‘.‘“‘ » _: L,'"\.J ‘. “_ ‘., - . » " e ' b\c v"v “.\ \' . L T N
kw N . S e ' e
l* ‘National Library - B.bnotheque nationale. " . .  CANADIAN THESES THESES CAN ADIENNES
“of Canada, - du Canada - . ON MICROFICHE . SUR MICROFICHE
‘ , . Ve \
; N , . \ o ' S ) / :
” “riJAMEi OF AUTHOR/NOM DE L"AUTEUR — Donald Wayne DAVIS :
‘ Ce B o e . . N
© . TITLE OF THESIS/JITRE DF LA THESE_ Determination of .t:he Rb Decay Constant:

N , T
“An Rb/Sr .and Pb/Pb.Study of the Labrador Archean ,Complex

UNIVERSlW/UN/ VERSITE: University of Alberta . ' .
DEGREE FOR WHICH THESIS WAS PRESENTED/ e Ph.D - - \
'« GRADE POUR LEQUEL CETTE THESE FUT PRESENTEE D. - .
YEARTH LS DEGREE CONFERRED/ANNEE D'OBTENTION DE CE GRADE 1978 L , SR
NAME OF: SUPERVISOR/NOM DU D/REC TEUR DE THESE : Dr. G. L. Cumming . .
S~ N R
~—

Pgrmission 1s _ﬁereby granted to thé NATIONAL LIBRARY OF L autonsat/on est, par-la préseme accordée 3 /a B/BL/OTHE

B

CANADA to microfilm this thesis and to lend or sell cogies QUE NATIONALE DU CANADA de mmroh/mew cette thése et
. s 7/

“ Al

'of the film. o ' : - de préter ou de vehdre des exemp/a/'res du film.
« @Y. ‘ . _ , T ‘
.~ PR . N N 'y . 1
The author reserves other. publication rights, and neither the ‘L'adteur se rdserVe [es autres droits de publication; ni la
. Y . - N . ’ .,
thesis nor extensive extracts from it may be printed or other- thése ni de longs extraits de celle-ci ne doivent étre )'mpm'més
. . i - } . . : prd R ? o . .
wige reproduced without the author’s written permission. ou autrement reproduits sans /'autorisation écrifede I"auteur.
DATED/DATE May 23, 1978 _ SIGNED/S/GNF ,Q PN T VATV
' N . ’ :
.. » ’
. : - . . . b ’
PERMANENT ADDRESS/RESIDENCE FIXE___s 280 1/2. High Street

MONCTON, ‘New Brunswick R

I3

E1C 6C2

[ 23

NL=-91 (3-74)



e

I* Nationat Library of Canada .

Cataloguing Branch
Canadian Theses Division

Ottawa, Canada
K1A ON4

NOTICE

The qualnty af'this microfiche is-heavily dependent upon

the quality of the original thesis submitted for microfilm-

ing. Every effort has been made to ensure the highest
quality of reproduction possible.

If pages are missing, contact the university which
granted the‘“"de'gree .

”

Some pages may ‘have indistinct prlnt especially if
the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

Previously copy”righied materials (journal articles,
published tests, etc.) are not filmed. ‘

5
3

Reproduction in fall or in part of this film is governed
by the Canadian Copyright Act. R.S.C. 1970, c. C-30.
- Please read the authorization forms which accompany
this.thesis.

© " THIS DISSERTATION
" HAS BEEN MICROFILMED
EXACTLY AS RECEIVED'

NL-33913/77)

Bibliotheque nationale du Canada

_Direction du catalogage |

Division des theses canadiennes

-

7

o~

N

AVIS

i

La quafifé de cette microfiche dépend grandement devl‘a

‘qualité de la these soumise au microfilmage. Nous avons

tout fait pour assurer une qualité supérieure de repro-

duction.

. sl manque des pages veuullez communiquer avec

I’ umversute q,ul a conféré le grade.

N i R -
La qualité d'impression de certaines pages peut

laisser a désirer. surtout si les pages originales ont été

dactylographiées al'aided un ruban usé ou sil'université

nous a fait parvenir une photocopie de mauvaise qualité.

Les documents“qui font déja I'objet d'un droit d'au-

teur (articles de revue, examens publiés, etc.) ne sont pas

microfymeés.

-La reproduction, méme partlelle de ce microfilm est
soumlse a la Loi canadienne sur le droit d'auteur, SRC
1970, c. C-30. Veulllez prendre connaissance des for-

mules d’'autorisgtion qui accompagnent cette these.

Fe

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS.L'AVONS RECUE

-



THE UNIVEKSITY CF ALBERTA
, h 4

[
a g

A T

Determination of the 87Rb decay constant
4

An Rb/Sr and Pb/Pb study of»the'Labrador Archean comb}ex

f
¥

~by‘
L {:\Donalq W. Davis :
2
- T

o A THESIS
v

SUBMITTED TO THE FACULTY OF 'GRADUATE STUDIES AND RBSEARCH

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE
OF DCCTIOR OF PHILOSOPHY
e _ :
4

» . Ty

;

'DEPARTIMENT OF PHYSICS.

<
EDMONTON, ALBERTA

FALL, 1978



- v THL UNIVEXSILITY OF ALBERTA,

o FACULTY OF GRADUATE STUDIES AND RESEAKCH

)

©w The undersigned certify that, they havP:reuu, and
. )
recommendgﬁg'thé'F4buLty 01 Gradudte Studies and KResearch,
L ) .

for ac‘ccptunce, a thesis é&ntit '.Ed_ l...lt“.l.lll.o‘..'l.'l.

JDETERMINATION OF THE °’Rb DECAY CONSTANT.

S 968 00 00009 o ...0..............‘..'._-'..QO......'...
3 .

AN- Rb/Sr A§?

......‘C.I

STUDY OF THE LABRADOR ARCHEAN COMPLEX

LR AL B BN B AL A YRR Y B BE BN BN BY NI B N I IR R B RN Y B I S I R Y N Y )

W. DAVIS .- : ‘ '

;.Q.'.‘..l.‘.."..%....I.........I“

submlttea by e
in partial fulfilment oi the requirements for the deJsree of

-

Doctor ouf Philousuphyes \ ) v \ ’
[ ) ) - E‘\‘
Y 1 ‘
o.oo.oo?!co-c.o 4 oo“c"/c“F

Supervigor, {
A %nwﬂ?«/

Doy £ets . '$A4y§2Vfa

.........l...‘.‘J.l..........‘

9

b:ﬁyrnal uxamlne

DATL....{?.E%...J. .421rt...:..



Abs tract -
v,

D

The decay constant of 87pn has been ;édeternlne& Dby
. '\\> measuring the amoun-t ot; r;diogenlc °7Srapr6duceq ovér a
. periodiof 19‘yrs in 20 gram samples oi purified QbCld;,
uélngn isgtopei.d;lutlon techniques. The r#bidlum_saﬁple vﬁs
" spiked wlth'a‘Sr‘and theananﬁgram' QuAntltles of strontium

éeparated . by  copreciritation with Ba(*NO3 )2« Analyses were

carried out "on a 25 cm, 909 gector mass spectrometer

equipped with a Splraltronweleqtrbn multiplier. Neasurement

of three independent ratios per@lftgd continuous monitoring

Y ’

of the’/_Y;;~fbeam fractionation. The average of. nine

determinations gilves a value for the- decay cbnstant of

2

1.419($0.012) x 10711 yr™1  (20) (t(1/2) =  4.89(10.04)
x 10‘0 Jy!‘).
* 0 % B

» Whole rock rubidium strontium analyses ' were dohe -on

samples from various early Archean qssemblages in ‘the Saglek

Bay area of Labrador. Thesé included the Uivak gneisses, the -

Nulliak assemblage, - the Saglek dykes, two high iron

intrusives, late syntectonic granites and two post-tectonic
granitese. None (13 the assemblages was found to define an

U
5

isochron. This was interpre'ted as bglng due to . limited
.migration of 'Rb and radiogenic Sr on the whole rock level.
The scatter on an Rb—Sr diagram indlcates maximum ageé for

whole rock closuyre ~of between 2900 and 2600 meyeo

iv



' ' . o »
Extrapolation of the Sr isotopic composition "of the late

granlfés back ‘ to the approximate time of their intrusion

. . _ 'Y

gives a variety of ;nltlal ratlos scattering between mant
' v : o~

T 4 - a

et B W

and crustal valueé.

Pb isotope ratios were determlned on whole qr?%;

of the Ulvak gneissy, the 1ate gyénltes and one Saglek d{ke.

1
The isotopic cqmpoeltlon'of the }ead in the Uivak tdldspar

Bepuﬁhtes\ w;s also dete?mlﬁéd; The regplté again polnt
toward open system behavlor‘at ebout 2800 me¥Yee An qtte?pt
1; made to fit the distributlon ot these leads to a qupsi—S
_staée model involving evolut;on ffom leads of "Amltsoq

teldépar composition at ‘3600 meye and refractionation at

about 2850 meye. The late grapites are qulte . non-radiogenic

and, tend to plot in the same region as the Uivak feldsparse
- .

It is suggested that they EQy be derived - from partial

melting of =& lLower crustal layer éonsistipg of varying
. Q c . *
proportions of felsic and mafic. material which had been

. subjected to granuli te facies metamorphism shortly before

~ ¢

intrusion of the grani tes. »

1
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I Introduc tion

>

The rubidium N7 5uotopo decays Into strontium 87 with

v v

the esisslion of a beta particle and an anti-neutrino an
shown by the following equation:

m"nn — 875¢ + g7+

The 87gRp nuq}eus decays from the sgpln J/2 ground st;te to
the spin /72 ground state of 87Sr (MacGregor & Wiedenbeck,
1954). This prodyc es a change in angular momentum of o
units, making it a thlird order fo;bidden beta transition, a
highly improbable event, resulting 1h a half-life for t he
87Rb isotope ot about S0 billion'years.

-

This decay prﬁcess hag proven ¢o be an extremely useful

~
A

geochronometer Tor several reasons. The halt-l]fe is of
about t he rléht order of magnitude for,m;asuring geolqgic
time intervals. Rubldiﬁ- is a very widespread and dlsper;éd
element. The geochezical pr?perties of rubidium are s?ch
that it tends to be concentrafed in later forming phases
during magmatic crystallization. Strontium, on the other
hand, may be concentrated in the earlier phases so that the

Rb/Sr ratio greatly increases Iin the later phases and it is

possible to find a broad range of Rb/Sr values in common

‘nineralsﬁ

The dating of a rock or mineral using thie technique

consists In doing a quantitative chemical analysis of the



amount of ®*TuL 1n the rock or sinevrAdl and the ‘.cpuu! or %7,

daughiter produc ed by the des ay of the I mltiie the

formation of the mpec tmen. ltis |s usually accompl i m)e 1y y
LY

lsotope dilution usi ng a same wpel trometle v, ghviovwel y,

knowledye of the ayge Can at lewt be only am weriant an

]

knowledye Of the Jdecay conwtant, The value af this « onetant
haw heen §n Jdimspute for over JU yearm. l!lable | linwte most of
thhe previoum atteeapte at measuring (t. lhe methods fall (nto
three (ategorien:. radiometric, geologlial and chemical,
\

Kadjometric setlhiodn are differential techalqguen., Bince
t = —C1/NIAN/At), where~ N l®w the nusher of pasrent nudc lei,
ully attewmpts to meamsure &t directly Ly seamuring the time
rate ot he ta decay usming any one of a nusber of i fferent
types of detecturs. These experiments have usually produc ed
widvly‘ disparate resulta, The principal reasmon for this in
that the enerygy spectrum of the emitted bheta parti«clen han
its maximum’ near zero and decreamses rnpldiy to a cut-off
point of about 275 kev. Therefoure, although the average
enerygy of the emi tted particlies is about 40U hev, many of
them are emitted with very low energies, below the de tec tion
threshold of the detec tors. In this saituation, there are

many possibil}ties for systematic error,
:
In con tras t, the weological and chemical methods are
integral techniques. They depend upon measuringyg the total
amount of daughter accumulated over a known period of time.

In” the deological me thod, the ayge .of a suitable rock is

determined using another decay scheme sSuch as uranitum-lead



. - Table I o

Previous measurements of the 87Rb decay constant

g
“
g

Reference ’ R (x 10711 ypT1)

Gas Counters:

Haxel et ale., 1948 : ' ' 1415 % .12

Kemmerich, 1948 , 1.15 + .;@!
Curran et ale., 1852 . 1.13 c
MacGregor and Wiedenbeck, 1952 " 1e11 t .05
MacGregor and Viedenbeck, 1954 1.12 = .05
.Flinta and Eklund, 1954 - 1.14 £ .04
Bahnisch et al., 1852 ' 1.44 '
Geese-Bahnisch '‘and Huster, 1954 1.61 +. .11
Libby, 1957 . © 1.37 t .04
McNair and Wilson, L9&£g . : 1.32 ¢+ .03
Neumann apd Huster, 1972 - 1.42 £ .03’
Solid Scintillators: ]
Lewis, 1952 . _ ' ‘4;)7 t +06
Egelkraut and Leutz, 1961 J 1,19 t .02
Beard and Kelly, 1861 ‘ : 1.25 = .02
Leutz et al., 1962 e . 120 £ 02
~

Liquid Scintillators:

Flynn and Glendenin, 1959 1447 t .03

Kovach, 1964 : ' 1.45 & .03

£

Geological Comparison:.

Aldrich et al., 1956 1.39 = .06
Afanass'yev et al.; 1974 1L.42
Chemical Analysisf‘ -,

McMullen et al., 1966 1.47 £ .01
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and the decay constant of 87Rb is adﬁusted so that the age

[

-glven by the Rb-Sr technique will be the same. This involves
the assumptlon that the rock formed in a very short time and

remained undlsturbed up to the present. Also, the vqlue of

the P7ijﬁacay'coﬁstant as determined by this method will be
- ’: ./“\ - .

affected by analytical ‘uncertainties in the measuremen ts

,uslnd the alternate decay scheme as well as uncertainties in’
; . < M . ) /7 L

tits deéay,constants. . .
S 4 e ,
The one technique - which is capable in principle of .

.

supplying both good precision and good accuracy is to allow

‘a4 sample of s?rontlum—free, rubidium to decay for a known

.

time in the laboratory and 'to measure the amount of

gccumulafgd radiogenic 87Sr with a nass spectrometer using

P

the isotope dilution method. For a relatively short decay

time (ce« 20 years) the decay constant may be writtens

-

3 =:87Sr@ x 87rp~ 1 x t 1

where 875rg is the amount' of. radlogenlé strontium

accumulated over time t by a known quantity of rubidium,

87Rpe This is the chemlcal method. The expériment&l problems
are inithe separation:of the trace amounts of strontium from
the rubidium to preventlisobarie'ipterferqnce in the mass
spectrum and in mggsurlng the stronfiumA and rpbldium
qunntitatlvel;.q \

The two most often quoted‘méasurements forbfhe decay

i

zconstant are those of Aldrich et al. (1956) and Flynn and:

i



/]

Glendenin ',(1959)- Aldrich et al. found a  value of

’

- B _ - .
~ 1.395(+.056) x 1071t yr71 py adjusting the Rb-Sr ages _in

pegmatite minerals to agree with concordant U-Pb ages froﬁ

.

the samees rocks. Plynn and Glendenin found a value of

1,47$(t.031)’ x 10711 3,71 Ly measuring the beta decay ra te

of 87Rp with'a liquid scidtillator. The difference between

these values is almost 6 per cent. The Aldrich value has
B ) I

been the most widely used although its precision is poore.

constant using the chemical method. In 1956 a'purified
ﬁbélo. sample w;s prep;ged, converting from " about oné
kilogfam of RbCl to the perchlorate by preciﬁitation with
perchiprlc acl&. The prdduct was then further pufified by

five successive recrystallizgtions in demineralizqd wa ter to

give batch A, Two months later a portion of this, batch B,

was again recrystallized. Two more bagches, C. and D, were

taken "from A eleven mon#hs later and recrystallized slowly.
After éeven Years McMullen et al. measured the amount

of radiogenic s trontium produced over this period | in

portions of each batch,. They found an average value for the

decay constant of 1.468(+.012) x 10711 yr~1, They did not

monitor mass fractionation during the me&surements, however,
. ’ Y

and this' value may be subject to systematic error. The

present experiment was performed on the same material 19
Years after its purificatione. By this time a 20 g sample of
RbClO4 would be expected to contain about 0,67 nanograms of

87Sr, assuming a decay constant of 1.39 x 10711 ypo™1, 1¢ jig°
. '

(1966) attempted to measure the decay



«

quite feasible to measure such quantities ualngtlonvcountinBA
 muss—spectrohetrﬁc techniques. In the present‘ investigatlbn

three independent ' mass ratios were me;sdied during the”
course 'of each Sr :aﬁAIysls in order that individual

’

corrections could be made for fractionation in the mass
4/ . 3 .
spectrometere- i R



11 Experimental Technique:

’Cpemistry -

Y

' About 20 grams ‘of RbClO, was aqded to a weighed 250 .ml-

Tetflon beaker 16 a hodd kepf at an over pressure by filtered

s
o

air. The beaker was theh covered‘and reweighede.
After returning the beaker to th§ hood, a clean Teflon-
" coated magnetic sticrring element was agded and one of fhe

-
spike vials was‘emptiedllnto it and thoroughly rinsed with

1.5N HCl. Enough watér was added to make about 200 ml of

solution. The beaker was next covered with a quartz plate

and the solution stirred :maqqgtlcally and heated to just,
, / g .

below the boiling point using a/hot plate and a heat lamp

L

until all of the RbCl0O 4 diséolved. The heat was then reduced -

and .the cover removed to allow thg solution ¢o'p§rtiatly
evaporate. When approxiq&tely S50 ml remained, the solution’
was Fooled with dry ice 'té precipitate as much of the
perchloéate as possible., The solution w§s then decanted into

a 100 ml Teflon beaker, evapordteﬁ'under moderate heat  to

about 5 ml, cooled to 09C and decanted In{o a 10 ml Tgflon
heaker. The solution, containing ah;ut 25 mgvofinCIO‘, was
evapora ted to &ryness to remove HC1l. The ?ésidue w;s
dissolved in about 1 ml of hot water, and”the solution

transferred to a small quartz centr{;uge tube. The tube was

cooled to 09C and RbClO, crystals werenFen4;ifuged oute. The

supernatant liquid was transferred to a S ml quartz
£ ' ) ’

centrifuge tube and about 2 mg of purified Ba(NO3z), added to

-



2 ’ ] .
+ = . ~
M

the tube which was then capped with Parafilm and inverted

“

until the Ba(NO3)2 dissolved. Vapour distilled 95% HNO3 was

then added slowly unt11 barium nitrate began to pre¢151tate.

~

More HNO3 was added to make about S ml of solution. The* tube

"was capped, inverted several times andﬂ left to stand

overnlgkf.» The barius’ nitrate crystals, containing the
1 .

gtrontlam, were centrifuged out and the acid decanted ' off.

.

Residual acid in the tip of the tube was removed using a
a ’ : :

Al
prewashed glass capillary. The tube was then refilled with

acid, ncappéd and inverted to rinse the'crysfals which were
then centrifuged out and the acid removed as . before. A
minimum amount of water was added to redlssolvé'the bariuam

salt and the entire .ppecipitatlon and rinsing procedure

repeated. Subsequently, the * barium and strontium’ were

.
°

dissolved in I ml of 2.5N HClL and added to a Teflon column

S5 mm iﬁ diameter and 55 mm lonifcqntalning i mliDong S50w-
X12 cation exchange §esin.y2.éN Héi yas passed throuéh the
column and the\stronfium was eluted in the fraction’from 8
to 15 ml. . ‘ ) T
.Durlng the earlie; #nalyses ;t was fqundA.that‘ even
after this pfocedure it was difficult to burn the remaining
Rb off the filament in the wmass spectrome ter. From
sep&£atioh 13 onwards theé foliowlng step was added. The
solution was evaporated té dryness aﬁd‘alssolved in 1 drop
of waterd It waé ‘then loaded into a clean.quartz micro;

column containing a layer of Dowex S50W-X12 about 20 mm in

length and 1 mm in dia-etert 1.5N HCl was passed through the

. . o
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a dull glow for one seconde.

¢

column and the stésntlum was eluted in the fraction from 7

%

to 12 droRf. The solution was then evaporated to a very

small drop and loaded onto an oxidized tanfalum_ftlament

using a quartz capillary; This additional steb‘ prqddced a
2 - . - . v a . ‘ e
substantial reduction in }he amount of rubidium on the

filament.

‘ : . ‘ : ¥
The filament load was treated with a small drop of

¢

phosphoric Jpeid for runs 2 to 11 and with perchlorié acid

. g . 3

for rq&s”12 to 17. The témperature was slowly increased to

. . . N
fume off the excess acid and the filament finally -heated to
. kg : .

Analysis 1 was an unsuccessful attempt to separate the ’

strontium and ' rubidium using “qgtioﬂ* exchange columns.

° N

N\

N

Numbers 8 to 11 were loaded onto the\EJLament using a larger

amount of phosphoric acid than usual. Thlsvunfortunately had
‘the effect of inhibiting the emission and sometimes caused

it to ber erratice. The opl& analysis of  thts group which

produced reliable data was number 11. Analyses 7 and 12 did

not succeed because of difficulties with the removal of

v

rubidium.

®

T?e water used was distilled ifi a quartz> fractionation

‘¢olumn and had a strontium blank of 0.53 ng/100 ml. The

v

acids were all distilled below the boiling pointe The 6N HCl

had a strontiuﬁ blank of 1.94 ng/lOO mls. The total blank of
L A ’

the separation procedure was determined by performing all

the steps of a no;mal separation using only the spike. This

was done twice during the course of the analyses..The first

'8
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1]

measurement gave 1.10 ng and the second gave 1.05 ng.. This

-
a

is about the amount to be expected from the water and acids

o

used. All equipment with which the solutibns came 4into

contact was cleaned with hat HCl for at least twelve hours

" ‘and rinsed with pure water. Plastic gloves were worn during

‘most of the operations, ch' were all'carried out in a

fiitered—alr hood.

— N

— - ' \
: . : \\\\\
Mass spectrometry — ' s 4 BN ,
. . A \\
Isotope ratio measurements were carried out . with a

™~
25 cmy, 1900 sec tor mass spectrometer equipped with Toil

diffusion pumps whlch maintained a  pressure. of about
_ P ' : =

3 x 1078 torr during operation. Peak switching was

accomplished by changing the magnetic fielde. Random

o] ~
™~

fluctuatiochs in the field were. sensed by a sét of»Hail

probes and compensated for by a Ieedbaék circult éontrbkling

a ‘Kepco operational power supplye. - a
A.0.0IS cm exit slit was used in con unction vi;h a

0.030 cm detector slit. This gave a resolfution of ﬁore than

v ¢

600, permitting the resolution of all ﬁydgocarbon peaks in

the strohtium mass rangee. In the worst case, that of m/e 86,

tge hydrécarbon peak was less than 10% of the_strontan‘péak
and ‘was fully resolved. ﬁydrocarbons with half 1h€egral
mass-t?—charge ratiof ﬁere not observed.

Jon beams were ‘detected with a Spiraltron electron
multiplier bperated typically at 3500 Vf The output was fed

into an Ortec 486 amplifier = pulse height analyser followed

a

'

.
etk
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by an Ortec 773 tlner —.counter. Each peak was coun ted for
ten seconds. Peak switching and prlntout were controlled by

a Texas Instruments 980A computer. The mlna was carried

S
L]

out by a second Ortec tlmer.‘Tho strontium isotope ratios
.normally meosured were 84/8§. 87/88 and\86/88. Each peak was
centered by incrementing the oCceierating potential at the
‘beginning of a rune. Minor adJustoehts to the magnetic field
could be made manually during a run, to correct. for ony
drift. , . .

The B85Rb peak was measured before and after each 87/ 88
rune ﬁoroally, opOUt two hours were n@eded to burn off the

rubidlum sufficiently well to begin the analysise. Strontium

measurements were started when the 85pb peak was less than

.

2% of the 87Sr peake The source was checked for

N

o
IS

contamlnation;bj periodicallx running a blank filament at

[

high temgperature. In no case was any strontium peak observed

although . occasionally a small amount of rubidium was’

de tected at hlgh“ tehperatures (which required that t he

.

. source assepbly be cleaned). The background signal between
, .
peaks was measured at the end of each anqusis.

-Spikes - ‘ - : . .

The opike used in the oeasurements was NBS SkM-988
which contains 99.89% 845y, SRM—-988 was diluted to a known
concentratien and stored in 1.5N HCl in a volumetric flask.
After onebfurther dliution with 1.5N HClL in a Teflon bottle,

H
the %pikes were ' altiquoted into quartz vials with & quartz

o

: \
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.
Al

“~

-~

THe.
L

and individually weighed (nanogram set 5).

/

'

" In order to . test {Ha\procedures used in handling and

s

measuring very small >Quantffles of strontium, the known

amount of 84Sr in a panngran—élzed spike was "determined" by

comparison with NBS SRM-Y987 strontium.

Aliquots of normal strontium were made up using the NBS

1 -

SRM—-987 Sr standard in ‘the fpllowfng waye. The carbonate was

‘converted to - the ni trate in a ﬁelghed platinum»dish and

dried overnight at 2509C. A stock solution was made up from

.

‘this salt aAnd thé'concentratiqn qgtermined by transferring a

weighéd: portion into a platinum dish, detng]Qnd converting

o\

1@ to the sulfgﬁe by the additlon of HZSOQ; The ‘éﬁlfhfic
acid was then”fdned*pff‘;nd.the sampye heated to a constant
welght. The ‘theoretical amount ‘ot_ st;ontlum present as
calcglaféd from the ﬁBS vcoﬁcentration and the dilution

procedure was 0.11869 g« The amount measured was 0.11854 g

The discrepangy is 0e13%. . ) -
. B .“‘-'],

rd

A known portion of the diiuted.SRM-987 Btock solution
was add ’ an aliquot of the é‘Sr spike used /;pr Rb~Sr
analysis 1in this lAbbtatory and the mixture analysed on the
mass spectrometer. The known value of the 84gr spike wﬁs
2.4184 * 0.0005 ug. The value calculated from the normal Sr
concentration is 244207 * 0.0032 uge A portion of the normal

. *
Sr was also mixed with an aliquot of the SRM-988 stock and

—

3

enalyzeds The calculated value of the 84Sy in the SRM-YS8S

% stock was 1.1811 + 0.0005 ug using the NBS value for the

concentratione. The mehsured value using the normal Sr stock

A3

PR
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was 1,1785 £ 0.0036 uge The errors on the measurements are.

<

expreseed a8 20« In both cases the measurements Azree with

o

the expected concentrations to within the error.

The dilute normel Sr stock was further diluted “in a

Teflon bottle and aliquoted into'qunrtz vials in the same

manner as the 8%*Sr spike. The contents ' of each of these

vials could then be mixed with an aliquot of 8%Sr spike and

used to check the concentration of the spike by measuring

the 24%sSr/8%8sr and 8654,/88g5r ratios in the mixture. The 3%*Sr

'

splkes were individually weighed out to a precisloﬂ— of

.

10 .01%« ' The mean amount of the 8%Sr spike in each vial was
50814 + 0,0032 ng total Sr, while that of the :normal
aliquots was 19.858 + 0.018 ng of normal Sr; Four of the
nunogram;s;zed 84gy spikes were mixed with norwmal Sr
aiiqhots‘fand the mixtﬁre analyzed. The results shown in
fﬁble 11 indiéa{é tﬁath.bne could expect to be .able to
deﬁe;mlne nanqgram qu%PtitleZ';I Sr to somewhat betfer than
one per cent accuracy ;ith these te;hnlques.’ A small
correction for a filament loading blank hadvto be made to

N

these datae. This was determined by measuring the 84/88 peaks
during an-analysis of the‘pure 845 g;lke. The mean of four
analyses was 60 t 11 pic;gq ms nofmal Sr loading blanke. This
involves a correction fad{:i of about 0.3%.

A second group of spikesl(nﬁnogram éet 6) was prepared

and used for analyses 16 and 17. Unfortunately the cross

checks on set 6 indicated that the spike concéhtrhtions were

about 1% Llower than expected. These measurements were of



Table II

Cross-checks of procedures and measurements

> s

Nanogram set 5:

Calculated value =  Measured value = __Diff
5.0835 ng 5.0794 ng (.08 ¢+ .11)%
5.0822 ng 5.0648 ng (.34 t ,59)%
5.0824 ng - 5.0868 ng (.09 t .19)%

5.0813 ng 5.0845 ng (.06 + J11)%

» ot

good precision, and it is difficult to understand how such a’

|4
large discrepancy could occur in one dilution. A possible

explanation for the cross checks giving an inaccurate answer
3
is that the loading blank was much greater than usual,

although this"is quite unlikely. The results of analyses 16

]

and 17 were not. used in calculating the final value for the

decay constant because of this uncertainty 1in the spi ke

o

concentrations Inclusion of these data in th%, final
calculation would not significantly alter the value
obtained., : <

Rubidium 87 -
As mentioned previously, the four batches of rubidium

perchiorate are deslignated A, B, C and D. The grain size of

B is fine while that of C and D is quite coarse and A is

intermediate. The amount of rubidium containeé in the salt
A}

was determined byvdiluidng a solution of known concentration

F 4



B

4

ot

and adding a ®7Rb—enriched spilke. The lsotoblc cu-pdulylon
was then moasu,ed using a triple filament ion source. Normal

rubldium standards (NBS-984) were Intersepersed with the
- .

spiked runs to allow fractionation corrections to be made.

These corrections were 0.34%. The Iisotoplc ‘composition of

/

the unspiked salt wua;also meagsured and found to be the same

as that of the standards.

5,

N
The Cs and K'concextratlons in all four batches wefe

<

measured by concentration-diltution flame phot;metry using
Rb-enriched stnndards.- The water content of Ay, B and D was
measured by heating the éamplee for at least 12 hours at
3009C and reveigthg.‘ These three contaminants faill ‘to
account for the total contaminant megsured by isotope

R

dilution as seen Iin Table IIX. The sum of their weight
: L
percentages is less than the weight pencent;ge of the total
contaminant by d@bout 1%. It*wgs not possible to identlfy the
additionalh contaminating material. It is believed that the
° , .
isotope dilution measurements are accura'te to within 10.25%
and these were used to determine the coyrection factors. The
amount of B37Rb contained in the samples 1s calculated from

the amount of normal Rb assuming an isotopic abundance of

27.8346% (Catanzaro et ale, 1969).

IS
‘

fon counter dead time corrections -
\i

The data were corrected for counter dead time using the

formula:

| ) e
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lable 111

Neamurement of jmpurities In KLCULU,

Kelug CnC O, H,a0 ¥t.% tontaminant
(jwotope dilution)

Batch A 2e2% V.76% UeJOS 4.4%

4. 0%

4.J%

deH%

O

Mean: 4.4%

B 0.33% Oelb% Ue14% 1.5%

2.0U%

1.!"

Mean: 1.5%

C 0018% U-lO% = 1.5“

D 0«17% 0.13% U.04% ' 1.5%
)-
R = M(1 - Mxt) !

where R I8 the true count rate, N is the measured count rate
and t is the dead time of the detection system. Analyses 2,
3 and 13 to 17 were assumed to have a dead time of
1.01 usecs. (see Table 1IV). The standard deviation qu‘pe

dead time is about *t4%. This amounts to less than $10.2% ot

any peak measured during the experiment and is usually much

e



Table'IV\ '; ) L

' Deed times from Eimer § Amend Sr analyses:

v

1.11 = 11 usec ' o : .Iolé‘iu.ldﬂdéep l
<907t .07 7 ( . «70 £ .18
1.28 + .1t - .90 % .19
: ’ 0
<94 t .08 .

avg: 1.00 ¢ ;04 us@c ' an: l.OQvi + 09 usec

\l

/

. ~ Overall average: 1.01 £ .04 usec
. . é@r e
less. :

ThroughéutL analygéé 4, 5,,,6 aqd 11, a speglally
.constructed qust discriminator was used (lnqﬁea& of the.
s}oier ORTEC aﬁplifier) to reduce the dead time to an almost
negligable value (0.13 usec{{ Thes schematic for this devicé
is gi?en in Fig-ll. The 0.13 usec is an estimate derived
from twicénthe- w1dth ‘"of the output pulSe.. Use of the
discriminator was‘discontinued after a;glysls 11 because it
had a relatlveiyhhlgh firing threshold. The véltaae output
spectruﬁ of the Spiraltron decreases after long use and it

was posslbie that some of the low energy pulses would not be

counted.
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III Results and Discussion

Caiculation of “the decay constan£ from aviiéingle
analysis requires - an assumptiop ubouf the trugtion’of 87gp
p;esent in the blank. This will be a weighted atqr&ge of the
Tsotppic compositioh .of the Sr blank added during 'the
separation précess and Sr whiéh was already present in the
sait; Unfortunatel;, fhe lgiter waé not measured at the time
the §amplé was purified. Thertotal amount of stfonfium blank

. A : .

in each”éample can be calculated from the 84Sr/88gy ratios
listed in Table VI. This will be partly separatian procedure
blank and partly a blank originally present in th; s§mple.
Usihg a'procé&qre‘hlank of 1 ﬁé as me tioneq. asove, .fﬁe
mnxim;m saméle blhgk pér gr;m of 87Rb may\be calculatea.
Thts is listed in Table V. It is obvious from Vthis table

that thg \largest "proportion of blaﬁk was contalqed
o;iginuliy in the sa;ple. As has been mentioned, the
ﬁrqcedgre taken to purify the ;rlginal sample involved
coqversion to the perchlofate by ‘ prec;pitationv 'with
perchlorié acid® followed - by at -lea;t five successive

recrystallizations in demineralized water. In view of this

[}

, v

it seems excegdingly »unlikely that much of thenoriglnal
strontjium present in .the RbCl would have remained,
espécialiy since t he water used vquld probably have had a
rath;r high strontium blank as evidenced by the resul ts in
Table Ve It seems quitg likely therefore that the remalnlng’

blank would have an isctopic compositién characteristic of

19



Tablle V

Strontium blank originally present in RbClO, assuming a

~»

total separation blank of 1 nanogram

"

Sample Maximum sample blank % of total blank
‘ (ng/g %7Rbp)

4A 3.20 8% e ;;\
5A S 2020 86% | <::/-7
144 2.10 : | 86% |
2B ‘ . 1.39 | . 82%

a8 3.ss 90%

11B | 1.20 75%

13B : 1.64 ' 84% .

158 1,63 -  sax

6C 0.70 67%

that in the water used for the recrystallization.

3,

It all thé data are plotted'on a graph.of 875p,/863r wvs
87Rn/86Sr the best fit straight line 1s‘ found to‘ have an
intercept of 0t731 + 0.020 (20). This is quite hiéhC}oq a
normgl strontium blank and has a rather 1argg uncertainty
attached t; ite It may also pe affected by systematic errors -
since there is only a 20% prob;blllty that fhe 7{2 va lue of
this data set would be exceeded by chance in a random
dlstrlbution.

The errors on the individual analyses are calculated

from the precision of the counting measurements 6nv each



/

péak. Possiple sources of systematic error which may

v

contribute to a non—-random distribution are error in thé

chemlc@l contaminant, which is not 11keLy to exceed 0.,25%;
;fror in the sblke calibration, which is only signiticant
for analyses 16 and 17 which were reJecte& oq this gccou#t;
error pioquced by the dead time, which is unlikely to exceed
0.1%; and uﬁ Egror.fob>a non-linear fractionation trepd.

The main insruéental difficulty encaountered during the
earlier analysés inypIQ;d the field stabilizer. All ggns
within an andlysis were selected on a basis  of low *;2
v;lues and several runs were r;Jected in analyses 3, 5 and
6. Difficulfies with the stabilizer had bégn resolved by the
time nﬁmber 13 was ‘analyzeds The data from number 2 was
rerun after thise. The analyses which are considefed most
likely to be freeée of systematic error are 2y, 13, 14 and® 15,
These all had steady emlssiog, no lnsfiumental‘difficultiesJ
several replicatev m;asurements on each r&tlo and théy are
all from batches A or B in which the contaminant is well
Knowne Plot£ing4 these data on a graph of 87sSr/86Sr versus
87TRb/85Sr gives an intercept of. 0.683 t 032 with a ;60%
probability of rahdomness. ,

Thus the direct ‘dgterminat{on of the initial biank
composition is uncertain. and we consider it betfe: to choose
the initial ratio fronqohysical. considerations, since the
da ta are probabiy not free frdm systematic error. The
initial value of 8"’Sr‘/"éSr chosen was 0.709. This is +the

§

isotopic composition of~ the blank in the reagents used in

> | . _ : | P 21
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this \Pboratory.‘lt is hiso .the' isotopic coﬁposltlon of
'seawater  stx‘6x1't1um.c It therefore appears to be the most
reasonable estlmate for the original blank in the RbClO..
The decay constanfs,tor the individual analyses weré
derived from the data shown in“Table VI and are listed in
Table ViI. A weighted mean was calculated. Thé ‘weidhts are

determined from . the inverse square of the standard

deviations Which were determined according to the formula:

-

~

%o = (%o7 — 0.5%0¢ )/R + 2%0g t+ %0,
' «
where %o 18 the fotal percentﬁge s tandard deviation;i %07y
%o and %0 are the percentage standard devlaflons for the
875p/88gyp, a‘Sr/‘”"s_r and 86sr/88gyp ratiosy ;espectivelyl;and
R is the fraction of the 87Sr that ;qs radiogenlc-.k further
\ : ' : .

peroentége error of 10.25% was added ‘to the mean decay
cqﬁstant from each batch to allow for ah 4error Vln ~the , Rb
concentrd%ion. The value fqundbfor'the decay constant is 4
= 1.419 (x0.012) x 10 21 yp71, The error quoted is a two

sigma error. It does not include any error in the initial
blank Sr composi tion.

The aver;ge of 23 13, 14 and 15 (considered the most

accurate analyses) is 1.414 (10.015) x 10731 ypr71 (20). This

’
’

is statistically indistinguishable from the overall mean. It
is considered therefore that the overall ‘ mean t
= 1.419 (10.012) x 10”11 yr-‘rrepresents the most reliable

measureme of the decay constant of &87Rb. This value

~



" Regults of all isotopic analyses and decay times

semple  8%Sp/®%8sc”

2B
3B
- 4A
SAy
5A>
6C
118
13B
144
15B,
158,
15B3

15B,

”

v

1.04952
+.00147

0.66010

+.00187

0.75931
+.00160

0.91286
+.00213

0.89050
+.00173

2.12000

+.00604

" 1.579835
+.00434

1.06065
+.00223

0.92381
+.00102

1.04616

+.00246

1.04511
+.00253

1.04479
+.00226

°1.03325

+.00253

o

Table VI

+. 00064

23

8752,18332’ 865:!88&: 1‘ ]!2!
0.26701 0.11964 17.970
+.00051 +.00037
0.16258 0.11993 18.890
+.00056 +.000 61
0.17780 0.11947 19.205
+.00047 +.00043 o
0.21834 .12101 19.274
+.00067 £.00041
0.21702 .11933 ' 19.274
+.00055 £.00030
0.38474 0.12056 18.339
+.00093 . $£.00033
. 0.29589 0.12012 19.263
+.00120 +.00041
0.25509 012013 - 19.364
+.00068 +.00037
0.22332 0.12074 19.567
+.00030 +.,00026 .
0.26025 0.12115. 19.383
+.00057 £.00048 - :
0.25912 0.12150 19.383
+.00068 +.00045
0.25973 0.12074 19.383
+.00064 +.00046 :

- 0.25973 0.12074 19.383

+.00046



' m \\ 8052‘8852 - 37snlaasn ‘ aﬁsclaasc I‘ ]::l
. . \ .
16D, \ 109525 0421565 0.12120 18. 682
¢-00264 " £.00073 £.00064
16D 1408537 0.21553 0.12063  .18.682
£.00182 $.00049 £.00032 . - _
\ :
17¢, 1.65002 0.22634 0.12164 15,690
£.00375 $.00065 £.00058
\\ I ) . ~‘\
17¢, 1.6373 0.22548 . 0.12071 18.690
$.00285 £.00042 S £.00021
17c3 1.62730 0.22549" 0.12071 18.690
£.00283 £.00042 £.00021 «
17C3 . $1.60949 0.22548 0.12071 18,690
' £.00460 £.00021 e

5\

N\

4

+.00042

Table VI (cont'd)

-
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Table VII

" Amount and fraction of radiogenic 87Sr, amount of 37Rb
and calculated decay constant for each sample

Sample 87sra | % rads " 87Rbp(g)
i 5_~Qf‘ :
2B 0.8227 68.34 ~ 3.2312.
- 3B 0.6277 47.88 2.3130
o t.021
aa 0.6483, . 52.45 . 2.3381° 1.444
. , : ' +.016 .
5A4 "04§;43 . 61.04 2.8270 © 1.439
. R ® 10016
SA, 0.7830 61,08 ' 2.8270 1.437
: S $.013
. Hd
6C 0.7463 78.00 © 2.9178 . 1.395
: ' : : . £.014
11B 0.7044 71.41 2.5582 1.429
\ ' ‘ +.,018
13B 0.8523 . 66.77 = 3.1324 . 1.405
+.014
_14a) 0.8012 . 61.96 2.9059  1.409
. , +.008
158, 0.8988  67.31 . 3.2565 1.424
. ' C ’ +.015
1SB, - 0.8972 6712 3.2565 L de422
15B3 0.8934 67.30 | 3.2565 1.415
. t.016
1584 0.9035  67.30 3.2565 1.432

t.016



Table VII (cont'd)

mﬂg 875:@ ﬁ l:nd ‘\ B?Rh‘ gﬂ! i‘xl!l-!l]:n—ll
16D, 0.6245 60.54- . 2423757  1.407
' +.027
16Dy ' 0.6262 " 60.62 " 2.3757 1.411
| : 1,019
17C, 0.4483 62.38 1.7247 , 1.291
' +.024
17¢c, 0.4449 62.39 1.7247 1.380
‘ : +.016
17Cs 0.4477 ' 62.39 1.7247 A 1:289
+.016
17C, 0.4527 62.39 1.7247 1.404
$.018
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n

¢ * Ao
compares favourably with the two most recent measurements of

' 7
the decay constant which are that of Neumann and Huster

(1974) who found 1.42 (%.03) x 10721 ype™1l py B counting

«

experiments and Afanass'yev et al. (1974);' who toundﬁ 1.42
’ i -

x 10711 ypT1 from comparisons”bigyeen ages determined by U-

Th—-Pb, K—-Ar and Rb-Sr methods on pegmatite materials.
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Appendix A
Puritication of new kbClUy stock for a future

redetermination of the 87KL decay conmtant

Two pounds of high puri ty rubidium perchlorate, lot
5080.11, were obtained from Terochem Laboratories LLiwl ted,
_ Edmonton, Alberta. The ftollowing is the che ‘al analywin
supplied by the cumpanye. ‘D -

»Chemical analysis, ppm:

‘A

Cs - 220 Al - 5 Ng - 1
K - 185 Ba - 10 Nn -~ 1
Na - 10 ‘ Ca - 1 . Ni - 1
L'~ 10 cr - 1 Pb - 1
Insol - 100 Cu - 1 si -1
Fe - 1 , Sr - 10

This material was purified as fbllows. The KbClO, wasd
weighed out into a Teflon beaker and then transferred into a
2 1 Teflon bottle containing a magnetic stirring element.
1.6 — 1.7 Kg of water was added to the .bottle- The liquid
was stirred ;nd heated with a hot plate and heat lamp in a

Méressurized bood until the RbClO, dissolved completely. The
bé?@le was thenkicapped. covered with a plastic bag and
transferred to a refrigerator where the éolut;on was cooled

T E
to precipitate as much RbClO4 as possible. The liquid was
then decanted, the bottle filled with fresh water and the

dissolution and precipitation process begun again.

Sinde the solubility of RbClo, is about 18 g per 100 g

30
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o

of water at the boiling point and only about 0.5 & per 100 g

of water near (00¢(, this process results in only a mainor loss

2

of sample. The procedure was repeated to make 5 dissolutions

and preélplyations for batches A, B'and'D.anﬂ 6 for batch C, -
Durlng'the first two, 1 S.D. ("sub-botling distilled”" ) water

‘was used. ngs had peén purified by being demineralized with.

an ipn exchange colhnn and tken distilled beneath 1t he
(-3 g

vboiling Foint using a glass cold finger. The final

dissolutions used 2 S.IL. water wkich had been purified by

redistilling the 1 S.D. water beneath the boliing point
using a quartz cold flnger;

The, folLoving is &a detailed description éf' the
purification procedure for each batch: 'J

Auge. 24, 13976; Batch A

1

About 300 g was added to the bottle alond with 1.7 1 of -

1 S.De water, It proved so difficult to dissolve the solid

that about 150 ml of saturated fluid was poured off and.

water was added to‘make about 1.8 L of 11qulqo
Aué. 25 - 2nd precipitation, 1 S.D. water
Auge. 26 - 3rd precipitation, 2 S.D. water
Aug. 27 - 4th precipitation, 2 S.D. water
Aug. 27 - S;h précipltation, 2‘S.D. water

The last precipitate came out at about 11 peme, Aug. 27,

1976. o
Batch B; 250 g RbCLO4 in about 1.5 1l of water —
//'/'/////
Aug. 3¢ - 1lst precipitation, }/Sfb. water "

W

Aug. 31 - 2nd precip;}dfigg, 1 S.D. water
-
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' Septe 2 - 3rd precipitation, 2 S.D. water
Septe 3 - 4th precipitation, 2 S.D. water}j

Septs 4 — S5th precipitation, 2 S.D. water

. The last precipltate éame out at 12 noon, Septe 4, 1976.

Batch C; 250 g RbClOs .
v Augs 31 - 1st precipitationy l/S.D. water
. Sept.' 1 - 2nd preclpit#tlon, 1 S.De. water
Septe i - érd precipitation, 2 Se.D. vufer
Septe 3 - 4th precipitation, 2 SgD. water
Septe 7 - 5th precipitation, 2 SeD. wafer
Sept. 9 — 6th prediptiation,'z‘s.n. water
The last preciplt#te‘came out g{ 3 peme,y;Sept 9, 1976.
Batch D; 80 I3 RbC}d. in about 600 ml water
Sépt. 6 - 1st precipitation, 1 S.D. water
seét. 10 — 2nd precipit;tlon, 1 S.D. water.
Sept,‘11 - 3rd pree}pltation, 2 S;D. water
Sept. 20 - 4th pngclpit&tlon, 2 S.D. water

Sept. 21 ~ S5th precipitation, 2 S.D. water

)

. The last preclpitate'came out at 4 peme, Septe 21, 1976.

The flndl precipitates were dried under a heat lamp in

o+

e pressurized hood and then transferred to plastic botties
where they were securely sealed and kabeled. A.%Q{tlon of
tﬂe orig;nal unpﬁgifled salt was also kept. &

Tﬁe supernatant llquiq fron the final precipitation was
evapora ted down and transferred to small plastic bottles,

one for each Dbatche. The content of each bottle was spiked

and an attempt was made to measure the isotopic composition
\ . .

o

L
B

3

:
J
.ﬁ

o
. ',:,‘;
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trontium in the supernatant 1 thds. Alsoy, a small

portigen of edch purified salt except batch D was ’welghéq

NEEEY; .
out, spiked and the strontium blank separated and measurede.

Unfortunately:ﬂeitreme’ difficul ty wasq’ehcountered during
A : , ,

these runs with the‘ sepération of rubld;um 80 that the

strontiun signals were invariably quite weak. The following.

lists the'results of each measuremente.

Batch A:

Final‘supernutant - 87gp/86gp 0.7094. + .0049

Total Sr blank in supernatant = 8.9 ng
Sr blank in 11.3 & of purified RbClCy = 2.31 ng
Batch B:

9]

0.7173 = .0037

9 i

it

Final supernatant - 87spr/86gyp

Total Sr blank in supernatant = 6.3 ng

Sr blank in 9.0Q & of purified gbclo. = 1.39 ng
. Batch C: .
%
Final supernatant - 878r/8%gr = (Q.7112 %+ .0067 G T

.Total Sr.blank in supernatant 2.9 ng
J

2
Sr blank in 11.15 g of purified RbClO, 1.89 ng
Batch D:
Sr blank in 600 ml of supernatant = 2.3 ng

The isotaopic compositiqn of tﬁe Sr blank .in Beatch D

could not be measured because of difficulties with Rb on the

.

filament. All the above blanks include the proéedufp blank,

added during the separation ﬁrocess, which is likely to be
1-2 ng. Assuming a separation pbogedure-blank«of} 1 ng, the

original blank in the batches -will be 0.9 ng/g of f’Rb,
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0.33 ng/eg and 0.6 ng/g for batches A, B and C respectively.
In most cases, this appears to be considérably less than in
the McMullen et'aloléumﬁtes.

Three‘pﬁftioné of the origlnal,'unpurlfied RbClO, were

‘also taken and the 1sptop1c composition of the strontium was

‘mea§ured in three dlfiéréht ways. First, a weighed porfion

e
f

of the salt was takéh, the Sr separated and the lsotoplc

composition measured on the 25 cm instrument using the

o

Spiraltron”detecfor.'A second weighed portion was taken and

A

the isotopic composition of the Sr measured on the same
. € o -z ’

W . N ,
instrument us;ngfa Faraday cup collector. Finally, a third

«

po?%ion"was‘ weighed _out, spiked and both the isotopic

compoéiiidn and amount of Sr measured on a Micromass—-30 mass

)

spectrometer equipped with A‘Faraday cupe The results are as

'follpws:

25 ¢m instrfument, Spiraltron detector:
0.345 g RbClO4 - 875r/865r = 0.7077 £+ .0032
25 cm instrument, Faraday cup:

2.14 g RbClO4 — 875r/865r = 0.7094 + .0004

M;cromass-SO,\Farqday cup: )
0.878 g RbClO, - 87Sr/865yr = 0,7084 + .0010

\ ] .
Total Sr = 0+.266 ug/gm RbClO,

The‘am$unt of, Sr impurity in the EbClO. is much less

than that quoted in the original analysis and its 87s5r/86gp

ra%io is certainly quite close to 0.709. Since the only

other component in theablank-tor the purified salt is the

>reagent'b1ank, which is also 709, this must be the isotoblc

i KT
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compositlén of the original Sr. This lends furthér supporf
to the choice. of «709 as the isotépic compoéi¥lon of the
_blank in the McMul}en et al. samples. k F\$

If'is suggested fht} during thg kufure decay constant

determination, every effort be made to eliminate the

hYdrocarbon"peaks. Perhaps.cbnductlng the measurements on a

mass Spectrometér with a vacuum system not employing oil

diffusion pumps would help 1In this regard. Is the

- .
hydrocarbon peaks can be made negligable, wider slits can be

used, leading to a much higher beam intensity. It is also

sliggested that the micro-column not be used during the

chemical procedure, but instead the sample should be passed
N

twice through the Teflon column. The author haé found during
later Rb-Sr work on whole rocks that this results in
%

negligable Rb on the filament, whereas the micro-column may

give a less efticfent separa tione.
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IV introduction and Geologic Background

The purpose of this study 1is "to investigate the

!
s -

chronology and evolutloﬂ of.the Labonqdor Archean complex by
‘examining the fesponse bf} rubidiun7stpont1um;;and. le;d
iéotope systemsxln samples from various ASSemplagés, to - the
me tamorphic events which have affec;ed'vthe cémplei. The
samples were collected rrpm the Saglek'Baiﬂarea and 'include
whole rock5-ffom the Nulllak‘assemblhge, the Uivak gnelsséé,
the Saglek ;dfﬁes, the lafe syntectonié &rani tes, two pést
tectonic granites and two samples of‘high iron intruslyes;

Archean high grade gneiss terrain exists iﬂ _the Ngln

| ' .
province along the coast; of Labrador, along part of the
Qestern and eastern coasts of Greenl&na and ine tbe' Lewisian

complei of north-west Scotlande. All of these areas are |

considered to nhave once formed a continuous complex known as
. ’ 2

4
E}

- the North Atlantlp;Cratoﬁ yhich was frag@enfed and dispersed
by the op?ning of the Atlantic GOcean and the Labrador Sea.
They are surrounde for the most part by Proterozoic mobile
belts &pparenfly Jansistlng of £eworked' Archean gneiss,
thch suggests thnf;the crgtoh may have once exfended over a

wider area than at preseﬁt.

Gréeenland:

The best preserved and most intensely studied areas of

this craton are on the west. coast of Greenland (Fig; 2).

»
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This region will be described in some detail since it is

1mportdnt té eétablish the relq‘lonship between it and the
cgnpld& which exisfs on the Labrcdop coast. The most
important source of reference is Bridgewater et al. (1976).
All Rb~Sr dates mentioned are cbkrectéd to a decay constant
of 1.42 x 10-i‘ yr 3 (Davis et al., 1977).

The.terf;ln.ls observeé to consist of éO-SO% quartzo-
feldspathic orfhogﬁeieses derived ldrgely.from‘tonalgtlc to
granitic igneous rocks. These arq'inter7£;;ted-wlth unitsAof
me tavolcanic amphibolife, minor amounts of paragneiés and
concor;aqt units éf me ta—-anor thosi te and associatéd
metabagic igneous rockse. The m;neral assemblages are chiefly

in the high amphibolite and hornblende gfdnullte facies with

the prlnciple assemblages having been formed after the main

tectonic  events which produced layering and complex folds.

The most common _assemhlases were  formed under high

temperature, medium pressure conditionse. High pressure

. , i }
assemblages are rare. '

Studies chiefly around the Godthaab and Isua abeas have
q%fermined the main lithostratigraphic units of the complex.
The oldest rocks discovered to da te are’ the Isua

supracrustals  which consist of basic and ultrabasic

greenschists.,metaseqiments ‘and quartzo-feldspathic rocks

o

arranged in a semi-circular arc 10-20 km in diameter around
a gneiss dome near Isua. The gneisses along the contact oxX
the belt have given an Rb-Sr whole rock age of 3622

+ 140 m.ye+ (Moorbath et alesy 18972)¢ The 1rohstones from the

Giswrrdn

S A
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supracrustals give a Pb-Pb whole rock isochron age of 3760
t+ 70 mey. (Moorbath et al.y 1973) most probably representing
an event involving uranium depletione. The. pelt 18 cut by

meta~dolerite dykes resembling the Ameralik dykes observed

in the Godthaab area. It contains mostly amphibolite facies

minerals which have been partly retrogressed to greenschis®¥

)

faciese.

- The area between Isua and Sermilik coAslsts- of 20 to
40% intensely deformed quartzo-teldspathié gneisé kno;n as
tﬁe AmY tsoq gneiss. This caﬁ be distinguished from &ounger
gneisses by the presence of abundant defo:med amphipolite
bodies derlved'ffom bagic dykés known"as the Ameralik d&kes.
The gneisses have been most lﬁtensely studied in the
Godthaadb area where tgey ‘contain isolated ihclusiops of

supracrustal rocks generally similar to those of tﬁe ‘Isua

successione The following Rb-Sr whole rock isochrons have

been'determinedsfbr groups of Am;tsoq gneisses from various

localities (Moorbath et al., 1972):

’

Area . ‘Date (®7Sr/885c)a
Narssaq 3,671 t 90 mey. 7015 + .0008
Qilangarssﬁit 3,661 £ 100 meye » «7009 t .0011
Praestef jord . 3,612 £ 230 mey. .7001 £ .0017

3
v

Zircon discordia - and Pb—=Pb whaole rock isochron dates give
. ‘ »
values of about 3650 mey. (Baadsgaard, 1973; Black et al.,
L2 : R
1971).

o

The AmTtsoq gneisses are very‘inhomogeneous with a thin

o

o L
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pegmati te layeringe. ~They have been largely reworked to the
point of destruction of the primary features. The only area

where they preserve primary’ features is around Isua. Here

they are seen to consist of monotonous grey éranodioritic
'gnélssés with biotite as the mgln maf ic ﬁinera(. In places
they are seenvto be pquphase with p#leg’ phases intrudlng
the darker,velsewhére they are montonous grey gneisées with
ﬁégmatite 1ayer1pg, These structures afe considered to be

primary features reflecting movement during crystallization.

: ‘ : ’ ‘
Ma jor element and rare. earth abundances of the Amitsog

D
4

gneisses suggest they are polygenetic and derived #£rom 2 or
3.sultes:

(a) Grey, layered td? homogeneous gneisses, mainty
/"’/’ .
granodioritic, tonaljitic or t;og¢aém1tic in composition,

Interpreted at 1Isua as a d‘htectonlc.calc-alkaline sul te

similar to the later NUk gneiss.

(b) Augen and doritic gneisses having high protassium

-

contents'and-high Fe/Mg ratios. These may possibly represent
later’ post-orogenic rapakivi-like granite suitese.
(c) Leucocratic shee ts cutting augen  gneisses. These in

some cases show a . highly fract(onated ' rare earth

distribution, being very dgpleted in heavy rare earths

~
5

(O'Nlons’jnd Pankhurst, 1974). These,pattérns show that the
gneisses could not have been derived from a single cogenetic

suil tee. The fractionated iare earth distributions could only

~
-y
v

" have been produced by trqctionation df garnet either from a

basaltic melt  at pressures in excess of 25 kbar or by

°
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1

partial melting of garnet-rich granulite or amphibolite. The
Isua gée;ssgs have been found to possess K/Rb ratios of 250
or iess. AWhergas the augen gnelsses have hi%her ratios,
averaging around 600. -

Although miner in, volume the»Amegalik dykes prqvldé the

most ugseful. stratigraphic . marker in the complexe. They
Q\ ) - -
consist of metadolerite and amphiboli tes occuring as dykes

K}

or concordant layers and lenses in the Amitsoq gneisses and

have, been recognized only between Isua and Sermilike. A small

S

proportlon‘contain'sericltlzed megacrysts‘and recrystallized
!

aggregates of plagléciase commonly concentrated close to one
margine.

Conférmable bodies of amphibolitic rocks associated

with small .amounts of pelite,  semi-peldte and quartz-

. . ‘ j

cordierite schists make up 10 fo 20% of the gnelss complex

and are gﬁown as thé‘ Malene supracrustalse. Tgese

supracrustals are very widespread, occuring in Greenland,

Labrador and Scotland. They are derived from basic and

A
|

ultrabasic volcaniés, intrusives and metasedimenfs of

submarine origin. The volcanics are more abundant than the

¢

non—volcanics and vary from tholeiitic pillow lavas and
preccias to rocks derived froﬁ/ andesitic or ~dacitic
pyroclastics. Layered basic and ultrabasic 1ntruai§es are
abundante The metasediments consist mostly of chemical or
clay-rich sediments with small amounts of clastics. Mg and
Mg-Fe rich sedimehts with low alkali contents form distinct

unitse The Malene supracrustals are intruded by the NGk



A

.

gneisseg but apparenfly got by the . Ameralik dykeSo. No

primary sedimentary con tacts have been observed between the

f

\\ﬂupracruatals and the Amftsoq gneiss, Some contacts

- o
—~—

transg;sésm"nlonx the‘supracrustal sequence suggesting that
the AmTtsoq units may have been emplaced as thrust silces.
Anorthosi tes and associated leucogabﬁroic and gabbroic
rocks‘ occur as concordant l;yers and trains of inclusions
throughout the ?ompleg.” The primary features 2re- best
preserved in ¥he FiskengeSset cOmplgx. The anorthoéltes Qere

emplaced as sub~horizontal sheets iato meta-volcanics

probdbly equivalent to the Nalene gupracrustuls; They are.

a °

S

intruded by the Nﬁk'gneiss. Y

The NQk Kneisses refer to a » group of xquartzo-
feldspathic gneisses that do not contain Ameralik dykes and

are intruded Into older formations such as the Malene

supracrustals and ahorthosites. They occur as deformed

L3

sheets intruded syntectonically into the layered c?mplex and
make up over 5Q% of fhe area around Godthaabsfjord. Tgevmost
abundant type is a hiotité—bearing toﬁalite or grgnodiorite
:1th less than 5% K-feldspar. They form, a typical sedic
calc-alkaline suite similar tc¢ more recent calc-glkal%ne
Suites except for higher Na/K, law U and high Th/U. K)Rb
g ' ‘
averages about 330. It is not known to what extent they form
a cogenetic sui te. There is no evidence that they were
&erived from older sialic material. Samples taken froq a

number - of areas dbwn the coast give ages from 2720 to

2868 m.y. with initial 87Sr/86Sr ratios of .7015 to .7031.

.
“ g It

e
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13

The difierenf suites of samples scatter coherently togethr

A

on an~Rb-Sr diagram in a ‘fashlon similar to the AmTtsoJ\
gﬁeles (Moorbath and Pankhurst, 1976 ). Possibly 70 to 80% of
the gnelés complex was to;med or pemoblllzed at the same
time as emplacement of the NuUk 8neisses and they may record
a time of gubst# al crustal thickening of Ehe cratone.

A period of intense deformation followed the intruélon

of the Nuk gneisses producing ma jor nappes, upright folds

- and widespread dome and basin interference patterns and

o

dinelude intrusive bodies of porphyritic grani ¥e,

fmposing a rgg%onal foliatlQn upon the compbex; This wJé

fol@oweq.by‘the intrusion of a series of syniect@i;: to late

tectonic géhnites con temporaneous wlih or just » eeding a

»

e

period of - regional granulite nmetamorphisme.

-
»

ranites

-

diffuse

bodi es formedd"by in 'situ %ﬁ%rystaliization of ,earlier

. &

gneisses and intrusive bodies of charnocki tic granites and

<«

associated norites. .

The granullfe facies event has been dated using qa
> -~ T i

series of metimorphosed anor%hosltesiand g£neigses which giv

a Pb-Pb whole rock ‘isochron age of 2,850 * 100 m.ye. (Black

7

et al.y 1973). Activity continued for at.. least 300 Meye

.

"after the granulite event with the intrusion of a series of

.

high K post-tectonic granites. The Qarqut granite is one of

4

the largest of these bodies. An RbL-Sr isocliron date for a
2

suite of samples from this bady gives 2487 t 90 meys with an

initial Sr ratio of 0.709 + ,007 (Moorbath and Pankhurst,

1976).

%
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Labrador: v
. N
’ B S
Within the ew years rlold¢3vork in the Nain
. ,«':g' T »‘! . - e
province of Labrador evealed areas with a whlstory as

v s N

'#¢rﬁenland province
(Collerson et al., 1976; Brldgghn{b; and ,Céirbﬁaon. 1975).
. E ) ]

complex and anclent as that:. of .the
. . “ ., s vy

The block of Archean rocks 1s boundeg By the Churchill
province to the north and west and fhe Makkov;k sub-province

to the south (Fig. J3). ﬁoth of these are Prnfero;olc mobli le

e
§
v k4

"zongz”:éTilf\f::}né the Hudsonian orogeny :and ar® considered
o LY B P

to be eéuivalent to the Greenland Na&séugtoqldian and

13 N

o g N

Ketilidian mobile belts, respectively. The Archean “block

i)

1tée1f is - disrupted by %%, Proterozoic Nain anorthosite-
. 4 5 id :
adamellite complex so that the best to , the

-

&

north roughly .between Saglek Bay an

°in the area around Hopedald.

3 ..

l‘% most extensive field égyﬁ

~

and sampling has been

carried out in ' “the Saglek * area (Fig. 4) where a

3

iithostéatigraphlc complex very sSimilar to that in t he
Godthaabsf jord aréQ has been found t% exist. East of the

'Handnyault rocks hé&ve been affected by several phases of

amphibolite facies pe tamorphism. Yépnggr granltés have

Y

brought up ld:TﬁBt%na.of high grade gneiss suggesting _that

the . area may be underlain by granulite facies rocks. To the
~3 : i

‘west of the fault mbst of the gneisgeséare either grarulite
. [%
facies or retrogressed "from granullte facies. In the

transitional zoné, textural and mineralogical evidence

indica tes that a late static granulite facies - event,

%

e
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.strongly deformed with extensions . of

47

.

possiblyv equivalent to the' 2800 meyslf Greqnland_ eveét,
recrystallized earlier Anpﬁlbollte ’chtes ‘rocgs‘ to tgé;
granulife érade. Within the éranhlite area to the Qesé, this
event aﬂpears to have been impressed on earlier gr#nulite
fac;es rockse The »tvo éides of the fault may‘réptegent.

different crustal levels 9f the same assemblages.

All the rocks before the late

ma jority of discordant struéturéé were fdtafed' éaéatlel to
the regional gfriké.“ohly ogcaalﬁnal outcrops of gnéiss.éhow
pgesérvatlon of primary features.

The‘;most ;bundant ropk t&pe in fhe area is a groué of

po lypha se quarté“:feldspathlc rocks known as the Uivak

1‘»""'tl'xe,-Amitsoq gneisses in Greenland they can

#

in the field by the presence of abundant,

gneisses.

be dlgﬁ:‘

de formed ]

IQOrdant bodies and disrupted pods of

metamorﬁhose@ dykes knaown as the Saglek A;kes. Discordant

retations are preserved 1ocally. The groundmass of these

dykes is usually fine grained and granoblastic and contains

dispersed pl&gioclase megacrysts or aggregates of megacrysts

and anorihoslticrxenoliths. As with some’  of the Ame;allk

v

dykes, the distribution of the plagioclase megacrysts
commonly occurs along one margin of the dike or cdncentrated'

in pockets which may contain 60% megacrysts and xenoliths.

fhe oldest gr&nlticnrocks in the complex are a suite of

layéred grey gneisgses making up over 50% of the total

complex. These are known as the Uivak I gneisses. They are °

a
o

-
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leucocratic. plntltevheaang rocks  with a distinct

. s8chistosity and’. layerinﬁ defined by K—feldsﬂhr..rich

pegmgtitlc,veins and lenses. They form  ¢ monptonous \sulte
comﬂ;sed 'mostli' of qgartz (15;30$), sodic ollgoclase‘(§5—
60%), K-feldspar (5-15%) and '<gp9en bloti te (5-15%).
Chemic;lly {heir rang:\ ;eéween tohallfés »and quaftz

ﬁonzonites and they all plot on a calc—alkaline

v

‘differentlation ‘trend near the alkali corner of an AFM plot

[
(Bridgewater and = Collerséon, 1975). -The rocks appear to

Xrepréseht tectonlcally reworked dnd me tamorphosed

equivalents of tonalitic and granodioritic plutons. Theé Rb

content is -rather high for rocks of Jgranodioritic
@

»

composltion and averages 110 ppms The K/Rb ratios are low
having an average of 195 and a general correlation is
evident between K and Eb. The Ba contents ar# low with an

average of 232 ppme.

The migmatitic nature of the rocks combined with their"

unusual concentrations of Ky, Rb and Ba and the absence of
much hornblende suggests that the rocks may have suffered
elkali metasomatism with the introduction of alkali-rich,

Ba—-poor magmas Or fluids along shear‘-plains and grain

boundaries during an early phase of metamorphism, perhaps
i 5

"leaving a depleted granulite residue similar to the Scourian

of Scotland at a deeper crustal level (Bridgewater and
\ N . .

bollerson, 1975).

[

The grey Uivak I gneisses had already acquired a strong

schistosity before the enplacﬁment of another suite, the

N . N . . y
.

2

e
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01453 IX ‘gnel;SBSo These comprise less than 5% of the
coﬁplex‘ and- are made Qp of i ron-rich porphyritlc
granodioritlc and diorlt{c gneisses also cut by Saglek
dykes. They outcrop as a series of discontiﬁgous bodies

surrounded by - theiUivak I gneiss. There are four main rock

vtypeé,recogﬁlied. The major part of the sui te consists of

coarse~grained granitic gneiss with large streaked out
feldspar augene. Hornblepde—rich.terrodiorites are found as
smaller lenses. Hornblende-rlch dykes are .seen - to have
intrude& the Uivak 1 gneiss;,Thezvﬁre largely broken up apd
deformed. Fin;lfy, ‘; blgtlte—flch 1nhomogeéeous quartz
monzoni te sheet is also intruded intogthé Uivak I gneissf

"The porphyritic hneissés are rich in oligoclase with K-
feldspar pre;ent only as lnterstltlalv‘material.' The augen
aré composed‘ of ol}goclasg aggregates, individﬁal c;ystals
enclose pounded quartz grainse. Iron-ricﬁ biétite is the
dosinant mafié mineral accompanied by subordina te |
hornblende.

The givak II suite shows much more chemical variation
than the Uivak I gneiesses, sharing in commén onl& its iron-
rich nature. The suite 1;es t?ward the more mafic end of fhé
differentiation trend (Etiéggw&&er and Collersoﬁ. 1975);\f;e
deislon between these gneisseg 1qnds té mirror ;hat between
the different sui tes Qf Amttsoq gneisses  (Bridgewater et
ale, 1976 ). Aéain‘the Uivak II suite resembles &ore recent

tate td post tectonic i+ron—-rich granites such as . the

rapakivi sui teo.
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An Rb—Sr whole rock isochron Pée of 3545 + 72 me.y. with

o . )
an initial Sr ratio of 0.7014 .0008 has been determined on
a‘ et of S5 Uivak I gneisses and two Uivak.II saméles~from
the Saglek area (Hurst et al., 1975 ). Allv éamples’ plot on
the liscchron and khe date is considered to have fesulted

from ﬁetamorphlc homogeniiation rather ' than magmatic

»

intrusion. An agéi of 3542 % 106 meye but with én initial
ratio of 0.7044 + 0010 has been obtained on a set of

samples from the Hebron area which are geologically and

géochemically simllgr.to the Uivak gneiss (Barton, 1975).

-~
o

A still older sequence of supracrustal rocks,' the

T -9
Nulliak assemblage, occurs interlayered in ethe Uivak I

gneiss and as xenoliths in the Uivak IT suite. These consist
. f °

in aluminous garnet-sillimanite with minor calé-sllicate

layers and some graphite. They range from continuous uni ts

~

up to two kilometers along strike and 350-100 m wide to
‘'small, fragmented,inclusions within the Uivak gneiss.
On Mentzel Island the'Uivak II gneisses are observed to

contain wmega—-xenolithse which are remnants of a layered

~

diorite gabbro-anorthosite body. This plutonic suite, . known

as the Mentzel plutonic associationy, is also intruded by
Saglek dygps’and may be considered an early phase of  the

Uivak I protoli ths.

Tectonlcal}y . interleaved with +the Uivak gneiss is an

abundant and variable suite of . metavolcanic and
IS . . .

»r B g;

. : -
metasedimentary . rocks known as the Upernavik supracrustals.

They are not seen to be cut by Saglek dykese The
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vmetesediﬁent% range trém pelites to quarzi tes and margles.

LR -
The metavolcanics are generally fine graihed; séhistoée
amphibolites. Soﬁe uni ts .show“ small scele‘luyerlng wlth‘
alternating darg' anphibole-rich un;ts grading into more
felsic rocks, ﬁerhaps'representing graded volcanic ash units
of. intensely <def§rmed pillows, Layered igneous bodies
;Enging trom a few meters to 50 m in  width locally -cut

across earlier layeglng in the metasediments. Ultramafic
masses (meta—peridotifes) occur a; pods and ypyers in the
éne;ss‘comple¥ ranging up to éeverai'hundted meters in width
.and ‘traceable albng. strike for up to 1 kKme No primary
sedlmentdry cbntaqts are observed between the Uperﬁavik
'supracruét;1§ﬁ and the Uivak gneisses. TQe Upernavik
éupracruétiis appéﬁr to be .analogous to  the Malene
supracrustéls.£n~Gréenland.

A younger @group of qua?tzo—fefdspat?iq‘gnelsses, the
Iterungnek ggelssee, 6ccurs as deformeﬂ,*éh;ets intrusive
into the Uivak gnelsses anq the Upernavik shpfacrust;ls and
as migqatitlc'Lensés and stringers breaking up the eartier
gnelssgs and supfacrustais.v They _ére not cut by Saglek
dykess An ﬁb—Sr wﬁole rock isochron <from a set_-of these
ﬁampleé has been f&und to give an age of 3067 + 156 meyes and
an - initial ratio of 0.7063 £ .0012 (Hurst et al., 1975).
Isotopic ;nd field evld;nce indica tes thét chey have' b een
iargely dérlvéd by remobilization of earlier gneiss. ) ]

"fhere exist several gener;tions of granitic gneisEes 'égf

intrusive into the Iterungnek gneisses. Some where derived
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o

by remobilization of the ;terunanek while other syntgc{onlc
ssheets clearl& ﬁranSQresé the refoliated gneisses _Pnd are
emplaced aléng the axial plane; 9f thq ﬁaln folds of the
areas. These syntectonlc granitea are younger than the phase
o¥ .detormation ‘which lead to the Interlayering of old
énelsses and suprdcrustal urocks ‘an&'.y;uﬁger than the
remobilization phase dated for the Iterungneks They Eontaln
lo;al granulite facies assemblages ho%e?er. and are thus
“

older than or c ontemporaneous with the regional metamorphic

event whlch‘reachedvgranullte facies - to the weste The /Period

of major crustal thickening recorded on the Greenland coast

by the intrusion of the Nk gneisses appears npt to have
occured hereo. - The 'syntectoglc\ grani tes aie .much_ less
abundanﬁ in area_th;n fhe-Nﬁk.'

A younge; Zroup vof " late syntectonic grgnite gnelss

‘sheets was emplaced. along discordant shear 2ones and

)
v

traﬁsgresses all earlier ‘§truktures. They. possess a
relatively élmple fabrlé.showlng evidence of only one main
phase of deformation and where tpey in%rdde granullte.facfes
gssemblages >there is often a retrogressed zone in the
shrrohndlng country rocks.‘fhe later granlte§-are,.gqnerally
‘markedly richer in potgsslum than their remobilized
équ}vatents. The last major phase of gran;tié activity was a
‘.perva51Ye ;ntruSIOn of medium to coarse érained K-rich pos t-
tectonic granites apq peamatites;

In summary, both the Greenland and Labrador complexes,

where they are :ell preserved, appeér to hdve peen dominated

N 4
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by sub-horizontal . tectonic.processes which resulted in the
. interleaving and thrusting of one formation into another.
This contrasts with the dominantly vertical tectonic regimes

&itnessed in_ the Archdan granite—~-greenstone terrains of

South Afric@, Western Australia and most 'pf the Canadian -

[

Shield. Theseys regions are characterized by low - grade

greenstone belts engulfed in a sea of high grade granite-
gneiss which was évidently emplaced by diapiric processes.
.
y ) .
The presence - of these horizontal movements renders

precdrious relative kﬁ; determinations ‘based on

I . N ' .
stratigraphy. As an example, the absence of dykes in the

Upernavik and Malene supracrustals does'hot definitely imply

that they are younger than the Uivak and AnTtsoq gdéisses.

It is «conceivable that these formations were deposited

-

elsewhere, perhaps at the same time as the Isua

g

supfacrustals and then tectonically transps%ted an& thrust
into the gneiss complex aftef“lntrusion of the Saglek and
Ameralik dyxes (Bridgewater et aley 1974)« Such a
possibility‘cannot be discouqtéd‘ until isotopic methods

succeed 1n,determining‘an absolutevage of deposition

)

*
-~
e
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V Theory of Rb-Sr and Pb-Pb Systematics

- - .

A - I . 3 ¢

\ ‘ . .
\ Rb-Sr systematics L .
" // 3 T ‘ .
' The Rb-Sr dating technique is based on the decay of the
87gn isotgpe to 87Sr. The molar concentration of 87sr.
‘measured in the sample at present (t = 0) is given by  the
equatioﬁ:’< L
a .

87gp = 87Rb[exp(tt) - 1] + 875,

.
. . -~

Awheté 87Rp is  the molar concentration of the 87Rb isotope

S o
presently measured in the sample, T is' the ' 87rp decay -

o

constant, t is the age of initial sisotopic homogenization

‘’

measured posi tively into the past and 578:0 is the amount of
. - l - . )
875r present at time t.
'Since it is more convenient and revealing to deal with
"isotopic :ratlos, this eqan}b is uéually divided by the
concentration of 86gy isotope, which is Invariant with time,

to give the working equation:

&

&

875p/865r = 87Rp/ 865r[ exp(tt) — 1] + (875p/86g1 ),

)

This\equation contains two parameters s0 that the

determination of an age t from a single rock or mineral

-~

specimen requires an assumbtlon about the initiatl Sr

isotopic compositibn,‘ (8’Sr(86Sr)o- An age determined in

this way is known as a model age. If measurements are made

54
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on  two or wore samples with differing values of 87gp/86sr

but which have been isotopically homogenized at time f,j it

‘is possible to determine both the age t and the initial
. r .

«

isotopic composition. The data from such a sulte of samples
may be plotted in one of two wayse. The, most popular is to
treat 87s5r/865r and B87RL/8685r as the dependent and

independent variables, respectively. ,On such a graph, a
<4 .

cogenetic suite of samples should form a straight line known
as an isochron. The slope will be equal to exp(tt) - 1 and

the ordinate will be'\intersected at (87Sr/ 86351 ), as shown in

v

Fiﬂo Se

A second way of'

representing ;he data is to treat
875r/865r and t as the dependent and 1h&ependent variables
respectively as shown in Fige. 6. To obtain a linear equation
the absissa should be proporfionay to -exp(tt) - 1. Since t
is very small, exp(it) - f £ tte In pr&ctice, computing the
value of 87Sr/86Sr at a time approximately equal to the time
of formation and joining -this point to the 875r/865r . patio
at t = -0 pm)v.i.des.~ very good approx%mation. The sloges of
the lines will be nearly proportional to the mean 87pn/86g5p
61 each éample sincev its formations The lines should all
intersect at a time equal ta the age of lsotgpic
homogenization and at .the initial isotopic composi tion
(°7Sr/8§Sr)o- This diagram contaln; the same information as
the 1isochron one but it is soametimes more useful in cases

where the\lsotoplc sys tems have been disturbed since it

glves a clearer view (0f +the isotopic evolution of the

o
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samplese. ’ﬁ

The hamples sel ec ted for dating, may be -lneral@@ i

»

separates fro

a single rock spec{zen guch as high Rb/Sr
," .9

0

micas combined Swith medliua—to-low ! Rp/STr K~-tfeldspar and
. -

apati'te, or th¢’y may be a set of whole rocks selec ted from a

single forma/tion to give a broad range of Rb/Sr valuesd. The
Yo . P

v PR

usetulness the technique depends upon the. éomplete

homogeniza tion of Sr isotopes at some time in the past and

upon the minerals or cks havlng remained closed systems .

with respect to th vement of Rb and Sr from that time to

J
the present. Initial homogenization is very likely to occur
| . b,
in the case of crystallization from a magma. If there have&
) E f \x al
been no subsequent thermal events, the mineral ages shoul%;
give the true ages of the rocke Many samples of interest,

. . filaiey -
however, may have beex) subJectfH t‘%one or more eplsodes of

ug.@e;amorphlsm of sufficient grade to recrystallize some of
the wminerals or render them op;n to diffusion of parent and
daughter element s. In this case, provided the range of Y
di ffusion has been Y{mltéd to substantially tess than the
slize of the whole rock, the whoie rock technique should
still produce isochrone giving the initial age. A thorough
review of Rb-Sr systematics wmay be found in Faure and ~
Powell, 1972.

~

Pb-Pb systématlcs—
| The Pbl%b technique uses lead lsotopes' resulting "from

two of the following decay systems:



. d

238y ——=) 206p)y + g4He + 6§;

n

235U ____.) 207Pb + 7%He + 43-

232Th ——3 208p), + 6*He + 4h‘ Y
s .

, o . s .

Of these, the most useful are the two uranium

y

since wuranium -‘isotopes are not significantly seggratqd'

during normal geochemical reactions whereas U and Th may?be.
" The most popular method of presenting the data is on a

207py/204pL versus 206pL/204py,  diagram 204p;, is a non-
’ i

radiogenic isotope. The problem of ‘1nterprét1ng tgb"Pb

isotope dist{ibutibh in a suite of rocks consists 1n.?i&t1ngv

it to a model which will normal}y be described by a =set of
episodic variations in' the U/Pb ratio of the sample at
descrete times.

v

If the U/Pb ratio . should remain constant, the evolution
: } - . .

of the lead lsot;bes over geologic time would be desc;lbed

1

by the tollowlng‘equationbff

x3 = ag + u[exp(ttg) — exp(ttyg)] s

¥1 =.bg *t (u/137.88)[exp(1!t0) - exp(t'ty)]

e

where x,; = '206pp/204py, and y; = 2°7Pb/Z°’Pb,kboth af time
t,# ag = 2°°Pb/2°?fb'dhd bo’= 207pp/204ph, both at time tg;
u = 238y /204py, at the present time t = 0; t = 0.155125
x ;0;9 yr 1, the decay cons;ant o} 238y, And tr = 6.98485

x 107° yr™1, the decay constant- of, 6 235U (Jaffey et al.,

. o s P

/ , . 3 s 1

1971). The time t _Jis measured positively into the paste Yhen
' , . 4 g

plotted on a diagram,. these two parametric meq?attons

o
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describe a growth curve as shown in Fige. 7« The valugs of ag

3

and’ bg were determined by megsuregents of the lead'isotﬁplc
L . : - . o :Q,
composition in the troilite phase of the Canyon Diablo

4+

meteorite, ag = 8.307 and bg = 10.284 (Tatgumoto et al.,
1973). The isotopic comgosition of Pp 'in the earth is
aésﬁmed to have.had the values ag and bg at ‘time toy cwhich

is referred to as the age of the earth, This may be&

B
ETY ) u

determined most accurately in the following way. There
. . o : . »

exists a group o7t Lead ores which appear to a good

abproximation "to fall ohAA slhgle\gr0wth curve. Their ages,

as determined by their position on. the 1ead‘growth curve are

\

somewhagfyounger than their geoioglc ages as determined by
. / B . ' -

[

otheér  methods, however., The'diftereApe between the lead age

B . L e A . v -
and the true age ‘becomes more prcnounced as the samples get

younger)y indicdting that the Ilf-fq a singlé stage model is

oqu an &pproxihatipn.'aﬁe samﬁTes may be fitted to a more
sophisticated model for u vardiation Ln‘theAﬁgust-mahtle
. ; ‘ . ? .

system over geologic time.* The- model 18 solved for an

4
e Y

optimumk value of *to which prodyeeé lead ages for the ores
most clqsely -utcpihg their geologic ages. The vn}ue_ uaed

» °

here 15"}0 = 4509 meye which was determined by éunmlni and
B ‘;% .

" Richarde (1975) for a model involving continuous u-

varisation. ' A~
. w?

>

'Since 'the previous equations are linear in u,. a sulte
of leads which all began with an initial isotopic
composition x(i), y(i) at time t; and then evolved in

environments of different u wuntil time t> when all the

.

¢
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. u“"
uranium wus{ removed from the system will distribute

A .

.themselves along a straight line of slope:

‘ y - yi), 1 exp(t*ty) — exp(t*to)
x x(i) 137.88 exp(t t;) - exp(lt tz)

If they continue to evolve until the present then
t, = 0 and this equntion can be solved for 1t (Fig. 8). This.

"
.

is a two stage model, The llne passes through the primary
growth curve at t = 0 and t = t;.

The general three. stage model lnvolves evolution in =a

qoﬁstunt u environment froam thqwiprmation of the earth until

a certain, time t;, theh‘fractiénation of the global system

“into various subsystems having uj(i) until a second time tp
when the subsystems',are again fragtlonated into sub-—-

subsystems characterized by values uz(iJ)s

The requlting‘genpral distribution of  points will be
fan-shaped with its apex at the lead cbmpositlon which the
systems possessed at tie The lower boundary - of “the

distrlbution will have a Slope age equal to’tz while the

.

upper boundary will intersect the prlmury growth curve at t;

0

and ﬂzf This behavior can\.bqj.most . easily” gnderstood by

£

considering Fige 9. The 1ead¥ of ' the system evolves in a

constant u environmgnt uh%il tg. It is _.then fractionested

into a number of subsyé&ems Qith varying u which all evolve
along dlf;erent growth curves until to. Since they all began
"'with the same 1n1t1a1 lead, the endpoints ~of. these growth

~.

curves must all 11? along a straight line, which will
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intersect the primary growth curve at t; and .a’zgfor the

time when they are refractionated, Jjust as in the 'two stage

modeles The subsystems are refractionated into sub-subsystems_

at time t3 and since each group of sub-—subsystems shareé%ya
T . )3

common initial 1lead, the ¢€nds of their resulting growth

curves must again lie alung a straight lines. The lines will

all be parallel and if the systems continue to"évolve to the

present, they will have a slope ugé equal to tze It can be

oA

.8een therefore that thé upper boundary of the distrlbutiop

is detln;d by the .line Joining fl.apd t2, on the primary
;rowth curve, since this represents. the systems which h&d
all their uraniuu.rémoved.duri;g the seéond stage and were
"frozen—ig“. The lower boundary vill ' be dgfIned by that
zlsochrog which haé as its iniflal'lead_the system which was

stripped of uranium during the first event at ty. The

éarallelism of —the distribution will bé more evident if the

- range of u values produéeg by the first event is limited s0

that a §kewed rectnngular distribution results. It is also

posdible . that the s8ystems may gain Llead during the
" kel .
fractionating events. This will not ‘chqnge the overall

distribution hawéver, provided the total system remains

2

.

closed.

~

(@) i '
If the fractionating events are not episodic but

instead the systems remain open to diffusion and re-
equilibration of U and Pb for a finite time, the above’

gistrihutidn would be smeared to. an extent dgpendent on the

"time interval in which the systems were open. A model

*
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: S

consisting of more than 3 eplsbdic stages would ‘produce‘ a

u

sfmilar overall d;strlbuton as the 3 stage model, provided a

. ¥ ,
sufficient range of samples were available to cover -the
. : \

complete distribution. The bounding lnes of the
distribution would have the same'vsianiflélnce, only the
slope age’ot the lowef ﬁound would represent thq‘ﬁge of fhe
last metamorphic events The presence of fhe {ntermediate
gvents may not be:evident in the general dlstriﬁﬁtl&n. A

full treatment of episodic lead models may be found in Gale

and hhssett. 1973.

o,
e




VI Results and Discusgion

R
The rgshltﬁ"of all Rb-Sr analyses are listed in

¢ 4 .
Table VI¥I. The data for the Uivak I and Saglek dyke samples

r

. ‘ R
~are plotted on an 87Sr/86Sr vg. 87Rb/86Sr diagram in Fig. 10

and those for the Ulvak II and high iron intrusives are

rlotted in Fige 11, Previous work on a set of Ujvak gneliss

——

samples indicated that they had been isotopically reset at

3545 m.y. (Hurst et al., 1975). It was therefore expected

that these saﬁpies-would plot on a similar 130th5n{.1¢ is
obﬁious, however that m;st of the samples,vitnnot ;11, have
nof’ pehaved as closged systegs with respect to éubseduent
me tamorphic events. They all scatte? about a 3600 m.y;
‘reférence Lséchfonq The Uivak I Buite is"fairly monotonous
ngh respect to its Rb/Sr ratio,‘possessing a lim{ted ranée
as ';dg.might expect froa its mineralogy. The.Ulvqg II suite
has a much wider ranée buf there is at least as much scatter
with low RbL/STr éaﬁbles tending to be too radiogenic and the
higher sqmples tending fo be the opposite. The Saglek dykes
have been just as dtfectéd as thelr'host' rﬁ:ks,‘vexhlbiting

the entire range of scatter of the gneisseé.

Various studies have demonstrated the susceptib ty of

mineral systems such as micas to remobili

/

.and strontium under me tamorphic ‘conditions (Hart, 1964;

on of rubidium

. -
Kesmerky, 1977; Baadsgaard and van Breemeq, 1970). Whether

or not the whole rocks are disturbed will depend upon the
range of migration of these elementse The lack of

'
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- Table VIII

Rb-Sr Analytical Data 70
- Nos Samele 2152Lﬁ25x '87gp/83r Rh pem Sr RRR
1 75-291D Uivak II  0.8547 3.543 201, 167
| - £.0006 : .
5 74-162C Uivak II  0.8450 ~~  3.244 192 173
. +.0007 o
%
3 74-1611 H. I« L. , 0.8037 2.706 253 2793
{ +.0001 :
4 74-161G H. I. L.  0.7713 1.700 108 185
 +.0001 ‘ : o
s 75-287 Ulvak II  0.7584 1.193 128 312
+.0001
6 75-282 Uivak II  0.7184 0.3935 ., 136 999 by
+,0001
1 75-248B Sag Dyke  0.7131 0.2495 9.2 . 107
' +.0001 :
2 75-160Z Sag Dyke  0.7434 0.9901 46 134
' £.0001
'3 74-161E Sag Dyke ~ 0.7393 0.7110 54 222
N $.0001 '
4 75-7B Sag Dyke  0.7122 0.1100 7.1 187 r
» £.0001 ‘ :
5. 75-271E L. Se G. 070893 0.1492 ~ B.9 173
s £.0001
> 15-285L P. T. G. 07878 2.096 . 174 243
“£.0001
> 74-39 L. S. Ge 0.7571 1.352 139 299
. £.0001° -
: A ‘ N\
3 74-47A L. Se G  0.7552 1.016 82 23?
+.0001 .
4 " 75-28W L. Se Go 0.7357 0.8741 136 452
o +.0001

5 75-262 P. Te ) 0.7215




oo e Seg & '
T

',Ly' i\'? R %:;w‘ 53J
: @gﬁfwifnmp <2 v 5=285C
Sk T . :
'1gf 3 75-289B

4 74-92B
- Sex S
) 1 75-285N

1
-3  15-271D
Sg;_ﬁ
) =1 1

75-287
3 74-42A
4 774—47A
5 75-271F
6 55-285c
1 74-47B
? 75-7C

3 74-298

2 75-285B"

Nul]—.
Nultl.
Null.

Null..

Nul}.
Null.
Nulla.
Uivak

Uivgak

UiVak

Le Se

Null c‘

- Le ‘S.

Uivak

II

II

II

0.7754
t. 0008

0.7833
1. 0002

0.74189

0.7401

t.0004
0.7956
t. 0001

0.7188
1.0001

0.7137

- 0e.8661

+.0001

0.7590 .
+.0003

0.8132

t.0001

. 047555
~ 1,0001:

. Lo
@%7381
+.0001

,0:7837
~ 't.0001

S 10,7322
. £.0001

0.7518

1. 0001

0.7538
+.0001

71

f’an£°?52 Bh_ppm Sx_nnmb ﬁ%-

1,600

L J
"

1.756

#1.020°

0.8668
¢

0.7181 /

 0.3214

.0.2688

§

~3.530

8

1.202

2.213

| 0.9866

0.9402
1.744
0.5292
1.201

1.014

80

29

3.5

15

201

129 -

107.

128
28
53

149

128‘

145 . i;"
) S a

49

280

313

56
32
157
167

310

" 141

234
396
49

292
35?

366
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Table VIII (cont'd)

. 72
Nos Sample ElijZin B7uh/8%%Sr KL nua S _nuD
Sex 7 ’
4 75-291F Uivak 1 0.7392 0.8828 106 349
v £+.0001 -
5 74-40A Uivak I 0.7392 0. 6830 B3 . 354
- +.0001
6 75-260C Uivak I 0.7226 0.4518 138 864 .
' X +.0001
Set_8 ‘ - .
1 74-161A Uivak I 0.7235 0.4538 117 744 ¥
+,0001
2 74-161B Uivak I 0.7227 0.4545 132 842
. +.0001
3 74-161C Uivak I 0.7390 0.7246 95 380
$+.0001 . :
4 75-260B Uivak I 0.7336 0.6269 g2 425
: +.0001
5 75-320 Uivak I 0.7465 C1.016 . 149 424
. 9 a i .
6 15-296A Uivak I 0.7480 0.8487 ‘121 414
+.0001 :
Set 9 . ' : , .
1  74-161D Uivak II  0.7407 ° 0.5464 | 25 132
+.0001
2 74-162A Uivak II  0.7425 0.5858 24 118
) : +.0001 :
3 75-297L Uivak II  0.7312 0.5147 74 416
: +.0Q01
4 75-297F Uivak II  0.7283 0. 4840 73 . 433
J . +.0001

He I, I+ - High Iron Intrugive
Le S¢e Go — Late Syntec tonic Qranite ‘ , -

@P. T'. G. - Post Tectonic Granite

o
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susceptibilitfbof Rb/Sr systems ,ini_wholb rocks’ indicates
that under many cicumstances the \?Q and Sr will become
. ( J:‘) \\ -

répidly trapped in minerals having a l&y chemical potedtiul

/ Tfor. these elements (such as K—feldspaf}\beiore.they have a
- NE

_chance tdinigrate far. Many studies have - shown, however,

that whole rocks can become partially open systems during

thermal events ( Wasserburgret @1.,1964; Heier and Compston,

1969, Cumming . and Scott, 18763 .Krogh And Davis, 1973;
. N ]

Bofmahn,‘1971) or even chpleiely reset by  them (Taylor,

11975). ~. . 3 )

A : . ’ . 1 .
It is clear that if the scale of strontium isotope re-,

equif%brntioﬂ aﬁdep migration 1s”much lese'tﬁan the glze af

' the specimen, the whote:rocxs'shouldy,faliy on an isﬁchrén

recording ' the iqlfl;l{}@ge' of the éamp}e. Folloiing<tﬁ;

argument of Roddick dndXQOmﬁston_(1977), the 'format;on may

be visualized as cons;s¥1ng#;fﬁ? s?t otw;uesystems each of
¥ S % T

W
which 15 Just large enouah to have“an g;4§r ratio equal™ to
that of the formation ae & whole. 1f the range'ot migration

is larger than the scale of one ‘such> subsystem, then the

whole rocks should fall on an isochron recgrding the age of
the metamorphic event. If it is less than this volume but

larger than that of the sample then a scatter will be

i i ' : - v
obsgrved. 1 ‘ .
y : :

There are a nﬁmbei of arggments which guggest that the

events affecting the Uivak gneisses 1nVo1qu only limited

- . . 3
‘

{ ‘ 5 '
nlgratlon of Rb and Sr vlthin the formation, without any.

large' sca le lntroduetlon of  material from outside. The

. : N L
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Uivak I érey.gﬁelsses exhibit a f;irly narrow range in Rb

qohééntratlon-‘ The Rb déncentrafion of ’ ib ‘érey‘ éneisa

¢ . "., . .

;nmples'as reported by Bridgewater and ‘Collerso (1975)
' .

varies betwggh ﬂ?O prm. and 45 ppm with a mean of lll)pﬁm;

‘ . A .
- The Rb contents of ‘five grey gneiss samples which fall on an

isochron form an evengnnrrbde%ﬁd;sributlon with a -‘mean of

122 . ppm and a range of 103%137 pPpme The'present ten grey

) ‘o

'gnéisses have a -mean of 116 ppm and a range of 83 ppn to

°

149 £§m§: On1y one  sample }allé'slightly outside the range

 a1though limited Rb migration Qbetveen fhe rocks may have

exhibited by the previous ten sauples. There is theretore\no

€ oAy ‘

«

overt evidence of Rb metasomatism in the group as a whole,

w

‘occubed- In view of the rather monotonous mlneralogy{ﬁand

limited range in Rb/Sr values for the suite it also ‘seems
likely that the smallest volume ha;iﬁg~ a Rb/Sr ratio

characteristic of the formation as a whole would not be very
. B -

that there is no secular variation in Rb

larges Thie assupy

and Sr concebtfatlon wi thin the formation. This sdggests

that the range of migration may not have been ve}? . great,

7

perhaps comparable in scale to the size of the whole rock
specimén.

In the case where the mobility of the'elements has been

¢
1 "

limited to an exchange between the various subsystems within

the formntion.qi lower limit c¢can be estabilshed fbn the

value of theiv3i8r4°°sﬁg6t the end of the last metamorphic

evente This cannof'lbe lower than the Tratio, that the
. . .

fornaflon began with at the time it was first complétely‘
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'
!

homogenizeds In view of fhe work of Burét‘ef alese (1875), it

'

sSeems reasdnable» to assume that a pervasive homagenization

X

: ‘ : . . N
of the Uivak gnelsses occured at about 3545 m.y. and left

the formation with an initial ratio of about Qp701; It is

therefore possible to establish an upper limit to the age of

+
the last metamorphic event which disturbed the Rb=Sr systems

a

in the roc¢ks by drawing a reference isochroﬁiywhich' Just

A

bounds the A lower scatter of the samples and pﬁssés through

the initial ratio of 0.701. Thisvls'dohe in Figures 11 and

12 and shows fhggvthe.last metamorphié event could not have

occured much bef&fe 2900 meyeo The‘scatteé“ls much too great
« this would have
¥ ‘& ?

'1ial value for the

to have been produced at 3545 mw.y. si

required ratios below 0.6399, the priw

earth At the. tiwme of its forpatibn' (Pnpapastassiou and
. . < ) .
Wasserburg, 1969). Generally % samples might be expected

to scatter between the i/sochron }epresentlnd " initial

hohogenization and isochraon for the last metamorphic
event. There would probably be some tendency for the rocks

to scatter above the initial isochron for low values of

Rb/Sr (giving very high model ages) because of 387sr 'galn,

"whereas +they will tend to scatter on or below the isochron

for higher Rb/Sr values‘because of 87sr loss.

Although it hab beeq'demonstraxed that common Sr can

»

}4§Bme mobile under ﬁetmorphlc conditions (Krogh an& Davis,

1973; Baadsgaard and vﬂﬁﬁﬂreemen,,1970).,1t seems reasonable

that Under most conditions.its mobility on the  whole rock
’ »

scale would be much less than that of Rb and the radiogenic

>

7]

T
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'

component of strontiume The pulk of the normal Sr component:

'is . usually dispersed within the feldspars where it is

{ i v 14
securely held wlthﬁn the host latticee. The results of Hart

~'(1964) suggesf that the teldepar'tattice strongly retains Sr

¢

under’ elevated thernal conditions. The radlo&enic.component

is usually present in a foreign lattice from Qh;ch it will

¥

have a greater tendency .to diffuse.

-

Tbe‘ strontium isotope deve lopment of the Ulvak I

sampLee, extrupolated back into the past, is plotted in

figures 12, 13 and 14. For the reasons outllned above,ane‘

l
?

qssumptioﬁ wiLl be_mq 'thatﬁthe range of Rb cqncentrations

. . 2% o ‘ ‘ .

observed  in the er v gnelds ‘auitewwpyx Bridgewuter and
. - . K ,.,;,a‘fs

Collerson is representative of those rockl ‘at 3b45 MmeYe and

o e . v!

] -
that the Sr concentration of each rock haé‘regained constgntc

.;'{

since that time. It is then posslble tﬁjaccompany'édeh‘g%ck.

£

by qn‘envelope computed from the normal Sr concentraf‘on "of

the rock and the range of RD concenfratione observed in the
; . N P ,
formation as a whole. This sets probable limits on the

’

isotopic devlopment of Sr in the rock before the last.

N
,

me tamorphic events " The lower scatt;r of the samples

indicates that they must have been affected at or after

2900 m.yes« U=Pb data on zirconsg from these rocks and others
in the comblex (Baadsgaard et al., 1977) indicate that these
systems became vcloeed to urdnLum_ and lead .at abouf

2500 meYeo The envelopes are therefore terminated " at
2500 meYeoo Assuming for simplicity that only one episodic
/ . : y: . 28,

DY .

v

N : - &
"fﬁegx disturbed the whole rocks, then this, event most
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_ probably occured between 2900 mey. and 2500 meyes In this

case, the isotopic evolution of the rocks can be described
by two straight lines of different slope. One line begins at
3545 m.y. and procedes within the enveiopé'to e time

petween 2900 muy. and 2500 m.ye.. The path of the Sr otopic

"

extrqpolated‘ backward from+ the present. Itv.there is no

movement of radiogenic 87Sr{ the slope but not fhe position

* B

of ‘the line will be d15contlnuous at the time of d;sruption.

it thére is %oyement 'of hot% Rb and 87srg then pboth the

)

this point,. Fron this anﬁg&rnt 1t 1s°possible.to see that
i ' ’

sample 291F has almost cer%ainly lost 87Srg during a thermal
. s . .

event. Sample 320 may have lost 87Srg while 296A may have

gained. A combination of gain and loss . of Rb and 87Sr@g can

explain the histories of the others. Samples 1614, 161B and
2600”-whlch plot almost togetherfon the isochron diagram all
appear ﬁo havegiost 875rg and/or gained Rb whereas QOA may

have gained aisr@ or perhaps lost Rb. Samples 1610.A260B and

298 appear to have been 1lttle”q1tered.- .
. I ’ . >

The Uivak II sanples the less weLl constrained Rb

values. Thé!r Rb concentrations are spread over a very wide

<

however is roughly that of the grey' gnelsses. Their Sr

/ ’ .
evolutionary paths extrapolated backward from the present

1 . 3 . -

are plotted in Fige 15, If an exceptlonutiy low ‘Rb samgle

such as 162A'lost its Rb through a mefamorphic eyent, then

evolution then changes to the other line,  the oJé'

o slopewand the posi tion of the path will be dlscontinuous at

+

range from 24 ppm to 210 ppm. The mean .of all the sampL;;_A

1]
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<

it must also have lost considerable ampunts‘of 8?7grg. If, oOnN

the other hand, one such as 161D had about the same Rb

\
v

content from its initial résettlné at 3545 m;y. then 1t must

have aalned a great deal of 875rg.
. The high Fe203 plutonlc suite, which intrudes the Uivak
Y—cmv% ‘ . )
gneléses is of uncertaln. stratigraphic age. Zircons from

" poth 1611 .and 161C have glven ‘ages of 2600—2700 Me Yo

(Baadsgaard et al«, 1977). They fall dlstlnctly below the .

~

L %’5”‘% i

séatter of the Uivak samples. An upper. bound to ' the time

wgen they 'gecametrclbsed can be establléhed by'fihdlng the

. . . . oy

lsochronﬂéwhlch encompasées tth' from g%low and péSses

_‘through the snallest posslble 1n1tial'°7Sr/°°Sr ratio, about
0.701. This is found o be 2600 m.y.-vIn-vlew of the zircon -\
dat;, this ls probably not the age of - intrusion, but an &age

| of clésure to mlgration of RD and Sre Agaln, thé'Whole rocks
ngé probabir not been completely reset slnce.an ;20chron
drawn between the izb‘polnts'vould glve an age of 2200 MeYs ~
which is 1mprobabix lowe ,

The samples 'fromvthe Nulliak assemblage supracrustals -

behaved similarly to the Uivak gne;ssés. As shown in Fige 16°

théy have a somewhat lower sthter qnd$ are bounded by a

2700 m.&. isochyoh passing through 0.701. U-PD measufements i fv

on z;écons from Q2B aﬂd 285N showed them to be,rulmost ' o '

conéordant at about 2500 meye (Baadsgaard et aley 1977 ).

285N shas obviously had its 875p/86sr ratio increased
] ' .
enéfmougly at some point in its history (Flg..17);

7

One might eXpect.fhat undaf me tamorphic condi tions in
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which 87Srg is moblle but not common Sr, rocks'hpvlng_n high

.

a0
o B i

concentration of Sr would be affected less than ?hoée having

a smaller concentration. This effect nppearé to be Evvident

2

El

with the supracrustala since the rocka'ﬁhich give high model

- ages spch,&s.ZSSN and 285B contain relatively small amounts

'
¢

of common Sre The effect may 'be masked ‘. somewhat by the

.
?

3

diffusion and redistribution of Rb. One-problem concernling

the behavior of whole rocks with respect to strontlumglunden

\

metamérphic'conditlpns is that even if conditions are severe
enough to cause complete remobilization of Rb and °7Sro

within the formation, the rocks will never appéhr as closed

-

systems unless the common Sr is remobilized as well to

- .

produce a uniform initial 87Sr/88gyr ratioe—Fhis may require
extreme conditions, perhaps involving partial or even

complete remelflnd.
The late granites might  have been expected to ha ve
-, ) - ' ‘ ]
behaved és closed systems. Including 47A and 47B however;

they exhibit the ént}re‘rahge of scatter of all the samples
considered so far. They are just bounded by the 2700 mey.

mantle-derived reference isochron as shown in Fige. 18. Even
he two‘post tectonic granites) which exhibit no evidence of

N

eformation, cannot.fotm an isochron since the age of about

900 me.ys would be too highe U-Pb analysls of zirconmns from

P

these rocks shows them .to be about 2500 mey. old (Baadsgaard

et aley '1977), Also thﬁgﬁln}tial Sr isotopic eomposlfibh
would be too low for® the mantle at -this timee. It must be

ponélg@ed that the post-tectonlcfgranltes inherited @ariable

3

v
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.
L -

amounts of rddiqgenlc érustal Sr'. As shown in Fig. 18, a

St

sample such as 262 cbuld notfhave inherited very much since

)
'

jts initial’ . ratio at 2500'm.y. is only slightly above the

Q
mcntle'value. on the othervhand 285L may have been formed by

remelting of Uivak gneiss‘maigrial since 1ts initial ratlo
at 2500 mey. is about equal to that which. the Uivak gnéisa

would have had.

s

Similarly for the 1ote syntectonlc granites,' 47A and

47B appear to have incorporated large amounts of crustal
strontiume. Ihe'others scatter about mantle-derived isochrons

of about 2700-2900 meye.. Thefe.ls no evidence ' in any case
N 7

that the late syntectonic granites form a cogenetic suitée.

- * [ b

All that can be gsaid is that their initial strontium appears

to be governed by an &dmixture of a crustgl component and a

fl .
/

g
The Pb-Pb results are listed in Tablg IX and plptted on

mantle component.

a 207pp/204ph  vs. ?9°Pb/2°‘Pb diagran‘ln Fige 20+ As with
Rb—S¢ they exhibit a broad scatter and, in fact the different

sultbs‘ are; virtually indlsthgulshable from each other
. . 7 :

within the scatter.

r

c3 -
The Uivak II sui te, plpttedvfh Fige. 21, is the most

radiogenic. There are on ly four samples but theyh form a

I3

tuifly dood line with a slope age of about 2900 m.y;m The

Uivak I suite, also plotted in. Fige 21, has much more

M

scatter. Some of the samp{esznere done tgice, once by the

v

3 : .
author and independently in different laboratories an? on

different w®ass specfrometers.»Tbese replicate measurements

¢
-

N

N
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Table IX

Pb-Pb Analytical Data ‘ - g1
Nos W 206Ph1200ph 207Pb/2062h ZOGPbIZO.Bb
1 74-47B L. Se. Go 124727 ¢ 13.956 34.622
| ) . 001 © £.001 T 1,006, .
2 75=7C L. Sa Ge 15.402 145036 43.619
| . +.003 © $+,004 +.014
e ¥y T ' .
3 74-208 Uivak I 16216 15.272 37.268
- ‘ +.016 £.015 +.Q037 |
- 4 75-291F Uivak I 16379 14.976 37.154 .
3\ » : +.008 +.008 +.021. :
/ ) . " . Y : a
- 5 74-40A Ulivak I 17.041 15.154 38.133
. ‘ +.004 . £.004 $.013
6 15-260C Uivak I © 18.353 15.482 38. 690 o ' :
. +.007 +.007 $+.018 |
1 74-161A Uivaek I 15.680 14.595 34.795 M
‘ .+ $.010 +.008 t.017 '
. : . QS.
2 74-161B Uivak I,  14.307 14.290 . 34.267
+.011 +.010 +.005
3 74-161C Ulvak I 13.700 © 14.133 35.346
£.009 +.003 , t.004
.4 75-2608 Ulvak I 13.979 "14,188 38.688
’
5 175-320 Uivak I 15.986 14.593 . 035.984 »
6 75-296A Uivak I 16.300 . 14.890 35.874 :
- +.018 +.019 +£.038
» ] .
"1 74-161D Uivak II 20.5289 15.566 . 36.825 \\
‘ +.030 $+.020 +£.035
2 74-162A Uivak II '16.943 14.693 34,696
3 75-297L Uivak II 16.104 14.635 40.643
+. 005 +.004 +. 020
4 75-297F Uivak IT  15.721 14.548 . 40.382

te.011 t.010 , t.031



Table IX (conk'd)
207ph/204py £08pp/204pQ92

Noe Samele 206pp/29%pPp
Set 10 '
1  74-47A L& S. G. 13.202 ‘14.126 32.778 .
: +.004 +.004 +.010
2 95-271E L. S. Gao = 12.758 1M.011 32.325
: +.001 $.003 t.006
3 95-271F *Le Se Gos 15.255 4.628 35.538
+,002 +.002 £.005
4 75-28W, Le Se Ge 13.297 14.230 4~,c$n
£.007 %008
5 75-285L Pe Te Goe 13.463 14,084‘
: +.002 i _£.004
6 715-262 Pe Te Ge 15.183 14.338
+.025 t.034
I  74-161A Uivak I 15.495 '14.532 34.634
2 ' 74-161C Uivak I 13+ 711 14.205 &5.622
- 4,002 +.003, +.009
.3 74-161F Uivak I 13.962 14.117 34.533
+.002 +.,003 +.009
»,
4 74-40A Uivak I 13. 891 14.290 37.322
+.001 $,002 +.008
5 75-260C Uivak I 16.005 14.469 39.525
! ) - +. 006 +.,005 +.018
6 74-161E Sag Dyke 18.391 \ 15.226 37.413
+.004 +.005 +.013
74-161A Plage. 13.350 14.184 2.920
+.002 +.004 +.012
74-161C K-felde 12. 756 ' 13.960 2.818
+.005S +.005 +.020
74-161F Plage 12.525 13.832 33.135
+.006 +.004 +.026
74-40A Feldspar 13.036 14.013 33.896
£.007 +.008 +.026
75-260C Plags 12.935 14.170 33.1553
+.020 +.020 +,068
75-260C K~feld. 15.554 14.577 35.394
+.011 +.028 +.068




are Joined by tie Llines. Most of the’ déscrepancy can-

.

probably - be accounted kor by 1nh6mogenelty in éampllna,
sinéedsome.of the_qa:pleé from which Pb was extracted during
the Rb-Sr separation process were very small, down to 50 mg.

It can be seen from the scatter that the Lleads have
undergone. a comptex. history. Leads in fd:dspar ninerﬁl
separates from ssome of the samples were hanalysed and
compared 'with.'thosev from the correspoﬁdlng whole rocks to

. W .

" determine whether this would reveal a possible ¥ stage
history. The whole roxk analyses had been redene by the

¢

étanda;d Pb extraction procedure usingbsamples of aboutllig.
However, the tie lines between the minerals and their w;ole
rocks, plotted in Fige. 22, are not parallel and ﬁave‘slope
ages from 3600 me.y. to 2500'm.y.. The- U}vak fe%dspars are
also ‘' distinctly different from the Amftsoq "feldspars
(Baadsgaard et al., 1976), . - . o

It seems highly‘unlikely that tpe Uivak feidspar ’le:ds

rare inherjited from,'a ce 3600 meye @evente Not only do they

show a rather broad scatter, but they plot well to the right

of the 3600 m.y. iéoéhnon passing through primordial -

‘troilite leade. The striking similarity in structure and
stratigraphy of the Uivak and AmTtsoq sul tes makes it
reasonable ‘to hypothesize that they form gart of the same

conmplex. The Uivak gneisses shou}d therefore have possessed

leads 'of similar isotopic composition .  to the Amftsoq-

feldsparseatAabout 3600 m.&.. Under this assumption, it |is
. _ . . i ‘
possible to develop a quasi-3 stage madel to explain the
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present day distribution of feldspar and\whole ' rock leads.
This will only be a rough approximation to the true
8l tuation s8ince the Uivak anq}sses appexr to have been

’ \ X . ¥,
fractionated by ;(3amorph1c processes about®>100 m.y. after

* .
the AmTtgoq gneisses, so that we are dealing with ag least a

4 stage model in the -strict sense. Hqowever, scatter and

uncertaintles in th; da ta do not Justify a more detaliled
mode l.

[deally, if the system had' been fractlohuted at
3600 mey. and then durinh some later episodic event.thé
feldspars had been e;ujiibrated with the whole r;ck, thé
whole rocks remaining c¢closed systemé, one wou1d exsect to
see the Uivak feldspars aligned with the AmTtsog feldspars
and the line. should int;rsect the primary g?bwth curve at
3600 meyes and the da;e’of the second event. The whole rocks
should walso be aligned with each other and w}th the Aml tsogq

~

feldspars angd have a slope age of 3600 meyese This 1in fact
would reduce to ’% two stdge model since the whole rocks

would not see the second event and the feldspars would serve

to record it. Individual whole rocks should be Jjoined to

" their corresponding feldspars by parallel lines having slope

ages equal to the age of the second event. As we have sden,

this is not the case, although with the exception or 298 the

whoie rocks do form a broadly rectangular distribution with
the feldspars having an average slope age of about

2800 m.y.e The feldspars also have a fairly broad scatter in

4

the direction of the 2800 me.y. isochron. This  behavior |is
))
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most likely due to two reasonse First, the second
me tamorphic event was p;bbably not episodlice. As has: been
"seen, the Rb-Sr distributionulndlcates that the Uivak whole
rocks could not have become closed to diffusion ot RD and
radioaenlc Sr at a date earlier than 2900 mey. and the more
suSéeptlble Nulliak assemblage samples could not have been
closed much earlier than 2706 MeYeo Zircon, * sphene and
apatite data on the same roéks give ages much younger than
this (Baadsgaurd et aley 1577)- The Ul?ak zlrcons hacz
evidently been partially reset by an event" at roughly
: 13
2500 meyeo The sSphenes are highly colinear, giving a slope
age of-2530 meyes The same 1is true of the apatites which
glve a 'slope‘ age of 2435 meyee It s;ems likely therefore
that high grade conditions, allowing Lfﬁ?ﬁed diffusion of

~

lead, persisted for several hundred million years after the

. /
onset of the granulite event. This would account for most of

3

thé lateral scatter in the feldsparse. Second, not oﬁiy we re.
the who le rocks open to diffusion of U and Pb but this

o a

diffusion and re—equilibration wasamost_ likely incomplete,
leading to a variable mixing of lead between the samples and
a fractionation of the u §alues. These processes should lead
to a_broad rectangular distribution of ‘points which is what
. . _\ B
is observed. AsS mentioged, the only salient gxceptlon to
tpis puftgrn ijs sample 288 which |is enriched in 297Pb.
"Interestingly, this sample also happens to lie almost on the

3545 meye Rb—Sr isochraone. The rock cannot have. remained a

closed system with respect to both U and Pb however, since a

e
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line of slope age equal to 3545 m.y. running through it does
not meet the A-Ttsoq teldspora but strikes the top of the

distribution of Ulivak feldspars. This could be explained |if

the sample had had an unusually high u value between

3600 m.y. and about 2900 m.y. and had then Llost uranium.
Similarly, the other“'.b samples .yhlch népear~ to have
preserved thelr‘Rb—Sr systematics relatively well, 1910 and
.268, both lie to the left of a 3545 m.y. isochron passing
through the Amlitsoq feldspars. The only one that has a
feldspar separate is 161C. The s lope age between the
feldspar.nnd the whole rock is about 32OQ ;.y. which may
lndlcaté incomplete equilibration of lead in thé feldspare.
It is possible to test this model for consistency by
looking at the relationship between the.leads in theé ATTtéoq
and Uivak feidspars. Drawing a line which ‘passes th;oughvthe
AnTtsdg feldepars and the left edge of the scatter in the
.
Uivak feldspars, the u value for the growth curve which is
intersected by this line at 3600 msy. is calculpted to be
760 The second intercept age will then be 2840 meyee This
should represent the latest age for the onéet of thef7s;cond
metamorphic event, possibly the granulite -f;cies evente
Considering the pncertﬁlntles, it is consistent with ;he
slope age of the distribution, s€en to be about 2800 meye.,
and with the Rb-Sr closure age ot t he Uivak gneissess. It
also closely approximates the age of the granulite facies

me tamorphism in Greenland wh@ch was measured to be 2850

+ 100 meys. (Black et al., 1973).
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Pb-Pb_ measurvmentu an Amftuuq whole rocks (BDaadnyaard

et al.s, 1976) have Indlcated that theme rockms werae- reverely

v

depléted in urant um at about J600 m.y,e. They are in many

‘ ‘ .
cases only ul"!ly more radiogenic than their feldupnrn, It
would appear from the da ta however that the Uivak whole
rocks were not 8imilarly depleted but Pcontinued to evolve

with a higher u until they had the Present composl tion of

thelr feldspars at about 2540 meyeo. At this time an event

- occured which refractionated the U/Pb ratios. The Ulvak I

n

rocks appear to have all lost uranium whereas the Ujivak II
sumplee] were less affected and in at least'one case, gained
uranium. The, changes in u may also be due to ygain and loss
of lead but this 1is .geqchemlcally Fess likely to ha;e
occured,. Thesq chadges in u are not surprising in ';lev of

[ - '

the episodes of pPervasive granulite facies metamorphism

. .
which appear to have affected the area. It is known that
rocks ‘which have be”en;r Subjected to intermediate pressure
granulite facies metamorphism and ﬁ}uher grades “are oftén
severely depleted in U, Th and Rb (Lambert and Heier, 1867,
1868; Heiér and Thorenson, 1971). Tﬂrls not as consistently
depletedr as U, while Rb is depleted more than K, leading to
high K/RL ratios. In amphiboli te facies gneisses the Th and
U shbuld be present mainly in the)gpidote minerals and
zircons while the Rb will pbe concentrated in the micas and
K-feldspar. Epidote is not stable under &ranulite racles

conditions. The micas al so break down to form K-feldspar

Plus other reaction products with no affinity for Rb. Ihe Rb



doen ot appea to *nter (he K-folduwpar 1t e ovidantly

lomt along winn U and 'lh.(llulcr, 1H73)e The fa.t that wmodlum
to iyl presmeure dranul | te fad lon dlolumen are domew) at
WmPletoed 14, willca with l‘m.]';\' to equlivalent o km of lower
me tamorphi drade sugygemty that the U, 1n aiqt Rl may enter a
me |t phase and migrate to higher cruntal lovelan., 1ater
l‘utx‘u“rnunlun.t'rnn dranullte tg anmphibolite Mrade doom not
appear to af tect the trace cloaent COne ontl‘nlluun.

The low u valuen and Pbh leotopile o ompost tion of the
A-T!H()q foédnpnrn around Godthaal Husdgoent that thae, ma) liave

v

been subjected tg¢ dranul i te faciom metamorphive at smome time

shortly betore J6(00 MeVeo The Ulvak ynelnmes =ay ot Tave

*been 8iwilarly affec ted becausne they were at a shallower
. N .

‘crustal level. On the other hand, ir Bridgewatear and

Collerson are correct in asmsuming that\the svent dated at

J354S m.y. represents me tasomatjc addition of RD to the

crust, then these fluidg would have alao probably contained

uranium, Perhaps enriching the presently exposed level: gt
4 Labrador crust in the trace elements jt had lost through a

kol

previous granuli te faeles:metamorphism.

There are two intqresting features about the leads
ex tracted from the late and post-tectonic grani;eﬁ (Fig.
23). One is that most of them are as non-radiogenic as t he
Ulvak feldspars, which lmplies that thesge samples contain
almost no uraniuﬁ. The other feature is that they plot in

the Samxme position ag the Uivak samples and exhibit the same
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be interpretgd by saying that the.granlteg resulted entirely
irbm the tdslon of crustal material. This s&eems unlikely in
. . p /‘/ .
view of the Rb-Sr data, how&@er, because many of the samples
preserve ev;dence of an initial Sr isotopic composition well
a
below that of the average 1Lr~ the 619ak gneissese. It is
.cbﬁteivgble that the rocks could pave been derived from a
‘miiture of crustal and differentiated mantle material 1f the
mant}e tapped by .the 1nt;usions had a lead isotopic
composi tion very close to that of the Uivak feldsp&rs at the
‘time of gfunltl%”;ntrusion. This would mean that this
section of the_nantle waes distinctly less radiogenic than
predicted by the Cumming and Richards model . Therevis
evidence that this may indeed the been the case since t he
isotopic ratios of the leads fromfthe'Nﬁk feldspars plot
well.within the range of %he Uivak feldspars and late
granites (Baadqgaard. pers. comse. )¢ AS has‘been mentioned,
the Nik gneisses display uniformly low initial 37Sr/°°Sr;
ratios and a;; considered to have been derived from the
mantle. The very low u values of the granites are in
conflict with this model howevere. Ur;nlhm should .be
concent;;ted very stronély in a partial melt, at least as
wmuch as 'lead, so that If the late granites were derived by
partial fuéion of .either mantle material or the Uivak
gneisses as vq,now cee them, they should possess reasonab ly
high u values. Most of the late granltes ~however are

distinctly less radiogenic than the least radiogenic of the

Uivak samples.
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It has'already been mentioned that one way of severely

depleting rocks in'ﬁranium is to sub_ject them toimedium or
high pressure granulite ‘tacles_ metamorphism. Fleld  and
petrogpaphic evidence indicates that these rocksv;ére never
subjected to granuli te facies metamorphism, moreover t he
average Rb. concentra tion of the la te syntectonic g&rani te
samples is only slléhtly belbw th;¥ of the Uivak gneisses
although some individual samples suéh as 271E do appear to

be quite depleted in Rb. The two post—tectonic granites have

Rb concentrations than +the Uivak I

gneissese. .

The‘,lead evidence suggests that the source of theéé
rocks must have been severely depieted .in uranium and it
would therefore have most likely been d'deeper'crustal layer
which had been subjec ted to ét least pyroxene granuli te
facies metmorphisp. Furthermore, the isotopic gompdsition of
the leads indicates that the granulite event a£fecting‘ thq
source rocks must have occured ve}y shortly before the
intrusion of the grani tes. This would presumably have been a
result of the ce 2850 m.y. granulite event. The metamorphism
would flrst‘have removed almost all the wuranjum from the
source rocks. Partial fuslon of the residuum would have
later formed the grani tes which ;ere intruded into ‘fissures
opened along the axial.planes of tolds resulting from late
stage dgformatlon of the complexe. Rubldigp would have been
depleted in the residuum also but not (o the same degree as

uranium. Partial fusion would have tended to concentrate the
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avaijlable ‘rubidium in ~the granltlc‘_melt -1 th;t the
‘resulting Rb concentrations in the qranites may not appear
éeverely depleted. The depletion in thorium appéars to‘ have
 heen quite unpredlct;ble.v Although many of the late
éyntdét;nic,granites have low <208pp/204py;, ratjosy, two of
‘themy 28W and 7C, have extremely high rn%ios despite the
fa;t that botpv ‘these samples have very low 206p),/204py
rat{os. Also, both’posf—teétonic granites exhibit very high
2°8P£/2°‘Pb ratios. This lack of coherence between U and Th
1s'ev1dent in the Uivak gneisses as well and appears to be a
common effect of high graée me tamorphism,.

The. apparént non-radiogenic nature of the initial
stnontlumﬁfn many of the samples’ still remains to be
explained. The;e is no definite 'cor;elatron bqtvéen the
initiatl 487Sr/°6Sr r;tio of the grani tes and their
206pp/204pp ratiose. Thd three samples which should have the
highest initial ratio all have non—-radiogenic lead whereas
thé ‘two "saﬁples‘ Qlth relatively radiogenic lead evidently
both had low initial ér ratios. Since the metamorphic event
must have occured lmmediatélyv before formation of the
granites, the Sr in the ;ource rocks would not have remained
long in an Rb depleted.environment. o

The easiest way to explai* the.observations would be to
~assume that the laté granites were not derived from Uivak
gne;ss alone but from a mixture of me}amorphosed Uivak

gneiss and more mafic material having lower 8735r/86gy

ratiose. Suchﬁpaterial could be derived from partial melting
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of the Upenndblk supracrustals which are known to have been
tectonically 1nterleavedkw1th the Uivak kneiéses beforeé the’
oégurencg of the latest granulite facles evént. The non-
uniform nature of the initial Sr 1sotop1c éomposltlon could

pbe explained by different proportions of amphibolitic andJ

.

‘gneissic materiale /

Foi

There are se;eral other interesting hlthoughd more’
remote possibilities for explainlhg the Sr d&ta from the
late -Vgranitgs; It has> already been .emphaqized that
radiogenic Sr and common Sr can behave differently under
metamorphlc\ conditions because of their locations iﬁ the
rocke. Much of‘the radlogenic' component of the strontium
:ould have been concentratéd in thé‘mlcas and would have
been LlLiberated from ~them, when they: decombose¢ uﬁder

.
granulite facies metamorphism. It is conceivable that a

great qealhof this unsupported 87Srg could have escaped from
the system in ; fluid phase along with U, Th and Rbe. Whethe?
or n;t thislwlll happenAdepeﬁdg upon the tendency of the
feldspars to trap ' the strontium before it can escapeée.
Evidently -this méchanlsmlls not effective in keeping the Rb
':1;h¥n the sysfem although the smaller, more highly charged
Sr ion may be trdpped more easily. This probably yappens. in
many éases. The results of Baadsgaard et ale (1976) showed a
great deél of ug;upported'878rg in the plagioclase as well
as in epidote and apati te m%ne;als se para ted from the
AmTitsoqg gneisse.

\ .
Some paragneisses from the Grenville province of
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Ontkrio have been ogserved to possess oxyéen isotopic ratios

.which are lower than the sedimen tary sources of these rocks

(Shieh. and Schwarcz, 1974). It was suggested that the oxygen
isotopes had equilibrated with a reservpir froﬁ the mantle

and that this mechanism might also;bg effective in lowering

: : . .
strontiunr isotopic ratios on .a regional scale. . S38ch a

. -

phenomenon. was suggested by Pidgeon and Hopgood . (1975) to

explain‘ their Rb-Sr and U-Pb‘results on gneisses from' the

; 5 ) i
Frederiksheaab area of Greenlande. '
- /

Large scale movement of strontium is a radical model

and isﬂp;obably unnecessar; for explainlng.the present data.
It 1skimport£;t never theless to establiSﬁ whether or not 1tv
can;occug. If it can, it opens up new posslblli;ies fof the
origin ‘of forma tions su;h as the NUk. Such ;odels, if t;ey
_;;\Sp)bhave any vaiidlty, suggest that the ' major éprtb o¥  the
. — . _ .
continental crust may have been formed very early in the
earth's history and that the rate of addition of . new crust
may havs been very much less over fhe course of geolog%c

time thén has been indicatéd by more conventional Rb-Sr

models (Hurle& et al., 1962).
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Movement of Rb and 87Srg has taken place in the Uivak

,dnelsses on a limited scale. . Aboutl the only’ information

a J

which can be derived regarding the chronology of tﬁe rocks

from their scatter on an Rb-Sr diagram is an estimate of the
. , _ .

earliest date at which they could have become crlosed

°

systemse. For the Ui vak gneisses this \date .13 about
2900 ;.y.. The Pb-Pb resg}ts on the Uivak whole }ooﬁs an&
feldspars extracted frg; these rocks exhibit a dtstflbutloh
which can be explained by'evoluiion from lead of °;mTtsoq
feldspar composltion»at abgut 3600 me.ye. qhd refractionation
at about 2850 mey.. If this model is correct, it impl{es
that tke Uivak gneiss did not have its U/Pb ratio,as
severely -fractionated af about 3600 meye. as the Amitsog
gneliss. Pb-Pb data on these rocks have indicated that the&
acquired extremely low u v;Lqes at this time (Baadsgaard )et
al., 1976). ' \\

The Nulliak aésemblagﬁv supracrustals appear to have

ot ’ ?
_become closed systems at 2700 m.y. or later. Similarly, the
b]

earliest date for closure of the high iron intrusives is .

. $
2600 Me Yoo

The earliest reasonable date at which the late granites
could have hecome C sed systems is aboutv2700 meyes Many of
. 3 v
the samples prese e evidence of an initial Sr igotopic
composition well belqﬁ tﬁ;ﬁ of theanverage for the Uivak
' 5

gneiss. Others however could have been derived entirely by

106
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fusion of crustal material., This appears to be true for both
the tate syntectonic - granites and the post—tectonic:

granites. Many of the granites are quité non-radiogenic

(depleted in uranium) and their distribution on u.Pb;Pb
diagram is Lndlatlngulshable. from ;hat of the Uivak .
éneissés. Their Pb isotoplc ratios appear to Qe well below
fhe ma;tlevavérqge at this time.

, The unradiogenic nature of the leads suggests that

thesé rocks were derived by partial fusion of a deeper

o

crustal layer which had been subjected to at least pyroxene

8
,

granulité facies metamorphiém leading to severe uranz:;\\\
depletion at some time shortly before the‘injruslon° of the
grahites- The variable nature of the Ln{ﬂial strontium

isotopic composi tion implies thaf« this layer must have

consisted originally of variable amounts' of high Rb/Sr

felsic material such as the Uivak gneiss and low Rb/(Sr mafic

~

materlal possibly derived from the Upernavik supracrustalse.

In conclusion, the present data along with .fielq»

N

evidence and other isotopic and chemical data from the North

Atlantic Craton ™are compatlble_ with a model involving

crustal thickening by dominantly horizontal tectonic
a . ; “

processes in a region of high, pdssibly unstable geothermal

gradiente. Thié Leads to very high grade me tamorphism of

material in the lower crust involving pqrtial melting and

. - )
‘subsequent vertical migration of large 1ion lithophile

elements upwards, 1ead1né to enrlChme‘t of the upper crhst
! ¥

« t

in these elements.

A
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The herizontal mobility of the crust. at this time

i

comb ined with continuous vertical crustal dltterentiatlon

may concelvaply produce, rocks which have been both dgpleted

: 4
and épricheq in U, Th and Rb at different times by

me tamofrphic activity. This may nafk precarious the
interpretation of Rb-Sr dates and assumptions about previohs.

hisfory from initial Sr ratios. Whenever poSlele,}ébts;-

whole rock analyses should be combined with Pb~Pb isotopic

determinations of whole rocks and separated feldspars.
. ‘vg
Cesium determinations might also be carried out since %here
Tr -
is evidence that the K/Cs ratio may be a sensitive indicator
of metamorphic grade (Heier and Brunfelt, 1970)3 N

2

a-
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solutions were covered and heated Vfor at lLeast 6 hours,
st frring occasionally. When all of the saqples were into
solution, the covers were removed and the solutions were
evaporated down to akout 3 mle They were ‘then transferred
into 15 ml jc?ntrlfuge tubes. The solutions were allowed fo
cool for several hours and then the tubes were centrifuged
to rémove whatever gel had formede The s?lutions were
decﬁnted back into their respective beakers and the
centrifuge tubes rinsed with water to remove the gele.
luTbe¢solutions were then poured back into the centrifuge
tubeg and about S5 mg of Ba(NQO3)z2 was added to each tube in
;; almost saturated solution. The B;(NOg)z had been purified
l:;y passing &‘throughha éation exchange column to remove Sr
* \.
and Pbe. Conce HNO3 was added stovly to each tube until it
was half fulle The wall of the tube was fhen rubbed with @&
Teflon stirring rod”"“for a minute of so until a fine
precipitate 6f Ba(NO3l}2 began to appeare Enough cOnNcCes HNO3
was thqn added to bring the -solutions to abéut 14 mle The
tubes were then seal ed securelyiwith parafilm and inverted
several times to mi x Jthe _solutions. They were then left
overnight to allow the precipitate to equliibriate and
settle .out. The Ba(NO3)2‘c0ntaln1ng tﬁe stfontlum was then
centrifuged down and the supepnatint ligquids weré decanted
into Pt dishes tér the removal of the Rbe ,
The walls of the tubes containing the Ba(NO3)2 were

washed carefully with.water.fSeveral drops of water were

then added to the tubes to redissolve the precipitate. About
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8 ml of conc. HNO3 was then added to the tubes and the sides

;ubbed once more with a Teflon rod to precipitate the
Ba(NO3)z2. The solutions were left overnight and the
precipitates were then centrifuged dowﬁ and the supernatant
_discarded. The precipitates were rinsed in about 8 ml conce.
HNOg3, then recentrifuged and the HNO3 discarded. The tubes
were carefully inverted so that the precipitates sfayed in
the tips andvthen left restirg on Kleenex overnight for the
precipitates to dry.

A set of 1on'exchange columns was prepared to separa te
the bérium and the strontium,. Tﬁese were made of Teflon
tubing and contained 2 ml Dowex 50w-x12, 100-200 mesh cation
exchange resin. The resin was cleaned by passing at least
30 ml of 6N HCl through it, 6 ml at a time. This was
followed by 6 ml of 2.5N HCl. The pr;cipitates were
redissolved in 1 ml of 2.5N HCl and loaded lnto‘the columns.
Thé strontium was eluted using 2.5N HCl in the fraction from
6 to 15 ml. —

+

Since the Pead ion tends to coprecipitate with Ba along
with the Sr, it was decided during the later Separations to
attempt the removal of Pb in the columns as well. This was
done for'sets 7, 8 and 9. Since the Pb exists in solution as

. 7
an anionic complex, it should pass directly through the
cation exchange resin. Accordingly, the first S ml of
eluate, which would narmally have been discarded, was saved

in clean glass beakers.

It was found during tﬁé first set of separations that a
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considerable amount of Rb was still present in the load.

Therefore, for all subsequent sets the eluates from the

5

columns were evaporated to dryness, redissolved in 1 ml of

2+.5N HCl, r¢loaded into the same, cleaned Teflon columns and,
) S ‘

eluted as befdo This resulted in negligable Rb on the

fi lamente. ' o \

<

The Rbkseparation was carried out as follows. Five
drops of pure cConce ﬁzso; was /ndded to the ni;ric.acid
sotutions in the Pt dishes and each solution was ;stirred
with a Teflon rod. The solutions were evaporated to dryness
over a Tetlon~coatea hot plate }n the filtered air hood. The
dishes were then transferred to b#re hot plates lnglde the
regular fume hood and heated at S50 %F until fuming ceased.
Each dish 'was then carefully heated over a bunsen burner in
the fume hood until fuming ceased again. The dishes vere
then placed over a set of bunsen burners outside the fume
hood and the residues ignited at 900 °C for 15 to 30
minutes.

After cooling, the residues were leached with several
drops of water and the solution, about 1/74 to 1/2 ml,
transferred to a 3 ml centrifuée tube. Several drops of pure
HClO, solution were added which resulfed in a precipitate of
KClO, andl the coprecirpitation of R?. The tubes we;e

centrifuged -‘and the supernatant poured off. The walls were

then rinsed carefully with water. If the precipitate

appeared to have caked solidly, it was washed with water but

if there was any tendency to crumble this step was avolided.
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A drop or two of water was added to the tube and the residue

shaken to redissolve some of ite The tube was then capped

and labeled. .-

Two

sets of normal lead separations were also carried

“outs About 1 g of sample was dissolved in HF and HNO3 as in

« -

the Rb-Sr procedure. The samples‘vens then evapora ted to

dryness. The residues were redissolved ln\ 10-15 ml 4N HCl

. .’
beakers capped and heated for 1-2\hours just below

and t(j
,the boiling points The solutions wére poured\{nto centrifuge

~tubes, cooled and the sllléa gel was centrifuged off. The

supernata/ts were transferred Dback into their respective

-

-
4

beagi?é and evaporated to dryness.

> fam

The quartz columns to be used for the Pb separation

.contained AGl-XS, 200-400 mesh anion exchange resin. The

resin was cleaned. with 20 ml 9N HCl passed through 10 ml at

a time.
HBr were
dissolve
columns,
1IN HBr
12 ml of
followed
10:;1 of

The

About 172 to 1 ml of 1IN HCl plus 4 ml or less of 1IN

4 )

gdde& to each beaker and the solutions wﬁrmed to
the residues. They were then Lloaded into the |

After these solutions had passed through, 2 ml of

was added, 1 ml at a time, to rlnse_the resin then

{N HBr was added and passed through. This was

. N
by 3 ml of 2N HCl. Finally the 1ead'was-eluted with
9N HCl into smatll Teflgn beakerse

Sr was Lloaded onto the filament according to the

following procedure. The eluate irom the columns was first

evaporated gently to dryness so as not to char the organicse.

The sample was taken up in a drop 6f water and the solution
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evaporated down to a very small drop, Just enough to fit

inside a sméll capillary drawn from a clean glass tube 3 mm

in diameter. The sample was carefully blown onto the rim of
- t

the Teflon beaker and carefully evaporated under the heat

3

lamp until it occupled-‘about 2 cm >of the capillary..
Meanwhi le Q;Tg single filament had been oxidlzed by.ﬁeatlng
it just beiow the gl ow polnf until a layer of oxide apbeared
in ;he centef?wThe scmplg was carefully loaded onto the
fllament.a droplet at a time while warning_;ently. After the
sample was fully loaded and dried, the current waf.raised

eradually to just below the point where the ‘filament had-

been oxidized and thén decreased to zero. This was to igni te

1
i

any organics  which ay be on the filament and which could
react explosively.wifh%FerchloriCQACId. A small droplet of

perchloric acid was loaded onto the filament from another

\

capillary. The temperature of the filament was then raised-
until the perchloric acid fumed off. The tem?erature was

further increased until the point where the sample began to

-

fusee. The sample fuseswlnto‘h bead and becomes agitated on

-,
’

the filament for a minute or two, finally becbmlng inert.
The filament was then glowed briefly and the current reduc ed

to zero.
- Rubidium was loaded onto the §1des'of a triple rhenium

ti lament. Enocugh of the saturated solution in ‘the centrifuge
&

tube was taken up to f£ill the caplllary.'The sample was then
- ot Q
loaded, drop by drop, onto one of the side ,filaments,

heating gently to evaporate, When all the sample had been

-
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loaded, the temperaiure was raised gradually until it _began
to fuse. The procedure was' repeated with the other sidé

filament, Flﬁally thg‘Capillary was rinsed and filled with

[

water and used to wash the center fjilament, which uéually
had some sample sSpattered onto ite.
: p N
The lead was loaded onto a single rhenium ¢ filament

using the silica . gel technique. The 'saﬁple was first
' 4

evaporated to dryness, then redissolved in HO0. This was

~

evaporated down to a drop and taken up in & large capillary.

It was then loaded and evaporated on the filamente A droplet

+
v

of silica gel and phosphoric acid mixture was then placed on
the sample and. the filament warmed géhtf&. The silica gel
becomes c loudy ‘Lnltially as‘ thé' water evaporatese. The
current through the filament was raisedlgradually to about

one amp until the silica gel begins to liquify and become

~

clear again. As the current is gradually raised oveﬁ.a

period of an hodr or teb, the sample should redissolve in
\

the liquide. Finally at about 1.8 amp the liquid becomes

cloudy again and begins to dry out. At about 2 amp _ the
phosphoric acid fumes off. Finally, the filament was glowed

s0 that the organics were ignited and the load\hpd a white,

+

waxy appearance.
Most of the operations were caréle& out in a filtered

air hood. The water used had been purified by passing it
, +
through a mixed bed ion exchange column then dlstilling it

»

twice beneath the boiling point. The first distillation ' was

A
!

done in a glass still and the second in a quartz one. All

ad
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aclds were vapour distilled except the HClO4, and HoSU4 which
wegﬁ of the highest grade commercl@lly available, The Sr
spike used was NBS SkM-988 which had been individually
aliquoted intb glass vials. E;ch vl@l contain;d 0.6042 ug of
spike.

Da ta séts 1 and 2 wefe done by spik*ng ~>se;:m.r'm'l:e\
aliquots of samplegf:r Rb and Sr-as was sample 271D in,sezt
Se A1l the rest were done by double‘ splking the sawme
aliquotQ Sr and _ Rb blanks were mgasured during set two by

performing the separation procedure on the spikes aLone. A

Sr bi;nk of 3 ng  and A b blank of ; ng were measured. A
-blank check on tﬁe double Spike procedgre during set 5 gave
a Sr ﬁlahk of 5 ng and a Rh.blank of 72 nge.e The Rb blank was
measufed in one of the Sr spikes pnd fcunq to be about 2 ng.
It was also measured in about 5 dé of Ba(NO3),; and again
found to be about 2 nge. This barium nitrate had only been in
use for sets 7.and 9  inclusive, howevery since the old
barium had'be;n'exhausted.'lt is therefore possible that the
old barium had been contaminated with Rb. A Rb bl&ﬂk
corré;t;pn.;f 70 ng was made on all doublebwsplked ?nalyses
before sSet 7. Repeats on four of the sdmples were measured
dgring set 6‘and are listed in Teble Xe. The repeats were all
done by the doub le splking procedure and are corrected for a
Rb blank of 70 ng They are 15 resonable agreement for all
samples excepf 47A which bhas a 2.9% discrepancy ;n the 87RB

measurements This may be due to failure to obtain a

"representative portion of the whole rock, since the sample
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Rb—~Sr Sanmple Repeats
: :
1-1 75-291D 0.8547 3.543 655.1 184.89
Uivak II .. +.0006 e
6~-1 " 0.8561 3.530 655.3 185.7
: . ' _ +.,0001
Difference: —0.16% ) 0.37% -0.03% ‘0.43“
1-5 . 175-287D 0.7584 ° 1.193 416.3 349.0°
Uivak II . 10001 :
6-2 * .. 0.7590 1.202 . 419.3 349.0
e +.0003 :
pifferende: -0.13% ~0.75% -0.72% 0.00%
3-3 74-47A - 0e7552 1.0156 266.1 262.1
Late Syne Gre +.0001
6-4 " 0.7555 0.9866 - 259.2 262.7
Difference: -0.04% 2.90% 2.63% -0.23%
4-2 75-285C 0.7833 1.756 95.67 54.50
‘ Nulliak Assemb. _ *.0002
6-6 " 0.7837 - 1.744 96.04 55.08
. $.0001

Diftference: - =—0.05% - 0.69% -0.39% -1.06%

$ Units are nanomoles/grame.

.

aliquots‘used were often very small, althoggh in this case a
correlated variation in radiogenic #7Sr would be expegted.

The discrepancy may also be due to an unusually large Rb

. blanke.

The Rb measurements were done on a 12 inch, 90°
) .
instrument using a Faraday cup collector. The accelerating
voltage was maintained at S kv and peak switching was
- S ’

accompiished by varying the magnetic field. Data was

&
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collected and analyzed using a TI9BO0A cqa&ﬁ:;r. The s8ource

o
o

holder‘and draw-out plates were cleanéd between each run and
periodic checks tog Rb céntamlnatldn were done by running
blank fllameﬁts. Fractionation co?rections were determined
by  running samples of normal Rbe. The corfectlon factér by

which the measured 87Rb/85Rb value was multiplied to give
} . .

.

the true value was 1.0027S.

The Sr and Pb samples were run on a Micromass-30 using

«
- X N .

Faraday cup collection and an accelerating voltage of 8 Kve

Da ta collection; correction to thé peaks for electrometer
decay, and gnalysls' were accomplished using "a HP 9825
computere. ‘ : ,

Fractionation ‘correcquns for the lead were determined
by runqing NBS SRM-981 standards. All samples _were run at
14009C as determined by aé optical pyrometer. The correction
factors by which the measured §alues were multiplied to give_
the ‘true values were: 206pp/204pyH - 1.001708;'2°7Pﬁ/2°‘ -

1.002813; 208pp/204pp —~ 1,0045689.

The errors quotéd for the lead ratios and the 87Sp/86Sr

“

values are internal standard g:r&rs and should represeht a
1 sigma varlailon. In all cases for the repeats, the two Sr
ratios fdall outside thei;.unted errors. This may egain be
" due to non—répresentatlve samplings. it is 'difficult to
;stimate the error in the 87Rb/2%6Sr ratio..because of the
possible sources of systematic erronr suéh as - mass

discrimination and blank. The ratios are taken to be

accurate to 1% at the 1 sigma levele.
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