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:l ;nethocl of recoireiling ecce,s,scrir zi.aol: frcn:. large
graniÈe san:.¡ries is deseribed.* :Hre i.na;or equ-i-pr::ent j.acI"*

u,C,es a Ci"se-pulve:rizer." 1{a,ultain i:iuperBanfiêre ancl Tranz

is od.ynauic sepa::ator 
"

îbe øiroon ages T'¡ere d.etenained 'rr;r the leaåaalpha

method." A d.escripti.on of scin'billation alpha oounting

oî zi:lecn sai¿ìtles is g;iveir aloag r¡ith a brief ou-tli::ie

of the method of coloriraetrio trace }eacl anal-)rsiso ile-

sults are girreir for an i(-rayaalp'na metho,C. cf age i-ie.ber-

r¡rinatfon of zirco:r r,vhich proved, u-nsu-ccessful"o

The Lead.ealp?ra ages of three accessory zirccns

werÉ fou-nC to be ??i mitlion years, 369 million years¡

anri. L7O7 rnillion yearË, índicating at leas.b trro wid.e-

ly separaied. period.s of granite intrus:!-on in the area*
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IlTfi0DucTlclr

iige cletermination of rarLj.oactive s.inerals has achieved

a -oosition of soue rescect and. oroaises to i:rovid.e sclutions

to man¡r geologic*l .."oitu*u, n*"tirorarly prouru*u of the

Precanrbrian"

'rhe lead.eal;oha m,et?rod. has lceen used. mitir sucsess to ciate

zitrcon. f'Ire purpose of tÏ¿e present vr¡crk luas to i'mprove r¿etiroC.s

of recovering accessosy zircon fronr granitic rocks and to d.et-

err:rine the Lead:al-olra ages of the zircons colLectecl,

Á, i{aultain SuBerÐar.ner was used. to concentrate the heaqy

accessorîr mineralso Followi-ng tiriss a Ttanz isod.ynamic separ-

ê,+uoTe heaqy liquiclse anå acid. treatment ruere used. to recover

the zircon"

,4. scintili-ation counter vøas used to C.eternaÍne tire aL¡lha

acti-¡itf of tne zircon sar¿-ples" -T,ead. aital¡,'ses ï¡ere done by

a chereicaL colorirnetric inethoC.. Ages 'were alsc d.eterCI,ined. by

a.n X-tay:atpha method. to fin,l" how they coiupared. to tbe lead-;

alph.a ages c

Acknorvled,gements

Assistance and" ad.vÍce on various asoects of the vrork-
gíven b)t Dr. ii.D.B" v'/ilson, Ðr" G.It[o Brovaellr and. Dr. -i..Bo

I'erguson of tire'Geology d.eoartnent¡ are grarefull;r acllnov,¡-

Ledged., Dr, K.I. Rotr-l-ston was b.el-pful in correciing elect-

roníc diffÍcultieso fhe Á.ssay EaboratorXr of the i'danitoba

i,lines Sranch kÍnd.ly pernitted the use of their grinding

equipment'
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DATTI,TG ÏßñÃOUS ROoKS rB0Þf riril¡rR "å.ccEssoHr urllî.gl'S

-{ccording to larsen a,nd.'P'na,ít t1954) the r'rinerals of

uod.erate to high rad.ioactÍvity iir ord,er of d.ecreasing abunc-

a,nce in ígneous rocks are3, zircoilr al-laniteu mOirazite, jcêllO-

tÍ-ne, thoriter pyrochlore, and. uraninite. Zitcone ,sphen€e

and. a,patite haVe been used. by larsene Keevite and. -È{arrison¡

(f952) to d.ate granitic rocks rvith ii,lne Lead.aal1:ha crethoC.

Zírcoá gu,vu the urost aonsistently good" re,stl'Its. Sphene and

apatíte gave erratic values with sphene ages tend.íng to be

very híghe probably d.ue to prima,sy Lead. content. -apatíte

has verY lo¡v rad.ioactivity"

zitcon avera€es iess than I00 ppm' in e,oÊt igneous rocks

1¡ut oicasionally it is mrch &ore abund.ant. Tt ís more coÛlmon

ín granites than in basic rocks and. also contains proportion-

atelf o1ore rad.ícactiVe elenents" 1-kre ayerage ziîcon Contains

about equal amounts by vreight of uranir¡m and. thoriumr but in

sone speci.nrens either uranium or tirori'-rm is abnorma,lly high"

Tbe lead. raethod. is one of the earliest to be applieil to

age d.eteimination of minerals. Ît is based. on the naturaL

cLisintegration ei' g258 r\5235¡ and. Tlr¡232? into the stalole Lead.

isotopes pb206, ptrZ0?, and. Pb208. If nothing has been ad'd'ed

or rem,oved. fronr a systen in equilibrii;un and. tbe anount of

parent and d.auglrter elements ís h?olv:l together with the rate

of d.ecay of tbe parent, the age of the systenn can be ca,Iculatedo

ïanumeraþle age d.eteminations have been !Þd,e vith the
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lead. method, but ma,r4r of them have been shonn to be valueless

d.ue to selectíve leachlng by ground, 'waters or prinary lead.

conteni in the mineraln Zíroon ís highly reslstant to chena-

ical ohange unless bad.ly metamict" I,[essurements on youngp in-
actíve zlrcons ?¡ave indicated. tba,t prinrary lead. is negligible.
.åþnorually high eges h,ase not been obtained. from zírconr wlrieh

is further evid.ence of low primary lead contento ApBarently the

olosely-paoked. zf.tcon stnreture prohiblts the entranoe of Lead,

ions d.uríng crystalllzatlon, Tlrus the basic requireu,ents of the

metTrod. seem to be satisfied by tbe BropertÍee of øínconn

ftre lead.¡alpba method. used. by T,arsen et al (fgSe) is a

variation of the lead. rnethod.. It ås rapid. and, relatively sinplel

requiring only an alpha count and. a lead. analysis on the uírcon"

TTre age ís given bYl

+ - q 3b r,¡here t : age in millions of yearsb-

=- c = a constant rrarying from

266a (u onrY) to 1990(Th only)

3b n 1ead. content 1n PPmo

a.lPhas / W,. / lnr'

Host zircons T¡ave been founcl to have tb.eír rad.ioactivity

d.ue largely to uraniuno l,¿rsen giVes c e 2480 as an average

valrre fat z1l7jeo11o ffi€rr a large effor in the assumed. wTJ ratio

bowever¡ results in a relatively sne,ll error in the ealculated'

&$êc
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ï{¡lCOVEJif OF ICCES,SORY ZI]ICON

One of t1ne wajor problees of d.ati.ng rocks frora. theír
accessorTr nÍneral eontent is 'ct:e,t of reeoveri-ng a suffieient
quantity of materíal wÍth which to workn The task is laborious

because coï4paratively large roclc samnles are required., The

raethod. outlined, belorv v,ras d.esígned, to speed recoveïy of hearry

accessory minerals and. dif,fers sorue''n?rat from staad.ard proced.uresn

T'l:Ie sanrples d.eseribed. were all f;:c;n the lr€nora area of

north'rvestern ontario (rig" 1). They consisted, of granltes and.

granod.íorites ranging ín size from 20 to 50 lbs. nominal weight"

Cnrshing and Grind,ing

A laboratory jaw crusher was used. to red,uce the sample to
a.hottt L/4 inch ma,ximum d.Íarneter', îLre sam¡lre was then passed.

through a d.Ísc-grind.er (Braun Pulverizer) set to red.uce the

material to lOu percent minus 65 mesh. One pass thrcugh the

d.isc-grind.er was sufi'icient. fhrther reduction resulted. in too

mueir fine material ie. tninus 325 meshr which was d.if,ficirlt to
work with ín the final stages of separatíon.

Generallys ma,terial- coarser than plus 150 mesh contains
IÍttle free zírcon and- grind.ing would, be more effective with
a 150 mesh screen in closed. circuit with the pulveriaero the

ooarse ¡¡a,terial being returned. for further grind,ing.

[Ieaqy Ï4ineral Conee¡rtration

Heaqy liquid.s and. to soule extent flotation are usually
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u-sed. to seÞarate the large bulk of .r'¿aste ¡aateriat fronr the

reratively minor anount of hearS' constíÈuents" Ho'wevetre ilre

use of laeav¡ lirlu-ids in quantåty is slove eryensivee and. not
particularly effici-eirto The ¡aetlrod- used. largely eliminates
1rreavy Iiquid. ser:araiions o

th,e IÏaultaÍzr Srrperi¡annel rîas d.eveloned by Prof" H,,:l" T.

Eaul"tain of t?re Uníversity of Toronto for laborai;ory ri:sea::ch

on gold. ores. i'his d.evice provid-ee a rapicl means of reooveritrg

t1re treairy mineral 'fta,ction fron¡ large rocle sanu;oles' lfitir a

little -oractice yfiare tiaan 99 Ðercent of the original sarqtle

can be åiscar,fed ån one operationo

Tne groirnc]. saatlrle r¡¡as screened through a nest of TSler

stanclard- síeves to o'i:taín +10ûr +I50e +2000 and. -200 me,sh

fractÍons" T'h.eËe screen fractíons are kept separate through

tine entire concentrabing procecLure. ïach ,sorseix fraction was

panned. separately starbing ïdth +200 r¿esh whÍch r.ras found. 'üo

be the coarsest size t]nat may be a,-çee'bed to coniain a, signif-
icant amount oî zirconn ff zircon is abuncl.ant in this f-taction
the +i50 mesh material is panned next. '.L-he coarser tlre ziroons
recovered. the betie::u icecause in the finar stages a certain
amount of hand. pícking is usualJ.y necessary. If examinatíon of
the +200 fractíon shows a scarc_ì-'by of zircon the -200 nesh

size must -oe panned.,

ït was usu.ally convenient to take tv¡o separate fraciions
from the Superpanner "tÍprf concentrate: one 'rhiglr grad.e',



fractÍon (No,I concentrate) at t'ne extreme tipo and. a second.

(11o,2 concen-t,-r'ate) imred-iatetf behind. this. Ðepending on the

heaql mineral constituents of the i-nd.ivid.ual rockr zircon ås

øore abund.ant in one or otl:.er of the coneentratesu For examplee

usually tlte zitcon is abund.ant ín the ldo"l concentráte buè Íf
the granite is high in sulpb.id.es this cot?centrate will be

IargeS.y sulphid.es.

lla,gnetite was readily reinoved. during the panning o;peration'

A strong peruxanent rnagnet covered, w'ith a sheet of paper was

Bassed. over the tip just before removing the eoncentrates' If
tnagnetíte is not removed, here it causes trouble urhen the conc-

entrates are d.ried.¡ coating the grains with rusty oxid.e and.

sticking tben together. l{agnetite will also clog the Franz

isod.ynanic separator if it is too abund,ant.

Magnetie Separation

After d.rying, the concentrates 'nere passed. through a

tr'ranz'separator. tÍ{itln tlne inclined. feed. attachinent the separator

was set wíth a forwarrl tilt of õ0or a síd.e tilt of ?o¡ and.

a currettt of 0.2 amps. in t'lre electromagnet. Tllre saryLe ruas

ru.n through twioe at tbis setting and. the Broced.ure repeated¡

increasing the current in Clo 2 awçt" increments up to 1"0 a&p.

A large part of the uagnetic ¡rinerals ínclud.ing most of the

sphene was removecl at this Boint ancL tb.e culreat was then

raised. to 1.8 amps" (futl eurrent)" ,Sid.e tilt was red.uced.

to 50 and. then to 5oo AlJ. uagnetíc fta,etions had. to be exa¡rined.

und,er tTre microscope. At 30 tb.e zircon usuarly began to appear



I

in quantity in the ma8ìnetic f raction o Zj.reon apþarentl¡/

beeomes more rnagnetic vrith increasing uranium content ('treb1rert

Ilurleye and. tr'airairn, 1956).

Heavy l,iguids

1'lre i{o.2 coneenirates were put through a brouofotîra seB-

aration to eiiniaate light mfnerals which usually contauinate

¿hÍs frac'bion. Tlre rrsiiiltrt wa,s examined.carefully and if zircon
was present the fraôtion vvas ad.d.ed. to the correspond,ing No.l
concentrateo rÍ' the rtsinkr d.ld. not contaín zircon it was dis-
card.ed.

clerÍci sorution '¡¡as ueed. for the finat separation, The

sBecific gravíty of zircon ranges from 5,g to 5.0¡ d.ue partry
to cornposition but iuainly to the degree of netanietness (notlanc1

and. Gottfried.n 1955) " The sinl< consisted. mainly of zírcon and.

sulpb.id,es; apatíte floaied,n The -2gg uesh coneentrate was

screened. through a, ö25 m,esh. síeve and, onry the +õzb fraction
separated with Clericf solrrtion.

The zitaon-suiphid,e concentrates were treated. with a hot¡
strong sotution of nitríc acid.. This ilissolved. the sulphid.es.

The ferv impurÍties lefi were hand-pickod. und.er the m.icro-

scope. The acid. treatrnent also served. to remove surfaee lead.

contamination. Pyrite becomes uragnetie after heating for a
few ni.nutes above 450oc and, uray be removed. r,vith a hand. magnet.
this method, was not used, ho.wever, because tlte zireon !Ías to
bê ,(:-fâr/ed and. there was the possi'irility of therrnar anneal-íng
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of t]ne zircon structure" Tt is irnportant that the øircon coxlc-

entrate Jre as puîe as po,ssibleu &a,rsen notes Llat, pyrite may

oontain as much as 100 ppiu" of lead..

Éeparation of grains finer lnan +3à5 mesh by settling in

ClericÍ solution is not þTactieal' I'lee viscosity of the soluiion

i-na]ces the process extremely slow and the resu.lting separations

are poor. Zitcon ís of ten abund,ant in this fine material and'

tgould, be wèll worth recoveÏ.ing. -A.eíd" treat¡een'b appears to be

the most feasiirle method., Hot'rerrer, hotr strong acid.s rnrst be

used. for consid.erable period.s and. the efíeet on zirgon is not

known, A sample of Ceylon gen zircon treated. Ïrith I: I aqua rêgÌa

at 80oC for L/2 no:u:r. slrowed. a negligijote change in d.eterminecl

age {Gottfried.¡ Senftler and. 'ffa,ri.nge 1956)" Probably onl¡r' badly

metamic t, zircon would. be mucir affected'.

Zírcon Concentrates

'ilable I d.escribes briefty the rocks frotn which the zircon

came and. the amount of zircon recovered. from eac]no

'l'he final concentrates were largely whole zitcon crystals.
It aBpears that the crystals lilere stiall enough so that even

the violent grind.ing action of the pulverizer merely ttpopp€d.rl

the¡o free fro¡a enclosing mineral grainsu

Ilost zircons collected. were brovrn to red"dish brovm. Sire-
fringence vras consid.era,bly lower than norrral probably þecau.se

of their metamic'r, cond.ition rn¡hicb. rras substantíated. by x-ray
plrotographs. zoning vras noted. in crystals from eac]n saøpIe



and vraÊ not characterÍstic of arry one sample"

Table I

Sample Description and. Araou.nt of Zíreon H.ecovered.

localitv agl Ðescription Tft" of Ëa;r4rle Tft" of Zlregrr

lulennin I'a|xe, Orl.tn- r:red.ium 50 Lb" 650 Eg,
grained. biotÍte granÍte.
Slightly altered. texture"

Taif Buy, Atílfira T-økes Ont" 4B Ib. trace
ç coa.rsê grained. biotite
granite, I'resh textu"re,

Populus f,àAer Ont,- coarse 35 lb. 90 ug'
grãined. biotite granite.
Fresh texture.

*lrynerry Aakee Ont.(o1d.er) zO Ib" 65 @.
= fine to.u,ed,iu¡r grained
gneissic biotite grano-
d.iorite. Altered. texture

+Ð4rberry i,aken Onto (younger) 2O Ib. trace
? coâ,rsê¡ '.Pinkr pegmatÍtie
granite. J'rogh textureo

*SuBplieå by I{ro S.N. trlratowÍoh¡ ÏÞ,Iconbríd.ge Nickel l,lÍnes ltd..¡
Kenorar Ontarioc

The Ðryberry luake granod.iorite yielded. t¡¡o d.istÍnct var-

ieties of ziroone one brovnr and. cloudyr the other clear and

colorless. they were about equally abund.ant but seBaration was

not aitempted. d.ue to limÍted. tirne and. the srnall a¡nount of,

materia]. avai].ableo

T?rin sections fro¡n several of tTre rock saraples were gxâr4-

ined," A single tlrin section is not a reliable índ.icator of the

amount of zírcon occurring in a, trock. Brief d.escriptions of

the thin sections are girren below.

lulennín I"aken 0nt. - 3Íotite granite
Orthoclasen the pred.ominant feld.spar¡ has strongty sericitized.

and. kaolinlzed. cores w'íth fresb.er rius" A small a,nount of ptagio-
clase and. fresb-looking microclíne are presento ã¡tartz is fractured.
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and slxovrs Fraqy extincti.on. Grain bound.aries of fetd.s.pars and.

quarlz are not sharp" A few sr¡ar.r patches of ragged. bioti'r,eg
musoovíte¡ ârjC finely recrTrstal-lized. quartz and feid.spar occuro

Äccessoqy minerals includ.e apatite¡ epid.oter clinozoisite¡
sohener and. magnetite" Pleochroic ha]oes a.Te coïnmon ín biotite
and- most are causecl by sphenen Only one zircon crys.baL was

íd,entif ied,.

Tail Buy, -A.tikwa js,lce, Onto - Biot_i_te graníte
Ortlroe-Lase has kaolinized. cores witn fresh rirus" plagio-

clase ís altered. simitarly but ís less abund.ant, lvlicrocline is
fr:esh. Qu.artz is abund,ant in large clear grains corøronly show-

iirg waqy extinction. Accessory minerars inclu.d.e biotite, ioìrsc-

oviter epidotee sph.ene¡ apatitee magnetitee and. hematite. pleo_

chroíc haloes occutr in biotÍte but the mineral causing them

was not id.entÍfied.. Zircon vras not seen.

FoBUluS .::.,ake¡ Cnt. - Siotite grai:ite
ÐrtÌroorase and- p1agioorase are strongry sericitized. and.

kaolinized.. Quartz Ís abund.antr occtlrring Ín la,rge grains and.

granular ruasses. Accessory Trlr.nerals incrud.e biotiter nuscoviter
epid.otee ma,gnetite¡ and hematii;e. Three tiny zircon crystals
enclosed. by biotj.te vrere noted,.
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R4,ÐT L)AC TIVI TT iVTITASURITV$]NTS

tbe arpha aciívíty of t]ne zircon sanpres vras r¿easured.

r¡ith a scintillation counter. llre nrethod llas simílar to that
proposed. by Ku.lp, rrorland., and. volchoic {rg52l for a thin source,

The electronic equitraent ha,s been d,escribed by Tu.rnock

( f956 ) " The nethod. of nounting the sample is shovrr in f,ig. Z"

The "a*piu tray was a sheet of plastic with a circle inscribed.

on it about one íneh larger in d.ia¡reter than the sensitive face

of tlre photomuttÍplier tubeo TLle inscribed. area was smeared. vnith

a very líght film of silicone fluíde the samBle tra$ weighed.¡

and. the finery ground. sample (-525 mesh) spread' on with the aid

of a car¡e1s ]rra,iy brusb* Excess matería1 was shaken offr the litt1e
powd.er rvhiclr had fatlen outsid.e the inscribed. circle was tråruned.t

and. the sample plus tt'a,y rvas weighed.' SalirBles ground. in prepar-

ation for counting imere allowed, to staúd. for at least a week

before the alpha count was taken to allorn¡ the sample to app-

toa,clt equilibrit¡n with respect to radon and. thoron.

A rema,rka,bly even d.istribution of grains can be obtained'

wÍth coneentrations a,s lors as Oo3 øg./cu&" flee work of KuIp

et aL (L952) slrolrs that for sa,mples rvell d.ovnr in the thin
source range ((f.0 mg./cw?)r the counting rate is proportional

to sanple thickness ieo essentially atl atpha pariicles are

able to esca,þe fron v'rithi-n fhe sourceó

Itg actÍvated 'ZnS was used" as a scintillator, The face of

the photomultiï¡liei iiube vra.s si¿eared. with a light film of sil-
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icone flu-id.r the powd.ered zns{a€) sprinkred, oE¡ anc the excess

shaken off" The photorrurtiplier tube and, sanrple hold.er are eh-
closed- in a light-tight container and. the whote ,olaced, in a

leac.-block castle" Sample changÍng was d,one in d.arkr:ess becau-se

zns(Ag) has a cevhain anount of phosphorese ence after elçposure

to strong light' After about I hours in the d,ark this phosphor-
escence becomes negligible (fufp et al 1g5Z) 

"

voJ.tage on the pbotounrltiptier tube v,?,s kept low so t¡aa1

tube noÍse wou1d, be at a minir¿um. Tth,e variation ín counting rate
and. background. with tube voltage Ís shonrr in fig,3, iiith tlre
present equipment a ?5?å vort potentiar was used. on the tube

with an ainplefication of about 40. -& trigger revel of zo vorts
was used, to urínimÍze low energy bacÈgrou.nd. noise ancl stilt keep

the counting rate relatively high. lhÍs level was above Ëone of
the lovrer energy alp?ra particles and. thus they wou1d. not count.

ÏIov;ever¡ because a}l samples are consid.ered. to be in equilibriun
and. the trigger leve1 rercained. the saffie for both the stand.ard.

a'nd. the unknor/rr saurpleso thÍs is not ímportant. Tbe baokground.

vras about 20 counts per h.ou-r and. remained. fairty constant.

The source vüa,s considered. to be an ttinfinite'r plane. ?be

photomtrltiplier.tube r¡as as close as possible to the source ie.
less tjlnan I 'r¡n:ln; thus the number of arpha particles iryinging on

'the tube face fro'r¿ the outer ed.ge of the saraple was negligible.
carculation of the alpha emissíon of a sample from the source
geometry vias not practical so the instrt:-ment v.¡as calibrated. uritir
an a'naLyzed sauple cf the same graÍn size. The strength of the
calibrating sou-Èce is not of first-ord,er importance but shou-ld.

be kept near t?re range eæpected. in tbe unknour sampres" ïfitn
tjae sauple arange&ent used. z tTrc same proportion of the total
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particles emitted frorn the samole 'lviIl- be counte-d. regard.less

of its streagth" Because the alpha particle energies of both
the U and- T?r serÍes are similar¡ the source Ëiay contain either
one or'ooth of these elements,

Tlne a,naLyzeö" sample supplied by the Department of Toiinese

atta'vra, was a, mona,zite containing 6"L?# Tr1, and. 0.!z'Å TJ. The

total alpha aciivÍty of this source rnay be calculated. as follov,rs¡

T = In Ë = 0o693 where T s half-Iife of parent
ÀÀ

), ã decay constant of parent

¡opi]238 ¡.ao.6g5_ E 0"695
T 4.499 x lg9years

= I"54 x L0-iÛyears-I

for 'Yinà32 ìo it"O95 = -- un69é
T L.3g x l0rgyears

a 4.gB x r0-Ikears-l

'Ihus v238 d.ecays 1..-54- x Io-I0 s8 3.09 tiiues as fast as y.n232.

4.g8 x t0-11

There are 6 alpha emisgions in the 'y¡252 series and. I
a,Ipha emíssions in the U238 series. Therefor€e for alpha act-

ivity the T¡232 equivalent of U2ö8 is,

L x I = 0.24:5Tln232
I 3.09

f'or arpha actÍvityr ihe equivalent U2õ8 in the stanilard.

sample isr
0.?.43 x6o12 +0n12

= L,65%

etï% = znZò x lo-4 I (cottfried., Senftle, and. Eraringr 1956)

$here eU : equivalent uranium
I = atBba activity in alpbas/wg"/nró
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ï'or the analyøed. sample:

I = er¿/i lt2"75 x IO-t

= I.65
ffi10-4

; 6000 alpha"s/rng,./hr.

Th.e sample rras prepared. for counting as d.escribed,

\¡/t. of sample tray + silicone fíim ã 39"?0144 gm.

lft.of sample tray + silÍcone film + sample : Sï.?4LSO

1¡/t. of samFle = SB"?4L1O - 39"70L44 ã 40.ô6 mg.

Area of Sample ã SB"5Z cm?

trlt. of sample/cm? = 40.06 ã 1"040 wg,./cm?
38.52

24 ?:our count on s:r.mp1e = 628670 counts

24 ltour count on background, = 4gS counts

Corrected. count = 6?,8670 - 495 - 6ZAL7, counts

Countsfttr. = 6281?5 a 26]?3 cfhr"
24

Sensii;ive area. of phototube = ]-lígí cm?

Counts/er¿? of tube anea, -- z6J?s : l45g c/cm?/hr.TZ.E
1 crn? of sample vieÍghs 1.040 mg.

CountsT'mg./hr. = 1458 ¡Ë LAOZ c/ry,"/br"
1.o40

lotal alpha emission from

above.

gITL

the sample = 6000 aLphas/wg,/hr.

k x L4o26000

k 6000
L402 = 4"28

Tk¿e faetor k can noÌM be use.J to eorrect the observed. caunts/

mg,./}rr. from an unknowrt sample to total alpha eaissíon in aJ;pha,s/



:mg"/lnr'-

Counting d-ata are given in table

Table 2

å"lpha Activity of tlne Zfrcon Samples

i,ocality

l,fennin iake¡ Ont"

¡FRenfrew Co. Ont.

*rrStravfft aitcon

Ar¿ount
(¡og./cra?\

1"054

0.295

L"047

Observed.
(cr/w" ¡hy,\

'ö9.84

88.49

42.50

6 "76
46.48

t8

Correc tecl Value

l?0.5

3"18.7

181.9

28.9

198.9

Populus ll,alcer Ont. 0 .7Lz

D4¡berry le,ker Ont. 0.80I

xAd.di bíona1 sarrples f ror¿ the Flineralogr }trseum¡ TJniversit¡' of lvian.

The probable statistícal counting error ïúas about 2:/i for
these counts. Couniing time sbould. be e:çtend.ed. to red.uce this
to less than Lfr. Counis on separately mounted. samples of the

same iaaterial agreed. v¡ithin 3.5"io. Ttre percentage erroi: in tire

stand.ard. sample used for cal-ibration 1s not known but shoulcl

be very sma,ll.



'lo

]üUÀD ,{i''fÁJ,Y$ïS

*4. colorimetric metlrod- d.escribed. by Sand.ell {fgSO) rvas

used. for trace analysis for lead. in the zrrcons. Ttle accuraes

cf the oetbod. is elained. to be comparairle to tha't of spectro-

chemícal a,nalYsis.

ZLtcon, being highr¡r refractory and" cherricatiy resistantg

vas d.ifficult to d.isintegrate' Sorax was tbe only corfiiLon flux

active enou-gh to break rrç zitcon completety with one fusingo

Àbout 1,5 graûrs of borax r¡as requlred- for each 50 ei.lligrans of

zi-ycan. The borax l'¡as fused- in platiou;ltr cooled.e and. the fineJry

porråered. zireon placed. on top, trì-¡-sion tras continued. urrtil the

ma,ss vas transparent v.¡hÍch took a,bout L/2 lnou-t" The fu-sed- m,ass

rúas stirred. occaËionarly vrith a platinura r'¡ire to hasten d.isint-

egration,

The:uelt v'¡as d.issolved by v,ranaing rvith Ie5 Ï{Cl and lead.

r,ras erctractecl from. tne solution at pll 9 r,¡iih ,OLfr {weigr't/voltme)

d.iihiøone in CC14¿

i'ina1 d.eterrs,ination of tead, v¿as Cone with .A0Li6 dithizone

in CCr4r the transuriLtanee r,¡as measu-recl vith a Coleman fipectro-

photo reter at a 's¡aveJ.engtir of 525 millimicrons. r-he reading

tr¡¡as compared 'ûc a. stand.ard eu-rYe oblained und.er the så,Ere cond.-

itions {ftg.a) " rf cond.itions are d.uirlicated. precisely ancl

the transmittance aeasured. in the proper range t4o to 70îð),

reprod.ueibility is excelLeirt" .4. blank mu-st be run through the
entire proced.ure to find, the anrount of lead- coniribu-,;ed. i:y
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reagents and. apparatuÊ. Table 5 lísts tTre results of the Lead.

analyses,

64"6

L25,9

L49.2

9.96

lg.6

91

! 4.9

! 7.4

1 8.5

! 2.L

+ 2rO

?ab1e 3

Iæad A.nalyses of the

üt. of Sample
( e.o. )-

locality

SIennin ''f.aker Ont"

Populus -iiìal<er Ont.

ÐryberrXr ïakee Ont.

Renfrew Co. 0nt.
trStrar'frr zircon

Zircon Samples

Y Pb fouad.
- blank corrf n

4.0 + 0oõ

5.1 + 0,5

5o4 + O.3

1"41 1 0.3

5"0 + 0"õ

0.06 19

0"0405

0.036 2

0.1416

0" 1554

Pb êontent
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cArcur,arfo}T Otr' AGE

Ages greater t'han 500 million years obtained- fron tbe

equation L = c*Pb should. be correcteé for U2õ5 content. g235

roakes up l/Lllg of the total uranium and. roecause it d.eeays more

rapid.ly than U2õ8 the age v.riIl be red.uced. by -r,he correction.

The corrected. age is gíven by; t = tl- - åktl (Keevile f939)

where t1 is the u-ncorrecied. lead.:atpha age. k is calculated. from

the following relationa

k : r"gbg x ro-1Ô.+ 1.624 x ro-1r_TþÆ
1 + 0.334 Th/$

tr'or a Th/\I ratio of 11 Ic ¡ L.58 x 10-10. ltris value of k
was used. in correeting the ages shovn: in table 4.

Table 4

Ages of tine Zircon Samples

Ãocalitv "pl3 "i;."l:T norilåli"t "riã3Ti '"ii:::îu
ï4ennin i,aker Ont. 1?0.5 64"6 940xI06 869x106

populus Iaker ont. 3'18.? L}b,g 825x106 ??1x106

Dryberry Iaker Ont. 181.9 :¿4g.2 2054:<106 1?O?x106

28,g 9.96 855x106 ?9?]c106

198,9 19.6 24/ix']-:}6

Renfrew Co. Ont.

rfstravt¡r zítcon
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ZÏRCO}T AGES TROM AAÐTATTOTf DA1VIAGE Tç XHE STRUCTIIRE

The method.s and data of Holland. and. Gottfried (195b) rrere

used. to find. how the age values corrpared. to those obtained.

with the lead.:a1pha, methodo

Sriefrye the basis of the method. is that if the total
rad.iatíon d.osage received. by tlte zireon can be d.etermÍnecj.r and.

th.e present rate of irradiation Ís kirorrn¡ th.en the age can be

calculated.' Ì{o}lanclts work relates the rad.iation d.osage reeeived.

to the unit cel] d.lmensíons v¡hich. are cb.a,nged by AisBlaceurent

of the ator¿s. A variation of this method. gives the rad.iation
dosage as a function of the change in reflection angre of the

(112) planes ín the zircon (I{urley and. tr'aÍrbairn 1955) . An

important requirement is that the rate of annealing of Lhe

structu"re must have been zero or otherruise constant. Ind.ications

are tln;.t only aipha irrad.iatíon is iraportant, F and. t activity
contributing neglÍgibly to d.iso:d,ering the atoms.

age is related. to ihe preseni

psed. since irrad.iation began b
7\¿

) + TBõ' (eà^.ó - I) + 6 I ¡6lrr,t

139

lpha d.ísintegrations

ivity Ín atphas/mg"/Year

f U258, g235, 
^yr6,y:n232

Ttr to U rn the sanrpie

years

d.os

eIa

_f,

ofa

aet

tso
of

in

total rad-iation

and. to the timer
f = A I e (e'"t

r-
L

e total number

= present alpha

= d,ecay constan

= present ratio

= age of sample

Tlre

ac tiviiY

rrhere I
.å.

àr, )o.r,Àrn

ø

t

alpha

J.

JII
I

_l
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¡:ius d.ete:::rlnation oi' ttre toter rad.iaticn d-osage froi:r ti:e

unii cetr c1i'rpensions allows soJu-tion of tne al:ove equa-bicn

for te ine age oÍ. Lne sanr-ple..¡:-oIIanA consid.ers tnat r''¡i-th n-j-s

graphs eo gives a Ëiore accu-ra,te valu-e ot' I t,na,n tfr.e an Cti-'rensiono

äe su-spec-uecl tirat in 'r,rie ,su.íte ci' CelrJ.cn 6ei:r zírcons frxt ¡lftLch

h.rs d,aia ve1'e obtained. s trre a,n clinensirn ?-laiL T:een sJ.igntly

afi'ecied by tnerrna,r annearíng'

Using the curves cf f5-g,5e the value for t can be fouad

ílol: th.e :ra-bio cf d /e f or seve::al 'In/tj raticls" It is a.1:0a::eiri;

'¿l:aì; eaten ,,.¡ith ,nges of the ord.er of 2 billicn yeårÐp ãssut.rlr:ã

Th/\j = I "rvhen tire trii.e vaLue Ís 10 resu-'l-.'Ls i-n :ta êircr of less

',f,ian l.Ai.í in the d.e'f;erruj.noC aêe" T;r¡le 5 gives ihe agBJ ¡btained.

fro¡r ihe zireons studj-e,d, assr-rning a Tn/U ratíc of Io

i'"abIe 5

$.ges oÍ' t?.e Ãíxcon ,Sa.ienles frcit Jl*ray Ðata
rllìr!ggal_i_!tl c" {SJ r f::ora co ao..{$.) _!,_.Çggq_qo

I

iiíennj-n La,]g,e, Ont. 6.0II õ60 ,-, l-û6 6"604 Zû0 x t0õ

Pcnr-r-ius iaLee5 #n._. b,ggz rcO x 106 6*ô21 3g0 :', 106

Ðr¡'cerry ï,aiceeiJi:t* 5,gg? p00 ;c lCâ 6*63l l04O a L,Cô

lìenfrew co*¡ o';rt" 5"?Bgõ 5?0 x lcô 6*6113 12,g0 :c 106
ttfitvaçtt zírcon Ssgg2 1,60 x 106 5u60g 4L0 :.- I0ô

C orrec'ce,1
pbsd ?gç

869 x 1Õ6

??1 x 106

1?C? x 106

?9? x 106

)4,L -: I rf 6

Except for t?:e l,Ieirnin La,!r,e zírcoyr the ages cal"cula-bed. frou
cc are l-ctrer tiran ilrcse f::ol¿ rbe corresì,?onoLing ao d.i::reasicn, l:ut

the resu.I'bs are erraticu

T?¿e three accessory zlteon,s gave vaLues far belcw the
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leaC;alpha age " il'l:e-:re is l-ibtle iLor-l'ct tha',, they have sufferecl

-scrre t'nernaT- an::ealing" flais c-i:ffíeulty uculd. be eiriecbed. with
most Freca,mlcria.n zirccns ai:il- sc Li,-tits -blre u.selluiness of the

iaeihoC. l{oçever, e-fer? ihough the values are incornpatible r:rith

i1e lead.:alpha ages, ihey d.o suggest the occu-rrence of, thera:at

effeets as laie as the lÍesozoÍc r,vhích r,'rere greai; enough tc ccin*

pl"eteiy enneal l,7ze zi'tccn str¿crlure"

Ðating zircon by radÍation d.anage io its strrrcture is not
yei coasid.erecL to yíeld relialrle ages bu'i:'r,sork is continuil?g an,L

äollancl bel"ieves t"re resu-I'bs ars 5lroi:rising"
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c0tfcÏ,üsr9ITs

3'or age d-eterø,inatíon of acceÊsory zitaons a 5Lr pound.

rocir- sarnple sirould. -t¡e eollecied. if feasil:Ies but there was a

reascnable possibility of cirtaining encugh zircon from as

little as 20 pound-s cf granite" with prac-bicer reccvery cf

the zíTecn took less than 5 man*d,ayso

-4,pproxima,tely 50 to 100 míl}ìgrela,s cf zircon s¡as oÊcêss-

ary for a,n age rLe-r,ermination using the method-s d.escribed..

About 50 mílligrams ï'ras need.ecL for a,n aJ¡b.a count but the

òontrollíng factolwas the lead. ccntent of the zirconu The

sa,raple should. contain at Least 4 rcicrografirs of iea.d. for acc-

urate c clori,netric d.eter¡aination,

r'he age of tir$ H.enfrelv Co6e Ont" zßcon (855 miilicn

Jrear,s rlncorrectecl flçy g235) cornpaies favcrabry *ith the 900

inílLion years (also uncorrected.) obtained. by Larsen et al
(fASe¡ for zircon fror¿ the same locality"

The Lead.:alpha ages of accessory zircons from 'utre Eenora

area inrj"ieates aL least tv..ro iø'id.ely separated. period.s of gran-

ttíc intrusion. Ages as you-ng as ??l inirrion years and. 86g

milLion years lrere previously unsu-specied. lout other age d.eter-

r¿ínatioi'ls are not recorded, for tb.e areao The nearest Localities
for ,,vhieh publ.ished. d.ata are available are the iluron claim
pegmatítese Iüinnipeg iliver, i'laniroba, vrith air average p6207¡p:r206

age of 2550 rnirrion yearse aod. a pegnatj-te at the silverLeaf
Mine, i{anitobar \ritin an Eao¡Kao age of z55a r¿ilrion years {-v?Írson,

Russellu and. Farquhar, 1956),
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The lead.salçha age of 1707 ¡oíIlion years

the zi-rcon frorrt the Ðryberry i"aJce granoC-iorite

proi:abl5r re'presents a composÍte age du-e to the

of zi-reon whiclr rrere oresent.

obtaitre'L for
u-nf or'r,uhately

tvc varieties
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