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A sequence of plutonic rocks in the Sisson Brook claims
group owned by Kidd Creek Mines Ltd., range in composition
from gabbro at the margin through diorite and quartz diorite
to the Nashwaak Granite at the core. Field relations show the
gabbros to be oldest, granites the youngest.

A regional foliation developed in the gabbro, diorite
and to a lesser extent quartz diorite is evidence they have
undergone a regional metamorphic event. The contortion into
tight ptygmatic folds of small granitic dykes in quartz dior-
ite outcrops near the Nashwazk Granite attests to a compress-
ional metamorphic event. Mineralogically however, there is no
evidence that suggest the rocks have undergone more than a low
grade of metamorphism. With the exception of location C1, the
granites are not foliated, indicating their emplacement post
dated metamorphism.

The rocks are calc-alkaline and metaluminous with the ex-

ception of the granites which are peraluminous. This is
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consistent with trends =seen in chemical variation diasrams
which suggest that, excluding the granites, the rocks are
co-magmatic. It is proposed here that the latent heat of
crystallization from cooling gabbro,:diorite, and quartsz
diorite magmas melted enclosing country rock.producing a
melt of granite composition.

All rock types have been effected to various degrees,

by a late stage X, Rb-metasomatism.
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{APTER I

Introduction

The study area, the western most section of a claims
group owned by Kidd Creek Mines Ltd., is located in the
vicinity of Sisson Brook in York County, approximately 100
kilometers north-west of Fredericton, New Brunswick.

While employed by Kidd Creek Mines Ltd., ( thenTexasgulf
Inc.) the author was assigned the task of producing a de-
tailed geological map over the extensions of a grid co-
ordinate system cut into the forest several months previous.

In all, approximately 70 kilometers of line were mapped.

1«1 Property Access

Access to the property can be gained through the Valley
Forest Products Ltd. lumber road followed by a side lumber
road at mile 25, known as the Fire Road ( fig.1). These
roads are well maintained. The secondary roads on the
property are constantly being built by an ongoing logging
operation. This is increasing the number and accessibility
of the outcrops. Several outcrops were found only after
overlying till had been bulldozed.

1.2 Previous Work

The most recent work on the area was done by HMciluade
(1979) who, with the aid of R.F.Mann, mapped the eastern

most section of the grid.
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Moore (1978, Personal Communication) reported on work
done by Kidd Creek Mines Ltd. (geophysical / chemical
surveys and diamond drilling). Previously, Penarroya
Canada Ltee did similar work as that described by Moore.

13 Statement Of The Problem

lMetamorphism has made it difficult to determine the
protolith of individual rock suites in the field. The
aim of this study is to assign them a genetic name in
order to better understand the occurance of Cu, W, and
Mo mineralization which may or may not be economic.
Petrographic and geochemical analysis will attempt to;
1) classify the rocks, 2) interpret their genetic relation-
ships, 3) discuss their origin.
Limited outcrop and poor accessibility in the past are
the primary reasons that little geological information
is available on the Sisson Brook area (Moore, Personal
Communication). While the problem of accessibility has
been greatly alleviated, that of outecrop scarcity remains
an obstinate frustation. The low lateral extent of individual
outcrops ( the maximum being on the order of 10 x 20 meters,
with most far less ) also lends to the problem of correl-

ating rock types.
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Regional Geologv

The Sisson Brook area lies in the south-central portion
of the Central Plutonic Belt, a south-west - north-east

e

zone of metamorphosed volcanic and sedimentary rocks. This

B |

entire sequence was subsequently intruded by plutonic rocks.
The metasediments / volcanics and plutonics comprise the
Miramichi Anticlinorium or Massif (Fyffe, et al, 1981)..

The oldest strata are Cambro-Ordovician slates, argillities,
graywackes, and guartzose sediments with relatively minor
amounts of grit, limestone and conglomerates ( Anderson,1968).
Ordovician subduction along a continental margin (the Miramichi
Massif) resulted in volcanic activity which produced mafic and
felsic volecanic rocks (Fyffe et al, 1981). Anderson (1968)
describes andesitic and basaltic volcanics of Devonian age
to the immediate north and west of the map area. Devonian
plutonic sequences, associated with the Acadian Orogeny,
intrude the Massif (7yffe et al, 1981). These intrusives are
dominantly granitic in comvposition although quartz diorites,
diorites and gabbros occur as well (Anderson, 1968, Fyffe
et al, 1981).

In the map area, there are three principal rock associations
in rough east to west direction - meta sediments, gneissic
rocks and granites respectively, The meta sediments are argill-
aceous, that is slates and argillite, with minor graywacke and

mafic volcanics. They correspond to the Tetagouche Group in
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the Bathurst-Tewcastle area (loore, Personal Communicaition).
The "gneissic" zone was described by Anderson (1968,7.17)
as one of gneiss, schist, hornfels and injected lit par
1it granite. The granitic zone in the west is described
as one of biotite sranites and quartz monzonites known as
the Nashwaak Granite (lioore,1978,Personal Communication).
Anderson-(1968) describes rock tyvpes "immediately" west
of the Nashwaak granite (i.e. just outside the map area)
which may constitute a fourth rock association or zone. In
varticular he states (1968,p.3%2) "The basic coarse-grained
igneous rocks in the northern section of Millville map
area and along the western margin of the Nashwaak granite
body in the coldstream map-area vary in composition from
quartz diorite (here 2nd there approaching a granodiorite

with as much as 20 per cent guartz) to gabbro."



[8)

CHAPTER III

Petrography

%s 1 -Introdueion

Mapping showed that lithological variance was greatest
in a2 north to south direction. This means east - west
trending geological contacts. Thus samples were collected
in a north - south line from the granite (Nashwaak Granite)
in the north to the gabbro in the south.

The nature of the outcrop, and therefore the ease of
sampling, played a part as well in sample 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 description
but are unreliable for petrographic or geochemical study.
In order to obtain a good cross section of different lithol-
ogies, twenty samples were chosen for petrographic study,
sixteen of which were analysed chemically.

The 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 (as 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
outerop/hand sample scale. These are :

A) Granite

B) Biotite Plagioclase Gneiss



c) " Tuffaccous " Rock

D) Diorite

) leta Gabbr

) Tine Grained Meta Sediment - "Biotite Hornfels".

The following is a summary of the important mineral-
ogical and textural features of representative outcrop/
sub=-outcrop as well as the .main petrographic characteristics

of thin sections cut from their samples.

3¢2 Unit Descriptions

Based on the mineralogy, modes and textures seen in
thin section, five basic lithologies can be defined in the
map area. These units are respectively :

4) Granites ( Nashwaak Granite)

B) Quartz Diorite

C) Diorite

D) Hornblende Plagioclase Gabbro
E) Pelitic Meta Sediment
The meta sediment is not dealt with in any detail from
this point. The Biotite Plagioclase Gneiss and "Tuffaceous"
Rock constitute the quartz diorite. Figure 8 shows modal
data from the rocks, given in table I, plotted in the Q-A-P
classification scheme after Streckeisen (1976).

A) Granites - Tor the most part the granites are found
as sub-outecron.In the two that occur as outerop (C1, C10),
a jointing pattern oriented approximately 308 / 65W can be

A

seen, A distinction can be made between three tyves of granite:
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1) Samples C72B, C73, C74 possibly C10: A coarse
grained, pinkish white, biotite granite in which, C10
excluded, alkali feldspar forms megacrysts averaging
0.5 cm in diameter, giving a2 sub-porphritic texture.

The remaining felsic constituents, plagioclase and quartz,
show a2 more granular character.

II) Sample C 1 : An orangish, highly weathered gran-
ular granite rich in quartz ( 38.4% ). This sample text-
urally and mineralogically resembles the granite dykes
found in some proximal gquartz diorite outcrops.

IIT) Sample C 76: A finer grained two mica granite.
Quartz - Quartz in all granite samples exhibits strong
undulatory extinction and sutured boundaries. Traces of
myrmekitic texture are found between quartz and plagio-
clase were the latter border alkali feldspar ( even in
the granitic dyke described in the discussion of sample
C 18 - see Appendix A). Trails of fluid inclusions can
be seen in many grains.

Plagioclase Feldspar - Pericline, albite and to a lesser
extent combined carlsbad / albite twins occur in plag-
ioclase, at times coupled with concentric, normal zoning.
Its composition varies between An 4 and AnBO .

There are two principal zones where sericitic alteration
is most severe. These are in the cores of some zoned crystals
and in the plagioclase inclusions within microcline.

Outside of these zones the grains are fairly fresh.

Small laths of biotite,and in C76 primery muscovite,

are common &as inclusions.



Alkali Feldspar - The alkali feldspar is microcline with
perthite occcuring in all samples. Perthite can form uy
unmixing, at lower temoeratures, of homoseneous 2lxali
feldspar (Tuttle % PFowen 1958). or by the simulianeous
crystallization of Na and K rich feldspars followed by
replacement of Na-feldsnar by K-feldspar, or visa versa
(Marmo, 1971). Many contain fine, regular perthitic inter-
growths which is attributed to the mechanism of Tuttle

and Bowen (Deer et al, 1966). Others contain larger irreaz-
ular patches of plagioclase which in some cases is intergrown

with quartz, so called myrmekitic texture. The origin of

these latter perthites is attributed to a replacement

process, in this case, K~feldspar replacing Na-feldspar
(Deer et al, 1966, Marmo, 1971). The perthites in the Nasawaak

granites are texturally of two types, and therefore two
origins. Unmixing of an originally homogeneous alkali feld-
spar for the perthites containing fine regular intergrowths
and replacement due to some K-metasomatism for those con-
taining larger irregular intergrowths. The former pre-
dominates over all. BSmall laths of biotite are common

inclusions, generally showing chloritic alteration.

=
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Biotite - Bioti is primary but may occur rarely as an
alteration product of hornblende (noted in samples (73 and
C74). It is pleochroic from a nale yellowish brown to a
deep reddish brown.

Minor chloritic alteration occurs along cleavage planes

1

often parting the hiotite erystal and in some cases completely



altering it. Minute pleochroic halos due to zircon in=-
clusions are common along with ©vhedral apatite and mag-
netite (Apatite is relatively rare in samples C1, C10

and 076)..

Muscovite - Primary muscovite is most common in sample C76
but occurs as traces in C73 and C74.

B) Quartz Diorite

The quartz diorite can be seen in contact with the gran-
ite in two places, at sample location C10 and C72. In both
cases the contact is sharp and undulatory producing a small
(roughly 2 = 5 cm)fine grained to aphanitic chill zone in
the qguartz diorite. In general, 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 gneissic banding is most pronounced.
This suggests 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 post 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 deviations
from this trend which correlate to the above mentioned areas
of more pronounced foliation.

In the southern part of the quartz diorite at location

C53, 1it par 1lit granites are different than those in the



moré northern part. For example, in the area of C17 and
C18 (northern part) the granite dykes are a2 coarse, orangish,
guartz rich,mafic poor rock. Those at 53 (southern part)
however are a pink,more mafic, very quartz rich,plagioclase
poor rock.

Most of the outcrops show a consistent jointing nattern
at roughly 306/65W. On the whole, the quartz diorite is med-
ium to coarse grained with mafic minerals comprising the
finer constituent, felsic minerals the ccarser.
Quartz - Though the degree varies somewhat, the quartz ex-
hibits undulatory extinction with essentially sutured borders.
It is essentially inclusion free although trails of fluid
inclusions 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 Anzx)and An,35.
Biotite - Ixamples 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 biotite in the more northerly sections show npleo-
chroism from pale brownish yellow to a deep reddish brown.

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

)

are yellowish green to deep olive green . The cnlor diff-

S b

, ) » shs D : :
to a changing Ti / Fe ratio with

4

erence may be attribute

e

larger values giving the more reddish color (Deer et.al.,
1966). This arquement is substantiated somewhat by the re-
lative scarcity of sphene in the southerly sections.

In all sections studied, some degree of chloritic alt-
eration occurs along cleavage planes often parting and
warping the biotite where chlorite growth continues. Miner-
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 guartz is an abundant inclusion min-
eral. Remnant pyroxene grains are associated with biotite

in some sections.

Hornblende - Hornblende is found in nearly all guartz diorite
sections occuring as anhedral to subhedral crystals. It is
pleochroic from a pale yellowish green to a deep green. Many
grains show a simple twinning and a pcikilitic texture is
very common with hornblende encompassing quartz, sphene,
rarely plagioclase and quite frequently apatite.

Sphene - Buhedral to subhedral sphene is very common in
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the northerly samples, while towards the south it is less

abundant and far more altered. Sphene replacement by mag-
netite is gquite common.
C) Diorite

Owing to their scarcity only two outcrops of diorite
were studied. These are sample locations €32 and C50.
No contact relationships with other rock units are ex-
rosed. The diorite is a dark medium to coarse grained
foliated rock. At location C32 quartz veining and gran-
itic dykes occur. At location C43 (diorite at line 10
south / 7 + 60 west) similar quartz veining cross cuts
granite dykes.A ©parallel set of quartz veins oriented
at roughly 315/72 W occurs at C43 and a planar fracture
system or micro Jjointing with similar orientation is seen
at location C32,.
Quartz -~ Quartz is interstitial in diorite, showing planar
boundaries, some undulatory extinction, and in some trains
of fluid inclusions.
Plagioclase Feldspar - Pericline, combined carlsbad/albite
and albite twinning are common. Normal and patchy concentric
zoning is also common especially in grains showing no twin-
ning. Its composition ranges from An45 to An55. Plagio=-
clase has suffered little or no sericitic alteration.
Biotite - Biotite is an alteration product of hornblende

(found as subhedral grains or pseudomorphs after hornblende)
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With the exception of the biotite in C32, it is fairly fresh,
though chloritic alteration can be seen in both C32 and C50.
It is pleochroic from 2 nale yellow to deep reddish brown.

Zircon, common as an ineclusion in C32, is not seen in C50.
The biotite in the latter is relatively inclusion free while
that of C32 shows inclusions of eyhedral, apatite and opaques
(magnetite, pyrite) besides zircon.

Hornblende - Hornblende occurs as anhedral to subhedral crystals.
It is pleochroic from a pale greenish yellow to deep green.
Poikilitic texture is common with hornblende encompassing

small plagioclase grains and guartz. Some a2nhedral sphene

grains and apatite occur as inclusions in C50 while magnetite
makes up the brunt of inclusions in C32.

D) Gabbro

Of the four examples of gabbro studied,only one, C59 (I)
shows a contact 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 and quartz diorite sug-
gests it may pinch out towards the west. This cannot be veri-
fied however due to poor outcrop control.

The gabbro is a dark, coarse grained, foliated rock. Loc-
ation C45 seems to have undergone the greatest amount of
alteration on both outcrop and thin section scale ( see
appendix A). Late stage (post foliation) veining occurs at

locations C45 and C66 with gquartz and granitic veins found



in the former and latter respectively.

Quartz - Quartz occurs only in accessory amounts and is
interstitial, thus exhibits planer boundaries. Extinction

is straight with only a weak undul@tory extinction noted

in some grains of samples C59 (I) and C66. Some grains con-
tain minute fluid: inelusions.

Plagioclase Feldspar - Twinning according to the pericline,
combined carlsbad / albite and albite twin laws occur in
plagioclase. Quite often these are accompanied by a normal

or patchy concentric zoning and / or wavy extinction. Because
of extensive sericitic alteration (C66 is an exception) these
features are often destroyed, but where possible it was found

the plagioclase composition ranges from An Small

4Sto An56.
subhedral opacues (magnetite, pyrite?) are found as inclusions
in some plagioclase.

Biotite - Biotite occurs only as an alteration of hornblende.
Pleochroism is from 2 light brownish yellow to pale brown
colour. In many cases biotite has undergone intense chloritic
alteration often leaving chloritic nsuedomorphs of biotite.
Magnetite is the common minerazl found as inclusions, though
C59 (I) shows small anhedral sphene while (66, some emhedral
apatite as well as magnetite.

Hornblende - In sample locations C45 and €59 (I), hornblende
is highly altered often occurring only as small rounded rem-
nants. In sections €66 and C68 hornblende occurs as more sub-
hedral grains. Pleochroism is from a pale yellowish to green

color. In sections C59 (I) and (66 hornblende poikilitically



Table 1 Modes (Percents). P.F. - Placgioclase Feldspar; A.F.-Alkali Feldspar; Bio.-Biotite;
Hbld.~Hornblende; Musc.=-Muscovite; Sph.-Sphene.

Sample Quartz P ¥ A.F, Bio. Hbld. lusc. Sph. Opaaues

C72 £ w7 271 & P 139 - - - -

C72B 28.9 28.5 56T 5+9 . * - o

C76 3349 23.4 50,5 7.6 - 4.6 - -

C74 3041 28.6 34.0 Va3 - w = -

g1 38,4 34.0 25.4 4.2 - - - -

c10 32.3 26.2 3541 6.4 - 5 - Sy = . . QGranite
CT2A 15.4 48.1 - 36.5 - - - -

Cc5 10.9 40.6 - 22.4 2641 - - -

Q17 12.6 35T¢5 - 25042 25,0 - 1.4 =

c22 59 42.9 - 22.6 1953 - is1 -

caT 25.2 38.6 - 36,1 - - 1.8 -

CH3 220 T 42.6 - 11.0 29T - 0.5 - Quarts
C591T 1242 41.9 - 0.9 32.6 - 1:6 . bJ8 ' Piorite
032 D2 37.4 - 17.6 578 - - -

C50 3.2 36.9 - 24.5 39.4 - - _ & piorite
C591I 1s 2 374 - =1 52.8 - 2l (9

C45 141 25.6 - 30.9 39.6 - 241 0.7

C66 1.6 4%.2 - 4.7 48.9 - 2.4 11

68 1.2 39.6 - 6.4 CEPL - - 1.3 Gabbro

9l
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encloses quartz plagioclase, anhedral sphene (in €59 (I) )

and euhedral apatite (%65). In all sections some magnetite
inclusions, often along cleavage planes can be seen,

3.3 Metamorphism

iorite and location C1 of

(&)

In the gabbro, diorite, cquartz
the granites (other granite excluded) & regional foliation is
produced by the parallel alignment of mafic minerals. This
foliation is interpreted as a consequence of regional metamor-
phism rather than flow mechanisms during emplacement for the

following reasons: 1) it is evident in more than one rock type

Jg X

of different ages with the same orientation (roughly N I =

- S S E); II) it occurs in outcrops well away from geological
contacts in the above orientation but is modified near such
contacts;III) the highly contorted nature of small granitic
dykes in the location of C17 - C26 attests to a compressive
metamorphic event.

However, if the foliation is metamorphic, it formed only
under very low grades of metamorphism as there is no evidence
either texturally or mineralogically, for higher grades.
Textures shown by guartz are igneous i.e. the straight
extinection in gabbros and diorite, and the highly sutured
nature of quartz - quartz grain contacts in the more felsic
rocks (especially the granites). The absence of metamorphic
mineral assemblages (in the plutonic rocks) such as zeolites,

garnets, alumino - silicates, cordierite, and the stability
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of chlorites, muscovites ( primary in the granites, second-
ary plagioclase alterations in the remaining rocks ) and
biotite hornblende facies again argues for a very low grade
of metamorphism (Winkler, 1974).

The lack of foliation in all the granites but C1 shows
they were not affected and therefore post-dated the meta-

morphism.
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CHAPTER IV

Geochemistry

Sixteen of the twenty samples studied in thin section
were selected for major and trace element analysis ( the
analytical procedure is givén 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 Meso-norms were calculated for each sample tq aid

in the chemical classification and problem of origin.

4.1 Chemical Classifications

Figure 3 shows the meso-normative composition of the rocks
in the Q - Ab - Or diagram of Tuttle and Bowen (1958). Figure
4 shows the meso-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-alkaline affinity from Carmichael et al. (1974,1n568)
is plotted with data. The trends seen in figure 6 (2) i.e.
the negative correlations of Ca , Mg , Fe and positive correl-
ation of K with the Modified Larsons Index, is compatible with
the predicted trends for calc-alkaline rocks (Birk,1978).

In 2ll samples the value of AI’2O 3 ¢ Ca0 + Hazo - KZO is

greater than one, which according to Carmichael et.al. (1974)



Table 2

Whole Rock Analysis in
Weight Percent Oxides
Vormalized to 100 %

5 o Si 41,0, Fe, 1e Nz I i( ] P Lloss ¢
Sample b102 A1205 8403 g0 Cal agO KQO TlO2 FinO PQOS 1g;itggn
CT73 67.89 15.50 4.45 1«14 2.20 3,09 4 .81 0.66 0.08- O:ET 0.8
CT72B 70.06 14,8 5.86 142 1. 74 3.02 4.31 0.56 Q.08 0.15 1.08
Cc76 73:02 14.59 2.06 0.8 15 Te B2 5. 98 0.24 0.06: ¢0.713 0.9
CT74 66.79 1870 4,96 1.74 2.89 357 o 2] 075 Q.08 10,28 0.9
sranite OV - 76.45 L 15 0.69 0.55 4.21 5% 16 0. %21 Q5 0:0% 0.4
CT724 63.74 16453 Dl { 2,96 4,15 2.98 25 28 1.06 Q.16 0,22 1.91
Ch 59,00 1743 6.03 5.84 5 4,93 2y 02 0,95 D5 . D26 1«15
c17 59.47 17.66 6.19 5.07 6,13 5.87 1.65 1.00 Ga 11 . Onld 0.82
Quarts c47 65.94 16,72 4.%4 1.87 4,03 4,60 155 0.67 0.08 0,17 114
Diorite €53 - 63.46 17.10 4.66 2.8 4.58 4.21 2.16 & 0.09 WL §7 a7
C32 54,59 19.14 177 4.52 5.96 3.42 2.82 T 20 0: 14 »Bed5 a3
Diorite C50... 53.06 19.41 T 8 4.93 B«B2 3.24 (I Y227 O Tadedis 18 0.9
C45 47.47 19a 7 9.67 T«08% 10,02 2+53 1.60 1.64 0.20 0,22 1+43
066 47.6 19.32 10,95 6.00 10.12 P Q.72 2,082 0.21 053 0.8
Gabbro C£68 16,04 20.86 10.09 T. 10 10,95 2.39 0, 56 Tx 1Y Q.15 013 P



Pable 3 Trace Elements (ppm).

Sample Ce Nd La Ba Rb S I Zr Nb
C73 164 52 75 1321 160 206 31 380 23
G728 142 54 78 668 124 277 25 296 19
C76 41 26 23 303 210 109 31 152 21
74 153 Be 101 1038 146 254 25 416 26
6 a0y 435 79 264 134 106 20 152 &7
CT2A 160 6 80 235 147 318 34 250 19
G5 49 Sl 21 260 141 691 1 176 13
017 36 &7 18 274 8% 685 25 174 15
C47 36 23 0 & 47 633 21 95 11
C53 35 19 14 575 T4 619 4 184 14
C32 56 67 2% 274 380 663 34 167 13
Cc50 29 23 0 116 61 596 22 98 10
C45 43 20 5 127 200 808 30 106 10
C66 62 e 62 219 79 511 5 205 16
c68 36 30 0 86 40 1157 24 95 8

cc



Table 4 Trace Elements (ppm) continued
Sample Cr Co Pb Zn As v Ni Cu Mo W
CT3 54 16 38 67 0] 65 13 3 2 3
G728 30 9 a4 50 0 42 22 14 3 2
Cc76 25 0 21 4.2 0 21 28 4 2 2
CT4 42 12 Gl s 0 61 55 4 4 5
o1 56 0 17 26 0 0 30 0 3 4
G724 34 18 26 A 0 144 19 18 4 <]
05 50 21 25 76 0 118 42 14 3 <l
0.7 48 20 24 66 0 162 5% 62 1 4
C47 15 b 15 110 0 307 25 36 4 e
CH3 &) 7 25 50 0 78 41 3 1 <1
032 29 24 20 86 0 205 R 227 4 19
GH0 58 24 19 83 0 228 44 54 2 2
c45 27 41 402 g . 300 - 55 34 8 1
(66 30 14 24 S ) 70 27 25 0.5 1
ces8 57 5% 15 89 0 304 46 51 9 1



Figure 3 - Meso-norm data
with PH,.O isobars after Tuttle

and Bowén, (1958).
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classifies them as peraluminous. liineralogically however,
with the exception of the granites they are more akin to a
metaluminous classification by the same scheme. Also, calc-
alkaline rocks are seldom Peraluminous. This would suggest
the granites may have a separate origin than the other units.

By the criteria of Chappel and White (1974) the granites
are S - types. Table 5 lists characteristics of both S - type,
derived from sedimentary precursors, énd I - types derived
from an igneous parent (Heaman, 1981), as well as those of
the Nashwaak Granite samples. By these criteria, the remain-
ing rocks show an I - type affinity.

I Chemical Trends

Binary plots of major oxides and trace elements against
Modified Larsons Index were produced in order to investigate
any trends that may suggest or refute a co-magmatic origin
of the rocks. This would help interpret the field relation
of rock types which, owing to their lithological sequence,
seems to suggest a fractional crystallization origin with a
mafic margin (gabbro) to a felsic core (liashwazk Granite).

Figure 6 (a) shows major oxides VS Modified Larson's
Index (M.L.I.). A strong negative trend occurs with Ca0,Fe, 05,
MgO and TiOp. Ko0 shows a somewhat weaker positive trend. Trace
elements (fig. 6 (b) ) do not exhibit as tight a trend as the
major oxides but positive correlations are shown by Zr,Rb
and Ba while Sr, exhibits a weak negative correlation.

The trends of Ba and particularily Sr reflect the sequence

of feldspar composition. Sr shows a decrease with M.L.I.from



Table 5 Granitoid

Mafic Minerals
Accessory Minerals
Xenoliths

Variation Diagrams

Clasification. After Heaman (1980).

S-type
MAL8C 4 D10 ygncd
mon,il,sph
metasedimentary

irregular

Associated Mineralization 810
A]203/Na20 + K,0 + Ca0 >1,1
Normative Corundum >1.0%
Compositional Variation restricted

musc - muscovite; bio - biotite;

gn - garnet; cd - cordierite;

I-type
bio,hb
sph,ap,mt
mafic cognates
smooth
porphyry Cu
<1.1
<1.0%

varied-associated
with mafic rocks

monazite; il - ilmenite; sph - sphene; ap - apatite; mt - magnetite

Nashwaak Granite

bio
ap,mt(7)
metasediment
insufficient data
nil
>
>1.0%

insuffieient data

hb = hornblende; mon -

N
o
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the gabbros to the granites. Since Sr commonly substitutes
for Ca in plagioclase (Hanson, 1978) it is suvportive in
expressing the plagioclase composition control on Ca content
shown by the Ca0 trend in figure 6(a). Similarily, Ba which
substitutes for X in alkali feldspar, supports the K, O trend.
Ba shows a slight, steady increase from the gabbros through
diorite to quartz diorite, then a sharp increase in the
granites, the only rocks in which K-feldsvar occurs. Rb follows

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

K,0 and substitutes for K into biotite (Hanson, 1978). Its

data is widely scattered. ror this reason, the Rb vs i.L.I.
plot is inconclusive.

The X / Rb ratios suggested by Shaw (1968) as another
parameter in deciding genetic relationships is inconclusive
as well., This is a result of the apparen{ enrichment of the
rocks, particularily the gabbros and diorites in Rb, and to
a lesser extent, K.Hanson (1978) states that the K:Rb ratios
in more basic rocks such as gabbros and diorites are generally
higher than in granitic rocks. This is practically the re-
verse of the situation seen here. €45 (gabbro) shows enrich-
ment of Rb and XK while (%2 (diorite) shows enrichment of Rb.
This can be seen in figure 7 where two general trends can
be delineated; a highly variable Rb, nearly constant Sr
content giving a verticle trend represented by the gabbros,
diorites, and quartz diorites, and a more horizontal trend

shown by the granites.
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This together with the Ba vs M.L.I. plot of figure 6 (b),
suggests that the granites may have a different origin. This
is consistent with the S versus I - type and peraluminous
versus metaluminous nature of the granites.

The gaps between the data plots on these diagrams are
not significant because of the outcrop scarcity and subsequent
low sample density.

The values of Cu, Mo, and W for the outcrops sampled
are given in table 4. With the exception of C32 all are
below backgiound levels. Combined values of Cu, Mo, and W show
a rough south eastward increase from the granite.It appears
that the source of mineralization in which these metals occur
is not related to the rocks studied in the map area.

4.3 Summary

Tables 2, 3, and 4 have grouped the samples by rock type
in a rough north (C73, granite) to south (C68, gabbro) se-
quence. Outcrops C32 and C45 are farther north than their
position in this sequence would suggest as they are found
farther east along the N.E - S.W geological contacts. Also
C72A is in contact with C72B a2nd therefore farther north,
but the remainder of the outcrops as shown, do form a north
to south distribution.

From this, the following areal variations in chemistry
from gabbros ' (south) to granites (north) can be seen:

1) steady decrease in 41503, total Fe, Iig0 and CaO.



11)
111)

1V)

slight increase in Wa,C, Rb / Sr ratio
pronounced increase in X,0.

crude decrease in combined Cu, Mo, W values
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Petrogenesis

5.1 Field Relations

Four types of igneous rocks are distinguished from
vetrographic 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 quartsz
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 rigid cooling body i.e.
the gabbro had time to cocl and solidify somewhat before
the onset of magmatism of quartz diorite composition.

Diorite occurs between the gabbro and quartz 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 and its consistency with areal chemical trends given
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 narrow chill zone ( 2 - 5 em in width) in the former.

Some quartz diorite outcrops have been intruded by granitic
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dykes of various sizes from 1cm (location C18) to several
meters (location (€8) in width which modify a pre~existing
foliation (see Chapter III and outcrop discussion for C18

in Appendix A). The foliation in these outcrops is variable
in orientation and generally more pronounced than in outcrops
without these dykes (i.e.C5). The small size of many granite
dykes argues for a faily rigid host rock.

5.2 Petrogenic Nodels

There are three models by which the observed zonation
in lithology may have formed:

4A) through insitu.fractional crystallization of a mafic
parent from the margins inward, such as that proposed by
Vance (1961);

B) by the multiple emplacement of “erystalline different-
iates" "from a mafic magma chamber" beginning with gabbro
and ending with granite (Birk, 1978, p.178), with inter-
fuption of crystallization along margins by subsequent pulses
of more fluid, felsic core magma, such as that proposed by
Bateman and Chapple (1979, p.465) for the Tuolumne Intrusive
Series;

C) by emplacement at different periods, of comagmatic
gabbro, diorite and quartz diorite in the crust, whose latent
heat of crystallization caused the partial melting of hosting
sediments producing a melt of granitic composition.

Models 4 and B are similar -in that all the rocks are
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comagmatic, In model B however, the magme chamber is tapned
at different times allowing the upward migration of residual,
more felsic differentiate as opposed to in situ fractionation
as in A.

Field data argues against model A in that there is obvious-
ly a time difference between the rocks units, shown by the
nature of the contacts where younger units have altered
older ( i.e.chilled margins, modified foliation orientations).

The trends shown by figures 6 (a) and (b) are fairly
consistent with a fractional crystallization model i.e. a
comagmatic origin. Trace elements show an overall trend ( i.e.
positive or negative correlation with index) which in the case
of Sr, Ba, and toia lesser extent Rb confirm trends shown by
the major cations with which they readily substitute in min-
erals. A similar gabbro to granite trend is not evident in
figure T where the granites seem to form a separate field.
However this is due to the plots of samples C32 and C45. These,
as has been mentioned have anomalously high Rb values which
results in an abnormally high Rb : Sr ratio giving a verticle
trend appearance to the gabbros, diorites and quartz diorites.
A plot of Ba on the ordinate (fig. 8 ) shows a general increase
in Ba: Sr ratio from gabbros to granites.

In figure 9, the Ca -~ Na - K ternary plot, the granites
diverge perrendicularly from the igneous trend which suggests
the operation of processes other than fractional crystalliz-

ation ( Birk, 1978). However remaining rocks do appear to



Figure 9 - Ca-Na-K ternary
plot, Dashed line shows the good
correlation with Igneous trend
of the mafie rocks.
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form a close narallel correlation with the igneous trena.
The exceptions are C72A, (032 and C45 where an enrichment in K
is evident in the diagram. (724 is in contact with the younger
Nashwaak Granite and thus quite possibly contaminated by X
rich fluids from the latter. Also C32 and C45 have been
contaminated as indicated by high Rb and K contents., If
these samples are ignored, those that remain form a close
correlation with the igneous trend. The completelack of any
trend for the granites however makes a similar argument imp=-
ossible. For them, it cannot be said whether contamination or
processes other than fractional crystallization produced the
observed data scatter.

Though not conclusive, figure 9, suggests that the Nashwaa!

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

()]
} S

]

o)
i

orted by the sharp transition from I to S-type character
between the more mafic units and the granite respectively.

Model C has the gabbro, diorite and quartz diorite
originating as a co-magmatic melts forming a zoned sequence
through a process of fractional crystallization (with time
variant emplacement i.e. gabbro first etc., as in Model B)
while the granites formed from partially melted country rock,
in this case sediments of pelitiecaffinity. If this were th
case, it would explain the lithological sequence from gabbro
to quartz diorite, their relative age differences, and the

apparent change in the origin of granite.

Small xenoliths on the order of 10-15 cm in diameter occur



in the northern section of quartz diorite ( i.e. locations
05 and (7). The contact nature hetween the xenoliths znd
quartz diorite form & continuum between those which are
sharp to those which are barely nerceptible, the xenoliths
appearing as micaceous clots in their host. The latter is

evidence that considerable absorption of the xenoliths has
occurred. The composition of the xenoliths is similar to that
of the meta sediment ¢4 ( a dark, fine grained quartz and mica
rich rock). It is feasible to suggest then, that the latent
heat of crystallization, given off by the cooling gabbro;
diorite and quartz diorite magmas, melted the surrounding
country rock producing at high temperatures,a melt of granite
composition and the xenoliths represent material that was
incompletely assimilated.

The high temperature character of the granite is shown
by the abundance of perthite, In their classic study of the
system NaA1S% Qg KATSiEOS— HZO , Tuttle and Bowen (1958)
showed that these perthites ( in fact all perthites according
to them) represented a high temperature, low pressure feldspar,
initially formed as a homogeneous alkali feldspar at temperatures
above 660 ° (¢ which unmixed when temperature was decreased.
Figure 3 attests to the low pressure formetion of the granites
which plot predominantly in the 500 - 1500 bars P H,.O region.
The isobars represent the confining pressures of a water sat-

urated liquid ( Carmichael et.al.,1974, 1.230, isobaric lines
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represent exverimental data by Tuttle and Bowen, 1958 p.75).
Due to the lack of outcrop and therefore sample density,
the exact origin of the rock units is rather speculative at
this point. While model C seems to explain both the chemical
trends and variations therein, the author emphasizes that
based on the information compiled to date, it is impossible
to decide with any certainty on one model over the other.
It is guite possible that some compromise between models B
and C, i.e. fractional crystallization coupled with the

syntexis of sediments, formed melts of granite composition.

5.3 Contamination

A XK,Rb - metasomatism affects all rock types as shown by
both chemistry and mineralogical alterations. The enrichment
of the diorites and gabbros in K and Rb has been discussed.
This type of contamination is also expressed by the bio-

tization of hornblende in the more mafic phases and the re-

placement perthite in the granites discussed in Chapter III.
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A zoned plutonic sequence exists in the map area with
a marginal hornblende gabbro grading through a diorite, A
quartz diorite to a biotite and biotite-muscovite granite
( 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 origin:

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

While the author prefers the latter explanation, the out-
crop density and subseguently 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 been
subjected to a regional metamorphic event as evidenced by a
regional foliation and the severe contortion of many small gran-
itic dykes seen in quartz diorite outcrops at locations C17 to
C26. However, the metamorphism is of extremely low grade and
possibly the result of syn-tectonic emplacement. The granites with
the exception of C1 and the above mentioned granite dykes are

completely lacking in metamorphic characteristics which suggest



that the bulk of the Nashwaak Granite is late syn or post
orogenic.

A late stage K, Rb metasomatism is evident in 2ll rock
types both mineralogically and ~hemically. The granites ex-
hibit replacement perthites (with K-feldspar replacing
Na~feldspar) while the remainineg rocks show biotite re-
placement of hornblende to variousdegrees. Some of the more
mafic rocks ( i.e. locations C32 and C45) show anomolous
Rb and K values in their chemistry which again attests to

a regional K, Rb metasomatism which probably occurred during

or shortly after emplacement of the Nashwaak Granite.
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All thin sections studied (with the exception of
C4 and C18) were point counted (between 500 and 600
counts) in order to give a closer estimate of modal
percentages. Since duplicates were available for most,
.they were stained for alkali feldspar. The thin sections
were placed under a fume hood in the vavours of a 52%
Hydro-Fluoric acid solution for 10 - 15 seconds, in
order to etch the grain surfaces ( to help the stain
take to the section ), then immersed in a super sat-
urated solution of Sodium Cobalta Nitrate for approx-
imately 30 seconds. Staining was positive for the
granite samples only, indicating the absence of alkali
feldspmar in the remaining slides. This aided in the
modal analysis.

Plagioclase feldspar compositions were estimated

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

Sample Descriptions

A) CGranites .
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.



Quartz - Quartz shows undulatory extinetion with highly
sutured crystal boundaries. Trains of fluid inclusions
and traces of myrmekitic texture with plagioclase can

be seen.

Plagioclase Feldspar - Pericline and albite twinning is
evident, often coupled with normal concentric zoning.
Many grains are highly sericitized thereby obscuring
these features. The composition is approximately An g
Alkali Feldspar - Microcline is the alkali feldspar
present, often replacing plazioclase. Perthite is common.
Biotite - Biotite is pleochroic from a light to deep
brown. Chloritic alteration is common and tends to be
severe. Opaques and zircon (showing characteristic pleo-
chroic halos) are common inclusion minerals.

Traces of apatite are seen.

Sample C 10:

At location C 10 a contact with quartz diorite can be
seen. This contact is sharp and undulatory with a chill
zone occurring in the quartz diorite approximately 5 cm
in width. C 10 is a non foliated coarse grained, granular
rock. Jointing oriented at 310 / 66W occurs.

Quartz - Undulatory extinction and sutured boundaries are
shown by quartz. Fluid inclusions are common and traces of

myrmekitic texture with plagioclase are seen.
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Plagioclase Feldsnar - Thouch albite twinning and =ome
patchy concentric zoning can. -be seen,the grains have for
the most part undergone extensive sericitic alteration
masking these features. The composition was thereiore

hard to determine but ranges betwesn ¢n14 and An26 .

Alkali Feldspar - Microcline is the alkali feldspar with
good Perthite occurring also. In places microcline replaces
plagioclase.

Biotite ~ Pleochroism in biotite is from a pale to deep
reddish brown. A few show chloritic alteration but in many
the chlorite has simply grown between cleavages thereby
parting the biotite grains. Small guartz,euhedral apatite
and zircon inclusions are present in many grains.

Sample C72B:

Alkali feldspar megacrysts averaging 0.5 cm in diameter
give the rock a sub-porvhritic appearance. The remaining
minerals are medium grained and granular. C724 a quartz
diorite is in contact with C72B at this location.

Quartz - Quartz is medium to coarse grained although fine
grained aggregates occur along hairline fractures through
the section. It exhibits undulatory extinction and sutured
boundaries. Some myrmekitic texture with plagioclase can
be seen.

Plagioclase Feldspar - Intense sericitic alteration has

masked the presence of zoning or twinning. For this reason
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the composition could not be determined.

Alkali Feldspar - licrocline is the alkali feldsnar
present, with abundant perthite.Replacement of nlag-
ioclase is shown by many grains.

Biotite - Biotite is pleochroic from a dull to deep
reddish brown. Chloritic alteration with the growth of
chlorite between cleavage planes is common.Zircon grains,
shown by their dark pleochroic halos, occur with small
evhedral apatite as inclusions in the biotite.

Sample C73:

This is & non-foliated, coarse grained, sub=porphritic
granite containing K-feldspar megacrysts. Biotite is
abundant in the rock (see table 1).

Quartz - Sutured grain boundaries and undulose extinction
are shown by quartz. Hyrmekitic texture with plagioclase
is seen.

Plagioclase Feldspar - Twinning and particularily zoning
are indistinct in plagioclase due to intense sericitic
alteration. An accurate composition could not be obtained.
Alkali Feldspar - Perthite is abundant. Microcline can be
seen in places to replace plagioclase.

Biotite - Biotite is pleochroic from a pale to deep reddish
brown. Many crystals are parted along cleavage planes by
chlorite,a few show intense chloritic alteration. Apatite

is an abundant inclusion mineral with zircon occurring
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as well, often as subhedral grains.
Muscovite - Primary muscovite is rare but can be seen
intergrown within some bhiotite aggregates as well as with
some plagioclase ( where it cross cuts two plagioclase
grains thereby distinguishing it from products of nlag-
ioclase alteration).
Pyroxene - Small rounded remnants of a highly birefringent
colourless pyroxene can be seen associated with a few biotite
grains. In some of the larger grains cleavage traces can bhe
seen.
Sample C74:

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

be dealt with further save to say that a2 plagioclase

\,4

composition was obtained which ranged from iAn {4 to Anog.

This is a medium grained two mica granite which again,

Quartz -.Undulatory extinction and sutured grain boundaries
are exhibited by quartz with a few grains containing trains
of fluid inclusions.lyrmekitic texture with ﬁlagioelase is
seen.

Plagioclase Feldspar - Albite twinning occurs with relatively
minor amounts of combined carlsbad / albite and nericline

o

twinning. =f these are combined with normal concentric

d'

Sericitic alteration is most severe in the cores of the

zoning.The composition ranges between An
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zoned crystals and in s£rains being renlaced by microcline.

Alkali Feldspar - lMicrocline is the alkali feldspar »resent,

with a higher order of grid twinning than that seen in othex

by
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sections. Perthite is common. llicroecline can he seen re-

4]

placing plagioclase in som
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Biotite - Pleochroism is Irom pale to deep reddish brown.
Minute zircon inclusions ( seen by their characteristic
pleochroic halos) and quartz are found as inclusions while
apatite is relatively rare in this section. Only a few
grains show chloritic alteration.

Muscovite - Primary muscovite occurs for the most part in
aggregates intersrown with biotite. Quartz and small placs-
ioclase laths are common inclusions.

Sample C18:

At this outcrop location a sample of a small (roughly 0.5
to 1.0 em. in width) granitic dyke was obtained (the host
rock is a fine grained mica rich quartz diorite). The dvke
is extremely contorted into narrow, ptygmatic folds. It cuts
a pre-existing foliation in the host as shown by the warning,
in the same direction, of this foliation along the borders
of the dyke. The granite is an orangish medium grained cuartz
rich rock. The following is a mineralogical description of

the granitic dyke.

(16}

Quartz - Quartz shows undulatory extinction and highly

sutured hborders with some grains containing fluid inclusions.
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Myrmekitic intergrowth with zoned plagioclase can be geen.

Plagioclase Feldspar - Albite and combined carlsbad/albite

ot

e

twins occur often coupled with normal concentric zoning. The
composition was found to range from An14to A‘26 .

Alkali Feldspar - licrocline is the alkali feldspar present
with Perthite.

Biotite - Pleochroism is from a pale to deep reddish brown
(though in some grains the reddish tint is lacking). Some
grains have been completely altered to chlorite which show
anomolous berlin blue and violet interference colours.
(Penninite?)

B) Quartz Diorites

Sample C 5:

C5 is a coarse grained, weakly foliated rock. Small
lenticular xenoliths which appear as fine grained guartz-
micaceous clots occur in the outcrop.

Quartz - Undulose extinction exists with essentially planer
boundaries (though sutured boundaries do exist). Fluid in-
clusions in some quartz grains give them a cloudy appearance.
Plagioclase Feldspar - Albite, pericline and combined carlsbad/
albite twinning occurs with many of the coarser zrains showing
concentric zoning. Hone of the grains were cut so that a
composition could be determined, though sericitic alteration

igs minimal.

Biotite - Pleochroism is from a pale to deep reddish brown.
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Chloritic alteration is minimal though many grains have

been parted along cleavuerge planes by the growth of chlorite.
Apatite and zircon are common inclusions. Riotite is both
primary and secondary (revlacement of hornblende).
Hornblende - Hornblende is pleochroic from a greenish yellow
to a bright green. Colouring often appears patchy due to the
presence of twinning. Poikilitic hornblende encloses small
guartz,subhedral sphene and apatite grains.

Sphene - Sphene is generally subhedral and is found assoc-
iated with biotite and/or hornblende aggregates. Juartz in-
clusions are common and many grains show replacement in the
cores by an opague mineral (magnetite?).

Sample C 17:

Cutcron C17 is a medium grained mica rich rock which
exhibits a good foliation. It occurs in a zone of relatively
abundant outcrop where granitic dykes such as that described
in sample C18 are found. Jointing oriented at 308 / 62 W
occurs in C17 and is common to many of the outcrops in the
immediate vicinity.

Quartz - Quartz grains show various degrees of extinction

(some grains are nearly straight) and for the most part

sutured boundaries.

Plagioclase Feldspar - Albite, and combined carlsbad/albite
twinning are noted, in places combined with a normal concentric

zoning. Sericitic alteration is minimal.


http:c:lee.vd

=~

Biotite - Biotite is pleochroic from a pale to deep
brown. Secondary biotite forms as a replacement of hornblend.
Chloritic alteration is minimal., Sphene, apatite, zircon and
and opagues are common ineclusions.
Hornblende - Pleochroism in hornblende is somewhat variant
with some grains pleochroic from a2 pale greenish yellow to
deep bluish green, others from a deep to bluish green .
Anhedral to subhedral grains poikilitically enclose sphene,
quartz and opagues. iany grains exhibit a simple twin.
Sample C 22 :

Similar to C17 though coarser grained.
Sample C 47 :

Sub-outcrop C47 is a medium grained sub=-gneissic guartsz
rich rock. Owing to its rounded nature, sampling proved to
be difficult.

Quartz - Sutured grain boundaries and undulose extinction
along with minute fluid inclusions are seen in quartz.
Plagioclase Feldspar - Pericline, combined carlsbad/albite
and albite twinning occur, sometimes with concentric (normal)
zoning, The pnlagioclase composition was found to be between

icitie alteration is minimal.
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Biotite -~ Biotite is pleochroic from a pale to deep brown,

in  _and An
12

Some grains show partial chloritic alteration, especially
along _cleavage, while others have simply been parted by

chlorite crystal growth. Opagues, apatite, zircon, and small
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anhedral sphene &

ggregates are found as inclusions in
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biotite. As no hornblende is seen, the biotite is assumed
to be at least predominantly primary.
Sphene = Sphene is found in minor amounts as small anhedral
grains associated with biotite.
Sample C 53 (I) :

C53 is a coarse grained crudely foliated granular rock.

Both granitic dykes and ouartz veins (each on the order of

m

1.0 cm in width) are found in the outcrops. The granitic

(5}

dykes are pink medium grained and granular. In section (¢53 (II)
of the outcrops they form a parallel network ( 1it par 1it )
oriented 307 / 74 W.

Quartz - OQuartz boundaries in this section are planer to

N}

=

Ixtinction is

undulatory as oppocsed to strongly sutured.

£

fairly straight.
Plagioclase Feldspar - Pericline, combined carlsbad/albite
and albite twinning, often along with normal - patchy con-
centric zoning, occurs in plagioclase. The composition was
found to range between inpnand Ansg. Sericitic alteration
is moderate, most grains are fairly "“fresh".

te - Biotite is pleochroic from a yellow green 1o a
deep olive green. It occurs as primary grains as well as
secondary i.e. replacements of hornblende. Chloritic alter-
ation is minimal. Opagues, anatite and very often guartz

are found as inclusions in biotite.
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Hornblende - Pleochroism is from pale to deep sgreen. lany
grains are twinned. Poikilitic hornblende encloses plagio-
clase, quartz, anatite, and some small anhedral sphene,
Sphene - Though a few subhedral grains occur the majority
are small and anhedral. [iany show inclusions of an ovasgue
mineral (magnetite?).

Sample C 59 (II) :

At location C59 a contact was observed between quartz
diorite (C59 (II) ) and gabbro (€59 (I) ). The contact is
sharp and undulatory with a narrow chill zone (approximately
3 em in width). Rounded or lensoidal bodies of zabbro are
seen in the guartz diorite right next to the contact.

C59(II) is a light medium to coarse grained rock which
exhibits a well develoned foliation.

Quartz - Undulose extinction and planer boundaries are shown
by quartz.

Plagioclase Feldspar - Pericline, combined carlsbad/albite
and albite twinning are observed in plagioclase, often with
concentric zoning. The composition ranged from Angéto AnBA .
Sericitic alteration is minimal.

Biotite -~ Biotite is pleochroic from a pale yellow to olive
green., 1t is largely primary although secondary biotite re-
sults from the alteration of some hornblende. Chloritie
alteration is minimal with some grains parted along cleavages

by the growth of chlorite grains. Quartz and to a lesser



extent opagues, occur as inclusions in biotite.

~

Hornblende - Hornblende is pleochroic from a light yellow

to

n

green. Most grains

<

how simple twinning., Poikilitic
hornblende encompasses quartz,some opagues, and apatite.
Sphene - Most of the sphene is associated with hornblende.
Much of it is subhedral though many occur as small rounded
grains often with opague mineral inclusions.

Sample C 72

C72A lies in contact with C72B (granite). The rock is fine
to medium grained and shows a moderate foliation. Hairline
fractures contain pyrite mineralization.

Quartz - Undulose extinction, sutured boundaries and fluid

inclusions characterize the quartz of this section.

fd

Plagioclase reldspar - 4lbite and pericline twinning occur
in plagioclase. Concentric zoning is relatively rare in the
section and none of the grains were suitable for a plagio-
clase composition estimate. Sericitic alteration varies from
minimal to extreme.
Biotite - Severe chloritic alteration masks the pleochroism
of biotite in this section. Small euhedral apatite and rarely
zircon oecur as inclusion minerals.

Small rounded grains of a highly birefrigent, colourless
mineral are common. These resemble the pyroxene grains seen
in other sections but cleavage traces could not be found,

thereby preventing their positive identification.



Outecrop C32 is a dark, medium to coarse grained rock.
Quartz veins(approximately 0.5 to 1.0 cm in width) and
granitic dykes occur in this outcrop. Although no cross
cutting relationships were seen here, at location C43, an
outcrop of similar lithology, aquartz veining oriented at
310-320 / 70-75 W cuts granitic dykes. At C32 2 planer

parallel fracture system or "micro" jointing can be seen

LA

with similar orientation 2s the guartz wveins in C453.
Quartz - Quartz shows undulose extinction, nlaner boundaries

and in some, trains of fluid inclusions.

Plagioclase Feldspar - Combined carlsbad/albite, pericline
and to a lesser extent albite twinning is shown by plagio-

clase. liormal concentric zoning, often without twinning is
common. Plagioclase composition ranges between An28and An36 .
Sericitic elteration is moderate,

Biotite - Biotite is pleochroic from pale yellow to a deep
reddish brown. Most of the biotite apnears to be of second-
ary origin i.e. an alteration preduct of hornblende. Chloritic
alteration is patchy i.e. minimal in some areas, intense in
others. In the latter sections, chloritic vpseudomorphs of
biotite exhibit berlin blue -~ violet interference colours
(i.e. Penninite ?)., “uhedral zircon and apatite are common

inclusion minerals, opasgues occurring in some.
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Hornblende - Pleochroism in hornblende is from a szreenish
yellow to geep green. Simple twinning is evident in many
grains. Poikilitic hornhlende encompasses plagioclase,
apatite, zircon, opagues and in some cases mnyroxene remnants.
The latter shows faint ecleavage but is too small for exact
identification of nyroxene tyne.
Tourmaline (?) - A rose coloured high relief mineral showing
faint pleochroism and zoning. It occurs as rounded crystals
usually associated with hornblende.
Sample C 50 :

C50 is a dark, medium to ccarse grained rock which ex-

hibits a weakly developed foliation.

Quartsz Juartz in the section is interstitial and therefore
exhibits planer boundaries. Extinction varies from nearly
straight to highly undulose.

Plagioclase Feldspar -~ Pericline, combined carlsbad/albite
and albite twinning are found in plagioclase. Hormal con-
centric zoning is seen in mnay grains usually without
twinning. Comnosition of plagioclase varied between An
and £n42 . Sericitic alteration is minimal.

Biotite - Biotite is pleochroic frem a pale to deep reddish

brown. Primary biotite,occurs but is less abundant than that

formed throush hornblende alteration. -Chloritie alteration
is minimal with some grains simply parted along cleavage

by chlorite crystal growth. Quartz is the predominant in-

clusion mineral although apatite and opagues can be seen in

sQme gralns

9]
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Hornblende - Hornblende is pleochroic from a2 pale to deep

green, Many grains

[0}

how a simple twinning. Poikilitic horn-
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blende encompasses plagioclase, quartz and less freguently
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D) GCabbros
Sample C 45 :

C45 is a dark coarse grained weakly foliated rock. Quartz
veining, 0.5 to 1.0 cm in width, occurs in the outcrops.
Dull green zones of intense chloritic / sericitic alteration
resembling small "veinlets" (averaging 0.5 cm in width) occur
along fracture planes of various orientation. Jointing is

\

seen in area I of C45 (see map) its orientation 320 / 74W.

Quartz - Only a trace of interstitial quartz is found. It shows

—}a

planer boundaries and straight extinction.

7

(X

Plagioclase Feldspar - Due to intense sericitic alteration,
twinning was seen in only a few grains. In some of the less
altered plagioclase, albite and pericline twinning as well as
a faint concentric zoning are shown. In these grains the
composition was seen to range between An,46and An 50 Alter-
ation in thin section decreases away from fractures such as
those described ahove. Plagioclase close to these fractures
contain high concentrations of very fine grained opague
mineral (s?).

Biotite - Biotite is pleochroic from a pale yellow to pale
brown colour. It occurs only as an alteration product of

hornblende.
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altered grains. Those which are less altered are seen to
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poikilitically encompass apati
opagues (magnetite?). Much of the less altered hornblende
exhibits simple twinning.

Sphene (?) =Svhene is found in trace amounts as anhedral
aggregates associated with biotite and hornblende.

Sample C 59 (I) :

C59 (I) is a dark coarse grained rock with pyrite mineral-
igation occuring along minute fracture planes. Foliation is
modified close to the contact with €59 (II), i.e. it is nearly
parallel to the contact when close, and almost perpendicula
when more distal.

Quartz - Juertz is largely interstitial; with planer boundaries
and straight extinction. Some grains contain fluid inclusions.
Plagioclase Feldspar - Albite, nericline 2nd combined carisbad/

=

bite twinning, often with normal concentiric zoning are shown

al ng
by plagioclase, but these are frequently masked by intense
sericitic alteration. Compositional estimates were for this
reason unattainable.

Biotite - Biotite is only slightly pleochroic varying from
nearly colourless to a pale brown. It occurs solely as an

alteration product of hornblende. Chloritic alteration is

moderate to severe. Small anhedral sphene aggregates and



macnetite, oriented along cleavage planes are common in-
clusions in biotite.
Hornblende - Anhedral hornblende is nleochroic from licht

yellow to green. 5imple twinning is common. Poikilitic

hornblende encloses rtz, apatite and some plasgioclase,
Minute opazue inclusions (Magnetite ?) in nmarallel aliznment

along cleavage occurs in many grains.
Sphene - Sphene in the section is predominantly anhedral
with many almost entirely altered to opagues.(Magnetite?).

Sample C 66

C66 is a2 dark coarse grained rock which exhibits a strong
foliation produced by the alignment of hornblende. Small
granitic dykes ( averaging 1.0 em in width ) and hairline
fractures showing pyrite mineralization can be seen in the
outerop.

Quartz - Juartz occurs interstitially in accessory amounts.
Grains show weak undulatory to straight extinction and are
inclusion free

Plagioclase Feldspar - Carlsbad/albite, albite and to a lesser
extent pericline twinning occurs in plagioclase often com=
bined with concentric zoning and wavy extinction. The com-
position ranzges from An56— An6o « Sericitic alteration is
Biotite - Pleochroism is from pale yellow to light brown

The biotite in this section is secondary, occurring as an



alteration product of hornblende, ChHloxritic alteration is
most pronounced in gréins close to hairline fractures. Chlorit
growth along cleavage nlanes warps the grains of some biotite.

ef-:'}t‘ 8 ik

Apatite, opagues and small anhedral aggx
found in inclusions.
Hornblende -~ Pleochroism is from pale to a deeper green. Simple
twinning is common. Subhedral Poikilitic hornblende encloses
quartz, plagioclase and apatite ( the more abundant ).
Opague inclusions along cleavage 2are common.
Sample C 68 :

68 is a dark, coarse grained well foliated rock.
Quartz - Occurs in acecessory amounts: interstitially.
Plagioclase Feldspar - Combined carlsbad/albite, albite and
pericline twinning occur often with concentric zoning and
wavy extinction. Composition of plagioclase ranges between
An 54and in 58 Seriecitic. . alt eraﬁ ion is variable from minimal
in some grains to intense in others.
Biotite - Biotite is pleochroic from a pale yellow to vellow
brown. It occurs only as an alteration product of hornblende
Chloritic alteration is minimal. Opague inclusions are common.
Hornblende - Pleochroism is from pale yellow to green. Simple
twinning is common and a few greins exhibit ophitic texture
with plagioclase.The grains are predominantly subhedral.

Opague inclusions along cleavage are common.



C4 is metamorphosed sediment which occurs in the granite
zone near the crest of the map area's largest hill. The rock
is dark and fine grained. The outcrop is very "rusty" with
staining taking place along numerous hairline fractures.
Discontinuous migmatitic banding (averaging 2.0 to 5.0 cm
in width) can be seen. Joints are found in C4 oriented at
304 / 66,
Quartz - Quartz shows undulatory extinction and planer bound-
aries with abundant triple junctions. "Bubble trains'" of
fluid inclusions are pervasive.
Plagioclase Feldspar - Albite and pericline twinning is seen
coupled with a faint concentric zoning in some grains., Sericitic
alteration is minimal,
Biotite -~ Biotite is pleochroic from pale yellow to brown.
Chloritic alteration is intense, many grains completely altered.

Inclusions of zircon are evident through their pleochroic halos

N
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in some grains but opague inclusions are far more abundant.

+

Staurolite - Staurolite is a dull yellow brown in the csection.
It occurs as xenoblastic grains.

Silliminite - Fibrous trails or rims of silliminte are found
associated with staurolite although felted aggregates of

silliminite can be seen.






Analvtical Procedure - Geochemistry

Samples used for geochemical investigation were Dpre-
pared by: 1) removing weathered surfaces in order to
provide an accurate representation of composition:

2) crushing the rock to a fine powder using
a Spec Industries 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 grams flux to 0.5 grams of sample ). This mixture
was fused in Pt crucibles at approximately 1200°C. For
the trace element analysis, pressed nowder pellets
were made according to a procedure outlined by Marchand
(1973 ) (Good, 1981).

Loss on Ignition values for the igneous rocks were
below 2% with the lowest values occuring in the granites
(where the average was 0.82%).

All but Mo and W analysis was performed at McMaster
University using a Philips PW 1450 automatic, sequential,
X ray fluorescence spectrometer in the Geologyv department.
Mo and W values were provided by Kidd Creek Mines 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 running
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 negligible (see Table 8).

Pables 6 and 7 list the CIPW and Meso-normative composit-

ions respectively.



Table 6 CIPW Norms
Sample Qtz Cor Or Ab An Ac Di He En s Fo Fa Mt I1 Ap
C73 2% 12 1.91 28.88 28.06 9.69 - - - 5. 27 086 - - 2.3%0 0,92 0.45
C72B 28.47 2.59 25.90 27,55 777 - - - 3,98 0,43 e - 2o 19 07970, 352
C76 50451 2,08 23,77 32.81 6.67 - - - 2.21 - - - 0.29 0.%4 0,28
C74 25,51 1.88 19,51 32.44 12.69 - - - 4.85 1.28 - - 2+39  1.06 0.59
C1 28,91 - 30.65 32.94 o %22 1.93 - 0.95 = - - - 0.05 0.11
CT24 22,84 2,40 13.34 “27.18. "19.39 - - - B.30 1.76 - - 2.72 1.50 0.49
C5 5.863 - 11.8% 43.86 '19.38 - 3475 0476 8864 1.75 - - 2+85 09,32 054
C17 11232 - 9,78 34.85 26,05 = 1.91 0.41 Gty .95 - - BiE3 05 .40 | D5
C4T7 20,30 0.60 9.22 41.44 19.01 - - - 819 0,69 - - 2+28 0.94 0.34
C53% 15.59 - 12T 5T« 19 2154} - 0.1% 002 T«b8 079 - - 2.058 1.08 0.%6
C52 3.42 0,79 1673 30.70 26.65 - - - 12.51 3.74 - - 2,83 1.68 0,94
€50 3.60 - 6.60  29.25 55.24 - 4.75 1«24 11,28 2,960 =~ - aalhiv 3l T8 0308
C45 - - 9,50 22,79 S37.45 - T 8 3kl ¥ 1.04 0,26 11,30 2385 9280 ~2.29 0,46
C66 - - 4,35 24,86 758,80 - 5.95 1.94 937 3.05 3.34 1,088 50882385 056
ce8 - - 3.34 21,54 44.78 - 5.63 1.47 3.68 0.96 9.90 2.58 3,47 2.44 0.27

oL



Table 7 Meso=norms

Sample Ntz Cor Or ADb An Act Ed Ri Bi 0l Hy
C73 26.11 2.82 23,95 28.04 Te52 - - - T«63 - -
C72B %105 5,40 20.95 27.44 Datl - - - T7.79 - -
C76 31.82 2.44 21,86 32.78 5681 - - - 2397 - -
CT4 26.80 .94  12.67 B32.30 9.97 - - - 10.78 - -
C1 31.83% - 28.9% 32.87 - - - 012 2.54 - -
CT24 28,50 5.35 2,72 B7.02. .0 15.55 - - - 16.84 - -
C5 1128 - - 43.67 19.21 1.39 - - 18.84 - -
G 15.89 0,23 - Bh.04 . +25:27 - - - 1BsDE - 3.21
Cc47 23.70 157 2.89 41.27 16.54 - - - 10,01 - -
C53 20.26 0.98 4.08 37.67 18.87 - - - 13%.82 - -
C32 129 2.42 DLBT A0S, e - - - 25.90 - -
Cc50 o R - - 28.96 34.96 4.55 - - 10.54 - 9.58
C45 - - - PO A 1.25 7.0 - 15,01 - 12.24
C66 - - - 2% W5 58407 & 4,29 - 5.81 2.7% 16.62

c68 - - - 19.96 44.27 - 4.%6 - 5.26 10.96 7T.91
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Table 8 XRF Results for Dunlicated Samples (Major Oxides
in weight percent, Trace Elements in ppm).

C72A CT72A1 c72B C72B1 C73 Cc731 C76 C761

3102 6%.74 63%.66 70,06 69,69 67.89 67.93 73.02 73.15
A1203 16.53 16.48 14.80 14.82 15.50 15.38 14.59 14.68
Fe203 S+ S1 5.96 5.86 3.85 4.45 4.38 2.06 2,09
Mg0 2.96 2.88 1.42 1.53 1.14 1.26 0.80 0.84

Ca0 4.15 4,13 1.74 15 2.20 2411 1.50 1.46
Na,0 2.98 323 3.02 F:. 22 3.09 3.34 1 3.39
K,0 2022 2. 15 4.31 4.37 4.81 4.70 3.98 397
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
i ¢ 0,22 0.22 015 0.15 0.21 0.21 0.13 0.12
RDb 147 149 124 122 160 157 210 206
Sr 318 318 277 275 206 208 109 106
Ba 315 540 668 603 1321 1400 303 306

Zr 250 231 296 288 380 394 152 151
Cr 34 59 30 13 34 40 25 44
Co 18 21 9 8 16 12 0 0
Pb 26 25 31 33 38 40 21 25
Cu 8 20 14 2 3 0 4 6
Zn 127 128 >0 a4l 67 66 A2 45
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