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ABSTRACT.
| [}

Zircons from several suiteé‘of recambrian rocks of
Northeastern Alberta wers studied usjng"conyentional‘U -
Th -~ Pb datiné technigques. It was found Lhat the zircon
datlng confirmed the emplacement of the younger Colin -
Andrew Lakes granites at approx1matelv 1900 m.y. and gave
‘Some support to the proposition that'their formation in~
volved anatexis. However, the zircons from the older

. / -

Charles Lake granites and the mlgmatlte\\.gnelss complex
have been con51deraoly updated, w1th the 2500 m. -Y. ages
for these rocks (derived from Rb - sr and whole zock U -
Pb) . being partially to comp1etely obllterated in ‘the zir-
cons by the high grade netano hlsm accompanylng the Hud—
sonian orogeny. The thorlun dates are w1dely dlscordant
reflecting ‘the effect of metamorphlsm, and the differences
between the thorium and uraniuym data lndlcate mlgratlon of
these elements as well as lgad in tne dlscordancy of these ’

21rcons The Colin - Andrew Lakes 21rcons .show hlgher

uranium and'thorium contents than do'the other dgroups of

21rcons, prov1dlng an explana 'onlfor,their‘more metarict

appearance and sllghtly greater iscordancies. The results

w

reflect the need for app]yrng snveyal dating technréues to

[

gain the greatest amount of undelstandlng of a complcx

—

geologic reclon

- iv
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CHAPTER I INTRODUCTION

A, Preamble

Over the last few decades, 1ﬂotop1c geochronoloqlc
studies have assumed major importance in the study of his-~
torical Precambrian geology. 1In an cffort to understand °*
the time relatlonshlpg of geological materlals and-the se-
quence of geologic act1v1t1es, geologlsts first looked to '
fossils to provide a tlme frame of reference. Howewer, if
the age of the earth is approx1mately 4500 million years,
Yeasonahle f0551l correlatlon is only possible for about
15 per cent of geologic time. As understanding of radio-‘
active processes and 1sotop1c varlatlo@s 1ncreased, tools
were evolved which gave access to dating the remalnlng 85
per cent of geologic. tlme and which in fact were instru-

mental in setting the generally accepted figure of 4.5

billion years for the age of the earth Not only do these

To be'used as a nuclear clock, a system composed of
'the comblnatlon of a particular radloactlve species’ and a
partlcular mlneral should meet several Criteria, Ideally,
all the parent species orlglnally present should still pe
accounted for elther as parent nucllde Oor as decay daughter

and the only daughter present should be that formed through

K -
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radioactive decay of as. a measurable initial améunt.i To
meet this requiremcntkthere should be no gain or loss'of
parent or daughter ﬁifh the time of formation to the. pre-
sent;'i.e.} the sxstém'should be closed.‘.The‘radioaéti¢e'
decay rate must be of ‘a favorable magnitude and be accu-
‘rately determinéd. The system should be amenable to ac-
-curate chemical and isoEOpic analyses of both parent and
_daughter nuclides.

Athough no parent - daughter combinaﬁion exemplifies
the-ideél completeiy, there are three major pairs that
aéptoach it closely enough ih various degrees to be useful

v

to the geologist. These are the potassium - argon, the
S .

rubidium - strontium,-and”the uranium - thorium - lead
pairs. The latter group is really a family of thr'ee parent
- daughter combinations and is thasone Qith which this

\ .
study is concerned. The three which compose this family
are\e u238 _ pp206 ;235 _ 207 Th232 _ p),208

nuclide pajrs and we will be concerned with their behavior

- -

in the mindral zircon. \

3

) The fébt that many minerals.are not ideally closed
Systems during geologicél time increases,'rather than de-

creases, intexest in their study. Since the various parent

- daughter pairs are different elements, they demonstrate

-~

differing behaviour, both from other pairs and'ih-different

rocks and minerals, and numerous factors in the geologic
setting and history of the analysed minerals will have a

bearing on the age interpretation_made.‘ bbgenetic minerals
) - ' -
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often show 51gn1f1can&,d1fferénces in age and it is the

e1u01datlon of the fdéto sr&eadlng to. thene age differences
. ?»‘ S ' “)J'% \:\HI“J ,
which prov1d€s{md

toryﬁpfzghe ro&Q%J’an.gusu its age since crystalllzatlon,

"‘-\\J{

ALl the‘ﬁactors a;‘

f;om\antlsotoplc analy51s of a partlcular rock or mineral

,are not yet known and the ongoing study of these factors

/
remalnzsa major concern of geochronology. Some of the
/

principal examples of effects on nuclear clocks belng
studied are theteplsodlc and/or dlffu51ve loss or galn of
parent and/or daughter nuclide from a mineral -after its
formation. The presence of these varioﬁe effects permits
the utilization of the nuclear clocks in‘differing ways.
For exahéle,'the age and history of one'particular'rock may’
vbe studied in detail, or a larger.regicn or group of rocks
mayfbe_more genera;ly surveyed. The present study could be
said to come under the'latter'category. Ih the present
study an attempt is made to 1nterpret the behaviour of a
-large sulte of 21rcons from a fairly complex, closely .
studled area (the Precambrlan exposure- in Northeastern
Alberta), in the light of presently avdilable geochronolo- )
gic and geologlc information., - = ‘ . |
B..U - Th - Pb Systematics in Zircons.

A form of the law of radioactive&ay, Np Ni,(e. t,

‘descrlbes four ways of lead isotopic varlation in. the case

Y] 4

of a U and Th bearlng_phase.



206 238, 2238t
(e

Pb<Y® =y 1
p52°7 = 235 A235¢ ), .
;;2085 Th232(exz32t_l) - \
. pp207 . U238(eA23St_l; v
Pb?0% 137,9y238 (A23BE ]
: wheré:IIND(PbZOG.et .) o= numper of atoms of daughtér nuclide

Ny (U238 etc.) = number of atoms of parent nuclide

A (238 etc.) decay constant for a particular parent
nuclide 1 L 4

t = time since formation of the mineral
»

If aU-Th -'Pb bearing phase has remalned a closed
/

system throughout its existence then one seml—lndependent
and three. 1ndependent 1dent1ca1 values for the time it ‘has

ex1sted may be obtalned after solut1on of the above equa—

tions for """,

Uranlum - thorlum mlnerals usually depart from this
\

1deal closéd system. behav1our however, giving discordant
ages, .THe pattern of age dlscordancy most often found/’n

21rcons is t206 < 207 < 207/206 This pattern 1s\1nter-

preted as being duo to some mechanism of lead loss (Baads-
gaard, 1965). The value of t208 in 21rcons may lie any-
‘where. in relation to the\dboVe pattern, but occurs most

)
commonly as t208 206‘

The problem of the lead - 1oss mechanlsm has’ drawn

much attentlon in geochronologlcal work Wetherlll (1956)
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proposed an episodic loss of lead. Using a "concordia" or
207
/_L

on whlch the locus of points for which tzos,é 207 is

a curve known as the concordla) he showed that the megésred
n a

"-233 = Yyyc" diagram (a plot of szoe/ 238 versus Pb

235

ratios of episoddically altered cogenetlc Zircons’ lay
chord of the concordia. He recognlzed the upper 1ntercept
of chord nd cohcordla to be the "true" age of the’ syotem
and ‘the lower intercept to mark the age of an eplsode of
léad loss Thls model fits some situations in whlch an B
1 event correspondlng to the time of the proposed lead - 1loss
episode can be determlned by other means such as K,*LAr“~5
dating. ' , . : ‘ o

Nlcolaysen (1957) and Tllton (1960) show that the
cgntlnuous dlffu51on of lead Wlll result in a 51m11ar
pattern.n They worked w1th a ratlo of diffusion constant “ S ¥
to radlus of dlffus1on (D/a ) that is constant over t1me . |
(D(t) =D ) and showed that the line jolnlpg p01nts of i
\dlfferent D/a for a partlcular age on a concordla dlagram
.approx1mates linearity over most of its length hut curves - -
- more sharply down to the orlgln for small values of r238
and r235, rather than 1ntercept1ng ‘the ‘concordia and re- \\\

]

qu1r1ng a later eplsode In this way Tilton (1960) was ';
liable to show that€ a world - wide, event at 500 mllllon years
was not requlred to explain lead loss from widely dlStrlb—
uted Archean zircons: (as it is for an eplsodlc model).

Wasserburg (1963), in a further mathematlcal treatment . . o



. . . ” €y

. | .
*OF d}ffusion, asigisg;the diffusion coefficient to be a time
dependent function of Athe 'integrated radiation damage done
to a. crystal by uranium and thorium decay (DRt) = Dlt)

rather than a constant as 1n Tilton's treatment The dif—

fusion trajectory kraced on the r238 = Ty3g dlagram in

Wasserburg s model also is llnear over the majorlty of 1ts

‘length and is not very different from that developed from L

/
Tllton s model giving a sllghtly lower intercept (younger'

i

age) when the linear part41s extrapolated to meet the‘con—:

1

cordia. : ' . T,
Wetherill (1963) looked at cases where dirfusion loss
of both parent and daughter occurred, based on Tllton s
model. He showed that uranium loss w1ll also lead to a
stralght llne pattern on a concordia diagram, but one with
a dlfferent slope than that for lead lqaﬁ.' Thus the .U - Pb
'ages ma§ be'high or /low depending on whether uranium or
. lead is lost or @111 remain concordant if both parent and ¢
daughter are lOSt at compensating rates. Comblnlng a pulse
‘. of - metamorphlc lead loss w1th uranlum and lead dlffu51on
'may so compllcate matters that no’ regular pattern can be'
determlned B | d . v
Steiger and Wasserbﬂrg»(19669uand'Allégre (l967), us-

235 diagrams (concordia diagrams with Pb208/.

1ng r%/z/ !
232 207 ,,,235 . IV -
Th plotted against Pb /U "), discussed dlscordanc1es

*in thorlum dates., These papers p01nt out that whlle thor-

) 1um generally is present in. con]unctlon.w1th uranium and--

prodgces a lead isotope as/;hs-epd product of its radio- .

i
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C. Geology and Geochronology of N.E. Alberta Shleld Rocks

active decay, it is a distinct chemical species and the

dlfferences in its beha """ ?ur ca%\produce differing geo-

chronologic infarmation. Steiger and Wasserburg point out

that data on a r}}z = Ty3s diagram are not restricted to
the region representing nonfractionatino daughter loss,ip
a single phase system and in fact indicate that ;ircon‘f
should bg looked at as a multiphase system. The 1mportance
of such factors as a varying Th/U ratio and possible dis-
placements of Th from U within the crystal'is noted.
Alléore points out the directioh of movement on.a y39 =
r,35 diagram of a p01nt representing a U - Th - Pb phase-
which would be produced by galn Or loss of uranium, thor-
1um, and lead and varioys combinations of the three. Both
papers emphasiz the need for more stddy inyol?ing thorium

because of the aa ed information it should 'supply to the

1nterpretatlon of geologlc ages and histories.

It. has been establlshed that contlnuous dlffu51on
processes have operated to produce discordant ages. In

other cases an approprlately timed .event (generally thermal

in nature) would/seem to be respon31ble. However, in a

great many’ ‘cases 1t is dlfflcult to dlStlthlSh between
/ 2 :

eplsodlc lead loss and one of the dlffu51on models aswa

bas{s for the observed dlscordancy. ’

7

Pl

The Charles - Andrew - Colln Lakes area is part of the

. Precambrlan Shleld exposed 1n Alberta. The area lies in-

2y



the northeastern corner of the Province south and cht of
the‘junotion of the Alberta, Saskatchewan, and Northwest
Territories borders, north of Lake Athabasca (fig. 1).

As mentloned by John D. Godfrey in his reports (1961,
1963, 1963, 1964, 1966), only sporadlc geologlc work had
been carried out in the area until the start of his detalled'
S (2 incﬁes to the mile) mapping project in 1957. This work,
done for the Research Council of'Alberta,vinvolved pace and

compass traverses spaced at 7ne—quarter to one-third mile

intervals. During this work, samples for petrologic and

leter.geochronologic work we e collected.

‘ The exposed Preoambria. igheous and metamorphic rocks
of Alberta lie within the Ghurchill Province of the Canadian
Shield. The stddy area mprises a metamorphosed.fold belt
between two crannic blocks and therefore presents a'fairiy
_coméléx situation for geological and geochrénological study
(fig. 2).

The beeement'ofathe“area consists of a migmatitic -
gneissic comblex formed by at least two cycles,of sedimen-
tatlon, metamorphism, and intrusion. “ This is overlain spo-
radlcally by metasedimentary rocks which appear to have
‘been laid down 1n»later stages of the last of the two oro-
genic cycles- 1dent1f1able in the area (Baadsgaard and God-
frey,-l972) The basement 1s intruded by two groups of
‘granltlc - granodlorltlc rocks. The older of ‘these groups,
which consxsts malnly of foliated hornblende granltes in the

Allan fault zone of the Charles Lake area, is éut by pegma-
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- Fig. 1. Location map of the study area in the Canadian
Precambrian Shield (After Baadsgaard and Godfrey,
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tites giving Rb. - E} dates of 5524 t 27 m. Y. (Baadsgaardop

and Godfrey, 1972) and represents m terlal emplaced durlng

the Kenoran orogcny.- The other gran'tlc material, ‘¢ ist-

.

ing malnly of porphyroblastlc blotlte qranltes (such‘as the
2
Colln Lake granite = granodlorlte complex) as well as mas-

'51ve to foliated blOtlte and leucocratic qranltes, appears

N -

to have been remoblllzed durlnq the Hudsonlan orogeny w1th
the mlgmatltlc - gne1s51c complex p0551bly prov1d1ng the

parent material. Amphibolites occur in fairly small bodies
’throughout the map.area Jbut ‘appear to concentrate in the K

»

granite gneisses and metasedlmentary reglons
The characterlstlc northerly and vertlcal orientation
'of structural features of the’ area. such as follatlon,
gne135051ty, and elongate outline of" metasedlmentary, am-

phlbollte,,and granltlc bodies’ all point towards a deep

/ ]
seated pl c deformatlon w1th maxlmum stress on an east -

The cataclastlc deformation produc1ng mykbnlte

most like accompanled this plastlc deformatlon in its

later stgges. The mylonlte bands show thermal recrystalllz-
, atlon and reweldlng, probably due to later thermal act1v1ty.
Younger brecc1as ‘within the mylonlte zoneS/and northeast and

'-northwest transverse faults whlch offset and truncate con-

. - e - )
tacts of all groups . 1nclud1ng the mylonltes, indicate ‘later

fault movement at a hlgher crustal level. Glac1a1 scourlng

during the recent ice age has left relatlvely fresh exposed

12

‘outcrops which greatly fac111tates ge010qlc study in the area.»

)
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~Ea¥11er geochronolog1¢al work has involved mineral K
= Ar, whole rock and minera Rb - Sr,’and)whole rock and
~m'ine}_aa/ﬁ— dating. The K Ar mica dates give a very
sharp dlStrlbutl around 1790 m.y. which Baadsgaard and
Godfrey (1972) attrlbutg to a late orogenlc thermal pulse
w1th rapid upllft rather than a slow upllft and coollng
whlch would produce a talllng o% dates down from the Hud-
sonian peak at 1900 m.y. The hornblende K - Ar dates—show
a mean of 1880 m. y but the number of samples is too small
to determlne whether this is statlstlcally different from
the mica dates.

The Rb -’Sr~determinations can be arranged into three
'groups. In the Andrew - Colln Lakes area an excellent f1t
to an 1sochron of t ..i993 t 6 my. is obtalned fof whole

~ —

-rock determinations on the granltes an 1ntru51ves. The

data points representlng the gne1$ses and metasediments

’

scatter above this line. The 1n1t1a1 ratio of Sr87/S 6

of 0. 7083 is too hlgh for a granite derlved from a source -

reglon of basalts but fits quite well a mogéi\proposed for

anatectic origin (Baadsgaard and Godfrey,_1972). Apatite -

whole rock isochrons for both granites and gneisses give an

average date o% 1760 * 60 m, Yer comparing weli with the K -

Ar date of 1790 * 40 m.y. and 1nd1cat1ng thermal metamor-,
phlc conditions strong enough to affect strontlum in apa-
t1te occurred . about 100 m.y. after emplacement of the .
‘granites. 1In the Charles Lake dlstrlct whole rock deter-

N minations were obtained on pegmatites cutting “the granitic

13



and metasedimentary‘rOCks. The pegmatites in the granites
yield a firm isochron with t = 2524 * 27 m., y The pegma-

tites in metasedimentary rocks scatter above thlS line in

a manner similar to the scatter of the easterly gnelsses
above the younger granite line. This date (2§24 m.y.) is

the first ‘evidence obtained for rocks. of Arch
N )

an age in

“

N.E. Alberta.

Whole rock U - Th -+Pb determinations were carried

: : - ¥4
out.on-six of the younger intrusives of the Andrew - Colin
Lakes area. The points on a Pb207/Pb294 versus U235/Pb204

On o “«"\/l""\r "‘

diagram give a fairly good fit to a 1890 m. y. 1sochron.‘

The points on a Pb'20.6/Pb204 versus 0238/Pb2?4

diagram give
" a poorer’fit to a 1960 m.y. 1sochron. The points on a Th
- Pb isochron plot scatter widely between a maximum iso-
chron of 1900 m. y. and a minimum of 960 m.y. Thus a
cl\ose agreement in dates (1900 m.y.) with the Rb - Sr data
on the same samples is obtalned but w1th a greater scatter
i the data p01nts for the U - Pb data. All the above geo-
chronologlc data is derlved from: Baadsgaard and Godfrey
(1966 and 1972)

Lee (1972) 1doked at the whole rock behavieur of five
of the intrusives of the‘Charles Lake area. He determined
a date of 2500 m.y., for these materials, which givee fairly
close agreement with the above mentioned Rb ~ Sr<date.of
2524 'm.y. for pegmatites cutting these rooks as Well as
others in the area.

Both Lee and Baadsgaard did some work on zircons in

14



the rocks utilized for whole rock U - Pb studies. This
data will be re-examined in conjunction with the more ex-

tensive zircon work.ddﬁé for the present studf.

\

15



CHAPTER II SAMPLES L

/
-

A. Coverage of Rock Types

N

‘The samples represented in this study might be termed
"secoﬁd generatiop" samples because they werexcpllected on
the basis of previous mapping and examination of hand spec-
‘imens collected dQuring that'mapping; "“The size of rock
samples required‘for‘multiple mineral dating (50 pounds or
@ofe) precludes their collection during thé original ‘pace
and compass traverse mapping. All the recognized individ-
ual rock types'were covered- in*$he sample coilectipn. The
basémént gneisses were sampled a Bymber of times at various
points so as to provide a some&hat rebresentative coverage
of this rock typé over the whole study area. Othér.}ock
£§;es were sampled at points.at which they appeared to be'
most "typical" of the rock. As completely as possible,
"fresh" unweathered samples were collected. Sample ioca-
tions are given on the map in fig. 2 and the rock from which
eachvSample was takén is listed with the zircon descriptions

<

Ain ‘the Appendix.

' B. Separation and Purification of Zircons
' chk z?mples from which any wéatheréd surfaces 'had
been removed were broken in a jaw crusher ané tﬁe;resultant
¢rush put throﬁgh a rotary plate mill ahd.redpced to 4100
mesh. The héavy mineral concentrates wgfé.sép;rated from
“this rock powder on a Wilfley_téble.4 The zircon was sep-

g | l

16



arated from this concentrate using standard.techniqdes OEA
nagnetic separation; tetrabromoethane, methylene iodide,
and hot'clerici float ~ sink separatio?; and nitric acid

. ] .
cleaning to remove sulphides. Where possible, zircon pop-
ul&tlons were Spllt on the basis oﬁ magnetlc or gravity
variations. Flnal separates were’treated w1th hot 1:1
nitrlc acid for one honr and then washed with lead free
distilled water immediately before analysgs. A small

'
portion of each separate was reserved for microscopic ex-

amination, (~\\—\}

C Description - /

When exgklnlng the appearance of the bulk zircon
separates, «some variation-is noticeable. The zircon sep-
arates from the Charles Lake granites show a,fairly uniform
hyacinth color.' In contrast, the zircon separates from the
'Colin - Andrew Lakes granltes show a range of color in the
'tan to beige tones. The metasedlmentary 21rcons show a
w1de varlety, ranglng in color of the bulk separate from
qulte-a dark tan to belge and even a greyish color. TA

very few approach a hyac1nth color but do not shOWlthe

same clarity and unlformlty of color as do the oldér gran-'

1tes,¢ _ o . i

Under mlcroscoplc examlnatlon, the 21rcons from all
' b

'the study area tend to be poorly shaped, yellowish to brown-
1sh in color, zoned and have 1nclu51ons but with a great.

deal of varietvr away from this generalization. The %harlesﬂ
- . . -’:4\

f“
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/
Lake granlte ‘zircons appear asJa group to be larger in
grain size than the other zircons. Although a few separates
in the other two groups are as coarse or coarser than'rep—(
resentatives of the Charles Lake group,\the Charles Lake
granitic zircons.are more unitormly of larger grain size
and-include no separates of vexy small zircons-as do the
othey groups. “in'the Charles &ake group the zircons within.
a separate also-seem to be more unifbrm*y sized In the
other groups the same separate ofteg has zircons ranging -
from approximately 100 mesh to -25Q.m4§h. On the whole,
both the‘groups of granitic zjircons show better crysta
form thanﬂdo those‘of the metasedimentary group. The
Charles Lake group especially woula be termed euhedral to
- subhedral (although there are still some rounded zircons: .
included in thése'separates) while the migmatite - gneiss'
. zircons are generally’muehpmore rounded. |
| The Charles,Lake granitic zircons are in general much
clearer and more transparent than those of the other groups.
The falnt hyaclnth color of the bulk sep rates is reduced
in rpten51ty upon magn1f1cat10n~and many of-these zircons
.appear'colorless when examined-nicroscopically.' In, parti- -

cular the Colln - Andrew Lakes zircons. are .more clouded and

'
2

‘darker than those of the other two groups. The metasedl—
o
_mentany group are 1nte%med1ate in appearance w1th 21rcons

rang;ng_from near transparent to very éark.» Dark spots of

. inclusions occur in zircons within every-group butplighter‘
: - ; , Sl G ‘
acicular inclusions (most probably growth cavities)' appear -

e /



. N
to be most common in the Charles Lake zircons, perhaps only
because they show up better 1n these more transparent zir- '
cons, . Although zonlng is notlceable as surfaces of optlcal

SCODtlHUltY in "the zircons of all three groups,‘there
appears to be a lower incidence of it in the, Charles Lake
zircons and where it does occur in thls group, it is more
'often regular and follows the euhedral crystal outline than

in the other groups. A more complete descrlption of the

zircon separates is given in the Appendix.

i

t



A. Methods( |

CHAPTER III ANALYSES

The zircon samples (generally between 0 1 and O 5 gms.) .

_were fused ﬁlth purified sodlum tetraborate (Merck 'Supra-.

pur' anhydrous sodium tetraborate was found to be of ade-

quate purity) in a platinum'diSh at 950°C. to lOOO‘C. until

the zircons were seen to be dissolved in Jthe’ borax. Several

" hours of heatlnglwere generally ~equired. The fusions were

[ 4
done using an amount of -borax that was approximately six

times the weight of zircon, .The solidified melts ‘were dis-
solved -in redlstllled dilute HC1 with- constant rapld stir-
rlng (in order to keep silica in solutlon). The solution
was transferred to volumetric flasks for dilutlon and stor-
i '

'Lead was extracted from an allquot of the sample solu-

J

" tion u51ng a “double ‘extraction w1th 0. Ol% dlphenylthlocar—

E Y

:bazone (dlthlzone), first in the presence of citfate a.~d

-~

then in the presence of cyanlde._ The lead was flnally re-
B _
covered by’ preclpltatlon as lead sulphide which was loaded

on a sfingle tantalum filament for running on the mass spec-

|

trometer. Two lead isotopic analyses were done on'each
sample -~ one "unspiked" (for determining isotopic compo-

sition) and the other "splked" by add1ng«Pb20§ as lSOtQplC

dllutant prlor to the first dlthlzone extractlon (for de~"

term;nlng lead concentratlon).

- The lead isotopic composition was determined on a 12

S o ; 20
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“sion of the Pb207/ b206 and Pb /Pb

21

", . y ' oy e,
inch radius of ourvature, 90° sector, “sin le focussing,
v g

solid source massfspeqtrometer. Thelinstrument is equipped
with a Keithley yibrating reed amplifier, digital voltmeter
with printed tape output ‘and facilities for "peak gwitch—
ing" between pre set magnet current pOSltlonS The usual

/
operating conditions for ‘lead was 4., 5 KV accelerating vol-

10

- tage and a 10 ohm reSistor on the amplifier. Usually

lead emission began at a filament current of about 1.8 amps

at*which point the greater poertion of the potassium in the

207 206 : 208/

load had been burned off, Ratios of Pb /Pb and Pb

206

Fb were measured from the digital output obtained by

alternateiy switching between the pre-set magnet current

positions for masses 206, 207 and 208 The ratio szos/

204 was measured from chart output obtained by scanning

Pb
the magnet current across the mass positions. oOn some

e (B
samples from which only a small amount of lead was produced

‘the em1SSion was not high enough for digital output to be

e
’(

effective so all ratios were measured from chart scans.

The 206 207, and 208 masses were resolved and litple tail .
. g ‘I’.
correction was found to be necessary. Measurement preci-~

206 ‘ratios was generally

t0.1% (one standard deViation) and the PbZOG/Pb204 ratlo

v(_'
about #2% (quite adequate Since only small common lead cor-~

v -

rections were generally necessary) ' : - '

. Uranlum and thorium were determined by 1sotope dilu-

tion. An aliquot of the sample solutlon was double - spiked

w1th U235 and Th?"30 in proportion to produce U238/U235 and *
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‘\' :
Th232/Th ratios‘approximating unity. Uranium and thor-

ium were pre01p1tated from this allquot w1th the R2 3
elements using ammonlum hydroxide. The uranium and thorlum
- were then separated out using an anion exchange method,

/
The precipitate was dissolved in a minimum amount of re-
~ . . . .

distilled 6M HNO; and added to 14 X 1.2 cm. column of Dowex
1-X8 anion exchange resin converted to the nitrate form,
Uranium was then eluted with 6M /I,'INO3 and the thorium
stripped off with 0. SM HNO,. These nitrates were loaded on
a single Ta filament for isotopic analy51s in the mass
spectrometer Some of- the early analyses had the:uranlum
and thorium nitrates combined'on the same filament with
pH3BO3vas activator.j Generally,_howeuer, the uranium and
thorium 1sotoplc analyses were an separately using H3 l
as'activator for uranium and HClO4 as activator for thorium.
Isotopic oomposition.of uranium and thorium were mea-
sured‘on a6 incn radiys of curvature, 6d° Sector, singge
focussing solid source mas4 spectrometer equrpped witn'a

11 ohm resistor.

_Cary-vibrating reed amplifier with a 10
This instrument: also is equlpped w1th digital tape output

and "peak sw1tch1ng" fac111t1es. Em1551on of UO2 appeared
“at about 2.7 amps. fllament current and 1.7 kv acceleratlng
voltage. Em;551on of Tho2 appeared at about 3.0 amps fila-
ment current and 2.0 KVlaocelerating voltage. In either

ease isotope ratios mere measured fromftne dI;ital'output.‘

- A measurement preclslon for uranium of about 0.5% to 1,0%

and for thorium of 1% to 2% was generally obtalned A more,
“.



/

.complete discussion of methods.yised in the University of

>

/ Alberta Department of Geology geochronology laboratpry may

be found in O'Nions (1969).

i

Two sets of spikes were used in the course of this work.

All were prepared and calibrated by Dr. H. Baadsgaard.

positions of these spikes are presented in'Table l

Com-

During

the course of this work the ‘author ran two blank determina~

'tlons on the lead analyses.

another done by Dr.

The results of these along with

H;-Baadsgaard are presented in Table 1..

Uranium, and thorium blanks used are those determined by -

23

O'Nions and Whlch are 0.005 ug. for uranium and no. detectable '

blank for thorlum.

"Spike" lead and blank'compositions.

TABLE 1.
Spike # o : .
Lead szog, ug. Pb2Q7, ug. Pb206, ug.
| $2 20.152 0.0101 0.0456
' / L .
#3 18.284. 0.009 0.040
U + Th 0235, Hg. U238, ﬁg. Th230( ug. Th232, ug-.
#2 20,4253 0.0266 12.217 1.066
43 16.252 0.021 8.937 0.7796

D
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TABLE 1. (cont'd) ‘ )
Lead Ratios

Blank determlned by Total Pb Blank, ug. - 204:206:207;208

;

H. Baadsgaard | .0.3896 1:17.52:14.81:37. 43
L. W. Day . 0.3200 1:14.83:12.53:30.62
L. W. Day . 0.4095 1:17.77:15.02:37.27

/

B. Results
B Suiny /N
/

'AnaIYtical results and the_ages and concordia plot ra-
tios calculated from them'are presentea/in Tables 2 and~3.
Ages and ratios are calculated with the aid of an APL compu -
ter program written by.Dr H. Baadsgaard JThis program
selects and corrects for contamlnant lead based on the. 207/

206 ratlos ThlS program was revised by the present author

-/

to 1ncorporate the recently redetermined decay constants

Y0238 = 175513 x 10710 yr.™! ang 235 = 9.8485 x 10710 yr -1

/-
froéjkaffey et al (1971) and *tn?32 < 04948 x 10 ?olyr.'l

~ from Tatsumoto ét al'(1973) Errors assigned to the U - Pb
. / \ Il :

ratlos are about +l 5% based on the above mentloned measure—
ment prec1s1ons and this is the size of the error‘boxes‘used
on the concordiardiagrams. Errors on%the Th - Pb ratios

would be sllghtly 1arger and more varlable than thls. Error

boxes are not preSented on the- thorlum concordla d1ag§l
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TABLE §. Calculated dates and ratios

- . pATE!, m.y. ATOMIC RATIOS ~
Sample No.  206/238 207/235 207/206 208/232 206/238 207/235 208/232

59-90-2 1845 1995 2150 © 1890 0.331 6.13 0.0981

i
1525 1655 1830 1500 0.2666 4.106 0.0770

60-128-5
60-149-1 1530 1800 2170 1520  0.2671 4.900  0.0782
60-151 1310 1560 11930 1350 5.2247 3.660  0.0692
60-729-3 1375 1560 1820 1500  0.2379  3.643  0.0770
60-729-4 1220. 1410 - 1720 0.2077° 3.017

. 63-81-7 1560 1780 2050 £ 0.2747  4.767 '
63-93-1 1614 1806 2040 /2009  0.2844 4.924  0.1045
63-94-1 1432 . 1591 1810 2727 0.2487  3.792 0.1445
63-94-2 - 1673 1794 1940 1938 0.2963 4.854 = 0.1006
.63-95-1 - 1282 1469 1750 1392 0.2201 3.249  0.0713
63-98-2 . 1472 1632 1840 1658 ©  0.2566 - 3.990  0.0855
63-99-4 1134 1353 £720 936 0.1923 2.792 10,0474
63-101-1 1602° - 1685 1790 1071 0.2821  4.255  0.0544
-63-103-1 . 1355 1546 1820 788 0.2340 3.582 0.0398
63-104-1 2158 2240 2320 2275 0.3975 © 8.116  0.1191
63-104-2 1524 1658 1830 1962 - 0.2667 4.117  0.1020
§3-104-3 1573 1845 2170 . 0.2764 . 5.155
63-105-11 - 2040 2139 ;230 1898 0.3723  7.217  0.0985°
63-616-1,A 1367 1511 1720 1486 - p;gasz 3.429 . 0.0763
63-616-1,B 1736 1787 1850 1876  .0.3091  4.811 " 0.0973

63-616-2,A © 999 1298 1830 . 829  0.1676 2.591  0.0419



TABLE 3. (continued). .

loohstants

used in calculating these dates are given in the text.

/

-

. DATEi, m.y. ATOMIC RATIOS .

Sample No. 206/238 207/235 207/206 208/232 206/238 207,235 208/232
63-616-2,B 459 721 0 243 0.0738  1.034 0.0121
63-617-11 1993 1935 1170 1 0.3623  5.721
63-628-4,A 1965 2114 2270 0.3563 7.018

. 63-628-4,B 1694 1873 208¢ 1 0.3006 5.328

.:63-628—5,A B 1411 1588 1830 84c 0.2446 3.776 6.0427\
63-628-5,C D i549 1733 1960 2120 0.2717  4.508 0.1328
 63-628-5,F 1947 2011 2080 2054 7.3526  6.245 - 0.1070
63-628-5,G 2052 2130 2210 10.3748  7.148
68-1-1,B 1554 1843 2190 1711 . 0.2726 5.143 %0.0883
68-1-3 1800 1918 2050 2107 0.3222 S.Plé 0.1099
68-1-5 1835 - 1940 2000 1665 '0.3292 5.578 0.8584
68-1-7,A 2000 2040 2080 2080 0.3634  6.447 0.1085
68-1-7,B 1814 1892 1980 1873 0.3251  5.445 0.0971
68-2-3 1540 1770 2050 1330 0.2697 4.694 0.0678
68-3-8,A 1720 1790 1875 1820 0.3052 4,820 0.0940
68-3-9,B" 500 820 1830 0.0806 1,243

'ea—ééa;c ; 1704 1763 1830 © 1689 0.3026 4.676 0.0872
68-4-1 1350 1515 1760 - 1405 0.2322  3.444 00720

'

29



“ CHAPTER 1V INTERPRETATION
&

A. U - Pb Concordia Diagra@é
The zircon results,anehgrouped in T3 = Ya35 diagrams
(flgs. 3 to 5) on the basis" of the prev1ous work (malnly
‘Rb =~ 8Sr) in the area., The grouping used is that evolved
from the geologlc andrgeochronologlc work by Baadsgaard and
Godfrey (1972), and the termlnology used in referrlng to
lthese groups generally follows that used by them. Thus the
groups are the Charles Lake or older granites from the wes-
tern part of the region, the Colln - Andrew Lakes or younger
. granltes from the eastern part of the region, and the migma-
tlte - gneisses and other metasedlmentary rocks present
. throughout the region. On the concordia dlagrams the 1900
m.y. and 2500 m Y. diffu31on curves (approx1mate ages of the'
two granitic groups from the previous work) are glven for
reference - .
Itrcan.be noted from the r2$8 - r,;. diagrams that-the_
concordia patterns for these groups-are not as deffnitiye
as would have been expected if the zircon data closely refl
flected the Rb - Sr data. This. loss of deflnltlon appears
as a narrowlng of the separatlon between the younger and
older groups. The data for the Charles Lake granlte group
y{fig 4) and the migmatite -~ gnelss group (flg. 5) have
'noved con51derably from the 2500 m., y dlffu51on line whlle
- that for the Colin - Andrew Lakes granltlc group (fig. 3)

has stayed at the 1900 m.y. dlffu51on line. The data points

30 " i
_ : . - #
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for the older groups have been shifted SO strongly that in

no case do .any points go as high as the 2500 n. Y. diffusion
/
curve and-ln fact a number [of points‘in each of these older

7
e

groups now lie on the 1900 m.y. diffusion curve. As might
he expected from the greater diversity of rocks/included in
4,this group, the data points . in the mlgmatlte - ‘gneiss group
;'show a w1der spread than the p01nts representlng sampiles in.
the other groups and thus show the- closest approach to the
2500 m y. dlffu51on curve, The occurrence of a couple of
fp01nts in the Colln - Andrew/Lakes group above the‘l900'm.y.

dlffusion curve is noted

As well as a Varlatlon .of dates w1th1n the groupings
N
there is also a’ varlatlon in apparent dlscordancy. Wlthln

\
\

each group there 1s a range from very dlscordant (dlstant

[ g
from the concordla curve) to falrly concordant p01nts (near
4 o

the concordia curve) on the concordla diagrams. Some general

4 »

¥Yrends in variation in dlscordancfgﬁetween groups may bevg
: noted The Zircons from the dgranites of the Colin - Andrew

Lakes area” (noM1nally younger\than the rocks in the other

groups) do appear to be sli htly more dlscordant than 21r— /

cons from.these other gloups. There are no.points on the

- -

'

. correspond1ng'r238'— r535 dlagram (fig. ‘3) which appear as

close to the concordla line as do p01nts on the dlagrams

for ‘either of the older groups (flgs 4 and ™5) ,

¢

‘.

i

B. Geochronologic Correlation . 1

Aastudy-offthe;abdve mentioned patterns of points - on

- -
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the concord;a‘diagrame indicates that the correlation in
dating between this zircon work and previous geochronologic
workn&s not an outstanding one. The 1900 m.y. eveﬁt does
show up in the zircon wdfk, but it shows up indiseriminantly
in all groups, even thése4Charles Lake granites which are
cut by pegmatites dateé‘at 2524 m.y. by Rb -~ Sr work. The
2524 m.y. or older ages ﬁoﬂndt'show'up.in’the zircon work at
all. There are dates present that raﬁge up to about 2300
m.y. but no particular date or event is indicated so it is
assumed”that these'dates are produced by diffusive”and/or

~

episodic degeneration of tre 2500 m.y. dates indicated in

’

;-other work and thus a considerable updating of zircons in '
the Charlee Léke and mlgmatlte:- gneiss groups has occurred.
This would appear to signify that the event dated at roughly
1906 m.y. (1893 m.y. by Rb - Sr work) hed a more ektensive
eftect on the zircon,dates then.on the wﬁole roek U - Pb'aﬁd

"Rb - Sr dates. 'It has apparently reset some Zircohs'to a
1900 m.y. date and also added an eplsodlc compllcatlon to
the glffu51on pattern of some older zircons. The lack‘of

- any pé%hés below the 1900 m.y. diffusion line would;appear
tozindiEate that the processeS'setting'the K - Ar dates dewn
con_dates down to 1790,m.y. The above notes lead to the
propositjion that/theee zircoﬁ results eupport”therpoesible
emplacement of the Colln - Andrew Lakes granltes at. 1900

m.y. " but do not conflrm nor disprove the mplacement of the

Charles Lake granlteS'at or before 2500 m.y. _J



/ ‘ ) /

It is possibie to propose reasons for the lack of cor-
relation’between this zircon.work and the previous work with
regard to the ol&er ages for the mlgmatlte - gneiss cohplex
- and the Charles Lake granltes Metamorphism must have
reached a fairly high grade‘in.this area’ in order to produce‘
mlgmatltlc rocks and so it is not unreasohablelto expect ex-
. tensive effects on the minerals in these rocks. The fact'
that the granites have been made semi-conformable with .the
loss off sharp contacts in many places would indicate their

/
-invglvement in the metamorphic processes and the attendant

possibilities for mineral disturbances are present an,these
rocks:also. Thus episodic effects canfbe expeoted in all
the ziroons*from'these older rocks. If, as Baadsgaard and
Godfrey (1972) propose, the Coiin - Andrew Lakes granites
are anatectrcally derlved the few dates older than 1900
m.y. w1th1n this -group would most likely represent the‘ef-
fects of remnants‘from‘the older parent material. A dis-
turbance strong‘enough\to produce such anatexis could cer—
tainly produce or contribute to'the updating effects hoted
in the zircons from the older rocks. Since thesefeffects‘
have beenustrong enough to move some of the data pdints for
'these zircons right over to the 1900 m. y. line it is- not
surprlslng that all have been affected to the extent that
the 2500 m.y., ages have been obllterated

The p0551b111t1es for these strong effects are supported

by the mlcroscoplcxappearance of ,these zircons. The mlgma-

tite - gheiSs zircons definitely show the effects of meta-
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mictization. Although the Charles Lake zircons are hore
transparent and euhedral, it must be rememnered that_this
is stated as a comparison yith'the other groups within this
study. When compared with zircons from other areas, the
possibilities of radiation damage are apparent 'Although
less frequent than among zircons of other groups, cracks

and cloudy or dark areas are present It is felt that the

older Zircons from the area have bden opened up to episodlc

effects during strong metamorphlsm.

C. Th - Pb Dating in Zircons

/
It must be emphasized that the study of the Th - Pb

nuclear clock should be carried forward along with U - Pb
studies. Understanding the behaviour of:the third;‘inde-
pendent'nuc1ide in zircons (and whole rock'and other miner-
als) will provide valuable comparison and contrast with the
behaviour of the two uraniun nuclides. As Steiger and'Was-
serburg (1966) state, end member behaviour in a series of
uranium - lead phases may give an apparent straight line
which masks the intermediate behaviour but a thorium analy-
sis provides an added dimension which may giﬁe'a more com-
plete picture of the overalffsystematic'isotope‘behaviour,
Since thorium is an‘independent element from uranfum
1t-does not automatlcally come along throuygh an analytlcal
procedure designed for uranium. Geochrbnologlc workers

" often disregard thorium rather than design and use analyti-

cal procedureS~especialiy for»it and thus much useful’in—i



formation is not developed. ln the preseht‘study, thorium
procedures were carried along with those for uranium and
lead but in some cases a satlsfactory analysis was not ob~
tained.

Those zircons for which thorium aﬁalyses were obtained
are presented in a r. .. - rzjsmdiagram (fig. 6). The dlf—

232
ferences -between groups noted on the U - Pb concordia d1a~
grams hold in -a general way,/on the Th - Pb concordla dia-
gram As in the uranium dlagrams, the members of the Colin
= Andrew Lakes group are generally more dlscordant than_

those of either of the other groups and tend to cluster more

towards the younger end of the concordla llne. The members

of the Charles Lake and mlgmatlte ~'gneiss groups are 1nter-“

mingled with respect to age but those of the Charles Lake
group do seem to be more concordant the data p01nts repre-
senting them (with the exceptlon of 68 1-5 and 68-2-3) lylng
‘falrly close to th concordla llne. 'It is also noted that |
in most CaSES‘Of éﬁmples that have Separate magnetlc or
’vgraVLmetrlc fractlons analyzed these fractlons follow the
same order of dlscordancy on 'both the-r238-— r235 and r232 -
r235 diagrams. A ‘sipilar sort of parallel order was noted'
by Stelger and Wasserburg {1966) for~ the Sandia granite
21rcons.: It must be empha51zed that these are only general
rpatterns; and that there are obv1ous 1nd1v1dual exceptlons
whlch can be. readlly noted from an 1nspectlon of the. concor-

dia dlagrams.

- Thé.scatterlng on the r232 - r235.d1agraml(f1g.‘6);

38
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especially as contraSted wit‘h'_therr238 ~ rzss dlagrams,
would seem:to be -indicative of .the involvement of parent
nuclide mobility in. the discordancy'of_many of these sam-~
ples‘(as well as lead mbbillty). If lead loss alone ac-
counts for the dlscordancy of these samples, then p01nts
on the U. - Pb and Th -, Pb concordia dlagrams should .show,. a
constant relatlonshlp to each other. The data p01nt for a
partlcular sample need not be in exactly the same p051t10n_-
on each diagram (due to, dlfferences between thorlum and

- uranium) but it would have held the same position relative

to thé other data points 'With the'current’data no such
relat1 nShlp ex13ts and so the moblllty of one, and most -

" probably both, parent nuclldes is 1ndlcated as contrlbutlng
to the dlscordancy of these zircons. ‘

- Although it is 1mp0551b1e to trace the hlstory of the
‘;generatlon of each p01nt of the current data, 1t 1s p0551b1e
. to envisage a manlpulatlon of the vectors for gain or loss
of uranium thorlum, and lead. (shoq\,by Allégre (1967) and -
glven on figure 6 for reference) so. that each data -point
"could be reached startlng from the approprlate 1900 m. Y. orn'
2500 m.y. p01nt on the concordla It would not be possible
to arrlve at many of the points by 1nvok1ng lead loss alone3
so that parental element movement is 1mp11cated Iﬁrthe
2524 m.y. R b - Sr age for the Charles ‘Lake gran tes and the
migmatite - gnelsses is accepted their placeme:l on the

332 = To3g dlagram (fig. 6) would appear to 1ndldate con-

51derable dlsturbance by the 1900 m. y. event 1nvolv1ng loss




oé lead and hothlgain and loss of uranium and thorium with :
- respect to each other. There is. ‘no ev1dent general trend
'towards the enrichment of uranium w1th respect to thorium
(or‘the reverse) haV1ng,?ccurred durlng thls'dlsturbanceﬁ
A striking example of probable parent nuclide mobility is
sample 63 94 - l whlch lles on the 1;00 m.y. d1ffusxon llne_-
on the r238 o35 dlagram (fig. 3) but.must have lost con-
siderable thorium (relatlvely) to'reach rts present pos;tlon
onvthe ;232-‘ 235 diagramv(fig; 6) . / |
| The wide scattering on the Y39 ~ ré35 diagram and the
divergent behaviour of the thorium and uranium nuclear |
- clocks demonstrated by most zircons also indicates the .
strength of the metamorphlc effects in the area. Under less
severe conditions a closer correspondence of the thorium and
uranium CODCOIdla diagrams might have been expected If a
very llberal/lnterpretatlon is made of the pattern of data
p01nts on the r232K; ' dlagram (fig. 6) taken en masse,
a llne could be drawn through the data which would 1ntersect
{the concordla at approxlmately 1900 m.y., and cut. the x-ax1s.
in a manner similar to that noted by Stelger and Wasserburg
(1966) for other thorlum data. Since a s;mllar llne at 2500
m.y. would not cdatact any data polnts;'the lQOODm.y.'llne-

\ : ’ - 7.

'is loosely indicatiVe of updating of the thorium ages anal- -

ogous to that of the uranlum ages.

As stated prev1ously, the -errors encountered in thorlum .

!

analyses are somewhat larger than those.encountered in ura- -

]

nium analyses._‘This_may:affect the placement of-anwindivdual'
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point on the ry3p = 235 diagram, but only. to atfairly lim-

eR—

ited degree, and so should not 1nf1uence greatly the over-

all pattern or the degree of scattering obtained. Aall poxnts '
presented have no known or ObVlGUS sources of error great
enough to make suspect their placement on the concordia dia-‘
gram. ‘ R |
With further study of the- behaViour of the thorlum
nuclear clock more_lnformation with greater reliability
should be obtained.; New analytical procedures are required
to match the procedures that are evolving for lead and uran—
ium analyses allow1ng accurate isotopic analyses down to
.very low levels. As well as supplying further 'dates to
compare with tho%e derived from uranium work, a better rasp
of thorium behaViour may help provide a better understanding
of the problem\of discordancy in 21rcons The potentialﬂof
thorium - lead in zircon geochroaplogy is far from complete-

ly realized o | Xv | - .

D. Geochemical and Mineralogic Factors

Ufanium and thorium contents of the zxrcons from tﬁéi'

lvarious rock groups are presented in histograms (figs T &nd

.8) There is a trend for the Colin - Andrew Lakes gr&ﬁites

to have slightly higher uranium and thorlum contents, the
R

Charles Lake granites to have the lowest contents, and the

migmatite - gnelsses to spread'across the intermediate area

of the graph. This would agree with the trend to slightly

greater discordancy of the Colin - Andrew Lakes 21rcons as
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Silvér and Duetsch (1963) found greater discordancy with
higher uranium contents. "The preSencF of increased abun~

dances of uranium and thorium in the Colin - Andrew Lakes

R
et

zircons compared'w1th the Charles Lake zircons is supported
“by the parallel inereased whole rock abundances to be noted
in an examination.Of the whole rock data for thede granites
as reported by Baadsgaard and Godfrey f1972) and Lee (1972/;
| This would'follow'from the geoéhemical behaviour found}for

’uranium and thorium 1n that they 1ncreasewin abundance in

' the later differentiates (in this case, the Colin - Andrewkr
Lakes granites) during petrological evolution. The separa-

tion appears moStlnoticeably in the/graph of combined .uran-

ium and thorium contents (fig. 9). It is not so noticeable _

in the graph of uranium,to thorium ratio (fig.IIO)J This
would probably indicate_that both parents are involved in

) any process togetheriand'that uranium is not enriched in
relation to thorium to any great extent in any group. As
dnoted previously, there have been indiVidual cases where

- both enrichment and.depletion of uranium in relation to
thorium hashoccurred since the formation of the zircon but
no group appears to be characterized by either process.
Thls is supported by looking at a plot of uranium content
iversus thorium content (fig.. 11) .on wh1ch~it can be seen
that the data p01nt5-for the various- groups are interspersed
~and no definite segregation is seen as would be expected if
uraniun Qé}e enriched. (or depleted) over thorium different—

'ially in the,groups.v It should be noted that the number of

/ -

45
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samples included in these histograms is statlstlcally some— h 'ﬁ‘

1y

/

what low and' that a greater number of results may -enhance

el decrease the separatlon of peaks on the histograms. It

is believed, however, that the trends noted are real and a

greater number of analyses would sharpen the peaks and show

the dlfferences between groups more clearly. The fact that
f Godfrey réeports radioactive anomalles and even some evi-

dences of uranium mlnerallzatlon from the Colln - @ndrew

/
Lakes dlStrlCt suppbrts the view that thls part of- the

studv area ‘at’ "least is somewhat enrlched f& uranlum This

would be 1n agreement with the hlgher uranlum and, thorlum1

, oo f

qontents folind in the 21rcons from thlS dlstrlct

N\

Infcomparlng these present results with those'. obtalned
”by Ahrens/(1965) it would seem that any procegs affecting
the enrlchment or depletion o6f the parent elements has not
"been exceptlonal because ‘the contents of uranium. and thorlum
fall ea51fy in to the high frequency range of hlS hlstograms
and the average thorlum to uranlum ratlo lies very close to T
that reported by him (0. 42 this data versus O 47 by Ahrens)
. Even the same pos1t1ve skewness is present .to some extent,
: although because of the smaller number of sampleg it 1s not

developed as strongly. There is some dlsagreement in the

H . JORNS
llterature, however, because Tllton and- Sllver (dlscu551on . ‘.
_ B

in Silver 1962) agree onﬂ700 ppm. as: the average uranium
content of zircons from granltlc rocks whlle Ahrens gives .

an average of 1330 ppm. The average derlved from the analy-
l| -

sed of thls study is 1000 ppm



/
There does not appear to be a general correspondence
between placement, on the«concordla diagram and any partlcu—-

b

lar characterlstlc chosen from mlcroscoplc examination.
Some samples which appeared to be particularly discordant
were especielly noted. Sample 68-~3-8,B which is far ‘down

/ .
towards the origin on the concordia diagram for the Charles

ALake'granites (fig. 4)'does not appearfsiénificantly"differ—

- ent from frectlons A and G‘whlch appear close together falr—

i
ly near the concordia. There is thus no obvious visible
, ;

reasons>for»the anomalous placement of Eéacﬁion”B. The -

analyti¢al results on this fraction appear to be good and -

‘the lead content does nét“seem“to-be particularly low. (no

. 4 B .
loss of lead co@pEred with the other fractions). The lead

206 204

but the measured Pb /Pb ratio is in agreement with that

of fractlons A and C (table 2) and is in fact one of the

highest ratios obtained in these analyses,_lndlcatlng low

'y
J

presence of.common or c%ntamlnant lead. Thus exceptlonal
. / - . :

-lead loss from fraction B can be ruled out. Hdwever, the

analysis does; show a very much higher uranium content in -
| ; : :
»

- fraction B (onhthe<order of .1ve.times that of fractions'A
“and C). - The orlgln of this excess uranium is not known,
 One mlght suspect a contamlnant uranothorlte grain except

for the fact that all zircon separates were sub;ected to the’

same hot nitric ac1d wash before analys1s Whlch has ‘appar-
ently.ellmlnated thls—qpntamlnatlon in the other zircon

separates;anaIYZed'énd which has been shown to be effective
: : . ) . : /. n R

‘content of fraction B is.the highest of"' the three fractions, -

50
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in”eliminating urahothorite in previous studies (Silver and
Deutsch, 1963). -The presencé-of a grain or two of " zircon
~ with large inrernal incldsions'of uranothorite (which would
be untouched by acid washing) would be another possible
Lsource of uranium contamination but this cannoc now be
checked. A generally higher uranium content in zircon from
this rock can be ruled out because it’is not fodnd in frac-
tions A and C of the separate. _finally, a;though tﬁe anal-
ysis‘of'this,fraction.doee not appear anomalous, the pos-
‘sibiiity of analytical error must be considereda The high
uranlum content compared to fractlons A and C would espec-
1al;y appear to be suspect Although nothlng untoward was
notlced durlng thlS analy51s, contamlnatlon during analy51s
is a poss1b111ty;-but agaln, 'this cannot now be checked.
Thus, while the placement'of this daca point.is an excellent
‘.demonstration of‘parental eleﬁent involVement in“discordancy,
the reason for the anomalous placement of thls fractlon on
" the concordla dlagram (compared ‘to fﬁfctlons A and C) remalns
speculatlve. o
" samples 63—6i6-2;A4and:B (which also éhowlfairly large
discdrdancy) in theiColin -~ Andrew Lakes{granite groqp (figt
.3)rappear (under microscopic>ekaﬁihafigg?utprPe:rhe.darkest, .
cloﬁdiest~zircohs withih this group. A Caeevmayffhus;be, -
made for their being rhe'hostvmeramict and therefore haring
suffered the largest.discordapce, Again,.while'lead content
may be slightly lower than the avéragevfound in thie study,

uranium content isfhigherAthan’average‘and this appears to
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be the basis of the discordancy in this case.'

, The placement of the data point for sample 63~ 617 ll
'ih the migmatite - gneiss group (fig.-5) is also noted as
\being'anomalous, but neither its appearance nor -its analy-
sis provide.a reason. In appearance it resembles many of
the zircon separates %éom the other gneisses. The uranium
content is 'slightly below the average of all the zircons
analyzed but not. so low as to permit one to say: that it ,
has lost uranium more than other zircons (th h its blace-'

ment on the concordia diagram would tend to indicate) ~ The
only notable fact is that while the uranium content is
slightly below average, the lead content 1s somewhat above
average.’ This may 1ndicate‘that uranium loss has occurred,‘

but there is no indication why this has occurred in thlS

sample and not in other similar samples. With this sample

also, nalytical error cannot be ruled out even tho gh there
ig" nothing in the ana1y51s to indicate that this would be
the ‘reason for ltS anomalous placement on the concor ia dta—
gram. 3 e ,5~, . m;”.iliriWWQmﬁw“;g,ur,
When the results for magnetic and grav1metr1c Spll
of some of the zircon separates are conSidered, a definit

"

correlation between the relatlve den51ty of a split and its

- discordancy can be seen for the Colin'— Andrew Lakes and i
migmatite -.gneissngroups.' ?he heavier a zircon'separate;
(less magnetic on.the~Frané.%sodynamic'sgparator);the more

~ ‘Concordant it is.w This result is related to the vork_by_-

Silver (1962) in which he. reports increasing magnetic sus-



oeptihiiit§ (or decreasing density) with'increasing uranium
content. This relationship between uranium oontent,‘density,
and concordancy would be expected‘because the'greater thel
uranium content, the greater the‘degree‘of metamictization-,
(whichyloWers the density of the qrystal): /Theagreater,the
degree’of metamictization -of a‘orYStai 'the greater are ther
p0551b111t1es for element moblllty and therefore the g1 ater
the dlscordancy found The,s1m;lar1ty‘1n behaviour of the
current data to that reported hy_Silver can be seen_from
tab]'.e 4, - o

The anomalous behav1our of sample 68 3-8 has already
been dlscussed- and as mentloned may ‘be due to some sort
of contamination of fraction B or to_analytlcal-error.
Sample 68-1-7 can be seen to also be anomalous 1n the order

of ltS magnetlc susceptlblllty but the relatlonshlp between

ﬂuranlum content and order of dlscordancy 1s Lpheld This

leads to the speculatlon that_the fractlons of sample(68-l-7a

o

were mislabelled as to.magnetic susceptihility.at the time”
of separation;A<It,wgpldmappear“ﬁromwthgiabove results that:-
the least magnetic fheaviest):fraction'should be employed to

obtain the most concordant ages. .
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CHAPTER V CONCLUSIONS

The data.derived in thls study provides another example.
of the 1ncreased amount of 1nformat10n developed through the.
use of concordla_plots asAopposed to just’ calculatlng an age
for a mineral. ' Since in each group of sircons'studiedvthere'l
are points which lie on or near the 1900 m.y. diffusion Curve,
no zircon in thls age range (up to a 207/206 age of about ' "
2000 nm.y.) could be placed in the younger or older group. by
~concord1a plot position alone. However, when the patterns,

of dita p01nts on the concordla dlagrams are examlned the

sepa atlon between the younger and older groups becomes more

apparent | '“ . Q
The pattern on the Colin - Andrew Lahes granite>COncor4

dla dlagram Cgrouped falrly closely around the 1900 m. Yoo |
'dlffus1on curve) supports the Rb -~ Sr and whole rock U - Pb
v'derlved age of l900 m.y. for- these granltes. From thelr"cV
Rb - Sr studles of the 1ntru31ves and granltes of the Colln
- Andrew Lakes district, Baadsgaard and Godfrey (1972) state‘
that the formatlon and emplacement of these rocksllnvolved ;o
elther exten51ve contamlnatlon from, or partial anatexis of |
the metasedlmentary.terraln. The high 1n1t1al ratlo of |

/Sr86 in the Colin - Andrew Lakes granltes leads them
to favor anatex1s The present data does not prov1de proof R
.for elther process, but would also appear to support ana-
_texls There is no obvlous contamlnatlon-(such’as-two dis-

/- o

el . 0 s S . L -
~tinct zircon populations) to be seen in the zircon separates |
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from these rocks and the few ages older than 1900 m.y. ob-
served in the 21rcon data from these granites may represent

remnants. from the parent material which have survived the

t
4

anatectic processes. .
An examination of the.concordia plots for the Charles

.Lake granites and the migmatite 4~gneisses;leads.toAthe oy,

conclusion that there has been considerahle'updating-of.the"

zircons from ‘these older rocks.b These plots show a spread

of datahpoints from the 1900 m,y.‘diffusion'curve (which ' — G

appears to be the limitinguliné concerning'disturbance of

zircons over the whole study area),up to only approximately

2300 m. y. Whenithis is compared with the Rb = Sr and whole

rock U - Pb data show1ng ages of 2500 m Y. Or greater, the

updating of the z1rcons is obv1ous._ An episodic_disturbance

‘of>Zircon ages to this,extent is compatible with(the high‘

| temperature metamorphism which has been experienced'by most

of thlS area. : "In view of this, metamorphic annealing has

likely b1ayed a. part in produc1ng the somewhat clearer col-

ors and lower inc1dence of zoning noticed on the Charles

Lake zircons. There are no 1ndicatlons of an anatectic

1

origin for these granites comparable’to those noted for the

Colin - Andrew Lakes granites.' | | |
bThe thorium’data derlved in this study produces no

hclear pattern for any of the groups of rocks 1nvest1gated A

‘since data points for each group are well scattered and -

1nterspersed with one another. | It is felt that this scatter

is due to, and indicative of the complex high temperature

Q !
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/
metamorphism the whole study area has undergone. If the—

thorium data p01nts for all three groups of rock are con-

51dercd together, a‘reference llne may be'drawn through

them which intersects tﬁe concordia.at'approximately\QQOO
. PR
m.y. and the x—ax1s in a manner similar to that reported by

;'“Stelger and Wasserburg (1966) for other thorlum .data.- A

151m11ar line at 2500 m.,y. does not come near any of the data
p01nts and so an updating of the thorium ages comparable to
'that of the uranium ages may be postulated Howevér, the
scatter of the thorlum data makes the placement of such a
line and the resultant correlatlon between thorlum and uran-
ium updatlng somewhat speculatlve.

The zircons from the Colln - Andrew Lakes granltes
~generally have hlgher uranlum and. thorium contents than

those from the Charles Lake granltes or- the mlgmatlte -
7

'gnelsses ‘Thls explalns thelr sllghtly greater dlscordancy
- and also the more metamlct appearance of these zircons com-
.pared to some others encountered in this studyf The Colln -
Andrew Lakes granltes are the youngest rocks to come under |
"scrutlny in the study area, and this fact combined w1th the
geochemlcal tendency for uranlum‘ang thorium to be relatlvely
abundant in lower temperature meltlng rocks would appear to -
explain the hlgher uranium and thorlum contents 1n the zlr-:{
~cons from these . rocks. o | | | ~
| There is some ev1dence for the dlscordance in the nlr—»eﬂr
cons -in thlS study belng due to parental element loss or | |

-gain, rather than only daughter dlffu51on , The anomalous



1
/

) uranlum‘and thorlum contents of widely dlscordant samples
and the differing behav1our of some samples on the uranium
and- thorlum concordia diagrams points to involvement of
uranlum and thorium in the discordancy producing processes .
.in these zircons. The fact that uranium appears to have
been both galned and lost w1th respect to thorium and’the
fact that there appears to be no dlfference between the

jthree zircon groups in thlS respect would seem to 1nd1cate

'that the processes accountlng for the moblllty of these
elements is not weatherlng or hydrothermal alteration. .

Under weatherlng condltlons uranium is oxidized to the.

hexavalent state which is falrly moblle whlle thorlum re-
mains 1h.1ts quadravalent form which is quite 1mmobile.

Therefore a deflnlte preferentlal uranlum loss. mlght have

¥

been’ expected
/ !
A sallent point derlved from this study is that 1t re-

empha51zes the need for applylng several datlnq methods,
'where poss1ble, to an area in order to most sat1§§gctorlly

help dellneate 1ts,geologlcal hlstory through isotopic

/
studies. Taken out of the context of the other geochrono-

{'loglcal work done on the area, the. data derived in this ~

‘ '

study would not have near the meaning it has when con51dered

in such context Such 1nformatlon as the updatlng of the.

,older zircons would not have been obv1ous w1thout the back-/

ground of the older dates provided by Rb - Sr-and whole rock
U - Pb work ' ercon datlng {or other datlng) may stand

alone where condltlons such as those accompanylng one sharp

Lecom

B
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#lutbnic'éyent are involved, but in a fegionally metamor-
phosed complex tefrain, a combinaﬁiog of several approaches
provides the host reliable and informative isotqbic repre-
ysentation 6f\Fhe geological history and'processes.being 

sStudied.

R /
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APPENDIX !

Descriptions of Zircons from Microscopic  Examination

L q N

[ . . ’ o
‘Note: Although each zircon separate shows quite a variable

range, of color and (especidlly) size, the indications given '
- A4 - ' . .

for each of these properties refers to,the majority of the .-

sample examined. ‘The~termiﬁology used in referring to these

properties: is explained below. Each term refers to a slight
’ i - . . ' i ' . o
range of the appropriate property,-as indicated, and are

thus somewhat approximate. R
. R . _ -
T owe

S . T . - i
.

Size: . ?; : . : I. : o \:-

' - Large is 100 to 170 mesh}_ “A S S .

' \ . oo : [

'Intermediate is 170 to 230 mesh. Y

Small is less than 230 mesh.

: Color. (Based on standard colors)
Yellow1sh gray is yellow1sh gray (5Y8/4) to graylsh

yellow (5Y7/2) ' o s | L _ .
. ‘ ’ ' N S
. Moderate yellow is moderate yellow (JY7/6) to dusky

(-

yellow (5YQ/4) e j, o

nght ollve brown ‘is llght ollve brown (SY5/6) to f’a

7 B

moderaté/ollve brown (5Y4/4) : ".!vilf j“' s o

»

. - V‘A '\g*’
59-90-2 Quartz Monzoniﬁp Gnelss

60-128-5 Hybrld Granite ‘Ngr ST : T e
| o ; 2 o
'60-149-1’ Quartz Monzonite Gneiss.
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Y S
from these early samplesi‘“ . N
‘ L : . s o i c -
63-81-7 Granite Boss i
Very small size. °E1ther euhedral or rounded w1th ve \
. few subhedral- some broken grains preseht Yellow1shwgfzy.g_‘
Elongatlon ratio varles from 1/1 tﬁ 1/4 Zdhlng present in
/
) some grains, s-me inclu31ons present Few cracks are
/ . -
// ’ ' , . X ' " . .
‘ apparent . L » @ . - T e jﬁ*
. - x;” o -~ e
. oy AR
63-93-1 Metasediments T - L S :
- 'Shows great/size ange from small to large but with
. ‘”oﬂ' .(" B
small grains predomin tlng. Hablt alsd ranges from euhedral
oo ~ '

¢

"

60-151-11  Quartz Monzonite o
60-#29-3  Granodiorite

‘60—f29—4 Porphyroblastic Quartz Monzonite

)

s t,';:,

v

No portlons for mlcroscoplc e&amlnatlon were saved '~

» «/to rounded 1n all size ranges w1th some broken fragments,
: Yy .

partlcularly in' the larger sizes: - Yellow1sh gray to moder-?
.F,ate yellowb Elongatlon ratlo Varles from 1/1 to 1/3. ’
ﬂ: Zonlng and cracklng ery commo; but few 1nc1u51ons are ob—-
- vious because of th dari color of some gralns ' ﬁ%unded
i cores can be. seen 1£ some gralnsﬂ | '
. o et

s
S

o 63-9471 Gréﬁ§%9~c'
i

‘ /

*Some range 1n 51ze with 1ntermed1ate sizes predomlnat—;/

ing. Generally euhedral to subrounded w1th a few brbken

.y
¥

fragments Moderate yellow 1n col7r’\\§<ongatlon ratidﬁ e e

il (‘: . . . t
i - -~

A . & ! " .
e - . P | ., SRS S

L R T : i X U oL B
PR o .
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'
v

_§3—94—2 ‘Biotite Mdclogranite le

- 64

» i
, /o

R

varies‘frbm l/i to 1/3. ‘Zoning and incluﬁfons present but
extent hard to determlne due to. dark color. Some cracking

and dark cores can be Seen.

o

1Y

Small to 1ntermed1ate 'in size. Crystals are mainly

[

euhedral w th ome subhedral Yellow1sh gray in color.
r

Elongatlon ratio varies from l/l to 1/3 Zoning and inclu-
/ .
s1ons present but few cracks noted,

63 95 l , Granlte A ‘ , .- , ‘\
A ' c ’ C o -
r

Small td 1ntermed1ate 1n .size. The smaller crystals

are generally rounded whlle the larger ones are more commonly

o

euhedral with some belng broken.!PYellow1sh gray iin qolor

o

Flonqat&on ratio varles from l/l to 1/2 but some longer
]

gralns were probably present before belng broken.' Zonlng is'{“

common. A few cracks and dark round inclusions are present.

‘are very .co

[

«

63-98-2 Lava Flow

‘ Generally 1ﬁtexmed1ate in size. Sharply euhedral to
K2

subhedral Color is yellow1sh gray but some red areas - are

(\

present. - Elongatlon ratlo is 1/1 to- 1/3 Zonlng and cracks
. . .
on and‘many dark inclusions ‘are present‘ﬂ’

u

H

S

Generally :ounded but some. may be'termedﬁsubhedral .Almost%

- .~, :' R "/

v



v
I

colortess to yellowish gray in color. .Elongation ratio
1/1 to 1/4. Cracks are quite comlgon., Some zoning and

i.clusions present, o ,;'Q
. ' /- ' ,‘gy

| A *%
€ AR
6. .Jl-1  Quartz Diorite {{éﬁaky
. . : : '} ' /

“S

Generally of an 1ntermed1ate sizeé but a good represen-
»

tation of both larger and smaller grains are preient Sub-

w1th

hedral to rournded in habit. Yellow1sh gray 1ﬂ;~ul
some reddish areas present ‘ Elqngatlon ratio l/lqug} 3. e

- Cracks and zonlng qulte common but 1nc1u51ons less so.
’ : .
Qulte a few broken grains are present, ¥ ={‘

e Faus

- 63-103-1 Granite D . : , ' 9 o

i . » ! %

Both large and small gralns present but fe% infermed—,
'1ate in s;ze. Many gralns, ‘especially the larger ones, are
-broken. Yellowmsh gray with reddish areas present, Elonga-

tion ratlojl/l“§6 1/3. Zonlng, cracks, and dark 1nclu510ns .
are‘all'quite commog\.””*w‘ ¥ ‘ 8

» . -, !
- . - : s

63-104-1 Granite'Gneiss o
S [

.Large.grains. Rounded to subhedral with many broken

grains. Moderate yellow with ‘some reddlsh areas Elongatlon
ratio 1/1 to 1/4 Zonlng falrly uncommon- but cracks and

4

large 1nclu51ons less so.

1 63-104-2 - Granite Gneiss

Very small rounded grains. Yellowish gray. . Elongation



ratio 1/1 tb 1/3. Zoning not very apparent because_of the
small graln size but-some cracks’and inclusions can be seen.
63—104—3/ GraniteiGneiss

‘:Intermedlate invsige,_ Rounded to subhedral With many
irregular and Jbroken fragments Nearly colorless to yellow—
ish gray; Elongation rat’ l 1 to 1/3 T Zonlng and . inclu-
sions present and cracks are. f&irly common but sbme gralns

are clear of all 1mperfectlons:‘

63-105- ll Granlte Gnelgs'

Grains are large., Rounded to subhgkr iﬁwlth” ﬁ&b
.euhedral pre&ent Many‘grains are broken. Moderate yellow.

w1th some reddlsh tlnge "Zonlng 1s qulte potlceable.

Cracks and inclusions. arq";dely Ppresent, Elongatlon ratlo

‘ @
l/l to 1/3 but because of broken grains, many may have been
-longer- than.thls would indicate. Rounded cores are fairly
-
common.
[ . . . ' ' ({b 6
63-616-1,A Amphlbollte Plug _ _;" , ' '

Intermedlate in 51ze. Gralns appear to be ‘gtnly bro—

.

ken fragments and any whlch show termlnatlons are subhedral
Yellow1sh gray to, MOderate yellow ' Some zonlng apparent

Few 1nclu51ons but many cracks are present Elongatlon

L

ratlo is l/l to l/5 but agaln thlS is probably exceeded in

the complete gralns. - . 27 .
.. . . '(’)‘,
'ﬁr
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63-616-1,B )

' . v
Intermediate to small., As above, gralns are practlcally

‘all broken fragments w1th subhedral termlnatlons when present

- 63-616-2,B

%

g
7

Elongatlon ratio 1/1 to 1/5 but probably exceeded 1n whole
-/
gralns Yellowrsh gray in color.' Few 1nciu51ons; more zon-

ing, and many cracks.
63 6165§?§.M5381ve Blotlte P Granite

Intermediate 1n s1ze Some euhedral grains present but
most are-very 1rregular in shape. Moderate yellow but many
show red, espec1ally in the rounded cores. Whlch are qulte

prevalent Elongatlon ratlo '1/1 to-1/3. Some zonlng is .
7

present and cracks ‘and. 1nclu51ons are qulte common.

K
’
*

Intermedlate to small More euhedral gralns than in

tN? above fractlon but Stlll prlmarlly very 1rregular., The
3

3
color is generally somewhat darker than above, moderate- \

yeIlow to llght ollve brown), and not so many gralns show red\L_ﬂf/}
stalnlng. Elongatlon ratio 1/1 to /2. _ Zonlng,'crackSp‘and}
lnclu51ons similar to above but the zac1dence of rounded

cores seems: to be less. ,

-

63 617 11 Granlte Gnelss

. vI' ’ ’
fh A range of S1zes is present -but the majorlty are small 7y
"( #7 .

to.qntarmedlate. Generally subhedral to rounded but w1th

a few of both euhedral and very 1rregular gralns present
C 9]

,q".



f ,!

v,

' Moderate yellow to yellowish gray in color. Zoning and

_ to yelloﬁiSh

.1nclu51ons, a

" L

T

:,Kﬁg‘;&).

‘cracks common with inclusions being less so., A few:rounded

- cores present.,

63 628-4,A Granlte Gneiss
Intermedlate to small "Generallf»rohnded with some
sqphedral.' Almost colorless to yellowisﬁ éray.’ Elongation
ratio 1/1 t0‘l/3' Zonlng is - fairly common but crack and ;
1nclus1ons dre less so. Some very.notlceable rounded,ooresi*

-

are present,

63-628-4,B " I o o SR

> o
Small in size. Rounded to 1rregular..‘Near colorless

.
3
ggscracks smmllar to above fraction. o
¥ ) . <wﬂ« L & :

b

» ~ e -t : . T
* . L
O . .

.

ay. Elongatlon ratlo 1/1 to 1/3 7ZoningJ

63-628-5,A Granite Gneiss
Small to intermeaiate. Subhedral to rounded and 1rreg-

ular;' Near transparent to yellowish gray in color. Elonga-

~tion ratio- l/l to 1/4. Cracks and light 1nclu51ons fairly

common, but little zoning and incidence of daékAinclﬁsions.'
635628—5 B

Gralns are very 51m11ar to those of the above fractlon
19gs1ze, color, zoning, and cracklng. Dark 1nclu51ons more

common than with above. Elongatlon ratlo 1/1 to 1/3

G
£



e
Wiy

Smaller than above and more irregular in form. Color
- is about the same. Elongatioqgratio 1/1 to 1/4. Zoning,

cracking, and inclusions similar to above.

63 628 5 D

Larger than above ——‘1n the intermediate range w1th

very small gralns. ~Grains tend to be more subhedralithan

f

irregular. Color, zoning, cracklng, and 1nclus1ons s;mllar-

& .
to above. Elongatxon‘%atlo 1/1 to 1/3 Rounded cores are

v151b1e 1n some of the better shaped gralns and these cores

~wp&éhd to bevdarker thﬁn the. surroundlng crystal

o

63-628-5,F o S ‘ Co
Smaller than'above and more rounded Color, zonlng,

and- 1nclu510ns similar to D, but cracks do not appear as

s
’

commonly. . Elongatlon ratlo /1 to 1/3. ' -

! o .
63-628-5,G
, Intermedlate to large in size. Subhedral Color, -

- “ N
zonlng, and 1nclusaons“51m11ar. Cfﬁcks more common in this

!

"fractlon. Elongatlon ratlo l/l to 1/5.~

68-1-1,B Biotite Granite Gneiss

{

Intermediate to large in size. ‘Rounded in form. =~ °

Almost eolorless but cloudy. Some zoning and.inolusiQPSV

can be seen but their extent is masked-by the“cloﬁdiness;

.

< /
. -~ / . .
63-628-5,C . e // _ o

)

¥

\
Y

e

0
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'} by the overall dark céibr-

Not many fractures. What appear to be rounded cores can be
observed in a few instances. \ o L

-

.. 68-1-3 Hornblende Granite Gneiss

- Intermediate to_large. Subhedral.to euhedral; Broken
and irregular graiﬁs f;irly cqmmén. Near colorless but with
some red staining ppesént. ,Elongati§n ratf5~l/1 to 1/3. ’
Zoning, inclusions, and cracking all3iﬁéicated buﬁ masked

.

68-1-5 ° Biotite Q Granite

Intermediate in size. Generally broken and irregular

in shape. Some euhedral terminétions'noted. Near colorless
tb Yellowish gray. 'Eldngatidn faﬁib 1/1 to 1/4 but probébly
extended beyond this in whole grains. Fracturing and zoning

quite common bhut inclusid@ﬁ less so.

\ - >

\

68-1-7,A -Foliated Hornblende Grahite .

/

A

,_less,'but_some red stains are present, ‘Elongation ratidyl/l

to 1/4. Zoning and cracks are present and inclusions are
common, often in.the form of clear acicular bodies as well

~ as the dark round inclusions noted in other separates.

68-1-7,B . - .
) v Y

"Very similar in all aspects to fraction A.

uk“.’ _§§§ 

o
ket

Intermediate to large, Subhedral in form. Near q%ﬁg{g"



68—2—3v Grey liornblende Granite"‘ .o

\ T

;, . Intermediate to large in size. Subhedral tolrounded

but w1th a noticeable incidence of 1rregular1y g . ed grains.
Near colorless to yellowish gray. Elongatlon ratio 1/1 ¢o
1/3. Zoning and 1nclu51ons are Well masked by the dark colox
but Some cracks can be seen, as can some apparent round@d

cores.

>

68-3-8,A Biotite Q Granite

(Y

Intermediate inmslre._ Euhedral to subbedralx' Some
irregularly shaped grains™are present. Near colorless to

yellow1sh gray. Elongatlon r: io l/l ko l/é Zonlng and

O

1nclu51ons are common and most grains ‘show fracturlng.

N

’ '

68- 348 B o ‘ T : - ;
Similar to above in 51ze,‘zoning, inclusions, and

fracturing. Somewhatrllghter in color and more tendency
towards subhedral in shape. W oo

) .o
6838c~-"‘ o S
Slightly smaller generally than the‘other f actlons b

with more small gralns present. More rounded 1n shape,_ -

TTh

sxmllar in color. Elongatlon ratio l/l to 1/6 Zonlng,"

anlu51ons,,and fracturing 51m11ar to above. . L -

{

68-4-1" Biotite Grénite F
N m v
Intermedlate to’ small 1n 51ze‘ Subhedral to rounded

a
3 .
i

Q . . - .



'in shapevhitﬁ many 1ong thin grains.. Flongatlon ratlo 1/1
to 1/6 and p0551bly greater because of some broken gralns
being present Yellowish gray in color. Zon1ngvand frac-
turlng’common but 1nclu51ons are sllghtly less so._ A fe&

cores can be seen.



