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ABSTRACT -

Whole'rock Pb-?hrand Rb-Sr isotopic results indicate
an age of dep031tlon qf less than 2400 2470 m.y. for\the
‘sedxmentary precursors .of the CharlebOLB Lake complex.

The data also 1nd1cate a major metamorphlsm of the’

w

" precuxsors during the Hudsonlan metamorphlc event whlch,

!

in ‘this area, ended 1750 m.y. ago. U-Th-Pb determlnatlons
' carrled out on cogenetlc'uranlnlte and monaZLte-rlch |
vmlneral fractions from granodlorltlc granofels and mlgma-
. t1te members of the Charleb01s Lake complex establlsh ‘ Q_
ropen.systemvchem;cal behav1our 1750f1797 m.y. ago. Taken
'/as.a whole,'thé.geochrohological evidenceisuggests'the )
uranium‘mineralizatioh'is a result of the local.remobilif

.zation of uranium—rich'Sediments during the Hudsonian

. . { Ny R S0
‘metamorphlc event. The geochronological conclusions‘.

“‘agree well w1th the geolog1ca1 conclu51ons of Morra (1977)
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CHAPTER 1 '

. INTRODUCTION

‘Because of sharply rising prices of uranium over the
last 20 to 30 years, iow grade uranium.deposits of peéma;
tite type have become increas¥ngly gttractive to uranium
exploration companies. N

This type of deposiﬁiil found in Precambrian Shield
areas throughout %he world, most commonly occurring in the
regio;ally metamorphosed terrains that have been exten-

A Y

sively granitized. The Canadian Shield-contains a laqql'
. : - -

number of these sub-economic deposifs and although no
serious exploitation has been attempted so far,\lhese
deposits contihue to be stﬁdied and assessed as potential
uranium producers in the future.

One of the seﬁter known U-pegmatite deposits in the
Churchill province is in the Charlebois Laké area in
northeastern qukatchewan. The geology of the area has
been studied in detail on a few occasions in the past and
therefore it is considered that relatively complete
ggological documentation fbr the area is available.

The purpose of this study was to investigate the
chronology 'and evolution of‘the Charlebois Lake area by
examining U-Th-Pb, Pb-Pb and Rb-Sr isotope systems.froﬁ
varidus rock units of the Charlebois Irake complex. It Qas’

hoped that.these isotopic systems would record events that

affected the area and would provide insight into the

1
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« '

'origin of th; Cyarlebois Lake*' complex and tluaésltod U=
mineralization. V' ‘

T" amples were collected so that they represent the *
major uzziimgf the complex: granitic to tonaiitic gheliss,
miﬁeralizcd'qranodiori;ic granofels, biotite and hofnb}nndo"

' gneiss, amphibolite and late felsic dyke. '
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[

fl 1n thls area.g

f;’ﬂh:: The CharIebdﬂs Lake area is located 1n northeasternﬁVl'”

'n o

Saskatchewan, about 160 km west of the Manltoba border

rf'and 50 km south of the NorthWest Terrxtorles border.“‘

Approxlmate coordlnates are 59°50 N and 104°40 w

;»’fFlgure l) Although the geologlcal surveys of northern_hgf‘

Saskatchewan were 1n1t1ated at” the beglnning of thls
century and 1nten51f1ed after the Second World War, w1thﬂﬂ
the 1ncrea51ng need for uranlum most of the efforts were'

concentrated prlmarlly north of Lake Athabasca;and west

s

of the Charleb01s Lake area. : ,”h f'v_;E fiyfi,H' ﬁd»y

The flrst serlous reconnalssance work 1n the ‘area:

~N

: — .
T;.was done by Mawdsley (1950) who descrlbed a number of

radloactlve ocaurrences. Thls work was followed by more
detalled fleld work, mapplng, petrologlcal and petrograeE
phlc studles by Mawdsley (1952), Cummlng (1952) and

Klrkland (1952) From that tlme on,‘ for a perlod of

- about twenty years,vnot much activ1ty haS‘been reported

-F /.

In the meantlme reglonaldwork on- the Saskatchewan
Shleld contlnued._ Geophyslcal‘surveys of northern.u;
Saskatchewan were carrled out. The grav1ty and aeromag;
netlc results suggested ‘that the Saskatchewan crystalllnef

basement was composed of several dlstlnct tectonlc unlts

el W



Athabasca Fm.

FLate 7 Postkuwmatnci
- Hudsonian plutons

‘Early kinematic Hudsoman plutons

:] Undiffe rentiated . granitoids -and- B :
mngma(rc!os (incl. remobilized basement R et
early plutons;highly migmatized %upracrustals)

l lSupracrustaI rocks (? mostly Aphebaan)
/ Major s hcar/fduH/ zones-"’ "A o z‘ ’ 100@

1 anm R ohear /onn 2 f}l.xck l .nult 7o0ne, -"“ . .

i s

3. Needte Falls Shear zon/é 4, Parkerl “Shear'z ane

wl 5Tabbernor Fault .
k / Other ltthoqtruc'mal'r/iomam bom)duups ‘ : L

-

F,l-gure 1. thhostructural suldivision of- Northern Saskatchewan
(fran I.ewrey et al.-1978). . , .




» [FY SR ~ \t ’ . w\\—l P , E . ,' |
'whlch are traceabIe o the Cordlllerran fold belt. As
such they were percel ed as deep crustal entltles.-“Fhrthera'

"geologlcal studles of t e Saskatchewan Precambrlan base-
_ N R

*“ment\were of broader scope and 1ncluded structural, petro—
: AN

loglcal:,geochemlcal~and‘also a number of geochronologlcal
31nvestlgatlons.k S T

Four llthostructural units presently recognlzed in -

/

;Saskatchewan were dlscussed -and descrlbed in'a number of

~_1mportant papers, part1tu1arfy those - by Lewrey et al.
(1978), Burwash (1978 1979),_Slbbald et al (1976), -
eBurwash et al. (1962 ,1969,1970)", and Koster et al. (1970).

xA few of these publlcatlons also dealt w1th main events

leading to the fipal stablllzatlon of thls part of\the

‘,3Churchlll structural prov1nce. As a result it is now '«

certaln that much of the Archean craton in Saskatchewan s
'Mas reactlvated durlng the Hudsonlan orogeny whlch lasted

wfrom 1900‘m Y. ago to 1700 may. ago (Burwash et al 1969)

’

Reactlvatlon con51st1ng of exten31ve‘granltlzatlon,'w
'~metasomatlsm and polymetamerphlsm affected much of the

Saskatchewan Shleld.

1

The four llthostructural unlts of the Saskatchewan
“Shleld are shown~1n Flgure 1 , Slgnlflcant features of
these northeasterly trendlng unlts are descrlbed in detallv
in the_paper by.Lewrey et al. (1978).> A brlef summary of
two of these unlts will be glven here,,w51nce the

‘ Charleb01s Lake area is part of one un1t, 1t is geogra—.



'phlcally close to the other and together they contaln‘

most of the radloactlve anomalles discovered so far 1n
Saskatchewan. ‘ ‘ . ‘;M
" The flrst lS the Western Craton whlch occuples the

northeast corner of Alberta and western Saskatchewan.
"

It is comprlsed of an Archean basepent complex of granl-
rt01ds, mlgmatltes and other hlgh grade metamorphlc rocks.
Reactlvatlon of the Craton durlng the Hudsonlan orogeny 7

N s

resulted 1n\a series of younger moblle belts whlch

f surround the older stable blocks (Beck 1969) Hudsonian

”'overprlntlng occurred under condltlons of lowe amphié

E.bollte and greenschlst fac1es metamorohlsm. H re, depend-‘
1ng on the degree of. reactlvatlon,‘a range of ges from

2500 m. y to 1750 m. y can’ be observed (Baadsg‘ard and
 Godfrey 1970, Sassano et al. 1972, Koeppel 1968).

V In this area a large number of uranlferous pegmatlte
1depo51ts can be found. Most'of them are pegmatlte'deposlts;
-of group A (Trembley l978) One'of the moreuprom?nent is *
t'the Grease River occurrence ahich is located only about

30 km west of the - Charlebois Lake area. Here uranium

occurs in masslve to faintly foliatedlgranite and in the
pegmatltes that form part of ~the Archean basement gnelss

complex. The uranlferous pegmatltes are of varlous

~.
'dlmen51ons and are erratlcally dlstrlbuted Slnce the

“pegmatltes occur only in the basement granites and ' i
' granltlc gneisses to Wthh they are closely related in ‘K'

t

.-



compositlon, 7hey are regarded as the anatectlc fractlons

'of the basement granltlc rocks. They are generally coarseé

gralned and not‘related to a 51ngle large 1ntru51ve granite
‘i)ody, I. . . ' ‘ . . | .v ‘.
| ?he,centrai paif of the"Saskatchewan:Shield is
‘occupled by.the Cree'Lake zone. 'This'tone is-flanked to
the west by the Virgin Rlver domaln and to the east by the
Wollaston\domaln.4 The zone is comprlsed of mainly Archean
gran1t01ds, mlgmatltes and high grade metamorphlc rocks.
The~whole-area§1s characterlzed by folxated, folded and
: boudlnaged small scale gran1t01d segregatmons whlch mlght
_1ndlcate exten51ve "in sxtu anatex1s. It is suggested
'~ that pressure- temperature condltlons throughout most of
'lthe Cree ‘Lake zone durlng the metamorphlsm were at least
as high as thOSe‘correspondlng to the upper amphlbo}lte

facies.. L

Lewrey'et'ai. (1978).State that in the CfeeuLakefzone‘

"it is probable that the hlgh grade conditions achleved
early in the deformatlonal hlstory were maintained at
essentlally the same level throughout and beyond the close

of the major deformatlonal ev;nt Accompanylng anatex1s

was - effectlvely 'in 51tg as there is little ev1dence of

\ large scale 1ntru51on .

°

Some reference to- this statement~will be made again
. 1n Chapter IIT when dlSCUSSlng the ages of uraninites and-

monazltes. Metamorphlc grade of -the zone falls sllghtly

(



in the cooler, more brittle, marginal "areas of Vlrgln
Rlver and Wollaston domain (Flgur% 2)
Geochronologlcal ifugles, although limited malnly to
the WOllaston domaln and areas south of Athabasca basxn,
yleld a range of ages from 2700 m. y. to 1570 m. y..(Cummlng :i
-and Scott 1975 Weber et al. 1975 Money et al 1970)(
Uranlferous pegmatlte dep031ts are: numerous 1n the_
- Cree Lake zone. Both Group A and Group B dep051ts can be
found: (Trembley 1978) | Group B dep051ts (Charleboxs Lake

,'occurrence lS a typical representatlve of thls dep051t)
s

o

arekcharacterlzed by the concordance‘of the pegmatite
layer With“stratigraphically lower granitic gneisses. and

] 'éﬁratigraphicaily highet‘mafic—r}ch gneiéses; gradational . *
contacte'between.tne_pegmatite,and other rock units ané
‘ﬁuCh more bariable-grainlsize'and composition than.
exhlblted by Group A. | . |

'In 1974, Fosago Exploratlon Ltad. carried out an -~

‘extensive exploration prdgram in the Charlebois-Higginson

Eakepaxea, consisting of detailed geological mapping and "

radioactive surveye in o:den tp study the relative strati-
graphic position of‘the radio ctive occufrences;, In‘1977
F 'Morra completed an"M. Sc. t esis‘in’wbich he described

the geology and uranlum depo 1ts of the Charlebois Lake

- .area. - This the51s (along w1;h the work of Cummlng (1952),
Kirkland (1952) and Mawdsle (1952}) was used as- a major

. : . . I - L Ce
~ source of geological refere¢nce in the present study.
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"°  Most of the Charlehois,Lake area which is situated
.in the northwestern‘part‘of-the Cree Lake zone anduwhioh
aépears to be the'northern’extension of the Virgin River

}domain,‘isAnnderlain’BiHmassive and foliated granitic to

Yy

_tonalitic gneiss. Other lesser rock units are migmatite,v
granodioritic granofels (or younger intrusive pegmatite,
- as called'by Cumming, 1952), calc—silicate‘rocks, horn—.
hlende gneiss, amphibolite, biotite gneiss and quartzite.

‘Figure 3 (a map adopted from Morra (1977)) gives thé

: relatlve dlstrlbutlon of these rock units.

. All of the rock. unlts in the area are gently “to
strongly folded w1th few poorly-exposed faults.. The most
-;promlnent llneament 1s represented by the ngglnson Lake
fault whlch is belleved to be an offset extension of the
regionally;important Clnt Lake fault. North.of thls fault
there are possibly a few hore parallel;faults: one

through Dramnitzke Bay, one immediately north of it, one

from Helsler Lake to- Sprekley Lake, and others. One of "

" the rare occurrences of the mylonlte zone has been observed _
® N

by Cummlng (1952) on the granltlc gneiss on the west shore
:S

of Sprekley.Lake. This area is presumably an extens1on of"
the east-west trendlng fault that orlglnates at Helsler

,Lake.

—w

Y

The largest number of folds follows the general
reglonal and local fault trends, i.e. axes of the folds.

"have a northeast southwest dl{&Cthn. The cores:of the
N @

e
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anticlines are occupied by the granitic to tonalitic
gneisses whlle synforms are generally occupied by other
rock units, such as biotite} hornblendefgneisses, calc-
silicates and quartzlteSw

The granitic to tonalitic gneiss ie best.representeq
south of Dramnitzke Bay where it forms the co;é of the
ove;turned\Pegaeuvaake anticline. The enticline is
flanked on both’sides by a metasedimentary sequence which

i

is continuous and régular.

In an unpublished report, Sdasanov(1974) attempted to

correlate the granitic to tonalitic gneiss of this area
wlth thé‘Donaldscn'Lake gnelss (of»Mlddle Tazin age) from
the Beaverlodge area (Sassaho 1972). He also suggested
that an unconformlty separates the granltlc and tonalltlc
'gnelss from the rest of the metasedlmentary sequence,

" which he tentatlvely~correlated to the Fay Mlne sequence
(of Upper fazih agel. Cumming (1952) suggested thet the
coarse to very coarse grainedﬁ‘mineralized rock whlch
ogtcrops arcund'Pegasus Lake granitic gneiss is in fact
yocnger intrusiVe‘pegmatlte.

Based on field observations, etratigraéhic'end
structutal'characteristics'such,as"égncordance of the
contacts, tegularity of the sequence ofvthe tockAUhits in
'the‘antiforﬁs and synforﬁs, petrogréphic and Other labora-

tory studles, Morra (1977) concluded that "young intrusive

pegmatite" (whlch he calls granodlorltlc granofels) is a

2
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/[ ‘
part of thg metasedimentary sequence. He also concluded
that the gfanitic to tonalitic gneiss is the plaest, basal
and integrai part of the Charlebois Lake mét%sedimentary
COmple¥. | . | _ j |
A lisﬁ of st&atigfaphic units, as~sumﬁ%rizéd Sy Morra

(1977), is given in Table I. / .

/ v

oo !
granitic dnd tonalitic

"Since the lower contact o

gneiss is not visible in the rea, it is;believed‘that the

Charlebois Lake complex could have a thickness of up to

3000~meters and that the crystalline basement rocks are

\ /
{

not . exposed. ‘ /

/

N .
The rocks of the area/have undergone regional meta-

morphism in the intermediate amphibolite facies. The
presence-of si%limanite azt garnet associated with biotite,
microcline and oliogoclase, along with other metamorphic
assemblages, is-widesprea (Cumming 1952, Morra 1977).

’ -
This paragenesis was-desc&ibed.by Winkler (1967) as the
sillim%pite—almgndine—orthoclase subfacies of the amphi-
bolite facies. Mineral assemblages belonging to the

upper limit of amphiboiite facies, although not véry .
commoh, were also found by Morra (1977). This seems to be
in good agreement with regional metamorphic patterns.
L;;fey et‘ai.‘(1978)”5uggested.th§t upper amphiboliée.
conditions have persisted throughqut the Cree Lake zone
vxwith a very gentle déc;eése in metamorphicggrade £owards

the eastern and western margins of the zoﬁe. The grade

2



TABLE I

-
*

TABLE OF STRATIGRAPHIC UNITS (FROM MORRA 1977)

Recent and
Pleistocene

N

Alluvium, lake silt and sand,
gravel, eskers, glacial till.

Major Unconformity

Helikian

' ATHABASCA
GROUP

S |

Athabasca Formation (south of
the mapped area).

" Unconformity?

Martin Formatiaon (west and
possibly. south of the mapped
area) .

Major Unconformity

;Aphebian

. <

Pink pegmatite and irregular
bodies ‘

Intrusive contact

Quartzite ¢
Biotite Gneiss

- Hornblende Gneiss and
Amphibolite

« Calc-silicates

Migmatite,

CHARLEBOIS LAKE COMPLEX

Granitic and Tonalitic
Gneiss \ '

Granodioritic Granofels

14



decreases very rapidly within a few kilometers of the
margfns. In the Virgin River Shear Zone a decrease from
granulite facies to lower .amphibolite faciéc takes place
within about 13 kilometers. Although the situation in
the northern part of the Cree Lake Zzone is probably not
the same as in the areas south of the Athabasca Basin,
ﬁhere are some indications that the metamorbhié grade
setween Charlebois Lake and the Black Lake fault decreases.
Johnston (1963,1964) has observed a Narge volume of schists
in the Lytle Lake area. The Grease Riyer area iCostaschuk
1979) which is about 20 km west of the Black Lake fault,
has undergdne metamorphism in lowgr amphibolité to green-
schist facies. The Grease River aréa is a part of the
Western Craton and not of the Cree Lake zone so this
comparison might not be appropriate. Unfortunately there
is not enough published evidenae to substantiate or dis-
prove similarities bétween theahh
Lake’zone south and north of the Athabasca sandstone basin.
Based on the pronounced structural concordance of the
members of the Charlebois Lake complex, gradational
coﬁtacts, strbng foliation and banding, continuity of the
units and the presence of conformably intermixed calc-
silicates with all of the other units, Morra (197?)
suggeéted that pre-existing rocks were sediments depdéited‘
in dry and shallow marine environments which were subjected

to sudden and cyclic chéngés during the deposition. The

rginal areas of the Cree ¢

13



orlglnal sedloentary sequence consisted of arkosic are— r'
ﬂ» nltes,‘calcareous pelltes, sandstones and tuffaceous and
Epyroclast1c~mater1a1,‘ pelltes and feldspathlc arenltes, .
;ﬁ‘The present rocks are mono-metamorphlc derlvatlves of
- ¢hese seﬁsments.. The metamorphlc potash mlgratlon,whlch
fhas nOt been on a very large scale; mlght have been partly
‘ 'respon51ble for mlgmatlte formatlon
: The late plnk fe131c dykes and 1rregular pegmatltlc
l bodles outcrop at varlous locatlons,‘crosscuttlng almost
‘all of the other rock unlts Accordlng to Cummlng (1952)
‘and partlcularly Morra’ (1977), the contacts between these
»1ate rocks and the rest of thé units of the Charleb01s Lake:*‘
complex appear to be the only unconformable, 1ntru51ve » &j'

= contacts ‘in: the area R P R R '} RO

I

B No detalled geochronologlcal studres have been
carried out 50 far in the Charleb01s Lake or 1mmed1ately
o,surround1ng~areas;_ The only publlshed rsot0p1c data from |
lthe Charleb01s Lake area are by Cummlng et al (1955), g
obtalned on uranlum mlnerals.i Recalculatlon of orlglnal
vaata ylelds a 207Pb/”"Pb age of - 1765 m y and 1785%?’y.
‘for two uranlun mlnerals. ‘._ ." .

. Detalled mlneraloglcal and petrologlcal descrlptlons

h_of all of the rock unlts are’ glven by Cummlng (1952),,

’ Klrkland (1952) and Morra (1977) hat follows 1s only

o a brlef summary of the maln features of each of the rock

~ units:- S 7" » "f.‘ o :'~~"i

16



lGranitic and tonalitic gneiss

o

This rock unit represents{more'than_SO% of the
'exPOSed rocks in the area.. Initially it was described'
and mapped as “late’intrusiVe formation“ or orthogneiss .
(Mawdsley 1952) and subsequently termedz- granite,up;gma—
;tlte granlte, granlte gnelss, massive granlte etc. ‘.I‘
‘ usually exposed in antlcllne areas of whlch a very godd
example is the overturned Pegasus Lake antlcllne.k

The rock grades from ma551ve, fine- grarned, gray
'gnelss in the center of the antlcllne to sllghtly follated
" in the Outer marglns, to strongly follated (when the

blotlte'content is larger than 8%)'near the contactsi‘

~with the other ‘units.

s

The gneiss'isrpinkish in colour, in’the more foliated.

type, and generally K- feldspar content is hlgher.v Grain
"s;ze varles from 0 5 mm to 1 mm Concordant amphlbollte
rbands of up “to 2 ‘meters thick are preSent throughout the
’gnelss but are espec1ally prevalent ‘near the contact with

the other unlts.

The mlneralogy 1s rather monotonous. Quartz; plagio- '

claee, Kefeldspar and blOtlte are the main constituents.
E The‘relative proportiong'of these minerals changes depend-
ing on the: degree of foliation. R ' .

Granodioritic granofels

"Pegmatite granite" -(Mawdsley 1950), "young irtrusive

'fimapegmatite“ (Cumming 1952) and “granodioritic granofeis"

17
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A

‘(ﬁ‘rra 1977)"are common'terms used to describe thiS‘rock;i
"‘ It is well represented along the sduthern‘shore of
Dramnltzke Bay, hav1ng a thlckness of 30 m to 90 m.. It

borders the granltlc gnelss as a contlnuous lentlcular

body whlch is parallel to  the reglonal fol;atlon. Horlzons_

-of granodioritic granofels,Often alternate with'the'hori— ,

zohs of migmatite.. The contacts arevgradationalwand )
confdrmable; | | ;

Morra'(l9775 dbserves: '"Granodioritic'granoﬁels.doesc
not demonstrate a crosscuttlng (or lntru51ve) rela?ﬁonshlp

w1th the adjacent unlts anywhere 1n the area.% Its paralle-

lism w1th the stratlgraphlcally lower granltlc to tonalltlc

gneiss and hlgher,calc-8111cate is constant and‘cont;nuous“.

r

He suggests thatvgranofels is thebmost appropriate term.

A

for this”rock since it is compatible with théutextural

and mlneraloglcal characterlstlcs and 1t does not 1mply

that the rock was elther 1gneous or sedlmentary before the
metamorphlsm,'whlle "pegmatite" carrles ‘a genetlc 1mp11ca—
‘ tion; o )
lMineraloéically3 the rock is indistinguishable from
‘a‘granitic gneiss. Grain size is the main distinguishing
' o :

feature’(3 mm to'30:mm compared to 0.5 mm‘to'l'mm for
granitic/gneisss "Granodioritic granofels show'mery little
follatlon but the graln s1ze becomes finer and blOtlte

assumes subparallel orientation as one approaches the

18



i contact with the granitic gnelss. The colour isblight‘

gray to whlte, and occa51onally dark gray when blotlte is

_very abundant Bes1des quartz,plagloclase, K—feldspar

and biotite, the rock commonly contalns varlable amounts

of uraninite and secondary uramnmium mlnerals, monazite, -

' zircon, sphene and molybdenite.

Mlgmatlte

The mlgmatltes are composed oggblotlte rlch portlons

'and separated lenses of granitic, granodlorltlc and . tona-

litic comp051tlon. The formation of thlS rock unlt could

be due to relatively limited potash’ mlgratlon'durlng the

metamorphic~event‘or»itvcould be due to a;rather gradual

.and cyclic change in‘the'depositional environment of the

original sediments. Its mineralogical composition is

. c ' SN
‘intermediate ‘between two rock types: quartz-feldspathic

‘bands (compositidn equivalent to granitic gneiss) and.

biotite rich bands (equivalent to the biotite gneiss) .

It is suggested;(Morra 1977) that in terms>35 original

'dep051t10n, mlgmatltes correspond to the‘transitional

perlod of ark051c and pelltlc sedlmentatlon, repeated in

£

short, distinct cycles,.whlch gave rise to conformable and

'vregularly,interbedded felsic (arkosic) and mafic (pelitic)

bands.

The'feiSic‘intercalating bands are mainly,composed

oféqoartz, plagioclase and K-feldspar, in various propor—5

tions.

The mafic bands are biotite~and/or_hornblendeérich,

R
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are well follated and are usually’ flner gralned than .
fe151c bands (approx1mately 0.5 mm and up to 4 mm, res-
pectlveiy) Garnet rich bands are present and serve?as
‘marker horlzons for tn;s unit. Uraninites and molee
denltes are common, as well as other‘accessory minerals_
;sﬁcb as apatite, sphene; sillimanite, and OCCasionatly

pyrite-and'mOnazite.

Calc Slllcates

.t

ThlS unlt 1ncludes amphlﬁole d10p51de gnelss,‘talc--v
serpentlne—carbonate‘marble_and serlclte—phlogoplte/
hiotite—diopsidefgneiss; The horiaon of'this-nnity
whlch stratlgraphlcally occurs between granodlorltlc
granofels and hornblende gnelss, is present on the shore

b01s Lake, Sprekley Lake and Dramnltzke Bay.
5

vThe‘e "softer" gnelsses have been” gouged away by glac1ers
are generally- exten51vely weathered. This rock unit

ould be up to 400 m thick, appears as a contlnuous band
¢

\\ for several mlles and follows the genéral fOllathD

\\trend of the area. SRR “‘ .
Graln size is fine to medium, it'generally exhibits

a .massive habit and is dirty—white'to gray-green in colour. ,
,Aﬁornblende'gneiss and amphibolite ; _ i

This unit is best represented north'of.Dramnitzke

Bay where it is closely associated with biotite ‘gneiss in

®

/ . P _
the northeast-southwest trendlng belt. It contains an

' increasing amount of blOtlte towards the contact Wlth



/ . <
'/’ - ~
I

v

biotite gneissj nggesting a gradational character ‘between

these. two units.

i

L4

The colour of the rock depends on the amount of horn- |

7

ablende andfvaries from medium gray to dark gray.' The‘grain.

.‘I
s1ze is usually flne to very flne (Yess than 0.5 mm) and

hablt is ma551ve if the amount of hornblende is more than
50% and little quartz is present. K-feldspar is generally

absent "or present indsmall amounts.

;Biotite-gneiSs

Thls gnelss 1s also well represented in the area
lmmedlately north and west of Dramnltzke Bay in the
_northeast-southwest,strlklng belt, and 1q'1nt1mately

associatedfwith tnerhornblende/gneiss. The percentage
of hornblende'increases towards the contact w1th horn-
blende gneiss._,Morra~(1§77l»etates:, "Thls'nnlt is
difficult to.ﬁap beCause of the oresence of ‘numerous.
granodioritic granofels and hornblende'gneise;intercala-

l tions. Therefore most of the arealmapped‘as blotite |
gneise:may alsokcontain hornblende‘gneias as well as'
3-6 meters thlck granodlorltlc granofeliybands .The
rock is strongly follated due to the alignment of-blotlte
grains., It is medlnm graylln colour and grain size 1s\
fine,to medluﬁ, averaglng 6.5 mm. The-main constitdent
‘mlnerals are quartz, plagloclase microcline and biotite.

Accessories are metamlct 21rcon, apatite and muscov1te,

and occaslonally 31111man1te and sphene.

21 .
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quartzite is not "pure" Quartz content ‘averages 75%,

" amounts of-biotite.

22

Quartz1te

Stratlgraohlcally thls unit should be the youngest

bmember of the Charlebols Lake complex. It .is found as

small occurrences, beds or lenses within the area,

-generally folloming conformable hiotite~gneiss.‘ The

the remaining portlon belng'feldspar with a minor amount

N

of blotlte.- )

Late felsic dykes and irregular bodies _ - ' -

' All;of the unlts of the Charleb01s Lake complex.aref
crosscut by these late felsic dykes at dlfferent 1oca-
1%t1es. The dykes are genegally 3-6 meters thlck with
the graln sxze ranglnq from medlum to coarse, whlle

1rregularly shaped pegmatlte bodles occupy substantlally“” .

‘larger areas-and the grain size 15 coarse to very coarse

Jindividual grains occasionally reaching lO cm in

dlameter) The colour is salmon pink due to the ?resencea

v,

: of a large amount of mlcrocllne. ‘The-contact with the .

other units is sharp and postcrystalllne deformatlon is

.evident in many areas. ﬂajor mlneral constituents are

microcline, quartz, some plagioclase and very small

\
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CHAPTER III

RESULTS AND DISCUSSION ¢

¢

A suite, consisting of verfforty rock samples was
o
collected durlng two field trlps.' First' during the

-

summer of 1976 by Dr. G. L. Cummlng of the Phy81cs Depart-,

«

ment and second, in-the fall of 1977, by Dr. Cumming and
the author. o ’ : : ‘ E .. ‘
LY N

Extensive weathering of some of the rock units,

. v » S [
transportation and other difficulties did not permit

_collection of large specimsns (by volume), nor did they

allow sampling Qf all the'mempers of the Charlebois Lake

‘complex. The 51ze of the samples ranged from approx1—

Amately one pound for the spec1mens collected along the

southern shore and north of Dramnltzke Bay, to a few

'pounds for the spec;mens from the center of the Pegasus

, Lake'anti}line.

Rock: unlts sampled lnclude granltlc to tonalltlc
gnelss, granodlorltlc granofels, mlgmatlte, blOtlte gnelss,
hornblende gnelss and late felsic dyke Sample locatlonsvo
and 1deht1flcat10n numbers are shown 1n Flgure 4. | |

For convenience and ease of 1nterpretat10n, all of
the samples are divided and con51dered as three groups.

th "Pegasus ‘Lake Area" group ‘which includes samples 1 to

20, is represented'by specimens which range from gray

massive granltlc to tonalltlc gneisses, to more follated

T~
gray to plnklsh granitic gneisses and\three spec1mens of

,23
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coarse grained,.mlneralized éranodioritic-granofele.
" The area north of'Drannitzke Bavahere samples 21 to
34 were collected, was traditionally the fieldtcamp area‘
of;Maw%eley,(l950),'Cumming (1952), Kirkland (1952l.and' |
Fesago Exploration (Morra 1977l. This area will be
referred to as the "Old Camp Area". The area 1s comprlsed

of mlgmatltes along the shore of»Dramnltzke Bay, whlch

northward grade to blotlte gnelss, hornblende gnelss,

culmlnatlng with amphlbolltes,»some three to five hundred
. meters from the shore of Dramnitzke Bay A not very well

" defined fault, follow1ng the reglonal and local northeast-‘

southwest trend, appears to be present in the hornblende

gneiss-amphibolite area. . Northwest/gﬁ this apparent fa 1t

~the'rocks again grade fromvgneiss with high mafic content

to almost gray granitic gnelss.'

The thlrd group of samples (35 to 40) consists of

specimens collected;from the fifteen foot wide late plnk

4

felsic dyke which crosscuts the other rock units in the

"0l1d Camp Area".
" The sample size and'the'faet that not all the members
of the Charlebois Lake Comple& have' been represented, have

put definite limits on the depth of this’Study,~as will

'vbe seen later in this chapter.

Most of "the calculations,‘inclnding isotopic ratios,

N ) 1

.concentratidns, straight line fitting (Cumming et al. 1972),

.and the drawxng of dlagrams were done u51ng computer pro-

grams wrltten'by Dr. G.L. Cumming.  Ages and error limits



from the intersections of lines with the concdrdia or
by

growth curve were calculated using computer programs

wrltten by the author.

L}

Whenever/j straight»line was fitted to a set of
points, thé errors used in the calculatlons were at one
sigma level. Assigned correlatlon coeff1c1ents were—

0\{5 for lead/uranium data, 0.75 for leadAlead data and
0.0 for rubidium/strohtium data. Therefore,-throughout
this study, all the slopes are glven at one sigma error
level All the age values obtained from the slope of the
llne or from the 1ntercepts of lines with the concordia
:or growth curve, were calculated at two sigma error level

1nclud1ng the error resultlng from the imperfect fit of

" the data, as glven by MSWD (Mean Squared Welghted Dev1ates)

Lt

factor. The MSWD factor is a measure of how well the data

poihts fit the llne'wlthln the a351gned analytlcal error'
'limits.A Inrthe case of a perfect fit MSWb will have a
value of 1. Values ‘higher than 1 suggest that the data
points scatter due to "geologlcal" .reasons (prov1d1ng the
analytlcal errors have not been underestlmated) Values
smaller-than.l indicate that the data points probably fit
the line_but that the analytical error limits have been
overestimated. ‘A'very brief treatment of the geochrono-
logical theory«applicable tovthe isotopic~systems studied
in this thesis, along withla_set of important general

references, are given in Appendix I.
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U-Th-Pb Resulta

*

/Fivé rock specimens were available for this work.
They includéd three samples of granodioritic granofels
(two very coarse grained aﬁd one mediﬁm grained) from the
mineraiiZed ageg on the southe;n shore'aﬁd two samples of
migmatite with high whole rock lead-lead ratios from the
north shore of Dramnitzke Bay.

The rock sampleéfwere'crushed and puiverized. Pb-Pb
and Rb—Sr analyses were pérférmed on the whole rock powder, -
after which the heavx minefals_were separated. Small
relatiVe1y cleén uraninite grainéﬁand,monazite-rich frac-
tions were picked out under the microscope from three \
5pecimens'(18( 19 and 22), "uraninite" from specimen 20
was extracted by I?@cﬁing the heavy mineral separéte with
4N HNO3 and aﬁter that the monazite-rich phase was con-
centrated. Specimen 23 did not contain anyivisible
‘ uraninité so,tha£ only a monaiite—rich fraction was
prepared. One specimen 6f cQarse grained, biotite rich, = .
radioactive pegmatite frdm Sickle Lake (southweét of
Pegasus Lake antiform), éoilected in 1951 and analysed at
the University of Toronto (éumming‘1955) was also avail-:
able. A po;ished section was prepared aﬁd very small
g}ains of whaﬁ was assumed to be uranium mineral were
separated unéér the micrdscope by:Dr. R;D..Morton of
tﬁis deparﬁmeﬁt. |

| .The sémpleswwere analysed for‘lead, uranium and some

for thorium isotopes. Detailed analytical procedures are

s
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given in Appendix II. The analytical results are
presented in Tables 11, I1I and IV.+ Two sigma errors

of 1% wére assiéned to the 2°7’pb/23%y, 2°%pp/?38y and
208pL/2327h ratios, as suggested in Appendix II. Lead-
uranium ratios are pldtted ornr the standard concordia
diagram (Figure 5). The size of the‘elipses represents
the error limits at three sigmé level and the subscripts
"U" or "M" attached to the sample identification number

»

designates a uraninite or monazite-rich phase.

It should be pointed out>that the uranium, thorium
and lead concentration results are to be viewed as
relative rather than absolute with resp;;t to the analxsed
specimen. This is partiéularly so where thé total avail-
able sample is very small, the phases are impure or where .
leacﬁing was involved.

The data points in the concordia diagraﬁ appear to
form two distinctly different trends. One'uraninite
sample'(22U) is concordant and plots_on the conéordia"
curve. Two other uraninite separates exﬁibit normal
discordance (18U.and 19U), i.e., they plot in the lead
loss field. The leached uraninite (20U) exhibits slightly
reverse discordance (Baaésgaard 1965). Two monaziteé‘
plot in the lead loss field (18M and léM)band the other
three show reverse discordanée (relatively cémmon
béhaviour:for monazites). The Sickle Lake specimen

contains about 30% common lead and shows very high reverse

discordance. The high content of common lead makés it

v
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very susceptible to error due to the uncertain isotopicw
compOsition of commontlead, so that any-dnterpretatlon
of U;Pb data‘hecomes'highly unreliable.' Por thatAreason
this sample has not been.plotted on the‘concordia diagram;
o Three uraninite~data points.(excluding leached ‘
;uraniniteIZOU) form one group and the mona21te -rich phases
'.form the other.; Leached uraninite (20U) appears to fall

w1th1n the monazrte group.- A stralght line fitted through
\

'three uranlnlte samples 1ntersects the concordla curve
'.at l750i30 m.y and 368+100 m.y. and passes through the}

most reversely dlscordant monazite (23M) The\age
~obtained from. the’ upper lntersectlon 1s the more
:rellable one andishcws_thew“true"~age of the suite’
,“:f samples. In this case the,upper'intersectiOn»age is
| controlled by the concordant uranlnlte p01nt and 1s 1n
good agreement with the age obtalned from the whole rock
g;leadflead data (to be dlscussed later) . Thls.could mean
that 1750 m.y. \represents the completion time of the
uranium minerallzatlon which is marked by the’closingvo%
the uraninite crystalllne systemu ,An age‘of 368 m.y. |
obtainedhfrom the loWerAintersection with the concordia
curve, suggestlng an eplsodlc event that caused the lead
loss, is. not supported by any geologlcal or geochrono-

loglcal\ ence up to thls,tlme. ‘Therefore lt«lS assumed

‘_that thls!ge is artlf./;c:l.al and a probable result .of the
ﬁcontlnuous ‘lead dlff/slon from the mineral lattice. 1In

fact the uranlnlte data deflne a stralght line rather

.33




_poorly (MSWD 19. 3) Comparlng thlS data to the‘contln-
uous dlffu51on curve ‘with the the constant coeff1c1ent of
'-dlffu51on. (t)=D‘ (Wasserberg 1963), for a prlmary age
'of 1750 m.y., it becomes apparent that .three ﬂranlnlte
“901nts deflne the contlnuous dlffu51on curve much better
thanathe stralght line. Unfortunately, 31nce no more
uranlnlte data . are avallable, a statement suggestlng that
these uraninites mlght represent a good caSe of contlnuous
'dlffuslon lead loss would he rather presumptuous.

Monazite- rlch fractlons on the other hand form an.
,almost perfect'line (MSWD=l.l)i“'Leached uraninite ‘(200)
,has been eXcluded from the stralght line calculation,‘
‘although it fltS very well with thlS data and does not
alter~the results, The llne lntersects the conc dla
curve at 1797+3 m. y. and at 55+40 m. y.v'The 1mméZiate”
1mpllcat10n of thls dlstrlbutlon is that U Pb systems in
mona21te rlch fractlons became closed at: 1797 m. y, wh1c-"ﬂ¥
is dlstlnctly dlfferent from the cogenetlc uranlnltes
- The lower 1ntersectlon at 55+40 m.y. .suggests ‘a_recent
eplsodic‘lead—uran1um~loss or One of the’theoretically‘
‘_limiting;cases (Wetherill 1963) of‘qontinuous dlffusions
where the intri'nsi,c'diffusi_on‘coefficlent”DO is very
.small_and the radiation d%mage of the lattice is;somehow
"frozen:in; soAQmat defects will have negligible mobility.
In that'way,‘the dlfqulon coefficient w1ll not 1ncrease

—untll the system 1s ralsed to a- somewhat hlgher tempera—

ture or 1ower_pressure, sometime in the recent past, when

34
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the mobility of the defects-beaomes significant and.
therefore the diffusian adeffiéient is increased. The.
_resu;ggof this guasi-epiacdic 1osa would‘be ;hé:COAtinaoua
.diffﬁsion.curve_that aéproaches thelline-éf recent apistic
lead/uranium loss. iWhateverﬁthe reason for ghé.lower
intersection, thé uppér inte:section should refleat'ﬁhe
“trae".agé of these ﬁinerals. 'Refer#ing back to tﬂéi
atatement of Lewref et al. (1975) regarding the duratibn‘
-of the high grade metamorphlc condltloa 13 the Cree Lake
‘zone (see page 7 of this thes1s), two dlfferent ages

' obtained for cégenetig afaninites.and monazite-rich
. phases Suggeat that parts of the lead-uraniuﬁ system of
the Charlébo}s Lake area bégaﬁ closing at least 1797 m.y.
© ago withicfystallizat;on>of monazites‘and passibly othér.
hiéh érade minerals} The end of the ﬁudsdnian‘orogenyA

in the area was characterlzed by the formatlon of urani-~-
nltes, and probably other 1ate mlnerals, around 1750 m.y.
ago. ‘
There are other possible causes for the observed | ////‘
‘ diStribuﬁion of data points in the concordia diagram | /?4//a
in Figure 5. These other causes are suggested by‘;hé
experlmental Studies on the moblllty of lgld4 ﬁ;anlﬁm
_and thorium in monazates;and other E;anium minerals-

(Komiev et alf 1564, Starik agg/ﬁa;afev 1964, Burger et
. al. 1967, Shestakov 1972, Cumming and Rimsaite 1979), and
the theoretical basis for diffusion of lead and uranium

provided by Wetherill (1963) and Wasserburg (1963).



é
Wetherill (1963) and Wassetbu;g (1963) have proposed
that distinctl§ different patterns for pure continuous
,diffusional losses of lead er.uranium'are to be expected
in . the codcordia diagtaﬁ, where the slope of the pure lead‘
fdlfqulon. Mixed lead and uranlum'dlffu51on, where'the
diffusion coeff1c1ents for lead and uranlum are propor-

tlonal will produce a line of 1ntermed1ate slope._ In a

llmltlng case, if the dlffu51on coeff1c1ent for the parent

.1sotope is equlvalent to the dlffu51on coeff1c1ent for the
daughter 1sotope, the‘resultlng data p01nt would be con-
.;eordant).' plottlng on the concordla ‘curve.

Burger et al. (1967) and Komlev et al (1964) have
'demonstrated that variods‘amouhts of lead, uranium and
even ‘thorium can, be leached from monazite under(yery mild
laboratory condltlons. Thls seems +to be supported to
some extent, in thlS study by the result of the uranlnlte
sample (20U) which was separatedafrom the rest of the
heavy minerals by'leaching.. This sample'appeags to'have‘

'gained some lead (possibly a minor'amount of uranium, too)

during_the leaching process. - Its position in the contordia

diagtam depends on the relative amounts of lead and ukranium
leached from the monazite and}bther‘admixed minetals, and
on the:total amount of uraninite,pfesent.. It‘appears thatl
" the amount of leached lead added to' the uraninite waS'
larger than thé'amodnt of leached uranium, since the
addition of lead forces the urahinite towards'the'uranium

-8
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loss/lead gain field, making-it reversely*dlscordantf At

the same time the monazite-rich fraction (ZOM)Hof'this

sample wodldvmove from its original, presumablg reversely

discordant position along the modern;episodic lead loss

liAe 'Theudistancefoﬁwmovement;wouldmbewdetermined«bymthhWA~mum
the'relati&e proportions of leached lead and uranlum.

The other mona21te rlch fractlons were washed in warm
2N HNO3 for one hour ‘before analy51s, w1thout lmmedlate
reallzatlon that some lead, ‘uranium and p0551b1y thorlum
mlght be lost in the process If an assumptlon is made

s

. that varlous amounts of lead, uranium and thorlum have been
lndeed leached from the monatlte—rlch fractlons du;1ng ‘the
washlng process, then therr presently observed dlstrlbution.
. is artificial. 'Assuminq they were originally very closely
spaced inAthe vicinity of the most discordantﬂmonazite
fraction (23M), being along the leadzuranium'contindous
diffusion‘line represented hyfthree uraninite samples, the’
loss of lead and uranium wonld alter their position and
move them along the modern eplsodlc lead uranlum loss llne,
pOSSlbly ach1ev1ng ‘the observed dlstrlbutlon.

B This suggestlon appears to be rather unllkely because
it assumes that all mona21te—r1ch fractlons had almost

the same lead—uranlum comp031t1on as 23M - The only plaus-’
ible fact about itfis that it does notbrequlre monaglte—
‘rich fraetions to behave as closed sYstens under still

relatlvely hlgh pressure/temperature condltlons for -almost

' flfty mllllon years while U-Pb Systems of thelr cogenetlc



uraninites were open

The thorlum-lead ages are dlscordant and do not
'substantlate erther p0551b111ty. It is clear that addi-
tional work of this kind is needed to deflnltely establish

the age relationship of these cogenetic minerals.

-

'Lead-Lead Results

The'analYtical results obtained on the whole rock :
samples and six feldspar separates are llsted in Table V
"and the data are plotted and presented in Figures 6-13.
"All of the data have been: corrected for fractlonatlon..
Two sigma errors of 0.7 /oo, 1°/50. and 1.4° /oo have been
as81gned to 2°6Pb/2°"Pb 207pp/20%pp "and zoaPb/“"Pb
ratlos, respectlvely, based on the repeated measurements
of NBS SRM-981 common lead standard. A detalled discussion
6f'error estimates; analytical procedures and fractiona-
tion corrections,is’giVenqin Appendix IIi on all'of the
diagrams, Stacey and Kramers (1975) growth curve is*drawn,

. as a reference growth curve.\ In some of the diagrams the
elipses are used for presenting data points. Their size -
represents the error -limits at three sigma level.

A dlstrlbutlon of. the 2°6Pb/2°"Pb 207pp/2°4Pb and

2“Pb/“"Pb ratios ‘obtained from the samples of the Pegasus

'’

‘Lake area 1is dlsplayed in Flgures 6 and ll. In both of

- these standard dlagrams the ‘data exhibits wide scatter

weak COrrelation between,the 1sotop1c ratlos and geo-
‘graphical and geological locations appears to be evident

38
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in Figure 6. Analytical data points obtained on the
samples from the central afeaa of the Pegasus Lake anﬁi—
cline seem to generally plot to the left on thé diagram.
The radiogenic character of the data points increases
towards th? shore of the Dramnitzke Bay, i.e. outer
margins of the énticline. Samples of the mineralized
granodioritic granofels (18,19,20), with ?°°®Pb/?°"Pb
ratios of up to 240 plot outside this diagram and lie on
line V whose extension is shown as a broken line in this
diagram.

The somewhat fqn—like distribution of data in Figure
6 is indicative of a cOﬁblex history for these rocks. Lead-
uranium systems from the rocks with a simple histofy (i.e.
rocks which were emplaced sometime in the past and have

not been disturbed until the present) exhibit colinear

1ﬁehaviour in the standard lead-lead diagrams. ' Systems

with a more“comélex hiétory oc;?sipqally exhibit straight
line patterns and the siopes 6f these stféight lines might
often reflect the tLMEQof the last metamorphic event' but
that is only true in a few spec1al cases (discussed in

Appendix I). golinear behaviour is observed only when the

. 3
M -
-

changes are brief; epiéodic and complete, 1.e. when the
system exhibits closed system behaviour and when all the ¢
chemlcal and 1sotop1c equlllbratlon reactions are completed

durlng a brlef metamorphlc event. If the syaﬁem remalns'.gﬁﬁ"

~

open for partlal uranium or lead mlgratlon across the

S

system's boundarfes, colinearity is seldom observed.
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of the system may be derlved from the- scatter dlagram

;vs{ 2°°Pb/2°“Pb dlagram (Flgure 6) is represented by a

Pr@viding‘a sufficient number‘of‘datalis‘available{ | ;

some relatively useful infOrmation.regarding the history

. The slope age calculated from the line representlng the
lower .boundary of the scatter often approaches .the time

of the last ggtamorphic event. The distrihutionwof'datai

points around the apex of the "fan" is occaSionally

“@ndlcatlve of the tlme of the orlglnal formatlon.

The lower boundary of the scatter in the 2°7Pb/2°"Pb

P

,11ne fltted through seven psfhts ‘with the slope of 0. 10855

and MSWD of 2.45. Thé\terrespondlng slope age 'is 1775%80 .
m.y. at two 31gma error level. For reference thlS line 1§L

termed “Llne I"l The 1ntersect10n of thlS line with

A

Stacey and Kramers growth curve at about 2100 m. y and

o

dlstrlbutlon of the data p01nts suggests that the orlglnal

Qemplacement took place .,sometime before 2100 m Y. ago and

-subsequent remoblllzatlon occurred at around 1775 m.y. ago.

It W1ll only be mentloned now (and dlscussed later)

thgt three samples of granodlorltlc granofels (18, 19 20)

‘and two: samples\from the "Old Camp Area" plot on llne v

whlch represents the upper llmlt of the observed dlstrlbu—-

tion in Flgures 6 and 7. The slope of thls line ylelds
b
an age of 1772+8 m.y. (Flgure 8) .

-

Isotopic results obtalned on the gne1531c samples

'from the "Old Camp Area" are plotted in Flgures 7 and ll.

The data in the 2°7Pb/?°5Pb vs.'2°5Pb/2Q5Pb diagram is -

o

-V
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dist:ibuted'along three parallel trend lines (with the. '
exception of'sample 27). .Straight line fittings of these
data yield: |

Lipe II: .Slope=0.10678  MSWD=7.91 T_=1745:79 m.y. (20)
Line III: Slope=0.10727 MSWD=2.55 T_=1754:26 n.y. (20)
Line IV: Slope=0.10708 Two point 1ine'Ts=1751 m.y.

As in the case of the\"FegaSus Lake Area" soﬁe,\
"cerrelation between the'distribution of the'data in\Figure

T

7 and the geographlc-geologlcal location of the samples
can be made. Most radlogenlc samples were eollected along
the‘shote ef the Dramnltzke Bax. ,The radlogenlc character»
ef'the s?ecimens deereasea’te;ards_the@apparent"fault ahd
’tambhibqlite area (eamples'26 and.27f‘ Nottﬁwest of tﬁe
~a§parent fault the correlatlon is not qulte clear, but it

._seems that-the'rocks adjacent to the fault area are more

\

tadiogenic and the radiogenictcharaeter decreases towards '
~ the more felsic_granitic gneiss (samples 32)33,34).'“Sample
.34 probably owes its Position on the 207pb/?°“Pb vs.
206ph/20%ph diagram to the:tadiogenie’deveIOpment of its
U-Pb system befere'the Laat ﬁetamorphic”event.  Iﬁ,order

to have such a high 24°7Pb/’2 fb ratio and relatlvely low

. 2”Pb/““Pb ratio, the p value of its Pb-U system before
"the last metamorphlc event . must have been higher. than 9. 74
{which /is Stacey and Kramers’ value for the earth s"uz
'environmentj(Staeey’and Kramers 1975))’and'it muet,have

lost most ofkits uranium during the last metamorphic event.

N



48

Therefore; the whyalue for”this system was low in the
‘last stage of 1ts=hlstory ' ) ‘ . | |
Samples 22 and 34 form line IV whlch represents the

upper llmlt to the dlstrlbutlon of the data from the *old
Camp Area When these data are comblned with the grano— ‘\\‘
dlorltlc granofels—data (samples 18 19,20) and plotted
together (Flgure 8) the llnear trend with the slope of
0 10840 is obtalned (line V) Although the MSWD of\lZ 58
;;suggests that the data do not determine the line very well;
the calculated slopevage at two 51gma; taklng into account
_the error due to the imperfect fit, vields an age of
17728 m.y. o N R |

| Three parallel line dlstrlbutldﬁs of data points; the
lowest line 1ntersect1ng the reference ‘growth curve at
around 2200 m. y., strongly suggest that these rocks mlght'
,phave developed accordlng to the three stage evolution model
with a; constant fl fractlonatlon factor (GaLe .and Mussett,
1973l " The p051t10n of the lowest llne 1nd1cates that the
orlglnal emplacement of these rocks must have happened
more than 2200 m. y. ago and that subsequent remoblllzatlon
took pIace between 1700 and 1800 m.y. ago ' It appears that
.the Pb-U system of the "old Camp Area" was: fractlonated
\among at least three major subsystems at the time of ‘the
orlglnal emplacement and then it was refractlonated durlng
‘the Hudsonlan orogeny, produc1ng the presently observed

e

dlstrlbutlon of three parallel lines. ﬁ"

Keeplng in mlnd the concluSLOns drawn by Morra (1977)

1
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regardlng the 1ntegr1ty of the Charlebois Lake complex,
some similarities to the results from the "Pegasus Lake
Area" and the "01d Camp Area" are obv1ous, The slopes and
slope ages obtalned from line 1 and llne 2 (1775+80 m.y..
and 1745+79 m. Y- ) and the 1ntercepts of these ‘liYies with
reference growth curve (2100 m.y. and 2192 m.y. ) are well
within the a551gned error and in both cases the lines |
-Arepresent the lower limits of the observed dlstrlbutlon
~in the 207Pb/“"Pb vs. 2°6Pb/2°"Pb dlagrams. The upper
limit of the dlstrlbutlon in both cases is. represented by
llne V with the slope age of 177218 m.y.  This effectively
puts theﬁupper‘and'lomer llmits'on'the u environment of ~
the Charlebols Lakercomplex for the time'period between‘
”the present and ‘the Hudsonlan metamorphlc event. .The
geologlc evidence and above dlstrlbutlon make 1t reason—
able to assume that Pb—U systems, from the “Pegasus Lake
Area"‘and the l-'Old Camp Area"’had also a common hlstory
‘before the Hudsonlan tlme.d

In an attempt to galn some 1nformatlon about the
- time of the original emplacement of the Charleb01s Lake
vcomplex and the hlstory of the 1ntermed1ate stage,. ‘ j'
feldspars from six of.the least rad}ogenrc samples were
‘separated and analysed.,lThe chosen samples were: three!
'spe01mens from the "Pegasus Lake Area" (1, 8 and lé; and
three from the "Qld Camp Area" (27, 29 and. 34). c

' Under ideal,conditions‘lead 1sotopic composition in .



the feldspars should be répresentative of the M environ-
ment in the respectlve Pb-U systems at the beglnnlng of
the last evolutlonary‘stage. Low afflnlty of the feldspar
-lattlce for uranium means that the lSOtOplc compos1t10n
of lead ih the system at_time t2,'i.e. the Hudsdnianv
metamorphic event, would be‘"frozen in" and‘no in situ
t ) S R _
generation of radiogenic lead would be possible. ~ That //// -
means that feldspars-behave'to‘some extent as galena |
(Sinha 1969), i.e. the lead evo ution should stop at time
t2 and the data points should :irm\a\linearttrehd in the -
207pPp/2°*Pb vs. 206py,/204pp diagram,’fThe slope of this
. line would beldetermined by the time of the original
emplacement\of’the,rocks (tl) ahddsubseduent metamorphicr
euent (tz), ‘ | | »
.Thetslopes of'theulines‘connectihg the data points’
of the whole rocks to-that correSpondlng feldspars should
yield the age of the metamorphlc event.“ .

S

Lead 1sotoplc ratlos of feldspar—whole rock palrs
from the‘Charleb01s_Lake complex are plotteduln-the
'v2°7Pb/2°“Pb vs. 206pb/20%ph @iagram (Figure:9). All
feldspar'separates were washed in warm'4N HNO3 for two
hours before the lead was separated (descrlbed in
-vAppendlx I1). Samples treated in, this manner have the
subscrlpt "F". added to the sample I.D. number. Later

on, durlng thlS study, the remalnlng amount of one of the

’feldspar separates (13F) was leached with a warm mixture
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A

¢§n$isting of 26 ml‘concéntrated HN93 and 0.5 mi con-

centrated HF for oné hour.. The residue (l3FR).was‘£heh

ahalysed for lead iSqtopes.: This data,’élong with the

déta from the other feldspars!~is_pfesented’in Table V.
.Y\As expected, all feldspar ratios.are less fadiogenic

than théir whole rock b0un£erparté but they exhibit large

scatter ig?tead of forming a iinear téend.' The lines’

) connectingAthe pairs are farifrom Being parallei and the

ages éalqﬁlated §fom'these lines-;ange from a:ound

1500 m.y} to 2500 m.y. Even though the errors associated

with the sldpes_and therefore with the calculated éges

are largely due to the small spread in the feldspar—whOIe

rock 2°¢Pb/?°'Pb ratios, this cannot bée considered as the
pnly reason for such a large variation in the calculated
slope ages.

Earlier isofopiq studies of old Precambrian feldspars

_‘have shown Ehat'feldspars could be usefgl in whole rock

lead dating (Davis 1978, Vidal et al. 1980) but they often |

yield younger model éges kSinha 1969;\Catinzaro‘and Gast

1960, Doe et al. 1965) . . The lead isotopic compositibn

. of feldspars commonly'approaches'that of associated 1ead'>,

ores, but it is.generally more radiogenic. ‘Dbé et al.
'(1965)'sugges£ed tha£ gain.or éxchange of feldépar lead
‘withjother rock or miﬁe;al!lead orﬂadmixiﬁg of lead from
fluids are possible mecﬁaniéﬁé'péuéing thé ihcrea§éd

radiogenic character of the feldspar leads.
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Sinha (1969) in the lead volatilization study of
feldspars, indicated that.radiogenic lead can be easily

‘ removed from feldspar by preferential volatilgzation

since this lead is concentrated along the grain boundaries

‘or in distorted lattice sites. \Ludwig and Silver‘(l?77)
recogkized'two types of unsupporteddradiogenic lead
present in feldspars. One has normal isotopic composi-'
tion with relative abundances‘of 206pp, 297pp and *°%pb
‘consistent with the age and uranlum-thorium content of the
rock. The'other type of unsupported radiogenic lead is |
»lapparently pure 2°¢Pb isotope, derived from long-term
migration and accumulatlon of the radloactlve daughters

of 238y, namely 222Rn and/or 22°Ra.

If 1t is accepted that various amounts of unsupported
1ead are present in the analysed feldspars from the Charle-
b01s Lake complex, then it 1s clear that lead data will
not form a llnear trend but scattered p01nts The presencé
of pure 206Pb 1sotope component would certalnly affect the
posltlon of the feldspar data p01ﬁts in the 2°7Pb/2°"Pb vs.
206py, /204pp diagram and the slopes of-the lines connectlng
these.pointslandvtheir corresponding whole'rock-data |
points, the'result.being-tﬁe-horizontal’snift in the
-feldspar data and hlgher slopes.

ISOtOplc ratlos obtalned from the re51due (13FR) of

the leached feldspar (l3F) seem to support ‘the above

argument, since the isotopic results of the residue (13FR)
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are less radiogenic than those of thq'total feldspar
separate (13F) and the shift in the 2“"”Pb/”"Pb appears
to be horizongal. Unfortunately there is not enoughu
data of this kind_available at present'to support this

finding. Therefore, it is immaterial whether‘the

'observed feldspar distribution in Figure 9 is a result

of unsupported radiogenic lead or incomplete equilibra-
tion and homogenizationAof‘the whole rock Pb-U system
with the feldspar Pb-U syetem dur ing the‘ﬁetamorphicc
event. Firm conclusions regarding the history of the
Charleboxs Lake complex before the Hudsonian metamorphlc
event cannot be drawn from the data presented so far
 Nevertheless, with the few reflsonable assumptions
regarding the feidspars, a very plausible model history-

of the Pb-U systems in the Charlebois Lake area can be

. obtained. It is quite reasonable to assume that the

- feldspars least affected by the poss1ble presence of

unsupported radiogenic lead, i.e. the ones closest to-
the ideal behaviour, would plot to the far left on the

207ph/204pp vs. 2°°Pb/2°“Pb diagram. A slope of 0.27401
’ )

(MSWD=8.95) is obtained when the line is fitted through

" four feldspar points (Figure 9). ' Since most of the

Unsﬁpportea radiogenic lead is presumably removed from
: y'l‘, -

the feldspar 13FR and the ot ree feldspars mlght

contain some of this lead, the*ﬁalculated slope very

likely represents the maximum possible slope. The slope
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of the line is determined by the time of the original
emplacement (tl) and the time of the éubsequent meta-
morbhic event (t2). Therefore for the assigned
metamorphic age té = 1775 m.y., the maximum initial age
t) of 2470‘m.y. is obtéined. Knowiné‘the times t) and
t,.and the slope of the feldspar line, the average M,
value. is calculated to be 9.85.

‘A graphical representation of the poétulated three
stage model history with fl = const. of the Chaflebdis
Lake qomplex is giVen in F;gupg 10.

The overall Pb-Pb data suggests that during the
period before:the emplécement of the Charlebois Lake
‘complex, i.e.f%before 2470 m.y., uranium and lead of this
complex were aeveloping in an environment with average
W, = 9.85. As early as 2470 m.y. ago- ¥, environment

) was rehomogenized and refractionated by erosion, deposi-
- Q. 3

tion, and sedimentation into at least three second-stage

u2'environments. A Hudsonian metamorphic event, nominally .

taken here to have occurred 1775 ﬁ.y.bago, initiated the
third stage of Pb-U evolution and was responsible for the
presently observed distribution of data points in the.,
207pp/2°4Pb vs. 295Pb/2°*Pb diagram (Figure 10). Devia-
tion from the ideal three-stage, fl = const. model

history, expressed by the imperfect line fi£ of the data ..

and general scatter could be'attributed*to the open system,

behaviour. 'It.wasis”égei gd.earl;er,"py%@pe uraninite
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> uranium durlng the Hudsonlan orogeny hHas produced uranlum

'A‘haqe been destroyed. Partlal mlxlng of the lead and

N

i
1 e

'and monazxte U-Pb data, that the global Pb-U system"in

;the Charleb01s Lake area had remalned partlally open for
agproxlmately frfty mllllon years durlndhthe Hudsonlan’
orogeny; ThlS appears to be partlcularly ev1dent ln the_

Pegasus Lake area where the data points generally scatter

between the llmltlng llne I and line V. It.is‘ev1dent
that the most. radlogenlc samples, i.e. granodlorltmc
granofels and mlgmatltes whlch plot on llne A have
partlally evolved from the hlgh szenVLronment of the
1ntermed1ate stage. That mlght suggesélthat the uranlum
concentratlon in the orlglnal sediments was hlghest near
the boundary between arkosic and more maflc calcareous

o
, and tufaceous sedlments, and lowest at the bottom of the

.58

sedlmentary sequence whlch is seen now as the core of thef.i'

‘anticlines ;nnthe area.v In addltlon,knot very»large

sbale bat rathef"local migrationuand~concentration of

‘?l
mlnerﬁﬁlzatlon Wthh is. assoc1ated with granodlorltlc

. s
granofels and mlgmatltes. ThlS seems to be supporteh’by

the llnearlty of the data trends in: Flgure 10.° If.large—
scale uranium remoblllzatlon had taken place durlng the:
Hudsonlan tlme, the collnear behav1our of the ﬁata would
uranlum frdm dlfferent subsystems dur;ng the mlgratlon

would have produced general scatter. That mlght well be

\.%

the'case with some of the granltlc gnelss samples from

- the Pegasus‘_ake‘antlcllne, IR



Sanples from the_centrr»of the anticlineﬁ¥§;ch
evolved?in the*relatlvely’lom uéVenvironment in‘the
intermediate stage, seem.to have lost most of thelr
uranlum and have also undergone most complete re-
equlllbratlon durlng the 1aéf metamorphlc event.. As a

result #hey ‘form the lOWer boundary of tre dlstrlbutlon.
| Samples fromzthe outer margins of the antlcllne have
/probably been 1nvolved in the partlal mlgratlon of 1ead
;and uranlum whlch ‘has resulted 1n general scatter of

the‘data from that area 51nce.rehomogenlzatron has not

gure ll shows the 208Pb/“"Pb versus 2°5Pb/2°"Pb
‘ratlos of the Charlebors Lake complex. The data show
1m1de scatter as 15 often the case in trace lead studles.
.In general the scatter of the data 901nts lndlcates

con51derable varlatlon in- the Th-U ratlo and therefore

'1tpls.con51stent,w1th the prop051t1on_made above,that

~ several events have affected the development‘of the lead -

.infthe rocks of the~Charleb3is‘Lake complex.'

Late Fe151c Dyke 'L:&
A flfteen foot w1de dyke which crosscuts the .rocks
Sine the “Old Camp Area“ and grades lnto the small very"
coarse gralned plnk pegmatitlc irregular body on the
‘dnorth side of the bay (Flgure 4), was sampled at six
:locatlons (35 to 40) . Samples -35 and 36 were collected

'.one and three feet, respectlvely, from ‘the contact w1th

o
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becomes only‘tentatlve.

the country, rock. Sample 37 is from theé center of the

'fdyke,and the other three samples were collected elsewhere
~from the d&ke. |

Lead analytical data'are presented ingkable V and in

!

'“2°6Pb/2°“Pb dlagram dlsplay a 11near trend w1th the range

ey -

of 206Pb/”"Pb ratios between 17 and 19.5. ,Whenna-m
straight line is fltted to. the data it ylelds a slope of
0. 08152 and an MSWD of 3,39. 'The correspondlng slope age

is 1235+320 m.y. 'The line intersects.stacey.and Kramers

’reference growth curve at —8+23O m. y. and 1239+300 m.y.

at a two sigma error 1evel; Due to the smail spread 1n
e | g
the 2‘?SPb/“"Pb ratios, the small number of samples and

: generai’5catter, the data points define the line rather

\1ntercepts w1th the growth curve are associated w1th

’

falrly large error and the 1nterpretatlon of this data
s

It is interesting to note that’the,line intersec~;

tlons with Stacey and Kramers reference growth curve

\

'1nd1cate that the source of this dyke has a p value very

-SLmllar to the u value of the upper mantle as suggested

by Stacey and Kramers (1975) Unfortunately this

2 b

’suggestlon lS not supported by the dlstrlbutlon of the

 data p01nts in the 2‘”’Pb/““Pb versus ?°6Pb/2°“Pb

dlagram (Flgure 13) nor. by Rb*Sr data whlch w111 ‘be

e

.’k‘

s

61

| Flgures 12 and 13 Data plotted 1n the 207 “’hb“§b~vefsus\

ﬁi} .

o

»poorly. As a result'theicalculated.slope, slope age and 5

G
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Figure 13.
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. 1200 m.y. ago.

‘dlscussed later in this chapter. \What might be said is

‘that the source of the felsic dyke and other irregular

pegmatitic. bodies is probably remelted rocks of the
lower crust. The isotopic data confirm the geologic
. ' . ’ \
. R . .
observation that emplacement of this apd other similar
o

'dykes and plnk pegmatxtlc‘igl?gular bodies has hapbened

1n the post metamorphlc tlme, p0551bly as\ late as around

The period of time between 1500 to aroqhd llOO m.y. ‘ago

is tectonlcally a relatlvely quiescent and economlcally

1mportant perlod in the hlstory of the Churchlll prOV1nce

- It should be p01nted out that durlng thls tlme major

uranlum'dep051ts of northern Saskatchewan such as Rabbit

.Lake, Midwest Lake, Key Lake ‘and others have been_

" emplaced (Cummlng and lesalte 1979, Cummlng, Baadsgaard,

Hoeve and. Morton (in preparatlon), and Cummlng, Worden .
andWBaadsgaard (1n preparatlonn Some'of the.dlabase

dykes of Churchlll prov1nce have also been emplaced durlng

"~ this perlod of tlme (Fahrlg and Wanless ‘1963, Burwash ety

al. 1962). A detailed, large scale geochronologlcal study
of these and felsic dykes from other areas in the Churchlll
province, along w1th the dlabase dykes, would probably
prove to be very benef1c1a1 fon a clearer'understandlng\

of the Churchlll prov1nce hlstory between 1500 m.y. and

L

llOO_m.y. ago.
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- Rubidium-Strontium Results

The analytical resultsvobtalned oh the whole rock
saﬁples are listed in'Table VI and the data are pIotted
in Figures 14-16.

Two si%ma errors of 6.35/oo and 1% have been assigned

to ®87sr/®¢sr and 87Rb/“Sr ratlos,'respect1Vely, based on

the repeated measurements of NBS SRM 987 common strontlum.‘

~

standard and the generally accepted accuracy level 1n the.

laboratory A detailed discussion‘of’error estimdates and

_ analytlcal procedures is given in Appendlx II. .In some

of the dlagrams the elipses are used for presentlng the
data points, their size represents~the data with thelr't\
respectlve errors at four 51gma level ~

For ease of interpretation the data are agaln *

con51dered in three groups as was the case. w1th the

lead lead data, 1.e; l‘Pegasus Lake Area", "01d Camp Area“.

and the late fe151c dyke.

All of the rock samples analysed for lead 1sotopes

were also used_for Rb-Sr analys1s, in an attempt to shed -

some more light on the'history and the nature of the

B Charleb01s Lake complex ‘and its precursors Tt was. hoped

@ -

that the whole rock Rb*Sr analy51s ‘would prov1de addi-

‘tional ev1dence for the age of_the precursors and there-

. : : ' i
. .

fore substantiate‘the claims made on the basis of the

lead- lead data. Unfortdnately-the.data presented here

exhlblts even greater scatter than the lead lead data.
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The Hudsonlan metamorphic event appears to have been

strong enough to wipe out the record of the tlme when these
rocks were originally emplaced, but not strong enough to
completely reset the'whole rock Rb-Sr clock in this area.
B 'lheRb—Srrdata in all~of:the standard isochron
‘diagrams exhibits‘wide scatter so that no firm geochrono- 4
logical conc1u510ns were possxble- ‘Close inSpection of
‘the data in the SCatter dlagrams coupled with the evidence
obtained from the lead analyses and other geologlcal'
studles provide, some 1nd1catlons of the probable history

1

‘of the Rb-Sr systems of these rocks. The porpose'of the
dlscuss1on that follows is to see what'klnd of 1nformat10n
can be extracted from. hlghly d&scordant Rb-5r data and 5
how closely 1t correlates w1th the information obtalned‘
from lead-uranlum and lead lead analyses
The data obtalned on the samples from‘the "Pegasus

Lake Area" lncludlng three granodlorltlc granofels
specimens (18, 19 and 20) are plotted in Figure 14.

| Coarse—grained, mineralized, granodioritic granofels
samples exhibit a'relatiyely wide spread in'Rb-Sr,ratios
lylng along the trend whlch would give an lnltlar 87Sr/
'BGSr ratlo of around 0. 712 and slope age of close to
1750 m.y. . As 1n‘the case of lead- lead data it again forms
the upper limit to the distribution of data in the standard
Aisochron plot. | e

The rest~of{the gne&ssic samples are fairly mono-
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tonous with respect to the Rb-Sr ratios, exhibiting a
limited range of values, as would be expected from theic
mineralogy. This is especially true for samples from
the central part of the anticline where the gneies has a
predomihantly grey, maesive appearance with nq’foliation
or even iineation. ‘The rapge of ®’Rb/°°Sr values for
samples 1 to 13 is 0.23-o.so~(the”§31nts within the
dashed area in Figore 14). The rest of the points which
do hot Qggl into this group were collected from within
aboutf300 meters from the shore of Dramnitzke Bay, i.e,
ﬁ,adjacent to the minerelized granodioritic granofels area.
The biotite content of’these rocks is somewhat higher i
than in the rocks from the center of the antlcllne, the
colour is predomlnantly plnklsh-gray and the foliation
is visible. The :ange of *"Rb/%°Sr ratios 'is wider and

sample 17 has the most radiogenic value of 4.2. A line

fitted through three of these points (15, 16 and 17) o

passes ' through tHe scatter dlsplayed by the anticline core
' samples,\g1v1ng alslope age of 1753 m.y. and a 87Sr/"Sr
initial ratio of 0..7066. It'should'be noted that most of
- the other samples from the scatter that seem to 11e along
this llne are geographlcally close to the granodlorltlc
granofels area. - L - ”ifl
- An atﬂempt to f1t the line through the scatter»o

dlsplayed by the antlcllne core samples whlch have a

small range of 87Rb/“Sr values and are dlstrlbuted

71



n w1th1n the dashed area ln Flgure 14 (l~13, except #2),

¢3i7would yleld a slope age of approxxmately 2400 m, y.‘and

‘ 0 701 for an inltlal °7Sr/°°Sr ratlo.‘ 'vf'”A S _?.1

'7-fd1agrams. Rubldlum and uranlum seem to be enrlched .\x‘

:fbetween centrally located samples and the samples fromvvf

’.”the mlnerallzed area.;ffl

‘»1ncreases towards the outer marglns Q{\the antlcllne'
Granodlorltlc granofels data form the upper Timit

| the dlstrlbutlon of p01nts 1nvboth Pb-Pb and Rb-Sr

Rb Sr systems for the rocks from the "Pégasus o ..,'i ]

',f_Lake Area" appear to show some 51m11ar1t1es to the

'=U-Pb systems._ In both cases the radlogenlc character

a -

1n granodlorltlc granofels, whlle the rocks ad]acent to

‘the mlnerallzed area exhlblt an. lntermedlate characterl

-
‘, .

/

Data obtalned from the samples of the "Old Camp :

- Area““clearly do- not exhlblt closed system behavxour

®

:elther (Flgure 15) 87Rb/“Sr values extend to around“diiv

3 5 w1th the majorlty of po;nts scatterlng between 0 0

’ and l 0., The data do not dlsplay any collnearlty,~ S ,?,1 ey

_gtherefore any conc1u51onsfdrawn from thlS datg would R

;be speculatlve and just an attempt to obtaln conflrma—

e

'tlon of the rock hlstory based on the whole rock leag-

FN lead and uranium-thorlum-lead data._,

-

Assumlng that the moblllty of the elements durlngﬂ

the last metamorphlc event has been llmlted to predoml-j'

anantly small-scale mlgratlon and exchange, w;thout large"
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l‘

P contrLUutlons of rubxdlum and strontlum from out51de,

a lower llmlt to the °7Sr/°°Sr ratlo at the énd of the.

?metamorphlc event (t ) can be establlshed. ThlS cannot

" ‘be 1ower than the ratlo of the system when it was flrst

completely rehomogenlzed (t ). If this value was avall-‘
'able, the qpper 1imit to the" age of the metamorphlc:

event whlch has dlsturbed the original Rb-Sr system,~

"can be estlmated by draw1ng a: refereﬁce lsochron that

‘starts at. thls ratlo and bounds the lower scatter of

the data polnts. In thls study the - end of the meta—
morphlc event is falrly well establlshed by the lead—lead
.and uranlum—lead results to be around 1750 m. y. Thé”
'value sought here is an 87Sr/“Sr ratio which mlght have
been the 1n1t1al 87Sr/”Sr ratlo durlng the emplacement -
'.of the "01ld Camp Area“ rocks, i: e.:the Charleb01s Lakea
‘complex.. Flttlng the llne w1th the slope age of 1750 m. y.
to the three poxnts representlng the lower boundary of
‘the scatter 1n Flgure 20, an 1n1t1a1 ratlo of-. about O 701

L

" was obtalned.' Whatever the tlme of the 1n1t1al emplace-

'hﬂrment (t ) of the CharlebOLS Lake complex was, the average

gf Sr/BGSr ratio could not have been higher (or much 1ower;
for that matter) than 0. 701. The- same value for 1n1t1a1
87Sr/”Sr ratio was obtalned from the llne fltted to ‘the
lscatter dlsplayeyéby the samples from the core of the

_"Pegasus Lake antlcllne. Slnce thlS value, obtalned 1n
/‘

.

L8

5, two different ways, l;;suggestlve,of the initial Sr/ GérVV
$au . Lo R oo
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ratlo of precursors of the Charleb01s Lake complex,

further pos31b111t1es for deducang the orlglnal emplace-”

*ment age were examlned

For this- purpbse all of the data were c0951dered

together "and plotted ln quure 16. Out of the thirty-

| ‘four samples analysed, twenty—seven had 87Rb/“Sr ratlos

‘/,a

of less than l 0. The upper and lOWer boundarles of the

data con51st of samples of granodlorltlc granofels and

three samples from the "Old Camp Area" respectlvelyw

Reference
: upper and
of the Rb

Hudsonlan

1sochrons of 1750 m. y are drawn through the -

lower bo;Pdarles.' This. band llke dlstrlbutlon

Sr data-lndlcates that at the end of the

N

orogeny, the global Rb-Sr system of the

CharlebOLS Lake complex was probably 1ncompletely homo-

genlzed w1th the 87Sr/“Sr ratio ranging from around

' 0 701 to 0. 712 for the varlous subsystems of the complex.

It has been already mentloned that metasomatlsm in

the area has not been observed (Morra 1977) ; If the‘

75

'm°b111tY Of rub;dlum and strontlum w1th1n the complex as fufwll

- an whole was 11m1ted and only local then from the mean

"

f

';1n1t1al 87Sr/”Sr = 0. 705 t the‘end of the last meta— o

'morphlc event (about 1750 m. y. ago) and the average’

87Rb/868r

g

of. 0. 412 for the Charleb01s Lake complex, it ,‘f/hr.' B

. could be calculated that it would take approxlmately

680 miy. t brlng?the Sr/°53r ratio “from 0.701 to 0.705.

That effe

1vely sets the emplacement time of the Charle-‘
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“uy

obtalned from the feldspar lead-lead data and the 2400

m.y. obtalned from the antlclrne core samples.
B

The dlstrlbutlon Jf  the Rb-Sr data presented so far

.

clearly demonstrates 1ncomp1ete homogenlzatlon during  the

,bb

last metamorphlc event or part1a1 open system behav1our.

Varlous studies deallng w1th the remoblllzatlon effects
Y

of rubidium'and strontlum on’mlneral systems, underr‘

meﬁamorphlc condltlons, have been carrled out” (Baadsgaard

‘and van Breemen 1970, Kesmarky 1977) It was shown that

mlcas are. readlly susceptlble to thls kind of change.>

~

Whether or not ‘the whole rocks are dlsturbed w111 depend

upon the’ range of mlgratlon of these elements\ The

relatlve stablllty of Rb Sr systems in whole rocks.

1nd1cates that under many c1rcumstances rubldlum and
) . L' L
stron Ui Wik, become very qulckly trapped in mlnerals

o

%i potent1a1 for these gﬁements (such
before they have a chance to mlgrate very

far._ ‘owever, other studles haVe demonstrated that whole

rock systems can become partlally open qummlng and Seott Jﬁ”

3

1976 Hof{man 1971 Brooks 1980 Olszewsk1 1980) or even

completely reset durlng metamorphlc events (Taylor 1975,

- Weber et al. 1975)

Although 1t has been: demonstrated that commOn

Q’Qﬁrontlum can also become moblle under metamorphlcr
o

77 -
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A
e temperatures. The radlogenlc strontlum reSultlngofrom

""“' condltlgns (Baadégaar

.;l\

!

‘men 1970), it seems

% "
reasonable to assum% .most condltlons its-

i" ﬁ
moblllﬂgﬁon a whole rock scale would be, negllglble
: [0
co%pared to rubldlhm and radiogenic components of _
;3

“‘:strontlum.f The bulk of the hormal strontxum component d

1s usually dlstrlbuted w1th1n the feldspars where 1t §£

E

i}s tlghtly held “in the host latthE, even at elevated

decay of 87Rb is usually present in a mrneral lattice.
whlch is a relatlvely good host for ‘rubidium but not

p
for rad;ogenlc stront1Um . Radlogenlc strontlum, belng

poorly dladOCth 1n thls 1att1ce, will have a much
greater tendency to dlffuse.

f‘It‘is clear that if the scale of strontldl 1sot0pe

(be—equilibration and'rubldluq mrgratLOn 1s mqgh less

. . -

than ‘the size of the collected a@d analysed Spec1mens, S

the whole rock Rb- Sr data should fall oq{@n 1sochron

.recordlng the 1n1t1al age of the sample.' Accordlng to

1@,".‘

Roddlck and Compston (1977), the formatlon of a*large.

?%

Aﬁpck un1t may be 1mag1ned as con31st1ng of a set or sub- -

ﬁ@stems, each of whlch 1s 1arge enough to have -an Rb-8r

v

ratlo equivalent to that of the rock unlt as. a- whole.

o If the range«of mlgratlon 1s larger than the scale of

one Such su%tem,, then the whole rock Rb-STr data T

‘metamorphlc event. If, on the other hand, the range of

=

« 0!

B should fall on an’ isochron recordlng the age gf the_ " .

.78




mlgratlon is less than one such subsystem but larger

'than that of the analysed‘sample, scatter will be

observed in the standard isochrbn diagram. .

| It was said at the beginning of this‘chapter that -
the size of the collected specimens was ontorder of

1-2 1b., except the samples collected from the central
.

part of the Pegasqs Lake antlcllne, whlch were about

tw1ce as large.: It mlght not be a c01nc1dence that data

“obtained on these'samples show a tendéncy to allgn

L]
themselves along the trend 11ne, suggestlng the age

‘of initial emplacement of the Charleb01s Lake- complex

precursdrs (Flgure 14). The scatter of these data

-~

.,
suggestd that the range of mlgratlon was probably not

~ much larger than the size of the collected spec1mens. i

The other smallerrsamples collected*from the outer’ areas
of the antlcllne, those Qf granodlorltlc granofels and

thosevfrom the "Old Camp_Area" exhlblt scatter and some

of them show a tendency to ‘align themselves along the

1sochrons recordlng the age of theé. metamorphlc event w’§$

This behav1our sugqestsﬂtwo alternataves. Frfst, the
* .
ﬁrange .of mlgratlon and re equlllbratlon was about the

'same for the centrally located samples from the Pegasus

Lake anticline and for the samples from the other areas. ®

However, the samples from the other areas -were smaller,

"resultlng 1n the metamorphlc age belng "more visible"

The other alternatlve is that although the samples were

[ 7 ‘Z_«/ ' ‘ e -

e

P

M"\‘ ’
.
R
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smaller;’the range of migration in the "Old Camp_Are&ﬁ‘

and pther areas close to anQ;*pcluding the granodlorltlc

granofels was much 1arger than in the core of the Pegasus

Lake antlcllne. If thlS'were the case, uranium mlnerallza-

'tlon rubldlum enrlchment in- the granodlorltlc granofeIS‘

and formatlon of migmatites could have at least partlally
been caused by this local, small-scale remoblllzatlon and
migration of the material during the Hudsonian meta- -

morphic event, as suggested.by Morra (1977). Morra's

‘'suggestion (1977) that sedimentary\precursors_of'the

“granodioritic granofels, migmatites and graniticvgneiss

from the outer margins of the anticline have been

-orlglnally enrlched 1n uranlum and potassium (therefore

rubldlum also) appears to be suppore!d by the: lead 1ead

and Rb- Sr data presented so far. It is clear from lead- | ﬂh
1ead and Rb Sr data that lead and strontlum of ghe grano~

dioritic granofels have evolved in hlgh u and hlgh RbsSr
nv1r0nments durlng Sgemetamorphlc tlme, wh;le the same

elements of the gran1t1cxgne1sse§,fromwtﬁe.core of\the
. . . ‘ »»“ i .@ oy .

Pegasus Lake anticline have evolved inftower W and Rb-Sr

env1ronments. o - o \

[N

Rb- Sr data obtalned on six - wholerr0ck samples of the

-5 m-wide late fe131c dyke whlch,cr055cuts othervr0ck units

in the ."0ld@ Camp Area“ are'presented in Table VI and- Figure

87

17. 'The data exhlblt a range of Rb/ Sr ratiosvfrom.

" around 6.0 to over 30.0. All of the points scatter rather

&
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badly so that no reasonable isochron may be computed.

An approximate line draWn through the scattered points -

‘glves an approx1mate age of about 1300 m. y. and an -

initial °®7Sr/°%Sr ratio of about 0.730. Although this

i

age does not have a statistical certainty because of

very wide scatter, it is étrikingly similar to the age

obtalned from lead-lead data on the same samples.’
C0ntam1nat10n by the metasedlmentary rocks (Baadsgaard
and Godfrey 1972) and remelting of the rocks from the
lowér crust might be responsible‘for the scattervénd

~high apparent ini%iél ®7sr/®¢sr ratio.

g2
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CHAPTER IV

o SUMMARY AND CONCLUSIONS

]

vThe study was undertaken to establish the age and the
history of the area and to possibly glean some iaformation
,regardlng the relatlonshlp between the 1nd1v1dual members
of the complex and the orlgln of the U-Pb system %f @hew
‘uranlum mlnerallzed rock unlts. It became appareﬁt ear

PO

in this study, that lnterpgetatlon of the geochronologlcal

v@*‘* |

data for thls area would be compllcated by the open system
behaviour and limited mlgratlon of.elements durlng the last
.metamorphic event. éor that reason a complete set of lead-
lead and rubidium-strontium whole rock analyses was per-
formed on the same specimehs. éRadiOgenic minerals such as
uraninite and mineral fractions rich in @onazite‘frem the
vgranodieritic granofeis.and twq migmatite samples (i.e.
samples with the highest 2°5Pb/?°“Pb ratios) were separated
~and ahalysed ﬁo:’lead, ufanium ahd thorium isotopes. Six
 feldspar separates from the least radioactive samples,
that is,samples with the lowest 2°6Pb/2°"Pb ratios, were
uanalysed for lead 1sotopes. , - |
e The geochronologlcal data obtalned durlng this study
was correlated with the available geological evidenge and
summarlzed in Table VII.
The uranlum—lead and lead -lead results seem to have
been more useful than the ;ubldlum-strontlum results,
which exhlblted generil scatter and provided only slight
83 *
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L
suggestions of the 1mportant events ﬂ& ‘the history of
these rocks. The uranium-lead data for uraninites and
monazite-rich fractlons show clear indications of a

#
relatively slow and gradual weakening of -the Hodsonian .2

85

metamorphic event beginning, in this area, about 1797 m.y.

il

ago w{th the closing of the U-Pb system of monazites ‘&and

possibly other high-grade mineraIs;;“U:PB,dataWobtained

N,

on the uraninite separates suggest that the end of the

Hudsonian orogeny in the Charlebois Lake area was marked
by the c1051ng of the U~-Pb system of uranlnlte 1750 m.y.

ago. The. ages of 368 m.y. and 55 m.y. obtalned fxom the

apparent lower concordla 1ntercepts of the uraninlte and

‘mona21te dlscordla lines, respectlvely, are bellewed to

%
be spurlous 51nce-dlscondance is. the result of contlnuous

lead diffusion from these minerals. ,
The overall history of the Charlebois Lake complex
is most completely illustiate% ty the 1ead?lead and,’tOvh
. /

some extent, supported by the ¥ubid1um—stront1um results.~
Whole rock and feldspar lead—lead ‘data 1nd1cated thatflead
"in this complex approxlmates the evolutlon accordlng to N
“the three stage evolutlon model with fl'—'c0nst, (Gale
"and ﬁuSsett 1973). It is suggested that the original"

emplacement (1 e. formation of the sedimentary-preqursorsﬁ”

/ -,
of the Charleb01s Lake qomplex cQuld have taken place as

early as,2470 m.y. ago- from an env1rgpment ‘that had

gu = 9, 85 ‘This value is sl;ghtly hlgher than Stacey and

Kramers (19?5) §st1mate of the eaqth S uy value. The -
. >

i
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';the core,of the Pegasus Lake a?tlcline show vague 51gns o

. \ .
'~(that 0. 701 m\\ht have been the 1n1t1al aWerage °7Sr/°°Sr

\\ .
: B

f'gk,ratlo of the sedlmentary precursors sdme 2400 m y.'agof

& TR

~From the overall average,\*nb/BGSr of 0. 412 for the.
o Charleb01s Lake complex, the mean 67Sr/“Sr ratlo of\p;-
,r around 0.705 at the end of the Hudsonlan metamorphlc
event and assumlng that the 1n1t1al\°7Sr/BGSr could not
»shave been very much dlfferent/from 0 701 1t was estrmated
A;that the age of thevsedlmentary precursors must be around
;2440 m. y. It therefore was concluded~from all. these
-1nd1cat10ns that the Charleb01s Lake complex was probably
'lformed 2400~ 2470 m.y. ago. “
Be51des the 1ead—uran1um data of the radldgen1c
-mlnerals, the Hudsonlan metamorphlc event was well deflned';
dby the parallel lead distribution of thp lead- lead data
”tw1th slope ages ranglng fnom 1741 m. y. to l775 m. y ~The‘
itrubldlum—strontlum data also prov1ded some 1nd1cat10ns of

thls event, expressed 1n trend llnes formed by grano?
'fd;orltlc ranofels samples, speclmens from the Outer
‘”i»marglns of the Pegasus Lake antlcllne~and the lower dls—'
/;trlbutlon bOUndary of: the “Old Camp Area" data.f

. Morra 41977) observes that there is. no eV1dence of'

glarge scale mlgratlon of materlal in the area, and suggests///ﬁ\
‘that uranlum mlnerallzatlon l\ probably a product of |
.‘locally remoblllzed uranium (and pOSSlbly thorlum) frdm . :hht
"'the uranlum and thorlum—rlch sedlmentary layers of the ”

RS . S
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\~ - .

“the lead-lead and rubidi

um-strontlum data presented in -
/ .

"%thls study The dlstrlbutlon of the Iead-lead and to.

;some extent the rubldlum-strontlum data, 1nd1cated that

dlrect precursors ofiﬂuafunerallzed granodlorltlc
“\
»‘granofEls had evol&ed in. hlgh M, 1 e..a high. uranlum and

y‘p0551b1y hlgh rubldlum env1ronment durlng premetamorphmc

.,

time. Both lead lead and rubldlum-strontlum ta of the
»mlnerallzed granodlorltlc granofels represent the more '\\

\,\\\

V‘radlogenlc 11m1ts of the dlstrlbutlon of the geochrono— ,7
L ,
_ loglcal data The other samples exhiblt a gradual

,,,decrease 1n radl/gepx/ component from mlnerallzed grano_i;

“dlorltlc granofels, whlch 1s adjacent to the calc—51llcate

v 7

kl layer towards the more ma551ve granltlc gnelss at the

base of the metasedlmentary succe551on One may speculate

that the 1ncrease in pressure durlng compactlon of loose

$

'sedlments squeezed out“ flulds whlch served to fac111tate

\

fmigrationsof<uran1um.upwards.4 The‘precursors of»the calc—»
‘slllcates (calcareous and tuffaceous sedlments) acted as

an 1mpermeable barrler to the mlgratlng solutlon, result—\

:Ang in the relatlvely hlgher concentratlon of uranium

'nadjacent to thlS layer Later, under metamoﬁphlc cond1 ions
. /\ . . °
uranlum was locally remoblllzed produc1ng the observe

"lradloactlve anomalles and’ the dlstrlbutlon of lead- l ad
data. presented 1n Flgure lO.
Due to the 1nsuff1c1ent number of collected and

\~

analysed‘samples, the hlstory of the late felSLC dykes'o

v ' ‘

h“ar 051c arenltes. TheSS suggestions are supported by :* L

87
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- and the irregular pegmatitic bodies has not been well

\determlned. Lead 1ead and rubldlum—strontlum data 1nd1cate

that thls rock un1t ras emplaced in the post Hudsonlan’

4

tlme, p0551bly some tlme between 1500 m Y. and 1100 m. y.
\

\

‘ago. An exten51ve geochronologlcal 1nVestlgatlon u51ng
'lead lead and rubldlum-strontlum methods: of this and otherdi
'sxmllar 'late rock unltslfrom the surroundlng areas and
larger'Churchill brovince is»strongly suggestedw hThe
;beneflt of such a study would be a better understandlng
of the hlstory and events taklng place in the Churchlll
prOV1nce durlng thls time perlod- -

This study, llke many dthers in the llterature, ‘has
demonstrated the necessxty of the mult;method approach.ln
igeochronologlcal 1nvestlgatlons of dlsturbed rock systems.

Although it was shown that the/whole rock Pb Pb system
)

preserves the hlstory record well, and p0551b1y better

’

than the Rb—Sr‘system, the use of two or more methodsx
generally reveals, more detalls and allows more confldence
_in maklng geochrologlcal-conclu51ons and assumptlons
Whenever enough materlaa 1s\avallable, the use of comblned
‘Pb—Pb,‘Rb—Sn‘and U-Pb ddting technique on whole«rock and
mineral'seéarates is'Strongly suggested. o B
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' APPENDIX I

THEORY OF U-~Th-Pb, Pb~Pb AND Rb=Sr SYSTEMATICS

U-Th-Pb Systematics . . ‘ ' .

Three basic radioactive dECQY systems are used in

.

U-Th-Pb and Pb-Pb age dating techniques
©238y,206phL + B“He + 68
){ ' 2353,207ph + 7YHe + 48°
232ph+2%%pp + 6“He + 4B .
¢ , -
The reiationship.of the molar concéntrétion'of the
daughter isotope (corrected for initial daughter contamina-
tion} to the-molaf concentration of the parent isotope,
measured in the ‘séhple at pfesent (t=0) is given by the

following general equatioﬁ:
D = Plexp(at) - 1]

whére D is the molar concentraiion of the daughter
\isot6pe, P is the mblar c6ncentraEion Qﬁ the parent
isotope, presently measu%ed, A 1s radioactive decay
;cbﬁstant and t is the time when the isotopic system
became‘closed to migratiop of either parent or daughter
isotope across fhe-boundaries of the system.
Rédioactive‘decéy consFants; adoptedrthroughout this

Stpdy, are (as suggested by Steiger and Jiger 1977):

-

-
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9 1

Decay constant of %%y A = 0.155125x10"
9

yr~

ye b L

Decay constant of ?'’Th: A'' = 0.049375§10'9yr'1.

d

Decay constant of *'*u: A' = 0.98485x10"

It is immediately obvious that knowing the amounts
of parent andidapghter isotopes at present, the time
“when the system became closed can be calculated from the

relationship:
t = 1/) tnlp + 1)..

Applying this equation to the three decay systems
mentioned at the beginning, three independent ages can

be obtained. I

1

LI Sinée the present relative iscotopic proportions of
natural uranium are known.((ZQSU/238U)present.= 137.88)
and are assumed to have varied over geologic time due to
the radioactive decay only, it is possible to . obtain a
fourth useful date, i.e. 2°7Pb/?°°Pb age. . - <
By a compariSoﬁ of thése ages (i.e.lmeasured
daughter to parént ratios of the sample system.being
investigated) it is possible to derive not only the age
of the system but some ;nformation regarding the history‘
oﬁ‘the-isotopes and therefore the sgmple system as well.
If all the calculated ages are the same within analytical
, : . ,
error, the phase being dated has remained closed to

changes in the parent-daughter system and such dates are

termed "concordant dates".
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Theoretical U-Pb systematics are graphically
expressed in Figure 18, 1t shows that the ‘mineral or

other investigated phase which haavnot been subjected tb

&
o

the lead loss or uranium gain (or lead gain or uranium
'loss) will have concordant 2°7’pp/?'°y, 2f’%b/”‘u.and
197ph/7%6py ages and that data will be- represented by a
point that lies on the curved line cailed "concordia",

If the dated phase has been subjected to the lead
loss (or uranium gain) during the sHort period of time,

B recentdy-e¥ any time in the pa8t after the original
closure of the system, obtained agesswill not agree,
Qithin the set error limits, i.e. they will be "discor-
dant". U-Pb data obtained on a suite of(samples that
has experienced such episodic daughter losses (or parent
gains) whether récently or in a dfstant past, will
theoretically give a chord of points that determines the
;traight line which intersects the concordia curve at
two places. The upper inperséction represents the time
of original formation of the phase;and the lower inter-
section, the time of the episodic event which caused the
disturbance in the system.

If it is assumed tﬁat tﬂe lead continuously diffuses . -
from the“syspem over the entiré history of €he phase,
measured Pb-U ratios on a set of samples with this tYpe
of history will fall along the continuous diffusion line

in the concordia plot (Figure 18).
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A comblnatlon of these ba51c types of parent—}f'
ﬁgdaughter hlstories can greatly compllcate the lnterpre-‘
tatlon of the obtalned data.‘ A more complete dlscussion

t.’jof the U—Th-Pb systematlcs, along w1th th&Msetof‘;mporf

e CA

;};tant references, 1s glven in Faure (1977)

: Pb Pb Systematlcs

Detalled tveatment of Pb Pb systematlcs 1s covered
;elsewhere ln the llterature (Faure 1977 Gale and Mussett';'f
"u‘1973 KanaseW1ch 1968, and others) so that only a‘brlef

erhlew of the theoqzas applled to the whole rock system

~given here. L o | 'V'tﬁ\
§'¢ Ratlos of the radloactlve 1sotopes 206Pb 07Pb and
2°3Pb (generated accordlng to the radloactlve decay )
';schemes, mentloned in the - prev1ous sectlon) to the non—-
kradlogenlc ?°“Pb 1sotope are utlllzed for 1nterpretatlon.v
= A more useful way of presentlng the data is on a 2°7Pb/
2°"Pb vs. 2°5Pb/”“Pb rather than on - a 2°°Pb/2°‘*Pb vs.
2°6Pb/2°“Pb dlagram #he reason for thlS 1s that uranlum
'1sotopes¢(whose products are 2°7.Pb and 206Pb) cannot be fa -
‘51gn1f1cantly separated durlng the normal geochemlcal
*reactlon, whereas uranlum and . thorlum (whose decay prodhct"
is ?°8Pb) may be._, - -t o
ThellnterpretationeOf the lead,isotope,distribution
in a suite of rock samples basically con51sts of flttlng

"~1t to the model whlch would be descrlbed by a set of

eplsodlc changes'ln U—Pb‘ratlo at.some_dlscrete_tlme L
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The 51mplest case of the lead 1sotope evolutlon would

be ;f the lead evolved by a 51mple radloactlve decay -of '/b df .7

,uranlum-to lead over geolog;p tlme.‘ ThlS evolutlon is
to s . .. ) L ) ;bv . R ” . » E '4 ‘ \ ./ 3
-+ described by the following equations: " c

"*lt%jéé *d?téx9(¥t§) - exp(At )l '_~\?\J’."/;
T (R U

- ' o o ; o
o ; . ‘ -/ . g /

where xl = 2°5Pb/2°“Pb and yl -/’°7Pb/2°”Pb both atithe

ta.me,t ;La = 2°£Pb/2°“Pb and b = 2°7Pb/2°"Pb both at

ST TN e T 7 To.

the time toi T 2383/294Py at present time (t=0),§l ‘and

v‘jA' are radioaetive'decay génstants with’the'valdes given
N - /‘L" . . : .

~in the prev1ous sectlom'“_The_tiﬁe' t is measuned'back into
tlme from the present./ Wheh blotted on‘the.x—y.(2°7Pb/ - S
2°“Pb-versus 2°6Pb/”‘*Pb) dlagram these two equatlons are.
represented by a curve Wthh is termed "lead evolutlon
‘growth curve (Figure 19)“"The values of ao.and b Lare.

.lead 1sotoplc ratlos 1n the trlolllte phase of the Canyon
Diablo meteorlte i.e. L2y —9 307, bo_10‘294’ as suggested by
Tatsumoto et al. (1973 -It is assumed that lSQtOplC'
tomp051t10n‘of the Pb in the- earth was equal to ao‘ahd bo

'at a t1me whlch 1s referred to as the age of the earth;
Thls ter whlch 1s not an eas11y measurable valde, can

N be/estlmated in two’ ways. First, based on. the slope of _ t/

the 11ne whlch 1s determlned by the 207Pb/2°"Pb and

‘2°5Pb/3°“Pb-ratlos of Yarrous meteorltes,yand;second

i o . TR S \ o .
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based on the isotopic ratios of‘c0nformable lead ore
ﬂdeposlts whlch appear to fall on .a single stage growth
:curve; Their ages,  as determlned by their. p051t10n on
the lead groyth_curve, appear to ‘be somewhat younger
~than their geoiogicfages determined byjother methods.
/ﬁiSCrepancies become;more‘pronounced withdydunger ages,
suggesting that ‘the singleystage lead evolution.growth
]curve flts the hlstory of these ores .only as -a flrst
~approx1mat1on, More sophlstlcatedlmodels of mantle
lcrustal.evolution that_take into accodnt p0551ble cata-
'strophlc changes (Stacey and Kramers 1375) or continuous
bchanges (Cummlng and Rlchards 1975) 1n\the U-Pb system
have been dev1sed From a model with a contlnuous change
in p- Cummlng and Rlchards estlmated the age of the earth
to be 4509 m. Y. whlle Stacey and Kramers adopted- (from
‘Tatsumoto et al 1973) 4570 m.y. for the age - of the
‘earth-and alsoesuggeSted global scale fractionation of.kg
" the U-Pb system at'BlOb m.y. ago. - |
. In a closed system the only changes taklng place in
_the U Pb ratlo are g§§crete and episodic. - It may be sald-
"‘that the suite of "U Pb subsystems"'whlch was separated ¢
from the global pl.system at time tl, with bePb 1thOp1c-
composition x(15‘and y(l).and thehn each subsystem'évolved-v,

"j‘

dn Separate Mo environmentsfuntil time t (when all the
I

'uranlum was removed) w1ll dlstrlbute themselves along the

!

stralght line of slope Lo \'



- through the prlmary growth .curve of the H
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. ' ‘ ' ’ ’ v' [} - "
Y(z) = Y(l) _ l . Sxp()\ tl) - exp(A t2) . " .
ﬁz) - x(ls _ l37t88 enp(ltl)- - exp(ltz)

If the system evolved untll the present theg t,=0,

2
and the above slope equatlon may be solved dlrectly for

_tl (Fig. 20). Thls is a two stage model. The line passes

1 environment at

t—O and t= tl Any of these subsystems can be characterlzed

by - ‘ = ' L
by -two parameters. Moy and fl ,U /”21 The parameter £ »

K

is the fractionation coeff1c1ent and, prov1d1ng there is

no cha\de in the 1sotop1c composltlon of uranium or lead
‘at the time of dlfferentlatlon (ti), it'is-a dlrect measure
of the U-Pb ratlo immedlately before and after the dlffe—'~
;rentlatlon

The general three stage model history involves
B : EETRE AT o
evolution in the constant ul-environmentbfrom the formation
of the earth to the time (tl) of'the Rgrst global fractiona?

tlon of the system into . subsystems of 1fferent u2( )

env1ronments Each second stage subsystem evolves 1nde—
v .

pendently until the new U- Pb fracthnatlon of these

1nd1v1dual subsystems takes place at‘tlme t2

stage environments whigh are .characterized by the ...
9F ShvTonments whgh @ e ' H3(19)

‘vaIues.- From then until the present"ft=0) each third

into the third

4stage subsystem remalns'closed and evolutlon contlnues by
‘the decay of uranlum 1nto lead only.

Each eplsodlc event 1s.characterlzeddby a correspond-.
ding‘fraotlonation coeffic‘ient:‘.',at't1 by fl,= ul/uz; and
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“constant or\f2;= constant are linearzplots obtained.

e et 4 A e o -~

. _ A

at tz,by f2}= uzi/u3ji,

" rThe resulting general‘distfibution of the points in

‘the 2°7Pb/2°“§h~08 2°"Pb/2°"Pb.diagram will be governed

by the degree of fractlonatlon at t. and t.. The most

1 and 't |
‘common case will be when £, and f, are both variabie and

105

the p01nts dlstrlbute themselves in a fan-shaped feshibnxm“ﬂ*'

\
with the apex de%otlng the lead compos1t10n which the

system possessedrap/tl., The lower boundary of the dls—’

t:ibution’of‘data poinfs will have a slope age approaching
tzlwhile thehupper houndary will, in’an‘ideal Situation,
intersecE the prima%y'growth curve at t; end t,- ThlS o
behav10ur can be most eaSLly understood- by con51deang
Flgure 21 Lead evolution accordlng to the three |

stage model generally results in 3cattered points”on'

an X-Y diagfamJ vOnly_in ths special cases ef‘fi =
The £, =_censt./f2 = variable model.is a genegally more
plausible model from -a geelogical'standboint end theeref
ticellyAreSults in a family of perallel s;faighgrlihes

with a consﬁant slope which deéends only on t. (time of

2

the second fractionatibn) and not on,ﬁlv(time of

the first U—Pb fractlonatlon) If £, =1 there is no

1

fra\élonatlon of U-Pb system from- Hy at tlme t therefore

1’
the evolution hlstOry reduces to a two-stage;model. If

£ ‘becdmes‘veryflarge‘(i.e; large uranium loss orfleed

1

"gain (with the same isotopic composition) occurs at time -

<

N
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tl),ythe limiting straight line wikl’intersect the primary

growth curve at t,. Low values of fl imply uranium gain -
or lead loss {(or both)’ occurred at the first fractlonatlon
ehent tl)' In the. case of fl = varlable/f = constant

model, theoretlcally a famlly of straight lines all pa531?g/‘
. through the same point, i.e. tl of 1y growth curve will
result The slopes and upper 1ntercepts w1th the prlmary
growth curve do not have any real meanlng Thls model is
less geologlcally plaasible since it, requires constant’
fractional change for variable’u environments during the
second fractlonatlon event at time t2 It is also some—.
what contrad}ctory in the case of the grand system remalnlgg
closed The model allows for. lead loss at the second
fractlonatlon event but not for ‘a gain of lead with-
‘dlfferent isotopiC»compositions If the global system
remalns closed and some of the subsystems w1th different

‘n's lose some.of their lead (which has a dlfferent 1so-

topic composition), other subsystems will be liable to -
T by ' .

'gain that lead, violating the conditions for obtaining a

»rectlllnear plot for a suite of samples analysed at present.
‘ )

A model consisting of more than three eplsodlc stages would

produce an overall distribution similar to the three stage

model.‘

Rb-Sr Systematlcs o S Coq
‘The Rb-Sr dating method Js based on radioactive decay

of the'87Rb 1sotope to the ®7Sr isotope. The relationskip

v



N

of the molar concentration.of the daughter isotope to
the molar concentration of the parent isotope, measured
in the sample at present (t=0), is givern- by the following

\ b
equation:

75y = ®’Rblexp(At) & 1] + 875;0

‘where °’Rb is the molar concentration of the 87Rb 1sotope

'and 87Sr is the molar concentratlon of the 87Sr isotope,

measured at present. X is the radloactlve_decay constant
-11__ -1 '

of ®’Rb = 1.42x10 ~“yr - (as suggested-by Steiger'and

Jager'(l977)), t is the time ‘of the 1n1t1al 1sotop1c

homogenlzatlon measured positively into the past and 87SrO

is the amount of °7Sr orlglnally present.
Because of the presence of the other Sr igotopes

N AN

3
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and the convenlence of handllng 1sotop1c ratlos, the above‘ -

equatlon 1s modlfled to lnclude concentratlon of , the BGSr -

. B

isotope into:

[ ' | - -
i 87Sr/BSSr =»87Pb/868r[exp(kt) - l] + (87Sr/8§Sr)o
;:\ - L .

.

This parametric equation (of the type‘y = mx + n)'

‘kcontalns two dlfferent types of 1nformatlon ‘that could be

determlned from two or more cogenetlc samples, i.e., from

N ~

the slope and initial (87Sr/858r).rat10 from the inter-

cept. The model age determlnatlon from the 31ngLe rock

or mineral spec1men requlres an assumptlon about the
AN

'.>1n1t1al strontlum 1sotoplc comp051tlon (87Sr/868r)

o



The data from a\suite of samples which have been
isotopically homogenized at the same time (t) in the past
may be evaluated in two ways. The morebpopulardway is‘by}
| plotting °7Sr/;5&r versus 87Rb/‘“’Sr values. ﬁA cogenetic,
suite of samples which have been completely homogenxzed
at the ‘time the system was last dlsturbed should form a
- straight line known as an 1sochron (Flgure 22).

Another way of representing the data‘is by following
the evolutlon of . °7Sr/368r w1th time, i;e.-by plotting
‘°7Sr/°68r versus time (Figure 23). This is achieved by
_calculatlng the value of 87Sr/“Sr at a time approxlmately
equal to the time of formation and 301n1ng thlS point to-
the presentlv measured 875r /865y ratlo By dorng this’
for the cogenetlc sulte of samples, an array of lines
;»w111 be obtalned.. The slopes of the llnes ‘are. propor-
tlonal to the‘°7Rb/BGSr ratio of each . sample since ltS
formatlon. All.the llnes)lntersect’at the time equal to
the time of iSotopio homogenization and at the 8751‘/"“;Sr
‘ratlo that the sulte had at that- tlme.-».

The only possible advantage of this treatment over
-the standard 1soohron dlagram 1s that 1t occaSLOnally
glves a clearer v1ew of the evolutlon of the systems
JWthh have .been dlsturbed after the lnltlal homogenlza—
tlon.,'Allrother 1nformatlon obtained %rom thlS dlagram
is also obtalnable from the 1sochron dlagram
| The samples seleoted for datrng may be a set of

whole rocks selected from the single formation to give a

109
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broad range of Rb-Sr values, or they could be mineral-

[

separates from a single rock such as low-to-medium Rb~Sr

K-feldspars or apatites and high Rb-Sr micas.

The usefulness of the Rb-Sr dating method is ontirely

dependent on the complete homogenization of the Rb and 8r
isotopes at some time in the past and upon minerals and
krock remaining clo;ed systems to the migration ot\nb and,
Sr from thet time to the present. B '

If the samples to be dated are-crystqilized from
magma and there was no subsequent disturbance of the “
system, through thermal or other events; the mineraL )
separates and whele rock samples should give the same
true age of the rock. - f | i

If the“samples have‘beenisugjected to metamorphism
pfisufficient intensity to recrystallize some of the
minerals or ﬁake them open to‘diffusiqh of'Rb and Sr,
Rb-Sr data of minerals will record the time of metamor-
phism end the Rb;Sr date of whole rocks ehe time oﬁe
initial homoge;ization This w1ll hold true providing
the range of Rb and/or Sr migration has been llmlted to
an area smaller than the size of the whole rock

[
A complete review of Rb- Sr systematlcs is given in

K

Faupe and Powell, 1972 and Faure, 1977.

-*



L "AﬁA.I‘JYTICALv METHODS e

: 5""vf,";General Laboratory pracadureg ;H-v.

Durlng the course of thls work most of.the separa—d“*
“;ftlons, fllament loadlngs and other operatlons were carrled d
'7i§'out 1n the }rltered alr laboratory or 1n a lamlnar flow -
4vlflhood equlpped w1th an HEPA 100+ fllter., The water used

g,

7hhas been purlfled by pass;ng through a large mlxed bed 1on ﬂv
B .

d,[‘exchange cdlumn and then dlstllllng 1t tw1ce in the sub-
b0111ng stllls.lehe flrst dlstlllatlon ‘was done in a
’.glass»stlll-aﬂwater was fed 1nto the smaller all quartz:;f'd'
"_stlll where a second dlstlllatlon was completed Nltrlc
‘land hydroohlorlc a01d, of reagent grade, were purlfled, L
‘djflrst by d1stlllatlon 1n an all~quartz su@}b0111ng Stlll
fg;and then 1n a sIow "#wo teflon bottle"‘vapour dlstlllatlon ?T
:rdstlkl (Mattlnson 1972) Hydrofluorlc a01d andshydrobromlc ‘dd
_ %acxd of ARISTAR grade (BDH Chemlcals Ltd ) were further h i
.‘:purlfled by dlstlllatlon 1n."two tefbon bottle" stllls. \;/;/)'
."‘7The sulphurlc ac1d and perchlorlc ac1d used were of |
«QF//ULTREX grade supplled by J T. Baker Ltd | 4
) e All of the 1sotope tracer@ used 1n thlS S'tudy were .
'fobtalned from the Natlonal Bureau of Standards or Oak
“.rRldge Laboratorles and further callbrated and prepared by
; ﬁljb H Baadsgaard of thlS department .;t;fl uf'd\h'] rlwfr\lrd

T

e

;Leread Lead Analyses 1.7
: One to two grams of flnely grOund whole rock orv-»7




E ’removed,vthe solutlon evaporated to . drYness and the

'.,r
i

‘f'j7K-fe1dspar sample was welghed out 1n a 150 ml teflon
f#ﬁfbeaker. Ten ml of concentrated HF and 5 ml of concen—f

b7ftrated HNé were added to the beaker and stlrred The

e

ro

-,beaker was then coVered w1th a teflon "watch glass" and‘”

ojleft overnlght at approxxmately 80°C. The cover ‘was h

fres;due "baked“ for one hour at 165°c to ‘remove excess
d;HE. The resxdue was m01stened w1th a few drops of con—
’ucentrated HNO3 and "baked" again for one- half hour to :

convert fluorlde salts to nltrate salts. Thls step was}
'°repeated three tlmes. o |

Ten mls of BN HNO3 was added to . the re51due, the

b'

,beaker was. covered and heated at. 80°C for two. hours._]The*.

- }‘

: solutlon and gelatenous prec1p1tate was transferred to a
7“15 ml centrlfuge tube and the gel was centrlfuged off
"The solutlon was poured back 1nto the teflon beaker and

,Q evaporated to dryness.

1

A few drops of 2N HCl and 5 ml of leﬂBr were added

to the drled reSLdue (for 1arger samples more HBr is

-4iused), the beaker was CQVered and left overnlght. The o:’

re51dual gel (1f any) was centrlfuged off before anlon

"exchange separatlon.

The quartz columns used for anlon exchange separa—

tlon»of 1ead were fllled w1th CGA. 540 xa, 100~200 mesh,. o
"“anlon exchange re51n,,supplled by J T Baker Ltd LaterA

tron durlng this study, the re31n was replaced w1th AG l Xq;.d

v 1100 200 mesh, anlon exchange re51n, supplled by: BIO RAD



V;Laboratories;h;‘, SR "; B e f,‘ f$

| A resin bed of 0. 4 cm X 12 5 cm was prepared by E

passihg'jo ml~of»H20 30 ml of 9N HCL and 30 ml of Hzoh"‘

“and then equilibrated with 30 ml»of leHBr. _The sample
solutlon was passed through the - column, followed by 15 ml ~

- of lN HBr and 3 ml of 2N‘HC2 i The lead was eluted w1th |
“10 ml of 3N HCQ and collected in the small teflon beaker.
»Whlle the lead solutlon was belng evaporated to dryness,[}
the column was prepared for HCQ ion exchange purlf;catlon
of lead by passing through.it an addltlonalyzo_ml,of

;9N HCS followed by 30 ml of H O. 'The resln bed was‘set

iw1th 20 ‘ml of 2N HC2

R

. The re51due contalnlng lead in the small teflon ’ ST .da
beaker was dlssolved in 0.5 ml of 2N HCK and carefully,'_ TN

S

w1thout d;sturblng the res1n bed, loaded on the column

rThe solutlon was washed ‘in w1th 3x2 ml of 2N HCQ\and the o
eflead was eluted in the fractlon between 6 and 12 ml of
an ch.» h 1:“--4,, 'At{ | l
ThlS fractlon was . evaporated to dryness and lead
. chlorlde was redlssolved in a few drops of HQO (preferred
;concentratlon at this pornt 1s approx1mately 500 ug
‘“Pb/l ml of solutlon) |
Lead was loaded on a 51ngle} zone reflned, rhenlum

v

’wfllament, u81ng the 51llca gel technlque- flrst the drop
:of the aqueous lead solutlon was. gently evaporated onto ";;;;;J
‘fthe rhenlum fllament (the usual amount of lead on the

‘”‘fllament 1s 2 -3 ugm) “A large drop of smllca gel slurry

PPN



fulo 8N~ H3PO4 was loaded on top and the reactlon observed .

;through the mlcroscope. The current passing through the'
L

-

‘fllament was 1ncreased to 1. 2 amps. The excess water
evaporated,jthe cloudy gel solutlon began'to 1iquif§ and
clear up" At 1.4 amps the - drop on the fllament was
icompletely clear and at 1. 6 amps lead—phosphosxllcate
started prec1p1tat1ng. At around 2.0 amps phosphorlc
acid was fumedTOff ' The fllament was brought brlefly,
"to'“dull red” by 1ncrea51ng<fhe current to approx1mately
‘12 5 amps.“ |

Maxlmum-lead blank for up to 2 5 gm of rock sample,
was measured to be not more than l) nanograms, whlch is .
'generally well below 0 5 per mll of ‘total lead in the
sample and is con51dered to have a negllglble effect on ;

N

'bthe 1sotop1c ratlo in thlS study‘ )
-A fllamentvw1th-lead sample was. intrOduced intod
QALDERMASTON MICROMASS MM30 solid source mass spectro—
”meter. After the pump down, the temperature of the
'fllament was ralsed to 1400 C (as determlned by the

,optlcal pyrometer) - The 1n1t1ally erratlc lead beam

vistablllzes usually after 30 mlnutes The mass, spectro—'

‘ _meter was operated 1n the peak sw1tch1ng mode and w1th

the Faraday cup collectlon system.»‘The acceleratlon w,.'

voltage used was 8 kv and the data collectlon and

.reduqtlon were performed on llne by an HP9825 computer.
. &
',The measurlng error of the 1nstrument was better than

7

0 15 per mil (standard error of the Welghted mean ratlo)

116
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The fractijnation correétion factors for measured lead

_ ratlos, th overall error as51gned to the studled samples

fl
[

and the reproduc1b111ty of measurements ‘were determlned
by repetltlve analyses of NBS SRM—981 common lead standard.

F

The obtalned results are glven in Table VIII

"Lead;Uranium—Thorium Analysesl

The samples analysed for 1ead uranlum or lead-

Ay

"uranlum~thor1um,were uranrnltes and mona21te rlch mlneral

"fraotlons. e . , " S .' f'e . S
The mlnerals were orlglnally separated from thelr

respectlve powdered whole~rock samples utlllzlng magnetlo

'and heavy llquld m1nera1 separatlon.‘ Three of the samples .

»contalned uranlnlte gralns 1arge enough to be plcked under
! [ \ °

~the mlcroscope The fourth sample contalned some uranlnlte

"1ntergrown with mona21te and the flfth sample dld not have

’anyyvrsrble uranlnlte,d Intergnown uranlnlte was leached

- with cold 4H HNO, fof.three hours. ’
‘“From the remainder of“the heayy minerals, impurities
‘such;asvpryite; nolybdenite, oceasional biotitelflakes ,V
'and other hineral.grains were removedlunder the midro—h?F
vscope;sotthat apmineralchnoentrate'containing‘more than'
‘50% monazite'was'obtained. The tOtal amountvof‘the~ | ,

‘samples. avallable ranged from less than 0.1 mg for t1ny

uranlnlte cubes to up to 30 mg for large mona21te con-

centrates. = : f.lf. ,_" N
The uﬁaninite‘Samples.were dissolved inN4N:HN034and
1€ U Ake s > WEEE At T v
I

.
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| trated HNO

1aga1n evaporated to. dryness

. 5 T

monazite-rich‘fractions (after washing in warm'ZN”Hij)

and were dissolved in*5 ml ofwconcenﬁrated HF and 2 ml
of cohcentrated HNoj in a teflon decomposition}veSsel_

;s1m11ar to that of Krogh (1973). The monazite sblutionh

was evaporated to dryness and the re31due converted to
nltrate form by treatlng 1t w1th a few drops of concen- _

.3_and.then it was,redlssolved in 4N HNO3.

'Both uraninite and monazite solutions' were divided into

two aliquots. The larger ones wereQusedjfor Pb-IR .

determination and the smallervones for PbsUjTh‘concenvi"

-

tratlon determlnatlon-‘ To'this aliquot 2°°Pb, ?*?v and - 7

23°Th tracers of known amounts were added and the solutlon

. ~
~evaporated ta dryness and redlssolved in a drop of 2N HC2

and 2 ml of 1N Hpr. ©

'Lead from both Pb- IR and Pb-U= Th 1D allquots was o

-

purlfled in- the same manner as’ descrlbed prevrously in

the sectlon on whole rock lead separatlons. The mixture

of Pb U and Th from the 1sotope dllutlon(allquot was

lo@ded on;the HBr column, the column was eluted~w1th 1N
HBr and 2N HCR (lead was "strlpped" later W1th 9N HCl) ,‘

and the colledte%bsolutlon contalnlng U and Th was -

n_evaporated to dryness., The re51due was carefully converted

to nltrate form with a few drops of concentrated HNO3 and
In the meantlme, a glass column was fllled Wlth

AGl X8,100 200 mesh, anlon exchange re51n 1n nltrate form.

\_A'reSLn,bedrof‘O.B cm,x 12.5“pm was prepared by passrng~;



~

evaporated to dryne

"burned off" byllncrea51ng the side fllament'current by

50 ml of ué

finally‘equilibrated‘with'30 ml of 7N HNO

0, 30 ml of 7N HNO, and 50 ml of H,O and

3° o
The dry reSLdue contalnlng uranium and thorlum was -

prcked up 1n a few drops of 7N HN@' and c\’gﬁully loadedd

on the re51n bed The col%mn was eluted w1th 6x2 ml of

7N HN03, after whlch uranlum and thorlum were‘ strlpped"

off the column with. 20 ml of HZO This solutlon'was‘

the uranium and thorrum‘here

l'redlssolved 1n a drop of HZO and the drop was carefully

evaporated ‘on the: rhenlum s1de fllament of - the bead

CL equlpped w1th a. double fllament.‘ On the center fllament

the correspondlng Pb- ID was 1oaded SO that all three

concentratlon measurements were performed u51ng one double

fllament bead ,',4 ,‘ ,;____.f, ,] S

a RS

MMBO mass spectrometer. After the 1ead analysrs (from ‘

A}

‘the. center fllament) was completed the center fllamentf,”

\

te$perature was ralsed "to 2130 C. The current flowrng

through the side fllament was 1ncreased untll a steady

uranlum beam was obtalned. Uranlum-peak sw1tch1ng data&“

collectlon and reductlon were done’ by .an" HP9825 computer

e

In order to obtaln a thor;um beam,»uranrum was;‘

-

‘about one additional ampere. -The ionisationvof thorium

beganTWhen‘thehcenter’filament temperature.was‘raised“to'
2230°C Data collectlon starts as soon as the thorium

beam reaches 20% 1nten51ty on\;\"GAINXlOO"'scale.

The bead was 1ntroduced 1n the source chamber of the "

120
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Overall errors on-2°7Pb/235U ?°6Pb/23°U"and

.r2°°Pb/232Th are relatlvely dlfflcult to assess, due to
:the many p0551ble sources of random and systematlc error,
such as mass dlscrlmlnatlon blank, etc. '
Radlogenlc lead measurements have not been corrected
for mass dlscrlmlnatlon sance 1t 1s negllglble “for hlghly
;radlogenlc samples. The presently ass;med level of
accuracy for the Pb/U and Pb/Th ratlos in the laboratory
»lS bet}er than 1% . at two srgma. These error llmlts have
been assxgned to all,the measurements in this study and -
vtherefore;have.been usedgfor,line fittings“and‘aééical-

culations,

,Rubldlum~Stront1um Analyses

v

Powdered whole" rock samples were analysed by X- ray~-

\fluorescence spfftrometry to glve an estlmate of Rb and

Q\gr concentratlons.g From these results enough sample was

|

- used - to provide'ahontjl5—20,ug of strontlum,and 15-20 ug‘.

'of_rubidium-for‘analyses.,

Rubldlum separatlon.
. 1}

~

Enough sample was welghed ont into a teflon beaker
 to prov1de approx1mately 15 Hg of'rubidium} B-7-Rl:>'trac‘er
, was added along w1th lO 0 ml of concentrated HF and a’

;vfew drops of concentrated HNO The beaker ‘was covered'

3 .

w1th teflon "watch glass and heated for a few hours at

'Capprox1mate1y 80°C. After the decomp051tlon of the

. fsample(was comgleted the solutlon was transferred to -

S

.xlzi
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the platinum dish,. 5 drops of concentrated H,80, were

added and the solution wae evaporated to dryness..‘The
e

temperature was ralsed, excess HZSO4 was. fumed off and

the sample was 1gn1ted at‘800 C for 30 minutes w1th the~'\
; Bunsen'burner. When cooled the ne51due was leached with

a few drops of H,O and the solutlon (0.25-0. 5 ml in total)

2

was transferred to a 3 ml centrlfuge tube.; Several drops

of pure concentrated HCRO were added, resultlng 1n the

4

prec1p1tate of HCLO, and coprec1p1tated_RbC20 The tube

4 4'
: was centrifuged andvthe supernate was'poured off.V’The

4

walls of ‘the tube were then rlnsed carefully w1th water.
A drop or two of water was added to the prec1p1tate S0
,that some<of 1t dissolves. A small amount‘of this solu4
tlon was carefully evaporated and then fused on the

' rhenlum s1de fllament.

* N

Strontium?separation:
The'powdered roCk»eample was weighed out into a
150 ml teflon beaker,tthe‘sideSvof'the beaker were rinsed
with several‘mlzof water'to'bring down.materlal.which
.'gmlght ‘have clung electrostatlcally to’ the walls A pre-
.weighed al'Sr tracer was quantltatlvely added to the
fsample in the teflon beaker The beaker was then left
uncovered at low heat so that - the water would slowly
‘evaporate.v When the re51due was dry, lOzml of concen—
-.trated‘HF”and‘S ml of concentrated HNO3 were addedvto‘thew
‘ beaker and after stirring'gently the beakerwwae,cowered'

L



N

‘»\\\; with teflon "watch glass" and left overnlght at approx1~"
vmately 80 C. The coVer was then removed, the solution
;evaporated to dryness and the residue was "baked" at
105°C for one hour. 'The'fluoride salts Were converted
to. nitrate form by m01sten1ng the residue w1th concen-

-trated HNO3 and evaporatlng it to dryness ThlS step was
repeated three times. Ten mls of'SN HNO3 were added to

 the beaker and heated gently for a few hours, stirring,’
occasionally to redlssolve the re51due ; The solution“>

‘was evaporated to half_of its original volume, transferred

to the centrifuge tube, the‘undissolyed silica gel (if

any) was centrifuged off;‘:The'supernateuwas temporarily"\ ff
transferred to its-teflon beaker,'the gel'fromﬁthe tube
was dlscarded the tube was ‘rinsed and the supernate wasv .

returned to the centrlfuge tube. |

‘ Three drops of concentrated Ba(NO3)2.solutionuwere_

‘added to the sample solutlon, stirred, and the total volume
made up to-lO ml with concentrated HNO The sides of the .
centrlfuge tube were rubbed w1th the teflon rod to 1n1t1ate
prec1p1tatlon of fine Ba(NO3)2 crystals, whlch coprec1p1tate
strontlum ions. After standlng for two hours, ! the Ba(NO )
was centrlfuged off and the supernate was dlscarded.

: Durlng ‘the latter part of this study Rb—Sr analyses
were performed u51ng mlxed Rb- Sr'"Splklng" technrques

' This 1nvolves addlng mlxed tracer to "the’ powdered rock

‘sample and follow1ng the strontlum separatlon procedure to

]

- the p01nt of centrlfuglng off Ba(NQ3)2.'The supernate"
S = N . ;

S
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/
contalnlng rubldlum is transferred to a platinum gish ,

5 dropS’of HZSO4 are, added and the rubidium separation

_procedUre is followed.

The Ba(NO precipitate was washed with concentrated

3)2
HNO3 and then recrystalllzed by dlssolv1ng it firggﬂph hma"

mlnlmum\amount of H,0 and repre01p1tat1ng it by adding

2

-8 ml of concentrated HNO3 and rubblng the walls of the

tube w1th a teflon rod. After standing—for two hours,

Lot

the prec1p1tate was centrlfuged off' the supernate was
dlscarded the tube was washed carefully w1th 2N HCL- 80
that the prec1p1tate is not disturbed, and flnally the
precipitate was dlSSOlVéd in approxlmately 0.5 ml of
2N HCR. |

A quartz cation exchange column was prepared to
- separate barlum and strontium. An‘O 4.cm X 16 cm
column bed~(approx. 2 ml by volume) of DOWEX Sow x12,
100 200 mesh cation exchange resin was prepared by

passlng 30 ml of H 0, 30 ml of 9N HCQ 30 ml of H,O and

2 2
finally 30 ml of 2N HCY. The 'solution contalnlng barlum
iand strontinm was carefully loaded on the column w1thout
’diSturbing the reSin bed. The column wag eluted w1th
2N HCL and strontlum was collected in the eluted fractlon
between 12 ml and 20 ml. -

The strontlum sclution was evaporated to dryness,
SrCJ?,2 was plcked up 1n a small drop of water and gently

evaporated.on a,rhen}um side filament of-a double,

filament. .
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'Mass spectrometrig ana;&seﬁ were performeh using an
ALDERMASTON MM30 mass spect;dmeter. ‘Later,‘rubidium
measurements Were-madg‘usingha.home-built 12 inch, 90°
magng£>séctor, solid source mass specﬁrometer.with an on
line TI 980A minicohputet. ‘This instrument was operated

-

" in the peak switch;ng‘yode, with ? KV acceleration voltage
and a Farédaf cup collection system. \
éﬁrontium-and rubidium blanks for the initial sampleé
which wéré?done by spiking separate ,aliquots of samples,
were measured to b& a 2 ng strontium blank and a é;ng
rubidium blank. Biank measﬁreménts on the mixed spiké
procedure‘produced a 5 ng stronﬁium blahk_and an 8 ng
5rubidiﬁm blank. In both caseé the effect éf the blank
Qas gonsideredvnegiigible‘and no blank'correcti'ns wére
_applied to the results. |
87Sr/§GSr‘measuring precision and overall errors,
éssigned;té’the'57Sr/°65; fatios'oﬁ the analysedpsamples,

were determined by repetitive analyses of NBS SRM-987

strontium cgrbonate standard and by compé;ing_the obtained

‘results with the NBS suggééted valQ?s; It was found that
the results obtained in this study we;é slightly higher’

than values. suggested by NBS (Table IX). Since the

r

discrepancies are very small, no corrections of the

3 h .
measured °’Sr/®°Sr ratios were made.

-

Rubidium.fractidnation-correctioﬁ coefficient and
reproducibility were determined by repetitive meéSuré—,_

ments of isotopic.ratios performed on the NBS SRM-984 .
P
1
|
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)

b

4 .
rubidium chloride standard and on rubidium(éktrlctod

from the common granite sample (Table IX).

’
)

*  The individual errors for °7§b/"8r are somewhat
difficult to déterm;ne précisely because ofkthe man}
possible sources of systematic error such as mass dis-
crimination, blank:ﬁétc.

The accepted laboratory accuracy for ®’Rb/*®Sr
during this study was 1% at two sigma level.

.



'otoplc‘AnAlyses of Rubldlum.j ﬁJ
nd‘Strontlum Standardsx,,_,gw

tedJQEIHéFffff;iv - NBS. suggesteduvalue{ﬁf5 f§?§"
Rb = 0.3856 “Sr/xﬁﬁgr;_ = 0.71014 .

Measuved a"Rb/”Rb li”j,j Measuredx87Sr/°GSr

) NBS'su?ge
. B7Rb/8

.?_qg-,‘vri;o 38513 snm—984
SUe o 0l38B33 e Moo o
0. 38488;7a*<”,‘;“ﬁ'f“"'
S 00385000 Lot s e
Ca o 0,38429 o v T 00710320 0 M 0
0070 -0.38523  Cammon Granite Sample . 0.71011 . oM T
gt 0.384010 o 19.71010 - ¢
L7 .0.38433 0 Mo 0U71607 ¢ M T
T 0RIBAIT s O 71007;:.'_" Q-

f-‘meén:7o 3847J£f  (R ??~-f'q ©0.71021
o f51 i.00048$?f‘ ”f '~ e ‘:”’iv 00011
loerror l 25°/oo : \ o 10 error " 0 15 /oo

- ;Rqﬁidiumff:aCt;onat;On'gbfﬁeétlon;factor:,11’5

‘5(°7Rb/85Rb)measured o 38477

.ti (BIRb7BbRb) #true 0 3856 O 99772




