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ABSTRACT

The -Clan Lake area, Slave Structural Province, consists

"of a volcanic and sedimentary sequence that during the late

Archeah'was bolydeformed . metamorphosed (from green schist

.

to lower: amphlbollte grade) and intruded by gabbroic and

granltlc bodles.

Deposition'of' the volcanic pilef-was within é'turbidite

sed1mentary ba51n and 1ncluded 1) suba@ueous extrusion of

.maf;c lava,.‘ZJ bu1ldup of an ande51t1c to dacitic volcanic

cone into a volcanic island which culminatéd in a dacite

dome- complex, 3) subaerial erosion ~of the Voloanic island
aod'redepositioh as alluvial deposits; 4) subaerial felsic °
pyroclastic activity. Extrusion of mafic lava on the sub-

" merged .eastern flank of the volcanic ‘cone was concurrent

wiph the felsic wvolcanism.

Regionel deformation- of the sedimentary and volcanic

rocks produced a succession of structures grouped as Dl to

D4. - Included are D1 , NE and NW trendiﬁg macfoscopic-isoo-

11na1 folds unaccompanled by obv1ous rock fabrlcs- - D2, e
-k

steep NW strlklng follatlon commonly overpr1nted.and trans- -

posed by lq&er structures but preséﬁved in the main.body of -

the volcanlc rocks, D3, a variably N striking, steeply east

B
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L}
_dipping foliatien and steeply plunging mesoscopic folds; D4,

4 NNE striking, steep foliation which, with associa®ed meso-
- “~

scopic folds, is confined to the sedimentary rocks.

. 1

ment of D3 structures. For example, 53 foliation deflects-

and flattens in inclination around’ plutons.

!
e

The turbidite sedimentary rocks are subdibidediinto,pro—'

: gre551ve metamorphic ?ones bY b10t1te and cordlerlte iso-

grads that 11e ‘on.each 51de of a lower greenschlst_zone ex—,-

N s OWE oo B e
}tendlng northeastward. - 'Metamorphism. began during - D2

‘deformation, “progressed until it peaked ‘with the'drowth‘of‘

eordierfte and andalusite ‘in the'higher.grade'frocks duning

and just after D4 As part of the metamorphlc progre551on
“biotite crystals changed 1n growth hablt from subequant dur-

1ng preD3 deformatlon to markedly elongate laths during D3, -
5 ! . ' hd '

N
to shorter laths durlng D4 '

Granitic plutons " emplaced during D3 . influenced developr

f
—~a
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a o Ch?ptef I

. INTRODUCTION,

The Clan Lake map area is in the sdqthwestérn:parf of the..
Archean ' Slave Structural Préﬁince of the ?anadiaﬁ Shield’
(Figure 1-1) . Céntredrétzclén‘Lake,:if inpiqdeS‘lé km2 cov-
ering part of Quytg Lake . topographic. sheet (N.T.S. §5516),
and lies between latitudes 62.54;N and 63 dO'N and‘longi;

tudes'114 05'W and 114 21'W.l The nearest city is Yelldwk-

‘nife, 50 km  to the'sputh.,-Acqeés is by light aircraft or

winter rdad from Yellowknife.

The terrain is méderateiy.fugged 'with a local rélief.at—,
taining 50 m. Rock equéures,are generally good and many are
stripped of plaﬁt growth due to recent forest firesf  The-
EEqion-was _hea;ily'élaciated during the Pleistocene, when
‘sediments were. depbsited, inéiudiﬁé lucustrine ciays upon
-;hich Clan - Lake is sitﬁéted.' The - lake is;qne of a numbeif
aloqg the Yellowknife Rivér, a major river syétém that flows

southward through the map area.

Jolliffe (1939,1940) inclhded the area in afpreliminary
map at -a scale of 1 in=0.5 mi éccompanied by -a*geélogical
report. Fortier (1946) prepared a pfeliminary'map of the

Yellowknife-Beaulieu Region at a scalé of 1 in=4 mi and

)
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- B ) . A ‘31
VHendeféon (197@)‘ comp1led a l: 250 000 geolog1ca1 map ‘of -theé
Yellowknlfe map Brea (85J) " both. ~of wh1ch 1nclude the Clann

Lake map area.

Th1s thes1s study nasnunoerfekeh'nilh the>‘fo1loning ob;‘
jECtlveS’ . .‘-‘::’ % " . " N '
L map the geology 'of(the Claniﬁakeﬂafea‘af a“séale‘of_
- 1:10,000. L
:;2,. descrlbe 11tholog;c varlatlons and determlne the
- stratlgraphlc succe551on of the volcan1c rocks. |
3. descrlbe the structural geometry and determ1ne. the
“ ‘deformatlonal hlstory _
4. aescrlbe the metamorphléhrOCks and determlne the me;.
'tamorphlc h1story and condltlons. \

P proyldera paleoenv1ronmenta1 .1nterpretation for. . for-

mation of the rocks during Archean time.

Field magéing was carried out _du:ing the summers of 1581:
and 1982 using aif‘photo enlargements at a scale of 1:5000.
lThe"geologieal data obtained was transferred to. 1:10,000 .
photomosalcs and pub11shed by D. I A.N.D. (map sheets. A, B &
g: in pocket: Hurdle, 1983). Rock samples were collected and

thin sections examined.

"W.K. Fyson prOviaed véluable discussion and constructive
cr1t1c1sm wh1le superv151ng the the51s, R. Kretz and M. Lam-
. bert critically reviewed parts of the manuscript and L.B.

Aspler edited parts. W.A.'Padgham, D.I.A.N.ﬁ;,'gane logistic‘



' b ‘ - ' '- .‘ ' “ - ’.)
" ‘and monetary support during the"field'ﬁeasons andninitially

. proposed the study'df this afea;' N. Labenek’ and L.B. A5pler_

prov1ded field a551stance in 1981 and M.K. Fyson in 1982,

o



. Chaptef II

'STRATIGRAPHY

2.1  INTRODUCTION

The Clan Lake area con51sts of a volcanlc plle surrounded
by predomlnantly younger sedlmentary rocks whlch are intrud-
ed by gabbr01c and granltlc'bod1est, all‘;rosscut by Proter-
0201c dlabase dykes (Flgure 2~ l) The sedimentary . and vol-
canlc rocks are of the Yellowknlfe Supergroup of Archean age
_(Henderson, 1970) ' The strat1graph1c order shown in’ Figure
2-2 can’ only*be generallSed : espec1a11y for the volcanic
‘rook”Unitsl as they commonly 1nterf1nger w1th and are later—
al'equﬁvalenrs of 'one another. ‘The thlcknesses glven for
_ the;voieanﬁc units- are only approximate estimates ‘as tnese

. rocks havefbeen deformed and therefore flattened or short;
'"enedr’ A lack of rellable stratlgraphlc top. determlnatlons
makes it dlff;cult to determine whether a section of rocks
represents a true stratigraphic section1or'repeated sections .
' of a unit due to folding. ' o '

The paleogeographic aetting is interprered as a subaerial
volcanrcwdome complex surrcunded by subaqueous .volcanic and

sedimentary "deposits.
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Estimated ;;

Unit - : ' .
) number _ Litholegy _rthickness
. ' ‘ . o : (metres)
Proterozoic . .
- 9 Diabase i-50"
intrusive contact — e
B 8 .1 '~ Granite o
S O, 1~ - - intrusive contact
7 t Gabbro - Dykes:50-75
‘ intrusive contact
. Turbidites ' -
_.6  .sedimentary
i ‘ rocks ) -
. NG '
. IBasaltic to andesitic \\{'
) lavas, pillow breccias), 100t300°
5 - g dykes, volcaniclastic R
- E rocks . Y
G = . ' /’//
E . h Dacitic to )
) rhyolitic tuffs 200-600
|*8 Ao .
2 - :
hndesitic to dacitic ' ’
' - 2 lvolcaniclastic rocks 160_500
( ' 3 Y |{diamictite, arenite,
% [conglomerd&te, lutite)
£ o - : :
- Be] 4 |pacite breccia, minor' | 2b.500
- J&| 8 lava (2b) o - .
. 2 & | .4 |Dacitic to andesitic ..| 2a-100-500
% g_puffs, lavas (2a) - S
E Basaltic 'to andesitic ¢
1 pillowed and massisde ’ 2,6 -
lavas, pillow breccia 2

1Y
! .

FIGURE 2-2:
Generalised stratigraphic.chart of Clan Lake lithologic
units. Units 1 - 6 interfinger and are; in part,
. stratigraphically-tquivalent (sce Figure 2-3).

-
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o

- basaltlc to ande51t1c lavas and plllow brecc1as-.w1th %inér'

‘Q';:{ B S I - L BI
Flgure 2- 3 is a fence dlagram 111ustrat1ng the 1nterela~

t1onsh1ps of the volcanlc and sedlmentary rocks ‘units andd

Flgure 2 18 is the paleogeographlc 1nterpretat1on.

'Eéch»dblcanic' un1t descr1pt10n 1ncludes _extent, thick-
nesé,' lateral and vert1ca1 var1ab1l1ty, ~relatiénshipslto

other UnltS, and fleld and petrograph1c'aescrlptzons.

[}

é,l;l. volcanic'roéks. : B N . ,: o
» \ REEPE

The - volcanlc plle is dividéd'fnto'five mafor'lithdlogic

un1ts (Flgure 2 2) The units are: general1sed and as mapped -

(map sheets A,B,Cq “in pocket) . may 1nclude some lltholog1c

‘Gariation tesdltingrfrom 1nterf1nger1ng relatlonshlps: each

funit“may_“chtain minor. amdunté3df ’focks"tyﬁical of other’

1

units. o Unit 1, the oldest rock unit of the plle includes

' dac;te;, un1t 2 1s dac1t1c brecc1a, lava and tuff w1th mlnord

_andesite; Uﬂlt 3 1ncludes andesitic to da01t1c volcanlclas-

t1c rocks- unlt 4 is dacitic to EhYOlltlc tuffs, and unit 5

»

is basaltlc to ande51t1c plllow lava and brecc1a, massive . °

lava, ma551ve to” Iayered dykes and volcanlclastlc rocks.

To determlne comp051t10n of the rocks, spec1f1c grav1t1es‘;
( from 2 8 to 3.15. for. basalt 2 75 to 2.85 for ande51te and.
2.68-to 2.76 for rhyollte to dac1te Lambert,',lQTS). nere fﬁ

used in'conjunction -With colour and hardnesé$‘ Bééause.of'

alteratlon (particularly-of the mafic volcanlc rocks) these

were .not always reliable 1nd1cators of composqtlon and
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of volcanic and sedimenta{y nits.. Distortion, which

affects position and orientatfon of''sections, .du€e to folding
1s not . accounted for. Ins¢t. map shows locations of gec-
tions and majog folds: . - < )
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therefore otéer aspects such as matrix mineralogy, pheno-"

cryst types and primary features and textures s1m11ar £03

rocks of known comp051t1qp were used. XRF analyses of 16
samples from rock, units 1, 2 and 5 (Append1x II) generally
support the compositions determined by these methods. The
only excephlons are analyses for unit 1 which are' more sili-
ceous than field interpretations, probably'due telebdndant

micro-quartz amygéuleg,&n the rock'samples taken.

The terminology for wvolcanic rocks follows: Carlisle
(1963) for subaqueous mafic deposits; Fisher (1966) and
Schmincke (1974) for pyroclastic depositsj ‘and MacDonald
(1972) for volcanic deposits in'géheral. | | -
2.1.1.1 unit 1 L R

Unit 1 comprises basaltic to andesitic‘lavasi.end pillow
~._,breccias. The un1t is of llmlted extent, ‘beihg-exposed at N\
the cores, of two major anticlines in the southwest and east-
central parts of the volcanlc plle (Flgure 2 1) The esti-
mated minimum thickness 1s 250 meters.. ‘Phis unit is in
sharsp, conformable contact and 1nterbedded with dac1te of.

unit 2 (Figure 2-4a) and volcanlclastlc rocks of unit 3. It
e .

also contains minor interbeds of turbidite sedimentary r0fk§“‘\\\'

of unit 6.

Unit 1 becomes less mafic up stratigraphic sectiahJ

changing from minor basaltic lavas to andesitic lavas and

)



. . '.Tz__ .- . . . . — ' . . i ‘ .
FIGURE 2-4: ANDE‘.SITi,.C'V' LAVAS AND BRECCIAS OE UNIT 1.

A) andesite 1a§a“(dark) An contact wlth and 1ntruded by
'dacite lava (light) of - unlt 2. . Andeslte has a dark alteredt

contact Pen is 1 cm thick. ~B) plllowed ande51te. The pil-

lows are generally larger than basaltlc ones. Fleld book 1s ',

15 cm 1ong. C) polygonal coollng ]01nts and prlmary layer1ng
in, ande51te lava D) closeup of ande51te p1llows.: The p11~

<lows contaln abundant ‘quartz amygdules,‘ partlcularly pear,

.._margxnﬁ.,. Note the larger amygdules concentrated at the up-

per margin. Stratlgraphlc top is up photo . E) isolated
plllow brecc1a A pillow (at rlght of photo) floats in a’
hyaloclastlte matrlx of lapilli-size angular'.fragments.

1

Lense cap is 5 cm.
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pillov‘brecciasﬁ The basalt is blacklsh—green and aphyr1c,

¢ontains a few ‘millimeter-sized amygdules, and is ma551ve

'to,Aa'minor extent plllowed ' The andesite is dark to hedij

um grey, weatherlng to rusty grey; generallv containé 10 to
1 20% plagloclase phenocrysts ;. and has abundant ve51cles and

quartz. amygdules rang1ng from < l mm to > 1 cm. . The ande51-.

tic lavas are massive (Flgure 2~ 4a) p1110wed~(Fi§nre'2?4b[

‘or’ layered (Flgure 2 4c) At one locallty the ande51te re-

peatedly grades- from layered lava to ve51cular ma551ve lava

" to pillowed lava to- plllow brecc1a, ' w1th each cycle 2 to3 .
:meters thick. The ma551ve lavas have ve51c1es and amygdules

“that are evenly dlspersed or concentrated in pockets or - at:

their. marg1ns. At one local1ty mass1ve andes1te lava has T

.to ‘3'cm thlck . greenlsh grey alteratlon bands

1*%- ~
’ T . , . R . . i

The plllowed lavas conta1n p1llow5 that. are' generally
large (0.5 to 2 meters long, Flgure 2= 4b) compared to those-

that are basaltlc PlllOWS dlsplay dark . 2 to 3.cm thick

_selvages, locally yellow green, epldotlsed cdres and comﬁon—‘

. .
ly hyaloclastlte 1nterst1ces : They also have ahundant vesi-

,cles and amygdules,.usually concentrated near: thelr marglns,
. uw1th the 1arger' ones at thelr upper marglns (F1gure 2 4d)-

or concentrlcally concentrated 1n zones.f

The pillow breccias are mainly bf‘:the‘isolated 'pillon'

".‘type w1th1n a hyaloclastlte matrix conta1n1ng angular, la-

p1111 51zed fragments (Flgure 2- 4e)
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The 1ayered lavas have‘centimeter thick layers, parallel

to the1r contacts W1th plllowed lavas and deflned by changes'

1n maf1c mlneral to plagloclase content “In one 1oca11ty a

.layered lava conta1ns coollng jolnts (Flgure 2- 4c) .,

‘The env1ronmental 1nterpretat1on is that "rocks of ‘unit 1
were deposited as lava flows in a predom1nantly'subaqueous
'environment (Figure 2-18a) as evidenced by the presence of

pillow lava and- pillow breccia and;lnterbeds -of. turbldlte

sedimentary rocks of unit 6. The abundance and'51ze of ves-.

4

. icles'and'amygdhles and the cycllc.repetltlon of layered to
':vesicuiar'to pillowed flows to pillow brecc1as suggest shal—
,1ew.nate} cond%t1cns (cqf.“~Jones 1969, Cous;neaUn&,Dlmroth
i9g2). . . o B |

\. . o, T ‘ § ' \-,_'r
2.1.1.2°  upit 2

.~ Unit 2 is subd1v1ded 1nto dac1t1c andmminof andesitic
lava and tuff (SUbUﬂlt 2a) and_a dacite breccia {subunit

p). ”‘.- G

Subunit -2a ranges' from 100 to 500 meters in thickness and

makes up the bulk.Of'the northnestern'quarter of the pile.

It 1nterf1ngers w1th maflc volcanlclastlc rocks of un1t 5 to

the east and dacitic’ conglomerates and dlamlctltes of Unlt 3

'to-the/scuth. Lénses of volcanlclastlc rocks of unit 3 are

\fpund throuéﬁout unit 2a.; The - southern parts and,strat;—

3
¥
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oraphically iower parte. of unit 2a contain beds of masSive
and pillowed andesite and turbidite ‘sedimeﬁtary'rocka of
unit Giff The upper parts lcohtain leoses. of volcaniclastic
rocks of onit 3 identifiable as alluv1a1 depos1ts, such as

dlamlctltes, conglomerates and cross bedded sandstones.

r

Subunit 2b dacite bréccia is confined to a spectacular
steep—sidéd*hill"in the ‘northwest corner of the volcanic

pile (Figure 2—6a) The breccia forms a lense about 1 km in

length with an estlmated thlckness of 500 m, It . is fr1nged}_

by and has an-: 1rregu1ar, sharp to gradat1onal contact with.,
monolithi¢ (dacitic) conglomerates, diamictites and cross-

bedded sandstones of.unit 3,

<A
x

Subunit 2a consists of dacitic-to oinor ande51t1c lava,
tuff brecc1a, lap1111 tuff and stratlfled tuff The dac1te
lava is an-. aphanitic to flnely crystalllne rock that 'is
aphyrlc to 20 to 30% plagloclase phyrlc or quartz— plagloc—.
lase phyric (Figure 2-5a), - It |is meilum grey to plnklsh
grey on fresh surfaces and llght grey and rust brown on
weathered surfaces. It is generally ma551ve, except where
vesicular at its"marglns (Figure 2—5b). It locally pro-
trudes into (éigureJZ-Sb)_ aod alters adjacent rock types
(Figure 2-4a). ‘ft rarely.contains polygonal joints (Figure
2-5c) and mafic clasts (Figute'2—5a).. fhe tuff breccia and
lapilli tuff {Figure 2-54) are up to 15 h thick and have~no
internal atratif;cation.f They‘contaio;rare~to abundant

o
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FIGURE 2-5: DACITIC AND MINOR ANDESITIC LAVAS AND TUFFS OF
UNIT 2A.

‘A) plagioclase phyric dacitq.'x7rare mafic clast is pres-
gaent in the lower right hand corner. . B) dacite lava protrud-

ing into volcarenlte of Unit 3. ° The dacite lava is vesicu-

lar at its margln (arrow)., 'C), piagioclaée phyric dacite .~

contalnlng polygonal coollng jOlntS D). tuff brecc1a. Pla—-u

'gloclase phyrlc clasts are floatlng in an aphyr1c, more fel-
-sic matrlx. E) stratlfled dacitic, tuff Note an1ness of
'stratification' F) dac1t1c tuff lobe . (L) truncatlng stratl—
fiea tuff. The lobe contalns floatlng andesitic to dac1t1€

clasts (dark areas) up to 15 €m across. .
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plagiociase phjric clasré in a daeitic, aphyric to nlagioc—
lase phyfic, 'clastic matrii{-;— The clasts (where abundant)
.are.pdorly‘ sorted, rarely graded angular to subrounded,
usually no larger than 15 centlmeters .in'eize and.are mono-

lithic, pe1ng mainly andeslre or. dacites Where daciric,'the

‘clasts are obscured by the dacitic matrix. These tuffs lo-

cally have centameter sized ve51cles . in the matrix at their

upper contact. and a thrn, reversely graded basal 1ayer.

Also_lobes < of- dac1t1c tuff are present within - stratifiedA

tuffsrof unit 2a (Figure 2-5f) and volcaniclastic rocks of

unit' 3 at two localities. - The stratified tuffs (Figure

2-5e) range frbm_O.S to 2 meters dn—thﬁckness and are"inter_
bedded with lapilli tuffs-and tuff breccias. They have m1l—

llmeter to centimeter thick 1am1nat1ons whlch at two ‘local-

ities, are truncated by tuff brebc1a LAt another locallty a -

L
stratlfled tuff 1nterbedded with ~ tuff breccia conta1ns wavy
beddlng (Flgure 2-5e). _ a2 _ -

v

y

"~ ‘The andesite component of subunit 2a is similar to unit,

1, being plagioclase phyrie; vesicular and/or amygdaloidal,

~dark grey and -locally pillowed. At one locality a dacite

lava containing andesite clasts lies on top of a massive an~ -

desite layer.

f.

The dac1te breccia of subunlt 2b, is poorly sorted,. has
crude layerlng due to change in clast size, and contalns mi-
'nor massive dac1te portlons (Figure 2 6b) i Clasts are angu-

lar, monolithic and elosely pac&ed 1F1gure.2"6e); range from

N
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FIGURE 2-6: DACITE BRECCIA AND LAVA OF ‘UNIT. 2B . (DOME
‘COMPLEX). = - .

) A)'.daéite bfecciaICOnfined to: a_sﬁéeﬁjsided\hill'in.the'
' nérthwest corner of the volcanic ' pile. - E)'.dacite breccia
contalnlng a mlnor m3551ve dacite layer (to rlght) C) méé;
sive dac1te-gradlng into dacite brecg:;T:From lefr to right,
dacite w1th 1nc1plent fréétures grades‘ginto Sfeccia “with-
large clasts (up to 30 cm long) and llttle matrix . into brec—
cia with’ smaller clasts w1th1n a matr1x of flne clasts (< 3 .
cm) . 'D) ‘ma$sive. dac1te contalnlng cooling? 301nts_f111ed

with tuffaceous sedlmgnt. ‘E) ~ typical outcrop df'dacité.

breccia.

&
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. a-féw'.centimeters to morE~’than a meter 1n size; énd are
hw1th1n a matr1x of small fragments (up to 1 cm) of the "same
‘_mater1a1 ;;  cemented“by carbonate. The dacite is plagioc-
lase quartz phyric’ in the western part of suhh&it _2b'and-“
' 5,aphyr1c to ‘the east The massive dacite is contaiheq by and
;}1n»sharp to gradatlohal contact with the breccia. ~At one.

; place the massive dacite grades into a dac1te with incipient

fractures to~a coarse breccid w1th' little to no matrlx to ‘a

. brecc1a w1th ‘smaller clasts W1th1n a matrix of f1ner materi-

" al (Fzgure 2-6¢)., At another place massive dacite contains

jOlntS fllled with fine- gralned tuffaceous material (Fqgure

©2-6d).

Petrographlcally, the dacite of unit 2a&b consists ma1n1y
of recrystalllsed quartzo-feldspathic material, w1th or
: wlthout phenocrysts of- plagloclase ‘and mlnor quartz, biotite
and/or amphlbole, opaques, carbonate and less commonly
f chlonlte,vepiddte,_muscovite and'garnet (figure 2—7a&h). In
Maddition, the apbyric dacite lava contains in a few locali-
.tieé biotite/quartz pvbids that are possibly amygdules (Fig-
nhre 2-7¢) and the dacite thf% have ;ioken phenocrysts and
;flattened dark fragments that possibly are pumice (Figure

2-74).

©2.1.1.3  interpretation

"Because of a lack of discernible primary features, such
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FIGURE 2-7: PHOTOMICROGRAPHS OF DACITE OF UNIT 2.

A) Plégioclase phyric dacite of unit 2b ‘dacite ,breccia.
" The matfix is ﬁéinly biotite, ambhibole and opaque mfnérals'

in a quéftZof ldsﬁéthic‘groundmass. Field oﬁ‘vie§ is'10 cm.
B) plééioclasixgbyric dacite of unit 2a lava..Matfix islsim;
ilar to Figure 2-7a. _a‘is amphibole. Field of view is 10
cm. _ C) aﬁhyric'dacite of unit 2a-containing a sphefoid of
‘'quartz and biotite, possibly an aﬁygdﬁle. The hatrix is
mainly bioﬁifé;‘ opagues and quartzofeldépathic material.
Field of View.is'z mm.-- D) aphyric dacite tuff of unit 2a.
containing flattened; dark ffagments, possibly pumice. The-
quartzofeldspathic hatrix contains.betite and  garnet (g).

Field of view is B cm.

:;,f
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as glass shards and pumice fragments, due to recrystalliza-_

t10n, the env1ronmenta1 settlng in which rocks of subunit 2a

were formed 1is difficult to 1nterpret.“_ This subunlt\}n—

cludes a number of different types of deposits such as 1)

‘massive lava flow/flow breccia: the massive dacite lava rep-

v

{

resents lava flow-deposits, being crystalline and vesicular

(pafticularly at its margins) (c.f. Self;1982) and intrusive

Ay

into and altering other rock types. TQe massive ~andesite_.

layer topped by dac1te containing andesite clasts could be

an andesite lava flow with flow. top breccia 1njected by a

dacite lava flow. 2) pyroclastic deposits: the dacite :-

teffs, mlcroscoplcally containing broken phenocrysts and
flat;ened pumice’ fragments, are thought to represent pyroc-
lastic deposits (c.f. 'Fisher and Schmincke, 1984). Tuff

breccias‘and-lapilli tuffs could represent pyroclastie'flow

deposits because they are poorly sorte and lack internal

stratification except for a thin basgl'fayer with reverse

grad1ng (c.f. 'Fisher, 1982; Wright et al, ‘980).‘:They also

‘are generally” monollthlc (c.f. Lajoie, 1979). Also at two

localltles the presence of flow lobes of dacite tuff within

' -

volcanlclastlc rocks of unit 3 characterise pyroclastlc flow'

--.-.

deposi%s Tuff brecc1as and lap1111 tuffs are commonly ov-

erlain and underlain by stratified tuffs which could be py-

roclastic fall and/or surge deposits. The fact that these

stratified .tuffs are well-sorted and well-bedded (c.f.

Wright et al, 1980) and at one locality contain wavy lamina-

metm w2 T



tioné (c.f: ‘Crowe'éﬁa-FiéherF'1953)‘a;efig‘adcofd:wiih SUCh{h
dépositsl _ | - ‘ | | -
The preSeﬁgé of loéai intefbédé bf‘pilloWed apdésite and{
':fﬁrbi&ité:sedimehté;y-féck§ ih'méubdhif'Za,. parficula:ly,in"
‘f ﬁhe lowef.part of £hé'uﬁit' aﬁd"distal péfté Qith‘reépéct to.
the dome complex:(subunit‘éb);-‘_indicatesﬁthaf thisisupqnit.
to some extent was depgsiﬁea uhdeﬁ. sybéqdebué conditions}
Other parts of the unit-lack pillpwéd"fonms'iﬁ lava flows
- and contain interbeds of fluviai'depbéits (uﬁit:3) and thus
appear to, have been depositéa subaerially (not dépositedrunﬂ.

der a standing body of water):.

Subunit 2b ceould represent a dome éomplex} . the dacite
breccia fepresenting crumble btecq%gv'gnﬁ;the massive'da€it¢
being unbrecciated-inﬁeriors.and/of_minqp lava floﬁé{. This
intérpretation is basea on: 1) ﬁhe physical charécterigtics'
-of the bréééia (unsorted,  monolithic and containing angular
clasts within a matrix 'Qf' thq same composition as the
clastsf_being unique to crpﬁble'brecciqs {c.f. “Rose, 1972;
ParSéns; 19693 and‘McDonqid, 1972). 2) thé limited extent
of the-décité bnecci§, being cdnfined to one locality, (Par-
sons, 1969} ana 3’. th; breécia éetting, notably the.5qr~
roﬁndinglmonﬁlithic conglomerétes and diamictités of unit 3,
which’couid represent unstable debris from the dome that was

sub5equehtly rewvorked by fluvial processes and/or’mass move-

ment (c.f. Lambert,®1982; Self, 1982).

@
.
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Tectonic shearihé is not considered as the prihary ceuse
‘of the breccia. The rock 1is eiliceous and if‘briginally
%magsive, it would not have readily brecc1ated in compar1soﬁ
with the surrounding rock types; some of whlch are much less
'competent but not brecciated te) the same extent However,
_there is evidence for local éectonlc shearing. Brec01a with
smell, angular clasts that afe strongly allgned is- 1mmedl—
ately_ne%t- ahd in- sharp coﬁtfast to an unsheared breccia

. S Co ~
with larger, unaligned clasts. -

2'.1.1'.'4' unit 3

-

L]

Unit 3 consists of dacitic to andesiticidbicaniclasﬁic
rocks including diamictites (Flint et éi;, 1960}, cbhglomer~

ates, ‘arenites and lutites.

Latefai_;henges.hithih the .unit are marked. At.the dome
rqompleg formed hy the dacite breccia (unit 2b}, eofcaniclas-g
S tic focks ofhenit 3 form two 100 m thick lenses'stratiéraphﬁ”

“ically below the- brecc1a, each extendlng laterally about’ 800
. m, as. well as e 50 m by 100 m lense aboye- the brecc1a
.These lense§ have irteéulaf, eha%b to 'gradational eontacts_
w1th the: dac1te brecc1a. Theylcontain‘.priﬁa}ily,\interlay?'
'ered monollthlc conglomerates and dlamlctltes ‘which'ébade‘

-

1nt010ne ‘another, planar— tO'CrOS§TbEddEd arenltes, -lU*

-

.tites,and thin interbedded arenites and lutltes contalnlngA

'dacific‘-drbpstones. Mino;h dacite thff (petrographlcally

i



51m11ar to tuffs of un1t 2a) is intetbeddedx(Fignre 2-9b) as
t . = E . . ] .Al .' -" ..

-

',‘flow lobes

.éouthnard_in~a.5eparate odtcsop area, :anay from_the'domen
complex, unit é‘thickens'toibodlm and‘is mainly composed:of"‘
. heterol1th1c d1am1ct1tes,p conglomerates' and.minot,atenites'_?
and lut1tes - These’ roaks 1nterf1nger and are in sharp}_con?h'
formable contact WIth dac1te- lavas and tuffsjof..dnit-éa;:.
o They are’ conformably overlaln by turb1d1te sedlmentary rocks
; -of unit 6. Ind1v1dual beds of un1t 3 range from 1 meter to :

Several meters in thlckness.

ot
o
)

~ Unit 3ithins,to-about 250‘meters farther south (in'the sw.o

-corner of 'the volcanic'pile, .Figure. 2-1) and_to‘less.than.
7100 meters to the north of the dome complex. .These distal
fac1es (w1th respect to the dome complex) lle beldw and;ate 3
eln sharp, conformable contact w1th fe151c tuffs of un1t 4,
They are also 1n sharp, - conformable contact and 1nterf1nger o
w1th lavas of un1ts 1, and 2 " The distal fac1es consists of'

. well- bedded (generalby 15 to_50 cm thick beds) conglomer—.

-'ates, arenltes, lutites and minor d1am1ct1tes The.arenftef
beds are more common in. the dlstal ‘facies than in the prOX1—

" mal and clasts in the minor d1am1ct1te beds Iare generally
-bettet'rounded and sorted and smaller than those within; the

‘prOgimal facies.

Eastward away from the dome complex, unit 3 appears to- .
th1n stratlgraph1cally and d1sappear.' Mafic volceniclastic



; rockslof‘qnit‘Sjpredominate'in‘"the eastern part of the vol-

. canic pile‘and-meyfhe, to some extent, 'lateral equivalents:

of unit 3. . . : ’

LI v

" The diamictites  (Figures 2&83,h§c)"iare booriy sorted to

:unsorted “frameworkrdisrupted :aoq locally are cruaely lay—

i

’ered due ‘to change in graln to :metrix ratio ahd clast size’

;(Fagure 2 8d). - They commgpﬂy have a 2 to 4 cm basal 1ayer
’ T
devoid of . clasts and rarely dlsplay crude normal gradlng.

The dlam1ct1te5 are het:zpllthlc (Flgure 2= Bb&c) to locaily

monolithlc (dac1tlc) near the dome complex (Flgure 2- Ba&d)

and have a sandy to: muddy matrlx. - At two localltles ClaStS’

~of underlylng lavas are included wlthln the base "of dlamlc—-

'tltes (Flgure 2 Be). f Clasts are dac1t1e, andesitic and 1ess

' ‘commonly rhyollt1c rand basaltic infcomposition"and rarely

fturbldite sedlmentary'rocks.;.Locallf they have rims-hholly
‘to-pertiaily.altered:(weathered?) white (Figore 2-8c), or
_black Clééts are angulaf'to subrounded , raoge from less

'than a centlmeter to greater than . a meter across and rarely

,show'autobrecc1at1on. The maflc clasts are smaller and more

‘angular than the felsic clasts.

< . ra . . Y

The conglomerates are oenerally monolithic (dacitic) near

.the‘aome complex (Figure 2-%a) and heterollth1c EWay from

the dome (Eigurelz-Qb) are poorly to well sorted and have

1/)\ "\

e

e

- = me e s

S
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FIGURE 2-8: DIAMICTITE@ OF UNITn3.

< A) monolithic (dac1t1c) d1am1ct1te wlth a pe11t1c matrlx.
Clasts are 5 cm: to >l ‘m long. ’ ) heterol1th1c d1am1ct1teg
© . with felsic tq_mafic@volbanic“'clasts w1th1n_a sandy matrix.

'Clasts are up to 20 cm. across.,” C) heterolithic dianictite

with" clagts.that “are angular to rounded Note the single’
.dééite.cléSt with .2 whlte alteration rim (arrow) '.Clasts
- are- up to 30 cm long © D) mOﬂOlltth dlamlctlte w1th rare'

-_crude layerlng due to change ;n,graln—to—matrlx ratlo and'
ClaSt size. Pen is 13 cm long ‘ E) d1am1ct1be contalnlngf”

clasts {C) p1cked up from underlylng dacite lava of un1t 2.

>

e

: , . .
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a'séﬁdy to gfitfylmatrix; élésts ape'sqbrounded;.;aﬁgé f;om .
2 to 15 em écrosé and- a:e.sligﬁtiy ;disfuptgd;tb -éloéély
Hpaéked. Congi&héfates. near.the .dome ¢omplé§ 'éré'fhigkek
bedded thaﬁfconglomgrates_'in distal-parfé of uﬁit.B. The
distal congldmeyat&c_.beds arefintérbédded”with- arenite and .
‘lutiée,_ the bedding ranging from 15 cm to.l m iﬁqthicknessi
One 0.25 m génglomeratic bed shows reverse and nbfmal-gfadf
ing of dacite clasts and reverse grading of dark; possibly - '
pumice ftagments (Figure 2-9f). | - '

The arénites‘havé a coarse salt and pepper'appearance*due
to the pfesehce of émphibbie and plagioélase~ct¥stals (Fig-
ure 2~10a&b) or aré.q’hnifbrm, medium‘gréj'to green. , Théy
vary from massf;é to dell*bedded, the méssive unit%?(up to 1 -
j:Vm thick) Cin, places rebe?edly'gfading'into the well-bedded
ones\(up-t& 1m thick) (Figure 2-10c). The well-bedded are-
Nites are planar to cfoss-bedaéd.(Figure 2-10a&b) and local-:

ly have rippled (Figure 2~10a) and cﬁnvoluted'beds.

The :lugiﬁés afé» thinly bedded .to massive (up ;pé‘l m
&hicﬁ),' geneFélly broﬁn, green or dark érey, andﬂare“soft3
éﬁd recessive (Figure 2-9g). "Lﬁtites and areniteé contain,
in a fgy placeé, déc;;ic Blochs whidh disrupt internalnbed—

.ding (Figure 2-10d). . i
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FIGURE 2-9: CONGLOMERATES OF -UNIT 3.

A) monolithic conglomerate near tﬁefdbme,cpmplexq Clasts

are ‘plagioclase phyric dacite and range ‘fromzi to-13 cm

across. B) heterolithic tpngromerate in distal part of ‘unit-

-3 with respect to the dome complex | Clasts'are -mafic to

felsic, with ande51t1c to dac1t1c clasts predomlnatlng C).

monollthlc (dac1t1c) conglomerate interbedded w1th a. m3551ve

"dacite flow lobe  of unit- 2a.. The ‘massive dacite’ _1s 1. 5 m\'

wide. D) 1nterbedded conglomerate ~and maséive arenite in .

distal:patt ofxunlt 3. E) photomlcrograph of matrix to con—-
glomerate in Flgure 2- Qd . Field of v1ew is 1 em.  F) con=
glomeratic bed: showlng rare r9verse grading’ of 11th1c frag—
ments (llght ”coloured) near bOttom and normal gradlng
tewards tob of bed (stratlgraphlc top) "éumice fragments
-{aafk Lolonred) ~are reversely graded’near top of bed ‘Pen

is°'13 ém long. G) conglomerate (right), 1nterbedded lutite

and ‘arenite, and diamictite (left). Field book. is 19 cm

long.

i

, .
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FIGURE 2-10: VOLCANIC ARENITES AND LUTITES OF UNIT 3.

A) thiqu bedded”volcarenife,with cross-bedding (x) and.
possible starved ripples (r). Sedimentary tops are upward,
Edge of field book is 11 cm. B) ‘Arenite with trough cﬁbés
'.Beadfng. Lense cap is 5 cm. .C) massive apenite.grading up-
ward into thinly bedded arenite. D) dacite blocks from. unit
2b that puncture and distﬁrt thinly-bgdaed arenites and lu-

tites. Pen is 13 cm long.
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2.1.1.5 interpretation

The diamictites are characteristic of debrié.fléw depos-
its. - This interpretation is based on a number of featuresf
as no single one is unigue to lahars. These features incIude
extremely poor sorting, boulders exceeding'i meter in siée,
heterolithic clasts, vertical grading, debris from underly;
ing deposits and‘lack of‘bUmice fr;gments (c.f. Fisher,
1960, 1982; Fisher and Schmincke, 1984; Parsons, 1969; and
+Mullineaux and Crandell, 1962}.

The conglomefétes and rippled and cross-bedded sandstones
‘characteri®e fluvial deposits , such as sheet flood and
stream channel deposits (c.f. Reading, 1978). The fluvial
deposité and aiamictitgs'(lahars) together are characteris-
tic of alluvial fanrdeposits. .The. interbedded conglomer-
ates, massive to well-bedded arenites and lutites are possi-
bly a combination of sedimentary deposits (reworked volcanic
deposits), distal-parfs of lahars, and, to a minor extént,
pyroclastic deposits. Mény of these interbedded clastic
rocks cannot be readily identified as pyroclastic because
distinguishing features such as glass shards and pumice
fragments may have been destroyed by recrystallization and
‘deformation. One has been readily identified such as a con-
giomeratic bed (Figure 2-9f) with reversely graded lithic

clasts at the bottom and normally graded 1lithic clasts and

reversely graded pumice fragments at the top, features that
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characterize a pfroclastic deposit—;(c.f. Sparks, 1976;
Wrigpt et al, 1980; Walter aﬁd Croaéﬂale, 1971; Parsons,
1969) . B T

Dacitic”blocks in arehifesﬂand lutites close .to the da-
cite brecéié of ' the dome complex may represent debris from
the complex, which contains similar fragments. The blocks
‘may have rolled or dropped onto and punctured soft, unconso-
lidated'sedimentarybbeds. The minor dacite tuff lobes in-
ferfingering with thé conglomerates and diamictites near the

complex could be pyroclastic flow lobes of unit 2a that came

from the same vent as the dome complex.

In summar}, mainly diamictites, conglomerates and cross-
bedded and rippled sandstones may represent a mixturé of de-
bris flow and:fluvially reworked volcanic deposits ie; allu-
~vial fan deposits. The material -fof the deposits possibly
came from unstaple volcanic material of the dome cbmplex.
With increase in distance from the dome complex, the depos-
its of ,unit 3 -become thinner and more clearly bedded and
generally contain better rounded, sorted and, to some ex-
tent, smaller sized clasts due to a change from prbkimal to
distal parts of debris flow deposits. | “

Unit 3 was , to some extent, subaerially deposited as

k]

seen.by the fluvial deposits.
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2.1.1.6 unit 4 »

-

:Qpit 4 comprises dacitic to.rhyolitic tuffs which include

varieties that are crystal-rich, pumice-lithic-rich, de-

L

formed and/or welded, laminated and massive. Also ¥ncluded

is minor massive to brecciated dacite.

The tuffs of unit 4 are presefved as a Zob'tb 600 m_thick

body in the northwest corner of- the volecanic pile; disrupted

‘by_é left lateral fault. They are also present -as a thin 70

m sliver in 'thé southwest corner. “In each Tcase the tuffs

have a, conformable upper ‘contact with turbidite sedimentary. —

~rocks (unit 6) -and a lower .conformable contact with the voln
- . [ 9 - . N

,

caniclastic rocks of unit 3. At the. upper contact, cobbles-

of tuff commonly form a conglomerate ‘witﬁin the base of .the

L1

sedimentary rocks of unit 6. -The thickest seédtion of tuffs

. is west of the dome compléx; in the southern faulted pért of

thé'main'body. Undeformed to deformed and/or welded pumice-
lithic tuffs occupy the bottom of the.section whereas iéter*.
bedded crystal tuffs and pumice-lithié tuffs lie at the top,
éeparéted‘by a 100 m by 300 m wedge of massi#é to brecciated
décite, ‘ fhe crystaliépd pumice:lithft tufgg taper along

strike northeastward away from the dome complex 1into lami-

nated and massive tuffs. The tuffg in the southwest sliver

are mas%ive and laminated tuff%'gradipg upwardjidto lapilli-

o
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The crystal tuffs (Flgure 2 lla) are fine-grained, . well—u ;

sorted clastlc rocks that are light to med1um grey - T-weéfh—
ering to 1light greenlsh grey and brownlsh grey. - They are
‘m;ssive to raré;v} fa1nt1y_atrat1f1ed (Fxgure 2—11b)‘ 1 to 2
meter thick heds., Where stratified' the Lnternal beds are 1
mm to 1 cm thick and deflned by_ahange in colour or pheno—
cryst contenf\a' The tuffs generally contaln 20 to 25 % bro—
ken plagloolase .and_embayed quartz phenocrysts whlch_range
from 0.?5mmﬂ}o 3. 0mm ih:siie. gfarely the phenocryststare
graded (Figure 2-llb) In places, <1 to 2 mm 51zed lentij

cular pumlce fragments are present The matrlx is recrys—
talllsed quartzoﬁgﬂdspathlc mater1al with chlorlte mﬁscov—

ite, carbonate, ‘minor biotite and amphibole. Glass shards

were not idenrifled, probably because of recrystallisation.

Pumice-lithic tuff beds, 2 to 5 m thick, (Figure 2-llcéke)
are light to medium grey and generally include <, 10% pla;
gioclase phenocrysts and < 2% quartz phenocryste. " Poorly
' . ~ e -

.

sorted fragments of pomice and ‘plagioclase phyric - daoite"

range from < 1 cm to > 4° cm across and’ lie w1th1n a dlsrupt-ﬁ

ed framework. The pungg\fragments, commonly dark brown to -

grey, are xésicular with/ragged ends (Flgure 2- lld),

~
"

s hot . 4

el

N
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Pt A
IGURE 2-11: FELSIC CRYSTAL AND PUMICE-LITHIC TUFFS OF UNIT

"'\
- SR

a.

A) crystal tuff with broken phenocrysts of plagioclase. \
B) crystal tuff showing plagloclase phenoorysts and massive : :_
crystal tufﬁ gradlng upward (towards stratlgraphlc top) into -
falntly stratlfled tuff (s). 'C) pumice-lithic tuff contain-
}ng'ma1n1y dark,- lentlcular to ragged fragments of pumice., - ”;-1jf
JField.of.uiew is 15 cm, Q) cl?seup of pumicedfragment'éﬁﬂﬁf' |
ing vesicles and. ragged ends. Field of vxew is 15 cm. E) i

photomlcrograph of métrii to. pumlce 11th1c tuff of Figure

2'}lc. The matrlx contalns welded pumlce fragments. Field

of view is 8 mm.
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Deermea and/or welded tuffs are sTm11ar to thé-pumice—-ﬂ

lltth tuffs in colbur but contaln dark grey, llto 10 cm

51zed lentlcular bodles w1th .w1spy ends (Figure 2- 12a&b)

The fragments also form dark ' dlSCOﬂtanOUS, 1. mm to-lS cm

bands alternatlng with a llght :grey'tuffaceous‘matrix.(Fjg—

ure 2=12¢). Outl;nes.of the ‘fragments may not be discerni-.

ble, but along strike the bands change'into dark, ~vesicular
fragments ef possibl&opumice (Fighre 2-124). It is diffi-
cult to determine whether the ‘banding represshts fragments

_that are deformed and flattened or welded.

Laminated tuffs (Figure 2- 129&5) which are cream white

“to olive yellow are aphanltlc clastic rocks composed of al—-

ternating muscovite-rich and quartzofeldspathié-rich beds

varying from.< 1 mm to several c¢cm in thickness (Figure

-2f12g). - The miscovite-rich beds contain embayed quarti

: crystals and flattened, dark pumice? fragments '(Figure '

2 12h)

M3551ve tuffs, white to. light grey in colour are fine to
Tmedlum gralned and contain 0% to 10 % plagioclase pheno—
¢rysts and- locslly pstches. of recessive -and brownish-grey
sphéroias’O.ZS to 4,0'cm in size, ' In thin section the‘pla—
gioclase_phehocrﬁstS'are broken crystals in’a ouarcz~ carbo-

nate-sericite matrix.

— 'The massive to brecciated dacite is medium to light grey
weathering to pale greenish¥grey. i1t contains a few QUartz

and plagioclase phenocrysts. Brecciated parts are similar to

to

T
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FIGURE 3-12: DEFORMED -AND/OR® WELDED F“ELSI<C“ TUFF, AND
LAMINATED FELSIC FUFF OF UNIT 4. | '

A) tuff with dark, welded or deformed:pumice? fragments.~
“B) tuff with dark, lentlcular fragments of pumlce4 ) tuff‘
w1th dark bands alternatlng with llght grey tuffaceoue ma—‘
trlx. D) tuff with dark pumice? fragments along strike from .
Flgure 2- 12c.; Clasts are up to 20 cm long. E) lamlnated
tuff. Lamlnae éwe deflned by alternatlng muscovite- rlch and

quartzofeldspath1c r1ch zones, Small, derk pumice fragments,'

are seen in upper rlght—hand corner.” F) laminated tuff

strongly crenulated. - G) photomlcrograph of crenulated la-

mingted tUff. Quartzofeldspathlc beds alternate ‘with muscov-—

ite-tich'beds. Field of view is 8 mm. H) photomlcrograph of

laminated tuff with an embayed quartz crystal which deflects

a Elattened pum1ce7 fragment. Field of v1ew is 2 mm.
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the breccia of unit 2b, being poorly sorted, having”coafseiy
packed angular fragments (2 to 15 cm across), and having

little matrix ceménted by carbonate.

2,1.1.7 interpretation '

The pumice-lithic tuffs have'gharacteristicé of pyroslas-
tic flow deposits such as pumice and Ii{hjé fragments, bqoi‘
Ren ﬁlagioglase phenocrysts and dark lenticular bodies and
_zones which could be welded frégments\and/df;ﬁelded.ﬁbrtions
of a tuffaceoﬁs matrix. Additionally they are poorly Sorted
lack inﬁéfnal. stratificgt;on and are framewort~d15rupted
tc.f. Ross and Sﬁith,‘l961, Frisch, 1973- Sparks, 1976; Cas,
1978; Wright et al, 1980,.. Flsher ~3982; and Fisher and

Scﬂminéke, 1984) . The massive 115?5 cou\d be eroded pyroc-w
.last1c flow deposits as seen by their pocked mark .appearance

(Ross and Smith, 1961). - ‘

¥

The crystal tuffé ana laminated tuffs are good candidates
for pyroclastic fall deposiés, being clastic recks that are
well sorted, in places well bedded and cohtaining pumice
fragments and -broken plagioclase phenocrysts. The_chaﬁgeA
along strike away from the dome complex ‘From massfug_ngJtal
tuff to thinnly bedded tuffs is also character15t1c of air-

fall deposits (c.f. Self, 1982),

The massive and bféccia;ed dacite within the tuffs could

be a displaced part of the dome complex of tht 2b.

T .
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Unit 4 was probably deposited in a subaerial environment
9 ) ' .

‘because it is restricted to the-norﬁhwest corner of the vol-

-:Lbanic pile, stratigraphically above the fluvial deposits of

unit 3. Elsewhere airfall deposits probably were reworked
because of subagueous conditions.
. -, - . /—'
2.1.1.8 unit 5 i

Rocks of ‘unit 5 are basaldic to andesitic in composition

‘ , A . -, A} c

and consist mainly of massive lava, pillow lava, pillow
breccia,,vplcaniclastic,rocks and massive to layered dykes.

-
v

Unit '5 compfises most of the -eastern pbrtion of the vol-

canic pile (Figure 2-1), having a maximum thickness of about

1300 m. - The unit thins to the northeast, where it is isoc-

linally folded, and to, the southwest to about 100 to 200 m.

The bottom of the thickest section of this unit consists of -

predominantly pillow lava, Pillow bréccia, dykes and minor

volcaniclastic beds. The middle - part consists of‘mainlfA

volcaniclastic rocks wiph'minbr pillow lava, pillow breccia
and dykes, interfingering and in sharp contdct with massive

dacite of unit.2a. At the top of the section there are pri-

marily massive and .pillowed lava and minor pillow breccia. .

.

The extremities of unit 5 are, along strike from and similar

to the uppermost parts of the main body, consisting of pil-

low lava and bréccia. © These extremities also include .thin-

interbeds of gossancus turbidite pélites,which,“ in places,

L
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are cherty. They are. surrounded by turbidite sedimentary
rocks Wthh are strat1graph1cally above the felsic vdlcanic

p1le

In general, the rocks are aphanitic to finely crystalline
and -dark grey to dark-green: though alsc light grey and
white where altered to carbonate, sericite, epidote and /or.

silica (ffgure 2-13ckf).

The volcaniclastic portions of unit 5 consist of 0.,25-
‘2}b m clastic 'beds, the layering defined by changes “in

grain- matrix fatio;'.clast size, and matrix type (Saddy to

. pelitic) (Flgure 2-13a&b). Some of these beds display nor- . .

mal grading (F;gure 2:13b&c).' The rocks range from poorly
to well sorted and from ﬁatrix*;fo‘ clast-éupported. Most-
clasts are 1 to 10.cm across’(with.a few larger), moﬁblith—
ic, and angula; to yel;—rounded. They are commonly vesicu-
-lar, the vesicleslbeing.evénly dispefsed,(figure 2-13¢c) or.
"afranééd in'zoneg\iFigure-2—13e). Some clasts have wh1te,
altered rims, tﬁ&ugh'more commonly they are completely al-
tered white to ,iight g;e}(by qérbpnate, epidote and‘ser1-“
cite, in contrast to a dark grey matrix. Ihﬁefﬁeds'of-pil—N
- low lava, pillow breccia and hyéloclastités grade‘vertiéaily'
féhd léﬁéréliy into -the volcanchastlc rocks (Figure 2- le)
Two' lobes of volcanlclastlc Arocks contaln matrix- supported

"rounded clasts in a ‘pelitic matrix (Flgure 2= 13d)

1
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FIGURE’ 2-13: MAFIC VOLCANICLASTIC ROCKS OF UNIT 5,

A) basaltic volcaniclastic beds with layering defined by
change in grain-to-matrix ratib, clast size and matrixntype.
Thin pelitic beds with a few floating clasts alternate with
ﬁhick beds of packed clasts. éield book is 19 cm long. B)
mafic volcaniclastic beds défined 'by change in grain-to-ma-
trix ratib and clast size. Clasts may be slightly é:éded.
C) mafic volcaniclastic.beds %eparated by a garnetiferous,
éelitic bed. The vesicular.clagts are altered white by ser-
icite and carbonate. . The upper clastic bed is normally
gréded by a change in clast size and grain-to- matrix ratio.
D) flow lobe of .pelitic, matrix-supported volcaniclastic bed
(dark colour) between pillow breccia beds. E) closeqp‘of
vesicuiar'clasts within a Uolcanicléstic bed (pillow brec-
cia?). Some of the clasts show zpning of vesicles;\the larg-
ﬁesé (és-cm across) displays concentric zoning. F) micropho-
togréph of,a vesiculaf clast. The_ma;Zc ciast is altered to

R?arbonéte, sgriéite and guartz, with vesicles filled with
quaffz and carbonate. The clast has liﬁtie_biotite and am-
phibolercompared to th matrﬁx on ieft gide of pﬁofo. Field

of view 1is 1 cm.






40

"The pillow laQa (Figure 2-14ajb&c) has pillows that range
from 20 cm to 1 m in longest exposed dimension, ‘and vary -
from being uniformly yesicular to coneentrical;y vesicular
(Figure 2-14d) to radially vesicular (Figure 2-14e) to non-
vesicular. Rarely the pillows are variolitic (Figure
2-14f). Locally the pillows grade upward ffom.small, non-
vesicular to larger and‘yesicular ones (Figure 2—fgg}. How-—
ever, ovefall the pillows decrease in size and vesicuiarify
upsectian through the. unit. . Pillow lava loCaily grades up-
ward and laterally iato pillow brecciarand hyaloclastife
(Figure 2-14h) and in two ' localities grades laterally inte
small globules, possibly pillow Breccia, (Figure 2-15a),
similar in appearance to clasts' of some of the volcaniclas-

tic beds.

Pillow breccia has centimeter to metef sized clasts that
range from packed, angular fragmeﬁts‘(broken pillow bﬁeecia)
(Figufe'Z—le)rtb amoeboidfshaped clasts Eloatiﬁé.in a hyal-

¢clastite matrix (isolated plllow brecc1a) (Figure 2-15¢)..

At one locallty plllow breccaa 15 separated - from ovetiying“"

and underlylng plllow lavas by 2 to 3 cm thlck lava -beds or’
dyklets (Flgure 2- 15d) At. another, p1llow brecc1a (between'
. pilléw lava) has subangular to subrounded clasts 51m11ap to

clasts in some of the volcanlclastlc rocks (Fzgure 2~ 15f)

Hyaloclastlte con51sts of small - ‘angular fragments rang—ﬂ

1ng from less than a- mllllmeter to greater than a centlmeter:-

~

in size that form.as a matr;x‘to plllow breccia (Figure

' . .
“ . .. . - -
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FIGURE 2-14: MAFIC PILLOW LAVA OF UNIT 5.

-~

A) basaltic pillow dava showing budding pillow (p).‘
Stratigraphic top, determined ffom adjacent sediments, is to
the right. Field book is 19 c@ long. B) pillow lava with
uniform vesicularity. The ig}erstices are hyaloclastite. C)
pillow lava with mafic pillgas that -a;e light®grey to white
due to sericitisation and darboﬁétisation. D) pillbﬁs witﬁ
concentric, chpoéitional ébning E) pillows with r§%1ally
aligned amygdules. Edge of field book is 11 cm, F)Avarkpl—;
iticbpi¥low; ~ Felsic’ varlQles are present in a baSaltIé-ma;'
Erix{;‘ G) pillows gradiné, from left to right;. from small
"and .vesicular- poor to large and ve51cular rich. H) pilléw_
’lava gradlng stratlgraphlcalby upwargd, (down photo) 1nto le—.
" Low \ brecc1a and hyaloclastlte within thgl-volcanlclastlc

;rocks of un1t 5

J
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FIGURE 2-15: MAFIC PILLOW BRECCIA OF UNIT 5.

-
ks v

. ‘A) mafic g%ppﬁles;: one type of pillbw breécia, . grading
“along str?ﬁgf?;o'fight) intQ pillows. ' Bedding is defined by
, g-thint’Jg;;he;iférous pelite. B) broken pillow breccia.
Pillow fragmeﬁis are packed within a hyaloclastite matrix.
C) isblatgd_pillow breccta. Large amoeboid-shaped pillows
(up fo 0.5 m across) float in a hyaloclasfite matrix. .D)
1;pillowf5reccia (b} separated from pi{low lava. (p) by ﬁhin
layers of lava (aykléts?)} E) piilo& breccia (b) in contact

with pillowed lava (p}.
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2= 15c) ‘ iﬁﬁerstioesrﬁo pilloﬁs (Flgure 2- 14c) or mass1ve

beds cofmo ly gradlng into pxllow brecc1a (F1gure 2 l4h)

n

Massive lava’ ‘is mainly present in,the upper' portion”of‘
unit 5, interbedded with and grading up into pillowed lava,
minor pillow *breccia and gossanous turbidite mudstonésfoff

unit 6. The massive lava generally has poor vesicularity.

In the lower and, to a minor extenr, middle parts of Unltf
5, ptllow lava and pillow breccia include 1 to 2 me}er thick
massive to layered dykeg'(and possibly sills) (Figure 2~16).
These dykes have sharp, Erregular contacts (Figure 2—16d&e).
that are almost parallel to bedding. Locally, the cooEacts
truncate plllOWS and plllow fragments and in others protrude
into, anq seem to be oontrlbutlng to the plllow lava'or
breccia (Figurel2-16f g&h). The dykes vary from belng com-
pletely unlayered (Flgure 2~ 16e) to hav1ng massive. 1nter10rs
and layered margins (Figure 2-16b) to be1ng completely lay—
“ered throughout (Flgure.Z l6al. One dyke changes:outﬁard_
from massive at the center to thiqkl& layered (5 cms) fo
thinnly layered (2 chs) at'tbe marglns (Figure 2-léb). Also-
the:aykeS'commonlf are finely crystalline at their margins
ro coarser crystalllne at their centers. The dykes, 1in
‘ places, peeter out; at one locality a dyke ends as a lobe in
which the* layers are folded around and where there are more
- vésicles than tarther back along the dyke. Also along
strike, in front of this lobe,; is a pillow similar to;the"

lobe, -being concentrically layered and vesicular.

A
o

s
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FIGURE 2-16: MASSIVE TO LAYERED MAFIC DYKES OF OUNIT 5.

.o

A) layered dyke with‘graded units folded in the centre.:

Graded units are deflned by Achange in plagloclase tor- maflc
mlneral ratio. B) dyke W1th ma551ve centref(rzght) chang1ng
intd ihick (5 em}” graded units and then thin (2 cm) graded
p unlts at. ‘margin (left) <) closeup of a graded unlt.' Pla-
gloclase rlch zone “(light ‘coloured) grades upward 1nto mafic

.mineral rich zone (dark coloured). D) layered dykes 1ntrud—

ing p1llow brecc1a. Noté\}he 1rregular, sharp contacts E)

dyke w1th extremely irregular contacts w1th p1llow lava (to_.

left and right}. The. central part oi-the dyke in fore-

ground is breGEiated 51m11ar to p1llow brecc1a. ~ F) mas- .

N

51ve dyke (in foreground) w1th irregular. contact with plllow

lava One- 1rregu;ar protru51on of the dyke - ressembles a
-p1llow bud - (p) S G)*-layered dyke contributing’clasts,to a
breccia.- Protru51ons of the dyke are seen at (p). H). lay-

ered-dyke protruding into plllow b:ecc1a. The layers grade

from 5 cm thick “ones at centre of dyke to <1 cm thick ones -

at‘marginu’

~
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Sohe of the dykes cdhtaiﬁ-.pdckets bf.pillew breccia.(Figure
2-16e). The 1ayered portions of'the dykes ate defined by
centiﬁetei, thick graded units that .are. parallel td the
dykes"' contacts and, in-plades, are folded (Flgure 2-16a).

The graded units are’ the result of changes ‘in plagloclase—

- mafic mineral tatios‘(Elgure 2-16¢c) and vesicularity (Figure

2-16d) . o T

2.1.1.9 interpretation

The depositional environment .of the maff&-nocks‘of unit 5

was primarily subaqueoUs’ .- The pilldw lavas, ﬁillowrbrectias
and hyaloclast1tes ev1dently resuited from extrusion under
water. The volcan1clast1c rocks,' whlch are monolithié and

-the same rock type and grade into the plllow lavas and brec?

c1aa, could represent 1) - plllow brecc1a and hyaloclast1te

“deposits and 2) pillowa lavas,' brecc1as and hyaloclast1te§'

reworked by den51ty flows, slumplng,‘and/or current/wave ac-

‘tion within relatlvely shallow water. The‘flow lobes ‘of -

volcanlclastlc rocks indicate that some of the volcanlclas—_"

tics are debrls flow dep031tgj\¥-

Numerous local shoaling upward cycles are present within

—

‘unit 5, as ‘seen by increagses upward‘in pilloy and v icle.’
size gnd :vesig}e abundance and 1ocal gradlng upwar from

pillowed lava to pilléw breccia to volcan1c1ast1c material

{c.f. Cousineau & Dim:oth, 1982 and D1mroth et al,-1978).
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major shoaling upward sequence appears to be represented‘by

the overall change from mainly pillowed flows /breccia at

"the bottom of the thiékest paft of the unit to a thick sec-

| tion of domlnantly volcanlclastlc rocks and minor pillowed

.that of pillows (c f. Carlisle, 1963).

flows in the middle part. Major deepening is suggested by

the change upward frém the thick section of volcaniclastic-

dominated Tocks to pillowed and massive rocks, seen to be

lava“fIOWfdeminaﬁed, of the upper portion and the'thin'ex-

- tremities of unit 5.

The/layered dykes within the pillowed flows - and breccia
could be shallow dykes that wvere feeders to some of the pil-

lowed lavas and breccias. DeWit and Stern (1978} describe

graded units within dykes as being a number of chilled mar-

gins due to pﬁlses of ~magma thfbbgh the dykes.f’ The ‘folding
of the graded unlts may be -due to flowage of magma through

the dykes deformlng already formed graded units.

The globules that grade 1aterally into. piilows (Figure :

2—15b).n and also seen w1th1n some of the §blcan1clast1c

beds, could have an orlgln not fundamentally dlfferent from
ar-

The feeding fissures for the mafic deposiks of - unit 5
. were probably separate from that -.of .thelfelsic ve}cahig»’

rocks, _being on the eastern flank of the felsic volcanic .

.,

‘pile,\Where the mafic volcanics are thickest.

. “’5‘-}
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2.1.2 sedimentary rocks .

A_sedimentarj rock sequence (unit 6) surrbunds the vol-

- canic pile.  The sequence is generally younger than the vol-

canic rocks, vthough a 1oca1 ‘exposure of sedlmentary rocks-..

" within the-southwest corner of the volcanlc plle in un1t 1

(Map sheet B) and three localltxes w1th1n un1t 2 and 3 indi-

Awest oﬁ the. volcanlc p1le the sedlmentary rocks appear to be’

older than the volcanlc r0cks (units 2 & 5) Though top d1-

rect1ons were not seen in the sediments the mafic voleanlcs
'1mmed1ately south con51stently face south, away from the
eediments. The sediments have'conformable,_‘though iocally

‘faulted, and gossanous contacts with the wvolcanic rocks,' At

a few places along the southwestern part of the sedimentary

and felsic volcanic contact the sediments contain rounded

:.clasts of the felsic voloanic rocks. __AlSOvto the_west;of

ﬁtheivolcanie'pile, greyﬁackes cohtain-abundant}'ahgular fel-

'sic volcanic clasts.
co y

'The sedimentdry rocks.are doginantly interbedded grey-

wackes and mudstonesV (Figure' 2-17a}. metamorphoaea to

greenschlst and lower amphlbollte grade (Chapter 4) : Gréyr

’ wackes weather light grey, tan or brownish grey’/é\q are

coarse to fine gralned and 1ocally grltty The mudstones are

dark grey to black. - The greywackes predomlnate w1th1n the

‘sequence, repeatedly gradlng up 1nto the mudstones. . These

graded couplets range from-1l cm to several meters in

cate sedlmentatlon contemporaneous w1th volcanlsm.. North—-'

B e




w0 s

. FIGURE 2~17: TURBIDITE SEDIMENTARY ROCKS -OF UNIT 6.

.l

A) - proximal and distal'faoies:of tnrbidite sedimentery

rocks. 'The proximal\facies; left, is. maznly greywacke (beds

up to 35 cm thick) and the déstal fac1es, rlght ma1nly mud—

stone w1th thin (up to-5 cm) sandstone‘beds.l B)» complete

Bouma sequence in turbldlte sedlmentary rocks A" (at strat1-¥

graphic base of. sed1mentat10n_un1t) is graded gregyacke, "B~

para;lel'laminated' sandstone, -C cllmblng rlpples in sand-

' stone, D lamlnated siltstone and E. mudstone. C)trough crossd.
'rbedded sandstone Fleld of view: is 15 cm. D) rlpple drift

'cross bedd1ng Fleld of v1ew is. 10 cm. E) sandstone dyklet-‘

and load structures protrud1ng 1nto mudstone, straﬁlgraphl"'

cally below greywacke bed.” F) synsedlmentary, near isocli-

_ nal folds in sandstone. ‘ The 1soc11nes are refolded by - opent

tectonic’ structures; G) mud rlpup clasts 1dFsandstone. The

E-W linearion 'is'glac1al., H) interbedded mudstones and
sandsronesi Noteiripples (R), loads and flames (L) and rare

flaser bedding.(F) U Stratigraphic top is upwardﬁ,, I)‘dewa-

-terlng structure deflned by an up51de down teardrop in lami-

nated sandstone Fleld of view is 8 cm, Stratlgraph1c top

‘is upward ' J) & (K) mlcrophotographs of greywacke show1ng

'abundanQJQUa\%z grains (Q), fe151c volcanic clasts (V) and a

few- metamorphosed granltlc fragments (M) (J_is_with cross

polarlsed l;ght), Fleld of view is 3 5 mm.
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‘thickﬁéss ahd contain sedimentéry-feqtuﬁeé of“thg'Bouma.se—
duence (Béumd, 1962) (Figuré"2717$). .Zﬁsually incomplete
Bouma'seqﬁéﬁcéé dre;seen:such'as_ABé, AQE o? ABCE bed%, w@éh

‘A as. graded greywacke infillihg[scbdrs at-the base; Bfés

parallel-laminated sandstone;. C'&éjrcq6557beddedv'(Figuré

2-17¢) to ripple-drift laminated (FIQu;é;ZLljd) sandstone; -

and E as- mudstone. Rarely is the _Boﬁma seguence complete

with the. D division, laminated siltstones, as ‘seen.in Figure

2—17b.%

Sedimentary structures due'to-syn—seqimehtari deﬁbrmation
‘are commonly'presgnt, pattiéuiarly In Eﬂe 1o§ér gra¢e'rocksl
Thesewénclpde Vloadfand flame ét;ucfures (Figure 2-17e,h),
ball aﬁd pillow structdresh conyolute bédding,j syn-sedimen-
tary folds (Figure 2;17f), énd.déwatering stru%tures such as
sandstone dykelets .(Figure 2-l7e); conical forms in sénd—
stone ('psegdo4ripples’) -at the éontact with overlying mud-
stoné énd rarely upsidefdoﬁn "teardrop shapés _in laminatéa
" sandstone {Figure 2-17i). Othgr primary features are.intra—
formationél qéngloméréteé (Figure 2—i79) and carbonate (now
~calcsilicate) concretions and beds.

. L
- The greywackes and mudstones are psammites and biotite

schists in the higher gradefmeﬁamorphic rocks., Though some
of the primary 'features have -been cbliterated by metamorp-

h¥sm, manyxare..breserved such as cross-bedding (F%gure

"4~5e), scours and grading. Grading 1is expressed by psam-~
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e m1tes grading 1nto pelites and by cordlerlte porphyroblasts
'f ShOWing reverse gradlng by size and abundance due to pref—

N erentlal growth 1n pe11t1c ;Exefs.

>

T The greywackes, as seen in thin section, contain quartz

B and feldspar grains and felsic rock fragments‘ (Figure

2 17h). The - fragments include fine recrystalllsed fels1c
_volcanlc material and metamorphosed granitic fragments (mo--
saic of coarse, sutured crystals of quartz and feldspar).
The felsic volcanic fragments are more deformed than,other
fragments and their quﬁlines difficult to see,\ especéal;y

under polarised light. ' N L

2.1.3.1;. interpretetion
; The Sedlmentary rocks of unlt 6 contaln all the features
character1st1c of turbldltes dzscussed by Henderson (1975).

They are not’ subdlv1ded on the map Imap sheets A,B,C) ipto
turbldlte subfacies because of ‘changes over very short dis-
tances- for example a 51ngle outcrop may contaln both dlstal
and proximal turbldltes (Figure 2-17a}). One.general1zat1on,
though, can be made: prox1mal;5andstones predominare next to
the volcanic pile. Thick A,B, and C divieions areutbpped by
a rhin mudstone E division/and scours and gritty beds are
common, As described above, the material for these sedi-

ments predominantly comes from the felsic volecanic and gran-

itic recks. In contrast, farther from the volcaﬂic-rbbks,



TY—_—

-.‘_‘ ‘.- | . - ) . | ' - 52

' the sediments, are a mixture of proximal and distal turbi-

dites. : : - . *

Sedimentation was going on during -and"after volcanism as

seen by a few turbidite 10ca11t1es conformably within vol-'

canic rock units 1, 2 and 3 and’ younger turbidltes surround-
. . » u

ing the volcanics and locally containing felsic volcanic ma-

terial of possible pyroélaétic.origin.

—
¥

2.1.3 - paleogeographic interpretation
C. ' ‘

Five main stages can be recognised in the development of

‘the Clan Lake volcanic pile and tutbidite sedimentary rocks

iFigUfe é418). During the first stage basaltic to amdesitic
lava {unit l)‘ was extruded in a subaqueous basin containing
turbidites (Figure 2-18A ). This was followed by the build-
uo of an andesitio'tq dacitic volcanic cone by pyroclastic
fall and flow and lava flow depoa\tion (unit 2a), such that
the cone eventually was subaerially exposed (Figure 2+18B),

: I
With subaerial exposure of part of the cone, volcaniclastic

' ’ - ¥ ._v:
rocks of unit 3 (alluvial deposits)} wereldégosited as a re-

sult of subsequent erosion and reworking of some of the un-

. ™
stable volcanic cone deposits. The third .stage was the de-

-

velopment of a dacitic dome complex .on the volcanic cone,

which included the_'deposition of crumble breccia and minor

3

. .4 . - '
massive lava.(unit 2b; Figure 2-18c)}. Subsequent  mass wast-
. . LI N » ' " .

ing of this dome complek - plus further reworking of unstable

\.J“]r- . .-. LA

- ,? R '
B w oyt ‘ . .
e i - N ’

]
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materlal from the volcanlc cone’ resulted in cont1nued depo—:
sition of volcan1clast1c rocks of. unit 3... Stage 4 (F1gure'
2-18D) was dac1t1c to rhyolltlc pyroclastlc flow -and fall
depositiont These pyroclastlc dep051ts o£ unit 4 were preﬁﬁ .
sérved on the_flénk, p:espmably subae?lally, of. the vo}can1c.
xcone.{ Prevaiiihg;wipdsﬁméy have also-affebted.their‘dist:i—

‘bution.

While the felsi&;volcaﬁiﬁ. pile deéeléﬁéd (first subaque-
ously and later subaerialiﬁ), ’méfic léva (unit 5) extéuded
from separate fissuf@s'on theﬁsubmerged'gaStErhwflank of the
wvglcanic cone. ”Thé-mafic volcanic depoéits’built up into a
'shallow subaqueous env1ronment where a thlck section of maf- ~
;ﬁc volcanlclastlc rocks was dep051ted Followlng deepen1ng
of the subaqueous env1ronment further extru51on of maf1c
-"lava produced pillowed and massive flows with;minpr‘volcan—
iclastic material withih a turbidite depositional environ-
rment (Figure 2-18E), Duriﬁg this last stage, “there was no
felsic volcénisi}‘fﬁe felsic pile was eroded down and became
submerged and covered by turbidite‘se&iments of-unit 6. :.‘\\

-~
LB

2,2 . INTRUSIVE ROCKS

- [l

The s%gimentary and volcanic rocks were intruded by\Qab—
broic bodies (unit 7), then by granitic bodiés and dykes.

(unit 8) and lastly by diabase dykes (unit 9).
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‘B stage: buildup of andesitic to dacitic volcanic

cone (unit 2a) and, where subaerially exposed,
reworking and. redeposition ¢f the cone's
- deposits (unit 3)% kinor subaqueous extrusion

" of mafi¢ lava (unit 5) to the east.
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C stage: continued buildup of volcanic cone, culminating

in development of a dete complex (unit 2b).
Masswagting of dome complex ‘and cone resulted in
continued deposition of volcaniclastic rocks of
unit %, Shallow watér extrusion of mafic lava to
Lheeast resulted in deposition of thick mafic
volcaniclastic rocks (unit 5). )
i
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D stage: pyroclastic flow deposition (unit &) ‘followed

} by pyroclastic fall activity (unit 4). L
. Subaqueous extrusicon of mafic lava (unit 5)

continuéd to the east. - -

t

&

4 b b b 4 & A o N v

E stage: cessaticn of felsic volcamism. Felsic volcanic
pile subsided and was covered by turbidite
sediments (unit 6). lMinor, deeper water, mafic
extrusion (unit 5) continued to the east.

1

turbidite sediments. N .

basaltic to andesitic massive and, pillowed flows,
~pillow breccia and yolcaniclastic rocks.

dacitic to rhyolitic tuffs. . -

andesitic to dacitic volcaniclastic rocks.
(songlomerates, diamictites, arenites, lutites).

2b: dacitic breccia and. minor lava.
2a: dacitic and minor andesitic lavas d tuffs,

F B E E

basaltic to andesitic pillowed and massive flows
and pillow breccia. '

. - -7

.

FIGURE 2-18:

-

Paleogeographic model for the Clan Lake volcanic-segfmen—

tary succession. . o _
. ' - - _._/' : |

. .
B . - *
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ties. within\both the turbidite. sedim

: ro; wh1ch ‘has been metamorphosed S‘consist

2.2.1 '-gebbroic bodies

r

Gabbroic intrusive bodies are present in several locali-

ary and volcanic

. ‘ g
rocks (un1ts l to 6).  They form'<1 to

are. 1rregu1ar sﬁhped plutons up to 500 across The gabb€1

- 1

malnly of amphl-_

. bole, blotlte and plagzoclase, and‘m1nor opaq es and quartz.

The bodles are crosscut by an undeformed S3 blOtlte folha- -

tion (see 3.2.4) and a few dykes are’ folded by F3 folds (see
N

3.2.4), 1nd1cat1ng they were emplaced before D3 deformat'on o

.
i

.o “Q\ ' , : ‘
The:dykes trend northerly, generally not extending foft.

more than a few k1lometers (Map sheets A,B & C). In ghé

thicker dykes, —amphlbole and plagiociase crystals increase '

in size from their margins to theirvqehters. ‘They also dis-
play rhythmic layering due to changes 'in plagioé;ase—mafic
mineral ratio, (Flgure 2- 19a) A few dykes have quartz amyg—

dules and one,_ p0551bly 2 5111 has lenticular cavities at

-one of its margins elth.sedlmentery rocks of unit 6 (Figure

"2-19b). This is the upper. mergin, in accordance with top:

directions in the surrounding sediments.

T
2,2.2 granitic bodies and dykes {unit 8) - ﬁfﬂ

A granitic body is present in the western part of the map °

area, which borders .on auregion of giahitie batholiths;

2

A-.-"
7

gg“.

5 m wlde dykes; some
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FIGURE 2-19; GABBROIC DYKES OF UNIT 7. o .
-~ , ) T A | .

A) gabbroid—dyke | displaying rhythmic layering due"to
change in plagioc ase-to-mafic mineral -ratio. Grading is

seen by an - increase in plagiotlase content and decrease in

‘mafic mineral-content (froh dark to light) towards dyke mar- s

"gin. B) gabbroic dyke containing lenticular cavities at its

'margin with sedimentary rocks of unit 6. Stratigraphic top

is upward, Pen is 15 cm long.

~ . yir
z
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‘a few small granitic dykés are located ﬁust,sduthA of the
' éasﬁorn'part of ;tho.voltahic pile. Tho“granite is pink to
'whioe and commonly hoé‘ sedimentary and volcanic xencliths
near its margin. - The pluton has an intrusive contact with-b

‘the sedimentafy -and volcanic rocks as shown by. offshoots,
-

dykes and veins that crosscut the’ supracrustal rocks. ' The

contactkls parallel to an $3 foliation present in the sedi-

“

e .
1me,ntary r0cks as well as-rn ‘the granite.

el

-

65% and maihly as microcline),  some plagioclase (15%) - and

‘quartz“(15%), and minor muscovite' (3%) and bictite (2%).

fhe granite was emplaced during D3, indicated by its re-

“lationship to an.$3-L3 fabric (desc;iogd in chapter 3, sec-

ot

tion 4).

2.2.3 diabase dykes (unit 9y . .
’ [N ~ \

“Diabase dykes are abundan£ .-in the. area. They  weather

., rusty-brown but are generally resistant compared to.the sur-

rounding rock types, ‘though in a few locaiities the dykes

a‘“ﬁrecessive They trend north— to northeastWard- are gen-

~erally discontinuous; and range Erom less than a meter to 50
meters in w1dth They are the youngest intrusive rocks of s

" the area, Being undeformed and unmetamorphoseé and of Pro-

terozoic age (McGlynn & Henderson, 1972). The dykes are, in

.a few 'local{ties, 'displaced by Proterozoic faults (Figﬁfe

2_1) .‘S f . ’ . J : ) -

Five Samples of the granite contain mainly K-feldspar (.

-~



~ "Chapter III

. i 4 . STRUCTURE .

3.1 INTRODUCTION

of structures, a cted the sedimentary and volcanic rocks ¢

of the Clan ‘Lake arka (Eiéﬁfe 3-1).

Tha eaflieét structures éecogﬁised_ are a ﬁacfoscopic an-
tiformal.Fd structure and macrosdopic‘ F1 folds that” are as-
signed to DO.énd'ﬁl deformations respectively and appear to
have p;ecéeded ﬁétamo;phism. ’The nex; threé deformations,
D2 to b4,yéccompapieé regional metamorphism. D2 deformation
produced an lSZ—L2 fabric_'generallf without‘ accompanying
folds; D3 deformation an S3-L3 fébriC‘ and F3 ﬁesoscopic
N folds;iiand D4'defoémation, during the peak of metamorphism,
an S4 pléévage and F4 mesoscopic folds. Lastly, the rocks

_qeré fauited and fractured.

Each set of ét;uqﬁures 'is desc;ibed} ‘pertinent features

- are discuésed; and theideformational history of the map area
summarised Ain the following sections. The terminology used
fér cleavages is after Poweil, 1979 and Gray,’ 19775 (Figure

3-2) and fold types after Ramsay, 1967 (Figure 3-3).

N
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‘Deformatlional Structural

event

succession

torpnplogy and distribution of
ntructufen

Cfientntion af

uctures

Sir

. |major
- o [faults
1] i v

minor
faults

"Proterzolc

[Prominant llncanunts and highly
fractured rucka.

Apparant-luft- and :zght;latur#l u
faulta,

=NE<EN

rike for left laterals,
trike for right ln;nrnl

strike. for left latsrais
E-SE strike for right laterals.

"F4

L

. 54 .

_|hleher grade rocks

Mesoscoplc folda mninly in s
uedinentary rockﬂ.‘

Class IA to IC-type.

Intersection Lineatien’
Disjunctive to crenulation
cleavage in-low grade sedimentary|,

rocks .to mineral foliatlon and - |*
ninor crenulation cleavage in

NHE trcndu, steep pluq,cs.

Open to.closed. : _‘,

L3

v
.[ .
archean

. |Clasa IA to IC-type.

Mesoscopic' folds in nedimcntary
and volcunic rocks.,
Open to isoclinal,

Disjunctive and continuous
cleavage in low grade aedimentary
and. volcanic rocks to continuoun
mineral feliatien in hlgher gradg
rocks.

To a ninor extent, deflned hy
flattened primary features.

Defined by mineral allignmgnt,
quartz fibres and, to a mhor
extent, stretched. prinary
features within 53 foliation
plane.

Cnneralll ﬂ strikke, varying
from W to LI _
stecp dips to E, flattenine

nenr western granite,

Staap HE plungcg.

o2

Widely-spaced, disjunctive
cleavage and flattened primary
features malnly in velcanle rocks
Inciusion trails .in bictite
porpggroblasts in scdlmbntary»
rock i .

Stretched prlmaryifuaturus.

Cenerally W=V atrike, stecp
dips to iI-NE, but NE strike
enstern 1afic volcanic rociis

Stccp =B plun:,q.

in

D1
Fla

Hacroscupf& folda in sedimentary
and voleanic rocks.
Isoclinal,

¥acros copic folds in sedimentary
and volcanie rocks.
Iseelinal.,

HE=-NNE trends.

w-nw<9renuu.

Fg.

DO

Defined by cnange in facing
dlrection of Fl macroscoplc folds

FIGURE 3-1:

- r

: . N Summary of

. . CLn Lake area-

}

st rtpctura_i ‘succession in

.

supracrustal rocks,
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Fundumental types of fold classes. Dip isogons have been drawn at i0° intervals Srom the toner
to the upper surfaces X and Y. ’ ’
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Types of fold classes after Ramsayr(l%'i).



62
" Note that a}mgséscqpic, slaty cleavage iﬁ the Clan, Lake area
microscopic§lly ig a éopbihation‘of a closely-spaced, domai-
nal cleavégefﬂreéerred to as a slaty cleavage in Figure 3-2)

and a continuous clkavage.

3.2  STRUCTURES

.3.2.1 DO structure: EQ macroscopic fold

-

'
)

“An FO anticlinal or domal structure is.outlined by cﬂahg=

es in facing di{gctions of Fl folds . As shown in Figure
3-4, F1 folds 9& gedimenfary rocks face outward from the
volcanic\pile, no;theastward,' southwestward and wégtward.
Some of these folds follow into outward facing structures

within the volcanic rocks; the main body of which can be in-

terprefed'as forming a broad DO domal structure._before'Fl

folding.
0 3.2.2 Dl structures: Fl macroscopic folds L ' *
Fl macroscopic anticlines and synclines, delineated by

major changes in bedding-top directions, form sets of folds
with axial traces extending up to 6 km in two main direc-
tions (Figure 3=4). One set (F1A) trends northwest to west-

ward within the central part of the volcanic pile and within

. » . .
sedimentary rocks farther west; the other set {(F1B) trends

northeastward within the southern and eastern parts of the
pile and in sedimentary rocks immediately north and south-

n

east of the pile.
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Form line map, Clan Lake area. Macroscopic Fl1 folds are ™ =

outlined. Form lines of bedding surfaces crosscg}/ﬂithologic

boundarigs partly because of facies changes.
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_/Fl folds are generally 1soc11na1 sﬁeeplj inclined and

domlnantly overturned* soubhwest or northwestvard towaras'
the gran1t1c rocks .. marg1nal to the supracrustal roc;§3—-

few,. for example west of Clan Lake, - are uprlght or over-
turned away frem the gfanitic rocks, - The Fi folds are cros-
'scut'oblié:;1y by-S2 and S3 ﬁoliagions, '1551cat1ng they are
older than D2 and D3 deEormational{'events. Not as yet re-

‘cognised is an S1 foliation essocieted.with the Fl folds.

-

3.2.3 D2 structures: 52-L2- fabric

The earllest fabric recognised is a follatlon, de51gnated'
as S2,' whlch is presarved mainly wlthln ‘the volcan1c rocks,
S2,is'steep1y dipping, mainly variably eastward (Figure 3-5)
with an:ease'plunging L2 lineatien (figure.3f6) but no asso-
ciated‘mesoseopié folds. fhe foliation, though variable,
generalif_stfikes: northwest to west eeggept in the eastern
"mafie.volcanic rocks where it strikes north " to northeast.
The $2-L2 fabrie.iS-younger than Fl folds because.it strikes
obliguely across these folds, for example at the axial trace
of a'northeast-‘trending F1.fold in the southwest corner of

‘the volcanic pile (Map sheet-B).

S2'includes widely-spaced disjuhctive cleavage and rare-
Lly a contlnuous cleavage Wlthln felsic volcanic rbqks and -
turbldlte sandstones (Flgure 3- 7a b) ... It also includes a

- foliation and/or L2 11neat10n of deformed and rotated
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FIGURE 3-5: | A
S2 foliation. Map shows generalised S$2 foéliation trends;
stereonet s, a 1ower'hemisphere projection of poles to 52

cordierite isograds (-m-m.),

foliation. Note S2 biotite inclusion trail trends (4=7) near -
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L2 and L3 11neat1ons. Map shows’ generallsed L2 (—%9)Véhd
L3 (—%» ) llneatlon trends Stereonet 1s a lower hemzsphere

prOJectlon of L2 ( -) and’ L3 ( x ) or*entatlons..

i
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FIGURE 3~7:;52,F0LiATI0N¢

~A) S2 w1dely spaced dls]unctlve Vcleavage-(defined by

" white mlca-concentratlon) crosscut by ‘an S3 rbugh'cleavage~

(irregular, anastomising fracturesL--ln felsic volcanic rock

of unit 2. B) 82 ,widely?spaCed'disjunctive'.cleavage.in
sandatone (unit 6) definedo by zonee of concentrated andi
allgned whlte micas and opaques : 52 abruptly term1nates at:
- contact w1th mudstone whlch contalns an s3 slaty cleavage.l

C) h1ghly-stra1ned mafic plllows (unit 5)° deflnlng 82 (par-_-

allel to- pen). _Tops are, toward the boEtom of the plcture.

D) photomlcrograph of S2 w1dely spaced dlsjunctlve cleavage
¥

in sandstone (unit 6) _deflned by concent;atlon of white mi-
cas. ' 52 is crosacut"by,an S3 foliation.' Field'of‘view'is'2
-mm. E) S2 continuous cleavage crenulated by S3 and S4

cleavages within a pellte (un1t 6). Fleld of v1ew 15 2 mm.

F) 52 quartz 1nc1u51on trails, w1th1n blOtlte porphyroblasts

1b10t1te ‘A) in a pelite (uﬁ\g 6) 'S2. is at an obllque ‘angle’

“to the exterior, S3 mu5cov1te follatlon. "Field of view is .1

|

mm. G) S2 continuous: to dlSjunctlve.cleavage defined by

‘-allgned muscov1te and quartz, crenulated by a rare S3 crenu-

,1at10n cleavage in a fe151c tuff (unit.4&). ',Fle;d of- v1ew is

~

2 mm. .

. . B
e e - e ————
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primary features such ‘as clasts, amygdules, phenocrysts ‘and
oillows withinfvolcanic.rocks (Figure 3+7¢), and mudchips;

concretions ‘ané- 1oad structures ’within sedimentary "rocks;

'The S2-L2 fabric of deformed primary structures varies ‘con-

siderably in character from'where the structureés are highly

flattened, stretched and/or rotated to where they are weakly
.defprmed. 52 isgdistinguished from a rare S3 foliation of
strained primary structures-by. the presenoe“pf.crosscutting

S3 cleavage.-

W1de1y spaced dlsjunctlve S2 cleavage in felsic volcanics

“and sandstones is defzned by relat1vely straight (dlscount—

, 1ng later: fold1hg) dlscontlnuous m1ca rich zones 1 mm to 1

cm in. width and 0.52;9 10 .cm apart.L' Petrographlcally, the

S2 widely-spaced disjunctive cleavage is defined by concen-
el SooTEEE ’

trations of white micas and less commonly, ,opaqueS"(Eigure

3-7d). ° The white micas are concentrated though not neces-

sarily aligned, within, dlSCOﬂtanOUS zones that taper at the‘

Kl

ends.- The opaqgues florm discontinuous, anastomising black

seams within the mica-rich zones.

. . L .

S2 continuous cleavage is rarely preserved in chlorite
B . -

grade volcanic and sedimentary rocks as a chlorite and/or

white mica foliation that, in places, is crenulated by-later

. structures {Figure 3-7e,f). S2 is also rarely preserved as’

duartz inclusion trails within biotite porphyroblasts ob--""

lique or parallelsto external S3 mica foliation within sed-

iments near the cordierite isograd (Figure 3-7g).

-a

e 1w



3.2.4 . Qg structures: gg-folde and associated S3-L3: fabric
'3.2.4,1 © F3 folds

¥

F3.mesoeo0pic'folds which‘are.predominantly in eedimen~'
tary rocks and rared{ in th1n bedded volcanlclastlc rocks,
Eare open to 1soc11nal with steep to vertlcal plunges (Flgure
‘3 9a) Some isoclinal F3 folds ; w1th:obscure hlnges,- are
only-recognlsed by a. local change in bedding—top direetions.'
The F3 folds are up to a few meters in amplltude with an as—l
sociated S§3 fOllathﬂ that d15t1ngu1shes them from macro- -
scopic F1 folds. F3 folds vary from class IA- to class IC—ﬁ
type (Figgre 3-3). . Flgure- 3- 9b shows a sandstone ubed
affected hy F3 folds w1th varlable proflles.

e ' w\\ . .

'3.2.4.2 $3-L3 fabric

An S3-L3 fabric is ptevalent. within‘both the.sedimentarg
‘and volcanic rocks( It is -usually distinguishedlfnom 52 by
_morphology and timing relationships'soch as'éz a nideiy;
‘space d1sgunct1ve cleavage ' crosscut . by closely spaced s3.
‘Also S3. commonly is axlal planar to mesoscoplc folds whereas:
folds are not known to’ be assoc1ated wlth 52. 83 varles in
‘trend commonly lylng subparallel to beddlng 1n' pel1t1c”'
rocks and refractlng into sandstones at an apprec1able angle
to beddlng Though varlable, S3 predomlnantly strlkes
northward and ie subvertlcal or dlps steeply eastnatd'léee
net prOJect1on Flgure 3- 8.g'_L3 plunges moderate;g to stee-

.ply, mainly
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FIGURE 3-8:. - .
$3 foliation. Map shows generallsed S3 follatlon trends

,stereonei is a lower hemlsphere progectlon of. poles to 53

foliatiqn'or1entat10ns { =). The .x_s on ‘the stezeone; are -

 poles to flattened S3 orientatdons near the western granite.

1 Y FJ SEDIMENTS
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FIGURE 3-9":' F3 MESOSCOPIC FOLDS AND S3 FOLIATION.

A) F3 folds in sedlmentary rocks (un1t 6) The fold 'is a
fclosed Class IB type fold- w1th a steep plunge. B) F3 meso-.

scopic folds varylng in’ proflle .shape along a sandstonekbed

71

(ynit 6). c). 83 cleavage ‘with strained ball- and'pillow‘

structutes in sandy layers ang S4_cfenu1ation cleavage in
pelitic’ layers (unit 6). D) s3 slaty’'cleavage crenulated by -
S4.crenulation cleavage (parallel to pen) (unit 6). E} pho-
‘tom1crograph of 53 smooth d153unct1ve cleavage with long;'
’stralght folla 1nfsandstone (unit 6) Folla are defined by
concentrat1ons of opaqUes and a11gned white m1cas. jF1eld of
view is 4 mm. F) photomlcrograph of 53 rough dlsjunctive
cleavage vith-short 1rregular folla of concentrated opaques
and white micas in sandstone - (unit 6). F1eld of v1ew 15 4
;mm; G) photomlcrograph of 83 rough cleavage In sandstones
g(unlt 6). ~§3 -folia- of opaques ‘and allgned wh1te m1cas'are
4,concentrated at grain marglns 'Field of view is 2 mm. ° H)
photom1crograph of S3 contlnuous cleavage in pellt (unit 6).
White m1cas “are- allgned and quartz -grains’ elongated alonggv
.53;: Field of view 15 1 5 mm I)photom1crograph of 53 con-
t1nuous clqavage in pelite (unlt g)- deflned by aligned white
‘mlcas and quartz aggregates S3 15 weakly crenulated by an
gS4 cleavage (whlte streaks of white mlca) erld of v1ew is
2 mm. J) photomlcrograph of 53 slaty cleavage dlsruptlng a
quartz vein (unit 6) Fleld.of view is 1 5 cm, Offsets and
,termlnatlons of veln - at cleavage folla may represent pres-

sure solutlon effects. .



o a’.?‘,:, e
’?‘ .. V A
A (AL
FRGY LS

L

M



/"

® 72
northeastward (Figure 3-6). Major deviations of .the fabric
are ‘'shown on the map (Map shéetsiA, ﬂ, C).. They include de-
viations around the western gréﬁite plutens (Figure 3-8)
where 53 is 5h$llow to moderately easterly dipping and L3 is

shallow north-northeasterly plunging (Figure 3-6).-

S3 foliation varies in character depending on rock type

.and metamorphic . grade. ~ Within <chlorite to biotite grade

sedimentary rocks of unit 6, §3 foliation is an i:regpiaf,
disjunctive cleavage, in places accompanied by deformed and

aligned primary features such as sandstone ball - and pillow

structures (Figure 3-9c¢c). S3 may be ‘crenulated by 54 (Figure

3-9d). Microscopically S3 disjunctive cleavage ranges from
a rough to smooth.type in sandstone (Figure 3-9e,f) to slaty
in mudstone (Figuré 3-9j) and 1is defined by concentrations
and alignmént ofvwhite mica, chlorite, opaques and/or minor
biotite. It commonly disrupts quartz veins (Figure 3-95)

and, as a rough cleavage, is usually concentrated at sutured

to planar margins of Quartz grains, though in places it pen-

etrates the grains. Quartz is présent within the microli-
thons as strained, elongate grains parallel to S3 or un-

strained equant grains. Other erystals are mica aligned

. parallel to S3 or random. In 'the pelitic rocks, S3 is also

a 'con;inuods cleaﬁage consisting of aligned white micas,
. . , P .
chlorite, opaques, biotite, quartz and/or quartz 'aggregates

(Figure 3-9h),  commonly crenulated by S4 (Figure 3-9d,i),

and rarely - a crenulation cleavage whére an S2 _continuous

VYR | %
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cleavage is present {Figure 3-7f) This $3 crenulation

cleavage is dlstlngu1shed from S4 by the presence of a later

S4 crenulation cleavage (Figure 3-7f). S

-

In h1gher graae metased1mentary rocks of unit 6, biotite

- and cord1er1te grade rocks,‘SB is a coarse continuous ﬁéner-

al follatlon M1croscop1cally, it consists. of allgned crys-

tals of muscov1te, biotite: and minor opaques, and is loeally

Il

‘ -crenulated by S4 (Figure 3- 12a) Quartz grains are recrys-

tallised and équant in shape, and db net eontribute to the
S3 fabric. §3- is als? preserved in cordierite porphyroSJ
1ast5 as quartz inclusion trails. (Flgﬁre 3-10a), some of
which are crenulated (F1guré 3-10b) and,. outside the cor-

dierite, are mainly obllterated by $4 biotite foliation.

» ‘ . . . : .
. One \sample showed the.quartz inclusion trails . continuous

~with an external §3 biogite foliaplon. In .a few sahples;

chlorite porphyroblasts or clusters are aligned parallel to

s3. , S o ' L
S3 varies in character in volcanic rocks. It is a miner-

al foliation; an irregular, closely-spaced disjunctive

-

~ cleavage commonly crosscutting S$2 cleavage in felsic volcan-

ic rqcks (Figure 3-7a); rarely a foliation of €lattened pri-

mary features such as pillows and clasts; and rarely a cren-

- ~J
ulation cleavage affecting an S2 cleavage in felsic volcanic’

rock unit 4 (Figure“3—2&). Microscopically, $3 minerdl fol-

jation is continuous, mainly within the felsic volcanic




: o . '
N ' Lot S

. 74
FIGURE 3- 10' PHOTOMICROGRAPHS OF S3 AND S4 FOLIATIONS AND F3

AND 'F4 MICROSCOPIC FOLDS. =

'A)  cordierite porphjroblast conta1n1ng §3 inclusion
traxls and surrounded by an S4 contlnuous foliation in biot- !
1te schist (unit 6). Fleld of view is 3 mm. B) cordierite

N
porphyroblast conta1n1ng 53 qudrtz 1nclus1on tralls in biot-

-

ite schist (unit 6). The $3 trails are crenulated inside the
ﬁbrphyroblast by an S4 cléavage ‘'whereas S3 ‘is obllterabed
outside by S4, Pield of view is 3 mm. C) 535 ontinouous
cleavage in a volcanialéstiglrock'(unit'3). $3 is.preserved-- ' e
as guartz inclusion trails = fn garnet porphyroblasts 'aﬁd

passes without deviafion'int6 thé'matrix of quart£T chiorite ‘ .
. and biotitg. Field of view is 1 cm, ﬁ) S3 foliation defined. .
by zbhal arfangemeng of clusters of radiating hornblende in

a ﬁafic'voicanic rock (unit 5). Field of view is 3 mm, E)

rare'S3 foliation defined by aligned biotite and amphibole

within mafic lava~(unit 5). Fleld of view is 1 cm. F) rare
1nterference of F3 and F4. m1crosc0p1c ‘folds in quartz pelite

(unit 6). Field of view is 3.5 ‘mm.
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. rocks (unlts 2&3)" deflned by allgaeg mUSCOVItE, chlor-
'1te opaques and/or blotlte. Rarely’ S3 mlneral follat1on is"
~as aligned amphlpole in * the mafic - volcan;c rocks (Flgure-
_ 3-10e5 C It is alsd”preserved iﬁ garhet ~porphyﬁoblaet5 as
quartz 1nclu51on tra1ls (Flgure 3-10¢) which are concinucua-
with an- external S3 blotzte and chlorite follatlon. A.do-
ma1na1 S3 m;neral ﬁollatloh_is aleO' pfesent:as alighed
biotite clusters, in whica<-individual cictite cryatalé may
be randomly orlented or allgned obllquely as S4. .In highef
grade. ‘and- more maflc volcanlc rocks (unit 5), thls-dcmainal
mineral fol1at10n. is ppesent ‘as aligned. amphibole ciﬁstefs
‘with 1nd1v1dual amphiboles random crl radlatlng (Flguree

!

3-106), 53 closely spaced dlSjUﬂCthe cleavage w1th1n felf

-

sic volcanlc rocks is defined by 1rregular black.seams of

opaques usually accompanied by a muscovite foliation.

$3 foliation - defined by aligned primary structures such -
as ball -and'pillow and load and flame structures and is -
31m11ar in character and’ general trend to S2. Deformed
structures are 'seen to represent Lan 83 follatlon whete par—

allel to an. 83 dls]unctlve cleavage cr0551ng an 52 cleavage.

«///J An L3 llneatlon, whlch is WIthln both the sedlmentary and
Lvolcaﬂlc rocks and closely ascoc;ated_w1th S3 (together.rep-
reeenting an S-L fabric), iiﬁcludesu a mineral a&nd mineral
cluster lineatioc  and quartz fibres along §3 foliation

planes. -
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Within;éhéwgraniticlroéks inuthe-.westerﬁ”pqrt of'£he map
'aréa, a coarse coht}nuous‘cieavage“of biotite and muscovite,
accompanied by lochl roddihé of qUértz ana-feidépar, is con-
ugiaeredlto 'bg'an_53-L3 lfabr&g bgcausel§f-'si@ilarioriénta;
. tions to $3-L3 {n the surrpunéing sediméntéry'rocks.

3.2.5 D& structures: F& folds and anm associated s4 -
cleavage - T
3.2.5.1 F4 folds

3

'F4,mesos§gpié' folds are. éimiiar in cha:acger to, and 
thérefore. indistinguishable frém, F31'fdlds’éx¢ept :ﬁﬁére'
there is an associated 54 crehulation'cleaﬁégé and a foidéd
;'33 foliation; . F& folds are opennto igocfipal,:class‘IA- to
IC- type folds with steep to ve:tibal plungéSuz . hey are up

to a -few meters in amplitude.

‘Interierence of' F3 and F4 'folds is oﬁly-dﬁserved michf"
scopically by gefoided quartz veins (Figure 3-10f).
'3.2.5.2 s4 clgavagé,
The youngesi cleavage, S{, is prevalént,within the sedi-

mentary rocks and rare to absent in volcanic rocks. It gen--

h

erally is north- to northeast-trending, steep cleavage main-
ly_dipping'eastwarﬁ'(Fig. 3-11). Unlike SB,‘SZ is-relatively -

unaffected in orientation near' granitic rocks to the west.

P * B ' i -,
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" FIGURE 3-11:

S4 foliation, Map'shows genefalised S foliation trends;
stereonet is lower hemispherée projection of poles to S4 fol-

. -tationm. . o . .
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S4, like S3, §aties in character dependlng on‘rockft;pe,
@etamorphic grade and other fabrlcs present. . It is not as
;eidéépreadVas $3. 1In places only a lineation’ L4, formed?by

s

the axes of crenulatlons of 53 '15 obvxoos._'

In chlorite grade sedihentaryfrockse $4 is usually a sla-.
ty cleabage or a discfetg- érenulation cleavage:inamudstonea
(Figures 3-9c&d) and a'rough,'disjuncciﬁe to incipient, dis—’“
crete crenuiation cieavaée (éigurea.3—l2d)l in Sandstones.
S4 discrete ctenulation cleavage 'inclodea ‘muscovite*rich
zones with muscov1te allgned parallel to 54 accoﬁpan;edfby
,black seams where opaques are concentrated tFighre'3—125).
.The cleavage domalns are less than 0.01 to Q.ZQ mm wioe‘and
spaced 0.05 to O 10 mm apart In one Sample,-a weli;deOei-
' oped, dlscrete crenulatlon cleavage grades &ntppa-'aonal
crenulation cleavage (Figure 3-12c). . 54 rough faad:inci—i
’pient, discrete crenulation cleavages are _coﬂcehtratedhat
'-QUartz grain poundariea as discootinuoué dark'Seaﬁs of seg-

- .

regated white ‘micas and opaques.

_ 54 foliation in- biotite grade, pélitic rocks is a dis-
'crete‘to_zonal-crenulation cleavage!' whereas*in'asaociated
fsanéstoaeé-it is a contintious mineral foliatiop aod, to a
minor extent . a d153unct1ve ‘cleavag As a crenulatlon
-cleavage S4 has 0.1 to 0. 2 'mm spaced and 0,0L to. 0. .2 mm wide

_folia. The dlscrete crenulatlon cleavage s similar to that-

in chlorlt?/grade rocks, w1th muscovite and opaque folla.



FIGURE 3-12: PHOTOMICROGRAPHS OF S3 AND §4 FOLIATIONS.

A} an §3 continuous foliation crenulated by an S4 zonal

crenulat1on cleavage in pellte {unit 6) Fleld of view is 3

" mm. B)S4 discrete crenulat1on cleavage in pe11te (un1t 6).

;Dark zones are quartz rlch (quartz cis at ext1nct1on) ‘and

: lxght zones are muscov1te-r1ch Field of view 1s 3. 5 mm, . C)

‘S4 crenulatlon cleavage in pel1te (un1t 6) ‘as both dlscrete
{D) and zonal (Z) types in: one sample.ﬁ Field" of view is 1.5
mm, D) 1nterference of 53 and S4 cleavages 1n sandstone‘
(unit 6). S3 1is-a rough cleavage with short,dlscontxnuous ’
folialeftopaQUes and white micas 'and S4'a1dlscrete crenula- -
_ tion‘qleavage. ;Field of.viewjjs 3.5 mm,'.E)‘S4.aenal c;énb-f
1atidn cleavage"atfeetinges3 continuous eleavaéel'ln pelite E
(unit 6).. The light‘zoneS'(ﬁ) are-quartz;rlcﬁ.and_dart zones 

(m) muscoviteﬂrich. Field of view 15 3.5. mm. F)-S3 slaty
.and'SE Erenulation e1eavages d1srupt1ng a . quartz veln.iin'
pelite;(dnit 6). Field of view is 3 5. mm, G) sS4 domalnai
b10t1te follat1on crosscutt1ng an S3 cont1nuous blOtlte fol—:
1at10n in blOtite SChlSt (unlt 6)- "Field of -view is 1 5 cm:
H) SB and S4 biotite. foliations in blOtlte SChlSt (un1t 6).

'eS4 has thlcker "and stubbler b10t1tes (blotlte ). than - 53.
TT(biotite_B), Field of v1ew_15.1.5 mm . .I)_SB.and;SQ continur9
dhs mineral foliatiens in'schist (unit 6)-: s3 ié deflned bv
alignediehlorite‘and' muscovxte whereas S4 15‘ allgned blot—
_"itet‘.Field of view is 3.mm. “d) S3-and S4 contlnuous miner-
alffoliatlons in biotite scn1st (un1t 6) S$3 1is preserved as

' allgned b1ot1te at the h1nges of the folds and S4 as a11gned

biotite ax1al planar to the folds. Field of v1ew is. 3. 5 mm.
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The zonal crenulat1on cleavage is deflned by muscov1te rlch f
fzones, w1th the muscov1te'reor1ented from 83 and quartz-
'r1ch zones (m1crol1thons) _wlth a mlnor"S3 muscovite folia-
,tlon (Flgure 3~ 12a e) As a continuous m1nera1 follat1on

[}

S4 is def1ned by allgned b10t1te and mUSCOV1te.

Quartz ve1ns in ‘beth chlorlte and blOtlte grade rocks are
l«dlsrupted or dlsplaced where S4 is concentrated- ‘(Flgure
'3v12f)} ‘_Quartz -1s-occasfonally concentrated and allgned-

parallel to S4 in presSure shadows.

‘S4 within'dordlerite grade‘rocks is a mineral fol1at10n,"
less commonly a zonal crenulatlon cleavage and rarely a d1s-.:
‘Junct1ve cleavage._- A cont1nuous mlneral fol1at1on is de-.
.'f1ned by EIthEF allgned blOtlte ‘muscovite and/or chlorlte.
A doma1nal mlneral follat1on is present as al1gned strlngers
of b1ot1te/muscov1te and .quartz blebs, with 1ndlv1dual b1ot-
1te crystals w1th1n strlngers allgned as S4 and ones outszde
‘as 53. These strlngers are rem1nlscent of a zonal crenula—
tién'cleavage where 1nd1v1dual !b1ot1te crystals lie along
partly transposed S3 and along 54. (F1gure 3~ lZg) S¢ zonal
crenulation qleavage has 1 0.01 to 4.0 . mm w1de _folia 0. 05 -to
hl 0 mm apart. © It is in places preserved in cord1er1te por-
phyrdblasts as ~quartz-r1ch-zones axial planar to crenula—
_tions in S$3 ‘quartz tralls and contlnuous w1th an external 54
zonal crenulatlon cleavage. - The 1nternal S3 tra1ls'_may be

-

<. obliterated by an S4 contlnuous cleavage (Fzgure 3-10b). S
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disjunctive cleavage consists of: irregular blackfseams'that.f‘

Lare 0. 01*t0“0*03 mm . w1de and 0.1 to 0. 25 ~mm apart and" con—'

‘centrated around,cordlerlte porphyroblasts. ‘”

-S4 may be distihgnished'from S3'Qhere::. 1)'54 crenulateS'
83, 2) S4 is a stralghter or less 1rregular cleavage than'.

”53:.53) S4 is characterlzed by th1cker and stubbler b1ot1tes

compared to 83 (Flgure 3~ 12h) (see metamorphlc chapter for

vb1ot1te types) LAY Inn places 53 ig defined by muscov1te and -

chlorlte whereas sS4 1s an obl1que b10t1te follatlon (F1gure
3 121) 5) ' 54 is an axlal planar fol1at10n to F4 folds

: Whlch preserve a folded $3 at the1r hlnges (Flgure 3- 123)

S&‘is uncommon in volcanic rocks. 3 Where 'present - S4A
:'wlthln maflc volCanlc rocks 1ncludes a rare: amphlbole fol1a~
,tlon lylng oblique to S3 b10t1te fOllathH. Whereas wrthu'
in some dac1te rocks,f_SQ is a dOmalnal m1nera1 follatlon

_The reason ‘for the?rarity‘of S4 fol1at1on in the volcan1c
rocks could be related to §4 be1ng not as strong a follatlonf
'.as S3 and therefore favour1ng the more m}ca r1ch rocks_of';.
" the. Sedlments over the volcan1c rocks.. o

3.2.6° Faults

ZThere'are tno'sefszof najor- faults -in the map area, ad

.north to northeast (mlnor northwest) trendlng,,'steeply-dip—‘.’
:plng set- of left- lateral faults and, to a lesser extent ‘a,
northeast to_east ‘trendlng,_ steeply dlpplng set ~of rlght-
lateral faultS'(Eigdre'J—él. The,fanlt:zones are character-

5
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ised by prom1nent 11neaments and hlghly fractured rock, an

angular rubble that obscures prlmary features. These faults

are thought to be of Proter0201c age because a left 1ateral‘”

fault in the northwest part and one in the southern partwof

the volcanlc plle dlsplace a dlabase -dyke,

A
-

Many steeply dlpplng mlnor faults are present with left-
'and rlght lateral offsets . Most of the left-lateral faults
strike from north to eastfhortheast'and‘the ' right laterals

east to southeast.

. 1In summar§; left-lateral faults strike from northwest to
ndrth to. hortheastfand rfght-iateral'faults from northeast
to east to southeast Beeause of.these variahle trehds,ahd
".the presence of faults of.siﬁilar'strike _but_oppesite off—
set,. af simple cbmpreseive' fau1t~regige“cannot be estab-
lished.

~

3.3 SUMMARY OF DEFORMATIONAL HISTORY

Several‘aefgrmationai. events affected.che rocks of the
1mapgarea. DO deformation produeed a macroscopic anticlinal
'or;domal;structure'cehtredﬁon;the‘uqieahic pile, ' D1 defor-
" mation prOGUCed:macroscepie' Fl-foldé;vargjng in trend from
northwest to east?west to nertheaSt in ‘the sedfmentary and
uoieanicnrgeks;f D2 defbrmation reeulted-_in an S@—LZ_fabric
“mainly greserved”in the volcanlc rocks where it dominantly

gtrites nOrthwestward but varles in the eastern part to

z
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‘northeastaard.‘.SZ is. a weli spaced, disfunctive cleavage as .
-~ well as a‘foiiation of alignéd'primary structures. D3 de-
'formation‘is cﬁaraCterised by mesoscopid F3 folds and an
assoc1ated subvertlcal to easterly dipping S3-L3 fabrlc that
dominantly strikes northward in both sedimentary and volcan—

.ic rocks. 83, varies from a slaty cleavage in mudstones to a

.rough dlSjunCtlve cleavage 1n sandstones at low grade and'a

"continuous mlneral fOllathﬂ at higher grade; in volcanlc._

‘rocks it includes the alignment of primary structures, a

.contlnuous m1neral foliaticn and a dlS]unctlve cleavage.,,Lz

and L3 are strétch and mineral lineations 1n both the sedl*” ‘

mentary and volcanic rocks.

D4 deformation produced F4 masoscépic folds Qitﬁ”an_asﬁ
sociated nprtheast_striking. sS4 cleavagg that s almost,axﬁ.
Clusively_déveldped'in’the sedimentary rocksfr S4 is csmmon—
ly a crenulatidn cleavage afﬁecting §3F generally chahging
from a discrete~ to zosal;typé Wlth 1ncrease in metamorphlc
grade. . It is also a contlnuous m1nera1 follatlon, and in a
faw places a.slaty or a dlsjunct1ye cleavage, - each pﬁ simiﬁ‘
Ilar morphology to 53} L2 and L3 ara‘stretch and miheral'lif

neations- 1n both the sedlmentary and volcanlc rocks

——
Later brittle deformation produca; ndrtheast trendlng,

- left- lateral and east’ trendlng r1ght lateral faults.
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3.4 -DISCUSSION
From the field and‘petrographic obseryarﬁons;' it'ie hsef -
ful ro'consider' a) ‘the'factorspcontrolling ‘type of fabrlc
“and its pfevalence 'b) the posSiolerproceeses-iﬁvolﬁed der—:'
ing the development of the fabr1cs, c) p0551ble epranat1onS'
"-for dev1at10ns in or1entat10n of the fabrlcs d) relat1on;
shlps between fabr;cs .and emplacement of granltlc plutons e).g
tectonlc settlng for Clan Lake supracrustal rochs durlng the*

'reg1onal deformat1onal events.‘

"3,4;1-'=factors.controlling fabrlcltype and‘prebalenCe .

The type of fabrlc and 1ts prevalence are malnly control**
" led by rock comp051t10n, 'metamorphlc grade and presence or

‘ absence of other fabrlcs ".“” o

Ghanges rn fabric rype according to rock”composition'haVe;
"been descrlbed for $2 and S3 in lower grade rocks. . 'Thua sz
.:15 a d153unct1ve cleavage in the more' competent r0ck types-a'
such as sandstones and fels1c volcan1c rocks, but not in the
,relat1vely incompetent pelltes ~and maf1c‘volcan1c Docks;
Also S3 Varles from a rough cleavage in sandstones to-a sla—
ty or cont1nuous cleavage in. mudstones. . The fabr1c‘typei
aleo changes .nlth metamorphic grade as 'illustrated'by 'S3
which changes from a diSjunctive cleavage to a continuous
mlneral fol1at1on w1th increase in grade, and_S&, whlch 1sf

domlnantly a discrete crenulatlonﬁcleavage at lower grade$
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and a zonal crenulation cleavage or continuous mineral folie
ation at‘higher‘ grades. - These changés_in ,fabric'tvpe re"i
flect the processes involved in fabric formation . (see be-

low). Lastly, . fabrlc type is affected by pre-existing fab-
rics as shown'by 54, \belng a rough : slaty orvcont}nuous
"qieavage.by itself but a crenulation cleavage where - S3. is
Jpresent. o - K B _. - B ;;?\‘
;'AS'fdr fabric prevalence; the domlnance of a ;gr ;cular

fabrlc generatlon depends both on rock type and the presence

. or absence of other fabrlcs. Con51der first rock type;&Ear— o

'ller fabrlcs are best preserved in the more competent rocks
_and later ones 1n the less competent ~-For example, on the
}mesoscoplc or outcrop _scale, 83 is mainly apparent'in‘the
, sandstones whereas-S4 is observed only in the pelites. Also

§2 is seen malnly 1n the relatlvely competent volcanic rocks

. in contrast. to S4 1n the-sedlmentary rocks. ThlS latter

y contrast could, however' be dUe to the fact that follat1ons.f-

such as S2- and, to a mlnor extent,‘ S3° deflned by aligned
primary- features are"more llkely to be"seen in wvolcanic
' rocks with abundant deformable bodles than in the sedlmenta-f

ry rocks where these are less‘common.

Whether or not - a’ cleavage is apparent. depends to some ex-
_tent on the presence of other cleavages . For example, 52 is,
- ma1n1y seen_}n the volecanic rocks which were not affected by
van 54 foliationfwhereas it is. only ioééii§ preserved‘inTthe

,‘.-
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sedimentary ;dcks displayihg'boﬁh §3 and S4 foliations. §3
is less obvious where affected by, qﬁd therefofe to some ex-

tent obliterafeGAby , S&. o T,f

3.4.2 processes involved iﬂifabribrdeﬁe}bpment

Most of the foliations were probably”formed by the inter-

action of several processes, but- in some a single process

| N

The prevalence of disjunctive and crenulation cleavages

seems to héve predominated.

in the lower grade metamorphic rocks indicates that pressure
solution was aii important process. The disjunctive cleavag-
es, which include S2 and 83, are defined by residual accumu-

lgtions of relatively insoluble materials such as whfﬁe mi-

(

cas, chlorite, . opagues and carbonaceous material

3-9e,.f,qg,1i). The cleavagés are accented by the pré e of
new minerals such.as muscovite, chlorite and biotite. The
main process thug(appears to have been dissclution and dif-
fusiqn (Gray, 1979)). accompgﬁled or followed by crystal
gro;thl(Bea;h, 1979; Gray, 1978). Concentration of4inséluble
residues at truncated margins of - quarti grains is'goéd.evi-
dence for dissolution (Figure 3-9q). Quartz-rich and'ﬁica-
rich zones following crenulations (Figures 3—12&) indicate
that mjﬁeral differentiation (dissoiuﬁion and'.diffusion at,
low grade) accompanied differential deformation (Gray,

1977b).
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Offset quartz veins are/;lso eV1dence of'solution Erans-
fer. . The veins are offset by 83 +/or S4 disjunctive cleaV*

ages (Figures 3—93,3—12f) 1nd1cat1ng pressure solutlon and/

Y '
or shearing (Hobbs and Means, ;‘1976 p 237). Because ‘the

veins are irregularly folded,‘ a cons1stent sense of offset

cannot be obtained and "therefore " which process was 1nvclved

-5 .

_is unknown.

/

. The alignment of quartz, biotite and’'chlorite crystals in
pressure shadows-adjacentoto grains and large crystals indi-
cates growth daring the formation of S3 and S4 (c.f. Wood-

land, 1982).

In higher grade rocks, the dominant'prQCess involved in

foliation formation appears to have been crystallization.

Continuous mineral foliations predominate and are defined by

coarser crystals than ones at lower grades. .Disjunctive-

cleavages are less common. Large, undeformed biotite and

o

muscovite crystals defining ‘continuous m1nera1 foliations.

and new mineral species such as cordierite and to a minor
extent amphibole that to some extent grew‘duriﬁg‘ D3 and D4
(see Chapter 4. & Fggure 4-2) Aindicate that crystallisation
took place during deformat1on at these hlgher grades. Addi-
. tionally, old. quartz grains are absent, unstralned-and're—
crystallised quartz is present, and S4 crenulat1on cleavages

are domlnantly a zonal type versus a d15crete type whlch may

also 1nd1cate that ﬁlssolutlon was less prevalent at h1gher

—— -
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grades;_ Zdnalfcrenufation cleavages- commonly develop into’

discrete crenulation :cleavages with" increased solution

IVShortening (Gray, 1 977a) but, because.of higher temperatures

~

and less'water at Higher'grades SOlUthﬂ shortenlng may -not .
A

have been as extens1ve 50 that zonal type crenulation cleav="

ages ‘did not develop 1nto dlSCf&tG‘tYpESr

To summarise, with increase in métamorphid' grade, the

domlnant fabrlcs generally change from - dlsjunctlve cleavag—

es to COntanOUS m1nera1 follatlons and from dlscrete crenu—

latlon cleavages to zonal crenulat:on cleavages. Therefore-

'.the domlnant processes .appear to have changed from pressure
'solution w1th m1nor crystalllsatlon tofcrystallisation/re—
crystalllsatlon with~ minor pressuré solution; : Rotation and

‘ plastlc defo:matlon took place at all grades of metamorphlsm

as seen by stralned and rotated prlmary features

B

At a glven metamorphlc'grade, ”the dominant proceSSEs in—'

volved in fabrlc formatlon also appear to have changed w1th

.rock type.: Rough and W1dely spaced dlSjunCtIVE cleavages,

1nclud1ng both 52. and 53 are most cOmmon in the more compe-r

tent rock types such as. sandstones and fe151c volcanlc

‘_rocks, probably because of the predomlnance in these'rochs‘

[ . !'.
of pressure solutlon.. The dlsjunctlve cleavages ‘are not

. formed readlly.in 'pelites and maflc_volcanlc rocks, whiéh

have a relatlvely Tow proportlon of soiuble cdmponents-such .

‘as quartz, compared to quartzo feldspathlc rocks (sandstones
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and fels1c volcan1c rocks) which have a nigh'proportion'of
.solpblesr The maflc and pe11t1c rocks usually dlsplay a
oontinuous‘mineral follat1on,due to erther rotatlon and/or

_“cryetallisation‘of minerals.

3.4.3 deviations in fabric orientations.

The follow1ng are possible explanatlons for ‘deviations
from ‘the ma1n fabrlc or1entat1ons as mentloned above under

fabrlc descrlptlons.

3.4.3.1 deviation-in §2 foliation

The SZHfoliation, mainlyfdefined’-by strainedi pn?ﬁary'

structures within the volcanlc plle,p'chenéesﬂin‘strike from

:northwesterly in most of the plle to north northeasterly 1n..

the-eastern ,part partlcularly in the 1socl;na11y folded
. mafic volcan}c rocks w1th1n the sed1mentary rocks-(figure
| -3-5). The deviation northeastward could be due to rotatlon.
. of northwest str1k1ng SZ towards northeast str1k1ng 54 foll—'
. ation rn‘maflc. volcan1c rocks that are ‘relatlvely, ea51ly'
deformed. ThlS may be due to the mafic volcanlcs conta1n1ng
a hlgher content of blotlte than the fe191c voioanlcs _mak—
1ng them less competent ' Addltlonallyq the mafic volcanics
'are, in part present ‘as th1n UnltS that were highly de?

formed in conformlty w1th ‘the enc1051ng 1ncompetent sedlmen-'

tarytrocks. DI .



. . B "'91: |
3.4.3.2 deviatién in sa'—Ls,fasfic o

The 3 cleanage-Striﬁes-bredominantly_nbfthfnorthnestyard.”
.but has scattered northeasterly trends. Theae-localinbrth;' ”
easterly trends cpuld‘be due to‘fold;ng - of S3'byj‘b4 wlth -
measurements taken on the rare, short limbs of these folds
instead ot‘the long limbs..“ Aisd'ss tends_to'be‘paralleljte
;bedding ln pelitie: layers and theee northeasterly'-trends
"were measured where’ beddlng strlkes northeasterly. " Another
poss1b111ty is that some of these fol1at10ns trend1ng north—l

easterly are S4 rather than §3,

'53. cleavage in the sedlmentary rocks generally dips stee~'
ply. except 'where 1nc11ned at. shallow angles awvay from the
i western gran1t1c plutons. L3 generally pluhges steepi& ex—

'cept near the plutons wherelit plungeé \shallowly. .iS4Ire-
'malns steep throuéhout the area. - The shalloﬁ-lnclinatiens ‘
of : and 'shallow plunges\of L3 are- related to.granite_en—

placement (see next sect1on 3.4.4),

+

3.4.4° ’evidence for syn—D3 granitic intrusion

The granite was empIaced durlng D3 after'the S3 fabric-"

‘produc1ng phase had begun but before ‘it had ended, as-eeen

cby: - 1) the presence of shallow 1nc11nat1ons of 53 and shal-_i-.

" Yow plunges of L3 near the granltlc hody in contrast with

steep $3-L3 orlentatlons elsewhere. This suggests. that the

. granite rose dqring‘?D3‘and§ modified the regional strain



‘(c.f. Fyson, 1980; Fyson &‘Frith .1979). 2) margfns of the

granitic body confotm'to S3 follat1on' in the' sedimentary

[y

rocks and- do not trunCate qit. The granlte ‘also containe a

follatlon that is contlnuous w1th and parallel to -an 53 type

'_follatlon in sedlmentary xenollths, ThlS 1nd1cates that the

pluton was emplaced before the S3 formlng phase of deforma—‘

tion was completed ’ 3) gran1t1c dykes and ve1ns from the

main granltlc body 11e along s3 follatlon planes and contaln-

“an 53 follatlon. Ev;dently they 1ntruded after 83 had start—

ed but before it flnlshed developlng. _41‘*the 3. follatlon
w1th1n the granltlc body 15 deflned by mUSCOV1te and blOtlte

a11gnment and -:‘oj‘a minor extent tectonlc' elongatlon of

]

‘quartz and feldspar crystals 7 Thls 1nd1cates that the gra—.'

' n1te was crystalllslng dur1ng D3 . o "f s \\\\>,,,

-

3.4.5 deformatlonal hlstory for Clan Lake supracrustal Q\
rocks " .. . - — _

[

”

Fiéure-3—1~ summariees:tﬁe deformatlonal events and the
‘;structures they caused 1n the Clan Lake supracrustal rocks.'
-bl,' D2, D3 and D4 deformatlons produced structures 51m1lat
1n ‘type toathose at ‘Ross- Gordon Lakes (Fyson, <1975),- Cleftu
"Lake (Fyson, 1980) and Yellowknlfe (Fyson, 1982) ‘ fhe fOll-.
‘ations have regional trends (Fyson, 1984) _wh:ch requ1re re-
eglonal stresses 1n the crust to account for them The 1nv*d

-ﬁerred dlrectlon of reglonal c0mpre551on changed _wtth time

a5 seen by change ip or1entat10n‘of_the succe531ve struc-

e
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Eu:e%.-ﬂThe r;égjonél:qompfésgi;é .diré¢t§on‘is :oﬁly.ést%pr
lishédﬁféf;n4; ﬁqhe1y WNW;éSE,acrbés 54; because S4 is unéfL
fgcted byh'late;Mdgfof@atibn; | Fyson (1975) ' pnppdSéd,tﬁat'
proto-plate mqvemehfs .b95£‘.éééount_ . for- thesé “regi5na1

. stresses in the crust. -

N



4.1 ‘INTRo'oU'cTION‘ .

Chapter v o

METAMORPHISM

I

~ The rocks 1n the map area underwent greenschlst to lower*'

,amphlbollte fac1es metamorphlsm - The'turbldlte sedimentary

rocks are, subd1v1ded 1nto progre551ve metamorphlc 'iohes by'

north northeasterly trendlng blotlte and cord1er1te isograds

',(Flgure 4- l). A central chlorlte zone, progrades to the east"

and west 1nto blOtlte bearlng and cordlerlte bearlng zones.

'Desplte the relatlvely h1gh grade, pr1mary features such'as.
'cross—beddlng, - scours’ and gradlng are falrly well preserved
:(Figure 4-5e}, i The volcanlc rocks do not’ have any 51gn1f11;;
hcant metamorphlc zonatlon and therefore -their grade of'me-\
'tamorphlsm 1svreferred to.by using the equ1valent grade of

~-adjacent sedimentary rocks.

Treated in the following- sectlons are 1) f1e1d and petro—
graphlc descr1pt10n5 of metamorphlc mlnerals 2) metamorphlc

mineral assemblages (summarlsed 1n F1gure 4 7) and possible

metamorph1c reactlons- and 3) a dlscu5510n of metamorphlsm

with- respect to time (deformatlon) and space»(summar1sed‘1n'

';Flgures 4 3&4 4) and a general model for' the metamorphlc 1

history of~the map area. Supplementary petrographlc data is

in‘Appendix I, Textural crlterla used in establlshlng

- 94 -
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L] Sedimerj’té- -

. [\ Volcanics . -
= =_cordierite-isograd

} "‘—_"“-biotitle- isograd’ .

_“FIGURE .4-1:

-~ .Sketch rhép of 'mgtamprphic zonation, Clan Laké. area. A low R
grade. z\one"cfentr.ed? on Clan Lake is bounded. east and west by - 3
biotite and cordierite. isograds. Garnet (G), _a'hda'lusi'.{:e' (A), .

tourmaline (T). and possibly staurolite (St) are- p‘r-e,Se'nt'_‘.

. . . - . . \ -
- N .o . T ) . v
. . P . .
1 1 . . - . .
‘ . . . . !
b
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.a mlnor extent metasomatlsm.-
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4,2 - 'META‘MORPH-IC MINERALS
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t1m1ng of m;neral growth is. summar:sed in Flgure 4 2

al4growth 1ncludes crystalllsatlon, recrystalllsatl

y

. .-
?* v, B . ~ . ot
&, '

- ! !

1

serVat1ons and petrographlc work ‘on 173 rock_sampleé'tabil;

' 1sed in Appendlx I,

4.2:17 Chlorite . . .

Chlorite generally'is_not observed’ in-hand:specimen. It

' _is'present as micfoscopicallj alignéd_plates; imparting a

cleavage  to the rocks.

Petrographlc work reveals chlorlte _1s common as. aligned -
plates in ‘the lower grade rocks and as . large random crystals'
and an - alteratlon product in the h1gher grade rocks. _In '
sedlmentary and volcanlc rocks of the chlorlte zone,. ‘chlor—
1te forms .02 to .07 mm- 51zed plates aligned along an'S3U
follatlon and locally an S2 follatlon In the b1ot1te zone,'

chlorate is l) an alteratlon product of blotlte 2) szmllar

'to the chlorlte zone as Dl to .05 mm sized. plates along S3’

.follatlon,'or 3) ‘rarely, 'randomlyrorlented plates over §3.

In.the cordlerlte‘ zone, Chlorite-is malnly an alteration

broduct of biotite, 1nterleaved or totally repla01ng 1t and_

'rarely w1th quartz as 52 . 1nclu51on tra;ls w1th1n -b1ot1te_

porphyroblasts

) R : ‘ :
3 ///, ‘ . S B :

o



.“cleavage.

i ;00-“

In summary, prograde chlorlte Is more common in the lower'

ﬁgrade rocks than in .the hlgher
crystalllsed malnly durlng D3

and pest D3 (Figure 4- 2&4,3).

grade rocks (Figure 4- 4) vand '

and to some extent durlng D2

Retrograde chlorlte is more .

‘common in the higher grade ‘rocks and crystall;sed_post D4.

4.2.2 'Muscovite

' MUSCOVfte, like chlorite,

is usually too fine to see me- -

:soscopically but imparts’a'cleavage te the rocks.

Petrographlcally,
plates, in places aligned with
imentary roéks of‘rhe'ehldrite

.b3’mmisrzedj;lates aiigned
’ ﬁocallg,:

centrated but nbt neceséarily

_Lzone, muscov1te crystals ranglng from'

as in the .
cally- to S4 Muacoﬁite is‘;
T e

.52 segregatlon cleavage within

in sediments of. the cordlerlte

" muscovite
‘zone,

: . e
-muscovite.is‘aligned
aligned,

In sedlmentary and‘

chlqr;te-zone.l1e aligned parallel to

is as

.

present oriented

chlorlte or’ blqtlte.' In sed-'
'muscov1te.1nc1udes .ol

parallel to an §3 foliation.
aiong_ah s4 foliation ‘or con-
~as an SZadisjunctive
voleanic roeks of the biotitei
Oi to .05 mm in size;

§3 and lo-

also ‘locally concentrated as aa"‘

fe151c volcanlc rocks.. With-

zone, muscov1te forms .04 to

110 mm 51zed‘glate§-al;gned.parallel to‘SB'and less commbaly'

to S4; it is also'preeeht
-priating S3.

crystals ma1n1y randomly Cross

as large"random

crystals over=,

In cord1er1te grade volcanlc rocks, muscov1te

S3
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In summary, muscov1te 1s present 1n rocks of each meta-
morph1c grade as plates domlnantly allgned along S3 (Flgure
4-4), generally 1ncrea51ng in sxze ’Wlth increase in grade.

It crystallised mainly during D3 and to some extent during

D2, post D3-and during D4 (Fligure 4-2&4-3).

4.2.3 Biotite

B10t1te is v151b1e in the field as allgned plates, defﬁn-

ing a 5ch15toszty, and less commonly as 11neated aggregates.
- . . , b

| Mr;roscqpically biotite is of three types within the sed-
imentary rocks (two types discussed. by Ramsay and Kamineni,
1977). The most comﬁon;rype_ “is subhearal, thin elongate
plates aligned parallel ~to an 53 foliation and'referred to
he;e as biotite B (Figure 4-5a). Another type, biotite C
(Pigure 4-5a), is euhedrel,thigk stubby plaees randomly ori-
ented over an S3 foliation (usually within the lower grade
end of the b1ot1te zone) or. allgned as an 54 follatlon (usu-
ally within the higher gradé end of the biotite =zone) .
The least‘common type, blotlte A (Figure 4- 5b) is subequant
ragged crystals randomly orlented over an 8@ foliation and
wrapped around by an S3 foliation. - Biotite types B and C
generelly increaee in size upgrade from 0.03 - 0.15 mm in
the bictite zone to 0,08 - 0.30 mm(in the cordi:;ite zone'.
Biorite A is only present.in sedimentary rocks immediately

above and below the cordierite isograd.
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FIGURE 4-5:

A) photogicrographacf biotite B and®C in biotita"schist;
{(unit 6).77Thinner plates aligned as 3 (N—S‘ih phctcl; are
biotite B whereas bictite C includes the thicker ctYétals
aligﬁed‘as Sé (E-W) ccntaining S3-quartz inclusicn.traiis.l'

"Field of«view is‘3 mm . B) photomicrograph of tagged; biot-
1te ‘A porphyroblasts in schist (unit 6). 53 is-deffnéanby
small, aligned plates of mUSCOV1te and b10t1te B.. Fiela ofw
view is 3 mm, C) photomlcrograph of garnetlferous volcare- -
nite (unit 3). Garnet porphyroblast _contalns §3 guartz in-
clusion trails and matrlx contains an SB fqllatzon*deflned
by aligned aggregates of quartz crystals and allgned concen-
trations of radlatlng amphibole crystals. Field of view is 3
mm. D) garnet porphyroblast {left half of photomlcrograyh),,ﬁ

"containing black, tibﬁous skeletons reﬁiniaceat'of ampﬁibole
(actinolite?) in volcaniclastic rock {(unit 3). ~ Field of
view is 3 mm. “ﬁ) cordierite porphyroblasts in sandstone
(unit 6). Cross bedding is- preserved deabite cordierite,
grada. F) .garnet 90fpﬁ§fbbiasts in-volcanic.lﬁtita'(apit
3). G) ahdalasite.porphyroblasts in‘pelitic‘beds (unit 6).

Y

The "ctfystals are -of the-chiastolite-variety. H) Btaurolite?

porphyroblasts in biotite.schist (unit 6):






It-is absent Cinm lower grade rocks probably because of the
'temperatures requ1red for its growth between DZ and D3.-were

not attalned.‘.‘Blotxtej A is not seen above the cordlerlte

isograd because it was used up or obllterated by later min-

:4éfa1 growth such asﬂcordierite_ and blOtlte B+/or 19

~

" The first appearance of biotite A probably marks the po-

sitien o£ the b1ot1te 1sograd between D2 ~and ﬁ3- (Figore_

d4—6a) As metamorphlsm progressed wlth’tlme, the b10t1te

1sograd shlfted towards the - thermal'lon- centered on Clan

Lake (Flgure 4- 1) " and subsequent biotites B and C orystal—

'llsed (Flgure 4- Gb&c) The present .posftion of the_biotite

isograd marks-the:fmrst appearance of biotite C during D4,

W1th1n the maflc volcanlc rock , biotite is present- - main-
. r ’ ’

1y as a11gned plates representlng an S§3 foIfation (biotite'

B)- and/or random plates overprlntlng 83 (blotlte 'C) and

......

rarely as .S4. - BlOtlte is not present in fe151c volcanlc

. rock nnit (4) because of thlS unit's felSIC llthology and'-.

"1ts p051t10n w1th1n the chlorlte zone.’ “In the‘other volcan-

1c l:thologles blOtlte generally increases in size upgrade, "

.ranglng in slze from 02 to .10 mm.tor biotite -B and .05 to

15 mm for blotlte C.

PR

All three types of blotlte are’ to some extent 1nterleaved

wlth or. replaced by chlorlte : espec1ally the ones 1nvthe

:hlgher grade rocks



PIMING OF =

" GROWTH

BIOTITE ‘T'YPE

- SPATIAL DISTRIBUTION

og

D3

. DA

D2 -

CORDIERITE

m_
. " |ISOGRAD

BTOTITE

N

known

localities

BIOTITE B

BIOTITE C

<

ISOGRAD,

| (arrow indicates dirécf}on.
of  progressive shift)

BIOTITE A |

localities

\§§ aSSumed. o

FIGURE 4-63 ..

Biotite growth through space with time.
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Iin summary, b10t1te 1s an'1nden mlneral 1n the sedlmenta-
tf rocks . ‘It generally 1ncrea5es 1n 51ze upgrade from thez
blOtlte 1sograd to w1th1n the cordlerlte zone. Crystalllsa—
tlon was mainly- from ‘D3 to D4 (blOtlteS B and C) and o aJ
some extent between D2 and D3 (blOtlte A) (Flgure 4 2&4 3) |
VQJZ.dt Féarnet" |

. T . s . T . ,

-

‘ Pink'to purpllsh red garnet pbrphy?oblastss are present"ﬂ
nainiy w1th1n maflc VOlCBﬂlC 1 and 'volcanlclastlc 'rocks'.
*(units 3&5 Figure 4- 5f) at metamorph1 grades equ1valent ‘to ]
‘the: b10t1te and cordlerlte zones 1n“5hz sedlments ' They are
locally developed in felslc volcanlc (unlt 2) and sed1men~”

: tary rocks. The crystals range in 51ze from less than 1 mm

td 2‘cm.

Within the volcanlc reEks subhedral porphyroblasts>‘ef
: garnet generally contaln allgned 1nclu51ons of -quartz, and
'opaques. ' The 1nclu51on tralls dlsplay three main relatlon—
. shlps to .the external matrlx They are parallel and- cont1nu7
Ous with an undeformed external S3 follat1on (Flgure 4- 5c)

11nd1cat1ng garnet crystalllsatlon was’ post D3 or cont1nuous
W1th an external S3 follatlon crenulated by P4 (1nd1cat1ng.
‘garnet crystalllsat1on was between D3 and D4) for dlscontln—
.uous w1th an external S4 follatlon which dev1ates around the'.
.garnet porphynoblasts,_ alsQ‘ ;ndlcathg'crystallisation be-

tween D3 and D4. In some mafic: volcanic rocks, garnet cbnf
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" “tains fibrous crystal skeletons of actlnollte(?) - (Fiqure
4*5d) partlcularly w1th1n rims of porphyroblasts.‘ Garnet

is commonly 1ntergrown with hornblende and hlotlte B

4.2.5 Cordierite

The flrst appearance :6f hcordierjte 'marks_tuo northﬂ'
.northeasterly ‘trend;ng lsogradsh‘thrdudh “‘the Sedimentary,
rocks (Flgure 4~1) ' Cord1er1te 1ncreases from less than 1
L -mm to 1- 3 cm 1n size w1th1n a few meters above the cord1er~
'f1te 1sograd._ Farther Upgrade size var1at1on is dependent on
;l;thciogy;x . The cord1er1te ev1dently grew- in pelltes in
.preterence. to- psammltes. Thus prlmary graded bedd1ng ”rn
r;psammltewpel1te turbldltes is. reflected by an apparent in-

verse gradlng of cordlerlte.. Wlth the 1ncrease in mudstone
fstratlgraphlcally up. a Bouma sequence, - the porphyrqblasts'
increase in size and number though the uppermost ektreneiyb

f1ne part 1s dommonly v01d of them

Cordlerlte is present as anhedral porphyroblasts (Flgure

4- Se) partlally to completely altered to p1nn1te and/or ser-'

N ‘1c1te. The porphyroblasts are p01k110blast1c -and contain

'abundant 1nclu51ons of quartz .opaques,. muscoulte, hiotite
and chlorlte which are commonly allgned along an S3 cr‘S4
foliation. . The varying relatlonshlps 'between the internal
‘fOllatIO? and<the_fol1atlon 1n the,extérnal'matrix are sum-

marised in Figure 4-2. Most commonly an S4' internal folia-

ot
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tion is continuousrwith;an-sﬁrextErior folietion, the latter .

beiné'wrapped*eroend the. ﬁoikiioblaéts‘iﬁdigating tbey greﬁ‘

towards the end. of D@ deformétion."lh'a few examples,fs4 is

-

a cr%Pulatlon of S3 quartz 1nc1u51on tra1ls w1th1n the poik-

1lob1asts that changes to a’ contxnuous S4 cleavage externalf‘_

e ly, suggestlng growth at an early stage durlng the formatlon

of S4 ‘Rarely, - the 1nternal follatlon is an undeformed 83
- whereas. the external is either an.sa'contlnuous thh.the in-
ternal . indieetiﬁg growth post S3 or an S4 wreppediéround the

.‘porphyroblasts suggestlng growth between D3~and-D4 " One

sample has” cord;erlte with an 1nternal follatlon of S4 ‘biotr.
1te C but an’ external follatlon of both SB blotlte B and-S4

biotite C. Further the external SB blotlte i part1ally re-

fplaced by cordlerlte wvhere ‘it abuts the porphyroblast 1nd1*

catlng cordlerlte crystalllsed at the expense of b10t1te B.

&

. 4

The‘eordierite-porphyroblasts_are commonly elbngatea par- -

-3

~allel. to the' ekternei fbliation;‘,‘Froh the porphyroblast/‘

foliation relationships above, this is probably due to the'

cordierite‘having cr?stalliseavéfter 'deformatlon preferen-
tially along aniSOtropj'brovided,by the foliation; ‘or ‘less

commonly during the _foliatioh-p;odUcing-deférmetion prefer-

entially in the diréction of least stress, in the-foliation

?plane._

In summary, cordierite 'is an index mineral that defines a

. metamorphic zone withih the Sedimentary‘rocksr It crystal~

-
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lised ma1n1y durlng D4 and after D4 and JtO'ewmioor extent

-~

between D3 and. D4.

4.2.6 ~ Andalusite

Andaluéite is- only present 5etie feW'localities ylthin
,sedlmentary rocks of | the cordler1te‘zone EFlgure ‘4-1)3 and
therefore is not useful as an 1ndex m1nera1 ,Andaluslte o¢+
curs within’ carbonaceous, pelltro-rocks or_within-sedihente
.contalnlng.abundant guartzofeldspathic veins. LIt ierof fhe
‘fchiastollte variety; is thte”tofplhk”in"bolour.; and ranges

';from 1 mm to 4 cm in lenéth(Figure 4—59);

The andalu51te 15 present.ee eobhedrEl to;:euhedral‘por4
:'phyroblasts partlally altered to ser1c1te The porphyrob-
_lasts locally contain’ lnclu51on5 of blot1te and opaques.
‘The inclus1ons are commonly allgned .along an §3 foliation
lahd locally allgned iRn"rim zones as_an S4 follatlon continu-
'ohs_W1th S4 in the external matrlx (F1gure 4-2). The exter-

. nal follat1on' ‘ig” usually "an S4 follatlon that is wrapped

‘around the porphyroblasts.. Rarely 53 is crenulated'by an

$4 foliation in preéssure -shadows of the porphyroblasts and

[y

. obllterated elsewhere byh Sé which deviates around the por-
phyroblasts From the5e textural relations it 1s.apoarent
"that the_ porphyroblasts crystalllsed after ‘D3 8eformation.:A

In1t1a1 growth could have been béfore D4, but;-.as-Showh by

-

1nclu51on of S4-1n rim zones, some growth was after 1n1t1a1'
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.D4 deformation.' The deviations of exte;nal S4 aroudq the’
- porphy\oblasts suggests -that the:_latber were present-before““
" the end oﬁ_D4u ' |
.4.2.7 Staurolite‘ -

Three poss;ble 51tés near{Fhe eastern margln of the vol—
'can1cs are . recogn1sed where staurollte porphyroblasts may
have ‘been present w1th1n Sed1mentary rocksg of the’ cordlerlte :
zone (F;gure 4-1). Pseudomorphs of the porphyroblasts_(Flg—'n
‘ure,4—§h) afe.elongate,-_ﬁp'to.S_o¢'in-1engthj and d1splay
radiating b%ack _lines iﬁ{the long dimensional face. The -
‘crystals are pseudo—Hexagonai.in"orQSS:Sectioh. Thin 5eCf
tion stody'reveals_that:thel borphyroblasts are_composeo.eﬁ_
tireiy of aggregateé of ‘biotite: ﬁuscovite‘ and chlorite,
The morphology sug%ests 'tﬁat t?e crystals-may originally

have been staurollte, but this is not certain.

4,2.8" guartz'and feldspar

Quartz and K-fe;dépar.are ubiouitops thrOUQhout the sedi-
mentary and felsic volcanio rogke. Detrital graihs and; to a
minor extent;' fine.teCrﬁeta;lised.matefial are preSentlin
_the:lower gfade;,rockea .recryetailised haterial_ ang m&ndr
‘detﬁitus in higher‘grade,rocks; and coarse, oombletely re-

' “crystallised material in the higﬁest grade rocks.
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_Eniéence-that the'reerfstallised, ﬁquartzofelaSPabhic ha-‘
' terial was pfeduted continueuely during the perioed. of meta%_
'morghiamdincludeenl)‘ the presence 'of guartz andiﬁmfelaepar
threughout tﬁgﬂ;;tamorph1c zones " with an 1ncrease in amount
© and. crystal s1ze upgrade ;. 2) the presence of S2 quartz 1n~r
. clu51on tralls w1th1n b1ot1te A as well as S3 QUartz 1nc1u—
51on tralls in garnet and cord1er1te,.'and 3) elongate crys*,r
tals of quartz and k’ feldspar in the matr1x parallel to both
' $3 and ‘s4. o |

‘Quarta and K felﬁsﬁar~are therefore assumed to havé.;ryé--
tallised dhring.mpst'of the perioed of netamorphism;

4

4.2.9 Plagioclase

e f .

Plagloclase is seen. m1croscop1cally 1n the maf1c volcan1c~

rocks (un1t 5) and to a minor extent 1n the fe151c volcan1c"

ang. volcanlclastlc rocks (un1t 2&3) The plagloclaSe is

"lpresent as fine- crystals and forms < 5% of quartzofeldspath-

ic materlal'.g1t appears to be albite, but’ Includes-ollgoc*""

‘lase at higher grades,

.In the sedzmentary rocks {unit. 6) plag1oc1ase (ollgoclase
-and- to a mlnor extent’ ande51ne) was anly 1dent1f1ed in’ cor—-
' d1er1te grade rocks near gran1t1c plutons or gabbr01c dykes.
;P0551b1y albite 1s.-present'1n biotite and _cordlerlte grade

rocks but was not' identified.



~4,2510. Carbonate and sericite |

arbonate and sericite are. present as, 'alteratlon prod-'

-ucts.‘ They are common throughout the volcan1c rocks and are

.respon51b1e for the bleachlng of . ‘some of the_maflc volcanic

lrocks ‘such that :1n colour ‘they resemble felsic‘ volcanic .

-rocks. - B

v

4.2.11 bpadUe~minerals

-Opague ‘minerals of metamorphlc forigin‘ ‘are present
‘throughout the sed1mentary and volcanlc rocks. ' Though they

were not~ studled in deta11 w1th a reflect1ng ‘m1croscope,

'most Were 1dent1f1ed as magnetlte, 1lmen1te and rutile. The-

crystals are usually al1gned parallel to an S3 follatlon ‘but

:in places are randomly orlented with an S3- wrapped around

theﬁ creatlng pressure shadows : Random crystals also over— -

_print an 53 'follatlon.'” The opaqua mlnerals are therefore'

:seenfto have crystalllsed ma1nly durlng D3 and to _a minor

extent before and after D3

. 4.2.12 Epidote group
Epidote 1is conmon as subequant_crystalsvuthtdﬂghoutnthe
001canic_rock5‘of varying,metamorphic'grade. . It usually is

;aSSociated with D3 and post D3 minerals such as biotite,

”amphibole and chlorite, and therefore 'is thought *'to have -

orystallised during -and post D3.

111
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4,2.13 . Tourmaline

Tourmaline needles are present at several localities

" within both sedimentary and volcanic rocks of variable meta-

morphic grade. Figure 4-1 fahows=the‘looalities ~as belng
near the‘contact between the volcanic andlsedimentary rocks,
evidently where_boron was readily_available.- In the volcan-
ic-rocks, ftourmallne commonly contains S3 opaque inclusion?

trails indicating cryetallised after D3. 1In the sedlmentary

rocks, tourmaline crystals are randomly orlented with re-

spect to 83 and therefore grew after D3

[

4,2.14 Amphibole group

Four typee of anphibo;es are present within the volcanic
rocks, predominantly wlthin the maflc and volcan1clast1c
ones. These are l) hornblende (the most abundant and wide~
spread) 2) actinolite ( commonly.a55001ated‘w1th hornblende)
3)anthophyllite (rpreeent‘in a few scattered loéalitfes) and.n
4) grunerite (at two localities). JPTheSe minerals are pres—

ent in'rocks. of each metamorphic‘grade, ' though actinolite

tends to become less prevalent and and hornblende more prev-

alent . going upgrade (from studylng 23 volcanlc rock samples

:of un1tsr2&5) Hornblende is of the blue green- varlety and

changes from pale, pleochro1c colours to darker ones up

grade.'. Hornblende is also commonly intergrown w1th garnet,

;and/or'biotite C and generally forms random crystals over-
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pr1nt1ng an 53 follatlon. f Acb1n011te crystals are allgned
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parallel to S3 or’ they randomly overprlnt an §3. folzatlon

Cummlngtonlte and hornblende were observed at one locall—'
L

‘ty in the sedlmentary rocks, next ‘to a metagabbr01c dyke.

4.3 . MINERAL ASSEMBLAGES AND esAéTioNs

The preceedlng petrographlc descrlptlons of métamorphlc
m1nerals, “fabrics and textural relatlonshlps suggest chang—_
. es in mineral assemblages w1th respect to llthology, ‘spaeev

and time. (Flgure 4- 7)

The following -are lists of ppograde mineral assemblages
within the ‘seéimentary rocks. all are assumed to include
‘guartz and K—feldspar. Variations in mineral assemblage due
to lithologic changes ih rocks of the‘same‘ grade are minor

and not discussed.

Within the chlorite iqne the main mineral ‘assemhlaées
are: - | _ '

1. MUSCOVITE+CHLORITE+OPAQUES(syn D3+m1nor syn D2/D4)

2. CHLORITE+OPAQUES (syn D2)
Within the biotite zone they are: _

1. BIOTITE+MUSCOVITE+CHLORITE+OPAQUES (syn D3)

2. BIOTITE+QPAQUss (syh D3,-post_ba + pre D4, syn D&)

3. MUSCOVITE+CHLORITE+OPAQUES -(syn'D3) - - = -«

and a minor assemblage is:
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‘\FIGURE 4-7:

e 114
Metamorphic mineral assemblages with respect to
deformation (t@méf- and;grade . of rocks (spaqe)z The -
‘underlined -assemblages  are the host"common’ ones.
Quarﬁz and K-feldspar are assumed to.be pért of alil

the assemblages.
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GARNET+BIOTITE+MUSCOVITE+OPAQUES (post D2)

115 °

the cordlerlte zone they are°

BIOTITE+CORDIERITE+CHLORITE+MUSCOVITE (syn D3)"
-BIOTITE+ANDALUSITE (syn D3)

s Lo T . o
JCORDIERITE+BIOTITE (syn D3+D4, .post; D3+D4 and minot

-'BIOTITE+MUSCOVITE+CHDQBITE (syn D3)

and to a minor extent A o -

-GARNET+BIOTITE+MUSGQVITE+CORDIERITE (ﬁbst_:n3, syn

L

. D4). - A N .' - . - . . ' I ° N . ..“ '- . V .A -‘

Usin
ing and
follow1

1)

g the textural relat1onsh1ps of mlnerals and the t1m-
spat1a1 relatﬁonshlsg'of mlneral assemblages,: the :
ng m1nera1 reactlons p0551bly took place.

PHENGITE(MUSCOVITE)+CHLORITE

MUSCOVITE*BIOTITE+QUARTZ+H20 {Kamineni +  Carrara,.

r

1973) _ | .
CHLORITE+MUSCGVIT€+}LMENITE BIOTITE + MUSCOVITE +
(QUARTZ RUTILE, K~FELDSPAR) + H20 (Ramsay + Kamine-

ni, 1977): . . o
.- ’3’

: : N o
The above two reactions thﬂéJéCCbunt for the first

appearahceceé bi%tite.i The very first appearance of

- .
“biotite would,have been ‘biotite A ¢ post D2) . 'This

— e

.would have been followed by the First rappearance‘of

‘bzotlte B during D3 and thédn by the first appearance

gof biotite C (after- D3 and du$1ng D4) The spatial

~
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lrelatlonshlps' of. these firSt{ appearances 'indicate:‘
that the blOtlte 1sograds progre551vely shifted to-

ward ‘the thermal Low centered- at Clan- Lake (Flgure

5,4-1) with ‘time”as shown in'Figdre 4-6. That 15,
‘b1ot1te formlng reactlons were' contlnuously g01ng on

“from post D2 to D4 over a. range of temperatures.r

This could account for the decrease in b10t1te con—f

\tent 901ng downgrade through the biotite. zone (F1gure’

“"4-6), Another blOtlte forming react1on could have

been: . o ‘ '

CHLORITErMUSCOVITE~‘+QUARTZ‘ BIOTITE_ + <§A§NETfHZQ
(Kretz,-‘k973) but only to a minor extent efter b3
when garnet grew locally in the blOtltE zone,. Minori

garnet in the cordlerlte zone rs'not associated with

:cordlerlte and probably formed from the reactlon'

CORDIERITE+BIOTITE_ GARNETfMUSCOVITEn(KretZ, 1973)

Other reactions thet'took place within the cordierite

.“.zone are’ ones that produced cord1er1te,,ma1nly durlng'
"~ 'D4 and to’a minor extent during and after D3.

-CHLORITE_ +MUSCOVITE+QUARTZ BIOTITE+CORDIERITE+H20.

{(Thompson, 1978)

CHLORITE+MUSCOVITE+BIOTITE A+/or h+{ALBITE+ILMENITE)f

: CORDIERITE+BIOTITE+H20 (Ramsay and Kamlnenl, 1977)

Because of biotite A disappearing abruptly upgrade .

away from’the cordierfte isograd and some-of the tex-



e A & § A
‘tural réiationships showing - cord1er1te replacingf
biotite B., b1ot1te A+/or B are assumed to be used in

A forming cordierite and b10t1te‘C.

A'ppssible reaction-for the;productiohhof‘andalu-

‘site is: ‘ | *
7. CHLORITE+MUSCOVITE+QUARTZ . . . ANDALUSITE+BIOTITE

C4CORbIERfTE+H20“¢Hess,'I959L s S

Because andalu51te usually occurs wlthout cord1er1te
the follow1ng ‘three reactlons are more. 11kely-

ét lCORDIERITE+MUSCOVITE+QUARTZ‘ ANDALUSITE+BIQT;TE" C
"a(Thompson 1978) S .' B '

5y
e

9. ‘CHLORITE+MUSCOVITE+QUARTZ ANDALUSITE+BIOTITE ~ C+H20
| ‘(Mlyashlro 19]3). o f | " i _
10.‘MUSQQYITEx+rQUAﬁTZ ' ANDALUSITE . +“K—FELDSBAR'(Thrﬁe£;””

1981) .t s | - |

All four ‘reactions for andalusife”dcdurréd'du;ing D4..

The lést.reasfion;,is thé-qnlénréaction that can.be used
-toﬂobtain aﬁ-appro#imaté pressursyahd‘ temperaturévattainsd
durlng reglonal metamorphlsm. . Tempefature was.betweeﬁ 550.
and 650 C and presaure was between 0.1 and 2.0 kb .-assuhing
p= PHZO (Turner, 1981 p. 154) A |

Within the‘volcanic rogks,ﬂthe\miﬁéral assemblagesgthange
going upgrade but, because of ne¢ significant metamorphic zo-

nation or index minerals, the.grade that these particular
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-mineral assemhlages‘are in is referred ,£ by u51ng the

_equ1valent grade oﬁ the sedlments (F1gure 4=1").

‘The'mineral assemblages‘changeL wlth volcan1c llthology.
hur; because of radlcal fac1es changes aver short dlstances.
\1t 1s dlfflcult tp monltor m1neralog1cal changes throughout
‘one llthology across grade ) ngever, 'several generalltlesg

can beé made. . o I o ‘ﬂf,-'.- o : *

.The 51gn1f1cant changes w1th time and up grade are"'

lﬁ- the dlsappearance of prograde chlorlte and prevalence‘
of retrograde chlorite ‘ -

'2.“the ohange from aSsemblagés containing aétinollte td

- ones contalnlng act1nollte— hornblende to rhoee rhat
'are hornblende domlnant ' | \ ) .

ﬁ. Ithe-appearance.of brot;te'during D3.and_poet D3‘whlch3'
:is.hElow: the biotite lsograd of 'the sediments ie.
‘biotfte orYsgallised at a lower te;oerature in vol-_
fcah;éé than‘ln,sediments (c.r. Miyashiro, 1973) |

'4;- the aopearance of lgarner, which more or less c01n-.
cidesdwith 'the-bioEite_iaograd.within the‘sedlmentsn
and | | |

- 5. the change up grade from Na plagioclase to more cal-

cic:plagioclase;
-Therefore possible reactions that took place are:s .

1. pyroxene/ol1v1ne/plagloclase chlor1te/ep1dote/b1ot—

1te/calc1te/alb1te S .
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2, chlorlte+ca1c1te+quartz act12011te+C02+H20 (syn D3, o
"tpost~D3) (Miyashiro, 1973)
3.i.chlor1te+act1nol1te hornblende/anthophylllte (post*
.'D3) (M1yash1ro, 1973) L . |
4;c~act1n011te actlnollte+blue green hornblende '(post;
| ,D3) (Schlmann 1978; Mlyashlro 1973) _
. s, p1dote+chlor1te : lplag10clase+hornblende (oost—b3);
- ‘(Froese,1980) e . o
6,"b10t1te— and garnet fo\ming reactions sinilartto ones
| in -the‘~ Sedlmentary rocks shch\t as ﬁnscovc
‘ite%ch}drite+éuartz” biotite+garnet+H2O ‘ and_ chlor-
'ite+qUarta‘ garnet (both post- D3 and’ ‘to a ﬁinor.ekr
'”tent syn-D3; after Kretz 1973) § |
. 7.'fNaj_plagloclase (albrte) : more calcic plagloclasef
o (otiéoc}ase) ‘(post—Dj; after Winkler, 1974 and Sch1~
' mann,1978) . o

4.4 © MAP PATTERNS OF FSOGRADS

s o
' The first -appearances of the minerals biotite: and cor-

fdierite w;thin= the sedimentary rocks _mark tho‘-hiotite and
‘twoicordierite.isograds'(Figure 4—1);_ These iaograds trend
'north-northeaaterly andloutiine a . thermal 'trough'’ centereé'
.at'Clan_Lake.._ The axis of the }troughf'ie notably;baralieh
©to S4‘foliation. The isograd patfern could be explained by:
| 1. . different. heat sources at depth-.-'l more than one
’ thermal dome such that one to the west and one to the

east created a thermal low centered at Clan Lake.
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2. folding of isograds'suoh that 'the'low grade.rooks.df
the thermal low represent exposed high orUStai lev—‘

els preserved 1n T a synformal structure‘and dthe pro-

T gre551vely hlgher grade rocks 'to the west-and"the

- east represent progre551vely lower: crustal leveks

Ev1dence for an or1g1nal thermal low oomes from thE'diéf
) tr1but10n of gran1t1c plutons-' one group of tplutons lies
along the western margin of the Clan Lake area and another
'group‘of soattered plutons to the east (see preiiminary map.
of Fortier, 1946)} VIOn the other hand there is little evi"'

*

dende for foldlng of the 1sograds. The present exposed po—

51t10n of the 1sograds was determlned durlng D4 (peak of me*-“

tamorphlsm),_ as seen by_ textural criteria for t1m1ng of
. growth of cordierite and'andalusite Therefore;lif the'iso—
grads vere folded .into a synformal structure . subseguent to’
' D4, the s4 follatlon 'should also show the effeotsrof'thisj
.fo1ding However, 54 shows no obv1ous change In orlentatlon

across the map area (Flgure 3- 11)

4.5  SUMMARY AND Drscussion
. . . T
Metamorphlsm of . greenéthdst to lower aﬁphibdlite grade’
_progressed w1th/t1me and space as shown:hy‘the distribution
'fof 'metamorphlc minerals and the t1m1ng of the growth of

these mlnerals w1th respect to deformatlon (Flgure 4-384- 4)

~4
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Metamorphism began‘during Dz, progressed-until'it pea}ed

-_durlng and ]ust ‘after D4, and waned post D4, Three'prograde

<y

sporadic occurrence. Within the volcanic rocks, ‘prograde - -
. ' /! . . .

zones are’ deflned in the sedlmentary rocks by the f1rst ap—-

pearance of the 1ndex m1nerals blOtlte and cordlerlte.' D1s—w

-ﬂtr;but1on of_other metamorphlc mineraIS"such as garnet,and

andalusite cannot be so readily described because of their .

. - -7 ' [ R . . . . .
zones are ‘-not easily defined but prograde metamorphism is

manlfested by change in type of amphlbole, ' 1ncrease in An

tontent of plagloclase and d1sappearance pf prograde chlor-

‘ ‘l.tEQ - . ) i " : 4

Varlatlons 1n metamorphlc grade through space reflect
1. ‘spatlal varlatlons in temperature and pressure (at a*w

single time) (c¢.f.. Thompson, 1978)

2. changes in pressure and temperature reglme through':.f.Z

time - (1e. thermal peak wa’s durlng DY) T
3. the amount\of subsequent upllft and er051on'-(c:f;,

Thompson, 1978)

The changes in temperature w1th space and time can be ex-

plained by comblnlng reglonal metamorphlc models'for.'the

‘Slave Province ' proposed by,Ramsay and Kamlneni, 1877 and

Thompson,‘1978 _ Metamorphlsm was a s1ngle contlnuous cycle'

;whlch can be subd1v1ded into phases W1th respect to deforma-
tion. . The- first phase, during D2, wasj the beg1nn1ng of

‘thermal doming (Thompson, 1978} . Whlch 1mpr1nted an aureole
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“of low grade zZones on the rocks® Continued thermal doming
resulted in two sucéeed&ng phal-s;es'1 during D3 and D4 plus
1partial melting ‘and concurrent grénitic ,emplacement. The
" last or waning phase, pdst D4, was the decay of the tﬁermél
'-domé..( Thermal doming, and therefore regional méfgmorphism,
- was caused by high geothermal grédients in thick sialic
,1érust (Thompson, 1978).- The crust was thickened by regional

_horizodtal compression (Thompson, 1978).

T



Chapter v

SUMMARY‘AND PALEOGEOTECTONIC ANALYSIS

The volcanic and sedimentary succession at Clan Lake rep-

‘resents

a small segment of a depositional basin in the

southwest Slave Province that developed during the Archean.

A paleogéotectonic model for the Clan Lake area, within

an Archean plate tectonic regime, is as follows:

1.

rifting of préexisting sialic crust due to regional

- extension to form a depositional basin. The volcanic

and sedimentaffﬁ rocks at Clan Lake are assumed to
have been depositéd on sialic crust by analogy wfth
similar supracrustal rocks elsewhere in the Slave
Province which a) lie unconformably above olagr gran-
itic rocks (Henderson; Loveridée and Sullivan, 1982;
Krogﬁ and Gibbins, 1978; Henderson and Eastoh,,1977;
Bafagér and MéGlynn,-lQ%g) and b5 are largely derived
from a granific source and éﬁergent ‘felsic volcanic
islands (Henderson, 1981; Bafagar_and McGlynn, 1976;

il 3

McGlynn. and Henderson, 1970), ’

éxtrusion of%gpe 1300 meter thick Clan Lake volcanic

. pile was concommittent with turbidite sedimentation

within part of this basin. The volcanic pile devel-

»

oped into a felsic volcanic ° island but was later in-

- 123 -
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undated by turbidite sediments. Material for the
turbidite sfediments came mainly from the emergéd ﬁel—
sic volcanics and sialic basement highs.
gabbroic intrusion of the volcanic and sedihentary
rocks .
regional deformation (D1-D4), regional metamorphism
(D2-post D4) and granitic intrusion (syn-D3) of the
volcanic and sedimentary rocks due to regional hori-
zontal compression, crustal thickening and thermal
doming. The complex stryctures  and metaﬁorphic au-
recles of Archean rocks commonly have been attributed
to granitic emplacement (Drury, 1977; Gorman et al,

1978; Stephansson, 1977; and Young, 1978). However,

.regional structural and metamorphic trends in the

Slave Province cannot be directly related to the
granitic plutons and emplacement of the plutons is
mainly after extensive deformation (such as shown by
D2 and earlier structures) and metam;:phism had be-
gun. Moest of the structures\require regional stress-
es in and beyond the Claﬁ Lake area kc.f. Fyson,
1975,1978) and metamorphic apreéles require a region-
al heat source such as' a thermal dome ‘(Thompsqn,
19787 Ramsay and Kamineni} 1977}, with the plutons
representing merely subsidiary effects. Plate inter-

action is thought best to account for the regional

stresses (Fysbn, 1975), possibly plate convergence.
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The resultant crustal thickening led to thermal dom-

ing.

intrusion of diabase dykes, as the result of regional:
extension, and latef faulting during the Proterozoic
{McGlynn and Henderson, 1872).

uplift and erosion of the metavolcanic, metasedimen-
tary and -granitic rocks to their present-day configu:

ration.

\



4Ch_apter VI

SUGGESTIONS FOR FURTHER WORK

Future geochemical work would complement the present
study. The folleowing warrant particular attention: determi-
nation of the tectonic affinity of the volcanic rocks

- .
through major element and rare earth element analyses, es-
tablishment of the nature of alteration =zones within the
volcanic pile and evaluation of progressive metamorphism
across the volcaﬁicrrocks. Together with the mapping under-
taken in the present study, these méy help to define zones
of potential mineralisation and thus explain the presence,

locally within the volcanic rocks, of gold.

- 126 - N
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‘ Appendix A g
APPENDICES, _ .

APPENDIX 1: *

Mineralogy of rock samples. The types of minerals present
are indicated ( -abundant; = -few) and, where known, the
time of growth with respect to deformation 1is shown.

APPENDIX 2:
L]

XRF analyses of samples from rock units 1, éa, 2b and 5.
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HAP SYMBNLS

SLOLONGTUAL GOUNDARY

{detined, Jpprokiunni‘, inferrmsl?
JTCROP BIHNDARY

REDDING, 10FS ENOAN i . "
Cingiined, overturned, Uil lowed)

GIDLING, TOPS UNKNOWN

{inclined, vertical, dip-unknown, pillowed) -

MAJOR FOLD:  ANTICLING, AXTAL TRALL

(defined, aymroximatoe) (anov;hea.d_uﬁdf;afe—’ ’
S facing direction)

(upriaht, m—'.r;rtur-mnl) -
SYNCEINE, AXTAL TRACE S

{cefined, approximate) (grrowhead indicates
-Facqﬂj dtrec_hhn) .
(upright, overturned) .

MINUR FOLD
SyRmetry

symmetry urknovn

FOILTATION:

%1 (inclined, verticai)
S, Cinclined, verticall
o !

<, finciined, vertical)
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INTRODYCTLON

The Clan,Léke volcanic belt, about

.and by lenderson (1376) at a scale of 1

.The rock units, part of the Archea
scale of 1:10,000 for an M.Sc. Thésis.

_truded by metagabbro dykes and granitig

DESCRIPTION OF RUCK TYPES

The veicanic pile has been subdiyi

-rhyclite (4), and basalt (5} {Figure 1)

individually include considerable 1ithn
present-day configuration {minuys foldin

The oldest unit, (1), is plagiocla
amygdules (up tﬂhz cmoin size), Unit 2
aphyric or plagioclase phyric, in place
dacite lacks primary features and its m

_fall and lava flow. The dacite breccia

breccia of a dome complex. The breccia
less than | cmi to more than-a oeter in.
clast size and the presence of a few ma
Unit 3, volcaniclastic rock, inclu
breccia, the oredominant rock types, ar
breccia. . Heterolithic conglomerate and
Unit 4, rhyolite and dacite rustyi
Hdassive and brecciated dacite form a mi
Crysts in a.brownish grey, tuffaceous m
zones), , ’
Unit 5, the uppermost unit of the
well-bedded volcaniclastic rocks, with
reworked pillows, pillow breccia and 1a

“and-are-cammonly vesicular. Seme clast
(layered flow fragments). =~ The Upper pa

character, some being massive, some var

trated at the pillow margins. One flow

Associated with all these volcanic unit
The turbiditic sediments (unit 8)

primary features witHin Jcgnnlete Boum
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-_GEOLOGY OF. A VOLCANIC PILE AT CLAN LAKE, N.W.T. -

_— ‘ . L. Hurdle

I't, about 55 km north of Yellowknife, was previously mapped by Joiliffe {1939) at a scale of 1 in. = % mile

cale'of 1:125,000. ' : . i

he Archean Yellowknife Supergroup (Henderson, 1970) within the Slave Structural Province, were mapped at a
Thesis. The general geology is that of a volcanic gpile surrounded by younger turpidite metasediments in-
granitic rocks. ‘Proterozoic dighase dykes crosscut these rocks. ° e :

N subdivided into five 1ithologic units: andesite (unit 19, dacite (2), volcaniclastic rock (3), dacite/
Figure 1). The rock units are generally in stratigraphic order, though they interfinger with &ich ather and- -
ble Tithalogic variation and facies changes. Figqure 2 is a facies model for these voicanig units, with the
us folding and faulting) shown an the front side of the hldck diaavam. - . : ) \
plagioclase phyric aﬁdesile and”includes massive and pillowed flows containing numerous yvesicles and quartz
+Unit 2 has been subdivided into a massive dacite and a dacite breccia. The massive dacite is either -

fn places with a few Floating andasite clasts, nore rarely with packed clasts. Elsewhere the massive
and its ‘mode of deposition is difficult to determine: orobably it includes a combination of ash flow, ash
e breccia is confined to a prominent hitl in the NY part of the volcanic pile. It is interpreted-as crumble
e breccia is nodrly sorted, monmmictic, clast-supported and has -1ittle matrix. Angular clasts, ranging from
teter in.gize, are commonly cemented by pink carborate. The breccia has crude layering due to wariations in
2 few massive dacige layers, The rock js additionally brecciated im shear zones. '
ck, includes interbedded uianictites, breccia, conalomerate, sandstone and pelite, The diamictite and
types, are derris flow -deposits. “onomictic conglomerate near the dome complex is fluvially reworked crumble”
erate and rippled and crossbedded sandstore tarm ather fluvial deposits. :
Le vestricted to the western flank of the volcanic ciieyscensists mainly of ash fall and¢ash flow deposits.

form a minne component. Ash fall suff, predominantiy at the top of the unit, has abundant plagioclase pheno-

faceous matrix.  Ash flow tuff 15 o light groy tuffacecys rock with discrete, dark, lenticluar zones (welded
t of the valcanic pile, is andesite and basalt. The lower part of this unit is predominantly meter-scale,
ks, with minor interbeds of pillowed and layered flows, pilTlow breccia and hyaloclastite. The clasts are

ia and layered flows: most are well rounded, sometimes white due to alteration by carbonate and sericite,
ome clasts are concentrically zoned with vesicles {lava tube fragments?) and others are parallel zoned
“UpperpartTof unit’ 5 s composed predeminantly of piTTowed and massive—flows.---Tha pillows viary.in size and
some variolitic, and others vesicular, with vesicles either uniformly distributed, radiating, or cancen-
One flew unit qrades from smail, non-vesicular pillows to large, vesicular ones (shgi]owinq upwards).

1nic units, in varying.amounts, are airfall depasits. S '

(unit 6) are mainly greywackes and mudstones, which, despite metamorphism and deformation, preserve numerous

“

'
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character, some being massive, some variolitic,:
trated at the pillow margins. One Flow unit grades fr(
Associated with all these volcanic unitsy in varying ai
‘The turbiditic sediments (unit 6) are mainly grey
prlmary featires within incomplete Bouma cycles. Sedir
SCOUTS, load and flame structures, balt -and pillow str
clasts and rare flaser ‘bedding are also present. The
sediments . Q%§7exposed within the core of an anticline
3/4 and mafic vclcanics of unit 5. The turbidites loc
Metagabbro1c dykes and other bod1es {un\t 7) intr
show primary, rhythmic layering.
Granitic recks {unit &) intrude both the codiment

‘white .and contain both biotite and muscovite.

Proterozo1c diabase dykes crosscut all the above

DEFORMATION AND MfTAHUHFHISM

The rocks have underqon: J complex history of def
are-Lresent, arnortheast- o north- trending set and aw
facing direction of hoth fold SELS Cindicatn can T er o

_deformating. The earliest foliat® cnaracterised b
i¢ widesuread in the feloir ‘.n.l.u. rare in the my!
by later cleavages ir tn. sudstone, except asine 'y
lotally northeast across ol the rock tyves . ooan ir

cleavage in the yreywacke forms o ctosely-spaced anast
is expressed as a well-definndt, ~Taty cleavage in the
the earlier S) segrcqwtrnn leavage. [n both the ‘el
aligned parallel ‘to 5_ to form a foliated and/or linci
north-northeast and 15 axial_ planar to minor isoclinal
present, it is a fine, continuous cleavage in greywach

Cfelsic volcanics {unit 4), as a crenulation cleavage

Proterozoic faults crosscut the area, with a maj

"The rocks were wetamorphosed 1o q:eeﬂ5ch1st wujW
the sediments, outlining a zone of low grade | ving lu
narrow zone around the granitic intrusions in the uL51
dant within units 3 and 5 of the volcanics and are an|
Andalusite and stauralite are sporadically distributed

Chlorité, muscovite and biotite grew Lﬂ1uugh0ut
grew during the end of and after the last del Tormation

* -
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Henderson, J.B. 1970:
Strat1graphy of the Arphean Yellowknife Supergro
Paper 70-26.

kenderson, J.B. 19?6
Geology Yel 70wln1fc (E}Y, District of Mackenzie
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“pPreliminary Maps, Ouyta Lake and parts of Fishin
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unit grades from smaV], non-vesicular pillows to large, vesicular ones {shallowing upwards).

., in varying amounts, are airfall deposits.. ' : ) :

re mainly greywackes and mudstones, which, despite. metamorphism and deformation, preserve numergus
. cycles. Sedimentary structures that are good-top indicators include grading, crossbedding,

and pillow structures, and convolute bedding. Santistone dyklets, climbing ripples, mud rip-up
present. The turbidites are mainly younaer than the volcanic rocks, though some similar older
*ap anticline at the SW end of the volcanic piile and also nearby between fetsic volcanics of unit
turbidites locally contain felsic volcanic clasts near the contact with the volcanics.’

3 funit 7) intrude both the sadiments and thervo1canics}. The rocks are nbw. amphibolites, but still

th the tediments and volcanics and contain xenoliths of these rbcks. The granites are pink to;
wite. : . A o ‘ o
all the above rock types, | : R | _ i

-
» 4

histary of deformation and metamorphisn. Two sets of moderately-to steeply-plunging ‘major folds

ing set and a west to northwest one. The time relationship of these sets is not c]earffﬁgHgnges in
Cate carer-folding. Overprinting -these folds are foliations developed during three pérjodg ‘of
naracterisedf by an rasrerly. . triking set of discentinuous, spaced segregation cleavage (819, which
rare in the ma* “ies and Jocallv develaped in the greywacke. Sy is completely oblitergted
ept as inc'. o+ o teatls in biotite parynyroblasts.  The second foliation {S2) strikes northwejt‘to
ypos. o on ine sediments i ou axial planar cleavage to minor isoclinal to closed folds. The
Nyispaced anastomosing oy wavy pattern, and primary structures tend to be aligned subparallel.. Sz.
leavage in the w«:.tane,  In the felsic volcanics 52 is a fine, cantinuous cleavage crosscutting

n both the “wl-ic and mafic valcanics primgry features such as pillows, amygdules, and clasts are
ed and/on Uincated fabric. The third foliatinn (530 16 mainly confined to the turbidites., strikes
minor isoclinal to closed folds. S3 is dominantly a crenulation cleavage, though, where 57 15 not
rage in greywacke and a slaty cleavane in mudstono similar to 52. 53 is only Tocally seen in the
1tion cleavage which is axial planar to chevron folds affecting 520

~eg, with a major set.trending north-northeast and a minor set trending easterly.

seenschist and lnwer amphibolite grade. Two major cordierite isograds trend north-northeast through
grade 1ncluc ng sub-hiotite) rocks in the center and higher grade rocks to the east and west. A
jons in the west is cordierite-free, despite being above the coraierite. isograd. Garnets are abun-
aics and are anly locally apparent in the turbidites, both above and below the cordierite isograd.
A1y distributed within the sediments above the cordierite isograd. . o

rew tnroughout the last threc deformation periods and cordierite, garnet, andalusite and staurolite
ast deformation. ' : .

* -

wknife Superqroup, Yellowknife Bay-Prosperous Lake area, District of Mackenzie; Geol. Surv. Cap.,

et of Mackenzie: Geolz Surv. Can., Open File 353.

parts ot Fishing Lake and Prosperous Lake areas, Horthwest Territories; Geol. Surv.
Yoy . .

Can,, Paper 39-6.
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