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A

ABSTRACT

The Cordova Pluton, a small gabbroi| body of
‘approx1mately 30 square kilometres area, intruded
Precambplan marble and volcaeip rocks at .;he-‘southern
eiposed margin of the GreﬁVTiIefPrOVinee.

The pluton has been divided into three lithologic units:
(1) a medium-grained gabbro with an igneous‘leyering} (2) a

fine-grained, massive gabbro, and (3) a pegmatoia gabbro.

Layers in the medium-g:ained gabbro consistently parallel .

the margin of the pluton and generally dip . toward ' the
centre. This suggests a cone shape for the intrusion.
The only defongitiohal features seen in the pluton are

shear zones, These shear zones are defined by a well

developed foliation of chlorite. and lesser biotite. - The

shears occur mostly in two-areas: in the northern tip of the

pluton, where they generally strlke east to north eastward

and in the eastern area of the pluton where they strlke

approximately northward. The shear zones are characterized

by the presence of flattened leeses of quartz, calcite and
‘_.anke}ite which in the no}éhefn tip ef the pluton "host the
Cordova and Ledyard gold deposits. |

7 Geocheﬁical variation across the shear zones is generally

irreg ﬂ;r. The deposition of quartz lenses appears to have

- iv —.
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strongly enriched the sufrounding sheared gabbro  in

potassium and to a lésser extent sodium. The sheared gabbro

is depleted overall 'in calcium in relation to the
‘neighboring, unsheared gabbro. No geocﬁemiéai signature
charaétqristic of the gold-bearing shear zones was noted.

" Three types of fiuid inclusions-occﬁr in the shear zone
‘quartz: simple 2 phase inclusions‘pbntaining sa;ine_ﬂ20‘and
vapour (Tfpe 1), 5 phase 1inclusions Qontaining saline H20,

- vapour and a daughfer' mineral (Type 2), and. 3 phase

"inclusions dontaiﬁing CO02 liguid, €02 gas, and saline H20

e

(Type 3). _
Gold mineralization is thought to have precipitated_f;om

the same fluid which was trappedl to form Type 3 inclusions.

.This fluid averages 11 wt .%-NaCl, 200 wt % CO2, and was
,trapped at a temperature between 320 and 450 degrees C. The

estimated pressure at trapping 1is between .85 and 1.25

kilobars.

The Ottawan episode of metaﬁorphism and orogeny ‘is
thought to be responsible for both the shear zone formation
and the geheration:of fluids which transported gold'to them.

N
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Chapter I

INTRODUCTION

1.1 GENERAL STATEMENT

The Cordova Gabbro is one of sevekal small mafic and
ultramafic plutons within the Central Metasedimentary Belt
of the Grenville Province. The pluéon is host to the
‘Cordova and Ledyard gold deposits, which producedr‘in the
early part of this century. . :

Detailed mapping of the Cordova Gabbro has-ﬁpt previousiy
been undertaken. This thesis provides a detéiled report of
'_the geology -and mineral deposits of the Gabbro on the basis
of field and labratory work. |
1.2  GEOGRAPHY .

The Cordova Gabbro, latitude 44 29'~- 44 32'N, longitude
77 43'- 77 48'W, is located in Marmora.éna Belmont Townships
about 5 kilometres northwest of the villaée of Marmora
(Figuré 1.1). |
" . Access td the ar;a is excellent, the Trans—-Canada Highway
runs immediately to the south, paved roads encircle the
pluton, and several dirt roads provide a;:;ss to its centre.
fhe nearest population centre providing all major services

_/
is Peterbourough, some 45 kilometres to the west.

/‘/
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3
Thé Cordova Gabbro forms _a small topographic higH,

' fesultlng in good dralnage and l1tt1e surface water. Except

for a few swampy areas and some farm land, the study area is -

covered with an open decidious forest.

1.3 PREVIOUS GEOLOGICAL WORK
‘Most of the previous geological work on the Cordova

Gabbro was in the period 1890-1940 and was related to the

development of the Cordova and Ledyard goid deposits (Figure

l,é). The following summary draws {freely from .the

Assessment Files and the Annual Reports of the Department of
Mines of Ontario from the years 1893-1943.

In 1890 gold-bearinggquarti veins in a shear’ zone.were
discovered on surface near where the Cordova Mine is now
locafed (Figure 1.2}, Between the years 1850-1893, three
shafts: No.l, No.2, and No.3 were sunk. In 1897 the

property was leased to the Cordova Exploration Compény,

which later became Belmont Gold Mines Limited. Five new
shafts were sunk, none to great - depth, ‘and the three
original shafts were deepened. By 1903 mining activity by

Belmont Mines stopped. The mine was reépened in 1911 by

Cordova Mines Limited and mining resumed on the No., 3 shaft .

on two levels. The mine site was largely destroyed by fire
in 1917 and the mine was closed once again.
In 1933 Consolidated Mining and Smelting Ltd. (Cominco)

optioned the property and began assessment of its poténtial.
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5
Cominco purchased the mine outright in 1935 and ‘beghn.to

develop the original No. 3 shaft. All work ceased.in"1940,

s

at_which-time the workipgs consi’sted ‘of; the No.l shaft, 152

metre# deep with 4 levels, the No.2‘shaft, 56 met:gs deep

with 2 levels, ané the No.3 shaft, 320 metres déep,on the ) N?/
incline with 9 legels, Total production £from the mine
between the years 1890-1940 was 22,744 ozs of gold and 687

ozs of silver from 120,670 tons of ore. |

In 1965 the property was optioned by Orvana Mines which

drilled and sampled the was&e dumps. Since 1979 the rights

’_ have'been‘held by Lasir Gold Incorporated, which has been

developing and précticing a heap leaching technique to
recover gold from the sufface ore fesefves- and mill
tailings. "

The Ledyard gold deposit,- located ﬁear the Cordova
deposit (Figure 1.2} is geologically similar but wmuch
smaller. It was also discovered in thekeanly 1890's and waé
worked until 1896, at which time the workings consisted of a
single 33 metre shaft with a 25 metre crosscut. The total
production from this deposit was 13 ozs-of gold from 55 tons
of ore. |

Also within the Cordova Gabbro is the Belmont Iron Mine
located approximately 200 metres from the western contact
with Precambrian marbles (Figure 1.2). It was worked in the
period 1906-1914, and approximately 20,000 tons of magnetite
_Qii::gere shipped from surface and underground workings.
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About 3,500 tons of ore remain stockpiled'on the surface (R.
Young, personal communication 1981)r1

| The Cofdoya Gabbro is within areas mésged by Millerlahd

Knight (1914) at a scale of 1:15,840, by Wilson (1940) at a
scale of 1:63,360 and by Hewitt and Sattefiy (1957) “at a
scale of 1:126,720. Ba;flett and Moore (1983) produced a
1:15,840 scale map of Marmora Township and Bartlett:' Moore,
and Murray (1982) produced-a 1:15;840-sca1e map of Belmont
and southern Meuthen Townships. In 1983 a MSc thesis was
completed at Carleton University by Bartlett who studied the
Belmont Lake metavolcanic complex which is in contact with
the Cordova gabbroc to the west. In the course o?}ﬁ?ﬁ'study
Baftlett examined samples’ from the western edge of' the
,.‘Co¥dova Gabbro, and provided a brief petrographic
description.

Boyle (1979) compared elemehtal variation in samples from
the main vein and the unaltered host rock of the Cordova
-Deposit. VA thermochronometric and paleomagnetic study of
plagioclase and amphibole from the Cordové Gabbro was

performed by Dunlop et al (1980) and Lopez~Martinez and York
(1983).



1.4 PURPOSE AND METHODOLOGY OF THIS THESIS

The pur of this thesis is to describe and understand
thgdiﬁffgii:z:n of rock wunits, ‘structures, and mineral

deposits in the Corvova Gabbro.  Conclusions are made as to

the processes ‘involved in ‘the formation of the gold
deposits. o h

Field worklfor this study was carried out during May to
October of 1981 with 'support from th éneral Deposifs
Section of the Ontario Geological Survey.

From samples collected 65 thin sections were cut for
mineralogical and texturadl examination, 6 thin sections of
vein quartz from shear zones were cut and doubiy'polished
for fluid inclusion studies, '3 ﬁhin sections were cut and
polished for microprobe study,\\and 70 samples were prepared
" for X- ray fluorescence analy51s of major and trace element
variation in major rock units and shear zones.

The samples collecged forffx—ray fluorescence analysis
were washed and crushed to céips 0.5 cm or less in size.
The sample was then split until about-75 grams remained.
Tpis portion was then powdered to 80 mesh or less. 1.5 gms
of the samplé was then mixed with 4.5 gmy of lithium borate
and .5 gms of-lithium carbonate and fused into a glass
pellet. Pellets produced in this manner were analysed at
the University of Ottawa using a Philips Model -1410
automated XRF unit with a chromium tube and alpha.

cofficients of De Jongh (1973). Accuracy (based on



W

,

8
comparison with the results. presented by Qpby-(1972)), and
precision of the analyses-hés'been determined to be (plus or
minus); 2% for $i02, Al203, Fe203 and K20, 3% for Mg0, TiO2
and CaO, 3;5% for NaO, and 10% for P205, Mno,{Rb, Sr, Ba and
Zr. T

Fluid inclusion studies were proformed using a Linkam Th
600 Heating-Cooling Stagé. The appafatus and procedﬁre‘is :
described in Appendix 2.- _ | ‘

Microprobe analyses were'made. at Carleton University's
Geology Depgrtment using a Cambridge Mafk 5 eléctron pfobel
'The:electron probé was operated ‘at 15 kilovolts aéclergtlng
potential and a specimen current. of 50 nanoampe;eé ;as
meaéureé on pure iron, R;w X-ray d | were reduced using a

computer program of Ru

iiage and Gaép' ini (1969). The
.accuracyjof the analyses i withindﬁ% for /major elements and
5% for minor elements with slightly higher uncertainties for
- analyses of very low value, (pers. comm. Peter Jonés,

Carleton University 1985).



Chapter II
REGIONAL GEOLOGY

M

2.1  INTRODUCTION

The Cordova Gabbro 1lies within the Hastings 'Basin'

segment'df the dreﬁville Province's Central Metaéedimentary
Belt (Figure 2.1) as defined by Wynne-Edwards (1972).  The
Hastings 'Basin' (which 1is better refgrréd ‘to as the
Hastings Lowland or Metamorphic Low) -con;ists mainly of
carbonate, metavolcénié and clastic metasedimentary rocks of
the Grenville Supergroup which have "been intrudéd by a wide

variety of plufonic rocks (Figure 2.2).

2.2 STRATIGRAPHY

Lumbers (1967) has divided the Grenville. Supergroup in
the Hastings Lowland into two groups (Figure 2.3). ~ The
elder 1is the Hermon group, which includes the Tudor

Metavolcanic formation,

he Oak Lake formation, the
Vansickle formdtion, the Purriff Metavolcanic formation and
the Burnt Lake formatign. The basal Tudor Metavolcanic

formation consists inly of mafic metavolcanics and is

exposed over a wide 400 sqg km). Over 8,000 metres

* Due to complex deformation estimated thicknesses are
highly suspect. -

-9 -
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FIGURE 2.2 Geological map of the'Hastihg's Lowland,
| (after Freeman 1979). .

e

%

T Felsic intrusive rocks, (granite, granophyre,
1343 granodigrite, quartz diorite, guartz monzonite,
RNE syenite, trondjemite, and derived gneisses)

anorthosite, norite, diorite, ultramafic rocks,

Mafic and ultramafic infrusions, (gabbro, gabbroic
. and derived metamorphic rocks)

Grenville Supergroup

. o~ Y
Carbonate and clastic metasediments, ,
(marble, calc-silicate rocks, skarn, conglomerate, -
greywacke, arkose, calcareous sandstone ané
siltstone, shale, and derived metamorphic rocks)

‘etavolcanics, (flpws, tuff, agglomerate, minor
iron formation and metasediments) -

Hasting's Lowland Boundary
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“GROUP

Mayo

on

FORMATION

{

_J1

Bumnt Lz;kc

Turriff

Vansickle

Oak Lake

L_’I‘udor

LITHOLOGY

UNCONFORMITY

marble, minor calcareous metasandstone and meta-
siltstone, rare recrystallized chert.

fedspathic metasandstone or acid metavolcanics with
upper and lower members of calcareous metasand-
stone and metasiltstone

80 per cent marble; remainder mainly calcareous
metasandstone and metasiltstone, poorly sorted felds-
pathic metasandstone, well sorted quartz-rich meta-

sandstone, and rare recrystallized chert; mafic meta-

volcanic flows and iron-formation rare near base
of formation overlying Tudor metavolcanics.

mainly rhyolitic, trachytic, dacitic, and andesitic
metavolcanics with minor metabasaltic fiows; lensoid
marble units and sandy siliceous metasediments found
locally

75 per cent pillowed basaltic and andesitic meta-
volcanic flows; remainder dacitic and felsic flows
and pyroclastic rocks, and, minor iron-formation.
mainly poorly sorted feldspathic metasandstone local-
ly with abundant marble, felsic and mafic meta-
volcanics, metaconglomerate, and well sorted quartz-
rich metasandstone; arkosic metasediments commonly
associated with felsic metavolcanics.

mainly metamorphosed felsic pyroclastic rocks and
arkose with some mafic and felsic metavolcanic
flows; rare marble and metaconglomerate in upper
part of formation.

mainly metamorphosed, pillowed, basaltic and ande-
sitic flows; minor dacitic and felsic metavolcanics
and rare iron-formation. :

. .

FICURE 2.3 Table of formations for the Grenville.

Supergroup in the Hasting's Lowland,

{from Wynne-Tdwards 1972, modified after

Moore and Thompson 1980).
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have-béen mapped by Lumbers (1967) who suggests that these'
rocks represent the lower sedﬁion of a subsiding sﬁbmarine
shield voléano complex. The expected evolution of such a
complex to one_éupplying felsic volcaﬁics can be seen in the
oﬁerlying formations. These formations .genérally have
limited distribution.  The Oak Lake formation overlies the
Tudor formation and consists of felsic pyroclastics with
minor metaarkose and metavolcanic flows. Next in the series
is the Vansickle formation composed mostly of feldspathic
graywacke with lesser carbonate ﬁétasediments and felsic and
mafic metavolcanics. The Vansickle formation is overlain by
the Turiff formation which consists of 75% basalt and
andesite derived metavolcanics and 25% pyroclastics, dykes
and flows of various composition. The upper member of the
Hermon group 1is the Burnt Lake formation, a deformed
sequence‘of felsic and pYroélastic flows.

Interfingering with and probably overlying the Hermon
group is the Mayo group, comprising the Dungannon formation,
the Apsley formation, and the Lasswade Marble. The
Dungannon formation is dominated by carbonate metasediments,
which with minor fe;dspéthic graywacke have an apparent
thickness of about 3,300 metres (Lumbers 1967). ufhe Apsley
formation. and the Lasswade marble overlie the Dungannon
formation, and consis& respectively of feldspathic
metagraywacke and carbonate ﬁetasediments. Lumbers (1967)

]

considers these formations to represent a marine basin



assemblage of clastic detritus from volcanic and distal
sources with‘ carbonétes either biochemicallj or chemically
precipitated. |

An age of 12867 Ma +-15 has been assigned to the
Grenville Supergroup in the Hastings area on the basis of
two ﬁ;Pb dates on zircons from metarhyolites of the Tudor
Metavolcanics (Silver and Lumbers 1966).

Plutonic rocks intrusive into  the Grenville Supergroup
were emplaced over a wide time span ‘but generaily can be
dividéd into‘two ‘temporal groups of major p%utons and a
third groﬁb of minor intrusions of varied ages (Lumbers
1967) . '

The oldest group was termed the Biotite-Diorite Series
and was emplaced about 1250 Ma +-25 {(Silver and Lumbers*
1966). It is made up 6f felsic intrusives such as granites,
syenites, tronjhemites and dioritic intrusivés (of which the
Cordova Gabbro.is one). The second group of intrusives was
emplaced around 1104 +-25 Ma (Silver and Lumbers 1966} and
consists of quartz monzonite. The third, less important
group of intrusives are of a variiifsompositibn, most were
probaply intruded between 1250 and j1104 Ma but some may pre- ’
date or post-date this time period. Among the rock types of
this group  are nepheline syenite, potassic ‘éyenite,
monzoﬁite, gabbro and diorite kconsidered to be later than

the diorites of the 1250 Ma group) and mafic sills and

* All dates guoted have been recalculated by Davidson et al
(1979) who used decay constants from Jaffey et al (1971).
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dykes.

'Uncohformably oﬁerlying metamorpﬁosed volcanic, clastic,
and carbonate rocks and large granitic plutons of the
Grenville supergroup, is the ﬁlinton group. _ This group,
consisting of carbonate and clastic rocks of deepwatef
brigin, and nonmarine to shallow marine clastic rocks forms
a small norfheasterly trending belt near the southeastern
border of the Hastings Lowland (Moore and Thompson 1972},
The age of these rocks 1is uncertain. Moore and Thompson
(1980) suggest they were deposited during a break in
orogénic activity between‘1050 and 1080 +-25 Ma.

-

2.3. METAMORPHISM AND DEFORMATION

Moore and Thompson {1980) have grouped the volcanism,
plutonism and regional metamorphism which affected the
ﬁastings Lowland within the Grenville Orogenic Cycle. This
cycle spans the interval 1300-1000 Ma. They. have divided
the tectonié history of the Central Metasedimentary Belt of
Eastern Ontario into two periods of orogeny: the Elzevirian
ahd the Ottawan Orogeny. The Elzevirian Ofogeny {1225-1100
Ma) was a time of major plﬁtonism. Both the Biotite Diorite
“and ghe Quartz Monzonite Series of Lumbers (1967) were
emplaced during this time.

The Ottawan Orogeny closely followed the Elzevirian.
Radiomettic-dates‘vary between 1,100 Ma and 950 Ma, A date

of 1,000 Ma is generally accepted (Bell 1981).
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During this orogeny the major period of regional

B}

metamorphism and polyphase deformation occurred. The
effects of thé‘regionél metamorphism are most evident in the
rocks of the Grenville Supergroup upon which is imposed a
generally north to north-easterly trending,fébric. The
plutonic masses in the Hastings Lowland commonly dé not show
this regional fabric although within the Grenville
Supergroup it :wraps around both .the Biotite;Didrite and the
Quartz Monzonite group of major plutons (Wynne-Edwards 1972,
Hewitt and Satterly 1957). This 1is good evidence of
emplacement before or at least during deforﬁation.

Within the Hasfings Lowland the metamorphic grade'-is‘
greenschist in the centre grading outward into two flankiﬁg
zones of amphibolite facies. Carmichael et al (1978} and
Lumbers (1964) have defined séveral metamorphic isograds

(Figure 2.4).

2.4 GABBROIC ROCKS IN THE HASTINGS LOWLAND

)

The Cordova Gabbro 1is one of about 40 dioritic-gabbroic
bodies in'the Hastings area (Figure 2.4) of which 10 are of
-equai or-éreater size. Including the Cordova Gabbro, four
such'bddies within the greenschist faciés zone haQe been
studied previously. The other bodies .are the Lake
Metagabbro (Lumbers 1967), the Tudor Gabbro (Laakso 1968 and
Brown and Thivierge 1976a), and the Lingham Lake Complex

(Lumbers 1967, Brown and Thivierge 1976b). In the adjacent



TIGURE 2.4

Previously

Mafic and ultramafic rocks, and metamorphic \
isograds in the southern portion of the Hasting's
Lowland. Geology  after Freeman (1979), metamorphic
isograds from Carmichael et-al (1879).

studied gabbrolc bodies:

A - Lake Metagabbro (Lumbers 1967)
B - Tudor Gabbro (Laakso 1968, Lumbers 1967)
c - Lingham Lake Complex (Rrown and Thivierge 1976,
' Lumbers 1967)
D - Umphraville Gabbro (Lumbers 1967)
E - Jocko Lake Complex (Lumbers 19675
Fo- Thanet Complex (Lumbers 1967)
Metamoxphic isogradgt(dashed where approximate):
1 _ garnet-muscovite~-chlorite
staurolite~ biotite- guartz
5 - kyanite ‘ .
sillimanite
3 _ musc?v1te— plagloclasej qgartz
sillimanite- K feldspar
‘4. _ garnet— hornblende— quartz- . '

)&

i i ¥
orthopyroxene— cllnopyroxene- plagioclase

Paleczoic cover rocks
Mafic andéd ultramafic rocks

Tectonic subdivision boundary
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amphibolite graée zone the UmfraQille gabbro, the Jocko. Lake .
‘Complex, and the Thanet Complex were investigated by Lumbers
(1967, 1969). Except fof the Umfraville Gabbro,' which
belongs to the third group of plutonic rocks of uncertain
age, the gabbros previously studied belong to the 1250 Ma
Biotité—Diorite Series of Lumﬁers (1967).

The gabbroic plutons wefe mainly composed of-phdses riéh“
in pyroxene and plagioclase in varying proportions with
lesser amounts of olivine and hornblende, However, the
rocks have been extensively altered, pyroxene partially-on\(/~
totally to amphibole, and plagioclase to epiéote gréup
mineréls. Present in all the lgabbros is a pfimary mineral
layering developed to varying degrees, which usually 1is
confiﬁed to the marginal areas. Most plutons consist of
several phases showing a va;iety of grain size .and
'composition,‘ for example commonly reported rock units are:
gabbro, diorite,'pyroxenite and anorthosite.

The gabbro plutons in the greenschist zone are generally
undeformed except for‘the presence of shear zones wheré the
original mineral assemblage has been replaced by £fine-

grained quartz; mica and feldspar.
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Chapter III
'GEOLOGY OF THE CORDOVA GABBRO

3.1 ROCK UNITS

.3.1.1 - Introduction

The Cordova Gabbro is a small pluton of approximately 30

square kilometres. It lies along the southern margin of the

Hastings Lowland where it is 1in contact with Paleozoic
limestanes. To the east, north, and northwest it is in

contact with carbonates and to the west with volcanics of

the Grenville Supergroup. The Cordova Gabbro and the

Grenville Supergroup rocks in contact with it have been

regionally metamorphosed to greenschist grade. The contacts

between these rocks and the Cordova Gabbro are generaliy not

well exposed. Where visible the Grenville carbcnates have

been altered to a greenish, fine-grained calc-silicate rich
rock. -

Rock units havé been defined mostly by textural criteria,
principally changes in grain size from aphanitic to
pegmatitic, and from the presence in some areas of a primary
igneous layering. On this basis the pluton has been diviaed

into three major unité; medium-grained layered gabbro (Unit

1), fine-grained massive gabbro (Unit 2), and pegmatoid

gabbro (Unit 3), (Figure 3.1 and Figure 3.1a (in pocket)).

- 21 -
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FIGUPE 3.1 Geology of the Cordova Gabbro. '

(from Thomas and Cherry 1981)
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The dominant minerals ‘in each of the units are plagiociase
and amphibole (derived from pyroxene) in proportions
varying from 10 to 50 percent. Ahorthi£e gonteht - of
plagioclase was dete}mined petrographicélly t6 be from An 33
to 44, (Bartlett 1983). Microprobe analyses of émﬁhibqles
‘has indicated‘ﬁhat they are Ca rich . and Na and k poor and
fall in Section A of Leéke's (1978) classification of calcic
amphibole§ (Figure 3.2). Also present, in lesser émouﬁt}x‘
are calcite, quartz, bdoti%e,‘chlorite, apatite, magnetite,

pyrite, ilmenite, muscovite, and epidote group minerals..

3.1.2 Unit 1 - Medium-Grained Layered Gabbro

This unit forms an outer rim to the pluton as well as a
small central area (Figure 3.1). A primary ignedus layering
varies 1in thickness from thatJ of a single crystal to a
maximum of about 15 centimetres. The layérs consist
alternatively of 80-90 percent mafic or felsic minerals,
Occationally layéred rocks have a primary mineral alignment'

in the plane of layering. Rocks which have not developed a

primary layering often have a similar primary mineral
' i~ .

alignment (Figure 3.3). Within the rim area of the piutoﬁ
the strike of the primary layering generally parallels the
outer contact and dips steeply toward the centre (Figure 3.1
and Appendix C) suggesting a bowl shape.

Layering 1is coﬁmonly best seen on weathered surfaces and

is not always visible in thin section., When seen in thin
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FIGURE

- -

De 2

-

Photographs of hand spec1mens of Unit 1 -:Medium
Grained Layered Gabbro.

The upper photograph shows "amphibole (blaok)
defining a primary mineral foliation (vertical -
in photograph). The remainder of the sample is
composed of plagioclase (white) .The lower
photograph shows primary layerlng (horizontal

in photograph). One centimetre layers are composed
alternately of B0-90 % amphibole or plagioclase.
Soales are graduated in centimetres.

P

gample locations for all hand.specimens, thin sections
sections, analyses, and outcrops referred to

with the prefix CG~8l may be found on Figure

3.1la (in pocket).
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| section the layers consisé of alternations of large pafallel
| aﬁphibole grains and finer ﬁassgs of plagioclase (Figure
3.4). '

Unit 1 is.composed_ almost énti;ely of plagioclase and
amphibole and their alteration products. Amphibéles usually
_ére about 5 mm in size, They occur as clear, strongly
pleochroic grains that are pseudomorphs of pyroxene or
grains with many fine striations in the 001-crystallographic
direction. This represents the initial stages of alteration
(Deer,. Howie, Zussman, 1963). Amphibole may also be heavily
‘altered to a fine mass of pleochroic grains with small
rounded éraiﬁs of Ta@teite and scaly masses of Ehiéfite}

Plagioclase usually occurs in lath like crystals ranging
in long dimension from 1-5 millimetres. Alteration is also
quite variable. Grains may be unaltered with distinct °
twinhing or heavily altered to a fine mass of clinozoisite
and epidote. Often biotite and .chlorite are intimately
~associated with the altered plagioclase. The chlorite
commonly has an andmalous purple interference colour under
crossed  polars: indicating a high chromium content, (Kerr

1977).

3.1.3  Unit 2 - Fine-Grained Massive Gabbro

Rocks of this unit occupy the western central area of the
pluton (Figure 3.1). The rocks generally are dark green to

black, massive, with a grain size of about 1 mm.



FIGUPE .3.4 Thin section photograph of a sampie of Medium
Grained Layered Gabbro (Unit 1l). Large green
amphiboles (black in sketch) with altered cores
are surrounded by a finer matrix of altered
plagioclase. A-grimary layéring is defined by
“alternations of parallel groups of coarse

amphibole and finer plagioclase.
Photographed in plane polarized light.
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They are compaged of egual parts of amphibole and
plagioclase totaling Bo-éh, percent with minor apatite,
biotite and opague minerals, .
The effects of regional metamorphism are variable. The
plééioclase may be fresh or heavily altered to masses of
epidote group minerals. The amphibole varies from fresh to
massés of cﬁlorite, calcite and opagues.
Blastﬁporpryiti;'amphiboles occur occasionally throughout
this unit. Grains average 1 to 2 centimetres across and are

ophitic in texture (1 mm laths of plagioclase are included

- within the crystals) (Figure 3.5).

3.1.4 Unit 3 - Pegmatoid Gabbro

Coarse grained-'rocks of this wunit are located in the
"southwestern portion of the pluton (Figure 3.1}, The rocks
may 'be dark " or 1light in c¢olour, and consist of 1-2
centimetre plagioclase and amphibole grains 'surrounding
very large {up to 10 centimetres) amphibole crystals which
include 1 to 3 mm plagioclase laths (Figure 3.6).

Microprobe analyses of plagioclase from‘ this unit
indicated a anorthite content of about 60. This is a rather
high value for rocks metamorphosed in the greenschist facies
especia&ly in view of the findings by Bartlett (1983), (aAn
33 to 44). It is possible that this discrepency is due to
the chgicé of the least altered grains for analysis,

especially since they are coarse grained and hence less

suseptible to alteration.



FIGURE 3.5 Thin section photograph of ophitic texture in a
sample of Fine Grained Massive Gabbro (Unit 2).
Plastoporphyrltlc amphiboles (1 cm) enclose

"fine (1 mm) laths of unaltered plagioclase.
Photographed in cross polarized light.

,_
o
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amphibole

plagioclase tine plagioclase and amphibole

FIGURE 3.

/
CG~81-272

6 Hand specimen photograph of Pegmatoid |

Gabbro (Unit 2). This sample consists "of
2-3 cm amphibole‘grains (enclosing 1-2 mm
laths of plagioclase) in a fine matrix of
plagioclase and amphibole.

Scale in photograph is graduated in eém.

-
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Some amphibole grainé have a zonal structure defined by a .-
da;k to olive green pleochroic core surrounded by a rim of
non-pléochroic material with higher biréfringenc& (?igure
3.7). Microprobe analyses of these.grains (Appendix A.5)
indicate they are calcic amphiboles. The_rim material
corresponds to actinolite and the core to magnesio, ferra or
tschermakitic hornblende of Leake's (1978) classification
scheme (Figure 3.2). Grains with zoning in reverse to this
also occur, that is, lactinolite forms the core instead §f'
the rim,?

Ilmenite 1is often present in - rocks of Unit 3 as
interstitial gréins rimmed by titanige (sphené). More rarely
grains along cleavage planes of amphibole form a well
defined 120/60 degree pattern (Figure 3.8).

" Locally ;ockg\»of unit 3 may be ‘very leucocratic
consisting mostiykgof 1 to 2 centimetre plagioclase grains
with rare lanée amphibole crystals; which in thin section
show well developed ophitic texture (Figure 3.9). Large
grains of optically continuous amphibole, (in various stages
of alteration) enclose laths of fresh or heavily altered
plagioélasé.

Corona textures are also apparent in "thin section.
Purple chlorite forms a double shell or rim, surrounded and

separated by plagioclase (Figure 3.10}).

3 A similar zoning of amphibole is apparent in Units 1 and
2, usually where the grain size 1is large or ophitic
texture is developed. - ‘



FIGURE 3.7 Thin section photograph of a zoned amphibole' in
~ sample of Pegmatoid Galbro (Unit 3). Electron .
micfoProbe‘ahalysis revealed that the cores
_coffespond to ferro-hornblende and the rim to
actinolite of Leake's (1978) classification
scheme. |

Photographed in cross polarized light.
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FIGURE 3.8 Thin section photograph of ilmenite grains

alangfthe cleavage planes cf amphibole
in a sample of Pegmatoid gabbro (Unit 3).
Fhotographed in plane polarized licght.
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FIGURE 3.9 Thin seption photograph of ophitic texture in
a sample of Pegmatoid Gabbro (Unit 3). In this
sample large greenish amphiboles enclose laths

of plagioclase. In the upper portion of the
o photograph the variation in alteration affecting
| the plagioclase is evident. The portion of a
plagioclase crYstal within amphibole is not
heavily altered whereas the remainder has been
altered to a fine mass of epidote grdup minerals.
Photograéhed in crossed polarized light. P

\
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FIGURE 3.10 Thin section photograph of corona texture in a
sample of Pegmatoid Gabkrﬁz(Unit 3). Corona
- textures in this sample are formed by a double
rim of chlorite which surrounds and separates
plagioclase. The central core of plagioclése
and the thin rim of plagioclase separated from

it by chlorite are optically continuous,
suggesting they were originally'part of a single
grain. ' ' '

Photographed in crossed polarized light.

™
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3.1.5 ‘Age Relations

Confacts between Units 1,2 and. 3 are gradational. * Within
each, isolatedfoutérops of the other are found and features
common toc one unit may be present in the others. For example
a crude primary layering ié oc;asionally seen  in the fine-
grained massive gabbro, as is ophitic texture, which is more
‘typical of the pegmatoid unit,

 Units 1,2 and 3 are crosscut-by(’many granitic dykes.
Rocks in these dykes are usually finélgrained,. pink and are
composed of approximately 50 percent potassic feldspar,
30-40 percent quértziand 10 percent plagioclase. Commonly
these dykes are about 10 centimetres wide but they méylreach
widths of 3 metres and have a coarser grain size. Also
present are narrow ‘(abdut 10 cm) -finé rained, white
granitic dykes. " These dykes are composed of plagioclase,
quartz and minor mafic minerals. }

All of- the dykes are considered to be late‘ stage
‘differentiates of‘the,/gabbrb magma., Evidence of the late

emplacement of the dykes is shown in 'qutcrop where both

layered and massive gabbro have been disrupted and

brecciated by the 1intrusion of granitic material (Figure
3.11).
The large grain size of the pegmatoid unit (3) and its
locally leucocratic nature suggest that it was late forming.
1

The presence of primary layering ({which . is usually

associated with the roof or lower levels of mafic intrusions

5~

Ly
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CG-81-137

FIGURE 3.11 Photograph of an outcrop of Medium-Grained
Layered Gabbro (Unit 1), (dark grey)
disrupted and brecciated by the intrusion of
granitic dykes (white).

Hammer in photograph is 35 centimetres long.
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(Wager and Brown 1967)), together w/ith[it_s ";_sr'o.bable‘bowl
'shape suggests'that the medium~-grained layered unit (1)
crystailized first.,” However the ﬁine grain size of unit 2
is suggestive of it being the first to have crystallized.
The lack of clear intrusjve relationships between the units

make a definite sequence of cooling difficult to propose.

3.2 GEOCHEMISTRY OF THE ROCK UNITS

A total of 23'samplés‘w§re analysed from Units 1,2 and 3 -
: using. X-ray fluorescence. The analyses can be séén in
Appendix A.l..

Averages of chemical compositions for each unit are very
similar (Figure 5.12). On average the. layered unit (1) has
slightly more TiO2 than tﬁe other units: The pegmatoid unit
'(3) has slightly more Si02, Al203, and Ca0 than the other
unité. These vafiations are probably due to a slightly
. higher overall percentage of plagioclase in Unit 3 and a
slightly higﬁer percentage of ilmenite in Unit 1,

When the analyses are plotted on an AFM diagram (oxides)
they lie within the theoliitic field defined by Irvine and
Baragar (1971), {(Figure 3.13).

Comparisod of the average analyses for each unit with
.analyses from other gabbroic'bddies (Figure 3.12) reveals
“only slight compositional variafion. This suggests the
heavy alteration which affected the Cordova Gabbro occurred
under isochemical conditions (with the possible exception of

H20).



1™ 2 3* 4. .5
sio, 47.06 "48.63 /50,38 48.36 48.08
Al,0, 15.34 16.52 18.12 16.84 217,22
Fe,Cy  1l4.20 . ~ 12:72 11.15 11.47 " 9.76
MgO 8.64 7,04 7.65 8,06, -  B.62
'~ ca0 9.33 9.22 10.68 11,07  11.38.
Na,0 3.00 2,76 2.43 Y2.260 0 2.37
K,0 0.40 0.49 0.37 0.56 0.25
Ti0, 2.52 1.33 1.02 1.32 1,17
P,0¢ 0.69 0.03 0.13 0.24 1 0.10
MnO 0.21 - - 0.02 0.17" 0.18 0.16
s 0.02 0.03 0.02 ND " ND
Ba 64 111 96 ND 25
Cr 145 238 307 ND 170
Zr + 41 71 16 - ND " 50
Sr 254 291 352 ND 267
Rb 3 12 5 ND 4
Y 26 30 11 " ND ND
ND 1 0 0 ND ND
Zn 92 116 6L ND ND
Ni 45 86 98 ND 180
Total 100.00 100.00 100.00 99.36 100.17
ziéliges 8 6 8 160 1

. Explanation of column headings:

Average

Average

1

2

3 Average
4 Average
5

’
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analysis of Unit 1 - Medium Grained Layered Gabbro

analysis of Unit 3 ~ Pegmatiod Gabbro

gabbro composition (Nockelds 1954)

Skaergéard marginal gabbro (Wager and Brown 1967)

‘analysis of Unit 2 - Pine Grained, Massive Gabbro

FIGURE 3.12 Chemical composition of Units 1,2 and:3 of the

Cordova Gabbro, the Skaergaard marginal gabbrd {(probable

'liquid coﬁposition), and an average of 160 gabbros collected

worldwide. Oxide abundances are reported in Weighﬁﬁpercent,

trace elements in ppm. ND - not determined

* Recalculated volatile free



-

e AT G VAL RV R A O S Y LD T R R R S L T D D S R 2

i

4 I

e TR T e RTINS 2

46

v i . ) : Feo
N N\
Na20+K20 MgO

UNIT 1 Medium Grained, Lavyered Gabbro=~ ® | Average Qf Unit 1,2,3= .. A
UNIT 2 Fine.Grained Massive Gabbro= ® | Skgergaard Trends ————

UNIT 3 Pegmatoid Gabbro= & | Tholelitic/Calc~Alkaline =//

. .y Boundary
R

TIGUFE 3.13 AFM diagram withfanal&ses of sémples from Unit 1,2
\‘// o and 3 and their %ﬂgrages plotted. The majority of
the samples plot in the tholeiitic field of Irvine

and Baragar (1971). The average analyses of each

unit plot on or near the beginning of the

Skaergaaré trend which represents undifferentiated

. . parental magma.

.
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When compared‘to the Skaergaard~ trend bf'Wager and Brown

(1967) the average anaiysis for each unit plots close

together near the point that represents the composition of

' the parental Skaergaard magma (Figure 3.13). This may-

indicate a lack of differentiation during the

crystallization of the Cordova Gabbro.

3.3 STRUCTURE

Sfructures within the Cordova Gabbro are both primary and.

secondary. The primary layering aﬂé the parallel mineral
- foliation have been described abovéga Many theofies have
been suggested for the formation of similar ;hythmic
layering in other intrusions ranging | from gravity
segregation (Wager ~ and Brown 1967) to .iﬁ—situ
crystallization (McBirney and Noyes 1979). According to
McBirney and Noyes, within intrusions that are cooling from
the outside, variations in the rates of chemical and thermal
diffﬁsion may cause the crystallization of alternating
layers of minerals along the floor, walls and roof. This
theory maj be applicablé to the Cordova Gabbro, the séeep
dip of theapfimary layering toward the centre of the pluton

— .‘t -
reflecting the initial steep floor.

The only obvious deformational features in the Cordova

Gabbro are shear zones. These zones cut all rock units and
are scattered throughout the pluton. They are most abundant

in the northern and eastern parts (Figure 3.1). The zones

P
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vary in‘ strike, but in general trend easterly__inl the
northern part and north to nofth?easterly-'in the eastern
part of the pluton. The zones dip steeply, mostly between
65 and 90 degrees, dips less than 45 degrees are rafe. The
zoneé curve markedly along strike, both in outcrop and map
scale, which may indicate a high dip slip compdnent for the
shear movements. Bell and Bellﬁ(19355 in an investigation
of the Vundergrdund workings }af the _Cordovd'Mine' reported
that fndividual shear zones vary in dip whereas the strike
~is constant. This may be a local feature. |

The shear zones could not be traced for more than 100
metres along strike, but mine reports from the Cordova
Deposit state that shears are continucus for several hundred
-metres. springer (19825 has interpfeted a. map ﬁublished by
Thomas and Cherry {1981) and suggests that the Cordo?a'
Gabbro is cut by a 1long northerly trending shear zone
extending 8 kilometres and the pluton has been , block
faulted. There is however, little .field evidence to support
this theory; ‘ .

The transitipn from unsheared host rock into the shear
zones is very sharp (Figure 3.14). The zones are usually
narrow (i-3 metres wide) and consist of dark green to Black:
well foliated,  aphanitic material, ‘often with lense shaped
veins of quartz, calcite and ankerite lying parallel to the
foliation. It 1is within these veins that the gold

mineralization of the Cordova and Ledyard Deposits is found.



FIGURE 3.14

Photograph of a hand spécimen showing the sharp
tranisition from unsheared gabbro (Unit 1) to

. sheared gabbro.

The nedium-grained layered gabbro is separated.
from the well foliated shear zone by a narrow.
transition zone. The medium-grained layered
gabbro consists of about equal parts
plagiqclaée and amphibole with minor 6paques.

A1 cm‘layering defined by a local variation

in the proportion of amphibole and plagioclase
is faintly visible. ' B
The tranisition zone is uhfo}iated and consists
of 1 to 2 mm rounded grains of calcite and
biotite with fine interstitial plagioclase,
chlorite and opaquesl :

The shear zone has a strong foliation defined
by parallel aggregates of chlorite separated
by fine calcite, biotite and plagiocdlase.

The upper scale in the p%otograph is graduated
in centimetres. T
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The shear zene feliatiogjis fermed'5y~the parallel alignmenf
~ of chlorite flakes which form aggregates about 1 to 2
millimetres wide and one centimetre long. The chlorite:
aggregates are separated by a fine-grained mass og guartz,
chlorite, plagloclase, m1croc11ne," and opaque minerals
(Figure 3.15). More rarely the foliation is defined by the
paraliel‘alignment;-of chlorite and biotite or by parallel
layers of randomly oriented biotite grains. In a few places
foliation planes have been cut by very thin (1lmm) 'stringers
of quartz and calcite.

Within some shear zones ' the foliation is variably
developed. A central well foliated core 'is flanked by
aphanitic, poorly foliated material which ¢ontains isolated,
rounded graine of plagieclase and occasionaliy émphibole.
Foliation in the flanking zones \wraps .around the
porphyroclasts and twiﬁ lamallae in porphyroblasts of
plagioclase are bent or offset suggesting the plagioclase
grains pre-date shearing and are remnan;s of the original
unsheared parent rock (Figure 3.16). -

Variations in the textures and mineral content .were noted
for a shear =zone 5 metres across in the medium greined
layered unit (1) near thé southern border of the pluton. An
. abrupt boundary lies between typical prlmary layering in the
gabbro and the shear zone. The material for two to three
centimetres into the shear zone consists of 1 to 2

millimetre rounded grains of calcite and biotite surrounded .




FIGURE 3,15

Thin section photograph of chlorite aggregates

-defining foliation in sheared gabbro. Parallel

aggregates of chlorite {green in photograph)
up to 1 mm'thick are éeparated by a fine mass
of gquartz, plagioclase, calcite, and opaque
minefals. . |
Photographed in plane polarized light.
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TIGURE 3.16 Thin sectiéﬁ photogranh of a faulted grain of

plagioclase in sheared gabbro. Twin lamellae
of the plagioclase have been cut and offset
suggesting the grain predates 'shearing.

Phofographed in cross, polarized light.
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by a Qery fine ' matrix rich  in plagiqclasé, ' chiorite and

‘opaque minerals. .rFuréher into the shear zone1thé chlorite
conténf increases aeccompanied by an decrease in plagiéclase.
At: about 2 cm from the ﬁangin a préminent fbﬁiation ‘is
formed, defined by chlofite and calcite in,paréllel elongafe

masses.

- Lineétions_are often visible on sheared surfaces. Théy
' appear as very fine parallel ridgés, or more rafely qs-hore
videly spaced (1 to 2 millimetre) micro creﬁulatiéns on the
'shear surface. - These lineations consistently p%;ch between
_45 and" 60 degrees, usually to° the south in northerly
trenéing shear zones and to the east in easterly trending
shear zones. ‘ ' o |
~Where examined in thin section the fine parallel
.lineations appear to follow the intersection of the main
foliation plane lying ;pérgllel to the éhear zone and a
second plane oblique to it (Figﬁ}e 3.17). These planes méy

to correspond to C and S structures described by Berthe et

al (1979). Due to insufficient data the sense of shear has

yet to determined from these. structures.
Coarser lineations, occationally present ' are the hinges
of -asymmetric crenulation folds whose axial planes are

. oblique to.the shear zone and almost horizontal. °

L&,
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sheared gabbro. The main foliation planes (black

' FIGURE 3.17 Thin section photograph of C and S structures in

"in sketch) are- composed of chlorite and bjotite.

Fine planes of chlorite (dashed in sketch) are
oblique to the main foliation direction possibly
representing thée S component of C and S structures

. described by Berthe' et al (1979).
"Photographed in plane polarized light.

Sop
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3.4 MINERALIZATION ‘ '

Gold mine;alization within the Cordova Gabbrb occurs’ in
four easterly trending shear:zones of the Cordova deposit
and the single, easterly trending shear zone of the Ledyard
déposit (gigﬁre 1.2). Gold is in a gangue of qﬁartz?
ankérite, calcite and pyrite. Pyrrhotite, chalcopyrite, and
galena occasionally occur as accessory minerals in the ore.
Arsenopyrite, geen in other debosits in £his area hosted by
granitic rocks, is absent. Ontario Department of&Mines
reports’ from early in the century indicate feldspar 1is a
gangue minéral. None, however, was observed in this study.
Ontario Depértment of Mines reports also indicate gold
occurs in pyrite and may occur in small amounts in
pyrrhotite.. Minor amounts of silver were fecovered from the
ore, but its mode of occurrence is unknown. The quartz in
ore'with.a high gold content 1is reported as havijng a bluish
tint due to small inclusions of suiphides. " White quartz is
considered barren. |

The gold ore 1in the Cordova and Ledyard Deposits occurs
in lense shaped quartz bodies 1lying parallel to the shear
zones. The lenses of guartz vary in width in outcrop from 1
cm to lAmetre. Similar.Iénses of quartz, calcite and pyrite
occur jn shear zones elsewhere in the pluton, but none are

known™to be mineralized. Foliation within enclosing dark,

‘fine-grained, sheared gabbro deflects and wraps around the

guartz lenses.
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Mine closure and‘flooding' preclude access underground,
but company files from Cominco Limited and the reports.from
the Ontario Departmeng of Mines provide usefhi.infogmation.
The mine records ;tate,that ore lenses as wiée'és 15 metres
occur in the underérbundiﬁbrkings. Records also state that
‘'very. large blocks of ore occur where shear zones intersect.
Ore - may be  present in a wide_‘zone . rich in- narfow
anastomosing quartz-calcite-pyrite veinlets. The amount of
blue~grey quartz in the ore increases with‘depth, with a
corresponding increase in pyrite and gold. The sheared
gabbro is often impFegnated with pyrite at depth, but it is
not known if this pyrite is auriferous. |
Twenty-one gquartz samples from shear-zones.thgoughout the
pluton were assayed fof 15 elements (Appendix 5#43. Twenty
had gold values below the detection limit of two parts per

billion. One sample taken from the main vein at the Number

3 shaft contained abundant pyrite and has felatively high

values for gold (2450 ppb), Co,Cu,Ni and 2Zn. Polished slabs .

of quartz and pyrite from tﬁe vein at Number 3 shaft (Figure
1.2) were examined but no gold was visible, Small amounts
of chalcopyrite occur within the pyrite grains.

Three bodies ;f magnetite.are present within the medium-
grained lajered gabbro (Unit 1) near the contact with the
Precambrian carbonates of the Grenville Supergroup (Figure
1.2), The largest of these, the Belmont Iron Deposit, is

2

located about 200 metres from the western contact (Figure

’ C/!
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1.2). - It has been interpreted by Carter (1980) as a skarn
deposit. ‘ :

Two other. smaller depésits of magnetite;occur near the -
eastern contact of the ﬁlutoﬁ (Figure 1.2). They are also
within 200 metres of the'QrenQiile carbonates. Bofh of
these bodies have been  excavated by small scale mining
operations. |

X*:ay;fluorescence analyses of samples of ore from these
depesits are shown in prendik A;3. Ore from the Belmont
deposif and one of the eastern deposits consists of about 97‘
and 80 percent total Fe203. i The other ,magneti&e deposit
near-tﬁe _eéstern contact has only 655 pétcent total Fe203
with.about 6 percent TiO2, 7.5 percent Mg0 and 20 percent

§i02. The high percentage of TiO2 may indicate the presence

of ilmenite in the ore.



. Chapter IV _
GEOCHEMISTRY OF THE SHEAR ZONES

4.1 INTRODUCTION

X-ray fluorescence analysis for‘ major and trace elements
was carried out on samples from si# shear =zones within the
Cordova Gabbro (Figure 4.1). The anaiysis was made in order
to detect elemental wvariations ﬁithin the shear =zones,
éépecially.lyafiations;associétéd with the emplacement of
quartz-calcite-pyrite veins.

Samplgs Geré£iaken from the edge of the:Veins outward to
the shear zone margin. Those near the guartz-calcite-pyrite
veins were ciosly _spaced, with in some cases virtually
continuous sampling for the first .2 metres awaf from the?
veins. The spacing of samples was'increased away from the
veins to a maximum of about 1 metre. Gabbro adjacent to the
shear zones was sampled for comparative purposes.

Of the six shear zones, four crossing the northwestern
part ‘of the pluton are known to contain gold. Three of
these are associated with the Cordova Deposit and one with
the Léayard Deposit. The other two shear zones, not known

to contain gold are located in the southeastern portion of

the pluton (Table 4.1).

.-62-

"u



- . . W — s T o
T o o o T e e = e T e s e fabre et e, v 4 5 TR A R AN R DRI DA o+
R N SR : . E

63

et O Gl =3 T
3
Q-81-4

m
\_\ Unit 3 Pegmatoid Gabbro N

P Unit 2 Fine Grained Massive Gabbro

Unit 1 Medium Grained Lavered Gabbro

FIGURE 4.1 Location and sammle numbers of shear zones

sampled for geochemical analyses.
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§.2 _RESULTS |

| Tﬁé X-Ray fluoresqénce_analyées'of the samples from each.
shear zone may be seen in Appendix A.2. e

iIn ofdér"tolcompare'the analyses proéperly, account must
be méde for the possibility qfl volume bhanée in the sheared
rocﬁs. Gresens (1967) related compositional and volume
chaﬁges during alteration, allowing  the actual. ahount of

compornients added or removed from a parent rock during

; ]
alteratioh to be known.

Q;The relationship c;n be expressed as a formulaf. .
The weight of compbnent A transferred from parent to
product = gms pérent{(vol product/vol parent)

x (gms A in product/gms proddct)x(density‘product/

density parent) - ‘(gms A in.parent/gms parent)}

~

“

In order to  satisfy this equation thé volume of
produé&/volume of parent (called the volume factor)” and the
density of the products and parents must be known. The
densify of the éamﬁles was détermined by measuring the

specific gravity of hand samples. The volume factor was

A1

"calculated by assuming Al203 was immobile during the .

alteration process. If it is immobile, aifferences in
weight percent of Al203 between the parent rock and. the
sheaf zone maferial can be attributed solely to a volume
change. Therefore the ratio: (weight% A1203

product/weighf% 31203 , parent) equals - the volume factor.
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Use of Al203 as a volume factor hasybeen used with success
in a similar exercise by Babcock (1973).

The actual calculation of elemental gains and losses was
dﬁhe by computer with a program supplied by -~Paul A,
Studemeister. The ﬁrogfam gives results as gains or losses
of components compared with the parent rock. The "major

~oxides are expressed in weight. percent and percentage ' of
parent and trace " elements are expressed in PPM and
percentagé of parent. T\ﬁ

Comﬁarisbn of the major and trace element variationhof
samples on this basis is shown in Figures 4.2 to 4.;3.

The ﬁost abundant major oxides; 'Si02 , Ca0O, FeO and MgO,
have éonéentrations which vary widely across the shear zone.
Adjacent to the veiné these elements ‘usually‘are_ highly
enriched or depleted. Often in the most densely sampled
areas (within about 5 metres of the wveins)  their
concentrations are  very ‘efratic, changing " from high
enrichment to dépletion. | -

In order to check 1if inhomogeneous samples are
responsible for the erratic chemical variation, a‘hoving
point average (described by Rivers (1976)) was™ applied to
the data.  This involves averaginé overlapping groups of
data points to estimate the composition over a wider ,area.
Unfortunately the erratic variation, although  less

pronounced, still was evident across the shear zones.

2
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Comparlson of major and trace element varlatlon
across shear zones in the Cordova qabbro hestlng
quartz veins. All data points represent the
.calculated gains or losses of individual
components in a shear zone sample compared to
unsheared parent rock. '

The bracketed numbers ‘on the uppex right: of each
component's graph is the oxide wt% or element

pﬁﬁ of the component in the unsheared parent

- gabbro sampled aﬂﬁaéentpto each shear zone.
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PPM gains and losses over parent rock
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PPM gains and losses over parent rock
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Althéugh ‘concentration of the major oxides is erratic °

- S ’ =
. -

across the shear zones they will often follow identical
trende. In three of the shear zones the 5102 and Ca0 trends.'
are parallel (Flgures 4.4, 4. 6, 4. 10) In three caees wherer,
FeO is ;depleted overall it has the same trend .as‘ MgO
(Figures 4.4, 4.8, 4.12). . |
The variability of concentration over the}width',of.the
sheary;one makes estimates of the amount added or removed
'_igiffieult. An overall enrichmenr‘ or deplerioﬁ of some
components can be recogqizedf Uhforrunately enrichment or
depletion of silicd cbuldlnot be deterﬁiﬁed, but in -four
shear zones there has been removal of Ca0, three shear zones
have a definite loss of FeO, ~ and Mg0 was enriched in three
.shear zones. ” ,
-Na20 composes from 2 to 10 percent_of most'samples.,¢ Its
concentration may vary markedly across the\sgear zone.- In
three shear zones: a defjnite .overall enrichﬁeht occurred .
(Figures 4.2, 4.4, 4.12), and in ‘oae shear ZOne‘ it was
heavily depleted (F1gure 4. 8) . - ::f - o
In-the unsheared gabbro samples analysed KZO is of a low '
percéﬂiage, usually around .1 to 4 wt. In three shear T
here has been a high enrichment of K20 and of these

Y

three have a high concentration near the veins which tapers

Zones

to near 0Ogat the shear zone margins .(Figures 4,4;' 4,10,

4.12). . . ‘ | ' - \\w |
. f , . ‘ . + . %

s

-
E
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" of the trace elements-'aﬁalysed in the study, yttrium
“varied the least, with virtually identical percentages
throughout each shear-zone, indicating little .addition or

subtraction.

4

Zirconium, =zinc and nickel concentrations are qui%e‘low.
Within the shear ‘zohes tE;y show variable trends' which
approximately follow ~ the fluctuation‘ " of the K20
concentration in some cases (Figures 4.6 and 7, 4.10 and.ll,
4,12 and 13), :

Barium occurL\iE/)ﬁigh concentratién in all the shear
iones but is of very low cpncentration or absent in the
unsheared host rocks. In fiye of the six shear zones the
- variation in barium concentration matches that of K20 closly
(Pigures 4.2:and 3, 4.4 and 5, 4.8, and 9, 4.10 and 11, 4.12
and 13).- 7 i N

Cromium occurred in éil shear zones. .The. variation in .
concentration is erratic sbut it follows the fluctuation of
Mg0 in a few cases (Figure 4.6 and 7, 4.10 and 11). In
three shear zoﬁes there is an enrichment of chrohium.

Strontium concentratioh parallels Ca0 variat’oﬁ_in all
the shear zones (Figures 4.2-4.13). An overall depletion of
strontium occurred_in - five shear zones (Figures 4.3, 4.5,

“4,7, 4.9, 4.11, 4.13).
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4.3 DISCUSSION -
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For most of the samples ¥nalysed the'resuits do not show
definiﬁe trends or evidencelbf enrichment or depietion. The
erratic variation of most bf‘the‘maj?r elements is reflected
in the variation in proportion 6f the minerals comprising_
the shear zone. This may be due to inhomoéeniaties in the
gabbro or.a differenfiation.process'actfve.during shearing.

As mentioned above the shear zone consists of domains of
parallel cﬁlorjte and/or bigiite separated by fine granular
domains of quartz,.calcit;,‘chlorite,. plagibclaée and minbr

opagques and microcline, Variation in mineral proportion
. d ; . ;

‘Ettosgﬁ\the shear zone is probably responsible for the
variation of.Mgo, a major component of chlorite, €a0 and
.Na20 due to théir presence in plagioclase, and Si02 which is

" a constituent of most of the shear zone minerals and occurs
. R <

as quartz. N '\\.

The apparent errall loss of calcium for the shear zone
may be dué to decomposition of the host gabbro's plagioclase
durihg shearing. ‘The calcium may have gone to form the
calcite found in the veins,

The percentage of 1iron sulfides in the shear =zone
material 1is not great. This 1is confirmed by the. low
concentratiog:of sulfur and the overall depletion of FeO in
some shear zones. In shear zones where FeO is depleted it
follows a trend .similar to MgO. This suggests that it is

occuring mostly in chlorite. »
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There has been a de£1n1te 1ncrease 1n K20 and a-less well

' def1ned increase in Na20 in some shear zones. The change in.

K20 concentratlon from the unsheared to the sheared gabbro
is marked.. The high K20 and Na20 values adjacent to the
' veins suggest that .the- ‘fluids which deposited the vein

:materlal were r1ch in these elements., ’ Some of the K20 was

'probably used in the formatlon of blOtlte, seen in most’ thln,;

sections of shear zone sahples. . The remainder of the K20
has,probably formed potassic feldspar. Potassic feldspar
was only 1dent1f1ed in one thin section however it may have

‘been unrecognlzed in other th1n sections due to fine grain

size. This conclu51on is supported by the enrichment” of

barium-which follows that of K20 and is known to be present
in potassium feldspar, {(Cox et al 1979).

Other trace elements also vary in concentration in a

ﬁlmllar manner to that of the major elements. The strontiﬁml‘

Iconcentratlon follows that of CaO, Riobably due to 'thsij/

' common substitution of strontium into the structure of
plagioclase. L1kew1se the 51m11ar variation of MgO and
chromlum suggest that chromium is present in the chlorite of

the shear zone. High chromlum percentages in chlorite can

cause a 1avender or purple 1nterference colour instead of .
chlorite's usual gray-green,(Kerr 1959).  This was not

observed in the chlorite of the shear zone samples, but,

purple chlorite 1is not an -uncommon occurrence in the

unsheared gabbro.

/

o
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'zinc,‘nickel, and zirconjum, ﬁhicﬁ varf in cﬁncentratioﬁ
approximately like KiQ, may occur in the biotiﬁe. _7 |

Data,from.géld-bearing shear zones (CG-B81-33, 37, 52) and
shear ‘zones not known to contain gold (CG-81-258, 2§3) are
similar.  The OVerail addiéioh or subtraction of elements or
variatioh in  concentration seems irrespective of the
presence of gold. - This is perhaps bgst ghown by the
variation of K20 and SiO2. K20 is highly enriched near the

quartz veins in both the gold-bearing and barren shear zones

(Figures 4.4, 4.12). §i02 in barren and gold-bearing veins

" shows overall enrichment in some cases and depletion in

others (Figures 4.8 and 8, 4.10 and 12). '

4.4  SUMMARY
Evidence for the addition or subtraction of elements

during the formation of the quartz veins is . generally not

clear. Potassium appears to have been introduced and is

probably in the form of fine grained potassic feldspar and
biotite. Sodium also appears to have been introduced in
some cases. | |
Calcium appears to have been removed from the host gabbro
during shearing, "p;obabiy due to the decomposition of

piagioclase feldspar. This calcium may have gone to form

the calcite whizzé}sj?ssociated with the quartz veins.,
, Evidence of the origin of the SiO2 of the quartz veins is
ambigious. From variation in concentration of $i02 across

o
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the shear zones it cannot be determined if $i02 was

introduced or was leached from the shear zones.
-No geochemical signatures to. diffq;entiate between

barren and goldébearing'Shéar zones were found.

*r
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FLUID INCLUSIONS IN QUARTZ FROM SHEAR ZONES

5.1  INTRODUCTION . S ' ,

The purpose of this, study is to‘éxamine fluid inclusions
“:_l;:Jjﬁom_seﬁeral shear zones in the Cordova Gabbro and evaluate
conditions prevailing during gold minEralization;

The-siudy was carried out using a petrographic miéroscope
with a ibﬁgl focus objecfive and a Lingham TH 600 heating-
cooling .stage, (see Appendix 2I ~ Sample Preparation,
Apparatus ana Procedure For Fluid Inclusion Study.) Using
-this apparatus, quértz samples were heated and cooled. The
observed ‘temperatures of phase change within the inclusion,'
coupled with visual estimates of the relative volume of
phaéés sugéest the composition, density, and tehperature of
formation'of the ore forming fluids.

In £0talt quartz'from six shear zones was sampled (%igure
5.1}, Two shear zbﬁes are known to host significant amounts
of gold, (one forms the ﬁedyafd Depoéit, the other hosts one -
of the main 1lodes of the Cordova Deposit), another is
associated with the Cordova;Deposit but is not known to be
mineralized, and three are from shear zones elsewhere in the

pluton (Table 5.1).

_86_
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|\ | unit 3 Pegmatoid aabbro

IZ Unit 2 Fine Grained Massive Gabbro

' Unit 1 . Medlum Grained Layered Gabbro

FIGUPE 5.1 Location arnd outcrop numbers of shear zones

sampled for vein quartz for fluid inclusion

study.
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5.2 MORPHOLOGY AND TYPE OF FLUID INCLUSIONS STUDIED
/

Before heating and'éooling experiments, the six quartz
samples were examined using a petrographic microscope. The
purpose of “tﬁis was to establish what types of inclusions
are present, their phase ratio§, if there is ﬁorg thap-one'
generation of inclusions and whether" or not wvarious
inclusion types are primary or secondary.

Three types of fluid inclusions were ﬂdted in the samples
collected; Type 1,  simple liquid-vapor inclusions with
liquid as the dominant phase, Type 2, liguid-vapor
inclusiéns with solid phases present, and Tyﬁé‘3, inclusions
cons{sting of twO'_immiscible liquids and a vapour phase
(Figure 5.2). |

Roedder (1972} suggests Type 1 inclusions usually consist
of water with some dissolved salts and a vapour phasé, (a
near vacuum contai;;?g/bnly a few water molecules). The
éresence of the vapbur phase is due to ‘shrinkage of  the
walls of the inclusion less than the enclosed flﬁid durjhg
cooling from the temperature éf formation. Tyée 2
inclusions are similar to Type 1 except thatA'they contain
daﬁghter minerals. The most commoﬁ is‘halite,.whose presence
is an indication tHEZ the salinity of the agueous phase
hosting it is over 26 weight percent, This coresponds to
the H20-NaCl eutectic or the maximum percentage of NaCi
which can be dissolved in water (at room temperature) before

it is saturated (Weast 1970). Type 3 inclusions consist of
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FIGURE 5.2 Classification scheme for fluid inclusioris found
in shear zone quartz samples from the Cordova Gabbro.

H20+NaCl (liguid) -

Ha20 (va'po_t:lr-)

13

TYPE 1

NacCl (s_oll&)

Ho0 +NacCt (llquid)

HoO (vapour)

TYPE 2

COp (gas)
CO3p (llquid) '

HpO + NaCl (liquid)

TYPE 3
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two liéuid phases and a gaseous phase. The liguid phases
usually are ‘composed .of an.outer léyér of H20 . (often
saline),'enclosfhé ligquid-Cco2, The gaseous. phase is uspaily
€02 and is enclosed in the inner liquid phase.

- Type 1 fluid inclusions werg.foﬁnd-in quartz samples from
all six shear zones.. They occur grouped in planar.

arrangments and as isolated inclusions. The inclusions vary

. /_—/
in shape from elongate and aﬁahiﬁr to spherical. The latter

usually are about 12 microns in diameter. Less cd&monly the
inclusions are . elongated up to 25 microns. . Visual
estimati®n* of the volume of the vapour phase in inclusions
averaged 10 percent. |

Type. 2 fluid inclusions  containing daughter minerals

__/ oceur in three of the shear zone quartz sampiEs, none of

T

which was associatedftwith Au mineralization (Table 5.1).
The inclusions most often form planar groups but
occationally they are isolated. These inclusions, like Type
1, range up to 25 microns in length, the'iarger ones usually
being angular. ~ Rare round inclusions, ) desirable for
experimqntal work (bécause of their greater chance of beinq

primary), are about 12 microns or less in diameter,

¢ though visual estimation is the only practical method of
g%lume asurement, serious errors may occur. These are
uve to the difficulty of estimating the volume of a three
dimensjonal object from a two dimensional view. Roedder
(197 suggests that the error may be reduced if
inclusions with regular shapes are measured, especially
tabular or disc shaped inclusions. ¢



As for. Type l,lthé volume of the vapouriphase of the Type
._'"2 inclusions aﬁeraged about 10 percent. ' The solid phases’
consist of sqall white to cdlourless daughter minerals 2-3
microns in diameter with a cubic haﬁit.- This suggests they
are halite..

Type 3 fluid inclusions with 2 ‘liguid and a vapour phase
are présent .in four of the shear zone quarti éémples;
including the two associ;ted with gola mineralizétion. The
inclusions appear isolated and in plana;'gfoups. They are
more plentiful than other’ in;lusioﬁ types. Overall the
 rounded inclusions. afC/;Tiggtly larger in diameter (10-15
;. microns) than rounded Ynclusions of Type 1 or 2. .

The central wvapour bubble of- fhe vapour phase 1in these
inclusions wusually is in constant motion within the
enclosing sphere of liquid} This suggests that the inner
liquid phase forming the sphere is of 1low wviscosity.
Preliminary *heating tests caused the inner vapour phase to
homogenize with the inner liquid phase at temperatures below
31 degrees C. This indicates that CO2 i5 the major
component of these ' phases (Roedder  1972), This
interprétation is consistent with wetting characteristics of
water, €02 1liquid and CO02 gas stated by Roedder (1972),
which demand that an inclusion containing these phases has- .
.H20 in contact with the inclusion walls\?nd encloses the

.liquid €02 which encloses the CO2 gas.



L e
The tbtal C02'§oluﬁe averagéd 20 pe}cent. -éome estimates
 were as'high':as 35 percent, " however gisén the inherent:
1naccurac1es of measurment the total - CO2 -pefcentage is
cpn51dered as approx1mately constant. | e

: The* 31 degree pr1t1ca1 temperature for C02 liquid-gas
made estimates- of. the percentage of CO2 gas impractical. due
to partial absorption of one-002' phase by the otﬁér at room

temperature.

L4

Deciding on the primary or secondary naturé of ‘these
inclusions was very difficult. The main criteria for
recognizing //}mary inclusions' in ¢ the massive .
.polycrystalllne>quartz samples of th1s ' study is an 1solated
occurrence (nearest 1nclu51on 5 tlmes its diameter away)
{Roedder 1979) and a random distribution throughout the
6rystal (Roedder and Coombs 1967). Secondary inclusions may
: be reéognized by their occurrence along healed fracture
planes of"if' they haQe a long thin shépe suggestive of
streching or‘necking'down (Roedder 1979). ‘

Samples used in this stUd?:had inclusions of Type 1, 2
'and 3 occuring as both iséla;éd “in&lusions and in planar
arrangeménts. ‘Using the critéria .of Roedder, and Roedder
and Coombs, determination of the primary qr secondary nature
of the inclusion types was dot'péssib}e. In-light of this,
tests were carried out on all types of inclﬁsiéns,' but they

were restricted to inclusions which were isolatedw
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5.3 = EXPERIMENTAL RESULTS

When a fluid inclusion is cooled untll all llqu1d phases

are frozen and then is slowly warmed to high temperatures,
several‘phase transitions will occur. |

The'ronge of temperaturé covered in‘this study was from
-90 to 450 dogrees c. Over this temperature range 6
significant phase * transitions wero: (1) melting of the

frozen liquid CO2 phase of Type 3 inclusions, (2) melting of

the frozen aqueous phase of Type nclusions, (3) melting '

of s;>zen.coé hydrate compounds in the aqueous phase of Type
3 inclusions, (4) dissolution of daughter minerals within
the aqueous phase of Type 2 inclusions, (53 _homogenization
of €02 liquid and CO2 gas.in Type 3 iooLusions and‘ (6)
homogenization to” a single phase of Type -1, 2 and 3
inclusions,

From the temperatures . of the abovo‘ phase changes
inferences may be made of tho purity of the CO2 phase of

Type 3 inclusions, the salinity of the agueous phases of all

inclusion types, the density of the CO2 phase in Type 3

inclusions and the minimum temperafure of formation of all
inclusion types.

The following sections describe-ogch of the above topics.
They are roughly in order of the occurrence of the

associated phase change as inclusions with all liguid phases

frozen are heated.
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'5.3.1 Purity gi'The CO2 Phases Of Type g.inclusions

If a Type 3 fluid inclusion is cooled to 'a temﬁerature
below*-56.6 degrgés . C the liquid CO2 will freeze and co- -
'exist‘with the CO2 gas phase. When the inclusion is slowly
warmed. it will .reach a temperature at which _the solid will
begin to melt and solid, liquid and gaseous CO2 will
coexist. This is known as the triple point. For pufe co2 it
should occur at -56.6 degrees C kWeast 1970).  Variance of
the triple boint ‘temperature from this wvalue indicates
impurities are prééent.

In this 'sfﬁdy Type 3 " inclusions were cooled' to
approximately -90 rdegrees C at which time the 1ligquid 602
phase took on a rouéh grainy appéarance and the C02 gas
bubble lost its spherical shape. This is interpreted as the
freezing point of the liquid co2 phase. |

As the sample was slowly heated and the triﬁie peint
temperature ﬁas achieved the melting of the CO2 solid could
be recognized by the return of the C02 gas phaée to its
spherical shapg,' followed quickly by the loss of the rough
texture of the (€02 liquid phase. The transformation took
place over a very small temperature range, usually within .1

degree C. The triple point temperature was recorded at the

* Often there may be a large difference between the freezing
point (<-80 degrees C} of liquid CO2 and its melting point
(-56.6 degrees C). This is due the meta-stable conditions
of the cooling fluid. . Roedder (1972) suggests that this
condition occurs when a fluid 1is free of particulate
matter which often act as nuclei for crystallizing liquid.
Meta-stability occurreed in all the £fluid phases cooled in
this study. ’ '
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time the CO2 gas. bubble resuméd‘its spherical shape. .

Thére was difficulty in seging the transformation 6f the
C02 so%}d' to liquid due to the-shal; area of the‘phases
involved; This was often compounded by condensation of
water vapoﬁr on the viewing windoﬁs of the sample, chamber.
Flushing of the chamber with dry nitrogen gas reduced the
problem, however the CO2 .solid to liquid phaée chéngé could
only be seen élearly in seven cases. In one case the solid
to iiquid‘phase change occurréd at 54.2 deérees; all others
occurred within one degree of 56.6. I1f the error froh Ehe
limits of reprOGUCibility'of data for this temperaturé range
is considered (Appendix 2) the measured triple pdint
témpérétures indicate that the C02 phase is:pure.

Touret (1977) suggests that this method of testing CO2
purity may not always be  accurate. = If thé C02 phase
contains methane as an impurity-it 1is pdssible that upon
cooling the methane will separate from the CO2 liquid into
tiny, almost invisible bubbles. When the inclusion is
reheated the CO2 will melt at -56.6 degrees C giving a false
indication of purity. |

.Unfortunately the only way to avoid the possibility of
. errors from this phenomenon is to check the CO2 purity using
gas chromatography, a difficult operation not possible in

this study.
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5.3.2 Salinity Of The Aqueous' Phases

For simple two phase inclusions (Type 1 of this study),A
salinity is estimated By measuring the freezing temperatUre
of the aqueous phase. The resulting salinity is given in
weight percent NaCl equivalent to allpw for the presence of
other salts (commonly KCl), (Roedder 1972). )

The salinity of “the aquéous phase.in Type ‘1 inclusions .
was measured several‘times. " Due to supercooling of the
liquid the -point éf laét.me;tihg of the frozen phase‘ is
taken as the point of freezing. Freezing of the aqueous
phase could be reéognized by the textural change of the
agueous phaée from smooth with low relief tq a grainy rough
texture, céused by the formation.of‘ice crystals. The point.
of last melting was taken to be the point when the smooth
texture returned. Normally this occurred over a-rahge of 1
or 2 degrees. Ih.a few cases the ice crystals could be seen
to shrink and move about, until fiﬁal;y fading from view.
This gave an unambiguous temperature of last melting.

The temperature of last melting of the H20 solid ranged
from -10 to -4 degrees C (Figure 5.3).- Potter et al (1978)
measured the freezing point depreséion of agueous NaCl
solutions and report thqt a' freezing point depression of 6
to 7 degrees C corresponds to an’ aqueous solution:
containing 10 weight percent NacCl.

As préviously‘mentiongd, Type 2 1inclusions are those

having a dominant liquid phase, a-gas phase and a solid
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phase or daughter miheral,--whi¢h‘iﬁg;this study_seeﬁé,
halite. o | | S
To b?bvide a satisfactory estimate of salinity, = Type 2-

inclusions are heated until the daughter mineral dissolves. .

The temperature of dissolution can be compared to that of

known solutions and a salinity estimate made:

‘Suitable'Type 2 inclusions for this test were difficult

to find, and upon heating,some of these were unsatisfactory;

the inclusions often became indistinct and the daughter
minerals often moved to places where it was ‘impossible to
see them dissolve.

In all, only six inclusions cleafly showed the solution
of { daughter minerals. In all cases the NaCl dissolvea
before the gas bubble began to shrink. Of the six, three
had temperatures of dissolution between 180 and 185 degrees
C two had temberatures between 230 and 235 dégreés and one
had a  temperature of ‘285 degrees. "~ Although these
temperétures differ substantially Ehey correspond to 26, 29
and 30 weight percent NaCl equivalent {(Roedder 1972)
indi#ating a high but constant salinity for the Type 2
inclusions. | |

When CO2 bearing ihclusions (Type 3) are cooled a carbon-

dioxide hydrate with the formula (C02 5.75 H20) freezes out-

prior to the formation of ice from the H20 phase {Collins
1979). When CO2 hydrate crystals form, no NaCl is taken

into their structure, As CO2 hydrate freezes out of
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-SOlﬁtion\tﬁé-gemaiﬁing,aqueous phase becomes more saiine'and
freézing"inﬁﬁ ‘depfession"measﬁ;ments of- ice will be
}inéé;ﬁrété,‘; : . |

RS thefpfgggncé*gf CO2 hydrate can’be determined and its
meiting point observed, the salinity of the aqugous phase

" may be estimafed. S . -

Due to the small size of inclusions under §tudy and the
unfortunate fact that CO2 hydrate has a refractive _index
close to that of water (Roedder 1972), its observation was
difficult. In this study the presence of CO2 hydrate‘bgcame
apparent when upon cooling a jagged interface developed
between the agueous phase and the 1liguid CO2. Collins
(1979) noted a similar feature and attributed it to the
presence of C02 hydrate crystals in the agueous phase.

Melting of the CO02 hydrate was fifst seen when the jagged
boundary between the €02 liguid and the aqueous phase became
smooth again. This was followed in almost all cases by a

re;umétion of the bouncing or wvibrating motion of the CO2

gas bubble which in all cases had remained motionless after
the inclusion was cooled. It 1is probable that the CO2
hydrate «crystals extended into the ligquid €02 phase,
effectivly restricting thE C02 gas bubble up to that point.

The temperature of final melting of the CO2 hydrate ‘was

taken when the CO2 gas bubble began to move again.

Using this technique, the melting point of CO2 hydrate

and hence the salinity of the aqueous phase of 37 Type 3
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inclusions-douldi-be measured with cefLaihtfl 'Thelresults
can . be seen graphically in Figure 5.4, The observed
temperatures of CO2 hydrate fusion have a rénge of 11
degrees C, from -3.5 to 7.5 C._ These values}correspond to 5
and 19 weight percent NaCl equivalent.

This range is rather wide, however some of the spread of
valués may be atE;;buted to the difficulty in observing
final fusion of the CO2 hydrate. An average of all the

temperatures of fusion is 3.2 degrees which corresponds to a

salinity of 12 weight percent.

5.3.3 Density Of The CO2 Phases Of Type 3 Inclusions

In a Type 3 inclusion the liquid and gaseous CO2 may be
considered pure members of the system C02, due to the low
solubility of H20 in liguid CO2 (Roedder 1965). In the pure

system €02, 31.0 degrees C 1is considered the c¢ritical

temperature, i.e. the maximum temperature at which CO02
liquid and gas can coexist, Corresponding to the critical
temperature is a c¢ritical density of .468 gms/cc. If

coexisting €02 liquid and gas have a total density that
differs from .468 gms/cc the temperature of homogenizatgsa
will be less than 31.0 degrees C. Roedder (1965) noted in
Co2 bearing‘inclusions that €02 liguid and gas homogenized
to gas if the CO2 total density was less Fhan .468 gms/ccj,
and to 1liquid if the density'was over .468 gm/cc (Figure
5.5},
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liquid and

homogonlzatlon {to llquld)
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liquid or gas

-

The 2 phase fluid in the system CO

--’ )
-~
b Homogenizes HomogeMzaa
-20+ to gas %~ to iiquid
-
>
~40- .
_ + Average density
jﬁf - - ‘ 0.7 44——‘{
| 0 0.2 0.4 0.8 0.8 1.0
DENSITY(g/cm?)
FIGURE 5.5

(after. Poedder

1972). This curve relates the temperature of CO,

liquid and gas homogenization to the total CO,

density. The vertical line originating at .468 gm/cm3

(critical density) and terminating at the CP (critical

point) divides mivtures which homogenize to gas or to

liquid., Shown is the average density, found by using
the average temperature of Co, gas and 1i§uid

\\;::>homogenization‘in Type 3 inclusions (see figure 5.6).
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In. this study 70 CO2 1iquia—gas'homogenizétibns were

observed. In all cases the central CG2 gas bubble shrank

and disappeared; indicating homogenization to liquid and a {fﬂ
- total density of greater than'.468 gms/cc.

- The actual CO2 liquid-gas homogenization"ﬁemperatu;e
varied from 17.4 to 30.1 degrees C (Figure 5.6). A ﬁéjgrity
of inclusions ' homogenized between 20 and 28 degrees
porresponding to a density of .63 and .75 gms/cc
respectivly. =~ An_ average of all co2 Iiduid—gas
homogenization temperatures gives a value of 24 degrees C,
indicating an aVeraQe density of .70 gms/cc for the CO2
phases %n the inclusions. ; o | ;

5.3.4 Minimum Temperature Of Formation Of Type 1,2 and 3
Inclusions :

The consistancy.of phase ratios shown by each of the
inclusion~types of this study is an inaication "that at the
tiﬁe of inclusion formation the fluid was under pressure and
temperature conditions high enough that boiiing or
immisibility of components éould not occur.

As inclusions cool from the femperature of trapping, the
enclosed. liquids follow a temperature-pressure path or
isochore unique to that fluid's composition. The slope of
an  isochore in a pressure versus temperature field is
dependent on the composition and density and hence the

coefficent of thermal expansion of the fluid it represents,

—
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The.coefficent'éf thérmal expan§ion'of the fguid phase of
inclusions is much greater then that of. the enclosing
hinefal. As an inclusion coois the_liéuid phase shrinks
ﬁpre than the' enclosing mineral”causing_a\ pressﬁre drop in

the inclusion.

In inclusions containing members of the H20-NaCl sfstem
(Types 1 and 2 of this study);. a 'femperature and pressufe
will be-reachéd during coqliqg wvhich corresponds to the
vapor pressure (or boiling) point of that liquid, AF this

point a vapor phase will form.

'In a similar way the C02 phase of Type 3 inclusions formm/

In this case the drop in temperature and pressure along the

isochoric path for the fluid's composit'

o Ty

the H20 bfcomes\immisible and

when the C02 dissolved in

 fotms anotha( liquid phasé. oint represents the

‘boiling pointV for that £fluid's composition in  the H20-

CO2-NaCl system. ‘

If inclusions which have ligquid and gas phases at room

rd

~ .

S—_—

reaches a point

temperature are reheated, they should homogenize to a sihgie

phase at elevated témperatures.. The temperature at which
this occurén . (called the homogenizétion temperature)
représents'the intersection of the isochoré of that fluid
with thé boiling curve'of‘that system, and can be used as
the minimum temperature'of trapping of the inclusion. |

Of this study's samples, the Type 1 inclusions had the

lowest average temperature of homogenization. Temperatures
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ranged from 145 degreestc.to 219 degrees C, wifﬂ an aférége:
temperature of homoéenizétion‘qf~l76 degrees (Figure‘5;7).

Type ‘2'_inclusions' had Qerj ‘erratic temperatures bf
homogenizétion 'rangihg'froﬁ- 88 to 470 degfees C. "‘When
_ plotted on 'a histogréﬁr)(ﬁigufe 5.7) temperatures in_ the
| ranée 88'degfées to 205 degrees C are most common.

For the: Type 1 and 2 inclusions the homogenization of
laquid and - gas was relatively easy to observe. -In_mosf
cases the small gas bubble could be.seen to slowly shrink to
¥alpoint and then disappear. In a few cases the gas bubble
would move about, occasionally into a position where it was
no longer visible.

The homogenization of the agueous ?hase and 'thé liquid
CO2 phase in Type 3 inélusions took place at the expensé of
the 1liquid CO02. Unfortuneatly the shrinkage and final

disappearance of the liquid CO2 was only seen in about one-

sixth of the Type 3 inclusions. In the other «cases' the Py

ligquid CO2 phase éxpanded very quickly at some temperature,
and the inclusion became very dark or opague. Upon cooling

these inclusions did not regail

—

likely that thiif—ﬁghavior

inclusion. The crackin

their original form. It is

s due to cracking of the

(and subsequent leakage of
inclusion fluid) is caglised by 'high internal pressure
developed during heating.- This 1is not an. ﬁncommon
occurrence, Burruss (1961) noted inclusions _containing

CO2-H20 often have high internal pressures and crack before
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final homogenization, especially those with CO2 density much .
greater than the critical density.

If both the temperatures at which the inclusions became
dpaqﬁe and the successful H20-C62 homogenization
temperatures-are plotted on a histogram, the 'homogenizétion
temperatures form a peak between 280 and 370 degrees C and
the temperatures aﬁ'which the inclusions became opague form
a.darge peak up to 60 degrees lower (Figure 5.8). = This is
good evidence that cracking occufred before homogenization.
As | é result of -this, an -average temperaturé of
homogenization of 320 degrees C was . calculated  from
temperatures associated_with the CO2-H20 homogénization.

5.4 DISCUSSICN

\
Using the results from the previous sections in
combination allows further insights into the conditions
prevailing at the time of-trapﬁing of the - fluid inclusions.

Important conditions whicﬁ can be . determined are "the
density, salinity and the temperature of inclusion i}uid‘at

b

the time of trapping.

5.4.1 Density Of Inclusions

If the composition and relative volume of the various
phases present in an inclusion are known then an estimate of

the overall density of the inclusion can be made.

A
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For simple inc;usions such as Type 1 and 2 of this study,
density can be easily estimated if thé inclusion is
considered to contain the components: water, NaCl and vapor
and.their relative volumes are known. Freezing tests of
Type 1 iﬁclusions indicated a salinity of abéut 10 weight
percent for the aqueous phasé.. At low temperature the
average Type 1 incluéion was . about 10 volume percent vapor.
Water may be assumed to be relatively-incompressible.at room
temperature and hence-has a aensity"of 1 gm/cc. The density
of thé vapor phase can be considered 0.

Using these values the otaf-density of Type 1 inclusions
(and hence the density at trapping) is .95 gms/cc (Fiqure-
5.9).

A similar 6peration can be carried 6ut for Type 2
inclusions whose salinity has been' determined to average 29
weight percent. ' It is difficult to measure the density of a
solution containing solid NaCl (ie. over 26 wt %) due to the
necessity of a volume estimation. For this reason the
density of a saturated sblution was used in the calculation
of total density. The volume: Oof tge vapour phase averaged
10 percent of the inclusion. Using these values the total
density for' Type 2 inclusions was determined to equal 1.1
gm/cc (Figure 5.9).

In the same manner the-density of Type 3 inclusions was

 estimated. It is known that total density of the CO2 phases

at near room temperature averages .70 gms/cc. ‘The average

///’*\g.



TYPE 1 INCLUSIONS
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Salinity of the aqueous phase-.lo wt %, (1.07 g/cc)

Volume of the agueous phase=.9 cc

Volume of the vapour phase = .1 cc
Density of the vapour phase=0 g/cc

weight of the agqueous phase=(.9cc x 1l.07g/cc)}=..95 g
welght of the vapour phase=(.lcc x 0 g/cc}) =-_0 g
©  Total weight = .95 g

TOTAL DENSITY=.95 g/cc

TYPE 2 INCLUSIONS

Y

Salinity'of the agueous phase=29 wt %, (l1.20 g/cc)
Volume of the agueous phase=.9 cc - .
Volume of the vapour phase = .1 cc

" Density of the wvapour phase=0 g/cc

.weight of the aqueous phase= (.9cc x 1.20g/cc)=1.08 g

welght of the vapour phase = {(.lcc x 0 g/cc) = 0 g
Total weight 1.08 g

TOTAL DENSITY=1.1l g/cc

TYPE 3 INCLUSIONS

Salinity of the aqueous phase =12 wt %, (1.09 g/cc)
Volume of the agueous phase=.8 cc

Volume of the COy phdse=.2 cc -

Density of the CC; phase=.70 g/cc

weight of the aqueous phase = {.8cc x 1. 09g/cc)= .87 g
weight of the CO, phase = ( 2cc x .70g/cc) = .14 g

Total welght 1.01 g

TOTAL DENSITY=1.0 g/cc

FIGURE 5.9 Calculation of the total density for Type 1, 2

and 3 fluid inclusions of this study.

Salinites and volumes guoted represent the
average of observed values for each inclusion
type. The density of the vapour phase in Type

1 and 2 inclusions is assumed to be O.

Densities quoted for the saline fluids are

from the Handboock of Chemistry and Physics 1970.
All calculaticons aré based on a hypothetical
inclusion with a volume of 1 cc.
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salinity of the aqueous,phase'is 12 weight percent and the
average volume  of CO2 present was estimated to be 20
percent. _ | ‘

Using these variables the tiotal density of the Type 3
inclusions and the £fluid at the. time of trapping was
calculated to be 1.0 gm/cc (Figure 5.9).

It is interesting to note that all indlusion types have
densities close to 1.0 gm/cc even though their compositions
vary. |

An oré forming fluid with a‘density of close to 1.0 gm/cc
is not  unusual. Roedder (1979} states that most
hydrothermal ore deposits form from fluids having densities

from .5 to slightly over 1.0 gm/cé.

5.4,2 Total Salinity Of Inclusions

. The weight percent salin;ties determined for the agueous
phases of the Type 1 and 2 fluid inblusions can be assumed
to represent the oéerali salinity for the inclusions due to
the near vacuum conditions in the vapour phase. For Type 3
inclusions the ‘salinity of the aqueous  phase must be
adjusted~for the presence of the CO2 phase. The salinity of
the aqueous phase ranges from 5 to 20 wt %; an average value
of 12 § was used for these calculations. The agqueous phase
. volume was 80% of the inclusion and its density averaged 1.1
gm/cc. The CO2 phase occupied the remaining 20% of the

volume and had a .density of .70 gms/cc.
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In a hypothetical inclusion having a volume of 1 cc, 0.8

ccs would be'aqueou5‘fluid with a total‘mass (0.8 x l.1)=

0.88 gms. Of this 0.88 gms, 12 wt percent or 0.11 gms are
~NaCl. The CO2 phase of the inclusion has a mass of.0.14

gms. The total mass of the inclusion is therefore (0.88 +
0.14)= 1.02 gms of which 0.11 gms are NaCl. This equals an

average total salinity of 11 weiéht percent.

5.4.3 Metastability

The metastable behavior of inclusion phases during
cooling experiments was interpreted by Roedder (1872) as an
indication that the inclusion was trapped from a very slow
moving solution with ver& little suspended matefial. The

lack of suspended material inhibits the nucleation of solid

‘Phases.

The common occurrence of metastability in 1inclusions of

this study suggests that the same conditions existed in the

inclusion forming fluid.

5.4.4 Temperature And Pressure During Fluid Inclusion
Formation

A temperature of formation for fluid inclusions may be
obtained by applying a correction to the temperature at
which the inclusion homogenizes. The correction adjusts for

the portion of the cooling path (isochore) 1in the pressure-

“‘temperature field which 1is above the boiling curve (the

point where separation of phases occurs).
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If the correct pressure during formation and the isochoref

of the inclusion flﬁih is known, a correction can be easily
made to the homogenization temperature té\give the actual
température of formation. Iin the same way, if the
temperature of trapping'.is known the pﬁessure_‘at formatiqn
can be determined. Uﬁforﬁunately, these corrections are
difficult for incluéions formed from homogeneous solutions.
The main problems'are:_ the trapping pressure or temperature
is not known and except in unusual cases must be estimated

from outside sources, and isochores for a particular fluid

composition are rarely available due to the scarcity of,

r

p,v,T,X data for the syétems found in fluid inclusions.

In this study the'pressure or temperature of formation
could not be defefmined "directly from the inclusions.
Limits to the temperature of formatien can be applied using
outside sources. _

Temperatures of formation for the fluid_inclusiéns can be
restricted to beiow 450 degrees C (the upper limit of the
greenschist facies) ldue to the lack of a higher ngE@
metamorphic aureole in the gabbroic rock hosting the shear
zone. _ .

Working within the framework of temperatures less than
450 degrees estimates of the formation pressure are
possible.

For Type 1 and 2 fluid inclusions of this study isochores

may be extrapolated from data presented by Roedder and



_ 116
Bodnar (1930), (Figure 5.10). "Using  tﬁe isochoré for the
Type 1 inclusions (phat is an isochore corresponding to an
aqueoug éolutéon containing 710% NaCl and with a density of
.95 gms/cc) and the assumed maximum temperatﬁre of formation
of 450 degrees C indicates thé pressure during . inclusioh
formation was 2.75 kilobars or less. | '

' For Type =~ 2° inclusions aﬁ\\ approximate isochofe
corresponding to 29% salinity and a density of 1.1 gms/cc
can be cén;t;ucted (Figure 5.10). Using’this iéochore-and
the above éénstrainfs'hgives'similar results, thaf'ié a
pressure of formation of 2.75 kilobars or less 1if the
temperaﬁure of formation is 450 degrees C or less.

There are no experimentally derived isochores available
corresponding to the combosition and density of the Type 3
inclusions of this‘studyJ Touret (19{7) describes a method
by which a 1linear isochore can be produced. It is called
the two boint method and requires the plotting of the
pressure versus temperature of the CO2 liquid and gas
hoﬁogenization point -and the point‘ of intersection of the
homogenization temperature and the Egi}ing curve for the
particular inclusion fluid. The boiling qurve of the Type- 3
inclusions of this study can be approximated using data of
Takenouchi and Kennedy (1965), (Figure 5.11}.

Using the resulting isochore and a maximum temperature of
_formation of 450 degrees C gives a maxifum pressure of

formation of 1.25 kilobars,.



FIGURE 5,10 Estimated isochores’ for Type 1 and 2 fluid

inclusions. The position of the isochore for Type
1 ‘inclusions (10 wt% NaCl .95 éﬁ/cc) and Type 2
inclusions (29 wt% NaCl 1.1 gm/cc) were
extrapolated from the isochores for pure water
and water with 10 and 25 wt percent MaCl.

water
—_— ——— 10 wt% NaCl

e 25 wts Nacl :

Use of the estimated isochores for Type 1 and 2
inclusions and a makimum formation temperature
of 450 degrees indicates a maximum pressure of
formation of 2750 baréjfor both inclusion types.

Pure water, 10% MaCl and 25% MaCl isochores are
from Roedder and Rodnar (1980) who used data
from Sourirajan and Kennedy ‘(1976).
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- FIGURE 5.11 Estimated isochore for Type 3 inclusions. .
Type 3 inclusions average 14 wtd Coz‘and SR
wt% NaCl. Using the method described by. Touret
- (1977) the“isochore is defined by points A and B.

Point A is defined by the temperature and pressure

of the Co, gas tdiliquid.homogénization (24

degrees and approximately 30 bars (Touret 1977 Fig.4)).
Point B is defined by ‘the intersectign of the '
boiling curve of the inclusion fluid ‘and the
homogenization temperature.‘Using data from

Takenouchi and Kennedy {1965) boilihg curves
" for 20 and 6 wt% NaCl in the 14 wtd CO, field

can be estimated (solid curves).

vith these curves ‘an . estimate of the position

of the of the boiling curve for 11 wt% NaCl H

(dashed. curve) can be made qu point B established.
The resulting isochore and a maximum formation
pressuie of 450 degrees indicates a maximum formation -
pressure of 1.25 kilobars.
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~ The flatness of the isochore for Type 3. inclusions
. (Figure,s.ll) indicates that the value qul.zs_kilobars at
" 450 degrees C is clpée to the pressure of formation since

~ the corresponding temperature must be between 320 degrees C

{the average homogenization temperature) ‘and 450 degfees c.

These extremes correspond to .85 and 1.25 kiiobars;_ ‘a

difference-of only 400 bars.:

7

5.4,5 Conclusions

-

As menﬁioned aboye it is impossible to tell which of the
inclusion types are primary on the basis of inclusion shape
and occurrence alone. Unfortunately experimental results do
- .not provide the answer to this question.

Although the primary or secondary  nature of inclusion
types cannot be determined it can bé cohcludéd that Type i
and 2 inclusions .are of a different generation. than Type 3
inclusions.  This is shown by the contrast in compositions,
specifically the presence of a consistent 20 volume percent
of CO2 in Type 3 inclusions. It is possible to form Type
1,2 and 3 inclusions at the same time. ‘This however,
requires the presence of an immisiblé C02 phase Ft the time
of trapping. I1f this occurs, inciusions containing 0-100
percent CO2 would be trapped. The consistent;pha;e'ratiq of

20 volume percent €02 in Type 3 inclusions is strong

o’

evidence of an independen;/geﬁeraﬁiﬁﬁt
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; ‘ .
The independent generation of the Type 3 inclusions may

be -linked to the depoeition of the gold. .‘Three of the four

CO2 bearing quartz samples are from the Ledyard and the

Cordova Mine areas and of these two are from shear zones

* known to contain gqld. The samples taken from the southeast

and extreme north of the pluton do not have CO2 bearing

inclusions. On this basis it is concluded that the fluid

which carried and de9051ted the gold .is llkely the one which

was trapped to form the Type 3 inclusions of this study.

This corresponds to a homogeneous, aqueous solution, rich

in dissolved CO2 andjNaCl. It had a density of about 1

gm/cc and at the time of ‘trapping was at a temperature

between 320 and 450 degrees C and a pressure of betwe®n .8
and l 25 kilobars. '



Chapter VI
SUMMARY AND CONCLUSIONS

6.1 SUMMARY

In the previous chapters several conclusions were drawn
regarding the'Cordqva Gabbro, the shear zones which cut -it,
ahd the mineralizing fluids which péssed through them.

1. The Cordova Gabbro may be divided into three rock
units: Unit i, a medium grained éabbro with a primary
layering, Unit 2, a fine-grained massive gabbro and
Unit 3, a pegmatoid gabbro.

2. All the @ock;unité .have been metamorphosed resulting
in wvariable alteration of plagiocIﬁse ‘tﬁ epidote

group minerals and complete alteration of pyroxene to

chlorite, calcite and quartz.

7 3. The rock units are simiiar geochemically, indicating
the main differences are textural and differentiation
was not an impértant' process during crystallization.

fg addition, the geochemical analyses of the rock

units closely match estimates of the average

-~

composition of gabbros worldwide, suggesting the

metamorphism has been essentiaily isochemical.

amphibole. The amphibole has been altered to

\
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‘The pluton is cut by many shear zones ‘whith are host

to guartz veins. Some of these veins host pyrite

gold minerals.

‘\_

The sheared gabbro has been " altered to a schistose
mass consisting of ‘chlorite, calcite, plagioclase,

guartzy biotite, and minor oxides and potassic

feldspar.
Elemental variancé across the shear zones is erratic,
paralleling ‘an erratic variation  in mineral
proportions, Therg appears however, to Be a definite-
increase in .potassium and a lessl well‘ defined
increase 1in sodium in the sheared gabbro as the
quartz veins are approached. This indicates that the
fluid associated with the deposition of the quartz
veins was enriched in sodium and poéassium;

An overall depletion of calcium from the shear zones.
occurréd. It ecould not be concluded whether the Si0O2
forming the quartz veins Qas leached from the wall
rock or whether it is from another source.

At room temperature three types of fluid inclusions
were iéentified in the shear zone guartz: Type 1,
consisting of a vapour phase and saline H20, Type 2,
consisting of Héo saturated with salté, a solid phase
(probably NaCl}, and a vapour ©phase, and Type 3,

consisting of saline H20, liguid C02 and gaseous CO02.
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+ 9, The fluid from which the gola minerals precipitdted
is thought to be represented by-thg fluid trapped in

the CO2 ?ich inclusions. This _Forresponds to a
saline fluid, rich in C02, which was trapped at a
temperature between 320 and 450 degrees C and a

" pressure between .85 and 1.25 kilobars.

6.2 CONCLUSIONS ' )
6.2.1 Evolution Of Gabbro

The Cordova Gahbro .can be described as a small funnel or
bowl shapea body (areal extent 30 sg km), the shape being
suggested by the steep dip of the lowermost layered unif‘(li
toward thelﬁentre. The small size of the pluton may be the
reason for_its lack of chemical differentiation.

The wvariation between rock units, which is mostly
textural ®is probably due to a variation in the cooling rate
- of the pluton. Rapid cooling of the pluton due to the
proximity of cold.country rocks could produce layering (Unit
1) in the manner described by McBirney and Noyes {(1979).
The pegmatoid wnit (3) represents a iater, slower cooling
stage. The-massive finer grained rocks of Unit 2 probably
formed by rapid cooling although they seem to be isolated
from the country rock by Unit 1.

The evolution of the Cordova éabbro to its'present state
fits well into models proposed by many workers for the
formation of the Grenville Prévince in this part of the

Canadian Shield (Lumbers 1967, Moore and Thompson 1980).
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The intrusion of the(Biotite-Diorite Séfies- of Lumbers
(1967) before the Ottawan episode of regional metamorphism
and deformation (Moore 'and Thompson- 1980) explains many
features of the Cordova Gabbro. The most obvious of these
is. the héavy alteration of plagioclase and pyroxene. ‘In
addition, the shear tzones cutting the pluton may be
ipterpreted as the reseonse ofjthe gabbro: to deformational
stresses accompanying metamorphism. The = deflection of the
regional fabric in the Gren0§lle Supergroup around the
Cordova Gabbro suggests it did not deform as plastically as

the country rocks.

6.2.2 Genesis QOf The Gold Deposits

Genesis of the gold deposits_yithin the Cordova d;bbro is
also attributed to the regional ﬁétamorphism and
deformation.

Three factors wh%ch affect the gesesis of gold deposits
" are discussed beloé. These are the source of gold, its
transportation, and its deposition.

The source of gold for most hydrothefmal deposits 1is
largely conjectural due to the presence of gold in most rock
types and by the suggestion of Tilling et al (13973) that the
concentration of gold in possible source rocks is
unimpoftant. More important is the attendant transport and
depositioh meéhanism. They point out that since a thousand-
fold .increase in concentration of gold is necessary to

k)
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‘produce ore, the compéfatively small variance in avérage
gold concentration for most rock types iéTunimportant. It
may be said, thereforé, that a suitable source of gold is
available for the deposits. ,
| The removal ;f gold from source rocks and its transfer to
a site of gold deposition is dependent upon the presence of
a fluid containing ghemical species capable of .combining
with gold to form soluble complexes.

The  most obvious process for producing fluid for
transporting the golé in the Cordova Plut9n is metamorphism.
As previously stated, the Cordova Gabbro was emplaced before
the onset of the main.episode of Grenville Mgtamorphism.
Greenschist metamorphism of the gabbro and adjoining basalt
would not release much water. In. fact, the widespread
change of pyroxene to amphibole. requires addition of water.
However if mafic rocks e{ist at deeper levels they proﬁably
experienced a higher grade of ﬁetamorphism. Elevation of
mafic rocks . from greenschist to amphibole‘.-grade of
metamorphism liberates water ﬁhrough t%e change of chlorite
and epidote to new,' less hydrous phases. Fyfe and Henly
(1973) have proposed this process for the supply of
transporting fluids for the shear zone hosted Morro Velho
gold deposit of Brazil.

The:gggggemiéél and fluid inclusion study indicates that

the fluid which deposited the quartz-pyrite-gold veins was

rich in Na, Cl, Au, K and CO2. The association of gold with



|

| 128
pyrite. suggests that the solution contained sulfur and
possibly iron (the iron may have been derived from the wall

rocks).

The ‘presence of these ions in the transporting fluid

makes the formation of several gold-bearing complexes
possible. Two complexes of gold most often thought to be
present in hydrothermal solutions are sulphide and chloride
complexes. Opinions differ on which of these complexes is

dominant in the transpert of gold, but it seems that the

importance of these complexes varies with changing physio-

chemical conditions such as  pH, oxidation state,
temperature, étc. The most striking of these factors seems
to Dbe éhe pH of the  gold carrying solution. Chloride
complexes are more soluble in solutions which are acidic
(Helgeson and Gafrels 11968; Boyle 19789). = Conversly,
sulphide complexes are more soluble in alkaline to neutral
solutions (Seward 1973).

The pH of solqtions forming the ore of the Cordova
Gabbro's deﬁosits is not known. A low pH coupled with the
high percentage of NaCl in the ore fluids qould fovour the
formation of chloride complexes. The precipitation of gold
could have been caused by the leaching of CaCO3 which
produced more 'alkaline conditions and a reduction of
chloride complex stability. The depletion of CaCO3 in the

shear zone is supportive of this possibility.
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A neutral to siightly. alkaline pH solution at the
formation temperatures of 320 to 450 degrees C woulé;grovidé
conditions aliowing a high solubility of certain sulphide
complexes (Seward 1973). Precipitation of gold could be
caused bj a shift in pH to more acid conditions. One way to
lower the pH énd cause gold to precipitate is by the
digsociation of H2S04 due to mixing with meteoric water.
Evidence for mixing was absent from fluid inclusions -
studied. More evidence is needed before drawing Fonclusions
-about chloride or sulphide complexes being the -important
transporters of éold.

In summary, the gold deposits largely owe their formation
to the metamorphism and deformation associated with the
Ottawan Orogeny.  The metamorphi#m pr?bably produced ﬁthe
fluids which 1leached gold from th% source _rocks And

-;transported it. 1In addition, the shear zones which host the

-Qold deposits resulted from the regional deformation.

6.3 SUGGESTIONS FCOR FURTHER WORK

Future work on this pluton and its mineral deposits could
take many interesting forms. Oxygen isotope analysis of the’
sheér zone qguartz may indicate more definitely t%e sburce of
the mineralizing fluids. The modg of occurrence of the gold
metal is uncertain, microprobe analyses may link it to

pyrite mineralization.

[



R p—

- 130 -131

A sense .of‘shear for the shear zones could not be
determined. Detailed study of the sheared gabbbro in thin
section may giye an answer from C and S Etructures. In
addition a study of the zoneq amphiboles td try to explain

the reversals in compositional variation from core to rim
may prove interesting,



Appendix A
GEQCHEMICAL ANALYSES

This appenaix contains all geochemical analyses referred
to in chapters 1 through 6 of this éhésis. It is divided
into 5 sections: . N -,

A.l - X-Ray fluorescence analyses of rock samples
from the Cordova Gabbro.
A.2 - X-Ray fluorescence analyses of shear zone
and ‘unsheared gabbro samples.
A.3 - X-Ray fluorescence énalyses‘of iron ére samples;
A4 - Atomic absorption and optical emission analyses
for trace metals in quartz samples.
A.5 - Microprobe analyses of plagioclase; amphiboie
and chlorite in samples from the Cordova Gabbro.

Sample locations for all analyses . and outcrops listed in
this appendix with the prefix CG-81 méy be found on Figure
3.1la (in pocket). '

Low totals for analyses of sheared gabbro samples are
common. This is attributable to a high percentage of CaCO3
and hydrous mineral phases. Water and CaCO3 are lost when

samples are fused for XRF analysis.

- 132 ~
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APPENDIX Agl X~Ray €luoresence analyses of rock éampies from

the Cordova Gabkbro.
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ence analyses of shear zone and gabbro

(unsheared) samples used to calculate elementa

APPENDIX A.2 k-Ray fluores

1
ns and losses due to shearing and quartz vein.

. emplacement,
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it and

two small pits near the eastern contact of

the Cordova Gabbro.

v

samples from the Pelmont Iron D
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APPENDIX_A[E X-Ray fluoresence analyses of iron ore
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APPENDIX A.4Atomic_absorptionuand optical emission analyses
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Migroprobe analyses of amphibole,

APPENDIX A

I

plagioclase

»

in r

chlorite
the Cordova Gahbro.
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Appendix B

APPARATUS SAMPLE PREPARATION AND PROCEDURE FOR
- FLUID INCLUSION STUDY

B.1l APPARATUS

Fluid inclusion studies for this theéis were carried out
~using 'a Linkam TH 600 pfbgramable heating-cooling stage:
The apparatus basically consists of a disc shaped chamber in
which a sample rests Lﬁpqn.a silyér pléted thermal block.
Other important featufes include a platinum resistance
thermocouble, a* heating element within the thefmal block,
and intake and exhaust ports to allow passage of: waﬁer to
cooi the chamber walls, cold nitrogen gas to cool the
- sample, and dry nitrogen gas to flush the interior of the
chamber. The bottom and top of the chamber and the thermal
block:have windows to pepglt light to pass through the cell
and the sample. The entire assembly fits on a standard
micposcdpe stage.

Heating and cooling rates within the sample chamber are
controlled by a programmable apparatus wired to it. This
apparatus provides a continuous digital readout of the

‘thermal block temperature.

Other materials required are'dry nitrogen gas and liguid

nitrogen. The design of this stage and 1its operation are

described by Shepard (1981)}.

- 145 -
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B.2 SAMPLE PREPARATION

O0f prime importance when choosing a sample for ‘fluid .

inclusion study is that there is neither too few or too many

inclusions. The common milky appearance of quartz is due to

an extremely high density of fluid inclusions. Usualiy the
density 1is too high allow- easy observation of éingle
inclusions. For this reason ﬁhe most clear quaftz present
was chosen for this study, in*hopes Qf seeing plentiful yet
isolated inclusions. ' ' o

Quartz samples chosen were slabbed aﬁgmdoubly polished to
a thickness of about 100 microns, aboéﬁ.S-po 4 times the
normal thickness of a'tﬁin section. »It.is desirable to have
the slab thin enough-ﬁo transmit light [easily buﬁ -thiék

enough to have inclusions intact on several levels.

B.3 PROCEDURE

B.3.1 Calibration

Prior to expérimental use calibration of the heatiﬁg-
cooling stage.is necessary. A good description of the
calibration of this type 6f apparatus including standards
"used, rates of heating and cooling, and construction of
calibration curves is given in Macdonald and Spooner (1981).
Their methods were followed and 15 of the recommended

standards for calibration were used. - The deviation of the

standards from their expected temperature of melting can be

seen in Table B.l.

5



- 147

‘Table B.1l

Standards used for calibration of the Lingham TH 600.

Expected Melting Observed Melting Temperature

Temperature ( C) Temperature ( C) Difference’

chloroform - w -63,5_ a -61.1 | 2.4
-chlorobenzene —4@5%?‘“ '&{ -43.1 1.5
toluene | -25 -22.7 2.3
carbon tetrachloride -22.8 . -20.8 . 2.0
distilled water 0 2.0 2.0
Signothem Std. 70 70. - 71.8 . 1.8 ‘
napthalene ' 80.25 . 82,0 2.0
Signothem Std. IdO - 100 _ 101.3 | 1.3
adipic acid ' 151.4 ' 154.5 3.1
Signothem Std. 200 260 ‘ : 188, =2.0
Signothem Std. 247 247 249, 2
sodium nitrate 306.8 > 305 -2
Signothem Std. 398 398 400 | 2
potasSiumrdicromate 398 - 400 2

Using these values a calibration curve was constructed
(Figure B.1l). Use of the curve allows corrections to the

observed temperatures to be quickly made.
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Time constrainis did not allow detailed tests for
reproducibility  of data . to be made. Average
reproducibilities of measureménts&by Macdonald and Spooner
(1981), _‘have been added - to the calibration curve to
repreéent a minimuq limit of reproducibility“for the results
6f this study. -

B.3.2 . Technigue T

Before heating and cooiing experiments can be undetrtaken
a suitable group of inclusions must ge located in the
sample. To.do this, a small (3x3 mm) cﬁip of the sample is
broken off and placed on the thermal block of the chéﬁber.
Suitable inclusions can usually be fbund by moving the slab
about with a pencil point or toothpick while observing it
through the microscope. | .w

Care must.be'taken to centre inclusions of interest under
the cross hairs or sligﬁtly to.the viewers ieft of them.
This placement is necessary because during cooling
experiments the thermal block tends to mové to the viewers
right, often causihg the inclusion to leave the field of
view. The;movement is thought to be due to contraction of
the metal tubes supporting the thermal block.

When a éuitable inclusion has been located and-ceﬁtred
the éhamber is sealed. For this study the normal procedure
- was to cool the sample until all the 1liguid phases weré
frozen and"then increase the temperature slowly and observe

the phase changes.
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" When cSolihg the inclusions the rate was not considered
critical, 25 to 30 degrees C ﬁer mihute was useﬁT’ “During
the warming the heating rate must be much sloﬁer.l Generally
" the inclusions were wafméd at a‘rate_of about 10 degrees per
minute until the.témpe:ature was within S aegpees of the
expeétéd phésel change temperature. At thiS-‘point- the
temperatufg was held for 5 minutes to allow equilibration“’
wiﬁhin the: chamber. . A rate of .5 degrees per minute wés.

then set until the phase change.wés observed.

N
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