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CHAPTER T

ÏNTRODUCTTON

lïhLle worklng f.n Ottawa at the radLoactfvlty
labonatony of the MLneralogy section of the Geologf.eal

Sunvey of Canada dunf.ng the summeÌ" of Lg48u the author

became lntenested ln nadLoaetLve minenaS-s, on whieh much

X-ray dLffr.aetf.on work nemalns to be done" Dp, H, V,

Ellswonth (MineralogLst, Geologf.caL Survey of Canada) klndJ.y

donated e reprcsentati.ve eoLLectlon of these mlnenaJ-su

mostLy fnom Canadfan loca3-1Èf.esu many of whieh he has

analysed ehemf-eal-Iy (El1sworth, L9õ2)" Other speclmens of
nadioactive mine¡rals were obtaLned from the Mtne:ralogícal

Museum of the Department of GeoJ-ogyu Inafverel-ty of Manftoba.

lhe most Lmportant nadloaetLve eonstltuents of the

radloactf.ve mf.nenals are uranLr¡m and thorlum. Despl-te thel¡r

hf.gh atomle weightsu these two elements are usually pnesent

ln reletlveLy small pencentagess and. commonly range from O

to 15/" by wefght; notable exceptions are urantnLte and

thorf.anite whLch eontain noughly 80% of these elemonts"

Often assocfated. wlth the uranf.um and thorl-um ar.,e vanLable

amounùs of the t:âF€-aâtrth elements (oerf.umn lanthanumu

trdf.odymlumr!, enbLrm, etc,) and the elosely-r.el-ated el-ement

yttrlum" The radLoactLve mlnerals whLch eonteLn these rare-

earth elements often e:rhf.btt a unS.que property: the presenee

of crystal faces with the absence of negular atomf.c
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srr"angement, Sueh mfnerals ane termed rrmetamf-etrr,

Certain oxLdes constltute the langest gnoup of
radj.oaetive mineral-sg some sLl-icates and a consLdenablc

number of phosphafes, arsenates, vanadatesu and sulphates

melce up most of the ¡:emaindenn The present study deals

ma1nly wf.th some of the oxldes, a1though X-ray powd.en

ptctunes of a numben of the other minenals were taken"

Tn the x"eeently publLshed Seventh EdLtton of Danass

åtr9_tem_of Mlgglsþgy (Palaehe, Berman, & Frondel, l-944), the

naturaL oxl-d.ee have been dLvf.ded lnto flve groups, the

foll-owlng two of wh.i-eh fnelud.e most of the radloaetlve oxl.de

mi.nerals:

1" Oxfdes eontaining uranium, thorf.umu and zLrconf.tr¡n"

2" Multiple oxfdes contalnlng eolurnbLum, tantalumu and

titanf.um"

Ttre fLrst of these groups includes unaninlte U0Z,

thorfanLte ThO2u baddeleylte ZnO2o and the hydrated

d.ecomposLtlon produets of unanf.nl.te. lñIork on thLs group was

conflned to the u¡:anlnLte-thorianf.te serfes whLch lnslud.es

sueh varfetLes as pltchbl-ende and bröggerÍ.te,

The second group eonsLsts of mul-bLple oxf.des of fhe

type AmBnO(m+n)¡ where mgn vanf.es from lsL to LzZ, snd

A e r?8.r3€-earthsu TJe Th, Fu?, Nâ, Mrr, and. Zn3 B = Cbu Tâ, Tlu

Snu W?u Zr?, Fe5?" The erystal systems fn whleh members of

thls group erystallize vary from lsometrf.e (mlcrol-ltc-

pyrochlore serfes) to posstbly monoclLnLc (arlzonl-te)' Thts



group affords many examples of metamict minerals'
ttThe crystallography of these muLË1p1e oxides 1s onJ-y
lmperfeôt1y known because they are nearly all
noncrystalilne pseud.omorphs of the orÍginal mlnerals,,
that í", they """ ¡41õt . ø ø " ffiren they are heated.
they reiertr-presuñãffio the origf.nal structure
(enitting a-giow, due Lã¡ r"ecrystal-lization), but the
érystallIne ünitá are tiny and. not- oniented wlth nespect
to" the orlglnal external iaces" The change ln- structure
after f.gnitlon can readlly be detected r¡nd'er the
mf.cr"oscõpe or by X-ray dtifraction ptetürêsufr (Palache,
Berman, & Frondel, I944e Pe 7451"

Because of the cryptocrystalline eharacter of these metamlct

minerals after heatlng, sf.ngle-crystal X-ray pietu:res of

them ?rave not been obtaÍned, and. for many of the metamlet

mlnerals of thf.s group on1-y the morphologieal axj.aL e3.ements,

and not the unlt eo}I dÍmenslonsr are knorryn'

The present research was eoÏleerned prlncipally wj-th

obtalnfng the r¡ni.t cell dimenslons and spaee-group of

minerals which are metamlct. To this endu after some

prelLminary wonk ?rad been d.one on the uranlnite-thorlanite

serieso a study of the metamlct oxl-d.es was und.ertaken

commenclng with the microlf-te-pyroehlore serfes. thls group

wås chosen fon the tnitlal work for two neasons: firstlyu

the mÍ::erals of thj-s serles crystalllze ln the cubie system;

and secondl-yu microlite often oecurs only partially

metamlet, The remaLnder of the work u¡as dovoted to a study

of the euxenitè-polycrase series"



CITAPTER TT

Ð(PERIME1TTAI, METHODS

In the course of studying these mineirals a varLety of
technl.ques was used" These Lncluded vanlous X-ray dlffractfon
methods, speelflc gravity d.etermLnatfons, heating experfmentg,

and gnaphlcal analyses of the X-ray evfdence. Each of these

1s d.iscussed brlefLy below,

X-ral_Bowdel_$g_Lho$u A eomplete deserLptl-on of

X-ray powd.er d.lffractf.on methods may be obtafned fnom a

vartety of standand texts suoh as Bragg & Bragg (1925) and

Brmn (1945) " It f.s sufflel.enü to say here that an X-ray

powder pfeture of a substance 1s obtained when a bean of

monoehromatie X-rays Ís passed. through a sultably prepared

specfnen of the powdered materlalo end the d.l-ffracted rays

are re@onded on a.stníp of flLm heLd Ln a ey1f,ndr"lcal shape

eoneentrlc wtth the specfmen" The d.Lffracted rays whlch are

conieal Ín shape appoar on the fllm as a serles of arcs of

varying lntensi-ty as shown by flgures L to LI' lhe posltlon

of each l-f.ne f.s pnoportf-ona} to the spaef"ng of the set ( on

sete) of planes contrlbuttng to lt, and the l-ntensf.ty of

each llne ls detenmlned prÍncf.pally by the kfnd' and

arrâ.ngement of the eonstitr.lent atoms of the crystalu Hence,

1n the great majority of easese overy crystalllne eompound

wtl1 gf.ve Lts own eharacterLsÈle powd.er pattern. For thts

reasone X-ray powder diffractlon ls a very useful- methd of
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mLnenal- Ldentf.ficatl.on "

In reeordtng the powd.er pattern, both the f.ntensf-ty

and the spacfng of each lLne are used" In conformlty wfth

present-d.ay praetlse, all LntensLtLes given ln thLs report

have been vlsually estlmated usLng a scal-e in whl-eh the

strongest ljne on each fLlm ls arbftranlly assigned the

value 1O. It !s customary to record the spacf.ngs of the

lattLce p1-anes contrLbutlng to the llnes, rather than the

ltne posltlons on the fflm, since the latter vary wlth the

wavelength of the X-rays and wlth the diameten of the eamer&

used, The powd.er earÁeras used durfng thts f.nvestf-gatf-on are

ofadLa^neter(5?"5nmr)sr¡chthatadistaneeoflllm"onthe
ffLm le equal to a glanef.ng angle d of lou agd the gla¡cf'ng

angle is r.eadily eonverted. to the spacing d of the

correspondf.ng lattLce planes by a solutlon of the Bragg

equatlonu d s \/ZsSnfl, where À ls the wavelength of the

X-rays used, A set of lattlce spaoing tabl'es (Forman, l-94?)

fo:: coppsr Koø, nadf.atlonu based on the above equati-one were

used. to eonvert the gJ-anef-ng a¡gJ-es to lattLce SpacLngs, and

aLl :results are gf.ven Ln kx r¡nlts (cuÏ(o6' s 1'56',14 kX)'

slnee the posltions of the lLnes on sÍ} x-ray powd'er

pietræe gf-ve only the spaelnge- of the contrLbutf-ng sets of

planes and. not their cr:ystal-lographf.e or.l-entatf-on, the

d.LmensLons of the unl-t cel-I and the possible spaee-groÌlps

can noü be readLly obtaf.ned from powd.er pletures except

where the substanee ln questlon erystalllzes in one of the
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hlgher: sytmretry systems" Proced.ures fon usfng powd.en

pLctures to obtain this ínformatl.on are df-scussed bel-ow

under Graphl-caL Methods"

S:lngfJ>-Cnystal X-ray ltetho.ds' The d'l-menslons of the

r¡nLt ce11 a¡d the space-group are usually dètermf-ned by

means of slngle-crystal X-::ay photographs" These are

obÈal.ned by notatlng¡ about a crystaLlographlc axis, a

sfngle small erystal of the substagce wl-thln 4 þecm of

monochromatLe X*rays, The diffracted beams from the varlous

planes air.e necord.ed. on a eylindricaJ. sheet of fLlm whieh may

or may not be moved f.nconjunction wLth the ::otatLon of the

speef.men, aecording to the resul-ts desired. A eompJ-ete

descrlptfon of slng1e-cnystal methods wf.Ll be found !n any

of the stand.ard texts on the subjeet sueh as those cLted

above.

graphLcal Methods" In onder to obtaLn the unlt oell

dÍmenslons anrd, f.f possíbleu the space-group of a

crystalLlne substaxree fron lts-powde3 pleture, graphf ca1

methods may sometlmes be used for Lndexf.ng powd.er paüterns.

These method.s are based. on the faet that the spacÍ'ng of any

set of Lattf.ee planes wLthln a crystal depend.s upon a

limlted nu¡nber of varLables. For a¡ lsometrlc crystal, the

simplest ease, the spacing d. of any set of planesu (hkl), l-s

determLned by one celL dLmenslofl &o; |n a tetragonal crystal,

by two cell dfmensfonsu âs and c6¡ and so on wf'th f.ncreaslng

complexf-ty r:ntf.l, lo a trLclLnlc erystal, Lt is d'etermlned
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aby ao, bop eCIe 6s P s an¿ l" Ttrus for the isometric system

frcubLc erystal analyserrt may be constructed., showing the

varLatlon of d wfth a6 for a senies of hkl¡s" Then, by

plotting the spaef.ngs obtained from the powder plcture of an

fsometrl.c substance on a strlp of paper (using the same

scale as used Ln constructing the analyser) one eane by

comparf.ng thf.s set of spacfngs wl-üh those on the analysert

find a posf.tlon such that each polnt on the st:rip is matehed

by a l1ne on the analyser' From ühLs are obtal.ned' the

fndices of the lLnes on the powder pattenn and the lengtb of,

the unit eell edge" Fnom the systematlc extfnctions ln the

pattern thus obtained j.t fs possf.bS.e to deduce the tSrpe of

lattLce and often the posslble spaee-groups@

Thfs method becomes more complicated as the numbe¡ of

vanLables fncreases, and f.t l.s not usualLy feasible for

systems othen than the lsometrlc, tetragonalu and' hexagonal'

A more complete descrlptj-on of this method may be found fn

Bunn (1945e PP" J.62 and 679) @

an extenslon of thls method was used ln studying

euxenite whlch f-s orthonhombic. In this casee the axial

ratio obtaLned from morphoLogleal lneasurements $¡as assumed

to be correct, and. d was plotted agaf.nst be, wlth as a¡d ep

being determLned by the axLaL ratio" The detaLLe of this

method and its appJ.lcatLon are descnlbed later on page õOn

Heatl-ng ExperLmentg" To obtaLn x-nay powder plcÈures

of metamict mineralse Lt was sufff.clento Ln most cases, to
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heat the specimens for about a mlnuto l-n the fLame of a

Tynrel burnen (temperatures up to IOOOoC) " In studylng

euxeniteo however, several heattng experLments were canrLed'

out in or"der to study the effects of the temperature â¡rd'

duration of heating on the Ï-ray powder pattern. For ühis

purpose a¡r electrlc fiænace was, used. for ?reatingo and' a

chromel-alr¡¡rel thenmocouple attaohed to a Hoskins thermo-

eleetrlc pynometer was used to neasure the temperatllr@"

Consf.derabLe flr¡ctuatlon of the tempenature occurred' slnce

the furnaee was har¡d.-controLl-ed as,fd marry of the heatlrrg

experf-ments extended over eonslderabLe periods of tfme'

The temperatures quoted are oollsldered accurate wlthin

L 260C "

Specl.fic Gravlty Ðete::nrlnall-ons. In conJr:notion wlth

the heatlng experlmentse spectfic gravlties of some

euxenltes rffiere determlned in order to study the effect of

heatlng on the density of the mineral" These determinations

were made on small fragments uslng a Berman d'ensfty balance"



CEAPTER ÏTT

REVTEW OF THE LITERATTIRE ON TTM METAMTCT STATE

Tn vlew of the eLose aesociatlon of the metaralct

state ar¿d nadÍoaetivity tn mLnerals, a revf.ew of the mosf

inpontant papers on metarnl.et ml,nenals f.s presented he¡re'

1[" Co Bnðgger (fggg) lntnoduced. the term tlmetamictrr

to deslgnate those arnorphous mi:rerals whtch orlgfnate out of

onlglnal-ly cr"ystallLne material by ttgeeonda¡'y moleeulan

rearrangementtr" Exannples of these mineraLs are orthf.te,

gadolf.nite, sanarsklteu euxenj"te, polyerasee polymf-gniteo

pynochLoren fergusonlte, ühorite, zlrcon, eteu He noted

thet these minerals possess conpllcated ttmoleculestr, ar¡d he

belioved thaü the i.nferlor stablllty of such molecules Ís

probably the neason fo¡r the rea¡'rangement. He aLso pof-nted

out that netamiet mi.nerals always have a higher water

eontent than the r¡naltened. mÍnerals and. suggested. that the

ehange ntght be due to thls"

0. Mtlgge (1922) eostpared the characteristlcs of these

mine¡rals w'Lth those of natural (slLfeate) glasses, and put

forwend the üheory that metamiot minerals are the result of

the break dovrn of the oniginal structure under the I'nfluenes

of radioactivlty. IIe observed that most meta¡nLet minerals

have e consl.d,erable degree of radloactlvity, and that sQme

pleochroio hal-os Ïrave a zone betwep.re the coloured tralo arid-

the r:adloactive nucleus fn whicb the onlg1nal. materlal"
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appears to have been broken d.owr to aTÌ a¡norphous eond,i,tÍon@

Goldsehmidt (19?.4l', h.owever, holds that rad.foaetlvlty
p1åys e very nfuaór part, ff any, fn the tra¡¡sfomatfono Ee

belleves the neeess&ry cond.iËtons for brf.nglng about the

netamicË aondÍtlon are:
rrAu The eonstltuent origfnal cr,gstal Lattf.ce raust be a
weak fonfc Lattfce 1n order to penmJ.t the transformaËion
and. eventuaL bydnolysLsu
Bu The Lattlce mr'rst eonüaln one or nore t¡rpes of Lo¡rs

¡sbich are partlcr¡Lanfly suseeptfbLe to vaiLenee change,
sueh as espeof.al.ly the lons of the rare eanthsu
Gu Tn marry cases 1t may be neeessary ln addLtLon that

reLatf.veJ-y stnong rays aot on the cnystaL, ef.Ëtrer r_ays
firom nadÍ.oacEve r¡ratenial"s whfch ane contained ln the
erystal ltself or radLoaetfve rays firom outstd.e thó
erysEar o

Condf.tlon A aLone i.s not suffl.eient to brf.ng about
ühe metamlct cond.ltlon (thonvettlte, many thal-enltes)¡
llkewise eond.f tlon B (monazite a.nd xenotime), nor
conditlon C (bnðggerlteu thorÍanite, and monâzite)rt'
(V. M. Goldschmidte L9?4, p" 590 trans")

L. Vegard (lgZt) attrlbr¡ted. the meta¡rLct cond.ltion of

xenotLme to lts cnystalLLzation under higb pressure" He

found that thô strueture of xenotlme Ls slmllar to that of

zlneon but the atoms of xenotf.me would have to suffer a

centaf.n traccomod.atlonrr and. therefone 1t proba-bIy j
er¡rstallfzed. under great pressure' At nonmaL pressures the

structulne v¡ould, be unstabl-e and ttre nlneral wouLd neadfl-y

ehange to the metenLet state"

Au FaessLor (f9+e¡ lnvestigated the regainf.ng of

cnystalline struoture by gadollnf.te on heatf.ng' Ee fot¡od

that the ehange takes place sud.denly at absut EOOoC with a

br.lLLtant g3-ow but aLso ta.kes place sJ.ow].y at lower

tempenatüress He belei.ved that the transformatlon ts the
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metamict state 1s pr.obably due to oc redLation fnom

radtoactfve substences" Ile al-so suggested thaü mfneraLs

wLtb extensi-ve lsomorphous replacement are Less stableo and

Llable to the change*ovstro

As well as the above nevf.ew, a seareh was mad,e

through Strtrktuirberichtn Mlnoralogical AbstnaeÈs, and. Danacs

Systeq of MLnq¡rslom (Seventh Edf.tfon, volr¡me 1), fon

prevíous f,erâ¡r work on the partfculan mlneralg stud.led"

Infor"matfon obtal.ned from thls survey f.s gLven later wh.en

the mfnerals concerned ane d.f.seussed."
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Ï]RANINTTE-THORTANITE SERIES

fhl"s senies lnelud.es¡ âs well as uraninite and

thorianf.te, pltchblende (massLve or collofolm uranlnLte)u

bröggenf.te (a thorf.ar¡ urac¡lnlte tuf.th some f,&I3e-ealrth metals),
"af¡4 cleveLte and nl.venf-te (rare-earth beanl.ng uranLnites ) "

Other names applied to mfnenals of thls serles are nastllratl

(pltehblende) and ul¡rLchlte (uraninlte) (Palache, Berman, &

Frondel, Lg44l. ldone of these mineraLs ls ever meta¡rlct" A

compl-ete serles between uranf.nite, VOZc ar¡d. tho¡rf.anLte, fr09,

haE never been for¡nd 5.n naturen but sueh a serLes has been

produced. artffLefally (!uell-s, FaLrehlLd, & Ross, L9õõ).

These minerels cr"ystaLllze fn the hexoctatredral

(normal) cLass of the LsometrLc systenr, and. have a eell ed.ge

so of approxlmateJ.y 5.47 kX for urer¡f.nlte and.5"5? kX for

thonlanite (Goldse¡mldt & Thomassen, L92õ).

X-ray powder pLctures of nineteen speelmens of thls

serLes were talren, reado a¡rd lndexed trsing a cublc erystaJ.

enalysen (see p" 7). Table I gfveso for a typf.cal uranlnlteo

the fndexed^ powder data whLch are ln reasonable agneement

wf th those pub}lshed fn the ASTM cand lnd.ex (1945) " Table

II glves a Llst of the speef.mens exanined.u the celI edge

d.erlved from powder photographs of each onee ar¡d the

neasured speclflc gnavf.ty for most of them' Sevenal of the

spee{mens were 3.angeJ.y aLtered, agd fragments suLtabLe for
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rABLE Ï

URA¡III\TITE -- ( Ur fir) 02: X-RAY pOnDER PATTERN

LoealÍty: Lot õ10 Range lu Ottawa eounty, Pue"

Gubic, F-lattJ.ce¡ aÕ e 5'45? kXo fr = 4

I _ q(,cu)_q(meâ )

2 ]"2"83 3.1-4 (1L1) 5"15

10 14.10 õ"L6 (LLl_) õ"L5

5 16"õ8 2,79 (OO2) 2"',16

8 23"46 r"962 (O?2) 1"93L

È 25"05 L" 640 (11õ) 1 "645

8 2l "85 L " 
646 ( 115j), 1" 645

2 29"25 r"574 (?.22) r.575

1 64"30 L"964 (OO4) " L"664

6 õ?.95 L.25O (1õõ) L"r¿52

3 39.10 1.219 (024) !.22O

3 46"65 1"114 (?24) r"LL4

f (eoa¡1
3 4',1 "O5 1. " 

O50 1 I L ,050tlsrr¡l
1 52"95 O"963 {O44) O.9oS

4 56,õ5 O.9P,3 (rgS) O.922

I ( 600)ì
2 5'1,65 O"gLO { I O"91O

t(442) r

2 6õu05 O"862 (026) 0,865

2 67"65 O.8õ3 (5õõ) O"8õ2

2 69"15 0"823 (622) A.826

+ ??.95 0"?96 (4q4\ o.?88



ÎABLE ÏÏ

IIRANTN]TE-THORTANITE SERIES: DENSTT{T A]ED CELL ffiE

OF SPECTMENS FROM VARTOUS LOCAI,TTIES

14

Mineral

Thorl.anite

It

Urani^nito

ll

ll

l¡

rl

l!

ll

ll

il

n

ll

il

Pftchblende
It

il

t¡

il

fi

Antiflclal Ít;.OZ

Galle, CeYlon

Ceylon

Shemer quarrYe Easte:rn Penn"

ArtlfLcLal UOg

Branchvf.lle, Conrto e U"S.A"

Raade, NorwaY (var" Brðggerite)

Wi.lberforcee 0ntarlo

Lot õtr-, R, I, Ottawa cooe P"Q"

Belgian Oongo

Besner Mine, flenveY twP",
Parry Sor:nd Ðf.st", Ont"

Yanaey cooe N. Carollnan UoS.Ao

Ðeer Park Mfne, SPruee PÍnest
N. Carollna, Û.S.4"

Lanark co o e Ont "

Lot 9e Rn 2e Mattavra¡r twP.n Ont'

ReboleLra PiroPertY, Portugal

Varlous

Great Bear Lalce, N.lff,T.

Great Bear Lake, NoW'T"

Great Bear Lalee, N.W.T"

Hottatr Lake, N'W'T.

BLack Lake, Saske

9,9?*

I "43

10"95æ

g 
"73æ

7"05

6" 50

9.5õ

6"52

8" 64

6"5-9.54

6" 46

6" 51

6"46

5" 61ã

5,564

5.552

5.494

5 "47æ

5"416

5"474

5.458

5,45',t

5.447

5"443

5 "468

5"435

5 "425
5 "422
5"598

5,42-5"45ã

5"464

5"461

5.450

5"4õO

5 ^392

Ë fron Palactre, Bernart, a¡rd Frond'eln 1944"
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speeÍfle gravLty detert¡rfnatlons eould' not be obtaLned from

them" lülrere the specffLe gravÍtles were measured'e a range

of val¡aes was obtaj.ned for eaeb sffaple" I¡n all- casese the

specffLe gravity qreoted ls the Largest, sånee the varLatLon:'

l-s due to d.lfferent degnees of al-teratåonu and' the r¡naltered

mLneraL has the gï'eatest specfff'c gra\rlty"

F5.gures 3- to 4 show powder photographs of four

d.i.fferent members of thÍ.s senies"
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Flg" n

F1g, 2

Ffg, õ

Flg" 4

FLgures Ie 2s Ss 4. *- X-nay powder photographs of
uranLnl.te-thorLarllte senieso Cü nadLatlon, Ni fllten; 1 m"
on ff.lm = lod ; aetuaL sj-ze" Flgure L. -- PLtohblend'e,
Great Bear Lake, a.o s 5"46L kX" Fj.gur"e 2' Uranlnite,
Lot 9e Range 2s Mattawan tvrp.u Ontarlo, ao æ 5.4?2 EN"
Flgune õ, Uranf.nf-teu Branehvllleu Çorut.o U"S.A_"e ao Ë

5"4?5 kX, Ff.gui:e 4. -- Thorlaniteu Galle, Ceylonu âs ã
5.564 kX,



CHAPTER V

PYROCM,ONE.MICROL]TE SERTES

Thls serLes fneludess âe well es pyroohl_ore and

mierolf.teu the varf.etf.es ellsworthlte, hatchettoliteu ar¡d.

uraxrpyroehl-on (all ur"anlan pyroehlores), endeLolLte

(pnobably an alteired. pynochlore)c neotantalLte (an altered

nlcroLite) u manLgnaeLte (a non-¡setamLet pyroehlone)e and

pyrrhlteu kopplte, a¡¡d ohaleolarryrnlte (alI evLdently menrbers

of ühfs serfes),

Íhe eomposLtl.on of these mlnerals may be exprossed by

Èhe formuLa A2B20O(0,OH,F), where A e Na, G&u Ks ffigs F*2,

&finz, Sbzu Pb?e C@, Le, Ðlu Ea, Ye ß:.e Zru ü; ar¡d B = Gb, T&,

Tlo Sn?, Feö?n W?o lÌ-sted fn approxfmate orden of lmportanc@.

Pyroehlore Ls the hLgh-Gb end.*member (Iitau Ca) 2Cb205F, and

mf.erol-Í.te 1s the hJ.gh-la end-member (Ua, Ca) 2Ta2O6(0oOHrF)

Thene Ls a aontÍil¡ous s_erles between the hf"gh-Cb and hf.gh-fa

members but the maJority of the mineraLs have composltlons

near one end or" the other" (Pal"aehe, Berrnart, & F'rondel, 1944)

These mLnerals crystal.J.f.ze 1n space-group Fdõm of the

Ïrexoetahed.nal- (normal-) elass of the fsometrLc system" The

eeLl edge 8.6 Ls about L0"õ5 kX for pynochl"ore and. l-O'5? to

10"40 kX for mlerolLte. The members of thi-s eerl-es &re

almost all meta¡rl-ct, buË thls eharaeterLstLc varles fnom

slight to eomPlete"

X-ray powder diffractton photographs were taken of
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one speofmen of mfcrolÍ.te, one of pyrochLone" a¡rd two of
eLlswonthfte" ALl- of these were metamLct and. weire Ïreated

and rephotographed although the mLcrollte was only partfal}y

metamict and gave a less dLstLnct pf-cture wLthout heatlng.

The pictures obtatned f.n thls maruler were read and lndexed

using the eublc crystal analyser' The Lndexed powder d.ata

for micnoLf.te (heated) from "Amelfa Count Houseu Vf.ngf"nlau

are gf.ven tn Table III. Table IV glves the eell qdges of

the four speoi.mens w!Ètr pubLlshed speeLffc gravltåes fon

these mLneraLs f¡rom the same locaLl-ties.

The heated mLeroLÍte gave a total of fourüeen

extraneous ll-nes, having an Lntenslty of one or lessu srhieh

could not be Lndexed or aeoounted for by Lmpunl"tles" For

this reasorÌ a sLngle-cr¡r,stal treatment of ml-cnoLl'te TYas

und.ertaken to determlne whether these Ll'nes beJ-onged to the

mfcrollte pattern" Further, sinee a sltght change ín celL

edge was observed aften heating, this was done for both t}-e

heated a¡'rd. the r¡nheated microllte" For thls purposee a

small fragment of a mLcrollte erystal whlch showed portf-ons

of two octahedral faces and. one d'odecahedraL faee was

mounted for rotatfon about s. [roo1 axfs, and' rotaflonr zero*

and. Lst-layer welesenberg photogr:aphs were taken' The

fbagrnent was then ?reated to gS.owlng f-n a bunsen flaure, and'

the pnoeedr¡ne repeated." llhe heated mieroLLte gave mueh more

Lntenee spots on the flln wj.th even less exposure. 0n3'y the

photographs for the heated mf.crolite were read' eornplefeJ'y'
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TABLE ÏÏI

MrcRoLlTE (Un¿rpp) (Narca) 2Ta2Q6(0eoH,F) s X-RAY PoltrDER PATTffiN

Loealltyc Aaella Cou¡rt House, Vf.rgf.nf.a, U,S"A,

0ub5.c, FdSm; ao æ loe40g kX, Z e I

I , d(cu) +(meâs) (hlc

6 ',1.4o 5"97 (1rr ) 6"OL

+ L4"05 5"68 {o22) 5,68

È La"bb 2"9't (?z.2]- 5"oo

4 L4"55 5"1O (l-15) 5.1"4

1"0 15" oo 2*9Y {?.?3,} õ ' OO

6 L?"58 2,5',1 (oO4) 2"60

1 18,85 2"68 (rA0 ¡ 2'69

t 2r,45 z"l-o (zz+) z"Lz

f (õõõ)l
2 ?;2,65 l-"996 { I 2'OO

L(su),

8 24"8O 1.8õõ (O44) l-'8õ9

2 26"00 1,754 (rOs¡ L'?58

È ?'6.85 L*7O2 (?44) 1"734

+ zg"o5 L.58õ (5õ5) Lu586

8 29"50 1*561 (622) L'568

2 õO,88 l-,498 {,444) r..5ol-

I (?11)')
2 õ1,95 1"45õ I I r"457

L( 551) )

r(7õ1)l
2 64.YA 1"õ50 J l 1"654

t(553),

l(to" e"o)l
1.0l-6 { I 1,020

t (8621 )

¡(zyõ) I
3"007 { I L"oo6

((e5L) )

L. ool ( 666) l-, ool

0,9?o (956) O,97O

/( lL.1",1)-)
o"9õ? { I 0.9õ6

l. (??5) )

o" 9l-9 (88O) O" 919

/(ll.5"L) \rl
o.eoe {tozL) T 

o"eoe
I((gssl )

/(to" 6.2)\
o.88O { } o"B?9((eoo¡ )

((1z"o.o)l
0"86? i ) 0"86?

l. (884) J

l( tt ' s" 1)l
o"85? I t 0.858

((7??) J

¡(L2" 2" 2)l
0"846 f t 0"8,44

\(10,6"4¡t

t 49"lb

È 49 "75

6 50"20

È 62"40

L 55"15

2 56"75

2 57 r'15

4 60,90

3 62"45

L 65"?5

+ 65"25

eontlnued., next Påge
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TABLE III (contlnued)

I- 0(su) d(neas) (1ù1

2

l_ã

1
'+

1
4

3

8

õ8"95

õ9"85

40.L5

43-"35

1 42"45

+ 42,96

È q3"88

l" 44"80

3 46"ô5

1"??,8

3.200

L.192

L"1"6õ -

L "Lõ9

1,128

L,Ll_o

L"ogL

l" 
" 
062

l_,õoo

L"?7L

L "226

1u 20L

1,19õ

L,L63

T,L42

1"Lõ5

L,109

l_. o91

L" 062

o,855

o"822

o"Bl-4

o"?96

o"?9õ

o",184

o,7'Í'l

O"nî'15

[(rr.5"õ)l
lrnrul I

( 12"4. O)

(eeL)

({ts"x,1)l
J 
{n"r"r) [

) 
ttu"s"sl 

I
\ (sse) )

(tro" 6" 6)

(L2,4"4)

r(15"3"1))
{ (t."r"t) }tt
r (e?7) '
l(,t2.6"o)ì
l(lo"t"n) J

8

L

3

2

(8oo)

Ws3)

l(660)l
I teeelJ

(,555)

( zoo¡

(e+o¡

l( 
eI1)ì

I trysal /

(842)

( 664)

(eõI)

(e44)

l(??t)J

I 
tooar 

I
r (?55)J

36"25 1.õOO

6',1"25 L,ZYA
2 66,95 0,835

69,20 0,8?.2

69"55 0,820

L ?5,1-5 0"?95

?5"?O O"79,õ

78,85 0"?8õ

l- 81, "?5 Q"'777

È 8?.,45 o"'1"15
L 4Y.65 1"O45 tr"o45
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rABLE ÏV

PYROCffiORE-MICROLITE SERIES B ÐÐ{SITY A1[Ð CELL EÐGE

OF SPECIMm{S FROM VANÏOUS LOCALITTES
I

Hl¡ef aI tpealtty 
,

Ml.croll.te van5.ous, averege or 21 6,362 Lo"õ91

MLeroltte (not heated) Amella Count House, Va" 6"6569 LO.42O

Mf-crollte (heated) Ámel-f.a Court House, Vau LO,4Og

varJ.ouso avex"age aî 44 4,632 Lo"õ54

Brevfk, Norway 4,q¿203 LO.õBõ

õ.?595 Lo"29?

3"7055 LO.2?5

PyroehJ.ore

Pyrochl.ore (heated)

ELlsworthLte (heated.) HybJ.au Ontarlo

ElLsworthLte (heated) Gardlff twp., Ontarf.o

l- ao ls e.r¡ average fon two ralcnolite speofmens obtai.ned from

Palache, Bermanu & Frondel (1944)o

2 ealeuLated. speclfLc gravf.tS.es (Palache, Ber"rnanu & Frondel,

1944).

d.ensftles gf.ven 1n Palaehe, Bermann & Frondel- (lg++) for

these mineral-s fr"om tho sa^me locaLltLes.

aô 1s an avel?age fon foun p¡rroehlore specimens obtaLned fnon

Palaehe, Berman, & Firondel (1944) 
"

densitl,es glven by 8L1-sworth (1952) fon these mLnerals from

the same Loealfties"
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lìlo neflectLons arere found. to e:qpl-afn the extra powder 1ånes

whLeh are eonsequently attnlbuted to 5"mpurf.tfes, fhfs
conelusf.on was substantLated by the observatLon that a fevr

small- blaek speeks beeame visibl-e in the mLc:roLlte upoxl

heaüf.ng"

The best vaLues of ao for the ¡¡ntreated. and. heated,

mf.cnoJ-lteu obËained from the powder and sf.ngLe-enystal-

photognaphs, a::e 1O*42O ar¡d 1O"4Oõ kX respeetf.vely"

ALthough the d,åfferenee between these two values f.s wfthLn

the li.mLt of error (appnoxlmatel-y *, O,2%\ of the

mes.st¡rements, ûhe pensfstentS-y Lowen vaLue fo¡: the heated

specS.men i,e readlly deteetable by eomperJ.ng the two sete of
phofographsu

Ff,gures 5e 6s and 7 neproduee the powd.er: photognaphs

of the heated. speolmens of mf.crollte, pyroehlore, and

ellsxflonthf.te.
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Ffg. 5

Flg" 6

Flg, T

Figures 5e 6e '7 " -* X-ray powd.er photographs of
pyrochlone-mlcnol-Lte ser:Íes, Gu radiatíon, N$. ffLter; L mnt"
on fI1m * lo0; actuaL såze" Ftgune 5, -- Pyroeh}one,
Brevf.ku Slorway, ao e 10"õ8õ kX" Ff.gune 6' -- MLerolftet
AreeLÍ.a Gor¡rt House, Va,, eo * LO"4Oõ kX" Få.gure ?" e€
El,lssrorthf.te, HybLau OnËnp åo e 1O"29? kX"



CHAPTFR VT

EI'XMTITE-POTYCRASE SERÏES

As well as euxenfte and. poly@rasee thls serLes

lncl,udes lyndoehfte whf.ch f.s e member havlng less fhan one

per cent ur"anf.um (EJ.lsworthu itglií,e p, 49)s and tanteuxenlte

whLch ie a hfgh-ta¡rtalum rnember" fhe eompositlon of these

mfne::als nay be expressed as 48206, where A æ Ye Ceu Câ, Ue

Th; ar¡d. B a Ti, Gbu râu and Fo5, The hf.gh-Tt end member Ls

pol-ycrase avrd the hf"gh Cb-Ta nember is euxenLte"

Accordi-ng to morphoLogf.eal evLdenee, these mlner"als

crystallize in the df.pyramldal (normaL) elass of the

ortborhombLe system a¡rd have a¡ axLaL natio of a:b:e 
=

O.õ?89zLzA"ô527 (Palaoheu Bermant, & Frond.eS-o 1944)' They

are al1 metaml.ct and., to date, thetn unit eell dLmenslons

and space-group have not beon d.etermlnedu For fhls reasone

Èhese mlne¡"aLs were seLected for a more thorough X-ray

f.nvestlgatLonn

slnce these mLnerals are netalrlct, they aLL had' to be

heated before they wouLd gf.ve X-ray dlffÞaction photographs"

Al_thoughu by thls meânsu ft was easy to get powder patterns

of bbese mlnena]s, thef.r orthorllombfe symmetry nad'e f't

dLffLeul-t to d.edlrce the eell d.fuionsfons a¡d space-group

usf.ng these alone. In e¡ effort to detenmfne these

constants for members of thls eerl-esu the followlng

proeedures appeared' t¡ offen the greatest hope of suesess;
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l-. By prolonged heatlng of the minerals at high

tempenatures to lncrease the size of the tiny cn¡rptocnysfa-

Illne r¡nlts until they were lârge enough for single-cnystal

wonk. By thLs method, Èhe deslred lnfonnatlon could. be

obËained direetly"
2" To lndex the euxenLte powd.er pattern by means of an

analyser slmllan Ln pnf.nciple to a eublc crysta3- analyser

but usfng the morphologf.eaL axial- ratlo to lower the nurnber

of varlables"

3" To Lndex the Powder Pattenr

mlneral whoge LattLee eonstar¡üs

eolumbLte"

by analogy wlth a simllar

are ]<noun¡u for instance,

The flrst of these methods was trled wlthout süccessø

The seeond nethod. gavo very good results, and the thJ"rd

method was üherefore not atterrpted'

As steted prevtously (page õ), the metamlct mLnerâls

afÈer heating are er¡rptocrystalllne and. thr¡s unsultable for

slngle-crystal x-ray süÌrd.Les, Tt was hoped that, by

pnolonged. heatlng at hlgh ternperatures, the sLze of the

cr:ystallLne units could. be inereased untl.I they becane

sufficíently Large for thls ptll4pose, such a process would

be analogous to the annealf.ng of netalso and ft Ls belLeved'

that a sl.mlLar aetion takes place Jn nature during thermal

metamorphisn.

erLments on Increeqtng the Slze of th '
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athese speefmens were heated Ln a fyrrel burner whf.ch gåves

range of temperatranes up to IOOOoC' Ffgures I and I

reproduce the ldentleal powder patterrls of two euxenl-tes

fnom dl.fferent localLüles whleh a¡re bel.iéved to be the

rrtruerr euxenlte patterrr (sarnples heated. to LOOOoC for tOO

hours), FLgure LO reproduces, for eomparåson, one of the

varíable euxenlte patterns whLch íl1-ustrates the chief

d.ffference from the true pattern -- a doubllng of the

strongest llne"

The Euxentle Anatyser." Æl a¡alyss:r for euxenLüe was

eonstrueted Ln E mellller sf.mi-Lan to that used for a cubfe

erystaJ- anaJ-ysenu As mentioned prevf-ously (p. 7\u the

drawbaek to usf.ng thLs metbod. on orthonh.omblo oompounds 'LLes

ln the nt¡rnber of varLabl-es which determine the spaeings.of

tbe Lattlce pla]les" In the isometnLc systeme the spaclng d'

of the planos vanles d.f.reeËly wLth the eell edge eoa wherees,

fn the orthorhomblc systemn the spaclng d varles wf-ttr a6, bot

and e6" Bhus, there Lre too many varLables to plot all of

them on a two-dlmensLonal graph' To avold thLs df.ffietrlty

the followíng method was used; assunrlng as oorreot the

morphoLogical axJ.aL ratiou a;b:e s o.õ?89:1sO'3521s d. was

plottedagal.nstb6forvaluesofb6from?kXto]-5kXwl.th
a.o and es be5"ng ftxed by the axLal retio " The sneLyser

construeted by bhi.E method Ís shown ln Ff.gure !2"

Severa].attemptsweremad.otof'ndexthe].lnesonthe

fþst four eîåxenLte patterns ltsted f.n Table vu but these
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were unsueeessfuLe probably because these patter.res were not,

as descrLbed above. the true euxenite pattern"

SolutLon of the EuxenLte Problem, As mentioned above"

all the samples of ouxenfte from SabLne township whfch were

heated. to IOOOoC gave ldentLcel powder pattenns" A sarnple

of euxenlte fnom Mettawan townshf.p (no, 6 fn Table V) was

aLso heated to IOOOoC fon lOO hours, and lt too gave thLs

patter"n. The powder pleture from thLs l-ast ssmpl@ was u.sed.

for further worlr sfnee 5.t Ís eLearer ån tbe f¡ront refLeetlon

reglon and. shows one ad.dltíonal- Llne h@re' The observed

powder data fo¡: thi.s sample le gåven Ln Table VT. Thi.s

pattertr was exa¡nlned for serLes of tlnes 1n whLch the

spaef.ngs of the eueeeed.f.ng ]lnes are s{rmFle faetors of, the

f$.rst Ltne, Qne such se¡rles was ¡oead,fly forind, the spaeLngs

of whLch are: 7.?9s 3'65e 2u43s l-'82Lr L.455e end 1,21,4 k,N"

TÏris sexâfes was taken to irepresent the varLous orders of, one

of the plnalotdal spaeíngs' Sfnee the Ilne wf.th the spacf.ng

of ?.29 kX 1s the flrst Lfne of the pattern, thls serf.es Rtas

assuûned to be the largest of the pf.nakoldal spaelngs' In

the nor.raal orthorhombi.o orLentatlon (c< a(b) thls woul-d be

the slde pf.nakoidu fh¡¡s we havc¡

d(OlO) e ?"29 kX d(O4O) = L'821 kX

d(OZO) = õ"65 kX d(O5O) = L"455 kX

d(oõo) s 2.4õ kX d(o6o) s 1'?.L4 LrX

In the orthorhomble system, the ff.rst ord.er speefngs

of the pLnalcof.d.s are the respectf.ve r¡nLt eeLl d'lmenslons'
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ETIXENTTE

Loeallty: Lot

TABLE VÏ

(tOOOoO for LOO hrse)

290 Cor¡' gs Mattawe¡¡

-- X-RAY POWDER PATTffiN

twp"n SåppS"ssing DisÛ*e Onf "

ï d(cu

6,05 7,29

8.58 5"16

L2"L5 õ"65

a3.28 6 "35

L5"oo 2.97

l-6"18 ?,ry6

r'l "65 2,68

L7,63 2"54

18,48 2"46

19"05 2"66

19"55 2"ôO

20"50 2"20

i?Qa'68 2"Lg

2L"45 2"lo

22"35 2"O2

2õ"oo 1"96?

, 23 "45 L "932

?.4,05 L.886

24"28 l-'8?O

24.98 1"8?L

25"2A 1.805

25"80 l- "?66

?.6.-55 L"?20

Cr¡

È zT ,õo L "676

6 e8 " 08 1,,655

þ ze"+e 1,.618

l" 28,65 L,60õ

È 29 "l-O n,581-

L 29,55 L"559

È 29"9õ 1"543-

$ oo"ae L'52o

å õo,85 L.499

4 3T,18 1"485

È 6L"58 L.468

L 51,90 1.455

2 32"+3 r"434

È 63,õ5 L"õ98

È 33"60 1'589

1 õ4"50 1"65',1

2 35,20 1,,534

l- õ5"95 1"609

L õ6*55 l"'29L

È 67 "20 x "znÍL

+ 3T ,8o 1"254

$ tra"os r"?,39

2 69"05 3 "220

L õ9"õo L"2L4

1 õ9"80 1"201

2 40"65 L.180

2 4L.O5 1"17L

3 4T"?5 L.154

þ +z"as l-.141

+ qz"Bs i."L5o

t qg,so 1""1L?

I 43u95 L.1o8

L 44"45 L'o98

È 44.90 1""089

+ 45"05 1"086

2 45,50 L"0?8

1 46,80 1.055

3- 4YuLO 1,"044

È 4e . 05 1 "434

å 48"40 1,Q2,8

2 48*90 1"O?O

2 49,õ5 L"ol"õ

È 49,80 J,"oo6

1" 50"65 0'994

L 51'õ5 0.984

å 51'?5 o"9?9

Cu

+ 52"35 0.9?L

þ sz"vs o'966

1 55,15 0'96L

1 53"35 0.958

2, 54,90 0'940

å 56"ã5 o "9?,ô

6 5Y "25 0"91"4

1 58,80 0.899

å 59"25 0"895

L 59,95 0"888

l- 60,95 0"8?9

I 66.10 0"862

L 64"00 0'855

È 64"'10 o"B5o

I 65"õ5 0"846

2 66"?0 0"86?

å 68,15 0"828

1 69,85 0'819

2 Y2.55 0"80?

È 73"+5 o"8oz

L',f4,"75 0.?9?

È T 8'55 o"?84

I 80"05 0"?80

Gu

1

2

3

2

10

2

2

1ã

6

a
+

L

I
II

2

1
z

é.
2

I
2

1
tr

4

a
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d)

4
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From thf.s, the he axial length of euxenf.te would be about

'7,29 lKX"

An effort was made to l-ndex the euxenLte paËtern on

the euxenite analyser usÍreg this value of b9. It was fowtd.

thatu although mar¡y of the llnes eould be f.ndexed on thLs

value of b6, severaL of them, l"nelud.Lng the strongest Line

(2,97 kX)g could noto Sinee the ?"29 kX llne eould be the

socond. or higher order (OkO) refLectf.on, a second effont was

¡inad.e to Índ.ex the pattern using d.oublo the prevlous value for

be, L4*58 kx" In thLs e&se, aL1 but a few of the very wesk

llnes eould. be f-nd.exed, and bs was thus assumed to heve

approxfmately thls vaLu.e" Usf.ng the lndexed spacings for

dl.ffenent orders of the (hOO) and (OOl-) planes, the followfng

unl.t eeLl dlmensÍons were obtaLned:

80 s 5'55 kX

bo s 14"58 kX

co s 5.16 kX

ÐerLvatfon of the Space-Group" Using the above valr¡es

folr the unLt ee1l d.lmenslons, the spaef-ngs of all possible

planes were ealcuLated, d.own to a spacfng of zuOO kX' Table

vII shows tkrese planes wLth thelr oal-eulated. spacf.ngs as well-

ae the eorrespond.ing obsErved spaelngs and. íntensLtlese and

the planes whLeh would be extf.ngulshed by eaeh of the

orthôr.hombi.e space*gporåp extLnetl'on condltíons" Usf'ng thi's

tab3-eu the folLow$ng steps were taken to de::f-ve the spaee-

group of euxenite.
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ÎABLE VÏÏ

EIIXENITE: X-RAY POlvÐER ÐArA ASÐ POSSIBLE EXTINCTION coNÐïTIoÏïS

10 1õ
(t¡]<l)d(cale)d(raeas)t 1234 5 6TA I Ll LZ A4

x¡c xN x,ß

x:e xx.
ax

xx

Ã&

Aô

XX

xtç xle x )r

ú€VåÂ4

X XXE

Ã44

ç @ v v

^ÄÂ4

x,x x8
X:EX

x, xxx
xxæx

@çvçåôôõ

J( X,

çvÂÂ

xx,x
e v
^4&

x Nx. le

xx
X]CXX

:(.æ x,a

1

<l

2

1"0

2,

(o1o) 14"6

(ozo) 7 "3 '7 "29
(l-oo) 5,54

(11O) 5,181
I 5.16

(oor) 5.16J

(o5o) 4"82

( CIl]) +,Bq

(12O) 4,4\
( ozL ) 4,31-

(l-o1) 3 "Y',|6

(lso) õ.6561
t(lrr) 5"656 I õn65
I(o+o¡ õ" 650 /

(oõL) õ.54o

(12L\ 3,354 3"35

(r+o¡ 6.A48

(1ãL) 2"e8õ I
I 2"9v

( 041 ) z"seo J

(o5o) 2.920

( 2oo \ z"vvo 2"'16

(aro¡ 2"Y2\

(141) 2.624

(,??'O) 2"590 I
((rso¡ 2.5e,3 I 2'58
l

(ooz) z"5lo)

?rfraZL¿\ô

åÀ

xlç
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TABLE VfI (eontLnued)

lþftt )=*q 
(,gat" )

(O12) 2"541ì xx Kx xx
| 2,54 È(osr\ 2"54]-) x x x' Kx

(2O1) 2"44I) xaxx x' x
I

( 060 | 2"433\ Z.+3 3
I

I(o22') 2"4ô3t

(fl60\ 2,407 le N x x x' x

(zLL\ 2"4AY x x x

(1-oz) 2,ô39 2"66 * x xKx xx

(,zzt) z,s]..5ì xxxx
I(rsr) 2"õLoI z"so L xx
I
I(112) 2"3Q9l xx x'

{\o32) 2"2e,0 x x' x x :( x'

(foO) 2u2F;o 'x xxx xlË

(lzz\ 2"274 x lt :ç :t

(24O\ 2"2O7 )\ z'zo 1
(061) Z'ZO]-) :rxx:Ë x x

(zs:I') 2"1e2 2"18 I lç x' x

(L52) 2"1oB l x rc lç

oonr, z"1o? | z"to 2

(o?o) 2.086 x le x :( N le x' lc

(L61) 2"045 :e x' K

{2411 2"O291 N' :c x ¡ç

| ?,o2 ä
(zso¡ z"oro| - xx xx x x'

- 

= 
-M

Contf.nuedu next Page
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TABLE VII (eontlnued)

The coLr¡mns beaded by nr.mbers fndl"sate the planes

wlrsse refl-eetLons are extlnguished by the f,ollowing

eætLnctlon eondLtlond.g

I (}rk]") present only with h + k

2 (hkl) pnesent only wlth k f 1

6 (hkI) present only wfth h+ 1-

4 (ht{I} present only wlth h+k
5 (hkX) pnesent on3-y wLth h+ k

6 (0k1) prescnt onlY wlth k + l-

'Í (Okl) p¡resent on]-y wÍth k e

I (OXf¡ present only wLth X I
I (h0l) present only wlth h + L

10 (hOL) preeent onJ.y wLth h, s

Ll (h0L) pnesent onlY wl.th 1 Ë

3"2 (trtO¡ present onlY wl"th h + k

Lõ (hkO) pnesent onlY wi.th }l e

l-4 (f*O¡ pnesent onlY wl'th k æ

e 2iß'

s 2I1.

eh,

+L E

s àas

s 24.'

%,."

?,ît"

sh"

ær"

tu."

= à7"

â1 n

2n"

%"

and. k +1" æ ã¡'

G---

A---
B---
ï--*
F*--
*n--

-b--
ø@o-

@6x1é

--&-

--@*

-ééa

@É@&

:.*b
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(X) Ery fnspeetLon of colrrmns L to 5 (hkI eond.f.tLons)s åt

ean be shown, by Ëhe following reasonlngo that none of the

(hk1) extinetf.on eondLtÍone shown are possfble" If one

examlnes the (11O) ar¡d (OO1) spaetngs (the only posslbl-e

spaeinge to gfve the second Llne on ttre powder pattern) tt

fs for¡nd that all of these exüi.nctfon eondltlons exeept L

e¡¡d 4 would caneel both of these planesu fherefore only

these two extLnction condftlons ere posslbl-e" Exblnctlon

oondttlon L would eaneel refLeetLons firom (12L) whleb l"s the

only possf-b}e i.ndex for the fourth lfne of tb-e pattern"

Therefore onJ-y condf.bÍon 4 f-s possf.bl-e" Agaln, extfnetlon

eond.ftion 4 would. eaneel the refLeetLons fnom the (1O2) set

of pLanes whLeh f-s the only one to gLve the tentLr lLne of

the powder pattenn" Therefore thl"s eondLtlon ls lLkewtse

lmpossf.ble, These deductlons ar@ supported by consLdet'atlon

of other slngly or doubly lnd.exed powder ll'nes suoh as (2õ1),

(0r.2) and (o51), and, (241) and. (25O)" llher:efore there I're

no (h]rl) extfnctfon oondi.tl.ons and the lattloe must be

prÍmltive'
Spaee-Gnoups P---

(2) By the ssme reasonf.ng, the only (okl) extlnctLon

condi.Ëlon whi-eh ie fmposslble f-s number ?g thLs wouLd cer¡ee1

both (O12) and (051), the only possf.bl-e l"nd.Lces for the

ef.ghüh L1¡ne on the powd.er pattern" Thls Loaves the fol-lowf'ng

possf-blLLti.es 1n (Okl)a (1) pireserat ln all ordersu (1i)

present onJ.y wj.th k+ I Ë ã1e ar¡d (i.1,1) presønt on]-y wlth
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l" s âß"

Spaee*Groups h--e PÌl--e or Pe-*

(õ) Fon the (hoL) extínetlon condi"tLonse the SabLe shows

that the l_f-ne wåth lndex (1o2) wor¡ld be cancel,led by

condLtLons I and. 10, Tlherefore, the only possf.ble (hOl)

cond.Ltlons are: (1) present ån aLL ordersn and' (ff ¡ pnesent

onlyrulthLæ2rl"
SPaee*GrouPs F-m* or P-s-

(4) All the (ht{O) extlnetlon eondLtlons ar@ possf.ble sfnee

none of them would eanceL arry of the lf-nes whleh are present"

Spaee-Gnoupå F--ms F--&s P--e, @r P--b

flaereforeu ae far Ls @an be derf.ved. with eertaLnty,

the spaee-group Ls: P(mno) (me) (mrab) .

Eowevern ff the Lntenslty effeet of the stnueture

factor (the effeet of the posttlons of the aÛoms ss dlstfnet

from the posf.tj.ons of the l-attL'ee poånts) ts d'ls::egarded,

and åt Íe assulned. that posslbJ.e planes whl-eh ar"e lto'L

represenüed by observed lLnes have been earleelled by the

spaee-group extl.ncülon condi.tf.ons, the nunberr of posslble I

spaeo-groups can be gneatly redueed'

(5) sre line (o21) d.oes not tpp@43'ø saerefore extj-netl-o¡¡

oondl.tl-ons6orEmusthold,sl.nceonS.ythe.sewoul,d'

extångutsh the refLeetLons from thls set of plar¡es" Th¡¡s

the eondltlon (OkL) present 1n al-l ord'ers is no longer

posslb3.eo

SPaee-Group: Pn-- or Pc--
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(6) The Lfne (fof¡ does not appear, Therefore extLnetion

condltlon Ll Ls necessary to extf.ngulsh the refLectl-ons fron

ühts set of planes"

Spaee-Groups P-e-

(?) The LLne (LOO) does not appeaxâ. SLnce eondltfons g a¡rd.

1O ane 1m¡rossLble (see õ above), we eqnnot have condl.tlons

L4 sr (n*O1 pr"esent Ln all ond.ers" Therefone efther of the

cond.tti.ons 12 or Lõ fs neeesss-Ff,o

(8) Llne (0õL) d.oes not appeerø

I ane necessarlr, 0f these, onl-y

$Paee-Groups P--n or F*-a

Therefore condltions 7 or

I f.s possf.b1e (see 5 above).

Spaee-Groupc Pc-=

(9) ALL odd ordens of (Ol<O) are ml.ssfng' Fþom this Lt eaTl

be seen ühat both aondltions I and L5 cannot hoLd, slnoe, 1f

they d.Lde these IÍnes wouLd. not be extinguS.shed' Slnee

eondLtlon I Ls aLready necessary (see I above), eond'f.tl'on l'3

eannot hoLd, But, in the (f*O¡ eonditf-ons, onLy 12 and 13

are left (see ? above)u llhen, slnce 1õ Ls fmposslble,

eondLtlon L2 remalng &s the sole possf.bllfty"

SPaee-Group C P--E¡

Fnom all the above reasoning, the most probable

spaee-gx3oup $.s Pccn'

Good, eheeks for the above deduetLons may be found.,

except for the eaneeLlatlon of the eondltf'on (hQl) present

Ln a}l ordere whLeh l-s based. on the absenee of (LOL). This

deductlon Ls supported. onLy by the absence of (!OL) whteh

Eould. be incLr¿d.ed. ln the ltne at 2,&3 !eN, Addltlonal doubt
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1s thrornr on thls caneeLlatíon by the appearânee of (i-Ol)

end (2OI) as orystal, fornrs" Thus, another probabLe space-

group fon euxenl"te i-s Pcusl'

A companlson of the two posstbl,e spaee-gx3oups, Pcen

E¡rd Pcmn, is given in Table VIII' aJ.ong wf.th the obse::ved'

powder patfenn.

Monphologiea1 consf.deratlons " Donnay and. Harken

(T967) g$.ve as thelr modífi.eatLon of the Bravai-s 1ew3

trThe monphologf"cal lmportance of a crystal, faee^Ís
Ínversel,y propont$.onal to íte netl-cular area s åf the
Lattfee is- of the hexahedral mode (no eentering) an¿
Èhe spaee group symnetry dses not eonta{l 8r¡y screw
axls ór gLlAe þlane" llhe effeet of Lattf.ce eenterlngu
serew axesu æã gLfde pla¡es ls coryeoted for 1f the
faee lndlcóe are replaced-u 1n the S formula, by the
rrmultiple Lnd.lcest! of the l-owest order of x-ray
refleetf on compstlbLe with the space groìjtp s¡r'mnetry' 1N

That f.s, the space-group extinctLon eonditfons apply to the

ord.e:r of f.mpo:rtance of the crystal- forms Ln exactly the saYne

way as they do to the X-nay nefLectlÔÍLs,

The decneasing order of importanee of the enystal-

faces, neglecting the strueture facton (effect of atoms

nraklng up the m.otif ), 1s the orden of decreasLng netloul-ar

d.ensuty wLth the above conreetlon fo:: lattLce eenterfngu

se3âew åxese and glf-d.e planesu when these are present ln the

spaee-group. fhe onder of appearance of the l-ines on En

x*ray trlowd.en pattern, agaf-n neglecting the struoture faetor,

Ls the order of deereasLng planar spaelng wLth the same

extineËLons due to the spa@e-group s]rmnetry" sLnce the

order of decreaslng netleuLar density f.s LdentJ'eal wLth Ëhe
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TABLE VTIÏ

ETDMNTTE: POSSTBLE REFT,ECTTONS FOR SPACE GROT'PS FCEN

ATüD PCIM ÆqD FOlIIJDER ÐATA

Pcen

(o2o)

(rro)

(rso¡

( 111)

(o4o)

(121)

(151)

(2oo)

(r+r)

{?.2o)

(rso)

(oo2)

(or-2)

(060)

(0P.21

(211)

(102)

(?2r\

(1_51)

(lre¡

(rro¡

(101)

(rso)

(rrrl
(o4o)

(rzl)
(1õ1)

(eoo)

(141)

(zzo¡

(rso¡

(oo2)

(012)

(2o1)

(ooo)

(0221

(211)

(r.o2)

(22r)

(15L)

(rre)

7 "29
5"1_B

g"'18

5" 656 I
a. oso I

I
3"650 ',

ö"654

2,98,3

2u'.170

2" 6P4

2" 59O I
I

2"58,3 |
,-uro J

2"54r

2.44L)

zr+as I

,,nrr)
2"40'7

2"339

2"õr"51

z"ato )

,,rorl

8.65

2r9'l

2"'76

2"6r

Pemn d.( eaLc

(o?o)

d.(meas

7 "29
5,L6

õ" 65 3

2

1"0

2

I
+

2.58

2"54 t

2"43 6

2,36 +

2"60 I

2

_læ--_-i:
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order of deereaslng planar spaclnge the oird.er of lmpontance

of the faees observed on a erystal should be the såme a.s Ëhe

snder of appeairarree of the LLnes on arr X-ray powden

difflraetlon plcture of the sane enystaS.' In applylng the

Ðonnay-Ifarker Law to the ord.er of for"m fmpontanceu one must

renember that the effeet of vanying cond.Ltlons of

cnystallLzatíon fs belng negLeeted aLong with the effeeü of

stnueture faofor'
ÐEnae s Systen of Mlnenalogy (Palaehe, Bermarr, &

Frondelu i.944) gJ.vess &s tl-e commonest cnystal for¡nrs fsr the

euxenåte-pol3rcrase serf.esu (O1O), (101) e (f fO¡ e (L1l) e a¡¡d.

(fool 3 æds as other obse¡rved. fonnsr (ooL), (011) e (2oL),

(re:.¡ u end (15L) " since erystaLs are uncoûmon for these

mLneral-s, the above order, whlch !e approxfmately that of

decreaslng f.mportanceu may not be Èoo nel-labIe. Íhe ond'er

of appearanee of the llnes on an X-ray powd'er pattern of

euxenLte whleh would be glven by the two possible spa'ee-

groups deduced above ares

Fon Feens (oeo), (L1o) e (1õO) e (r11¡, (o4o), (ter) e (151) 
e

(2OO) u (141)s, (?,2O\ s (150) e (OO2), (060), and' (o22) 
"

For pemns (o2o), (11o¡, (1o1)Ku (rso¡e (111)e (o40)e

(Lzt) , (LõI) e (2oo) e (L41)*u {?,';o), (}5o), (002) u (oLe¡,

(201)s, (060), and. (o?2) 
"

Table IX shows the tbeoretleal order of form

Írnportanee for both space-groups i.n eomparlson wLth the

4 not observed. on th.e powder patterm'.



TABLE ÏX

EIIJTETIITE3 COMPARISON 0F TIIE0RETICAI, & ACÎUA], FORM IMPORTANCE

Pcen obseÌ?ved

(o1o)

(no¡

(10o1

(r:.r)
(121)

(rsr)
(1oo¡

(:.+r ¡æ

(rso¡

(00L)

(orz)

(orr¡

(o1o)

(1ro¡

(IoL) K

(lso¡

(rl:. ¡

(ler ¡

(1õ1)

(100)

(r¿r)æ

(r.50)

(ooL )

(012)

(zor) ä

(o11)

(01o)

(r.o1)

(1ro¡

(rrr¡
&n1#
(1õ1)#

(roo¡

(oor)#

{zoY#
(orr¡#

tr

7T

not observed. o¡r powd.er pattern"

fonns whose ord.en of lrrpontance ls not gfven ln
Dana (PaLache, Berman, and FrondeJ-, L944).
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order actually observed'

In the table, the leasË funportant formo (f Oo¡, of,

those whose order of fmportance Ls glven ån Ðana, hae been

plaeed, after (f2f) ærd (15L) whose order has not been g$ven'

With thls minor" change, the table shows very good agneement

between the actual onder of f-rrportanes and' th'ose orders

predfoted by the tvro space-$33oupse especlally by Pcffit' The

erder gfven by Poen i.s the sefile as that given by Pcwr apart

fnom the onLsslon of (ror) aJld (201), both of whlch are

observed fo¿ms" ThÍs discrepency vlntual-1y rules ont Feen

as a posslble space-$roupc leavlng Pewr as the most probable

space-grouP for euxenlte"

RecalcULatl0n of üait GeJ.l Ðfinenstons" From the

Lndexed powder pattertr of euxenlteo part of which åppears as

Tabl-e vIIÏe and usi.ng onJ.y ttrose lLnes whteh index tm'1que3-y,

the unlt cell d.l.mensLons were recalculated. For thls

purposee the equatlon þ = #*# -# was tr'sed', whlch

relates the spacJ-ng d. of a set of planes (hkl) to the unlt

cell- dlrnenslons ae b, artd c, for an orthorhomblc lattlce'

To obtain bs s fnom {O2O) e 14'58?

(26L) and (24]_J s 14.4o1-

(121) a¡rd (1"õ1) e 14" 6LO

(2OO) and (24O) æ L4'489

(ror) and' (rzr¡ s 1õ"35oK

(240) and (28O) e !4'600



To obtaf.n es: from

To obtal"n eo s

(ror¡

(lar ¡

(2oo)

(24o)

(lvr ¡

( 012)

fþsm (2oo)

(rar¡

(x02)

( 24o)

(rsz¡

(16L)

( 241)

(?.O?\

and (1Se¡

and (125)

and. (2OZ)

and (241)

end. (1?2)

and be

ar¡d ( 2ö1)

arrd. dãO?-)

and b6

&þo&os
&bo&eo
&bo&@6

and. es

tI42) and. (T7?)

(rre¡ and (]42)

(2oo) and (28O)

4Y

æ 7-4^23'lw

e 14"',775e

* L4:_Þ7õ*

8?,260 bo - L4n54 kX

s 5,L447

s 5@0468ã

s 5.L69L

æ 5"18?5

e 5n1216

e 5"L5?9

e5"?805 o6 e 5'356 kX

s 5'5L88

e 5.5õ55

æ 5"4572w

e 5" 53-44

æ 5"48O8

æ 6.2O66s

æ 5"4?OL

s 5"5õ46

33.052?- ao e 5'5Og klç

fhese vaLuee glve a x"a'tLo of a;bge e 0"6''-e^9:1:0"õ546, whleh

ås i.n exeellent agreenent wi.th the morphoLogieal value,

asbge e o"3'7agc1 g0.96?'1,

Table X glves the powd.er d.ata for euxeni-te lndexed' to

d = 1"6?6 kX usf.ng the finaL best values glven j-rnmedlately

& values dLeeanded. before averaglng"



EUXETqÏTE -
LoealítY:

Orthorhombf.cu

TABLE X

(yu carGe, tuTh) (GbrrauTí) eoos x-RAy PoulÐEE

Lot 29, Con" 3s Mattawan twp", Nlppåssf'ng

Pemr; ao e 5,509, bq e 14"54u G6 s 5u156

48

PATTffiT{

Dlst,
kX, fr:-&

I d(cu) d(meas) (!rlr,!) d(eaLc) I d(cu) it(neas) (nkl) d(calc)

L 6, 05 7,29 (O2O) 7 
"2',7

2 8,58 5,1-6 (11O) 5"1-5

l(lao¡ 6'64
I

6 L2.l-5 õ" 65 1(lrr) 3"64

Itnuol 3"64

2 l-6,28 õ'õ5 (121") 6"34

L0 L5" oo 2*9',1 (10:-¡ 2"9X

2 16.L8 2"n759 (2OO) 2@',155

+ L?"15 2" 6l,0 (14L) 2ê 615

((oo2\ 2"578
I

2 L?"55 2@578 { tZaol 2"5'Í6

Itrurl z'*'tz

È L?"63 ?,539 (o12) 2'538

ßa2?-) 2ø430
I

3 l-8,48 ?,'4?.6 \(2O1) 
2"480

[(ooo) z,4zg

({,L]-z1 2"306
I

t l-9ø 56 2"âOO 
1 
(221) 2^305

[ (l¡r ) a"õo]-

6 25,80 r,766 (062) Lo?66

+ z0,oo 2"?,50

L 20"50 2uL95

L 20" 68 z"L',l',l

2 2L"45 2"\Q2

+ 41"8õ 2"068

È 2a,,55 2"0z2

È zõêoo 1'96?

l- ?,3645 1.952

2 2+"a5 1,886

4 24"98 1,821

(oazl 2"275

I 6zz\ zuzzg

( 24O) 2"L96

(?õl-) 2,L',tz

( lðe¡ 2 "L84
(1or) 2.Oõ8

{2.4L) 2,A2O

(t+z¡ 1"965

/(r.zo¡ L,s44
I
| (o5z) 3"929

(?'O2) l-"882

(222\ T.82?

(51O) 1"82?.

(r.52) 1"821

( 260) 1""8L9

(1?1) 1"8L9

(o8o) L"8L8

ConüÍnued', next Page
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TABLE X (contånued)

r 0(cu) d(neas) (b]rl)-ê(ealc) I 0(cu) d(meas) (hkL) d(cai-c)

4 26,55 1"720
å 50,95 1""499

È z'l"60 L"6?6

6 29"08 L*6õõ & õL,18 1"485

12H-"65 1"60õ

È 29,L0 l-.58L

L 61"90 1.455

L 29" 55 l-, 559

(28O) 1"51"?

((30?1 1'4e6
1
( (n45) 1,.495

( $].z) 1" +ery
l

I (gsr.) L "4B'l
I

1 tzøzl r-@4s?ì-
I

I (osa) x.486
I

\(:.sL) 1"485

((322l- lu45e
I

I teos) L"4bg
1

| (281) 1"455
I

\ (oroo) L"454

+ 50,õB 1"b20((sr,:-) 1,?18

{ ,rro, 1'?r.?
I
\ (26L) 1"?L6

{2.42) L"6'*12

r(1"8r-) 1' 6õ?

lonnr) L' oso

ltrrr) 1" 62g

(1eo¡ Lo 6oL

((252) L" 580

Itrtll 1"5?e

{ts+r 
) l"' 562

[{rosl }" 554

Continued., next Page
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TABLE X (eontl¡rued)

r 0(cu

2 32"43

È gg 
"95

t õõ"60

L õ4e50

2 65,24

L õ5.95

L 36"55

È ö't *2o

t õ?.80

& õ8"55

2 õ9.05

L õ90ö0

I õ9,80

2 40,65

2 4L.05

6 41"?5

r"434

1"598

1"õ89

1u55?

2"33+

L "õ09
L,291

L"2'ÍL

L"?,54

T,9,69

I"22.O

L@2L4

L@ 2o1

L,l-80

1"17L

1.154

42"65

43 "50
43u95

44,46

44"9A

45" 50

46, BO

4Y @40

48,40

48,90

49665

49oBO

50,65

51"õ5

5L"?5

52r'Í5

L "l-41
1"11?

1"108

1"098

L"o89

J." U'lU

1" 055

1.044

1.028

L.020

I,OL5

1"006

o.994

o@ 984

o,g?g

o"966

d(cu

l" 5õ,L5

l" 5õ.95

2 54"90

6 5',7 "25
I 58,80

I 59,95

L 60"95

1, 6ã" l-o

3 64,00

È 64.?o

L 65"65

2 66"?O

1 69@85

2 '12"35

ä '14"Y5

L 80"05

o" 961

o" 958

o"940

0.914

0,899

o,888

0,8?9

o"862

0.855

o@85O

0"846

o"857

0"81"9

068G?

O"?9?

o"?80

ï
1
2

¿-
2

¿

a
D.

2

-L

¿

I
E

2

¡

L
z
.!
.J-

L

¿-?

+2
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abovê"

Thi.s same method., applled to the euxenLte from Sablne

tournship, Nf.ppf"ssing dlstnLctu Ontanlou ga've3

ao s 5.541 kX

bs s L4.58 kX

0s a 5"184 kX

and. a retLo of a;b:e = o"õ8oo:1g0øõ556.

specLfle Gnavltr ÐetermLnatLons. In ordel¡ to study

the effeets of heatfng on the densfty of eÌrxenS.teu the

Bermap mLerobaLanoe was ueed to neasure the spe@Lflc grav$"t;r

sf several fragments of tho ¡¡nlreated. euxenite from Sabf'ne

Ûownshf.p,N'ipplsslngd$.stnictuorrtarÍo,8n'dof,several

f?agmenÈs from eaeh saÌnple of the sane eu)çenLte spe@fJnen

whf.oh had been heated. to IOOOoC for van¡rf"ng J.engühs of tÍme'

The resuS-tsu gf.ven 1n Table xI, show two sf-gnf.ff-eant

featur:eg; ffnst, the specl.fl.e gravlty varles consl.d.erably

for dlfferent fragments of the sane sample; and seeond', the

speetfÍc gravi.ty incroeases wLth heatf'ng to a maxfmt¡n at

about two hoursu and. then d.eereases wf.th ]-onger heaülng"

sLncealteratLonl0wersthespeef.fÍcgravf.tyrthehlghest
vaLues are e@nsi.dered the best u whlerru from fabLe leÏ I're3

before heatf'ng æ 4'98

after heating æ 5*26

T1lrts Last vaLue 1s the sne used fn ealettlatj"ng z ln t}re

next se@tlon. flhe restxlts agree well wLth the rang@ of

value8 published l¡r Danass system of Mfneralogy (Patache'



.b'¿

freatment

unheated

hr" at LOOooC

2 hrsu ât LOOOoC

L3 hrs" at LOOOoC

25 hrg. at LOOOoC

ETIJ(N\TTTE: VARTATTON TN

TABLE XT

SPECTFTC GRAVTTY

Oso
lJVt. of reed.-

fraE¡oent S

4"3 mg

3-6" 6 rng

21.6 mg

16.õ Yng

L2"4 mg

3.?.9 mg

19. 5 Yng

L1-"5 mg

35 "2 mg

2Y,2 wg

1-3.,? ng

L9"6 mg

1O.0 ng

12"5 ng

26 "6 mg

28 ,2 wg

4õ.1 mg

1õ.5 mg

1

4

4

1

1

2

þ

2

5

q

3

2

z,

2

2

2

2

1

TIITSH ITEAT TREATMff$T

rav
o

ave

52 hrs.

40 hrs'

l-0oooc

10000c

Fragment
nr¡nrber

1

2

6

4

1

2

t

2

I
2

3

1

1

2

4"808

4"978

4,9õ8

4,855

5,178

5.120

5,L80

5 "262

5" O20

5"3-21

5,108

4,950

5.1"4?

5"015

5,O46

6 "O',|4

4 "9',15

4 "98'4

4.96

5"1õ

5.21

5, 08

5.1"3

5.42

5"06

I
2

at

at

1

2

100 hrs" at LOOOoC

4.98



53

Berroarao & Fnondel-u 1944):

ttG. 5"OO * O,10 (fon CbsTa ) 2zI, and apparently not.
var.yLng markedly wf.th vanylng i'atlo of (C¡ +Ta)cTt);
5u3-5.9 ( for Cb:Ta{ l-;l-) ; the G. dec¡reases with
alteratlon and lnereases after f.gnftlon"rl

Atoms fn the IIn.L! Cell a¡rd CaLcr¡lated ÐenelÈy'. The

relatLonshlp between the denstty of a errystaLllne substance,

the volume of lts rr:xit ee1lo and. lts mol-eeular weightu ls
g5.ven by the forur¿Las

MsV,o s7År-
æ

wherez f * densltY 1n gms/cc.

V e volüme of the unlt celI ln ccs" (kxõ x fo*24)

A s L"65OZ x ]-3'24 gmso (wel.ght of a hypothetieal

atom of atomic wef.ght f-)

z E number of empf.rlcal formrla welghts fn the unLt

ceLl

n æ eillPlrlcal- fonmula weight

M = moleculan wef.ght of the unlt ee1l s T;trL

The calcuLatlon of Z was mado for the saniple of heated

euxenite fnom SabLne üownsh5.p, NS.pplsstng dLstrict, Ontarf'oo

using the followf.ng d.ataE

f æ 5"23 (measured on th.e Berman mlerobalance)"

V s 5"54L x- 14"58 x 5'184 e 4L8.8 x ]rO'?4 ecsa

Then M s 418"8 :c LO-24 x. 5"23 
'a 

!321 "

f,he forrmrla for euxenite Ls glven fn Palache, Berman, &

Frondel (Lg44) as ABZOgo where A * (YrEnu etc')o (Ce, eteu)'
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Câu TIe Thg and. B = Gþu Tê, Tl, Feõ'

TabLe )CII gives, for euxenite fpom the same loealltyu

the analys5.s by Ellsworth (]-932) and. the nr:¡rber of tbe

varLoìrs types of atoms Ln the r¡n1t eell ealeulated fo3 tbe

above velue of M" The numbers of |tmoleeuleslt of eaeh of

these ortdes l¡r the untt eeLl (colr¡wr 2) have been eal-culated

uslng the relationshlp s

nr¡mber of molecules

Thus, for TL02, thls 1s ?;2'96 xL327 e õ"9846.
gË"-z-"TTTËã

Íhe nr¡¡nbers of atoms of eaeh ty?e l¡r the unlt eoLl (columns

3949&5)}ravebeenobtafnedbymultfplytnetirevalues
gÍven j-n eolurû1 õ by the nr.mbor of the panticular atoms Ín

tTre conrespondlng oxf-d'e ttmoleguleslr'

Fromthlstable,ltearrbegeenthatthereare4.lS6
atoms of ty¡le a, ?"496 ef t¡rpe B, and 22o?25 orygen atonrs 53x

ther¡nltoe].l"lllrt¡st}recet].contentofeuxenl.tels
44,168?, 1o}zz"ys, wh-1eb' Ls approxSmately A4Bgo24" flherefor:e'

apparently U e 4. flhe value of Z fal^ tï¡e A þant of the

uoleeule(4"16)f'sveryc].osetotheprrobablcvalueof4.
Eowevenu slnce the vaLuos for th.e B atoms (õ"?5) and the

oãygen atoms (õ"Y8) check well betwoen themseS'ves, Lt' seems

ulorel.lkelythatthej.¡rproportlonsrepresenËtlretruevalue
oî fr f.f the denslty 1s l¡rcreased' to brtng then to 4' The

consequent errolô f¡r the A part of tbe noleeule probabS'y

arLses fnom tÏre calculation of the nu'nber of Y* Er atoms l"n

theuntteellwhichwasd.oneontheassrrr4>tlonthatthj.s
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*ABTE XÏT

EU'XÐ{ITE: AI{AT,Y$IS A}IÐ GEtrL COIfltH{T

T10e

Feg0g

Cbe0S

Ta205

Ca0

uoe

u'09

flrOe

22,"96

2*O'Í

?,8"62

2"65

1"r92

B' 61

0r 2O

õ"94

24"6L

o "44

6ø9e'46

0"L?9?

1"4929

0,08õ2

Q"4',148

0.4421"

o* oogry

o" 2069

L"492',1

o"oL86

5.985

o"559

2" 986

o,L66

?" 969

o,5õ9

7,465

o,416

0"4?5

o@884

o" 019

o,4L4

4r4',18

0"056
(v'ur) sos,

a,4Y5

o,442

0"0L0

a"aa'l

2e 985

o. 06?Ge. etc "
96"n12' 4,156 7 "496

?2"7?,6
Total-s

I
Ontarfo

2

3

4

5

Euxeni.te, Sabfne tournshipn Nfppf"ssing dlsËriet'

ana*LysÍ.su Ellsworth (L952) o

rrMoLecul-eslr 1n the r:nit eel1, M æ 1õ27"

Atoms of t¡rPe A ln the unLt ceLl"

Atoms of tPe B Ln the unLt cell'

Oxygen atoms Ln the unft ceLl"
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eonbLns.tÍon fs all yttrfi¡¡n, (It 1s pnectleally f"mpossible

to separate these two elements by ehemical mothod's) " If
part of this Ls erbfi:mu the nr¡mber of these comblned atoms

ln the r¡nit cell wfll be Lower slnce the atomlc welght of

erbLr¡m (L67"2) ls nearLy d.oub]e that of yttrfum (88"92)'

lltre Y;E¡r ratLo necessary to glve Z for the A pant of the

molecule a va1ue of 3u?5 was ealeulated' and' for¡nd' to be

about ZsL" That is, lf one thlnd of the yttrf.um-erbfum

atoms ln the unlt eeLl are erbf-um, the va.lue of z fon the a"

part of the moleeul-e wål-1 be 5"?5"

The low vaLue of ã (5.?5 lnstead aî 4) obtalned by

tbe above method f.s probably due to a low measured' specf'ff'e

gravity"ÍhlsfsquåteprobablesLncethed'ensf"tyof
euxenLte deeireases with a]teraüLon and. possibly Ls not

eompletel.y regafured. on heatlng" Assunrlng that the measurod'

donsfty 1s too low afld. that tbe value of ß 5-s 4u the d'ensj'ty

was calculated. to be 5"58.

Tanteuxenl-þe" Ðurfng the lnvestf"gation of euxenite'

twoX-raypowderdJ.ffractf.onphotographsweretakenof

speclmens label}ed. ta¡.ter¡.xenlte (a hLgh-tagtalr¡¡n ouxenlte),

onefromWoodstockoWestAustralia,ar¿d.theotherfrom

Eleys, tr$est AnstraLla" NeLther speclmen showed any crrysta1

form ar}d both speeÍ.mens trad. low d.ensLtåes (4.9) bt¡t

oth.erwf.se they eoryespond.ed to the physleal deserlption of

tanteuxenlteasgf.venÍnDar¡atsSystemofMf.nerglggn'.
(PaLache, Bermart, & Frond'el, 1944):
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rrFraeture subeoneoid'alr^H 5-6" Gu 5"4-$og" Lustre
resinous wfCft brounrish" bl-aek eolor' tl

Both spec{mens were metamlet but on heatlng gave pattern's

sLmÍlar to that of the urantniüe-thorLanLte serl"es and' were

readlJ-yl'nd.exed'rrsingt}rocubl'eerystalanalyser"llhecel]-

edgeforthespeclmenfromWoodstocklss"].1kx9and'that
for the speclmen from Eleys l"s 5"Og kX'

Thepowd'erp}rotographofthespeelnenfromEleysl"s

ehovrr¿ f-n FÍgur e 12 for eorrparison wLth powd'er pþotographs of

euxenlte" AS well- as the sürong Llnes described aboveu this

specf'menalsogaveaeonsÍderablenr.mberofverywealelj.nes

whleheould'notbelnd'exed.ont}reeubloarrysta}arralyser'
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STJMMARY ANÐ CONCLUSTONS

x-ray powder photographs of nLneteen sp€eLmens, fr"om

diffenent Localitfes, of the uranlnite-thorlanÍte eerles

(UOZ-ThOe) wero read. and lnd.exed uslng the eublc crysËal

anaLyser. The ee}l edges for thorLar¡Lte ranged. from 5"49

to 5.56 kX; tlrose for urar¡1nfte from 5,4O to 5.48 kX$ and

those for pitchblende from 5u59 to 5.46 k&u Arr indexed'

powd.er pattenn of ura¡elnlte Ís gf-ven"

X-ray powder photographs were taken of one speef"men

of måerolite, (Na, Ca) 2Ta2A6(Oe OR'F) , (parttally metamf"et) u

one of pyroehlore, (tUarCa) 2G:r,2AS, (metamict)u and two of

ellssrorthLte (metamlct), a uranian pyrochlore, all fsometnåe'

The cel]- edge of the microlite before heatlng f"s 1-0"42 kX,

a¡}d.o after ?reating, 10,40 kX; that of pyrochlore (heated) Ls

1O"õ8 kx¡ and those of tlre ellsworthite specimens are 10"60

and l-0.28 kX. An indexed' powd'er pattern of mierolite

(heated) Ls glven*

Meta¡rlct euxenLte (ortho:rb.ombLe), (YnCa,cee ueTh) (cb,

Ta,Tt)206gdefledattemptstogrog¡singlecrystalunitsby
pr.olonged.}reating'Thepowd.erpatternoft}reheated.mlnera}

was therefore j-ndexed by mesrrs of a speeially-eonstructed'

arralyserwhiehutlllzesthemorphologf.ealaxialratlo"The
pnobabl-e space-group of euxenite was then d'ed'uced' by

analysås of thLs Lnd.exed pattern' The data thus obtalned 5's
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as fol-lows a

Probable space group: Pe¡mr (o¡r Pee¡:)' Z -' 4"

ce1l d.lmenslons: þ h þ eiþlq

Euxenlte (¡Íattawan) 5'509 :-.4'54 5.1-56 0'3789:1:O "3546

Euxenite (saUtne¡ 5"541 L4"58 5"184 O"58Oo:1:o'3556

specf.flc Gnavitys of euxenlte from sabine twp'n unheated

4"98s heated 5"23. Calcu1aüed' density s 5'58o

Arr indexed. powd'er pattern for euxenite J"s gfven'

TwospecS.mens].abelledttte.nteuxenl-te||(ahtgh-Ta

euxenite)SavepowderpatternsslmJ.].artot}rosegl.venbythe
urarrj:rj.te-thorlarrfte seråes, wlth eell edges 5'09 arrd 5'].]"

kx"
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