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e L f“ C " ABSTRACT ‘ S . e /
‘. The Wakeham.Bdy area ls situated in the northern L
beft nt'fhe Ungavn Penineura.‘tt”encompasseg theﬁédéternjéﬂdj

..g

.ot the Cape S-lth Belt and straddlee the boundary between L
'the Churchlll and the Superior Provinces. By 1ts Iocetion" L
B T ~\- R ‘ : v » . Lo 4 i
',and the presence of a conplete strétlgraphlc sequence' it ls‘f”ffﬂ

.1' s
.

‘a key urea ln vhlch to Btudy the evolution of the Cape Smlth

PN

‘Belt, as pnrt ot the Clrcun-Ungnva Geosyncllne,'and 1ts re—;j”
flatlon to the Archean hasement. The Aphehlnn stratlgraphlc’”' .
. . ._' DRI . ) / B ut
sequence 49 transeressive on thla baseuent whlch had pre-‘ : o

: : v '\“M
. =
.viously been intruded by earller Aphebian dykes. It beglns
_wlth coagtal.to shallo',narlne,.detrltal'and chemlcal, Lron—"
lch deposlts (Iron GrOUp) and continues vlth stable platd‘

. '
- .

vf!orn sedlments (Pelitlc Group). Volcanlcvactivity,gthe'be~¢ge

iglnnlng ot whlch cen be obeerved 10cally‘Infthe,ltoq'Gnngg}:'

‘T«Abeconea slgnificant 1n the thlrd unltg thelvblcane-‘

R ‘a . i . Lo ,‘._,f;

ﬂqSedimentary Group,ttnls unit consists of pelltes, n’carf' S ,

Tuie i L
R o . _— \t

'wjbonate horlzon,itutts, glevg»dnd eohefslllsfnand en&s vith f‘f

e s

P ‘ \‘ -

Vﬁeﬁkoslc sandatcnes and\gilts. The Lower and Upper Volcanlc'
DR . e i W . .

'.fcrqup, conpoaed of 80% volcanlc rocks and 20% 1mmature de-”:-w

,~tn1tnln3e41nents.

\

. eugeosyncllnal domaln nay be dlstlngulshevf ffl_ micﬁﬁpcf““‘%;

,4. A

"1"°P_¢9'91n' whlch occupies the southern third of the area..

J

‘fn7the1_ff:




,nccur in the upper part of the sequence-7

o directlons (gkw, NW-SE, NE-S'), resulted 1n three phases of

 “ reduced in thlckneas 1ocally the Iron Group, sonetimes also

J

4

'maseive and pllloved baaalt flovs ylth mlnor pyroclastica

and nunerous ¢ubbco sills,‘chemically cklﬂ to oceanlc tho-:
./:.‘ o '

";Ielltes. Ultramatlc 51118 occur malnly kn the Upper Volcanlc

R

.

Group) whlch ls also characterlzed by the presqpce of koma- -;

%tiltee (ultramaflc extﬁhslves)o'ulnor calc-alkallne tutts

3

cal move-ents ot rlgld baeenent blocks,‘along three maln

."

“
ey
41

. L y LN : " S
phaeee varlea from place to place. iny the E-' phase has

&9‘ .‘. )

attected the vhole ot the Apheblan sequence. In the western_;

PR
.

}"fpart ot the nrea a veak N—S phase may be : recognlzed. f

»

"Penetrat!ve detormatlon of the basenent occurmed only

.more hlghly meta-orphosed part of the ar

studied haa heenf

amphlbollté fac1es. The lncrease‘ﬁn -e

‘

orphlc grade across

fhe region rrom South to North, apd West to East 15 recog—

.

‘trﬁkzed in the metapelltes by the successlon. biotlte, alman-

Zdine, stnurolite, k&q&lte,:and in the metahasites by the L

N

the Pelitic Group,“are absent..The volcanlc rocke are nost‘y

]

Dur@ng the Hudsongan Orogeny, difterential verti-

toldlng ln the overlying cover. The chronology ot these:' :nf,”'




v

S : L o Doem e T

.
-

epldgte and chlorlte prcsent._The order of appearance shovay

the metamorphlan to‘be of an lnteﬁmedlate P/T, Barrovinn,

\ . v ,.‘
v

ﬂtypeg‘lt also shows thnt the P/T ratlo vgs 1ov@r in the }'
'Soufh_fhanAln'therNo$th§ where the Aphebldn‘sequence'qqs s
<-£ .“ ~lthlcker.‘Use ot the bo ot potasslc whlte micus conflrmsv 4_' ' 'f 

. tb1so A blotlte-garnet geother-ometer was developed to quan-.

t

S ‘? t1ty the netamorphic zonatlon. Together wlth the ‘ )

r,"

:plagloclaae-garnet—A125105-quartz thermoneter—barometer, 1t

"'ylelded nnxlmum (610 C. T 2SKb) and mlnimum (500 C, P unk€ 
nown) netamorphlc condltlons. Tﬁe quantltiéd.ﬁetambrphic-
: I R . P
"zonatlon revealed a distfhct basenent eerct ("effet de~ e s

l)\;;;i ,‘socle") which is lnterpreted aa the expresslon of a disequl—‘

o T -

o 11brlun 1n theuﬁeat flow durlng'metamorphism.‘This'zonution “;.3'?
TN . : o Lo
o )ls used ulao%to study the composltlonal changes wlth tem~ S

perature of Jectron mlcroprobe &halysed metamorphic

AN
RS
. Vs

N
S N

i

//hlnerrls. A compositlonal gap }s recognlzed ln the plagio- R

clasa between:An7 and,Angs-zo,-und in the calclfereus amphl—'h

.bole betveen nctinollte and

. . “‘J

Age determlnations'by the vhole-rock Rb—Sr 1soch—

'ron nethod showed the basement gnelsses to be‘at 1east 2900

[V -

'*n.y.-otd,;und the Aphehian volcunlsm 2150-2200 m-y., com—._v

2 . 22 —_—

Zpared wlth approximately 1850 m.y. ln the Belchers Islands A‘F‘_

*

~~and the'Labrudor Trongh. Desplte llthosftatigraphic slml—

] s R e
. 1ar1ties with these other parta{ t the~01rcum~Ungnvaj}ﬁ ':ﬂ IR L

 Geosync11ne, dltterences 1n tectonic style and the presence ; ;f E
, )

"'of ko-atlltes,‘concur vlth the geochronologlcal resultg to

a2y

'ﬁ'{hfmmark the Cape Snlth Belt as sn older segment of the Clrcum-Ap




1Ungave Gegeyncllne; lt may beé ekin to the Thompson Belt. - 7
coe . : S

The lnadequecy ot plate tectonlc models, ln partl-,gi'ff
- { . . : '

-

culer thaf ot centlnental colllelon and suture, to explain

{ N ' . [

'the Hudsonian Orogeny in’ the Wekehem Bey area, le dem?ns- 1..e“_

trated. The’tollovlng model for the evolutlon of the Cepe.

’Smith Belt, as part ot the Clrcu--Ungavn Geoeyncllne, ls.,

prOposed. Durlng the perlod 2200 2150 m.y., ‘a Iinear zone ot i.

- wmantle diaplrlsm under an early Archean besenent,‘whlch/may

PPN 1 -

be pert of the Norfh Atlentlc Creton of Greenland, Labrndor,

: and Scotland, ceused vertlcal taulting, subsidence, end vol~
. i ; .
.caniam. thle resulted 1n the 3 to 15 ku thick, &einly.v‘ N
fmarlne, VOlceno-sedlmentery sequence now vislble. Thls acti- .
. . . " ; X . R . s L /
‘vlty nuet heve continued on 1ater, continuously or discon-“
tinuously, tor another 15-18 kn of VOICanics end sediments R ‘o
is requlred to account for the present metemorphlc grade,z R ﬁ
H‘apd et 1750—1650 m.y., lt culmlnqted as the Hudaonien
\orogeny whlch has produced thi\zeln detormetlon,:metamor;
phls-, end upilft. N _
st IR R N i
. | . x .. o e o
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1 !’ E
. , .
.. 'CHAPTER I o
. v‘ ) ‘/!;
NN : . . -
INTRODUCTION = . - ,
'A. @

‘5‘ f The Wakeham—B&x area ls a part ot the Canadinn

' L e
'undary between the Churchlll and the'm

A

l

lSuperior Provl'ceso It-encgmpagses the eastern fermingf;on;'

“_~

,"Qfxtpe?..pg Smith Bel§ (31PG?t 6t3fhev01fcum40nga§éJ v

'basement-cover relations are well exposed,

'_Geosyﬁcline)_ahd”ddhsistsjor Aphébiqn;sﬁp&écruéfal rocks and
. Archean basement gdékk. ThéVwakéhum Bay area ocpuplés;a:key>,

npoéitidnrln thé Ciréum—Ungava Geo§§ncline,'hécause‘thef'

a complete cross—

a

V'sectlon of the Belt 1s avallnble, and“the aredlls.sltuatedﬁ

' qt a maJor change in trend of tpe Geosyncline.<§t fhué c

 otfers the opportunlty,to study the evolption of an Aphebian

N -

fold belt, through sedinentaiion, volca%ism, deformatlon,;'"

"'aaﬁ~metamorphlsm,‘and its rélatlons to the Archean basement..

b (2

 as>'¢11'nspthe ettect*ot'the’ﬂudsonian Orogeny”on thls bgse-

Vo N . vl |



b : A IR R 2 i

)

The aim ot the present vork le tq.study the vari-g'n'

6us nspecfs of the geology qf the area

P 2N

~in order to unruvel

~
4‘_{‘. oy

Ll sjhistory trom Arcnean to Quaternary~t$mea trom the view

R S

) ' K% .
po*gt of the evolution of the Canadidh<Sh1eld. Within thls
'"‘f, ’ ,\_ . \‘ co S «
framework. the inveetigatlom of fhe Hudsbnlan metamorphlsm

;e s

,lanemphasized nn& 1eadb to an nnclllary*study. the develop-
’ “"" ra N
. S

ment of a: geothermometer. Another anc111a¥y study leads to a .

o

‘_new method for rnpld chemlcnl analysis ot rock samples-

'PThe Wakeham Bay area. 1ncludes the part of New-

v

Quebec sltuated between latltudes 61 IS'N and 61 4S/N and

2
.ximately longltude 71 SO'W. It embraces about 3400 kmz of

. ’ 'which some i400 kmz are Apheblan rocks, the remainder being -

'\ the Archean basement (Flg.~1).

A . . » .
Mapplng ot the:area wns lnltinted by the Quebec
”Depnrtment or Natural Resources because ot lts economlc po~-

&
1'

tpntlul' the nickel—coppet deposlts of New Quebec RagLan~,A
'ﬁ&nes Ltd (16 million tone averaglng 2 58% Ni ‘and ‘0. 71% Cu._

‘?anadlnn Mines Handbook 1977-78) occur 1n Aphebinn rocks

hich extend 1nto the Vakeham Bay area. The Apheblan rocks‘

nanplng, 1n1t1n11y a t ee yenrxpfegramme, began

én'1971,_centinued-ln 1972, but wa s discontinued ln 1973,

PR
|

f&lioylng‘a“chenge 1n pollcy
R !

Natural Resources. By that_

t the Quebec Department of

R

ime some 1900 km vincludlng

>

Iongltudes 73° W nnd the coast of Hudson Stralt, i. g- appro—‘j

3

P
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B e e %

tlon across the Belt ln the central part and. the one in the

SE quarfer of the area. renaln un apped. As a reeult,some of
. S

elatlons}are not as 'clear

the stratigraphlc and structural

‘as. could be,deeired and'the metamo"phlc'zonatlen'na& fovbe

extrapola ted, from,the western to'the eastern map area, to

produce & comprehensive model.

. A o o y. o LG

M . o _
! : : :

-

The Wakeham Bay area 2_2 gg had not been mapped

.previously, except at reconnaissance scale or locally by

* '

mlning conpanies during exploratlon ln the 1ate %?50'9 and o

/3early 196Q!sq‘A good sumnary ot early exploratlon of the

iUngava Penlnsula is given in Stevenson (1968)- . "a'n;
gThe Cape Smlth Belt'was exglored for sulphidee ln

the early/1930's (Airth, 1933, Gunning,,lqaa). The central

&

’part of the Belt ‘was mapped by the Quebec Department 01

Natural Reeources (Beall, 1959. 1960‘ Bergeron,>1957, 1359}

ené kantigny;ﬁ1959, Gelinas. 1962;.Gotu, 1962).-xre£z (1960)"

«

made a reconnalssance map of the northern part of the Ungava‘:

'

Penlnsula. Stevenson (1968) Mapped the area south of 61° N.

-

RGN



;.'_~“:,The erea hus‘dn arctlc?clluate ﬁlth streng marine

N \

lntluence. Summers are cool,'wet,_an&_windy vlth average

“ . )

maxlnum daily femperature of 10" C ln July hnd August. The

plateau is cooler than the coast and low-lying valleys.:A'

Q

few days reach 25 to 30 Ce. Preclpltatlon qlthough not Abun-
dant Ls trequent, tog Is commdn lnﬁsuimer, malnly near the

coast, ‘and may become a problem 1n the use. of helicopters.'

.g-‘-

The snow covet has sutficiehtly déeredng; te'

start tleld work. by the end ot June along the . coast, and ln’

4 .
B the second halr ,of July on the plateau. The ice break—up

- - ’

starts in enrly July along the coast. but 1ce remains \111

the end/of’d/ly on 1akes, at altitudes above 500 m. On ?hesen:'
lakes icg\iierts to torm again lnﬂtﬁé’;;eond,hnlf ©

Saptembe:.\~ T g ¢ Sy, T

o
: S

\

! The urea lles some 300 km north of the tree llhe.ﬂ;‘

f:Vegetntlpn is sparse and conslsts oi llchens, moss and her— Q:.

'.l,

e;baceoua plants. A few shrubs, mainly alder,'are to be found'fiA‘

- PP

Vo

R

T7on protected slopes and 1n 1ow-Ly1ng vulleys..‘”'e‘:'
v -;thdlifeAls,not very abunddnt.'Mammals censlstzbi‘u'
\ o ST ' s T -

- lemmings, beébsmnhd¥toxeé'ph land}-qegls’ghd belugas-in the

RN
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%/"ﬁéonstalbyatgps:ﬁpblar b?#fs afe'Océasloﬁdlly?ééén.‘éarlb§d7
| are. hﬁé;nt fé;-.;he:dﬁea;no' aﬁd can ;nly be”f&&nd.so tévIQOﬁ.
:km to(ﬁhe.south‘ however, tge occasloﬁaL.antler encountered '
:oﬁ the plateau testlfies to thelb past preseﬁce. Cnna&a

.. j \ S L )

llgéésé, sqverai S§eclea o} ducks, and havkg,Lptgrhlgaﬁsj snow
. §i1s}'gu1£s§ ;érﬁs'and'lbons;”as vél} as nnmgrpuﬁ‘smdliéf L ‘:- ; 
blrds were elghted. Lakés‘aﬁd rivefs‘coﬁtdin‘¥y6ut aqq -
';rctig;char- Mosqultoeé and bl#ck flles a?e §£.L;t¥té c?ﬁ-_‘ _ﬁ_ .
.cééh, gxce§f dﬁrlngvtpelw;rmésf summer &ays-;ﬁ'wind};;0€
iifecte&'aféaé;l" - | | o

. ! . . . N

e

‘.

The Wakeham Bay area ls sltuuted;along the Hudson

S '

Strait in fhe northeast of the Ungava Penlnsula. It 18 at

’ the Junctlon of the Larch Plateau, the Povungnituk.ﬂllls'i

Shield (Bostock, 1970). E » .'*f : : \
The Larch Plateau rlses slowly trom an altitude of
x ubout 1000 feet 1n the central part of the Ungava Penlnsula o

.<to about-ISOO feet"ln the map areai~The~Sugluk,Plateau-con—

3 t;nues thls peneplaned surtacevat an altltude ot 1900 feetH
.. v . ! .
to the Hudson Strait. In.the tvo‘plateaux,-underlaln nalnly.> .  j<f{
vby A?chean gragificAand gnelsslé.basemént rocks, the rellef'
;é subdued,‘conslstlnz of lov-roktthg hllls; with an 1rregu—”
; e T ’ o . -
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lar drélnaae{dndfnuﬁerone lakes. The only 1nterruptlon 1n.'

. N
.

the landscape ot the Larch Plateau 19 the New Quebec Crater,“

B

'frlslng some 400 teet above the peneplaln. o R

R

In the veetern part of afea, the east—west tren—<.

-~

'fding Povungnituk Ellls underlain hy Aphebian sedimentary andfepn"

'volcaniqgrgckey cuﬁw§croes the peneplain 1n tvo rldges.'

. \

Monts Lunel and wont Giratte—uont Umiakk\separated by the
/

Wakeham Rlver valley. The Vlcenza Rlver valley forms a

.0

broad, 1ov-ly1ng area betveen Mont Giraffe—uont Umlak and

’

7the sllghtly hlgher Larch Plateau to the south. The hlgheet

¥

rpolnt of the area, andkpr the Ungava Penlnsula' at 2275

N . 4 ) e "J,,,v

*feet,,ls located 1n the Monts Lune north of Lac Felix- In

'.,plateau and are smcller.“file.ff.

EﬁAphebian roqks 1s'sp15tﬁlnto tvb nurrow branches and 1s ote

‘ . - ) .‘ . . N . . . R

e

the Povungnituk Hllls, the rellef is. more pronounced, ‘consi-

'1st1ng mostly of parallel ridges (cuestas) of gabbro sills or

thick basalt tlows. These rldges generally trend north—

- L.t . -

northwest. Drainage 15 structure—controlled and tends to-'

'vurds a’ trellls pattern. Lakes}nreulees qbpndent fhdn”On thei

r

where the belt of

;‘Bast ot 727 25-_ to. 72 .53~o-‘v,,.
. S

ff~higher metamorphlc grade, the distlnctlon between the two“%f.:A

. ' \.

“physlographic types (basement roeks and supracrustal rocks)

td

ls less pronounced. Along theé/ﬂpst of Tudson Strait the
Sugluk Plateau ends in. hlgh cliffs. Thiq 11ne of cliffs may _ve

be related to a fatlt structure as 1t la ?arallel to one ofﬁf

1 for, place names, see Figures 1 snd. 16

S SR e



i\fﬁevndJor-llnéaﬁenffdlréEfIGﬁs of“fhéfdrei'béee Cﬁapterfdn' _

vistructure). The helght of these clltts pecreases irom about

w?lSOO feet near: Douglas Harhour to essentially nll at- Cape

4‘Pr1nce ot 'ales, at: the mouth of 'akeham Bay they are etill
>7500 to 1000 feet hlgh. At Joy Bay, the ground rlses gently
\'l- . ‘

westvards from aea level to 1000 feet wlthln about 10 km.

‘ . I the flrst 10 to 20 Km. from the coas‘t the reuex

is pronounced,.the hlghlands have been dlssected by glaclul

Af/.,«

'and tluvlal eroslon. Deep glaclal valleys wlth hanglnf'Val~j‘

' ﬂeys nnd cquues. some wlt“ a tarn, are charucterlstic ofi ai}

,

'the;ctitf—borderedwgoasta Some‘Of-the larger valleysiare

v

‘submerged forming deep fJords (Douglas Hanbour; whkehnﬁff“i
‘qu), others are already emerged (IppiJuaq, the lover

Vfcenza Rlver valley). R ‘ ’ﬁ ;. ' '>1A; R S

The map area ls composed ot two main dtainaze ba—,;;jkxgj“

. . s
T - B

slﬁé? 'Akeham Rlver’and ViceﬂZa Rivér. In addition, a. rev
f ‘smal1er rivers drain the area south of Wakeham Bay 1nto Joy

'f‘;,'“

The lower partszpf the valleys of fhE‘Wakeham_'

Rlver andﬁyicenza Rlver are typlcal U—shnped glaclal val—;J
'leys, the bottom of whlch\rlses to no‘hore than SOO feet

'above sea level.‘The medlan part ot the Vlcenza Rlver valley .
Y P . .

o ¢

an a: deeply inclsed V-shaped fluvial chunnel.'The Wakeham

’
) '

Riveﬁ/aanyon (median part of the Wakehum Rlver valley) ap- .f»'; @

.
- LY

',pears as ‘a U—shaped glaclal valley (possibly overprintlng an

.earller fluvlal valley), undercut by a’ V—shaped 1luv1a1

<

) channel,’Tha\upper parts of both’ the Vlcéhza Rlver and the ... . -



. . . : ) . \ - -

Q o . ‘ * ' . -
Wakehaa Rlver valleys are tlufial valleys. Most - the'trl—

“ . o

err

4,

putarieS'to those tvo rivers,

v ‘ T " .
part, 1lov ln 11uv1a1 valleys. A U-shaped glacial ralley

y Jofng the"eastfjgst pdrt of the lower Wakehggdgiver valley
through Lﬁflgybpn'to Jq{ Bay.
. o . . g O

5“{5 Acce§s to the area 19 either by boat or by ulr—\'

;érﬁff. During the\Q:fths-of Juty(to September, several boats ‘

servlce theosettlements along Ungava Buy and Hudson Strait.

'Euaricourt (populatlon about 200) is sltuated on Wakeham Bay-

a

- . RS N . .
5 N -

‘Asbestos Hiil oerecepffép'Bgy ffom Montreal(Fige. 1). Semi~-

regulur'flidhfs out pf‘affixedfwing”alfcrqtgvbdse in Fort

':Chimé bring»mail'andfsmﬁll suppli§s jo the other Se?fle- 

ﬁénts.'except dur1ng‘Irééze4up;gﬁh bréak—ub.

both in their %pper and 1ower

g;;g;‘ - "_Regulqr air sermlce,is»available to.Forf Cthq»gnd,

*



In‘addlzgdh'to topographic maps at a scale of
. = . B v “ . S N ' Q N ’ . ‘
©1:50,000 and 1:250,000, air photos were available at a scale

of.aboht 1:30,006..A1f bhdtp interprefutlon yas,used't§
ldeflée the tﬁ@f?tqea to:he.d6%é,vop tﬁe bq%is'ot ;utro o
availﬁbility and fhe c9?p19x1t&a9f thgxgpollgi. fravefses.on
1f§of”&efe ﬁun Acr;és;fhé:st?ucturai,treﬁd at an averEge_
. S o o _ .

séécing dfvl.S'kh.,In addition, qarker-horl%dns and contac¥s
were traced gither onffoétéor'ilth'the he}icbptef(, |

2! gIﬁ;lS?l the.crey-éqhsfszéd, Inciﬁdiég tﬁe'author.

‘of 3 geoiogists.'Q field assistantsy and a hellcopter pblof;’
a héllcopfer englneer was occasionally’present. The helicop—k

. ter: was a Hiller 12E (Skyrotors Ltd)e. The materlal (canping

"geas etc...) as well as the fuel and 011 for the hellcopter

, ‘ . ,
were shipped to the base camp in . Douglas Harbour Just after
. . v

the break-up (end of July). The penSonnel vas flown into
Douglas Harbour qsing the alr strip*at Raglan. The‘héticop-
‘ o . : : : .
ter was used malnly tovset upvtly-camps and bring in supp-

. lies. However, lts'prolongéd unava11abk1¥t& (mechahlcal
‘pfoblems) made lt neccessary ct the end ot.August to uge. .
back-packing to move a. 1ly-camp and complete a 3—day tra—

[y o

;verse. 1n order to-obfhln~at'least oné compleﬁe‘érossisec-

’

 tion of the Aphebi an belt.‘Piéjld ‘wdtk lasted»wfrom July 25 ‘to -

- o
e . B

Séptember Ist. 1717.

RN w'
: «

“{‘In 1972.the cbéw conslsted, includlng the author,

ot 3 geologists, 3 fleld aqﬁlstantb, one cook, a hellcopter
. »*_ o . . . . o :

. o . e o ST o’ - . . <



NSy

‘ T . . - ..
o . . . v

_hll@t,"and'qn éhglneer. Two Inidite were hired as fleld assl-.,

stant tor ‘a short perlod to lncrea e the nunher ot mapplng,

\J

 crevs. The helicopter wasg a Bell 47G3 (Hell Voyageur Ltd).‘

\

In the early sprlng. &as and oll caches for the helicopter

were made on the plateau vlth a sk1~equ1pped alrcraft. The

\personnel and materlal were flown Anto: Mnrlcourt\be£0ré'

Y

=;break-up,‘vith additlonal supplies shipped 1aterA1n the ‘sum=—
NI
mere. Bulldings mdde avallable by the New Queﬁec School Board
were used as base camp}&or one month; thevarea near the
éonst wasxmapped qurlng-that time. By_ngy 24y thg snow
¢c§§ér bé.thé;pldieﬁu had su;fic;éntly\qecyépéeq;”ghd_a'
'secqnq bdée cgﬁé'was éét;up on Wegeham RlvérL soﬁfh ot.Eeilx'
L;gf;HCréwé wéfe’fidvﬁroutl§1 tﬁe.bdse campé,wltﬁ‘tﬁé\héli-

’

copter and either wnlked back- or were plcked up at the'end
of the daily tfaverse. Fleld vork laéted 1rom June 24 till

© August’ 26.-,( ' - -



© . - CHAPTER II

\ S ;'}

’

GENERAL SEOLOGY AND STRATIGRAPHY =

The' Wakeham Bay area covers the eastern ‘end ot the
.Cape Smith Belt (Douglas, 1970). It consists of a gneiéslc

basement of . Archean,&ge overlaln by Apheblan sedlments and ?ff

T

,volcunics. Two groups of diabase dykes are present, dn enrlx:"

 Apheb1an one . and a late Hadrynian one. W’

) i The Archean rocks south of the fold belt are part

of the Superior Province, the Apheblan rocks of the fold

L]

. . . |
belt and the reworked Archeon basement north of it are ﬁart

: - ' . o S e
of :szthurchlll ProVince. e e e

.

The Apheblan roc#s torm n.syncllnorlum vlth a.
_shallow oesterly plunge. East of 72 30'W thls synclinorlum';
»divides ltself into a:’ north b;anch, vhlch ends NE. ot

uarleourt, and a south brnnch, which enos west ot {Oy;Bay;
Sev;rol snall bosins ofnnpheblan_sedimenté oecur}‘one north
"ﬁqg iopijuaq;ﬂtheiofhers ye§te;nd2gbuth ofeWhlfley Bay (Flg.

2).

. This synclinorium can be considered as a

12z
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geosynclin;& add‘viit hb‘deslgnated~as su¢h hebeihufteri If

conslsts of ﬁ eugeosyncllnal domain ln the north, contalnlng'

M‘mostly volcankc and lmmature sedlnentary rocks. nnd a mlo-‘

geocllnal doma&n 1n the south, contalnlng moetly more mature

Sediments andio ly nlnor,vqlcanlc npcks. The miggeocllnal‘

omain forms onlly a\narrow margin in the western map area,
i . S - S B o o T : -

but it may have xte ded mhcﬁ furthef soutﬁ“as withessedvby

ces L 0 N

the smﬁli outlyi g baslns maébed by Taylor (1974), and as_'”

 postu1ated by Dim‘oth (1970). "- v

" The geo ogy of the Wakeham Bay area ls shown 1n 11

mqpa;(Fig-;3-}3;;F1g. 14‘15 an'inddx to the maps anduTable‘l

A -~ .

'ls.the.legend) ahd a éeflea‘df.tedtonlévpfofiles (Pig; 15)..'

',Table 2 shows the 1‘fhostratlgruphlc units mupped 1n the

'-Wakeham'Bay.areg-'x

vdiabaséS'dre separuted by

:¢lvlsion'60dld'be'madé5
‘It is cut by a ‘group o

‘fhé Aphebl&n-sédimehts*

'1}m1ﬁorvamphibollte_dhd*parggheisseééﬂno stratigraphic sub-

within fﬁe‘Anchean.ln the map area.

'diabase dykes that are overlain by
nd volcaﬁié r#cks; and déiormeq.ﬂy "

'tﬁe‘Hudsthan‘Orogepya,T e Archean rocks and early”Aphqb;an .
an anéuLarfuncontorm1t& frémvfha'

..o

'Aphebian sedimentary‘ynd Wolcanlc rocks.

A cross—sectlon thr‘ugh the geosyncline ln the

" S ) R erd e '
L SRR R T

1 "a moblle downwarping of ‘the crusf o the Earth, eithéb

 e1ongate or. basln-llke, neasured in scores of kllometers,

which is subsiding,as sedlmentary and Wolcanic rocgs accumu-
late to thicknesses ot thousands of meﬁers-? (Gary gj nl-,

”1972)

- . . |



Table 2. thhoatratigraphlc unlte of the: Wakeham Bay area.

‘QuatQ;na:& B L Glaclal and post—glaclal unconsolldated

,r

deposlts e . ]

,.‘-.‘;..‘..i'..‘,.“".é‘ angular "uncb"nfofmi'tb;‘ o.d'é;.o.....'.....'.:o.

jo.oooopoodool'-/.o.;o' ]_ntru\s]_v'e c’ontactv ‘....'...'...:...“.’.'

<«

,Apﬂebian' ?z';_ Volcano-Sedlnentary Group.'volcanogenlc

Late Hadrynian Diabage dykes "~ . .. .

'_Upper Volcanic Group. flow and plllov- a-
salts,. pyroclastlcs, detrital )
sedlments, ultramaflc flows, |

-perldotlte to gabbro sllls '

’Lower Volcanic G:oup. flow and plllow ;
basults, pyroclastlcs, detrital*
sediments, gabbro sills '

- - o —‘-.—-—————--—-..-——_-_—-————

tuffe, minor basalt flows, :
pelites; éandstdﬁes, dolomite,
“ultramafic tlows or sllls, gabbro
sills » :
R Pelitic Group. pelitlc to peammitic
R . : _ ) schiats, minor chlorlte—schists
D o and graphitlc schlsts.

- o - - — —— —— o -

Iroh Group.foxide—y sillcate— " and : .
R carbonnte-lron formation, peli tes,
A }'sandstones o '

c.o_o-‘o‘o:o sesesse o‘o‘. .>i . ,th,u_]__a,r \{nco»nfor‘ml ty = sseeesccns .yo_.‘.vo o . [ 3

-~

?Eafly Aphebiaﬁn  'Dldb&ée*dykes-. N
_ooooo-.ooo.ooo.o (X ] om"‘intpusj_ve con-tact .'..Q‘I.'_.......‘l‘.‘.‘.‘."‘-.
: ArQheant R '~Gran1t1c to: grano#iorltlc gneisses,‘

Hyestern:ﬁup'ufea Shois ﬁo.anghiar unéonfdrﬁlty &1th1n'thé

amphlbolites, paragnelsses, diabase" dykes
_or sllls-;” o T '

e s st e

§

R S

.Abhebianfrocks; nelther ‘can the observed successﬁbn be dl-

rectly correlated wlth the, Povu nltuk qnd‘chukotat‘Groups
‘ cm, ) :

3



.

of Bergeron (1957). Consequently the Apheblan atratlgraphic

-successlon shown in table 2 was detlned, based on observa—

B

“tions along fa’ N-S sectlon between 72 40'W and 72 45'W, fcom

o

the southern contact. vith the Archean to the central part of

O

the Monts Lune. This section can %e consldered as the type‘

Y
f ' - . . )
’ s,

locality or area of theee lntormal stratigraphic units.

| The Aphebian stratlgraphy consists ot two sedinen—?f
'tary unlts at tﬁe base (lron Group and Pelltic Group) and
:two mainly voicanlc.unlts F? the top (Lower and Upper,‘
Volcanic d\bup) éeparated by the Volcano-Sedimentary Group

of mlxed wolcanics and sedlments. <

- e

The Aphebian rocks and the Archean rocks nre cut

by a second group of dlabase dykes éf late Hadrynian age.

v

~These dyke7 the‘Aphebian sediments»ahd volcanlcs. the early]
.Apheblan d/abases dykes, and ‘the Archean rocks are all sepa-
 rate¢ by an angular uncontormity trom the ' Ouaternary glacial. /

e

and post-glaclal unconsolidated deposlts.ﬁ
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 STRUCTURE |

v ? . S

The general trend for

northern purt ot the Ungava Peninshla/}s northerly, but 1n

‘-the Uakeham Bay nrea 1t changes

-rocks trend EW on average.y e

/e,
the Archean follatlon 1n the

to NE and ENE, the Aphehian

KN
e

>

Wlthin the nrea mapped,'the depth of eroslon of

the belt increases eastwards, ‘L

increases, deformntion becomes more blastic, and the Archean o

,rocks becone more penetratively

e *he grude of m‘famorphlsm

] . ¢
det%rmed by the Hudsonian

Orogeny, together wlth the Apheblan ocks.' ' ‘: ‘4\

e

M‘ T The Archean trend south of‘the belt Vi rles fromz‘

r

‘north in the West to’ ENE 1n the

. trend vnrlgs from about NS, Nw ot thf

e

east of there:'it,ls'QlSOTEW-lh

Eastl Norfth, of fthe bglt the

_Monkqwtﬁqu/?;iEf,

o

'the-jrchéﬁn block south ofv

the lover Wakeham'Valléy. In the pen nsula etween deeham_

v

.:Bay and Joy Bay, the trend ot the Ath?anﬁf cka ls EW.




lThe.Aphehlqn'rocks have . an. ESE to EW trend; local

. variations exist, mostly around the southern and eastern . _'y)'
! o R ’ ) * ; : . | . oo o . .

edge of theibelt.

. The area may be subdivided 1nto a western part (w
,o:t 727 32') and an eastern part&E of’ 72 2,0' ) the belt was

not mapped ln detail betveen the two parts-_

P

On the tOpogbqphic‘maps ahq the air photbg several - -
1arge scale. 1lneaments may be seene® These cahvbe ' oﬁped
#S:z

1nto three ‘main trepds, they are.,BW, NNE to NE# _(ﬁ;gQ

¢ . Do ‘\ S ; . v . i ‘

In the flrst group the ézst promfnent ones‘are the

lower Ippijuaq Valley, the . lower Wakeham Valley, %he ceﬁtbdi ”\\;'

o part of Wakeham Bay. In the‘second group are the easfern u%d

T

'western parts of Wnkeham Bay, the upper pd?f of IppiJuaq

L)

— . -

Valley, part of Vakehan Valley (from the first. to the second
e - . .
'bend inland) and posslbly Douglas Harbour (a fJord north of
. » -~
Figo 16). The main glaclal trend ln the area 1s parallgl to

& k3

thls_group’pf‘Ilneaments&and enhances_lti The thlrd group
‘consists of ifneamenfs pargllel~to theicbast o! Hudson

C e

'.-'.' ~

‘Straif«‘one a(ong Stupart Creek, one»through‘theril}gge«of'
uaricourt and several north of 'akeham Buy. they do ndt : C s

occur,turther 1nLand.e "'. s e R 1 T




o F

The first tvo groups ‘seem “to occur essentlally ln ) AN\

N Archean rocke, whegﬁgsathe thlrd group occurg equally 1n='

—

-Archeun and 1n Aphebidn rocks. This thira grqup is also_ v
parallel to nume rous tenslon Joints (calclte or quartz

'Theéé/llnedmentsipfobdbly'represeﬁt Jolntiné

or faulting. Faults have been observed along 1§peaments

'of the ;irst'qu‘thlrd group, but none parallel to the _— (-

second group.

_ The Kgngxgn_ﬂxgggnx metamorphosed and" deformed the

,Archean rocks, produclng high-grade gnelsses and amphlbo~

.11tes vlth a good follatlon (gnelasoslty), the trend of - B

which varles as.described-gbove. In the vestern part of the g
"fnfeay 6n1y.a'narrow éfrip ot'Arch?an'nocks'was 1nq1uded,1n

" the mapplng, along‘the Archean4Aphebldn'cdhtact{ The”mondi
tonous quartzo-féidspathlc gnelsses observed there did not

.dlsclose any - foldlng. In the eustern,patt of -the area,
> : : }
.1uyers of amphibolite and ot paragnelsses 111ustrate the'
fKenoran folding overgrlnted by the Hudsonian foldlng.;The f' -,;

fKenoran fold axes seem to have a shallow to intermedlute

eusterly plunge (see geological maps)s - ‘_ /

The Huﬁagnign_gxgggnx has atfected the Archean h- ‘

~ - st



' r6EK§,d1fféréntLy'Ih the east and in the west. In the west,
little, if any, ‘pernetrative deformation (schistosity or fo-
-llﬁt;oh) was observed ¥hat’ﬁppéqrslrélated_to%ﬁhé7Bud§;£{?ng T
P . . . . i . K ’ '. . ““ T - . .

) Orpgény,'excépt loéally wlthln”the;tgrsf,metre from the con-

“tact (Figs 17) « The stress relé@se‘qu confined to narrow
.shear)zbnéss'HoWeier{”s[IvbrssOL;QSEEE:ﬂ'gnelsses 6ccu£ lo-

—

cally in anticlinal poeltioh ln hectometric to decumetrlc
4

vnf&“lted folds of Apheblan\::jgk~(seg Fig;x18). In:thejéast;.

~at least withln the peninsulajbetwéen Wakéﬁ&m Bay and Joy
. S . . E 2 . A
qu,'the Archean rocks Pré pretrqt1ve1y'defofmedﬁand folded

togetherjiith thie Aphebian roéké und“QllL,be lncluded.ln

thelr dlscdsslon be1ow. The contact be¢ween the Archean and

-

‘the Apheblan rocks appéﬁ%s structurally concordant, no tault

wa s observed‘along 1t, and ln several places there occurs A
o - = , : , . ,
Iayer, 5 to 50 cm thlck. ot vhat seems to represent a_ meta—~f_ ¥y

.:morphosed regollth (paleosol?), both'nlongftheWhorthern &nd:

S

‘along the southe{? contact. The northern contact is steep, RN

vertlca1~to 708 the southern contact is sub-horlzon¥a1 in
‘ the west-ahdlits,dlplsteepens easfward-to abouf 45N'by
. S L T e > . _ :
72°25'W, ‘and to about 70N by 717 85w,
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Lo o s . . . R g "
. ‘ . . .

;iFigure 17 Contact of Archean gnelsses and Aphgplan mica-schlsts on the

. “north shore of Wakeham Bay,'sketch after a photograph..

" Note that the Kenoran foliation in the gneisses is strongly affected by

6the Hudsonian - deformation only withln the flrst 2+3 metres from*the .
contact '

€
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A GENERAL DESCRIPTION and METHOD of STUDY

The Apheblan rocks conslst ot dlabase dykes and of

L . Ce %
'éhpmacrustal.;ockskglnon GroUp, Pelltlc Group,'Vo}camo-_ »a’

Sedimentan&lcrodp, Lowerxahd'ﬂppef Volcen1c'Gboup)f The dia-
. bese dy,'kes' 'int,ru‘ded the' Arche‘an roeks" on'l.y _a.nd»'b._ved Co s
'durlng the Hudsonlan Orogeny llke %he Archean rocks. In the'

»

West they are retrogressed but undeformed, ln the Bast they

are retrogressed and deformed (tolded and taulted).'

.,Ihe~Aphebian”suprACrﬁéfal‘bocks haweibeeh féided,'

and ruulted, durlng the Hudsonlan Orogeny, throughbut the =«

be1£5,The teetonic style ot the Apheblan rocks varies marke-”v;
qu.in,réspomSe to ehenées_1n.metamorphicwéfadei4tetn1;
tmickneseyémx;be.stnefi?baﬁmiefsemmeme;,?eg‘;eil‘es'tﬁe
fhlckneee;:cempefemee;Qand hoﬁééeﬁeiﬁifof‘tmemiﬁdlyiqmefe:imﬁ

11thologlc unlts{ The observed foldiné<var!es'from’slmbte

f(one phase) to complex (multlphase) toldlnz',uﬁ‘tb,touf»ﬁ

phases of folding.have been observed. The complexity of the‘
A " . T )
foldlng ds to lncrease wlth the metamorphic grade. 1 g. . ’vl )

'_from west to east. It.also ehanges vithythe‘gtraf{gpathy”e:.’

li-g. the base of the-éequence; cemhoéed‘of“thinly“beqded;
varied sedimehts._ls more complexly folded than the higher"
‘parts of‘the'seqqencey composed of thlck unlts of bnslc vol-q

o

a_eahies'end slils,’. ‘ 5? ' _ - . L
L . S v s I R



©

West of 72 30", the Appeblan belt c&nslsts of’ one

"large, very asymmetrlc syncllnal structure, the axis of ) N
. l - ' o

'whlch runs perallel to andtahout 4 km' south of the northern:

llmlt of the bel* The norﬁh llmb dlps steeply southward.'on1

. the south llmb, dipe vary. qrom shallow ln the south to 1n—

'termedlate ln the north- East ot 72 SO'W,\the belt Spllts

-‘-‘.‘? T v

Into tvo synclines- The ene: south of the Ipleuaq Valley '8

v

nrolonged by severa1>lsoluted baslns near the - coast of

)
Hudeon Strait. the ‘one’ norﬁh narrows and ends 1n the penin—

d . o R . ’

- l

sula east of Maricourt (Fig. 2).. ' S o ..ﬂjm““ 7

T The structural dmta (follatlon,Jlineatlon etc...) ‘ L
ﬁgathered in the tleld have!been complled and grouped 1nto

0 o |

;ureal domalns. Equal area perectlons of measurements made

9_ R
i

lh each domaln were preparéd by computer and hand—contoured.
The orlentation of the elgemvectors ‘and théir eigenvalues'hg

< . - . A

were also computed for each population.;The computer pro-?
: Lo . b .

 gremmes vere ma¢e vailable by H.A.K. Charlesworth. A de—:_ A
i j‘ T B »

ecrlption of the technique ls given in Charlesvorth g1 al.e’

B / : :

‘(1-976) and Crudeén (1968)- i L

9

The spetial dlstrithion of a set of structural : 'f‘ﬁ

r

‘measurements may be vlsuallzed as an, elllpsold with lts lon—'
. :- d

-gest axls corresponding to the muximum of the distrlbutlon

of meusurements and 1ts shortest axis to the mlpﬁ%u(‘ The - 'V
| s . |

: ’ ,.,u . ~¢,, L
eigenvectors correspond to the théee axes‘ot fhe elllpsold

o R R SR
and the’ eigenvalue are a measure of their length. Three maln”-

\ﬂ - Q}; -
types ‘of distribution may be recognized 1n~terms of eigenva-"
i S - p | .””
Clwes:t T R




¢

. s . K _ '
1- one large and two small eigenvalues: a dié%r;bution-wlth'

~ -

[}

”éhe‘mmx;mﬁm;
2- Qn; E;Allvdnd two‘lnrée éigént&iﬁes;’a:greqf g;rcle-dis;v
frlbufloh; J -  : "v : "Jtr
'f3;ve§ualior'nénfi& equal eigenvaluésf,ﬁpifd;@'dist}lbutlon;

PR . . P .

In the cﬁée.of cyllhdricai.toiding,:the polen\io:

the ;oldéd piaéelafg aisfribqtedféidng'a great glrc1é gﬁd,“
‘fh; fold4§st'isrpa?aiLéi fo_the e{Zehvepfqragssbcia¥éd with
fhé smailest élégnygtﬁé,'pgrﬁenéicﬁlan to‘%he g§eat'c;;éte;

o _'Thé,qdﬁbéfﬁdx;étructurhl;ﬁegsg%éﬁentg‘d#gilabl?w
‘was‘notfsuifie;éﬁt'tﬁ‘dﬁja dBfA(ledis¥€dctuéal %;hlyéisiOf
'aflitpéfmqjor fo}dsifﬁgnce‘fhé‘ﬁapggé'a;éa:whs éhbdlyi&;di:  L Saz,
'Taccbrdléz{f; §apiatlbés_1n lp;ai t;énd @nd-;bck %yﬁéi;g; '»»Q

'vdrde£ to'dbféin domains whichiwere,Aé'hbmogeneous as possi-
C S R o O Ly B
ble. These are used to illustrate the“regidnal’Vdrldfloﬁs'in B

‘tectonic stilea. F}om-fhefé,"gn;aftémpt‘Ls'made.to,eiuéidqte7.-

‘- . the mécpanismévdhd éaﬁseé.otfthejﬂudsqdihd deﬁormafionQ Thls

.~ will be integrated with otheér structural ob?erVafioné into a
model of the tec tonic evolution qifthe»Wakeham Bay area as
‘parf of the Cape Smlfh Bel t. Figu?g?lS'ShOWS'the various

ddm&l@sfwlth,pi‘diagfame of the toliathnIOI'each.dbmain.n

e



B WESTERN MAP AREA

S - ngmging ]~19 § occupy the northern part of the‘

vestern map area, they aRe separated from the rest of 1t by.-
a’ sub-vertical fault, which torms a dlstlncthW 11neamentﬁ
. e ' “_-'d
”These domalns show relatlvely slmple pi diagrams (Fig. 19)

'Ln gccordance with rhe thlckness and competencerof the Upper
and Lower Volcanic Groups which predoninate here. They have

n

;either a type 1 dlstributlon (domains 1y 3, and_6) Jf a type

2 distrlbutlon (domalns 2y 4, and 5). The trend of the axlat

w
f o

part of the geosyncline (278/7) is deflned by a. combination

vy :

pi dlagram of domalns 3, 4.. ,.and.6 (FLg; 20);‘ ;"”x_F- x4
. In ngmgin_l two‘tdulted'fblds havgfbeeh'mapped
'Cﬁig{ 21) 'Fold_ly'at the Ahchean'éontACt,.Is a smaltréyh-'
d% [ L - . . )
cline ln the Pelitlc and Volcano-Sedlmentary Groups, open to °©

thé east, with a sllver ot Archean gnelsses in the faulted

. B <
anticllne. Fold 2 13 a large syncline in’ the Lower Volcanic

a

vGroup,IOpen“to @he;west, 1ts south Limb ‘is. faulted oif. This

fold 15 only the nose of a larger syncllne mapped vest of
. ) ; N
- the area by Gold (1962). The'axeg;offthese'tvo,folds.canhot_

bevdeducedifrom thefavailable follﬁflon méasureﬁents{.but'.

(S \ L -

the axis of the 1arger syncline 13 probably parallel to the

'270/43 directlon of minor told axe%\(Flg- 19). The axls of f‘:

.

told 1 must plunge 1n a south—eusterly direction and this

»

fold corresponda thus “to a’ dlfferent phase of foldlng than‘
. “'ﬁf .

fO 1d‘) 2}_- . -
. In domain 3y several. small folds, one fgulted{
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ol

n . . ‘
‘ /A: 296/10.-
e S M 115/90

' ",_,domain. 1

106/79S

T A/ M

-~ 'Fig. 19. Equal-area-lower hemisphere projection. _The" contoured data :
- corresponds to foliations. ‘Contours are at 5,10,20%. for n<Z0; at 2,5, . .
10% for 20« n<50; at-1,2,5,10% for n >50. The orientation of axes to.
great circles (A) ‘and maxima of .contoured data (M) are marked-on the
left of the-diagrams. oy - R Do

Y ) . . -

\ S et
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‘domains I4+5+6 . . domain 7

' domatn 10~ ° .. domain 9

Fig 20. Equal—area lower hemisphere pro_]ectlon The contoured ‘data
corzeSponds to foliati“ons Contours are at 5,10,20%. for n<20; at 2,5,
10% for 20<n<'50; at 1,2,5 10% for n >50. 'I'he orientation of axes. to
.great circles (A) and maxima of contourqd dataa (M) are marked on the
left oﬁ. the diagrams . . e :

& . . o o R s b

~

M: 71/28N

FIsE
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N e 29
e - . »\\ o 'L , — o o ‘ o
occur below the Lower Volcanlc Group._they.arevofethe sume

type (E plunglng axes) as fold 1 1n domaln 1- The nlnor fold

) - e
axes recorded torm two groups, one plunglng SW, one plunging
‘ / o

,E. Thls'last one,shoul& correspond‘to the foldsvmapped in
. _ SR b

the rocks below the Lower Volcanlc Group. ' r’&;f
S . . N

nggln_z isa. sltuated to the south of domaln 1 and-" ’

l
1s separated trom 1t by a tault.‘No foldlng wa s observed ln

- this domaln; but numerous shear zones and one fault were_

observed, sob—parallel to the trend of the_fbéks.:Thesevmdy

'
»

represent tight vertical fuulted folds. This domhln'corfesd'”'

ponds to the axial zone of %he geosyncline at thls longl—

P

: The pl‘dlagrams of\ﬁggggng_i_gng;ﬁ ehow‘axéreatlA
.clrcle dlqtribution wlth a shallow easterly dlp for domain 4

'1‘and gvshallow westerly dlp for domain 5, lllustrating the:k

.axial culmlnakion th&t occurs in- the.central.part of " the:
Monts Lune at the 11m1¥ betveen thesa two domains.

No foldlng or: faulting was observed 1n ggmgln_ﬁ& .

%.7‘ ,'f ngmaln_a consists ot the Iron Group, the Pelitlc

Group and the Volcano-Sedlmentnry Group in the Wakeham River

";Vafiey. The pelites and tuffs are complexly folded. The pl

diagram (Fig- 20) shows a great clrcle dlstrlbutlon with i 5;
someﬂlaterol‘spreading_spggestive of refoldlng- A dlagram-ot v

lllheﬁrhfedturesl(ninor fold.axis, mlhernlﬁlinéhflohs_e%c,.,)..v

shows a varlety of subhorlzontal QJrections vith a haximum

to the WNW (Flg. 22)-’:‘ o - E’“'
}"‘ 'Dﬂmﬁlnﬂ_lv_ﬁv ]Q, ]] nﬂd 12 constltute the ﬂemain—'

i



i 265/16 S o/ AN :265/10
+53/28 N\ . A2\ 36/36

o A3: 508/24

domain 11 . - . & -, domain 12

<

i,domain 15 : ' R

f | | ~ .- | ' : ,\'

§ig. 22. Equal area lower hemlsphere proﬂection Tﬁe.coﬁtoﬁred data
coxresponds to foliatioms, exeept where noted" otherwise. "Contours. are
at 5,10,20% for n«<20; at 2,5 ,10% for 20<n<50; . at 1,2,5,10% for n>50.

‘The orientation of axes to great c1rcles (A) and’ ‘maxima of contoured
data (M) are marked on the 1eft of the diagrams

30

308/24

L ’ /Al: 83/ 0
T 51722 \<:f§’\,/“\\ B A2: 60/12
:322/200 N S S . A3: 320/20



s

def ot the Loweb”Voiconle Group.in the vesterh ofea. In this
egroup of domalns, the Lower Volcanlc Group 1s folded into a

broad, open antlclinal—synclinal pair. The antlclinal axlal

°

'zone 13 locuted more or - 1ess alpng the Wakehdm River and
taulted ln a NW-SE dlrectlon a(ong the river, below Mont
Ptarmigan. The axial zone oifthe syncllne ls more dlf!lcult

3 ,
to define because it is a very open, broad fold. The nose of

[43)
-

-this fold constltutes domaln 12 and is fuulted orf along the

'northern limit of donnin 11. It ls underllned by the tOpo-

~-

a1 .

-

graphy ff Mont Umlak and beeause ot thls is clearly vlslble B

_on the geological map, the same phenomenon occurs again on

e e

_the east slopes of Mont Ptarmlgan were the syncllne, sllght—-

aly less open SE ot the tault along the rlver, is clearly

underllned by tbe topography. The pi diagrams of ggmging_l,  *

-

’ﬁ, gnd 10 (Fig. 20) shom slmple type 1 or: type 2 distrlbu-

. v oo T -\
t;ons.-[n domalns 6/:;d>8,_ﬁhe‘dlrectlons are slmilar to‘\
those of domalns_l 4o 6, but In domain 10 ‘the trend has

Y . . ;

‘chdngedfto NWQSEQj- o "\ -

o

The pi diagra-s ior ngglng_Ll_nnﬂ_lZ (Flg. 22)

’;are more complex and akln to those ot domalns 14 and 15 with

,whlch they will be discussed belov.-. -

5

"3_. S South of the Lower Volcanic Group we come lnto the

Volcano—Sedimentary éroop vlth,ﬁfrom oest.to east, domalns
14, and 15. Folding Qas observed,.an¢ mapped@,ln;tpe

 11eld thnoughout“thiefgone.f' | |

| w\'Ioidﬁhgln_la; an antieilne~syncllne pa;r wes

maoped 1n the-NWAeorner, the antlcllne 1s almost entirely
A - et ’5

.
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 .The geological map shows only partly the complexity ot this =

'(1962)-'Thls‘fold affects rocks of the Voic@ho-éedf?ent;ry_i

32

covered by Quaternary deposits NW of ' Lac Vicenza, but is

'qu%te visible west ot 73°00'W in the area mapped by Gold

‘ ‘ -

Group as well as rocks from thé bgse ot fhé_Loier Volcanic

Group. Fu;thér'enst as wdll,’mlnor folding.was’mapped, over-

ﬁulapplng the 11 1ts of these two units along the boundury of

@
-doma1j7/1b and 13. The pi dlagram of domain 13 (Fig. 22)

'shovs a great clrcle dlstrlbutlon wlth an axls at 308/24. ’

‘ In ggmgin_lﬁ the Volcano—Sedimentary Gnoup, bglow

s the Syhcli.nnl_ fo_l.d ‘xose of domaln 12, is stron_gly tqlde'd

~1nto what appears to be a series ot recumbent folds, proba-

bly with thrust faults parallellng some of the axlal planes.:'

doma!n..ﬂ3~

s

The pi dlagram for mw&.l.l,_lZ,__Lé,_nnsLlﬁ- ,

(Fig." 22) do not show clear great clrcle dlstrlbutlons. But

¢

_ﬁ‘plot*of llne&r;structures for dOmalns 14'qnd?15 (whebe~&

L . s

mineral 1inéatlohs was anlLable)'shdﬁs»tour ﬁaxfma at 8070,

40/10,'5/20, 310/15 (Flg. 23) . Taking. this. into account, it

'”follows that the: dlstributlon of poles to tollatlons for

»

thesé:four domplns may be explalned‘by,a cqmblnatLOn‘of 3

' great dibcleidlétrlbutions with axesvhéar*B'pf'thef4 maxima

.
'

- .of the diagram of‘tinddr‘sfrUCthresf

. % ~domein 11: 265/16, 53/28, 3203/20

-domain 12: 265/10, 36/36, 308/24, : @
) ; : .

-domain 14: 82/4, 51/22, 322/20%

':sufficiéht number of meusuéesldf‘toldpgkes,ﬂCéénulgtiqné_dnd
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n=41 n=44
-
M1: 80/ 0 \ R
7 M2: 40710 M: 80/17N
M3: 5/24
M4 310/15
. domain 16
/ n=46
Al: 2747 5 /A1 306725
+330/39 7 M: - '62/25N
80/20N T e
domain 18
'>n=491 - 1'_-- _ \\ : ’ n=186
. \
) Sy
AR /// ,,/M:-76/9N1 Al:  40/20
e A2:335/15
‘ . /. ’ "A3: 280/ 6
| ~_ 7 - —— M: - 72/18N |
domain 19 T P domains 16+17+18+19 S v
NFig'23 Equal-area lower hemlsphere progection The contoured data

corresponds to foliations, eéxcept where noted ‘otherwise.’ Contours -are:
at 5,10,20% for n<20; at 2,5,10% for 20<n< 503 at 1,2,5,10% for n>50
The orientation of axes to great cicles (A) and maxima of contoured
data (M) Are marked on the left of the " dlagrams .



tively to the NW and NE.

34

~domain 15: 83/0, 60/12, 320/20.

o

-

From this one may conclude that the rocks 1n
v R O

domains 11, 12, 14 and 15 have been - subJected to tour phases

of folding, one of which conslsts only of a broad wnrping,

. an’ undulation (as observed 1n the tleld), dnd is repreaented

»

'“by a tew NS‘\lnear structures. The EW phase conslsts of ‘rer

Cas

. : 4
cumbent,.almost lsoclinal ‘folds. Tho NE and NW phases both

consist of more open folds with axlal planes dlpplng respec-'

4 . -

?

,Furthér SOuth, x: come 1nto ‘the Pelltlc Gré;;

deéann;lﬁl.and the Iron GrOUP Ldnmnins_l_v_lﬂo_nni_lal

This area is complexly tolded, at least at small scale, no

'thor tolds have been mapped. But thle foldlng does ‘not show'

on the pl diagrams whlch show only eingle maxima (Flg. 23),

Honly domain 17 shows a distrlbution that mlght be attributed

e N

bto the superposltlon of 2 great circles with axes at 274/5

- .and 350/30. A good representation of the complexlty of the‘,
-foldlng ls shown by a dlngram of minor fold AXeS‘for thé_‘.
.acga; ln which one may recognicc the following maxima (all

_withtshallow plunges)' 0, 30-50, 300-320, and’ 250- 250..The‘

mineral 11neatlons, not 1ncluded in thls diagram, are tren-T‘

1d1ng north wlth a shallow plunge. A dlagram of poles to'

vaxinl planes, for the same area, shovs one maximum (sub—

g%

horizontal) and a great circle wlth an axls at 302/16, pos—

7slb1y another wlth an axis at" 66/6. e B

The pattcrn in this.gfbug_of ddmains (16.>17;718,



e

A L e o i _ | i T N ,
,anq_19).prqsent5gw si@llarlty to that of domains 11, 12, 14, -

jhnd715.vAhd'from this, ene'nay attempt to establish a
'cﬁrbnologyzof'defdrnation,.valid atvleastbto§ the southern
part of the western area, and based on ‘the folloving obser-

o

‘$;t;ehé{ L

. ?6uf'§hases‘of-£old1ng may be recggnlzed, based on'the'v

e

";dis%nibutlo? of ptanar‘end linear structures. 57g‘
. 2="In :the tiéld, three types of folds have been observed:

}recumbeﬂt{ sqbflsOCIIhal;.lnclined,‘bpen; vertlcalt'very

]open. L.

B The mineral 11neatlpns, at lenstnlnfthe SOGthern most

LG

domalns' trend north vlth a shallow plunge.

4~ The cpystallization of the metamorphlc mlnerals appears

-

syntectonic‘to_tatewtecfontc.f
5= A_d;dgndm of axial~blanes~shbwé }efdld;ng anéuhd>g_Ni

axis, possibly also around a NE axls.

nThe ch£onoloé&eeho;Ld fherefofe,be:. e L,

Flﬁ_ e Aé;cdmbehtr,sﬁefleocllnelegolds‘witﬁ'éub-hgri-
B :zental‘EWleieac,,;" y -ueQ.' | i

. . EE v K

= B

e

 F2ennd'F3r f~1ncllned, open folds, fold axes have a shallowA
i " e _

.

PR

_-plunge to the Nw and to the NE respectively.

- -

“the axial plane have an ;ntermediate northeast-

s erly and hor#hwesterly @}pr S -
i
F4: . verticel,'very;open fol&sﬁ‘the,axes have éf

135,

N e

O N



shdLloﬁ'n&bfhgrly plunge.’
The relatlve ‘ages of F2 and F3 cannpt be deter— "E

mlned at thls polnt.}

s

- BN
.

c I'ZASI‘EI_‘RN“'.HA,P_‘ AREA

r

and prér’Volcanic Groups and show rela lvely simple struc-

s e

;fures.lby,contrast, domalns 24, 25, 29, 30, and 31 which

éonf@in a»larger proportion ot rocks ot the 1ower groups,

A‘wheré‘the‘Upper VoDcanlc Group is absent ‘and the Lower'

-

Volcanlc Group thinner, and where, ln partlcular in do-ain
e % "'
e }

30 and 31, the metﬁ orphlc gtade is. hlgher, shOWICOmplex
T o :
# .

.’,

_fs'

Dnmnlns_ZQ_an_Zl consL@t of a large syncline wlth

Ta shuliow vesterly plunglng axls. A serles of nearly verti—-

cal folds,_one of which contalns a sllver of Archean rocks,:
. ‘1' ' "

7-was observed on the east wall of he Wakeham Valley,Anear
the outlet of. the River (see inse* in Flg- 18)- In‘the-SE
corner of domain 21, Just north of Lac Ruban, the lower part

‘ot the Aphebian section, inclujlng the contact wlth the
k! . \ N
Archean, is Iolded 1nto an open anticllne.

"AThe pl dlagia- for doma in 21 (Flg. 24) shows a

-

broad maxlmum that can be explained by the superpositlon-of

<l ‘L/ -



A2: 51/10

o

_ - F.domain 23

.. Fig. 24, quuél-area lower hemisphere projection. e contoured data
corresponds to foliations, except where noted ' .. rwise. Contours are
at 5,10,20% for n<20; at 2,5,10% for 20< n<50; at 1,2,5,102 for n>50.
The orientation of axes tg gréat .circles (A) and maxima of contoured
data (M) are marked on :th% left of the diagrams. .3 B

Al: 274/10

S



a great clrcle wlth axls at 274/10 (general trend ot the

=

o

geosynciine) and . one with axls at 51/10 (the open antlcllne' _
v : ° S : o -

5 north of the Lac Ruban).

o ngnnina_zz_ann_za the_ UPPGP V°1°°“1° G’°“’

~

rocks torm an EW elongated basin. Some minor toldinz vaeﬂ

~

mapped in the sele;ntS'and tutts at the base of thls basln.

The pi diagram for domains 22 and 23 (Fig. 24) show great

. --u) ' '
clrcle dlstributions with axis plunglng respectively ﬂ and
, v g
W, in accordance vlth the basin strueture. ,‘v‘f

o ,»«Dth*ng_Zﬁ;gng_zs consist of rocks og the Iron

-

c-

A

°

Group, fheiPelific Group, and the Volcano-Sedimentary Group,

and sSome; ot the Lower Volcanic Group..Two Iarge told strucf.”

tures vere mapped in these domalns. Fold 1 1s a long, 150—

vcllnal recumbent, EW syncllne, cloeed at both ends, wlth
-
several minor antlcllnes. Its core consists of rocks of the

Lower<Volcan1c Group, separated from tbe main .body of Lower

Volcanic Group rocks to the north- Its axis 1s essentlally

<l
horizontal. Ew ln domaln 24, changing to S'—NE 1n domaln 25.

4

It 15 refolded lnto an open fold vith a N fo NW axis. Foid 2

)

occurs 1n the Iron Group and the Pellflc G(g:f:,l}/&s maéked,

' by a 1ayer of 1ron formatlon and is slmllw@ in shape to the ,f'

T

tlrst fold, but slightly more open and not as 1ong- The

northern halt of do-aln 25 appeared complexly tolded, but

'outcrop conditiona precluded any accurate mapplng ot these

ba structures. They do not appear on the pl dlagram (Fige 25)

c4

Aeithero /T
L e S T e R e
.« /Romain 26 corresponds to a smallva e1ongated'_

S

<y
=
,



/A: 251717

A: 267/ .3 ,
M: 24/23W

M: 83/39N

/A EW/0. to:
" SW-NE/O
. M: -76/43N.

’ Ky
s n=56 TS

/ALy 246/ 9
to 63/15
. A2: 278/30"

o

domain- 29 »

" domain 28" | J¢ don
: e T ai
- ' ¢ . . . ,.:f é ST
- Fig.25. ‘,’.»EQual-ai:ea" lower '§§m5p5¢re proj ection. The contoured data’
. corresponds to foliations:s Contours are.at 5,10,20% for n< 20; at 2,5,
- 19% for 20<n< 50; at 1,2,5,10%! for n>50. The orientation of axes to
. great circles (A) and maxima of contoured data (M) are marked on the

- left of the diagrams. ., = = - e ‘ I

A
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>

baéfnfof'Iryn.Grnupiand‘Pellttc Group. rOcks”ilthin“Krchéan
- ) .. ‘ ‘" o “‘ 1 | ~

gneisses and amphiboltﬂes. The contact wlth the Arqhean

fracea several tolds (seeégeological map)s The: pl dlagram

_for aoxaln 26 (Flg- 25) shows a great circle dlstrlbution

with a ﬂorlzontal gxis vgrying trom nearly EW to SW—NE'and a

5
o

maximum: correspondlng to an_average tcend of Z6/43Mo

'ngﬁglnﬁ_ZJ_gng_ZB are the Archean rocka between

. 2
. . .
" » j

»the Ipleunq‘and the Qiklrtaalualuk 11neam¢nts (27' westehn.'

It g

1]

'nhalf. 28. eastern halt). The trend of the Archean rocks 1n_-
~ : * - 'Il . e .
these domains ls EW 11ké that ot the Apheblan rocks, but

(

',thls is probably more a coincldence than & reault of. the

Hudsonian detormution, as ;%ls trend remalns unchanged fur-
: 8 : . :? o
ther to:the SW, outside ot,the main zone of Hudsonlan deTbré

-
\

'm.tion- Indeed folde amphibollte 1ayers mapped in- do ain

28 ‘north of domain 26, are discordant wlth the Hudsonian
- . ‘ . g ST .
nstructure. an antlcllne in the ﬁrchean underlies a minor

o

synclinal retoldlng of the Aphebian basin Qseefgeologlcal

map and. cross-section). The pi dingram fop domaln 27 (Fig.

-

25) shows a sinple great circle distributioh. but the pi -
'dkagram tor domaln 28 (Fig. 25) shows a maxlmum that could
_be consldered as made up of a‘great clrcle wlth axls at

286/25 and one vlth axis at 55/20, correspondlng to the folQ_‘

N &

dlng 111ustrated by the amphlbolite layers.»'
> " In the rest of the qrea (domalns 29 to 35),'thé'>

Archean rocks have reacted to the Hu&%pnlan deformatlon by

AR

v.!olding,ln'the same.manner as the Apheblan rocks vhich form

a syncline trendlng SW 1n the western part of domaln 29.,

P

C
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further east lt spllts ‘into a NE trendlng branch, the end of
('Q ‘f'“ . - 7

whl;h forms a complex told-structure (Qiellk Structure), enq»

an east trending brench whlch ende a. few miles further eest.

{l

Domains 29 and 30 corpespond respectlvely to the sw and to’

the W %rondlng parts ot the syncllne. i
S ngmgin;al cohsists af‘the;Archeen‘rocks north of R

the syncline, 1nclud1ng the Qlalik Structure. Thls structure

contains the end of the north brench of the syncllne, folded*

‘together wlthxthe~Archeen.rocks.llnfthe Qiellk Sdructure,

. : s S o ; ' S
the‘NE trenqing syncline ot theblan rocksPls retolded!~

-

.

)
.

‘?i¥7hy an EW éyncllhe} tb torn an EW elongated besin.

B3

“2-'by an enticline with e shallow°eesterly plunge, to form a
‘crescentlc antlfornal basln-'f I ;"i

~ A L > -
.

P

A small ilat-lying outlier occuples the centre of the‘cnes-

cent. Amphibollte leyers vlthin the Archeun ald 1n 1llue ra-

B B *
tlug this_etructure and, more geoerally,-the«EW‘phasejof

<

The pi dlagrams for'ggmging_za. 3Q, and 31 shov:

:.rather complex dlstrlbutions thet may be explalned by the'

superposltion oftthree trends._Ew, NW-SE, NE—SW. The pl di&*z
L N [.:; o s .
jgreu'for'domaln'Sl,(Flga_26) le sllghtly mor e complex than

those.of.domeins'ZS'dnd'30<(Fig.'25)? 1t'conslsts'of two
i > T

great clrcles wlth difterent petterns of scetterlng. The

first shows more scatter in the foliations with steep dips
then in those with ahallov dips, resultlng in an axls of"

: varlable dlrectlon (ﬂrom 310/20 to 73/20), thls:may be ex—
. . 14| S
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v Al': 310/20
g to 73/20
" A2: 218/0-40

A:322/13

domain 32 -

~ Fig. 26 Equal—afea. lower henﬁ'sphere projec:tion "The c::ontoure:l"data '
-cozzresponds to foli,aticms
great circles (A) and maxima of contoured data (M) are marked on the

left os.:he diagrams.~ -

(S

/A 270/35

' to 305/30

Contours are at 5,10,20%7 for n<20; at 2,5,
1 10% for 20<n< 50; at 1,2 5,10% for n>50. 'I'he orientation of axes to.

[}



J f‘““
plained by a change in trend tron the western to the easterﬂwy

" . . . s
Ay

~part of the»domain. The second shows moré gca;:er 1n the
ltollatlons with 1ntermed1ate‘to shallow(;ipgathan 1n those> i'
,wltg éteep dips, glvlng an axis at 218/0 403 thls spattef

. 4 » ' . S
appe&fs to .be the result of refolding along.aléhaliaﬁﬁplﬁn—‘
glng axls whiéh trends more or less perpendlcula:.td theL“

Y

wefoldqd* ﬁe, and which could tor example be ‘the axis of the

|
first great circle. The pl dlagram for domaik,Gl lllustrates

I

thue clearly_the chrdnology-qf deformatton that~resu1ted 1n;;»
the Qialik Structure: =, . ‘
lf'told;ng aiong a_SW.treﬁdlhg gxiq{

e L | %
2- refolding along an E trending axis. o v~§
. ; !‘ I '- ) ' .. ‘ . . . L B

”~

LA émdbl refold of the Aréheaﬁ-Apheblan contuct

near the eastern end ot the geosynclln;}(domain 30) 18 prob--

,ably,akdn to the Qialik- Stpucture.- : .'._ L ':,“, .

o’

ngmglng_aﬂ gng QE conslst of Archean rocks, easf: ~
wof the end ot the north branch of the geosyncllne, 1n”wh1ch
this_structure'le tllustrated by tour nggﬁ*horlzons'of -

basic rocks. Two of thése{j&ﬁphlbdtites,farg f&plcal,re—'

folded’ folds; the Kenoran (?)-2old axes trend_E'to ENE and

the'plunée sééms moderate.. The ‘two ‘other layers abpeﬁr to f
hdﬁe Beeﬁ fol&ed onl& onCe,'by the'HudsonLah deform&flon;

L@

vone 01 these is clenrly a dlubase 3111 (or NW dlpplng dyke)

*with a rellct ophitlc texture, lt 1s probably of early

iApheblan age, of the same group gs‘the_dlabase gykes_ob- .

served elsevhere 1n-the area. cufflng‘Afcﬁean.roéks'and

,).v.vv ! é



'Hudsonian deformation, with a N'—SE trend. The scathr of

» anticline—syncllne palr, more or less parallé& to ‘the. con—‘f'

_correspond to‘a Late- to post-tectonlc»sill. The pi dlagrams

for domnins'34 and - 35 (Flg. 26). show only the eftect of the

44

"oveflain by ihe“Apheblan.suprac us tal re ké: fhe other
. n by t len supracy gisi the .

o

1nyer{ hoveVer, is ah=amph1bollte simllar fo the two re-
,X

tolded ones, 1 g. metamorphosed during 1§e Avchean,_lt may

l

points in: the dlagram for domain 34, as. well as the relati—.~

] .
vely steep dlp of the axes suggest thet a certein‘pmount of

'control of the Hudsonian structures by preexlsting Kenoran

' '
;14 S

“structuresy has_taken'plape»

T

;Dﬁhnln;ﬁz_gnd;aﬂ are the Archeen»fgggs betWeen the -

Qlklrtaalualuk llneament and the main Apheblan syncllne. Iqu?

S!.an.i.n_.a.z the foliatlons 1n the gneisses suggest én

tact vlth the Aphebian rocks. The pl dLagram'(Fig._26) shows‘

a graat circle with axls slmllar to that of the adJucent

‘domdlnv25. In ggmgin_ﬁg the pattern of foliatlons suggests

”'ﬂ oldlng, but‘the-ahsence of marker horizons hindered the

mapping of any fold.?The pl diagram (Fig- 26 ) shows e greatﬂ

‘'’

clrcle with an axls between 270/35 aqd 350/30, rettecting e

-change4inltrendswlthln_thls domaln aimilar to theWchanS?’lns

trend from dqd&1n>30 feedomalns~34”en& 35, e
' 5In tﬁe'eesfefn.mep area, théee&phaSes of'defdrgq;

tion may be‘recoﬁnIZed:;EW. NV-SE,“and NE*SW. The’NS ﬁhaser

: 6bserved ln-the‘westefn ﬁap area, pppears to be absent. The'

chronology of the phases is also difterent from the western

'maﬁ drea, the EW phase 1s still the maJor phase of deforma-



.

tlon, but it ls lafer, at 1eaﬁﬁéﬂocallyy.than the NE=-SW

° : -
phase and montemporaneous with tchgmw—sﬂha'e. %’ L
o o L "- PR “
JI'. 3
, ¥
,. . : » X N ?
o & 3 p
.o o v B B 1
.‘ ‘. .. / .
. - In thg_Vukeﬂhg Bay region two major periods of

L o 8 . ® »
deformation can be recognized. The firstﬁ rela ted. to the
:Keno:aﬂ Orogeny; afiécted_thq Archean rocks only; 1t was a

4 L)
‘

‘penetiatlve_defbruattbn producing a‘foilation, foldlng and,"

probably faulting. The second,irelated to ‘the Hudsonlan“
: ’

Lo

Qrogehyy affected both the Archean rocks and the Aphebl&n

erCKs;‘albelt in avdifterent manners 'i . S

In_the*Abheblan rocks, the tecton1c éty197v§rLes
'Jin;résponse'fo‘chéhdés in compefence‘ahd thickness of the

rrvllthologlc uqlts,.and to Changes 1n-métamonphlc‘gr&de.

o

‘Where tVe Budsonlan metamorphic grade was 1ow to"

~
n

nedium, the Archenn.rochs reacted as an lndurated basement '

1.e., the Hudsonlanbmetamofphlsm was not pénetratlve and'
ovement was concentratéd alon@ faults énd.narrOQ she;r :
zongs.-ﬁu¥ vher§:¥h;=ﬂu§sontaq metaqorphism.ﬁés of hléher
'gfﬂde;ffHQLAEQOmp;nying dé}brm;fioh dttecfe& tﬁ;xAEcqgan'
. a S -

‘rocks penetratlvely and folded them.in the'samg‘mqnhéf:as

fhe Apheblan nocks. In the Aphebian rocks the’ﬁﬁangevlﬁ-
’étyle"with metambfphiq gradé‘ls-not s0 gneat;'ihulted folds

are more common . in the‘Léw;metanorbhlc[grade parts; the
. " “ 3 . . Do o (
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upper portions of the stratlgraphic'section"(the'thlck se~

.....

'quence of sllls and flows) are characterlzed by large open 'f
folds, whereas, the lower portlons (more thlnly bedded sedi—

"ments and tuffs) by more appressed. smaller folds.

The topog aphlc maps and the aerlal photog' phs .
'_show three systems of large—scale llneaments. EW,

SW.- hese'llpeauents afe*Vlslble malnly in the Arg¢hean *

~

rogks; but some transgress into the Aphebian rockB8. Faults

@Kve boen,observed along'some of them. These lineamentq'show
no‘changes in direction '1th changes in- topogmaphy, this ~ ° .

Ufsugg sts that they are high angle %;atures. i L %
O

In the western mdp area tour phases of deformation. T
'have been”observed Ain the Apheblan rocks,'correspondingftO'
£01d axes trending EW, NW-SE, NE- sw, and NS. This last phase

ls-Qery wéak.&nd“produoed only a few,Qeoy ooenifoiés. Tb61 
_chronology is EW,‘N%—Sﬁ and NE-SW, NS. In fho‘éaétefo'mop;

..area ‘the NS phase le ubsent and the chronology 1s, at least
Locpllyj NE-sw, Ewland NW—SE.' o

'aﬁ't‘ The contlnulty of .the Aphebian stratlgraphy aroundf o

the baain and the absence ot any break 1n the structurul ’
frend of.fhe-Archean.rooks suggeSt,that the_AphebLan rocks,*f
wefe,dépbsrted onZa\continuohs Arohean basementy j.gs on a“

<
\

-«oontlﬁQOuS’continehtal crust.

[N R B . . . . . . . . ot

Exanlnation o! various NS cross—eections through

 the Apheblan geosyncllne (Flg. 15) shows that]littley if

Al

'.any, crustal shortenlng has taken place durlng the Hudsonian

Oﬁogény.ﬂThoﬁfoldingnof the Lower an@ Upper'Volcanlc_Groups”-

. [
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-

whiph form the bulk‘oi'fhe Aphebian rocks, cang be explained

\

as well in terms of differential vertical movements (subsi=-

g

dehcg’df the axial part 6tithe~basin)..ab ln,terﬁs-of hori-

,zontal.mpvementé (?omprggsfon); . , L ‘/

. The'various'polnté.dlscﬁssed‘abdﬁe:
. ‘ , C : S S - o
‘1f're1at1vely ﬁlaétié Ioldingfoi-the Apheblan rocks over-ea
' 'basement undergo;ng brlttle deformatlon,x'

24?changes ln the relative chronﬂlogy of the phases of -

-~ T,

Hudsonian folding from one’ paft of the area to another,

\

as well as lateral changes, withlm'one gt ructure, fnom,

vone_foldlng d1ract1Qn tqmﬁhofher,

3- caihéidence of the directlions of Hudsonian folding with
thbselof the major Ilhedments in the‘Archéuﬁ\basementf
4- lack of,cnust#l shop%enlng,

LI
a

RS

-Tgest thaf_the"HudSonldn“defoémation In‘fhis~area"was tﬁe-

reguitc of dlfterential vertlcal movements of rigid bloLks of

. o .

‘ N

Archean ;asement along three systems of faults and shear'
- . :

zones. These movements occurred more or less.concurrenfty

2

along each of the three directlons, controlllng not only ‘the

folding ¢ - the supracrustal rocks but also the 1n1t1a1 eub-

-

sl dence The . pattern of toldlng observed now 15 the result

of thc dominance,of one phaseyover the others at different

“voLes in dlfferent partS»ot the aéea.’ln the area mapped the'

Ew (to NW—ESE) phase 1s the maJor phase of deformatloh, the

l ‘7

only one xhat’ls of sufticient amplitude to - aftect the whole

. v
strutihraphlc sequencg.vThe other twovphasés are.rgpidly



K]

“s
‘,\

,‘1-

2

s >
o~

proposed for the eastern end of the Cape Smith Belt during
" the Aphebian: : v . _"' .w;ﬁ

erosion of an' Archean basement;

nunerodﬁ no%thwesterly trendlng diabase dykes,V‘

o
.

-

a
. - 7 .
o, X s . =

:atﬁ%nuated uhvirds add'gffect only thé,ldwer three strati;

" o .
eV

ﬁ} graphlc units, except ln-tﬁefEaSt were‘the stratigraphic!

r

+ion is thlnner and~ the defofhatlon”(and metahorphlsm)‘ 

- intenses - . _ o .  » C ' o o ‘ ,/

o . : - . o, -
. 4 N - . N

' The following,model of structuraliev01utioﬁ is

1

S

K L

AT i _ ORI [ ,
regional‘ténSional;regififzggglllng/fﬁ*fhe Lntrusibpiof»

k-

'fsubsidence and sedl ﬁ#&tlon, flrst, mature fine paamm1~

S ce ~ a

'1t1c and pelﬂtic roeks wlth 1ron formation, then,'wlxh*

*lmmnturb‘sediments.

mqrous[sills_andflnterlayered witﬁ mlno; lmmature_detrl— o

,rlgid. 19'1q1ded24n response ('tectolene‘sduple').

; gradua1 lncrease 1n volcanic actgvlty,_a chghge t0 more

W e

 exté3s1on of bgslc V%ICanlcs rocks accompanled by nu—'

’

ﬁﬁ%l'sedlnénts;:‘._ o f - , :  '>:'  -_‘f 3:' ° '_. '.:ﬁ

—\detorﬁaflon, folqlngy of the Apheblan rocks by 1nt?nsif1-

. ’ . . _.,'_ . Y - _\\

cation~of the vertical govenents, accompanied by metamor—
phlém; thé Arche&n'basement-ls fqulfed along three maJor

dlrectlons ('tectonique cassante') and the Apheblan, 1ess



In the. western snd centrol part of ihe area, ‘the

thick competent mass of . the Loveq§and Upper Volcanlc Groups
deform along the EW directlon as very open folds, occnr

slonally foulted- Thls ﬁovement compresses agalnst Lhe base-

- . . - 1

‘ment the less competent underlying sediments and tuffs lnto

. . . - -
I : : w

isoclinal recumbent folds, later movements, ‘of 1esser ampli-

]

. tude, refodh these lsoclinol folds lnto more open folds,
trendlng N¥ ‘op NB. A late phase produces some minor NS
warps. In the eastern part of’ the area (east or Marlcourt) -

t

’vhlch corresponds to a deeper crustal 1eve1,‘the three
: . : [N )

phases oi folding'are about equivslent 1n 1ntenslty and,

locally,

th portlon ot the geosy cllne eXposed here corresponds to'

1ts axial (deepest) zone, 11tt1e or. no dlfferential movement

took place betwﬁﬁg the two Volcanlc Groups and the basement, N
. & '. - .

5and,]consequ$§§l§fsnOeﬁsocllnal folding 1n the_intervenlng* B

L sedimen ts ang | tufts,




RS

.gnelsses, a. well developed tollntlon ls present, ‘ag Well as

:scapolifé{ @od épidoto¥may be present. .

o . <
; ¢
1
.' E - . o
' " CHAPTER . IV
. ¢ R -I7 _
- J - B .
o . . 'LITHOLOGY
® . , ST il
\ " g
1s ARCHEAN e T
. S R v - iy ¢

The Archean rocks conslst mainly of 11ght grey’ to

. v : C e . : —s &

v}ﬁldk, granltlc to granodlorltlc,»medlum- to coarse*gralned

.

*

banding, pnrallel to foliatiopy'that may correspond to an .

+ ‘,'

origlnal beddlng. They are conposed of quartz, microcline,*V: 

EEIEE
K3 B

-ollgoclaso or: andesine. biotlte and/or hornblende ’apatite,”

et

zlrcon,'opoques, seconoary mus¢ovlte, chlorltéj calclte._h

. The gneisseés are lntertayeredfwlth-mlnor.omphlbo-,

@ -

lite whlch_mdi.occosionolLY be sufflclenfLy‘fhlck_dndfcon4'

. : oL .

TR 2! nuoos’._ to f‘orh misppﬁbl_e uni t"s and, 'o's suc‘h‘,"'u:seful mCrkér

x;‘

'Jhorizons. They are. composed of plagloclase (nndeslne to

AR

’bytovn}te), olive-green hornblende, 1lpen1teyogpqtlte,lgié

. c . . e Ce

séoonQary-ﬁlnefals such as greennhorhbléndey chlorite, epi-

@

*
°

.. 7 ls0-

'ftan;te;)garnet,.dlopslde, blotite, quqrtzomoy.bo,présent::_:”

-
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N\ -

-

v

51

N

.‘Maricourt; along tba»shore gt 'dkiga-dey one c¢an observe:

'dote,'calcité. scnpolljé,‘sphene, are gég:rulj§\present as

'

-'eit.. o 7 {,-' e :.”'713

Pafagneisses occur fn the penlnqqln NE-nf.

s »

v
. -

“Qfey‘bdnded'dlorttlé to ¢ranpd1%nlf;c gnéieses interlayered

- ' . : . v ; ,
. with anphlbblifey some of vhlch,are garnet»and sulphlde-

- bearing Grusty alteratlon).]blotlte, muscovite, dlopside-

. ..
-

-.rich gneiss or schlst; sulphlde—bearlng hornblende, garnet,.”

graphltefine}ss: rnsty,anelss with segregatlon of quartz-

-garnét-apat{fefnalclte. In the cgntngl partvnf the pen1néu1a

v -

‘one can obéerve: blotife—rlch greywbgnded gneiss, biotlte—

plazloclase—cummlngtonlte rock, gqrnet-aqphlbolite,’

“di Opsi de-—amphlboli te, kye:m.te-gar'net-muscovl te-bi oti‘te y

a

<gnelss (386-391) (3 d1g1§ nunbers are laboratory nunber ot ‘:

only in- the nrea north and east ot Stupart‘Bay.

./'

thin sectioned samples llsted in Appendlx IVY. ‘ H/j

- The quartzo—feldspathic gnelsses are mignntltlzed‘
N . - - /’

, ‘ | K ’ ' .
(1nc1plbnt anatexls): but granltlc pegmatltes are conmon

PR -

Some og the'lgrgerj more.contlnuous_amphlbolite-

ihorlzénsy innthe peninsnla nortﬁ?ast_df uarlconrt{‘appear to

have been_metamd:phosed put.ndf-defdrmed-ﬁb'the ienoran‘
Orogepy: they may be-lnfgr&rchean”dykes and sillse.

' v . : - e



>

°Tvo.groupe’of‘d1ahase dy kes occur'lnvthe‘afeao The

~tlrst cuts the Archean rocks, is" overlain by Aphehlan sedi-

L ments and volcanlc rocks, and ls locally det?t?ed hypthe
‘Hudsonian Orogeny. These dykea have a N'-#E or a NE-SW

trende. Lowdon (1963) reportg 7"laotoplc‘ages.(K—ArJ on simi-

)v Lalse
,Iar dykes‘from angarea south of the present map arean They

)
.

range from 1995 to 2675 mlllion years. The 2675 m.y. age is

probably'too*hlgh’as_these.dykes_cut_Archeangpocks_vltﬁ gnh“

,age of about 2500 MeYe The aver;gé of the 6'ofher qgeé'ls -»  f

2149 -.yk This muet be consldered as a mlnlmum age becqgse.

'some'samples are trpn neap'thevboupdapy of the Churchlll R .-

- » S ' : Ny
Province and may have been affected by the Hudsonian thérmnl
event and all show &1at1ﬁct'déﬁterlc0?) alteration which mey
have céused loss ot ‘°Kr; Moreéver,'Gatesﬁand‘ﬂurley (1973)-‘. 2

have shown that E~-Ar ages ot diabase dykes ure generally 100
:" N

" to 200 meye younger than the age obtalned by Rb—Sr mlneral

r

or . whble-rock isochrons. An early Aphebian age can thus be

’ é R
attribd?ed to’ thls grdup of dl; use dykes (2250—2350 m.y@)-; a

]

o Of the second group ot‘dlabase dykes,'pnly;one tas-

: / . ! .
:f$observed, cross-cuttlng Iron Group rocks 1n the western map

areas-Thls diahase appears completely unmeta-orphosed in

. . . ~

thin Beétion, barring some serpentlnlzatlon of the ollvine,‘

whereas dlabases ot the flrst group alvays show the effects
@ o .
of}the Hudsonlan,metgﬁorphiam- Isotoplc datlng (K-Ar) of

slmilar'dike%:'eét of the p?esent{mnp~avea‘glves pges of

L .
3 S
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a ' - .

. 507%85 and 534174 m.&. (Fahrlg. 1967, 1968). Fahrlg gi gl.

.

-¢'; (1971) consider theae dykes to be part of the Framklln dia-

v “ ~ -
wle .

base,vhlch-Q?pnan,nverage aae of 675 may-,'logiwlaﬁe”

/

.Hadrynlan. They trend NE-SW 1n~the general area (Taylor,

'1971). The localizatlon of dlabase dykes is -shown in tlgure

w27

- An thuldr unéontormify‘separates’the-Arébe&ﬂ'dnd

1ower Apheblan rocks trom the Apheblqn seQ}ments and vol—
[} ’ R “~
cunic rocﬂs. This uncontormity is vlslble in several 1ocal1-

ties ldﬁthe map area,'tor'example’on Vakeham«Bay pnd-at_the

lower de ot the Wakeham Rlver Canyon. In several places a

layer of a few centlmetres to a few: decimetres ot a garnet~

.'andmblotlte-rlch rock_quurs at the unconformlty and 18.1n-v

NN
By

‘7feiprétéd.to be a paléosoll- In one thin aectlon it is pos-

-

sible to recognlze poLycrystalllne gtalns of quartz nnd feld-‘

o

v spar 1n a natrlx of biotite, gurnet"muscovlte'and finev 5 -

e

. quartz and teldspar. In the 'akeham River Canyon, tof ex@m*

ple,'a to 4 m of vertlcally tollated, vhlte to 11ght~grey
« ’ . . ‘ . CA .
é"\ Fleached?) q?artzo—feldspathlc Afchean gnelss ls overlaln hy
?{j%&, . 3 : l
Ui, SN

about 1 ™ otjgarnet-bearlng,’quartzo-feldspathlc gneies ti-'

’q,ghtly folded and tollated parallel to fhe uncontormlty. L.§. 

nearly horlzontal, followed by about 1T m ot garnef— und
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74<‘1'74‘4

i 7

“Distribution
v. Quebec.

Volcanic  Group, :lroh' GrSub, din;b&se ‘-'dykes.'.:f - N

of .:he'“ii:b&logic-un'i'u_of'f{hé ‘Wakeham '_Ba'y: o

A1

R ’—\

; \ fron Group of less - thoh moppable: thickness;
) “'pres‘e_ni, assumed. - '
s Dicbose dykes (first ond -'second - group).

*eses Limit of detoiled mapping -

54




_—

‘ Sedlmentary Group.

v 55

P .o
L

blotltg;richvmoQk,Afolloved:by about'ZO m bf}g}uﬁerlféé

~ garnet ‘iron forhhtion. . “'v Vo y

i

= The uncontorllty can be" overlaln by rocks ot the

Iron Group Or the Pelltic Group' occaslonally f?e Volcano-
. _ % o

\

[}

“a

A IRON GROUP

Thls group 13 beat repreaented 1n the southern'

‘P°ft‘°1 the.westgrn m#p»grea, ln.partlcﬁlnr near Mont Tablé.
' It1c6hsJét§ of: B R ’ '
;'jirop—flch_rééké (iron tori&fidn)?’:  S SV
- ,B‘.arit.istope.;‘. S " ' - R R "‘ - o

- ,pe1ites. mlca-schlst,-chloriti¢'m;cafsdhlsff{ _

v

- dark green chlorite—schlst.

- fhe'Lxgn;xign-ﬁggkg'are'Véry varlab1¢31n1cohposl?ﬁ_:

‘tlon:'fhey are atmixtupe‘(1n.almostvallyprqbortlons)‘offi
, C ‘ T B RTINS
- oxides: ﬁemﬁfit?' magnetite;

e e g
- ‘carbonates: calcite, dolonlte,‘sfﬁeritegAnd intermediate.

’
{

éompositlons,-moée or less manganiferous;

n

- stl;gates: grunerite

sflthno@elané }3§afnét 5 §h1brLté'v

v

> biotite ‘= plagioclase. - . =

. Hlnor'umqﬁnté ot_lrod sulphides Caﬁ'ﬁe pheéehf.4Soﬁef{yplégt,f

C -

e



compositions are, however, more common? quartz=-rich,

-

' cqrbonatq;r1;h, and’alllcdte;rléhw‘. :‘  AYV L

v . ;o e
Quartz-rich members are generally tlne—gralned,rfl'

¥

evenly thinly bedded and 1aﬂdnated,.dark blulsh to brownish

,\,_ o :‘.:

grey,,they contaln a few percent of lron oxldes, some stllp‘

vnonelane and some prown to yellow grunerl*e ln tlne radia-Aj;

't1n¢ need1es 1n<the'hedd1n¢ planes.-Zircbﬁ 1s‘oiten présehf.”

They contaln;oxidé—rlch.lnterlayérs, elthef-aé a tﬁin—

°
R

7bed&ed, very glne—gralned massive dark bluish grey rock con-f '

e

A,

.tnlnlng up to 70—80% lron oxides,_or'as a medium;beddéd<> A

coarser, grltfy,

VYSO% iton oxidee. n‘¥£her of these last two is ahundant.

)
2 ° .

]

- The carbonate-rich nember_ls medlum-»to thick-

béddeduwltﬁ_boarse, rafhér irregular, laminatlons, 1t*wea-

o

-thers chocolate—brown vhen alnost pure carbonate and quartz,

lighter brown as’ the prOportion ot grunerlte 1ncreases,‘or.;j"

"-darker brovn'aavthe proportion.of stllphometane lncre&ses}—~b

gthet,'mlnor iron—oxidea and chlorlte can’ also be preaent,
v . . s
The sillcate-ﬁich nember 13 dark brownish to

greenlsh grey, mgdlum- to thlck-beddad, with rathen-coarser

llane, chlorite, garnet, 1ron oxldes‘and,carbonutes in.
. 5 R oo . - s

 var lhé“aﬁodnfs, round gralns of carbonates often give a
t

ted aspect to the rockcf» PR » ".“'_f : T j/f

The 5Anggigng§ are white to Iight buft, mediun- to

-

“to thlpk—bedded (sometim.s thln-bedded), they occur within

Fad

v

.the lower halt or 1ower thlrd o! the Iron Group,‘they con-'”

i RN

:;@ﬁz-lr?n oxlde rock contalning up to 40-‘

laminations, lt is conpoeed of quactz, grune:lté, stllpnomeff




"gbey mlca—échiats: beddlng
' 1ation ds«@éll ds metamorphlc.segvegat4qn lnto'quartzérlcﬂ

' [

only the more sandy beds can . be easlly recognized. They are‘

<{graph1te,-tourma11ne, sphene are common accessorles. car—

IS

 sLst'ot-ﬁp-to 905 qgartz, with pi;glo¢lase,‘muscovife,,blo—
Hfltér chlbri%é; é6met1mes'mlcroclineQ Jpét apggg_the‘unconf
formity occurs locally a light gtéen.fthlbrife4$ear1ng,

--ed;umébedded sahdstone, up tq 1 ﬁbfhlckb in whlch'may'occur‘

pogkllltié'gdrhets to?ulﬂg‘large; Ilght plnk blotches.

! 2

o Lo . The nglljgg are 11ght to mediumgrey to greenish
o ' ' ‘r“ﬁi

and lamlnations are. only occn-‘

1

i

slonally recognlzahle hecause Small scale tolding and crenu—

&

L

'5?#&d,h1éa—fléh”idq1naa'oblltevate'sedlnentary strucfureé:

P

e Sy :

composed of qunrtz (t plagloclase), muscovlte'aﬂ¢/or.biot1te'

and/or chlorite (t garnet).,zerOny'apatlte, 1roh-oxideé;

0

'bdnaté, epidote, actinolite may be present in mlnor amounts.

 ;; g nhl.en_t.e_mxa_t 1s dark greén' irreaularly

>

jmed'ium-- to thin-bedded, eomposed ot fine—grained quartz with ‘_t

?up to 50% iron—rlch chlorite,/;omnonly with garnet- It is

3
EN

otten found at the base of t%e sequence, above or below the

‘igreen sandstone as vell as hlgher up 1n the Iron Group. It

la not knogn vhether this r%ck rEpresents a pecullar tacies
. LA : ' » : .
of the 1ron tormation, or whether lt réﬁresents lnterlayers
S . L /HA _ :
or volcanogenic material. - _

Stratlgraphlc relatlone withln the Iron Group have'

i not been elucldated because of the complexlty of the struc-:f

fture 1n the type area. The tollowlng genernllsatlons only

...can be made." ; 'f“' SRR PH PN o o : f(ﬁ o
B : - Lo . » . P R i . o e b
c o R T S e o ‘ L o



4

-  the .proportion of’iféh:;chlet 1ncnecseemupwarda;

= - the proportlon(pz aandetone lncreasep downverds,

- among.the lron-richfrocks; the sllieate-carbonate nember~'

- . . . . . : N
ie more ubundanf 1n“the.upper halt{ the quartz-ox}de'

B

- 'the dark-green chlorite-schlst ls found mostly 1n the _"F f

lower twd‘thirds ot the Iron Group. ' ‘

L

- Lo . 2 . ' B -

I - . : RN

o
‘/ . . E e

slllcate-carbonate nemben& is taken as the upper 11m1t of

<A

the Iron Groupy lts bouﬁdary wlth the overlylng Pelltlc:

'Croup. The distributfon of the Iron Group is shown in flgure

7

The maxlmum thlckness of., the Iron Group 15 dlffi-
cult to estimate because ot the complexltymof the structure

in the type area; it is probably less than 500 m and may bev
no more than ZOO'n; 1t thlns rapldly west and east of the

v .

type. area. It occurs along the north branch of the geNaYnc—

.. N Cd

1ine/and around the Ipleuaq basln bﬁt only 1n thln hori—

-

'zons, often of unmappable thlcknees. In most o; these occur-=

rences, it coneists of the qllicate-rlch member (grunerlte—

e

~
- ‘ B

Y-

garnet—quartz t magnetlxe. stilpnomelane, carbonnte)..A few.f

thln 1ayers of the oxide-rich member\occur at the western
end ot the IppiJuaq basln. The thln—bedded quartz- 1ch

1
»

‘member represents the Iron Group at the eastern end ot the
IppLJuaq basin and at one Iocality on the northern contact

in the weetern map area, there. a thln, evenly-bedded

member ln the 1ower half of the Iron Group, o : :}.' f

e : The last occurrence of 1ron~r1ch rock (genernlly a

o



sent the Iron Group.

v The Iron'Group occurs alodd mesf, but not all of
" < . - ,ﬂ, - :

the southern contact of the geosyncline, 1t'15.notab1y-b

absent'pt Q1nguaq and fbom theéebko:Lac Rubanw>The'Iron'

53
'7Group ls absent Irom the northern contact, excrpt ln two-

‘1oca11tles, this appears to be a real feature\and not the
result ot a lack of exposure, as the northern contact ﬂe
"well exposed 1n several Iocalitles both 1n the eastern and

_1n the western map areas AR %

B PELITIC GROUP . —~ . = .

N |
A

Thls group consists mostly of pelites slmllar to

_those of the,Iron Group (see descrlption, above). In addi-’

» -
~ 1 o

tlon it contains small layers ot quartzose schlsts to thln—

’bedded sandstones, chlorlte-rlch greenschlsts and grephitic
’blackschlsts are also present in mlnor amounts. Beddlng 1s
easlly recogntzable only where - those different composltlons'_t

iarefpreeent.,'

~This unlt is talrl& Lelform and it could not sub-
:divlded elthin the vestern map area. In'certalneéarts ofithe
eaetenq»maprareg-iléleuaé bagln),.lt is poe;ible ﬁdldietle-ﬂ;

guish a lower, heterogenous member with more ehuhdant garnet .

qicefschlsts and,giaphitle blaékschlsfé_trom an ppgeb homo~
. . . S, . : ' ' -

e [ . . N



el

T~

.

rectlyy
base of-
rence

dolomite horlzon.

geneous menber compoaed of grey blotlfe—nuecovlte schlst.

The Pelitlc Group overlies the Iron Group or, di~-

)

the unconfornlty. Its upper limlt is- detined by th

[ ¥

the Volcano—Sedlmentarz Group, 1 -X the first occur
upwards, of a slgnltlcant volcanogenlc tuff or of a

The Pelitlc Group grades lnto the under—

/

Groug, both of whlch contaln a slgnlflcant proportion of

\\pelltlc schlst. In the type ‘area, the thlckness of the

geosyncline 1t ls very thln or absent.

' C VOLCANO~SEDIMENTARY GROUP

’ foliowingllithologies:

#6lcahogeh;é/tuﬁ£sf

ultramafic rbéksf

'\ . This &ronp is héterogeneousp

4
 ;/

pelites;

dolomlte$: '

. sandstones;’ -

v

1baslc}thié and sills.

thqueoéynckine. Along parts of the northern limlts of - the

Te

Pe}ific Group 6:; be estlmated at 500 1000 me.

E

?28q'1t_occurs, in varying thickness, practlcally

'Ij_éohélsts‘Bf the

17

1ylng Iron Group n%d 1nto the overlylng Volcano-Sedimentary

The distribution of ‘the Pelltlc Group is shown in

-1

L

&
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‘Distribution of tne lithologic ~ unit:
New Ouebeé-_ Lo

. Pelitic Gmup,_-Uppei Volcanic  Group.

- Fig 28. -
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' Group. but graphltlc‘ pyrltlc schlsts and garnet mlca-
schlsts are more comuon. The'pelltes grade on one hand lnto o

mo re quartzose composltlons (psamnoschlsts), on the other 'i ffy

“into green; moro ch[or{te—adtlnolife-cdrbona}e-epldotéf:ich;,

. schlsts. sllvery,green talc-schists are also present. R ST '_%
,bedded, vhlte to-buf!._They'coﬁt
1muacov1te and feldspar, mlnor b

bonate are common..uedlum- to thlck-bedded arkppdc grlte are

g”ayﬁb preaent. At ‘the vestern limit ot the map area,'the up-.f

»Ietg\ S

'rich basic volcanogenlc tufts. Contrary to-the maln dolomlte >

- e , e ‘ oo AN e
. e : . N

.The gglijggfare slmilar to tnose_ln @RE<Pellt1o : , o

T

T SR L s 5
EERELES R AU ) ISP AR EOLIR 3 .

I3 e - N S ‘e

hand, ﬁlthhlnCreaslﬁg admixlon<offVolcanogenlc;matoriaI.

R

o o - v .
e v B P P L 2

A}

R s
» - - R

The ggnngxgngg are tv{ dium- to.coaréé4‘

-

Iorite'and car-.

permost horizon of sandstone conslsts of a very thlck—hedded _
breccla.'angular fragments up to 1 m ot orange brown dolo-

mlte in a mntrix ot flght grey sahdstone. Thls breccla}y

’ “

Igrgdes into masslve dolomlte wlth a network ot quartz veln- ;f

R . e e e

. The nglnmijgwis'genorally'maesi#e,=fu§ckfbedde¢;“;f

fine4¢raiﬁéd,’bu1f to grey on fresh surface. butf to.

\

oo

-chocolate-brovn on altared surface. Locally it is thin- to 
'.nedium-gedded, schistose, siliceous or micaceous. It 19 1 to

>'3 m. thlck, rarely more. A smaller, (0.5-1 m) masslve,'slll—'

’ ) : ' ‘ [
ceous dolomlte 1s Iocally present belov the naln horlzon- ) _
e o ‘ S o - .

Minor grey massive dolomlte horizons a?e found,'in beds oIr

‘ 0.5—1 My assoclated wlth, and gradlng 1ﬂto carbonate nodule-U

o N ) R z "

SR _ ) .

'<horizon, which ls a conslstent marker, théso'uqe‘01:66311;;;;:;;;#_l,f



;mto black. tinely lanlnated sillcate lron !ormatlon 'ere ob-

’-._-5éi-véd. .edch :!abo_ut 0e5=1 'ng thl{:l_x: They co_ns,l.st mainly of

}Sé7exhgi1test* o fr. L

.'.ty near élviere Lepine. A\

e . .
. o~ !

/ ) . . , ) >
“ Iaterul extent. ‘

The xglggngggnig_iuxxg conelst of medlu- to. thick-
bedded, generally -asslve quartz—nlblte—chlorlte green-

schists contninlngvvqrylng anounts of tremollte-actinollte;
(i R

' ¢qrbonate1'ep1d6te..One Qccurtcnce of felgic tuff about 1 m

O

thick was tound{ lt ébhslaté_of quﬁétz, plagldclase,‘iuécd~

1 ‘w1te, mlnor biotite and zlrcon and 55 each of galena and

o T
Bphalerlte (454). Severcl occaa;encés pf a durk ollve-green'

N . e
£

-

”fstllpﬁomélgne,‘grunerlté'and minor sgplphides (272.'452).

&

S SR AR o o . o )
Both are‘assoclated‘tq{vokcgnogenic4tuf! horizons anqzﬁquld o

.

i
., ,
-« d,

o r - % .
Indeﬁ/bs, up td 50 m longs they,nre ‘accompani ed by mlnor

- .

W S L : (. ..

horlzons of. haslc and ultramailé‘%htfs (397). They are car-

<
\. ' . . .

. bonaftzed to varylng degrees‘and nost arp soapstqnes. Thelrjn

4

;'bro'n alterntion surtace 13 Jery characterlstic and they

- o \

;form little knolts (n the 1andscape. In the 1ess deformed

L4

.ones the orlgLQgt (igneous) texture is stlll recognlzahle;

_F‘

! &nd lt may be'estlmated that fhey contai}ed about 70% otl-‘

T . =~ 1

~v1ne. These ultrama!ic 1enaég are alwhys !ound stratlgraphl-

RS -

’cully Just below the dplomite horizoh, except at one locali°
. S L L

"

~

L The hgglg_xgl;gnxgg occur as massivgybasaltlc :;'

\

vflovs and gabbrolc sllls. The sills are generally a few tens‘f

R . e >

f of -otre- thlck, raroly ovor SO me Th¥ tlo'a are thlnner and‘

R » \
i o L . .- . . . . B

'1Thq~yl;;;jjxig;gggkg dccur as'lenéesi51§olat§8 or -
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-

less abundent. No plllo'—bnsalt'has‘been;observedi Minor

agdlohefd@éé.-consiétlhg,ot'centlnotglc fragments Qt1n¢fiba—

salt ln a chlorltlc ground-asav hév. beén obséived.r

- The bage of this unlt is deflned as the flrst._

-
A

upvafd 6ccurrenco of a slgnltlcant volcanq*enlc,@utt or the
 do1on1te*hor1zon{ In the fyﬁelaréuy the dqlonifé occurs a
few tens of metres above the first tuff. Thls,liﬁlf’iq}not_

-yef}iuccérate'and~6an“bé"suﬁjécf1ve, but was found toﬁ&é the

- ndst pra ticaf; east ot the type area. the unit ls thlnner

“fiand mos Iy sedimentary and the dolonlte horizon is the nain/

B

;narker. The top of the unit is the maJor (and last) sand—

gtope’hdr}zbn; 1tls-tblck,hedqu‘:yé>gr1tty la‘é;rt. 
"ﬁgfzﬂﬁifhlﬁ-{heYVoléano-SCdlnentary Grogp‘the spdtméqtg

» . . ‘ “!. ] . S E ) . A' o

“rshow the tolibwing successlon, from base to top: pelites,.

°dolon1te, pelltes, lncreaslngly’pean-ltlé pbl#tés;'thin

B - ' » ' - . - ..
.hedded sandgtones. thick-bedded san&s&bnes; ahd thé 1éneoﬁs
‘}rocks the tollowing successlon. basic to inter-edlate tuffs
' )

vlth -1nor gabbro sills, ultra-afics, nostly gabbro 81115 i
€ t

R ;with ninor tuits and baealt tlovs.'In the type area,_the 4;.;

?\

'V@sediments (excludinf tutts) torm about 40% ot thls unlt. The 

w
"

proportion -of sills and basali gncreasee west of the type

“nreu, and decreaees east ot 1t.\In the easterQ nap nrea vol-

. : ) ‘
- canlc ﬁaterial occufg‘only asaociated tp the ultramaf£\\
:Ienses. The dlstributlon 91 the Vplcano*Sedlmentary Group is
_shovn on flgure 29. - ‘v O : Sl ".), o e
In theltype area’ thls unit ls 1000 1500 m thick.

K

,‘It thickens westvard and thlns eastvard. In the Vakeham . }".'

L : . o
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_River Canyon{lltﬁls.hd more thAnASOO n'tﬁldk,'and probably
.;lésa. It 19 very thln and n&y be absent along the southern'

contact nenr uaricourt. Where the Pelltic Group 15 absent ltxﬁ

~

-reéts dlrectly on %he‘Archean gnelsses. The dolom;tq,hprlzon

can be represented by no mofe than a. few tens of centimetres

_of c@tcsiliéqte-rock, for example at thejnprthern‘cpntacf;

on the shore. north ot laricourt. Netthgr the_Volcanoé

Sedlmentary Group nor any ot the unlts above lt occur 1h the

< ¢

'IpPiJuh¢'2°Sin&- R S o ,- s
. 5
D LOWER VOLCANIC. GROUP
' fﬂié"véry fhick‘urdu§ cons1sté‘Qf}fhe foiloilng
- a LA o : S = A '
- lithologles: = =~ 4 SRR EYREY »Qf%
- »péljfeq;; : - ' ’
“e.wsqndéfoheéﬁ“g . ’ )
- . * . o », . ‘}a
- grauwackes,i ' X
- baslc flows and pillov-lavas.'i S ‘: .
- basic to 1ntermedLate volcanoclastlc rocks.,jutis,.aégé
ST 1omerate.p S T S t .;Jv.: R SO e 'f:}“é;v.
2 .y . e CooAl C v . N - e
NI ,Au - R SRS - R . : . -
L= baaiq to Localvy ulfvamatlc leIs.l‘,‘;ﬂ -— T c
s ‘\’_ . . ; v C L. P ~ vt . " . . . ' o
The ggﬁlmgn;g form no more than 10-20% of thle
) c L .0
group, they/are ﬁerelJ 1n§%;calatlons betveen_the volcanic
roqks- Theae sedlmenﬁs are noetly pelltée, arglllltes to"

“slltstonea grading lnto grauwackes. Udllke those ‘of the>

"‘lo N X . g
:I“ . T o



A,bﬁt ¢ontain dppreclcble.ahounte of'chlorlte,.epldote, ac-

67

lower unlts they are otten not micn—schlete ggngg g;x;gig,‘

oo

.tlnollte..Thei are grey to bleck,'ilnely‘lan;nafed,"otteh

corbonacequsvand eulphide-bearin¢¢ 8chists. Grauwackes and

rsandstone

gre tound 1n the thicker occurrences. The grau—

EEN

fa‘”vackes— R ﬁm to coarsewbedded. black to d rk-green. The

“

”
coad

»

‘to. medlu--bedded, whlfe to butf nnd f

"~

# xglgnnig_xggxg conslst mostly ot basqltic - #"K~
" o | g v ,
(mnssive, pllloved, and pahoehoe) flows and gcbbr? sills- ﬁ

The massive,flows gpry ln thlckne@a, but\are rarely more ,.;

e

ad

than: 10—20 m thlck. The baslc slllé&cre a 11tt17 thlcker on

Tl
B ‘ K ' \ S
a erage “and some can be ug to 100ﬂm>th1ck. The d*stlnctlon'\\\;\;

!‘

betveen the thinnex gabbro sllls ond the thicker,

L ] E

hasait tlovs 1§ﬁgir£1cu1t ln the 1d. Crlterla 8 ch a8 the»
3:‘ 3 e \_/J

preﬂence of hornfels at the'eontact' ot gravity ditferentia-

‘ . :

'tion vlthin one layer, of a recogn!zable coarse ophi?ic or

' face structures etc.,.'are most otten lacklngwand 1t was

sub—ophltlc\textnre, cross—cutting relatlonships, tlow-sur—3

BN

)

¢ s, . - . Lt

l‘).

Tei‘neﬁessary to resort to more subJectlverriterla based on the

,,author's experience in the: Lahrador Trough where simllar

. . N : ~ . "

B . ISR N

:frock types are thlcker, lese-metamorphoeed and better}charn—e'

. e . (]

cterlzed, the criterla used were the colour ot the altera—

tion surface on the outcrop and the shape of the outcropsﬁi

”Qnd'btoekao The 81118 ar& darker, almost black, and torm-;

e e e e e et e im0



. study.

“base and

;sills’of.

: assoclated,w

v

27,

. e . . ",
- »
o . S A , . : v .
more angular, less rounded outcrops and blocks; the result

o

, ' Do e T : " a ' : v
1s_a‘har¢er aspect. The»haqalﬁe are ‘more green than blacke.

Alfhbpgh”thésé cf1t¢rla are subjective, théy proved to-be

etfeéfivé yhen‘cdmp§re¢ wlth'thé results of the thin sécflbn 

B L3
PN g

'Pillows and pahoehoe flows constitute halg to two-
. . c } ‘.

thirds of the basalts. ¥here it could be observed, the pa=

hpehoe'flo;s buégeste¢ a flow direction from north’to soﬁtﬁ;

»VélCaﬁodqn;c tﬁt:sv(éhlbrltefaétlnpllte schiétéi
‘andjgdatgﬁérgfés.(céntlmetnlc ﬁdgalt 1gaéﬁ;ﬁtéfén_; ch{:nl-
tlé‘matrix) are bﬁeaéht 1n mInor‘ahohﬁts§'prbbalyind’ﬁére.
tha; 10 20% ;f the Qﬁslc rocks: Felsic to intermedlate tuffs

. e .o :
occur 1n the north'est corner of the map area.

, Thegthiqkef gahhroic;sitlé'may huve'an uLfrah§flc
.7 Lo Lot B T ' ’ .

ﬂlopltic néab the tob.ffwofthlck-(gp to SOO‘QD'H .

eridotite and byrdxénlte 6c¢ﬁr'at'Lac'G1Tafté,7"
. -’ - L S IR \. ,_.,?4:.{*\‘. : ] .
h a gabbro 8111. ”11.‘ k}

The Lower Volcanic Group is the maJor Ilthologlc
un1t~1n“the Wakehaanay area and‘COnstitutes”more'thqn 3/4 i .

of the Aphebian stratigraphlc sequence.’lfs-th{dkness is’

dc-"
)

estlmated to be nhout 13 km, barring repetitlon and t

efe -
kenlng due to fauitlng &nd/or fqlding. East of 72 GO'W,'l L

lvfgthbns tq‘less tham 3 km..Its dlstributlon ls shown on tlgure

v v . . T ar



. AN ‘ ) 5 b 2 / _('b ‘ 1;.69'_
E' UPPER VOLGANIC GROUP .. ne ’ ,”gaavg
) ’ * - . : . ” .

- ; Ed

SO “ﬁ' ‘Ihis'gﬁoup 1q.¢bﬁpdﬁéd'qt 1lthologlesfslmllir”tb.

‘ tﬁo$p 6f7tb§,Loveq Voitgn1c Gfoup, .2 VOIcqnlcvroéks with

'nindrftnfercildtéd ée¢1.ents.f -

The baae of the Upper Volcanlc Group 1s constl- .

PR * —
o

"tuted by a thlcker thap»averaze horizon ot sedlments. peli;f

“"itIC'schiats,-grauwacke; aandstone! tutts.'Thlb"Ls followed
5 ) . : -

ca : "

by thick (150—300 m), dlitebentlated sills]#f pyroxenli te fo

gabbro and perldotite to pyroxenite. Thege s8i1lls are sepaf"
‘rated by thln/lnterlayqrs of sedimentse.

‘Above are iound- " . _'.. \\g\

~

.

_~: pillow basalts and flovs of plcrii% ?*

.

- - agglomerates and tutfs ot basic to- acld composltion.

- small;qylla or flows qg‘qsséqtlglpy unditte:entiated

ctr'am-aflcr_dckfs; :.' 1.L_ n”‘ﬂ o Ve 1@
= ‘thinner sills of gabbro; PN _ .

e 1ntei}9ye£s,6t grauwucke and pe}itlpfséhlsté;{

s

-The maJor sills of gabbro grade\jrom a pyroxenitlcv

. B BN
A .

base (1ower quarter) to a dlorltic top (upper quarter).'neqpf

Vthevuppe?'contact.they.are‘ngaln«gabbrolc.%The 1arge_ulthf.

N : e .

‘mafic sills (there is only one in the type area) are com-
. i b ' . “VE . Te com= o

 posed of pyroxenite with a peridotitic core that pinches out

-
e

.‘ﬁ*"‘,.» ‘ Qo e . I L A e

" L

——-“n‘—————-—-—.—-—

1 flelq\term dused fosr a rock more maf!c than basalt,'without

belng an ultramaflc Lock. _ ‘ . : LN~
\\ B S : ,
. R co ‘ 8 .
\ . \\ s N



......

 gf/ﬁe lntc the . snall ultramu!ie mlows. There appears to be a

~flovs. The pltramaiiclflois are 1entlcular§§n.shdpe;,they

. ey - _
alongvstrﬁke. o -

f,-. The picrite tlows appear to be related and to

P
X
% €

F

J d

1‘complex transltion trom basaltic ‘flows with a plcritlc base-

o

to plcritic rlows with an ultramaf!c hase %ﬁ‘u}framgfic (
o ' :

L . RN - A

- ‘are either. masslve or '1th colunnar Jointlnﬂﬁigexngonal). In’

one case, an ultranaflc tlow vith colummar Jointing was ob~-

served to graﬁe laterglly to. a massive ulfraﬁatlc rod@}whlchf'

lnfturn.grqﬁéd uﬁvdtd”ihfd a picrite w1fh“a_ffdctug ; ppqr—'

Asurfacé (COOIihg cracks of a flow surface).ﬁThé‘thg' 8 of
“thejﬁltfamhfic:plué'plérlte mass 19,80f100Aﬁ;1the o har

. part not'mdre than 20 me L s ',"‘ e

In the same area ra cyqllcal succession was ‘ob-

‘?Bérfod (tfom top to bohﬂdm’ilr ’ :

f plllow-basult and basaltic hreccia,‘_ﬁ_vi'; ? ‘ h !
. -. plcr1te,fmg;€1ve with f;actufqdﬂuppef sQrf;q§;_t7 v>1k\d( 
- ﬁaséi§e toJéo1§§nhf hlfrdﬁaficff@ck‘o&é;vg.thln_zdﬁe ¢fi,

v‘j@ﬁfﬁr?é,cié-' e o
o ?:_” Threé suéﬁféyQIeé Qe?ékobsgr?éd inviye;uqnfﬁ Ldﬂé; 3

Kl
. . )

;1thefthickn§és ofvenchﬂcycle‘ié?of"thévdrdef bfv§0:40'm..

o A . K . o I

1
1 . .

In the central bart or the Monts Lune are one or Ca

more horlzons of sulphide—hear}ng acld to 1ntermediate tuffs

'that produce extensive gossané ‘A borizon ot what appears to

k?

‘be a sulphide—rich exhallte occurs vlthln eedlments and

ftutfs between the maJor sllls on the north tlank of the

I



e

ijroup extends from ‘the veatern border ot the map aroa

_grgphlc-successlon.

’ '-»-maJor (thick) 91113. .‘ff;ff

':— .plll&y—basalt, plcrlte and ultramutlc flows,'

.[Qf'pillow—basalts and thlnner gabbro sills.'v- 

71

S 1
i R :

N,

«Monts Lune. Up'to ljg.m_ot,_asslve;to banded;xulphldes were

R

”obaervedi This horizon 13 talrly continuous and the: gossan

~ . "\y

O\,

_lt produces can be . observéd for over 10 km nlohg strike.

-~

In the type aren the Upper Volcnnic Gfoup reaches
g
a thlckness of 1-5—2 km in the south limb of the eyncl&ne.

Its dlstrlbutlon 1s shown ln tlgure 28. The Upper. Volcanlc
: {

K

';(73 OO'W) eastward to about 72 25w, In addition, the thick.

‘,‘

dlfferentlated 81118 of perldotite, pyroxenite, and gabbro

‘that occur in the hills aouth of Wakeham Bay can’ be consi-
R s

bdered part ot the’ Upper Volcanlc Group. The base' £ thls
*_outlier stiows little sedinents ‘but ratger 10—20 m'bx§baS1cz

Yo, 1ntermed1ate to acld tutts. The acid tufr, ¢ompbsed7ot

quartz, plagloclase, muscovlte, blotlte, isﬁsulphide;beabfﬁg-
. , : Seoheart -

. . . N
Ve P e

and weathers brigh% yellow to orange.J; : o e

2

- West ot the uonts Lune, the Upper Volcanic Group

ls much sheared bw vertlcal ‘faults - and only the south limb\\

‘ot the syncline appears tO‘be presént. : ﬂ : . >

o k\‘ “_ Within the Upper‘Volcanlc GmQup, 1t ls posslble to -

PO

0 <\
. ;recognlze (at least 1p the type area) the tollowing strati—”

'y

o S ST O s g
-~ sedlments, S A

-

.Zijvpillow-basalts,  - §§.:.>-‘*vV- L o ._ ‘ e




In this éucqession:some of the pillow:baéﬁlfs may'he»pahoé¥
v v‘_"‘fw 'f'_ - ' ) _ ' N
hoe flows. S _ - : o o e

- B R f -
A GLACIAL DEPOSITS and GLACIATION
. . ‘ - \\. LR

The Wakeham Bay area was coveredvuntllvqbout;SOOO
years ago by ice (Pbest,:1970).;The effects of glaciation

are visible both in the physiography of fhe'ureﬁ and ‘in the

-~

S

ty:i/gnd dlétflbutldn of Quaternaryfdeposlfs tound thereln.
- Th glaclatlon 1s largely responslble tor the present phy—

“slographic aspect of the region, a&? the'presence of abun-
‘dant qnd;unweathered.outcrops.fslgcgul erosion ‘has enhanéed

P certdin'lldédments‘aﬂd subdued others;,and lt is 1mportant

' X
hls lnto nccount ln the structural 1nterpretation

L+ Geesicmapede Trra o oo &
B - 2 . »..'-.’. YR . ) . o » v .a“ . "'._,'_“,.u
L -7-vTheﬂtloﬁ'of.1ce, as shown by linear features G(flu- - °

;V@ Ttlnd, drumlinolds{ cragQQnd;fali hills, strigé).’w&s toyapds;
‘\_'a,\i% i . - )

L;"b"fhggpoast. L g. the northeast cnd north-northeast,‘loéal—
e _ _ | . , _
C A ag‘
1y1td {he east. No early east-southeast dlrectlons, ns 'seen:
f§ f-br Curf&e,{1966) to the southvest ot the map area,'were ob—
- T R 1’5" .

._k ’ i

aervgq. but ground observatlons’of glaclal features were o

a
v

‘chfsdry an#'gugh;q{.lrectlon_may bavevpéen.missed.‘
R : - RSEOE e v ' ) g : . -

DL




.;clgl ‘boulder

coarser fraction ot the till is composl

-_'/’7 ,

o Y TS . . BN - oo . . -

73

| -
s Ly . d

v

- The whole area is covered more or less continuous—

1y by glacl&} tlll (ground -oralne). The thlckness of the
.
tlll and the p;%portlon of ground it covers decreases to—-

’wards the-coasts‘It covers about 50% of the (relatively

tlat) hlghlands and less than 10 to 20% of the tlret 15 to

I R B . . <

20 km trom the coad&, 'here the rellef is more pronounced

nd erosion more acltge tlll remains thqpe mostly on the

»

valley floors and tﬁ? tlatter hilltops. Although it mwy have
. ¥ : - -

been thlnner here than jurther inland. the Iormer widespread

. Bl
T4 'Lj

presence of till is 1ndlcated by the . numerous perched gla—’

l

néSs'éf 143'- vsomewhat morﬁ ln lov-lying parts und valley%

It 1s composed ot clay, sand, boulder etc... Even in areas

\

Ve

\

';ot Archgan derlveda

materlal (gnetss,.granite, high-grgde gmphibolltq): th1sxis 

underétgndable Lf one consldeng fhe‘hlghen streﬁgq%'of-thsé

¢ q

_rdcka, cdmﬁared'td'many'of-the Aphebian rbcks, and¢thefpro4;

. . ‘

xlmlty of the Archean basement to most of the Apheblan un=

derlgin area.f;
\-. : v : :
. x\flgure 30 shows the distribution of a certaln

B
\

vLate:albmoralnes, probably assoclated with late

v s : \\.

'-stage7¢1dciat tonguee, occur 1n the Eover yakeham Rlver»-

- -\
£

tion ot these moralnes has been waahed avay by the Vlcenzu
and;the Wakehan Rlyer or,_rather, by thelr perlglgciat

i

~ - s -

I :
f'.‘ : I 4 l"

.stlll remainlng. Inlqnd. ﬁmp”dill has a thick—‘

funderlain,by Apheblan rocké} a slgnlficant prOportlon ot tJe,'.

!

w-number of glaclal features a d deposlts 1n the map area. MR

' valley and 1n the Iower Vicenza River vulley- ‘The maJor pdr—f
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'Fig. 30.

"at o scale ot 1150 000 by the Dapér'mnl of.
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< Eskgr
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.150000
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Meltwafer channel -

foppqraphlc mopt)

i LTy

‘ .‘Gholoqy by - K s¢himann, I977,, from nlr photoqruph ST _f, 5
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- R ° v»’,‘ 7[ . . ‘ ‘ s . ‘
: fore;unners% In-fhe sbuthvest cofqer of the map area, sbme
- N -

j

-ot what vas indlcnted as. outvash _deposits. in figure 30 could

-1nclude some hummocky moraine.

-

B GLACIO-FLUVIAL DEPOSITS and FEATURES ° . -~ . ...

+

In the western part of the map area, eskers, melt-

watér chqﬁnels and Buf'ashbdeposlts'&ré humeroﬁs;‘outvash;

ﬂj *depoa1ts areppartlcularly abundnnt in the South. The meltwa-

»

‘Vther channels consist either bt deep Vqshaped gullles. some.

’

|

N "-'.v‘

h

huﬁdredsfofvxetres"wlde, Vashed cleanfof tlll. dibéﬁif

- for the odd big boulder._uqst'

»f the outwash deposits can-be

correlated to a meltvater channel or to an esker-fﬂany oI

<

the meltvater channels and eskers are orlented north to
J.northeast, L.g.‘nore or 1ess parallel to the general trend

'ot glncial tlo', but at angle to the present trend of the

° . B . . «

~

dralnnge,-vhlch ls structure—controlled..;.

The uppet:Vicenza Rlver valley-shovénhany éast-“'

. . f’ i ‘ S R . :
: trendlng neltwater channels and tralns ot outw sh deposits.*ﬂ

,\.
S

"fSome or these are probably part ot the outflov of the gla-‘

:clal lakes. th;t tormed west of the map . aréu 1n'¥he‘headva—
:ters ot the Povung;ltuk River (Prest, 1970: Prest g1 gl.,
19@7). Parallel to those meltwater chunnels and trains of
o#f%nsh deposlts, are.a iewieskefs' suggeéting that in tbe

1ater stages of glablation the ice was tollowing the uppem

'ot vhlch arendry ncw,,or of strlps ot ground, a‘few tgqgttpﬁ




. ,? o
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Vlconza Rlver valle§ o Co o ‘ ; _
Northeast of Lac Vlconzg and in the Lac Felix .
] ) . - R . i \ . 4
. *orea, -a tev ‘deep . gullles. 1ocated on, and parallel to the
. : - - A i

slopos, nay be hlllelde channels. torngd by glacial-maruin*
-fstreuns, along the northern edgp of the 1c’ sheet or of anu

'lce tongue tollowlng the upper 'akehan Rlver valiey ‘or theﬂ,

Sy
s N

.‘fupper Vicenza River valley.;

In the anaizzn_nnni_nz_ihg_nnn_nxssv -ost 01 the

7E;tluvlo—g1acial deo\blts that nay have existed have been -

.

_erode¢ and features llke meltwater channels are difflcult to

recognlze. Only aone valley traln deposlts are still vl—”‘

.ﬁo"ieaturosfrélﬁted to glaoldl.lokﬁs.haée bdoh

observed wlthln the map. area,'wlth the exceptlon ot n fev

\
O i

aterraces around Lac 'akehan. so-e 30—50 fee fabove the pre- .

sent 1evel,,that may reprsénf the tormer 1eve1 of this 1ake._

.

':Over mOst of the map" area,'the comblnation ot topography and.

v de ot*glacial retreot vas not conducive to the‘tornation

| C LINEAR FEATURES ' .. %7 o LT

Dru-llns!.ftotéd\esrfdoes;:ono EraQQQddéfo11~hllls =

 fé3oncmnmon 1n-A§hehIan_under1ain aréosi they are soué‘hqt

\more. c0mmon in Archean underlnln ureas. dr}fooyhe, only'mqre .

conspfcuous becauae ot the less strongly oriented nafure of



. o ER -v[ﬁ}' " o A-., /;_' ) P g ..‘ ;
: ’ %he r0ck§; In the eastcrn part of the nap)é:::\zzzy ha:e,.
AR ‘ ! T~ i ’

for the -ost part. been obllterated by the removal of the

- R & ‘ o
N - . - ’, : -
. : ‘ ' g A -v. . . . -
"D RAISED BEACHES : : c ST e T
. s R ' Lo A i ) -
R R - _ R SRy L :
. — R : ‘__,/f . ’ .
= L R
Remnantﬁ'of raised ﬁhrine beaches,Can'be.séen" :

along the coast. They are ragy5on the steeper cllfts north-
: west ot 'akeham Bay, but common around Joy Bay and Whitley

" o . Bay;vrhe beight ahove the pvesent\sea level of the hlghest

“beachee was %sﬁlmated by couparlng the alr photographs .and - ‘vf/

.fhé 1 50 000 topographlc naps. Thelf helght.aboVe sea level
./ : S A
 1ncreQ;ea fr;n about 250 feeot near the mouth of Wakeham Bay A:‘;‘; i
;N”.t;v;géut 400 teet near fhe outlet of the Vicénza Rivers
'.Prest g; ;l. (ﬂ967) ;go:fthe "approxlmate elevatlon of fhelx

~

,-arlne Linlt“ 40 be 405 teet'at Douglas Harbour &nd south—

eastvof 'hltley‘Bay.

\ . . < . . Lo e
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ping ground not covered by glnclnl deposlts Ls covered by
. ! . s

felsenmeer. The size ot fhe blocks 15 relaied to the tlssl—'r

, llty and epaclng ot Jolnts, ot “the egcks,fExcept tor mgselve

.ﬁbro sills, the-Aphebien[recksjpréduee'Smell-”td moderajé—'

i B . . . o L
/ : - . o . RN )

siked blocks, thefArehean-gh31sses} however, often produce

:telsenmeer wlth blocks of § to 20 m3 maklng not only the

s
.

recordlng of structural data diftié”{t, but alsov he wal- -~

!
e

klng. Ice—wedge.polygona‘&re often present on oﬁtwash aedl—“
AN . B o . \

ment terraces. Patterned ground and frost-boils\areugeneral-
. ~ ' < 3
ly pr%sent on flat 1y1ng tlll. On gentle slopes, they.grade.

-, /into, lobate torms. ) v",v : _e , BRI T R”
: , , . : co : o o . \ .
4SOlffluction appears to. be the main mass=wasting
| process “in the a‘re av‘ 'a.n,d"tte, et.rééuveness in 'd'enuaau_aa ‘

hlll-tops ls quite vlslble. Frost-vedglng comblnes wlfh so-

llfluction to mantle the 1ower half of fhe steeper slopes ._“

B

vlth o mixture of tlll and local matenlal.'
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Sever 1 technlques were used to study the mlnerul

4

,composltion of the‘yarlous vock types ot the area. macrd%co-

'.d
T

.pic examinatlon, mlcroscbplc examlnutlon, both ln trans-
‘mltted and retlected 1lght, Xoray diffraction rpowder

‘lpatterns), elactron mlcroprobe analysle, both qualltative
Fa

and quantitative. The mlneral compoeltlon of" thln sectioned s
i . ) '-) .

 snmples and mlneral analyses are listed 1n Appendix IV. Thef'“
AN .

'change in assemblaaes, aa\related to metamorphlsm will be

‘e

7fdlscussed ln the chapter on mgtamorphlsm. o
v A . ' R : ) 3 o : o : . .
< . (u . “ y
.'\, a
. AN o
N g 5 s - I:ﬁ‘




:_,excepthn ot some of th'

'Qmétiéedliéntj'

»fhé,&rchgahﬁgnélaseé :

“phice. In thegeastern.mdp

».séhists',Ih a ﬁarble._and_ln an ultramafic rock as n meta—

c ! ‘ .

T . . i i

. . . ' v . . Lt .

"_;  Qngg;z 35 pre ent ln most lltbolog(;s with thef

Ogetahagltes, ultramaflc and calc—]
[N . RS

L . ¢

. , ’/, v .
llc&te—carbonate rock v and’iron fqrmgftqn-NQuqrfzgls/ﬁ&

”mosfly;rQCrystgllized_mg¥gy6}phié. In~fhévmore-§ﬁ§ffzqée_'

I TR U v S o -

ZSGméféuartanay be primary (detritalls: = = »

:-0ccaslona11y qu'rtz 'bhénécr&stsi'h&y'bé'}ecoéhlzéd 1h hétaé

gabbro by the hex gonal shape of the gralnamand the.;resence
in them ot cgrbonv loxidé-rlch fluld 1nc1usione.‘
: H ;B c;mm§ﬁ1y éqesént, gs Plp;oline;}tﬁv‘ 
iﬁ th§/Aph;b@aq'yéékgllflig>ﬁuch 1ese 

PN

"Tcdmmdn. It hasvbeen o"éefvéd as aetrltallgbaiﬁh;1h ¢ohg<

[y

'1omerates and sandston'd'ot the Volcano—Sedlmentary Group

_ and 1n felslc tutts, vhﬁfe it 1g_also_propably pre—metamor-:

rea, microcflné'occufsﬂln-mlcdbﬁ,

 ¢6¥phic'm1nérgl.'It occurs also 1n a pegmutl 'rphaae ln thellﬁ;l”

'.only. 9',1;'f'-f

“Hnumber ot thln sections by - optlcal methoqs or vlth the elec—;

:-,tron nlcroprobe (see A endlx IV).,was done on part of these7

’

“In some'conulomerdtes Ang'B;ndspone$ t§¢fp1gg1p4.'"7’V

PR 3

jclase ls primary (detrltal). elsewhere 1t'isyletndorpﬁic;' '

L Its co-posldion varies. wlth grade from albltevto andeslne

[

,;‘SO:Y?..
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P . . &

. -‘.~

e .
. o : ] : :
: . Potusslum is preseﬁt 1n equlvalent to'

Sy e . : L
L Arolecule and shows no cdrreb&tlon wlth the An chtent. Fe ;é/-

X

|
b

resence of 1mpur1ties ln }he exclted volume.
o

metamorphism._ "»- 1\ 

_;“».;4 s ) “- u_, DTy

'@”fxﬁﬂ ‘f;" IR T, SR

3gggglijg occurs ln the higher mefamorpbic/grnde 11.'
g .,:'_L . /‘ L
'art ot thé emstern map areaa/Qt hus a composltion ot deyre'

Ty

koptical deterninatlon). It was obseryed in calc~ellicate

Locksi both Archean and Apheblan, 1n Archean amphibolites-i'J
I . H

- s

"-' - ;
T

and gneisaes,‘and lnva meta—dlabase. AII of. ghese occur-

Jrences are ln a resfrlcted area (15 x 15 km) and near a se-i/

e ' \

f¢quence of Arehean pardgneisses. The formation of scapolite~.

W

‘#-can be . related to the Hudsonian event, by-laoohemléal-ﬁeta—_

 morph1sn 1n the calcareousdschlsts. by metasomatism (1ntro~ .
) % C ‘
ductlon of Cl und coz rlch tlulds) in the other rock types.'fgiw:

‘
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ré 31, latogram ot An content of ptagioclases. )  ';;

/ 15 WSEINY | S ' : . . _
/s 10 15 200 25 .30 35. - 40 . >40 %An . |
s c , t S - o N
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) | . .
. Lo o S - . o :<¢
_Hlﬁnﬁ?are'coumdﬁ.bothkln Archean'gnelsses and 1#:
. 'Aphebian netasediments (qnich are mostly mlca-sehlsts).

nuscovlte,

o Biqtitgy phlogopltef

4.geo§permonetry). Blotlte composltlons can be represented lw
. \_

A )

.

y

"755*7 Elgjiigg have’ beeh analysed,g?ostly in mlca-

echists vhere fhey coexist 'lth garnet (see section onfi-

‘1tqrms of the four endfmembprs._gnﬂite, phlogoplte,,sldero

and paragonite were ob—ui

e,

o

l e
- .
.
i

]

1

‘.»\n
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v

pressed by the Fellg ratio.

'Oc 5% t‘ange- i

'Iacement by h}dronium.

f and hexacoordinated

. i e . R .
o = . ! L e

-phylllte, eastonlteijFlgure'SZ sﬁbve that the Al(‘l 1 is

lnternedﬁate ePd nearly,con

Y o o

tant,'the variance belng: ex~
..,\ . ,. o - . -
The TlOz EOntent Is also varia-

ble. trom 0 5- S.OS.YOf the other hlnor elemenfs, Nld, Co0,

'CaO, Bao, ano,'anq Cuo’ hr_-oceasquallyfpresent in the Of

'
’ :-".

I' P

, '
o anm has

een observed 1n a tew samples of o

- v.
. . ..

ere analyeed, the: p&ragonlte con—

o

'chovs a very Uov K cont nt that could be attributed to rep—

t is theyetore'hot really pobslblef
tq use_thts.mhscovlteépoeﬁonlte pnir-aéia fhefmomete_

Y N

¢

._'_,. . !

Muaggxlig is'present 1n Aphebian metusedlme ts up

fto the highest grade In the Archean gneﬁsses lt is’ Cﬂmmonly.'A

v N . . I

‘,present'but @s&a_sec n er‘mlnergl,.appapently.reluted‘to"_i*

a N . P
.

nthe Hudsonian metamorp lsm--The bo value vas determined 1n a

number of Low—gvade musgovltes,’the fange 19 8 091 9 0401

(the av@rage, 9.0201)

the Nai‘Na + K) ratlo but malnly on the content of Fe and

;ﬂg, 1.g.~u phengite vill have a hiﬂh bo (hlgher than about

[

9 025). Thé low—grad muscovlteq arefthus close to‘bhengltes

o -
o~ . . !T/

- o— - -»-“—---——-L - v

Ry AI(“’ and Al“’ ar

luminium.:f

~

The bo valuo is’ dependent in part on
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Figure 32. Composition of biotites.
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. Figure 33.E~Corvnp6'si'tvion of chlorites;’ c;ias"‘_sifivc_:atiivon after Tr8ger: (1967)
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on average,.‘ S ‘ f e " '

- : PRUSSEU t

thgxxjgg aro a: eon-on and often abundant constl—'*

B v
e

 ﬂ;hw§N$ of metabasitea and,ultramaf{c and pelltic rocks at lov
"‘Qdemorphic grade. They perslst lnto hlgher grade. al%hough

in lesser amounts.
‘hChLbfites f§op he}abosites.and,from onefulfroﬁatlo“
bock were annlybed (eee Appéﬁdix IV)t.Thelf cohpbsltlon‘ts"

' plotted ln Flgure 33. Aseunlng they are all orthochlorltes,

L4

) . @ . -
they ull tall in the - rlpldollte fleld, exdept the-one.trom'

the qltrama{lc,rocg~whioh 15,n_cllnochloge;{ﬂebefdgatﬁQ'aef

. with biotite, the main variance i1s 1ln the Fe/NMg ratic. Of '
~ the minor elgnents,eloffehfhe mbst éo#ﬁ§?-(0;2$ MnO),;Cgﬁeﬁde

Ni -are present in most analyses, and Ti, Cr, and Co are oc— -
. casionally present. =~ ' "

e “'Sg:ngnjlﬁg-;s d_oom-on-consiltueﬁf_of;ﬁifromAfic ,
rocks at low metamorphic grade. It bccure often as a pgseu- .
domorph of.otiv{pe,oéoﬁetlﬁes‘pyéoxéné{»ocodslonelly relics
of fﬁeéefﬁlnerols ure‘bresehf.'Oﬁe'Ahaljéts‘of'serpehtlneﬂilf

has

been made, which lt ls very Iov id e&llca \Mﬁ,_go"’d;ﬂl

s

are ‘the. only mlnor elenents detected.

Iglg ﬁas observed ln a few ultramafic rocks of 1°V;
to medium netamorpplc zradp, N .f'_i Q"

alilgngmglgng ls a cgzmon and sometimes maJor,

g const1tuent of the 1ron form 1on. It ls seén ln thin sec-

Ctlon %e yellowish brown ter orangé-brovn, sometimes greenleh,)l'

b'.biotlte-llke grulns. wlth a dlstlnct parflng;perpendicular,

to elongation. It aleo occurs ln ‘a few 1ow-grade metabasitesf

o B v'ﬂjﬁ'ﬂ%.ff"n_ T £$

L



Lo I T e S f'w’ RO e
that appear more iron=rich than average.

T

. | .
. Lo ’

A PYROXENES ’: :
] i— ""‘

relics occuv ln u rew ultramatic'

'rocks, genefally 1n the thicker sills;lqu;dnty:qutd;fbhff“

- '\ A ) . . . R -y

”.also at hlgh metamorphlc grudes.

Qlinggxxgxgng ls more vldespread. It occurs toge—-“

ther with orthopyroxene 1n ulttamatic sills,“

3

‘.__‘..

‘ + P ¥
S

occurs also 1n marble.-amphlbolites, and- gnelsses as clearly
‘ ‘ _ oy

metamorphic diopslde,,and lta presence is ln llne wita\thef*

parageneses in surround qgfrocks. It 1s not very cdmmon,

J

"'probably.because metamorphic condltlons were near the //;ﬁf*i

PR

vhere therexlgg:““

'_appear to be both primary and netamorphlc cllnopyfoxenes. It"

dlopslde-ln 1sograd and lts growth ;é nesfricted to *ha most-'

tavorahle ro&k composltlons. It\Occurs as n primary lgnoous

-

mineral together vlth olivine 1n a dlubase kae oi Hadrynian

S P ’.’x

'age vhlch is probahly the only unmetamorphosed rock 1n tbe.

‘ area.., "“'ﬁf, : Wff, R g//"_\y~ ;i“ ’ '.,'. R

*”j;élnkgpﬁéﬁﬂtfﬂaﬁ;fic si[[s. whlch glso contaln prl-'vv

:

nary élivine and orthopyroxene, two cllnopyroxenes occur,'if

that can be dlsflngulshed by their hablti\one ls dlstlnctly
B WO ;

L g

el

P




PO

< a

netamorphic ‘and conalsts of snall rounded gralnq around thei

: J /
other, whlch uppears aa large poeclll%lc gralns lncludlng

pgrtiallygto completaly serpentinlzed«ollvlne. An analyals \”'

.

. ot the Second type (300) plots dlstlnctly outside the . tleld

ves

~7‘;sp1Lites~where the co-monly present clinopyroxenes have a

-
-

~

ot metamorphic cllnopyroxenea ot Dobrétsov (1968) (Flg. 34).5/‘

fn the Ca~lg-Fe triangle, lt plots near th' magneslan end- of
the."nor-al maam&tlc trend" of Hess (1949) ln accdrdance

,

?\with the ultra-atic composltlon of Ahe host rock (Plg. 34).

“; 'e have thus a uagnatlc cllnopyroxene (endlopside) and*a;:

,y—-,—"“ o I

netanorphlc cllnopyroxene (probably a dlopslde) at low meta-- '

£
- e : L ant
- ) Lot

morphlc grade. This occurrence can be conpared wlth that 1n""

P | P

4

RS

 compqs1f1on Lntermediate between the "pormal magmatic trend":ij:?'

f'\“

‘; and the dlqpslde-hedenbenglte Join (see,for example Smfth,

R

»

4970, “or Lidiak.‘4965). e g
. st i : r’:
. . 5; y
-*' ngnggmnnxhglgg have been obqerved 1n medium-grade.AA
e Tl v w N &
ultranntlc rocks and eoie ﬁbtabasltes and ln hlgh-grade
. . ‘L Lo s {# e ~

gneisses- An orthoauﬁhlbole has*also been observed in & Low->

Cete /\ﬂ . N - “‘- .
;-u,‘

[
%

: .v . -

qua sulphurlzed basalf (Macﬂae' 1974)‘ sulphur metasomatism Tf

g NERREY L i s

that may haVe been acoonpahled by 1ocu11y highev tenpqrature

¢ - “..4-,,5'&'.

resultgd 1n a ellicatj phase abnormally rich 1n magneslum.mgﬁ

"zédtx;

- grade metabasalt rlch in 1ron sulphides. This ls belleved to'v"‘a~




AME Wiatate ey L

IOO Mg+ Fe +T1;:PCr+Mn

:hiezden'bergite -

. _ enstome R 'A~.ferro§ilite'
Figuré 3. Cllnopyroxene from shmple 300 compared ‘to: ‘

A the field of metamorphlc clinopyroxenes (after Dobretsov L967);
B the trend af- 1gneous clinopyroxenes (after. Hess, 1949) . T

o
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Fe+ T|+Cr+Mn '
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rich ‘with an 1n€er-edlate Fe/lc rntio' but is abnormally

-hlgh in sodlum, this cannot be accounted for by conta na-
. \

.

tlon wlth plagloclase (the Ca is very 1ow). The sodiunm 18 

)

hlgher than 1n the coexistlng "hornblende.

"

-

qungniig ‘is a naJor constltuent of many lron for-

Cow

ﬁatlon“Samples and it may bg_concentrate¢ as a*fbbroug‘

3

sﬁearozone fllling.'
: 4 o Qummxnjignixgloccuravln ﬁighfgrade (Argheah)‘calc— ’

silicate rlch and magnoslan gneisses. 1h‘a tew'medium~gpude
N .’ . : . T .o

metabasites, and In a low-grade ultrgmatlc sill base.

. Calciferous amphiboles are major constituents of

metabasites of all metamorphic grades. .-They are also present\ -

1himetqsedlments,‘ultramhflc.rocks, andqgnelsaeat Igglgllig_rh

occurs ln carbonate and/or calc-slllcate-rlch rocks at lov

“to hlgh metamorphlc‘drade, ln some 1ov-grade ultramatlc%-*‘

Fa—

'_rocks, and in hornfels. Agjlnglljg occurs in 1ow—grade neta—

///;asltes and metasediments. ﬂnxnnlgnngg Lp low— to,hlgh-grade

metabasites and in nedlum— to hlgh—grade metasedlments- A

number'ot analyses of actlnolltes and hornblendes~were made'

(4§pend1x Iv).
) o - o , .
Amphiboles, especially calciferous amphiboles,

have a comﬁlek crystal—-chemistry. Several cations ¢an subs— >

]

titute in each of several sites:

‘ "»$1te§ = ,¢af19n§ _  ;@‘  ST T
.; e K. Na
‘Xé S . Cd' Na,”fez’.,né; Nnv;(K) ' '  "3‘ ) i' :‘; 
"“x.r', o Fers, Mgy My At;.*!?éi"*a,‘, TL .

_— o o
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 §ecause.d£ifh18 complexity, calclteroue amphlbole

analybes aré ditticult to rop;esent in two—dlmenslonai ep;éé..
and. dlscuesioné of theit crystal-chemlétryunfé traught wlth
this problem, The beat fepresent;tion véula be baéed on
‘prlnclpal coméonent unalysls. A stud& was‘madé by éaxena::;

'gi nl- (1970) uslng this mexhod.Jhowever' their 11nd1n¢s are;l

[N

of llttle use here because the work 1s based on analyses'

lncludlng Fe3t . as vell as qu*, and Oﬂr-aﬁd bécausé’the‘anq--
1yses are from diverse 1eolog1¢a1 environments; both 'igneous

"

and metamorphice

. ,A'claéélcal reprﬂéentation'léuthat df Hallimond
: - : o 4
(1943) vhlch is based on_ the four maJor end—members ‘of meta-

morphic‘calciferous anphibJIes. tremollte (Tr), tschermaklte_

(Ts), edenite (Ed), and purhaslte (Pa). In Figureﬁ35, tﬁe'

~ » ~

anphlboles analyséd form two dlstlnct groups, wlth two dls—f

tinct. but nearly parallel trends. the actinollte group on.a
llne between Tr;oo and Pa.o—ngo, the hornblende group on a

:less dlstlnct alignnent hetween Trgo’Edgo and Paso-T .0. 

This diagram represents the tvo maJor substitutioan

SiNg < -3 A1<‘)A1<6) ‘and  Si <-> NuAl(‘))—Mg
Another substitution, Fe (—) Kg 18 shovn ln Figure 36,_heféy'

agaln two groups can be recognized.

'{r_th the'ibv—géadé mefdbaSIteSAQCflnollte‘ahd horn—

'blénde c6ex15t¢ Hornblende occurs both as rlms around the

actlnolite grains and as patchy lntergrowths. the contact



udmohte ’ i

o homblende

?"2”‘155’8022(0*“)2 o MgSl-——»AIAl ‘ o ‘C°zM93A'4s's°zz(°H)kz
Tremolne . ) : 3 e ‘ . o P chhermaklfo

Flgure 35. Cal;:iferous amphlboles 1n the Halllmond tr;.angle. )
Note: compos:Lt:Lonal gap.,_ : :

K9 .

Vb s actinolite i
" o hornblende
2 -
3 -

»L, . . » . . ) : . . . ‘ . ..»} p K . _ ‘ o . A R .
‘ ' - < : . o S S .'Al"f
Figure 36. Calc:Lferous amphlboles in a Mg—-Al v T

.diagram.- :
Note: compositional gap. o .



- be construed to mean that there 1s none, for it is sut\\~ :

‘~cient to see a gap ln one representatlon to prove the exist—i

)

'-3;§¢f§d§n the two phases la,génefally, although not alvays.

.Hshﬁrp. No La-ellar 1ntergrowtha,58uggesflve ot exaolutlon,

toe

‘ha#e been-obsgrypd, Thq hornblende appears ypunger. Slmilnr

. . ‘\ A
occurrencea have been deserlbed by several authors (Lacrolx,‘

,1939*'“'“

¥ aahlro. 1958. Sh}do, 1958; Shido and ulyashlro,

1959; Klein, 1969;'Coopéi and:Ldverlng, 1970. Graham, 1974).

-

-hnd ascrlbed to n mlsclbility gap or to non-attainnent of

G o a» . . . g

Qequillbrlum'ln‘a reactlon’involv1ng a,chanﬁe Ih the composi- "’

L r o S S
-"tion ot the calclteroua amphibole phase.

i
-

Graham (1974) complled amﬂhibole analyses from

.Qvarlous regions and dlscuseed the misclbllity gap problem,

.

.Iattributlng the gap to incomplete chemlcal equlllbratlon.
' H1s diagrums sho' that using certaln representatlons a gup
3becomes appnbent»in.anphlbole composttlon‘from some reglons

“v (Hhast, ShL&\fu, Dalradian) but not from\others (Abukuma,:

'Araceng)- The absence of gap in some representation cannot -

' . . \

\ L4

ence,ot‘a“compqsitonql-gap._In facf'lhé.exlstenCQ'ot @ mis=

-

‘cibility gap should be studied not in'a diagram of composi-

tonhl‘variable‘A versus cémposltlbndl varlable‘Byvbuf batheq

"in a diagram of a physical varlable (T} ?,:etcng.J versus a

‘chemicalcvarlable (Pe, Al, Mg etc...).'Indeedlln'Gfahdmis

diagrams the amphibole analyses showlng no composltional gnp

.

»_come.from reglons with‘a'tnw P/T netamorphlc regime ihefeﬁé"'

N
.

those with a gap come - trom reglons with a medlum to high . P/T7

v

L metaporphicﬁpegime, like the Wnkehum”Bgy'areddy

I . . o

-~

92



>7observed ln several sanples from ultrumaflc to gabbrdlc

'retléé“and@%r,serpéntine.pseudombrphs- It‘is'generally

_served ln the area. ‘It 13 a co-mon accessory (S 1%) in pell‘-‘

- s

Ihfactindtlte;.of.thé?minor.élemeﬁfég—lﬁdﬂisf

\

x_'alvays present in the 0.1 0 3% range, Vy Cry. Ni are also

commonly present (0—0 1, 0-0.3, and'O*O.l vti oxlde tange

.o

respectlvély): Ti, Co,‘and Bu:are occasidnally presqnt.‘

‘ Ih‘hornblehde, ‘Mn ls allghtly hlgher, Tioz 1is -T
falmost alwuys present in the Qel~—- 0 6% range. theré is,ho
slgnltlcant changeilq;v.;C;, CO,.N1, Ba.}' |
B  [§3§39111§£.a §aers;fi{e¥rlch.ﬂo%hbléhdelhss béqﬁ'

-sllls.fIt is dlstinctly pleochroic. orange brown to Ilght

"browny and | occurs as poecllltic grains lncluding the ollvlne_,

.W
)

. .

fimmed!by pale green to colourless tremollte-actinollte Mlth

'”'the same opflcal orlentatlpn.'lt-is;ﬂot asle—’and.K—rlch‘as'v

most kaersuntes, and- ‘the ug/(Mg+Fe) ra.t.lo hg hlgher 0. 8)
. iy _ { o

-suggesting that the graiﬁjanalysed may already have ret o-

, : e R “‘ .
~.gressed‘somevhat- oL - "v'\ S o bt
- R L T . : o i ; [y ' C
: S " -~ .
.' «‘ _ 'v.‘. .v v, ‘I:,
- . S ) ) .

L o . . W
. . R .

Ignx]gllng 19 the only mdneral of thls grOUp ob—n-'

z

tlc.tO'psamnltic Sthsts gs{well as'inva“few.calqgreous,fa

fdcks; onéidcgurren¢e ln‘a‘blotiferrl¢h A-bhibolife indi-"

cates a possible sedimentary source for this rockle g



4ot most 1ow—grade metahasltes and some o% the lmpure pelltle-

schists. Their abundance 1n metabaeltes dqcreeses wlth in-e
(

cneasing,metaﬂorphlc grade;'but,some perBTet at hlghvgrede,

The moet comuon 19 a clinozolslte-epldote solid solutlon,
xbut_zolelte odcurs:&lse, generally together vlth epldote, ‘in

. s

~Tley-grdde'metebe%iﬁes.ﬁBoth@ﬁhega‘and the ﬁ”opt!cal_orlenta—

. . . . . . N . . -

_tlbhé'vere obsebved.' Lo -

»

”!rom 12 to 72 mol.% CazAleeSiaogz(OH). In tne;thln sectldns.

.studied epldqtes are’ most otten unzoned,'or only zoned oVer

':e“small raﬂge, Judging trom the biretrlngence, both,nermel'

) . f_/J .
.(Fe~r1ch core) and 1nverse zoning vere observed. the former

being‘more common; The mlsciblllty gap proposed by Strens

.3(1965) end descrihed recently (Ralth, 1976) lnpe high PIT-

_metamorphic domaln, is not a’ prOmlnent teature ot the epl-fi

'deteslbf the area. It seems that their pﬁsltlon ln_a E

temperafﬁre4éempeeltionefleld is in most eesesloutside>ofg‘
: retcompogitien % . , a8 ut _ -

the domain of immlscibllif&f(Fig. 37);‘In‘tﬁree aeﬁblesetwin'
R : e - ,

o

‘\.Gnelyees.were éerried ouf‘ only one shovs two die 1nct com-:”;”

Upositlons agreeing with the miscibllity gap of Raith, the

=

U

eofher two pairs ha ve slmllar compoeitions._Of the minor ele—.

Hments. v and Cr are ulmost alvays present (reqpectlvely,

8

023 and 0 15 vt%.~oxide on average).leﬂand'Mq are genebaibf“

.¢-~ [

'ly present, but 1n smaller amounts. -

Anelyses of epldotes glve a range ln composltion
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Figure 38. Composition of garnets in term of éhdFmembers;fAIrOVsc"fA‘v
- indicafe‘prograde'Change~in compositign. . v oo NS




Allgnijg} a'rare;earth\gnrléhed epidote,‘ié a

¢ommon¥hccésséry }h~hlgh6f grade metabasites; 1t becomes |

:cénspicupus At~about_fﬁ; grade whe e’epldéfé.ﬁégomeslleés
‘@ﬁundaﬁt.‘It §ccurs_a1s6'1n pelitic schists«;nd\SOme' BB
.‘gneigégsw 1n on9,o1"hi;ﬁ‘1f fé@chgs.4$$vparf of ybat is

.cléséiiled‘as ?ﬁkb‘(q %adlb;cflvé‘accessofy miné:él)‘lni¥l%'

. i v ' : i : . ’ e ol
sample description of Appendix IV is probably .allanite.

R . N . .
, “ g . .
B , R
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Qlixlng o¢cupé,as.pgrtially{éerpentlnized relics
’ln:somé'of the thickervSIIls and in oné unme tamorphosed

& (Hadrynian) dyke. In the sllls. itIIOrmé sm&ii'(o 3~1 mm)

¥ .
b v

feuhedral grains{ tloatlng 1n 1urge poecilltlc amphibolltised‘

X1

%pyroxenes. One ahalysls.glves:a compdsltion-of,?oa. wlth
minor amounts of -Ca, Ni, Mn. = .

. L el S C ; . o .
- Kvanite is the only aluminosilicate observed in :

‘the areas It pcqurs‘ln;three'odfcrops 01vreuét1vated;base—

,

e

- ment gneisses NE of Maricourt.: In two éases it is dispersed
:tﬁréuggout the rbck~1n.céntlmetr1c.grhgﬁs;‘with aq_ailgnméﬁxv
approkluatplj'parallél'to thg'ldcal'dxlﬁl direction of the

Hudsonian folding. In fhéifhlrd case‘If occurs”asQa7've1n-A
' f1111ng' vlth qpscovite, some. 10 cm wlde and 1 2 m longr

51nnxglljg ‘occurs ln two localitles, 1n pelitlc

'schlsts vith nuscovite, biotite, and garnet, at medlum meta-'



mo§p51C‘grade..Analyses gpde show that both have an al-ost

~ T ©

. _ _ o
P iden@ical‘composltion witﬁ lg/(ug+Fe) = 0.16;»they cpptalp

\
Y

o
P
s . ’

. about 0.5%,T102 and 1—1.5% Zno.

.

leggn 15 a common accessor,

N

.hefdpsammltesg 'here lt is easily recogn1zed by its pleoch-'ff”

of metapelltes and

ﬁrolc halo 1n chlorltes nnd blotltes, it 1s alsq‘found in

ﬂ“gne;ssesy,iron tormgtioﬁ,:andfsomelamphlbdlites..It was ob-

v served-.in a sample from the base of an ultramafic sill, but

is zeneraliy Absenf froﬁ uttrahaflc-rodké'and'métabasifes.

o j thgng is. round as an accessory 1n almost all me-f

,tabasites and most netapelltes. It 19 less abundant at "ﬂ 1»

~

medlum'to high than nt low metamorphlc gradé, due to the-“

. v L o
A..~

presenpe_of anuother-T1~mlneraly-1lmenlte,_at tpe hlgher,;'i_'p:

B
A;x '  ':' i f’ Gﬁ:ﬂ&l is fou;\\ln pelitlc rocks aT§ some.1;dﬁ
: "formations, metabasites, and_gnélsses: Itvls\ﬁot.véfy'abﬁqglf
dant, *’—'i.fhef‘_ _bécaﬁs.e;_of"a”l@fc‘?‘ Of’_'i‘.tv)cksw of 'ad;\g‘x;ate: co_m;Qbf’éi-— |

jtlon of:becau3§ of the P/T regime of metamorpblsm."Nﬁmérous'

crease in temperature are discussed inw

hé"sécfldnion_gep-'

thermometry. SRR
’ P : I Q
. . . L

_ThéfgdrnetS'are all'py}alspltes and &tmandlne-richt

R ,
. (Flg. 38). Some of the low—grade gnrnets have trom 10 to 27%

\

_MnO. Ni ls the only mlnor element frequently present._ﬂL L B



,‘ A . ‘ " ""

o o S o o .
legiig is fhe‘most.cémhon cqvbonate- It occurs in

:mqtabgsitbg, ﬁltranatic rocks, pelitlc and pSammltlc
echlSté§ iron foriuflon, marble and calc—schists. In iron

bl

‘-formutlon:gnxgxljg,and/or legmlig-have also peen;qbserved
'wlth calcite: -Calcite h@y\shomvéxsolutloh phases.

Analyses(have b:¥n¥made"of'some of the calclt@é.‘
und thelr exsolved phase.,Flgure 39 shows these analyses ln

v \

a Ca-Mg-Fe(Fe+un) trlangle.\One o! the two phases is. always

,.»'

\

. a éé~rich carbonate or pure calcite, whereas the other (less
'ab ndant) contains trom 5 to pO—4O at% of Fe and/or Mg.ﬂ

 Coex1sting carbonates can be used as thermometers, herek to,

v
|

L N 2

measure‘the temperafune of exsolution. v; '  i“;fp  ” ??f‘ «;
."fl- ; ‘A diag;am presented by Barro; (1974) combineé daté
from Harker g1 gl. (1955) and Rosenberg (1967), and can be>

ﬂ'used to estlmate tpmperature of. formatlon “of calclte coexlé¥
tlng witﬁ ankerlte or dologkfe. The composltion of calcites ‘

.coexistlng wlth dolomlteoankerlte should be on or near  the

~ oy

vlines Joinlng equlvalent temperatures lnuthe tvo sets of

. data. 'e canhsee that exsolutlon took place at about 500 c

’,- g N

for samples 514 and 448 and about 450 C for 479. These tem—

peratures can be used as a minlmum for the crystalllzatlon

f the lnltial phase._V

‘.,
-

A small«gyount of Ni 1s.qiso'pfesént;lhfmoét_carf'
o bpnateuanglységQ_
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Flgure 39. Carbonate host exolutlon palrs,in.relationgto expariﬁental-a
data on coexistlng carbonates oy, L . '

20 a0
S _Fe***xi00
| - GeAlsFett
: - Figure ;O-Chrbmité from sampie 300 ceﬁparéd f6'the:fieldé‘of Ehfomites:v'
from a;glne—type peridotite bodies (A) and gtratiform .complexes. (S).

@ The hatched area :corresponds to dlssemlnated chromlies from the Bushveld“
complex (after Irv1ne, 1967) o Lo o ”_'




e,

  1ron_torhation. toge%her with magpeﬁlte. L.

-; pent1ne phase. 1t ls the maJor oxlde in iron formatlon ‘and

,'can be observed in some metabasitesiﬁnd belltlc'gchlsts,:

v net1te ln place of 11men1te)- e ‘ w'_f’ @ tﬁ' = B

Opaque mlnerals are'presént [n ﬁost thin secqlons;

' They could be ldentltled in the pollshed sections.

v ~

wLngnLigi,becnuse Gf 1ts characterlstlc hablt,
. Lo » |

_could be extrnpolated from the pollshed sections to the thln-

sectlons and recognlzed ln some pelltlc ach\sts and lw‘most

¢ v

’hlgher grade metabasites. A.serles 6! llmenltes trom netaba—

- ~

sltes and ultramatlc rocks téée analysed. They contaln no

,'.»

hematite 1n solid solutlon (Tl =2 « 00), but are relatlvely

rlch 0 Mno (0. —3%). Up to 0.5% Mgo mgy be presenf, as well

ras some Nlo. Some Si and Ca 1s present 1n most analyses.?

hey may be part ot the llmenlte lattlce.

Rnillg 1s present ln only 3% of _the. thln sectlons’”

)

studled but ln a varlety ot rock types- low- to hlgh-grade'

etabaslte, pelltic schlsts' calc-schiats, norntels, ultra-?

T

j}yfFocké; L f_ﬁ ‘:‘.j"” §“ o | :f LT

o .

nggngijlg is present 1n most serp ntlnlzed ultra—_
¢ '

mafic rocks ag small cuhes dlsseminated thﬁoughout the ser—

'ielther alone or wltﬁ ilmenlte or vifﬁff@fiYé'(rdtlle‘¥ mag=) -

o

ngmgji_g has been ldentlfled‘Id-only tio sgmpLes:
€ S ‘

of %,phibolltes (coexlstlng wlth 11men1te)\and 1n a kyanite—r‘

fbearfhg gnelss;llt is also present 1n the more oxlde-rlch

o

Lo 100

L e
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’_ other chromites, malnly in lts very low Mg c0ntent (Flg.

o

;Fe?tmdhd‘hihot'anopﬁfs ot;Y,,Cﬁfr

éplneL“was“diéalbbéfrvéd lnfanf‘

'gnxgmiig, the other a’ magnesium-ricﬁ hercynite—spinel solid

'_of the slll.‘ S {_

and ln one hlgh—grade 1ron-rich rock.,[n }his'c&se‘(573)'1t

fiy, Cry Zne A similar

Gy

" metamorphic grader-”». A’.  j'kf_ -‘w‘ J o T

ye
o

Prlmary igneous splnels are preserved 1n some ot

‘the ultramafic sllls. In one. eample (300) two splnels vere

obServed and analysed,‘both appenr prlmnry.

BFURNE T ~

x

'solution. Comparlson of the chromlte compositlon vlth thosej

tramafic rock of the ?@me;-"fu‘

complled by Irvine (1967) shovs that it is slmilar to disse—ﬁ

-

minated chromlte of the Bushveld complex, but dit!erent Irom

7.40).- SR

EE
ST

“Ac°°r41"33t° Irvi“e (1967, p-653) "nafufalispihels f7“:

1ntermed1ate between chrozlte and spinel are esgeclally com—

The coexlstenceghere of two spinels suggests elther that,ﬁ*
. S T

‘j‘under certain condltlons, a mlsclblllty gap exlsts between

the (Mg,Fe)Cr20¢ and the (Mg,Fe)Alzo. spinel series, or*thaf"

Ty . ~-

.the two spinels rep%esent two stages 1n the dlfferentiation

L o ..‘-«;’—/ .

b .

e

. .' nggninlig was observe¢ ln ‘a high metamorphlc grndev

.11tat1ve check an the electron mlcroprobe show it to be com—

g pdsec_t, of U and Pb with lit‘tll'_e' or” no T_h, ,'j,_'._g.'*l t. 18 a low= °

g
. . a
R

' mon, thus this seéles would appear to be relatlvely stable""

,:rock rich in iron (573) that 1s probably an exhallte.,A qua—.-f ‘

c.oe
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IN..F« l' ) ’
o e .-
LR T : : - ’ 4 -
- temperature uraninite. : L . .
» b : : : “~
: . B ) 4 ¢
Q . g i . \
o ' a
o .

[

X . wo : /
S8 ‘”Small'a-qgnts of sulphides are present ln‘most
rocks of the area. But they could only be identified in po-
Iiéhéd-éecfioﬂé.

v~

Pyrrhotite 1s the more common 1:)ysu1,phlde- in

*petﬁbaéiteay metasédiménts_and ultramafic Aocks. Pyrfhotite o

R,

'“aﬂd gxzijg mny be maJor constltuents (>10$) of some lron

Iormation, both the sedlmentary type (unit 3) and the exha--
0 S

: 11te type (units 5 and 7),‘and of some pelltlc schlsts (me—

‘famorphosed black shale probahly). The exhallte beds of un1t~

* V.

:-7 may contain more. than 70% of pyrrhotite and minor pyrlte.;

';thlcgnxxiig nccompanles pyrrhotlte. ‘The

"fﬂpyrrhotlte/chalcopyrite ratlo ls 5 10 1n most rocks, but in
"]'the -J%or sills at the base of unlt 7 the ratio decreases to

S

3 - ) . . ¥ . . . .
Pentlandjite, sometimes with chalcopyrite, has been

*6bser9§d;us:tiaﬁﬁefllké“exsolutions-iﬁ~pyrrhot1fes of'aboﬁf'

.

lished sections éf_}oifgradé metabushit,;@giagabbr¢, B

'”,dnd:u'tramafié.roéks.-A qﬁélif&five mLcroprdbe‘éheck.op_spe.

00 yields Co:Fe:Ni ='1o:4osso.rThége_supphlqe'gggins

»

are believed to be of primnry 1gneous orlgin.'

Sgnglgxlig and gglgng (about 5% each) occur 1n a

o PR



fe{iié'tuff of unit 5 disseminadted throughout the rocks A

second pc¢urrénce bt galena, in a quartz-calcl te véin, iasi'
found in the vicigity. '
U R i .
. 3 T &
Apatite was 1dént;t{ed as an accessory in.a varie-

.

‘ty of rock types. It is probably more common - than shown 15

N . E - ) . *

“the sample descrlptlbn (Appehdlx»IV),‘as°1t»¢ou1d haﬁe’béen':
 missed in a'numbef,of sections amoﬁgst cluéte:s of smdll

gralns of ep{yote. ‘_" _ ' 3

_— Gxnnhliﬁ ‘was identlfled in a tew sectiens of pell-"y

~tle an# Carbonpte—rich_schists. The flneﬁopaque dust common-

ly seenfin low—grade pelitic schists may also be graphite in
part. ‘ T o T

\ Enghnlig occurs ln e few lov~grade metabasites in

”vein-fllling with calclte. It appears to be related to late _

stage shearlng and retrogresslon. Three analyses show that,
B , i o A :
" in addition to Sl, Aly and Co, it contains minor.amounts of

‘Fe' ‘C!" V, .Ba., a.nd Tln



CHAPTER VI = . . g

. ' METANORPHIC PETROLOGY

L mreopecrioy SRR

-

AIL Archean and Anhehian rocks in the 'akeham Bay

I

'area have been metamorphosed to ‘some extent. The Arche&n

‘rocks suftered metamorphis- during the Kenoran Orogeny, the,

Hudsonlan Orogeny &etamorphosed the Aphebian rocks and the -

Archean rocks to the north and east of ‘the Cape Smlth Belt.'
1

The Archean TOCckS to the somth suffered 1ittle more than

'heat}ng sutflcient to readJust mica K—Arrgges, some of the

Ta

-observed muscovltleafion and chlorltlsatlon may also be re-
lated to the Hudsonlanbevent; especially where 1f ié related~
to schlstosity developed along NE trending *shear zonee'
~:that cut through Archean gnelsses‘and early Apheblan dlabase'

*

‘dykes.

i;% R B The - Archean rocks are mostly quartzo-feldspathlc
gnelsses -and - amphibollies with nlnor paragnelsses. Where‘if'
o R '

has not‘he,destroyedﬂby the Hudsonian metamorphism,,the’es- -



" fos

 sembla¢e ln the amphlbolites ‘is andesine-clive;green horc~‘
gblende. ihe gnelesea shov slgns.of mlgmatlsatlon, of lnci—a
_pient anatexls.'One may therefore aseume that the’ Kenoran
vmetamorphism reached upper amphlbolite facles. prcbably

'.aboVe the breakdovn ot muscovite (with qua;}z) as the musco—‘

o

vite that can be seen now appeats secondary.
: “Oaly the Hudsoglan metaa;;pﬁlsmiaillype‘ccceldered
b;tov. o o ,

' :'The Acﬁeblaﬁ rocks.areic;vided infcemetacelifes;f

“maflc, ultramatlc and calcareous rocks,'and iédhtforﬁatlon.,
. Only the pelitlc and maflc rocks are wldely dlstrlbuted.‘Theg

hltramaflc rocks can be Observed at low-.,medlum#{_and hiéh-
gradelr; buteare»less wldely-dlsttlbuted..ircnefccmation-
cc;;rs in abundance'cniy‘at ch-gfade, in the southvestern'
part of‘the area.'The o;AQQQ mineralc ;111 be dlscusaed inla‘.:
eeparate section..b} | - 3 S .‘.‘ ‘“1'. 'f». R
| The miaeral assemblages are supplemented'by éeo-
ﬁnamg::y and geobarometry to describe the regional varia—

¥ . C i :
‘tlons of metamorphlc condltlons durlng the Hudsonian event..

——— ——— — — -

“loﬁ— .ﬁedlum- high—grade reter respectively to condltlons
fequivwlent to greenschist (biotite and garnet zones), low=
‘amphibolite (stauroli te zone), and mid-amphibolite tacles
(near a1un1n1um~sllicate trlple polnt). :



-

A PELITIC ROCKS

1
The - peli tic rOcka@are rdr¢1y<v%ry mature, atu-
'ﬁlﬁbus'rocks;foften,fhé[r'compoeitlon_ls translflonal to

-that of_métgpaéifes,'xcg. equivalent to a grauwacke, rather

" than a éhale;fcohéequently, 1nd1cator mlnerals IikeA'

'aluminlum-élltbatés‘&nd staurollte grg rare, dnd garnet,
. . . ‘ X o A O '

1

‘although commony is& ndf &bundaht:

4
R

On the basis ot the observed assemblagest the pe-—

lites can be subdlvided-ds tollovs:
- quartz_+.ﬁuscqv1te'+ blotife + chlorite + alblté-i opaéue

'

.= quaprtz + nuscovlte + chlorite + ulblte t opaque
- quartz:+ muscovite + biotite * ulbite . opaque t epldote

c= quartz + muscovlte + blotite s chlorlte + garnet

(spessartltefrichﬁpyratspitg)

o
°

¥ éﬁ;tti.+’ﬁﬁsco§1té ¥-blotite'fﬁgarﬁe}‘(aiﬁéédihéffﬂéh-
yralsplte) t plagioclase t opaque‘ '  A ,”   .‘:;/f

f:quartz + muscovlte + chlorlte + blotite. + plagloclase

H't opgqu€  |

- = quartz + muééovlté_* biotlite £ plagioclase * prQue'.

106
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7-'quartz + nuscovlte + chlorlte + biotlte

+ staurollte i plagioclase t opaque

b_quaitz,+ muscovlte“+ chlorltg

~

% plagloclase t opaque

, .
- quértz + muscovlte + chlorlte + biotlte"

,

'gioclase + opaque‘“v

-'quhrtz + muscovite + blotlte +.

+ opaque

- quartz *+
Al " o

i'bpuque'

- quartz +.

ﬁgniialsni_in;;xnni;§;zghg‘

+ piotite +

s

- quartz * muscovite

- clase t opaque

:{~:quartz + h@scovité

- qudrt?‘élmuécoiite +.$iofft9.f
tszaqué | | |

‘ *>biot1fe‘t
a;iquaftzl+ mﬁéqp;ité

fivppédué;aﬁﬁf*.“

The garnet zone 1s delimited by a. garnet 1n lso—
grad based on the distrlbution of

1ess than 9%¥L0. But the occurrences of staurollte and ;fﬂf

The tew occurrences of K-feldSpar are. consldered

qﬁsqo#l£é f b1ot1fe;£

+ biotite +

muécév@té~+ chlorite + blotite t'blggilease

e R
? 107
+ garnet
blotlte + étAhrol1te '
+ garnet t pla-
i
garnet + plaglbclpsé
plagioclase * opaque -

garﬁef + kxyanlte % plagio- - .

fgarnéf + plagioclase

o

‘plagloclase t opaque‘

Je

chlorlte * plagloclase

pyralspite garnet wlth , :w; o

L
L

\

kyanite vere not sutflciently nunerous to deflne 1sograds.t

-

R e

A A -
R
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N o .

as'non—hetamorphlc; relict sedl-entary; in netasandstones‘ 

and metaconglomerate,.oé igﬁeoqu ln.some‘metatutts, or re- .

Iated to the xenoran event ln 1ncomp1etely retrograded-
Archean gneisaes. Stilpnomelane ls absent. ‘This absenée ot '

stllpnomelane and K-feldspar could be used to deflne mlnimu- .
‘ B i . . J

P-T fndltlons (Nitsch. 1970) for the blotite zone. The IOV? '

<

”‘,8{3/ muscovites are. signiflcantly\phengltlc. they»are~dls—"
cussed in ,the section on geobaromet}$ S - e o

v

‘B IRON FORMATION
.
Most iron formation aseeoolagesfare eqﬁivaleht_to

. the biotite zone/oijpelttio»aesenﬁiages. The. observed assemé';)?e
o blages:are: o "ﬂ_‘; o " :

ST S

- quartz + stllpnomelane + grunerite + carbonate KX magne-

.

tlte + blotite and/or chlorlte"

.

4fquarti + stllpnomelane + carbonate + magnetite % blotlte',f“
T S . ’
ot chlorlte L ?“f

;oquartz +'gannet_f'bioti&e'tﬂchiofite<t magnetite % car-"

_bonate“"“

‘dtquartz + grunerlte +- garnet +‘magnet1te + carbonate
t; biotite t chlorite
- quartz + grunerltev*zmaéhetlte't oarbooate:

- quartz + magnetlter+ hematite'
ffgrunerite + stilpnomelane + chlorite +. opaque +. carbonate

N

5}' v,_q



" Three samples came'fromvhigher rade; they'have/the aaéémﬁ-

o

vlnges.

~ marnet zope -

bona te : N

quartz ¥;gruner1te-+‘thnetité"+ carbonate

" —’quartz‘+‘garnét + hercynite + hiotite:frhornblende

.+ ilménite

This last assemhluge ls in what appears to be an
lron—rlch exhalite. Hagnetite 1s he»common 1ron oxide} he—
- . J . ; o .
matlte ls rare except in very oxlde-rlch rocks, the chlorlte_

1s ot variable composltlon,-but 15 often lron-rlch, the car—

A

Vbonate is ‘a manganese— and lron—bearlng calclte,'that often ?
"».coexléts wlth aﬂkerlte and posslbly éid;rife. Garnet and_
'stllpnomelane séem to be mutually exclusive, stllpnomelane
}bélné avio'er grade mlneral.‘At hlgher grade stllpnomelane.
.dlsapéears, replaced by grunerlte =+ garnet (+ quartz)-

. . . \ N . .
 _Compar1son with the zonatlon of James (1955) showé
‘ that the fi;st gfoup of assemblagea does éorreSpond‘tévupper 
biQtite zoﬁe. Some ditterences may be néted. the‘overLap of"”

stllpnomelﬁne and grunerlte appears broader here; simllarly

‘chlorlte extends higher, and garnet lower, to overlap.

3

-5
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o

C ULfRAHAFIC and CALCAREQOUS ROCKS

-

‘* ygltramafic rocks: because of thqif'ocpurfence as
: N - s ) _ o
thick éiils (at“1enst in part), dre_péftlcularly prone to

'hnve‘ﬁef;stable’assemblﬁées,‘1nc1ud1ng.léneou3_m;nebaLg'and
some indicating conqiiiohs~ﬁigher’tﬁap-fhoséiiﬁgiéafed by
nearby‘aéseﬂblageé in @ef&pelttes.;ndﬁMQtab;Siteé;
L#zﬁznngé.;aagﬁhlnhgg
. -.treﬁol;te

- trémqilfeb+ talc.

—:frehélife +’tg1c'; carbéﬁﬁ%§‘
- i&éﬁoiité +:cnfbon;té g
:é“tulc + calcite + dolomite or slderite'

- dlopslde + serpentlne + (ollvine, enstatite)l
' ' R I :
-'—'diopslde'+'serpent1ne +vtnemol1te + carbonate + (olivine,

'ehgtatlté)
f.ffeﬁqi1¥e’;'d1;példé *1(5}Lv1néi
?,tremdlife‘+ dio?éldé.i‘cg?bona£gy,
‘f_fremolltg +_ser§gn¥1d€v+vtalp + ¢arb6nate
,F‘tremollte_*‘éérpéntiéé ¥ é;rﬁ§§éfe.:: 

>

ﬂxﬁium_xxnﬁﬁ_naagmhlsxsa

- anthophyllltez + talc + calclte t dolomlte or siderite,

P s
i e

fvtremollte + carbonate

[

—— e o - ---——-—--——g—,

1. 4n parenthesis. igneous relics: ' :
z.an orthorhombic amphibole of the anthophylllte group-



-‘tremdlite‘f tale = o - Lo

-~ tremolite + biotite ‘ e | S . U v

+ anthoﬁéyllite‘+ éhStqt!te + carbonate’

¥ tremolite

' f tremoilté_+'Anfhophylllte + carbonate L

- tremoL&te + carbonate
.; anthdphyllit; + calcitéb+‘d3ibilte‘§r sideritéA o e
- anfhophyltite + carbonate + heftyn;te + epidqté 

_ , o \‘? o i :

'-Oﬁgq@g'@inérals-(iréhfox;dés‘hndlat ;ﬁ}phlaeé)‘afé qddl;rf.
.ltibna; phgéés 1n.§ii agsemblggés. Ch{orlté ié pgésent in ;li

‘ioy-g?;de;;égepblaéés aﬁd01ﬁ éoﬁé‘of fhg m;d1§mf>9pd'h1gh-R3‘
'gradé aésém8l&ges, Tﬁe cap#éhité isléalcitg of.ankerltlg;
1calc;fé ﬁhléss 6?6ér:¥éeitn&1cﬁtqd. The §9pﬁod but ﬁéf Qsi4 
_quitous preqenéé of garboﬁﬁfes’éﬁgéesfs ¥haf HCO3 Qaé pre-

éeﬁf Lh:ya;fiﬁé'a@oﬁqfelln fhe glﬁld_ﬁhdSQ duflng tgeiiql-.
' fia¥'§1té;atién‘(métﬁmorbhismf.qf/thé uiffamgfié'roéng_The; ';:‘}
large thbér<of.?sséﬁbl§ée§_obsefvéd,;espéci;ily»uéblov;' ' |
gr&&§i mgy.¥hus.bé expléined by1the Qgriubility §f_the‘fluléj
 §§§%§faé'iel1>§s:bygfhe présénce‘of signifiqaqf ;;bubtéuof.. 
;A}f;h&.ﬁé ;ﬁ tﬁef};gks.vSerpé?flqg_Lé'prgséﬁtidnly ;t low~
':grgge, as 1s7d;opéidé,'in Héoﬁgﬁ4 Q02'§ef1cieﬁf as;émblaé989 
Iréﬁbiiteﬂlé prégen;lffonfihv;'tq high-gradé; t#lc at;low—
aﬁd:ﬁé&iﬁnfgnﬁaef ‘ - R | |

Thé'thfzéigroﬁpé'of ags;mblagéé (iow4;.ﬁ¢d1ﬁm-1_'
: : , : . S

_and high—grade),cdrrespbnd fairly well té'the'sequencé of

. - o Ca
R
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.metnmafphic rg&ctions presented by Evané and Tromdeorftl

'(1970). The maJor dlfterences are the absence of.torstenlte
and th'e presence of carbonates 1n tyé Wakeham Bay area .«
»Indeed'W1nkler (1974) shows thnt in the system CaO—MgO-
SlOz-HzO—COZ at 5 kb, torsterlte 1s first formed at tempera—' '
tures . 1n excess of 640 C lf the fluld ﬁhase containq more
th;n 10% Coz. i.g. 1n-excé§s of fhe highest temperature es—
timated for the Hudsonian mefam§rphlsm in fhls area (seeA "
below)._A high proportlon of COg 1n the fluld phase can alsol
-be lnvoked to explaln the presencé (apparently in equill—
ﬂbrlun) of enstatlte in the hlgh-grade assemblages. low

!

P(Hzo) decreased the upper stabillty of a hydrous phase suf—”

‘aflclently to stabllize enstatlte.

rgglggxggng;zggkg are ndt'abundanf and most samplesf
: o ST . A

'-collecfed‘are very 1mphfe. they contaln signlflcant though
variable amounts of Fe, Al, and K._
:ﬁquuapfi f,biofité'+ caléife + opaque

- quartz + plagloclasev+ chlorlte +_ca1clte i dolomite

-_J\'t blotlte t amphibole + opaque

-

»

the amphibole is a very pnle hornblende or actinollte.
‘“5

'Mgdium_gxnag_naagmhlnznﬁ

- quartz + ptagioclase_+ b;otite + calcite and/or dolomite
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+ actinolite + rutile and/or aphene t chlorlte t opnque

- quartz + plagloclase + blotite‘+ chlorlte + epidote'

P

+- calclte and/or dolomdte + rutlle + Opaque * tremolite k&:‘

v

L - quartz + chlorite + treholite + qulphlde + rutlle

: This group’ 1s characterized by’ the presence of rutile (ln 5

>

‘-ogt(o£~8ysagples), a relatlvely rare mlneral in other rocks. 

b _ . . JUCPERR Co L)”
PR N TR NS R A g :
. - quartz‘(?);+»sedpollfef*.phlogopl¥e5¥ chlorite + dolomite
' + tremollte + talc + graphite' } TR -'.-fli <
‘-_quartz + cummlngtonlte + diopslde + pale hornblende
e* opaque_e . S SRR o ffx.
';—: capollte +. plagioclase + phlogopite + . calclte + diopslde
L o . .
+ opaque L . oo R
- quartz + ptagioclaee + phlogopite + chlorite + tremclite»
. . X v‘ . : b . ‘ ﬁ-\._\ .
+. calcite + opaque S e L IR v S
“The laet two are 1n Arche;% rocks and may be rellct assemb—:

lages trOm,the'Kenorah eventas .

' Cbmp&rlsud:df these asse&bieges' ith thse:éeeé

'crlbed by Thompson (1973) 1n 1mpure calcareous’rocke; éhowé~,
. R ».:

-'some'similgrifles; he recognized 4 zones.
-1&-516f1te~+:¢n1cr%é:_ -

”'24 Ca—amphibole,;_'jﬂ. '.;:; . : "', ,e' N

IS

:,\ | 34 Ca-amphlbole + mlcroline. .
4- dlopslde + microlinei R o R R A

U . . . [ : / e
Ot . \ . . . . o - R o B ’ | LY

Here qicrollne 15 rare gnd-chlorlte_ls an additional phase

L e nE



» . . . o - . ‘.-.r
8 in "most assemblgges.lThé‘1o'égrade,aSsempluges_corréspond, -

approximately to zbﬁg'l, medium-grade. to zése 3, and high-

’ . Lo . ) . . ‘\5‘
grade to zone 4 : C : : B

D MAFIC ROCKS. . . oo

2 : : - R T o BN
. . . ™ s g ; e : o -

Metabasi tes. are the most abundant rocks in the

-

aéeg:gndfoccur'fn the whole rangé of métambfphtc'cdnditions:‘;

4 ’ . . ~.

~gf;§ﬁa1'changes in minerdlucompoéltiohs are best observed in -

metabasites.' '~> ; ) o
alblte + actlnclite + chlorite + epidote + sphene

»'t'gugrtzgi biotitefi calcite t sulphides

L2

. AAEEREEE ' - - E S ) :
.= plagioclase + green hornblende + ilmenite + quartz
: . ‘.Q' . N . .- . . ‘el -

ZJtﬂcllngpynbxene.thApnet k4 blptitgﬂt sutphidgé\<

Between -the two, various assemblages can be observed, resul-'

:tlng from thé»folloﬁlhé reactions and'graduai bhanges;-.~'

\

)

’1f\§ctlnolifé 4) aétihollte»+ blueféreén hqfnblepde => gréeﬁi

hornblende, ‘ e T N T e

T2 albite -3 oligoclase -)‘andeslée,

53;f§phe§9;f> 11ngn1tq tﬂgpheneé

'.é-!éhlofit&ibeé§mes4m§re uagne§1ﬁn then q1é§p§éa;s{;~:
é;‘éiﬁdbte'beéoméskies€ §§ﬁnd3dty but;éérslts éﬁd:;dicaliy:v

N

¥y
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_ at‘high-éfade; where 1t ie,abeent_if.leﬁFLpleced'by e'
'“'resldua1=ep1dote'»(ﬁllanlte), contalning»the;rafé-_

: ) I . Pt X
éhrths, Thy, . and U tbat cannot\pe accomoduted in the lat-"

. e . .
't;Le of the renainlng mlneralso*g' . \\
6-_calc1te, the usual carbonate, tends to dlsakpear at
; higher grade,..fi , . _ )' L
o Y A L R B s

‘jé eliee§er§eee eppeqfé'at hlgh ghade}"
The. *'transltion o.lbite -) ollgoclase is ‘u* ‘te‘v
-_dellneate the boundary between greenschist and amphibollte
‘4.;acles, 1t colncldes approxlmutely wlth the changes
'actinofite + hornblende —) hornblende' ahd.'sphene ¥>Lii;
»men;te.ivsphene'.@Chloriteﬁ'heweyeeg is cSmeon uﬁ-tehfhe

trens{tlon 'oligeclaee —}~andeeihe‘Q Garnet occuts sporadi- R

cally fhroughout the amphibollte facles,'being more abundant S

: at high grude, and one - occurrence is observed 1n the green-—:
‘ . . frey R - . o N .

2 . -

'schist facies- The presence of garnet seems to be strongly

'dgpendent on’ the Felug ratlo of the pock. Stllpnomelane was

“:observed in a few lov-grade metabasltes, cummlngtonite ln d“

L’iew medium— to high—grade metabasltes. The presence of nei—e
. ? N

' ‘ther could be correlated vith a change ln the other

L .
L .
,

‘minerals. >“ IR R
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E. OPAQUE MINERALS - S T ‘ ,; :

N : v ‘ Vi
. L The opaque mlnerals were determlned ln a serles ot .

;'polﬁshed~sectloﬂs; iﬁmenlte was recognl&ed by lts hablt S o O i

(large tabular poecllltlc gralns) ln many medium— to hlgh—f
Q\ade metabaslte thin sectlons. Rutlle and sphene will also
“be. Onsideéed'here. ),P In 1ow-grade metabusltes sulphldes,- Rt

pyrrhqtite (s¢met1mes pyrite) and chalcopyrite are the-‘ ' . -'.ﬁ
® . . ! s .
vcommon opaque\ninerals and sphene ls the tltanlum-bearlng
Co “, . ; . | i - s 3
o mfneral. With ‘ncreasing grade, sphene is replaced by 11— T L

. ’ ' : oL .

- menlte. but paﬂtpersigt 1n hlgh—grade rocks, and,the.ironf _ <

P " .

sulphldes decre se in abundance, chalcopyrlte perslsts.

T ‘ Magnetlte fnd h matlte were rarely ohserved in metabasltes.
‘ R “‘. :‘" . . . . - ¢ o
! s nf"Im,metapelites a fine opaque dust 1s often.present o

¢ . s

a1
3 Y

fat lov-grade vhlch £B~+Kf6n to- be magnetlte and/or graphite, I

dlstlnct graphlte vas recognlzed in only a few rocks. o ’:Q;J

& |

'Ilnenite was recognlzed in'a Iev medium- to high—grade meta—_
' : . & S

i .
. R \

' pelites. The sulphldes behave as ln the metabasltes.\ B INOTIR

o : ,l  Rutlle has heen observed 1n ‘a varlety ot rocks. Ne

N KN
N

clear relatlon appears between the ?resence ox rutiLe and j’ '

' mefa-orphic,grade. oxidation state. or the presence ot other

. ¥

minerals.

T ‘The observed assemblages in a FeO-TiO2-FezO3z%. .. -~ . = )

'.‘. .» . T ) N . : R - S . . B 'fa:u —J.b{;u . R X i » :‘:~
. . . ' R 'fmw ‘ ‘

system are: : = ; , o Y s S
‘ o e - A T

« : - o
. . R

e

. - s , } -

- rutlle + 11men1te (+ quartz 3 Sphene + carbonate)v R ’ % e
o - 2 Cos : : T SRR N L

-‘rutile + nagnetlte + quurtz : 4 sphene ES éarbon@te) SR T

‘7 . .:b’ : e . 'l‘ . :

L - rutile + ilmenlte + magnetlte (+ quar%zot sphéﬁe tcar= "ﬁ__ .

- e S



LRSI RAR VIO 2

bonate) . L ' _ - .

- 11qen1te‘f mqueflte (+ quartz t sphene t'carbonatp) ' e

“ a

PRR S DR

r

In & Ti0;—Ca0-CO; system they are: ~ o

T;'fﬁtglé”; sphéné f 6al§1te.(+Aquartz'¥ ﬁagnetlte)
- ;Qflie + sphene (+ quartz t magnetlte + ilmenlte)'. ;‘. -
- prutile f calcite (+ quartz t magnetite t 1lmen1te) - . "“_v
- spﬁénéjfvcalclte (+ quartz t magnetlte %+ 11men1te) | |

The followlng reactlons have been gpnsidered' T - . S ':““f

rutlle + calclte + - quartz - sphene +. COZ . : S »

=

rutile *,magnetlte-+ qu&rtz,-} rutile + leénltev

. : ‘, o o L
L or llmenlfe"';~ . i
‘or 11men1?e + magnetlte‘

(depending on tbe Il/Fe°

’ratlo). : . ’ o ) . . ! "‘l» :

"Both Qre prodr#de]peactlbqs;’the5équlllbrium moves.to‘fhef
rLgHt;wlfh 1ncredéing te¢perdturei(Hunt gnd‘Kérrlck;51977;

_vkielke'and'Schééyer; 1972))_or decreasé'id‘E(Cdz),(firstﬁ“
_equation) or in P(02) (Secohd‘é&ﬁationﬁ.'Thébgssémblages“, o -~ RIER
‘Abd#e are thus not diagnoéfic of tqmbefature'buflof'combida-

‘tions of T, P(CO32), and P(Oz) that can change rapidly over

relatively short distances. Nost rutile occurrences, howev~ L.

er, are at medium- to high-grade.
The assemblages of oxldes,and_éutphidg;hlnératé
‘can be édmpaped_ilth those\deécrlbéd'by”Bgnno'and'kaﬁehlra.

7

. ) . ) o . - R o
: Lo . . i
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»(1961)1_Thei“ asseibla;es co%respohdvto'higher'P(oz) ahd.>

>

P(S)i'hehatltevahd-pyflte ure ‘common 1n all baeic schlsts, o "_‘ *

e 2]

,and pyrrhotite and pyrlte perslst lnto the amphlbollfe ta-;

N

ciee“‘but as here. 11-en1te and rutile appear above the oli-

éoclaSQ’lsezfado - e Co T T

A GEOTHERMOMETRY

B

The distribution of Fe and Mg between coexlaflngvij ‘ " *

-,

garnat and biotlte may be used to estimate the temperature
" of crYstaIllzatlen, assumlng equillbrium (Perchuk, 1967,.

';eSaxend. 1969. Thoﬁpson,:1976)¢ The Fe—Mg.exchange_reaétion

‘for garnet-biotlte palrs may "be written.”

T (1) 'FQ3A12$13012 + Klg3Af5130; of OH )2 I o : . - R ¥
. o .

SR A --<-> K33A128130g2 + KFe3A1513012(OH)2

Co

" and the distributien'eoefflclenfz‘ k. T S S
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(2> KD = b(Fe/Mg)/ g(Fe/NMg) ' -

' Assuming ideal solution and constant preesure,-ﬁe'mey.vrlte:

1

3) S .} KD = exp(~-G/RT )

,f\ 

whefe T:te‘tenperetoreiinﬂdegrees Kel?;ni*G the free energy,

,_endR the gas conetant.

3

’tuflon of other elementa in both garnet end biotite. . e

'Perchuk (1967) calibreted the garnet-blotite'geo—

‘thernometerj by comparlson wlth prevlously deflped geother-

mometers.\Several authors (Kretz, 1959, Frost, 1962, Albee,

1965; Sen,and"Chakraborty, 1968)uhad observed that KD 13

-

influenced not only by temperature, but elso by the substie'

Saxena (1969) attempted to detine and quantlty
these reletiona using a multivariate regreesion method. He‘

found that gFe. gMn, gCa. bFe, le,,bAl(" ,and bA1<°)

'_(xl(" and A1(°) denote respectlvely tetrehedrally and oeta-'

hedrally coordinated Al) correlate slgnif{cantly wlth KD,

‘ and detlned equetione, relntlng KD to these varlables, one .

efor 1ow—grade netauorphlem end one for high*grade metamor—,'

~

"phlsm. He then used principal component analygis to- define ef

tunctlon to replace KD, a Iunction vhlch into account the

~

effect on KD of the cetlons mentionned above. This tunctlon,;

, S e Af,“‘[u »
——————————————— ~4a; : b ‘ . e : ; R
1 The prefixes b and 3 reter to blotite and.garnet respec-ff
tlvely and will be_used_as,sqch out throug this chapters

~
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the first traﬂéformed-ydrlablé:of the principal component

ahalyéis,.ls:ﬁj-rﬂ‘ - AR )
(4)  'ﬁTfansfoémed.KD' = 0 5013xn -»0;44205xpé'— 0. 3474gun
S %o 0865¢Ca + o, 1506bXFe = o 03335A1()
'y = 0.3165n 1<6° + 0.5488bT1 j

The atomic prqpor 1bné"¢drgesbond to étructurallfbrmﬁlﬁe'
based on 22 oxygena tor blotite and 12 oxygens for garnet.
XFe corresponds to (Fe/Fe*Mg). Saxena'then.proposedy,as‘a‘b

possible geotherm?meter, a plot of transformed KD versus

-1/T K of the averages of 3 groups ot analyses of garnet-blo—7

tlté palrsjfrom dltferent metamqrphlc grude (Flg- 41).‘
'The £oL16w1ngvCrlflclsms ot'hls.appfoach_@gy be]

made:
i .

"*i;ﬁjntenslvé‘varlgblés‘othepgthqnﬁfémper#turg‘have;th.beén

_ R B 2
.considered;v

o L : : ‘ ’ e

'-Z-athere is no direct evldence that the first transformed

i va \ . p
N .

varlable (transtormed KD) should be a better measure of

:températqre than_xDi" S

v
¥

Pit muy also be observed that the temperatures used ln Figure‘

,'41 for the dlfferent groups of analyses could be modlfled 1n

e 2

fhe*llght‘ofjmore zecent-estlnations,of’metamqrphLC'tempera-_u

ture (see for example Wipkler, 1974). ':’ﬂ ' “.3..7'u

'f,_f;L 'i; Thampson (1976) presenfed a plot ot 1n KD versusﬂ
.1/T for a.ﬁerlea of garnet-blotlte palrs for whlch tempera-
Y4 -
. & .

WS G SreRar T
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‘Fig. 41. ‘Bidtité—gafnet?geqthermomé;erfof Saxeﬁé(1969)} S
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,

s present:ih biotlfe and gernet).<The chemlcal compositlons of

ture had heen estinated lndependently from other mlneral @

assenbtages (Figo 42). He renarks that KD "determined for

-garnet-hloff%e pairs from. hlgh-grade metamorphlc rocks showe'

systematlc displacements vlth lncreaslng Ti in blotlte"

2/ st
The problem 1s to find a relation between a physl-

cal parameter, temperature, and ‘a serles of chemlcal para-:

3

'@lmeters,lKDj,bFe. bMg, aFe; ng (and eventually other lons

‘coexis}lng biotltes and garnets are not, however, a tunction

v

of T alone, but also of the chemlcal composltlon ot the rock

'and/ot other physical parameters. P(s){ P(Hzo),vP(Oz)i pos;_

slbly also P(Coz).‘ v '

P(Oz) ls known to aftect the stablllty ot blotite

'n

u('ones and Eugster, 1965) and thnt ot garnet (Hsu, 1968).] f‘

Atherton (1965) showed that P(Oz)' as expressed by the ratlo

L

-Fe3"/Fe3"+Fe2+ of the rock, strongly attects the auount of“i

'Mn 1n the garnet .and the ratio Felug ln both the garnét and;

ffhe biotite.r“"

P(HZO) attects the stablllty of blotite, as’ shownls

by Wones and Eugster (1965) and by the absence of blotite 1n

-fthe dryer parts of the granullte facles.j

P(s) does have ‘an etfect on the stabllity ot ‘

”garnet (and biotite) as witnessed by the change 1n the rela-sf?

tive order of appearance ot garnet and blotlte (and horn-1

'_blende und plegioclase) 1n dltterent metamorphic terrulns

[}

i
et [
!
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’kTuéner; 1968)5.Pérchuk.(196ﬁ) hné'éalcﬁlated:fhat for/ his 1%@
. : AU R : . B Y e
geothermomeéer, ba;é& onxKD Elone,'a-ﬁfeééure'varlﬁfjﬁn 61 ‘ ;% 
+30 kb 15 equlvalent to a temperature variatlon of -100 - ;El
The eifect of‘pressure (taJorlng Mg ln garnet o;er h?otlte) . ?
ls.small‘ln the restrlcted syste;'considered‘b& Perchuke But r
F:preggpre'mQy havé.nimore prqnounced ettect'on*éa,or}uﬁ ln f_ kNﬁ
'tﬁé g;rnefvas the’éeil‘volﬁmé'cﬁ;ngéfié Iéﬁéer If&m;almgn;ié.f  , o f%‘
diﬁe to épéssarflne and grossulaf,.tgaﬁ befwééh alhan&fﬁei i
o Qnd pY£ope. A chanae lnvCa aﬁd Mn of the garnet ;ould 1n; R ’_v‘i'fif
dlrectly have an addltionul ettect on the ch;nge of
pfessure. To cogclude; lt may be stated that tor a garne.”ﬂ
' bI9t1te“pa;r? i
B $‘~ f ‘ W’
« 5) . KD( VF;e'*,'-Mg').}"é‘ | f['r, P02 )',,_'.P(H‘zoﬁ)',; P(s)y Cyy. ca]
» . : . I _ . o o= - LN
:".Whefe_ Ci and Cz represent ,ltb‘e_vche'm§ca1 .c?mp_OSLt_l‘onv 9’\‘1 the RS
A:fropk;:;;diof fﬁe,gaéﬁQ?_gnd”ﬁgofité;{resﬁec?i§éiy;.i"
. : . : . P : ' ’ E g
s f In‘ofﬁeé‘tﬁ tin&jijrelatléhibéfﬁeenﬁﬁhe f¢ﬁ\er#- J
'ture ;f cryatallizaflon ;nd the.com;osltlon of garnet and
.bigti;e the numbér-ot parameférs on the rlght-hand si&?:o£‘ .> ;
.equation 5 must be feaﬁced.>xf   21    t '  ‘ 1 ,gff-ﬂﬂ,* o - ?n”, {'
o | For reglonally metumorZiosed r&cké of greeﬁs;%lst
:-and ;ﬁphlsollte tacies, oné ‘may aqéume thﬁt P(Hzo) P(s).' i
’ although thls assumptlon 1s invalid tor the grunullte fu¥
‘"ﬁcies, xt is probable that P(HZO) 1s sufflciently close t& ’ |
. . : : S . e . - »



‘{thls sub—f&cies.‘

~~~~~ e - S~

1d1££eren},areqsp"

P(s)'not tofhaveftoe greaf an‘eftect on the present problem
ntor rgcks trom the hornblende-granullte sub-tacles, as wlt—

-nessed by the common. occurrence of blotlte ln rocks from

. ‘:‘ ’v

3

Vders only rocks buitered'by one system; for'example:ﬁ& con~—

sidering only graphite—bearlng metapelitea. In practice, one

may 1nc1ude as’ well rocks free of graphite but wlth 11menlte

and/or nagnetlte (tree ot hematite)..tnrthe case of coexis-
v . ' '

‘u}wting.11meh1te’and.megnetiter;the 11men1tejéh6uld have a low

'
\

hemuglte-content.‘

The effect of P(s) may ln flrst approxlmatfon be

\
.

ﬁegleeted’because its effect oh.KD”ls'smqll compared.td

g . v ‘ :
thosp of temperature and because the effect of pressure und

temperature.are,addltlve_(Perchpk, 1967,.A1bee,>1965). Also)

Y.

i3

' proportlonally to temperatureJ albelt at a different rate in :

* . /

4 o/ T v

-tion of~the rocks,'only pelltic or’. seml—pelitlc composi-,

IS

7 tions, vith llttle or no carbonates, ealclc_amphiboles or .

6y . Tt KD(Fe=Ng) = £(T,C)

eapidotes.should_be consi@eredy so_thut fhe.garnet‘remelns,

‘peetricted'to_ampxralsplte,cempdslflen. ;

At this point equation (5) is ‘reduced to:

durlng reglonal metamorphlsm,\pressure 1n éeneral IncreaSes

- The effect of P(O2) can be neglected if one consi- .

In order foxbeduce varlatléﬁs due to_the_combeél-‘»

S

b b b

by

S e Ao
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- ‘where C represents the chemical composition of the coéxls—v

ting blotite and garnet. - ‘ﬁ
. ‘ _ ' i
EQuatlon 3 shows that in a simple chemical system, :

'the relation between KD and T is of the typew

(7). ' ‘ KD ="exp(A/T). . S o e
\ . - T L - L - - ’ o _
"In a more iﬁgplex-chemlcal system we havéf.by‘comblnlng.7

and 6; T SR o Lo ‘“ )
% ' - : . :
'(.8_)]“ B KD = exp(A/T) + Cy + C2 * e
ﬁﬁere é; + Cz *':f.-fepresents the vdiidus.dhémlcal ﬁura—
ﬁmeters,ot the coexlsting garnef and blotite that bear a ;e--
gl#fion to KD and/or T.‘And‘we m&y.wrlte: .
(9’ S . exp(A?ff =EKb ¥'¢1 +,02;-Q
' ."v.. “ o ’

" To find a uée:gl 1gi;>;~:gss_1f§§;"or_‘ 'e:c_'m@ﬂg)'nfg._'vtt‘;e"
fblloylﬁgfstepé wére‘takéh:  ' : E
i-'ghfﬁer‘from the)ééolég{¢a1 t1fératu§é”a§ mgﬁyvdﬁalféés.;é‘“‘ E

,poééihlé-ﬁt coexistlng‘éarnets:and bibfifééw s
'2f,est1mate a femperature ot crystalllzatlén ‘on tﬁe basis of

the descriptién of the samples.and of the geology of the

qreq,‘uaing, wheneven possible, al;eady existing ther-b

"momefeié; - ' ’ : — o Lo a
,34_déflhgfthé chémicnl'p&raméteré (orvgarﬁet~ahd b16tite)
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that have an effect on KD or are influenced by tempera-—.

ture,. ' ’ o S A °

4~,calculate a numeric expression of equation 9 using multi— j/w

AN

"vnfiate analysis." . ' L {

4/ Data_base L B LI
_ ‘Table 3 liSfS‘the‘squrce of the.aneljeed gepnef-: Lo : R
- bliotite. pairs, as well ee*the;temperature_rangejeetimatediji e

"for each group of analyses. . . B
Structural formulae were calculEted-iherevneces-

: L C C T € P

sary, taking a'bese of 22‘okygens fon~biotite and-24'bxygensj”

‘ioregqrnets{ A computer ‘file vae created containing for each
'enelYeeelpair;_ihe followin& variahles. I(T). a functidn;eflgcl:
temﬁer;ihne (sece below); KDy bALK“), bA1<6’ bTi'han,’bNa}fl;V

. bFe, bgg;.cK! bEe3*. b(K+Na), bXFe (XFel? Fe/Fe+Mg). g?e{‘
'_gug; ééa;‘g&n; in;‘gXFe, the ratio Fe3+/(Fe3++Fe2+) for the:“'
'rock, Va(s"', and’ “Transformed KD". SOme of”thesecvaniables,
(like the oxidation ratio of the rock or- Fe3+ of biotite)

'~ were uvailable for only part ot the. garnet;biotite pairs.

lThe OH of biotites was not included because water analyses'g'
E : .

are often unreliable and becauae the proportion of electron

microprobe analysed minerals ie incrensing, and will proba—v- 5
bly ‘be. even greater in the future. F(T) is a function of
'temperatu?e; of the £orm Aexp(—B/T K). the cons%ants A and B .

1 octahedral vacancy in biotite e .
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Tabie 3. Source of the garnet-blotlte palrs‘

[T O SN

\;/N*”” Authorav i R R ,Analyses - "Estimated’

/ﬂ" temperdture'(fc)

525-630. - . -~ b

1 Hietanen (1969) . - AR 7
2 Atherton (-1968) ../// S 12 510-575 P
3 Hounslow and Moore (1967). 7 . 550-590 . :
4}Wynne—Edwards and Hay (1963)- -5 . - . : 675uv _
S5 Engel and Engel (1960) 9 . ;. 600-675" o L o
6 Lambert (1959) 6 52/5-575 B ! e
7 Chinner (1960) . 2 600 - ST
8 Phinney (1963) : 23 - 500-600 ] Y
. 9 Dallmeyer (1974) . 15 - 675-700 . - S :
10 Sen &nd Chakraborty (1968) 18 - 550-620. - : i
11 Eretz (1959) - | _ 16 - . 650-675 -~ . i
‘12 Fleming (1973) : 7.+ 600 - 3
13 Lyons and Norse, (1970) X .3, . .. B50 K
T4 Albee (1965) - ' 1 ' . 8850 , . : e i i
15 Green (13963) : 3 . 515-600 '
16 Goulet (1971) S sl v 700
17 Relnhardt (19868) o 12 675
18 Dahl (1969) ' S 18 700

—— -—— - —— ’-.——

Metamorphic grade of the’ areas studled by the above authors."
. ) C

-

zones. garnet, stnurotite,’stuurollterkyanite, kyanlte,
kyanite-sillimanite, sillimanite-muscovite.
garnet: Aisograd to staurollte kyanlte zone
staurolite—almandine zone to. near: the sllllmanite zone
'limit between upper gmphiholite and - granullte faciee
3slllimanlte—x—feldspar zone
garnet zone '’
‘near sillimanite 1sograd _ . SRR N
‘zones: garnet,,staurollte, staﬁfollteékyanife, kyanite.
hornblende-granullte facles (retrogressive effects '
‘in =ome samples) .
‘QIO-zones. garnet( ?), staurollte, sllllmanlte;"”
11 sillimanite-K~feldapar zone R
'12'andaluslte-staurollte zone . , S
13 staurolite zone = - s '7-v ' R
'14,kyanite zone o ‘ . . o ’
15 staurolite and sfllgnanlte zone - o

1

o

CO_OO'QO\UI.FU(@”

- 16 hornblende-granullite facies , '
'17”11m1t between~upper—amphlbolite and granullte ﬁﬁcies
18 limit between upper-amphlbollte and granullte faciemgs ©

i o i i e e e e s i e o

s

. )
%

 }5Qerév¢h§sen to-ylel& anwf(T)vih
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s %D ‘ ’ ’
< {
’i (10)‘ ‘ iv'*g "\'f(T)°=:1b009xp(r1000}f)'m
| . . E i /'f b . |
";kbfiai&mbié,ié74 corresponds to S00°C and 358 to 700 C. The 
! . ’ . -
. . other variabiés were multiplled by 100, except XFe and KD}
| whlch were mpltlp&led by 1000. ‘The result was a matrlx o:b
165 rows (gamnét-blotlte palrs) by 22 columns with all‘num;-
1 bers betwee4 0 and- 999. This upscallng does ‘not changeithe‘
p§0portions LF the chenical varlables but provldes for 81 3
"easler data.handllng. The teméérature estlmates were basedv -
: , .

\ -

~on"1nk1er-(1974)._The~foltov1ng scale‘was useds:
. ‘ [T . . N R
. I N . . .

¢

t

'isogred! garnet in. " ¢ 5007 L
 'isegrad' staurolite in . '530° - | _;,g,{fff%\; S
-fléogradl'kyanlte 1n.  : | . 540—530f

'{sograd* sllllmanite in' 600%625'

’f;spg§a¢'-yuscov1te out . 650-6757 U
‘isograd' hypersthene in 675-700%. . -t

¢ -

- .,_-

A

" In addifldn. temperatures 1ndicated by the aufhors were used

,r-

Ry

Y

when they were based on adequate experlmental work. Where_

»possible an attempt has been made to use other geoth%rmome- o

3

ters, for example K—teldspar—plagloclase. Where maps Uf
» o

:-sample locatlons were avallable' temperntures were 1nférpo-  8

'lated betweeg 'lsograds" " : f* v_‘3 e T e

e

. S : o T : . o . e k-
a R . . e o - ) LA
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 ‘ab1es X. Llsting of the programme (RMULT) and descrlption of

: out a matrix ofacorrelqtmon coefficlents and various regres-

_type-'

(T Y = ag + ek + anXs teuo

"‘..

‘between-the varlog

129

. “a v_'  '. ‘ o : , " %? ‘a - ' :i.j .“'
The data vere éfocessed uslng a -ultlple linear
;reéresslon programme wade available to tha Departﬁ;nt of ;*\
'Geology of the Unlverslty of Alberta by Jo C, Davls. The '
result of multiple llnear regr;;slon is an equatlon ot the

o

. -
4 . . A L

'4re1ating a dependent varlable Y to several independent varl-

e

the method 1nvolved can be found in Davis (1973). The 1nput

"was modlfied to adapt 1t to the ‘data file and to be able to

J -

choose any comblnationrpf variables.-The programme prints

sion statistics.J

A J . ‘_ B!

etqpb 1n order to’ kepp only signlf-"

‘l ..

1cant variableé in the %éﬂresslon equatlon._The correlatlon
. & : c

icoet!lclents in Table 4 expregs varlations among the chemi-

fcal'Wariables 1nduced by changes of physlcal parameters (T,P'

,etc..d) and chemlcal parameters, essentially the availabili- .

- P

=

'ty of the varlous chemical elements‘ i 2« the. compositlon of

'_the rock. Tvo elements may shov correlatlon because there

Y

&t -
.

1= substitutlon of one for the. other.-" ' N

;4 negatlve corré}atlon if they are both maJor ele—

"

. ments,f

St

s

AR

.
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'net..

S

- pos{tive“cbkrel&tleprlf one is a major,and:the-othen

aqtrace'elemedt acebmpany1ng theffirst-one;
. [ . ] ; )

_2fbparallel increase or decrease if both react similarly to

- . . o

an external,causeq
3=~ tortultous purallel variations (may be due to an unrecog-

>

nized external cauﬁe).

s

In the present case the two main factors are‘teﬁperature gnd
rock composi tion. Ho'ever,ibecause“{he populetloq eemes E}om

ca rdther narroi range of rock composltionSW feﬁperefure can

be assumed to be the maJor cause of substitutlons.-
F(T) shows correlatlon wlth +bT1l ' +gug¢ —gXFe.‘

1

 +KD, . +bK, .-bu“) .-hl'-‘e'3"',"-'g}4n,~ f-gCa '-JoMg’, -bXFe (by order
o , ! . . '

of‘ﬂeereaslng_Rlz')- The maln ef!ects of an. increase in tem-'

perature are thus an_increuse.ln'Ti,of,biqtlte and Mg of
gafnet (resuiting in a lower gXFe); Fe,'Mg, and XFe ofwblo—Q‘

w

- tite show poor correlatlon with £(T), Mg ln garnet does not
:replace Fe (R(gFe-gHg) small), but ruther takes the place of

‘Ca and Mn. Ca and Mn appear to act sympathetically in gar-ﬂ

= _ -t ¢

R(gMg-gCa) R(gﬂg—gMn)

Rl

' - ‘ R(gFe-gCa) 'R(gFe—gﬁh)“' - ' e

' R( ;f( T )-gCa,_) R( £( t )—gMn)
' RCED-gCa ) =R( KD‘gun) o

- . - - . ———— ~

l""'o't-‘---ax'e tor positive or negative correlation.

2 correlation coettlclent.f‘“

* . . "ﬁ "v‘ -



o ¥ :
reasbn’ ~thut 6ery tev of the garnete are trom very low

. . x /

‘Ihe R(£(T)=gMn) for fhls pbpula%lonvlg'rathgrlgmall; Thp

gradgyul.g.tvery te' contain the very 1arge proportlon of
: L é 9, N -

speésartlne molecule commonly tound in the flrst appearlng

@

gurnet‘ln progresslve metamorphlsm and as a rgsu1t the:range
"of Nn is smalls IR . ’
Ti ptfhiotlfe'1ncrﬁnses'mith_tempéritﬁré, by re-

’
7

plgclng.Al‘Q?'and-Fe3f"(négativetédbéelation) in the octahe-

d}al'sité;‘cbnconltaﬁtly,_K'ihcreases} fo conserve a balance“

_of charge Va“’ should decrease but Va(6)‘shows\ne¢atlve
correlatlon with bFe and’ ng, and Ilttle correlation wlth1t-

fbAl“’ bTi, dnd bFe?*. This suggeste that Va“’ is 1ndepen—

-

dent ot the type of trlvalent ocfahgdral catlon and changes

ln‘response to the éxcess*chargercaused byfthe gﬂm ot trlva—

lent octahedral cutiona. ‘The negdtiVe:cofrelationH

L

Va“’-Al“’ suggests fhat ekcess charge in bgptlte is re—v

hH . ki N

s - o
duced by an 1ncrease in. Va“’ R Al(‘) The?rea&on for the'
positive correlatlon bNa—Va“’ is not clear.;B&I) also shows

small negatlve correlatlon wlth ng and OXvR-~(ox1datlon,

”rat10‘01 the rock), the tirst ls probabl.,not'slgnlficant.p

. N ! 4{',' [
but the second correeponds to observatb&ns made hy others

2 -

that vlth increaslng netimorphic gr&d;'fhe oxidation rat1§
of the rock tenda to decrease (Bdébl and Engel, 1962. Best
“and. Weisé’, 1964, ﬁomann and R’éf;h.‘ 1973). The smau RC f('r)-. N
| bNa) ls probably not slgnltf%ant.k ' |
. ErA '

v:ﬂ'; KD shovs correlutlon with +glg.'-gXFe,>+t(T)i

~

j?*ﬁfi,ffbﬁ) —gln' -gCa,”fbyg,v+bXFe;(by'prde§ of decreasing

R .



‘The_good cor;eiation o& gMg and gXFe with KD and

R &
t(T) shovs that gug ls the maJor tactor ln the change ot KD

with temperuture. hlg and bXFe shov rafher poor correlatlon

h

with xn %r with t(T)- The hlgh R(xnobni) and R(KD-bK) reqult
. i R o
from the similar etfects ot temperature on KD, le.‘and‘bK.

,The good correlatlon of KD 'lth gCa and gun result from the

‘\3
.-Iact that changes 1n KD are 4ne to changesyln gMg,NIteelt

:

replaclng gCa and gun. ’,." 4 ‘_ " o "',?

SOme other correlatlon coefficients are of ln--

’
i

Vteiesf; although they have llttle bearlng on f(T). OX.R.

_correlates negatlvely wlth Fe of . both biotite and garnet,

‘dege an lncrease in the oxidatlon ratio~of the rock results

'1n blotites wlth 1ess Fe. thls corresponds to the obsérva—
"tlons of Chlnner (1960). In blotlte Fe 1s replaced by Ng,, in

vguﬁnet,bx>ca. posltlve correlatlon of OX R. wlth‘gcqbqnd'

-

'_bng; OX.R. correlates with -bTi, +A1<°) , =bKj. these~are '

S

.
b

‘probably parallel changes related to temperature..VariouS'f

o good correlatlons are seen between blotlte purameters and

S ¥,

.gurnet parameters, they can be attrlbuted to temperatureﬂ
‘cauged parallel changee.,An exceptlon ls R(bun—gln).'Because ’
be(f(T)-an) is anall, this correlatlon probahly 111ustrates

s the availabillty ot un trou the rock.'_e.,; '
The relatlonship ot KD wlth the varlous chemical

, . ; s
varlables dlscussed above is qulte ditferentlrrom the ones'

i . .

found by Saxena (1959, Table 2) where KD correlates with" 4
’ ) i ' . . . ¢

at low ﬁrede. : —gXFe, +bXFe, ngn, +bAl<°’ fgln (by'

| «
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P

!)_

"bq éxcludedr andgtotalvFe only consldered,'qs'an.gpprqximg-‘

 ‘}{100“6f Felt,

‘the lmpossibllity, ln'pracfice;'otfdétermlnlng the

programme RMULT, for the above set of variables, as weil as

g' VA /
cL L R 194
. .‘?’: " | | B N ‘ o .
- “order of dépreas;dg‘R)yv“:
“at’hign lgrade, ~gXFey +bXFe, -bTi, ~gCa, -bAL(*,

-pAll 6.’ o

4
r
[ o

: N

TR

‘Theéevgytfgfences, whicﬁ are quite marked considering that
. R L. . . B : o . .

-

lhalixof the garnet%bldtlte_ﬁhirs-used here  were also used by

_— CTLE . L o C
Suxenay afe d&e'td the‘fact that'Saxena calculates'the cor-

7,

relutﬁbn coetrlclents for sub-popylatlons correspondlng to

narrow’ ranges ot metamorphlc grad;ﬂWWhereas here the pOpula-:

tion encompasses the maJor part of the regipnul metamorphlc

'domalﬂ. Thls lllustratee the fact that the varlance of KD 1s
. h}

caused by changes ln metamorphlc grade gng by compoaitlonal

M ’, 9
RN )

'varlnbles. At this point, 1t 18 posslble to say that an

equation expresslng f(T) as a runctlon of the compositlon of

. \ - e
. .

'coexlsting garnet and biotite should 1nc1ude at 1east'

bri,,gug. gXFeg xn, bK, b41$°?, bpe3+,‘gun, gCa.’Begausp"

s o

Ierrlclferrous ratlo with the electron microprobe, Fe3f‘w1 1

Regréasibn;equafionq were ¢qléu1ated using‘théf

var{OUS-other comblnafions. The equations‘wére éanugfed'by“'

. the 'standard devlation ot the estimated Y' L.Q.'the_dev1a~ 

' t1on of the £(T) calculated by the equatlon from the £(T) o:

'thg.qata‘file.'At this sfage!‘the'tempergture estlmated pre~-

" wviously for each garnét~blot1te palfﬁwas;fééxﬁmlned w1th:th€ 
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(13)° - 2(T)/1000 = 0.3516 +0.0881Transf. Xp.
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helpibf}a ccmputer plot ‘of calculated t(T) versus estinated
t(T), The temperature of pairs suowing’a systematlc depar~
lture f}om the estlmatedﬁg(T) tOr the varlous regreselon
. A _ _ |
jequatlohe'was reaJuste? vitnln the limits of the’ temperature'
scale given above, where reasongﬁly poesible,lor the pair’
excluded‘trom turther calculations, where.hesreaécu cculc’ue‘
‘found Ior the depafture..T'owgroupe were eacluced‘(Dahl's
and Relnhardt's) to keep a balanced dietribution ever the .

total ranae in’ temperature. The result was a population of

125 garnet-biotlte palrs that ylelded the equatlon.

(12) flT)3;l:CJ399p§47ff 72;7xﬁ,- srzabA1(6)_+ 54.82pT1
L + 12.94bFe + 4. <49bXg + 24, O1bK + 22.38gpe
: ;vze 23gug + 4, SBgCa #»12 42gMn

.- 80. 76bXFe - 264 ngr-'e .

wlth a standard devlation of the calculated I(T) ot

4

6-89(16 ) ;or the populatidﬁ%ﬁ! 125 pairs, and 12 0(21 )

when equatlon 9 18 used to calculate f(T) for the total po-

pulatlon of 165 palrs. By comparlson, an equation calculatedue

'uslng,all the varlables ylelds a standard devlation of
6.48( 15" ), a decrease 1n il fqr an lncrease trom_12 to.19

1hdebedqent vablablesqa‘

.
~.

A reg?esslon of t(T) ‘versus. transf. ‘KD .of Saxenai

;(1969) ylelds the equatlon."' L .

'
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wlthla standard devlafion of  the calculated t(T) of 12 23
'(29 ') for a populatlon of 125 palrs. Note: that thls‘equatlon _f
15 not a numeric expresslon ?f Figure 7 ofbsaxenhQK1969) |
(Fige 41). theZtemperafgrehcallbratlon Seingﬁqultp different’

.fpbm‘thevohé used in theapreséhtystudy;'

N A;regresslbn~ot 1(T),ve§su; bT1, the'varlable'that ‘ f'

‘shows the ﬁidhesf.éorrélqtlon with £(T) (after tfdﬁsf.-KD);
A ; . _ . T
. ’ w . ’

yields the equation:

(14) " ©U£CT) = 281.53.+ 123.34bT1

a

y;th a standdrd,déﬁlat;pn‘og.thé'galcﬁi§$§d £(T) of 12.94

€30%).

ﬁ[ Qiﬁﬁ!lﬂﬁiﬂn nnd QQHG]HE’QDE S : ‘. ] /,
. :."//_
An attempt will now be made to - estimate the value;
L , O v :;

of equatlon 12 as a geothernometer. Flrst the cnuses for the'

devlatlon~?£ the calculated t(T) 1ﬁbm theAe timated f(T)

will be examlned. They are:

‘

’1“.P9°f.95t¥m“te ogf{ﬁeuequltlprluﬁ‘fgmpefhtu;e §f'a zarnéf-
-'bgofxte’pdiéi“ ‘

2- po9f1anaij§;s}

Q-.zbnpd:éafnefs §r15i011+é§§ 

4~ hpck'composltldh outside the range specitiéd.lhAGI;"

S- P(02) outside the range specified In ars
‘6- p§d_éh61bé of variables for equation 12.

S



1- Tempefaturg gstlmate ’ ' o _V . , T
_— R The temperature scale presented in 4/: above is
L | reane 8seart » g ,

probably accurate, althngh'this[may bé,subdéctivé, but it
is not,very precise..The error on the>témper€fure,_éorreé.

o

sponding to the garnet isograd for' example' ié onAthé'order

of 30'{,90 is that of the triple point of the aluminium si-

Iicates. The muscovitb out isograd is strongly dependent on

Q .

the.local P(Hgo). Above «his isograd there are no good tem-‘i‘
perature markers, eXcept»maybe.the iron—titanium oxides ‘ge o— .

'thérmpmetergtor-which‘ﬁo_intocﬁatién‘is available in any of

‘the‘sburpé Studiess

2 : . oS ‘ . .
: s e P . R . L . géiﬁ. o
v . T . . . . . - /

3 \

a2 Quality ot analyses
Examination ~of the analyses recast into struatural
iformulae fevea}shthat_a laage'number show_a'markgd‘daparture
from ihe théoréfiéa1.foraulal Theée;discr§pancies are:mgre.”

easily recognized in garnet where they may attributed. to a

",fin extent, to -inute inclusions (analyses by me thods.

.'thah‘ﬁicroprope)f Iaacg:taia_caseé (Kretz, 19?9), it_;
‘iwaé neaéésa}y;fa-recaiéulatébtﬁe Fé, Mé,,Ca, and Mn_at

3 . garnet to a total o£v6. Wheveas such discrepanciés are not.

3a11 too important when studying the relations within one:

7popu1ation,(aasqniﬁﬁ a syatematic analytical error) or when
hysing-bhiy»ete—éntvratio, it may intrease;markedly the.
. P - R . - " - : B 3 ( B

’Variahée of a complex paraméfer’éaléulate& with the strug—-

tural fbrmdlaeatrom-a sum'pf’poputafibns.vﬁ

.
|
-i
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‘3~ Zoning

"Regio‘nal net'amo:rphlc gnlét?g are: t{é}en
. R ] ’

studies have ' been made on the aubjec%(see

~-Atherton, 1968.-Cooper, 1972&&Tracy et al., 1976‘{nn|

. o o : o
ferences therein). By comparlson vlth the,prograde chemicul‘

changes in'garnet, one may dlstlpgulsh‘normal‘zonlng when Mn

 and Ca decrease-and Fe:pnd Mg lﬁcfeuée'from Cdre.to edge.4

from reverse zonlng when tyese changes are reversed- Zoning
) . . \\ ‘ .
1n garnets 19 particularly marked at’ low to 1ntermedid&e

grude,‘where_it_is generatlyudormdl; hlgh‘grhde‘garnet tend

to be unzoned, except for a narrow fringe of riverse zoning

'(Tracy g; gl,'1976)b‘ : - _ _'  v“.l, : , .<,‘  -
’ - ’ e . » . .
thtle 18 known about zonlng 1n biotlte. Colour

zoning of metamorphlc biotlte 1s rurely seen in thin sec-

cr"

iy tions The 1ntenslty ot the brovn colour of biotite is re—

L

~1ated (Troger,»l?SS) to‘its‘content in Ti,'vhich>we have
- N . . ’

«

seen 19 a,good indicator of”témperatuve. Biotite can’ thus be

considered as'moétly”unzoned. Tracy et gl- (1976) stnte that
v ) . . (

'forjﬁg and Fe “biot&te was féﬁnd to be ¢ essentlully homo- { x'
genéoﬁs.Qitﬁin-lﬂdivl&u@l‘speclmens, except Ln'Zone VI yh;rgi
ﬁiotite lmﬁedlﬁfely nga§ent fo'ga;nef is mo re magneéiahv
‘fﬁnn elseﬁhere ln,thé rocKae evey due'té 1§§al‘refrogrude:
iexchahge;" Zone VI correéponds to their highest metgmorphlg
grude (silllmanlte * K—feldspar + cordierite)y

The zonlng of garnet -will ntroducevan efﬁqr‘in
"the &épivgtlon of Qquation 12 as‘nost anaiyégs used_aré of

garnet separates and ﬁot all those done by electron micro-
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probe give the location of the aralysed points.

4- Rock composltlon ‘

Only few of the garnet biotlte paits uced to .
define equation 12 come’ gﬁom rocks wlth epidote, hornblende

or calclte. This should therefore not add too much to the

.standard devlatlon ot f(T) calculated from the population -of

125'pa1rs:‘1n adds, however, to that calculated for the ’

total populat}On of 165 palns.

O

S~ Oxygen pressure L S "_@2. S

Ve have seen in 2/. above that P(Oz) affects the -

»

stablllty ot blotlte and ot garnet. The analyses complled

[

'are‘in general of medlum oxygen‘pressure. coprespondlpg to- -
coexlsting Qﬁmenlte-magnetlte. Conslderatron of the correla-

tion coefflclents showed that P(Oz), as represented by the_ﬁ

oxldatlon ratlo of the rock, had a slmilar effect -on garnet

and blotite. Indeed tvo garnet-blotite pairs from the same

' .
‘e ¥

metamorphic grade, but different oxide assemblages.‘one with_

1lmenite—magnetite (OX R.—13 7%), one with magnetite—hema~

[

l;tite (OX-R.—V .8%), ‘show a dlfterence in temperature of less

-than’lo as calculated wlth equation 12.,0xygen pressure 1s,5

therefore, uot a’maJor‘cause of Varlance of the calculated

“ f(_‘r).“ ' S Vs ‘ . . S ; . : o “u“‘

i



o e L 140

"“1"“‘" o E .. ’ ’
Ky o , .
6- Cholce of varlables ; o

) The cholce'ﬂt varlables‘for’equation 12'may‘net be

.

_optlmal and as such add to the varlance of the calculated

g ‘o

L,

,f(T). But whether the cholce 1s Optimal or not can - ony§ be

(o - ; ) A ¥
determined W in most or all of the variance, due‘to factors

u..__» B . . -

‘discussed in 1/ to S5 above, hags been ellmlnated.

.

The adequacy of equatlon 12 as a geothermometer 1s

dlfflcult to-test. The standard deviatlon of the calculated'

£(T) glves only the quallty of the flt of the equatlon to

tthe data base,land 1ts value as a test rests on the accuracy‘.

G

and preclsion of the temperature estimates of the data base. .

B

Comparison ot the temperature calculated -with
equation 12 can be made wlth other garnet-hlotite geother-d

mometers or geothermometers based on other coexlsting

minvrals and‘applfcable'to”thevtemperatune demaln'consl—3

dered, . '4examp1e’ﬁlagloclase—Kffeldspamy lreh—titahium'

oxides, garmwt—comdierlte,vparagonlte—muscevlte, etc.¢¢

/

/

Com arison could be ‘made wlth the plagloclase-K-'

feldspar for t.ae. garnet-blotlte palrs of Engel and Engel-'

(1962). It yvi: lds: temperatures of 520—600 C atter Barth

‘.

(1956) (glvr1 by Engel and Bngel), or 580-670 C uslng Flgure‘.

3 (S Kb) - Stormer (1975). These ranges were-obtalned'byv ’

A .,

avevqp”xg the temperatures of groups of samples from the

3uuest and hlghest grade. Thelvarlance, heyever,vts greatfi\

.temperatures“vary by 40—50'ﬁw1th1n eaéh émdﬁp. By contrast, o

"-uslng'equatiqnvi23 thz range per group 1s only 25 (11 a

T
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ﬁornblende bearing sample ls excluded), the total range 13

555—68§rc. o T R AR

o v

a

.@h':ﬂ' Compurlson of the . temperntures obtalned from the
"Tl',\( ) : : :
vqrﬂ garnet-biotite geothermometers (Perchuk, 1967,
‘Saxe: -969,»Thompson, 1976) and equation . 12, can only be'

used to estimate the relatlve preclslon, as expressed'by the N

stand;rd devla*ion otxthesEalcuLgted temperatdrES of grouﬁs

- .\ . . . ' . -

of pairs from the same metauorphlc grade. The accuracy 18 o
. . [y . .

determined by the temperature scale: used in callbratlng the

geethermometer. the temperature scaleS'oI Perchuk and

.

Thompson are simllar to the one used here, thnt used by

E

Saxena 100-150‘C 1ower..For groups of garnet—blotite palrs‘

from the same source and the same metamorph!c grade, the
‘Saxena ggothermometer‘shovsistandard,devlatlens-greater by a
SR R T - R ST

' teetor-oi 1 to 2ethaq t@oséfobtained-from equatlon 12; thef
.geothermometerSTbeéed”eniKD'elo@e (Perchuk's and Thompson s)
. : 8 29t

. : N ! ¥
show standard devlathnstgﬁuatgr by a tactor of‘l to 8 than
. l

kK

“Wf»om this that

-:;those obtalned vlth gquathn 12. It lsVSee

i
] -1

.,J

. I o
ters. Their accuracy is thatfot the temperature scale given

~.

Soind 4/- abbve." ' . o ' —Q: :

Equatlon 12 ls therefore prOposed as a garnet—bio—":

/ ;ebthermometer. It 1s appllcable to rocks ot pellé;c toa

. . . S
semi pelitlc composition wlth 11tt1e ‘or -Nno. carbonates,

calCICjamphLbole-er epidote, over the whole range of coexls—'

_tence of garnet. and biotite (approx. 475~ 700 C). It is not
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N

'f:very sensitlve to changes 1n P(Oz). the eftects mt a change
:1n P(s) are not known, but“they shoulg be small ( see’ 2/.'
above). The garnets and biotites ehould ‘be analysed pretera-

bly using a mlcroprobe and by Iocating the analysls poiéts
LI

- near the edge ot garnets, 11 possible near a blotlte graln,

for metamorphicagrades up to 600-650 C, turther inside the‘

o i

‘garnet ~and on gbptites not too near a garnet at hlgher
Lk
grade. The precislon to be expectad is 110v20

It gs believed that this geothermometer will be. of
‘use to - students 01 metamorphism who. in this. age ot compu-;

-

ters nnd hand-held electronic calculators,‘wlll hot bevdg—"

'terred by the apparen

vhere q.more approximate e

CLentuhequation 14 can be used vhich requires only the know-

- ledge of . tltnnium ln blotite coexlstlng with garne}‘hnd

t

.should have a prqg slgy of ;30'  'ﬂ; T

ﬁﬁx

e

a/ Infrbdﬁction L

.\';v -

Sasai and Scolari (1974) shoved that th&’bo cell

dinensions of potasghc whlte mlcas cun be used as -a barome-,ﬂ

. . AT -
tric lndlcator ln 1o'—grade metamorphlsm. They devlsed an

. (AT -
4 ' (S

. emplrlcal scale of bo values characterizlng the various
’ S ‘ ’ : e e : o

. 1 R/
. N

plexlty of equation 12. In»cdées

uthn of temperature is suffl-

i-ﬁ;‘
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baricitypes, from low pressure (for ex.:.Bbsost) ‘to . glauco—

phanitic hétamorths- (for exe:: Sanbagava) (Table S). Their,

. method is based on‘the following observatlons:

. . . ’ - . o. N
.} . . Y . .

1-:the bo spaclng ot the potassic whlte mlcas may ‘be used to.

~ . P

estimate thelr phenglte (or celadonlte) content (Clprlanl
gx nl. 1968): . . , . '
2—>at Iow netamorphlc grade. the'phenglté‘cbnfant ot'fhe—_.' -

o

 potass1c vhlte micas increaaes wlth 1ncreaslng préssure

’. Lo
it !;3

;,of forhation;'other condltlons (temperature, rock compo-“““.

: -
- 3N

'!_sition etc...) being equnl (Clprianl et gl.. }974:'Ernéf,f

1963,_ velde, 1965 and,,1967). | %’, TR P S .

C. L : . A ) Lo ) T . . ) .
a . . : B

;*‘_”s
In order to galn inslght on the baﬁlc type of me—<
. \. = .

a

tamorphlsm of the Wakeham Bay reglon, ‘a sulte of samples

tﬂom the-western map ireq, as well as 'S samples trom the»

s .

T . Lo o w

‘lowest grade part of the eastern map area, wqre‘chosen.qug

*

the bo value of the pofasslc whlte mlcas measured.

v o ‘>
. ! -
_x- o

fbl Descrlptlon ot the samples ‘3:' 5

@

Sassl and Scolarl (1974) state that the speclmens L

“.‘\ \ . .

{Aused dhould, as ﬁar as possible be‘

1= 1sochem1cal and of pelltlc composltion (phyllltes und

CL

quartz—phyflltes ot Frltsch Qlo, 19671, very“quartz—

.

- rlch rocks, chlorite—rlch rocks &nd rocksﬂln whlch K-feld-f

wle - 2

gmgbar ccucs as an essential component glve high b? val-
'ues. carbonate—hearing rocks give low bo values.
. s . .
2~ of lov netamorphlc grade (chlorite or blotlte zone). the

' a .
.
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. 3- lqck;ng 1n,paragon1té' yrophyllite and margari%e.

\ b;senent gneisses).

irs
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~

1

_;Iable 5. Enpirical scale of the bg values of potasslé white:
'/*mlcua ln Lov—grado netamorphls- ot pelitic s&?lsts (trom

Sagsl and Scolari, 1974). ' P
vFacida qerleé"ll._ 2 3 i 4 R 5 6

Mean b 37 (8) F8.990 8.995 59,010 9.020-9.025 59.035 9. 055

- - am—— -

-

.1 ﬁEov prpééufe -etanorphlnn (and*cord) without chlorl%e

Zone (for ex.: Bosost).

‘ 2 Lovﬂpressure -eta-orphlsn;(and+cord) vith chlorlte zone

_(tor exel Hercynlan metamorphism in. Eaatern Alps). .
3 Lov-lnternodlute pressure netanorphlam {and) with the
- chl=»bilo-»alm sequence in the greenschlst facies (for
‘@x«: New Hampshlre). o~

'-f4 Typical Barrovlan meta-orphlsn (Dalradlan netamorphism ln -

Scotlnnd).-5

"5'»Barrovian-type neta-orphlsnyiw;th.slmultaneOBE'flrst-ab-

. pearqnceL61 biotite and alwandine (for ex.}lotagq).

- 6 Glaucpphanitic greenschist facies (for ex.: Sanbagawa ).

t

i .. N s
: o - . N

,»phengite cbntent oi the potasslc 'hlte micas decreaeee/u
: : 5 \»
vith 1ncreaslng temperature (Lanbert, 19593 Velde,,1965

7and 1967“Clprun1 31 gl., 1974).

/
-
7

S 1 oy

The sa-ples used 1n thg presanf stydy do not, con-

torm very strlctly to the tlret conditlon because true phyl-

:Wlltes aye.conmon_only~ln:a narrow zone ln the;squthern pnrt;”
ot 3Heersfenn geglbhivaekd_regulf m#ni‘ﬁp?cfﬂens are

- quartz= or chlorite-rich or carbonate-bearinge. Only a few

: , _ iR Rk ° =0 ne . .

‘. o . e ST Coe -
“»contain K-feldspar as an essential component (retrdgressed

—_ . %
° .
S

..  The sgupiés aféJipom\thé greenséhlét fdéleé,{equif

" valent to bictite or garnet zone; chlorite is still an es-

. -

sential ¢onsfifnent_of.thévdssoclufe¢ me tabasi tes. ‘A xév}

. P S i
S . . . ] -
- %

—
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- . . - :«

vieamples Irom the amphlbollte taclee»hAVe been measured, but #{‘
v Lo e T IR Y
the reeults are excluded fron the cu-uleflye'éurves;3 i I

-

‘fadletlon, a curved crystal

in

'flon,

Paragonite”was tound in one sa-pleﬁvhlch,eae excluded_tron_'

Table 5. . Y S ST o

c/auethodology ' ' S o o _VQ
o 4 - . o ) PanbE O i
‘The rock samples were saw-cut perpendlcular to i

1

schlstoslty 1nto 2-4 nn@%hlck ellces. The X-ray dlttractibn

Je

analyses were done wlth a Phllllps apparatus. using Cu Ka.

monochromator and 1 dlvergenée

»

%?d receivlng sllts{ A time

H

conétant of 4 seconde was used .

29/-n and & chart/speed of 1‘
/

/ : ."O
of 29 was scanned (S times per,'

[

wlth a scennlng speed of 1
cn/mn. A range of 59 to 63

aample). in order to measure the (060) peak of the potassic

i

"hlte mica using the (211)- peak ot quartz ln the rock as ane

P

1nternal standardi
: :

Af the eame tlne the peseible[occureence;f'ﬁ1'

3.

or pyrophyllite could be vq\ltied

r

ot paragonlte,'-argarlte,

((060) peak at 62.5, 62 8*63 0, and 62 3 29 respectively).“

The sample was oriented wlth the echlstoslty elther parallel

.er perpendlcular to the bllts of the'dlttracto-eter depend-

on the relative a-ounts ot quartz and whlte nlca present.

-3
r . i " - 3

1n the rock, it vas obsefved that the mica peak tended to be

o

4 . . ,
}higher and ‘the quartz peak 1over in the perpenqlculqr posi- R

\
¢

probably as a result o! preterentlal orlentatlon ot

both of these nlnerals vithln the echistosity plane. yd

Occaslonally the'%lotlte und/or chlorite (060) peak lnter-

tered vlth the (2&1) peak of quartz necessitating the re-‘

o T . o
ol * r
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g LN e . ) ) ) e

‘course to the (112) or the (203) peak of quartze

’ ¢”$ .;;,gi..The standar&'dGVIatlon'of the bh<measuremeﬁte .
TR ) | X

'ﬁy vvaf1¢d from 0.001 o O. 0081 in nost cases 1t was bet'oen

R

g

‘generally hroad, sugaesting a cerfuln vuriatlon ln the com- :

’

position ot;fhe;'hlte-mlch v;thln a.glven\sanple.j

¢

d/ Rqsulté and discussion '

-

] The meusured bo values are plotted on a map ot the

o

'akehan Bay area (Flg. 43) and 113ted on Table 6.

A rather large spread of bg vulues have been ‘mea—
\.
eured (9 005 to 9.040&)- Desplte this varlablllty of ‘the =

',resulte, one. muy recognlze a southern domaln wlth 1over bg_

,\'

values and a central to northern donain with higher bo val—

' -

uese A tev(z%fy hlgh valuea occur. however, 1n the South and~

a few very lov ‘one s 1n fhe North.‘The southern hlgh values

’correspond to retrogressed basembnt gneisses,'the northernf”

'_.1ow values correspond to samples from the anphlbollte fa-
A.cies, Thoae valuee were thus discarded.‘{_ ’,r o
\\7  b'__w": A cumulatlve treqency plot ot all bo values on

» normal prohabillty scale (Flg- 44) 111uetrates the preaence»

'rof t'o populatlons. two struight 11nes fit the datu better

.than one alngle stralght line. Taking the Ilmit between ther‘

etltlc Group And the Volcano-Sedlmentary Group as a boun—

#ﬁs

dary oné -ay eflitxthe data into‘@wo populntions, ench flt—-'

tlng a stralg t 11ne (Flg. 44). A Student's t—test on. the

a.

--eans 01 the two populatlons ehows them to be dltterent ‘at

I . , ‘f,/y
B 0-002 and O 0041.[§%e (060) peak of the vhlte mica waS‘irg"gﬂ
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Table 6. Locatlon of sn-ples and bo value of the potasslc i
~white icas.

‘ Laba. TFleld " Coordinatesn »bo (1))T6 Remarks
No No ' e : ‘
cee c19-2 155 110 - 9,032 basement. gneies
eee C€19=7 142 109 - 8.046 basement gneiss)
ees C197-10 131 95 .. 9.018 ,
‘564 H1-9¢ 317 74 9.014
89 E2-10 319 75 9.0i2 . - :
91 ' H2-2 : 32179 - 9,029 basement gneiss
ees ,H4-9B - 335 129 . 9.018 , .
cee Y H4=-9C o ‘335 129 9. 020
. eee H4-10B 336 134 = 9.011
 eee H4-17C 313 124 - 9.018 . T _
ees H4=20 ., 308 114 94019 o o f
98 . H5-28A - 254 206 = 9.016
102 HS-33 259 186 . 9:015 '
- 151 . "M2-9 . 290 156 = 9.017 7 o
. 153 M2-13 294 161 9.008 ' 7
172, P9-18 © 69 111 9.015 -
eee P9-26 - 72 135 . 9.012
‘ees. RI-6 7197 .86 - 9.019 .o
.. ¢ R3-13 189 98  9.031 basement gneiss
ce. S1-3 /7 ~ - 258 ‘80  .9.026.. . -
227 S2-1-2 201 98  8.005.
, 237 - s2-1-14 - 291 98- ' 9. 018_
- eee  S2-3-1 . 295 100 9.015
241 'S4-13A 258 117 ‘9.014
242  S4-14A° 7263 1237 . 9.019
246 - S4=-22A  , 238 137 ﬁfs «010
247 - S4-25B ' 234 128 9.014
wee  §T7-SA - .- 307 184 % 9.014 R o
Cees  S68=1A 232 100 9.017 basement gneiss.
eees S68-TA 209 111 9.008 ~ o
449 'S68-7C ”“‘209 111 . 9.014 R
“ee S568-9A 207 120 - 9.017 -
450»,S68-14c 196 160 9.013 . '
454 ' 870-5 . 207 178 - 94029 ,
ve. €22-3B 160 360 ' 9.027 B < R
© Tiee C27-8A . 224 4%0 | 9.014 T e
. ees €C27-8B 224- 450 - 9.012 - L ‘
. ews C29=6A: 242 464. . 9.01S5
ese  C29-6C - 242 464  9.022

e i oo e e e e e - e e o e et e e e e e o e e e e o e D R B . o



107 H1i1-7P 291:.325 | 9.015 o S e
109 H11-9E = 291 326 = 9.017 o S T e
112 'H11-10D 2982 327 . 9.022 . . IR T
118 H12-6B - 296 334 . 9.015 1in amphibolite facies . ¢
eee H12-10D" 303 332 © 9.0Y9 in amphibolite fecies.: - .
‘80 R6-3 525 8.020 in amphibollte*taclés;,ﬁﬁﬁa
. ease RS8-4 9.029 v . ) S ¥
. 652 R9-6: 9.011 ln'auphlbollte facies P
see R_l 1"1K - 90037 : ) : } i o . v ' Jf:
ees  R12-3 9.016 ‘ .
188 R12-5A- . 9.019 .
"eee R1‘2—SB 9.0 14
221 R22-2D. 9.022 :
255 s6-14 . 9.024 a
257.. S6-15 9.023 . &
258 s6-16 9.030
274 S9-2D 9.036
. 288 ' S14-17B 9.011
291 S14-17E 9.029 > )
292 S14-17F 9.023
296 , S14-224A 9.015
,.. 320 - S15-4E 9.011
333 s15-6cC 9.016

' 3336'.516—1A" '.9.0U4 .basement gnelss (amphl—vg
T . bolite facles)'

342 S16-1H - 221 492  8.991  in amphibolite facies:

348 S16-2B: 220 491 8.991 in 'amphibolite facies
. eese S68-10 135 370 . 9.031 - . . o
. 458 S72-2A4 163 346 - 9.021
472 S73-9A - 90 514 _ 9.035 o T
., eee ST74=5B. 90 466.  9.028 SIS B A
ses  S74=-5C ° 90 466 9.027 = . ¥
‘ees S53-9D . 548 408  9.027
382 S53-11E . 547 400  9.025
¢es S60-1A = 528 395  9.040°
\eee  S62-5A 574 400 9.013 & IR AT
Jese 'S62-7B . . 575 405  9.034 . T T
—— e = i - — —— e e e e e o o
i

the 99.95% level ox'slgﬁirlcance,(fé4.76);
: This varlation from south to north ln the mean bo

could be attrlbuted to one of the tollowlng'* ‘
_— ‘0 p-,i. .
1-.systenat1c ditierence in sqmple qhep1stry;

e B : . A

(0

‘ L T S . E . C e
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%) L e—— | T 1. T

o R - . North+South . - -
99 - Cumulqﬁve

‘ o8 _ F{reqt’xen.cy_ . "-'9'020

0 i o

‘North
n=37

§=0008

X=9-023 . . -

s-oos sons o eoas 9035 ~ b, (K)_~

.Fig 44 Cumulative frequency durves of gp§a351c wﬁite micas of the

Wakeham region, illustratlng the presence of two populations
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2-‘d1£terencevin mefgmoéphlc temperdtyrg;u 2 o
3~ ditference in metamorphlc pressure.,“:-;'.f< S
. Whereas most samples from the .southern domain are’
. N K' “ . ) o N .. LY .‘ . .

cloéervto.phyllites than fthe'ln ﬁhé‘norfﬁéfn Héﬁhih;'iffv
.remathé that many ape té;qfive1y qﬁdrti;rléh‘aﬁ& stg?pi S;e I
.cﬁlorite—rlqh;‘bﬁt still‘bg;e-loi s;'valugs. fgrfhgrégré,b”
mére3sampleé ifom"fhe QSffhérn'doﬁﬁlh'fénd to havé c£r~“'j
 bonates and épl&ote than.thosé fro; the so;thern d;maln. The

-dlfference in rock chemistry/does not appear to be su£f1—.
clent to a;count for,n&systemaflc diffetengelln mqggfbo.hp§i 
;ﬁ y{acc§unt‘for the scatt;r ;n.vulu;s, péftiqulgriy‘idufhef

| Tempérafure dlf!érences betv%eﬁ the.two domalns

- are small, and would rafher tavor a. deFreaseiln the ba

_values_ot the,nonthern’dOmaln.

.

‘MOhe‘mubt;thérgt;re conClud _thqt;thts H1fferenc¢

in medh.bqbis due to A[slight'dltf'ren§§‘ihwwéfhmorphicyﬁﬁ«

-pressure}'Ihé;slgnlficahcéAot ‘th¥/s d{ifebenée-ié not clear;

but one)may note that the bqéﬁd ryisetween the two domains
cﬁrrasbéh¢siappr6xihﬁtél§ to‘t e“iimLt befweén'whaf,éaﬁ beiw
 cbné1dQ?éd.gs.gfeugéaéinéligel'démﬁin ih the Ndrfﬁ, with &
thICK éédué;ce_dt bailc'voléﬁnlcs, and ﬁosfl; 1m;ature gedi- t
'_ments and aimloge;clinal domain in. the Séuth wlth a'thln
ﬁééqﬁencg qf:m;stly m@tupe §edimentsa ;, :
h -:%;agrg'455§ﬁd‘T§Qi§'5qqémp;;; ;hp_#gHVQIUéB:Of;fhé

. h
W&kehan Bay area with those_offclaESical metamorphic areas.
RS S , : e o _

) - ? . o s S R
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o
-Tuble 7.,Summary of bg valueh;, otasalc whlte micas. com-
»[pared with those of classlca - f~ (Atter Sassli

and. Scolarl, 1974). ¥ ' .
: Populatlon Standard
= _devlatlon
1. Bosost .. e - 0.009
2. Ryoke : 0.006 "
) ., 3. No. New Hampshlre 0.9010
4, Eastern Alps -0.008
5. Otago: 0.005
6. Sanbagawa " A . . 0.006
7._Daday-Ballldag . 9.056 | 0.007
8« Wakeham Bay ‘ ; R e ‘ SR
as, South . _ 7 31 . - 9.015 - - . 0005
be North - ¥ 37 - 9.023 " 0.008 -
c. South + North . .~ =~ 68 9.020 = 0,008
A retrogregsed gnelsses 5 ST 9.031 .- 0.010
e amphibolite facies T , 9.@07 - 0.012

.

The mean bg of the southern domain is close to that of ,'tne"-""‘-

‘Ry oke area, whereae the- menn bo ot the northern domain and

“thaf of all sqmples fall‘ln the realm of’typicaleBarrOVIQE’/,kr”;

metamorphlsm en fﬁe_eﬁpirxcat scale ptquSed'by'Sasslunﬁd

'Scolarl (1974) (T&ble 5).

It 1s lnterestlng to note that ‘moes t of the cumula-g

. ~

tive- fggquency curves 1n Flgure 45 reveal the presence of

,two‘or even’ three_populatlons, L.Q.vof variations 1n the P/T

regime‘wifhln the areas coneldered;'Such a variation in the

@me has recently been described in the Scottish

‘Calédonides (Fettes ot aley 1976).
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Cumulatlve frequency curves of b
compared to those of classical metamorphlc

Note: the "Eastern Alps

o values of potass1c whlte micas

‘Fig'45
of the Wakeham Bay’ reglon
areas(after Sass1 and Scolari,

_ 1974)
responds to .the AlEine metamorphlsm in” the eastern Alps..

curve cor-

s



'el Concluslons : 1 \

_beLt, consisting of a thln sequence of mo

-

' pressure in bars.

1}

The use of the bo value of the

'mlcesnds a barometrlc 1nd1cator shows tha

-
v

area"has undergone an 1ntermed1ate pressu

: slmilar to what has been called Barrovlhn

that P/T was.hlgher in the northern and e

' belt,-éonslsting of ‘a thlck sequence of. b

-

'mostly immature sedlments, than in the so

B

'thhent.(1976)‘preaenteo'e-geobar

", ter using the reboklon:‘

_ 1) Sl Lk 3C§Av1251205 = C&3A12$13012

!

,154

potassic white
t the wgkeham Bay
re metemorphlst

metamorphism' but

7
entral parts ot the _

uslc volcunlcs and’

uthern. part of the -

stly mature sedi-

ome ter— geothe rmome=—

f 2A12$105 + SlOz

e . _3anoifhltg”='gfossular + 2A1—silicate + quartz

The equllib[ium for the reactlon with kya

‘

-‘erlbed by equatlon (1b) ot Ghent(1976)°

e ST _ef’ B " /2

2y 0 = -3272/T + 8.3969 - 0.3448(

e © - I

where T is the temperature in degrees Kel
v

For the assemblaze plagloclosef

nite can.be des—

Pfl)/t'

vin and ¥ is the’

gernet-kyan;te—

quarti,'vhere only kyanlte and\quartz can be consldered as

o

,i\



U s1ss

. pure phsses, térns foi dctlvlty ot ahorthlfe sslldusbldtidn
ln plqgloclase (az) and actlvity of grossular solld solutlon

v

q Y
1n garnet (a,) have to be added‘

@ay 0 =‘-3272/-r + 8, 396& - 003448(P-1)/T -

+ 1og a&,— Slog az’,-

wheére a3 = X§.7§ and aj = Xae72 .
"Xy = mole fraction of grossular ' T

Yy .= actlvify coefficient ot gfossular

ad
n
]

“mols fractlon of anofthite

Y2 = actlvlty coefticlent of anorthlte

.The actlvlty coefflclent can be calculated (Ghent, 1976)#b&;
» C ' )

4y - a7 = (1-X1)2W/RT

, . o v o N | ,
where W. for an almandine grossular mixture 1s 'near’

~

1 Kcaifmoléifcankuly'AndrKénnéde 1974).'The dctiviti:cdsfil
»ticient for anorthite 1s 1 276 tor the range Ano-63 8

*(Orvllle, 1972). Table 8 glves the composltlons and calcu-"

e

lated pressures for two samples for whlch temperutures had
°been obtalned lndependently using the garnet-blotlte geo-
-thermqmeter (see‘ulso‘Fig.'46).

The two samples are lo%:ted about 1 5 Km apart in

Sew?

l the field, evenvassuping the prssent surtaceuwertlcalsdt the .

tlme'gt wetanorphisn¢'th1s dlstance could account at most

for a difference in pressureé of 1/2 Kb. Similarly the dif-

'.bu

e i - . e
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. ok - ' . N ) . v »

{7 /anoacusime .\

Lo o ‘_‘ 1 N i
200 /300 400 500 800 . 70O 800 _

TC

fFig. 467, - Pressure—temperatuve diagram" showing A125105 phase relation—; .
"-ships (l) after Richardson et al. (1969) and - (2) after Holdaway(197l)

" ,P-T curves for log KD —1 O and —2 0 calculated from equatlon (lb) of

o thent(l976), using an ideal solution model ,u"j;‘ * ,wl~’t~f T

u,/
P-T relations of ‘two samples of the ‘eastern Wakeham Bay region‘c

are plotted as clrcles, ideal solid solution and triangles, non—ideal

bv,solid solution d‘ _’):f
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e S 2 < P . s

,/

S/ .
Table 8. Co-ponltion of ¢arnet and plagioclase in kyanlte-
benrlng ca-plos, and calcutated prossure. -

——— - - '"'f"‘f““‘-“‘-““f‘-
‘Sample number .- . = ' 31 . ssi1
- Temperature from blotito—garnet o - 896°K. . §74°K
. Mole fraction of anorthite in glagloclase 0426 . 0,25
 MNdle fraction.ef grossular in garnet - - 0.058 0.046 e
" .Mole fraction of almandine in garnét 7 0e722  0.781
- Mole fractlon ot“pyqqpe ‘in garnet - 0.161 0.154
Mole :ractlen of spes-artinc in garnet v 0.060 :0.019
Log kKD N Vo =14955  =2,206
LActivi ty. coertlclont ot groasular ln garnet -1,646 -1.732 _
"Pressure calculat.d assuming:- o i ;f 'Y
1. Ideal solid. golutionq L e -7 22 Kb 6.20 Kb
2. Non-ldoal solid solutlon P B '8.12 Kb 7.25 Kb
ST e —— e _.L' B Fmm———
. ',‘ ‘;,‘ T ﬁ';*’ e T e

gterenco 1n tonpernture (38 ) vould produce a ¢radlont in

te-pernture ot 25 CIKn( Thls aznln ussumeS'the‘present sur-
. ‘ , . 2
i .

‘tace to have been nearly vertf%al at the time ot netamor— N

i L

'_ ph1sn vhiqh’la not eupported by the structural rélations ot

e

Er

h‘the nraa,:Onowhaa toi\chlude trOm thls that the c@lculated

o
e

M%sures using an avecagf tenperarure of 885 K,reduces the dit- :

. . o . e :ﬁﬂ
”‘[tenperature dltrerence ls too large,gresulfing ln too large
. . RN :- AN ¢ d ﬁ* . 9 .”\;
e ditf.rence in calculated preseure..RecalculatlnF the pres- "

~ . ke
i

terences to about 1/2 Kbe | ) e f\;i:: LT

) . . - “V "

”w';‘g  The concluslon 13 that qt a temperature ot 610 C,»_‘:

5 4-
K

the metamﬁ%phlc préﬁaure was 7 Kb' poeslbly*8 Kb.Af
X . SRS v .(,v B o “,v"_ "\‘;f .
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. C TEMPERATURE ZONATION = = . S
’~.\_'!‘-

- Tbeiharnﬁﬁ-blotlte thernoneter described obove";s

applled to the 'akeham Bay area. The garneta aﬁd3biot1tee,
fron ell samples ot pelitlc end se-l—pelltlc rocks were ana-~.
N ;-
rlysed. The‘teﬁperatures obtained arelllsted &n Appendlx o
7fand:shovn'oorFlgure 47. The gannetfblotlterbenr{hd semplee
tend to cluster ln‘eertaln;areae.‘Fron theee'clusters one .
.can see thet-ioﬁa»reqirleted erea,<the temperatures obtaineq,

'rﬁlﬁary llttle;~1f one‘excepts‘fhe'odd aaiple; 1n¢eed, because,

.

i% of the’paucicity of garnet-bea#lng s-mples' those anaLyaed

'do Qot always contorn strlctly to the restrlctions speclfled

1n the sectlon on geothermouetry and as a result‘some of the

\ . S
. «,‘ra .

tenperaturea obtaiqed nre cleerly out-ofrllne., T ‘“"  '

7s, . .
. ~". . . b .

3 Lo «
ey W

A seriee of lsotherns were 1nterpolated from thesef

»

dota, supplemented by the distributlon patterns of nlnerale

(nalnly plagioclase) and fleld observations (degree ot crys- ¢

‘talllnlty, etc...).wln@addifion tO’lsotherms, a garn t 1so- PR

u e “ I » R

' grad 13 traced} based on the presence in. metppelites of }

c garnet wlth less than'E wt% MnO %dbout 1 2 Mn in the struc— ’
tural rormula).' . . -2 » ﬂ , { o : o »; Ll
. Tvo observations can be -ade at thls polnt' _':~'# T

L

,1% the 1eotherms tend to parallel (at least 1n the westerm‘?%t,

V?Jma; ;Qee) the Aphebian°Archean contaét' F',f'}'  ' tn.#-' 
:2fithe.garnet 1sograd may. ;ot\be'lsothermal 1 g;‘if‘moi.;or- \
S . ¥ 5 Coe et
- respond td\athgher temperature 1n the South than ln the f\ :

:N_P:r‘t_h._,.‘_- o o .:l o T io | " - )
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An httémpt 1a~mad6*to correlate the fﬁer-al.zdna-
tlpn (Fig. 47) not only with the dlstrlbution ‘of mlnerale

but ulso with- variations ln thelr conposltlon.

A PLAGIOCLASES

. : »Theﬁmn.contentfot the p&dglqclasea wdq determined

jln some 150 sa-ples of metabasltes. In'theee aamples'the_‘r;;

-

4;plagloclases are generally small, 1nterst1t1aL gralne vlth

no vlslble twinnlng ‘or cleavage. ThevAn content,wqe deter-
. ] R . R 4
'-Lped- v  :‘,;v:§

if with the '-stage by measuring the optlc axial angle‘in

J

N

~

law-grade sanples where the pladioclose can be assumed to‘
'.>be 1n the range Ano_zs and no ambigultydarlses ln 2V.
‘versus Anj “  R P  f4~;i." I | S

o hY . PR . . “w B

2~ by fully quantitatlve energy disperslve mlcroprobe anqu—

v A -

e .519 (Smlth and Gold, 1976)' .

v o I
-,3- by rapid energy dlapersive analysls (see Appendlx II).
\ . e o

A . «v, S I N l AR e,
N o bl . . _-"ﬁka S - . R
. - . o et . e . .

The resu:ts are presented in Appendln IV, together wlth the ’

- The An contea% ot pl ioclases has been used for
B ‘ L

netnmorphic zonatlon (see for example Wenk and Keller, 1969,

’in the Alpa). The pleloclase 1n amphlbolites varies there o

,‘_'
L oeg 25
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NI e e e e a e e

F T 3 ¢

f{on‘albltg in thgﬁgreenechlet facies to labr%geflte in the

‘upper'aﬁphlbolite tacles.;

The dlstrlbution of An content of plagioclases tor~(ef

.ﬂthe Wakehan Bay area is shovn ln Flgure 48 - together wlth the

J.ture of aboy

uollgoclase 1segr@d3‘Thls lbograd carresponds to a .tempera-—

: 1bogpedﬁygé ced, but Lt vould corréspond ah\u$ to the

g

(Cbmpafe“wlth Flgure 47L. An andeé&ne7u‘m,,

2]

'

.. .
_'occur in the eastern mos? par,/ot the .

. . - o
area, above 600 % (1n Flgure 48§Ihey ‘are grou.'
anges;ne); o >‘ j; T L .
S & jt ﬁ£s been obéeryed in manfﬁnfees_that the coﬁpoé‘ e
sifion of plagloclase«ln metamorphic-rocks Jnmpswtrémfalblte'
\ . IERRER 4 ~ 3
to calclc ollgoclase near the- gfeensc& st-amphlhollte facles e
. .5 - e

®
bound?gy (see for example Brown,-1962. Crawtord, 1966. and

. .
o

'Af°x°P9ﬂ¢°9vth°re1nJ- Thls Junp has been attrlbuted to the NETI L

. f . -

;exlstence of a- solvus, ‘the perlsterite solvua. Noting that,

; -
r . O S s ~
) iy P S

thls Jwﬂ@‘ln cpp@dsitlon lsﬂnot pbserved 1n reglons of low‘

RPITYmetanorphlc realue. Brown (1962) propoaed a “T-P=X" dla-_ﬁ

- -

1gram in whlch)the perlst rlte solvus plunges beneath a pla-_

gloclase breakdown surfa e at low pressureou :'..flj K\{li

APV aﬂ : L : T , oy

Craviord (19665”ﬁade 8 detailed study ot plagio—;\

: . KN , a
W

'clase compoéltions 1n semi-pelltlc schlsts from Vermont

:The metamorphism of ‘both: areas'}s 01 the 1htermed1ate P/T . o

.

- e [ o

(U. S.A.) and New—Zealand,‘aleng'traverseaﬁacross the_blottte
. ‘ s ) A

.and garnetﬂzenesm She-concluded that“dflaeyﬁmetnle peris—

[

terlte solvus ls present vith a top at Ans and 450-490 Ce L o
» , = '

¢ . . e
. r o L D . s

B . . . - . ST
2y ST oo . . . .
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Figure 48 iswibuion of the An content of plogiockses
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’

':tdfdssdme a éolQus. Flgure 490:1

N yusi dependlng on. the chemlcal parameters ot the system C .

fa(ﬁulk composltlon, tluid phase compoéltlon, etc...) the pla—v

where a number of analyses fall within fhe,'sb}vusig

Although some ©of these may be due to analytical errors, |

~1tioh§. The area having an'internediate PITumetahofﬁthU

WA T G a0 T AV P I . -..'\-/.. ) e
. . \

PR S
I 7 by

ntype.5ﬂer concgpelons thu! are ln Ilne wlth Brown's model.

o

}n metabasltes, pqu;librlum ‘with other phases.

g

’lncludlng tluld phasos, controle the hulk plagieclase_$?mpo-
%gltton;-the poaltion of this compoartlon wlth regards to the

-perlstérlte-sdlvus (ln a T—?-x volugq),controls ‘the presencé

ot:one‘or'two.plagloclgse phases, thelr,composl§¥9n, and the

)
3

relative dnounta'of fhese'tﬁo phqses. Blgdfé 495gﬁpws;thé

analysed plagioclasés in T-X diagrams. In Figure 49A, a !

sotﬁus cah be pbcoghlzéd; this ié_not as easy in Flgufe

is believed thaf.fhey represent mainly ﬁefgstéble»cqmédﬂv

N

Eéglﬁe (see'secflbn-in géobarometﬁy){;itJls'th unreasonable

.

~

héfrates the éhange?fﬁ

» pla¢1oc1ase bulk conposltions‘wlth 1ncreaslng metnmorphlc N f?_

grade:,sturting,wlth‘an.albitevcompos;tlon, it evolves alongfg\fh

3

paths aé'shoin, élthdriaboVé the sdlvusrob.through,the,sqlf”

.v._ . ’ ey ,‘
LTy gt

»gioclase bulk compositlon shows a- uore or less rap1¢ 1n—_,

. B . . v N ‘v

»“creaSe ih‘An,cdntent wlth ¢rade. The bafh followed w111 con-

v . hd R

'trol the compositlon ot coexistlna plagioclaees and the(temf-”

’fperature at whlch they wlll be. observed.

This solvus 13 sonevhat dlfterent from the one

S ,

mproposed by Crawtord (1966),,1t'ls.1eas asymmetflc'and qufv

-

ther trom the albité slde. and 1ts top 13 some 50-100 C hi-

.
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Flgure 49 T- X diagrams . of. plagioclases from metaba51tes.

A analysed by electron mlcroprobe

B analysed by optical methods

"Cproposed solvus; ‘ATTOWS’ indicate composition change with prograde
crystallization in various chemical systems.a

- - - e —— . 4..‘,.3,. i -

B

lines jain compositions from one sample



- " ghere. This cquldlbé due to differing P/T regimae of métgmor— "‘

phisme But:thelgarnet%blotite thermometer, qppiled-tdﬂnnaf‘
{ < - ' " o L B
. lyses reported in Crawford (1966) for the Vermont area) -

v

ylelds temperatures of 550-570°C for samples near  the top of
o - f L o ’ IS
the 'solvus. Accepting Brown’s model, one may conclude that

'the metamorphiem in the Wakeham Bay area and in Vermont are

. of similar P/T regime.

" The change‘in An content is the'only'chemicul
/»chahge ih'plggloclaee.that c--uld be related to metamoéphlsm;

'.L" . . . . ~—

Thé K20 content is low, shd;gglgttie varlaflon,'dnd\ln.ho

‘ ayétehdtlc manneéra. ’ ' L _
~ N " (;
<
B CALCIFEROUS AMPHIBOLES
_ﬁﬁfi S _.;Séveral'aﬁthors_haye‘attempted'to~relate the'cheﬂi

mlstri_of~mefdmorpﬁic'Cdlciterousfhmphlbdles and'the_

Si Engel and Engel, 1962, Fahrles, f963}_

‘g 97@, see also Leake, 1968, and»Saxena-aﬁd‘EkstéBm, 1970).?

It 10110ws from thelr studles that systeuatlc

Ne - ) 3

Z?‘q‘ahbhlboles.ﬂxhey are::
ﬂ;; :}—’aQt£n01f4§'Q’ blue-green hornblende‘+)~greeh hornbl ende

k—) olive-green to brovn hornblende. [

2- aclcular'—> long priéf::;c —) s’brt prismatic habit of

Y

'y

»



_hérnblende;
3- Ng,lncreases with Teand P;

4- K and Ti lncrgpsé‘wlth T . o : T

S—zun decfeasésrwith T3

6= Mg and Fe show llttle change vith T’cﬁd P}fthey are con~-

¢

»

. ‘
troled more by bulkaock compositlon,

- X v"’

T- A 1(" 1ncreases wlth‘T, L __  : o .
8*'A1(§);lncreaseStmaiqh%”vltth.”3-n.' S » /
B . i ‘H ) . ) ( R N .; ' . I . ‘ e | : . ] - J ‘

A ‘ ‘ SV o _ oo |
The most pronounced changes ln hornblende compositibn occur

in the upper amphiholite facies at the translti@n lnto the~

.~
- w

R vhornhlende grgnullte fgciesb_'. ' .@f,.ﬁ DT "\

'vo'Al" . . B . . .-»y'

P

'Inﬁtﬁe chapter on miner' ogy a composltional gap

was demonstrated between actlnotl e and hornblende coexis~ A

- \

: ting ln the same rock._ “a S

Figure SO shows the distribution of actinollte—i
. oy .

ralone, actlnolite + hornhlende, and hornblende—alone.

, 3

“ﬁpi B 'Actlnollte-alone occurs mainly at tow grade. and’ the Ilmltﬂ
of its domain corresponds npproxlmately to the 510-520 “c

1eotherm. Hornblende-alone occurs at. hlgh grade,'and the

A : limit of its domaln corresponds approxlmately to the\540

< :
1sotherm. Actinolite +. hornblende/occur 1n the intervenlng sy

R o,
- area,-but also OVer the”whdle‘df'the actlnoiife-alone

. \

domaln; The émall Apheblan baaln‘northwesf of Joy Bay con—‘
" .  talns no metabasltes and the hornblendes occurring near it

v

(T < 540 C) are in lncompletely retrogressed Archean amphl-

.bollteSo-
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parameters'that?normall& increaae with temperature.

o Hoiever,,

.phiboles- Figure 52 shows Ti versue T in hornblendes,

'group.

Pasg 0~T8'3d

' ‘perature, it

!

TN e
-

‘An attempt héas been made to relate the composi-
flonal<gap to temperathre‘in'several.T—X,dlacrame. Figure
: R ) R o i )

SIA 1s baﬂed on the Hallliond‘trlangleltflg.

X plane throggh Trenollteqoo and Pargasltego

Tschar-acklie.p. Figure S1B shows T wersus the sum of the,

- . : - v

Figure

‘81cC uses the parameter (AY = (Na+K)) whlch ln detyuk and

/
i

Soholev (4969) shovs the nost marked change 'lth tenpera-

]
No! very clear trend 18 brought out by this tigure. E
taklng the domain above 525 C,

fll!‘éo ’
_1t'le posslble‘to

drav a solvus closlng souewhere above Sgp C. The scatter of

B )

especiatty*bemow 525 c;”

tern in%fhpde t re'wdlagrans shows tha 1nterralatlon between

the various stolchionetric exchanges 1n the calcl!prous am~_

i
N I4

or no correlatlon 19 present. In the domain of temperature
consiaered no I—X correlatlon appeare within the hcrnblende

N

and hornflende vas calculated. lt 8 avs no relatizi to tem-

vperature- o , : y'f ,fﬁ;* y"f'wz'a“:f '»-4,ﬁaf

It may be concluded that within the temperature

168

~lllustrates well the slug-l

or”reactlons 1n amphlboles- The qimila_ity in pat—t

Little:

The Fg—ug distributlon coeftlclent between actlnolite,

v“’

35)Jaadlie a T-

domain considored (500—6Q0 C) the nain change ln compoaition-'ﬁ

L .

ln calciterous anphlholes is. trom actinollte to hornblende‘
. Y . .

44;., dlsregardinz the Fe/MB.ratic,

rsge Altﬁough-ltris spread over a range in teﬁf

fr0m<near TrlgU‘torabqut

A\s8 a discrete change thaf_canfﬁe related to the
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SR B R -\ S o calciferous amphiboles based
~560F e—stmm———————=—=a_.2y .1 . ' A on Hallimond's triangle’
e o / L o A . . . (see text), - ,
B R * _ — 1 .. .B on the sum of ‘élements
sq0F. 4 L e ' ipcreasing: “with-temperature,.
‘ ] “\ ' ", -C_on-the parameter showing
\ " | the maximum variance with'
. temperature in Kostyuk -
" and_Sobolev (1969). -
N o -
g .
f 3 -

~ 'Figure 52. Relation between
" titanium in- hornblendes and
temperature
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hLblte¥oligodlase tranaftlon'ln plaglbclase. and both'qons-g'
i ‘ JE . b :
\”" - titqye the greenachlst-anphlbollte facles tranaitlon. - '}"-f

Once in the amphibollte fnclas tﬁe horﬁblende ap~'

}{,—; ‘ pe;rs‘to ;ary little, aLthough t?e paucicity of ﬁlgh grade }Ax;iﬂ’ ﬁ
v - \1 hornblende analyses -ay tail fo reveal the ;hanges present- A
M&nde;d a. coléur éhange was . observed ;ﬁ thln.sgéfloﬁs fron  ;k'
‘_blﬁefgreén fb g§§§p tq_?iiyg-qrean-(groq‘iow;t§ 6%gh gfade§§ 
This qof6gr.ch;h§e‘ﬁ;y ﬁgs&if‘ffom‘subfléfqhqﬁgéé in fﬁgv , :
f“ ., o fatigéof:Féj;/Pe?; And[§r ;,ﬁiigﬁf'}npfghégwinsfi wh;;h m&y fii }
alsoibe“pgntiétty ged§c§§ (to;:i?f); nE ' e |
; = Lfﬁewchgngé iniéoﬁpo;itfdnxéi c;I;ifercﬁéa;méﬁl;g‘ '
 bé1¢s-i1thfméfaﬁc£phic gfadéAiéihldd;ﬁ>$}”fhe'préséﬁéé Of-a “ L
ccoﬁéositlonal g#p, 1t could onlY become vlslhle by reconstl- ’ :

. - N ) ) ‘. . : Ta D .
> 'tuting the‘bulk unphibole composltlon. R o o o S
e . : ‘ o f
[ . /" . , . .
c-oTHERVMINERALL P I S LT e
! 'Eglﬁgigﬁ}nré abundant at Iow grade, decfeasé?at_’

medlun grade, and are aEpost qbsent at hlgh grade. Thls

Vo

‘ change is lllustrated 1n Flgure 53. An 'lsograd' nay be

Figdre 35)"ep1dofes at

HA,qomposl— i




.
o
v
<
d
Moricour |
'd

Torgeea.
*

’
<
<0 .

veoeie

=)

v oa

maje

Lo

| v o

o o sosi ot 1356 000 by the Department of

Enorgy, Wines ond fascurces, CHtows, L
'

~




SR SO

T A

* Figws 53. . Distibutan of epidote content

5\

Q. 3-0o%
A >0% : Y

A e : L T R » - eeecesases Toged o . eiidol >T% in metborts

. : Y e . i .

rocks



tlonal gap may be present but 19 not a promlnent feature.ﬂ"'“*sw

a

thgxljng are more abundant at Iov than at hlgh s

o g;adeq Flgure 54 shovs thelr dlstrlbution by modal ubun—

ifdanéé.]Above thg 540‘Cglsqthern,-th¢y generally“ponstltu@e: , -
"‘._‘,“" S - 7 o R — S R i 2
less than 1% of the metabasites. Thé»madqr'va;latlon'inithq, '
' coﬁp@qlfion ofuéhloflte is. the Fe/Ng rat167(Flg. 33)e No

- . e . L

. ._°°?relat10n.qppears béﬁweén'this ratio or the,dlstrlbutiqn

.coettlblentichlobl*e—hnrnblande'wnd tempéf&turé.jﬁelfﬁeﬁ iéw

)

_ P : e . .
there any other slgnlficant chemical change wlth lncreaslng

xS e leﬁnliﬂﬂ were analysed. tﬁé&”aré almost pure R

. B . co -

@

'FeTloa wlth ‘no Fe203 ln solid solution. Ot:thé-minof'ele-

[ N -~

ments only Mn 15 present 1n slgnitlcant amounts but gpows no T a

.

w

s,

n.“change vith grahe.vIlmenite 18 comnon only above the ollgo— '\

3

w

‘wlaée lsograd.n o - o

”The présenée'dt*étaurolite andnkyanlte asAwéll,as‘
the sequence of 1ndex -inerals observed ln the Wakeham Bay '

area’ (biotltf —) bornbbende and almandlne-garnet —) plagio~’

guclase) m"ks the @udsonian metamorphlsn as one ot 1nterme-
1diaté P/T»(Turher, 1968). Th% sequence ls slmilar to the one
. , A B ' . ".,'
.-produced by fhe Dalradiun (Barrovlan) metumorphism ot '

£

’AScotland. The metamorphlsm ln East Otago (N-Z-) is of Lower




“E w0 scale’ ot 1:50 000 by Ma Departmeet of




s

q

"u... .

gy

.ng'arsd

)

B} N
orE

R ,W 540° isctherm .

o

Y



"~ P/T, and the pne 1n'Vﬁrmonf-Néi-Hdmbshirép(UTSQAa) 1$3mw'
_ éomeﬁhat hlgher P/T typethth cor%espbhﬁs éxacfly tS fhew
. s

Abaric type deflned uslng the bo of potnssic whlte mlcas and

the scale of Sasai and Scolari (1974). The rdrity-of cummln-- ) R

a
N

'gtonlte in the'metabasltee of thé 'akeham Bay area also ln— e

”dlcates ‘an- intermediate P/T metamorphlsm»(Fabrtps, 1 68‘

Voo
..~ - “eu

wiBard, 1969)- The garnet—blotite geothermomefer éomblned wlth

. ’ dA

vfhe plagloclase-garnet-AlelOs~quartz assemblage yields the,

‘o , L v :
 !01Low1ng range ot metamorphlc conditlons. %10 C (7;25 Kb) i
'athhighes; gr;de, about. 500 C.(P unkwown) at 1owest ér;de.‘. ’"‘ka "
: S&me experlmental data'from the Iiterature ls !
a hown ln flgure 55. The staurolite-éccurrences (SéO 585 C) ¢
f :are well wlthln “the staurollte qtability domain. Liou g; QL. -
: . e e

f(1974) studled the evolutlon of" natural metubasltes near the“',7  ?ﬁ
rgreenscgist-amphlbollt; tacles transiéio;. Tpékséquance of’~l ‘    ,
g?qﬁts~they,h;vgﬁ;g;ermlnéd:¢§fres?o;ds‘ygly ;i?ﬁ:;ﬁéée‘dgé— 
or 1bed.-' her.a: 3 "»;‘ ) | v A - A ¥ ) j ,_

= alblte —) bllgbclase colncldlng withw,

—”actlnollte «) hornblende

u1¢,_~:decrease, then dls ppearance of chlorlte j'f

,ﬂ—ﬁpresence'of epidote fo higher temperafure at relatively

S

‘high pressufe (epidote*amphibolite facieq)

y rv‘inconlng of umen\ite.',-y'_

¢

.(’ - -

Thé temperature-r&hge ofatheir trahsitibn 26ne'COrrespdnd§'

‘=

'reasonably vell leh that of the domaln between actinolite—.f

.o . . -

PR

,‘glope andm@ornhlende-aldqg_(Eigg 50).mm



F1g 55 Experlmental data and T—P conditlons durlng the Hudsonlan -
V__'metamorphism Staurollte - quartz“].n curve after Ganguly (1972),
.stability fleld of alum1nium 5111cates after Richardson. et al. =
- (1969); other curves after Llou et al. (1974);. hatched area:

condltlons of hlghest grade metamorphlsm in t:he Wakeham area

.

e

e




The maJor ‘eature 1n the distributlon ot 1aotherma

¢ .
(Flg. 47) is thelr parallellem with the Apheblan-hrchean.

contact west of 72 ' L mway from ‘the contact, although stllt'

'

b.parallel, fhe apaclng betveen lsotherms 1ncreases, 1.:. the,f

- . 4
- y

v,apparent gradient decreaees. Inferpolatlng betveen the ﬁlfv

A ‘

' \ S
ghest grade condltions (7 25 Kb and 610 C) and O glvesaan 
X \

average gradient or 25 C/km. Taklnq the spacing ln the iso— 
\ o ¥

~

. therma hetveen the\area Just east of Marlcqurt and Joy7Baya“

produces ‘an’. angle o:t about @12 for the lsothermal sur:tace

<

(dlpplng to the south). A slnilar calculation tor the area"~'

SRS
i

north ot the Monte Lune produces a dlp of 60 ngaruthg;'“'
-Aphebian—Archean contact, shallowing to 30 awh&ffrdmvlfh

this,.assumina a 25 C/kn gradlent. a ateeper gradient would

' résult 1n sh&llower dips. In fact,'a combination ot both,}

'1.3..steeper thermal gradient gng\steeper Isothermal sur-'

- face, cag be postulat d.;y‘

These phenome a are attrlbuted to aﬁbasement

.'erfec'7t' ("effet de socl'e" 'f Fontellles‘and Guit’ rd, 1964 and

y \

v

metamorphlc terrains are due to.ff"

:y changes 1n conductivlty (with fépbééaturq)t”ﬁ v

f4»changes in;specitic\heaf;

”. b qhangbs_in"Héafsaoineaétida.:u

AN
.l Thls can also pg observed on a bnoad:}\?egiﬁﬂpi'scale;"
(Westra; 1978) fp;3ﬂr“»h»4“ﬂﬁ;' 3 i -

N

D



S ’ 177 - /
fﬁe'fifst,fwoqur& ii;tlefbetwe;nugﬁsemen;vﬁp¢;dp?éf"fge}
;ilaé; one, hﬁiéveﬁ}tle“quite dlfferent.‘Th;:éum insé§ts 51\\h
reagzlonﬁfd;§§ glV%n volume ‘of ﬁock is much larger in thel.

. 'co§tr ;héfe Petgmo?@h}sm<;aiQ;rkgé-by-;'numser’of:endot£q§§‘

S o TN B P B ‘
- mic redcthné{i&eﬁydfat}ﬁn-réﬁétlodiand otheré;ﬁﬁﬁereus-i;_

. bfﬁ; b#é?ﬁeﬁf, the teuperaturp cdn rlse rapldly’and re#éh a )
;;stage of equilib;iu-. in.the cov;r the rise ls‘siowed d;wn ‘ .
”Lthrough absorption oI heat by ;;t;morphié réAéflone;lf%” -i:ff*‘f‘;i

) | “ In the eastern.;ost‘pgrt oﬁkthe are;,ﬁthe lsoth;;;i_
S e ,_LgA e S ;
- .‘uaricourt) and the small bagin near Joy Bay the a dlp oi T
N : : o \ :
1abqptq;2 (based on a’ gtndlont of 25 Clkm). North*ot Monts 3; ‘Vﬁ
‘/iu;e”the leotherms uré c1ose1y<spaced,'golng from 580 téf%“ - |
/ 520° c. vlthdn 3—4 kﬁ withhan lncrlage ln ;p;clng‘towards/’, 13; :_;;
'1o:er temperufﬁrg;.The gradieht is very steep Lnlthe zo;e :’f;f ;1 3;
-icorraspondlhg o the transltlon greenschlst-amphlbolite . ;;.wiaﬁﬁ'h
facles which 13 a QaJor dehfdration step;ybut'lezs stétﬁAatx& e  Pw‘

CF . ) ‘@

»empef&tnre,”vlthin the gretnschlst facies. Figure 56

The detlectlon ot fhe lsotherms along thefff?»TH

”3.basement-cover contact 1llustrates a dlsequilibrium ln the *i

‘—". T . B

fnheat flow durlng metamorphism, dlsequllLbrlum whlch canealso«f  

W ‘u

fi be.: observed ln the high varlance ot amphibole_nnd_plugiocla—1 ‘:‘”?l;

,ise analyses as relatééfto temperatureo Thls dlsequilibrium

»

%ﬁ and det'ebtion ot the isbtherns tan be 1nd1recf1y observedxy

f~-°'

"w:-in thevsnall dirterence in bo Of the P°t°991° vhlte M1CQS‘

“trom the north,and from the south of the western map area,'

e
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surfaces durlng the‘ peak of Hudsonlan
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o, : . ! » -

refieétlhg a slight‘dltterenqe in PlTvreglnetxlﬁ the North
\ . | ¢ ’ :

2

“the Kpheblan cover was thick and as a result the temperature

£

gradient was lower ‘in 1ts upper part than 1n the South wherei

<

this cover was thlnner.

-
v
F

Thie basement effect may be enhanced in the Honts

Lune and in the small 1ov—grade area Just south of Wakeham
Bay (see Flgure 47) by the presence ot thlck c0mpetent sllls

hlch reslsted penetratlve)detornation and constltuted a

s 5 PP

: barrler to the novement of tluids and,’consequently, to the -

;5110W'01 hﬁat1:~‘ : o - ' ;' P .



: | . CHAPTER. VII
o . IGNEOUS PETROLOGY
o .
S g -
1. INTRODUCT ION

v

Igneous -rocks form the bulkfof7the,kphebianf9e—

’:quencé. Tﬁé? consiet of nafié,to»ulfrumatic ei@éﬁélves A@d

high level iﬁtrusiﬁes:(sllls)o In}ermedfate to acid Edcks[ 

aré‘rﬁr Aphebiaﬁ lgngéus :ocksiﬁér9 gubd1v1ded aé'foylpv§§ n
Gpéér'Véicgniq éro;p (ﬁt?f!<tuffs; bas;t¥s, é*é?rblé.-
| :ﬂvﬂsii1§; QLframgflc flligy.ul{rggggié:ienges and -
- bods.' . L ':. IER ’ f i.‘;
R .:L;ief Vélcahic Gr;up (tVG): tuifélﬂb;sa1fé, ggghﬁpi; )

peRae

<

éills, ult amafic sgills.

T »YotcghOfSédiﬁeﬁtary Group'(VSG){.thfsy baséltgghgdpbroic'

sillsf;ultramatlc pOds.‘

e o DT

‘Diabase dykes.

. ¢
e

“All " of these rocks’ have been metamorphbsediand_

- . . . 1 : - B . . ) w . . | .
.primary minerals are rare. Most of those occur in thick.
e . B _ , S L

 ‘ 180ﬁ-



”v‘sillé yhefg the lack of penefratlve deformation Nas hindered

chéildflﬁk'ofgp&fér and the tornathh 6f hydfoﬁé;(netamor—

Phié) mlnerals. The obaerved prl-ary mlnerals are.j 

mafic sills aﬁq in basalfsq'

plagioclase and K-Ieldspar ln some uve and VSG felsic

-tutts;

olivine ln UVG and LVG ultramaflc sllls,f'“

s

orthOpyroxene in ultranatlc rocks ot the th:e9 gr6ups:;

cllnopyroxene. vhlch la'the mostaconmon.‘poth.lﬁfmaflc_j

N

tion ot netauorphlc pyroxene,vthe primuéy'cryétal has not”
beén,destboyed. 1t has ' merely chnnged lts compoaitlon).
fkaersutife, ‘in the ultramaflc sills and the ultramaflc

base of gabbrolc sllls. N ' L

zlrcon;in'gabbro,siltsﬂand, ld.phé case, in the basal S

part of an ultfﬁﬁafic slll: - ® . | o I ‘:*‘

Y

_oxldes_(thrdmite. spinel,magnetlte) a nd sulphides (pyrr—

S X . <+ K
hoti te, pentlandi te, chalcopyrlte), ‘in ultramaflc and

\

f¥""Frdm these occufenéqs, and from +t e-presence’btu

serpentlne pseudomorphs, 1f it péssiblé‘fo c clude:

'1

that 1n the ultramatic aills, ollvine:(dhd minor 6fthb—»

~

tic crystals of clinopyroxene and sonetlmes kaersutl%e,

 Fe sulphlde1 that exsqlved 1ntovpyrrhot1tg. pentlahdite)

»

add-éhqlcopyr;te:

Q:and-UItramafic sills (1tuappégrs often to have a composi-

-

'.pytoxene) euhedral grains were lncluded in large ﬁoektll—-"

A

'accompanied by chromlte (occasionally splnel),.and a Ni-



‘ o “v.;‘hv'- + - ‘1 ' .' . \"7;:‘: . - l 82
A “ é | & ' i "‘j\ I
= 2- that ln the mafic 81118, orthopyroxene probably was ab° g

P

s&ﬁf, kaevsutlte occasionally preaent, qnd that clino-

' quartz“as,a phenocryst ln SOme rodksf L

. 3= that no informa tion is'avnllabiéfon the prlﬁmry A e
C C e A I e ’ . . ® N L ' o \:k ’ "Ei“"‘,
f; }§fffﬂé,eiirusiwb'rocks. . ‘ S

e . . i

A efﬁ&y,or“tﬁg_evoift;Ahfof these rocks must thus

7be}based on chem1cn1 analyses,.o. 'hl¢ﬁf§6ﬂvere mad;i

:(Appendlx IV). In addltion."analyses are aval ablebfrom

?areas furtﬁer west 1n the Cape Smlth Belt‘;Sh;ph‘%@i(1957)q
‘Wllson gj gl. (1969), Moore (1977), Schw#rbz and FuJiwar@  l' f;}
'1°77).*The flrst two are from stratléraphic equlvnle?ts of

{!;fhé Upper‘Volcanic G:oup, the 1atter two of both the Upper.

and the Lovér Volcanlc Groups. Rocks ot the 'akehan Bay area
. . RN . LI .
are metamofphojga and there ls no’ certitude that thls meta— ~
m§rphlsm was 1sobpgmléhl;;0heg1;al»migcathns‘musf.haverbeen
.gﬁ;114t§f &istlﬁét iéﬁqus‘fbeﬂdé dre'rgco;hi29§ié 1n'the'
;@rigtléﬁ ¢;;g£amsTbeiby. ﬁ§ie?gr;féomé ché§1c§p exéhénggs
 &;;,o¢cgr.;;rlné:@gtpm;rpﬁfsm asireveaiéq,by thé 96atfefiln

. : . - - S : B R ) . . : . :
the trends. Analyses from‘other*tﬁhas in-"the Cape Smith Bel
‘are from less metemorphosed rockse. - ' o Y
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SN . v : . \'»‘_ o N .

’2;_.”: Norm calculatlon and/classliicatlon qccordlng to
o : , . ,}' A \

'the acheme of Irvine and Baregar (1977) show these rocke to

‘be nalnly tholeiitic. Thls 19 clearly vislble on an AFK dla—
gram (Fig. 57).ivery few analyses plot 1n the calc—alkullne
tleld. only the UVG tutts vlth two analyses from Moore

(1977) shOan dlstlnct calc-alkullne trend, simxlar to

trend o! Cascades rocks (1rom Irvlne and Baragarg 1971 )

othervrocks form a distino} tholeiltlc trend.
The Cape Smlth Belt 15 generally consldered oart

vof the Circum—Ungava Fold Belt 'lth the Labrador Trough to“

the Soufh—East and the Belcher IsLands to the South—West,<'

-.this fold belt can be extended to 1nc1ude the Thompson Belt :: . i

- *\

~Rflan1toba. Both the Labrador Trough and- the Thompson Belt

e

'contaln ebundant volcanlc rocks. The Labrudor Troug\\con-,

tains mostly matic volcanlcs with some’ ultr&maflc sll/p}\theo

~

Thompson Belt, naflc as woll as abundant ultramatic rocks,.i\\y

oand ln that it resembles more the Cape Smlth Belt..The
N “Labrador Trough (Dlmroth g1 gl. 1970) and the Thompson Belt

“ ¢

(Stephenson, 1974), volcanics both shol_a thole*}tic trend.
Boﬁevef, unllke the Lahrador Trough, both the Thompson Belt

. and,the.Cnpe Smith Belt trends extend 1nto very magnesian

composltions:qlong the.FM‘slde ‘and ure on the whole Iess

t
{
!

" . . . ~

alkelifrichQ rh'addltlon,_t\hy present a calc-alkallne trend'

: that_oppenrs to be absent 1n the Labrador Troughq
N ‘ . .o .e\ L ) . .
"In the Labredor-Trough pltramaflo gocks_occur'bnly

A o0 > . : s




. o 184
; \ i
UG eufgs . f
X VSG tuffs - | |
~‘A.UVG basalﬁs'-ﬂ'-‘ ‘ lncludes analyses from
- @ UVG ultramafic sills} Shepherd (1939) and ; llg . . _
- l uvG gabbros o : Wlison Eﬁi._l-(l96?9 : v : . 'f.f”e'e
. Komatlltes : N : '
o LVG and VSG gabbros )
~ 2 LVG basalts o . a‘lp_'l'w‘;, L
: v Lower sequence}Schwarcz .and ll'ﬁﬁf\‘F——;_;i%.eff/kl'
Upper séquence Fujiwara . (1977) : - ?
o Moore (l977) ' ' - .é T
oy
- L =
t’é < o:::ne N °,

ultromaflc sills
) and komotmes

L i . - : - . ':
Nog0 K0 T T T e

Flgure :57 Analyses of Cape Smith. Belt 1gneoﬁs,rocks:in the Nazo'f_KZQ
‘~FeO* " --MgO (welght percent trlangle DI ) , ‘ S



I B : .

as thick dlfferentlated 91115 along the_
. =« :
5'1ts.south qqntra} part. fn the 'akeham Ba)

Ty

-area three.types
- 0f ultramafic rocks have been observed:

1= a’bers}steéf'Btf;qé_ofipé&ééno,ﬁoré thés\aﬂxé;r¥gpsA¢: 
‘metres th1Cki.a856§1¢tedﬁy1fg bﬁaic.vol;ahiés:ktuffé’aﬁd

:i s&me flows) lﬁ the‘folcano- edimeﬁtnry G%pﬁ; béldﬁ thej

’;';dlom;te‘poriiop; théyvhavé a_cqmpositlonmotVpifoxeﬁlfe

> “

i“':or'ollﬁlne‘webstefite (Flg. 58).,

S ). o ‘ :
2= thlck (up to 250 m) dlfteréntiated sills thnt occur

185.

ma&nly in the Upper Volctnlc Group, but alsoiin thelLoﬁer

\ o o

Volcanlc Group, they_are,o:ten ahqye.or'belov‘gabbrﬁﬁ,

sills. but.do nof.ébnStltute thelr Euﬁuiate'phase: théY»

i ..

- .

£ are distinctly dl!ferent sllls of lherzolitic bulk compo-

sltlon (Flg.'SS). thelr central part may be occupied by

:an olivine—rlch 1uyer, mapped in the field as perldotlte-

\7(the remainder ae pyroxenlte)y of restrlctnd 1atera1 con- “

tlnuity. this Iayer appears to be the result of flovage
dlf:erentiation (BhuttacharJl, 1967015 -
3- Lgnpes and layerS'inNthe Upper&VoLcﬁhic'Group; 1nter-j1

l&yeréd.vith bqsalté; they occasionally display polyhe-'

‘K‘drnI-Jognflng;’the‘presenpe‘otfa 'bread—crust' structure:

S |

;6n~fhé'uppér'9urfaéé ot'éneﬂlaYer, té;\t094to+boftom'dif—

terentiation,of this layer (unllke the sills), and the :
‘ cyllcvalternution ot some of these luyers with basalts,;'

.suggest'that?theeg are,extruslveq'

o

'This abundance of ultramafic rocks and the. fact

R

,



. o

o L L
. «
13 s

» oY I

N o - . ) S th

B « @ ultromafic sills
) : : : -
e N\uitromatic, lenses and “pods |
P

.

. OLIVINE WEBSTERITE

e

 WEBSTERITE ‘ - LR
P

CLINOPYROXENITE -

.l -

: ,:‘HYRERSTE&E:" o T T g o

.

[ } PEER S .
Figure 58.Analyses of Cape Smith Belt ult;amafi¢,rocks,invthevn|rmative
g—augite triangle.’ T S ‘

plivihe—hypersthen
QL LVERET . .



ithatgsome_are extrusive makes the Cape Smith Belt v?lcanlcs -

more:qkin to ‘those of(AgcheanAgreenstgne belts,than“thqsé of .

_+he}Labrad6§ Trougho. Ind?ed‘u}tramaflc floﬁs,tcalled komﬁ-
tiites (VllJoen_and VllJoen; 1969) are characteristic .of
,Archéan3green9fone bélté-(for example the Abitibi Belt of

O rlo and Quebec, the Barberton Mouﬁtaln Land of.South_

;ricnh the Eastern Goldflelda Province of Western

Lok

ustrdlLa), they are~often associated wlth Ni=-Cu qeposlté

,simllar to those ot the Cape Smlth or the Thompson Beltv

 kom;t11£es are.characterized by unusual quench textures‘

cglled splnifex texture (Nesbltt, 1371), by polyneQr;I ngh— —

ting; qné sy' t.l';el_x;‘c'h;émivs‘t’ry:' high NgOy NiO, Cr203, low ”
o ‘ : - . A ' Co s N

‘#‘FeO*/fFeO*+Mgd)l‘ratlo, low Ti0z2 and KgO,iana sdmetimes high

'Ca0/A1203 ratio (Arndt et aley 1977).

-
Toa

o ~In the Wakeham Bay area' nozapiqlféx}textubésfvebé_ .
obsenied in the_third‘groupwof ultr&dgtic_roéks, 6wing to

fhewaorlglhal‘abSénce.or to their destructibn@by me tamor—
phic r?érfstallizétlon: only chemistry ‘éan be used to com=-

_ B . N . . e N
paﬁé them'wlth1kqmatiifesg-Schwarcz pnd FdJLvafu-(1977) ﬁe4

,»scribe‘quench textures 1n ultramafic rocks of the western

end df'dhe Cape Smlth Belt.-Flgure 59 ls a CaO-MgO-A1203-<

¥ .
\ I

diagram for Cape Smith Belt analyses. They'sh0v7a trend slmf'
»1lar to those of the Ahltlbi and West Australia komatlites
and-to tbg‘Thompson Belt'analyses, South Afrlcan komatlites

shoi'hffrend'nefre¢ the‘Cq0fMg0:s;de (hlgher CaO/A1203

% ’ o i



T g
=

© Ca0 S v o _ T

= Al03. triangTéj Same symbols as ‘figure 57.
of trends from v rlous greenstone belts (Source of data. see text).

_ S Aboa
Flgure 59. Analy es of Cape Smlth Belt 1gneous rocks 1n the Ca0. - WgO

Inset isa compllatlonv
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ratio).'The'vgrtlcqi trend from the MgO corner. to theﬁcentre

 qf’the tblanglelborresponds to“ollvine7(+‘oéthopyrdxene?).
fractionation; 1t contéins'fhe ultramafic siLisf the koma-—

.'flites (UVG ultramafic lenses and sbhelanglyées from . ' v

K

;Schwarcixﬁnd>Fujlwara, 1977), And) at its loﬁép end, the

kématiitic_bgsalt’(UVG basalts‘andnsomé analyses'frﬁm Hdofé,'
. . ‘I’ . N " - ‘ “ N . . Vs A . . .
1977, and from Schwargz'dn

Fujiwara, 1977). The inflection
"'Qtowaé¢3“the Alzog corner corresppndé'to Irdcflondf16n36fL

‘olivine + élinopxroxéne (f’orthopyvoxene?); 1t’conf§lns;fhe”.i

v

‘fhoiélltlc baéaits;ahd‘gabbfo‘ang\fﬁe”cqlc—a}kgline réﬁiil,;;~;f-~’
| . In Archean greenstone belté; komdfilf%s afémqééo— | |
"'glﬁtedeith tﬁdlelit;c,'sometheé.Qifhicalg-kaAilhe rpggs-'

.‘The ithr"e‘e ’t“x;e_r‘xct's’ a-‘i.:v‘e"»besj:; ll_‘lustrat'eldv»l_r_':'a FeO v.e;'_sus. v'ugc}”-" '
"_'vdfl_ag‘;-am « Jot;y',_‘aftg 15 é‘.i}'gm'-,eg 60A s;‘mws,_ :1:!(1'_;_>Ce;.;‘)'c.a”.'s‘tﬁltﬁ"a.'né—.

Loe

~lyses in such a diagram; three trends are recognized that.
. depart iromia éommphipolnt at about 8%1 MgO, 11% FeO:

'i' strong Mg>enricﬁﬁend‘ﬁt'hédi_éonstaﬁf Fe (magnesian
~ series); ~

S R S S Lo L o
., 2= Fe enrichment with slight Mg decrease, followed by Fe and

.

fa;‘Fe-And ug'&epletlén'(cbié;atkallne ser1es).

.~ . “ .o

N . L I - Loy

‘ sillér the.komatfites-and;xgmqﬁtlflé bgsalts.lThéftholelltlc

.

- s ) : . . P :
.. The magneslan series comprises the ultramafic .

series cbmpr;ses‘thé‘LVé~und VSG.basglfs anqigabhros, and.

lcated,'



S AN e
: S [ 190
. [E I s . - - /:
- ~ __/1_——4/' uy .
Orwew S L o wrw
MQO" . , Jmeo
. CAPE sMiTH . .| ¢ LABRADOR
o - BELT ’ , TROUGH - i
] L] . e . ' » Javos { '
! . Co . I ! R - - /
30 . el o i 3o O chiled morgin qobbros .
’.'.‘0 R : " . = metogabbros ' .
I ’ s . o ; . |
) i ‘.'
’ Wt : /
. . 4 a
20¢ v 20k )
.
v + @ ’
X \ .
« o -
-
aa ) [
. L] o’ o N
. 1o L] : ‘b a ok : A s
. o X . " Sapt
TP R R :
@ a O oL 0. .. o5 5‘ ~: ~ :
T . °~€6A o’ o - 22 . -
T an g x X
A 79. ) ® ag gd i - o B ) '_ . ‘
o R . o S et % FeO® ] a wt % Fe
) T 0 R 0 0 G :
~ B : .. o Lo S '
ek . : . ' - a0 '
% ,.*  THOMPSON' A =
| R . . o
MgO - . BET MO =
v o metopéridotite Il<
n R S o metobosat . ':" . ........... ,."“Aﬁﬁﬁwgmgm_.,'f
. w- o ° ‘.3‘)- . ‘.‘ | '_.._“'_'. Abiibi (Jolly, 1975)
. 1i f t ' i Austrolia
) T \ _ , acton .
. - 1 \> — . Cope Smith Belt
.. P e 7 y
: i . -m=—as Thompaon: Bett,
. 2(]—‘ . N oo o |i .. .
N
i B
[
!
!
"‘
e o i
o ’ ‘ o Il
4e o ;
LT
- a .
c C D
L P
wt % FeQ”, wt % Fi
% l % % oy -y \
//" W
L A
O . /

'Flgure‘60 FeO*—MgO dlagram for - ’ ' ’ o ‘f\j
A analyses from the Cape Smith. Belt (symbols as in flgure 57. )
B analyses from the Labrador Trough,
C ahalyses from the Thompson Belt,

D a compllatlon of trends in varlous greenstone belts (Source of “data:
'séé\text) : LA

e
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the UVG kabb;os,.fh$ cdlc;qlkaline series, theﬂqu-tuffs.
The analyses of uoore (1977) correepond to rocks Irom the

Athree genleg, those of Schvarcz and FuJiwara (1977) - to - the ‘ ‘Q!}

tholeiitic and the nngneslun seriea.‘At‘the loi.FeO,end»ot_ -’ _\*'
;/tng‘tﬁdleiltlc trend{ a-fev‘pnalyses sﬁdw.a:ﬁldefugo Bcat-
' : S
.. Cx , A R
'tér; these may correepond to cunulates\of’tubbro. Fiduresi

60B and C are. FeO versus. MgO plots of Labn\dor Trough and
- N M
\\\\. \Thomgson Belt analyses. In thg.Labrador Trough-only a tho—

.

1e11tic trend and, maybe;‘a/Ealé—alkdifneﬁtrend, are pre-
sent. the scatter at the low—Feo end of the Labrador Trough'

tholeiitic trend is again attrlbuted to cumulates ln gabbro.n

N
EERRN

 In the Thompson Belt very dlstinct magneslan and thoteiltic
P : - 4:‘. " . ’ L
B 'trends are presewt, two analyses show a calc-alkallne ten—

dency_(comparewthevAFM dlaaram,'Flg. 57). Figure 60D 1s a

: compilatlon of analyses from varlous areas with hlgh-magne— o i

R,

' slum volcanism. It 111ustrates vell the simllarlty of ‘the \\

. Cape Smith Belt vclcanlsm to that ot Archean greenstone ' >
.. = . . . < :
belts; The cayc-glkpllne'series is-abundgnf/ln fhe Apit;bil >\f~

““onlys In other afeds 1t'1s subduedvor'absént. Thls may in

" B . ~1'~ . . :

‘part be due tb lack of lnformation. in Western Austral{a,n‘

,torﬁexample, abundant felslc rocks accompany the maflc and » - Q/}
lultramafic volcanism (Naldrett and Turner,'1977) and may
"“Jrepresent a cﬁlcéalkalinevfrend; e {_

rd

Komatlltes aré distlngulshed trom tholelites notb.

: only on the basls ot thelr Mg enrlchment. The CaO/Ale3 'v,fi" .

'W/ratlo was' sfressed by VllJoen and VilJoen (1969),‘but found

-.less crltical 1n the Ahitibl greenstone belt (Arndt g; gl

o . .
. i X ! . . - L
. = . :‘ S : . . e



’

1977).11ndeed theylnaet‘of Flgure 59. . snows that thlsiratlo't.'

;g is dLetlnctly highev than 1 only tor Barberton uountaln LAnd';“

o

‘Ai analyses--Flgure 61 ls a plot of Cnpe Smlth Belt analysqg,_ '_3‘J4ﬁ

fhey have been subdivlded lnto magnesian' thlelltlc,/calc-’;'

alkaline and undetined on the baals ot Flgure 60 . The -ugne-f

‘slan serles xollo's the CnO/Ale3 = 1 11ne up to CaO ="10‘5,

above that the scatter increases and the ratlo decreases.

The:tholeiltlc ?erles ehows a broaduscatte.

fleld of the und@fined analyse§ and together wlth the calc—ﬁ_

alkallne series (CaO/A1203 < 0. 6) dellneates a. broud cross—
) b

N\ y

. trend of conatant (CaO+Ale3).VIndeed the sum CaO+A1203‘§?

22, 5 appgars as ueetul for dlstingulshlng komatiites 1romh

1'thole11tes as ‘a CaO/A1303 ratio. . fxf }Qf

o Arndt g1 gl. (1977) proposed an A1203vversus

FeOI(FeO+MzO) diagrun to dlstinguish komatlites from tho—h

lelltes. Flgure 62 18 such a plot tor the Cape Smith Be1t 
analyses. The maJority of the mugnesi&g/serles falls ln the"
'komatllte field vhereas the tholelltes and calc-alkaline»

serles show a 6road spread gt right angle and overlap the

N

alumlnous end ot the komatllte flelds,'thls trend is similar

<

"to the Australian tholeiltes. The group ot undeflned falls

wlthln or near the alumlnous end of the komatlite tIeLd.

2l g N e A
R S AR
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61, Ca0-=A1203 diagramv -for Cape Shith Belt analysésQ

mgghesion
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“wt %

0.5

R Figﬁrev623’Alzog—Feo*/(Feo*;MgO>'diaéram ‘for CaﬁemeithJBelt;

‘analyses. .. -
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#

Discussion of the minof eiemeﬁtsrshown'ln’the

L

table of analyses ln Appendlx IV Iﬁ hampered by the high

detection limit»(O 03 ‘wt% element) and low accu cyvvhen

nearing this limite. The magnesiun Serles‘ls charp terized by .

: Iow T102 (< 0.8%),,K20 (< 0.2 't%)‘ , .and Na20, and nigh?

"Cr203 and Nio. The Cp203 content varies from 1300 ppm . in the
: basatts, to 3200 ppm 1n the ultramnflc lenses (komatlltes).

. and to 5800 ppm in the ultramaflc sills whereas NioO ls.re—
B C

spectlvely < 300 ppm,”l200 ppm,,and 1900 PPme

L g ) ' ’
i : O~f The tholeiltlc series is characterized by hlgher

- SN

e

Tloz (about 2#), X 20 (about 0. 4%),.and NazO (1 0-2. ss). the-,
other mlnor elemants are. mostly below detectlon 1im1t. uno
‘shows little vgrldtlon'in the tholelit;c'as weli‘AS in tﬁe

y magneslan series. . AR CF T o
Ky . . . . : ‘ ‘ LT ' ¢
: S . S

‘The analyses in Shepherd (1959); W1tsbﬁfgi gl.~." Y

L | (f969), Mooré (1977). and Schvurcz and Equwara (1977) show'l B

a similar behavlour for the minor ele;;nts 1nd1cated..W1lspn
'<g1:qu (1969)>shov more acéurate anulyses for Nl,vCu; éoy“

ﬁnd Zh. ‘N1 and Cu reach very high levela.ln the ultramaflc '.” e

vl‘ oo

slll, whlch ‘is mineralized.‘Co is about 150 ppm and Zn about ')/éj.

SO ppm. In the komatiitic hasalts and komatlltes, Nl ls

around 900 ppmw Cu around 100 - ppn. CQ urbund 80 ppm, und'Zn_,v'

o emleeo R R . 4 | P

<

1 sample 334 has an abnormuly high K20 and lq dlcregarded

‘here' T




aroynd 80 ppme. ‘ N

a8 L .
'The uve gabbro'aill is sgmewhat unusual.for, des—_

pite a,typical tholeiltlc maJor element chemlstry, i't has

s

low Tl und Ko, ' L o » ' g R K

\ (_) K R I . - o | . ’ . ..
From the manr_élémént>chemisté§; fhree trehds cdn : ///*

be recognlzed in’ the Cape Smlth Belt volcanlcs. a magnesian

'(koﬁatlitlc),‘a tholelltlc,'and a cQLCfalkalinestrend,‘The

.

'_1atter represents only a sqall part of the volcanic rocks.
‘now present and appears restrlcted to the upper pnrt of. thg

"seQuencem'ﬁhe magnesian “trend although present in.- the 1ower
, o L. .
& . .

part, beckmes‘anundant only in the higher part of the se-

quehced‘The‘tholelitlc tfend'occurs‘throughout and repre-

sents the bulk of the volcanlsn. TheVmAgneéinn serles has~a'-"w
. . . “",- . - ’ s

prlnitlve composltlon, close to. prOposed mantle composi—
tions, and has a low content in the 1ncompat1b1e elementsf'

A
’

(Ringvood,-1966) Ti and K. The tholeiltic serles has a lessf
prlmltlve compositlon and hlgher content of 1ncompatlb1e'

»elements, its composltlon is closer to oceanlc tholeiltes :_ a

than continentakvtho{elites.. )

5

Komatlltes are common only in Archean greenstone

L ' R
'belts. theyohave been descrlbed in South Atrlca, Rhodesia,"

“CAngda, Austrnlia, and India (Arndt 51 ﬁl-y 1977)7.1n'South

RS
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'7 Atrica and Nustralla, they are agsoclated with tholel*tic

v01canls-,

ka line volcanism.

1n Canada (Abitibl) with - tholeiltlc and calc—al—

.

.ot feIQIvaolchn{cs;are pgesent_ln the sequencee. §Ome'eXum—_

'pteé of hlgﬁ'nagﬁeslan volcanlcs"erevknown.from younger ter—

w .
S

ranes. 1n the South Afrlca% Ventersdrop (2 3 b.y.) and Karoo

(18 0-200 m-y.) vblcanlcs (McIver, 1975). in-the Apheblan

»

Thompson Belt of uanltoba (Stephenson,

Paleozolc Rambler Group of Newfoundland (Gale. 1973Yffgﬁ‘fhe .

Tertlary basalts of Baffln Bay (Clarke,

.__‘H_Cnetacenus_ni,ﬂxnnyﬁ (Searle and Vokes;

-Phanerozoic occurrences are either in a tenslonal contlnen—

tal.eqv

SOme

rldge envernnent (Newfoundland and’ Cyprus) and have a pri-.d

'dltlve»éomposltion..‘

- v

~o
o : R 2
‘als highet K, than'konatiif%S, or

" Tholeiitic end catefalkellhe eXtrusiveSVCOhstitute:‘

“the majoFpart of the Phaner

‘is”reletlfelylﬁeLl underStoody

p?eseﬁt*da& glqbaiutecfonic medelé;

Ctic,

rt,of the Phanerozolc volcanism and.the}r@origih

‘particularly in the light of

974), 1n<the.Low¢£

1970), in the Upper  ~

1969)- the‘

In these ‘three- reglons slgnltlcant amounts_‘

<l

N

nment3(Baffln qu and,Keroo)‘and haye higher Tl,

1n'a‘m1d—06eanfc

Y

extrusives, because their major development took place

Cos

©

-ferent pfoblem.

" at a time where these models may ‘not applj{'prqsehf_a:dlf—

Owing to the metamorphlc (recrystalllzed) nature-

of . the rocks 1n the Wakeham Bay area and the lack oi de-

ngh‘maghesien{vkoﬁdtii-‘

tailed i formation on  the other analyses of the Cape Smith;-

‘Belt,

it is nqt posslble to de;ine hebe,

with certalnty, the'

e
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’compOSItIOnat rdnge of fhé exfrudlng‘magmas, before thelr

L}

modltlcation by 1gneous fractlonation after extrusloq//n,-

'near’surf&ce 1ntrnsion.ﬁlndeed, because ot the v?ry low vis-

‘cosity qf'these_uitramgf1§,Liquldé,lsignifléant differentia-
‘tion CGan occur even ln_reLAflvefy thin'tloia.'ﬂbweyeri‘thé
similarity of théh:foierﬁtl_r@ngé'ot‘cbmﬂdsltion'alth'that.

E >

“qffvoLcanlé rocks from{tess metgﬁor#hoéea:ég#/or‘héttefusfﬁ-'-
' Ateq_are;s (Abitibi; South Af}icg,'igs}ern Austfa11a;”sgff1n 
 éay)fénanL¢s qﬁé;ft§ uséjfhé'éompbglfloné déd;éedﬁfbérefinwi
'pgfrogenlc cdﬁéidéfﬁflo%é.:

A‘iOdél‘for.the é9neng‘c komatii tes must exbiain 

'thé‘extvuslén 6£ —qgm;s €1{ﬁV33$  r“@ofe Mgdv(;b;Qf.$O$ nof%
'mgfivé oiiviné5, 1;g: ﬁuémaslhaving\angextruglgn tempér;tﬁve'-
of ab .ut iSSO’Cf(éreen.:i974).2F§é{or;“tb’cqnslde: ;£§: 
lfiéomposlfipﬁ_ot fﬁé'#omafllti;'pagmht.Lh‘qddifioﬁftﬁihléﬁ'
ﬁ;;vlf ﬁas high;cfvaﬁd,Ni,‘sﬁt iov_T¥,&gd K; |
42—:de¢re§sg_inV;§gnqAﬁ§é jitﬁttiméf high:magéesian mggﬁaé‘
&qéﬁéé;ﬂfhgn”fh; ghrii_?fote#gzéi§ afé raré.aﬁa féﬁd to

,haie éoﬁewﬁdtltoiérzug;

'ﬁQ—ve*cept_torfso&e of the Ph@herozotc exdmplés they are
enslalic, L g.‘they_are extruded onto d’siallc“crust;'t

4-vthe associatlon with tholeiltic, and sémétiﬁéé'éalc-alka—v
llne volcanlsm and 3he common presence of/slgnificant
amounts of Ielslc volcanlcs:f* 3 SR
T R . ' Lo T v O

l

5-{konaflifes:can,be,in;vdrious posit{ons,ln.fhe volcanic -
plle,'bgt_théﬁevmayvhe‘a’fendency fdr'them,td'be near the.

- base in older sequences. = - . .
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Based on some of thelaboye_fecteré; various models.

haveﬁbeen pbopoeed !er the fermution of‘kohatlifee:
i— VilJoen and VilJoen (1969)‘ partlal meltlng beneath a.

<thin. Archeen _____ eo-crust with a hlgh geothermal gredlent._"
e24,Clarke (1970): pertlal meltlng of garnet peridotite at
h ‘ :‘30 kb followed by olivlne end eclogite tractlonatlon.v.
..3f McCall 31 51.7(19715”pi284): “Remeltlng ot deep-leval

o

'cunulates“:or "dif!epen%ietes ot the. tholelitee by thef.

egency of ‘some es yet not understood mechanlsm. operative.

1!! deptho oo ”o.

tue: pﬁaeeeeclealte’mantle“ef'depths ef'QO-IOO'kﬁ or
'maké; Polyberic ollvlne aed‘orthopyroxene ffeclloeation
; eere 1mportanl 1n controlling the development of mafic
jend ul%ramaflc kometllte-type extruslves and assocleted‘
»tholelltic basalts... i -

_S?lGreen (1974, p.15)- "...extruslon temperature

" dotite trem‘e depfh'ot‘et‘leasthOO km{"
‘.v6-“Ndldrétt»ahd.TufherlC1977)i slnllar model ‘but: 1n t'o

stmges of pertlal meltlng, the tirst tor the tholelltlc,

. the- second for’the kometlitlc nagma.}l

a3

To produce a komatlitlc nagma by partlal meltlng

of the]ﬁuntle, be 1t of pyrollte (Green nnd Ringwood, 1967)

‘\?ie_or gernet lherzolite (O'Hara, 1968) composltlon,'evhlgh"

'degree of meltlng (about 75%) is requlred to match the com=

s

o 4—:uc1ver and Lenthell'(197A, Pe327): "pertial melttng.ofve"‘

_(1650'120‘0) oo ippllee<dlapinlsm of-upper'mudtle berl—i
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position: of koﬁafllte.vﬁg alternative would be‘t§ melt dep- .
o Léted‘mantlevmateriat. for‘bxample A‘ﬁaﬁtie’ot’more dunitic
composltldn, the realdue ot partlal neltlng vhlch haa pro—_

"duced a llquid ot basaltic composltlon. ASSUmlng (‘higher : ‘ b<;
. . .“ . . . cL -
'than preeent geother-al gradlent for the Archean, such as

?propoaed by Green (1974), Lapbert (1976)' Naldrett and_
Turner‘(1977) or.Baer (ISJV)I(FIE- 63),_a depth of at least

‘200 km (ahout 70 kb and 1700—1750 C) 1is requlred to produce ‘@j 

’Q.a»melt thpt, rlsing adlabatically,'would extrude at 1650 C.
-Under those T- P conditlons a pyrollte upper mantle would

P

lproduce only about 5% melt with a basaltic composltlon, enf'

'riChed 1n lncompatible eleﬁents: eXt slon of thls.liqul&V "
, éoqi& éqrféééggﬁ to iﬁé 15619i1t§;. To' obtain a hlgher pro—:t
_éor%ioﬁ of @elt, an& a liquid cloéer to a’ kématiite composi€ 
.;tion,v1¥ 1é.heéeésnry éither'to~incr¢§se the_tgmperatg:€v9at:'

néénétanf préséﬁfe) br‘aépregse:{hé pf@géu&§:(5t>;6ns§gntf
tehpeg@turé).?An=1nqre§se'1nvdgpfh?(aﬂd fehperafu;e) brihdéf
.tt;gi-igéot‘_her‘m ;qﬁt.s"ifdé ‘the .s'oril..lid\vls of pyroli tel _Ar-de,cx%ea_'s_'e 1n
hreéédré (a%;péafiy'c;ngtdnt fémpérnfdfeiélé‘thgéiféqu;red;
>;”Thls.c6ﬁ1&-bé-the:re;ult ofjéi&iaplfle up-vetling}-ihAhced
;:maybe by the presence of“a small portlon of liquld, rislng
-,ad!a?nt}ca}}y. Thls adlabatic rise of mantle mnterial will

'lncreqseifhe percentqge pf ue!t, gndgln turn‘increasé.the

i

buoancy'hndzenhance the upvard.mouvehént. To keep the 11qu1d 
formed ln equilibrlum wlth the resldual phases, 1.