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This stuay involves o Pottioa of the festera Craton
ubdivision of the Chucrchil)’ Structural Provincg of northera
s.skltclivin.~lt is a detailed #rudy of radioactive .
¢ )

. Pegnatites borderiag the Grease River ip the Iond:du-Lac sap

atea. Results frog field, uc'to.copic. 8"90& Stabdle
tlotop-.fl-rlqlb I‘l.t’l“lqc hctinq, heavy sineral aad
electroa ;LCtoptob. alneral -t‘dios 4re used to suamarjize
the geology and uraaiua Rineralizatjopg Of the Grease Biver
Property, | o

T . The Precaabriag basesent jg coaprised of Tazin Group
biotite ;neisl-- and piak felgic ybeisses. The thinly banded
plaqioclcso-quqrtz ~biotijte Jneisses developed under middle
amphibolite tacies Setamorphisa. e coarser-grained,
leucbccatic, K-teldspct-plaqioclaso-quatt:-biotite Jneisses
are evidongo Of upper asphibolite facies conditions.

The pelitic ang felsic goeisses t;tned
conton;oraneously during ; teq;onal Retasorphic event
involviag high temperatures aad Pressures. Potto)ogical'
evidence Sugyests the biotite Jneisses éotl.d froa low Al,
Ca and high Pe, g, Ti argillaceous Sediments, while the
granitic rocks vere detivda by partia) aelting of a source
similar in Cospostion to the 8ore mafic uaitas,

Vhite, massive Pegmatites intrude and migmatjize the
Tazin Group issolblagos. rhny‘-alnly vary in compositon f coam,

troadhjesite to t'O‘f.ldSplt and alaskite granites depcnding’

v



on the extest of®™-setascnstise.) The iaitial
puqtoo-h.--gu:u-nouto troadh\jeaitic selt x'uou foraed
at ”lpuhtﬁ:u greater thaa 6850C, At the tise of |
utudo., u.qn teaperatuces existel -nc,u tf¥raally
..talorpioccd and aelted the qnotsuovu A later intrusive
phase iavolving gquactz-suscovite veiaing, transtorsed soas
vhxgo poonatltil iato qQuartz-rich graaitoids and
quactsolites. The silicifiction éook place during
sbhypothecsal conditions (300 to SVV®C) which, coaseyueatly
caused extensive alteration of the affected crocks.

Zircoa separates froes biotite amd grsnitic gueisses
yield asird-Aphebi-an U-Pb dates of (250 Ma. Thess results are
iﬁtctptotod as Kenocah (2500 8a) swcrvival ages, up-dated bpY
the youangeg uudsoaia; or&qony vhich essentially re-set t§cit
U-Pb radiosetric clocks. The vhite pegmatites harve
originated froa sore iantensely tonobi:Zzed pot.tionl of the
Archead crust. The main trondhjesite granite pegmatite 1is

-dated at 1970 Ha, vhile the late-stage quartz enrichaent
yields 1345 H; ages.

Condiderable toc?onic activity occured during the
Budsonian reactivation. ‘Shearing, plastic detotla;ion aLd
sajor faulting of the bioxit. and yranitic gneisses are
observed in the affected portions of the Grease River 11n.lt
belt. Also, structural control of the eaplaceaent of the
syatectosic pegmatites 18 inferred siace they forms ia an
elongated, discoatinuous zone paralleling the MR regional

strike.

vi
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f. Iattodect isa

A. Gednecal Statesoat ‘

Lov-grade uranius pegaatites are fouad ia Precasbrias
Shield areas thtoughout %’- vorld. They comaonly occut is
tegionally setaaorphosed tecrains that have beed extensively
granitized. The pegmatites ate usually of yxlxcxc or alkalic
' cospositioa and host a variety of tadioactivo sinerals of
vhich ut,ntnito'tn the sost cosson. These uranius pegmatitic
occuttilcoa generally have lovw ore grades and lov tonnages.
Typical assay jJrades rarely crua above .05 perceat U308 and
yields acte usually uader 20,000 toa 0]JOH8, Prurtherasore,
uranjium is frejuently disseajinated throughout saall,
discontinuous pegmatitic lenses and pods which make thea
even higher-risk mining targets.

Despite the dim foregoing appraisal of pegmatitic
uranium deposits, these occurrences bhave peceutly attracted
much interest from the aining cosaunity. The soaring vorld
demand for uranium has ioitjated intensive uraciua
exploration progyrass aised at'locating even low-grade
deposits. This concern is likely to continue because of the
1ncro§sed use of uranium ;s a nuclear fuel by the
indbstrialized and develofing sations. Although to-date,
ooly a fev of these usually sub-economic deposits have been
exploited, nasely at Bancroft, Capada and Rossing,
South-vest Atrica, they continue to be assessed as potential'

uraniuys producers for the future.



This thesis vas ialtiated ino order to provide an in
depth evaluation of o poteatial deposit ia Casada; the
pegeat itic uraanies OCC ucreace situated alosg the Grease
liver fault sone ia the Lake Athabasca - Stoay Repids atea
of northera Saskatchevaa. Specific objecti ves are:

1. to descpibe the geology of the study areas,

2. to detersine the age of the urepiferous pegsatites and,

J. to obtain simeral geocheamical data 1n hopes of
deterstning the factors governisg the eaplacesent of the
pegasatites and yenesis of the uranius miperalizatioa.

Chapter 1I describes the regiosal and local geological
settingys. A synthesis ot field wvork and subsequent hand
sasple examinmation used to classity the rock® 1s presentad
in Chapter III. Im Chaptec IV, espbasis has been placed on
detalied petrologic thia-section cxasinations and stable
oxygen.isotope results. The theory, sethodology ana results
ot U-Th-2b 1Sotope dilution aethods used to date the rocks
are contained in Chapter V. Chapter VI describes electron
microprobe sineral cospositional analyses. Chapter VII
describes the uraniue asimeralization and ore ygrades of the
Grease River area pegmatites aad several other sisilar
occurrences. Finally, Chaptecr VIII is a sussary and

conclusion of the sigaificant results of this study.



B. The Thesis Atea
Locatian -

’"
The study screa is located on the Grease hiver ia the
north-central Saskatcheven shield region, approzisately 150
ks east of Uranius City, Saskatchqvadn. (59 30°'N, 1060
22'¥). The arwa of coacera lies u‘;lxn three adjacent claia
blocks (CbBs 5705. CB3 5398 and CBJ) 3424), each covering an

4aCea Oof approxisately 4.1 ka2 (Pighce 1). These properties

are presently accessible oaly by fros Stony Rapids, %O

ka to the southeast and fros UOra

The physiography ofﬁ
glaciated regions of the a

elongated hills aod valleys of bedrock with soderate relief

City.
r area is typical of
dian S . It is comprised ot
{up to JUU m elevations), aantled oy a oroken cover of
Jlacial selisents. Numerous lakes and rivers drain
southvest, folloving a strong rejional treund, and eventually
eapty 1nto Lake Athabasca. The Grease River oriyiuates troas
Fontaine Lake, 25 ka north of the property, and espties into
Fond-du-Lac Channel east of Lake Athbdsca 40 x» to the
south. A ma jor vaterfall, kuown as Lefty's Palls, is located
on the river only .8 ka fros the main shpowving.
Rrevious ¥ork

SinCe the discovery in 1950 of the radioactive
peymatites -on the study area, the property has changyed
owpership three times. Al Heaingsoam, first to vork on the
uraniags shovings, staked and restaked CBS 2705'tro- 1954

until 1974. His work included trenchiny and blasting of the
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cadioact tn‘nlu 40 19008-0%. The piss ead treaches,
averaging .7 o deep estended oWrT & 01040000 of 6.0 AB 00 ¢
tidge pacealleling ’uo 0'1'0“‘.0 Pivec. BSevetal chip seaples
vece essayed for thelir VIO cono‘n. .

seselts of a veologicel Survey of Cenade (G.8.Ce.)
funded aLCDOCRE §408Q oy spectroswtry. {uno’y of aocthecs
SesketChovasn (ltch&td.cn.i; ) 1974¢) shoved the esistesce of
e radiocective ancsaly oa the Grease aiver peopecty. The
rtediosetcic soasireneats vecre thntnot e8Lhg e Shyvan
towc-visdow spectroseter vith tvelve 22.% c8 by W.16 Co
Na1(T1) detectors tlows at an elevationa of 150 seters end o
speed of 190 Re/hour. The Aiqd U and lov “ tvuponses
obtained o titht line 15 over the Grease Riveg j[ropwrty
vere anosalous for the reglioan. This Cadiosetrac apoBaly (zee
Figure 1) proviled inceative for further viplotetion is the
sfease River dxstg;ct.

nutind 197s, Posago Exploratios Lisited stahed CBS Je25
and later CBS 5398 waich lie pocrtheast ot! hesrngsoc 's /
property. beginaing 1a 1974, assesssent vork of the Grease
River propecty vas coaducted by several geologists oa
Fosago's behalf. The Polinsbee asd Leech field party vorhked
primarly at the sais shoving vhere the sost radioactive
peygsatites had been discovered (Polimsbee gt al- 1978). Tvo
sain baselines, 0840 AND 085, and perpeadicular secoadary
lipes were laid out ia order to jave grid-coordiaates to
Hesiagsoa's treaches aad to run a cadiosetric survey. Siz

chip saaples vere assayed for U and Th. rosago's coatisued



feterest 1a the propecty resulited (o tvo geelegic sad
tadiosetzic teceassissance reperts: Sassase (1974), dons 9by
(1479) . Other vork vas dose by 0. Bchectaed Det ao cepott i

‘evalladle.

The ticee claie Dlocks coapeiuing the Grease Biver

psopetty vere optiocaed By Ucangesellachaft Canada Lisited ia’

197, Utesgesellschalt’s esplocetion progcen Lacluded an

cttborno Je8Ba LAy spectroseter aand llglotoootot secvey
(Ooooloy. 1977). The geophysicel sutvey vas flova with o
fizsed-ving Deaver systes at an altitede aveteqiag %) setecs
above Jrosad aad & speed of 1)? ka/hosr. A totel of 9 tlignte
fluo.. each ¥ ko long and at 1)0 degrees actoas the ftegionsl
strike, vete tlova at .8 ks iatervaeis. The gevphysical crew
detected one second asd three (icrst order radioective
euosalies plus nuserows others of third ordec.

Later in 1976, "reageselischatt's &eld fasty carcired
Out & recosnarssance jeoloyical seucvey of the jtopecty in
ocrler to ezplaia the vaerious anosalies recorded by the
a1rporae® survey. It vas f(ound that the stroager tadioactive
sigaals coiacided vith the sain ainecalized zose pceviously
outlined by Eesingsos aad Posayo (looiloy. 1977) . Hovever,
888y of the third order ancsalies detected over areas
ad jaceat to the sais shoviag could asot be located or
explaised by the grouad follov-up crev. Detailed geologie
aad radiosetric surveys vere coﬁuctod over tl‘,ll shovwing

vhere the priscipal uramiferous pegsatites are exposed.



uech Mane A3 She ABdAeE ) .
Deciny the Uirst seed 1a Auguad, 1976, the svtder vept

vith 4. Leech, O. Bedectaca, &ad & seoent ssalistadt 0 the

thensis locatioea. roun'; aap outliaiag the benle veelegy

asd cedlosetric conuits of the 0ala BROVIRG vele seed 10 the
field. A. Leech vho bhad previocesly secveyed the Gtease Blves
prtoperty helped to cagcy ost the tdlloosoq teshe:

1. stcectetal snalyses cossistisg psisecly ot talarog
ocientations ;t the .oio.;‘tnnltl aad theiL coatects
vith the uu“u. vhite pegmtiten,

2. geologic sapping. )

J. callecting yrag sesplies asd dull sesples.

e, groo.ld‘udxoooutc votk. » .

subsegueat to the field vork, the stgectutal date 4
plotted os & sep e8d stereoqgred ta ogder to esseas the
tectoa ic distecbance associated vith the dattwdicqg vhite
pegsatites. )

Petrologic thim-sections vere ptepeated fros the Jo
sesples collected fros the Grease aiver propetty. Os the®
basis of petrological estsninatioas, the seaples svitadle tor
heavy sinectal asalyses, U-PO geachcoaology, amd jrave stedy
vete selected.

Opoa ceceiviag 1is 1978, Oreagesellischeft’s report o8
/u. thesis locatios, the £adiosstric survey reseits aad 0J0Q
ore gredes u:a closely ezssined and correlated vith the
asthor's Jegdogic guu-q-.

/S



II. Regional d Local Seological Settiag

In'this chapter the geological bacgground inforsation
relevant to the Grease River study 1s given. Secti;n A is a
review of the geoloqxcal and lxnxn; developaeuts that have
taken Place in northvestern Saskatchewvan. Section B is tte
sumsary of the geology of the Western Craton north of Lake
Athabasca and of the Fond-du-Lac region in which the thesis

darea octurs. The local geolbgical setting is presented 1in

,the last section, C.

a. Geological and Miaing Developments in Northwestern
Saskatchewan

Geoloyical surveys of northwestern Saskatchewan wera
initiated by the eand ot phe 19th century. The land primacly
north of Lake Athabasca but west of the Grease River area
vas explored by many geologists, whose findings have been
outlined by Beck (1966, 1969) and Treamblay (1972). In
particular, Alcock {1936) described the exfénsive Tazin
Group of metamorphosed sedimentary rocks which vere ldter’
recognized in both northeastern Alberta arnd the Northvest
Territories as well as the thesis area which lies to the
east.

Begional mapping of the Saskatchewan Shield continued
throqgh to the late 1960's. This resulted in a number of

G-5.C. publications outlining the gJeology of the Lake

Athabasca region'(see’Beck, 1566) . For the regions closer to



O
"the study area, reports describing the rock types, structure

and economic potential ia the rond-du- Lac amd ston; Rapils
area ‘vere completed in 1963 by the Saskatchevan Department
of Mines and‘ggpources, and subseguently compiled into a
G.S.C. Pond-du<Lac paper and map sheet (see Baer, 1968).
puring this time geophysical surveys of northern
Saska tche van vere carc igd out in order to help interpret the
geolojy. The gravity (Can. Dept. mines Tech. Serv., 1962)
aud aeromajnetic (Sask. Dept. Miner. Kesour. et al. 1964)
resul ts suggested that the saskatchewan crystalline baseaent
wvas coaposed of several distinct tectoniE’units. Since these
units vere traceable to the Cordilleran fold belt in
southwestern Alberta, they vere Ol.caivéd as deep crustal
entities.

The ensuing Jeological studies ot Saskatchewan's
precamprian basement rocks vere of a broader scope,
encomfassing structural, peﬁroloqical, geochewical and
geochronological investigations. A ouaber of important -
papers, particularly those of Burwash (1978, 1%79), Burwash
et al. (1962, 1969, 1970) , Koster et 4al- (1§70) and Llevry gt
al. (1978) jescribed the four tectonic or lithostructural}
units presently recbgnized in Saskatcheuan.‘Several of tyese
publications also dealt with the main events leading to the
final stabilization of this part of the Churchill structural
province. It is now certain that much of the Archean craton
in Saskatchewan was reactivated during the Hudsonian orogen ’

e

vhich lasted froa 1900 to 1700 Ma (Burvash et al.- 1969) <
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reactivation, consisting of extensive polysetamorphisa,
granitization and K-setasomatism, affected much of the

shield }eqion of Saskatchevan. .

Mining activities in northern saskatchevan flourished
after the initial discovery of U, Au, Fe, Cu and Ni
mineralization in the Lake Athabasca region (Beck, 1Y66;
Treablay, 1972). As early as 1914, ore ainerals were
associated with the Tazin Group ot supracrustal and
granitoid rocks located in the Beaverlodge ninﬁng district
on the noFth shore of Lake Athabasca (Figure 1). Although
Au-quartz veins vere ained for several years, the tremendous
economic worth of the rich epigenetic and syngenetic uraniunm
occurrences was soonh realized. As a result, numerous uranium
staking and prospecting ventures vere initiated.

txploitation of these radioactive deposits bLegan in
1942 because of an immediate requirement for nuclear fuels.
The ores vere mined under the sole jurisdiction of Eldorado
Mining and EBefining, a Crovn Corpuration. In 1948 the end of
the wartime bam on uraniu‘ prospecting caused 4 second
intensive uranium exploration booa in northern Saskaichevan
(Northern Miner, July 1978) . This continued until the late
1950's when the world demand for uranium had dvindled.

The uranium prospecting intefests 1n northern‘
Saskatchewvan were reneved in the 1960°s by Germap, French

and Aserican geologists (Northern Niner, July, 1978). Since
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then the increasing vorld demand and price for U, couplel
with the energy crisis inm the 1970's set golng a third vave
of uranius prospecting in Saskatchevan. The mountiag
econonic'interesg resulted in a grand-scale, joint
Federal-Saskatchevan Governmsent, Oranius Recouapaissance
progras involviang hiqh—sensitivity'axrborne qassa-ray
spectromsetry (Daroley et 3l- 1975; Richardson gt al- 1975) .
The surveys vere flowa over precambrian shield areas with
good exposucres of bedrock and unifors topoygraphye.

The prime objectives in obtaiiing such high-guality
reconnaissance data vere to (1) evaluate the regional
U-potential and (2) provide incentive tor follov—up '
-U-exploration programs by making available the Ltackyrounde
radiometric and geochemical information which would te
otherwise both costly and time—consuming to accumulate.

The airborne gamaa-ray spectrometer results proved tne
exi1stence of a uraniua enriched province in qortherno
Ssas katchevan. Many radioactive anomalies vere discovered 1in
the younger proterozoic belts 1n the vestern and central
shield area (Richardson et al. 1975).

Meanvhile, the theoret ical possibility ot
sandstone-unconforaity type uranium deposits occurring at
the crystalline bfsenent-Athabasca Formation contact in
northern Sdskatciiaan vwas soon realized. The discoveries of
rich pitchblende ores at Rabbit Lake, Cluff Lake, Key Lake
and Midvest Lake signified the geoyraphical extent of

epigenetic U-mineralization at the Proterozoic unconforaity.
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It vas sobn'apparont that the uraanius in these high—q:lﬁe
orossuaa resobilizated fros the underlying Precasbrian

baseaent rocks.

B. Regiomal Geology

The four lithostructural units of the Saskatchevan
shield area are showvn in Pigure 2. The significant features
of these northeast trending domains are described in a paper
by Levry et al. (1978). The following i1s a summary of the
sections dealing vith only the twvo most uestoviy urits siaoce
these contain most of the radioactive anomalies discovered
An Saskatchewvan.

The first is the lestetﬁ Cfaton which is cosprised >f
an Archean basement éonplex of granitoids, migmatites and
hiyh-grade metamorphic rocks. Beactivation of the cratoc B
during the Hudsonian orogeny (190u to 1700 Ma; Burvash gt
al. 1969) resulted in a series of yousger ;obile belts which
surround the older stabple blocks (Beck, 1969). Here the
Kenoran ages (2500 Ma.) have been up-dated to give a range
of ages froa 2360 to 1750 i a. depending on the deyree ot
reactivation. Figure 3 shovs that the Hudsonian msetamorphic
overprintiug occurred under conditions of lover amphibolite
and greenschist facies.

‘East of the Western Craton, the Cree Lake Zone
represents a second subdivision where the Archean craton has
been reactivated. Here extensive anatexis of the older

metamorphic rocks has produced a zone of plutomic gramitoid



1J

FIG.2: MAJOR LITHOSTRUCTURAL SUBDIVISIONS
OF THE SASKATCHEV“AN SHIELD . (from

Lewry et al. 1978)

S e o o ' L |rd _____;,,__,__-v‘“',

o f&n d-dv-lac

&g
waey \ESTERN

A / .
: C TS ,J\b\ \
&) P K7y \K'SS‘»‘Y"GW o6°
o ,’/0;// Tr’ O(Q/ﬁé \Domann
:' Q// '[-a);/: {\‘q“_- /, \&é\l
N S S
AR ey 4
SAzrom

¢
@Phanerozo:c cover

“]Athabasca fm.

.......

% Late 7 Postkinematic
Hudsonian plutons

Ry tarly kinematic Hudsanian plutons

( ] Undifferentiated granitoids and
migmatites (incl. remobilized basement,
early plutons,highly migmatized supracrustals)

() supracrustal rocks (?rfostly Aphebian)

/' Major shear/fault zones;

o 100 KM

. s
1. Virgin R. Shear zone. Z.Black L. Fault zone.
3.Need|e fFalls Sliea: (One. 4. ffarker L. Shear zone

5.Tabbernor Fault
// Other Lithostructurat dcomain bounaarnes
' o:Basemem Gneiss Dome



14

|
[
1
\\

l
|
{
0

|
|
!
r
l
|
0

|
|
|
I
|
A

i

|

il
1ho00

1) omaey Cmeuhee sy

;
I

?
!
!
il

7 ty) Shem Svepyhu® aftn

]

!

)
B0u

|
!
|
[

[ i)

(8261 IO id Aimady wouy)
Q13IHS NVYM3IHDLVISVS 3HL JO dVW DIHJYOWVIIW : £ Ol



15

rocks of Hudsonian age wvith variable Bacrosturctures
depending oa the pressuce (P) and tespecature (T) conditions
prevailing at the time of aeltiny. Gueissic domes developed
in the cooler maryins (vi®gin kiver Dosaias and vollastoa
Domain) while liglatityc happes ot basement aobilizate
intruded the higher level crystalline rocks in the hotter

Central portioan (Mudjatik D8main).

The Pond-du-lac district occurs in the northoaitotn
portion of the VWestera Cratoa. A sisplified geological sap
of tho area (Jigure 4) has been adapted from Baer (1908).
The Precambrian basement is coaprised of Archean Tazin Group
aetasediments and Proterozoic granodigrite, granite and
aylonite asseablages.

The Tazin Group paragneisses are classified according
to Baer (1968) into three metamorphic racies: graaulite
(unit 1), amphibolite with relic gragulxie features (unit
2), aud amphibolite facies (unit 3). ;s seen in Figure 4,
the pyroxene and garnet bearing granulite gneisses and
aaphibolites (unit 1) are found imsediately north of Lake
Athabasca. The lower grade biotite gneisses and
aaphibole-pyroxene-biotite gneiss (unit 2) exist in a
somevhat elongated form between the amphibolite facies and
granulite facies. The mornblende and biot:t- inPisses (unit
3) are tound in the northcentral portion - * +« rond-du-Lac

8ap sheet.

J

The granodioritic nocks (unit 4) a tely
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; ‘ FIG. 4
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assoclated vith the esphibolite facies blotite yLelisae &,
They are geaerally geeissic doses but massive yiamodioritic
tocks have bees observed issediately north of the thesis
dresa in the Pountaine Lake area (Figure 4). The contacts
butveen the paragaeisses apd the granodiorites qenerally
told around the felsic bodies end are wither Jtadational
(Baer, 1968) or exteosively sijmatized (Colboroe @t 4d-
1962; Sassano, 1978). The granodiorites yield BL-5SL aqges ot
2360 Ma (Beck's 1966 dates revised by Bacdsq;%td, per.
coas., 1979) which are sugyestive that these toéks vere not
entirely recrystallized during the Hudsonlan revorkinge.

Granitic rtocks (unit 5) intrude the ytanodiorites and
Tazlo Group goeisses. They are vhite, coarse-grained,
massilve rocks coataining auscovite ahd mibor bLlotite.
Pe jmatitic dykes are frequently assoclated with the grapites
and 4are occassionally toursalipne Ledrlny. Although samy ot
these gwamitic and pegymatitic rocks have been mapped 10 the
fond-du-Lac area, only one 1s of slze larg'e enouybh to dppeart
in Figure 4 (south of tbhe Straight River fault zone). These
granites are the youngest ctystalline rocks in this part ot
the Western Cratom, Jiving ages of 1820 g¢ 100 Ma. (Lowdon,
196 1) . a

Mylonite occurs along the Black bay, Saint Louis and
straight River fault zones. These major faults aYe thought
to have originated durihg the late phases of deformation
accoapanying the esplacesent of the granodiorites (Baer,

1968) -
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C. Lecal Geology

The geology of the Grease Biver area is shova ia Piyute
S (adapted fcoma “olbocne gt gl. 1902 and Saessano, 1974). The
Tazin Group metasedisents are cosprised of asphibolite
faclies bDiotite «nd biotite-horablende bearing paragneisses
and paraschists that acre sosetises referred to as the |
Straight River Coaplex (Sassano, 1974). ln this part ot the
Grease River mobile belt (Beck, 1964), granodioratic doaes
and leases iatcrude the mafic assesplages. Their coastact
Zoses 4re frequently mirjgmatized, teldsupathized and are bhost
to utaniua siseralization (sassano, 1974).

The metasediseats 10 the Gresase Piver lianwar bLelt have
been formed imto tight 1soclinal gsoids that strike to the
oortheast vith nearly vertical dl;a. Foldingy ot the gneisses
1s thought to have developed during the emplacement of the
gyranodioritic doses. Southeast of toe urease River, the
yneisses occur on the north flamk of tne Hunt Lake antifora
(Fijure S) amd thus d1p to the northwest. The major faults
occurciny in the gneisses parallei the edges ot the lacge
grapodiorite bodies. ; ’h\

Geophysical data for the area iacludes aerosagaetic
maps for the Wiley Lake and Pontaine Lake areas as vell as
the larger Pomd-du-lLac regios (Sask. Dept. Miner. hLesour. et
al. 1962a, 1962b, 1964). In susmary, the character of the
sagpetic response is only slightly disturbed in passing fros

the leucocratic, granodiorite doses into the biotite
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eaeisses. Thia La LBatecpreted te aves that the ovtasedinents
is the Delt are shallev, asd acte pradadly sadesieln By tbe
ooto'tolosc cecl waits seccosndiay thea. The gecleyy of the
area suppolts these Laterpretetions asiace sveesees qtanitetd
leases oetcrop threughout the belt of dietite gaclases

(PiQuce 9).



III. Petrography and Nesostrectural Apalysis of the Grease
River Property

The textural and compositional classifications ot the rocks

occurring in the thesis area are givean in sections A and 3B,

respectively. A description of the liher&lized rocks is
found in section C. FPield mesostructural analysis of the

main shoving is included in section D. A discussion of the

results presented in this chapter is found in section E.

The locations of the outcrops and trenches saaspled by
the author are indicated in the geological map ot the main
shouing.(udp 1). Most of the thirty-tour samples collected
are examples of the radioactive white pegmatites. Tvo

;salples, D9 and D7, obtained by D. Bobertson during the 1976
fggld season, are radioactive peyaatites tros the soutbe&st
shore of the Grease River in CBS J424 (Fiqgure 5). They are
examples of white pejmat itic rocks believed to be the soucrce
of the GSC Skyvan-airborne radioactive anomaly (see Figure
1).

Hand specimen descriptions of the most representative

samples collected are listed in Appendix A. The

.

9 ineguigranular nature of the highly migmatized biotite
gneisses and some of the pegmatites sometimes makes their
textural classification difficult. Howvever, samples with
both igneous fabrics and average grain sizes greater than
5 mm are called pegmatites. Granoféls is a textural nawme

applied to those samples retaining traces of metamorphic

character.

21
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)
The grain size category used in this thesis is as
follows:
fine <1 an
medius 1-5 aa Y
coarse ; 5-30 aa
very coarse >30 =ma

A. Textural Classification of the Rocks

Peripheral to the migaatized zone at the main shoving,
the msetasediments are thinly to coarsely banded Ltigtite
gueisses. The thinly layered gneisses ar ften higher in
biotite content, fine grained and nearly schistose in
places. The. more coarsely banded gneisses appedr to be
lighter invcolour and less mafic (Plate 3B). Due to o
extensive wveathering (or alteration) the gneisses flanking
the main shoving are a rusiy colour.

From field observation and hand specimen examination,
the gneisses showv only one metamorphic orientation vhich is
detined by the parallel arfﬁnqenent of biotite grains and
the gneissic layering coaposed of dark mafic and light
felsic bands. The compositional layers are uuifors in width,
rarely greater than 3 ca thick, and in places, continuous
for the leangth of the outcrop (Plates 2D, 3D). The gneisses
have a 1 ly unifora grain size, lack conformable
pegmatitic layers and are devoid of porphyroblasts.
Exceptions are e;elplitied 8y samples 2 and 4 which coataiag
garnet porphyroblasts ranging URy to 4 l‘l in diameter. The

garnets are inferred to be of post-kinematic origin (Spry,



1969; vernom, 1976) or formed during the intrusion of the
vhite pegmatites. Folding, faultinyg and cross-cutting by
pegmatitic stringers as seen in Plates 2D and 3A, are
uncoamon features of the unaigmatized piotite Jneisses.

The piJmatized gjg;;gg gpeisses are texturally
inhomogeneous. Coarse to vary coarse grained, conformable
felsic layers are mirxed vith finely laminated biotite-rich
jneisses (Plates Ub, 4C, WFj. The tine-grained, thinly
banded gneissic to scﬁistose portions dare dark grey to
black. Their ccntacts vith the pegyamatitic
teldspar-quartz—(biotiteb bands are either sharp (Plate UF)
ot qtddational (Plate 4B, 4C), depending on the degree Of
biotite recrystallization. Pine-yrained, leucocratic bamds
promipant ia the unmigmatized biotite gneisses (Plates 20,
3A, 3B) are not porsally found 1in t hese rocks.

The developmeunt of lenticular and porphyroblastic
textures in the pegmatitic layers often disturbs the
original setamorphic fabric (Plates 4C, UE, 4F). EBoudinage
and non-unitors thickening of compositional banas are
frequently accompanied by varping and folding of the layers.
plates 28, 2C, 2pb, 3C, 3D illustrate the usual textures
observed in the migmatized gneisses.

simple, unzoned, white pegmatite lenses and pods
showing only igneous;plutonic textures intrude the
liglatize"ynexsses. Tvo textural varieties of the white
pegymatite occur at the main showing: (%) a granular,

equidilensional, predomrngntly coarse-yraiped structureless
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type (Plate 5B, 5p) and (2) a porphyritic feldspar-cich type
confined mostly to the central portioa ot the intrusives
(Plate 54, SC, SE). Graphic granite 1s cosmon in the
extremely coarse Jrained variety.

The vhite pegmatites outcrop discontindously in a zone
500 meters long and 60 mseters (Map 1). They ace intimately
associated with the migsatized gneisses and of ten intrude
(plate 2C), surcound or completely engulf (Plates 28, 3c,
3p) portioas of the gneisses. The contacts are frequently
icregular due to the corrosion of the goelissic blocks
‘(plates 2B, 2C, 3¢, 3D). Assimilation of the jutruding magma
and metasedimentary saterials 1s eviaenced in Plate 2B,
vhere darker patches resmaining in the white pegmatite are
continuous vith pafic oands in the migmatized gneisse.
sharper contacts are seen in zones where only small pods and
strinyers of pegmatite intrJde.

Gneissic, pink %o ¥hy pegsatite are exposed at a
lover structwssl level at main shoving (see Map 1) . They
are mediuas to c8arse grained rocks vith granitic aud
occasionally porphyritic textures. The range in colour from
pink to white is caused by am abundarce ot feldspars that
bave been iron stained.

The largest dranite body outcrops in several places onb
the vest side of the main shoving (Plates 1C, 2A). It is
estimated to be continuous for 120 meters vith its lonqest‘

disension in an eastvest direction. Its contact with t he

migmatized biotites gneiss is often sharp and oblique to tne
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regional NE strike of the paragneiss.

Althouqh faiatly gneissic, these rocks are essentially
igneous-plutonic in appearance and lack xoiolxths of
sigmatized gneiss. Thus, according to Nehnert's (1967)
da4crostructural classi fication of aigsatites, these yneissic
granites may be anatezites since no origiasal smetasorphic

testures aud structures are disceruible.

B. Compositiomal Classification of Rocks at the Main Showing
flost of the rock samples collected in the thesis area
have been stained for potash feldspar ideantification, and
subsequently used to datet;ino their aodal coapositioans.
Results of the modal analyses calculated for the stained
rocks reveals that three compositional varieties are found:
granitic (Table 1), quartz-rich (Table 2) and
plagioclase-rich (Table 3). All of the highly migaatized
Jneissic and pegmatitic samples are of granitoid composition
(Figure 6) according to the classification used by tae IUGS
Subcomission on the Systematics of Igneous Rocks (1973).

The completely ugmigmatized bLiotite Jreisses (portion
seen in Plate 4B) are characterized by
plagioclase-quartz-biotite. Little K-feldspathization has
occurred and biotites remain fine grained in a sharp
parallel arrangyement. However, where the metasediasents have
been granitized and migmatized, the K-feldspar content
increases sharply resulting in the tvo-feldspar granitic

rocks (Table 1). Increasing patash feldspar content and
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average grain size are evidenced eveas iB rocks vhere
setasorphic textures still predosisate (Plate 4)). In areas
vhere the felsic siperddl constitusents have migrated out ot
the gneissic bands (Plates 4C, UPF) oearly coarse grained
recuvystallized biotite plates and books remain in
sub-parallel orientation. Aplitic to micro-gransitic
plagioclase ¢ quartz t K-feldspar lenses often sepacate the
biotite-rich bands fros the pegesatitic plagyioclase ¢ quartz
‘¢t K-feldspar zopes (Plates U4C, 8B, ur).

The white pPedmatites are sainly grouped 1nto three rock
types, defined here io order of increasing K-feldsjar
conteat: tonalite, granite and alkali-teldspar granite. The
cospositional varieties are intimately sixed in most
outcrops, inﬁﬁradations determined prisarcrly by textucal
differences. Because of their low mafic contents (gyeuerally
less thaan 10 percent biotite) aad holocrystalline-graapular
plutonic textures, the alkali-feldspar granite peymatites
and the plagioclase rich 'tonalite® type pegmatites shall Le
referred to as alaskites and trondhjelites, respectively.

The trondhjemihe Pedmatites are often amlxed vith the
tvo-feldspaL grapites- A comaon textural feature which
accompanies the K-feldspathization of the fplagioclase-rich
pegmatites, is the corrosion of the plagioclase grains. In
the trondhjemites, the predominately subhedral white
plagioclases fora sharp boundaries vith the surrounding
light grey gquartz vhile in the granites, samaller and less

vell defined anhedral plagioclases occur vithin or adjaceant



to K-feldspar blasts (Plate 5B).

The glaskita peJdatite saaples 2, 45 and 26 (nee fcblu
' and Pigure 6) are cosprised alamost vatirely of porphyritic
K-feldspar vith gquartz in grapbic gramite rotergrovth (Plate
4B, SA). The potash-feldspar enriched zORes occasionally
border the trondbjemsitic zones (Plate 4B) but are sore
cosmonly developed inp the tvo-feldspar granite portiqas ot
the pegsatites. Mot all of the alkali-feldspar tocks are
peymatitic. Sose ot the finer-grained aplitic and gramitic
textural types have a sajority of K-rich rathec than Na-cich
teldspars. Tvo examples are saaple 13, a very taintly
gneissic leucocratic rock and saaple 29, a biotite-tich
jranotels.

The guagtz-Lich gEapitords and quartzolite sasples (see
Table 2 and Pigure 6) contain fros 55 to 8u percent quartz
and less than 10 pecrceat biotite. The quattz 1S colourless
to very dark yrey, frequegtly-cleir and free ot inclusions
acd often‘the last phase to crystallize. lo these
extensively silicified COCKS, the quartz corrodes all ot the
essential feldspar and piotite silicate minerdals. whether
plagioclase or potash feldspar predominate, the textural
features are the sasme: rounded feldspars are surrounded by
quartz. The feldspars Baay be uhite but are usually ceddish
due to iroa staianing (samples 6, 15, 24). Both plutonic and
gneissic textures bave been observed in the soderately

silicified granitoids (Plates SC, 5D, 6C, 7B).



C. Descriptioa of the Mimsralized Bochs

.;:j’ho sore redivactive sasples (o, 12, 14, 15, 186, 2V,
4, 27, 29, 30, 32, 34, 09) studied Dy the author are the
vhite pegsatites and sigmatites. 1he radioectivity 1 s
coaceatrated in the quartz-crich (Plates Sc, 5D, 6C, 7B) anmd
the trondhjeaite (Plates SE, 6B, 7D) comspositionel
vacrivties. Occasionslly, the tvo-teldspar grauite jegsatites
contain scattered asinecralization. However, the alaskite or
4lkali-feldspar graite pegsatites are rarely radioactive,

The radioactivity is produced by (1) Frisacry U asd Th
opaques, (2) yellov secoadary U® mineralization and J)
larye, ddrk coloured ziccons readily observed in hand
specimens 6 and 12. The secondary sineralization freguectly
Codats fock sampies already contaruingy an abundance ot the
prisary ore msinerals, but 1s also soaetiaes tourd on
e jesatite samples barcren of the highly radioactive Opaques
(samples 1, 3, 6).

Uramipite 1s the primcipal ore mineral 1o the
peJmatites found in the Grease kiver area. Its [ resence vas
confirsed through powder x-ray ditfractosetry, chemical
tests and radioluxography (vooley, 1977). In the ‘fglatites
and granofels, isolated uraninite grairns may te scattered
throughout the sasple, or, are amore comsoaly associattd vith
large books of biotite (Plates 5C, SE, 7B, 7D) or (J )
biotite-rich bands (Plates 6B, 6C, 6D, 7A, 7C). 1n ého.
mliymatites, occasional uranianite grairs vill occur in the

coarser-grained quartz-feldspar portions of the rock. In the



e
case of sasples 28 and D9, (it &’ possible that isolated

urteninite graias fors along lf;.‘iolt. or tine fractures (in
Plate 7B, the arrovs point in the direction of the suggested
lineasent).

The biotite gnoL‘nol aad the tiner-grained
K-feldspathized and folded biotite gaelrsses (Plate 44, 43)
are essentially unaineralized. With even prolonyged euxposure
tises of up to 36 hours to the radioluzoyraphy tils, these
sasples shov wo p&osonco of radiocactive yrains. This
observation is confirmed by field examinatioa and
radiometric survey results obtained on the upsigsatized
qncissgs. 1o the field, the biotite gueissSe¢es «l¢ Dever seen
vith secondary yellow ucanyl sineralization nor do they host
any of the radiosetric anosalies discovered io the thesis

area.

D. Nesostructural Analysis

The most prominant structural trend 1o the thesls area
is produced by the biotite gneisses wvhich strike MNE and dip
steeply NW. The structural data accusulted by the author ou
the in-situ biotite Jneiss and the gneissic xenolith blocks
rncorporated 1n the vhite pegmatites appears 1o Map <.

Where the setasediments are c¢itensively migmatized and
intruded by the vhite pegsatites, the strikes and dips
deviate fros the regional trend. Plate 2C exesplifies areas
vhere the structural distarbance 1is gininal, vhile Plate 3D

illustrates regioas vhere roos-size blocks are rotated by



the vhite peagmatite.

The_ poles to the folilation plenes 1; the goolinnes
vzposed et the mela shovwing bave Leoa plotted add coatoured
oh ah eyual-area astereogras (Figute 7). Tvo patterns aCe
appacrent from the distridbution of poles, sasely, & pulat
concentration and & polact spread. The polar conceattation it
the SE yuadrant likely cetflects the reyional tight imoclidal
tolds of the unsiqgsatized dDiotite gaeisses. The grestest
accusulation ot poles corresponds to ab epproxzinete tegionsl
strike of 40® and a di1p of HOONVW. The sprtead is likely due
to varping and displacesent ot the bjiotite yneisses under
the force ot pegsatite esplacement (Mhitten, 1966).

Ssall scele folds, ptygmatic tolds, edd dragy foldiag
and faulting of the type seen i1n Plates 2D and JA are
usually associated with stringer peysatites aad thecrefore,

are believed to have formed a4t the time the biOtite gpeiss

- 1]

vas sl jsatized and intruded by the wvhite sigmatite. Major
taulting 1% also thought to exist'at the sain shovinge.

Although these faults have not been sapped
systesatically, they are likely the cause of a prosiaant
escarpseut vhich trequontty borders the soutbeaét side of
the sain shoving. Also, SasSano (1978) and Beesley (1977)
refer to extensive faulting prisarly iuL areas vhere the
vhite pegmatites have.been developed to tl.’.’.‘lilﬂl
thickngss (ie. near ‘ N on the G4V basoline>). In one
instance, a noraal fault with a displacement of

approximately 100 seters is thought to exist at the maia

e
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shovingy (Beesley, 1977). iaultinq at the main shoving is
also likely since major faults occurring on strike appear to
the northeast along the Grease River and to the southvest at

“

Lefty's Pall (Figure 5).

E. Discussioa of Chapter 111l .

The biotite-plagioclase—quartz gneisses 11 the thesis
area have been regionally metamorphosed to middle
asphibolite facies. The segfegation of ninetql’conponents
seeas to have been restricted to a fev silliseters since
these Tazin Group biotite gnéisses resais thiuly banded and
well foliated. The minerals present are typical of
regionally metamorphosed argillaceous sedimernts (namely,
pelites) containing relatively high Mg-Fe content (Bayly,
1968) .

The pink pegmatites existed prior to the regionpal
leganorphic event since their faint gpnelssosity parallels
that of the surrounding gneisses: They are probalbly coeval
¥ith grey to pink gramodioritic lenses (situated in the
metasediments north of the Grease River) and larger qnei;sic
blocks‘bordeting the Grease River metamorphic belt (see
Figure 95).

The vhite pegmatites Qf trondhjemite, granite-and
alaskite composition are evidence of dpe major igneous event
and differ only according to the extent to vhich ghgy have
been affected by late-phase K-metasomatisa. The o L

potassiua-rich letasonatizﬁgi soctutions have tramsformed

.
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nearly all the plagioclase~quattz-niotite troadh jemite rocks
into the tvo-feldspar and alkali teldspar granites. It is
Suggested that the setasomatizing solutions perneated some
portions of the felsic rocks more thoroughly than others,
thereby producing the three compositional varieties.
According to Augustithis (1973) , these results could be due
to }1) the 1spenetrability of the potassium-rich solutions
due to consolidation ot the initial
plagioclase-quartz-biotite Ragma or (2) an insufficient
Juaatity of potassium to K-feldspathize all the rocks.

High temperatures And pressures at the time of
eaplaceaent caused the bilotite gneirsses to melt (anatexis)
or pe thermally Retamorphosed. Temperatures in the brder of
6009C to 7509C vere needed to melt the felsic constituents
(metatexis) and eventudlly the biotite fraction (diatexis)
(Mehnert, 1968, 1973; Winkler, 1974). with texperatures
falling belowv those required for melting, the biotite
gneisses were thermally Retasorphosed to the upper
amphibolite facies with the developaent of almandire
jJarnets. The garnet porphyroblasts are found in the
biotite-rich gneisses (samples 2, 4, 9) and are clearly of
post-kinematic origin since they do not disturb the regioral

metamorphic foliation (thitten, 1966) .



IV. Petrology, Petrogemesis and Oxygea Isotopes of the
Grease River Property
In part A, results of the petrological microscope study

on the qnexsses‘and pegmatites occurring in the Grease River
area are presented. In part B, mineral and textural
relationships as established from field, petrological and
heavy mineral examinations vill be discussed in regards to
the petrogenesis of the thesis area. Oxygen stable isotope
mineral analysis, results and interpretations obtained on'

five rock samples trom the Grease Biver property are

included in part C.

A. Petrological Examination

optical, radioluxcgraphy and K-feldspar stainoing
teéhniques have been used to identify minerals it the
petrographic thin sections..?he resqlts include descriptions
of the essential, varietal, accessor& and secoadary sinerals
common to each rock type. The accessory heavy minerals are
listed }n Appendix B. Sinie thin-section modal analyses have
not been detetnined due to the coarseness and inhomogeneity
efhibited im most samples, the reader is referred to the
hand-sasple modal conpositions4presented in Chapter II1I.

Identification of the plagioc lase feldspars has often
Peentptoﬂibnatic. In the coarse yrained samples, here the
lov frequency of plagioclases, coupled vith the occurreace
of €ither untwinned or severely altered varietids, has smade
positive idemtification difficult.

¢

i
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Rlagioclase felspars fora Up to 50 percent of the
mineral constituents in the ungrapitized fine-grained
gneisses. They acte coamason 48 untvinned, Subhedral,
equidisensional grains rarely exceeding 2 am 10 leagth.
albite twins are developed, giviag a compositional range
fros aibite to oligoclase. In Places, the Plagioclases a

slightly altered.

dnhedral, hearly equidimensiopal QUaLtZ grains are

~¢m associated wvith Plagioclases. Although, frequent

e W\t
strained and occasionally recrystallized, the quartz

boundaries are usually sharp.
' Euhedral biotite books, plates and flakes averaging
B2 long are rarely undulosed ang are distirnctly free of
corrosion and alteration, especially rar*to chlorite.
They are strongly bleochroic, with the colours ranging f
brownish yellow to ceddish brown.

Muscovite, where preseat, is alvays 4sSsocCclated with
biotite and toras 4s elongated euhedral grains likely
pseudomorphic after the piotite. 7Tae BuscCovite grains ar

L J
veakly rleochroic froa colourless to Pale yellow.

The 4€CeSSOorY miperals fouad ip biotite gueiss are
givey ia Appendix B. 2iLcop, 2patite aud 1KQD opagues ar
the most comsmon, with gg;gg_g and gargpet found Locally,

yrapginite occurring rarely.

The zircons are ssmall, Subhedral, slightly elongate

j8,

Oaly

re

ly

1.5

rom

e

e

and

d

colourless grains vith bhigh reliet. They are usually free of
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i‘élusxons 4ad zoaing but believed to contain saall amounts
of radioacéaxo elements since they have produced dark haloes
in the biotites in wvhich they are found. Lov tirst order
grey intecference colours are Suggestive of a metamict
State. |

Apatite is characterize& by moderately high relief,
briyht white colour, and first order grey interference
colour. The slightly elongated, bipyramid unzoned grains are
often slightly rounded with ﬁartially corroded edges and are
tound in the Plagioclase-quartz bands.

Isolated cubic irog QpPaques up to’.OS BB in diaseter
and relatively free froa alteration, are usually fouand with
unaltered biotites. i?vever, vith the initial grantiza;ion
and foldingy cf the biotite gneisses, irregular shaped Llebs
and digsenindtions of altered iron opaques are very closely
sixed with corroded biotites.

Ivo-Feldspgr Granites

) Here plggigglgggg are virtually always equigranul ar,
anhedral grains averaging 4 mm in dig;eter. When not
completely altered, albite tvins are visible in most Jraias,
the composition of the Plagioclases lie in the albite to
oligoclase range. Occasional Carlsbad tvins aod rarer
Perthite twins occur in the albite twimned grains. The
alteration to clay miperals, sericite, muscovite and epidote
is usually extemsive. Twin pPlane and patch type replacement

antiperthite is sosetimes accompamied by albitizatiom of the

plagioclase rias.
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Poikjolitiec, subhedral to anhedral pjicroclipg blasts
often enclose relict biotite, Plagioclase, quartz, zircon
and uratiuvite yrains. Less frequently, small microcline
graias gre found rostriczza to the intecstitial boundaries.
The grid-tvinned K-feldspar is low in refiot, vhite ia
transesitted light and cosmonly fresh in appearance, although
locally secondary muscovaite vill develop (sample 16). When
vein, flase and patch microscopic perthites are present,
they invade the grid-twinned portions while string aand
stringlet cryptocrystalline perthites are commonly linked to
the nntJinned portions of the microcline blasts.

dyrgekite, consisting of parallel and radiating quartz
and plagioclase inter;rovths is abundant in the pegmat ites
and coarser grained migmatized gyneisses. It is bounded by
tresh microcline and extensively altered pPlagiroclase grains.
The yrowths are oftean rounded, slightly elongated and
protruding into the plagioclase.

Equidimensional or slightly elongated quagtz grains are
fouud betveen the larger feldspar grains. The quartz is
usually strained and frequently recrystallized vith sutured
boundaries, resulting in the developaent of seriated or
amoeboid textures.

Corroded and altered biotite stringers and flakes have
strong pleochroic colours frona either yellow to reddish
browva to black or Pale yellow to greenish black. Comsmon
alteration sinerals are Ruscovite, epidote, chlorite

bleached biotite, iroa opaques and probably sphene.
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Undulosed and kinked biotites are not uncoamson. rrequently

visible vithin biotite grains, ssall darkened areas are
caused by radioactive decay of minute grains aad uraninite
inclusions.

ng;gglj;g.patchos and rafcly eubhedral grains develop
fros the feldspars and biotite. Although muscovite is
;liqhtly pleochroic from colourless to pale yellow, it is
often confused vith epidote since optical examination is
lapossible on the ssaller grains.

The extent of gepjidotization is alvays siqhiticantly
less than suscovitization of biotite. Euhedral epidote
grains wvwith moderate relief are usually colourless or pale
yellov. Tvinned stubby crystals with Faralle]l extinction
shov secopd order blue interference colours.

The g¢cegsory pinerals are lofg abundant and varied in
the granitic rocks than in the biotite gneisses (Appendix
b)- Zitcop., apatite, sphepe, uranipjite and Pe-gpagues are
Coamon while allanite and yarpet are fouand locally.

Large (up to 2 am long), zoned, rounded gifcons often
containing zircon cores or opaque inclusions are found in
most samples (Plate 10F). These grey and light brown
coloured zircoms with high relief are metamict and filled
vith sicrofractures.

Apatite .qrai.ns acre small, white, eubedral slightly

rounded dipyramids often contained as inclusions in quartz

grains.

Cubic gl“as of yranjgjtes and their reaction rias are
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found either enclosed in plagioclase, quartz and sicrocline
or borderiag biotite grains. 2ed aad yellow coloured stains
lining cracks and crystal boundaries adjacent to the
comsmonly corroded and altered radioactive pseudosorphs after
uraninite, are evidence that the yranitic rocks bave likely
had corrodiag fluids passing through them. kadioluxographic
photographs of the two-feldspar gJranite saaples (Plate 8-14,
30, 32, 34) shows the nature of dissesinated, lov-grade
radioactivity caused by remobilization.

Allanite, a calcium ceriua epidote £ouPd in ouly three
thin-sections (16,17,18), i; characterized ty its very high
relief, euhedtdl he;agonal outline im cross section and has
4 sligbt elongation with parallel extinction. The typical
appearance of the deep brovnish-yellov coloured and veakly
anisotropic miseral 1s seea in Plates 9C and 9D.

Euhedral, wedge-shaped sphene vith high relief is
alvays found withia biotite graims. Colourless, or light
brovn‘xn thin section, these grains rarely go to extinction
under crossed nicols.

Grid-twvinned gjicrocline, the major feldspar in the
alkali-granite ctocks, is never found vith ayraekite. String,
vein, flame and bleb perthite of albite composition invades
most of the K-feldspar blasts which are in graphic granite
intergrovth with quartz. The slight alteration of sose
microcline grains 1s linked to the cross-cutting perthites

of albite composition. "
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QuUaLts forss almost invariably as laerge anhedral
undulosed graios and is locally graaulated betveen
sicrocline blasts.

Corroded and intecnsely chloritized piotite grainms up to
7 as long and 4 ss vide border sicrocline blasts.

This rock yroup contains fewer accessoLies than the
other coarse grained pegsatites and pigmatites. ZiECQD and
ngggin;;g exist in saample 29, apatite. gpidote and possible
sphepng in sasple 25 while garpet is found 1ia sasple 2.
guactz-Rich Gramiteid and Quactsolate

pladioclases are often iotensely altered, untvinned,
anhedral grains in the albite to oligoclase raage aud with a
bi axial negative sign typical for the plagioclases found 1in
the thesis area.

Pine-yrained to tlastoid, subhedral to anhedral
mjcroclines are occasionally the sost apundant feldspar.
Bleb and striny pett;ites are developed 1n K—feldspa;
xenocrysts resaining in the quartz velns.

Abundant, coarse-grained anhedral gyartz is alvays t he
last sineral phase to crystallize ain these rocks. Associated
vith corroded plagioclase, microcline and biotite grains,
the quartz can be strained but is seldosly recrystallized.
Crystal boundaries are sharp aaod angles at triple point
junctions approach those of plutonic rocks. In sasple 12,
pegsatitic quartz is the most abundant mineral.

Biotite grains usually‘renain as stringers and books

wvhich have evideantly been corroded by quartz. They are
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usually bleached or extensively altered to chlorite, epirdote
and asuscovite. In sasple 24, biotites fresher 10 appedatance
add presuamably recrystallized, dborder sose Ot the teldspar
xenoliths.

Euhedral gygcovite plates 6 sa long are tound betwveen
Juartz grains in sasple 12 only. Pleochroic fros colourless
to pale yellow, vith lov relief aud unifors extinction these
gyrains are thought to be a prisary sineral constituent.
However, saaller less perfectly torsed suscovite grains 1in
sample 12 are likely pseudosorphic after biotite.

2iECQD. dpatite, yranipite, Bolybdepite and 2L9op
gpagues are cosmonly dassociated together 1rn feldspacr-bilotite
xenoliths surrounded by unstrained quartz. Plate Yb shows
part of an elongyated xemolith containing a large, zoned
zitcon, wbich extends off the picture to the rigyht, aud 1s
intergrown vith highly altered and cracked, cublc uraninite
grains 1 aa wide.

Iropdhjepite

Rlagioclases are the principal teldspar 1n these rocks.
They are of oligoclase composition vith biaxial nejative
sigyn. The plagyioclases aré coasoniy albite twipnpned, ecubedral
to anhedral Jrains that are free ot alteration and
antiperthitization.

Ssall corroded gicgroclipes are found as xenoCrysts JOr
parts of xeancliths surrounded by a plagioclase-quartz
matrix.

Large anhedral gyagptgz grains are often strained but
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rately sutured or yranulated. o

Tvo generations ot piotite are apperent 1n these rocks.
Older chloritized bLiotite stringuis trequently bLorder
xenoliths found in sasples H and 10 (Plate 11). Younyer or
recrystallized birotites {Bund in samples 4 and D9 (Plates
96, 9H, 12A, 12C aund 12G) are recognized by th;ir ¢uhedral
outlinpes.

BUSCOYite say appear tolloving the alteration of
biotite but most often 1t 13 of primary origin. Io the
latter case, euhedral suscovite plates are found vith
unaltered biotite (samfples 14 and DY), but as s%'n in Plates
12F and 112G, they appedar to be younyer than the associated
a1cas.

‘21rCou, utdaninite aod 1ron opayues are the BOost comsou
ACCeIYOrY BiheLals 10 these plagroclase-qyudttz-pirotite
rocks.

Tvo zAECOp populations are observed in these rocks.
Laryer zoned and cracked metamict zircons are freguently
enclosed 1in biotite oc later foraing quartz (Plates YA, 4G).
Ao abundance ot small, unzoned zircons associated with
uraniolte and fresh biotite are distinctive in samples 14
apd D9 (Plates 9YH, 112G, 12H).

Ugaplogjte crystals are often larger (up to 1.0 =s),
more abundant and less corroded in the trondhjesitic rocks
than 10 the other rock types 1o the Grease River area. They
usually occur vith reaction riamas (Plates 12B, 12D), but

grains are fouad that are unrimsed (Plates 12A, 12C, 12F,
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12").‘rhoso uraninites ate fouand with aicrcon and

L)

occasionally, Th-aimerals (confirned by electios sicraptobe
avalyses) (ase Plate 1Ve.
sussacy 9f Retrologicel Rsuylta

The signiticant sineraloyical amd textural teatuces
observed in the various rocks encountered - 4ip the st‘;y ar e
are sussarized 1n Table 4. The characteristics of

plagioclase, ayrasekite, aicrocline, quau!‘,"' Lx‘iﬁ‘and t he

y

-
coason secondary sinerals are indicated. Points i;quxrinq

ezplanatios include:

'. Altbough the extent of plagioclase alteratiou 1s
easlly detersined, the secondary products atre rarely
identified. Saussuritization and sericitization are
assused to be 1i1sportant alterations sioce
occasionally coarsei(-jreined cpidote aLg vhite ®miCa
(sericite) are observed. Clay sinerals oss1bly

torsed by veathering acre ailso though ptribute

to the cloudiness of the plagiroclases. -

). The relative abundance of syrseklte 2o edch sasple
1s determined by comparioy the samfples with each
other.

3. The relative abundance of aicrocline in each saasple
reflects the proportion ot microcline to total
feldspar.

The prosinept 1gneocus and metamorphic textures in each
thin-section are classified as stromgly (J3), soderately (2)

or weakly (1) developed. Sasples coataiaing mild cataclasic
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shear lay testutes are Ladicated Lo Table &,

the Bletite 200iBNRa o¢te distinctly tree of
Jranitizatiog PLocesses s8ince Detesotphic leyer sng i
ptesetved. TN presence of oaly slaightly edtered plaqglioclene
«nd Diotite cowpled vith the aotavie lechk ot Rctocliae, ate
further evideace that these (OCis have [edalined esmentially
undisturbed following crystellizetion.

The JLebitiled dasiaass diffec (tos the ULiotite
Joeisses 1b that they Costaia eiteasively altered
pleagiocleses, as abundance of sproeRite aad otccécxsno
graras apd & predosisance of stromgly chloritized biotite
striogecs. .

The caatacter of the tyo-feldaper Jieliles s Jeberally
Mgneous with only a fev setamorphic toctutunxxolaxn;nq. As
sev: L0 Table ¢, these [OCky ate Ofted sheared as uvxdonqg‘

~

by the yrsauletion of flagioclase, sicroclane and quertz.'

f

The alializfeldapas 3CADASER afe 1St iaguished :‘ ‘
having only potaessic teldspacrs. These aicrocline yrains are

Alwvays pottiftxszlasts, eaclosiag quattk’and chloritized
biotite, unly'anoous textures afe otnerved 1n these
coarse-Jyrained pegmatites.

The outstanding characteristic ot the Jryniteid and
guartzolite Eocks (Table &) 1s the abundence of yuartz vhich
is observed to corrode plagioclase, sicrocline asd piotite.
Pegeatitic appearaace 1is comspsod except 18 slyaatite sawmple

PL IS

The Lropdhiemitic KOGk sasples are equaliy diftiactive



for their high concentration of bnaltered subbedral

plagiocl&ses and nearly coamplete lack of myrmekite and

microcline grains. The shape and extent of'algeration of the
v

biotites are variable im this rock group. Their igneous

textures are not disturbed by shearing.

B. Petrogeasis

The biotite gneisses in the Grease Biver ared consist
of plagioclase ¢+ guartz ¢+ biotite t muscovite. Accorditg to
winklecr (1974), this aineral assesmblage is typical of
pelites (or clays) metamorphosed to only lediui metamorphic
grade (see Figure 8a). The mineral reaction which sets the
upper liait ot‘lediun grade metamorphism is taken from
Winkler (1974):

nuscoviée ¢ quartz & K-feldspar ¢ alumino-silicate
The noticeable lack of anatexis and K-feldspar developsent
in these biotite Gneisses further implies that 1f they  
formed from prograde metamorphism, high grade comditions
could dot have prevailed at that tise.

Aécording to the metamorphic facies diagrgl (Figure
8b), the biotite gneisses plot in the lover to medium
amphibolite facies range. Although, none ot the _alusinoum
gilicate sminerals such as kyanite, sillimanite, andalusite
and staurolite occur iA the metapelites, this criteria

should not apply for facies determination since these rocks



FIG. Ba : DIAGRAM OF METAMORPHIC GRADE (from
Winkler, 1974 ).

FIG. 8b : DIAGRAM OF METAMORPHIC: FACIES ( from
Winkler, 1974 ).
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are lov-Al metasediments.
[ ]

These interpretations are in agreement vith the Grease
River mapping by Og:;orne gt al. (1963) and Baer (1968)-
Howvever, petroloqxcal‘bvidences establishing whether the
biotite gneisses are a result of amphiboli te facies prograde
or yranulite facies retrograde psetamorphism are stall
lacking. Accordieg to Munday (1977) who has studied similar
gneisses 1n the Mudjatik Domain (see Figure 2), these
biotite rich rocks are considered to be relict portions of
high grade setanorphic amphibolites and granulites subjected
to extensive anatexis.

Pink to white pegnatxtxc grapite rocks occurring ou the
Grease River property are comprised of K- -feldspar ¢
plajioclase ¢ gJuartz + biotite. Figures 84 and 8t shov thtat
this assemblage 1is characteristic ot high grade metanorphic
rocks 1n the upper asphipolite facles range.

These pinkish granites have a faint gneissosity ;hat
parallels that ot the oxot;te gneirsses. This 1mplies that
the more teldc rocks vece emplaced prior to or durxng tte
regxonal metanorphéﬁ.event v%uch produced the me tapelites.
The contact existing betueeu/thebe units isplies that a
felsic melt formed at depth and ascended in order to
intruded the biotite gneissessat the present erosional
surface. The distance‘travelled by the gramitic melt 1s
considered to have been significant since it was generated

under high metamorphic grade (anatectic) conditionsz yet it

vas comsolidated within a zoue of only medium grade
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me tamorphic rocks.

The P,® conditions required tor a goeiss to melt are
determined by the abundance of lov selting minerals and the
amcunt of formation vater available at the tise (Carmichael
et al. 1974; Winkler, 1974). Pigure ba 1llustrates that for
jressures from 6 to 8 kilobars (kb), an average gneiss will
coamence melting at teaperatures ranging froa 660 to 6259C,
dependiny oo the plagioclase composition. 1n this case,
plagioclase, K-;eldspar, quartz, muscovite and biotite will
selt once apatexis begins. Hovever, should there be a
deficiency of formation vater, meltinyg vill be delayed until
the time that the hydrous minerals, namely, muscovite
biotite and hornblende have started melting at temperatures
above 7000C (Carmichael et al. 1974).

The source of the pimnk granitic pegmatites 1s t hought
to be similar-to that of the biotite gneiss. This is assumed
since the overall mineral constituents in each lithology are
surpc%sinq sisilar: it is only the miceral propourtions which
differentiate the two. AS mentioned earlier, tae Tazio Group
base-ent complex iu the area appear to originate froa lov-Al

and high-Pe, Mg, Na, K clays . (Bayly, 1968) <

The vhite pegmatites in the Grease Biver area are
coaposed of plagioclase ¢ K-feldspadr ¢ quartz + biotite
vhich develoggd.durinq taree distinct periods of aineral
grovth. Thei*' \c;;’ystallization histories have been traqed by

exasiningy the textural and miperalogical changes that have
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Vg
occurred with each Successive iatrus,ve Period.

First, a plagioclase + quartz ¢ biotyte asseavlage
is thought to have crystallized froa a silicate melt of
trondhjenmit ic composition. As seen ip Table 4, these
trondhjemite Pegmatites that have 0ot been disturbed by
later e¢vents are characterjzed by (1) Containing essentially
unaltered Plagioc lases (2) lacking Ryrmekite agd K-feldspar
and (3) having igneous-plutonic textures.

In the secoad intrusive period, K-teldspar + quartz
granstorlcd Rany of the trondbjeartic rocks into the
tvo-feidspar and alkali-feldspat granites. Here the

extensive alteration and antiperthization of the

pre-existingy plagioclases are related to the appearance of

prooatly formed fron circulating Na-rich Solutions generated
trom the treakdown of plagioclase (Augustithis, 1973).
During the third lntrusive pha se, h'nrotnetnally
Crystallized quartz ¢ mauscovi te ptoducéﬁ t he quartz-rich
Jranitoid and quartzol ite Pegmatite s, Quartz-veirns aveMying
2 aa wide Cross-cut many of the ear lier foramed Pegmatites
aud ;ignatites. These veins dppear to be of two origins,
Pirs}, a dilation type is Clearly evident in cases where
veins are bounded by sharp edgeé Usually through Porphyritic
feldspars. Second, a replacement type is suggested since /

quartz is noticeably lacking in the adjacent wall rocks.

Both types were probably derived from a aqueous fluid of



54

hydcothersal ;riqin.

The vhite pegmatites in the Grease River area are of
syutectonic oriyin. Only slight tectphnic activity vas
associated with the crystallizatioa ot the ipatial magma as
evidenced by the occasional broken plagioclase Or kinked
biotite in the trondhjesite pegmatites. However, more
extensive shearing and alteration occurred during and
followving the period of K- -feldspathization. lccordinq to
Meyer's et al. (1967) classxtxcatxon, both propylitic and
intersediate argillic alteration asseablages developed in
the aftected rocks. Evidence that shearing of the pegmatites
occurcred duriny infiltration of hydrothermal solutions is
observed in the tvo-feldspar gramitic peqiatites. Here, even
the microcline blasts caw Dbe rounded in the slightly
mylbnitlzed rocks. Also, the preseace ot ayrasekite and
epidote are sugjestive of tectonisa since they are comsonly
developed in regions that have undergone considerable
shearing (Augustithis, 1973) .

The P,T conditions existing during the developaent of
the pegmatites probably decreased from the tinme of 1ntrusion
of the trondhjemitic pegsatites uontil the hydrothermal
period of quartz enrichnent: Acc;rding to winkler (1974),
aelts of plagioclase ¢ quartz ¢ biotite composition are
formed at temperatures betveen 686 and 730°C at respective
pressures of 7 to 2 kb. Hovever, at the time of intrusion,

o

lover tesperatures are believed to have existed since the

melt vould have cooled in moving upvards through the biotite

4 Y T,
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gneisases. However, according to Pijuce 8, temperatures
higher than 6209C are implied since locally, portions of tne
biotite gneiss have been melted or thecrnally setamorphosed
to the almandine garnet isograd. )

K-metasomatisa likely occurred once the pegmatitic
focks started cooling. Winkler (1974) suggests that
microcline ¢ quartz assemblages developed in this period
Crystallize out at temperatures below 6859C. In restricted
zones of the peymatites, graphic granite intergrovwths .
developed in the alaskite pegsatites have resulted from
eutectic crystallization of blastic microcline acd quartz.

The overburden pressures that existed vhen the white
pegmatites developed were considerably lower thac thﬁse
during the regional metamorphic formation of the gJhelsses.
Several factors 1amplying this are:

. 1no gneirssosity occurs in the white pegymatites.

2. the fracturingy and shearing of the white pegmatites
are typical of rocks eaplaced in shallow
environments.

Deeper portions of the underlying piok to white granite
gneisses are though: to be the source of the white
pegaatites (see Map 1). Proofs that suggest the
trondh jemnitic melt formed fros relatively local melting of
the felsic gnisses, rather than having developed from mantle
or extremely deep crustal sources are listed here:

1. . the relatively small size of the pegmatites are

typical of anatectic selts devel

®

locally.
>
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2. the discontinuous nature ot the vhite pegsatites ia
4a ndcrov zone approximately 500 s lony suggest that
th‘ourco of the anomalous paqlctitgs extends for
at least an equal distance in the subsurface.

3. the underlying pink leucocratic gueisses shovw
evidence of having been extensively altered and
sheared.

4. the mineral constituents io both the gramite gueiss

'~and vhite pegmatite are cosparable to each other.

5. ~anatexis of the felsic gneisses could vell have

proceeded at P,T conditions. that would not have

extensively recrystallized the biotite gnelsses.

C. Oxyges Stable Isotope Analysis

lhe mineral oxygem isotope dandalyses of white pegmatite
sasples from the Grease River area vere conducted by Dr. K.
Hattocrl at tbe University of Alberta. The bromine
penta-tlouride extraction technigue tolloved has been
described by Clayton et gl- 1963. This metbod of extracting
oxygen is suitable for silicate and oxide minerals. Although
a brief description of the methodology employed shall te
given, the reader is referred to the origimal paper for more
detail.
Apalytical Rpocedures

purified biotite, quartz, K-feldspar, plagioclase and
zircon vere obtained by heavy liquid separation. Powdereil

silicate samples veighing approximately 20 sg vere reacted
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vith BEPS ia nickel reaction vessels at tesperatures cloue
to 6009C for ' hours. The oxygen gas liberated vas
converted to CO2 over beated carbon.

Measuresent of the ozxygen isotopic abundances vere lede
with a 602C HMicromass sass spectrosetet. The, O38,/016 ratios
(B) calculagod tor the mineral samples and the standard vere
expressed as follows:

5018 = | —cmcmeom- - 1]1000
B standard

vhece 2 = the perail deviation of the sasple
fros that of the standard.

The standard used'vas the SMOW scale detined by Craig, 1961,

Geological applicatiops of Qxyded 3table [sotope Anglyses

lThree stable isotopes of oxygen exist 1in nature, 01‘,.
017 and O S k:Lvn re lative proportions 1h oxygen air at
99.76, 0374 and .2039, respectively (Taylor, 1967). Because
of their slightly different physio-chesical properties,
natural geological processes cause the oxygen isotopic
abundances to deviate froam thcse guoted JUGVQ..

Oxygeh isotope studies of geological saterials involve
obtaining and compariny the Olé, o'® and 3Gi® values
(Taylor, 1968; Taylor et al- 1?62). Igneous, metamorphic and
sedimentary rock types each H“Q a characteristic range of

AL
1

whole rock and mineral oxyqqﬁz sotopic compositions. Vvaried
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isotopic conpoqitions can result fros the assisilation of
rock masses vith differing isotope valyas. Siailacly, fluids
originatisay froa these geological torsations bave
distinctive 018/0%¢ catios, aund are capable of
re-equilibrating vith other fluids and rock msasses.

The objectives for detersining the mineral §0!'°
coapositious of vhite pegmatites tound in the Grease River
area are:

1. To establish vbat igneous petrographic rock type (or
source rock) they isotopically resenlble.

2. To deternmine if the white pegmatites tormed in
ejuilibrius by coapariag the mineral isotopic
sejuences of each sasple apalyzed.

Resulis

The §01® values for the sinerals analyzed are given 1n
Table 5. The sinerals analyzed are drrqﬁged io order ot
increasiong 8§08 permil (% ) content: b;otite (41-4.9 %),
zircon (5.5-6.4 %), plagioclase (7.9-8.0 £.), k-feldspar
(B.5~8.7 %), yuartz (9.2-10.04 Re )™

The §O'® values are plotted 1n Figure 9. Samples 3 and
30, both wvhite pegmatites of granitic composition have
similar biotite, plagioclase, K-feldspar and quartz 018,016
ratios. The tread of §0'® values tor biotite and quartz fros
trondhjesitic pegmatite samples 14 and 27 difter slightly
vith each other and wvith the granitic pegsatites. The lovest

018/018 ratios for quartz occurred ina quartzolite saspile 12,
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FIG.9 : §0'® MINERAL RESULTS FOR
PEGMATITES, GREASE RIVER AREA
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The asineral $0'® yalue !oull‘or ab& o( n- qnpl::
analyzed fall vithia the cange co.lonly o‘povﬁo( ig t o
grasitoids and sigmatites of iyneous agd & -,wh—,
se tasorphic orlqll (Longstaffe,+ 1979; T&Yylor, p8; ‘Tayloc
et al- 1962; !Ll-anthan. i970); sost :ﬁ~;ho a.otop;c
results tend tovards the low end of the aiaeral §O'® cacges.

Mineral equilibriua is appacent tros the mwquence bf
018,/0t¢ catios obtained for the five white Peymatite sdajples
analyzed. A progyressive encrichaent ot (39 coltcntlxi gainy
fros biotite to quartz ia Pigure v, i1aplies that the sinecsl
assesblages leveloped under OXxyJeL 180topic ejullibrium
conditions. .

Although all of the results sani}y p?qldtltic;ldqlltlc
1atrusion, the sligyhtly lover C19,0's rqatio0 in quagtz tcon
Ssa8ple 12 suygest the possiblility ot bydrothermal activity.
Accotéxng to Taylor (1967) and Taylor’gg a4 (1979), guart:
precipitated from aydrothermal solutions contaminated with
meteoric v:t;rs ( §0'® raage trom -10 to -4 pereil) wvould
have lover C!®* conteat as a cousequencCe of lowver sageatic
values. Indeed, this ioterpretation correlates vith the
petrological evidence for a late-stage hydrothersal
developsent of the quartz-eariched rocks.

The same hydrothersal event likely lovered the Oi8/gte
ratios of biotites froa saaples J, 14 and 30. Because of
their crystal structure and chegxstty, biotites atre known to

exchange isotopically with forsatioa fluids evep in the
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bydrothernal teaye (ros 200 to 900°C (Taples, un.. This
sujge ats taast the peguat ited .tQ open systeds at the tise
thet yparta pracipitating oquuoul vece gaplaced. The of wa
l.'.(.lt' calouuu’blotuol obamwcved La the soge 9010..13
peysetites at the sais shoviag support these oiyges isotope

“-ulu and Laterpretations.



V. Geochromology

.A. U-Th-Pb Datiag Nethod
Lotcoductiop

The choice of the U-Th-Pb method in dating the GrLease
Rivec‘ rocks vas"ide for tvo reasons. First, the presence of
uranius and thorium bearing minerals in these rocks. Second,
because U aad Th have loag half liveé, the U-Th-Pb systeam
voqld be appropriate for Precaabrian research (Baadsgaard,
1964).

The miperals best suited for dating rocks saspled for
this stndy are zircon and uraninite. zZirconm is especially ,
useful since it is ubpiquitous in both the metamorphic and
pegmatitic assemblages. The araninlte grains are not as
useful as zircon because they are concentrated only in the
pegmatites and the intensely migwatized biotite gneiss.

The composition and crystal structure of zircon and
uraninite gJreatly influence their physiochemical Lehaviors

’

during geolcgical pracesses. The‘chelical and mechanical
stabilities of zircon persist until extreme temperatures and
fressures are attained (Bibikova, 1977), Hovever, uraninite
is d{s:ntbed ander much-less intense temperature and
pressyre cond;;ions.bécause of the thermodymamic properties
of the ﬂtl;iulvgtOI (Langmuir, 1978). The tetravalent (U**)
fors found in pegmatitic uraninite crystals is readily

oxidized to the highly sobile hexavalent (U*¢) state under

slightly oxidiziag coaditions (Beraaa, 1957; Granmdstaff,

' g hd
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1976) .

In districts such as the Grease Kiver area vhere
several netalofphic and igneous events are knovn to have
occurred (Colborne ¢t gl. 1963), mineral dating studie;'vill
frequently record those events. Zircons tend to date the
older a2agmatic events vhile uraninites tend to retlect ages
of younger events.

Iheory of kadioisotope Datiny

A brief introduétion tq’the theo‘y and practicalities"
of radioisotopic dath;‘ is Wn T::‘ l.elp. the readbc
understand the anmalytical ptoceduf@s used to date the events
in the Grease River area. The theory is a brief discussiog.
based on the work by Baadsgaard (1964) and Moorbath (1970).

When a radioactive parent nuélide breaks doyn to give a

daughter nucleide it does so according to the Lawv of

Radioactive Decay

,‘_' Nd = Np (ek"1)..--.‘----.-..-....-d...-...(5.1)
: o' 8 ° '

N, | » .
vhergs” ¥ Nd = nuelwr of atoas o !aughter nuclide

\ . Np = number of atoms of parent nuclide

‘ by decay constant for a particular parent
&3 nuclide
t time since foramation of the mimeral
°
In the U and Th bearing minerals, three radioactive

parents decay via umastable intermediates to give stable
radiogenic Pb isotopes plus_ helium and energy according to

the folloving reactions:
031. ————D Pb‘o‘ * 8!!87‘ * 'netg’o.o.:.ou;o..:oo .‘(5‘2)
U”' —-“)'Pbto' +* 783. L4 Qnel‘g’..'.'....-...'...:‘..(5.3)
Th232-—-<<> Ph208 ¢ THe® ¢ €N@LGYecVececccenccccnce(D.¥)

‘ L RS .-
The decay of G239, §g233 apd Th222 itodoj!gséoodbﬂ.t rates
. -~ KN ' e

Lo . '3
' .
£ Lt
: b



determined by their decay constaats (a):

L]

vhere U238 = 1.5513 ¢+ 10-10yr-t (Jaffey et al. 1971)
g238 = 9_.8485 ¢ 10-t0yr-t (Jaffey et al. 1971)
Th232 = .4948 ¢ 10-10yr-t (Le Boux et al. 1963)
The ihundances and relative proportions of the pareat
and daughter nucleides co-existing in mineral sasples are
obtained through isotopic mass spectrometric apalysis.
substitution of the isotope concentrations (in veight

percent) and the corresponding decay constants 1nto Eq. 5. 1

yields three geologic ages (t):

vhere - .
. 1 Pb20 e ]
t 206 :"'—-'--_"' ln ¢ 1 ....o..o.oo.c.(S.S)
yz3e | uz3e i
1 " ppb2o7 ]
t 207 T e ln — + 1 ...--.....'...(5-6)
yz23s Luzls
» 1 " pb2os ]
t. 208 = - 1n —_——— ¢+ 1 swoe s scocsssasce (5.7)
Th232 Ehzsz
A' -

Since the relative isotopic proportions ot patural

urapium are known (U235 s U238 = 137.88) and are ,assumed to
!

have remained constant over geoloyic time, the ratio of the

U23s , U238 radioactive decay equations (ie.'5.6/5.5)
results in another particularly useful age equivalent to t

207 s t 206:

ppzot Uz3s (el23s t207 - 1y

2 ee-m—ee—eseooesesessseSsss"T ...........(5.8)

pb20e  137.9 U238 (eA23s t206 - 1)

Ideally, a mineral systea should not incorporate
conéaninant Qaughter atoas at the time of its formatioa.
Hovever, since this is rarely the case, the asount of
prisordial (contaminaat) ledd isotqpes are\détetlined a;d

4
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subsequently substracted froam the total 1sotopic
concentrations. This is done by assuming all P£;°°, a
non-radiogenic lead ikotope, is primordial. Siace the
natural proportions ot Plreod ph20?, ph20e,  pp20e &?e knowh
and the amount of pPb20e doternined,.}he concentration of
contaminant Pb20e8, pb207 and Pb208& pay be calculated.
Another assuaption made in geochronolog! s that once a
gjeologic system has forsed it remains closed (no parent or
daughter nuclides may be gained or lost). Plots of daugbter
/ parent ratios for amy tvo decay series such as pb2os /238,
Pb207 /U23% and Pblb'/Thlil showing up the ideal behavi®r,
have been dravn. The most frequeantly used U-TL-Pb evolution

diagcam is a Concocrdia curve of Pb206,/(238 versus Pbzor/p238
* 1

erill, 1956). Hovever, plots of presgnt day
Mtér/yar.en;. ratios of typical U and Th minerals normally
depart froa tke ideal curve. Such departures are recognized
’gs age discordancies in the specimens analyzed. Theor ies
accounting fgr the age ditferences_include e pisodic

[
disturbances (Wetherill, 1956) and 8i ffusion effects

(Tilton, 1960).

B. Analytical Procedures

Salples selected forfgeochronoloqical study vere chosen
on the basis éf rock type, location in the field and
presence of accessory minerals datable vith the U-Th-Pb
systea. The quantity and quality'of zircél and uraninite

vere initially deterained by radioluxographic and petrologic

A
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ezasinationd.

The rock s:,plcs chosen for dating include sasmples of
biotite gneiss (3B), amigmatized biotite gneiss and granmofels
(11,17,18,32,34), t:o-dnuu-'p.quuée (3G, 18, 27),
quartz-rich granitoid (15,28) and quartzolite (12).

The chosen saaples vere processed by methods outliped
in Appemdix C. Very briefly, the rocks were crus bed,
separated vith heavy liguids, cheaically treated to extract

u, Th and Pb, and istopically 4nalyzed.

C. U-Th-Pb Isptope .Ilts and Miseral Dates
R Judging fros the U and PD isotope concentratpons in the

zirgons (Table 6) , the sasples dated fall ipto two groups.

Y
The biotite gneiss (3B) and pink gneisiif pegsatite (17)
sanple's cghtaiun less than « 06 percent tot®l U and less than

1 -
.02 percent total Pb."On the other hand, zircons analyzed

from the white pe“latxtos have\‘;evated U and Pb values @aod
. . «
more variable 1sotope cospositions. These peglatlt‘c U‘tibl

zircons contain froam .32 to .78 percent total U and .09 to
.21 perceat total Pb. }‘

The U-Th-Pb isotopic results for uraninite are ‘F%o
listed in Tabde 6.'Iu both sasples ;:alyzed, y23s, y23s and

Th232 values vary inversely to the accuaulations of their
respective dangﬁtor isctopes, Pb20e, PD297 and Pb20C,

Hove ver, the uraainites dated are isotopically df;sililat in
that sanyln 14 contains higher U aad Th and lover Pb values

than sasple 32.

Al
o)
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The U-Th-Pb ti‘t;:on and uraniaite ages are listed in
_ Table 7. The data appears oa a Pb207,/y23% vergus Pb2Oe, yzie
concordia curve for utcon and uunimtu (ﬂquro 10) as vel)
as/on a Pb200/Th232 versus Pa2oe, y23s ovoluuon curve for
uraninite (Figure 11). The U“Add Th decay constants and

uranioms atceic ratios used to calculato’ the ages are as o

givean in the introductory note of Chapter V. : ' > 3
[ ]

4 e

The distribution of points on the conco:ﬂ plot
sugges that the minerals dated fall into ¢ ..q'rdups. .?"" ke
. ) .' "~

Bechuse of the close proxinity of the stcongly discotjdui:
-”'b.\*

~zircon (12,15) apd uranigite 114,32) suple_s froa white °

NS

peymatite, pe glcal evideoce has been used to decipher
the results, ‘r’ best fittimg lines intercept the concordia
curve to give a distinctly older date ot 2250 Ma. and tvo
youager dates.ot 1970 and 1‘8&5 Ma. L
The two zircom saaspl ielding the older date are
representative of bioNtc.q’iss. Although their pbz0s, p23e .
and Pb207,/328% ages (Table 7) are aoderately discordast,
their pPb207/ppaoe dat;s are closer to the ages projected
tfron the coacordia plot. ﬂ * ".
The youlger ages (1970 and 1845 Ma) are froa the
quartz-rich and the guartz-feldspar white pegmatites (ou
in the stfdy area. Oame npearly concordant zircom (3G) and tvo
highly discordant uraninite samples are interputod ad‘
dating the same eveat while tvo zincc:n sa:iles (12 and 15)

date the last igaeous eveat in the mineralized zoRe.

v
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D. Iatecpretaties of Resulta

The biotite gneisses in the study area have bLeuen dated
at 2250 #a py U-Pb zircoa sasples. Since ag kmowva
sagsatic-setasorphic eveats occurring dn‘ asid-Aphebian
tise have been recognized 1n the Canadian Shield, this aqe
for the Tazia Gro;p setasedisents is interpretud as an
Atchean (older thams 2500 Ra) survival date. °

The younqit ages date intrusive evedts of the Hudsooian
orojeny. Two distinct Lhasag are 1nterpreted froam 1sotope
results and petrological evidence. The esplacesent of the
trondhjesite to alaskite series of white pcqna}itos (1975
Ma) slightly pre-dates the developsent of qua?tz:bnrichod
pegmatites vhich have been dated at 1845 Ha. -

The Grease Biver area results correlate vith
‘.geochronoloqical data acquired for Arciman, ‘l‘az'in Gtoub
cosplexes occurr iag in Saskatchevan, Alberta and the
adjoining poctions pt the Northvest Iecr};orios. Table &
shovs that the 8 mineral and vhole rock sasples daé.. are
Jcouped into Kenoran (2530 t; 2450 Ma), lxq—lphcbian (2160
to 2200 Ma) and Hudsomian (2070 to 1600 Ma) tise per r0ds.,
The clustering of dates'obtalned ap this part ot the
Churchill starctur®l province 1s due to the varying extent
of Ceactivatidn of the Archean crust during the Hudsoniad
orogeay (Burvash gt ‘1: 1962). '

The oldest dates discovered in the Western Cratas of

sort hers Saskatchewan occar in the Yazin Lake area. Kemgyan

ages retaised in the granodioritic amd graamitic gheisses
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tros the Nottherm Stable Block (sewe Bech, 1969) 1sply that
this segaeat Of the cCrust vas not siyaificasely eftfected by
later dynssothernsl gveats. A costinsation Of the stable
block into the Hill Island Lake acea (N.¥.T.) 18 cosfirmed
by 2450 atllion year old horablende (K-AC) bearing gheissen
(Benks, per. CoBA.).

Ia the Beaverlodqge end Stoay Baplrds lxnoaxﬂqnlts vhere
the Hudsooias revorkiag has beeas i1atense, 8i1d-dphebian and
Hudsonian dates are ocbserved (Table 8). As the U-PD and
Rb-Sr dates afe oldec thad the K-AC ages, Lt 15 assused that
the rocks vere ounly partially recrystallized i1p sost Cases.

The ywochrosoloyical evideance tor the Greesev bhiver actvs
Sujyests Tazia uroup bilotite jneisses vere thersally |
atfected, and juite possible, paCtially tQCtystallt:ud
dJurioy Che Hudsomiad oroyeay. The zircom coancordia plot’aéo
Of 2250 Ma focr the 'Archeas’® Jneilsses fros the saln showiny
is lov probably as a result of episodic Pp-loss (Ucthcrill.
1956) . Slpce the zircon U-Pb radiroisotope Clack vas resat,
it is 1oferred that the K-Ar age tor biotite uouli be
ilydsonian rathec thaa lxd~aPhobkan.

These conclusions isply that ihc protite ynersses may
have partially tocrystalliiod during the Hudsosian. But 4§
poiated out iam Chapter 4, the thinm, plrallel banding
recognized ia thin-sections is evidence that these rocks

vere affected by esseatially one aetamorphic.event. Hoverver,

the close association of biotite with 8igor lnscoviio ;l-. ? 

+

several jreissic sasples may have rqnd 4 ) *

(A
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1%
dejradetioa of biotite subjected to lover (”I&bo“u faclies
coaditioas. It 18 sotevorthy thet the suamcovity i n.
louto Jaeinses vas previocusly utuntt« es o m:u.
uulorpitc sineral. \‘ ",

o088 fros Che

Heavy vinecel Cesults O8 the B4itcod
biotite yoneiss shov that only ose populat "cicgod,uqu
unifoce stubdby, hyecinth ziccons bas
Petrological exzesinatioas shov these g to be devoid of
optically distisct zoses, cores 4ad vias. These
tiadiags 1i1sdicate that ziccoss ia the tite Javisses
developed prisacly ducing Ome phm 0of cryatal grovwth. Aad
as the U=PD date is sid-Aphebian, this Recosaitates that the
ypeisses had forsed during the Kemoran orogedy. In sussary
then, it does sot appeear likely fros petrological,beavy
sineral and geochronological inforsatioa avaiilable, that the
biotite jnelsses in the Gecwase RIOL[ ares verle ngnxucanély
tecrystallized d;tlllq Hudsonian regiobal setanporphise.

The dating Eosnlts shed light on ag)er geological
events that occurred at the Grease River propesty. uth_ouqh
the pink gragpite gaeiss plots on the sake 1sachron as the
biotite ynejss (3B), At 13 possible that the felsic qmiss
vas recrystallized duriag the Hudsomian eveat. The best
solution to this probles coses from theyziTcon aineral -
nuy;- of granite ganeiss and the vhite poq-ctltie rocks.

Two distiact populations of zircoas are fouwad ia the
pogqn.um tocks fton t,n pain showing. Ome type whichk is

‘e N\,

’ mz oulpntm ia the sheared pink grasite gmeiss (sasple.

3
\
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ll) is deacribed as latge, (vvaded, atubbdy sitconas, olftes
dcrl toddsol broua ls colour. The suifaces of these gtelns
ate l&occtoliu etched. Theas sitcuas ate touad ia the
ycasitic glo”.p- and vhite peqastites, though theis
concoattattoll‘\l the latter toclk type ace vc(;cblo. The
charactet of these lacye sitcoas is aultficleatly sisilac ia
both tock types =0 A?'to sugQest thet tboy'babo-t COa BOLR
source. Thia Lsplies that the pind colouted felsic yselisses
vete pertially pelted duriag the Rudsoaias Otoyeay. .

The -ocpgd ziccoa type o?c.rs as eloagated {OQCOQOQQI.
biprrasidel focas that acre iaveriably pale yellow ot hosey
coloured. The iatecestiang poiat is that the elosgeted yellow
coloured ziccos popelatios exzists exclesively in the viite
poq.ctlto.oxc.plol.

The soufce of the eloasyated, yellov z21rcoas is BOf® \\)
eniyeaetic thao that of the letge atubby type. Tvo theories
ate possible. ricrst, the y.lléi z1ccoas could have toreed
fros & sirconius rich soletios decived duriag the anstegis
of the granite geeisses. K Secoad, trese eloagated euhedral
z2hccoas could have bocl.xlttudod tcos Jepth itato the Gtoi-o'
River setasedisestary belt. . |

»
Tvo iagorteat poists Jivea belov iafer with r[easosable

Certaiaty that the populatios of yellov 21irgoas vas iatruded
l‘ ’.‘ ~ <

To

€ros do}(h.' 3
’ 1. A steikisg reseadlance in the ‘"Sm2\pes of tircoas ttol
the Grease River trosdhjemstic and related

pegsatites to thoss fouad ia graasite rocks



1
. .
(Bibikova, 1977; Polderveart, 1956).

2. r“.o zircoas are anosalously ilticbod in urasiom.
coapared to the.goeissic ziccous. Y% occureice of
such radioactive rocks and sinerals is knova to be a’
norsal p:oéoss duting granitization processes
ashociqtcd vith regidnal metamorphic o;onti
(Teliseyeva @t al. -1974; Yeraolayev gt al. 1976).
ally convincing evidence that a magm introded the

Tazin §roup gmneisses at the Grease River property is

established by these findings. The highly uraniferous yellow

zircons uhich occur inrthe vhite poqiatites are accessory

sinerals to primary uraninite gtains. Also, the \
miperalization gy confined to the pegmatites rather than-to
the granite or §}otite gneisses. These results stronquw
infer tbat the source of uranium was derived at depth rather
than *sveated out' of the.granitic gneisses exposed at the
present erosional surface. | . /

A conceptqaL model of the events occurring at the time
the pegmatites intruded are sumsarized here. Major faalting
followving the régionql strike and dap and intersecting the

_granitic d biotite gheisses aé the lain shoving, vas

likely the first sxgnxticant developne&f dnrxng early

//mudsonxan. The fault(s) acted as a channel vay for the

granitoid melt to travel up. The pink granxtxc gnexss vere

q—p:obably open to £lnidé migrating through the

metasedisentary unibtes



vI. Nisetal Geocheaistry eof the Himeralised lome

‘th; chapter deals. exclusively vith tho'cloctron~
-liétop:ob; fing{ study of sinerals tréu the Grease River
atrea. In seation A, {he methods used vwill be outlined. Ia
section B oo sinersls Anal;ﬁqs, the pctrdloqy. cospositional
results aid interpretations are givea. The significant
geochesical t;nd%qs“u','smhtud ia section C.
A geochemical apptoacl’t; this studi vas undertaken for
the following toasonl: | , A -
1. to determipe the cohpositxon of the prtlaty
tadioactlvf minerals in the Grease givor Atea, and
2. to deternine it cclpoaitionai analyses of biotite,
zircon and uraninite could help explain the Otiqin
of thq?discon{;;uéhs vhite pegmatites hosting the
nranfﬁn mineralization.

A.,lltlytlcal Approach
mmalsmn

ronrteen rad ioact ive saaples vere chosen for ptobe

.

analysls. Of these, oaly two sasples (17 and 18) vere//}nk
pegaatite. The resaining sasples vere differeant
compositional va;ietids of .vhite pegmatite as follovs:
éuartz—entiched granitoids (12, 15, 2“} and 32);
trondhjenmitic rocks (10, 14, 27, 31 and D9); and two
feldspar granite pegmatites (30, 32, 34 and D7).
Location of Grains foc Analysis

78
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The ldcationl of all the aminerals to bo ptob oa each
polished asoust voro lappod. ustaq vation. tochllqloc o8
page~sise diagrams. rlo perpose of this vas to bhelp ia .
locating grains viile 4&0»109. rho°positiouq of the
radioactive q:.x-._-;r. dotdtlgnod by radiolexography. These
ore ainerals and all other readily ideatifiablie marks such:
as cracks and pits.ou the surface of the souats wsre also
seen uader reflected light. The treaspareat silicave
ainerals tod‘d ia ENP ~+ thia sections vere %ap&od by
transaitted llgﬁt optics. Primally, totlocéod ligkt/;;I;roid
photdmicrographs lpcatcdilost of the better quality zircos
aad ﬁraninito grains.
| Conpositiénnlvgnalqus of the ainerals vere obtaipned
vith an Applied Reseacch Laborgtorias (ARL - EMX) electroq
aicroprobe that ﬂas three wavelength dispersiyg'
spectromseters (¥DS) aad an Ortec eaergy dispetsi;e
3pecttoneter (EDS). The heavier elements vere analyzed with
tvo WDS using BEDDT, LiP or ADP crystals and the lighter
cleI:;ts vith a WDS usimg an RDAP crystal..,

Uethodelogy

Quantitative cheaical analysis have been obt;ined on
silicates (biotite and zircom) and uranium oxides the
study area. The emergy dispersive analysis (EDA) Hiques
employed for biogite and zircen aniiysis are S“IItti!Qd in

ey
Appendix D. The vavelength dispersive analysis (WDA)

approach folloved for uramiaite analysislfs also outliped in
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and Lnutnnuuol. Lhe reader is nlmod u luuu.
(1916) and um (l”ﬂ. . ) Lo
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5. Niserals Asalyzed by the Blgsctros Misrepccde

Alotits mu&

‘ ‘rho biotite books, tulu asd strisgers cnlyud nlgod
. from o.s to s sa is louu. Au wcho shoved -rhd
. @ ,
pleocisbisa ia ‘adu c! ‘(uo: mul"'ton oe :

olive-green. Osly those graiss ulf*ung wnifora physical

\

a.n.d opucal fxoperties as vell as pertect pou‘od.sllthcu
bave beea probed. Biotites aot selected :chauun-l vete
'dlscardqd for the folloving t:oaoolu the appearance of
opages or dark spou (nauny in indication of either
Pe-beuing ouadioacti.vc ucl.nslons); clop association
'uth nuscovi.te. epidote, sphene or rntilo' ad Ancod '
chlorl\iznﬁtton; evideace of straim,’ Iwndinq é brnunq of -

the mica graias.

-

th.llm m’ Biotite compositiosal amalyses (in ntght :
percont oxidoo) are qinu ia tablo 9. Total Pe hu bon
ﬁcnlatcd as Pe*?, siace tie ro"/h*' cetios as® usually
high- u bictites ttol anoou-nuhotpuc graaitoids (Deer
et al. 1962). H20 ulucs are' by difference as. ssotioned ia
Appendiz D. | . |

The avouqo oxide concnttatxols ﬂablc 9) havo been
calcilated for three groups ot biotito's. tho stroagly

chloriti'ud biotites (samples 12 asd 32) ; the lov 21203 -

N\
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mudh bietiten. .
ltrpgu u cedu ol m:«uu cbuduco, /tu oxigps

toceon ia tfe biotites are: 83102, Peo, szqé %20, Ny,

10

anlrnn ot »uum ltu nnto:'lc and ngb-gudo

-ota-ocpbtc Focks of il‘lllt coaposition ‘(Deer st al. 1962;

nyu at ik noo; noouun. 1947; Stefhensos, 1977) the
u&um 48 this duly o250 .u.u.m; ditfereat.
J ‘Thé goocuucu features vhieh claracterize the

0 Cno ud nzo. c“prod un conpouuonl

. B

/Dldeites fros the Grease nn: atea ate slightly lover

conthatratioas of S102, Mgo, MaO, CaO and Na20. Although the

oth !&’.l flucteate comeiderably, their cqsggatrations

A]

tall vf‘iln the aorsal blotitc cange. | -
Th:\.toicblo..ttlc cqulvylolto ot'tho-analyzed biotites

have boo&‘calénlatod on the basig of 24 0 ato;s and the

tolloylhéxtotlulc unit takea fros Deer gt gl. 1962;

|

)

|y

vhere ‘ . '
si,al i1l 8 tetrahedral (2) aites:

Ti,Mg ., Ma, Pe fill & -‘6 octahedral. (Y) sites

Ka,Ca,Na £1ill 0 - 2 iaterplanmar (X) sites
H20,04,P,C1 £ill 2 - & ingerplamar o
The biotite stoichiometric r-snlts.obiallcd ia this

study are gives ia Table 10. Seb-totals for the four groups

of elesents are also iacluded. A comparisoa of - these atosic
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proportions with the lLiterature (Deet gf 8l 1902 Wechelds,
19487) 'uvnu,‘nt ut‘opn saay off the dietites fron the
u.nJ aces ace Iy.nt“. they ace ‘withia the blotite rasye.
The eight tottlbodccl'cli sites are fully cepled by
S$i and Al i» all the btot“o’ @roept those i z:plou u‘ud
32 vhich ace chloritiszsed. (Asy excess of $1°bas @oen
iacluded vith th@ octabedral (¥) growp ‘ol elements. ] The
%::llt!tltlﬂ?’ tetrahedral eleacats is particulacly

¢ ia the freeh, sahydrated tronddjpsitic bietites fces

sasples 31 and D9. )

14, Ng, Mn, Pe and excess Al ‘f1114a9 m
octahedral (!).liltl otal betveea 5.1) and 6.7 at
equivaleats (Table 10). The sisisun value 1’ expected since
Dwer gt al. (1962) state that this group tatoiy falls belovw
5.0 egquivaleants. The saxzisua octahedral site sub-totals
occur'1| the trondhjemitic biotites vhose tetrahedral si and
Al sites are also sepecrsatucated.

The larger K, éc and Ua catioas occurring betvees the
tetrahedral (Si, Al) amd octolodtai (Pe, MYy, T4, Mo, Al)
sheets total from .97 to 2.08 atosic equivaleaces in the
blotitos:1t01 the thesis area. The lovest values are foand
is the chlogitized biotit@s'and the Nqbo.st valees ia the D9
H}otito-.'xt is motevocrthy that all of the biotites fros the
s;uly area are asoma 1y lov is Ca and Na coateat.

The alteratioa of biotite is nearly alvays accoapasied
by aa iacrease ia vater coatent. The H20 stoichionetric

equivalences raage froam .48 ia the trondhjemitic biotites tg



7.66 Aa the chloritized bietites. This rangd is wasssal for
,tottto vhich theocetically shosld coataia fros 2 to &
pectcent equivaleaces of 820 5aoot’i; al. 1962) . 1t 1s
iateresting that those biotites deficieat ia N20 are
aupor.atnrn(oﬁ vith elesents occepying the Z, Y and I sites.
Tois fiadiag holds for the optically fresh biotites
occercisg ia sasples ?l and DY.

The chesical and stoichiesetric results yrtesented above
shov that bietites free the thesis ;rcc ate of three t”‘ll
pactially chlocitized biotites (sasples 12 and J2); bhydrated
biotites (the sajority of the sasples); lov H20, optically
ft;ll biotites (saamples )V 4nd D9).

Although biotites asalyzed in-this study vd;\ ia their
degree of altecation and hydratioa, isforsatios regardiag
theicr origia is still lackiang. Por this ceason, the subtio
chemical variatioss vere sare cld‘oly ,iallnod.
Iaterpretation 9f Resulta A cheajcal variation diagcas
(Figucre 12) shovs the correlation existiag betveen the sa jor
oxides detected in the biotites. Chloritizatioa and
hydratioa effects are believed to be the cause of several ot
the obsecrved treads. Xl\batticulif, decceasing
coaceatrations of Si0O2 aad K20 (Pigures 1);, 13b) are
paralleled by 1.ctoasth coateats of reO, 41203, MgoO aad j20
in the chlocitized saaples (V3, 1-0-C, 12(A-D), 18-3, 28-A
YY) 32-1). uo-’vor,,n§t all the sineral cheaical variatioas
found caa be oxplaiaod‘Ey such alteratioa processes.

In Pigure 18, the Si02 and 11203 coatents of
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{

solutions associated vith the esplaceaent of the

—~ -white pegmatites. .

. 4. biotites otiginatiiq by any of the above processes
and later re-equilibrating with Si-rich solutioas
circulating during the formation éf the gquartz-rich
granitoid rocks dated as the youngest igneous event
in the t“kis area.

PettnlogiChl evidence exists to support all of these
possibili‘.ies. By coi'patiaon with biotites fros a gralunc/
peglatlte studied by Vernon, 19177, the microtextures pre’ént
in the Grease River biot ites suggest that some /

ecrystallxzatlon has occured. Several of the sanpld! (17,

24, D7)1contain zenoliths of biotxte and altered feldspars

vhich are unquestionably cotroded by either quartz or

quartz—-feldspar patrix. Here, the appearance of the biotites
often vary epough so as to sugqest ﬁhat ‘every biotites found
in the same probe mount have for-ed differently.

The chemical variability of piotites trom the Grease
River area has been interpreted as resulting fros their
original chelistry plus the effects of having recrystallized
or re-equilitrated at sose later time. The chemical
inhosogeneity is proof that the biotites fousd in the white
pegmatites have pot reached chemical equilxb:xul.qthis is
likely caused by biotite resistance to 101; belou magnatic
temperatures of 700°C (Winkler, 1974) < ﬂovevec, biotites do
readily ef®hange with circulatiag gtound vaters at such

lover teafpecragures, but rarely do they attain cheamical
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equilibtius (Deer gt al. 1962).°

‘ Goolgqtﬁl coadit ioas {xhtlng during the onpl.q:uol'
of the white pegmatites ia the Grease River area may be
deduced from the biotite Anilyais; A triangular diagras for
the PeO ¢ MaO, Ti02 aad 8¢gO contents (Pigure 16) shovs that
the biotites are Qa Pe@ ¢ MO rich vaciety tjpical of igneous
differentiates ia the granmite to pegmatite region (Nockoldst
1947)..

In order to deteraiae if some of the biotites vere of
hydrothersal origin, their 890 and re0 éont.nts vere_ Bmore
closely examined. According to Kesler (1975), biotites with
MgO/Mg0 + PeO ratios greater than_.u; have formed
hydrothersally. Mgo/Ng0O ¢ FeO ratios for bidtitos froa the
thesis area range from .17 to .27 and clearly are not
“1ndicative of hydrotheraal oriqin. Hovever, it is
interesting that the values greater thbam .24 are froa rocks
contaiuing a high proportion of quartz veining (samples 12,
1w, 15, 24, 30, 32 and D9). This suggests that these
biotites may bhave re-equilibrate& vwith hydraothermal

‘solutions during the silicification ot the rocks. This
gu,rtz-enrichlent wvould have taken place ;t%.bnperatutes
tending tovards the hypothermal ramge of 300 to 5000°C (Parck
et al. 1964), folloving the cooling of the trondhjeaitic and
grani tic pegmatites.

The rock type and associated mineral parageneses are

also reflected in the biotite compositional analyses. In a

NgO~-FeO-A1203 triangular diagram (Figure 17) the biotites
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J S B

gxoa the Grease. llut ctn ploc ia the regiom: loc No.utn

bccuun -gu »e otho: ol}l.co. nemqn the ..m-uy o! the 2

'd;ta potats ctond tovotll the diotite-muscovite tlo;‘s

sasples 17 and 97 -appcoach the biotite-asphibole. this
tnubluoa pttou is seabstastiated vith pouoxogtcu

evidence. tot oxalplo. rocks with btotltol pxottinq closer

to the A120) verte:x (sasple D9) contain some suscovite while -

tho'. 'lotttlg clotctalt.tho Pe0 vertex contatl s highes -

f
’ [}

gircoas from sasples 18, 15, 30, and D9 have nin&lnrﬂ

norphologlcol chnracto:lsttc.' hlpytauidal or p&tnaidal in
loagit-llnax lnctlon "aad equidisensional te'tragonal forss ip

cross sectios. On the’ othor hand -ost of the zircons’ip
-samples’ 18 and 32 are t::qlonts ot large :itcous obtained
fros the heavy ainerdl soputates. Plates 9,.10 aad 11

contais photonic:oqraphs tcvoaliuq the usual appearance ot

7

the zircons probed.
all the zircoas exanined in ttnaslittcd 14@ht have -

biaxial magative signs and highly variable 2' afglas. They '
ace colourless or tisted brovs vhes irom stained. Cany‘o! A S

e o N

the graias contaia lxc:ottactntos and dark 1nc‘!rions of o

icregular shapes. The lacrger zircons in sauples 1S and D9 "

I
-

are distioctly zoned. The coarse banding pnralloll the
crystal ontlines. The zircons probod are veakly aasisotropic,
41:91.1119 iaterfeceace coloucs ranging from black to sedian

/
a



) | ve

grey. cocuhntly. patches of ficat ordes ced and dlue ave

tound s m the eearsec Nany ql the pmn'l
propecties detecnined indicate these gicrcon are
setasict. \ "

Obseczvad uadec aa o:'o -u;'ooco.po. the '\ttcon' ace light
grey asd slightly ceflective. Qosssiosally, Aighly
geflective rediocactive ore aiserels arce htoi:g:ou with or
ptqi!lcl to the szirccoas (!1.202’!!,50; 11, Ian,i!ZI).

The cu’uuuul Gaalyses (ia veight  pecenstagent of
ticcoss froa the Ocease River area ace listed ia Tadle 1.

%,

The diffeceace betveea the oxides detected aad 1008 is shovs
as veight perceat H20. Total Pe appears as Fe20% and total S.
as SO& since their presence {a zit"‘ f,,likoly secondarf’
aad therefore in an oxidized foxea.

2r02 is the principal ;xitt in t!o gircons, ranging ia
coucentration fros 52.87’20 60.15'v¢t9l€"potcont. These
values are estresely Lcv cospared to those of Deer gt al.
(1962) vho shg{ their lovest 2rO2 concentratioas ;t 52
pofcont. It"ii&ftorostinq that the D9 specimens have |
consisteatly i‘%ot 71r02 cooncentrations than the otho}
zitconsvprobcd.

The Si02 values fall vithin a much marrower crange, fros
28.18 to 12.88 weight perceat. According to Deer st al-
(1962) these conceatatioas are norsal. | i

Asplot of 2r02 versus Si02 conteats (Pigure 18) reveals

a p&sitlvo correslatioa betveen these major oxides. Zircons

- ‘ /
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froa the troadhjeaite (14 and D9) and guacte-cich (19) vhite
pegaatites have both lov $rC2 asd 3102 coatests. Os the

ot her bhand, siccod cuéittth ia the K-feldspathized cocks
(nanely 18, Jb snd ¥3).Uave distisctly highet $c02
cdaceatrations.

gsoaatioa Lo the D9

The presence of fiatecnal ébcltcc
siccoas is alse suggested fros rtqu:o?lu since 2102 and 3422
|puco|ttatxoih ace enhanced ia the rifls of zicrcoas D9-1,
D9~3 aad D9-7. Although, these £iad A are ezpected since

ir aad Si coaccn%:c\tona ace laopn crease shacrply vith

increasing dttto:uthuol &g}
1977), they are puzzling i\a

Si contents discussed in the preceding pacagraph.

(3ibikova,

votc;l lov Zt and

The Ca0O, A1203, K20 and ¥a20 cosceatcratieas fousnd in
the z1CCOnS are given in Table 11. These oxides of ten chanye
syapathetically aod asount to totals which are uusistakably
higher tham those q?otod is Deer gt sl. (1962). Together,
they comprise up to 8 percent of the zircon wveight.
Individually, their coacentrations are highly variable and
sosevhat atnorsal. In pacrticular, the readers attent ion 1is
directed to the D9 group of zircous. They contaia the
highest and sost coasistant Ca0O values (up to 4.99 percent).
similarly, their Al20] and K20 coacentrations are elevated.
Hovever, it is isportaat to note that the K20 coateats are
helieved to be caused ip part by an undeterniced
concentratioa of uranius (Jenerally less than 1 percent) is

the anosalous zltcon;. This interference is likely to occur



becasse of K and U peal ovetrlaps.

The other cesposents detected ia the ticxoss pcobded
are: 7020), 308, 180, Cl, NgO ead T102. The Pe20) and 808
coateats u“o fcon .06 te 0.089 aad uwp to &, )

petceat, uopcunxy. Na0 and Cl- each lontlo

veight peccest and although their cosceatratiofs ace lov,

they ere steady. NgO asd TL02 coaceatratieass ece useally too
lov ot detectioa by BOA sethods.

The titcoas ftoe the Gresse BAVEL A&TGs 4&fO absotsally
bydcated, vith,§28 coateats as bigh as .17 veight peccest.
The highest valses ace fousd ia the D9 siccoas.

the chesical nttAuQQ; ezist i g Detveewn the utcon
ptobed froe the Grease Ridec area ace illustrated ia Figure
19. 2r02 aad S102 cocrcelate poo‘uuu. vhile each 1a tega
is seea to cottcl;to segatively to the 20, CaO, 21203, n2C
and Na20 10 sost graias. Coavecrsely, the Cl— contedt eppwacs
to pacellel changes ia the 1r02 coaceatrations ia several
zttcou‘.

Iosecpcetation of Results The toreyoirng patcological and
chesical rtesults suggest that the zircoss from the Grease
River ares are severely metasict and coasequeatly
Lnhosoyenous due to related alteration processes. The
zircons probed depart fros the ideal forsula wait of 3¢8L08
ia tvo sigaificaat vays. rirst, a treseadous docrooso\ll t he
ir coatent is iadicated. The Si/Ir atosic proportioa (atosic

veight divided by eleseat veight perceat) ratios

approximated at .48/.38 for the D9 zircoms and at .89/.8%
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PIC. 19: PLOT OF THE CHIMICAL VARIATIGNS IN 2IRCONS PROM
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for the ebher gtalas, Co o verificet ise of the lov It
valees. Sevsed, un.ol\r 44gh 000 Cotstn sve laveseely
peopettional %o the eablaed 8502 and 8102 ceateats.

sisiler au'mu twoads bave Lreguentiy bees aticideted
to setasictiset ion presesses (Boer gf Al 1962; Nedendesh g3
ale 1976). Dessstlyy Nedesbesh gf ol (1978) preded
dydceted, oetanict u:m ocellested Lo verlé-oide
lesa lities. Thelc sted)y shoved thets (1) tr and 84 vete
toplaced by Pe, Ca, A1, P and BRS asd (2) R0 is peessat is
esbes o conpendete Ses sbegpe Lsdalenscss i estesnively
eltecnd sivoceas. Asslogoes treads bhave boes cbastved ia ““

stedy, vith the Llov 84 and ‘oc.ocuuy St Leiag dalaaced by
(1) .n.uuuuu of Ca, A, K (or U), Na asd A20.
i;:i::':::’.‘." clootcal.!co.lo eatablished by the asthor
have tezthng iavestigated usiag the phetographic
facility of the electros uctoptob:. 2c, Si, Ca, Al, Na, K,
Pe, Ba, NEf, U and Th charactecistic x-ray eaissios
photographs have bees obtaised os sircoas 30-1, 10-2 dad
D9-6. latecpretgtions of the elemsatal photograph ace
coapatible -ttl‘;ho ceapositional and pttroloqxcﬁf tindiags
preseated ia this sectioea.

" The sebtle chesical variaticas existing ia D96, a
sodecately hApdrated siccos are displayed in Plate 10. The
ceystal ostlise of siccea 09-6 is clearly evidest ia the 3r
eleseatal photograph. The éooco‘:xatton ot Ir aad Si atoes

appear to vacry syspatietically as vell as 12di¥idually. The
Ca distcidbetios is vaciadle, vith gradeal changes evideaced

*
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over Wbe catise greis. A1 and 0o o1 slightly ecesnetzeted
. 40 8 doty ecegsing the ungo. Altheough tLhe cossealpeticee
of the Bajes (B¢ and Si) asd aises sesesdar) (62, A, W)
atess (o flesteste o8 o sistes sosle, distiset edenisel
senstion Lo lasting over theugb thin sirven 18 optically
sened.
The cassen of mstanictinetion (lees of ecyetal state)
of 3100088 bave besa co«nﬁn’n"uo Cellenieg pecsces;
weelll gp 4l 1964¢ Deoor gf g). 1969; Rcasmedapec gt gl -
1974; adcchel), "1); nnu’o: mo..mgc tiadings ostov
that a0 soocphens state Cendtnly develope becasse of ctyetal .
defects cassed »)y¢- .
1. cedieact ive damge to the ceystal deads
2. 23%00r0es Loa ic ssdetitetieces feor 8¢ and 3i
J. iateraal ®soeiag
s, fast ctn.uluuuoo caten
S. preseace of iaclesiocss
Radioactive dansge is lidely the priacipal cause of tre
setasictisetion of 3irCOBs fros the Grease River axea.. Mot .
osly do theae zicccas accer 18 a radicactive Qede, they
coataia cossidecable quantitios of § aand Th. Op to 0.70
pecceat U ua@ ssasered 18 9000 3ifCORs amalymed by the sass @
"“Q(OD;.S (see Tadle 6). -
n.tctu; 908 ing obsectved is sany 0f these’ neta aist

‘ gizcens is thought to have ceatzideted to their

pbysical and aigal deteciocratios. Althesgd the ceults ace

osly seaf- litative, chesical indceogeneities sisilac te
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those seen ia Plite 10 have/been observed in most of the
optically zoned and setanmict zitéons.

Mineral inclusions are present in many of the zircoms
analyzed in this stud}. Most are of highly radioactive
opagues (Plates 9B, 9B, 10 and 11), but the presence ot‘
transparent aineral inclusions has been conficrmed as wvell.

For example, the Th, U, Pe and Ca xiray emission
pbotographs im Plate 10 demonstrate the presence ot two
iaclusionsg in zircon D9+6. In one inclusion, Pe is
CSFOCiated vith a thorium mineral? vhich contains two zones
of U enrichment. The region defined by the Th atoms is
possdbly rseudomorphic after uraninite, since the bulk of
the U atoass appear to have been mobilized to the crystal
boundaries. The position of the second inclusion is
indicated by the accululation>of Ca atoms just pext to the
thorius phase. Incidently, this Ca-bearing inclusion which
has been verified as afpatite, is optic;lly iwvisible.

Fast crystallization rates could also have produced the
extrese metamictization of the zircons studieg. Eecalling
‘that these zircons ocgur in syntectonic pegmatites emplaced
during the éudsonian orogeny, tectonic moveaments would
certaioly have distucbed their crystallization rates.
Minerals crystallizing during faulting conditions would
likely form at accelerated Eates due to rapid cooling.

It=is still questionable vhethef these anomalous zircon
conposit16n§ are due solely to later alteration processes or

vhether significant ionic substitutioms occurred whean the
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zircons wvere forming. Iatriasic chonical.dllsiiilatity-la’
account for the uaigque D9 group of :itcon-‘nhtch have

consistently hig;ot A1203 and Ca0 concentratioas and lower
2ro2 concen(ﬁ?tions than the zircons analyzed from the main

showing -

Urapnipite Aaalyses
Petgology |

Although all of the fifteea LAP mounts prepared for

L4

tuii‘study vere of rock samples containing anomalous
radidactivity, only six had ura* te graimns of quality good
enough for gnantita(ive apalysis. o, together, fourteen
uraninites from samples 14, 24, 3u, 31, 32 and D9 were
probed using UDA.lethods.

The urapninites exhibit cubic foras or variations such
as triangular and rectangular shapes when cut oblique to
their crystallographic axes. The typical morphological foras
of uraninites are seen in Plate 1z. Their edges are oftea
rounded or rough due to seccndary processes. Grain sizes
range froam 0.2 to 1.2 msa in length. Twinning on the (111)
plane occurs rarely.

Under the ore microscope, the uraninites are highly
reflective, vhite to cream coloured grains. They are only
moderately hard vith VHN 100: 265345 values falling well
belov the range of VHN 50-100: 625-925 guoted tor uraninites

(Morton et al. 1972).
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Red and yellov coloured stains Jenerally :ut:ound‘th.
uranioites and extend along cracks aand crjstal boundaries of
the host siaerals. Radioluxographs of the ore aocunts (Plate
8) shov that much of the alteration coating graias in
samples 12, 15, 76.15 and 32 is highly radioactive and
probably secoadary Us mineralization.

Chemical Results

The oxide and element weight perceants for uraninitos
analyzed froam the Grease River area are listed in Table 12.
Thé amount of U occurring in9002-3 has been determined froa
the total Pb content since U* is the prin;ipal raﬁ%oactivo
parent decaying to Pb. Total Fe has beeg Calculatéd as Pe3
sinc; iron is believed to be secondary. Sulfur (S) has been
Calculated as PbS rather thaa FPeS since Pb is smore abundant
and readily combined with S than is Fe. H20 has been
calculated by difference.

Uraninites froa the Grease River area contain from |
66.77 to 74.11 veight percent U02-3. These concentrations
Are comparable to those guoted for uran}nites froam granitoid
tocks (Cameron-Schimann, 1978; Lang et al. 1962; Mortoﬁ et
al. 1972). ,

ThO2 is the second major oxide with concentrations froa

7.91 to 13.00 veight percent. According to Lang's g; al-
(1962) classification of uraninites, tvo types are f{pnd in
the thesis area: normal uraninites vith up to 10 percent
Th02 and thoriam uraninites with yreater than 10 percent

ThO2. These conceatrations of thoriua are typical of
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L]

u\ttltlttz'l cry’tallxsbd at sagaatic tnpgutuo_. (xidberley,
1978; Steacy gt al- 1970). .

PbO conceatratioas raage fros 7.03 to 16. 88 weight
percent 'in the uraminites probed. The values are ptghlyd
va5>ab10 cvo*’in grains occuttlnq'ta the sase rock sasple
(Table 12). _ / ‘ /

The pon-qssontial sinor coastitueants detected in
uraninites from the Grbcqo River area (Tables 12 and 13)
“total from 2.11 to S5.13 veiqht percedt. Lt;tnd in}y:dot of
decreasing abundance, the se lingt coapohents l:.ltho, K20,
5;32, bozoa. PbS, §a20 and Al203. Iadividually, these
consiitnonts ate oftea spuri?us and probablf a ;csult qt
.aitoration processes uhicg have also been doculoifid~by
Cameron-Schisann (1978).

A‘tanqe of 3.26 to 8.U4 veight percent H20 and possibly
helium is calculated in the uraninites from tie Grease River
- area. Helium would be generated by the qq!ioactiv. decay of
U and Th atoss. The iowcst values are observed in the D9
uganinites.

Pigure 20 shovs the coapositional variations existing
in the urapinites fros the Grease giver area. The 002-)
contents appear to correlate negatively with the ThO2
contents. The relationships betveen PbO and both U02-3 and
ThO2 are less distinct. The CaO, $i02,«Fe203 and ¥a20 values
shov wide fluctuatioas and frequeat paralled trends, vhile

the K20 and A1203 conceatratioas are less variable.

Three X-Y diagrams of the major chemical coaponents of

P4
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FI1G 20: DISTRIBUTION OF MAJOR AND .MINOI oxioes POUND
IN THE URANINITES PROM THE GREASE RIVER AREA
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urasiaites from the study area serve to catagocrise the
urasiaites probed. The plots of W2-3 versus ThO2, PbO, and
coabined aiaor coastitueats Plus K20 acte mhovn ia Pigures 2!
4, b and c, respectively. Baled o8 the distridutios pattern
obtained, the ntouiniﬁos fell iato three qroups:'(i) saaple
14; (2) sanples 28, X0, 31 and 32; (3) sample D9. The
distinctive featsres of @ach of these groups are:

1. The sample 14 specimens are soderately high ThC2 and
lov PbO uraminites. The elevated Th contents ace
un;:tstandablo siace tiot{?l ®inerfals are found vith
these uraninites (Plate 11).

4. Reverse trends are indicated for uraninites fros
sasples 24, 30, 31 and 32. therqds their ThO2
concentrations are lover thas the sample W
speciseus, they contain moderate asounts of PbO and
secondary oxides.

3. The scatter of points obtained for the DY uraninites
are puzzling. Wo correlation is observed betveen the
®ajor U, Th and Pb oxide comcentrations.

For cosparative purposes, uraninites froa chesmically
;nd geochronologically similar pegmatites froa the
Ch#rlobois Lake area (Cameron-Schisann, 1978) have been
plotted oa rigure 21. These grains have lower ThC2 and U02-3
Contents than most of the urapinites from the -hesis area.

But sore surprisingly, uraninites from Chaiie..a. i ake have

considerably higher PbO concentrations.

interpreted to mean that (1) radiogenic PbD grated
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P10. 31 . CHIMICAL TRENDS OF URANINITES IN
PEOMATITES PROM OREASE mIVER AND
CHARLESOIS LAKE ARltAS
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ost of the urasisites, or (2) iaitial coatasisant Pb
coaceatratioss vete bigher i the sebples fco0 Clacledois
Lake. Coaversely, the low PbO values tor the Greass Biver
area could ieply that thess gcaing bhave beend BsoCe

extensively altered. This is ezenplitied by the sasple 14
aorasiaites that have uadsually lov PbO and high secondary

oz ide coacentratioas. The close proxisity of trench 18 with ¢
sones of oxgonltvo silicification lends support to the
suggestion that ucraniaite say have been disturbed by
hydrothot-al solutioas.

The chenical inhosogeneity ot U, Th and especirally PD
ia uraninlto; fros the Grease River and elsevhere
(Caseron-Schisans, 1978; Pavsbukov g% ale 1975) s
recogn ized on the microm scale. gxaaination of the rav data
accusulated Ly the author using WDA sethods, showvs that
these elesents can vary as auch as 50 percent siaply LY
moving the electron beans a fevw microns (these results do not
appear in tbhe chemical analyses) - Proof of the density
variability of U apd Th atoms ovel the uraninite surface 1s
provided ic Plates 13, & and 15. The sobilizatiom ot
uranius appears to be a major factor coatributing to the
alteration and breakdovn of the araninite grains. pespite
evidence that Ta-rich uraoinites are chesically more stable
than those vith lover Th copcentrations (Granstaff, 19176),
this relationship does aot hold for uraninites fros the

thesis area.

~



C. Susaagy of Chapter V2

The ocigia of the uraaifeross pegsatites at the sais
shoviag caa be deduced (coe the siaezal coapositienal
analyses. The biotite chensical variability suygests that
biotites in the discoatiswcus soRe of pegaatites at the 041!
shoviag have tocmed is sevetal vays. The amore Pe-tich qraias
are believed to be relict biotites (t;l the pelitic *
qnotnlo-.'00 the other hamd, it appears that the S{ and Al
enciched biotites crystallized ftos the ;ut:udth
ttondh)onxt\f selt. The stroag chlocitizatios of the
biotites at ibo saia shoviny is ovxddaco ot hydrothersal
alteration ;tpeq...- of the pejsatites and sigmatites.

Ziccoa and ;;Cltlit. analyses fros peguatites at the
main shoving reflect the sanme eveants. The extensively

hydrated ziccoas coupled vith severally altered uraninites

e
Converdely, the D9 peymatite sineral analyses show that
\ L]
alteration processes have beén minimal 10 that region of the

are shova to be the tosut‘\ft alteration.

Grease River property. The fresh biotites ace closely
associated vith zircons lov 1; girconius «4nd high in Cau and
H20. The uraninit:, found here are the least altered Jraians
probed by the cuthot; These results iasply that the

trondh jemitic melt eariched in uranius, vas consolidated and

left essentially undisturbed by later corroding solutioans.



. Scasiee Gisecalimetios ia the Ssease Biwr iree

Siace their discever) La the 19%0°'s, the poglatitic
sTafiva occeutiences ia the Grease diver ates bhave bomm
pcospected a auader of tises. As outlined 1) Chapter I,
tadiosetc ic sucgveys and. 0JO8 assey tests vere caccied oet by
the folloviag: Al Seaiagson, Poseqo Lisited, Geologicel
" sSurvey of Casada aad Ucasgesellschatft. The ctediocsetcic
suctveys coaducted oa the propecty bave facleded alrdocae
spectroaeter as vell as grosad sciatilloseter asad
spec trose ter Seasureseats.

I{sassuch as Uraangesellschaft's iavolveseat in the
thes is acrea jroduced the sost detailed evalutioa of the
urenius sinecralifatioa oa the Greese River property, their
results relessed ia Beesley’s 1977 peport will be roevieved
in part A of this chapter. Ia pact B, Urasgesellschatt's
exploration findisgs anod ecosceic assessaent of the property
vill be ioterpreted ia regards to the petrology aad geology
of the area. In part C, sisilar utamiterous pegamatite
occurrences thtocqlong the world vwill be discussed.

! N\

A. Radioceetric Survey, Ocre Grades and IKocasesic Petestial of
the Grease Biver Propecty

Urangesellschaft’s airboroe spec troseter survey of 1976
indicated ousecous radiosetric asosalies at the Grease River
propecty sais shovisg. The follov-up geologic aad

radiosetric field vock rua the sane seasod included these

15



e grid-pattecs Sciatillosstric sscvey of e

Joigg: 2. o spestzeneter miyey of Rbe tcessbes) ).

cellection of tresed ebip sanple§ fos §)08 osmi). ' .
fhe ssiatillenetric Burvey vas cesdwcted with & ( T2V AT 18

‘s

seist illeostes. Readings wmre tales every tisee .uu aloag
the 000 and 029 daselines aod the perpendiceler o“‘ur
1ises. The scistillesetec resposses topteseat the totel
gaasae nauuu'u coudts pec .'ooud C.p.8.) uu\ud
predosisastiy tren K ¢ § ¢ Th atess 18 the vagievs I'OI
types. The ssesalies dinsoveced were catpgorized as follovs!
veak {300-1000 G.pu8.), sedecate (1000-2000 c.p.s.), oma’ |
stroag 03030-0000 CePela) e )

Sebseyueat to the ¢cid urvo.1 of the sais shoviag, &
total of 279 sciastillesettic sacmslies have beea discoveced
(l” J). The propoction of weak, O?‘Otlt. asd stroag
Cespoases ace 70, 26 and 8§ pecceat, tespectively. Although
the sodecate add Strosy LespoRhses occer ‘over the eptire
leagth of .l’@!“ pedrock at the saia shovwiag, they do
appeat to be slightly coaceatrated ia the ceatral poétio-
aloag the 080 baseline.

Resslts froe Uraagesellschaft's (uuuy.' 1977)
spectroaeter sstvey of the tresches On the Grease Jrver
property are alse iadicsted ia Bap J. The spectiometer
tespoases (is C.p.s.) afe aa averaye of the games radiatioa
- esitted fcos ol;; ® ¢ T atoss over a givea istervil.

A aistogras of the spectgodester resslts (Figure 22)

deaotes a rasge of valses froa 10 to 25V c.p.s. with the
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distribution of responses skeved to the iouor ead. A
célparison of Pigure 22 and Hap 3 fevgals that the majority
of trenches vith values less than 100 c.p.s. are ad jacent to
the 040 baseline. In contrast, trenthes vith spectroseter
readings greater thaan 100 c.p.s. are pned&ninantly located
ajong the southeastern margyin of the main shoving in the
vicinities of locations 12 and 27.

Urangesellschaft's U308 assay results deterained onm
chip samples collected fros 15 trenches are indicated in Map
3. The ore yrades are listed in Table 14 alony with the
spectrometer responses and Fosagod's U308 assay results
(rolinsb;: 2t al- 1974). Geocheaical results for éfﬁ}ches
sanpled by bo£h companies correlate closely except for
location C.

U308 ore grades range fgon 003 to .U99 percent and
calculate to a veighted average ore grade of .0157 percent
U308. Trenches 12, 15, C, 21 and «7 all of which are located
on the southeastern sargin of the main showing (see Map 3)
have above .022 percent U308.

Beesley's 1977 economic assessment of the Grease River
property includes an esti-ate of the U308 reserves ainable
on the property. The principal mineralized zome as
deternined through radiometric and geochemical surveys is
approximately 500 meters long and 66 meters vide and
cosprised of less than S50 percent of ;nOIalous vhite
pegmatite (Maps 1 and J).

-

Using an average ore grade of .0157 percent U308, an
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P
Table 14: Average grade (% 030.) and spectrometric results for trenches in
w¥hite pegmatite i
trench sample length average grade speotrometer reading
feet % Uﬂl( ) 2 U+ T c.p.os.
1 18 012 (.009) 32
2 17 .008 (.01l1) e 30
3 62 017 (.010) 56
A 7 .003 32
7 2% .012 42
B 5 n.d, * «004) . 29
[ ] 4 .0086 29
12 7 099 251
14 . 10 n.d, 123
18 7 058 106
16 7 n.d., 197
18 L) n.d. 190
16 28 .018 (,010) 30
c : 7 .033 (.002) 135
D 8 n.d, 248
19 52 003 a3l
21 29 022 140
23 40 .010 51
27 13 032 132
E 4 n.d. 107
29 5 n.d. 241
- 30 5 n.d. 149
32 5 n.d. t 118
33 10 .007 39
34 6 n,d, 209
assay range .003-.099 (.004-.011)
Average grade 20197 {

Notes: 1. Results from Urangesellschaft (Beesley, 1977).
Posago (Donaghy, 1976) 3. n.d. denotes not deteramined.

2. Results Crom
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estimated 2386 kilograss (2.63 short toas) of ore per
vertical .305 meter (1 foot) are projected froa a total 6.6
x 107 kilograms (15,000 tons) of rock. Thus, if the property
vere developed to a.depth of 61 meters (200 feet) by
coanventional ohcn Pit mining, Urangesellschaft propos;a that
a fotal Of .43 x 106 kilograms (471 tons) U3CH8 vould be
minable if surface ore grades vere reflected in the
subsurface. With such loy—u308\gtndos and estimated
tonnages, the Grease River property is sub-economical at
todays vorld prices for uraniuas [$43.40 US per . 454 kilogran

(1 pound) U308 : spot pr ice, Northern Miner; July 1978

B. Discussios of the Geology and Ecomomic Evalsation of the
Grease River Property

Several points are inferred froa Urangesellschast's
radiometric and U308 aSsay results. The most significant
include:

'« A negative correlation betveen the scintillomseter
and specttonetcg results, thus iaplying that zomes
of K-eurichment do mot coiucide with zZones of U + Th
aineralization.

2. The skewed bismodal distribution of spectrometer
values is caused by tvo periods of mineralization.

3. Pan]’. trends between U308 grades and U + Th
Spectrometer responses }nqqests that urapium is the
Rajor radioact ive ore element.

8. Treaches vith high ore grades and spectrometer
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fesponses border the southeasterp margyian ot the mein
shoving, and therefore reflected posxible structural
cootrol of the aineralization.

These exploration findings are in agreement vith the
geology of the Grease River property. rirst, the areas
characterized vith high scintillosetric, and loy
spectroaeter tesponsos‘aﬂﬁ U308 contents, are underlain by
microcline-rich alaskite and tvo-feldspar granite-
pegysatities. Petrological examination shows that these
potash-rich vhite peqlatitos'are frequently very
.coarse—grained and coataining graphic granite textures, but
are seldomly mineralized. Consequeatly, they contcinitcu of
the accessory ainerals (zitcon, sphene, apatito,'thOtite,
molybdenite) commonly fﬁund with uraniun1lich.phases.

Second, petrological and geochromological findings
co:gelate with the trench spéctronetet results (see Pigure
22) vwhich have been inte;'d as resulting from two
periods of migatalization. e lower values (up to 120
C.pP.C.) would af’iar to reflect the uraniua occurring in the
trondhjemitic pegmatites which were eaplaced around 1940 Ma.
Proof that uraniua did occur -in the initial melt is provided
by the close relationship observed betveen the uranipite amd
the other minerals known to crystallize out both early and
at high telpotatntés ducring the cooling histories of similar °*
granitoid melts (Berry g% al. 1959). The associated aiperals
include plagioclase, biotite, zircon, allanite, sphene

molybdenite, magnetite and ilmenite.
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The secoad pecriod of ucasius sirecralization is bo}}ovﬁd
to be reflected by the htqlot.lpocctolotrtc cespoases,
occurred durisy the youagest Nedsonian event dated (a? 1880
Ma) in the thesis area. At that tise, gquacts 2 ln-covito
bearing solutions istruded both peguatitic and llglﬂtﬁ&l:
assedblages, thus producing the guactz-rich g;anxtotd Qld
quartzolite rocks. In these rocks, vhich Lascidetitly have
been cCollected fros the most radioactive trenches
‘lubsoquontly secveyed by Ucangesellschatt, the followiag
geological findings suggest that the quc:tz-ptociptthting
solutions vere hot, corcosive and U-boatl?q:

1. sucfaces of the gicrcoa phases ale extensively

etched.

2. zircoas, or cyctolites coptaia up to 0.78 perceat U
(See Chapter V) vhach is believed to have beea
pactially resoved froa the Si-rich solutions.

3. utiguitous dark, saoky coloured quartz is evidence
of anoaalous quaatities of radioactivity in the ‘
rocks.

The uranius enr ichment accompanying this last intrusive
phase in the developaent of the vh1;: pegnatites is o
recognized by Bibikova (1977) and Zhukova gt ak- (1975) as a
CcomAOn OCcuUrreace in magmatic rocks of qranltoid
composition.

In sumsacy, the sost radioactive zones have been

delineated as several pegnatite lenses probably inm the order

of 3 to 7 seters ia diaseter and of irregular shape. Their



appaceat dutrtinuu os the southeastecra flaak of the sain
shoviag suggests a pactial iavolvesent of structeral
coatrols. The rocks are geaecally tcondhjenitiq or
guarts-tich vhite pegaatites aad coataianiag betveen .022 and
099 peccent UJol. J

A more cosplete evaluatioa of the Grease River ptopo:ty
is possible folloving geological research cqnductod by
Donaghy (1975, 1976) and.tho author. These studies indicate
that the ucaaiua in the pegsatitic and lxglatitic rocks can
be concentrated rather easily. The radicactive sinerals
(u:aninito.-nranothorito and zircon) are readily set free by
crushing the rock to aa average graia sise oi 0.5 mn.
Perther coaceatratioa of the‘medicactive phases is
accomplished usiang heavy liquid. Here, even the rock
fragsents coated with secoadacy ysllov U¢ aiperalization are
isolated. These results iaply that the radioactive rocks in
the study area could be up-graded with relatively simple
ailling procedures, should ever they be sined.

The heavy mineral studies imdicate that processing of
. the uramius ore vould be faciliated by the ease vwith vhich
urpius dissolves im acid solutions. Results indicatod that
nraniul fros uraainite and the socondat’ ore aimerals is
solubilized in heated xo N H2SO4, HNO3 and HC1 solntions..
similarly, it appears that the radiocactive zicrcoss, vhich
are lotaliét and, thofcto:c, susceptible to chemical attack,
could be treated wvith slightly hotter and stronger acid

solutions. Uranium extraction processes conp:tabl: to those
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discussed for the Grease River area peygmatites are Pt.l.ltll
being used oa the Rossiag utaniuam deposit (Beraing gt al-
1976) .

C. COl’llllOl‘Iltl Sisilar Pegsatitic Utaniun Occurceaces
Syageaetic wcanius occurrences ia pegsatitic rocks
origisate froa either prisary igneous differentiates or
setasocrphic, amatectic melts (Bovie, 1970; Little, 1970;
McMillaa, 1978; fuzicka 1971, 1975). The carbonatite agﬂ
peralxaline syeaite deposits occurring at Oka, Gaboa, and
Ilisaussag, Greenland, respectively, are exasples of the
igneous type. On the other land,_doposits of setamorphic
origin include large graaitic bodies (Baie Johaﬂ Beets,
Que.), pegmatites (Bancroft, Oat.), porphyttos (Rossing,
S.W.A.) and l:tCIOICtit.l (Charlebois Lake, Sask.).
Hany of tifjp.Qlatitic uranius occurreaces of
vletalofphic otiqii have been described by Page (1950),
Klepper ot al- (1956), Heinrich (1958), Hauseux (1976),
Roubault (1958) and ratsch‘£197i2. These pegnatites contain
higher concentrations of U.-than normal gramnitic rocks (2.2
to 15 pps U: Rich gt al. 1977). The significant features
“as;tibod to most of these mineralized rocks included the
following:
1. they are oftea products of dynasothersal setasorphic
events occurriag during Precambrian time
. 2. ticx frequently intrude setasedismentary assesblages

of graaulite or amphibolite facies grade
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they are closely anioctut:h VYieh lnrqo..pogassic oc
sodic graaite bodies vhich ate commosly ted in
colour €
they appear as poglcttttc dyke, lease, pod,
lit-par-1it and layer fécrss throughout a l.talorpblc
belt aad may bde fousd in both the metasorphic
asseablages and igaeous ditferentiates
sineralization is variable: U is often the major
”LQn;nt but may co-exist vith unpredictalle
quantltlog of th, Mo, Ti, Lr, RE, N, P, S, Cu, P.
uranius is generally dissesinated throughout the
coacrser-grained fractioas vhich are not alvays
sineralized.

uraninite is the most commom ore aineral but other
uraniferous minerals include uranothorite, thorite,
thorianite, allanite, zircon (cyctolite), monazite
other characteristic iinetals are sphene, apatite,
solybdenite, magnetite, quartz, biotite, amphibole

agd pyroxene.

Parallel trends existing betveen the typical

se tanorphic occurrences described above and the Grease River

area uraniferous pegmatites studied in this thesis, suqqesé‘

that they are of sisilar origins. Altbough, evidence

supporting this statcué&t is given in the preceding

chapters, the most important facts vill be summarized bhere:

1.

iotrusion of the vhite pegsatites into asphibolite

facies biotite goeiss.



2. piak graaitic rocks ﬁldotlytaq the priacipal
tadioactive zone.

3. uszoned granitoid pegmatites of both siaple
composition and sioceralogy.

4o dissesinated U-aineralisatioa accurring with

vacriable quaatities of Th, %c, T4, Pe and No.

Nuserous pegaat it ic utliinl occurrences vith siailac
characteristios have beea discovered in aorthern
Saskatchevan. Nost occur west of the Needle Palls Shear Zone
(see Figure 2) in a regiop vhich nay be termed as a uranius
proviace aocotﬂtlg to lloppgt'i 1956 classification. MNere,
d4nomalous concentrations of uranium and an abuudance of rich
U-deposits have been discovered.

In this region underlain by the vestern Craton and the
Cree Lake Zone, most mineralized pegmatites have been
defivod by the setamorphic segregation or anatexis of
setasediments. According to B?ck (1966) , Burwvash (1979),
Koeppel (1968), Ttouﬁ}ay (1972) and sibbald et aj. (197¢),
uranius (and thorium) vere comcentcated into anatectic
fractions formed duriag the Kemoran and Hudsonian orogenies.
Sibbald gt al. (1976) bhas classified the resulting
Pegsatites into tvo types: Archean and Aphebian.

Radioactive pegsatites ino the Aphebian Cree Lake zone
dre concentrated in the Mudjatik Domain, Wollastoa Dosain

and Charlebois Lake area (see Pigure 2). The North



Blackstone Lake pegaatites occurriay im the Nudjatilk
Nudsonian mobile zone (Sibbald gt gl- 1976) are
Coarse-grained aineralized layecrs aod lenses of biotite
gfantto and leucogranite. They bave forsed fros the lucg‘.
sore calcic and felsic gneisses vhich host thes. Average ofe
gcades are betveea 15 to 25 ppe U vith occassional sasples
,1-1&1’)\1100 ppe U (Sibbald gt al. 197¢). !

In t;?\qyarloboxs Lake artes, radioactive granodioritic
granofels are associated vith Aphebian age amphibolite
facies netasedinents (Morra, 1977; Navdsley, 1957). The
fourteen deposits discovered are peripheral to large
granitic and toaalitic gneissic domes, aad are metasomatic
ia origin. The mineralization occucs prisarly as uraninite
crystals vhich are closely associated vith large books of
biotite. Grades obtained for the granodiorite reach .84%
percent U308. Other mineralized lithologies adjacent to the
princifpal rock type igclude: migsatites and biotite gneisses
(up to .16 percent U3JO8) and granitic gneiss (up to .01
percent (30¥).

In the Western Cratoa, uraniferous pegsatoids in the
Archean basement gneisses are exposed at Cluft Lake (Harper,
1978) . These pegmatites are associated vith red
quartzo-feldspathic qneiéses which have even better ore
grades (.83 percent 0308 and .24 percent Th) than the
pegmatites. Together, these felsic units are analogous to
the granitic gneisses aad vhite pegmatites found on the

Grease River property. In both areas, the Archean crust wvas
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tesobilized aad the uraaivs toaceatratioas vere up-graded
duri he Nudsoaian ocegeay.

Althodyh many siailar granitic and pegaatitic urasiua
occutcences have beea discoveced throughout the world (Page,
1950; Reliarich, 1954; Tatsch, 1976), oaly a fev have bheen
econosical esough to have been ained. Periodically, the
uranius deposits in Madagascar have been vorked, but the -
resaiaing resecrves are not sigaificaat (Reiacich, 19%58).

Uatil receatly, the uranius deposits in the Bancreft
sining district vere the only pegaatites to have beea-gjeed
extessively. A cosbination of high grades (.1! perceat U30us;
Bovie, 1970) aad toannages, and relatively easy minang and
8illing procederes. (facilitated by exceptionally
Coarse-yrained minerals) have bean isportant in the
exploitation of these ot;s (Lang gt al. 1962).

In 1975, another syngenetic uraniua deposit started
productioan. The Rossing deposit in South hest Africa is
presently the vorld's lacrgest (Bactnaby, 1978) but
lovest-grade uranius deposit ever to be sined. Thc‘deposit
has been descrived as a porphyry type. The uranium ore is
bosted in pegmatitic alaskite lenses which pro;toron‘ally
latrude pyroxene-garnet gneiss, amphibole~bioti te schist,
and sarbles (Bailey ¢t 3l. 1977). The ore sinecalogy if_“‘.'
typical of uranius deposits of metasorphic origia vithfr }
aAccessory msonazite, betafite, zircom, apatite and spho;f'.
occurring with araninite. Aa estimated .14 x 10° kg 0308

equivaleat to 150,000 toms at .035 percent U308 are reported



to be coatained vithia the 9&’ pegaatites (Bailey ab ol

1977).
Is having driqfly descrided the oce grades and tosmnges

of sveral uraniys occurresces, ve sse that the Gresse River

area pegaatites Jre presestly saecosesical.
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The geclegicel events recoyaised L2 Lhe Grease Biver ates 10
aocthera Sasketehovan ave indicated .is Tadle 15. The Tokin
Gzoup bdiotite gaeliss and pink asitic gaeiss ucu.ru' i
the Grease 2iver lineac delt vere regisnally setasocphesed
to siddle aaphidolite Cacies. Petrelegic evideaces aad Cield
relatiocaships ht‘gou the pelitic and felsic gaeisses
iadicate that the felsic cespoaeat vas qonnul at depth
asd later iatruded isto the dietite gaelsses. The nﬁuu
gtn 9-Pb dates of 2250 Ma ead thas teply that the regicaal
setasocphic eveat occeucrted duciang the Kegeren ocogeay.

The vwhite pegsatites which satreded and aigmatiszed the
gaeisses at en"_n(n sboviag vere generated as a result of
anatexis ia the Accheas baseseat. Three distiact Phases of
Antrusion are recogaised oa the basis ot petrological,
geochroaological aand geochesical resslits. Pros the
trondh jesitic selt Qi.’ctltod vith thé¢ iaitial es;laceasnt
of the pegsatites, a pl-aqiocuu ¢ quartz ¢ biotite sideral
assesblage vas precipitated. K-petasosatiss .ohuong \
isfiltrated sost of the pegsatites, thas traasforaiag thes
into tvo-feldspar grasite and alaskite graaite peguatites. 2
gquartz enrichaeat of the pegsatites ia several Places at the
sais shoviag occurred as a tos.ut of hydrot act"uuy..
Bxteasive propylitic aul' latectsediate atqu:lrftioo of
prdmacrly the graaitic ‘-uu- occurred at the tise of

]

silificatioa. .
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Table |9

-

Palechelikion 1700 deposition of Athabases Ferustion;
¥ uplifeing, osveion, foulting.

1000 | { cojgenis resstiveglin acsce-
{ated with oilicifteation utuu.‘-
- wobilisstien. -

Carly Nudeocaisn 1970 intrusion of suflesetiVe syntectonic
vhite pagnatiten ond lecsl thermel
astanerphicn of Tesia Grewp diotite
sneisses; famlting, cataclasis vieh
reactivatiodr of the cratem.

Kenoran 2609 wstamorphdam of Tasin Creup mets-
sediments vith iacrusion of gremite
plutensl peesibility of concentratics
of U o T™h into the sregitic reeks.

’
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In the Grease River lipear belt, extensive faulting and
shearing occurred in t?. Tazin Group coamplexes during the
emplacenment bf the vhite pegmatites. Near vertical sajor
faults acted as channel vays in the tramsport of magma and
hydrothecrmal solutions into the ygramitic and biotite
gneisses presently exposed at the main shouina. Critical
evidence suygesting sese fault control on the esmplacement of
the vhite pegmatites is provided by the fast that (1) faults
océut in the immediate area and (2) troadhjemetic melt wvhose
minimus temperature was 6850C intruded relatively cool
nekasedilents, thereby implying rapid -ottlo;t ot magme over
considerable distances. .

The source of the white fegmatites is deduced to be
partially wmagmatic (from anatexis of Archean gramitoid rocks
occurriny at depth) and partially as a result of the local
assimilation of gneissic saterial at a higher structural .
level (ie.aexpefeh at the main showing). '

Onr the coutrary, the primcipal source of uraniua in the
mineralized vhite Pegmatites appears to be magmatic and <
hydrotheramal in origin. This is suggested since all of the'
radioactive anomalies discovered at the Grease.nivet
ptoéerty occur in the trondhjemitic and guartz-rich white
pegmatites. Furthermore, ;hé ;ﬁllov euhedral granite';irééns
vhich are associated with uraninite, are‘énriched in uraniuas
and occur ogly in the vhite peqlat;tega Similarly, t§§$

, > . . L
accessory Rolybdeamite, uranothorianite, blue apatite, sphene

and iron micerals found wvith 'ﬁkninite and zircon are

L
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restricted to the wvhite pegmat ites.

puringy the Kenoras orogeny (app- 2500 Ma) , this portion

of the Afchean cratos is believed to have been regionally
asetamgrphosed. The development of pink felsic gneisses
occurred during this time as a result of anatexis of tbhe
crust. Later during the fudsopian orogeny, silllar.lelting
occurred in this part of the Churchill stguctutal province.
The vide-spteéd.di&ttibutiog of massive, K-rich pegmatites
and migsatites in the aetased imentary rocks is evidence of

local anataxis of the basesent rockse.
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Abreviations used io tbhe Rhotograpbic Rlates

ALL
BIO
bs

E.Ta-

Kr
L LaMOLY

L R L
~i4il' Q
/a‘ iﬁiy

a
URAN
TH

y/

[ T T O O T N |

allanite

biotite

backscatter electroa

exposure time to radiolumsographic ftila
potassius feldspar

solybdenite
plagioclase feldspar
quarts
recrystallized
uranius tich grains
uraninite

thorius rich grains

zircoan



PLATE 1

. ¥z
Photographs of the Grease River Area. A. Looking NE along the CGrease
River fault valley. The main showing occurs in claim blocks CBS 2745
and CBS 5398 (foreground) and the G.S.C. anomaly occurs in claim
blocks CBS 3424 (background). B. Looking SW of claim block 2745 at
Lefty's Falls. C. Looking SE at the main showing. Trenches 17 and
I8 occur in the tree-barren outcrop. D. Looking NW across the Grease

River at the relatively steep shoreline formed by the Tazin (roup meta-
~cdiment s,




PLATE 2

Photographs 1llustrating field relationships. A. Pink to white granitic
pegmatite occuring at trench 18. B. The relationship between granitized
biotite gneiss and intruding white pegmatite. C. Cross-cutting, white
pegmatite mixing with paleosome from the gneissic xenolith blocks.

D. Tazin Group biotite gneiss with small parallel felsic stringers re-
lated to faulting.
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PLATE 4

Photographs (:f ml&matri_zvd biotite_&neiss.

~migmatized biotite Scale Ix except G. A. No 4.
Folding and associated granitization of the gneiss. B. No 8. Note
hiotite recrvstallized along the pegmatite/gneiss contact. C. No 10,
Note the variations in grain size and degree of K-metasomatism. D. No |/
K-foeldspar blastesis

in the leucocratic band. FE. No 22.

potash-teldspar bands in this migmatized gneiss. F. No 2
oowhiate pepmatite xnfnltr;ltingsgisﬂc layers. . No 2
Pt ch o wnedss

Development ot
7. Trondhjemait-
2 F()l\it'd bio-



PLATE 35

Photographs of White Pegmatite. A. No 2. V. coarse-grained alkali-feld-

spar granite. Sl radioactivity. B. No 5. Coarse-grained granofels
of granite composition. C. No. 6. Sheared quartz-rich granitoid rock
¢ontatning radiocactive zircons and secondary mineralization. D. No 2I.
K-foldspar quartz-rich granitoid granofels. E. No D9. Radioactive

tr ondhpemait o pegmat ite.



PLATE 6
\

vioatographs and rjd[qluxq&(thSEOf radioactive samples. Scale Ix

v % b 2 1 10 hrs. Primary andisecondar;«(nlong cracks) radioactivat.

s N+ a4 v 1.-2 hrs. Scittered primary mineralization confined mostly o
Pytweer o piarte-rich oarea ( No 15, F.T.-21 hrs. Uraninite and zir.o o
noarine guirtz-rich granitord migmatite. D, No 17, F.T.-29 hrs FERSRTE
g bl

bt hearing wrantte migmatite dated at 2230 Ma



PLATE 7

-y S
Pl

P“”[Q&(’Phﬁ.QUQ;EQELQEEEQBEEBEF of radioactive samples . Scale lx
A No 20, FE.T.-36 hrs. Granitized gneiss slightly mineralized.
HooOND A

F T -7 hrs. lsolated uraninite grains somewhat aligned
long a fracture ¢ No 3. E.T.-) hrs. Scattered radioactivits
'n the bice-plag-qtz portions D. No D9. E.T.-1.5 hrs. lUranminite
lssoctated with bintite books in trondhjemitic pegmatite.



7615

15 o
Radioluxographs of EMP thin-sections (10, 15, 7615, 18, 24, 30, 3, 32,
34 and D9), EMP thick sections (12, 14) and petrographic thin-sections
(14, 15 and 30). Scale lIx. Processing times include 2 hrs. exposure to

zinc film, 10 secs. exposure to light and 50 secs. for print development
The darker shades of grey observed in samples 10, 15, 7615, and 18 are
due to weights used to ensure maximum contact between rock and film
surfaces. Points of interest include; (1) close proximity of biotite
and radiocactive grains in EMP mounts 10, 15, 24, 30, D9 and petrographic
sections 14 and 30; (2) the stresked naturg of burn marks in sample 12,
15, and 32 caused by the dispersion of U along cracks; (3) the weak
radioactivity caused by allanite crystals in sample 18.
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PLATE 11

Reflected light photomicrographic
mosaic of trondhjemitic pegmatite
sample l4 containing biotite, Zir-
con, molybdenite, uraninite and
Th-rich phases.
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sSadple Deacpiptions

2a8ple Mo,

2a

4a

6a

Bock Name

coarse-grained plagioclase-quartz-biotite whi te
pegmatite

coat,‘* grained , 4
microcline-quartz-plagioc lase-biotite wvhite
pegma tite. :

fine-grained quartz-microcline-biotite gneiss
(% .

coarse-grained aicrocline-quartz-biotite
pPlagioclase granophyric vhite pegaatite

codrse~ to sedius-grained ,
plagioclase-quartz-biotite trondhjeaitic
migaatite .

¢
mediun-grained plagioclase~quartz-biotite
migmatite

aedius-grained thinly banded plagioclase-quartz
biotite~garnet porphyroblastic goeiss

coarse-grained
microcline-plagioclase-quartz-biotite granofels

coarse-grained quartz-plagioclase-biotite
troadhjesitic pegmatite with minor zircoa aand
molybdenite l

coarse~grained quartz-r ich
plagioclase-microcline biotite gramitoid

. ’ . . LY
sedius-grained plagiocclase-microcline-quartz
bioti te migmatite : . e
fine-grained thinly-banded *
pPlagioglase-quartz-biotite gneiss in coatact
vith zomed vhite pegmatite (6a)

coarse-grained plagioclase-quartz white
pegmatite grading into very coarse-grained
aicrecljine-qaartz grasopbhyric vhite pPegmatite.

sediua~ tailod iIagioclase—ql.ttz-biotito .
aicrocline folded gaeiss
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sedine- to coarse-grained
plagioclase-microcline-quartz-biotite migmatite

vith distionct lln-:alogical and textural
banding.

nedius-grained plaqioclas.-quartz-licrocline.
leucocratic granite

coarse- to very coatse-grainéd
quartz-plagioclase-microcline biotite migmatite
vith coarse layering. ‘

coarse- to very coarse-grained
quartz-plagioclase-biotite zircon-bearing
pegmatitic quartzolite

mediua-grained

K-feldspac- utz%ioti’—%oclan llgu‘xte
vith folds nlop” uﬁ ers

coar se-grained quattz-Sanioclase-biotAte
trobhdhjemitic granofels '

coarse-grained quartz-plagioclase-biotite
radioactive 'graaitoid migsmatite

sedium to coarse-qtaxned
plagioclase-microcline-quartz blotite’ 9r3iotels

medium-grained
plagioclase-microcline-quartz-riotite layers in
contact vith a porphyritic
plagioclase-quartz-misrocline pegmatitic portion

of a n‘.g,a&te v »

sedium- to coarse-graiped
plagioclase~microcline-quartz-blotite

. &z zircon-bearing gneissic granite

' gtanqglytic qtandfol.

_ .od'ilr to coarse-grained ;..‘ -

medius-grained plagioclase-quartz-biotite
migmatite

. '.\{l 0. -
-edxnl-graxned ‘ ‘ ?
plagloclaae-nictoclin.-quartz~bxot1te gramitized
goeiss _ .
coarse—-graiaed
nic:oclllo-quartz-plagxoclase-baot;xo

[y
.. . "}
pedius- to very couu-qcaind guartz-rich

sicrocline-blotite qtauitpq wtolh_ -,
i . ™

e v - e

1 ' A..}if f“'.‘ . " - =

.
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28

29

30

31

32

33
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[
plagioclase- microcline-quartz-biotite grdanitized
gaeiss b

sediup- to coarse-grained
licroclino-plaqloclaso~guattz-biotite granofel

sedius- to coarse-grained quartz-~rich
sicrocline-plagioclase-biotite urapinite bearing
granitoid granofel with fine-grained
biotite-rich gneissic xenoliths.

' very coarse-grained aicrocline~guartz-biot ite

porphyritic peymatite of alkali-feldspar granite
coaposition

' very coarse-grained microcline-quartz-biotite

pokphyritic Pegmatite of: alkali-feldspar granite
composition ' :

fime-grained biot ite~plagioclase sones layered
vith mediua~grained Plagioclase-quart% zones in
a trondhjenitic migmatite

. cou:ie-qra ined

nLctocliao-plagioclase-quartz-biotxte granite

Coarse-grained microcline-quartz-biotite
alka;‘-toldspat granitic migmatite

medium- to coarse-grained
guartz-sicrocline~plagioclase-bioti te grapitic
migmatite -

sedium* to coarse-grained
plagioclase~quattz-biotit‘§iitcon-bearing
trondhjemitic granofel

X , ' R
sedium~grained quartz-aicroclime-plagioclase
graaitic granofel

very coarse~grained
Plagioclase-microcline-biotite gragite pegmatite

coarse-grained
pPla ioclnse-quartz-nicroclinc‘%iotite granitiztd‘

 gneiss

coarse-grained
plnqioclaso—lictoclinc-qnartz-biotite Pegaati te

very coarse—-grained plaqioclasefqpartz biotite
troadhjenitic pPegnatite ’ '

[ 4

-,.ﬂ_
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Rock Type Nn'ndl' ™min Section Heavy MNineral Separate Eleotron Microprobe Mount
ample No. Specimen [Zr Ap Ep 8p Al On Ra Fe| Zr Ap £p 8p A1 .On REPY® re Py Mo | 2r Ap Ep 8p A1 On U? U® !
lllouto Gneiss 4 on X X X X X
s |. X X X x
13 X x X
Punulud Gneliss
3 x x X x|x ? x x
s x
ol zeme |x x ?
7 X x X X X
$r— %
1 x ? X x x X T ox x x |x %
10 21x x x|{x X x 2 .
19 X x x
. # Y A
23 x x 'J
27 X x X X x x ? x x x
28 X x X
e R : v +-
k}] " + X ¥ B 8 { *"f Y X
.+ 33
34 X x X x x x
ﬂ}kil'ﬂldlp.r r
Lranitp’
) 2 X
25 X x ?
‘ 2
29 x \
rtz-Rich o X v l
ranitotd 1% X X x| ? X xlx x X
21 .
: 24 X X X X! x X X X X b ¢ X .
[uartsolite ' 12| ze,0* fx » 2 2 X x | x ? X x x x
rtz Diorite 1 x .ox x R4 x
enalitic Rocks @ x
10 X ? x .
v 14 . X X
i A S S S 4 5
D7 IIm . X X \
’ [ x x x| x X x x

nete: 1.

Ninerals 1ieted here

mlll‘..MJ““"“‘ a hand lens.

-~
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\s_and sasmats
Section
p Al On Ra Te

Neavy Nineral Separste

Ir. Ap Ep 8p Al On Ba U® 7o Py Mo

ea, M. Raskatchanen.
Blectron Nicreprodbs Meunt
iraptpsp M On U U ' v ome

X X
X X
) ¢
»
X X|Xx ? ) T §
X X vl
e x j
X X K X X X X X X
b 3 X  §

roga ,: [ x Xk ? x x x
, ’
S — -
X VX x. AP x'J
. \ L .
. y’t . : [
'x ’ p [V
"l ‘. . . ‘
——
X ? X x xn <
X
x x|x x X X X X | X
) x x|x ? X LR b ¢ . x
B x
- N ‘
» | x X
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Gsochronology Aaalrtical Rroceduces M

Heavy Mibskal Aalysis ~ .

g This sectioa vill include a brief description of the
t'&:k saaples selected, the heavy u-'tu‘proaduus folloved
..‘3 the beavy sineral es obtained for )
: g'?cu:oulogicax s . | ) ‘;
dselation of Mine :

Bples «ve

s

mshed in a jav crusher then in a
l. The fine tuctioﬁs passing through a 1201-..;&
A’soloctud for heavy sineral analysis. Prebautory‘
nt,of t.h'e fine. fractions uyolved. (1) H20" vash in an
nltuso'niﬁh in order to remove adhering rock povder and
- (2) oxpoquto to a hand magnet to remove traap iron and any
stcougly a_agn* u.nonls.
/

Heavy liggids aad a Praas magnetic up.rator vete (ra

to fecyyic tuction te u- czeshed rock sa sples. Broamofora,
tcttnhtuctnlo. sethyl iocdide pd.uctxcx vith respective
.-spqcitic gravities of 2.90, 3.05, 3.30 and .25, vere used
. 'to siak the Mﬂy sineral fractioas coataiaipg zircon aad

’-rnuu... llupotic seurations easured the isolation of

» wno.-lugnotlc n:m ud unniuu\!ncnu&

<y lo-ugudc fractioas coluuug si:cn aad uuhito

were obtained from the clecici ‘siak’ saterial. sasplys tiok .

1



. ' ‘
| 9]

ﬂ'f o | 1;5
ia ziccoa vere acid u-nax“uuu'uy in hot dilute HCl to
otdo: to dissolye any apatite aad ‘pyrite present, thes ia
hot 6N iNO) u ocder to Cleas tn gircoas. uontn;, those
Sanples conuuuq radioactive oﬁ@un vere Ot ac}d vulod
sinoe tnu linouls decosposed i.nac}dn. .

uthouqh not used for age dating, t\n heavy liqul.d
‘float® saterial aad laqnotic fract ioas 1utatod vele also

exanined under a binocular microscope. ‘rho heavy niunls

(S-G. ) 2.9 fquad in thc sanles crushed aad pt?qbd *
appparc i upondix B. . . ﬁr

, ynmnz&mnauunmnnzn;su o ' '

uthoug\t} l.pn coatained aeninqu gbod quality
zircos and u:ui. poplhuou. it vas soos realized that
sany of the acce! s l gonld pot be isolated withiao clean,
monomineralic popul {xons tequirod for qoochtonologlcal
studies. thetct'Ot:, oaly five zlrcoa and uo uraninite hoavy
siseral separates were #cctptab or further chesmical ard
‘isotopic ptocosq&pq. . .

The ujonty of the zircon separates wvere toject.ed for
these reasoas: (1) unattainabilit £ zircon yopul.atx.ons~
isolated vithin asarcovw maghetic an® density limits; (2) too
loy comcentratioss of high quality zircoa populatlons vith
sisilar ptopogtus such as colour, size, shape, clarxty apnd. “
lack of uta-i;et character. Iros stained uthu vere ‘aci_d‘
vaghed but essestially all ut‘di‘cardcd because the

surfaces bad beea too s.votoly corroded. - &8

s.nul nrnuito sasples vers esxcleled bocanso of

r .

A4



P

these factors: (1) lach of nocoqnl;cﬁlo crystal faces or
clnug.lnu; (2) u‘.v‘ol colout of luster; (3) a;nndonco
of locondity ucranius linifalilatton present as fine-grajined
.ysllov coating.
\\\;;.,Q. J

Ghanicel Rrocedsce -
’ The sethod uaok for the doco-poa;tion of zircon and the
g ~§xtucttfl of U and ;Ph istopes has been desct_lbo(«‘by Kxogh
(19;2). Altheugt ;’btict out)l ine of the p%occdnrc folloved
. in this study is givea below, the reader is referred to the
ottqil.l'papot. , g» |

uaod-piclod zircoqwibpatctes veighing tton J to 30 ag

v w Pee . .

vere doconpoaod at '60°C in an Hr'uNojrsolution. rho

»
result'q sanple solut{ons vere divided iato isotoe

® >

dilation (quland isoiopc ratio (IR) fractionms.

Isotope tracercs coataining ¥9.9 percent U238 and 99.7
percent Pb208 yere utilized in the isotope dilution
‘analyses. U and Pb vere tecoﬁoted froas the Ib—tg;ction, '7.
vhile, the AR-fraction was processed for Pb only. The
apparatus, reagents and cheaical steps used to process Pb in
each aliquot vere essentially the sanse. A brief 4&ccount of
the nore involved treatesent of the ID-fraction tollo-;:

;.81(803)2 solution vas added to the ID-saaple solutgion
in order to separate the ma jor elements. Pb vas
co-precipitated with Ba (§03)2, vhile U and Th vere held in

the snpolhatnat liguid .nd decaated ott. Pb~ID aad U-ID vere
isolated oa the to-poctivo Cl aad l03 inion exchango
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-

coluaas.

The Laitial processing of uraninite sepacates vas
sispler thas the method folloved tor gzircoas. Approxlnato&y
«J mg saaples of ucraniaite vere dissolved in vars nitric
acid. The resulting lll;i. solutions vere aliguotted and
subsequeatly processed according to Kroyh's uthor'QU) .
In addition to the U!'; fnd Us00 gpikes mentionwd im the

z2itcon procedure, a 92 perceat Th23e tricor wvas included in

the ID-fraction. -

| R w ¥
- Isetope Aaalysis .

‘ The zircon Pb and U, and uranioite Pb, U, and Th ”' :
solutions isolated froas the amios colusas vere isotopically
agalyzcd by sass spectroscopy. The Pb fractions Jece
dissolved ia H3PO4 and mounted onto a He filasent cé:ied
vith silica gel. The U and Th samples were sisilarly
dissolved but mounted Pn a Re filament coated vith Ta205.

The Pb, U aid Th phosphates I;t. ionized on a 12-inch mass

' spectrometer and isotopically analyzed.
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Blsctron Microprolbe dsthodalogy

Cleaned polished sousts vere carbon coated uader

vacuus. Their eiges vere marked vith silvec in order to

~ ehsule electrical coonductivity duriag electron boabardeent.

Nioeral anaslyses vere obtaised vith either EDA or wDaA

. 'd
techniques.

EAerdy Rispecsive Analvsis .
Inatcusentation and Qpecrating Conditiopa: -

o
EPA results vere cbtained usiag the tollowing
paTtanmeters:
operatiay voltaje 15 KV
. esissiom current 400 Ua
beas curreat 1.0 Ua W
Frobe current -} UA
AD electroa source vas .qenoratod fros ‘a heated tamjstun
.
filasent. Randoa X-ray photons emitted fros the excited
tejion of the bombarded sSpecimes positioned under the
electron beas vere detected by a silicoa~lithiua drifted,
[si(Li)) seai-confuctoc saiatained at liquid nitrogea
A
teaperatures) Detected photons resulted in the creatioa of
) ’

signals traasaitted as electrical pulses to a secies of
a'plitiots.'pnlso pPile-up rejector aad sultichannel analyzer
for amplificatioa, discrimination and storing, tospog}i‘oly,

Por greater detail, the reader is referred to Saith (19%6) .



dtendazdization of Qmecating Sesditioem

The ul: of villeeite (2a23i04), & ctalibration stendard,
at the start of oamh set gt asalyses, easyred that no drife
and sain anplt%ﬁ‘cu (cononﬁ koova as shitt and
stretch, respectively) of the spectrus appeared op the '
cathode ray tube (CBT) visual output sode. The ntllt:c}ton
Of calibration staadacds as such ensures reproducibility of
cnaly:os over periods of soaths.

The beas curceat vas soaitored (usiag e apetture in
tho electron beas colusa) during oloctt“ esiusion and
acceleratioa toverds thep Poiat of impact in the sasple
Q@eaber. A contiasal check on the beas curreat coupled vith ‘

the periodic seasuresest of the prode cufrent (using a

Faraday cage) vas used to estimate the probe current for any

given time during dau.lation.

[4 ——-s
. (1]

Standexds usd to obtain Chepical Besults: * ¢ {
Miperal standards kaowa to closeiy approxinald “the - .
saaple specisens in elemental coacentrati®ns, cosposition
and average atoamic nuambet vere used to calculate the
elesental cosposition ia the safples accor¢1nq to
| Cst Csp
o<

Ist Isp

where

~Cst = eleseat coaceatration ia the standard
Csp = elemeat coaceatratios in the sasple
Ist = R iateasity measurgd for the stamdard
Isp = peak iatessity seasurdd for the sasple



"0\

The standatds umed for quaatitative analysis of diotite \\
and 3iccoa seaples are listed ia Tadle 1).q0ther critecia

vaed to uu'n pLoper n,uuu umu.'oi'“ ud“.a o)

chesical besogeneity to easure reprodec P84ty and (2)
-uuuu""ua«“cn beas 80 a8 to saiatais the chenical

coaspositioa. ;

Rata MIK

Probe data oa siseral standards and sasples vere

8

accusulated overs live cowatiag tises of 400 mcoands. Dead
tise coccecticas vece dodtv vith by the puilse plle-up
tejector. Ia ocder to aveid damagiang the sore volatile
biotite ead sgircos sasples, a defocussed beas vas lclnod

vhenever jossible.

-

Probe data accubulated o» biotites asd zircoas vas h
trans ferred directly to aasgsetic tlp.l; Aa APL progras vas
esed to vecify beaa:prabe curreat stability. Pol'loiln the
substractioa of l;ackgocud spoqtmns. the sasple data vete
cospared to staadacds of :nou co.-poctuon. An EDTA-IX
prograa wsed for such caltulatiops, also perforsed &
absorptioa, atéuc ssaber and fluocrescemce gffect
corrections.

Oxyges im the silicates vas calculated by catios .

coucou.nuons. with any excesses of ougn ovqt Wos SO

believed to bo cosbined vith hydtogp&,



by
b e °
Tedlel? 1  Standarde veed QQ‘ -
sizesne anslysed weing BBA WA sethede.

gl M

RYA

standerd o eone.

W
ol
r’ .
Ne sanigine 2.2 odetdian 3.0
Al . semieine 0.9 Beersutite 7.3
84 sanidine  30.2 sireen 18.2
» _ .
s
ci? blotite 0.8
] spnidine 10.1 kaereusite 1.0
Ca dicpeide 18.4 kaersutite 7.4
" tlmenite . 20.4 v kaersutite 3.0
n 11menite 0.2 *
’0 . 1ilmenite, 30.‘\ keorsutite 8.8

n.d. sie 1.2
2r n.d. sircen 4.9
ne EWR Mrase 1.2
Botes: 1. B and 0 csleslated by ¢iffecense.

anslysies weing WA netheds.
..‘.‘.'.' u-hm

siw

)

2, Nuc:;io
8 the u.-m' peogsan.
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uuu of all the uttyud e84 cealoulated clescsts ezceeded
’ NOI. [ muquuu of exides vas poeclecond to deing the”
total %o \00!- .

" ‘ '
Spad-0ualitasitd Aaalzadai .
¢
fecilities m:o thas the 304 systes vege ssed to°
P . .

4

4
acquice additissal coapesitionsl 1afecsation. Nbme

sisultanecus DA dats vas accusuisted, crystal spectroseter '’

data vas treastecred to a typaveiter and leter eceoessed by
the astdor. Also, an ucluo-o»o.ou ‘pelaceid ceeéte -,
* c——

fastliity ves wselnl ia delineating epepesiticsal vetristies

existiag ia the siscens. : .

A

. .
laraianst) Riasecalys Asalisis
lastcaasatation and Omscatiss Cosdisiosas
The cbeectved iastability of nczaaisite graiss sader the
electres beas tequired that less dqstructive opon.uu'
. conditions be esployed during VDA asalysis. Usiag & 158V °
o‘onnu ponluni. Cpn:*-u col\loct“ vith the felldwiag
pecapetecs: ‘
'“.. “‘“‘oooooooo‘ 0. u Ao )
tt‘.ooo.ooooo .03 » “'.'. " s o
0WCeecocsey .o’ te 20 ub‘.“ o, ._’
.“«' 'CM.... $0.0 ssoeede 4
beg of oo trqncuunpo‘-s
, /e coe By pecicds oo bopshecenals : S
Qf-&mu t-rey oitsiliad taphcibentos
_sigaltaseessly by three <rystal Mu.uu -t v seasste K . .
uo buv) oh-uo (vi®h steoaic ..b.u num tea @ e

own lighter d“c.
{

~
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muﬁl i - ' } A ,
4 rho lttlt.’! nlod ia gath.ting quantitativ- lnl data is B
d‘ttorclt froa that outlined in the EDA scctlon.'!vnntl ac;
lccnnulatod on lover and hiqh,r enargy level background
pcntid&s of the eloctrdladeotic speétrua bordering the
cgétactpristic linos_lcninrod on the stamdards and samples.
Thi’vavdl agths used to aeasure element concentrations are
llsted in T e 18 along vith the standctds erploycd. .

Sauitable st& datds vere chohon on tpc same priacipals

discussed oatlxot.

Data Rzocessingd: »

Corrections for fluctuations in sthe beasm: probe current
ratios vere applied $éarrav probe data acquired om typewriter
paper. Pol‘x‘l"é:ing the gubtractios of average background

lues for each elemeat, ratios of sample: standard peak
. J.nt.ens.ttles vere aalculat$ Absorptxon, atosic nulber and
flourescence effect corrections vere applied using the
computer programae COR-2 (Henoc et ;1. 1973) . |

All of the elements measured (except S) Iuete calculated
as oxxdes. ¥ hen ptesent, sulfur vas coambined with leag to
fora PbS. ‘l'ho t\tal veight percentages of consutnents
measured in the uraninites never reached 100 percent.ﬂrhe

difference vas attributed to wvater and heliam.



e .
/ . .

Na Ka 11.9090 . aap? sanidine
Mg Ka . 9.8889 RAP diopftde ',
Al Ka 8.33 RAP _ senidine ‘
81 Ke 7.7222 eoptrd* sanidine ‘
s Ka 5.3728 EDDT ' galena
K ) 3.9424 ADP*- sanidine
Ca Ka 3.3596 ADP diopside
Fe Ka , 1.9373 LiFSe hematite
Pb Ma » 5.2916 EDDT galens
T™ Ma , 4.1448 ADP ThO, (cintered)
u! 3.7160 EDDT vo, , (cintered)
notes: 1. H and O calculated by difference
" 2. RAP - Rb acid phthalate o
a. oDt - othylene diamine dextrotartrate -
4. ADP - ammonium dihydrogen phosphate > o
S. LiF - lithium fluoride . ... . -
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