod has been utilized onl¡r recently by

l{oss et al, {L969)"

The ,ï-ra}" porrrder stud.¡r needs an even snaJ-ler aæ.ount of material
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than cj-oes the deterraination of the specific grauitrv, ani the results

are not influenced by inclu-sions and slight alterations. Thus X-ra;ring

can be aoplied rore 'ridely than the specific gravìty, and it nay be

preferued even to optical ¡nethods for iradly clouded sÞeci;iens" The

results obtained here are presented i-n Chapter Tf B - 5,

DifferentiaL thernaJ- analysis oÍ amb,lygonites has been

described by only a small nrurrber of authors (Ginzburg in Vlasov et a1.:

1964; i4anly, I95Ot Boruckij, L966; fvanova, 19óI), and no systenatic

investigation of the F/0H substitutional series has been attenpted to

û.ate. The results publ-isheC by the o-uot,ed authors have shorn considera-

b1e variations i:r therroal behaviour cen be expected jrt the arirblygonite

- montebrasite group. }',Jith appropriate equipment, the C.t.a. method

can be used wi th verXr snall aruounts of ¡iraterial. Holu'ever, several

important factors sueh as heating rate, grain sizeg a¡rd the character

and quantity of adrúxed raateria-l i-nfLuence the resufting curves so

substantially that any attempts to use then for the F/OH estimates

shoul-d be based on corn'oarison w'ith a set of reference records made on

well-characterized specinens analyzed i.inder standardized conditions.

All specimens chern-icaIIy analyzed for F-content in this study have

been exa¡r-ined on C"i.a. and the nr.oducts affer heatine to lO0Oo C were

X-rayed" Details of ihe nethod ancl the results are presented in thapter

rIB-4.



L2

CT].{PTAR, I C. JIFÆI:.,S,TITE OCCURF,']I{CI]5 OF Á]'ßLTGOI'{ITE - },IOI.ITEBF'ASITES

Lithium-bearing granitic pegnatites are the most i:nportant

rocks in which a,'irbl-yþonite - nontebrasite ¡ninerals occur. Ï:r some

instances, they can serve also as lithir-r¡n ore r¡hen accr¡nul-ated Ín large

quantities. Their occurrence i,¿ifhin li'thiu¡r-bearing pegnatì-tes has been

shou:r to be restricted to several characteristic zones and asse¡nblages

(çi¡z¡ure L959, 1960):

They are absent in the external border and. v¡aII zones (aplitic

and graphic) as well as in the blocþ*feldspar f quartz zones" In peg-

rnatites particularJ-y rich in lithium and phosphorus, arnblygonite - monte-

brasifes origìnate for the first ti¡re in the pegmatite evolution in the

nargins of the quartz coree together r.'rith giant K-fel-dspars and spodr::nene.

Acccrding to Ginzburg this assemblage j-s thoughù to belong to the last

products of primary crystallization proceecing directly frorn the magma

anC supercritical solutions" The next generations of anblygonite - monte-

brasite occur j¡r various metasomatic assemblages: in albifized parts of

the parent pegnratite, and lrith lithium ii:-icas, itiatro :nontebrasite is

characteristicallv found with l-ate aJ-bite.

Thi-s general scheme of amblygonite - nontebrasite generations

seejas to be confirined in all well-studied localiti-es (Ginzburg 
' Ig5Ai

Suensel , L937; Heinr.ich and torey ,L955; StanðÌ<, L965) although the

detaíl-ed. views of some authors iray shovrr sone deviations (I/olborth, Lg5I;

r 
^F/ 

\,¿uense¿, LY)o ).

Alterations of the arn'olygoni-te - rqontebrasite ni-nerals are

also ¡¡ell kno'"¡n and rather r+idesprs¿f,* Besides bei-ng repl"aced by oíher
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amblygonite - rnontebrasite t¡rpesr the¡' give rise to lithit¡n nicas,

cookeite, clay minerals, and rrü-xtu-i'es of those duu'ing late stages of

pegnatite e'rrolution (Ginzburgo L95oi trandes, Lg25; Quensel, L937;

Stanëk, f965), Tn nan¡r geological situations v¡hen the pegiratites have

been exoosecl to long arrd,/or c.eep surfi :ial- weafherùng, the sensilivity

of a::rblygonite to atroos-oheric agents and ifs readiness to Cecotnpose

und"er their influence are the rnain obstacles i-n its study.

The fact that several- varieties of anrblygonite - montebrasite

may occur in a single pegmatite body r¡as shown first by Des Cloizeau:c

in 1823. Heinrich a-r¡d. Core;' (L955, p.1l44) Ii-si: several earlier autho:'s

who have confirrqeC it, including landes (t925), QuenseL (L937), æd

palache et at" (f943); nore recently Gi-nzburg (1950), Volborth (I95I),

Heinrich and core¡r (L955), l3o:'uckij (fç¿e ), GaJ-lagher (t967), and i'loss

et aL" (lç6'¡) ha.re found. the sa¡rLe in oiher loc¿lities, The differences

in F/OH ratio ætd,/or the Li/l{a ratio are the principal ones arÍong

different generations found i-n different pegnatite units and rnineral

assetrLblages, As to the replacenient of arnbl;'gonite - montebrasite by

another member of thj-s group, it has been observed. by Ginzburg (]glO)

and. explained as a consequence of pnrxlnity to late albite, cauei'n'g;¡

a replacenent of bhe earlier raontebrasite by natro*rnrontebrasite'Stanðk

(L965) acceptsthis idea, too.

Studies of changes i-n the f'/OU ana Li/iiia ratios in arnblygoä-ite

- moutebrasite fron d.ifferent zones in a lithiun-bearing pegrntite are

rare. This is not surprising because of nany ciifficulties such a study

faces: it can be carried out onì-y in well-opened and thoroughly studied

peginatit,es con'baining appreciable ¿unounts oÍ fresh a*reblf€onite, and it
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is necessary io har¡e a suitable di¡'ect o-¡ inCirect nethoci for detenli-

ning the íIuorine content of large nu¡abers of speci-:iens. The on-ly

papers Í'ound' in the literature that d'eal with the p:'cbler¡ are those by

Quensel (L937, L956) and tsoruckij (19ó6).

LÞensel- (L937) described three varieties of montebrasite

from the Varutrask oegnatÍte (jn the sec¡rence of formation): sraall

crystals disse¡rinated in quartz and nuscovite (4.42tr,i":Êt O.9i,ú NarA')t

Iarge round.ed. blocks in coarse qua'i.tz, Ii-feldspar and spod.unene (Z.tOi¿ft

o.3E:Á lJar0)o and rare salmon-pink grains i-n cleaveLandite and petalite

(t,SO1l Fr 2,I7:i; I{arO). Ìiolu,ever, in a later péìper Quensel (tgtí) cha'nged

this sequence, clalning that the second Ly¡:e is the first fornec, in

the last stages of ,orimary crystallizatîon of the core; the first

f}uorine-richestt}-pewasallocated'tothehigh-tenrperature].ithiun

metasomati sn¡ and the third" sod.ii;¡n-rich type to the low-temperature

sodic ineiasornatism assernblage.

tsoruckij (1g66) describeo. arnblygonite - rnontebrasife froia

snral-l intensely albitized. peg:natite veins fron Siberia" This a-nrblygonite

is of an early generat,ion fomring large blocks i¡ fhe quartz core, and

4 composition with n/OI1 very close to I. Later varietieshas

fron fine-grained rnetasomatic and recrystalli zation units show higher

refractive indices j¡c¡easing towarcLs the rnargins' This indicates that

the late montebrasite is progresively enriched in hydro>qtJ- and its

F-conteni decreases.

Boruckijts stud;r shows considerable variations in the F/Ci{

ratio in very snall legmat,ite veins. This suggests ihat the feitr speci-

nrens exa¡n-ined by other authors could. hardly be taken as represenlative



for aJ-l a:nblygonite - nontebrasite in their parent assenblage. A very

broad statistical- ba.sis is evidently necessary for such an investigation'

par',,icularly in large ;oegna.tite bodies '

In the Tanco (Ûherralloy) rnine, only a nart of the pegiaatite

has been accessible bui included all zones arid replace¡äeni units

composing the -nrhole booy. Thus the ¡"esults of this investigation can

be taken as representati-ve of the corLplete i.regnatite evolution at this

locality. The sampling, Iaboratory exrsrinatj-on, cistributiolr of the

a,"nblygonÍte - rnontebrasite minerals and their composition ¿ìr'e presented

5-n Chapters III "{ to III C, and the genetic concl-usicns are discussec

in Chapfers III D and III -i"



PART ÏI" PHYSIC,{L ?SOPEBTITS -4.J'']D F],UORI¡JE CO]'TT,4i.'JT

üF A]'{BLYGC1üITE - ].íO]:ITiI]IRASITË

C}íAPTER IT A" SOURíJ]IS AISD I,SSCRIPTICJ'JS OlI SPtrCÏ.DÌ,I$

For this whole research pr"oject 15? sar¿ples collected at

the Tanco pegrnatite and ó2 amblygonite - montebrasite specÌrnens froin

the collections of various institutions ',,¡ere used. appendix f describes

all the specim=ns sampled j-n the Sernic Lake pegnafite, and Àppendix

II lists those obtained from o',,her sources, Brief descriptions and

l-r.ay estimated fluor.ine contents in weight percenùages eccolnpany each

enf,r¡r- as r^'e'Ì I as the detern:-ined fluorine contents r¡¡hen analyaed for"VLLVL J

After a prelirainary L-ray check of the F-contents of all spe-

eimensrtrvel-ve covez'ing the v¡idest possible range of F-contents were

chosen for cietailed study' !'ive saroples anaryzed rlrior to the beginning

of this study by Dr. P. Povondra, Geological Institute, 0zechosl-ovak

Acaderqv of Sciences in Prague, l¡rere coupted rrrith this series" In most

instances, speci:nens i,Jere found, that yieJ-ded a large amount of fresh,

homogeneous-looking material fron a single hand sr¡eci:nen. In so¡ae cases,

holiever, even small and cl-orided fragments have had to be useC because

of the lack of better specimens wilh a 65iven cor:rposition, parbicuJ-arl;'r

for compcsiiions close to Lhe high{-ucrine end-menber.

Ðespite the careful- exanúnation of all these specirriers crior

to the deieiled stuC.y, l-ater investigati-on showed thai sone speciraens
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are no¿r, homog;neous. Bes'ìdes this, rnore sjlecirrens becane of d.oubtful-

suifabil-ity for the correl¿tion of ¡:h;rsical- proper',i es and F-content,

because oÍ t}:e later necessity to use lOg sanpl-es for Íl-uorine cj.eter-

nination by neutron activation insteaci cf lhe inore honogeneous 3g

samples prepared for chemical anal¡rsis by ihe usual rLethods and for.

other exanination. For these reasons a detaÍIed description of all 17

soecimens useri Íor correl-afing physical ,rroperties and i¡-contents is

given i:r Tab1e 2, to illustrate the r:iaterial used in this stuciy as well

as'uo show the clifficultir;s v¡i-th sepa.ration oi honogeneous nu.terial that

rûaJr be encountered in an¡r sl{rninatíon of the arnblygonite - montebrasite

minerals. the agreerents ard anorulies aÍìong the phJ'sical pro;oerties

and F-eontents of individ-ual speci-nens are also discu-sseC. in Table 2;

this invcl-ves the use of sorne resul-ts and co¡rrbinations descril¡ed late:.

''nrhich cannot be avoided. i¡ithout confusing dispersing of this condenseC

revier¡¡ over all sections of the 
"lhapter 

II ts"



r8

TABLE 2

ÛESTP.TPTTOIÌS ÛF S?EÜIIfi}]S JI]'.JALYZED }ìCR FT,UOR,II'Iä

Al'i'J ÐISCUSSION 0F ?ilUIR 1,0ìÌREL.{Ti0i\iS ;'rfTli PHYSIu::'i Pi'OPERTIES

Specinen ¿ - 1 Pal-e nink zone oí a big zoned" cr.¡stal. Ûonplete anal)¡sis

g::= Jø56¡í ¡ shown i-n Table l" FaLirIy hcmogeneous r^¿ith lor+ ano'¡¡t of

fiuid inclusions as seen in irirrnersi-on lic1uids. IIoi,rever,

rhin sections reveaÌ ,¿ery jine veinl-ets of þigher'-refi'ac-

ting phase with uniíorn opti cal o:'j-entation r'¡hich slightry
d.iffers fron that of the måtrij{. This is aost ìrrobab}y

a F-poor.er second.lry r-rontebrasite" Thus the specific gra-

vity agrees r'¡eli wiih i;he !'-conlentralthough ii v"ries

l'¡ith the e",nount of inclusions, but Nhe unit cei I diinen-

si ons and the group oÍ charac'r,eristic reflections favour

a slrghtly t.'igho" ¡'-"o,.ì,"nt, beìng based on .{-raying which

is governeo by the predoninant rratri-x, The sa.tre is indi-
cated by the z'efr¿'"ctive i-nclex .,rl

Spegimen Á - 2 Yellow outer zone of the saire crysial as Á.-l-. ¡-l-uid inclu-

r\ - e. Axrl p sions rather nullerous, the specific ¿;ravity see:ls to be
'J 

- 
).v'//J )

lowered by thern. Unit cell dinensions show good agree:itent,

as r^¡ell r" ,n" r.eíractive inclex ,n/'o The ÐTA pattern fits
ihe continuous ch,utges in neighbou"itg s:ec j:'tens '

spec-i_nren,{-3-i,.Íaterclearcrystal.i'ioinhomogenitiesfoundrrnderi.lier.o-

ilìa 6 ,,Ci j scope. Uni-t cell di-nensions, refraci*ve it'Cex- 
^y''u 

specific

- ,æ / ¡:r:i ¡ gravit;,r and- fhe group of characLeristic refl-eciions egree
; : p"-or,: ;' '

very well wiì;ir the conient of 6Ja;".'r ceierrnined by J. L.

Ea1ton; 5"63t, F found. by I. i"ir"ej8ovd, is eviclentì-y too iorv.

$p*ql4g_n 4-.--- & tlhite r,ateria.] sur.ror:nciing ancl veining A-5. .l,or'¿ anior:nt

:.1 :4. o57!,î of ftuici inc]-rrsions is iire only inhoinogenèi|y found..

/ r,f r. unit cell- dj,:ne:'.:sions, group of char"acteristic reÍlections,
l: : < 

^5 
. ¡v )ov//v +

refra.ctive ind.ex ,.r'anci specific gravity corrnale l;e]I
-:i C - r^¡e'L chernical- <ieNe¡'¡unat-ion '

I'J * neutron acti¡¡¿¿tiou
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C : l+'Ì+6¡:, F

Snenirrpn ¡, -l?

/ t^/a \.
.l'{ : Oo4J¡" Í

$pecir:ren_ A -??

l'li : 1.1+0',$ l-

!g¡*-q-4:-zå
1¡ = $.JCÍ F

l9

r.rith 4. A5'þ î found b¡i J. L" Dal-ton, the content of

3,65j F deien;d-ned by I. Irejsová is irost probabl¡r

Iower ',"han the actual percentage. The D?.4. pa','uern fits
the coni;inuous changes in neighbou-r'ing speci.nens.

Yellow r-raterial in the coi'e of the s¿rie speciirren as ¿-4.

Specific gravify is oistinctl;r þ1g¡er than aporopr"iaie

for L+"1+6fl l¡ but the ,i-ray Cafa and refractive inclex y''

seen to favour ¿ slightl;r l-o ier F-conient, The a¡:iount of
fluii inclusions is very lornr, no other inho::''ogeneities

have been observeci. and the content of itla,.O and other
,:.

cations is negligible ('JabJ-e 3 t. 1'.o expla.tati-on can be

forind for these discrepancies.

i',hite to pi-nkish cl eavable niass. The ,i-ra;ø data, refrac-
*ir¡a inri¡v , ¡nrì 

^art.i 
eltl¡r.lr¡ f.hr_ qlrani fin on:lrrjr-- F.''r^.r-,., *-lu ycr u!çu¿orrJ uIiç ùPçU-LJ--LU Ér éVrUJ lAvuqr

/
'loi"¡er F-content than the analyzed. val-ue of 6, h3'¡ f "

Iiourever, the amount of fluicì incl-usì ons is very ì-ovi, and

the individua.l roeasurements of specific gravi-ty are

cz"o¡ne¡ si-r r¡rêl I th¿.t thev see:q t.n rrxc'l llrìe ;i.nrr chanCeS Of
Ë;a vuruvu uv vvvl¿ v¡rc u v¡tvqI

accidental imperfections in sorne grains. I'io explanation

availabl-e.

-)aLe brornnish :aterial r^rith poor cì-eavage airci dull luster,
secondar;r after a rthite, F-richer phase. tood agreeaen*,,

of specific gravity and refractive j¡rciex 
^r'witìi the

F-conient of I"4O;. but ,o'-ray data prefer a,qU.8htl-X
cl-rr. erenl

higher F-co¡rtenf. Thi-*q can be e,xplai¡recÌ by,".c1egrees of
-orrrit.r¡ of the nateriaf- used in individual rueasure¡rrents.uur ¡ u-y v!

The character of the DTA record. shows that this speci:nen

i-s the F-poorest sam.ole in lhe analyzed series.

i'. ite cleavable mass si¡lilar to ¿-3 but so¡newhat rrrifhf .

v ---- r^+^ ^-^^i fi n *r¡rrif ,¡ ll'f- I'eCO3ds and orod.Ucts,r-l'dJ LLc1,vë'9 ù!Usçaf-Lç ¿:.LavLvi t u-

f¡r¡orlr a sliEhtl .r'lrrr.'er F-eont,ent ihan the deter:rrinedIAVVq¡

value, particularly in iirect conpar"i-son 'rrj-th the sample

À-3" i{or,rever', the difference lo'oul-d be lor^¡er than 0' 5,í F.
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The content of fluid. inclusj-ons is rather high, and

this could influence the inost differing value of spe-

^ì 
fi 

^ 
*h-tr.ì +r,vlf ¿v ËlIev¿eJ e

,',i-l-ky lthite clear¡abl-e fragmento X-ray data agree well-

r'¿ith the anal¡rzed F-content but refractive j¡clex ;,
differential- thermal behavicur and products would. fit
betèer a slightl-y higher F-oercentage. 0n the other

hand, the soecific gravity values seem to sugÊest a

l-ower F-content. Hor¡ever, the grains showing the most

deviating l-ow val-u-es ere particu-Ìarly rich i¡l fluici
inclusions that are much less abundant j-n heavier grains"

Thus the majority of physical properties favours a

higher F-content than fhat of the sample Ã-29" This nay

be r,¿ell- nossible si¡ce the difference between -,,heii ití
r 

^ 
a 

^/í 
rrAfiL! U"L)¡'o !,

,ìeige fragrlent with barely .:erceptible -¡ariaLion in
lusterrmilþ clouding a.nd character of cleavage. inly
after fínding out the ciscrepancies between the analyzei

F-content of 3,L7 and the physicaJ- rro-certies, a detailed
opticaJ- check revealed the presence of tr,ro phases '¡¡ith
t.he v.esnect,ive v"r"^^ ^¡ I ¿t.6 and L,63ln. These valuesuttç r wuiJçç v4 v ç vd-LL¿vÐ UI jt-Lovt

correspond, when comoared to oiher speci:nens studied here,

to rrinerals containing about 2.2 and 6.2'} ltres'oectively.
'Ihe unit ceII dimensions woul-d fit approxiraately Z"|fi f ,

the DT.A. pattern an<i praducts are close to those of A-22

and .{F-43, Thus these experi:nents l¡ere undoubted}y car-

ried out v;ith naterial- containJ-ng p:"edonrinantly the

higher refrac',,ing F-poor phase,

Pale ¡relJ-ot¿ translucet:t rrass wiLh inc.istinct cleavage,

very clear with few i'Iuj-d j-ncl-usions wtder rticroscope"

Tre ,li-ra¡r datarrefractive index ,/'Dtl record and speci-

fic gravity r"o'eld corresponcÌ better to a ntineral- wj-ih

slighfly higher F-cont,ent than ihe analyzed va.iue of 3oM¡¿



Sp_ecinien A-12é

i,l:5"66i{f

Spe_c-imep AF: I-

lri : ?.95,4 F

Speci4ien_åF-43

'I,j-t Êq'-F. v rJ¿ ¿

Snecimen AF-47

bu",, the possible difference seeriìs to be r+ell inside
+L^ ^.^^ì --+-.'^-lulle aJI<iI.v L ¡ cäI error.

Ppl e ni nk v,one. of t,l'le sa.:ne bi rr er".¡st,¡l whi nh -ri eideci

fhe specimen A-i. The F-content oi 5"66 by J. L"DaIton

matches perfecfJ-}r r,'ith that oí 5.56ß F deLermj-ned on

Â-1 by I" Hrejzovå. ;+lso the opti cal check gave the

same resrLits. 1ùo other data have been ¡neasured on this
cna¡i *on

l.'fi-flq/ i,¡hite opaque nåss. St,uffeci v¿ith anisotropic inclu*
sions that cor¡-ld not be i.ete:r¡n-ineci and are prnbabiy the

main cause cf very low specific gri:vity. iileverùheless,

the ,ï-ra¡' data fit the anal¡rzed F-content, ancì the ref-
ractive i-nciex 

^,''"'rouùd 
favour everr higher F-percentage.

T

This can be exolained only by a very large difference
betiveen the specific gravities of the e.robly¿ionite as

such and its incltrsions.

Grayish-i,,hite clea.'¡ab1e fr:agrnenù. ft contains solne fluid
incl usions and an unidentified anisotropic phase in very

smai-l parii-cles" ,t-r'ay data and opl"ical characteristics
agree well r¡ith ihe detenained I.88iìi F, ihe specific
grarrity favours see;ningly a higher fluorine contenl. The

ÐTÀ pai;i;ern fits the confinìlous changes in neighbouring
cnoa i na¡ c

l{aterclear equant crystals r';ilh bl-uish tint, etched on

crystal faces, vritÌr pJ,,aty albife in pegrnatite cavities.
3ecause of I ack of :naterial, the F-conLent coul-d not be

determineC io d.ate" The l-ray daia anC the .rf_index
correspond fo a monteÌ:rasiie ir¡ith about L"5:¿ F but 'the

soecific gravil;y seelrrs to inoì c¿te aooi'ox. 4,, ìr, i.ay be

it is inílrrenced by a higiier irlarC-ccnreni; this ca¡ be

solr¡erl only b;r a cor:iplete chel;rica] .rnal;rsls.

üIear platy crysfal-s frorn a _oeg.aati te cavit¡¡" 'ilie deter'-

n-inaii-on of *"he F-con'r,ent has not Þ<err f easibl-e to date

Soeci-rnen AF-/rB
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because of lack of rnaterial" T-r'ay ciaia and ¡'efractive
incìex .^,'inCicate abouL I.4;å F, the soecific gravity

!

sqqgesis again a hi-gher val-ue of 2., buL tì:¿ ciscrepanc.¡.=

is rnuch smaller than in the nrevious cese,

i-jolourless cleavable rass with n,¿neroris vei:rlets of
¡ni -ì Þr¡ r¡hi f e r,r:t.a¡i¿|. The ColoUfless ¡::-iner.al sho¡.a.s lOw

'¿l - 596 and i rr esularÌ-¡ disseninalecl fluid inclusi-ons'.4t L.//v ¿t.s ¿L:

anri anisotroiric partj-cles. ihitr: veinlets consist of a

sirnila': _ohase r,rit,h higher 
"/å1.605 

and rvith different
n¡i.i n:'l n-,'i onl..ct.i on na.sSin.: ¡--¡d''' r-r -- 'l *+^ ^^r ^"fleSSUJJU-:-U¿I U- Ig1¡.UdU¿v:¿ .vuuultrlq .-- (4uUrU-Lj/ MUV çu¿vq

nÉterialo ancl is stuffed :.i-th undeier.lined anisotropic
inclusions. The v¡hite phase is uncioubted-ly a l"-poorer

^l*^-,r*in¡ .-nrl:'n{ nf. +hê - þìr:pr¡ nnlnt:¡'l oqq rr}rl=.-nni*-A¿U(iI'dUI(JII f.)l'U(ÀLlUtr U: L/¿.1.U.JL-LrirG-LJ UUIUuf,IçÐÐ é:-¡v-L¿yËurl¿uçè

No wonder tha'u the uni'u ceil Ci¡n--nsions anC ihe group

of characteristic reflections, detenn-ined on srnaLl and

^1rFê eï.^,rr-nt nf i.he nnl nrrnl ..ss ¡h-'^^ i '-i: ^^+ ^ ^ h-ì øher'-]lg ULJJ.LTUIIÇÐa lJ.ld.ùç, -l-rluI(.¿UÚ o rrró¿¿v¿

n-"ont"nt than the analyzed val-ue of LO.l-\:.Á. Tlie bes'r,

fit v¡o',:lci be reached. at l-1.01j F. Specific gr¿viiry shows

a broad scatter of indiuiduai rileasureraents, caused u-tê

cloubtedl¡' by various degree of ccnt.;¡rination of the grain

usecl. Lack of spee'imens in tÌ're F-r'icn half of the series

does not allow any correlations i,¡ilh the neighbouz'ing

specimens based on DTÁ. data.

Translucent fraginents with faint bluish tintrpar| of ti:e
speciroen Z of ì'ioss et aI " (L969 ) " Sone of the grains

used for specific grav'i ty deten¡-i-nalion suggest a lor¡¡er

F-content but the refractive inriex ."r' änrJ l-ray data

agree well '¡ith the analyzed value,
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II B - t. Chei:rical corncosiiion

Of the i'"el-ve snecirne:rs chosen for" detailed exanj¡ation Jg

of each were Ðrepared, for comt:'l ete che¡nical anal;r5ss and, d-ra¡r Ðor,,¡der

iiffraction study. Ðue to technical cij-fíiculties, the comrlete ana1J¡ses

were not a.vailable prior to i^'riting this tltesis, but it t¡as nossible

Lo analyze large 10g samples for fl-uoz'i:re" Thus the present si:ud¡r ig

based only on weight percentages of F, which is togethe:'with (Cil) ttre

chief -r¡ariable cornponent, i{or,,,e\¡er, all the results i-¡ill- be re-er,-aluai;ed

once the comnlete anai¡'ses becorne availe.ble, and the 5 sL.ecinens from

the Tanco mine, anal¡rzed independently -orior to the begiming of this

sf.rrrìr¡ - '"¡i I I he ¡lso included .
, 

v/444 vv *

In the twelve specirnens, fJ-uorine contents vrere determined by

neutron activation by J. L. Ðalton in the l'4i-nes Branch, Ðepartnent of

Energy, Ili-nes ani lìesources, Otiawa and the resul-ts are shor*Tr in Append.ix

f and II and. in Table 2. The above-rnentioned five conplete analyses have

been -oerformeC bJ' Ðr. P. Povondra and L Hrejsová in the Geological

Institute, Czechoslovak Academy of Sciences, Prague" Potentiornetric

titratian was used to determine alulrúna, and colorirretri-c nethods were

rrse¡l fn¡ i ffin - ¡â.rìøânese ¡nr,r :,¡.snesi rrrn - j ,'ì t.hi rrrr - SOcÌifün anCì CalCiU_mqsvu. ¡ v¡ :¡ vÀ:9 ¡-s¡:trG¡¡vuv

were determined by' flane photornetry, and phosohor"us anci t^IaLer gravi.:ne-

*.r^in."'ll¡¡, Flllor-ine tfas exiracted by distillation anci deterråned colo-

ri¡Letr:r'-cally" These five cor,rplete anal;r5ss 3:e shor.m in Tabl-e 3.

Besid-es this R, !i" l{iIl oí the Departrnent of larfh $ciences,
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Ti{BLE 3

tOl:,IPLETÌl CFIEI'ÍIû.4T. Älì"q.LYSiiS O]' FIVE SPilitr,üit:i 0þ' ,{'iBLYC,riiíITJ-lirJlJTlìBRÁ'SITË

¡-nOii THË TÁl'Jco irlìGl'iATITE

.{-1 i\-2 A-4 ¡Ã

Â'l rìru^vô

!¿1v
L

:,J ¿ô V
L

,'.åv

Ðn
¿)

fr 
^ 

r

t iav

F
L

r-r ll
¿

ra , I
)4. )) /o

0.It
oÊÁ

ö,o5i+

0"r7

0" 0c5

l+9.32

5"56

0"10

.;)4. )) ,¿

0,014

r_0,07

o^o25

a.oL9

0" 002

r+9,2L

L+"Og

o. o/+

3t+"63:/,

0,007

LO.22

o"o39

c.22

0,008

49,22

2.74

o" 08

3l+"1+5';6

-..020

10.14

o.o55

l+9,48

?É(

0" 08

3t+"86 '1"

o,028

I0,29

0" 044

o "o7l+

0.002

h9.26

??ô

4"5L

0.08

103,099

2"3L'J

r aìl Aa

¡ r/a| ¡\h <Lo /vJ

LOz.75l+

2"370

LÒL.725

I \ {ñL' JJV

LOz^Ll+

r d^d
!øv/e

Total- r00.75,s I00,1_17 r-00.3ái4 lf'ìô lQO¿vvÒ¡u/ LO).51t2

Ánalysis ; Ilr' P' Povoncira, L Ì;rejgovà , t969"
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ljnÍversit¡r of iÍanitoba, analyzeô l2 specinens íor iia..O, ii^O and úaO

by atonric absorbtion. These sÞeciäens i,"'ere chosen to represent a3-I

iypes of anibJ-ygonite and mon-Lebrasite 1n the Tanco pegrnatite and are

Ciscussed- in ?art IIr deal-ing r'rith the paragenesis and geocherristry of

these ¡:ineraì-s "

--t n oFt\rf f.TrlL :) - 4. J,UçU¿I¿V trì¿u v¿eJ

II B - 2a. j'iethods and resr:f-ts

The specific gravity of the 17 specimens has been rneesured

by lteans of the Bernan torsion bal-ance, u-.ing toluene checked for tem-

perature ås a suspension ¡rrediu:1, The rurest grains avai-l"able have been

selected f rorn each speci:len for this Ceterninafi r;fl" I'ìoi.;ever, i-n sone

cases only rnilþ, clouded grains r,¡ere available, i,ïcroscopic exami-nation

has sho¡,'.rn that liquid inclusions ì^iere the main impurity in all- cases,

with clay-like anC/or r.rica-Iike particles observed onl¡' occasionally.

Both these adraixtures shouid decrease the speciÍic gravity of anblygo-

nite - rnontebrasite,

Table /¡ gives the resul-ts obtainei. in thi s stu0.y. iúl of fhen

fall between the end-member values 2.98 anC 3.11 quoted in Palache et

ai-.(1951), shovring a range of rnean vaiues 2,992 - 3"W4. The refractive

i-ndices and homogeneity of the rneasureC grains were checked, particular-

ly of ihose showing larger varìations in specific gravity of a single

*"arnple. In most cases the y'inciex was fou¡rd to be conslant in ali grains

of one specÍmen, suggesting a constant conposition for 'rhe anrblygonite -

- montebrasite as such, but the con-r,ent of impurities r¡as niostly differenf
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T.qBLE 4, SPjnCI¡'it G?¿.VITIËS 4.i'lD ÎEiriiAilTI''/E IIiiÐÏ;ÍS .y'

ø üom¡nents

å-1 5"56 3"040 3"o37
3 "O32 +.010ô ^^^).v¿J

fluid inclusìons
fl-u-id inclusions r. o¿)

!,-2 3.0c8
+.009

3 "65 2"998
? nl?
JøVL)

3 "or3

fluid inclusions
fluid inclusions
fluid inclusions

¡ /ar /
¿ " o¿)-o
L.625-6
1 /^r /L"O¿)-A

A-3 3.Ot+8
+.02c

clear
clear
UIçOT

6,30 3.8A
3"o7L
3,Ol+3

'l i.'l /I o UIA!

_L " bI4

L-J, t+"Ò5 3 "022 3.422
3. Of 9 +" 002
^ ^^l) ov44

fev¡ í}uid. incl-usions
few fluiC inr:Iusj-ons
fev-r í'luid inclusions

L. O¿4
L.621+
L"A¿4

l+" 5L 3 "Ol+2 3 "O37
3 "0l+6 +. oo8
a /r/\^
_) ol)/-¿

fruid inclusir;ns
fluid inclrrsions
fluiC inclusions

J- C l/J

-L UYÙ

I"O¿O
I 

"O¿O

:ì 'l? 2 ô?2
-L ll^Q

6,1+3 3 "O12
3 "O25
3.O21+
3 "039

fer¡ fluid inclusions
few fluid Ínclusions

l. oro
r. ó16
I"bIô

i\-22 r " 40 2,987 2.992-
2"997 'ì-.005
^ 

ô^l
._. / /a

íev¡ fluid inclusicns
abunclant f.uid incl-usions
abundant fh-rid incl-usions 'r,4?Ê

:,-29 6.30 3"Ò3L
3 "Ol+2
3.AL3

3.O39 abunda.nl
+. C07 abuncr:int

abu-nc.1¿.nt

fluio incl u.sions
ftuid inclusions
fluiC incl usions

I"OIO
_L " btô
ì /--l A

6.L7 1 .0L5
3,A30
3 "022
3 'ol+3
3 " 

ol-ó

3 ^O3L
+" CI2 fluici incl usions
- ab'r:ndaiit fh:i d. incl usions

abundiint ÍIuic. inclusiol'ts
abunoant flu-id inclusions

i"614
r Át/,
I"brA
L"6LÌ+
r. ó14



T"bIe /¡ - conti nuei

'p iio:i¡aenf s

!_'72 a 1.j ') nr( ,] 009).Lt ).vL) )ê'

2"993 +.0Û3â ^^^) øV/'\)
3.004

ftui-C, inclusions
fluid inclusions
ftuid inclusions
fl-uiit i-rrr:l-r.r¡ions

L.63t+
1Ae,).
L"63Ì+
L"631+

r.-gt 3"Lt+ 3.C?_9 3"C22
3 "Ol-9 -1-" 005
3"O?t+

cl ear with fev¡
clear i¡iih feL'
clear lr'ith fev¡

bubÌ:l es
bubbles
bubbles

!"c¿o
l_. o¿c
I"O¿O

7"85 3"ooo
2"997
3.018
3.aoL
? nlojõv!/

3"OO7 very
+.C10 very

ver]¡
veyy
1f ê,frr

anisct::op.incl. i. 605
anisot:cp.incl. 1"ó05
--.i.^+-^h inr,'l 1 /^-
d-ilrt') tJI'up 

" 
IIIuJ ø I. OU)

ani-soti"op.incl. I. ó05
anisoirop"incl" f.ó05

abundant
abundant
abunda,nt
ab'.urd-ant
abui'idant

hr - t+3 r,88 3.Cll 3 "CO5
3 "AL7 -t . Cr4
3"cc8
^ ^dr1èYó)

fer,.¡ fl-ui<ì and
few flui-d and
fe"¡ fl-uid anci
Íev¡ fluid ¿.nd.

anisotrop, ircl " L"036
anisotrop, Íncl-, L. 636
an:sot:'oo.incl " L "636
anisotrop incl. L,636

¿ñ | Õ 'l Ãií- ? n? (1A) Jãv*)ô ^^^) ø v'rl
a 

^aaJ'VJJ
? ônQ
J ø vv /

3"C24 clear
+"C10 clear

clea.r
clea::

1 / 
^/I. oJo- i

1 
^14 

,7
¿ ê vJ\r- í
1 /õ/r. cJo- 1

AF-4å l.d':i 3.AO3 3"COI+
3 "ao6 +.col
2 /lr\2)øvv)

clear
clear
clear

L"b37-8
L"637-8
)..637-'A

i"Î - 55 10.17 3.C5L
3 "O77?'tôQ

3,a84
3"L45

3"ûe6 very
+"422 very

verJr
verlr
very

¿bundant
ahwrcl¿rrrt
abunC-anf
ab'r¡¡idant
abu.nri"¿rnt

oQacìUe
ojlac¿ue
oilao,ue
oÌ)àCì1l-e

o,Ðåque

a rr\- /L. )Y )-d
L" 595-6
L. )YO-r (oÁ

i ñ õ1

i nn-l

i-nct.
incl.
incl "

11"8 3"090 3"C9t+
3 "LC7 +" 012
? ÔÊ?
)4vJ)

L,592-3
L"592-3
ì r^^ ô
Ào J /É )

-:i - i--conj:+nls estinrated



'ì n r'li f fe'nenf, srâ ij'Is. The

:is piven in fhe next

IIts-2b.Ðiscussion

âô/^

detailed discussion of the refractive index

sectionïIB-3.

The relationship betr,¡een speci-fic Sravity and Íl-uorine content

is illustrated. in Fig. l. Generally, the averaged poi-nts fall cl-ose to

the line which connects tLre specifìc gravities of rnontebrasite (2.98)

and amblygonite (:.ff ) end-i¡rembers (accorcLi,rg to Palache et al- " l-7SL')z

eight samples out of 1Ì+ anaLyzed líe within + 0.005 (or f O"5I F), æd

five other speci:nens r+ithj¡r + O.Ol (or t Iiã F), The only exception

d-eviating rernarkably is the sanple AF-l.

It shouf-d be no*,edn hovrever, -thatuas Tabl-e 4 showsurneasure¡nents

of different grains fro¡n a si-ngle soecinen shov¡ considerable spread, and

the averaging of values of three to five grains seems to be the only way

of obtaining a satisfactory value" In many casese the measurenent of a

single grain was repeated several times and the differences were always

neol iclihl e r^¡it,hÍn + C.0015" Thus the considerable variations amongr a võÁ¿Er¿ e¿ v ,

different grains appear to be r€âl ¡ caused raost probably by fine air-

-filIed cracks, various inclusions, and/or cheinical inhomogeneity.

The wri-terr s experience appears to confi-rto the viet¡s of A'

i,.iicolas (fg¿g) who proved experirnentally the i:riporiant rol-e of i-nclusions

and ofher crystal innerfections in stight variations of specific gravity,

predorainant over the possible vari-ations of chernical composition of the

host phase. The d.a+.a obtained here suppori the relation bet¡¡reen the

specific gravity and fluorine contents observeo by earlier authors, and
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the lvriterrs observations sholr¡ tha+. nultiple ríÌeasu.relrlents of carefull-y

selected naterial shoi¡-ld be liLade in any atternpt to estiriate F-contents

of arnblygonite - monlebrasite fron its s,reci-fic qravi iy'

II B - 3. F-efractive index .,i

II B - Ja, Ì'iethod and resul-ts

The refractive index- ,'has been measured in v"hite lighf by

the Becke reethod-, using a set of inmersion liquids spaced at 0"002 and

O.OO4. The refractive index of the mixed liqulds was measured by roeans

of a Zeiss refractoaeter" The .U'index has been deternined on crushed

graias immersed i:r a lio,ui-d, as the highest i¡Cex measured on fragrnents

shor¿'ing highest birefringerrceu Thus the measureC values we:'e not obtaÍneC

on exactly or.iented grainso and the ,",, ,ndex could be in some cases sl ight-

ly hiþher (up to about 0"C02)" The use of white }ight j¡r microscopic

work rnay cause some error in the measured values because of the dispersion

of refractive indices, particularly noticeable j-n the F-rich specÍrnens.

Hol*ever, repeated aeasurenents and observations in different closely

spaced liquids have shown that this error shoul-d be lower than 0.002.

The measured values are presented in Table à¡ and plotted against

the F-contenl in Iig" 2.

IIB-3b.Ðiscussion

Ðespite the pre'ì inrinarY

use of "¡hiie lighl;, ihe data show

character of these laeasurernenis and

a good linear relafionship of the two
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variables. The extrapolate{ .¡alues for the end-menbers az'e 1.644 for

nontebrasite and t"5Bó for a.nblygouite"

'fhe ptoLted poinLs show nuch smal l-er spread arounC the

estimatetl linear rel-ationship than data used by llinchell and i"îi¡chell

(fg¡f):.n tneir graphu their averaged line, shown al-so in Fig. 2e

shows a smaller slope than that d,erived here and indicates consirlerably

lov¡er i-nclices fo:. the OH-rich part of the series, with thei r y' : L.6365

extrapolatecl for pure moniebrasite. 'Ihis difference could not be caused

by some errors in the preseni neasurements, since the onLy possible

systenatic error may slightly decrease the indices obtained hev'e" Besides

tÌ:is, the .Uovalues for the OH-rich r¡.embers which díffer nost froin

-',,rli-nchel1r s are supporì;ed by recent data of Ga] lagher (L967). His monte-

brasite froni Rhod.esi-a containing L.29!" F shor"¡s the refractive index y =

L"635 + O.COI, which is the saJ]le as for saraple h-22 with l"l+oß F"

this prelimìn¿ry ploi should be made rfrore precise in the

future by measurements on perfectly orientecl grains in monochromatic

light, and, all optical properties should be checkeC in the same hlay

on recently analyzed s;oecimens. The exanple of the indi-ces , shows

that ihe op'r,ics of the amblygonite - montebrasj-te grcu.o neeci a review"

II E - /+. Differential thermal analysis

1I B - âa" i'lethods and resul-ts

The thernal behaviour of 11

the au'¡,cnatie aop:"ratus DT.A' - 131''1, R.

.Samples lrere prepared by crushing anC

c-oaìmanq h¡q

L" Stone ûo",

separating the

been studied using

Austin, Texas,

A.LO)+ - C,I77 rnnt



fraction between the 150 and B0 nesh sieves. :+bout 0.I g oÍ this

fraction r,¡as ÞIaced on a plati:rum dish v,¡hich iuas in a w-ire loop in the

heatin,g chamber, Ðroe r.¡as used as a refel'ence standard, r¡rounied in

the sa:rie way in another r¡¡ire loon, the tr¡o loops fo:"rning a thermocouple"

The rate of heating i n air idas eppro;cirnateÌ3' I0{l'0^0 :rrin. bu', the

actual variations were negligible" The recordeC curves have been

co:'rected for unbalance in the rveight of sa:nple and standard which

causes general vertical shl-fts, and for the changes in the conductivity

of the sample during heating by deducti-ng the record of the seeond z'rur

from that of the previousl;r analyzed natural- soeci::ren"

The reco¡cl.s are il-lusi;rated. in FiS. 3, rnihere the peak heighis

have been redr:ced to one-half the origlnal to enable a close*packeri

presentation on a single page; the tera;oeratus?es of the peaks are

surmarized in Table 5, in both Fig, 3 and Table Ir the thertrel ana-

lyses are arranged according to decreasing F-conien',,, to faci-Iitate

the discussion.

The proclucts of the dj-fferential ther:nal treatment at 10000 C

of nine of ihe specimens have been X-rayed and identified as nixtures

of LiÀP2O7r hi8h-temFerature fonn of LirPOU, trigonal AlP04 (berl-j¡ite)'

and high-tenrperature cristobalite-type and tridynite-type .üFOrr in

various proportions in different saroples"

TIB-Àb.Discussion

The d.ifferential thennal curves o"otained in this study agree

roughJ-y r.ith those publishecl by Ivanova (L96L) and Soruckij (f9óó), ¡ut
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shov¡ a '¡¡icler varjation in the m:rnber and tei:iperå-r,ure of reactions,

The curves in Fig. I shor.r seve:'al- characteristic changes in

the reactions, all oí therr enCothemúc:

(1) A very r.veak reaction aL 636 to ct8o C, sor-ietines absent.

(Z) tire first ilajor reaction aL 75L +.o 793" C íorms only a

broad shoulcier on a hisher-teroperature enCothem in the two F-richest

specimen, then incz'eeses in intensity up to arorrnd 3',í F, and finally

decrea-ses again for the F-poorest samples" The ternperatures of thi s

enCotherr'n shift fron higher to lower r,emperatures r,rith decreasing

l--content "

3) i reaciion aL 795 - iìlto t is the nost ploninent for: the

F-richest speci-ilens, a.ird ralher broacl . It sharpens and i¡rcreases i-n

intensity in the 7 - l+',j F range, fhen íades out rapidiT, In the renge

3.3 - 2"5,% F it becomes oerceptibly cioubled anci then is united again.

(¿) ¿ closely-spaced d.oublet, absent in the two F-richest

specinens, d.evelops graCually in lhe ó"5 - 3"lo;í T range in the 850 -

879o 'i region" !-roln 3,4Íd F cioi,¡ni^.'ards, the first reaction becornes reduced

to a mere shoulder. and broad slcpe on the higher-ternperature reaction,

l.¡hích becomes much niore intense for speciuens r.¡ith the !--con't ent lowet

t.han 3i,:: and occurs at 89óo C,

There seems to be onl;r 6¡s except'ion from the above-iescribed.

trends; the sample A-ó0 (ó,l7il F) a-ncÌ dl-2-9 (6.rc;t F) ivouJ-ct fit the

general scheme beiter iÍ their posi-tions in Fig" j zre inierchanged"

The same applies e,lso to the phase corooosi tion oi heating proiucis

discusseC- be'Ì6** (pig"4)" It is possib'le ihis changed sequence nåy



corresÌlond

Chapter II

the t:'ue F-t:ontent nf *lraca qna¡ircnquilvvrL:v:ru,

-ñ1t

as discussed in

The pz'oducts of the ci.f" treatnent after heating to 100c" c

have been iientifieC by Ìl-ray powcler dìffractogatu*ls as berliniLe Á1PÛ,,:

the high-teinperature fo:n of Li3P04, Lí4?2O7, end tricyr:r-ite- and crislo-

hrlit,e-t,vne forno nf ,ilÞrì îhê two last nhases alviays occu1. in nearlyuor¿uv-uJ¿vv rvr-.¡È v- rur ul, o rr:\J

equal å:aountse thei r most prontinent powder diffraction peaks being roughly

of the sa:ne intensity; furthernoï'e, Lhese two strongest peaiis are close

together anC for this reason the tr,'uo phases aT"e represented together

in Fig. /ç. Tlris figure shows 'uhe relative amounts of individual nhases

as es'r,ilnated fron the ::ela'uive iniensiti es of their most proninent peaks,

r.ri*hin ar¡h qinol e .{-r¡.¡ rli ffrpef.nr'4âïì1 - 'lhe s¡ronl es âre av'r^lnøed :rcnotdinp
'*- UUë;l OJlro llts ocr:P¿vÙ c¿ svvv¿ sJJ¿b

to theiL: decrea.si,ii,; lî:cnteni, The heights of colulrns are Ìlu.relJ¡ sche*

rcl-ì n r,ri *hnrrf. -*-- ^L-^l i1+ õ rr-'l ìrêq. and i,i êr¡ ,1 re inlenCed tO ShOr+ OnJ-;'fj.:d.UJÇ, !V-l-Ul]\JL¿U ¿IIJ ¿UùuIuuY volqçÐ9 q¡u u: vi' (-r v

the changes j-n r-tutual proportions alnong ihe four;rha.ses in different

specimens,

The folloidine observ'¿r.tions can be rnarle about the ind.ividu¿l-

phases: (1) The high-temperature Li"PO,, seerns to be present in roughly

equa-Ie relåt,ivel;r 'lqw âfiroun¿us in all- speci:riens " (?-) The LiUP-O, comPound

is absent in the !'-rlchest speci-rt,;rls, lhe it suddenl;r appeärs as the

most abundant phase for. inlennediate coapositionsr and then it decreases

etiohr.tr¡ in t,he F-oooresf minerals. (3) The cristobalite- and trid¡'n-ite-ù¿¿6¡r v¿J/

type :LlpOU phases are very subord,inate to absent in a-rnblygonite heati::g

rrndrrnts- hrrf. f,hcr¡ innre:se in t,he F-rich nontebl'asiies and llrevei-L inr)l Uuuç uÐ9 uuv u¡rvJ

the F-poorest sÐeci¡rens. (4) The be:'linite form of Å]PÛr is most abwr-
4

dant in the F-richesl speci-:rLens, it ihen disappears in the interrned-iate

to

!'- ø



38

L¡s?0E

h.È. {onnn

Al?0,,
crisb. + trid. {orms

Aì?0..
te¡lin¡t¿Lir P2 07 F%

l0 17

78s

6.30

/ 11
b. r/

365

3.htt

3.tT

1.88

l.{0

AF-55

AF- I

W

Il I înÁt yil,. åtrvq"' -l

¡¿'1i6ite tri o! '"i te'

Þ-ì3.. üi,tue 1 --..;,'i( a)ar¿¿¡

r_-É_'<+-*l

I.'.t*o"l- [;, ?r o,

::-J
êÞr--,".,,,4.y'Y- 

d"

Fig,5" Heating products of sa.mple ,{-60 after subseo¡ent therutal reac*
tions. 1ieights of colu¡nns ind.Ícate relalive r:roportions of indj-vidual
.h.qses- est,'irne.t,ed- fr.om relative j-ntensíties of their strOngest ä*r'ay
trtt.)evet

cowder reflections in individual sanples.

A-19

A-60

A-L

A- 98

A- 72

W

AF- 43 *
A- 2L

Fig"4" fieating products of selected anrblygonite-nonNebrasite speci'crens
after differential thennal treatment to 1000"Ü, Heights of col-r¡rrns in-
dicate reiative pr.opor-bions of indiviCual phases, estirnated frorn rela-
tive intensities of their strongest [-ray powder reflecti ons in indi-
-L¡iCual samples"

61 Ambìy3o"ite

780 r--*-----*'*-lL. - * .- -,*-.- *,--;

8t0

1000

AL? oi
cristolqìì t¿

r'---_- -----'1
h'. ... "... ..-,J

@ww.'Ëffi g$s;tu*ç*n * a'tþ.,.'... ¿ *'' L -' i â



?O
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F-poorest phases"

The heatinÊ proCucts after eech endothern l..rere l-râ]rede iden-

t'ìfieC¡ anC. sen'úquantifativ,;ly estii.rated for the six:Lple i-óO'¡ith ó"17:i F.

The z=esul-ts are Ðresentecl schelnatic¿illy in Fig. 5, i;nd the¡r shorrr the

conoli catecì r.eacti-ons that take pl-ace during the heatì'tg oí a-n ar:rbly-

êioni-te - monteb:.asite with inie::nediate cornpositiorr. The phase assemblage

obtaíned at l-OOOo f; after the differential treabr,:nt is not equilibrateci.

Fnìry e¡¿¡mnl e, e second differential thermal treatnent of the d. t. a"r v # vrleJ::iJ

Ëroduct of sarrLple i\F-l+3 obtainecl at l-OO0o ü shovred again vreak high-tem-

pera.ture re¿.ct,ions, i;ncì berl-inite, rthich l,¿as very suborCir¿rte after the

first rruìe appearecl- as the most abruriant irroiur:t, Thi s suggests tlrat

the r¿utual phase abundances cor;f-d be expecteo to be cuiíe different

frorn the authorrs not only afier eoul-liibriun heating at constant tem-

ner¡f.rrre- brit al so under different experiiriental conditions of the

differenti-al ther:nal anal-ysis itself.

This is c]-early docurnented by the d. t. a. resul-ts publishec

by ìianl.v- (fg¡O) and Boruckii (19óó). Ifanly reported fusion of his

samcle at S50" C. Boruckij has found nuch of his charge unchanged at

g1CIo Ce r.rith only a subordinate amount of a heal,ing :rociuct o¡ticaliy

dj-fferent fron arnblygonite - montebrasife* Unfortunately, no cletajl-s

about the equipment and experi-inentaL co¡r<j.j-'Lj-ons are given b]' these

authcrs.

Besides the possibl-e errors in Nhe detez'mination of the

i:ldividual ¡nember-= of t,he aaùl¡rgonite - nontebrasife series, the evi'

d.ent sensitivit¡' oí the d. t" behaviour of +,he anbiygonite - rnontebra-
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sii;e nineral-s No ihe experinental setti:r¿1 ¡resuinabl;r expj¿i¡s the

di fference between -r,he resu-l-'r,s obtained here and. those published in

the literatur=e. The curve Siven by Poruckij (t966) ror a hebronite*

-type mineral with F/OH = i sho¡rrs a pror:útrent reaction at 68A" C"

'-anl,vts (fç5C) record. of rnontebrasite i'rith aopro¿i:nately 2.5;: F

corresponds nore closely lo our cuf've Íor a ndnera'l with apc¡ox-" l+';l F,

except that his samnl-e Í'usr.ed at B50o t. lhe moniebrasite record by

A. T" Ginzburg (in 
"[asov 

et al", L96l+) agrees well I'rith the cresent

curve for a hebronite-ty-ce a:nblygorrite - nontebrasite phase, Ivanova

(fgóf) pubtished, a montebrasite record comparable r.ri'bh those in Fig" 3,

hut. lrer amb'lvsonite curve corresponds rather to a hebronite phase'¡rith

F/cä : t"

Thu-s the c.. l. a. nethod píoves to be too sensitive to

cvncrimenf.¡l spf,r'n *n l-ra rrqefrrl fOr detentinatÍOn pgrpoSeS. ft Can beç^-v9! litç¡ruG! uvuqrr

safely used only under a set of constant conditions, r^¡ith a,:eries of

records of r'¡e1l-Ìano'¡J'n specirûens analyzed r:nder the sa;re conditi-ons as

reference stand.ards. l{evertheless, the striking differences in d. t. a.

heating products and the complica,ted reactions during the d. t' a" treat-

ment suggest that there nay be sorne significant differences in the

eo¡ilibriu¡rr heating assemblågese depending on the F/OH ratio of the

original mineral, and the products can be ideirtified with certainty.

The phase .,)hanges duri:rg the differential thernal process and the

equJJibrated heating proCucts deserve further study"
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!-L b - )" t\-ray Cl-ilractl-on sÏ,uc.J¡

II B - 5a. l,-ethods and resul-ts

Po-n¡dered amblygonite - ,rontebrasite specirnens were X-rayed

on a Philips i'iorelco diffrac,tcmeter" The rotating saraple holder 'øas

used for several speci-nens but later al I sanples l"¡ere run on giass slide

nnrrnf,s since f.he amount of rnaterial available t^¡as not sufficient for1¡rv qr¿ vv t

fí'l I ino l-.he r nf.etìna Ìrn] rìan ¡nd nnafoþà-îÞ ..'". ¡ivefl tO the ;lethOC¿IrI¿r¡ó vllv ¡vvsus¡ó ¡¡v¡uv¡

which could be ap-olied unifor,rLl-y to all speci-men-. ex¿rnined" )'i-raying

r¿,¡ith the rotating sample hol-der v¡oul-d proþabl;r have ¡rislded better

intensities and shapes of peaks, but, as shoi''rn belor'r, the accuracy of

the results obtainect ivith gSlass slide mounts ís quite satisfactory" In

all cases, the .¡-r.ayed material lt¡as taken out of the sa"nple Þre-cared

for the chernica.]- anal.-irsis"

Ì'li-fili:red tu-radiation vlâs used, l^¡ilh a scanning speed of

åo p"r minute and a chart driving setting of 10, yielciing approximately

I inch p"r åo 20, and v¡ith 400 eounts per second, time constant d sec.,

zero suppresion 0, After X-raying the pure sample, the same powder was

re-run lhree-tirnes (renounting the powd.er for each run) r,,rith an aÞpu'olt.

'i adm:ixture of pegr@titic quartz from Bernic Lake as internal standari "

All the peaks l"¡ere rieasured as close to the top as reasonable, and 2ê

values ,,.:eïe '¿11¿,ì corrected- using the theor"etical Üul'çr-values for quartz

ca.lcuiated in Frondel (f98)" The arirblygonite pat'r,erns averageC fronr

lhe th::ee calib¡ateC. rtins ha,ve been indexed accord-ing to the poi'rder

rrrfo nrr1..'l ì chp¡ J^--'-T^^^^l - l't o/,A\ and :,csS e*,, af. (1969).Lj-cItJ¿ _LJUU-LIùlIs(r UJ 1:oG'uGo' \L /v\r J

in aII patternsr at least 25 sharp and unícr,u-ely indexed-
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reflections cou-l-d be usect for refi.nement of i;he unit cell diiaensions:

in the najority of cases around 30 reflections r.¡ere suit.able, and in

a fev¡ cases up to 37, The unit cell dj¡iensj-ons have been cal culated

fron the 2*€ val-ues of these refl-ections usins the i'-orira.n IV least

sc.uares refinement prograrn by .ävans et al. (tç61), nodified. later by

D. lll" Âpplernan ano D" ts. Ster..¡art, in the cornputing centra of the

Uni-versity of Ì'ianitoba.

Table 6 presents fhe data for three conplete )o'-ray pcruder

diffractome'ter ¡:atterns of a fluorine-rich, an in'r,ermediate, and a

fluo¡jne-Þoor specinen. Tabl-e 74. and fB contain the urrit cell di¡lensions

and their stanCard errors of all ìt-rayed speci,rnens for direct and reci-

nunncl no-ì I ¡oqnonl-i¡¡a'l ¡rva vvol

The computer-ca1culated standaro errors ire mostl;r 1¡ery slïall

and even the doubled values, taken as more reasonable for feldspars by

t'Íright and Ster"art (fç¿g)u r,'iould be still srnaller than the precision in

other studies (Haapala, L966)" É.n additíonal check proved that this high

accuracy is irue: refinement of single natterns taken out of three

averaged records gave unit cell di:nensions only rarely fatling outside

of the standard errors of the averaged patterns, and furfhermore the

saire relation was fou¡rd for r:nit cell di:nensions refined for other

portions of the sanole prepared for chem-ical- analysÈs" Thus the caution

concerning coinputer-calculaied sfandard errors, exnressed by l'ioss e¡"¡I.

{fçep) does not see;n to apply to arnblygonite - non-r,ebrasites under the

present experi:rrental condir,ions" 'Ihe large nrllrber of uni-<1uely indexeri

and weII shaped peahs obtaj:rable fron ar,rblygonite - rnontebrasite likely

accounts for tÌ'ris high accuraey oí" the refinerl unit cel-] dinensions"
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). UDUI
12

) "u>Yo
B

5 "Or+9?
L7

5 "0509
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5.a482
7
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5 "a5o7t0

5,0501
9
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ì17vo I

11?o)? .7r
L*J *)ø I

L9/

l'l?o i. ql
L&J +o /

1.0

ll?o l. ?lLL) +ø I
r¡/
U"Q

ll?o ¿i (ìl
LL) ).¿

t,].
tt?o o I
L.L) / oL

1löVc U

tl?o Ã ÁrLL) /ov

0.7

/s

oQo?+ ?l
/v JvD)

l-, o

oâo? /. Q I/v J+o /
nÊ

aç¡ot ? ? r
lv L | 6J

I"7
Oç?O O ÁI
/\.) / 6v

IJ
_Lo4.

o.qo .Q tì I
/v

ôqvo /

oÊot ô ?!
/v Lvo I

1a
L'J

98olr.2 t

lqt. /

oQol I )l
/v L¿ok

rlc)v9 /

4,7o1 ), Ii ¡vt L+6J

liryol Ã ? rv I L/ôJ

/-ì ov. /

67"32"A'
l'/+

ArTo ?A 2 |v l -)vøJ

L"2
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Ano2E, t. Ivt ))o+

1,0

67"32"6,
!.2
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o,7

v ti3i

1rA 1rr
L)t¿6LJ)

"05l+

I58.35t+
rl.aa

e v)a

r)5o öor
'o4g

I59.t+8O
¡¡t /
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L5g "379
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L5g.32L
"o52

L59 "392
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Table 7A - continued

Specimen

i.r ¿+

À2

Å -98

a -12

"t r') I^I'L,

4" t+6

,^f,+øw )

ao \A/

5"1792
ô

( lrya?

f

( l"oa

( I rlnl
d
(

5 "L924

< lQoÁ
d

ri I oÃr7

,"LY4ô
ln

3 "l+l+

r Ê..ì

1" 40

f / .: L\,-r, r!,' ,'

bo (A) co (;r)

tF-43

é, -22

ÄF-47

AF - 4!ì

7.L736 5"o45L
14 tO

7 .I77O 5.04ós
12g

7 "L685 5,Ol+3t
t? '7

7 .r7 55 5 " 
o44B

tr6
7 .I7L5 5.Ol+24

t? '71)l

7.1ó89 5 "0142-2t0B

7 "L6t\5 5 "0407ro7
7.róBr 5"0397

10 10

7 "r7L2 5.4U30
14 L2

tri." - standarC error

ILZo lo5 "5t 98" o"5'
ôo 'l nvô / 4.v

LL?" l+g "3t 9So 4" B,
o.7 0" I

l1zo41.9t 93o ç"4t-t lt aìo
lov vo /

Lr2o 43.71 98o 0,1- r

0.7 0.7

LL2"28.4t 97"56"O'
0"7 0"8

Lr2"26.71 97" 57 "3'0,7 r. 0

LL2o27,L' 97"55"9'
0.7 0"'/

112019 " /+ ' 97" 53 "3'ôo ) )vr /

ILZoZL"51 97? 51+"t|l
l_"0 L.3

/.d

kno t.? Alv I +)øv

1.0

Ano l.t E,lv t +.¿. )

o"7

A,7otÉ 1t\l +tø+
o,7

670ç,6'
0"6

Ano t.o t Iv I +/.É
arOvø /

67" 47 .3'
o.7

670 l¡'9.5t
r.0

A,jo LQ klvt ryvcv

0"9

67" 5L"6'
i.0

Oo
v(A' )

ì{zri - estiinated from .:i-ray polrder data

L59 "91+4r'ì?oe v) /

r59.952
"o3r

]59,908
" 
030

IOU,U44
.Q27

tó0,548
^o3L

a /,\ 
-^Frou" )y)

.o32

L6O"t+64
,o29

L6a"763
.o33

l-6C".)26
rl?Q

6 vJ /

\¡
¡Ð
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åF-65

il - ))

AF* ].

A .T3

å3

¡iä w-L"

11.8

10"17

6'l+3

6,30

6"30

6 "t.7

{rir
0.2106

o,2LO5

o"2097

o"2492

o"2ag3

o.2493

o"2093

0"2093

sO
b; (A)

A -29

2 /^A -OU

¿,-1

o.tó28

o.1627

u"Lo¿)
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0.1ó20

o.1622

o"Ib22

0.1621

co \/t/

a.2L63

v"¿Lo¿
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o.2L52
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o"2152

0.2L53
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/naa¡ / |
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ì /i 
-14J-o I t\

67"36 "6'
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+øJ
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I"0
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1"0

-llrro<< c/JLv ))oa

0.9

110" 5{¡ 
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4r

1.t

LLOo 59 "hr
t{1.)

l}oo5ó"0/
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Table ?B '. continued

Soecimen

A

.{h

Ä.2

i{ *98

.4. - 72

Ar - L+3

A -22

Ar-47

AF-48

Lþ" l+6

4"05

2 J.t,

a 1ñ

I rlQ

1 l^Io¿+w

I qiÍ")í

,.o
al(n)

0.2087

4"2087

o.20P,6

0.208ó

0,20El

0"2080

bå (i)

0.1618

0.1ór8

U" IOJ-ö

/\ I Ll ./

U.IOI/+

u.IcJ- )

u. l-or)

^{1¡\tc) t'"'

a,?-L50

0" 21 50

a.2Lt+9

)i - standard error

d')i'

6$o37 "2\ goo2g 
"510.9 r" 6

68"3tn,7t 90"26"51
0,8 1" 0

óBo t+r . o 
| 

9a" 27 ,51
U"b U.U

6g"3g.t' go"29.o\
0"7 0"?

óso 51n.3 t go"25 
"210"6 0" ó

69" 56"3 ' g0"23.8'
a.7 ]-. 0

6g"55.h' 90"25"0t
^dn?\roÕ v¿ I

6g" 2"7 | gO"25"Ol
ü"7 0"9

óg" 1,r' gooz2"8'
0" B 1.I

0.2osl

a.2a7g

o.2o7B

o"2Lt+9

o"2Lt+6

o"2Lt+6

o"2Lt+7

,u**

U.I-OIJ

0,1612

rtoo5t" 5l
l"l

lloo5l"o\
0.8

lIOo49. I'
0.8

ttoÖ 51,3 r

4,7

l-roo4?" o I

rt Ovo /

l_10o48.5'
o.7

troo4?" 7'
1.0

t}oo48,7 I

A r'trv.()

rroo44,8 ì

ôavø /

O.2Ll+5

0"2Lt+4

-){i'c - g5limaied from )i-ray potr'cler data
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single-crystal ìi-ray d.iffraction -¡hotograi:hs of cieavage

fragnents of four specimens Ìrave been Laken on the t. von oer Heyde

nr.ecession instrrrrl",êñt,- usins :.i.r-filt,red. iio-raCiation froll a PhilipsuI gvçoÐ¿v¡l 4ltu ur r4¡¡v¡¡ v,

.t-ray generator. Tïo specimens (!',r--55 and .{-22) trere mounted v¡ith the

{IO0) plane normal to +-he iiaJ- a¡ris and thus with z'r as rotation a-tis,

and precession photographs taken arorrtcj. the;r and z axes" One other

specirnen (¿rt-AZ) was mountec with the (001) plane norrral to the dial

axis, making z the rotaiion axis, and r"'ith precession photographs

taken around the x and y axes. A fourth sample, .û,-J, was mounted in

hnth nne.if..inns: nrints of the three principat O-Ievel precession
vvvll _vvÞ4vtvrrv, _

¡hotographs of this speci:nen are shor,.rn iri Figs. 6o 7, and E.

Zero-Ievel and. I-Ievel photographs lrrere taken to deterr¡:ine

the u:it cel-'] dj:nensions, and to check fov" a possible supercell which

could escape unnoticed in ,t-r'ay portder patterns" Unit cell ciimensions

were obtained from the hOO, OkC and 0OI rows of O-Ievel photographs,

using 3 to 7 orders, and frorr the directly measured angles. i''lo suÞer-

structure anð,/or substructure was fowrd; al-l specimens examined have

the classic unit ceII cietermined by Palache et al' (L9l+3) despite the

widely varyi-ng chemical composition and mode of origÍ-n: Af-55 F-rich,

A.-22 )h-rich, ii-l internediate (p/OH : I), !iy-'l+7 OÌi-rich frorn pegmatite

cavj_ties" 'Iable I contains the reciprocal cell oi¡iensions found by the

single-crystal f-ray r'rork compared' to the r¡alues founc by the refinernent

of the povrder data"

II ts - 5b. Unit cell d.imensions refined. fron powder data versus F-contents

The unit cell dimensions quoled in Table 7A are plotted



56

F&Å"6, Zevo .Ievel preeession photograph
z , preeession around ¡r, shoiring Lhe *i

of sarnple å-J; rotation axis
- x-'i olane*



q'v

Fig" 7, Zero level precessi-on ohot'ograph of
o"ti n-¡oaa,'qin'n ¡-¡arrnrì "r chn-.rino t.lrr. nl:ne4 9 PL Çvvva¿vl! sI v%¡u /!9 J¡lvvr4¡É

sarnole A-3; r'otation a;is
z -J s



\k'

Fig"S. Zero level precessj-on ohoiograph of
x''-, precession aro''utd z, shor+ing the plane

sample-.Ä-3; rotaiion .a;cis
4-J



)Y

againsi the l¡-con'Lents of the respective speci-n:ens i.n lrigs, ! anC 10;

the four- soecimens exaprined ì:y.bss et aI. (f9ó9) e;re inciuciec, as i¿eil

¿.s ir':o lo-,'r-te :rncreture, caviiy íill-ing crJ¡rjtals Í:on ,ie-','q', .-ai ne,

ploiteC a-Eainst rheir F-cont-r,irts esti,-raiec l:y the .'--ra]r nethoi. descrihecÌ

later in secti-on ff B - 5c.

The present dat,a plot very r¡ell af-ong flat ercs, irii,h the

or-na'n*inn nf *ha g_ cl oL rt'hj-ch is crob¿bly tr.uJ-J.r I inear. i'he d,a"fa_ ofo-
¡loss ct al. (f969) shoi'; lrost-ry a broad-e¡ spi'ead. Since the ir-r'ich half

Oi t,l'r e l- . ranpa i q ¡pneoqprr.orl Ì--' n'n'l-¡ ? ::.¡nl:q É- ^!t^"--! "^^ ;iaCì,ej -*--- ¿!- lçrU¿er-rç¡¡ueu ,J r U:ILJ , Ða-Ð-LçÈ IILJ dL/Uçj¡tiJL/ !1dÞ

to caiculate sie,tisticall;r basecì curves, The est'ì;latecj. curves are regar*

ded as se,-tisfactor"y r.rnfil ;nore iaia on ir'*r'ich anibl;rgoni ies beco:rre avaÍ-

lable and a reasonable ca^l-cul-aLion can be perfornied"

iìven the bes-r, fittinç:':lots (as those of c^ a.ncÌ all the angles)

shor.I a spreacL around the curves l.¡hich exceeos ."tr""i ifunes the predorri-

nant stanoarC error of the ceIl dj¡iensions. TÌ:ese deviations are -orobably

c¿.useC by Cifferences beti,¡een the sanplegìt-ra,yed ani. those chernically

analyzeci as C.iscussed in Chapter ïI å rnd ?able 2; anoiirer ceuse t-t-lght

be slight errors in the fluorj¡re detez'tainations.

It shoulcl. be ncied here that the !'-poor, lot;-Neinperalure

:r.ontebrasi-ces jror:r pegr.L:.i:ite cavili-es af ,'lewr;r, ,-aine and rhe speci-ureu

d-22 v;'r,ich is an alteraii-on produc'r, of'a ir-rich ilonr,ebrasite, plot as

cl-ose No the a.veraged cu:'ves as cio the o-Lher anbl;'gonites- raoniebr'¿sj-tes

tha_t a.re ni.ir.ar.r .r,i ¡,1nen *arlnar:iqfe i¡haSeS. Thi S iS diSCUSSeCi íUf.'Ohefv /*r---:L¿tJ r:¿¿irrvf

in sec'tion II li - 5e"
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rr B - ic. Est,inates of the F-conLents fron the ",i-ray ror,¡cJ.er data

The prots of cell iinension.s vs, F-conlr,ents irfustrafed. in
Figs" Ç and l0 inclicaie that reasonable esfiräa+-es oí *,,he !'*cont,en-!s

can be obtaineC. froirr those graÞÌrs 1"rhen accurate u¡rii ceII data are

available, obtainecl by i;he sane rnet od, as those on i.¡hich tiie graohs are

based.The accuracy of such estirnates '¡¡ou-r-c be ai:pr.oxinarely 1 c.!;Í F"

Hor¡iever¡ even i,^.'ith cornpulerizerl cal-culati ons the refinement oÍ wiii;

cerl iata is still tinie-consun-ing, and :r,ay beco¡'ne quite lengthy if
large nturlbers of sneci-mens åre to be checked,

i'ioss et a-].. (tgtg) propo""C that the spacing of refLection

(13r) be used. for ùhe inclirect detenn-ination oí the ;l-cont,ents. ihe

authors note, ho',.iever, Nhat a one-l-j_ne grapli i s infj u.encea b;r the zer:o

error of the diffractometer, ancl thus cal-ibration of the pai,tern is

necessar)' ancÌ Ces,oife their- use of an internal stanCard and the hiEh

coryel-ation coefficlentrnany of ',,heir plots d.evia-r,e by l - l.5iá F from

the line cal-culated fro¡o the¡r"

In the p::esent study, a d.eterrainative gi'aph has been construcied.

t',rhich is based on six reflecNions -l 01, -1 I Cr -L-2 L, O I I, 0-2 i,

e.nd L 2 o that shov; i;he ripst pr"ominent shifts r^¡iLh changes oi the

F-content" The;r have been illustraied by;ioss et al. (L969, Fig,2)
¡'ni rrconr hì' +L^se aUthO-fS i-Of an arbitr¡i-v rjivi siny. ni +t.^ ..,¡/,r -.annj*aoqvrrvr r lvr a¡ ç¡ uav¿,rIUl,¡ (JI UrrV éllIiJIj/gUJiIUe) -

- monie-brasite series inì;o five groups lv-ith characteristic patterns irr

the range 26 - 29o 20 LìuK","

in 'r,his investiga'"ion alt th; analyzecl sallcl-es ha.ve been rul-r

several l"i.nes through the range 26 - 29a 2$ ;uK*, froin lower to higher



vJ

2O angles, at laO0 c,p"s,, ti.rrre constant d, goniometer sÐeed ;o/nin*,

chart Crit'ing speed set at f0. 1o avoid the necessi-ty of caiibre-ting the

d"iffractometer patterns, the muiual- distances of these reflections

uere nlo',,ted from an origin 'r,a.ken to be the posùtion oí the -1 0 I

neaì<- Åfter nlo*rtinry f.h^ riìêâqrrned r¡alres- Êvert.fied lineS h'efe Cfehrn'/ EaA. lll u çl P4v u u¿¿¡Í- v r¿ uvv t

for each reflecti-on, Then the theoreticaJ- 2ô angles calcul-atÈci fron

the refined unit cell uimensi ons were ploitei, too, using ihe -i 0 i

reflection as an 6¡igin aga"in. ,Jith few excei-:iions, 'Llìese plo's coinci-

ded ver"y in'el-l ,,rith the eurves everaged from Lhe neasured data. The

theorelical poirrts confir'med also ihe course of fhe j-ndiviiual curves in

fhose regÍ-ons -u.¡here the catl:s of t'¡¡o lines cï'ciss ancl only one peak is

observable"

?he plctted data .,vith a light tracing of the cornputed curves

are denronstraied- in Fig. ll-. and a'øorking gra.ph'v¡ith areesof probable

coj¡cidence of two l;losely s:aced peaks indicated ^" 
"¡'; 

poled areas is

shour-r in Fig.12. The fr.equent overla-o,cing of peaks is Lhe i:rain disadvan-

tage of this partj-cular group oÍ peaks Ín usi:ig -rhem fo¿' esti-nating the

F-percentages. Hotvever, this is not too serious i^ihen proper care is

taken with X-raying, and particuÌarly when a large nurúber of speu'i-rnens

is studied. -i:r gooC d,iffractometer reco:'ds, peaks O"1o 20 or more alarl

should be resolved, and in'ith sorce pr¿ìctice the correcL evaluation of

intensify, wicith and shape of conoosite peaks is :'ather easy.

General f y, the estirnites fro¡n thj s chart shoul-d be -orithin

approximately # Ò,J,¡í F, r,¿ifh lhe exception of Nhe F-r'ich etrd oí the

series i¿here the basic data for fhe curves are scerce, and of the Ol-i-rich

part i,,'here the overiap i:r t'¡¡o pairs of reflections and fhe resulling
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decrease in changes of the oeak positions may cause difficui-Lies" ït is

desirable to take seve:'al- -i-ray recorcìs, creferably uncier i;he sa,:,e con-

dì tions as those used i-or consiructi-rg Nhe ii-agran and describec above

(o:.' siniJ-arly detail-ed recoi'ds on ofher diffr'acioneter ty,:es), ano to

u.se ev€r'aged vaJues oi'the best shapeci reco;'d fo:: lhe defennination.

='.irenever possib--e, the contents of i{a, K anc 0a shoul-d be checked

although 1o!,' ârnounts of fhese elemenNs cìo not seeiii lo influence i;he

diffraction paflerns of anblygonite - rnontebr¿¡site nöùiceably; however,

+.he F-estinates should be treateci cautiously if hi-gher percen'i,ages of

+L ^-^ ^'l ^ ^^6+ ô ^Fô rrnoqorrl_Ul,lÇJE çIÇ--çllUÐ dIç lJIçÈçl1Uò

iI B - 5d. Unit cel-l direensions fron the rrol"rder and single-cr¡rsl¿l

)i-ray v.rork

The 'unit ceil dimensions deriveri fron the single-crysta1

precession data are coËLoared with correspoi'rding values refined from

X-ray powder records in Table 8. The table shoivs that the i-r^¡o sets of

daia generål-ly natcìr very well, similarly to those c_uoieci by ilaapala

(,L966, Table Ià). This does not iaean, however, i,hat the unit ce}l di¡ren-

sions based- on the less accu::ate single-crystal r¿o::k are sufficiently

accurate for derivinq F-contents.

There is a difference of alinost one order t¡etv¿een the poi'¡oer-

a^nd single-cryst¿ìl--based standard devie"tj-ons of boih a:ial lengihs and

in'bera-xial angles Ín i',aapaiars Caía; single-cr'lrsta,l da.ta by laur (t959)

¿l-so shovr ìrigh sLandard ieviations. I'io standarcl. erro:rs a:'e given by

Sj¡ronov and ilelov {1958), âl'id they have not been calculated in the present

si.lldr¡ Îou" the sinsle-ci'-.rslal iat^ 1:^'-^-+r'^r^^- ::^-'-"'r^r'' -.^'t -:eufrf 
Svvhs/ - --¡ -d¡ lÏEvgL Ultv-Lçùè9 --aAldLA Ð é:lU J
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pr.ecession--þased figures shoi.¡ iirat tae u¡-rit çsU dinensíons cierivecl

b]' single-crystal ,{-r.ay i;ethocls, u¡J-ess special techniclues ere applied,

are i-nferior to those refinecl froi* Þor,uder dafa in thei¡ precis'ìon.

The same fac-r, is evi-dent fro¡ir Table 8. The differences betv¡eer¡.

the two sets of figu-res e:lceecl su)s"ån',ially the rel åable stanCarcì errors

calculat,ed for lhe por,ucler-riata-baseci unit cell ciirnensions (Tatle 7 ;rB)

sometin:.es by two o¡clers" llesides the clifferent X-r:ay rne'r,hods, bhe possible

actual differeitce between the clrem-ica1 composition of the precessecL

cr;rstal fraguent anC the rauch lai'ger por'vdered. sample nay also contribute

to this d.ifference. Since the changes in unit cell dirnensions through
o

the rçhole eL:nbiygonite - ¡nonlebyasiNe ra:rge are rather snrall (0.02 - 0.044,

O,5 - I.5o), ,uhe 1o-*¡er precisìon of data based on standard- single-crystal

rne+,hods nakes them unsuitable for estj-naies of the F-con'u€rIte pariicuJ-arly

,,.lhen the;r are to be cornpared r,¡iùh a graph derivei b3r air;other" r-ethod.

TI B - 5e" iiigh- anC }oi.¿-temperature phases in the light of present results

In 1958, Simonov and ,Jelov i'esolveci fo:' the first tinie the stru-

ciure of ambl;¡gonite (without specifying the coarposir-i on oÍ the exar¿Lned-

crystai), ¡au: (1959) confir:ned ',,hc principal finciings of the previous

aufhors, studying a crysf.al froin a pegllatiNe cavity; his crystal h¿cl a

negligibr e lJa-conteni and an alleged F/çl{ ratio of l, cierived fro¡n the

st:'ucture d.etennination. Hotr,¡everr he ciscove::ecl sone differences in unit

cell c1j-nensj-ons; some oí hÍs A1- and P-anion distances are significantly

d.ifferent; and he Ío'¡rd. that Li occu.cies one wel]-defined position in the
o

crystal but two posit-ions spaced 0"5 A apari '*'ithin the sane cavity as

did Simonov and iSelov"



iìaur sulrposes ihat, besides the possible dj-fferences in

cherrical composilion, th= ti^ro sanples useC, fo-r' ihe structure detennina-

iions na¡r ¿i¡a=r in origin and structural siate, the iìussian ¡:a'',erial

hein.¡ a hì oh-i,e¡¡nar:irrro ¡rrn*-l .r disOfdefei fO.i:i." =nrì hi o ¡¡.¡.t.ì1 f1.gmPq!v+,,¿vf¡.r,v¿JvvL

a peg,"natite cavity a low-tenj¡er.aiure orcj.e:.eci iy^oe.

The unit cell oinensj-ons given by Si:conov anC Belov (fç:S)

anci Baur (L959) tor theÍr crystal-s cannot be;o ctfed in l'igs, Ç and lO,

since the real F-contents are not kno'¡-n. and the values are not accurale

enough for its inciirect esNirlaú,e. In relation to the present author's

curves, iiaurr s data vary betvreen 3/q" F ancl a negat,ive, out-cf-scale value,

and the Russian sarnple shows a lside spread fron pure anbl;rgonite ío

î-rich montebrasite. Two ¡¡en-quality rnontebrasites Írorn pegna-tite cavities

at Ì{etrry, ì'.iaine, _orobably very si-ailar to Baurrs }oi'¡-Lenr¡erature cryst,al ,

have been X-rayeci bJ'tne author, and the resul-ts are plotted agai:rst

the ìi-ray estimated F-conten'r,s in Figs. 9 ¿rnci l-0, The u:lit cell dinensions

nf t.hnse c¡,-r¡sf,¡'l s nni nci rì e ¡¡6,111¡ r.roì I ¡.,ì *1., +l.io ,ca¡1g¡ai lrend of unif cellvLJgvØLgvvrJv:¡v¿iv

d.imension changes in the r¿hole anblygonite - montebrasite seri-es, and

faii in the approximate center of the range covereci bJ' llaurt s unit cel-I

dj¡nensions. This inclícates that, if the high- ancì lornr-temperature forns

of anblygonite - mon't,ebrasite eeally exisL, they cannot be distinguished

b]'the uriit cell Cinen:;ions; and these resul-ts also suegest that the

crys*ral- ex¿nined by ,3aur Ïras a F-¡oor r,roni;brasite, rather l,han a hebro-

-i+^ ¿.,^^ *L^^^ - t"'- 
^ L^ -:-i: ^-+^¡ ñL^ *-^^^.^+ ^,.+L 

t 'rrruv-uJ_uç ¡,¡raÐe iiilh F/Cii ': I, as he inciic¿ted" ihe preseni author's r'¡ork

'r,hus suggests fhal the structural dÈfferences betr¡¿een iiaurts and the

?'ussian soecinens rnay be car:seci oniy by differences in chenrical cor'posi-

tion, since the crystal studied by then seeins ic be a F-rich a.riblygonite.
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?äGlrÀTIT¡,F.q.RT III" Æ,-tsLYGCI'JI?Iì - iioiiT,idÈÂSlTj, IÌJ lljE T.{ltüLr (illir[,3lt0YJ

The Tanco pegmatite is loceted unier the no:'ti:ern shore of

tsernic LakerS. I- f,:anifoì:au i00 ¡riles ãilE of lünnioeg" l.ccorcìiirE to

.'',tright (1963), it iras been heo'u"'¡r since the l-ate L9ZO's frc¡¡n a singie

drilling hol-e" ¡iriensive drilling and shaít sinking programs have been

caryied out by several m-ining cor.oanies sj-nce L95l+" At present,, the

oeg.ne.ti',,e is being mined by lhe Tantal-u.r ii-nin3 Corlorati on oÍ Canada,

Lld. for tant,alun, being one of the worldrs largest deposits of this

metal; in addition, ót contains the largest knol.,n reserves of cesiri-n in

the forni of pollucite in the ureslern ',¡o;'ld¡ and large anourts of iron-

l-ow scodu:riene suiiable for refractory cerarn-i-cs.

The fiz'st deta.iled reports on this pegna*r,ite are those by

Ðarries (L957') and Hutchinson (tgSç)" rÍic.t<er (iyór) and t'lickel et al-" (L963)

have deal-t with the minera.logy of the pegnatite; high lithiun contents

in anblygonite have been found in 'uhe first of fhese studies, as røell as

a pred"orainailce of the montebrasite (fro;.r refractive indices). The last

geological report is thai bJ'l..right (lç61), based on nul:iierous drilt cores

and about J00 n. (metr'es) of unciergrfloun4r,'rorkì-ngs"

Cther studies being currently carried out on rninerals from

'r"his pegmatite are lhe ¡i-db-Os-'iicas by R. iì,inal-di, the Tar.ib-oxicies by

J" ll" Grice, and the feldspars, pe-t,a1ite, spodumene and other minerals

by ?" í.rnf , a}l in the i,ineralogi-cal Laboratory at the University of

f,ianiloba, uncier Nhe direction of Professor l¿" ts. !-erguson" absolute age
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deierninafi ons are being carrieri ouf b;,r G" s" clark and .{" Perurer,

c.lso at ihe Universit:r¡ of .-anìtoba, ancl fhe geochelistry of K and,-.b

;- l^^;'.- i-,,..^+-:-^+^¡ 1^-- I "^-^r-^ìt -----t--- rì,-ar vç¿1rõ,!vçù"-Lgated by P, iiarshail. urider fhe direction of .'," if,

Hulchirson and À, D" icgar at the Llniv--rsii¡r of .{estern Ol:tario, ionclon,

rì-+ ^ -.i ^úl¡UGl fV ô

The T¿nco cegln¿tit,e i s a f.lat eilip*uical ìrod;' t:longaiei. in the

l-""'I';irection, di¡ping norLhr,¡¿rds .p to 80;,,; at nresent it is lmor¡.t-l

to be at least 8OCIrr long" {t crosscuts an al-rnost vertical-I;r Í-ol íated band

of a:nphibolites l-ccateC between a gr.anitic bocÌy in the soutir and a

' 
(!t

nietag4ywacke series in the north. The i:egllratiLe as r¡elI as the nei-gh-

bouring geological units are of Arcirean age.

Åccording io .iright (L')63), the Tanco i.reg,,ratite consists of

sij{ zones oÍ prinary cr'¡rstal-lization: (l) o_uartz - ¿l-bite border zouee

{2) perthite - c,ua.r:Lz - plagioclase - r¡iuscovite i^,.all zone, (3) spod.umene

- perthite - plaigiocl ¿l.se - quartz iniennediate zone, (d) spoclur:lene -
querLz (-perthitej ix'uernediaie zone, i5) microcl-ine - quar'r,z inferrre-

r: -¡ ^ -^* ^ /1 i ona.rf. v. e.Õ?e.- ¡-eneral'l r¡ t,he sf,rrrr-.tural reiationship ofuJ¿UU áUIIYg \U// yqor u¿ vv¿ çe .:çrlçj.'d-l-JJ trlIç ijUl'Ue

the consequent zones 'i s that of concentric shells, fron the margins of

the peg:.ratite tor¡¡ards its centero These zones are partly replaced b¡r

'uhree ;neiasomatic units: (I) Aplitic albile is supÞosed to re.olace lower

portions of the snodumene - bearing zones; (II) fine-gr"ai-ned lepiciolite

¡enl p nes n¡ri,s o"i ihe ¡nit:focline - nnâ rt,z. i n*.el^rnedi ¡t.e zone: :.nrì i TT'i Ivv¿¿r¿v - \lqer va L-L Jv¡r:rguJøu9 ¿vr¡vt e¡\À \r¡.L/

(l/ó?_

pollucite bodies unci-er thr: r'ooÍ oi lhe peg;,i:Ltite are"'suDposed to be of

netasornaLic ori-gin.

The rr,eiaso::.¿tic r.rniLs of .'r'ight lial/' be subject to rei-n'i;erpre-

fa.tion, and the secru.eflce ol] cr;'¡s'vallìzaiion oi' ùhe pri:nary zones lr.aJr
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lig,13. Schenrtic cross*section oí the 'ianco pegniaiitc:e close to thc
sa'npl-ec' area. Fron section ¡i,r\t, Plate l, in i.rrighi '.": (.-z), i,unbers
cores,Ðond to individu-aJ- zones ¿ino .¿nits as distinguished by ,,right"
2 - Kf-q'uz-plg-rns ,zoneo3 - spod,-iíf-plg-qiz zoyte ed - spod-qtz-(iif ) zonee

5 * i:"f-qLz zonerl - apliiic albi|erli * lepidolilerlll - pollucite.



'mdergo:i:lor changes, ico (--. Jern;É¡ iirrson¿:f coì:ri;tmicciti-on, l9?,,J).

lln..'êr¡pr" - frn; r ,a ,l cse -ì n*.'i rre rri er,.rnni n+. - hi s sirrrrìi.vision of the Tanco¿ ¿iJ Ur Jr¿ U, ¡:+U

*^-^-!i+- i^ ^^t.isf¡et,ng'- in| f1,.^ -^'.' ,1.ñ¡ê- fr?^ìliltì r,¡orkinrrs h¡\te fL\)t,-uçE!lr:c,u-LUg IÐ ùd-u¿Jr4rJuv¿Lv, d¿ru ullç 1l,E;J LtlL.VI'3lUt¿, lú f'u:s-L.¡lù ¿¡Gf !

nrr'a-'ì +lr¿ aôh?ral relatioils oí rhr, zones ånci units as ilirrstratedv¡¡ø¡¡õvu vtlv õur¿v

f - n/a , 
-\

";r'igh'b 
iL963, Plate I). -{ part of h-is 1'i - S cross-sec'Lion, close to

_Ðiìrl oÍ the pegri.-tite boci;'sanpl-ed here is sho-',¡-rr in Fig.13"

OHAPTiR IIï ts" ìrAirPLII'iG Ál'Ð ,480fi;lT0PJ STUDY

The sanplinp; of the e.r,,ìrlygonite - i-roniebresiie j-rr the T¿nco

inine was ione in as ciet:riled. a r-ianner as possible, tire li¡riiecl lirr;e

i'or iabolaforJr exariraiion of the si;ecir;ê:ns o,Jj-n€ fhe ,¿iir restric'ring

factor. Figs. l-4, I59 'l ó sho'"- i;he location of sa,:;tples in i;he lst tevel

shaft, sfati-on, the ila.in drifi;, the y¡ect drift, the ooil-ucite su'olev€l ¡

¡E

and ihe ladcÌer stope connecting it with the Íirst leve-" This.,'-he

.xrrblygonite-bearing area in th¿:.t ;cart of the ¡rúne lhat r,.,ias eccessible

in the suüìÌner of 19ó9. At the present tirae (nirJ.-19?0), however, the

,..- i^á ,.-ã+ ^r +he lst 'l evel rnain ciriÍf r.:efrdeen the shaft s-Uation anclitLa¿vI Po¿ u v¿ 9r¡

the j'urrction r.¡iLh weçt ci.r"ift has been n-lnecl out.

l¡i"t hin each petrogranhì c unit of fhe pegiiøtite contai:ring

anblygonite - norrtebrasite nineral s: nunerous sneciilrens ¡¡ere coll-ected

of each col-our. variety, par|icu-tarly frorl illdiviCuals sho-u¡j-ng colour

on^in- t'f lon*in- '.'.- -i.r^- +^ +ha i-,rinarìi¡f p'ì¡r neìolrhnll'inr nh:câv:r4¡¡E ,I] i,JAS grven lo r,'- --.-- s..*-êse

and s;cecir:iei:s adja;ent to li-feldspar, albrte, spodù,-e,'le, oollrrcile,

etc. r1^rei'e sanoled i,¡he¡evc':l oossible. The large blocks that occur" in

some zones 1¡fere saJnpleil at seveÏel s.:ots, either irnegularl-;r o: along

'l^.r ¡

ii.ra
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D:'- r r r"^ ^p +hê qrnnì,-¡ì "ror i,.r |he l_st reve]- oî i;he T:,Lr-rco üríîee¡ ¿¡;4Il+o j:a,J vl Urre ¡iqr!.yleu 4¡ sc.
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N1,2,121,,i25,

tn,t27
A-i5

A-16, rz tB

A.IS

Fig.l5" l{ap of
shol'r-ing

A-43

Nhe surroundings of the
I ccalicn of soeci-rlens

qlaL {'rr qi ¡,t'ì nrr

this area"

¡,

/t\
I

ilr
I

N20

A-21

L22,23,?4
A. 128, t2g, t30, 13l

lsN lerrel-
qrmnl ad 'i n



tv

19

453

a$
--Â'/
- A_58

\- '.ss
I-- A-Ì0¿

ì-4lCó
t
\- f,60
I *J
'Ì r.¡

A,7 t

A.76

, lOm 
,

l'ig. 16" ì.,ap oí ihe polluci-te sublevel, aojacent parts of 'fhe lsi level
rnain d.r'ift, and of the connecting la,1dcr, shoi,'ing location of specinens
taken in this area"3 fhe seca:'ate pl-an oÍ the pollucite sublevel is shif-
teC eastro¡ards, as indicat,ecl by the laCder repeated in both d.r'alings, to
avoid" overlai:,

fl
I

ry



n-{(

trar¡erses. Bcth prinary and alleyed ina-ue::ial- i';ere col--ì-ecleC :-n nr¡äei'ous

cryslals shor+ing changes in ccìour aiong r-L¿rgins and cross-cutbing

fissures.

.tII speci:leits col lecied ivere 'i-ra¡'ed to estilna'r'e their F-con-

* on* q :nrì ?? q¡t,rl ês ï,ênrêsn¡f,ì'nc dì f fp'¡ont. +.rr ìeS ffOn Ciffefent ZOneSL,ç.¡uJ'c'Lrq))Ja:lcIçJ:çlJrçJ'-!¡U-:]¡¿iu_:

-,,.{ere cheï}icalIy ¿n¿lyz-ec for ì,ia..ç, lírç and Üâi (TabIe 9). fhin sections

were pï.epared when necesser-r¡e and. s{:ver"¿l suriab-r e specit,iens were inclu-

ded" in the ser.ies of 12 s,o,:cj:¡rens analyzei io:: F anci exarrined irl dei;ai-l,

fnr f.heir nhwsical i:rooeri;ies. The list of speciJf,lns fron the Tanco
¡V:

r,ine is given in :lppen,1ù I, along v¡i-th F-esf,irrates and other availabie

i nfonnati-on"

ûH,{PTJR III u. DISTRIBUTIOI.] 0F THji iun3LY-CÐiiITlì - ii0liT;B3-ri$ITji,

ITS TYPrl: ;r.'Jil AITERATIO'¡IS

The po¡tion of the pegrna',,ite sa-rnpled was r¿.ther snali but it

contained all the zones and units fo,¿nd in the r'¡hole bcd;r (r'rifh the

possible excepLion of the true quartz core). Thus the results should be

characterisfic of the l,rrhole pegi,rati-ie, although shifts in '',h; general

paitern c.aunot be excludecÌ between lower and upper parts of the gently

Cipping body.

i,right (L963) ini:-cateC ihat arr,olygoni te occurs in ihree of

his zones t (3) the spodgi:rene - pe:"thite - plagioclase - quartz inieririe-

ð.ia.fe zone; (4) ttre spod.wr-ene - quartz - (perthi-r,e) inNerined.iate zone;

and (ó) ttre q¿aTLz core. In fhe present study, arnblygonite - rncntebrasite

uas found in the sailìe zones, and in acdiNion one speclnen was located
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in l,righirs zone (Z), ti:e -ce:'ihile - -clagic:clase - (;rtcj.rlZ - -:ui;covite

walI zone"

There are, however, sone clcubts about the icìentity oÍ íhe

cuirtz corc in the area inves'r,-iåaled hete: the s:oCu:aene - rich zone (4)

passes grad.ually i nto }arge cluartz-ri ch poriions wiih onl¡r nincr s-ooiu-

iûene, anbl¡'gorite - rrcntebrasite, ani alkali feìclsp¿r thaL fii; ivrighùrs

rìesn:--ìnt.inn ni f.he .r¡tavl,z, ¡.6n¿ (o.crne Á) Ì¡lrt. nnr:lrl nnt. iro sen:r:t.gd fygguvÈut IUU¿v¡I vI u¡Iç \lual va vvi v \ávr¿v v //

zone l¡ in the course of regnatiiic crl'stall-ization b;r the certhite -
. /F\ /- \/-\cuartz zone (5), as proposeC bi¡ l'lrrght \L963),

Despite these unceriainties, r,,,hose investiga.ti on is be¡ro¡¿ ¡¡u

qnônê nf t.hi.ì .<;f.il¡l:r ì,rê ¡'rn qlì'l"r' -i -^ r-l ^+ --1' l-' '^'^i I ^ '^-L ^L -aSiteru\.¿./ 9 rjç çélr ou:Lri:i,!'-LZç U:Id,U djrl¡.r-LJl.'.ULLL Utt - lliulluÇua

occurs oniy in the zones oÍ prinary crystailizaLion, ê.nd" that the cr;rrsÈa-

l-l-ization seouence of these an*rì:l;.gonit,e - inontebrasi te - bearing zones

ñ^FFôen^hdq f n th:t. nrrrnns,ed hr¡ :lni ohf.. r'li sre:'¡z-rlino t.hp rrnnerf.a-intV 'ìn
UUfIçÐpwllqo uu u!lÕU PaUPUÞçu ÚJ .J¿Jõl¡uj u!rIv¿r)c4r\¿¿r¿¿3

the identity oí the quartz core ancl the possible rl-intersiratifiedrt

anblygonite-free zone (5). in the follo-*ring cliscussion the arablygonif e -

montebrasite - carrying zones are quoled as zones (2), (3), (¿u), and (ó),

to relate therri to the only detailei,isss¡i;oiion of tire pegrraNite llublished

fo Cate. The bounCaries between ihese z-ones in the sartj)ied ai'ea are sho-r¡¡ri

1/!f ãê | !, l_o"-Lr¡ r liavô L+9 L/ t

in the follor';ing paragraphs, the lririrary a;nblygonite - nonte-

i:rasÍte of the inriivicLual zones i s di scussed Íi-rstr and fhe secondary

noniebresite and alteration proiucts of the anbiygoniie - I'toitiebrasit e

are rliscussed after$¡årds'

The ivall zone (2.) consifs of -.r,:di-u¡-r - grainec ¿J-bite anct ouartz
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-;¡i-r,h C.isseiqinatecl coårse nests and bl ocks of alkal i feiOspar¡ quarNz,

:nuscovite anC beri,t. i'lontebr'¡:.site v¡as found in one oí i:hese n¡:¡:ts aS

irregul.ar, i"rhi-r,e crysiäI t t+cn" in dj aneLer aüc.l 
"'¡i 

ih t'iiin r-ust;l coati-i-lgs

on contacts ,.qith othi':r inj-n¡:ral s. The idall zonÐ w¿s exposed {n a raLhet

snall erea in the end of ihe i,p-in lst leve-r ,irift (!'i5i.1ó), æd it was

cuite oifficul-t to Cistinguish nontebrasite frol.L ¿rkali f ldspars and

beryl her.e. lfonteb:.asite i.ra¡,. be rlore t.ddespreai in this z.oire fhan is

suggestei by the singie finC, but i'i; seej.i.s to be only an accessoz'y

nlneral here; the fa-ct that rrt'i.qht (1963) dres not r po:r', it f::orn the

,.n',". (? ) sunnorls fhis conclusion.

TÌ'le -inierrnediate zane (j) consisfs ;.:ainl;r of alkali felcispars'

albiter c,t)[tr-uz, ]-j-thian :r'uscovi'ue ani anLblT¡4onite - ¡rtoiliebrasii-e. ä']ie

iextures seerr io be raiher i-rregu-Lar ancÌ coinpJ-i caied-: bii¡ '¿he ,losi irecluent

patte::n seerts to be clusfers of la:r¡4e a,rkal-ì ieldspars Lslta fine-grainecl

albite, ütuscovi'i,€, af1d quariz, li,lined b)' cleavelanoi'Le anc nuscovìie

^^^i-c+ ..r,r-nr- nn,ìe r'''ì i,h ¡'nhlr¡r'oni-Le - ì::o¡t;ebrl-ci1,c" -'lcC.lu.,e:le occurs in
d.¿<o111o v u. qdl uá ¡uvrrr vi r urr c-rp¿c/ rr\

bofh alkali f¡;IcÌs,ra.::-ricit aggSe¡¡a,uei; anc in cìuartz" ihe orienra-Lion of

-,,he wecl¡1e-shaped- cr;rs-r,als of a;rbl;rgoniNe - :iroi:bëb:iasite nonne"l to the

cleavelano'.ite¡lquartz contacts, ancÌ 'uheir colour zoning suggests ihat this

:nineral r^¡¿s forned" afi,e:: th+: felcìspathì-c riiasses, and- grerv Írolr their ¡;

surface i:oi+ard-s the s.cace occu;oieC, b;/ Çuar-r,z (fig.17J. Irregular bl-ocks

nf ¡rnl.¡J¡¡p'onile - :aonteb::asite attain a size of óOcr,r in this Z'onej ssLaller

crystals up to 2Oc;ri in diaireter: '',end to h¿ive di st-inct c::ysial íaces"

The i:reComi¡rant colours of anrbl¡rgotrile - noniebrasi-t e are white

and yello-ø, the lal'uer',:eing characlerisfic ol'ulie ou:r,eT'shelIs cf

;.;:ibl¡rgonite - rrronieÌ:rasite cr¡rsta,'s, or tite lasi fonled a s¡rlielric zolie:i.
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iig"t7. Large crystals oÍ anbl;',5onite-noniebrasiie (rrhite) J-n o.uariz,
surrounding an al bite - ¡ìlkati íeldspar - i';iica. aggregate z'ir-rr.tei b;;
a band. of raciiai clear¡elandiie and r,lica. 'inne {3)o ciose io lhe }si
1e'¡el shaft station,



FaIe - pinlc anbl¡rgonite is rathe:: l"are; it ¡rever occurs in isolat-eû

¡n:,-t.¡r'" i,llf. ì s -ì1.,.-rc 14^^i a.'.'i o¡ 'r,¡¡ "¡r.,r,r¡p- a-iie i;¡i, . TCiJ-O-,, ZCneS,Uf¿/:l.rü.I; UUU ¿J 1!vlÕ,./- GUçv¡.¡r:I¡:\.r uj'¿'v\¿rõ1-- !'rr

for"ning ;he earliesi !arr, oí iire ålr¿ìills iFi¡i'llj).

7-orre (l¡) contains the 'l aréiest liihiur coìlcentration aüong

the z,ones end urlits of the Tanccr oegirafi te, because of -r-er';r al-'uncjent

sroiu--ene (';rightrL963).Large, fla,l blocks of spocluriiene'r qaerLz inter'-

grol,.rbhs and quari,z ar.e i,he tlain consì,i-tuents, accoilpani ed by subcrclinat,e

^-.Lr---^--r+^ -.^ntebrasite an<j_ ¡iino¡ a;rounis of alkali feldsr:ar anddillUIJ¿<ULI-:Uç - rllvltÙçvl rarIU\i c:r¡\1

¡'rh.ì*n ¡1ml-rlrrenn,iNs - nonLebrasite is l"¿hiie ti:r'oughoui ',,his Zoner endÇLWLVç. ja:lIUIJF)v¡¡

its nasses ¡each up to i"5r:r in ¡naxinuä diilensíon {¿'ig"fy). These larp-e

acc'Liïjtu-l-a'uioi:s are usr-illI1r ir::egular, but s¡14,r I crJ¡siäl-s 5 - L5clt ì n size

are frequeütl;r r,¡e]l bo:¿nd.ed. by crJ¡stal faces" General-lv, arr.bl¡rgonile -

:nci:ie,.'c:::.si-ii; "fìo¡i..,¡j'r ÍreÊl;¡ ii¡ cr-uartz or is at#ire¿ to spodursene + Quartz

:1.3,1i:e i:-Lc:;" rt is euheclra-l against the:ii in solne cases' buì: it also

surr.ou¡rcìs eu-heciraL blocks of spoduniene -l- r:¡^art'z; tlre cr]¡si¿'"l-lizaï.ia'a oî

these p1:;rses ,,^¡a,s eviC.eniì-y cvertapping" Direct corrt,åct r'¡iih felcisnars

i c 'l acq F-ear¡t-'n'l!ù Içùo :I uUq\/Iruo

The above cì.escript,i c;n fits also the 3¡¡þ1 ;rgonit,e - ¡:ron'¿ebra-siie

fi'o¡n around the ladcl-er to ihe poJ-lucite sublevel (f:-g"fó); íl'ri-s a¡ea is

iransitional to zone (6) 
"

Zone (ó) see:ns 1,o be, as expJ-ainecl ee-rlier', rather" a quartz-

rich I'arj-ant of i:he prcviou,s zone, overl;ring it and' being orrerlai n by

poiiuci-t,e. Its conl;aci with tÌ're lai;ter is ver-;; sharn, bui a gra'dual iran*

sition corrnects zones (l) .n¿ (e ), (þarLz creiionin¿',te¡; considerabi;r over'

spod.unene a.n-i a:nbj-ygonj-fe - nonfebr"asiie in zçne (ó), ancl allcali- feio-s-rar



Trìc lA Tlef..ai'l frc;:¡ ¿Ë6!u

gonite*montebra.si te
colour zonåtion ty.cícai of arably-

- pink, w - I'hite¡ Í - Ye--l lcvi"
¡ ¿Èio¿ l,
'i'n 'znna

showi-ng
\) ./ 9 lr

Fig.l9" ì:art af a large bloclc of luhiie anLblygonite-rnontebrasiie,
sui.ronnCeci by grayish quar't,z containing snlåll cr;¡ståls of t'l:'i*t

mineral , Zone {4), ctose to pollucÍt'Ê lacì'c"er'
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a.nd. atbite are ver;' suitoldinate; ¿"3ft þlue i..n-apatrte is a characierÍs',,'ic

ccnstituen'L at the con'bact r.rifh polluci'Ue. ,'il:blJlgorrite - nonu.ebrasite

foi-:ls *r:egu,Lar bjocks u;o io !.Jc:l in lfia, r'.r-r-houi an" :istinc'', tetidencT

tocrTstaishape.;tisr;¡hiteor';rslis""rtheyellor^i::raieri-alforläing

e¡i,hcr senera.l,e n-ni¡sf,¡l s or. oirter zones ¿rounrj. the -r¡hite cores. Arnbl-y-9IUIfUI UVUUIUVV U¿¿Y

gonite - raontebrasife is imbeddecl usiiall-y in quaz'tz, bui adjoins aiso

spoiu.llene, f elcì s ce-rs, anc pollucite (l.'ir . 20, .

In al_t fout' zones, the pri:riar^;r a:;,ìrlygoniie - ¡non-¡ebrasiie

describeC above is frequently ri-nuried or penetrated b;¡ late, seconCa:"y

:nontebrasite" ?his secoird.ary- phase is ah+a,;¡s dark.el, brot'r'r:ish, ßra]¡ or

greenish in colou¡". Iis luster is ra'¿her dull and ihe cleavage not so

conspicuou.s âs in the primar;r ni-|nerais. 'ihe secondar;r noniebrasi'r,e alwa¡,rs

íorns at the expense of the prinary phases, r^¿itliou-t oenetra't,ing t'he

adjacent quartz, feldspar or spodurnene, and in ioost instances the repiacing

i:rontebrasite :,:aìntains a crirstallographic conij-nuify with the i:rinary

a;irblygonite - montebrasite (fig. 2l-¡. ilesides this, the alterafion is

alwa;rs acconpanied b¡r exiensive ir,rinnilg which seems to ievelop without

nechanical strain or cataclastic eÍfects (lig'Z:-)" the altered areas are

usually surl,ound.ed b;r þ¿16es of ihe Þr-,.tar:' mineral penetrated by a $ew

fj¡e neti¡oyk of tire secondaly.o¡ase (fig.23). The alieration is of-''en

iifficult to obser.vc in hancÌlspecirnens i,;hen the diff erence in col ouz's

is not conspicuous. 11, should'oe stressed tha-t in nost ceses the secon-

dar;ø nonteb¡asite is not accolçanietl by oiher la'fe,¡hases elic:1lt iot:

sone iaicrosconic veinl'-:ts of nicaceous naf erial (-ti,s' Zf ) '

:lesid.es ihis rlauNopseud.or:orphisrl'r, arirbiygonite - monteb'rasi te

is fr:equenily alfered io oNher ,ilinerals. These secondary assenbl-ages lrere



lig"ZA. 1;n¡1..¡'oni te-nontebï'a site cryslals (r,rhiterl at
..'ôl'l ,..*-l -,e 1r.r,r.., ) ^. /ì ^r.^-+- /',^^++..,,.,r. ) nf znne 1,( I Fei¡.Jv¿r-J-ú;:/ç \ UUy,/ 4ru L{uó¡ UÉ \UUvvv)lLJ vl 4ulls \91"
afli{i:egales id,a.rk, lo'r¡er center) in cuartz"

the contacts of
sÐodLinene -i- quartz

..;':r:,' . ,:

0.5 'fuÅ¡

T¡-ì - ?-r ìro+-. ^u.''^î' !Ï.'S,-;i.T^^ffi i: :--*! iöearô )çlrrÇvr v- vvvv ,-.-ntebrasite (darkJ iaii;h feu i'.'.-ir;ri-:g
- I .., \

'^Ð^' | ^^ r'.,h:+^, in r slioht.lrr :lf_e.rred nrir¡¡r¡¡ A--Lr---^-^-:!^ ..^"^-..L-^^-jr-¿d.lil-L¿d,c \wI1-:-tJE I --- * -*-Õ-. --, *¿u?r çu: ,i1 L!-tdLJ @.llIU¿J¿LJ.IIIL¡ü-1,-.JliL,vU.L'@5IUE

{grayish, lç{'¡- and ri.gh+ )" Gnadual darkenilg fron the nrj¡iary Ì;o the
seennrì¡i w lri ner.¡.1 eâllseal Ìrr¡ r¡r.årl::¡l cha.nøe i n onticel ori.entaticn.
Sampl-e Ênl+6, crossed nicols.
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Fig"22" Prr.rr-Laty ar:rblygonite-rnontebrasite (grayish, left sitlsj pes*es
gradually i-nt,c seconCary nontebrasiNe (center, b1ack, fuJ-ly e-srinct)
r..¡hi-ch becones intensely t'n'inned. (blact< and lt'hii;e, righf sicie)" iixrr;ole
A-22 u23 u c::cssed nicols -

l'-;^
-"Yáu 

j&*.,A'

networlc of seconC-ary montebrasite (:'.ihJ-''ue 
":

arnbiygonite*nontebrasi-ie phase (Srayi " *ample
-: - îc T-^.^^-,.r ^.r firre!Lf\çr-)o J1 J.sE;t[d

Þenetrai;ing Íts,oarent
A--Q, crcssed niccls"
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noi inr.¡estigatec sTste:',ar.icâ1ly mi ì:he resul---s r.e-;r be subject to I a*"er

corrections. ltt Þ:'esent two characr,er"istic p"ssociations are l"¡el-l- esta-

?:lished : l--apatite * r:iuscovite I queytz ancl iithian Ìtuscovìte * quartz.

The fi-rs| of these often covers the oufer sur"face of the second.dry

trontebrasi-te lilr-"; the seconc. cLoes n,-it creaue an;r ci:anges in tne r"ellacecl

ailblygoirite - :tor:iebrasile.

Besides the fel',¡ cheniical deiernii-naiions of fluorine" the

content of this eieraenf has been esti.lated by the J,i-r'a¡r nethod clescr'íbed

in section iI ts - Jc in all l-57 cr:Ìl-ected s¡i:cii'lens r..¡hich are lisbei ín

iippendi;t i. The possibl e inierfe::ence Ír'o¡:i substittr"g cations shoui-c] be

negligible, since a series of 35 specrr^rens, representing ali t;,rpes fro,.i

all zonesr did not show any apprec-{abie con'r,ents of i{aro, Kro and tJaû.

'iln-¡ ho**êþ n^ï1ñxrison: the F-percentages of all sleci..cns have -ceen--.-.,.*ri-son, the F-percentages of al I sreci.*n= n*rr" a

_clotrted in iig, 2[, xt sepaz'ate groi-ips for each zoììe. .ri't,hin one zo]le,

the specinens are arranged frora the F-richesf at the to.c to the F-poorest

at the bottoro, against a horizorital scal-e of ivù..d F. The colours of the

prinary phases and ùhe seconciary iainerals are distingui_shect b;' di-ffere;rt

s;r-.rnbOl s,

The single soecir:.en iouncl in zone (Z) is nol includecl in the

C.iagr¿r: anc r'¿ilI nof be discusseci aN al-I . Acco::d,ing to its general

character, ii .my be so;rev.'het e-lter,:i., a:rrl- even ií a lrue l:iirar.;. phase,

it canno-,, i;e1l anyihine seneral- ancL reliable ¿bout the co:nposiLion of

ihe anblygoni*,,e - ;noníebrasite in i-r,s par.eni zone.
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hs shoiqr in Fig "21a, Lhe i:r'i;nar1r ¿:.¡r.bl -¡¡{onite - nonieìrrasi-i,e

shotçs a re:ä.arkable range of F-conienl,s'¡ithin eacÌi ?,or!e ". 6"':; - l+,c:i j:1

zone (3), 7.1 - J.tç'jt tn zone (4), and 6"t+ - Ly.i¡:, ín zone (6j. ríithin
each of øoíres (3) and (4), ihe rlosr frer¡u.:n,, corços-ì 'uions cire those

aror-;ncl- 'r,he centre oÍ' the respec',,ive range, 5"5 - 6.c:j F and ó. o - 6.2;;t,,

z'espectively. rn zones (l) n:r¿ (r;) tirar, contaj-n earl_ir i.,àite p,nd ia.¿e

¡relJ-ci"'lhases, the rr¡hite naferial is gener.alfy:"ic.rer in jl i;lian Nhe yeilov,r

.chase. Tn pairs o,,. r,r¡liiNe anrll^ yellow s¡¡r¡:les coliing froiq a single cryslal,
i;he yelloi¡,t J,rounger;äateria'i is ainra¡rs i¡-Coor.er of'the i;t^;o. The fer.u pink

s,oecinens occurring in zone (3) are cj.isser'inated" over the ¡ange of F-ccl1-

tents covered onl;r by r,rhiie er:-,br;,'gonite - moiriebrasite in this zone

7"1 to'5"t+i,6. I{oweve:', the l--content of each ofl these Þink srrecì¡¡.ens is
al',taJ¡-s higher"'¿han ihat of the ove:groi+ing vihite ancl;rellow riaier.ial . In

these pinic specinens ihr¿ sequ,ences are: ó"0, j"6 (pink) - 5.2 (rùite) _

4"b,,,i, ? (yetlowj t 6"() (p:.nk) - 5"5.,! l' {yeltor.,'); 5"5t: (pínk) - 3.65'¡l,F

(yellow) ; 6.ii (pink) - 5.6, 5rt+,ií !- (r,4rite).

As to the seconCar'-,r chases, lheir co;:positions group _o-uite

se¡arately from fhe p.r'inary m-inerals at the rnontebr"a.site end of the

F-scale, in each neg.-iatite zoìre. il-his shows that the alNeraiion of earl.=r

ai'rLb}¡¡gonii:e - i-toniebrasiie al-warrs produces F-poorer inon'¿eb:.asi|e. Tns.oec-

tion of indiviiual pairs of rtparenlrr¿-qC I'riaugh-berrrphases has sho-y.¡n that

'r,he difference betr¡¡een their i*cor:liei:is oÍte¡r reacl'ies a-" nucii as t+,i;"

The Ì,larO, lir0 urd r.jaO aonì:ents of a seiectei group of a,r:brygoniLe

- :nontebra.siie specirnens (ie-nte ,) ) a.ye gener.at Iy ver'¡tr iow, anil- sho1,,, no

evident ilifferences eltong clifferent zones, colour t¡i:es, and. generations"

The very subo::o.i-nate percenia,qes of fhese oxides vary r.vri;hin Nhe
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san-:e ranges in all iypes of :,rl:I;rqon-i1"e -;-:Dn'uebr¿-sibe, Ío.trii iil:he
-t-'^ -^ ^^^--+ i + ..
-¿11ù(J 

:JçH:,!d UI uç e

ihere seerlls tc be ari eviCenL re-l arion betl¿een +"he F-coniení

and cclou: of the r'¡hite ancl;r3flqr.,-:j:¿ses" 'Jhe:r-content of yello'',.. sì)e-

cir.rens is alirays lolr'eï than 5,5,', an,l that oí r.'hite.::aLer"ial r,rostiy higher

than this value tu,lh oru--¡z a Íew specilens reaching l+.9jt f . tshús can be

observed in bo'i;h zones containing ru'hite arnd. yelloi+-ohases, (3) anC (O)

(fig"Z4). In contrast, t,he F-pez'cenNases of the fe',r pink saecirrì3ns are

rlistributed over the r,uhole ï'ange of l^¡hite sa'n¡Ies. (ft is ìnter'¿siin.g

+n -^{o *l¡r* *hp onlr¡ nink nonf,ebrasiie founCì at'/arUtråsì< shor.rs i,heUU llUUÇ9 Ul:A U Ullç vll¿¿V _J!t¡\ ¡llvl¡U

lo'.r'esf -;'-con+-enirl,3;, i, of ail three s':eci-:,Let1s analyzed. í:'or.l this fo-

-^ri!-- \ -¿ i^.-nlìkelr¡ t,h:i t,he '¡irit.e anr-l -¡ellow col_our could be c¿ruseCUc¿-:-J UJy' o ) :ú IÞ (l:r+rrrv+.r vrrv iv.r¿ uv Q:¡u .,/ v¡rv

hrr f.ho diff¡=-ran+. l¡/t)ï ratios: soile tr¿ce e.l-enienis or s-r.ru.clural effectsv.y

j.p\¡ he f,hr: c¡llse ^+ -,-*,;*- ^^r ^11Ì-s.hrrt. nn rì,it¡ are a-r¡ailable fror_r |he. tJ Vç V-¿9 çoquv U¿ volJ¿!ró uv.Lvql Ð, vqv IIV uGUo

I j f.,:¡¡f.r1-ae - pnr! rt-,i c c*,,À-r ¡-ì .l - of, ¡evr,â-l a.nrr itossi h-l e e-.:nl e.ire.ti.On"l!U'.f,o.UU¡ç9 G119 ul¡¿, ruqu?v

ül.lrtPTtrR II-t E. üllril{GJs ii{ ülii{i';IûAL ü01|POSITfOr: 0Ë .4i'ilSLYGùi\iI?,ì-}í0r'lTjilli?,ASIT¡

DURIi'i(; Tilil üÎYSTÁr,LïZATIü-i 0f ïi'ii Päüi'iÀTITli

ås shot.m in ühapter -LII tJ, ar-rbl;'gonite - mon-i:ebrasite occurs

nn'l:¡ i¡ t.h,-.2^nês nf nrirnârr/ rìri¡StalliZai,iOn, I'uh,¡aS nO'r, îOUnC. in thev]¡rJ ¿ ! 1

units desiqnateci as laeia.sor,ìâric iry ,'ri¿¡hi (fyo3). ihe laie, seco;roary

,-rnrr*.ehr¡sit,e rarl a.eins the .trirr¿;rw ,rntrlr¡o.rnjt,e - i.lo:ltebr¿sif,e is not;_LVjl v\¿u¡ ! \/Ìr¿uv+r¡(l

related to Lhe origi-n cf the suÐDosed :¡letasona'Lic units.

The Ì;rinai';'i ai;rbl;ugoni te - noniebr¿rsi-be o::iginatecÌ duz'ing a

rpl¡t.ir¡elr¡ l6i¡e -r.ori¡d n¡ *.hr- noo'r:rf.-ì;.e sn'lini ii '+:^' *; i'' ^hO'.¡S
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rerrìarkable changes in fhe F/C:- ratio du:i ng i ts crTrsialLization in fou:'

zones, Cn the contrar¡'r'"he -,iarO, lír0 anc;a0 conte:its are negligi'ole

and quite unifor:,r in anb,-lygonife - r.ont"¡rasite froär all íour zo:res, ïn

zone (3) ttre prirnary a-rablygoniLe - inonNebrae.iies e:;iribit a very vride

range of F-con|ents, 6.4 - l+.0;, (Fig " ?-l+), In zone (4), ihe co¡rrcosition,s

cover the upper hal-f of the ran¿5e (l.t - 5"1+,i, F) characteristic of the

r,r,hite ancl pj-nk anrblygonite - i:roä'¡ebrasite oî zone (3) " Thus the average

F-.rercentaEe is Cistinctly higher in zone (4) u": an i3 z,one (3) (ó"1 and

5.6,i, respectively). I"s Figs. t6 and 2/a shori, lhe range oi the ¡--conteni:s

and their averaqe decrease gradually íron ihe e;:arrinei _:art of zone ({;,

thrcugl'r the !transitional ¿irea ero'üitd -r,h; pcllucite ladder towarCs zone

(ó) Ueffon; the nollucile borJ.y, r.,he:'e Lhe ra:rqe is 4.5 - 'r"l+,'" !', and the

average is ihe lowest aL 5"4j, F"

-,ilhir' incliviCual ¡;egiiatite zones, the crystall-ization of

prir:lr-,' anbJygonite - lronfebrasi-ie ah.iays i:roceecì s frori higher to Ìoi"er

l-contents. this is ltosi conspicuous in zone (3) itr-here the zoned crystal-s

r,nth.cink, white a:rcl yellow:ia:erie,I show a scen up to 1.9;, F, and

furthermore the saru.e orcÌer of decrease in lt during crystal-lization of a

single cr.ystal is a|tained in the i..¡hiì;e - Jreflort sequenres of zone (ó).

-1,'€ räaJ¡ coirclude fhat the average lr-conient of prirnary anbl;ø-

gonite -:i"onieb::asite in fhe Tanco pegt;iaiite increases iroin J"o)" in

zoyte (3) to 6.tií in zone (4), and tfren graöuall;r decreases to 5"4," ¡ in

zone (6) " 'Ihe sa¡ire trend is also follo'.¿eC b¡' thc ranges of ¡'-conient,s in

these zones. .iiihin each single zone, tÌlc indivjCria.I crysrals frequentJ-;r

shoi,'a C.ecrease in the ¡'-conr,eiit durìng fiieir gror.'bhs, reaching up'uo L.9,:,"
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The F-contents of the seconCary -lontebr'¿sites are generaliy

inu-ch lo'¡¡er than those of 'rheir'.,rai'ent nhases" lhe averates in individual

zones Seei¡ 'uo change roughJ-;. pa::a-I1el i;o ihe changes in averages oí the

o:"inary phases: fron 2.7 in zone (3) to 3"2 in zone (t¡¡ and 2.2ii F in

zane (ó)" Tl:us the late alteration seeiils to decrease lhe F-confent of

the prliea¡y arnbl vøoni,"',e - ni.ontebrasite by about the sa;iie anount in aIÌ

The unifo:"¡r anC rregligibi-e i:erceiriages of i'Jaror i{rO ano Ûa0

see¡ri to be norrnal Ío:: ar:b'l ygoni-te - inontebrasite crysiallizing in the

r¡r^ì nanr nervmatite zones because alkal-i-rich speci;äel1s åïe charact,eristrc

of inetasoroatic units, accorcìing t,o liej-r'rrich ancl iorey tL955) arrC Quense-r.

\L / /v J .

It is cliffic.i_l_t t,c conira::e these resuJ-ts '*tiih the fev,r dala

found in the l-itera-uure (see ûhapter I B). îhere i s a gertr:r'al agreerient

i:eLr+een the sìtuaticn in the late prinary zoi'Ies of ihe lanco pegroatite

ano the statelrient of ;lorucki j (tg$) iìiai; a::rbl;rgonite - :nontebrasiie

becor¡Les ir-¡oorer du:ring i;eginatile crysfal-Iizaiion, iio conparison ca:r

.oe :iade i,siih i;he resulls of C¿uense1 (L937, L95b ), since fu'¡o out of

three cf his anal;,rzeci sireci;iiens are clained to cone Íroln ne+,asonatic

r¡niis. in ol,her oceül'rences, oirl;r otie strecii-;en ttas inves+-iSateci (e"g.

.Tolborth, I?5f) and no data on a;irblygoiiite -:,tontebrasiie fro;n different'

nesliati'r,e ",¡nits a're avallable'



APPEI.{DTI I

LTST OF SPECtr{iNS FROI'{ TH]I TÅI{TO PEGI,íATÏTE

ilo, Location Description ÐT.4. SP,gr. UCD i,iarK FÉ r^¡b" VÃ wt"
Ca esti¡q. anal .

l- Zone )
2 bnej
3 Zone lt

4 Ðump

I Dump
,-/

L¿ ¿ONC O

L3 ltlot localizeci

Il+ Itlot localized
L5 Zc.ne J
-/IO ¿,One J

17 Tnne 3

18 'Zone )
19 7.one 3

20 Z,one 3

2L 7-one j
22 Zøne j
23 7-one'i3

2h Zone j
25a 7"one j
25b ?r¡ne J

27 Zone k

28 7.one Le

29 bne l+

30 'hne 4

3I Zane l+

32 Zr.ne l+

33 7.one l¡

3l+ Zone la

Pi-nk

YeIIow

Golourless

i',l^rite

YeIlow

i,'ihite

l"Jhite
-r'hite

i,+hite

l'ihite
Pink

ldhit'e

l¡hite
tolourless
Colourless
Brounish

Brownish

i'{hite
-tJhite

tolourless
tolourless
þJhite

1',hite

trrlhite
'l'¡hite

Ðolour.less
i¡Jhite

r{hite

'!a x

}('

r\-

X

5'2

5"1+

o.u
L^

1"4
O"U

OoU

oo)

6'l+

QøZ

6"2

OaU

5.S

) "o2
o. JU

h'Q5

4.5r

6"1+3

1040

6"30
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9l+
, 

-.,1-.larK -t'Þ r¡rL" Ìþ ttt'o"
ra^ ^^+; * ^-^lué cù uIlri.ô d'lld.-L.

6 "l+

4"1
o"u

2"8

6^2

ó.0

7"L

ó"0

o"u

)oo

2,5

1.4

h"5

2,O

)"ó
o"I

).o
Añ

2.0

5.4
5 "l+

2qO

5.3
AÈ

AA

Joo

o" J-

35a

35c

"(d

?n
)l

?Ê

41

h2a

L2b

L2c

-¿
l+AÃ

l+]+b

lthc

l+5

b6a

4þþ

l+7

48a

48b
,,q

)ra
Àt t-\

53

5l+

55

/l

Zane L+

Zrle l¡

bne l+

Zclne lq

Zone l+

Tane l¡

?-one )a

bne la,

bne 14

Zone )
Zr.ne )
bne 3

7-one )
Zone )
'bne 3
7.one )
Zone 4

Zone l+

Zone l¡

Zone lu

Zone l¡

Zone h

Zc.ne la

Zc.ne 3

bne 3

Zone 3

Zone 3

Zone h

bne L¡

?rlne la

bne la

Tr.ne h

ColourLess

Pale beige
l,rlhite

Eroi'mish

l'lhite
r¡Jhite

Hhite
"r,ihite

1,'fhite

-uihite

Brov¡rish

Brovnish

llhite
il]hite
Gray

Gray

i',lhite
T,rhÍte

i{hite
i{hite
i¡hite
Brownish

'¿¡hite
ïe1Iow
TelIow

Yellow

ïeIIow
n?ìai * a

3'lrlhiùe

:rl1.r ì * a

Pale beige

ïlhite

À

X
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Á,4 , Â.7lda,K F,4 rrb. FÉ tl,t.

üa estim, anal.

59

60

OI

o¿

/lo4

o)

66

67a

6Tb

ó8a

oöÐ

.7Õ
tv

ry1 ^ILA

71b
na
{<
f72

74a

7l+b

n E,e

75b

ryFl
I(

,74
tv

añ

81a

XI FI

Tana L

Zone i1

7-one la

'Zone 4

Tane L¡,

Zone l+

?.One la

Zone l+

Tnne la

7,one j
bne )
'hne 3

Zone 3

Zone 3

Zcle )
Zone 3

Zone 3

'Zone )
Zone 3

hne J
bne 3

7,one j
Zone j
bne j
Zone 3

T-one 6

7øne 6

Znne 6

Zone 6

Zone 6

'hne 6

lø1

ó,r
6.c

5.8
6,1+

tr, ,7

1øO

l+oz

5"2

2.5

4,5

9"0

¿øo

O"U

2"5

6,a
2"5
Âq

2"7

ó.r
Os)

ì. ';¿

6"r7

3"L7

lJrr¡¡ì sh r"¡hi *.p

I,rhite

t-'Jhite

tr'lhite
i,tltiite

l,fhite

tolourless
i,,'Íhite

lllhite
Gray

YelIor+

llhite
lþrr¡

YelIot^r

YelIoinr

Colourless

Greenish gray

rrlhite

Beige

Brownish
1¡,hite

Beige

itlhite
Beige

Colourless
1,{hite to bei ge

Gray

'dhite
i,hite
Colourless

idhite

i,Jhite

jC

X
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, -'{NarK S; vrt" F;å tt¡L.
ila estia" anal .

6"0
/
Ð̂ø1
tsd
/èe

2"7

6.3

6"ì+

2.7
Fñ)" (

/F

vø J

o"u

6,h
ÃÃ./ø )
hJ

5'8
/
ÔeU

/Fo')
Á, 'r

x

3.41+

2.2

"0
3"5
l+"2

l+"O

6"c

l+"9

2"2

5*5

oâu

,c?

*4

ÊÁ

R'7

8Ba

88b

Êa

O1.ì

9T

9l+

oÊ

oo

lvvd

100b

100c

100d

1OIa

101b

!v¿v

Io3
r04
1o5
1^A

107a

10?b

Tane j
Zone 3

Zone 3

bne 3

'7ana ?

Zone )
Zone j
Zone j
Zone 3

Zone j
hne j
Tane )
Zøne j
7øne 3

Zcne J

Zone J

Zone 3

Zr:.ne 3

7-ane J

?c.ne 3

Tnne J

T.one J

Zone J

Z,one 3

Zone J

Zc.ne J

Zone J

V-one l+

Zone 4

bne J
Zone J

f*ne J

Col oueless

Coj ourless
'l,ihite

Brorvnish

tolourless
ColourLess

I'lhite
''''¡hite

T,lhite

Col-ourless

r,Jhfte
-r¡Jhite

Colourless
l'thi-re

i^lhite
i,,lhite

Grayish

Yellow

Gray

ïellow
Gray

Yellcw

Yel].ow

?'rhi.te

r¡.I]rlte

YeLlow

Greenish gray
t¡ürite

t*¡ite
rrJhi-te

l¡Tla i * o

Pink



i'Jn ï.ocation Description DTÂ Sp,gr. UCD

97

^.4 | ñ.1ltlarK Ð¿ urb. Tlo vrl.
ta estiJn" 4n3.1.

108

I llQ¡

109b

lIOa
1lÕh

11la

111b

112
'tl3

114

LL5

116

LL7

1r8
119

121

r22
12?

L24

L25

126a

L¿OÐ

L¿OC

1)'.7n

1.27b

L28

L2g

130

131

L32

133

L3l+

t35

Zone 3

Zøne j
7.one 3

Zone 6

Zone 6

Zone 6

'Z,one 6

bne 6

Zone 6

'Zone 6

7.one 6

Zøne 6

'Zone 6

Zone 6

Zone 6

Zone 6

Zone 6

Zone 6

Zone 6

Zone 3

Z-one 3

Zane J

Zone j
Zone 3

Zone J

Zone j
Zone j
Zone j
T.one J

'Zone J

7-one J

Zcne 2

3"2

2"2

l+"6

5"L

2"1+

4ø(

l+"5

2.2
l+' I
5"5
o"u

(Â

2"O

o.¿

6"4

ô"0

5,2

4"4

2.6

LuA

2.3

bôu

O"U

4"0
l11+øl

)sOO

Gray

Gray

iotlhite

Gray

ïeIlow
Yel-low

Gray

Yellow

lthite
Yellow
Beige

YeIlow

itftrite
rnhite

lihite
l,.,lhite

Broiçnish

trthite

llhite
Pink
I,"Jhite

Tellow
Pirlk
Gray

YelIow

Gray

I,ühite

'*lhite
r,{hite

Yellow
YeLlot¿

i'ihite
i{hite

X

,L



j'To" T,oca-lity

ÅF-
¡ñ

AF-

AF-

s.F-

AF-

AF.
,1ï1

åPPIÏ{DTX II

ITST OF SPETT}üìI$S FROI.I T1'iI]trR LOÜÁTITIES THATI

Source

1 l"'lontebras, France

2 i'ierrit i.fi-ne, Paris rFrance

3 Mount l"licariviai-ne

d Port Darw-in, Australia

! Port &arnrinrAustralia

ó BikitarHhcdesia

7 Hugo pegmorBlack HillsrS"Dakota
I ivíeyerrs Quarry pegm'rilli-ght I'{ile Parkt

Fremont Co"rColorado

.{F- 9 Stric}cland QuarrToPortland, Conn. rU. S"A

ÅF-10 Tin I'Iountain Mi-ner0usterr S.Dakota

ÀF-11 Varuträsk, Sweden

-{F-12 it]er,¡ loss¡Lake Re¡nsayrÌ'I. S.

AF-13 i'it "1"Lica,Paris rlulaine, U" S. A"

¡\F-14 Dobrá Vodarl,[oravia, ð5R

.q.f-15 Perurl{aine, U 
" 

Sn À"

Dept"Geol"U of i4

Depi;.Geol"U of l,i

Ðept,Geol.U of i,r

Dept. Geol. U of I"'l

Dept,Geol,U of i'i

Prof "ü"iún.Heinrich
Prof .E"trfm"Heinrich

Pro f . E,'l¡trm. H ei:rrich

-,^, -r -Itu¿r'loronto

R0i'ir Toronto

ROl'i¡Toronto

R01'{, Toronto

ROr,Ì'[, Toronto

ROi{, Toronto

R0iirToronto

n IìOi[ - 1ìo¡r¿1

TI{II T:\NCO PEGì'IATïTï]

Soirce i\io. ÐTA UüD $p"gr.

À1.5. 5 "L-2
L&"5.5.L-4
l+1" 5 " 5.1--L

41" 5. 5 ,L-5

4f .5" 5"L-3

FË wb.
estim.

i4 2L3L2

1,î. 24409

!t 1958?

E 3307

rr 6746

iv. 26992

rq, 6744

¡7b wt.
anal.

l+"'l

Ãn

2"2

b.u

4.0
)'o-
l+'6

5,1

5,4

4"8

l+"7

r"o
5"2

7 "85

\Ð



Appendix TI - continued

No" tocality

AF-l6 Coolgardieri,,i, Austral.ia

,itF-17 China

AF-18 tanon CityrCol orado¡U.$.A.

AF-20 Verndsov near A5rðSR

AF-21 China

l\F-23 Chursdorf , Saxony

AF-24 PÈibyslavice, ðSR
._w

AF-25 Kynåvart'tSR
^^ ^/ rt /\t XAF-26 Vernéiov'CSR

AF-27 Varuträ.sk, Sweden

AF-28 Ubini, tt,I" Australia

AF-29 verndfov,ðSR
.v YAF-30 Vernéiov, CSR

Al--3t noäná, risn
f

AF-32 Jeclov,CSR

.{F-33 Nová Ves, ðSR

AF-34 Bikita, S. Rhodesia

Source

ROi,frToronto

ROM,Toronto

ROI'I, Toronto

ROlÍ, Toronto

R01"1, Toronto

Dept"of l'{ineralogy
Charles Univ"rFraha
- *rllE h' l'ôôh

JJr" F" tech

Dr" F, öeeh

Dr, F, dech

Ðept,of !äneralogy
üharl-es Univ" rPraha
^ ..):ttî H t tôðhvI . ¡ ô vvv¿¡

Dr. F.ðech
Tì- I' l-a¡l¡
,¿ o a o vvvr¡

Dr" F"Cech
---rlJr" ¡'. Uecn

lln ll llaahv¿ o - e v vvr¡

Source I'lo, ÐTÀ UüD $p.gr. Fø wt'" FÉ wt"
estim" anal.

}f 14139

ri 26733

l'[ 23142-0

ï'r 25929

r'[,12963

L\Jó<.4

6"1

3"2

4"2
6"2

IT. O

6"r
2,1+

3"L

Ãñ

Tø)

ÃÃ

2"2
?q

Spec "A

98ró-Ch, U.

Spec.B

Spec 
" 
t

\o



Appendix fI - continued

No. Locality

åF-35 Peru.}taineriJ. S, A,

AF-36 Greenwood, i"Íaine, U. S" A"

AF-37 Dobrá Voaa,ðsn

AF-38 Dobrá VoaaröSn

AF-39 Dobrd Voaa,ðsn

AF-40 Eita Lithiurn i'{inerKeystone, S.Dakota

AF-41 iìill CityrS"Dakota'U. S.A"

.q.F-42 Tinton, SuDakota, U, S. A,

AF-l+3 ltiesbitt $podurnene DikerGunnison Oounty,
ColoradorU. S.A"

AF-44 ìriogukrUpper Bunna

AF-46 Karibibr South Africa
riF-/+] Plurbago, iüewryrl'laine, U. S. A 

"

"qF-48 i$ewry, lÌaine, U. S. A.

AF-49 Fremont CountyrColoradorU. S. A"

ftF-50 Coolgardi-eridest Austral-ia
AF-5t i,it.ltica, Pa,ris rlriaine, U" S 

" 
A,

ÃF-52 itit "l'fica¡ Paris rl{aine, U. S, Á.

{F-53 liainerU.S.il.

Source

Dr.H. t'tlinchell

Dr. FI,"l'linchelL

Dr" J, Stanék

ur. J " JtaneK

ur" J " )aalteK

U. S. ii. 14", ldashington

U. S 
" 
i{.i.í., irrashington

u 
" 
s. l,l 

" 
Ì"1., lüashington

U" Su N.f i. ,ldashington

U" S" iü,¡[., -i{ashington

U. S" l{ 
" 
I'I. rifashi-ngton

U 
" 

S,. ll, Iq", l{ashi.ngton

U. S. itT"ivi. , rriashington

U. S" I'i 
"Îr,f 

., l'Jashington

U " S - l'{ 
" 

1.1. r'i,'v'ashingtou

U" S 
" 
l'J. ì'i. ¡i'iashington

U. S" i'i" j.i" ,i.n'ashington

U" S" i'I.ü. rWashington

Source l,lo. DfA Um Sp.gr.

2023-3

3025-3

I
a

933L3

5327

LO2855

LL7775

ro734

Lo59L4

5841

5906

1r4040

LOI+32

20234

13736

965L6

lit,ate s i'.laLioiral. iirrseuil

Fþ lrt.
estim.

5"2
A^

4.6
6"0

h"4

4"8
216

¡7ó hrto
anal"

tk'

l"o
1Ã

r"4
l\l

n1
í.L

Ã?

r.o

l.88

t--,
LJ



Appendix ÏÏ - eontinued

Itio, Locality

Af-54 Hugo ì'ünerl3lack Hills'S.Dakota,U" S.A"

ilî-55 HebronrOxford 0ountyri'.a.ine, U. S. A"

AF- 5 ó ltrrnons Quarry, Greenwood, I'iain e, U. S" À"

.,qF-57 Euranga, Rwanda

AF-58 Lapinha lliner,jrazil
.qF-59 i,rl 

" 
A "lirare f amn, i'i 

" 
Carolina, U. S. A.

.tF-óO Fointe Du Boisrl.{anitoba, Canada

ÅF-6f Canon tityrCoÌoradorU. S. A.

AF-62 Pala, taliforniar'"1. S. A"

Af-ó3 Viitaniem-irüråjärvirFinland (f ;
AF-64 ViitanienrirJiràjàrvirFinland (II)

"qF-ó5 Chursdo rf , Saxony, Gennany

$ource

U. S" I'{. l'[. rlfashingt on

U. S. I{" T,i., tofashington

U" S.1''I. ii, , ì',lashington

U, S 
" 
l'{, lui. rl,fashington

U 
" 

S" I{.1'I, ¡lrüashington

U. S" N.Ì,i ", i'Jashington

U. S, N 
" 
I'1., itlashington

U. S 
" 
I'l"ll " r}'Iashington

U. S" itl . iv;. ,l,'lashington
U. S. lJ 

" 
i*I,, l,{ashingt,on

U 
" 

S. I{ "i'I" r'riashi-ngton
n' 1f ll iLmlrrarr
v¿ .¡ .vô4¡^vr v.)'

,source l$o" DT.{ UCD Sp.gr. I7j wt. Fló wt"
^^+-: * ^*^lç È UJ-lll ó sl lil o

LL7B37

6zs¡t x
e L6729

LL7L29

LaL855

ra}59L

96000

c ti.63
q?AÁ?

1I8ró
l-1fJI6

Blí LL27l+/.- .l¿ an itoss
et al.L969)

?tì

{c)

T"O

2,L
2.h

4oo

4o (

q)

10"17

11,I

H
>u



jìfiFEE.i¡litüEs i02

B/'UR, ì¿.Iu H, (tgSg): Ðie Kristallstruktur des Edelanblygonits ii.{1p0,,(OUrf)"
Acta Cryst, L3, 988 - 994"

B0RU0KÌJ, B. E, (L966): Hebrnnite from sodiun-l-ithium pegmatites of
Sibiria (in Russiarr). Trans. I-{i-ner. i:fuseus .4,cad"Sci" U.li.S.p," !!e
183 - 189,

Ð.A'VIðS' J. I'" (L957): Geology of the 'w'innipeg River area (Shatford Lake -
- fr,yerson Lake), Lac d.u Bon¡aet lnining Divisi-on, j{anitcba. }"ian.

Deot" i,.lines lIat. Res., i{ines Branch pubf , 56 - t, Z|pp.
dt YVOIRE, F, (fgóf): Ètu¿e d.es phosphates dtah¡ninium et de fer trivalent.

l-" - Lrort:'ophosphaùe neutre df alu¡rinirun, 3ul-L. Soc, Chernu France,
r?&, L762 - L776"

Ei/-å.NS, H. T" Jr., APPLriuLAltr, D"Jl" and HAÌ,lDivltRKER, D. s, (tgsl): The least
squares refinsnent of crystal unit cells r,¿ith polvder d.iffraction
oata by an automatic coniputer indexing raethod (abs.). irrogr.Ann.
l'faa*ina 1n¿r'!çsu!rð,uuùro Cryst. Assoc. L?63, l+2 - 18"

FrsHER, D. Ju (r95s): Pegmatite phosphates and their pz'obrems" A¡aer"

l'Íineral-. å2, 181 - 2O7,

FRONDEL, t. (f98): Ðanals S¡rstrsn of i¡üneralogy VoI.3, Sil-i-ca r¿inerals"
John htlley and Sons, Ìdew Tork,

GAILAGHIR, lulnJo (f967): Phosphates ancÌ other mj-nerals in pegnatites of
Rlrodesia and Uganda, I,finer. "tr:agazine þe 50 - 59 "

Grl\ízBURG, A.r. (1950): I'iontebrasite and it,s arteration products (in
Russian). Trans. I'Iiner. þiuseum Acad,, Sci, U.S.Íj.R.2, TZ - 85,

Gri'{zEURG, A.r. (1959): specific geochenicaJ- features of the pegroatitic
processo Rept. 2l-st sessi-on cf I.G"C,, part XVII, Copenhagen,

1l-1 - 121"

HAÅPA.LA, f . Qgee): on the granific pegmatites in the perå,seinÉi,jöki -
- Ålarrus are&, south Pohjanrnaa, Finland. Bulr-.co:nm. Geol. Finl¿nde
224, 98 p.p.

HEINRI CH, E. 1,l'm, and CORitrY, ,4," (tgSl): þfontebrasite íronr Jlight 1"{i1e Park,
Fre¡nont Countyrtol-oradoo Amern l.äneral" 49, 1l4J- - II{5.

HUTCtill\SOlJe R.l"f, (1959 ): Geology of the il,lontgary pegmatite* Econ. GeoI"

54, L525 - L542.

IVAI\TOVA¡ V"P" {fyef ): Therrnograms of l"ij-n:rals (in Russian), }.ie¡n..Al-l-Union



L03

l{iner. tu"" 29, 50 - 90.

I{ITTRIÛK, J.,t" and HCPE, li. ri'. (tg67): .{ procedure for the identification
of small crystals by ìGray diffraction analysis, Arner" l,äneral, l!,
286 - 29t+"

/- ^^ - \ -,LAI{DES, Ko K, 11925 ): The paragenesis oÍ the granite pegrnatites of
tentral i,fa.ine" Amer" j'.linera}" LO, 355 - À1I"

lINÐBffiG, I'{. L. and. P}JCOP,,1., I,,I. T. (tgSlr): Tavorite and. barbosalite, two

new phosphate rninerals from ]"ünais Geraiso Brazil. Sci-ence fllr 739,

i,iAr\LY¡ R, L. (1950): The differential thermal analysis of certain
phosphates. Amer. l{ineral-, 22' IOg - 1I5.

1'{oSS, A. 4., FEJER,, E. E. and Ei'lì3REY, P. G" (L969 ): 0n the X-ray identi-
fication of emblygonite and montebrasite, iuäner. ir'agazíne 23-t !If+ -
LL14à

îùE1,, H. J. (fçó¿)r Petalite and amblygonÍte from Karibib, *qouth T¡iest

Africa, ^Amer. Iriiner" !5 5L - 57"

i''IICIGL, Ê. H. (fçóf )r The l.íineralogy oÍ the Bernic Lake Pegilatite,

Southeastern i.Íanitoba. Dept" I''ä-nes and Techn" Surveys, fiines tsranch,

Techn, Bul-I" TB 20, 38 pp"

i'üTCKEL, i!.H,, ROTr,ry,Al{11, Jn F" and ivlc.åÐAlii, R, ü, {lgel)¡ l',¡odginite - a nel¡r

tin-nanganese tantalate from i,fodgina, /tustralia anci liernic Lake,

I,ianitoba" tan. ì.[iner. f-, pt"3, 39O - 4O2.

NICOLAS, A, (J9Og): Dispersion de Ia densité dans un ¡dndral homogène,

8u11. Soc. franç, Mindr" Crist, 91182 - f84"

PALACHE, C,, FJTHI'IIOI'ID, 1,',i. E. and tvOLF:i, Co1ri. (Lglß): On arnblygonite"

.Axner" l,üneraf-. &, 39 - 53"

PIT.LACHE, ü", BãRitLN, H. and FRONDEL, to (fçlf)¡ Ðanats Systern of ltineralogy,

Vo1,2, 7th ed""John i'tíiley and llons, iJew Ïork"
P0UGH, F, H" anc. Illli$ÐEiìSoi\, E. P" (L9ü,5): Brazilianite, a ne!¡ phosphate

n:ineral-. Arqer. l'li-neral. fl, 572 - 582"
,i,UËt'lSIL, P, (lçll): ltinerals of the Varu-trd.sk pegnatite, VI[. The

amblygonite group. Geol,Fören, Stockholnr. FSrh' 59u 455 - h68.

QUËNSEI,, ?" (L956): The paragenesis of the Varutråsk pegmatite including
a review of íts mineral assemblage. Ark" l''üneral" Geol , ?t 9 - L25"

Qullì\SEL, P, (tgOZ): I,Íi-nerals of t-he Varutrdsk pegrnatite" ltl{Id" Á. fourth
variety of rnontebrasite" GeoI.Fören. Stockholm, i'-örh.S, 318 - 326"



r04

SlÏCl'{OVe Vo I" and BET.OVe l'i, V, (fç¡S); The detennination of the structure
of anblygonite by the rni-njrnurc-function metl¡od" K¡.istallografíya, )u
)+28 _ 4i7,

St*t'lËf, J" (f g¿¡ ) : Contributì ons to the r¿ineral ogy of the South-l{oravi-an
County (Pegmatite from Dobrd Voda near Velké I'iezefíðí)(jn Cøecir),
Folia Fac, Sci" Nat" Univ, purkynianae {r g, L _ 3g"

STRU¡IZ, H. (L957): l'{ineralogische Tabellen" 3rd ed. Leipzig"
STP,UI{Z, H. (f966): i{lneralogische Tabellen" 4th ed,. Leipzig.
STRUTi]Z¡ H, and FI$HER, i"í. (tçSl}: Childro-Eosphoritu Tavorit und FairfÍel-

dit von Hagendorf. Iü. Jahrb. ltiner. lüt" l957s Zg _ gB,

\fÅÁ.SOV, K' A. et aI" (19ó4); Geochemistry and i.tineralogy of Ììare elements
and genetic types of their deposits" vol" 2 - i'[ineralogy of rare
el-ements (in Russian). Iüauka l"ioscow (¡ngf, transl-a'r,ion Jerusalem 1966).

VOLBORTH, A, (tçSl)l i.{ontebrasit (Å¡rUlygonit) von Eråjä,rvi. t" R. Soc,

Geol, Finland_e 24, Bu.Ll" Conm. Geol. Fi¡lande L5t+-, l7L - L76.
VOLBORTH, J{" (]-ç56): Die I'finerarparagenese irn Lithiurnpegmatit von

Viitaniemr, (Zentralfir¡land), vom geochenrischen Sticrprinkt. l¡Iiner,
Petrogr. i.lH-tt. 2, 273 - 283.

I'JEIBEL, Ì'1" (lgSO): lrrnblygonite, cassiterite and associatec. mj¡erals
frorn taceres, l,,rlestern Spain, Arner. itriineral_. lù,, 4_l - 48"

}TTIICHF,LL, A, iiI, and -lrllNCHELL, H, (L95L): Elehents of optical mj::eralogy II",
4th ed., John híiIey and Sons, lùer¡¡ York.

irnIGHT, Co ¡{" (L963): Geology and origin of the pollucite-bearing ]riontgary
pegmatite, l'fanitoba (eutt" Geol_. Socu A¡nerica 7L, gLg - gtl,5"

1,"JÎïGHT, T, L. and srIÍiIÅBT, D. B, (rç04): :i-ray anci opfical study of arkal i
feJ-d-spar; I. Ðeterrni-natj-on of co¡nno-.ition anC structural- sta|e fron
Z'e-fifled 1¡.¡i L-naì I nr¡rma*^fS 2i,/.:,r:fef . -5nef.r,\, fr-, jÍl _ gI ,


