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SCOPE OF CO NTENTS : 

A sequence of nlutoni c rocks in the Sis son Brook claims 

group owned_ by Kidd Creek Mines Ltd ., range in composition 

from gabbro at the mar g i n through diorite and quartz diori te 

to the Nashwaak Granite at the core . Field relations show the 

gabbros to be oldest, granites the youngest. 

A regional foliation devel oped in the gabbro, d i orite 

and to a lesser extent quartz diorite is evidence they have 

undergone a regional metamorphic event. The contortion into 

tisht ptygmatic folds of small granit ic dykes in quartz dior

ite outcrops near the Nashwaak Granite attests to a compress -

i onal metamorphic event . ~ine~alocically however, there is no 

evidence that su<~g est t:i.e roc:-cs 11ave undergon e more t han a low 

grade of metamorrhis'.':l . \i.i th t:1e exception o.f location C1, the 

granites are not foliated, i nd icatin[ their emplacement ~ o st 

dated metamorphis~ . 

The rocks are ~ale-alkaline and ~etaluminous with t~e ex

ception 	of the c ranites which are per2lumi~ou s . This is 
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co ns i stent with t~ends ~e 0 n in chem~cal vari ation ~ iaPrqm s 

whi ch suggest th2t, exclJdin~ the ~ranit~s , the rocks ~re 

c o- magmati c . I t is ~r0~os~i ~ere that the latent heat of 

crystall i zat ion from cooli~f ~Rbbro, diorite , and ruartz 

diorite magmas melted e~closin~ country rock . prod11cing a 

me l t of g r ani te co~position . 

All r o ck t ype s hav e been ef f e cted to vari ous degr ees, 

by a l a te s t age K, Rb- me t as omati sm . 
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CHii.?TER I 

Introduction 

The study a r ea, the wes tern ~ost sect ion of a claims 

group owned by Xidd Cre ek Ni nes Lt d .r is locat~d in the 

vicinity of Sisson Brook in Yo~k County, approximately 100 

kil ometers north- west of Frederic ton, New Brunswick. 

While employed by Kidd Creek Mines Ltd., ( then Texasgulf 

Inc .) the author was assi gned the task of producing a de

tailed geolog ical map over the extensions of a grid co

ordinate system cut into the forest several months previous . 

In all, approximately 70 k i l omete rs of l ine were mapped . 

1.1 Property Access 

Access to the prop erty ca n be gained through the Valley 

Forest Product s Ltd . lu~ber road followed by a s i de lumber 

road at mile 25, known as the Fire Road ( fi g . 1). These 

roads are well maintai ned . The secondary roads on the 

property are constantly being built by an ongoing logging 

operation. This is increasing the number and ac c es sibility 

of the outcrops. Several outcrops were found only after 

overlying till had been bulldozed . 

1.2 Pr evious Wo r k 

The most r ecent work on ~he area was done by Hc ~uade 

(1979) who, with the aid of R. F . Mann, mapped the eastern 

most section of the grid . 
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Nashwaak 

~Bridge 

8 

SCG -Sisson Claims Group N 
FR - Fire Road 

VFP - Valley Forest Products Road 

104/107 - Collector Highways 

SJR -Saint John River 

8 - Principal Highway 0 SO km-=-=-=' 
2 - Trans Canada Highway 

Fi gure 1 - Location Map . 



Moore (1 978 , Personal Co~munication ) report ed on work 

done by Kidd Creek ~ine s Lt d . ( g eophysica l I ch emical 

surveys and dia~ond d r i l li C J · ~reviously s Denarrnya 

Ca~ada Ltee d i d similar ~or~ a s t hat d escribed by Moore . 

1.3 Statem ent Of The Problem 

Metamorphism las made i t d i ff icu l t to d etermine the 

pro tolith of individual rock suites in t h e field. The 

aim of this study is to assi gn them a genetic name in 

order to better u nde r s tand t h e occurance of Cu , W, a n d 

Mo mineralization which may or may n ot b e economic . 

Petrographic a nd ge ochemica l a n a l y sis will a ttempt to; 

1) classify the rock s, 2) interpret their g enetic relation

ships, 3) discuss their origin. 

Limit ed outcro p a nd poor a ccessibility in the past are 

the primary rea sons t ha t little g eolo gica l informa tion 

is availa ble on the Sisson Brook area ( Moore, Personal 

Communication). While the problem of accessibility has 

been gr eatly all evi a ted, that of outcrop s carcity rema ins 

an obs t ina t e fru sta tion. Th e low lateral extent of ind ividual 

outcrops ( the ma ximum b e ing on the order of 10 x 20 me ters~ 

with most f a r l ess ) a l s o l ends to the probl em of correl 

a ting rock t ypes . 



~ePional Ge olo~y 

The Si sson ~~ook area lies in v~e south-central portion 

of the Central l?lutonic Bel t, a south- west - north- east 

zone o f metamorph osed volcanic ~nd sedimentarr rocks . This 

entire sequence was subsequentl r intr ded by ~lutonic rocks. 

The meta sediments I volcanics and plutonics compris e the 

Miramichi Anticlinorium or Massif (Fyffe, et al , 1981 ) • . 

The oldest strata a r e Cambre- Ordovician slates, a r gillities, 

g r aywackes , and quartzose sed i ment s with relatively minor 

amount s of grit, limestone and conglomerates ( Anderson,1 968 ). 

Ordovician subduction along a continental mar g in (the Wiramichi 

Massif) r esulted in volca nic activity which produced mafic and 

felsic volcanic rocks (Fvffe et al , 1981) . Anderson (1 968) 

describes andesitic and basalt ic volcanics o f ~evonian ag~ 

to the immediate north a nd west of the map area . Tievonian 

plutonic sequences, associated with the Acadian Orogeny , 

intrude t he Mass if ( ?yffe et al, 1981 ). These intrusives a re 

dominantly granitic in composition although quartz diorites, 

diorites and gabbros occur as well (AndersonJ 1968 , Fyffe 

et al, 1981 ) • 

In the map areat there a re three principal r ock asso ciat ions 

in rough east to west di r ection - meta sediments, gneissic 

rocks and granites res~ectively . The meta sed iments are arcill 

a c eous , that is slates a nd argillite , with minor g r aywacke and 

mafic volcanics . They correspond t o the Tetagouche Group in 
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'i'he " g ne i ss ic " zone wHs c:.escrioed by A:nde s o n (1968 , r . 17) 

2s one of gneiss , Pchi s ~, ~or~fels and i njected lit ~ar 

lit c ranit e . The r ra itic o~e in the 1est is descri bed 

a s one of bio ti te : ranites a nd nuartz monzon i tes known as 

the Nashwa a k Grani te ( ~oore , 1 9 7 8 , Personal Communica tion) . 

And ers on (19 68 ) d e s cribe s rock t y:pes 11 ium ed i a t e l y 11 we s t 

of the Nashwaak grani te ( i . e . just outs i de the !!lap area) 

wh ich may cons ti tute a fourth ro ck ass ociati on or z one . In 

particular he states (1968 , p . 32 ) "The bas ic c oa r se- gr a i ned 

i e;neous rock s in t he n orthern se c t ion of If:il l vi l l e map 

area and al ong the western mar g i n of t he Nas hwaak gr anite 

bo dy i n the coldst r eam ma~- area var y i n comp os i t ion f r om 

quar tz diori te ( here and ther e approa chin~ a g r anod iorite 

11wi th as mu ch as 20 0er c ent quart z) to gabbro . 
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C~APTER III 

Fe tro{;;raphy 

3.1 Introduction 

Mapping showed that lithological variance was greatest 

in a north t o south direction. This means eas t - west 

trending g eological contacts. Thus samnles ~ere collected 

in a north - south line from the granite ( Nashwaak Granite) 

in the n orth to the gabbro in the south. 

The nature of the outcrop, and therefore the ease of 

sampling , played a part as well in ?ample selection. For 

example, many of the outcrops are quite rounded and smooth 

making sampling very difficult. As a result many samples 

obtained are of use for a general lithological descrip tion 

but are unreliable for petrographic or geochemical study. 

In order to obtain a g ood cross section of different lithol

ogies, twenty samples were chosen for petrographic study, 

sixteen of which were analysed chemically. 

11 11 11The terms outcrop and sub-outcrop " are used to 

distinguish insitu and displaced rocks respectively. A 

sub-outcrop is defined as a unit of rock that has been dis

placed a very short distance from its original site ( a s a 

general rule of thumb no more than 20 meters). In this regard 

it would still serve as a representative in the over all 

areal distribution of lithologies. 

In the field, the rocks were classified into groups 

based on textural and mineralogical characteristics on the 

outcrop/hand sample scale. These are : 

A) Granite 

B) Biotite Plagioclase Gneiss 
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11 11C) Tuffac cous Pco ck 


D) Di ori t e 


E) Heta Gabbro 


ii') .s i ne GraL eO. :· et a. Sediment - 11 :3i oti te Hornfels 11
 
• 

The foll owi n g is a s mm2.-r., of the i mportant min.eral

o g i cal and t extural featrres of repr esent a tive out crop/ 

sub-outcrop as well as the ma i n petro gr aphic characteri s t ics 

of thin sections cut from their samples . 

3.2 Unit Des crintion s 

Bas ed on the miner alogy , modes and textures seen in 

t h i n se c tion, f i ve basic lithologies can be defined in the 

map a r ea. These unit s a r e res p ectively 

A) Gr anites ( ~fashvraak Grani te) 


B) Quartz Diori+e 


-:-'\ . . +
C) lJl.OTl. v8 

D) Hor~blende ? lagio clase Gabbr o 

E) Pelitic Me t a Sediment 

~he meta sediment i s not deal t with in any detai l from 

t his point . The Bio t ite Pl agioclase Gneiss and 11 Tuffaceous 11 

Rock c onstitute the quartz d i ori te. Fi gu r e 8 shows modal 

dat a from the rocks, ~iven in table I , plotted i n the Q- A- P 

c lassification scheme after Streckeisen ( 1976) . 

A) Granites - For the most part t he crani tes are found 

as sub- outcrop . In the two t hat o c cu r as out cro p (C1 , C10) , 

a jointing pattern ori ented approx i mately 308 / 65W can be 

seen . A d i stinction c an be made between three ty~es of granite : 

http:sub-outcrop.In
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1) Sample s C72B , C73, C74 possibly C10: A coarse 

grained, pinkish white , biotite granite in which, 010 

excluded, alkali feldspar forms megacrysts averaging 

0.5 cm in diameter, giving a sub-porphritic texture . 

The remaining fels ic c onstituents, plagioclase and quartz, 

show a more granular cha racter. 

II) Sample C 1 : An orangish, highly weathered gran

ula r granite rich in quartz ( 38.4% ) . This sample text

urally and mineralogically resembles the gr anite dykes 

found in some proximal ~uartz diorite outcrops. 

III) Sample C 76: A finer grained two mica granite. 

Quartz - Quartz in all granite samples exhibits strong 

undulatory extinction and sutured boundaries . Traces of 

myrmakitic texture are f ound between quart z and plagio

clase were the latter border alkal i feldspar ( even in 

the granitic dyke described in the dis cussion of sample 

C 18 - see Appendix A). Tr ails of fluid i nclusions can 

be seen in many grains. 

Plagioclase Feldspar - Pericline, albite and to a lesser 

extent combined carlsbad I albite twins occur in plag

ioclase, at times coupled with concentric, normal z onin g . 

Its compositi on varies between An 10 and An 30 • 

There are two principal zones wher e sericitic alter ation 

is most severe . These are in the cores of some zoned crystals 

a nd in the p l agio clase i nclusions within microcline . 

Outside of t hese zones the grains a re fairly fresh . 

Smal l laths of biotite,and in C76 pr ima r y muscovite, 

a r e common a S inclusions . 
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1 ·Alkal i FeldsT'ar - The areal i. f P.1dspar is microcline .fi th 

fe 1 a'c.-·n---,~ (·rp11 ..... tie ~ · ·p ,., ·e ,, ,..:i- s ) orb .J...1,. • 1-'~ "' '! c1... •. , _ l, - . , - ·v1: ; ,n 7 ,_ • . y .., ;. e simu .,a:'.'leous 

crystallization of Na and. r-: r::_ch feldspars followed b r 

replacement of Na-felds~ar hy K- feldspar, or visa versa 

( Marmo, 1971). Many conta in fine, regular perthitic inter-

growths which is attributed to the mechanism of Tuttle 

and Bowen (Deer et al , 1966) . Othe r contain larger irre ~-

ular patches of ,1agioclase w~ich in so~e cases is inter~rown 

with quartz , so called myr~ekitic textu~e . '.:'he ori p;in 0f 

these latter perthites is attributed to a re~lacement 

proc ess , in this case, ~-felds~ar re~laci~g ~a- felds~ar 

-( D e t 1 , -gc~I ob~ ,_ 197-) The perthi tes i::1 the l'Jas:-iwaakeer a !" 'armo , 1 •1 

grani tes are texturally of two types, and therefore two 

origins . Unmixing of an originally homogeneous alkali feld 

spar for the ~erthites co~taining fine regular intergrowths 

and renlace~ent due to some K- metasomatism for those con

tainin~ larser irregular intergrowths . 1l1he former pre 

dominates over all . Small laths of biotite are c ommon 

inclusion s, generally showing chloritic alteration . 

Biotite - Biotite is ~rirnary but may occur rare ly as an 

alteration product of hornblende (noted in samples C73 and 

C7 4) . It is pleochroic from a ~ale yellowish brown to a 

deep reddish brown. 

~inor chloritic alteration occurs al ong cleavage planes 

often partin~ the biotite crystal and in so~e cases co~~letcly 
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altering it. Minute pleochroic halos due to zircon in


clusions are common along with q11hedral apatite and mag


netite (Apatite is relatively rare in sample s C1, C10 


and C76) •. 


Muscovite - Primary muscovite is most common in s amule C76 


but occurs as traces in C73 a~d C74. 


B) .Quartz Diori te 


The quartz diorite can be seen in conta ct with the gran

ite in two places, at samule location C10 and C72. In both 

cases the contact is sharp and undulatory produci~g a small 

(roughly 2 - 5 cm)fine grained to aphaniti c chill zone in 

the quartz diorite. In g eneral, the grain size of this unit 

is finest when proximal to these granite contacts or in the 

area of abundant small granite dykes (locations C17 - C26). 

It is also here that the gneissi c banding is most pronounced. 

This sugge sts that locally, the foliation is due to emplace

ment of the granite . However at location C18, the injection 

of a small granitic dyke modifies a pre-existing foliation 

(see discussion of C18, Appendix A), showing the granite to 

be p ost foliation.(This foliation is a weakly developed 

regional feature, seen best in the gabbros and diorites, 

with a north-north-east - south-south-west trend). As can 

be seen on the map (rear pocket) there are several deviation s 

from this trend which correlate to the above mentioned areas 

of more pronounced foliation. 

In t he southern part of th e quartz diorite a t location 

C53 , lit par lit g ranites a re different than those in the 
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more northern part. For example, in the area of C17 a nd 

C18 (northern part) the granite dykes are a coarse, oran£ish, 

quartz rich,mafic poor rock . Those at C53 (south ern part) 

h owever are a pink,more mafic, very quartz rich,plagioclase 

poor rock. 

Most of the outcrops show a consistent jointing ~attern 

at roughl y 306/ 6 5W. On t he whol e , t h e quar tz diori te i s med

ium to coarse grained with mafic minerals comprising the 

f i ner constituent, felsic minerals the coarser. 

Quartz - Though the degree varies somewhat, the quartz ex

hibits undulatory extinction with essentially sutured borders. 

It i s essentially inclusion free although trai ls of fluid 

i n clusions are seen in C72A and somewhat in C53. 

Plagioclase Feldspar - Plagioclase is well twinned with 

combined carlsbad/albite being the most abundant type followed 

by albite and pericline twinning . Many crystals show concentric 

normal zoning along with twinning. Overall, the crystals are 

fairly fresh having undergone only a low degree of sericitic 

alteration . The composition varies between An 20 and An 3 5 • 

Biotite - ~xamples of both primary and secondary biotite can 

be seen in all thin sections. Secondary biotite occurs as an 

alteration product of hornblende either as partial rims, 

along cleavage, or as psuedomorphs after hornblende. In 

general, primary biotite is a higher birefringent more 

pleochroic form. 
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The b iotite in the more northerly sections show pleo

chroism from pale brownish yel low to a deep reddish brown . 

Those in the southerly sections (i.e . C53(I) , C59(II) , 

are yellowish g reen to a deen olive g reen The color d iff 

~ ) + . . 
erenc e ma y be attributed t o a chang i ng Ti / ~·e ratio with 

larger values g iving the more red d ish color (Deer et. a l., 

1966). This arquement is substantiated somewhat by the re

lative scarcity of s phen e in the southerly sections . 

In all sections studied, some degree of chlori t ic alt

eration occurs along cleavage planes often parting and 

warping the biotite where chlorite g rowth continues . Hiner

als found as inclusions in biotite include small euhedral 

apatite, magnetite, and sphene. Pleochroic halos from zircon 

inclusions occur in all but the more southerly sections C53 

(I) and C59(II) where sphene is comparably rare as well. 

In these two sections quartz is an abundant inclusion min

eral . Remnant pyroxene grains are associated with biotite 

in some sections. 

Hornblende - !Iornblende is found in nearly all quartz diorite 

sections occuring as anhedral to subhedral crystals. It is 

pleochroic from a pale yellowish g reen to a deep green. Many 

grains show a simple twinning and a pcikilitic textur e is 

very common with hornblende encompassing quartz, sphene, 

rarely plag ioclas e and quite frequently apatite. 

Sphene - Euhedral to subhedral sphene is very common in 



t he northerly samples , '·1hile towar ds t!le s outh j t is less 


a bunda nt 2nd fa r ~ore altered . Sphene r eplacement by rnag


ne t i te i s au i te common . 


C) Di ori t e 


Owing t o their s carcity only h10 ou tcrops of d iori te 

we r e studied . These a r e sampl e l o cat i on s C32 a nd C50 . 

No conta ct r elat i onshi p s wi th o the r ro ck uni ts a r e ex

p ose d . Th e d iori te is a dar k me d i um to coa r se g r ained 

f oliated rock . At loca tion C32 quartz veining and gran

itic dykes o c cur • .A t locati on C43 (diori te at l ine ·1 0 

s outh I 7 + 60 west) simi lar quartz veining c r oss cuts 

g r a nite dyke s . A paral l el s e t of quartz veins oriente d 

at r ou ghly 315/72 W occurs a t C43 a nd a p lana r f r a ctu r e 

s ystem or mi cro jointing with similar ori e n t a tion is se e n 

at l ocation C3 2. 

Quartz - Qu artz is inter stitial i d iori te, s h owi ng pl a nar 

b oundaries , some undula tory extinct i on , and i n some t rai n s 

of fluid i n clusions . 

Plagi oc lase Feld s par - Pericline , combi ned ca rlsba d/a lb i te 

and albite t wi nning a re comm on . Nor ma l and patchy con c entri c 

zo n ing i s a l s o comm on especi a lly i n gr a i n s showing n o twin

ning . It s comp osition r ange s f r om An to An • Pl agio45 55 
c las e has suff e r ed li t t le or no s e ricitic a lterat ion . 

Biotite - Biot i t e i s an a l te r at ion pro duct of h ornbl e nde 

(fo und as subhedr al gr a i ns or p s e u d orn orphs af t e r h ornblende ) 
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With the exception of the bioti t e in C32 , it is fairly fresh, 

though cnlori tic al teration can be seen in both C32 and C50 . 

It is pleoch roic f rom a pale yel low to deep reddish brown. 

Zircon, common as an inclusion in C32~ is not seen in C50 . 

The biotite in the latter is relat ively inclusion free while 

that of C32 shovrn inclusions of ·chhedral, apatite and opaq_ue s 

(magnetite, pyrite) besides zircon. 

Hornblende - Hornblende occurs as anhedral to subhedral cry stals . 

It is pleochroic from a uale greenish yell ow to deep green. 

Poikilitic texture is common with hornblende en co mpassing 

sma ll pl agioclase grains and quartz. Some anhedr al sphene 

grains and apatite occur as inclusions in C50 while magnetite 

makes up the brunt of i nclusions in C32 . 

D) Gabbro 

Of the four examples of gabbro studied,only one, C59 (I) 

shows a conta c t relation where it is found in a sharp undula 

tory contact with C59 (II) a quartz diorite. The absence of 

the dioritic unit between the gabbro a nd quartz diorite sug 

gests it may p inch out towards the west . This cannot be veri

fied however due to p o or outcrop control. 

The gabbro i s a dark , coars e grained, f oliated r ock . Loc

ation C45 seems t o have undergone the greatest amount of 

al teration on both outcrop and thin section scale ( see 

appendix A). Late stage (post foliation) veining o c curs at 

lo cations C45 and C66 with qu a rtz and gr a nit i c veins found 
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in the former and latter respectively . 

Quartz - Quartz occurs o~ly in a cces sory amounts and is 

interstitia l, t hus exhibits ulaner boundaries. Extinction 

is straight with only a weak und~atory extinction noted 

in some grains of samples C59 (I) and C66 . Some grains con

tain minute -fluid :.inclusions. 

Plagioclase Feldspar - Twinning according to the pericline, 

c ombined carlsbad / albite and albite twin laws occur in 

plagioclase. Quite often these are accompanied by a normal 

or patchy concentric zoning and I or wavy extinction. Because 

of extensive sericitic alterat ion (C66 is an exception) these 

features are often destroyed, but where possible it was found 

the plagioclase composition ranges from An to An • Small 
45 56 

subhedral opaques (magne tite, pyrite?) are found as inclusions 

in some plagioclase. 

Biotite - Biotite occurs only as an alteration of hornblende. 

Pleochroism is from a light brownish yellow to pale brown 

colour. In many cases biotite has undergone intense chloritic 

alteration often leaving chloritic ~suedomorphs of biotite. 

Magnetite is the common mineral found as inclusions, t hough 

C59 (I) shows small anhedral sphene while C66, some ~~edral 

apatite as well as magnetite. 

Hornblende - In sample locations C45 and C59 (I), hornblende 

is highly altered often occurring only as small rounded rem

nants. In sections C66 2nd C68 hornblende occurs a s more sub

hedral grains. Pleochroism is from a pale yellowish to gTeen 

color . In sections C59 (I) a nd C66 hornblende poikilitically 



'l'c le 1 Modes (J>ercent s ). P . F . - Plagioclase Feldspar; A. F .-Alkali Feldspar; Bi o .-Biotite ; 
Hb d. - Hornblende ; 
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encloses quartz plagioclase, anh8dral sphene (in C59 fI) ) 

and euhed r a l apatite (~66) . In all sect ion s s ome magnetite 

inclusions, often olo~~ c~eav8~e p l ane s can be seen . 

3 . 3 -.,Tetamorphism 

In t he 52cbbro ~ diori te, au2.::.-tz d iori te and. lo ca t .ion C1 of 

the granites (other gr ani te excluded) a repional folia~i on i s 

produced by the parallel alignment of mafic minerals . This 

f oliation is interpreted as a consequence of reg ional metamor

phism rather t han flow mechanisms during emplacement for the 

following r eas ons: 1) it is evident in more than one ro ck t yp e 

of different a g es with the same orientation (roughly N N E 

- S S E ); II) it occurs in outcrops well away from geolo gical 

contacts in the above orientation but is modified near such 

contacts;III) t he hi ghly contorted nature of small g r a nitic 

dykes in the location of C17 - C26 a ttests to a compressive 

metamorphic event . 

However, if the foliation is metamorphic, it formed only 

under v ery low grades of metamorphism as there is no evidence 

either texturally or mineralog ically, for hi ghe r grades . 

Textures shown by quartz are i gneous i . e. t h e s tra i ght 

extinction in gabbros and diorite, and the highly sutured 

nature of ~uartz - quart z grain contac ts in t he mo~e fels ic 

rocks ( espec i a lly the granites) . The absence of metamorphic 

mineral assemblages (in the plutonic rocks) such as zeolites, 

garnets, a lumin a - s ilicates , cordierite, and the s t abil ity 
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of chlorit es , muscovites ( primar y in the gr anites, second

ary plagiocla se alterations in the remaining rocks ) a~d 

biotite hornblende facies a 0 a i n argues fo r a very low gr ade 

of metamorphism ( ~inkler, 1974) . 

The lack of foliation in all t he granites but C1 shows 

t hey were not affected and therefore post-dated the meta

morphism . 
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Cl1APT3R IV 

Geochemistry 

Sixteen of the twenty samples studied in thin section 

were selected for major and trace element analysis ( the 

analytical procedure is given in appendix B). The results 

are given in tables 2, 3, and 4. The purpose of this analysis 

is to : I) Chemically classify the rocks comparing the results 

with the mineralogical classifications of chapter III; 

II) To help discern a relationship between rock 

types; 

III) To help determine their origin. 

CIPW and Mesa-norms were calculated for each sample to aid 

in the chemical classification and problem of origin. 

4.1 	 Chemical Classifications 

Figure 3 shows the mesa-normative composition of the ro cks 

in the Q - Ab - Or diagram of Tuttle and Bowen (1958). Figure 

4 shows the mesa-normative data plots within the Q - P - A 

classification scheme after Streckeisen (1976). Normative 

data indicates that the rocks are calc-alkaline. This is 

supported by the AFM plot (fig. 5 ) where the trend for rocks 

of calc-a lkaline affinity from Carmichael et al . ( 1974,~568 ) 

is plotted with data. The trends seen in fi gure 6 (a) i.e. 

the negative correlations of Ca , Mg , Fe and positive carrel

ation of K with the Modified Larsons Index, is compatible with 

the predicted trends for calc-alkaline rocks ( Birk ,1978) . 

In all samples the value of AI 2 0 : Cao + Ha o + K 0 is3 2 2
greater t han one, which according to Carmichael et.al. (1974) 
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--------------~-

Tabl e 2 

Whol e Rock An a lysi s in 
Weight Per cent Oxid es 
~ormal ized to 100 ~ 

Sample ..,]Q·o _ 2 Al 20 Fe 2o f:Jg O CaO 1'J.q 2Q K20 Ti O MnO P205 J osr;; on3 3 2 Lc;n i ti on 
·---- .•. --- --- ------· --~-

C73 67. 89 15 . 50 4. 45 1• 14 2. 20 3 . 09 4 . 81 o. ()!'.; (). 05 0 . 21 0 . 8 
C72B 70 . 06 14 . 8 3. 86 1. 42 1. 74 3 . 02 4.3 1 o. l)(; Cl .O b 0 . 1") 1 . 08 
C76 73 . 02 ·14 . 59 2 . 06 0 . 8 1. 5 ).62 3.98 0 . 24 0 . ()(j (). 1) 0 . 9 
C74 6h . 79 15 .70 4 . 9€) ·1. 74 2 . 89 3. 57 3 . 26 0 . 75 O.Od 0 . 2H 0 . 9 

Granite C1 76 . 45 11. 6 1• 15 0 . 69 0 . 55 4.2 1 5 . 16 0. '1 1 0.0) (; .C>') 0 . 4- - -- --- .. ' ... .
C72J:_ 63 .7 4 16 . 53 5. 97 2 . 96 4 . 15 2 . 98 2 . 22 1. 06 0 . 16 () . 2~ 1. 91 
C5 59 . 00 ·17 . 43 6 . 03 3. 84 5 . 4-2 4 . 93 2 . 02 0 . 95 0. 1 ) 0 . 26 L 15 
C17 59 . 47 17. 66 6 . 19 3 . 67 6 .13 3. 87 1. 65 1• orJ 0. 11 0 . 211 0 . 82 

C47 65 . 94 16 .7 5 4. 34 1. 87 L~ . 03 4 . 60 1• 55 0. 67 0.06 0 . 17 1• 14Quartz 

-T1i -ori- t e .Q52. . . 63 . 46 17 . 10 4 . 66 2 . 8 4 . 58 4 . 21 2 . 16 0. 77 0 .09 0. 1'7 0 .7-
C32 54 . 59 19 . 14 7 . 77 4.52 5. 96 3. 42 2 . 82 1• 20 0 . 14 () . 45 1. 3 

hori t e C50 53 . 06 19 . 41 7. 84- 4 . 93 8 . 82 3 . 24 1. 12 1 . 27 0 . 1·5 () . 18 0 . 9-- - · - - 
C45 47. 47 19 . 57 9. 67 7 .08 10 . 02 2. 53 1. 60 1 . 6 11 n.?n n . 22 1. tD 
C66 47 . 6 19 . 32 10 . 95 6 . 00 10 . 12 2.73 0 . 72 2 . 0? o. ?'\ 0 . 33 0 . 8 

Gabbro 868 1\G . 04 20 . 86 10.09 7 . 10 10.93 2 . 39 0 . 56 1. 7; n. 10 (j . 13 1. 1- - - ·- -- - 

i"\) 



Table 3 Trace Elements (ppm). 


Sample Ce Nd La Ba Rb Sr y Zr Nb 


C73 164 52 75 1321 160 206 31 380 23 

C72B 142 54 78 668 124 277 25 296 19 

C76 41 26 23 303 210 109 31 152 21 

C74 153 53 101 1038 146 254 35 416 26 

C1 110 43 79 264 134 106 20 152 17 

C72A ·160 55 80 3 ·15 147 318 34 250 19 

05 4.g 31 21 260 14 1 69 1 31 176 1 3 

017 36 27 18 274 83 685 25 174 1 5 

C47 36 23 0 71 47 633 37 95 11 

053 35 19 1 1 575 74 619 1 1 184 14 

C32 56 37 25 274 380 663 34 167 13 

C50 29 23 0 116 61 596 22 98 10 

045 43 33 5 121 200 808 30 106 10 

C66 62 27 62 219 79 511 5 205 16 

C68 36 30 0 86 40 11 57 24 95 8 

(\) 
(\) 



- --- -- - - - -

Table 4 Trace Elements ( ppm ) continued 

Sample Cr Co P b Zn As v Ni Cu Mo w 
----- ~~-

C73 34 16 38 67 0 65 ·13 3 2 3 

C72 B 30 9 31 50 0 42 22 14 3 2 

C76 25 0 21 4-2 0 21 28 4 2 2 

C7!J 42 12 31 75 0 61 35 4 4 5 

C 1 56 0 17 26 0 0 30 0 3 4 

C72A 34 18 26 127 0 ., /~4 19 18 4 < 'I 

C5 50 21 23 76 0 11 5 42 1 4 3 < 1 

C17 48 20 24 66 0 162 33 62 3 

C47 1 5 39 1 5 110 0 307 25 36 4 ?. 

C53 37 7 25 50 0 78 41 3 1 < 1 

C32 29 24 20 86 0 205 53 327 4 19 

C50 58 24 19 83 0 228 44 34 2 2 

C45 27 41 18 102 0 300 55 34 8 

C66 30 1L~ 21 97 o · 70 27 25 0. 5 1 

C68 57 32 1 5 89 0 304 46 51 5 

i'0 
\, .>.) 
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class ifies them as per alurninous . ~ineralogically h owever , 

with the exce~tion of t h e 3ranites they are mo r e a kin to a 

metaluminous class i fication by the same s cheme . Also, calc

alkaline rock s are seld om Peraluminous. This would su ggest 

the granites may have a separ a te origin than the other units . 

By the criteria of Chappel and White (1974) the granit e s 

are S - types. Table 5 lists characteristics of both S - type, 

derived from sedimentary precurs ors, a nd I - types derived 

from an i gneous par ent (Heaman, 1981), as well as those of 

the Nashwaak Granite samples . By these criteria, the remain

ing rocks show an I - type affinity . 

4.2 Chemical Trends 

Bina r y ~l ots of maj or oxides and trace elements a gainst 

Modifi ed Larsons Index were produced in order to i nvesti gate 

any trends that may suggest or refute a co-magmatic orig in 

of the rocks . This would help interpret the field relat ion 

of rock types which , owing t o their litholo gica l se quence , 

seems to suggest a fractional crystall ization orig in with a 

mafic marg in ( gabbro) to a felsic core ( ~ashwaa~ Grani te) . 

Fi gure 6 ( a) shows major oxides VS .Modified La rson's 

Index ( M.L.I.). A strong negative trend occurs with Ca0 , Fe o3 ,2

MgO and Ti02 • K20 shows a somewhat weaker p os itive ~rend . Tra ce 

elements (fig. 6 ( b) ) do not exhibit a s tight a trend as the 

major oxides but ~ o sitive correlations are shown by Zr, Rb 

and Ba while Sr~ exhibits a weak ne gative corre l ati on. 

The tren ds of Ba and par ti cularil y Sr reflect the se quence 

o f feldsnar composition . Sr shows a de crease with M. L. I . from 



Table 5 Granit o id Clas ifica tion . After Heaman (1980). 

Nashwaak Granite 

Mafic Minerals musc , b i o , gn ,cd bio,hb 

Accessory Mi nerals rnon ,i l , sph sph, ap , mt ap , mt ( ':' ) 

Xenoliths metasedimentary m:=tf ic cognates rnetaspa j_men t 

Variation Di aGrams irregul a r smooth irsuffi~ient data 

As s oci8ted Mineral ization Sn porphyry Cu nj l 

AJ 2o /Na 2o 1 K2 0 + Ca O > 1 • 1 < 1 • 1 > 1. 1 

s-ty:J?_£ 

3
Normative Corundum > 1 . 0% < 1. 0% > 1. 0% 

Compositi ona l Vari a tion restricted 	 varied-ass ociated i nsufficj e nt da t a 
wi th maf i c rocks 

muse - mu scovit e ; bio - biotite ; gn - garnet ; cd - cordierit e ; hb - hornhl ~nd6 ; ~ 011 

monazite ; ll - ll mer:l~~ = sph - sphene ; ap - apatite; mt - magne tite 

f\) 
co 
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the gabbros to the granites. Since Sr commonly substitutes 

for Ca in plagioclase (Hanson , 1978) i t is supportive in 

expressing the plagi oclase com~osi tion control on Ca content 

shown by t he Cao trend in figure 6 (aj. S i milarily , Ba whi ch 

substitutes for K i n alkali feldspar, supports t he K0 0 trend . 
' 

Ba shows a slight, steady increas e from the gabbros through 

diorite to quartz diorite, then a s harp increase in the 

granites , the only rocks i n which K-feldsuar occurs. Rb follows 

K 0 and substitutes fo r K into biotite (Hanson, 1978) . Its2

correlation with M. L. I . is only slightly positive and the 

data i s wi dely scattered . For this reason , the Rb vs M. L.I . 

plot is inconclus ive . 

The K I Rb ratios suggested by Shaw (1968) as another 

parameter i n deciding g enet ic relationshi ps is inconclusive 

as well. This is a r esult of the apparent enrichment of the 

rocks, particularily t he gabbros and diorites in Rb, and to 

a lesser extent, K. Hanson (197 8) states t~at the K: Rb ratios 

in more basic rocks such as gabbros and d iori tes a r e generally 

higher than in granitic rocks. This is practically the re

verse of the s i tuat ion seen here. C45 ( gab bro) shows enrich

ment of Rb and K while C3 2 (diorite) shows enrichment of Rb . 

This c an be seen in fi gure 7 where two &enera l tr ends c an 

be delineated; a h i ghly variable Rb , nearly consta nt Sr 

content g iving a verticle trend r epr esented by the gabbros , 

diorit es , and qu a rtz d iorit es , and a more h ori zontal trend 

shown by t h e granites . 
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'.11his toget!'ler 1ith t he ?a vs M. L. I . nlot of fi gure 6 ( b),- . 
suggests that the gran i tPs may have a d ifferent orig in. This 

is consistent with the S versus I - type and · eraluminous 

versus metaluminols nature of the granites . 

The gaps between the data plots on these diagrams a re 

no t s i gni f i cant because of the outcrop scarcity a nd subsequent 

low sample density . 

The values of Cu, Mo, and W fo r the outcrops sampled 

a r e g i ven i n table 4. Wi th the e x c eption of C32 a l l a r e 

b elow back g round levels . Combined values of Cu, f.Io, and \'1 show 

a rough s outh eas t war d i n crease f rom the g r a ni te.It appear s 

that the source of mineralization in which these me als occur 

is not related to the rocks studied in th e map a rea . 

4 . 3 Summa:sz: 

Tables 2 , 3, and 4 have grouped t he samples by rock type 

i n a r ough north (C73, granite) to south (C68, gabbro) se

quence. Outcrops C32 and C45 are farther north than their 

po s i tion in t h is sequence would sugges as t hey are found 

farther east along the N. D - S.W g eolo gica l contacts. Also 

C72A is in conta ct with 072B and therefore farther north, 

but the remainde r of the outcrops as shown, do form a north 

to south d istribu tion . 

From this, the following a real variations in chemistry 

f rom gabbro s · ( south ) to granites (north) can be seen : 

1) steady decrease in A1203 , total Fe , Mg O and Cao . 
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11 ) slight increase in LTa,..,
.--' 

0, '.1.b I Sr rati o 

1 1 1 ) p r ono..lnced incr ease in K') O. 
<

1V) crude decrease in combine d Cut Mo , ~ values 



CHAPTEH V 

Petrog enesis 

5.1 Field Relations 

Four types of i gneous rocks a re distinguished from 

petrographic and geochemical data. In the field they are 

distributed such that a zoned complex is formed with gran

ites, the Nashwaak Granite, in the north through quartz 

diorite to diorite and finally gabbro in the south . 

Field data show the relative ages of rock units decreases 

from the gabbro to the granite . A sharp contact at location 

C59 between quartz diorite and gabbro with a chilled zone 

in the latter on the order of a few centimeters in width, 

indicates it was likely a fairly ri gid cooling body i. e . 

the gabbro had time to cool and solidify somewhat before 

the onset of magma tism of auartz diorite composit ion. 

Diorite occurs between the gabbro and auartz diorite 

east of location C59 but is not seen in contact with either. 

It is assumed that the diorite is syn or post gabbro and 

pre quartz diorite owing to its relative position in the 

complex a nd its consistency with areal chemi cal trends g i ven 

in Chapter IV. 

In the north at location C10 and C72,quartz diorite can 

be seen in contact with granite. Here the contact is sharp 

with a n a rrow chill zone ( 2 - 5 cm in width) in the former . 

Some ~uartz diorite outcrops have been intrud ed by granitic 
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dykes of various sizes from 1cm (location C18) to several 

meters (location CB ) in width which modify a _re-existirc 

foli at ion (see Chapter III and outcro p d iscussion for C18 

in Appendix A) . The fol iation in these outcrops is variable 

in orientation and generally more ~renounced than in o tcrops 

without these dykes (i . e . C5) . The small s ize of many granite 

dyk es a r gue s f or a faily rig id h o s t rock . 

5.2 Petrogenic Models 

There are three models by which the o bserved zonat i on 

i n lithology may have formed : 

A) through insitu.fra cti onal crystallization of a mafic 

parent from the margins inwar d, su ch as that proposed by 

Van c e ( 1 96 1 ) ; 

B) by t he multiple f.'mplacerr.en c of 11 crystalline ai:ferent

i ates" "from a mafic magma chamber " beginning with gabbro 

and ending with grani te (Birk , 1978 , p . 178), with inter

ruption of crystaJ.lization along mar gins by subseouent pulses 

of more fluid, felsic core magma, su c h as that proposed by 

Bateman and Chap~le (1 979, p.465) for the Tuolumne Intrusive 

Series; 

C) by emplacement at different periods, of comagmatic 

gabbro, diorite a nd quartz diorite in the crust, whose latent 

heat of crystallization caused the partial meltinc of hosting 

sediments producinc a melt of granitic composition . 

~odels A and B are similar in that all the rocks are 

http:f.'mplacerr.en
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comagma tic . I~ model B h o 1ev Ar, the magma cha~ber is tap~ed 

at different times allO\'ling the upward mi gr at ion of r es i dual, 

more felsic differentinte as opr osed to in situ fractionat ion 

as in A. 

Field data argues agai st model A in that there is ohvious

ly a time difference between the rocks units , shown by the 

nature of the contacts where younge r units have altered 

older ( i. e . chilled mar0in , modified foliation orientations). 

The trends shown by f i gures 6 (a) and (b) are fairly 

consistent with a fractional crystallization model i.e. a 

comagmati c origin. Tr ace elements show an overall trend i.e . 

positive or negative correlation with index) whic h i n t he ca se 

of Sr, Bat a nd to a lesser extent Rb confirm trends shown by 

the major cations with which they readily substitute in min

e r als. A similar gabbro to granite trend i s not evident in 

fi gure 7 where the branites seem to form a separate field . 

However this is due to the plots of samples 032 and C45 . These , 

as has been mentioned have anomalously high Rb values which 

r esults in an abnormally hi gh ~b : Sr ratio g iving a verticle 

trend appearance to the ~abbros, diorites and quartz diorites . 

A plot of Ba on the ordina te (fig . 8 ) shows a general increase 

in Ba : Sr ratio from gabbros to granites. 

In fi gure 9, the Ca - Na - K ternary plot, the granites 

diver e per~endicularly f rom the igneous tr end which sugges ts 

the operation of proc esses o ther t han fractional crystalliz

ation ( Birk , 1978). Howeve r remaining rock s d~ appear to 
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for~ a close ~arall el correlation with the i;neous trend . 

The exceptions a re C72A . ~32 and C45 where a e~rich. ent i~ ~ 

is evident in the diagram. C72A is in contact w·th t~e yoange r 

Nashwaak Granite and thus uite 1 ossibly contaminated by :: 

rich fluids from the latter . Also C32 and C45 have bee~ 

contaminated as indicated by hich Rb and K contents. If 

these samples a r e ignored, those that remain form a close 

correlation wi th the i gne ous trend . The complete~ck of any 

trend for the granites however makes a similar argument i~n

os sible . For them, it cannot be said whether contamination or 

processes other than fractional crystallization produced ~he 

observed data scatter. 

Though not conclusive, figure 9, suggests tha~ the . ~s~waa~ 

Granite is not co - magmatic with the other units . This is s~pp

orted by the sharp transition from I to s -type character 

between the more mafic units and the grani te respectively. 

Model C has the gabbro, diorite and quartz d i orite 

orig inating as a co - magmatic melts formin g a zoned sequence 

through a process of fra ctional crystallization (with time 

varian t emplacement i.e. gabbro first etc ., as in Mod el B) 

while the granites formed from partially melted country roc k , 

in this case sediments of pelitic affinity . If this were ~e 

case, it would explain the lithological sequence f rom ~abb~o 

to qucrtz diorite, their relat ive ase differences , and the 

apparent change in the origin of granite . 

Small xenoliths on the order of 10- 15 cm in dia.eter occur 
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in the northern section of auartz d iorite ( i . e . locations 

C5 and C7) . The contac~ nature be tween the xenoliths and 

qu a rtz dio ri te form a .rn1tinrnm between thos e .'rh.' ,1:1 a. :ce 

sharp to tho se which Pre barely ~erce?tible, the xenoliths 

a:!_)p earing as mica c eons clots in their h ost. 'rhe latter is 

evidence that considerahle absor~tion of the xenoliths has 

occurred. The composition of the xenoliths is similar to that 

of the meta sedim ent C4 ( a dark, fine grained auar tz and ~ica 

rich rock). I t is feasible to suggest then , t~at the latent 

heat of crystallizatio~ 1 given off by the co oling gabbro: 

diorite and quartz diorite magmas ~ melted the surrounding 

country rock producing a t high temperatures , a melt of granite 

compo s ition and the xenoliths represent material that was 

incompletely assi~ilated . 

The hi gh temperature character of the gran it e is s h own 

by the abundance of perth it e , In their classic study of the 

system l\TaA1Si3 0 8- KF-1 Si 3 o8 - H2 0 , rL'ut t le and Bowen (1958) 

showed that these perth ites ( in fact all ~erthites according 

to them) represented a high tern erature, low pr essur e feldspar, 

i nitially formed as a ·homogeneous alkali fe l dspar at tempe r atures 

above 660 ° C which unmixed when temperatur e was decreased . 

Fi~ure 3 attests to the low pressur e formation of the gra~ites 

whic: plot pr edominantly in the 500 - 1500 bars P H 0 region .
2

The i sobars represent the confining pressures of a wate r sat

urated li~uid ( Carmichael et . al . ,1974 , p . 230 , isobaric lines 



represent experimental data by Tut tle and Bowen, 1958 p . 75) . 

Due to the lack of outcro p and therefore sample density , 

the exact orig~n of the rock units is r athe r s?eculative a t 

this point . Wh ile model C seems to exnlain both the chemical 

trends and variations therein, the author emphasizes that 

based on the infornation com_iled_ to date, it is impossible 

t o decide with any c ertai nty on one model over the other . 

It is quite possible that some compromise between models B 

and C, i . e . fractional crys talliza tion coupled with the 

syntexis o f sediments, formed melts of granite composition . 

5. 3 Contamination 

A K,Rb - metasomatism affects all rock type s as s h own by 

both chemistry and mineralogical alterat ions . ~he enrichment 

of the diorites and gabbro s in K a nd Rb has been dis cussed . 

This type of contanination is als o expressed by the bio 

tization of ho rnblende in the more mafic phases and the re

placement perthite in the granites discussed in Chapter III . 
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CHAIJS1EH VI 

:-) ! JI.]·'!it ?t y 

A zoned plutonic sen1lence e.i sts in the man a rea with 

a marginal hornblende rrabbro gr a ding through a diorite, R 

quartz diorite to a biotite and biotite-muscovite gr anite 

( the mid-Devonian Nashwaak Granite) core. While evidence 

suggests the first three are comagmatic, tapping a common 

source at different times, the genetic relationship of 

the granites to this sequence is unknown. Two models seem 

plausible to explain the granite's origi~ : 

I) as a further fractionated component of the 

system as a whole (model B in Chaper V) or; 

II) by the melting of country rock from the latent 

heat supplied by the crystallizing gabbro,diorite and ~uartz 

diorite magmas intruded into the crust (model C in Chapter V) . 

While the author prefers the latter explanation, the out

crop density and subsequently the sampling control is much 

too inadequate to decide with any certainty on one model over 

the other. 

The plutonic rocks, other than the granites have be e n 

subject ed to a reg ional metamorphic event as evidenc ed by a 

reg ional foliation and the severe co~tortion of many small gran

itic dykes seen in quartz diorite outcrops at loca tions C17 to 

C26 . However, the metamorphism is of extremely low grade and 

possibly the result of syn- tectonic emplacement . The granites wit~ 

the exception of C1 and the a bove ment ioned gr a nite dykes a re 

completely lacking in meta~orphic cha racteristics which suggest 
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t hat the bulk of the ~ashwaak Gr anite is l a te syn or ~o st 

oro g enic. 

A late stag e K, Rb me t asoma t i sm is evident i n 21~ roe ~ 

types bo th min~ralo;i cally a n d -~ h P.mically. The ~rP-nit es ex

hibit replacement perth i tes (with K- f eldspar replacing 

Na-feldspar) while the re~ainin~ rock s show b iotite re 

placement of hornblende to variou.sdegrees. Som e of the more 

mafic rocks ( i. e . locations C32 and C45) show anomalous 

Rb and K values in their chemistry which a gain attests to 

a regional K, Rb metasomat i sm which probably occurr ed duri ng 

or shortly after emnla cement of the Nashwaak Granite . 
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APPEi'fDIX 

A 



All thin sections studied (with the Axception of 

C4 and 018) 11ere ? Oi n t counted (between 500 and 600 

counts) in order to g ive a closer estimate of modal 

percenta~es . Since duplicates were available for most, 

they were stained for alkali feldspar . The thin sections 

were placed under a fume hood in the vauours of a 52~ 

Hydro-Fluoric acid solution for 10 - 15 seconds , in 

ord er to etch the grain surfaces ( to hel~ ~he stain 

take to the section ), then immersed in a super sat

urated solution of Sodium Cobalta ~itrate for ap~rox

imately 30 seconds . Staining was positive for the 

granite samples only, indicatine the absence of alkali 

feldsuar in the remaining slides. This aided in the 

modal analysis. 

Plagioclase feldspar compositions were estimated 

using the Michel - Levy method outlined in Kerr (1977) . 

Sample Descriptions 

A) Granites 

Sample C 1 : 

The rock is orangish, coarse grained, granular, and 

weakly foliated. For the most part the outcrop is highly 

weathered . Jointing oriented at 304 / 60W can be seen. 

Small quartz veins , some containing euhedral Tourmaline 

crystals occur in the upper or western section of the 

outcrop. 



Lg 

Quartz - Quartz shows undulatory extinction with ~i;h_y 

sutured crystal boundaries . Tr ains of fluid inclusions 

and traces of myrmekitic texture with plagioclase an 

be seen. 

Plagioclase ~eldsnar - Pericline and a lbite twinning is 

evident, oft en coup l ed wi th normal concentric zoning . 

Many grains are highly sericiti zed thereby obscuring 

these features. The composition is approxima tely An 8 • 

Alkali Fe l dspar - Nicrocline is the alkali feldspar 

present, often repla.inc pl~~ioc~ase . Perthite is common. 

Bi o tite - Biotite is pleochroic from a light to deep 

brown. Chloritic a lteration is common and tends to be 

s evere . Opaques and zircon (showing charac terist i c yleo 

chroic halos) are co mwon inclusion minerals. 

Traces of apatite are seen . 


Sample C 10 : 


At location C 10 a contact with quart z diorite can be 

seen . This contact is sharp and undulatory with a ch ill 

zone occur ring in the quartz d iorite approximately 5 cm 

i n width. C 10 is a non fol i ated coarse grained , granular 

rock. Jointing oriented at 310 / 66W occurs . 

Quartz - Undul atory extinction and sutured boundaries a re 

shown by quart z . Flui d inclusions a r e co mmon and traces o f 

myr mekitic texture with pla~ioclase are seen . 
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Plagioclase Felds~ar - ~~o·i~h albite twinning ana ~0mP 

pat chy concentric z oni~~ an ~c seen,the ~ra ins havP ¥or 

the most p8rt under _one e:(tens ive sericitic alteration 

masking these features . :he ro~position was ~~erPfo~~ 

hard to dete~nin~ ~ut ~~P~~s betw2e, ~n 14 8nd ~n 26 • 

Alkali Fel dspar - Mic ro cline is the a lka li fe l dspar with 

g ood Perthite occurring also. In places microcline replaces 

plag ioclase. 

Bioti te - Pleochroism in biotite is from a pale to deeu 

reddi sh brown . A few show chlori ti c alteration but in many 

the chlori te has simply g rown between cleavages t hereby 

parting the biotit e grains. Small quartz , euhedral auatite 

and zircon i nclusions are present in many g r ains . 

Samnl e C72B : 

Alkal i feldspar megacrysts a v eraging 0 . 5 cm in diameter 

g ive the rock a sub-por~hritic appearance. ~he remaining 

minerals are medium graine~ a nd granular. C72A a quart~ 


diorite is in contact with C72B at this location. 


Quartz - Quartz is medium to coarse g rained alt~o1~h fine 


g rained ageregates o c cur along hai line fr2ctures th~ough 


the section . It exhibits undulatory extinction and sutured 


b oundari es . Some myrmekiti c texture with ~la~ioclase ca~ 


be seen . 


·r1 agioclase Felds~ar - Intense seric itic ~lteration has 


masked the presenc e of zoning or twinning . For this reas on 
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the composi tion could not be deter~ined . 


Alkali Fel d s par - ~i crocline is the alkali feldsDar 


present , with abundant ~erthite . Replacement of ,1ag


ioclase is shown by ~anr ~rains . 


Biotite - Biotite is ~leochroic from a dull to deep 


reddish brown. Chloritic alteration with t he growth of 


chlorite between cleavage planes is common. Zircon grains, 


shown by their dark nleo chroic halos, occur with small 


euhedral apatite as i nclusions in the biotite . 


Sample C73: 


This is a n on - fol i ated , coarse grained , sub- porphrit ic 

granit e conta ining K- felds?ar megacrysts. Biotite i s 

abundant i n the rock (see table 1 ) . 

Quartz - Sutured gr a in boundaries and undulose extinction 

are shown by ouartz . i·Iyrmeki ti c texture with p l agioclase 

is seen . 

Plagioclase Feldspar - Twi nning and particula rily zoning 

a re i ndistin c t in plagi oclase due to i ntense sericit i c 

a lteration . An accurate compos ition could not be obtained . 

Alkali Feldspar. - Pert.hite is abundant . Microcline can be 

seen in places t o r eplace plagioclase . 

Biotite - Biotite is pleo chro ic f rom a pale to deep reddish 

brown . Many crysta ls are nart ed along cl eavage planes by 

chlori te , a few show i ntense chloritic alteration . Apati te 

i s an abundant inclus ion mine ral with zircon occurring 



as well, o~ten as s~b~edr2l ~rains. 

Ifuscovite - ~ri~ar~ m scovite is rare b.t ca~ he see~ 

inter~rown wit~in some biotite agg- egates · s ~ell as with 

some plagioclase ( where it cross cuts two plagio clase 

gr ains t he r eby distinguis~inJ it from products of ~lag-

ioclase alteration) . 

Pyroxene - Small rounded remnants of a h i ghly birefring ent 

colourless pyroxene can be seen associated with a few biotite 

gr a ins. In some of the large r 5 rains cleavage traces can be 

seen . 

Sample C74 : 

C74 is similar in all resTiects to C73, thus will not 

be dealt with further save to say that a plagioclase 

comnosition was obtaine~ which ranged f~om ~n 14 to An2 6 • 

Sample C76 : 

This is a ~ediuw gr~ined two mica granite vhicn again , 

is r..ot foliated. 

wuartz - Undulatory extinction and sutu- ed : rain boundaries 

a r e exhibited by quartz with a few grains containine trains 

of fluid inclusions.Eyrmekitic texture with ~lagioclase is 

seen. 

Plaeioclase Feldspar - lllbi te t winninG occurs with relatively 

rn inoT a~ounts of combined carlsbad / albi e and ~ericline 

twi ning. ~ften these a re combined with nor al concentric 

zoninc; . ~1he com~osi tion ranees between An and An •
16 24 

Sericitic alteration is most severe in the cores of the 



zoned crystals ~na ~- ~~ains beins renlaced by ~i croc l ine . 


Al kali ?eldspar - ~icrocline is the a l kRli feldspa _ ~ esen~! 


with a hi gher order of ~ri d t winni ng than ~hat s een i n 0 ~ h2 -

section s . ~ erthite i ~ _on~0~ . : .:1c~ncli~e c~~ h ~ seRn r e -


placing p l a pio clase i ~ ~0~e ~reas . 


Bioti t e - Pleochroism is from pale to deep reddish brown . 


Minute zircon inclusions ( seen by their characteristic 


pleochroic halos) and auartz are found as i nclus ions ~hile 


apatite is relatively rare in t~is se c tion . Onl~r a fe / 


gr ains show chlori tic alteratio • 


Muscovite - Primary muscovite occurs f or t h e most rar~ :n 


a ggregates inter~rown with biotite . Quartz and small pla =


i oclase laths are comoon inclusions . 


Sample C18 : 


At this outcrop location a sample of a small (roughly 0.5 

to 1.0 cm. in width) grani tic dyke was obtained (the h os t 

rock is a fine grained mica rich quartz diorite) . The dyke 

is extremely contort ed into narrow, ptygmatic folds. It cuts 

a pre- existing fol i ation in the host as shown by the war~ing , 

in t he same direct ion , of this foliation along the borders 

of t he dyke . The granite is an orang i sh medium ~rain ed ,12a rtz 

rich rock . The foll owing is a miner~logical d escriution of 

the granitic dyke . 

Quartz - Quartz shows undulat or• extinct ion and hi ghly 

sutured border s with some g r a i ns containing fluid inclusions . 
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Myrmekitic interc rowth 1ith zoned plagioclase can be seen . 

P~gioclase Feldsnar - Alb ite and combined carlsbad / allite 

twins occur often coupled with n ormal concentric zoning . The 

co mposition was found to ran~e fr om An 14t o .An 26 

Alkali Felds~ar - ~icrocline is the a lkal i feldspar present 

with Pe r thite . 

Bio t i te - Pleochro i sm is from a pale t o deep reddish brown 

( thou gh in some g r a i ns the r eddish tint is lacking ) . Some 

gr a i ns have been completely altered t o chlorite which show 

anomalous berlin 8lue and violet i nterf e renc e coJours. 

( Penninite ? ) 

B) Quartz v iori tes 

Sample C 5: 

C5 is a co a rs e gr a ined , weakly foliated rock. Small 

lenticular xenoliths which appear a s fine grained quartz

mi caceous clots occur in the outcrop . 

Quartz - Undulose extinction exists with essentially p l aner 

boundaries (though sutured boundaries do exist) . Fluid in

clusions in some quartz grains give them a cloudy appearance . 

Plagioclase ?eldsuar - Albite, pericline and combined carlsbad/ 

albit e twinni ng occurs with many of the coarser grains showing 

conc entric zoning . ~one of the grains were cut s o that a 

compositio n could be dete r mined , thou~h serici t ic a lteration 

is minimal . 

Biotite - Pleochroism is from a pale to deep redd i sh brown. 
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Chloritic alteration is minimal tho1 gh manv rrains ~ave 

been parted aloni:_: c:l e e.vd r:e :;?lanes by ti1c t, r~ 1·1 , . ."n o f r.hlor .i -': e. 

Apatite a~d zirco~ are ~n~. on :Delusions . Biotite i both 

pri mary and secondary (re~lacement of hornblende). 

Hornblende - Hornblende is p l e ochroic fro~ a ~ reenish yell ow 

to a bright g r een . Colour ing often appears patchy due t o the 

presence of t winn ing . Poik ilitic h ornblende encloses small 

quartz , subhedral sphene and apatite grains . 

Sphen e - Sphene i s generally s ubhedral and is found assoc

i ated with b i ot i te and/or hornblende aggregates . )uartz in

clus ions a r e c ommon and many g rains show re~lacement in the 

cores by an opague mineral (magnetit e? ). 

Sampl e C 17 : 

Outcro n C17 is a medium grained mica rich rock which 

exhibits a good foliation . It occur s i n a zon e of relatively 

abundant outcrop where granitic dykes such as that described 

i n samule C18 a re found. Jointing oriented at 308 / 62 W 

o c curs in C17 and is com~on to many of the outcrous in the 

immediate v i cinity . 

Quartz - Qu a rtz grains show various degrees of extinction 

. 1 t . , .... ) d f +' t par~.( some grains a re near y s raign~ an or vne mos 

sutured boundaries . 

Plag ioclase Feldspar - Albit e , and combined ca rlsbad/albi te 

twinning a re noted , in places combine d with a normal conc entric 

zoning . Sericitic a lteration is minimal . 

http:c:lee.vd
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Bioti t0 - 3iotit~ is ~leor~roic fr om a pale to deep 


brown. Se co ndar y biot i te fo r:-;;, as a r e:ri l a c ement n: ho:rnblenci . 


Chlori t ic a l teration i s cini~al . 3phene, anat i ~e, ~irc0n 2~d 


and opagu es a r e common j_·-;.r-1 .sio'1.s . 


Hornblend e - Pleochroi sm ~.,.,_ hornblende i s somewhat variant 


wi~h some g r a ins ?leochroic from a pale f r eenish yellow to 


deep blui sh gre en, o the r s f rom a dee p to blui sh g r een . 


Anhed r al t o subhedral grains poik i li ti cally enclose sphene , 


quar tz and o pagu es . ~-:any g r a ins exhibit a sim-ple twin . 


Sample C 22 : 


S i milar to C17 thouch coarser grained . 

Sample C 47 : 

Sub- outcrop C47 is a med ium grai ned sub- gne i ssic quartz 

rich rock . Owing to i ts rounded nature , sarnplinc p roved to 

be difficult . 

Quartz - Sutur ed grain boundaries and unuulose extinction 

along with minute fluid inclusions are se en in quartz . 

Pl agioclase ~elds~ar - Pericline , combined carl s bad/albit e 

and albit e twinning occur, s om e times with concentric (n ormal) 

zoninc . The J lagioclase co~position was f ound to be between 

An and An • Sericit.ic alte r at ion i s minimal.
12 26 

Bi o tit e - Biotite i s pleochro ic from a pal e t o deep brown . 

Some ~rain~ show partial ch loritic alteration , especially 

a long_cl eavage , whil e others have simply been parted b ,r 

chlorite crys tal ~rowth . Opagues , apR tit e , z ircon , and small 

http:Sericit.ic
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anhedr~l sp~ene a~cregate8 are foind as i~cJ1sions i~ 

biotite. ~s no ~o~~blenae is seen , the b~otjte is 2ss~~ed 


t o oe a t least r~edomin ntly ]rimary . 


Sphene - Suhe~e is found in mino r amounts as small anhedral 


grains associ~ted with hiotite. 


Sample C 53 (I) : 


C53 is a coarse gr a ined crudely foliated gr a nular rock. 

Bo th granitic dykes and q_uart ~ reins (each on the order of 

1.0 cm in width) a re found in the outcrops . ~: e grani~ ic 

dykes are pink medium g rained and r,ranular . In section C53 (II) 

of the outcro ps they form a parallel network ( lit rar lit ) 

ori ented 307 I 74 W. 

Quartz - wuartz boundaries in this section are planer to 

undulatory as opposed to strongly sutured. 3xtinction is 

fairJ.y straight . 

Plagioclase Feldsyar - Pericline, combined carlsbad/albite 

and albite twinning , often along wit~ normal - pa~ch~ con

centric zoning , occurs in ,1agioclase . ~he composition was 

found to range between A~ 20and An28 • 3eri citic alteration 

i s moder2te, most grains are fairly '! fresh " . 

Riotit e - Biotite is pleochroic from a yellow green to a 

deep olive creen . It occurs as primar y grains as well as 

secondary i.e . renlacements of hornblende . Chlor "tic alter

ation is mi nir.ial. Orae-ue . , 8.:D3.t.i te and very often n 1artz 

are found as inclusions in biotite. 



Hornbl ende - ~)1eo chro. o::m i:::: .:ron n2.le to de~-:: 'TSPn . J.iany 

grains ~re t 1 ·rin~ed. F'oi <:ili ~~.c 11 0"!'.'n ~'"'lend e encl o3 es _.la;io 

clase ~ _uartz ~ a:'lati te , and r:::rme smal l anhedr~-- S:;:'bc-me . 

Sphene - Though a few subhedral grains occur the majority 

' . -. .are small and anhed~al . :.r ow l YJ.C.lUSl.0118 of 2.n onagu e 


mineral (magne tite?) . 


Sampl e C 59 ( II) : 


At locatio~ C59 a conta ct was observed between nuartz 

diorite (C5 9 ( II) ) and gabbro (059 (I) ) . ~he c ~tact is 

s harp and undulatory with a narrow chill zone ( apnroxi~ately 

3 cm in width) . Rounded or lensoidal bodies of ~abbro are 

seen in the oua~tz diorite right next to the conta c t . 

C59(II) is a licbt ~ediurn to coarse grained rock which 

exhibits a well develoned foliation . 

Quartz - Undulose ext.inction and planer boundaries are shoi.m 

by q_uartz. 

Plagioclase Feldsnar - Pericline, combined ca rlsbad/albite 

and albite twinning are observed in ~lagi oclase , often with 

concentric zoning . T~e composition ranged from An fito ~·,n~ A •2 )LJ.. 

Sericitic alteration is minimal . 

Bioti te - Biotit e is pleochroic f rom a pal e • ellow to olive 

gr een . It is l a r gely primar y a ltho1gh secondary biotite re

sults fro~ the a lt eration of som e hornbl ende . Chloritic 

alteration i s minimal with some gr ains parted along c lcavaGe s 

by the growth of chlorite c rains. )uartz a~d t o a l esse 



extent opagues,occur as incl~sions in biotite . 

Hornblende - Hornblend e is pleochroic from a light yellow 

to gr een . Most gr ains show simple twinning . Po ikilitic 

hornblende encompasses uartz , some o pagues~and a~atite. 

Sphene - Most of the sryhene is associa~ed with hornblende. 

Much of it is subhedral though many occur a s small round ed 

grains oft en with opague mineral inclusions. 

Sample C 72 A 

C72A li es in contact with C72B (granite). The rock is f i ne 

to medium gr ained and shows a moderate f oliat io n . Hairline 

fractures contain pyrite mineralization . 

Quartz - Undulose extinction, sutured boundaries and fluid 

inclusions characterize the auartz of this section. 

Pl agioclase Feldspar - Albite and pericline twinning occur 

in plagioclase. Concentric zoning is relatively rare in the 

section and none of the grains were suitable for a p l agio

clase co~position estimate . Sericitic alter at ion varies from 

mi n i mal to extreme. 

Bioti te - Severe chloritic a lt e r at io n masks the pleochroism 

of biotite in this section. Small euhedral apatite and rarely 

z ircon o c ur as inclusion mi nerals . 

Small rounded grains of a highly birefrigent , colourless 

mi neral are common. These r esemble the pyroxene grains seen 

in other sections but cleavage traces could not be found, 

the r eby preventing t heir positive identification. 
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Sampl e C 32 : 

Outcrop C32 is a dark, mediun to coarse ~rained rock. 

Quartz ve i ns ( approximately n . 5 to 1. 0 cm in wid t~) p ·nr! 
....... J.·/. 


g r anitic dykes occur iri t . j s ontcro:p . Al tlJ.ough 1 o cross 

cutting r elat ionships were seen here, at location C43 , an 

outcro p of similar litholo gy, Quartz veining ori ented at 

310- 320 / 70-75 W cits c anitic dykes . At C32 a planer 

parall e l fra cture system or "micro" jointing can be seen 

with similar ori entation as the auartz veins in C43 . 

Quart z - Quartz shoqs und lose extinctio~ planer bo1nd a ries 

and in s ome , trains of fl1id inclus ions . 

Pla~ioclase Feldspar - Conbined carlsbad/albit e , Jericline 

and to a lesse extent alhite twinning is shown by pla~io -

clase . Normal concentric zoning , of ten 1ithout twinni~g is 
.. 

common . Plagioclase composition r anges between An and .28 An 36 
Serici tic alteration is moderate . 

3iotite Biotite is pleoc~roic from pale yellow to a deep 

reddish brown . Most of t~e biotite a~~ears to be of second-

a r y origin i . e . an alteration product of hornblende . Chloritic 

a l teration is patchy i. e . minimal in some areas , inte~se i~ 

others . In the latter secti ons, chloritic pseudomorphs of 

bi o tite ex~ibit ~erli~ blue - violet int erference colours 

(i . e . P~~ninite ?) . ~1h edral zircon and apatite are common 

inclusion minerals , 0:9ae:ues occurr i ng in some. 
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Hornbl ende - ?leochroism i ~ h ornbl ende is fro~ a '-r~ 0~isb 

yellow to .:, ee :D ~ree · • · i!!::--le t\'.rj_n:nin<-" · s evident i,,, 1"'8.Y'.y 

grains . Poikilitic : or~hl e~de encompass es pla~ioc~qs , 

a~ati te, zircon, o navtes a~d in some c3ses n~roxene re~nants . 

The l atter shows fai~t ~leava~e but i s to o Rmall f or exac~ 

i dentification of ~yroxen2 ty]e . 

Tour maline (?) - A ro se coloured hi gh r elief mineral showing 

faint :p l e ochroi sm and z ning . It occu~s as round ed crystals 

usually associated with h ornblende . 

Sample C 50 

C50 is a dark, med ium to coarse grained rocl w. ich ex

hibits a weakly developed foliation . 

Quart z - Qu a r tz in the se c tion is interstitial and therefore 

exhibi ts p l ane r b oundari es . Ext inction varies from nearly 

straight to highly undulos e . 

Pl agioclase Feldspar - Pe ricline , combined carlsbad /al b it e 

and albi te twinning a re found in pla~ ioclase . iior~al con

centric ~oning is se e~ in mna~ grains usual l; wit~o11t 

twinn inr, . Co po s ition of ::;l2r-ioclase varied between A:r:~..
)0 

and • Serici t ic alter2tion i s minima l.An42 

Biotit e - ~ioti te i s pleochroic from a pal e to deeD reddish 

brown. Prima r y liotite,occ rs b tis l ess a bundant than that 

form ed t~rou~h hornblende a lte r a tion . Chlori tio a lt e r ation 

is rni~imal with so~e g r ains s i~ply nnrt ed a lone cleava~e 

by ch lo:ri te cryst2.l s rowth • .) u a rtz is t l1e rir edomi , ant i-ri

clu~ion ~ineral ~lthough apatite a nd opagues c a n be s ee n in 

sor:ie c:ra i YJ.s . 
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~Iornbl ende - ·ro rnbl ende "s .1eochroi . from a. nale to deen 

green . Many ~rains show a . im~l c twinning. Poikil~tic ~orn-

blende encompasses placioclase~ n11artz and less ~reruently 

D) Gabbros 

Sample C 45 

C45 is a dark coars e grained weakly f oliated rock. Quartz 

veining, 0 . 5 to 1 . 0 cm in ~idth, occurs in the outcrops . 

Dull gr een zones of in·cense chloritic / sericitic alteration 

11r esembling small 11 veinlets (averag.ing O. 5 cm in width) occur 

along fracture :planes of various orientation . Jointin8 is 

seen in area I of C45 (see ma:_J) its orientation 320 I 7 4·.r. 

Quartz - Only a trace of interstitial quar"!:;z is fo'md. It shm·1s 

pl2ne-r bounda:i::-ies 2'1.d str1.ight ext inction. 

Plagio clase F~ lds:par - DUe to inte· se sericitic alteration , 

twinnine was seen in only a few grains . In some o f the less 

altered plagioclase, albite and pericline twinning as well as 

a faint concentric zoning are sho1n . In these grains the 

composition was seen to ranze between An 46 and An so • 1i.. l te:i::-

ation in thin section decreases away from fractures such as 

thos e described above. Ple-i.giocl2se close to thr:se frn.ctures 

conta in hi~~ concentrations of ver1 fin~ ~rained opague 

mineral (s?). 

Bioti te - Bioti te is :pleochroic from a yale yellovr to pale 

brown colour. It occurs only as an alteration ~rodu ct of 

hornblende . 



Hornblende - Eornblend e is nl ebnhroic from ~ ,~1e to deA? 

blue - ~reen . It occurs for the mos~ ~2rt ~s ~~hedr?l ~i~~ly 

altered Gr2ins. ~ho sA ~hich a re less altered ar~ seen to 

poik ili tically encomJass a~atite, plaf i oclase and fine ~~2ined 

opagues (magnetite?). ~: ch of the le s altered ho r nblPnde 

exhib i ts simple twinning . 

Sphene ( ? ) - Sphene is found in trace amounts as anhed r al 

aggregates associated with biotite and hornblende . 

Sample C 59 (I) 

059 (I) is a dark co a r se grained rock with ?'rite mineral 

ization occuring along mi nute fra cturP planes. Foliat ion is 

mod i 1ied close to the contact with 059 (II), i . e . it is nearly 

paral lel to the contact when close, and almost ~er~endicular 

when more distal . 

Quartz - Quartz is largel y interstitial, with planer boundaries 

and straig~t extinction . Some gr a i ns conta i n flu i d inclusions . 

Plagioclase Feldspar - ~lbite , ~ericline and co1,bined car~sbad/ 

albite twinninG o~ten with normal concentric zoni~[ 2re shown 

by plagioclase, but t~ese are frequently masked by intens e 

sericit ic alteration . Com9ositional estimates were for this 

reason unattainable . 

Biotite - Biotite is onl~r slic~tly pleochroic varying fr m 

nearly colo1rless to a pale bTown . It occurs solely as an 

alteration p~oduct of ~ornblende . Chloritic al_teratioD is 

mode r ate to severe. Small anhedral s~hene a~~re;ates and 



ma~netit e , oriented along cle2vase pla~es a r e co~~nn 1~-

clusio~ i~ biotite . 


HornblendP - ~nhedral ~o~~bl8nde i s nleochro · c f~~~ li~~ ~ 


yellow to ~=P sn . . ~ im~l ~ t1 innin~ is commo~ . ~oi~iliti 


h ornblend e ~~ clos~s quart~ , apat ite aid some plasioclase . 


Minut e opa3uc inclusions ( 0afnRtit ~ ?) i~ ~arallel a11~nmPnt 


along cl eav age occurs in many r, r ains . 


Sph ene - Sphene in t he section is predominantly anhedral 


with many almost entirel: a lt e r ed to opagues ( ~agnetite?). 


Sarnnle C 66 


C66 is a dar~ coars e grained rock whi ch ex~ibits a stron~ 

foliati on produced by the alignment o f h ornblend e . ~mall 

..L '·..L· ' l ( . 1 0 . . ' \ . . 1 . 
gran1 ~1c ayKes avera~ing • c~ i n wia~~ / an ~a_r_in~ 


fractur es showi~c pyrit e mi neralization can be seen in ~~e 


outcro p . 


Quart z - ·~uart z occurs inte r s titially in accessory amounts . 


Gr ains show 1eak indul atory to st aicht ext inc t ion and are 


inclusion free . 


Pl agioclase ?elaspar - Carlsbad / a lbite , albit e and to a l esser 


exte~ ~ericline twinnin~ occurs in plagioclase often co~~ 


bined with concentric z oninc and wavy extinction . ·r~ e com-


n o s ition ran~es from . Sericitic alteration is
An 56- An 60 

miniDal. 


Bioti te - Pl e ochroism is f ro m pale e llow to l i ght brown . 


The biotitc i n t1is sect i on is secondary, occurrine as a n 




a lteration product of ~ rnblende . Chlorit ic alte atio~ s 

mo s t pronou~ced in srtins close to ~airline frqctures . C~loritg 

s rowth alons cleav2g2 ~l~nes ~arps t~e s~aiTis of so~e biotite . 

A~ati te , op2~ues and crnall Rnhed r al aggregates of s~~gne a r e 

found in inclusions. 

Ilornblende - Vleochroism i s from pale to a dee~er green . Simple 

twinning is common . Subhedral Poikilitic hornblende encloses 

quartz, plagioclas e a n d apatite ( the more abundant ) . 

Opague inclusions Rlonc c ~avage ~r e co~mon . 

Sample C 68 

068 is a dar~r coarse g r a i ned well foliated rock. 

Qu a rtz - Occurs in accessory amounts : interstitially. 

Plagioclase Fe l dspar - Combined c a rl sbad/albite, albite and 

pericline twinninc occur often with concentric z oning and 

wavy extinction. Composit ion of plagioclase r anges b etwe en 

An 54 and An 58 • Sericitic alte r at ion is variable from mini~nl 

i n some g r a i ns to intense in ot~ ers . 

Biotit e Bio titc is pleoch roic from a pale yel low to yellow 

brown . It occurs only as an ~it eratio n product of hornblende . 

Chloritic alterat ion is min i mal. Opa;ue inclJ 0 ions are common. 

Hornbl ende - Pleochroi srn is from pale yellow to rreen . Si~nle 

twinning i s common end a few sr2ins exhi b i t ophitic texttre 

wit~ 9 l acioclase . The grains are predominantl~ subhedral . 

Opague ir.clu.sions alone cleciv:-i,ce are common. 



Sampl e C .1. . • 

C4 i s metamorphosed sediment which o ccurs in t:_e ~ranite 

zone near t~e crest of the ma~ area ' s lar gest h i l l. ~he rock 

is dar k a.no_ fi:'.'le rf.rained . ~he outcro:o i s v ery " rusty" ·li t.'.1. 

staining t aki ng pla ce a long num erous h a irl i ne f r a ctu r es . 

Di s continuous mi gma t itic ban d i n g ( aver a g i n g 2 . 0 t o 5 . 0 cm 

i n wid t h ) can be seen . Joints a r e f ound i n C4 ori ented a t 

304 I 66\r . 

Quartz - Quartz shows undula tory extinc t i on and planer bound 

a ri e s wi t h abundant tr i p l e jun c t ions . 11 Bubbl e trains 11 of 

fl u i d i n clusi ons a r e pervas i ve . 

Pl agi o clase Feldspar - Al b i te and pericline twinnin2 is seen 

coupled wi th a faint concentric z o nin~ i n s ome gra i ns . 3ericitic 

a lt er at io n is mi n i mal . 

Bioti te - Eio t i te i s p l eoch roic f r om pal e ye l l ow t o b rown . 

Chloritic a l terati on i s intens e , ma n y gra ins completely alte r ed . 

Inclus ions of zi r con a r e ev ident through the i r pleo chroic nal os 

in some grains ~ut opague inclus i ons a r e fa~ ~ore abundant . 

Staurol i te - Staur olite is a dull yellow brown in the section . 

I t occurs as xenoblastic Gr a i ns . 

S i ll i mini te - Fibrous t r a il s or rims of s ill iminte are f ound 

as sociated wi th staurolit e al thou~h felted aggr egates of 

sillimi~i te can be seen . 
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Analvtical Pro cedure - Ge chemistry 

Samples used for g eochemical investi c,at ion were ""Jre 

pared by: 1) removing weathered surfaces in orrter to 

urovide an accurate representation of composition: 

2) crushing the ro ck to a fine powder using 

a Spec Industr ies Shatter Box with porcelain rings. 

For whole rock analysis the powdered samples were 

mixed with a lithium metaborate flux in a 6 : 1 ratio 

( 3.0 g rams flux to 0.5 grams of sample ). This mixture 

was fused in Pt crucibles at approximatel 1200°C. For 

the trace element analysis, pressed po1der pellets 

were made according to a procedure outlined by Marchand 

( 1973 ) (Good, 1981 ). 

Loss on Ignition values for the i gne ous rocks were 

below 2% with the lowest values occuring in the granites 

(where the average was 0.82%). 

All but ;.:o and '.,f analysis was :pe~::-i'ormecl. at Mc r\:as ter 

University using a Phil i ps PW 1450 automatic, se quential, 

X ray fluorescence spectrometer in the Geology department. 

Mo and W values were p rovided by Kidd Creek Nines Ltd .. 

Mo values were determined with a Direct Current Plasma 

Spectrometer while W was measured by Neutron Activation. 

The precision of XRF results were verified by runnin ~ 

standards of known composition with the study samples 

as well as duplicates of many of the latter. Error in the 
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results were ne gligible (see Table 8) . 

Ta bles 6 a nd 7 list the CIPW and Mesa- n ormative com, osit

i ons respe ctively . 



Tabl e 6 CIPW Norms 

Sample Qtz Cor Or Ab An Ac Di He En Fs Fo Fa J\'J t Il Ap 

073 23 . 72 1. 91 28 . 88 28.06 9 .69 3.21 0 . 86 2.30 0 . 92 0 . 45 

C72B 28 . 47 2.59 25.90 27 . 55 7.77 3.98 0 . 43 2 . 19 0 .79 0.3 2 

C76 30 . 51 2.08 23.77 32.81 6.67 2.21 ') . 29 ( l • ':) .11 () 
..... . 

.., ._) 
t' .• 

r,74 ?) • ·5 I 1. 8 8 19. 51 32 . 44 1?.69 4.85 1. 28 2 . 39 1. 06 0 . 59 

C1 28 . 91 30.65 32 . 94 3.22 1. 93 0.95 0 . 05 0 . 1 1 

C72.rl 22 . 84 2. 46 13 . 34 27 . 19 19.39 8.30 1. 76 2.72 1. 50 0 . 49 

C5 5. 63 11. 83 43.86 19.38 3.75 0 .76 8 . 64 1. 75 2.5 5 1. 32 o. 54 

C17 11.32 9.78 34.85 26.03 1. 9 1 0.41 9.20 1. 95 2.63 1 • 4.n 0 . 51 

C47 20.30 0 . 60 9.22 41.44 19 .01 5. 19 0 . 69 2 . 28 0 .94 0 . 34 

C53 15.59 12.77 37.79 2'1.41 0 . 15 0.02 7.6 6 0.79 2. 38 1. 08 0 . 36 

C32 3. 42 0 .79 16 . 73 30 .70 26.65 12. 51 3.74 2. 83 1 • 68 0 . 94 

C50 3. 60 6 . 60 29.25 35 . 24 4.75 1. 24 11. 28 2. 96 2 . 91 1. 78 0. 3fi 

C45 9 . 50 22 .79 37 ,43 7. 01 1. 77 1. 04 0 . 26 11. 30 2 . 85 3. 29 2.29 0 . 46 

C66 4.33 24 . 86 38.80 5. 95 1. 94 9.37 3. 05 3. 32 1. 08 3.74 2. 85 0 . 70 

C68 3- 34 21 . 54. 44 .78 5. 63 1. 47 3. 68 0.96 9 . 90 2 . 58 3.41 2 . 44 0 . 27 

--..J 
0 



Me so-norms1.1able 7 

Ab An Act Ed Ei Bi 01 Hy Et Tn Ar
Sampl e Qtz Car Or 

2 . 28 1. 39 (). 4 ~7 . 63C73 26 . 11 2 . 82 23 . 95 28 . 04 7.32 
2 . 18 1. 18 0 . 32 7.70C7 2B 31 . 05 3.40 20 . 95 27 . 44 5 .77 
0 .9 S 0 . 51 n . 272 . 97 C76 31. 82 2 . l\ 4 21. 86 32 .78 5 . 8 1 

10.78 2 . '57 1 . 58 o. sq
C74 ?6 . 80 2. 94 12 . 67 )2 . 30 9.9 7 

0.12 2 . 54. 0 . ?. 3 0 . 1 1 ... 28.93 32 . 87 C1 31 . 83 
16.84 2 . 70 2 . 24 (). 40 

C72 i~ 28 . 50 3 . g5 2 .7 2 27.02 15.55 
() . 5 4 H~ . 84 ? . 53 1. 96

11. 28 4. 3 . 67 19 . 21 1 . ")9C5 
3 . 21 2.61 ? . 08 o. so 

C1 7 15. 8_, 0 . 23 34 .64 25.2g 15.55 
·1o.0 ·1 2 . ?7 1 • 4 () n. 3f,

1 • 57 2 . 89 41.27 Hi . 54C47 23 . 70 
1. (,() 0 . 35 1 3 . 82 ? . 37 

C53 20 26 0 . 98 4.08 37.67 18 . 87 
2 . 8 1 2 . 11/) n.g425.90C32 12. 25 2 . 4? 0.37 30.s2 22.31 

O . j ci10. 511 9 . S8 ? . 88 ? . f428.96 34.. 96 4 . 55 C50 5.52 
7.0 15.01 1? . 24 3 . 26 j . 40 0 . 4620 . 36 37. 01+ 1. 25C45 

6.81 2.13 16 . 62 3 . 68 4 . 22 0 . (: 9
23 . 19 38.37 4.29C66 

5.26 10 . 96 7. 0 1 j . 3R 'i . 6 3 0.27 
Cf;8 19 . 96 44.27 4 . 3fi 



71 1 
) 

Table 8 	 XRF Resu ts for D111!licated Samples ( 2-j or Oxides 
in wei~ht percent TracP Elements i: ppm) . 

C72A C72A1 C72 B C72B1 C73 C731 C76 C761 

69 . 6g 	 67 . 89 67 . g3 73 . 02 73 . 1'5SiO 0'3 . 74 6) . 66 70 . 06 
2 

14.68A1 2o	 16.53 16.48 14.80 14.82 15.50 15.38 14.59 
3 

Fe 2o 5 . 97 5. 96 3 . 86 3 . 85 4 . 45 4 . 38 2.06 2 . 09 

0 . 80 	 0 . 84Mg
3 
O 2 . 96 2 . 88 1. 42 1. 53 1. 14 1. 26 

CaO 4 . ·15 LL . 1 3 1. 74 1. 7 5 2 . 20 2 . ·11 1. 50 1. 46 


Na 2o 2 . 98 3 . 29 3.02 3 . 22 3 . 09 3.34 3 . 62 3.39 


K2o 2 . 22 2 . 15 4.31 4 . 37 4 , 81 4 . 70 3 . 98 3 . 97 


Ti02 1. 06 1. 06 0.56 0.56 0 . 66 0 . 62 0 . 24 0 . 24 


MnO 0.16 0 . 16 0.08 0.06 0 . 05 0 . 06 0 . 06 0.06 


0 . 1 2 0 . 22 0.22 0 . 15 0 . 15 0 . 21 0 . 21 0.13P205 
124 122 160 157 210 206Rb 14 7 149 

Sr 318 318 277 275 206 208 109 106 

Ba 315 340 668 603 1321 1400 303 306 

Zr 250 231 296 288 380 394 152 151 

'.) _, 40 25 44 

8 16 12 0 0 
Cr 	 34 ,_a 30 1 3 34 

Co 	 18 21 9 
26 31 33 38 40 21 25Pb 25 

0 L~ 6Cu 18 20 14 3 3 


Zn 127 128 50 LL4 67 66 42 4'.) 


http:Fe2o5.97
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