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_ Abstract
The results of a geochronologic s%udy of the Hill
Island LaKe and Tazin Lake area using'K-Ar deting of
biotite, muscov1te and hornb]ende g1ves h Ar apparent ages
of 1800 ma to 2620 ma within a 1arger area metamorphosed at
1800 ma to 1900(me. Ihe wide\Spread_of-apparent ages
- suggests deep bufia], uplift and slew'coolinngith the
'possigi]ity of a number of-events ﬁesetting the K-Ar:ages.‘
These events which are mainly deformational’and,therma], may
have occurred et 2530 ma, 2450 ma, 2360 ma, 2200 ma, 1950 ma
and 1800 ma. The extent of basement not reset by post—1300
ma events, otherw1se Knowh/;e the inlier, is near the 2200
ma bvo~ te isotemporal line (line of equal K-Ar age), and
covers an area of about 2800 square Kilometers. The
resetting of #2200 ma apparent ages to 1800 ma biotite
:abbareﬂ% éges takes,elqce within ab-ut 20 ki]dﬁeters_of the
jgépo makisotemp. There has been some pre-2200 ma
defdrmafieeel énd therha1~ectivity in the area. These events
1nolude a strong thermal pu]se and 1ntrus1on of QFE;?;ég,
ap]ogran1tes and pegmat1tes at 2533+15 ma. FolJowing‘thie,
there may have been a regional thermal npulse at about 2450
ma from'fhe distribution of Rornblende apparent ages. This
.was accompaniad by strong uplift par?icuiar]y‘in the south
end of the inlier. Late pegmatite intrusion at 2338425 mais
_aseociated with'paftia1 to_complete‘fesett{ng of hornblende

and biotite K-Arrapﬁgrent ages. In add1t1on ‘a post-2250 ma,

pre—-2200 ma event may have reset b1ot1te ages reg1ona11y,

{
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appearing as an age distri$ution peak on the K-Arkag
i%\histograms.'The apparent ages were not reset at the s%uth

'.‘;\j.',‘\ .

end of the iﬁlier at fhis éime indicating élhigh.crus al
level for this part of the ¥n1ier. A

During post—QOOO\BEitimes thé basement complex ha¥ been
uplifted to a high level. and was shedding sediments to\thé
south and possibly to the west as detéfmined‘fﬁom the ége
and’soufce directions for granitic gneiss cobbles found fd
the SOuth’and'west. Due to their higher ~rustal level,
competence, dry nature and disiance from any méjbr fhermal
activity, these rocks escaped post—2000 ma thermal |
metaﬁorphism showing only some late deformafion in the fofm

of mylonitization and crushing along fault zohes.» |



Acknowledgements

I would like to thank Drs. Baadsgaard and Lambertﬂfor

’ valuable assistance and discussion on both technical and

B0

theoret1ca] points. L1 would also 11Ke to thank Steve f

Launspach for 1nvaluable aSSIStance on the m1e¢?‘ obe, Edata -

. program and calculations of amphibole compos1t1on 1 would
like to thank Guy Bonnet for ass1stance with techn1caﬂ

h

yaspects and Chr1s Van Dyke for the t1me spent in draft1ng

and the use ofgglﬁ,computer draft1ng program

N
N

e

7/

2y

vi



, ¢
A Table of Contents

'.Chapter ‘ 3 Page
I. INtroduction..........o.o.u.... e ; ........... PR
A. Location, Objectives and Previous Work........... 1
Location and Access....... |
Physiography.............. L I 2
Objectives......... i. ........ ‘.;.}.~ ............. 2
o . Previous WOrK...;..A ............... PR 3
- Geochronology>of Surrounding Areaéw..' ......... 6
B. Geology, Structure and Metamorphism............. 10
General Geology.......... PSR 10
©  Structure, Magnetics and Metamorphism........15
C. The Retention.of Radioggnic Argon by minerals...19
7 11, Resulits anQ/4nteqpnetations.... ........... e L...28
’ A. ReSUTES. . .ooool o, L PP 23
B. Interpretations...... ,.;...; ............ e 28
C. Conclusions and DiscuSsion ...................... 51
Spchiétions..;....; ......... EREER 2...;...57
Bib]iography....;............; ..... S R e .....60
Appendix........... B ,..:‘ .................. 68
- Sample Preparation..................... e 68

. Potassium determinations.............N\....... 68 A
Argon determinations...... e jkﬁ<%ﬁ..68
Spikes, Reagents and Constants............... 69
Microprobe'Analysis;...\..n....f..l..; ....... 69

vii



Error Analysis....... i
Thin Section Descriptions...... O
.

viii



List of Tables o - TR

Potass ium Argon data for biotite, muscovite, and ..... 24

whole rock, from the Hill Island Lake Area, N.W.T.

-Potassium Argon data for hornblende from the........... 26

Hill Island Lake Area, N.W.T.

-~ Composition Correction For Amphiboles................. . 27
’ o
. - . N
A “ectonometamorphic sequence of events for...... Y 54

the inlier in the Hill Island Lake-Tazin Lake Areas.

Composition of Amphiboles................... 0 ... 70

<

ix



List of Figures-

Location. . ... . e e 1
o o

Hill Island Lake K-Ar Ages ma.......... [ ‘28

Hi1l Island Lake K-Ar Ages ma..........0.....uuuun... .29

Hi1l Island Lake and Tazin Lake K-Ar Ages ma......... f.29/

Biotite Apparent Ages vs. Hornb]ende‘Apparent Ages.....32

Geology, Geochroanogy, and Structure.of Hill «........ 33

" Island Lake~and Tazin Lake Areas

Age distribution of structural data P
‘/Distnibutidn of Hill IS]aAd Lake amphibd]es'in the.....43
composition range: tremolilte-ferrotremolite—
tschermakite- ferrotscherma 1te
ferropargas1te—

D1str1but1on of Hill Island Lake amph1boles 1n the ..... 44
compos1t1on range pargas1t |
o _ e
1

.



10

11

12

N
magnesiohastingsite-hastingsite. \

|

Distribution of Hill Island Lake amphiboles in the.....45
d ) . \ .

composition range: edenite-ferroede:ite—

\

\

(pargasite+magnesiohastingsite)—

(ferropargasite+hastingsite) .

A o . . o
Distribution of Hill Island Lake amphiboles in the..... 46

composition range:tremolite-ferrotremolite—

(pargasite+magnesiohastingsite)—

(ferropargasite+héstiﬁgsite).f\M,\_’Q . -

D1str1but1on of Hill Is]and Lake amngpoles in the..... 47 .

. composition range tschermakite-ferrotschermakite-

13

14

15

(pargasite+magnesiohastingsite)—

¢
(ferropargasite+hastingsite).

2+Fe/(2+Fe+Mg) vs. Amphibole Apparent Ages...... ve.i.. .49
%(Mg+(VI)A]/(Mg+(VI)A1+Fe)’vs. Amphibole Apparent......50
Ages.

Apﬁroximate Sequence of Events.......... e R 53

X1

G



,&;’

-

: List of Plates
Plate. . i e e e e e e e .Page
A 7/
I. Hornblende with contaminant........... R 96
1I. Hornblende.'magnetite: biotite 'and quartz........ ....98
: , A ’ '
intergrowth.
L . . L hiis ' N ’ ‘ \ .
II1. Hornblende, biotite intergrowth and bi?tite in.....100 .
plagioclase. o ! ' 5\,\\ '
Iv. Hornblende with intergrowth of minerals...; ........ 102
V.;' ‘Polymetamorphjgm and biotite alteration..... e e 104
VI. Amphibolite facies retrogreséion and late.......... 108
alteration.
VI1. Granulite facies retrogression and'deformafion...,;TOS_
3 3 5



o , List of Maps

(AN |

1 Geology, Geqéhronology and Structure.of Hill . . .pocket
Island Lake and Tazin Lake
2 Geochronologic Interpretation and Geology of ...pocket

Hi1l Island Lake and Structure of Tazin Lake
L]

nr
L
) [



ﬁf

/ I. Introddction

A. Location, Objectives and Previous Work

Location and Access

The'H}1] Is]and'LaKe area is situated in the southeast
Distzict of Mackenzie immediately north of the boundary'
between Saskatchewan and the North West Territories, just
north of the northwest corner o% Saskatchewan. It
constitutes the National Topbgraphic SYstem area 75-C and
lies abbut-SO miles north—northwest of Uranium City,

Saskatchewan, and 120 miles east—northeast of Fort'Smith,

North West férritories, (see figure 1 and map 1 7n pocket).>

SN
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FIG. 1. LOCATION of STUDY AREA

Both these Aé;ﬁuﬁitieé may be reached by scheduled passenger



' service'flights‘from'either;Edmonton, Alberta or Prince
A]bert{‘Saskatohewan.

Theﬁlarge number of lakes in the areaare easily -
accessible by float plane. Several canoe routes are found in

\,
the area, but rapids are“sommon.

Physioqraphy S

RocKy hi]ts and_ridges, up to 300 feet above.lakes and
5wampy‘va11ey flows, rise sharp]y above the surround?ng
terra1n and character1ze most of the surface Sand p1a1ns,
ridges, and drift deposits are common 1n the’north central,
and eastern parts where outcrop is scarce. .and 1oca1 re11ef
is common]y Tess. I _ | 4

The map area has been: glac1ated by an 1ce sheet movtngh
west—southwest as determ1ned from esKers glac1a1 str1aef
and drift cover. Much driff cover is concentrated toward the
eastern edge of the map area where sand dunes are active.

The topography has been smoothed by ice movement
however the direction of ice movement was part1al]y
controlled by bedrock 11Fhology and structure In areas of
'sedimentary rocks, glaciation parallels the bedding, while

in gneissic terrain, the d1rect1on of fol1at1on controls ice

4
|

movement djrection. \

In post g]acia] times, erosion in the area»has been
negligible with little deepen1ng or w1den1ng bf r1ver
channels. | |

v

Objeotives K ' |

\
\

The objective of this project was to investigate the



extent of granitoid Afchean basement in the Hill Island Lake
and Tazin Lake areas in the Churchill Prov1nce of the
Canadian Sh1eld and’ the possibility of post-Kenoran,
pre-Hudson1an events. A further ob3ect1ve was to study the
~reason why these basement rocks escaped most of the

- post-2000 ma reglcnal metamorphism and tectonism within the
Churchill Province of the Canadtan Shield. In additionb an
attempt is made to correlate isotopic data with petrograph10‘

and structural data on a regional sca]e

Previous Work

Tne abea.was explored along the Tazin and Taltson
ﬁivers by Charles Camsell, (1916), aften J.B. Tyrre]]t
v(1892). Camsell gave the name ’Tazin series’ to a group of
metasediments intruded by granites and gneisses of a 7
batholith north of Lake Athal asca. F.J. Alcock, (1936), was
the first tO'aO systematic reconnaissance mapping and _
regiona] geo]ogy.betweencthe North West Territories boundary
and the north shore of Lake Athabasca He suggested the term
“Tazin group’ for the more than one ser1es of ear]y
Precambrian sediments and volcan1cs represented and mapped
the basement as post Taz1n gran1te granod1or1te pegmat1te,
and granite gneisses and’ gne1ss1c sedlments

Shortly after Wilson (1941), mapped and Torrelated rock
-types in the Fort Smith map area w1th the area north of Lake .
Athabasca, Henderson (1939), correlatedANonacho group
sediments in tﬁe Lake Athabasca area, and differentiated

granites (gneisses) into "older’ and "younger’ . Later Taylor



in Mulligan and Taylor (1969), while mapping the east half
of theﬂHi]1\Island Lake map érea, recognized two types of
granite, grey and red. The grey granite was cut ]oca]ﬁy E@
the red indicating, in part, an older age. However, the main
body of rock of granitic toAgranod{oritic gneisses occur
either in sharp contagt or gradational contéct both a]oﬁg
stéike andragfoss the dip of foliation. He also recogﬁized
two distinctydirections of topographic lineaments: one
north, the other east with some evidendé in the‘sdutheast
pgrt of the map area of crushed and sheared rocks at the
base of linear hi]]é_and along valleys, lakes, and streams.
The west half‘of the Hill Island Lake map sheet was covered
by MQ]]igan in Muiligan”and Taylor (1969). He ‘has divided
the gneigsic ﬁreas on ;he basis of ambhibolite; schist, and
quartzite-cdntent either less than.orugreéter than 30%. In
the east half of the Hill Island Lake map sheet the change
from gneisses to granites is gradational and almost
everywhere imperceptible except Where crosscutting
relationships occur. Mulligan again recognizes two types of
granites, grey and red, but refers to their réﬁaéionship in
adjacent map areas.

To the north of the Hill Island Lake map area G.M.
Wright (1957), mapped the southeast district of kéewat%h on
a large scale reconnéissance: The. geology of Nonacho Lake
and Pen&lan LaKe-Firedrake.LaKe areas was mapbéq by ]
Taylor(1959), a couple of years later on a scale bf 4 miles

to 1 inch. He mapped the oldest rocks in these areas as



sedimentary rocks, mainly quartzite -and greywacke or fheir_-
metamorphosed equivalents, which corsist of par*agneis'se;-.s'7
containing quartz and feldspar with tesser amounts o6f
biotife andhhornb]e;de. fhese medium to coarse grained
gneisses are Yight- to dark—grey, poorly- to well-foliated
and grade into gneissic granite.'TheyhéRg also locally
éssociated with lit-par-1it gneiss and migmatite. The
granitic rock in these areas is of tw0'types¢ gneisgic and
massive. The mass1ve gran1t1c rock 1ntrude the gne1ss1c rock
and both contain 1nc1u51ons of the older metéSgdlmentary
rocK. Grey, well fo]1ated_granu]1te gonta1n1ng tqu clots of
’red-brown Qarnet,“and blue quartz oc;urs in the eésiern map
érea and cuts paragneisses and gﬁanités. Nonacho grdup
sediments are'both'cut by and overlie granites in these
areas. | |

| To thé‘south of the éép area extensive mapping has
taken place, especially in the Beaver lodge area, notéb]y by
Koster (1961b, 62a, 63b, 65a, 65b, 68b, 70), in the region
south of 60- 00’ nérth‘létitude. Also, Koster and Baadsgaard
(1970), reported on‘the geo]Ogy and geochronology of the
Tazin Lake region. To the south, Christie (1953), and Blake
(1955);, mapped the}region betwéen 59° 45’ N and the north
shore of Lake Athabasca and 107" 45' W to 108° 45' W. The

: northern part cons1sts predomlnantly of post - Taz1n granite,
granite gneiss, pegmatite and related rocks. To the east of
the map area J.W. Hoadley (1955), mapped the Abitau Rivér

——map sheet on a scale of 4 miles to 1 inch. However , 1afger
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areas adjacent to the Hill Island Lake sheet are unmapped F/f
because of gf%cia] overburden and poor outcrop exposure. In
sbite of the glacial cover, over 9/10ths of the area appears
to fall i:ko map unit 2 consisting of grey, pink, and whife
 quartz-feldspar gneiss interbanded with greywacke type rocks
or tﬁeir me tamorphosed equivalentsAfrom the introduction of
much pink granitic rock; and unit 2a consisting of
fe]dspathic‘quartz-biotite paéagneiss. ‘ﬁ

| To the southwest of the map area in the northeast
corner of Alberta, Baadsgaard ana Godfréy (1972), mapped and
dated a Preéambrién polymetamorphic compfex of:igneous.
metamorphic; and. sedimentary rocks, which have been
vsubjectéd to granulite facies metamorphism followed by
amphibolite facies overprinting by post—2000 ma orogenic
events. The rock typeéﬁnow present are massive to fo]iatéd,
granitoid, granite gneisses and metasedimentary rocks.

The study area as well as the rest gf the Canadian

. Shield has been studied in terms of metamorphism. In GSC
Paper 78-10,‘Frésér (1978) descrfbes the age Qnd metamorphic
grade'of rocké }n’the“Churchill Province, Distfict of

Mackenzie, for thin section, and previous studies. This

. study presehts:a good overall view of the wétamorphic

evolution of the northwestern Churchill Province.

Geochronology of Surrounding Areas

R Geochronology of surrouhding areas wagﬁngyiéwgd apdi
.iupdated by converting ages in the lipsranPe to~ages D

calculated using,the newest constants as ndted in the



appendix._Geochronology‘has been done on the area north of
fazin Lake by Koster and Baadsgaard, (1970), and in the
Charles - Andrew - Colin Lakes Area, Baadsgaard and Godfrey,
(1972). Geoéhronology has'beén carried out on a variety of ¢
rocks g1v1ng 1790240 ma average ages for:K-Ar dates on
m1cas, about 1960 ma from U-Pb whole rock 1sochrons on the
Colin Lake granite—granodiorite series, and 2470%+27 ma for
Rb-Sr whole rock isochron on pégmatite in granite from the
Char les Léke district. A Rb-Sr whole rock isochron on Slave
Granite and A}ch Lake Granite yielgs 1944:18 ma (peréonal
communication Baadsgaard). A Rb-Sr whole rdck isochron on
Fort Chipewayan Granite gives an age of 2319+53 ma (personal
communication Baadsgaard): |

Money, (1967), using a Rb-Sr whole rock isochron on
rocks from the Needle Falls area on the eastern margin of
sthe WOliaston Lake mobile be]t, found an age of .1760 ma for
meta—arkose, and 2170:70 ma on a best fit isochron.. One of
four samples belonging to the western granitic rdcks is

possibly older than 2700 ma. In thevWOllaston Lake mobile

[4
belt, a Rb-Sr age of 2557%65 ma was determined on the
Johnston River batholith by Wanless et al., (1870) , and in
Money, et al., (1970), Pb/Pb in zircon from the Roper Bay

quartz monzon1te yields an age of 2405 ma. K-Ar measurements

in the area yield apparent ages of 1700 to 1880 ma on micas
and hornb]ende. Us1ng a two.stage mode] for Pb/Pb mineral
isochron Cuhmihg et al. (1970), obtained an. age of 2040£135

ma on a sample of metacong]omerat1c hornblende gne1ss from



Janice Lake (Pendleton Lakevafea), in addition to an initial
Pb emplacement age of 25301140 ma. from 7 galenas spread
along the belt. A more recent study by Cumming th Scott,
{1976), shows old gran1te having an apparent maximum age of
2614 ma and young granite with an age of 1@£8+49 ma.

Further work by Coleman (1970}, in the Hanson Lake
area of Saskatchewan partwef the-stéb]e‘Flin Flon domain of
Lewry and Sibbald, (1977)Lyie1ds Rb/Sr whole roek ages of at
least 2375i30 ma on Amisk;type rocks and granite combined,
2468+60 ma on Amisk—type metavo]canice and 1761£2;ma on
cross cutting pegmatitic veins or dykes. The Amisk—tYpe
rocks dated are.conformable with the surrounding gneisses:

In the Charlebois Lake area,.Dragen Krstic, (personal

Qéommunication)'has shown the maximim age of the | |
vmetamorphoeed supracrdstals.to be about 2300.ma from a Pb/Pb
concordia plot. | |

Near the southwest edge of the Archean etable b1ocKi
Peterman (1962)} obtained a single K-Ar hornb&ende age o?
244050 ma from tbe north eastern basement complex northlof w
Nettle Lake. ' | -

To the southeast, 30 Kilometers north-nerthwest of K

Stony. Rapids Saskatchewan, a granite cobble conglomerateJ
dated at'2345150 ma by K?Ar on,horanende, overlies graniiic _
gneiss dated at 1720x40 ma by K-Ar on biotite. Similarly 1n

/the region of Theku]th111 Lake a gran1te cobb]e conglomerate

yields K-Ar apparent ages on muscovite of 2415250 ma and '\

2255+50 ma, oven1y1ng a hornblende-plag1oc1ase gneiss datedé
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at 1800+40 ma énd,l850140 ma by K-Ar on biotite according to
, Burwash and.Béadsgaard, (1962). The gneiss was originél]y
metamorphosed at a]mand%ne amphibolite facies temperatures
and both it and fhe cobble conglomerate have subseqUent]y
undergone gpeenschiét facies metamorphism. Much far ther
north in tﬁe'East Arm of Great Slave Lake, simiiar ages are
-recorded foh«jntrusive énd sedimeﬁtary events of 2475+50 ma

~ K-Ar on“muséoVite on Simpson Island pegmatitic granite
intruded by a syenite dyke rock dated‘at 2200%45 ma K-Ar on
biotitéu Numerous: apparent ageé using K-Ar on biotite and
muscovife have been bbtained by the GSC. In the area of the
East Arm with a group of dates from 1750%4Q ma’ to 1845140.ma'
in the.-Fort Smith and Nonacho map .areas bn gne{sses énd
~pegma;i£e, to 2310+50 ma on granodiorite from just south of
the MLCDOnald Fault; and 254550 ma on granodiorite just
.norfh.of the MacDonald Fault. To the southeast of the East’
Arm, north of the study areé, the GSC obtained a date of
2455150 ma on paragneiss from NeiSon Lake (Sample, GSC

- 61-82; also Isotopic Age reports of the GSC and GSC Map
1256A) . | |
North of Lake Athabasca, 0. Van Breeman in Beck, (1966)

obtained two Rb-Sr whole rock ages; one of 1890%100 ma - for
tybe—Ylonhger granite and the other 2285+100 ma for.type40
older gbénitekfrom various\localities. Koeppel, (1968)
obtained a $ourbevage of 2450+50 ma from galena and

dlaUsthalite from the Tazin basement of the Beaver lodge

¥ area. In the same area Sassano et al., (1972) recorded an

o
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approximate Rb-Sr isochron mineral ‘age of 2250 ma for

Donaldson Lake supracrustal gneisses. Also K-Ar. dates in the

.area vary between 1720 ma and 2440 ma.

2

To the northeast the Hurwitz Group of sedimentary rocks
has been dated at 1808+35 ma by Wanless and Eade, (1975),
and correlated with the Many Island Lake Group, Munday
(1974), and the Thluicho Lake Group, Sibbald et al. (1976).

To su&harize these results, post—2000 ma metamorphic

- ages are most common, but pre-2000 ma apparent ages occur
»throughout the area with a dozen apparent ages in the range

2200 to 2400 ma. There are a few ages older than this w1th

only three pre—-2550 ma apparent ages. These aldest ages
occur to the east of the Wollaston Llake mobile belt and
close to the MacDonald Fault in the East Arm of Great Slave
Lake. This sudgeets the Archean basement has been reset by
numerous local and regional events:between 2200 and 2400 ma,
after Which a post—QOQO,ma reworKing and resetting has.taken
place in most areas. ) | |

1

i
|

B. Geology, Structure and Metamorphism .

General Geology

The regional geo]ogy of the area north of Lake

Athabasca can be considered on a megascop1c sca]e to
.represent a stable craton1c platform north of Tazin Lake,

"Known as the northeastern basement complex This complex . -

consists of a core of ma1nly granod1or1te to diorite as well

as aplogranite to norite compositions. Surrounding this core
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zone is a broad zone of migmetite with a similar
compositional range. These rocks are fault bounded and
appear to be much lese affected by a 1éter post—2000 ma
metamorphism than the surrounding rocKs as shown by Koster
and Baadsgaard (1970) These faults curve around from
northwest to west and from north to northeast. Similar rocks
- on the other side of the fault have been strongly reworked
by post ~2000 ma metamorph1sm As has been suggested by Beck
"(1966), the basement complex to the- north/may have been
rapid]y&uplifted and shed sediments to the south prior to
renobilization in the area. Such an up]ift would have raised

i

the platform to near present day levels after two . C;
metamorphisms, the first to granu11te fac1es, followed by
:.amph1bo]1te facies regressive metamorphism. The post 2000 ma
remob111zat1on could have caused deformat1on to the point of
my]ohitization more easf]y in the less competent sedimentary
and metasedimentary belt of rocks to the south;_(Chﬁistie, L
1952). Faulting in.the ThainKaALaKe'Aree (west half) Koster
(1961), has occurred in all rock units, but movement has
been confined to the western metased1mentary and volcan1c
complex as shown by 1nten§e folding and dynam1c metamorph1sm
with left hended d1splacement along faults to the north and
nor thwest . g -
in the Oldman River nap ahea Blake, (1955) points out

that_the me tamorphic gvade varies from granulite in the |
southeasi tofamphibolite in the northwest with the eastern

part of_the St.‘Louis'féult as the metamorphic bbundary .
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. This complements B1aKe's-theory'that upthrusting of the |
southern block during my]onitizatjoh éould have been greateﬁ'
than the normal faulting on the S{, Louis fault, so that the
rocks in theAZéuth represent a deeper crustal level than
rocks nortﬁ of thé fault. A study by Beecham, (1970), of the
ABC fault and the related Black Bay and St. Llouis faults,
indicates a left-hand, ndrmal oblique movement for the ABC
fault and a slip of 3.7X103m. with the séuthwest side moVing
down and southeastward relative to the northeast side.
“Movement on faults in the area fmp]y two maig
orientations of principal stresses. The orientéjions
apparently occurred at'aifferent stages in the
uplift of a northeast-southwest elonéated dome . " &
The field re]atioﬁships show that the NE—SW'trend{ng Black
Bay and St: Louis fault sets are older than the:NW-SE
tﬁending ABC fault. Dyke sets in the reg?gn can also be used
to sort out the ages of different structures.

Koster (1961a, 61b, 62a, 62b, 63, 65a, 65b, 68, 69, 70)
has mapped‘rocks in the field in the area of Saskatchewan
below the NWT boundary from the Saskatchewan-Alberta bofder
to the Dardier Lake W1/2 107" 45’ W. De Zoysa (1974), Ras
also mappéd rocks in the west half of the Ena Lake area. The
Synthesjs'bf the geology of these regions can be summed up.
in the following subdivision: Martin Férmation,
Granodiorite-Diorite Ser{és (Ndrthéastern Basement Compjex),p

and Paragneisses. The paragneisses can be correlated across

the Tazin River fault and across the map areas concerned. =
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However, the gneisses vary in degree ef hombgeniZation and
’migmatization.ﬁAbgording to Koster (1970), |
- "the isoc]inal»fejding of the gneisSesipredates”
| ana}éxis; in many places detail folding is more or
less obliterated by homogenjzeiion of the gneiss”
Further, Koster (1970), claims

the graned1or1te d1or1te series is of anatectic
or1g1n gnd poss1b1y syntectonic to late tectonic..
Partly fragmented linear baeic“dykes in the center
ofrthe composite part of the p]bton indicate

"« profound remobilization of the series.

Mylonitization took place before 1ntrus1on of . late

-&\

tectonic Kenoran granite.”

<

. In addition to the th main map units, the area has
~ been cut by mafe]siqi~nd mafic dykes énd fe]sicﬂveins These
northwesterly trend1ng dykes and veins have been correlated
with s1m11ar dykes described from the Slave prov1nce The
dykes appear to vary in age, but can be correlated with the
swarin of or1entat1ons recorde&x1n Stockwe]l et a] (1970)
» On the eastern edge of the Wol]aston Lake mob11e belt
Money (1965) (1966),;1n the Needle Falls area, recognized
inclusions of thehassemblage‘hornblende—hypersthene—
plagioclase—quartz of ‘the hornblende granu11te subfac1es and
also in the Pederson Lake complex in the Daly LaKe area an ‘
‘assemblage of hypersthene—hornb1ende—p1ag1oclase—quartz— :
(K- feldspar)—(b1otite) In this complex the biotite in both

basic (hypersthene amph1bolite5'and"acidic rocks
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(charneckite)~and at least some of the hornblende in the
acidic rocks are preducts of retrograde metamorphism. Within
'the Wollaston Lake mobile be1t itse]f; the highest grade of
rocks reported are amphibolite facies. This difference.in
metamorphic grade is exp]icab]e in teﬁ%s of an Archean
granulite facies»baeemeni overgrinfed and incompletely
~retrogressed by amphibolite facies post-2000 ma
metamorphism. Lewry and Sibbe1d, (1977) suggest that the
Archean iﬁ]iers in the eastern part of the Wollaston domain
were emplaced as gneiss domes during post—2000 ma
remobilization of the Archean basement

Theygeo]ogy of "the Hill Is]and Lake map area (see map
- 2) appears .to be similar to the geo]ogy,1mmed1ately te the
north of Lake Athabasca. The mein"body of rocks, celled'ahe
Nolan Granodiorite, 15 composed of leucocratic b1ot1te B
»gran1te to hornb]ende b1ot1te granodiorite and assoc1@ted
gnejsses, with pegmatite, some diorite and quartz d10r1te,
and minor djabase-dykes The rocks vary in color from light—

to dark— grey, to pink' and vary from very f1ne to coarse

o
‘Jg\//

Igra1ned Most rocKs have a gneissose’ texture with augen of"
K-feldspar conoh, while others have a massive - to B
granoblastic fo porphyroblastic texture in haﬁd.specimen .
.with occasional schistose texture. Two main directions of
foliation were observed in the field;.a north-south vertical
. foliation, and a northeast-southwest vertical to steep

" northwesterly dipping foliation. |

The sample'loeatjohs are roughly on a gﬁid sysfem»wjfh |
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about‘15 Ki]ométer spaéing, as sampling Qas done by float
pfane. The sampling took place north of 60° 00’ north
latitude up to 60" 40’ north latitude, and from 108° 00’
west longitude to 109" 38 west longitude, and covers an
area of about SOOO'square Kilometers.

Structure, Magnetics and Metamorphism

£

fx

Two main foliation directions were observed in the
field. On topographic and geologic maps(of the area, the

\MAstructural trend follows a U-shape-which closes to the south

,.and‘is open to the northeast. Héwever, to the north of the

sampled area, three main foliation directions appear frdm
the gealbgic, topographié, énd aeromagnetic maps ksee map 1
in pocket). In the northwest corner, ;he dominant fo]iétion
is northwest, while in the north-centéa] regiqn; 1? is east
soUtHeast, and in the noﬁthéast corner, it chahges abruptly
to aAnortheast trend.

The'shadgd area in map 1, 3500+ gammas, depicté areas
of positive magnetic relief repﬁesenting-mone mafic rocks. "
Granuliiévfaciés rocks also appear as areas of pqsﬁﬁive N

. -magnetic.rel¥ef. The elliptical shaped body north_df Tazin
‘uLéKé:BU£]ines tﬁe éhéngek¥rom Koster’ s grandd?Orite I to
grénodiérite II. This isvprom1nenf beéausé b&gmhe‘abuhdancé‘
of granites aﬁd'aplogranites intruded into the'grandaiopite_
2&@1- fhe shaded area is close to or covers locationsxéﬁ10['
E}6022, and 6023.- Other a;eas of aeromaénetic high include
south of Tazin Lake in a belt curving up thfough the.

C

southeast ¢orner of the area including. locations 6011, 6025,

.
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and 6033. This area sduth of Tazin Lake represents granutite
facies rocks which appear to trend parallel to the magnetic
anomaly. A large area of magnetic high in the north central
region lies alongside the remobilized zone which trends
northeast. Mylonite zones tend to show up as magnétic loWs.
A Seooﬁd area of magnetic high lying-parallel to the first
nor theast trendfﬁg high may be separated by a mylonite belt
or simply a differen{ rock type. From the samples in thése
areas it appears as if a mylonite belt runs between them.
The aeromagnetic hjgh in the northéast corner suggests that
the unmetamorphosed Archean basement may continue to the
northeaSt.
A]tHough structural field relationships have not_shoWh

which foliation is primary .and which is secondary, thin
| section work and st(ﬁglura1 re]ationsﬁips south of 60" north
latitude indicate that the'Strong northeaéterly trend is
sécondaryrand related ‘to sheaning ;tress as evidenced by -
mylonitization seen in tﬁih“séction; In.factg the bright
pink map unit on the‘map of Hill Island Lake, (Mulligan and
Taylor, 1969),5named.feldspar~pprphyry, corrgéponds.very
well with'Samples showing cataclasis. These rocks were
aligned ﬁortheast—southweét and this'stnuctura1'1ineamentw
direction may be considered sécondaﬁy, post-orogenic, and
post-metamorphic. The other foliatjoh‘diréction,
nOrth—south,fmayﬁbé;éonéidefedlolder. HQweVer, ft mdybbe
possib]e.thét there is ‘more than'oné northeast¥southwest'

: fo]iatiqn.-lh;the Burchna11 LaKe area, malfesiC»to'mafic‘



dynes haye been metamorphosed'to granulite facies
conditions,.fol1owed'by a remobi]ization, recrystallization,
and development of a new foliation and lineation. The "
foliation strikes north—northwest truncatjng dykes -and dyke
fragmente. This relationship suggests that the north-south
foliation occurred after amphibolite facies retrograde
metamorphism. Also, *a southeast striKingedyKe'of\Eorphyritic
metadiorite that has been 1ooaJ]y mylonitized has Beqn
offset righthandedly by a fault ‘striking northeast. The dyke
had undergone granulite facies metamorph1sm and been
retrograded. This suggests that ‘@ northwest- southeast

compression associated with a northeast foliation accurred

~ prior to granulite facies metamorphism in the late Kenoran.

Along the southern edge of the Hill IslandoLaKe map.sheet,

an east-west striking diabase dyke cuts biotite granitic

.gneise The gneiss, wh1ch has a north-south vert1cal

fo11at1on and is granoporphyrob]ast1c to mylon1t1c in

texture(see plate IT. a.), has undergone both: granu11te

. facies: and retrograde amph1bolxte facies metamorph1sm

fo]lowed by shear1ng along a north south a]1gnment The dyke
rock is physically undeformed, but has some alteration of
hornblende to biotite and carbonate, andvplagioclase to

epidote. The K-Ar whole rock age on the dyke is 1930+40 ma

‘as shoWn‘jn the results.

On the gravity map of the area, Series No. 124, Bouguer '

anomalies y1eld Tow read1ngs of -600 to -500 m1111ga1s,

relative to the surround1ng region. These low readings’ .
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represent less dense felsﬁc‘rocks at.about 5 to 10
Kilometers depth. Ferther to the northeast in the
Penylan-Firedrake map area, (Taylor, 1959), Gravity Map
Series No.‘125,'more mafic rocks give readings of -400
milligals. Directly north of the map.area in the region of
A]cantera Lahe, a-low of -600 milligals occurs. Still
farther north between Dor;n Lake and Gnay Lake, two lows of
-750 milligals occur. This 3uggests anvextenstve area of o
.thick sedimentary rocKs.-‘

The Archean rocks in the Hi11 Island Lake and Tazin
kLake areas have undergone a period'of granulite facies
metamorphism in iate Kenoran times. Atthough hypersthene
not<recognizedvjn thin section in the Hill Island Lake aCi:T$—§\\\\
a number of other indicators of grand]ite fac;ee metamorphic.' ’
conditions-are preeent. These indicators are the orthoclaee
perthite,'antiperthfte, the greenish-brown to brown color of
'hornblende, corroded zircons; tschermakitic hornblende, and
the presence of re]1ct pyroxene gra1ns These rocke were‘
'then retrograded to amph1bo11te fac1es conditions with slow
coo]1ng as evidenced by re11ct pyroxene the anorth1te
content -of p]ag1oclase (An 2 17), the presence of epidote,
and the presence of tsche makltlc amph1bole This retrograde
metamorphlsm took place at a depth of no mor e than 20 .
K1lometers, as ey1denced_hy lack of muscovite, the presence
- of K-feldspar in most samd]ee, and the average apparent age

of hornblende (2460:90lma) as discuSsed»below.

|

4



C: The Retention of Radiogenic Argon by minerals
_ Although potassium argon datino may be straightforward,
representing the time of crystallization .of a mfneral, this
is.not always the case. A.number of factors can ’'reset’ the
potassium argon c]ock-by allowing radiogenic argon to escape’
from the lattice_of the mineral grain being measured or by
}allowing ‘excess’ radiogenic argon into the lattice.
| Factors which affect closure of the lattice fgwgaip/6r'
loss of argon are: grath sizex exceSS partial pressure of
radiogenic aroon in the whole rock,_]ater metamorphism,
deformation, varying rates of uplift, diffusion of argon at
high temperature,‘diffusioh due to 1attice»disorderjng, and
'diffusion due to the presence of water
Gra1n size has an effect on argon loss ‘by greater loss
of argdn at and near the surface of the m1neral grain if the
grain size d1ameter is < 50 m1crons SmaT]er grains
therefore have a greater port1on of surface argon loss. In
tth1s prOJect the effect of .grain srze has been m1n1m1zed by
measuring mineral separates of a’standaro grain size (600 tot |
\150 microns). | “/ h |
®During a strong heating eveht”.argon isvlost.froh'the
mineral 1atticesQ If the argon does'not d1ffuse out of the
rock before latt1ce closure there may be an excess partﬂalt
pressure of“argon Th1s w11] cause: 1ncorporat1on of excess
argon into lattices which stabilize at relat1ve1y low et S
'”‘ftemperatures such as . biotite, o 7 ’ |
S Latervmetamorph1sms;may.cause either;argohltossjorhgainﬂ;i_

»
§
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by opening the mineral lattice at high temperature. In this
| ease the temperature of metamorphism is.impdrtant because,vy
: different__mineral-_‘_latt.iceslcldse off argon diffusion at
different temperatUres (biotite and muscovite normally close
at muchvlower'temperatures‘than hornblende) A metamorph1sm
can therefore reset the K-Ar date of b1ot1te without
resett1ng that for hornblende, or 1t can partially reset the
K- Ar date of a mlneral 1f~the temperature is at or‘near the
'“clos1ng temperature. R

Deformaf%bn by shearing stress can”temporarily
dislocate mineral lattices causing argon loss. Partigularly
susceptible to this Kindkof dislocation_is‘biotite, although
deformation also‘affects hornblende’s argon retention.

The rate of upliFt in conjunction with the geothermal
Qradient affeets argon closure directly by setting rock
temperature at,depth. fherefore, rapid closure to argon loss
can be effected by rapid uplift and accompanying temperature’
drop By the same token a lower temperature of argon closure
accompanies slow uplift and cool1ng A study by Dodson,
(1873}, found.that closure temperature, the temperature at
the time corresponding to the apparent age, depends on
diffusion size, geometry{ and cool1ng rate. For a biotite

crystal w1th an act1vat1on energy of 21 Koal/mole and

A d1ffuslon rate-of '2X10-10 s*l1 at 600" c assum1ng d1ffu51on ‘

ﬂﬂlonly along basal cleavage planes, and a cool1ng rate of -

100° C/my,, the closure tempera{ure would be 222 o The
1rclosure temperatuﬁe of Rb/Sr in an Alptne b1ot1te 1s 300 C
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if the cooling time is 10 my. For;a cooling time of 20 my.
the closure temperature is 280;C.

Diffusion of argon from mineral_lattices‘at high
temperatbre would not normally be important because of the
“time factor involved. However, accordlngvto Damon (1968),
complete argon lossjby diffusion in an amphibole could be
- achieved in 600,000 years at a temperature of. 475°C based on
the work of Evernden and Hart. This means that complete
'iargongloss could easily have taken place in amphiboles even
at amohibolite metamorphic grade temperatures over several
millions of years. On’the other hand, Gerling, et al.,
(1965), found that'the activation energy for argon loss from
5 amphiboles varied from 110 to'200 Kcal/mole, decreasing
systematically. with increasing iron content.-They calculated
a minimum temperature required to cause éfgnlficant'(O.QO%)
argon’ loss in 108 years and found a range of “470°C to 670°C
again depending on iron content.

In conjunction with the other factors mentioned,
diffusion can take place more readily from a disordered
lattice under the same conditions. Lattice disordering
relates to the proximity to theusiie of the unit cell. This

means that a un1t cell of hornblende close to the ideal size

‘fﬁ.w1ll be close to 100% ordered As the cell size changes from

r51deal the latt1ce becomes more dwsordered How chem1cal
-compos1tlon affects. argon retent1v1ty has been 1nvest1gated
\”Vbe-Qerl1ng-et al. 01965) and for calc1c amph1boles by
‘ 407Nionétetral (1969) and 0’ N1ons (1969) The argon .
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retentivtty does depend on chemical composition if the
lattice is disordered. It has been found that disordered
amphiboleS»with a higher proportion of weaker bonding
- cations in the M1, M2, and M3 sites, are less retentive/of'
argon The most common weaker bonding cation is‘é+Fe This.
is based on the theory that cat1ons with weaKer 1on1c bonds
will 1eave 1arger spaces between: bonds for argon to pass
tthrough when the ]att1ce is heated This finding was later
conf1rmed by Evans and" Lambert (1974). Therefore a more
iron—rich ‘tschermakitic hornblende would be expected to
close its lattice to argon,]oss:at a lower temperature,
yielding a_younger potassium argon age than a magnesium}rich
sampler In fact 0'Nions et alT (1969):suggest that iron rich
hornblende may close to argon loss durtng slow cooling at
roughly the. same temperature as mica because argon d1ffus1on
will be control]ed by the d1ffus1on rate However dur1ng :

updat1ng the d1ffus1on of argon W1]1 be controlled by
h activation energy which in iron rich hornblende is much
higher than that for micas. In'this case disordering is
expected along with a'spread jn hOrnblende apparent ages due
to differences in proportion of iron content.

In addition, diffusion of argon from a mineral lattice

may be affected by the action of'water in chemical
4 weather1ng ‘and alteration and changes in the potass1um
\content (Faure, 1977) Stnce this area has undergone
‘ granullte fac1es metamorph1sm the rocks were dewatered

'ug'except in fault zones and younger metased1mentary rocks
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II. Results and Ihterpretations

Resplts

Introduction n

From the 37 sample locat1ons v1sﬁted a total of 57
apparent ages were obta1ned from 49 rocK samples The"
»apparent ages were obta1ned for. 15 amph1bole, 1 whole

rock, 1 muscovite, and 40. blot1te ‘ages. Some ages,

; however are unusable due to the nature of the sampled

-mater1al, wh1ch caused these samples to be m1n1ma for
K-Ar dating (see Plate V. b.).

The microprobe results from the amphiboles Were
used to calculate biotite corrected compos1t1ons for
these améh1boles |

In the amph1bole samples the major contaminant ls
biotite. However crush1ng the samples to a f1ner grawn

vs1ze to remove b1ot1te would not have succeeded since

the biotite formed m1cro1ntergrowths, averaging 5 to 10

mlcrons in length, within the amphibole. This also posed

problems when physical separation techniques were =

appl1ed to the sample .,
| To overcome this phys1cal separat1on problem gra1n.
mounts of amph1boles were prepared for analys1s using .
energy dispersive m1crobeam analys1s The corrected

potass1um value for the amph1bole was then used tovfind
the proportion of contaminant and to correct for the

argon values measured in. the contam1nated samples

23.: .



24

Table 1 Potassium Argon data for biotite (B), muscovite (M),

“and whole rock (W), from the Hill Iéland Lake Areé, N.W.T.

Sample  40K(ppm) 40Ar  40Ar/40K . 40Ar/40Ar Datema
- (ppm) Total 3
6000 B 8.43x  .2.310  0.274 0.976 2320
6001 B  8.83  1.812  0.205 0.984 1960
6003-A B 7.42x 1502 0.202 0.980 1940
6004 B 7.98«  1.986  0.249 . 0.997 2190°
6005-A B 8.57x 1.948  0.227 0.989 2080
6005-8 B 8.63x 1.829 . 0.212  © 0.976 - 2000
6005-C B 8.4 1.916 © 0:227  0.989 2080
8005-D B 6.55«  1.406  0.215 0.970 2010
8006 B 7.63 1.384  0.181° - 0,991 1810
6007 B 6.94 1.592°  0.228 0.986 2090
6008 B 5.85  1.386  0.237  0.993 2130
. 6010-A B - 7.01 - 1.911 . 0.273  0.977 - 2310
| 6010-A? B 6.55=  1.865  0.284 0.965 2370
6010-B W 2.19« . 0.438 | 0.201 0.972 1930 -
8011 B 1.50+  0.306  0.169 0.957 | 1730
6012 B "3.36 1.643  0.197 - 0.989 1910
6013-A B 7.36 1.688  0.229 0.989 2090
6013-B B 8.33 - 2079  0.250 0990 3200
6014 B 7.87 1.532  0.195 '0.998 1890
16015 B 7.75 1,930 - 0.249  0.993 . 2190
50168 9 8 0.232 0.990 2110

.04 2.098
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‘  *samb1é;bodr, or ‘analysis poor

Table 1 (cont.)
:Sample 40K (ppm)
6017.8  4.78
6018 B + 9.52
6020 B 7.62
50218 7.28
6022 B 8.42
6023-A B 6.94
6023-B B 7.05
8025 B 8.03x
6026 B~»“V6.67"
6026 M 10.24
§027-B B ' 7.53
6028-A B 7. 11
6028-8 B 7.37
6029 B " 5.32
. 6930 B 7.69x
6031 B 8.03
6032 B 7.34
6033 B. 1.40‘
6034 B . B8.18%
6035 B 8.57
4.05

4

NN o

1

.038

40Ar /40K

O o o.o o .o 0O O o O 0O 0o . 0 O O O O O O o ©O

219
.259
.249
246
. 267
. 267
.258
194
187
204 .
250
.250
241
244
.186_
.203
.244
.209 .
.253
267
257

'
e

—

L)

‘\.“v< - r‘~"' V : ' .
oo o O O O 0O 0O O O O 0 0O © O 0o 0O O O O O

40Ar/40Ar

Total

1997
.993
.996
.986
.994
.990
.961
.991"
:986
.994.
.987
982
.980
2981
.633*
.998
.999 -
910
.993
.988
L9611

25

Date ma

2030 °

2250

9200

2180
2280

2280
' 2240
1830 .
- 1850
1950
2210 ” _
" 0200

2150

2170

1840
1940

- 2170

1880

.. 2220

2280
2230
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- Table 2 Potassium Argon data for hornblende from the Hill

Island .Lake Area, N.W.T.

Sample

6001
'6003-B
6003-C
6005-A
6005-C

6013=B

6015

6020
6022

6025
- 6028-4

6028-8
6032 . -

6034
6036-A

40K (ppm)

1.599

©1.036
1.012°

1.706
1.273

1,739 -

1.587
1.249
1.429
0.975

1.747

1.164

1.663

1.590
1.006

0
0
0
0
0
0
0
o
0
0
0
0
=0
0.

40Ar

~ {ppm)

0.473

356
.312
468
381
468
. 488
364
156
.519
.396
472
435

313

40Ar /40K

O o O O o o o O O O o o o o o

.296
.344
.308
.275
.299
.268
.307
.291
.299
.223
297
.340
.284
273
.302

40Ar/40Ar

Total

-

0.967
0.964
0.905
0.976 .
0.985
0.981
0.
0
0
0
0
0
0

716

.983
.958
.979 -
974
.970
.974-

0.970
G.910

26

Date ma

2490

2620

2480

2320
2440
2290

2430
2610

2370

2320
2450

2470
2400
2430
2060 -
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Tab]e 3 Compos1t1on Correct1on For Amph1boles

Sample

6001
'6003-8B
6003-C

6005-A"
6005-C

6013-B
6015
6020
6022

6028-A . -
6028-B

6032
6654
6036-A
6025

40K (ppm)

1.

0
7.

363

140
.023
.337°
202
673

.06
677
.398
.703
.253
.382
a3
;855 

65

- 40Ar

(ppm)

0.
0.
0.

o (] O o o o o

0.

424

390
314

.383
.370
451
.494 -
221,
418
.507
0.
0
0.
0.

425

.40 5‘3,]":

472
274
156

40Ar/4OK

0.311

©O o o o 0o o o o o o o o o o

\

.344
.308
286
.303
1269
.307
.326
.299
298
.340

.293
273
321
240

27

Date ma .

2430
2620
2480
2380
2450

2300
" 2470

2550

"2430
2430
2610

2410

2320

2530

2150

“*two amphiboles in this sample; dark green and light gbeen

"sample probably not homogeneous

**correct1on was»made by estlmatlng proport1on

biotite in amph1bole from thin sectiop.

R

of
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B. Interpretat1ons

<

Review of all new age data .

Potassium argaon apparent ages for b1ot1te and
hornblende from tab]es 1, 2 and 3 can be 1nterpreted in
histogram plots. Figures 2.3 and 4 are histogram plots

. of Hill Island Lake K-Ar ages ini100 my. intervals, Hill

Istand Lake
4 1 : :

m BIOTITE HISTOGRAM — u

{2 4 x CORRECTED HORNBLENDE I

HISTOGRAM

| HORNBLENDE HISTOGRAM

FREQUENCY

N
Vv

. 4 - 3 ’
S E— oy o + I ———t
700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700
FIG. 2. HILL ISLAND LAKE K-AR AGES MA.

'K—Ar'ages in 50 my. intervals, and a combination of Hill
Island Lake and Tazin Lake:K*Ar ages in 100 my.
intervals reepecfively In figures 2, 3 iﬁdf4 the
hornblende age d1str1but1on begins at 2600 ma. This may

: correspond to. a Rb- Sr whole rock 1sochron age of 2620+90

ra on cbuntﬁ?’ré’k from the’ Tazin LaKe area. F1§Dres 2
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FIG. 4. HILL ISLAND LAKE AND TAZIN LAKE K-AR AGES MA.
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and 3 indicate a frequency peak at 2400 ma and 2450 ma
'respectively for hornblende, and 2500 ma and 2450 ma for
corrected horrblende respectively. This Cor;éspbnds to
the Rb-Sr whole rock isochron age of 2533%15 ma on the
granite-granodiorite series to the north of Tazin Lake.
Corrected hornbliende refers to hornblende apparent ages
calculated from microprobe potassium results to correct
for biotite confamination. The frequency peak for
hornblende in figure 4 occurs at 2400 ma. At the same
time the biotite distribution riseé strongly at 2400 ma
and-peaks at 2300 ma. This corresponds to the Rb-Sr
isochron age of late pégmatite intrusions in ‘the Tazin
Lake area at 2338 #25-ma. In figurgs 2 and 3, the °
biotite age distribution also starts at 2400 ma and 2350
ma, how ver the first biotite age peék occurs at 2200
ma . ngi first biotite age peakK may represént a
metamérphiC'event beforg 2200 ma or simply a cooiing
with uplift through the blocking temperature of biotffe
since there is about 300 my. between the Hornblende peak
and the first biotite peak. Also, this peak is not sharp.
but the distribution tails off on either sidé.~A second °
biotite distribution peak ocburs_at 1900 ma, 1950.ma and
| 1900 ma in figures 2,3 and 4 respectively. This may
cqrrespohd to a 1960 ma U-Pb whole rock isochron age for
intrusives from ﬁbrtheasf'Alberta.'It'may also
correspond to a’1930 ﬁa#k-Ar age on a diabase dyke from

/ldcation 6010. Figuré 3 accentuates the biotite



31
distribution peak at 1850 ma but -s hot very significaht
‘because the error in K-Ar ages is #45 my.,(wh{le the age
.nterval is 50 my., or 1 sigyna confidence. If a |
- hictogram is plotted using 20 my. age intervals, it wi]l‘f
" be meanin_ less because the confidence for this 1nterva1
~is about 30% and the samp]e size n is much too small to
have any significance as there are 45 intervals fér 57
‘apparent ages.

To test whether or not excess argon has been
incorporated into the biotite lattice, biotite age
versus hornblende age was plotted in figure 5. This plot
shows a lack hf correlation between biotite and
hornblende ages indicating no incorporatibn of -excess
argon intq the biotite lattice. This noncorrelation is
supported by the fact that no K-Ar ages are in excess of
the maximﬁm Rb-Sr ages in this area. Also, the
geographical distribution in figure 6 and map 1 in the
pocket , sho@s a pattern Qﬁ%bjotife ages as opposed to
hornblende ages. - j
Biotite Ades

Thé biotite apparent ages which are represented in
figure 6 and map 1 by age contours, display a p]atéau
?ike area or inlier of preéebved o]dér rock extending
northeast. The southern end of this plateau region
contains a reg1on of 2300+ ma up to 2450 ma biotite
ages Th1s corresponds to the average K- Ar age of

2360+40 ma of rock from the Taz1n Lake area All the

¢
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FIG S. BIOTITE APPARENT AGE VS. HORNBLENDE APPARENT AGE.

2300+ ma apparent ages in this area, fall within a

~circular sﬁructural.region which defines the boundary . -

between granodiorite I and granodiorite Il in the area
by e

north of Tazin Lake, as outlined by 3500+ gammas. This

suggests a geologic event and. more rapid uplift for this

particular reg1on, as hornb]ende ages in this area are
not older than-b1ot1te ages and b1ot1te ages are older
here than in the rest of the inlier.

- Biotite age contours indicate post—-2000 ma

resetting along the mérgins_of the inlier. The biotite

A
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age contours are very close together in the west as they
approach the Tazin River and Hill Is}and Lake. This
region contains mixed granites, gneisses and

metasediments strongly Eéworkéd and rémdbilized’duringv'l

poSt4200f'ma events. Alqng‘the"ﬁorthérh»edge‘bf the
géa tﬁ{s sha;p drop in age contours is also
4:3!:appear$ to répresent ppst—2000 ma |
:remobiTization} as a fault zone appears to run northeast
along the plateau margin. The, eastern edge of the
-plateau fg not djétinct as biotite age contours
vgradua11y decrease to 1800 ma. This suggests that a
post—-1900 ma tberma] pulse has varfably reset the
biotite ages. The inlier has also been cut by faults of
var ious agés of which location 6014 must be near a -
post—2000 ma fault, striking northeast.
Horﬁb]ende Ages
Results from 15 hornblendes are shown in Tables 2

and 3. Table 2 reports hornblénde ages from the Hill
| Island Laké area. Table 3'uses the same data in
combination with micropfobe K values from Table 5 in the
appendi x éhd Table.1, to correct for biotite
'confamination. This microintergrowth of biofite is
" characteristic of”técbermakité.’(Sch?dcke, 1976) wh{ch
may occur as a result of retrogradfng from grahulite
facies metamorphic conditions to a lower métamorphfc
grade. Evidence of biotite microintergroﬁth inramphibo]e

~is seen in thin section (see Plates I.,II.,Ill.a.,IV.

- - f

3
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and VI.a.). Contamination correction‘is calculated by
finding the difference in ppm 40K between isotope
dilution and microprobe'resﬁlts. The portion bf 40K
remaining is assumed to represent biotite. To correct
nfor 40Ar contamination by the same b{Otite; the 40K
excess is multiplied by 40Ar/40K ratio fbr biotite from
the same rock. The resuTting excess 40Ar value is then
_SUbﬁracfed frém the 40Ar value obtained:fOP hornblende
and the resulting corrected-40Ar/40K yields a biotite
corrected age. |

Sample 602dféontains both a light green and a dark
green amphibole. Because of the sma}i amount of sample
used for microprobe grain mounts (about 50 grains), the
sample is jnhomogeneous. This means the potassium values
may not cérrespond to the argon values. Sample 6025 was
not available for grain mounting, so a visual est1mate
of b1ot1te content was made from thin sect1on (see plate
IV. b.). o

The corfected amphibolé ages show a wide-spread of
K-Ar dates ranging from 2620+50 ma to 2150+45 ma with an
'average age of 2460195 ma.'The amphibole ages not
corrected for biotite show a similar spread of dates
with an average age of‘2€30i95 ma.‘This‘sphead cf‘gges
is similar to biotite, but does not seem td‘rélate to
geograph1cal distribution as biotite does This is
emphasized by the fact that d1ffereht harnblende samples
from the same location eg. (6003-B,6003-C),
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'(6005-A,6005-C) and (6028-A,6028-B}, indicate widely
varying ages using both Table 2's and Table 3's results.
ngever, in the southern end of the inlfer the maximum
hornblende apparent age is 2430 ma. This‘suggésts that
the resetting event in the south end of the inlier was
'stronger than the rest of the inlier. Alohg the margins h
of the inlier hornbfende appareht ages ars older than
biotite abparent ages by as much as 700 my . This‘again
suggests post—-2000 ma evénts which reset biotite.

If the age of amphibo]ite facies retrograde
'métamorphismris 2400 mavto,2450 ma, thsn hoﬁnb]ende mayv
"have outgasssd srgon during a 2250 ma to 2200 ma
regiond]l metamorph1sm -or s1mp1e c1osqre upon cooling
through the closing tgmperature. The Zmp¢rtant question
. for biotite contamination correction is whefher or not
the hornb]ende rema1ned closed to outgassing of argon
from biotite 1nc1us1ons at 2200 ma to 2250 ma. _The '
correction tgbﬁe, Table 3, assumes that the argon from
biotite 1;Z}us1ons in hornblende was outgassed at 2200
ma to 2250 ma, as most biotite occurs along cleavage
p]anes. If the argon was not outgassed at this time,
kthen the micfoprobe cofrection does not apply and the
.original results stand. A third possibility is partial
outgassing of biotite argon at 2200 ma to 2250 ma with
an- intermediate age resulting. In addition Table 3 uses
the potassium valyes from the microprobe whfbh do not

" include the average of the total hoﬁnblende érain. but
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éiclude biotite, and other inclusions such as quartz,
epidote and magnetite. Tbis means the'microprobe’
potassium yalué will be higher than, the corresponding
flame photoﬁeter potassium value, if biotite is not
present. Therefore, it is*pbssible that the‘corrected
tables yield low Ar/K va]ues>and low ages.. | |

These results also suggest that hornblende. from the

.Tazin 'Lake area may be contaminated by biotite as seen

in plate IV.a. of sample 6022“:a massive hornb]ende
biotite'granite.belongindfto‘Koster’s granodiorite I1I
complex. If this is the Case;’the horhb]endé‘ages will
not get significantly older 5r younger- because they have
been contahinated by biotite of épd?oximately‘the same
age. : »

General Metamorphic énd.lgneous History

When the field relationships are compared to K— Ar

-apparent ages, a rough picture of the metamorphic and

igneous history appears._@éar the.sou£ﬁérn edge of the
Hill Island LaKe area at location 6010, a diabase dyke
cuts through granitip gneié§ as describ?d_previously.
The K-Ar whole rock age on the dyke (pfobabﬁy a- minimum
age) is 1930240 ma. This age is a minimum because the

whole rock contains plagioclase which loses its argon

5 reédily. These rocks are close (15-20km) to the Hill

Island Lake belt of metaSedimentary rbcks, which have

been strongly ceworked.py post—2000 ma events. A ﬁassive

horhblend¢~diorite,‘samp]é 6036, is cut by a one-meter

9
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wide north-south vertical dyke of ho1oteucocratic
.granite. The biotite K-Ar apparent age of the diortte is
2235+45 ma, while the hornbleride KfAn apparent age is
2525450 ma. This oyke rock-is‘physically undeformed, out
altered: plagioclase to sericite and'carbonate, biotite
to chlorite. g |

When the foliation d1rect>bns of the H111 Island

Lake area rocks ar compared w1th the K-Ar apparent‘

mineral ages derived, a rough picture of the sequence of
tectonic events appears (see figure 7). The o]dest rocks
contain a north- south vert1ca1 fol1atﬁon assoc1ated with
granulite facies: metamorphism. From rocks that are only
slightly younger, a weak west-south-west foliation
dipping moderately to the north appears. This may be
related to the Tazin River fault and hinged uplift or
doming at the time.of amphibolite facies retrograde
metamorphism. Following this, the‘comppess1on dwrectlon
gradually changes from northwest-southeast to east-west
by 1830 ma, result1ng in a change of foliation direction
from northeast southwest to nor th-south. A]though the
results from figure 7 have been var1ab]y affected by
post—-2000 ma metamorph1sm , @ sequence of events of a
~particular tectonic sty]e was deduced. Further._some of
these rocks have,undergone weak metamorphism.associated
with shearing deformation. The main shearing deformation
appears to be associated with 1800 to 2200 ma tectonlsm

and is a late stage event in the area.
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The lack of alumindué metamorphic minerals in fhe
aréa, éuch as si]limahite, cordierite, and garnet is due.
to. the lack of excess alumina in the rocks. From the
pdint of view of provenance} this lack of excess alumjﬁa
sdégests igneous source material for most of these |
rqcks; except some biotite schists fouﬁd on the east
side of the map area. '

Using.fhg appanenf age of hornblende and,the_
glocking temperature of average hornblende.‘aboUﬁ_SSO’C,
the time of amphibolite facies retrograde metamorphism,

. §
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2460290 ma isAobtained.~lhere are a few older hornblende
apparent. ages from more magnesium—rich hornblendes as

shownvbelow, that represent higher temperature granulite

- facies conditions. Different hornblendes from the same

location give different ages due to compositional

differences. ‘This difference in ages may be caused by a

- secondary thermal event at amphibolite facies

temperature or simply by climatic uplift and cooling
from granutite facies conditions. The wide spread of
both hornblende and biotite ages suggest a deep burial
at the time of granulite facies netamorphism, followed
by. slow uplift\and cooling as ls.the case in the
Scottish Caledonides, (Dewey and Pankhurst, 1970). Using
a minimdm geothermal gradient of 30°C/Kilometer and a
granulite facies temperature of 750°C, a maximum depth
of 25 Kilometers ls'obtained. The rocks were<gpliftesto
a maximum depth of about 18 Kilometers at the'time of |
amphibolite facies retrograde metamorphism-in the main
body of ‘the inlier. At the time of late pegmat1te

intrusion in the Tazin Lake area the sdﬁth end of the

inlier had been uplifted to a maximum depth of 6

'Kilometere and"possibly 3 Ktlometers since most,of the

biotites are older than the Rb-Sr pegmat1te 1sochron

age. However, hornblendes had closed to argon loss while

Amost no biotites record this event’ This heating event

-was not as strong in the main body of the 1nl1er since

most hornblende ages appear ‘to have escaped resett1ng
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A later heat1ng event may have occurred between
2200 and 2250 ma at wh1ch t ime b1ot1te K-Ar ages are
set. Events which may correlate with th1s resetting and,
up11ft are: 2338£25 ma Rb-Sr pegmatite intrusions near
Tazin Lake, the"age of Beck’s older granite at 2280i100
‘ma,, the age_oquonaldsonWLaKe supracnustal gneissestat
about 2250 ma, the age of Char]eboistLaKexsupracrusta]s
at about 2300 ma,‘the age of FortvChipewayanygranite at
2319%53 ma; and the K-Ar apparent'ages‘of granite cobble
cong1omerate in the Theku]thi]t Lake area and 'in the
Stony Rapids area. Hornblende ages appear not to be
reset so that a heating event at this’time would not be
-very strong. This is shown by:the fact that biotitebages
in the Tazin Lake area have not been reset at this t1me
This lack of 2200 ma b1ot1te apparent ages in theq§a21n K
LaKe area, also indicates that these rocks were at a
h1gh lewglf1n'the crust at this t1me ‘and were t

re]at1vé+

%ma tectonism appears to have cut through

L4

the inlier a]ong the northWestern edge where biotite

Post*zo&&f

- apparent ages are 1940 and 1960(?a, and in the ndrtheast
vwhere'biotite was reset at 18§O ma. This correlates.wetl
with tntrusiVe activity tc e southwest and south,.

north of Lake'Athabasca By the time of strong 1800 ma
heating and remob111zat10n, the present day surface
rocks wére-at or near the sur face, so that heat1ng only

reset biotite ages a]ong the marg1ns of the 1nl1er One’
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hornb]endevapparent'age from location 6025 was also
partial]ywheset.ﬁ _ .
savHornblende Composition
Tab]e 5 in the appendix is a comp11at1on of the
m1croprobe results which are used to f1nd the
composition of amph1boles.»1t is found that the
amph}boTes are calcium amphiboles and fall under the
general heading of amphiboles which includes common
ifynblende;:tsChermakite, edenite, and pargasite. Since
‘the microprobe determines total iron: the sample
formu]as have al] been calculated on the assumpt1on of
80% 2+Fe and 20% '3+Fe. Calcic amph1ho]es have a variable
chemica] composition: (Na,K)O-1 (Na,Ca,2+Mn,2+Mg,2+Fe)2
(Mg 2+Fe 3+Fe, 2+Mn Ti,A1)5 (Si,A1, 3+Fe)8 022 (DH 0,F)2.
In ca]cu]at1ng the amphlbole composition, the formula is
based on 23 oxygen and chlorwne comb1ned and corrected
_out for hydroxy1 anlon Manganese and zinc are less than

calculated because of a default minimum in the-program

- on the bas1s of the standards used. When the results are

R

p]otted on compos1t1ona1 d1agrams for calcic gmph1boles
fronﬁErnst (1968), after Coiville et al. (1966) see
f1gd;esv8.9,10,11 and 12, an intermédiate composition is
obtained: These figures indicate that the composition
f cdntatnsqcomponents of‘tschermakﬁteﬂto
" ferrotschermakite, tremolite to fe rotremolite,
'AmagneSiohaétingsite to hastirns: =2, and‘bargasi{e to
'ferropargasite. The 2+Fe/(Mg+2+fe)“ratid ranges from 0.4

b
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hornblende apparent age from location 6025 was also
partially reset.

Hornb]ende<tompos1tlon

Table 5 in the appendix is a comp1]at1on of the
microprobe results which are used to find the
"composition of amphiboles. It is found that the |
amphiboles are calcium amph1boles and fall under the
general heading of amphiboles which 1nc1udes common
hornblende tsohermak1te edenite, and pangasite.'Since
the mlcroprobe determines tota] iron, the sahple
formulas have aTl been ca]cu]ated on the assumpt1on of
80% 2+Fe andJZO% 3+Fe. Calcic amphiboles have a variab’
chemical coﬂp051t1on: (Na,K)0-1- (Na,Ca,2+Mn,2+Mg,2+Fe)2
(Mg,2+Fe,3+ﬂe,2+Mn,Ti,AT)S (Si,A1,3+Fe)8 022 (0OH,0,F)2.
In_calcu]at#ng the amphibole chmposition, the formula is
based on 23/oxygen and ch]orine_combined; and’eorrecfed
eut for hydioxyl anion. Mgnéanese and zinc are less than
calculated because of a default minimum in the program
-on the basis of the standards‘uéed When fhe results are
~ from Ernst‘ (1968), afterACQ]y11]e et a]. (1966), see
figuree 8,9,10,11 and 12, an ﬁntermediate cohbosition is
obtained. ]hese f1gures 1nd1oate that the compos1t1on
contains cFmponents of tschermak1te to
ferrotschérmak1te, tremollte to ferrotremol1te,
magnes1oh stingsite to hast1ngs1te “and parga51te to
ferropargas1te The 2+Fe/(Mg+2+Fe) rat1o ranges from 0.4

f«

[

|
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Fig. 11. Distribution of 14 Hill Island Lake amphiboles in
the composition range: tremolite- ferrotremol1te—

" (pargasite+magnesiohastingsite)—
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to 0.8, fndicating a trend toward iron-rich endmembers
and a relatively acidic composﬁtion. These téends are
consistent with the optical observat‘ons and the

recognition of tschermakitic amphibole.
The optical observations for amphfboles also

indicate a tschermakiti¢c hornblende. For amphiboles, 2V

determ1nat1ons indicate a negat1ve b1sectr1x with an

~optic axial angle between 30" and 70 From Shelley

(1975), th1s range of 2V and 0.A. B or1entat1on for

amphiboles appears to fit the hast1ngs1te to

Fe- hast1ngs1te compos1t1ona1 field as well as

Fe-hornblende, including tschermakite and edenite.
Titanium content 1n.amphibolesgg§§ been used as an
indicator of metamorphic grade. According to a study by -
Raﬁse.(1974) h{gthi cdntents sdggest higher metamorphic
grades. Comparing titanium contents in tabie 5 with
Raase’'s amphiboles it appgars that'these.amphibo1es
represent amphibolite to granulite facies metamorphic
grade, wifh an average titanium coﬁtent of 0;173, |
/

although Ti content does not appeaf-to vary with age.

However, the Ti content may not be high relative to

_ the Fe/Ti ratio. When the Fe/Ti ratio is higher, the .

. amphibole color trends toward green to dark green, as is

the case with some of the amphiboles in this study.

However, when the Fe/Ti ratio is low, the color is
" , | v

brown.

D

The very low octahedral aluminum content results
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frd§1lewrfotél alumina in. the whole rock and may also

represent low pressure genesis.. |
If high iron represents lower metamorphic grade,

then the’&ﬂ@neSzum end member in- the composwtzonal

..N;

range whxch represents higher - temperaiures of
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HORNBLENDE AGE MA
FIG. 13. 24FE/HFEHG) VS. APHIBOLE APPARENT AGES.

in amphiboles appears to give an inverse variation with

age. The age appears to be unaffected by the iron

'codfent below about 0.6, but shows a rough.inverse

epes1s
should also represent h1éher metamorph1c grade L o
-t a*’ 3‘;1
figure 13, the 2+Fe/(2+Fe+Mg) ratio versus apparent age
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correlat1on above 0.6 suggest1ng a lower retent1v1ty of
argon in more iron—-rich amph1boles .Evans and Lamberp
(1974%, and 0’ Nions, Smith, Baadsgaard, and Morton

(1968) suggest a similar correlation from Scotland and

Norway. Figure 14,

\
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APPARENT K-AR AGE MA FOR HORNBLENDE
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o

the apparent ages for 14 amphiboles versus | |

%(Mg+A1(VI))/(Mg+A1(VI)+Fe) is similar to flgure 13 but
includes AI(VI) and 3+Fe The lack of correlation in -

f1gure 13 below 0.55 and above 45 in f1gure 14 may

represent a ta111ng off at gr near the maximum
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hornblende age, or an early pre—-2400 ma resetting. The
K-Ar ages of the points lying off the line have been
reset by later deformation or later thermal events or
both. R

| Fhe results.éf figures 13 and 14 are strengthen?d
by~ the fact that samples from the same locatign (eg.
6003, 6005 and 6028) give widely different apparent
agegy but can be related to compositional difference.
These plots suggest fhat either the amphiboles closed
'siowly and variably to argon loss as the rocks were
sltowly uplifted or that a strong later metamorphism
bartiél]y reset the amphibole ages according to
compésftion. Other ﬁgctors Besides composition not shown‘
in figures 13 and 14, which may have had an effeéi on
hornblende ages are water content including lithology,
shearing deformation, and local yariatiohs in heating-
-THése rocks appear to have eséaped'most of -the post-
2000 ma events because of {he dry, competent nature of
the rocks already at a high'cfustal level, and- perhaps
re:ngsenting a thicker crustal section than the

ne jhbouring rocks.

C. Corclusions and Discussion
‘he 2600+ ma basement has been multiply and variably
['m~ amorphosed between the time of genesis and 1800‘ha, as
shown by K-Ar biotite and hornblende apparent ages. The_

‘extent of lightly reworked Archean basement is restricted to
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the 2200 ma biotite isotemp, which is taken to represent
basement not reheated by post-2000 ma events. nisef
post—2000 ma events have remobilized the metasedimentary
rocks and the‘granitie gneisses along the western edge of
preserved basement. This remobiiizatiOn cuts through the
orthern edge.of preserved Archean basement in a
northeasterly trending direction. At the northeast corner of
the sampled area a second remobiliied“zone trending
northeast cuts 1nto the preserved Archean basement . To fhe
east the boundary is gradational as the rock type becomes
predominant ly metasedlmentary metavolcan1c as deduced from
the rock descr1pt1ons and geo]ogy of neighbouring areas.
Also, the band . of granu]1te facies rocks south of Taz1n Lake
appears to continue into tne southeast corner of the Hill
Island Lake map area from.gedibgie and strdctura]
considgrations. The limits of preserVed Archean basement are _
incompletely defined in the northeast corner due to limits')
of sampling,. but tne,results and magn;fic expression,,and
foliation directfon suggest ‘a further'extension to the‘
northeast. | |

Figure 15 is a representation of an approximate.

'sequenee of events in the Hill Island Lake and Tazin Lake

areas based on K-Ar apparenf ages éorre]ated With“closfng

temperature and time. Table 4 is- a similar out11ne of a

N;ﬁg tectonometamorph1c sequence of ‘events for the inlier. After

£

a 2600 ma series of,intrusive-events andﬂgranulite facies

metamorphism about the time of maximum hornblende apparent ;

L] «\
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|
ages, war;ing and uplift, the area‘yas,rehgated to uppef
wamphiboljte facies,‘lower.granﬁfité facies;témperatures.
duning'the intrusion'of'gfanites, aplogranﬁtes and
pegmatites at 2533+15 ma. Assuming a maximum 30°C/Km
. geothermal grad1ent for establ1shed crusta] rocks, the rocks
_in quest1on cooled to amph1bo]1te facies temperatures

@i
(550 C) at a maximum depth of about 16 to QO K1lometers
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Tahke 4. A tectonometamorphic sequence of events
é |

for the inlier ih the Hill Island Lake-Tazin Lake ARreas

Time (ms)

Events '

Metamorphism

K-Ar Biot 1950
L 1o 1700

Outside the inlier
intrusion of granites,
shearing, compression

regional greenschist

" |to .granulite,

and dynamic.

N
N

Within the inlier

[¢)

K-Ar Biot 2300
10 2200

| 1ocal heating,

uplift

greenschist?

s

K-Ar 236040

|Rb-Sr 2338225

local heating associated
with late pegmatite

f intrusion, strong uplift in
Kvsoyxh part. of inlier.

amphibolite cboling
rapidly

K-Ar Hbl 2460°95

slbw uplift elseuhere

>

_steady'uplift and cooling

‘ amphiﬁalite
|retrogression

Rb-Sr" 2533:15

intrusion of granite,
aplogranite, aplite and
pegmatite; climactic uplift

1ouer_gb§nul;te 0

upper amph}bol;te

Rb-Sr 262090
K-Ar Hbl 2628*50

intrusion of granodiorite,
uplift '

granulite lbcal?

somet1me dur1ng the peak perlod of hornb]ende ages about

2400 ma to 2450 ma.

The present surface rocKs were gradually

uplifted and eroded to a maximum depth of about 7 to 10

Kilometers by the peak perwod of biotite ages about 2200 ma .

‘The plateau like contour area shown in maps 1 and 2 of 2200+

ma b1ot1te ages’ suggests the poss1b1]1ty of 2 2250 ma

reg1ona1 thermal event which reset most bigtite K-Ar ;gés in
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.this area. In-addition, biotites north of Tazin Lake were

not reset at 2200 ma. This suggests more rapid uplift of the

southern end of the inlier before 2250 ma so that these

rocks were at a higher crustal level and escaped resetting.

Between Tazin Lake and Portman Lake, rapid uplift, and

heat1ng associated with late pegmat1te 1ntrus1on reset both -

1ot1te and hornb]ende.vThe uplift possibly in the form of
an extended dome as seen on gravity, aeromagnetic,

structural, and geology maps.raised this area to a much

. .higheér crustal level at 2360+40"ma .(K-Ar biotite and

hornbliende), so that’the'rocks cooled and closed rapidly.
There must have beénbrapidﬁerosion at this time~end fhe‘
format1on of 1mmature boulder conglomerates in the
surround1ng areas such as is_ seen in.the TheKulth111 Lake
area and south of Stony Rap1ds. The Rb-Sr ages of Dona]dson

Lake supbacrus€EIsvat about 2250 ma A Sassano et al. 1972)

and paragne1sses in' the Charlebois Lake area a max1mum Pb/Pb
ege cf about 2300 ma (personal’ commun1catlon Dragon Krstic),

suppor.t th1$ proposed up}1ft_and formation of a belt of

sedimentaryhrooks around'thevuplift,'Theﬂrapid\uplift north

of Tazin Lake iS'most like1y reSponsible for the-development

"~ of .the Tazin fault and associated: fau]ts Assum1ng a
:constant rate of uplift of about 1 Km/25 my., from the
closure of hornblende and b1ot1te, these rocKs should have
nneared the surface about .2000 ma. However, there“is a peak
.djstr{hutiOn of biotite gges,,at.1950 ma which tails off et

- 1800 ma. This time of hesaiting of biotite ages is related

\

k)



to reworking and remobilization associated with the

widespread post—2000 ma events in the Churchill Province
(
This resett1ng along the western edge of the area appears to

be mainly rehated to remobilization "and argon loss due to-
shearing. In\the north, northeast trending fault systems
have reset b%otite ages at 1890 to 1960 ma. To the east, a
thermal pulse probably of the same age as the one which
produced granu]1te facies rocks south of Taz1n Lake, has

!
part1a11y to completely reset both hornblende and biotite .

|

ages .The rema1nder of the areajappears to have escaped
post—2000 ma updat1ng due ' to its competent nature, high
crustal 1evel dry nature dlstance from any major therma
activity and relatively thick crust; Major thermal activity

appears to have concentrated 1tse1f along the Wo]laston Lake
<

mobile belt and the Tazin group of metased1mentary rocks
!

which wrapvaround_th1s granodlor1te—d1or1te,basement

I
|

complex. 2
The. correlat1on of 1sotop1c w1th petrograph1c and
structura]ldata appears to be good in-se far as the data

&gverlaps w1thgareas in whlch more detailed work has taken

place: Thé'maximUm'hornblende apparent age correlates well

- with" a Rb- ﬁr whole rock 1sochron plot of the country rocKs ’
north of Tazin Lake, 2620+30 ma, (Baadsgaard personal
commun)cat1on).‘The plots of hornblende composition versus
"apparent a e not only tndicate a relative]y‘slow rate of
cooling and uplift for the basement but a]so po1nt to

pos t—2600 a events that have reset hornblende in this area.
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The reset hornblendes correlate with possible resetting
events as indicated by petrographic studies and structure
The 2360+40 ma apparent K-Ar ages of b1ot1te and hornblende
nor th’ of Taz1n Lake correlate well with geologic“ahd
structural data and 2338%25/ma Rb-Sr pegmatite isochron.
Strong uplift in this area associated with granite,
’aplogranite, aplite and pegmatite'intrusionkat a Rb-Sr whole
rock isochrgn age of 2533%*15 ma, allowed closure to argoni
loss in biotite to take place much ear11er than other areas.
L1ght regional reheating at 2300 to 2200 ma appears to have
reset biotite K-Ar apparent ages in the main body of the .
inlier. Post 2200 ma eVentsﬁare represented by biotite
apparent ages outs1de the 1n11er ~Various late deformat1ona1
_eventj have reset bwnt1te and in some cases hornblende~

These reset ages can be correlated with petrograph;c and

structura] features such as my]on1t1c texture in assoc1at1on '

with an aeromagnet1c lTow correspond1ng to a follatlon
d1rect1on The inlier acted4as a stable block during ‘the
1950 to 1700 ma regional reworking and metamorphism,
indicating a possible thick competent dry crust, close to
the 5urface at this time.. |

3
$pecu1at1ons

At sample 1ocatipns 6000 and 6013 the b1ot1te apparent
ages areg older than the surround1ng sample ages whtle '
hornblende at - locat1on 6013 g1ves a younger apparent age of
| 2290 ma. It may be poss1ble that these locat1ons represent

intrusive events assoc1ated w1th late pegmat1te 1ntrus101§
. &

“a
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north of Tazin Lake although more detailed sampling will
have to be done as swng]e samples are statistically
1n51gn1f1cant

Areas of positive $agnetic relief of 3500+ gammas,hsee
Map 1, may reppesent mohe mafic rocks which have been
intruded by granites and granodiorite;. The aeromagnetic low
~ situated between locations 6027 ahd'6034 may-represent an
intrueion of post—2600 ma7granite;vor aplogranite similar to
the one north of Tazin Lake. | . |

In the Hill Island Lake area, at .least one fault
assocjatedrwith the Tazin uplift cut the area. One such
fault may cut through sahble iocatioh-6034 as shoWn by ‘
shearing in thin section where the‘hornblende age may be
heset’at 2320 ma. ‘ o P ~-?v

In f1gure 14, the compos1t1on versus age plot assumes
that Fe-Mg comp051t1ona1 variation may accou for the total
age var1at1on endountered althouéh ages will also be,
affected by local heat1ng, shearing deformat1on and water

content of the hornblendes. Of the po1nts 1ying off‘the line

both SOOBfC'and 6034 have been reset by 1 ter deforhatien.
6036—A has been reset by‘the intrusion of_a granite dyke
‘probab]y of the same genesis as- the gran1te and aplogran1te
wintrusion north of Tazin Lake. 6003—8 may have been
partia1ly'reset by deformat1on, as well as sample 6005—C
6032 and 6005 may have been affected by 1800 ma therma] .
metamorphism as they are situated near the edge of the
inlier. It is also poseible fhat these_samples have a higher

~
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2+ 1ron‘content as compared to total 1ron than the rest of‘
the samples. The sample from locat1on 6022 appears to have
beén involved in the ?vent that reset potassium»argon ages
in the Tazin Lake area. ‘
. -~

1f the amphiboles 6003-B, 6003-C and 6036—A in figure
14 are extrapglated to points on the line corresponding to
composition, the cdrresponding.apparent'ages are 27?0 ma, .
2710 ma, and 2740 ma. These agéé may correspohd to the age
of granuliteﬁfacies metamorphism of age of genesis of the *
rocks The line may also fepreSent a simple cooling versus
age re]at1onsh1p\w1th upl1ft and cooling culminating at
about 1800 ma. This is probable as the b1ot1fe ages in Uﬁw
central p%rtion of the inlier appear not to be reset by an
1800 ma»éveni.

Thege rocks may have been buried deep under piles of
2600 ma 1ntrusive‘and.extrusive rocks, and underplated with
/'granulite facies rocks. Fbllbwing'this'buria] an isostatic
uplift would have brought the QQQKS back up fiear the sur face
over a long per1od of time. To test this area for old crust
.other methods of age dating should be employed such as Rb—Sr
whole rock, Sm-Nd whole fock, and U-Pb zircon and a much
“larger number of sample ages obta{ned, Also, more detailed
-_mapping of the geo1ogy:énd structure is necessary fbr;"
correlatiqn with the isdtopic data. This‘will help sort out

. the resetting problems involved in this study.
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Appendix

‘Sample Preparat1on

The samples collected were crushed ground sieved. and
Separated according to the methodsvdescrlbed,1n Hutchinson,
(1@74) A portion-of the sample was saved for'hand specimen

descr1pt1on and a port1on for thin sect1on preparat1on The .

7
Ve

30 to 100 mesh port1on of the sieved sample was used to .
Ebta1n b1ot1te, muscov1te and hornblende m1nera1 separates

‘Potassium determinations

|

. 'Potassium determinations were carried out on biotite

}muscovite using the gravimetric methdd-desoribed in

and
‘Cluiey, (1855). Potassium‘determinations were carried out on
.hornbiende Whole rock, ‘and a few b1ot1te samples using the
flame photometer wi th the volumetr1c method as described by
;'Abbey and Maxwe]] (1960). For purposes of correét1on for
blot1te contam1nat1on, potass1um was also determ1ned for
'_gra1n mounted amph1bo1es from spectral ana]ys1s of- energy
d1spers1ve m1crobeam emm1s1ons This techn1que and the
program for ca]cu]at1on of chemlca] compos1t1on is descr1bed

- by Smith and Gold - (1979)

Arqon determvnat1ons o i o 'b .

.. Argon determ1nat1ons were accomp11shed by extract1on |
‘with m1nera1 decompos1t1on, 1sotope d11ut10n and
pur1f1cat1on 1n a glass argon tra1n as descrIbed in

Da]rymple and Lanphere, (1969). -

'.)



‘Spikes, Reaqents and Constants

| 1581 38/36 = 0.1869. The spike ratlos for argon are 40/38

69

The sp1kes used: for argon determ1nat1ons were

approx1mate1y 2X1O 5 cc. STP 38 argon.. The reagents used for

potass1um grav1metr1c method are 1:10 dilute sod1dm

tetraphenyl boron (Na[B(C6H5)4]) solution prepared by m1x1ng
J’NaOH and A1C13 and purified using A1(0OH)3. The other
v ”reagents used to dissolve and extract potassium from the

minefa] separates are 5 fls. of HF. &nd 2 mls. of TN H2S04.

, .For volumetric determination/Of potassium the aliquot

e'was compared to a standard NBS, 1975 containing 192.33ug/g
of 41K, and 3.7ug/g of 39£ with atom1c proport1ons of: 39K

0.929371, 41K = 0.07051, 40K = 0. 0001193. | ‘"5\
Constants used for ca]culat1on are; 40K/K(total) =
167X10-4 Ae=0. 581X10 1o )\,;- 4.862X10-19, ppm 40K =
(%K20X93 36)94.2, age (ma) = - .
(10, 000+ 5»543)X]n{((40Ar/40KX5 S43)‘B 5817*1) Air argon'

' atomlc fract1ons used are: 40Ar = 0.996, 38Ar = 0. 00063

N
36Ar = 0 00337 and atomic ratios are:«40/36 = 295.5, 40/38

0. 0021219 36/38 0. 0000727

4M1crgg obe nalys1s

The mtcroprobe analys1s was performed on graIn mounted

"hornblende samples and chem1cal compos1t1ons have been

ca]culated as ment1oned in the section on potass1um

fdeterm1nat1ons The results of th1s analys15 are presented

1-Jn Table 5, o S ‘. C VT

] oo B B f



“Str‘uct'ura] formula
‘based Oﬁ7'23(0.C,1) _
0.0 =5

3.819 | -

| ),° 23.0000°
1.068 . 0.3240
5.827 | 1.3595
1.130 / 2i0533
41,071 | 6.4289

0.0 - )‘ 0.0 °
1.376 { “uf%9§2748
10.379 | £771.7407
1.052 ; © 0.1239
0.392 | 0:0520
'18.627/ 2.4384
5173 | 69. 154
0.082 | 0.0095
N
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Sample No.

 6003-8

t Element

‘Na
_Mg A
Al
si

- Ca
Ti

©Mn

2+Fe
3+Fe
n
- C1

o~ /
Oxide Wt%

3.812

1.127

- 9,521

9.128
43.837
1.150.
10.580

1.968

0.528

'14.246

3.958

0.084

0.081

Structural formula

0

22.9790
.3326
.1604

0

2

R

o o o o

o o o

.0

.6377
.6733
.2233
. 1257

.2253

.0680
8136
4534
.0094

.0210°
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C—

.
Sample No.
6003-C
Element Oxide Wt%
o a.738
O .
Na °. :0.9493_
Mg . 9.683°
. Si 41.482
C1 0.127 -
K 1.032
" Ca 19,265
- 1.550 -
2+Fe 15.431
3+Fe  4.287

0.180°

Structural formula

0

22.9667

0

0.

c o o

0
2847
. 9439

.0333
.2037
.5364
804

L9972

.4993
.0217

2847

.4200

Ry
De
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Sample No.
- 6005-A

E lement

Na -
.
_rAl'
_Si
Cl

-
T
Mn
2+Fe’
. 34Fe
n

Oxide Wt%
3.505

1151
5.045
9.728
41.581
0.0
1.349

- 10.170

1.1464
0.339

19.966 -
5.547
1 0.154

b *

o N o & -
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Struciural formula
0.0
23.0000
0.3508
1.1820
1.8023
5362
0 "
.2705

a2

B = B o B ¢

S 1.7129

1730
0451 .
.6247
6562 | |
0.0178 . . g

Y



' :SampleANo.

6005-C
Elenf@rit

‘2+Fe
3+Fe
n

1.139'

\':‘

Oxide Wt%.
3.585

6.533

 9.525 .

42.514

0.0
2y
" 10.576

1.559

0.445
'17,856
4959
0.08% 'Q

‘ . <

{ ' :

~Structyral fermula

0.0 y,
23.0000

0.3430
S
1.7429

6.6008

0.0 '

0.2442

0.1820° /-

0.0585 /.

ST A
“2\3178: S
,b;§794,'

doo
10.0093
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' Oxide Wt%

4.042

1.325
4.033
10.910
39.363

© 0.0

1.688 -

'10.010 -

2.059 .

.0.458°
20.378

5.662
0.073

6
0.0
0

- 0.0086

o

Structural formula”

0.0 -
23.0000

. e

0.4100

~°0.9595
12.0525°

. 2835

.3438

“1.7119

2471
0620 ,

6801 . ¢
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Sample No.
6015
Element

H

. .0

Na
.
Al
Si
o
‘.
“Ca
T
“Mn
2+Fe
‘3+Fe

~In

Oxide Wt¥%
,4.124

- 1.092

_5.553
11.615

. 40.273

0.0
1,621

10.4860

1.865

0,503
' 17,807
4.8
. 0.139

2
.6.3240

.

J

Structural formula

0.0

' 23.90000 .

0.3326

1.2996

. 1496

.0
.3247

.7598

0:2203

~0.0668
12,3385

X

- 0.5846

0.0161
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Sample No.

g020 -+ ’

EJeﬁenf e Oxf&e wti . %Structura] formula

oo .3.968 - 0.0°

0 A\ o ~ 23.0000

Na © 0.805 0.2410

Mg . 6915 1.5919

e 9.798 1.7836

si . 43.694 6.7488

" 00 . 00 _
K - 0.683 0.1347 °
Ca " 9.562 - 1.5825 -

Ti' 5 0.609 S o.0707 N
M 0.587 - 0.0768 “Tij
2+Fe i8.180 _,”2;3943 T
‘+Fe  5.051  0.5987.
) |

In 0.147 . 0.0168"
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Sample No. \)
6022 |
Element " ‘Oxide Wt% Structural formula |
o 4.083 0.0
o ' : o 23.0000 :
Na 1188 ™ 0.3686 |
Mg 3.234 0.7729
Al 9.805 1.8532
si 40.289 | 6.4607
cr 0.0 0.0 | -
K v  A iy 1;4%f7' 3: ;0;2886,_ ", -
" Ca 10,080  1.7336
Tt 1.p24 T 0.1958
‘;_Mn  ,'v’"v- ©0.489 . 0.0665
C2+Fe 21630 2.9007
3+Fe  6.010 0.7252
. ;0;149.'f . 0.0166
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Sample No.
6028-A
Element.
"
0
Na
Mg
Al
Si -
Ci
: K',‘
Ca

T
" Mn

'2+Fe
3+Fe.

.« Zn

Oxide Wt%
3,911 -

1,131
5.265

11.928.
39.660
0.098

ft718 |
1d.422

t1.275.'

0.429
181824
5.230

0,129 -

Sthuctura] formula
0.0
22.9738

- 0.3462

1.2387

2.2189
6.2596
~0
0

. 0262
. 3460
1.7624

0.1514

0.0574

| 2.4847
0.6212
0.0150

79



Sample No. J
60288 R |
Element . = . Oxide Wty -'-Str'ucturaf f'or-;u\q »
H 4.933 - 0.0 | |
o ; - 2370000
" Na " 1.051 ©0.3185
| Mg | 7.033 - 1.6382‘
v 10828 L 2.0120
Csi 41.535 6.4912
L 0.0, .00 - .
K . 1.264 »o§2520
ca  10.458 1.751i
oo 1.301 - 0.1529
Mn . W 0.269 0.0356 |
ovFe 16.540 ' 2.1618
3+Fe - 4.535 0.5404
0,091 0.0105
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|
Sample No.
6032 | |
~ Element "Oxide Wt% S%ructural,for%dlé
HO - 4.956 0.0 . |
0 o ©23.00Q0 .
Na . 1.049 0.3210
Mg 6.061 . 1.4262
Al ©10.832 1.97géf
;Si ; .:1 ;} 41.086 65,4862 ',' | |
',C] . 0.0 N 00 L i 7/
K 135 0.2840 {
ca- - 10.463. ,  1.7698 e
Tio L 1.129. - 0.1340 | 5
Mn . . 0.482 0.0645 )
o+Fe.  17.766 . 2.3455 \

3+Fe -  4.936 0.5864 j
S zn. - 0.084 - 0.0051 ""\

s .
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sample No. -
6034 A '
Elément . Oxide Wt% I‘Str;ctural formula
H- Ca07n . o0 ! o
T o Lo2.870
| . o.ss2 T
1.4853 -
21374 - o
R ~§.297éf
0:0130
0.3498
¢ ,
1,7682
0.1907
0.0485
2.3079 -
. 0.5770
0.0159

~uR.
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Sample No.

6036-A

Element
»

Na

Mg
AT

Si

Ci

Ca
Ti
Mn
2+Fe
3+Fe
Zn

Oxide Wt%
4.601

1.199

9.676

8.702
44,361

70.0
0.863
10.415 -
1.701
0.221
14,220

- 3,951
0.090

Structural formula’
0.0

23.0000° ‘
0.3552

2.2031

1.5666

6.7764
0.0
071682
1.7046
0.1954
0.0286
1?;166‘
0.4541
0.0102
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.Error Aﬁalysis'

A nu&ber of errors arevinvo1ved in determinations.
Tﬁese include measuring the respective biotite potassium (%
1%), hornblende potassium (= 0.1%), biotite argon (2 Oj15%).
and hornblende argon (* 0.15%). The accuracy‘of results was
. nof Kno&n because of indeterminate errors. To estima}e the
overall or total preeision, the reproducibility of K-Ar
results from Northeast Alberta was calculated. Results from
this area measure the apparenf age of different minerals
which may be used to find a maximum variation in age for
both hornblende and biotite. Age determ1nat1ons for the
A]bertan samples ‘and this study were run on the same
instruments by the same operators dur1ng a concurrent time
‘period. For 100'samb1es run at about the same fime as the
present study, the staneard deviation in the apparent age is
+20 my. For a.2 sigma variation (40 m;.), approxipate}y 95%
confidence, the reproducibility'is #2% of 1790 ma. For a
2500 ma age in this study the correspohding reproducibility
is +50 my.

4Thin Section Descriptions e

From forty nine thin sections the comm%n rock type
present can be depicted. The essential constituents are most
Commonly plagioclase, quartz and potassium feldspar, and
occasionally biotite and hdrnb]enge. The anorthite content
of the plagioclase ranges from.S%‘to about 40% (albite to

andesine), most commonly 20-25% (oligoclase) with one

quarter of the rocks less than Ani17. Plagioclase can
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constitute as much as 70% of the rock. ng”

3l

is present as

an essential mineral in all rocks except ampnhibolites where

it is vari%tal. it ranges up to 60% of the rock compohents.
Potassium feidspar is mjcrocline and orthoclase, ranging in
content from 0% to 60%. Biotite is seldom an essential
mineral but is almost ubiquitous. It.ranges in content from
15% to 0%. It hostfy occurs as a varietal minefal and as a
secdndary alteration of hornbiende. A number of thin
sections show two generations of biotite. Hornblende occurs
as”an essential mineral in five thin sections usually in
amphibolites th occurs mainly as a varietal mineral in
-eighteeﬁ thin sections. As dichssed in the interpretatioﬁs,
its composition is tschermakitic’and the hornblende is often
poikilitic containing biotite, quartz, epidote, magnetite,
apatite and K-feldspar.

Other varietal minerals not already mentioned are
muscovite, sbhene, apatife, maénetite and epjdote. Normally -
these are accessory minerals in most of these rocks but are
guite abUndaht in about one qu;rter‘of these récks. Theyxare
often found'as inclusions in hofnb]ende and p]agioclase or

“intergrown with them.

Accessory minerals consist of'nearly all the above

“mentioned minerals as well as zircon, garnet, rutile,

A
L

allanite, tourmaline, pyrite, hematite. Most of ixese
minerals only occur in a few thin sections except zircon.
3

Secondary minerals consist of chlorite, zoisite,

clinozoisite, sericite, carbonate and biotite. These
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minerals. are alteration products of plagioclase, biotite,

" hornblende and rarely, potassium féidspar.

Special features include the‘préSehce of myrmekite,

perthite, antipegthite, microgranite, poikilitic hornblende -

containing biotite and corroded zircons. . -

The texture of: these rocks.rangeé%fﬁém’pqugénél,
through“crush, breécﬁa,,porphyﬁob]gstic,'granoblésficf
protocataclastic, hartshiefer, broﬁbmy]oﬁitié, :
51astomyloﬁitic, cataclastié to My]onjﬁic..WherQ

porphyroblasts are preserved from‘shearing they aré.most1y?
1 ) - : . . ’

2

common potassium feldspar.
A few of these rocks exhibit re]ictﬂﬁyroxeneg
pseudomorphs of hornblende and biotite after pyroxene.
Occassionally a trace of clinopyroxene (diop§jdeﬂ is found.
A general modal analysis of each samp]éxﬁrom the Hill
Islanc Lake area is presented heré.)

Coan

16001) Granodioritic Gneiss
!

Foliated, augen gneiss with zenoliths, with
antiperthite and hornblende altered to clinozoisite,
biotite, and carbonate. The plagioclase averages An 23.

'Biotite is slightly altered to chlorite. Modal analysis is:
Vol :

P1 40, Qz 30, Kfd 13, Bi 8, Hb <1. /

(6002) Quartz Monzonite (Feldspar Porphyry)

Porphyritic, granoblastic, leucocratic réck céntaining
with plagioclase averaging ‘An 30.s Biotite i§ a]tere&bto
chlorite. Moda]féna]ysis 5s: P 50,>Qz 25, Kfd 15, Bi 4.

(6003-A) Monzonitic Augen Gne’ s

2
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’:Protomyionitic, fine grained, augen, gneiss containing
. “) . €,
plagioclase with average An 20. Biotite is. slightly altered
to chlorite, and plagioclase to sericite, epidote and

carbonate. Modal analysis is: P1 60, Qz 10, Kfd 10, and Bi

\

.12,

(6003-B) Pegmatite
' Pegmatite layer from same location as 6003-A containing’
microcline antiperthite and‘with a crush-texture. Microcline
ié altered to ch]orife and sericite. Modal analysis isg P
72, Qz 10, K%d 8, Hb 2. "
(6003-CY Pegmatite SR v
Pegmatite from same location as 6003-B but with more
alteration. Hornblende is a]féred LO epidote and biotite.
Thne = ilagioclase averages An 17, lower than the other

pegmatite, and contains a vein of ‘muscovite cutting through

‘_ the quaftz and feldspar. Modal analysis is: Pl 72, Qz 10,

k¥d 5, Hb 4, Ep 3.
(6004) Granitic Gneiss

Protomylonitic, augen gneiss containing antiperthite

_and'myﬁméhite and K-feldspar augens. Modal analysis isyﬂﬁ?*’

35, Kfd 35, P1(An 15] 15, Bi 10.
(6005-A).Granitic Gneiss

Mescor=" - catszclescic, granitic gneiss much altered
Jitn piegioclase average An 247 Hornb]en@e contains biotite
inclusions both along and across-cieavage. Modal analysis
is: de 52, Qz 15, P1 13, Bf 10, Hb 5, Cpx? <1,-Ap 2.

(6005-B) Pegmé%itic Granitic Gneiss
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3
Cataclastic, pegmatiticrgneiss contajnfng graphic
granite and relict pyroxene. Biotite altered slightly tom
ch]orite: plagioclase appears to be albite. Modal analysis
is: Mi 62, Qz 20, P1 10, Bi 3, A
(6005-C) Grénod$ofﬁt?c Gneiss
PoiKkilitic, protocataclastic, sphene ;ich, hornbliende,
- biotite gn%iss containing relict ‘pyroxene and pi=.;ioclase An
24-35. Hoﬁnblende contains epidote, biotite, and magnetite,
and a quartz vein cuts through the rock. Modal analysis is:
Pi 45, Bi 15. Qz 10, “b 10, Kfd 5, Sph 2.
(6005-D) Granodioritic Gneiss
Protocataclastic gneiss‘with relict hornblende and
muscovite vein cutting th%ough. Hornblende is altered to
biotite, carbonate, and chiorite. Moﬁa] analysis is: P1(An
20) 4%, Bi 15, Qz 10, Kfd 10, Hb 10.
(6006) Quartz Dioritic Gneiss h
Schistoge_gneiss containing pérthité, relict amphibole,
and sphene anc zpatite with biotitéi biotite is'strongly
~icered to chlorite and sericite. Modal analysis is: P1(An
24), Qz 15, Bi 5, Mi 2, Sph 2, Ap 2, Chl 2.
76007) Granodioritic Gneiss with Pegmatitic Segregations
Cruéh to breccia textured gneiss .with remobilized-
qugrtz and feldspar and augens of feldspar. Hornblende is
altered to epidote, carbonate and biotite and biotite is

slightly aTtered to chlorite. Modal analysis is: P1(An
26-38)- 55, Qz 20, Kfd 15, Bi 3, Hb 1.

(6008) Monzonitic Gneiss

s/
b .
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CataclaStic, melanocratic gneiss containing microctine
pérthite, myrmekite, and plagioclase (An 18) containing
'biotite. Biotite is slightly aitered to chloritey and :
hornbliende is glight]y altered to carbonate. Modal analysis
is: P155, Qz 15, Hb 12, Bi 10, Mi 1, Zr 2, Ap 2.

(6009) Granodioritic Gneiss

-

Blastic, cataclastic to hartshiefer_gneiss with quartz
rémobilized‘in veins, chtainé’perthjte. Biotite is altered
to chlorite anq plagioclase is altered to epidote. Modal
analysis is: PX 55z 45, P1 27, Mi 15, Bi 5, Chl 1.

(6010-4) Granitjc Gneiss \)

i

Protomylonitic gneiss gdntaining pyrite, microcline
anfiperthite,vperthite;zand myrmeKjte. Hornblende is altered
to biotite is altered to chlorite: Modal analysis is: P1 (An
13-17) 45, Qz 22, Mi 20, Bi 3, Hb 2, Py 2.

(6010-A?) Quartz Dioritic Gneiss

Mylonitic to cataclastic gneiss with zéned plagioclase
(An 22-28), strongly recrystallized quartz and myrmekite.
Plagioclase is moderately altered to sericite, epidote and
carbonate, biotite is slightly altered to:éh]oriteq and
hornb lende contaihs magngtite, biotite-and‘epidote. Modal
analysis is: P1 50, Qz 30, Bi 4, Mi 2, Hb 1, Ch 1.

(6010-B) gmphibolite Dyke

An east-west striking dyke'which cuts the previously

described gneisses and is-physically<undeformed, is.altered,
\

hornblende to biotite (3%), and carbonate, and plagioclase

(An 28-34) to epidote and sericite. Modal analysis is: P1 -
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55, Hh 25, Wi 5, Bi 5, Qz 3, Ep 2.
(6011) Mesocratic Gneiss

~_-Gneissose, protocataclastic, syenitic gneiss with

~relict amphibole and pyroxene, contains abundant apatite and

magnetite and is strongly altered. Plagioclase (An 14-138) is

stHongfy altered to sericite and clinozoisite, biotite is

‘stjdngly altered to piﬁite and sericite, and hornblende is

altlered to carbonate. Hornblende, biotite, chlorite, quartz

and' ptagioclase are intergrown. Modal analysis is: P1 50, Hb
13, Mi 10, Bi 5, Qz 3, Ap 3, Cpx <1, Clzo 5, Ch 3.
(60121 Granodioritic Gneiés

Schistose, blastomylonitic to protomylonitic,
melanqcratic gnejss with pegmatitic'layérs contains biotite
and feldspar porphyrdc]asts, and a symp]ectjc intergrowth of

biotite and quartz. Plagioclase is altered to clinozoisite,

Psericite and carbepate, biotite is slightly altered to

sericite. Modal analysis is: P1 (An 20-30) 55, Qz 25, Bi 7,
Kfd 5, Hb 2. : | |

|

(6013-A) ‘Granitic Gneiss with Pegmatite’ ,

‘\ .

Polygonal to atigned possibly recrystallized quaﬁtz in
gneiss, containing symplectic intergrowths of biotite,

L : . : L.
quartz and orthoclase. Biotite contains inclusions of %1rcon

"and apatite. Modal ana]ysis'is: P1 (An 16) 35, Or 40, Qz 15,
Bi 3, Hb 2. ‘ ¢

\6013-B) Pegmatitic Granitic Gneiss >
Grahob]astic to polygonal gneiss containing myrmekite,

biotite quartz symplectites, two biotites and quartz with
_ ) €



seriate ‘grain boundaries. Modal aralysis is: 21 (An 18-20)
55, Or 25, Qz 15, Bi 3, Hb <1.
'(6014) Granite

Crush.to.blastomylonitic granite cut by quartz veins
and altered, plagioclase .(An <8) to carbonate, sericite and
epidote, biotite to chlorite. Modal analyéis.is: Qz 40, P
35, Mi 15, Bi 3. ) \
(6015) Granodioritic Gneiss

Blastomylonitic to prqtpcataclastic augen gneiés
contaihing microcline antiperthite and metamict_zjrcons.
Biotife is altered to chlorite. Hornblende contains biotite
and quartz..Modal analysis is: Qz 30, P1(An 15-20) 25, Mi
20, Bi 15, Hb 5. o
(6016; Quartz Diorite

Blastomyldnitic to mylonitic with microcline
porpyroblasts, containing antiperthite, zoned zircons and
relict hornb]ende. Biotite is slightly altereq to epidote,
chlorite and sericite. Modal analysis is: P1 (An 28) 65, Bj
15, Qz 10, Mi 3, Ep 1. |
(6017) Granodioritic Gneiss

'Porphyroblastgc, crush, epidote rich gneiss containing
myrmek{te. Biotite is altered to chlorite. Modal analysis
is: P1 (An 36) 55, Qz 20, Kfd 15, Bi 4, Ep 3.
(6018) Qran%fe

Porphyroblastic, crush; grahite containirng microcline
antiperthite, myrmekjfe'and biotite inlb]agioclase. Modal -«

analysis is: P1 (An 5-15) 50, Qz 35, Mi 5, Bi 5, Musc 2.
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(601S: Granite
Porphyrgb]astic to crush gran{te ébntainﬁng
antiperthite and perfhite. The biotite is strongly altered
.to ch]orite and sericite. Modal amalysis is:*P1 35, Or+Mi
30, Qz 15, Bi 2, Ep i, Ap 2, Hem 1, Chl 7.

}M(GQZO) Quartz Dior;tic Gneiss

Cataclastic, chloritic gneiss cut.by ap]ife veins,
containing plagioclase (An 30) with pericline twinning.
hornb tende contaﬁns biotite and epidote alteration and
apétite; Biotite is slightly a]tered to chlorite. Modal
analysis is: P1 40, Qz 40, Bi‘7f Hb 5.

(6021) Granite

Cataclastic to blastomylonitic, 1eucbcraticAgranite
containing microcline with biotite inclusions. Biotjte is
altered to chlorite. Modal ana]ysié is: Qz 45, Mi 35, P1 (An
10-20) 15, Bi 3. |
(6022) Granite -

Crush te&tufed granite containing microgranité and a
trace of antiperthite. Hornb]ehde contains biotite along
‘cleavages, and also plagioclase, apatite, carbonéte;
magnetite and epidote. Modal analysis is:/Qz 37, P1 (An 22)
25, Kfd 25, Bi 5, Hb 1. |
(6023-A) Granite

Crush textured granite containing microcline
antjperthi%@a microgranite, and stringers_of biotite,
muscovite and microcline. Modé] ana]ysi% is: P1 (An 10-25)

35, Qz 30,.Mi 25, Bi 3, Musc 2.

TN
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(6023-B) Granite IS | |
Brecciatedj\Begmatiticf quartz rich gréniﬁe containing
microcline with muscovite inclusions. Modal analysis is: Qz
60, Mi 25, P1 10, Bi 2, Musc 1.
(6024) Granite
| Brecciated, leucocratic granite cbntainihg
microgranite. Biotite is altered to chlorite and séiicite.
Modal amalysis is: Qz 35, P1 35, Mi 20, Bi 2.
(6025} Amphibolite Gneiss
| Crush textured gneisskcontaining pﬁagioclase (An 26-46)
with inclusions of biotite and quartz, and hornblende with
inclusions of epidote, apatite, biotite, and magnetite.
Biotite is s]ightly altered to chlorite. Modal analysis is:
P1 55, Qz 15, Hb 15, Bi 10, Ep 2. "
{6026) Granitic Gneiss
Crushed and- foliated gneiss Containihg'microcline
antiperthite and interstitial muscovite veining. Modal
analysis is: P1 30, Qz 30, Mi 30, Musc 5, Bi 2.
zé027—A) Monzonitic Gneiss
"Cataclastic, leucocratic gneiss wi}h some ‘alteration, .
biotite to chlorite. Modal analysis is:doz 35, Mi 30, P1 (An
28) 25, Bi b.
(6027-B) Granitic Gneiss
| B]astomylonitic gneiss contafning recrystallized
quafti. Biotiteris slightly altered to chlorite. Modal
analysis is: Qz 55, Mi 30, P 16, Bi 3.
(6028-A) Granodioritic Gneiss
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: Modé] ana]ysié is: 3 (An 12-25) 65,

94

Crushed gneiss cut by pegmatite dyke contaﬁning
abynd%nt antiperthite, myrmekKite, relict pyroxene and
péiKi]itic-hornblénde. Hornbjendé contains biotite and = -

apatite angd is altered to epic te. Biotite is'slightly

_altéred to chlorite. Modal anz vysis is: P1 (An 20-24) 85, Qz

10, Mi 8, Bi 7, Hb 5, Ap 2.
(6028-B) Amphibolite Gneiss
Hartshiefep/éneiss containing hqrhblénde with biotite

inclusions and alterations, and biotite altered to'chlorite.n

"Bi 7, Qz 3, Ap
2. |
(6029) Ouarté Monzonitic Gneiss g
.Blastomylonitic, augen gﬁeiss-containing perthite.

Hérnb]ende contains biotite and biotite is altered™to

chlorite. Modal analysis is: P1 (An 17-37) 30, Kfd 30, Qz
30, Bi 4, Hb 1. -
(6030) Quartz Dioritic Gneiss

3

Protomylonitic gneiss with streaks of peghatite.

Biotite is strongly altered to ph]ogopite, sericite and -

chlorite. Modal analysis is: P1 (An 25-35) 50, Qz 35, Bi 5,.
Kfd 4, Musc 2. (

3

(6031) Granodioritic Gneiss
Well foliated, crush gneiss containigg micrograhite.

Biotite is altered to chlorite and sericite. Modal analysis

Cis: Qz 40, P1 (An 17-34) 35, Mi 20, Bi 4, Chl .5.

(6032) Granodioritic Gneiss

Chloritized, crush, mesocratic gneigs containing.

/

A <
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microgfanite perth1te and re11ct hornb]ende B1ot1te is
"strongly altered to ser1c1te and chlorite. Modal ana]ys1s
is: P1 (An 18-31) 40, Qz 35, Mi' 15, Bi 5, Mte 1, Ser 3, chi
1. S o ‘

' (6034) Biotite Schist

Blastomy]onitic ! conta1n1ng perth1te

antipérthité recrysta1]1zed quartz and po1K111t1c
. »(,;

hornb]ende with 1nc1us1ons of qq'rtz b1ot1te and fe]dspar
Biotite is altered to chlo¥1te Modal analysis is: P1 {(An
28-30) -50," Qz-20, Kfd, 10, Bi 10, Hb 5, Ep 2, Chl 2..

-(6035) Gran1t1c Gneiss - . - )
, 4.

: Protomy]onitic mesocrat1c gneiss containing myrmek1te
m1crogran1te perth1te ant1perth1te and po1k1]1t1c
hornb]ende w1th 1nclus1ons of b1ot1te and apat1te
A]terat1on is hornb]ende to carbonate and ep1dote Modal

analysis is: P] (An 14-17)° 55, Qz 20, Kfd 10, Bi 5, Hb 3, Ep
2. | :

(6mbﬁ)mmmbm1w

Mass1ve *po]ygonal rock conta1n1ng po1k111t1c

. hornb]ende with Tnclusians:of quartz and apat1te and

4

1ntergrown w1th magneffle andbiotite. Moda] analysis is: Hb
50, P1 (An 14) 35, 0z 3, Mte, 3, Bi 2.
(6036-B) Gran1te _

S

PO]ygona] ]eucocrat1c gran1te conta1n1ng quartz with

ser1ate grain boundaries. Modal ana]y51s'is: Mi , Qz 15,
1

P1- (An 27)’15,(577Z‘Eh1 1.

~,
o

3

o
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Plate 1. Hornblende with contaminant

a. Sample no. 6001. hornblende with biotite and ebidote
inclusions. transmitted 1ight, green filter, magnification X
16. -

b. Sample no. 6005-A. hornblende with biotite
inclusions along cleavage and across cleavage. transmitted
light, green fi]ter, magnification X 50. :
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Plate II. Hornblende, magnetite, biotite and quartz
‘intergrowth : E

[ '
a. Sample no. 6010-A. intimate -asso¢igtion of
hornblende, magnetite, biotite, and quartz with epidote

alteration. transmitted light, yellow filter, magnification
X 40. _

b. Sample no. 6010-A(?). hornblende, magnetite,
biotite, and quartz intergrown with biotite altering to
chiorite. transmitted light, yellow filter, magnification X
12.5. : '
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Plate I11. Hornblende, biotite intergrowth and biotite in
plagioclase

a. Sample no. 6011. amphibole, biotite, chlorite,
quartz and plagioclase intergrown and altered. transmitted
light, green filter, magnification X 16. - ‘

b. Sample no. 6018. biotite inclusion in plagioclase.
transmitted light, green filter, magnification X 16."
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Plate IV. Hornblende with intergrowth of mine}als

a. Sampie no. 6022. hornblende with biotite along
cleavages,; plagioclase, apatite, carbonate, magnetite and
epidote. transmitted light, green filter, magnification X
10.. ' ‘

b. Sample no. 6025. amphibole with inclusions of

102

epidote, apatite, biotite and magnetite. transmitted 1ighf,

green filter, magnification X 40.
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Plate V. Polymetamorphism and biotite alteration

A

a. Sample no. 6026. muscovite vein interstitial with
biotite against plagioclase and quartz. Some antiperthite
present. transmitted light, crossed polars, yellow filter,
magnification X 10. .

e

b. Sampie no. 6033. strohg]y chloritized biotite with
associated muscovite, magnetite and plagioclase. transmitted
light, crossed polars, yellow filter, magnification X 40.

Q
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Plate VI. Amphibolite facies retrogression and aTteration

&'-:,‘.

a. Sample no. 6036—A. hornblende intergrown with ,
magnetite and biotite which is altering to sericite.
transmitted light, pale green filter, magnification X 10.

s

b. Sample no. 6001. microcline with altered
‘plagioclase. Plagioclase altered to sericite and epidote.
Perthite present. transmitted light, yellow filter, o
magnification X 10. :
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PLATE VI

£
4
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Plate VII. Granulite facies retrogression and deformation

v

I3

. & .
a. Sample no. 6003-<C. antiperthite altered to epidote
and ’sericite. transmitted light, yellow filter,
magnification X 10. ‘

. N
b. Sample no. 6004. protomylonite texture. Biotite with .
quartz. transmitted light, yellow filter, magnification X -
10. : : . '
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